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The Chemical-Biological Coordination Center is affiliated 
directly with the Executive Board of the National Research 
Council of which Mr. William W. Rubey is Chairman. It was 
established on July 1, 1946 ,  and succeeded the O.S.R.D. Insect 
Control Committee. Its objectives are: (1) To assemble and 
organize information which describes (a) the effect of chemi
cals on biological systems (plants and animals, their organs, 
tissues, cells and cell constituents ); (b ) the metabolism of 
test chemicals within biological systems; (c ) the mechanism 
of drug action or which provides information leading to an 
understanding of such action. (2.) To sponsor the preliminary 
testing ( "screening" ) of compounds, solicited by the Center, 
on a variety of plants and animals (including microorganisms ) 
to determine the biological effects of the compounds and to 
make the resulting data available for use. (3 ) To prepare 
reviews of the literature on: (a ) The effect of chemical 
structure upon various biological actions; (b ) Test methods 
used in determining such actions. (4) To sponsor symposia 
concerned with the correlation of chemical structure with 
biological activity. 

The data in the files of the Center are available to 
representatives of the sponsoring agencies, the screening 
agencies and to authorized scientists generally upon request. 
The sponsoring agencies are the Atomic Energy Commission, 
the Department of the Army, the Department of the Navy, the 
U.S. Public Health Service and the American Cancer Society. 
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WELCOME 

Dr. Detlev W. Bronk 
Chai rman 

National Research Counc il 
Wuhington, D. C. 

Dr. Winternitz and Members of the Conference: On behalf of the staff of the National 
Research Counci l , I express warm appreciation of the opportunity you have of a id ing in the 
development of an undertaking of great s ignificance. 

It would be inappropriate for me to express the apprec iation of the Counci l to you for your 
services to the Chemical - Biological Coordination Center, for the Council in which the Cente r 
operates is your own organization, for the fulfillment of such functions as you may desi re. 

I can, however, express my admiration for your unselfish partic ipation in this cooperative 
effort for the furtherance of'sc ience and the advancement of human welfare . 

I have expressed my conviction that this is an undertaking of .significance. This I believe 
for several reasons . 

Of first importance is the function of the Center to fac il itate research in an area of 
fruitful progress . I need not say to you that the relations of chemical structure to the archi 
tecture and functions of biological systems is basic to advances of great importance. But what I 
would l ike to stress is the fact that the National Research Counc il , which has many functions 
relating to governmental and pr ivate agencies and activities of broad soc ial significance , never 
theless be�ieves that its primary function must be the furtherance of scientific research. U we 
ever forget that this i s our primary miss ion, i f we ever deviate from primary emphasis upon the 
furtherance of research, whethe r it be called fundamental or applied , we shall weaken the basic 
foundations of the Counc il and thereby make it less able to fulfill its othe r respons ibil ities . 

I would also mention the fact that the Chemical -Biological Coordination Center exemplifies 
one of the most important functions , one of the most characteristic functions of the Council . I 
refe r to the union of the sciences, without regard to the artificial boundar ies of special ization and 
COJ!venience. The very fact that , within this Center, there are representatives of the botanical 
and of the phys iological, of the medical , of the chemical, of the zoological sciences is evidence 
of the fact that we can best fulfill our many functions by serving as a focus for the sciences which 
are here represented , without regard to the artific ial boundaries of which I have spoken. 

Because it is one of my particular enthus iasms , I might go on to say that, although the 
Council has long succeeded in dealing with problems without regard to the question as to whethe r 
they should be approached from the standpoint of physics or biology or chemistry or engineer ing 
or psychology or medic ine or geology , we have not until recently fully recognized the necess ity 
for eliminating the boundaries between the sciences which are called natural and the sciences 
which are called social, and between the sciences and the humanities . 

But, dur ing recent years , through the agency of the Conference Board of Associated 
Research Counc ils , which includes repreaentatives not only of the Nat ional Research Council , 
but , also, of the American Counc il of Learned Societie s aad the Social Science Research Council 
and, more recently, the American Council on Education , we have , we believe, succeeded in 
breaking down the barriers between these various fields of learning , and have made the four 
councils essentially one in the attack upon common problems relating to the national welfare. 

A related function of the Council , which your activity recognizes , is the function of 
serviq as a focus for the common needs and mutual support of various agencies both govern
mental and private . This is of espec ial moment at present . The rapid growth of science makes 

• 
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heavy demands upott. our limited supply of scientific pe rsonnel. The National Research Council, 
accordingly , seeks "to conserve for c reative science the time and effort of sc ientists who are 
wil l ing to satisfy the common needs of sc ience and the needs of society by preventing the dupli
cation in various governmental agenc ies and in various private agenc ies and in various fields of 
sc ience. Because of the fact that you are thus a focus for many governmental and private agencies, 
we point to you with pr ide as exemplifying this important function of the Counc il. 

Thoughtful scientists must regret a growing fragmentation of sc ience , and must hope for a 
greater synShesis of knowledge. One of the greatest barriers to such a synthes is is the acceler
ated accumulation of experimentally der ived facts and data . From every field of science, the 
National Research Counc il has , during the past year and a half, been urged to study means for 
the better dissemination and uti lization of scientific knowledge. As experimenters , it bas seemed 
to us quite right that we should encourage experimentation in the development and use of the 
structures of sc ientific knowledge. Because of this , as a result of two conferences on problems 
of sc ientific abstracting held during this past year , and of one concerned with scientific publica
ations of a primary nature , we have developed plans for the establishment of an agency which will 
serve as a clearinghouse for information concernina problems and solutions of problems relating 
to all phases of scientific information , an agency for the stimulation of research on how the 
publication and dissemination and util ization of scientific information can be bette r achieved. 

But that is somethin& for the future. What is important is the fact that you have taken a 
first step in this important area of science and , because of this , have blazed new trails which, 
I am sure, will , in the future , not only pay great dividends in the provis ion of useful sc ient ific 
information more read ily achieved but , also , exempl ify the poss ibility of sc ientiats devis ing new 
means for the codification, for the presentation, for the usability of sc ientific information 
derived from scientific experimentation. 

Because of your vision in participating in this s ignificant new undertakina , I congratulate 
you, and express my warm apprec iation. 

Thank you very much. 
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I .  THE CHOICE OF COMPOUNDS FOR STUDY 

Only three types of organic: compounds containing arsenic: linked directly to carbon have 
been used s uc:c:es sfully in the treatment of spi rochetal and protoz-1 diseases : the arsonic: acids , 
the a rseno compounds and the arsenoso compounds o r  arsenoxides (c:f. Fig. 1). The s imple 
organic: radical , R, attached to arsenic: is usua lly benzenoid, although similar compounds in whic:h 
R is a heteroc:yc:l ic: ring, e .  g. pyridine , are known to be highly ac:tive6 against trypanosome•. 
Compounds in whic:h R is aliphatic: or alic:yc:lic: have also been tested , but are gene rally either 
complete ly devoid of ac:tivity8 or only weakly active . 

Four other types of organic: arsenicals containing benzene r ings are shown in Fig. Z .  A 
few examples of these have been tested in various laboratories , but none has been found whic:h 
compares in activity with the compounds illustrated in Fig . 1 .  7 Ac:c:ordingly, only the latter will 
be cons idered in the following analys is of the relationships between the c:hemic:al structure and 
biological activity of organic: arsenicals . 

An important consideration is whether all three types are active E!! !!• or must first he 
modified in the animal host .  With the arsonic: ac:ids thi s  question is easily answered. Ehrlich, in 
his original studies, showed that although the arsonic: acids were inactive � �. they were 
therapeutically highly active , and c:onc:luded that the arsenic: was reduced to an active trivalent 
form by the body tis sue s .  Z8 He therefore prepared both arseno and arsenoso compounds , and 
found both types active �.!!!!g. The arsenoso compounds , while extremely active, were 
discarded because of their  high toxicity: but the arseno compounds , notably arsphenamine and 
neoarsphenam ine , found wide the rapeutic: application . 

Confi rming and extending Ehrlich ' s c:lauic:al studie s ,  Voegtlin and Smith in 1 9ZO 
demonstrated that with both arsonic: acids and arseno compounds there was a latent period before 
trypanosomes disappeared from the blood of infected animals , while a rsenoso compounds produced 
an immediate and s triking decreas e (Fig . 3) .  These results we re inte rpreted to mean that the 
arsenoso compounds were directly trypanocidal, while the arsonic: ac:ids had to he reduced and the 
arseno com pounds oxidized to the arsenoso form in the animal body before becoming active . 

Othe r worke r s ,  howeve r ,  found that the araphenamines as s uc:h, and without further 
modification in the animal body, were active against trypanoaomes and s pirochetes . 6Z ·The 
discrepancy was resolved by later i.!! vitro studies with Treponema pallidum. 13 Although the 
a raphenamines were apparently quite active against this organism when tested by the usual 
anae robic: technic:, when both the dissolution and testing of the drugs were carried out under an 
atmos phe re  of nitrogen , the activity of arsphenaminea , waa reduced to a fraction of its previous 
value . The results of one expe riment are g iven in Table I. The a raphenamines as auc:h are 
c: lear ly not directly spiroc:hetic:idal ,  but in the cours e of solution and. dilution prior to testing there 
is suffic ient oxidation to the arsenoso compound to make the s olution active . The slight direct 
activity of arsphenamine ia explainable on the basis of the known arsenoso content of this drug as 
ma r keted .  In general, the arseno c:ompounda are amorphous powde rs whic:h are almost impos sible 
to obtain in a state of c:hemic:al purity , and exist in s eve ral states of molecula r  aggregation . Both 
fa ctors have been shown to influence thei r  parasitic:i<lal activity and toxicity to a marked degree .  46 

The fac:t that both the arsonic: adds and araeno compounds must be modified in the animal 
body before exe r ting thei r  therapeutic: action makes it difficult, if not impos sible , to correlate 
the i r  c:hemic:a l  structure and biological activity unles s  it is assumed that all the compounds are 
modified to the same degree . This as sumption is  certainly not justified in the c:ase  of the 
a r soni c: ac:ids , whic:h are  excreted in part unchanged . Cohen, King and Strangeways attempted to 
correlate the toxicity of arsonic: acids with the rate of oxidation of the corresponding araenoso 
compounds , 9 on the assumption that the rate of reduction of the arsonic: ac:ids i.!! !!:!9 might be in 
the same orde r as the reverse effect .  No suc:h correlation was found . In late r atudies ,  Eagle, 
Hogan, Doak and SteinmanZO also found no regular  correlation between the toxicity of arsonic: 
a c ids and the corresponding arsenosobenzenes , or between their trypanocidal activities i!! tl!2 (Table II). 
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ARSONIC ACIDS 

RAaO(OH)2 

9 

ARSENO-

RAI • 

OH 

ARSENOSO-

AIR RAIO 

OH Ott 

TRYPARSAMIDE ARSPHENAMINE BASE OXOPHENARSINE 
(MAPHARSEN) 

Fig. 1 Typea of Aromatic Arsellicals Generally Used in Therapy 

OIPHENYL ARSINIC ACID BIS-(DIPHENYL ARSINE) OXIDE 

TRIPHENYL ARSIN� OXIDE TRIPHENYL ARSINE 

Fig. Z Illustrative Aromatic Arsenicals Which Have Not Been Generally Used 
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TRYPANOCIDAL ACTION OF Asv AND Asm IN VIVO 
{SEMI-DIAGRAMMATIC, AFTER VOEGTUN AND SMITH) 

---

I ARSACETIN 
U NEOARSPHENAMINE 
m ARSENOPHENYLGLYCINE 

Fig. 3 

JlZ ARSPHENAMINE 
Jl OXOPHENARSINE 

2 
TIME IN HOURS 

The Trypanocidal Action of Pentavalent and Trivalent Arsenicals 
� � (after Voegtlin and Smith58) 
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1 1 

TABLE I 

THE EFFECT OF OXYGEN ON THE TREPONEMICIDAL ACTIVITY OF ARSPHENAMINEsl3b 

D rug Conditions of Conce ntration 
Test  ne c e s s a ry to 

immobilize 50% 
' or organisms 

Oxophe na r s ine Aerobic -anaerobic.!/ 1 : 1 80 , 000 
AnaerobicY' 1 : 180, 000 

Neoa rsphena m ine Aerobic -anaerobic I : 84 , 000 
Anaerobic 1 : I, 1 00 

Arsphena mine Aerobic -anaerobic I : 53 , 000 
Anaerobic 1 : 13 , 000 

� ilve r -Arsphenamine Aerobic -anaerobic I : 80,000 
Anaerobic I :l O , SOO 

!/compound d i s s olved ae robically , and solution tested anaerobical ly Yso!ution d i s s olved and tested under N2 atmosphere 

TABLE II 

Relative 
Treponemicidal 

Activity 

1 00 
1 00 

100 
I 

1 00 
2S 

100 
1 3 

THE FOOR CORRELATION BETWEEN (A) THE TOXICITIES OF ARSONIC ACID AND THE 
CORRESPONDING ARSENOOO COMPOUNDS (B) THE TRYPANOCIDAL ACTIVITIES IN VIVO OF 
ARSONIC ACIDS AND THE CORRESPONDING ARSENOOO COMPOUNDS (Summarized from 18a, b, 

20 and 2lb ) 

Substituent Group 

p - CONHCH2CONH2 

� - NHCH2CONH2 

�-NHCONH2 

�-OCH2CONH2 

3-NHCOCH3 -4-0H 

3-NHz-4-0H 

p -S02NH2 

p -OH 

"Melarsen" 

3 -NHz -4 -CONH2 

A T ' 't OXlCl y 

LD5o in White Mice, mg./kg. 

Asv 

1 7SO 

9SO 

102S 

745 

76S 
77S 

595 

550 

260 

290 

As Ill 

IS 

1 9  

1 1  

9 .  5 

6 

1 7  

1 8  

2 

1 2  

1 5 

Ratio of 
LDso Doses 

l lS 

50 

93 

78 

1 27 

46 

33 

275 

21 7 

1 9  

B T 'd I rypanoc1 a 

COso in White Mice , mg./kg. 

Asv A alii Ratio of 
CDso Doses 

380 1 . 4 ·270 

30S I. 1 6  267 

80 0 . 82 98 

S65 I. 9 1  296 

8S 0.62 1 37 

170 2 . 0 85 

30 0.048 625 
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Substituent Group 

3 -NHz -4 - (CHz)JCOOH 

f·NHz 

TABLE II (Cont. ) 

LD5o in White Mice, mg . /kg. 

Asv 

1 40 

1 65 

As III 

l Z 

1 . 5 

Ratio of 
LD5o Doses 

l Z  

110 

TABLE lll 

CD5o in White Mice, mg. /kg. 

Asv Aslll Ratio of 
CD50 Doses 

>1 90 1 .  Z6 >150 

REPRESENTATIVE MONOSUBSTITUTED ARSENOSOBENZENES 
TESTED FOR BIOLOGICAL ACTIVITY 

AsO 

0 
(X) 

,!!-,!_!!-, f·NOz 

!b!!!-·.I?·Cl 

�- •.!!!-, .I? -OH 

�-·.!!!-·.P·NHz 

�- .!_!!-._E-CH3 

!?"•!!!"• _e-COOH 

�- • .l_) -503H 

!!!.._" •.f ·CONHz 

!!! - , _p·SOzNHz 

p-F 
1-'-

(Summarized from 1 8a, b, ZO, Z l a , b) 1 

Single Grouping on End of Substituent Chain Substitution in Single Group 

AsO AsO 

0 0 
X-R R' -X 

g-OCH3 g-CONHCH3 g-CHzOJi 

f·N{CH3 )Z f·COI't(CH3 )z f-OCHzCHzOH 

_£ -CHzNHZ f·SOzNHCH3 

.f·C6i-ttNHz g-SOzN(CH3)z 
f·CONHCHzCOOH 

f·CONHC6H4NHCOCH3 

!!!"•.f·NHCOCH3 g - (CHzJxCOOH g -CONHCzH40H 

f·OCOCH3 
_F - (CHz )xCONHz 

.£_ -CONHCHzCN 

_F-NHCHzCONHz 

_p-CCHzCCNHz 

!'-CCNHCHzCONHz 

It is apparent that many compounds listed as X-R could just as well have been listed as R'-X, 
depending on which �· considered the functional group . 
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The arsenoao compounds therefore appear to be the drugs of choice in an attempted 
correlation of chemical structure and biological activity. Unfortunately, moat pharmacological 
studies on the aromatic arsenicals have dealt with arsonic acids and arseno compounds , on the 
assumption that the arsenoso compounds were too toxic for use . This assumption was questioned 
by Tatum and Cooper , 54 who demonstrated that _!!!-amino-f-hydroxyphenylaraenoxide , which they 
named "mapharsen", possessed a higher therapeutic index against Treponema pallidum than the 
arsphenamines . Prior to the advent of penicillin, this compound was widely regarded as the drug 
of choice for the treatment of syphilis . Eagle , Hogan, Doak and Steinman later found a large 
series of arsenoso compounds to pos sess a higher therapeutic index than the corresponding 
arsonic acids against Trypanosoma equiperdum, ZO although Gough and King had previously report
ed no e s se ntial difference between the two classes of compounds in a m!JCh smalle r series . 33 

The following sections will therefore desc ribe the results obtained in a study of the 
toxicity and parasitic idal activity of a large series of arsenosobenzenes , conside red in relation 
to the substituent groups of the phenyl ring . 1 8, 33 

II. THE TOXIC ITY , PARASITICIDAL ACTIVITY IN VITRO AND THERAPE UTIC ACTIVITY 
IN V IVO OF ARSENOSO C OMPOUNDS, CONSIDERED IN RELATION TO THEIR STR UC TURE 

A. Compounds Tested and Technics of Assay 

Table III lists some of the mono-substituted derivatives of arsenosobenzene synthes ized 
and tested in this laboratory for the purpose of this study. I I The aryl arsenoso compounds are 
prepared by the reduction of the corresponding arsonic ac ids , us ing a variety of reducing aaents . Z7 
The first column lists some of the simple substituent& . The second and third columns list 
several representative compounds in which some of these groups were blocked by substitution 
(X -R ) , o r in which the functional groups were extended on a side chain (R-X). 

A number of di - substituted derivatives of arsenosobenzene we re also prepared. IZ When 
the two substituent& are the same, there are six possible isome ric compounds; when they are 
diffe rent , the re are ten possible isomers. Some of the compounds in this group which were 
prepared and tested are shown in Table IV . 

In addition to the derivatives of arsenosobenzene , a limited number of compounds were 
prepared using naphthalene , biphenyl , pyridine and s imilar ring structure s . 

The toxicity of these compounds was tested i n rabbits and mice . Thei r parasiticidal 
activity was studied with Treponema palUdum and Trypanosoma equipe rdum, both !!:!. vitro and 
i.!J vivo; and a few representative compounds we re further tested!!:!. vitro with T rypanosoma� 
and Leishmania donovani . For the assay of treponemicidal activity.!.!! vitro, an acute testicular 
syphiloma was emuls ified. and graded concentrations of arsenicals added to the particle -free 
extract. At the end of one and one - half to four hours the action of the arsenical was stopped by 
the addition of cyste ine , and the concentration of drug which had immobilized SO per cent of the 
organisms determined by microscopic observation. The activity was referred to that of a 
standard compound simultaneous ly tested , usua lly the unsubstituted arsenosobenzene . 15 Toxicity 
was determined as the LDso dose on single intraperitoneal injection in white mice. In this way 
a "hybrid" the rapeutic index was obtained, defined as the ratio of molar treponemicidal action 
i.!l vitro:mola r toxic ity in white mic e . A conside rable number of compounds were also tested in 
syphilit i c rabbits , and a therapeutic index obtained in terms of the LDso/CDso· The high degree 
of corre lation between the two indices refle cts the fact ( I) that the toxicity of the compounds in 
mice paralleled their relative toxicity in rabbits (Fig . 4) , and further , that the curative action in 
animals paralleled and was presumably determined by their direct treponemicidal action (Fig . 5). 
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TABLE IV 

RE PRESENTATIVE DIS UBSTITUTED ARSENOSOBENZENES TESTED FOR 
BIOLOGICAL ACTIVITY IZ, 1 8b 

NHz OH C l  CH3 COCH CONHz NHCOC H3 

NHz X X X ..1L--;--;- X (6F ( 1 0).!/ 

OH X X X 

C l  X 

CH3 X 

NOz X X 

NHCOC H3 X 

l/Numbe r of isomeric compounds prepared 

THE CORRELATION BETWEEN THE 
TOXICITY OF ARSENOSOBENZENES 

IN MICE AND RABBITS 

100 
I I I I 

. • -r-

1.&.1 
• • 

0 
2 50 - • -
z 

• 

>- •• 
1- 20 - ' -
0 
X • • � 10 r- _,_. -
1.&.1 • 
� • • • 
� 5 r-

• • 
...J :·.- -
11.1 
et: • 

• 
I I 1 I I 
5 10 20 50 100 

RELATIVE TOXICITY IN RABBITS 
Fig .  4 The Correlation Between the Toxic ity o£ Arsenosobenzenea in Mice and 

Rabbits l 5 , 1 8 a ,  b ,  ZJ 

X 

X 
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15 

CORRELATION BETWEEN ACTIVITY OF 

ARSENOSOBENZES ON TREPONEMA PALLIDUM 

IN VIVO A ND IN VITRO 

MG./Kr=G-=-. -----,;-------,-----r----,------, 
1 I I I 

m 20 r-
m <l a:: 
z 

• 

• 

• • 

• 

• • 
• • 

• • 
• 

_l I I 
10 IS 20 

RELATIVE TREPONEMICIDA L 

IN VITRO 

_l 
30 

ACTIVITY 

-

-

-

-

Fig . 5 Corre lation Between Activity of Arsenosobenzenes on Treponema pallidum 
_m Vivo and _m � 1 5 ,  1 8a ,  b ,  Zl 
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With Trypanosoma equipe rdum , the � vitro assay was s imilar to that used in the assay 
against Treponema pa llidum , and the the rapeutic act ivity was tested in both mice and rabbits . ZO 
R easonably good agreement was again found between the trypanocidal a ctivity of arsenoso 
compounds in vi tro and in vivo,  indicative of the fact that the the rapeutic activity of these  
compounds \; determined by their direct trypanoc idal action. In view of the gene rally good 
corre lation between the di rect paras iticidal action of the ars enosobenzene s and their therapeutic 
action in vivo , the fol lowing discussion in the corre lation between structure and biological 
activitYlsbased Ia rge ly on the i!! vitro data . 

B .  Biological Acti vity of Substituted Arsenosobenzene s 

The effect of sing l e  s ubstituent& on the toxicity and treponemic idal activity of arsenoso 
benzene is shown in Fig . 6 and Table V.  The latter shows a l s o  the ir  direct trypanocidal activity 
(,:!:. equipe rdum) .  

Despite the  wide va riations encounte red betwee n  c lose ly related compounds , the data 
perm it ce rtain broad gene ra l izations with respect to the correlation between chemical structure 
and biological activity . 

1 . "Inert "  Substituents 

There we re a numbe r of "ine rt" s ubstituents (e.g . - CI ,  -NOz, -NHz. -OH , -CH3 , -F) ,  which 
did not significantly affect eithe r the toxic ity or paras itic idal activity of arsenosobenzene . The 
activity:toxicity ratios of the res ulting c ompounds were the refore s ubstantially the same as that 
of the highly active and highly toxic parent arsenosobenzene. Like the latter, these  compounds 
a re apparently gene ral protoplasmic poisons , with no selective or spec ific effect on a particular 
parasite. The pos ition of such substituents on the benzene ring had re latively little effect .  T hus , 
the ortho ,  � and para a r senosotoluene compounds had relative treponemicidal activities  of 84, 
9 7 and 1 OZ, re s pective ly ( referred to the pa rent arsenosobenzene as  1 00) , relative toxicities of 
88, 100 and 118, and activity:toxicity ratios 0 . 9 5, 0. 98 and 0. 8 3 .  

Z. Effects of Ac idic Substitue nts 

Most acidic substituents l'T'arkedly depre s s ed both the treponemicidal and t rypanoc idal 
activity of ars enosobenzene ,  resulting in compounds with a low leve l of activity (d. Fig . I and 
Tables V and VI). The toxic ity of these  compounds was also reduced ;  and although the individual 
compounds va ried markedly in this respect ,  the toxicity was usual ly not reduced to the same 
de gree as the parasitic idal  activity . In consequence , the the rapeutic indices of the acid - s ubstituted 
compounds were even l e s s than that of the parent compound. There we r e ,  howeve r ,  a few import 
ant exceptions to this gene ralization, notably with the y-(p -arsenosophenyl )-butyric  acid - ,  
� -{£ arsenosophenyl) - val eric -acid - ,  and f -(f_-a rsenosophenyl) - caproic acid - substituted com 
pounds (cf. Table VI). The first two compounds were  actively trypanocidal , both i31 !!.!9 and 
in illl:.g,, although they had no significant activity against .! · pall idum .  Conve rse ly, th� last 
named compound had cons ide rable treponemicidal activity , but was al most ine rt against I.· 
equipe rdum . These exceptions emphasize the dange r of gene ralizing e ven on the basis  of a la rge 
number of close ly related compounds . They emphasize also the spec ific ity of the reaction of 
s ome arsenicals with particular parasite s  (cf. page 3 3 ) .  

a .  Evidence for Mod ification of  Acid-s ubstituted Arsenoso Compounds in Vivo. There 
is reason to believe that with these acidic c ompounds the obs e rved toxicity is not that of the 
compound its e lf ,  but of a de r ivative formed in the body . (I) As is discussed in a following 
s ection, the toxicity of arsenicals is apparently dete rmined by the degree to which they are bound 
by the host t issues . 37 There was a high degree of corre lation between the rate of excretion of an 
arsenical and its toxic ity , the least toxic compounds be ing exc reted at the fastest rate. Further , 
the degree to which arsenoso compounds were bound by red cel ls  � vitro proved a gene rally 
re l iable measure of their systemic toxicity. The acid - s ubstituted compounds were bound to only 
a negl ig i ble degree by e rythrocyte s  ill vitro ; and corresponding ly, after intravenous injection 
they we re at fi rst exc reted rapidly . These  data implied a very low toxic ity , far lower than was 
actually the cas e .  Howeve r ,  after  a few hours, the rate of excretion fel l  off abruptly, s ugge s ting 
that the arsenical had been modified to a more toxic form , which was then retained in the body . 
( Z )  Afte r lethal doses of acid-substituted compounds , death was usually delayed as compared with 
similarly toxic doses  of othe r ars enoso compound s ,  not c ontaining acidic g roups (Fig. 7 ) .  
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M OUSE TOXICITY OF TREPONEMICIDAL ACTIVITY OF 

ARSENOSOBENZENES ARSENOSOBENZENES 

-RNHCOeHa -RNHCO<:H, -eo<:H, -eo<:H, 
-cl -cJ 
-NOa -RCONHR' -NOa -RCONHR' 
-CHa -ftSOaNHR' -CH, -RSOaNHR' 
-ROH -RCOOH -Rc:ONHa -RCONR1R1 -ROH -RCOOH -RCONHa -RCONR1R1 
-RNHa -� -RSO.NHa -ftSOaNR1R1 -RNHa -� -RS0aNHa -R$0aNR1R1 

150 • -
' • • • 

f I 100 1-- • 100 -
.. • • 

• • • • 50 1-- t- 50 • • -
- • • 

• .. • I I -
• I •• • • -..1 

• • 201-- • t# 20 • -
• 

I .. • • • • • 

10 1-- • 1 0 • • -
• • • • • • 

51- • .. 5 • -
-

4 • • 

21-- • 2 • -
• • 

I 

ALL VALUES REFERRED TO UNSUBSTITUTED ARSENOSOBENZENE AS 100 

Fig . 6 The Effect of Various Types of Single Substituent• on the Toxicity and T reponemicidal 
Activity of Representative Arsenosobenzene s  
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TABLE V 

THE EFFECT OF VARIOUS SINGLE SUBSTITUENTS ON THE TOXICITY , TREP ONEMICIDAL AND 
TRYPANOCIDAL ACTIVITY OF ARSENOSOBENZENE 

Substituents 

"Ine rt .. -NOz,  -CH3 , -Cl , 
- NHz , - OH ,  - F  

-RNHz, -ROH ,U 
"Slightly -NHCOCH3 , ]/ active " R - NHC OCH3 , 

-OC OCH3 

Acidic -COOH ,  -S03H ,  
c f .  Table V I) -RCOOH 

Ac id - CONHz, -SOzNHz. 
llmide s -RCONHz 
cf. Table VII) 

l/ (1 7) = no . of c ompounds tested . 
36- 1 Z3 = range 

85 =median 
Y S •�bstitute d  amides not include d .  

(All values refe r red t o  that o f  unsubstituted arsenosobenzene as I 00) 

( Summarized from 1 8a ,  b, ZO and Z l b) 

Toxic ity Treponemicidal  activity rrrypanocidal activity Ratio of treponemici-
in mice!/ i!l:!!ik2 .ill xili:g dal activity ia �: (T. eall idum ) 1 (T .  eguiee rdum ) toxic ity 

( 1 7) ( 1 7) (7 ) 
36 - I Z3 36 - 1 47 5 7- l OZ 0. 33 - 1 . 47 

85 85 9 1 1.0 

(1 Z) (1 Z)  (6 ) 
6.7-76 Zl-78 3 1 -71 0 . 3 8 - 4. 8  

Z3 38 34 1 .  76 

(1 5 ) (1 4) (1 Z) 
5 . 8 -41  0.7-Z 8  0. 06 - 54 0.04-Z.7 

1 6 4.7 3 . 0 O. Z4 

(16 )  (16) ( l Z )  
3 .  Z - 1 4  l l - 5Z 1 .  4- 73 Z. 3 -6 . 0 

7 . Z 30  Z5  4. 5 

1/ Anomalous result; next highest  ratio was 0. 9: (cf .  Table VI) . 

Ratio of trypanocidal I 
activity 

!!! ld!!:2: 1 toxicity 

I 
0.80-l.Z 

0 . 9Z 

1 .  Z-6 . 0 
z. z 

O.OOZ - 6. 11./ 

0 . 1 

0.4-7.4 
3.8 

.0 
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TABLE VI 

THE RELATIVE MOLAR TOXICITY AND PARASITICIDAL ACTIVITY OF ACID-SUBSTITUTED PHENYL ARSENOXIDES 17, 17a, 18a, ZO 

Compound pK Toxic ity • I- Relative activity in D1l:2 against 
.!.· pall idum .!· eguiperdum Schizatr:tpanum .b donovani 

£DW 

Unsubstituted 
phenyl arsenoxide - 100 100 100 100 !00 

g-S03H <Z 5. 7 1.5 <O.OZ <O.OZ <O.OZ 
p-COOH 4.0 41 6. 7 0.45 0.04 O.ZI 
i-CH2COOH 4. 35 41 4. 2 4.7 
£-(CH2)2COOH 4. 7 7.3 4. I 2.8 
p-(CH2)JCOOH 4.9 8. 7 1.9 54 32 
�-(CH2)4COOH 5 . 23 7.4 - Z7 47 30 
£-(CH2)5COOH 5.35� 8. I 2Z 7. 5 IZ 2.5 

.I?-COOH 4.0 41 6. 7 0.45 0.04 0.21 
m-COOH 4. 25 16 13 - 0.3 1.6 
g-COOH 5.55 27 28 3.2 I. 5� 

3 -N02 -4 -COOH 2.6 27 18 17 24 40! 
.1?-0CH2COOH 3.3 25 4.2 4.5 0.3 6.8 
3-NH2-4-COOH 4. 7 15 zo 4.0 0 . 05 0. 12 
£-NHCO(CH2)2COOH 4. 75 7. 7 6 . 4 0.4! 0. 15! 
3-NH2 -4-(CH2)3COOH 5.34 7.2 - 26 62 26 

• Single intraperitoneal injection in white mice. 
1- All values referred to that of phenyl arsenoxide as I 00. 

N 0 
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These several lines of evidence indicate that the acidic group may be modified in the 
animal body , possibly by esterification or conjugation, to form a more toxic arsenical. The body 
mechanisms for defense against acid in this case apparently inc rease the reactivity of the 
compound with the tissues and inc rease its toxicity .  

b .  The Effect of pH on the Parasitic idal Effect of Auenoso Compounds. Thel'e is 
reason to be lieve that such s light parasiticidal activity as acid - substituted arsenpso compounds 
possess is large ly a function of the non- ionized molecule,  and that the ion is usually relatively 
inactive . In preliminary studies there  was a rough corre lation between the pK of the acid and its 
treponemicidal activity.!!! !!1t2 · 2 7 The effect of pH on both treponemicidal and trypanocidal 
action was , the refore , studied in a la rge r s e ries  of compounds . 1 7 

The pa ras iticidal activity of arsenosobenzene and of de rivative s containing non-acid sub
stituent& was independent of the pH of the testing medium ove r the total range of viability of the 
organism. With acid - substituted compounds , howeve r ,  the activity against both Trypanosoma 
equipe rdum and Treponema pall idum usual ly inc reased strikingly with the hydrogen ion concentra 
tion (Fig .  8). This effect of pH was refe rable to the fact  that the ions were relatively inactive as 
compared with the undissociated acid. The activity changed with pH in relation to the degree of 
ionization of the compound, and was predictable from the pK of the acidic group . With strong 
acids,  s uc h  as the .E -S03H compound (pK = 2±) , the re was no demonstrable change in activity in 
the range of pH 8. 5 - 5 . 5 ,  throughout which the compound would be essentially completely ionized.  
With weak acids , howeve r , the activity varied as much as a hundred-fold ove r the range pH 8. 5-
5. 5 (cf .  right hand portion of Fig .  5 ) .  

W ith several of  the acids , the ionized form, while less active than the undissociated 
molecule , neverthe less  had a definite parasiticidal action. With such compounds, the total 
parasiticidal activity at a given pH was therefore a sum of the (slight)  activity of the ionized 
fraction and the activity of the non-dissociated free acid ,  the proportion of the latter at a given 
pH depending on the pK of the compound. Thus, the ions of the j!·(CH2 lJCOOH, 
3 -NH2·4 - (CH2 lJCOOH and 3 -N02·4 -COOH arsenosobenzenes had an unusually high trypanocidal 
activity which contributed significantly to the total activity noted at e. g .  pH 7. 0. 

One may , the refore , conc lude that in a s eries of ac id - s ubstituted a rsenoso compounds , the 
most e ffective against a given organism would be that compound with the highest pK (i . e. with the 
largest  proportion in undissociated form at body pH) ,  the ion of which was also moderately active 
against the paras ite. In a s e ries  of compounds with substituent groups R -COOH, or R -S03H,  
some inte rest  the refore attaches to the effect of  the radical R on the dissociation constant of  the 
termina l  acidic group (cf .  Table VI). In the series - (CH2)nCOOH, the re was a progress ive 
inc rease  of approximately 0 .  25 - 0 . 35 pH units in the pK of the compound with each additional 
methylene group . 

T he high activity !_n!!!!.!! of some of these  acid - substituted compounds against cultures of 
Schizotrypanum c ruzi and Le ishmania donovani is particularly to be noted. Infections w ith these  
two organisms have proved general ly difficult to  treat. In the case  of.!: eguipe rdum the direct  
trypanoc idal activity i!! ti!.!.2 had proved an accurate index to the rapeutic activity m Iil!2 
(cf .  pag e  16). This unfortunately was not the case with these two o rganisms , pe rhaps because 
the ir  int racel lula r  local ization in the infected animal rende red them inaccess ible to the drug. In 
addition, preliminary and unpublished data indicate that the sus ceptibi l ity of the intracel lular 
pa ras it e s  to arsenoso compounds may be less than that of the cultured flagel late. 

The mechanism of action of arsenoso compounds in general , and of these  acid compounds 
in pa rt ic ula r ,  and the explanation for the extraordinary diffe rence between the paras itic idal 
activiti e s  of the free acid and its ion, will be discussed in a following sec tion. 

3 . The Effect of Acid Amide and Este r Substituent!. 

J. third group of substituents conce rning which  it was pos sible to make some gene ral iza
tions with respect  to biological activity were the acid am ides. Compounds so substituted were 
rema rkably uniform in the ir  toxicity and parasitic idal activi ty . As shown in  Table VII, the i r  
direct  t rypanocidal and treponemic idal activities we re  inte rmediate between those o f  the gene rally 
inactive a c ids and the highly active arsenosobenzene. However, the most important effect of the 
amide s ubstituents was a regular and marked decrease in toxicity, so that the amide - substituted 
compounds had activity:toxic ity ratios as much as six times higher than that of the parent 
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Fig . 8 The Effe ct or pH on the T rypanoc idal Activ ity or Ac id - substituted Arsenosobenzenes1 7 

Figures given in parenthes is are the pK' values or the various acids 
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TABLE VII 

T HE RELATIVE MOLAR T OXICITY AND PARASITICIDAL ACTIVITY OF AMIDE -SUBSTITUTED ARSENOSOBENZENES 

Compound 

Unsubstituted 
phenyl arsenoxide 

.m-CONH2 
j! - CONH2 
p -CH-CHCONH2 i-CH2CONH2 
,p- (CH2})CONHz 
.P - CONHCONH2 
.P - C ONHCH2CONH2 
,p- CONHCH2C HzCONHz 
.P - C H2CONHCH2C ONHz 
.P-0CHzCONH2 
.P- NHC ONH2 
.P - NHCH2CONHz 
.P - NHCO(CH2)zCONHz 
m -S OzNH2 
j! -S 02NH2 
.P -so2NHCH2CONH2 

f -CONHC2H4 0H 
.P -S02NHC2H40H 
j! -CONHCH2C N  
3 - NH2 - 4 - CONH2 
3 -0H-4 - CONH2 

( All val ues refe rred to that of the unsubstitllted a rsenosobenzene as 1 0 0 )  1 8a , ZO ,  21b 

Re lative Relative activitv in vitro a�rainst: 
toxi city in !· pall idum !· eguipe rdum Arseni c - resistant Schizat!Il!!num 
white mice T. eguiJ!erdum cruzi 

1 00 1 00  1 00 1 00 1 00 

9 . 8 4 1 3 9  1 . 7 5  0 . 2 5  
9 . 6 4 5  4 5  0 . 34 0 . 0 7  
9 . 7 42 73 - -
8 . 6  20 3 1 - -

1 3. 5  33  6 0  8 . 1 5  8 . 3 
6 . 4 34 34 2 . 9 7  0 .  1 6 
3 . 86 24 1 5. 0 0 . 68 <0 . 04 
3 . 2 1 3  - - -
3 . 4  1 1 1 . 5 - <0. 08 
9 . 0 52 26  2 . 02 0. 1 8  
8 .  1 3 8  29 0 . 5 7  0 . 2 
4 . 5 2 2  - - -
9 . 0 2 5 - - -
6 . 1 2 1  7 . 8 - -
4 . 8 29 24 0 . 1 6  0 . 0 3  
3 . 5  1 7  1 . 4  - -

4 . 8 22 39 0 . 23 0 . 07  
4 . 2 23 9 . 0 0 .  1 8  -

4 . 5 27 . 0 1 9 . 5 0 . 4 2  0 . 08 ! 
5 . 6 28 52 2 . 76  0 . 06 

23 4 5  48 - -

--- - --

L. donovani 

1 0 0  

0 . 5 3 
0 . 08 
0 . 98 
-
4 . 5 
0 . 08 
0 . 09 
-

5 . 2 
4 . 3 
0 . 07  
-

-
-

0 . 05  
0 . 22 

0 . 0 5  
0 .  1 3 
0 .  1 5 
0 .  1 5 
-

I 

N ... 
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an enoaobenzeneZ 1 (Table VII) . A similar effect bad been noted by Goqh and Kinf in studying 
amide -substituted arsonic acids in mice infected with Trypanosoma equiperdum . 3 

The favorable therapeutic effect of the amide groups was euentially independent of the 
particular acid used ; auUonamidea and benzamides were s imilar in activity and toxicity . The 
position of the groups on the benzene ring was also unimportant. How ever , with both the 
_p -CONHz and _f-SOzNHz compounds, the integrity of the terminal amide grouping was usually 
essential for the favorable effect on toxicity . Substitution of the amide hydrogens with methyl or 
ethyl groups suc c essively increased the toxicity at a greater rate than the activity, so that the 
therapeutic index of these substituted amides was cons iderably less than that of the amides. The 
_p -SOzNHz, E -SOzNHCH3 and J!.·SOzN(CH3)z araenoso compounds bad treponemicidal activities 
!!! Jill.!:9 of Z9 , 7Z and I I  Z; relative toxicities of 4 .  8, 1 8  and 93 ;  and activity :toxicity ratios of 
6 .  1 ,  4 .  0 and Z. 3 , respectively . Similar effects of s ubstitution of the p - CONHz compound are 
summarized in Table VIU .  

-

In contrast to the CONHCH3 or -SOzNHCzH5 compounds, when the terminal grouping was 
one which was itself "eutherapeutic" ,  i . e . depres sed toxicity more than activity , the resulting 
compound was just as useful as the parent amide .  Thus , the -C ONHCzH40H . 
-CONHCf,H4NHCOCH3 and -SOzNHCzH40H compounds compared favorably with the parent 
amides with respect to toxic ity and pa ras itic idal activity (cf. Tabl e  VIU). 

Unlike amide -substitution, the esterifi cation of acid compounds greaUy increased both 
their parasiticidal activity and the�r toxic ity. In consequenc e,  such este r - containing compound s ,  
when stable ,  w e r e  n o  better therapeutically than the parent arseuosobenzene. Many hydrolyzed 
in aqueous solution ,  so that their biological activity was the same as that of the acid -substituted 
compound. 

4 . Miscellaneous Substituent& ( - NHCOCH3, -OCOCH3 , - RNHCOCH3 , -RNHz) 

Erratic results were obtained with arsenosobenzenea containing this group of substituent& . 
Their parasiticidal activity varied between 3 and 78;  their toxicity between 6 . 7 and 76;  and their 
activity :toxiclty ratio varied between 0. 38 and Z. 6 times that of the parent araenosobenzene . In 
no instanc e was a compound obtained which was sufficiently active and non-toxic to suggest the 
possibility of its therapeutic us e for the particular infections tested. 

5 . The Importanc e of the Terminal Groupina in a Substituent 

Single substituent• have thus been shown to have widely varying effects on the toxicity and 
parasiticidal acti,;ity of araenosobenzene . In a number of the compounds , the substituent was a 
side chain of varying length. In general , and regardless of the length or nature of the side chain, 
the activity and toxicity of the compound were usually determined by the nature of the terminal 
functional groupings . Thus, the -CH3 group had been found to be "inert",  while the -CONHz and 
-SOzNHz groups had a highly favorable effect on toxicity. The _p -CHzCONHz. - (CHz)zCONHz and 
_e -(CHz)3CONHz arsenosobenzenes all behaved as amides (Table VII}. However, in the -CONHCH3 
and the - C ON(C H3 lz compounds the favorable effect of the amide grouping was diminished or 
abolished by substituting methyl groups for the amide hydrogens (cf. above) . Similarly , when 
an amide hydrogen was replaced by a group carrying a terminal acidi c  group (e . g .  the 
- C CNHCHzCOOH) , the propert ;es  of the compound were determined by the terminal ac idi c  group , 
and not by the amide . 

6 . The Effects of Multiple Substituent& 1 8b 

The effects of multiple substitution on the toxicity and parasiticidal activity of arsenoso
benzenes were diffic ult to interpret. Only a relatively small number of compounds were tested 
(cf.  Table IV} ;  and in no cas e could the effect of double substitution be anticipated from the effects 
of the two aroupa actina s inaly. Thus, six of the ten possible arsenoaoaminophenola were 
prepared and tested for treponemicidal activity (Table IX). The -NHz and -OH substituent& 
separately, whether .!! • • _!!! - ,  or J! ·  to thP. a r s � noso aroup , had resulted in a uniform a eries of 
compounds, with treponemicidal activities varyina only from 72 to 98 , toxicities of 49 to 85 , aad 
activity :toxicity ratios of I .  0 to 1 .  46 . The treponemicidal activity of the s ix aminophenol 
compounds was also remarkably uniform , varying only between 39 and 57 ;  but their toxicities 
varied between 6. 94 and 78. 9, so that the activity:toxicity ratios varied ten-fold, from 0 . 54 to 
5. 5 . The combination 3 -NHz-4 -0H, whi ch is the well-known compound oxophenarsine 
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TABLE VIII 

THE EFFECT OF SUBSTITUTION IN THE -CONH2 GROUP 
ON THE TOXICITY AND TREPONEMICIDAL ACTIVITY OF .f·ARSENOSOBENZAMIDE21a 

A sO Molar Toxicity Molar Treponemicidal 

0 Ac;.tivity 

R 

-CONH2 9 . 6 45 

-CONHC2H40H 4 . 8 25 

-CONHCH3 1 5 54 

-CONHCH2COOH 1 6 0 . 7 

-CON(CH3 )2 1 9  48 

-CONHC2H5 26 59 

-CON(C2H5)2 64 53 

-CONHC6H5 1 0 1 97 

TABLE IX 

THE TREPONEMICIDAL ACTIVITY AND TOXICITY OF 
AMINOPHENOL-SUBSTITUTED ARSENOSOBENZENES 1 8b 

Rati.o of Activity: 
Toxicity 

4 . 6 

5 . 2 

3 . 6 

0 . 44 

2. 5 

2. 3 

0. 83 

0 . 96 

Substituent Groups Molar Toxicity Molar Treponemicidal Ratio of Activity: 
Activity Toxicity 

3 -NH2 -4 -0H 6 . 9 42 6 . 1 

3 -0H-4-NH2 1 0  4 1  3 . 9 

2 -NHz - 3 -0H 1 0 34 3 . 3 

2 -0H -5 -NH2 22 39 1 . 8 

3 -0H- 5 -NH2 74 57 0. 78 

2 -0H-3 -NH2 79 43 0. 54 
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( "mapha rsen")  was the most favorable combination in the entire s e r ie s .  At the othe r extreme , the 
combination 3 - NHz - Z -OH gave a l ess  favorable the rapeutic index than arsenosobenzene itsell. 

Any c hange in the 3 - NHz -4 -0H combination, e ithe r by the introduction of a third 
s ubstituent , extending e ithe r group on a side chain, or s ubstitution of the hydrogen in e ithe r group, 
abol i shed its highly favorable prope rties . 

Sim ilarly va riable and unpredictable results were obtained with the arsenosoamino 
benzoic acids . Nine of the ten pos s ible isomers  were tested for direct trypanocidal activity . 
Unl ike the example of the aminophenols j ust c ited ,  the trypanoc idal activit ies  of these  compounds 
va ried 40 -fold , from 0. 6 to 23 , with the 3 - NHz - 2 -COOH compoulld showing the highest 
activity .  2 0 ,  I 7 

While no combination of two wholly ine rt s ubstituent& ( -C H3 , - N02 , -C l ,  etc . ) resulted in 
compounds with a highly favorable activity :toxicity ratio ,  one cannot say unequivocally that 
furthe r search would not have re vealed such a combination. 

7 . Thioars enites 

The reactivity of ars enicals with compounds conta ining thiol groups to form the 
corresponding tbioa rsenites was the s ubject  of two patents by Khara sch in  1 928 and 1934 .  38 A 
numbe r of thioarsenites have be en us ed expe rimentally against trypanosomias is Z4 , amebiasis  and 
filarias i s ,  44 but none has as yet gained gene ra l c l inical us e .  

A thorough study o f  the chemistry and pharmacology o f  the thioarsenites was unde rtaken by 
Barbe rZ and by Cohen, King and Strangeways . I 0 These  authors prepared a numbe r of such 
compounds and dete rmined the ir  efficacy in  expe rimental trypanosomiasis  in white mice . 

A numbe r  of thioa r senite s were also p repared in this laboratory by the condensation of 
arsenoso compounds with var ious thiols {d.  page 29) . They a re lis ted in Table X, togethe r with 
thei r  treponemicidal activity m vitro and their  toxic ity in white mice ,  both activities expressed 
re lative to that of the uns ubstituted arsenosobenzene as 1 00 .  As the re  shown, the thioa rsenites 
were  regularly tess  toxic  and less  activity pa ras iticidal than the parent compound ; and in  the 
treatment of rabbit syphi l i s  the i r  the rapeutic index (the rap,eutic activity) was no more favorable,  
and in s e v e ral instances  less favorabl e ,  than that of the co�1

e
c�}londing arsenos obenzene . We have 

been unable to confirm the finding4 5c that the c ondensation of "mapha rsen" with BAL { 2 ,  3 -di 
mercaptopropanol) res ults in a compound more toxic than mapharaen  itseU.  The L05 0  of the 
addition compound prepared in this laboratory was 230 mg . /kg. and 60 mM/kg . , as compa red with 
4 3 mg.  /kg .  and I 2. 4 mM/kg . for mapharsen .  

Whethe r the  activity and toxicity of  the thioa rsenite s  i s  dete rmined s ole ly by the amount 
of hydrolys is  to the corresponding arsenosobenzene , or whethe r a thioars enite may act directly 
has not been dete rmined. It is true that an exce s s  of thiol abolishes the pa rasiticidal activity of 
an arsenoso compound , both !.!! � and !!! � {d. Fig .  9) ,  strongly suggesting that the 
hydrolys is  of the thioarsenite may be e s sential fo r parasiticidal activity . It i s ,  howeve r ,  
conc e ivable that the thioarsenite reacts dire ctly with a t issue thiol , according t o  the equation : 

RAs(SR ' )z + ZR "SH � RAs(SR " )z + 2R 'SH 

Thioarsenite Tissue 
thiol 

Tis s ue 
thioars enite 

F re e  
thiol 

In such case  an exc e s s  of thiol  would Inhibit parasitic idal activity by competing with the t issue 
thiol for the thioarsenite . 

C .  The Selective Para s itic idal Action of the Arsenosobenzenes 

The parent a rsenos obenzene , and those ar senoso compounds with "ine rt" substituent& , 
w e re highly toxic to the animal host,  and were uniformly active m .ti!!2 agains t al l  the organisms 
tested . When s ubstituent& were  i ntroduced which  modified the biological  activity of  the compound , 
they often developed a high degree of speci!icity .  The amide - s ubstituted compounds were 
relati ve ly non -toxic for  the mouse or  rabbit host , uniformly treponemic idal ,  hi ghly variable in  
the ir  action on T rypanosoma e q u ipe r d um ,  and only negl ig ibly active against L e i s hmania donovan! or 
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TABLE X 

THE RELATIVE TOXICITY AND TREPONEMICIDAL ACTIVITY 
OF THIOARSENITES 1 AND THE CORRESPONDING ARSENOSO COMPOUNDS1 8a 

Substituent Group �e1ative Molar Treponemicidal Activity Relative Molar Toxicity in White Mice 
in vitro 

SR!f SRJI OA•O OA" Ratio OA•O o A•�R 
Ratio 

'sR 

,2-CH3 84 1 09 1 .  30 88 90 l .  oz 

f ·OCHzCONHz 5Z 3Z 0 . 6 1 9 . 0 "7 . 3 0. 80 

f ·CONHz 45 39 0 . 87 9. 6 4 . 6  0. 48 

(a) Zl 0. 5 1 (a) 6. 1 0. 64 
(b) z·1 0. 47 (b) 5. 1 o. 53 

!-NHCONHz 38 Z 1 0. 55 8. 1 Z . 9 0. 36 

.f ·CONHCHzCONHz 3Z 1 7  0 . 5 3 5. 7 1 . 6 O. Z8 

m-SOzNHz Z 1 zz I .  05 6. 1 3 . 3 0. 54 

f·SOzNHz Z9 Z4 0 . 83 4 . 8 3 . 3  0. 70 

3 -NHz -4 -0� 38 Z9 0. 76 6 . 9 4 . 1 0. 60 

( c )  0. 86 o. ou (c ) 1 . 4 o. z 

m -COOH 1 3 11' 0. 85 1 6 1 5 0. 94 

f·S03H 3. 4  3. 6 l .  06 Z9 Z4 0 . 83 

.V All were dicysteinyl compounds , with the exception of the compounds indicated as (a ) , (b) and 
(c ) , which were the dithiosalicylate , dithiog1yco1ate and dimercaptopropano1 , respectively. 
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TAB LE XI 

THE V A R Y I NG P/. R AS I T I C I DAL AyTIVITY OF ARSENOSOBENZENES 
AGAI NS T  A NUMBER OF ORGANISMS 

(Swn:na rized from ! Sa ,  b ,  ZO and Z l b ) 

Subs t i t uent Group T .  Ea l i l d um T .  eguieerdwn L. donovani Sc hizot �Eanum 
(R Q AsO)  Normal "Ars eni c - fas t "  � 

£ - C H3 1 02 I OZ 70 96 47 

£ -CONH2 4 5 45 0 . 34 0 . 08 0 .  07 
£ -OCHzCONHz 5 2 26 z 4 .  30 0 .  18 

3 - N02 - 4 -COOH 1 8  1 7  - 4 0 24 

.e -COOH 6 .  7 0 .  4 5  - O . Z l 0 . 04 

£ - (CHz ) 3COOH I .  9 54 3 8 6 5  32 

TABLE XII  

THE R E LATIONSHIP BETWEEN THE TRYPANOCIDAL ACTIVITY OF ARSENOSOBENZENES 
AND THEIR C OMBINING AFFINITY WITH THE ORGANISMS (AFTER EAGLE AND MUSSELMAN22) 

Origina l As concentration = 0 . ! 66 mgs 't'o; No . of t rypanos omes = 250 x 1 06/cc ;  
Vol . of t o9 sedimented organisms = 0 .  48 cc . 

Substituted Relative Trypanoc idal 
Arsenosobenzene Activity {refe r red to 

R -AsO arsenosobenzene as I 00)  

f-S03H 0 . 06 

£ S02NHCHzCONH2 1 . 4  

£ -OCHzCOOH 4 . 5 

.f -CONHC HzCONHz I S  

3 -NHz -4 -0H 27 
_E -S02N(CzHs )z 3 5 

_E -CONHz 4 5 
1!! -OH 66  

g -CH 3 9 1 

Uns ubstituted 
a r s enosobenzene 1 00 

Cone . of As in 
Trypanosome& , 

mg . "'o 

0 . 4 1  

0 . 68 

1 . 5  

5 . 7 

6 . 5 

7 . 4 

7 .  7 
B . Z  

9 . 5 

9 . 7 

Average ratio of 
[As J t!:ll!anosomes 
[As) supe rnatant 

2 . 4 

5 . 2 

I I  

5 3 

87 
93 

1 1 3 

1 1 9 

1 86 

ZZ4 
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Sch izotrypanum�· The acid - substitllted compollnds were gene rally only sl ightly pa ras itic idal . 
A few w e re , however , highly active aaa ins t Trypanosoma equiperdllm , Schizotrypanum � and 
Le ' shrnania donovani , and othe rs we re act ive against Treponema pal l idllm (cf. Table XI) . 

The basis for this selective action is discussed in the followinl section. 

III. MODE OF ACTION OF ARSENOSO COMPOUNDS 

A. The Reactivity of Arsenicals with Thiol!l 

Ehrlich originally sua1ested that drugs we re effective only to the degree to which they 
were bound by "chemoreceptor" groups in the paras ite , and laid down the thesis that "corpora 
non agent nis i fixantur . u26 He further su1gested that thiol groups might determine that fixation, 
although no definite chemical reaction was postulated . 25 (In 1 908 Friedberger noted that 
arsanil ic acid when mixed with thioglycollic acid inc reased markedly in both toxicity and trypano
cidal activity . 30 In the light of subsequent developments , it seems clear that this effect was due 
to the reduction of the pentavalent compound to the more active trivalent form, and is not relevant 
to the mode of action of the latter . ) 

The reaction between arsenosobenzenes and thiol compounds to form thioarsenites has 
been briefly discus sed in a preceding section. In 1 923 Voegtlin, Dyer and Leonard57 demonstrat 
ed that trypanosome• contained -SH groups , that organic compounds such as cysteine and 
glutathione containing -SH groups inhibited the trypanocidal action of trivalent arsenicals in vitro. 
and that the injection of such compounds immediately before an otherwise fatal dose of an 
arsenoso compound prolonged the life of the animal . They concluded that the effect of the 
arsenoso compounds !.!!� was based on the reaction: 

RAsO + 2R 'SH-RAs(SR ' )z + H2o 

and that the specific sulfhydryl compound which acted as the "chemoreceptor" in dete rmining 
toxic ity was primarily glutathione . The possibility that othe r sulfhydryl -containing compounds 
might be involved was considered by Rosenthal . 57c The inhibiting effect of sulfhydryl compounds 
on arsenicals was extended to!· pa l l idum by Eagle in 1939 ,  who demonstrated that cys te ine , 
glutathione and thioglycollic acid in excess abolished the treponemicidal action of arsenicals ill 
vitro , as well as that of me rcury and bismuth compounds . 1 4 !!l l!i.!:2  also, thiol compounds in 
exces s inactivated the arsenicals and abolish,ed the ir trypanocidal and treponemicidal activity 
(cf. Fig . 9 ). 

The inacti"ation of arsenicals by thiols as outlined in the foregoing paragraphs involves 
two quite different mechanisms . Thiol compounds in excess react with arsenicals to form 
thioarsenites , inhibit the hydrolysis of the thioarsenites to the free arsenoxides , and prevent the 
interaction of these arsenicals with the host tissues or with parasites , thereby decreasing the ir 
toxic ity and parasiticidal activity . In addition , however , even after arsenicals have combined 
with the tissue ce ll s or pa ras ites , thiol compounds may reverse that combination, and remove 
the arsenical from its combination with the ce l l .  1 5  When cysteine was added to a suspension of .!.· pa l l idum which had previous ly been inc ubated with ars enicals and in which the la rge r 
proportion of the organisms had a lready been  immobil ized , not only was the treponemicidal 
a ction of the arsenical  immediate ly halted ,  bllt a large proportion of the already immobil ized 
organisms we re revived . I S  The same phenomenon has been even more strikingly demonstrated 
with trypanosomes "ki l led"  by ars enical , and then exposed  to BAL (2 , 3 -dithiopropanol) . 23  
In � also , it  i s  appa rent from Fig .  9 that the parasiticidal action of  arsenicals i!! vivo may be 
s uc c e s sful ly reve rsed by thiol compounds given hours afte r the ars enica l had been injected , and 
after  the organisms had bee n  given ample opportunity to c ombine with the arsenical  injected . 
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The abil ity of thiol compounds to abstract arsenicals from the ce ll after  they have already 
ente red into combination with cel l  component is manife sted not only in the revival of organisms 
a l ready ser iously damaged by the arsenicals , but may be demonstrated by the direct chemical 
ana lys i s  of the ce lls  af!e cted.  Z 3 The arsenical presumably leaves the cel l  in the form of the 
thioa rsenite . 

'"' 

TRYPANOSOMIASIS IN WHITE MICE 
Rate af Cure by Mapharsen 

Inoculum - 1()5 
AQe of Infection - 24 11our1 
Dosote of Mapllor-- 6 .,.,. 
Dolote of BA l UHd 
to 1nae11vote anlfllcal -40...,. 

tCompoa/le of 7 ,.,.,., ...,llllanfl l  
ToNI hi MCII .... • t J 

I J 4 I I 10 • 
Time (Hours) When Therapeutic: Action of Arsenical Was Terminated 00 tAL 

by Injection of B A L 

Fig . 9 .  The Inhibition of the Trypanocidal Action of Oxophenarsine in White Mice by 
Z, 3 -Dithiopropanol (BAL) 1 7b 
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B. The Reactivity of Arsenicals with -SH Groups in Enzymes 

The fact that arsenicals react strongly with thiol compolmds to form thioarsenites ,  and 
the fact also that thiol compolmds are able Rot only to prevent the combination of arsenicals with 
cells , but to remove the arsenic after it has already entered into combination with c ellular 
coustituents , do not however prove that a s imilar combiution with cell thiols  is primarily 
responsible for the toxic ·action of arsenicals. More recent work has indicated that this may 
actually be the case , and that the reactivity of arsenicals with -SH groups in protoplasm is the 
factor which dete rmines their biological effects . It now seems unlikely that glutathione as such 
is Reces sarily or even primarily the cellular grouping affected . 

In I 933  seve ral worke rs reported on the role of thiol groups in the reversible deactivation 
of enzymes . Helle rman, Pe rkins , and Clark studied the inactivation of c rystalline urease with 
mercur ials s uch as phenylme rcuric hydroxide ; 36 and Bersin and Loge rmann noted that the 
activity of papain was destroyed by many oxidizing agents . 5 In both instances , the enzymatic 
activity was restored by the addition of e ithe r hydrogen sulfide or potaaaum cyanide. Maschmann5 
had s uggested that s uch reactivatioll of papain or 'cathepsin by H2S involved reductions of 
disulfide linkages in the enzyme to active thiol groupings esseRtial for activity . 

Bersin thell correlated the work of Cohen,  King and Strangeways l O Oil the reaction between 
arsenicals and thiol compollllds in .ld1I9 and the several previous indications as to  the importance 
of thiol groups in the activity of many enzyme s ,  and systemically studied the effects of a number 
of arsenic compounds on papain. 4 He showed that papain was inhibited by both araenoso 
compounds and arsonic ac ids , and that this inhibition was reversed by glutathione. In explanation, 
he proposed the following alte rutive reactions : 

( l )  4 Enz-SH + RAs03H2 ;::! RAs (S - Enz)2 + Enz -S-S-Enz 

(2) 2 Enz-6H + RAs (OH)2 ;::! RAs(S -Enz)2 + H20 

A ma rked diffe renc e  in the inhibitory actions of .f - CH3CONHC6H4As03H2 and ,2-H2NC6H.fAs03H2 
was !lxplained on the basis of a difference in the equilibrium constant in reaction ( 1 )  above . 

In the Uni�ed States , Ba rron and his co -worke rs have thoroughly investigated the 
inhibiting effect of arsenicals on a number of enzyme systems , 3 inc luding the enzymes involved in 
nitro1en ,  fat , and carbohydrate metabolism . Many we re reversibly inhibited by arsenoso 
compounds and by the war-1as "lewisite " (ClCH = CHAsCl2) ;  and in such cases ,  -SH groups in the 
enzyme protein were believed to be e ssential to their enzymatic activity . 

In England , working chiefly w ith lewis ite , Pete rs and his co-worke rs have also 
inve stigated the reaction of enzyme" and trivalent a rsenica ls .  45 They cons ide red the p rimary 
s ite of attack of the ars enicals in the anima l body to be on the pyruvate -oxidas e system , which is 
pa rticula rly sens itive to trivalent a rs enicals. StockeD atld P ete rs4 5b reacted sodium a rs ellite and 
lewis ite with ke rate ille in buffe red solution and analyzed the prec ipitated prote in for ars enic , 
sulfur and nitrogen. F rom 73 to 92 per cent of the bound ars enic had combille d  w ith sulfur in the 
ratio I : 2. Furthe r ,  the p rote in sulfur was now res istant to oxidation, while the thiol g Foups in 
ke rate ine a re norma lly highly s us c eptible. The s e  worke rs  therefore  postulated that the arsenic 
had c ombined w ith two ne ighbor ing thiol groups on the prote in mole cule , i . e. that the prote in 
conta ins a dithiol which is the primary point of attack by the ars enicals. Furthe r ,  they stated 
that on physicoc hem ical g ro11nds the r ing compound formed by the reaction of a dithiol with an 
a rsenical (a) should be more stable than the straight chain thioarsenite s  formed w ith two 
mole cul e s  of a monothiol (b) : 
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The re may be seve ral gaps in this argument .  No dithiol such a s  that postulated by 
Stocken and Pete rs has yet been identified as a constituent of ke rate ine o r any othe r p rote in in the 
amounts implied by the ir  experimental data . It s eems unlike ly also that arsenicals would react 
with disulfide groups in prote ins , or that the major portion of the free monothiols in a prote in  
molecule would be  arranged in  pai rs . The fact that the  ar sentc : sulfur  ratio of  the compound 
formed between thiols and ke rate ine in solution app roaches I : Z is not conc lus i ve e vidence for the 
pres ence of a dithio l 1  s ince the arsenic molecule could be bridging two molecules of ke rate ine . 
Further ,  in the absence of resonance there seems to be no bas i s  for assuming that a bond between 
two atoms in a r ing is neces sari ly stronger than the same bond in  a straight chain compound . In 
a recent pape r ,  Slate r50 bas furnished s trong e vidence that the reaction between arsenica ls  and 
enzyme systems is probably more complex than that suggested by Pete rs and his co -wo rke r s .  lie 
has pointed out that whi le the reaction i s  supposed to be : 

RAsO + Z - HS -Enz � RAs (5- Enzz ) + HzO , 

there may be no reactivation when the arsenical  i s  removed or the reaction mixture i s  &reatly 
diluted .  

However ,  whether or not the  reasoning o f  Stocken and Pete rs was  valid in its entirety ,  it 
led to a s ignificant advance in the the rapeut ic  use of ars enica l s . Following up the previously 
cited data , Stocken and Thompson5 Z  found that the d ithiols were more effective than monotbiols in  
protecting the pyruvate oxidase  system in pigeon brain from arsenica ls . In  animals s uffe r ing 
lewisite burns or injected with toxic  arsenicals , the dithiols greatly increased the rate of 
excretion of arseni c . 2 3 ,  5 3  Further ,  Whittake r found that dithiols which h e  be l ieved to react with 
a rsenic to produce s trained r ings were much le s s  e ffective than dithiols which formed a stable 
r in& structure . 59 

As an outcome of these  s tudie s ,  the English worke rs developed Z, 3 -dimercaptopropanol 
(HS - C Hz C HSH-CHzOH) for the treatment of lewis ite burns . This compound (BAL : Brit ish Anti 
Lewis i te ) 5 1 has found extensive us e not only in the local treatment of a rsenical skin burns , but 
a l so in the systemic treatment of arseni c  pois oningZl ,  4 1 and poi soning due to  such heavy metals 
as mercury42 , antimony l 9 and gold . 4 7a It is ineffectual against cadmium lZ and of que stionable 
•·a lue in lead poisoning . 3 1 The use of BAL has been thoroughly reviewed by Stocken and 
Thompson. 5 I 

Summariz ing the above evidence , one may conc l ude that (a )  ars enoso compounds combine 
with sulfhydryl compounds to form reasonably stable thioarsenites ; {b) many enzyme groups 
conta in s ulfhydry l  groups which are nec essat-y in  the i ntact state for the action of the enzym e ,  and 
s uch enzymes are  i nactivated by arsenoso compounds and other arsenical s ;  (c )  this inac t ivation 
can be reve rsed by thiols , and in part icular dithiols ; and {d) thiol  compounds , and particularly 
d ithiols , p rotect animals and mic roorganisms against the toxic effects of arsenicals , can on 
occas ion reve rse the toxic  action of arsen:cals afte r they have a lready become manifest ,  and in 
such cases  actual ly reve rse  the combination of the ars enicals  with the cel l  or t i s sue .  

O n  the ba s is  of the se facts i t  i s  now gene rally be l ieved that the action of the arsenicals 
rests  on the i r  abil ity to combine with � '"oiol g roups in essentia l  enzyme systems , both in the 
host (toxic i ty )  and in the cel l  of the invad ing mic roorganism (the rapeutic ac tivity ) .  This may be 
expre ssed s chemat i ca l ly a s :  

RAsO t Z R  ' S H - RAs {SR ' ) z  t HzO 

ars enoso 
compund 

enzyme in host 
t i s sue o r  in 
parasit ic cell  

t i s s ue or 
c e l l  thio 
a rs enite 

(A) 
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c .  ainst the Same 

How does the theory of reactivity of arsenicals with enzyme -SH sroups explain the 
exper imental obs ervations cited in detail in the precedin1 section ( I ) that chemically closely 
related ars enoso compounds may vary 1 00-fold in toxicity ; (Z) that different arsenicals may vary 
in their effect on a siven microorsanism, and (3) that the same arsenical may vary in its effect 
on different orsanisms ? Thus, Tables VI, VII and XI compare the trypanocidal,  treponemicidal, 
and leishmanicidal activity of a numbe r of arsenosobenzenes. The striltins effect of y -(E
arsenosophenyl) -butyric a d d  asainst trypanosome infections l6 and its inactivity asainst Treponema 
pallidum is but one example of the parasite -specificity of many arsenic compounds (c:f. pase Z6 ) .  
Kuha and Tatum40 found that arsenicals capable of curiq I· l!.l!!!i infections possessed 
aliphatic side chains with acidic sroups, while the arsenicals which cured Trypanosoma 
equiperdum infections usually contained basic sroups . 

1 . The Possibly Varyin1 Reactivity of Different Arsenicals and Thiols as the Basis of 
Their Parasite Specific ity 

Reaction (A) above is freely reve rsible , being shifted to the left in alkaline solution and to 
the right in acid solution .  1 0 It is therefore conceivable that the var iation in toxicity or activity 
of a a eries of arsenoso compounds misht be a function of the hydrolysis constant of the formed 
thioa rsenite. It is also possible that the rate of the above reaction is the determininl factor . In 
either case , the us ual relationships between chemical structure and reactivity should apply. In 
the particular case of equation (A) ,  it should be poss ible to predict both the relative rate and the 
hydrolysis constaDt by means of Hammett's equation: 

los k- log k " = l'"l"\ 

where  k is the rate or hydrolysis constant for the substituted aryl sroups, k • the rate constant for 
the UDS ubstituted sroup, r is a constant for the particular chemical reaction studied and which is 
independent of the sroups, and r- is a constant for each substituent sroup and is independent of the 
reaction. 34 Under these circumstances ,  if either toxicity or parasiticidal activity were 
quantitatively dependent solely on the above reaction, that activity should be a function of the 
I" values, Actually, no correlation whatever was found between the Hammett l" value's, and either 
the toxic ity or the parasiticidal activity of the arsenoso compounds as previously described in 
Section II B. 

Asain on the basis of the Hammett equation, if the parasiticidal action of arsenicals and 
their toxicity to the host were quantitatively dependent upon their reactivity with thiol sroups in 
the paras ite '-nd in the host , then the therapeutic index of a series  of arsenoso compounds in a 
siven infection should be reasonably uniform . The relative reactivity of an arsenoso compound 
with the two groups of thiols, one group in the parasites and one in the host cell, should be 
independent of the particular substituent on the benaene rins. Instead, that ratio varied as much . 
as 60 -fold in the arsenoso series alone . Even when the same compound was tested against the 
same orsanism (l:. rhodesiense) but in diUerent animal hosts , Tatum , Pfeiffe r and KuhsS5 obtained 
therapeutic indices of 1 1 ,  5 and 0 in rats , rabbits and doss respectively . 

It seems clear that possible variations in the rate or equilibrium constants of the reaction 
between arsenoso compounds and thiols to form thioarsenites are themselves inadequate to 
explain the known relations in the parasiticidal action or toxicity of these compounds. 

Barron and Sinser3 studied the relative inhibitory action of ·various arsenicals against a 
number of enaymes ill �. and their results are pertinent in this connection, although the 
quantitative aspects of the ir data are partially obscured by the varyins amounts of impurities in 
the enayme preparations capable of combining with and inactivatins the arsenicals. The 
susceptibility of the different enaymes to the s ame arsenical was senerally of the same order of 
magnitude . 3 Usiq eishteen different enaymes systems ,  they' found that unde r the particular 
experbnental conditions , most of the enaymes were almost completely inhibited (by 80 to 100 
pe r c ent ) ,  but that pyruvate dismutation was inhibited· by only 35 per cent and pyruvate 
condensation by 56 per cent. The desree of inhibition obtained with five different arsenoso 
compounds acting on the same enayme , succinoxidase,  were also not significanUy different.  lb 
Howeve r ,  from the same laboratory it was later shown that .!! -amino acid oxidase and yeast 
carboxylase were inhibited by l-aminophenyldichlorarslne but not by lewisite. 3c Also, trans-
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aminase  was almost completely inhibited by z-araenosobenzoic acid, but only 3 3  per cent 
inhibited by the same concentration of lewisite . The authors suggest that these differences may 
arise from a different spatial arrangement of the thiol group on the prote in molecule . 

2 .  The Possibly Varying Permeability of the Cell 

In poss ible explanation of the varying biological effects of diHerent arsenoso compounds ,  
one may postulate as an alternative hypothesis that a lthough their reactivity with a given -SH 
compound is reasonably uniform, the arsenicals vary widely in the ir  ability to penetrate the cell 
wall ,  e ithe r in the microorganism or the host ,  and that it is  these differences which largely 
determine the varying parasiticidal action and toxicity of these compounds . This thesis is 
strongly supported by the data on the binding of arsenicals by cell suspensions . It was first 
shown by Thuret that a suspension of red blood cells !B vitf-2 bound the highly active arsenoao 
compounds , but not the relatively inactive arsonic ac ids"? This finding was extended by Hogan 
and Eagle ,  who demonstrated that in a large s e ries of arsenoao compounds the amount of 
arsenic bound by red blood cells i!! vitl' under standard conditions was roughly proportional to 
the systemic toxicity of the arsenical, strongly suggesting a causal re lationship (Fig. 1 0) .  The 
corol lary of this finding was also demonstrated : with compounds of wide ly varying toxicity, at 
dosages which produced equivalent toxic effects !!l �. essentially s imilar amounts of arsenic 
had been bound by the tissues . 

(The binding of arsenicals by erythrocytes was also studied by Fink and Wri&ht. 29 Using 
a s ingle arsenical , mapharsen, these  workers found an approximate linear relationship between 
the logarithm of the amount in the cells and the logarithm of the amount in the plasma, and 
suggested that the binding of arsenicals was lar&ely physical in nature . They also found that 
from 60 to ·90 pe r cent of the bound arsenic could be re leased from the red blood cells by s imple 
resuspens ion in fresh plasma . These important findings are difficult to reconcile with the thesis 
that arsenoso compounds react with -SH &roupa in the cella as previous ly discussed, and further 
study s eems indicated . ) 

Eagle and Magnuson22 subsequently showed that , just as the degree to which arsenicals 
were bound by red blood cells was related to the systemic toxicity of the compounds , so the 
binding of arsenicals by trypanosome• was a measure of their parasitic idal activity . Their 
results with a lar&e aeries of the arsenoso compounds and a normal strain of T rypanosoma 
equiperdum, are given in Table XII. The correlation between the amount of the arsenical bound 
under standard conditions , and its trypanocidal activity , was again so regular as to suggest a 
causa l  relationship . This quantitative study confirmed and extended the previous qualitative 
findings of Hawking35 , Yorke , Murgatroyd and Hawkin&63 and Reine r ,  Leonard and Chao47b, that 
actively trypanoc idal compounds were bound by the organisms , while inactive compounds were not. 

The wide differences in the · amounts of arsenical bound by a trypanosoma! or erythrocyte 
s uspens ion could perhaps be due to the corresponding differences in the reactivity of the several 
arsenicals with a given ce llular enzyme system . DiHerences of this order of magnitude have , 
howeve r ,  not been demonstrated in the reaction of arsenoao compounds with thiols !B ldtt2; and 
it seems improbable that the hydrolysis constant of a series of thioarsenites involving the same 
thiol and different araenoso compounds would differ by a factor of e. g . l 02 - l o3 (cf. page 27 et seq . ). 
The results a re , howeve r ,  conaiatent with the thes is that different arsenicals va ry in the ease with 
which they can pass  through the cell wal l ,  and that it is this selective permeability which 
determines the varying activity of a series of closely re lated compounds asainat the same cell .  

The results obtained with "arsenic -resistant" strains of trypanosome• oHer additional 
strong evidence that the varyin1 amounts of arsenical bound by the organisms reflect the varying 
permeability of the cell wall to the several compounds , rather than their  varying reactivity with 
a cel l  thiol or thiols .  Hawking35  had shown that arsenosobenzene was as actively trypaaocidal 
against a "resistant" strain of .!: e'iuiperdum as against a normal strain ; but that a rsenicals 
containing certain substituents , notably the -NHCHzCONH2 sroup were not effective against the 
resistant oraanism, and were not bound by it. Similar results were obtained by Yorke , 
Murgatroyd and Hawkin&. 63  using an .. .-.enic - reai stant strain of  .I· rhodes ienae .  King classified 
arsenoso compounds into three separate aroups on the bas is of their action on "resistant" strains 
of trypanosomes : 39 (1) arsenosobenzene , araenoaoxylene , and s imilar  compounds which were 
active against both normal and "arsenic - resistant" strains , and which fall into the group of 
compounds with "inert" substituents as defined on page 1 6 ;  (2) carboxyl substituted compounds and 
(3) amide substituted arsenical• .  Compounds in e ither of the last two groups were relatively 
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inactive against one type of "arsenic - resistant" trypanosome , but normally active against the 
other . King concluded that while the actual intracellular process dete rmining the death of the 
organism was the same in each instance , the seve ral c lasses of compound entered the trypano
some by a different mechanism. Eagle and Magnuson , ZZ working with a strain of Trxpanosoma 
equiperdwn which had spontaneously become arsenic -"resistant " ,  found that arsenosobell%.ene and 
many of its s imple derivatives (chloro , methyl , carboxy, etc . ) was bound just as strongly by , 
and were just as active against , this resistant variant as the parent normal strain. On the othe r 
hand , a rsenoso compounds containing amide and amino substituent& were less active against the 
resistant strains by a factor of l /5th to 1 /ZOOth with a corresponding reduction in the amount of 
arsenic bound by these organisms (Table XIU) . 

TABLE XIII 

THE CORRE LATION BETWEEN THE TRYPANOCIDAL ACTIVITY AND COMBINING AFFINITY 
OF ARSENOSOBENZENES FOR NORMAL AND "ARSENIC -RESISTANT" TRYPANOSOMES ZO, zz 

Compound Tested Relative Trypanocidal Activity Percentage of Arsenic Bound * 

<0•0) 
vs . by 

Normal "Arsenic -Resistant" Normal " Arsenic - resistant" 
Trypanosome a Trypanosome a Trypanosomes T rypanosomes 

_f-SOzNHz 1 5 -Z l 0 .  1 1  45 - 50 0 

£ -CONHCHzCONHz 9 0 . 3 37 - 39 1 . 8 

£ - (CHz })COOH 35 - 39 38 49 - 55 59 

_F-Cl 75  8 1  5 3 - 59 70 

Unaubstituted 
phenyl arsenoxide 1 00 1 00 7 1 - 79 80 

* Z00 - 300 x 1 06 trypanosome a per cc . ; I .  66/' g .  As/cc .  

The selective susceptibility o f  "arseni c - resbtant" organisms  to  certain types of 
arsenicals , associated with their  ability to bind those arsenical s ,  is thus well documented. U 
this selective action is not determined by a selective permeability , one must then assume 
( 1 )  that each class of arsenical can combine only with certain thiols in the cell , and (Z) that the 
normal and resistant trypanosome& differ qualitatively in the type of cellular thiol which is 
susceptible to arsenicals , and the inactivation of which determines the death of the cell. 35 The 
former assumption in particular seems improbable .  

The importance of  cell permeability is further indicated by the effect o f  pH on  the 
parasiticidal activity of acid substituted arsenoso compounds (Eagle 1 7) . With aryl arsenoso 
compounds not containing acid substituent• the trypanocidal activity proved to be independent of 
the pH of the solution. With acid substituted compounds , however ,  the activity , both against 
..!· eguipe rdum and Treponema pall idwn , dec reased strikingly as the pH of the testing 
solution increased . As discussed in a preceding section, this was related to the fact that the ion 
was usually almost wholly inactive , while the undissociated molecule was highly trypanocidal. 
The effect of pH on the binding of acid-substituted arsenoso compounds paralleled its effect on 
their trypanocidal activity. One must conclude that the ion was usually inactive because it was 
bound by the organism to only a limited degree , while the highly active undissociated acid was 
highly active because it was strongly bound. 
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The striking differences shown in Tables XII and XIII and in Fig. 8 can hardly be related 
to the varying reactivity of the salt and the free acid with thiols : the salts of acid substituted 
araenoso compounds reacted as readily with cysteine and other thiols as did arsenoso compounds 
with non - ionic s ubstituents .  The results are , however , cons istent with the as sumption that the 
ionized form passes through the cell wall of the trypanosome into the inte rior of the cell only to a 
l imited dearee as compared with the undiaaoc iated molecule . The many analogies in other cell 
types and compounds have been summarized by Eaglel7 , by Albert 1 and by Simon and Blackman-'9. 
(The poss ibility that the arsenicals are bound on the outside wall of the organism, rather than 
within the cell , has been discus sed by Reine r ,  Leonard and Chao47b and by Eagle l 7. The latter 
concluded the quantitative relationships between the amount of arsenical bound and the available 
surface area make it unlikely that the major portion of the arsenic bound by trypanosome• 
attaches  to the cell membrane . ) 

On the permeability theory , the cell wall would be impermeable to certain arsenoso 
compounds , while othera can penetrate with ease , and having penetrated are so firmly bound to 
some of the cellular constituents (thiols)  that they no longer fipre in the intracellular-extra 
cellular equilibrium . In consequence ,  the concentration builds up inside the cell , and may 
attain 50 ,  1 00 and even ZOO times that outside the cell. The factors determinin1 which compounds 
can penetrate the cell wall and which cannot are not yet clear ; and s imilarly unresolved are the 
nature of the chaqes in the cell which make it impermeable to, and thus , resistant to compounds 
which are normally highly active . 

The phenomenon of drug antagonism , which has become so important of recent years in 
relation to the mode of action of bacteriostatic and bactericidal agents (the sulfonamide• ,  anti 
biotics )  and of arowth factors ,  is of s iaftificance in this connection. Williamson and Lourie60 
showed that while the trypanocidal action of most arsenical drqs were not antaaoniaed by 
,E -am inobenzoic acid (P. A. B. A. ) ,  v -(,E-arsenoaophenyl) -butyric acid was so antaaonized. 
Similarly , me larsen oxide , lOb a drug which is  hiahly active against arsenic -resistant strains of 
trypanosome• , i s  antagonized by "sur fen C " ,  60 a non -arsenic -containing compound somewhat 
sim ilar to melarsen oxide in structure. Schleye r and Schnitzer have shown that many esters and 
amidea of isocycl ic and heterocyclic acids antaaonize the action of oxophenars ine aaainst 
Trxpanosoma equipe rdum, while the free acids do not. 48 (These drua antaaonists did not , 
howeve r ,  affect the toxic ity of the arsenicals . ) Unfortunately , the re are no data as to whether 
thes e  antaaonists prevent the concentration of the arsenical within the cell. In such case , the 
antagonists might e ither p revent the passage of the arsenical acros s  the cell wall , or by blockin1 
the union of the arsenical with an intracellular compound , prevent ita rap id accumulation and 
paras itic idal action. Work and Work , commenting on the strikina antaaonism of P. A. B. A. for 
1 - (E-arsenosophenyl) -butyric acid concluded that "the only explanation for this action is to 
assume that the drug acta ultimate ly in the same manner as othe r trypanocidal araenicals , but 
that P. A. B. A. may be preventina or l im itina its admiss ion into the trypanosome cell . " 6 1  

SUMMARY 

I .  Of the three types of arsenicals used in the treatmellt of spirochetal and protozoal diseases , 
only the araenoso compounds have a direct parasiticidal activity, the araonic acids and arseno 
compounds bein1 active by virtue of their conversion to arsenoso compounds in the animal 
body. 

z. Arsenosobensene was one of the most toxic aDd most actively parasiticidal compounds in the 
enUre series tested , with no demonstrable selective action amon1 the oraanisms studied. 

(a) Substitution with a s iqle -CH] , -NOz , -Cl ,  -NHz , -OH or -F aroups either did Dot 
s ianificantly affect the toxicity or parasiticidal activity of the parellt araenosobenzene , or 
reduced them both to the same sliaht dearee . 
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(b) Ac id -substituent& strikingly decreased both the direct paras iticidal and toxic action of 
a rsenosobenzene . The ionized form was generally inactive , undis sociated acid highly 
active ,  and the effect of pH on paras iticidal activity c ould be re lated to its effect on 
dissociation . There we re , howeve r ,  important exceptions to the general inactivity of the 
ionized compounds ( e .  g . , the 3 -NOz -4 -COOH and ,e-(CHz))COOH arsenosobenzene) . 

(c ) Amide substituent& caused a s light decrease in treponemic idal and trypanocidal activity, 
but a str iking dec rease  in toxicity .  Substitution in the amide hydrogens usually diminished 
its favorable effect on toxic ity , exceptions being noted in groups which in  themse lve s  also 
reduced the toxicity of arsenosobenzene (e . g . -CzH40H, -C6H4NHCOCH3) . 

( d )  Unlike amidification ,  e sterification o f  acid s ubstituent& re sulted in  compounds 
approaching arsenosobenzene in the ir  high toxicity and gene ral paras itic idal action. Many of 
these  compounds readily hydrolyzed in  aqueous solution, the ir biolog ica l  activity then 
corresponding to that of the free acid . 

(e )  The effe ct of complex s ubstituents was usually determined by the nature of the terminal 
group in the substituent (e . g .  (CHz )3CONHz ; CON(CHJ)z) . 

(f) Two s ubstituent groups had an effect which could not be predicted from those of the 
substituent& taken s ingly . Unlike the case of the single s ubstituent& ,  in the se  di - substituted 
compounds the pos ition on the benzene ring profoundly modified the activity of the compound . 

(g) Both the toxicity and direct tryponemicidal activity of thioarsenites were somewhat 
less  than those of the corresponding arsenosobenzene ; and in  the treatment of rabbit 
syphil i s ,  the therapeutic index was also no better than that of the parent compound. 

3 . There is cons iderable evidence to support the view that the toxicity and therapeutic activity 
of arsenoso compounds are dete rmined by the amounts which enter into combination with 
cellular c omponents . The widely varying activity of a s ingle arsenoso compound against 
different organisms ,  and of a series of s uch compounds against the same organism, would be 
related to the amount of arsenical bound. 

4 . Data have been summarized which indicate that arsenicals combine with -SH groups in  
protoplasm . Many e s s ential enzyme s contain s ulfhydryl groups ; and most s uch enzymes can 
be inactivated by a rsenoso compounds and reactivated by sulfhydryl or other agents which can 
compete w ith the enzyme protein for the arsenical . It is a reasonable working hypothes is 
that arsenoso compounds combine reve rs ibly with sulfhydryl groups in e s sential enzymes , 
and that thei r  toxic effect on ce lls is due to that combination . 

5 .  The s e le ctive action of particular compounds against certain cells could b e  explained o n  the 
basis  of e ithe r (a) the varying affinity of diffe rent enzymes for the same arsenical, or of 
diffe rent arsenicals for the same enzvme ;  or (b) diffe rences in the permeability of a given 
cell to diffe rent arsenicals . While the evidence is fa r from conc lusi ve ,  the latte r assumption 
appears best to explain the exper imental data . 
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DISCUSSION 

DR . CARROLL KING (Northwestern University ,  Evanston, Illinois ) :  I would like to ask 
Dr .  Doak just how they .plotted this information, in making an attempt to correlate this data with 
the s igma function. 

DR . DOAK: Actually , no plot was pos s ible between the Hammett -sigma values .  ODe has , 
in the Hammett table , the _E-amino compounds at the top, and a hydrogen in the middle , and a 
nitro at the bottom. We found that the activity or the toxic ity of the J!.·&m ino compounds and 
p -nitro compounds we re essentially the same . In a'l.tempting to plot e ither the log of the activity 
or the log of the toxicity, which must be a function of this sulfhydryl reaction, we made several 
attempts to isolate the actual reaction and study e ither the rate or the hydrolysis constants , and 
those studies are still going on . We have not been able , so far, actually to isolate the reaction 
and study e ither the rate or the hydrolysi s .  

DR . CARROLL KING: I would like to  call attention to  one factor in  connection with the 
application of this sort of data . If you cons ider the Hammett equation,  it states that the log of 
the ratio of two constants , is equal to s igma rho. Both sigma and rho are constants . 

The validity of the equation has been established by application to fifty -two diffe rent 
reactions . I would just like to point out one thing . The s igma values have been established by 
many reactions . The rho value , is simply the s lope of a line , and about all you can tell from the 
Hammett equation is whether the points fal l  on a line . So, if you plot log K against the sigma 
values ,  you may get a line whose s lope is one in which case you have direct correlation of the 
type which, perhaps , you have searched for here . But you may get a line whose s lope is minus , 
in which case ,  you correlate the other way , and ,  slopes may be much steeper ,  e ither negative or 
positive . 

Specific examples of reactions in which the s lope is large are known, and in which the 
slope is small are known, with the same sigma values .  It may be that you s imply have a case 
where the slope is very small. 

DR . MAXWELL SCHUBERT (New York Unive rsity Colleae of Medicine , New York, New 
York ) :  This i s  an  enormously inte resting paper which we have just listened to, and there are  a 
great many things which would be worth discussing. There is j ust one point 1 would like to 
discuss at the present time, thouah. and that is the remark which Dr. Doak made that the BAL 
compounds with arsenic are not necessarily more stable than the open-chain ones .  

I am going to  base this discuss ion on a paper which recenUy came out by Fennell and 
Carmack, in which they studied ultraviolet absorption spectra of organic sulfides and mercaptola . 

The type of compound they had to deal with, if we take the mercaptal, was this type of 

compound. It has aenerally been assumed, aDd this is a point which Dr .  Doak was very careful 
to make , that in the absence of resonance ,  a compound of this structure would not necessarily 
be any less stable than a compound in which these  R ' s  were independenUy linked together .  

I n  the particular case o f  these mercaptals , a s  a result o f  the study o f  the ultraviolet 
absorption, a conclus ion was arrived at that there is a resonance which may be described as 
follows : 

® 0 
H 4" S-R 

c 
R/ 's-R 
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One e le c tron pair , which binds the carbon to the hydrogen, is pulled in by the carbon and s ha red 
with the s ulfur . This particular s ulfur atom becomes negative , and has ,  in effect ,  ten e lectrons 
around it .  But the hydrogen becomes positive and is ionized under those conditions . 

If we fol low this thought and substitute our meta l ,  whether it is arsenic or antimony doe s 
not make any difference at the moment ,  we would have a compound of this  characte r . I£ the 

.,...S - R  
As 

'-
s - R 

same kind of resonance is poss ible he re , the re are two ways in which such electrons sharing 
could be imagined ;  one is by pulling in an electron from the sulfur ; anothe r is by pulling an 
electron pair out of the metal and sharing it with the sulfur . The s et of poss ibilities could 
constitute a resonance system . In the s e cond cas e ,  you would get an ionization effect ,  in which 

0 0 
,..s

- R 
As....._ 

S - R  

the sulfur would become negative ly c ha rged . I n  that particular case ,  i f  you have a n  open-chain 
c ompound, this would be ionizable . In the presence of competing system s ,  which might want to 
c ombine with the meta l ,  this would be more readily dis placed .  

Howeve r ,  i n  the  case whe re the R 's  were combined independently , if one did become 
somewhat ionizable as a res ult of s uch res onanc e ,  i t  could not move away and ,  it would block the 
introduction of othe r elements the re and give an appearance of greate r stability . 

DR . JOSEPH H .  B URCHENAL (Sloan- KetterillB Institute , New York, New York) : Thi s  
problem o f  resistant st rains intere sts m e  tremendously , a nd  I gathe r that the resistant prope r 
ties o f  the trypanosome &  are corre lated with their  ability t o  bind arsenic . I would like to ask 
two questions of Dr . Doak . In the first place ,  were the se resistant strains naturally occurring 
or induced by suboptimal the rapy or treatment !!! ld!!2 ? 

Second , have you any sugge stions as to the reason behind the ability of the resistant 
trypano some& to bind one arsenical and not anothe r type . 

D R .  EAGLE :  I f  I may answer  Dr .  Burchenal ' s  question Uris was a spontaneous ly 
occu r r ing res i stant va r iant,  which deve l oped in the abs ence of exposure to an a rseni cal . I wish 
we had s ome explanation of the fac t  that ce rtain arsenicals  a r e  bound by the s e  res istant strains 
just as a ctively as they a re by normal trypanosome& , and are  correspondingly active , while 
othe rs  a re not bound at a l l , and are correspondingly ina ctive . The re in l ies the c rux to this 
p roblem , it s e ems to me: why c e rta in substituent& affe c t  the pe rmeabil ity to the cells to 
a rs enos obenzene s .  

D R .  D .  W .  WOOLLEY (Rockefelle r Institute for Medical Research, New York, New Y ork) : 
In s peaking of the effects of PAB on toxicity of arsenicals , there is one point which I think is 
worth bearing in mind ,  and that is an experiment which Sandground did some eight or ten years 
ago, in whic h  it was shown that you could prevent ,  to a conside rable degree , the toxicity of 
atoxyl and arsphenamine and neoarsphenamine , and various arsenical compounds , in animals by 
giving �-aminobenzoic acid. 

The point I want to bring up is that, once the arsenic compound had been given, no amount 
of PAB would protect the anima l .  If PAB was given before the arsenical , then a good protection 
could be had .  This might bear  on the point brought up about penetration of the cel l .  

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Fi rs t  Symposium on Chemical -Bio logical  Corre lat ion,  May 26-27,  1950
ht tp: / /www.nap.edu/cata log.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


44 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


STR UCTURE - ACTIVITY RELATIONSHIPS IN PLANT GROWTH - RE C6ULA TORS 

by 

A. G. Norman and R .  L. Weintraub 

Chemica l Corps B iological Laboratories 
Camp Detrick , Frede rick , Ma ryland 

CONTENTS 

I .  Introduction . . . . . . . . 

II .  Limitations o£ Existing Data 

III .  Stimulation of Cell El ongation 

IV. lni tiation of Roots . . . . 

V. Induction o£ Pa rtbenoca rpy 

VI. Mod ification of Organs . 

VII. Control of Abs c i s s ion . 

VIII .  Control of Bud Development 

IX . Repre s s ion of R oot Elongation and o£ Seed Ge rmination 

X. General Dis cuss ion 

Lite rature Cited . . 

Page 
46 

46  

47  

54 

57 

58 

6l  

64 

6 5  

6 8 

70 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


46 

I .  INTRODUCTION 

A large number of organic compounds are laaown which have the property, in relatively 
small amounts , of influencing the mode or rate of the growth and developmental processes in 
plants . Such compounds , the majority of which have not as yet been demonstrated to occur 
naturally in higher plants , may be termed growth- regulators .  The growth responses may be 
identical with, or s imilar to, those normally taking place or may be of a type not found in the 
intact healthy plant. Responses in the first category include acceleration of rate of cell e longation, 
accele ration or retardation of abscission, induction of parthenocarpy ,  stimulation or inhibition of 
development of dormant buds, and deve lopment of adventitious roots . Among the second type of 
responses may be mentioned production of galls and tumors , and modifications of leaves , flowers , 
and other organs . More or less profound changes in composition and metabolic processes doubt 
les s  caus e ,  accompany, and result from these morphological changes ,  but these have been studied 
much less extensively . 

Although the relationships between molecular structures and physiological potency of plant 
growth -regulators have been under cons ideration for some time ,  the present status is by no 
means satisfactory.  Reference should be made at this point to a number of earlier publications 
dealing with certain of the topics to be treated l 6 , Z l ,  Z8, Z9 ,  39 , 44 . 

No attempt will be made in this review to catalog completely all the substances which have 
been stated to pos sess growth- regulatory activity or even to mention all the known types of 
response s .  One notable omission is that of herbicidal activity ,  the study of which, although of 
great practical inte rest, has not yet reached the stage of profitable dis cuss ion in the present 
connection. 

II . UMITATIONS OF EXISTINC DATA 

Attempts to deduce general principle s from the data now available are so greatly 
complicated by a variety of circumstances that present postulates must he regarded as provisional . 
Ce rtain compounds possess activity in many of the types of response enumerated above , thus 
lending weight to the view that these respons e s ,  although not othe rwise demonstrated to be 
related , may be diverse end -effects of a common fundamental reaction . On the other hand, some 
compounds exhibit high activity in one type of response but none at all in othe rs .  Regrettably , 
the re has too frequently been a tendency to overlook this hete rogeneity of behavior and to 
speak of structural requirements of growth-regulators in gene ral . For this reason it  appea rs  
advisable to  discuss the structural requirements separately for each type of  activity .  

A further complication is introduced by evidence of more or l e s s  marked diffe rences in 
sensitivity or respons iveness of s imilar organs of various species and also ,  for that matte r ,  by 
the same organ at different stages of development. At pres ent it i s  not clear to what extent such 
specificity may be due to fundamental differences in tis sue or cellular reactivity and to what 
extent to s econdary properties which may influence absorption, trans location, or destruction of 
chemicals applied . 

Apart from the variability inherent in biological material , much of the uncertainty of 
current data is attributable to inadequate techniques .  In relatively few cases have extens ive 
series of compounds been compared by carefully standardized tests . A number of serious 
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incons istencies have been reported by diffe rent investigators using a presumably standard 
technique , and even by the same worker in experiments performed at different times .  Many of 
the published results are to be regarded as semi -quantitative at beat; in numerous instances it has 
been determined only whether a compound is active or inactive at arbitrarily selected dosages .  
In development of test methods , conditions are commonly adjusted s o  a s  to result i n  a maximal 
response to a particular standard compound, frequently indol e - 3 -acetic acid or Z , 4 -dichloro
phenoxyacetic acid . The time of exposure or other experimental conditions may not be optimal 
for other substances which may enter ,  move , react, or be inactivated at appreciably diffe rent 
rates . In consequence ,  the relative activity of any substance ,  compared to another substance as 
standard, varies according to the method of assay .  This  situation , which was c learly recognized 
in the early investigations of structure and activity , has not been suffic iently emphasized in some 
of the late r discus s ions of the subject. Only recently have attempts been made to devise teats 
so controlled as to permit expression of results in more or le ss absolute terms such as the dose 
of hal f-maximal response (ED 50) 5 . 1 3 , 1 9 . 

It is to be remarked that the responses under consideration include both stimulatory and 
repres s ive growth effects . In the normal economy of the plant both type s play equally india pens 
able role s .  From the experimental standpoint, however , much leas ambiguity attaches to the 
study of stimulatory or inductive re sponses . Repress ion of growth may be brought about by 
almost any material in sufficiently high concentration , including even the essential nutrients and 
metabolites .  Current experimental techniques are almost exclusively restricted to measurement 
of gross  changes in complex organs so that the question arises to what degree the repress ive or 
inhibitory activity of any particular compound may be regarded as  specific for the response 
under investigation . 

III . STIMULATION OF CELL ELONGATION 

The opinion is widely held that stimulation of cell elonaation represents the s implest 
morphological effect of growth-replators , and in consequence the structural requirements for 
this r esponse have been more extens ively studied than for any others . Cell elongation is a 
process which is an important component of plant growth, and which is involved also in tropiatic 
and etiolation responses . Compounds,  whether of natural origin or not, which stimulate the 
e longation of cella have been te rmed "auxins " and a lthough broader definitions have at times been 
given, the term will be used ill this paper in this restricted sense .  

Compounds having auxin-activity , therefore ,  are  those which can be  shown to induce cell 
e longation in standard tests . The available test methods depend upon measurements of overall 
growth of organs , or segment• of organs , comprising a variety of tiseuea of different c.ell type e .  
Such test objecte , although leas complex than the entire plant, neverthe less are far from s imple , 
and part of the difficulty in interpretation and correlation of experimental results arises from 
the multiplicity of physiological processes  involved . Some advantage might be derived from a 
teat  utiliz ing s ingle tisauea or cella but none euch has yet been devised . 

type : 
Four principal types of assay methods have been utilized in investigating activity of this 

(a ) Curvature or elongatioa of decapitated, but rooted, cereal coleoptilea growing in air . 
This compriees the classical A!lM coleoptile curvature test, and its various 
modifications . 

(b) Elongation of excised eegments of etiolated coleoptiles or internodes Immersed in 
solution. 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


4 8  

( c )  Curvature o f  slit halves o f  etiolated pea internodes immersed in solution . 

(d) Curvature or elongation of stems ,  petiole s or coleoptiles of green or etiolated intact 
plants to which small volumes of test material are applied at the respons ive s ites . 

The phys iological activity of any substances is a function not only of its effectiveness once 
it has gained access  to the interior of the cell (primary activity) but also of various secondary 
prope rties such as rates of penetration into the test organ, transport through it, and ease of 
conversion within the tissue eithe r to more active or less active form than the starting material . 
In methods (b) , (c ) ,  and (d ) the test mate rial is applied in closer  proximity to the reactive cells 
than in method (a) so that the neceuity of internal movement may be presumed to be les s .  A 
number of compounds which exhibit little or no potency by method (a) are active when tested by 
one or more of the othe r techniques , presumably owing to this factor, whence the latte r tests 
have been regarded as superior for the demonstration of primary _.activity . For the present 
purpose a substance active in any of these types of test will be regarded as possess ing primary 
activity . There is reason to s uspect, however ,  that all the available methods fall far short of the 
ideal test in which the intrins ic activity would be unobscured by factors such as entry into the cell . 

Some hundreds of compounds have been investigated by these methods and a substantial 
number found to exhibit activity . A question of paramount inte rest is whether all active 
compounds possess identical primary activity modified to the observed potency by secondary 
diffe rences in properties . Such a view bas been advocated on the basis of rather limited 
experimental evidence3 ,  37 but in the l ight of more recent results doe s  not appear tenable . 

The first systematic studies 1 0 , 1 1 of the re lationship of structure to auxin-type activity 
we re published in 1 935 and soon thereafte r Koepfl i ,  Thimann, and Went l 6  were able , on the 
bas is of results obtained with the pea test, to codify the multiplicity of active substances by 
postulating the fol lowing minimum structural requirements for primary activity : 

( I ) a r ing system as nuc leus 

(Z )  a double bond in this ring 

(3 )  a s ide chain 

(4 ) a carboxyl group (or a structure readily converted to a carboxyl) on this side chain 
at least one carbon atom removed from the ring 

(S ) a particular space relationship between the ring and the carboxyl group 

More recently these requirements have been restated as "an unsaturated ring system, 
with a s ide chain, adjacent to the ring double bond, of at least two carbon atoms ending in a 
carboxyl group"38 . 

Although it is true that the majority of active compounds which have been discovered in 
the past fifteen years conform to these principles ,  there are known also a number of apparent 
exceptions . Conversely, the existence of some inactive compounds which also possess the 
s tipulated structural features provides evidence that these have been incompletely defined . In 
the following paragraphs each of the putative requis ite features wi l l  be taken up s eparately . 

The ring system. Among compounds of demonstrated activity are found all the major 
types of rings : carbocyclic and hete rocyc lic , aromatic and alicycli c ,  s imple and fused (Tables I , 
11) .  Active compounds are known with the fol lowing rings : Cyclopentene , cyclohexene, benzene , 
naphthalene , anthracene , acenaphthene , fluorene , indene , indane , benzofuran, indole , coumar11n, 
thianaphthene .  The activity of a compound containing one of these rings may be strongly 
influenced by the nature and position of attachment ,  both of the acidic side chain and of other rin11 
substituents . In no ring series has a sufficient numbe r of compounds been tested fully to 
dete rmine these influences so that it appears premature to attempt to compare activities of 
various rings in general .  In many of the ring series with active compounds there are also 
inactive members . Hence ,  in reaching conclusions as to the activity of any ring in general, it 
is necessary that a large number of derivatives be examined. The finding of one or a few 
inactive compounds , as e. g. certain of the acetic acid derivative s of pyridine , pyrrole , furan, 
thiazole, uracil , iminazole , carbazole ,  and dibenzofuran, does not furnbh an adequate basis for 
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TABLE I 

COMPOUNDS EXHIBITING HIGH AUXIN ACTIVITY 

r--lCHOHCHzCHOHCHOHC OOH 

CH3CHzCH�HCHzCH3 CH] CH] 

Auxin-! (Auxentriolic acid )  

CHOHCHzCOCHzCOOH 

CH3CHz�Hc:::J�HCHzCH3 
CH3 CH3 

Auxin-)! (Auxenolonic acid) 

U:JCHzCOOH 

H 

lndole - 3 -acetic acid 

a- (Indole -J) -propionic acid 

�CHzCHzCOOH 

H 

,•(lndole -3 ) -propionic acid 

H 

_...CH3 
CHzCHzCOOCH 

'cH3 

Isopropyl , - (indole -3 )  -propionate 

U:JCHzCHzCHzCOOH 

H 

y -(Indole - 3) -butyric acid 

U:JCHzCHzCHzCHzCOOH 

H 

1-lndole - 3 -vale ric acid 

CH3�CHzCOOH 

�N) 
H 

5-Metbylindole -3 -acetic acid 

OCH=<j=H 
COOH 

Allo (cis ) -cinnamic acid 

Naphthalene - 1 -acetic acid 

COCHzCOOH 

Naphthalene -Z -acetic. acid 
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Anthraceneacetic acid 

O OCHzCOOH 
Cl Cl 

2 ,  4-Dicblorophenoxyacetic acid 

CloOCHzCOOH 

Cl Cl 

2 ,  4 ,  5 -Tricblorophenoxyacetic acid 

CH] 

OtHCOOH 

Cl Cl 

2 ,  4 -Dlchlorophenyl ·li·propionic acid 

50 

TABLE I (CODt. ) 

OOCHzCOOH 

Cl  

4 -Chlorophenoxyacetic acid 

OCHzCOSH 

Cl CH] 

2 -Metbyl -4-cblorophenyl -thioacetic acid 

O ocH2coNHO 
Cl Cl 

Z , 4 -Dichlorophenoxyacetanilide 

OOCHzCH2NH2 
Cl  Cl  

11 · (2 ,  4 -Dlchlorophenoxy) - ethylamine 

TABLE II 

REPRESENTATIVES OF TYPES OF RING COMPOUNDS 
ACTIVE IN STIMULATING CELL ELONGATION 

CoCHzCOOH 

Indene -3 -acetic acid 
l ·Cyclohexene · ! ·acetic acid 
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�HCOOH 

Benzofulvene carboxylic acid 

Benzofuran -3 -acetic acid 

QJCH2COOH 

0 

Cownaran- 3 -acetic acid 

0JCH2COOH 

s 

Thianaphthene - 3 -acetic acid 

5 1  

TABLE I I  (Cont. ) 

�COOH 

� 
Acenaphthene - 5 -acetic acid 

Fluore-acetic acid 

o. - 1 ,  2, 3 , 4 -Tetrahydronaphthoic acid 

\ 

assuming that diffe rently substituted derivatives of these nuclei also must be without activity . 
On the basis of present evidence ,  howeve r ,  it appears that compounds with s imple rings are in 
gene ral less  active than those with fused rings , the outstanding exceptions being auxins A and )l. 
It has been postulated that the activity of a ring depends upon the presence of reactive double 
bonds therein but present information is insufficient to support this view. On the one hand , high 
activity is exhibited by some benzene derivatives which might be expected to possess relatively 
unreactive unsaturated linkages ,  while , on the other hand , low activity is shown by a nwnber of 
de rivatives with hiahly reactive double bonds in rings such as those shown in Table II. Indeed , 
e ven  the requirement of the presence of a double bond in the ring adjacent to the side chain can 
scarcely be maintained in view of the activity of cownaran-3 -acetic acid39 , o.- 1 ,  2 ,  3 -tetrahydro
naphthoic acid3 1 , and the so-called benzofulvenecarboxylic acid28. 

The carboxyl sroup . A considerable nwnber of active compounds without a free 
carboxyl group in the s ide chain is known. Some of these , such as esters ,  amides ,  lactones ,  
and nitriles may be hydrolyzed iD vitro t o  yield a carboxyl but there is no direct evidence that 
these compounds become active m � only after hydrolysis , and indeed there is some evidence 
that this is not the case .  U only the compound with free carboxyl were active it would be 
expected that the acid and its hydrolyzable relative would show parallel activity-concentration 
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curve s .  In the insta nc e of  naphthalene - ! -acetic acid and its  amide these curves are quite 
diffe rent ;  furthe rmore , no trace of ammonia c ould be detected at optimal concentrations of the 
amide2 8 . 

Although in a numbe r of example s este r s  and amides a re le s s  a ctive than their  corres pond
ing acids this is not true without exception. The amides of 2 ,  4 -dichlorophenoxyaceti c ,  y - (2 ,  4 -
dichlorophenoxy ) -butyric , and E - ( 2 ,  4 -dichlorophenoxy ) -caproic ac ids are somewhat more active 
than the ac ids themselves 26 . The isopropyl ester of indole - 3 -acetic acid has activity equal to 
that of the free acid and the methyl este r of 2 -methylindole - 3 -acetic acid is  conside rably more 
active than its a c id .  Also the methyl and is obutyl este r s  of phenylacetic acid exhibit equal 
activity although they may be presumed to be hydrolyzed at quite d iffe rent rates 39 . 

Naphthalene - 1 -ac etonitrile , whi le  active in s ome tests , induces a much de layed respons e 
c ompared to the free ac id 50 , a result in ha rmony w ith the view that c onvers ion of the former 
compound to the latter  is involved . Howeve r ,  the poss ibility that some othe r factor ,  such as  
s low penetration, may be responsible for  the delayed effect has  not been exc luded . 

The activities  of indol e - 3 -acetaldehyde and of 2 ,  3 , 5 -tr ichlorobenzaldehyde qu ite 
c onceivably may be due to .W � oxidation to the corresponding acids . On the othe r hand, in the 
case of 11 - (2 ,  4 -dichlorophenoxy) -ethylamine , whi ch has appreciable auxin activity , an oxidation 
and deamination would be required for c onve r sion to an acid .  The same would be true of 
tl - (indole ) -ethylamine which exhibits activity only after prolonged c ontact with the test plantZ3 . 

Benzoyl oxide and benzoyl pe roxide have been reported as active in a modification of the 
Al!:!n! test24 . Activity of the latter c ompound could not be c onfirmed in e ithe r the Axil!! or the 
pea tests l 6 but this may have been due to its rapid inactivation. 

In any event ,  the stipulation of a carboxyl group appears too stringent, because compounds 
with other  types of acidic functions also may pos s e s s  activity . The ac id grouping may be 
isoste ric  with carboxyl ,  as in the case of the ac i -form of naphthyl - 1 -nitromethane , or not, as in 
pota s s ium indoxylsulfate 3 3 . 

The s ide chain. The postulated requirement of a carbon side chain separating the acid 
group from the r ing also cannot be maintained . Compounds in whi c h  a carbon in the s ide  c hain 
is replaced by a heteroatom, s uch  as oxygen, nitrogen or sulfur have been shown to possess  
activity . The  most obvious example i s  2 , 4 -dichlorophenoxyacetic ac id .  Othe r s  are N - { 2 , 4 -
dichlorophenyl) -gly c ine , which has been tested i n  our laboratory , and S - { 2 -methyh4 - chloro) 
thioglycollic acid28 . 

Furthe rmore , the re are now known several active substa nc e s  in which the ca rboxyl group 
is attached directly to the ring. The se inc l ude s ubstituted benzoic acids , such as 2 -bromo - 3 -
nitrobenzoic acid ,  2 -bromo - 3 ,  5 -dichlorobenzoic acid , and 2 ,  3 , 5 -tr ichlo r obenzoic ac id from 
among the many benzoic acids s tudied at Camp Detrick , 2 ,  3 , 6 -trichlorobenzoic acid2 , ll - naph 
thoic acid and Cl - 1 , 2 ,  3 , 4 -tetrahydronaphthoic acid3 1 . 

Neve rtheles s ,  the characte r of the s ide c hain appears to be of conside rable importance .  
Thus , in the  pea test  the  activity of  phenylacetic ac id i s  not appreciably diminished by 
s ubstitution of a s ingle methyl group in the Cl-position whe reas activity is lost on int r oduction of 
a s ingle phenyl o r  hydr oxymethyl group, or of two methyl groups , or  one methyl and one hydroxyl 
at this locus . Similarly , the primary activity of indole -3 -propionic ac id is not affected by 
introduction at the Cl-position of a methyl group but is c ompletely nullified by carbomethyl 
( indole - 3 - succ inic acid ) .  This cannot be attr ibuted merely to the presence of two carboxyls 
s ince othe r dicarboxylic  acids (m-phenylenediacetic diethyl este r and indylene - 1 ,  3 -diacetic acid) 
are active . 

The carboxyl -bearing s ide chain may bear othe r functional g roups without complete loss 
of activity as  in ,2 -aminophenylglyoxylic acid and indole - 3 -pyruvic acid. Tryptophane gives a 
de layed respons e sugge sting need of transformation in vivo . Activity i s  not necessarily 
nullified by the presenc e of a double bond in the s ide chain , e ithe r adjacent to the r ing as in 
I ,  2, 3 , 4 -tetrahyd ronaphthyl idene - 1 -acetl c and benzofulveneca rboxylic acids , or  e lsewhere , as in 
£!§ - c innamic acid .  
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The position of attachment of the side -chain in a n  unsymmetrical ring system may b e  of 
significance .  Thus , appreciable diffe rences of activity appear to exist between the member s  of 
the following pai r s :  c oumara n - 3 -acet ic  > couma ran- 2 -acetic ; 2 - naphthoxyac etic > 1 -naphthoxy 
acetic ; naphthalene - 1 -acetic > naphthalene -2 -acetic ; � -naphthalene - 2 -propionic > !! -naphthalene -
1 -propionic . 

Length of the s ide chain also may be of importance .  In the homologous se ries of omega 
substituted phenyl aliphatic acids from phenylacetic to phenylvaleric only the fi rst member is 
active . On the othe r hand , in the s imilar series from indole - 3 -acetic to indole - 3 - valeric all the 
membe rs exhibit approximately equal activity . In the se ries from 2, 4 -dichlorophenoxyacetic to 
2 ,  4 -dichlorophenoxycaprylic a clea r - cut periodic effect of s ide chain length is apparent . The 
compounds with s ide chains containing an even number of carbon atoms are active , whe reas the 
alternating odd - numbered members  are inactive ; the same effect is found among the amides of 
this series . Similarly ,  � - (2-naphthoxy) -propionic acid is  inactive although the acetic and butyric 
homologs are active . A poss ible explanation of this pe riodicity in the 2 ,  4 -dichlorophenoxy 
s e ries  is to be found in the suggestion that !! - oxidation of the a c idic  side chain p re cedes 
functioning of the higher homo logs . In this way the active acetic homolog could bti produced only 
from the even -numbered membe rs , while the odd - numbered compounds would lead to unstable 
aryl carbonate s26 . 

Ring substituents . Relatively few derivatives of active compounds in the indole series  
have been available for assess ing the role of  substitution into the r ing.  Introduction of  methoxyl 
at positions 5 , 6 , or 7 in indole - 3 -propionic acid leads to loss of activity, whereas the 
corresponding derivatives of indole - 3 -acf'tiC acid remain active8 , 1 6. 1 -Methyl - ,  2 -methyl - , 5 -
methyl - ,  and 2 ,  5 -dimethyl indole - 3 -acetic acids are active , whereas the 2 - ethyl derivative is not. 

Introduction of one or two nitro groups into phenylacetic ac id abolishes  activity. 
Conversely ,  the activity of phenoxyacetic acid is markedly augmented by appropriate substitution 
of chlorine , bromine , or nitro into the ring . 3 -Nitrophenoxyacetic acid is active but the 2 - and 
4 -isomers are not. The activity of phenoxyacetic acid is enhanced also by a s ingle halogen atom 
in the 3 or 4 position but not in the 2 position. However ,  int roduction of two chlorine atoms in 
positions 2 and 4 leads to even greater increase in activity . 2, 4, 5 - T richlorophenoxyacetic has 
high activity, whe reas the corresponding 2 ,  4, 6 -compound has virtually none . On the other hand, 
2 ,  3 ,  6 -trichlorobenzoic acid has high activity, and 2 ,  4, 6 -trimethylphenoxyacetic acid also is 
active2 ,  20 . 

F rom the information presently available , it doe s  not appear pos s ible to conclude 
generally that any· particular position in any r ing se ries must be substituted or unsubstituted in 
order to pe rmit activity .  

Spatial configuration . The spatial configuration of the mole cule may be of great 
importance in determining activity . Two examples of the influence of optical isome rism are 
given by the ll - (2 , 4 -d ichlorophenoxy)-p rop ionic acids of which the D form has twice the activity 
of the racemic mixture , indicating virtually no activity for the L form28 and by the 1 ,  2 ,  3, 4 -
tetrahyd ronaphthoic ac ids of which the ( - ) form i s  much more active than the (+) form 
(Veldstra,  cited by Thimann28) . 

The class ical example of t�e importance of geometrical isome rism is that of the 
c innamic acids , of which cis form is active , whe reas the mD.! isomer is inactive . More 
recently , two additional pai rs of isomers have been dis covered - the 1 ,  2, 3 ,  4 -tetrabydro 
naphthyl ideneacetic acids and the naphthaleneacrylic acids - in each of which one form is active 
and the other not . 

The importance of spatial configuration , togethe r with othe r cons ideration s ,  have lead 
Veldstra29 to the fol lowing gene ralization of the structural requi rements for auxin activity : 

( 1 ) A basal ring system with high s urface activity, 

(2 )  a carboxyl g.roup (or its dipole ) in a very definite spatial position with re spect to 
this ring system.  

The necessary spatial position is  one in  which the polar group is  s ituated outside the plane of 
the r ing system . 
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The e vidence  which  has be en assembled in s uppo rt of the rei\Ji re ment of possess ion of 
high s u rface activity by the r ing system cannot be reviewed he re4 • z • 3 ! , 3Z . It has been  s uggest 
ed that g rowth - r egulatory activity is re lated to the relative l ipophil ic ity (due to the s urface -active 
prope rtie s  of the ring ) and hydrophil ic ity (contributed by the carboxyl group ) of the molecule . 

A numbe r of othe rwise puzzling cases  may be expl icable in terms of the s patial relation
ships of  ring and side chain .  One example is that of  the  three isomer ic  monon�trophenoxya cetic 
acids of which  only the meta isome r has activity .  This compound is  incapable of mesome rism 
whe reas the ortho and para isome rs are able to resonate in equilibrium with respective quinoid 
forms in which the carboxyl group is c laimed to be more restricted  to  the plane of the ring . 
Anothe r example is that of 11- l ,  Z, 3 , 4 - tetrahydronaphthoic acid which ,  in contrast to naphthoic 
ac id ,  is active. M ode ls  indicate the carboxyl group of the forme r to be he ld outs ide the . plane of 
the r ing ,  w he reas this is not true of the latter ,  

On the other hand there are many compounds , the a ctivity of which have not yet been 
satisfactorily explained on the basis  of Ve ldstra ' s  postulates .  W hatever the ultimate fate of this 
concept, it has the mer it of providing a fresh  working hypothesis  for furthe r experimentation . 

R e fe rence should be made at this point to a group of compounds which pos s e s s  none of the 
above -postulated requisite structural characteristic s but nevertheless include some of the most 
potent growth - regulatory substances  known . These are carbon monoxide , the unsaturated 
hydrocarbons ethylene , propylene ,  buty1ene , and acetylene , and the halogenated hydrocarbons 
ethyl bromide , ethyl iodide , and propyl chloride . These gases ,  in low concentration, are  
capable of  induc ing diffe rential rates of growth of upper and lower s ides  of petioles which result 
in growth curvatures of the organs . Ethyle ne is inactive in the pea test although it bas been 
s hown to acce le rate the growth rate of ce rtain other seedlings . What re lation the s e  s ubstances 
may bea r  to the r ing type of auxins is uncertain, but two points of interest may be mentioned . 
F i rs tly , unlike the g reat majority of the compounds previously dis cus sed ,  ethylene is known to 
be a natural product of many kinds of plants , and there is considerable evidence that it may play 
an important role in plant metabolism and behavior .  Thus , it appears to me rit the designation 
phytohormone as ·  well as, if not better than , any other known compound. Secondly , it has been 
s hown that volat i le  emanations ,  having the physiological properties of  ethylene , are  produced by 
ce rta in plants after treatment with growth- regulators  such as indole - 3 -acetic acidso . 

