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Injuries to the central nervous system are irreversible and debilitating due to the
limited regrowth of damaged or severed neurons. Two small molecules, xanthofulvin and
vinaxanthone, isolated from P. vinaceum and P. glabrum promote spinal cord regeneration
in animal models. It is speculated that these natural products inhibit semaphorin 3A, a
chemorepellent that mitigates axonal growth-cone formation. In addition to promoting
axonal growth, rats treated with vinaxanthone and xanthofulvin following complete spinal
cord transection experienced greater remyelination, increased angiogenesis, attenuated
apoptosis, and depressed scaring of the lesion site. The only prior synthesis of vinaxanthone
speculated that the xanthone core is constructed via enzyme-catalyzed intermolecular
Diels-Alder reaction. We have demonstrated, however, that warming a functionalized
acetoacetyl chromone in water, furnishes vinaxanthone in good yield, providing an

alternative biosynthetic pathway. With a robust syntheses of both natural products, we

vi



determined the protein target of the observed regeneration: succinate receptor 1, providing
a new therapeutic target to promote neuronal regeneration.

Among the various methods of incorporating oxygen into aryl rings, the direct
conversion of a C-H bond into a C-OH bond is ideal. The metal-free hydroxylation of
arenes developed in our laboratory, utilizing phthaloyl peroxide, marks the first disclosure
of this transformation using mild conditions. Computational and experimental evidence
obtained thus far has supported a mechanism involving a diradical intermediate. The
reactivity of phthaloyl peroxide was increased by the incorporation of two chlorine atoms
onto the ring. To minimize the accumulation of large quantities of peroxide, the
optimization of the preparation of the peroxide in flow has been developed. This protocol
immediately consumes the peroxide as it is generated. Finally, a new dearomatization
reaction has been optimized. This reaction forms two carbon-oxygen bonds and

dearomatizes the ring system.
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Chapter 1. Oxidation of Arenes

Peroxides are characterized by a relatively weak oxygen-oxygen bond. They are
found in a variety of substances, from natural products to bleaching agents. One important
subset of peroxides is organoperoxides, which contain at least one carbon-oxygen bond.
Figure 1.1 lists commonly encountered peroxides including (a.) organo and hydroperoxides
(b.) acyl peroxides and (c.) diacyl peroxides. Of particular interest are cyclic peroxides

such as 1.13, as these are a source of diradicals.

a.
Me Me Me Me
.0 M
H Me N *~—pn
7<o—o 7<o—o -0 0-0 Me j40—0
Me Me O- Ph
/ o H
Me Me Me Me Me Me Me MeO Me
11 1.2 1.3 1.4 1.5
b.
o)
o o)
-Os o) o]
0" H _LOM
X hi e 0?0 Ocle
Me” o O~ Me P o O Me Me
\ﬁMe \ﬁMe Me Me
Cl Me Me
1.6 1.7 1.8 1.9
c.
(0] o) (0]
Lo I
- o
o) _O.__CHy(CH,)oCH ‘ 0
o HaC(H,C)oH,C™ 07y 2 29 o &
o]
o o)
1.10 111 1.12 113

Figure 1.1. Examples of organic peroxides. (a.) alkyl peroxides. (b.) acyl peroxides.
(c.) diacyl peroxides.
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Figure 1.2. Proposed structures of phthaloyl peroxide.

Pechmann and Vanino were the first to disclose the cyclic diacyl peroxide phthaloyl
peroxide in 1894 (Figure 1.2)." This protocol calls for shaking neat phthaloyl chloride in
aqueous sodium peroxide. The diacyl or orthoester peroxide (1.13 or 1.14) were proposed
as possible structures for the material they synthesized.>? However, limits to 19" century
spectroscopic techniques could not differentiate the two structures. Seven years following
this disclosure, Adolf von Baeyer and Victor Villiger reassigned Pechmann and Vanino’s
proposed structures to the polymeric structure (1.15) as the material prepared following
Pechmann and Vanino was insoluble in many common organic solvents.?

Almost half a century later, Kleinfelle, Rastadter* and Russell® disclosed a method
to prepare monomeric phthaloyl peroxide. The motivation for synthesizing monomeric
phthaloyl peroxide was to make a more effective radical initiator, as the polymeric peroxide
(1.15) behaves like a source of monoradical. By buffering aqueous sodium peroxide with
sodium phosphate, and diluting phthaloyl chloride, they successfully prepared phthaloyl
peroxide in the monomeric form (1.13), which was soluble in halogenated and hydrocarbon
solvents. Russell monitored the decomposition of phthaloyl peroxide in toluene and xylene,
which occurred at a rate of 9-26% per hour, depending on the temperature. The presence
of oxygen in these experiments was found to reduce the amount of decomposition, a
phenomenon also observed with benzoyl peroxide.® In addition to observing the
decomposition of phthaloyl peroxide in solvent, Russell interrogated its ability to initiate
polymerization of methyl methacrylate and styrene. While 90% of styrene was consumed

in 5 minutes, phthaloyl peroxide was inefficient at forming long chain polymers, due to



competitive decomposition of the peroxide. In fact, the rate of polymerization of styrene in
the presence of phthaloyl peroxide was only slightly greater than the background
polymerization of styrene itself. It was speculated that thermolysis of the peroxide leads to

a diradical which undergoes self-termination after the addition of only a few monomers.

o) o o o O
A
o o (O OH+©)%H+ ,
O pPhH OH 0 0o O
¢ ¢
1.13 1.16 147 1.18 1.19 1.20
50% 7% 5% 0.5% <1%

Figure 1.3. Decomposition studies of phthaloyl peroxide (1.13) in benzene.

Following Russell’s study of the synthesis and decomposition of phthaloyl
peroxide, Frederick Greene assigned the symmetric structure (1.13) as the most likely atom
connectivity of phthaloyl peroxide using UV/Vis.” Studying the thermal decomposition of
phthaloyl peroxide in benzene, Greene identified products that arose from this
decomposition (Figure 1.3). Several products were the result of decarboxylation (1.16,
1.18, 1.19, 1.20). Two conditions were found to inhibit decomposition: oxygen and carbon
tetrachloride solvent. Taken together with Russell’s observations, it was hypothesized that
decomposition occurred via radical formation and subsequent decarboxylation. The
resulting aryl radical could then recombine with other species in solution, giving rise to the
product distribution observed.

While phthaloyl peroxide (1.13) and benzoyl peroxide (1.10) share similarities in
atom connectivity, both exhibit unique characteristics. The dihedral angle for hydrogen
peroxide is 95° which attenuates the electrostatic repulsion for the non-bonding electron
pair on the peroxy-oxygen atoms. The dihedral angle for the peroxy-oxygen bond of
benzoyl peroxide is 91.3° and has an O-O bond length of 1.46 A.® The electrostatic

repulsion is only slightly reduced for phthaloyl peroxide, due to its cyclic structure, with a



dihedral angle of 11.4°.° Additionally, the O-O bond length of phthaloyl peroxide is 1.47

A, similar in length to benzoyl peroxide.
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Figure 1.4. Homolysis of phthaloyl peroxide (1.13) and benzoyl peroxide (1.10).

Despite the increased strain of phthaloyl peroxide (1.13), the molecule exhibits
heightened thermal stability when compared to other acyclic peroxides (Figure 1.4).
Benzoyl peroxide (1.10) decomposes 87 times more readily than phthaloyl peroxide, and
yet bond homolysis is only 2.1 times greater than that of phthaloyl peroxide.!® Thus the
thermal stability of phthaloyl peroxide results from the ease by which the radical recycles,
calculated as being 1.5 kcal/ mol lower in energy than decomposition (via
decarboxylation). To date, phthaloyl peroxide is the only acyl peroxide for which '#0
scrambling occurs faster than decomposition.'” For the case of the benzoyl peroxide, the
decomposition pathway predominates over the return pathway as a result of diffusion and
solvent caging of the benzoyloxy radical (1.22).

What phthaloyl peroxide (1.13) lacked as an efficient polymerization initiator made
it a suitable reagent for small molecule functionalization. As was previously observed by
Russell, phthaloyl peroxide (1.13) readily reacts with styrene.’ In addition to styrene,
Greene found that stilbene was even more reactive (Figure 1.5a). The resulting adducts
were characterized as the double ester (1.24) and lactonic orthoester (1.25).!! The

combined yield for both isomers was near quantitative in carbon tetrachloride solvent.
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Figure 1.5. Previous reactivity utilizing phthaloyl peroxide (1.13). (a.)
Dihydroxylation of stilbene. (b.) Dihydroxylation of norbornylene.

Phthaloyl peroxide’s (1.13) reactivity was not confined to aryl-substituted olefins—
in select cases, aliphatic olefins also underwent oxidation (Figure 1.5b). When
norbornylene (1.26) was exposed to phthaloyl peroxide, a product mixture was obtained.'?
Regioisomeric product 1.28 arises from phthaloyl peroxide addition into the olefin,
followed by bond migration. In addition to the work of Russell and Greene, others have
developed reactivity including oxidative dearomatization of anthracene'?, oxidation and

subsequent rearrangement of benzofuran'?,

and oxidative addition into platinum
complexes'. If the starting material possesses allylic hydrogens, the major product is the
allylic half-acid ester.

There is ambiguity surrounding the mechanism of incorporation of phthaloyl
peroxide (1.13) into olefins. The reaction was found to be first order in olefin and peroxide

(second order overall).'® Greene postulated that phthaloyl peroxide’s reactivity with olefins

was electrophilic in nature. Hammett plot analysis provided a reaction constant, p, equal to



-1.65, with 6" affording a stronger correlation than o, which could be indicative of an ionic
mechanism.'® However, Greene also acknowledges that the slight polarization observed
does not preclude a diradical mechanism. Additionally, in the case of the reaction of
phthaloyl peroxide with norbornylene in carbon tetrachloride, adduct (1.29) produced in
35% yield is indicative of radicals present in the reaction medium. Interestingly, the carbon
tetrachloride adduct (1.29) was also isolated when using benzoyl peroxide (1.10) in place
of phthaloyl peroxide. Subsequent studies supported a single electron transfer mechanism,
using nanosecond laser spectroscopy, which identified odd-electron intermediates.'* The-
rate limiting step for this pathway is the transfer of one electron from the olefin to the
peroxide. More recent studies utilizing '*O-encorporated phthaloyl peroxide found that

scrambling was rapid, supporting the diradical mechanism.!”

a. Pechmann and Vanino (1856) b. Kleinfelle, Rastadter and Russell (1955)
0 00 o) o
cl Na,0, o 0 1 Cl NayOy, NaH,PO, (6]
cl H,0 cl CHCl3, H,0 ©
130 oo 130 113 [
1.15 :
c. Greene (1955) . d. Siegel (2010)
o] } o] o]
Na2003 H,0, o} ¢l (NayCOg3)y( H02); o
| ' [ |
Et,0 © ! cl CH,Cl, o
113 ‘ 1.30 113 0

o 3 . o
Figure 1.6. Preparation of phthaloyl peroxide (1.13).

Following the preparation of Russell’, Greene’ noted that phthaloyl peroxide (1.13)
was sensitive to shock. Indeed, material prepared following Russell’s protocol can detonate
upon standard isolation techniques (Figure 1.6b). However, it is hypothesized that this
instability is the result of the formation of oligomeric peroxide byproducts and does not

necessarily suggest that phthaloyl peroxide itself is exceptionally unstable. Additionally,



the requirement of concentrated hydrogen peroxide should be avoided as it is no longer
commercially available and is unsafe. Also, using ether as solvent in the presence of
concentrated hydrogen peroxide has the potential to produce explosive low-molecular
weight organoperoxides.

With this in mind, a safer preparation was developed using phthaloyl chloride
(1.30) and sodium percarbonate in methylene chloride at ambient temperature (Figure
1.6d).'8 Sodium percarbonate as a source of hydrogen peroxide is advantageous for several
reasons. It is produced on the ton scale, is the active oxidant in Oxiclean® and is present
in many toothpastes and household cleaning supplies.!” It is even less expensive than the
desiccant sodium sulfate. The use of this salt results in a heterogeneous reaction medium,
with the excess salts and byproducts removed via filtration. Finally, the sodium carbonate
neutralizes HCI liberated during the course of the reaction. To date, following the
implementation of the described protocol, no accidental detonation has occurred.

The role of water in this reaction proved critical to satisfactory generation of
phthaloyl peroxide (1.13). Sodium percarbonate leaches hydrogen peroxide even in non-
aqueous solvent. However, trace water present in the solvent increases the amount of
hydrogen peroxide liberated. In the case of methylene chloride, non-anhydrous solvent
contains six times the amount of dissolved hydrogen peroxide.'”?® Simply washing
reagent-grade methylene chloride with water provides a solution of “wet” solvent. Karl
Fischer titration revealed that methylene chloride prepared in this manner contains 1420

ppm of water, much higher than solvent left untreated (62 ppm).



Filtration of the salts and evaporation of the solvent yields crude phthaloyl peroxide
(1.13). Precipitation from warm benzene and pentane yields highly pure phthaloyl peroxide
which can be stored for weeks at -20 °C without any noticeable loss in purity. A slight
depression in yield is observed for larger scale reactions (53-62% for 2 g reactions, 45-

51% for 10 g reactions).
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Figure 1.7. Previous reactivity discovered in our laboratory.

Following Greene’s disclosure of the reactivity of phthaloyl peroxide (1.13) with
stilbenes, a screen of new variants of phthaloyl peroxide was undertaken in an attempt to
optimize the dioxygenation of olefins.?! In this study, 4,5-dichlorophthaloyl peroxide
(1.33) was identified as being more reactive than phthaloyl peroxide, hydroxylating trans-
stilbene in 72% yield with high levels of selectivity (Figure 1.7a). Cyclic olefins could be
hydroxylated as well. Intuitively, addition of electron withdrawing groups on the arene
increase the polarization of the incipient diradical. For example, halogenated derivatives

of benzoyl peroxide (i.e. fluorinated or chlorinated) demonstrate higher rates of hydrogen



abstraction than benzoyl peroxide (1.10) alone.?? On the other hand, para-methoxy benzoyl
peroxide is less reactive, due to conjugative electron delocalization of the ether.

In the course of understanding the reactivity of phthaloyl peroxide (1.13), it was
found that this reagent readily oxidizes arenes, providing phenols after hydrolysis of mixed
phthalate ester 1.39 (Figure 1.7b).2* Phenols are found in a wide variety of chemical
applications, including pharmaceuticals, agrochemicals, and materials. A major limitation
of previous protocols developed for arene hydroxylation was that the resulting phenol was
more reactive than the starting material, leading to over-oxidized products. Strong
Brensted/ Lewis acids have been effective at hydroxylating arenes. The acid has the dual
role of activating the oxidant towards electrophilic substitution while also deactivating the
resulting phenol towards subsequent oxidation. However the necessity of strong acids
diminishes the broad utilization of this method. In addition to strong acids, transition metal
complexes have been developed for this transformation.?*?” The cost of using precious
metals, and incompatibility with select functionality (like halogens, for instance) may limit

this approach.
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Figure 1.8. Solvents for hydroxylation reaction of mesitylene (1.41).

This procedure marks the first instance of a method that directly transforms aryl C-
H bonds into C-OH bonds.?® Hexafluoroisopropanol (HFIP) and trifluoroethanol (TFE)
proved to be optimal solvents for the hydroxylation reaction (Figure 1.8). This trend agrees

with the previous observation that the rate of reaction of radical reactions are often solvent



dependent.?® Others have commented on the stabilization afforded by polar solvents?*-!,

32,33 ;

and fluorinated solvents®~° in particular, of radlcal intermediates.
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Figure 1.9. Broad functional group compatibility of the hydroxylation reaction.

To probe the functional group compatibility, a variety of vanillate derivatives were
prepared and subjected to the hydroxylation reaction (Figure 1.9).2* A wide variety of
substituents are tolerated. Methyl vanillate provides the corresponding phenol (1.43) in
81% yield. Benzyl (1.44), allyl (1.45), alkynyl (1.46), and allenyl (1.47) functionality
undergo aryl hydroxylation in good yields. In the case of benzyl groups, the reaction is
selective for the more electron rich vanillate arene. Silicon-based protecting groups
including trimethylsilane (1.48), and tert-butyldimethylsilane (1.49 and 1.50) are
compatible with this reaction, with no evidence of protodesilylation. Strained ring systems
including cyclopropyl (1.52) and cyclobutyl (1.53) remain intact and do not undergo ring
opening. Surprisingly, the pinicol boronic ester (1.58) hydroxylated in acceptable yields,
which provides a synthetic handle for further carbon-carbon bond forming reactions.

Phthaloyl peroxide hydroxylates substrates containing azides (1.54), nitriles (1.56) and

halogens (1.55), providing handles for further chemical manipulation.
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Figure 1.10. Mechanisms employing phthaloyl peroxide diradical (1.21).

The possibility of several mechanistic pathways was envisioned for this
transformation (Figure 1.10). The relative ease by which homolysis of the peroxide bond
occurs led to the examination of mechanisms proceeding through the phthaloyl diradical
(1.21).!7 The phthaloyloxy radical (1.21) can add into the arene and form a carbon-oxygen
bond, creating a stabilized cyclohexadienyl radical (1.59). Hydrogen abstraction re-
aromatizes the arene. This pathway is termed the reverse rebound mechanism.
Monooxygenases such as cytochrome P450 are thought to insert oxygen via the rebound
mechanism.*-¢ In this pathway, C-O bonding is preceded by hydrogen abstraction,
creating an aryl radical intermediate (1.60). The aryl radical then undergoes carbon-oxygen

bond formation, providing the mixed phthalate ester (1.61).
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Figure 1.11. Electrophilic aromatic substitution mechanism.

An electrophilic aromatic substitution mechanism was also considered (Figure
1.11). Attack of the arene on the phthaloyl peroxy-oxygen bond would result in a
conjugated carbocation (1.62). Elimination of a proton would give the aromatized mixed
phthalate ester (1.61). This reaction pathway is analogous to the classical Friedel-Crafts

acylation mechanism for the insertion of activated carboxylates.

O
O-
ol
ol
(0]
1.59

(0] (0]
0 o- ionic combination
i+ | —Lrc SET, + R OH
(0] O- (0]
radical combination FG
o o) 1.64 5
1.13 1.63 1.61
o
o-
H
(0]
+ 5 FG
(0]
1.62

Figure 1.12. Single electron transfer mechanism.
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Finally, the possibility of a single electron transfer (SET) pathway was examined
(Figure 1.12). After electron transfer from the arene to phthaloyl peroxide, an aryl radical
cation would be produced (1.64). Recombination could either occur via ionic or radical
means. Carbon-oxygen bond formation could occur via nucleophilic addition of the
carboxylate on the aryl radical cation, providing a cyclohexadienyl radical (1.59), the same
intermediate in the reverse rebound mechanism (Figure 1.10). Hydrogen abstraction by the
resulting phthaloyl radical would yield the phthalic ester (1.61). Alternatively, the
phthaloyl radical could combine with the aryl radical, yielding a cyclohexadienyl

carbocation 1.62. Elimination of the proton would yield phthalic ester 1.61.
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Figure 1.13. Calculated energetics of reaction transition states.

