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ABSTRACT

An ongoing project of our research group is to develop synthetic receptors for the head group
of Phosphatidylglycerol, a bacterial membrane component. Previous studies with bis
phenolic oxygen linked scaffoldings with neutral binding sites showed relatively weak
binding to the Phosphatidylglycerol (PG) anion. This study reports a fourteen step synthesis
of a receptor molecule with a bis-phenolic oxygen ether linked scaffold, leading to an
expansion of the binding pocket. The receptor is multifunctional with ammonia binding units
for the phosphate anion portion of PG and two bis hydroxyl groups to bind to the glycerol
hydroxyls of PG head group. The receptor’s initial characterization by means of *H NMR
binding studies with Phosphatidylglycerol anion has also been reported. It also describes the
synthesis of a control receptor molecule, and its binding stoichiometry with

Phosphatidylglycerol and phosphate anions.
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CHAPTER 1

INTRODUCTION

1.1 Antimicrobial cationic peptides (CAMPS)

The day Alexander Fleming found a mold of Penicillium notatum on one of his
laboratory glass plates, the discovery of antibiotics began by accident. In 1943 with the industrial

scale fermentation of penicillin (Figure 1) the medicinal world began a new chapter with the

dawn of the antibiotic age [1], [2].
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Figure 1. Core structure of penicillin

Since then many antibiotics have been developed, such as tetracycline, streptomycin and
chloramphenicol. The successful treatment of many bacterial infections, during medical
procedures, including surgeries and chemotherapies were aided by the vast growing number of
antibiotics. The word antibiotic was introduced by Selman Waksman in 1941 as a noun to
describe any small molecule made by a microbe that antagonizes the growth of other microbes
[3]. However, throughout these years the emergence of many multi drug resistive bacterial
strains is becoming a growing problem making many of the currently available antibiotics

ineffective. It is known that more than 95% of strains of Staphylococcus aureus bacteria are



resistant to penicillin. The pervasive use of antibiotics in animal feeds to prevent infections and
promote growth is considered as a main reason for this resistivity. Reduced drug uptake,
enzymatic alteration of the antibiotic, modification of targets, overproduction of the target, active
pumping of drugs out of the cell, drug sequestering by protein binding and metabolic bypass of

the targeted pathway are among many mechanisms bacteria use to evade antibiotic activity [4].

These disturbing trends have prompted researchers to look upon the antimicrobial
peptides known as cationic peptides (AMPs) or their mimics as potential antibiotics.
Antimicrobial peptides are considered crucial components of the innate immune system of
multicellular organisms. These host defense peptides exhibit a wide range of activity (Figure 2)

against Gram-positive and Gram-negative bacteria [5].
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Figure 2. Potential biological uses of host defence peptides [6]



There are several subtypes of AMPs based in their amino acid composition & structure.

The anionic antimicrobial peptides are small (721.6-823.8 Da) and present in surfactant
extracts, bronchoalveolar lavage fluid and airway epithelial cells. Produced in milemolar
concentrations, they require zinc as a cofactor for antimicrobial activity. Linear cationic o-
helical peptides lack cysteine residues. This subgroup has about 290 different cationic peptides
and in aqueous solutions, most of these peptides are disordered. When trifluoroethanol, sodium
dodecyl sulphate micelles, phospholipid vesicles and liposomes are present, all or part of the
molecule is converted to an a-helix. The cationic antimicrobial peptides are mostly linear, but
some may form extended coils. The bactenecins and PR-39 from this subgroup are rich in proline
and arginine residues. Prophenin is rich in proline and phenylalanine residues. Indolicidin is rich
in tryptophan residues. Another group of antimicrobial petides contains 380 of both cationic and

anionic peptides. They possess cysteine residues and form disulfide bonds and stable -sheets

[7]1.

Beside the structural classification, there are other classifications for AMPs. They are
based on their origin, biosynthesis mechanism, localization, biological function, mechanism of
action, activity and specificity. As a result AMP classification is considered dynamic [8]. Size,
sequence, charge, conformation and structure, hydrophobicity and amphipathicity are considered

as the characteristics that affect antimicrobial activity and specificity.

The size of antimicrobial peptides varies from 6 amino acid residues for anionic peptides to 42
amino acid residues for 90-f defensins. Cationic AMPs contain the basic amino acid residues
lysine or arginine, the hydrophobic residues alanine, phenylalanine, leucine or tryptophan and

other residues such as valine, tyrosine and isoleucine. Charged AMPs, anionic peptides that



complex with zinc, or cationic peptides exhibit more activity than the neutral peptides. Cationic
peptides are rich in arginine and lysine while anionic peptides are rich in glutamic and aspartic
acids. A variety of secondary structures were recognized for AMPs such as a-helices, relaxed
coils, and anti-parallel B-sheet structures. When hydrophobic amino acid residues align along
one side and the hydrophilic amino acid residues align along the opposite side of a helical
molecule, it is called amphipathicity. Amphipathic a-helical peptides are considered to be more
active than peptides with less defined secondary structures. Hydrophobicity enables the water
soluble antimicrobial peptides to partition into the membrane lipid bilayer. When they are

hydrophobic, the a-helical peptides exhibit amphipathicity [7].

H. G. Boman in 1995 reported that cell killing by some linear a-helical peptides was
rapid and technically challenging to characterize the steps preceding cell death. It is also
reported that certain peptides such as Ceropin P1, PR-39 and Magainin-2 Kill bacteria within 15-

90 minutes [9].
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Figure 3. The membrane target of antimicrobial peptides of multicellular organisms [10].



Cationic antimicrobial peptides are first attracted to the net negative charge (anionic
phospholipids and phosphate groups lipopolysaccharide) existing on the outer envelope of Gram-

negative bacteria and to the teichoic acids on the surface of Gram positive bacteria.

Barrel-stave, carpet and toroidal pore are three proposed models used to describe the way
cationic peptides disrupt the bacterial membrane. Later studies have shown that the activity of
AMPs was not limited to perforation of bacterial membranes. They can also inhibit cellular
processes such as DNA/RNA synthesis, protein synthesis, cell division, cell wall synthesis and

protein folding, by translocating across the bacterial cytoplasmic membrane [6].
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Figure 4. Carpet, Toroidal and Barrel-stave model of antimicrobial peptide induced killing [7]



The barrel-stave model describes the formation of anti-microbial peptide dimers and
multimers after the binding of the peptides to the negatively charged bacterial membrane. This
assembly of AMPs penetrates the membrane with their hydrophobic part facing the lipid bilayer
and the hydrophilic components forming the internal lumen pores. The assembled peptide
molecules inside the pore have a barrel like structure. In the carpet model, the peptides cover the
surface of the outer membrane of the bilayer and destroy it with concomitant pore formation. The

toroidal pore formation involves the fixation of the inner and outer lipid bilayer by the AMPs [8].

Currently more than 1000 natural cationic peptides with antimicrobial properties have
been identified. One of the most important properties of AMPs is the lack of bacterial resistance.
AMPs show activity against Gram-positive bacteria, Gram-negative bacteria and viruses. For
example, nisin, which is produced by the bacterium Lactococcus lactis subsp. lactis, can inhibit
bacterial growth through the formation of pores in the bacterial membrane. Dermaseptin makes a
direct inactivation of HIV particle by destabilizing the viral membrane. Nisin has been also used
as a food preservative. The cationic peptide polymixin B produced by the bacterium Bacillus
polymyxa and gramicidin S, produced by Bacillus brevis were used as topical over-the-counter
medicines. However, AMPs such as pexiganan from frog magainin, targeted the prevention of
diabetic foot ulcers, and iseganan isolated from pig protegrin-1, targeted the prevention of oral
mucositis in radiation therapy patients, have completed phase Il clinical trials but failed to
achieve New Drug Application (NDA) approval. This is mainly due to not having an advantage
over the existing therapeutics [6]. Peptides are primarily produced using solid phase synthesis
which is expensive. When using solution based synthesis, scaling up is considered relatively
slow when large amounts of peptides are required for clinical trials. Usage of AMPs in repetitive

doses and their application in higher concentrations would be different from the natural function



of AMPs within innate immunity. AMPs as therapeutics will not be deactivated by cell based
mechanisms or will not be shielded in protective cellular compartments to minimize damage to
the host. Routes of administration and stability in vivo are also challenging for AMPs as
therapeutics. It is found that the half- life of AMPs in serum of mice is 30 minutes, although for
efficient bacterial killing, they are required to be present at required concentrations for longer
time periods [11]. Therefore the instability of antimicrobial peptides towards endogenous
proteases, high cost to synthesize and substantial host effects such as toxicity are drawbacks for

many CAMPs from being good therapeutic agents [4].

1.2 Phospholipids and membrane structure (target of AMPS)

There are two classes of phospholipids present in the biological membranes. One class
contains a glycerol backbone while the other has a sphingosine backbone. Of these two lipid
classes, the glycerol containing phospholipids are the most common in nature, and are named as
phosphoglycerides. They are glycerophosphoric acid derivatives that contain a minimum of one
O-acyl, O-alkyl, or O-alk-i-enyl group linked covalently to the glycerol backbone. Phospholipid
anions are similar to other alkyl phosphate anions such as nucleosides, where the phosphate
oxygens are bound to alkyl groups. The glycerol oxygens of phospholipids are linked to long
carbon chains (7-29 methylene units) via ester linkages, making them insoluble in water. The
polar hydrophilic head group and the hydrophobic tail region are the two distinct structural
regions found in these phosphoglycerides. Phospholipids exhibit a two layer structure (lipid
bilayer) in an aqueous environment with the fat soluble hydrophobic tails sandwiched in the

middle and the head groups outside (Figure 5). The exterior of these phospholipid aggregates



contains the polar phosphate groups while the hydrocarbon chains comprise the interior of the

sphere (Figure 6). These aggregates are called micelles, and they form emulsions in water [12].
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Figure 5. Structure and assembly of phospholipids [13]
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Figure 6. Phospholipids in water [14]



The cell membranes of both eukaryotes and prokaryotes have phospholipids and fatty acids
along with varying amounts of proteins and sugars. The eukaryotic cell membrane is comprised
five types of phospholipids. The outer leaflet of the cell membrane consists mostly of
sphingomyelin and phosphatidylcholine. Phosphatidylethanolamine, phosphatidylserine and
phosphatidylinositol are found in the inner leaflet of the eukaryotic cell membrane (Figure 7),

while phosphatidylglycerol and cardiolipin are found in prokaryote membranes [15], [17].

Outside of cell
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Figure 7. Eukaryotic cell membrane lipid components [15]
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Figure 10. Prokaryotic cell membrane representation using bacteria [18]

Figure 11. 1,2-dihexadecanoyl-sn-glycero-3-phospho-(1°-sn-glycerol) a phosphatidylglycerol

[19]
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Figure 12. 1,3-bis (sn-3’-phosphatidyl)-sn-glycerol commonly known as cardiolipin [20]

The prokaryotic cell membranes outer leaflets contain anionic phospholipids such as
phosphatidylglycerol, while the outer leaflet of eukaryotic cell membranes are composed of
zwitterionic phospholipids [12]. Phosphatidylglycerol is the major anionic phospholipid found in
bacterial membranes. An essential requirement for any antimicrobial peptide or synthetic mimic
would be that it would selectively disrupt prokaryotic membranes and not eukaryotic
membranes. Introduction of a recognition unit specific for bacterial membrane components

would increase the high membrane selectivity of such synthetic mimic of CAMP.

Therefore our interest has been in the development of receptors that would bind to the
bacterial membrane component anionic phosphatidylglycerol (Figure 13). Linking these
receptors to membrane disruptors would pave the way for synthetic antibiotics that could mimic

the action of CAMPs with lessened host toxicity.
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Figure 13. The phosphatidylglycerol anion (PG)
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CHAPTER 2

INTRODUCTION TO PHOSPHATIDYLGLYCEROL RECEPTORS

The chemical and physicochemical properties of the substrate to be bound should be
considered to a great extent when it comes to receptor designing. This is a challenging task for
anions, since unlike cations, they are relatively large. Secondly, a large variety of shapes and
geometries are exhibited. Most anions exist only in a relatively narrow pH window. They have
high free energies of solvation, and as a result, the receptor has stiff competition from the
surrounding medium. The choice of anion binding sites that occupy appropriate positions in the
ligand is very important, because the size and shape of the receptor have to be complementary to
the size and geometry of the anion. Anion receptors can be made as either neutral, electron
deficient or positively charged. Many neutral receptors have incorporated urea, thiourea or amide
groups to their binding sites since hydrogen bonding is the main force in their anion recognition,
which mimics the interaction of amide NH groups along the protein backbone with the substrate

in anion binding proteins [21].

Our research group has previously developed a family of neutral receptors containing
multi-functional binding sites designed to align with the phosphate anion and glycerol hydroxyl

binding domains of the phosphatidylglycerol lipid (Figure 14) [22, 23].
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Figure 14. First generation of PG receptors [22,23].
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Based on molecular modeling, the receptor scaffold was designed to contain urea
functionality positioned to interact with the phosphate anion portion, and hydroxyl groups to
interact with one or both of the glycerol hydroxyls on PG. The binding motifs were studied using
solution NMR spectroscopy. Since only trace amounts of receptor 1b were purified, it was not
used for binding studies. Only receptors 1a and 1c were used in binding studies. A control
receptor 2 was also been synthesized, replacing the hydroxypropyl substituents with propyl

groups (Figure 15).

9Py S J_

Figure 15. Control receptor 2.

The tetrabutyl ammonium salt of the PG anion (TBAPG) was synthesized using the mono

sodium salt of the lipid diastearoyl-phosphatidylglycerol (Scheme 1) [24].

H
H OH H OH
bg—/ bEJ
o 0 o 0 o)
AN / 1) HCI, CHCls, Isopropanol O\ /
® o /P\O P\
Y Ci7Hss 2) TBAOH, CHCI / 0 9 Ci7Has
Na O H 3 @o H
®
O\H/C17H35 NBu, o CizHss
o o]
3

Scheme 1. Synthesis of TBAPG 3 [24].
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The stoichiometry for the binding of the two receptors (1a, and 1c) and the control 2 with

tetrabutyl ammonium phosphate monobasic (TBAH,PO,) or TBAPG were determined with Job

plots, using *"H NMR with DMF-d; as the solvent at 30 °C (Table 1) [25]. WinEQNMR for

windows software was used to determine the binding constants by following titrations with the

TBAPG in DMF-d; using *H NMR for compounds 1a and 1c, and TBAH,PO, for compound 2

[26].
TABLE 1
RESULTS FROM *H NMR TITRATIONS FOR RECEPTORS 1a, 1c AND CONTROL
RECEPTOR 2

Receptor Binding Ratio K (M-1) [Error] Anion salt
la Mixture TBA H,PO,
la 1:1 100 [+ 15] TBA PG
1c Mixture TBA HyPO,
1c 1:1 3.4 x 10° [+ 60] TBA PG
2 1:1 1.2 x 10° [+200] TBA H,PO,
2 Mixture TBA PG

A chemical shift of 2.3 ppm large down field movement with inorganic phosphate anion and

0.45 ppm movement with the TBAPG of urea protons resonance, upon addition of either salt to

the receptor solution, has indicated the inorganic phosphate anion or the PG head group’s

phosphate anion portion formed strong hydrogen bonds with the receptor’s urea groups. Since




receptors la and 1c contained multiple binding domains, none of them exhibit 1:1 binding
stoichiometry with TBAH,PO,. Both receptors showed 1:1 binding stoichiometry with TBAPG,
where both receptors and the anion contain multiple binding domains. The control receptor 2,
possessing only the urea binding unit, exhibited 1:1 binding with TBAH,PQO,4, but not with
TBAPG. The control receptor 2 exhibited moderately strong binding with TBAH,PO,, and
having very similar urea binding units as with 1a and 1c, it showed a complementary fit to the
structure of the phosphate anion. Receptor 1c showed 3-4 times stronger binding with TBAPG
than receptor la. Receptor 1c had a shorter methylene bridge between the phenolic oxygens,
while receptor 1a had a longer four methylene unit bridge between them (Figure. 14). However,
receptor 1c did not interact with TBAPG as strongly as control receptor 2 did with TBAH,PO,
(Table 1). Upon titration with TBAPG, the urea protons of receptor 1c did not signal a far
downfield movement as observed in the urea protons of control receptor 2, titrated with
TBAH,PQO,. The above results indicated receptor 1c did not form strong hydrogen bonding anion
interactions with TBAPG. The phosphate anion portion of the bulky PG lipid (Figure 13) had
poor interactions with the urea binding units of 1c since it could not approach the urea moieties

as closely as the H,PO4 anion [22, 23].

Both receptors 1a and 1c contained hydroxyl groups in addition to the urea binding units
and as a result they exhibited no distinct stoichiometry of binding with TBAH,PO,. The job plot
for control receptor 2 possessing urea groups as the only binding motifs displayed no distinct
stoichiometry of binding for the TBAPG, and instead was indicative of a mixture of 1:1 and 1:2
receptor to anion binding. Receptors 1la and 1c, having several potential anion binding units,
exhibited a well behaved 1:1 binding stoichiometry with TBAPG. The binding moieties in la

and 1c were aligned with those in PG in the receptor-anion complex (receptor urea groups were
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bound to phosphate anion portion of the lipid while receptor hydroxyls were interacting with
PG’s glycerol hydroxyls). This complementary fit of PG to receptor would prevent the
complex’s functional groups from interacting with a second receptor or lipid molecule. The
control receptor 2, which lacks the terminal hydroxyls, may not have proper alignment for all
binding groups of PG, and therefore any non-bound functional group from the complex would
interact with either a receptor or a PG anion molecule, and would exhibit a complex binding

stoichiometry (Table 1) [22, 23].

Since receptor 1c, with neutral binding sites, exhibited only a moderate binding with
TBAPG (Table 1), we modified the structure to impart more selectivity. We decided to increase
binding affinity towards PG by introducing positive charges. Also, to better accommodate the
PG head group, we deviated from the initially proposed structure 4 (Figure 16) by expanding the
binding pocket, with increased number of methylene bridging units in the scaffolding. The
number of terminal hydroxyl groups was also increased from 2 to 4 to increase possibilities for
the glycerol hydroxyl and receptor interactions. (Figure 17, compound 5). Studies of compound 5

are discussed in Chapter 4.

Figure 16. Initially proposed charged PG receptor
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Figure 17. Semi-emperical computer model showing the minimized energy structure of the

unbound charged receptor 5
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CHAPTER 3

SYNTHESIS OF RECEPTORS

An ether linkage via a methylene unit was used to connect the two phenols in the bis
phenolic scaffold of the receptor. The initially proposed receptor had a propylene linker bridging
the scaffold from its ortho positions. Extending outward from the scaffold are the functionalities
responsible for binding to the head group of the PG anion. The positively charged amine groups
were positioned to interact with the phosphate anion portion while the terminal hydroxyl groups

were to interact with the glycerol hydroxyls on the PG anion.

The synthesis was planned to involve four major steps, beginning with construction of the
scaffold and attachment of primary alcohols to its para positions. Formylation of the scaffold,
and its reductive amination were the key steps of the synthesis. The acidic protons of the phenols
needed to be protected, since Grignard reactions would be used in the scaffold construction.
Therefore 2-bromoanisole was chosen as the precursor and its retrosynthetic outline is given in

Scheme 2.

A homogenous copper (1) catalyst developed in our lab was used for the Grignard
reactions [27, 28]. Once the primary alcohols were introduced, ortho formylation of the scaffold
was carried out. Reductive amination followed by introducing charges on the amine groups were
planned as the last couple of synthesis steps for the receptor. The homogenous copper catalyst
was used in the coupling reaction to introduce the propyl link between the two anisoles. Lithium
thiophenolate, a component of the copper (I) catalyst was prepared in the lab using thiophenol

and methyl lithium [27, 28]. Two molecules of 2-bromoansole were reacted with one molecule
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Scheme 2. Retrosynthetic scheme of the original planned synthesis of the charged receptor
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of 1,3-propanediol-bis-tosylate to produce the bis anisole 6 in 87% yield. Compound 7 was made
in 92% vyield by brominating 6 in the para positions using liquid bromine via electrophilic
aromatic substitution (Scheme 3). The next step was to introduce masked propanolic
functionality to the scaffold using copper (I) catalyzed Grignard coupling reaction chemistry

(Scheme 4) [22, 27, 28].