Othe r physiological  responses  to ethylene and r elated compounds wil l  be refe r red to in 
late r sections . 

IV .  INlTlA TION OF ROOTS 

A str iking respons e ,  induced by a large variety of compounds,  is  the production of roots 
on plant organs , such as stems , leave s ,  and !lowe r s ,  which  do not normally bea r  them.  Such 
ad;,entitious roots may re sult from stimulation of pre - existe nt root primordia or  may be 
initiated !rom ce l ls of dive rse tis s ue s . Va rious fragments of many spec ies  of plants show a 
more or l ess  strong tendency toward production of adventitious roots without the inte rvention of 
exogenous growth - regulators ,  a c i rcumstance which  has long been uti l ized in vegetative 
propagation . Consequently , in tes ting the root - initiating activity of chemical  agents conditions 
s hould be s e l ected so as to minimize the rooting of untreated te st objects . Stem c uttings have 
been employed almost exc lus ive ly as test  obje cts . Because of the g reat interest in practical 
appl i cation of rooting compounds much of the avai lable information has been obtained !rom trials 
made with species of horti cultural value , and relatively l ittle attention has been given to 
developme nt of s tandard tests . Accordingly , the re  is an abundant l ite rature des c r ibing results of 
rooting tests with a wide variety of spec ies . Unfortunately it is not a lway s pos s ible to compa re 
the results of one worke r with those of anothe r as techniques have d iffe red g reatly and ther e  has 
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5 5  

been relatively little attempt to control iafluential environmental factors . 

With theae cons ide rations in mind , aome aene raliaationa can be made . The atructural 
requirements for root -illitiatina activity appear rathe r leaa atrinaent than thoae for auxill 
activity . Virtually every compound which poueaaea any activity in c e ll - e loqation stimulation ia 
active a lao ill root initiati-. In addition, several aubatancea lackiq the forme r type of activity 
have been reported aa poa aeaa ina the latte r .  A liat of the a e  compounds ia aiven in Table lll . 

TABLE III 

C OMPOUNDS INAC TIVE IN STIMULATING CELL-ELONGATION 
BUT RE PORTED ACTIVE IN R OOT - INI TIATION 

Cinnamic acid Naphthalene - 1 -methane aulfonic acid 

Diphenylacetic acid Urac il-4  -acetic acid 

Nitroc innamic acid N -Carbethoxymethylquinolillium chloride 

Couma rin 4 - Methylthiuole -5 -ac eti c  acid 

Phenylacetamide Deaoxyc inchotenine 

Deaoxycinchotenidine 

In Table IV are included c ompound• alleaed to be active for root initiation but not he retofore 
teated for auxin activity . It a hould be pointed out that the re haa been no publiahed confirmation 
of a ome of theae reports . 

TABLE I V  

COMPOUNDS REPORTED ACTIVE IN R OOT -INITIATION 
BUT NOT TESTED FOR CELL -STIMULATION ACTIVITY 

Tetrahydrofurfuryl alcohol 3 ,  4 -Dihyd ronaphthalene - 1 -acetic acid 

Calcium furoate 1 ,  Z ,  3 ,  4 - Tetrahydronaphthalene -6 -acetamide 

Nicotine Sodium tetralolacetate 

Sodium naphthol -4 -a ulfonate Aminophenylacetic acid 

Naphthalene tetrachloride ..2 -Phenylenediamine 

L - P rol ine 8 - Hydroxyphenylthioca rbamate 

Anthracene 8 - Hydroxyphenyl - Z - iminothioca rbonate 

Anthraquinone - !I - s ulfonic acid 6 , 8 -Dihyd roxyphenyl - Z -iminothioca rbonate 

Anthranilic  acid Naphthale ne - 1 - acetam ide 

Sal i cylideneacetamide Naphthalene - 1 -thioacetam ide 
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TABLE IV (Cont . ) 

a- (Naphthalene - 1 )  -propiODic acid 

IS·(Naphthalene - 1 )  -propiollic acid 

y - (Naphthalene - I ) -butyric acid 

y -(Naphthalelle -2 ) -butyric acid 

I- (Naphthalene - 1  ) -vale ric acid 

( -Naphthalene - 1  ) -hexoic acid 

Naphthalenediacetic acid 

Naphthalene - 1 -acetylglycine 

2 -Methylnaphthalene - 1 -acetic acid 

2 -Methylnaphthalene - 1 -acetamide 

4 -Methylnaphthalene - 1 -acetic acid 

4 -Methylnaphthalene - ! -acetamide 

Vanillic acid 

Vanillill 

Sulfanilamide 

Piperonal 

Methoxyaalicylaldehyde 

a - (2 -Chlorophenoxy)-propionic acid 

a - ( 3 -Chlorophenoxy) -propionic acid 

a - (2 - Chlorophenoxy) -&·butyric acid 

o.- (3 -Chlorophenoxy) -a-butyric acid 

a - (4 -Chlorophenoxy) -propionic acid 

a - (4 -Chlorophenoxy) -a-butyric acid 

o.- (2 ,  4 -Dichlorophenoxy ) -propionic acid 

2, 4 -Diiodophenoxyacetic acid 

2 -Iodophenoxyacetic acid 

3 ·Aminophenoxyacetic acid 

4 -Aminophenoxyacetic acid 

2 -Nitrophenoxyacetic acid 

3 -Nitrophenoxyacetic  acid 

a - (Phenoxy ) -propionic acid 

a- (Phenoxy ) -a-butyr ic acid 

a -( 2 - Methylphenoxy) -propiODic acid 

2 -Methylphenoxyacetic acid 

4 -Methylphenoxyacetic acid 

o.-(2 -Methylphenoxy) -a-butyric acid 

o.- (4 - Methylphenoxy) -propionic acid 

o.-(4 -Methylphea.oxy) -a-butyric acid 

a-(2 ,  5 -Dimethylpbenoxy) -propiODic acid 

a -(2 ,  5 - Dimethylphenoxy) -a-butyric acid 

Pyrrole -2 -acetic acid 

Furylpropionic acid 

Hydaa.toillpropiODic acid 

a - (2 ,  4, 5 -Trichlorophenoxy) -p ropiODic acid 

o.- (2 ,  4, 5 -Trichlorophenoxy) -a-butyric acid 

2, 6 - Diiodo -4 - carboxyphenoxyacetic acid 

2, 4,  6 -T ri iodophenoxyacetic acid 

2 ,  6 -Dibromo -4-amiDDphenoxyacetic acid 

a -(2 ,  4 -Dichlorophenoxy) -a ·butyric acid 2 ,  6 -Diiodo -4 - carboxyphenoxyacetic acid 

a-(2 ,  4 - Dichlorophea.oxy) -!!9-vale ric acid Dithiobiuret 

2, 4 -Dibromophenoxyacetic acid 

a - (2 ,  4 - Dibromophenoxy) -propionic acid 

o. - (2 ,  4 -Dibromophenoxy) -.a-butyric acid 

Salicylacetone 

QI - Thiophane -2, 5-dicarboxylic .acid 

Indole - 3 -ac rylic acid 
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V .  INDUCTION OF PARTHE NOCARPY 

In many species  of plants deve lopment of fruit from floral tissues takes place only afte r 
pollination is accomplished. It bas been known for nearly half a century that the stimulating role 
of the pollen is attributable to a substance , or substances ,  contained the rein and is  sepa rate from 
its function in fertilization . During the past decade the availabi lity of pure compounds of 
demonstrated activity in othe r types of plant growth respons e - has res ulted in the disc overy that 
many of these  are capable also of inducing parthenocarpy - the deve lopment of fruits without 
pollination. Such fruits are of course s eedless . 

Because of the practical applicability of artificial parthenocarpy, the bulk of presently 
available information has accumulated in much the same manne r as that relating to root 
initiation. Attempts have been made to asce rtain which compounds and formulations might be of 
greates t  service under conditions of large -s cale production of species of commercial inte rest, 
with due regard for ancillary effects of s ize , s hape and quality of fruits and on the vegetative 
organs . Unfortunate ly ,  experimentation undertaken with such objectives , though of the greate st 
practical  value , is freque ntly difficult of interpretation from the viewpoint of the relation between 
structure and activity. Only recently have quantitative te sts which may be s uitable for this 
purpose been devis edl 9  and virtually no results are yet availabl e . There is conside rable 
evidence indicating that in such studies a distinction s hould be made between the processes of 
setting and of subsequent � of the fruit ; frequently this bas not been done . 

For these reasons it seems desirable at present only to list the compounds which have 
been reported as parthenocarpically active without attempting quantitative comparison of 
activities  (Table V). It is to be noted that particular compounds may s how activity on some 
s pecies but not on othe rs , or unde r diffe rent circumstance s . 

TABLE V 

COMPOUNDS ACTIVE IN INDUCING PARTHENOCARPY 

Z, 5 - Dichlorobenzoic acid Z -Methylphenoxyacetic acid 

Phenylacetic acid m-(Z -Methylphenoxy) -propionic acid 

m - (Phenoxy)-propionic acid Z ,  4 -Dichlorophenoxyacetic acid 

m - (Phenoxy ) -n-butyric acid m-(Z ,  4 -Dichlorophenoxy) -propionic acid 

Z - Chlorophenoxyacetic acid m- (Z ,  4 -Dichlorophenoxy ) -a-buty ric acid 

m - (Z -Chlorophenoxy)-propionic acid Z, 5 -Dichlorophenoxyacetic acid 

m - ( Z - Chlorophenoxy ) -a-butyric acid Z ,  4 -Dimethylphenoxyacetic acid 

m - (  3 -Chl orophenoxy) -propionic acid m-(Z, 4 -Dimethylphenoxy) -propionic acid 

m - ( 3  - Chlorophenoxy) -a-butyric acid 3, 4 -Dimethylphenoxyacetic acid 

4 - Chlorophenoxyacetic acid m- (3 , 4 -Dimethylphenoxy ) -propionic acid 

m - (4 - Chlorophenoxy)-propionic acid a- (Z ,  5 -Dimethylphenoxy ) -propionic acid 

m - (4 - Chlorophenoxy) -a-butyric acid a -(Z ,  5 -Dimethylphenoxy ) -a-butyric acid 
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TABLE V {Cont . ) 

z .  4, 5 -Trichlorophenoxyacetic acid Fluorene -4 -acetic acid 

G· {Z ,  4 ,  5 -T richlorophenoxy) -propionic acid Phenanthrene - 9 -acetic acid 

G· {Z ,  4 ,  5 -T richlorophenoxy) -n-butyric acid Pyrrole-Z  -carboxylic acid 

Z ,  4 ,  6 -T richlorophenoxyacetic acid Pyrrole -Z -acetic acid 

Z ,  4, 5 -Trimethylphenoxyacetic acid Indole - 3 -acetic acid 

11 - { Z ,  4, 6 -T richlorophenoxy) - 11 ' - chlorodiethyl ethe r �!> - {Indole - 3 ) -propionic acid 

Naphthalene - I  -acetic acid 'V - {�ole - 3) -.B·butyric acid 

Naphthalene - 1  -acetamide Acenaphthene 

Naphthalene - I -propionic acid Skatole 

Naphthalene - 1  -butyric acid Sulfanilamide 

11-Naphthoxyatetic acid Oestrone 

11 -Naphthoxypropionic acid Colchicine 

Parthenocarpic activity, though exhibited by many substance s  active also in othe r 
respons es , is by no means restricted to these . The structural requirements for parthenocarpic 
induction, like those for root initiation, appear cons ide rably leu circumscribed than in the cell
e longation or formative respons es . 

VI . MODIFICATION OF ORGANS 

Ce rtain types of compounds have been s hown capable of profoundly modifying the size ,  
s hape , and texture o f  developing leave s .  This so -called "formative " efiect is due t o  production 
of closely packed , thick -walled pa renchyma - like cells in place of the normal chlorophyllous 
me.sophyll tis sue and failure of lateral expansion of the leaf3 5 . It is of interest that many, though 
not all ,  of the us eful herbicidal growth- regulators show high formative activity and also that 
c e rtain of the leaf modifications may resemble those of virus -infected plants . 

Activity of this type was reported first for naphthoxyacetic acids 1 Z . Subsequently, a 
large numbe r of substance s  have been tested for formative activity by workers at the Boyce 
Thompson InstituteZ5 ,  Z6,  40 , 4 1 , 4Z ,  43 , 4 5 ,  46 , 47 • 48,  49 . The us e of a variety of test objects and 
te chnique s ,  s ome ess entially qualitative or at best semi- quantitative , renders difficult a 
comprehens ive compa rison of the activities of all the compounds inve stigated.  More recently , a 
quantitative as say method for formative activity has been devised at Camp Detrick5 ; ratings are 
made on the basis of the amount of growth - r egulator which,  afte r application to the terminal bud 
of a bean seedling, is required to repress  the leaf expans ion by 50 pe r cent while producing also 
the characte ristic morphological  modificatis�ns . The following dis cussion is based primarily 
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upon the he retofore unpublished Camp Detrick results , whlch are in gene ral agreement with those 
of the Boyce Thompson investigations . It should be pointed out that injury of a non-formative 
nature is caused by many substances if applied in re lative ly large amounts , This sets a 
methodological limit to the doses that can be tested .  Compounds which are rated as inactive at 
dosages up to this l imit conce ivably might exhibit activity if it were poss ible to test them at 
highe r levels . 

With few exceptions , all the compounds so far demonstrated to possess formative activity 
of this  type are derivatives of phencmyacetic ,  naphthcmyacetic , or benzoic acid. Many closely 
related compounds ,  some of which are highly active in other types of response ,  are ineffective . 

Even among those se ries containing active members,  details of molecular architecture 
play an important role . These will be discussed separately for the various serie s .  

Phenoxyacetic acid itself i s  inactive , and activity i s  not conferred by introduction into 
any position of the ring of a single amino, nitro, or carboxyl group . Active compounds are 
obtained ,  however ,  by introduction of a methyl, oximinomethyl , methoxyl, or halogen into the 
ring in suitable pos ition. Of these groups the halogens exert a much greater activating 
influence than the others ,  in the order F > Cl > Br > I . Of the monochloro - and monobromo
phenoxyacetic acids , of which all the possible isomers have been examined ,  only those 
substituted in pos ition 4 are active . On the other hand, 3 - and 4 -methylphenoxyacetic acids show 
approximately equal activity, which i s ,  however ,  of a low order .  

Introduction of additional ring substituents into a highly active monosubstituted phencmy
ac:etic acid usually tends to diminish the activity . Thus , as compared with 4 -c:hlorophenoxy 
acetic: ,  Z ,  4 -dichloro is about three -fourths as active and 3 , 4 -dichloro about one -seventh . Slight 
activity is shown by Z, 6 -dichloro while the Z, 5 - and 3, 5 -isomers are inactive . So far as other 
dihalogenated compounds have been tested it appears that an inactivating tendency of s imilar 
magnitude is exerted by a second atom of iodine and even more strongly by fluorine or bromine . 
In this respect also the methyl - substituted compounds exhibit a somewhat different behavior, the 
Z , 4 -·, Z , 5 - ,  and 3, 4 -dimethylphenoxyacetic acids showing activity approximately equal to that 
of the 3 - and 4 -methyl compounds . Z ,  4 -Dinitrophencmyacetic acid also has some activity ,  
whereas the mononitro derivatives have none . Trisubstituted compounds are in general even 
less active than comparable disubstituted derivatives .  Introduction of additional r ing 
substituent• may lead to complete loss of activity in some , though not In all , cases .  

Propionic and butyric homologs are  usually much les s active than the related phenoxy
acetic: ac ids although in s ome instances the reverse may be true . Replacement of the ether 0 

atom by N greatly diminishes activity, while replacement by S nullifies it entirely .  

Presence of a free carboxyl group i s  not essential for formative activity . Certain of the 
amides and esters exhibit even greater activity than the parent acids . Relatively bigh activity 
may be s hown by some acid chlorides . Halogen-substituted phenoxy etbanols ,  ethyl ethers , aDd 
ethylamine s also may possess activity though of a relatively low magnitude .  

The phenoxy se ries p rovides the most comprehens ive group enabling comparison of the 
structural requi rements for stimulation of cell elongation and for formative effects . The 
curious s ituation exists that ce rtain of these compounds have high activity in both types of 
response ,  whe reas others  possess auxin activity but not formative activity. 

Too few naphthoxy acids have been tested to provide detailed information on the influence 
on formative activity of small changes in the molecule . As already noted ,  ring substitution is 
not essential for activity in this serie s .  

No activity is s hown by benzoic: acid or any of its derivatives containing the following 
s ingle s ubstituent• in the ring : amino, bromine , chlorine , fluorine , hydroxyl ,  iodine , nitro, 
carboxyl , and methyl .  Some of the di - and tri - substituted derivatives are active however .  In 
Table VI a re listed active and inactive compounds of this type . A further group of diverse 
compounds without activity in this test i s  given in Table VU. 
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TABLE VI 

FOR MATIVE ACTIVITY OF SOME DI- AND TRI- SUBSTITUTE D BENZ OIC ACIDS 

2 , 5 -Dichlorobenzoic acid 

5 - Brom o - 2 - iodobenzoic acid 

2 - B romo - 3 -nitrobenzoic acid 

3 - Bromo - 2 -nitrobe nzoic acid 

3 - Bromo-4 -nitrobenzoic acid 

2 - Chloro - 3  -nitrobenzoic acid 

2 - Iod o - 3  -nitrobenzoic ac id 

2 - Methyl - 3 -nitrobenzoic acid 

3 , 5 - Dica rboxybenzoic ac id 

2 , 4 - Dichl orobenzoic ac id 

3 ,  4 - Dic hlorobenzoic acid 

2 ,  4 - Dihydroxybenzoic ac id 

2 ,  5 -Dihyd roxybenzoic acid 

2 ,  5 - Di iodobenzoic acid 

3 ,  4 -Di iodobenzoic  ac id 

2 ,  3 - Dimethoxybe nzoic ac id 

2 ,  5 -Dinitrobenzoic ac id 

3 , 5 -Dinitrobenzoic ac id  

2 -Am ino - 5 - iodobenzoic acid 

5 -Amino -2 -hydroxybenzoic acid 

2 - Bromo -4 -nitrobenzoic acid 

2 - B r om o - 5  -nitro benzoic acid 

3 - B romo - S  -nitrobenzoic acid 

3 - Bromo-6 -nitro benzoic acid 

4 - B romo - 2 -nitrobenzoic ac id 

4 - B romo - 3 -nitrobenzoic ac id 

5 - B romo - 3 - chloro - 2 - iodobenzoic acid 

5 - B romo - 2 ,  3 -dichlo robenzoic acid 

5 - Chloro - 2 ,  3 -dibromobe nzoic ac id 

Z ,  3 -Dibromo -5 -iodobenzoic acid 

3 ,  5 - Dibromo -2 -iodobenzoic acid 

3, 5 - Dichloro -2 - iodobenzolc acid 

2, 3, 5 -Tribromobenzoic acid 

2, 3 ,  5 -T richlorobenzoic acid 

Z - Fluoro - 3 -nitrobenzoic a c id 

Z - Hydroxy - 3 -methylbenzoi c acid 

Z -Hyd roxy - 3 -nitrobenzoic acid 

5 - B romo - 2 -hydroxybenzoic acid 

Z -Hydroxy - S -iodobenzoic acid 

5 -Methyl -Z -nitrobenzoic acid 

2 -Amino - 3 ,  5 -diiodobenzoic acid 

2 - B romo - 3 ,  5 -dinitrobenzoic acid 

Z - Fluoro - 3 ,  5 -dinitrobenzoic acid 

3 - B romo - 2 - hyd roxy - 5 - aulfobenzoic acic 

3 ,  5 -Dinitro - 2 - hydroxybenzoic acid 

2 - Hydroxy - 5 -iodo - 3 -methyl benzoic acid 

2 ,  4 , 6 -Trihydroxybenzoic acid 

2 , 4 , 6 - T rinitrobenzoic acid 

3 , 4 , 5 - Tribromobenzoic ac id 

3 , 4 ,  5 - Trichlorobenzoic acid 

3 , 4 , 5 -T rihydroxybenzoic acid 

3 , 4 , 5 - T r iiodobenzoic acid 
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3 ,  5 -Diiodo - Z -hydroxybenzoic acid 

3, 5 -Diiodo - 4 - hyd roxybenzoi c  acid 

6 1  

TABLE VI (Cont . } 

3 , 4 ,  5 - T rimethoxybenzoic acid 

TABLE VII 

MISCELLANEOUS C OMP OUNDS INACTIVE IN F ORMATIVE RESPONSE 

Phenylac etic acid 

4 -Aminophenylacetic acid 

4 - Bromophenylacetic acid 

4 - Chlorophenylacetic acid 

4 - Hyclroxypheny • acetic acid 

4 -lodophenylacetic acid 

4 -Nitrophenylacetic acid 

a. - (Z - Hydroxyphenyl) -phenylacetic acid 

Z , 4 -Dinitrophenylacetic acid 

4 - (Trimethylailyl) -phenylace tic acid 

D iphenylac etic acid 

� -M ethallyldiphenyl acetic acid 

Allyldiphenylacetic acid 

Hydrocinnamic acid 

w - Cinnamic acid 

U:&u - Ci nnamic acid 

Z - Chloroc hmamic acid 

4 -C hlorocbmamic acid 

Z , 4 - Dic hlorocinnamic acid 

Z -Methoxycinnamic acid 

.£.!.! - 5 - Ch1oro-Z -hydroxycinnamic acid 

a. - Phenylbuty ric acid 

4 - Hydroxyphenylglycine 

3, 5 - Dibromo - L -tyros ine 

Coumarilic acid 

Z - Thiophenecarboxylic acid 

3 -Py ridinecarboxylic acid (Nicotinic acid) 

Nicotinamide 

4 -Pyridine carboxylic acid (la onicotinic acid) 

Z -Py riolidine carboxylic acid (Proline ) 

1 -Naphthoic acid 

Z -Naphthoic a cid 

1 -Hydroxy - Z -naphthoic acid 

3 - Hydroxy - Z -naphthoi c acid 

1 - Naphthylacetic acid 

Z - Naphthylacetic acid 

a. - ( 1 -Naphthyl) -propionic acid 

Naphthalene - ! , 8 - dicarboxylic acid 

lndole - 3 -acetic acid 
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TABLE VII (Cont . ) 

T ryptophane 5, 7 -Dibromo - 8 -quinolyloxyacetic acid 

8 - Quinolyloxyacetic acid 9 - Allylfluorene -9  -carboxylic acid 

The impres s ion may be given that the s tructural requirements for compounds active in 
producing formative respons es are rathe r cleare r and more restricted than for auxin activity or 
root initiation, and while this may be the cas e ,  it cannot be aaid to be proved at this time .  The 
characterization of formative responses is a matter of great difficulty . Grosa morphological 
abnormalities are not readily expressible . Certain compounds not containing phenoxy, 
naphthoxy, or benzoic g roupings do induce changes in growth habit, but ha ve not been included in 
comparative tests , so that their relative position ia not known. 1n this category are suc h  
he rbicides as maleic hydrazide , dichloral urea, and trichloroacetic acid . 

VII . CONTROL OF ABSCISSION 

There is a substantial body of evidence indicating that the process of abscis sion - the 
natural separation of leaves , foliage branches , floral parts , or fruita from the plant brought 
about by structural alterations in particular groups of cells - is regulated by a hormonal 
me chanism . Application to the plant of ce rtain growth - regulatory c ompounds (Table VIII) haa 
the effect of g r eatly delaying the onset of absciss ion. Suc h  treatments  have found extensive uae 
for preventiofl of pre harvest drop of orchard fruita and related purposes . 

TABLE Vlii 

COMPOUNDS EFFECTIVE IN RETARDING ABSCISSION 

Levulinic acid I ,  Z ,  3 ,  4 - Tetrahydronaphthalene -6 -acetamide 

Indole -3 -acetic acid Naphthoxy - Z -acetic acid 

15- (Indole - 3 ) -propionic acid 15 - (naphthoxy- 1  ) -propionic acid 

v - (lndole - 3 ) -.n-butyric acid (also este rs )  4 -Chlorophenoxyacetic acid 

Naphthalene Z, 4 - Dichlorophenaxyacetic acid (also esters ) 

Naphthalene - 1 -acetic a ci'ti (also este r s )  a - (Z ,  4 - Dichlorophenaxy) -.!!.-butyric acid 

Naphthalene - !  -acetamide Z - Methyl-4 -chlorophenaxyacetic acid 

Naphthalene - 1 -thioacetamide 
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On the other hand , othe r compounds are  known to produce the opposite effe ct, namely , to 
a c c e l e r a te or induce absc iss ion. One of the s e ,  ethylene , is of partic ula r interest  in that it is a 
plant product  and conce ivably may play a role in the natural control of abs c iss ion.  Additional 
c o mpounds reported active in induc ing absc iss ion inc lude calc ium cyanam ide , ammonium thio 
c yanate , carbon tetrachloride , ethylene chlorohydrin ,  3 ,  6 -endoxotetrahydrophthalic acid ,  3 ,  6 -
endoxohexahyd rophtha lic acid ,  and var ious halogenated benzoi c  ac id s .  

T h e  e videnc e availabl e from several  types o f  investigations appear s  t o  support the view 
that a b s c i s s ion of an organ is  induced when its conte nt of auxin fal ls  to a l ow leve l .  The process  
may b e  reta rded by supplying exte rna l ly a s ubstance with auxin  activity and  may be  acce le rated 
by any of a va riety of means , phy s ical  as well as chemical ,  which  resul t  in diminution of the 
norm a l  auxin content.  The divers i ty of the chemical agents which  can act as absc i s sants suggests 
that r e d uction of the auxin leve l  can be accomplished by various mechanisms . 

Only in the benzoic ac ids  has the relation of activity to s tructure  of a c lose ly related 
s e r i e s  of c ompounds been inves tigated 36 . No activity is shown by benzoic  acid itse lf or by any 
of i ts  m onohalogenated de r ivatives .  Mode rate activity is pos s e s sed by c e rtain of the diha lo
ge na t ed c ompounds while a number of  the triha logenated benzoic ac ids  are highly effe ctive 
(F i g . 1 ). It i s  worthy of c omment that here the halogens a rrange them selves in  the order 
I > B r  > C l  in activating influence , which is in the reve rse  di rection to that found in the phenoxy 
a c e t i c  s e r i e s  in formative activity . 

MOLAR ABSCISSION - INDUCING ACTIVITY 

J J 
.. J 
J J co 
J J .. 
Cl J J 
.. J .. 
.. J Cl 
.. .. J 
J .. J 
CO 1 co 
J • co  
J .. ..  
Cl 1 .. 
.. .. ..  
J Cl 1 
0 .. J 
.. Cl J 
co co 1 
1 0 Cl .. • co  
0 .. co 
Cl .. .. 
0 co .. 
1 co .. 
.. 0 Cl .. co •  
co co co  

Fig .  1 .  Activity of Z , 3 ,  5 -trihalogen benzoic  acids in inducing absc iss ion 
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VIII . CONTR OL OF BUD DEVELOPMENT 

A s ituation somewhat analogous to abs c i s s ion is  to be found in the control of bud 
development,  which is also of great importance in the ontogeny of the plant .  He re also dorma'hcy 
appears to be under hormonal regulation . Endogenous auxins and related exogenous substances 
have the abi l ity of maintaining or inducing dormancy , i . e .  of suppres sing bud development ,  
whereas the reverse  proc e s s  of  bud stimulation, or  re lease of  dormancy , can  be  accompli shed 
by a conge ries of rathe r diverse  chemicals . 

Among the compounds active in s upprea s ing bud deve lopment a re indole - 3 -acetic acid, 
IS - (indole - 3 ) - a -oximino -propionic acid, IS - (indole - 3 ) -acrylic acid,  IS - (indole - 3) - pyruvic acid,  y 
(indole - 3 )-.D.-butyric acid, naphthalene - ! -acetic acid (and its eate r s ) ,  naphthalene - 1 -acetamide , 
naphthalene - 1 -thioacetamide , and coumaran- l -acetic acid. Although the numbe r of compounds 
te sted for activity of this kind is quite small,  the re  appear to be rathe r na rrow structural 
requirements ; lor example , w - cinnamic acid which exhibits auxin activity in cell -elongation 
te sts is inactive in s uppress ing bud developme nt. 

A numbe r of compounds active in ove rcoming bud dormancy are listed in Table IX. 

TABLE IX 

COM POUNDS EFFECTIVE IN OVERCOMING D ORMANCY OF BUDS 

Diethyl ethe r Thioglyc ol 

Chloroform Sodium azido -dithiocarbonate 

Ethyl bromide Methyl disulfide 

Ethyl iodide Potass ium s ulfoca rbonate 

Ethylene c hlor ide Thioacetamide 

Ethylene chlorhydrin Ethyl carbylamine 

Ammonia Thiourea 

Ethylene Propylene 

Trichloroethylene Acetaldehyde 

2.- Tolylthiourea Ethanol 

Ammonium dithiocarbamate Acetone 

Thiosemicarbazide Hydrogen cyanide 

Hydrogen s ulfide Z inc s ulfate 

Ethyl  mercaptan Thiocyanate a 
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6 S  

IX . R EPRESSION O F  ROOT E LONGATION AND OF SEED GERMINATION 

The repression of root g rowth of seedlings has been employed for many years as a 
te chnique for investigating i nhibitory chemica ls . More recently s uch methods have been 
employed extens ive ly in pre limina ry s c reening for c ompounds with he rbi c idal activity .  The root 
shows high sens itivity to a g reat dive r s ity of s ubstanc e s ,  howeve r ,  so that little purpos e would be 
se rved by an e nume ration of all  the compounds found to exert  repressive effects . 

Inte rest in this response stems in part from the fact that c e rtain of the c ompounds 
pos s e s s ing auxin activity ,  e .  g. indole - 3 -acetic acid and Z , 4 -dichlorophenoxyacetic acid,  are  
among the most  active root inhibitors ,  produc ing measurable effects in concentrations as low as 
1 0 - 6  to J o - BM .  Up to the present ,  howeve r ,  the numbe r of c ompounds that have been carefully 
assayed in both type s of response i s  too few to war rant dis cus sion of the comparative structure 
activity re lations . 

A quite diffe rent c lass  of s ubstanc e s ,  the a rylca rbamic  este r s ,  also pos sesses  activity 
of the s ame orde r in repres s ion of root e longation but appears  to be without effect  in the othe r 
type s of growth - regulatory phenomena so far dis c us s ed .' The fol lowing generalizations concern
ing the carbamates are ba sed upon prelimina ry tests  at Camp Detr ick .  The ve ry low solubility 
of many of the se compounds presents a major methodological diffic ulty which may have 
int roduced some bias  into the data available . Henc e ,  these  conclus ions are to be regarded as 
provi s i ona l .  

Este r s  o f  c arbamic  a c i d  itself a r e  relative ly inactive . Activity i s  confe rred by 
substitution of one of the amino hydrogens by a pheny l  radical  o r ,  in e ve n  greater degre e ,  by 
ce rtai n  substituted phenyl  groups , partic ularly those c ontaining halogen atoms . Compounds in 
which the s econd amino hydrogen i s  s ubstituted ,  as  by a methyl gr oup , also may exhibit activity . 

The nature of the e ste rifying radical  plays a role which  appears  to depend upon the type 
of N s ubstitution . Thus , among the N -phenyl carbamate s the i s opropyl ester  is  most active , 
follow e d  c lose ly by ethyl and various f) - s ubstituted ethy l  e ste r s ,  whe reas in other ser ies  the 
.n.- p ropyl e ste r may equal or exceed the isopropyl in activity . 

Seve ral thionocarbamates a re active while the corresponding thiolcarbamates are  not . 
N ,  N - d i - ( c a r boethoxy) -anil ine , which  conta ins a second e ste rified ca rboxyl g roup ,  has been 
repo rted of equal activity with the re lated ethyl N -phenylca rbamate 27 . 

C losely related to s uppress ion of root e longation i s  the inhibition of seed germination. 
The most obvious manife s tation of ge rmination is  the elongation of the axes - root and s hoot - of 
the embryo and this is  commonly utilized as  the c r iter ion of the oc c ur rence of ge rmination . 
Ordinarily ,  root emergence precedes that of the s hoot . At f irst ,  e longation of the root i s  due 
e nti r e ly to enlargement of ce lls pre - existing in the embryo but this initial phase me rges so  
s moothly into that c haracte ristic of subsequent growth, in which fo rmation of  new ce lls proceeds 
concomitantly with the i r  expans ion, that mac roscopic obs e rvation pe rmits no distinction 
betw e e n  the m .  Hence separation of the germination stage from that of s e edling deve lopment i s  
e nti r e ly arbitrary . Whethe r the re exist compo unds capabl e of c ont roll ing spec ifically the 
initia l phase  of germination but inactive on late r root growth is not clear at present .  

Substanc es hig hly inhibitory to  seed  germination have bee n  s hown to  occur  in  fruits and 
othe r organs of a wide var iety of plants 7 . The re is eve ry reason to be lieve that some of these  
p lay  an  important ro le  in  the cmtrol of  deve lopment . The te rm "blas tokolin" ,  whic h  was 
i nt roduced origi na l ly 1 S to designate the germinat ion - inhibiting s ubstance present in  the fle sh  of 
c e rtain fruits , has been employed by some late r worke rs  in a gene ric sense . While the nature of 
many of these  substanc es is still  unknown, a numbe r have been  identified . Seve ral c lasses  of 
o rganic c ompounds are represented,  inc luding musta rd oi l s ,  cyanophoric  glycosides ,  aldehydes , 
c a r boxylic  ac ids , e s s e ntia l oil s ,  alkaloids ,  phenols , and unsaturated lactones .  Relatively high 
c oncentrations , of the orde r of 1 0 - 2 to l O - lM ,  of most  of the se substanc e s  are us ually requi red 
for inhibition of ge rmination.  The wide dive r s ity of structur a l  type s which exhibit activity of this 
k ind be s pe aks a multipl ic ity of inhibitory mechanisms having a common result .  
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Only one of these groups of compounds - the unsaturated lactones - will be further 
cons idered. The most active of these are effective at concentrations of l 0 -4 to l 0 - 5  M in root 
repress ion and at somewhat highe r concentrations in prevention of ge rmination. In Table X are 
shown a number of lactones which possess blastokolin activity . As the se have been  assembled 
from various investi gations 1 ,  6, 1 1 , 1 8 ,  Z Z ,  34 no comprehensive compar is on of activities is 
poss ibl e .  However ,  so far as can be judged , the most active of the se compounds is  protoanemon
in , fol lowed by coumarin. Substitution in e ither ring of the latter compound is stated to diminish 
activity . The diver s ity of structural types suggests that activity is  a gene ral property of a , JJ
unsaturated lactones ; the re lative activity is  of course influenced by the spec ific structure of the 
whole molecule . 

TABLE X 

UNSAT URATED LACTONES EXHIBITING BLASTOKOLIN ACTIVITY 

Hexene -Z  -olid - 5 , I (parasorbic acid) 

Hexene -4 -olid - 5 ,  1 

HC-CH 

I I 
C H3 CHzHc ,�=O 

Hexene - Z - olid -4 , 1 

Pentene ·Z ·olid - 5 , 1  ( ) ·Pentenolactone ) 

Pentene -Z -olid -4 , I 

Hcr-�H 

CHz=C..._cf'C=O 

Protoanemonin 

Heptene - Z -olid -4 ,  1 

HC-CH 
CH3,_ I I ;c-...o...c =o 
CH3 

4 -Methylpentene - Z -olid -4 ,  1 

HC-CH 
,..cHz -cHzj 1 

H z� �-...o...c =o 
CHz -CHz 

Lactone of Z - ( 1 ' -Hydroxycyclohexyl)ac ryl ic  
ac id 
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H 
,c, 

H<f <j= -OH 
HC..._ ,.C=O 

0 

3 - Hydroxy-Q-pyrone 

4 ,  6 -Dimethyl -Q -pyrone 

6 -Pheny l - Q -pyrone 

OH ,....c..,. HC C -COCH3 II I 
CH3C..._ _...C=O 

0 

Dehydroacetic acid 

H 

CXc, 
1" 

,C=O 
0 

Coumarin 

Es culetin 

67 

TABLE X (Cont. )  

Daphnetin 

H 

oc C -COOH 
C=O 

Cownarin-3 - ca rboxylic acid 

C -COCH3 ex�= 
�=0 . 

if 

3 -Acetyl -4 -hydroxycoumarin 

H 

CI CXC..,.CH I ,Lo 
0 

6 -Chlorocownarin 

Dicownarol 
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The  root - inhibiting activity of  an  extens ive s e r1es  of coumar in de rivatives bas recently 
been studied9 . Coumarin- 3 -carboxylic acid , 8 -methylcoumarin ,  7 ,  8 -dihydroxycoumarin 
(daphnetin) , and 7, 8 -dihydroxy -4-methylcoumarin were found fully as active as coumarin itself. 
Al l  the othe r compounds tested , nineteen in number , were appreciably less  active . These  
inc luded al l  the monomethyl isomers and va rious hydroxy , methylhydroxy , and methoxy sub
stituted coumarins . 

X .  GENERAL DISCUSSION 

Inte rest  in the relationship between structure and act iv ity stems from two pr inc ipal 
s ources . The inc reas ingly widespread uti l ization of p lant g rowth - regulators for practical ends 
in recent yea rs bas intens ified the inte rest in this subject with the hope that p romis ing 
d irections of search for add it ional useful compounds may be indicated.  In addit ion, i t  is  
expected that ins ight i nto the structural requis ites  wil l  cont ribute to understanding of the 
me chanisms conc e rned in the regulation of plant development. To date ne ithe r of the se hopes  has 
been ful f i l l ed .  The sea rch for new types  of useful growth -regulators ,  whi ch  i s  be ing v igorously 
p rosecuted in many laborator ies , appears to be largely by trial and e rror .  

The comp lex ity o£  the phys iological systems i nvolved in  the var ious p roce s s e s  influenced 
by plant growth -regulators  has thus Car defied inte rpretation on a biochemical l eve l ; in cons e 
quence the re have been  proposed a numbe l' o£ more or l e s s  incompatible hypothe ses  some of 
which appea r to be ba sed upon insecure expe rimental foundation. Whi le  an extended considera 
t ion of hypothetica l  mechanisms would be out of p lace in this pape r one or two main points should 
be mentioned .  

Arising primarily from work on plant tropi sms and corre lation , the re has deve loped in 
the past quarte r - century the concept of a system of endogenous g rowth -regulators in plants which 
c ontrol in a hormone - l ike manner many of the features o£ growth and deve lopment . It is believed 
that substance s  o£ high potency may be formed in ce rtain organs , s uch as the bud or the leaf, and 
regulate or control normal phenomena of difterentiation and deve lopment as wel l  as many of the 
g rowth adjustments which fol low injury or organ remova l .  

The  nature and mode of action o f  such  growth -regulators i s  ve ry impe rfectly understood . 
Omitt ing the case o£ ethy lene , to which refe rence has already been made , only one s ubstance ,  
indo l e - 3 -acetic ac id ,  o r  hete roauxin,  has been  ce rtainly identified a s  a n  endogenous phytohormone . 
The ve rsatil ity of this compound , an ind ication of which has been g iven in the !oregoing sec tions ,  
has l e d  some investigators  t o  the view that i t  may play a centra l and d i rect role i n  a l l ,  or most ,  
mani!estations of  growth and deve lopment . Others  be l ieve that the re  exist in the  p lant dive r s e  
growth regulators , more o r  l e s s  spec ific fo'r particular deve lopmental  phenomena , the function 
ing o£ which  may be influenced by heteroauxin;  thus a more indirect role is ascr ibed to the latte r .  

Opinions a s  to the !undamental mode o f  action o£ this phytohormone may b e  divided into 
two gene ral cate gories . On the one hand it i s  s uggested that heteroauxin partic ipates as a co 
enzyme in s ome enzymatic metabol ic  reaction, a so - called master reaction , common to various 
kinds o£ plant cel ls  and l eading to dive rse  end - re s ults ac cording to environmental conditions and 
the phys iologi ca l  and morphological  potentialiti es  of the particular cel ls  involved . I t  cannot be 
sa id that this view, which may be termed for convenience the biochem ica l  hypothes i s , is  
supported by any convinc ing evidence o£  direct nature . On the contra ry, analogy with known 
cases  of coenzyme action s eems to speak against i t .  

The othe r suggestion i s  that the primary action of  hete roauxin i s  to affect some more 
phys i co - chemical  prope rty of the c e l l ,  s uch  as  the degree of as soc iat ion or di ssoc iation of 
protoplasmic proteins . In this way exposure or masking o£ active s ites on enzymes might be 
b rought about with r e s ult ing i nc rease  or decrease of enzyme activity . Fu rthe r ,  the concomitant 
changes  in structura l v i s c o s ity of the protop lasm might be expe cted to influence physiologic a l  
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proc e s s e s  such as ce l l  expansion, pe rmeability ,  and protoplasmic streaming . The postulated 
phys i c o - c hemical mechani sm may be thought of as  in s ome measure nonspecific with regard 
both to the active agents and to the types of proteins or enzymes affected . This view provides an 
explanation of the manne r in which te ratological and lethal e ffects can be produced by high 
dosa g e s  of compounds which at lower rates may act s imi lar ly to endogenous hormones in normal 
growth p rocesses . A phys ico- claemical mode of action "f-'uld appear  to harmonize with the 
e s se ntia l ly phys ica l  requi rements for auxin activity as postulated by Veld)ltra . 

Whethe r the mode of action of growth - regulators  be pr imari ly biochemical  or primar i ly 
phys i c o - chemical ,  it must involve reactions peculiar to the green p lant .  Although comparative 
bioc hemistry does reveal s imilaritie s in  the biocata lysts and the enzymically catalysed reactions 
involved in  ox idations and ene rgy transfe r i n  unre lated g roups of organi sm s ,  i t  must be 
pointed out that the degree of spec if ic ity of growth - regulators  is  appa rently high.  Few are 
known t o  i nfl uenc e organisms othe r than !>i ghe r plants at compa rable dosage s  though it  must be 
admitted that the data on this point are extreme ly s canty . 

The  mechanism of action of exogenous growth - regulator s w i ll p robably not be fully 
expl i c a b l e  until  that of the e ndogenous g rowth hormone s i s  unde rstood . Neve rthe les s ,  knowledge 
of the s t ructural requi s ites of the former may be ve ry helpful in e lucidat ing the role of the latte r .  
The r e  c a n  be l ittle doubt that in  many cases the exogenous compounds act by pa rtic ipation in  the 
same m e c hanism by whic h the native hormone ope rates . Thus , in some respons e s ,  such as 
st imulation of ce l l  e longation, initiation of roots ,  i nduction of parthenocarpy ,  i nhibition of bud 
deve lopme nt , and reta rdation of absc iss ion, the exogenous growth - regulators appear capable of 
funct ioning as substitutes for the endogenous hormone . In ce rtain  othe r responses the re lation
s hip  i s  l e s s  c lear .  In respons e s  such as m odification of leaf form,  induction of absc i s s ion,  and 
st imulation of bud deve lopment, the effects of the exogenous g rowth - regulators  are  the conve rse 
of  tho s e  brought about by indole - 3 -acetic acid ;  in  these  phenomena, if the  two c las ses . of 
s ubsta nc e s  do act through a common bas ic  mechani s m ,  the relationship may be one of antagonism. 
Ther e  i s  < orne evidence that such is the case .  
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DISC USSION 

mentioned . 

In looking at a naphthalene ring , ' I  wonde r il we cannot regard it in two fashions : one , aa 
a benzene ring, doubly substituted with an unsaturated s ide chain, In some respects it is 
analogous to dimethyl benlilene . On the other hand, in looking at a naphthalene ring, I wonde r il 
we cannot regard it as a benzene riq with a loq alkyl side chain b ranch , part of it bent aroulld 
and fus ed onto the benzelle r ing .  

The se may b e  mental gymnastics but, occasionally , i t  s eems t o  me,  they help in trying to 
formulate in our minds at least some order in the vast array of compounds which show a given 
activity . 

DR . McKEEN CATTE LL..(Cornell University Medical College, New York, New York) : 
would like to comment on one point which s eems to me of s ome lmpoi't&iic e  to our general 
problem , and that is  the question of the emphasis that should be given to the exceptions in the 
structural requi rements necepsary for a given activity . 

These exceptions are always challeqiq, but it seems to me that ,  when we conside r the 
c omplexity of the biological systems concerned, it need not be disturbiq to find outstallding 
exceptions in structural relationships . 

If we list the numerous factors which may influence the particula r biological propertie s  
under observation, such as in the study o f  effe cts o f  growth, i t  become s apparent that s imilar 
effects might be produced by mauy different types of action. It is  e vident that such exceptiou 
are of inte rest not only in re lation to furthe r chemical development but particularly in relation 
to the analysis of the mechanism and s ite of action of an agent .  Of course ,  to a ce rtain extent, 
these  c omplexitie s  are eliminated when we are dealing with the s im pl e r  enlilyme systems , and in 
these cases the correlation between structure and activity may be more significant. 
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A review of sympathomimetic amine s ,  summarizing briefly a half -century of investigation, 
is appropriate at this  time inasmuch as research in this fie ld may be considered to have be aun  
with the present century. Epinephrine ( 'Suprarenin' , adrenalin) was i solated from the adrenal 
gland by Abel and Crawford l , Aldrich5 and Takamine l 06 in the years 1 899 - 1 902 . Chemical 
constitution was soon dete rmined and synthes is  followed in 1 905 27 • 89 . Resolution of the racemic 
salt into its optical isome rs was first des c ribed by Flache r32 in 1 908 . This early research has 
been reviewed in some detai l  by Trendelenburg 1 07 and by Ha rtung. 44 

The inve stigations of Barge r and Dale l 4 , published in 1 909 - 1 0 , extended greatly the field 
of investigation and emphasized the poss ibi lity of obtaining important new sympathomimetic drugs 
through synthe sis . The inte rvening years have witne ssed the appearance of a legion of synthetic 
compounds which influence activity of organs inne rvated by the sympathetic ne rvous system . In 
this communication, more than two hundred sympathomimetic amines have been reviewed and the 
significant pharmacologic "screening" data are listed in tables .  Although the experimental 
results obta ined by different investigators are often at variance , probably due to diss imilar test 
procedures and diffe rent cr iteria of effectivenes s ,  the tabulated data will give a aene ral indication 
of the relative potencie s and toxicities .  The text tables have been des iped to emphasize the 
importance of variations in chemical structure on sympathomimetic action. Effects on blood 
pressure and toxicity have been most extensively investigated and will be cons ide red first in this 
communication. 

1. The Effect of Structural Modification of Sympathomimetic Amines on Vasopressor Action 
and Toxicity 

Barger and Dale 1 4  established the importance of the bas i c  group, jS -phenylethylamine , for 
vasopre ssor action . The close ana logs , a-phenylethylamine (No . 2 ) ,  jS -phenylisopropylamine 
(No 5 ) and v - phenylpropylamine (No . 4) have been  reported by most inve stigators to be 
distinctly les s  potent (Table I ) .  Benzylamine (No. 1 )  and o-phenylpropylamine (No. '71 are like 
wise ve ry weak vasopres sor agents . Methyl s ubstitution at the alpha carbon (No. 5) diminishes 

TABLE I 

THE EFFECT OF PHENYLALKYLAMINES ON VASOPRESSOR ACTION AND TOXICITY 

QR -NH2 

Compound Structure Pressor Actionll Toxicit Ref. 
No . R Animal Re lative Animal Admin. mgm. /kgm. 

Potency 

I CH2 cat 1 000 1 4  

2 CH(CH3) cat 1 000 14 

3 CHzCH2 cat 350 - 500 1 4  
cat 1 83 1 0 1  
dog 95 77 
dog 1 00 mouse i . v . lll LD5o · 95!55 60 

rabbit i. v .  MLD , 60 45 
rat i. p .  LD, 23  48  
rat oral LD, 50 48 

4 CH2 · CH2 · CH2 cat 1 4 7 1  1 0 1  
dog 700 rat i . v .  LD5o• 50 38 
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TABLE 1 (cont. ) 

C ompound Structure Pre sso r  Action Toxicit Ref. 
No . R Animal Relative Animal �dmin. mgm . /kgm. 

Potency 

5 CHz · CH(CH3) cat 4Z5 1 0 1  
dog 3Z l  mouse i. p .  ALD50 , 1 ZO 60 
dog 1 00 - ZOO guinea pi@ 8. c .  LD3/5 •  5 Z  7 
dog Z50 rat L v. LD5o . zo 38 
dog Z37 74 , 77 

rat s .  c .  MLD ,  Z5 45 
mouse s .  c .  LD5o · 79 . 8 Z3  

6 CH(CH3 ) ·  CH� cat 1 0 1 5 1.0 1 
dog 500 37 
dog 600 rabbit i. v .  LD5o . 55 1 09 
dog 3 50 mouse i. v . LD5o• 46 � I  60 
dog Z54 74 

mouse i. v . ALD5o. 60 -65  I I  0 
mouse s. c .  LD 5o • 540 1 1 0 

7 CH(CzH5) cat 800 1 0 1  
dog weak rat s .  c .  MLD, 1 000  45 

rabbit s .  c .  MLD , 50 45 

8 CH(CH3) ·  CH(CH3) dog 800 rabbit i .  v .  LD5o • 38 1 09 

9 CHzCH(CzH5) cat 500 rat i .  p .  LD, 70 48 
rat oral LD, 400 48 

dog Z75 77  

1 0  C(CH3)z ·  CHz dog 700 mouse i. p. ALD5o · 50 60 

I I CHz ·  C(CH3 )z dog 1 000 60 
dog 600 1 09 

I Z  C(CH3)z ·  C H(CH3 ) dog 1 000 mouse i .  p. ALD5o• 70 60 

1 3 CHz · CH(C3H7) cat almost rat i. p. ALD, 70 48 
inactive 

rat o ral ALD , 400 48 

1 4  CH(CzH5 ) ·  CH(CH3) dog 1 000 rabbit i. v. LD5o· 38 1 09 

1 5  CH(i-C3H7) · CH(CH3) dog 1 000 rabbit i. v . LD5o · 30 1 09 

!I R e s ponse  obtained afte r intravenous injection 
W i . p . , intraperitoneal ; i. v . , intravenous ; s. c . ,  subcutaneous inj e ction 
Y Values reported as the LD - lethal dos e ,  MLD - minim um let�! dose , LD50 - lethal dose '!: the 

standard e rror which kills 50 pe r c ent within Z4 hours , ALD - approximate LD50 
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vasopressor  potency less  than a s imilar s ubstitution at  the beta carbon (No .  6) .  Inc reasing the 
number of carbon atoms in the s ide chain to more than three (Nos . 8 - 1 5) causes a great reduction 
in potency except in the case of � -phenylbutylamine (No. 9) . As pointed out above, the optimum 

( 1 ) (Z )  
structure is  N - C - C -phenyl  and s ubstitution reduces vas opressor potency in the foll owing orde r :  
1 -methyl , Z - methyl I -ethyl , Z , Z -dimethyl , I - 1  -dimethyl , Z , Z -dimethyl - ! ,  1 -d im ethyl . (The 
des ignation of the pos ition of the ca rbon atoms as C - 1  or C - Z  will be used throughout this 
presentation) . The greate r effe ctiveness  of compounds substituted by methyl at the firs t  carbon 
may result from the central ne rvous system stimulation which these  c ompounds are reported to 
p roduce 1 • 7 7 , 1 09 added to the pe riphe ral ca rdiovascular effe cts . No such stimulation has been 
obse rved with de rivatives substituted at the second carbon85 ,  1 09 ,  1 1 0 . 

Substitution of the amine of these  s imple derivatives by a methyl group gene rally reduces 
pres s or potency (Table II) .  Ma rsh 75 • 77 found jl -phenylethylamine (No. 3 ) 1 .  4 times more active 

TABLE II 

THE EFFECT OF PHENYLALKYLME THYLAMINES ON VASOPRESSOR ACTION AND TOXICITY 

O · R · NHCH3 

Compound Structure Pressor ActionAI' 
No. 

1 6  

1 7 

1 8  

1 9 

zo 

Z l  

zz  

Z 3 

R 

C Hz · CHz 

CHz · CHz· CHz 

CHz · CH(CH3 ) 

CH(CH3) ·  CHZ 

CH(CH3) ·  CH(CH3) 

C(CH 3)z · C Hz 

CHz · C(CH3)z 

C(CH3)z · C(CH3 )z 

Animal 

cat· 
dog 
dog 

dog 

cat 
dog 

dog 
dog 

dog 
dog 

dog 

dog 

dog 

dog 

Y See footnote ,  Table I ,  p .  7 5  

Relative Animal 
Potency 

300 -500 
zoo mouse 
1 35 - 1 48 

Z 50 rat 

695 
(d) 1 1 6 mouse 
(d, 1 )  zoo mouse 
( 1 )  Z7Z mouse 

365 
rat 

600 rabbit 
Z60 

rabbit 
mouse  
rabbit 
rat 
rat 

1 000 mouse 

1 000 mouse 

1 000 

1 000 mouse 

Toxicity Ref. 
Admin. mgm . /kgm . 

14  
i .  p .  ALD5o·  1 90 60 

75 

s .  c .  LD5o . 6<.' 38 

93 
i .  p .  ALD5o· 70 65 
i .  p .  ALD5o• 70 65 
i .  p .  ALD5o · 70 65 

74 
i .  p .  MLD, 1.7 48 

i .  v.  LD5o•  65 1 09 
74 

i .  v .  LD5o•  7Z ± t . 7  1 1 0 
i. v. LD5o• 60 ± 3 . 4 1 1 0  
s . c .  LD5o· Z05 ± 1 5 . 9  1 1 0 
s .  c .  LD5o· 850 ± 37 1 1 0  
i .  p .  LD5o.  1 6 5 ± 9 . Z  1 1 0  

i .  p .  ALD5o· 70 60 
i .  p .  ALD5o• 1 1 0  60 

60 
i .  p. ALD5o• 90 60 
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than the correapondilllf N•methyl aualoa (No . 1 6) .  Derivatives with four or five carbou in the 
a ide chain also show this reduction in potency with N -methyl substitution. Results obtained with 
IS - phenyliaopropylamine (amphetamine , No. 5) and ita N-methyl auloa (methamphetamine , No. 1 8) 
are s omewhat variable . Data obtained with the cat93 ,  I 0 1 and doa7 , 48 , 74 ,  77 indicate leas pressor 
action with the N -methyl derivative (No.  1 8 ) .  A careful evaluation of IS - phenyl -n-propylamine 
(No. 6) and the N -methyl aualoa ( ' Vonedrine ' ,  No. 1 9) by Warren et ai l 09 did not d isclos e any 
important differenc e  in potency . T his haa been confirmed by Marah74 . 

The toxicities of these  phenylalkylamine a ,  ahoWD in Tables I and II ,  are relatively l ow. 
Increasi111 the s ize of the side chain apparently causes some inc rease in toxicity .  Thus , IS - phenyl
ethylamine ia only about one -half as toxic as IJ -phenyliaopropylamine by intravenous injection to 
rata . It should be noted also that intravenous inJection into rabbits of the laraer molecules 
(Nos . 7, 8 ,  1 4  and 1 5) indicated s ome increase in toxic action over that of IS -phenylethylamine 
(No. 3 ) .  The N -methyl derivatives may be slightly leas tm c than their  primary amine aualoaa . 

The substitution of an alcoholic hydroxyl aroup at C-Z  of phenylalkylaminea is gene rally 
unfavorable for vas opressor action (Table III) . When compared in the same experiments , 

TABLE Ill 

THE EFFECT OF PHENY LAMINOALKANOL.S ON BLOOD PRESSURE AND T OXICITY 

Compound Structure _Pre 
No. X y Animal 

Z4 H H cat 

cat 
cat 

Z5 CH3 H cat 
cat 
do a 

Z6 CzH5 H cat 
cat 

Z7 C3H7 H dog 
cat 

Z 8 C4H9 H cat 

Z9 C6H 1 3 H cat 

3 0  H CH3 cat 

dog 

0 · �H· CHX · NHY 

OH 

aor Actlonlo' ToxictlY_ 
Relative Animal Admin .  mgm . /kam. 
Potency 

lea s active rabbit i. v. ll MLO, .II' 80 
than No. 3 
300- 500 
1 Z4 . 5 

rabbit i. v. ALD, 30 -90 
rat i. v. MLD, 1 4 0  

60 
80 rabbit i. v. MLD , 75 

zzo mouse i. p. ALDso . 440 

ZZ6Z 
1 000 (approx . ) rabbit i. v. MLD, 50 

none 
depressor 

depre ssor 

depressor 

less  active rabbit i. v. MLD, 1 00 
than No. Z4 
Z70 mouse i. p .  ALDso. 490 

Ref. 

Z4 

1 4  
Z5 

6 
96 

1 0 1 
Z4 
60 

1 0 1  
Z4 

4 7 
1 0 1 

1 0 1  

1 0 1  

Z4 

60 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

First  Symposium on Chemical-Biological  Correlat ion, May 26-27, 1950
http: / /www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


78 

TABLE lll  (Cont . ) 

Compound Structure Pre s sor Action!/ Toxicity Ref.  
No. X y Animal Relative Animal Admin. mgm . /kgm.  

Potency 

3 1 CH3 CH3 cat (d, l )  1 90 rabbit i. v. M LD, 60 Z4 
cat ( 1 ) 1 4Z rabbit i .  v. MLD , 60  Z4 
cat (d) 4ZO rabbit i . v . M LD, 80 Z4 
dog (d , l )  466 mouse i. p. ALDso . Z7S  60 

( 1  ) rabbit i. v. LDso·  60 ± 3 . z 1 1 0 
( 1  )rabbit II .  c .  LDso. 1 7S ! 9 . Z  1 1 0 
( l )mouse s.  c .  LDso· 600 � ss  1 1 0 
( 1  )rat s .  c .  LDso . 650 ! 1 09 1 1 0 
( l )mouse s. c .  LDso. Z76 . 9 Z3 

3Z CzHs CH3 cat 1 /6 activity rabbit i. v. M LD , 4 S  Z4 
of No . 3 

3 3  C 3H7 CH3 cat depressor rabbit i. v. M LD, 3S  Z4 

34 H CH(CH3)z dog depressor mouse i .  v.  �LDso . 1 80 66 

35  H C4H9 cat depressor rabbit i. v. MLD, so Z4 

56 CH3 CzHs cat No. 3 1 rabbit i. v. M LD, so Z4 

37  CH3 C3H7 cat depressor rabbit i. v. M LD , 50  Z4 

38 CH3 CH(CH3)z cat s l .  pressor rabbit i. v . M LD, 40- 50 Z4 

39 CH3 C4H9 cat depressor rabbit i . v. M LD ,  l S  Z4 

40 CH3 c5H u  cat depressoT rabbit i. v. MLD, zo Z4 

4 1  (CH3 )z H dog 1·000 60 

1/ See footnote , Table I ,  p. 7S  

1' -phenylethylamine (No . 3 ) is more pressor than 1 -phenyl-Z -am inoethanol (No. Z4)  and N-methyl -
1' -phenylethylamine (No . 1 6) more active than 1 -phenyi- Z -methylaminoethanol (No . 30)Z4 , 60 . 
This re lationship is not clearly evident with the corresponding propyl derivative s .  Tainter l 0 1  

found 1 -phenyl -Z -amino - 1 -propanol (Nq,. Z5 ) distinctly more pre ssor than 1'-phenylisopropylamine 
in cats . Similar results have been obtained with the dog60 . However ,  results obtained with the 
corresponding methylamine• are variable and not in agreement with the above findings for the 
primary amines . Results obtained with cats s uggest higher activity for 1 -phenyl-Z -methylamino-
1 -propanol (No. 3 1 ) ,  this relationship being reve rsed in experiments on dogaZ4 , 60 ,  6 S ,  9 3 . Little 
or no pressor action was obtained with compounds in which the s ide chain contained more than 
three  carbon atoms . As shown in Table III ,  most of these higher homologs lowered blood 
pres sure . 

A comparison of the moat pressor compounds in Tables I -III suggest that the alcoholic 
hydroxyl at C -Z diminishes toxicity . The toxicity of 1'-phenylethylamine (No.  3 )  is probably 
s lightly greater than 1 -phenyl -Z -aminoethanol (No . Z4) ;  1' -phenyliaopropylamine (No. S) more 
than 1 -phenyl - Z -amino - 1 -propanol (No . Z S ) .  Increasing the s ize of the alkanol a ide chain 
increases toxicity , as previously pointed out for the phenylalkylamine s .  It is interestiq to 
compare the activities and toxic ities  of the optical isomers of Nos . 1 8 and 3 1 .  In the case of 
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N o .  l 8 ,  g reates t  vasopre s s o r  activity i s  obtained with the d -i some r ;  w ith No. 3 1 ,  w ith the l 
i s ome r . This ·  d iffe rence may res ult from the ma rked s timula ti ng a ction on the central ner vous 

sy stem (pos s ibly the vasomotor cente rs ) obse rved with the d - i some r of N o .  1 8  (see Table XXV ,  
p . I 08 ) .  Howeve r ,  this diffe rence in physiological  activity between the d · and ! - is omers did not 
s i gnificantly influence ac ute toxic ity inasmuch as the re was no i m portant diffe r e nc e  betw e e n  the 
optic a l  is orne rs and the r�cemic m ixture . 

Substitution of the phenyl  r ing at the 4 -pos ition with an hydroxy l increases pressor  action 
of the most pres sor  de r i vatives (Table IV ) .  In orde r of increas ing pre s s or potency , we find 

TAB LE I V  

THE EFFE C T  OF 4 - HYDROXYPHENY LALKYLAMINES ON BLOOD PRESSURE AND TOXICITY 

HOQ · cH2 · X · NHY 

� om pound Structure Pressor  Actionll Toxic itv Ref.  
No . X y �nimal Re lati ve Animal Admin. mgm . /kgm . 

Potency 

4 Z  CHz H c at 1 05 1 4  
cat 70 1 3  
dog 68 mouse i .  v .  LDso. Z80 ! ZO  60  
dog 50 - 1 00 guinea pig s . c .  LD3/5 • Z088 7 

mouse S . C .  MLD, Z750 l Z  

43 CHz CH3 cat 140  1 3  
dog 68 mouse i .  p .  ALDso. 760 60 

44 CH(CH3 ) H dog 50 - 1 00 guinea pig S . C .  LD4/5 • 1 84 7 
dog 59 60 
dog 1 00 rat i. v. LDso. 1 00 38 
cat I Z4 Z5  

45 CH(CH3) CH3 dog z so rat i .  v. LDso · 1 00 38 

46 CHz · C Hz H dog 1 750 rat i. v .  LDso . 1 70 38 

4 7  CHz · CHz CH3 dog 750 rat i. v .  LDso . 1 70 38 

.AI See footnote , Table I, p . 75 

l - phenyl -2 -aminoethanol (No . 24) < JS -phenylethylamine (No . 3) < JS - (4 -hydroxyphenyl)ethylamine 
(No.  42 ) .  The N -methyl ana log of the last compound (No. 43 ) is equal to or slightly less preuor 
than the primary amine . The introduction at C -2 of an alcoholic hydroxyl reduces pressor 
potency (Table V). Thus , 1 - (4 -hydroxyphenyl ) -Z -aminoethanol (No .  48)  i s  only one -half to one 
fifth as pressor as the corresponding ethane derivative . 
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TABLE V 

THE EFFECT OF 4 -HYDROXYPHENYLAMINOALKANOLS ON BLOOD PRESSURE AND TOXJCITY 

HO 0 · c;:"· CHX· NHY 

OH 

Com Structure Effect on Blood Pressurel 
pound X y o\Dimal Relative Potency Animal 

No. 

48 H H dog E ,lt zoo mouse 
dog E,  1 00 
cat E , 500 

49 H CH3 dog E ,  440 mouse 
dog E ,  250 mouse 
cat E , 1 1 6  
cat E ,  60 - 1 00 1) mCNse 

d ) mouse 

50 H CzH5 doa I ,  600 mouse 
dog I ,  1 000� 

5 1 H CH(CH3)z dog I ,  350 mouse 
dog I ,  zooi:l 

mouse 

5Z H C3H7 dog 1 ,  1 ooolil mouse 

5 3  H C4H9 dog I ,  1 ooolil mouse 
dog I ,  1 ooo!il 

54 H CH(CH3) ·  CZH5 dog I , 500 

5 5  H C(CH3) ]  dog I ,  350 mouse 
dog I, 3 50 

56 H CHz · CH(CH3 ) ·  CH3 dog I ,  very weak mouse 

57 CH3 H cat E ,  1 08 rabbit 
cat E .  67 

58  CH3  CH3 dog E ,  1 00 - ZOO 

59 CzHs H dog E ,  1 000 

Y See footnote , Table I, p. 75 
.hi E ,  Multiple s  of the effective p ressor  dos e of epinepbrinr 

I ,  Multiple s of the effect ive dep res sor dose of ' I suprel ' 
� Approximately 

Toxicity �er. 
1\dmin mgm. fklm. 

i. p .  I\Lo50 , 6oo 66 
14 
78 

i. p .  1\LDso . I OOO 66 
i. v. 1..D5o . Z7o t 1 2  60 

1 04  
s . c .  �LD, 700 -800 58 
s .  c .  �LD, 1 500 58 

i .  p. [f.LD5o. 600 66 
78 

i .  p. fi\LD5o · 370 66 
78 

i .  v. �D5o•  144 t 1 0  60 

i .  p. �D5o · 300 66 

i .  P• �Dso ·  150 66 
78 

67 

i. p .  I\LD5o . 250 66 
78 

i .  P ·  I\LD5o · zzo 66 

i .  v.  MLD, 1 30 Z4 
1 00 

84 

67 
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8 1  

In experiments on the dog, N-alkyl substitution of 1 -(4 -hydroxyphenyl)-Z -aminoetbanol 
(No. 48 )  results in depressor action when the N-alkyl substituent is larger than methyl. This 
depressor action bas been expressed as multiples of the .effective dose of ' Isuprel ' (No. 1 03 ) .  The 
N -isopropyl (No. 5 1 )  and N-.1. -butyl (No. SS) derivatives were the most potent depressor agents . 
Derivatives in which the N-alkyl group is propyl, butyl or isobutyl have low activity . This . 
suggests that the structural requirements favorable for depressor action are -NH · C • in which the 
hydrogen atoms of this methyl group are replaced by one (No . SO) ,  two (No .  5 1 )  or three (No. 55) 

H 
methyl groups64 , 66 ,  67 . Derivative No. 54 in which the N -alkyl group is -NH· C · CzH5 was found 

CH] 
to be less potent than Nos . 51 and 55 . When there is no methyl substitution, as indicated above , 
or when larger groups are substituted (Nos . 5Z ,  5 3 and 56) , depressor potency is greatly reduced 
or abolished. The alcoholic hydroxyl at C - Z  is important for tbis action66 . This will be 
discussed in a subsequent portion. Increase in the s ize of the s ide chain to propanol (Nos . 57 and 
58 )  does not influence pressor potency; an increase to butanol (No. 59) causes a great reduction. 

Hydroxyl substitution of the phenyl ring at the 3 -position appears to influence pressor 
action of these ethane derivatives to no greater extent than does substitution at the 4 -position 
(Tables IV and VI) . A comparison of the pressor potencies of � -phenyletbylamine (No. 3) with the 

TABLE VI 

/ 
T HE E FFECT OF 3 -HYDROXYPHENYL..ALKYI...AMINES ON BLOOD PRESSURE AND T OXICITY 

HD · CHz· X · NHY 

Compound Structure Pressor Actionii. Toxici y �ef. 
No .  X y Animal Relative Animal Admin. mgm. /kgm. 

Potency 

60 CHz H cat 1 00 1 4  

6 1 CH(CH3) H dog 300 rat i. v. LD5o. 70 38 

6 Z CH(CH3) CH3 dog 1 Z5 rat i .  v. LD5o• 60 38 

6 3 CH(CH3) CHz · C6Hs dog zooo rat i .  v. LD5o • 35 38 

64 CHz · CHz H dog 300 rat i. v. LD5o• 90 38 

6 5 CHz · CHz CH3 dog Z50 rat i. v. LD5o. 90 38 

66 C Hz · CHz C Hz · C6H5 do a zooo rat i .  v. LD5o• 45 38 6 7 CHz C H(CH3 )z dog depressor 

Y See footnote , Table I ,  p . 75 
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corresponding 3 - (No. 60)  and 4 - hyd roxyphenyl (No . 4Z)  analogs suggest that the three compounds  
have  activities of  a s imilar orde r of  magnitude .  An increase  in the  s ize of  the s ide  chain to 
propyl and alkyl substitution of the amino group reduces  pressor potency .  Both P - ( 3 -hydroxy 
phenyl )isopropylamine (No. 6 1 ) a.nd y - ( 3 -hydroxyphenyl )propylamine (No. 65)  have been reported 
to be les s e!!ective than 1' - ( 3 -hydroxyphenyl)ethylamine (No . 60) .  

A comparison of toxic ity data in  Tables  I V  and VI  sugge st that the 3 -hydroxyphenyl 
der ivatives are more toxic than the corresponding 4 - hydroxy analog s .  A d irect comparison of 
acute intravenous toxicity in the rat of 11 - (4 - hyd roxyphenyl ) isopropylamine (No. 44) with P - ( 3 -
hydroxyphenyl ) i sopropylamine (No. 6 1 )  suggests that the latte r  i s  approximately one -third more 
toxic 38 . Simila rly with the y -phenylpropylamines (Nos . 46 and 64 ) ,  the 3 - hydroxyphenyl compound 
i s  about two t imes more toxic than the 4 -hydroxy analog . The addition of an alcoholic hydroxyl 
at C - Z diminishes toxic ity. This i s  i l lustrated by compound Nos . 4 3 (Tabl e  IV)  and 49 (Tabl e V) .  
The ethanol derivative i s  approximately one -thi rd l e s s  toxic .  Unfortunate ly other toxic ity data 
in Table V cannot be used for d irect  comparison with that in Table I V ,  but indicates toxiciti e s  of 
a re latively l ow orde r of magnitude . 

The r e  i s  a marked d ifference  in the effect of the alcohol ic  hyd roxyl at C - 2 , depending upon 
whethe r the phenol ic hydroxyl is at the 3 - or 4 -pos ition on t he ring . A comparison of the pressor 
potency of 1 - ( 3 -hydroxyphenyl).- 2 -aminoethanol (No. 68) with that of the 4 -hydroxyphenyl analog 
(No .  48 )  revea l s  a five to ten -fold greater potency for the former  (Table VII) .  The N-methyl 

TABLE VII 

THE EFFECT OF 3 -HYDROXYPHENYLAMINOALKANOLS ON BLOOD PRESSURE AND TOXICIT Y 

Compound 
No . 

6 8  

69 

70 

7 1  

7Z 

73 

Structure 

H� · �H· CHX· NHY V OH 

Effect on Blood Pressure  Toxicity 
X y �nimal Re lative Potency Animal Admin.  mgm. /kgm . 

H H dog E,  1 5 -2( mouse i .  p . ALD50• 370 -420 
rabbit i .  v. ALD5o • 5 - 1 0  

H CH3 cat (d , l )  E ,  1 5  mouse 1 000 
cat (d , l )  E, 5 . 6 
cat ( 1 )  E,  2 . 3 
dog (1) E, 7 mouse i .  p .  ALDso.  1 40 
dog (d , l )  E ,  l Z  mouse i . p .  ALDso.  420 
dog (d) E, 77 

1 )  rabbit i .  v .  LDso• 0 . 5 '!: 0 . 1 5  
! )rabbit s . c . LDso. 22 :t 2 . 2 
l ) rat s . c .  LD5o . 27 t 2 . 9  
! )mouse s. c .  LD5o . 22 ± 4 .  3 

H CH(CH3) dog I, 500 mouse i. p. ALD5o• 320 

CH3 H cat E, 9 . 8 

CH3 CH3 cat (1)  E, 1 07 .  7 

CH3 CH(CH3 )2 dog I • 1 000 
1 

Ref. 

60 
60 

59 
1 00 
Z5 
65 
65 
65  
1 0  
1 0  
1 0  
1 0  

66 

25 

25 

67 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


8 3  

derivative (No. 69) i s  probably not significantly more pressor than the primary amine (No. 68) . 
The d ifference in potency between the primary and secondary amine , when the phenolic hydroxyl 
is in the 4 -P.osit ion (Nos . 48 and 49 ) ,  is somewhat more definite . Results obtained in this 
labo ratory66 indicate a definite reduction in activity with N -methyl substitution . The N-isopropyl 
ana l og of No. 68 (No . 70) is distinctly vasodepressor ,  a lthough less  potent than ' ls upre l ' .  
Lengthening of the s ide chain reduces this activity . 

These data indicate that the effect of the hydroxyl at C -Z and of N -methyl s ubstitution is  
influenced by  the presence of  a phenolic hydroxyl in the 3 -position. In i ts  absence these 
s ubstitutions e ithe r a re without effect or diminish pressor potency . The increase in pressor 
activity of the 3 - hydroxyphenylalkanolamines is associated with some inc rease in toxicity . 

Hydroxy substitution of the ring at the 3 - and 4 - or 3 - ,  4 - and 5 -positions (Nos . 76 and 77) 
may i nc rease activity somewhat but not enough to change the orde r of magnitude (Table Vlll ) .  The 

TA&LE Vlli 

T HE EFFECT OF RING SUBSTITUTION OF � -PHENYLETHY LAMINE ON VASOPRESSOR ACTION 

Compound Structure Pressor Actionil Reference 
No . 4 3 z y Animal Relative Potency 

3 H H H H cat 1 83 
dog 1 1 1 - 1 1 6 7 5  

1 6  H H H CH3 dog 1 35 - 1 48 75 

4Z OH H H H dog 68 60 
dog 53 -66 75 
cat 1 00 75 

74 H OH H H cat 1 00 1 4  

7 5  H H OH H cat 500 14  

76 OH OH H H cat 50 1 4  
dog 57 60 

77 OH OH ( 5 -0H) H dog 50 40 

78 OH OH OH H cat 1 00 1 4  

79 F H H H dog 74 -80 75 
cat l ZO 75 

80 F H H CH3 dog 97 - 1 00 75 
cat zzo 75 

8 1  Cl H H H cat 368 98 

8Z NOz H H H cat 8Z3 98 

83 CH3 H H H cat equals No. 3 43 

84 CzHs H H H cat No. 3 43 
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TABLE Vlii (Cont . ) 

Compound Structure Preuor Action.ll Reference 
No . 4 3 z y Animal Relative Potency 

85 CH3 H H CH3 cat equala No. 3 43 

86 H CH3 H CH3 cat equals No. 3 43 

87 H H CH3 CH3 cat one -half aa 
active aa No. 3 43 

88 NHz H H CH3 doa one -fifth as 
active aa No. 3 1 8  

� See footnote , Table 1 ,  p .  75  

Z , 3 , 4 -trihydroxy substituted compound (No . 78) has approximately the same activity a s  the 
monosubstituted compounds ,  Nos: 4Z and 60 .  The jS - (4 -fiuorophenyl)etbylamine derivatives 
(Nos . 79 and 80) are approximately equal in activity to the unaubatituted compounds (Noa . 3 aDd 
1 6 ) .  The activity of IS - (4 -chlorophenyl)ethylamine (No. 8 1 )  appears to be leas than that of the 
correapondina fluoro-derivative . The 4 -Ditrophenyl analog is weak. Substitution of the rina with 
a methyl or ethyl aroup in the 4 -poaition (Nos . 83 -85) does not areatly influence pressor potency . 
Similarly, the Z - and 3 -methyl substituted phenylethylaminea (Nos . 86 and 87) have pressor 
activities comparable to that of the unaubatituted compounds . The 4-amlno derivative (No . 88) 
appears to be distinctly leas active than the corruponding unaubatituted compound (No. 1 6) .  

The alcoholic hydroxyl a t  C -Z areatly inc reases pressor potency when the phenyl riq ia 
substituted by an hydroxyl at the 3 -poaition (aee above) or by 3 , 4 -dibydroxy substitution (No. 90, 
arterenol , norepinephrine) but is ineffective when the bydroxyla are substituted at the Z, 4 -
(No. 9 1 ) o r  Z , 5 -poaitiona (No . 94) . The Z ,  3 , 4 -tr ihydroxypbenyl derivative (No . 9Z) i a  depressor 
and the 3 , 4 ,  5 -trihydroxy derivative ia inactive (Table IX) . Maximum preuor activity ia obtained 

TABLE IX 

THE EFFECT OF RING SUBSTITUTiON OF 1 -PHENYL-Z -AMINOETHANOL 
ON VASOPRESSOR ACTION AND TOXICITY 

3 z 
40 · c::H · CHz· NHz 

OH 

Compound Structure Pressor Actionll Toxicity 
No. 4 3 z �mal Relative Animal Admin . mam . /kam. 

Potency 

48 OH H H dog zoo mouae i. p. ALD5o· 600 

89 H OH H dog Z0 -40 mouse i. p. ALD5o· 370 -4ZO 

Ref. 

45 

60 
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TABLE IX (Cont. ) 

CompoUDd Pressor Actiorl" Toxicity Ref 
No. 4 3 z �mal Relative Ammal Admin mp. /qm, . 

Potency 

90 OH OH H cat (d , l )  1 . 5 1 4  
cat (d , l) l . Z  99 
cat {d, l) 0. 5 Z5 
dol (1) 0 . 6 3 7 1  
dol (d) Z7 . 5 7 1  

(1) rat i. v. LD5o. 0 .  1 t o . 0 1  50 
(d, l )  rat i .  v .  LDso· 0 . 1 3 ! O . OZ 50 
(d) rat i. v .  LDso• 1 . 4  ! 0 . 14 50 
(1) mouse i. v . LD5o. 5 ! 1 50 
(d, l) mouae i .  v. LDso. 7 . 5 ! Z 50 
{d) mouse i. v. LD5o· 60 ! ZO 50 

9 1  OH H OH very weak 1 7  

9Z OH OH OH rabbit depressor 70 

93 OH OH (5 -0H) rabbit inactive 70 

94 ( 5 -0H) H OH rabbit weak 70 

Y See footnote , Table I, p. 75 

with the primary amine (No. 90, nor -epinephrine) or the N-methyl homolo1 (No . 95 ,  epinephrine) .  
The N-ethyl derivative (No. 96) is both preuor and depressor. Intravenous injection cauaea an 
initial trans ient rise in blood pressure followed by a sharp fall. This diphasic response has also 
been observed with the N-propyl derivative (No . 97). The N-butyl and -amyl derivatives (Nos . 
98 and 99) are depressor. The N- isopropyl compound (No. 1 00, isopropylarterenol, ' lauprel ' , 
'Aleudrine ' )  is a potent vasodepressor substance and , for the pllrpose of this review, activities 
of other depressor amine• are expressed as multiples of the effective dose of this dru1. The N
!!£· -butyl (No . 1 0 1 )  analog is somewhat leas potent and the N-!,. -butyl (No . l OZ) analo1 more 
potent than ' Iaupre l ' .  The N-ieobutyl (No . 1 03) and -cyclopentyl (No. 1 04) anal01• are one -fifth 
to one -ninth as depressor as 'Ieuprel ' .  The substitution of lar1er N-alkyl groupe (Nos . 1 05 - 1 07) 
causes a marked reduction in depressor potency . 

Epinephrine has a very high toxicity and is  the most toxic amine tabulated in this review. 
The primary amine (arte renol) and N-ethylarterenol are sli1htly less toxic than epinephrine . The 
substitution of larger N-alkyl groupa results in a distinct reduction in toxicity . ' Ieuprel ' is 
approximately thirty times lees toxic than epinephrine. An examination of these data also shows 
that the toxicity of the 1 -iaomere of both arterenol and epinephrine are distinctly more toxic than 
the d -iaomera or the racemic mixtures .  Similarly, pres sor action results lar1ely from the 
1 - iaomen inasmuch aa the potency of the d-isomer is very small. This hilh toxicity appears to 
be c losely related to the high excitatory sympathomimetic (vasopressor) actions of these dru1s . 
The effective dose of ' lauprel '  is somewhat leas than that for epinephrine64 but, by comparison, 
has a very low toxicity. The inhibitory sympathomimetic action, represented hy this response ,  
does not appear to be closely related to toxicity. An examination of the toxicity of compound 
Nos. •8 , 89 and 90 (Table IX) shows an increase with hydroxy substitution of the ring in the order 
4 -hydroxy < 3 -hydroxy < 3 , 4 -dihydroxy. The alcoholic hydroxyl at C -Z increases both pressor 
action and toxicity . However , with a ein1le hydroxyl at the 4 -poeition 011 the ri01 both vaso 
pressor action and toxicity are diminished by the hydroxyl at C - Z . Theae findings aulaeat that the 
increase in toxicity is directly related to the increase in pressor action, 
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TABLE X 

THE EFFECT OF N -ALKY L SUBSTITUTION OF 1 - (3 ,  4 -DIHYDR OXYPHENYL) -Z -AMINOETHANOL ON BLOOD PRESSURE ACTION 
AND TOXICITY 
HD HO · <;:H·  CHzNHY 

OH 

Compound Structure Effect on Blood Preasure.ll Toxicity Refe rence i 
No .  y Animal Relative Potency Animal Admin. mgm . /kgm . 

I 

90 H cat (d, l ) E , l?/ 0 .  5 - l .  5 (see Table IX) 1 4 , 2 5 , 99 
dog (1 ) E ,  0 . 63 7 1 
dog (d, l ) E ,  l .  35 mouse i . p .  LD5o•  1 5 . 6 ! 3 . 8 64 

(d , l ) mouse i .  v. LD5o. 7 . 5 !  z 50 

95 CH3 (1) E ,  1 . 0 6 7 , 97  
cat (d) E ,  zo . o 
cat (d) E, 1 8 . 5 ! 0 . 7 

( 1 ) mouse i. v .  LD5o. z . 7 ! 0 .  z 50 
(1 ) mouse i .  p. LD5o• 4 .  6 ! 0 .  5 64 
( 1 )  mouse a . c .  LD5o•  3 . 86 Z3 
(1 ) rat i .  v. LD5o•  0 . 4 ! 0 .  004 50 
(1)  rat a. c .  MLD, 5 - 1 0  1 9  I (1 ) rat oral MLD, 30 1 9  
(1 ) rabbit i. v. MLD, O . Z -0 . 3 1 9  I 
(1) rabbit •. c .  MLD, 1 0 -ZO 19  
(d, 1)· 'llloue i .  p .  LD5o•  7 .  8 ± l .  3 64 
(d, l ) mouse i. v .  LD5o· 4 .  0 ± 0 .  5 50 

96 CzH5 cat E , I ,  zo . 1 0  mouse • .  c .  ALD5o · 6 57 
dog E , I, 5 , 3 mouse i . p .  LD5o •  Z7 .  5 ± 4 .  Z 64 
dog E, I ,  weak, 6 - 8  mouse i . v .  LD40 -60 • 8 - l Z  79 
cat E, I ,  weak, Z - 5  79 

97 C3H7 cat I ,  weak mouse a .  c .  ALD5o ·  >ZOO 57 
cat E , I , weak mouse i. p. LD40 -60. 1 50 - 300 79 

mouse i .  v. ALD5o · 9 5  6 7  

98 C4H9 dog I ,  1 7 mouse i . p. LD5o• 347  ! l Z  64 

- - - - -- - -

QO 0' 
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Compound Structure 
No. y 
99 n-C5H 1 1 

1 00 CH(C H3)z 

1 0 1  CH(CH3 ) ·  CHZ · CH3 

l OZ C(CH3)] 

1 03 CHz · CH(CH3) ·  CH3 

1 04 Cyclopenty l 

1 05 CH(CzH5)z 

1 06 CH(CH3) · CH(CH3)z 

1 07 Cyc 1ohexyl 

� See footnote , Table I ,  p. 75 
!Y See footnote , Table V .  p.  80 

TABLE X (Cont . ) 

Effect on Blood Pres sureY 
Animal Relative Potency Anima l 

dog I, 4 mouse 

cat I, I mouse 
cat I, 1 mouse 
dog I, 1 mouse 

mouse 
rat 

dog I ,  weak mouse 
dog I, 1 . 3  mouse 

dog I ,  0 . 4 -0 .  6 
rabbit I ,  weaker than mouse 

No. 1 00 
mouse 

dog I, 9 

dog I, 5 mouse 

dog I ,  Z5 

dog I, zo 

dog I ,  3 1  mouse 

Admin. 

i . v .  

s .  c . 
i . p .  
i .  p .  
i .  v. 
oral 

i . p . 
i . p . 

i. p.  

i .  v.  

i .  v . 

i . v.  

Toxicity 
mgm . /kgm. 

ALD5o• 36 

ALD5o• 60 - 75 
LD4o -6o • I Z0 - 3oo 
Lo50• 494 "!: 1 3  
LD50 , 77 "!: 1 
LD5o · zooo 

LD40 -60 • 1 80 - 300 
Lo50 • 464 "!: 8 

LD5o · 370 ! 1 1  

ALD5o• 47  

ALD5o • 53 

ALDso· 67 

Refe rence 

67 

57 
79 
64 
Z9 
Z9  

79 
64 

79 
64 

6 7  

67 , 97 

67 

6 7  

6 7  

67 

01> ... 
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Significant vasodepressor action is observed with 1 -phenyl-Z - isopropylaminoethanol 
(No . 34) but is absent with N -isopropyl -j5-phenethylamine66 . Substitution of the pheDyl ring of 
No. 34 by an hydroxyl at e ithe r the 3 - or 4 -position increases this depres sor action, the inc reases 
observed being of a s imilar orde r of magnitude . Maximum action is  obtained when both hydroxyls 
are pres ent ( ' ls uprel ' ) and absent when the alcoholic hyd roxyl is  removed from C - Z . 64 The 
hydroxyl group at C - Z appears to be most important for vasodepre ssor action .  

It would appear that the 3 -hydroxy group o n  the phenyl r ing is the key structure for vaso 
pressor action and that the alcoholic hyd roxyl at C - Z  is s imilarly the key st ructure for vasode 
pre ssor  action. Othe r substitutions are important insofar as they modify these  actions . This i s  
furthe r i llustrated by the data shown in Table X I .  When the hydroxyl a t  C - Z  o f  ' Isuprel '  i s  

TABLE X I  

T H E  EFFECT OF THE ALCOHOLIC HYDR OXY L ON VASOPRESSOR ACTION AND TOXICITY 

3 

�om -
pound 

No . 

3 

1 08 

1 09 

1 1 0  

1 1 1  

l i Z 

1 1 3 

1 1 4 

4Z 

76 

z oo  

ZOO a 

1 1 5 

1 1 6  

Structure 
4 3 

� H 

pH H 

Z , 5 -dihydroxy) 

OH OH 

OH OH 

OH OH 

OH OH 
OH OH 

OH H 

pH OH 

Z, 5 -dimethoxy) 

Z ,  5 - d imethoxy ) 

pH OH 

pH OH 

X 

H 

0 

0 

0 

0 

0 

0 

0 

H 

H 

H 

H 

H 

H 

y 

H 

H 

H 
H 

C H3 

CzH5 

C 3H7 

40 <;=HCHz · NHY 

X 

Pressor  Actionll 
Anima Relative 

Potency 

cat 1 83 
dog 1 00 

cat 

cat inactive 

cat Z 3 

cat Z 3 
dog 5 Z 

cat 1 5 

cat 1 40 

CH(CH3 )z dog > 1 000 

H cat 70- 1 0 5 

dog 68 

H cat 50 

H dog + 50 mm . Hg at 
0. OOZ 5 mM/kgm 

CH3 dog t 50 mm . Hg at 
Cl. OOZ mM/kgm. 

CH3 cat 7 
dog 6. 5 

C zH5 c a t  Z 3  

Toxicity Ref .  
Animal Admin mgm . /kgm .  

I O J  
moust  i .  v.  LD 5 o· 9 5 � 5 60 

14  

1 7 

1 4  

1 4  
mouse i . p .  LD!'O• 90Z t Z5 64 

1 4  

1 4  

mouse i .  p.  LD 5o. 470 t 1 5 . 6 64 

1 3 
1 4  

mouse i .  v .  �50 • Z8o t zo 60 

1 4  

mouse i .  p .  �50 · 1 6 1  49  

mouse i . p. Ll'5 0• 1 24 49 

1 4  
mouse i .  v. LD 5o .  1 1 0  ± n 64 

1 4  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

F i r s t  S y m p o s i u m  o n  C h e m i c a l - B i o l o g i c a l  C o r r e l a t i o n ,  M a y  2 6 - 2 7 ,  1 9 5 0
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 7 4
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TABLE XI  {Cont . ) 

Com - Structure Pres sor  Actioni!l Tox ic ity Ref. 

tpound 4 3 X y �nimal Relative �nimal Admin. mgm. /kgm. 
No. Potency_ 

1 1 7 OH OH H CH(CHJ)z dog pressor  or mouse i .  P ·  1...D5o · 500 ! zz 64 
depre s sor 

90  OH OH OH H cat (d , l )  0. 5 - l . 5 1 4 ,  
Z 5 , 
99 

dog (1 )  0. 6 3 7 1  

9 5  OH OH OH CH3 1 (See Table X) 

95a OH NHz OH CH3 cat weak I I 3Za 

1 1 8 OH OH OH czH5 depressor (See Table X) 

Z 0 6  (Z , 5 -dimethoxy) OH H dog + 50 mm. Hg at 
0 .  00 1 mM/kgm . 

i . P ·  �...D5o • 1 3 1 49 

Z 06a (Z , 5 -dimethoxy) OH C H3 dog + 50  mm. Hg at i . P· L.D5o • 94 49 
0 .  0005 mM/kgm 

AI See footnote , Table I, p. 75  

replaced by = 0 {No .  1 1 4) , the resultant compound is  not depressor but is  a weak pressor agent. 
The c orresponding primary amine (No. 1 1  0) and the N -methyl analog (No. 1 1 1 )  are potent pressor  
d rugs . A l l  of  the ketone derivatives s hown in th is  tabl e ,  except the Z , 5 - dihydroxyphenyl de riva 
tive (No. 1 09 ) ,  have some pressor action. Similarly , removal of the hydroxyl at C - Z  to give N
isopropyl - ,:1 - { 3 , 4 -dihydroxyphenyl )ethylamine (No. 1 1 7 ) may cause a r i s e  in blood pressure . The 
cor re spond ing p rimary amine {No. 76) and the N -methyl analog (No. 1 1 5 ,  ' Epinine ' ) are potent 
pre s s or agents . 

The replacement of the phenoli c  hydroxyl at the 3 -position on the phenyl r ing by a methyl 
group (No .  I 1 9 , Table XII) causes  a great reduction in pressor  potency (compare with No. 68) . 

TABLE XU 

THE EFFECT OF RING SUBSTITUTION OF 1 -PHENYL-Z  -AMINOPROPANOL 
AND 1 -PHENYL-Z -METHYLAMINOPROPANOL ON VASOPRESSOR ACTION AND TOXICITY 

Compound Structure 
No. 4 3 z y 

Z 5  H H H H 

1 1 9 H CHl H H 

3 z 
4o<;:H ·  CH(CH3) · NHY 

CH 

P re s sor Action!Y 
Animal Relative Animal 

Potency 

cat 60 -80 rabbit 
�ouse 

cat 1 6 8  

Toxic ity Ref . 

Admin. mgm. /kgm. 

i . v.  �LD, 75 � . 1 3 
i .  p .  �LD5o . 440 �0 

1 0 1  
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TABLE XII (Cont. ) 

Compound Structure Fressor Action.!/ Toxicity Ref. 
No. 4 3 2 y Animal Relative �nimal !Admin !msm ./kgm 

Potency 

1 20 OH CH3 H H cat 288 1 0 1  

1 2 1 FH3 OH H H cat 1 5 1 1 0 1  

1 22 CH30 H H H 1 /Z as active as  rabbit i. v .  MLD , 35 47 ,  
No . 25 1 0 1  

1 23  H H CH30 H 60 -80 47 , 
1 0 1  

cat 226 1 0 1 

1 24 CH30 H CH30 H cat depressor  1 0 1  

1 25 CH30 CH30 ( S -CH30) H cat very weak 1 0 1  

1 26 ( S -CH30) H CH30 H dog + 50 mm. Hg at mouse i .  p .  ILD5o• 92 49 
0 .  0006 mM/kgm 

1 26a (S -CH30) H CH30 CH3 dog + 50 mm . Hg at mouse i .  p. ILDso• 96 49 
0 .  00 1  mM/kgm. 

1 27 NH2 H H CH3 cat 1 5 3 1 0 1  

1 27a OH NH2 H CH3 cat very weak 3Za 
1 28 OH OH NHz CH3 very weak 72 

1 29 C l H H H cat 248 1 0 1  

iJI See Footnote , Table I ,  p .  75 

With a 3 -methy l  group present , the subsequent addition of a 4 - hydroxy group (No. 1 20)  caus e s  a 
furthe r reduction in potency . When these  pos itions are reversed (No. 1 2 1 ), the re sultant 
compound is almost twice as active with a corresponding increase in toxicity . The effect of 
methoxy substitution on the phenyl ring is var iable . The 2 - methoxy , 4 -methoxy and 2 , 5 -
d imethoxy de r ivatives equa l  the pre ssor  activity o f  the unsubstituted compound (No. 25 )  o r  a r �  
one -half as  active47 • 1 0 1 . The 2 , 4 -dimethoxy and 3 , 4 ,  5 -trimethoxy analogs are either very weak 
or inactive49 ,  1 0 1 . Amino s ubstitution at the 4 -position (No. 1 27 )  decreases action and the 
2 -amino - 3 , 4 -dihydroxy analog (No. 1 28)  i s  a lmost inactive . The substitution of chlorine at the 
4 -pos ition on the ring reduces pressor  potency to about one - fourth that of the unsubstituted 
compound .  

Increase in  the length o f  the s i de  chain by  substitution a t  C - 1  reduces pressor potency 
(Table XIII ) ,  particularly when the substituent i s  as  large as ethyl (No. 1 3 1 ) . Substitution of the 
am ine by a methyl (No. 1 32 ) or  larger alkyl group results in compounds with depreuor action. 
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TABLE X lll 

THE EFFECT OF VARYING THE LENGTH OF THE SIDE CHAIN OF 1 - (3 , 4 -DlHY DROXY 
PHENYL) - Z -AMINOALKANOLS ON BLOOD PRESSURE ACTION AND TOXICITY 

Compoun� Structure 
No .  X y 

90 H H 

1 30 CH3 H 

I 3 1  czHs H 

95 H CH3 

1 3Z CH3 CH3 

1 00 H CH(CH3)z 

1 33 CH3 CH(CH3)z 

1 34 CzHs CH(CH3)z 

I 04 H cyclopentyl 

1 3 5 CzHs cyclopentyl 

1 07 H cyclohexyl 

1 36 CH3 cyclohexyl 

1 3 7 czHs cyclohexyl 

.II See footnote , Tal?le I , p. 75 
lr' See footnote , Table V ,  p. 80 

HO 
HO O ·  <?H· CHX· NHY 

OH 

Effect on Blood Pressure.ll 

!Animal Relative Potency 

cat (d , l )  E , lr'  o .  5 - l .  5 

dog (d ,  1 ) E ,  1 . 35 

dog E ,  z 
E ,  l Z 

cat E ,  3 . 3 

cat I , 300 
dog E,I ,  ZOO , ZOO 

E ,  1 

dog I 

I ,  I 

dog I ,  7 

dog I ,  1 6  

dog I ,  5 

dog I ,  1 4  

dog I ,  3 1  

dog I ,  440 

dog I ,  500 

Toxicity R ef. 
Anima� Admin. mgm.7kgm. 

(See Table IX) 4, Z5, 
99 

�4 

�4 
rat i .  v. !LDso.  8 �9 

05 

0 1  
mouse i . v. !LDSO • 1 1 7! 1  � 3 , 1 0Z 

(See Table X) 

I I 4 

(See Table X) 

mouse i .  v. toso ·•• &0 

mouse i. v. 50 • 57:!:Z )3  

mouse i. v. Dc;o ,53 ) 7  
(See Table X )  

mouse I i. v .  �Dso .  83±7 )3  

(See Table X)  
mouse i .  v.  !ALD50 .6 7  �7  

mouse i. v.  �D50 ,47 �0 

mouse i .  v . LDSO • 8 3 !4 63 

Depres s or action is also dimished by lengthening of the side chain. Thus with the N - isopropyl 
analogs , the effect on pressor potency of substitution at C - 1  i s H >  CH3 > CzHs (Nos . 1 00 ,  1 33 ,  
1 34 ) .  Similar results we re obtained with the N -cyclopentyl and N-cyclohexyl derivatives .  These  
data suggest that a two ca rbon s ide chain is optimum for  both pres s or and depressor action. 

Toxicity of p ressor  compounds diminishes along with the reduction in p ressor potency. 
This is illustrated by the primary amines in Table XUI (Nos . 90 ,  1 30 and 1 3 1  ) . Increase in  the 
length of the side chain by substitution at C - 1  reduces both pressor action and toxicity .  The 
butanol derivative (No. 1 3 1 )  has about 1 /ZOO - 1 /3 00 the p ressor action and about 1 / 1 5 the 
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tox ic ity of the primary amine (No . 90) . All of the depressor compounds have re latively low 
toxic ities . There does not appear to be any c lear correlation between the size of the s ide chain 
and toxicity with thes e  c ompounds . 

Dialkyl substitution of the amino group (Table XIV) greatly diminishes or abolishes pressor 

Compound 
No . 

1 38 

1 39 

1 40 

1 4 1 

1 42 

1 43 

1 44 

1 45 

1 46 

1 47 

148  

1 49 

TABLE XIV 

THE EFFECT OF DIALKY L SUBSTITUTION OF THE AMINE GROUP 
OF VARIOUS PHENY LALKYLAMINES ON VASOPRESSOR ACTION 

3 
4 0 · <;:H· X · NY 

R 

Structure Pressor  Action!/ 
4 3 R X y Animal Relative 

Potency 

H H H CH2 (CH3)2 dog weak 

H H H CH2 (C2Hsl2 dog variable 

H H H CH2 (C3H7 )2 weak 

H H OH CH(CH3) (CH3 )2 cat weak 

H H OH CH(CH3) CH3 , c2H5 dog ( l) very weak 

H H OH CH(CH3) (c2Hsl2 cat ve ry weak 

OH H H CH2 (CH3)2 cat variable 

NH2 H H CH2 (CH3)2 dog >No . 1 34 

OH H OH CH2 (CH3 )2 dog 1 000 

OH H OH CH2 (C2Hsl2 dog >2000 

OH H OH CH2 (CH(CH3 l2l2 dog inactive 

OH OH OH CHz CH3 cat zs 
cat 1 0 -ZO  
dog ZS - 35 
cat 25 
dog 40 

Y See footnote , Table I ,  p .  75 

Ref 

83 

83 

20 

24 

1 6  

57 

1 0 1  

1 8  

67 

67  

67 

39 
88 
90 

1 08 
1 08 

action. Only the N-dimethyl analog of arterenol (No. 1 49 ) posseues s ignificant vasopressor 
action. The N-diisopropyl analog (No. 1 48) of the active vasodepres sor compound, 1 - (4 -byclroxy 
phenyl )  - Z - isopropylaminoethanol , is inactive . Toxic ity data have been available to the write r  for 
only a few compounds . One of these ,  No. 1 49 , has been reported to have an intravenous lethal 
dose in rabbits of 40 mgm. /kgm. and a subcutaneous lethal dose in mice of Z SO mgm. /kgm. The 
corresponding secondary amine ,  epinephrine , is approximately 1 00-ZOO  times more toxic .  
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T he effect of hydrogenation of the phenyl ring on vasopressor action is s hown in Table XV. 

TABLE XV 

THE EFFECT OF HYDROGENATION OF THE PHENY L RING 
OF VARIOUS SYMPATHOMIMETIC AMINES ON BLOOD PRESSURE AND TOXICITY 

�ompouncl 
No. 4 

1 50 H 

1 5 1 H 

I S Z H 

1 5 3 H 

! 54  H 

1 5 5 H 

1 56 OH 

! 5 7 OH 

1 58 H 

1 59 H 

1 60 H 

1 6 1 H 

R 

H 

H 

H 

CH3 

CH3 

OH 

OH 

OH 

H 

H 

H 

H 

Structure 
X 

CHz 

CHz 

CHz 

CHz 

CHz 

CHz 

CHz 

CHz 

CH(CH3) 

CH(CH3) 

CHz · CHz 

C Hz · CHz 

� See footnote , Table I ,  p .  75 

y 

H 

CH3 

CzH5 

H 

CH3 

C H3 

CH3 

CH(CH3)z 

H 

CH3 

H 

CH3 

Pre sor Actionll 
!Anima Re lative 

Potency 

· cat weak 
dog 565 

Z74 

dog 3Z4 
dog Z30 

dog 350 

dog 5 39 
dog 5 1 6  

dog 3 1 Z 
dog 435 

dog 1 000 

dog > 1 000 

dog >ZOOO 

dog 475 
dog ZZ5 
dog 333  
cat Z00 -400 

dog d ,  1 ) Z90 
d) 400 
1) 1 60 

dog d , l)  479 
dog d, l )  7 1 0  

cat Z00 -400 

dog Z50 

Animal 

mouse 
mouse 

mouse 

mouse 

mouse 

mouse 

mouse 

mouse 

mouse 

mouse 

mouse 
mouse 
mouse 

mouse 

mouse 

Toxicitv 
Admin . 

i .  p. 
i .  p .  

i .  p .  

i .  p .  

i ,  p .  

i .  p .  

i .  p. 

i .  p .  

i .  p. 

i .  p .  

i .  p .  
i .  p., 
i .  p .  

i .  p .  

i .  p. 

mgm . /kgm. 

ALD50, 360 
ALD5o • I SO 

ALD50 , l ZS 

ALD50 , 1 00 

ALDso · 90 

ALDso· t oo 

ALD50 , Z40 

ALDso . 660 

ALD5o · 60 

ALDso· 60 

ALD5o• 70 
ALD5o · 70 
ALDSO• 70 

ALD5o• I ZO 

ALD5o · 1 Z5 

Ref. 

41 
60 
74 

6 1  
74 

6 1  

60 
74 

60 
74 

60 

60  

60  

9Z 
60 
74 
4 1  

65 
65  
65 
74 
9Z 

4 1  

6 1  
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Examination of these data discloses a marked reduction in pressor potency in most instances .  
Thus . � -cyclohexylethylamine {No. 1 50 )  i s  one -third to one -fifth a s  potent a s  the corresponding 
phenyl analog . A comparison of the activity of the isomers of N -methylcyclohexylisopropylamine 
{No. 1 59 )  with the corresponding phenyl analogs is of inte rest. The ! -isomer of the cyclohexyl 
derivative is 2 . 5 times more active than the d -i somer ,  whe reas with the phenyl analog, this 
relationship is reversed .  Although the racemic cyclohexyl de rivative is weaker than the 
corresponding phenyl compound, the activity ratio between the optical isomers of the two 
compounds is approximately the same , indicating that hydrogenation reduces activity of both 
isome rs to about the same extent but causes  a change in the sign of optical rotation·. As with the 
phenyl compounds , both the 4 -hydroxy1 group on the ring and an alcoholic hydroxyl at C -2 diminish  
pressor potency . The cyc 1ohexyl analogs of  active vasodepressor compounds are  weak pressor 
agents . Saturation of the ring is unfavorable for vasodepressor action. 

The effect on toxicity of hydrogenating the phenyl ring is  inconstant .  The toxicity of 
cyclohexylisopropylamine is identical with that of the phenyl analog; N -methyl -�-cyclohexylethyl
amine is about four -fifths as toxic as the phenyl analog. The addition of  a 4-hydroxyl and/or an 
alcoholic hyd roxyl at C - 2  reduces toxic ity {see Nos . 1 5 1 and 1 56) .  In this respect, they resemble 
the corresponding phenyl analogs {see Nos . 1 6  and 49 ) .  

Reduction in  the s ize of  the ring from cyclohexyl to  cyc lopentyl may cause some further 
reduction in pressor potency (Table XVI) . A comparison of the pressor potency of � -cyclopentyl -

TABLE XVI 

THE EFFECT OF CYCLOPENTYLALKY LAMINES ON VASOPRESSOR ACTION AND TOXICITY 

8 · CH2 · X · NHY 

Compound Pressor Actionl Toxicity Ref. 
No . X y �nimal Relative Animal Admin. mgm. /kgm . 

Potency 

1 62 CH2 H dog 7 1 0  9 2  

1 6 3 CH2 CH3 dog 3 00 mouse i .  p .  ALD5o· 1 25 6 1  

1 64 CH2 c2H5 dog inactive mouse i. p .  ALDso· 1 1 5 6 1  

1 65 CH(CH3) H dog 3 50 9 2  

1 66 CH(CH3) CH3 dog 1 90 mouse i .  v .  LD5o.  4 1 . 6  ± 1 . 5 92 
mouse oral LD5o . 1"6 8 .  7 ± 1 9 . 7 92 

1 67 CH(CH3 ) c2H5 dog 4 75 92 

N See footnote , Table I, p. 75  

ethy1amine (No.  1 62)  with that of  the cyclohexy1 analog (No.  1 50) reveals a reduction in potency of 
thirty to s ixty per cent . By contrast with the phenyl series , N -methylation of both the cyclopentyl 
and cyclohexy1 de r ivatives causes some inc rease in p r e s s o r  act ion ove r that of the pr ima ry amine .  
Th is i s  pa rtic ula rly ma rked w ith the cyc l oa1kyl i sopropylamine s  (Nos . 1 5 8 and 1 95 ;  Nos . 1 6 5  and 
1 66) . Swans on and Chen 92 found cyc l opentyl i s op ropylamine (Nos . 1 65 ) and N -methylcyc lopenty l is o -
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propylamine (No. 1 66 )  distinctly more pressor than the corresponding cyclohexyl derivatives 
(Nos . I 58 and 1 59 ) . Both cyclohexyl - and cyclopentylalkylamines are of comparable toxicity . 

The vasopressor action of several aliphatic amines is shown in Table XVII. Barger and 

TABLE XVII 

THE EFFECT OF ALIPHATIC AMINES ON VASOPRESSOR ACTION 

Pressor Actionll Ref. !compound Structure Am mal Relative 
No. Potency 

1 68 I -aminobutane cat weak 1 4  
cat depressor 1 0 1  

1 69 I -aminopentane dog 4800 9 1 
cat 58 1  1 0 1  

1 70 1 -amino- 3 -methylbutane dog 3 500 9 1 
cat variable 1 0 1  

1 7 1 2 -aminopentane dog 2 500 9 1 

1 72 I -aminohexane dog 1 300 9 1  
dog 525 76 
dog 500 69 

I 73 I -methylaminohexane dog 400 69 

1 74 2 -aminohexane dog 1 1 00 9 1  
dog 455  76 

1 7 5 I -aminoheptane dog 590 76 
dog 3600 9 1  

1 76 2 -aminoheptane dog (d .  1 ) 324 52 , 9 1 , 
94 

( 1 )  456 94 
(d ) 2 3 7 94 
(d, I )  222  76  

1 77 I -amino - 3 -methylhexane dog 385  76 

1 78 2 -amino - 2 -methylhexane dog inactive 76 

1 79 2 -amino - 3 -methy1hexane dog 900 76 

1 80 2 -amino -4 -methylhexane dog 227 76 
dog 280 9 1  

1 8 1 2 -amino - 5 -methy lhexane dog ZR6  76 

1 82 2 -methylaminoheptene dog < No. 1 76 3 

1 83 3 -aminoheptane dog 2 000 76 

1 84 4 -aminoheptane dog 2 500 76 
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TABLE XVII (Cont. ) 

�om pound Structure Pressor Actionilf Referenc 
No . Animal Relative 

Potency 

1 85 1 -aminooctane dog inactive 91 

1 86 Z -aminooctane dog 1 970 91 

ZO I  Z -amino - Z -methylheptane dog Z63 78a 

zoz Z -amino - 3 -methylheptane dog 7 1 0  78a 

Z03 Z -amino - 4 -methylheptane dog 590 78a 

Z04 Z -amino- 5 -methylheptane dog 400 78a 

Z05 Z -amino-6  -methyl heptane dog Z56 78a 

AI See footnote , Table I, p. 75 

Dale l 4  and Tainter l O l  have s hown that the re is little or no action on blood press ure with 
de rivatives smaller than 1 -aminobutane (No. 1 68 ) .  The re is a progress ive increase in activity 
as the length of the chain is increased to six or seven carbon atoms.  Greate st vasopressor 
potency was obtained with Z -amino-4 -methylhexane (No.  1 80 ) and Z -aminoheptane (No. 1 76 ) .  
Further inc rease in  s ize i s  not favorable .  Thus , Z -aminooctane (No .  1 86 )  is much weake r than 
Z -aminoheptane and l -aminooctane (No. 1 85 ) is inactive . Swanson and Chen9 1  have also reported 
that introduction of a double bond into the aliphatic chain decreas e s  potency,  Z -aminohexene ,  
Z -amino- 5 -methylhexene and Z -amino - 6 -methylheptene being distinctly less  pressor  than their 
saturated analogs . Swanson, Ste ldt and Chen94 have examined the optical i some rs of Z-amino
heptane . They found the d - isomer to be two times more active than the 1 - isome r .  ln this respe ct, 
Z -aminoheptane resembles phenylisopropylamine and the N -methyl analog . Toxicity data a re not 
presently available for most of the compounds desc ribed in Table XVII. Warren and We rne r l l O 
have desc ribed the toxicity of Z -aminoheptane . They have reported the following data 
(mgm . /ltgm. ) :  rabbit , i .  v. � ZZ ! 1 4 ;  i. m . , 85 t 5 . 7 ;  s , c . , 1 30 ! 1 4 .  4 ;  rat, i .  p . , 34 t z. Z ;  
s .  c ,,, 1 35 '!' 6 ,  1 to 1 60 ± 1 3 . 0 (l ight P nd heavy animals respectively) ; mic e ,  s .  c . , 1 1 5  t 1 1 .  6 .  

Miscellaneous compounds , evaluated for vasopressor  action, are shown in Table XVIII. 
The thiophene de rivatives (Nos . 1 87 - 1 89) have approximately the same potencies as the 
corresponding phenyl analogs . Similarly ,  the toxicities  are approximately equal to those of the 
phenyl analogs (Nos . 5 and 6) .  Othe r compounds s hown are variable or depressor in action and 
probably do not have true sympathomimetic action. Many &mines ,  when injected intravenously 
in doses  of 0 . 5 -Z .  0 mgm. /kgm. , will cause similar variable respons e s .  
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om pound 
No.  

1 87 

1 88 

1 89 

1 90 

1 9 1 

1 9Z 

1 9 3 

1 94 

1 95 

9 i 

TABLE XVlli 

THE EFFECT OF THIENY L- AND FUR Y LALKY LAMINES 
ON VASOPRESSOR ACTION AND TOXICITY 

Structure 

Q ' CHz · CHz· NHz 

Q · cHz · yH · CH3 
NHz 

Q . <;:H - �H · CH3 
CH3 NHz 

Q · CHz · CHz . . NHz 

0 · CHz ·  CH ·  CH3 
0 . 

NHz 

· CHz · CHz · NHz co 
OH 

oo
· NHz 

HO
OO

NHz 

00 .  CHzCHz · NHz 

Pressor Actionil Toxic itv 
Animal Relative Animal iAc:lmm. mgm . /kgm . 

Potency 

cat 1 83 
equals No. 

dog 1 00 �ouse i .  p.  LD5o · 1 1 4  
dog 6ZO rabbit i .  v. LD5o · 3 5 

dog less  active 
than No. 1 8� rabbit i. v .  LD5o • 63 

rabbit variable -
often de -
pressor 

dog 300 �ouse i. p. LD50 , 348 

cat depressor 

cat variable 

cat depressor  

cat depre ssor 

iJI See footnote , Table I ,  p .  7 5 

Ref. 

98 
1 5 

9 
1 09 

1 09 

33 , 
1 0 1  

9 

1 0 1 

1 0 1 

1 0 1  

1 0 1  
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l . The Effect of Structural Modification of Sympathomimetic Amines on Bronchodi lator Action 

In the preceding section, the vasopressor and depres sor actions of sympathomimetic 
amines have been descr ibed . These effects are the net resultant of several factors such as 
vasoconstriction, alte rations in the rate and amplitude of cardiac contraction and , in some 
instances , alte rations in the respiratory movements of the thorax and diaphragm. Thus , a weak 
vasodi lator drug which stimulate s the heart or  inc reases the amplitude of res pi ration may actually 
cause a rise in blood pressure due to increased fill ing of the a rte rial s ide of the vas cular system. 
Inhibitory sympathomimetic potency can be dete rmined more accurately when only a s ingle organ 
is involved and whe re the predominant response is one of inhibition. The smooth mus cles of the 
bronchioles are convenient for such an evaluation, Isolated lung preparations have been most 
often used for this purpose and the method of Sollmann and von Oettingen as modified by Tainte r l 03 
has be come a standard screening test for the evaluation of sympathomimetic bronchodilator action. 

The bronchodilator action of various phenyl and hydroxyphenyl derivatives i s  shown in 
Table XIX . Most of the phenyl compounds eithe r cause bronchoconstriction or are ineffective . 

�om pound 
No. 4 

l4 H 

6 H 

5 H 

l 5 H 

3 1 H 

l l 7 NHz 

1 l 0 OH 

4 2  OH 

4 R OH 

49 OH 

5 0  OH 

5 1  OH 

6 8  H 

TABLE XIX 

BRONCHODILATOR ACTION OF SYMPATHOMIMETIC AMINES 
PHENYL AND HYDROXYPHENYL  DERIVATIVES 

3 

H 

H 

H 

H 

H 

H 

CH3 

H 

H 

H 

H 

H 

OH 

3 
4 0 · <;H· CHX· NHY 

R 

Structure Bronchodilator Action 
R X y Preparation Relative 

Potency&/ 
OH H H cat, dog inactive 

CH3 H H rabbit constricts 

H CH3 H rabbit constricts 
guinea pig constricts 

OH CH3 H guinea pig constricts 

OH CH3 CH3 guinea pig 385 

OH CH3 CH3 guinea pig 1 78 

OH CH3 H guinea pig constrictor 

H H H cat , dog constricts 

OH H H guinea pig inactive 

OH H CH3 guinea pig weak 
dog , cat 3 75 

OH H CzH5 guinea pig weak 

OH H CH (CH3 )2 guinea pig weak 

OH H H guinea pig inactive 

Ref. 

96 

38 

37,  3E 
1 03 

1 03 

1 03 

1 03 

1 03 

9 5  

66 

66 4l 
66 

66 

6 7  
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TABLE XIX (CoDt . ) 

�ompowad Structure Bronchodilator Action Ref. 
No. 4 3 R X y Preparation Relati:� 

Potenc 

69 H OH OH H CH3 tuinea pit (d, 1) 63. 7 1 03 
tuinea pit (d, l )  >3000 67 
dot weak 8 la  

70 H OH OH H CH(CH3)z auinea pit 50 - 1 00 67 

7Z H OH OH CH3 CH3 tuinea pit Z l .  7 1 03 

1 -N-Ethylephedrine (No. 1 4Z) has a bronchodilator action in rabbit, 
equal to that of ephedrine l 6 . 

cat and tuinea pit lUJlls 

!I Expressed as multiples of the effective dose of epinephrine 

Only ephedrine (No . 3 1 ) and the 4 -aminophenyl analoa (No. 1 Z7)  induce measurable broncho 
dilatlon and they are relatively weak druas . The hydroxyphenyl derivatives in which the hydroxyl 
is in the 4 -position are also quite weak or inactive . Compowads in which the hydroxyl j.s in the 
3 -position on the rina are distinctly more effective . Compowad Nos . 69, 70 and 7Z are moderately 
effective in dilatina the bronchioles of the isolated awnea pia luna. A comparison of jS- (3 , 4 -di 
hydroxyphenyl)ethylamine (No. 76) and the N -methyl analoa (No. 1 1 5) indicates that they are not 
s ianificantly more effective than 1 - (3 -hydroxyphenyl) - Z -methylaminoethanol (No. 69). Greatest 
bronchodilator action is obtained when there are hydroxyl aroups at both the 3 - and 4 -pos itiona 
on the phenyl riq and when there is an alcoholic hydroxyl at C -Z .  The importance of the 
alcoholic aroup is illustrated hy results obtained with compoUDd Nos . 1 1 5 and 95.  The former 

TABLE XX 

BRONCHODILATOR ACTION OF SYMPATHOMIMETIC AMINES - CATECHOL DERIVATIVES 

Compound Structure 
No. R X 

76 H H 

1 96 H CH3 

1 1 5 H H 

1 1 7 H H 

I l l  0 :  H 

y 
H 

H 

CH3 

H�D· �H· CHX· NHY 
R 

Bron hodilator Action 
Preparation Relative Potency� 

doa . cat 50 
guinea pig weak 
guinea p ig 350 

dog , cat 50 

guinea pig 50 . 5 
dog 1 0 -ZO 

CH(CH3 )z tuinea pig I SO 

CH3 guinea pig 1 67 

Ref. 

1 0  
1 0 
60 

1 0  

1 03 
zz  

6Z  

6Z  
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TABLE X X  (Cont. ) 

f::ompound Structure Bronchodilator Action Ref. 
No . R X y Preparation Relative Potency.if 

90 OH H H pinea pig (d, l )  7 . 4 1 03 
(d, l) Z80 64 
(d, l )  1 0 - 1 4  79 
( 1) 1 7  7 1  
(d) 1 000 7 1  

95  OH H CH3 guinea pig ( 1 )  1 . 0  

96 OH H CzH5 guinea pig 1 . 0  8 7  

1 00 OH H CH(CH3 )z guinea pig O . l Z 6Z 

97 OH H C3H7 guinea pig 6 - 1 0  79 
guinea pig 0 . 5 86 

98 OH H C4H9 guinea pig 0 . 7Z  86 

99 OH H C5H 1 1  guinea pig 0 . 30 86 

1 0 1  OH H CH(CH3)CHz · CH3 guinea pig 1 . 0  87  

l OZ OH H C(CH3)] guinea pig o . z 79 

1 04 OH H cyclopenty1 guinea pig 0 .  05 -0 . 1 86  

1 07 OH H cyc lohexyl guinea pig 0 . 6 -0 . 8 86 

1 30 OH CH3 H piDea pig 1 4 . 7 1 03 
dog 1 00 apprOll>. zz 

1 33  OH CH3 CH(CH3) z guinea pig very weak 67 

1 3 1 OH CzH5 H pinea pig 7 1 .  1 1 03 
6 . 1 63 

1 34 OH CzH5 CH(CH3 )z pinea pig 0 . 45 63 

1 3 5  OH CzH5 cyclopentyl pinea pig O . l Z 63 

1 3 7 OH CzH5 cyclohexy1 tuiDea pig 6 63 

� See footnote , Table XIX , p. 99 

( 'Epinine ' ) baa only one -tenth to one -fiftieth aa much bronchodilator action as the latte r (epin
ephrine ) .  The primary amine , 1 - (3 , 4 -dihydroxyphenyl) -Z -aminoethanol (arterenol, No. 90) is a 
weak bronchodilator agent.  N -Al'kylation greatly increases potency. Epinephrine appear• to be at 
least seventeen times more active than the primary amine (arterenol). The N -iaopropyl 
derivative (No. 1 00 ,  ' Iaupre1 ' )  ia eight to ten times more effective than epinephrine . A further 
increase in potency is obtained when the N-al'kyl troup ia cyclopentyl (No. 1 04 ) .  Len,theniD1 of 

the a ide chain does not increase bronchodilator action.  Compo'IIDila with four carbona in the sicle 
chain (Noa .  1 34 - 1 37 )  are somewhat leas effective than the correapondin1 analogs in which"there 
are only two ca rbona . Almost no bronchoclilation was obse rved with 1 - (3 , 4 -dihydroxyphenyl) -Z -
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1 0 1 

i s op r opylaminopropanol (No. 1 3 3) .  These data suggest that the orde r of importance of the various 
s ubstituent• is : ( I ) alcoholic hydroxyl at C -2 , (2) an N-alkyl Sllbstitllent , ( 3 ) an hydroxyl at the 
3 -pos ition on the ring and (4) hydroxyls at the 3 - and 4 -poa itiona . 