To determine the feasibility of each proposed mechanisms, the energetics of the
transition states were calculated by Houk and co-workers (Figure 1.13).2* The
(U)B3LYP/6-31+G(d) methodology, which has been previously utilized in peroxide
calculations was used in DFT and ab initio calculations.’” Through these calculations, the

single electron transfer (SET) pathway was calculated to possess the highest energy
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transition state (1.68). This conflicts with the single electron transfer mechanism proposed
for the dioxygenation of olefins found previously.'* Direct hydrogen abstraction via
rebound (1.66) is also unfavorable, with a calculated energy barrier of 47.0 kcal mol™!. The
reverse rebound mechanism transition state (1.65) has the lowest energy barrier (28.6 kcal

mol™), 7 kcal mol™! lower than nucleophilic addition (1.67).

Me

AGmesitylene
(298 °K)
kcal mol™!

Figure 1.14. DFT-computed free energy surface and transition structures involved in
the reverse rebound mechanism for the hydroxylation of mesitylene
(1.41) at 298 °K.
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Figure 1.15. Computed free energy surfaces for aryl vs. benzylic functionalization of
mesitylene at 338 °K using phthaloyl peroxide (1.13).

Given the similarities between benzoyl peroxide (1.10) and phthaloyl peroxide
(1.13), the energy surface for benzylic vs. arene substitution was calculated by Houk and
co-workers for both peroxides (Figure 1.15). In the case of phthaloyl peroxide (1.13), the
addition of the phthaloyl radical (1.21) into the aromatic ring of mesitylene requires 10
kcal mol!.”* Intramolecular hydrogen abstraction (1.71) is calculated to be rapid, with a
barrier of less than 4 kcal mol. Benzylic hydrogen abstraction (1.73) is 5.5 kcal mol’!
higher in energy than C-O bonding which accounts for the observed aryl selectivity for

phthaloyl peroxide.
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Figure 1.16. Computed free energy surfaces for aryl and benzylic functionalization
using benzoyl peroxide (1.10).

The energetics of aryl vs. benzylic functionalization were also calculated for
benzoyl peroxide to confirm that benzylic oxidation predominates using these calculation
methods (1.10). Similar to that of phthaloyl peroxide (1.13), C-O bonding (1.76) is
calculated to be lower in energy then benzylic oxidation (1.80). In fact, cyclohexadienyl
adduct 1.77 has been observed using direct UV/Vis photolysis of benzoyl peroxide in the
cavity of an EPR spectrometer at room temperature.*® Despite the ability to add into the
arene, the subsequent hydrogen abstraction is higher for benzoyl peroxide (15.9 kcal mol
1) than for phthaloyl peroxide (4 kcal mol'). This is due to an entropic penalty for the
bimolecular transition state (1.78), in contrast to the intramolecular hydrogen abstraction

for phthaloyl peroxide (1.71). These calculations are in agreement with the experimental
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observations that benzylic functionalization is favored for benzoyl peroxide in preference

to aryl functionalization.
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Figure 1.17. Calculations of improved peroxide.

Based on the experimentally observed enhanced reactivity of 4,5-dichlorophthaloyl
peroxide (1.33) for olefin dihydroxylation, it was hypothesized that this increased reactivity
would carry over to arene hydroxylation.?! The same calculation methodology utilized for
the parent peroxide was applied to 4,5-dichlorophthaloyl peroxide (Figure 1.17).%
Calculations are in agreement with the experimentally determined enhanced reactivity. The
SOMO for the dichloro derivative is 0.02 eV lower in energy than that of phthaloyl
peroxide (Figure 1.17a). This lowers the energy gap between the SOMO-HOMO
interaction in the transition state. Depictions of the C-O bonding structures with benzene
are shown (Figure 1.17b) and the energy of the dichloro derivative (1.33) was found to be

almost 2 kcal mol™! lower in energy than that of phthaloyl peroxide (1.13).
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Figure 1.18. Improved reactivity of 4,5-dichlorophthaloyl peroxide (1.33).
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Figure 1.19. Challenging substrates prepared using 4,5-dichlorophthaloyl peroxide
(1.33).

Previously with phthaloyl peroxide (1.13), electron withdrawing groups (e.g.
carbonyls) require two activating groups on the ring in order to overcome the poor
electronics. For example, anisaldehyde (1.81) does not undergo phthaloyl peroxide
mediated hydroxylation (Figure 1.18). Utilizing the more reactive 4,5-dichlorophthaloyl
peroxide (1.33), on the other hand, provides isovanillin (1.82) in 69% yield after

hydrolysis. This suggests that only one activating group is required to overcome a carbonyl
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for 4,5-dichlorophthaloyl peroxide. This enhanced reactivity observed experimentally is in
agreement with the calculations which suggested that 4,5-dichlorophthaloyl peroxide
would be more reactive. To showcase the improved reactivity of 4,5-dichlorophthaloyl
peroxide (1.33), a series of halogenated arenes and benzene were subjected to 2.5
equivalents of 4,5-dichlorophthaloyl peroxide in HFIP at 75 °C (Figure 1.19). The resulting
phenols were volatile, thus the crude reaction mixtures were methylated using
trimethylsilyl diazomethane and then fully characterized as the phthalate methyl esters.
While the yields were modest even using the more reactive peroxide, the reaction with
these less reactive arenes did not result in secondary oxidation.

Unlike phthaloyl peroxide (1.13), arenes possessing neutral to moderately
deactivating functionality were accessible using 4,5-dichlorophthaloyl peroxide (1.33).
Primary (1.87) and secondary alcohols (1.88) were tolerated in the hydroxylation reaction,
with no overoxidation observed. Similarly, a family of hydrocinnamyl derivatives
possessing varying oxidation states was tested. Methyl hydrocinnamate gave the
corresponding phenol (1.91) in 74% yield. Interestingly, protection of the carboxylate was
not required, as the free carboxylic acid (1.92) hydroxylated in 65% yield.
Hydrocinnamonitrile provided the corresponding phenol (1.93) in 40% yield, with
recovery of 26% of starting material. Removal of a methylene spacer from methyl
hydrocinnamate (1.94) decreased the yields (48%). The effects of placing a methoxy group
ortho, para or meta with respect to a methyl ester was interrogated. As was observed with
anisaldehyde, only one electron donating group is necessary to overcome a methyl ester
attached directly to the ring, providing a 64% yield of the corresponding methyl p-methoxy
benzoate (1.95). The methoxy group ortho to the methyl ester resulted in 53% yield of the
phenol, as a 1.2:1 mixture of regioisomers (1.96). If the methoxy group is meta to the ester

(1.97), both yields and regioselectivity decreased.
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Figure 1.20. Phenols prepared using the activated peroxide 4,5-dichlorophthaloyl
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regioisomers. ‘ Protonated first with p-toluenesulfonic acid.
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Arenes processing tert-butyl functionality (1.100) increased the regioselectivity of
the reaction, with respect to n-butyl (1.102). It is still noteworthy that oxidation ortho to
this sterically demanding group is not completely abated. A series of alkyl benzenes
(1.102-1.105) were hydroxylated, following the trends displayed for the halobenzenes
reacted previously. Methoxy substituted 1-tetralone hydroxylated ortho to the methoxy
functionality in 64% yield as a 1.4:1 mixture of regioisomers (1.101), with no Baeyer-
Villiger oxidation of the ketone. Substrates possessing multiple functionality including
cyclic carbonates (1.107) and carbamates (1.108) are tolerated in the reaction, giving yields
of 52% and 64%, respectively. Amines are tolerated by first protonating the nitrogen with
1.0 equivalent of p-toluenesulfonic acid, providing high yields of this methyl vanillate
derivative (1.109).

The FDA has mandated that in addition to testing the parent drug, metabolites
present in greater than 10% must also be tested in order for final approval to be granted.
The regioselectivity of the hydroxylation reaction generally follows installation of oxygen
at the most electron rich carbon, analogous to cytochrome P450 oxidation. Thus using
phthaloyl peroxide (1.13) and 4,5-dichlorophthaloyl peroxide (1.33), one can generate
phase I oxidative metabolites from the parent drug candidate without devising a new
synthetic route. The compatibility of the peroxide with a wide variety of functional groups

enables late-stage chemoselective oxidation of complex small molecules.
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Figure 1.21. Hydroxylation of biologically relevant small molecules. *Ratio of major:
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Given the broad functionality tolerated by the more reactive 4,5-dichlorophthaloyl
peroxide (1.33), we subjected a variety of therapeutics, biocides, and other biologically
relevant small molecules to the hydroxylation reaction (Figure 1.21). Both the free acid
and methyl ester of naproxen were tolerated providing a 40% yield of 1.110. The non-
steroidal anti-inflammatory drug (NSAID) nabumetone was hydroxylated in 68% yield
(1.111). For both naproxen and nabumetone, flash chromatography was done rapidly and

under nitrogen as the resulting naphthols were prone to air-oxidation. Hydroxylation of
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ibuprofen, whether as the methyl ester or carboxylate resulted in a 2:1 mixture of
regioisomers, in a 61% combined yield (1.112). Subjecting flurbiprofen, a potent member
of the NSAID family used to treat inflammation and arthritis, to the hydroxylation reaction
resulted in regioselective oxidation of the more electronically rich ring, providing the
phenol in 31% yield (1.113). This phenol is the major metabolite of the parent drug.*’
Hydroxylation of fenoprofen methyl ester resulted in a 1:1 mixture of phenols (1.114). The
structurally related expectorant guainefesin and anxiolytic mephenoxalone gave
hydroxylated products in 35% (1.115) and 26% (1.116), respectively. The low yields are a
result of the highly polar products produced, rendering the aqueous workup following the
hydrolysis of the phthalate ester tedious. The biocide triclosan (found in many antibacterial
soaps) was synthesized by treating the corresponding trichlorinated arene with 4,5-
dichlorophthaloyl peroxide, providing triclosan (1.99) in 52% yield. Anilines and
sulfonamides (1.118 and 1.120) can also be hydroxylated in modest yields.

To understand the thermal stability of the peroxide, thermogravimetric analysis
(TGA) was performed on solid benzoyl peroxide (1.10), phthaloyl peroxide (1.13), and
4,5-dichlorophthaloyl peroxide (1.33) (Figure 1.21). TGA monitors the change in mass of
an analyte as a function of a gradual temperature ramp. Phthaloyl peroxide (1.13)
undergoes a fast and energetic decomposition at 130 °C. The improved 4,5-
dichlorophthaloyl peroxide (1.33) is more thermally stable than phthaloyl peroxide,

decomposing at 135 °C. Hydrated benzoyl peroxide begins to decompose at 106 °C.
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Figure 1.22. TGA of benzoyl peroxide (1.10), phthaloyl peroxide (1.13), and 4,5-
dichlorophthaloyl peroxide (1.33).
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Figure 1.23. DSC thermogram of phthaloyl peroxide (1.13), obtained using a 5 °C
min™' heat ramp.
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Differential scanning calorimetry (DSC) is a technique in which the difference in
the heat flow between the sample and reference is monitored. The presence of an
exothermic event is then used to access the stability of the analyte. A thermogram obtained
in this manner indicates phthaloyl peroxide (1.13) has an energetic profile of 1177.49 J g!
(Figure 1.23). Using DSC, anhydrous benzoyl peroxide (1.10) was found to have a higher
decomposition enthalpy (1603.0 J g'1).*° While the energy of decomposition is lower for
phthaloyl peroxide than several commercially available peroxides, the safety concerns of
utilizing stoichiometric amounts of organoperoxides on scale should not be overlooked.
One technique industry has pursued to circumvent the need to prepare and store large
quantities of toxic or unstable reagents is to synthesize and immediately use the hazardous
reagent using a flow reactor.

Reactions in flow offer several advantages over reactions performed in batch.*!*
For example, the flow apparatus occupies a smaller footprint, and are more economical to
horizontal scaling than batch reactors (“scaling out” as opposed to “scaling up”).*® Due to
the higher surface area of the reactor, mixing is much more efficient, thus reactions

(especially biphasic or heterogeneous solutions) are dramatically accelerated due to

increased shearing forces.***” Reactions run in flow can safely be run at elevated

48-50 51-53

temperature and pressure rendering the large-scale bomb reactor unnecessary.

Exposure to toxic, unstable, and air sensitive materials are minimized in flow
reactors and the accumulation of these reagents is minimal. Highly toxic substances
including phosgene®*, the Vilsmeier reagent®, diazomethane ®’, diazoesters>® have been
prepare in flow. Additionally ozone*®, osmium tetraoxide®, have been introduced into a
flow reactor, minimizing the chances of exposure to these acutely toxic reagents.

Oxidations run in flow have also been developed. Using TEMPO and hypervalent

iodine, benzylic alcohols were demonstrated to undergo conversion to the corresponding
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aldehyde in flow.%° Protocols utilizing palladium catalysis have been developed in flow,

employing molecular oxygen as the stoichiometric oxidant.®! Other examples include the

use of early or late transition metals employing peroxides or oxygen as the oxidant %!

More recently, Jamison reported a method to generate phenols in flow by treating an aryl
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Figure 1.24. Impact of stirring on % conversion of phthaloyl peroxide (1.13) formation in
batch. Reaction was analyzed after four hours.

Several aspects of the generation of phthaloyl peroxide (1.13) make it a good
candidate for flow. For biphasic reactions, the rate of reaction is highly dependent on the
efficiency of stirring. In the case of phthaloyl peroxide, the rate of stirring has a dramatic
impact on the production of product (Figure 1.24). Related to the biphasic nature of the
reaction, the scale at which the reaction was run greatly affected the product yields, as
stirring is complicated in larger vessels and may require specialized equipment. On the
other hand, utilizing a packed bed reactor, a tube consisting of finely ground sodium

percarbonate in this case, stirring is optimized as the flow of phthaloyl chloride is forced
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past the particles, maximizing contact between the surface of the solid and liquid phases

(Figure 1.25).70-7!

Packed bed reactor

Figure 1.25. Increased stirring in packed bed reactors.

The effects of solvent on the conversion of phthaloyl peroxide (1.13) were
investigated (Figure 1.26). The polar aprotic solvents ethyl acetate and acetone afforded
moderate conversion of phthaloyl chloride (1.30). However, phthalic anhydride (1.121)
was also produced in varying amounts. The need to purify the resulting peroxide from
unreacted starting material and byproducts (all soluble in the solvent) was undesirable and
negated the advantages of running the reaction in flow. After screening many solvents, it
was found that halogenated solvents were most optimal. Trifluorotoluene, dichloroethane

and methylene chloride yielded peroxide in high purity (>95% by NMR) and in comparable



isolated yields. Methylene chloride was ultimately selected due to its high volatility,

simplifying its removal in the subsequent hydroxylation reaction.

0]
[ (Na,CO3)o(Hy0)s |— 0

solvent, 23 °C 113 §

entry solvent? conversion (%)
1. ethyl acetate 68
2. acetone 76
3. trifluorotoluene >95
4. dichloroethane >95
5. methylene chloride >95

Figure 1.26. Solvent optimization of peroxide (1.13) formation in flow. * Reagent
grade solvent. ® Determined via NMR analysis.

| (NayCOg)o(Hy0z)s | —> 2
130 CHxClp, 23 °C 113 g
entry flow rate (mL min'") CH,Cl, BPR (psi) conversion (%)® yield (%)°
1. 50 anhydrous 40 >95 61
2. 167 anhydrous 40 >95 71
3. 334 anhydrous 40 >95 72
4. 167 anhydrous none >95 66
5. 167 reagent grade 40 >95 57
6. 167 wet 40 >95 47

Figure 1.27. Optimization of flow reaction. * Determined via NMR analysis. " Isolated
material after removal of solvent in vacuo.
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With an optimized solvent in hand, the effects of flow rate, amount of water present
in the mobile phase, and the presence of a back pressure regulator (BPR) were investigated
(Figure 1.27). The rate at which the substrate passes through the packed bed reactor has
great impact on the isolated yield of the peroxide (1.13). In general, increasing the flow
rate resulted in higher isolated yields. We found that a flow rate of 167 uL min' struck the
right balance of yield and reproducibility, as high flow rates strained the syringe pump,
resulting in inconsistent flow velocity through the reactor. Like the batch procedure for
making phthaloyl peroxide, the amount of water present in the solvent greatly affects the
yield. Using reagent grade solvent decreased the yield from 71% to 57%. Wet solvent
prepared similarly to the batch solvent was even more deleterious, decreasing the yield
further to 47%. Due to the continuous generation of carbon dioxide, a BPR was affixed to
the reactor following passage through the packed bed reactor. While only a modest increase
in isolated yield was observed, the inclusion of this device ensured constant velocity

through the system.

a.
o] o o]
cl (NapCO03)(H202)3 o, 5
cl CH,Cl,, 23 °C o
o 3-12 hours o 0
1.30 1.13 1.121
50-63% removed via
recrystallization
b.
o) % 0
Cl (0]
Na,CO3),(Hy05)3 [—> +
©¢CI (NazCO3)(H202)3 ©<‘/‘\O CQO
CH,Cl,, 23 °C 0
o minutes o
1.13 1.121
1.30
72% not detected

Figure 1.28. Comparison of phthaloyl peroxide (1.13) synthesized in (a.) batch and
(b.) flow.
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Remarkably, not only was the yield much higher for the flow procedure, but the
peroxide (1.13) produced was much more pure, and did not require a final recrystallization
(Figure 1.28). The flow procedure generates peroxide in minutes, as opposed to 3-12 hours
(depending on the scale) in batch. Finally, this protocol yields a 0.2 M solution of phthaloyl

peroxide in methylene chloride, which does not require the isolation of solid peroxide.
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Figure 1.29. Azeotrope analysis of TFE and HFIP mixtures with methylene chloride.

However, the hydroxylation reaction employing phthaloyl peroxide (1.13) was
optimized using fluorinated solvents.”> Additionally, the usage of co-solvents typically
decreases the yield of this reaction. For example, reaction of mesitylene in a 1:1 mixture
of methylene chloride: hexafluoroisopropanol (HFIP) gave the corresponding phenol in
56% yield. The reaction ran solely in HFIP results in a 97% yield of trimethylphenol. In
order to maximize yields, the solvent would need to be changed from methylene chloride
to a fluorinated solvent. In-line solvent switching in flow reactors have been developed,
typically utilizing a semi-permeable membrane.’? Boiling point measurements and analysis
of distillate indicated that methylene chloride and HFIP form a positive azeotrope (Figure

1.29). Consequently, removal of methylene chloride from HFIP by distillation was not
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feasible. However, we found that trifluoroethanol (TFE) and methylene chloride behaved
more like an ideal solution, allowing for the selective removal of methylene chloride from

the TFE solution via distillation.

f=167 uL min""!
Packed Bed Reactor

RRNENA AN I (NazCO3)5(H202)s BPR
A

(40 psi)

0.2 M phthaloyl chloride (1.30) 10 cm
in CH20|2

Distilled off

Figure 1.30. Schematic of flow apparatus.