OCHj, OCH, OCH,
B 1) Mg, THF, reflux, 24 h.
2) HMPA , THF
CuBr.SMe,, LiBr, LiSPh, 87%
68°C 48 h.
[e) O
S. .S
FOLARLI O 6
OCH OCH, OCH, OCH,
Br,
—_—
C O CHCl,, 0°C 92%
25h
6 Br 7 Br

Scheme 3. Bis anisole scaffold formation via Grignard reaction and bromination of the scaffold

In order to facilitate the Grignard coupling reaction, acidic alcohol protons were masked as
benzyl ethers, which can be easily deprotected upon hydrogenation. The electrophile for the
Grignard reaction was made using commercially available 1,3-propanediol. To one equivalent of
1,3-propanediol, 0.5 equivalents of base was added to form the potassium alkoxide which would
then undergo nucleophilic substitution with benzyl bromide. The diol acted here as both the
solvent and the reactant. The remaining alcohol group of the compound 8 was tosylated using
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tosyl chloride, CH,Cl, and pyridine. The crystalline product 9 was prepared in large scale (fifty
gram scale), since 5 equivalents of 9 were needed for the copper catalyzed Grignard coupling
reaction with bis-bromo anisole 7. The reaction to prepare the alkyl magnesium bromide of 7
was carried out for 24 h. It was then added to the electrophile 9 in the presence of the
homogenous Cu (1) catalyst. To obtain the optimum yield of bis anisole scaffold 10, the reaction

was carried out in the glove box (Scheme 4) [22].

SN Br KOH
HO OH + _— /\/\
HO OBn
90°C, 18h 86%
SO,CI 8
/\/\ Pyrldme /\/\
oL TsO OBn 73%
0°C, 18h
8 9
OCH, OCHs OCH; OCH,

1) Mg, THF, reflux, 24 h.

2) 9, HMPA , THF
CuBr.SMe,, LiBr, LiSPh,
68°C 48 h.

61%

OBn OBn

Scheme 4. Introduction of masked propanols to the bis anisole scaffold using Grignard chemistry

We attempted to formylate compound 10 using the Duff reaction. Based on the previous
work done by a graduate student in our lab, prior to the Duff reaction, we deprotected the

hydroxyl groups of 10 by hydrogenation to yield 11 in high yield [29]. It was then subjected to
24



Duff reaction using hexamethylenetetramine and TFA under reflux conditions [30]. We were
unable to get the desired product 12 but always ended up with the mono formylated compound
with a small amount of 12 in the crude product (Scheme 5). We then decided to formylate
compound 10 using N-formyl morpholine. First we made the dianion of 10 using sec-
butyllithium in the presence of TMED and the reaction mixture was cooled to -78°C before
introducing 4-formyl morpholine (Scheme 6). We ended up having hydroxyl groups deprotected
with a mixture of mono and di formylation. We then decided to change the hydroxyl protecting
group from benzyl to methoxy methane. One equivalent of 1,3-propanediol was tosylated using
0.5 equivalents of tosyl chloride and 0.25 equivalents of pyridine to yield 14. The remaining
alcohol group was then protected as a MOM ether using dimethoxymethane in the presence of
P,0Os [30]. The resulting compound 15 was subjected to Grignard coupling reaction with 7 using
the copper (1) catalyst to yield 16 (scheme 7). Introduction of formyl groups to 16 was attempted
using 4-formyl morpholine but furnished a mixture of mono formylated product and starting

material (Scheme 8).
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OCH, OCH, OCHj OCH,
O O 10% Pd-C/H,/THF 0 O
—_—
R.T., 18h
99%
OBn OBn OH OH
10 11
OCH, OCH, OCH;, OCHj,
OHC CHO
(CHy)6N4
—_—
TFA
reflux, 24 h
oH 44 OH OH 12 OH
Mono formylation

Scheme 5. Formylation of the hydrogenated bis anisole scaffold with Duff reaction

OCH; OCH3 OCHj, OCH;

1) TMED, sec BuLi, ethyl ether CHO

0°C to room temp, 24h
(6]
2) ~
)
(6)
-78°C to room temp, 24h
OBn OBn OH OH
10 13

Scheme 6. Formylation attempt of 10 using 4-formyl morpholine
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00c 7h
91.5%
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HO/\/\oTs " /O\/O\ — 10 O/\O/
CHCl,
70 minutes
14 15 83%
OCHjs OCHjs OCHjg OCHjz

1) Mg, THF, reflux, 24 h.
2) 8, HMPA , THF

CuBr.SMe,, LiBr, LiSPh,
68°C 48 h.

70%
o o

< 16<
/ /

0] 0]

Scheme 7. Introduction of dimethoxymethane protected propanol to the bis anisole scaffold

OCHj3 OCHj; OCH;4 OCH
3
CHO
1) TMED, sec BuLi, ethyl ether
0°C to room temp, 24h
O
2) i
)
O
-78°C to room temp, 24h

(0]

0 o o)
o <o <o
17

16 4 /

NN\
ANIZAN

Scheme 8. Formylation attempt on 16.
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Hence we decided to find out whether the dianion of 16 was made upon reacting with sec. BuLi
(Scheme 9). By quenching with D,0, we found that the mono anion was made after 24 h and no

di anion was made even after carrying out the reaction for 36 h.

OCHjz OCHj OCHj, OCHj;
D

O O 1) TMED, sec BuLi, ethyl ether O O

0°C to room temp, 24h

2) D,0

NN
NN
NN

A\

Scheme 9. D,0O quenching of the 16 anion.

The failure to protect the benzylic groups of 10 or to form the dianion of compound 16 prompted
us to change the structure of the para substituents. As a result we decided to introduce allyl
functionality to the bis anisole scaffold, which could be converted to hydroxyl functionality later
in the reaction pathway. Prior to the synthesis of 19 with the bis allyl functionality, we did model
studies using 1-allyl-4-methoxy benzene, and the 4-formyl morpholine reaction yielded 80 % of

5-allyl-2-methoxybenzaldehyde as shown in Scheme 10.
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OCH3 OCH,
1) TMED, sec BuLi, ethyl ether CHO
0°C to room temp, 24h
(0]
2) r/
N
() 80%
(6)
/ -78°C to room temp, 24h /
5-allyl-2-methoxybenzaldehyde

Scheme 10. Model study for the formylation of 1-Allyl-4-methoxy benzene.

The electrophile allyl mesolate 18 was made from 2-Propen-1-ol, and was used without
further purification for the coupling with the bis bromo compound 7 [31]. The Grignard
coupling reaction for the synthesis of 19 always gave us a mixture of mono and di substituted
products as shown in Scheme 11. Radial chromatography using 2% Isopropyl amine in Hexane
eluted the mono and di substituted mixture as a single band (Figure 19). This mixture of
products proved problematic in the next synthetic step due to the formation of several aldehydes

(Scheme 12).

Therefore, we decided to alter our synthetic pathway and take a different route. Also,
based on anion binding studies done by our group, in order to best accommodate the PG anion’s
head group, it was decided to increase the number of methylene linker units bridging the bis

anisole scaffold from 3 to 5. The revised retrosynthetic outline is given in Scheme 13.
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\/\OH > 0S0,CH; 9809
(CH;S0,),0
0°C, 18h

18
OCHgj; OCH3 OCH3 OCH3
1) Mg, THF, reflux, 24 h.
2) 18, HMPA , THF

CuBr.SMe,, LiBr, LiSPh,
68°C 48 h.

Br Br

19b 78%

A mixture of mono and di
substituted products

Scheme 11. Introduction of allyl groups to the bisanisole scaffold.

The revised synthetic pathway was started by converting the two hydroxyl groups of diethylene
glycol into leaving groups. Diethylene glycol was chosen based on previous work done by a
graduate student in our lab [27]. The resulting bis tosylate 21 was then used for the Grignard

coupling reaction to yield 22 (Scheme 14).
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i
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Scheme 12. Formylation of 19
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Unlike compound 6, where its crude form was a solid, 22 was an oily compound. Before further

purifications, crude products of all Grignard coupling reactions were passed through a silica pad

using 20% Ethyl acetate in Hexane as the eluent to remove toxic HMPA. A gravity column

separation using 100% Heaxane as the eluent yielded pure 22. The crude 23 was also an oily

compound and it was subjected to a column chromatographic separation using 75% CH,ClI; in

Hexane as the eluent to obtain pure 23 in 91% vyield (Scheme 14).

OCHj4 OCHj3 OCHjz

22

CH, 9 9
Pyridine S AN O A-S
(e}
N I s e 'O
CH,Cl,
10°C,20 h
SO,CI ’ .
2 21
89%
OCHj, OCHj; OCHj;
Br 1) Mg, THF, reflux, 24 h. [e)
2 2) HMPA , THF -
CuBr.SMe,, LiBr, LiSPh,
68°C 48 h.
(0] (0]
S A~Ou~~S
(0] (0] 22
)@ ° o 69%

@/\/ \/\© Br2 CHCl, ©
0°c 2.5h

OCH,

91%

Scheme 14. Synthesis of compound 23.
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OCH,4 OCH,4

OCH; OCH; o

0 1) Mg, THF, reflux, 24 .

2) 18, HMPA , THF >
CuBr.SMe,, LiBr, LiSPh,

Br Br 68°C 48 h.

23 24

76%

Scheme 15. Synthesis of compound 24.

Compounds 23 and 18 were dried over benzene using a Dean-Stark apparatus, prior to the dry
box reaction for the synthesis of 24. After passing through a silica pad to remove HMPA, gravity
column separation using 50% CH,CI, in Hexane as the eluent yielded pure 24 (Scheme 15). Itis
noteworthy that this reaction did not furnished the mono substituted product. The demethylation
of 24 was attempted using three different types of reactions, but little or no product was isolated
[32-35]. The 'H NMR spectra for reactions a and b, indicated that compound 24 was
demethylated, but the purification was problematic. Reaction ¢ did not demethylate the starting
material (Scheme 16). For all three demethylation reactions, compound 24 was used after drying

over benzene using a Dean-Stark apparatus.
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OCH, OCH, OH OH

24 25

a) BBrsy/ CH,Cl,/ -78°C — room temp/2 h
b) (CeHs)oP'Li*/THF/reflux/24 h
c) DodSH/ NMP/ NaOH/ 130°C/ 12 h

Scheme 16. Demethylation attempts on 24.

The demethylation reaction with BBrs was carried out at -78°C using CH.Cl, as the solvent,
under an inert atmosphere [33]. Two equivalents of BBr; were reacted with one equivalent of 24.
When BBr; was syringed into the reaction flask, the solution changed from colorless to a yellow
color. After 30 minutes, it was allowed to warm to room temperature and continued stirring for 2
hours. The reaction was quenched by the addition of methanol. The *H NMR spectrum of the
crude product indicated compound 24 was demethylated, but once isolated, it gave a very low
yield of 25 (8-10%). As a result we decided to use a 0.5M solution of lithium diphenyl
phosphine, another demethylating reagent, for the reaction [34]. The phosphine reagent was
reacted with 24 under reflux conditions using dry THF for 24 h. (Scheme 16). The reaction was
quenched with cold 1.5M HCI. The crude product’s TLC profile indicated three distinct spots

and, once subjected to radial chromatographic purification, unreacted starting material and a
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small percentage of demethylated product (7%) were isolated. We also isolated another
compound which was a product from the reaction between THF and lithium diphenyl phosphine
(Scheme 17, Figure 18). We also used 1-dodacanethiol in the presence of NMO under basic
conditions at 130°C for demethylation, also resulting in little or no product produced (Scheme

16) [35].

OH
+ CeHs),PLi"  —— SN
( 6 5)2 (C6H5)2P

26

Scheme 17. Lithium diphenyl phosphine reaction with THF.

24 a—— O
Eluent: 100% CH,Cl,

25 b——>8
26 ¢ 7 A

Crude product

Figure 18. TLC profile for reaction between Lithium diphenyl phosphine and 24.

Based on the by-products of the BBr3 reaction, we believe that boron was coordinating to
the oxygen in the ethoxyethane linker without demethylating the bis phenolic ether. The failure

to demethylate 24 prompted us to replace the ethoxyethane type bridging unit with a pentane
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linkage. 1,5-Pentanediol was converted to its bis tosylate 27. The crude product was
recrystallized from ethanol to yield 70% of pure 27. It was then used for the Cu (I) catalyzed

Grignard coupling reaction with 2-Bromoanisole (Scheme 18).

Q Q
CH2C12
so,cl  10°C,20h.
21 709%
OCHj OCHj OCHs
Br 1) Mg, THF, reflux, 24 h.
2 2) HMPA , THF o
CuBr.SMe,, LiBr, LiSPh,
68°C 48 h.
(e} (e} 28
S o/\/\/\o S 86%
o oL

Scheme 18. Synthesis of compound 28.

Compound 28 was then brominated in the para position using liquid Br, in CHCI; at 0°C
(Scheme 19). The crude product of 29 was recrystallized from ethanol and used for the Grignard
coupling reaction with allyl mesolate 18. Similar to the results obtained in Scheme 11, the dry
box reaction gave us the desired di-substituted product 30a, along with the mono substituted 30b

(Scheme 20). It was eluted as a single band from a gravity column separation (90:10
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Hexane/EtOAC), yielding a 79% combined yield of the mono and di substituted product (Figure

19).

OCHj, OCHj, OCH, OCHj

O O Br,, CHCl, O
—_—
0°C,2.5h
B 91%
28 r 29 Br
Scheme 19. Bromination of 28

OCH,4 OCHj,

1) Mg, THF, reflux, 24 h.
O O 2) 18, HMPA , THF
CuBr.SMe,, LiBr, LiSPh,

0
Br Br 68°C 48 h.

29

30b  Mixture of a
and b 79%

Scheme 20. Introduction of allyl groups to compound 29.
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> Eluent: 10% Ethyl acetate

in Hexane

Crude product

Figure 19. TLC profile for the crude product 30 from dry box reaction

The inseparable mixture of 30a and 30b was reacted with BBr; to demethylate the bis anisole but
the product was furnished in low yield (8%). Since the lithium diphenyl phosphine reaction and
1-dodecanethiol reaction also gave us very poor or no yield of the demethylated product, we
decided to use a different method using boron trichloro [1,1’-thiobis(methane)] as the
demethylating reagent [34]. Dry dichloroethane was used as the solvent. The reaction conditions
were varied as shown in Table 2, to optimize the yield. Gravity column separation using the
eluent of 15% ethyl acetate and 2% isopropyl amine in hexane allowed us to isolate the pure 31a
from each reaction. Allowing the reaction to run for 24 h using three equivalents of BCl3SMe;

furnished the highest yield.
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TABLE 2.

REACTION CONDITIONS FOR DEMETHYLATION OF 30 WITH BCl3SMe,

Reaction | Equivalents | Equivalents of Reaction Solvent Reaction | % Yield
of 30a and BCl;SMe, Concentration Time
30b
1 1 2 0.25M 1,2- 24 h, 45
dichloroethane
2 1 2 0.25M 1,2- 48 h. 45
dichloroethane
3 1 3 0.25M 1,2- 24 . 80
dichloroethane
BCl;.SMe,
_ >
CH,CICH,ClI 80%
reflux, 24 h
OH OH

30b

31b

Scheme 21. Demethylation of the dry box product using BCl3SMex.
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After optimizing the demethylation reaction, our next step was to brominate the two ortho
positions of the compound 31a. One equivalent of 31a was reacted with 1.16 equivalents of

DBDMH at room temperature using CHCIj as the solvent (Scheme 22) [35].

CHCL,
room temp.
34h.

3la

Scheme 22. Bromination of 31a.

A gravity column separation of the crude product using 100% CHCl;3 as the eluent gave pure 32
in 92% vyield as the first band. 5,5-Dimethylhydantoin eluted as the polar second band from the
column. Our next task was to introduce a methylene bridging link between the two phenolic

oxygens of compound 32.

Br  K,CO;, 18-C-6
_—
CH,I,
THE, 56°C
96 h.

Scheme 23. Ether linkage between the phenolic oxygens of 32.
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Compound 32 (1 equivalent) was reacted with K,CO3 (3 equivalents) to produce the dianion in
the presence of phase transfer catalyst 18-crown-6 (1.5 equivalents), along with one equivalent
of diiodomethane. Another equivalent of CH,l, was added to the reaction mixture (only for
reactions 2, 3 and 4) after 24 h. While keeping the reactant equivalents constant, the
concentration of the reaction and reaction times were varied to optimize the yield percentages.
The yield was almost doubled when we changed the reaction concentration from 5 x 10° M to 5
x 10 M. It was further improved when the reaction time was increased to 96 h, where the
greenish yellow color of the reaction mixture changed to colorless, which seems to be indicative

that the reaction was complete (Scheme 23, Table 3).

TABLE 3.

REACTION CONDITIONS FOR PHENOLIC OXYGEN BRIDGING LINKAGE OF 32

Reaction Reaction Reaction Color %
Concentration time Yield
1 5x10%M 24h Green/Yellow 28.3
(no color change)
2 5x10% M 36h Green/Yellow 30
(no color change)
3 5x10°M 36h Green/Yellow 59.2
(no color change)
4 5x10° M 96h Green/Yellow to 85.5
colorless
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The next step of the reaction scheme was to convert the bromines in the ortho position to nitrile
functionality. The authors of the paper to which we referred used a palladium species as the
reaction catalyst [36]. Therefore to prevent coordination with Pd,(dba)s;, we decided to
dihydroxylate the allyl groups in the para positions of the receptor scaffold 33, and protect them

as acetonides, prior to the conversion of bromines to nitriles [37].

Our model studies with 1-Allyl-4-methoxybenzene, indicated dihydroxylation using a
catalytic amount of OsO, in the presence of NMO leaves no starting material after a 24 h
reaction period (Scheme 24) [38]. When we applied the same solvent system (1:1.5 Acetone /

H,0) for the osmylation of compound 33, it did not produce 34.

OCH,4 OCHj4

Cat. 0sO, , NMO
_—

H,0, Acetone

room temp., 24 h.

OH

OH

Scheme 24. Dihydroxylation of 1-Allyl-4-methoxybenzene.

When the solvent system was changed to (10:3:1 tert. BUuOH/THF/H,0), the TLC profile did not
show any 33 after a 24 h. reaction time (Scheme 25, Figure 20) [39]. The resulting

dihydroxylated compound was used for the next synthetic step without further purification.
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Br. Br
cat. 08O, O O
NMO o
tert BuOH / THF/ H,0 OH OH
24 h., room temp.
OH 34 OH
100%

Scheme 25. Dihydroxylation of compound 33.

> Eluent: 75% Ethyl acetate
in Hexane

33 Crude
product

Figure 20. TLC profile for the dihydroxylation of 33.

The two 1,2-diol groups of the compound 34 were then protected as ketals using TsOH and
acetone in the presence of anhydrous CuSO, (Scheme 26) [40]. CuSO,4 was used to remove water

produced in the acetonide protection. During the workup of the reaction, the crude product was
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dissolved in EtOAc and washed with a saturated aqueous solution of NaHCO3; to remove the
TsOH. The resulting product was passed through a silica pad (98:2 EtOAc/Isopropylamine). It

was then used for the palladium catalyzed cyanation without further purification [36].

(0] O
Br O O Br Acetone
—»
cat. TsOH
OH OH anhydrous CuSOy,
24 h., room temp.
OH OH

34

Scheme 26. Acetonide protection of compound 34.