3 , The Effect of Struct11ral M odification of Sympathomimetic Aminea on Uterine Action 

The uterus may be e ither stimlllated (contracted) or inhibited (relaxed) by sympathomim
etic amines . Results obtained with isolated non-gravid uteri are shown in Tables XXI and XXII , 

�om pound 
No, 

3 

1 9  

24 

30 

35 

2 5  

3 1 

42 

48  

49 

TABLE XXI 

THE EFFECT OF SYMPATHOMIMETIC AMINES ON UTERINE M OTILITY 
PHENYL AND HYDROXYPHENY L DERIVATIVES 

Strllctllre 
4 3 R 

H H H 

H H CH3 

H H OH 

H H OH 

H H OH 

H H OH 

H H OH 

OH H H 

OH H OH 

OH H OH 

3 

4 0 · �H·  CHX· NHY 

R 

X y Animal 

H H rat 
guinea pig 
rabbit 

H CH3 rabbit 
&llinea pig 

H H rabbit 
rabbit 
guinea pig 

H CH3 guinea pig 

H C4H9 guinea pi& 

CH3 H rabbit 

CH3 CH3 guinea pig 
rat 

H H rabbit 
rabbit 
rat 

cat 
gllinea pig 

H H rat 
rabbit 
guinea pis 

H CH3 rat 
rabbit 
auinea pig 
cat 

Uterine Action&/ 

Action Relative 
Potencxllf 

I U weak 
E weak 
E, I or N 

E very weak 
E very weak 

E 280 
E 
E 

E 

E 

E 

E 
I 5000 

E ,  E or I 
E 
I 300 , 000 -

1 , 000, 000 
E or  I 
E 

I 
E 
E 

I 
N 
N 
I 70 - 1 00 

Ref. 

66 
24, 66 
5 1 , 66 

09 
09 

7Z 
5 1  
24 

24 

24 

5 1  

24, 5 1  
35 

28 
66 

2 , 35 , 
66 

28  
66  

66  
66 
66 

66 
66 
66 
58 
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TABLE XXI (CoDt. ) 

Compound Structure 
No. 4 3 R X y 

50 OH H OH H CzH5 

5 1 OH H OH H CH(CH3)z 

57 OH H OH CH3 H 

68 H OH OH H CH3 

7 1  H OH OH CH3 H 

14Z 1 -N-ethylephedrine 

AI Isolated non-gravid uteri were used 
lll Multiples of the effective dose of epinephrine 
s1 E, contraction ; I. re laxation ; N, no effect 

UteriDe Actlon.ll 
Animal Action Relative 

Potencyli 

rat I 
rabbit I 
awnea pia N 

rat I 
rabbit I 
awnea pia N 

rabbit E or I 

rat I 1 0  
rabbit E 

rabbit E 
guinea pia E 

guinea pig E weak 
rabbit E weak 

Ref. 

66 
66 
66 

66 
66 
66 

5 1  

59 
1 9a 

5 1  
5 1 

1 6  
1 6  

The phenylalkylamines are exc itatory s ubstances of relatively low potency (except in the case of 
the rat in which ute rine re laxation is obtained with all sympathomimetic aminea ) .  The presence 
of an alcoholic hydroxyl at C -Z is not alone sufficient for inhibitory action . This action is not 
apparent ,  to a s ignificant degree , until three of the four important s ubstitutions have been made . 
Compound Nos . 49 ,  50 and 5 1 containiug an hydroxyl group at the 4-poa ition on the ring, an 
alcohol ic hydroxyl at C -Z on the a ide chain and an N-alkyl group are predominantly inhibitory in 
action. Relatively a light changes in structure cause a return of exc itatory act ion. This is 
illustrated by the predominantly excitatory compounds , 1 - (4 -hydroxyphenyl) - Z -aminoethanol 
(No. 48) ,  in which the N -alkyl group is miss ing and by tyramine (No. 4Z) in which both the N -alkyl 
group and the hydroxyl at C - Z  are miss ing . 

The catechol derivatives (Table XXU) may induce e ithe r contraction or re laxation, depend 
ing upon the kind of substitutions made at C -Z and at N. Hydroxyt!ramine (No. 76) has been 
reported to have a weak inhibitory action on the rat and cat ute rus S, 4Z , The N -methyl analog 
( 'Epinine ' ,  No. 1 1 5 ) i s  exc itatory to the rabbit ute rus . The presence of an alcoholic group at 
C - Z· increases excitatory action. Epinephrine (No. 95) is four times more potent than 'Epinine ' .  
The primary amine (arte renol , No. 90) i s  only s lightly less potent than epinephrine . Inhibitory 
action is dominant with N-alkylarte renols in which the alkyl substituent ia large r than ethyl . 
Branching of this group is important inasmuch as both the N -�.  -butyl (No. 1 0 1 )  and N-1. -butyl 
(No. l OZ ) compounds are more active than the N -n.. -butyl analog (No. 98) . When the s ide chain is 
inc reased to four carbons , inhibitory action is weak in the absence of an N -alkyl group (No . 1 3 1 ) . 
However ,  both the N - isopropyl and N-cyclopentyl analogs (Nos . 1 34 and. l 35 )  are potent inhibitory 
agents . The N- cyc lohexyl (No. 1 37 )  analog is weak . ln thi s respect , the cyclopentyl group most 
nearly resembles the isopropyl and 1. -butyl groups (see Sec .  1 ) .  
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Compound 
No. R 

76 H 

1 1 5 H 

1 1 7 H 

1 1 1 0 :  

1 1 4 0: 

90 OH 

9 5  OH 

96 OH 

1 00 OH 

98 OH 

1 0 1 OH 

I 02 OH 

1 03 

TABLE XXII 

THE EFFECT OF SYMPATHOMIMETIC AMINES 
ON UTERINE MOTIUTY · CATECHOL DERIVATIVES 

H�b · �H· CHX· NHY 
R 

Structure Uterine Actionll 
X y Animal Action Relative 

Potency 

H H cat I 90 
rat I 2000 -6000 

H CH3 rabbit E 4 
rat I 20 
rat I 1 20 

H CH(CH3)2 rabbit I 400 
rat I 1 0  

H CH3 rabbit E 400 
rat I 2 
rat I 25 

H CH(CH3)2 rabbit N 

H H rabbit (d , l )  E 4 - 5  
rabbit (I) E I 
guinea pig (1) E, I 1 0 -2( 
rat (d , l )  1 00 
rat ( I) I 30 . rat ( 1 )  I 1 0  
cat (d , l ) I 1 0  

H CH3 rabbit (I ) E 1 . 0 
guinea pig (I)  E ,  I 1 . 0  
rat (1 ) I 1 .  0 

H c2H5 rabbit E 4 
guinea pig E 40 
guinea pig I 1 0  
rat I o .  5 - I .  0 

H CH(CH3)2 rabbit I 1 . 0 
guinea pig I 1 . 0 
rat I 0 . 5 - 1 . 0  

H C4H9 rabbit I 40 
guinea pig I 40 

H CH(CH3) ·  CH2 · CH3 rabbit I 1 . 0  
guine��; pig I 2 . 0 

H C (CH3) 3 rabbit I 4 . 0 
guinea pig I 40 . 0 
guinea pig I 2 . 0 

Ref . 

42 
35 

64 
62 
35 

64 
62 

64 
62 
35 

64 

64 ,  I l l  
7 1  
7 1 , 79 
I l l  
7 1  
62 
I l l  

64 
64 
79 
35 

64 
64 
35 

64 
64 

64 
79 

64 
64 
79 
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TABLE XXII (Cont . )  

Compound Structure Uterine Actio � Ref . 
No. R X y Animal Action Relative 

Potency 

1 3 1 OH CzH5 H guinea pig I weak 63 

1 34 OH CzH5 CH(CH3)z guinea pig 1 z . o  63 

1 35 OH CzH5 cyc lopentyl guinea pig I z . o  63 

1 37 OH CzH5 cyc lohexyl guinea pig I weak 63 

J/ See footnote , Table XXI, p .  l OZ 

The non-gravid ute ri of most specie s of animals are stimulated by phenylalkylamine 
derivatives .  Both excitatory and inhibitory actions may be inc reased when there is an alcoholic 
hydroxyl p resent at C - Z .  Inhibitory action is enhanced by N -alkyl substitut ion , particularly by 
branched groups such as isopropyl or  1. -butyl .  The s ignificance of this grouping has been  
recently reviewed66a and wi l l  be discussed in this communication in the s ummary section . The 
above data suggest that inhibitory action on the ute rus is favored by substitution, in the orde r 
( I )  an alcoholic hydroxyl at C - Z ,  (Z)  N-alkyl substitution , ( 3 ) an hydroxyl at the 4 -poaition on the 
phenyl ring and (4 ) hydroxyls at the 3 - and 4 -poa itions . Excitatory action is favored by ( 1 ) hydroxy 
substitution of the ring at the 3 - and 4 -pos itiona , (Z )  an alcoholic hydroxyl at C-Z  and ( 3) by a 
N -methyl· group . 

4 . The Effect of Structural Modification of Sympathomimetic Aminea on Intestinal Action 

Results obtained with isolated intestinal segments are shown in Tables XXIII and XXIV. 
In the absence of an hydroxyl at C -Z ,  the predominant action i s  excitatory (No .  3) .  Inhibitory and 
excitatory actions have been reported for 1 -phenyl -Z-aminoethanoi (No. Z4) .  The N -alkyl 
derivatives of No. Z4 are inhibitory. The · phenyipropylamines (Nos . 5, Z5 and 3 1 )  are variable 

TABLE XXIII 

THE EFFECT OF SYMPATHOMIMETIC AMINES ON INTESTINAL MOTILITY 
PHENYL AND HYDROXYPHENYL DERIVATIVES 

3 

4 o �H· CHX · NHY 
R 

�om pound Structure Intestinal ActionJ/ 
No . 4 3 R X y Animal Part Action Reiati:� 

Potenc 

3 H H H H H guinea pi& ileum EV weak 
rabbit am.  int .  E , I weak 
rabbit i leum E 
rabbit colon E 

Ref 

66 
u 
51  
51 
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TABLE XXI I I  (Cont . ) 

�om Struct11re Intest inal ActionAI' Ref. 
po11nc 4 3 R X y Animal Part Action Relat ive 

No.  Potencv.!u' 

Z4 H H OH H H rabbit d11oden11m I ! l ZOO 96 
cat sm. int .  I , E  weak 96 
rabbit sm. int .  I Z4 
rabbit ile11m E , I 5 1  
rabbit colon I 5 1 

30 H H OH H CH3 rabbit I Z4 

34 H H OH H CH(CH3lz g11inea pill i le11m I weak 66 
3 5  H H OH H C4H9 rabbit sm. int. I Z4 

5 H H H CH3 H rabbit jej11num I weak 09 

Z 5  H H OH CH3 H rabbit il eum I 5 1  
rabbit colon I 5 1 

3 1 H H OH CH3 Cli3 rabbit am.  int .  E Z4 
rabbit ileum E , I 5 1 
rabbit colon E, I 5 1 

1 9  H H CH3 H CH3 rabbit jej11num I weak 1 09 

4 Z  OH H H H H g11inea pili ileum N 66 
rabbit am. int. E 95 
cat am. int . E , 1 95 
rabbit am.  int. I , E 80 

48 OH H oH · H H rabbit jej11num 1 500 78 

49 OH H OH H CH3 rabbit jej11num I 500 78 
rabbit sm. int. 1 1 00 58 
rabbit ileum I 5 1  
rabbit olon I 5 1 

( 1 )  rabbit am.  int. I 1 000- 3 1 
1 0 , 000 

5 0  OH H OH H CzH5 rabbit jejunum I 500 78 
auinea pii " l eum I weak 66 5 1 OH H OH H CH(CH3)z rabbit . . JeJunum I 500 78 
guinea pii ileum I weak 66 

5 5 OH H OH H C(CH3}) rabbit jejunum I <500 78 
g11inea pi& i leum 1 weak 66 

5 3 OH H OH H C4H9 rabbit jej11num 1 500 7 8 
g11inea pill ile11m N 66 

5 7 OH H OH CH3 H rabbit i le11m I 5 1 
rabbit colon I 5 1  69 H OH OH H CH3 rabbit am. int. 1 I Z 59 
rabbit am. int. I 1 0  3 1 
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TABLE XXIII (Cont. ) 

Compound Structure Intestinal Actio'���:� Ref 
No . 4 3 R X y Animal Part Action Relati:� 

Potenc 

7 1  H OH OH CH3 H 

Ill Isolated intestinal segment used 
A' Multiples of the effective dose of epinephrine 
rJ E ,  contraction; I, relaxation; N, no effect 

rabbit ileum I 5 1  
rabbit colon I 5 1 

in action and may cause eithe r excitation or inhibition. Tyramine , like j)-phenylethylamine , is 
excitatory . The addition of an hydroxyl at C -Z  gives rise to compounds that are inhibitory. Thua 
1 - (4 -hydroxyphenyl) - Z -aminoethanol is predominantly inhibitory whereas tyramine may cause 
excitation. Comparison of 1 - (3 -hydroxyphenyl) -Z -methylaminoethanol {No. 69) with 1 -{4 -hydroxy 
phenyl) - Z -methylaminoethanol {No. 49) auggesta that the hydroxyl at the 3 -position on the ring i a  
more important than that at the 4 -position.  The former compound ia ten t o  fifty times more 
potent than the latter .  Substitution of hydroxyl• at the 3 - and 4 -position on the r ing in the absence 
of an hydroxyl at C-Z  (No. 76) gives an inhibitory compound but the inhibitory action does not 
exceed that of 1 - (3 -hydroxyphenyl)-Z -methylaminoethanol. The subsequent addition of an hydroxyl 
at C -Z (No. 90,  arterenol) cauaea a marked increase in inhibitory potency. 

TABLE XXIV 

THE EFFECT OF SYMPATHOMIMETIC AMINES ON INTESTINAL MOTIUTY 
CATECHOL DERIVATIVES 

H�t> · �H· CHX· NHY 
R 

!compound Structure Intestinal ActionAI' 
No. R X y Animal Part Action Relative 

Potency 

76 H H H rabbit am. int .  I Z0-40 
cat am. int. I 1 7  

1 1 5  H H CH3 aumea pig ileum I 1 7  
guinea pig ileum I, EW 5 , 1 -Z .  5 
rat colon I 1 00 -ZOO 

1 1  7 H H CH(CH3)z ,wnea pig ileum I zoo 
I I  I 0: H CH3 rabbit am. int . I Z5 - 50 

guinea pig ileum I zo 
rat colon I zo 

1 1 4 0: H CH{CH3 )z guinea pig ileum N 

Ref. 

42 
42 

62 
64 
3S 

3S 

5 1  
64 
3S 

64 
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TABLE XXIV (Cont. ) 

Fompound Structure Intestinal ActionAI Ref. 
No. R X y Animal Part Action Relative 

Potencv 

90 OH H H (d , l ) rabbit am. int. I z 5 1  
(d, l ) rabbit jejunum I Z -4 79 
(d , 1) rabbit ileum I z I l l  
( 1 )  rabbit ileum I I 7 1  
(d) rabbit ileum I 60 7 1  
(d ,  I )  cat ileum I I I l l  
(d, I )  rat ileum I 3 I l l  
(d, 1 )  guinea pig ileum I 5 64 
{d ,  1 )  guinea pig ileum I z 79 
( 1 )  guinea pig i leum I l .  37 7 1 
(d) guinea pig ileum I 35 -40 7 I  
(I ) guinea pig ileum I 0 . 5 6Z 
(d , l ) rat colon I O . Z - 1 . 0  35 

96 OH H CzH5 rabbit jejunum I 4 79 
guinea pig ileum I z 64 

1 00 OH H CH(CH3)z rabbit ileum I z 79 
guinea pig ileum I 1 -Z 6Z , 

79 
rat colon I I 35 

1 0 1 OH H CH(CH3)CHzCH3 rabbit jejunum I >ZO 79 
guinea pig ileum I 1 -Z 64 

I OZ OH H C(CH3) ] rabbit jejunum I >ZO 79 
guinea pig ileum I 1 0 -ZO 64 ,  

79 

98 OH H C4H9 guinea pig ileum I zo 64 

1 34 OH czHs CH(CH3)z guinea pig ileum I 1 1 0 63 

1 35 OH CzHs cyclopentyl guinea pig i leum I 1 00 63 

1 37 OH CzHs cyclohexyl guinea pig ileum I 3ZO 63 

il See footnote , Table XXIII , p. I 06 

The major portion of this activity is attributable to the ! - i somer .  The d -isomer has only one 
thi rty -fifth to one -fortieth the activity of the ! - isomer 7 1 . Comparis on of results obtained with 
epinephrine , which is the ! - isomer of the N-methyl analog, indicates that the se  ! - isomers are of 
comparable potency . The substitution of larger groups for the N-methyl group does not increase 
intestinal inhibitory action .  Thus the N -isopropyl de rivative (No . I 00,  ' lsuprel ' ) i s approximately 
equal to epinephrine and arterenol ; the N-�.  -butyl and N -1. - butyl derivative s are less potent. 
An inc rease in the s ize of the s ide chain to four carbons is not favorable for inhibitory action. 
Thus the butanol derivative , No. 1 34 ,  is distinctly les s  potent than the corresponding ethanol 
derivative , No . 1 00 .  
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Youmans , Aumann and Haney l i Z have made a qual itative compar ison of intestinal 
inhibitory action of several sympathomimetic aminu in dogs with Thiry -Ve l la fistulas . The drugs 
were administe red intravenous ly and the response to epinephrine was used as a bas is for 
comparison. The drugs studied with results , expressed in terms of the effective dose of 
epinephrine , a re shown be low : 

epinephrine 
(d, 1 )  arterenol (No . 90) 
'Cobefrine ' (No. 1 30) 
1 Epinine 1 (No . 76) 
1 Kephrine 1 (No. 1 1 1 )  
1Neo-Synephrine 1 ( 1 , No . 69) 
1Sympatol 1 (No. 49) 

1 . 0  
l .  5 -4 .  0 
z . 5 - 1 0 . 0 

1 0 -ZS 
ZS - 1 00 
ZS - 1 00 

660 - ZSOO 

These results are in general agreement with those obtained with the isolated intestinal segment. 
Addition of an hydroxyl at C -Z increases inhibitory action ten to twenty -five times ( 1Epinine 1 vs . 
epinephrine ) .  A comparison of the activity of ( 1 )  1Neo -Synephrine 1 with that of (d, l ) 1Sympatol 1 
reveals the importance of the hydroxyl at the 3 -position on the ring .  Although the comparison is 
made with the ! -isomer of the former and the Q , l form of the latte r, the results obtained suggest 
different orders of activity, the 3 -hydroxyphenyl analog being about ten times more potent than the 
latter .  

The data in  Tables XXW aDd XXIV sug1est that intestinal excitatory action o f  phenylalkyl 
amine de rivatives is weak aDd is suppressed or obscured by any one of the fou r  bas ic substitutions . 
In the presence of an hydroxyl at C-Z 1  inhibitory potency is increased by substitution of an 
hydroxyl ( 1 )  at the 3 -pos ition on the phenyl ring and (Z )  at the 3- and 4 -positions on the r ing. An 
N -alkyl group dou not appear important for this action. 

5 . The Effect of Structural Modification of Spnpathomimetic Amines on Central Nervous 
System Stimulation 

A quantitative comparison of the stimulating action of sympathomimetic amines on the 
central ne rvous system has been made in a few instaDCes . These data are shown in Table XXV. 

TABLE XXV 

STIMULATING ACTION OF SYMPATHOMIMETIC AMINES ON THE CENTRAL NERVOUS SYSTEM 

3 
4 0 <;:H· X · NHY 

R 

�om- Structure Central Nervous System Stimulation Ref 
pound 4 3 R X y Animal Dose Used Admin Effect 

No. mgm . /kg� 
3 H H H CHz H rat 80 • .  c . + 85 

mouse 30 i. p .  + 4 8  

30 H H H CHz CH3 rat 1 60 • .  c .  t 85 
mouse >50 i . p. ! 4 8  

4 H H H CHz· CHz H rat > 1 0  • .  c .  0 85 
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TABLE XXV (Cont . ) 

Comp Structure Central Nervous System Stimulation Ref. 
pound 4 3 R X y Am mal Dose Used jAdm1n . Effect 
No.  mgm. /kgm . 

5 H H H CH(CH3) H rat (d , I ) Z . 5 s . c .  ++ 85 
rat (d , I ) 50 oral + + +  48 
mouse (d, l) 0 . 55  i .  p .  + 09 
rat (d) z . 5 • . c .  ++ 85 

( I) 1 0 . 0 s .  c .  + 85 

1 8  H H H CH(CH3) CH3 rat (d, I ) O . Z5  s .  c .  t 8 1  
rat (d) 0 .  I Z5 • .  c .  t 8 1  
rat ( I )  z. o  • . c .  t 8 1  

(d, l )  0 . 9 i, p. t 48 

1 9  H H CH3 CHz CH3 rat 50 oral 0 1 09 

9 H H H CH(CzHs) H mouse 8 i .  p.  t 48 

1 3 H H H CH(C3H7) H mouse 1 4  i .  p .  t 48 

1 97 H H H CH(CH3 ) CzH5 rat 4 • .  c .  t 8 1  

1 98 H H H CH(CH3) C4H9 rat > 1 28 s .  C ,  0 8 1  

1 99 H H H CH(CH3) C5H1 1  rat >1 28 •.  c .  toxic 8 1  

z s H H OH CH(CH3) H rat 40  s .  c .  t 85 

Z6  H H OH CH(C2Hs) H rat >320 s .  c .  0 85 

27 H H OH CH(C 3H7) H rat 320 II ,  C, t 85  

28 H H OH CH(C4H9) H rat >80 s . c .  0 85  

3 1 H H OH CH(CH3) CH3 rat (d, I ) 1 6  s .  c .  t 85 
rat (I) 5 S .  C ,  t 85 

(d) 40 • .  c .  t 85 
(d, 1 )  1 9  i .  p .  t 48 

42 OH H H CH2 H rat >320 s .  c .  0 85 

4 3 OH H H CH2 CH3 rat 1 60 s .  c .  + 85  

44 OH H H CH(CH3) H rat 80 5 ,  c. t 85 

49  OH H OH CH2 CH3 rat > 320 • •  c .  0 85 

58  OH H OH CH(CH3) CH3 rat >32 • .  c .  0 85 

76  OH OH H CHz H rat 80 s .  c .  + 85 

90 OH OH OH CH2 H rat >2 • .  c .  0 85  
rat (I) 0. 25 - S ,  C ,  t 7 1  

2 . 0 

9 5  OH OH OH CHz CH3 rat 0 , 25  • .  c .  t 85 
(d) > 40  5 ,  c .  0 85 
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TABlE XXV (Cont . ) 

Fom - Structure Central Nervous System Stimulation Ref. 
pound 4 3 R X y Animal Dose Used Admin. Effect 

No. mgm . /kgm . 

1 30 OH OH OH CH(CH3) H rat >5 s .  c .  0 85  

1 3Z OH OH OH CH(CH3) CH3 rat >40 s .  c .  0 85  

1 3 1  OH OH OH CH(CzH5) H rat >1 60 •• c .  0 85 

The most effective stimulating drugs are � -phenylisopropylamine (No. 5 ) and its N-methyl analof �No. 1 8 ) .  The d -isome rs appear to be ten to twenty times more stimulating than the l - isomers 8 • 
5 . � - Phenylethylamine (No. 3) is almost inactive . An inc rease in the number of carbons in the 

s ide chain to four ( 1 -phenyi -Z -aminobutane , No. 9 )  or five ( 1 -phenyl -Z -aminopentane , No. 1 3 ) 
decrease s  central excitatory action. Similarly, the substitution of g roulJs larger than methyl at 
N causes a dec rease in activity in the order methyl,  ethyl, butyl , amyl 1 . Substitution of an 
hydroxyl at C - Z  g reatly reduces  excitatory action. 'Propadrine ' (No. Z5)  aDd ephedrine (No. 3 1 )  
are distinctly lees potent than amphetamine (No. 5 ) and N-methylamphetamine (No. 1 8 ) .  Hydroxyl 
substitution on the ring is likewise unfavorable for stimulation of the central nervous system. The 
threshold s timulating dose of �- (4 -hydroxyphenyl)isopropylamine (No. 44, 'Paredrine ' )  is one 
thirty -seconds that of amphetamine85 , The hydroxyphenyl analog of methylamphetamine (No. 4 5 , 
' Paredrinol ' )  is inactive , The corresponding catechol analogs (Nos .  1 33 and 1 35 ) also have been 
reported to  be  inactive . Jacobsen et al .  55  have reported results in man s imilar to  the above 
data . 

Gunn and Gurd4 1 obse rved excitation in mice after intraperitoneal injection of various 
cyclohexylalkylamines .  These  results are not in agreement with those of Lands , et al . 6 5 , who 
compared N-methylcyclohexylisopropylamine (No. 1 59) with the corresponding phenyl analog and 
found that hydrogenation of the ring greatly reduced excitatory action. Swanson and Chen9Z found 
amphetamine forty times more potent than N -methylcyclopentylisopropylamine (No. 1 66) .  
Aliphatic amines have little o r  n o  stimulating action on the central nervous system85 . 

These data establish  the importance of phenyli sopropylamine (No. 5 ) for stimulation of the 
central ne rvous system. Modification of this basic structure diminishe s  or abolishes  excitatory 
action. 

SUMMARY 

The most important modifications of the sympathomimetic actions of � -phenylethylamine 
are obtained by ( 1 )  substitution of the phenyl ring by an hydroxyl at the 3 -pos ition , (Z)  disubstitu 
tion of the ring at the 3 - and 4 -positions , (3) substitution of C - Z  of the s ide  chain by an hydroxyl 
and (4 ) a lkyl s ubstitution of the aminr . 1 4 The relative importance of each of these substitutions 
in modifying the activity of � -phenylethylamine is difficult to dete rmine by an examination of the 
published expe rimental data . Variations in test procedures and insuffic ient attention to 
quantitative methods of testing have given rise to important differences between the results 
obtained by different investigato r s .  Howeve r ,  some gene ralizations are s uggested by the data 
tabulated in this communication. 
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The s ubstitutions l is ted above diffe r in importance when diffe rent tes t  organs are  used .  
Exc i tation of  the cardiovascular  system is  favored by an hyd roxyl at the 3 -pos ition on the r ing . 
The s ubsequent add ition of the alcohol ic  hydroxyl caus e s  a di s tinct inc rease in potency. Howeve r ,  
the alcoholic hydroxyl does not appea r to be the key structure for this action inasmuch a s  its 
presence causes a distinct reduction in  pressor  potency when the phenolic hydroxyl is in the 
4 -pos ition on the ring. Methyl substitution of the nitrogen atom doe s not greatly influence p re ssor  
potency , except i n  the  case  of  hydroxyty ramine ( ' Epinine ' ) .  The p res sor potencies  of  1 - ( 3 -
hydroxyphenyl ) - Z -aminoethanol and 1 - (3 , 4 -dihydroxyphenyl) - Z -a.minoethanol a r e  ess entially the 
same as that of the i r  N -alkyl analogs . 

When depressor  action is conside red , quite anothe r p icture is obtained .  The substitution 
of the second ca rbon of the s ide chain of � -phenylethylamine by an hydroxyl causes  a distinct 
reduc tion in p r e s sor  potency and this is  furthe r reduced by the addition of an hydroxyl to the ring 
at the 4 -p os i ti on and by an N -methyl group .  If an N -ethyl or N- isopropyl be s ubstituted in place 
of the N -methyl g roup , the dominant action of the compound is depressor .  N - Is opropylarterenol 
( ' lsup re l ' ,  'Aleudrine ' )  is a. very potent vas odepressor agent.  The removal of the a lcoholic  
hydroxyl abol ishes  depressor  action, a weak pressor response resulting in most instances64 . 
Ring hydr oxy l s  a re not nec e s sary for depreuor act ion inasmuch as I -pheny l -Z - i s opropylamino 
ethanol i s  an effective depreuor agent .  The corresponding ethane analog is almost inactive66 , 
indicating further the importance of the alcohol ic hydroxyl for depressor action. 

Bronchodilator action is not usually obtained unless there is both an a lcohol ic hydroxyl at 
C -Z and a phenoli c  hydroxyl at the 4 -pos ition. Both 1 - (4 -hydroxyphenyl ) - Z -methylaminoetha.nol 
and the 3 -hydroxy analog are weak bronchodilator agents . Arte renol , with both hydroxyls on the 
ring . is s omewhat more potent .  The N -methyl analog (epinephrine ) is fifty times ,  the N -isopropyl 
analog one hundred times more potent than the priJtlary amine . The alcoholic hydroxyl is most 
important for this action. Thus , l ittle or no bronchodilation is obta ined with N -is opropyl -� -
( 3 ,  4 -dihydroxyphenyl)ethylamine . The structural requirements for bronchodilation and vaso
deprea s i on are  apparently quite similar .  Failure to obtain bronchodila.tion with weak vasod e 
pressor agents may result  from the strong bronchoc onstriction employed in  the usual  tes t  methods . 

By contrast to the above res ults , inhibition of the intestine appears to be favored by 
structural modifications favorable for vasopressor action. The inhibitory a ction of 1 - (4 -hydroxy 
phenyl ) - Z -aminoethanol is about one - five hundredths that of epinephrine ; the 3 -hydroxy analog is 
about one -tenth to one - twe lfth that of epinephrine . Addition of the second hydroxyl to the r ing 
increase s  intestinal inhibitory potency as it does pressor action. The s ubstitution of an N -methyl , 
N -ethyl or N - isopropyl group does not inc rease this action , the se  derivatives being no more 
effective than the p r imary amine . Removal of the alcohol ic hydroxyl reduc e s  potency but the 
resultant c ompound retains strong inhibitory action. The ethane analogs of a rterenol and epineph 
rine ha. ve one -fifth  to one -fortieth the inhibitory potency of epinephr ine . 

Ute r i  of various species  diffe r g reatly in the i r  response to d rugs .  Pha rmacologic 
evaluat ion is  furthe r compl icated by diffe renc e s  in response  res ulting from var iations in the 
phys iological s tate of this organ. With the rat ute rus , which is relaxed by all  sympathomimetic 
amine s , potency is greatly inc reased by the addition of the alcohol ic hydroxyl .  Gaddum et al . 35  

reported  1 -arterenol to be  about twenty times more inhibitory than hydroxyty ramine . The 
presenc e  of an N -alkyl substitue nt causes  s ome furthe r inc rease in potency 35 ,  6 3 . 7 1 . This is in 
gene ral a g r eement with res ults obtained for vas odep re s s ion and bronchodilation. The respons e s  
o f  rabbit a nd guinea pig ute r i  are  variable and these  organs may be eithe r c ontracted or relaxed 
by sympathomimetic amine s .  Although our data a re incom p l e te , the r e s u l t s  ta bulated he re 
sugge s t  that the response obta ined represents the net resultant of thes e two oppos ing actions . 
Weak sympathomimetic amines such as � -phenylethylamine or tyramine usually cause contraction. 
R e laxation is  obta ined when the re  i s  an a lcoholi c  hydroxyl a nd / o r  an N -alkyl g roup larger  than 
methyl . T he N - i sopropyl analog of hydroxytyramine is  a weak ute r ine inhibitor .  Addition of the 
alcohol i c  hyd roxyl inc reases  greatly this inhibitory action.  The pr imary amine , a rte renol , may 
eithe r c ontract  or relax the guinea pig ute rus 7 1 , 79 and the rabbit uterus is contracted. The 
presence  of an N -alkyl  group larger  than methyl s uppresses  excitation, the balance now be ing 
favorable  for re laxation. Inasmuch as both the N - alky l  group and the a lcoholic  hydroxyl a re 
important for inhibition of the ute rus , the inhibitory pattern 

·
of this organ most nea rly re sembl e s  

that of the vascular  s y s t e m  and bronc hiol e s .  

T h e  e ffe c t  o f  st ructural modifi cations o f  � - phenylethy l a m ine divides the s e  sympathe t i c a l l y  
inne rvated organs �nto two functional g roups ( I ) va s od e p re s s o r  a c t i on ( re laxation of  the a rte rioles  
and c ap i l l ar i e s ) ,  bronchod ilation and ute rine relaxation ; ( Z )  vas op r e s s o r  a c tion (cont ra c t ion of  the 
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a rterioles  and capi l laries ) ,  ute rine contraction and inte stinal relaxation, The alcohol ic  hydroxyl 
at C - Z  on the s ide chain appea rs to be the key structure for the first and an hydroxyl at the 3 -
pos ition on the phenyl  ring for the s econd . The addition of each of the other s ubs tituent• to the key 
compound wi ll then increase potency , as indicated above . 

The re lative effectiveness  of sympathomimetic drugs on various other  organs inne rvated 
by the sympathetic nervous system has been determined in some instances . Thes e  data are  
reviewed he re · in te rms of  the above generalization. Sympathomimetic action on the heart  m ust  be 
conside red Cor effe cts on both rate and amplitude inasmuch as each of these actions may be 
influenced by drugs to a different degree . Effects on heart rate s uaaest that there  is no distinct 
diffe rentiation of effects such as is  found with the peripheral vascular system , Structural 
modifications which favor e ither vasoconstriction or vas odilatation are favorable for cardiac: 
acceleration . Thus , the highly potent vasodepressor drua ,  1 - (3 ,  4 -dihydroxyphenyl) - Z - is opropyl 
aminoethanol ( ' Isupre l ' )  and the N -1. -butyl analoa are about four to ten times more effective than 
epinephrine in inc: reas ina the rate64 , 79 , Similar ly ,  1 - {4 -hydroxyphenyl ) - Z -isopropylaminoethanol 
is  four times more effective than the correspondina N -methyl analoa , 'Sympatol • 78 . An alcoholic 
hydroxyl at C - Z  of the s ide chain is important, Thb is easily demonstrated with 1 - (3 , 4 -dihydroxy 
phenyl ) -Z - isopropylaminoethanol and the correspondina ethane analoa . The former compound is 
three hund red to five hund red time s more potent than the latter .  Excitatory action is reta ined in 
1 -phenyl -Z - i sop r opylaminoethanol , indicatina that the ring hydroxyl• only increase potency . 64 Ala 
hydroxy at the 3 -position on the ring is more favorable for cardiac acc ele ration than at the 4 -
pos ition .  Comparison has shown 1 -{3 -hydroxyphenyl ) - Z -methylaminoethanol { ' Nco -Synephrine ' )  
t o  be twenty to fifty times more stimulating than the 4 - hydroxyphenyl analoa { 'Sympatol ' )  in 
expe r iments on the denervated hea rts of doas . l l Z  Hydroxyls at both the 3 - and 4 -positions on the 
r ing a re more favorable than e ithe r alone . Racemic epinephrine is  approximately ten to twenty 
f ives t imes more effective than ' Nco-Synephrine ' and two hundred to twel ve hundred t imes more 
effective than 'Sympatol ' .  From the above data it readily can be seen that each of the four substi 
tuti ons to the 15-phe nyle thylamine nucleus contribute importantly to cardiac accele ratina action. 

There are  l ittle quantiat ive data avai lable with regard to the effects of these  drUJIS on the 
force  oC cardiac contraction. Garb3C. has reported arterenol s omewhat more effective than e ither 
e pinephr ine or ' Isuprel ' . Similarly ,  Tainter has reported an inc reased for ce of contraction with 
a rte renol which was freater than that obtained with epinephrine and more prolonaedZ6 . Marsh  
e t  a l .  79 and ..,.hlqui st reported equal effects for d ,  ! -epinephrine and arterenol with the pe rfused 
cat and rabbit hearts but greater effect  was obtained with ' Isupre l ' . Removal of the hydroxyl at 
the 3 - pos ition on the ring reduces activity to about one -hundredth that of the correspondina 
catechol analog78 . Crismon  and TainterZ6 found that the s imple r all)ines , ' Propadrine ' ,  
e phedrine and ' Benzedrine ' ,  exerted a n  influence on rate but were without important effect on 
amplitude . These data are in general aareement with those for effect on rate except for the effect 
of the· N - methyl a roup, the primary amines beina equal to or s liahtly more effective than the 
N -methyl analog in incr eas ina the force of contraction. 

The cat nictitating membrane has been used a s an indica�or of excitatory action. Bac q ,  1 1  
found epinephr ine more effective tha n a rte renol whereas Gaddum et a l . 3 5  reported the two 
d rugs equally potent. Removal of the hydroxyl from the 4 -pos ition only on the ring reduces 
activity to about one -quarte r ;  from the 3 -pos ition only to about one -thirtieth to one -one hundred 
twentieths that of epinephrine . The alcoholic hydroxyl is important for this action. BoUa 'Epinine ' 
and ' Kephrine ' are distinctly weake r than epin'Uihrine , Hydroxytyramine has one -hundredth the 
stimulatina action of epinephrine 35 . Ahlquist4 found ' ls uprel '  ineffective and Gaddum et al. 35 
have reported re laxation of the nictitating membrane after injection of this d�ug . These  data 
sugge s t  that stimulation of the cat nictitating membrane is favored by the same structural c hanges 
which favor vas opressor  action, ute rine contraction and inte stinal re laxation . 

Ahlquist4 has postulated two receptors  for sympathomimetic drua action; an alpha 
adrenotropic receptor for vasoconstriction in the viscera and skin, for contraction of the ute rus 
and nictitating membrane and for re laxation of the inte1tine , urete r and dilator pupillae , a ]!m 
receptor for vasodilation in skeletal musc le ,  coronary ves s els  and viscera,  for inhibition of the 
ute rus and bronchioles  and !or cardiac stimulation. The data presented he re a re in gen e ra l  
agreement with such a functional c:lass ification o f  oraans innervated by the sympathetic nervous 
system . The key c:onfiauration for s timulation of the o. - receptor probably is  15 -{ 3 -hydroxyphenyl) 
ethylamine with subsequent substitution of the alcoholic; hydroxyl on the side chain and the s econd 
hyd roxyl to the rina each increas ing potency . N -Alkyl s ubstitution ia less important and may 
a ctua l ly  dimini sh  potency with groups large r than methy l .  The key c:onfiauration for s timulation 
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of the !' - receptor is probably 1 -phenyl -2 -aminoethanol , the alcoholic hydroxyl at C - 2  of the s ide 
chain playing an important role . Substitution of an' hydroxyl at the 4 -pos ition on the ring and 
N -alkyl s ubstitution each increase inhibitory potency. With both 'key structural requirements 
present in the molecule , mixed effects are frequently obse rved ,  as for example the responses  
which follow an  intravenous injection of  epinephrine . The cardiac receptor for sympathomimetic 
d rug action e ither is  different from those descr ibed above or is  undifferentiated and may be 
considered as an a I' structure , responding to both excitatory and inhibitory d rugs by increased 
cardiac action. 

Lengthening of the s ide chain decreases  both excitatory and inhibitory actions . The 
p ropanol derivative , ' Cobefrine ' , is  somewhat less pressor than the ethanol derivative , arte renol. 
An inc rease in the number of carbon atoms in the a ide chain to four practically abolishes pressor 
a ction. Inhibitory action on the bronchioles , uterus . and intestine are also diminished . These  
results suggest that stimulation of  both the a and I' systems is diminished. Further evidence of 
this is furnished by the low stimulating action of this compound on the heart l 02, an organ in which 
both functional systems may cause increased action. 

Modification of the 'key compounds , as indicated above , causes s imilar changes in action. 
Thus , 1 - ( 3 - hydroxyphenyl ) - Z - aminopro,f.anol is approximately ten times more pressor than 
1 - (4 -hydroxyphenyl) -2 -aminopropanolZ • Z 5 . The alcoholic hydroxyl at C - 2  does  not increase 
vasopressor action, in the absence of an hydroxyl at the 3 -pos ition on the r ing . This is readily 
s ee n  by comparing the pressor action of 1' -(4 -hydroxyphenyl )isopropylamine with that of 
1 - (4 - hydroxyphenyl) - 2 -aminopropanol . The former is 1 .  5 - 2 .  0 times more effective than the 
latte r l 3 , 24 , 1 00 , The presence of an N -alkyl group increases stimulation of the !' - receptor.  The 
action of 1 - (3 ,  4 -dihydroxyphenyl ) - Z -methylaminopropanol is predominantly depres s or4 ,  84 ; that 
of 1 - ( 3 ,  4 -dihydroxyphenyl) - 2 -isopropylamino - 1 -butanol strongly depreuor but less so than 
' laupre t • 63 , Again, us ing the heart as an indicator of the sum of sympathomimetic action, we find 
the stimulating action of 1 - ( 3 ,  4 - dihydr_oxyphenyl) -2 - isopropylamino- 1 -butanol much weaker than 
' ls upre l ' .  

The data shown in  Table XV suggest that hydrogenation of  the phenyl r ing abolishes 
stimulating action on the !' - receptor but only diminishes stimulation of the a- receptor. The 
p r e s s or action of 1' -cyclohexylethylamine and 1 - cyclohexyl - 2 -methylaminoethanol is about one 
half that of the corresponding phenyl analogs4 1 , 60 , 74 , The cyclohexyl analog of the effective 
vasodepressor  compound , 1 - (4 -hydroxyphenyl) - 2 -iaopropylaminoethanol ,  is inactive60 , The 
effect of cyclopentyl or a -thienyl substitution in place of the phenyl ring likewise reduces pressor 
potency. Available data do not pe rmit other comparisons . 

Aliphatic amines appear to stimulate the a-mechanism but have l ittle or no effect on the 
1' -mecha"-iam. Thus , they generally raise blood rressure but cause bronchoconstriction and 
c ontraction of the intestine and uterus8 • 30 , 76 , 1 0 . Two of the se ,  ' Octin'  and 'Tuamine ' have 
c li nical importance  as vasoconstrictors .  

Exc itatory action on the central ne rvous system obse rved with some sympathom imetic 
amines does  not fit into the patte rn of action previously des c ribed.  The most effective s timu
lating d rugs a re phenylisopropylamine and its N-methyl analog. An increase in the length of the 
s ide cha in or of the N -alkyl g roup reduces central excitatory effect.  Substitution of an hydroxyl 
on the s ide chain or on the r ing greatly diminishes or abolishes excitationS ! , 8 5 . Ephedrine 
(alcoholic hydroxyl at C - 2 ) is about one -s ixteenth as active as amphetamine ;  'Paredrine ' (phenolic 
hydroxyl at the 4 - pos ition) has almost no stimulating action85 . Epinephrine has been reported to 
c ause some stimulation85 , Gaddum and Kwiat'kows'ki34 and Lawrenc e ,  Morton and Tainter68 have 
reported potentiation of the pres s or action of epinephrine by ephed rine and sugge sted that this 
m i ght be due to the inhibiti_on of amine - oxidase thus preventing the de struction of epinephrine . 
Similar action has been reported by Jang56 for ' Benzedrine " and 'Propadrine ' .  One might assume 
that the stimulation observed with these drugs is secondary and results from the protection of 
e pinephrine , produced naturally at synaptic junctions , from enzymatic destruction. This seems 
improbable in the light of  the results obtained by Lewis69 who obs erved marked epinephrine 
p otentiation with various aliphatic amine s ,  although aliphatic amines have been  reported to be 
d e void of central stimulating action76 , 8 5 , Anothe r barrier  to the acceptance of this concept is  
s uggested by the work o!  Marrazzi 73 and Bulbring and BurnZ 1 who have s hown that phys iological 
quantities of epinephrine inhibit synaptic t ransmiss ion in sympathetic gangl ia .  The obse rved 
e levation of  mood and increased ale rtness  that follow amphetamine or N - methylamphetamine 
c ould hardly result from increased synaptic res istanc e ,  i! the se  central synapse s are similar to 
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those  in sympathetic gangl ia .  The stimulating action of these  amines  on the central ne rvous 
system appea rs to invol ve receptor systems other than the a and IS types found in sympathetically 
i nne rvated organs . 

This review of sympathomimetic amine" has listed representative data of the type usually 
supplied by the pharmacologist to the medicinal chemist as a guide to further synthes is , It i s  the 
hope of the w riter that such a collection will be useful to those engaged in the synthes is  and 
e valuation of sympathomimetic drug s .  The limitations of the data are obvious . It is readily 
apparent that these  correlations are based upon a two - d imens ional p i cture of a three -d imens ional 
structure . There is also re lative ly little known about diffe rences in physical and chemical 
properties of these  molecules which may contribute importantly to the phys iologic actions 
obs e rved . Future research must provide us with information with rega rd to the nature of the 
reactions that take place within the effector organs and e luc idate the importance of structural 
va riation on these reactions . The progress  of sympathomimetic drug research during the first 
half of this century is  of s uch magnitude that we may look forward to the second half century with 
great expectations . It may not be too much to hope that , as a result of an inc reasing life 
expectancy,  many of us who have participated in the work of the first haU may witness  also the 
ful l achievements of the second haU century . 

• • • • • • • • • • •  

'Suprarenin' ,  ' lsup rel ' ,  Cobefrine ' ,  'Nee-Synephrine ' ,  'Sympatol ' ,  and 
' Kephr ine ' are trademarks of Winthrop -Stearna Inc . 

' Vonedrine ' is the trademark of. the Wm. S .  M e r rel l  Company. 

'Aleudr ine ' is the t radema rk of National Drug Company. 

' Epinine ' is the tradema rk of Burroughs , Wellcome and Company. 

'Propadr ine ' i s  the tradema rk of Sha rp and Dohme , Inc . 

'Paredrine ' ,  'Paredrinol ' and ' Benzedr ine ' a re trademarks of Smith , Kline 
and French Laboratories . 

'Octin' is the trademark of Bilhube r -Knoll Corp. 

' Tuamine ' is  the trademark of Eli Lilly and Company. 
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I ZO ·  

DISCUSSION 

DR. T. C. BARNES (Hahnemaan Medical Colle1e and Hospital of Philadelphia) : 1 ahould 
like to congratulate Dr.  Lallda on thia fine paper and I ahould like to know if he would conaider the 
poa aibility that the atructuial modification• of dru1 molecule• have electrical effect• which may 
explain their action. We have fouad that a aerie• of sympathomimetic druga have diatinctive 
phaae -boundary potentiala .  A triJlyceride oil ia capable of pickin1 out sympathomimetic drua• 
from a solution aad leaving all the paraaympathetlc dru1• in the aqueous medium. We feel that 
atructural modificationa auch aa thoae described by Dr .  Landa are aimply factors which influence 
the oil solubility of the compound• aDd the extent of their ionisation within the oil phaae .  Thua 
the pharm,acodynamic action on the tissue may be produced by the electrical potential Jenerated 
by the drua. 

I S E C .  

I I M V 

\ \ 

Oil -cell apparatus for measurin1 phaae -boundary potential• of druas . 
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I Z I  

(Slide)  Our methods are rathe r unusual s o  I a m  showing this slide of t he  gla . .  tube 
containing the oil laye r forming a phas e -bounda ry with saline . With triacetin in the apparatWI 
e lectrica l  potential is gene rated with sympathomimetic drugs but not by acetylcholine . 

(Slide ) This shows the apparatus for produc ing phase - boundary potential directly on ne rve . 
We extract s ome of the lipoid from the frog sciatic with ethe r and treat the nerve with the 
adrene rgic  oil -triacetin. The ne rve eive s a ereate r potential with amphetamine than it did .before 
the triac etin was added.  Nerve from an animal not havine an adrenal like the lobster is not 
sensitized in this way . We believe that the sympathetic and parasympathetic ne rves contain 
diffe r e nt lipoid . 

(Slide) This apparatus s hows a glass model of a cellular receptor  upon which a drue is 
supposed to act .  The cente r capilla ry tube is filled with an adrenereic oil on which amphetamine 
for example produce s  the s ame negative potential as it does on a wide surface  of oil 5 ems .  ill 
d iameter . In othe r words , membrane potential is independent of area. There is no need to 
postulate the presenc e  of receptor s pots on l iving cell s .  

(Sl ide )  This s hows the Speedomax chart o f  the negative phase -bowadary potential produced 
by tyramine on triacetin. Tyramine can be used to detect adrene reic oils . Catechol is 
e lectr ically inactive . 

(Sl ide) This s hows a s e ries of parasympathetic and sympathetic drngs  which were tested 
on adreDereic oils . Acetylcholine , curare , methacholine and atropine are inactive on trielyceride 
oil on which the sympathomimetic drugs eene rate potential (inc ludin& the aliphatic members , 
octin, oeDethyl and aranthol) .  Nicotine is also active on adrenereic oils sueeestine its p ressor 
actioD is  related to that of epinephrine . 

ACTIVITY OF CHEMICALS ON ANDRENERGIC OILS 
{all concentrations 0. 05'!L) 

Acetylcholine 
Choline 
Mecholyl 
Pilocarpine 
E serine 
Prostiemine 
Atropine 
Curare 
Etamon 
Aranthol 
Octin 
Oenethyl 
Priscol 
Yohimbine 
Dibenamine 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 9  millivolts 
3Z millivolts 
1 5  mil livolts 
45 millivolts 
77 millivolts 
6 millivolts 

Ill view of the above evidence I should like to ask Dr.  Lands if he would agree that the 
phase - boUDdary potential of an adrene rgic drue is a factor in its pharmacodynamic action on the 
liviDJ cell.  We suggest that epinephrine , for example,  stimulates the heart exactly like &D 
·electric current. 
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DR : MARRAZZI  De rtment of the Army,  Army Chemical Center ,  Maryland) :  I think 
it wil l  be apparent that the data have carried us or , rathe r Dr .  Lan s, ar in the correlation of 
s tructure to function. I believe another point of view might car ry us further ,  even more s ignifi 
cantly furthe r ,  and deserves s ome emphasis . Lest your first impress ion be that the addition of 
an unneces sary complication is involved,  I would l ike to call  your attention, very briefly , to some 
prel imina ry  cons ide rations . 

R ecapitulating s ome of Dr . Lands ' remarks , the characteristic activity of what we m ight 
call  the sympathomimetic nucleus , namely the 1' -phenylethylamine group, is that it will ,  in fact,  
exhibit all  of the actions of the sympathomimetic amines . 

All  of the actions in the case of sympathomimetic amines can be readily divided into two 
types ,  and s umma rized as excitatory and inhibitory actions ; that i s ,  the stimulating action on the 
hea rt ,  for example , is an excitatory action; the bronchodilator action is an inhibitory action. 

The sympathomimetic nuc leus mentioned is the bas ic membe r of the series (1'-phenyliso 
p ropylamine is the basic member of an analogous a eries)  in which  the commonest  substituents , 
i . e .  a meta phenolic hydroxyl , a para phenolic hydroxyl ,  an alcoholic  hydroxyl on the beta 
carbon and a methyl group on the nitrogen, all four individually or collecti vely (adrenaline) always 
p roduce enhancement of both types of characteristic activity .  

Whethe r you agree with me in  detail  o r  not , the point I would like to make is  that the s e  
modifying g roups here  and , poss ibly , with other compounds , are producing a multiplicity of 
actions which ordinarily can be s ummarized into a few groups , usually into excitation and 
inhibition; and that , for fundamental understanding, it is sufficient to focus on only one action or on 
one type of action because ,  ordinarily (in fact, I know of no exceptions ) ,  all of the actions are 
s imultaneous ly being affected .  So I would plead for further emphasis on what you occasionally 
s aw in Dr .  Lands ' slide s ;  namely ,  a correlation to boih types of action simultaneous ly or to the 
ratio of excitatory to inhibitory actions or the other way around , as may be desired .  Since a 
change in chemical constitution ,produces 1 a  s imultaneous change in all of the activities elicited by 
a c ompound, one can only hope to corre late the chemical change to the complete picture of 
activity. 

Obvious ly, there will be difficulties . One will have to choos e an excitatory action which is 
cha racteristic of the whole aroup, and an inhibitory action characteristic of the whole group. One 
of the final remarks Dr .  Lands made may have been left in your memory as a possible conspicuous 
exception to the ready c lass ification of actions into related excitatory and inhibitory aroups . He 
pointed out that the inhibitory action of adrenaline on the brain which we l ( 73a) have des cribed, 
would seem to be quite different from and unrelated to any othe r central action but this is  because 
one has been familiar hithe rto with only the central so called excitatory actions of sympatho 
mimetic amine s .  We have , however ,  des c ribed a cerebral inhibitory action for adrenaline and 
several other sympathomimetic amines which is characteristically s imila r to the one we have 
previous ly described in sympathetic aangliaZ(73b) and shown to be analogous3(73)  to fnhib�tion at 
adrene rgic neuroeffector junctions . Thus in keepina with the concept we are proposina, even 
these  central actions of the sympathomimetic amines are apparently divisible into excitatory and 
inhibitory and for adequate , more meaningful and accurate analys is the correlation of chemical 
structure should be made to something expressina both actions , i . e .  to the ratio of the two. 

Refe rences 

I .  Marrazzi ,  A. S.  , The central inhibitory action of adrenaline and related compounds . Fed. 
Proc ., z .  33 ( 1 943 ) .  Marrazzi , A. S .  and Hart, E .  R . , Cerebral synaptic responses  to drqa 
as counterparts of possible humoral mechanisms . J .  Pbarmacol . ,  i§ ,  ZZ ( 1 9 50) .  

Z . Mar razz i ,  A. S. , Electrical studies on the pha rmacology of  auto�omic synapses .  II .  T he 
action of a sympathom imetic d rug (ep inephrine) on sympathetic aanglia . J .  Pharmacol.  , 
k2 .  395 ( 1 939) .  Ma rrazzi ,  A. S. and Marrazzi ,  R. N. , Further local ization and analys is of 
adrene raic synaptic inhibition. J .  Neurophys iol . , 1!! . 1 6 7 ( 1 94 7) . 
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3 . Marrazzi ,  A. S. , Reduction of sympathetic synaptic transmiss ion as an index of inhibition at 
adrenergic junctions in general,  Science ,  1 04,  6 { 1 946) . 

DR . LANDS : With regard to Dr . Barne s '  comments , I think it probable that sympatho 
m imetic amines act at some easi ly acces s ible surface inasmuch as the effect is rapidly elicited 
and read ily reversed.  However ,  I would prefer to ask Dr .  Barnes  a question rather than attempt 
to answer the one he has proposed. In a system such as the one shown in his s lides , would the 
dext ro and levo isomers of potent sympathomimetic amines such as epinephrine have different 
s olubilities and ionize to different degree s in the "sympathomimetic oil " postulated ? 

I would like to comment briefly on Dr . Marrazzi ' s  statements . The inte rrelationship 
between the actions of these sympathomimetic aminea are undoubted ly complex. The substituent• 
which are effective in increasing exicitatory action are also important for inhibitory action so 
that you have a melange of effects . However ,  I would like to emphasize the observation that it is  
not pos s ible to  elicit important inhibitory action in the absence of the a lcoholic hydroxyl . 
Exc itatory action is not s imilarly dependent upon this group. 'Epinine ' , N-methyl - jS - {3 , 4 -di · 
hydroxyphenyl )ethylamine , is a potent pressor amine . On the other hand, this drug has little 
inhibitory action. The inhibitory action obtained may be non -specific inasmuch as papaverine has 
compa rable potency. 

In conclusion, I believe that out of all this has emerged some indicat ion as to the 
s tructural requirements important for excitatory and inhibitory sympathom imet ic actions . 
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On enter ing the auditorium this morning each of you rece ived a small green booklet 
entitled "The Chemical - Biological Coordination Center of the National Research Council " .  This 
booklet , wr itten by the staff ,  descr ibes in some detail the History ,  Organization and Objective s of 
the Cente r together with a descr iption of the p rocedures which have been developed for the 
assembly and organization of chemical -biological data. These  procedures  involve the use of data 
sheets , p repared by our abstracte rs , chemical card files , a chemical code and biological codes 
and punched cards .  Some examples a re aiven to  illustrate the way the Cente r util izes these  
faci l it ies in  answer ing questions concerning chemica l - biological correlation. Dr .  Marsh of  West  
V i rginia Unive rsity wil l e laborate on this problem in his discuss ion of  antihistamines and 
Dr .  Anderson of the Ame rican Cyanamid Co.  in his discussion of antithyroid compounds . We are  
extremely grateful to  both of  these gentlemen for  the ir contribution to  this portion of  the Cente r ' s  
part ic ipation in the Symposium.  Information is p rovided re1arding th e  s c reening p rogram which 
is be ing sponsored by the Cente r and the booklet contains a list of the publications whicli have 
been i ssued by the Cente r ,  to date . Inc identally , these  publ ications are  displayed in a case in the 
lobby on the left as you make your exit from the auditorium. The booklet also provides infor 
mation o n  the or1anizations and individuals who a r e  el igible to util ize the Center ' s  facilities ,  and 
the pres ent l imitations of the se rvice it can render .  

I hope that each of  you who received a copy of  this booklet w il l  read it carefully. There 
are a few points which I would l ike to emphasize .  The Cente r will be four years old on July l ,  
1 9 50 .  The major portion of this time has been spent in develop ing the proc edures which are now 
in us e .  We have about fifty -five thousand data sheets in our files  which contain chemical -biolog i 
cal information on some nineteen thousand chemicals . Thes e data have been taken from declass i 
fied wa r reports , which a re not gene rally available,  from our sc reening program , from 
unpubl ished reports solic ited from government , unive rs ity and industrial laboratories and from 
current , selected sc ientific periodica ls .  Our abstracte rs are routine ly preparing data sheets 
from about one hund red and fifty selected journals starting with January 1 946 .  An analysis of 
c hemical -biological l iterature made by our staff ind icates that if this l ist  is extended to two 
hundred and fifty journals the Cente r will be in pos ition to record ove r ninety per cent of the 
"usefu l " chemical -biolog ical data . In orde r to cove r an additional one hundred journals and a lso  
to include the l ite rature  p rior to  1 946 we need the se rvices of  additional abstracte rs . The Cente r 
re imburses its abstracte rs at a fixed rate per data s heet p repared. If you know of qualified 
biologists who would be inte rested in coope rating with this program we would be very pleased  to 
rece ive the i r  names .  

Each of the chemicals l isted on  the data sheets have been coded by the Chemical Code which 
wil l  be descr ibed by Dr .  Geer .  We also have three sets of chemical card files  which are fi led by 
se rial numbe r orde r ,  by empirical formula and by the i r  Chemical Abstracts name so that it i s  
re lative ly easy to locate data sheets for any chemical .  A good s ta rt has been made i n  coding the 
biological data on the data sheets by the new detailed biolo1ical code which Dr. Bea rd will 
descr ibe and a large fraction of the data sheets have been coded by the Gene ral Biological C ode .  
Much o f  the coded data are  contained  on  punched cards in our  files and hence available for 
machine use . 

In regard to the s c reening program the Cente r has made about twenty -five hundred com 
pounds ava i lable to the thi rty -odd laboratories which are  cooperating i n  this phase of its activity 
and it has rece ived about forty -five hundred . reports on the ir  biological actions . About fifty of 
these  compounds have pos sessed sufficiently inte re sting activities to wa r rant further inve st i 
gation. In add ition to provid ing compounds to our regular  sc reening agencies the Cente r is al s o  
furnishing se lected chemica l s  to a group of vi rus Investigators and also t o  a group of biochemists . 

I want to take this opportunity to publ icly express  the thanks of the Cente r ' s  staff to 
Dr .  W inte rnitz , Cha irman of the Cente r ' s  Executive and Advisory Committees , who ori1inally 
conceived the idea of organizing the Cente r ,  to the membe rs of the se  committees , and to the 
s e venty -five membe rs of the Cente r ' s  subcommittees and panels  for the outstanding se rvice and 
coope ration which  they have rende red to the Cente r during the four years of its existence .  The 
Cente r i s  a fine example of team work between chemists and biolog ists . 

Final ly , I wish to express the Cente r ' s  sincere apprec iation to the agencies  which a r e  
providing the financ ial s upport for its activitie s .  These  Inc lude the Chemical Corps , the Corps 
of Engineers , the Surgeon General ' s  Office and the Quarte rmaste r Corps of the Department of 
the Army ,  the Medical Sciences Division of the Office of Naval Research,  the American Cancer 
Society and the National Canc e r  Institute of  the  U . S .  Public Health Servi c e .  Without the ir  
generous support this enti re deve lopment as we l l  as this Symposi um would not have been pos sible . 
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The National Research Council Chemical Code was developed by the Chemical Codification 
Panel under Dr.  C .  Cheate r Stock as Chairman. The primary pllrpoae in de velopiq this c ode 
was to provide a means of des cribing the atrllctllre of a chemical compollDd l inearly for transcrip
tion to a punched card and thlls pe rmit the selection of types of compollnds by machine methods . 
Cataloglling of compounds by empirical formula and chemical name has bee n  llsed extensively,  and 
c e rtain systematic c lassifications Bllch as Beilstein and the Wiselogle classificati- have also 
been employed . More recently the Dyson system as well as seve ral other methods of claasifyiq 
chemicals have been developed and,  in some instances , applied to pllDChed cards . To locate a 
s ingle compound , the empi rical formllla offe rs a s imple and S llre method; to locate types of 
c ompounds , the c hemical name or any other of the variolls c lass ification systems permits the 
location of many compollnds . Oftentimes , however ,  a group is obscured because of the presence 
of anothe r grollp or groups which take precedence in the class ification s cheme . By expressiq 
the component parts of a compound by illdividual nllmbera or code designations and transfe r ring 
them to a punched card any desi red component or components may be searched for .  

The NR C Chemical Code des cribes a chemical structure b y  aas igniq code designations to 
the component parts without showing specifically how the parts are attached to one aDOther .  
According t o  the principles of this Code , the component parts or groups are divided into follr 
main divisions (organic , organoheteroid, inorganic and indete rminate structure s ) ,  which are 
furthe r divided into s o -called fam ilies . Within each family three numbe rs or lette rs desc ribe the 
variolls g roups in the se  categorie s .  A fourth digit is used to record how many times the group 
occurs in the atrllcture coded. In al l  familie s ,  apace has been left for fllture expansion. The 
c lassification in Division I or tbe organic group which includes Families 0, 1 ,  2 . . • 9 ,  
A, B . . .  N ,  fl •  is  based upon a coding system deve loped by D r .  Frear and his associates at 
Pennsylvania State College .  The families in Division I are listed in order of de c reasing 
complexity with respect to the number of elements present.  Groups containing N ,  0, S and 
halogen in addition to C and H are in Family 0 - - and so on through Family fl- - containiq -ly 
noncyclic  C. Cyclic groups are c lau ified in separate families from the noncyclic ,  e . g. ,  Family 
6 - - classified noncyc lic groups c ontaining N and 0 (in addition to C and H) whereas Fa�ily 7 - 
c odea ring structures containing C ,  N and 0 .  In Division I ,  the specific ity with which the 
individual group is defined has been regulated to a large degree by the frequency with w hich the 
group in que stion occurs . For example ,  dithiocarboxylic ac ids and este rs are coded by the same 
code designation. Carboxylic acids and eaters on the other hand are not only separated from each 
othe r but are further divided according to the nature of the acid and the alcohol forming the este r .  
Carboxylic  acids a r e  l isted as RCOOH and sepa rate c od e  designations assigned depending upoa 
the nature of R ,  i . e .  whether it is hete rocyclic , aromatic carbocyclic or either alicyclic  or 
aliphati c .  Ukewiae e sters are listed as RCOOR 1 and separate designations ass igned depending 
upon the nature of both R and R 1 •  

The organohete roid family (P - - ) claas iCies elements attached to C othe r than C ,  H ,  N ,  0, 
S and halogen according to  the ir  c ombining power . Combining power  is defined as  the numbe r of  
e lectrons the atom in que s tion furnishes for  s haring or transfe rs to othe r atoms.  Inorganic 
c ompounds are coded as central atoms (Family R · ·  or T - - )  with othe r groups coo rdinated to 
them (Family S - - or U - - ) . In the case of ionic structllres , the cation and anion are coded as 
s epa rate units ; the fourth digit of the code des ignation rec ords the numbe r of times the group 
occurs in the ion rathe r than the number of times it occurs in the compound. The noametallic  
e lements have been ar ranged in a s e r ies in  orde r of  increas ing e le ctronegativity proceeding from 
s elenium through fluorine . The elements so listed are coded in Family T - - if they occur a s  free 
e lements o r  central atoms of neutral molecules . Othe r elements a re coded in Family R · - when 
free or central atoms of neutral molecule s .  Simple cations or c entral atoms of complex cationa 
a re c oded in Family R - - ;  s imple anions or central atoms of c omplex anions in Family T - - .  The 
s e cond and third digits of the c ode des ignations class ify the e lem ents of the s e  families acco rding 
to the ir  oxidation state , whic h is cal culated in the conventional way by as suming that enough 
s hared electrons to fill the outer  s hell  of the more electron- attractiq atom belong to that atom. 

Famil ies  S - - ,  U - - and V - - class ify coordinate or  s olvate grollpS which act as llDits . 
G roups coo rdinated to an R -group are coded in Family S - - ;  thos e c oo rdinated to a T -group in 
Fami ly U - - ; g roups coordinated to a P -g roup in Family S - - or U - - depend ing upon the e le ctro 
negativity of the P -e lement. 

• fl is  used to distinguish the lette r 0 from ze ro. 
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Hydrates and solvates are coded in Family V - - ;  indete rmiD&te structure s in Family Z - - .  

I n  the code for a compoUDd, code designations are listed in the order i n  which they appear 
in the List of  Group Numbe rs , i . e .  0 -9 and A - Z .  The coding of  a compound is accomplished by 
selecting from the List of Group Numbers the fi rst group which de sc ribes a component part of the 
structure . U no cock .designation is foUDd which descr ibes an entire group ,  it may be split into 
two or more groups for coding purpos e s .  One systematically proceeds through the List of Group 
Numbe rs until all parts of the structure have been coded . The examples shown below illustrate 
the procedure . 

D -Glucose ,F\ H oH 
OHU 

I ' 
H OH 

H4M .  1 -HSA.  3 - HSK .  1 - IHZ.  l -fl99 .  1 

(H4M = HzC(OH)z ; HSA = !.:.9HOH; HSK = RCHzOH, 
R is heterocyclic ; IHZ = tetrahydropyran; fl99 = C J )  

Since only C , H and 0 appear i n  this compoUDd, the first family which codes a group in this 
structure is the H or (CH)O noncyclic family . H4M,  shown in the code as HzC(OH)z . is the first 
group in thi s family which describes a part of the structure .  The hydrogens in this 1roup may be 
replaced by R .  · 

6 -0uinoxalinol , 7 -methoxy -

FSO. Z -GFR . l -H6 7 .  l -H74 . 1 - NYI .  l -JI99 .  I 

(FSO = � (: may be resonatin& double bond) ;  GFR = 

pyrazine ; H67 = ROR ' ,  R and R '  are aromatic carbocyclic 
and alicyc lic  or aliphatic ;  H74 = ROH, R is a romatic 
monocarbocyclic ;  NYI = benzene fused to a heterocyc lic 
structure ; fl99 = C ) ) 

C , N and 0 a re all p resent in this compound , but only CN and CO groups occur as component 
g roups indicated in the code . FSO.  Z codes the ring nitrogens and GFR. I the hete rocyclic ring. 
Fus e d  hete r ocyclic rings are always coded as component monohete rocyclic r inas . W ith the 
exception of the CsN r ing , no distinction is made between fused and unfused heterocyclic rings . 
Hete r ocycl i c  rings of varying degrees of unsaturation are indicated by sepa rate code des ig��ations . 
Becaus e of the frequency of occurrence of C4Nz rings , these have been sepa rated into pyrazine , 
pyrimidine and pyridazine , but in all other cases the location of the hete rocyclic atoms is not 
indicated , only the s ize of the ring , the numbe r of hete rocyclic atoms and the deg ree of unsatura 
tion. Polyca rbocyclic rings are coded as a unit and are not separated into their component 
struc tur e s .  With the exception of a 6 -membe red ring fused to a heterocyclic structure , the same 
code des igriation is us ed for carbocyclic structures fused to a hete rocyclic ring as for those 
which a re not. As in the heterocyclic structures , the dearee of unsaturation is  indicated. 
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Be nzene , arso-

NYR . 1 -P l J .  l -U63 .  Z 

(NYR = benzene , P l J = As S , U63 = ( : 0) or -0 -)  

Since the organic groups p recede the organoheteroid and inorganic in  the List  of  Group Numbers , 
the benzene r ing (NYR ) is coded first .  P l J .  1 shows arsenic with a combining power of 5 attached 
to ca rbon. The two oxygens coord inated to the arsenic are coded in Family U - - s ince As is 
l isted in the electronegativity s e ries .  

Potass ium sodium nitrocobaltate (III) , monohyd rate 

KzNaCo(NOz)6 HzO 

RD-. 1 -RG-. l -T6-. l - U7V .  6 - V6 1 .  1 

(R D. = K+l , RG- = Na + 1 , T6- = Co+3 , U7V = nitro 
group , V61 = HzO) 

Only one K+ is indi cated because in ionic structures the fourth digit s hows the actual number of 
atoms present in the ion. Co is  the central element of a complex anion and is therefore coded 
in Family T - - .  

Fig. I Chemical Card 
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The Chemical Code i s  placed on the punched card a s  shown i n  Fig. I .  The s erial number 
of the compound is in the first il columna . This allows for a s ix digit number with two additional 
numbers to express  salta of the parent compound. The code for the chemical structure is placed 
in columna 1 7  -5Z .  Structures which contain more than nine groups are given a des ignating punch,  
and the additional groups are punched on second cards which are kept in a separate file . The 
average numbe r of groups in the code for a compound is between five and six. To facilitate 
sorting, the families present (Col. 9 - 1 1 )  and the empirical formula (Col . 5 3 -66) are also given on 
the card. The empirical formula is not a true empirical formula inasmuch as the actual number 
of atoms of every element present in a molecule is not recorded. In columna 5Z and 5 3 ,  the 
number of carbon atoms up to 99 is shown; in subsequent columna , the numbe r of Br ,  Cl, F, I, N 
and S are indicated up to s ix  and oxygen to nine . In columns 59 to 6 6 ,  the presence of any other 
element is shown by a s ingle unique punch. The remainder of the spac e on the card is unassigned 
and may be used for physical prope rties when a physical property code is developed. 

A aerial number as well as a so-called rotated file is prepared for all chemical punched 
cards . In the rotated file as many cards are prepared as there are groups in the c hemic"l code 
of a compound. The groups are 110 rotated that each one in turn appears in the first field 
(Col. 1 7 - Z O) ,  which is used for filing purposes .  In this way hand selection of all compounds 
containing any s imple specified gro\lp may be made directly. 

To locate types of structures by machine methods it is important to define the question 
carefully. The definition of the term analogs often proves troublesome . Since only definite 
component groups may be searched for , it is necessary to dec ide what component groups fulfill 
the definition of analogs .  Although the chemical code was developed for the express purpose of 
selecting types of structures in conjunction with certain biological activities ,  in the illustrations 
given here only the chemical code is employed.  As was stated earlier the chemical code is not 
specific for a chemical structure and the specific structure can se ldom be reconstructed from the 
code . As a result when sorting for types of structures a certain number of structures which do 
not fulfill the desired requirements will be obtained. It is necessary to check the answers 
obtained to determine whether or not they fulfill the original conditions laid down. 

The method of searching the files for all amlnophenola is described in order to illustrate 
the methods used in answe ring a typical question. The term aminophenol was arbitrarily defined 
as including those compounds which contained both an amino and a hydroxy group attached to the 
same benzene ring .  The first digit of the serial number baa been assigned according to the 
elements present in a compound and hence only serial numbers beginning with 5 or 9 need to be 
used her e .  No others contain C, N and 0 in the same compound. 

Since no group specifically defines an amino group attached to a benzene ring, it was 
necessary to include all amino groups attached to an aromatic carbocyclic structure . An amino 
group of this type may be indicated by any one of the following groups : F5 1  (UR ' ) ;  F53 ,  F55 ,  
F57 ,  F58 ,  (RR 'R"N with one or more  R groups aromatic carbocyclic ) ;  F5C , F5E , F5G ,  (RR 'NH 
with one or both R groups aromatic carbocyclic) and F5L (RNHz, R is  aromatic carbocyclic ) .  
The code des ignation, H74 , represents only hydroxy groups attached to a monocarbocyclic ring .  
From the rotated file the amino o r  F cards listed above a r e  selected , merged i n  serial number 
orde r and collated with the cards filed under H74. 

At the time that this sort was made , there were approximately 1 5 , 000 coded structures  
in the file . Three hundred twenty -s even contained at least one of the F groups as well as H74 .  
I t  was then necessary t o  asce rtain how many of these compounds we re  answe rs to the question. 
'!"he 3Z7 ae rial numbers were listed in numerical order by the tabulator ,  and vis ual examination 
of these structures in the s erial numbe r chemical card file was carried out . Two hundred 
ninety-nine p roved to fulfill the conditions and ZS  did not. Of the ZS structures ,  two were 
quinoline c ompounds with a hydroxy and amino group on the carbocyclic ring, the other Z6 
contained the hydroxy and amino groups on diffe rent r ings . 

The m e  Chemical Code baa been publ ished and may be purchased from the 

National Research Council 
Publications Office  
Z l O l  Constitution Avenue , N.  W .  
Washington Z5 ,  D .  C.  
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The present development of biological codes is the result of c ooperative effort on the part 
of the staff at the Chemical - Biological Coordination Center, the Biological Codification Panel ,  aDd 
the several subcommittees  intere sted in the biological phase s  of the Cente r ' s  activities . 

The purpose of the biological codes is to class ify biological information in a manne r per
m itt ing the representation of  data by  punched cards.  Such a classification needs to be  of  s ufficient 
detail  to pe rmit correlations , particularly those relatiq to chemical structure and biological 
response , but not so detailed that each bit of information becomes unique . It needs to be an 
indexing system , but one pe rmitting a multiplicity of c ross refe rencing .  A system of this kind, 
e mbracing phys iology, pharmacology, toxicology, and en&ymology , and cons idering all  organisms , 
is not easy to construct with logical and coJI.I istent patte rns . The adaptation of the system to 
punched cards imposes  some limitations , but the program has been pursued on the premise that 
only by the use of mechanical aids will it be pos sible to handle efficiently the :mas s  of information 
which ultimately will be in the files at the Cente r .  Because no previous system applicable to the 
punched - card machines and all fields of biology was available to s e rve as "a model ,  development 
proceeded in an expe rimental manne r.  As a result, several coding systems have been tested at 
the Cente r for their  application to the problem . 

At the outs et it seemed desirable to devise a gene ral code , chiefly for utilitarian purposes , 
to desc ribe the broad fundamental actions of many compounds and to indicate the extent to which 
the compounds had been te sted on biological systems . Impetus to this was given by the accumula 
tion of data res ulting from the war -stimulated s c reening program s particularly for ant i -malarials, 
iMecticides ,  rodenticide & ,  fungicide s ,  and plant growth regulators .  The General Biological Code 
was thus developed to meet the practical needs of the moment.  It was designed to occupy the 
s pace on a punched card not occupied by the code which des cribes the chemistry of the test 
compound and was to be used in conjunction with this chemical des cription. This space amounts 
to twenty - three columna each of which contains twelve punching positions , or a total of two 
hundred and seventy - s ix .  The Gene ral Biological Code is baaed on the principle of direct coding, 
in which each punch des ignate s a s ingle unique concept which i s  independent of all othe r c oncepts . 
Thus the re is opportunity for expressing two hundred and seventy - s ix  diffe rent ideas . Of the s e , 
two hundred and e leven have been utilized , which represent subdivisions of the following maj o r  
conside rations : 

Taxonomic groups of microorganisms and plants 
Physiologic actions on plants 
Taxonomic groups of invertebrates 
Phys iologic action on inve rte brates 
Population control of microorganisms 
Population control of inve rtebrates 
Chemothe rapeutic action against paras itic infections 
Enzymes 
Carc inogenic and carcinoclastic action 
Gene ral phys iologic actions pe rtaining to mic roorganism s ,  p lants , and animals 
Taxonomic groups of  ve rte brates 
Morphology and pharmacology of ve rtebrates 

The unit rep resented by the punched card is  the chemical  compound. All the biological 
information , class ified according to the code , is indicated on the one card togethe r with the 
chemical information. This code p rovides for recording pos itive or negative activity , but the 
degree of activity is not expressed.  

The us efulne ss  of  this code is la rgely l imited to providing a gene ral summary of  the 
actions of a compound and to des ignating the fields of study in which the compound has been 
investigated. Many desi red correlations cannot be made becaus e  of the lack of specificity in 
many of the categories and because the degree of activity is  not indicated . M oreove r ,  the 
appl ication of direct coding introduces difficultie s in machine operation which require spe c ial 
handl ing in ente ring new information , in maintaining useful files , and in s eeking answe rs to 
questions put to the system. 
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In order to augment the General B iological Code and to answer questions on biological 
actions more specifically, detailed codes have been worked upon concurrently , and an integrated 
Detailed Biological Code is in use at the present time . This repres ents an expans ion of the ideas 
cataloged by the Gene ral Biological Code as well ·as  additional concepts and details . As applied to 
punched cards , the two codes differ fundamental ly in what the cards represent . Used with the 
Gene ral Biological Code , the punched card des cribes the chemical compound and all its actions . 
Used with the Detailed Code , the punched card contains a coded description of one obse rvation on 
t he effect of a compound on a biological eyetem, with detail• of the particular eystem affected, 
technique of application, .  and type and degree of respons e .  This card is designated as the 
Biological Card in distinction to the Chemical Card which, in code form, des c ribes the chemical 
structure of the compound tested. A third card, designated as the Chemical - Biological Card, 
con1Waes the chemical information with ce rtain of the more fundamental biological information. 
This card permits direct correlation of those e lements expressed on it . In addition,  because of 
the iiUormation common to it and to the Biological Card, correlation is pos sible between any of 
the details expre s sed on the Biological Card ·and those of the Chemical Card.  Replicas of the three 
ba s i c  cards are filed in such a way as to facilitate the search for cards having one or more 
c haracteristics in common. In such a search, hand selection and machine sorting are used for 
the greatest economy of time and effort. 

As used with the Detailed Code , the punched card is divided into fie lds each of which 
consists of the space I required for the code number express ing a given idea.  The various fi'elds of 
inunediate inte rest are as follows : 

Teat chemical 
Organism 

Test organism 
Host organism (or non- living teat environment) 

Sex and stage of development of the teat organism 
Primary organ system (organ system responding to teat chemical) 
Secondary organ system (organ system experimentally modified, or s ite 

of application when organ is  not responding) 
Tiss ue s ,  cell s ,  fluid (concerned with action and/or primary organ system) 
State of organism,  organ, or tissue tested (experimental condition) 
Action 

Direction of action (increases ,  dec reas e s ,  inhibits , etc . ) 
Specific action 
General action (includes "· . . c idal" actions (i . e .  fungicidal) ,  term• 

embracing more than qne specific action, conditione of ill -defined origin) 
Estimate of effectivenes s  (quantitative summary express ing effectivenes s  

i n  one o f  five ranges )  
Secondary chemical (chemical which may be affe cted, antagonized ,  synergized, 

produced, or which serve s  as  a standard for comparison) 
Technique 

Size of inoculum in chemotherapeutic studies  
Route and manner of  administration of  inoculum 
Route and manne r of administration of teat chemical 
Route and manner of administration of secondary chemical 
Part treated 
Method of express ing dosage 
Concentration component of dosage 
Quantity component of dosage 
Time component of dosage 
Frequency of dose  
Duration of  action 
Time of evaluation 
Criterion of response 
Slope of the dosage - response curve 
Physical state of the compound when applied 
Phys ical state of the compound when response is read 
Presence of conditioning agents 
Properties of the compound etudied; indication of additional information 
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All of the quantitative data are expressed in ranges rather than in abaolute values .  

Although the above outline aeems to give undue emphaaia to technique, thia is actually 
aubordinate to the more fundamental information and servea merely to give additional information 
and to qualify the estimate of the chemical 's effectivenesa in producing the recorded action. Of 
chief interest are the teat organism, the organ ayatem reapondiDg, and the 'biological reaponae, 
and it ia upon the baa ia of theae three components that the card files are eatablished. 

Some of the concepta expreaaed, or the way in which they are expressed, are incorporated 
in the code on a trial baaia . Experience in uae will determine whether or not they become 
permanent features of the code . 

A few examples will ae rve to illustrate the uae of the code and the language employed in 
expresaing data . 

The obaervation that "Indole -butyric acid induces root formation in 'branch cutting• of 
�Rll! commW!ia " would be represented ,  according to the W!!!s.W Biological Code, on the 
punched card for indole-butyric acid by two concepts : ( 1 )  Growth modification and (Z) Information 
available relative to Angioaperma . It ahould be pointed out that these two itema are added to any 
other concepta which may have been recorded for thia compound, and the aeveral items bear no 
relationahip to each other .  On the other hand, thia observation would be represented accordiDJ to 
the Detailed Code by a punched card recording the information aa follcnra : 

Indole -butyric acid 
Induces 

Tisaue development 
(in the) 

Shoot 
(aa an) Isolated structure 
(of) 

Atrocarpus communis 

(teat chemical) 
(direction of action) 
(apecific action) 

(primary organ ayatem) 
(atate of organ) 

(teat organism) 

Thia illuatratea that the language of the report baa to be "translated" into the code language. In 
developing the code an attempt waa made to uae the common terminology of a given diacipline . ID 
aome caaea ,  however ,  different diacipl iDea uae different phraaeology to expreaa aimilar concepts, 
and compromiaea were required. The important thing ia the coding of idea a and not words . 

The obaervationa that "Parathion cauaea 50 per cent inhibition of bee braiD cholinesterase 
at 1 x 1 0 -6 molar concentration; ita l.Dso to the honeybee ia 3 .  s....,./g" are indexed according to 
the QsuW Biological Code by three categoriea on the punched card for 'diethyl ,2-nitrophenyl 
thiophoaphate (= parathion) . Theae are ( 1 )  Information available relative to lnsecta (Z )  Eateraaea , 
phoaphataaea , auifataau , and (3 )  IDaecticide. Theae itema are ao general that almost all the 
detaila are loat. Aa deacribed by the Detailed Code, these obaervationa might reacl. aa follows : 

( 1 )  Diethyl p-nitrophenyl thiophoaphate (=parathion) 
Inhibita 
Cholineateraaea 

(in the) 
Brain 

(of) 
6Ri.t mellifera (=honeybee) 

(be ing) 
Highly effective (Inso = 1 x 1 0 -6 or leu) 

(Z )  Apia mellifera (=honeybee) 
Acute toxicity 
Insecticide 
Effective (LDso = . Z - 3 . 5 I' g/g) 

(teat chemical) 
(direction of action) 
(action) 

(primary organ ayatem) 

(eatimate of ellectiveneaa) 

(teat or1aniam) 
(apecific action) 
(general action) 
(eatimate of effectiveness) 
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In these  cases,  the details are preserved except for the exact quantitative data, which are placed 
in raqes inatead of being reported in abaolute values . 

A third example involves vertebrate pharmacolo&Y. "Dime rcaprol (U. 5 mg. /kg. 
injected intramuscularly after intravenous injection of lead acetate) increases the excretion of 
lead in the bile of anesthetized rabbits . "  By the Gene ral Biological Code this would be indexed on 
the card for 1 -propanol , 2 , 3 -dimercapto- (= dimercaprol )  as ( 1 ) Information available relative to 
rodents other than rata or mice, (2 )  Elimination, (3)  Liver function. By the Detailed Code the 
i.Dformation is coded quite literally: 

1 -prop&Dol , 2, 3 -dime rcapto ( � dime rcaprol) 
5 , 1 -25  mg/kg 
Intramuscular i.;jection 
Teat drug given after aeccmdary chemical 

Lead acetate 
Intravenous injection 

Rabbit 
Anesthetized 

Biliary elimination of secondary chemical 
Increased 

(test chemical) 
(range of dose administered) 
(route of administration) 
(signa) 
(secondary chemical) 
(route of admin. of second 

chemical) 
(teat orgaDiam) 
(state of teat organism) 
(action) 
(direction of action) 

To understand how the cards can be used as an aid in anaweriiJI questions it should be 
explained that data sheets , on which may be found information abstracted from original pape rs,  
are filed according to the teat chemical. As mentioned before, the punched cards describing the 
chemistry of teat chemicals (Chemical Carda ) are filed in one aeries according to the aerial 
numbe rs assigned to the chemicals aDd in anothe r series according to the code designations for 
the structural groups for each compound. The latter file is the "rotated" file in which for a given 
compound the re are as many cards as there are structural groups present. The Biological Carda 
aDd the Chemical - Biological Carda are replicated aDd filed under ''te at organism",  primary 
organ system",  and "action" .  

In  n1any respects the s implest type of  question to answer is that involving information on a 
single c o;rn pound, as "Has ,2-chlorophenoxyacetonitrile been tested as a plant growth regulator ? "· 
This can be found by referring directly to the data sheet file unde r the aerial number of this 
compound , which happens to be 900, 249 . 

Other types of questions require the use of the punched cards aDd the aid of the machines.  
It  is beyoncl the scope of  this pape r to explain the uae of  machines , but some idea of  the 
procedures followed in answe ring questions can be obtained from a few example s .  

On e  typ e  o f  question involves a primary search among the biological data . "What 
structura l re lationship is exhibited by compounds known to be C .  N .  S. depres sants in cats aDd dogs 
aDd which also are known to interfe re with succinic ac id dehydrogenase metabolism in the liver ? "  
In answering this , cards dealing with the Nervous System can be baud- selected from the file 
based on Primary orsau. system, and cards dealing with Succinic dehydrogenase can be hand 
lelected from the file based on Action. These cards then can be handled by machine accordiu.g to 
the following 1cheme : 
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Hand select 

Sort 

Sort 

Sort 

Collate 
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Nervous system 1 (organ system) 

Ne rvous activity ! (action) 

Depresses / �direction of  action) 

Cats Dogs �organism) 

• 

Succinic dehydrogenase 
(action) 

Sort 

Live r 
(organ system) 

Examine chemistry for structural relationship s 
(Sorting , tabwating, visual inspection) 

Anothe r type of question calls for use of the Chemical - Biological Card file , which permits 
direct correlation between chemical and biological information. "Which compounds possessing 
the thiocyanate or the ia othiocyanate groups have been tested as fungicides and what is their  
relative effectivene s s ? "  In answering this question, 

Hand s e lect cards dealing with /� (action) 

Sort for Thiocyanate• Iaothiocy.-tea 

-----.----
Sort for Relative effectiveness  

A stil l  diffe rent procedure can be  followed in answering thes e questions : "Which 
compounds having 5 -membe red rings containing N in the r�ng have been studied for their effects 
on the ne rvous system of insecta ? Which of these  compounds have s imilar effects on mammalian 
nervous tissue ? "  From the Biological Card file baaed on the Primary orsan system thos e  cards 
dealing with the Nervous System can be hand selected, and from the Chemical rotated file thos e 
cards dealing with the desired structural groups can be hand s e lected.  These  groups of cards 
then can be handled as follows : 

Hand select 

Collate 

Sort 

Ins e cta Mammal s 

Collate ....... Y-.. ., ..... 
(Sorting , tabwating, vis ual inspection) 
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T h e s e  suggested procedures are not the only way in which these que stions can be answered. 
A skilled machine operator ,  familiar with the files , can outline procedure s which require the 
minimuzn numbe r of cards to be handled and the minimum n�be r of machine ope rations . 

The systems outlined above were not des igned to replace the thinking proce s s ,  nor can 
they be e x pe cted to yield a completed manusc r ipt ready for publication. They were  designed to 
s e rve as a research tool to facilitate expe rimental work and to provide leads toward new 
inve stigations . 

Note : Since the above was presented , ce rtain modifications of detail  in card 
ar rangeme nt and filing procedures have been made at the Coordination 
C ente r .  The p r inc iples , howeve r ,  remain the same.  
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INTRODUCTORY NOTE 

The fol lowing mate rial has been prepared to i l lustrate the type of machine de r ivation of 
s imple  gene ral izations between biolog ical activity and chemical constitut ion ,  and cor relat ive data ,  
that the Cente r can supply . The re a re ce rtain l imitations inhe rent in any c od •ng and machine 
so rt ing procedure ; the se wil l  become appa rent. W ith ce rtain types of questions , the machines 
can save months of effort by employing the punch cards al ready prepared from the extensive data 
compi led by the Cente r . The pres ent machines  a re not intended to replace  the var ious abstracting 
journal s  fo r answer ing s imple search questions . For coordination work ,  any problem that 
involves much less  thin a thousand compounds or entries can usua lly be handled by visual 
inspection .  Simple ca rd systems , such as the Keysort , a re us ually adequate for five hundred to 
twenty - five hundred entr i es  if a l imited number  of types of data are recorded . The machines 
become us eful when a large numbe r of compounds w ith a large number of diffe rent or  qualified 
types of data a re avai lable . W ith s uch problems the machine s  can rapid ly s o rt the compounds 
into g roups so that only a few ca rds a re left for fina l  analys i s .  

The  present problem,  that o f  dete rmining any poss ible gene ra lizations conce rning the 
re lat ionships between chemical constitution and antihistaminic activity , has been chosen s ince the 
f ; eld is a la rge one , most biological and chemical worke rs a re gene rally aware of the results , and 
a large numbe r of mode rn entries are available .  Since the antihistaminic structure -activity 
relationships have been surveyed in seve ral excellent review artic les  and a re widely known ,  the 
p roblem is  an excellent one to demonstrate the usefulness  of the procedure and to stimulate the 
fo rmulation of future p roblems .  Since the gene ral solut ion to the p roblem is known to most 
worke rs  in this field , the development may seem naive . 

As fa r as humanly poss ible , no recourse to pr ior knowledge has been used to reach  any 
preconce ived or expected res ults , and the machines have used only such ca rds as would be 
routine ly avai lable at the time of any sorting .  Obviously , e rrors committed by the orig inal 
worke r ,  publ ishe r  of journal a rticle , abstracte r ,  code r ,  punch ope rator , o r  machine ope rato r 
w i l l  not be ei iminated by the machine s .  In a gene ra l p roblem , a few mistakes are not important. 
Howeve r ,  any compound that is apparently miss ing in a ser ie s ,  or any compound or  experimental 
result that appea rs out  of  place can be eas ily checked by refe rr ing to the chemical fi le , the data 
s heets , or the or ig inal publ ication . 

It is ne cessary to have some definition of te rms .  Antihistaminic activity may have s e ve ra l  
meanings .  Cons ide rable confus ion exists i n  some o f  our minds conce rning "activity"  and "us e " .  
F o r  exampl e ,  some of you know that c linical use o f  a few o f  the agents i n  thi s  discuss ion is  not 
p redicated on the ir  relative activity at all , nor on avai lable publi shed data , and some of the very 
active compounds a re not c l inically available for patent or other economic reasons . Obvious ly ,  
the machines w il l  not have this information . In gene ral ,  a c hem ical i s  sa id to have antihistaminic 
activ ity if it has l ittle or  no di rect action on a biological structure but wi l l  p revent any typical 
act ion of hi stamine on this st ructure , or if the histam ine is  al ready p resent ,  if the chemical  will 
ove rcome this effect or  return the condition of the structure toward the normal .  

Since the f irst demonstrat ion o f  this subject was  presented in May ,  1 950 , numerous 
addit ional publ ications conce rning antih istaminics have appea red. Consequently ,  the enti re 
p rocedure has been re run ,  and is  complete , as  fa r as  the Cente r i s  conc e rned , through May , 1 95 1 .  
Of cours e ,  some publ i shed a rt ic le s a re st i l l  i n  the pos sess ion of abstracte rs , some data sheets 
remain to be coded , and some cards to be punched.  This , coupled with the delays involved in 
publ ication , means that the demonstration is seve ral months out of  date ; fo r purposes  of 
i l l ustration of the gene ral method , this is of l ittle p ractical importance .  The pres ent demonst rat ion 
has followed the gene ral l ine of attack of the ear l ier one , a lthough s ome items have been  fol l owed 
more thoroughly and some have been discarded as  s imple duplications of inc luded mate r ia l .  

I t  s hould not be ove rlooked that the Cente r has seve ral types o f  information w ith which to 
work.  The abstracte r prepa res  a work sheet to conta in pert inent data about each compound l i sted 
in an original a rticle . This data s heet is  the primary reference to the o riginal publication. The 
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chemical agent is next l isted in the chemical file and given a reference number ,  or  if it  is already · 
listed in the chemical file , the refe rence number is supplied. All the data sheets of a aiven 
chemical a re kept togethe r according to this CBC numbe r ,  with secondary numbers to indicate 
individual data sheets in case the re are more than one . The information on the sheet is coded,  
and the coded mate rial is pllllched on a standard IBM card.  This pllllch card bas the compound 
number which is also the data sheet number ,  a secondary number to indicate which data sheet 
is involved if the re is more than one , and the coded material printed on the top of the card , as 
well as bavina it pllllched into the body of the card .  It is pos s ible ,  then, to 10 from pllllch card to 
chemical file to find just the formula of the compolllld , or to the name file to find ita names or 
syDOnyms . or to the sheet to check the coded data or  to find the reference so  that the oriainal 
artic le may be found and examined . 

For rapid dete rmination of generalizations between structure and activity , the inve stiaation 
should be l imited to the pllllch cards with the use of the chemical or formula file as nece88ary . 
The data s heets should be a voided as far as poss ible as they are very bulky and relatively clumsy 
to handle if  any number of items is involved.  It is necessary that the questions asked be in a form 
that the machines can handle . Careful examination of the aeneral bioloaical code and the c hemical 
code will  help to formulate reasonable questions , but final consultation with the machine ope rator 
is advantageous ; his experience in handling the cards and the system will often enable him to 
use shortened or s implified procedures or to point out impractical questions . This is necessary ,  
since the C BCC i s  accumulatina pllllch cards s o  rapidly that it will soon require a matte r of days 
or even weeks to make a s inale sort of all the available cards . Replac ina the sorted cards in 
numerical order also takes much machine time . 

I am arateful to Dr. W .  R. Kirner and Dr. C. P. Huttrer of the Cente r for sugaestina the 
problem and much ass istance , to Mr. Ballard for ca refully explaining the machine ope ratioDB and 
carrying out numerous sorting procedures ,  and to Dr.  Fil ippi and Dr .  Geer  for assistance with 
the Biolog i cal  and Chemical codes . 

MACHINE QUESTIONS 

One primary question bas been asked and nine subs idiary g roups of questions . Obviously, 
the aDSwe r  to the first question is the summarized data of the answer s  of the othe r nine . The 
questions , which are the same sort one might ask for any problem re latina bioloaical activity and 
chemical c onstitution, reaa rdless  of primary subject ,  a re listed below. 

1 .  Is there any relationship between antihistaminic activity and chemical constitution or 
chemical structure ? 

Z. .  Since I a m  relatively unacquainted with the bioloa ical code , a r e  the re appropr iate 
headings that will allow for the isolation of punch cards that refe r to compounds that 
have antlhistaminic activity ; i . e . , aaents that p revent ,  overcome , or inhibit the 
effects of histamine ? 

3 .  I n  a sort or search under these headinas . how many compounds or  ca rds are found ? 

4 .  Have a l l  o f  these compounds been tested by the same pharmacological method ? 

S . U not , are the re any outstanding or common methods that ha ve been used in suffic ient 
numbers  that a correlation might be po8 8 ible ? 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


144 

6 .  I f  two or m o r e  methods have be e n  uaed t o  dete rmine antihistaminic activity , is it 
pos s ible to rank the compounds accordin& to increas iug activity by these methods , and 
a re the more active compounds and less  active compounds always found In the same 
place reaa rdle .. of the method uaed ? If they are not , then the teat methods are not 
comparable and any correlation will be l imited . 

7 . By visual examination of the most active compounds of  any class ification , a re the re 
any common chemical features that are found ? Do the ve ry active compounds occur 
in only one chem ical family or a re they not chemically related at all or do they occur 
in a few chemical type s or aroups 7 If they oc cur only in one family or a few familie s .  
are  any of the compounds in the inactive or relatiftly inactive a roups that also belona 
to this family ? 

8 .  Have the compounds that have been tested for  antihistaminic activity been te sted for 
any othe r type of bioloaical activity ? If so, is the re any a roup or groups of data that 
might be correlated w ith antihistaminic activity ? Are the most active compounds in 
any a roup also the most antihistaminic or is there no appa rent correlation 7 

9 . Have any of these compounds been tested in man ? If s o ,  is there any relationship 
between the relative activity of compounds tested in man .. nd any tests ca r ried out in 
animals ? 

1 0 . Of the compounds that have been found with hi&h antihistaminic activity , a re the re any 
common chem ical features ?  Do they all  have a common c hemical feature , such a s  a 
methoxy group , a nitroaen atom , a beuzene rina . an ethyleDe chain, or a haloaen 
atom ? If any chemical  arouping or pair of chemical aroupings seems common in the 
hi&h or mode rately active compounds , what is found when the entire aroups of 
compounds in the files is searched for this ? Are compounds found with this aroupin1 
that have been inactive on test ? Are compounds found that have not been te sted as 
antihistaminics ? 

RESULTS 

k With any gene ral problem , it s hould be poa s ible to approach from e ither the chemical 
or  bioloaical s ide to demonstrate any pos s ible correlation. ln this pa rticular instance we  are 
a s s umina that we know nothing of the chemistry of any antihistaminic and can only approach the 
p roblem from the biological s ide for the first  approximation. 

For an unde rstand ina of the application of the aene ral bioloaical code , reference to the 
d ivis ion of the punch card is helpful .  The aene ral bioloaical card consists of 80 ve rtical columna , 
each 1 0  numbe r spaces hi&h with space for alphabetical overpuncbe s .  The columns l - 6 a re used 
fo r the C BCC s e r ial  number ,  columns 7 and 8 if a particular salt of the compound is mentioned ,  
columns 1 2 - 1 4  to  specify whic h o f  seve ral data sheets with this particula r C B C  numbe r is  
involved.  If  an additiona l ,  or  seconda ry chemical is involved in the te st , s uch as a mutual 
antaaoni sm problem , it is l isted by CBC numbe r in columns 44 - 49 (field H of the bioloaical 
code ) .  Or a compa r is on standa rd chemical may be listed in 44 - 49 . Column 19 is  used for the 
route of adm inistration of the seconda ry chemical (if any is used) and column ZZ is  used for the 
route of administration of the pr imary chemical l isted in  columns l - 6. The various routes are 
l is ted in field K of the bioloaical code . Columns 33 - 35 (field T )  a re for the response c riterion ,  
5 3  - 60 (field A - 1 )  t o  desc ribe the animal species uaed , 6z - 64 (field C - l ) t o  desc ribe the part of 
the animal involved , 68 (field F - 1 )  indicates the dire ction of response , 69 - 72 (field F -Z) l ista 
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the specific: a ction of  the primary c:hemic:al on  the organism, while 73 - 75 (field F -3) may give 
the gene ral action of the pr imary c:hemic:al. If it is pos sable to expreu the potency in a 
quantitat ive summary ac:c:ord ing to field G of the biolog ical c: ode ; this is l isted In column 76 . 

Insufficient data may be given to use all of the columns and fields listed and it may not be 
nece ssary to use all of the information in these columna for a particular problem. It is also 
poss ible to have data that mean essentially the same  thing l isted in more tban one way in the 
biological c:ode , depending on whether the activity bas been l isted in a general way according to 
field F - 3 .  as a spec ific: action in field F - 2 ,  or as acting against some othe r c:hemic:al H in field 
F - 1 , or  acting � some othe r chemical H in field F - 1 .  

In the present p roblem ,  the gene ral action "antihistaminic: " is found in F - 3  punc:h 206. 
Compounds a re also l isted as having an antagonistic: action, punc:h 3 or L in  field F - 1 ,  agains t  
the sec:ollda ry chemical histamine (found in the name file to  be  C BC 800 , 1 99 )  l isted in field H.  
The re i s  the pouibility that a compound may be  l isted as having activ ity s im ilar to some othe r 
well -known antihistaminic which would be l i sted in field H but w ith a diffe rent ve rb in F - 1 .  
Compoulld s  with related activity and poss ibly related structure may be found in field F - 2  uDder 
8Al o r  BA l l for anaphylaxis , or in F - 3  under  208 for antispasmodic: s inc:e histamine is often 
cons ide red a spasmogenic: agent .  Several sorts of the biological c:ards wi ll be necessary to 
isolate all  the poss ible antihistaminic entries from the general file . 

1.: As a result of sorting for these headings , 3 , 447  ca rds  a re found . These involve the 
results of biolog i cal tests of 1 1 82 pa rent compounds , which with the va rious salt mod ifications 
actual ly represent 1 3 1 5  compounds .  By use of the col lator it is ve ry s imple to remove the 
dupl icate numbers or e l iminate the salts . 

.!; Unfortunately these compounds have been tested by many procedures and on. severa l  
different animal species . As a prel imina ry breakdown , the c:ards have been separated into 
groups ac:c:ording to animal spe c ie s  (field A - 1 ) . 

Code Des ignation of Test Organ i sms Numbe r of Cards Common Name 

(No test organism given) 1 97 

A420 1 0 1  Rana pipiens 1 Frog 

A6 1 020 1 Gal lus domesticus 1 Chicken 

A7 1 0 1 0 1  Boa primegius 3 Cattle 

A720 1 0 1  Canis 26J Dog 
1 40 

A 7201 0 1 1 Canis familiaris 1 1 4 Dok 

A 720 1 02 Uroc:yon c:ene reo 4 Gray fox 

A 72020 1 Fel is 3J 1 0 7  
Cat 

A72020 1 1  Felis domestic& 70 Cat 

A73020 1  Mus 9 Mouse 

A73020 1 1  Mus musculus 49 Mouse 

A730202 Rattus 1 2  Rat 

A7302022 Rattus norvegic:us 36 Rat 
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(Cont. ) 

Code Des ignation of Test Organism Number of Ca rds Common Name 

A 73040 1 Cavia 1 95J Guinea pig 
Z484 

A73040 1 1  Cavia porcellus 5Z7 Guinea p •g 

A73060 1 1  Cr icetus frumenta rius z Hamster 

A740 1 0 1  Homo 4J Z04 
Man 

A740 1 0 l l Homo sapiens 1 5  Man 

A 7 70 1 0 1  Lepus 1 Rabbit 

A770 1 0 l l Lepus americanis } "' Rabbit 

A770 1 0Z Oryctolagus 1 1 5  Rabbit 

A770 1 0Z l  Oryctolagus cun iculus 8 1  Rabbit 

Pe rhaps the most sta rtl ing f ind of this pa rti cular count or sort is  that 1 9 7  cards , apparently 
prepared from sc ientific jour�ls , purport to desc r ibe the antihistaminic activity of various 
c ompounds but do not state what expe rimental animal was used! The count also indicate s that a 
comparative survey of antihistaminic activity in various species is not yet complete . 

2.,. T.he groups of ca rds under guinea pigs , rabbits , and man a re suffic iently large to 
warrant furthe r s orting. Since seve ral diffe rent procedures have been us ed , the groups under 
dogs and cats do not yield enough cards of a s ingle type to be inte resting. 

Dividing the guinea pig cards according to the test procedure use d ,  y ields four definite 
g roups :  

gl 

gil 

am 

&IV 

Action aga inst histamine on isolated intestine 
(F-Z  8 1 3 ,  C - 1 66 67 or 68 ,  F - 1  3 4 L M or 5) 

P rotective action against histamine ae rosol 
(H 800 1 9 9 ,  F - 1  3 4 L M or 5, F - Z ,  1 1  1 1 1  or  1 6 ,  Y i )  

Protective action aaainst parente·rally administe red histamine 
(Same as group 11 except Y 5) 

P rotection aaainst anaphylactic: shock 
(F-Z 8Al l ,  F - 1  L or M) 

1 Z06 

1 90 

8Z 

1 1  

The remaining 995 guinea pig ca rds were rejected s ince they did not fit one of these four c lasses ,  
. or  had inadequate data, or could not be grouped together .  

The c:ards in the four aroups were class ified according to the quantitative activity in 
fie ld G (column 76) , with 0 active but amount not stated , 1 relatively inactive and inc reas ing up 
to 9 as  most active . 
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Rank gi gil giii giV 

0 8 3  - 69  20 - 20 1 - 1 1 - 1 

l 527 - 396 34 - 29 10 - 9 -

3 292 - 256 37 - 24 23 - 1 8  -

5 202 - 1 55 64 - 39 26 - 1 7  2 - 2 

7 6 7  - 39 20 - l l  1 1  - 6 z - 2 

9 48 - 27 18 - 1 5  1 5  - l l  6 - 4 

The l eft hand columns are the total number of ca rds in this activity cla ss ; the right band columns 
have had the duplicate compounds removed. These  are not true dupl icates ,  but are instances  in 
which diffe rent worke rs , or the same workers in diffe rent references have found the same activity 
for a g iven compound by the same expe rimental procedure . 

Two reasonably s ized groups of cards were found among the rabbit entries .  These  
included 9 items tested on ute rine muscle and 63  items tested on intestinal muscle against 
histamine p roduced spasm. The Z04 cards referr ing to antihistaminic activity in man we re 
rathe r d iscouraging in that a common method had been used  in only Zl instances and l l  of these 
were  found to be l is ted as inactive . 

!.:. As a check on the relative uniformity of the asaay procedures , the numbe r of 
dupl icating ca rds in va rious activ i ty leve l s  was dete rm ined for the largest g roup of items (those 
l i sted unde r gi} :  

g i CARDS COMMON TO OTHER ACTIVITY LEVELS 

Rank 1 3 5 7 9 

0 zo 6 1 0 2 l 

l 396 45 Z5 l 3 

3 45 256 28 5 3 

5 Z5  Z8 1 55 1 1  7 

7 l 5 l l  39 8 

9 3 3 7 8 Z 7  

It i s  readily apparent from this table that there i s  some overlapp ing between adjacent activity 
levels , but that the number of items reported as having both very high and ve ry low level activity i s  
relatively small . This is p robably some tribute to the majority of pharmacologists that have 
used this method . The dup l icate entries of the same activity we re e l iminated before this table 
was constructed . 

The re were thirteen CBC numbe rs that appeared in three activity c lass ifications l ,  3 ,  
5 or l ,  3 ,  7 as dete rm ined by the guinea pig intestinal strip method . These compounds were 
taken back to the original data sheets , and as the cause for the multiple l isting d id not appear 
obvious from these , the original refe rences we re consulted. The compouDds all or iginated in 
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the same laboratory , were l isted as s l ightly active as antihistaminics in a Fede ration Proceedings 
abstrac t ,  listed w ith various activities  on an arbitrary scale in a pape r desc ribing their chemical 
synthes i s , and final ly l isted in terms of activity against definite amounts of histamine in a 
pharmacological pape r .  The inte rpretation of the ir activity by various abstracte rs and coders  led 
to the ir  mult iple l!sting . This is really a semantic e rror ,  if it is  an e rror at a l l ,  and can be 
expected to occur in any system that tries to reduce biological data to symbo ls . Some of the 
dupl icate entries may have occurred in a s imilar manner , s ince mauy of the compounds are 
descr ibed in both "chemical" and "pharmacological" papers .  

The othe r aspect o f  the assay correlation problem , which compounds appear as high 
a ctivity compounds by more than one investigative technique , is encouraging. U one CDmbines the 
7 ( "high activity" )  and 9 ( "most active") levels of each g roup , but subtracts the common compounds 
of each group ,  then: g l 39 + 27 - 8 = 54 ; gil l l  + 1 5 - 3 = 23 ;  'giii 6 + l l  - 4 = 1 3 ,  and glV 
2 + 4 - 2 = 4. Of the 23 gil items ,  10 are common to gl ; of the gill items , 1 0  a re common to gl 
and 1 additional is found in g il ;  and all of the items in glV are l isted in gi . On a pe rcentage basis 
this ia a remarkably good correlation among the active compounds . A a a total check of all the 
active and inactive compounds , a table baa been constructed of tbe gl , gil , and gill entries . 

CORRELATION OF QUANTITA . IVE ACTIVITY VERSUS TEST METHOD 

Number of Common Compounds 

gi 1 an 1 gill 1 
I I  1 1 Ill 1 i I 1 l. Ill l !l. I 1 l II 1 .Q. 

3 1 3 ! 3 ..2 3 ..2 3 J. 3 ..!. 
5 1 5 .l 5 .i 5 .i 5 J. 5 .1. 
7 .! 7 .l 7 J!. 7 ..!l 7 .l 7 .1 
9 ..! 9 .! 9 .i 9 ..!!. 9 .! 9 .l. 

gl 3 gil 3 gill 3 
II 1 ...Q Ill 1 .! I 1 i III 1 ..1. I 1 .i II 1 ..!l 

3 !! 3 1 0  3 ll 3 ..l. 3 .!Q 3 ..l. 
5 j 5 i 5 ..5. 5 ...1 5 ...1 5 ..!l 
7 ..! 7 ..1. 7 ..J. 7 ..! 7 .!. 7 J. 
9 .! 9 .! 9 ...1 9 .! 9 ..!l 9 J. 

gi 5 gil 5 g ill 5 
II l ..!!. III l .l I 1 .1 III 1 .1 I 1 .1 II 1 ..Q. 

3 .i 3 .l 3 ..i 3 ..i 3 .i 3 ...1 
5 .1 5 !! 5 ..I. 5 ..i. 5 ll 5 ..1 
7 .i 7 i 7 ...2. 7 ..l. 7 .1 7 .1. 
9 .i 9 ..! 9 JJ!. 9 ..1 9 ..1 9 ..! 

gi 7 gil 7 gill 7 
II 1 .Q III 1 .l I 1 ..i III 1 .1 I 1 .!. II 1 .Q 

3 .! 3 .1 3 .J. 3 .1 3 .l 3 .! 
5 .i 5 .! 5 i 5 ..!. 5 ..! 5 .J.. 

' 7  .i 7 ..! 7 .i 7 2 7 .!. 7 .!. 
9 .l 9 .i 9 ..!. 9 1 9 .l. 9 ..! 

gi 9 gil 9 glii 9 
I I  1 !l. III 1 .!. I 1 .! III 1 .! I 1 .! II 1 ..2 

3 .l 3 ..!!. 3 1 3 .! 3 .! 3 .! 
5 !.!! 5 .! 5 ] 5 ..i 5 ..! 5 .! 
7 .J 7 .l 7 .l 7 .1 7 .1 7 .i 
9 .l 9 .i. 9 ..1 9 2 9 i 9 J. 
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Since all the duplicating entries are l isted , some activity groups appear to have more compoUDda 
than the total number of compoUDds l isted for that activity group. The overall correlation is fair ,  
with more entries listed in low -low and high-high in general than in c ross ed divis ions as low
high. The gil class has a lowe r over -all activity rating than gl and gill or else the gl and gW are 
biased toward the higher activity levels .  

One c ompound (800 , 4ZZ)  i s  listed as having activity at the following twelve levels : 
gl 3 ,  S ,  7 ,  and 9 ;  gU 3 ,  S, and 7 ;  gW S , 7 , and 9 ;  and giV S and 9. One other compoUDd is 
l isted nine times and one eleven times .  This is the re sult of us ing these compoUDda for 
comparative purposes or standard reference chemicals as disclosed by sorting field H for 
compoUDda listed as using -03 or -04 cr ite ria in fie ld T .  

The rabbit data i s  not correlatable with the guinea pig data. Only one compoUDd is l isted 
iD both groups . The name file discloses that it is atropine . The formula file shows that the 
compounds are almost exclusive ly esters .  Reference to data sheets indicates that the compounds 
w e re primarily tested for atropine -like activity and for antihiataminic activity secondar ily. Since 
there is no ove rlapping of active compoUDds , it is imposs ible to decide if the method is adequate 
for dete rmining useful antihistaminic activity. 

As a tentative conclus ion , based on the punch cards alone , the guinea pig test methods 
most commonly used do adequately separate the various chemical compounds , with the most 
a c tive compounds as dete rmined by one technique being most active by other techniques , and the 
l e s s  active compounds almost always being leu active. This is true within the normal limits of 
ope rator e r ror .  

L For visual  examination of the active compounds , it  is necessary to refe r to the 
chemical formula file. The gl 7 and gi 9 punch card numbers have been removed from the 
chemical file .  Of this group of 54 cards , 1 1  have formulas that correspond to R -0 -C :C -N= with 
la rge g roups for R ,  such as benzhydryl , minor substituted benzhydryl , or benzylphenyl , no sub
s tituent& on  - C -C - ,  and two methyl groups on  the N or a ve ry small hete rocycl ic group. Twenty 
three have fo rmulas that correspond to Ar-CHz -�-C -C -N= with aromatic r ing groups such as 

Ar •  
benzene , th.iophene , or  pyridine for Ar  and Ar ' ,  with minor ring substituent& i n  some instances , 
no substituent• on - C -C - ,  and two methyl sroups on the N. The rema ining compoUDds comprise 
a very miscellaneous group as far as structural chemistry is conce rned. 

The gil high activity g roup only contributes two more ethylenediamine derivative s ,  two 
more ethe r derivatives and three  compoUDds that a re related to Ar-�-C -C -X  with X e ithe r 

c hlo r ine or bromine . The gill compounds that are d iffe rent only contr ibute one ethylenediamine 
compound. Al l  high activity compounds in siV are l isted in gl .  

Reference to the CBCC name file , for the names of active compoUDds of ethe r or ethylene 
d iamine de rivatives listed above , reveals that 1 6  compounds are l isted in gl that are 
c ommercially available on the open market under  a variety of trade and common namea .  

Of the miscellaneous compounds , the name file l ists theophyll ine , epinephrine , nicotin 
amide , mepe rid ine , ephedrine , papaverine , a rte renol , Orthoxine , prophenpyr idamine , and 
c hlorcyclizine as highly active . Most of these miscellaneous compounds are not usually 
c ona ide red antihistaminics by definition , and the two that a re inc rease the number of active 
c onunercially available compounds to 1 8 .  

For many purposes , this type of corre lation between c hemical structure and high 
activity would be suffic ient. Another aspect of the problem is the dete rmination of the cor relation 
between chemical structure and low a ctivity . For this , the chemical structure file was consulted 
and the ca rds corre aponding to the 396 gi 1 numbers found . Of these  formulas , 1 96 were 
RR = N-C -C -N=RR , 1 08 were R -0-C - C -/- N=RR , and the rest miscellaneous. The ethylene 
d iamine derivatives included seve ral acetamid ine and imidazoline compounds , some compounds 
with ve ry low molecular weight or ve ry large molecular weight or s ize , with ve ry la rge 
a romatic s ubstituent& or large al icycl ic substituent& , and with these  exceptions were similar to 
the high activity compounds in gl 7 and 9. The same remarks may be made for the ethe r 
der ivatives .  Consulting the name file for the miscel laneous compounds revealed that the l i st 
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included such items as quinid ine , atropine , nicotinamide , mepe rid ine , T ras entin ,  procaine , 
papaverine , Dibuca ine , coca ine , Benodane , methadon, alpha - fagar ine and lysolec ithin. Two of 
thes e  misce l laneous compounds we re among those l i sted as having high activity as antihistaminic s .  
Cons ult ing the name fi le for the low activity ethylened iamine and ethe r d e ri vati ves  d id not reveal 
that any of these re latively inactive agents have a common , publ i c ,  or trade name , although many 
of them have s e rial or laborato ry numbers  of one kind or anothe r . 

S ince most of the active compounds that a re commerc ially ava i lable a re of the type 
Ar -CHz -� -CHzCHz - N(CH3)z , (Ar )z=<j:-0-CHzCHz - N(CHJ)z . or with a phenothiazine ring 

A r '  R 
replacing the Ar -CHz - N- , or w ith minor substitutions in one of the A r  r ings , and s ince most  of 

Ar •  
the apparently poss ible major modifications o f  these two type s o f  compounds a re l isted i n  the 
l e s ser  active g roups , furthe r endeavor along these two chemical l ines might not be very profi t 
able . More p romis ing leads for further synth�tic work might be  found by  c r itical examination o f  
the misce llaneous g roup in  the l e s ser  active c las ses  w ith the pos s ibil ity that new synethet ic 
re lative s  m ight be more active , o r  e lse to inve stigate types of compounds that have not been  
l i s ted at a l l  as having been investigated . 

..!!..: In order to find if compounds w ith antihistam inic act ivity may be in other classes  of . 
pha rmacologically act ive compounds , it is necessary to know what othe r types of activity ant i 
histaminic& may have . Such a sea rch or  corre lat ion m ight be  useful t o  find othe r uses  for both 
old and new anti histaminic agents .  Consequently , all of the punch cards having CBC numbers 
that have been found as having any antihistaminic activity have been s eparated. P rel iminary 
so rt ing of the se ca rds reveals that antihistaminics  a re l isted as having appa rently been tested 
34Z7 times for some 81 othe r types of activity .  Of the s e ,  Z55 are not definitely l isted on the 
punch card unde r the common F -Z heading , 1 544 are l isted as having some effect on musc le  tone , 
858  refe r to toxic ity dete rmination (667 "acute " toxic ity) , Z60 on histamine s hock , 1 60 on blood 
pressure , 67 on the toxic ity of a secondary chemical , 30 on body secretions , Z6 on relief of 
action of a secondary toxic  chemical , Z6 on anaphylaxis , 1 5 on permeabi l ity , 1 3 on growth , 1 3 on 
abil ity to p roduce ulce ration , iz on respiration , ll on iledative activity , and the balance w ith 
only a few chemicals  being tested for a particular activ ity .  

I t  should be  remembe red that these  groups include both negative and pos itive re sults . 
W ith a parti�ula r card se lected at random , the top of the punch card reads 500 , 990 005 
A 740 I O i l Z 3Z9 6 W 84Z and us e of the biological code indicates that man (A 740 1 0 1 1 )  was g iven 
CBC 500 , 990 orally (Z) and that the pe rmeabil ity (84Z) of the capilla r ies { 329)  of the skin (6 )  was 
not affected (W) by the d�se  given. The reference i s  on data sheet 005 of compound 500 , 990 
which ,  according to the name fi l e ,  is  diphenhydramine . The machine s  in this instance could 
s e rve for a ve ry rapid c ross search of activity. C01r.round 500 , 990 i s  l isted as  be ing tested 
1 Z I times of the total 34Z7 entries for secondary achvity. 

The correlation of the s econdary actions and antihistaminic activity is not ve ry good. In 
the first place , some of these  cards a re addit ional entries of mate r ia l  that has al ready been 
covered .  Of the 1 544 cards refe rr ing to action on mus c le tone , 1496 refe r to actions on mus cle 
that has been made spastic w ith histamine or  acetylcholine and have al ready been considered in 
gl. Simila rly the Z60 histamine s hock items and 67  and Z6 items involving a secondary chemical  
have been considered in gi l  and gill and the Z6 a·naphylaxis items have been cons idPred in giV. 