To couple the preparation of phthaloyl peroxide (1.13) with the synthesis of
phenols, the apparatus was assembled as depicted in Figure 1.30. A 0.2 M solution of
phthaloyl chloride (1.30) in methylene chloride was pumped at a rate of 167 uL min’!
through a 10 cm packed bed reactor containing pulverized sodium percarbonate. Grinding
sodium percarbonate using a mortar and pestle was found to be essential for full
conversion. However, controlling the resulting particle size was necessary. For example,
particles smaller than the frit porosity clogged the reactor, and uniformly sized particles
increased reproducibility. Mesh sieves (140 and 325 mesh) were used to control the size of
the ground sodium percarbonate by selecting for particles ranging from 46-105 pm in
diameter. The feed emanating from the back pressure regulator was inserted into a two-
necked flask containing the arene as a solution in TFE and equipped with a distillation
apparatus. The receiving flask is submerged in an oil bath set to 60 °C, allowing for the

continual removal of methylene chloride.
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Figure 1.31. Arenes hydroxylated using phthaloyl peroxide (1.13) prepared in flow.
“Ratio of major: minor regioisomers.

Analogously to what had been previously observed in batch utilizing solid

phthaloyl peroxide, a variety of arenes are oxidized in this reaction (Figure 1.31).

Mesitylene is hydroxylated in 91% yield (1.41). Triisopropylbenzene provides phenol

1.122 in 95% yield. The sterics associated with tetramethylbenzene or pentamethylbenzene
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does not impede reactivity, providing both phenols 1.123 and 1.124 in 76% and 94% yield.
Allyl groups attached to the arene do not oxidize (1.125). When more than one arene is
present, hydroxylation occurs at the more electronically rich arene (1.44), analogous to
what is observed in batch. Alkynes and allenes do not undergo unproductive reactivity,
giving good yields of phenols 1.46 and 1.47. Naphthalene derivatives 1.110, 1.111, and

1.126 are obtained in good yield.
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Figure 1.32. Effects of wetting phthaloyl peroxide (1.13) on enthalpy of
decomposition.
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To increase the safety of neat phthaloyl peroxide (1.13), the effect of wetting the
solid was investigated (Figure 1.32). Despite the instability of benzoyl peroxide (1.10), it
is commercially available and is used as a topical treatment for acne. It is kept wet in a
mixture composed of at least 1% water, but typically sold as a 25% mixture. After the
inclusion of only 5% water, the thermogram of phthaloyl peroxide dramatically changes.
Instead of a sharp peak indicating a high energetic decomposition (detonation), the addition
of water broadens the thermogram substantially. This indicates a much slower

decomposition rate than that of the neat peroxide.

TFE, X equiv. water

1.127 p, 40°C 1128 jpr
entry equiv. water conversion (%)?

1. 0 94

2. 1 90

3. 2 94

4. 8 94

5. 16 90

6. 32 73

7. 64 59

8. 128 12

Figure 1.33. Effect of water on the hydroxylation reaction. * Determined via NMR analysis.

With a method to attenuate the energetics of phthaloyl peroxide (1.13), the effects
of water on the subsequent hydroxylation reaction were investigated (Figure 1.33). The
reaction proved to be tolerant of water, up to 16 equivalents before the yield of the reaction
began to be adversely affected. This demonstrates that wetting phthaloyl peroxide

decreases its energetics but has little effect on its reactivity.
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Figure 1.34. Metabolism of benzene by dioxygenase and monooxygenase.

Nature has evolved a series of enzymes capable of oxidatively processing arenes.
In addition to cytochrome P450s which catalyze the insertion of one atom of dioxygen
(monooxygenase), dioxygenases incorporate both atoms of dioxygen (Figure 1.34).737
Both monooxygenases and dioxygenases typically harbor an iron heme cofactor as the
reactive center with the catalytically active state being either an iron(V)-oxo or iron(III)-
peroxo complex.”® Upon oxidation, the resulting cyclohexadienyl adduct is further
processed via reductive or hydrolytic steps.

While the above mentioned transformation would be immediately useful to
chemical synthesis, the analogous non-biologic reaction does not exist. The lack of
overoxidation in nature’s oxygenase reactivity is noteworthy as the first oxidation step
overcomes the barrier of aromaticity and generates a product that is itself prone to further
oxidation. An analogous reaction in chemical synthesis has not been developed as the
oxidant must be a strong enough oxidizer to dearomatize the arene, but not react further
with the resulting cyclohexadiene. Chemical oxidations of arenes that generate dienones,
which possess a reduced susceptibility towards additional oxidation, have been widely

employed and extensively developed and showcase the utility of oxidative
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dearomatization. However, the requirement of dienone generation is a limitation.

Additionally, the resulting diene can undergoes uncontrollable Diels-Alder reactions.
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Figure 1.35. Examples of oxidative dearomatization.

Methods have been developed to access oxygenated cyclohexadiene derivatives
from aromatic precursors (Figure 1.35). The most common methods employ hypervalent
iodine (Figure 1.35a). Treatment of a functionalized phenol (1.133) with a nucleophile in
the presence of an iodine(IlI) source, yields the dienone with addition either ortho (1.134)
or para (1.135) to the phenol.”” The Becker-Adler reaction (Figure 1.35b) is an
intramolecular variant of this reaction, whereby a benzylic alcohol (1.136) cyclizes onto

the aromatic ring, yielding the corresponding epoxide (1.137).”” Acetoxylation of phenolic
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compounds occurs readily using stoichiometric amounts of lead tetraacetate, affording the
quinol ester (1.139).”® However, dimerization occurs leading to the bridged tricycle 1.140.
A (-)-sparteine copper complex catalyzed the oxidative dearomatization of lithiated
phenoxides (1.141), providing enantioenriched cyclohexadienones (1.142), which readily
dimerize (Figure 1.35d).” Electrochemical methods also exist (Figure 1.35¢).%083
However, these protocols often require complex electrolyte mixtures, and can be
economically prohibitive due to the reliance on precious metal electrodes. These methods

often are not amenable to scale. Other commonly utilized methods include use of palladium

78,84-87 90-94

and other transition metals , peroxyacids®®, dimethyldioxirane®, and biocatalysts
However, dearomatized adducts generated by these methods are unstable and many react
unproductively via Diels-Alder dimerization. To minimize the occurrence, bulky and/or

electron withdrawing groups are added to deactivate the resulting cyclohexadienone from

further reactivity.

Me HO NMe2

O‘@U i

OH O OH O

cleroindicin D (1.146) (-)-doxycycline (1.147)
OMe
O‘ ; CO:H
n
Bu” o1 oHo OMe
carpanone (1.148) (+)-rishirilide B (1.149) (-)-kushecarpin A (1.150)

Figure 1.36. Natural products prepared using dearomatization strategies.
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Oxidative dearomatization has proven to be an effective tool in chemical synthesis,
rapidly converting commercial and easily-prepared arenes into highly functionalized
cyclohexadienone derivatives (Figure 1.36).°>° This strategy increases structural
complexity and aligns well with synthetic targets identified from natural sources or enables
the syntheses of chemically diverse compound collections derived from a privileged core.
Recently, the Njardarson group utilized hypervalent iodine to perform an oxidative
dearomatization followed by Diels-Alder reaction to assemble the core of vinigrol.””»*
Similarly, Pettus and coworkers utilized oxidative dearomatization in a key step to convert

).99

(-)-sophoracarpan A into (£)-kushecarpin A (1.150).”” Dearomatization also enables access

to privileged molecular scaffolds, demonstrated by Doyle!%, Tan!!, Hergenrother!'*?, and

Porco'®,

OR
1.156 O | OH
1.154
OR

1.155
Figure 1.37. Reactivity of dearomatized adducts.

With access to cyclohexadiene derived from dearomatization, the possibility for
further functionalization exists (Figure 1.37). Oxidation can occur, leading to quinones

(1.151).' A Diels-Alder reaction accesses topologically complex bridged bicycles
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(1.152).!% Cyclohexyl derivatives (1.153) are produced via exposure of the diene to
hydrogen and palladium on carbon.!® Osmium(VIII) oxide hydroxylation of one or both
olefins provides highly oxygenated cyclohexyl adducts (1.154).1°7 Polar cycloadditions
utilizing singlet oxygen gives peroxy compound 1.155.!% Alternatively, oxidative cleavage
of the activated carbon-carbon bond yields conjugated dialdehyde 1.156.!% Treatment with
m-CPBA provides the corresponding epoxide (1.157).!'° Additionally, rhodium-catalyzed

cyclopropanation provides a bicycle[4.1]heptane (1.158).!!!

expected observed
monooxidation dioxygenation

77777777777777777777777777777777

Figure 1.38. New dearomatization reactivity of phthaloyl peroxide (1.13).

In contrast to what others have observed previously with phthaloyl peroxide (1.13),
subjecting 1,3-benzodioxole (1.159) to the standard hydroxylation protocol led to the
isolation of a mixture of diastereomers of the dearomatized adduct (1.161a and 1.161b).
No hydroxylation (1.160) was observed. After reaction with phthaloyl peroxide (1.13), the
'H-NMR signals of the starting material shift up-field, indicating a loss of aromaticity, and
the hydrogens of the methylene become nonequivalent.!'> A stretch present in an IR

! is indicative of a lactonic orthoester.'® Additionally a DEPT

spectrum of 1780 cm”
experiment confirmed that the methylene was not oxidized. Finally, X-ray structural
elucidation confirmed the molecules as the bridged, dearomatized adducts (Figure 1.39,

1.40).
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Figure 1.39. Single crystal X-ray of 1.179a.

Figure 1.40. Single crystal X-ray of 1.179b.
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1 7 1 2 7 23°C TFE 53%
2 3.0 23°C TFE 72%
3 1.5 OC TFE 37%
4. 1.5 4O°CJ TFE 68%
5. 1.5 23°C HFIP 77777 58%
6. 1.5 23°C EtOH 45%
7. 1.5 23°C TFT 17%
8. 1.5 23°C CH,Cl, 31%

Figure 1.41. Optimization of the dearomatization of benzodioxole using phthaloyl
peroxide. * Reagent grade solvent. " Isolated yield after flash column
chromatography.

The effects of varying equivalents of peroxide (1.13), temperature and solvent were
examined in an effort to optimize the reaction (Figure 1.41). Decreasing the amount of
peroxide below the standard conditions used for aryl hydroxylation led to incomplete
conversion of benzodioxole (variant 1). However, increasing the amount of peroxide to
three equivalents (variant 2) did not positively affect the yields. This experiment was
notable, however, as no over-oxidized products were identified in these reactions despite a
large excess of peroxide present. Lowering the temperature to 0 °C resulted in incomplete
conversion of starting material (variant 3). Warming the reaction to 40 °C (variant 4) did
not lead to higher isolated yields of the product. Analogous to that of the hydroxylation

reaction, we found the commercial grade fluorinated solvents including trifluoroethanol
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(TFE) and hexafluoroisopropanol (HFIP) were superior for arenes possessing electron-
withdrawing substituents.!!* For electron rich substrates commercial grade trifluorotoluene
(TFT) proved optimal. However, ethanol and methylene chloride also provided the

dearomatized adducts with no detectable amounts of aryl hydroxylation.
<O
o

O
o) o) 0
0
O HFIP, 60 °C o ©
o]

1.179a 1.179a 1.179b

Figure 1.42. Equilibration of piperonal isomers (1.179a and 1.179b).

The dearomatized adducts can be stored at 4 °C for weeks with no decrease in
purity. Remarkably, the dearomatized adducts are stable to aqueous workup and silica gel
chromatography. The major isomer in every case examined, is where the phthalate ester is
cis to the methylenedioxy bridge. For most adducts, the major and minor diasteromer can
be separated by chromatography. It is worth noting that heating the single isomer
compound (1.179a) does not lead to the formation of related phenolic products (Figure
1.42). A diastereomeric mixture results due to the benzyloxy-orthoester stereocenter

scrambling (1.179a and 1.179b).
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Figure 1.43. Dearomatized adducts. * Recovered starting material.
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The reaction is chemoselective for the arene, as demonstrated by the wide variety
of substituents (including many with oxidatively sensitive functionality) tolerated by the
reaction (Figure 1.43). As outlined in Figure 1.41, 1,3-benzodioxole performed well under
these conditions, providing a yield of 74% of the dearomatized product (1.161). Aryl ethers
(1.162 and 1.163) readily dearomatize in minutes, however, these reactive substrates
necessitated the wuse of trifluorotoluene, as the fluorinated alcohol solvents
hexafluoroispropanol and trifluoroethanol led to unproductive reactions. Arenes
possessing a dimethyl carbamate provide the corresponding adduct (1.164) in 76% yield.
Aliphatic substitution on the arene is tolerated with the methyl derivative giving an 88%
yield of cyclohexadiene 1.165. Interestingly, increasing the steric environment by addition
of a propyl group meta to the methylenedioxy ring (1.166) does not significantly impact
the yields (85%) when compared to the smaller methyl group. A propyl group located ortho
to the methylenedioxy ring (1.167) only modestly affects the yield (73%). Appended
benzyl (1.168) or phenyl (1.169) groups were left unreacted, demonstrating the selectivity
phthaloyl peroxide (1.13) has for electronically rich arenes observed previously for the
hydroxylation reaction. Olefinic substitution provides the corresponding vinyl
cyclohexadiene (1.170) in 67% yield. Neither over-oxidization nor unproductive Diels-
Alder reactions were observed for this substrate, demonstrating the stability of these
adducts.

For the first time, nitro substitution does not shutdown the reactivity of phthaloyl
peroxide (1.13). The 1,3-benzodioxole core with a nitro substituent (1.172) provided the
nitrodiene in 57% yield. If the nitro group is connected through a vinyl spacer, as with the
nitro styrene (1.171), the yields increased. Tosylated arenes provide good yields (70%) of
the corresponding dearomatized adduct 1.173. Halogenated arenes possessing chlorine

(1.174) or bromine (1.175) reacted well and can be envisioned to provide synthetic handles
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for further chemical manipulation. Arenes possessing nitriles furnish the corresponding
cyano-diene (1.176), albeit in low yield. Esters (1.177) and amides (1.178) are suitable
substrates for this reaction. Other functionality susceptible to oxidation including
aldehydes (1.179, 1.180) remained unchanged under the reaction conditions. Interestingly,
no loss in yield was observed if the aldehyde was ortho to the methylenedioxy ring.

Given that the steric environment associated with substituents ortho to the
methylenedioxy ring did not drastically impact the yields of the dearomatization reaction,
replacing the acetal of methylenedioxy with a dimethyl ketal was investigated. Acetonides
(1.181 and 1.182) provided lower yields but do not completely preclude oxidative
dearomatization. The importance of both oxygen atoms of the methylenedioxy was also
explored. It was found that subjecting 2,3-dihydrobenzofuran to the reaction provided the
dearomatized product (1.183) in 40% yield (with recovery of 26% of starting material)
indicating that while lower yields are achieved the system still reacts to provide the
oxygenated cyclohexadiene product. The bromo-dihydrobenzofuran (1.184) reacted
providing a comparable yield to the bromomethylenedioxy derivative.

Two possible mechanisms were envisioned for the phthaloyl peroxide-mediated
dearomatization reaction (Figure 1.44). Similar to what had been previously observed for
the hydroxylation of arenes, a diradical mechanism is possible (Figure 1.44a). Following
homolysis of the oxygen-oxygen bond of phthaloyl peroxide (1.13), an initial carbon-
oxygen bond would be formed. This would yield a very stable cyclohexadienyl radical
(1.185). Subsequent carbon-oxygen bond formation would provide the acetal radical
(1.186). Recombination of the acetal radical with the phthaloyl radical would account for
the observed dearomatized products (1.161). Alternatively, an ionic mechanism could also

be plausible (Figure 1.44Db).

45



<O
o] 5.0
7o
| ;
o 1.185
o
< + ?
o o
1.159 1.13
o <o
o)
N-7>0
N—0
o ‘
0
1.161
b. o
o] -. 0
SN
+
o
0 1.187 TOO
o
( + Q SV 9
o) o N, o
+
1.159 1.13
o <o 1.188 o
o)
7o
N0
O ‘
0

1.161

Figure 1.44. Possible mechanisms employing either (a.) radical or (b.) ionic pathway.

Benson group increment theory uses calculated heat of formation for functional
groups and other groups of atoms to estimate the heat of formation for a given molecule.''
When the estimated and experimentally determined values differ, the difference is
attributed to the strain energy. Benson group additivity parameters suggest that
benzodioxole substrates possess significant Baeyer (angle) strain, calculated to be 17.6 kcal
mol™! in the liquid state.!!® Intuitively, this is important for the formation of the first carbon-

oxygen bond ortho to the radical-stabilizing oxygen, followed by a second carbon-oxygen
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bond formation that perpetuates the relief in ring strain. Double ipso-addition at the ring
junction alleviates this strain through re-hybridization at the carbons from sp® to sp’,

providing an energetic driving force for this reaction.
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Figure 1.45. Linear free energy diagram.

The broad array of functional groups tolerated by the dearomative oxidation
provided an opportunity to investigate the mechanism by Hammett plot analysis (Figure
1.45). The rates of reaction between the unfuctionalized 1,3-benzodioxole and a given
substituted derivatives were obtained through direct competition reactions. A fivefold
excess of each arene relative to phthaloyl peroxide (1.13) were reacted in TFE at 23 °C.
The ratio of adducts formed was determined by crude reaction NMR analysis, providing
kx / ku. Using o, or o,", a variety of Hammett plots were constructed. For the

dearomatization reaction examined, 6, values (R? = 0.95) provided a stronger correlation
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than c," (R>=0.91). This is a notable departure from electrophilic aromatic substitution
reactions (EAS), which tend to correlate better with c,*.!' Applying a linear regression
algorithm provides a correlation (p) of the linear free energy and an insight into the reaction
mechanism. With a p value of —2.94, the reaction is mildly influenced by the stabilization
of polar intermediates but is not predicted to be ionic as reactions such as electrophilic
aromatic substitution (EAS) possess larger negative p values.!!” The p value supports a
diradical-based intermediate in the rate-determining step analogous to what was found
computationally for the phthaloyl peroxide-mediated arene hydroxylation reaction.?® Thus,
a mechanistic pathway that is in agreement with this mechanism is depicted in Figure

1.44a.