The dry bis acetonide 35 (1 equivalent) was reacted with CUCN (8 equivalents), in the presence
of catalytic amounts of Pd,(dba); (0.08 equivalents) and DPPF (0.2 equivalents). Two
equivalents of Et4NCN have been used as an additive for the reaction [36]. It was refluxed for 24
h in 1,4-Dioxane and the crude product was passed through a Celite pad to remove all the
inorganic species. The *H NMR spectral data of the crude product indicated that the palladium
catalyzed cyanation furnished a mixture of the mono cyanated and the bis cyanated products.
Without further purification, we repeated the reaction on the dried crude product, with an
alteration in the reactant equivalences. Only 4 equivalents of CuCN were used with one
equivalent of Et,NCN. No changes were done for Pd (0) catalyst and DPPF equivalents. The

reaction was carried out again for 24h in 1,4-dioxane. After the work up, we found there was no
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mono cyanated compound in the crude product. Radial chromatographic separation (98:2

Hexane/lsopropyl amine) gave us the pure 36b in 83% vyield (Scheme 27).

O/\o
NC Br
(0] (6]
CuCN >< ><
Pd,(dba), ° . ©
_— 36a
DPPF
Et,NCN O/\O
1,4-Dioxane NG cN
reflux, 24 h. O O
35
O>< O><
O (0]
36b
CuCN
Pd,(dba),
DPPF
Et,NCN
1,4-Dioxane
reflux, 24 h.
36a

Scheme 27. Cyanation of the compound 35.

Our next reaction was to reduce the nitrile groups of 36b to amine groups. We used benzonitrile
in a model study to perform the reduction to produce Boc protected amine. The reaction gave us

tert-butyl benzylcarbamate, 37 in high yield (Scheme 28) [41, 42].
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0°C to room temp.

2) Diethylene tri amine 37
30 minutes, room temp.

Scheme 28. Model studies for the nitrile reduction.

The nickel boride catalyzed reduction was then carried out using compound 36b. A catalytic
amount of nickel (1) chloride in combination with excess NaBHy,, in the presence of Boc,O was
used in the reaction mixture. Dry methanol was used as the solvent. To a stirred solution of
compound 36b in methanol at 0 °C, Boc,O (4 equivalents) was added. Using a Schlenk tube, 14
equivalents of NaBH, were added in small portions over 30 minutes. The exothermic
effervescent reaction was carried out for 24 h. The reaction mechanism is believed to be initiated
by the formation of nickel boride through the reaction of NiCl, and NaBH,. The nitrile group is
then coordinated to the boride surface and is exposed to hydride attack from excess NaBH,
[41,42]. To avoid dimerization, which is a common side product in the hydrogenation of nitriles,
the primary amines once formed were protected in situ using Boc,O. During the reaction
workup, diethylene triamine, a stronger coordinating ligand for the nickel species than the Boc
protected amines, was added to the solution and stirred for 2 h. Mass spectral data and *H NMR
indicated the crude product was a mixture of 38a and 38b. The dry crude product was again
subjected to nitrile reduction using the same reaction conditions, using Boc,O (2 equivalents),

NaBH, (7 equivalents) and 2 equivalents of diethylene triamine (Scheme 29). The repeated 24 h
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reaction gave us pure 38b in 82% yield after the crude product was recrystallized using EtOAc

and hexane.

1) cat. NiCl,.6H,0
[(CH5);COCO],0
—_— =

NaBH,
MeOH, 24h.

0°C to room temp.

2) Diethylene tri amine
2h., room temp.
36b P >Lo

1) cat. NiCl,.6H,0
[(CH3),COCOJ,0
et N
NaBH,
MeOH, 24h.
0°C to room temp.

2) Diethylene tri amine
2h., room temp.

38a 38b

Scheme 29. Nitrile reduction of compound 36b.

To deprotect amino and diol functionality, TFA was used [43]. Although compound 38b
was readily soluble in pure ethyl acetate, the resulting polar 39 product was insoluble in ethyl
acetate. On the other hand, 39 was soluble in methanol, but 38b was only partially soluble in

methanol. Since acetonide cleavage was aided by water, a mixture of solvents (80:18:2
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methanol/ethyl acetate/water) were used as the reaction medium. To determine the optimum
reaction time, we used deuterated TFA, CD3;OD and D,O and the reaction progress was
monitored using *H NMR. We found that the reaction would make no progress after 30 minutes
time. It yielded a mixture of products. Since charged compounds were problematic to purify, we
decided to convert the charged ammonia groups to their neutral amine counterparts by reacting

crude 39 with saturated methanolic solution of NaHCOj3; (Scheme 30).

<] ® .
HaN NH, Methanolic H,N NH,
NaHCO; solution
—_
OH OH 4h OH OH
OH OH OH OH
39 40

Scheme 30. Conversion of 39 to 40.

'H NMR spectrum of 40 indicated a mixture of products (Figure 77) and the ESI-MS spectrum
indicated m/z peaks at 555.0, 571.0, 593.0 and 611.0 (Figure 21, Figure 78). These data
confirmed although the optimum reaction time was 30 minutes, the TFA deprotection of diol
groups was not completed after 30 minutes. Therefore, to fully deprotect the 1,2-diol groups, the
reaction was carried out for 30 minutes, solvent and excess TFA were removed under high
vacuum at room temperature, and the crude product was subjected to same reaction conditions
for another 30 minutes. The deprotection reaction was carried out like wise for a total of 120

minutes (4 x 30 minutes) (Scheme 31, Figure 22).

49



HoN

H,N NH,

OH

OH OH

M;
[M,+H]" calculated 555.3, found 555.0

[M,+H+ (3CH;OH)]*calculated 611.3, found 611.0
[M;+H+ (3CH;OH)] "calculated 571.2, found 571.0

[M;+Na+ (3CH;0H)] " calculated 593.2, found 593.0

Figure 21. ESI-MS values for different species found in crude 40.
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OH

OH
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CF;C00

OH
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100%

Scheme 31. Deprotection of amino and diol functionality in compound 38a.

50




30 minutes

£y
I I | / i | ”1" ‘J“" ‘
ORIV | JoRa e FRTRS AP | Yo J " | w")f W Wt
/
60 minutes B u

| I [
\ | |
il | \‘ 1

I | ‘
i ,:‘“/ ‘L"." o J‘W"W‘i‘“‘ jb/ “;“ WNJ Mf V"J WWWM

90 minutes , | [ i

| V|
| l‘ | )' | | : I\ i
(AT ——— W L T —— PP ¥, \h/ NJ Wy .W«N‘VWJ'WMMW
120 minutes | Vo /
/ W/

‘ f | Ay
o\ ot i o i . // [\ Al ptiamimaion
9 8 7 2

6 5 4 3 / 1 ppm

Figure 22. *H NMR stack plot for the TFA reaction of 38a.

The charged compound 39 was then subjected to a counter anion exchange using ammonium
hexafluorophosphate. The PFg ion was chosen as the counter ion since it makes charged
receptors more soluble in organic solvents. It is also known to facilitate crystallization of charged
organic complexes. Ten equivalents of NH, 'PFgs were reacted with crude 39 and after 24 h, the
organic layer was removed under vacuum. The crude solid was dissolved in ethyl acetate and
was washed with H,O to remove excess NH; PFg (Scheme 32). Assuming that some amount of
5 may also be in the water layer, we backwashed the aqueous layer with n-Butanol and once the

solvent was removed under vacuum we found an unknown compound (Figure 100).
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Scheme 32. Counter ion exchange of 39.

A control receptor 46 was also synthesized replacing the 2,3-dihydroxy propyl
substituents with propyl groups. It was considered as a control since there were no appendages to
interact with the glycerol hydroxyls of the PG head group, although there were charged
ammonium groups to interact with the anion portion of the head group. The bis ortho bromo
phenolic compound 32 was hydrogenated using Pd/C as the catalyst (Scheme 33). After 18h, the
TLC profile indicated no starting material and the crude product was purified by column

chromatography (84:14:2 hexane/EtOAc/isopropyl amine).

OH OH
Br. Br
Pd/C
— >
Hyg)
EtOAc, 18 h.
41 95%

Scheme 33. Hydrogenation of compound 32.
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The phenolic oxygens of the resulting 41 were bridged via a methylene unit using
dilodomethane, in the presence of K,CO3; and 18-C-6 (Scheme 34). The product was purified

using radial chromatography (98:2 hexane/isopropylamine).

Br Br  K,CO;, 18-C-6 Br Br
CH,I,
THF, 56°C
96 h.
41 42 83%

Scheme 34. Preparation of 42 via an ether linkage.

The ether linked 42 compound’s bromines in the ortho positions were then converted to nitriles,
similar to the reaction conditions given in Scheme 26. Radial chromatographic purification (98:2

Hexane/lsopropylamine) resulted in 83% yield for 43 (Scheme 35).
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43a 43b 2304

Scheme 35. Bis cyanation of compound 43.

Pure 43b was then subjected to nitrile reduction using similar reaction conditions given in
Scheme 28. After 48 h reaction, the crude product was passed through a Celite pad using ethyl
acetate and was purified using radial chromatography (95:5 hexane/isopropylamine) (Scheme

36).
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Scheme 36. Nitrile reduction of compound 43b.

The Boc protected control receptor 44b was then reacted with TFA, using CH,CI; as the solvent
(Scheme 37). After 30 minutes, solvent was removed under vacuum and the crude product was

used for the anion exchange reaction without any purification.
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Scheme 37. Boc cleavage of compound 44b.

Compound 39, possessing four hydroxyl groups and trifluoroacetate counter ions, was not
soluble in ethyl acetate. As a result, a mixture of methanol and ethyl acetate were used for its
counter ion exchange reaction (Scheme 30). On the other hand, the control receptor compound
45, which lacks hydroxyl groups in the terminal propyl groups, was readily soluble in ethyl
acetate but showed partial solubility in methanol. Therefore it was decided to use ethyl acetate

as the solvent for the counter ion exchange reaction of 45 (Scheme 38).

T~ T~
o P NH,'PF, o | 1 o
H3Ne O O NH; . 4 Prg eHsN O O °
CF4C00 CF;C00 EtOAc PF, C;Fé
24 h
room temp
45 46 96%

Scheme 38. Counter ion exchange of 45.
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Figure 23. Charged receptor 5 and charged control receptor 46.

The overall yield for 5 after 14 synthetic steps was 15.3%, while for the control receptor 46 it

was 16.08% with 13 steps.
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CHAPTER 4

ANION BINDING STUDIES

Compound 46 was considered as a control receptor when compared to compound 5, since
it has the charged ammonium binding moieties so as only to bind the phosphate anion head
group of the PG anion. In addition to the ammonium groups, compound 5 also possesses binding
units for the glycerol hydroxyls of PG (Figure 24). The binding stoichiometry of the two
receptors for anions were determined by Job plots constructed from *H NMR titration studies.

All *H NMR titration studies were carried out using 5 % CDClI;3 in DMF- d; at 30 oc.

OH HO
OH HO
W (CH2)s,
! ‘\\\\\\(CHz)smh
© O/\O © P
PFg PF, S o o °
, PF, PF,
& Ha% H
HHs HsN
46 5
_\_\Q/\/\ <] ‘\j@D/\/\
\/\/NL\_ O\ \/\/N;\_
O/ @O
O
N
v P\
HO OH

CieHas
(o]
TBA" H,PO,
TBAPG

Figure 24. Charged receptors and the anions used in binding studies
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We began the binding studies by performing a *H NMR Job plot for the control receptor
46 with inorganic dihydrogen phosphate anion. The *H NMR Job plot indicated the binding
stoichiometry of 46 to inorganic dihydrogen phosphate anion was 1: 2 (Figure 25). This result
deviated from the results of previous work done in our lab, where compound 2, a control urea

receptor exhibited a 1:1 binding stoichiometry with the same anion (Table 1).

“\\\\\(CH2)3/““
O/\O “‘\\\\(CHZ)SIIH.
NH HN
O:< >:O O/\O
NH HN
HHs3 H:N o
%F6 PF
2 46

Figure 25. The control receptors 2 and 46.

The control receptor 2 had urea binding units as opposed to 46 which had charged ammonium
moieties to interact with the dihydrogen phosphate anion. Although charged ammonium groups
were expected to have stronger interactions with the dihydrogen phosphate anion than the urea
groups, the 1:1 binding stoichiometry of compound 2 with the dihydrogen phosphate anion was
indicative that the binding cavity of 2 comprising three methylene units (between the phenyl

rings) as compared to five methylene units of 46 was having a better fit to the phosphate anion.
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On the other hand the two methylene unit extended binding cavity of compound 46 had more
space to accommodate two such phosphate anions, as indicated by the *H NMR Job plot
titrations. Greater chelation properties of charged ammonium groups compared to that of urea
groups may also have had influenced the 1:2 stoichiometric interactions between 46 and the

dihydrogen phosphate ion.

0.035
0.03 ¢
0.025
0.02
0.015 *
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Receptor mole fraction x A8 (ppm)
4
4

0 0.2 0.4 0.6 0.8 1 1.2
Receptor mole fraction

Figure 26. "H NMR Job plot of 46 - H,PO,” complex in 5 % CDCl; in DMF-d; at 30 °C

We then performed a *H NMR Job plot to determine the binding stoichiometry of compound 46
with the PG anion and the Job plot indicated a 1:1 and 1:2 mixed binding stoichiometry for the
control receptor and the anion (Figure 27). The *H NMR binding studies were not carried out for

the control system 46, since it showed no 1:1 binding stoichiometry with PG anion.
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Figure 27. 'H NMR Job plot of 46 - PG complex in 5 % CDCls in DMF-d; at 30 °C

Since the Job plot titration studies of 46 with inorganic phosphate exhibited a 1:2 binding
stoichiometry and both compound 46 and compound 5 had five methylene unit binding cavities,
it was decided not to perform the *H NMR Job plot titrations for compound 5 with inorganic

phosphate anion.

The *H NMR Job plot for the receptor compound 5 exhibited a 1:1 binding stoichiometry
with TBAPG (Figure 28) and therefore 'H NMR titration studies were carried out for TBAPG

and compound 5.
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Figure 28. "H NMR Job plot of 5 - PG complex in 5 % CDCl; in DMF-d; at 30 °C
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Figure 29. 'H NMR titration curve of 5 with TBAPG in 5 % CDClI; in DMF-d; at 30 °c
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TABLE 4

'H NMR Titration Data for the Receptor 5 with TBAPG

Proton K % Error
1 17445 8.08
2 17445 8.08
3 17445 8.08

We observed three protons change their chemical shifts for receptor 5 upon the addition of the
TBAPG salt solution during the *H NMR titration. The ammonium proton downfield chemical
shift was seen only up to the addition of 0.6 equivalents of TBAPG, since they were not visible
after 0.6 equivalents titration of the TBAPG salt solution. The benzyl protons a, displayed an
upfield chemical shift, while the aromatic protons b and the bisphenolic ether linking methylene
protons c¢ displayed a downfield chemical shift (Figure 30). The non-linear regression analysis
of the binding isotherms using WIinEQNMR software indicated all three protons had similar
binding constants and the same % errors. Since these data were for a single titration, more
titrations should be carried out to obtain an average binding constant. Also, isothermal titration
calorimetry (ITC) needs to be carried out to compare the Keq results from 'H NMR spectroscopic

studies, as well as to determine AG, AH and AS of binding for 5 and TBAPG.
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Figure 30. Protons (chemical shift observed) for the ' H NMR titration of 5 with TBAPG in 5 %
CDCl; in DMF-d; at 30 °C
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CHAPTER 5

EXPERIMENTAL-MATERIALS AND PROCEDURES

All the solvents and reagents used in reactions were dried and purified by literature
methods and these procedures are described as a part of each experiment when appropriate [44].
THF and 1,4-dioxane were freshly distilled from Na in the presence of benzophenone. 1,2-
dichloroethane was freshly distilled from CaH,. Acetone was distilled from Boron oxide. All
reactions described were performed under a nitrogen atmosphere. All reaction intermediate
products were dried with a Dean-Stark apparatus using benzene, and further dried under vacuum
prior to use. All melting points (Mel-Temp) are uncorrected. IR spectra were recorded on a
Thermo Fisher Avatar 360 FT-IR ATR instrument. The *H NMR spectra were recorded at
Mercury 300 or INOVA 400 spectrometers in 300 or 400 MHz in CDCI; using the chloroform
peak as the reference; DMSO-ds using DMSO as the reference; DMF-d; using DMF as the
reference; or in CD3;OD using methanol as the reference peak. ESI-MS were obtained with a
Varian 1200L quadrupole MS. Purity affirmation was accomplished by HRMS of analytical
samples by the Mass Spectrometry Lab at the University of Kansas. Parr 3911 Hydrogenation
Apparatus with a 66CA2 250 mL borosilicate glass reaction bottle was used for hydrogenation
reactions. Analytical samples (receptors) were dried under vacuum in a desiccator with P,Os for
a minimum of three days or dried under vacuum in a drying pistol at 112 °C for a minimum of
two days. Anions were dried under vacuum in a desiccator with Drierite for a minimum of three
days. Column chromatography was carried out on silica gel (Davisil 633). Prep thin-layer

chromatography was performed on pre-coated 1500 mm plates from Analtech (silica gel F).
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Radial chromatography when performed was accomplished using a Chromatotron (Harrison
Research, Palo Alto, California).

Job Plot

The *H NMR Job plot of compound 5 with TBAPG s given as an example. Dry 5 (1.3 mg) was
weighed on a six-point microbalance and placed into a 1 mL volumetric flask. TBAPG (1.7 mg)
was weighed out in a glove bag (nitrogen atmosphere) into a tared (using a 4-point balance)
separate 1ImL volumetric flask. This amount was chosen so that when the solids were dissolved,
their molar concentrations would be identical (0.0017M). The solids were then dissolved to the
mark with dry (95: 5 DMF-d;/CDCIl3) solution. Aliquots of receptor solution and the anion

solution were placed into separate NMR tubes as follows:

tube 1 0.15 mL receptor solution 0 mL anion solution 0.15 mL pure solvent

tube 2 0.135 mL receptor solution 0.0145 mL anion solution ~ 0.1505 mL pure solvent
tube 3 0.12 mL receptor solution 0.0289 mL anion solution ~ 0.1511 mL pure solvent
tube 4 0.105 mL receptor solution 0.0434 mL anion solution ~ 0.1516 mL pure solvent
tube 5 0.09 mL receptor solution 0.0578 mL anion solution ~ 0.1522 mL pure solvent
tube 6 0.075 mL receptor solution 0.0723 mL anion solution ~ 0.1527 mL pure solvent
tube 7 0.06 mL receptor solution 0.0868 mL anion solution ~ 0.1532 mL pure solvent
tube 8 0.045 mL receptor solution 0.1012 mL anion solution ~ 0.1538 mL pure solvent
tube 9 0.03 mL receptor solution 0.1157 mL anion solution ~ 0.1543 mL pure solvent
tube 10  0.015 mL receptor solution 0.1302 mL anion solution ~ 0.1548 mL pure solvent

Total volume for each NMR tube was 0.3 mL. For each NMR tube, the sum of the molar

equivalents of both anion and the receptor was same. Tubes 1 through 10, equivalents of receptor
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were descending as 1, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, and 0.1, while anion equivalents were
ascending as 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9. Each NMR tube was turned upside
down and back many times to thoroughly mix the solution. After obtaining the 'H NMR
spectrum for each tube at 30 °C, the change in chemical shift of the benzyl protons next to the
charged ammonia groups, relative to its shift recorded from tube 1, (A chemical shift x mole

fraction) was plotted vs. mole fraction of receptor in each tube.