The 1 60 items involving blood pressure include 84 items in dogs and cats relating to the 
abil ity to ove rcome histamine vasodepress ion and the other items a re insufficiently l imited to one 
animal species to indicate any pos s ible correlation. These dupl icate ent r ie s  of activity have to 
be rejected for this type of correlation , although they have a ve ry useful purpoae in that they 
insure that any mis interpretation of the biological code wi l l  not invalidate the entire system. 

The only reasonably s ized g roup of secondary actions remaining is the 667 "acute" 
toxic ity items . Most of these involve rats as  the species and can be b roken into two approximately 
equal s ized g_roups accord ing to route of administration s ince they a re alinost all oral or intra 
peritoneal with only a few intravas cular administrations l isted. Unfortunately , correlation of 
these  compounds with those l isted in gl does not y ield any positive results , s ince there a re almost 
a s  many high rodentic idal activity as low rodentic idal activity cards in  both the high and low 
antihistaminic activity entries . This s imply means that rodent ic idal  activity and antihistaminic 
activity are not related .  
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The r e f o r e , w h i l e  it i s  obvious l y  d e s i ra b l e  to te s t  a nt i h i s tam i n i c s  for rod ent i c id a l  a c t i v ity 
be fo r e  t e s t ing in m a n ,  it does not s e e m  that all e f f i c ient rodent i c id e s  s hould be t e s te d  fo r a n t i 
h i s ta m i n i c  a c t i v i ty ,  e i t he r  in g u inea p ig s  o r  m a n .  

C o n s e q u e nt l y , t he re d o e s  n o t  s e em to be a n y  s e c onda ry a c t i vity t hat i s  d i r e c t ly re l a t e d  t o  
a nt i h i s ta m i n i c  a c t i v ity (othe r t h a n  a nt ianaphy l a c t i c ) , n o r  i s  t h e r e  a ny othe r g e ne r a l  t y p e  o f  
a c t i v ity that m ig ht be s e a r c he d  fo r c o m p o und s t h a t  w o u l d  be expe cted t o  h a v e  a n t i h i s tam i n i c  
a c tivity . 

� T h e  m o s t  de s i ra b l e  t e s t  of the data s um m a r i z e d  in a n s w e r s  6 and 7 is its ap p l i c a b i l i ty 
to re s u l t s  found in ma n .  T he a va i l ab l e  p ub l i s he d  data of the inve s t igation of ant i h i s tam i n i c s i n  
rn a n  i s  i na d e q uat e ,  d i s c o nt i n uo u s , a n d  non - uniform a s  ind i cated by the Z l  c a rd s  in  w h i c h  the ant i 
h i s t a m i n i c  ha d be e n  te s te d  fo r the a b i l ity t o  p r e ve nt the l o c a l  effe c t s  o f  h i stam i ne i n  the s k i n  out 
o(  the tota l 204 l i s t e d  t e s t� in m a n .  The I I  c ompounds l i s t e d  as ina ct i ve in m a n  w e r e  a l s o  l i s t e d  
in g l  I ,  3 ,  o r  5 . Two c a rd s  w ith 7 a ct i vity i n  m a n  w e r e  l i s t e d  i n  g l  9 a s  wa s one ca rd w i t h  only 
I a c t i v ity i n  man.  One c a rd w i t h  a c t i vi ty not s ta t e d  (0)  w a s  l i s t e d  in g l 7. T he rema ind e r  of t h e  
c a rd s  w e r e  d up l i c a t e  e nt r ie s .  

The g l  9 c a rd that wa s l i sted a s  only a I a c t i v ity i n  m a n  w a s  r e fe r re d  t o  t h e  data s h e e t .  • 

Appa r e nt l y  a h i g h  e nough d o s e  to p roduce a h i g h  l e v e l  of a c t i v it y  could not be t o l e rated in m a n .  
W i th t h i s  e x p e c t e d  type o f  e x c epti o n ,  t h e  d a t a  i n  m a n ,  a s  l i t t l e  a s  i t  i s , d oe s  c o r r e l a te w e l l  w ith 
the  d a ta obta ined by the m os t  c om m only u s e d  test  p ro c e d u r e .  T he two h ig h  a c t i v i ty compounds 
by t e s t  in  man a r e c omme r c i a l l y  a v a i l a b l e ; it  i s  unfo rt unate t ha t  c om p a r a b l e  t e s t i ng of the othe r 
c omme r c i a lly a v a i l a b l e  c o mp ound s has not be en unde r t a k e n .  

By the t i m e  this  sympos i um i s  p u bl i s he d , s uc h  a s t udy may ha ve b e e n  unde rtake n w it h  t h e  
c ommon c o m m e r c i a l l y  a va i l a b l e  compound s , b u t  I d o ubt if  adequate d a ta w i l l  e ve r  be p ubl i s h e d  
f o r  the othe r g l  9 c ompound s .  Ma ny of t he s e  a re a v a i l a b l e  t o  only l im ited numbe r s  of i n d i v i d ua l s ; 
i n  gene r a l , if a c ompound is te s te d  in m a n  by a comm e r c i a l  hous e ,  and not found s upe r i o r  to 
s om e  c om p a r i s o n  c ompound that i s  w id e l y  u s e d , t he re i s  not much i nc e n t i ve to p ubl i s h  the r e s ults . 
F o r  c he m i c a l - bi o l og i c a l  c o r re l a t i on to have a ny e ventual  a pp l i c a t i o n ,  the r e s ul t s  of s u c h  t e s t s  of 
c ompounds that a p p e a r only m e d ioc re o r  e\'en re l at i v e l y  i n a c t ive must be made a va i l a bl e .  

!.Q.; It is s c a r c e l y  re a s o na b l e  to c a r ry out a ny p r ofound c he m i s t ry s o rt s  w h e n  the c a rd s  
ha ve a! r e a d y  b e e n  p u t  in  s m a l l  g roup s b y  t h e  b i o l o g i c a l  s o r t i n g .  I I  al l the anti  h i stam i n i c  a g e nts 
had been i n ve s t i gated by one c om m o n  te c hn ique , o r  all  t he te c hn ique s c o uld be r e l ated i n  any way , 
t h e n  the m a c h i ne s  c ould be u s e d  fo r c h e m i c a l  type a nd fre q ue n cy  a nalys i s .  A few t r i a l s  have be e n  
r un t o  ind i c at e  the p o s s ibil it i e s . 

A f r eq u e ncy ana ly s i s  of the numbe r of c a rbon a tom s ve r s us the r e l a t i ve a c t i vity of the 
C B C C  c om p ound s i n  gl  ha s been made . 
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NUMBER OF CARBON A TOMS IN ANTIHIST AMINIC 

The analys is i s  biased s ince some of these compounds contain -S - or -N= or  -0- as isoste ric 
replacements for -CH= or -CH=CH - in some aromatic r ings .  On this bas is ,  most of the 
compounds with 14 carbon atoms belong e ithe r in the 1 5  or 1 6  clas s .  Most of the compounds 
investigated have 14 to I8 ca rbon atoms , includ ing most of the relative ly active and inactive 
agents . The re is only a very m inor s hift of activity toward the lower numbe r of carbon atoms as  
the activity inc reases .  

A more interesting analysis is based on the frequency distribution of  the chemical code 
groups in the gi compounds .  By use of the rotating file it is pos s ible to place any group first in 
the chemical code designation. The I 55 compounds in g i  5 requ ire 82 code groups for al l  of the 
chemical st ructures although the total number of separate groups is 924 or an ave rage of about 
6 groups to name a compound . 

The inc idence of common groups i"s even greate r w ith gi 7 and 9. W ith gi 7 that has only 
20 compounds after the gi 5 entries have been removed , only 40 characte rs a re requi red and 
these have occurred only 1 5 3 times with 6 characte rs accounting for 7 1  of these .  W ith gi 9 the 
number of groups has dropped to 38 w ith 1 07 entr ies , and 5 characters account for 5 1  of these . 

Analysis of these code des ignations · for the gi 9 entries in the chemical code indicates that 
some type of aliphatic: substituted tertiary amine has occurred 29 times ,  that a pyridine ring has 
occurred 6 time s ,  pyrimidine 2, ethe r oxygen 8, alcohol 2, luran 1 ,  benzene or phenyl 1 2 ,  four 
carbon atom cha in 2, three carbon atom cha in 5, two carbon atom chain I I ,  and one carbon atom 
methyl or methylene 1 2 .  These a re the findings one would expect from the visual examination of 
the data in 1· 

If the effect of a certain substituent on antihistaminic: activity is des i red , it can be readily 
found . For example , the effect of introducing a non - ionic: halogen atom into an aromatic: r ing can 
be found from columns 55 and 56 of the chemical ca rds . Of the 1 0 8  such compounds found in the 
gi ser ies only 4 are found in the highly acti ve group .  It would probably be easier w ith this small 
group of active mate rials to find the non-ha logenated congene rs in the formula file than to run the 
collator on the parent g roups of 1 1 82 compounds . Visual examination of the formulas of the 
compounds against the non -halogenated parents indicates that halogenation may inc rease the 
activity or dec rease it , and that this is a function of the pos ition of the halogen atom on the 
aromatic r ing. This type of pos ition isome rism is a feature that the CBCC chemical code is not 
equipped to handle ; i . e . , the code does not diffe rent iate between ortho , meta , and para substi 
tution of a benzene r ing , s ince the numbe r of such isomers i s  a lways small enough that they can be 
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separated visually. 

SUMMARY 

.L The answer to the fundamental question, "Can the CBCC system show any correlation 
between chemical constitution and antihlstaminic activity by use of the IBM machine s "  is 
generally in the affi rmative as developed in section 1: 

It has been pointed out that the biological data is l imited by lack of us e of a unive rsal test 
procedure for all compounds and that the re lationship of effects in man to effects in small 
animals is l imited by lack of publ ished data of expe riments in man , a lthough the re is  no lack of 
general c l inical data . There is good correlation between man and animals in the data available , 
and the data obta ined by one test p rocedure is gene rally equivalent to that obtained by othe r test 
procedures .  

The results can only be a s  good as the original data . If the data is not uniform , o r  based 
on uncontrolled expe riments , clinical impress ions , or non-comparable methods , then the Cente r 
cannot function. It may be able to indicate groups of data , or trends , so that future work may be 
bette r car r ied  out , or in rare instances to find an isolated compound w ith a des i rable action so 
that fam il i e s  of compounds can be p repared to find bette r compounds w ith this action. 

Ce rtain aspects of the problem have not been cons ide red . The third component of chemical 
biological correlation , that of time , whethe r expressed as duration , uptake , fate , or exc retion , 
has been  ignored , s ince there is so l ittle available data on this subject as fa r as the antihistaminics  
are  conce rned .  Anothe r p roblem , that of  pos ition isomer ism and biological activity , is  beyond 
the scope of the machines , the code , and our p resent chemical knowledge .  For example , by any 
class ific at ion system you wish to use CBC 80 1 , 6 38 and 800 ,  4ZZ have the same chemical 
components , the same s ize and shape , and ve ry similar chemical propertie s .  

800 , 4ZZ 80 1 , 6 38 

The both have the same molecular we ight , two aromatic rings , the same constituents , the same 
shape , and even the Hirschfelde r models look identical. The 800 , 4ZZ is a highly active anti 
histaminic that is commercially available as tripelennamine and is widely used in man ; the 
80 1 , 6 38 i s  an inactive , or relatively inactive , antihistaminic that is worthless .  This is one 
instance when we do not know enough of the unde rlying chemistry of the two molecules to know how 
they diffe r ,  and until we have this information , we cannot expect to know why the biological 
activity differs .  

As  abstract journals do  not l i s t  a l l  actions , particular ly minor or  secondary actions of 
compounds in thei r  indices , the CBCC se rves as a rese rvoir of such information and secondary 
activity studies  may lead to many investigations , e ithe r to deve lop compounds with bette r pr imary 
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a c t i v i ty ,  o r  w ith  more de s i rable s e c onda ry act ivity in s ome instanc e s .  

T h i s  demonstration s hould not b e  cons ide red c omplete a s  m any items a re not l i s ted fo r 
l a c k  of s pa c e .  For example , t he Cente r ha s  a combination chem ica l - biol og ical  ca rd which w i l l  
b e  valuable fo r rapid s ea rches o f  a l imited nature , and the t rue va l ue of the chem ical code ha s 
p robably not been e mphas ized.  Much data about inte rmediate ac t iv ity compounds has not bee n  
inc luded in this  br i e f  p re s entation,  and only l i m ited examp l e s  o f  'the nume rous ina ct ive c ompound s .  
Such informat ion would b e  va luable t o  a n  inve st igato r ,  a nd it i s  ava i la ble i n  most of the mode rn 
r e view a rt i c l e s  of the s ubj e c t .  

Examination o f  the final ly  s e l e cted fo rmulas b y  v isua l  inspection ind i cated that high 
a c t i v i ty ant ih istamin ics  be long to thr e e  c las s e s ;  a g roup of ethylenediam ine de rivat ives  with 
spec if ic  l imitations as  to  subst itue nt& , a group of Z - d ialkylaminoethyl ethe rs  w ith spe c if ic  
l im i tat i ons as to s ubst ituents , a nd a m i s c e l laneous g roup of c ompounds that had no c ommon 
c hem ical  featu re s .  It  must be reme m be red that s uc h  cor relat ions a r e  non - l i m iting in  a dynam i c  
f i e l d  such a s  biolog ica l  s c ie n c e .  Othe r c ompounds , w h i c h  a re e ntire ly  d iffe rent in type of 
s t ructu r e , may ha ve ve ry s imi lar  act ivity or be highly active . Sim ila rly , all compounds w ith the 
same or s im i l a r  st ructural c ompone nts and s imi lar  s ize a nd shape as one of the two l im ited 
g roups above w i l l  not nec e s s a r i ly be act ive . How e ve r ,  a l l  h ighly active c ompounds of the s e  bas i c  
type s w i l l  have this s ize and s hape , and when a l l  the pos s i ble  ones o f  t h i s  s ize and shape a re 
made , it w i l l  not be ne c e s s a ry to make a ll of the i r  de r ivative s or d e r ivat ive s  outs ide of these 
d imens ional l imits .  
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When this demonstration was planne d ,  it was hoped that mos t of the antithyroid data in 
the l ite rature would be recorded on CBCC punch cards and available for use before the 
Sympos ium. Thus , it would be poss ible to make correlations of chemical structure with anti 
thyroid activity , utilizing the same bas i c  information which was recently used in a re view 
artic le.!.( Advantage s and disadvantages of the CBCC system should be come apparent. However ,  
revis ion of  the detailed CBCC biological code caused s ufficient delay that not al l  of  the anti 
thyroid l ite ratur e  could be abstracted and the data coded ,  punched and sorted for a complete 
study. The results to be described here were ne ve rtheless  sufficient to indicate that the CBCC 
system is workable , and c an be used conveniently to answe r  spe cific que stions in the antithyroid 
field. 

This demonstration is based on fifteen questions which were designed to disclose the 
most active antithyroid compounds , and to bring out cor relations of c hemical structure with anti 
thyroid activity . A continuation of the process would , of course , yield m ore information , and 
othe r approac hes could be used to get the same results .  

Before proceeding with a discussion of the machine operations us ed  t o  obtain data from 
the punched cards , a few general remarks about the nature of the information the re are in orde r. 
Antithy roid compounds , which may be defined as those compound s which depress the sec retion 
of the thyroid hormone , have largely been developed s ince 1 94Z . Something like eight hund red 
compounds have be en tested and reported in the l ite rature . Most of the testing has been done in 
rats . Gene rally , the compound was fed in the diet or drinking wate r to young animals for ten 
days to two weeks and the effect on the thyroid gland was then dete rmined .  An active compound 
will  cause cellular hyperplasia , an increas e  in weight of the gland , and a dec rease in iodine 
c ontent .  All of this arises because of an inte rfe rence w ith the synthesis  of the thyroid ho rmone . 
Organically bound iodine is not stored , and the gland inc reas es in s ize in a compensatory action 
caused by the thyrotropic hormone from the pituitary. 

The antithyroid effect was measured in the early work by the · hype rplasia , and in the 
late r ,  more precise  inve stigations , by the effe ct on thyroid weight and iodine content. The latest 
method depends upon the rate of uptake of radioactive iodine by the thyroid gland. This method 
has bee n of particular val ue in dete rmining relative activitie s in man and monkey. 

Antithyroid activities re lative to a standard , which is usually Z -thiouracil , have bee n  
reported i n  the lite rature for tests i n  rats , and also for the l imited te sts i n  man and monkey by 
the rad ioactive iodine method. Al so,  whe re relative activiti es have not been given, they can 
be estimated from dose -response data . The biological code of the C BCC is suited to this , since 
doses and responses are recorded as fal l ing in range s .  

Thus , m ost o f  the animal e valuat ion of antithy roid activities of chemical compounds has 
been done in rat s .  This information is eithe r summarized in the form of the author 's  evaluation 
re lative to Z - thiouracil as a standard , or can be put in this form by c omparing dose - response 
data . Finally , these relative activities in rats can be compared to those reported for man as a 
test animal .  

With this background , the following questions w e re de vised :  

(Group I. Des igned to select the most active compounds in rat tests , and see which 
have been tested in man. ) 
I .  How many compounds tested in rats have an activity of 0 . 05 or greate r ? 

(Thiouracil = I )  

l/Medic inal Chemistry , Vol . I ,  pp . 1 - 1 50 ,  John Wiley and Sons , Inc . , N. Y . , 1 95 1 .  
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Z .  Whi ch c ompounds tested in rats have a n  a ctivity of 0 .  5 o r  g r eate r ? 
(Thiouracil = I )  

3 .  How many c ompound s s how ed a "+ Z hype rplasia of the thy r oid gland 
when admini ste red orally to r ats for a week or more in daily dose s of 
I Z5 m g .  /kg . /day or l e s s ? (Should give c omp ounds 0 .  Z as active as 
thiouracil or g r eate r ,  based on Astwood ' s  ( 1 943 )  r e s ults . ) 

4 .  Which of the c omp ounds i n  Questi on 3 s howe d  a tZ hyperpla s ia o r  
greate r when tested a t  a dose o£ Z 5  m g .  /kg. /day or l e s s ? (Should 
give c ompounds as active as thiou racil or greate r . ) 

5 .  Which o f  the c ompounds i n  Que stions 1 and 3 ha ve bee n tested i n  man ? 

6 .  How many o £  the c ompounds in Questions I and 3 ha ve not been te s ted 
in man ? 

7 .  Which o£ the compounds in Que stion 5 have a n  a c tivity o £  0. 0 5  o r  
greate r in man ? ( Thioura c il = I )  

8 .  Which o£ the comp ounds i n  Que stion 5 have a n  a c ti vity o£ <0 .  0 5  in 
man ? 

9 .  Which of the compounds i n  Que stions Z and 4 have not be e n  tested in 
man ? 

1 0 . Based on thyroid weights al one , how many c omp ounds ha ve an activity 
of C la s s  5 or highe r (Gives a g r oup o£ c ompounds w hi c h  c ould be furthe r 
analyzed as in the que stions a bove . ) 

(Gr oup II. To c o r relate chemical structure w ith activity . ) 

1 1 . Do c ompounds in Que stions I ,  3 and 1 0  have any c ommon chemical 
grouping ? 

I Z . Are the re c hemical groupings which c onfe r inactivity ? 

1 3 . Are hete rocycle compound s more active in gene ral than nonbe te rocyc les ? 

1 4 . Knowing that c ompounds c ontaining a -SH or =S group may be active , a re 
any -SR c ompound s a ctive ? (R is anything but H) 

I 5 .  A r e  any ·c ompounds o f  mole c ular we ight > 5 0 0  active ? 

We can now p roceed to the demonstration. 

The plan followed in the CBCC machine room by Mr. Bal la rd , sup e r vis o r ,  was to first 
s elect a ba s i c  g roup of cards containing the information d e � i red and then class ify the s e .  The 
c las s ification was a ctually d one by two proc edure s ,  and a de s c r iption of both will illust rate the 
p os s ibilitie s  o£ the C B CC syste m .  

Since demonstrati ons in both the antihistamine and antithyr oid field w e r e  planned ! o r  this 
syznpos iwn , a group o£ cards c ontaining data in both fields was s orted out. For P rocedure I ,  
1 4 3Z cards w e r e  availabl e .  Late r ,  the numbe r o f  c a rds inc reased conside ra bly as the w o rk of 
abstracte r s  and code r s  fl owed i n ,  and all of thes e  w e r e  us ed in P r ocedure 11 . Results are given 
in Tabl e  I.  
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TABLE I 

ANALYSIS OF BASIC CARDS 

Ope ration (mac hine} 

Procedure I (used on preliminary data) 

Sta rt 

1 . Sepa rate cards in Field F - 3  (gene ral action) , 
punched in 207 in Columns 7 3 - 7 5  (antithyroid) 

Rejects 

2 .  Divide the antithyroid cards according t o  the 
te st organism (Field A - 1  ); get 

A4 (frogs ) 
A6 (c hickens ) 
A 7 (mammals ) 

3 .  Breakdown of A 7  i n  (2) : 

A 7l (carnivora) [ 2 dogs , 1 cat) 
A 73  (rodents) 
A 74 (primates ) [all man) 

4 . Breakdown of A 73 (rodents) 
A 7 3 040 1 (guinea pigs ) 
A 7 3 02 0 1  (mice) 
A730202 (rats ) 

5 . Cards in activity classes 3, 5 ,  7 ,  9 relative 
to thiourac il  as a standard (Field H) 

Quantitative Summa ry (Fields T + G) , for rats 

Procedure II (s implified from I;  used on final data) 

1 .  Cards in Field F - 3 ,  punched 207 (antithyroid) 

2 . Number  of cards in respona e c las ses  3, 5 ,  7 and 9 
(all animals ; some cards counted twice because of 
double punche s)  

3.  Activity breakdown for rats • total cards 

Class 3 
Class 5 
Class 7 
Class 9 

(double punches are present) 

No. of Cards 

1 43Z 

862 

570 

9 
4 

849 

3 
824 

22  

2 
2 1  

80 1 

39 

Z08 1 

1 04 1 

935 

383 
3Z8 
1 42 
� �  

1 007 
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In P r ocedure I ,  the cards punched for antithyroid action were s eparated. The se we re 
then sorted by machine according to the test animal . Sinc e the que stions deal with tests in rats 
and man ,  the cards for these w e re selected for furthe r study. As well as giving the desired 
cards for furthe r study , operations 1 - Z also disclose that most of  the antithy roid tes ting has been 
done with mammals , and rats in pa rticular , as was expected. Since the que stions in gene ral 
deal w ith quantitative responses , the cards for rats were furthe r treated by ope ration 5 .  Field T 
of the C BCC system records responses , and Field G gives quantitative summaries in five clas ses  
( 1 , 3 ,  5 ,  7 and 9) .  When activities a re given relative to a standard (spe cified in Field  H),  
ac�ivity ratios are class ified according to : 

Class 

3 

5 

7 

9 

Ratio of Te st Chemical 
Standard 

<0 . 05  

0 .  0 5 1  - 0. 5 

0 .  5 1  - 5 

5 .  1 - 50 

>50  

Much of  the antithyroid data in the lite rature is given as activitie s relative to  thiouracil  as a 
standard . A compound twice as active as thiouracil w ould fall in Class 5, for instanc e .  Thus , 
ope ration 5 gave the s eparation of ca rds neces sary to answ e r  the Group I questions . 

When more cards were  available , time was saved by using Procedure U (Table 1 ) to 
obtain the same grouping of cards res ulting from ope ration 5 of Procedure I .  

The fact that the machine counted 1 007  punche s from 9 35 cards indicates "double punching". 
This is  s ometime s done in the CBCC coding becaus e the information available shows a range of 
activity greate r than any one digit in Field G indicates (see above Claues vs . Ratio of Test 
Chemical to Standard) . 

A given activity may be recorded in two or more ways , depend ing upon the crite ria us ed 
in the e va luation. For instance ,  the antithyroid activity of a compound may be a response 
(a) relative to thiouracil as a s tandard; (b) based on hype rplasia; (c) based on thyroid weight ;  
(d) based on iodine content of  the gland ;  or (e ) miscellaneous minor response s .  U the recorded 
response involves two c rite ria , both may be punched but on separate cards . 

Summariz ing the basic procedures , (I) gave incidental information as well as Ure basic 
cards to answe r the que stions and is an exploratory type ope ration; (II)  was a di rect approach to 
the basic cards . This i llustrates that information on punches cards can be extracted by various 
procedure s .  When a large numbe r of cards is involved, the actual running time of the machine is important ; a skilled ope rator can reduce it to a minimum us ing an effici ent pre -filing system. 
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The answers to  the Group I question. are  give n  in  Table Z .  Que stions 1 and Z require no 
comment. 

Question 3 was chos en to include the •earlier investigations where the results were not 
expressed relative to thiouracil .  From Astwood 's  early and late r papers wherein thiouracil was 
tested by both methods , the estimate was made that the answe r to Question 3 should give 
compounds which are  two-tenths as active as thiouracil  or greate r (particularly for Aatwood's 
results ) . The C BCC code given under Question 3 ,  Table Z ,  involves a ratiug also of ve rbal 
statements of a ctivity , and the answer  he re probably cove rs othe r pape rs , which is all the better. 
The eighteen compounds found can be cons ide red a basic group, of inte rest comparable to those 
of Que stion 1 . Que stion 4 selects the more active ones ,  and is to be compared with Question Z. 
It so happens that the three compounds turned up have all been retested relative to thiouracil, but 
only 6 -methyl - Z -thiouracil was as active as thiouracil .  A check of the thi rty -two compounds in 
Que stion Z confirms this - it is the only one of the three listed the re . Therefore, the basic 
ass umption that the procedure should turn up compounds as active as thiouracil or bette r is a 
l ittle too broad . Incidentally, the values found by Astwood were 0 .  4 for 1 ,  3 -diethyltbiourea , 
0 .  3 for tetramethylthiourea , and 1 for 6 -methylthiouracil.  Also,  all three have had clinical trial 
in man. 6 -Methylthiouracil is twice as active as thiouracil clinical ly ,  and is widely used for the 
treatment of hyperthy roidism. The other two we re not as good as thiouracil but have not been 
definitely rated . 

TABLE Z 

ANSWERS TO GR OUP 1 QUESTIONS 

Question 1 

Que stion Z 

Que stion 3 Answe r :  1 8  compounds 

Que stion 4 Answer : C BCC Numbe r 
80 1 . 456  
8 0 1 , 602 
900 , 059 

Class 
I 
3 
5 
7 
9 

0 
+ 

Compounds te sted relative to Thiouracil = 1 ,  
breakdown: 

Class 3 4Z 
5 Z4 
7 7 
9 ....l 

Total (answer) 74 

The cards in activity clas ses 5 ,  7 and 9 
( 3Z  in numbe r) of the g roup separated for 
Question I are exa.tnined for CBCC code 
number , and this is looked up in the files 
to give the name . 

Composed of compounds of Classes 5, 7 
and 9 in Field G, punch - 0 1  (Author 's 
evaluation) or punch -OZ  (Code r ' s  or 
Abstracte r 's e valuation) of the respon.e 
crite ria (in Field T) : 

Ve rballi stated in abstract 
0 inactive 

s light or mild 
+ +  + active or mode rate 
+ + +  + +  very active 
+ + + +  + + +  extremely active 

Name 
urea , 1 ,  3 -Diethyl -Z  -thio
urea, Tetrarnethylthio
urac i l ,  6 - Methyl - Z  -thio -
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Que stion 5 Answe r :  

Que stion 6 Answer : 

Question 7 Answer :  

Question 8 Answer : 

Question 9 Answer :  

CBCC Number 
800, Z5 3 
800, 694 
900 , 059  
900 , 5 87 
800, 569 
900 , 899 
90 1 , 796 

70 compounds 

CBCC Numbe r 
800, Z53  
800, 569 
900 , 899 
901 , 796 

None 

Question 1 0  Answe r :  Z6 eompounds 

1 6 1 

TAB LE  Z (Cont. ) 

Compound 
urea, Thio -
Z - Benzimidazolethiol 
uraci l, 6 - Methyl-Z -thio 
uracil, Z - Thio -
Z -Thiazoline -Z -thiol 
barbituric acid, 5, 5 -Diethyl -Z -thio
uracil ,  x -Methyl-Z -thio-

Compound 
urea, Thio-
Z - Thiazoline -Z-thiol 
barbituric acid, 5 ,  5 -Diethyl -Z -thio
uracil ,  x-Methyl-Z -thio-

Indicates that 800 , 694 , 900 , 059 and 
900,  587 in Question 5 were not rated as 
to relative activities .  

CBCC numbe rs given for Z4 compounds 
of activity class 5,  seven in class 7, and 
one in c lass 9. The numbe rs then looked 
up for the structure of the compounds . 

Que stion 5 necess itated the us e of the collator. For this purpose , the cards from 
Question I we re recombined with thos e fr9m Que stion 3. These we re then reassembled by the 
collator in orde r of the C BCC numbe rs . Thus , this stack was ready for comparison with the 
cards indicating tests in man , which were obtained by an operation on all the residue cards of 
Procedure II. The machine was then set to select cards on the basis of identical CBCC numbers 
in both stacks . The numbe rs and compounds obtained are listed in Table Z. 

Question 6 is an easy one to answe r, s ince it me rely involves a count of the rejects from 
Question 5 . The answe r was s eventy c ompounds . The purpos e of this question was to indicate 
that tbere is a large group of compounds highly active in rats which might logically be investigated 
c lilncally in man. 

Question 7 shows that four of the s even compounds tested in man are active . Question 8 
gave the answe r of wms: . This indicate s that the res idua l  compounds in Question 5 were not rated 
as to relative activities . This was easily checked by obs e rvation of the cards . 

Question 9 involved us e of the collator as done for Que stion 5 .  The machine operation also 
gave the activity c las se s ,  which from the nature of the activity were Class 5 ,  7 or  9. The re we re 
twenty -four 5 ' s ,  seve n  7 ' s ,  and one 9. The purpose of the que stion was to make available a list 
of highly active compounds (in rats ) which might logically be tried in man. Que stion 6 told us 
that there we re seventy highly active compounds by the rat tests which had not been tested in man, 
and Question 9 extracted and listed the most active thi rty -two. From the res ults of the above 
questions , particularly No . 4, we might safely assume that all of these thirty -two are at least 
one -half as active as thiouracil in rats . 

The last question conc e rned with activity tests is No. I 0. It gives a group of active 
compounds not included in the above . These we re exc luded from the detailed treatment because 
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s ome of the pape rs which report activities by the effect on thyroid we ight alone are not of very 
high quality . The compounds in this group might well be analyzed as in the question above . 

In summary, the purpose of these ten questions was to test whethe r or not the CBCC 
system of recording and handling data on antithyroid compounds is useful in indicating compounds 
which might logically be furthe r tested in man. The answe r  is - yes , it is us eful . But since the 
fie ld of antithy roid compounds is comparatively small, a critical study of the published pape rs 
would be pos sible for a clinic ian desiring to enter the fie ld ,  and it would probably give bette r 
results . It is to be remembe red that the CBCC system involve s little c riticism. Neverthele s s ,  
the res ults such a s  obtained here would b e  a good sta rting point for a newcomer i n  the field. The 
value of the CBCC system grows as the quantity of published data in a field increases .  

The s econd phase of  this investigation on  antithyroid compounds (Group 1 1  questions ) is  
conce rned with corre lations of  chemical structure with biological activity, and Que stions 1 1  
through 1 5 are associated. 

The procedure was to compare the cards obtained from Questions 1 ,  3 and 1 0 with the 
rotated chemical cards which were made up from all the basic antithyroid group including active 
and inactive compounds . You will recall that the rotated cards are obtained by duplicating each 
chemical card in such a way that each chemical group in turn appears fiL!i in the sequence of 
chemical code des ignations . Actually the Ce nte r had time to proc ess only those cards from the 
Que stion I group. Howeve r ,  the procedure would be the same for the Que stion 3 and Question 1 0  
cards . The result was a machine -typed listing of chemical code des ignations and their frequency 
of occurrenc e .  That i s ,  the numbe r of cards for each chemical field was given, and these were 
also broken down according to  al l  activity classes I ,  3 ,  5 ,  7 and 9 .  Question 1 1  asks for  activity 
clas ses 3 ,  5 ,  7 and 9 . Que stion l Z  requires study of the activity class 1 cards , and Que stions 1 3  
and 1 4  use all activity clas ses .  

This sheet contained 1 8 0 compounds with chemical groups occuring 720  time s . Duplicates 
of any one group in a given compound were excluded.  Seventy compounds had antithyroid activity 
and 1 1 0 were inactive . The se numbe rs are probably not great enough for detailed statistical 
analysis . 

I 
Question I I  was written to see if a chemical grouping s uch  as -N-<;: -SH could be detected , 

s ince published reviews indicate that this group is found in most of the more active antithyroid 
compounds .  This partic ular group doe s not appear in the CBCC code .  It might appear from a 
detailed procedure of .comparing the most active C B C  groups which do occur ,  and analyzi ng thern 
for common structural feature s .  When a larger basic  group of ca rds on antithyroid compounds 
is avai lable , this proce ss  will be worthwhile . For the moment ,  no common chemical sub - group 
ing is apparent by inspe ction of the active compounds . Answe r to 1 1 :  none apparent .  

Ouestion 1 2  also got  a negative answe r .  

Que stion 1 3  - to answe r this , a count of hete rocycles i n  both the active and inactive 
c las ses  was made . Sixty -four heterocycle s ,  or 27 pe r cent of the 24 1 groups in the active 
classes , were found . The re were eighty hete rocyclies in 479 groups in the inactive clas s ,  o r  
1 7  pe r cent .  One might conclude that hete rocycle groups a r e  favorable t o  antithyroid activity . 

Question 1 4  was ans wered by obse rving that live compounds containing sulfide , or R - 5 - R '  
groups , were active . If these had not been obs erved , an investigation of suc h  groups as Code 8 2 5 , 
which includes thioureas and pse udothioureas,  would be ne cessary. The pseudothioureas are  
:>c -SR compounds , and the thioureas ):c · S compounds . 

When Que stion 1 5  was written, the author did not know that molecular we ights we re not 
coded . Coding of physical data is not now done , but the re is cons ide rable inte re st in such at the 
Cente r . The staff kindly calc ulated the molecula r weights for the one hundred and s ix active 
c ompounds and the three hund red and nineteen inactive ones . Only one turned up in the active 
group which  had a molecular we ight greate r than 500 .  Thi s was thyroxine , which did not belong 
the re anyhow , and sl ipped in by a mistake in punching (although it is an indi rect antithy roid 
c ompound) . Four inactive c ompounds of molecular wei ght greate r than 500 were found. This is  

not a signific ant numbe r .  Pe rhaps s omeone should test more high molecular weight compound s .  
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T he s e  que stions w e r e , of cours e ,  only examples of what can be handle d  by the C B C C  
s y s t e rn . Many inte resting things m ight w e l l  turn u p  o n  s tatistical analys i s  o f  the fre quency of 
o c c u r r e n c e  of c hemi c al gr oups as r e lated to biological acti vity . As the quantity of data grow s ,  the 
v a l u e  of t he work done by "the C B CC will  i nc reas e .  Pe rhaps s ome day we s hall call it indispens 
a bl e  
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THE BIOL OGICAL BASIS FOR ANTIMALARIAL TESTS 

Richard J. Porte r  
Department of Tropical  Disease s 

School of Publ ic  Health 
Ann Arbo r ,  Michigan 

The p r e s e nt paper is an attempt to give the fundamental biological background for the 
chemothe rape uti c pape rs whi c h  follow . The se pape rs will  deal with the que s tion: "How active is 
a given compound as an antimalar ial ? "  Before cons ide ring this quantitati ve que stion , however , 
we musi ask _a more fundamental one , namely : "What kind of antimala ria l  action does the drug 
exhibit ? "  It is obvious , of course , that the type of malaria must be spec ified .  More important 
than this , how e ve r ,  we must indicate the stage of development of a parti c ular  mala ria , for , 
unlike the bacte ria , vi ruses , ri cketts iae and most of the protozoa , the mala rial parasites have an 
exceedingly c omplex l ife -cycle , a cycle invol ving s e ve ral stages of de ve lopment whi c h  differ 
from one anothe r both mic ros copically and physiologically. 

We shall be deal ing with at least three kinds of antimala rial activity - p r ophy l a c t i c . 
s uppress ive and curative . Sinc e  each requi re s destr uction of a different phase of development of 
the parasites , we must cons ide r how all the se phases fit togethe r in the total l ife -cycle of the 
mala rial organisms . 

\ 
\ 

SPOROZOITES 
' ' ' �� � 1.  o.,'\� 

p�;� 0 ' 
\ SEXUAL 

REPRODUCTION ' ' 
' 

' 
' 

' 
GAMETOCYTES ' 

' 

Figure I 
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Figure 1 rep resents the ge neral life - cycle of members of the genus Plasmodiwn as 
exhibited by those species  which have be en most thoroughly studied. Infe ction of the ve rtebrate 
host begins w ith inoculation of sporozoite & from the saliva ry  glands of an infected mosquito. These 
sporozoite & i nvade ce rtain cells of the tis s ues of the ve rte brate and initiate a process of growth 
and multiple division known as c ryptozoic schizogony.  In bi rd malarias the paras ite s of this phase, 
known as c ryptozoite & , are  found in mac rophages ,  the large cells of the skin , l ive r ,  spleen, etc . , 
which take in and destroy foreign partic les I . In malarias of monkeys and man the cryptozoic 
schizogony is said to occur in the hepatic parenchyma , the liver cells prope rZ , although it should 
be pointed out that the re is disagreement on this point ,  investigators cla iming e ithe r that the 
evidence is not yet conclus ive or that at least some of the cryptozoite& are in mac rophages 3. 

In those malarias which have been best studied ,  the re are one or two gene rations of 
cryptozoic sc hizogony , occupying two to ten days , depending on the species . At the e nd of this 
time the young parasite s produced give rise to two new kinds of parasite s .  One kind , designated 
phane rozoite& , is  s imilar to the cryptozoite& . In the avian malarias they occur in macrophage a 
or the endothe lium l ining most blood ves sels . In the primate mala rias , those of monkeys and 
man , they are said to develop in the live r  cells .  The phanerozoic schizogony is self-pe rpetuating. 
It pe r s i s ts  throughout the total duration of the ve rtebrate infection, se rving as a rese rvoir of 
paras ite s which may give ris e ,  at times , to the e rythrocytic parasite s discussed bel ow. 

The re is evidence that c ryptozoite& and phane rozoite& are s imila r not only in appearance 
and cellular localization but also  in the phys iological attributes  conce rned with drug susceptibility.  
The two cycles togethe r ,  constitut ing those stages in the vertebrate which oc cur outs ide of 
e rythrocyte s , are commonly called exoe rythrocytic schizogony. It is proposed he re that the 
parasites of this pha se be designated by the etymologically dubious but c onve nient term exe rythro 
zoites .  The first one or  two gene rations , occurr ing during the incubation pe riod before the blood 
infections b e c om e  e s tabl i s he d ,  a r e the c ryptozo ites (p re - e rythrocytic stage s of s om e  a utho r s ) . 
Late r gene rations a re the p hane rozo ite& . 

Simultaneously with the phane rozoite & the re arises  a lso  from the c ryptozoite !! a type of 
paras ite 11nde rgoing schizogony in the red blood cell s .  These a r e  the clas s ical paras ites 
caus ing cl inical malaria .  They are commonly known as e rythrocytic  schizont& , but it is suggest
ed that the term erythrozoites w ould be m o r e  c onveni ent . Their  reproduction is not self  l imited. 
They may be transfe rred to a n e w  hos t by blood i noculation and will c ontinue to reproduce the re .  
Howeve r ,  in  time , a cqui red imm unity o f  the h o s t  br ings an e nd to the acute attack of  malaria by 
s upp re ss ing them to levels at which they may be dete cted with difficulty or not at all . At least 
i n  the primate mala rias , relapse occurs by reinitiation of the e rythrocyti c cycle from the persist
i n g  phane r ozoite & .  In at  least some avian mala rias e rythrozoites may give rise  to phane rozoites .  
I n  the primate malarias there is ind i r e c t  evidence that this does not occur.  

The final s tage in t h e  ve rte brate hos t i s the gametocyte , a sexual pa ras ite a r i s ing in  red 
blood c e l l s  from e ryth r oz oite s a nd pe rhaps a l s o  from phane r ozoite & .  Once mature , t h e  gameto 
cyte s do not develop furth e r  in t he ve r t e brate hos t .  Inges ted by a mosquito they initiate the 
sexual pha s e  of the cycle , w h i c h  r e s ults e v e ntually in the p roduction of sporozoite s infective for 
the ve rte b r ate . 

Be for e d e s c r ibing the te s t  p roc e d u r e s  for the va rious kinds of antimalarial activity it may 
be us eful to revi ew the e s s e ntials of t he above life c y c l e  as s e e n  in the groups of para s ite s w hi c h  
inte re st us especial ly .  T he m o s t  w id e l y  us ed avian mala rias a re P la s m odi um gallinac e um of 

chicks , f'. lophurae of du�ks ,  chi cks and t u rkeys and ,E .  cathem erium of canarie s .  They have 
two gene ration!! of c ryptozoites , o c c upy ing two to three days . P hane r oz oite s and e rythrozoite s 
appea r at the end of this p e r iod , b e c ome abundant , a nd a r e  then s uppre s s ed to quite l ow l e ve ls , 
w h e re they r e ma i n  for m onth!! or y ea r s .  E rythrozoite s  may arise from the phane r ozoite & and ,  
at lea st i n  _e .  gall inac eum a n d  _e. cathe m e r i um , may in turn produc e phane rozoite & .  

I n  _e.  vivax of man and .f .  £Y.l!.2!!Wlgj o f  m onkey s inc omplete e vidence indicate s that there 
a re one or two g e ne r a t i ons of c ryptoz o i t e s, la s t i ng a bout nine days . E rythrozoite s a nd phane ro 
zoite s a ris e togethe r a t  the e nd of t h i s  t i m e . T h e  fo rme r be c om e  abundant . caus ing a c ute 

mal a ria , a nd a r e  t h e n  e l i m inated from the blood .  The  pers isting phane rozoite s ofte n repop ulate 
the blood w ith e ryth rozoites at inte rvals of one to many months , initi at ing r e l ap s e s .  Erythro 
zoites appa r e ntly c annot p roduc e  phane rozoite s .  
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In � .  !!!£!J!arum of man the c ryptozoite s occupy about the first seven days of the infection 
They then give r is e to e rythrozoites . but appa rently not to phane rozoite& .  When the e rythrocytic 
s c hizogony is suppre s s ed , the infection terminate s . 

We may now cons ide r the var ious kinds of antimalarial activity . Four are of major 
importanc e - p rophylact ic , s uppress ive ,  curat ive and gametoc •dal . 

A drug s howing p rophylactic activity prevents establ i s hm ent of infect ion in the vertebrate 
host. It is clea r from Figure 1 and the above dis cus sion that p rophylactic action depends on 
destruction of sporozoite s or c ryptozoite s or both. Tests for such activity vary in detail but show 
a similar patte rn4 . The test drug is adm iniste red to animal s or human vol unteers during the 
incubation pe riod afte r inoculation of sporozoite& . Dete rmination of drug activity is bas ed on 
whethe r infection de vel ops in the test hosts . 

The re a r ises  immed iately the que stion of inte rpre tation of what is us ually c alled partial 
p rophylactic action ,  namely a delay in the appearance of blood infe ction. Cl early a d rug which 
m e rely de lays infection has no p ractical value in the control of malaria. Such delay may result 
from at least three mechanisms . First , the drug may pe rsist in the host l ong enough afte r admin· 
istration to exhi bit action against the e rythrozoite s . Obvious ly s uch action must be ruled out , and 
usually expe r iments can be so de s igned that it is not troublesome.  Se cond , the drug may me rely 
i nhibit deve lopment of the cryptozoite& . Finally , the d rug may destroy s ome but not all of tbe 
p re - e rythrocytic stages .  Eithe r of these  last pos sibilities is  of interest if it exp resses  p ractical 
pote ntialitie s .  Drugs which show complete p rophylactic activity at adequate dosage are partially 
effective in smalle r doses .  It is not known which of the two mechanisms is responsible . In any 
e vent ,  partial activity is of inte rest s inc e it suggests follow - up studies which may reveal 
compounds of practical value . 

It has been pointed out that prophy lactic action may be dire cted against either sporozoites 
or c ryptozoite & .  Eithe r p os s ibi l ity would be useful , and in gene ral expe rim e nts are not designed 
to distinguish between them. Howeve r ,  the best indications a re that the known prophylactic drugs 
act on c ryptozoite& . No drug has been s hown to be specifically active against the sporozoites 
injected by the mos quito. 

The re are two general expressions of s uppress ive activity. The fi rst is clinical cure of 
acute malaria without e radication of infection. The s e c ond is p reventi on of acute malaria without 
pre vention of

. 
infection. Both involve inhibition or destruction of e rythrozoites .  This is the action 

of quinine , quina c r ine or chlor oquine when given to a patient with acute cl inical mala ria or when 
administered continuously to exposed individuals .  It is clear that drugs effe ctive only against 
the e rythrozoites cannot cure an infection, such as f. vivax, in which phane rozoite& are present . 
Such drugs cure �· !!!£jparum , howeve r ,  for this infe ction does not exhibit pe rsisting exe rythro · 
z oite• . 

Tests for suppress ive activity in the avian malarias are simplified in accordance with the 
principle that we are inte rested me rely in the effect of drugs on the e rythrozoite s .  Birds 
inoc ulated with paras itized blood are treated with test drugs dur ing the first few days of infection. 
Comparison of their course of infe ction with those of c ontrols reveal action of the drugs on the 
e rythrozoites .  In the hwnan infections suppressive activity is studied in testa imitating the 
c l inical treatment of acute malaria. Effective drugs ameliorate or cure the malarial attack. 

Curative activity is s hown by complete te rmination of infection in the ve rtebrate host. In 
the case of f. falciJ!arum this requires me rely the destruction of all e rythrozoite a .  In the othe r 
malaria s ,  in which phanerozoite& may initiate relapses , d rugs can cure infection only if they 
de stroy the phane rozoite & or both the phane rozoite& and e rythrozoitea .  Expe riments designed 
to detect curative drug action obviously must utilize mosquito -induc ed infections . Effectiveness 
of the te st drugs may be demonstrated by various methods of determining the absence of infection 
in the treated hosts . Howeve r ,  the ultimate test for curative activity Ia failure of the treated 
infections to relapse .  

Finally , gametocidal action of drugs is determined by the fate of gametocyte& i n  treated 
infections induced by either blood parasites or sporozoites .  While elimination of gametocyte& has 
theoretical value in malaria control , s ince it reduces the reservoir of infection , this action is not 
at pres ent conside red of much practical s ignificance.  
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Som e ,  at l e a s t ,  of the above type s of d rug activity a r e  qualitatively d iffe rent. For instanc e , 
the re is a hos t of s upp res s ive d rugs , such as quinine , quinac rine and chlor oquine , whi c h  have no 
p r ophylactic , cu rative nor gametocidal action. On the othe r  band , the 8 - am ino - quinoline s , such 
as pentaquine , a r e  p rophylactic and c ur ative for � - � yet exhibit very s l i ght s upp r e s s i ve 
action in this infe ction. An extl:"eme c a s e  is s e e n  in the e s te r s  of para - guanyl benzoic acid , w hi c h  
a re partially p rophyla cti c  i n  avian malarias y e t  have no dete c table s upp r e s s ive activity .  T h e r e  
a re ind i cations that c ommon physiological a cti ons a r e  involved in prophylactic , curative and 
gatnetocidal effe cts , but the numbe r of kinds of drugs known to have such actions is still too small 
to warrant more than a s uppos ition. The above d i s c us s ion s hould have made it clear that for the 
p r e s e nt ,  each typ e of d rug action must be s ought by app rop riate spe cific method s .  
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STR UCTURE OF 4 -AMINOQUINOLINES I N  RELATION T O  ANTIMALARIAL ACTIVITY 

IN AVIAN INFECTIONS 

Richard J. P orter 
Department of Tropical Dis eases 

School of Public Health 
Ann Arbor , Michigan 

The p resent pape r  is an effort to make some gene ralizations c onc erning the relations hip 
of chemical structure to one kind of antimalarial activity. Before examining the data we s hould 
indicate the source and s ome of the limitations of the information used. All the data discussed 
we re selected from the Survey Tables l . The spe c ific test methods are detailed in connection with 
those tabl e s .  

While the re is a g r eat deal of other information about the compounds considered , we shall 
deal only with their suppress ive activity against Plasmodium gallinaceum of chick& and .f.. !.gRhJ.u:a.c 
in ducklings . The quantitative measures of antimalarial activity aiven in Tables I - V are 
quinine equivalents . T hey are obtained by dividing the dosage of quinine base producing a given 
dearee of suppressive action by the dosage of test drug showing a comparable degree of activity. 
We may well question the fundamental s ignificance of these numbers .  The fact that a drug exe rts 
antimala rial action in s mall dosage does not necessarily mean that it is a s upe rior drug.  Furthe r ,  
it should b e  realized that the fiaure represents a summation of the various factors involved in 
absorption , localization, metabolic alte ration , exc retion and specific antipa ras itic  actiona of the 
compound. Howeve r , it is  c ertainly true that , for a given host -parasite combination, diffe rences 
in quinine equivalents among related compounds have some quantitative m eaning. 

The reproducibility of the fiaures has been discussed by Wiselogle l . In gene ral , two-fold 
differences are cons ide red marginal . Four -fold or greate r diffe rences are definitely s ignificant. 

Table I shows the effe ct of various terminal groups on the s ide -chain in chloroquine and 
camoquin analog s .  Ce rtain facts are apparent from examination of the aminopropylamine serie s ,  
column one. The primary amine i s  weak, a s  are the long -chain groups . The mode rate -sized 
terminal groups are ve ry similar in their effect on quantitative activity as long as they are simple 
hydrocarbons . The alc ohol is definitely less favorable .  

The remaining columns of Table I agree well with the above gene ralization. The last 
column suggests an additional principle . While the differences  are rathe r close to the threshholds 
of significance , it appe ars that activity falls off faste r in the chains with even numbe rs of carbon 
atoms than in thos e  with odd numbe rs . This is reminis cent of much bioche mical information on 
the enzym�tic manipulation of fatty acid s .  

Table I I  compares those analoas of chloroquine i n  which the intermediate portion o f  the 
s ide -chain is varied ,  keeping the terminal diethylamine . Considering testa with P lasmodium 
lwburae we find that

.
the peak of activity falls in the compounds with four - or five -carbon chains . 

Those with tw o : ,  three- or six -carbon chains have significantly lower activity. In the compounds 
with branched chains activity seems to be dete rmined rather by the length of the c hain than by the 
total numbe r of carbon atom s .  There is a suggestion that the position of a methyl aroup on a 
butyl chain makes some diffe reDc e .  Hydroxyl groups do not appear to affect activity. The 
significance of spatial effects is  emphasized by the two cyclohexyl isome rs studied. Finally , the 
11-phenyl butyl compound and the compounds with chains interrupted by oxyge n  or s ulfur show 
definitely reduced activity. 
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TABLE I 

EFFECT OF TERMINAL GROUP ON SIDE CHAIN 

Side chain in pos ition 4 on 7 - c hlor -quinoline 

R -NH(CHz) 3Ril - NH(CHz)4Rlll 

NHz 0 . 8 

NHMe 

NMe z I 5 

NHEt zo 

NHPr 1 5  

NHis oP r 30 

NEtz 30 1 5  

NHBu 1 0  

NHisoBu 

NHEtMe 1 5  

NHCMe 3 30 

N(CHzCHz )zCHz 

NHcyclohexyl 1 0 

NP rz  

NBuz 

NAmz 

NHexz 0 . 3 

NHeptz 

NOctz 0 . 3 

N{CzH40H )z 0 . 3 

a . Gall i naceum quinine equivalents 
b. Lophurae (duck) quinine equiva l ents 

-NHCHMe(CHZ )3Rg 

4 

3 

6 

! !>&'  
8 

8 

8 

c .  Chloroquine 
d. Camoquin 

H()HzR !I 
-N OH 

6 

zocV 

30 

zo 

zo 

3 

0. 4 

I 

o. z 
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TABLE II 

EFFEC T OF SIDE CHAIN - NH - R - N  Etz IN 4 POSITION ON 7 -CHLOR -QUINOLINE 

R Lophurae Gallinaceum 

(CHz)z 3 

(CHz) J 6 

(CHz)4 1 5  

(CHz)6 3 

CHMe (CHz } 3 1 5  

CHMe (CHz }4 1 5  

(CHz) 3CHMe 8 

CHzCHOH C Hz 3 

(CHz}z CHOH (CHz)z  1 5 

cyclohexyl 1 5 *, 4 f zo • .  

CHzCH Ph(CHz}z z 

(CHz} J O(CH z } z  4 

(CHz)zS(CHz ) z  3 

* I Z ,  I 08 m .  p. 1 5 1  • ,  te sted as diphosphate 
II 1 4 , 4 7 7  m. p.  Z Z 3 - Z Z6 " .  

1 0  

30 

1 5 

6 

1 5  

1 5 

8 

z o 

30 

40 1 

8 

4 

1 0  

C length Total C 

z z 

3 3 

4 4 

6 6 

4 5 

5 6 

4 5 

3 

5 

4 6 

4 

The data on Plasmodium gall inaceum in Table II are less  clea r ,  although they do not 
d isagree w ith the above gene ralizations.  

Table III  shows a few of the many compounds in the s urvey tabl es illustrating the effects 
of various ring s ubstitutions . Those sel ected he re are the ones available in both c hloroquine and 
camoquin s e r i e s .  The gene ral agreement in order of activity between the two se ries is excellent. 
It indicate s c l early that the mechanis ms of antimala rial action in the two groups are related. 
Furthe r ,  it e nhances  the s ignificance of the most outstanding disc repancy , the fact that a 7 -methyl 
group was beneficial in the camoquin series and not in the chloroquine serie s .  

It s hould b e  noted that the last s e v e n  compounds in both se ries are the same .  Howeve r , 
five of the chloroquine analogs we re  inactive at maximum dosage , whereas all of the camoquin 
analogs we re active . The c amoquin s ide - chain ,  given various s ubstituents para to the hydroxyl 
group , has antimalarial  activity in itself. It is poss ible that the sid e - chain al one is responsible 
for the activity of the last compounds in the s e ries .  
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TABLE IU 

EFFECT OF RING SUBSTITUENTS ON E·  GALLINACEUM QUININE EQUIVALENTS 

CHLOROQUINE ANALOGS 

7 Cl 

7 Br 

7 1 

5 , 7  Cl 

3 CH3 7Cl 

6 Cl 

6 OCH3 

7 OCH3 

7 CH3 

(None ) 

6 , 7 CH3 

z ph. 

8 OCH3 

8 Cl 

3 CH3 5 Cl 

Z ph 7 Cl 

5 , 8  Cl 

Z ph 6 OCH3 

1 5  

1 5  

1 0  

4 

4 

z 

z 

z 

I 

I 

0 , 8 

0 . 4 

0 . 4 

<0 . 8 

<0 . 8 

<0. 8 

<0. 8 

<0 . 8 

CAM OQUIN ANALOGS 

7 Cl 

7 Br 

7 CH3 

7 I 

6 OCH3 

7 OCH3 

3CH3 7 Cl 

6 , 7CH3 

(None ) 

6 Cl 

5 ,  7 Cl 

8 OCH3 

8 Cl 

z ph . 

z ph. 7 Cl 

3 CH3 5 Cl 

5 , 8  Cl 

Z ph 6 OCH3 

zo  

1 5  

1 0  

8 

8 

6 

6 

6 

3 

3 

3 

0. 8 

0. 6 

0. 4 

0 . 3 

0. 3 

o . z 

o . z 

Table IV illustrate s a fact that is often negle cted in inve stigations such as these .  Students 
of chemOtherapy may tend to think in terms of structural formulae rathe r than of chemical 
compounds . Thus , the 6 -methyl analog of camoquin shows a quinine equivalent of 1 0 ,  the 
7 -methyl compound . 4 .  It might be s upposed that a compound with both would be superior.  That 
the chemistry of the compound is important is demonstrated by the fac:t that the composite drug 
exhibits activity not significantly hi ghe r than that of the weake r mono - substituted compound .  
Throughout the table this fact is evident. The combinations show activity in the range o f  that of 
the weake r member of the pair .  
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TABLE IV 

QUININE E QUIVALENTS WITH MULTIPLE RING SUBSTITUT IONS IN CAMOQUIN ANALOGS 

(!'. gallinaceum) 

6 CH3 4 7 CH3 1 0  Both 6 

6 CH3 4 8 CH3 0 . 8 Both 0 . 6 

6 Cl 3 7 Cl zo Both 4 

6 , 7 Cl 4 8 Cl 0. 6 All three <0 . 3 

Z phenyl 0 . 4 7 Cl zo Both 0 . 3 

3 phenyl 0 .  3 7 Cl zo Both 0 . 8 

6 OCH3 8 7 OCH3 6 Both z 

If , despite the warning expressed above • .  one were to concentrate on structural formulae , 
one might c onstruct a suggestive hypothesis .  It may be that in a ae ries such as this a substitu
tion or a hydrogen atom is favorable not if it adds to the activity of a weak parent drug but if it 
detracts l ittle from the activity of a hypothetical strong compound. This would explain the fact 
that the combination of a relatively favorable with a relatively unfavorable aubst.itution gene rally 
gives an unfavorable result. 

Table V gives additiona l  information bear ing on this point , taken from the s e r ies  of 
chloroquine analogs . The table is to be inte rpreted according to the fol low ing example . The 
second figure in column one (0 .  8) is the quinine equivalent for the 6 , 7 -dimethyl compound . The 
first figure  in column two ( I ) is the e quivalent of the 3 -methyl compound . The second figure in 
column two (0 .  4) gives the equivalent for the combination, namely the 3 , 6 , 7 -trimethyl compound. 

Table V shows that the tentative hypothes is  suggested above can be held only with 
qualifications . The exceptions are some of the 7 - chloro and 7 -bromo compounds. In several 
cases , and especially in the 6 -methoxy , 7 - c hloro compound , the combination is affected more by 
the more favorable than by the less favorable s ubstitution. This may be explained by the 
poss ibility that the 7 - chloro substitution creates a new chemical ae rie s which m ust be conside red 
separately from the parent series . The examination of composites may thus reveal pharma 
cologically s ignificant chemical diffe rences .  In any event ,  it is obvious that the c hemistry of the 
compounds i s  fundamental.  

One specific fact observable in Tables III  and V is noteworthy. Substitutions next to the 
ring nit;roeen , in pos itions Z or 8 ,  appear to be uniformly unfavorable . 

The poss ibilities for. general conclus ions from these data a re l imited.  Their princ ipal 
gene ral s ignificance lies in their  internal sell-criticism. They show what should be obvious on 
! priori grounds , that the supe rfic ial comparison of structural formulae has very little possibility 
for fundamental conclusions . It is clear that chemical as well as spatial effects determine 
antimalarial action. One may wish for the chemical and biochemical information necessary to a 
basic interp retation of the data . 
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TABLE V 

QUININE EQUIVALENTS WITH M ULTIPLE R ING S U BSTITUT IONS IN CHLOROQUINE ANALOGS 

(� . gal l i na c e um)  

Substituent B Substituent A 
(None) 3 CH3 l p henyl  S Cl 6 Cl  

(None ) I 1 0 . 4 0 . 6  l 

6 , 7 CH 3 0 . 8 0 . 4 

S Cl 0 . 6 <0 . 6 

6 Cl l <0 . 4 

7 Cl  I S  4 <0 . 8 4 

7 Br 1 5  3 

7 I 1 0  I 

8 Cl <0 . l <O . l <0 . 4 <O . l 

6 OCH3 l <0. 4 <O . l 

7 OCH3 l <O . l 

8 OCH3 0 . 4 O. l 

I .  W i s elogle , F .  Y . , ed . 1 946 - A Survey of Antimalarial D rugs , 1 94 1 - 1 945 .  

7 Cl 

1 5  

1 5  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

F i r s t  S y m p o s i u m  o n  C h e m i c a l - B i o l o g i c a l  C o r r e l a t i o n ,  M a y  2 6 - 2 7 ,  1 9 5 0
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 7 4

http://www.nap.edu/catalog.php?record_id=18474


1 7 7 

STRUCTUR AL TYPES TESTED FOR C URATIVE ACTIVITY 
AGAINST LOPHURAE MALARIA IN THE CHICK 

Alexander M.  Moore 
Parke , Davis and Company 

Detroit , Michigan 

At the war 's  end , emphasis in the antimalarial program at Parke , Davis and Company 
shifted from the development of a good suppress ive drug to the search for c hemical types having 
curative activity against vlvax malaria . The new policy was implemented by a curative test ,  
us ing lophurae malaria in the chick , which was  deve loped by Dr . Paul E.  Thompson and which 
was set up by him on a routine basis during the summer of 1 948.  Usefulnes s of the test was 
indicated by pos itive results obtained with the 8 -aminoquinol in�s in conjunction with quinine , by 
positive re sults obtained with the naphthoquinone , SN 1 2 ,  320• ,  and al so  by negative results 
obtained with a number of compounds known to be de void of curative action against vivax in man, 
for example ,  quinine , quinacrine , chlorguanide , sulfadiazine , SN 677 1 • , and SN 86 1 7 • .  

By means of  the new procedure , representative membe rs of the following suppre ss ive 
series were tested for c urative activity : quinine analogs , 4 - am inoquinol ine s ,  ac ridines , 
n -aminoc re sols , chlorguanide analogs , sulfonamide& , dithiocarbamate s ,  miscellaneous dyes , and 
other structural types . The significance of the results will be briefly di s cussed in terms of the 
structure -activity relationships within each suppres s ive s e ries.  Although no new se ries showing 
curative activity has yet been discove red in this program , the wide structural variations among 
suppres s ive d rugs strongly suggests that othe r curative types  eventual ly will be found . 

• Key to Survey Numbe rs : 

SN 6 77 1 6 ,  6 • - Diallyl -n , a' - bis (diethylamino) -4 , 4  • - bi -Q -c re sol . 

SN 86 1 7 4 - (  6 -c hloro -2 -methoxy -9 -ac ridylamino) - a -diethylam ino -2- c resol . 

SN 1 2 , 320 2 -[ 3 - (decahydro -2 -naphthyl)p ropyl ] - 3 - hydroxy- l ,  4 -naphthoquinone . 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


1 78 

DISC USSION 

DR . W . C .  COOPER (National Institutes of Health) discused .trlala of 4 -amiDoquiDoliDe 
compounds in man. The group provides some of the most a.aeful antimalarials DOW available. Of 
the more than two hundred members of the group known to be active in the avi&D. malarias , eleven 
have been tried in man , aDd four (chloroquine , SN 1 0 , 75 1 , aontochin, aDd oxychloroquine) have 
had field trials .  Chloroquine aDd SN 1 0 , 75 1 have proved so far to be the be at. Chloroqllille bas 
had the widest use :  it combines rapid action against e rythrocytic parasites , delayed elimiDation 
from the body (pe rmitting brief therapeutic regimens or weekly suppressive doaa1e) ,  absence of 
serious toxicity , and no acquired resistance by parasites . SN 1 0 , 75 1 (amodi&qllill or camoquin) 
appears to have analogous properties . The 4 -aminoquinolines are not effective a1ainat fixed · 
tissue parasites and are not causal prophylactic agents . They do not p roduce radical cure of 
relapsing vivax malaria. Their mode of action is unknown. 

DR . FREDERICK WISELOGLE (Squibb Institute for Medical Research, New Brunswick, 
New Jersey) : I would like permiss ion to tell a story. Durinl the hectic days of the malaria 
program , we were in the habit of sending drugs out just as fast as we could , and expectlni very 
prompt replies from the persona who were carrying out the te ats . Becaue Dr. Porter waa so 
fa r away , we asked him, in spe cial case s ,  to reply by telearam. We we r e  particularly 
inte rested in one 4 -aminoquinoline for which we had hi&h hopes ; that is , we had hope s for a 
quinine equivalent of I 5 or 30 , or perhaps SO. 

One afte rnoon, just afte r lunch,  we received a telearam that this 4 - aminoquinoline bad a 
quinine equivalent of 4ZS.  We were all set to clos e up the office and quit work and declare the 
malaria problem solved . 

Then we began loo'kina at that numbe r ,  and were more and more intrigued as to why 
Dr.  Porter picked such a number ,  which was so extraordinarily hiah. We were s o  disturbed that 
we finally called him up and asked him what the quinine equivalent of this compouud was . He 
said , "Let me look it up. " He looked it up and said , "It is 4 to 5 ,  " and that is what he had told 
the tele araph &irl ,  who interpreted it ve ry lite rally as 4ZS.  

I would like to ask a few questions , one of D r .  Porter , or perhaps some other person who 
can answe r it , and that is whether anything baa been done on mammalian malaria which, 1 
belie ve , was found , right at the end of the war , in a bat , and was suc cessfully transferred to a 
mouse .  I would like to know whether there has been any quantitative study of those compounds 
found active in the avian malarias . 

The se cond question I would like to ask of Dr.  Moore is purely a question of information, 
and that is , whethe r ,  in mixing quinine with these othe r s ubstanc es listed in his first Table at 
the bottom of page I , it is true that the tole rated dose of qu; nine was aii(Dificantly lowe red by 
the addition of these other substances . I think that is quite interestina . becaus e I thou1ht you 
aave quinine alone , 400 mam. per kilo, then dropped down as low as 1 00 ;  or is that just that you 
carried it down to a lowe r dose ? 

DR . A. M .  MOORE : The answer to the question is a technical one . The drugs were 
administered in the diets , and a definite percentage was mixed with each diet. The amount which 
a bird ate depended on how toxic the mixture was . In the case of quinine , as I recall , there was 
0. 4 per cent in the diet ; that is on page Z ,  second slide , second line down. But in the case of 
pamaquine plus quinine , the dose of quinine was cut to one -half the maximum tolerated dose,  
which would have been 0. Z per cent in  the diet. But, when pamaquine or pentaquin was added , 
the mixture was ve ry , ve ry toxic , because of the pamaquin or pentaquin, and the birds just did 
not eat so much as when the diet contained quinine alone. 

CHAIRMAN ELDERFIELD : I wonder if Dr . Fie ser would care to elaborate very briefly 
on the naphthoquinone•.  
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I might say, in arranging tbia program , due to the large numbe r - I  think it was some 
where a round sixty- eight - of chemical clas ses of compounds which have shown some anti 
malarial activity , in orde r to avoid spending a week or more in dis cus sing the relation between 
structure and activity , it was neces sary to trim the thing down rather drastically , and a some 
what arbitrary sele ction of groups for discuss ion was made , based solely on the amount of 
information , as far as antimalarial activity is conce rned. in a given particular group . 

The naphthoquinone & of Dr.  Fieser are , I think, one of the :most intere sting se ries of 
substances  which have been turned up. 

How eve r ,  i t  seemed to us that possibly the re was not quite as much information available 
dealing with the naphthoquinone & as the re  was in the othe r group s ,  and that is the reason for the 
somewhat arbitrary choic e . 

I see that Dr. Fie ser is he re and, if he would like to elaborate for a few minutes on his 
naphthoquinone• , I am sure e ve rybody would be glad to hear him. 

DR . LOUIS F. FIESER (Harvard University , Cambridge , Manachusetts) :  I feel l ike an 
outsider in tbia group , and feel rathe r badly about it. Some seven yea rs ago I became ve ry much 
excited about the problem of malaria chemothe rapy and , as a chemist , welcomed the oppo�;tunitJ 
for active c ooperation with medical scientists in advancing the whole methodology of chemo 
the rapeutic research. I thought that , with coope ration of chemists and pharmacologists , the 
standard method of analyzing and exp ress ing bioas say data c ould be improved upon. I hoped that 
techniques could he found for promoting better absorption of orally administered drug. I thought 
that development of a precision method for studying the rate of metabolic drug deactivation in 
the naphthoquinone se ries :might influence work on other serieli of antimalarials . I thought our 
demonstration that in the naphthoquinone se ries biological potency can be correlated with chemical 
structure only when allowance is :made for varying distribution characteristics of the compounds 
concerned :might sugge st useful developments in the study of othe r series of antimalarials and 
might have some impact on chemothe rapeutic research in general . 

I did indeed have some very able coope ration at the time from such individuals as 
A. P. Richardson , W. B. Wendel , and others.  Howeve r , my impression tonight is that , in 
respect to American antimalarial research , these hopes were largely in vain. The discus sions 
of the e venihg s ound exactly like those that I heard in 1 944. The chemist is still dutifully 
SJDthes izing compounds and nothing more ; •he pharmacologist is still analysing bis often very 
good assay data by the .,.me sloppy method of matched dos es ; and the clinician is still the 
supreme authority who passes judgement 61 " yes " or "no" on a compound or a e ries without 
reference to points of pos sible importanc e in the organic,  physical ,  or biochemical p rope rties 
of the compounds. 

Our attempts to develop a satisfactory antimalarial in the naphthoquinone a e ries , 
continued in the face of initial failure and against the judaement and ruling of the medical 
directors of the CMR, and involving such unorthodox procedure s as introduction into a chemical 
laboratory of a Warburg apparatus and a colony of infected ducks , e ventually led to apparent 
success in the form of the d rug that we have called lapinone. The curative and p rophylactic 
eUect of the naphthoquinone• had been well demonstrated in avian infe ctions and here , in lapinone , 
was a member of the a eries that , ac cording to numerous quantitative teats in normal humans , 
resisted metabolic degradation and afforded high blood levels of mate rial that retained ita 
activity for ve ry long pe riods . After a long and bard battle , we were ready for another clinical 
trial. 

But we did not belong to the club. We were not working on 8 -aminoquinolines or on othe r 
compounds derived from or related to quinine , atabrine , or plaamochin. We we re outside rs. We 
lacked the right contacts. And we bad to go all the way to the American University at Beirut, 
Lebanon , to find the active c ooperatioll needed. The re were , and are , plellty of difficultie s .  In 
this progress ive Arab state malaria cases baY'e become hard to find. When my Lebane s e  friends 
succeeded in getting a few teats that proved most encouraging, American doctors said , "But. what 
killd of malaria do they really have in Lebanon, is it really good vivax ? You should get a trial 
against the Ches son strain ; we know all about that. " Two attempts to try the Che sson strain have 
been made without auc cess . In the second attempt, Dr. Martin Young in South Carolina p repared 
a suspension of Cheaaoll sporozoite• in serum on a certain Thursday and shipped it to us by air. 
My associate met the plane Thursday niaht, replenished the ice , took the night train to New York 
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to del ive r  the the rmos the next day to the steward of an A rabian - Ame r ican Oil Co. plane j ust 
about to leave fo r Saud i -A rabia . The fl ight went off as planne d ,  fre sh ice was obta ined at Gande r 
and at R om e ,  and the material wa s p romptly transs hipp ed to Le banon and inj ected into ten pat . e nt• 
in the mental ward. But the infection did not take . 

Thus , we will have to try s ome othe r despe rate expedient fo r getting evaluation of lap inone . 
We can , howeve r ,  report that of nine patients with primary vivax infection that w e re given 
lapinone intraveneously for four days , all nine showed prompt relief of feve r and parasite s , and 
no drug symptom s ,  and s ix we re without relapse afte r period s of from thi rteen to fifteen m onths 
afte r treatment. It seems to me that this is a bette r pe rformanc e ,  in the di rection of curative 
action, than that of any of the nitrogen - c ompounds of orthodox types that I have heard d iscus s ed 
by the regular membe rs  of the sympos ium. 
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T H E  R E LAT IONS BETWEEN CHEM ICAL STR UCTUR E AND T OXIC ITY 
A M ONG THE 8 -AMINOQUINOLINES 

L .  H. SCHM ID T 
The Chr is t  Hospital  Ins titute of Medical  Resea rc h  

Cinc innati , Ohio 

Some of the membe rs of thi s audience may wonder why a disse rtation on pharmacology , 
and more spec ifically on toxicology , should be included in tonight 's  pane l dis cuss ion on the 
relations between chemical structure and biological activity .  The most likely reason is that 
toxic ological studies have played a uniquely important role in the development of curative drugs 
belonging to the 8 -aminoquinoline series . The clinician has leaned heavily on the re sults of s uch 
studies in selecting new 8 -aminoquinolines for clinical tria l ,  while the chemist has used such 
r e s ults as a primary guide to synthesis  of new compounds . The re are two explanations for this 
unus ual importance of pharmac ological studies .  In the fi rst plac e ,  until quite recently , the re was 
at  hand no experimental malaria which  yielded asses sments of curative activity having application 
to the human diseas e .  Secondly , 8 -aminoquinolines as a group exhibited a variety of striking 
and undesirable toxic reactions , some of which precluded administration to the human s ubject ,  
and most of which  could be c los ely related to spec ific c hemical structure s .  

In the time allotted t o  this discuss ion, a n  attempt will be made t o  accomplish three things : 
fi rst , to de scr ibe the sequence of events which led to the unorthodox practice of us ing the rhesus 
monkey as a test object for routine pharmacological studies ; secondly , to desc ribe the diffe rent 
reactions evoked by various 8 -aminoquinoline s when adm inistered to the rhesus monkey ; and 
finally , and princ ipally , to set  forth what appear to be firmly supported gene ralizations on the 
relationships between the chemical structures of the 8 -aminoquinoline s and var ious aspects of 
their toxicity. 

First , let us consider the sequenc e of events which led to the selection of the rhesus 
monkey as the test object for evaluating the pharmacological prope rties of the 8 -aminoquinolines .  
When inierest was evoked in thi s group of drugs , during the latte r stages of World War II ,  data 
on the eHects of the compounds on large r animals we re meage r if non -existent. Since a bas e - line 
of information was deemed ess ential to rational exploration of the above chemical ser ie s ,  it was 
decided to make a careful study of the reactions of various animal species to the old Ge rman drug 
pamaquine (Plasmochin) .  Suppl ies of a close relative , Plasmocid , were also at hand ; for this 
r e as on the projected study was expanded to inc lude work with this latte r compound. As will be 
apparent from the discus s ion which follows , the fortuitous availability of Plasmocid was a 
remarkably fortunate circumstance .  

Before p roceeding to  a discuss ion o f  the expe rimental obs e rvations , attention should be  
called to the chemical structures o f  pamaquine and Plas mocid {Chart I) . Thes e compounds have 

CHAR T I 

C H)O

oozC HzN(CzHs)z 

Plasmocid 

y H3 

c

u,

o&3cu2 c

u

2N(CzHsl z 

Pamaquine 
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the s ame quinoline nucleus , with a methoxyl group substituted at position 6 and an amino group at 
pos iti on 8. The s ide chains of the compounds have the same terminal grouping , diethyl amine. 
The compounds d iffe r ,  however , in the alkyl groups which separate the s ide chain nitrogens . In 
the case of pamaquine , a ! -methyl -butyl group is present , while Plasmocid has an a-propyl 
grouping . 

The s tudies with pamaquine and Plasmocid included work with the mous e ,  rat , dog, and 
rhes us monkey. Whe reas in all of these  animal spe cies there were quantitative diffe rences in the 
toxic ity of the above quinoline s ,  the re were no qualitative distinctions in the toxemias which 
developed in  the rodents and in the dog. The s ituation in the rhesus m onkey was quite different 
(Chart II ) .  

CHART II 

TOXIC R EACTIONS OF THE MONKEY (� mulatta) TO PAMAQUINE AND PLASMOCID 

Pamaquine 

Leuc openia 

Neutropenia 

Anemia 

Bil irubinemia 

Methemoglobinemia 

Cyanosis 

Loss of appetite 

Los s of we ight 

Las s itude 

Generalized mus cular weakne ss  

Pathological change s invol ving bone 
marrow , l ive r ,  spleen, kidneys , 
heart and brain (nuclei  of ne rves  Ill , 
IV and VI) 

Plasmocid 

Hypere sthes ia 

Nystagmus 

Los s of pupillary reflexes 

Los s of vision 

Loss of equilibrium 

Dysmetria 

Dys basia 

Dysergia 

Paralys is'"of lowe r limbs 

Pathological changes in brain and cord ;  
highly localized le sions involving the 
nuclei  of cranial nerves Ill , IV ,  VI and 
VIII and associated cell groups 

Monkeys ,  intoxicated with pamaquine , exhibited marked change s in the formed e lements 
of pe ripheral blood , including le uc openia , with neutropenia approaching agranulocytosis , anemia , 
methemoglobinemia , cyanos is , severe abdominal c ramping , anorexia , lass itude , and a general
ized mus c ular weakne s s .  These more obvious symptoms were associated with a depletion of the 
myeloid elements of bone mar row and les ions of mode rate seve rity in heart muscle ,  live r ,  
spleen ,  and kidneys . Moderately seve re lesions were present i n  the central ne rvous system in 
the s up raoptic  and para ventricular nucle i  and minimal lesions in the nuclei  of c ranial ne rves III . 
IV , and VI. Chart III contains an example of the pe ripheral blood changes which occur during 
p amaquine intoxication. 
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CHART lil 

LE UC OPENIA AND NEUTROPENIA INDUCED BY PAMAQUINE 

Day of WBC Distribution of Leucocyte• - Pe r Cent 
Treat - pe r cmm. 
ment X 1 000 Neutrophil a Lymphocyte s Monocyte a Eosinophils Basophils 

0 1 8. 5  54 3 8  4 z z 

5 Z . 6 9 8 1 4 I 5 

9 I .  3 5  3 9 1  5 I 0 

1 3  1 . 1 I 96 z 0 1 

M onkeys intoxicated with Plasmocid exhibited an entirely different picture from that just 
desc ribed (Chart DI) . In Plasmocid intoxication, the re appeared a remarkable set of symptoms 
refe rable to injury to the central nervous system. These symptoms,  which appeared within one 
to two days a!ter fi rst exposure to the drug , included hyperesthesia , mus cular rigidity , nystagmus 
{eithe r ver tical , horizontal or  mixed) loss of pupillary reflexes , and loss  of equilibrium and 
ability to c oordinate mus cular movements. These symptoms were as sociated with severe and 
wide spread yet compa ratively localized lesions in the brain involving many of the principal nuclei 
in the prop r ioceptive , ve stibulo -cerebella r ,  auditory , visual reflex , and extrapyramidal motor 
pathways ,  the olfactory areas and to a lesser  degree the ante rior horn cellB . A list of the 
princ ipal areas of the brain affe cted by Plasmocid is given in Chart IV .  A typical area of injury 
is given in Chart V, the c orre sponding normal region being p resented for comparison. 

CHART IV 

LOCATION OF LESIONS IN THE C ENTRAL NERVOUS SYSTEM OF THE R HESUS MONKEY 
ASSOCIATED WITH FATAL PLASMOCID INTOXICATION 

Proprioceptive System 

Cohunn of Clarke 

Large c ells in the c entral gray 

Late ral reticula r  nuc leus 

Late ral c uneate nuc leus 

M e s e nc ephalic  V nucleus 

Centrwn medianum nucleus 

Poste r o late ral ventral nuc leus 

Visual Reflex System 

Abducens nuc leus 

T rochlear nuc leus 

Late ral oculomotor nuc leus 

Central nuc leus of Perl ia  

Edinge r - Westphal nuc leus 

Interstitial nucleus of Cajal 

Magnoc e llula r a rea of the late ral 
geniculate body 
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CHART IV (Cont. ) 

Ve stibulo - ce rebellar "System Extrapyramidal Motor System 

De scending vestibula r nucleus Substantia nigra 

Medial vestibular nucleus Subthalamic nucleus 

Late ral vestibular nucleus Some of the pontile nuc le i 

Super ior ve stibular nucleus Globus pallidus (in part) 

Nucleus inte rcalatus Large cells of the caudate and putamen 

Nucleus prepositus Ante rior ventral nucleus 

Nucleus of Rolle r 
Olfactory Areas 

Interfas cicular nucleus 
Late ral mammillary nucleus 

All cerebellar nuclei 
Ansapedunc ular nucleus 

Nucleus rube r (both parts ) 
Magnocellular preoptic nucleus 

Late ral ventral nuc leus 
Late ral habenular nucleus 

Auditory System 
Qther Areta 

Cochlear nuc lei 
Some ante rior horn cell s 

Supe rior olivary nucleus 
Larae cells of reticular formation 

Trapezoid nucleus 
Supraoptic and paraventricular nucle i 

Nucleus of the lateral lemnis cus 

CHART V 

Late ral oculomotor nucleus , left ,  and medial longitudinal fasciculus , risht,  monkey fl l l6 
control. Paraffin, Morgan's stain ; X 1 60 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


1 8 5  

CHART V (Cont. ) 

Late ral oC'ulomotor nucleus , left ,  and medial longitudinal fasciculus , right ,  monkey 1 1 1 94 ,  
after I Z days ' treatment with Plasmocid. Compfete absence of all neuron cell bodies , glial 
replac ement ; degene ration and glial replacement in the medial longitudinal fasciculus . 
Paraffin , Morgan 's  stain ; X 1 6 0. 

Take n frorn " Ne utrotox ic ity of the 8 -am inoquinol ines . I. Les ions in the central ne rvous system 
of the r h e s us monkey induced by administration of Plasmocid . " by Ida G. Schmidt and 
L . H .  Schm idt. 

Repr inted f rom J ourna l  of Neuropathology and Experimental Ne urol ogy , Vll , No. 4, Octobe r 1948 . 

By the time the se obs ervations on pamaquine and Plasmocid had been completed , nine 
additional 8 -aminoquinolines were made available through the work of the cooperating chemists . 
These c orn pounds were administered to rats , dogs , and monkeys , the same techniques being 
employed as in the work with pamaquine and Plasmocid . Again the re were quantitative diffe rences 
in the toxic ity of the se compounds for the rat and dog , but no qualitative distinctioll5 . In the 
monkey the situation was again diffe rent (Chart VI) .  Certain of the compounds produced effects 
on pe riphe ral blood and bone marrow , analogous to the effects of pamaquine . Othe rs produced 
symptoms of central nervous system injury , comparable to reactions to Plasmocid. Still othe rs 
p roduced c ardiac ar rhythmias and symptoms indicative of a postural hypotension. 

CHART VI 

R EAC TIONS OF RHESUS MONKE YS TO 8 -SUBSTITUTED - 6 -METHOX Y - QUINOLINES 

Drug Code a -Substituent Nuclear Pr imary Effe ct 
No. Substituent on 

l 4 5Z H�(CHz} 3NHz Heart - circulation 

3 1 1 4  HJt(CHz)zN(C zHsl z CNS 

3 1 1 5  Hr;r(C Hz) 3N(C zHs)z " 
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D r ug Code 
No . 

1 1 889 

58 32 

9 7 1  

1 2 3 22 

I 1 1 9 1  

7672 

1 0309 

1 1 8 88  

1 86 

C HART VI (Cont. ) 

8 -Substituent 

Ht:"(CHz }JN(CzHs)2 

H�(C Hz} )N <sl 

Ht:"<(( CHz ) 3N(CzHS)2 
CH3 

H�(CHz)6N(CH3 )z 

Hlji(CHz )6N(CzHs)z  

Hlji(CH2 ) 3S(CHz)zN(CzHs) z 

HN(CHz )zQ 
I N 

Hljl(CH2} )0 

Nuclear Primary Eff e c t  
Substituent on 

(5 ) -OCH3 CNS 

" 

Blood - bone m a r r o"' 

" 

" 

" 

Heart - c irculation 

" 

On the basis  of the se obs ervations , it was de c ided to make routine use of the rhe sus 
monkey as the te st animal in evaluating the toxic ity of 8 -aminoquinolines . This decis ion led to 
studies on some one hundred forty - s ix 8 -aminoquinol ine derivative s .  The s e  compounds have 
been administe red to more than nine hundred rhe s us monkeys , in dos e s  ranging from one 
s ixteenth of the lethal to twice  the l ethal dos e .  In all case s ,  a subacute method of studying 
toxic i ty has been employed , divided daily doses  be ing admini ste red for p e r i ods up to fourteen 
days . 

The results which have emerged from the s e  studies have demonstrated remarkable ,  
wholly unexpe cted and completely unexplained relations between chemi cal structure and 
pharma c ological activity . Three distinctly diffe rent reaction patte rns were p roduced by the 
va ri ous quinoline s :  ( I ) depre ssion of myeloid activity of pe riphe ral bl ood and bone mar row w ith 
methemoglobinemia and anemia ; (Z)  a complex group of neurol ogi cal symptoms associated with 
s e ve r e  and widespr ead les ions in the spinal cord and brain stem ; and (3) disturbances in the 
heart and c irculation , associated with highly localized lesions in the dorsal motor nu.cleus of the 
vagus . Remarkable as it may seem , eve ry c ompound thus far studied has p roduced reacti·ons 
which fall primarily into one of these patte rns . The re are instanc es in which c ompounds whi c h  
effect  periphe ral blood changes also exert s l ight effe cts o n  the hea rt and c i r c ulation. Gene ral ly 
speaking , howeve r ,  the re is l ittle ove rlapping in the patte rn of toxic react ions e voked by a g i ve n  
c ompound . 

The gene ral chemi�al distr ibution of one hund red forty of the derivative s with resp e ct t"o the 
8 - amino substituent is shown in Chart VII .  Ten of the c ompounds had alkyl s ide chains terminat 
ing i n  a prima ry amino group .  Sixty -four had terminal s e condary amino group s .  Fifty - one had 
term inal te rtia ry amino groups , while ten had the terminal nitrogen in pipe r idyl linkage .  Within 
each of the se maj or groups the re were broad variations in the alkyl group whi c h  separated the 
s ide c hain nitrogen& . In the case of the s e c ondary and te rtiary amino de rivatives the re were 
also broad variations in the te rminal alkyl grouping on the side chain and in the nucl ear substit 
uent .  
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CHART VII 

GENERAL DISTRIBUTION OF 8-AMINOQUINOLINES EXAMINED 
FOR THEIR EFFECTS ON THE RHESUS MONKEY 

No. 
Cmnpounds Type of 8 -amino-substituent 

Studied 

1 0  

64 

S I  

1 0  

_5 
Total = 1 4 0  

- (CH2lnNH2 

- (CH2 )nNH Alkyl 

- (CHz)nN(Alkyl) z 

- (CHzln Pipe ridyl 

-Miscellaneous 

n = 2 to 6 

n = 2 to 6 

n = Z to l l 

n = Z to 7 
(piperidyl I ,  Z ,  or 4 )  

The work with the ten  primary amine& (Chart VIII) demonstrated that , irrespective of  the 
nuc l ear substituent ,  the type of toxic reaction was determined by the numbe r of methylene groups 
which sepa rate the s ide chain nitrogens . When the s ide cha in contained Z, 3 , 4 or 5 methylene 
group s in straight l inkage , the compounds exe rted their primary effects on the heart and 
ci rculation. However , when the s ide chain contained S methylene groups in a branched chain or 
6 in a stra ight chain primary effects we re on the formed elements of pe riphe ral blood and bone 
ma r r ow .  No prima ry amine in the group studied evoked symptoms of central ne rvous system 
inj ury s uch as those produced by Plasmocid.  

CHART Vlll 

RELATIONS BETWEEN STRUCTURE AND TOXICITY AMONG 8 -AMINOQUINOLINES 
WITH SIDE C HAINS TERMINATING IN PRIMARY AMINO GROUPS 

(I 0 compounds) 

(6) 
-OCH3 

(S)  
-OCH3 

(4) 
-CH3 

I .  Ir respective of nuclear substituent , type of toxic reaction is 
dete rmined by numbe r of CHz groups separating amino groups 
in the s ide chain. 

(a)  When the s ide chain contains Z ,  3 , 4  or 5 methylene groups 
in a straight chain,  toxic reactions involve the heart and 
circulation , primarily . 
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CHART VIII (Cont. ) 

(b) When s ide chain contains 5 methylene groups in a 
branched c hain,  or 6 in a straight chain , toxic reactions 
involve the formed elements of pe ripheral blood and bone 
marrow ,  primarily . 

The studies with derivati ves having secondary or te rtiary te rminal amino groups (Chart IX) 
show that the types of reactions evoked by the compound were independent of the cha racte r of the 
te rminal alkyl s ubstituent. Reactions we re dete rmine d ,  howeve r ,  both by the alkyl chain which 
separated the s ide chain nitrogens and by the pos ition of the nuclear s ubstit"uent. When the re was 
a nuclear  s ubstituent at positions 7 ,  6 , and/or 5 the type of reaction was dete rmined solely by 
the methylene l inkage separating s ide chain nitrogens . When the linkage comprised Z or 3 
methylene groups (branched or straight) the drug produced symptoms of CNS intoxication ident 
ical with those of Plasmocid . When the re were 4 (branched or straight) or 5 (straight) methylene • 
groups present ,  the symptoms produced were refe rable to effects on the heart and circulation. 
When the s ide chain nitrogens were separated by 5 methylene groups (branched) or 6 or more 
branched or straight , toxic reactions involved primarily the formed elements of periphe ral blood 
and bone marrow .  

CHAR T IX 

RELATIONS BETWEEN STRUCTURE AND T OXICITY AMONG 8 -AMINOQUINOLINES 
WITH SIDE l:HAINS TERMINATING IN SE CONDAR Y OR TE RTIARY AMINO GR OUPS 

{ 1 1 5  compounds) 

���HR or -NRz 

� (7) 
- CH3 
-OCH3 

(6 )  

- C H3 
-OCH3 
-OH 
-OPh 
-OEtOH 
-Cl 
-NHz 

(5 ) (4 ) 
-CH3 - C H3 
- OC H3 - OCH3 
-OPh 
- Cl 
- NHz 

1 .  I rre spe ctive of the nuclear substituent at positions 7 ,  6 or 5 the type of 
toxic reaction is determined by the number of CHz groups sepa rating 
amino groups in the side chain. 

(a) When the side chain contains Z or 3 (branched or straight) methylene 
groups , toxic reactions involve the CNS ,  primarily . 

(b) When the side chain contains 4 {branched or straight) or 5 (straight) 
methylene groups , toxic reactions involve the heart and ci rculation , 
primarily . 

(c )  W hen the side chain contains 5 methylene groups in a branched chain 
or 6 or more in e ithe r branched or straight chain, toxic reactions 
involve the formed elements of periphe ral blood and bone marrow , p rirnarily. 
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CHART IX (Cont. ) 

2. .  The type of toxic reaction i s  influenced both by the nuclear s ubstituent at 
positions 4 and 2. and by the numbe r of CHz groups separating the amino 
groups of the side chain. 

(a )  When a methoxyl group is substituted at position 4, the type of toxic 
reaction follows the patte rn set by s ide chain variations with 
derivative s having subs tituent& at 7 ,  6 an!l 5 .  

(b) When a methyl substituent i s  present at position 4 ,  toxic reactions 
are independent of side chain variations and involve the formed 
elements of pe riphe ral blood and bone mar row , primarily. 

(c ) Whe n e ither methyl or methoxyl s ubstituent& are pres ent at position Z ,  
toxic reactions are independent of aide chain variatluns and invol ve the 
formed elements of pe riphe ral blood and bone ma rrow , primarily. 

The s ituation diffe red conside rably when the Z or 4 -poaition of the nucleus was substituted .  
In that case the  reactions evoked depended both upon nuclear substituent and the alkyl group 
separating the nitrogens of the a ide chain. With a methoxyl at pos ition 4 ,  the reactions foll owed 
the patte rn set by s ide chain variations among compounds with nuclear s ubstituents at positions 
7 ,  6 and/ o r  S. With a methyl g roup at position 4 ,  or a m ethyl or methoxyl group at pos ition Z ,  
toxic reactions were independent of a ide chain variations and involved the formed elements of 
pe riphe ral blood and bone marrow ,  primarily . 

The final group of compounds comprise s those in which the terminal nitrogen was in 
pipe r idyl l i nkage (Chart X) . Six unaubstituted Z -pipe ridyl de rivati ves , with from Z to 7 methyl
ene groups in the s ide chain and one 4 -pipe r idyl derivative all  produced effe cts on the heart and 
circulati on. One nitrogen s ubstituted de rivative and one derivative in which the a ide chain 
attaclunent was through the pipe ridyl nitrogen produced effects on the central ne rvous system 
indistinguis hable from those of Plasmocid .  

CHART X 

RELA TIONS BETWEEN STRUCTURE AND T OXICITY AMONG 6 -METHOXY -8 -AMINOQUINOLINES 
WITH SIDE CHAINS TERMINATING IN PIPER IDYL GROUPINGS 

Toxic reactions involve hea rt 
and circulation 

( I 0 compounds) 

Toxic reactions involve heart 
and circulation 
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CHART X (Cont . ) 

Toxic reactions involve CNS Toxic reactions involve CNS 

It would be satisfying if in concluding this report information could be presented 
would explain the radically diffe rent types of reactions evoked by 8 -aminoquinolines of s uc h  
s lightly diffe ring chemical structure s .  Unfortunate ly, despite substantial efforts , n o  tenable 
explanation is at hand. As has been said often ,  the facts are he re ,  unde rlying reasons not yet 
forthcoming. 
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PRIMAQUINE , S N  1 3 , 272 

A NEW CURATIVE AGENT IN VIVAX MALARIA: A PRELIMINARY REPORT!a.Y 

Introduction 

John H. Edgcombl/, John Arno1dJ/, Ernest H .  
Yount , Jr  . .ll, Alf S. A1ving and Lillian Eichel 
be rge r {from the Malaria Res earch Unit,  
Department of Medic ine , Univers ity of Chicago) 
and Geoffrey M. Jeffe ry , Don Eyles and Martin D. 
Young (Laboratory of Tropical Disease s ,  Micro 
biologi cal Institute , National Institutes of Health) 

This pape r reports the preliminary cl inical expe rience with primaquine , 8 - {4 -amino- 1 -
methylbutylamino) - 6 -methoxyquinol ine , or SN 1 3 , 272 , in reduc ing the relapse rate of the Chesson 
strain of vivax malaria.  This compound was fi rst tested in man early in 1 948 as part of a 
c ompre hens ive study of c ompounds related to pamaquine , us ing methods previously de scr ibed by 
A lving , et a ! .  ( 1 948 ) . 

Primaquine differs chemically from pamaquine by having a primary amine substituted for 
the te rtiary te rminal amine on the aliphatic s ide chain in the 8 -pos ition of the quinol ine nucleus . 
Pamaquine , is opentaquine and the new compound , primaquine , may be cons ide red as a family of 
c orn pounds , the membe rs of which diffe r only in the characte ristics of the terminal amino group. 
Thus : y

H3 �H2CH3 
HNCHCH2 CH2CH2N, _ � �H2CH3 

CH30� 
Pamaquine 

CH3 H 
HNtHCH2 cH2CHz< /H3 

�N� 
C 

"-

cH3 
C H30 � 

Isopentaquine 

{Tertiary terminal amine ) 

{Secondary te rminal am ine ) 

11 R ep rinted from The Journal of the Nat ional Malaria Soe ie ty , Vol . 9 , 285 - 292 , 
1 950 .  Additional patients  have been added to thos e originally reported in the 
first table on page 1 92 .  

Y These  inve stigations we re , in part , supported by a grant - in-aid from the United 
States Publ ic  Heal th Service and , in part, carried out unde r contract be tween the 
Offic e  of the Surgeon Ge ne ral of the United States Army and the Unive rs ity of 
Chicago. The c l inical studies we re also aided by the partic ipation of Army Medical 
Offi cers  ass igned to the p roje ct . The studies would not have been pos s i ble except 
for the valuable coope rati on and help given by Warden Jos eph E.  Ragen of Stateville 
Penite ntiary and othe r administrative offic ials of the State of Illinois .  

Jl Captain , MC -AUS 
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(P rima ry terminal amine } 

P rocedure s  and Method s 

In the the rapeutic trials p_rimaquine was given in the form of the dip hos phate salt ( 56 .  9cr. 
ba s e }  and dos e s  have be en calculated in te rms of base weight. Jl The deta i l s  of the te s ting p rogram 
have be e n  reported elsewhe re .  Briefly the r.ene ral pr oced u re was a s  fol l ows : White , heal thy 
inmate vol unte e r s  from the gene ral pop ulation of the Il l inois State P enite nti a ry (State vil l e Branc h) 
w h o  had had n o  p re vious expe rienc e  with malaria w e r e  s e l e cted . A stand ard method of 
inoc ulation by the bite s of ten infe cted m osquitoe s was used becaus e  this g ives a c ons is te ntly 
s e ve r e infe ction. Drug administration was be gun early in the c ours e of the c l inical attack in 
order to reduce acqui red immunity to a mi nimum . D u r ing the the rapeutic trial s the patie nts w e r e  
hospital ized.  Paras ite counts were made daily d uring the immediate foll ow - up pe ri od and at 
fre quent inte rva l s  for p e r iods up to one yea r .  No case with a follow - up of l e s s  than s ix months 
has be e n  included.  It is known that 9 8� of all relaps es , i n  patients infe cted by thi s tec hnique and 
treated with 8 -aminoquinoline s . occurs before one hund red fity day s (unpubl i s hed obs e rvati on) . 
Inasmuch as the va r iety of toxic manife stations is s imilar to that of pamaquine , toxi c ity has be e n  
expre s sed i n  t e r m s  of pamaquine equival ents . All d r ugs w e re adm inistered o rally .  

Choice o f  clini c al mate rial . 

All pr imary c a s e s  treated we re cha racte rized by having an inc ubation pe riod of l e s s  than 
fifteen day s .  A limited numbe r  of patients that had r el apsed afte r t reatm ent w ith a hete rogeneous 
gr oup of d rugs have also been included in thi s report , but only s ubj ects w ho relapsed within 
thi rty days .afte r end of therapy we r e  chosen. Craige , et al. ( 1 94 7) have s hown that patie nts with 
short p r epatent or late nt p e r i od s  offer a s e ve r e  cha l lenge to curative drugs . Unde r the s e  
exper imental conditions the relaps e rate afte r treatm ent of primary attacks with s upp r e s i ve drugs 
approac he s I 0 0� (Table 1 ) .  

TABLE I 

R E LAPSE RATE AF TER T R EATMENT OF PRIMARY ATTACKS 
OF CHESSON S TRAIN VI VAX MALA R IA (S TANDAR DIZED 
S P OR OZ OITE INF E C TIONS ) W I T H  SUPPR ESSIVE DR UGS 

D rug Relaps e R ate 

Quinine 1 8/ 1 8  

Quina c r ine 4/4 

Chlorguanide 8/8 

C hl oroquine 8/8 

T otal 3 8/38 

� P rimaquine was fir s t  synthe s ize d  by D r .  R obe rt C. Eld e r !ield , Department of Chemistry , 
Columbia Unive r s ity , New Y o rk C ity . Late r s upplies of p r imaquine have be en p rovided by 
Eli L illy and C ompany , Indianapol i s , Indiana , and by the Abbott Laborato r i e s , North Chicago ,  
lllinois . 
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R esults 

When primaquine was given alone in s ix divided doses daily , curative effect was 
demonstrated in dos es as low as ZZ .  S mgm .  (base) pe r day (Table II) . 

TABLE II 

C URATIVE EFFECT OF PRIMAQUINE WHEN ADMINISTERED ALONE 
DURING PRIMARY ATTACKS OF VIVAX MALARIA (CHESSON STRAIN) 

Cas e s  Days From Follow Up Ratio: Symptoms MET* Mean Plasma•• 
End of Rx to ( Days) Subjects Reiapsed/ HGB Concentration of 

First Relapse Subjects Treated � Primaquine 
F/ l OZ+ I Para (gamma/lite r) 

DAILY DOSE OF ZZ.  5 mgm. ••• 

l .  1 6 1 5  - None 9. 6 9 

z .  I 7 1 4  - Abd. + 9. 4 1 0  

3 .  1 z 1 3  - 4/5 None 1 3 .  9 5 

4.  1 6 l Z  - None 1 5 . 8 4 

5 .  - - 330  Abd. ++  8 . 0 4 

DAILY DOSE OF 45 mgm. u• 

I .  - - Z9Z None zo. o 4 3  

z .  1 8  1 6 - Abd. ++ zz . o  75  

3 .  - � 333  1 /5 None 1 8 .  1 45  

4 .  - - 333 Abd. + 1 6 . 9  3 3  

5 .  - - Z84 Abd . +  Z3 . 8 30 

• Expressed as � of total hemoglobin (average for last five days of treatment) 
• •  Determined by method of  Brodie , Udenfriend and Taggart ( 1 94 7 ) 
••• Drug administe red in six divided doses daily for two weeks 
Abd. + = mild , trans ient abdominal c ramps 
Abd. ++ = moderate , repeated abdominal cramps 

Subse quent experience '!'lith the action of primaquine against trophozoite - induced infections 
suggests that many , if not all "relaps e s "  reported in Table II were really rec rudescences , that 
is , were due to inc omplete eradication of trophozoites because the pa ras itemia recurred ve ry 
early. When primaquine was given in conjunction with 1 .  64 Gms . quinine (base) daily , conside r 
ably greater curative effect resulted (Tables Ill , I V  and V) .  
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TABLE UI 

C URATIVE EFFECT OF PRIMAQUINE WHEN ADMINISTER ED TOGETHER WITH l .  64 GMS. 
QUININE DAILY IN PRIMARY ATTACKS OF VIVAX MALARIA (CHESSON STRAIN) 

Cases Days From Foll ow Up Ratio :  Symptom s MET• Mean Plasma•• 
End of Rx to (Days ) Subjects Relapsed/ HG B Concentration of 

First Relapse Subjects Treated " Pr imaquine 
IF/1  02+  I Para (gamma/l iter)  

DAILY DOSE OF 1 5  mgm.  ••• 
I .  1 9  1 6 - None 4 . 8 1 3 

2 .  6 6  6 5  - Anorexia 1 5 .  I 3 Z  

3 .  5 8  57  - 4/5 Non� 2 . 2 1 4  

4 .  5 0  47 - None 4 . 9 l l  

5 .  - - 45 1  None 3 . 3 1 2  

DAILY DOSE OF 3 0  mgm . ••• 
I .  - - 370 Abd. + 8. 7 I Z  

2 .  - - 369 None 1 2 . 1 1 5 

3 .  - - 365 0/5 None 9 . 8 1 1  

4 .  - - 365 None 1 1 .  0 1 4 

5 . - - 356 None 7 . 7 1 3 

DAILY DOSE OF 60 mgm. *** 

1 .  - - 403 Abd. + + +  8.  2 21 

2. - - 405 Abd. + 6 . 8 58 
0/4 

3 .  - - 377 Abd. ++ 9 .  I 42 

4.  - - 367 Abd. ++ 9 . 2 � 1  

• Expressed as " of total hemoglobin (ave rage for last five days of treatment) 
•• Dete rmined by method of Brodie , Udenfriend and Taggart ( 1947)  
••• Drug administered in six divided dos e s  daily for two weeks 
Abd. + = mild , transient abdominal c ramps 
Abd . ++ = moderate , repeated abdominal c ramps 
Abd . +++ = severe , pers i stent abdominal c ramps 
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Cases 

1 .  

2 .  

3 .  

4.  

5 .  

6.  

1.  

8 .  

9. 

1 0. 

1 95 

TABLE IV 

CURATIVE EFFECT OF PRIMAQUINE WHEN ADMINIST ERED 
IN DOSAGES OF 22. 5 MGM. TOGETHER WITH 1. 64 GMS. QUININE DAILY* 

IN PRIMARY ATTACKS OF VIVAX MALARIA (CHESSON STRAIN) 

Days From Follow Up Ratio: Symptoms MET** Mean Plasma*** 
End of Rx to (Days) Subjects Relapsed/ HGB Concentration of 

First Relapse Subjects Treated .,. Primaquine 
F/1 02+ �ara (gamma/l iter )  

- - 370 None 5 . 3 8 

- - 520 None 7 . 9  -

- - 365 Diarrhea 3 . 4 1 0  

- - 4 1 5 None 6 . 3  8 

- - 364 None 5. 8 5 
0/1 0 

- - 226 None 4. I 1 

- - 34 1 None 8. 7 4 

- - 373 None 1 2 . 2 9 -
- - 373 None 8 . 6 6 

- - 389 None 1 0 . 3 4 

• Both d rugs administered in six divided doses daily for two weeks 
•• Expressed as 'fe of total hemoglobin (average for last five days of treatment) 
••• Dete rmined by method of Brodie , Udenfriend and Taggart ( 1 947) 

TABLE V 

CURATIVE EFFECT OF PRIMAQUINE WHEN ADMINISTERED 
IN DOSAGES OF 22. 5 MGM. WITH 1 .  64 GMS. QUININE DAILY * 

- IN CASES REPR ESENTING THE FIRST OR SECOND RELAPSE AFTER OTHER THERAPY 

Cases Days From Follow Up Ratio: Symptoms MET*- Mean Plasma**"' 

End of Rx to (Days)  Subjects Relapsed/ HGB Concentration of 
Firat Relapse Subjects Treated .,. Primaquine 

F/1 02+ Para (gamma/lite r) 

FIRST RELAPSES 

1 .  - - 1 75 None 4 . 6 3 

l..  - - 277 None 8. 3 9 

3. - - 3 1 2  None 5 . 7 3 

4. - - 330 None 6 . 0  6 

5 .  - - 337  Abd. ++ 6 . 5 2 
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TABLE V (Cont. ) 

Cases Days From Follow Up Ratio: Symptoms MET•• Mean Plasma••• 
End of Rx to (Days) Subjects Relapsed/ HGB Concentration of 

First Relapse Subjects Treated .,. 
F/I OZ+ I Para 

FIRST RELAPSES 

6 .  - - 307 None 6 . 7 

7 .  - - 364 0/1 3  None 3 . 4 

8 .  - - 3 1 6  None 5. 1 

9 .  - - 346 None 8 . 4 

1 0. - - 343 None 8. 1 

1 1 . - - 245 None 4. 5 

I Z .  - - 1 6 1  Abd. ++ -

1 3 . - - Z85 None 8 . 3 

SECOND RELAPSES 

1 .  - - 362 None 4. 7 

2 . - - 369 Abd. + 5 . 3 

3 .  76 74 - Abd. + 5 . 6 

4 .  - - 349 1 /8 None 1 . 9 
·. 

5 .  - - 365 None 9 . 3 

6 .  - - 365 Anorexia 7. 7 

7 .  - - 349 None 9 . 4 

8 .  - - 349 Abd. + 7 . 5 

• Both drugs were administered in six divided doses daily for two weeks 
•• Expressed as '!fo of total hemoglobin (average for last five days of treatment) 
••• Dete rmined by method of Brodie , Udenfriend and Tauart ( 1947} 
Abd. + = mild , transient abdominal cramps 
Abd. ++ = mode rate , repeated abdominal cramps 

Primaquine 
(aamma/literl 

2 

4 

3 

6 

2 

-

-

4 

1 7  

1 3  

2 5  

5 

9 

-

5 

6 

A daily !lose of 22. 5 mgm. of primaquine given concurrently with 1 .  64 Gms. of quinine 
(base�prevented relapse in practically I OO"Io of caaea .  (Tables IV and V). Increasing the dote 

2J Subsequent ttudies have 1hown that 1 .  64 Gmt. of the base is in excess ol the amount of quinine 
needed. A dose of 0. 8Z Gms . of base ( 1 .  0 Gms.  quinine sulfate ) is certainly sufficient aDd 
poaa ibly even as l ittle as 0. 547 Gms . of base may suffice. The smallest effective dose of 
quinine has yet to be determined. 
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of primaquine t o  6 0  mgm. increased the toxic ity without concurrent therapeutic advantage 
(Table III) .  
Toxicity 

Toxicity studies were carried out on voluntee rs unsuited for therapeutic tr ials . .W The 
drug was given during attacks induced by intravenous malaria. The same drug dosage regimen 
was followed. The toxic manifestations observed during administration of primaquine at 1 2.0 mgm. 
daily (alone , and in conjunction with other drugs) is shown in Table VI. The toxicity of primaquine 
tends to be cumulative ; in some instances symptoms .  began late in the course of drug administra 
tion and continued for several days after its discontinuance .  

TABLE VI 

TOXICITY STUDIES OF PRIMAQUINE (SN 1 3 ,  2.72.) 

Days Rx Ca s e  Age Weight Symptoms Laboratory Findings MET* Mean Plasma** 
HGB Concentration of 

._. Primaquine 
(gamma/lite r) 

DAILY DOSE OF 1 2.0 mgm. *** 

14 I .  2. 1 145  Abd. ++ Normal 2.0 . 5 2.0 1 

1 4  2. .  2.8 1 45 Abd. + and Nausea Normal 2. 1 .  7 2.2.8 

14  3 .  39  1 68 Abd. + we 47oo•••• 1 8 . 3 308 

1 4  4.  2.4 1 50 Abd. ++ Normal 1 9 . 6 144 

14  5 .  43 1 52. Abd. + Normal 2. 0. 7 1 7 1 

DAILY DOSE OF 1 2.0 mgm. GIVEN CONCURRENTLY WITH l .  64 gms . QUININE*** 

1 4 l .  36  1 40 Abd. +++ Normal 9 . 0 

1 4  2. .  2.4 1 72. Abd. +++ Normal 9 . 8 

1 4  3 .  2.8 1 89 Abd. ++ and Nausea Normal 8 . 8 

1 4  4 .  3 9  1 3 7 Abd. + and Anorexia Normal 1 5 . 5 

14 5 .  30 1 39 Abd. + �nd Anorexia Normal 1 1 .  1 

1 4  6 .  2. 2.  1 80 Abd. +++ and Vomitinll Normal 5 . -5 

* Expres sed as 'l'o of total hemoglobin {average for last five days of treatment) 
** Dete rmined by method of Brodie , Udenfriend and Taggart ( 1 947)  
*** All drugs given in s ix d ivided doses  daily 

77  

8 5  

1 3 2. 

1 2. 6  

74 

-

**** 5fo immature granulocytes ,  1 8'Yo mature granulocytes,  76._, lymphocytes (returned to 
normal five days after last dos e of drug) 

Abd. + = mild , trans ient abdominal cramps 
Abd. ++ = moderate , repeated abdominal cramps 
Abd. +++ = severe , pe rsistent abdominal c ramps 

!I Extensive studies of toxic and therapeutic effect of primaquine in mammals and primates have 
been done by Dr.  L. H. Schmidt (The Christ Hospital Institute for Medical Research,  
Cincinnati ,  Ohio) . 
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Two hundred and forty mgm. (base ) probably rep res ents the maximum dose that can be 
administe red w ith safety for peri ods longer than a week even under close observation in hospital 
(Table  VI I ) .  Although toxic manife stations were seve re , no i r re ve r s ible damage was noted .  In 
contrast , the maximum tole rated do11 e of pamaquine is probably 90 mgm. (base ) pe r day ; and,  
{or  pentaquine (SN 1 3 ,  Z76)  is J ZO mgm. , but severe damage to the ne rvous system may result 
from its administration at that dos e .  Of the curative antimalarial drugs extens ively studied , 
only isopentaquine (SN 1 3 , Z74 )  can be given  safely at a dose of Z40 m gm .  (base ) per day for an 
extended pe riod. 

It is of inte re st to note the effect of quinine on the p roduction of m ethemoglobin. At high 
dos es of primaquine with quinine the methemoglobin is roughly 50" as great as that formed by 
the same dose of primaquine given alone (Table VI) . 

TABLE VII 

TOXICITY STUDIES OF PRIMAQUINE (SN 1 3 ,  Z7Z)  

Days Rx Cas e  Age Weight Symptoms Laboratory Findings MET• Mean Plasma•• 
HOB Concentration of 

" Primaquine (gamma/l ite r ) 
DAILY DOSE OF Z40 mgm . GIVEN CONCURRENTLY WITH 0. 1 99 gms. METHYLENE BLUE••• 

9 I .  Z4 1 34 Abd . ++ WC ZOOOI 7 .  5 395  

DAILY DOSE OF Z40  mgm.  GIVEN CONCURRENTLY W ITH l .  64 gms .  QUININE••• 

I I I .  39 1 60 Abd. ++++ WC 3ZOOU 9 . 6 

1 4 z . 36 t 7Z Abd. +++ w e  1 1 , 9oo 1 0 . 0 

• Expre ssed as ,. of total hemoglobin (ave rage for last live days of treatment) 
•• Dete rmined by method of Brodie , Udenfriend and Taggart ( 1 947 )  
••• AJI drugs given in  s ix divided doses daily 

Z J 3  

1 3 1  

I I 3" immature granulocyte s ,  3" mature granulocytes ,  79,. lymphocytes (returned to normal 
s even days after last dos e of drug ) 

lfl 9" immature granulocytes , 30,. mature granulocytes , 56,. lymphocytes (returned to normal 
fourteen days afte r last dose of drug ) 

Abd. ++ = mode rate , repeated abdominal cramps 
Abd . +++ = severe , pers istent abdominal cramps 
Abd. ++++ = intole rably severe abdominal cramps 

Discuss ion 

The the rapeutic s ignificance of the c hange in character of th" terminal amino groups on 
the s ide chain of pamaquine - like compounds caJt be seen by the following comparison.  (For 
greate r homogeneity of data only primary cases with a standardized infl! ction are summ a r ized ) : 
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Drug• Daily Dose •• Relaps e 
(base  weight) Ratio 

Pamaquine 60 mgm. + 1 0/ZO 

Is opentaquine 60 mgm. 6/ZO 

Primaquine ZZ.  5 mgm. 0/ZO 

• adm1ruste red concurrently wtth qutntne 
•• given in s ix divided doses for two we�:ks 

Estimated Dose 
for 

I OO'IIo Cure 

90- I ZO mgm . 

90 mgm. 

ZZ.  5 mgm. 

+ this is equal to 1 33 mgm. of the Sjllt , pamaquine naphthoate 

It is apparent that on an equal we i"ght basis , primaquine is about four times as active as 
the best of the other ·membe rs of the family . Comparison of the subjective toxicity in the 
paDlaquine family in te rms of estimated pamaquine equivalents is as fol lows :  

Drug. Toxicity Chemothe rapeutic 
In Terms of In Terms of Index + 

Symptomatology Maximum 
at 60 mgm. /day Tole rated Dos e 

Pamaquine I .  00 I . 00 I 

Is opentaquine 0 . 75 0 . 33 z 1 /Z 

Primaquine I .  00 0. 33 1 0  

+ chem othe rapeutic index is the ratio of largest tole rated dos e divided 
by the smalle st dose capable of preventing nearly all relaps es 

Although not the subject of thi s paper ,  which stresses  comparative curative effect and 
toxicity of the three drugs studied unde r  standard conditions , it should be mentioned furthe r that 
primaquine can establish a high prophylactic and curative ratio when administe red in the ra 
peutically safe single daily doses .  This is  not pos sible with either pamaquine , pentaquine or  
is opentaquine . These  latter three drugs have been shown in fie ld studies to be active in doses 
one -half to one -third as great as thos e necessary to produce equivalent res ults against our 
standard test strain of vivax malaria (Most ,  et al . , 1 946) , (Alving , 1 948) , (Coggeshall and Rice , 
1 949) . Observation of a limited number of patients suggests that naturally acquired infections 
l ikewise can be cured with much smalle r doses  of primaquine than reported here . 

Primaquine is superior to both pamaquine and isopentaquine because it will cure severe 
infections of vivax malaria in dosage s that are relatively non-toxic in white subjects and because 
it has a wide range between the clinically effective dose and the maximum tole rated dose .  
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ADDENDUM 

The toxic ity of primaquine in darkly pigmented races and in children is unknown. Until 
the se problems have been adequately inve stigated the rapeutic use of the drug s hould be liznited to 
adult white subjects . 
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5 -ARYLOXY - Z , 4 -D1AMINOPYRIMIDINES AS ANTIMALAlUALS 

George H. Hitchings , Elvira A. Falco and Peter B. Russell 

The Wellcome Research Laboratories 
Tuckahoe , New York 

A major  p roject in our laboratnries lor a numbe r of years has been a study of the role of 
pyrimidine de rivatives and related s ubstances in the biosynthesis of nucleic acids . A screening 
teat was established us ing Lactobacillus casei as the test object ,  in a manne r which allows one to 
test for antifolic acid , anti -thymine and antipurine effects as well as for stimulatory activity.  By 
means of reve rsal expe riments the nature of the blocks which the inhibitors produce can be 
examined in more detail . For example (Figure I) 2 , 4 -diamino - S -.e -chlorophenoxypyrimidine had 
been found in the sc reening test to have a strong antifol ic acid activity . The figure shows a more 
detailed s tudy of this effe ct. Over a considerable range of concentration the effe ct of the inhibitor 
can be ove rcome completely by the addition of more fol ic acid . Moreover , ·  the le vel of growth 
obtained depends rathe r closely on the ratio of the pyrimidine to folic acid and is nearly independ 
ent of the absolute concentration. This constitutes a rathe r good example of competitive inhibition 
and probably indicates that the two substances are competing lor some s urface in or on the 
microorganism. 

16.0 

14.0 

lu.o 
�10.0 
'S a.o 
i 
• 6.0 g•.o 

l.O 

Figure I 

The inhibitory effect shown by this aryloxydiaminopyrimidine is a gene ral prope rty of 
Z , 4 - d iarninopyrimidines and condensed systems containing the diaminopyrimidine structure . Z 

The s e  all  inhibit the growth of h· £.!.!!.!! in the folic acid system . When re versal experiments are 
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carr ied out one finds that the se substanc es form a whole spectrum of inhibitor s .  Some of thern , 
l ike the aryloxydiam inopyrimidines , are reversed only by folic  acid . Others , like diaminopurine ,  
a re reversed ve ry l ittle by folic acid but readily by a purine , and all gradations between thes e  
two extremes can b e  found . 

In the course of our work a numbe r of commerc ially available substances had been tes ted , 
and among these , both paludr ine and quinine have effe cts in the Lactobacillus gW test which 
resemble thos e of the diaminopyrimidine s .  Paludrine (chlorguanide ) lies quite fa r towa rd the 
antifol ic end of the spe ctrum , quinine s omewhat nearer the cente r ,  that is , the inhibition by 
quinine can be relieved to a considerable extent by the addition of purine s . 

This was one reas on for testing the compounds for a·ntimalarial activity. 

A second reason was that there is a ce rtain structural resemblance between chlorguanide 
and the aryloxypyrimidine de rivative s .  This is s hown on the slide (Figure 11). U chlorguanide is  
w r itten in a cycl ic  form , you wil l  see that the resemblance between i t  ( IV)  and the p -c hloro 
phenoxy derivative (V) is clos e ,  and perhaps clos er  to that of the .e -chlorophenoxy - 6 - methyl 
pyrimidine (VI) .  This type of structural resemblance - as between a cyclic and an acyclic 
compound - probably is not ve ry good chemistry , but s ometimes results in  leads to the s olution 
of practical problems . 

UM;MM Blfi!W!J MMI! �!M W W  MftW!ml!!p• 

][ 

Figure II 

At any rate , these  py rimidines were s ubmitted for trial as antimala rials and both found 
to be active , V be ing about as active as quinine and VI about four times as active . So we were  
introduced to  antimalarial research by the back door ,  as  i t  we re .  