48



4,5-DICHLOROPHTHALOYL PEROXIDE EXPERIMENTAL SECTION

Organic solutions were concentrated by rotary evaporation at ~ 20 torr. Phthaloyl peroxide
was prepared as reported previously.!® All other reagents and solvents were used directly
from the supplier without further purification. Analytical thin-layer chromatography (TLC)
was carried out using 0.2 mm commercial silica gel plates (silica gel 60, F254, EMD
chemical) and visualized using a UV lamp. TLC plates were stained using ceric ammonium
molybdate (CAM), aqueous potassium permanganate (KMnQOs) or iodine. Infrared spectra
were recorded on a Nicolet 380 FTIR using neat thin film technique. High-resolution mass
spectra (HRMS) were recorded on a Karatos MS9 and are reported as m/z (relative
intensity). Accurate masses are reported for the molecular ion [M+Na]", [M+H], [M*], or
[M-H]. Nuclear magnetic resonance spectra ('H-NMR and *C-NMR) were recorded with
a Varian Mercury 400 (400 MHz, 'H at 400 MHz, '3C at 100 MHz), Agilent MR 400 (400
MHz, 'H at 400 MHz, '3C at 100 MHz), Varian DirectDrive 400 (400 MHz, 'H at 400
MHz, *C at 100 MHz), or Varian DirectDrive 600 (600 MHz, 'H at 600 MHz, '3C at 150
MHz). For CDCls solutions the chemical shifts are reported as parts per million (ppm)
referenced to residual protium or carbon of the solvent: 6 H (7.26 ppm) and 6 C (77.0 ppm).
Coupling constants are reported in Hertz (Hz). Data for 'H-NMR spectra are reported as
follows: chemical shift (ppm, referenced to protium; s = singlet, d = doublet, t = triplet, q
= quartet, p = pentet, sext = sextet, sept = septuplet, dd = doublet of doublets, td = triplet
of doublets, ddd = doublet of doublet of doublets, m = multiplet, coupling constant (Hz),
and integration). Melting points were measured on a MEL-TEMP device without

corrections.
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Safety Information

All peroxides can be dangerous when not handled correctly. The following procedures
should be carried out by knowledgeable laboratory practitioners of organic synthesis.
While we have not had a reaction using 4,5-dichlorophthaloyl peroxide detonate we still
recommend that all reactions should be conducted with appropriate shielding as a
precaution. Thermogravimetric analysis (TGA) data showed that 4,5-dichlorophthaloyl
peroxide is stable below 115 °C, however, there is a rapid loss in mass at ~135 °C indicating

a potential for exothermic decomposition.
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Cl oy 1 PCls, 160 °C, 90% [¢] o
|

al OH 2 NaCOs" 1.5H,0, ¢ 0
CH,Cly, 23 C, 49% 133

o

Solid 4,5-dichlorophthalic acid (50.0 g, 213 mmol, 1.0 equiv.) and solid phosphorus
pentachloride (89.0 g, 427 mmol, 2.0 equiv.) were added to a flame-dried reaction vessel
equipped with a stir bar. The reaction vessel was placed under a continuous flow of nitrogen
and equipped with an out port leading to a saturated aqueous NaHCO3 mixture. The solid
mixture was then placed in an oil bath heated to 160 °C and stirred vigorously (600 rpm).
Caution: HCI Gas Evolution. After 14 hours the reaction vessel was equipped with a
fractional distillation apparatus and the dark grey-black liquid was purified by fractional
distillation. The first fraction recovered (B.P. = <170 °C, 1 atm) is residual phosphorous
byproducts, and was discarded. After no more distillate is collected, the distillation
apparatus was placed under vacuum, and the dichloride (55.1 g, 192 mmol, 90%, >95%
pure by NMR) was distilled (B.P. = 150-160 °C, 0.001 atm) as a clear colorless oil which
solidified upon cooling to 23 °C.

(0]

C':@i‘/‘\q white solid, M.P. = 34 °C; B.P.= 155 — 160 °C (0.001 atm). '"H-NMR (400
cl

¢ I MHz, CDCls) & 7.98 (s, 2H).

A mixture of solid 4,5-dichlorophthaloyl chloride (25.5 g, 94 mmol, 1.0 equiv.) and sodium
percabonate (16.2 g, 103 mmol, 1.1 equiv.) were diluted with non-purified methylene
chloride (0.2 M, 469 mL). The white heterogeneous mixture was then placed under an
atmosphere of N> and stirred vigorously (1000 rpm). After 24 hours the mixture was
filtered over a pad of celite and carefully concentrated by rotary evaporation (water bath
set to 23 °C) to reveal a pale yellow solid. This solid was dissolved in benzene (110 mL)

and then pentane (220 mL) was slowly added to the stirring solution causing a slow
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precipitation of a white solid. The mixture was placed in a cooling bath (0 °C) for 1 hour
and then filtered cold to reveal the peroxide 1.33 as a white snow-flake solid (9.3 g, 40
mmol, 43%, 86% pure). A second precipitation of the filtrate solution after concentration
provided peroxide 1.33 (2.7 g, 12 mmol, 13%, 86% pure). Concentration of the filtrate
solution after the second crop provided the starting 4,5-dichlorophthaloyl dichloride (5.7

g, 21 mmol, 22%). The spectra of 1.33 matches that for 4,5-dichlorophthaloyl peroxide.

o white solid; "TH-NMR (400 MHz, CDCl3) & 8.34 (s, 2H); 3C-NMR (100

Cl

cl
o
mo MHz, CDCl3): § 160.4, 142.4, 131.8, 122.6; IR (neat film, cm™) 1748, 906
1.33 o

cm™.

General Procedure A:

To flame-dried borosilicate flask equipped with a magnetic stir bar was added the
corresponding arene as a solid or neat followed by the syringe addition of HFIP to provide
a clear homogeneous solution with a substrate concentration of 0.1 M. In some cases, when
noted, CHCI3 was added to aid homogeneity. Solid 4,5-dichlorophthaloyl peroxide (1.33)
was then added in one portion. After stirring at a rate of 500 rpm at 23 °C for 1 minute to
provide full dissolution of the peroxide, the reaction vessel was capped with a polyethylene
stopper, clamped, placed in an oil bath heated to 50 °C, and stirred at a rate of 500 rpm.
After 24 or 48 hours the reaction was removed from the oil bath and allowed to cool to 23
°C, the stopper was removed carefully, and the HFIP was evaporated by a continuous flow
of N> to reveal a yellow, orange, or deep red solid mixture. The crude solid mixture was
then placed under an atmosphere of N», and a de-oxygenated mixture of MeOH / saturated

aqueous NaHCO3 (9: 1) was added by syringe under N> to provide an overall reaction
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concentration of 0.1 M. The heterogeneous mixture was then placed in an oil bath heated
to 50 °C and stirred at a rate of 500 rpm. After 1 hour the methanol was removed by a
continuous flow of N2, and to the mixture was added Et2O or ethyl acetate (10 mL) and an
aqueous phosphate buffer (10 mL, 0.2 M, pH = 7). The mixture was vigorously stirred
(800 rpm) at 23 °C for 2 minutes to provide a biphasic solution; which was poured into a
separatory funnel and partitioned. The organic layer was washed with an aqueous
phosphate buffer (4 x 30 mL, 0.2 M, pH = 7) or with the combination of an aqueous
saturated mixture of NaHCO3 and brine (3 x 30 mL). The residual organics were back
extracted with Et2O (3 x 25 mL) or ethyl acetate (3 x 25 mL), dried over Sodium sulfate,
filtered, and concentrated carefully. The crude material was then purified by silica gel

chromatography using the noted solvent mixture to provide the phenolic products.

General Procedure B:

To a flame-dried borosilicate flask equipped with a magnetic stir bar was added the
corresponding arene as a solid or neat followed by the syringe addition of HFIP to provide
a clear homogeneous solution with a substrate concentration of 0.1 M. In some cases, when
noted, CHCI3 was added to aid homogeneity. Solid 4,5-dichlorophthaloyl peroxide (1.33)
was then added in one portion. After stirring at a rate of 500 rpm at 23 °C for 1 minute to
provide full dissolution of the peroxide, the reaction vessel was capped with a polyethylene
stopper, clamped, placed in an oil bath heated to 75 °C, and stirred at a rate of 500 rpm.
After 36 or 48 hours the reaction was removed from the oil bath and allowed to cool to 23
°C, the stopper was removed carefully, and the HFIP was evaporated by a continuous flow
of N> to reveal a yellow, orange, or deep red solid mixture. The crude solid mixture was

then placed under an atmosphere of N2, and a de-oxygenated mixture of MeOH / saturated
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aqueous NaHCOs (9: 1) was added by syringe under N> to provide an overall reaction
concentration of 0.1 M. The heterogeneous mixture was then placed in an oil bath heated
to 50 °C and stirred at a rate of 500 rpm. After 1 hour the methanol was removed by a
continuous flow of N2, and to the mixture was added Et2O or ethyl acetate (10 mL) and an
aqueous phosphate buffer (10 mL, 0.2 M, pH = 7). The mixture was vigorously stirred
(800 rpm) at 23 °C for 2 minutes to provide a biphasic solution; which was poured into a
separatory funnel and partitioned. The organic layer was washed with an aqueous
phosphate buffer (4 x 30 mL, 0.2 M, pH = 7) or with the combination of an aqueous
saturated mixture of NaHCO3 and brine (3 x 30 mL). The residual organics were back
extracted with Et2O (3 x 25 mL) or ethyl acetate (3 x 25 mL), dried over sodium sulfate,
filtered, and concentrated carefully. The crude material was then purified by silica gel

chromatography using the noted solvent mixture to provide the phenolic products.

General Procedure C:

To flame-dried borosilicate flask equipped with a magnetic stir bar was added the
corresponding arene as a solid or neat followed by the syringe addition of HFIP to provide
a clear homogeneous solution with a substrate concentration of 0.1 M. In some cases, when
noted, CHCI3 was added to aid homogeneity. Solid 4,5-dichlorophthaloyl peroxide (1.33)
was then added in one portion. After stirring at a rate of 500 rpm at 23 °C for 1 minute to
provide full dissolution of the peroxide, the reaction vessel was capped with a polyethylene
stopper, clamped, placed in an oil bath heated to 75 °C, and stirred at a rate of 500 rpm.
After 36 hours the reaction was removed from the oil bath and allowed to cool to 23 °C,
the stopper was removed carefully, and the HFIP was evaporated to dryness by a

continuous flow of N> to reveal a yellow solid mixture. The crude mixture was then
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dissolved in a methanol: benzene (2:7) solution providing an overall substrate
concentration of 0.1 M and the now clear yellow homogeneous solution was stirred at a
rate of 500 rpm. TMSCHN3 (5.0 equiv., 0.2 M in Et2O) was added in a slow dropwise
fashion over 1 minute. Caution: Rapid N2 gas evolution. After 30 minutes the now deep
yellow — orange solution was evaporated by a continuous flow of N> to provide a yellow —
orange gum; which was purified by silica gel chromatography using the noted solvent

mixture to provide the mixed phthalate ester products.
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Cl

Q
o
cl MeO
© 1 133 5 HFIP 75°C

2. TMSCHN,
PhH/ MeOH, 23 °C

1.83
36%

Prepared following General Procedure C using benzene (10.0 mg, 0.13 mmol, 1.0 equiv.),

4,5-dichlorophthaloyl peroxide (87.0 mg, 0.32 mmol, 2.5 equiv., (using material of 86%
peroxide and 14% 4,5-dichlorophthalic anhydride)), HFIP (1.3 mL), and TMSCHN> (0.32
mL, 0.64 mmol, 5.0 equiv., 2.0 M). The crude yellow viscous oil was purified by silica
gel chromatography; benzene to provide the phthalate ester 1.83 (15.1 mg, 0.05 mmol 36%)

as a clear viscous oil.

colorless oil; "TH-NMR (400 MHz, CDCl3) 6 7.97 (s, 1H), 7.91 (s, 1H),

Meo?i/\[ 7.44 (t,J = 7.9 Hz, 2H), 7.29 (t, J = 7.9, 1H), 7.25 (d, J = 7.2, 2H), 3.93

© (s, 3H); BC-NMR (100MHz, CDCL3)  165.9, 164.5, 150.8, 136.4, 136.4,

e 131.5, 131.5, 131.4, 129.9, 128.6, 126.6, 121.5, 53.4; IR (neat film, cm’

1) 2955, 1733, 1436, 1288, 1069; HRMS (CI) caled. for C1sH1004Cly [M+H]" 325.0034,
obs. 325.0028.

cl
0 o
cl © Meo)h(i/\[o'

/@ 1. 133 § HFIP, 75 °C o
cl
. 2. TMSCHN, F/©/ o}

PhH/ MeOH, 23 °C

1.84
45%

Prepared following General Procedure C using fluorobenzene (10.0 mg, 0.10 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (69.0 mg, 0.26 mmol, 2.5 equiv., (using material
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of 88% peroxide and 12% 4,5-dichlorophthalic anhydride)), HFIP (1.0 mL), and
TMSCHN; (0.26 ml, 0.52 mmol, 5.0 equiv., 2.0 M). The crude yellow viscous oil was
purified by silica gel chromatography; benzene to provide the phthalate ester 1.84 (16.0
mg, 45%)

0 white solid, M.P. = 96 — 99 °C; Rt = 0.63 (silica gel, benzene);'H-
Meg#;é[z NMR (400 MHz, CDCl3) 6 7.94 (s, 1H), 7.93 (s, 1H), 7.24 — 7.21 (m,
FQ/ 2H), 7.12 (dd, J = 8.2, 8.9, 2H), 3.93 (s, 3H); ¥*C-NMR (100 MHz,
CDCl;) 6 165.8, 164.6, 160.8 (d, Jcr=245.22 Hz), 146.6, 136.5, 136.5,
131.5,131.4,131.3,131.3,123.0, 116.2, 53.4; IR (neat film, cm™") 2924, 2356, 1733, 1503,
1291, 1116; HRMS (ESI) calcd. for C1sHoO4CLF [M+H]" 342.9940, obs. 342.9934.

(0]

|
C (? o
o |
Cl MeO c
/@ 1. 133 o HFIP, 75 °C 1e)
Cl
cl 2. TMSCHN, CI/©/ o)

PhH/ MeOH, 23 °C

1.85
33%

Prepared following General Procedure C using chlorobenzene (10 mg, 0.09 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (60 mg, 0.22 mmol, 2.5 equiv., (using material of
86% and 14% 4,5-dichlorophthalic anhydride)), HFIP (0.9 mL), and TMSCHN> (0.22 mL,
0.44 mmol, 5.0 equiv., 2.0 M). The crude yellow viscous oil was purified by silica gel

chromatography; benzene to provide the phthalate ester 1.85 (10.3 mg, 32%)).
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o colorless oil; Rr = 0.69 (silica gel, benzene); 'H-NMR (400 MHz,

Meg?@c' CDCls) § 7.93 (s, 2H), 7.40 (d, J = 8.9 Hz, 2H), 7.21 (d, J = 8.6 Hz,

C.Q ° 2H), 3.92 (s, 3H); BC-NMR (100 MHz, CDCL) & 165.5, 164.2,

149.0, 136.3, 136.3, 131.8, 131.3, 131.1, 131.0, 131.0, 129.7, 122.7,

53.2; IR (neat film, cm™) 2955, 2924, 1733, 1503, 1487, 1288; HRMS (ESI) calcd. for
C15sHy04Cl; [M+H]* 358.9645, obs. 358.9636.

(0]
Cl

(? (0]
(0] |
Cl MeO c

/@ 1, 133 o HFIP, 75 °C o

Cl

Br 2. TMSCHN, Br/©/ 0

PhH/ MeOH, 23 °C

1.86
13%

Prepared following General Procedure C using bromobenzene (10 mg, 0.06 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (43 mg, 0.16 mmol, 2.5 equiv., (using material of
86% peroxide and 14% 4,5-dichlorophthalic anhydride)), HFIP (0.6 mL), and TMSCHN>»
(0.16 ml, 0.32 mmol, 5.0 equiv., 2.0 M). The crude yellow viscous oil was purified by
silica gel chromatography; hexanes — 3% ethyl acetate in hexanes to provide the phthalate

1.86 (3.2 mg, 0.01 mmol, 13%).

colorless oil; R = 0.40 (silica gel, 10% ethyl acetate in hexanes); 'H-
Meg%w/i/\[c' NMR (400 MHz, CDCls) & 7.93 (s, 2H), 7.55 (d, J = 8.9 Hz, 2H), 7.15
Br/©/ 0 ¢ (d,J=8.6 Hz, 2H), 3.92 (s, 3H); B*CNMR (100 MHz, CDCl3) 6 165.5,
1.86 164.0, 149.6, 136.3, 132.7, 131.3, 131.1, 131.0, 131.0, 123.1, 119.5,
53.2; IR (neat film, cm™) 2952, 1731, 1513, 1286; HRMS (ESI)

calcd. for C1sHoO4CLBr [M+Na]" 426.8931, obs. 426.8923.
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Cl
?
OH al o OH
©/\) 1. 133 o HFIP, 50 °C /@/\)
2. MeOH/sat. NaHCO3 (9/1), 50 °C HO 2

1.87

Prepared following General Procedure A using hydrocinnamyl alcohol (100 mg, 0.73

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (256 mg, 0.96 mmol, 1.3 equiv., 86%),
and HFIP (7.3 mL) at 50 °C for 48 hours. The crude brown gum was purified by silica gel
chromatography; 2 — 30% Et;0 in methylene chloride: hexanes (1: 1) to provide the title
compounds 1.87 (56.0 mg, 0.37 mmol, 50%, 1.87a: 1.87b = 2: 1) as an orange gum and
the starting alcohol (39.2 mg, 0.29 mmol, 39%) as a clear colorless oil. The spectra of the

title compounds match that for 1.87a and 1.87b.!!®

oy orange gum; 'H-NMR (400 MHz, CDCl3) 8 7.07 (d, J = 8.6 Hz, 1H),

Q/\) 6.76 (d,J = 8.6 Hz, 1H), 3.67 (t, J = 6.50 Hz, 2H), 2.64 (t, J = 7.86 Hz,
HO
1472 2H), 1.92 — 1.82 (m, 2H)."'8

on orange gum; '"H-NMR (400 MHz, CDCl3) § 7.10 (d, J = 7.52 Hz, 2H), 6.88
(d,J = 7.52 Hz, 1H), 6.85 (d, J = 7.52 Hz, 1H), 3.66 (t, J = 5.81 Hz, 2H),

OH

1876 278 (dd, J=6.50, 7.18 Hz, 2H), 1.92 — 1.82 (m, 2H).'"?
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CI:@¢O

OH al 0 OH

©/\)\Me 1. 133 o HFIP, 50 °C /@/\)\Me
2. MeOH/sat. NaHCOy3 (9/1), 50 °C HO 2

1.88

Prepared following General Procedure A using methyl hydrocinnamyl alcohol (100 mg,
0.67 mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (232 mg, 0.96 mmol, 1.3 equiv.,
87%), and HFIP (6.7 mL) at 50 °C for 48 hours. The crude brown gum was purified by
silica gel chromatography; 2 — 30% Et2O in methylene chloride: hexanes (1: 1) to provide
the title compounds 1.88 (59.0 mg, 0.36 mmol, 53%, 1.88a: 1.88b = 1.4: 1) as an orange

gum and the starting alcohol (24.0 mg, 0.16 mmol, 24%).

o+  orange gum; 'H-NMR (400 MHz, CDCl3) 8 7.07 (d, J = 8.55 Hz, 1H),

Me

6.75 (d, J = 8.55 Hz, 1H), 3.82 (sext, J = 6.50 Hz, 1H), 2.72 — 2.57 (m,

HO
o8 2H), 1.22 (d, J = 6.1 Hz, 3H).!%
.,  orange gum; 'H-NMR (400 MHz, CDCl3) § 7.09 (m, 2H), 6.88 (m, 2H),
wm 3.76 (sex, J = 6.84 Hz, 1H), 2.89 (m, 1H), 2.72 — 2.57 (m, 1H), 1.22 (d, J =
OH

1880 6.14 Hz, 3H)."*!