NMR Titration

Dry compound 5 (0.002 g) was weighed on a 6-point micro balance and place into a 1 mL
volumetric flask. Dry TBAPG (0.0294 g) was weighed in a glove bag placed into a tared (using
a 4-point balance) separate 1 mL volumetric flask. A solution of (95:5 DMF-d;/CDCl3) was
added to the mark to dissolve each solid. Concentration of receptor was 2.6 x 10 M while for
TBAPG it was 2.88 x 10 M. These concentrations were chosen to accurately measure the small
volume of added increments of the anion solution to the 0.5 mL of receptor solution in the NMR
tube without exceeding the total volume of 0.8 mL (once all the anion equivalents had been
added). *H NMR titrations were started by placing 0.5 mL of the receptor from the volumetric
flask (in a glove bag) and obtaining a spectrum from a 400 MHz NMR at 30 °C. Proton NMR
spectra were obtained after each addition of the anion equivalence into the NMR tube. The
contents in the NMR tube were thoroughly mixed upon the addition of each anion equivalent by
turning the NMR tube upside down and back again. The equivalents of the receptor and the
anion, and the added volumes are given in Table 5. The resultant concentrations of TBAPG, 5,

and proton shift of three different protons (benzyl proton, aromatic proton and the methylene
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TABLE 5

protons that bridged the bis phenols), from each added increment were then used as inputs for

non-linear regression analysis using the WinEQNMR software to obtain a binding constant.

Volumes and Equivalences of 5 and TBAPG for the 'H NMR Titration

Receptor Anion Volume of Total Volume in
Equivalence | Equivalence | Anion Solution the NMR Tube
(mL) (mL)
1 0 0 5x 107
1 0.2 9.1x10° 5.09x 10"
1 0.4 9.1x10° 5.18 x 10™
1 0.6 9.1x10° 5.27 x 10™
1 0.8 9.1x10° 5.36x 107"
1 1 9.1x10° 5.45x 10"
1 1.25 1.13x 10 5.56 x 10~
1 1.5 1.13x 10° 5.67 x 10
1 1.75 1.13x 10° 5.79x 10"
1 2 1.13x 10° 5.90 x 10™
1 2.5 2.26 x 10” 6.13x 10
1 3 2.26 x 10” 6.35x 10
1 4 453 x 107 6.81x 10™
1 5 453 x 107 7.26 x 10
1 6 453 x 107 7.71x 10"
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prop-2-enyl methanesulfonate (18)

Freshly distilled dry 2-propen-1-ol (5 mL, 73.1 mmol) was taken to a flame dried 500 mL round
bottom flask, equipped with a stir bar. Dry CH,CIl, (200 mL) was introduced to the flask
followed by N,N-diisopropyl ethyl amine (25.5 mL, 146.3 mmol). The mixture was stirred for 15
minutes under nitrogen at 0°C. A second solution of methane sulfonic anhydride (14.02 g, 80.5
mmol) in dry CH,Cl, (117.5 mL) was syringed into the reaction mixture dropwise over 25
minutes. The reaction mixture was stirred at 0°C under nitrogen atmosphere for 18 h. After
quenching with 1.5 M HCI (200 mL), the layers were separated. Aqueous layer was extracted
with CH,Cl, (3 x 75 mL). The combined organic layers were washed with saturated NaHCO3 (2
x 100 mL) followed by brine (2 x 100 mL) and dried with anhydrous Na,SO,4. The solvent was
removed under vacuum to yield 18 as an oil (9.75 g, 71.64 mmol, 98%). *H NMR (400 MHz,
CDCls) 5 2.88 (s, 3H), 4.57 (d, 2H, J=7.6 Hz), 5.23-5.34 (m, 2H), 5.77-5.85 (m, 1H); *C NMR

(100.5 MHz, CDCls) § 37.6, 70.4, 120.4, 130.4

pentane-1,5-diyl bis (4-methylbenzenesulfonate) (27)

1,5-Pentanediol (6.77 g, 65 mmol) and dry pyridine (41.19 g, 520.8 mmol) were cooled to 10 °C
in an ice-water bath. Solid tosyl chloride (16.4 g, 86 mmol) was slowly added to the reaction
mixture (25 minutes). The reaction mixture was stirred at 10°C for 2h. A second portion of tosyl
chloride (10.9 g, 57.1 mmol) dissolved in dry CH,Cl, (40 mL) was added dropwise to the
reaction mixture using an addition funnel. The reaction mixture was stirred overnight, gradually
warming to room temperature. After 20 h, CH,ClI, (80 mL) and H,O (100 mL) were added to the

solution. It was transferred to a separatory funnel and the organic layer was separated. The
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aqueous layer was extracted with CH,Cl, (3 x 50 mL), and the combined organic layers were
washed with 3M HCI (3 x 60 mL) and saturated NaHCO3 (80 mL). The organic layer was dried
over anhydrous Na,SO, and concentrated under vacuum. The crude solid was recrystallized from
ethanol to yield 27 as white crystals (18.77 g, 45.5 mmol, 70%). mp: 79-80.5 °C; *H NMR (400
MHz, CDCl3) & 1.31-1.36 (m, 2H), 1.54-1.61 (m, 4H), 2.43 (s, 6H), 3.95 (t, 4H, J=6.4 Hz), 7.32
(d, 4H, J=7.6 Hz), 7.72 (d, 4H, J=7.2 Hz); **C NMR (100.5 MHz, CDCls) & 21.7, 21.8, 28.3,
70.2, 128.0, 130.10, 130.14, 133.0, 145.1; HRMS (ESI) calcd for CigH2406S,Na (M+Na)*

435.0912, found 435.0913.

1,1°-(1,5-pentanediyl)bis[2-methoxybenzene] (28)

THF (223.69 mL) was added to magnesium turnings (34.52 g, 1440 mol), and the reaction
mixture was heated to reflux under a nitrogen atmosphere. A solution of 2-bromoanisole (18.1
mL, 140 mmol) in THF (55.9 mL) was added via a syringe at a rate of 0.6 mL/min to the
reaction mixture. The resulting Grignard reaction was allowed to stir at reflux for 24 h and then
cooled to room temperature. A second solution consisting of 1,5-pentanediol, bis(4-
methylbenzenesulfonate) 27 (30 g, 70 mmol) in THF (53.1 mL), 41.4 mL (6 mol %) of 0.1 M
(LiBr/CuBrSMe,/LiSPh/THF) copper catalyst solution, and HMPA (16.7 mL; 6% v/v based on
the volume of the Grignard reaction) was heated to reflux. The cooled Grignard solution,
decanted from excess magnesium, was then added dropwise to the refluxing reaction mixture
with a cannulating needle. After 2.5h, an additional 20.7 mL (3 mol %) of 0.1 M
(LiBr/CuBrSMe,/LiSPh/THF) copper catalyst solution was added, and the reaction mixture was
stirred at reflux for additional 48h. The reaction was then cooled to room temperature, quenched
with 1.5 M HCI (235 mL), and extracted with CH,Cl, (4 x 80 mL). The combined organic layers
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were washed with another portion of 1.5M HCI (235 mL), followed by Brine (235 mL), dried
over Na,SOy4, and concentrated under vacuum, passed through a silica pad using EtOAc to
remove HMPA. The solvent was removed under reduced pressure leaving 18.8 g of crude
material. It was subjected to column chromatography (90:10 Hexane/EtOAC) to yield the product
as a colorless oil (17.7 g, 62.53 mmol, 86%). *H NMR (400 MHz, CDCls) & 1.42-1.47 (m, 2H),
1.60-1.68 (m, 4H), 2.63 (t, 4H, J=7.6 Hz), 3.83 (s, 6H), 6.85-6.92 (m, 4H), 7.14-7.19 (m, 4H);
3C NMR (100.5 MHz, CDCl3) & 29.7, 29.9, 30.3, 55.4, 110.3, 120.4, 126.9, 129.9, 131.4, 157.6;

HRMS (ESI) calcd for Ci9H240, (M)* 284.1776, found 284.1772.

1, 1’ — (1, 5-pentanediyl)bis[5-bromo-2-methoxybenzene] (29)

Bis-anisole 28 (3.33 g, 12.0 mmol) was dissolved in CHCI3 (13.4 mL). The solution was cooled
to 0°C on an ice-water bath, and bromine (3.73 g, 23.4 mmol) was added drop wise (CHCI; with
ethanol inhibitor was used directly from the bottle; HBr gas produced in the reaction was
collected in two KOH traps cooled on dry ice/acetone baths). The reaction was stirred an
additional 2.5 h, quenched with 1.5 M HCI (100 mL), extracted with Et,O (3 x 50 mL), washed
with brine (100 mL), and concentrated under vacuum. The crude product was recrystallized by
ethanol to yield a white solid (4.72 g, 10.67 mmol, 91%). mp 49-50 °C; *H NMR (400 MHz,
CDCl3) § 1.36-1.42 (m, 2H), 1.55-1.62 (m, 4H), 2.56 (t, 4H, J=7.6 Hz), 3.79 (s, 6H), 6.70 (d, 2H,
J=8.4 Hz), 7.23-7.26 (m, 4H); *C NMR (100.5 MHz, CDCl3) § 29.4, 29.6, 30.0, 55.6, 112.1,
112.7, 129.5, 132.5, 133.8, 156.7; HRMS (ESI) calcd for CioH20,Br, (M)* 439.9987, found

439.9961.
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1,1°-(1,5-pentanediyl)bis[5-(2-propenyl)-2-methoxybenzene] (30)

The reaction was carried out in a glove box. THF (8.6 mL) was added to magnesium turnings
(2.17 g, 90.4 mmol), and the reaction mixture was heated to reflux. The bis-anisole 29 (4.00 g,
9.04 mmol) was dissolved in THF (10.1 mL) and transferred into the refluxing reaction mixture
via syringe at a rate of 0.12 mL/min. The resulting Grignard solution was stirred at reflux for 24
h and then cooled to ambient temperature. A second solution consisting of mesolate 18 (6.15 g,
452 mmol) dissolved in THF (79 mL), 64 mL (12 mol %) of 0.1M
(LiBr/CuBrSMe,/LiSPh/THF) copper catalyst solution, and HMPA (1.2 mL; 6% v/v based on
the volume of the Grignard reaction) was heated to reflux. The cooled Grignard solution,
decanted from excess magnesium, was then added to the refluxing reaction mixture using a
syringe. After 2.5h, an additional 3.0 mL (6 mol %) of 0.1 M (LiBr/CuBrSMe,/LiSPh/THF)
copper catalyst solution was added, and the reaction mixture was stirred at reflux for additional
48h. The reaction was then cooled to ambient temperature, taken out of the glove box and
quenched with 1.5 M HCI (50 mL), and extracted with CH,Cl, (4 x 40 mL). The combined
organic layers were washed with another portion of 1.5M HCI (50 mL), followed by Brine (100
mL), dried over Na,SO,, and concentrated under vacuum to yield a yellow oil. After passing
through a silica pad using EtOAc to remove HMPA, the resulting oil was subjected to a gravity
column separation (90:10 Hexane/EtOAc), yielding a yellow oil of a mixture of 30a and 30b (2.6
g, 7.14 mmol, 79%). *H NMR (400 MHz, CDCls)  1.45-1.51 (m, 2H), 1.63-1.70 (m, 4H), 2.64
(t, 4H, J=7.6 Hz), 3.36 (d, 4H, J=6.8 Hz), 3.85 (s, 6H), 5.07-5.14 (m, 4H), 5.97-6.04 (m, 2H),
6.81 (d, 2H, J=8 Hz), 7.01-7.03 (m, 4H); *C NMR (100.5 MHz, CDCls) & 29.8, 30.0, 30.2,
39.6, 55.5, 110.3, 115.4, 126.6, 130.2, 131.4, 131.7, 138.2, 155.9; HRMS (ESI) calcd for

CasH3,0, (M)" 364.2402, found 364.2376.
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1,1°-(1,5-pentanediyl)bis[5-(2-propenyl)-2-hydroxybenzene] (31a)

Dry mixture of 30a and 30b (0.62 g, 1.7 mmol) was dissolved in dry 1, 2-dichloroethane (6.75
mL). BCl3.SMe; (0.91 g, 5 mmol) was added to the solution and the reaction mixture refluxed
for 24 h under N, atmosphere. The mixture was cooled to 0 °C and quenched with a saturated
methanolic solution of NaHCO3 (4 mL). The solution was diluted with EtOAc (15 mL), washed
with brine (2 x 20 mL), and dried over anhydrous Na,SO,4. The crude product was purified by
silica gel column chromatography (83: 15: 2 Hexane / Ethyl acetate/ Isopropylamine) to yield
31a as a white solid (0.45 g, 1.35 mmol, 80%). mp 90-91 °C; *H NMR (400 MHz, DMSO-dg) &
1.28-1.32 (m, 2H), 1.49-1.53 (m, 4H), 2.45 (t, 4H, J=7.6 Hz), 3.20 (d, 4H, J=6.8 Hz), 5.07-5.14
(m, 4H), 5.86-5.90 (m, 2H), 6.67 (d, 2H, J=8.4 Hz), 6.76 (d, 2H, J=8 Hz), 6.82 (s, 2H), 8.97 (s,
2H); B¢ NMR (100.5 MHz, DMSO-dg) 6 29.0, 29.3, 29.7, 38.9, 115.0, 115.4, 126.5, 128.3,
129.2, 129.8, 138.4, 150.6; FTIR (ATR) v 3267 cm™; HRMS (ESI) calcd for CysHp70, (M-H)

335.2011, found 335.19809.

1,1°-(1,5-pentanediyl)bis[3-bromo-5-(2-propenyl)-2-hydroxybenzene] (32)

Dry bis phenol 31a (0.36 g, 1.1 mmol) was dissolved in freshly distilled CHCI3 (6.9 mL). 1,3-
dibromo-5,5-dimethylhydantoin (0.19 g, 0.65 mmol) was added to the reaction mixture under N,
atmosphere. The reaction flask was covered with aluminum foil, and the reaction mixture was
stirred at room temperature.  After 0.5 h, another 0.65 mmol of 1,3-dibromo-5,5-
dimethylhydantoin was added and continued to stir for 3.4 h. The solvent was removed under
reduced pressure and the resulting crude solid was purified by silica gel column chromatography

(100 % CHCl5), to yield an orange color solid (0.50 g, 1.01 mmol, 92%). mp 65-66 °C; *H NMR
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(400 MHz, DMSO-ds) & 1.21-1.25 (m, 2H), 1.40-1.51 (m, 4H), 2.48 (t, 4H, J=7.6 Hz), 3.16 (d,
4H, J=6.8 Hz), 4.92-5.14 (m, 4H), 4.97-5.04 (m, 2H), 5.79-5.90 (m, 2H), 6.81 (s, 2H), 7.05 (s,
2H), 8.69 (s, 2H); **C NMR (100.5 MHz, DMSO-dg) & 28.7, 29.3, 30.4, 38.3, 111.2, 115.8,
129.3, 129.4, 131.7, 132.4, 137.7, 149.5; HRMS (ESI) calcd for Ca3Hs02Br, (M)* 492.0300,

found 492.0326.

3,11-diallyl-1,13-dibromo-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine (33)

Dry 32 (0.4 g, 0.81 mmol) was added to a 500 mL round bottom flask followed by K,CO3 (0.34
g, 2.43 mmol) and 18-Crown-6 (0.32 g, 1.21 mmol) in a glove bag. The reaction flask was fitted
with a condenser, and removed from the glove bag. Dry THF (300 mL) was added to the flask
under N, atmosphere. It was warmed to 54 °C and stirred for 0.5 h. CHal, (64 uL, 0.81 mmol)
was syringed into the reaction mixture and the reaction was stirred at 54 °C for 24 h. After 24 h,
CHjyl, (64 pL, 0.81 mmol) again was added to the pale green reaction mixture and the reaction
temperature was raised to 71°C and the mixture was stirred under reflux for a further 72 h. The
colorless solution was quenched by pouring onto 0.1 M HCI (200 mL). Then the organic layer
was separated and the aqueous layer was extracted with CH,Cl, (2 x 100 mL). The combined
organic layers was washed with saturated NaHCO3 (3 x 100 mL) followed by saturated brine
solution (150 mL). It was dried over anhydrous Na,SO, and solvent was removed under reduced
pressure. Radial chromatography (98 : 2 Hexane / Isopropylamine) yielded pure product as a
white solid (0.35 g, 0.69 mmol, 85.5%). mp 85-87 °C; *H NMR (400 MHz, CDCls) & 1.46-1.47
(m, 2H), 1.74-1.78 (m, 4H), 2.82 (t, 4H, J=7.4 Hz), 3.23 (d, 4H, J=6.8 Hz), 4.99-5.05 (m, 4H),

5.46 (s, 2H), 5.80-5.90 (m, 2H), 6.90 (d, 2H, J=1.6 Hz), 7.16 (d, 2H, J=2 Hz); *C NMR (100.5
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MHz, CDCl3) 6 25.4, 26.7, 29.1, 39.4, 103.0, 116.6, 117.9, 130.3, 130.7, 136.9, 138.3, 139.3,

153.7; HRMS (ESI) calcd for CasH2502Br, (M)* 504.0300, found 504.0284.

3,3'-(1,13-dibromo-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine-3,11-

diyl)dipropane-1,2-diol (34)

To a 5 mL round bottom flask containing compound 33 (0.04 g, 0.08 mmol), the solvent mixture
(10: 3: 1 tert BUOH\ THF\ H,0) (1 mL) was added. Fitted with a flow adapter, the reaction
mixture was warmed to 40 °C to dissolve the solid compound. The solution was cooled to room
temperature and N-methylmorpholine-N-oxide (0.02 g, 0.18 mmol) was added to the flask. A
catalytic amount of OsO,4 was introduced to the flask by quickly opening the flow adapter and
once the adapter was fitted back, the reaction mixture was stirred under nitrogen environment for
24 h. at 25 °C. A saturated aqueous solution of Na,S,0, (4 mL) was added to the solution and the
solution mixture was stirred for 10 minutes. The solution was then extracted with n-BuOH (3 x
2.5 mL). The combined n-BuOH layers were washed with brine (2 x 2 mL). The combined brine
layers were washed with n-BuOH (2 mL) and the organic layers were combined. Solvent was
removed under vacuum and the resulting white solid was used for the next synthetic step without
further purification (0.05 g, 0.08 mmol, 100 %). mp 148-152 °C; *H NMR (400 MHz, CDCls) &
1.46-1.47 (m, 2H), 1.74-1.78 (m, 4H), 2.82 (t, 4H, J=7.4 Hz), 3.23 (d, 4H, J=6.8 Hz), 4.99-5.05
(m, 4H), 5.46 (s, 2H), 5.80-5.90 (m, 2H), 6.90 (s, 2H), 7.16 (s, 2H); *C NMR (100.5 MHz,
CDCIl3) 6 26.5, 27.8, 29.9, 40.0, 66.7, 74.2, 104.2, 118.5, 132.4, 132.8, 139.0, 140.1, 154.8;
FTIR (ATR) v 3338 cm™; HRMS (ESI) calcd for C,H31:06Br, (M+Na)* 595.0307, found

595.0306.
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1,13-dibromo-3,11-bis((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-6,7,8,9-tetrahydro-5H-

dibenzo[d,k][1,3]dioxacyclododecine (35)

To a stirred solution of dry 34 (1.2 g, 2 mmol) in dry acetone (37 mL) anhydrous CuSO,4 (1.4 g,
8.5 mmol) and a catalytic amount of anhydrous para-toluenesulfonic acid were added. The
reaction was stirred for 24 h at room temperature. The solvent was removed under vacuum and
the resulting solid was dissolved in (90: 10 EtOAc\ MeOH) (100 mL). It was washed with
saturated aqueous solution of NaHCO3 (3 x 40 mL). The organic layer was dried over anhydrous
Na,SO, and the solvent was removed under vacuum. The resulting yellow solid was passed
through a silica pad (98:2 EtOAc/isopropylamine), yielding 35 as a white solid (1.3 g, 1.96
mmol, 98%). mp 118-120 °C; *H NMR (400 MHz, CDCl3) 6 1.35 (s, 6H), 1.42 (s, 6H), 1.51-1.57
(m, 2H), 1.80-1.86 (m, 4H), 2.70 (dd, 2H, J=14 Hz; J=6.4 Hz), 2.85-2.90 (m, 6H), 3.61 (dd, 2H,
J=8.2 Hz; J=7 Hz), 3.99 (dd, 2H, J=8.4 Hz; J=6 Hz), 4.26-4.32 (m, 2H), 5.51 (s, 2H), 7.01 (s,
2H), 7.27 (s, 2H); BC NMR (100.5 MHz, CDCl3) 6 25.3, 25.8, 26.6, 27.1, 29.0, 39.2, 68.9, 76.4,
102.8, 109.4, 117.9, 130.9, 131.3, 135.8, 139.3, 153.9; HRMS (ESI) calcd for CsoHz306Br2 (M)*

652.1035, found 652.1010.