Looking through the lite rature one finds that a considerable amount of  work on pyrimidine 
derivative s as antimalarials was car ried out during the wartime  search for such substances ,  but 
all these  py rimidines contained basic s ide chains attached to the pyrimidine nucleus . With the 
wis dom of hinds ight , it is now possible to see that these basic s ide chains are not only not 
neces sary , but definitely reduce the activity . This may be i llustrated by the substances s hown 
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on the next s l ide  ( Figure III) .  VII is one of the substances studied by the I. C. I. groupl. On their  
scale the Z -E · chloroanilino-4 -diethylaminoethylamino -5 -phenoxypyrimidine shows :!: activity at 
1 60 mg. /kg . and was negative at 80 mg. pe r kg. At about the same time Todd and co-workers• 

reported on c ompound VIII which had an amino group in place of the anilino group in the Z -position. 
The activity of this was rated a + at I ZO mg. per kg . and a :!: at 60 mg. pe r kg . In our own work, 
the Z , 4 -diamino - 5 -phenoxypyrimidine (the corresponding s ubstance with removal of the basic s ide 
chain) w ould rate at least +++ on the I. C. I. scale and is thus more active than e ither of the more 
complex s ubstances , although it is not now considered to be a very active s ubstance .  

"'H7 • WII!!!• M •• Wft • 81ft MIN ¥'11'" 

... . .. , 

Figure III 

For the benefit of the chemists the next two slides show general methods for the prepara 
tion of the aryloxypyrimidines . Figure IV shows the preparation of the 6 -unsubstituted variety by 
formylation of aryloxyacetic este rs • .  condensation with guanidine , followed by chlorination and 
amination.  The 6 -alkyl derivatives  are prepared from acyl acetic esters (illustrated on Figure V 
by acetoac et ic  e ste r) by way of the o-aryloxyacylacetic ester and then by the above route to the 
diam i nopy r im idine . 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


204 

Figure IV 

..... - M NfWlW p LeeJI'PM Mn!!ft11W!IW 

Figure V 
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The e laboration of this lead toward new antimalarials is be ing pursued as a coope rative 
project between the Wellcome R e s earch Laboratories , Tuckahoe , and the Wellcome Laboratorie s 
for Tropical  Medic ine in London unde r Brigadier J. S. K .  Boyd . At just about the time our work 
began , Plasmodium be rghe i infe ction in the mouse became available through the courtesy of 
Professor  Shortt of the London School of T ropical Medic ine and Goodwin5 studied the action of 
seve ral antimalarial drugs in parallel against E: gallinaceum in chicks and P .  be rghei in mice  
and found s ome inte resting diffe rences (Figure VI) .  The dose of  quinine required to  suppress the 
parasites is much the same on the two organisms ,  and chloroquine and our 2 , 4 -diamino - 5 -f
chlorophenoxy - 6 -methylpyrimidine have about the same quinine coefficients against both expe r i 
mental mala rials . On the other hand , mepac rine is more active against P .  be rghe i than against 
P .  gallinaceum while chlorguanide and especially pamaquin are l es s  active against � berghei 
Our compounds all have been tested against both types of expe rimental mal a r ias , and we hope 
that eventual ly data bea ring on the suitability of � li!s.!ghei as  a sc reening test will be available . 
It may be that it will be found to be the mammalian malar,ia , suitable for large scale testing and 
investigati on , which has been so much de sired .  

FIGURE VI 

Drug P . gallinaceum P .  berghe i 

48 -2 1 0  4 . 3 4. 7 

Mepac rine z . o 7. 8 

Pamaquine 1 8 . 0 <Z 

Chloroquine 1 3. 1 3 

Chlorguanide 1 2 . 4 . 6 
= Paludrine 

Goodw in , L .  G. , Nature , 164 ,  1 1 3 3 ( 1 949 )  

The elaboration of .the lead provided by the antimalarial activity o f  Z ,  4 -diamino - 5 -p 
:hlorophenoxypyrimidine and its 6 -methyl derivative has followed more o r  less straightfo;ward 
lines . The biological work is  s till rathe r fragmentary and it would be premature to attempt to 
correlate biological activity and chemical activity on a comprehens ive scale .  Howeve r ,  a few 
points can be illustrated. 

In the first place ,  not all of the s ubstances of the diaminopyrimidine spectrum of 
inhibitors  possess  antimalar ial activity , but many of the more potent compounds have s ome 
degree of antimalarial activity. This is true of diaminopte ridines6 whic h lie at the antifolic end 
of the spectrum and of diaminopurine which lies at the opposite end .  These have in common the 
diaminopyrimidine structure and s ome sort of substituent at the 5 -pos ition of the pyrimidine ring . 
A numbe r of subs e ries are under investigation, and some of these  have shown compounds of ve ry 
high activitie s .  The 5 - a ryloxy -2 , 4 -diaminopyrimidines 7 are used for purpos es of i l lustration. 
(Figure VII) . In the first plac e ,  the unsubstituted phenoxy derivative is  not ve ry active , and has 
activit ies  of the s ame orde r of magnitude on the two test orga nism s .  Substitution of the a romatic 
nuc leus by halogen in the para pos ition increases the activity somewhat but the act ivity against 
�· be rghe i is enhanced more than that against .f.. gal linaceum .  The � chloro de rivative is 
even more active against .f. gall inaceum but conside rably less active against �- berghe i.  
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FIGURE VII 

5 -P HENOXY - l ,  4 -DIAMINOP Y RIMIDINES 

Activity and Substitution in the Aromatic Nucleus 

Quinine Equivalent 
Substituent of 6 

Phenyl Substituent P .  gall inaceum P .  be rghei 

none H 0 . 5 0 . 3 

.1? -Cl H 0. 8 1 . 0  

m - Cl H 1 . 1 0 . 5 

none CH3 o. 5 o. 1 

.1? -Cl CH3 4 . 5 4 . 7 

m- el CH3 6 . 8 0 . 5 

f -OCH3 H >0. 5 0 . 0 

The addition of a methyl group in the 6 -position of the pyrimidine diminishes the activity 
against Plasmodium be rghe i when the benzene ring is uns ubstituted but increas es the activity of 
the e -chlorophenoxy compound by a factor of about 5 .  The corresponding � derivative is even 
more active agaiiut E. gallinaceurn but of relatively low potency against � �· One might 
guess from this that the electron distribution in the aromatic nucleus influences the activity 
markedly , and that E: benhei is more sens itive to these  effects than £, gallinaceurn. This 
suppos ition i s  borne out by all the res ults through seve ral se ries of c ompounds and in gene ral the 
activity against E.: be rghei is enhanced by electron attractive groupings in the eara position. One 
further illustration of this may be found on the final line of this s lide.  The E -methoxy derivative , 
containing an electron donor group , retains activity against �- gallinaceurn but is essentially 
inactive against P .  be rghei .  The effect of  the alkyl group in the 6 -pos ition is  s omewhat unp redict
able .  Moreove r ,  the bas icity of the whole molecule , as meas ured by the pKa of the monohydro
chloride , seems to � of secondary importanc e .  Undoubtedly , steric factors a re mvolved which 
may be unravelled by furthe r work. 

Finally , I should like to return to the que stion ,  which was implied in the beginning , of 
the mechanism of action of these  s ubstances .  Is the ir antimalarial action an express ion of anti 
folic acid activity ? First,  s ome indirect evidence may be derived by comparing antifoli c  activity 
in the Lactobaci llus casei  system with antimalarial activity (Figure VIU). The next sl ide  shows 
the antifol ic ac id activities of some of the diaminopyrimidine s and their  antimalarial activities ,  
with paludrine a s  a reference compound . The acti vity i n  the L .  £!!..£! system i s  given as the 
amount caus ing 50 pe r cent inhibition in  the usual folic  acid growth medium and the figures given, 
the refore , are inve rsely proportional to the activity. It is seen that al l the se pyrimidine 
der ivatives are much more active than paludr ine against .b.· case i  but less  active than palud r ine 
against  mala ria.  Furthe rm'ore , some re lated pyrimidine s ,  kindly furnished by Professor Todd, 
s how no activity in the .b· case i  system but have app reciable activities as antimalarial s .  Thus it 
would appea r that if the antimala rial activity is related to the antifol ic activity the nature of this 
relationship is s omewhat obscure.  Nevertheless  the antimala rial activity of the pyrimidine s is 
at least partially reve rsed by fol ic  acid l..!! vivo and potentiated by sulfonamide s ,  just as is that of 
chl orguanide .  {We are indebted to Dr. Joseph Greenbe rg for this infor.mation) .  Furthe rmore , 
Dr.  Greenbe rg and his c oll eague s , Miss Taylor and Dr. Jos ephson, have found the pyrimidines 
to be relatively inactive i!! vitro. In this respect also they res emble chlorguanide and differ 
from othe r ant imalarial s .  These facts would seem to suggest the same mode

. of action for the 
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pyrimidines as for chlorguanide .  A direct test of this poss ibility on a chlorguanide - res istent 
strain of P lasmodium gallinaceum (again by Dr .  Greenberg and associates ) revealed that no c ross 
resistance deve loped.  Thus their action appears to be similar ,  but not identical to that of 
chlorguanide .  

•=::-rPWI •"•K••¥1"'""& -� ••WM• 
::.!':.= - - ---

!!l!!!l y;;,;.:--... -· � .!h.l!!8! 
.. _ .. ... �'-... ... .. 
·-=�·....,_ .. '·'  
............... _ ....,... ... - u 

·-==-----........... .. 
,...._....._ ............ ................. ... .. ... 

Figure VIII 

Before concluding , I should point out that no work with our pyrimidines in the human 
mala rias has been  reported yet ,  and very little work with sporozoite . transmitted infections has 
been carr ied out . Some compounds w ith extremely high potencie s ,  by present-day standard s ,  
have been found , but high potency i n  a s ubstance is no  guarantee that i t  will have activity on the 
exoerythrocytic forma of the paras ites , and no real advance would have been made in tbe absence 
of this type of activity. 

The outl ine s of a patte rn relating to biological activity and chemical structure in the 
pyrim idine s e r i e s  are beginning to appear but conside rably more work will be required before 
the whole picture can be fil led in. 
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INTR OD UCTION 

The literature of mic robiology is ful l of data on the toxic ity of benzene de rivatives .  By 
contrast diphenyl has been ne glected . Nevertheless , d iphenyl seems to be an archite cturally 
s ignificant nuc leus in fungicide s .  During a span of I Z years we have worked sporadically on 
diphenyl de rivative s .  The time seems r ipe to exhume the data from the catacombs of the l itera
ture and our file drawe rs , to correlate it , and to work it into as reas onable a set of conclusions 
as poss ible . 

Bateman and Henningsen in 1 9Z34 demonstrated that d iphenyl retarded somewhat the growth 
of Fornes !..!Yl!!.!.!!.. in c ultu re . In 1 93!1 work in our laboratory began with the find ing that bis (4 -
aminophenyl)  methane was fung itoxic .  A few bits of data were published in 1 945 1 3 . The latest 
development i s  the demonstration of the practical s ignificance for plant di sease control of 
bis (Z -hydroxy - 5 -chlorophenyl) s ul£ide l 4 . We have investigated approximately one hundred forty 
anal ogues .  The action of e ighty -s ix of these w ill be discussed below. 

In the inte rim , Goodavage8 dis closed the mildew proofing action on cotton cloth of 
bis (Z -hydroxy - 5 -c hlorofhenyl ) methane and of bis (Z -hyd roxy -3 , 4 ,  5 -tr ichlorophenyl) methane . 
Marsh and! co -workers ! have publ ished excel lent papers  on thes e  compounds and the i r  relatives .  

Technique Used 

Since results depend upon techniques used , these will be indicated briefly. The details 
have been pr inted e lsewhere l 3 . 

What is called fung itoxic ity often depends upon the method of as saying a test c ompound. 
B r iefly , we may say that two bas ic  techniques are employed ; ( 1 )  spores suspended in di stilled 
wate r a re germinated ove rnight on dr ied depos its of the test c hemical , (Z )  the fungus is grown 
for seve ral days on treated food . Some investigators , notably Goldsworthy and co -worke rs ,  9 , 1 0 

modify tec hnique ( I ) by plac ing the non-germinated spores on a clean food supply and note recovery. 

Results from the three  methods vary . Diphenyl itself,  for example ,  is a good inhibitor 
of growth - a poor inhibitor of spore germination. In visual izing the effect of test chemicals we 
should remembe r that a germinating spore car ries its own rations . It m erely needs to mobilize 
them quickly to form a short ge rm· tube . A test c hemical can only preve nt this mobilization and 
it must penetrate and act within a ve ry few hours if it is to be effective . 

On the other hand , a growing hypha must obtain its nourishment from the ambient medium 
A test chemical has additional poss ibilities  in this case .  It can alte r the food outs ide the spore 
as well as ins ide . It can prevent the food from ente ring . 

Goldsworthy ' s  technique pe rmits the test compound to be removed from the spore by the 
media. 

In our experiments , fungitoxic ity of the te st compound has been as sayed by the spore 
germination method . The two test organisms were Stemphylium (formerly Macrosporium) 
sarcinaeforme and Scle rotinia fructicola. These  are very common te st fungi .  

Two techniques have been used for  applying the test compounds ; (A) a solution in a 
suitable solvent is appl ied with a graduated one millilite r syringe to the fiat bottom of a cylindri
cal depress ion in a thick glass s lide (cavity slide ) ,  (B)  a s uspens ion is  appl ied by spraying to a 
cellulose -nitrate coated glas s s l ide . 

Multiple doses are used normally diffe ring by a factor of 1 0  for technique A and a factor 
of the s quare root of Z for technique B.  

Spores of the test fungi are added to the dried deposits . Results for tec hnique A are 
re corded as the least dos e that prevents germination. Re sults for technique B are recorded as 
percentage of spores not germinating - us ually without correction for the us ual one or two percent 
of natural mortality.  
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2 1 1  

Criteria of Action 

Data on spore inhibition for technique B are plotted against dos e ,  us ing a logarithmic 
probabil ity grid , and a curve is fitted by inspection in accordanc e with the s uggestion of Wilcoxon 
and McCallanl 8. Such a . curve has two qualities - pos ition and s lope. Pos ition ind icates potency 
of the test s ubstance .  It is usually expressed as ED 5 0 ,  i . e . , the effective dose  for 50 per cent 
inhibition. In other words , compounds can be compared in terms of the amount required for a 
give n  r esponse .  

Slope is calculated as the change i n  probit mortality with unit change i n  log. dos e .  Henc e ,  
the larger the numbe r ,  the steepe r the slope. 

Slope may be expres s ed by the well -known function of :� . Dr .  A.  E. Dimond of  this 
labo ratory has suggested that slope can be derived f.rom the dosage -re sponse curve as plotted on 
log. -p r obit paper .  The formula s imply is : 

Slope = 
log ED 84 - log ED 50 

Slope is usually accepted as an indication of mode of action. U compounds show different 
s lope s ,  they presumably d iffer in the manner in which they inhibit spore ge rmination. Of course , 
s imilar slopes need not necessarily indicate s imilar modes of toxic action . 

. 

In the tables included he rewith the test compounds are listed in te rms of both slope and 
ED 5 0  and ED 1 00 expres sed in mic rograms and molality per cm2. It must be remembe red , of 
course ,  that an ungerminated spore is not necessarily dead. Poss ibly , the toxicant could be 
removed by Goldsworthy ' s l O technique or otherwise and the spore would re cover.  

Toxic ity at  1 000 ·mic rograms per  cm2 is cons ide red essentially non-toxic .  A compound 
must be toxic in the range of I to 1 0  mic rograms per  cm2 before it can be conside red highly 
toxic. 

The compounds were used as received from the manufacture r or  from Eastman Kodak 
Compa ny.  In general , they were laboratory samples and p re sumably they were reasonably pure . 

Data are presented in Tables 1 to 6 .  Table 1 comp.rises the names of the test compounds 
arranged alphabetically and the corresponding structural formulae . The toxicity data are given 
in Tables 2 to 6. 

TABLE 1 

CHEMICAL NAMES AND STRUCTURES OF TESTED DIPHENYL DERIVATIVES 

4 -Amino -2 -chloro diphenyl ether 2 -Amino diphenyl 

H2No-o c5-0 
H2N 

4 -Amino diphenyl 4 -Amino-2 -phenyl phenol 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


co-o 
Cl Cl

• 

Arochlor 1 Z48 

etc . 

Mixture o{ tr ichlorod iphenyls ,  
pos ition o{ chlorines uncertain 

Auramine bas e hydrochloride 

Auramine 0 

Benzyl benzoate 

r\!J.
z HY"\ 

\____/'-s-s-e"� 

Benzyl disulfide 

O

o Hz_/\ Ho t-o-e'\_/ 
Benzyl -4 -hydroxy benzoate 

Benzyl - Z - hydroxy benzoate 

Z l Z  

TABLE 1 (Cont. ) 

0�:._�_/\ N� 
HCl 

�1 - Benzyl -11 -phenyl hydrazine hydrochloride 

O
Hz 

�
!:_./"\ 

C- SOz-� 

Benzyl s ul!one 

00 H
!:_/\ 

t-s-c
'\_j 

Benzyl thiobenzoate 

�H �H HO� OH OH 
z • 3 '  • 4, 5 '  • 6 - Biphenylpentol 

HOD-DOH 
4 , 4 ' - Bisphenol 

�Hz H:h �5--S\..._J 
Bis(Z -aminophenyl) disul!ide 

Bis(4 -aminophenyl)methane 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


2 1 3  

TABLE 1 (Cont. ) 

BrQso2QBr 

Bis(4 -brornopheny1) aulfone 

r--eoH HU 
\.._JS--5 

Bis (Z -dipheny1) monophenyl phosphate 
Bis (Z-carboxypheny1)disu1fide 

���� � C1 C1 

Bia (4 -dinlethy1 antinopheny1) rnethane 
Bis (Z-hydroxy - 3 ,  5 ,  6 -trich1oropheny1) methane 

Bia (4 -chloropheny1) phenone Bis (Z -hydroxy - 5 -cbloropheny1)  methane 

Bis (4 -chloropheny1) sulfide 

Bis (2 -hydroxy - 5- cb1oropheny1 ) aulfide 

Bis (4 -chloropheny1)  aulfoxide 
HO�C�OH 

�3� 

Bis (4 -hydroxypheny1) i sop ropane r-f-..1 H Hz <J---\ 
Cl\_fc:_so2-c�c1 

Bis (2, 4 -ch1orobenzyl) sulfone 

HoQso2QoH 

Bis (4 -hydroxy phenyl) sulfone 
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Z l 4  

TABLE 1 (Cont. ) 

"z___r-\ 

r\_/ 
H3CO Q-c--Q ocH3 

Bis  (4 -methoxyphenyl) benzyl imido methane 

H3cQ so3Q cH3 

Bis (4 -methyl phenyl) sulfonic acid 

O

NOz r:_� 
5 - S\_/ 

Bis (Z-nitrophenyl) disulfide 

OzN Os -s -QNoz 

Bis (4 -nitrophenyl) disulfide 

Br t-C=C Cl 
00 H H-o 

4 - Bromo-4 '  - chloro chalcone 

B� 
HO""\.......r� 

Z - Bromo-4 -phenyl phenol 

1-\:__c; �1 
� c- 0 �1 

Cl  Cl  Cl 

Na03S Cl 

HO �� OH d--/&3 � 
6 - Chloro -4 - (3 - chloro -4 -hydroxy -Cl,  Cl-d i 

methylbenzyl) - 1 -phenol -Z -aodium sulfonate 

Hz 
0-C - COOH 

VB 
4 -Chloro -Z-cyclohexylphenoxy acetic acid 

v-o Cl 

4 -Chloro-Z-phenyl phenol 

CUD 
6 -Chloro -Z -phenyl phenol 

cu:o + C5-0 
Cl 

6 -C hloro - Z -phenyl phenol t . 
4 -Chloro - Z -phenyl phenol f mixture 

Z -Chloro -4 -phenyl phenol 

Z - Bromo- 3 ,  5 -dichloro -pentachlorophenyl benzoate 
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2 1 5  

TABLE 1 { Cont. ) 

C5-0 
2 - Cy c l ohexy1pheno1 

HOD-0 
4 - Cy c 1 ohexy1phenol 

0 OHS OONHC OCH3 H3COCHN 02 NH 

b " s  s ulfanil -1 N 1 -4 -pbeny1ene 1 N4 , � ' - Diacety1 - N • 

amide 

H2o:-�-D 
d .  heny1 amine 2 , 4 - Diamino lp 

o-oNH2 • HC1 HC1 · Hz N 

. 1 dihyd rochloride 4 4 ' -Diamino dlpheny . 

0 li'Qts ,.. /\ No2 O 02N 
� 

2 
. 

4 , 4 ' -Dinit ro - N , N P ' -4 - henyl enebis benz ene -
s ulfona mide 

o-o 
Diphenyl 

Diphenyl amine 

Dipbenyl be nzid ine 

0 H Ho f\¥. "¥ " -N' -N �-N-C 

A -Diphenyl carbazide 

. bia benzene -. 1 4 4 ' - ethy1enedloxy N , N' -D1buty - • 

s ulfonam ide 
OONHNHCONH

O
NH NHNHCON= N 

I ......... 0 
A - Dipheny1 carbazone 

Dicyc1obexyl amine 

Diphe nyl disulfide 
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OH N -H HO 0 • 0 
N- C --N 

Diphenyl guanidine 

Diphenyl guanidine phthalate 

.!! -Diphenyl hydrazine hydrochloride 

Diphenyl methane 

Diphenyl phthalate 

2 1 6  

TABLE 1 (Cont. ) 

4 o 4 -Diphenyl semicarbazide 

Diphenyl sulfide 

Diphenyl sulfone 

Diphenyl sulfoxide 

N-N-C -N-N 
o-1! If � I! 1!-o 
Diphenyl thiocarbazide 

N -N- � -N= N  OH H S -o 
Diphenyl thiocarbazone 

o- H S H-o I o o 
N-C-N 

Diphenyl thiourea 
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Z l 7  

TABLE 1 (Cont. ) 

O I;ID N - C  

�zHs �9 --o \_/ c - o 
Ethylbenzyl aniline Phenyl -Z -hydroxybenzoate 

0�-��-o 
CHz 

Ethylidene anil ine Z -Phenyl phenol 

HOo-o 
Ethyl -Z -benzoyl benzoate 

4 -Phenyl phenol 

4 -Hydraxy diphenyl amine 
Z -Phenyl phenol acetate 

Isopropyl diphenyl ethe r 
Z -P henyl sodium phenate 

OH 

Oz-�-o 
Pentachlorophenyl-4 -toluene sul£onic acid Salicylanilide 

Phenyl benzoate 

Triphenyl guanidine 
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Z I B 

TABLE I (Cont. ) 

�' {CH3)z 
s�

·� 

(CH3)zN �S�N(CH3)z 

Z ,  4 , 6 - Tris (4 -dimethyl amino phenyl ) -,1-trithiane 

EXPERIMENTAL 

We introduced this pape r with the statement that diphenyl seems to be an architecturally 
s i gnificant nucleus for a fungicide. Diphenyl itself is a curious compound . It is a very weak 
inhibitor of spore ge rmination. In fact, it is adjudged ineffective for the spores of our two test 
fungi .  It is a mode rate to good inhibitor of mycelial growth, however , as Bateman and 
Henningspn4 first reported and as Heiberg and Ramsey ! I hav.e c onfi rm ed .  Heiberg and Rams ey 
demonstrated diphenyl to be a vapor -phase fungistat, which appeared to act chiefly on the plasma
membrane . The apparent hiatus between spore germination and myc elial inhibition data may 
pe rhaps be explained on the basis of "availability"l 3 . Diphenyl may ente r the protoplast s o  
slowly that the re i s  time for a germ tube t o  develop before the fungistat i s  s ufficiently concentrat
ed within the fungus to produce its effect. This growth of SO to 1 00)1 of mycelium would not be 
apparent when measuring mycelial colonies macros copically .  

Dip�enyl itself is  s imply two benzene r ings joined end to end . Sometimes the two rings 
are joined through bridges of various types .  We have studied the fungitoxic effect of different 
bridges and also the effect of hydroxyl , carboxyl , amino, and halogen substitutions.  

Effect of Bridses 

The effect of bridges will  be discussed first. Data are given in Table Z and Table 3. 
Some of these bridges are s imple ; others are very complex. In general , bridges by themselves 
added no toxicity to diphenyl . The following bridged compounds we re non-toxic : 

TABLE Z 

LIST OF NON-TOXIC BRIDGED C OMP OUNDS 

Benzyl dis ulfide 
Dicyclohexylamine 
Diphenyl amine 
Diphenyl benzidine 
.! -Diphenyl carbazide 
Diphenyl guanidine phthalate 
Diphenyl methane 

Diphenyl phthalate 
4 ,  4- Diphenyl semicarbazide 
Ethyl benzyl aniline 
Ethylidene aniline 
Bis (Z-diphenyl) monophenyl phosphate 
Triphenyl guanidine 
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TA BLE 3 

TOXICIT Y DATA FOR DIPHENYL DERIVATIVES WITH - C0-0 - AND RELATED BRIDGES 

Compound Date of Test 

St• Sc* 

Benzyl benzoate 5/6/42 5/6/42 
5/24/50 5/24/50 

Benzyl thiobenzoate 3/30/50 3/30/50 
5/24/50 5/24/50 

Benzyl -4 -hydroxy- benzoate 9/8/42 9/8/42 

Benzyl - 2 -hyd roxy -benzoate 1 /28/43 1 /28/43  
5/1 7/50 5/1 7/50 

Bis {4 - c hlorophenyi ) phenon• 1 1 /1 6/42 1 1 /1 6/42 

Dipheny1 phthalate 5/20/42 5/20/42 

Ethy1 -2 -be nzoyl benzoate 5/ 1 5/42 5/I S/42 

Phenyl benzoate 4/1 8/44 4/1 8/44 
5/4/50 5/4/5 0  

2 - Bromo- 3 ,  5 ,  dichloro- 9/7/49 5/I /50  
pentachlorophenyl benzoate 5/4/50 5/4/50 

Phenyl - 2 -hydroxy benzoate 5/22/42 5/22/42 
5/1 7/50 5/1 7/50 

Sal icylanilide 2/1 6/38 '  -
5/1 6/50 5/1 6/50 

4 - Bromo -4 -chloro- chalcone 1 0/5/48 1 0/6/48  

ED 1 00 - Cavity Slides 
Micrograms 

Der cr;..2 

St* Sc * 

Not Toxic < 1 1 30 
Not Toxic 1 1 3 

Not Toxic Not Toxic 
Not Toxic Not Toxic 

Not Toxic -

Not Toxic <1 1 30 
Not Toxic Not Toxic 

Not Toxic <1 1 30 

Not Toxic Not Toxic 

Not Toxic Not Toxic 

- -
1 1 30 1 1 3 

Not Toxic 1 1 3 
Not Toxic 1 1 3 

Not Toxic <1 1 30 
Not Toxic 1 1 3  

- -
1 1 3  1 ) .  3 

Not Toxic 1 1 3 

* Test fungi.  St means Stemphylium,  Sc  means Scle rotinia . 

ED 50 - SDraved Slides Slope of 
Mic rograms Molarity x 1 0� Toxicity Curve 

De r cm2 per  cm2 
St* Sc * St* Sc * St* Sc• 

- - - - - -

- - - - - -

- 6 . 2 - 2. 72 - 9 . 40 

- - - - - -
- - - - - -

- - - - - -

- - - - - -

- - - - - -

38.  7 1 8 . 4  1 9 . 5 9 . 29 - 3 . 08 
- - - - - -

- - - - - -
- - - - - -

- - - - - -
- - - - - -

5 . 6 - 2 . 6 - 2 . 40 -
- - - - - -

- - - - - -

"' -
-D 
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zzo 

The br idge seemed to have importance in a few cas es.  The bridge s eemed to be more 
important in the toxicity of the compounds to Scle rotinia than to Stemphylium . For example , 
Stemphyl ium was inhibited by ve ry few bridged compounds with othe rwis e unsubstituted rings . 
The most effe ctive of these  was diphenyl guanidine , ; - NHCNHNH - ; . This has an exposed =NH 
group joined by its double bond to the central carbon in the c hain. Its action will be discus s ed 
below in the section on -NHz.  

Scle rotinia , on the othe r hand , responded to several bridged compounds with unsubstituted 
r ings .  Compounds with sulfide or sulfoxide bridges were more effective aga inst Scle rotinia than 
Stemphylium. Compounds with sulfone bridges  were not toxic to eithe r . 

Effe ct of -C0 -0 - and Related Bridges 

Sclerotinia also reacted to nearly all compounds with a -C0 - 0 - bridge between the rings , 
but Stemphyl ium did not. (Data in Table 3). This was the situation with benzyl benzoate , benzyl -
4 -hydroxy benzoate , benzyl - Z -hydraxy benzoate (benzyl sal icylate) , phenyl benzoate , Z - brom o -
3 ,  5 -dic hloropentachlorophenyl benzoate and phenyl - Z -hydraxy benzoate (phenyl salicylate ) . 
Benzylthiobenzoate was not toxic to e ithe r organism. Clayton � �· 5 report that benzyl salicylate 
is able to prevent the downy mildew disease of tobacco,  although it was not very effective in 
inhibiting spore germination. The -CO- bridge in bis (4 - chlorophenyl) phenone and in 4 -bromo-
4 '-chloro chalcone was also toxic to Scle rotinia but not to Stemphyl ium .  U, however ,  the two 
chlor ine& are removed from bis (4 -chlorophenyl)  phenone and -COOCzHs is put on in the Z 
position, i t  i s  toxic to  neither (e thyl Z -benzoylbenzoate). Goldsworthy and Gertler l 0 report a 
- CO - bridged compound that is non-fungicidal , bis (4 -aminophenyl )  ke tone . This must be 
viewed in the light of their  technique , however .  They put treated spores on agar . 

There is one othe r interesting bridge effect. As j ust noted , phenyl-Z -hydroxybenz�te 
(phenyl sal icylate)  is toxic to .Sclerotinia only. Salicylanilide is toxic to both organisms.  T he 
compounds are al ike except for the bridge In the former the bridge is -C0 -0- . In the latte r the 
bridge is -CO-NH- . The action of this compound will  be dis c us s ed below under the section on 
-OH attached to the bridge .  

Effect o f  Substituting -OH 

Eve r s ince Lord Liste r  and carbolic ac id , we have known that the addition of an -OH to 
benzene induces toxicity to mic roorganisms . Likewise the addition of an -OH to diphenyl will  
inc reas e fungitox ic ity . 

We have studied more -OH compounds than any other type .  For convenience these wil l  be 
divided on the basis of substitution on one r ing or on both in the 4 - and Z - pos itions or on the 
bridge .  Data are given in Table 4. 

The well -known effect of -OH substitution on fungitoxicity s hows up. Some other les s  
well -known relations also appear. Among othe r things , fungitoxic -OH compounds i n  general 
have ve ry Hat dosage - response curves .  They range from about 3 .  0 to 6 .  0 .  

Effe ct of -OH in the 4 -Pos ition 

4 -Phenyl phenol is an easy point of departure . It may be visualized as having an -OH on 

one end of the diphenyl long axis .  4 -Phenyl phenol is  mode rately toxic to Stemphylium , quite 
toxic to Scle rotinia . W e  tested two s imilar compounds in which the phenyl portion of the molecule 
had been changed :  4 - cyclohexyl phenol and benzyl -4 -hydroxy benzoate.  The toxicity to 
Stemphylium was completely knocked out and the toxicity to Scle rotinia was greatly reduced by 
both changes .  These  two substitutions steepened the dosage - re sponse curve for Scle rotinia which 
suggests that the mode of action was also changed.  4 - Hydroxydiphe nyl amine was moderately 
toxic to Stemphylium. 

Appra isal of changes in ED 50 must be cautious , howe ve r ,  if the s lope is changed 
s imultaneously. 1 3  

Effe ct of - OH in the Z - Pos ition 

Pa s s ing to Z -phenyl phenol , we have a c ompound with the -OH along the s ide of the 
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TABLE 4 

TOXIC ITY DATA F OR DIPHENYL DER IVATIVES W ITH -OH SUBSTITUTIONS 

Compound Date of Test ED 1 00 - Cavity Slides ED SO - Soraved Slides 
Mic rograms 

oer cmZ 
Micrograms 

per cmZ 
Molarity x 1 0 "11 

J>er cmZ 
St* I Sc• St* I Sc • St• I Sc • St* I Sc • 

Data for a s ingle -OH in the 4-poe ition 

4 - Cyclohexyl phenol 1 Z/1 6/4Z  1 Z/1 6/4Z Not Toxic - Not Toxic 7 . 9 Not Toxic 4. 48 
1 Z/Z3/4Z 1 Z/Z3/4Z Not Toxic - Not Toxic 4. 0 Not Toxic Z . Z7 

4 -Phenyl phenol 1 Z/1 6/4Z 1 Z/ 1 6/4Z - - 7 .  1 0. 7 4 . 1 7  0 .  4 1  

Z -Chloro -4 -phenyl phenol 1 / 1 7/43 1 /1 7/43 - - 8 . Z 1 . 5 4. 0 1  0. 7 3  

Z - Bromo-4 -phenyl phenol 6/1 /43  4/1 9/44 - - 34. 4 5 . 4 1 3 .  8 1  z .  1 7  

4 -Hydroxyd iphenyl amine 5/4/38 - 1 1 3  - - - - -

Benzyl -4 -hydroxy benzoate 9/8/4Z 9/8/4Z Not Toxic - Not Toxic 6. Z Not Toxic Z . 7Z 

Data for a s ingle -OH in the Z -pos ition 

Z - Cyclohexyl phenol 1 Z/1 6/4Z 1 Z/ 1 6/4Z - - 6 . Z 0 . 6 3 . SZ 0. 34 

4 -Chloro- Z -cyclohexyl l /Z4/SO 1 /ZS/50 1 1 .  3 1 1 .  3 - - - -

phenoxy acetic ac id 

Z -Phenyl phenol 1 Z/1 6/4Z  I Z/ 1 6/4Z - - Weak 4 . 5 Weak Z. 65  

Z -Phenyl phenol acetate 4/1 /48 1 1 /4/48 1 1 30 1 1 3  - - - -

Z -Phenyl sodium phenate Z/Z3/4Z  Z/Z3/4Z Not Toxic - - z . z  - 1 .  1 4  

4 -.A.rriino-Z -phenyl phenol 8/3/49 7/Z6/49 1 1 30  1 1 . 3  

4 - Chloro-Z -phenyl phenol 9/7/49 9/7/49 1 1 3  I .  1 3  
5/ 1 9/50 5/1 9/50 - 3. Z - 1 .  56 

Slope of 
Toxicity Curve 

st• I Sc • 

- 4 . 80 
- 4 . ZZ 

z . 8Z 4. 05 

3 .  1 9  s. zz 

- 7 . 00 

- -

- 9 . 40 

I .  45 3 .  1 9  

- -

- 3 . 80 
I 

I - -

- Z . 40 I 

- 8. 30 

"' 
"' 
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Compound Date of Test 

St• Sc• 

6 -Chloro- Z -phenyl phenol 6/1 7/43  4/ 1 9/44 

Mixture of 4 - and 6 -chloro- 1 Z/Z8/4Z 1 Z/Z8/4Z 
Z -phenyl phenol 

Benzyl - Z - hydroxybenzoate 1 /ZS/43 1 /ZS/43  
5/1 7/50 5/1 7/50 

Phenyl - Z - hydroxy benzoate 5/ZZ/4Z 5/ZZ/4Z 
5/1 7/50 5/1 7/50 

Salicylanilide l Z/1 6/38 -
I /Z8/4Z l /Z8/4Z 
5/1 6/50 5/ 1 6/50 

4 , 4 ' - Bisphenol 5/4/50 5/4/50 
5/Z0/50 5/Z0/50  

Bis(4 -hydroxyphenyl)iso-
propane 1 Z/Z3/4Z 1 Z/Z3/4Z 

5/4/50 S/4/50 

6 - Chloro-4 - (3 -chloro-4 - Z/1 0/49 Z/1 0/49 
hydroxy- l ,  Z -dimethy1 -
benzy1) - 1 -phenol -Z -sodium 
sulfonate 

Bis (4 -hydroxyphenyl)s ulfone 1 1  /Z3/48 9/Z l /48  

TABLE 4 (Cont. ) 

ED 100  - Cavity Slides ED 50 - Sprayed Slides 
Micrograms 

per cmz 
Mic rograms 

pe r cmZ 
Molarity x 1 0  - l:l 

per cmZ 
St• Sc•  St• Sc•  St• Sc• 

Data for a single -OH in the Z -pos ition (Cont . ) 

- - 5. 1 3 . 7 Z . 49 l .  80 

Not Toxic - - 1 1 .  z - 5 . 4 7  

Not Toxic 1 1 30 - - - -
Not Toxic Not Toxic 

Not Toxic 1 1 30 - - - -
Not Toxic 1 1 3  

- - 5. 6 - Z . 6 -

1 1 30 1 1 30 - - - -
1 1 3 1 1 .  3 

Data for - OH on each ring in 4 -pos ition 

. 1 1 3  1 . 1 3  - - - -
- - - l . Z  - 0 . 64 

Not Toxic - - 1 1 .  z - 4 . 9 1  
Not Toxic 1 1 3 - - - -

Not Toxic Not Toxic - - - -

Not Toxic Not Toxic - - - -

Slope of I Toxicity Curve 

St• Sc•  

4. 40 5 . 50 

- 4. ZZ 

- -

- -

Z . 40 -
- -

- -
- 6 . 00 

- 4 . ZZ  
- -

- -

- -

..... 
..... 
N 
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TABLE 4 (Cont. ) 

Compound Date of Teat ED 1 00 - Cavity Slides ED 50 - Soraved Slidu 
Micrograms Micrograms Molarity x 1 0  ·II 

pe r c:m2 oer c:m2 oer c:m2 

St• I Sc• St• Sc• st• Sc• St• Sc• 

Data for -OH on each ring in 2 -pos ition 

Bis (Z -hydroxy - 5 - chloro- 1 1 /1 9/43 1 1 /1 9/43 Not Toxic - - 4 . 8 - l .  67  
phenyl)sulfide - 4/Z S/44 - - - o . z - 0. 07  

1 / 1 0/48 - - - 0. 3 - o. 1 0  

Bis(2  -hydroxy -5 - chi oro- 8/Z6/4Z - - - 9 . 3 - 3 . 46 -
pheny1 )methane 8/1 9/4Z - - - 7 . 8 - Z . 90 -

5/1 8/50 5/1 8/50 - - 5 . 0 0 . 2 1 l .  85 o. 1 0  

Bis(Z -hydroxy - 3 ,  5 ,  6 -tri - 8/26/42 - - - 7 . 9 - l .  94 -
c hlorophenyl )methane 8/1 9/42 - - - 7 . 8 - l .  92 -

Data for :multiple -OH groups I 
2 , 3 ' , 4 , 5 ' , 6 -�iphenylpentol t 0/5/48 1 0/6/48 1���

-

-lNo� Toxic 

J 
- - - -

• Test fungi .  St :means Stemphylium,  Sc  means Scle rotinia. 

Slope of 
Toxic ity Curve 

St• Sc• 

- 5. 70 
- 4. ZZ 
- 6 . 60 

l .  56 -
- -

5. 70 3. Z 

l .  56 -
- -

I I 
- -

I 

I 
I 

"' 
"' ... 
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ZZ4 

d iphe nyl long ax is and nea r  the j unction of the two r ings . Thi s change in pos ition of the OH from 
that in 4 -phenyl phe nol weakens the fungitox ic act ion and may poss ibly flatten the s lope .  

In this case  we have examples a l so  of  tampering with the -OH - free ring. The insertion 
of a - C 0 - 0 - C Hz - bridge and even a -CO-O- bridge (benzyl -Z -hydroxy -benzoate and phenyl -Z
hydroxy benzoate) reduced the potency for Z -phenyl phenol just as much as for 4 -phenyl phenol. 
This effe ct is partic ula rly striking in view of the fact discussed below that -SOz - bridge also 
reduced the potency of a dihydroxy compound. Using cyclohexane for the s econd ring gave a 
strikingly oppos ite effect for Z -phenyl phenol than for 4 -phenyl phenol . It increased rather than 
reduced the potency of Z -phenyl phenol to both organisms and flattened the slope .  Since all four 
tests involved were made on the same day , this can hardly be a result of biological variation. 
This obviously would warrant furthe r study . 

Although the data on halogenation of Z -phenyl phenol are incomplete , the e vidence is that 
6 - chloro-Z -phenyl phenol and 4 - chloro -Z -phenyl phenol are more fungitoxic and have steeper 
s lopes than Z -phenyl phenol alone . It seems significant that halogenation of both 4 -phenyl phenol 
and Z -phenyl phenol should steepen the slope of the dosage - respons e  c urve.  

Effe ct of - OH on Both Rings 

We have tested seve ral compounds with -OH on both rings .  These are often called 
biphenols or bisphenols . We tested four bisphenols with the -OH in the 4 -position and three with 
the -OH in the Z -pos ition. The most str iking result is that of the seven c ompounds only three are 
toxic to Stemphylium.  Of  course ,  only a few of  the phenyl phenol series we re toxic to Stemphyl-
i!!m · 

Scle rotinia was more sens itive than Stemphylium to the bisphenols j ust as it was more 
sens itive to the phenyl phenols .  In the case of 4 , 4 ' -bisphenol it was s ome hundredfold more 
sens itive . The inse rtion of an isopropane bridge seems to quench what little toxicity that 
4 ,  4 '  -bisphenol s hows toward Stemphylium ,  and i t  reduces the toxicity t o  Sclerotinia. The insert
ion of a sulfone ( -SOz - ) bridge quenche s the toxicity to both. It seems s ignifi cant that the 
inse rtion of a - C 0 - 0 - bridge reduces or even quenches the toxic ity of Z -phenyl phenol and 
4 -phenyl phenol . 

The inte rest in one compound of the 4 , 4 ' -bisphenol se ries equals the length of its name , 
6 -chloro -4 - ( 3 - chloro-4 -hydroxy -Q ,  Q -dimethylbenzyl) - 1 -phenol -Z - sodium s ulfonate . It is non
toxic to Scle rotinia. The problem is

' why ? Of course the compound bas s o  many substituent. 
that one cannot be pos itive which one is bas ically respons ible .  This compound may be considered 
as a chlorinated 4 ,  4 '  -bisphenol compound with an isopropane bridge and a sodium sulfonate group 
in the Z -position to the hydroxyl on one ring .  For the following reasons , we must conclude , 
tentat ively at least , that the sulfonate group is mainly responsible for quenching the toxicity: 
(a) although an isopropane bridge reduced toxic ity of 4 , 4 ' -bisphenol to Sc lerotinia , it did not 
quench it ; (b) chlorination has not quenched toxic ity elsewhe re ;  (c) s ince chlorination in the 
5 -pos ition does not quench the toxic ity of -OH in the Z -pos ition, it presumably does not do so for 
-OH in the 4 -position. 

We have then two cas es in which a s ulfone grouping quenches the toxicity - in the bridge of 
his (4 -hydroxy phenyl) sulfone and on the ring in 6 -chloro -4 - ( 3 -chloro -4 -hydroxy -Q, Q -d imethyl
benzyl ) - 1  -phenol - Z - s odium sulfonate . This brings to mind the report by Horsfall  and Riehl !;  
who found that a sulfonic acid i n  the 5 -position quenche s the fungitoxic ity of 8 -quinolinol . He re 
is a good case for further re search.  

It  is of  further inte rest to note that although slope data a re meage r ,  the slope of the 
Scle rotinia curve for his (4 -hydroxyphenyl) isopropane is 4.  ZZ, ve ry close to that for 4 -phenyl 
phenol . Appa rently , this sugge sts that the -OH group inhibits the fungus by the same mechanism 
whethe r it rides on one ring or on both. 

The re is a sl ight furthe r confi rmation of the effe ct of halogenation on slope already DOted 
unde r the phenyl phenols .  The slope of bis (Z - hydroxy - 5 -chlorophenyl)  sulfide for Scle rotinia ;. 
steeper than that for his (4 -hydroxyphenyl) isopropane . Although again one cannot ascribe this 
for sure to the chlorine , this is reasonable because of the effect of chlorine to steepen the slope 
of the monohydroxy diphenyls .  

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

F i r s t  Sympos ium on  Chemica l -B io log ica l  Cor re la t i on ,  May  26 -27 ,  1950
h t tp : / /www.nap .edu /ca ta log .php?record_ id=18474

http://www.nap.edu/catalog.php?record_id=18474


ZZ5 

One compound demonstrates the s ignificance of  the -OH in the bisphenols .  Arndtl l  showed 
that bis (Z - hydroxy - 5 - c hlorophenyl) methane was effective as a curative for cottonseed that is 
infected with Colletotrichum. His data reveal that replacing the -OH groups with acetoxy groups 
quenched the toxicity.  

Effect of Multiple -OH Substitutions 

The effect of multiple -OH substitutions is interesting. We have one compound with n
-OH groups , Z, 3 ' ,  4, 5 ' ,  6 - biphenylpentol . It was es sentially non-toxic to both test organisms . It 
is of interest here to look at the molar toxicities of one , two ,  and five -OH groups on a diphenyl 
nucleus . The molar ED 50 values were 0.  4 1 ,  4 .  9 1 ,  and infinity (not toxic) for 4 -phenyl J-henol , 
bis (4 -hydroxy phenyl ) isopropane , and Z ,  3 ' , 4, 5 ' , 6 biphenylpentol ; re spectively. Horsfall l 3  
reports data showing that adding extra -OH units to phenol , phenyl phenol , and naphthol �£s ually 
reduces the fungitoxic ity .  

Effect o f  -OH Attached to  the Bridge 

Dion and Lord6 show that the addition of an -OH to the methane bridge of bis (4 -dimethyl 
aminophenyl) methane lends toxicity to this compound. 

At this  point we must refer back to the interesting anomaly between salicylanilide and 
phenyl -Z-hydroxy benzoate mentioned earlie r. The bridges are -CO-NH - and - C0 -0 - ,  respect
ively. The former is toxic to Stemphylium , the latte r is not . We offe r the following tentative 
explanation to explain it: we asswne that the double bond to the carbon in the bridge of sal icyl -

9H 0 If-
anilide can resonate between the oxygen and nitrogen to give an equilibrium -C = N� -� -N - .  
This should give a n  -OH compound which then should have the flat s lope cha racte ristics of - OH 
compounds . Sal icylanilide ha� a ve ry flat slope .  Finally , such resonance cannot occur in a 
- C 0-0- bridge because no mobile hydrogen is available . 

Effect of Substituting -NHz 

-NHz , like - OH , lends toxicity to the diphenyl nucleus . Of course , -NHz , l ike -OH, may 
be substituted on the r ing or on the bridge . Data a re given in Table 5. Fungitoxic -NHz 
compounds in general have steep dosage -response curves .  They range from about 5 .  0 to 9 .  0 .  

Effe ct of  -NHz on One R ing 

He re also it is of inte rest to contrast the two rings of diphenyl with the s ingle r ing of 
benzene . The addition of an amine group to diphenyl enables it to prevent spore germination. The 
addition of an amine group to benzene (to form aniline ) doe s  not l 3 , 

This result can be stated in othe r words .  Benzene does not prevent spore ge rmination. 
It cannot be made to do so by- the addition of a ring (to form diphenyl) or the addition of an -NHz 
group (to form aniline ) .  It can be made to prevent spore germination ,  howeve r ,  by the addition 
of both a ring and an -NHz group to form aminodiphenyl . How can thi s be ? 

Since we are studying structure , we can make s ubstitutions on the ring or on the -NHz 
group to see which is the more important. The -NHz is the simpler .  Therefore , diphenyl amine 
is of interest because in it the second ring me rely replaces one of the hydrogens of the amine . 
Except for the loss of one hydrogen atom , diphenyl amine has the same molecular weight as 
aminodiphenyl , but diphenyl amine is not fungitoxic.  U,  howeve r ,  amino groups are added to 
diphenyl amine to form Z, 4 -diaminodiphenyl amine , the toxicity is restored. Goldsworthy et al . 9 

first reported the fung itoxic ity of this compound. Barry et al .  Z showed that Z -aminodiphenyl 
amine was toxic to tube rculos is  bacte ria. 

For thes e  data we can devise  one conclus ion. Toxicity appears to require Z - rings plus 
a primary am ino group. Of the two,  the amino group seems to be the more important because 
(a) an amino group makes a diphenyl nucleus toxi c ,  (b) substitution on the amino group quenches 
the toxic ity . 

Without a more deta iled study , we cannot be sure about the comparative toxic ities of the 
2 - substitution, the 4 -substitution and the 2 , 4 - s ubstitutions except to say that the double 
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substitution is probably not more toxic than a s ingle s ubstitution. The 4 - substitution is probably 
a l ittle more toxic than the 2 - . The s lopes of the three compounds are probably identical , 
suggesting that they inhibit the spores by the same mechanism. 

Effect of -NHz on Both Rings 

We obtained data on seve ral compounds that show the effect of maki{lg a substitution of I.JI 
amino group on each ring . All were toxic unless the amino hydrogen was s ubstituted .  Everitt 
and Sullivan? s howed that bis (Z -aminophenyl)sulfide was quite toxic in cultures of fungi that 
attack human skin, and we show that the same compound with a disulfide bridge was toxic to our 
spore s .  Benzidine {HCl)  may be c ons idered as the bas ic compound for 4 ,  4' - substitution. It is 
4 ,  4' -diaminodiphenyl . Its toxic ity curve has about the same slope as 4 -am inodiphenyl which 
suggests that the two compounds kill by the same technique.  The toxic ity of the benzidine may be 
blocked by substitution of a benzene ring for one hydrogen in each amine group.  {See diphenyl 
benzidine ) .  The hydrogens are s imilarly blocked in 1 -diphenyl carbaz.one and the toxic ity is 
blocked for Scle rotinia. ! -Diphenyl carbaz.one , howeve r ,  has a double bonded nitrogen and a 
carbonyl group to ac count for the toxicity to Stemphylium which it exhibits . 

Anothe r  4 , 4 ' -diamino substitution occura in his (4 -aminophenyl )  methane. This compound 
is ve ry close to 4 ,  4 '  -diaminodiphenyl in toxic ity and s lope , which  s uggests also that the methane 
bridge plays no role in the toxic ity. The toxicity of this compound als o  was quenched by 
substituting both hydrogens w ith methyl groups as in his (4 -dimethylaminophenyl) methane . 

2 , 4 , 6  Tr ia (4 -dimethylaminophenyl ),! -trithiane is a basically s imilar compound to bis 
(4 -dimethylaminophenyl)  methane and it is also non-toxic , pres umably \1ecause the amino 
hydrogens have been s ubstituted.  

Goldsworthy and Gertler I 0 have shown that bis  (4 -aminophenyl) ketone is non-fungitoxic .  
This is anothe r case whe re oxygen attached by a double bond to the bridge is associated with low 
toxic ity. 

Effe ct of -NHz Attached to the Bridge 

The - NHz group adds toxic ity when added to the bridge as well as when added to the ring, 
just as in the cas e of - OH. � -Diphenyl hydraz.ine (HCl) is such a compound which cona ists of an 
-NHz group added to the nitrogen bridge of diphenyl amine . Thus , diphenyl amine is made toxic . 
a. - Benzyl a. -phenyl hydrazine is also toxic .  This d iffe rs only in having an extra - CHz - in  the 
bridge . 

Of course , phenyl hydrazine is also fungitoxic . One can consider that this is aniline with 
an -NHz group attached to the amine group. HorsfaU 1 3  has suggested that , through the Hins berg 
reaction , phenyl hydraz.ine binds up the glucose in the spore thus depriving it of ene rgy. 
P resumably , these  two diphenyl hydrazines act also to dep rive the spore of energy. 

The addition of an -NHz group to a methane bridge also imparts toxicity just as the 
addition to an am ine bridge. We have sa id above that bis (4-dimethylaminophenyl ) methane was 
not toxic .  lf a n  - NHz group i s  added t o  the methane bridge t o  form auramine (HCl) toxicity i s  
added .  In fact ,  the toxic ity and slope are  almost precis ely identical with that of  the bis (4 -arnino 
phenyl) methane before it is substituted with methyl groups . Dion and Lord6 obtained toxicity to 
Fusarium by adding a hydroxyl group to the methane bridge to form bis (4 -dimethylaminophenyl) 
methanol . In fact ,  this compound was more toxic in their tests than the - NHz analogue. 

If now the primary amine on the methane bridge is reduced to a se condary amine , as in 
bis (4 -methoxyphenyl )  benzylimido methane , the toxic ity is blocked again . 

From all this study of -NHz . we can conclude that toxicity of an amino diphenyl compound 
depends upon the action of a primary amine .  It matters not whethe r the p rimary amine is 
attached to the ring or to the bridge . Another point is that the primary amine s hould be in 
c onnection with two rings . One ring is not enough. 

The biologist wonders if the mode of toxic ity is the same when the c ompound is activated 
by - NHz as it is by -OH. This may be studied by compa ring the slopes of the dosage - responae 
curves .  Pe rusal of the data in Table Z shows that the amine substituent& give steeper  slopes in 
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T A B L E  5 

TOXICITY DATA FOR DIPHENYL DERIVATIVES W ITH - N Hz SUBSTIT UTIONS 

Compound Date of Test ED I 00 - Cavity Slides ED 50 - Sprayed Slide s 
Mic rograms 

per cmZ 
Mic rograms 

per cmZ 
Molarity X I o - Il 

per cmZ 
St* Sc* St* Sc* St* Sc• St• Sc•  

Data for  - N Hz on one ring only 

4 -Amino diphenyl 4/1 3/4 3  1 1 /29/43 - - 4. 0 Z . 9 Z . 36  I .  7 1  
- I Z/7/43  - - - 1 . 2 - 0. 7 1  
- I Z/ 1 0/43  - - - 1 . 3 - 0. 77  

4 -Amino -Z -chloro-diphenyl 4/Z0/50 4/Z0/50 1 1 3  I I . 3 - - - -
ethe r 

4 -Amino -Z -phenyl phenol 8/3/49  7/Z6/49 1 1 30 I I .  3 - - - -

2 -Amino diphenyl 4/ 1 3/43 4/1 3/43 Not Toxic - - z . 5 - I .  48 
- 1 1 /26/43 - - - 3 . 4 - Z . O l  
- 1 1 /29/43  - - - 1 2 . 4  - 7 . 34 
- I Z/7 /43  - - - Z . 9 - 1 . 7Z 
- IZ/1 0/43 - - - 3 . 6 - z . 1 3 

5/1 8/50 5/1 8/50 1 1 3  I I . 3 - - - -

Z ,  4 -Diaminodiphenyl amine 9/26/42 - - - 0 . 5 - 0. 2 5  -
I I /Z7/4Z l l /Z7/42 - - 6 . Z 1 . 0 3 .  1 Z  0 . 50 

Data for -NH2 on both rings 

Bis(Z -aminopheny1 ) disulfide 4/Z8/48 1 1 / 1 6/48 1 . 1 3  1 .  1 3  - - - -

4 ,  4 -Diamino dipheny1 di - I 0/2/4Z - - - 3 .  1 - 1 .  Z l  -
hydrochloride 1 0/7/42 - - - 3 . 4 - I .  3Z -
(Benzidine base dihydro - 1 1 /4/43 - - - 5 .  3 - Z . 06 -
chloride) 

N ,  N' -Diphenyl benzidine 1 /8/4 5  1 /8/45 Not Toxic Not Toxic - - - -

Slope of 
Toxic ity Curve 

St• Sc* 

5 . 50 6 . 60 
- 4. 60 
- 5 . 00 

- -

- -

- 5 . 00 
- 9 . 40 
- 6 . 60 
- 8 . 80 
- 8 . 30 
- -

7 . 40 -
7 . 40 -

- -

5 . 00 -
6 . 00 -
6 . 00 -

- -

"' 
"' 
.... 
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Compound Date of Test 

st• I Sc• 

! -Dipheny1 ca rbazone Z/1 6/45 Z/1 6/4 5 
5/1 8/50 5/1 8/50 

Bia {4 -aminopheny1 ) methane 1 1 /4/43 -

Bis (4 -dimethy1aminopheny1 ) Z / 1 6/45 Z/1 6/45  
methane 

Z , 4 , 6 -Tris {4 -dimethyl - 1 1 /1 6/49 1 1 / 1 6/49 
aminopheny1) ! -tr ithiane 

�- Benzy1 - o -phenylhydrazine 5/1 7/44 5/1 7/44 
HCl 

� .  �· -Diacetyl -N ' , N ' -4 - 1 0/1 0/47 1 0/1 0/4 7  
pheny1enebis s ulfanilamide 

Z , 4 -Diaminodipheny1 amine 9/Z6/4Z -

4 ,  4 '  -Dinitro -N ,  N '  -4 -pheny1 - 9/9/48 9/Z 1 /48 
ene bis benzene sulfonamide 

Diphenyl carbazide S/Z3/SO 5/Z 3/50 

! -Dipheny1 carbazone 5/1 8/50 5/1 8/50 
5/ZJ/50 5/Z3/50 

Dipheny1 guanidine 1 1 /4/43 -

Diphenyl hyd razine HCl 5/1 7/50 5/1 7/50 

TABLE 5 {Cont. ) 

ED 1 00 - Cavity Sl ides ED 50  - Sprayed Slides 
Micrograms Mic rograms Molarity x 1 0 · 11 

per cmZ per cmZ pe r cmZ 
St• I Sc• st• I Sc • st• I Sc• 

Data for - NHz on both r ings (Cont. ) 

< 1 1 30 Not Toxic - - - -
1 1 30 1 1 3 - - - -

- - 1 . 9 - 0. 96 -

Not Toxic Not Toxic - - - -

Not Toxic Not Toxic - - - -

Data for =NH - and -NH- in the bridge ••  

- - 6 . Z <Z . O Z . 64 -

1 Z 30 Not Toxic - - - -

- - 0. 5 - o . z s -

1 1 .  3 Not Toxic - - - -

Not Toxic 1 1 3 0 - - - -

1 1 30 1 1 3 - - - -

6 5 0  1 1 30 - - - -

- - 1 0. 9  - 5. 1 7  -

1 1 3  1 1 3  - - - -

Slope of 
Toxicity Curve 

St• I Sc • 

- -

- -

7 . 40 -

- -

- -

1 0. 0 -

- -

7 . 40 -

- -

- -

- -
- -

7 . 40 -

- -

--

"' 
"' 
00 
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CompoiiDd Date o1 Tut 

St* I Sc• 

DipheDyl thiocarbazide 5/1 8/50 5/1 8/50 
5/Z3/50 5/Z3/50 

Diphenyl thiocarbazone 5/1 7/50 5/1 7/50 
5/Z3/50 5/Z3/50 

4-Hydroxy diphenyl amine 5/4/38 -

Salicylanilide Z/1 6/38 -

Auramine baae hydrochlor ide 5/Z7/4Z -
1 /5/43  1 /5/43 
5/1 6/50 5/1 6/50 

Auramine 0 5/Z5/43 5/Z5/43 
6/1 7/50 5/1 7/50 

AI -Diphenyl hydrazine hydro-
chloride Z/1 6/45 Z/1 6/4 5 

a -Benzyl -a -phenyl hydrazine 5/1 7/44 5/1 7/44 
hydrochloride 

Diphenyl auanidine 1 1 /4/43 -

Triphenyl guanidine 4/Z9/4Z 4/Z9/4Z 

Diphenyl guanidine phthalate 5/1 5/4Z 5/1 5/4Z 

TABLE 5 !Cont. ) 

ED 1 00 - Cavity Slidea ED 50 - SDraved Slidea 
Microarama 

per cmZ 
Mic roarama 

per cmZ 
Molarity x 1 0  - D 

Der cmZ 
St* I Sc• St* I Sc• St• I Sc• 

Data for =N- and -NH- in the bridae•• (Cont. ) 

Not Toxic 1 1 3  - - - -
Not Toxic 300 - - - -

1 1 30 1 1 30 � - - -
Not Toxic 70 - - - -

1 1 3 - - - - -

- - 5 . 6 - Z . 6 -

Data for -NHz attached to the bridge 

- - z . z - 1 . 7Z -
- - 3. 1 6 . 8 1 .  oz z . 1 0  

1 1 3 1 1 . 3 - - - -

<1 1 30 <1 1 30 - - - -
1 1 .  3 1 1 3  - - - -

" 

<1 1 30 <1 1 30 - - - -

- - 6 . Z <Z. O Z. 64 -

- - 1 0 . 9 - 5. 1 7  -

Not Toxic Not Toxic - - - -

Not Toxic Not Toxic - - - -

Slope of 
Toxic ity Curve 

St• I Sc• 

- -
- -

- -
- -

- -

Z. 40 -

1 0 . 8 -
8 . 0 1 .  63  
- -

- -
- -

- -

1 0. 0  -

7 . 40 -

- -

- -

"' "' "' 
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TABLE 5 {Cont. ) 

Compound Date of Test ED 1 00 - Cavity Slide a ED SO - Sprayed Slides 
Microgram• Mic rograms Mola rity x 1 0 -11 

_per cmZ pe r cmZ per cmZ 
St* Sc* St* Sc* St* Sc* St* Sc* 

Data for -NHz attached to the bridge (Cont. ) 

4 , 4 -Diphenyl aemicarbazide l Z/1 6/45 l Z/ 1 6/45 �ot Toxic �ot Toxic 

Bis (4 - methoxyphenyl) benzyl - Z/ 1 6/45 Z/1 6/45 �ot Toxic �ot Toxic 
imido methane 

* Teat fungi .  St mean• Stemphylium , Sc means Scle rotinia . 

- - - -

- - - -

** The following c ompound& with = N - or - N H - in the bridge we re not toxic to the spores of the two test fungi :  
Dicyclo hexyl amine , diphenyl amine , diphenyl benzidine , diphenyl guanidine phthalate , diphenyl semi 
carbazide,  diphenyl thiourea, ethylbenzyl aniline , ethylidene aniline , triphenyl guanidine .  

Slope of 
Toxicity Curve 

St* Sc * 

- -

- -

N 
.... 
0 
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all cases  than the hydroxyl substituents . The best example perhaps is to be found in the com
parison of Z -phe nyl phenol and Z -aminodiphenyl . The slope of the dosage -re spons e curves of the 
amine co:rnpound is 7. 80 and the slope of the hydroxyl curve is 3 . 80 , much flatte r .  

We interpret this to  mean that the two types of  compounds act on the fungus at  diffe rent 
loci and hence the mode of action is probably diffe rent .  

Effect of = N- and -NH- in the Bridge 

We te sted twenty -one compounds with = N - and -NH - in the bridge . Of this numbe r , 
nine were recorded as non -toxic to the spores of the test organis ms . With only a s ingle 
exception , the nitrogen in the se non-toxic compounds occur.red e ithe r in a secondary or in a 
te rtiary amine The exc eption was 4 ,  4 -diphenyl semicarbazide . In this compound the -NHz 
occurs at the end of a s hort cha in attached to an amine bridge , but this chain al s o  has a -C=O
grouping w hich is assoc iated in  se veral compounds with low toxicity . Except for the carbonyl 
group , d iphenyl semicarbazide is not too diss imilar to y - diphenyl hydrazine which is fung itoxic . 

Of the twelve toxic compounds with nitrogen in the bridge , we have already discussed the 
toxic action of the primary amines on the two hyd razines and Z, 4 -diam inodiphenyl amine . We 
have d i s cussed the hyd roxyl of 4 -hydroxyl diphenyl amine and salicylanilide . The � , N4 ' - di 
acetyl c ompound is only very weakly fungitoxic ;  the toxic ity of the 4 , 4 ' -dinitro compound is 
probably due to the -NOz group. This accounts for the toxic ity of seven of the twelve .  

The e ighth compound that w e  might discuss  is diphenyl guanidine . I t  appears ttl be a key 
compound . It bas no toxic substituent& on the ring .  It bas a secondary amine attached to the 
bridge , but most available evidence indicates that secondary amine a are not ve ry fungitoxic . 

We offer the following explanation which pai'Bllels that for salicylanil ide already diacuaaed. 
The bridge is as follows : 

H NH H 
- -N - c--N -

P re s umably the double bond can res onate as follows : 

H NH H H NHz I B I I I 
-N-C-N - � - N - C --N-

If s o ,  a primary am ine exists at  equilibrium , and i t  can  be fungitoxic . I f  i t  is , i t  should show a 
steep dosage - response curve and it does . 

The resonance discussed can be prevented by s ubstituting to give triphenyl guanidine or 
diphenyl guanidine phthalate .  If the resonance theory is sound, these compounds s hould be 
non-toxic and they a re non -toxic . 

This leaves only the carbazide -carbazone , thiocarbazide -thiocarbazone series to be 
discuaaed.  These  are -CO- and - CS - analogues and s hould not be fungitoxic to Stemphyliwn and 
only weakly toxic to Sclerotinia if the quenching action of - CO- groups is gene ral . The facta are 
in good agreement. This aeries is not fungitoxic at all or only negligibly fungitoxic to 
Stemphylium , and they are only weakly toxic to Sclerotinia .  

Effect of Sulfur 

As we have al ready s uggested in the section on bridges , the introduction of sulfur into a 
d iphenyl molecule imparts fungitoxicity . We have studied twenty -four sulfur -containing c om 
pounds . Data are given in Table 6 .  The s ulfur in all cases  was eithe r a part of a bridge or 
attached to the bridge. Fourteen of the compounds were more or less toxic to Sclerotinia. None 
was tox ic to Stemphylium unless the compound contained a toxic grouping other than the s ulfur. 
Presumably , this is because of the well -known fact that Sclerotinia is sensitive to sulfur.  
Stemphylium is not. 

Five type s of sulfu�; - containing bridges were tested - sulfide , dis ulfid e ,  sulfoxide , .W.fone , 
and s ulfate. No compound with a sulfate bridge was toxic unles s it contained some toxic s ubstitu 
ent on the ring. Also  the fact is noteworthy that no s ulfone of the five tested was toxic to either 
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organis m. Goldsworthy and Ge rtler l O  have s hown the non -fungitoxic quality of  the s ulfone bridge. 

How about sulfides and sulfoxide ? Data of Marsh £1 »1 7  show that the sulfide compound ia 
more toxic than s ulfoxide and s ulfone . Combining their data and ours , it appears that the order 
of fungic idal value is -S - > -SO - > -SOz - . U s o ,  the more oxidized the sulfur , the less its fungi
toxicity. This s uggests that the s ulfide compound must compete unfavorably with the fungus as an 
oxygen consume r and thus reduce its respi ration. This needs testing . 

The dis ulfide appears to be the most toxic of the unsubstituted diphenyl compounds with 
sulfur in the bridge . Als o ,  it provides the nucleus for several interesting s ubstitutions . U the 
c ompound is changed from an -S -S - bridge to a -CHz -S -S - CH2 - bridge , the toxicity disappears , 
reason unknown. · 

Several Z ,  2 1 -substitutions on diphenyl disulfide were studied. -C OOH and -NOz in the 
2 -pos ition quench or s eriously hampe r the toxicity of the s ulfur in the bridge.  On the other hand, 
-NH2 in the same pos ition provide s one of  the most,  pe rhaps the most ,  fungitoxic compound in 
the whole se ries he re rep·orted .  In fact ,  i t  is  the only compound in the s ulfur se ries that is  
s ignificantly toxic to Stemphylium . Goldsworthy and Ge rtl er l 0 reported the fungitoxicity of 
bis (4 -aminophenyl ) sulf\de.  

The effect of bis (2 -aminophenyl) disulfide is not particularly unexpected . It  possesses 
- NHz groups that are known by other evidence to lend toxicity to both organisms. The difficulty 
is with the analogues that contain active carboxyl and nitro groups .  Normally they lend toxicity 
if anything , not take it away. In fact , bis (4 -nitrophe nyl) disulfide is fungitoxic . 

Perhaps , the explanation is as follows . The oxidized carboxyl and nitro groups compete 
with the reduced sulfur so that neithe r can inhibit spores .  U the nitro group is removed 
spatially to the far -end of the molecule ,  the effect is not noticeable .  

Effect of  Substituting Halogen 

Chlorination of diphenyl has not imp roved its fungitoxicity bec ause Arochlor ,  a c ommer
c ial mixture of chlorinated diphenyls , was no more toxic in our tests than diphenyl its elf. Bis 
(4 -chlorophenyl ) phenone als o  was non-toxic to Stemphylium but slightly toxic to Scle rotinia. We 
have al ready shown that diphenyl sulfone was non-toxic.  The addition of bromine in the 4 -position 
on each ring of diphenyl s ulfone did not make it toxic .  Chlorination of diphenyl s ulfide to form 
bis (4 -chlorophenyl ) sulfide reduced its toxicity. The same was true of the chlorination of di 
phenyl sulfoxide to form bis (4 -chlorophenyl) sulfoxide . Horsfau l l has reported that DDT is non
fungitoxic . This is bh (4 - chlorophenyl) trichloroethane . 

Chlorination or bromination s eemed to reduc e  the fungitoxic ity of phenyl phenol . A 
mixture of 4 -chloro- 2 -phenyl phenol and 6 -chloro -Z -phenyl phenol was less toxic: than Z -phenyl 
phenol . 2 - Chloro -4 -phenyl phenol was less  toxic than 4 -phenyl phenol and 2 -bromo-4 -phenyl 
phenol was even less toxic than 2 - chloro -4 -phenyl phenol . 

This latter evidence that a bromine compound is less potent than its chlorine analogue is 
confirmed by the fact that bis (Z -hydroxy -5 -bromophenyl) sulfide is ve ry much les s toxic than 
bis (2 -hyd roxy - 5 -chlorophenyl ) sulfide to bo�h Chaetomium and Aspergillus (see Marsh $! alF). 
From the evidenc e of Marsh !iJ: !!- it is clear that the result is not due me rely to the larger 
atomic s ize of bromine . 

Hatfield l l made a study of the effect of chlorinating phenyl phenols on toxicity to � 
� in culture . He found that Z - chloro -orthophenyl phenol was slightly more toxic than 
orthophenyl phenol . 4 - Chloro-orthophenyl phenol was less  toxic and 2 , 4 -dichloro -�phenyl 
phenol was still less toxic . These  compounds are practical wood prese rvatives .  

The  only case  so  far found whe re chlorination inc reas es toxidty is b is  (Z -hydroxyphenyl) 
methane . Mars h ,  Butle r ,  and Clark l 7  say that chlorination in the 5 and 5 1  positions increases 
fungitoxicity of that compound . On the other hand , their data show that in the case of a similar 
bi sphenol with a sulfur bridge , the 5, 51 -dichloro substitution was le ss toxic to Chaetomium tb&• 
the 5 ,  5 1  -dimethyl c ompound . 
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TABLE 6 

TOXIC ITY DATA FOR DIPHENYL DERIVATIVES CONTAINING SULFUR 

Compound Date of Te st 

St• Sc•  

Diphenyl sulfide 5/9/50 5/9/50 

Bis (Z -hydroxy - 5 - c hlo rophenyl 1 1 /1 9/43 1 1 /1 9/43 
s ulfide 4/ZS/44 -

1 / 1 0/48 -

B is (4 - chlorophe nyl) s ulfide 5/9/50 5/9/50 

Diphe nyl dis ulfide Z/3/43 Z/3/43 
5/4/50 5/4/50 

Be nzyl dis ulfide Z/3/43 Z/3/43 
5/1 8/50 5/ 1 8/50 

Bis (Z - carboxypheny1 ) disulfide l Z/30/48 1 1 /1 3/48 
5/4/50 5/4/50 

Bis(Z -aminophe nyl) disulfide 4/Z8/48 1 1 /1 6/48 

Bis (Z -nitrophenyl ) disulfide Z/3/43 Z/3/43 
5/Z3/50 5/Z3/50 

Bis (4 - nitrophenyl) dis ulfide Z/3/43 Z/3/43 
5/Z3/50 5/Z3/50 

ED 1 00 - Cavity Slidea ED 50 - Sprayed Slidea 
Mic rograms Mic rog rams 

per cm Z pe r cmZ 
St• sc•  St• Sc • 

Data on -5 - in the bridge 

Not Toxic 1 1 3  - -

Not Toxic - - 4. 8 
- - - o. z 
- - - 0. 3 

Not Toxic Not Toxic - -

Data for -S -5 - in the br idge 

Not Toxic 1 1 3 0 - -
Not Toxic 1 1 .  3 - -

Not Toxic Not Toxic - -
Not Toxic Not Toxic - -

1 1 30 1 1 30 - -
1 1 3 0 1 1 3 0 - -

1 . 1 3  1 .  1 3  - -

Not Toxic Not Toxic - -
Not Toxic Not Tox�c - -

Not Toxic 1 1 30 - -
Not Toxic 1 1 .  3 - -

- - -- - ----

Molarity x 1 0 · 11 
per cmZ 

St• 

-

-
-
-

-

-
-

-
-

-
-

-

-
-

-
-

- - -

Sc • 

-

1 .  6 7  
0 . 07 
0. 1 0  

-

-
-

-
-

-
-

-

-
-

-
-

-

Slope of 
Toxicity Curve 

5t• Sc• 

- -

- 5 . 70 
- 4 . ZZ I 
- 6 . 60  I 

- -

- -
- -

- -
- -

- -
- -

- -

- -
- -

- -
- -

- - - -- - -

N 
"" 
"" 
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Compound Date of Test 

St• I Sc * 

Diphenyl sulfoxide l l /Z6/43 1 1 /Z6/43 
S/9/SO S/9/SO 

Bis (4 - chloropheny1) sulfoxide S/9/SO 5/9/50 

Dipheny1 sulfone Z/3/43 Z/3/43 
5/9/50 5/9/5.0 

Bis (4 -bromophenyl )sulfone Z/3/43 Z/3/43 

Bis (4 -hydroxyphenyl)sulfone l l /Z3/48 9/Z l /48 

Benzyl sulfone 5/9/50 5/9/50 

Bis(Z , 4 -dichlorobenzyl )s u1font 1 /1 9/5 0 1 / 1 9/50 

Bis (4 -methylpheny1)sulfonic 1 / 1 0/SO 1 / 1 0/SO 
acid 

Pent&chlorophenyl -4 -toluene - l Z/30/49 l Z/30/49 
sulfonic acid 

N4, N4 • -Diacetyl -N ' , N'  -phenyl 1 0/1 0/47 1 0/ 1 0/47 
ene bis sulfanilamide 

N, N' -Dibutyl -4 ,  4' -ethylene - 9/8/48 9/Z3/48 
dioxybl s benzene sulfonamid1 

4 , 4 '  -Dinltro - N ,  N' -4 -phenyl - 9 /9/48 9/2. 1 /48 
enebl a benzene aulfonamlde 

TABLE 6 (Cont . ) 

ED 1 00 - Cavity Slides ED SO - Sprayed Slide s 
Micrograms 

oe r cmZ 
St• I Sc* 

Mic rograms 
oer  cmz 

St* I Sc* I 
Data for =S=O in the bridge 

Not Toxic - - 7 . 8 
1 1 3 0 1 1 3 - -

Not Toxic 1 1 30 - -

Data for =SOz in the bridge 

Not Toxic Not Toxic 
Not Toxic Not Toxic 

Not Toxic Not Toxic 

Not Toxic Not Toxic 

Not Toxic Not Toxic 

Not Toxic Not Toxic 

Data for =S03 in the bridge 

Not Toxic Not Toxic 

1 1 3  1 1 30 

1 1 30 Not Toxic 

Not Toxic Not Toxic 

1 1 .  3 Not Toxic 

Mola rity x 1 0 - o 
oer cmZ 

St* I Sc * 

- 3 . 86 
- -

- -

Slope of 
Toxicity Curve 

St* I Sc * 

- -
- -

- -
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TABLE 6 (Cont. ) 

Compound Date of Test ED 1 00 - Cavity Slides ED 50  - t;p rayed Slides 
Micrograms 

per cml 
Micrograms 

per cml 
Molarity x ! O -IJ 

pe r cml 
St• I Sc • St• Sc• St• Sc • St• Sc• 

Data for =C=S and = C=O In the bridge 

! -Diphenyl thioca rbazide 5/1 8/50 5/1 8/50 Not Toxic <I l l  

A -Diphenyl carbazide . Z/1 6/45 Z/1 6/45 Not Toxic Not Toxic 
5/1 7/50 5/1 7/50 Not Toxic Not Toxic 

4, 4 -Diphenyl 11 emica rbazide Z/1 6 /45 l/1 6/45 Not Toxic Not Toxic 

.! -Diphenyl thiocarbazone 1 1 /1 6/43 1 1 / 1 6/43 Not Toxic <1 1 3 0 
5/1 7/50 5/1 7/50 1 1 30 1 1 3 0 

.! -Dipheny1 ca rbazone Z/1 6/45 Z/1 6/45 <1 1 3 0 Not Toxic 
5/1 8/50 5/1 8/50 1 1 3 0 1 1 3  

Misce llaneous Sulfur De rivatives . 
1 1 /1 3/48 ,Not Toxic 'Not Toxic I I I I Z , 4 ,  6 - Tris (4 -dimethy1 - 1 / 1 6/49 

aminopheny1 ) - !  -trithiane 

• Test funai.  St means Stemphylium, Sc  means Scle rotinia. 

-----
Slope of 

Toxic ity Curve 

St• I Sc • 

I I 
N .... 
\II 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z36 

As reported in  the se ction on -OH derivatives , halogenation steepened the slope of the 
dosage - response of both 4 -phenyl phenol and Z -phenyl phenol . Chlorination appeared to steepen 
the slope of hydroxyphenyl sulfide . 

Effect  of Pos ition of Substituent on the Ring 

The comparative ranking of Z and 4 -OH substituent& are as follows :  Z - cyclohexyl pheDOI 
> 4 - cyclobexyl phenol ,  4 -pbenyl phenol > Z -phenyl phenol , Z -chloro-4-pbenyl phenol >  4 -chlor'g

Z -phenyl p henol , benzyl -4 -hydroxybenzoate > benzyl -Z -hydroxybenzoate . 

In the case of amino substit.uents 4 -amino dipbenyl > Z -amino dipbenyl and bis 14 -nitro
phenyl ) disulfide > bis (Z -nitrophenyl ) disulfide .  .Out of the s ix comparisons the 4 .-position was 
more active than the Z -position in five cases .  

Apparently , slope was not influenced by the pos ition of  the substituent group. Presumably 
then pos ition has no influence on mode of reactivity me rely , but on the amount of activity. 

Effect of - CH= CH- Bondifl 

We have a l ittle evidenc e  on the reactivity of the - CH= CH- bond. Marsh .u_�) 7 have 
clearly shown that if a bisphenol bas a -CH=CH- bridge it is more fungitoxic than if it bas a - CHz · 

bridge . Likewis e ,  auramine 0 is more toxic than auramine itself. The chief difference is that 
one ring of the former is quinoid with oppos ite double bonds.  

We have s ome data on cyclohexyl phenol versus phenyl phenol . In the case of the mJ!2 
pos ition,  the unsaturated phenyl ring was less toxic to both organisms than the sUurated cyclo
hexyl ring . On the other hand , the reverse  was true for both organis ms for the para position. 
There can be l ittle doubt as to 'the accuracy of the result becaus e all our comparisons were made 
on the same day . Of course , it is pos s ible that impurities could account for it , but it seems 
unl ikely . 

Syne rgism Between Diphenyl and Acenaphthene 

Acenaphtbene is no more toxic to our spores than diphenyl .  If ac enaphthene is added to 
dipbenyl , howeve r ,  the mixture is fungitoxic as Bateman3 first s howed.  This is a strange 
phenomenon, the data for which appear in the graph in Figure 1 .  

It was of s ome interest to asce rtain the proportion of ac enaphtbene and diphenyl to give 
maximum fung itox ic ity . Two tests we re made and both ag reed that 75 pe rc ent by weight of 
dipbenyl and ZS pe rcent of acenapbtbene gave maximum respons e against Stempbyl ium. Sclero 
tinia was not tested . 

Syne rgism is not unc ommon between two toxicants or between a toxicant and a non 
toxicant . It is a great ra rity between two non -toxicants . Of course , p robably neithe r compound u 
as bland as wate r ,  and if so,  we can only say that syne rgism of a highe r orde r is displayed by 
two weak toxicants .  

It  is diffic ult to vis ualize how acenapl.thene and diphenyl could react to produce a new tOl<ic 
mole cule . We can speculate that each acts on a diffe rent l ocus in the cel l .  If only one is applied 
and only one locus is affected , perhaps the organism can function by a diffe rent route . U, how 
e ve r ,  both are blocked , it cannot continue the struggle . Obviously , the p roblem needs additional 
research. 

DISCUSSION 

We should not clos e out this pape r without some discuss ion of the bi ological implications 
of the data . Some of these have been scatte red al ong in the text. More effort should be given to 
corre lating the work on physiology of living fungi with the work on the physi ology of dying fungi. 

Va rious pos s ibi lities exist for accounting for the fungitoxic ity of vari ous chem icals. 
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Figure 1 .  Synergi11111 bet-en diphenyl and acenaphthene . 
Depre ssion slide test u�i ng Stemphylia� sarc inaerorme. 
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(1) = Percent or D1Pben71 1n alxt.ure. 
(B) • Percent or Acenapht.t.ne 1n llixture. 

Total concentration ror each alxt.ure was 62S pp.. 
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Pe rmeation 

Most compounds pres umably must permeate the cell wall before they can do damage to the 
spore . 

One is struck in checking ove r the data by the fact that effe ctive c ompounds can be 
c ons ide red as having lipophilic and hydrophilic components , polar and non-polar groups . This 
point is be ing dis cussed also in a collateral pape r on nitrogen hete rocycles I S , 

The non-polar  group in many cases must have about twelve carbon atoms as we have 
discussed els ewhere l 3 . For example , in this series , -NH2 on one ring is not suffic ient. It 
must have two r ings - twelve ca rbon atoms . 

The class ical theory , o£ course , is that o£ Ove rton -Meyer.  They postulated many years 
ago that the seini -pe rmeable membrane around the cell is composed o£ a {at and water emulsion. 
Hence , a compound that penetrates readily should be soluble in both. 0£ cours e ,  if the fat 
s olubil ity is too high , the compound may not be wate r - soluble enough to react once ins ide the cell. 

Analogues o£ Cell  Constituents 

None of thes e compounds s eems sufficiently s imila r to be acting as a deleterious analogue 
of a vitamin, s ugar , or amino acid in the cell . 0£ course , phenylalanine , thyroxine , and iodo
gorgoic acid are ring-containing amino acids .  These amino acids do not contain double rings , 
howe ve r .  

Reaction w ith Cell Constituents 

As mentioned earl ier  the d iphenylhydrazine compounds may be 
utilization by reacting to {orm l gl ucoseazone by the Hi nsbe rg reaction. 
c ompounds may react with ke tone group ings in the cell  as we l l .  

interfe ring with glucose 
The diphenylhydrazine 

Ac c ord ing to Eastman ' s  reagent catalogue bis (4 -aminophenyl) methane is useful for 
reacting with al iphatic acids . Since  seve ral of these occur in cells pe rhaps this is the me chanism 
o£ its action. Similarly ,  2 - hydroxydiphenyl is said to react with lactates and pyruvates and 
4 - hyd roxydiphenyl is said to react with lactates .  

Inte rfe rence with Ene rq Systems 

S ince benzidine reacts w ith phosphates , one is  tempted to suggest that it and perhaps some 
of its relative s may inte rfe re with the phosphorylation enzymes that are involved in s ugar metab
ol i sm.  

Of c ours e ,  ene rgy is deve l oped in the spore by a s e r ies  of  oxidation reactions .  One finds 
hims elf tempted to spe culate on the pos ition that fungic ide s occupy in the oxidation- reduction 
system of the fungus cell .  Little , that is conc rete , has yet come from such speculations . 

It seems reasonably clear that the more reduced the sulfur , the more fungitoxic are the 
d iphenyl  compounds with s ulfur br idge s . U so ,  we deduce that the reduced s ulfur must compete 
for oxygen with the spore and thus inte rfe re with its respi ration. This deduction is confirmed 
s omewhat by the fact  that ca rboxyl , carbonyl , and nitro groups seem to quench toxic ity that 
seems due to reduced s ulfur or to -NH2 , This needs studying with a respirometer .  

One o £  the c haracter ist ics  o {  diphenyl is that the two r ings tend t o  rotate about the point 
o£ juncture . Dion and Lord6 pointed out that this could be stabil ized with a second bridge . In 
gene ral ,  they found that if the second bridge conta ine d nitrogen or oxygen ,  tox icity is only 
s l ightly reduced .  I{ the sec ond br idge contains sulfu r ,  the ir data s how a striking reduction in 
pote ncy .  In our studies J! ·hydroxydiphenyl was toxic , but 3 - hyd roxyphenothiazine was not toxic . 
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SUMMARY 

I .  Diphe nyl se ems to offe r an inte re sting archite ctural nucleus for making fungitoxic compounds .  

2 . The te chnique of testing was to apply the test compound to spores in the absence of extraneous 
matte r l ike agar or nutr ients .  The test organisms were Stemphylium sarc inaeforme and 
Scle rotinia fructicola. 

3.  Toxic ity was measured as percentage of non-ge rminated spores .  When dose is  plotted 
against spore inhibition on a logarithmic -p robability grid , a l inear curve is usually gene rated. 
Suc h  a curve has two characters that are useful - pos ition and slope . P osition is expressed 
as ED 50 - the effective dose for 50 percent respons e .  This is a meas ure of potency. Slope 
is a meas ure of me c hanism. If two compounds have diffe rent slopes , we assume that they 
a re acting by diffe rent mechanisms.  

4 .  Uns ubstituted rings s how ve ry limited fungitoxicity. 

5 .  If the two rings are separated by bridge s ,  toxicity is occas ionally enhanced . A -C0-0- or 
an -S- bridge may lend toxicity to Sclerotinia not to Stemphylium. 

6 .  I f  -OH is added to  one of  the rings , to  both, or to a bridge , toxic ity is  added. The slope of 
the dosaae - response curve of -OH compounds is usually flat. 

7. As the number o£ - OH groups in the molecule increases the toxicity falls . 

8.  Likewise , if  -NHz is  added to one of the rinas , to both , or to the bridge , toxicity is added . 
The slope of the dosage - response curve of -NHz c ompounds is usually steep. 

9 . An inc rease in the numbe r of -NHz groups in the molecule does not inc rease the toxicity and 
they do not change the slope of the curve which presumably means that they do not change the 
mode of: bioloaical action. 

1 0 .  Slope data suggest that -OH and -NHz substitutions inhibit spores by different mechanisms . 

1 1 .  Fungitoxic ity of amino diphenyl c ompounds seems to depend upon the presence of a primary 
amine . If the primary amine is converted to a secondary or tertiary amine by replacing the 
hyd rogens , toxicity disappear s .  

1 Z.  Moreove r ,  a pr imary amine attached to benzene i s  not toxic .  It must b e  attached to diphenyl . 
In othe r words , toxicity rests on a molecule as big as diphenyl plus a primary amine. The 
data available suggest that the primary amine is the toxic grouping; the rings se rve as 
vehicles to carry it into the spore.  

I 3 .  In the diphenyl compounds , as in many others , the addition of sulfur adds toxicity to 
Scle rotinia not to Stemphylium. The forme r ,  of cour s e ,  is  sulfur -sensitive . The latte r is  
not. 

14 .  Halogenation of non-toxic diphenyl compounds did not make them toxic . Halogenation of 
toxic phenol ic types of c ompounds in gene ral reduced the ir toxicity to spores . Hatfield l l  

reported that chlorination and phenyl phenols inc reased toxicity to arowing mycelia. We had 
no halogenated amino derivatives for study. 

1 5 .  Out of six comparisons made 4 -substitution imparted more fungitoxicity than Z -s ubstitution 
in five cases . On the other hand both s ubstitutions aave the same slope , which suggests that 
they inhibited the fungus by similar mechanisms. 

1 6 . Compounds with double bonds in the bridge or  in substitutions seemed to be mare fungitoxic 
than othe rs . 
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I 7 .  There is a c urious case of synergism between diphenyl and acenaphthene . Neither inhibit• 
spores alone . A mixture inhibits the spores very well indeed . Nothing is known about the 
mechanism. 

1 8 . Some pos sible modes of action on the fungus are discussed. Some of the compounds may 
react with cell constituents , as for example , diphenylhydrazine with glucose . Diphenyl 
benzidine may react with essential metals . Most of the active compounds contain replaceable 
hydrogen. They los e  their toxic ity if they lose their replaceable hydrogen. 
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DISCUSSION 

DR. LOUIS F. FIESER (Harvard Unive rsity ,  Cambridge , Mas sachusetts) :  I want to 
compl iment Dr.  Horsfall on a very. inte resting paper and , particularly,  on the application of exact 
methods for analysis of the bio -assay re sults. Use of dose - response curves and attention to both 
the LDSO and the slope of the curye is , I think, of distinct advantage .  

It would seem to  me that a .  further advance in correlating the data might be to use not the 
toxicity on the weight bas is , but to compare molar toxicities .  That might i ron out some of the 
re sults which appear a little irreg11lar on a purel.y empirical basis ; that is , comparing a bromo 
c ompound with a chloro compound. On a weight basis , the chloro compound may seem a good 
bit more active , but on a molar basis they come out to be about the same . 

As an organic chemist,  I want to say I was a little bit unhappy about the discussion of 
structure with relationship to biological activity. The compounds discussed are all regarded as 
diph�yls ; as a matter of fact , that is the te rm used in the title of the paper .  Yet,  to an organic 
chemist , diphenyl is a compound with two rings joined togethe r ;  if the rings are separated by 
C Hz ,  you have diphenylmethane , which is something quite different. Separation of the rings by 
the group NH gives diphenylamine . Diphenylrnethane "and diphenylamine are not diphenyl com 
pounds.  To c ompare the effect o1 substituent• in one s e ries , whe re the two rings are joined 
togethe r ,  with that in another series , where they are separate is , I think , taking a little bit of 
libe rty with �rganic chemistry. 

Howeve r ,  I must say that organic chemists or anybody else who bas tried to work out 
relations hips between structure and biological activity have not progressed very far ,  so that this 
is me rely a personal comment on the paper ;  and I say that , if Dr .  Horsfall can dis regard some of 
the p rinciples which appeal to a chemist , and still make some sense out of the cor relation, I wish 
to  congratulate him. 

DR . HORSFALL: Mr.  Chairman , that is an excellent comment , with respect to comparing 
diphenyl with diphenylmethane . 

I realize that diphenylamine is not diphenylmethane , and that diphenylmethane is not 
diphenyl . I realize that a chemist would not compare directly an amino substitution on diphenyl 
methane with an amino substitution on d·iphenyl .  

Back in the ne rvous part of my speech, before I got going , I negl ected to say that we made 
an extens ive study of the effect of bridges on toxicity. In general the bridges had little influence 
on the toxicity. Hence we tried to compare substituent• irrespective of the bridge conce rned. 

DR . RICH: These we re all converted on a molar bas is , we ren't they ? 

DR . HORSFALL: Oh , yes ; in the manus cript which will be pr inted,  the data are all 
expressed on a molar bas is.  

DR . McKEEN CATTELL (Cornell Unive rs ity Medical College ,  New York,  New York):  
I fully a,gree with what Dr.  Horsfal l has said regarding the diffe rence s in slope of the dosage
response curve as indicating a qual itatively diffe rent action. There is , howeve r ,  a conside ration 
which,  it seems to me , needs emphasis .  We are conc e rned about the fundamental action of 
these compounds in the final solution. It is the goal of the pharmacologi st to dete rmine what 
reaction these compounds influenc e .  

The  diffe rences in slope may wel l  be  related to  subsidiary factors , such as  the retent i on 
of the compound in the body , the speed with which it is broken down and its absorption ; factors 
could conce ivably throw us off the track in our reasoning in relation to the actual mechanisms of 
action. I am wonder ing whethe r ,  in these closely related diphenyl compounds when the re was an 
ammonium or a hyd roxyl substitution , if the re might not have been an influence on the stability 
of the molecule , or a diffe rence in its absorption or penetration. 
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DR . HORSFALL : I dare s ay you have a point there , D r .  Cattell . We have made an 
extende d s tudy of what slope me ans in the s e  compounds (not the s e  c ompounds exclus i vely , but 

c o:rnpounds in general ) . We plant pathologists are apt to sp ray s urfac e s  to p rote ct them against 

d i s e a s e . We have the problem of what we call c overage ; it is anal ogous to the greased pig 
p robl em , whethe r it i s  bette r to put on c oncentrated m ixtures thinly s p read , or weak m ixtures 

w ith a lot of wate r.  In other words , if you a r e  pe rmitted in the country fai r to have two thousand 
p ound s of human fl e s h  to catch the pig , is it bette r to have ten Z O O - pounde rs or twenty 1 00 -
pound e r s ? Y ou are more apt to catc h him with tw enty 1 00 -pounde r s , but you are more apt to 

hold him w hen you c atch him , w ith ten Z O O -p ounde r s . 

That makes a diffe rence in slope in the response curve. The ten ZOO -pound e r s  c om e  out 
with a flatter s l ope than the twe nty 1 0 0 -p ounde r s .  

That i s  a c a s e  of distribution , you s e e ; i n  your cas e ,  i t  i s  exc r etion from the body . It is 

ad:rn itte d  that s l ope does d iffe r with othe r factors than mere mechanism of ac tion but , if the 
s l op e s  a r e di ffe rent ,  it s hows us things about the c ompounds which we would not have known if 
w e  had not had slope ; the refore , it makes it a worth -while point for advance !>f further research. 
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The spectacular results obtained in recent years  in the development of new synthetic 
organic insecticides and the wide publicity accorded them have tended to obscure the value of the 
insecticides derived from plants . Valuable as the chlorinated hydrocarbon and organic 
phosphorus -containing insecticides are , they have not completely displaced the naturally occurring 
organic plant products . Pyrethrum , the rotenone -containing plants derris and cube , and nicotine 
from tobacco ,  which are the best known plant inaecticidea , are still used in s izable quantitite a .  
A few others , such as ryania , quasaia,  sabadilla , and hellebore , find utilization for specific 
purposes and in l imited localities .  Others , such as Heliopsia , Spilanthes ,  and pellitory are still 
in the experimental stages of investigation. 

Although the insectic ides derived from plants do not have the long res idiial action of sozne 
of the synthetic organic insectic ides , they pos sess  other characteristics that merit their  use in 
controlling agricultural and household insects . In contrast to the chlorinated hydrocarbon 
insectic ides rotenone and pyrethrum present no health hazard from spray residues . Nicotine , 
although a toxic alkaloid , is very soluble in wate r and henc e ,  when employed against aphids , 
mealy bugs , and thr ips , is readily removed and therefore presents little or no spray -residue 
p roblem. 

Pyrethrum can be used safely in food establishments , households and dairy barns without 
conce rn for toxic residue s .  Moreove r ,  its rapid paralytic , or knockdown, effe ct is especially 
important in the control of diseas e -carrying insects . 

Derris and cube are still the only effective insecticides for controlling cattle grubs , a 
pest that annually causes losses of one hundred million dollars  to our livestock industry. 

Plants have been used as insectic ides  for several hundred year s ,  but chemical investiga 
tions of the ir active principles  are relatively recent. Nicotine was fi rst isolated from tobacco 
in 1 8Z8 , 68 but s ixty -five years elapsed before ita structural formula was established . . 67 Rotenone , 
the princ ipal insecticidal constituent of derris and cube , has been known since 1 89Z , 1 8  but it was 
not until 1 93Z that ita structural formula was determined. 58 • 59 Structural formulas for the 
pyrethrins , the ins ecticidal constituents of pyrethrum , we re first p roposed in 1 9Z4, 80 but not 
until 1 946 were the detailed structures of these  complicated esters established with certainty. 60 

Nicotine ,  rotenone , and the pyrethrins all have complicated structural formulas , and a 
comparison of them reveals no common grouping of atoms to which ins ecticidal action might be 
ascribed. Numerous derivatives of each of these compounds and closely related products have 
been prepared and tested for insecticidal properties , but only a few are equal to the natural 
products . 

TOBACCO 

Nicotine and Related Alkaloids 

The earlier efforts to correlate the chemical structure of plant insectic ides with insect 
toxic ity were devoted chiefly to derivatives and analogs of nicotine , partly because ita less  
complicated structure , compared to the pyrethrins and rotenone , facilitated the synthes e s  of 
related compounds .  Moreove r ,  the availabil ity of two closely related alkaloids , nornicotine6 1 
and anabasine , 64 made further comparisons possible .  Nicotine (I) is 1 -methyl -Z - (3 -pyridyl ) 
pyrrolid ine , nornicotine (II) i s  Z - ( 3 -pyridyl )pyrrolidine , and anabas ine (Ill) i s  Z , 3 ' -pyridyl 
p ipe ridine . 
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II III 

All three occur naturally in levorotatory form. 

It ia natural to inquire whether inaect toxicity is due to the molecule as a whole or to some 
special grouping of its component parts . The point of attachment of the two rings , optical activity , 
and other questions present themselves . When tested against Aphis � L. natoual levo
nicotine and levo-anabaaine were much more toxic than the dextro forms ; on the other hand , the 
natural levo-nornicotine was only slightly more toxic to this inaect than the dextro isomer . 

Both !!! -nicotine ( I )  and !l!-nornicotine (II) were much more toxic to Aphis !!!!!!!£!! than 
the corresponding alpha forma , 1 -methyl -2 - (2 -pyridyl)pyrrolidine and 2 - (2 -pyridyl )plrrolidine . 
Testa we re also made of dipyridyla , 73 , 76 dipiperidyla ,  77 , 79 pyridyl pipe ridine & , 78 , 9 and 
pyridyl pyrrolidines , 9 , 72 as well as of s impler derivatives of pyridine52 and pyrrolidine . 53 With 
the exc eption of neonicotine (III) , 78 all were distinctly inferior to the three natural alkaloids . 
Neonicotine , obtained as one of the reaction products of pyridine and aodium , ia the optically 
inactive form of anabasine . 

Table I summarizes some of the entomological reaulta obtained with nicotine and the more 
important related compounds . The data were taken from a table compiled by Metcalf. 63 The 
toxicity values were obtained from articles by several different authors and therefore repreaent 
order of magnitude of relative toxicity rather than precise compariaona . 

TABLE 1 

RELATIVE TOXICITY OF NICOTINE 
AND ITS DERIVATIVES AND ANALOGS TO � RUMICIS 

Compound Median lethal 
concentration 

Levo-nicotine 1 

Dextro-nicotine 5 

!11-Nicotine 2 

sU-A-Nicotine 3 1  

Levo-nornicotine 0. 5 

Dextro -nornicotine 0. 7 

!!! -Nornicotine 1 
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TABLE 1 (Cont. ) 

Compound Median lethal 
concentration 

!!! - 11 -Nornicotine 3 1  

Leva-anabas ine 0. 1 

!!! -Anabas ine (neonicotine) 5 

2 ,  3 '  -Dipyr idyl 1 00  

3 ,  2 '  -Pyridyl -pipe ridine 50 

2 ,  3 ' -Dipiperidyl 1 00 

2 -j! -Tolyl pyrrolidine 50  

Pyrrolidine 20 

Pyridine 1 25 

P ipe r idine 25  

DERRIS AND CUBE 

Rotenone and Rotenoids 

These compounds are the principal insectic idal constituents of a number of leguminous 
fish-poison plants , of which de rris and cube are the most important commercially .  In the roots 
of these  two plants the rotenone content usually constitutes one -third to one -half of the total ethe r 
extractives , the remainder being rotenoids . Rotenoids is the name given to a group of compounds 
close ly related structurally to rotenone . Rotenone58 bas the structural formula (IV ) ,  and the 
pr inc ipal rotenoids - deguel in ,  5 tephros in , 6 ,  39 and toxicarol7 - the formula (V) .  

IV v 

R = H ,  R '  = H Degue lin 
R = OH, R' = H Tephrosin 
R = H, R '  = OH Toxicarol 
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In rotenone riDg E ia a substituted dihydrofuran ring, whereas iD the three rotenoida it Ia 
a aubatituted pyran. The chemistry of the rotenoida has been summarized by Haller et al. 33 

Numerous derivatives of rotenone were obtained in the course of dete rmining ita structure. 
Some of them were teated by Geradorff , 2 1 , 23 , 24 , ZS us ing goldfish as the teat animal in a pro 
c edure developed by him . 20 The results obtained are summarized in Table 2. 

TABLE 2 

RELATIVE TOXICITY OF ROTENONE 
AND SOME OF ITS DERIVATIVES TO GOLDFISH 

Compound Approximate 
Relative Toxicity 

Rotenone 1 

Iaorotenone 0. 23 

Dihyd rorotenone 1 . 4 

Acetyl rotenone 0 . 55 

Acetyl dihydrorotenone 0. 5 

Rotenolone 0. 1 

Acetyl rotenolone 0. 1 1  

Dihydrorotenolone 0 . 2 

Acetyl dihydrorotenolone 0. 1 3 

Oihydrorotenone and the other dihydro derivatives differ from the parent compound in 
that the side chain of ring E (formula IV) has been saturated. In isorotenone the double bond of 
the a ide chain has been shifted into the five -membered ring. Acetyl rotenone is an enol acetate 
{VI) , and rotenolone is a hydroxy rotenone , lls shown in VII. 

VI VII 
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With the exception of dihydrorotenone , which was about I .  4 times u toxic to goldfish as 
rotenone , all the derivatives were much leas toxic than the parent compound. However , dihydro 

rotenone is no ·more toxic to insecta than rotenone and is leas toxic to some. QeradorffZ5 pointa 
out that "each change in chemical constitution effects a characteristic change in toxicity independ
ent of the effect of any other change. " 

GeradorffZZ also compared three rotenoida with rotenone in toxicity to goldfi sh. In these 
testa all three rotenoids were optically inactive isomers and the rotenone was optically active . 
At the time .optically active rotenoida were not available and rotenone baa not yet been obtained 
in inactive form. The results are as follows : 

TABLE 3 

RELATIVE TOXICITY OF ROTENONE 
AND SOME ROTENOIDS TO GOLDFISH 

Compound Approximate 
Relative Toxicity 

Rotenone 1 . 0  

Deguelin 0. 56 

Tephros in O . Z 3 

Toxicarol 0 . 65 

Rotenone and the rotenoids contain asymmetric carbon atoms and optically active isomer• 
of all except deguelin have been isolated in crystalline form from the plant extracts . Evidence 
has been preaented34 that deguelin occurs in the plants as a levo -rotatory isomer , but all 
attempts to obtain it in crystall ine form have resulted in failure . The relative toxicity of rotenoae 
and the optically active and inactive forma of three rotenoids against several insecta are summar
ized in Table 4. 

Compound 

Rotenone 

TABLE 4 

RELATIVE TOXICITY OF ROTENONE 
AND RELATED COMPOUNDS TO INSECTS 

Approximate Teat Insect and Reference 
Relative Toxic ity 

1 00 

Dihydrorotenone (active) 70 House fly (M!!!s,! domeatica L. ) (8Z) 

>30 Silkworm ,_ mlW L.. ) (75) 
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Compound 

Deguel in (inactive) 

Deguelin concentrate (active ) 

Dibydrodeguel in (active ) 

Dihydrodeguelin (inactive) 

Tephrosin (inactive) 

Toxicarol (active ) 

Toxicarol (inactive) 

De bydrorotenone 

Z5 1 

TABLE 4 (Cont. ) 

Approximate 
Relative Toxici!}' 

1 0 

1 0 

30 

50 

50 

1 3  

z 

1 0  

7 

<1 

0 

Test Insect and Reference 

Bean aphid (Aphis 

House fly 

Silkworm 

House fly 

House fly 

House fly 

Bean aphid 

Silkworm 

Bean aphid 

Bean aphid 

rumicis �- ) 

Imported cabbage worm 
(Ascia rapae L. ) 

(1 Z) 

(8Z) 

(75) 

(8Z) 

(8Z) 

(8Z ) 

( 1 Z) 

(75 ) 

( l Z) 

(I Z) 
( 1 3 ) 

With mosquito larvae as the test insects , Fink and Hal lerl 7 dete rmined the relative 
toxic ity of rotenone , deguelin , and the optically active and inactive forms of isorotenone and di
hydrodeguelin. The results are illustrated graphically in Figure 1 . As in the tests by 
GersdorffZ 5 ;with goldfish, the optically active compounds were more toxic than the corresponding 
optically inactive compounds at all concentrations tested. 

Fig. 1 

• ACTIVE DIHYDROOliUILIN 
lJ. INACT!\1! DIIIYOIIIJOUU!UN 
0 ACTIVE 1-0TPION! 
• INACTIVE ISOIIOrE
+ IIOT!-1 
$ D!IU!LIN 

Relative toxicity of rotenone , deguelin, and the optically active 
arid inactive forms of isorotenone and dihydrodeguelin 
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I t will be noted that in this series of compounds , as with nicotine and related compoUDda , 
optical activity plays an important role in insectic idal action. 

PYRETHRUM 

Pyrethrins and Cinerins 

The insectic idal action of pyrethrum is due to a mixture of several closely related ester1 . 
From their class ical pioneering studies Staudinger and Ruzicka80 concluded that two compoUDds , 
designated pyrethrin I and p�rethrin II, were the princ ipal active ingredients . However , 1tudie1 by 
LaForge and Barthet54 • 55 • 6 have demonatrated the presence of two other insecticidal esters , 
which have been des ignated cinerin I and cinerin II. Both the pyrethrina and the cinerina are 
high-boiling oils , and all four compounds are closely related in chemical structure. Pyrethrin l 
and c inerin I are esters of chrysanthemum monoca rboxylic ac id (VIII) and pyrethrin II and 
cinerin II are esters of chrysanthemum dicarboxylic acid monomethyl ester (IX). 

VIII IX 

X Xl 

Hz H H H 
x1a R .. -c - c-c-c-cHz 

Hz 11 H 
x1b R = -c-c-c-cH3 

CH3 
H ......_ /

C=O 
C Hz -C -R 

Ho/ 1 I 
HzC--C=O 

XII 

The alcoholic component of both pyrethrina is known as pyrethrolone and that of the cinerina as 
c inerolone. The structural formula originally proposed for pyrethrolone is liven in ·X. More 
recent studies by LaFor1e and his associates in this country and Gillam and West in Eqlalld 
have necess itated a revis ion and modification of formula X to that liVeD in Xla. The studies lead
inl to this structure , which is in accord with all the known facts , &re excellently summarised bf 
Harper. 40 

The structural formula of c inerolone is given in Xlb. Pyretbrolone and cinerolone differ 
only in that the side chain of ·the former is a doubly unaaturated five -carbon strai1ht chain wlaile 
that of cinerolone is a s ingly unsaturated four-carbon chain. The accepted s tructural formulas 
for the pyrethrins and the ciner ina are shown in XIII. 
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Xlll 

Pyrethrin I 
Pyrethrin II 

R = CH3 } J;lz H J;l J;l 
R • CH3ooc J R • = -c- C-c-C -cHz 

Chwrln I 
Cine rin UI 

R = CH3 } l;fz l;f 1;1 
R = CH3ooc J R ' = - C-C-C - CH3 

Comparative toxic ities of the pyrethrina and the 'cinerina to house BieaZ6 are shown in 
Table 5 .  

Each c ompoUDd was obtained by esterification o f  the appropriate naturally occurring 
d extrorotatory keto alcohol with the prope r naturally occurring dextro acid. The estera obtained 
from the optically inactive keto al-eobola and the optically active acids did not diffe r in toxicity 
from the c ompounds with both components optically activeZ6. Also with cine rin I , in which the 
a ide chain of the keto alcohol has been shown to have a w cODfiguration, l O no differenc e  in 
toxicity was noted when the a i� chain had a trans configuration. Z7 

TABLE 5 

RELATIVE TOXICITY OF PYRETHRINS AND CINERINS TO HOUSE FLIES 

Compound Relative Toxicity 

Pyrethrin I 1 

Pyrethrin II O . Z5 

Cinerin I 0 . 69 

Cine rin II 0. 1 7 

Both the keto alcohols and the ac ids of the pyrethrins are unsaturated. Staudinger and 
Ruzicka81 have shown that most of the ins ecticidal action of the pyrethrins is destroyed by minor 
cbanaea in their molecules .  Thus , the catalytic hydrogenation of a crude pyrethrin concentrate 
yielded a product that was inse ctic idally inactive . In these experiments the cockroach ,  probably 
Blattella le rmanica L. , was used as the test insect .  Simila r results were obtained by Haller and 
SulliY&D] in experiments with bouse flies .  They found that on mild catalytic hydrogenation of 
of pyrethrum concentrates , containing 63 . 5 pe r cent of pyrethrin I, 6. 5 per cent of pyrethrin II, 
and the remainder ine rt constituents ,  not only the toxicity but also the knockdown was for the \ 
areater part destroyed . A pyrethrum concentrate containiq 83 .  7 per cent of pyretbrin U and 5 . 4 
p e r  cent of pyretbrin I with the remainder ine rt,  although having good knockdown prope rtie s ,  
caused s o  l ittle mortality before hydrogenation that a marked reduction would not normally be 
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expected . More recent dataZ6 on the effect of hydrogenation of the double bonds in pyrethrin I 
and c ine rin I are given in Table 6 .  

TABLE 6 

RELATIVE TOXICITY OF SOME HYDROGENATED DERIVATIVES 
OF THE PYRETHRINS AND C INERINS TO HOUSE FLIES 

Compound Relative Toxic ity 

Pyrethrin I 1 

Tetrahydropyrethrin I 0 . 06 

lsodihydropyrethrin I 0. 5 

C ine rin I 0 . 69 

Dihydrocine rin I 0 . 08 

Isodihydroc inerin I 0 . 35 

Tetrahydropyrethrin I was prepared by catalytic hydrogenation of natural pyrethrin 1 .  
All attempts to prepare a dihydro compound have thus far fa iled . 3 5  Hydrogenation of the s ide 
chain not only reduces toxic ity considerably but also destroys the cha racteristic knockdown 
e ffect .of the pyrethrins . The dihydrocinerin I was obtained from optically inactive keto alcohol 
and the optical ly act ive dext ro  ac id .  5 7 In the preparation of the isodihydro compounds both the 
keto a l c ohols and d ihydro acid were optically act ive . 

SYNTHETIC PYRETHRIN-LIKE ESTERS 

The destruction of most of the toxic ity of both the pyrethrins and the c inerins on satura 
tion of the s ide chains in the keto alcohol portions of thei r  molecules made it of Interest to 
dete rmine the e££ect of other changes in the s ide chains , s uc h  as changes in length , branching of 
the chain ,  pos ition of the unsaturated bond , and stereochemical effects . Methods for the prep 
a rat ion of suc h  c ompounds h,ave recently been described. The excellent method developed by 
Schechte r et al . 74 for the synthes i s  of cyclopentenolones makes pos s ible the preparation of a wide 
variety of keto alcohols analagous to cinerolone . T he keto alcohol s  on es terification with 
chrysanthemum monocarboxylic ac id , for which an improved method of p reparation has recently 
been publi shed4 , yield the s u itably s ubstituted este r s .  

Six substituted cyc l opentenolones were prepared .  T hey a r e  rep resented by the general 
formula XI , in which  R indicates diffe rent s ide chains , which are shown in Table 7 . These keto 
alcohols we re este r ified w ith the natural .!1 -1!:!!!! -chrysanthemum monocarboxyl ic  acid .  Two of 
the keto alcohols were al so  este r ified with the synthet ic racemic (!!! ) s.i! and � forms of this 
acid .  Thus the re were ten compounds c l os ely re lated to c ine rin .I ava ilable for comparison of 
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2. 5 5  

toxicity .  2.7 Thei r comparati ve toxic it ies t o  house fl i es  a r e  given i n  Table 7 . 

TABLE 7 

RELATIVE TOXICITY OF ANALOGS OF C INER IN I TO HOUSE FLIES 

No . Cyclopentenolone Chrysanthemum Relative Toxic ity 
Side Chain Monocarboxyl ic Acid 

1 - CHzCH=CHCH=CHz .!l - !l:.An! - (natural )  1 
(Pyrethrolone ) 

2. -CHzCH=CHCH3 
(Cinerolone ) 

" 0. 7 

3 - CHzCH=CHCH3 " 0 . 7 

4 -CHzCH:CHz " 3 .  3 

5 -CHzC (CH3 )=CHz " 1 . 7  

6 -CHzCHzCH=CHz " 0 . 3 

7 -CHzCH=C(CH3)z " 0. 1 

8 -CHzCHzCHzCH3 " 0 . 08 

9 -CHzCH,..CHCH3 !11- w - 0 . 2. 

1 0  -CHzCH=CHCH3 !U -trans - 0 . 2. 

1 1  -CHzCH=CHz sn - w - . 9 

1 2. -CHzCH=CHz !ll -!!.!n! - . C)  

Compounds 2. and 3 , which diffe r only in that the s ide chain in 2. has a £i! cazi!iguration while 
that of 3 is !.tAn! .  are about equal ly toxic .  Compound 4 when ester ified w ith the natural dextro 
ac id is more than three times as toxic as  compounds 1 1  and 1 2.  obtained from the optically 
inactive acids . 

Ester ification of the synthetic trans c ine rolone with the opti cally inactive acids 
(compounds 9 and 1 0 ) also caused reductions in mortality to about one -thi rd of the value s obtained 
when natural ac id is used. A m ixture of compounds 1 1  and 1 2.  w ill shortly be commerc ially 
available .  

By the  synthes i s  developed by Schechte r et al .  74 i t  is al so  pos s ible to  p repare a cyclo 
pentenolone in which the methyl group in the three pos ition has been replaced with other groups .  
The  substitution o f  the phenyl group for the methyl group i n  the allyl e ste r decreased the toxic ity 
to one -fifteenth that of the allyl homolog of c inerin I . 2.7 Qersdorff has also tested on house fl ies 
an uncyc l ized compound (formula XII whe re R = allyl ) e ste rified with natural chrysanthemum acid . 
It was less  than one - s eventieth as tox ic  as the corre spond ing cyclized compound (compound 4 In 
Table 7 ) . 
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ZS6  

In addition to  the e sters mentioned above , the synthes i s  developed by Schechter et a l .  74 

opened up a whole new field for further investigation. Many othe r modifications can be made in 
the keto -alcohol portion of the molecule and such alcohols can then be esterified not only with 
chrysanthemum monocarboxylic ac id ,  but with other substituted cyclopropanecarboxylic acids or 
with entirely diffe rent types of acids . 

Stud ies in which the acid component of pyrethrin I and cinerin I ,  chrysanthemum mono
carboxyl ic acid (VIII ) ,  has been esterified with alcohols other than pyrethrolone or c ine rolone 
have also  been reported . Staudinger and RuzickaBl tested the reaction products of chryaanthemwn 
ac id chloride w ith various alcohols and phenols against cockroache s .  In none of the experiments 
was the reaction product isolated ,  the assumption be ing that the reaction had proceeded with the 
formation of the des ired eate r .  None of the products tested was sufficiently toxic to warrant 
further studies . Harvm44 e8te rified the acid with an homologous series of e ighteen  al iphatic 
alcohols ranging from ethyl to cetyl and tested them against aphids and cockroaches .  The Iaury! , 
myristyl , and cetyl esters showed some toxic ity to the aphids , but none of the este rs had the 
pyrethrin - l ike action on cockroaches .  W ith the improved method of obtaining chrysanthemum 
ac id4 now available , other este rs are worthy of further detailed studies .  

SYNERGISTS 

A recent development in the utilization of pyrethrum which is of conside rable p ractical 
importance ia the dis covery that c e rtain synthetic  organic compounds can replace part of the 
pyrethrins without reducing e ither the ir paralytic or the ir kil ling powe r. In many instances an 
increased effectiveness  ia obtained with the combination. Compounds of this type have been 
loosely referred to as syner11ista , activators , and intensifiers , and the belief baa developed that 
all these compounds are effective only in the presence of pyrethrins , that all are equally useful 
with pyrethrum , and that all are nontoxic to warm-blooded animals . These assumptions are not 
valid .  As with other synthetic organic compounds , the toxic ity of these products to a wide 
variety of insect pests , as  well as their  effect on ·warm -blooded animals , must be ascertained 
before the i r  general value in economic entomolo11y can he stated . 

One of the first compounds shown to increase the effectiveness of the pyrethrins is 
N - isobutylundecyleneamide (XIV) . 88 

CHz=CH(CHz )aCONHCHzCH(CH3 )z 

XIV 

When tested in kerosene solution aa a spray a11ainst house flies , the amide alone was of little 
value . A spray containing 40 mg. of pyrethrins and 4ZO mg. of the amide per 1 00 ml. was 
super ior to the standard spray solution containin11 1 00 mg. of pyrethriD& pe r 1 00 ml. 

An investigation of the effect of N-isobutylundecyleneamide and the pyrethriD& on house 
fl ies baa been made by Hartzel l and Scudder .  4Z In histopathological atucliea they found that each 
chemical shows rather distinct and characte ristic effects upon the central nervous system &lid 
as soc iated tissues of the adult house fly . Pyrethrum baa a widespread clumpinll effect on the 
chromatin of the cell nucle i ,  while the amide seems to cause a chromatolys is or dissolution of 
the chromatin. A combination of the two products shows a histological picture that is a sllllllltll · 
tion of the effects of each. 
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Another unsaturated isobutylamide that increases the effect of the pyrethrins is fagaramide 
(N-isobutyl - 3 , 4 -methylenedioxycinnamamide) (XV) ,  occurring in the root bark of Zanthoxylum 
senegalenae DC. and Z. macrophyllum Oliver . 31 , 86 

HzC 
/ C = C -CONHCHzCH(CHJ)z WI! I! 

XV 

Fagaramide , at 2. mg. per ml. plus 0 .  5 mg. pyrethrins per ml . , killed as many house flies as a 
solution containing twice as much pyrethrins but without the fagaramide . 2.9 

Several insecticidal N- isobutylamides of al iphatic unsaturated ac ids have been isolated 
from plant materials - namely , spilanthol (N- isobutyl -4 , 6 -decadienamide ) (XVI} from the flower 
heads of Spilanthes oleraceae Jacquinl ,  1 9 and §.: acmella Murr. , 30 �ell itorine (N -isobutyl -2. , 6 -
decad ienamide} (XVII) from the roots of Allacyclus pyrethrum DC. , 3 • 48 N -isobutyl - 2. , 6, 8 -
decatrienamide (XV Ill) from the roots of Heliops is longipes (A. Gray) Blake , 5 1 herculin (N -iso
butyl -2. , 8 -dodecadienamide) (XIX) from the bark of Zanthoxylum clavaherculis L. , 47 and 
scabrin [ (N -isobutyl - 2. , 4 , 8 , I 0, 1 4 -octadecapentaenamide) (XXa) or (N-is obutyl - 2. , 4 ,  8 ,  1 2. , 14 -
octadecapentaenamide) (XXb) ]. 49 

CH3(CHz}zC H=CHCH=CH(CHz}zC OR 

CH3(CHz)zCH= CH(CHz)zCH=CHCOR 

CH3CH=CHCH=CH(CHz)zCH=CHCOR 

CH3(CHz )zCH=CH(CHz)4CH=CHCOR 

CH3(CHz )zCH= CH(CHz}zCH=CHCH=CH(CHz)zCH=CHCH= CHCOR 

CH3 (CHz )zCH=CHC H=CH(CHz )zCH=CH(CHz)zCH=CHCH=CHCOR 

CH3 (CHz )4CH=CHCH=CHCOR 

CH3(CHz)8CH=CHCOR 

where R is NHCHzCH(CH3 )z 

XVI 

XVII 

XVIII 

XIX 

XX a 

XXb 

XXI 

XXII 

Compound XVI has been reported65 , 66 to be an effective mosquito larvicide . Compound 
XVII ,  which differs from XVI only in the position of one of the double bonds , shows toxic ity to 
house flies somewhat greate r than one -half that of pyrethrins . 48 Compound XVIII , having one 
double bond more than XVI and XVII, is somewhat more toxict than pyrethrins to house flies . 5 1 
Compound XIX has approximately the same order of toxicity to housefl ies as the pyrethr ins . 47 
Scabrin (XXa or b) is apprec iably more toxic than the pyrethrins to house fl ies . 49 Compounds 
XVI to XX all show the rapid paralytic or knockdown action characteristic of the pyrethrins . 
However ,  saturation of the double bonds gives compounds that are completely devoid of insect
ic idal activity , although N -is obutyllauramide (hydrogenated XIX) shows some syne rgism with 
pyrethrins . 