)
cl 0
o al 0 o)
©/\)LH 1. 133 5  HFIP, 75°C /@/\)LH
2. MeOH/sat. NaHCO; (9/1), 50 °C o 2

1.89
40%
[1:1]

Prepared following General Procedure B using the hydrocinnamyl aldehyde (100 mg, 0.71

mmol, 1.0 equiv., 95% pure), 4,5-dichlorophthaloyl peroxide (480.0 mg, 1.8 mmol, 2.50
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equiv., 86%), and HFIP (7.1 mL) at 75 °C for 36 hours. The crude brown gum was purified
by silica gel chromatography; 1 — 5% Et>0 in methylene chloride: hexanes (1: 1) to provide
the aldehyde 1.89a (21.0 mg, 0.14 mmol, 20%) and the 1.89b (21.0 mg, 0.14 mmol, 20%)

as yellow gums.

o yellow gum; 'H-NMR (400 MHz, CDCls) § 9.81 (t, J = 1.71 Hz, 1H),
" 7.06 (d,J = 8.55 Hz, 2H), 6.76 (d, J = 8.55 Hz, 2H), 4.59 (bs, 1H), 2.89
1.892 (t, J=7.52 Hz, 2H), 2.74 (dd, J = 6.84, 7.87 Hz, 2H).!*

(0]

u yellow gum; 'H-NMR (400 MHz, CDCl3) 6 7.12 (t, J = 7.86, 1H), 7.07 (d,

OH

J=7.18 Hz, 1H), 6.89 (t, J = 7.52 Hz, 1H), 6.82 (d, J = 7.87 Hz, 1H), 5.62

1.89b

(m, 1H), 3.03 (bs, 1H,), 2.99 (m, 1H), 2.71 (dt, J = 5.13, 5.47 Hz, 1H), 2.06
~ 1.99 (m, 2H).!23

(0]

Cl
(0]

o
o} cl o}

1. 133 o HFIP, 75 °C
Ph Ph
2. MeOH/sat. NaHCOj3 (9/1), 50 °C
4 OH
1.90

58%
[1.1:1]

Prepared following General Procedure B using the hydrocinnamyl aryl ketone (100 mg,

0.48 mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (322 mg, 1.19 mmol, 2.5 equiv.,
86%), and HFIP (4.8 mL) at 75 °C for 36 hours. The crude brown gum was purified by
silica gel chromatography; 1 — 10% Et2O in methylene chloride: hexanes (1: 1) to provide

1.90a (32.3 mg, 0.14 mmol, 30%) and 1.90b (30.0 mg, 0.13 mmol, 28%) as orange gums.
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o orange gum; 'H-NMR (400 MHz, CDCl3) 6 7.98 (d, J = 7.19 Hz, 2H), 7.88
wph (bs, 1H), 7.58 (t, J = 7.18 Hz, 1H), 7.45 (t, J =7.52 Hz, 2H), 7.11 (dd, J =
OH

1.90a 7.18,7.52 Hz, 2H), 6.91 (d, J = 7.87 Hz, 1H), 6.85 (t, J=7.53 Hz, 1H), 3.46
(dd, J = 5.81, 6.15 Hz, 2H), 3.04 (dd, J = 5.81, 6.15 Hz, 2H).'**

orange gum; 'H-NMR (400 MHz, CDCls) § 7.95 (d, J = 6.83 Hz, 2H),

(0]
M Ph 7,56 (t,J =7.18 Hz, 1H), 7.45 (t, J = 7.52 Hz, 2H), 7.12 (d, J = 8.55 Hz,
HO
1.90b 2H), 6.77 (d, J = 8.55 Hz, 2H), 4.58 (bs, 1H), 3.26 (t, J = 7.68 Hz, 2H),
3.00 (dd, J = 7.86 Hz, 2H). 128

Clji?O
? cl ° 2
wom 1. 133 o HFIP, 75°C wom
2. MeOH/sat. NaHCO3 (9/1), 50 °C HO 2
1.91

74%
[1.6:1]

Prepared following General Procedure B using the hydrocinnamyl methyl ester (100 mg,

0.61 mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (399 mg, 1.52 mmol, 2.5 equiv.,
89%), and HFIP (6.1 mL) at 75 °C for 36 hours. The crude brown gum was purified by
silica gel chromatography; 1 — 5% Et2O in methylene chloride: hexanes (1: 1) to provide
the esters 191 (81.3 mg, 0.55 mmol, 74%, 191a: 191b = 1.4: 1) as a pale yellow gum and

the starting ester (5.1 mg, 0.03 mmol, 5%) as a clear colorless oil.

0]

/@/\AOMG yellow gum; '"H-NMR (400 MHz, CDCls) § 7.26 (bs, 1H), 7.06 (d, J
"o =8.55 Hz, 2H), 6.88 (d, J = 7.9 Hz, 2H), 3.69 (s, 3H), 2.91 (t, J = 6.84

1.91a

Hz, 2H), 2.73 (dd, J = 6.15, 6.84 Hz, 2H).'%

62



o yellow gum; 'H-NMR (400 MHz, CDCls) § 7.11 (m, 2H), 6.75 (d, J =
@ka% 8.55 Hz, 2H), 3.66 (s, 3H), 2.88 (t, J = 7.9 Hz, 2H), 2.59 (t, J = 6.86 Hz,

OH

1.91b 2H).127

Cl
Q
0
0] cl 0O
wOH 1. 133 o HFIP, 75 °C WOH
2. MeOH/sat. NaHCO3 (9/1), 50 °C HO 2
192

65%
[1:1]

Prepared following General Procedure B using hydrocinnamic acid (100 mg, 0.67 mmol,

1.0 equiv.), 4,5-dichlorophthaloyl peroxide (451.0 mg, 1.67 mmol, 2.5 equiv., 86%),
CHCI; (1.7 mL), and HFIP (5.0 mL) at 75 °C for 48 hours. After removal of the HFIP and
CHCI; by continuous positive flow of nitrogen, the mixed phthalate diacid was placed
under an atmosphere of N», suspended in 1,4-dioxane (6.0 mL) added via syringe, and then
a saturated aqueous mixture of NaHCO3 (0.66 mL) was added via a syringe. The red-
orange suspension was placed in an oil bath heated to 50 °C and stirred vigorously (700
rpm). After 1 hour the red solution was removed from the oil bath, acidified to a pH = 2
using 1 N HCI (3 mL), then diluted with ethyl acetate (20 mL), poured into a separatory
funnel containing brine (20 mL), and the layers were partitioned. The organics were
washed with an aqueous phosphate buffer (2 x 20 mL, 0.2 M, pH = 4) and the residual
organics were extracted from the aqueous layer with a mixture of brine and ethyl acetate
(4 x 30 mL). The combined organics were dried over sodium sulfate, filtered, and
concentrated to reveal an orange solid. The orange solid was suspended in methylene
chloride (30 mL), heated for 5 minutes, and sonicated for 1 minute. The residual orange

mixture was filtered to remove the insoluble white solid 4,5-dichlorophthalic acid. The
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orange filtrate solution was concentrated to reveal an orange solid which was purified by
silica gel chromatography; 1% CH3OH and 1% AcOH in methylene chloride to provide
the acids 1.92 (71.8 mg, 0.43 mmol, 65%, 1.92a : 1.92b =1 : 1) as an orange solid mixture

and the starting acid (12.0 mg, 0.08 mmol, 12%) as a white solid.

o orange solid; "TH-NMR (400 MHz, CDCls) & 7.08 (d, J = 8.55 Hz, 2H),

/[j\)%” 6.76 (d, J = 8.21 Hz, 2H), 2.90 (t, J = 8.21 Hz, 2 H), 2.65 (t, J = 7.52
HO
1.92a Hz, 2 H).!?

0]

o orange solid; "TH-NMR (400 MHz, CDCl3) & 7.11 (d, J = 8.55 Hz, 2H),

OH
1.92b

6.82 —6.89 (m, 2H), 2.92 (t, J = 6.50 Hz, 2 H), 2.78 (t, J = 6.50 Hz, 2 H).'*

N cl ° _N
©/\// 1, 133 5 HFIP, 75°C /@/\//
2. MeOH/sat. NaHCO3 (9/1), 50 °C HO 2
1.93

40% (26%)
[1.1:1]

Prepared following General Procedure B using hydrocinnamyl nitrile (100 mg, 0.76 mmol,

1.0 equiv.), 4,5-dichlorophthaloyl peroxide (516.0 mg, 1.91 mmol, 2.5 equiv., 86%), and
HFIP (7.6 mL) at 75 °C for 36 hours. The crude brown gum was purified by silica gel
chromatography; 1 — 10% Et;O in methylene chloride: hexanes (1: 1) to provide the nitriles
1.93a (23.1 mg, 0.16 mmol, 21%) and 1.93b (21.0 mg, 0.14 mmol, 19%) as pale yellow

gums and the starting nitrile (25.8 mg, 0.20 mmol, 26%) as a clear colorless oil.
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_x yellow gum; 'H-NMR (400 MHz, CDCl3) 5 7.11 (d, J = 8.55 Hz, 2H),
HOQM 6.80 (d, J = 8.55 Hz, 2H), 4.67 (bs, 1H), 2.89 (t, J = 7.18 Hz, 2H), 2.58

(t, J=7.52 Hz, 2H)."*°

yellow gum; 'H-NMR (400 MHz, CDCl3) 8 7.17 (dd, J=1.37,7.18 Hz, 1H),
@f%v 7.13 (dd, J = 1.71, 7.86 Hz, 1H), 6.91 (dt, J = 1.37, 7.18 Hz, 1H), 6.73 (d, J

1936 — 7.87 Hz, 1H), 4.85 (bs, 1H), 2.98 (t, J = 7.52 Hz, 2H), 2.67 (1, 7.52 Hz,
2H).123

cl 0
o) cl ° o)
©/\f 1. 133 o HFIP, 75 °C ©\/\f
OMe 5 MeOHIsat. NaHCO; (9/1), 50 °C 4 oroMe
1.94

48% (27%)
[1.4:1]

Prepared following General Procedure B using the methyl ester (100.0 mg, 0.67 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (436.0 mg, 1.67 mmol, 2.50 equiv., 89%), and
HFIP (6.7 mL) at 75 °C for 36 hours. The crude orange gum was purified by silica gel
chromatography; 1 — 10% Et,0O in methylene chloride / hexanes (1 / 1) to provide the ester
1.94 (52.4 mg, 0.32 mmol, 48%, 1.94a : 1.94b = 1.4 : 1) as pale yellow gums and the

starting ester (27.1 mg, 0.18 mmol, 27%) as a clear colorless oil.

. yellow gum; "H-NMR (400 MHz, CDCl3) § 7.33 (bs, 1H), 7.20 (m, 1H), 7.10

o’ (dd, J = 1.60, 7.40 Hz, 1H), 6.94 (d, J = 8.20 Hz, 1H), 6.89 (dt, J = 1.20, 7.40
1942 Hz, 1H), 3.75 (s, 3H), 3.68 (s, 2H).131
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m@ yellow gum; 'H-NMR (400 MHz, CDCl3) § 7.15 (d, J = 8.2 Hz, 2H), 6.78
HO oM (d, J=8.60 Hz, 2H), 3.72 (s, 3 H), 3.58 (s, 2 H).!®2

1.94b

|
© o
(e}
o} cl o}
1. 133 o HFIP, 75 °C HO
OMe OMe
2. MeOH/sat. NaHCO3 (9/1), 50 °C
MeO MeO
1.95
64%

Prepared following General Procedure B using 4-methoxy methylbenzoate (100 mg, 0.60

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (408 mg, 1.50 mmol, 2.5 equiv., (using
material of 86% peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (6.0 mL)
at 75 °C for 36 hours. The crude brown foam was purified by silica gel chromatographys;
1 — 20% EtO in methylene chloride: hexanes (1: 1) to provide the phenol 1.95 (70.0 mg,
0.39 mmol, 64%) as a yellow solid and the starting benzoate 41 (5.0 mg, 0.03 mmol, 5%)

as a white solid.

yellow solid; '"H-NMR (400 MHz, CDCL:): § 7.62 (dd, 1H, J = 2.0, 8.6

(o}

H"@AOW Hz), 7.59 (d, 1H, J = 2.0 Hz), 6.87 (d, 1H, J = 8.6 Hz), 5.61 (s, 1H), 3.95

MeO

1.05 (s, 3H), 3.88 (s, 3H). 133
(0]
(0]
OMe O Cl OMe O
1. 133 o HFIP, 50 °C HO
OMe OMe

2. MeOH/sat. NaHCO3 (9/1), 50 °C
4

1.96
53% (26%)
[1.2:1]
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Prepared following General Procedure A using methyl salicylate (100 mg, 0.60 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (212 mg, 0.78 mmol, 1.3 equiv., (using material of
86% peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (6.0 mL) at 50 °C for
24 hours. The crude brown foam was purified by silica gel chromatography; 1 —20% Et.O
in methylene chloride: hexanes (1: 1) to provide the phenols 1.96a (31.0 mg, 0.17 mmol,
28%), 1.96b (27.2 mg, 0.15 mmol, 25%) as yellow solids and the starting salicylate (25.6

mg, 0.15 mmol, 26%) as a clear colorless oil.

OMe O yellow solid; 'H-NMR (400 MHz, CDCl3) § 7.40 (dd, J= 1.7, 7.9 Hz, 1H),

HO
OMe

7.15(dd, J=1.7, 8.2 Hz, 1H), 7.05 (t, J = 8.2 Hz, 1H), 5.91 (bs, 1H), 3.93
1.96a (s, 3H), 3.92 (s, 3H).13*

OMe O yellow solid; "TH-NMR (400 MHz, CDCl3) & 7.29 (d, J = 3.4 Hz, 1H), 6.97

OMe
(dd, J=3.1, 8.9 Hz, 1H), 6.88 (d, J = 9.2 Hz, 1H), 4.52 (bs, 1H), 3.89 (s, 3H),
OH

1.96b 3.86 (s, 3H).!%

(0]

Cl
O

(0] Cl °© O

2
M 1. 1.33 HFIP, 50 °C M
€0 OMe ° €0 OMe
2. MeOH/sat. NaHCO3 (9/1), 50 °C HO 6
1.97

56% (3k: 21%)
[1.2:1:1]

Prepared following General Procedure A using 3-methoxy methylbenzoate (100 mg, 0.60

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (212 mg, 0.78 mmol, 1.3 equiv., (using
material of 86% peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (6.0 mL)
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at 50 °C for 24 hours. The crude brown foam was purified by silica gel chromatography;

1 —20% Et20 in methylene chloride: hexanes (1: 1) to provide the phenols 1.97a (22.1 mg,

0.12 mmol, 20%), 1.97b (19.7 mg, 0.11 mmol, 18%), 1.97¢ (18.8 mg, 0.10 mmol, 17%) as

pale yellow solids and the starting benzoate (20.9 mg, 0.13 mmol, 21%) as a clear colorless

oil.

o)

MeO
© ﬁom
HO

1.97a

MeO
OMe

1.97b

MeO
\©\)kOMe
OH

1.97¢

yellow solid; "H-NMR (400 MHz, CDCI3) & 10.37 (bs, 1H), 7.29 (d, J =
3.2 Hz, 1H), 7.08 (dd, J = 3.1, 8.9 Hz, 1H), 6.92 (d, J = 9.2 Hz, 1H), 3.95
(s, 3H), 3.78 (s, 3H).13¢

yellow solid; '"H-NMR (400 MHz, CDCI3) § 11.00 (bs, 1H), 7.43 (dd, J
= 1.5,8.2 Hz, 1H), 7.04 (d, ] = 7.9 Hz, 1H), 6.83 (t, J = 8.2 Hz, 1H), 3.95
(s, 3H), 3.91 (s, 3H).1

yellow solid; "TH-NMR (400 MHz, CDCI3) § 7.64 (d, J = 8.2 Hz, 1H),
7.55(d,J=2.1 Hz, 1H), 6.94 (d, J = 8.2 Hz, 1H), 5.97 (bs, 1H), 3.95 (s,
3H), 3.89 (s, 3H)."’

1.
Me
2. MeOH/sat. NaHCO3 (9/1), 50 °C
MeO

Cl
Q
o} cl © i o
133 o HFIP, 75 °C HO
I j Me
MeO

1.98
62% (19%)

Prepared following General Procedure B using 4-methoxy acetophenone (100 mg, 0.67

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (446 mg, 1.67 mmol, 2.5 equiv., (using
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material of 86% peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (6.7 mL)
at 75 °C for 36 hours. The crude brown viscous oil was purified by silica gel
chromatography; 1 — 10% Et2O in methylene chloride: hexanes (1: 1) to provide the ketone
1.98 (68.5 mg, 0.41 mmol, 62%) as a yellow solid and the starting acetophenone (18.8 mg,
0.13 mmol, 19%) as a white solid.

0

HO@*M.& yellow solid; '"H-NMR (400 MHz, CDCls) & 7.54 — 7.52 (m, 2H), 6.89 (d,

MeO

1H, J = 8.2 Hz), 5.64 (bs, 1H), 3.97 (s, 3H), 2.55 (s, 3H).138

1.98

Cl
Q
(0] cl 0 (0]
1. 1.33 HFIP, 75 °C HO
/@)’LH (o] :@)’LH
MeO 2. MeOH/sat. NaHCO3 (9/1), 50 °C MeO
1.82
69%

Prepared following General Procedure B using anisaldehyde (30.0 mg, 0.22 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (239 mg, 0.88 mmol, 4.0 equiv., (using material of
86% peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (2.2 mL) at 75 °C for
36 hours. The crude brown viscous oil was purified by silica gel chromatography; 1 —10%
Et,0 in methylene chloride: hexanes (1: 1) to provide the aldehyde 1.82 (23.0 mg, 0.15
mmol, 69%) as a deep yellow solid.

(0]

HO + yellow solid; "TH-NMR (400 MHz, CDCl3) & 9.85 (s, 1H), 7.45 — 7.43 (m,

MeO
1.82

2H), 6.98 (d, J = 8.9 Hz, 1H), 6.72 (s, 1H), 3.9 (s, 3H).3140
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cl
%
cl cl 0 cl OH
QOQ T —— Jijoﬁ
o o 2 MeOHisat NaHCO; (9/1), 50 °C o o
1.99
52%

Prepared following General Procedure A using trichloride (95 mg, 0.35 mmol, 1.0 equiv.),

4,5-dichlorophthaloyl peroxide (188 mg, 0.70 mmol, 2.0 equiv., (using material of 86%
peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (3.5 mL) at 60 °C for 24
hours. The crude brown viscous oil was purified by silica gel chromatography; 1 — 10%
Et>,0 in pentane to provide triclosan (1.99) (52.0 mg, 0.18 mmol, 52%) as a pale-yellow
viscous oil and the starting trichloride (8.4 mg, 0.03 mmol, 9%). The spectra of the title
compound matches that of Triclosan (1.99).