3,11-bis((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-6,7,8,9-tetrahydro-5H-

dibenzo[d,k][1,3]dioxacyclododecine-1,13-dicarbonitrile (36b)

A mixture of dry 35 (0.97 g, 1.48 mmol), CuCN (1.1 g, 11.9 mmol), Pd,(dba); (0.08 g, 0.09
mmol), DPPF (0.26 g, 0.47 mmol) and anhydrous 1,4-dioxane (7.4 mL) in the presence of
EtsNCN (0.4 g, 2.96 mmol) was refluxed for 24 h. The reaction mixture was diluted with EtAOc

(30 mL) and filtered through a Celite pad. The filtrate was washed with saturated NaHCO3 (3 x
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15 mL), dried over anhydrous Na,SO,, and the solvent was evaporated under reduced pressure.
The residue was dried and once again reacted with CuCN (0.6 g, 5.95 mmol), Pd,(dba); (0.04 g,
0.04 mmol), DPPF (0.13 g, 0.23 mmol) and anhydrous 1,4-dioxane (7.4 mL) in the presence of
Et4NCN (1.5 mmol) under reflux conditions for 24 h. The reaction mixture was diluted with
EtAOc (30 mL) and filtered through a Celite pad. The filtrate was washed with saturated
NaHCOg3 (3 x 15 mL), dried over anhydrous Na,SO,, and the solvent was evaporated under
reduced pressure. After passing through a silica pad using 100 % EtOAc, the residue was
purified by radial chromatography (98:2 hexane/isopropylamine), to yield 36b as a white solid
(0.70 g, 1.23 mmol, 83 %). mp 143-144 °C; *H NMR (400 MHz, CDCls) 6 1.33 (s, 6H), 1.40 (s,
6H), 1.50-1.56 (m, 2H), 1.78-1.85 (m, 4H), 2.74-2.92 (m, 8H), 2.82-2.92 (m, 6H), 3.59 (dd, 2H,
J=8.2 Hz; J=7 Hz), 4.01 (dd, 2H, J=8.4 Hz; J=6 Hz), 4.24-4.30 (m, 2H), 5.76 (s, 2H), 7.29 (s,
2H), 7.32 (s, 2H); **C NMR (100.5 MHz, CDCls) § 25.3, 25.7, 26.5, 27.1, 28.2, 39.1, 68.8, 76.0,
102.2, 107.5, 109.6, 116.6, 131.6, 135.5, 136.8, 138.4 158.3; FTIR (ATR) v 2233 cm™; HRMS

(ESI) calcd for CsH3sN,Og (M+Na)*™ 569.2628, found 569.2624.

tert-butyl(3,11-bis((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-6,7,8,9-tetrahydro-5H-

dibenzo[d,k][1,3]dioxacyclododecine-1,13-diyl)bis(methylene)dicarbamate (38)

To a stirred solution of dry bisnitrile 36b (0.18 g, 0.33 mmol) in dry methanol (7 mL) that was
cooled to 0 °C was added Boc,O (0.29 g, 1.34 mmol) and NiCl,.6H,0 (0.02 g, 0.07 mmol) as
solids. NaBH, (0.18 g, 4.68 mmol) was then added in small portions over 30 minutes via a
Schlenk tube. The reaction was exothermic and effervescent. The resulting reaction mixture,
containing a finely divided black precipitate, was allowed to warm to room temperature and left

to stir for 24 h. Diethylenetriamine (143 pL, 0.67 mmol) was added and the mixture was allowed
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to stir for 1 h before the removal of the solvent under vacuum. The purple residue was dissolved
in EtOAc (50 mL) and extracted with saturated NaHCO3 (2 x 25 mL). The organic layer was
dried over anhydrous Na,SO, and the solvent removed in vacuum to yield a crude yellow solid.
The dry crude solid was again dissolved in dry methanol (7 mL) and cooled to 0°C. Boc,0 (0.14
g, 0.67 mmol) and NiCl,.6H,O (0.016 g, 0.07 mmol) were added to the reaction mixture and
NaBH, (0.09 g, 2.34 mmol) was added in small portions over 30 minutes via a Schlenk tube.
The reaction was allowed to warm to room temperature and stirred for 24 h. Diethylenetriamine
(143 pL, 0.67 mmol) was added, and the mixture was allowed to stir for 1 h before the removal
of solvent under vacuum. The purple residue was dissolved in EtOAc (50 mL) and extracted with
saturated NaHCOg3 (2 x 25 mL). The organic layer was dried over anhydrous Na,SO, and the
solvent removed in vacuum to yield a crude yellow solid. It was recrystallized using EtOAc and
Hexane (0.2 g, 0.27 mmol, 82%). mp 149-150 °C; *H NMR (400 MHz, CDCls) & 1.33 (s, 6H),
1.41 (s, 6H), 1.42 (s, 18H), 1.48-1.58 (m, 2H), 1.76-1.85 (m, 4H), 2.69 (dd, 2H, J=13.4; J=7 Hz),
2.78-2.93 (m, 6H), 3.60 (dd, 2H, J=8.2 Hz; J=1.4 Hz), 3.95 (dd, 2H, J=5.8 Hz; J=1.4 Hz), 4.20
(d, 4H, J=5.6 Hz), 4.25-4.31 (m, 2H), 4.90 (br s, 2H), 5.38 (s, 2H), 6.97 (s, 4H); *C NMR
(100.5 MHz, CDCl3) 6 25.5, 25.9, 27.2, 28.4, 28.5, 39.6, 40.3, 69.1, 76.7, 79.7, 102.4, 109.3,
127.8,131.0, 132.1, 134.5, 137.8, 154.7, 155.9; FTIR (ATR) v 3349 cm™; HRMS (ES]) calcd for

Ca2He2N201oNa (M+Na)* 777.4302, found 777.4317
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(3,11-bis(2,3-dihydroxypropyl)-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine-

1,13-diyl)dimethanaminium 2,2,2-trifluoroacetate (39)

Pure 38a (0.06 g, 0.08 mmol) was dissolved in (80:18:2 methanol/ethyl acetate/water) (5 mL)
and stirred at room temperature for 5 minutes. TFA (2 mL) was added and the reaction stirred for
0.5 h at room temperature. Then the excess reagent & solvents were removed under vacuum at
room temperature. The crude oily residue was again dissolved in (80:18:2 methanol/ethyl
acetate/water) (5 mL) and stirred at room temperature for 5 minutes. TFA (2 mL) was added and
the reaction stirred for 0.5 h at room temperature. The excess reagent & solvents were removed
under vacuum at room temperature. The reaction was repeated twice more and each time the
progress was monitored using *H NMR. Solvents and excess TFA were removed under vacuum
at room temperature and the resulting crude semisolid was taken to the next step without further
purification. (0.2 g, 0.27 mmol, 82%). *H NMR (400 MHz, DMSO-ds) & 1.52-1.53 (m, 2H),
1.77-1.78 (m, 4H), 2.75 (dd, 4H, J=14 Hz; J=4.4 Hz), 2.80-2.89 (m, 4H), 3.27-3.34 (m, 4H),
3.63-3.66 (M, 2H), 3.95 (d, 4H, J= 5.6 Hz), 4.27 (broad s 4H), 5.46 (s, 2H), 7.16 (d, 4H, J= 4.8
Hz), 8.12 (s, 6H); *C NMR (100.5 MHz, CD3;OD) & 14.6, 22.8, 26.4, 28.4, 29.2, 40.1, 66.6,
74.3, 93.7, 104.2, 111.5, 127.9, 130.2, 134.4, 138.2, 139.4, 156.2, 161.0; MS(ESI) m/z 475.3

(M)*, 238.1 (M*/2)": HRMS (ESI) calcd for (M+H)" CasH39N,0g 475.2808, found 475.2799

(3,11-bis(2,3-dihydroxypropyl)-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine-

1,13-diyl)dimethanaminium hexafluorophosphate (V) (5)

Compound 39 (0.02 g, 0.034 mmol) was dissolved in (60:40 methanol/ ethylacetate) (3 mL) and

ammonium hexafluorophosphate (0.05 g, 0.34 mmol) was added to the solution. It was stirred
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overnight at room temperature. Solvent was removed under vacuum and the crude residue was
dissolved in ethylacetate (10 mL). It was washed with H,O (2 mL) and the organic layer was
separated and the solvent was removed under vacuum to yield a white solid of 5 (0.02 g, 0.029
mmol, 86%). mp 129-131 °C; *H NMR (400 MHz, CD;0D) & 1.55-1.63 (m 2H), 1.81-1.98 (m
4H), 2.65-2.70 (m, 4H), 2.85 (dd, 4H, J= 13.8 Hz, J= 5 Hz), 3.45- 3.54 (m 4H), 3.82-3.85 (m,
2H), 4.11 (s, 4H), 5.55 (s, 2H), 7.16 (s, 2H), 7.25 (s, 2H) ; *C NMR (100.5 MHz, CD3;0D) &
26.4, 28.4, 29.2, 40.1, 40.4, 66.7, 74.3, 104.3, 127.9, 130.1, 134.3, 138.1, 139.4, 156.2; MS(ESI)
m/z 475.3 (M)*, 238.1 (M**/2)*; HRMS (ESI) calcd for (M+H)* CysH3sN,0s 475.2808, found

475.2807

1,1°-(1,5-pentanediyl)bis[3-bromo-5-propyl-2-hydroxybenzene] (41)

Dry compound 32 (0.43g, 0.87 mmol) was placed into a Parr™ hydrogenation reaction bottle. 32
was dissolved in ethylacetate (15 mL). The bottle was flushed with a nitrogen atmosphere and a
catalytic amount of 10 % Pd/C was introduced to the bottle. It was charged with H, gas in the
high pressure Parr™ shaker hydrogen apparatus. The contents of the reaction bottle were flushed
twice with hydrogen and then placed under hydrogen (35 atm) for 18 h. The progress of the
reaction was followed by monitoring the change in the H, gas pressure and TLC at different
times. The crude reaction mixture was passed through a Celite pad and subjected to a gravity
column separation (80:20 EtOAc/Hexane) to yield a white solid (0.41 g, 0.83 mmol, 95%). mp
63-64 °C; 'H NMR (400 MHz, DMSO-dg) 6 0.85 (t, 6H, J=7.2 Hz), 1.32-1.39 (m, 2H), 1.48-1.53
(m, 8H ), 2.41 (t, 4H, J=7.4 Hz), 2.55 (t, 4H, J=7.6 Hz), 6.85 (d, 2H, J=1.6 Hz), 7.11 (d, 2H, J=2

Hz), 8.61 (s, 2H); *C NMR (100 MHz, DMSO-ds) & 13.7, 24.1, 29.3, 30.3, 37.5, 113.2, 128.7,
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129.5, 131.5, 132.6, 149.3; HRMS (ESI) calcd for CysHzoBr,0, (M-H) 495.0534, found

495.0542.

1,13-dibromo-3,11-dipropyl-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine

(42)

Dry 41 (0.41 g, 0.83 mmol) was placed in a 500 mL round bottom flask followed by K,COj3
(0.34 g, 2.43 mmol) and 18-Crown-6 (0.32 g, 1.21 mmol) in a glove bag. Fitted with a
condenser, the flask was removed from the glove bag and dry THF (300 mL) was added to the
flask under N, atmosphere. It was warmed to 54 °C and stirred for 0.5 h. CHal, (65.5 pL, 0.83
mmol) was syringed into the reaction mixture and stirred at 54 °C for 24 h. After 24 h, CHl,
(65.5 pL, 0.83 mmol) again was added to the pale green reaction mixture and its temperature
raised to 71°C and stirred under reflux for a further 72 h. The colorless solution was quenched by
pouring onto 0.1 M HCI (200 mL). The organic layer was separated and the acid layer was
extracted with CH,Cl, (2 x 100 mL). The combined organic layers was washed with saturated
NaHCO; (3 x 100 mL) followed by saturated brine solution (150 mL). It was dried over
anhydrous Na;SO, and solvent was removed under reduced pressure. Radial chromatography
(98:2 Hexane/lsopropylamine) yielded the pure product as a white solid (0.35 g, 0.69 mmol,
83%) mp 82-83 °C; 'H NMR (400 MHz, CDCls) § 0.92 (t, 6H, J=7.4 Hz), 1.53-1.63 (m, 6H),
1.82-1.86 (m, 4H), 2.48 (t, 4H, J= 7.6 Hz), 2.88-2.89 (m, 4H), 5.51 (s, 2H), 6.94 (d, 2H, J= 2
Hz), 7.20 (d, 2H, J= 2 Hz):; *C NMR (100 MHz, CDCls) 5 13.7, 24.4, 25.3, 26.5, 28.9, 37.2,
102.9, 117.5, 130.2, 130.4, 138.8, 140.7, 153.1; HRMS (ESI) calcd for CasH3oBr,0, (M)

508.0613, found 508.0622.
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3,11-dipropyl-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine-1,13-

dicarbonitrile (43a)

A mixture of dry 42 (0.35 g, 0.68 mmol), CuCN (0.48 g, 5.4 mmol), Pd,(dba); (0.04 g, 0.04
mmol), DPPF (0.12 g, 0.22 mmol) and anhydrous 1,4-dioxane (3.5 mL) in the presence of
Et4NCN (0.18 g, 1.36 mmol) was refluxed for 24 h. The reaction mixture was diluted with
EtAOc (10 mL) and filtered through a Celite pad. The filtrate was washed with saturated
NaHCO; (3 x 5 mL), dried over anhydrous Na,SO,4, and the solvent was evaporated under
reduced pressure. The residue was dried and reacted once again with CuCN (0.24 g, 2.7 mmol),
Pd,(dba)s (0.02 g, 0.02 mmol), DPPF (0.06 g, 0.11 mmol) and anhydrous 1,4-dioxane (3.5 mL)
in the presence of Et;NCN (0.09 g, 0.68 mmol), with the reaction mixture under reflux for 24 h.
The reaction mixture was diluted with EtAOc (10 mL) and filtered through a Celite pad. The
filtrate was washed with saturated NaHCOj3 (3 x 5 mL), dried over anhydrous Na,SO,, and the
solvent was evaporated under reduced pressure. After passing through a silica pad using 100 %
EtOAc, the residue was purified by radial chromatography (98:2 Hexane/lsopropylamine), to
yield 43a as a white solid (0.29 g, 0.56 mmol, 83 %). mp 82-83 °C; *H NMR (400 MHz, CDCl5)
§ 0.93 (t, 6H, J= 7.4 Hz), 1.53-1.54 (m, 2H), 1.58-1.64 (m, 4H), 1.79-1.88 (m, 4H), 2.54 (t, 4H,
J=7.6 Hz), 2.84 (t, 4H, J= 8.2 Hz), 5.75 (s, 2H), 7.24 (s, 2H), 7.25 (s, 2H); **C NMR (100 MHz,
CDCl3) 6 13.5, 24.2, 25.1, 26.4, 28.0, 37.0, 102.3, 107.1, 116.7, 130.3, 135.7, 138.0, 140.0,
157.0; FTIR (ATR) v 2225 cm; HRMS (ESI) calcd for CasHaoN20, (M+Na)* 425.2205, found

425.2181.
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tert-butyl (3,11-dipropyl-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine-1,13-

diyl)bis(methylene)dicarbamate (44b)

In a two neck flask fitted with a Schlenk tube and a septum, a stirred solution of dry 43a (0.29 g,
0.56 mmol) in dry methanol (11.8 mL) was cooled to 0 °C. Boc,O (0.48 g, 2.24 mmol) and
NiCl,.6H,0 (0.03 g, 0.11 mmol) were added to the mixture by opening the septum and quickly
closing it. NaBH, (0.29 g, 7.84 mmol) was then added in small portions over 30 minutes via the
Schlenk tube. The reaction was exothermic and effervescent. The resulting reaction mixture
containing a finely divided black precipitate was allowed to warm to room temperature and left
to stir for 24 h and then diethylenetriamine (240 uL, 1.12 mmol) was added. The mixture was
allowed to stir for 1 h before the removal of the solvent under vacuum. The purple residue was
dissolved in EtOAc (50 mL) and extracted with saturated NaHCO;3; (2 x 25 mL). The organic
layer was dried over anhydrous Na,SO, and the solvent removed in vacuum to yield a crude
yellow solid. The dry crude solid was again dissolved in dry methanol (11.8 mL) and the mixture
cooled to 0 °C. Boc,0 (0.24 g, 1.12 mmol) and NiCl,.6H,0 (0.03 g, 0.11 mmol) were added to
the reaction mixture and NaBH, (0.15 g, 3.92 mmol) was added in small portions over 30
minutes via a Schlenk tube. The reaction was allowed to warm to room temperature and stirred
for 24 h. Diethylenetriamine (240 uL, 1.12 mmol) was then added. The mixture was allowed to
stir for 1 h before the removal of the solvent under vacuum. The purple residue was dissolved in
EtOAc (50 mL) and extracted with saturated NaHCOj3 (2 x 25 mL). The organic layer was dried
over anhydrous Na,SO, and the solvent removed in vacuum to yield a crude yellow solid. It was
recrystallized using EtOAc and Hexane (0.18 g, 0.46 mmol, 82%). mp 134-135 °C; 'H NMR
(400 MHz, CDCl3) 5 0.91 (t, 6H, J=7.4 Hz), 1.40 (s, 18H), 1.52-1.68 (m, 4H), 1.78-1.85 (m, 4H),

2.49 (t, 4H, J=7.8 Hz), 2.84-2.87 (m, 4H), 4.18 (d, 4H, J= 5.2 Hz), 4.83 (s, 2H), 5.36 (s, 2H),
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6.928 (s, 4H); *C NMR (100 MHz, CDCls) & 14.1, 24.7, 25.6, 27.3, 28.4, 28.6, 37.6, 40.5, 79.5,
102.5, 127.2, 130.3, 131.7, 137.5, 139.6, 154.1, 155.9; FTIR (ATR) v 3338 cm™; HRMS (ESI)
caled for CasHssN,OgNa (M+H)* 611.4060, found 611.4069, calcd for CzgHssN2OgNa (M+Na)*

633.3880, found 633.3880.