Geometrical configuration about the double bonds plays a large part in the toxicity of the 
unsaturated isobu tylamides . For example , the cis -� and !!.!!!! -trans isomers of compound 
XVII were synthesized and found to be nontoxic to house flies . 1 1 ,  50 

N- Isobutyl - 2. , 4 -decadienamide (XXI) , differing from XVI and XVII only in the position of 
one double bond , and N- isobutyl - 2. -dodecenamide (XXII ) ,  differing from XIX only by the lack of 
a double bond in pos ition 8 , were both synthesized. They showed rapid paralytic or knockdown 
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action but gave very low mortal ity of house flies. 

Another group of compounds that have been found to be especially useful with pyrethrum 
are certain piperonyl or methylene dioxyphenyl derivatives . l'Dterest in this claaa of compounds 
resulted in a large measure from an observation of Eaglesonl 6 in the course of testing pyretbrwn 
solutions in admixture with a number of vegetable and flsh oil s against bouse flies . Eagleson 
found that sesame oil , to the exclus ion of all other oil s , markedly inc reased the effectiveness of 
the pyrethrins . That the increase in toxicity was due to a synergistic or activator effect , and not 
to the addition of another insecticide , was shown by the failure of sesame oil alone to kill flies . 
By means of a hypnotic -dose technique developed by him , Eagleson I S followed the recovery of 
house flies that had been sprayed with a pyrethrum insecticide to which various percentages of 
sesame oil had been added . The results , given in time -torpor curves , are shown in Figure Z • 

... .10 1.0 TIIII •IIOUitl 1.0 4.11 I.O U  

Fig. 2. Recovery of house flies sprayed with pyrethrum insecticide to 
which various percentages of sesame oil had been added 

Each point on the curves represents the mean torpor , at success ive inte rvals after spraying , 
for five replications on approximately fifty -five fl ies . With the pyrethrum solutions to which DO 
sesame oil had been added , 92. per cent of the flies recovered. When 5 per cent of sesame oil 
was added to the pyrethrum solution only 1 2. per cent of the fl ies sprayed recovered. By his 
method Eaglesonl4 had previous ly shown that few flies that are still affected six hours afte r the 
spraying ever recover . 

At the suggestion of Eagleson a chemical study of sesame. o i l was undertaken by Halle r  
and co-workers . 37 Sesame oil was separated into four fractions by means of high-vacuum 
distillation. Each fraction was separately added to pyrethrum extract in refined kerosene and 
tested against house fl ies by the turntable method. 3 The results are shown in Table 8. F r om the 
combined first and second fractions a crystall ine solid was isolated and shown to be sesamin. 
When it was added to pyrethrins in a refined kerosene -acetone mixture , the effectivenes s against 
fl ies was greatly increased (Table 9) . (Ten per cent of acetone in ,the kerosene is neces sary to 
dissolve the sesamin. ) It was not pouible to obtain from the nonc rystalline active fraction any 
crystal l ine compound other than sesamin. 
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TABLE 8 

EFFECTIVENESS AGAINST HOUSE FLIES OF VARIOUS FRACTIONS OF SESAME OIL, 
WITH AND WITHOUT PYRETHRUM , IN REFINED KER OSENE 

(Z tests with about 1 50 flies each; concn. of pyrethrins 1 mg. , 
and of sesame oil and its fractions 1 0  mg. /cc . ) 

Mate rial Knockdown Mortality 
in 1 0 min. , in 48 hr .  , 

.,. .,. 

Sesame oil 0 z 

Pyrethrins 99 Z l 

Pyrethrins t sesame oil 1 00 57  

Pyrethrins t fraction I 1 00 1 00 

Pyrethr ins t fraction 11 1 00 9 1  

Pyrethrins t fraction Ill I OO Z l 

Pyrethr ins t fraction IV 1 00  Z9  

TABLE 9 

EFFECTIVENESS AGAINST HOUSE FLIES OF FRACTIONS OF SESAME OIL , 
WITH AND WITHOUT PYRETHR UM ,  IN REFINED KEROSENE PLUS l O'fo OF ACETONE 

(Z tests with I SO flies each ; concn. of pyrethrins 1 r.1g. , 
and of sesame oil fractions Z .  5 mg. /cc . ) 

Mate rial Knockdown Mortal ity 
in 1 0  M in. , in Z4 hr. , 

.,. .,. 

Pyrethrins 1 00 zo 

Sesamin (crystall ine fraction) 0 5 

Pyrethrins t aesamin (crystal - 1 00 8 5  
l ine fraction) 

Pyrethrins t noncrystalline 1 00 89 
res idue 
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Sesamin bas the following structural formula : 

CHrO 

j y h �-/�Hz � I o-cHz 

I I� o 
HC--c� � 

HzCy 

It is a bicyclodihydrofuran substituted symmetrically with two methyleaedioxyphenyl groups . Z, 8 
It has four asymmetric ca rbon atoms , and natural aesamin is dextrorotatory . 

Hartzell and Wexler43 have studied the histological effects of pyrethrum and aesamin on 
the central ne rvous system and muscles of the house fly. Flies rende red moribund by pyrethrum 
s howed clear spaces in the brain t issue and dissolution of the fiber tracts , and sesam in caused 
vacuolation around the large ae rve cella . When sesamin and pyrethrum were c ombined , not ollly 
were the ne rve fibe rs des troyed but the laraer ne rve cella we re hiahly vacuolated until almost 
complete lysis of the t issue resulted. An excellent s ummary of the phys ioloaical studies of 
J:lyrethrum and the vari ous activaton or syneraists that have been studied is aiven by MetcaU. 63 

A numbe r of plant mate rials have been shown to contain compounds related to sesamin. 36 
Amona these compounds are asarinin , found in various oriental plants and· in the bark of 
Ame r ican pr ickly -as h ;  pinorea inol , a constituent of the exudate of spruce and related species ; 
and eude samin, a cons tituent of kino awn from eucalyptus . Their relation to sesamin is sh-n 
in the formula XXIII. 

XXUI 

R ,  R 1 = OzCHz (methyleaedioxy) for s esamin and asarinin 
R = OH and R 1 = OCH 3 for pinores inol 

R ,  R 1 = OCH3 for eudesamin 

Asarinin is levorotatory and is the optical antipode of isosesamin ,  which is obtained on 
treatment of aesamin with alcoholic  hydrochloric acid . As some of these  compounds we re 
availabl e ,  they were tested for their syne raiatic effect with the pyrethrins. The cliacetyl 
derivative of pinoreainol was also included . laosesamin and asarinin were as eUective as 
s e samin ,  but pinores inol dimethylether ,  the optical antipode of eudesamin, was without appreci· 
able synergistic action , as were pinoreainol itself and ita diacetyl derivative . The results are 
s ummarized in Table 1 0 . 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


261  

TABLE l O  

EFFECT OF SESAMIN AND RELATED COMPOUNDS ON THE INSECTICIDAL ACTION 
OF PYRETHRINS AGAINST HOUSE FLIES 

No. 

1 

2 

3 

4 

s 

6 

7 

8 

9 

1 0  

1 1  

1 2  

l 3  

1 4  

( 3  teats uaiq about I SO flies per teat ; solvent ,  refined kerosene 
plus l Oft of acetone where needed to increase solubility) 

Material Concentration Average 
.,. Mortality 

After 24 hra . 
.,. 

Seaamin and ita isomers :  

Seaamin 0 . 2 4 

Seaamin + pyrethrina 0 .  2 t 0. OS 84 

Iaoaeaamin 0 . 2 s 

Iaoaeaamin + pyrethrina 0. 2 + 0. OS 87 

Aaarinin 0 . 2 1 4  

Aaarinin + pyrethrina 0. 2 + 0 .  OS 88 

Pyrethrina (control ) o . o s  2S  

Pinoreainol and dsrivaiivea : 

P inores inol 0. 1 8 I 

Pinoreainol + pyrethrina 0 . 1 8  + 0. OS 12 

Dimethyl pinorea inol 0. 2 J 

Dimethyl pinorea inol + pyrethrina 0. 2 + 0. OS 1 7 

Diacetyl pinoresinol 0 . 03 2 

Diacetyl pinorea inol + pyrethrina 0. 03 + 0. OS 1 1  

Pyrethrina (control )  o. os 1 9  

From these findings i t  was concluded that the methylene dioxyphenyl aroupina was an 
important one for compounds useful as synergists with pyrethrum. They have led to the prepara 
tion and teatiq of a large number of different types of compounds containing the aroupina. Many 
of the compounds that have been prepared are derived from safrole because it is the moat ready 
source of the methylene dioxyphenyl group. Workers at the Boyce Thompson institute have been 
testing lroducta obtained by the addition of various aldehydes , 70 mercaptana , 69 maleic acid 
e sters , 3 aDd various other compounds , 8S to the double bolld of aafrole aDd iaoaafrole .  Deriva 
tives of piperonal , 7 1 , 83 piperonylic acid , 28 piperine aDd related compounda4 1 , 4S , 84 have also  
been tested .  From the research in this field three p roducts - piperonyl cyclonene , pipe ronyl 
butoxide , aDd a-propyl iaome - have been developed that have found comme rcial acceptance .  
Technical p ipe ronyl cyclonene obtained on  condensation of alkyl - 3 , 4 -methylene dioxyatyryl 
ketones with ethyl acetoacetate46 , 87 contains 80 per cent of a mixture of compoullda XXIV and 
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XXV in addition to higher mole cular condensation products . 

ro ro 
Hz9....,C\H-COOCzHs 

Alkyl - �_.,co Hz�....
C

�Hz 
Alkyl - c, )o c 

-H -H 

XXIV XXV 

P ipe ronyl butoxide6Z ,  87 is  obtained as a te chnical product containing 80 per cent of XXVI. 

XXVI 

n-P ropyl i some . 83 prepared by a Diels -Alder type condensation of isosafrole with a-propyl 
maleate , has the structure shown in XXVII. 

�CH 

��CO�C3H7 
H COOC3H7 

XXVII 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


26 3 

REFERENCES 

1 .  Asano, M . , and Kanematsu,  T . , Ber . , ll» ·  1 602 ( 1 932) .  

Z .  B ruchhauaen,  F. V. , and Ge rhard , H. , Ber. , 1!. 830 ( 1 939) .  

3 . Campbell , F. L . , and Sullivan, W. N. , Soap Sanit. Chemicals , 1 4(6 ) ,  1 1 9 ( 1 9 38 ) .  

4. Campbell , I. G. M . , and Harper ,  S. H. , J .  Chern . Soc . , 2.83 ( 1 945 ) .  

5.  Clark , E . P . , J .  Am . Chern. Soc . , .2}, 3 1 3 ( 1 93 1 ) . 

6 .  Clark ,  E . P . , J .  Am . Chern. Soc . , 2J ,  7 2 9  ( 1 93 1 ). 

7. Clark , E. P . , J. Am. Chern.  Soc . , ,U, 246 1 ( 1 930) .  

8 .  Cohen, W. D. , Rec .  trav. chlm. , � .  653 ( 1 938 ) .  

9 .  C raig , L. C . , and Richardson ,  C .  H. , Iowa State Coll.  J . Sci . , 1 .  477 ( 1 933 ) .  

1 0 . Crombie , L. , and Harper ,  S. H. , Nature , l!t .  534 ( 1 949}. 

1 1 .  C rombie , L. , and Harper ,  S .  H. , Nature , 1 64 ,  1 053 ( 1 949) .  

1 2. . Davidson, W. N. , J .  Econ. Entomol . , ,U ,  877 ( 1 930} .  

1 3 . Davids on ,  W. N. , and Jones , H. A. , J .  Econ. Entom. , � .  257  ( 1 93 1 ) . 

14.  Eaaleson, C . , Soap Sanit. Chemicals , 1 6( 1 ) ,  96 ( 1 940) .  

1 5 . Eaaleson ,  C . , Soap Sanit. Chemicals , 1 7(5 ) ,  1 0 1  ( 1 94 1 ) . 

1 6 . Eaa1eson, C . , Soap Sanit. Chemicals , !!(1 2 ) ,  1 25 ( 1 942) .  

1 7 . Fink ,  D. E. , aud Halle r ,  H. L. , J. Econ. Entomol . , A2 .  594 ( 1 936} .  

1 8 .  Geoffroy , E. , J .  Pharm. and Chim. , ll .  454 ( 1 892) . 

1 9 . Gerbe r ,  E . , Arch. Pharm. , lli • 2.70 ( 1 903} .  

20. Geradorff, W. A. , J .  Am . Chern. Soc . , 8 .  3440 ( 1 930 ) .  

2 1 .  Geradorff, W. A. , J .  Am. Chern. Soc . , 8. 505 1 ( 1 930 ) .  

2.2. Gersdorff ,  W. A. , J. Am. Chern. Soc . , ,2}. 1 895  ( 1 93 1 ) . 

2.3 . Geradorff ,  W. A. , J .  Am . Chern. Soc . , » • 1 1 4 7  ( 1 933 ) .  

2.4 .  Geradorff, W. A. , J .  Am . Chern. Soc . , � . 979 ( 1 934}.  

25 .  Ciersdorff , W. A. , J .  Aar .  Research,  � .  893 ( 1 935 ) .  

2.6 .  Gersdorff, W. A. , J .  Econ. Entomol . , !Q ,  878 ( 1 94 7 ). 

2.7. Gersdorff ,  W . A. , J. Econ. Entomol . , ii• 532 ( 1 949) .  

Z8. Ge rsdorff, W. A. , aud Gertler ,  S.  I .  , Soap Sanit. Chemicals , !,g(Z ) ,  1 2.3 ( 1 944) .  

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

F i rs t  Symposium on Chemica l -B io log ica l  Corre la t ion,  May 26-27,  1950
ht tp : / /www.nap.edu/cata log.php?record_ id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z64 

Z9. Ge rtler , S .  I. , Fales , J. H.  and Halle r ,  H.  L. , Soap Sanit. Chemicals , 1 9(4) , 1 05 ( 1 943 ). 

30 .  Gokhale , V .  G . , and Bhide , B .  V . , J .  Indian Chem. Soc . , y, ZSO ( 1 945) .  

3 1 .  �oodson, J . A. , Biochem.  J . , !J! ,  1 Z3 ( 1 9Z I ). 

3Z .  Gulland , J .  M . , and Hopton, G .  U. , J .  Chem. Soc . , 6 ( 1 930) .  

3 3 .  Halle r ,  H.  L. , Goodhue , L .  D.  a nd  Jones , H.  A. , Chem. Rev. , �. 33 ( 1 94Z) .  

34. Hall e r ,  H. L. , and LaForge , F .  B . ,  J .  Am . Chem. Soc . , �. Z4 1 5 ( 1 9 34) .  

3 5 . Halle r ,  H. L. , and LaForge , F .  B . , J .  Org.  Chem. , l• 38 ( 1 936) .  

36 .  Haller ,  H. L . , and LaForge , F.  B . , J .  Org .  Chem. , _!, 49  ( 1 93 7 ). 

3 7 .  Hall e r ,  H.  L. , M cGovran, E .  R . , Goodhue , L.  D .  and Sullivan , W .  N. , J .  Org. Chem. , 
1 .  1 83 ( 1 94Z) .  

38 . Haller ,  H. L. , and Sullivan,  W. N. , J .  Econ. Entomol. , ,U ,  Z76 ( 1 938 ). 

39 .  Hanriot ,  M . , Compt. rend . , W• 1 50 - 1 90 ( 1 907 ) .  

40 .  Harp e r ,  S .  H. , Pyrethrl!"' Post , 1 .  9 ( 1 949) .  

4 1 . Hartzell , A. , Contrib. Boyce Thompson lnat. , !,l. Z43 ( 1 944 ) .  

4Z . Hartzell , A. , and Scudde r ,  H. , J .  Econ. Entomol. , }i, 4Z8 ( 1 94Z ) .  

43 .  Hartzell ,  A. , and Wexler , E. , Contrib. Boyce Thompson Jnat. , 1.!(3 ) ,  1 Z3 ( 1 946) .  

44 . Harvill , E. K. , Contrib. Boyce Thompson Inst. , !,2. 1 43 ( 1 9 39) .  

45 . Harvill , E. K. , Hartzel l ,  A. , and Arthur , J . M . , Contrib. Boyce Thompson Jnat. , 
!] .  87 ( 1 943 ) .  

46 .  Hedenburg , 0.  F. , and Wacha , H. , J .  Am. Chern. Soc . , lJ! ,  ZZ I 6  ( 1 948) .  

47 . Jacobson ,  M. • J .  Am. Chern. Soc . •  z.g ,  4Z34 ( 1 948 ). 

48 . Jacobson , M. , J .  Am. Chern. Soc . , 1! ,  366 ( 1 949) . 

49.  Jacobson ,  M. , J .  Am. Chern. Soc . , :u .  1 00 ( 1 9 5 1 ) . 

so .  Jacobson , M. , J .  Am. Chern. Soc . , n.  1 4 80  ( 1 950) .  

5 1 .  Jacobson, M. , Acree , F. , and H�lle r ,  H. L . , J .  Org. Chem . •  ll• 73 1  ( 1 947 ) .  

SZ .  LaForge , F.  B . , J ,  Am.  Chern. Soc . , � .  Z477 , Z484 ( 1 9Z8) .  

5 3 .  LaForge , F. B . , J . Am. Chem. Soc . , !!! · Z47 1  ( 1 9Z8) .  

54 . LaForge , F .  B . •  and Barthel , W . F . , J .  Or g .  Chern. , i• Z4Z ( 1 944). 

55 . LaForge , F. B . , and Barthel , W . F . , J .  Org. Chern . ,  !.2 · 1 06 ( 1 945 ) .  

56 . LaForge , F. B . , and Barthe l ,  W . F . ,  J .  Or g. Chem • • !.2 · zzz ( 1 945 ) . 

5 7 .  LaForge , F. B . , and Barthel , W. F . , J .  Or g.  Chern . , I Z , 1 99 ( 1 947) .  

58 . LaForge . F. B . , and Haller , H. L . •  J .  Am . Chem. Soc . , � .  8 1 0  ( 1 9 3Z) .  

59 .  LaForge , F .  B . , Halle r ,  H.  L . , and Smith , L .  E. , Chern. Rev. , }1, 1 8 1  ( 1 933 ) .  

Copyr igh t  © Nat iona l  Academy o f  Sc iences.  A l l  r igh ts  reserved.

F i rs t  Sympos ium on Chemica l -B io log ica l  Cor re la t ion ,  May 26-27,  1950
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18474

http://www.nap.edu/catalog.php?record_id=18474


265  

6 0 .  LaFo�ge , F .  B . , and Soloway , S .  B . , J .  Am . Chem. Soc. , !tJ ,  1 86 ,  2932 ( 1 947) .  

6 1 .  Markwood , L .  N. , U . S .  Bur. Ent. and Plant Qua r .  E - 56 1 , 24 pp.  ( 1 942)  (P rocessed) .  

62.  McAliste r ,  L. C. , Jr . , et al . , J .  Econ. Entomol . , fg ,  906 ( 1 947) . 

6 3 .  Metcalf ,  R .  L . , Natl. Res .  Council , Chem. - Biol. Coor. Cent. Rev. 1 ,  84 pp. , ( 1 948) .  

64 . Orechoff , A. , and Menschikoff , G. , Be r . , 64 , 266 ( 1 9 3 1 ) .  

6 5 .  Pendse ,  G .  S . , e t  al . , Current Sci.  (India) , li •  37  ( 1 945) .  

6 6 .  Pendse ,  G .  S . , e t  al . , J .  Univ. Bombay , 1 5A,  New Se r .  Pt .  3 ,  No. 20 ,  2 6  ( 1 946) .  

6 7 .  Pinne r ,  A. , Ber . , � .  2 9 2  ( 1 893) .  

68.  Posselt , W .  , and Reimann, L. , Mag. Pharm.  , 24 , 1 38 ( 1 828).  

69 .  P ril l ,  E . A. , Hartzell , A .  and A rthur , J .  M . ,  Contrib. Boyce Thompson lnst. , lJ ,  1 27 
( 1 946). 

70. Pr ill , E .  A. , Hartzell , A. , and Arthur ,  J .  M . , Contrib. Boyce Thompson lnst. , 14(8), 397 
( 1 947) .  

7 1 . Prill , E . A. , and Syne rholm , M .  E . , Contrib. Boyce Thompson. lnst. , 1!(4 ) ,  221  ( 1 946). 

72. Richardson ,  C .  H. , Craig , L.  C . , and Hansbe r ry ,  T .  R . , J.  Econ. Entomo1 . , !2. 850 
( 1 936) .  

7 3 .  Richardson, C .  H. , and Smith, C .  R . , J . Agri.  Research, ,U ,  5 9 7  ( 1 926) .  

74 . Schechte r ,  M . S. , Green, N. , and LaForge , F . B . , J. Am . Chem. Soc . , .!J ,  1 5 1 7 , 3 1 6 5  
( 1 949).  

75. Shepard , H .  H. , and Campbell , F. L. , J.  E con. Entomol. , n. 1 42 ( 1 932) .  

76.  Smith, C .  R . , J .  Am. Chem. Soc. , !6. 414 ( 1 924) .  

77.  Smith, C .  R . , J.  Am . Chem. Soc . , 22 .  1 936 ( 1 928) .  

78.  Smith , C .  R . , J .  Am . Chem. Soc . , ll· 277 ( 1 9 3 1 ). 

79. Smith , C. R . , Richardson, C. H.  , and Shepard , H .  H .  , J .  Econ. Entomol . , �. 863 ( 1 930) .  

80 .  Staudinger ,  H. , and Ruzicka , L. , He1v. Chim. Acta , 1 .  212  ( 1 924) .  

8 1 . Staudinge r ,  H. , and Ruzicka , L. , He1v. Chim. Acta , 1. 448 ( 1 924 ) .  

8 2 .  Sullivan, W.  N. , Goodhue , L.  D. , and Haller ,  H.  L. , Soap Sanit. Chemicals , !1(7 ) ,  1 07 
( 1 939 ). 

8 3 .  Syzaerho1m , M .  E . , and Hartzell , A . , Contrib. Boyce Thompson lnst. , !j(2) , 79 ( 1 945) .  

84. Synerho1m , M. E . , Hartzell , A. , and Arthur ,  J. M. , Contri_b. Boyce Thompson lnst. , 
u .  433 ( 1 945) .  

85.  Syne rho1m , M.  E . , Hartzell , A. , and Cullmann, V . , Contrib. Boyce Thompson Inst. , 
!1(1 ) ,  35 ( 1 947) .  

86 .  Thoms , H. , aDd Thumen, S . , Ber . , 44 , 37 1 7 ( 1 9 1 1 ) . 

87. Wachs , H. , Science , � · 530 ( 1 947) .  

Copyright © National Academy of Sciences. Al l  r ights reserved.

First  Symposium on Chemical-Biological Correlat ion, May 26-27, 1950
http:/ /www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


266 

88 .  Weed , A. , Soap Sanit. Chemicals , 1 4(6) , 1 33 ( 1 938) .  

Copyright © National Academy of Sciences. All r ights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


267  

DISCUSSION 

DR.  D .  F. MARSH (Univers ity of West Virginia , Morgantown, We st Virginia) :  I think 
s ince the time of Cushny 's  work with the cocaines and epinephrine , pharmacologists in general 
have been interested in the ve ry intriguing p roblem of the effect which optical isomerism may 
have on the biological activity. I do not mean by this that I think the biological activity is the 
direct result of rotation of plane polarized l ight ; it is j ust that these are two interesting prope rties 
which are possessed by the same structures in the mole cule . 

P e rhaps I misUDderstood the data on the sl ide but , if the data is as I understood it, it has 
some ve ry interesting aspects in relation to this problem of synergism or potentiation or 
antagonis m ,  or whatever you call it .  

In regard to the alkyl analogs of c ine rin , the activity of the g -mate r ial  was given as 3 . 3 , 
I bel ieve . 

I£ you take one part of the g - i some r  and one part of the talc or other inactive material , 
presumably the activity of that mixture would be about 1 .  7 . According to the data given on the 
s l ide , the !!J -m ixture was given as having an activity of only 0.  9 .  

I p resume that this might be  due  to  the technique of  testing.  Perhaps Dr .  Halle r  will 
elaborate on this although it i s  quite a wide margin. 

I wonder if it could mean that the !- i some r is acting not only in a noncontributory manne r ,  
but is  acting , shall w e  say , t o  protect the house fly , a s  it we re , against the g - isome r.  U tha� i s  
the case , does i t  mean , then ,  that w e  have he re a sort of I! -aminobenzoic acid - sulfanilamide 
mutual antagonism between the two ? 

There was another example  of this which happened to strike my eye earlie r .  Perhaps , 
again , I misunde rstood the data but levo anabas ine was l isted as having a toxicity of 1 0 . 1 .  U it 
does , then the .!!! -material was given as requiring five times as much to be toxic.  

In this case ,  the .9_-anabas ine is removing the activity of about twenty - four times as much 
levo anabas ine , if this is the true s ituation. The !U -m ixture ought to be about 0 . 2 instead of be ing 
'way up the re at 5 .  

I do not know ; maybe the re is a ve ry s imple explanation of  this but , in  any event ,  the 
figures are very intriguing from a pharmacological view. 

DR . HALLER :  Thank you, Dr . Marsh. 

P e r haps I did not make it c lear enough that the figures I gave are to indicate order of 
magnitude , and they were not all done in the same laboratory at the same t ime.  

I £  we take anabasine , for  example ,  and I couid c ite some of the othe r figures , too , you 
will find the same thing - where you may actually appear to have antagonism.  I do not believe 
that i s  so. Y ou will recall that I said we need more work in this field , because too much of it 
has been done in different laboratorie s .  My slides are a compilation of results from different 
places ,  trying to bring out the effect of optical activity and the effect  of configuration rathe r than 
the pre c i s e  data . I sometimes feel it might be well worth while , from the standpoint of studies 
in this field , to start from s c ratch, making these compounds in pure form,  and repeating some 
of that early work.  That is no reflection upon the early work at all .  We are going ahead with the 
studies of the pyrethrin - l ike esters and I must say that we have a man in our organization, 
Ge rsdorff ,  who has really done some very careful work in making the compa risons of which you 
speak , not only in this field , with house flie s ,  but the earlier work which I showed , with 
rotenone on goldfish. Some of his papers are well worth studying , for any of you who may be 
specifically interested . 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z68  

I notic e  Mr .  Schechte r coming up . I might say to you that he has done some very !inc 
synthetic work on the pyrethrins and c ine rins working with Dr.  LaForge . 

MR . SCHECHTER : Thank you , Dr. Halle r .  I have some late r information on this 
particular point which might shed a l ittle more l ight on the question Dr .  Marsh raised. 

We have recently tested the allyl - substituted cyclopentenolone esterified with the ! - isomer 
of chrysanthemum monocarboxylic acid and find that the este r has only about one -fiftieth of the 
activity of the ester with the �- form of the acid :  that i s , it is relatively nontoxic . 

In this series of tests , the ester with the Jll-ac id (which i s  the ester in commercial use) 
has a relative toxic ity of about l .  5 or l .  6 ,  as I remember  it . This fits in c los ely with the fact 
that the eater with the !-acid is relatively nontoxic s ince the e ste r with the g-acid has the highest 
toxic ity and the combination appears to be approximately half as .toxic as the este r  with the !!. -ac id. 

In the case of the ind ividual JU-!i.i! and !U-� acids , we had only ve ry small amounts 
available which were sent to us by Dr.  Harper of Kings ' College , England . We had so little that 
we could not check on the ir  purity so that the figures obtained with esters of these ac ids might 
perhaps be due to the lower  degree of purity of the acids employed. This should be c hecked up 
more c los ely and we may do so in the future. 

DR . ALFRED BURGER (Unive rs ity of Virginia , Unive rsity ,  Virginia ) :  I was particularly 
intrigued with Or .  Haller ' s  remarks , that the pyrethrins cause such rapid paralys is .  These 
compounds are alpha - beta unsaturated ketones , and they may have some relation to those anti 
biot ics which ,  as Geige r and Conn have pointed out , add mercaptan groups .  Even though the 
reaction of mercapto groups with enzyme systems does not explain al l the antibi ot i c  properties ol 
a compound , one could reason that if the pyrethrins would be capable of adding to sul fhyd ryl 
groups , the deactivation of many enzyme systems in the insect might be due to this reaction. A 
thought coming to mind in seeing the formula of sesamin is the poss ible ove rlapping w ith that ol 
biotin. 

Biotin has a thiophane ring condensed with a ureyl group and carries a buty ric acid s ide 
chain. The !ormula of se samin with its condensed hydrofuran rings conveys a s imilar ste rical 
picture at least of one portion of the molecule . 

I would l ike to ask Dr .  Haller whethe r anybody has ever tested biotin antagoni sts , of 
which there are quite a few , as insecticides .  

DR . HALLER : S o  Car as  I know they have not be en  tes ted . 

DR . BURGER:  The second point conce rns the  toxic ity of  nicotine and anabas ine .  I n  these 
compounds , Dr .  Hall er  has pointed out the ins ectic idal toxic ity drops eve ry time you remove the 
pyrrolid ine or the piperidine portion from the beta to the alpha position. 

In 1 94Z , Nieman and Hays of the California Inst itute of T e c hnology , pointed out that ,  i f  you 
put onto a pyr id ine r ;ng an ethylam ine s ide c hain  in the alpha pos it ion , you get histaminic activity . 
They re lated it at that t ime w ith poss ible chelat ion of the two nit rogen atom s in the ionic fo rm 
of the compound . 

I£ you write the molecule of histamine or anabas ine in the ionic form , you cannot poss ibly 
construct such a chelated formula but , if you construct the alpha i somer  of nicotine and anabasine 
then , particularly in the case of anabasine whe re the re  is no N-methyl g roup to introduce any 
s te ric factors , you have the pos sibility of constructing a cbelated ring .  

I want to ask  Dr .  Hal ler whether anybody bas e ve r cons ide red that nicotine toxic ity t o  
insec ts might be  in  any way connected with histamine -type activity .  

DR . HALLER : Here ,  again , the question, so far as I can answer it , is no. I do not know 
of anything which has been done along those l ine s ,  Or .  Burge r .  Probably that is one of the 
biggest weaknesses we have in our work , in that , we are working with exceedingly minute 
o rganisms , and it is not easy to bring out some of these  points you have mentioned .  I do not know 
spec ifically that anyone has given that particular angle or problem any thought , nor that tests of 
that s ort have been made . A big field is there , as I said. 
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There are at the pres ent time many compounds of widely diffe rent chemical s tructures 
that a re be ing introduced into l iving animals to produce rathe r specifi c  biological effects , thera
peutic or othe rwise ,  and that on more or le s s  s olid g rounds a re believed to p roduce the i r  e!!ects 
by inhibiting or in s ome o the r way regulating the activity of thiol systems . It is the purpose of 
this s urvey to br ing together in one discuss ion work that has been going on in seve ral fields as 
widely s epa rated as merc urial diuretics and fungal antibiotics .  A p re se ntation will first be made 
of the kinds  of c hemical reaction known to occur between the type compounds used and s imple 
thiol s .  This will be followed by an examination of the bas is  in each field for asc ribing the drug 
action to thiols and , as  fa r as pos s ible , an as s e s s ment of the present validity of this bas is .  It 
seems particula rly app rop r iate to attempt this in  a sympos ium on Chemical - Biological Correla 

t ion s ince the re are present so many with detailed expe rienc e  in pa rticular speCial fields that we 
need to touch and so the re is every opportunity for a l i vely discuss ion on this subject which has 
many c ontrove rs ial aspects . 

Since it is eas ier  to class ify the drugs used than the effe cts aimed at ,  or we might say the 
biological targets , we will arrange the subs equent discuss ion along the line s  of the chemical types 
of the c ompound s .  In Table 1 a re l isted the type compounds to which d is c us s ion will be l imited 
togethe r with the spec ific targets or the gene ral effe cts they a re aimed at. There is l itUe at the 
start that can be said about any common features of the targets , except that they are all l iving,  
metabolizing cells o r  systems of  cells . But  chemically the re is a common feature to all  of  the 
d rugs . They all could react with s imple thiol compounds . This fact ,  that a large number of 
drugs of va ried chemical structure could react with thiol compounds has led to a tendency to group 
the s e  c ompounds togethe r on the bas is of this common prope rty. They are sometimes called thiol 
reagents . BacqS has gone s o  far as to call them thioloprives . While the re may be s omething to 
say for the introduction of s uch a new te rm , the word will  not be used in this review because it is 
felt that it could have a tendency to narrow the poss ibilities of the mechan isms of drug action 
c ons idered.  To c ite a s ingle spec ific instance , in his analysis  of the action of ves icants , Bacq 
has not left room for the important poss ibilities  s uggested by the s ubsequent work of Pirie l O l  in 
which i s  pres ent�d evidence for the action of mustard gas on collagen , a protein c ontaining no 
thiols at a l l .  

TABLE 1 

Drug 

As + ++ . ;  As ++ +++ 

A rs enyl hal ide s  as lewis ite 

Alkyl halides as ; iodoacetate , sulfur 
mustards , nitrogen musta rds 

Unsaturated carbonyls 

Disulfide ; sulfoxide - sulfide 

Quinones  

Naphthoquinone & 

Alloxan 

Target of Effect 

Proximal tubule of kidney 

T rypanos ome& , spirochetes 

Schistosome& ,  Leishmania& , Filari.as 

Pyruvate oxidase ,  vesication 

Vesication, lac rimation , Lundsgaard 
effect 

Antibiotic 

Antibiotic 

Antibiotic ,  spe rmicide 

Antiplasmodic , antibiotic s ,  clot -mechan 
ism 

JJ-Cells of  the panc reas 
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Before begianing the chemical-biological correlation it wUl be best to survey carefully the 
chemical base . This seems particularly desirable s ince the re are several kinds of reaction known 
to occur easily with simple thiol -disulfide systems ,  such as cysteine -cystine , and which could 
conce ivably alao occur in more complex biological systems but which have never been described 
or conaidered in such material . The compounds listed in Table 1 can be separated into two 
groups depending on their action with thiols ; some act as oxidants , some act to form a covalent 
bond with an electron pair of the sulfur atom of the thiol. The oxidant action is most simply 
represented as a complete removal of an electron pair from a thiol molecule or ion as : 

0 0 0 
R -S•H ;:::!H + R -S- � R -S +Z £  (I) 

This is immediately followed by condensation of the positive ion formed with a remaining negative 
mercaptide ion because of the tendency of the latter with its electron-r ich sulfur nucleus to share 
an electron pair with an electron-poor atomic nucleus : 

0 0 
R-S - + R -S - R -S-S-R (ll)  

In this way a disulfide is formed as a secondary product of the primary oxidation reaction. A 
mechanism such as this might explain the great difficulty which baa always been encounte red in 
trying to measure oxidation- reduction potentials of thiol -disulfide systems . It has long been 
known that the disulfide exerts no effect on these potentials . If the reaction of equation (ll)  i s 
only very slightly revers ible then the disulfide might exert little effect on reaction (I) . It will 
also be· shown later that when disulfide• do dissociate they seem to do so by a mechanism 
different from the reverse of (Il) and representable by the first of equations (XII). The oxidants 
of Table 1 that can bring about the reaction (I) are pentavalent arsenic and pentavalent antimony. 
Chloropicrin has also been reported sometimes to oaidiae thiols smoothly and completely to 
disulfide • though the reduction product s imultaneously formed from the chloropicrin is not 
known. 33 , 67  Hellstrom63 has made some interesting obse rvations on oxidations brought about 
by certa in halogenated acids according to one or the other of the following : 

Z HOOC -CHz-SH + X -CHz -COOH -(HOOC -CHz-S)z + CH3 -COOH + HX 
( III) 

Z HOOC -CHz-SH + Z X-CHz -COOH - (HOOC -CHzS)z + Z CH3 -COOH + Xz 

These reactions were studied mainly in acid solutions and the re is no data on how far into the 
neutral range they may persist . This particular type of oxidation has not been reported for any 
biochemical system, nor has it even been found to occur i9 the phys iological pH range . 

Among the oxidants that can convert thiola to disulfide& there is one group of special 
interest and that is compounds that themselves have the disulfide structure. These include not 
only the organic diaulfides but a:lao the inorginic salt , sodium tetrathionate , which has a 
disullide structure . The special interest attaching to organic disulfide• as oxidants is that they 
are not ce rtainly known to oxidize any organic compounds other tl1an thiols and therefore their 
reduction in an organic system can be cons idered a test for the presence of thiols . This oxida 
tion _presumably occurs in two separate and successive steps as follows : 

R -S -S -R + R ' ·S -H ;:R -S-H + R -S -S-R '  + R ' -5 -H � R -5-H + R ' -S -5 -R '  (IV) 

Mixed d isulfidea , the product of the intermediate step , are more commonly known among 
aromatic disulfide• and even these are made by reactions other than reaction 1 (IV ) . There is 
anothe r aspect of this disulfide -thiol interaction of interest and that is the apparently parallel 
reaction between thiols and the sulfoxide -sulfides , or as they are sometimes called , alkyl thio
sulfiD&tes . 1 ZS 
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R -S -SO-R + R ' -S·H - R -S-S-R ' +  R -SOH (V) 

Finally there is an inte resting analoa of reaction (IV).  This is the redu.c:tion of disulfides by 
bisulfite ac:c:ordina to the reaction investigated by Clarke ;28 

R -S-S-R + Na -502 - 0Na - R -S-S Oz - ONa + R -S -Na (VI) 

But this reaction differs from that of equation (IV) in that even with ezc:eas sulfite the analo1 of 
the sec:oad half of reaction (IV) does not occur. 

All the other compounds listed in Table 1 unde rgo the sec:oad type of reaction with thiola , 
that is the formation of a covalent link between the electron- rich sulfur nu.c:leus of the thiol aud u 
electron -poor nucleus of the compound. This is another aspect of the same teadenc:y already 
illustrated in equation (II} ,  of a mercaptan to share one of its free electron pairs with an elec:tro
philic: atomic nucleus . Among s uch atomic nuclei are th� heavy metal ions which form very 
sliahtly dissociated merc:aptide s according to the type equation ; 

2 R -S -H + Hg++ ;::!R - S -Ha -5 -R + 2 H+ (VII) 

Trivalent arsenic and antimony , bivalent cadmium and lead , \monovalent 1old aDd silver readily 
form analoaoua me rc:aptides .  Thouah all reactions of the type illustrated for mercury in 
equation (VII) are revers ible , the equilibria are usually displaced far to the right.  Such a s imple 
m e rcaptide is not the. only type of compound formed between thiol aDd metal.  Some metals can, 
under favorable e-ditions , form chelate complex c ompounds when there is near to the thiol 
aroup another group also capable of complex formation. Tbe s implest ezample of this is 
illustrated by c:ompouads of the type formed from BAL aDd cadmium chloride . These were 
studies by Gilman aDd ,coworke rs SO aDd are of seve ral forma.  Mixing cadmium chloride aDd BAL 
in neutral or ac:id solution p recipitates the white compound (VW) . At alkaline reacti- and with 
exc:e88 thiol a water soluble cadmium complex is formed to which should probably be a88ilned tbe 
structure (IX) .  Conver

'
s ton of (VIII) to (IX) occurs at pH 7 to 8. Analogous compounds are 

,..s-cH2 
Cd, I 

S-CH - CHzOH 

(VIII) 

Na2 I Cd 1 
[ CHz.-s, ,..s-<j:Hz l 

HOCHzCH- S
/ '

S-CH -CHzOH 

(IX) 

formed with mercury. Such metal c:omplu compounds are quite stable and are similar to the 
s imple merc:aptides of mercury , arsenic aDd antimony in being only ve ry slightly dissociated. 
Complezes of the type (IX) have the coordinating metal in the tetracovalent condition , they are 
stable anionic c:ompluea .  That all four sulfur atoms are coordinated with the metal nucleus ia 
shown by the acid strength of the complex which is s uch that at pH 8 the anion exists as a 
disodium salt whereas me rcaptans are not completely ionized until a pH of about 1 1 is reached. 
The low dissociation of such complex ions into metal ion aDd BAL in neutral to alkaline solution 
is shown by the fact that on addition of sulfide ion no heavy metal sulfide s  precipitate . The 
c onvers ion of the wate r insoluble c:omplu (VIII) to the water soluble complex (IX) is completely 
analo1ous to the changes occ:urrlna amona complexes formed between the divalent metal ions , 
i ron or cobalt , aDd the thiol acids , cysteine or thioglyc:ollic acid . 1 1 4 , 1 1  S These c:omplues must 
be made in the complete absence of air.  At pH 4 to 6 they precipitate aa crystalline compluea 
of the form (X) while in the p resence of excess thiol ac:id and at pH 8 to 1 0 ,  water soluble 
complexes of the form (XI) are produced which can be separated in crystalline c oadition by 
addition of alcohol . Compounds of the type (XI) a re the pr imary stage involved in the ir-
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(X) 

[ <(Hr' /S-CHz ] 
Naz 1 �F� I 

co-o 'o-Co 

(XI) 

catalyzed oxidation of thiol acids by oxygen. Such complexes may also be involved in the oxida 
tion of p rotein thiols .even when oxidation is carried out by oxidants other than air . This i& 
indicated by the work of AnsonZ who showed that oxidation of denatured egg albumin thiols by 
fe r r icyanide is inhibited by cyanide . Both the complex types represented by (V111) or (X) and 
(IX) or (XI} are of inte rest in considerations of the action of drugs in tissue s s ince they could be 
formed in the phys iological pH range . 

Bes ides these reactions between metal ions and thiola there is another kind that can occur 
between some metal ions and disulfides·. This bas been described in a series of stud ies by 
s everal workers for the metals silver and mercury. 1 05 , 1 Z7 It is an oxidation- reduction reaction 
in which part of the disulfide molecule is reduced to thiol and part is oxidized to a highe r level . 
At first thi s higher level was thought to be a sulfonic acid but the most recent work of Lavine 74 
has s uppl ied reasonable evidence that the higher level is a sulfinic acid , at least for the case of 
the disulfide cystine . The reaction written in two ways to account for these two opinions would be ;  

Z R -S - S - R  + Z Hz0 -3 R -S - H  + R -S - OzH 
(XII) 

Though this reaction has been studied mainly in acid solution this is primarily for reaaou of 
experhnental convenience . There is no reason to think it can not also occur at neutral pH range . 
The function of the metal ion appears to be to upset equilibria and to drive the reaction toward the 
r ight by removal of the thiol as insoluble mercaptide . Whether the formation of a soluble complex 
with low dissociation would be equally effective in driving the reaction forward has never been 
stud ied . The re is still uncertainty regarding many phases of the reaction ; it is conceivable 
that with different diaulfides or in different pH ranges or with diffe rent metals , one or the other 
of reactions (XII) would predominate . Though the main driving mechanism of the reaction seems 
to be the formation of the. slightly dissoc iated mercaptide , iDSolubility of the metal aulfinate or 
sulfona-te would also help to determine ita direction. There baa been no study of possible 
appl ication of this reaction to such disulfide containing proteins as keratin or insulin. Further 
more , i f the driving mechanism of the reaction is the formation of slightly dissociated metal 
mercaptide• then lt could be expected that trivalent arsenic and antimony compounds might bring 
about s imilar changes . Such poss ibilities have never been described but would be rather easy 
to teat. 

One of the commonest types of nuclear condensation of a thiol compound is with alkyl 
halides .  This reaction is probably preceded or at least assisted by ionization of the halogen ; 

R -CHz -Cl-Cl " + R -CHz + + R ·S - :._. R -CHz -S -R (XIII) 

This i s real ly similar to the nuclear condensations already described as for example in (II) where 
c ondens ation of thiol occurs wi£h an ozidized , electron-poor sulfur nucleus or in (Vll) where it 
occurs with a metal ion. In (Xlll) the condensation occurs with an electron-poor carbon atom and 
yields a thio ether . This is the type of condensation that takes place when alkyl halides such as 
chloracetate , mustard gas or bromacetophenone react with thiola . The speed of such reactiou 
varie s enormous ly with both the alkyl halide and the thiol undergoing reaction. The pouibility of 
alte rnative oxidative reactions that can occur under certain conditiou with particular halogen 
a c ids has already been mentioned in equation (III). The extent and limitations of such oxidative 
reactions baa not yet been explored. The reactions of mustards with thiols was first investigated 
by Helfr ich and Reid6 l and appeared to be simply of the type (XIII) . More recently , as a result 
of intens ive study of both sulfur and nitrogen mustards , the reaction baa been found to be far 
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more c omplex. Here it can be only briefly noted that while both sulfur and nitrogen mustards 
appear  to react in  aqueous media by inte rmediate formation of s ulfonium and ammonium 
compounds respe ctively the re i s  a fundamental diffe rence .  The sulfur mustards l 3Z appear to 
react  by way of inte rmediate forms such as (XIV) while the nitrogen mustards 5 7 are believed to 

0....-CHz-CHz-Cl 

....-C Hz-C Hz-5 
s 'cH2-c H2-cl 

'C Hz-C Hz-Cl 

(X IV)  (XV)  

react by  way of  inte rmediates of  the type (XV) . In  each case  the c onclus i ons are baaed on 
s tudies of the kinet ics  of the reactions and on the is olation of intermediate compounds or their 
derivative s .  The unexpe ctedly high reactivity of both s ulfur and nitrogen mustards is presumably 
related to the formation of the pos itive onium ions which would be expected to have a areater 
tendency to act as alkylating agents because of a greate r tendency to yield positively charged 
alkyl ions than the s imple alkyl hal ide s of reaction (XIII). The alkylating action of a s ulfonium 
compound can eas ily be s hown to occur by warming thetine and thiourea in neutral aqueous solu
t i on. The following reaction oc curs ; l Z4 

0 G (..) A r':l m OOC -CHz -S (CHz - C OO"')z + S=C(NHz )z --+5(CHzC004z + '-'OOC -CHz - S -C(NHz ""1 (XVI) 

The se considerations s uggest anothe r kind of reaction than can take place between sulfur 
compounds and active alkyl hal ide s and that has not often been c ons ide red in biochemical studies.  
This is  the inte raction of the alkyl halide s w ith thioethe rs , e ithe r such as are formed as  a reault 
of reaction (XIII ) or such naturally oc curring one s as methionine . This reaction , which leads to 
the p roduction of s ulfonium s alts , has been studied for the particular case of the action of 
mustard gas on methionine , yielding the disulfonium ion ; l 3 1  

�H3 
S(CHz -CHz -5-CHz - C Hz - C HNHz - COOH )z 

0 
(XVII) 

Such s ulfonium salts could themselves again act as alkylating agents , transferring one of the 
combined alkyl groups to some other nucleus capable of attaching an alkyl group as in (XVI). 

As with the action of mercury salts , it has ,  in the past, been gene rally ass umed that alkyl 
halides react only with thiol s .  More recently the pos s ibility of reaction with thioethe rs has heeD 
cons ide red.  That alkyl halides could als o  react with disulfide&  has scarcely ever bee n  considered. 
Yet it was long ago s hownl 33 that dis ulfides can also react with alkyl hal ide s according to the 
equation ; 

(XVlll) 

Though this reaction was carried out at highe r temperatures it is altogether likely that with more 
reactive alkyl halides , such as the mustards , a s imilar reaction could take place under phyaio
l ogical conditions . 

The formation of s ulfides according to equation (XIII) has usually been considered to be 
p ractically irrevers ible but recently Peters and Wakelin99 have des c ribed a procedure in which a 
thio ethe r in the presence of a mercury or s ilve r salt at acid reaction UDdergoes a s cission INCh 
that on s ubsequently making the solution alkaline a pos itlve nitropruss ide test can be shown. The 
reaction was studied in particular for tbe case repres ented in (XIX) ; 
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275  

SOz(CHz -CHz -5-CHzC HNHzCOOH)z - HS -CHz -CHNHzCOOH 

+ HO -CHz -CHz -SOz -CHzC Hz -5-CHz -CHNHz -COOH 
(XIX )  

T o  what extent this reaction i s  related t o  the partic ular structure s hown is  not a t  present appar 
ent. It seems likely that the presence o f  the thioethe r i n  a position 11 with re spect to a sulfone 
might make it espec ially l ikely to undergo a hydrolytic reaction. Of the two thioethe r groups 
present only one is split. The reaction may be related to a hyd rolytic process  long ago studied by 
Otto in which disulfones a re split in alkali ; 

R -SOz-CHz -CHz -SOz -R-R -SOOH + R -SOz -CHz -CHz - OH (XX) 

This spl itting of a thioethe r with a si lver  or mercury ion accordina to (XIX) is also reminiscent of 
the similar splitting of disulfides by the same metal ions . 

It must also always be kept in mind that thes e alkyl halides can alkylate atomic nuciei 
othe r than sulfur nuclei .  87 , 1 1 8 Frequently such alkylation& at nitrogen or oxygen nuclei are 
slowe r ,  but just as the speed of sulfur alkylation can vary greatly as a result of nearby structural 
features , so it may be expected that alkylation of othe r nuclei will also be greatly influenced by 
neighbor ing structural elements . 

We know that protein structures and protein denaturation have great effects on alkylation 
speeds though :we have as yet only vaguely formulated theories as to why this is so. Rosne r l l O 
showed that i odoacetate continue s to react with denatured egg albumin long afte r the reaction with 
thiol groups has been complet�d .  Anson and Stanley3 s howed that tobacco mosaic virus could be 
almost c ompletely inactivated by iodoacetamide unde r  conditions s uch that few , if any , thiols 
react. Two amino acid residue s  that would appear most l ikely to be involved in such a reaction 
through their s ide chains are lysine and arginine . 

The next type of reaction we w ill cons ide r is that in which the thiol attaches itself to an 
ethylenic s tructure . Such a structure has ,  among its resonance forms , one in which the re is an 
electron -poor ca rbon nucleus and this will  be the one to which the thiol sulfur will attach  itself ; 

{XXI) 

This reaction ,  as most of the preceding , involves attachment of the electron - rich sulfur nucleus 
to an electron-poor nucleus . The process  has often been studied from the point of view of 
Markownikoff ' s  rule .  30  These  reactions are  gene rally not readily revers ible .  The reaction of 
some mustards with thiols has been thought to go through a stage in which the a lkylhalide of the 
mustard is first conve rted to an alkene . 8 Divinyl s ulfone in some respe cts reacts to give the 
same products as mustard sulfone. For instance with glycine both sulfones yield the same 
sulfonazane ;1 8 

/CHz-CHz 
SOz.. 

> N-CHz -COOH 
'CHz-CHz 

{XXll) 

The reaction of both s ulfones w ith thiosulfate , an inorganic thiol , led to the conclusion that 
musta rd sulfone is first conve rted to divinyl sulfone and so both sulfones finally yield the same 
thiosulfonate ; 1 30  
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SOz (CHz -CHzCl )z - SOz(CH=CHz)z -SOz(CHzCHz -S-SOz -ONa)z (XXlll) 

Somewhat s imilar to the addition of thiola to alkenes is the addition of thiola to carbonyl 
groups ; 1 1 6 ,  1 1 7 

R R (£) 0 R
�/OH 

'c=o� 'c-o- + HSR� /"',_ 
R/ R/ R SR 

(XXIV) 

Though reaction (XXIV) ia quite analogous to reaction (XXI) yet there ia an important difference in 
degree of stability of the p roducts . Reaction (XXIV) is far more readily revers ible , so much 10 
that the products often give pos itive nitroprus a ide reactions and always react with iodine to 
regenerate the carbonyl compound and produce the disulfide of the thiol. The reaction with iodiDe 
is so rapid that titration to a sharp end -point can be pe rformed jllSt as with free thiol. Generally 
reaction (XXIV) occurs only with more reactive carbonyl compounds  such as oc cur in aldehyde. 
but reactive ketonic ca rbonyl groups such as that of pyruvic acid also form such  addition com
pounds which can in most cases be called semi -mercaptals .  Acetylation of the hydroxyl group 
generally stabil izes the products.  Such acetylated aemi -mercaptals no lo111e r  give a nitro
prus s ide te at , even at pH 1 0 . They are only very slowly oxidized by iodine and cannot be titrated 
to a sharp end -point. An inte resting prope rty of the semi -mercaptals formed in reaction (XXIV) 
is the ease with which they react with amino compounds ; 1 1 9 

R _...NHR ' 
R 'NHz- )c, (XXV)  

R SR 

In the particular cas e  of cysteine the thiol and amino groups a re in the s ame molecule and 
appropriately spaced ao thiazolidine compounds result ; l 08 , 1 1 7 

HS - CHz _,5 -<(Hz 
R -CHO + I � R -CH, I 

HzN-tH-COOH NH-CH-COOH 
(XXVI) 

Such thiazolidines also diss ociate s ufficiently so that on treatment with i odine they yield cystine 
and the original alde hyde . On treatment in neutral aqueous s olution w ith iodoacetate they yield 
S -carhoxymethyl cysteine . Acetylation of these thiazolidines , which occurs at the nitrogen atom, 
stabilizes them so that the products are only very slowly oxidized by iodine to yield cystine .  
Such thiazoltdines can also b e  formed from the half hidden aldehydes o f  reducing s ugara , l ZO but 
curiously pyruvic acid seem• to react with cysteine to produce only a semi -me rcaptal and not a 
thiazolidine derivative . Liebe rman80 has found that 3 -ketosteroids also yield such thiazolidiaes 
with cysteine . Application of these reactions to p rotein thiols have been made in the study of 
ke ratine . 88 R elated to the formation of semi -me rcaptal• and thiazolidine s  ia the reaction in 
which aldehydes give cyclic mercaptal a directly with BAL ;96 

R -CHO + 
HS-CHz _ _......SJHz 

- R-CK_ 
HS-!H-CHzOH 's Hz -CHzOH 

(XXVII) 

Though there are no drugs in uae which are thought to act as a result of reactions of the form of 
e ithe r (XXI) or (XXIV) , these reactions have been discussed at len,th because of the fact that 
s ome antibiotic• have structures combining both the ethylene linkage and the carbonyl group , thlll 
uniting the pos s ibilities of both reactions (XXI) and (XXIV) in one molecule.  Addition of thiol to 
such a system of double bonds in conjugate pos ition has been studied for seve ral cas e s .  1 7 , 90 Tbe 
condensation of thioglycollate and benzalacetophenone gives a IS-keto- sulfide : 
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C6Hs -CH=CH-CO-C6Hs -c6Hs -fH-CH2- co-C6H5 
S-CH2 -COOH 

(XXVIII) 

Such thioethe ra  seem to dissoc iate revers ibly far more readily than those of equation (XXI) but do 
so  only at rather alkaline reaction. The thioethe r of (XXVIII) has a carbonyl group in the same 
position relative to the sulfur that in (XIX) is occupied by a s ulfone group . This  condition may be 
the cause of  the more ready dis soc iation of these thioetbe rs .  

The quinone molecule is one that in the smallest poss ible compass combines just  about all 
the pos s ib i l ities for reaction with thiols so  far discussed.  Quinone s are strong oxidants ; they 
could be imagined to react with thiols by oxidizing them to disulfide ; they have reactive ethylenic 
l inks and al s o  reactive carbonyl groups and so  might possibly react in accordance with equations 
(XXI) or (XXIV) ; they furthe rmore contain two separate and complete Q , j3 unsaturated carbonyl 
group ings a nd so might be cons ide red along with the antibiotics of this gene ral structure . It is  
best ,  howe ver ,  to conside r quinone as a special system , among whos e resonance isomers is one , 
with an electron-poor nucleus , which can attach to itself the electron- rich mercaptide ion ;  

0 

¢ --

OH 

�. 
t 
OH 

(XXIX )  

The resulting substituted hyd roquinone has be e n  isolated in se ve ral cases .  1 29 I n  the p resence of 
remaining quinone this monosubstituted hydroquinone can itself bec ome oxidized to a quinone and 
if the re is more thiol present the whole cycle of reactions can recur leading to a disubstituted 
hydroquinone . In fact continued repitition of this whole sequence will yield, if the supply of 
thiol holds out , a tetra -alkylthio-substituted hydroquinone and such a c ompound with the structure 
(XXX ) has been s hown to be formed in good yield in the reaction between quinone and thioglycoll 
ate . 1 2 1 The reaction of. C!ruinone with cyste ine is far more complex but by working in quite dilute 
s olution Kuhn and Beinert 2 have isolated a crystall ine product to which they ascribe the structure 
(XXXI).  No proof is offered for this structure and anothe r poss ibility that would need to be 

RS ASR 

RS V SR 

OH 

(XXX) 

00)_H-COOH 

(XXXI) 

OH WH - COOH 

OH H 

(XXXII) 

considered is the structure (XXXII) . In view of the high tendency of quinones to unde rao nuclear 
condensation not only with thiols but also with amines this structure m ight seem even more 
probable .  However formula (XXXII) contains two hydrogen and one oxygen atom more than 
formula (XXXI) and the analytical data fits (XXXI) better .  Substitution reactions s imilar to (XXIX) 
have also been found to occur between thiols and naphthoquinones .  Howe ver if the quinone used 
has all available pos itions adjacent to the quinone carbonyl groups s ubstituted then these conden
sation reactions cannot occur. Such completely substituted quinones or naphthoquinone• could 
however still react as oxidants of thiols . 

Equation (XXIX)  shows the condensation of an electron-rich thiol with a quinone . This 
type of c ondensation can also occur with great ease with other electron -rich nuclei ,  such as the 
nitrogen of amine s .  Amino-substituted hydroquinones have long been known to be formed by the 
action of many kinds of amines , even te rtiary amines such as pyridine , with unsubstituted 
quinone a .  1 0 It is probably such condensatiou that account for the tanning properties of quinone 
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which c ould condense with the free basic  s ide chains of  the lysine or the arginine res idues of 
c ollagen. 

The re remains to be discussed the complex c hemistry of alloxan, but here we are on far 
less ce rtain ground , for the chemistry of alloxan is even leas  well understood than that of 
quinone s .  Alloxan, like quinone , could be imagined to react with thiols either  because of ita 
prope rties aa an oxidant or becaus e it has an active carbonyl group .  On reduction alloxan goes 
through two separate steps , abs orbing a s ingle electron at each step. The fi rst step , which can 
be brought about by hydrogen suUide at room temperature , yields the bimolecular form alloxantin 
and the sec ond step , which can be brought about by the aame reductant at elevated tempe rature , 
yields dialuric acid:  

.,....NH-co /NH-c� PH 1\ .,....co-NH .J'{H-co 
co, �co�co......_ _ 

...... c-o-c )co�cc<_ )cHoH (xxxm) 
NH-CO "NH-CO 'co-NH NH-CO 

On the other hand alloxan has one carbonyl group located between two adjacent carbonyl groups , 
a structure which also occurs in mesoxalic acid and ninhydrin. This structure is known to have 
a particularly marked tendency to add molecules such aa wate r and alcohol s .  In conformity with 
this , alloxan ia known to form stable addition compounds with wate r ,  alcohol and phenol s .  
Addition of thiols has not been studied. I n  the cold alloxan reacts with a odium bisulfite to produce 
a normal bisulfite -carbonyl addition compound. At higher tempe ratures this breaks up to give 
the reduction product alloxantin. It ia not poss ible at present to make a decision between the two 
s imple and obvious reactions that could occur between alloxan and thiola ; reduction of alloxan to 
dialuric: acid and oxidation of thiol to disulfide or condensation of the two compounds to a semi 
mercaptal . Other reactions , in addition to these two,  could only be imagined . 

This finishes the survey · of the known chemical reactions that could occur between tbe 
drugs of Table 1 and thiol a ,  or their  close relatives , the disuUides . It might be well to summar
ize this briefly as rega rds specific ity . The oxidants , as  oxidants , appear to be fairly specific: 
as a group ; disulfide , sulfide -sulfoxide , tetrathionate , pentavalent arsenic and antimony do not 
oxidize any othe r known tissue components nearly aa rapidly as they oxidize thiol a .  The work of 
Purr l 07 suggests an exception ; the possibil ity that a mixture of fer rous i ron and ascorbate may 
be oxidized by disulfide . Also rathe r specific: for thiols are the trivalent a rsenic and antimony 
compounds , including lewisite. These react very eas ily with thiols  and with little else except 
hydroxy acids and phenol ic  compounds .  Me rcury raises  the interesting poss ibility of being able 
to react with either thiols or disulfides .  It is also known to form complexes with amino com
pounds .  With the alkyl halides the va riety of possible reactions suddenly becomes quite broad 
and incl ude s any electrophil ic nucleus .  The unsaturated carbonyl compounds and the quinone• 
also can react with a great variety of different molecular types beside s  thiola and do not even 
show any great preference for thiols .  Of alloxan we can only say at present that i� reacts with 
many kinds of molecules .  

With this background of  the poss ible ways thiols or disulfide& could react with the com 
pounds listed in Table 1 we a re in a better pos ition to examine some of the drugs used and to 
judge the value of explanations offered for the ir  mode of action. There remains however one 
important feature to keep in mind. All the preceding disucus sion baa concerned the interaction of 
s imple thiol compounds with the reagents l isted in Table 1 .  In the biological probl�a we must 
face however ,  the thiols are for the most part protein thiols and the reactivity or accessibility to 
reagents of protein thiols is known to be greatly dependent on the state of the protein. For those 
proteins which can exist in either a native or a denatured state , the thiols  may be partly or 
entirely unreactive to many thiol reagents when the protein ia in the native state. 

It s eems appropriate to begin the examination of drugs that could conceivably have some 
action on a physiological thiol system with those that contain me rcury. The older name of the 
thiol group ia mercaptan,  a word apparently synthes ized from a Latin phrase to record the 
general prope rty of the thiol compounds to capture or combine with mercury. But though this 
property of mercury to c ombine tightly with thiola has been known s ince the dawn of cbemiatry , 
it ia only w ithin the last few years that thought and expe riment have been directed to an examina
tion of the poss ibil ity of explaining the action of the extens ively used mercurial diuretics in term• 
of the combination of mercury and phys iologically active thiols .  Handley and LaForge59 first 
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showed that the diurectic action of both organic mercurials , mercuhydrin and mersalyl , and of 
inorganic  mercury compounds is prevented or abolished by BAL , thioglycollate and glutathione . 
Cysteine in contrast had l ittle effect in preventing mercury diuresis . In dogs the administration 
of BAL caused an abrupt drop in urine output to pre -mercurial level. Sussman and Schackl 37 
came to substantially the same results using mercuhydrin and further pointed out that BAL 
inhibition of diuresis might be due to formation of a stablt. mercury -thiol complex and not to an 
antidiuretic action of BAL inself. Farah and Maresh35 thought these  effects of reversing mercur 
ial diures is  with thlols suggested the possibility that the mechanism of action of mercurial 
diuretics  is an inactivation of thiol enzymes responsible direcUy or indirecUy for the resorption 
of salt and water from the lumen of the kidney tubules .  In addition to the ir  diuretic ef!ect,  
mercurials were known to have another important though far less marked physiological ef!.,ct. 
The use of mercurials as diuretics was known to be associated with occas ional toxic effects on 
the heart and in animals such toxic effects had been measured . DeGrafC and Lehman3Z had shown 
a protective effect against  this cardiotoxicity of mercurials following administration of sodium 
thiosulfate . Lehman78 related the cardiotoxicity of mercurials to the degree of instability of the 
complexes , that is the ease with which such complexes dissociated , presumably to yield mercuric 
ion. Long and Farah8 l , 8Z had shown that the monothiols ,  cysteine , glutathione and thioglycollate , 
markedly reduce the card�c toxic ity of mersalyl. They further found that BAL could suppress 
completely both the cardiotoxic and the diuretic actions of mersalyl .  In the reversal of either 
the cardiotoxic action of this mercurial or its acute toxicity by thiols ,  BAL was , in each case , 
effective in about a fifth of the equivalent amounts of cysteine or glutathione . Farah and Maresh35  
found it  possible to  produce an important differential effect. By the use  of  the monothiols ,  
cysteine a nd  glutathione , they could abolish the cardiac toxic ity of mersalyl without reducing its 
diuretic action. All of this work "'£P.S consistent with the idea that both the diuretic ef!ect and the 
cardiotoxic action of mercurials was due to inactivation or disturbance ,  by the drug , of physio
logically  essential thiol systems . But the finding of Farah and Maresh ,  bes ides its. obvious 
clinical importance ,  raised new ideas concerning the mechanism of mercurial action. If mono
tbiols could compete successfuily with the cardiac system that was poisoned by the mercury but 
could not compete with the renal system , it would appear as if these two physiological systems 
exerted quite different degrees of mercury binding. The renal system seemed to bind the mercury 
in a manner far less readily revers ible .  This could be interpreted as an application , at a bio
logical leve l ,  of  phenomena already described at  a biochemical leve l ;  that is that inhibition of 
some enzymes by arsenic or mercury could be reversed by monothiols  or dithiols while inhibition 
of other enzymes by mercury could not be reversed by monothiola but only by dithiols .  This 
reasoning had been the starting point for the extensive research programs centering about BAL. 
Stocken and Thompson l 35 have discussed many of the phenomena leading to the conclusions that 
the arsenic acceptor of many living cells can form more stable compounds with arsenic than any 
s imple thiols so  far investigated. Barron and his co -workers l Z  in a study of a areat variety of 
enzymes . found that inhibition by lewisite or by other arsenicals could be more effectively 
reversed by BAL than by glutathione . If inhibition by mercury is due to combination with thiol 
enzymes it would seem quite natural to expect for mercury a similar more complete reversal of 
ef!ect with BAL than with a monothiol , p rovided r ing compounds can be formed. Yet the work of 
Thomps on and Whittaker 1 40 does not bear this out for the case of pyruvate -oxidase inhibited by 
mercury or by antimony. In both cases inhibition is reversed by monothiols  and by BAL , yet 
there is not the same strikingly greater effect by dithiols. Bar ron and Kalnitsky l l  studied the 
reversal of mercury inhibition of succinoxidase brought about by a variety of thiols and also 
found the c ontrast in effic iency of dithiol and �onothiol less pronounced than in the case of 
reversal of lewis ite inhibition. ln fact for mercury inhibition they found 1 ,  3 dimercaptopropanol 
far more e ffective than BAL in reactivating succinoxidase .  The effect of thlols in reversing 
inhibition of enzyme action by heavy metals is thought to be a reflection of the competition of thiol 
and enzyme for the metal . The existence of such a competitive effect by no means proves that the 
enzyme combines with the metal through thiols of its own. If the enzyme -metal compound 
dissoc iates rather readily , then monotbiols as glutathione and cysteine suffice to take the metal 
away from the enzyme.  ln the case of more tightly bound enzyme -metal compounds monothiols 
are ineffective metal removers and only BAL type dithiols are effective. But both among dithiols 
and among monothiols there is a great variation in ability to reverse mercury or arsenic inhibit 
ion of enzyme activity. Thiols cannot be put in a linear sequence with regard to effectiveness  in 
reversing metal inhibition, nor can it even be said that all dithiols are more effective inhibition 
reversers than all monothiols .  With organic mercurial& the possibility of formation of five 
membered rings , such as lewisite  can form with BAL . may not even exist. 
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The work so far reported strongly suggests the possibility that me rcurial diuretics  briDJ 
about their action by inhibiting physiologically ess ential thiols of the kidney tubule but can not be 
regarded as proof. There is nowhere yet any direct proof that me rcury • reacts witb aDy physio· 
logical ly functional kidney thiol s .  All that is  proved by reactivation expe riments with monothiols 
and dithiols  is that whatever it is that mercury does can be reve rsed more or less effectively by 
these  agents .  The poss ibility of mercury inhibition by complex formation with amide , amino or 
hete rocyclic nitrogen c ompounds must still be recognized aDd would be j ust as consistent with all 
inhibition reve rsal experiments . The use of theophylline with mercurials i s  probably itself an 
express ion of the c ombination of mercury with an amide . Yet this thiol theory of the action of 
mercurial diuretics  is a good working theory because it will sugge st the furthe r experiments 
needed to establish or to disqualify its elf. It can also be of value as a guide to identify the ensyme 
systems of the kidney tubule respons ibl e  for salt and wate r resorption and to lead to an under· 
standing of  thi s  proc e s s .  

This thiol theory o f  mercurial  diuresis  has gotten valuable s upport· f r om  another line of 
work , that on the nephrotoxic action of tetrathionate . The tetrathionate ion has already been 
desc ribed as a membe r  of a class of oxidants , the diaulfides , which are rather specific for thiols .  
That tetrathionate can als o  react with protein thiols has been shown by the work of Anaon2 on 
denatured egg albumin. In this protein all the thiols are exposed.  On tbe othe r halld unrease 
contains both exposed and hidden thiols aDd only the latter condition ita activity. 38 , 62 Since 
tetrathionate does not inactivate this enzyme Fischer aDd Goffart39 conclude that tetrathionate 
reacts only with expos ed thiols . Gilman and his co -worke rs showed that tetrathionate produces 
disc rete les ions of cells of the proximal tubules  of the kidney with nuclea r  degene ration within a 
half hour afte r injection. They also showed that in rabbit aDd dog ,  tetrathionate is rapidly 
reduced to thios ulfate.  After confi rming the ability of this inorganic disulfide to oxidize organic 
thiols such as BAL , cyste ine and glutathione , they s howed that cysteine or thioaorbitol protect 
rabbits against the nephrotoxic action of tetrathionate . In searching for a mechanism , tbe 
conclusion was reached that the effect of tetrathionate is extracellular .  This was based on the 
fact that tetrathi onate appears to be distributed in extracellular fluid. Goffart and Fischer56 
carried this idea furthe r and concluded that the attack of tetrathionate is not on protein thiols of 
the kidney at all but on glutathione . This conclus ion was bas ed on an e stimate of the thiola of 
ltidney tissue .  The amount of P rusa ian blue deposited in kidney tissue after treatment with 
fe rricyanide followed by ferric salt was estimated and it was c onfirmed that kidney tissue is rich 
in thiol s .  After intravenous lethal dose s  of tetrathionate the kidney slices still s how as strong a 
P rus sian blue deposit as normal kidney. On the othe r hand e stimation of tbe glutathione content 
of rabbit kidney showed a disappearance of 80 percent of the reduced glutathione afte r injection of 
a lethal dose of tetrathionate . They conclude , as did Gilman and his co-workers , that the tetra
thionate acts on kidney cells by removing diffusible gl utathione rather than by penetrating these 
ce lls its elf. P hilips et al . 1 00 studied the effe ct of tetrathionate on succinoxidase , a typical thiol 
enzyme , taking material from s everal source s .  Tetrathionate is a powe rful inhibitor of the 
succinic dehyd rogenas e component of suc cinic oxida s e .  On other groUDds succinic dehydrogenase 
is known to be strongly inhibited by thiol reagents . 1 3  An assay was then made of the activity of 
the suc cinoxidase system of rabbit kidney cortex 60 minutes after an intravenous nephrotoxic dose 
of tetrathionate . This assay showed that no spe c ific inactivation of succinic dehydrogenase in 
vivo had oc curred as a result of tetrathionate injection. So it was concluded that inactivation of 
some other thiol enzymes of kidney cortex must be more directly concerned with the nephrotoxic 
action of tetrathionate . Clinical evidence I S shows some diminution of tubular res orptive capacity 
after tetrathionate administration illdicating a similarity of the action of this drug in man and 
laboratory animals . 

There are now known seve ral types of compoullda that are nephrotoxic and that have in 
c ommon a high degree of reactivity with respect to thiols .  Of thes e ,  me rcurials could act by 
mercaptide or complex formation, tetrathionate by oxidation. The conve rgence of the results of 
work with me rcury compounds and tetrathionate gives weight to the the ory that a thiol system is 
involved in their  physiol ogical action. The nephrotoxic effects of cadmium and alloxan point in 
the same direction. Gilman50 finds that the wate r s oluble cadm ium · BAL c omplex exerts a 
marked nephrotoxicity.  It is for this reason that prophylactic adminbtration of BAL to rabbits 
w ith intravenous lethal doses of cadmium c hloride did not save the animals from fatal renal 
insuffic iency. The highe r renal toxicity of cadmium · BAL complex than of s imple cadmium ion is 
ascribed to its ability to penetrate cells o£ the renal tubules whe re l iberation of cadmium by 
metabolic  transformation of the complex follow s .  Nephrotoxic action of antimonials will be 
m entioned late r .  
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Closely assoc iated w ith the effect  on the kidney of the drugs de .s c r ibed i s  the ir  effe ct on 
the hea rt .  This  has been obs e rved in the cl inical use of mercur ials in cases  of cardiac ins uf 
fic iency. The effe ct of me rcurial& o n  the heart c an occur by var ious mechanisms . Mercuric 
chloride removes the inhibitory effect  on the rhythmical c ontractions of heart  muscle due to the 
action of the vagus ne rve ; this effe ct is res tored afte r was hing the heart with cyste ine . 70 At 
anothe r le vel of action , Bailey and P e r ry 1 found actin -myosin inte raction to depend on the thiols 
of myos in.  T he s e  thiols a re als o  conce rned in ATPase activity of myos in.  A variety of thiol 
reagents , including iodos obenzoate , hyd rogen pe roxide or iodine , iodoacetamide or chlo

.
rme rcur i 

benzoate , reduce both enzyrr.e activity and abil ity t o  form actomyos in a t  about the same rate . The 
groups c once rned are ·mainly , but not entirely , thos e giving the nitr op russ ide test and are 
acce s s ible to oxidants . Godeaux5 2  found that the supe rcontraction of myosin fibe rs in a solution 
of ATP c onta ining potass ium chloride and magnes i um c hloride was inhibited completely and 
instantly by me rcuric  c hloride ; the supe rc ontra.ction reaction was als o  inhibited more or less  
rapidly by hyd rogen pe roxide , potass ium iodate , chloropic rin , musta rd gas , chloracetone and 
iodoacetam ide . He furthe rmore bel ieved the orde r in which  the s e  c ompounds a rranged themselves 
with regard to this action on myos in fibe rs to be identical with the order  of the i r  action on p rote in 
thiols . While  chlorop icr in blocks thiols completely and inhibits myos in  s u.pe rcontraction 
comple tely , monochloracetone can block only 60 pe r cent of the prote in thiols and only at high 
concentration ( .  1 M) does it inhibit s upe rprec ipitation completely. 5 3 , 54 This s lowe r acting 
ve si cant . he also found , c ould block 40 percent of the myosin thiol s without having any effe ct on 
s upe rp r e cipitation , but when it blocked the next 20 percent of the myos in thiols the s upe rpr e c ip 
itation was completem inhibited . Unde r these conditions the hidden thiols have not yet reacted .  
Pol is  and Meye rhof l 2 point out that iodoacetate attacks only superfic ial ly l ocated thiols while 
me rcury compounds also attack le ss  access ible thiols . T hey show that low c oncent rations of 
iodoacetamide , iodoac etate , iodos obenzoate and phenylme rcuric  hydroxide activate ATPase by 
30-80 percent. Glutathione antagonized both activating and inhibiting influe nce s .  Frede ricq4 2  
finds that c hloropicr in ,  w hile reacting to destroy a l l  the thiols o f  native myosin ,  doe s  so in two 
distinct stage s , the first is an almost instantaneous reaction ,  the s e c ond is a g radual one . 

Anothe r aspect of the action of mercur ial compounds s upposed to be related to thiols is  
the ir  us e as anti septi cs  and paras itic idal agents . Though this bacte r ic idal effe ct  of me rcuric  
chloride  i s  antaaonized by thiola 36 it cannot be reve rsed by thiols .  1 39 That merc ury compounds 
can als o  inhibit enzymes supposed not to require thiols has raised s us pi c i ons as to whethe r in its 
antibacte r ial action mercury real ly attacks essential thiol s .  

The n,xt d rugs of Table 1 include the trivalent and pe ntavalent arsenicals . This i s  the 
aroup of d r ugs most thoroughly explored with reaard to action on thiol systems . The arsenicals 
are the d rugs whic h ,  togethe r w ith the d i s ullide s ,  are probably most nearly spec ific in reacting 
readily w ith thiols and not with any othe r known tis s ue c omponents . Since the aspects of arsen 
icals in the i r  role as the rape utic  agents for the treatment of infe ctions with sp i rochaete& or t ryp 
anos ome& has al ready be en analyzed by Eagle and Doak it will  not be dis c us s ed he re . T he aspects 
of arsenicals related to the ves icant action of lewis ite will  be discussed late r in c onnection with 
the haloge nated ves icants . 

It i s  curious that though the a rsenicals constitute the g roup of drugs whose mode of action 
has longe s t  be en suspe cted to be related to thiols , and have been mos t  tho roughly studied in this 
connect ion ,  the antimonial• have s carcely rece ived any attention at all from this point of view and 
gene rally have been far less  studied in the laboratory . E ven the p repa ration of new compounds 
has laaged far behind the more impress ive array of available arsenicals . Yet clinically anti 
monial& have been  used almost as long as arsenicals . Dis regardin& its more ancient uses , 
antimony in the form of ta rta r emetic came into c l inical use in 1 908 in the treatment of trypanos 
omias i s , in 1 9 1 3  in le ishmaniasis  and in 1 9 1 5  In s chistosomiases .  Ce rtainly it was natural , 
be cause of the ea rly promise  of arsenicals and be cause of the c lose c hemical similarity of 
arsenic and antimony , to test antimonial s for anti -parasitic properties . Though antimonials have 
been us e d  in c ombatting a number of disease c onditions , it is pr inc ipally in s chistosomias is , 
filarias i s  and some forms of le is hmania i nfections , parti cularly kala -aza r ,  that they have come to 
be most w idely use d .  Because so much le s s  work has been done with the mechanism of action 
of ant imonial s in biological systems and even on isolated enzyme systems we can only gue s s  at its 
mode of action by analogy , based on the s imila rity of chemical reactions of antimony compounds 
to those of arsenic compounds .  Ce rtainly in s imple chemical systems we know that pentavalent 
antimonial s a re as readily reduced . by thiols to the tr ivalent conditions a• a re the pentavalent 
a rsenicals . We also know that trivalent antimony forms mercaptides at least as readily as the 
trivalent a rsenic compounds . That the formation of such mercaptides als o  extends to protein 
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thiols appears probable from the claims of several patents in which antimony is reported to form 
combinations with the products resulting from pa rtial hyd rolys is , reduction and dialysis of 
ke ratins . 1 36 , 1 44 The function of the partial hyd rolysis  is me rely to render the ke rateine water 
s oluble . Even before the advent of BAL the protective effect of monothiols on antimonial toxicity 
to mice had been noted by Launoy .  73 More extended studies by Chen and GeilingZ6 showed that 
cysteine not only reduc ed the toxic ity to mice of trivalent antimonials but als o  reduced their 
toxicity to trypanosomes .  Studies of  the effect of BAL on antimony toxic ity has led to contra 
dictory res ults . Braun et al . 1 9  found BAL to decrease the toxic ity of tarta r  emeti c ,  fuadin and 
neostam , but Gammill et al .  44 while finding that BAL decreased the toxic ity of tartar emetic , 
reported that it inc reas ed the toxic ity of fuadin and neostam. Sandgroundl l l  has reported findin&• 
of cons ide rable inte rest on the detoxication to rats of the pentavalent antimonial stibosan with 
,2 -aminobenzoic acid . At the same time ,2 -aminobenzoate dia not inte rfe re with the trypanocidal 
potency of stibosan. This was an extens ion of previous work on similar detoxication of penta 
valent ars enical s .  Subsequently Sandground l l  Z s howed that a variety of s ubstituted benzoates 
also p rovided great p rotection to rats against carbarsone and arsanilic ac id .  Will iamson and 
Lourie 1 4 3 found that _p -aminobenzoate antagonizes the trypanocidal activity of tryparsamide . 
McChesney et a l . 86 broadened the field of protective agents still further when they reported that 
ascorbate and some of its analogs p rotected rats against toxic effects of neoarsphenamine . All 
these detoxication studies have been  made in vivo. Whether they have any relation to thiols is l!.ot 
at present known. They can se rve as leads for future work and in the meantime may give rise to 
s ome caution against too ready acceptance of the thiol theory of antimonial and arsenical dru1 
action. 

A question that must constantly recur with refe rence to the action of drugs presumed to 
operate by affecting a thiol system is that if one s uch  dru1 producea a certain physiological effect, 
why do not all the othe rs produce the same effect,  at least in some measu re ? U me rcuriall 
damage kidney tissue and more specifically the tubules , why do not antimonials also do so ? 
Franz4 1 found that one of the earliest changes , observable within a few hours afte r administration 
of tartar emetic intravenously to rabbits , was a swell ing and degeneration of kidney epithelium. 
Harris60 found the most conspicious injury produced in rats given intravenous lethal doses of 
tryparsamide or stibosan was a necrosis of the convoluted tubules .  ,2 -Aminobenzoate given 
intravenously or orally to such poisoned rats resulted in a marked dec rease in such leaions . 

As regards the direct action of antimonial• on the paras ites against which they are used, 
we have such data as that of Gellhorn and Van Dyke49 on the accumulation of antimony in those 
organs as the spleen and live r in which the leishmania paras ites congregate in hamsters .  Some 
interesting findings we re made in a screening study of drug effects on expe rimental infections of 
Schistos oma mapsopi in m ice . I ZZ It was s hown that whereas almost any antimony compound had 
s ome effect on the paras itic worms , arsenic and bismuth compounds were completely without 
effect .  A s ingle mercurial had a weak effect in riddin& the mice of these parasite s .  The specifi 
c ity of antimony in this case , though arsenic , bismuth and me rcury as well as antimony all react 
s imilarly with thiols , is not explained . Furthe rmore though all antimonial• showed s ome efiect 
in disturbing the worms or actually killing them the ir  efficacy varied widely .  It seemed that fat 
s oluble antimonial• were more effective and those tried were mostly of the type Sb(SR)]· in which 
antimony is already combined with thiol . Finally , one of the moat efficac ious drugs foundl Z3 

was the antimony complex of BAL , a complex in which antimony might be expected to be tightly 
e nough bound so ·  that it could not be toxic to eithe r host or paras ite .  This drug is given by mouth 
and actually is scarcely toxic to the mouse but appears highly effective in r idding the mouae of the 
schistosome worms . The schistosome worm is a more highly oraanized animal than the bacteria 
or protozoa . It has a cuticle and a digestive tract and it is likely that the d rua reaches the worm 
through the digestive tract. The worm lives in the bloodstream of ita host ;  in the adult stage it 
lives In the veins of the mesente ries .  It would seem that the most plaua ible path of the drug fed 
to the mouse would be to penetrate the inte stine , ente r the bloodstream, be ingested by the worm 
and penetrate its intestine . The vis ible effect of the drug is a degene ration of the sexual organs 
of the parasite . U antimoniala are toxic to animals because of a thiol interaction it m ight be 
expected that they would be toxic to all animals . Yet when given to a host carrying parasites it is 
s ometimes poss ible to kill the parasite without killing the boat, that i s , the therapeutic Index of 
the drug is greate r than one . U BAL forms a very firm complex with antimony and detoxifies the 
antimony with respect to the host,  it might be thoqht that BAL would als o  detoxify the antimcmy 
with respect to the parasite . This Ia not always the case . We already know that thouah BAL can 
detoxify arsenic , antimony and mercury compounds in man , it intensifies the toxicity of leacl and 
seems to cause no g reat change in the toxic ity of cadmium. 83 BAL seems incapable of releaslq 
cadmium from luna tissue .  1 2 5 The mapharside - BAL .compound Ia more toxic to rats than 
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mapha r s ide itself,  95 yet the presence of excess BAL reve rs e s  the s e  relative toxiciti e s .  Phenyl 
thioa r s e nites we re found to have about the same toxic ity as the parent phenylarsenoxides to 
ame bic pa rasite s , but to have a cons ide rably reduced toxic ity to the ir hosts . 1 W ith respect to 
s chistos ome worms BuedingZ l has found that BAL inc reases the effect of me rcury in inhibiting 
glycoly s i s , that is BAL inte ns ifies the toxic ity of me rcury to the worm .  It s e ems clear that we 
are in no po!l ition to make us eful predictions c once rning the eUect of heavy metals combined with 
BAL in animals . Eac h species and each metal must be te s ted empirically and the re is reasonable 
hope that useful combinations can be found to detroy paras ite s , whethe r bacte rial , protozoal or 
helminthic , and at the s ame time to be relatively harml e s s  to the hos t ,  whethe r  man or beast.  

The next group of drugs to c.ons ide r is that of the alkyl halides , incl udina the war gas e s .  
The ta rpt of thes e d rugs i s  perhaps best de fined by the ir de s c r iptive class ification as lac r i 
mator• , ste rnutator s ,  lung i rritants and ve sicants but though these a r e  the immediate and 
obvious effects most of the compounds have potentialitie s for slowe r ,  far more gene ralized 
systemic toxicity , both cytotoxic and nucleotoxic. T his g roup also. inc ludes ars enicals of the 
lewis ite type and the mus c�e poison , iodoac etate , which Lundsgaard brought into prominenc e .  All 
the members of this group are e ithe r alkyl halides or a rs enyl halides . T hey are all capable of 
reaction with thiols in s uu a way as to attach dire ctly to the sulfur the alkyl group as in (XIII) or 
the ars enyl group in a manne r analogous to equation (VII) . T he products are called in the first 
case thioethe ra , in the second arsenic m e rcaptide • or thioar senite s .  It has already been pointed 
out that diffe rent reaction mechanisms a re known to occur , as for the sulfur and nitroaen 
mustards , (XIV , XV,  XXW) ; and that even totally diffe rent e nd p roducts may result , as shown in 
equations (III) .  The re is no que stion that all the s e  compounds could react with thiols , the re is 
e ven not much doubt that in biological systems they do react with thiols. Howeve r ,  whethe r thei r  
main action i n  biological systems . -that is whethe r the action that p r oduc e s  the obs e r ved biolog i 
c a l  effe ct is di re ctly due to inte rfe rence with phys iolog ically functioning thiols is not a t  a l l  clea r .  
Chem ically t he  g r oup is c haracterized as a highly elect rophilic group. Many o f  the c ompounds 
a re capable of reacting with electron rich atomic nuclei  othe r than thiol s ulfur . Of particula r  
importance would be nitrogen in amino , imino or hete rocyclic form . F o r  instance the te rtia ry 
amino nitrogen of py ridine reacts easily with iodoacetate and so do othe r te rtiary amine s .  In the 
reducti on of the pyridine nucleotide• during the i r  natural functioning cycle the quate rna ry pyridin
ium salt is reduced to a te rtiary amino compound and in this cpndition could poss ibly react with 
the active alkylating agents of this group . This has ne ve r been s hown to oc cur. The ar senic 
compounds of this g roup , compounds of the lewis ite type , are on the othe r hand p robably fa r more 
specific for e ithe r  thiol or hydroxy compounds s ince ars enic seems to have l ittle affinity fo r  
nitrogen and few compounds are known with a n  arsenic - nitrogen link. The action o f  lewis ite on 
ke rateine investigated by Stocken and Thomps onl 34 led to the conc lus ion that only the thiols of 
the prote in react with lewisite . On the other hand it has already been pointed out that anothe r 
vesicant , m usta rd gas its elf ,  readily combine s with collagen, a prote in containing no thiols , 
yielding a s ulfur containing p roduct. Mustard in aqueous s olution has be e n  s hown to react with 
carboxylate ions to yield e s te r s .  8 9 Binet and Welle rs 1 4 found the action of mustard gas on yeast 
and dog skin did not affe ct the thiol content and concl ude that the toxic ity of mustard is not due to 
reaction with tis s ue thiols . The amount of mus.tard s ulfur combining with p roteins may be ten 
times the e quival ent of the thiols that react. 9 Goffa rt55 studied the effect of a variety of ve s i 
cants on s kin and concluded that while chloropicrin, chl oracetophe none and iodoac etamide react 
rapidly with skin thiols , m usta rd does not act in the same way. The eHe ct of mustard on yeast 
growth can not be inte rpreted s ; mply as a binding of glutathione . 69 In a study of the effect of 
lac rima tors , Mackworth8 5 found them to reai:t fa r more rapidly with p rotein thiols than with 
s imple thiols and made the inte r esting obs e r vation that denatu red enzymes containing no 
demonstrable thiol c ould p rotect active enzyme s against inhibition by lac r imato r s .  Y et unde r  the 
same conditions , denatured e gg albumin , known to contain active thiol , afforded no prote ction. 
Pet-: rs and Wakelin98 s howed that musta rd gas does not abolish fixed thiols of muscle though 
mustard sulfone and phenyldichloroa r sine readily do s o .  Examining the rea ction o£ mustard w ith 
ke rateine they find only a quarte r of the combined mustard to be bound to. thiol . Thus mustard 
diffe rs from lewisite which seems to attack only thiols . T he s e  same authors 9 7 point ·out that the 
toxic: dos e  of mustard gas in vivo is of a far lowe r order of magnitude than the concentration 
required to inhibit enzyme s ystems . They found N , N -diethyldithiocarbamate , which m i ght have 
been exp e cted to decrease the inhibition of the py ruvate oxidase sy ste m  by m us ta rd ,  actually 
increased the inhibition. That the potentiating eUe ct of the dithiocarbamate might be due to 
formation of the compound (C zHs )zN - CS -S{CHz)zS(CHz) zCl s e emed poss ible from the high 
toxicity of this compound to pyruvate oxidase.  A similar report of inc rease in toxic ity of mustard 
is that of Kucharik and Telbisz 1 1 , that a mixture of mustard and glutathione is mo re toxic to 
parame c ia than mustard alone . It is · findings s uc h  as the s e  that emphasize the objections to the 
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s imple c oncept that all potential thiol reaaenta really produce thei r  bioloaical effect. by reactiOD 
w ith phyaioloaically easential thiola .  Ce rtainly it callllot be said that the drua• of thia aroup 
p roduce the ir effects by s imilar mechaniama or even that they all react with the aame taraeta . 
Yet the re is a curious s imilarity in their immediate effects which permita aroupiDI them as 
vesicants . 

Perhaps even more complicated than the veaicanta and their relative• are the antibiotica. 
Amona these compounds are found a wide variety of atructurea .  Of thea e ,  two type• have been 
l isted in Table 1 as potentially capable of reactina with thiola and in fact bown to react with tbe 
s imple r ones . These are the 11 , jJ  or IJ , y unsaturated carbonyl compoWida on the oue hand and the 
diaulfldea or alkylthioa ulfinatea on the othe r hand. The curious prope rty that many antibiotic• 
have of becoming inactivated on incubation with s imple thiola , even when there ia no obvious 
poss ibil ity of inte raction known, was first pointed out by Cavillito and Bailey. 23 Geiaer and 
Conn47 first pointed out a structural feature of some antiblotica , the unsatllrated ketouea , that 
c ould account not only for the inactivation of these antibiotic• by cyateine , but for the antibacterial 
action Itself. This Idea was worked out In particular for clavacin and penicillic acid and served 
as a guide in a search for othe r antibiotics  amona relevant orpnic compound• and led to the fiDd . 
i ng of s ome ac rylophenonea and dibenzoylethylenea with marked antibacterial activity. 46 Such 
antibacterial unsaturated ketones when mixed in exceaa with thiola abolish  the nitropruaaide 
reaction of the thiola and when mixed with excess thlol lose the ir antibacterial propertiea. Then 
unsaturated ketones were further found to have an inactivattna effect on enzyme• known to have 
e s sential thiola .  Cavalli to and HaakenZS extended this structural idea to include a, jt and p, y 
unsaturated lactone a and for the 6 IJ, Y -angelica lactone• iaolated products of reaction with 
cysteine and related aminothiola .  Brode rson and KjaerZO made an extensive study of unsaturated 
lactones and found only a few to have antibacte rial propertiea . They concluded that thia structure 
by itself was not suffic ient to g ive a compoWid antibacte rial propertiea .  Rinderbecht et al. 109 
in gene ral supported the results of Geiaer and presented additional data alona the same line.  
CavallitoZZ made a study of thiol structure aa related to inactivation of a number of dif�erent 
antibiotics and found two main groups of antibiotics : one composed of auc h  a ubatancea  as gliotCIIIliD 
or d iallyl aulfoxide aulfide , readily inactivated by any of a half dozen thiola tried ; and a aecond 
group , Including penic illin and atreptomycin which was rapidly inactivated only by cyatei111e or a 
derivative of cysteine havina both thiol and amino group free . On the basis of this difference in 
spec ificity to inactivation by thiola be augaeated the inte re atina idea that these  latter antibiotics 
miaht block the arowth of a polypeptide chain by: blockina the free cyateinyl end when this was 
formed at the end of such a chain. Bailey and Cavallito6 made an important distinction amana 
those antibiotics inactivatable by incubation with cysteine , dividiJII them into two distinct aroupl 
on the bas is of whether the bacte riostasis they produce la , or Ia not , reversed by addition of 
cyste ine . Those in which thia bacteriostasis ia readily reve rsed by cyateiDe are characterized a1 
s howing little specific ity to inactivation by thiola ; those in which bacte riostasis is not reversed 
by cysteine are more spec ific  and inactivated only by cysteine or close analogs . This cla .. ifica 
tion is identical with that just desc ribed based on the specificity of the thiol inhibitor.  Thus a 
reas onable case has been made that the antibiotics with unsaturated ketone or unsaturated lactoae 
structure could exe rt their  action throuah non-specific binding of eaaential thiola , reversible by 
addition of cysteine . For the antibiotics gliotoxin and allylaulf011tideaulfide the picture is some 
what similar though in this case the reaction with thiola , while als o non- spe cific ,  is of the thiol· 
d isulfide oxidation- reduction type .  Z4 . 

The re remain the curious antibiotics penicillin and streptomycin. Both are inactivated by 
incubation with cysteine and both are rather specific in not bein& readily inactivated by othe r 
thiol s .  In the .case of streptomycin the inactivation by cysteine m iaht be due to thiazolidiDe forma· 
tion with the free carbonyl group of the bioae component s ince streptomycin is also inactivated by 
ca rbonyl reagents such as hydroxylamine and aemicarbazide . Furthermore dihydroatreptomycin 
is not inactivated by cysteine . Several worke ra l 6 , 48 , 1 4 1 have shown that streptomycin is inactiv· 
ated by a large numbe r  of reducing agents and even loses activity in the presence of bacteria 
under reducin& c onditions . From existing data no clear case can be made that streptomycin 
exe rts its antibacte rial effect by reaction with essential bacte rial thiols thouah the pos s ibility ia 
s till open, 

W ith the penicillins the relation to tbiol a is quite diffe rent. Penicillin can undergo no 
obvious reaction with tbiola and it is in fact not rapidly inactivated by thiola · aenerally but only by 
cy steine and cyateinyl glycine. The structure of penicillin has been shown to be aufficU:ntly 
s imilar to that of glutathione 37 to suggest the pos sibility of an anti -es s ential -metabolite functiOD. 
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Pratt and Dufrenoy l 03 , 1 04 have alao sua1ested a thiol involvement of penic illin action but alona 
totally different l ine s .  The araument rests on observations of patte rns p roduced by redox 
potential indicators fiooded over  penicillin auay plates .  The patte rn with Z , 6 -d ichlorphenol 
indophenol is as follows : the zone of inhibited growth is stained blue ; the uninhibited areas are 
faintly blue and between these  two areas is a narrow colorless rina that indicates a zone of 
enhanced 1rowth. The colora of these zones is interpreted as beinl related to their glutathione 
contents in the sens e  that the less the color the highe r the glutathione content and the hiaher the 
glutathione content the more active the arowth. Then in the central zone of dark blue color the re 
ia no glutathione and no growth , in the oute r areas of faint blue color the re is a certain amount of 
glutathione associated with normal arowth and in the narrow zone between these there is no blue 
color at all showina a high alutathione concentration and greatly enhanced growth. These authors 
then show that fiooding plates with formaldehyde , which is assumed to block the glutathione thiola , 
reawts in the formerly narrow colorless  ring of high alutathione content now staining deep blue • 

showing the alutathione to have been blocked . These indications that penicillin inhibition is 
correlated with disappearance of bacterial alutathione is then linked with the observation of Gale 
and Taylor43 that penicillin inhibits the uptake of alutamic acid by Staph. !!!!!.!!! · The 
possibility is suageated that penicillin prevents synthesis  of the es sential glutathione in the cell 
by preventina the entrance into the cell of a neces sary component of the glutathione . Another 
curious feature of penicill in is that its antibacterial action is enhanced both in vitro and in vivo by 
the presence of low concentrations of cobalt salta . In line with the sugaestion that the action of 
penicillin may lie in blocking alutathione formation by keepint alutamic acid out of the cell , it 
would seem reasonable to interpret the enbancina elfect of cobalt by a related mechanism as 
inhibitint alutathione formation by removal of cysteine in the form of the hiahly stable complexes 
it is known to form with cobalt ions . Another suaaestion for the mechanism of the inhibition of 
penicill in action by cysteine is that of a chain reaction of penicillin destruction initiated by 
cysteine . 1 Z6 This is baaed on the dec reasina ratio of cysteine required to antaaonize increasina 
concentrations of penicillin. 

Quinones , both benzoquinone• and naphthoquinone• ,  are known to have a strona anti 
bacte rial elfect. 4 , 9 1 In addition to this they have been recognized as the moat effective com 
pounds for killint spermatozoaS8 a nd  the cercarial staae of s chistosome parasites .  1 1 3 Some 
naphthoquinone• have hithlY funaicidal properties .  1 38 Finally some naphthoquinones have a 
chemotherapeutic as well as a prophylactic effect in Plasmodium infections in ducks and chickens . 
Z 7 The mechanism of the antibacterial action of quinone• baa been considered from the point of 
view of their  hiah oxidation potential , 9Z as well as from the point of view of their  aeneral 
reactivity . 58 The ease with which unaubstituted or partially substituted quinonea react with 
simple thiola baa already been discussed.  In addition they condense rapidly with a variety of 
&mines , including even cycl ic tertiary amine• such as pyridine . Colwell and McCallZ9 have 
considered it probable that the antibacterial and antifunaal action of napthoquinonea ia due to 
reaction with thiols . Foote and co-workera40 have tried to relate the inhibition of spore termina
tion .of some funti with the inhibition of carboxylase activity by a number of naphthoquinones .  
Carboxylase  is a thiol enzyme. They went even further and , from t be  failure of prolonaed incu
bation of  naphthoquinone• with carboxylase to  cause any more inhibition than when these compon
ents were freshly mixed, concluded that the naphthoquinone• are able to react with and to inhibit 
only the functionina enzyme and not the reatint enzyme. They tried to atve this idea some 
plausibility by pointina out that sluttishly reactint thiola of the enzyme miaht become available 
or reactive only durin& the functionint of the enzyme . The explanation of the antibacterial action 
of quinone a as due to a condensation with essential thiola baa been c riticized by pointint out that 
many completely substituted quinone a ,  such as spinuloain ,  are quite potent antibiotics .  It Ia 
probable that such completely substituted quinone• cannot condense with thiols by reactions of the 
form (XXIX). Haloaen substituted quinones , however ,  seem to have a reactivity toward thiola 
s imilar to alkyl halides and far treater than aryl halides.  For instance ,  chloranil reacts as 
readily with thioalycollate as quinone itself and yields identically the same p roduct. l Z l The 
mechanism of the reaction of thiols with halogenated quinone• is altogether different from the 
reaction with unsubstituted quinones .  In the forme r case no hydroquinone is produced , in the 
latter bydroquinone may be produced. It is conceivable that other sufficiently neaative aroupa 
might be displaced just as are baloaena from substituted quinonea .  Certainly the funticidal 
properties of the Z ,  3 -dichlor 1 , 4 -napbthoquinone l 38 could he due to thiol interaction, by replace 
ment of halogen by thiol . Hoffman-O.tenh;,6S ha s  studied the inhibitina effect of a variety of 
qulnonea on known thiol enzymes such as urease and papain. He found a close parallelism in the 
effect of many quinone• on these e1111ymea and thouaht that consequently the mechanism of quinone 
inhibition for these e1111ymes is probably similar.  He further concluded that there was no such 
parallel between the inhibition of these enzymes by quinone• and the antibacterial potency of the 
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s am� quinon�s , s inc� many of the most potent antibiotics had little or no inhibiting effect on the 
�nzym�s .  His conclus ion is that th� antibiotic action of quinones is p robably complex. Ge iger45 
has made s om� obs� rvations that may h�lp to unrav�l s ome of this complexity. In th� firat place 
he finds a d iff�r�nc� in the requir�m�nts of gram -negative and gram-pos itive bacteria as regards 
th� s tructure of quinones that w ill inhibit the ir  growth. Whe reas gram -pos itive organisms were 
s topped by all quinon�s tr ied , the gram-negative organisms wer� inhibit�d only by quinones with 
at least one unsubs tituted ortho pos ition. In the second place the antibacterial activity of quinone& 
can be blocked by thiol s  only in the case of the gram -negative bacte ria and not w ith gram-pos itive 
bacte r ia .  These findings become of �ven greater inte rest when cons idered together with the work 
of Henry , Stacey and Teece64 on th� i solat ion of a thiol containing nucleoprotein from gram
positive bacte ria with specif ic g ram s ta ining p roperties .  Such a nucleop rotein could not be 
i s olat�d from gram -n�gative bacte ria .  Of great interest is the observation that unde r  the influ
� nc� of bact� r iostatic concentrations of penic il l in ,  cel ls of Staph. � gradually l ose thei r  
pos itive reaction to the Gram stain. 34 

Anothe r inte resting physiological mechanism relat ing quinones and thiols was suggested 
in deta i l  by Lyons . 84 He formulated a theory for the mod� of action of V itamin K as a functional 
part of prothrombin. Fibrinogen,  he thought , had hidd�n thiols which were unmasked by one 
c omponent of prothrombin only to be conve rted immediately to the disulfide of fibrin by an oxida
t i on by the naphthoquinone component of p rothrombin. One piece of evidence for this scheme was 
the claim to have found naphthoquinone in prothrombin by a colorimetric test .  Dam3 1 was unable 
to confi rm this . Yet s ome s ort of thiol mechanism is impl ied in reports 68 of the inhibition of 
fibrinogen coagulation by iodoacetamide . 

The last of the drugs or Table 1 to d i scus s  is alloxan. This  compound long known and 
studied has sprung into prom inence during the last few year& because with it a d iabetic condition 
can be produced in experimental animals . Injection intravenous ly of proper doses  of alloxan into 
s eve ral specie s of laboratot-y animals leads to rapid and s el ect ive nec rosis of the 13 -cells of the 
is lets of Langer hans . 93 Previous administration of glutathione or cyste ine complete ly blocks 
this necrotizing effect of alloxan on the 13 -cells and also prevents development of d iabetes .  75 
That thiols protect animals against development of d iabetes only if administe red immediately 
before or at the same time as the alloxan led to the opinion that the effect  p roduced by alloxan is 
due to combination w ith thiols rathe r than to oxidation of them to d i sulfides .  77 The opinion that 
g lutathione combines  with alloxan was further s upported by the appearance of an additional 
max imum in the absorption sp�ctrum at 305_,. p on mixing glutathione and alloxan. Yet it was 
a lso shown94 that glutathione can reduce alloxan to dialuric acid .  The fact is we do not have 
clear data at present as to which reaction takes place o r ,  if both take place , which predominates .  
Alloxan ,  l ike ninhydrin which it resembles structurally , also reacts w ith amino acids having a 
free amino group . 79 Purr l 06 claims alloxan conve rts prote in thiol to disulfide without affectin1 
othe r p rotein groups . Hopkins and co -workers66 found alloxan at low concentration c ould inhibit 
s ucc inic dehydrogenase .  Hexosediphosphatase inhibition by alloxan. could not be r�ve rsed by 
cyste ine , s uggesting that the reaction is not an oxidative one . 1 4Z 

As w ith many othe r thiol reagents already discussed the re is no que stion that alloxan can 
and does react with tis sue thiol s .  The c r itical question that is not yet suffi c iently answered is 
this ; does the diabetes produced in animals by alloxan result from reaction with t is sue thiols ? 
Lazarow76 gives a degree of plaus ibility to an affirmative answer with the following observations . 
Since � - cells synthes ize ins ulin , a disulfide protein ,  they may be expected to have a higher redox 
potential than other tis sues .  This appears to be so from results of sta ining with Janus green. 
S inc e the 13 -cel ls  have a weaker reducing potential they probably contain less  thiol , e ither as cell 
p rote in or as reduced glutathione . This would make them less  capable  of destroying alloxan than 
othe r cel ls  with a greater thiol reserve .  Or looking at the s ame matte r in another way , the 
synthes i s  of insul in ,  c ontaining l Z  pe rcent cystine , by the 13- cells is l ikely to compete with 
glutathione synthes is , so these cel ls are apt to be left w ith only a small glutathione reserve to 
p rotect them from alloxan. 

Summarizing the broad s urvey attempted ,  we find few sharp conclus ions . Arsenic 
c ompounds , whethe r tr ivalent or pentavalent, are known to react with no tis sue components other 
than thiols and the evidence that they do in fact react with tis s ue thiol s is quite good. Of anti 
monials we can say almost the same although some antimony compounds can als o  react with 
hydroxy ac ids . U the re is  less  evidence that they do react with tiss ue thiols this is  largely 
because much les s work has been done with antimonial s .  Mercury compounds can equally readily 
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react with thiols and in many case s are known to react with ti ssue thiols . But s ince mercurials 
could also  react with disulfide& and a great va riety of amino compounds we are here on less  
certain ground . Tetrathionate and the disulfide antibiotics are not ce rtainly known to react with 
anything but thiols .  With the alkyl hal ides , unsaturated carbonyl antibiotics , quinones and alloxan 
we are on altogethe r  unce rtain ground and no gene ralization is at present likely to be good except 
that they a r e  all capable of reacting with thiols . In some individual cases there is  a fair  amount of 
evidence that they do produce their effects by reaction with tissue thiols. In a few cases , notably 
the sulfur and nitrogen mustards , the re is good evidence that at least some of their  effects are 
unrelated to thiols .  For most of these c ompounds the great need is for m ore evidence .  

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

F i rs t  Symposium on Chemica l -B io log ica l  Corre la t ion,  May 26-27,  1950
ht tp : / /www.nap.edu/cata log.php?record_ id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z88 

BIBLIOGRAPHY 

1 .  Anderson,  H . H . , Hansen ,  E . L . , Sah , P . P . T .  and Cafiao ,  J . R . ,  J .  Pharm. Exptl . Tber. , 
2.! ,  l l Z { 1 947 ) .  

Z . Anson, M. L. , J .  Gen. Phys iol . ,  � .  399 ( 1 94 1 ) . 

3 .  Anson , M .  L.  and Stanley , W . M . , J .  Gen. Physiol . , U ,  6 79 ( 1 941 ) . 

4 .  Armstrong , , W .  D . ,  Sp ink , W .  W.  and Kahnke , J . , P roc .  Soc . Exptl . Bioi. Med. , � .  230 
( 1 942 ) .  

5 .  Bac q ,  Z . M . , Exper ientia , A .  349 , 385  ( 1 946 ) .  

6 .  Bailey , J .  H. and Cavall ito , C .  J . , J .  Bact. , �. 1 75 ( 1 948 ). 

1 .  Dail ey , K .  and Perry ,  S .  V . , Biochim. Biophys . Acta , ! •  506 ( 1 947) .  

8 .  Banks , T .  E . , Boursnell , J .  C . , Francis , G .  E . , Hopwood , F .  L .  and Wormall , A. , 
Biochem . J .  , !Q ,  734 ( 1 946 ) .  

9 . Banks , T. E .  , Boursnel l , J . C. , Francis , G. E . , Hopwood , F. L .  and Wormall , A. , 
Bioc hem. J . , !Q ,  745 ( 1 946 ) .  

1 0 . Ba rnett , E .  B . , Cook , J .  W .  and Peck ,  W .  C . , J .  Chern. Soc . , 1 03 5  ( 1 9Z4) .  

I I . Ba rron , E . S . G. and Kalnitsky , G . , Biochem. J . ,  iJ ,  346 ( 1 94 7 ). 

l Z .  Barron , E .  S .  G. , M ille r , Z .  B .  , Bartle tt , G .  R .  , Meye r ,  J .  and S inger , T .  P . , Bioc:hem. 
J . •  !J .  69 ( 1 947 ) .  

1 3 . Barron , E . S . G .  and Singe r ,  T . P . , J .  Bioi .  Chern. , ill • ZZ l ( 1 945 ) .  

1 4 .  Bine t ,  L .  and Wellers , G .  , Bull .  Soc . Chim . Bioi.  , !§ ,  7 5 1  ( 1 946 ) .  

1 5 . Bloom , N. , Forbes , G. and Policoff ,  L. , Proc . Soc . Exptl . Bioi .  Med. , :U.  207 (1 949). 
1 6 . Bondi , A. , Dietz , C .  C .  and Spauldina . E. H. , Science , w .  399 ( 1 946) .  

1 7 . Bougault , J .  and Chabr ie r ,  P . , Compt. Rend .  ill . 395 ( 1 94 7 ). 

1 8 . Bour snell , J .  C. , F rancis ,  G. E. and Wormall , A. , Biochem . J . , !Q ,  737 ( 1 946). 

1 9 .  B raun, H. A . , Lusky ,  L. M .  and Calve ry ,  H. O . . J .  Pharm. Exptl . The r . , Supt .  8 7 ,  1 1 9 
( 1 946 ) . 

ZO .  Broderson ,  R .  and Kjaer , A . , Acta Pharmacol .  Toxicol . , A .  1 09 ( 1 946) .  

2 1 .  Bueding , E . , Phys iol .  Rev. 1! .  1 95 ( 1 949) .  

ZZ . Cavallito,  C. J . , J .  B ioi . Chern. �. Z9 ( 1 946 ) . 

2 3 .  Cavall ito ,  C .  J ,  and Bailey , J .  H. , Sc ience , 1 00 ,  390 ( 1 944 ) .  

Z4 . Cavallito,  C . ' J . ,  Bailey , J .  H . and Warner ,  W .  F . , J .  Am. Chern.  Soc . , U .  7 1 5 ( 1 946) .  
Z 5 . Caval lito , C . J , and Haskell , T . H. , J .  Am. Chern.  Soc . , � . 1 99 1  ( 1 94 5 ) . 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z89 

Z 6 .  Chen,  G .  and Geil ing , E. M. K. , J .  Infect. Dis . , Ji ,  l 5Z ( 1 945 ) .  

Z 7 . Clarke , D .  H. and Theiler ,  M. , J .  Infect. Dis . ,  8Z , 1 38 ( 1 948) . 

Z 8 .  Clarke , H .  T . , J ,  Biol. Chem. , 2] ,  Z 3 5  ( 1 936 ) .  

Z9 . Colwell , C .  A. and McCall , M. , J ,  Bact. , � .  659 ( 1 946) .  

30. Cunneen , J .  I . , J .  Chem. Soc . , 1 34 ( 1 947) . 

3 1 . Dam , H. , Vitamins and Hormones ,  fl ,  Z 1 ( 1 948} .  

3 Z .  D e  Graff , A .  C .  and Lehman, R .  A . , J .  Am . Med. Assoc. , ill • 998 ( 1 94Z) .  

3 3 .  Des re ux ,  V . ,  Fredericq,  E.  and Fis che r ,  P . , Bull . Soc . Chim. Biol . , U .  493  ( 1 946) .  

34 . Dufrenoy , J, and P ratt , R . , J ,  Bact. , �. Z83 ( 1 947) .  

3 5 .  Farah, A.  and Maresh ,  G . , J . Pharm. Exptl . The r . , U .  7 3  ( 1 948) .  

3 6 .  Filde s ,  P . , Brit. J .  Exptl. Path. , !J ,  6 7  ( 1 940 ) .  

3 7 .  Fische r ,  E . , Science , ill . 146  ( 1 947 ) .  

3 8 .  Fisc he r ,  P . , Bull .  Soc . Chim . Biol. , � .  Z 4 0  ( 1 946) .  

3 9 .  Fische r ,  P .  a nd  Goffart ,  M. , Compt. R e nd .  Soc . Biol . , !!.! ·  5Z7 ( 1 947) . 

4 0 .  Foote , M. W. , Little , J .  E.  and Sproston, T .  J . , J ,  Biol. Chem . , W .  481  (.1949) .  

4 1 . Franz , G . , Arch. Exptl . Path. Pharm. , !!fl ,  66 1 ( 1 937) .  

4 Z .  Fredericq,  E . , Bul l .  Soc . C him. Be1g . , af., Z6 5  ( 1 945 ) .  

4 3 .  Gale , E. F.  and Taylor , E . S . , J .  Gen. Mic robiol . , !• 3 1 4  ( 1 94 7 ). 

44 . Gammill , J , F . , Southam , C .  M .  ,and Van Dyke , H. B . , Proc .  Soc. Exptl . Biol . Med. , 
� .  1 3  ( 1 947 ) .  

4 5 .  Geige r ,  W.  B. , Arch. Biochem. , !! ·  Z3 ( 1 946) .  

46 .  Geige r ,  W .  B. , Arch. Biochem. , !_!,  4Z 3 ( 1 948 ) .  

4 7 .  Geige r ,  W.  B .  and Conn ,  J .  E . , J .  Am . Chem. Soc . , � .  l l Z  ( 1 945 ) .  

48 .  Geiger ,  W. B . , Green,  S . R .  and Waksman, S . A. , P roc.  Soc . Exptl. Biol .  Med . , §.! , 1 87 
( 1 946) .  

49 .  Gellhorn , A. and Van Dyke , H .  B. , J .  Pbarm. Exptl . The r. , y, 1 6Z ( 1 946) .  

50 .  Gilman, A. , Philips , F .  S . , Allen, R .  P. and Koelle , E.  S. , J .  Pbarm. Exptl . The r . , 
Supt . 8 7 ,  85 ( 1 946 ) .  

5 1 .  Gilman, A . , Phil ips , F . S . , Koelle , E . S. , Allen ,  R . P .  and St. John, E. , Am. J .  Physiol . , 
w. 1 1 5  ( 1 946) .  

5Z . Godeaux , J . •  Bull . Soc . Roy .  Sci .  Liege , !.} ,  Z l 9  ( 1 944) .  

5 3 .  Godeaux , J , .  Compt. Rend.  Soc . Biol . , !,!9. 675  ( 1 946) .  

54 . Godeaux , J . • Compt. Rend.  Soc . Biol . , w . 678 ( 1 946) .  

5 5 .  Goffard , M. , Arch. Inte rn. Pharmacodyn. , 1!. 9 ( 1 947) .  

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Fi rst  Symposium on Chemical-Bio logical  Corre lat ion,  May 26-27,  1950
ht tp: / /www.nap.edu/cata log.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z90 

5 6 .  Goffart , M .  and Fis che r , P. , Compt. Rend .  Soc . Biol . , !!! , 5 Z 8  ( 1 947) .  

5 7 .  Golumbic , C . , Fruton , J .  S. and Bergmann, M . , J .  Org. Chem . , ll •  5 1 8  ( 1 946). 

5 8 .  Gulland , J .  M. , B iochem. J . , l2 ·  3 Z  ( 1 93Z ) .  

5 9 . Handley , C .  A. and LaForge , M . , Proc . Soc . Exptl . B ioi . Med. , 6 5 ,  74 { 1 947 ) .  

6 0 .  Harr is , P.  N. ,  J .  Pharm. Exptl . Ther . , 8Z , Z54 ( 1 944 ) .  

6 1 .  Helfr i ch ,  0 .  B .  and Reid,  E .  E . , J .  Am. Chem . Soc . , H· 1 Z08 { 1 9ZO ) .  

6Z .  Helle rman , L. , Chinard , F . P. and Deitz , V. R . , J . Biol . Chem . , 1 4 7 ,  44 3 ( 1 943) .  

63 .  Hel lstrom , N . ,  Ark. Kemi Mineral . Geol. , 1 3A ,  f6 ( 1 939) .  

64 . Henry , H. , Stacey , M. and Teece , E .  G. , Nature , 1 56 ,  7ZO ( 1 94 5 ) .  

6 5 .  Hoffman-Ostenhof ,  0. , Scienc,. , 1 05 , 549 { 1 94 7) .  

6 6 .  Hopkins , F .  G .  , Morgan ,  E .  J .  and Lutwak -Mann ,  C .  , Biochem. J .  , g ,  1 8Z9 ( 1 938).  

6 7 .  Jackson ,  K. E . , Chem. Rev . , !J ,  Z 5 1  ( 1 934) .  

68. Jeene r ,  R . , Experientia , 1 .  Z4 3  ( 1 947 ) .  

69 .  Kinsey , V .  E .  and Grant , W. M. , J .  Ce l l .  Comp . Phys iol . , �. Z89  ( 1 947) .  

10 . Koschotojanz , C .  S. and Turpajew , T .  M. , Nature , ill · 8 3 7  { 1 946 ) .  

7 1 .  Kucharik ,  J .  and Telbisz ,  A. , Arch. Intern. Pha rmacodyn. , � .  1 57 ( 1 947 ) .  

7 Z .  Kuhn , R . and Be ine rt , H . , Ber . , Jl ,  6 0 6  ( 1 944) .  

7 3 .  Launoy , L. , Bull . Soc . Chim. Bioi . , U ·  1 0ZZ { 1 9 35 ) .  

74 . Lavine , T. F. , J .  Biol . Chem. , !!1 · 309 ( 1 937 ) .  

75 .  Lazarow , A. , Proc . Soc . Exptl .  Bioi . Med . , � .  44 1 ( 1 946 ) .  

76 .  Lazarow , A . , Phys iol . Rev. , l2 .  48 ( 1 949 ) .  

7 1 .  Lazarow , A. , Patterson, J .  W .  and Levey , S. , Scienc e ,  !.!!§ , 3 0 8  ( 1 948) .  

18 .  Lehman , R .  A. , Proc .  Soc .  Exptl . Bioi . Med.  , � .  4Z8 ( 1 947) .  

79 .  Lie ben ,  F .  and Edel , E. , Biochem. Ze it. , lli ·  403 { 1 93Z) .  

80 .  Liebe rman , S .  , Experientia , 1 .  4 1 1  ( 1 946) .  

8 1 .  Long , W . K .  and Farah , A. , Science , W •  ZZO ( 1 946) .  

8Z. Long , W. K. and Farah , A . , J .  Pharm. Exptl . Ther . , !!.!! . 388  ( 1 946) .  

83 .  Longcope , W . T .  and Luetsche r ,  J . A. , Ann. Int. Med. , ll . 54 5 ( 1 949 ) .  

84 . Lyons , R . N . , Austral . J .  Exptl . Bioi. Med . Sc i . , � . 1 3 1  ( 1 945) . 

8 5 .  Mackworth , J .  F . , Biochem. J . , � .  8Z ( 1 948 ) .  

8 6 .  McChesney , E.  W . , Barlow , 0. W .  and Klinck, G. H. , J ,  Pharm .  Exptl . Ther . , J.!! , 8 1  
( 1 944) .  

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

First  Symposium on Chemical-Bio logical  Correlat ion,  May 26-27,  1950
http: / /www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


29 1 

87.  Michaelis , L. and Schube rt , M. , J.  Biol. Chern . , 1 06 ,  3 3 1  ( 1 9 34) .  

88. Middlebrook , W .  R .  and Phillips , H. , Biochem. J . , !! · 2 1 8  ( 1 947 ) .  

89 . Moore , S . , Stein , W. H. and Fruton, J . S . , J .  Org. Chern . , !! 675 ( 1 946 ) .  