¢l o oH yellow oil; TH-NMR (400 MHz, CDCl3) § 7.48 (d, J=2.2 Hz, 1H), 7.22
C|/©/ \©\CI (dd, J=2.4,8.6 Hz, 1H), 7.07 (d, 1H, J=2.4 Hz), 6.95 (d, / = 8.9 Hz,
1.99

.9

1H), 6.81 (dd, J = 2.4, 8.9 Hz, 1H), 6.66 (d, J = 8.6 Hz, 1H), 5.63 (bs,

IH).M]
o)
cl
o)
MeMe 6 MeMe
Me Cl Me
1. 133 o HFIP, 50 °C
HO 2
2. MeOH/sat. NaHCOj5 (9/1), 50 °C 3

1.100
59%
[9:1:2.4]

Prepared following General Procedure A using tert-butyl benzene (100 mg, 0.75 mmol,
1.0 equiv.), 4,5-dichlorophthaloyl peroxide (259 mg, 0.97 mmol, 1.3 equiv., (using
material of 89% peroxide and 11% 4,5-dichlorophthalic anhydride)), and HFIP (7.5 mL)
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at 50 °C for 24 hours. The crude brown foam was purified by silica gel chromatography;

1 — 5% Et:0 in methylene chloride: hexanes (1: 1) to provide the phenols 1.100a and 100b

(53.4 mg, 0.36 mmol, 48%, 1.100a: 1.100b =9: 1) and 1.100¢ (12.6 mg, 0.08 mmol, 11%)

as orange foams.

/©)M<em: orange foam; 'H-NMR (400 MHz, CDCl3) § 7.26 (d, J = 8.9 Hz, 2H), 6.77
HO

1.100a

Me

Me
©}<Me

OH
1.100b

M
eMe
L
OH

1.100¢c

(d, J = 8.9 Hz, 2H), 4.54 (bs, 1H), 1.29 (s, 9H).!*

orange foam; '"H-NMR (400 MHz, CDCl3) § 7.17 (t,J = 7.9 Hz, 1H), 6.97 (m,
1H), 6.87 (dd, J = 2.1, 2.4 Hz, 1H), 6.64 (m, 1H), 4.60 (bs, 1H), 1.30 (s, 9H).

140

orange foam; "TH-NMR (400 MHz, CDCl3) § 7.27 (d, J = 8.2 Hz, 1H), 7.07 (m,
1H), 6.88 (dd, J =6.5, 8.6 Hz, 1H), 6.66 (d, ] =9.6 Hz, 1H), 4.71 (bs, 1H), 1.41
(s, 9H).!¥?

cl
I)i()
o)
cl 2
CuH
©/C4H9 1. 133 o  HFIP, 50°C /@/ e
HO

2. MeOH/sat. NaHCO3 (9/1), 50 °C

1.102
73%
[1.1:1]

Prepared following General Procedure A using butyl benzene (100 mg, 0.75 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (262 mg, 0.97 mmol, 1.3 equiv., (using material of

86% peroxide and 14% 4,5-dichlorophthalic anhydride), and HFIP (7.5 mL) at 50 °C for
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24 hours. The crude orange viscous oil was purified by silica gel chromatography; 1 — 5%
Et>0 in methylene chloride: hexanes (1: 1) to provide the phenols 1.102a and 1.102b (81.1
mg, 0.54 mmol, 73%, 1.102a: 1.102b = 1.2: 1) as a pale yellow viscous oil.

... Yellow oil; "H-NMR (400 MHz, CDCl5) § 7.04 (d, J = 8.6 Hz, 2H), 6.74 (d,
HOQ/ J=28.3 Hz, 2H), 4.56 (bs, 1H), 2.54 (t, J = 7.8 Hz, 2H), 1.64 — 1.52 (m, 4H),
11022 1.44 —1.31 (m, 2H), 0.92 (t, J = 7.1 Hz, 3H).”

yellow oil; TH-NMR (400 MHz, CDCl3) 8 7.13 — 7.05 (m, 2H), 6.87 (dt, J =

C4Hg

1.1, 7.4 Hz, 1H), 6.77 — 6.74 (m, 1H), 4.64 (bs, 1H), 2.61 (t, J = 7.90 Hz, 2H),
1026 1.64 — 1.52 (m, 4H), 1.44 — 1.31 (m, 2H), 0.94 (t, J = 7.5 Hz, 3H).2

Cl
D¢°
(0] OH
Cl
CsHqq

/©/05H11 1. 133 O HFIP, 75 °C 2
F 2. MeOH/sat. NaHCO3 (9/1), 50 °C F

1.103
59%
[2.5:1]

Prepared following General Procedure B using 4-pentyl fluorobenzene (100 mg, 0.60

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (403 mg, 1.50 mmol, 2.5 equiv., (using
material of 87% peroxide and 13% 4,5-dichlorophthalic anhydride), and HFIP (6.0 mL) at
75 °C for 36 hours. The crude brown viscous oil was purified by silica gel chromatography;
1 % Et;0 in methylene chloride: hexanes (1: 1) to provide the fluorophenols 1.103a and
1.103b (64.3 mg, 0.35 mmol, 59%, 1.103a: 1.103b =2.5: 1).
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on yellow oil; Rr = 0.57 (3% Et:O in 49% Hexanes and 48% methylene

ﬁj %™ Chloride);'H-NMR (400 MHz, CDCl3) 6 7.03 (dd, J = 6.8, 8.6 Hz, 1H), 6.57
"o (td, J = 5.8, 8.2 Hz, 1H), 6.52 (dd, J = 2.4, 9.9 Hz, 1H), 4.82 (bs, 1H), 2.53
(q,J=8.2 Hz, 2H), 1.58 (m, 2H), 1.35 (m, 4H), 0.90 (m, 3H); 3C-NMR (100 MHz, CDCl5)
8161.4 (d, Jcr = 243.4 Hz), 154.2 (d, Jcr = 10.7 Hz), 130.7 (d, Jer = 9.9 Hz), 124.2 (d, Jcr
=3.8 Hz), 107.5, 103.0, 31.6, 29.5, 29.3, 22.5, 14.0; IR (neat film, cm™) 3391, 2929, 1609,

1514, 1279, 1112; HRMS (ESI) calcd. for C11HisOF [M+H]" 182.1107, obs. 182.1106.

Hoijcsw yellow oil; '"H-NMR (400 MHz, CDCL3) 5 6.95 (dd, J = 8.2, 10.3 Hz, 1H),
T 6.84(dd,J=2.1,86 Hz, 1H), 6.66 - 6.63 (m, 1H), 5.01 (bs, 1H),2.53 (q, J
= 8.2 Hz, 2H), 1.58 (m, 2H), 1.35 (m, 4H), 0.90 (m, 3H); '3C-NMR (100

MHz, CDCL3) & 149.3 (d, Jer = 234.2 Hz), 143.0 (d, Jer = 14.5 Hz), 140.0 (d, Jer = 3.1
Hz), 120.5 (d, Jcr = 6.1 Hz), 117.0 (d, Jer = 1.5 Hz), 115.0 (d, Jer = 1.6 Hz), 35.3, 31.35,
31.0, 22.5, 14.0; IR (neat film, em™) 3391, 2929, 1609, 1514, 1279, 1112; HRMS (ESI)

caled. for C11HsOF [M+H]" 182.1107, obs. 182.1106.'%?

cl
?
e}
cl OH
CqHy 1 133 o HFIP, 75 °C @/sz
C|/©/ 2. MeOH/sat. NaHCO4 (9/1), 50 °C cl
1.104

59%
[4:1]

Prepared following General Procedure B using 4-butyl chlorobenzene (100 mg, 0.59 mmol,

1.0 equiv.), 4,5-dichlorophthaloyl peroxide (406 mg, 1.48 mmol, 2.5 equiv., (using
material of 85% peroxide and 15% 4,5-dichlorophthalic anhydride)), and HFIP (5.9 mL)

at 75 °C for 36 hours. The crude brown viscous oil was purified by silica gel
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chromatography; 1 % Et;O in methylene chloride: hexanes (1: 1) to provide the
chlorophenols 1.104a and 1.104b (64.4 mg, 0.35 mmol, 59%, 1.104a: 1.104b=4:1) as a

yellow oil. Rr=0.57 (3% Et2O in 49% Hexanes and 48% methylene chloride);

N yellow oil; 'TH-NMR (400 MHz, CDCL3) § 7.02 (d, J = 7.9 Hz, 1H), 6.5 (dd,
f\j"“”g J=2.1,82 Hz, 1H), 6.78 (d, J = 2.1 Hz, 1H), 4.69 (bs, 1H), 2.56 (t, J = 7.5
© wm Hz 2H), 1.60 — 1.53 (m, 2H), 137 (qt. J = 7.5, 7.9 Hz, 2H), 0.94 (t, J = 7.5
Hz, 3H); BC-NMR (100 MHz, CDCls) §154.2, 132.0, 131.2, 127.4, 121.1,

115.8, 32.0, 29.4, 22.7, 14.2; IR (neat film, cm™) 3412, 2957, 2930, 1603, 1588, 1413;

HRMS (ESI) calcd. for C1oH;30C1 [M+H]" 184.0655, obs. 184.0653.

o e yellow oil; 'TH-NMR (400 MHz, CDCl3) $ 7.19 (d, J = 8.2 Hz, 1H), 6.86 —
mjij 6.83 (m, 1H), 6.69 (dd, J = 2.1, 8.2 Hz, 1H), 5.43 (bs, 1H), 2.54 (t, J=7.5

e Hz, 2H), 1.60 — 1.53 (m, 2H), 1.37 (qt, J = 7.5, 7.9 Hz, 2H), 0.92 (t, /= 7.1
Hz, 3H); ¥*C-NMR (100 MHz, CDCls) 6 151.0, 143.8, 128.5, 121.5, 116.9, 116.1, 35.1,
33.3,22.2, 13.9; IR (neat film, cm™) 3412, 2957, 2930, 1603, 1588, 1413; HRMS (ESI)

calcd. for C10Hi30C1 [M+H]" 184.0655, obs. 184.0653.

Cl
?
cl 0 OH
C4Hg 1. 133 O HFIP, 75 °C @/C4Hg
Br/©/ 2. MeOH/sat. NaHCO3 (9/1), 50 °C Br
1.105

54%
[10:1]

Prepared following General Procedure B using 4-butyl bromobenzene (100 mg, 0.47

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (321 mg, 1.17 mmol, 2.5 equiv., (using
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material of 85% peroxide and 15% 4,5-dichlorophthalic anhydride), and HFIP (4.7 mL) at
75 °C for 36 hours. The crude brown viscous oil was purified by silica gel chromatographys;
1 % Et,0 in methylene chloride: hexanes (1: 1) to provide the bromophenols 1.105a and
1.105b (58.3 mg, 0.25 mmol, 54%, 1.105a: 1.105b = 10: 1) as a dark yellow oil. R =0.57

(silica gel, 3% Et20 in 49% Hexanes and 48% methylene chloride).

OH yellow oil; TH-NMR (400 MHz, CDCl3) § 6.98 (d, J =1.71
CaHo HO CaHo

Br/©/ * Br]ij/ Hz, 1H), 6.97 (bs, 1H), 6.93 (d, J = 1.71 Hz, 1H), 4.72 (bs,

1105a 11050 1H), 2.55 (t, J = 7.52 Hz, 2H), 1.60 — 1.53 (m, 2H), 1.42 —
1.33 (qt, J =7.52, 7.52 Hz, 2H), 0.93 (t, J = 7.52 Hz, 3H); ¥*C-NMR (100 MHz, CDCl3) §
154.5,131.6,128.0, 124.0,119.6, 118.6,31.9,29.5,22.7, 14.2; 'H NMR (400 MHz, C¢Ds)
3 6.88 (dd, J=2.0, 8.2 Hz, 1H), 6.58 (d, /= 8.2 Hz, 1H), 6.29 (s, 1H), 3.90 (bs, 1H), 2.36
(t, J=7.9 Hz, 2H), 1.40 (dt, J = 7.52, 7.86 Hz, 2H), 1.17 (qt, J = 7.52, 7.52 Hz, 2H), 0.80
(t, J = 7.52 Hz, 3H); IR (neat film, cm™) 3390, 2957, 2928, 1408, 1123; HRMS (ESI)
calcd. for C10H;2OBr [M+H]* 228.0150, obs. 228.0149.

cl
?
o
oH 1 “ 1.33 HFIP, 50 °C o OH
/©/ 2. MeOHsat. NaHCOs (9/1), 50 °C
cl cl
1.106
52% (12%)

Prepared following General Procedure A using chlorphenesin (95 mg, 0.47 mmol, 1.0

equiv.), 4,5-dichlorophthaloyl peroxide (165 mg, 0.61 mmol, 1.3 equiv., (using material of
86% and 14% 4,5-dichlorophthalic anhydride), and HFIP (4.7 mL) at 50 °C for 24 hours.

After removal of the HFIP by continuous positive flow of nitrogen, the mixed phthalate
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acid was placed under an atmosphere of N> and a de-oxygenated mixture of methanol /
saturated aqueous NaHCO3 (9: 1, 4.7 mL) was added via syringe under N>. The resulting
red-orange suspension was placed in an oil bath heated to 50 °C and stirred vigorously (700
rpm). After 1 hour the methanol was removed by a continuous flow of N> from the red
solution, diluted with ethyl acetate (15 mL), an aqueous phosphate buffer (5 mL, 0.2 M,
pH = 7), and brine (5 mL). The biphasic mixture was stirred vigorously (700 rpm) for 5
minutes and then poured into a separatory funnel containing brine (10 mL) and an aqueous
phosphate buffer (10 mL, 0.2 M, pH = 7). After the layers were partitioned the organics
were washed with a saturated aqueous mixture of NaHCO3 and brine (3 x 30 mL). The
residual organics were extracted from the aqueous with a mixture of brine and ethyl acetate
(4 x 30 mL). The combined organics were dried over sodium sulfate, filtered, and
concentrated to reveal a brown solid which was purified by silica gel chromatography; 5 -
50 % acetone in hexanes to provide the 1.106 (53.0 mg, 0.24 mmol, 52%) and
chlorphenesin (11.0 mg, 0.05 mmol, 12%).

o oji/OH yellow oil; Re= 0.47 (silica gel, 50% acetone in hexanes); 'TH-NMR
c/@ (400 MHz, (CD3)2CO) & 8.21 (bs, 1H), 6.98 (d, J = 8.6 Hz, 1H), 6.85
. (d, J=2.4 Hz, 1H), 6.79 (dd, J = 2.7, 8.6 Hz, 1H), 4.39 (bs, 1H), 4.14

(d, J = 5.8 Hz, 1H), 4.01 (m, 2H), 3.84 (t, J = 5.4 Hz, 1H), 3.67 (t, J = 5.5 Hz, 2H); *C-
NMR (125 MHz, (CD3):CO) 6 148.1, 145.9, 125.8, 119.0, 115.5, 114.6, 71.4, 70.4, 62.9;
IR (neat film, cm™) 3410, 2935, 1634, 1592, 1504, 1268, 1215; HRMS (ESI) calcd. for

CoH11CINaO4 [M+Na]" 241.0238, obs. 241.0234.
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cl
o) % o)
o~ cl ° oH o<
QOWO 1. 133 o HFIP, 50°C /ij/o\/K/O
ol 2. MeOHsat. NaHCOj (9/1), 50 °C ol
1.107
52% (12%)

Prepared following General Procedure A using carbonate (50 mg, 0.22 mmol, 1.0 equiv.),

4,5-dichlorophthaloyl peroxide (138 mg, 0.51 mmol, 2.5 equiv., (using material of 86%
peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (2.0 mL) at 50 °C for 24
hours. The crude brown viscous oil was purified by silica gel chromatography; 5 - 30%
acetone in hexanes to provide the carbonate 1.107 (28.0 mg, 0.11 mmol, 52%) as a red —

orange solid

red solid, M.P. = 122 - 125°C; Re = 0.46 (silica gel, 40% acetone in

/5/0 \/O(fo hexanes); 'H-NMR (400 MHz, CDCl3) § 6.98 (d, J = 2.4 Hz, 1H), 6.84
cl (dd, J=2.4, 8.6 Hz, 1H), 6.78 (d, J = 8.6 Hz, 1H), 5.48 (bs, 1H), 5.07
o (m, 1H), 4.66 (dd, J =8.2, 8.9 Hz, 1H), 4.47 (dd, J = 5.8, 8.9 Hz, 1H),

4.30 (dd, J = 3.4, 10.9 Hz, 1H), 4.20 (dd, J = 4.4, 10.9 Hz, 1H); 'H-NMR (400 MHz,
(CD3)2CO) 6 8.39 (bs, 1H), 7.01 (d, J = 8.7 Hz, 1H), 6.88 (d, J =2.6 Hz, 1H), 6.80 (dd, J
=2.50, 8.5 Hz, 1H), 5.20 (m, 1H), 4.71 (t, J= 8.5 Hz, 1H), 4.56 (dd, J =6.9, 8.5 Hz, 1H),
4.39 (dd, J = 3.4, 11.2 Hz, 1H), 433 (dd, J = 4.7, 11.2 Hz, 1H); BC-NMR (150 MHz,
(CD3)2CO) & 155.5, 148.9, 146.3, 127.2, 120.0, 116.8, 115.8, 75.7, 69.5, 66.7; IR (neat
film, cm™) 3400, 2922, 1783, 1634; HRMS (ESI) calcd. for C10HoC10s [M-H]* 244.0139,

obs. 244.0141.
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cl
?
cl °
OH 1 OH OH

. 133 o HFIP, 50 °C
O\)\/O NH; O\)\/O NH,
/©/ I 2. MeOH/sat. NaHCOj3 (9/1), 50 °C I
Cl Cl

1.108
63% (12%)

Prepared following General Procedure A using chlorphenesin carbamate (85 mg, 0.35