(3,11-dipropyl-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine-1,13-

diyl)dimethanaminium 2,2,2-trifluoroacetate (45)

To a solution of Boc protected amine 44b (0.047 g, 0.08 mmol) in anhydrous CH,Cl;, (1 mL) was
added TFA (1 mL) and the reaction mixture stirred for 0.5 h at room temperature. The excess
reagent & solvent were removed under vacuum. The resulting crude oil like product was taken
for the next reaction without further purification (0.05 g, 0.08 mmol, 100 %). *H NMR (400
MHz, CDCl3) 6 0.86 (t, 6H, J= 7.4 Hz), 1.50-1.56 (m, 6H), 1.72-1.76 (m, 4H), 2.43 (t, 4H, J= 7.6
Hz), 2.67-2.73 (m, 4H), 3.99 (s, 4H), 5.47 (s, 2H), 6.96 (s, 2H), 6.99 (s, 2H), 8.08 (s, 6H); °C
NMR (100 MHz, CDCl3) 6 13.6, 24.3, 25.3, 25.6, 27.5, 37.2, 41.0, 99.7, 121.4, 125.0, 128.7,
133.2, 137.0, 141.1, 151.7, 161.5; HRMS (ESI) calcd for CasHzoN20, (M+H)" 411.3012, found

411.2997; calcd for CogHsgN20,Na (M+Na)* 433.2831, found 433.2826

(3,11-dipropyl-6,7,8,9-tetrahydro-5H-dibenzo[d,k][1,3]dioxacyclododecine-1,13-

diyl)dimethanaminium hexafluorophosphate(V) (46)

The crude 45 (0.05 g, 0.08 mmol) was dissolved in ethyl acetate (2 mL) and a solution of
NH4PFs (0.13 g, 0.8 mmol) dissolved in ethyl acetate (2 mL) was added. The resulting mixture

was stirred for 24 h under a nitrogen atmosphere at room temperature. The solution was diluted
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with ethyl acetate (10 mL) and washed with H,O (3 x 8 mL). Solvent was removed under
vacuum to yield a white solid (0.05 g, 0.07 mmol, 96 %). mp 115-117 °C; *H NMR (400 MHz,
DMSO0) § 0.85 (t, 6H, J= 7.2 Hz), 1.19-1.22 (m, 2H), 1.42-1.59 (m, 4H) 1.74-1.80 (m, 4H), 2.80-
2.85 (m, 4H), 3.92 (s, 4H), 5.45 (s, 2H), 6.96 (s, 2H), 7.00 (s, 2H) 8.16 (s, 6H); *C NMR (100
MHz, CDCls) 6 13.8, 24.4, 27.1, 27.6, 29.9, 37.2, 42.1, 98.9, 124.8, 128.7, 133.1, 136.6, 140.8,
151.4; HRMS (ESI) calcd for CysH3gN,O, (M+H)" 411.3012, found 411.2997; calcd for

Ca6H3sN20,Na (M+Na)* 433.2831, found 433.2816
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Sample Name:
Bis Anisole 3Linker

Data Collected on:
mc-115-nmr-400-inovad 00

Archive directory:
/home/vnmrl/vomrays/data/£idlib

Sample directory:
Ethylindanone

FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdell
Data collected on: Jan 28 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degre
Acq. time 2.560
width 6399.0 Hz
32 repetitions
OBSERVE  H1, 399.9271890 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

Sample Name:
Bis Anisole 3Linker

Data Collected on:
mc-115-nmr-400-inovad00

Archive directory:
/home/vomrl/vomrays/data/£idlib

Sample directory:
Ethylindanone

Fidrile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: edell
Data collacted on: Jan 28 2013

Temp. 25.0 C / 298.1 K
ator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.303 sec

width 25141.4 Mz

700 repetitions
OBSERVE €13, 100.5617452 MMz
DECOUPLE M1, 399.9291809 Mz
Power 42 am

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

¥T siz
Total time 26 min

Figure 31. *H NMR (top) and **C NMR (bottom) data for compound 6
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sample Name:
BisBromide_ 3Linke

Data Collected on
mc-115-nmr-400-inovad00

Archive directory:
/home/vomrl/vamrsys/data/£idlib

Pulse Sequence: PROTON (s2pul)
Solvent: cdel3
Data collected on: Feb 11 2013

Operator: aruna

Relax. delay 1.000 smec
Pulse 45.0 degr:
Acqg. time 2.560
Width 6399.0 mz
2 repetitions —
OBSERVE  H1, 399.9271813 MHz
DATA PROCESSING /
Fr size 32768 /
Total time 0 min 7 sec = o= o

Sample Name:
BisBromide 3Linker
Data Collected on
mc-115-nmr-400-inovad00
Archive directory:
/home /vomrl/vomrsys/data/£idlib
Sample directory:
Ethylindanone
ridrile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Feb 11 2013

Temp. 19.1 € / 292.2 K
Operator: aruna

Relax. delay 1.000
Pulse 45.0 degrees
Acg. time 1.303 sec

width 25141.4 Hz

130 repetitions
OBSERVE C13, 100.5617498 M=
DECOUPLE H1, 399.9291809 Mu=z

Power 42 aB

continucusly on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

PT size 65536 |
Total time 642 hr, 16 min |

Figure 32. '"H NMR (top) and **C NMR (bottom) data for compound 7
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STANDARD 1H OBSERVE

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
Mercury-300BB  “wsu300"

Relax. delay 1.000 sec
Pulse 78.7 degrees

Acq. time 1.935 sec

Width 4506.5 Hz

16 repetitions

OBSERVE  H1, 300.1452509 MHz
DATA PROCESSING

FT size 32768

Total time 0 min, 49 sec

Figure 33. 'H NMR data for compound 9
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Sample Name:
Benzyl Protected BoxPdt
Data Collected on
mc-115-nmr-400-inovad00
Archive directory:

/home /vnmrl/vamrsys/data/£idlib

Sample directory:
Ethylindancne
Pidrile: PROTON

Pulse Sequence: PROTON (s2pul)

Solvent: cdcl3

Data collected on: Jan 24 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acqg. time 2.560 sec
width 6399.0 Hz

32 repetitiona

OBSERVE  H1, 399.9271813 Mux

DATA PROCESSING
FT size 32768
Total time 1 min 54 sec

Sample Name:
Benzyl Protected BoxPdt
Data Collected on:
mc-115-nmr-400-inovad00
Archive directory:

/home /vnmrl/vnmrsys/data/£idlib

Ssample directory:
Ethylindanone
FidFile: CARBON

Puls.
Solvens

edc13

Sequence: CARBON (a2pul)

Data collected on: Jan 24 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulae 45.0 degrees
Acqg. time 1.303 sec
Width 25141.4 Hz

1000 repetitions

OBSERVE €13, 100.5617552 Muz
DECOUPLE M1, 399.9291809 Mz

Power 42 dB
continuously on
WALTZ-16 modulated

DATA PROCESSING
Line broadening 0.5 Hz

FT size 65536

Total time 38 min

ppm

Figure 34. *H NMR (top) and **C NMR (bottom) data for compound 10
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STANDARD IH OBSERVE

Pulse Sequence: szpul

Solvent: COCI3
Ambient temperature
Mercury=3008B “wsumercury300"

0 sec

n
OBSERVE M1, 300.1452500 MMz
DATA PROCESSING
T size 65536

6

Figure 35. "H NMR data for compound 12

96




Black cap

Pulse Sequence: szpul
Solvent: cOC13

Ambient temperature
Mercury-30088 "wsumercury300"

Pulse 48.5 degrees
Acq. time 3.336 sec
width 5995.2 Mz
32 repetitions

H1

OBSERVE . 300.1452465 MHz
DATA PROCESSING
FT size 65536

Total time 1 min, 52 sec

Sample Name:
Red_Cap_Tosylated MOM Protected
Data Collected on:

/home/vnmrl/vnmrays/data/£idlib
Sample directory:

Ethylindanone
FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcll
Data collected on: Jan 25 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.303
width 25141.4 Hz

32 repetitions

OBSERVE C13, 100.5617847 MHz
DECOUPLE M1, 399.9291809 |MHz
Power 42 aB [
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536 |
Total time 1 min 14 sec|

A

Figure 36. "H NMR (top) and **C NMR (bottom) data for compound 15

97

ppm



STANDARD 1M OBSERVE

Pulse Sequence: s2pul
Solvent: CDC13

Ambient temperature
Mercury-300B8 “wsumercury300"

Pulse 48.5 degrees
Acg. time 3.335 sec

Width 5995.2 Hz

32 repetitions
OBSERVE H1, 300.1452503 MHz
DATA PROCESSING
FT size 65536

Total time 1 min, 52 sec

Figure 37. *H NMR data for compound 16
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STANDARD 1H OBSERVE

Pulse Sequence: s2pul

Solvent: COCI3
Ambient temperature
INOVA-400 “wsuinovas0o"

Pulse 95.5 degrees
Acg. time 3.744 sec

Total time 1 min, 0 sec

A

Probe tuning parameter
Sample Name:

Data Collected on:
mc-115-nmr-400-inovad00
Archive directory:

Sample directory:
Fiarile: CARBON
Pulse Sequence: CARBON (s2pul)

Data collected om: Jul 10 2013

Temp. 25.0 € / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 1.303 sec

width 25141.4 Hz

331 repetitions

OBSERVE C13, 100.5617790 MHz
DECOUPLE M1, 399.9291809 MHx

continucusly on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hx
FT size 65536

Total time 642 hr, 16 min

ppm

Figure 38. *H NMR (top) and **C NMR (bottom) data for compound 18
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Figure 39. *H NMR data for compounds 19a and 19b
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STANDARD 1H OBSERVE

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
Mercury-3008BB "wsumercury300" |

Pulse 48.5 degrees

Acq. time 3.336 sec

width 5995.2 Hz

32 repetitions |
OBSERVE H1, 300.1452481 MHz |
DATA PROCESSING

FT size 65536

Total time 1 min, 52 sec

11 10 9 8 7 6 S 4 3 2

Figure 40. *H NMR data for 5-allyl-2-methoxybenzaldehyde
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Print Date: 02 May 2008 12:44:37

Spectrum Plot - 5/2/2008 12:44 PM

1A Profile Scan 194 from ci\vari: _data\5-2-2008 aruna-apci.xms
Specirum 1A Profie Smoothed 1]
BP. 121.0 (6 2130+7=100%), 5-2-2008 aruna-apcixms 3,091 min, Scans; 191-197, 100.0.1500.0>, lon: NA, RIC: 3 541e+9)
234 3
2022047 1
30%— —
25% —
2693
1.4260+7 mna
1.401e+7
20%{ |
2573
1.1440+7
30654
9993646
15%~1 —
4.4
eff1ess
10% —
24 II
6
5%
5.3
2 i 2 2Aq{1e+6
3153
754e+6
3
f7ers
250 ED) o o o i

Figure 41. ESI-MS data for compound 20
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Sample Name:
Green Cap DiethylEtherLinker
Data Collected on:
mc-115-nmr-400-inovad00
Archive directory: ==
/home/vnmrl/vnmrays /data/£idlib -
Sample directory:
Ethylindanone
PidPile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Jan 25 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec

Pulse 45.0 degrees st
Acq. time 2.560 sec

width 6399.0 Hz |

16 repetitions

OBSERVE M1, 399.9271886 MHz

DATA PROCESSING

PT size 32768 5 =
Total time 0 min 57 sec B

|
| S o ‘

Sample Name:
Green Cap DiethylEtherLinker

Data Collected onm:
mc-115-nmr-400-inovad00

Archive directory:
/home/vnmrl/vomrsys/data/£idlib

Sample directory:
Ethylindanone

FidPile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdell
Data collected on: Jan 25 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degr:
Acq. time 1.303 sec

Width 25141.4 Hz

576 repetitions
OBSERVE €13, 100.5617479 MHz
DECOUPLE H1, 399.9291809 Mz
Power 42 dB

continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Mz
¥T size 65536

Total time 38 min |

150 140 70 60 50 40 30

Figure 42. 'H NMR (top) and **C NMR (bottom) data for compound 21
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Sample Name:
Yellow Cap DiethylEtherLinker BoxPdt

Data Collected on:
mc-115-nmr-400-inovad00

Archive directory:
/heme/vnmrl/vnmreys/data/£idlib

Sample directory:
Ethylindanone

FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Jan 25 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.560 sec

Width 6399.0 Hz

16 repetitions

OBSERVE  H1, 399.9272093 MHz
DATA PROCESSING

FT size 32768

Total time 0 min 57 sec

7.5 7.0 6.5 6.0 5.5 5.0 4.5

Figure 43. *H NMR data for compound 22
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Sample Name:
Cap_BisBromide DiethylEtherLinker
Data Collected on:
mc-115-nmr-400-inovad00
Archive directory:
/home /vnmrl /vnmrsys/data/£idlib
Sample directory:
Ethylindanone
FPidrile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Jan 25 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degr
Acq. time 2.560 sec
Width 6399.0 Hz

16 repetitions

OBSERVE  H1, 399.9271886 MHz
DATA PROCESSING

FT size 32768

Total time 0 min 57 sec

A

7.5 7.0

Sample Name
Blue Cap BisBromide DiethylEtherLinker

Data Collected on:
me-115-nmr-400-inovad00

Archive directory:
/home/vnmrl/vomrays/data/£idlib

sample directory:
Ethylindanone

Fidrila: CARBON

Pulse Sequence: CARBON (s2pul)

Solvent: cdecl3
Data collected on: Jan 25 2013

Temp. 25.0 C / 298.1 X
Operator: aruna

Relax. delay 1.000 sec
-

100.5617483 Muz

oBsERVE cC13,
399.9201809 Mz

DECOUPLE H1,
Power 42 am
continucusly on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
za 65536
time 38 min

T T T T i
160 iso0 140 130 120 110

Figure 44. "H NMR (top) and **C NMR (bottom) data for compound 23
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Sample Name:
Allyl DiethylEtherLinker BoxPdt
Data Collected on:
mc-115-nmr-400-inovad00
Archive directory:
/home /vomr1/vomrsys/data/£idlib
Sample directory:
Ethylindanone
PidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3

Data collected on: Jan 24 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.560 s
Width 6399.0 Hz
32 repetitions
OBSERVE Hl, 399.9271873 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

Sample Name:
Allyl DiethylEtherLinker BoxPdt

Data Collected on:
mc-115-nmr-400-1inovad00

Archive directory:
/home/vnmr1/vnmrsys/data/£idlib

Sample directory:
Ethylindanone

ridrile:

Pulse Sequence: CARBON (s2pul)
Solvent: cdel3
Data collected om: Jan 24 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degr:
Acg. time 1.303 sec

Width 25141.4 Hz

896 repetitions
OBSERVE C13, 100.5617499 Mz
DECOUPLE H1, 399.9291809 MHz
Power 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

PT size 65536

Total time 38 min

A

ppm

150 140

120 110 100 90 80 70 60 50 40

30

20

ppm

Figure 45. 'H NMR (top) and **C NMR (bottom) data for compound 24
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Allyl ether, A. Jayasinghe

LOBO301 13 (1.376) Cm (13:23) 1: TOF MS ES+
1751110 1.29e5
1007
Calc M+H = C24H3103 = 367 .2273, 4.1 ppm
Calc M+Na = C24H3003Na = 389.2093, 3.6 ppm
367.2268
"
] 389.2107
384.2550
176.1151 405.1859
3652142
327 2002 416.2475
160.0908 BIOT2  5pnypy 2291449 | | | 2o 2050
P S S 1 el el . oy W il ol b
T T T T T T T T 1 T T T T T 1 T T T T T 1 T T 1 T 1 T
160 180 200 230 240 260 280 300 320 340 360 380 400 420

Figure 46. HRMS data for compound 24
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STANDARD 1H OBSERVE

Pulse Sequence: sZpul

Solvent: COCI3
Ambient temperature

Mercury-300B8  "wsumercury

Pulse 48.5 degrees
c

300

ans
OBSERVE  H1, 300.1452509 MH
DATA PROCESSING

FT size 65536

Total time 0 min, 9 sec

Figure 47. 'H NMR data for compound 26
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STANDARD 1H OBSERVE

Pulse Sequence: s2pul

Solvent: CDC13
Asbient temperature
INOVA-400 “wsuinovad00"

Pulse 95.5 degrees

Acq. time 3.744 sec

width 6000.6 Hz

16 _repetitions

OBSERVE  H1, 399.9371255 MHz
G

Total time 1 min, 0 sec

BisTosylate_Pentanelinker_Pure

Pulse Sequence: s2pul
Solvent: COCI3

Ambient temperature
INOVA-400  “wsuinovadoo™

Relax. delay 1.000 sec
Pulse 4 egree

ons
OBSERVE ' C13, 100.5642462 MMz
DECOUPLE H1. 39909391255 MHz
Power 31
cont inuously on
WALTZ-16 modulated
DATA PROCESSING

ne broadening 1.0 Mz
FT size 65536
Total time 2 hr, 45 min, 36 sec

ppm

Figure 48. "H NMR (top) and **C NMR (bottom) data for compound 27
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AR-01, A. Jayasinghe
LO91409 16 (1.641) Cm (16:32-2:4)

1: TOF M5 ES+

. 4350913 3.76e4
451.0852
Calz M+H = C18H2506852 = 413.1083, not found
Calc M+Na = C19H240652MNa = 435.0812, 0.1 mmu
325.1233
- 217.1038
229.1403 3031404
3410995 452.0706
b 2731673 453 064T
S - 4761205
279.0848 3421036 | 350.2246
2151172 245.1219 430.1378
1 3792312 3932498
205017 asszezs| oo
512.2173
- miz
200 220 240 280 280 300 320 340 380 380 400 420 440 460 480 500

Figure 49. HSMS data for compound 27
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STANDARD 1H OBSERVE

Pulse Sequence: szpul
Solvent: COCI3
Ambient temperatur

INDVA-400  “wsuinovad00"
Pulse 95.5 degrees
Acq. time 3.744 sec

width 6000.6 Hz
64 _repetitions
DBSERVE W1, 399.9371255 MHz
DATA PROCESSING
FT size 65536
Total time 4 min, 0 sec

cyclohexene

Pulse Sequence: sZpul
Solvent: COCI3

Ambient temperature
INOVA=400  "wsuinovadoo™

Relax. delay 1.000 sec
Pulse 52.4 degrees
Acq. time 1.139 sec

OBSERVE C13, 100.5642533 MHz
, 399.3391255 MHz
B

FT size 65536
Total time 6 hr 2

8 ain, 2 sec

60 a0

Figure 50. "H NMR (top) and **C NMR (bottom) data for compound 28
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File:12092002A Acg:21-8EP-2012 10:01:47 +2:4) CalaZ092052A ldents5_15
ZAB-GE4F EI+ Voltage BpI(Vi:4.0V TIC:1213035544 Flags NORM

?ég Text :AR-01, A. JAYASINGHE POS VSCAR Iﬁ':‘l; FFX
1

29841772 7687
953 L7.387
203 L6 927
253 CALS N+ C15H2402 = 284.1776, D.4 U b s=7
803 be. 17
753 Es.7e7
703 £, 37
653 Es. 087
60 Ee. 687
ss] Ee. 287
504 F:.se7
45
203
35 .
303
25 285.1018
201 Ei.seT
153 F1.187
10] Jad3 E 7. 626
53 283.001¢ l E5. 826
0. 283.2357 . TR l Jen.ons 0.0B0
283 10 285 282 n/
Print Date: 09 May 2012 17:48:09
Spectrum Plot - 5/9/2012 5:48 PM
1A Profile Scan 7 from 9 2012 arunal xms.
®
moy 2012 snrstams 0087 i Scan 7,600.1000 0n- I 3 Sasers
252
00| eizar ki
o -
son] 2
¥ <4
29| -
102 w022
12607 1 hr
a0
3817006
o]
13 L3 % & & &

Figure 51. HSMS (top) and ESI-MS (bottom) data for compound 28
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STANDARD 1H DBSERVE

Pulse Sequence: s2pul
solvent

Anbient temperature
INOVA-300  “wsuinovadon

Pulse 95,5 degrees
sec

cyclohexene

Pulse Sequence: s2pul
Solvent: CDC13

Ambient temperature
INOVA-200  "wsuinovas0o”

Relax. delay 1.000 sec

100.5642502 WHz
DECOUPLE H1, 399.9391255 MHz
Power 35 dB

continuously on

VALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536

Total time 6 hr, 8 min, 2 sec

e e

0 ppm

160 1a0

120

100 80

113

a0

20

Figure 52. "H NMR (top) and **C NMR (bottom) data for compound 29



menz,osmv Acq121-8EF-2012 10:44:59 #2454 Cal:2092007 monr.un 16 SNO(2,%) FKD(S,3,5,0.029,0.0,50.009,F,T| SPEC{Areas,Centroid)e
F EI+ Voltage Bpl(V):356.€aV TIC:1602087360 Flags:NOR