90 .  Nicolet , B .  H . , J . Am .  Chern. Soc . , 5 3 ,  3066 ( 1 9 3 1 ) . 

9 1 . Oxford , A. E . , Chern.  Ind . , i! .  1 89 ( 1 942) .  

92 .  Page , J .  E .  and Robins on ,  F .  A. , Brit.  J .  Exptl . Path . , !!. 89 ( 1 94 3 ) .  

9 3 .  Palay , S .  L . and Lazarow , A. , Anat. Rec . , � .  5 5  ( 1 946).  

94 . Patte rson ,  J .  W . , Lazarow , A. and Levey , S . , J .  Bioi.  Chern. , Ul •  1 97 ( 1 949) .  

95 .  Peters , R .  A. and Stocken, L . A . , Biochem . J . , iJ ,  5 3  ( 1 947 ). 

96.  Pete rs ,  R.  A. , Stocken,  L . A . , Thompson, R .  H .  S. , Woodward , F . N. , Millidge , A. F .  and 
Gasson ,  E .  J . , u . S.  Pat . 2 , 432 , 797 ( 1 94 7 ) .  

97.  Peters , R . A. and Wakel in ,  R.  W . , Biochem. J . , .il ,  545 ( 1 947) .  

98 .  Peters , R . A. and Wakelin,  R.  W . , Biochem . J . , .il. 550  ( 1 947 ) .  

99 .  Pete rs ,  R .  A. and Wakel in ,  R .  W . , Biochem. J . , !1 .  555 ( 1 947 ) .  

1 00 .  Philips , F . S . , Gilman , A . , Koel le , E . S. and Allen , R . , J .  Biol .  Chern. , 167 ,  209 ( 1 947) .  

1 0 1 .  P i rie , A. , Biochem. J . , .il ,  1 8 5  ( 1 947 ) .  

1 02 .  Pol is , B .  D . and Meye rhof , 0. , J .  B ioi . Chern . , !!2 •  389 ( 1 947) .  

1 0 3 .  P ratt , R .  and Dufrenoy , J . , Bact .  Rev. , 1 2 ,  79  ( 1 948 ) .  

1 04 .  P ratt , R .  and Dufrenoy , J . , J .  Am . Chern.  Soc . , 19,  1 6 7 1  ( 1 948) . 

1 05. Pre isle r ,  P. W .  and Preisl e r ,  D. B . ,  J .  Bioi . Chern . , !2_, 6 3 1  ( 1 930 ) .  

1 06 .  Purr , A. , Biochem. J . , A2 ·  5 ( 1 9 3 5 ) .  

1 07 .  Pur r ,  A . , Biochem. J . , 1,2, 13  ( 1 935 ) .  

1 08 .  Ratne r ,  S. and Clarke , H .  T . , J .  Am . Chern. Soc . , � . 200 ( 1 937 ) .  

1 09 .  Rinde rknecht ,  H. , Ward , J .  L . ,  Bergel , F .  and Morrison,  A.  L . ,  Biochem . J . , !.1. 4 6 3  
( 1 94 7 ). 

1 1 0. R osne r ,  L. , J .  Bioi. Chern . , ill • 657  ( 1 940) .  

I l l .  Sand ground , J .  H.  , Proc .  Soc . Exptl . Bioi . Med. , � .  188 ( 1 94 3 ) .  

l l 2 . Sandg round , J .  H . , J .  Pharm. Exptl . Ther. , .!l.Q ,  393 ( 1 944) .  

1 1 3 . Schreibe r ,  F. G .  and Schube rt, M. , J .  Paras itol . , .J.i, 364 ( 1 949) .  

1 14 .  Schubert , M . , J .  Am. Chern . Soc . , ,2! .  4077  ( 1 932 ) .  

1 1 5 . Schube rt ,  M. , J .  Am. Chern . Soc . , � .  4563  ( 1 9 3 3 ) .  

1 1 6 . Schube rt , M. '  J .  Bioi .  Chern. , ill · 6 7 1  ( 1 9 3 5 ) .  

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved .

F i rs t  Sympos ium on  Chemica l -B io log ica l  Cor re la t ion ,  May 26-27 ,  1950
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z92 

1 1  7 .  Schubert , M. , J .  Bioi . Chern. , ill · 34 1  ( 1 936 ) .  

1 1 8 . Schubert , M. , J ,  Biol .  Chern. , ill · 437 ( 1 936) .  

1 1 9 .  Schupert , M. , J .  B ioi . Chern. , ill · 539 ( 1 93 7 ) .  

1 20 . Schube rt , M . , J .  B ioi . Chern. , !1Q, 60 1  ( 1 939 ) .  

I 2 I .  Schubert , M. , J .  Am. Chern. Soc . , 22 ·  7 1 Z  ( 1 947 ) .  

1 2 2 . Schubert ,  M . , Am. J .  T rop . Med . , �. 1 37 ( 1 948) .  

I 2 3 . Schubert , M. , Am. J .  T rop . M�d . , In p re s s  ( 1 950) .  

1 24 .. Schube rt , M . , Unpubl i shed data . 

1 2 5 .  Simon ,  F. P . , Potts , A. M .  and Ge rard , R .  W . , Arch. Biochem. , }1, Z83 ( 1 947 ). 

1 2 6 .  Simon , R .  D . , Br it . J . Exptl . Path. , � .  202 ( 1 948) .  

1 2 7 .  S imonsen , D. G. , J .  Bioi .  Chern. , 2.f, 323 ( 1 934 ) .  

1 28 .  Small , L .  D. , Ba il ey , J .  H. and Cavall ito ,  C .  J . , J .  Am. Chern. Soc . , 22 .  1 7 1 0  ( 1 947) . 

1 2 9 . Snel l ,  J. M. and Weissberg�r ,  A. , J .  Am . Chern.  Soc . , 6 1 . 450  ( 1 939 ) .  

1 3 0 .  Stahmann , M . A . , Golumbic , C . , Ste in ,  W . H.  and Fruton , J . S . , J .  Org . Chern . , !l · 7 19  
( 1 946) .  

1 3 1 .  Ste in , W. H .  and M oore , S . , J .  Org. C hern . , !l •  68 1  ( 1 946) .  

1 32 .  Stein , W .  H. , Moor e ,  S .  and Bergmann ,  M . , J .  Org . Chern. , ll ·  664 ( 1 946 ) .  

1 3 3 . Steinkopf , W .  and Muller ,  S . , Ber. , � .  1 9Z6 ( 1 923 ) .  

1 34. Stocken , L . A .  and Thompson , R .  H . S . , Biochem.  J . , 40 ,  5 Z9  ( 1 946) .  

1 3 5 .  Stoc ken , L. A .  and  Thompson , R .  H.  S .  , B i ochern.  J .  , 40 ,  535  ( 1 946). 

1 36 .  Sturm , E . , U. S .  Pat. 2 , 1 7Z , 7 1 7 and Z , 1 80 , 262 ( 1 940} .  

1 3 7 .  Sus sman,  R .  M.  ant! Schack ,  J .  A. , Proc .  Soc . Exptl . Biol . Med . , � .  247 ( 1 947 ) .  

1 3 8 .  Te r Horst ,  W .  P .  and Felix ,  E.  L .  , Ind. Eng. Chern. , ll .  1 Z55 ( 1 943) .  

1 39 .  T homas , G .  IV .  and Cook , E . S . ,  J . Bact. , � . 5Z7  ( 1 94 7 ). 

1 40 .  Thompson , R .  H. S. and Whittake r ,  V .  P . , Biochem. J . , 4 1 ,  34Z ( 1 947 ) .  

1 4 1 .  Van Dolah , R .  'N .  and Christenson , G. L . , A r c h .  Biochem . , 1 Z ,  7 ( 1 947) .  

1 4 2 .  Wal s h , E . 0. and W a l s h ,  G. , Nature , ill . 976  ( 1 948} .  

1 4 3 .  W ill iamson,  J.  and Lour i e ,  E .  M. , Ann. T r op . Med.  Paras itol . , 40 ,  Z55 ( 1 946) .  

1 44 .  W ulfing , J .  A. , F rench Pat . 823 , 824 ( 1 938 ) .  

Copyr igh t  © Nat iona l  Academy o f  Sc iences.  A l l  r igh ts  reserved.

F i rs t  Sympos ium on Chemica l -B io log ica l  Cor re la t ion ,  May 26-27,  1950
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z93  

DISCUSSION 

DR .  HARRIS L. FRIEDMAN (Lakes ide Laboratories , M ilwauke e ,  Wiscons in) : I would 
l ike to make a few comments , very briefly since the time is short, as to the role of thiol aroups 
and the effects of mercurial s .  W e  have been very interested i n  this , as have many others .  The re 
a re many conflicting results which need to be explained if the mechanism by inhibition of thiol 
group is c orrect.  HandleyJiol Baylor has recently shown that mercurial diuretics do inhibit the 
succ inic dehydroaenase enzyme which occurs in the kidney , and there is enough mercury ion in 
the kidney to account for the inhibition ; but still , as Dr .  Schube rt has pointed out , it cannot be 
deduced that this is what actually happens . 

R e cently , a lso ,  RuskinVand co-workers have shown that vitamin C can detoxify the action 
of a me r curial on the heart just as well as BAL or thioglycolic acid. I would like to ask 
D r .  S c hubert , in this case , how that can be tied in with the sulfhydryl groups .  

!I C .  A.  Handley, Fed .  P roc . .§ ,  2 9 9  ( 1 949 )  

V A . Ruskin , J .  E .  Johnson, P roc. Soc . Exp .  B iol.  Med. , _n, 577 ( 1 949) 

DR . SCHUBE R T :  I a m  glad t o  hear about that ascorbic acid effect. The only answe r I 
can give is anothe r cas e ,  in which antimony compounds have be en detoxified also with ascorbic 
acid and , in fact ,  with a large numbe r of substitute benzoic acids . 

Ascorbic acid,  incidentally , could react with thiols . I once studied that a l ittle bit , and 
the only thing I c ould find in that pa rticular cas e was that oxidized ascorbic acid ve ry readily 
oxidized tbiol s .  Reduced , on the other hand , it is not very likely to inte ract with thiols , but it 
c ould interact with disulfides ,  and the re is some work by Purr in which he tries to show that 
d i sulfides are reduced by a mixture of fe rrous iron and as corbic acid .  That ia the only inter 

action I know of between those two.  

Of c ourse , the other thing which is known ia that thiola gene rally protect ascorbic acid 
against oxidation. That is  a common effect of many of these  so - called s lugaishiy actina reduct
ants . Y ou get the same sort ol thing with hydroquinone . It can also inhibit oxidation of sulfur 
c ompounds . 

DR . F. S. PHILIPS (Sloan- Ketterlna Institute , New York, New York) : 1 was pleased to 
hear Dr .  Schube rt ' s  discuss ion ,  because I have felt for some time that there are many que stions 
to be answe red before one can attribute the mechanism of action of a compound to sulfhydryl 
inactivation. Everythina Dr .  Schube rt has said has been explic it ,  but 1 should like to emphasize 
s ome other points of view than those developed in his presentation . 

The case of the nitrogen and sulfur mustards should be emphas ized s ince there is an 
interest in dete rm ining the common factors in radiation poisoning , and the action of the p - chlor 
alkylaminea and sulfides . B iologically , the phys ical agents , i . e .  penetratina radiations , and 
the above chemical agents have many properties in common. There is a arowina belief amona 
s ome workers that radiant energy may cause  cellular damaae throuah reaction ,  which involve 
sulfhydryl aroups .  It would , therefore , be of imp;,rtance if it could be established that the 
physiological mechanism of action of mustards also involves reaction with s ulfhydryl groups .  
Howe ve r ,  i t  should be  stressed that mustards probably do  not act  biologically through inactivation 
of a ulfhydryl aroups . I take as authority for this statement, Dr .  Schubert himself , and among 
othe r s ,  R. A. Peters , who baa stated quite definitely that , thouah mustards may react w ith 
s imple sulfhydryl derivatives their reaction with sulfhydryl in complex compounds , such as 
prote ins ,  Ia not very strikiq , and much less than that which occurs with carboxyl , amino, or 
phosphoryl aroups . 

There is an aspect to the understanding of the p roperties ol aaents which react with 
sulfhydryl groups , which is often not considered by investigators who hypothecate sulfhydryl 
iaactivation as a mechanism ol biological action. I believe Dr. Schube rt raised the same point. 
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One may well ask why, for example , alloxan should be the only sulfhydryl reactive reagent which 
damages the P-cells of the pancreas , whereas other sulfhydryl oxidizing agents do not damaae this 
particular cell ; indeed , very few other agents have been found to affect the !'-cell . Moreover ,  
alloxan has as anothe r major s ite of  action the proximal tubule of the kidney . It is l ikely that both 

the proximal tubule of the kidney and the I'- cell of the pancreas are of about equal sens itivity to 
the agent. Nevertheleu , tetrathionate , a powerful sulfhydryl oxidant , does not touch the jl-cell 
of the panc reas while it causes extens ive , alloxan-like damage in proximal tubule s .  

Other examples of the role of cellular distribution i n  the mechanism of •ction of sulfhydryl 
reactive agents may he stated. When ionic cadmium is injected into an animal , ita actions on the 
proximal tubule of the kidney are not strikina ; its toxicity would suggest other s ites of action 
which , at present ,  are not well understood. Nevertheless , if cadmium is introduced in the form 
of a cadmiumdihal complex , it exerts a selective toxic actioo in this reaton of the kidney. 

One might also ask why iodo acetate and a number of othe r "sulfhydryl inhibitors "  do not 
attack this particular region of the kidney to the same extent. 

It appears , then ,  that an important feature in understanding the mechanism of action o£ 
s ulfhydryl reactive agents concerns not me rely their affect on enzymes in cells after having 
entered certain cella , but also the factors which dete rmine spec ificity of cellular distribution and 
cellular sites of action. 

DR. SCHUBERT :  I will just take a second ; I think there are some othe r cases .  

I think the discussion Dr. Philips gave l a  very muc.h t o  the point , and I am quite in aaree · 
ment with eve rything he &aid . I think there are two things which need to be considered. One , o£ 
c ours e ,  is the thing which was discussed yesterday, which is the matter of cell permeability , and 
this i s  the thing which Gilman discusses in connection with the high toxic ity of cadmium -SAL 
c omplexes , and the fact that BAL does not protect against cadmium pois onina. 

I would just like to point out one additional example of that character , and t)lat is that , 
amona antimony compounds ,  we found one of the most effective for aetting rid of the Sc}listosoma 
worm was the antimony-SAL compound itself. If BAL is given with antimony , and can take tbe 
antimony away from enzyme systems , you are aoing to have a little difficulty explaining why that 
should be better for killing schistosome worms than a compound in which you did not have the BAL 

attached to the antimony at all. 

DR . C HALMERS L .  GEMMILL (University of Virginia , Charlottesville , Virginia) :  I 

would just l ike to ask Dr. Schube rt if he could give us some help with the recent observation!/ 
we have made.  The inhibition o£ invertase by mercur ic chloride , c&D be reversed with BAL or 
inc reased with cyste ine ; in other words , you can work in both ways depending on whether a di
thiol or a monothiol is used. 

I would also like to state that ascorbic acid has been desc ribed as a reactivator of the 
mercuric chloride inhibited invertase system. 

ll Gemmill , C. L. and E. Bowman, J .  Pharm . Exp. The:-ap . In press , ( 1 950) .  

DR. SCHUBERT :  I do not believe I can say anything very intelligent about that case ; 
did not know about that one , either .  I am glad to know about it , but that is about all I can say. 
think , of cours e ,  that invertase is one of the enzymes which,  presumably , contain no essential 
thiol s . 

Just by way o£ emphas izina this po int that thes e  metals can combine with groups other than 
thiols ,  antimony , as fa r as we now know , combines only with sulfur  compounds ; yet , recently ,  we 
had occasion, when working with collagen ,  to find that collagen i s  able to attach to itself at neutral 
reaction quite large amounts of antimony . So , possibly , Inve rtase can combine , through groups 
othe r than thiol groups , with the mercury. Certainly it is likely that occurs , but why you should 
get the activation with the glutathione and not w ith BAL that is not clear. 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


INFLUENCE OF ISOSTERIC REPLACEMENTS UPON BIOLOGICAL ACTIVITY 

by 

Harr is  L. Friedman 

Lakes ide Laboratories , Inc . 
M ilwaukee 1 ,  Wiscons in 

Copyright © National Academy of Sciences. All r ights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


Z96 

PAR T 1 

INTRODUCTION 

To the synthetic organic chemist inte reated in medicinal chemistry ,  eve ry  phys iologically 
active compound of known structure is a challenge - a challenge e ithe r to bette r it, or perhaps 
merely to equal it. For it must be remembe red that even the moat innocuous d rug is not toler ·  
ated by  some people . 

There a re nume rous ways of attacking such  a problem ,  and this aud ience  i s  certainly 
fami l ia r  with them. One of the methods which has been used frequently , ve ry often with success ,  
is  that of  isosteric replacement . The examples of this type of  replacement in the l iterature are 
ve ry numerous , and the fruitful results in the fields of sulfonamides ,  antimetabolite s , and anti
histamines are well known. 

The concept of iaoster i sm , first introduced by Langmuir , 1 3  has been changed over the 
years by the work of many othe rs.  It will be the object of this paper  to survey the history of 
isoster ism , to class ify the var ieties of isosteric replacements which a re recorded in the litera 
ture , and to note the influence o f  these replacements on the biological activity of c ompounds. We 
s hall  then be able to see if any general relationships apply , and what conclus ions may be drawn 
from such data.  

PART Z 

THEOR ETICAL 

Langmuir in 1 9 i 9 1 3 pointed out the remarkably similar phys ical  p ropertie s of carbon 
d ioxide and nitrous oxide . He deduced from the octet theory that the nUDlbe r and arrangement of 
electrons in these molecules are the same.  Compounds showing such re lationship to one another 
were te rmed isoste r ic compounds or is oate res .  These te rms were not restricted to compounds . 
but were extended to groups of atoms which hold pairs of e le ctrons in common (te rmed by 
Langmuir comolecules ) . Comolecules were l ikewise cons ide red isoateric if they conta ined the 
same number of atoms and pos s essed the same nUDlbe r and arrangement of electrons . 

Langmuir p redicted twenty -one types of isoste r ic groups of which only a few will be 
mentioned he re : 
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CHAR T I 

Langmui r Type 

z o= , F " ,  Ne , Na+ , Mg++ , Ai+++ 

3 s= , Cl " ,  A ,  K+ , ca++ 

s B r " , K r ,  Rb+ , sr++ 

8 Nz , CO,  CN " 

9 CH4 , NH4+ 

1 0  COz ,  NzO ,  N3 " , CNO" 

Langmu i r  postulated that when i soste r ic comolecules are  also i soelectric , that is when they have 
the same total cha rge , all the i r  phys ical prope rties should be c los e ly s imilar .  Only three such 
pairs occurred in Langmuir ' s  tabl e s :  

Nz and CO ;  COz and NzO ; N3 " and NCO" 

Howeve r ,  no d i rect compa rison can be made of the phys ica l  p roperties of is oste res having 
d iffe rent e l e ct rical cha rges .  

Even though the  c las ses  are  d istinct from one another , i t  was  demonstrated that compar 
isons of comolecules in diffe rent groups could still be made .  If any two substances a re ve ry much 
a like in phy sical properties , then any isoelectric isoste res of these substances should show close 
re lationships w ith one anothe r .  Thus in types 3 and 8, argon and nitrogen resemble each othe r 
clos ely , the refore chloride ion (is oste ric w ith argon) s hould res emble the cyanide ion (isoste ric 
w ith nit rogen) . Likewise the s imilarity between K+ and NH4+ can be derived from a rgon and 
methane . It is  to be emphas ized that in Langmuir ' s  te rminology K+ and NH4+ are Jl2! i soste res of 
one anothe r.  

Whe reas Langmuir compared only physical  p ropertie s ,  Seifriz 1 7  showed in 1 948 that COz 
and NzO a re both reve rsibly anesthetic to the s lime mold Physa rum polycepha lum. 

In  1 9Z 1 ,  W .  Hucke l l l  pointed out that the imino group (=NH) in  homopolar compounds 
corresponds to the oxygen atom and that the -NHz and -OH g roups corre spond to the F atom. 

Somewhat later ( 1 9ZS )  GrimmS very markedly extended the concept of isoster i sm.  In place 
of Langmui r ' s  term " is osteric  cumole cule " ,  Gr imm p refe rred the te rm pseudoatom. His hydride 
displacement law state s :  

"Atoms anywhere up t o  four places in the periodic system before an 
inert gas change the ir  prope rties by uniting with 1 to 4 hyd rogen 
atoms , · in such manne r that the re sulting combinations behave l ike 
pseudoatom s ,  which are s imilar to elements in the groups 1 to 4 
places , respectively , to the i r  r ight. " 

Grimm showed this relationship by the following chart : 
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CHART 2 

Group 4 5 6 7 0 

Number of 0 c N 0 F Ne Na 

Hydrogens CH NH OH FH 

2 CH2 NH2 OH2 FH2+ 

3 CH3 NH3 OH3+ 

4 CH4 NH4
+ 

Beg inning in 1 932 , P rofessor  E rlenmeyer5 at the Univers ity of Basel  in Switzerland has 
publ ished a se ries of pape rs on isoste ric compounds . He has given g reat impetus to the modern 
concept of isoste rism in organic chemistry , pa rticularly in relation to biological activity. 
E r lenmeye r acc epted Grimm 's  class ification and has broadened it even further .  His definition of 
i soste re i s :  

"Atoms , ions , or mole cules i n  which the per iphe ral layers of 
e lectrons can be cons ide red to be identical are te rmed isoste re s . " 

By E rlenmeye r ' s  definition al l  elements in the same group of the pe riodic table are  isosteric so 
long as they have the same numbe r of e lectrons in the i r  oute rmost shell .  In a unique application 
of this concept , Er lenmeyer in 1 9 3 36 considered S and CH=CH in an a romatic nucleus to be 
i soste ric by counting only the "per iphe ral" electrons in the C =C p�eudoatom (whethe r it be written 
-CH=CH- or =CH-CH= ) .  

I n  1 946 , Mentze r l 4  demonstrated that ,  i n  certa in  c ircum stance s ,  the group -CH2 -CHz · 
could be replaced by -C0-0- with no change in biological activi ty of the parent compound. He did 
not te rm these isoster i c  pairs . 

Some authors , as Mentzer l 4  and Erlenmeye r3 use the te rm potentia l - cycle or pseudocycle 
to bring out the ste ric re lationships between the r ing and opened form of phys iologically active 
molecules . 

Oc cas iona lly the te rm " isolog" is used by some authors (as Fie ser  7 in the United Statu 
and Ste inkopf l 8  in Europe)  whe re " isoste re " is usually de s ignated .  Isologous compounds ,  
howeve r ,  need not b e  i soste r i c .  

It is  obvious from this  b r ief survey that the term "isoste r ic " has va r ied in meaning with 
d iffe rent wr iters - from a nar row to a ve ry broad concept. In this discus s ion we shall accept the 
term in its broadest meaning and study the influence of isoste r ic  replacements on the biological 
activity of molecul e s .  We sha l l  not cons ide r phys ica l  p rope rtie s ,  a lthough it is  not implied that 
such p rope rties as m ixed - c rystal formation a re not of great s ignif icance for is oster i c  relation
ships . 

We shall term compounds "bio - isoste r i c "  if they fit the broadest definition fo.r isosteres 
and have the same type of biological activity . 

The biological  equivalenc e of isoste r ic groups rece ives s upport f rom immunological 
studies . landste ine r l 2  was able to prepare artif icial antigen-antibody systems by coupling 
d iazotized aromatic amine s with prote ins , and inject ing these  protein complexes into animals to 
form antibodie s .  He d iscove red that the se antibodie s have the spe c ific power of combining with 
the group attached by the azo l inkage .  This group , which is of known structure , he te rmed the 
haptenic group . The spec ific ity of the antibody in any s e rum could be te sted , by means of the 
p rec ipit in rea ction , w ith related complex prote ins . In gene ral , the combining power  is highly, 
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but not complete ly,  specific . 

E rlenmeyer , 4 , 1 9 us ing Landsteine r ' s  method , demonstrated the serological s imila rity of 
seve ral isoste ric atoms and pseudoatoms .  The following a re il lustrations of seve ral types of 
isoste ric replacement ,  whe re the resulting compounds give c ros s - reactions : 

CXC(!z 
CHz 

HzN ,,/:.Hz 
CHz 

I and II + + +  

I and III ± 

II and Ill ++ 

From Er lenmeyer4 • 1 9  

CHART 3 

SEROLOGICAL SPECIFICITY 

II 

-C6H4 -As 03Hz 

not -C6H4 -$b03HZ 

not 

co 
III 
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W hile this work is not neces sar ily foolproof , and indeed has been c riticized by Heidelbe raerl O a s  
requirina more and bette r support , it is in aood aareement with Paul ina ' s  views .  

Paul ina l S has also studied se roloaical uactions t o  provide information about the 
molecular structure and confiauration of s imple substance s .  He compared the p rocess of anti 
body formation t o  the production o f  a replica by press ina a plastic material ·aaainst a mold and 
permittina it to ha rden. The polypeptide chain ,  w ith its power  of assum ina alternative configura 
tions , is the plastic mater ia l , and the surface  of the antiaen se rves as the die or mold. The 
complementariness of antiaen and antibody includes not only surface conliauration ,  but also juxta
pos ition of special combinina a roups , such as a neaatively charaed group in the antibody witb a 
pos itive ly cha raed aroup in the antigen , .  and a hydroaen -bond -formina aroup carryina the proton 
w ith a s imila r a roup p resentina an electron pair .  Thus , isoste ric repla cements in an antigen 
which do not affect the shape or polarity of the molecule should not inte rfe re with its reaction with 
the antibody . 

Paul ina has extended this concept of spatial surface confipration to include bioloaical 
specific ity in aene ral . 

Deductions from se roloaical reactions are l imited be cause stronaly polar  groups have 
predominant effects . Howeve r ,  this type of study should s how when pa rts of a molecule are 
s imple "space fille rs " ,  that is occupy spec ified aeometrical bulk.  

S ince the dis cove ry that the antaaonism of the s ulfonamides to E-aminb benzoic acid is an 
antimetabol ite effect ,  due to the c lose s imilarity of s tructure , isosteric replacements in other 
e s sential nutrients have yielded many compounds of inte rest. This field has been thoroughly 
reviewed in the lite rature , 1 6  and i s  the subject of a se�arate part of the symposium. W e  shall 
merely mention s ome of the types of isoste ric replacement in the numerous antlmetabol ites which 
have be en made , and only a few specific examples wi l l  be aiven in this pape r :  

CHART 4 

Essential Nutrient Atom or G roup Replacement 
Replaced 

R iboflavin' Z -CH3 2. -Cl 

Thymine -CH3 - OH, - B r ,  o r  -NHz. 

Mesoinos itol 6 -0H 6 -Cl 

Thym ine ,  lys ine , folic acid - NHz - OH 

Folic acid · OH - NHz 

E ·Amino benzoic acid , alutamic acid -COOH -CONHz 

E -Amino benzoic ac id ,  niac in -COOH · C OCH3 

Arainine -0 - ·CHz ·  

Urac il , thymine , niacin amide -0- -s -

Methionine -s - - 0- ,  o r  -CHz. -

Purines -CH= -N= 

Phenyl alanine , E -aminobenzoic acid benzene pyridine 
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CHART 4 (Cont. ) 

Essential Nutrient Atom or Group Replacement 
Replaced 

Phenyl alanine benzene thiophene , furan ,  
pyrrole 

Niac in pyridine thiazole 

Thiamine thiazole pyridine 

Methionine -S - -CH=CH-

Valine , niac in, pantothenic acid , -COOH -S03H 
aspartic acid , oxybiotin , hete roauxin 

p -Amino benzoic acid -COOH -AsO]Hz 

p -Amino benzoic ac id -COOH -P03Hz 

The isoste r ic compound formed may have e ithe r the same activity as the original , or more 
usually it may have an antagonistic effect. In e ithe r cas e ,  it is proof that i soste ric replacement 
g ives compounds acting by the same mechanism , that they are truly bio- isoste ric ,  

Ideal ly ,  to make compar isons between structure and biolog ical activity ,  two crite ria a re 
nece ssary: ( 1 ) Substances compared must act by the same mechanism and (Z) The structure 
involved in the test should be the structure of the compound under study. Howeve r ,  in practice , 
for many types of biological activity only iD !ll:2 tests can be used ,  and e ven when us ing � ti!£.g 
tests , we cannot be sure that the above c riteria apply. In so far as possible , examples have been 
chos en  which are based on i!! � activity ,  and mainly those us ing an isolated tissue or micro
organism .  I t  is not cla imed that the iD vitro tests wi l l  necessarily cor relate with � til!9 or 
c l inical studies ; nonetheless  the data obtained may be a us eful guide for further work and may be 
adaptabl e to othe r se ries of compounds .  

Activities found in one s c reening test need not paralle l  the relative activities  of  the 
compounds in anothe r test. Since data in the l ite rature a re usual ly lacking for tests othe r than 
those in which the authora we re most inte rested , it is seldom poss ible to make such alte rnate 
lists . 

B iological activities ,  as absorption, diatrib11tion , c onjugation (detoxification) , taste , odor ,  
s ide effects o f  dr11gs , wil l not b e  discussed. 
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PART 3 

TABLES OF DATA 

In orde r to class ify the data for p resentation, the following chart is  pertinent for organic 
compounds . 

CHART 5 

Class  4 Class 3 Class 2. Clasa 

Sb Te 

As Se Br 

p s Cl 

c N 0 F Ne 

N+ -CH- -NH - -OH 
p + -PH - -SH 
s+ 

- CHz - -NHz 
-PHz 

- CH3 

Table modified from Grimm8 

We have des i gnated these  four types from the number of covalent bonds . Above are the 
elements of the same periodic group , below are the isoste·ric hydride s .  The following table1 will 
show the effe ct of isoster ic  replacement on biological activity within each type.  The -S - and 
-C=C - ,  and othe r spec ial cases do not fit into this chart and will be treated separately. 

Discuss ion of Tables 

Class 1 - Halogens and Hydrides (OH , NHz, CH3) 

Tables 1 -4 l ist examples of comparisons of Class 1 of the chart p revi ously shown. Table 
contains examples of multiple comparisons , Table Z compares halogens only , Table 3 compares 

halogens w ith hydrides , Table 4 compares hydride w ith hydr ide . An attempt bas been made to 
s elect examples from fields of cur rent inte rest. 

Table I . U one we re to judge results of i soster ic  replacements from Table  1 ,  it would be 
d ifficult to a rouse enthus iasm. The most unusual case is the replacement of the chain -OH of 
ep inephrine by NHz ; the activities of othe r members of this ser ies should be of g reat theoretical 
inte rest. 
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� · In gene ral the results a re what would be expected , activ ities usually s howing a 
gradient w ith the molecular weights . There are exceptions , mostly w ith the extreme membe rs 
F and 1 .  

Tables 3 and 4. These  aga in show unpredictabil ity of respons e .  The ll·hydroxy -jS-phenyl 
ethylamine examples have been amply discussed by Hartung. 9 

General Conclus ions to Class 1 .  It is not poss ible to predict when membe rs of this class 
wil l  be b io - is oste r ic ; in most instances  they. will not be . Ve ry often activity is  spec ific to one 
membe r which would be called ,  in Ehrlic�' s  terminology , an anchoring g roup .  Diffe rence s in 
activitie s may be attributable to diffe rences in polar ity of the groups , to solubility d iffe rences , or  
to  chemical reactivity .  The most l ike ly pain of  bio - isostere s a re :  

halogen and CH3 

halogen and OH, 

the most unlike ly pairs are :  

OH and NHz . 

C lass  Z - (5 , 0 ,  NH, CHz) 

Tables 5 - 7 inclus ive l ist  examples of Class Z replacements . For convenience ,  the 
examples have been divided into structural types :  ethe r ,  ketone , and este r .  

Table 5 :  Ethe r Type . These  show a bette r probability of bio- i sos te 't" ism than Class 
type s .  The membe r which fits in  the least is -NH. Sulfur i s  not always bio - isoster i c  w ith 
oxygen,  in fact surpris ingly less  than might be antic ipated .  P robably polarity diffe rences  play a 
p redominant role . ' 

Table 6 : Ketone Tvpe .  The most inte resting examples  are
. 
probably the thio-barbiturate s .  

I n  gene ral , these  types have restr icted comparabil ity. 

Table 7 : Este r  Tvpe .  Many amide s and thioe ste r s  related t o  the local anesthetic and 
antispasmodic esters  a re known , but practically none have come into use . More thought should 
be given to the · replacement of e ste r oxygen by the CHz group .  

General Conclus ions to Class Z .  Is oste r ic  replacement in this g roup has better promise 
of usefulne ss than in Class l .  While methoxy and ethyl often do not show s imilar ity ,  in othe r 
cases  inte rchanging 0 and CHz y ie lds compounds of s imilar activity . He re , as in Class 1 ,  
pola r it ies  probably p lay a dominant role . 

C lass  3 - Te rtia ry N and Tertiary C 

Tables 8 and 9 l ist examples  of Class 3 . Most of the known example s  of this class occur 
in the a romatic ring systems (Table 8 ) .  No attempt has been made to l ist the numerous examples 
in we l l -known fields as the s ulfonamides and antihistamines but a few are g iven to re fre sh 
memor ies .  Commerc ially this has been  the most val uable appl ication of bio - isoste rism.  

Table 9 conta ins non -aromatic examples .  Because  of polar ity diffe rences the al iphatic 
type s  can s e ldom be expected to d isplay bio - isos te rism , but it i s  a more likely assumption that 
d iphenylamine and benzhydryl de r i vatives would show such s imilar ity .  More examples are 
d es i rabl e .  

While tertiary P ,  As and Sb  theoretically a r e  electronically isoste ric w ith N and CH ,  
p ractica l ly ,  exc ept between As and Sb,  they show l ittle bio - i soster ism.  

C las s 4 - Quate rna ry C ,  N, 5 ,  Etc . (Table 1 0) 

T h e  spatial tetrahedral geometry and the pos itive cha rge a re of paramount importance for 
this  clas s .  I n  gene ral , a quate rna ry ca rbon , becaus e i t  lacks a charge , i s  not inte rchangeable 
with quate rna ry nitrogen. 
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The Spec ial Classes 

Table 1 1  - A romatic C=C and 0. S, NH. Followina E rlenmeye r ,  it is aenc rally agreed 
that the pa irs , benzene and thiophene , and pyridine and thiazole , are isoste ric.  Furan and 
pyrrole d iffe r  ma rkedly fr-om benzene in both physical and chem ical properties .  Indeed ,  
B radl ow ,  Vande rwe rf and Kleinbe raZ i n  a brief discuss ion of the c oncept of isoste rism,  state 
that "P roponents of the pr inc iple of isoste rism do not point out the fact that by definition pyrrole 
is al so  isoste ric with benzene , thiophene and furan. " The re are s uffic ient example s ,  howeycr,  to 
indicate that the se ring!� may be bio- isoste ric although the furan and pyr role compounds are 
usually weake r in activity than those containing ben&ene and thiophene .  'the activity of furan 
is oste re& in the antihistamine field indicates that such replacements cannot be ignored. 

The latte r pa rt of the table contains comparisons of an ethylenic bridae between two 
aromatic rings w ith S, 0 and NH. Not enough examples a re available to draw conclusions , but 
this should be an interesting replacement type . 

Table l Z - Carbonyl and Sulfone (or Sulfoxide) .  The structural relationship between 
.P -aminobenzoic acid and sulfanilamide has been emphas ized by Be ll and Roblinl in  explaining the 
mode of action of sulfonamide& .  The exchange of - C OOH for -S03 H in many metabolites to 
produce antaaonistic s ubatances has shown this to be a general phenomenon. The refore , a 
compa rison bas been made in this table of compounds with carbonyl and s ulfone g roups . The 
s ulfoxide has been added s ince spatially it more nearly re sembles the carbonyl than does the 
sulfone arouping . Electronically neithe r the s ulfoxide nor the s ulfone group is isoste ric with the 
ca rbonyl group. The ionic bond of the s ulfur aroups furthe r emphasizes the difference . 

The table does not indicate any str iking resemblances except for the amidone type example. 

Table 1 3  - -C0-0- and ·CHz - CHz - .  These  g roups .a re not electronically isosteric ; it is 
most l ikely that they owe the i r  activity to s imilar spatial fixation (as discus sed in the follow1111 
type ) . 

Table 1 4  - Spatial Fixation by Ring or Double Bond. That three d imens ional spatial 
cbaractCTistics p lay a highly important role in bioloaical activity is known to eve ryone. Tbe 
vastly diffe rent activities often noted in optical or si! -1l:!!ll isome rs must be cons iCie red in any 
attempt to e!'CJilain the mechanism of bioloalcal activity. When two molecules are almost identical 
spatially , that is , a re superimposable in three dimens i ons , we may expe ct s imilar activity 
provided the polarities are s ituated in corresponding parts of the molecules .  

Table 1 4  l ists examples of r ing and open forms . I n  many cases there i s  striking agree · 
ment ; often howeve r ,  one form is completely inactive . Where aareement between activities is 
found , it is inte z"esting to assume that the open and closed fo rms can be supe rimposed in three 
dimens ions . 

Benadryl is an Inte re sting example.  When the rinas are forced into the planar form of 
the fluorene r ing , activity is los t ;  one might speculate the refore that in the "active " form of 
Benadryl the two be nzene rings do not lie in the same plane . From the example of T rasenti.D aDd 
Pavatrine the oppos ite appears to be the cas e .  

Table 1 5 . - Polarity Shift,  �xo - Endo Cycl ic . This and the following table are offe red in 
an attempt to systematize data scatte red throughout the lite rature. This table demonstrates tbe 
effect of moving a pola rity from without to within a r ing , the shift beina to the adjacent position. 
The probability is that the polarity of the atom must remain quite s imilar in order  to retain the 
same activity .  

Table 1 6  - Reve rsed Adjacent Polarity.  This table illustrates the effect of reve rsing 
adjacent pola r g roups .  Many instances are of great inte rest : this is a transformation to be kept 
in m ind in seeking new compounds . 
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CONCLUSIONS 

We have seen that s imila rity in biological action need not re sult from isoste r ic replace 
ment - isosteres need not be bioisoste res .  This is not surpris ing in view of the complexity of the 
s implest  l iving systems . 

As we all know , s imple i soste ric replacements often give compounds of inte rest and value . 
In addit ion , the re are two important types of information to be learned  from such replacements . 
One is that we d iscover which groups cannot be el iminated in order to retain the des ired activity 
( i . e .  , the anchor ing groups ) ; the othe r is that we learn vihich parts of the molecule are important 
because of the i r  bulk space characte r isti cs .  These facts enable a more intelligent approach to 
the synthes is of new compounds . 

The s imilar ity of biological activity in so many instances , and the s uccessful results 
a l ready achieved through isoste r ic replacements , show that this is a type of var iation which the 
synthet ic chemist must keep in m ind . U chemical reactivity and polar ities a re conside red , the 
p redictabi l ity of bio - i soste r ic  replacement is quite high. 
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EXPLANATION OF TABLES 

In the first column the structural formulas of the compounds 
under  consideration are written with the variable isosteric group 
represented as X .  

In  the second column the biological l ist  is stated (e .  g .  anti 
tube rcula r ,  na rcotic , anesthetic , etc . ) together with othe r perti
nent data necessary - as to whethe r in vitro or in vivo , what organ, 
o rganism ,  or animal was us e d ,  what challeng ing agent , if any ,  
w a s  used , and in what te rm s  the activity data are  expressed with 
a designation of the refe rence compound if such was used. Below , 
in parenthe s i s ,  the refe rences to the l iterature are given.  This 
list is found immediately following the tables .  

The  remaining column headings us ually designate the atom 
or g roup represented by X. In cases whe re this is not s o ,  the 
heading is self evident. The data In these columna are the 
activities  of the c ompounds in ·the te rms used by the origi��al 
worke rs ; this varies with diffe rent authors  from quantitative figures , 
a system of plusses , to me re statements of activity or non-activity . 
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TABLE 1 

CLASS 1 

Compound B iological Te st (Refe rence)  

Anti -tube rcular 

'·VNHz 
In vitro 

Sal icylate No. 

( 1 6 )  

:�ONHz 
Anti -tubercular 

� curative in guinea pigs 

( 1 1 1 ) 

HzNO��oH 
Anti -tube rcul a r  

In vitro 

(94) 
.·DoH Anti -tube rcular , - I In vitro COOH 

Molar c one.  for stasis  

(7Z) crNH-CS-NHz Anti -tube rcular 

In vivo (mouse ) 

•.X: 174 1 

Halogen -OH 

F < 1 

C l 6 < 1 

B r  7 

I zo 

C l 1 9'Yo 1 6� 

C l inactive moat active 

C l 1 /500 1 / 1 ' 000 

C l sl ight definite 

-NHz 

< 1 

-

inactive 

1 /40 , 000 

• l i g ht 

-CH3 

Z7 

inactive 

weak 

i 
I 

I 

... 0 ao 
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Compound 

OH 

0 :�: 

Hz DOH 

CO-t� 

0 ° 0 I -, -c - -'9 

(T"· 
•.'JP 

TABLE 1 (Cont . )  

CLASS 1 

Biological Test  (Refe rence) Halogen 

Phenol Coefficient F 1 
vs . B. Thyphosus 

Cl 3 . 9 

Phenol = 1 
B r  5 . 4 

{ 14 0 )  

Anti -tube rcular  

In vitro 

M olar Cone . for Stas i s  

{7Z ) 

Anti -tubercular 

In vitro Cl z .  5 

Stas is  - mg " 

( 57 ) 

Antibacter ial inactive 

{ l ZO )  

- OH -NHz 

l l  ? 

1 /40 , 000 1 /80  

1 0  

inactive active 

- CH3 

z . s 

1 /1 7  

z 

inactive 

... 0 -.D 
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C ompound 

OH 

HsOx: 
N · -o -CHZ -NHz 

��/ 
rtHz 

•oc•-c•, 

·.?9 

HOO HO CH -CHz -NH - C H3 , .... ·�: 

(*'0 . I CH-CH -�H· C H3 I I OH CH3 

TABLE 1 ( C ont. ) 

CLASS 1 

Biological Test (Refe rence ) Halogen 

Antithyroid 

( 1 09 , 1 38)  

P ressor  Activity F or Cl 

Epinephrine = 1 ' 'weak• •  

(66 , 1 03) 

P ressor  Activity F ,  C 1  
"pos s e s s  
pressor  

activity " 

(66 , 1 43 , 64 , 8 1 , 67 )  

P ressor  Activity Cl - known 

? 

( 1 8 , 1 5Z ,  93 ) 

P re s s o r  

Ephedrine = I 

(66 ) 

----

- OH -NHz 

inactive weak 

1 /70 

1 /50 epi ? 
activity 
unpublished 

OH - epi 
1 /1 0  epi 

SH - "ep i -
like" 

< 1 z 

-CH3 

potent 

"weak 1 1 

1 /ZOO epi 

? 

< 1 

I 

I 

... 
0 
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Compound 

·:�oO-CHzCHOH-CHzOH 

(�oCOO-CHz -CHzNEtz 

:�0 -CH-Qx:· • I • 

CCI3 

C zH5 --o I o-· :x, -C =C - X: . 
I 

. 
CzH5 

CzH5 

HOO -k=C·O� I . .  
CzH5 

- - - -

TABLE I (Cont . ) 

CLASS I 

Biological Test (Refe rence ) 
Muscle relaxant 

� -0-CHz -CHOH-CHzOH = I 

(99) 

Local anesthetic 

P rocaine = Standard 

(Z7 , I Z8 )  

Insectic idal 
vs. Lice 

Standard = DDT 

( 1 1 3 ) 

Estrogenic 

( 1 3 5 )  

Estrogenic 

( 1 3 5 ) 
- - ---� -- -

Halogen 

C l z . 1 

F 

comparable 

F 1 /4 DDT 

C l DDT 

B r 1 /Z DDT 

B r 

ve ry weak 

B r 

1 00 gamma 

-OH 

comparable 

inactive 

potent 

0. 4 gamma 

0. 4 gamma 

- -- -

-NHz 

o . z 

(standard ) 

inactive ? 

ve ry weak 

7 . 5 gamma 

-CH3 

l . Z 

1 /5 DDT 

inactive ? 

' 
. 

.... -.... 
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TABLE 1 (Cont. ) 

CLASS 1 

Compound Biological Test (Reference) 

As O vs . T. pallidum Cl 

G--<:�· in vitro ortho 
o: m , p )  

m eta 

- AsO = 1 00 para 

( 38) 

Halogen - OH 

83 84 

1 1 0  79 

as  72 

-NHz 

88 

1 04 

83  

-CH3 

84 

97  

1 02 

! 

I 

... ... 
N 
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Compound 

:x: , . 
H-C..!.X• "' '  x •  · - · '  

CH3 0 0 ' � I 
CH-CH - ·NH-C -NHz 

CH3
/ :l• 

(�)C -CHzOH 

.'X)C ·CHC> HzO 
' ·  . 

-, 
CHz

, " 
,... N-CHz -CHz �!C: 

r 
CHz 

:3= Ho(
N 

H·CO · C Hz t�� 

TABLE Z 

CLASS 1 

Bio1ortca1 Teat (Refe rence) 

Narcos is  

(56 , 70) 

Hypnoaia 

(56)  

Narc:.oais  

(9 1 ) 

Adrene rsic b1ockins 

( 1 1 9 )  

va . Vaccinia virua 

( 1 44 )  

I Br C1 F 

na rcotic narcotic narcotic inactive 

i nactive hypnotic hypnotic 

na rcotic narcotic 
(Z x Cl cmpd) 

inactive narcotic 
... -... 

active active 

(aame as Cl )  

active inactive 
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Compound 

't) 0 '· 

N /CHz - � 
N '\ 

CHz -C Hz -NMez 

ro N • OH 

. ,  ,.-

H OP -o-bc Hz -�H - C OOH 

� - '  '.�· -
NHz 

C10 · C H -0Cl  
1 , - .  Q?Cj 

J)OH 

1 n - butyl 
' ·  

TABLE Z {Cont . ) 

CLASS 1 

Biolog i cal  Test  (Refe rence ) 1 

Antihistamine X - 1 /Z 

P B Z  = 1 
y -

( 147) 

Amebic Dysente ry active 

( 1 49 ) 

vs . Myxedema 
in humans 1 

(9 5 ) 

Inaectic idal 

( 1 1 3 ) 

Phenol c oeffic ient 
vs .  S .  aureua 

( 1 4 0 )  

Br Cl  

1 z 

1 /Z 1 /Z 

inactive inact ive 

1 / 1 7 1 /ZSO 

good exc ellent 

3 1 3 Z57 

F 

3 

weak 

60 

I 
I 

I 

... -
• 
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Compound 

0 H3�

C) 
•:Js'• COO- (CHz} ) -N 

HzNQCOO-CHzCHz -NEtz 

· ... . / 

�?(orCHz-CHz-NC) 
OH 

tj<OcO-CHz -CHz -NC) 

�, C -COO-CHz -CHz -NEtz 11-:� 

TA BLE 3 

CLASS 1 

Biological Test (Refe rence) 

Local anesthes ia 

minutes 

( 1 07 )  

Local  anesthes ia 

Proca ine = I 

(84) 

Antispasmodic 
v s .  Furmethide 

Trasentin = ++ 

(37 ) 
Ditto 

( 37 )  

Antispasmodic 
vs . acetylchol ine , Ba, 
o r  histamine 

(9Z ) 

I Br Cl F OH NHz CH3 I 
l Z 1 5  1 0  ? 9 

z 4 

... -
Ul 

+++ +++ +++ 

+ 0 + 

+++ +++ 
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I ·  

l 

Compound 

=x� -
/0-CH -C Hz -NEtz 

c I 'X� 'o-CHz 
, ,  

�Hz -CHOH -C HzOH 
-�· 

:¥Jc -CHzOH 

•:D:>C -SH 

�'!0-so-O�· 
'----

TABLE 3 {Cont . ) 

CLASS 1 

B iological  Tes t  (Refe rence )  I 

Antispasmodic 

vs . acetyl chol ine , Ba 

( 1 9 ) 

Musc l e  relaxant 
- - 0 - CHz - C HOH-CHzOH = 1 

o rtho 

meta 

para 

(9 , 9 9 )  

Narcotic 

(9 1 , 1 0 1 )  

Antithy roid 
1 1  

Thiourac i l  = 1 00 

(Z6) 

Insectic idal 
va . clothe s moth 

1881 

Br C l F OH NHz CH3 

+ ++  

1 . 3 1 . 7 z . z ... -
"' 

Z. 4 z . 1 

z . 1 l . Z I 

strong - strong very weak 
est  

Z7 44 l Z 

I 

effective effectiv! inactive 

L__. __ 
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TABLE 3 (Cont . ) 

CLASS 1 

Compound Biological Test (Refe rence )  I Br Cl F OH NH2 CH3 

0 Antimala r ia l  in ducks >40 29 4 5  >60 73 1 

�<�· ED9 5 in mg/kg 2 8 1 9 20 60  1 5  vy - OH � 
- (CH2) ]oX� 

( 54) 

Anticonvulsant 

rv-F\. vs . e lectroshock ! ++ ·� CH2 -CO-NH -CO-NH2 

( 1 36 ) 

fl-..., Adrenergic b locking 
CH2 active active inactive 'N - C H2 - c H2 !X� .... ' ·  
CH2 11 ........ 

( 1 1 9 )  

(CH3 l2 - C - (CHzl3 - C H - CH3 Cardiac action 
� I + � � + 

( l  00 ) 

V itamin D 
) - substituent inactive inactive active 

( 1 0) 

- � - - �  ---L----'----

... 
-
.... 
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TABLE 3 {Cont. ) 

CLASS ! 

Compound "B iological Test {Refe rence) I Br  

:VsozNHz 
{88 )  ��Q-soz -Q'F-· 
{88 )  ��0-ca-Q¥.· 
{88) 

-

C l F OH 
insect -
ic idal 

ditto 

ditto 

NHz 
bacte r -
ic idal 

ditto 

ditto 
{weak) 

CH3 

... 
"' 
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TABLE 4 

CLASS 1 

Compound Biological Test (Refe rence ) SH 

SOz �R: 

o ·  
HN= C - NHz 

( 36 ) 

Antitubercula r oH· C o.{f(: in vitro vs . 607  
stas is in mg � 

Bu -0 

(58 ) 

HzN -CS-NH;.� Antithyroid 

(7) 
+ 

Me3 - N  -CHz - C Hz -0-CO(�: Parasympathomimetic 

( 1 1 7 ,  ZO) 

vs. E .  col i in vitro 

HzNQSOz -NH- CO��;. Sulfad iazine = 1 

(8) 

Analgesic  

o�OOH 

)(� . 
( 56) 

-- -

OH 

active 

- -

NHz CH3 

Active vs . Active vs . 
bacte ria r icketts ia 

(both have same effect on 
blood p ressure and respi ration) 

1 6  1 / 1 6  

"' -
+ ++ "" 

active acti ve 

1 / 1 2 5  1 /9 

-1nactive 

i 
I 
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L 

A s O  

0_, 
c o�x: 

� - C H - CH -CH 3 . 1. I ')�: NHCH3 

N -- N .- II II 
, )(  .. c C -SH . •  's ,...... 

ONH, 

.
, 

N ?'c �.�· 

0 HO � 

Compound 

TABL E 4 (Cont . ) 

CLASS I 

Biological Test  (R e£e renee ) SH 

vs . T .  pal l idum 
in vitro 

�AsO = 1 00 

{40 )  

P ressor 

C NS stimulation 

{93) 

Antithy roid 
7 

Thiourac i l  = I 00 

{26 , 1 08) 

Ditto 1 1 6 

Antithyroid a ctive 

( 7)' 

OH 

7 

1 

+ +  

inacti ve 

NHz 

4 5  

1 /3  

+ 

1 56 

6 

C H3 

... "' 
I=> 
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Compound Qcoo- (CHzh iJ 
•X� H3C 

JI-CH -COO-CHz -CHz -NEtz 
I . CHz �?{: 

o-0 ' c ·x· ? ' · '  -N 

0 N- CHz :"X; CH -Cq I · - z ' NH-CHz o9cu3 
co""X'· 
zHs ' - · 

HO 

TABLE 4 (Cont. ) 

CLASS 1 

Biological Test (Refe rence ) SH 

Local anesthe s ia inactive 

( 1 07) 

Antispasmodic 
vs . Acetylchol ine 

Atropine = 1 

(z 1 ,  63 ) 

Anticonvulsant 

( Z5 ) 

Effect on blood 
pressure 

( 1 30 ) 

Estrogenic 

( 1 1 5 ) 

OH NHz 

active 

I /7 

inactive 

pressor  

active 

CH3 

I / 1 0  

+ + + +  

depressor 

inactive 

I 

I 

I 
� 

.... N 
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TABLE 4 (Cont . ) 

CLASS 1 

Compound Biological Test  (R efe rence ) 

y OOEt vs . F ila riasis 

CN
) 

� 
CHz - CHz ;R: 

( 1 39 )  

� - CH -CHz -NHz Pres sor ,L  ·.�: 
(66 ) 

SH OH NHz 

inact ive 

1 

CH3 

active 

1 

.... N N 
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Compound 

fi!XQoH 

r� :xQ NH2 

fl-.... . •  /CH2-CH2, CH �X:-C H2CH2 - N  0 fl/ . 'cH2 - cH/ 

• •  �N - CHz 
� �x;.cH2 - c  I . .  ....... NH- CHz 

.. ,- " N� o-NH 
H2N - C  J ,�).. \ C -NH2 

� ----

TABLE 5 

CLASS Z 

Type R cX - R  

Biolog ical Test  (Refe rence )  

Phenol Coeffic ient 

vs. Staph . aureus 

( 1 40) 

Antitube rcula r 

Salicylate No. 

( 1 6 )  

Antihistamine 

( 1 7 , 9 7 , 1 2 7 ) 

Blood pres sure effect 

( 1 30 ) 

Trypanocidal 

(6)  

s 0 

s 1 00 40 

Se 1 00 

40 

weak ? active 

pres sor 

+ +++ -

NH 

1 0  

2 

very weak 

pressor 

+ 

CH2 

1 00 

1 60 

active 

depressor 

++ 

I ' 
I I 

.... N .... 
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Compound o�: .. CHz - CHOH -CHzOH 

CH3 

NH 
. . . 

CH3 �.�rC  -NHz 

Et i�-Et 

R -tV coo-CHz -CHz -NEtz 

C H3 �Sb-CHz -CHz -CH-COOH ' .  I 
NHz 

TABLE 5 (Cont . ) 

CLASS Z 
Type R - X - R  

B iological T e s t  (R efe rence) s 

Mus cle re laxant 1 . 3 

f' -0-CHz -CHOH-CHzOH = I 

(99 ) 

P ressor  effec t  
. 

++ 

( 5 1 )  

Narcosis 
inactive 

( 56 ) 

Local anesthe s ia 
i nactive 

( 75 , 1 1 8 )  

Lipotrop ic  activity 
active 

( 1 33 )  

0 NH 

z . z 0 . 3 

+ + 

narcotic inactive ? 

active active 

active 

CHz 

+ 

narcotic 

I 

I 
I 

... N • 
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TABLE 5 (Cont . ) 

CLASS 2. 

Type R -X -R 

Compound Biological Te st (Reference ) S 0 NH CH2 

HN --CO Antivonvulsant +++ +++ ++++ 

o! 1 vs . electroshock 

I ,� HN--C,:: -CH2 t�rCH3 
� . 

(98) 

Estrogenic 

HOO ·(�; .. Q oH 1 00 mg. 1 00 mg. 

( 1 3 5 ,  1 06 )  

Phenol coeffi cient 

HOo.J?.!!-butyl vs . Staph. aureus 60 9 20 

( 1 40 )  

[ ·-o l Adrene rgic blocking ++ inactive 

CH;i!C,' ' C H2 - N -CH2 - cH2 -Cl  
2 

( 1 1 9 )  

Antitube rcular 

0 -CO-ox�cH3 s tas i s  in mg % 1 .  7 20 

(57 )  

... N ..,. 
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Compound 

C H3 {� CH=N -NH-CS-NHz 

c l Qx .. sozQ c l 

@ z - CHz -NEtz 

CH3 , - I � OC - C H3 I I 
CH3 - N--CO 

. ,  ax� 
N

,- C -CH3 

TABLE 5 (Cont .  ) 

CLASS Z 

Type R -X - P  

Biological Te s t  (Reference ) 

Antitube rcular 

in mice  

{ 74 ) 
Inse ctic ida l 

{88 ) 

Antispasmodic 
vs . acetylcholine 
Atropine = 1 

vs . Ba 
Papaverine = 1 

(2Z )  

Anticonvul sant 

( 1 36 )  

Anticonvulsant 

(Z5 )  

s 0 

s l ight active 

active 

1 /45 1 /3 

3/4 3 

inactive active 

ve ry l ittle ac�ive 

NH 

s l ight 

ine rt 

1 /Z 1  

3/4 

inactive 

CHz 

1 /3 5  

1 . 5 

... N 0' 
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Compound 

0 a"DcHz -cHz - NE<z 

1'� C H3 

CX��D l,x;: 

Q::l)C OO-CHz -CHzNEtz 

# 
,x � - '  

C H = C H - C Hz -CHz -NHz , 1,  I 
I �  .-. N  

• C H 

oc -- c - Etz 

I ·k H N  I I 'c
...-· · 

I 
0 

TABLE S (Cont . ) 

CLASS Z 

Type R -X -R 

Biological Te s t  (Refe rence ) s 

Schistosomia s is 

in humans act ive 

in m ice active 

( I  Z l 
Insectic ida l 

( 1 1 3 ) 
Local anesthe s ia  

rabbit cornea + 

( Z3 ) 

Effect on 

blood pressure depressor 

(49 )  

Narcotic + +  

(47 )  

-- -----

0 

inactive 

active 

active 

+ +  

+ 

NH 

active 

+++ 

depressor 

C Hz 

I 
I 
! 
I 

! 
' 

.... "' .... 
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Compound 

�....... /CHz-CHz,. , 
/CH- 0-CHz -CHz -N, )�: � CHz-CHz 

?H /CHz-CHz'-. Aryl -C -CHz -CHz -N ))(. I "- • • 

Alkyl CHz-CHz ex) 
/'Hz -CHz._., CHz -N, )-.�· 

OH CHz -CHz 
0 

TABLE 5 (Cont . ) 

CLASS Z 

Type R -X - R  

B iological Teat  (Reference) 

Antihistamine 

Benad ryl  = I 
(97 ) 

Antispasmodic 

( 37 )  

Antimalarial 

in ducks 

( 54 )  

. - - .&. ! - ' g a are treated unde r "Spec ta l  �o.;asea . 

s 0 

we!'-k ? 1 /Z 

+ 

inactive 

NH 

inactive 

CHz 

I 

+ +  

active 

... "' CD 
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C O -- NH 
I I ., - . R 2 -c  c ,x,. 
I I -

CO --NH 

r'J(: · n  
H2N-C -NH2 

•X'• �,r 
C H  3 - NH  -C  -NH2 

H 
C"'N -

s 1='X'· I ... • 

NH-c;: -cH3 
C H3 

(X: "" or r 

Compound 

E t -C -f - C H2 - <j=H - NMe2 
if CH3 

TABLE 6 

CLASS 2 
X 
II 

Type R -C -R 

Biological Test  (Reference )  

Hypnotic 

effect  

duration 

(32 , 1 4 1 , 1 42 , 56 ,  1 1 6 ) 

Diuretic 

{96 )  

Ditto 

(96 ) 

Anticonvulsant 

% protection from 
metrazol 

(68) 

Analges ic 

mg/kg 

(29 )  

s 0 

+ +  + 

+ ++ 

1 1 

0 . 8 

1 00% 44% 

1 2 . 5 

NH 

inactive 

(toxic ) 

1 3 . 4  

0 

1 2 . 5 

CH2 

weak 

... "' ,., 
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Compound 

(*� oC -NHz 

NH-C -NHz 
,�, 

•, _ 1 

/C Hz-yHz 
•'X', 
·u' 

Et-0-CO-N '- f:'-- C -NHz 
C Hz -CHz 0 '*' 

R CH=N-NH-
't - NHz 

TABLE 6 (Cont. ) 

CLASS 2 
X 
• 

Type R - C -R 

Biological Test  (Reference) 

T rypanosomiasis 

( 7 1 ) 
Filarias is 

(86 )  

Antitube rcular 

in mice 

(74)  

s 

active 

0 NH 

inactive active 

inactive active 

inactive inactive 

CHz 

I 

.... .... 0 
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Compound 

HzNQc o��'- CHzCHz - NEtz 

"
' . .  
/C H  -C0-(1(1- C Hz - C Hz -NEtz 

" 

H.zN Qco:j}. Et 

OO't·E< 

N I 
CH3 

" co :X.- Et 'c/ 0 " /  'cH2 -CHz - N 

' ·  

TABLE 7 

CLASS l 

Type R - CO-X -R 

B iological Test (Refe rence ) 

Local anesthe s ia 

( 1 1 8 ,  65 )  

Antispasmodic 

vs . acety lchol ine 

T rasentin = I 

(Z l , 1 1 0 , 1 Z4 )  

Antitube rcular 

salicylate no. 

( 1 6 } 

Analges i c  

(84) 

Analges ic  

(84 )  

s 0 

active active 

4 1 

40  

1 

1 

-��-

NH 

weak ? 

7/ 1 0  

I 

CHz 

80 

I 

1 /5 

... ... ... 
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Compound 

"••O •az - •"Q 
' 

"••Qso, - N..p 
Q 1cH,Q (ocH3 J 

N 
-

• 
'

cHz -CHz -NMez 

c;;. I'"•Q cocH,J  

,
�N \;Hz -CHz - NMez 

·� NH-CHz -CHz -NEtz 

C lo -NH-o CH3 

._ ' CH3 

ex)) 
COO-CHz -CHz -NEtz 

ONHz 

Bu -
' ... . ,.' 

332  

TABLE 8 

CLASS 3 

Aromatic R ins• 

B iolosical Test (Refe rence) 

Antibacter ial 

(8 ,  1 ZO) 

Ditto 

Antihistamine 

( 1 4 8 ,  78 , 80,  59 ) 

Ditto 

Antimalarial 

( 1 0Z )  

Antispasmodic 

vs . acetylchol ine 

Atropine = 1 00 

(9Z) 

Antitube rcular 
vs .  607 

ms. fo stas is  

(SZ )  

=CH- :.N -

moderate active 

moderate ve ry active 

active active 

active active 

inactive active 

1 5 5 

1 / 1 6 l /3Z 
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Compound 

.:oNHz 

Bu -0� 
• .. . . 

o-CHz -CHz -NHz 

. · -

GCOO-CHz -CHz -NEtz 

·-� 

OA•OC O-NHQ 
H Qso 

. .  

,N -CHz 
••• CHz -C I co '  NH-CHz 

Q-(50-� 
. . 

N 
t:utyl 

333  

TABLE 8 (Cont. ) 

CLASS 3 

Aromatic R ings 

Biological Test (Refe renee ) =CH- =N-

Antitubercular 
va . 607 1 / 1 6  1 / 1 6  

mg. � stasis 

_1521 

Effect on blood pres sure p ressor  a depressor  
IS preasor  
y pressor  

{weak ) 
(66 , 7 7 .  60) 

Local anesthe s ia active a inactive 
IS active 

(weak ) 
y inactive 

(30 )  

vs . T .  pal l idum 
in vitro 

-AsO = 1 00 97 74 

(4 1 ) 

Syphil is active active 

(56 ,  I Z 3} 

Effect on blood p re s surt p re ssor depresso� 

{ 1 30) 

Analge s ic 
strong weak 

_li Z� 
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Compound 

HN -- C O  �-!-0 - .. .  

HzNo-Q. 
' . . . 

334 

TABLE 8 (Cont. ) 

CLASS 3 

Aromatic R ings 

Biological Teat (Refe rence = C H - =N -

Anticonvulsant 
vs . e lectroshock + +++ ++++ 

(98 )  

Antitubercula r 
sal icylate no. 1 600 600 

(44) 
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Compound 

�. 
_.....N ......_ 

co CH3 - N  
I I ""CH3 CH3 -C =C �.�\ 

CH3 

COOH 

OOH 

CH ···t' 3 NH -CO-CHz ��, 
CH3 

"">-· ,...cHz -CHz, 
. X:�COO-CHz -CHz - N  0 �_.;· · 'cHz -CHz/ 

e-... • 

;.:1$:-.CHz -CHz - NMez 
li 

HoQ:.�l{�r.QoH 

o�SCi�·-o HO 
• • � OH 

NHz NHz 

3 3 5  

TABLE 9 

CLASS 3 

Biolog ical Test  (Reference ) =CH - =N  

Antipyretic + + 

( 5 0 , 1 Z l )  

Antitube rcular 
1 / I ZOO 1 / 1 60 

stas i s  at mol . cone . 

(7Z )  

Antispasmodic 
intestinal str ip 7 5  30  

Papave rine = 1 00 

(Z8 )  

Antihistam ine I 1 .  zs 

Benadryl = I 
( 1 26 ,  1 04)  

E strogenic 1 0  mg.  10  mg.  

{ 1 3 1 , 1 3 5 )  

Syphi l i s  S b  As 

uns table Salva rsan 

( 1 49 )  
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TABLE I O  

CLASS 4 

Compound B iol ogical Test (Refe rence )  

Me3 • • ;W Muscar ine - like 

(depresaor)  
: 

( 76 )  

Mez , 3:f't/ -CHz -CHz -OAc Depressor  

Acetylchol ine = 1 00,. 

( 1 5 1 ,  l ZZ )  

Me3 �X#" -C Hz - CHz - OH Lipotrop ic  activity 

Methyl donor  

( I SO ) 

- + 
Me 3 �,X--C Hz - C Hz - OAc Rate of hydrolys is 

by chol ineste rase 

( Z ) 

-·---

c N s 

+ + +  + +  

1 00 1 0  

+ 

yes 

fast fas t  

p As  

+ +  + 

1 0  z 

+ 

no 

Sb 

+ 

... ... 0' 
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Compound 

Ocoo-cH2 -cH2 -NEt2 
•(f.• 

HN- CO 

o! I 
H�c-Q 

J o I . .  
�0-E< 

N 
butyl 

Q cH2 -yH -CH3 
· - NH2 

QcH2 -CO-NH-CO-NH2 
'· · 

TABLE 1 1  

SPEC IAL CLASS 
Aromatic C =C ,  S 

Biological Teat (Refe re nc e )  

Local anesthe s ia 

Cocaine = 1 0  

(62 )  

Anticonvulsant 

(98 )  

Analge s ic 

{ 1 25 ) 

Pressor  in dogs 

stimulatory in  humans 

{4)  

Anticonvulsant 
Electroshock 
Metrazole 

1 1 36 \  

-HC =CH - s 

4 1 

+ + + +  +++ +  

strong weak 

+ +  ++ 

+ 0 

+ + +  + 
+ + 0 

0 

trace 

weak 

+ 

0 

0 
0 

NH 

2 

+ 

... ... .... 
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Q 9 00Et 
CH=C 

• I • C OC H3 

\�)co-� 

Compound 

OzQCH=N-NH-CS-NHz 

�E<  . 

N CH3 

�H -COO - C Hz - C HzNEt z 
I 

TABLE ll (Cont. ) 

SPECIAL CLASS 

Aromatic C = C ,  S 

B iologi cal  Tes t  (Refe rence ) -CH=CH-

Ins ectic idal excel lent 

vs .  c lothes moth 

( 88 )  

Antitube rcula r 5 

mg.  '• stas is 

( 5 7 )  

Antitube rcular  

in mice active 

( 74 ) 

Anal ges ic  ++  

( 1 3 ) 

Anti spasmodic 
vs .  acetylchol ine 1 /40 

Atrop ine = 1 

( 1 5 , 5 3 )  

s 0 

excel lent 

1 0  

inactive 

+ 

1 /20 

-

NH 

! 

.... .... 00 
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C ompound 

ON/
C H2
-Q 

N ' C H z - C H z - NMe z  

O c H - 0 - C Hz. - C H z - NM e z �)5:. h 

O c H2 - N - c H2 - c uz - c i 
,x. 1 - T H z 

� 

roC H z - C Hz-Q 
OH 

" 
0 

0 

. 

CD C Hz - c H 2 - c H , - C 6 H 1 1  

0 1  
0 

- �  

TABLE 1 1  (Cont . ) 

SPECIAL CLASSES 
Aroma tic  C o  C ,  S 

B i ol ogical  T e s t  (R e fe r e n c e ) - C H o C H -

Ant i h i s ta m i ne , i l eum I 

P B Z  = 1 

( 1 04 ,  8 0 ,  89 , I I )  
D itto I 
B e na d r y l  = I 

(9 7 ,  1 04 , 1 1 )  

A d r e ne r g i c  blocking + +  

( 1 1 9 )  

Antima l a r ia l  

i n  ducks > 1 00 

ED9 5 in mg/kg 

{ 54 ) 

D itto 
2. 0  

{ 54) 

s 0 

1 I 

1 /4 ca .  2. 

++ 

85 

weak 

NH 

-

i 
l 

.... .... "" 
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TABLE I I  (Cont. ) 

SPECIAL CLASSES 

Aromatic C = C ,  S 

Compound Biol ogical Test (Refe rence) - C H= CH - s 0 NH 

d�Hz 

Antithyroid 0 + +  

N 
( 1 3Z)  

Antitube rcular 0 ++ 

OCO-N�J ++ corresponds to 
50% of streptomycin 
activity 

N 
( 87 )  � 0 

"'' •,oCO-NEtz Analeptic + + 

(48)  

Antitube rcular  600  z , ooo 

HzNOV aalicyla te No. 

(44 )  

HzNO (�:..ONHz 

Antibacterial inactive ? weak 

(I ZO ) 
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Compound 

OH OH 

v-� 
C l C l  

�o- -DwH 
HzN -C '� C - NHz 

HoOi':OoH 

TABLE 1 1  (Cont . ) 

SPECIAL CLASSES 

Aromatic C = C ,  S 

Biological Te s t  (Reference)  -CH= CH-

Fungic idal ++ 

( 1 05 ) 

T rypanocidal 

mice ++ + 

(6 )  

Estrogenic 

dose in mg. 1 0  

{ 1 3 5 , 1 06 )  

s 0 
+ +  

+ +++ 

1 00 

NH 

+ +  

J 

I 

... .. 
-
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Compound 

Clo (Jf.-o Cl  

HzN o�?( .. ONHz 

HzN 0 (J$:-NH-hete rocycle  

-
r. · I 

Et .X:..C -CHz -CH -NMez • · I I � CH3 

CH3 (�oAsO  

HzN:.5SQAs0 

HO�� I I  

Mez'N- (g .. 1 1  

� :r. OH 
HOOC

H 
NH-COO 

OH 0" 
NHz 

34Z  

TABLE l Z  

SPECIAL CLASS 

CO, SO, SOz 

Bio logical Test  (Referenct') 

Inse ctic idal 

vs. c lothe s moth 

(88) 

Antibacterial 

vs . pneumococcus 

( l ZO )  

Antibacte rial 

(83 , 1 ZO )  

Analges-ic 

Amidone = 1 00 

(4Z ) 

vs .  T .  pallid urn 

-AsO  = 1 00 

{ 39 )  

vs . T .  pall idum 

S4As0 = 1 00 

(4 1 ) 

Antitube rcular 
in vit ro 

{ 7Z ) 

Ditto 

{94 ) 

c o  s o  SOz 

inacti ve active active 

inacti ve weak active 

inactive active 

1 00 l ZO 

4Z 49 

45 Z9 

7 3 
8 l l Z 

active ina ct ive 
active inactive 
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HO '-

Et 
� 

Compound 

OH 

343 

TABLE 1 3 

SP ECIAL CLASS 

-COO- , CHz -CHz 

Biological Test (Reference)  

Estrogenic 

( l i Z ) 

Vitamin K activity 

( 1 1  Z ) 

- c o - o  -CHz -CHz -

l 00 gamma l 00 gamma 

active active 
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344 

TABLE 1 4  

SPECIAL CLASS 

Spatial Fixation by Ring or Double Bond 

Compound 

I 

�CHz-CHz -N£<2 

<2;2z-CHz -Cl 
I 
Et 

Q9 
_,c, 

0 0 
I I 
CHz-CH-CHz -NEtz 

CQ? CHz -CHz -0 

�z-CHz-NMoz 

.Ji.. 
CHz 

0 

Biol ogical Test (Reference) 

Anti spasmod ic 
vs . acetylcholine 

Atropine = I 00 

(ZZ , 9Z )  

Adrene rgic blocking 

( 1 1 9) 

Analgesia 

( 1 34)  

Antispasmodic 
vs . acetylchol ine 

( 1 9) 

Antispasmodic 
vs . acetyl chol ine , Ba ,  
histamine 

(84 , 1 7 ) 

Antihistamine 

(1 Z6) 

Open Form R ing Form 

I z . 3 14  

z 0 . 7 

+ +  + + +  

strong weak 

active weak 

active less active 

active inactive 
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34 5  

TABLE 1 4  (Cont. )  

SPECIAL CLASS 

Spatial Fixation by R ing or Double Bond 

Compound 

Q2 N -CHz -CHz -NMe z 

0 

Bio log ical Te st (Refe rence) Open Form Ring Form 

Antihistamine 

(79 ) 

Estrogenic 

(3 1 )  

Estrogenic i n  gammas 

( 1 1 5) 

Estrogenic 

a ctive 

1 /4 0 , 000 
of sti lbestro 

0 . 4 

++ 
and Z + + +  

inactive 

active 

+ 
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Compound 

HN--co 
I I 

SC CH 
I I /C Hz 

HN - C -C H -+ 
't Hz 

OC -NH I I CHz C=S  
I . I 
C Hz 7-NH 

I 

....- C Hz- c -s, 
CHz • I c -NHz 

' CHzt C -N, 

0 NH NJH3 
Cl  NH - � -NH( r.  

N � · . 
I R • 
I 

346 

TABLE 1 4  {Cont . ) 

SPECIAL CLASSES 

Spatia l  F ixation by R ing or Double Bond 

B iolog ica l  Test  {Reference) Open Form R ing Form 

Antithy roid 

Thiouraci l  = 1 00 

{ 1 3 7 )  

Antithyroid 

Thiouraci l  = 1 00 

{ 1 09 )  

Ditto 

{ 1 09 )  

Effect on  blood pressure 

{45 )  

Analge s i c  

{ 1 4 ) 

Antimala rial 

( 1 )  

Antimalar ia l  

{ 34 ) 

1 00 1 00 

1 4  1 1 6 

14 1 0  

depressor prea sor 

active inactive 
(Amidone ) 

act ive inactive · 
{Paludr ine ) 

+ + +  + +  
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347 

TABLE 1 4  (Cont. ) 

SPECIAL CLASS 

Spatial Fixation by Ring or Double Bond 

Compound 

Q0 c 
• 
0 

�
CHz 

�:)H -NHz 
CHz 

If /CHz-CHz 
'-cH - 0 - C Hz -CHz -N  -+ - ·  

If /  '-cHz-CHz 

Biological Test (Refe rence )  Open Form Ring Form 

Antitubercular 
active inactive 

(57 )  

Sympathomimetic 
• Vasoconstrictor + + 

P ressor  weak weak 

(66) 

Ditto 

Vasoconstrictor + + 

Pressor  + weak 

(66 )  

Bronchodi lator good good 

(69 ) 

Antihistamine 

Benadryl = I 0. 1 z 

( 1 53 )  
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TABLE 1 5  

SPECIAL CLASS 

Polarity Shift 

TEST Exocyclic Endocyclic 

Analept ic activity oco-NEtz oco-NEtz 

NOz 

(46 ) Active Active 

vs . Hem. strep. 
HzNQSOz -NHO "••Qso.-NHO 

in mice Oz 

(43 )  1 5fo sreater activity than (Sulfapyridine ) 
Sulfanilamide 

Histamine - like 

OCHz-CHz -NHz OcHz -CHz -NHz 
activity 

NOz N 

(90)  None (pressor compound) Weak (0 . 02 x histamine ) 

Panuympathomimetic oO-CO-NMez QO-co-NMe2 

R3N+ 
R+ 

( 1 54 ,  73 ,  3 )  Active Active 

vs . Syphil i s AsO AsO 

UHz 0 
OH OH 

( 1 23) Active Active 
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TABLE 1 5  (Cont . ) 

SPECIAL CLASS 

Polarity Shift 

TEST Exocyc l i c  Endocycl ic  

Ant ibacterial Hexadecyl -N+ -CHz -CH=CHz 
Hexade cyl i NC> vs . Staph. aureu.!l I Mez 

{ 1 46 )  l /Z5 , 000 l /Z 5 , 000 

Antibacterial  
HzNQ SOzNHz NJ sozNHz 

( 1 4 5 )  Active Inactive ? 

L o c a  I anesthetic 
Hz NO cOO-CHzCHz -NEtz ND coo-cHz -CHzNEtz 

(3 0 ) Active Inactive 

Ana lge.!l ic  OOOR 

O
OOR 

NMez N ' 
Me 

( 1 Z9 ) Weak Strong 

0 0 
" (()"' 

Vit. K. activity (X)CH3 

8 
( 1 1 4 ) Potent Weak , but active 
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TABLE 1 6 

SPECIAL CLASS 

Reve rsed Polar ity 

T ES T  

't 
Ana lge s i c  c:rQ -CHz -CH3 

-Me 

(8 2 ,  S S )  Deme rol 

Chol ine - l ike 0 • (Mus ca r i n ic ) Me 3 - N+ -CHz -�.:�-CH3 

A cety l chol ine = +++ (Beta ine este r ) 

( 3 3 )  ++ 

A n t i s pa s m od i c  �..... " CH -C -0 - CHz -CHz -NMez 
-/ · · - · - · 

v s .  Histam ine ve ry weak 
vs . Acety l cho l ine mode rate 

( S )  

Anti spa s mod i c ,,  c: CH -C -0-CH,  -CHz -NEtz 
,...... 

· · · - ·  -

(3 5 ) (T ra s entin ) 
0 II 

Ditto 9 -Fluorenyl -f :Q-CHz -CHz -NEtz 

( 3 5 ) (Pava.trine ) 

Local anes thet ic a�-� ·CHz -CHz -P ip< ddiM 

NHz 

(6 1 )  weak ? 

� 

c:r�· CHz -CH] 

� Me 

30 x Deme rol 

0 
+ • 

Me3 -N  -CHz - Q;� -CH3 

(Acetyl - {ormochol ine )  

+ +  

., � 
/ CH -Q:_<;_-CHz -CHz -NMez 

' 
ve ry weak 
m ode rate 

,, � 
/CH- Q:.f -CHz -CHz -NEtz 

' 
Ac t ivity ?  

0 
• 

9 -F luorenyl - Q;.�-CHz -CHz -NEtz 

Activity ? o�Q-CHz - C Hz -P ip< •id•M 

NHz 

Activ ity ? 
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TEST 

Loca l anesthet ic 

(S6 ) 

Antitube rcula r 
mola r cone. for 
stasis  

(72 )  

v s . T .  pall idum 
in vit ro 

fiAsO = 1 00 

(40) 

P r e s s or 
(8S , 66 )  

3S l  

TABLE 16  (Cont. ) 

SPECIAL CLASS 

Reversed Polar ity 

COO Me 

OOH NH'f 
(Orthofo rm) Active 

COOH 
OJH 

NH2 
1 /200 

d. NH[ 
40 

HOO HO <fH-yH-CH] 
R� . .  !'!�..z 

1 / 1 2 epi 

COO Me 

ONH2 oH"" 
(Orthoform new) Active 

COOH 
ONH2 

OH.,;o 

1 /200 

AsO 

ON Hz 
OH_.... 

38 

HOO HO CH-CH-CH3 I I �I!L<?!! 
Inactive 
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DISC USSION 

I 
DR . D. W .  W OOLLEY (Rockefel le r Institute for Medical Resea rc h ,  New York ,  New Y o rk): 

This que stion of i soste r ism i s  one I have given cons ide rabl e  thought to, and I would l ike to tel l  
you how I look at the  matte r .  As Dr .  F riedman pointed out , Er lemneye r save g reat impetus to 
this  s tudy , with inve stigat ions in the ea rly thi rties .  He came against a blank wall , thoush, when 
the i sostere of thiamine was made ; that is , a thiazole r i ng in the v itamin wa s r eplaced by a 
pyridine r ins and , c ont rary to what had been expected (that i s ,  that it would have thiamine 
a ctivity ) . it was an exceed ingly powe rful antasonist ; it had the exactly oppos ite effect  from 
thiam ine . This was one of the s e r ious challenges to the idea of i soste ric replacement giving rise 
to biologi cal mater ials of the .s ame potency , and it still i s .  

The c onfusion w h i c h  s e e m s  to reign in the field , and to which Dr.  F riedman refe r r e d ,  
r e s ides pa rtly i n  this fact .  I !  i n  a drug ,  one makes i s oste ric replacements , such as  the excbanae 
of a pyr idine ring for a thiazole , one may obtain a c ompound of s imilar  qual itative a ction , 
a lthough in a l l  re spects the two may not be identica l .  Actual experience s howed that d rugs of 
s imi lar  act ivity c ould be found by making such  is oste ric  c hanges in exi sting d rugs . Thia may 
have been because various membe rs of a se r ies  of antimetabolites we re  being mad e .  If, however ,  
the l i m i t  is exceeded and the metabol ite rathe r than the. analog is  made , an e nt irely d iffe rent 
s ituation a r i s e s .  

Am ons pharmacol ogists and othe rs  as well , hormone s have been cons ide red a s  d rugs . 
Choline , for instanc e ,  for yea rs , wa s thought of as j ust  a synthetic drug , until it was isolated 
from ti ssues  and s radual ly s hown to be an e s sential metabol ite . The case of adrenalin sometimes 
can be viewed in the same way. The confus ion ·of druss with metabol ites was the refore p rofound 
w ith the hormone s .  W ith the vitam ins , howeve r ,  the matte r can be s een more clearly.  Be cause 
the vitamins a re essentially nontoxic , enormous dos e s  can be given to norma l  animals with no 
dete ctable effect .  This is not true of many of the hormones .  

I f  in a vitamin various is oste ric  replac ements a re introduc ed ,  an antasonist ,  frequently a 
ve ry powe rful one , which has exactly the oppos ite ef"fect to that of the vitamin , may result. The 
same is true w ith many amino acids . With this in mind , we can resa rd s ome of the g roups of 
isoste ric  d russ as be ing mere famil ies  of antimetabolite s .  If the real m etabolites to which they 
may be related are  te sted , then the re should be no surprise  if the i r  activity is quite the opposite 
of the s e ries to which they are  i soste r ic .  

I think , in c om ins down to the  practical matte r of  thinking about synthetizing useful agents,  
we must ne ve r lose s ight of this fact  that , if we start w ith the biolosically active c ompoUDd (that 
is , the metabol ite ) ,  it is an enti rely d iffe rent p roblem than if we s tart with the product in the 
labo ratory ; to w it ,  an a lready existing analog. Isoste r ic  replacement may ha,;e quite oppos ite 
e ffects in the s e  two s ituations .  

DR . FR IEDMAN: This  may be an e r roneous way of looking at  it ,  but I always consider 
that an antimetabol ite really has the .!..!m.£ mechanism of action as the metabolite . Thinking in a 
p ictorial manne r ,  both the metabolite and its i soste re sta rt with the s ame mode of action: the 
i s os tere  is hooked into the system in the same place as the m etabolite would have bee n. But the 
rest  of the mechanism beyond this stage is blocked when the antimetabol ite is p r e se nt and thus 
growth, or whateve r c onsequence is involved ,  is prevented. 
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ANTIME TABOLITES 

D. W .  W oolley 
Rockefelle r Institute for Medic al Research  

New York , New York 

M r .  Cha i rman, I feel  I have used up my five minutes already. To keep within the t inle 
l imit , I think we can  d ispense with most  of  the s l ide s .  1 believe i t  is  needl e s s  to say to you a l l  
that 'antimetabol ites ex ist , o r  to show you the  s tructure of  sulfanilamide , .e-aminobenzoic a c id , 
and so fo rth ; I be lie ve you all know thos e .  The bas ic  phenom enon, it s hould be recal led ,  is that , 

· if one takes a vitamin - it has been  done with al l  the wate r -soluble ones and s ome of the fat 
s oluble ones , too - or  a n  amino ac id, and i n  s om e  cases  a hormone o r  a purine , any one of a 
numbe r of metabol ically essential c ompound s ,  and if one modifies its structure in s ome small 
way , replacing an atom by s ome othe r atom o r  replac ing a g roup by s ome othe r group ,  one 
frequently obtains a s ubstanc e which  p roduc e s , in va rious  kinds of l iving things , the s igns of 
defic iency of that m etabolite . 

F requently , one can ove rcome the toxic ity attendant on such a demonstration, and nullify 
the effe c t  by giving the structurally related metabol ite . This has been done with bacte ria and with 
viruses ; it has been done in anima l s ; it has even bee n done , in a few c as e s ,  in man. 

This idea a rose some fiftee en or twe nty years ago among e nzymologists , and received 
g reat impetus by the d iscove ry that a c l inically useful agent, sulfanilamid e ,  was of t�s type :  
that i s , its action was ove rcome by a structurally related , metabol ically important s ubstance , 
_p -am inobenzoic acid .  Many people thought it  would be easy to reve rse  the idea and make new 
bacter ic idal and the rapeutic  agents , by alte ration of the s tructu re of othe r metabol ite s .  In 
general , this has not p roven to be so. The re have bee n  fa r m ore fa ilures than succe s s e s .  One 
j ust cannot se lect  at random some am ino ac id or some vitamin and alter its structure in such a 
way as to produce an anti -metabol ite , and thus a r rive at a fa irly useful ther apeutic a gent. 

One of the problems before us this afte rnoon, is how to a r rive at the rapeutically active 
agents . It has the refore s eemed to me that one of the ways we should app roach this problem is 
to  try to unde rs tand select ive toxic ity .  

A s  you know , s ulfanilamide der ivatives a r e  esse ntially nontoxi c  to highe r animals ,  yet 
are  quite harmful to many pathogenic bacteria .  1 think we s hould inqu i re why this is s o ,  becaus e 
I be l ieve any attempt ,  othe r than thos e based on c hance , to make the rape utic agents w ill  have to 
delve into the reasons why s uch se lective effe c ts are obta ined .  In the case of the sulfanilamide 
d rugs , s omething is known as  to why they have this s e l e ct ive effe ct .  Why don't they kill animal a 
as wel l  as bacte r ia ? F rom the work of Woods and from that of Mille r ,  it ia c lear  that E.-amino 
benzoic acid is used as a substrate from whic h ,  by a ! se ries of reactions , the l iving cel l  
synthes ize s  fol ic  acid .  P ractically a l l  of  the  pathogenic bacte ria c a r ry out thi s reaction ve ry 
wel l ; that is , they p rodu c e  the i r  own .!! -aminobenzoic a c id ,  and they m etabol ize that furthe r and 
p roduce fol ic 1\C id .  Highe r animals , howeve r ,  appa rently do not do thi s ,  at least  not at a rate 
s uffic iently fa st  to meP. t the i r  need s .  

Woods ha s a l s o  shown that sulfanilamide inhibits this enzym ic synthe s is o f  fo l i c  acid from 

.!! -am inobenzoic  a c i d .  

One cannot inhibit t h l'  synthetic reaction in animal s ,  because they d o  not pos s e s s  it ; 
henc e ,  t hey go la rge ly unha rmed , but the bacte ria do pos s e s s  this react ion ; they depend on it for 
m ult ip l icat ion and , when the rea ct ion is inhibited , the i r  g rowth (multipl ication) is inhibited. 

So I think the ba s i s  of s e l e c t i vity , one of the reasons why the sulfonamide d rugs are 
s e l e c t i ve , i s  the diffe rence i n  the ir  nutr i tional requi rements for fol ic ac id .  
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W e  can test this hypothe s is  by applying it to some othe r metabol ic  system . 

If w e  c hoose  a vitamin for which we know a biological precurs o r ,  then we can make an ana 
l o g  of  that precursor a nd  s hould be able  t o  s how that it i s  poisonous t o  those species  which  synthe 
s iz e  the vitam in , and � poisonous to those which depend on the i r  d iets and do not synthes ize it. 

If  I m ight have the last three s l ide s , please .  

W e  c hose biotin because i t  i s  a vitamin which  is required by  animal s ,  and not requi red by 
c e rta in pathogenic bacte r ia ,  such as the tube rcle ba c il l us . 

COOH I (CH2)5 I COOH 

pjmeJ.ic acid 

c1 �ct 
I 

502 I (CH2)5 
bxni 

�- [2,4-Dichloro- 5ulfanilido] 
- caproic acid 

Sl ide I 

It fits our needs beaut iful ly.  We also  c hose it because it had p re viously been known that 
p ime l ic a c id was probably a pre cursor fro� whi c h  it was formed !!! vivo. The refore , the 
p robl ern was to make ana logs of pimel ic ac id .  T his  could eas ily be done . Because of the expe r i - , 

ence ac cum ulated ove r the past decade , a rathe r good gue s s  can be made as to how the structure 
of a 'me tabol ite s hould be c hanged in  orde r to form an ant i - m etabol ite . The compound s hown in 
the fi r s t  s l ide was the first one tried ; it is  the dichloro - s ulfanil ide cor re sponding to pimelic acid , 
and it has the se lective act ivity envis ioned for it. 

Pa renthet ically , i f  one wishes  to correlate a ctivity and st ructure , this analog presents an 
inte resting case . If this compound had been found accidentally and its activity had been obs e r ved , 
without knowledge of how it was brought about , the r ing system would ha ve attracted attention,  
be cause r ings are rathe r attractive to manufacturers  of drugs . The alkyl s ide chain might have 
been p ictured as something atta ched to make the compound s oluble , or othe rw ise  to imp rove its 
prop e rti e s .  Actually , howeve r ,  it is quite the othe r way. 'rhe r ing exists as part of the 
structu ral alte ration which make s this c ompound an antimetabolite . The structural  analogy l ies  
in the s ide chain .  Among the antihistamine s ,  th is  same tons ide ration can s om etimes be  seen .  
For example , in phene rgan, the phenothiazine ring i s  part  of the structural alte ration of  
h istamine ; the part which bears the  structural analogy is the  s ide chain. 

In the case of the p imel ic  a cid analog , it was found that , by moving the halogens to 
diffe rent pos itions around the r ing or by

.
us ing bromine atoms instead of c hl o rines , activity could 

be markedly enhanced or  diminished .  

The s e cond s l ide w il l  s how some of  the effe cts of  th is  analog on Bacil lus �- The 
addition of the s ulfanilide inhibited growth,  and the effe ct was overcom e  by p imel ic  acid or biotin. 
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lnltibition of Growtlt of B.  lffluia Cult ured in Flaah by o - (1 , 4-D1'thloroalll.fan ilit/o l ·  
caproic A cid o nd  Ita R•••roal b 11  Pimolic A rid o r  Biotin 

Aaolape - .... Uc l<id Tlllbidlty 

.. ,., u. ., ,., u. 1' ,. "  
0 0 0 70 

20 0 0 eo 
ao 0 0 82 

100 0 0 98 
100 0.0006 0 611 
100 0 3 70 

Slide Z 

The antagonism w ith pimel ic ac id was competit ive whereas that with biotin was noncompetitive . 
If an amount of biotin which would meet the needs of growth was pre sent ,  then no amount of the 
:- nalog was poisonous unti l  a ve ry high concentration was reached (Z mg. pe r c c .  ) .  

As predi cted , th is  compound was nonpoisonous to mice , a spec ie s which requires  a 
d i eta ry source of biotin ;  1 0  mg .  per day injected into a mouse caused no detectable effe ct .  

In t he thi rd s l ide a numbe r of micro-organisms are shown along w ith the i r  susc ept ibi l i ty 
to this ana log . Except for !;_. co l i , which does not fit the p redi ction , the one s which requi re biotin 
a re not affe cted by the ana log ; the ones which make the i r  own are .  

Corrolslion of Ttnicit11 of •-(l , .f -Dicltlorooulfani/ido)-coproic A cid wi&lt Nulrilional 
Nteda for Biotin 

Bocilltu ttnuia . 

MIJCQbadm'ium tuberculoria H37Rv 
Baclttricltia coli . 

" biolinltll 
Proleua strain 4 
StopltJIIOCOCCUI aureua 
Lactobacillua C4lei . .  

arabinoaua . .  
LcuconolllM maamkroidea . 
Hemolytic streptococcus HOOD . 
SaccltaromJICtl eorniaiac 

" ,., .. 

20t 
!\ o etrect at 1000 

1000 
'' UOJ 

300 
" $00 

$00 
" $00 
" $00 

1000 

Not required, but atlm
ulatory under eertaln 
oonditlona 

Not required, but 1101118-
what stimulatory 

!\ ot required . .  
Required 

• When cultured in test-tubes, " value of 20 wu uniformly found. 
t l11cubation time 4 daya. 

Slide 3 

This is a laboratory model to think about in trying to v isual ize one way in which 
s e l e ctively active agents can be  made .  Th is  i s  undoubtedly not the only bas i s  on which to p roceed ; 
i t  is mere l y one . 
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C HEMICAL - BIOL OO ICAL CO� RELATION IN THE F IELD OF CARC INOO£N£SIS 

I. Berenblum 
The We izmann Institute of Science 

R e hovoth, Is rae l  

Chemical  carc inog enes is  became a n  establis hed sc ience when Kennaway , Cook and the i r  
associa te s , i solated and identified 3 ,  4 -benzpyrene as  a potent carc inogenic cons t ituent of 
coal - ta r .  9 P revious tests of a wide range of compounds had al ready demonstrated that tumors 
could be a rtifi c ial ly  induced in mice  by repeated appl ications to the skin of the synthetic 5 - ring 
polycy c l i c  hyd rocarbon , I ,  Z ,  5 ,  6 -d ibenzanthracene , though no such act ion was obtained w ith 
anth rac e ne , phe nanthrene , ca rbazole , a c r id ine , chrysene , py rene , p icene , pe rylene , and many 
othe r hyd roca rbons and related compounds . 

He re , then , was a promising f ield fo r the study of the relation bet,.;een chem ical  struc tu re 
a nd biological  activ ity of a unique kind ; and both Kennaway and c:;ook , in England , and Fieser  and 
Shea r ,  in the United State s ,  were  quick to real ize the potentia l it ies  of this new app roach.  In l e s s  
than a d ecade , p r ior  to the outbreak o f  W o r l d  W a r  1 1 ,  seve ral hund red new compounds w e re 
synthe s ized and tested fo r carc inogenic  activity , inc lud ing inte resting se ries  of homologues , and 
re lated de r ivative s ,  of c e rta in key compound s ,  carefully chosen w ith an eye to the eluc idation of 
the biochemical  mechanism of carc inogene s i s .  

In the short time ava ila ble to m e  he re , I shall  only b e  able t o  p ic k  o u t  one o r  two 
i l l us t rat ive examples  from this impo rtant branch of carc inogene s is , and to deal e qua lly briefly 
with oth e r  important g roups of carcinogens of d iffe rent chem ical structures  and biological 
prope r t i e s , in  orde r t hat I may de vote a l ittle time to a c ons ide ration of postulated m e chanisms of 
ac tion a nd chemical -b iological c o r re lations , and to c onclus ions that may be drawn about the 
valid ity of s uch as soc iations . 

Of the fifteen poss ible 5 - r ing polycycl ic  hyd rocarbons , twe l ve we re a lready known at the 
• ime the s e  early inves t igations we re in progre s s , and of these , only two - I ,  Z ,  5 ,  6 -d ibenz 
anth race ne and 3 , 4 - benzpy rene - had be en found to be carc inogenic .  Z These  two compo unds c ould 
be c ons ide red s t ructura l ly re lated , in the sense that the I , Z - benzanthracene conf igu ration \ 
was p r e s e nt in both. Since l , Z -be nzanthracene itse l f  displayed l it t le  or no carc inogenic act ivity ,  
i t  seemed  rea sonable t o  extend the study to subst ituted de r i vatives of this compound. 

The accumulated data from the se studie s have been tabulated by Hartwe l l ,  1 7 and the 
extens ive l ite rature on the s ubjec t  ably reviewed by Cook and Ke nnaway , l O , l l , l Z Fie se r , l 4 , 1 5 
a nd m o r e  recent ly  by Badge r .  1 The more important conc l us i ons der ived !rom this work may 
b r iefly  be s umma r ized as fol low s :  

I , Z , 5 , 6 -d ibenzanthracene 3 , 4 - benzpy rene 

7 

6 

i , Z -benzanthra cene 
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( I )  Ca r cinogenic a ctivity was c onfe rred on the I , Z - benzanthrac e ne molecule  by m ethyl substitu
t ion in pos itions 5, 9 and 1 0 ,  and s omewhat less so in  pos itions 6, 3 and 4, with no activity when 
s ubstitut ion was in any othe r position. 

(Z )  Di- and t rimethyl substitution confe r red e ven greate r carc inoge nic activity , p r ovided again 
that the s e  occupied the above -ment ioned 'active ' pos itions . (Ce rtain anomal ous re sults we re 
obta ined , as , for instance ,  the absence of carc inogenic action by 3 , 9 -dimethyl - l , Z - benzanthra
c e ne . ) 

( 3 ) Ethyl and propyl s ubs titutions were a lso  effe ctive , but increas ing the length of the s ide chain 
beyond a point , led to d iminution , and finall y  to extinction , of carc inogenic activity . 

(4) P ola r substituent& were , on the w hole , unfavorable for carcinogenic activity. 

( 5 ) Hyd rogenation of any pa rt of the a romatic ring s tructure us ually led to l os s  of activity , thoush 
the re we re a few exceptions to thi s .  

(6 )  Substitution o f  a thiophene or  pyridine nucleus for one o f  the benzene r ings of a carc inogenic 
hydroca rbon , did not seem to inte rfe re with carcinogenic activity ,  though an oxygen-containing 
r ing destroyed activity. 

The res ults , so  fa r ,  we re encouraging , in fa vor of a close c or re lation between chemical 
structure  and carc inogenic a ctivity. The re were , howeve r ,  a lready indications at an early stage , 
that the I ,  Z -benzanthracene structure was not an essential pre requis ite for carc inogenic activity , 
s ince 3 , 4 -benzphenanth rene was found to be ca rc inogeni c .  

When La cassagneZ4 demonstrated that mammary tumors c ould b e  induc ed in mice  by 
injections of the ova rian hormone , es trone , both ste rol chemistry and endocr inol ogy came within 
the ambit of expe r imental ca rc inogene s is .  

On the ba s i s  o f ,  w ha t  the n s eemed , a p laus ible hypothes i sZ l , Z - that the body might, under 
c e rtain c ond itions , conve rt s te rol s into carc inogenic p olycycl i c  hydrocarbons - attempts were 
made to ca r ry out this transformation synthetical ly .  By cycl ization of the s ide chain ,  followed by 
dehydrogenat ion , bi le  acids were  suc ces sfully c onve rted into ZO -methyl cholanthre ne , which was 
subsequently s hown to be highly carc inogen ic .  

3 ,  ·4 -benzphenanthrene de soxychol ic  a c id ZO -methylc holanthrene 

The idea that e strone might act  by pre l imina ry c onve rs ion into a methy lcholanthrene -type 
of ca rc inogen , became somewhat weakened when it was found that mammary tumors  c ould ;also be 
induced by stilbe strol  and othe r synthetic es trogens of s impl e r  structure . It s eems poss ible , 
more ove r ,  that the function of e strone in mamma ry tumor production might be me re ly to prep&re 
the t i s s ue for subsequent action by a viral  or othe r factor ,  rathe r than that it was its elf  a straight · 
forwa rd ca rc inogen. At the same time , it is now known that the re are  ste rols in the body th&t 
possess  weak , though definite carc inogenic activity. 1 9  

The c oncept of a cor relation between chemical structure and c a rc inoge nic activity w&s 
faced w ith a more s e r i ous diffi culty when  Y os hida 35  demonst rated that l iver  tumors  c ould be 
induced in rats and mice  "by feed ing or injections of an azo dye - Z -am ino - 5 - azotoluene . 
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K inos itaZZ extended th is  obse rvation to  othe r azo compounds , and showe d  that p -d imethylamino
azobe nz e ne was e ven more potent in p roduc ing l ive r  tumors in  the rat. The work has been  
fol lowed  u p  by  s e ve ral investigators , us ing a large g roup of  azo compounds , includ ing i som e r s , 
ana l ogue s ,  and spl it  products of thos e p reviously s hown to be carc inogenic .  (The early l ite rature 
is  w e l l  r e v iewed by Shear , 3 1 while reviews of subs equent work are pres ented by Kirby ,  Z3 O r r ,  Z9 
Cook , 8 M i lle r and Mil l e r ,  Z 5 and othe rs . ) 

0 -N=N-Q-NHz 
- cH3 - HJ 

Z -amino- S -azotoluene 1! -d imethylaminoazobenzene 

Within the group of azo compound s ,  as  in the case of polycycl ic  hydroca rbons , it  is 
poss ible to d i s c e rn a c e rtain correlation between structure and biol ogi cal a ctivity. Starting w ith 
E -dimethylaminoazobenzene , carc inogenic  activity is maintained when one of the two methyl 
s ubs tituents i s  replaced by hyd rogen ,  or by an ethyl group , but i s  ent i rely lost when both methyl 
groups a re replaced by ethyl or othe r group s .  Additional methyl groups in othe r parts of the 
mole cule  a l so appear  to influence carc inogenic  activity acco rding to a patte rn, though one which 
i s  not e a s y  to inte rp ret .  

The  azo group appears  to be important for carc inogenes is , in so  far as a l l  the reduced 
products  te sted p roved to be inactive . (Yet ,  it  was recently found that p -d imethy laminost i lbene -
whe re the azo group i s  replaced by a -CH=CH- g roup - is a lso  carc inogenic . 1 6) 

R elated to the azo group of carc inogens are ce rta in amino compounds , such as !} -naphthyl 
amine , re spons ible for tumor production in the urinary bladd e r , ZO and amino - and acetylamino 
fluorene , which induce a va riety o£ tumor types , inc l ud ing those of the l i ve r ,  breast ,  exte rna l  
aud ito ry c a na l , e t c .  , 1 4 when the s e  compounds are  incorporated i n  the diet .  

. 

Attempts have been made to !ind a s t ructural l ink between these  carc inogens of somewhat 
' s imple ' s t r ucture and those bel ong ing to polycycl i c  hydrocarbons , on s imi lar  l ines to the 
sugge sted  re lation between sterols and polycyc l ic  hydroc;arbons . An inte resting example of s uch 
a postulated c onve rs ion is  from two mole cules of  1}-naphthylamine to 3 , 4 ,  5 , 6 -dibenzcarbazol e ,  
the- latte r be ing known to  b e  carc inogeni c .  6 ,  8 

�H -CO-CH3 CONHz 

Acetylam inofluorene 1} -naphthylamine 3 , 4, 5, 6 -dibenzcarbazole 

The re is , a s  yet ,  no exp e r imental e vidence in s upport of this  hypothe s is ; the arguments in 
its favor a r e :  ( 1 )  that some of these  postulated conve rsions i!! J!i:!g can be c a rr ied out synthet 
ically , and (Z )  that the patte rn o f  carc inogenic action b y  the s e  re lative ly  s imple compounds d iffe rs 
from that of polycyc l i c  hydrocarbons , in that in the case of these  ' s imple ca rc inogens ' ,  tumors  
do not usually ar ise  a t  the  s ite of app l ication or  inje ction, but appear  in certain spec ific organs , 
the distr ibution be ing d iffe rent for the diffe rent compound s .  This m ight be expected to occur if 
the ' s imple ' carc inogens were rea l ly p recursors  of carc inogens , and that tumors only a rose in 
those organs in  which the chemical conve rs ion ,  from p recursor to carc inogen,  took plac e .  
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The l ittle that i s  known about the metabol ism of ca rc inogens i n  the body , i s  insuffic ient to 
confirm or contradict  the above hypothe s is .  (See re view by Boyland and We ige rt.  7 ) Polycyclic 
hyd roca rbons a re oxidized in the body to phenol ic de r ivative s ,  p re s umably through an i nte r 
m ediate stage o f  d ihyd rod ihyd roxy - de r ivative , and the re i s  mure recent evidence l 8 that the 
oxidation can go furthe r in the body , leading to the break -up of the molecule . The phenolic deriv
ative s ,  so fa r is olated , pos s e s s  l ittle or no carc inogenic activity .  

M o r e  is  known about the metabol ism o f  azo carc inogens . (See Mil le r and Mill e r .  2 5 ) Such 
c ompounds tend to be demethylated , and a lso  unde rgo c leavage at the azo l inkage .  Except for the 
f irst  stage (demethylation to the monomethyl c ompound ) , metabol ic  changes in the compounds lead 
to los s of carc inogenic act iv ity . 

It w il l be noted that , so far ,  it is poss ible , by fanc iful speculation , to cor relate chemical 
s t ructure and carc inogenic ac tivity . But this breaks down complete ly whe n  one pa s s e s  on to othe r 
types of ca rc inogens , such  as u rethane (ethylcarbamate ) ,  which produces tumors of the lung, Z7 
and ca rbon tetra c hlo ride , which p roduces  tumors of the l ive r ; l 3 to say nothing of the c la ims in 
the l ite rature of skin tumor p roduction by painting w ith HCl or  Na OH , 26 or  sarcomas by i nject ion 
of glucose , 28 or e ven by implantation of bakel ite disks subcutaneously.  33 

An attempt has be en made ,  in rec ent yea r s , to find a common feature among carc inogenic 
compounds , based on phys io- chem ical  c r ite r ia .  French sc ientists 30  have been t ry ing to correlate 
ca rc inogenic potency of hydroca rbons and related compounds with the ele ctron dens ity at the ,K 
region of the molec ul e .  The compa risons are based on quantitative e valuations  of the e lec tron 
densit ie s ,  and on a quant itat ive grading of the respe ctive ca rc inogenic potencie s .  Thi s , at onc e , 
ra ises  the important i s sue , as to whethe r  carc inogenic potency can be cons ide red as an absolute 
value . 

It wi l l  be recal led that the ea rly studies on carc inogenes i s  w e r e  res tricted to skin paint 
ing in m ic e , by the Engl i sh  g roup , and to subcutaneous injections in mice , by the Ame r ican g roup .  
Though the results , in most  casd , were  rema rkably s imi lar  by  the two methods of a s s ay ,  this  
wa s not so in eve ry ca se .  For instance , 1 0 -methy l - 1 ,  2 -be nzanthracene was found to be highly 
potent by the subcutaneous route , but relative ly weak when tested on the skin. 32 Several other 
such examples  were  note d ,  and in the case of s ome of the weake r carc inoge ns , some we re active 
only on the skin , and othe rs , only s ubcutaneously .  

Such d iffe rences  became ve ry m uch more accentuated when the se studies  were  extended to 
othe r t i ssues , and to othe r species of animals . For instanc e ,  the mous e and the rabbit behave 
ve ry diffe rently in the i r  response to carc inogene s is accord ing to the c a r c inoge n used.  Ta r 
readily induc e s  skin tumors in both spec ies ; but benzpyrene , one of the c onstituents of ta r ,  i s  
s trongly ca rc inogenic t o  the skin o f  the mouse , but only weakly s o  t o  the skin o f  the rabbit. A 
benzpyrene -free fraction of ta r ha s recently be en isolated from tar whic h beha ves in the opposite 
manne r to benzpy rene : it is ve ry s trongly carc inogenic to the skin of the rabbit , but not to the 
skin of the mouse .  4 Seve ral othe r examples  may be quoted ,  such as the fact that �:naphthylamine 
p roduc e s  bladde r tumors in the dogs but not in  the rabbit ;  o r  the fact  that 2 - amino - S -azatoluene 
p roduc e s  l ive r  tumors in mice even more effectively than in rats , whe reas E -dimethylaminoaao 
benzene is ve ry a ct ive in rats but ha rdly at al l  in mice . P e r haps the most striking example i s  
the behavior o f  9 , I 0 -d imethyl - 1 ,  2 -benzanthracene , which is  the most potent c a rc i nogen for  skin 
in  rabbits and mice , and ve ry active for sa rcoma, p roduction when injected s ubcutaneously in 
m ice , but entirely non -carc inogenic by that route in the rabbit. 

What ,  then ,  is meant by the carc inogenic potency of a compound ? Should 9 , 1 0 -d imdhyl -
1 ,  2 -benzanthrac e ne be cons ide red the most potent of al l  carc inogens , because it undoubtedly i s  
s o  when tested o n  the rabbit ' s  s k i n ,  o r  s hould i t  b e  deemed non-carc inogenic , w h i c h  i t  i s  w he n  
tested in the same animal by the s ubcutaneous route ? 

Our present -day c oncept of ca rc inogenic potency is based on ve ry limite d ,  and a rbitra ri ly 
c hosen,  conditions of assay , and the re is no doubt that , by extend ing the tests to other  t is s u e s  
and othe r spe cies  o f  animals , a ve ry different picture would b e  obta ined .  

The p roblem i s  even more complex , s ince it is now known that carc inogenes is i s  not a 
s ingle biological proce ss , but compr i ses  at least two indepepdent pha s es - initiatina action and 
p r omoting action. 5 Some agents can induce p romoting action w ithout be ing capable of 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


367  

induc ing the initiat ing p roce s s ; and it is c once i vable that the re are  othe r agents that produce the 
oppos ite e ffect .  Ca rc inogens , as we know them , produce both effe cts , but we cannot say yet 
w hethe r a relatively weak {ove r -al l )  carcinogenic effect  i s  due to defi c ie ncy of either one or  othe r, 
of both effe cts . ' 

In the l ight of a l l  this , one cannot avoid the c onclus ion that the searc h  for a c lose cor rela 
t i on betw e e n  chemical structure and carc inogenic activity may be founded on an unjustifiable  
p re m i s e  . .  I t  i s  tempting for  the s c ientist to look for  corre lations , s ince without them , mere 
a c c um u l a tio11 of  data lead  to  confus ion a nd chaos ; but he must a lways beware of s e eking relation 
s h i p s  that do not , in fact ,  exist .  A w hiff of chlorofo rm and a blow on the he ad with a st ick .both 
p r od u c e  uncons c iousne s s .  That does not mean that the re is  any relations hip between the chemical 
c ons titut i on of c hloroform and the wood from which the stick is composed .  

It i s impl icit  in  the a rgument o f  a chem ical - biologica l  corre lation that .  the c hemical  agent 
p rod u c e s  the biological  effect  by a one -stage p roces s .  Whe re there a r e  many stage s , and 
pa rtic u l a rly whe re some involve a lte rnative r oute s ,  no absolute correlat ion can be expe cted.  

P e rhaps the most impo rtant outc ome of the work on c hemical  c a r c inogene s i s , and of the 
fa i lu r e  to find a c lose ove r -all  c o r re lation between c hemical  structure and carc inogenic  activity , 
i s  the ind i cjltion it affo rds that c a r c i nogene s is is a more  complex phe nomenon than has hitherto 
bee n im a gined . 
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A C ONSIDER ATION OF CHEMICAL - BIOLOGICAL C ORRELATION 

IN E XPER IMENTAL CANCER CHEMOTHERAPY 

C. Che ste r Stock 
Divis ion of Expe rimental Chemothe rapy 

Sloan-Ketter ing Institute for Canc e r  R e s ea rch  
New York , New York 

In a brief introduction to a discuss ion on aspects of chem ical -biological  correlation in 
expe rimental canc e r  chemotherapy , the re is time to do l ittle more than highlight s om e  of the 
obse rvations in the hope that others  w il l  be stimulated to d iscus s  more extensively the questions 
presented .  When the symposium was be ing ar range d ,  we exp ressed doubt that exper imenta l .  
canc e r  chemothe rapy would at this time b e  a suitable part of a program o n  chemical - biological 
corre lation ; howeve r ,  it may be worthwhile to review the present s tatus of the fie ld even though 
from publ ished data only a few general izations may be made with respect to corre lations of 
chem ical structure w ith antitumor activity . 

The introductory remarks have been collected und e r  the t itle "A Cons ideration of 
Chemic a l - Biologi cal Cor relation in Expe rimental Cance r  Chemothe rapy" , rathe r tha n  a more 
impos ing one s uch as "The Cor relation of Ant i - Tumor activity w ith Chemical  Structure " .  This 
choice of t itle reflects the present status of expe rimental chemothe rapy. While it has advanced 
c ons ide rably during the past fifteen years , the re still is  a paucity of active compound s  and a 
complete lack of adequate ly  effective s ubstances .  W ith only a few exceptions , 3Z , 6 ,  3 5 , 43  there 
is an acute lack of collected data of a uniform nature on suffic iently large s e ries of c ompounds to 
s upply the ba s is for correlations . Many of the existing data have not been adequately cove red in 
publ ications and may offe r unknown poss ibil it ies for cor re lation .  In the evaluation of data from 
various sources  it must be recognized that the resul ts  from one search for anti -tumor activity 
cannot .! prior i  be combined with data from anothe r s tudy in  whi c h  d iffe rent expe rimental tumors , 
d iffe rent test condit ions or d i ffe re nce s  in both have been employed . This would appear to be 
emphas iz ing the obvious but exp e r ience has indicated the need to point out the pos s ible d iffe rences 
in effects obs e rved with d iffe rent tum o r s .  Table 1 s hows the diffe rences in inhibition of the 
deve lopment of ce rtain tumors  by seve ral compounds of var ious types .  Table Z i l lustrates differ 
ences in the re sponse o f  s e ve ral stra ins o f  mouse leukemia to se lected mate rial s .  

Many o f  the gene ral factors conce rned with any chemothe rapy s tudy apply equally well to 
expe r imental cance r chemothe rapy stud ies . ZZ , 4Z , 3 7  Thus , the choice of the tumor and test 
c ond itions in a chemothe rapy s c reening study may be made in such a manne r as to pe rmit the 
d is c ove ry of act ivity w ith many mate r ia ls  or none at a l l .  This is suggested by the data in Table 
I and by othe r obs e r vations .  The rat tumors , for example ,  have appeared more susceptible tq 
the inhibit ing action of the nitrogen mustards than have the most susceptible mouse tumors in the 
spectrum of tumors examined . 49 U the ultimate goal of an expe rimental cancer  chemothe rapy 
p rogram is the se le ction of mate rials w ith an adequate , d iffe rentia l  adve rse effect upon abnormal 

• tis sue under  conditions of p ractical use ,  the ideal p rocedure would appear to be that which wowd 
reveal  leads for selection of compounds for study in addition to pointing out the more effective 
compounds worthy of c l inical t r ia l .  A p rogram of this nature need not exclude the inte l l igent 
employment of m ill.!:s! te chnique s .  such as tis sue culture . which yield data w ithin the limitations 
of the p rocedure .  

I t  is  approp riate that the d iscuss ion on exper imental cance r  chemothe rapy be held  jointly 
w ith those on ca rcinogene s is and anti -metabol ites .  Inhibition of the growth of tumors by 
carc inogenic s ubstance s  has been noted and p roposed as a poss ible bas is for the the rapy of 
cance r .  1 8 , Z The category of antimetabolite s inc l udes  many c ompounds of d ive rs e  structures 
which are cons idered to act by blocking the util ization of the structurally related normal metabo·  
l ite s .  SZ This rep resents one of  the  most inte resting and fru itful approache s in canc e r  chemo
the rapy stud ies , as i l lust rated by recent studies  with desoxypyridoxine , 44 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


TABLE I 

DIFFE RENCES IN THE INHIBITION OF VARIOUS T UM ORS B Y  SELECTED COMP OUNDS 

Comp o und Name Dose  Mouse Tumo rs 
mg/kg/day 

Sarc oma EO 77 1 HP Wagne r 
1 80 Melanoma Oste ogenic 

8 - Azaguanine 7 5 - + +  -

Z ,  4 ,  6 - Tr is (ethy lenimino) -s - O . Z5 ! - -
tr iaz ine 

Aminopte r in  O. Z 5 ++ + + -

Methoxypyridoxyl b i s (� ·chlor - 5. 0 + - ! -
ethyl )am ine 

G rading o£ Tumor Inhibition: 

Growth more than 3/4 the ave rage d iamete r o£ the controls  
! Growth !rom 1 /Z to 3/4 the average diamete r of the c ont rols 
+ G rowth from 1 /4 to 1 /Z the ave rage diamete r of the c ont rols 
+ +  No g rowth o r  g rowth to I /4 average diamete r o£ the c ontrols 
+ + +  Destruction of tumor 

Sa rcoma 

-

+ 

-

++ 

-� 

Patte rson Sa rcoma 
Lympho -
Sa rcoma 

-

-

+ +  

! 

- -- � - -

39 

-

+ + +  

+ + +  

+++ 

----

Rat Tumors 

F -J 
Carcinoma 

-

+ + +  

-

+++ 

Walke r 
Z 56 

-

+ + +  

+ ++ 

+ + +  

-- - ""' .... 
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TABLE 2 

C HEMOTHE R APEUTIC ACTIVITY OF COMPOUNDS 

AGAINST DIFFERENT STRAINS OF MOUSE LEUKEMIA 

Compound R�resentative p e r  cent prolo�ation in sur"ival time for l e ukem ia strains 
Ak 1 394 Ak 4  F T 1 3  l ine 1 5 F T....ll l ine 29 1 

Methyl bis (l! - chl o r - 1 00 40 - -
ethyl )am ine 

Amethopte r in 20 ! 50 - -

Urethane 1 00 20 1 00 -200 2 5 -50 

Pota s s i um ars enite 60 0 300 -3 50 1 0 -40 

Benzene 1 00 0 40 -60 0 -25 

Data der ived from BurchenaJ4 ,  5 , 6 and from Kirschbaum. 24 

anti -fol ic  ac ids , 3 6 , ! 0 , 5 , 28 , 3 1 , 48 , 39 , 27 anti - r iboflavins , 4 5 and the anti -purines , 2 , 6 -diamino
purine , 4 and 8 -azaguanine . 2 3 ,  4 0 ,  1 4 , 47 , 26 As m ight have been antic ipated , the usefulness of 
this app roach  ha s been l imited in one or more instance s  by the metabolic  requirements of the 
normal c e ll s .  3 0 ,  5 1 , I I ,  8 Analogs of fol ic a c id , part icula rly the 4 - am i no -analogs , have been of 
interest  for studies of the i r  abil ity to act as antagonists of fol ic a c id in ba cte ria , 1 2  and 
animal s .  I I ,  1 3 , 29 , 5 1 ,  30 Some of the resulting information led to study of these  compounds 
a gainst leukemia , 1 0 ,  5 , 36 and s ol id tumor in animal s .  28 , 3 1 , 4 8 ,  39 We ha ve not obse rved ,  as yet , 
a ny publ ished cor relat ions of anti - bacte r ial with anti -tumor activity . 