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (122 mg, 0.45 mmol, 1.3 equiv., (using
material of 86% peroxide and 14 % 4,5-dichlorophthalic anhydride)), and HFIP (3.5 mL)
at 50 °C for 24 hours. After removal of the HFIP by continuous positive flow of nitrogen,
the phthalate acid was placed under an atmosphere of N> and a de-oxygenated mixture of
methanol / saturated aqueous NaHCO3 (9: 1, 3.5 mL) was added via syringe under N>. The
resulting red-orange suspension was placed in an oil bath heated to 50 °C and stirred
vigorously (500 rpm). After 1 hour the methanol was removed by a continuous flow of N
from the red solution, diluted with ethyl acetate (15 mL), an aqueous phosphate buffer (5
mL, 0.2 M, pH = 7), and brine (5 mL). The biphasic mixture was stirred vigorously (700
rpm) for 5 minutes and then poured into a separatory funnel containing brine (10 mL) and
an aqueous phosphate buffer (10 mL, 0.2 M, pH =7). After the layers were partitioned the
organics were washed with a saturated aqueous mixture of NaHCO3 and brine (3 x 30 mL).
The residual organics were extracted from the aqueous with a mixture of brine and ethyl
acetate (4 x 30 mL). The combined organics were dried over sodium sulfate, filtered, and
concentrated to reveal a brown solid which was purified by silica gel chromatography; 5 -
35% acetone in hexanes to provide the carbamate 1.108 (57.0 mg, 0.22 mmol, 63%) as an

off-white solid.
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white solid, M.P. = 124 - 127°C; R¢ = 0.45 (silica gel, 50%

OH OH

o) O._NH,
Jij/ o~ T acetone in hexanes); 'TH-NMR (400 MHz, CD;OD) & 6.88 (d, J =
Cl

o
ion 8.6 Hz, 1H), 6.80 (d, J = 2.7 Hz, 1H), 6.74 (dd, J = 2.4, 8.6 Hz,

1H), 4.16 (m, 3H), 4.06 (m, 1H), 3.98 (m, 1H); 3C-NMR (100
MHz, CD;OD) § 158.3, 147.6, 145.6, 126.0, 118.9, 115.5, 113.8, 70.0, 68.1, 64.9; IR (neat
film, cm™) 3369, 1706, 1501; HRMS (ESI) calcd. for C1oH;2CINNaOs [M+Na]* 284.0296,

obs. 284.0293.

cl
Q
OMe Me o OMe Me
o J c HO o J
~N 1. 133 o HFIP, 23 °C ~N
o L o L
Me 2. MeOH/sat. NaHCO3 (9/1), 50 °C Me

OMe OMe

1.109
85%

To a stirred solution of amine (75.0 mg, 0.25 mmol, 1.0 equiv.) in HFIP (2.5 mL) at 23 °C
was added p-toluenesulfonic acid (43.7 mg, 0.25 mmol, 1.0 equiv.) and then 4,5-
dichlorophthaloyl peroxide (89.0 mg, 0.33 mmol, 1.3 equiv., (using material of 86%
peroxide and 14% 4,5-dichlorophthalic anhydride)). After 4 hours, the solvent was
removed by a continuous flow of N2 providing the mixed phthalate acid as a red solid. The
crude solid was placed under an atmosphere of N2, suspended in a de-oxygenated mixture
of methanol and saturated aqueous NaHCOs3 (9: 1, 2.5 mL), and placed in an oil bath heated
to 50 °C. After 1 hour the reaction was then poured into an aqueous phosphate buffer (5
mL, 0.2 M, pH = 10), poured into a separatory funnel and the layers partitioned. Residual
organics were extracted from the aqueous phase with ethyl acetate (3 x 5 mL). The
combined organic layers were washed with an aqueous phosphate buffer (1 x 5 mL, 0.2 M,

pH = 10), brine (1 x 5 mL), dried over sodium sulfate, concentrated and the crude mixture
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was purified by silica gel chromatography; 1% methanol and 1% triethylamine in

methylene chloride to give 1.109 (67.7 mg, 0.22 mmol, 86%).

oMo e colorless oil; R = 0.40 (silica gel, 2% methanol and 2% triethylamine

:;@/O\/\Nﬁ in methylene chloride); "TH-NMR (400 MHz, CDCl3): § 10.79 (s, 1

o
Me

OMe H), 7.55 (d, J = 9.0 Hz, 1H), 6.48 (d, J = 9.0 Hz, 1H), 4.12 (m, 2H),
o 3.92 (s, 3H), 3.87 (s, 3H), 2.65 (t, J = 7.0 Hz, 2H), 2.57 (q, J/ = 7.0

Hz, 4H), 1.99 (t, J = 7.4 Hz, 2H), 1.04 (t, J = 7.0 Hz, 6H). 3C-NMR (100 MHz, CDCl3):
0 170.1, 157.3, 155.7, 136.4, 125.3, 106.5, 103.9, 66.8, 60.3, 51.8, 48.9, 46.7, 26.4, 11.2.
IR (neat film, cm ): 3369, 2966, 2917, 1720, 1240. HRMS (ESI): [M+H]" calcd. for

Ci16H26NOs: 312.1806, obs. 312.1800.

cl
Q
M M
£e cl ° 2
OO S 1. 133 5  HFIP, 23°C OO 0
MeO OH 2. MeOH/sat. NaHCOj (9/1), 50 °C MeO oH

OH

1.110
40%

Prepared following General Procedure A using naproxen (100 mg, 0.43 mmol, 1.0 equiv.),
4,5-dichlorophthaloyl peroxide (154 mg, 0.57 mmol, 1.3 equiv., (using material of 86%
peroxide and 14% 4,5-dichlorophthalic anhydride)), and HFIP (4.3 mL) at 0 °C for 24
hours gradually warming to 23 °C. After removal of the HFIP by continuous positive flow
of nitrogen, the mixed phthalate diacid was placed under an atmosphere of Argon. The
crude brown solid was re-suspended in a de-oxygenated solution composed of dioxane /
aqueous saturated NaHCOs (9: 1, 2.1 mL) and stirred at 50 °C. After 20 minutes the brown

solution was poured into an aqueous phosphate buffer (20 mL, 0.2 M, pH = 2) and adjusted
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to pH = 4. Ethyl acetate (20 mL) was added and the layers were separated. The residual
organics were extracted from the aqueous layer with ethyl acetate (2 x 20 ml). The
combined organics were dried over sodium sulfate, filtered, and concentrated to reveal a
brown oil which was purified by silica gel chromatography; 40% Et,O and 1% acetic acid
in hexanes to provide 1.110 (43.0 mg, 0.18 mmol, 40%) as a colorless solid that

decomposes in air.

Ve white solid, M.P.= 132 — 134 °C; Rr=0.09 (silica gel, 40% Et,0O and
OO f OHO 1% acetic acid in hexanes); 'H-NMR (400 MHz, CDCls): & 8.11 (d, J
B =8.9 Hz, 1H), 7.66 (d, J = 1.4 Hz, 1H), 7.41 (dd, J = 8.9, 1.7 Hz, 1H),
o 7.36 (d, J=8.9 Hz, 1H), 7.24 (d, J = 8.9 Hz, 1H), 4.00 (s, 3H), 3.9 (q,

J =72 Hz, 1H), 1.59 (d, J = 7.2 Hz, 3H); 3C-NMR (125 MHz, CDCL): § 179.5, 141.3,
139.7, 135.5, 129.5, 125.9, 125.2, 123.2, 121.9, 119.5, 113.6, 57.2, 45.2, 18.1; IR (neat
film cm "'): 3433, 2937, 1704, 1275; HRMS (CI) calced. for C14H1404: 246.0892, obs.

246.0894.

Cl 9
0O al (o) o
Me 1. 133 o HFIP, 23 °C
Me
MeO 2. MeOH/sat. NaHCO3 (9/1), 50 °C
MeO

OH

1.111
68%

Prepared following General Procedure A: A clear colorless solution of nabumetone
(250.0 mg, 1.10 mmol, 1.00 equiv.) in TFE (11.0 mL) was placed in an ice water bath
cooled to 0°C for 1 hour. 4,5-dichlorophthaloyl peroxide (405.0 mg, 1.42 mmol, 1.30

equiv.) was added in 8 portions over 10 minutes causing the solution to change to a dark
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brown mixture. After 1 hour the TFE was removed from the black mixture by continuous
positive flow of nitrogen. The brown solid mixture containing the mixed phthalate ester-
acid was placed under an atmosphere of nitrogen and a deoxygenated mixture composed
of methanol and aqueous saturated NaHCO3 (9:1, 11.0 mL) was added. The black solution
was placed in an oil bath heated to 50 °C and after 2 h the black solution was removed from
the oil bath, cooled to 23 °C, diluted with an aqueous phosphate buffer (10 mL, pH = 7,
0.2 M) and ethyl acetate (10 mL), poured into a separatory funnel, partitioned, and the
organic layer was washed with an aqueous phosphate buffer (3 x 30 mL, pH =7, 0.2 M).
Residual organics were extracted from the aqueous layer with ethyl acetate (3 x 20 ml),
combined, dried over solid sodium sulfate, filtered, and concentrated. The crude dark
brown foam was purified by silica gel chromatography; hexane — 30% ethyl acetate in
hexane to afford the phenol 1.111 (183.0 mg, 0.75 mmol, 68%) as an off white amorphous

foam that decomposes in air.

o yellow solid, M.P. = 74-78 °C; Ry = 0.14 (silica gel, 3:1 hexanes:

Mo othyl acetate); TH-NMR (400 MHz, CDCl3): & 8.07 (d, J = 8.6 Hz,
MeO

o 1H), 7.52 (bs, 1H), 7.32 (d, J = 8.9 Hz, 1H), 7.28 (dd, J = 8.9, 2.1

| Hz, 1H), 7.23 (d, J = 8.9 Hz, 1H), 5.99 (bs, 1H), 3.99 (s, 3H), 3.03

(t,J = 7.9 Hz, 2H), 2.83 (t, J = 7.9 Hz, 2H), 2.15 (s, 3H); 3C-NMR (100 MHz, CDCls): §
208.1,140.9, 139.7, 136.7, 129.7, 126.5, 125.9, 122.5, 121.5, 119.0, 113.5, 57.2, 45.1, 30.2,
29.8; IR (KBr, film, v cm *'): 3407, 2923, 1710, 1363, 1273; HRMS (CI) calcd. For

Ci5H1603: 244.1099, obs. 244.1100.
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Cl
(0}
Me (‘) Me
OH
Me OoH cl Me

1. 133 o HFIP, 75 °C

2. MeOH/sat. NaHCO; (9/1), 50 °C oH

o
Prepared following General Procedure B using ibuprofen (50.0 mg, 0.24 mmol, 1 equiv.),
HFIP (0.5 mL), and 4,5-dichlorophthaloyl peroxide (164.0 mg, 0.61 mmol, 2.50 equiv.) at
75°C for 24 hours. HFIP was removed in vacuo yielding a brown solid which was
suspended in a deoxygenated mixture composed of methanol and aqueous saturated
NaHCO3 (9:1, 2.1 mL), placed in an oil bath heated to 50 °C, and after 1 h the mixture was
removed from the oil bath, cooled to 23 °C, diluted with an aqueous phosphate buffer (20
mL, pH =2, 0.2 M) and adjusted to pH = 4. Ethyl ether (20mL) was added and the layers
were partitioned. Residual organics were extracted from the aqueous layer with ether (2 x
20 mL), combined, dried over solid MgSQOs4, and concentrated. The crude brown foam was

purified by silica gel chromatography; 40% Et20 and 1% AcOH in hexane to afford the
phenol 1.112 (17.2mg, 0.08 mmol, 32%).

yellow oil; Rf = 0.26 (silica gel, 40% Et>O and 1% AcOH in hexane)
Me o TH-NMR (400 MHz, CDCl3): 6 7.02 (d, J = 7.9 Hz, 1H), 6.80 (dd, J =

OH 7.5,1.7Hz, 1H), 6.74 (d, J= 1.7 Hz,1H), 3.66 (q, /= 7.2 Hz, 1H), 2.44

i (d, J=17.5 Hz, 2H), 1.91 (dddd, J = 6.8 Hz, 1H),1.48 (d, / = 7.2 Hz,

3H), 0.92 (d, J = 6.8 Hz, 6H); 13C-NMR (100 MHz, CDCl3): § 179.9, 153.7, 138.7, 131.4,
126.7, 119.8, 114.3, 44.7, 39.0, 28.8, 22.5, 18.0 IR (neat film, cm™): 3399, 2955, 1707;

HRMS (CI): caled. for C13Hi1803: 222.1256, obs. 222.1255.
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Cl
O
Me (‘) 2 Me
oM
Me OMe Cl Me e

1. 133 o HFIP, 75 °C

Me 2. MeOH/sat. NaHCOj (9/1), 50 °C OH

1.112M
61%

Prepared following General Procedure B using ibuprofen methyl ester (300.0 mg, 1.36
mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (747.0 mg, 2.72 mmol, 2.50 equiv.,
85%), and HFIP (13.6 mL) at 75 °C for 24 hours. The crude brown tar was purified by
silica gel chromatography; hexane — 4% ethyl acetate in hexane to provide the starting ester
(22.3 mg, 0.10 mmol, 7%) as a clear colorless oil and the phenols as a mixture which were
then further purified by silica gel chromatography; 1 - 2 % Et20 in methylene chloride and
hexane (1:1) to afford the phenol 1.112Ma (130.0 mg, 0.55 mmol, 40%) and 1.112Mb

(66.0 mg, 0.28 mmol, 21%) as pale yellow oils.

Me on yellow oil; "TH-NMR (400 MHz, CDCls): 6 7.01 (d, J = 7.7 Hz, 1H),
Me ©

e o 6.78(dd,J=1.6,7.7Hz, 1H),6.75 (d, J = 1.6 Hz,1H), 5.22 (bs, 1H),
OH

3.67 (s, 1H), 3.65 (q, J = 7.2 Hz, 1H), 2.45 (d, J = 7.2 Hz, 2H), 1.92

1.112Ma

(dddd, J=6.7 Hz, 1H), 1.47 (d, J= 7.2 Hz, 3H), 0.92 (d, / = 6.7 Hz,

6H); 3C-NMR (100 MHz, CDCl3): 8 175.5, 154.0, 139.4, 131.3, 126.6, 119.7, 114.0, 52.1,
45.0, 39.0, 28.8, 22.5, 18.5; IR (neat film, cm™): 3401, 2953, 2360, 2342, 1715.

yellow oil; 'TH-NMR (400 MHz, CDCl3): § 7.43 (bs, 1H), 6.98 (d, J

OH Me
OMe

Me =7.9Hz, 1H),6.71 (d,J= 1.7 Hz, 1H), 6.67 (dd, J= 1.7, 7.9 Hz, 1H),
3.84 (q, J = 7.2 Hz, 1H) 3.73 (s, 1H), 2.39 (d, J = 7.2 Hz, 2H), 1.84
1.112Mb

(dddd, J = 6.8 Hz, 1H), 1.54 (d, J = 7.2 Hz, 3H), 0.89 (d, J = 6.8 Hz,
6H); 3C-NMR (100 MHz, CDCL): & 177.57, 154.30, 142.84, 128.48, 122.92, 121.66,
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118.33, 52.65, 44.95, 42.03, 30.01, 22.42, 16.57 IR (neat film, cm™): 3401, 2953, 2360,

2342, 1734.

1. 133 o HFIP,75 °C

2. MeOH/sat. NaHCOj (9/1), 50 °C O £
HO

1.113
31%

Cl
Q Me
cl % OMe
R

Prepared following General Procedure B using flurbiprofen methyl ester (210 mg, 0.81

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (446.0 mg, 1.6 mmol, 2.0 equiv., 85%),

and HFIP (8.1 mL) at 75 °C for 24 hours. The crude dark yellow solid mixture was purified

by silica gel chromatography; 1% 1,4-dioxane in benzene to afford the phenol 1.113 (69.0

mg, 0.25 mmol, 31%) as a pale yellow foam and the starting flurbiprofen (20.9 mg, 0.08

mmol, 10%).%

yellow foam; "H-NMR (400 MHz, CDCls): 3 7.42 (dd, J= 1.5, 7.1
Hz, 2H), 7.34 (t, J = 7.4 Hz, 1H), 7.11 (m, 2H), 6.89 (d, J = 8.6 Hz,
2H), 4.99 (bs, 1H), 3.75 (q, J = 7.0 Hz, 2H), 3.70 (s, 3H), 1.53 (d, J
= 7.0 Hz, 3H).%

Cl

oo,

J@i o
° oy
133 o HFIP, 50 °C HO 2

Me0,C™ Me 2. MeOH/sat. NaHCO3 (9/1), 50 °C MeO,C~ ~Me
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Prepared following General Procedure A using fenoprofen methyl ester (128.0 mg, 0.50

mmol, 1.0 equiv.), 4,5-dichlorophthaloyl peroxide (181.0 mg, 0.65 mmol, 1.3 equiv.), and
HFIP (5.0 mL) at 50 °C for 24 hours. The crude orange foam was purified by silica gel
chromatography; hexane — 12% ethyl acetate in hexane to afford the phenol 1.114a as a
white solid (24.0 mg, 0.09 mmol, 18%) and phenol 1.114b as a pale yellow foam (24.2 mg,
0.09 mmol, 18%).

o white solid; M.P.= 102 — 105 °C; R¢=0.56 (silica gel, 30% ethyl acetate
Ho/©/ in hexane) TH-NMR (500 MHz, CDCI3): § 7.25 (m, 3H), 6.97 (d,J=7.2
e Hz, 1H), 6.92 (d, J= 8.8 Hz, 2H), 6.91 (bs, 1H), 6.81 (d, J = 8.8 Hz, 2H),

- 3.67(q,J = 7.2 Hz, 1H), 1.47 (d, J = 7.2 Hz, 3H); ¥*C-NMR (125 MHz,
CDCl3): 6 175.1, 158.7, 152.0, 149.8, 142.2, 129.7,121.5,121.1, 116.8, 116. 3, 116.0, 52.2,
45.3,18.4; IR (neat film, cm™): 3411, 2922, 1732, 1587, 1471, 1266, 1215; HRMS (CI):

calcd. for Ci6H1604. 272.1049, obs. 272.1049.

(:EZ yellow foam; "TH-NMR (500 MHz, CDCl3): & 7.35 (dd, J= 1.2, 7.2 Hz, 2H),
MeO,C™ Me 713 (dt,J = 1.0, 7.2 Hz, 1H), 7.04 (m, 2H), 6.99 (dd, J = 2.0, 7.2 Hz, 1H),
1.114b 6.83 — 6.79 (m, 2H), 5.99 (bs, 1H), 4.12 (q, J = 7.1 Hz, 1H), 3.71 (s, 3H),
1.53 (d, J = 7.1 Hz, 3H); '3C-NMR (125 MHz, CDCl3): & 175.4, 156.6, 145.0, 143.9,
129.9, 128.2,123.7, 123.1, 120.1, 118.3, 117.1, 52.1, 39.3, 17.2.