Fté: 'N.x: AR-02, A. JAYASINGHE POS VSCAN WITH PPX

1

$41.5968  _1.487

953 1,387
503 £1.327
LT 1,267
203 1,167

CALC M4 C19622028R2 = 439.9987, 2.6 300
753 3.0k
703 i LRI
653 [9.1E4
601 442.9729 L3.ax6
553 7. 786
503 v E7.086
153 E 6. 3E6
403 5. 6B
4355361 :

353 TR
303 bio2ze
253 441,9542 AT
203 LBEE
15 38,0001 b =B
103 1. 486
435.9758 436.9875 440.5751 E7,08S

[ 436.3537  [437.3307 4309990 440.4422 441.4651 441.4493  Jad3.zEn3 2.0E0

4l a7 e ato o a2 482 als ade miz

Figure 53. HSMS data for compound 29
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STANDARD 1H OBSERVE

Pulse Sequence: sZpul

Solvent: DMSO
Ambient temperature
Mercury-300B8  “wsumer cury30

Pulse 48.5 degrees
Acq. time 3.336 se

Vidth $885.2 Wz

32 repetitions

OBSERVE _ Hi, 300.1466718 MHz
DATA PROCESSING

FT 5izo 65536

Total time 1 min, 52 sec

cyclohexene

Pulse Sequence: s2pul
Solvent: CDC13

Ambient temperature
INOVA-400  “wsuinovadoo®

Relax. delay 1.000 sec
Pulse 52.4 degrees
Acg. time 1.199 sec
width 25000.0 Wz
1280 repetitions
3, 100,5602609 MHz
DECOUPLE M1, 399.9391255 MHz
Power 35 db
cont fnuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
FT size 65536
Total time 6 hr, & min, 2 sec

ppm

160 140

Figure 54. *H NMR (top) and **C NMR (bottom) data for compound 30
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P11e:3092005A Acq:i21-3BP-2012 10:10:09 «3:14 Cnl)12092005A Tdent:4_18 $M0O(2,5) PRD(S,3,5,0.028,0.0,50.00%,F,T) EPEC{Areas,cencroids

IAD-SEAF EI+ Voltape BpI|V):2.7V TIC:14074753668 Flags«NORM
!Iaée Text «AR-03, A. JAYASINGHE POS VSCAN WITH §FK
1008

364.2376 7.687
953 L7, SET
96 £7 167
654 b6, TET
L T
CALC M+ C25HI202 « J64.2402, 2.6 NwU
75 LS, 9ET
704 b, 5E7
65 Ee 167
60 E o787
55 E e, 3E7
504 t 3,987
i
453 E3. 587
40 £ 3,187
153 A b2 7687
™ 365.2417 366.9752 2. 487
253 2. 087
204 1. 627
15 b1.287
362.5656
104 L7.626
361.9798
4 p— 359, 9802 30,9893 366.2452 L3986
' £0.37 1623084
d 3593638 |.3 0.1728 | 361,3797 Ba e goibes o 3674217 f o oo
159 260 13 162 5] 164 3és 366 3&7 Wiz

Figure 55. HSMS data for compound 30
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STANDARD 1H DBSERVE

Pulse Sequence: s2pul

ure
wsuinovad0o"”

INOVA-400

Pulse 95.5 degrees
Acq. time 3.784 sec

width §000.6 Hz

32 repetitfons

OBSERVE  H1, 399.9390252 MHz
DATA PROCESSING

FT size 65536

Total time 2 min, 0 sec

10 9 8 7 6 5 4

cyclohexene

Pulse Sequence: szpul
Solvent: OMSO

Ampient temperature
INOVA-400  “wsuinovad0o"

Relax. delay 1.000 sec
Pulse 52.4 degrees

fons

3, 100.5647912 MKz

DECOUPLE H1, 393.9410252 MHz
d8

DATA PROCESSING
Line broadening 1.0 Mz
FT size 65536

Total time 12 hr, 16 m

ppm

140 120 100 80 60

Figure 56. *H NMR (top) and **C NMR (bottom) data for compound 31
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[AR-04, A. Jayasinghe, Neg.
L091435 33 (1.738) Cm (32:54-4:10)

1004
Calc M-H = C23H2702 = 335.2011, 2.2 mmu
#H
1 2951680 312.9160
265.1
2169042 247.8074
O_

200 220 240 260 280 300 320

335.1989

1: TOF MS ES-
2.897ed]

336.2033

4491948

3714770

4331697  |450.1982
337.2057 3131753 398.1974

497 0891

Print Date: 09 May 2012 18:05:25

Spectrum Plot - 5/9/2012 6:05 PM

1A Profile Scan 35 from

92012 aruna2 xms

[Soecinm 1A
60 350 1 (5 0%e+7=100%), may 8 2012 runa2 ma

Frofie Smooied()|
0464 min, Scan: 35 80.0.1000 0%, RIC. 2.6130+9)

3311007

g
§e

Figure 57. HSMS (top) and ESI-MS (bottom) data for compound 31
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Figure 58. FTIR data for compound 31
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STANDARD 1H OBSERVE

Pulse Sequence: s2pu)
Solvent: DMSD

Ambient temperature
INOVA=400  “wsuinovadoo®

Pulse 95.5 degrees
Acy. time 3.744 sec
5 Hz

6 etitio

OBSERVE Wi, 399.9300373 Ni
DATA PROCESSING

T size 5553

Total time 4 min, 0 sec

cyclohexene

Pulse Sequence: sZpul
Solvent: COC13

bient temperature
INOVA-400  “wsuinovad0o"

Relax. delay 1.000 sec

0BSE €13, 100.5642479 MHZ
DECOUPLE M1, 398.9391255 MMz
Power B

continuously on

ALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 12 hr, 16 min, 4 sec

ppm

80

60 40 20

Figure 59. *H NMR (top) and **C NMR (bottom) data for compound 32
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Fl1a:20920004 Acq:21-82P-2012

ZAD-SEAP ZIe Voltage BpI{V):6.3V TIC:4511572864 Flage:Noin
Pile Text:AR-05, A. JAYASINGHE POS VSCAN NITH PFK
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Figure 60. HSMS (top) and ESI-MS (bottom) data for compound 32
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Bis para Allyl Tinked pure 03/21/12
Pulse Sequence: s2pul
Solvent: €OC13

Ambient temperatur
INOVA-400  “wsuinova400"

Pulse 46.0 degrees
se.

Total time 4 min, 0 sec

Bis paraallyl linked Pure 03/21/12

Pulse Sequence: s2pul

Solvent: COC13
Ambient temperature
INOVA-400 “wsuinovad0o*

Relax. delay 1.000 sec
Pulse 44.6 degrees

Acq. time 1.198 sec

width 34995.6 Hz

620 repetition:

OBSERVE €13, 100.5642481 MMz
DECOUPLE H1, 399.9391255 MHz
Power 31 dB

cont inuously on

WALTZ-16 modulated

OATA PROCESSING

Line broadening 1.0 Hz

T size 131072

Total time I hr, 50 min, 24 sec

200 180 160 140 120 100 80 60 40 20

Figure 61. "H NMR (top) and **C NMR (bottom) data for compound 33
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File:Z092 0048 Aog: I -SEP-2012 10:34:03 +4:15 Cal:Z002004k Tdenc:1B_34 SMO(Z,5) PEDIS,3,5,0.03%,0.1,50.00%,F. T} SPECIADess, Cantrols
ZhE-SE4F EI+ Voltage BpIiW) (4D6.1nW TIC:6I63054%00 Flage :HORN

Fils Text:kA-DE,

10

as,

.

WE
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75

el
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&0,

£
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M. TATABINGHE POS8 VECAW WITH FFK

5040204
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CALE Me CJ4HIEOZERZ - 504f0300, 1.6 MU
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£15,3341
: 3fIS. 106G
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Figure 62. HSMS data for compound 33

123

2. 286

7. 086

7. 4E8

T.0EE

£ . GE6

£, 2E4

5. SES

& 1EE

Z.0Es

2. 586

2.1E6

1.6E&

4.1E3

0. 0ED



STANDARD 1H OBSERVE

s2pul

Pulse Sequenc
Solvent: OMSO

Ambient temperature
INOVA-400  “wsuinovad00"

Pulse 95.5 degrees
Acq. time 3.734 sec

width 6000.6 Hz

64 repetitions

OBSERVE _ H1, 299.9390110 MHz
DATA PROCESSING

T size 65536

Total time 4 min, 0 sec

STANDARD 1H OBSERVE

Sample Name:

Data Collected on:
mc-115-nmr-400-inovad00

Archive directory:

Sample directory:

Fidrile: CARBON

Pulse Sequence: CARBON (s2pul)

Solvent: c0300
Data collected on: Aug 11 2013

Temp. 25.0 € / 298.1 K
Operator: aruna

Relax. delay 1.000
Pulse 45.0 degr
Acq. time 1.303 sec
width 25141.4 Ez

21149 repetitions

OBSERVE C13, 100.5620076 Miz
DECOUPLE H1, 399.9310806 Mz

continuously on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
FT size 65516

Total time 642 hr, 16 min

—49.364

49.150

160 140 120 100 80

Figure 63. *H NMR (top) and **C NMR (bottom) data for compound 34
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[AR-07, A. Jayasinghe
LO91421 16 (1.641) Cm ((16+23)-3:5) 1: TOF MS ES+
100~ Wxd L] 597.0357 485

Cale M+H = C24H3106Br2 = 573.0487, 2.1 mmu
Calc M+Na = C24H3D06Br2Na = 595.0307, 0.1 mmu

595.0306
= 575.0466 599.0261
550.6301
b 577.0523
5653322 613.0130
£15.0042
579.3757
5513231 562.4007 567.3511 591.4063 gon.oasz 5110113
] - 588.5054
B807.3815 515.3189
L akbbd) o AL N
o 1l | |L |Iu|||| ||]||l |||| || |...|||.un4....f... e Ll l. el b bud 1l Imll|.|h|l|mrz
N T 1 1 N T 1 1 T i 1 1 T T 1
580 585 580 5
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Figure 64. HSMS (top) and ESI-MS (bottom) data for compound 34
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Figure 65. FTIR data for compound 34
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STANDARD 1H OBSERVE

Pulse Sequence: s2pul
Solvent: COC13

Ambient perature
INOVA-400 “wsuinovad0o"

Pulse 95.5 degrees
aa

64 repetitions

OBSERVE _ H1, 399.9371168 MHz
DATA PROCESSING

FT size 65536

Total time 4 min, 0 sec

cyclohexene

Pulse Sequence: s2pul
Solvent: COC

Ambient temperature
INOVA-400  "wsuinovadoo®

Relax. delay 1.000 sec
Pulse 52.4 degrees
Acg. time 1.139 sec

0 Hz

5 ns

OBSERVE C13, 100.5642548 MHz
DECOUPLE H1, 399.9351255 Mz
Power 35 d

cont inuously on

VALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 12 hr, 16 min, 4 sec

80 60 a0 20 ppm

Figure 66. "H NMR (top) and **C NMR (bottom) data for compound 35
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Figure 67. HSMS (top) and ESI-MS (bottom) data for compound 35
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STANDARD 1H OBSERVE

Pulse Sequence: s2pul
Solvent: COCI3

Ambient temperature
INOVA-400 "wsuinovadoo™

Pulse 95.5 degrees
Acq. time 3.748 sec

width 6000.6 Hz

32 repetitions

OBSERVE M1, 399.9371241 MHz
DATA PROCESSING

FT size 65536

Total time 2 min, 0 sec

cyclohexene

Pulse Sequence: szpul

Ambicnt temperature
nova

INOVA-400  "wsu 00"

Relax. delay 1.000 sec
52.4 degr

00.5612507 MMz
390.9391255 MHz

FT size 65536
Total time 12 hr, 16 min, 4 sl

ppm

129

a0

a0

Figure 68. "H NMR (top) and **C NMR (bottom) data for compound 36
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[AR-09, A. Jayasinghe

L091425 10 (1.025) Cm (T:17-2:6) 1: TOF MS ES+
10.2891 521ed
100+
5692624
1 Calc MeH = C32H39N206 = 547 2808, 1.5 ppm
Calc M=Na = C32H38N206Na = 569.2628, 0.7 ppm
Calc M=NH4 = C32H42N306 = 564.3074, 0.7 ppm 64 3078
585.2380
=
611.2957
| 258355y 4y 2811528
239.1040 2951498309 1818 335 4348
3512065 547.2800
365.2182379.2306
| 4551977 4o52034 5123002
407 2641 5 4711726
4212551 497.2298 6433536
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Print Date: 31 Oct 2011 14:20:34

Spectrum Plot - 10/31/2011 2:20 PM

1A Profile Scan 87 from 312011 arunal.xms
o R e ST
I T artex7m100%). o 51 201 st s 1170 e, Scan 87,800 100600, B 2607609
001
’ oy ]
- 4
son] -
s000
1500,
250 -
1t
soapes sho
2781
X o 660706 eofiess
duy 2011 s02
459 5 2 4619046 4663+6 3910
I [ ll -
Bl e abegade wlhaatt 4 L hd 1 i il L. Bicion A sl
% £ % & & & ) =

Figure 69. HSMS (top) and ESI-MS (bottom) data for compound 36
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Figure 70. FTIR data for compound 36
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STANDARD 1M OBSERVE

Pulse Sequence: sZpul
Solvent: COC13

Ambient temperature
INOVA-400  “wsuinovad00"

Pulse 95.5 degrees
3.744 ze.

i

cq. time
Vidth 6000.6 Hz
64 repetitio

M1, 399.9371255 MHz

FT size 65536
Total time 4 min, 0 sec

cyclohexene

Pulse Sequenc

szpul

Solvent: COC13
Ambient temperature
INOVA-400 “wsuinovad0o™

Relax.
Pulse §
Acq. ti
width 2

delay 1.000 sec
2.4 degrees

me 1.139 sec
5000.0 Hz

2016 repetitions

0BSERVE

DECOUPLE
Power 35

wer
continu
VALTZ=1
DATA PROI
Line br
FT size
Total ti

C13, 100.5642487 MHz
H1, 399.9391255 MHz
48

ously on
6 modulated
CESSING

oadening 1.0 Mz

6553

me 6 hr, 8 min, 2 sec

160

140 120 100 80 60 40 20

Figure 71. *H NMR (top) and **C NMR (bottom) data for compound 38
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[AR-10, A. Jayasinghe

L091427 10 (1.025) Cm (6:21-2:5) 1: TOF M3 ES+
TT7.4317 352e4
100+
Calc M+H = C42HE83N2010 = 755.4483, 3.4 mmu
b Calc M+MNa = C42HE2ZN2010Ma = 777.4302, 1.5 mmu
=] 217.1053
281.1336
2531148
7784365
1 235.1490
309.1612
339.1339
3512101
7554517
1 7934100
| 432.301 545 3302 794 4147
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Spectrum Plot - 7/6/2012 2:42 PM
1A Profile Scan 17 from ¢ 62012 xms
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Figure 72. HSMS (top) and ESI-MS (bottom) data for compound 38
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Figure 73. FTIR data for compound 38
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Sample Name:
Receptor TFA
Data Collected on:
mc-115-nmr-400-inovad00
Archive directory:
/home/vnmrl/vomrsys/data/€idlib
Sample directory:
Ethylindanone
Pidrile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: dmso

Data collected on: Mar 30 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000
Pul 45.0 degri
Acq. time 2.560
Width 6399.0 Hz
25 repetitions
OBSERVE H1, 399.9290712 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

~8.123

7.180
-7.168

3.300
3.287
—3.273
2.873
2.771
2.760
—2.736

3.966
—3.952
3.653
3.647
3.634
3.343
3.330

-4.274
3.315

/

5.460

10 9 8

Sample Name:
receptor TFA

Data Collected on:
me-115-nmr-400-inovadoo

Archive directory:
/home/vomrl/vomrsys/data/£id14b

Sample directory:
Ethyl o

riarile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdlod
Data collected on: Aug 13 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec

width 25141.4 Hx
6442 repetitions

OBSERVE C13,
DECOUPLE M1,
Power 42 a»
continucusly on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hx
T size 65536

Total time

100.5620067 Muz
399.9307567 Muz

642 br,

16 min

—49.577
49.364

L AR e i o

180

80 60

i B e e e B i e

48.936

2.725
2.509
2.504
—2.500

2.495
2.491

2.461
1.782
1.524
—1.147

Ppm

Figure 74. *H NMR (top) and **C NMR (bottom) data for compound 39
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Sample Name:
Receptor TFA new
Data Collected on:
me-115-nmr-400-inovad00
Archive directory:
/home /vamrl/vomrsys/data/idlib
Sample directory:
Ethylindanone
Fidrile: FLUORINE

Pulse Sequence: FLUORINE (s2pul)
Solvent: dmso
Data collected on: May 10 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acq. time 0.757 sec

width 86580.1 Hx

71 repetitions

OBSERVE F19, 376.3093134 MHz
DATA PROCESSING

FT size 131072

Total time 490 hr, 30 min

Figure 75. *°F NMR data for compound 39
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ARecep TFA, repeat A. Jayasinghe

LOS1401 10 (0.997) Cm ((7:10+14:33)-1:6) 1: TOF M3 ES+
487.9146 1.03e4
100+
Calc M+H = C2EH3ON20S = 475.2608, Found Mass = 475.2799, 1.9 ppm 4972584
=
4962337
4752793 4582603
484.2545
4742517 P—
476.2856 4822534 4852614 45885
] ] 459.9166 4002582
430.8358 - 4882755 490.8753
. i 5002493
| | ‘ 494.0284 405 02o4 |
o ! | | I | L iz
T T T T T T T T T T T T T T T T T T T T T T T 1
474 476 478 480 462 484 426 488 490 492 494 496 498 500
ARecep TFA, A. Jayasinghe
L0S0709 11 (1.135) Cm (7:13-1:5) 1: TOF MS ES+
1007 B 13264
] 2391
-
2423
2350 2411
2331
|20 238.1
2421
2311 2401 2430943 9 2451 ean
2456 249.
|23|1_s 23|2-5 2336 2311.6 23?'1 2375 | 2386 23?.6‘ 407 24?.% 42.6‘ ny'z 2458 2487 | )
o " I miz
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Figure 76. HSMS (top) and ESI-MS (bottom) data for compound 39
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%Transmittance

Sample Name:
Amine_Neutral Receptor

Data Collected onm:
mc-115-nmr-400-inovad00

Archive directory:
/home/vomrl/vomrsys/data/£id1ib

Sample directory:
Ethylindanone

FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: dmso
Data collected om: Jun 29 2013

Temp. 23.0 C / 296.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.560 s
width 6399.0 Hz
412 repetitioms
OBSERVE  H1, 399.9290697 MHz
DATA PROCESSING

FT size 32768

Total time 991 hr, 28 min

5.2 Thu Aug 09 13:13:42 2012 (GMT-05:00)Amine

5.0
49
4.8
az- Lol W,
4.6
4.5
4.4

4.3

4.1
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36
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3500

Figure 77. *"H NMR (top) and FTIR (bottom) data for compound 40
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Spectrum Plot - 4/17/2013 10:33 PM

1A Profile Scan 13 from c:\varianws\data\apr 17 2013 aruna neutral amine.xms

Specirum 1A Frofia SmoolediT)
BP 202 (9.722+6=100%) apr 17 2013 aruna neutral amine xms 0178 min, Scans. 1:25 2001000 0> RIC. 106%2+9)
1 22
9722048 , 801
100% © ® aasteis -
5% 5710 -
7063e+6
0% -
53
3a7ede
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b 77764
25%-1 |
sho
16§4e+6
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; - 1335046
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o]
180 250 E) o sbo sbo 760 e

Figure 78. ESI-MS data for compound 40
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STANDARD 1H OBSERVE

Sample Name:
Receptor_PF6_CD3OD

Data Collected on:
me-115-nmr-400-inovad00

Archive directory:

Sample directory:
¥idrile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdlod
Data collected on: Aug 7 2013