It is to be expe cted that the anti -metabol ite app roach will  be extended to include other 
anti - vitamins and anti - metabol ite s .  This is be ing done in the case of anti -amino acids , with 
anal ogs of carbohyd rate metabol ism and with purine s , py rimidine s ,  and pte r idine s fo r poss ible 
inte rfe rence w ith nuc le ic  ac id metabolism.  38 In the latte r c ate gory , weak tumor inhibit ions have 
been obs e r ved which s uggest  some correlations . 4 1 

A few ge ne ral conclus ions on anti -tumor activity of othe r c las ses  of compounds may be 
d rawn from publ i shed data . The nitrogen m ustards have bee n studied extens ively in leukemia7 

and so l id tumors . 1 6 , 1 9 , 38 . It has become e vident that most of the nitrogen musta rds w ith two 
1! -ch lorethyl g roups ha ve been effective , whe reas those with only a s ingle  group have been inactive .  
The  p resence of  two react ive groups in  c ompounds such  as  the nitroge n m ustards and othe r 
a lky lating agents ha s been postulated as a requi rement for ant i -tumor activity based upon the 
m e c hanism of chromosom e  damage ; 1 5 , 1 9  howeve r ,  the re is e vidence that this postulate may not 
be we l l  founded .  I In contrast  to the gene ral effect ivene s s  of the bis - 1! - c hlorethyl amine s aga inst 
s usceptible tumors  d re the data on ca rbamate s .  Against Sa rcoma 1 80 3 and mouse l eukemia6 , 35 

t h e  act iv ity of ureihane ha s been unique among the ca rbamate s and thioca rbamate s thus fa r tested. 
With re spect to i n h i b i h on of anothe r tumor , Walker  c a r c inosa rc oma 2 56 , 20 and to othe r biolog 
i ca l  e ffects , such as hypnos is , I 7 carc inogene s i s ,  2 5  l e ukopen i c  a ct ion ,  34 and mitotic  inhibttion, 9 
the carbamate s a re m o re ge ne rally act ive .  

P re l im ina ry reports  of  the  extent of  act ivity have bee n  m ade by Shea r and his assoc iates2 1 · 
3 3  fo r var ious g roup,; of c ompound s , inc lud ing arsen ica l s , ac ridines , dtphe nyl e thyl amine s , and 
podophyl l in  and c o l c h t c ine d e r i vat ive s .  Furthe r reports on c o r r e lations in the s e  studies  may be 
made in thi s sympos ium . 
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R e c e ntly we have had an opportunity to see  re lationships in the struc ture of  ce rtain 
s t e r o id s  and the i r  abil ity to inhibit the deve lopment of t ranspl anted mous e lymphosarcomas . 50  
F i gu r e  1 s how s the structure of c o rtisone acetate with the sys tem of numbe r ing indicated !o r 

Figure I 

n CHa OC CHa I I I  ao c = o  0 
1 ··· OH 

1 

COMPOUND E 

1 1 -Dehyd ro - 1 7 -hyd roxycorticoste rone acetate 

r e!e re nee in the use of Tabl es 3 and 4. Table 3 shows the structural r elationships of the 
th r e e  s te roids , compounds E ,  F ,  and A, thus fa r found active against the lymphosarcoma . 
Se ve r a l  inactive ste roids ha ve been inc luded and Z l -deaoxycortison!! ,  which remains que stionable 
because l imited results a vailabl e  indicate activity with ten time s the dos e le vel  of cortis one 
a c e tate .  5 3 , 46 Some of the formulas of the c ompounds a re presented in Figure Z. Table 4 show s  ' 
a numbe r of ste roids whi c h  have been tested at five to ten times the dose l e ve l  of cortisone with 
out appa rent e ffe ct upon the lymphosa rcoma . In addition to the othe r var iations in st ructure , it 
is important to note that a l l  of the compounds lack the 1 1 -oxyge n function. Thus far the ste roids 
which have inhibited the ' mous e lymphosa rcoma have posses sed in c ommon an 1 1 -oxygen group , 
a Z O - keto g roup and a 3 -keto group with the A 4 unsaturation. The Z l - hydroxy g roup is important 1 
f r om the quantitative aspe ct ,  if it is not e s s ential .  
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Hz -<( - OH 

C =O 

DEHYDRO E 
Active 

COMP OUND F 
Active 

yHz -OH 

C = O  
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Z l -DESOXY E 
? Active 

CHz -OH 
I 
C= O  

COMP OUND A 
Active 

Figure Z 

DEHYDRO E 
lDactive 

C OMP OUND S 
laactive 

yHz -OH 

C=O 

Many of the points have be e n  refe rred to briefly be cause of the limitations in  time and 
w ith the unde rstanding that some of the investigators , who have made contributions in this fie ld ,  
a re he re to p r e s ent the i r  viewpoints . I t  is to be  hoped also that some of  the pane l  members wil l  
be  able to present from the i r  unpubl ished data corre lations in a reas o£  interest  which we have not 
discussed .  Although the data at hand may pe rmit only a few l im ited correlations of  structure with 
anti -tumor activity ,  it can be antic ipated that the inc reas ing efforts d e voted to exp e r imental 
canc e r  c hemothe rapy stud ies  wi l l  p rovide w ithin the next few years chem ical -biological  correla
tions as important as  those d is cus sed  in othe r meetings of this  sympos ium. 
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TABLE 3 

STR UCTURAL RELAT IONSHIPS OF A FEW STEROIDS 

WITH RESPECT TO INHIBITION OF MOUSE LYMPHOSARC OMA 

1 1 - Keto 1 1 -0H .0.4 - 3 - ZO Keto 3 -0H 1 7 - 0H Z 1  OH Activity 
Keto 

+ - + + - + + Cortisone + 

- + + + - + + Compound F + 

+ - + + - - + Compound A ( 1 7 -Desoxy - + 
cortisone ) 

+ - + + - + - Z 1 - Des oxycortisone ? 

+ - - + - + + Dihyd roc o rtisone -

+ - - + + - - 1 1 -Keto pregnano1one -

- - + + - + + Compound S ( 1 1 - Desoxy - -
c o rtisone ) 

- - + + - - + Des oxycortic osterone -
( 1 1 , 1 7 -Des oxycortisone ) 
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TABLE 4 

ASPECTS OF ST R UC T UR E  OF STER OIDS INACTIVE AGAINST MOUSE LY MPHOSARCOMA 

1 1 - 0xy A 4 - Z O - Keto 3 -0H 1 7 - 0H Z O -OH Z l - OH 
3 - Keto 

- + - - + - - Te stoste r one 

- + + - - - - P roge ste rone 

- - + + - - - 6 S -P regnenol one 

- - + + - - - 6 S , 1 6 _ P regnenolone 

- + + - - - + De s oxycort icoste rone 

- + + - - - + Z l - OH -P regnenolone 

- + + - + - - 1 7a. OH -P rogeste rone (64) 

- +t:t.l + - + - - 1 7a. OH -P rogeste rone (t:t.l ) 

- + + - + - - 1 7� OH -P roge ste rone 

- - + + + - - I 7a. OH -Allop regnanolone (Cmpd . L) 
I 

- + + - + - + ! 
1 7a. ,  Z l -OH -P roge s te rone (Cmpd. S) 

- + - - + + + 1 7a. -Triolone 

- + - - + + + 1 7� - T r iolone 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


3 7 7  

BIBLIOGRAPHY 

I .  Biesele , J . J . , Phi l ips , F. S . , Thie rach ,  J . B . , Burc henal , J . H. , Buckley , S. M .  and 
Stock , C .  C . , Nature , W .  I I I Z ( 1 950 ) .  

2 .  Boyland ,  E ric , Bioc himica et Biophys ica Acta , ,t ,  Z93  ( 1 950 ) .  

3 . Buckl ey , S . M . , et a l . , Unpubl is hed data. 

4 .  Burchena l , J .  H. , Bend ich , A . , Brown , C .  B. , El ion, C. B. , Hitchings , C .  H. , 
Rhoads , C .  P . , and Stock ,  C .  C . , Cance r , � .  1 1 9 ( 1 949 ) .  

5 .  Burchenal , J .  H. , Burchenal , J .  R . , Kushida , M.  N . , Johnston , S .  F . , and Wil l iams , B. S . ,  
Canc e r ,  � .  1 1 3 ( 1 949 ) .  

6 .  Burchena l ,  J .  H. , Leste r ,  R. A. , Riley , J .  B. , and Rhoads , C .  P. , Canc e r ,  l •  399 ( 1 948) .  

7. Burc henal , J .  H. , and R iley , J .  B . , Canc e r  Re sea rch ,  .2,, 5 5 3  ( 1 949) .  

8 .  Ca rtw r ight , C. E . , Palme r ,  J .  E . , Hitchings , C .  H. , Elion,  C .  B. ,  Cunn , F.  D.  and 
W introbe , M .  M . , J. of Lab. and Clin. Med. , }2 .  5 1 8  ( 1 950 ) .  

9 .  Cornman, I .  , J .  Nat. Canc e r  Inst. , !.Q ,  1 1  Z 3 ( 1 950 ) .  

1 0 . Fa rbe r ,  S . , Diamond , L .  K . , Merce r ,  R.  D. , Sylve s te r ,  R. F . , J r . , and Wolf ,  J .  A . , 
New England J .  Med. , ill • 787 ( 1 948) .  

1 1 .  Fe r gus on , F. C . , J r . , Thie rs c h ,  J .  B .  and Phil ips , F .  S . , J .  Pha rm . and Exp . The r . , 
9 8 ,  Z9 3  ( 1 950 ) .  

1 2 . Frankl in ,  A .  L . , Belt , M . , Stokstad , E .  L . R . , and Jukes , T .  H. , J .  B ioi .  Chern . , ill • 62 1  
( 1 949 ) .  

1 3 . F ra nkl in ,  A.  L. , Stokstad , E .  L.  R. , a nd Juke s ,  T .  H. , P roc . Soc .  Exp . B ioi . and Med. , 
� .  398  ( 1 948 ) .  

1 4 .  Ce l lhorn , A . , E nge lman , M. , Shap i ro ,  D. , Graff , S. , and Gille spie , H . , Canc e r  Research,  
!.9 .  1 70 ( 1 9 50 ) .  

1 5 . Coldac re ,  R .  J . , Love le ss , A.  and  Ros a , W .  C .  J . , Nature , 1 6 3 ,  66 7 ( 1 949 ) .  

1 6 .  Goldin , A . , Noe , H .  A. , Land ing , B.  H . , Goldbe rg , B . , and Fugmann ,  R .  A. , Acta Unio 
Inte rna l .  Cont ra Canc rum , ! · 50 1 ( 1 949) .  

1 7 . Goodman , Louis and Gi lman,  Alfred , The Pha rmacological  Basis  of  Therape utic s ,  New York,  
1 94 1 .  

1 8 . Haddow ,. Alexande r , Nature , ill • 868 ( 1 9 3 5 ) .  

1 9 .  Had dow ,  A. , Kon , C. A . R . , and Ros s ,  W . C . J . , Nature , 1 6Z ,  824  ( 1 948 ) .  

20 .  Haddow , Al exande r and Saxton , W .  A . , Nature , ill • 500 ( 1 946 ) .  

2 1 . Ha r twe l l , Jonathan , L. , a nd She a r ,  M .  J . ,  Am . Assoc .  Cance r Re s ea rch Meet ing , M a y  1 7 ,  
1 94 7 .  

22 .  Ka rnofsky , Da vid A. , New Engla nd J .  Med. , ill • 226 , 260 , 2 9 9  ( 1 948 ) .  

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Fi rst  Symposium on Chemical-Bio logical  Corre lat ion,  May 26-27,  1950
ht tp: / /www.nap.edu/cata log.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


378  

Z3 .  Kiddl'! r ,  G . W . ,  Dl'!Wl'!y ,  V .  C . , Pa rks , R .  E . , J r . , and Woods idl'! , G.  L. , Sc iencl'! , !.Q2 ,  5 1 1 
{ 1 949 ) .  

Z4 .  Kirschbaum , A rthur , Judd , Siste r The res ita , Lu, Chen Shan, Engstrom , Ruby M . , and 
M ixe r ,  Har ry ,  Proc .  Soc . Exp . Bioi .  and Ml'!d.  , 68 , 3 7 7  ( 1 948 ) .  

Z 5 .  Larsen ,  C .  D. , J .  Nat. Cance r  Inst . , j , 3 5  ( 1 948 ) .  

Z6 .  Law , L. W. , Cance r Ruea rch ,  .!.Q ,  1 86 ( 1 950 ) .  

Z7 .  L ittle , P . A. , Sampath , A. and SubbaRow , Y . , J .  La b. and Clin. Med. , 3 3 ,  1 1 44 ( 1 948).  

Z8. Moore , A. E . , Stock , C .  C . , Sugiura , K . , and Rhoads , C . P . , P r oc .  Soc.  Exp . Biol . and 
Med . , 70 , 396 ( 1 949 ) .  

Z 9 .  Ole son , J .  J .  , Hutchings ,  B.  L .  and SubbaRow ,  Y .  , J .  Biol .  Chern . , 1 75 ,  359  ( 1 948 ). 

3 0 .  Phi l ips , Fredl'! r ick S . , and Thie rsch ,  J. B . , P roc . Soc . Exp . Bioi .  and Ml'!d, , ll ,  40 1 ( 1 94 9 ). 

3 1 .  Schoenbach,  E .  B . , Goldin ,  A. , Goldbe rg , G. , and Ortl'!ga ,  L. G. , Canc e r , � .  57 ( 1 949 ) .  

3Z . Shl'!ar , M .  J . , Downing , V. , Ha rtwe l l ,  J .  L . , Leite r ,  J . , MacCa rdle ,  R .  C . , Pe rrault , A. , 
and Vivian , D. L . , Canc e r  Re s ea rch ,  .2_, 6 Z 5  ( 1 949 ) .  

33 .  Shear , M .  J . , Ha rtwe l l , Jonathan , L . , P l'!te rs , Virginia B . , Dalton , Albe rt J . , Dunn, 
The lma B . , Haus chka , T heodore S. , Dille r ,  Irene Corl'!y , McConne l l ,  Jane Royle , 
Oakey , R . , R e imann , Stanley P. , Ree s ,  Cha rl e s W. , Beck,  Lyle , V. and Holloman, A. 
Leon . , A . A . A . S . , 1 947 .  

34 .  Sk ippe r ,  Howa rd E. , B ryan ,  Car l  E . , Rise r ,  Wil l iam H. , J r . , We l ty , Mar ga ret and 
Ste lzenmulll'! r ,  Anne , J .  Nat .  Canc e r  lns t . , _2 ,  77  ( 1 948 ) .  

3 5 .  Skippe r ,  Howa rd E. , and B ryan ,  C .  E. , J .  Nat. Cance r lnst. , j ,  3 9 1  ( 1 949 ) .  

36 .  Skippe r ,  Howa rd E. , Edwa rds , P .  C . , Bryan , C .  E . , Chapman ,  J .  B . , Be l l ,  Ma rte lla and 
Hutchison ,  O. S . , Cance r , ] ,  348 ( 1 9 5 0 ). 

3 7 .  Stoc k ,  C .  Cheste r ,  Am. J .  of Med. , _!, 658  ( 1 950 ) .  

38 .  Stock , C .  Cheste r , et  al . , Unpubl ished data .  

3 9 .  Stock ,  C .  Chestl'! r ,  B iese l e , John J . , Burchenal , Jos l'!ph H. , Karnofsky , David A. , 
Moore , Al ice  E .  and Sug iura , Kanematsu ,  N. Y .  Academy of Sciencl'!  C onfe rencl'! on Develop 
ment and Use of Antimetabolite & , Feb.  1 Z , 1 949 :  

4 0 . Stock ,  C .  C . , Caval il'! ri , L. F . ,  Hitchings , G.  H. , and Buckll'!y , S . M. , P roc. Soc .  Exp . Bioi . 
and Med. , :a .  565  ( 1 949 ) .  

4 1 .  Stock ,  C . Chnte r ,  Hitchings , G .  H. , et a l . , Unpubl ishl'!d data .  

4 Z .  Stock ,  C .  Ches ter  and R hoads , C .  P .  , Chapte r i n  Evaluation of Chemotherapeutic Agl'! nts , 
Columbia U. P res s ,  1 949 .  

43 .  Stock , C .  Cheste r ,  Sugiura , Kanematsu,  Moor<'! , Alice  E . , and Rhoads , C . P . , Cance r 
Resea rch ,  J. ,  598 ( 1 949 ) .  

44 .  Stoe rk ,  H .  C . , J .  Bioi . Che rn . , ill , 4 3 7  ( 1 94 7 ) .  

4 5 .  Stoe rk , H .  C . , and Eml'! rson,  G. A . ,  P roc . Soc . Exp .  Biol . and Med . , IQ ,  7 0 3  ( 1 949) .  

46 .  Sugiura , K .  , et a l .  , Unpublis hed data . 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


379 

4 7 .  Sug iura , Kanematsu ,  Hitchings , G. H. , Cavalie r i ,  L. F. , and Stock, C .  Chester ,  Cancer  
R esearch ,  !.Q, 1 78 ( 1 950 ) .  

4 8 .  Sugiura , K . , Moore , A. E . , and Stock , C. C . , Cance r , � .  49 1 ( 1 94 9 ). 

4 9 .  Sug iura , Kanematsu ,  and Stock , C. Ches te r ,  Canc e r  Research,  !.Q, Z44 ( 1 950 ). 

5 0 .  Sugiura , Kanematsu ,  Stock , C. Che ste r ,  Dobrine r ,  Konrad and R hoads , C . P . , Canc e r  
R e s earch ,  !..!! . Z44 ( 1 950 ) .  

5 1 . Thi e r s c h ,  J .  B.  and Phi l ip s ,  F . S . , P roc . Soc . Exp . B io i .  and Med. , l!, , 484 ( 1 949 ) .  

5 Z . W ooley , D.  W . , Phys iol .  Rev. , Z7 , 308  ( 1 947 ) ,  

5 3 .  W oo ley , George W . , Unpubl ished data . 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


380 

ANTIMETABOLITES 

Be rnard D .  Davis 
U . S .  Publi c  Health Service  

Tube rculos is  Research Laboratory 
4 1 1 East 69th Street 

New York Z l , New York 

Mr.  Cha i rman ,  Ladies and Gentlemen:  

I s hould l ike to speak on the appl ication of  bacte rial  mutants to s e ve ral problems that 
conce rn antimetabol ites .  In the fi rst place , ce rtain antimetabolite& have given  r i se  to the concept 
of competitive inhibition which  has p layed s uc h  an important role in pharmacology that it might 
be cal led the c orne rstone of much of the work being cons idered he re  today. We propose to 
extend that concept to the no rmal phys iology of the g row ing cel l , us ing it as the bas i s  of an 
integ rative me c hanism for which we bel ieve adequate , though ind irect ,  e videnc e is now available.  
Afte r d i scuss ing this topic , a moment wi l l  be spent in compar ing the results p rovided by inhibition 
analys is  a nd by mutants in two types  of •tud ie s :  those  de s igned to dete rmine paths of biosynthesis 
and those  des igned to dete rmine the s ite of action of an inhibitor.  Finally , possilJle application o! 
m utants to the deve l opment of new chemothe rapeutics  w il l  be noted .  

I am s u r e  you a re a l l  famil ia r  with the work which w a s  s ta rted in 1 94 1  when Beadle and 
Tatum isolated va rious Neurospora mutants , each of which lacked the activity of the enzyme of 
one essential biosynthetic reaction .  These  mutants grow only if s uppl ied with the p roduct of the 
blocked reaction , or a de r ivative of that p roduct. The s e  o rganisms a re e legant tools for 
metabol i c  study , as it i s  pos s ible to e l iminate , w ith complete spec ific ity ,  any one of a variety o! 
enzymes . Similar biochemical mutants can be obtained with bacte r ia .  

Our inte rest  in this f ie ld  a rose rathe r acc identa l ly through an interest  in chemothe rapy 
which l ed  to the deve lopment of an effic ient method of mutant i solation , based on a unique property · 
of penic i l l in :  name ly , penic i l l in  ste r i l izes bacte r ia only when they are grow ing . The colon 
bac i l l us grows on a minimal medium containing only g lucose and salts . It , therefore , synthesizes 
all its amino acids and other components from these mate rial s .  The mutants , howeve r , by 
definit ion,  are ce l l a  which cannot g row on this medium. When a la rge population of bacteria 
c onta ining a few mutants i s  exposed to penic i l l in  in m inimal medium, the predominant parent cells 
grow , and are promptly ster ilized by the penic i l l in. The mutants , on the other hand , do not grow ; 
henc e  they survive .  With thi s  s imple trick a w ide va riety of inte resting mutants were  soon 
i solated . These have been employed in stud ies of certa in paths of biosynthes i s  which will be 
br iefly des c r ibed in orde r to i l lust rate the techniques involved. 

It is known that in a variety of ce l ls , from bacte ria to mammalian l ive r ,  ornithine is 
conve rted to c itrul l ine which in turn i s  conve rted to a rg inine . W e  have Ji.. £2!! mutants blocked 
before each of the s e  thre e compound s .  In this ser i es , as  in many othe rs , a mutant , try ing 
va inly to synthes ize the required compound , accumulates in the medium the precursor of the 
blocked reaction , normally p re sent only in traces .  The technique of syntrophism (c roa s -feediq) 
can be used to pe rmit very s imple demonstration , w ithout any e laborate bioc hemical  techniques , 
of p recursor  accumulation. The a rginine - r equ ir ing mutant spi l ls  out its prec u rs o r ,  c itrulline ; 
by d iffus ion through the aga r ,  this gives r ise  to a gradient of stimulation of the ne ighboring 
streaks whic h can g row on this compound . In turn,  the c it rull ine - requiring mutant feeds the 
ornithine less  mutant. The s e  obs e r vations a r e  i l lust rated in the s l ide s .  

This technique i s  now be ing used t o  analyze unknown paths o f  biosynthes i s .  W ha t  concerns 
us at present ,  howeve r ,  is the broade r  p roblem of trying to find how the va rious s ingle  reactions 
in the grow ing ce l l  a re so beautifully integrated .  �· £2ll i s  exceedingly e conomical in its 
patte rn of synthe s i s ; the normal ce l l  exc retes no s ignificant amount of any amino ac id .  This fact 
was easy to asce rta in by the us e of app rop riate mutants . The cel l  the refore synthes izes these 
c omponents in exact proportion to the i r  relative requirements , and henc e  m us t  poss e s s  efiicient 
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regulato ry mechanism s .  A pos sible c lue to the i r  nature arose  when we obse rved that  a block in 
synthes i s  of one am ino ac id causes exc retion not only of a precursor ,  as was i l lustrate.d above , 
but often a l so  of anothe r amino ac id ,  usually one with a close structural relationship .  It s eemed 
l ikely that an analys is of this breakdown in the regulatory me chanism would th row light on the 
nature  of the mechanism , for medical inve stigators wel l  know that phys iological mechanisms are  
often !i  ra t  recognized when  d isto rted by pathological conditions . An ana lys is was  consequently 
c a r r ied  out - in a muc h  less  logical and sequential fashion , J fea r ,  than w il l  be conveyed in the 
fol low i ng account.  

The key was furnished by a phenomenon d iscove red by Bonne r in a mutant of Neurospora 
requi r ing a c lose ly related pai r of am ino a c ids , i soleuc ine and val ine . Thi s double requirement 
resul ts  from a s ingl e  genetic  block. It c ould be s hown that the block inte rrupts only isoleucine 
synthe s i s ,  but as  a result a precursor  accumulates which competitively inhibits an e nzyme 
c onc e rned with a s im i l a r  precursor  of val ine .  The o -keto analogue of isole ucine was o riginally 
thought to be the inhibitory p recurs o r ,  but Ade lbe rg and Tatum s ubsequently s howed that the 
mutant with the double requirement ac cumulates p rima ri ly the o , jl-d ihyd roxy acid rathe r than the 
keto a c i d .  The p rinciple of inte rnal inhibition , howeve r ,  remains unc hanged by this late r 
deve l op ment. 

We have he re an example  of an inte rna l  or phys iological block seconda ry to a genetic 
b l o c k .  What is the s ignificance o f  this  inte rnal inhibition f o r  the ce ll ? A rathe r teleological 
a t t i tude toward gene ral phys iology gives rise to the fol lowing cons iderations . If an excess  of a 
s iven  metabolite can completely block a reaction ,  then the normal amount of that metabolite might 
gove rn that reaction, and complete absence might pe rmit exce s s ive synthesis  by removal of the 
phys i o l ogical brake . 

This hypothes i s  can be tested. We fortunately have not only JO. £.2!! mutants of the type 
de s c r ibed above , with a double requi rement for isoleuc ine and valine ; there is also one blocked 
late r in isoleuc ine synthe sis , which requi res  only this amino acid , and anothe r bl ocked ve ry 
ea rly , which responds to e ithe r the 4 -carbon c ompound a•aminobutyr ic  acid (AAB) or the 6 -
ca rbon isoleuc ine . Ac cording to the notion outlined above , the mutant whic h is blocked ve ry 
e a r l y  and can respond to AAB should fai l  to make the normal gove rnor ; hence ,  it s hould excrete 
va l ine . Fu rthe rmor e ,  the re is a second , more c ritical test  of this hypothe s i s .  An excess  of 
AA B s hould restore to the system the gove rning inte rmediate whic h is absent on a c count of the 
gene t ic  bloc k ,  and hence s hould abol ish  val ine exc retion. Similarly ,  if the biosynthetic  reactions 
a re r e ve rsibl e ,  an exc ess  of is oleuc ine should ha ve the same effect .  

The c ulture plates  i l lustrated on the s l ides  show that the s e  expectations are  fulfi lled.  The 
AAB - requi r ing mutant , g row ing to a l im ited extent on a small  amount of isoleucine or of AAB , 
feeds  a val ine l ess  mutant heavi ly .  Furthe rmore , an excess  of e ithe r  isoleucine o r  AAB 
c ompletely abol i shes  exc retion of val ine . The control testa required for these conclus ions have 
been c a r ried out: it has been shown that the compound exc reted is va l ine , and it is  abolition of 
exc retion, and not of respons e ,  which is caused by the exces s of i soleuc ine or AAB .  

This rathe r compl icated explanation o f  amino ac id exc retion might s e e m  to r e s t  o n  a 
w obbly foundation, were  it to re ly only on this pai r  of m utants .  Identical behavio r ,  howeve r ,  has 
been obs e rved w ith another  pair  of re lated amino ac ids , ty ros ine and phenylalanine . Seve ral 
phenyla lanine - requir ing m utants exc rete ty ros ine ; rec ip rocal ly , tyros inel ess  T9 exc retes 
phe nylalanine , but T 8 ,  anothe r ty ros ineless  mutant w ith a diffe rent genetic block , fa i ls  to 
exc r e te phenylalanine . We would pos tulate that a metabol ite in the sequence of synthe sis  of 
e ithe r compound is  a gove rnor of the othe r sequenc e .  Exc retion would be explained by an ea r ly 
bloc k ,  which p revents formation of the gove rning compound . On the othe r hand , the tyros ine 
m utant which fai ls  to exc rete phenylalanine could be expla ined by a late r block , which does not 
inte rfe re w ith the production of this gove rning compound . Just as in the pre vious s e r ies , an 
exc e s s  of phenylalanine complete ly  abol ishes exc retion of ty ros ine , and an excess  of phenyl 
pyruvic acid , a known precurso r ,  has the same effect.  S imilarly with the ty ros ine less  mutant , 
an exces s of its g rowth requirement complete ly abol ishes exc retion of phenylalanine . In all  
the s e  cases the compounds exc reted have been identif ied by pap e r  chromatography as  well  as 
m i c robiological response , and app rop riate controls have shown that the excess  of the growth 
requi reme nt abol ishes exc ret ion rather  than response .  
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While othe r theories  m ight explain the fact  of exc retion, it would be difficult to explain in 
any othe r way its abol ition by excess  of the growth factor .  Though the e videnc e  for this theory is 
ind irec t ,  its cons istency with the varied data is impress ive . The cell  is not a bag of independent 
e nzyme s ,  but rathe r appears to control , in at least some cases ,  not only the r e lative number of 
molecules  of each enzyme per  ce l l , but also the activity pe r enzyme mol e cule .  This idea ,  though 
ha rdly nove l ,  is not frequently stres s ed .  To it we have added a spec ific control mechanism 
which invol ves a dual rol e  for c ertain metabolite s :  s ubstrate for one enzyme and governor of 
anothe r .  This concept is  an extens ion to phys iology of the p ri nc ipl e  of competitive inh'i.bition, so 
w e ll es tabl ished in  pha rmacology .  Such integ rative mechanisms are surely not restricted to 
bacte ria but undoubtedly enter  into normal and d isturbed growth regulation in animal and plant 
c e ll s , including d iffe rentiation, regene ration , and neoplasia .  

And now we might dis cus s briefly the use of  mutants in connection with stud i e s  employing 
growth inhibitors .  Fol lowing the development of the c oncept of c ompetitive inhibition of essential 
metabol ite s by s tructural ana logue s ,  growth inhibitors have been rathe r widely used in recent 
years  to analyze paths of biosynthe s i s .  This methodology , called inhibition analys is ,  involves 
the a s s umption that a competitive antagonist i s  a precurs o r ,  and a non -competitive antagonist is 
a p r oduct ,  of the affected reaction . This assumption is not always safe ; Hitchings has shown that 
this  inte rp retation of c erta in data would l ead to the abs u rd conclus ion that bromou rac il is a 
normal metabolite . 

We have seve ral  example s  that furthe r i l lustrate the danger s  inhe rent in inhibition 
analys is . Bee rsteche r and Shive , us ing this approach with �· col i ,  conc l uded that tryptophan 
can be conve rted to phenylalanine , and the latte r is a p recursor of tyros ine ; furthe rmore , phenyl 
py ruvic acid did not act  as a precursor  of phenylalanine . All  three of these conclus ions are in 
c onfl ict with those derived from studies  on mutants . For in addition to the s tra ins noted above , 
we have mutants blocked early  in a romatic synthes i s  which require all three a r omatic amino 
a c ids ; othe rs , blocked even earl ie r ,  require in addition PABA and , in some case s ,  a previously 
unknown bacte r ia l  vitamin. The se  obse rvations , supplemented by othe rs , c onclus ively demon 
s trate that the se  three amino ac ids are  der ived from a common precursor ; n o  one i s  a normal 
p recursor  of any othe r .  Furthe rmore , the abs olute requi rement of these  s tra ins for al l  three 
amino ac ids impl i es  that the s e  c ompounds a r e  not interconve rtible in the mutants e ve n  by 
reve rsal  of normal biosynthetic paths ; one would , the refore , not expect  them to be interconvertible 
in the pa rent w ild type eithe r , s ince the genetic blocks in these  mutants do not l ie in the path of 
the potentia l reve rsed synthe ses . F inally , phenylpy ruvic  ac id is us ed practical ly as  well  as 
phenylalanine by al l  of the se  st rains . 

As anothe r example , in our laboratory Dr .  We rne r Maas , us ing both inhibition analysis 
and mutants , has shown that D - se rine inhibits the growth of a w ild type s train of ,£;.. £2li by 
inte rfer ing with the conve rs ion of � -alanine to pantothe nate ; the inhibition is ove rcom e  competi 
t ive ly by the form e r  compound , and non - compe ti t ive ly by the latte r .  Glycine al so ove rcom es the 
inhibition competitive l y ,  and would , the refore , be inte rpreted , according to the p rinciples of 
inhibition analys i s ,  as a p recursor  of �-a lanine . Howeve r ,  glyc ine cannot sat isfy the growth 
re qui rement of a mutant blocked in the synthe s i s  of � - alanine , and ye t it does reve rse  the 
inhibi tory e ffect of D - s e rine on the growth of this mutant. It i s  c lear  that glyc ine doe s not act 
� imply  by promoting the synthe s i s  of � -a lanine ; a more subtle mechanism must  be p r esent. 
These  s eve ra l conflicts s uggest  that in some cases  inhibition antagonisms involve more complex 
mechanisms than those  that have been  cons i'de red in studying paths of biosynthes is  by this 
app roach .  

The  above d iscuss ion has been  c once rned with the  l imitations o f  growth inhibitors , 
compared with mutants , in analyzing paths of biosynthe s i s .  In addition, mutants can throw l ight 
on the mode of action of inhibitors thems elve s .  As was s tated above , and w i ll be documented 
e l sewhe re ,  the use of m utants has cons ide rably s trengthened  the evidence for the s ite of action of 
D - s e r ine . Furthe rmore , the combined study of bacterial  mutants and growth inhibitors leads 
natu ral ly to an inve st igation of the biochemical  mechanism unde r ly ing drug res istanc e .  The 
D - s e r ine -pantothenate system appears  in some ways to be more su itable for an attack  on this 
p robl em than the c l inical ly effect ive chemothe rapeutic s .  The compounds invol ved possess  simplt 
c hemica l  s t ructures ; the metabol ic path involved is better  unde rstood than m ost othe rs ; the 
a ffected react ion can be s tudied w ith non -g rowing ce l l s ; mutants w ith a high deg re e  of resi stance 
to D - se r ine can be obta ined eas i ly .  P re l imina ry exper iments have ruled out s e ve ra l  mechanisms 
that have been wide ly  a s s umed for drug res i stanc e :  it does not involve an increase  in the 
p roduct ion of eithe r pantothenate or � -alanine , nor doe s it involve formation of pantothenate via 
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an al te rnate metabolic pathway bypass ing IS -alanine . Among the remaining pos s ibil it ie s , D - s e r ine 
may be p re vented from reaching its s ite of action ,  or  the previous ly sens itive enzyme may have 
been c ha nged , qual itatively or quantitatively , in such  a manne r that it can now function adequately 
in the p re s ence of the inhibitor.  This problem i s  unde r investigation. 

F inally , mutants can be useful in the deve lopment of new chemotherapeutics .  The system 
atic s ynthes i s  of metabolite analogues has p rovided a host of cytotoxic agents that are effective 
,m �. but has been disappointing in its fai lure  to yield chemothe rapeut ics  that are  useful � 
�· It is now wel l  recognized that this fai lure can be acc ounted for by the requi rement of the 
animal host for the ve ry metabol ites that have se rved as model s .  This  s ituation ar ises  from the 
fac t  that the known bacter ial metabol ites are nearly all mammal ian metabol ites as  wel l .  But 
this fact does not depend sole ly on the unity of biochemistry in nature ; · it depends a lso on the unity 
of purpose of biochemists . In gene ral ,  mic robial nutr iti on has se rve d  as a handmaiden for 
inves tigators p r imar ily inte res ted in mammalian metabol i sm.  But metabol ites  peculiar to 
m i c r oorganisms do exist. The success  of suUonamide s depends  on the fact that PABA as suc h  i s  
not used  as a metabolite by anima l s , whereas the PABA-containing fol i c  ac id o f  the  animal is not 
u s e d , at least when s upplied external ly ,  by many bacte ria.  It follows that we should search 
furthe r for specifically m i c robial metabol ite s .  

F o r  some time i t  has been c lear  that mutants m ight b e  used i n  the search  not only for 
p r e c u rs ors of known metabol ite s ,  but also for new growth facto r s .  We have recently been 
s tudying a mutant blocked ea rly in aromatic synthe s i s , which requires  tyros ine , phenylalanine , 
t ryptopha n ,  and PABA ; for rap id growth it requi res  furthe r a fifth s ubstance ,  p resent,  l ike PABA, 
i n  the fi ltrate of  the w ild type E_ • .££!.!.. This s ubstance has been tentatively identified as a s imple 
a romatic  c ompound , active in t race amounts . F rom the point of view of this audienc e ,  it i s  
part icularly s ignificant that this s ubs tanc e ,  like PABA,  i s  present i n  relati vely large amounts  i n  
y e a s t  extract but not in l iver  extract.  I t  therefore offe rs real p romise  as a model for chemo 
the rapeutic synthes i s . 
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CARCINOGENESIS 

L . F. Fie s e r  
Ha rvard Unive rs ity 

Cambridge , Mas sachusetts 

It  i s  a pleas u re to see he re so  many of the people w ith whom I col laborated in the work 
y o u  m e ntion , inc l uding D r .  She a r , Dr .  John Wood , D r .  A rnold Sel igman , Dr .  Fred Nove l lo ; I 
gue s s  D r .  Kon rad Dobr ine r can be incl uded as wel l .  

I would  not attempt to try to f ind a c ommon factor betwe en a blow on the  head and c hloro 
form , a s  suggested so aptly by D r .  Be renblum. As a matte r of fact ,  I think it is asking a l ittle 
bit too much to try to find a common factor  between ca rc inogenet ic  hydroca rbons , the azo dye s ,  
the e s t rogenic  s ubstances , and so  on. It seems to me , if one could unde r stand a l ittle about the 
way in whi c h  any se rie � of c ompounds  of the se  diffe rent groups functions , we would be well ahead. 

At the t ime I s topped work on the p roblem of the carc inogenic hyd rocarbons , it s eemed to 
m e that the ve ry pronounced che mical  ac tivity exhibited by some of the most potent one s was 
probably conce rned in the reaction of ca rc inogenes i s , as  s om e  of the hydrocarbons exhibit 
chemica l  act ivi ty of a spec i f i c  type which fa r surpasse·s that of relate d ,  l ess  carc inogenic hyd ro 
c a rbons . 

Then ,  in a summa riz in!1 l ecture at the Unive rs ity of Pennsylvania ce lebration,  I pos tulated 
that the ca rc inogen reacts w ith s uUhyd ryl g roups of a p rote in ,  and that this j s  the reaction which 
i s  re spons ible for init iat ion of mal ignancy. That was a nice gue s s  at the tim e ,  but I am sure it  

ha s been ruled out by now ,  beca use the hyd rocarbons just do not react w ith p rote ins in  a chemical 
way.  

Ca reful examinat ion of  t h e  pos tulated cor relation between structure  and chemical  reactivity
o r  c a r c inogenic act i v ity s hows that the re a re rough pa ral l e l isms but that no exact relationship 
e x i s t s ; any attempt at exact  relations hip s'e ems  to fa l l  down. So chemical  reactivity is not quite 
the w hole  story .  

As 1 see  i t  now , a hyd roca rbon - I wi l l  st ick to hyd rocarbons - to be a potent carcinogen, 
ha s to  have va r ious p rope rtie s .  One p rope rty is h ighly developed chemical  react ivity of a certain 
t y p e ; p roba bly anothe r £ac tor is  the s hape of the mole cule . It looks as  though the hydrocarbon 
has to have a fa i r ly flat s u rface in ord e r  to be effect ive . A methyl group attac hed to the benz 
anthracene nuc l e us may pe rmit ca rc inogenic act ivity , whe reas the homolog with an ethyl or propyl 
o r  buty l group begins to lose that p roperty. That may be because only the methyl group can stick 
out fl ush w ith the flat s urface  of the rmg system.  

The n,  pe rhaps , the  ove r -a l l  s ize i s  impor�ant . You  c ould p ick out a hydroca rbon such a s  
a c e a n t h r e ne , which  has the same k ind of  chemical  reactiv ity as  methyl cholanthrene but still lacks 
c a rc inogenic  potency. It may be that the molecule is a l ittle too small  to give the r ight distribu 
t i on c ha ra c te r i s t i c s .  

I am imp re s s ed w ith the idea tha t ,  i f  we are e ve r  going to unde rstand the re lationship 
between chemica l  s t ructure and any kind of biological  act ivity ,  we a re going to have to take into 
a c count anothe r factor , and that p robably is the d is tr ibuti on c ha racte r is i stic of the molecule ,  
d i s t r ibut ion part icular ly  between l ipophi l i c  and hydrophi l i c  phas e s .  A compound which has all the 
othe r p rope rties requi red but does not have the r ight d is tr ibution c haracte r is t i cs  may be outs ide 
the f ie ld of biolog ica l ly  ac tive compound s .  

What kind o f  inte raction w ith a ce l l  constituent involved in  gene dete rmination could occur 
w i th a hyd roca rbon of the r ight chemical  activity ,  shape , size a nd d istribut ion cha racte ristic s ? 
l do not think it is a chem ica l  reaction ,  as I s a id before . The nearest  gue s s  at present is that it 
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i s  a p ro c e s s  o£ adsorption , or of s ome form of  complex formation, and the requi rement Cor 
spec if ic  chemical reactivity is m e rely to give the molecule  s ufficient pep so that it can form 
s u itable complexes . It  s e ems to me pos s ible that the phenomenon of carc inogene s is may have 
s ome r e lationship to the abil ity of the carc inogenic hydrocarbons to form complexes with poly 
n i tro  c ompounds . The tr initrobe!l&ene der ivatives of methylcholanthrene ,  benzpy r ene , and othe r 
part icular ly potent carcinogens are deeply colored ,  whe reas complexes of less  reactive hydro 
ca r bons are  less  highly colored.  The color p robably is just one ind ication of s tabil ity of the 
c ompl ex and of the reactivity of the components .  Poss ibly forces  s imilar to those involved in the 
forrnation of these  polynitro complexes are involved in carcinogenes is . 

So , as a way of moving ahead in the future , it s eems to me - just a gue s s  at the moment -
that a ny way of setting up expe rimental methods of detecting or measuring complex formation or 
ads o rbabi l ity of the agents might s hed new l ight on the gene ral  p roblem .  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .
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CANCER CHEMOTHERAPY 

Howard E .  Skipper 
Southe rn Re search Inst itute 

Bi rmingham , Alabama 

I have be en told that , afte r about two minutes , Dr. Shea r w ill lowe r the boom , so I aqt 
ce rtainly going to get through with my s hort discuss ion of ca rbamate• in chemothe rapy of 
leukemia within that time . 

Our work w ith carbamates has shown seve ral things w ith regard to the relation between 
s tructure and biological activity (anti - leukemic activity ) . Ce rtainly it is mostly negative in this 
respect s ince we have lound that · ethyl carbamate (urethan) is  the only one of a rathe r large ae rie s  
o f  this type compound which i s  ve ry effective i n  prolonging l ife span in mouse leukemia.  

However ,  when one compa res the anti - leukemic activity and the carc inogenic activity of  
ca rbamate s (work by Dr.  Larson of  the National Cance r Institute ) , we see a ve ry nice correlation ; 
ethyl carbamate ie the most active by far in e ithe r of these  respects . 

The re seems to be l ittle corre lation between leukopenic activity (ability to depress  the 
total white blood count ) of the carbamates ill normal mice and anti - leukemic activity of this 
s e ri e s .  Many ca rbamate a have be en found to be leukopenic while urethan is  the anti - leukemic 
carbamate . 

The re doe s seem to be a ve ry good cor relation between leukopenic action in m i c e  aDd 
mitotic poisoning activity of ca rbamates in such organisms as the sea urc hin egg (work by 
Dr.  Ivor Cornman,  George Washington Unive rs ity ). 

We have been most inte rested in trying to find out why urethan is so specific with regards 
to anti - l eukemic activity. In c e rtain me chanism studie s we have labe led the carbonyl and the 
methyl�e carbon atoms of the urethan molecul e :  

...,.OCHzCH3 
o = c • H 

' N
/ 

' H  
Ca rbonyl - labeled urethan 

/ OC*HzCH3 
0 = c ......_ ./H 

N 
' H 

Methylene -labeled urethan 

and have c ompared the distribution of the active atoms in normal and neoplastic mice  as w e l l  as 
excretion and exhalation. It  appears quite c lear that uretban is broken down in the bOdy to c a rbon 
d ioxide , ethyl alcohol , and ammonia . We have found that canc erous mice do not degrade the 
molecule nea rly so rapidly as do normal mice . 

In an isolated system , l iving spe rm from the sea cucumbe r ,  which is largely l iving 
desoxy ribose nuc leoprote in,  Dr. Cornman and I have obse rved that ca rbon 14 from carbonyl 
l abeled and methylene - labeled urethan are  fixed to a highe r degree than labeled COa or methylene 
labe led ethyl alc ohol , the respective labe led hydrolysis  products of the two labeled urethans .  
This i s  not the case i n  s e a  urchin eggs whe re the cel l  is  fai rly low in nucleoprotein. We think 
that this result may be suggestive ol the mechanism of the carc inogenic aDd anti - leukemic actions 
of ure than.  
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CARCINOGENESIS 

H. P .  Rusch 
Univers ity of W is cons in 

Madison ,  Wiscons in 

I have a few sl ides which i llustrate some of the relationships between the chemical 
structure.s of c e rtain c ompounds and their carc inogenic activities . These studies have been 
carr ied out by Drs .  J .  A. and E .  C .  Mille r of our department , and the data are published in 
Cancer Resea rch, J! ,  ll7 ; ,i, 504 ,  6Sl and J .  Exp . Med. , !,1 ,  1 39 .  

Fi rst ,  I w il l mention some studies on certain aminoazo dyes .  These compounds induce 
l ive r  tun>ors when they are fed to rats for s eve ral months . As shown by Haddow and Kon, 
replacu:nent of the azo l inkage by an ethylene l inltage to give 4 -dimethylaminostilbene results in 
a ca r cinogen which is , as fa r as the live r  i s  conce rned , a slowe r a cting carcinogen than the 
aminoazo dyes . 

0 QN<c�2 
relative activit� 

-N--.�- 0 
-cH==CH- weak(Hoddow and Kon ) 

-CH=N- 0 

- N=CH- 0 

-g-NH- 0 

Slide 1 

Substitution of -CH=N- , -N= CH - , or - C - NH - for the azo l inkage results in inactive compounds .  

b 
T he second s l ide illustrates the effect of alte rations in the subs tituents on the am ino group 

on the p otency of the arninoazo dyes .  4 -Dimethylaminoazobenzene is ass igned an activity of s ix ,  
a nd 4 -monomethylaminoazobenzene w ith only one methyl s ubstituent and 4 -ethylrnethylarninoazo benzene with one ethyl and one methyl substituent also have activities of six.  Thus , in o rde r to 

Copyright © National Academy of Sciences. All rights reserved.

First Symposium on Chemical-Biological Correlation, May 26-27, 1950
http://www.nap.edu/catalog.php?record_id=18474

http://www.nap.edu/catalog.php?record_id=18474


388 

0==0-
relative activity 

--N"'c� liJ /C�a-Lpi 'C� -N,c� 0 
-N/� 6 '-H -N/CHrz0 0 -N/� 6 '� '%� -N/CHO 0 -N/%� 'H 0 /H '%� 0 -N/�� 

-N,H 0 '-H 

Sl ide Z 

be carc ina;genic the compounds must have at least one N-methyl group. However ,  as i l lust rated 
by the non -carcinogenic dyes 4 -� - hyd roxyethylmethyl - and 4 -benzylmethylaminoazobenzene , the 
second s ubstituent on the amino group can also affect the potency of the compound . 

Int roduction of substituents into the rings also strongly affe cts the ca rcinogenic activities 
of the aminoazo dye s .  E ithe r a hydroxy or trifl uoromethyl group in any of the prime positions 
abol i shes  the activity of 4 -d imethylaminoazobenzene .  With other substituent• the activity of the 
compound depends on the pos ition of the group . Thus the 3 ' -methyl de rivative o£ 4 -dimethyl 
aminoazobenzene is about, twice as active as the parent compound while the Z ' -methyl de rivative 
is only one -third to one -half as active and the 4 ' -methyl derivative is ve ry weak. Z - and 3 -
methy l - 4 -dimethylam inoazobenzene are  both inact ive unde r our conditions . Similarly , int r o 
d uction o f  a chloro o r  nitro group in the 3 ' pos ition results in a m o r e  active compound than if the 
same group is inse rted into the Z ' or 4 '  position. On the other hand , c ompounds containing 
fluorine in any one of the pr ime positions are more active than the unsubstituted dye .  More 
recent work has shown that the Z - fluoro and Z ' , 4 ' -d ifluoro derivatives ' of 4 -d im ethylaminoazo 
benzene are also about twice as active as 4 -dimethylaminoazobenzene . Since substituent& in the 
Z ,  Z ' ,  or 4 '  positions should hinde r a benzid ine rearrangement of the corresponding hydrazo 
d e rivative s ,  the high activities of the s e  fluorinated derivatives largely eliminate the pos s ibility 
that such a rearrangement is involved in the mechanism by which these  dye s induce the carc ino 
genic process ; s uch a theory w a s  p roposed se ve ral years a g o  b y  c e rtain British expe rimente r s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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�=N�NI%)2 
Reloi iYI A�;l l�llill lunlllbl!illllld lbt • 6l 

sgljtuent 
position HO- � � Cl- F - � 

4' 0 < I  0 1 -2  10 0 

3' 0 10 - 12 5 5-6 10  0 

2' 0 2-3 3 2 7 0 

2 0 0 

3 0 

Slide 3 

R e c ent stud ies  on the effec ts of var ious alte rat ions in the structure of Z -acetylamino 
fl uorene on its carc inogenic activity a re presented in the fourth slide . Replac ing the -CHz - bridge 
i n  Z - a c e tylam inofluorene by -S - as  in  3 -acetylaminodibenzothiophene d id not a lte r the carc ino -

0 
• 

--
0 0 0 

0 7 0 0 0 0 
- -- - -

!131' 11:81 6(61 7(71 6(61 m1 "131 QIOI 
-· • � 1!7i 1( 1 1 �� 0121 7171 4141 6161 

• 0 0 11<11 2101 4(01 ... 1. I l l )  61>1 
-

..... .._ . . ..... .... - - ·-

, ..... - . ._ .... . ,.. ._ . ._. .... ... ..... ..... , 

· - -- - -- - --- · -- · - ... •- turt 

Slide 4 
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Substitution of -S- for the 

� 
genic ity of the molecule for e ithe r mamma ry gland or ear duct t issue .  

-CHz as  i n  3 -acetylaminodibenzothiophene - 5 - oxide greatly lowe red the activity towards these  two 
t i ssue s , while inse rtion of an - 0 - bridge as in 3 -acetylaminodibenzofuran only pa rtially dimin 
i s hed  the activity of the molecule in the s e  respects .  Unlike Z -ac etylaminofluorene , howeve r ,  
none o f  the se three c ompounds had any carc inogenic activity towards the rat liver .  

Further studies  w i l l  b e  neces s a ry to dete rmine what features these various carc inogenic 
p roce s s e s  have in c ommon a nd how these  re latively small va r iations in structure i nte rfe re with 
or  p rom ote the reactions which lead to tumor formation. 
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CANCER CHEMOTHERAPY 

R .  B. Angie r 
Lede rle Laboratories 

American Cyanamid Company 
New York, New York 

I feel ,  somehow , out of place up here , beinl an organic chemist, but 1 presume that 
Dr.  Farber wanted to make it official ,· to get these formulas on the screen so that everybody 
would know what he is talking about. 

A rather large numbe r of analogs of folic acid have been prepared. The basic structure 
we have up here , which includes the pteridine nucle11• • the methylene linkage to the benzoic acid 
portion of the molecule and the PABA res idue . We see there are four diffe rent substituent• on 
he re .  These four diffe rent 1roups have been changed in a numbe r of ways to produce the various 
anal ogs which are bein1 described. I do not expect Dr. Farber will talk about all of these but , 
in order to cover the ones he will mention, I am putting these all on. Number one is merely a 
change of the glutamic acid to aspartic acid on the end of the molecule . Following , is the dl 
aspa rtic acid derivative. Of course , in all other cases , the other substituenta are the ones you. 
wil l find in fol ic ac id itself. 

This is your 9 -methyl pteroyl glutamic acid , in which you have a methyl group on the 
br idge carbon atom. The antagonist activities are shown here , also. We will pas s them by. 

These involve some of the more potent antagonists which have been dis cus s ed . In amino
pterin we see merely the change of the R -group in the 4 -position to an amino group. That comes 
unde r the class of isosteres , which were discussed earlie r . This compound becomes ,  then, an 
extremely potent antagonist, microbiologically as well as in the animal . 

Amino anfol , has the 4-amine but, in the place of the glutamic acid out here , it has the 
aspa rtic ac id . 

A -methopterin which is even more potent than is aminopterin, has an amino group in the 
4 -pos ition , replacing the OH and a methyl group on the Nl O  pos ition. 

A -ninopterin has two methyl groups , one on the 9 -pos ition and one on the Nl O position. 

Adenopte rin also has an amino group in the R -positjon, and two methyl groups ,  one in the 
9 - and one in the 1 0 -pos ition. Aminoteropterin has three glutamic acids out here , instead of just 
one . They are l inked in the gamma pos ition ; each linkage is gamma. Also aminoteropte rin has 
an amine in the 4 -pos ition. 

Amino alanfol has an amino group in the 4 -pos ition while the glutamic acid res idue of fol ic 
ac id has been replaced by .sU-alanine . 

And lastly , amino treo{ol has an amino group in the 4 -position while the 1lutamic acid 
r e s idue has been replaced by .sl!-threonine . 
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CANCER CHEMOTHERAPY 

Sidney Farbe r 
Child ren ' s  Hospital 

Boston , Mas sachus etts 

M r .  Mode rator , one comment , firs t ,  about the chemical structures which Dr .  Aqier 
just s howed you. Our studies  w e re made , fi rst ,  with two fol ic  acid antagonists , without the 
amino in the 4 -position. They were  made by the Ame rican Cyanamid Co. group of chemists ; and 
both had anti - leukemic activity , but the activity was weak, and no p rolonged or real remissions 
were attained . The re is no close correlation whats oeve r between the action on mouse leukemia 
and the action on man. All of the excel l ent results have bee n  attained with c ompounds with the 
amino in the 4 -poaition , and every compound with the amino in the 4 -position has been  toxic.  

I think we can s tate , first of a l l , that the initial imp ress ion we had c once rning a correla
tion between toxicity and carcinolytic action does not obtain. The same mechanism may be 
working in both instances ,  but it i a  pe rfectly poss ible to obtain clinical results without bringiq 
about any important toxic changes in the patient. 

To summa r ize cl inical  results ve ry briefly , our group has had the opportunity to treat 
and care for s ome two hundred child ren with acute leukemia in the last three and one -half years , 
with the va rious fol i c  acid antagonists . An ove r -all remiss ion rate of approximately 50 per  cent 
was obtained for this g roup .  In one instance with the 4 -aminopte ropte rin ,  to which Dr .  Angier 
refe r red , the remi s s i on rate has reached 66 per cent for a p e riod of time . 

P rolongation of life up to twenty -two months has been achieved . In all instances , after 
remiss ions have be en attaine d ,  res istance to the treatment has occur red eventually and, in all 
instances , death has occurred.  As the mode rator has pointed out, no cure bas , therefore ,  been 
attained in acute leukemia.  We have seen,  howeve r ,  for the first  time , a carc inolytic effe ct 
which has been p roduced by no othe r s e r ies of compounds . This holds true for am inopterin,  for 
the 9 -methyl , the 1 0 -methyl , the 9 ,  1 0 -d lmethy l ,  the 4 -am inote ropte rin and for othe r compounds 
to which refe rence has been made .  No one is real ly that much bette r than anothe r in this ser iel , 
sci that no strong prefe rence can be stated at this t ime.  

It  is  of c ons ide rable inte rest that ,  when emp irical  t rial was made w ith the action of  these 
compounds on othe r solid tumors in man , a ca rc inolyti c  or carcinostatis action was demonstrated 
in a numbe r of total ly unre lated forma of canc e r ,  canc e rs unrelate d  to leukemia , such as  
neuroblastoma , carcinoma of the b reast , or carcine>ma of  the p rostate , w ith m etastatic les ions 
e l sewhe re ,  and so on. In all  instanc e s , after a period of excellent tumor e ffects , va ryill(l from 
three months to , in some instances , twelve months , the "res istanc e "  occurr ed and , in eve ry  
instanc e ,  in eve ry patient obs e rved l ong enough to pe rmit this statement ,  death has occurred. 

I think ,  ce rtainly , this is the most effe ctive group of compounds in acute l eukemia.  
They are of great inte rest in othe r forms of canc e r .  The problems which the worke rs  concerned 
with the furthe r study of thes e  compounds would l ike to have answe red are , first, the nature of 
the toxic changes ; second ,  the me c hanism of their  carc inolytic and ca rcinoatatic action. 

Finally , the re is  the actual me chanism of res istance of the cancer  c e ll which has once 
responded.  The re is c ons ide rable information coming from diffe r.ent laboratorie s which bears 
upon this subject .  Eventual solution of that problem , howeve r ,  wi l l  be nece s s a ry before 
furthe r p rogress  can be repo rted in the treatment of patients with incurable cance r w ith these 
antifol ic  c ompounds . The use of thes e  compounds in conjunction w ith , or following , ACTH , 
cortis one , and re lated compounds has been of great inte rest .  The re i s  an effe ct which can be 
p roduced by the two in se ries  or at the same t ime which, in s ome instances , c annot be produced 
by the antifol ic compounds a lone . 
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One l a s t  c omment ,  if I may make it , M r .  Mode rator .  When  one begins t o  work with 
pat ient s  w ith c ance r incu rabl e by s urge ry or  radiation ,  the patie nt i s  i nc luded in  the research 
team , as  i s  the mous e .  Sinc e the purpose of canc e r  c hemothe rapy is the cure of canc e r  in  man,  
it i s  e s sent ial that the sp l endid work going on with othe r agents , must be ac companied by actual 
obse rvat ion on the l iving human be ing with canc e r  which i s  incurable by p re sent methods of 
the rapy .  

A f inal point in this d i scus s ion: I f  that i s  done , then the  f inest  medical  and surgical  care 
ava i l able must be g iven  to the  patient with incurable canc e r  before chemothe rapy i s  instituted ,  
and c hem othe rapy must b e  stopped i f ,  a t  any time , othe r forms o£ treatment p r om i s e  more £or 
the pat ient than the form of trial the rapy which has been inst ituted .  
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ANTIME TABOLITES AS CHEMOTHERAPEUTIC AGENTS 

George H.  Hitchings 
The Wel lcome Res ea rc h  Laboratoriea 

Tuckahoe , New York 

There are two contrasting ways in which one may go about the prepa ration of a new 
c hemothe rapeutic agent. One is the purely empi rical  app roach  - the teating of a w ide variety of 
chemical substance s ,  the se lect ion of a few which have a se lective effe ct on the unde s i rable 
o rganism or tis s ue , foll owed by furthe r te sting of va riants of the sele cted m olecul e .  The othe r 
app roac h ,  the deductive or logical way , stems from previous knowl edge of a d iffe rence in 
meta bol ism between the host  and the parasit ic  ti ssue s  upon which one might capitalize in a variety 
of ways . Of the two , the empi rical , inductive way , has been much the more p roductive and has 
y ie lded nea rly a l l  the chemothe rapeutic agents which are  ava ilable . This does not mean that the 
deductive method may not yet yield an abundance of new d rugs ; it m eans s imply that insufficient 
knowledge of inte rmediary metabolism has been avai lable or that insuffic i ent thought has been 
appl ied to the probl em of selecti on of me tabol ic  diffe rences  worthy of exploration. 

Antimetabol ite stud ie s ,  which have as the i r  a im the production of chemothe rapeutic agents , 
m i ght be thought of as one way in which one m ight capitalize on a m etabolic diffe renc e  between 
host and paras ite . Thus , had one known of th.e bacte rial requi rements for }! -am inobenzoic acid, 
and had the absence of a human requi rement for this growth factor been clea rly de1J1onstrated , 
sulfanilamide might have fol l owed as a l ogical consequenc e of this knowledge , rathe r than as an 
emp i rical d i scovery.  Howeve r ,  much the greate r part of the work in the antimetabolite field has 
been  conce rned with the  demonstration of the phenomenon its elf .  For this purpos e ,

' 
the  most 

s u itable metabol ites a re those which a re used by a wide va riety of l iving organism s .  Pyrithi 
amine , for example , has the characte ristics of a compe titive inhibitor of thiam ine in a bacte rium , 
and p roduces symptoms in the mouse of thiamine defici ency which can be reve rsed with thiamine . 
One is c onvinced ,  the refo re , that such a substance acts by competing with the metabol ite for s ome 
cel l  surface , probably an enzyme system . 

Information of this sort does not , in gene ral ,  lead to new chemotherapeutic agents , for 
thiam ine appears to be requi red by all  l iving ce l ls  and the requi rements p robably do not diffe r 
quantitatively by a large ratio. What is ne eded for the production of new chemothe rapeutic agents 
in a l ogica l  way is  knowledge e ithe r of a Ia rge quantitative diffe renc e  i n  the requirement" for the 
metabol ite , o r ,  much bette r ,  the existence of a qual itative diffe rence between host and paras i te 
in the pe rformanc e of some metabolic task. T his kind of knowledge i s  available only rarely.  To 
some extent it may be  gained through the  antimetabol ite study itself .  

Our approach to new chemothe rapeutic agents  has been via the biochemist ry of nucle ic  
a c ids . It was  fe lt that quite gene ral ly the re inust be a diffe rential requi rement between host and 
paras it ic t i s sues for the p recursors of nuc le ic  acids , s ince the rap id growth of the paras itic 
tis sue mus t  involve a rap id synthes is  of nucleic  acids . So the pos s i bi l ity exi sts that chemo 
the rapeutic agents for a var iety of disease  processes  m ight a ris e on thi s purely diffe rential rate 
bas i s .  The re we re also reas ons for be l ieving that qual itative diffe rences in the b iosynthes is of 
nucie i c  ac ids do exist. When our work was be gun it was known only that the white rat does not 
use guanine or uraci l  as precursors of its nuc le i c  acid ; howeve r ,  i t  was known that c e rtain 
bacte r ia  and molds do requi re one or the othe r or both of  the s e  s ubstanc e s .  Such obs e r vations 
ollered the promise that antimetabol ites of the natural purines and py rim id ine s m ight se le ctively 
block pi!.thways which a re ess ential to c" rta in  organi sms and not to other s .  

I n  the canc e r  fie ld , this app roach has not y e t  produced a cure but i t  has given a few leads 
wh ic h may be rega rded as  hopeful . The activit ies of the antifol ics  and of diaminopurine probably 
a re to be regarded as  the result  of quanti tative d i ffe rences  between normal and ne oplastic tiss ue s  
in the need for ce rta in precurs ors of nuc l e ic acids , but the mode o f  action o f  both these  substance s  
requires  c l a r ification .  Despite infe rences t o  the contra ry ,  i t  appea rs imp robable that any real 
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qualitative diffe rences in nuc leic  acid  synthe s i s  between normal and neoplastic tis sue s have yet 
been found . The activity of 8 -aza guanine on c e rtain tumors is  still  somewhat of a myste ry .  The 
ut i l ization of guanine is ce rtainly not the common denominator of ne oplastic growth which  it was 
hoped it m ight be , for many tumors fail to respond to the analogue . Moreove r ,  studies by 
D r .  Ge orge B. B rown w ith isotopically labe led guani ne have s hown no clear - cut diffe rence in the 
us e of guanine by t issue s  of the host and the ne oplasm.  On the othe r hand , this s ubstance ,  the 
a ntifol i c s ,  diaminopurine and the other purines and pyrimidines which have a s ele ctive inhibitory 
effect  on neoplastic t issues should be regarded as l eads which may be elaborated by furthe r 
s t ud i e s  and modifications of the molecule s ;  these may e ventually result in chemothe rapeutic  agents 
of rea l  value . 

One of the axioms of antimetabol ite - metabolite studies  is that maximal act i vity of the 

s t ructural  ana logue is produced w ith a m inimum numbe r of c hange s of the metabol ite molecule -
the c ha nge of one group ing usua lly giv ing a strong e r  ant imeta bo l ite than an alte rat ion of two 
g roups o r  atoms and so on. This has a considerable val idity w ith respect to antim etabol ite 
s tud i e s  .f!! !!; but could be ve ry m i s leading if appl ied to the p roblems of chemothe rapy . For 
p u rp o s e s  of i l lustration,  one may return to the example of the sulfonamide& . T he mole c ule  
r e p re s e nting a m inimal c hange from f -aminobenzoic  a c id would be sulfani l ic  a c i d .  If one stopped 

t h e r e  he w ould not have a very effe ctive c hemothe rapeutic agent .  If he continued to work he m ight 
s o on r e c ognize the importance of the pKa 's of the metabol ite and antimeta bol ite and thus come to 
s ulfa ni lam ide .  This s ubstance is a useable chemothe rapeutic a gent but has s e veral  und e s i rable 
s ide e ffe cts . In othe r words , it becomes involved , unexpe ctedly , in the host ' s m etabol ism in a 
numbe r of ways . In actual p ractic e ,  of course , given the lead p rovtded by the empi r i c a l  d iscove ry 
of  the a ction of s ulfani lam ide , the chemists proc e eded to modify that mol e c ul e  in a va r iety of 
ways . J>. s  work p rogressed s om e  of the patte rns of c hemica l - biological  cor relation became 
appa r e nt ,  and in turn could be related to ce rta in phy s ical prope rties of the mol e c ules . Eventua lly 
d rugs w e re p r oduced which were  not only more  act ive than the o rigina l ,  but in which many of the 
und e s i rable  featu res had been m od ified or e l im inated .  

1 think it i s  not  too  fa r - fetched to suggest  that we have found in  the  field of antagoni sts of 
n uc l e ic a c id d e r i vative s as re lated to cance r ,  substance s  of potential c hemothe rapeut i c  value -
s ubstanc e s  which stand to the chemothe rapy of canc e r  about as s ulfanil ic ac i d  m ight s ta nd to the 
chemot h e rapy of ba cte rial d i sease s .  A s ubstance l ike Z ,  6 -d iam inopur ine , for  example , ha s only 
a s m a l l  and rathe r questionable diffe rential effect on sa rcoma 1 80 in the whole m o us e , but , a s  
ha s bee n  found b y  D r . J .  J , B ie s e l e , it i s  ve ry cons ide rably more  toxic  t o  s a rcoma 1 80 than t o  
m o u s e  e m b ryoni c  t i s s ue ,  when studied in  t i s s ue culture . The problem he re may be e s sential ly to 
l e a r n  how to d e l i ve r  the pur ine to the cance r c e ll without al low i ng it to be d is s ipated i n  s ide 
r e a c t i o ns .  The antifol ics  inhibit s a rcoma 1 80 when tested in  the whole mouse  but have l i ttle o r  
no effe c t  on e ithe r t h e  s a rcoma o r  embryonic t is s ue in tis sue culture .  Doe s t h i s  m e a n  that the 
antifol ic  i tself  is  modified in the animal metabol i s m , or  does  it act by depr iving the c e l l  of s ome 
e s s e nt i a l  metabol ite whic h is  p roduced i n  a specific locus and then t ransported to the growing 
c e l l ? P e r haps s ome othe r explanation wi l l  be found , but answe r s  to s u c h  que s t ions as the se  may 
l e ad t o  modified and bette r app r oa c he s  to the p roblem of canc e r  chemothe rapy . T he activities of 
a num b e r of the pyrimidine d e r i vat ive s a re not readily inte rp retable in te rms of m etabol ite : ant i 
m e ta b o l ite r e l ations hip but neve rthe l e s s  point the way t o  work which  s hould b e  done . 

Undoubtedly many of the appa rent openings to c hemothe rapeutic agents w il l  be found , on 

expl o ra t i o n ,  to  be bl ind a l ley s .  Howeve r ,  the impo rtance o f  the problem sugg e sts  that each 
s hould be explored w ith cons ide ra ble dil igence . The w o rking out  of  the s e  leads wil l  be mainly i£ 
not complete ly  empi rical . Antimetabolite stud ies may p roduce leads but are no s ubst itute for 
ha r d  w o rk - the kind of thoughtful w o rk which has bee n  te rmed "enl ightened empi r i c i s m " .  
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CARCINOGE NESIS 

A rnold M. Sel igman 
Beth I s r a e l  Hos p ita l a nd Depa rtment or Surge ry 

Ha rva rd Medical  Sc hool 
Boston , Massachusetts 

Since I have be en  called upon , I m ight make one b r ier comm ent . Or .  Be renblum refe r red 
to Or .  Haddow ' s  d i s cove ry that many of  the  ca rc inogenic hyd roca rbons inhibit tumor growth. In 
l ooking ove r the data which D r .  Haddow pub l i s hed in that rega rd ,  we were  impres sed with the few 
exceptions , i . e . , that some non - c a r c inogenic compounds al s o  inhibited tum o r  g rowth. He w a s  
interested in  s howing a c o r r e lat ion between the abil ity t o  inhibit tumor g r owth, and the p rope rty 
of c a r c inogeni c ity , and he showed a fa irly inte res ting c o r relation in that rega rd;  but the re w e r e  
a few exceptions which inte r e sted us .  A few tumors w e re inhib ited by compounds w h i c h  w e re not 
c a r c inogenic , but resembled supe rfi c ially the c a r c inogenic hydroca rbons in  structure and did 
inhibit tumor g rowth. 

It  was at that point that we be came inte rested and p repa red a s e r ies  of c ompounds s im i l a r  
t o  the se compounds , to see  i f  this p rope rty o f  inhibition o f  tumo r g r owth w a s  extensive .  We 
prepa red a numbe r or azo dyes which s imulated the r ing s t ructure of the hyd roca rbons (J . A m .  
C hern .  Soc . , 1! .  3 0 1 0  ( 1 949 ) ) .  Some o f  the se a z o  compounds s howed i nhibit ion o f  tumor g rowth 
(sarcoma 37  and Walke r carc inoma 2 56 ,  to be pub l i s hed in Canc e r ) . 

Late r ,  he publ ished some data in which he s howed that the inhibition of tumo r  growth w ith 
the c a r c inogenic hyd roca rbons was v e ry much re lated to the p rote i n  content of the diet , and he 
pointed out that t he obs e r vations he had made we re that the ca rc inogenic hydroca r bons inhibited 
·tumor g rowth when a fa i rly low p rote in  d iet was used , 5 pe r cent p rote in. When thi s was 
inc reased to 2 5  per  cent,  the e ffect was less appa rent. Our own animal s had rece ived the highe r 
p rote in diet .  

It was at about thi s point ,  unfo rtunately , that we lost inte rest  in the phenomenon , and I 
s uspect it is at p re c i s ely that point that many of you would be come ve ry much i nte rested in i t .  
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CANCER CHEMOTHERAP Y 

Al fred Gellhorn 
D e pa rtment of Medic ine and Canc � r  Re s e a r c h  Institute 

College of Phys ic ians a nd Surg �ons 
Columbia Univ e r s ity 

New Y o rk , N �w Y o rk 

D r .  Shea r has a sked me to make s ome comments on the pos s i ble re lationship of 
py r i d ox ine to the metabol ism of ne oplastic  c e l l s  in man. We exp lored this pos s ibil ity s e ve ral  
yea r s  ago in c l inical  canc e r  c hemothe rapy and although the results we re ne gat ive w e  learned 
s e ve r a l  l e s s ons . 

The ba s is fo r the c l inical  expe riment re sted on a s e r ie s  of obs e r vations made by 
D r .  H .  C .  Stoe rk and othe rs . It had been noted that lymphoid tis s ue was depend ent upon the 
v itam in , py ridox ine , fo r its maintena nc e  and growth. In expe rimental animals placed on a 
py r idox ine defic ient diet  the re was rapid involution of the thymus g land an"d othe r s tructure s r ich 
in lymphocyte s .  Stoe rk furthe r reported that in m i ce bea ring a t rans p lanta ble lymphosarcoma 
the re  wa s  str iking inhibit ion of the tumor g rowth when the animals were pla c ed on a pyr idoxine 
defi c i e nt diet  and in addition we re fed an ana l og of the vitam in,  desoxypy r idoxine . 

Our c l inical obs e rvat i ons were  c a r r ied out on a numbe r of patients w ith d i s s e minated 
lymph o s a rcoma and a l s o  patients w ith acute lymphatic  leukem ia .  The patients we re placed on a 
rigid py ridox ine de!i c i e nt diet togethe r w ith the oral admini s tration of la rge dos es  of desoxy 
py r i d ox i ne . Dur ing a pe riod of three weeks , no detectable c hanges in e vident tumor mass e s  o r  
p e r iphe ral blood picture w e re noted and the re w a s  n o  evidence that the c our s e  of the d isea s e  had 
been m odified . Biochemica l  stud i e s  in  the s e  pat ients fa iled to reveal an inc reased urina ry 
xanth u r enic a c id exc ret ion , a s ign of py r idoxine defic iency in most lowe r spe c ie s . 

The l e s s ons that we re - learned from this exp e r i ence were  three : 

( I )  The correlation between tumors in expe rimental anima l s  and neoplastic d isease  in  
man i s  not known.  P r e c i s e  information on the  biochem ical  s imila r itie s or  d iss im ila ritie s between 
the animal and human d isease  w ould be of tremendous value for the evaluation of obse rvations 
made in canc e r  c he mothe rapy studies  in exp e r imental anima l s .  

( Z )  In many instance s the re a re spe c i e s  diffe rence s  in  the metaboli s m  o f  d r:ugs and 

the r e fo re the translation of animal obs e r vations to �an can not be antic ipated ! pr i o r i .  

( 3 )  A ve ry important c onside ration , it seems to me , i s  that if a c hemical compound 
m e r e ly shows tumor inhibition in the expe rimental animal it is p robably not wis e to t ry this agent 
in man. This is s o ,  I think ,  be cause a c a r c inostatic effe ct  in man is too d ifficult  to demonstrate 
due t o  the re lative chronic ity of malignant d isease  in man as  compa red w ith cance r in  expe r i 
mental anima l s .  Pyr idox ine defi c i ency inhibits the g rowth o f  lymphosa r c oma in m ic e , urethane 
inhibits  the Walte r rat c a r c inom a ,  8 -azaguanine inhibits a numbe r of exp e r imental canc e r s  but 
c l ini c a l  obs e r vations have fa iled to dup l icate the res ults . This  doe s  not mean that the rapeutic 
regimens w ith the s e  agents might not ha ve a carc inostatic effe c t  in man,  it me rely indicate s that 
it is imp ractical to c onduct an exp e r iment on humans which w il l  require many months or even 
yea r s  before  a c onclus ion can be rea c he d .  For this reason I be l ie ve it i s  p e rm is s ible to c onclude 
that c l inical  tr ia l  s hould be rese rved for chem ical  c ompounds which have been s hown to be 
c a r c i nolyti c  a ga inst expe r imental tumors . 
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P UR INES AND PYRIMIDINES IN EXPER IMENTAL CANCER CHEMOTHERAPY 

Alfred Qel lhorn 
Department of Medicine and Canc e r  Research Institute 

College of Physicians and Surgeons 
Columbia Unive rs ity 
New York , New York 

The obs e r vation by Kidder  in 1 949  that a guanine analog, Z -amino -4 -hydroxy -tr iazolo
pyrimidine , inhibits the growth of ce rta in tumors has been  confirmed and extended in our labora
tory. In an attempt to gain some ins ight into structure -activity relationships of this carcinostatic 
chemical agent ,  a s e r ies  of pyrimidine s and purines have be en synthe sized by Dr. Morris  Engel
man at  the Columbia Unive rs ity Canc e r  Research Institute and tested against a spectrum of 
neoplasms in experimental animals . 

The technique of eva luation consists in transplanting the tumor fragm ents into the axillae 
of the appropr iate hosts and inst ituting therapy Z4 to 48 hours later .  In eve ry experiment a 
minimum of 1 0  animals was employed for the study of a compound , and untreated controls and 
Z -amino - 4 - hydroxy -tr iazolopyrimidine (azaguanine ) treated series  we re always included .  In 
p revious expe riments it had been dete rmined  that a daily dos e of 5 0  mgm .  p e r  kilogram intra 
pe rjtoneally of the azaguanine was uniformly e ffective and without apparent toxicity. The unknown 
chemical compounds were administe red at doses  equimolar to the azaguanine anc! also at 
maximal ly tole rated dos e s .  The duration of an expe riment was from 1 4  to Zl days . The s ingle 
exception to the method just de scr ibed was for the evaluation of chemothe rapeutic effect against 
the B rown-Pearce tumor.  In this case the tumor fragments we re transplanted to the anterior 
chambe rs of rabbits • eye s ,  the rapy was not initiated until 3 days after  transplantation and the 
duration of drug adminisi ration was l imited to 7 days . In all  instances  the animals were  
sacr ificed at  the te rmination of  the expe r im ent and the subcutaneous or  intraocular tumors we re 
d i11ected out and we ighed .  

Table 1 presents a key to  the  tumors used and the i r  hos ts .  Tables  Z and 3 p r e sent the 
re sults of al l  of the compounds thus fa r studied . 

TABLE 1 

Tumor Des ighation* Tumor Type Host 

7 5 5  Carc inoma, of the breast C57 black mice 

RC Carc inoma of the breast dba m ice 

E077 l  Ca rc inoma o f  the breast C57  black mice 

Brown -Pea rce Undiffe rentiated squamous cel l  carcinoma All rabbits 

Sar;:oma 1 80 Undiffe rentiated sa rcoma Paris Rill and 
Longa c re mice 

6C3HED Lymphosarcoma C3H m ice 

94 1 7  Acute leukemia AK mice 

C l 498 Acute myelocyti.:: l eukem ia C 5 7  black mice 
• All tumors  a re transplantable 
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TABLE Z 

EXPERIMENTAL NEOPLASM 

RC E07 7 1  Brown-Pearce Sa. 1 8 0  6 C 3HED 94 1 7  C l 498 
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TABLE 3 
EXPERIMENTAL NEOPLASM 
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A s  c: a n  b e  s e e n ,  n o  purine analog othe r than the Z - amino - 4 - hyd roxy - t riazolopy rimidine had 
any demons trable effect against the tumors tested nor d id any of the py rimidine s .  Obvious ly at 
this time it is impos s ible to make any s tatements about structure -activity re lationships in this 
s e r i e s .  This rathe r d i s c ouraging state of affa i r s  is in part amel iorated by a s e r i e s  of i nte re sting 
obse rvat ions made by Dr. Jacob Kream and Dr. Ada G raff. Dr. K ream , who has been studying 
the deamination of guanine by l ive r  guana s e , demonstrated that both l ive r  and tumor ext racts 
are able  to de aminate aza guanine . The product of s uc h  enzymatic: a ction was found to be Z, 4 -
dihyd roxytriazolopyrimidine .  I t  i s  t o  be noted i n  Table Z that this c ompound was te s ted and found 
to be inactive .  In the hope of s l ow ing the rate of inactivation , the diac:etyl and Z -am ino sulfoxylate 
der ivative s of azaguanine we re synthe sized.  The s e  also p roved inactive be cause , as  Dr. Graff 
found , the acetyl and s ulfoxylate radic:les  a r e  not removed , at least in vitro , and the Z - am ino 
g roup rema ins masked . 

Although our re sults to date have been negative , the pursuit  of st ructure - activity 
relationships in this s e ri e s  would appea r to be potentially us eful be cause ( 1 )  azaguanine p robably 
inte rferes  with nuc:leic:  a c id metabolism and furthe r unde ratanding in this area c ould not fai l  to be 
of inte rest,  (Z) azaguanine appea r s  to have a more s e l e ctive action on neoplastic: t issue than on 
normal tis sue and ,  the refore , more potent c:a rc: inostatic: or c: a r c: inoc:la stic: agents m ig ht have 
c:l inic:al appl ication and (3) azaguanine , in  our experienc e ,  inhibits epithe l ial ne oplasms but does 
not alte r  the g rowth of sarcoma or leukemia and , the refo re , ins ight into its mechanism of action 
may lead to g reate r underatandiJll of diffe renc e s  in metabol i s m  in var ious types of malignant 
tumors . 
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CAR CINOGENESIS 

W .  C .  Hueper ,  M . D.  
National Cancer  Institute 

National Institutes of Health 
Bethesda , Maryland 

It becomes inc reas ingly apparent that the attempts at establishing cons istent and gene rally 
appl icable corre lations between the structure and carc inogenic ity of chem icals may suffe r the 
same fate that has ove rtaken s imilar effo rts a imed at cor relating chemical structure and pha rma 
cologic and toxic action of chemicals or the va rious types of microorganisms and the ir  patho 
genic ity . The re doe s not appea r at the p resent time any pos s ibil ity of linking in a common patte rn 
the numerous aromatic ca rc inogens w ith the al iphatic one s or w ith the scarcely studied cancer 
igenic metals , such as a rsenic , chromate& , nicke l ,  asbestos , selenium a nd  be ryll ium , not to 
mention in th is connection the non - ionizing and ionizing cance rigenic rad iations . 

Since the bulk of the available information on this subject is based on obs e rvations made  
with synthetic a romatic chemicals moat o f  which have  no  p ractical importance to  man , and 
because in most  of the as!!.ay work only mice  were used , i t  is  imposs ible to  state how much of  the 
l ittle we know of such correlations has any direct or indirect applicat ion to man. Doubtlessly , 
the te rms "ca rc inogenicity and ca rcinogeni.c potency" a re in need of reinterp retation. They 
s hould be defined in spec ific te rms , such as species susceptibil ity , ta rget o rgan, and route of 
contact , dose and vehicle used , before they acqui re any real meaning .  

The demonstration of  correlations between the structure and cancer igenic "potency of 
chemicals would be. not only of distinct scientific importance , but also of eminent practical 
s ignificance .  The rapidly increas ing numbe r of environmental human cance rigens has c reated 
p roblems in connection with appropriate sc reening methods of chemicals that are of g reat 
urgency and complexity. The i r  solution would be s impl ified and hastened by the availabil ity of 
information of such correlations , eve n  if they should apply only to restricted  groups of 
compounds . 

Howeve r ,  the p rocurement of such data , obviously , depends  not only on a much deeper 
insight into the carc inogen-host relation and the i r  inte r - react ions , but also on a widening of our 
present methods of bioassays , if we expect that this information may become of some value to the 
human cancer  problem. For illustration , refe rence may be made to the extens ive use of skin 
appl ication of cance rigenic chemicals in expe rimental tests .  Since about 75 to 95  pe r cent of 
human skin canc e r  �a can be cured with existing method s ,  any information as to corre lation 
between structure and ca rc inogenic ity of chemicals  has only l imited value . Likewise , the 
numerous stud ie s  on the hepatocarcinogenic action of ce rta in azo compound s ,  while of definite 
value to the human p roblem , provide data restricted in their  importance by the fact that primary 
l iver cance r  in man is uncommon. On the othe r hand , ve ry little expe rimental work has been 
done to investigate the cance rigenic action of chemicals on the organs of the respiratory tract , 
although canc e r  of the lung has become a highly important tumor because of its rapidly increas ing 
frequency and high rate of mortal ity. 

It is  appa rent from these  cons ide rations that a g reat deal more information is  needed 
before the human p roblem can benefit from the p resent studies on the correlation of structure and 
carc inogenic p rope rties of chemicals .  
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CANCER CHEMOTHERAP Y  

Konrad Dobrine r 
Sloan -Kette ring Institute fo r  Cance r Research 

New York,  New Y ork 

Drs . Stock and Shear have al ready d iscus s ed some phases  of the usefulne s s  of steroid 
bo rrnones in the the rapy of neoplastic disease in humans . Testosterone aDd the estrogens have 
been applied in cancer  of the brea st in female s .  Estrogens a re also used in the the rapy of cance r 
of the p rostate , and recently the effe cts of large amounts of p rogesterone in canc e r  of the ce rvix 
have been reported.  The influence of la rge amounts of ad renal c ortical hormones (cortisone ) and 
e ffe cts obtained afte r s timulation of the adrenal  by ACTH on c e rtain tumors of the lymphoid 
t i s s ue s  are well  re cognized .  

The correlation o f  chem ical structure and antihormonog eni c  a ctivity is still ve ry l ittle 
unde r stood. If one conside rs that a s l ight change In the structure of a ste roid hormone , often 
affords a striking change of biological action In most Instanc e s ,  a wide field for therapeutic trial  
I s  ope n  as long as  the chemist is w ill ing to produce va r iations In the steroid structure and make 
c: ornpounds ava ilable in large enough amounts for testing. There s e em s  to be now more hope that 
this w ill  be poss ible  than it was ten years ago. It seems that with many new ste roids be ing made 
a va ilabl e ,  more tho rough information wil l be obtained on the relation betwe e n  structure , biological , 
a nd the rapeutic activity on these compounds for the benefit of the suffe ring patients . 
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CANCER CHEMOTHERAPY 

J. H. Burchenal 
Sloan- Ketter ing Institute for Cance r  Resea rch 

New York ,  New York 

Since 1 have a foot in both camps , 1 would like to put a plug in for the mouse .  It has been 
somewhat mal igned today . 

1 fee l  that c l inical research on new compounds is a very expens ive thing . Granted,  it is 
the final  p roof of the pudding , but I think you have to have pretty good reason for going to the 
patient before you gp the re .  

We have s c reened some three hundred compounds related to the folic ac id antagonis ts 
against mouse leukemia. We must qual ify this statement however .  We have used a system in 
which the mice were on a normal d iet , which I think arbitrarily rules out most of the weak 
antagonists . We have found that only the compounds which we re full -dres s  fol ic  acid antagonists -
by that , I mean they contained the pte ridine , the ,E -aminobenzoic ac id , and the amino acid 
moieties and had an amino group in  the 4 -position of the pte ridine r ing , were active against this 
mouse leukemia . The re was one othe r compound which was active , 2 , 6 -diaminopurine , which i s  
somewhat analogous to  the 2 , 4 -diaminopte ridine . We thought , originally , that poss ibly the two 
worked the same way , but I think we have fa irly definite e vidence  that 2 , 6 -diam inopurine and 
A -methopterin (4 -amino -Nl O -methyl -pte roylglutamic. acid) work in diffe rent ways on thei r  effects 
on the mouse .  We have a strain of mouse leukemia which has deve loped complete ree ietance to 
the rapeutic doses  of A -methopte rin so  that the re il no p rolongation of survival time .  This sune 
stra in of resistant leukemia , howeve r ,  is affected by 2 , 6 -diaminopurine , and the re i s  a 
s ignificant prolongation of survival time . 

One thing more I would l ike to mention : that is that when Dr .  Shear introduced the folic 
ac id antagonists , he called them the so-called folic acid antagonists . There is a g reat deal of 
controve rsy as to whethe r they are realfy folic acid antagonists , but we have definitely shown 
that at least the anti - le11kemic effect of A-methopterin can be p revented by fol ic acid .  It also 
might be appropr iate to mention that this anti - leukemic effect can be p re vented much more 
readily by the citrovorum factor .  We leel that , on a dry weight bas is , the c itrovorum factor is 
probably twelve to twenty -live times as potent as fol ic acid il\ p reventing the anti - lellkemic effect .  
1 hope Dr .  Welch wil l  tel l  11s more about his  ve ry inte resting studies on c it rovorum factor 
shortly . 
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CANCER CHEMOTHERAP Y  

E .  B .  Schoenbach 
Johns Hopkins Unive rs ity 

Baltimore , Maryland 

Dr .  Shear ,  I do not think I understand your question too c learly . Therefore , I shal l  take 
the l ibe rty of se lecting the topic .  

I think one could summarize a good deal o f  what has been said today , and our .own attitude , 
in the words of Lewis Carroll  that because we breathe when we sleep does not nece ssarily imply 
that we s leep when we breathe . 

When we first found that the antifol ic  ac id compound , 4 -aminopte roylglutamic ac id , exe rted 
a definite inhibitory effect on the g rowth of sa rcoma 1 80 and changed the cytologic appea rance of 
the c e l l s , we felt we should inve stigate to see whethe r the se alte rations were induced by the 
antifo l ic  prope rties  o£ this c ompound or whethe r the st ructural alte ration in the configuration o£ 
the mol e cule  had res ulted in some new chemical compound which induced inhibition o£ tumor 
growth. 

We , therefore , treated the animals with fol ic ac id and the antimetabol ite , and the tumor 
inhib ition was reve rsed .  

Howeve r ,  we could not demonstrate any change in  the toxic ity to the hos t  of this antifol ic 
acid compound i n  the pres ence of fol ic acid .  

T ime doe s not pe rmit a detailed presentation of the various expe riments which we re 
pe rformed , but one may s umma rize them by noting that , in acute toxic ity , tests with a s ingle 
inject ion ,  if the fol ic  acid we re given at least an hour before the antifolic acid compound , one 
could demonstrate protection to l ife and prevention of weight los s .  

When l ess  than an hour inte rvened , or the compound was  given s imultaneously ,  no 
protect ion whatsoeve r could be shown with the fol ic acid .  

We also we re able to show that ,  if a suitable inte rval inte rvened between the dosage of 
fol ic ac id and the antifol ic ac id compound , s uitable ratios of the se  two compounds could be used ,  
and , s t i l l ,  protection would be  obse rved ; that is , we could use many time s the lethal dose  of 
antifol ic  a c id compound and protect the mouse provided the ratio of fol ic ac id to the antifol ic acid 
was c onstant .  

If one then gave repeated dosages of  fol ic ac id and antifol ic ac id , still t rying to maintain 
the ear ly injection of  the  fol ic ac id , one could not protect the animal .  

That was quite a stumbl ing block to us , and we have been unable to explain i t .  Dr .  We lch ' s  
and Dr .  Burchenal ' s  obse rvations , would indicate that the fol ic acid was conve rted t o  some othe r 
compound which prote cted the mouse .  The inte rvening pe riod of time between the injection of 
fol ic ac id and the exhibition of the antagonist  was probably the nece ssary inte rval for the i!! J!il!:2 
conve rs ion of the folic acid.  

Our studies on mechanism of action have taken us far afield into nucleo -protein and ste roid 
metabol ism.  We cannot discus s  these  at present ,  but the re sults are quite interesting and ,  I 
hope , wi l l  be available to eve ryone in publ ished fo rm soon. 
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CANCER CHEMOTHERAPY 

A. D. Welch 
Department of Pharmacology 

School of Medicine 
Western Rese rve Univers ity 

Cleveland , Ohio 

That is quite a task you have set me . The subject of my remarks re lates to a topic which 
the previous speakers have alluded to , namely , our interest in the citrovorum factor and the 
mechanism of action of aminopterin. 

I cannot tell you about what we think may be the action of aminopte rin without telling you a 
l ittle bit about the citrovorum !actor . Our inte rest in it developed as an outgrqwth of our long 
concern with studies of the action of folic acid . It was reported in 1 948,  by Sauberlich and 
Baumann of Wisconsin, that a new !actor was required by a microorganism called Leuconostoc 
c itrovorum ; this substance is referred to as the citrovorum factor. Later it was shown by 
Saube rlich that administration of folic acid to rats or human subjects increased the urinary output 
of the new factor. 

I must skip ove r a great deal of evidence which has been offered by a number of .:ontrib· 
utors ,  particularly the ones mentioned , to indicate that this suhlstance is a derivative of folic acid 
and not something which is synthes ized as a result of a catalytic function of fol ic acid. It has 
prematurely been referred to as folinic acid , but , until the substance has been characte rized , 
think we will continue to refe r to it as the citrovorum factor or factors. 

When you study the urinary excretion of this mate rial afte r giving folic acid , you find that 
there is a rather constant relationship between dosage and output of the c itrovorum factor. We 
found , !or example ,  in a study carried out in norma_l hUman subjects , that the output in units -
and I must refer to it in units , because we have no absolutely pure material - followilll 5 mgm. 
oral doses of fol ic acid , is in the orde r of 5 0 , 000 units per day , instead of the two to four 
thousand units which normally are excreted daily. I! ascorbic acid is given simultaneously with 
folic ac id , there is approximately a three - fold additional increase in the output of the citrovorum 
factor . This intriguing obse rvation I also cannot go into in great detail at this time . 

It seemed logical , however , in trying to explain the urinary excretion of the new substance 
and the effe ct of ascorbic ac id on it , to study the live r i.!! l!i1!:,g. My colleague , Dr . C. A. Nichol 
and I turned , the refore , to rat liver homogenate a (which do not work) and to liver slices , and 
found that the latte r are able to conve rt fol ic acid into the citrovorum factor or , at least , into 
mate rials which pe rmit growth of the parti�ular mic roorganism used in assaying for the new 
factor . Us ing a normal rat l ive r , a cons ide rable formation of the citrovorum factor is observed 
during incubation of liver slices for two hours ; the amount of activity can be doubled , approx
imately , by the addition, pe r gram of liver , of 1 00 micrograms of fol ic acid , for example , 
rais ing the amount from 1 700 units to about 3400 units . 

Use of live r obtained from rats defic ient in fol ic acid gives even more striking results . 
The l iver of the rat fed , during a per iod of several weeks , a purified diet free of folic acid and 
containing succinylsulfathiazole , contains negligible amounts of both folic acid and citrovorum 
!actor - a furthe r indication of tbe relation of the two substances . Incubation of l ive r s lices from 
such an animal !qr a Z -hour pe riod leads to the appearance of le as than 1 00 units of activity , 
instead of nearly ZOOO units , as is the case with the l ive r of normal rats . Addition of 1 00 micro· 
grams of fol ic acid , under those conditions , leads to a striking increase in the amount of citro· 
vorum factor . Thus , in one experiment , 60 units we re found in the absence of fol ic acid , and 
ZSOO units in its presence . 
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The addition of vitamin C will double the formation of citrovorum factor by liver slices 
from the normal rat ; als o ,  ascorbic acid will more than double the amount formed from added 
synthetic folic acid. However ,  asc orbate has little effect on the formation of the factor by the 
live r  of the folic -defic ient rat, unless folic acid is added. In other words , the 60 units which such 
a l ive r can form intrinsically , � !l!!:2 • is  only increased by ascorbic acid to about l 30,units . 
Howeve r ,  the addition of folic acid as well as ascorbic acid causes the formation of almost 1 3 , 000 
units . The re seems to be l ittle doubt that this factor is produced frQm folic acid, and that the 
conve rsion is fac ilitated by ascorbic acid. It is suspected that the citrovorum factor is more 
closely re lated than is fol ic acid to a prosthetic 1roup of which folic  acid serves  as a precursor .  

I t  seemed to us possible , then, that aminopterin, the 4-amino analo1ue of folic acid ,  mi1ht 
block specifically this "activation" of folic  acid. As Dr.  Schoenbach has pointed out , many have 
wondered whether aminopte rin. functions exclus ively by interfer in1 with folic  acid metabolism,  or  
whether i t  has other important effects as well .  If i t  affects only fol ic acid, and is  truly an  anti 
metabolite of this vitamin , why ,  the question is asked,  is its action in animals not effectively 
reve r sed by the metabolite it resembles ? 

Accordinlly , aminopterin was tested in the l ive r  slice system , and we we re deli1hted to 
find that it blocks completely ,  or nearly completely , dependin1 on the concentration, the forma
tion of c itrovorum factor from added folic acid .  If the rat is treated with aminopte rin before the 
live r  i s  removed for s l ic in1 , the abil ity of the liver  to form c itrovorum factor from folic  acid is  
found to be lackin1. 

Even more convincin1 proof that aminopte rin prevents the c onvers ion of folic  acid to a 
phys i olo1ically util izable substance has been obtained by the use of concentrates of this factor .  
Dr .  Schoenbach and othe rs have commented on the fact that the toxic effect of  aminopterin cannot 
be reve rsed effectively by folic acid , if the latte r  is 1iven s imultaneously , and only sl i1htly more 
efficiently if fol ic acid is liven before the aminopter in. We had only a very small amount of a 
potent c oncent rate of the citrovorum factor which had been supplied to us by the Lederle Labora 
torie s , throu1h the courtesy of Dr.  T. H. Juke s .  Unde r conditions where daily injectioDII of 
5 m�. of folic acid had absolutely no effect on the toxicity of 25 mic ro1rams of aminopterin pe r 
day , injected simultaneously , and all animals died within a few days , administration of the 
concentrate in a dose of only I .  5 mp. daily p revented completely the lethal effects of the . 
analope . This .till  c rude mate rial , containin1 approximately 250 , 000 units in the daily dose of 
1 .  5 m1. , not only prevented death, but , in the folic -defic ient rats , 1rowth, which had previously 

· ceas e d ,  was initiated. Further  rapid 1rowth was maintained durin1 the pe r iod of treatment 
despite daily dosa1e with the analo1ue . 

I think it is safe to say that at least a major part of the action of aminopte rin is due to a 
profound interfe rence with the convers ion of folic acid into a metabolically more active form of 
the vitamin. No doubt , in addition , the analope interfe res also with the util ization of the c itro
vorwn factor. In othe r words , I think it may have a hilh affinity for at least one of the enzymes 
conce rned with the conve rs ion of folic  acid to what we have termed citrovorum factor .  In this 
manner ,  aminopterin p re vents the effective utilization of fol ic acid ,  s ince its metabolic altera
t ion  appears to be  essential to its biolo1ical efficacy as a vitamin. In addition ,  the utilization of 
the product of the conve rs ion may be less effic ient in the presence of aminopter in. 

The role of ascorbic acid in the transformation is anothe r story. Howeve r ,  it appears 
reasonable to su11est that it may play a role in one of at least two steps in the conversion of fol ic 
a c id to  c itrovorum factor , pe rhaps in a reductive sta1e , s ince othe r reducin1 a1ents , such as 
1luco -ascorbic acid , also have the same effect as ascorbic acid. 

The new factor may prove to be useful not only in the study of the enzyme systems 
involved in the metabol ic alte ration and util ization of folic acid for its hemopoietic and cell -1rowth 
function , but it may have a practical application in alleviatinl the manifestations of ove rdosa1e or  
of  frank poisonin1 caused by aminopte rin. Howeve r ,  i t  remains to  be  proved that the toxicity of 
the analope , once it is fully developed , can be alleviated as effectively by the citrovorum factor , 
as the deve lopment of toxicity by aminopte r in can be prevented by the s imultaneous administration 
of a c oncentrate of this new derivative of folic acid. 

How the abnormal cells of leukemic mice become resistant to aminopte rin is most 
intr i1uin1 and dese rves careful study. How the formation of the substance is d isturbed , pe rhaps , 
in the me1aloblastic anemias is the subject of investi1ative effort in pro1re ss  in our laboratories , 
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in those of Dr .  Burchenal , and in othe rs . The next few months should add mate r ially to our 
knowledge of the subject .  
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CANCER CHEMOTHERAPY 

F .  S .  Philips 
Sloan - Kette ring Institute for Cancer  Research 

New York ,  New York 

I do not think the re i s  need to add furthe r comment to the story of the antifol ics .  It seems 
c lea r that we are in pos ition to understand the i r  mechanism of action from Dr.  Welch 's  luc id 
presentation. I bel ieve that the mechanism by which antifol ics act against some tumor cel ls i s  
s imi lar  to the mechanism involved in their actions against bone marrow ce l ls  and the epithel ium 
of the intestinal muco11a. P resumably , certain neoplastic and normal types of prol ife rating ce lls 
have more specific and poss ibly greate r requirements for fol ic  acid than other cells of the 
mammalian organism. 

Unfortunately , such a mechanism is  not useful in the ultimate the rapeutic sense , since 
agents  having a common effe ct in both normal and tumor cells have limited cl inical value . A 
s imi lar  limitation of the rapeutic usefulnes s  is inherent in the application of ' 'total body" i r radia 
tion and the nitrogen mustards to the treatment of neoplastic diseases . · These  agents have highly 
spec ific actions against all types of prol ife rating cells ; and in some instanc e s ,  they have proved 
temporarily , though s ignificantly , effective in controlling neoplastic prolife rations . 

The nitrogen mustards a re known to act through. transformation .!!! til!Sl into intermediates 
containing pos itively charged ethyleneimmonium rings .  Sulfur mustards are also believed to 
act through � vivo transformation into ethylenesulfonium derivative s .  The fact that nitrogen and 
sulfur mustards exhibit important biological prope rties in common is readily unde rstood on the 
bas i s  of their conve rs ion m � into de r ivatives conta ining reactive ethylenonium moietie s .  This 
gene ralization was we ll establ ished by investigations carr ied out during the recent war.  More 
current research has p rovided additiona1 information conce rning the nature of the chemical 
configurations essential to mustard·like•activity. Thus , compounds containing te rtiary ethylen
imine g roups have been shown to inhibit and damage tumors and to e l ic i t  the profound pathological 
changes in normal hematopoietic tis sues of mammals which characte rize the actions of nitrogen 
and s ulfur musta rds . In addition, investigators in England have been finding that derivatives 
containing ethylenepoxy groups exert typical mustard -l ike activity against tumors . It would 
appear , then,  that mustard - l ike p roperties are not only to be related to the ethylenonium config· 
uration ,  but more generally to three -membered heterocycl ic  structures .  P resumably , de riva 
tives of three -membered heterocycle s ,  which have as yet not been investigated , could also be 
expected to have s imilar biological propertie s .  

The three -membered hete rocycles mentioned above are characte r ized by high chemical 
reactivity and , when inves tigated ,  have been found to alkylate a large va riety of important bio 
chem ical radical s .  Alkylation takes place with groups in both s imple organic molecules and in 
c omplex biochemical entitie s such as prote ins or nucle ic  acids .  The alkylating p rope rties of the 
mustards have featured in explanations of the i r  mechanism of action. In add ition , certain 
hypotheses  have attempted to account for the well -known fact that among nitrogen and sullur 
mustard analogs only those containing at least two reactive groups pe r mole cule e l i c it c haracte r 
is tic mustard -l ike actions . Accordingly , it ha s  been suggested that mustard -l ike p rope rties  are  
to be related more to  the capac ity of s ingle molecules  to engage in multiple alkylation• rathe r 
than to  the possess ion of the three -membered heterocyclic configuration. Nevertheles s ,  it 
rema ins unchallenged , at present ,  that only derivatives containing three -membered hete rocycles  
have the capac ity to el icit all of  the characteristic actions of  the mustards aga inst normal and 
neoplastic prolife rating cells both in ld!g and !!!. vitro. Furthermore , re cent inve stigations with 
new c ompounds containing only one tertiary ethylenimine group reveal ce rtain of these  agents to 
inhibit Sarcoma 1 80 in ld!g and to damage normal mammalian hematopoietic t issue in the 
characte ristic manner of the mustards .  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

F i r s t  Sympos ium on  Chemica l -B io l og i ca l  Co r re la t i on ,  May  26 -27 ,  1950
h t tp : / /www.nap .edu /ca ta log .php? reco rd_ id=18474

http://www.nap.edu/catalog.php?record_id=18474


4 1 0  

Dr .  John Biese le  in our laboratory has compared the cytological effects of mono-ethylen 
imine s and mono -ethylenepoxy de rivatives  in  d iv iding ce l l s  o f  the onion root tip w ith the effects of 
roentgen radiation, of a nitrogen mustard , and of a bis {ethylenimine ) der ivative , It is well -know11 
that the characte ristic chromosomal abnormal ities caused by roentgen radiation in such cel ls  ca11 
be dupl i cated by the i r  exposure to HNZ . Dr. Biesele has found the bis - (ethylenimine) to el i c i · 
s imi lar  chromosomal changes .  Howe ve r ,  his most inte resting findings concern the observation 
that e thylenimine and mono -ethylenim ine derivatives , as well as a s imple ethylenepoxy de r ivative 
s uch as glyc idol ( Z ,  3 - epoxy -propanol - ! ) , cause chromosomal alterations which cannot be 
d i s tinguished from those fol lowing treatment w ith roentgen radiation or HNZ . 

In view of the p ropert ies  of ce rta in mono-ethylenimine de rivative s ,  it becomes difficult to 
accept the hypothes i s  that polyfunctional configurations are e s sential to mus tard - l ike activity. 
Neve rtheles s ,  it remains true that compounds in which the re are at least two ethyl enimine 
moietie s are 50 - to 1 00 -fold more toxic and more readi ly capable of produc ing damage to pro
l ife rating cel ls  !!! ld.J!i> than are analogous mono-ethylenimine de rivatives . For example , the 
LDs o · of Z , 4 -bis - (ethylenimino) -6 -amino - s -tr iazine in the rats is l e ss  than I mgm . /kgm. ; on the 
othe r hand , the LD50 of Z -e thylenimino -4 ,  6 -diamino - s - tr iazine is about 50 mgm. /kgm. More 
ove r ,  in effective doses  the mono-ethylenimines may cause les ions in tis sues other  than those 
conta ining prol ife rating ce l l s .  Thus , the LD50 of ethylenimine causes in the rat a seve re 
nec rotizing l es ion of the renal papilla - an observation reported about 1 890  by Ehrlich ;  when 
4 x L D5o doses  of ethylenimine are administe red typical mustard - l ike les ions are observed in 
bone marrow and lympoid organs . On the othe r hand , les ions caused by his - {ethylenimines ) ,  
l ike those caused by HNZ , a re restricted only to  hematopoietic  organs , intes tinal epithelium aDd 
test is . It might be sugges ted that duplication of three -membe red hete rocyc l ic functions in 
molecules enhances the ,!!! ld.J!i> spec ific ity of action against prolife rating tis sue s .  
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DISCUSSION 

, �; 
It was obtained during the war when attempts were made to prepare BAL by a catalytic proce s s .  
T h e  method w a s  not successful because dehydrogenation occurred producing the above compound. 
I believe a sample could be procured if Dr .  Philips was interested in testing it in connection 
w ith his hypothe s i s .  

CHAIRMAN SHEAR : I am sure that Dr .  Philips , in his stim�ating dis cuss ion, did not for 
a moment mean to imply that this postulated mode of action would be responsible for the m2!!J!.! 
operandi of othe r type s of agents . As a matte r of fact,  we hope such will not prove to be the 
case , because the l ittle progress  that has already been made in the fie ld of the chemical treatment 
of tumors has shown that even after a t!Uftor responds , for a number of months , to a given agent,  
it may then,  and us ually doe s ,  become resistant. 

If we have a variety of types of compounds which operate by means of diffe rent 
mechanisms , that would offe r much more hope than if they all operated by the s ame mechanism. 

Does that provoke comment from anyone ? 

DR . HOWARD E. SKIPPER (Southe rn Research Institute ) :  D r .  Shear asked me t o  talk 
about carbamates which carried me away from things a little close r to my heart at the present 
m oment. That is , s ome work on the mechanism of the anti -leukemic action of certain folic acid 
antagonists which fits in ve ry well with Dr.  Welch' s observations ; and secondly , some work on 
tracing 8 -azoguanine (Kidder ' s  guanazolo) which this group m ight find of inte rest. 

Taking up the work on labeled 8-azoguanine first , we have , working in cooperation with 
D r .  Stock and Dr. Sugiura of Sloan-Kette ring Institute , obse rved the distribution of the active 
2 - ca rbon atom of this compound in C 57 black mice with Eo7 7 1  tumors . The tumors did not 
selectively pick up the radioactive atom. Tumor and normal tissue throughout the mouse was 
found to contain active carbon from 8 -azoguanine -2 -C l 4  at 1 ,  6 ,  a nd  24 hours afte r injection. 
Kidder had suggested that the tumor-inhibiting action of this compound might be due to diffe rences 
in purine metabolism which might result in  preferential 8 -azoguanine incorporation in the nucleic 
a c id s  of tumor tissue .  

W e  have injected active 8 -azoguanine into normal mice and after 6 a Dd  2 4  hours isolated 
quite active nucleic acids from the visce ra of the animals . The hydrolysis products of these  
vis c e ra nucleic acids were  then chromatographed (with a small amount of  carrie r 8 -uoguanine ) 
and we we re pleased to find that much of the activity which resided in these nucleic acids was 
the re as 8 -azoguanine . Similar isolations with added "free" 8 -azoguanine showed that the 
isolation procedure did not concentrate 8 -azoguanine . 

One cannot be too bold in interpretation of these results ; however ,  we feel that the 
p r e sence of this non-metabol ite in nucleic acids might be expected to affect nucleic acid meta 
bolis m  of the 8 -azoguanine injected mice . 

The second point I wanted to bring up has to do with s ome obse rvations on the effect of 
aminopterin and A-methopterin on nucleic acid metabolism. 

Pe rhaps most of you know of the intere sting obs ervation made by Dr. Woolley showing • 
that �· £!ill inhibited by aminopterin build up 4 -amino - 5 -carboxaminoimidazole.  
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HzN·C.-N 
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4 -amino -5 -carboxamidoimidazole 

You can see that this c ompound l ooks something l ike the purine skeleton min1111 the Z -carbon 
atom . It has been shown by Buchanan and his co-workers at. the Univers ity of Pennsylvania that 
formate is the precursor of the Z -carbon in uric acid and presumably in nucle ic  ac id purines . We 
have used the rate of incorporation of c l 4 . formate into nucleic acid purines as a means of 
e stimating the rate of .i!! � synthes is of nucle ic ac id purines  and in turn,  nucleic ac ids . Once 
one has established II. base l ine for incorporation of formate , it is then poss ibl e  to study the 
effects of various means of therapy on nucleic acid metabolism. 

When mice were treated with A -methopte rin or aminopte rin, it is interestina to note that 
incorporation of formate into nucleic acid purines (over a six-hour pe r iod ) i s  depres sed to a 
small fraction of that seen in normal animala .  

If ,  as has been suggested by Shive and co-workers , formyl folic  acid (or  more recently 
folinic acid or acids ) is the prosthetic g roup of a co-enzyme syatem neceasary for introduction of 
s ingle carbon moieties into the purine skeleton , then theae  observation• may help to explain the 
mechanism of the anti -leukemic action of folic  acid antagonists . 

CHAIRMAN SHEAR : Dr .  Skippe r ,  d'id you say that there was � a p referential concentra 
tion of  the 8 -azaguanine in the tumors ? Did the tumors respond in any way which could be 
detected ? 

DR. HOWARD E .  SKIPPE R:  Theae atudiea on distribution of labeled 8 -azaguanine were 
only 6 or Z4 -hour expe riment& so no obse rvation& on tumor growth we re posaible . I think it ia 
well es tabl ished by the work of Dr. Gellhorn, Dr. Sugiura , and , of courae ,  Dr. Kidder ,  that 
ce rtain tumora (the Eo7 7 1  included) wi l l  respond to thia compound. 

With regard to the radioactive formate incorporation studies ,  we have obse rved that at 
6 hours the spec ific activitie s of control viscera nucleic acid purines from mice were about 
aeventeen times that of folic acid antagonist treated animala .  These  resulta have been  confirmed 
by repeated expe riments . 

We fee l  that the se results fit in ve ry well with the observations of Woolley , who found that 
in the presence of aminopte rin, .i, � apparently cannot incorporate the a inale carbon unit, the 
precursor  of which is formate , into the Z -poa ition of the purine skeleton.. 

DR. A .  D. WELCH (Western Rese rve Univers ity) : I might add something to that. 

The effect of aminopterin on the incorporation of formic acid indicate s that the reaction 
may be catalyzed by fol ic ac id or a derivative of it (perhaps the citrovorum factor) or a product 
of its metabolic activity , and it appears possible that a general function of foli c  acid is the 
t ransfe r  of a s ingle carbon unit. That idea is not original w ith me , of courae ; a number of 
people familia r w ith the field are in this room and wil l  be cognizant of speculation along these 
l ines . Sakami and I reported in Atlantic City in April ( 1 9 50)  at the meeting of the Federated 
Societies that formic acid also  is conve rted by the rat, both i!1 vivo and i.!! U11:2. to the methyl 
g roup of methionine and we desc ribed findings indicating that fol ic acid , or  a de rivative of it, ia 
involved in the synthes is of the methyl g roup , a aynthesia  hitherto considered not to be performed 
by mammalian spec ies . 

DR . HOWARD E .  SKIPPER : One point I did not mention was that mice with leukemia 
incorporate formate into nucleic acids much more rapidly than do normal mice .  
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CHAIRMAN SHEAR:  But , in  your expe riments with labeled formate s ,  togethe r with the 
experiments on the labeled 8 -azaguanine , you have il luminated s ome que stions of metabolism. So 
far as the treatment of tumors is concerned , just about a year ago the re was tremendous 
publ i c ity given to guanazolo as a poss ible chemothe rapeutic agent. I wonde r if you would care to 
c omment ,  Dr.  Gellhorn, on what results you got in patients w ith this substance .  

DR .  A .  GELLHORN (Columbia Unive rs ity) :  I am enthusiastic about 8 -azaguanine , but  I 
have not cons ide red ita use in patients .  The bas i s  for this decis ion rests on the fact that 
guanazola , or 8 -azaguanine , has had a purely carcinostatic action in all obse rvations thus far 
recorded. 

If a chemical compound inhibits the growth of an exper imental tumor but fails to cause 
regre s s ion of the tumor it appears to me highly unl ikely that it will  show a qualitatively different 
e ffec t  on a malignant tumor in man and be carc inolytic . I do not wish to sugge st  that a carcino
s tatic agent for human neoplastic disease would not be a great step forward ; howeve r ,  the 
chronic ity of cancer  in man as c ompared w ith the mouse is  such that the cl inical tr ial of a purely 
g rowth inhibiting drug is not practical . 

Although we have not given 8 -azaguanine c linical trial , the d rug has been used in other 
institutions . It i s  my understanding that no beneficial effects have been obse rved , but Karnofsky 
has recorded toxic manife stations in the form of skin rashe s .  The available  cl inical evidence is  
Insufficient to dete rmine whethe r the drug inhibits any human tumor.  

I would l ike to pursue the d iscuss ion of 8 -azaguanine s ta rted by Dr .  Skipper .  From the 
t rac e r  s tudies with this chemical compound which he mentioned , I understand that the re is no 
spec ific localiza tion in the nucleic ac ids of tumor when compared to normal tissues .  Does this 
imply that the re is no se lectivity in the action of 8 -azaguanine on tumors ? I do not bel ieve that 
thi s  necessarily follows .  Barbiturates do not s electively localize in the central ne rvous system 
nor doe s  digitalis concentrate in  the myocardium ; yet it cannot be denied that these drugs do have 
specific ity of action. In our laboratory , Shapiro ,  We iss  and I have studied the specific ity of 
8 -azaguanine by counting the mitoses in normal and neoplastic t issues of treated and control 
animals .  We have found that the mitotic activity in tumors from treated animals  is markedly 
r e duced , whe reas the rate of cel l  divis ion in the intestinal c rypts and in testicular epithelium is 
the same in treated and control animals . We feel  that this indicate s  some s pec ifi city of action on 
tumor cel ls . 

I would also l ike to ask Dr.  Skipper  a que stion. We · have obtained e vidence that the 
enzyme of normal tissues which deam lnates guanine to xanthine is unable to distinguish  8 -aza 
guanine and also deaminates this compound.  The re sulting xanthazola is completely inactive 
against tumors . In your i solation of the guanine analog from nucleic acids could you distinguish 
between 8 -azaguanine and 8 -oxaxanthine ? 

DR .  HOWARD E. SKIPPER :  I cannot answe r that question pos it ive ly ,  but I be l i e ve that 
our method of isolation (paper chromatography)  would distinguish  between guanazolo and 
deam inated guanazolo.  

DR . A .  D. WELCH: Did you find radioactivity in any of tbe other constituents of nucle ic  
ac ids ? 

DR . HOWARD E .  SKIPPER :  Yes , we did , but I think we  had s omething of a 1 0 , 000 or  
ZO , OOO safety factor in making thi s e stimate , s o  the re was  not much  doubt in our  m inds . 

CHAIR MAN SHEAR:  Among the novel ideas presented this afte rnoon was one which 
D r .  Ge l lhorn has mentioned.  It has been an .! priori assumption that one ought to look for a 
c ompound which collects preferentially in the tumor , and he re was dis cus s ion of a compound for 
which the concentration in the tumor was lowe r than e lsewhe re .  

There is anothe r agent which is  capable , at  least on the first injection, of  produc ing 
dramatic change s in s ome tumors , both in animals and in patients , v iz .  a polysa ccha ride fraction 
£rom ce rta in bacte ria. It had been expected ,  on the basis of the prevail ing concept ,  that this 
m ate rial would be present in the tumor in much large r amounts than in the normal organs . 
Howeve r ,  when Sel igman labeled it w ith rad io- iodine , and tracer  work was done it was found , 
s omewhat to our astonishment, that the tumor contained much l e s s  of the labeled mate r ial than 
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d id normal organs , such a s  l iver and lung. 

So, pe rhaps , we ought not to be unduly impressed with the requirement that a substance ,  
to be of use in treatment of  tumors , must necessarily collect prefe rentially in the tumor.  

type ?  
DR . W .  R .  KIRNE R :  In doing the analysis o n  nucleic acids , were they distinguished a s  to 

DR. HOWARD E. SKIPPER : No. In this work we is olated combined nucleic ac ids and 
combined nuc leic ac id purines .  Work is in progress in which desoxyribose nucleic acid and 
r ibose nucleic ac id as well as the individual purine and pyrimidine moieties of these polymers are 
be ing isolated for activity assays fol lowing injection of radioactive formate and known ant i -cance r 
agents . 

DR . W. R .  KIRNER:  Histologically and histochemically , the re is evidence that , when 
aminopte r in is given to animals bearing sarcoma 1 80 ,  the nucleic acid continues to be formed in 
those cell s .  You might be able to show the differential incorporation of the formate carbon by 
s eparation of the two components . 

DR . HOWARD E. SK1PPER · It is  known that x - radiation will p referentially inhibit 
nucleic acid purine synthes is . Hevesy made such observations and we have confirmed them. 

CHAIRMAN SHEAR: Your mode rator no longer feels it his duty to needle those in 
attendance to contribute further to the discuss ion. I feel  the mode rator ' s  duty has been  
accomplished , and h i s  consc ience is free ; neve rtheless , I do not want to  give any implication of 
steamrollering or call ing to an abrupt c lpse this brief afte rnoon ' s  dis cus s ion. Is there  any final 
comment ,  question, or suggestion ? 

DR . C .  CHESTER STOCK (Sloan-Kettering Institute for Cance r Research) :  I would like to  
talk briefly on a point Dr .  Gellhorn raised. I believe he  suggested that in tumor chemotherapy 
s tudies in which inhibition is obse rved as the c rite r ion of value , the selected compounds might 
not have much value in the c l inic .  I think that is quite true for some tumors.  The fi rst s lide I 
s howed indicated that certain tumors are more sens itive to inhibitory actions than others , and 
that is particularly true with the rat tumors w ithin the small group of effective compounds we 
have studied. One of the great misfortunes right now , I tnink , is that we are lacking in really 
adequate , effect ive compounds we can use as yardsticks to judge our chemotherapy s c reening 
programs . 

Howeve r ,  just as an indication of tumor inhibition s tudie s is the following. We have been 
thr6ugh quite a la rge numbe r of compounds ; we have found nine which meet our maximum grade , 
pos itive grading. We do not. mean that iii the maximum we can get ,  but it is the maximum 
grading in the sc reening procedure .  Al l nine of those have gone to cl inical trial , I must say ,  not 
s o  much based on the sarcoma 1 80 results as the leukemia a tudies . All nine of those have shown 
s ome benefit clinically ; a e ven of them are antifol ics , and one is triethylenemelamine , which 
Dr. Gellhorn has had an opportunity to try. The ninth one is a bis - (IJ - chloroethyl)am ine with a 
methoxyl pyridoxine as the third radical. 

Ce rtainly , all of those compounds are inadequate cl inically, but they have shown aome 
benefit. I am not j ust sure how much you want to have achieved before you consider they a re 
worth while testing c linically. 

Those have only shown inhibition in the growth of mouse tumors .  I think the ir  clinical 
limitations have been shown by the mouse tumors , in that the effects were temporary and the re 
was not a large the rapeutic index. Also ,  initiation of treatment could not be delayed long before 
activity against the tumor would be lost . 

However ,  somewhat cons istent w ith your idea of needing definite regres sions , one of the 
antifolics and the othe r two compounds have caused regression in at least one rat tumor. That 
meets your cr iter ion for selection of compounds , but still anothe r tumor has shown a marked 
inhibition with these  compounds but no regression. This is a rather small numbe r of compounds 
to argue about or to base  ·our a rguments on , but I did want to bring out this point again of 
diffe rences in the responses of different tumors . Thus w ith certain tumors you ce rtainly might 
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want t o  take regress ion a s  the cr iter ion , I think there might be ce rtain tumors or ce rtain t�st 
c ond it ions in which you would not need to get resress ion before consider ing the compounds for 
c l inical trials .  If you want one which is really goin11 to be a cure , then I would agree with you 
that remarkable anti -tumor effects must be observed in the exper imental tumors .  
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