Temp. 30.0 C / 303.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.560 sec

Width 6399.0 Hz

91 repetitions

OBSERVE  H1, 399.9287499 Miz
DATA PROCESSING

FT size 32768

Total time 991 hr, 28 min

STANDARD 1H OBSERVE

Sample Name:
Receptor PF6 CDIOD

Data Collected om:
mc-115-nmr-400-inovad00

Archive directory:

Sample directory:
Fidrile: CARBON
Pulse Sequence: CARBON (s2pul)

Solvent: cdlod
Data collected om: Aug 7 2013

Temp. 30.0 € / 303.1 K
Operator: aruna

Relax. delay 1.000 mec
Pulse 45.0 degr:
Acq. time 1.303 sec

width 25141.4 Hz

18126 repetitions

OBSERVE C13, 100.5620090 Mz
DECOUPLE H1, 399.9307567 Mz

Line broadening 0.5 Mx
»T size 65536
Total time 642 hr, 16 min

—

A

48.936

Figure 79. *H NMR (top) and **C NMR (bottom) data for compound 5
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Sample Name:
Receptor_PF6

Data Collected on:
mc-115-nmr-400-inovado0

Archive directory:
/home/vrmr1/vomrsys/data/£idlib

sample directory:
Ethylindanone

Fidrile: FLUORINE

Pulse Sequence: FLUORINE (s2pul)
Solvent: dmso
Data collected on: Apr 1 2013

Temp. 25.0 C / 298.1 X
Operator: aruna

Relax. delay 1.000
Pulse 30.0 degrees
Acq. time 0.757
Width 86580.1 Hz
101 repetitions

OBSERVE F19, 376.3093134 Muz
DATA PROCESSING

PT size 131072

Total time 490 hr, 30 min

-55 -60 -65 -80 -85 ppm

STANDARD 1H OBSERVE

Sample Hame:
Receptor_PF6_CD3OD

Data Collected on:
mc-115-nmr-400-inovad00

Archive directory:

Sample directory:
FidFile: PHOSPHORUS
Pulse Sequence: PHOSPHORUS (s2pul)

Solvent: cdlod
Data collected on: Aug 8 2013

Temp. 30.0 C / 303.1 K
Operator: aruna

Relax. delay 1.000 sec

Width 40465.4 Hx
1723 repetitions
OBSERVE P31, 161.8941283 MHz
DECOUPLE N1, 399.9307567 MHz
Power 42 4B

on during acquisition

off during delay

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

PT size 65536

Total time 505 hr, 12 min

Figure 80. >F NMR (top) and *'P NMR (bottom) data for compound 5
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ARecep PF6, A. Jayasinghe

LOSO711 14 (1.410) ©m ((7:8+14:22+24226:27)-1:6) 1: TOF M3 ES+
4752807 18083
1004
Calc M+H = C26H33N206 = 4752808, Found Mass = 475.2807, 0.2 ppm
- 499.3989
] 477.2990
476.2880
] 4853824
] 4792680 4883382
487 2506 500.3593
| 4812502 483.2314 4913129
4812727 4952675 498.3616
4932087
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T ||-r|"‘z
474 476 478 480 482 484 486 488 490 492 494 496 498 500
ARecep PF6, A. Jayasinghe
LOSO711 11 {1.136) Cm (3:15-1:5) 1: TOF MS ES+
100 2391 177e4
= 2371
241.1
23850 242.3
2441 2451
230.1 2331 238.1
1 2311 240.1 2432
2485 2482
NIE 221 2336 2:8 Ir’?j 2376 | 2387|239 | 2406 | 20 | loaze |oaas 2488 2475 R -
- m
230 231 232 253 234 235 238 237 238 239 240 241 242 243 244 245 D246 247 248 249 250

Figure 81. HSMS (top) and ESI-MS (bottom) data for compound 5
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Sample Name:
red cap

Data Collected on:
mc-115-nmr-400-inovad00

Archive directory:
/home/vnmrl/vnmrsys/data/£idlib

Sample directory:
Ethylindanone

Pidrile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: dmso
Data collected on: Nov 19 2012

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000
Pulse 45.0 degrees
Acq. time 2.560
Width 6399.0 Rz

Total time 1 min 54 sec

10 9 8 7 6 5

cyelohexene
Pulse Sequence: szpul
solvent

Ambient temperature
INOVA-400  “wsuinovadoo®

Relax. delay 1.000 sec
P ce:

ulse 52.4 degr

536
Total time 12 hr, 16 min, 4 sec

a0 20

Figure 82. *H NMR (top) and **C NMR (bottom) data for compound 41
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ARC-Brphenol
LOS0613 19 (1.011) Cm (7:58-1:6)

1: TOF MS ES-

2 5
100+ 495.0542 25584
Calc M-H = C23HZ2Br202 = 405 0534, Found Mass = 4250542, 1.8 ppm
] 495.0363
=
496.0553
496.0369
494 6905 494.8609 495 1707 496.8992
4532520 1938560 404307+ 5 4san 4 4959227 4.95'1 478 496 .69:18 o
T T T 1
493 494 495 496 497

Figure 83. HSMS data for compound 42
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STANDARD 1H OBSERVE

Pulse sequence: s2pul

fons

32 repetit
OBSERVE M1, 399.9371255 MHz
DATA PROCESSING

FT size 6553

Total time 2 min, 0 sec

cyclohexene

Pulse Sequence: s2pul

inovadnon

Relax. delay 1.000 sec

2
OBSERVE €13, 100.5642462 MHZ
DECOUPLE M1, 389.3391255 MMz

n
VALTZ-16_modulated
DATA PROCESSING
Line broadening 1.0 Mz
FT size 65536

Total time & hr, 8 min, 2 sec

160 140 120

Figure 84. "H NMR (top) and **C NMR (bottom) data for compound 42
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Cont Br Linked, A, Jayasinghe, T-apci
TO70301 320 (11.432) AM (Cen,4, 50.00, Ar,5000.0,0.00,0.00); Sm (5G, 2x2.00); Cm (303:340) TOF MS ES+
1004 S1.0ETT 180
4311386

5100579

Cak M+ = CZ4H30028r2 = 505.0613, 1.8 pom

" 513.0689
509.0573
4321451 508.0622
] 4331563
422 2440 487.0673
5140648
1 469.0303
51.2794 4950373 16.2826
‘ ' (445124061‘ (4790f330023 W | 526.0500 5303924
o |||.| |||| | |||l Ll IR AT

420 abs 430 435 ado 445 450 4fs afo 4bs a0 4?5 ab0 485 a4l 485 s00 505 510 515 520 525 530

Figure 85. HSMS data for compound 42
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STANDARD 1M OBSERVE

Pulse Sequence: sZpul
solvent

Ambient tempe

N "wsuinovad0o’

Pulse 31.8 degrees
Acq. time 3.744 sec

Pulse Sequence: szpul

Solvent: COCI13
nt temperature
400 “"wsuinovad0o"

DECOUPLE » 399.9391255 M
s

dB
continuous iy

PROCESSING
ine broadening 1.0 Mz
size 65536

F
Total time 36 hr, 48 min,

100.5642462 MHz

12 sec

0

ppm

Figure 86.

100 80 60 a0 20

'H NMR (top) and **C NMR (bottom) data for compound 43
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Cyanation-1, A. Jayasinghe

L090871 12 (1.237) Cm (8:17-2:5) 1: TOF MS ES+
100- 346.2519 9.00e4,
339.1289
Calc M+Na = C26H30N202Na = 425.2205, 2.4 mmu
360.2658
466.2437
BQ_
4252181
441.1919
444.2680
5815798 467.2502
17 2
328.2072 SR po— F— ( 502.3421
\ A l | I | | A e "
T T T T T JEETEY T T T T T | BRRIS B | RAG 2 T T T ) e § 1 T T T T T T T T T
220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520

Figure 87. HSMS data for compound 43
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Figure 88. FTIR data for compound 43
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STANDARD 1H OBSERVE

Sample Name:
Boc_Cont_Chromat_YellowCap
Data Collected on:
me-115-nmr-400-inovad00
Archive directory:

Sample directory:

Fidrile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: CDC13
Data collected on: May 25 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.560
Width 6399.0 Hz
168 repetitions
OBSERVE  H1, 399.9271893 MHz
DATA PROCESSING

PT size 32768

Total time 991 hr, 28 min

Sample Name:
Pure_Boc Protection_Control
Data Collected on:
mc-115-nmr-400-inov
Archive directory:
/home/vnmrl/vomrsys/data/£idlib
Sample directory:
Ethylindanone
FidFile: CARBON

00

Pulse Sequenc
Solvent: edel3
Data collected on: Jan 23 2013

CARBON (s2pul)

Temp. 25.0 C / 298.1 K
Operator: aruna

Acq. time 1.303
Width 25141.4 Hz
1600 repetitions
OBSERVE C13, 100.5617466 MHz
DECOUPLE H1, 399.9291809 MHz

Line broadening 0.5 Hz
FT size 65536
Total time 1 hr, 17 min

_—

Figure 89. *H NMR (top) and **C NMR (bottom) data for compound 44
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BOC-Protec. Control, A. Jayasinghe

LD20813 21 (2.189) Cm (21:22)

1009

w4
Calc M+H = C36H55N206 = §11.4060, 1.5 ppm
Calc M+Na = C38H54N2068Na = 633.3880. 4.1 ppm
331217 2697264
301.1708
315.1819
4212328
335.1896
511
¥y
370.2288 4232222
379.2020
4372265
4552991 ageg
o
300 320 340 360 380 400 = 420 440 460 480 500

3548
543.3842_
520 540

5123096 5553633

591.3356
611.4089
S80 600 620

1: TOF MS ES+

£33.3906 2.38e}
634.3912
649 3679
671.4816
" ||| | -

640 660 680 700

Figure 90. HSMS data for compound 44
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Figure 91. FTIR data for compound 44
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Sample Name:
Control TFA_2ndRun
Data Collected on:
me-115-nmr-400-inovad00
Archive directory:
/home/vnmrl/vomrsys/data/£id1ib |
Sample directory:
Ethylindancne
Fidrile: Cont TFA_New_ H_NMR

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Jun 7 2013

Temp. 23.0 C / 296.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.560 sec

width 6399.0 Hz

160 repetitions

OBSERVE  H1, 399.9271892 MHx
DATA PROCESSING

PT size 32768

Total time 991 hr, 28 min

Sample Name:
Control TFA_reaction

Data Collected on:
mc-115-nmr-400-inovad00

Archive directory:
/home/vamrl/vomrsys/data/£idlib

Sample directory:
Ethyl.

FidFile: Control TFA Carbon NMR

Pulse Sequence: CARBON (s2pul)
Solvent: cdecll
Data collected on: Mar 15 2013

Temp. 25.0 C / 29 3

Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 1.303 sec

Width 25141.4 Hz

1827 repetitions

OBSERVE C13, 100.5617460 Mz
DECOUPLE H1, 399.9291809 MHz
Power 42 aB

continuocusly on

WALTZ-16 modulated

DATA PROCESSING

Total time 642 hr, 16 min

LI L e B e LA B 2 e

160 140 120 100 80 60 40 20 ppm

Figure 92. *H NMR (top) and **C NMR (bottom) data for compound 45
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ARC-TFA
LOS0817 10 (0.996) Cm (7:33-1:6)

1. TOF MS ES+

1004 4112997 2.70e4
Calc M#H = C25H3SN202 = 411.3012, Found Mass = 411.2987, 3.5 pom
Calc M+Na = C26HIEN2C2Na = 4332631, Found Mass - 433.2826, 1.1 pom
= 4309170
410271
] 433.2826
427 2624
| 412.3033
4132575
| 4142504 4282693 432 2457 | 4342893
426.2943
51400 4201406 4212849 42627 4263420
4152513 423.?025 ‘ . 4352977 4363197
o L I 1. M- m I | . I n . A Iz
T T T T T T T T T T T T T T T T T T T T T T T T 1 m
410 412 414 418 418 420 422 424 428 428 430 432 434 436

Figure 93. HSMS data for compound 45
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Sample Name:
Control_receptor_ TFA

Data Collected on:
me-115-nmr-400-inovad00

Archive directory:
/home/vnmr1/vomrsys/data/£idlib

Sample directory:
Ethylindanone

Fidrile: F_NMR ControlReceptor TFA

Pulse Sequence: FLUORINE (s2pul)
Solvent: cdcld
Data collected on: Feb 15 2013

Temp. 20.0 C / 293.1 K
Operator: aruna

Relax. delay 1.000 sec

Pulse 30.0 degrees

Acq. time 0.757 sec

Width 86580.1 Hz

105 repetitions

OBSERVE F19, 376.3075260 Mz
DATA PROCESSING

PT size 131072

Total time 490 hr, 30 min

T

[T T T

Figure 94. ®F NMR data for compound 45
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Sample Name:

Data Collected om:
me-115-nmr-400-inovad00
Archive directory:
/home/vomr1 /vomrsys /data/£id14b
Sample directory:

ridrile: PROTON
Pulse Sequence: PROTON (s2pul)

Data collected on: May 1 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acqg. time 2.560 sec
width 6399.0 ux
75 repetitions
OBSERVE K1, 399.9290672 MMz
DATA PROCESSING
FT size 32768
Total time 991 hr, 28 min

Sample Name:

Data Collected on:
me-115-nmr-400-inovad00
Archive directory:
/home/vnmrl/vomrsys/data/£idlib
sample directory:
Ethylindanone
Fidrile: carbon MMR

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Mar 15 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000
Pulse 45.0 degree:
Acqg. time 1.303 sec
width 25141.4 Hz
1867 repetitions
OBSERVE C13, 100.5617460 MHz
DECOUPLE H1, 399.9291809 MHz
Power 42 4aB
continucusly on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
PT size 65536
Total time 642 hr, 16 min

L IR B B B o e o S T

LA L T

160 140 120 100 80 60 40 20 ppm

Figure 95. *H NMR (top) and **C NMR (bottom) data for compound 46
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ARC-PF6, A. Jayasinghe
LOS0703 15 (1.550) Cm ((7:B+15:33)-1:6) 1: TOF MS ES+
100- 4212334 40983

Cai: M+#H = C26H3ZN202Z = £11.3012, Found Mass = 411.2957, 3.5 ppm
Cai: M+Na = C26H3EN202Ma = 433.2631, Found Mass = 433.2616, 3.5 pom

=
4112997
1 4292418
4132677
4153052
| 417.2812 426 968
409.2558
4222377 433 2158 4343275
A 1197 4123023 J— 4273380 4332816 [435.2201
4142623 : 4302456 431857 35,3020
4102691 | ‘ | rﬁ -
G T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 m"z
410 412 414 416 418 420 422 424 426 428 430 432 434 436

Figure 96. HSMS data for compound 46
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STANDARD 1H OBSERVE

Sample Name:
Control PF6

Data Collected on:
me-115-nmr-400-inovad00

Archive directory:

Sample directory:
FidFile: FLUORINE

Pulse Sequence: FLUORINE (s2pul)
Solvent: dmf
Data collected on: Aug 10 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 30.0 degre:
Acq. time 0.757 sec

Width 86580.1 Hz

80 repetitions

OBSERVE F19, 376.3091554 MHz
DATA PROCESSING

PT size 131072

Total time 490 hr, 30 min

Sample Name
Control PP6_Rn
Data Collected on:
mc-115-nmr-400-inovad0o
Archive directory:
/home /vrmrl/vnmrays/data/£idlib
Sample directory:
Ethyli
ridrile: Control PF6 Phosphorus NMR

Pulse Sequence: PHOSPHORUS (s2pul)
Solvent: ecdell
Data collected on: Mar 17 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
45.0 degrees

Acq. time 0.810 sec

width 40465.4 Hz

1390 repetitions

OBSERVE P31, 161.8934904 Muz
DECOUPLE H1, 399.9291809 MHz

on during acquisition
©off during delay
WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
PT aize 65536

Total time 505 hr, 12 min

Figure 97. *°F NMR (top) and **P NMR (bottom) data for compound 46
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Sample Name:
PG_Neutral

Data Collected on:
mc-115-nmr-400-inovad00

Archive directory:
/home/vnmrl/vomrsys/data/£idlib

Sample directory:
Ethylindanone

PG_Neutral H_NMR

Sequence: PROTON (s2pul)
Solvent: cdecl3

Data collected on: Mar 16 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.560
Width 6399.0 Hz
64 repetitions
OBSERVE  H1, 399.9271910 MHz
DATA PROCESSING

PT size 32768 |
Total time 3 min 48 sec

Sample Name:
PG_neutral

Data Collected on:
me-115-nmr-400~-inovad00

Archive directory:
/home/vnmrl/vnmrsys/data/£idlib

sample directory:
Ethylindanone

Fidrile: New PG Neutral Phosphorous NMR

Pulse Sequence: PHOSPHORUS (s2pul)
Solvent: cdcl3
Data collected on: Mar 20 2013

Temp. 25.0 C / 298.1 K
Operator: aruna

Relax. delay 1.000 sec
Pulse 45.0 degry
Acqg. time 0.810
Width 40465.4 Hz
335 repetitions
OBSERVE P31, 161.8934904 Muz
DECOUPLE H1, 399.9291809 MHz
Power 42 as
on during acquisition
off during delay

Line broadening 0.5 Hz
FT size 65536
Total time 505 hr, 12 min

Figure 98 *H NMR (top) and *'P NMR (bottom) data for compound PG neutral
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Sample Name:
charged PG_new
Data Collected on:
mc-115-nmr-400-inovad00
Archive directory:

/bhome /vomrl/vomrsys/data/£idlib
Sample directory:
Ethylindanone
FidFile: New PG_Charged HNMR

Pulse Sequenc
Solvent: cdcl3
Data collected on: Apr 19 2013

PROTON (s2pul)

Temp. 23.0 C / 296/1 K
Operator: aruna

Relax. delay 1.000|
Pulse 45.0 degr
Acq. time 2.560
Width 6399.0 Hz
132 repetitions

OBSERVE  H1, 399.9271911 Mz

DATA PROCESSING

PT size 32768

Total time 991 hr, 28 min

Sample Name:
charged PG new
Data Collected on:
mo-115-nmr-400-inovad00
Archive directory:
/home /vomrl/vnmrsys/data/£idlib
Sample directory:
Ethylindanone
Fidrile: New PG_Charged Phosphorous NMR

1.979

Pulae Sequence: PHOSPHORUS (s2pul)
Solvent: cdcl3l
Data collected on: Apr 19 2013

Temp. 23.0 € / 296.1 K
Operator: aruna

Relax. delay 1.000 sec

He
1724 repetitiona

OBSERVE P31, 161.8934904 MEz
DECOUPLE M1, 399.9291809 MHz
Power 42 aB

on during acquisition

off Auring delay

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hx

FT size 65536

Total time 505 hr, 12 min

AT kA AR 4t A g N A it “

30 20 10

PO T PRTTER Y PITLCOTPRT PP Y PATINR
LG i A a4 v

Figure 99. *H NMR (top) and *'P NMR (bottom) data for compound 3
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Sample Name:
Receptor PF6
Data Collected on:
me-115-nmr-400-inovad00
Archive directory:

/home/vomr1/vomrsys/data/£idlid o
Sample directory: 253
Ethylindanone PN
Water HNMR

Fidrile: Receptor PF6 using Methanol ]
|

Pulse Sequence: PROTON (s2pul)

Solvent: dmso

Data collected on: Apr 1 2013

Temp. 25.0 C / 298.1 K
Operator: aruna ‘ ‘
Relax. delay 1.000 sec
Pulse 45.0 degrees | |
Acq. time 2.560

width 6399.0 Hz ‘
109 repetitions

OBSERVE H1, 399.9290666 MHz

DATA PROCESSING ‘ ‘ ‘

FT size 32768
Total time 991 hr, 28 min

3.354
2.507
/—2.503

—2.499
2.495

Figure 100 *H NMR data for the unknown compound
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