86



cl
Q
cl 0 OH
ON 1. 1.33 HFIP, 23 °C o
[ ] OH . ] ! OH
- T \/\/\

2. MeOH/sat. NaHCOj3 (9/1), 50 °C OH

1.115
35%

Prepared following General Procedure A using (+)-guaifenesin (75.0 mg, 0.38 mmol, 1.0
equiv.), 4,5-dichlorophthaloyl peroxide (133.0 mg, 0.49 mmol, 1.30 equiv.) in HFIP (3.8
mL) at 23 °C for 24 hours. The crude dark brown foam was purified by silica gel
chromatography; 50% ethyl acetate in hexane to afford the phenol 1.115 as an opaque

colorless oil (27.9 mg, 0.13 mmol, 35%).

colorless oil; Rt = 0.55 (100% ethyl acetate); 'H-NMR (500 MHz,
ome " CDCl): 8 6.94 (t, J = 8.3 Hz, 1H), 6.59 (dd, J = 1.2, 8.3 Hz, 1H), 6.45
(dd, J =1.2,8.3 Hz, 1H), 4.16 (dd, J = 2.7, 10.3 Hz, 1H), 4.04 (m,
1H), 4.01 (t, J = 4.2 Hz, 1H), 3.85 (s, 3H), 3.82 (d, J = 3.7 Hz, 1H), 3.77 (m, 1H); 3C-
NMR (125 MHz, CDCl3): 6 152.9, 150.4, 135.1, 124.6, 109.2, 103.5, 74.9, 70.8, 63.7,
55.8; IR (neat film, cm-1): 3371, 1236, 1201; HRMS (ESI): calcd. for CioH140sNa
[M+Na]": 237.07334, obs. 237.07352.

0
al 0
N o oH
©:O\/\(\NH 1. 133 o HFIP, 23°C i:[o\/\(\NH
OMe O«O 2. MeOH/sat. NaHCO3 (9/1), 50 °C OMe O—ﬂo

1.116
26%

Prepared following General Procedure B using (+)-mephenoxalone (50.0 mg, 0.22 mmol,

1.0 equiv.), 4,5-dichlorophthaloyl peroxide (67.8 mg, 0.29 mmol, 1.30 equiv.), and HFIP
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(2.2 mL). The crude dark brown foam was purified by silica gel chromatography; 50%
ethyl acetate in hexane to afford phenol 1.116 as an opaque pale yellow oil (13.9 mg, 0.06
mmol, 26%).

OH yellow oil; Rt = 0.47 (100% ethyl acetate); 'H-NMR (400 MHz,
O\/\(\NH

ove 0% CDCl3): 6 6.95 (t, J = 8.2 Hz, 1H), 6.61 (dd, J = 1.6, 8.2 Hz, 1H), 6.46
(@)

1416 (dd, J = 1.2, 8.2 Hz,1H), 6.02 (s, 1H), 5.45 (s, 1H), 4.93 (m, 1H), 4.29
(dd, J = 3.5, 11.0 Hz, 1H), 4.14 (dd, J = 5.9, 11.0 Hz, 1H), 3.84 (s, 3H), 3.74 (t, J = 8.6
Hz, 1H), 3.58 (t, J = 6.6 Hz, 1H); 3C-NMR (100 MHz, CDCl3): & 158.9, 152.4, 149.7,
133.9,124.7, 108.7, 103.8, 74.8, 73.1, 55.8, 41.9; IR (neat film, cm-1): 3346, 1733, 1253,

1198; HRMS (ESI): caled. for C;1H13NOsNa [M+Na]": 262.06859, obs. 262.06826.

Cl
o
2 0
BnO 1. 133 o TFE,0°C Q
BnO

2. MeOH/sat. NaHCO3 (9/1), 50 °C

1.117
33%

Prepared following General Procedure A: To a solution of dyclonine (131.0 mg, 0.45

mmol, 1.0 equiv.) in HFIP (4.5 mL) was added p-toluenesulfonic acid monohydrate (86.0
mg, 0.45 mmol, 1.0 equiv.). The pale yellow solution was stirred for 2 minutes at 23 °C
upon which 4,5-dichlorophthaloyl peroxide (514 mg, 1.81 mmol, 4.0 equiv., 82%) was
added. The pale yellow solution was stoppered with a plastic PTFE cap and placed in an
oil bath heated to 50 °C. After 12 hours the red solution was removed from the oil bath,
cooled to 23 °C, and HFIP was removed by a continuous flow of nitrogen. The dark red

mixture was placed under an atmosphere of nitrogen upon which a deoxygenated mixture
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of methanol and a saturated aqueous mixture of NaHCO; (4.5 mL, 9:1) was added. The
dark red solution was placed in an oil bath heated to 50 °C. After 2 hours the dark red
solution was removed from the oil bath, cooled to 23 °C, diluted with a saturated aqueous
mixture of NaHCO3 (10 mL) and ethyl acetate (10 mL), poured into a separatory funnel,
partitioned, and the aqueous layer was washed with a saturated aqueous mixture of
NaHCO;3 and brine (3 x 30 mL, 1:1). Residual organics were extracted from the aqueous
layer with a combination of ethyl acetate and brine (3 x 30 mL, 2:1), combined, dried over
solid sodium sulfate, decanted, and concentrated. The crude black foam was purified by
silica gel chromatography; 1 — 5% MeOH in methylene chloride, then 1% MeOH and 1%
EtsN in methylene chloride to afford the aminophenol 1.117 as a red solid (50.6 mg, 0.15
mmol, 33%).

red solid, M.P. = 140 — 144 °C; Rt = 0.50 (5% MeOH in methylene

jij)v ') chloride); "H-NMR (400 MHz, CDCL): 8 7.58 (dd, J = 2.0, 82 Hz,

a1 1H), 7.56 (d, 2.0 Hz, 1H), 6.86 (d, J = 8.2 Hz, 1H), 4.12 (¢, J = 6.8

Hz, 2H), 3.64 (t, J = 6.8 Hz, 2H), 3.36 (t, J = 6.8 Hz, 2H), 3.03 (bs,

4H), 1.97 (bs, 4H), 1.83 (ddd, J = 7.8 Hz, 2H), 1.63 (bs, 2H), 1.51 (ddd, J = 7.8 Hz, 2H),

1.00 (t, J = 7.8 Hz, 3H); BC-NMR 100 MHz, CDCl3): 5 195.1, 151.1, 145.9, 129.1, 122.0,

114.2, 110.8, 68.8, 53.7, 52.3, 33.1, 31.0, 22.9, 22.2, 19.1, 13.8 IR (neat film, em™): 3401,
2957, 2873, 1673, 1604, 1435, 1276,
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Cl

O Q AcO O
1. 1.33 TFE, 0 °C
O\\S//o//) le] O2N Q\,Of
N 2. MeOH/sat. NaHCO3 (9/1), 50 °C S
O,N

1.118
17%

OoN

Prepared following General Procedure A: A clear yellow solution of the desipramine

dinitrosulfonamide (95.0 mg, 0.19 mmol, 1.0 equiv.) in TFE and methylene chloride (4.0
mL, 1:1) was placed in an ice water bath cooled to 0 °C for 1 hour. Phthaloyl peroxide
(40.0 mg, 0.25 mmol, 1.30 equiv.) was added in 5 portions over 5 minutes causing the
solution to change to a dark black mixture. After 1 hour the TFE and methylene chloride
were removed from the black mixture by continuous positive flow of nitrogen. The black
solid tar containing the mixed phthalate esteracid was placed under an atmosphere of
nitrogen and a deoxygenated mixture composed of methanol and aqueous saturated
NaHCOs (9:1, 4.0 mL) was added. The black solution was placed in an oil bath heated to
50 °C. After 12 hours the black solution was removed from the oil bath, cooled to 23 °C,
diluted with an aqueous phosphate buffer (10 mL, pH = 7, 0.2 M) and ethyl acetate (10
mL), poured into a separatory funnel, partitioned, and the organic layer was washed with
an aqueous phosphate buffer (3 x 30 mL, pH =7, 0.2 M). Residual organics were extracted
from the aqueous layer with ethyl acetate (3 x 20 ml), combined, dried over solid sodium
sulfate, filtered, and concentrated. The crude black tar was dissolved in methylene chloride
(3.0 mL), pyridine (0.5 mL) and acetic anhydride (0.5 mL) were added sequentially, and
the brown solution was allowed to stir at 23 °C. After 24 hours the dark brown solution
was diluted with an aqueous phosphate buffer (10 mL, pH = 4, 0.2 M) and ethyl acetate
(10 mL), poured into a separatory funnel, partitioned, and the organic layer was washed
with an aqueous phosphate buffer (2 x 10 mL, pH = 7, 0.2 M). Residual organics were

extracted from the aqueous layer with ethyl acetate (2 x 10 mL), dried over solid sodium
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sulfate, decanted, and concentrated. The crude dark brown foam was purified by silica gel
chromatography; hexane — 20% ethyl acetate in hexane to afford the acetate 1.118 (18.2

mg, 0.03 mmol, 17%) as a golden yellow amorphous foam.

oo yellow foam; R¢ = 0.66 (silica gel, 50% ethyl acetate in hexane);

O v 'H-NMR (400 MHz, CDCIs): 5 8.38 (d, J = 2.4 Hz, 1H), 8.34

OyN

? Q\,,Of
sl (dd, J =24, 8.6 Hz, 1H), 8.03 (d, J = 8.6 Hz, 1H), 7.11 — 7.05

N

N
©: Me

o (m, 3H), 6.98 (t, J = 7.4 Hz, 2H), 6.90 (dd, J = 2.3, 7.4 Hz, 1H),

6.84 (dt, J = 1.1, 7.4 Hz, 1H), 3.88 — 3.82 (m, 1H), 3.60 — 3.48
(m, 2H), 3.35 — 3.24 (m, 3H), 2.93 — 2.87 (m, 1H), 2.85 (s, 3H), 2.76 (dt, J = 4.0, 12.9 Hz,
1H), 2.33 (s, 3H), 1.74 (ddd, J = 7.3 Hz, 2H); 3C-NMR (125 MHz, CDCL): § 169.0, 149.5,
148.0, 146.3, 145.1, 142.0, 139.6, 138.1, 132.4, 131.5, 130.4, 126.4, 126.0, 125.7, 125.6,
121.8, 121.4, 119.9, 119.6, 49.2, 48.5, 34.5, 33.5, 31.1, 26.1, 21.2; IR (neat film, cm"):
1765, 1553, 1537, 1475, 1367, 1351, 1200, 1165, 750, 736; HRMS (ESI): calcd. for

Ca6H27N4O0sS [M+H]': 555.1550, obs. 555.1542.

o
cl o
o
OMe (‘.) OMe
¢l HO
O 1. 133 § TFE, 0 °C O
MeO MeO

2. MeOH/sat. NaHCO3 (9/1), 50 °C

1.119
46%

Prepared using General Procedure A: A clear colorless solution of adapalene methylester
(100 mg, 0.23 mmol, 1.0 equiv.) in TFE and CHCI3 (9.4 mL, 1:1) was placed in an ice

water bath cooled to 0 °C for 1 hour. Phthaloyl peroxide (46.0 mg, 0.28 mmol, 1.20 equiv.)
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was added in 10 portions over 10 minutes changing the colorless solution to a dark brown
mixture. After 2hrs the TFE and CHClz were removed from the brown mixture by
continuous positive flow of nitrogen. The black solid containing the mixed phthalate ester-
acid was placed under an atmosphere of nitrogen and a deoxygenated mixture composed
of methanol and aqueous saturated NaHCOs (9:1, 4.0 mL) was added. The brown solution
was placed in an oil bath heated to 50 °C. After 12 hours the brown solution was removed
from the oil bath, cooled to 23 °C, diluted with an aqueous phosphate buffer (10 mL, pH =
7, 0.2 M) and ethyl acetate (10 mL), poured into a separatory funnel, partitioned, and the
organic layer was washed with an aqueous phosphate buffer (3 x 30 mL, pH =7, 0.2 M).
Residual organics were extracted from the aqueous layer with ethyl acetate (3 x 20 mL),
combined, dried over solid sodium sulfate, filtered, and concentrated. The crude dark
brown foam was purified by silica gel chromatography; hexane — 20% ethyl acetate in
hexane and then purified again by silica gel chromatography; 12% 1,4-dioxane in hexane

to afford the phenol 1.119 as a white solid (48.0 mg, 0.11 mmol, 46%).

5 white solid, M.P. = 240 — 242 °C; R¢= 0.78 (silica gel, 40%
OO oMe | 4-dioxane in hexane); 'H-NMR (400 MHz, CDCl;): § 8.62 (s,

HO
oo O 1H), 8.07 (d, J = 8.6 Hz, 1H), 8.0 (s, 1H), 7.98 (d, J = 8.6 Hz,
e\\ 1H), 7.91 (d, J = 8.6 Hz, 1H), 7.76 (d, J = 8.6 Hz, 1H), 7.20 (d,

o 2.0 Hz, 1H), 5.41 (bs, 1H), 3.99 (s, 3H), 3.90 (s, 3H), 2.15 (bs,

7H), 2.12 (bs, 2H), 1.81 (bs, 6H); 3C-NMR (100 MHz, CDCls):

8 167.3, 150.0, 147.3, 143.9, 141.0, 136.5, 135.8, 131.5, 130.8, 129.7, 128.3, 127.2, 126.4,
1253, 118.2, 113.4, 61.4, 52.3, 41.8, 37.7, 36.9, 29.7, 29.1; IR (neat film, cm’'): 3445,

1656.
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Q: 1. 133 0 TFE, 0 °C
Me AcO Me
Me Me

2. MeOH/sat. NaHCOg (9/1), 50 °C

1.120
20%

Prepared using General Procedure A: A clear colorless solution of mefenamic methyl ester
(50.0 mg, 0.20 mmol, 1.0 equiv.) in TFE and methylene chloride (4.0 mL, 4:1) was placed
in an ice water bath cooled to 0 °C for 30 minutes. Phthaloyl peroxide (71.0 mg, 0.43 mmol,
2.2 equiv.) was added in 5 portions over 5 minutes causing the solution to change to a dark
black mixture. The mixture was allowed to warm gradually to 23 °C over 12 hours
following which the TFE and methylene chloride were removed from the black mixture by
continuous positive flow of nitrogen. The black solid tar was placed under an atmosphere
of nitrogen and a deoxygenated mixture composed of methanol and aqueous saturated
NaHCOs (9:1, 4.0 mL) was added. The black solution was placed in an oil bath heated to
50 °C. After 12 hours the black solution was removed from the oil bath, cooled to 23 °C,
diluted with an aqueous phosphate buffer (10 mL, pH = 7, 0.2 M) and ethyl acetate (10
mL), poured into a separatory funnel, partitioned, and the organic layer was washed with
an aqueous phosphate buffer (3 x 30 mL, pH =7, 0.2 M). Residual organics were extracted
from the aqueous layer with ethyl acetate (3 x 20 mL), combined, dried over solid sodium
sulfate, decanted, and concentrated. The crude black tar was dissolved in methylene
chloride (4.0 mL) upon which pyridine (155.0 mg, 0.2 mL, 1.96 mmol, 10.0 equiv.) and
acetic anhydride (60.0 mg, 0.1 mL, 0.59 mmol, 3.0 equiv.) were added sequentially. After
24 h at 23 °C the dark brown solution was diluted with an aqueous phosphate buffer (10
mL, pH =4, 0.2 M) and ethyl acetate (10 mL), poured into a separatory funnel, partitioned,

and the organic layer was washed with an aqueous phosphate buffer (2 x 10 mL, pH =7,
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0.2 M). Residual organics were extracted from the aqueous layer with ethyl acetate (2 x 10
mL), dried over solid sodium sulfate, decanted, and concentrated. The crude dark brown
foam was purified by silica gel chromatography; hexane — 2% ethyl acetate in hexane to

afford the acetate 1.120 (12.3 mg, 0.04 mmol, 20%) as a golden yellow amorphous foam.

yellow foam; Rr = 0.59 (silica gel, 40% ethyl acetate in hexane); 'H-

/@“ NMR (500 MHz, CDCls): § 9.19 (bs, 1H), 7.95 (dd, J = 1.4, 7.1 Hz,
poor Ve 1H), 7.24 (m, 1H), 7.16 (d, J = 8.3 Hz, 1H), 6.88 (d, J = 8.3 Hz, 1H),
1420 6.71 (dd, J = 1.1, 8.3 Hz, 1H), 6.66 (dt, J = 1.2, 5.9 Hz, 1H), 3.91 (s,

3H), 2.34 (s, 3H), 2.20 (s, 3H), 2.13 (s, 3H); 13C-NMR (125 MHz, CDCl3): & 169.6,
169.1, 149.4, 146.5, 136.6, 134.6, 134.2, 134.5, 130.1, 123.9, 119.8, 116.2, 113.7, 110.8,
51.7,20.9, 14.6, 13.3; IR (neat film, cm™): 2918, 2360, 2340, 1760, 1703, 1252, 1195,
1090.
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PREPARATION OF PHTHALOYL PEROXIDE IN FLOW EXPERIMENTAL SECTION

Construction of flow apparatus

1. Grind sodium percarbonate using a mortar and pestle. Use a 140 and 325 mesh
sieve to filter particles corresponding to 46-105 um. Ground sodium percarbonate can be
stored for weeks with no loss of activity.

2. Insert a stainless steel frit inside the compression endcap bolt. Assemble the
compression endcaps according to the diagram below. Take care to not over-tighten the
bolts as this will bend the ferrule, making disassembly difficult and may warp the tube. We
have found that as long as the tube is pressed tightly against the frit, the system will not

leak regardless of whether the compression endcap turns under moderate force.

3. Add one pipette scoop-full of stainless steel spheres, corresponds to 0.5-0.6 grams
of steel.
4. Fill the tube with ground sodium percarbonate, tapping the sides to ensure adequate

packing, and leaving 3-6 mm of dead volume on the top. This corresponded to roughly 1.8-

2.0 grams of sodium percarbonate.

5. Fill the remaining space with stainless steel spheres and tighten the endcap.
6. Install the inline check valve, BPR, and luer adapter.
7. After complete addition of the peroxide, the endcaps were removed carefully and

the packed bed reactor was submerged in warm water to dissolve the remaining salts. After
the salts had been dissolved, the tube was cleaned with water and acetone and dried in an
oven (120 °C). The PFA tubing, BPR, check valve, and luer adapter were cleaned by

flushing the system with methylene chloride and then air-dried.
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General Flow Procedure

To a 10 mL graduated cylinder was added phthaloyl chloride (303 pL, 406 mg, 2 mmol).
Anhydrous methylene chloride was added to bring the final volume to 10 mL, producing a
0.2 M solution. The flow apparatus was manually purged with anhydrous methylene
chloride (1.4 mL dead volume). The solution of phthaloyl chloride was taken up into a 10
mL syringe and affixed to the luer port. A flow rate of 10 mL hour™ was dialed into the
syringe pump. The first 3 mL (roughly twice the dead volume of the packed bed reactor)
that passed through the apparatus was discarded. After 3 mL, the feed was connected
through an inlet adapter to a 25mL 14/20 2-neck flask, adding the remaining 7mL of the
peroxide solution (2.1 equivalents). To this flask was added 0.67 mmol of the substrate
dissolved in 6.7 mL of TFE (0.1 M) and a stirbar. A distillation apparatus was affixed to
the other opening. The flask was submerged in an oil bath warmed to 60 °C and followed
by TLC.

Upon completion, the solvent was removed in vacuo, and diluted to 0.1 M with 9:1
dioxane: saturated aqueous sodium bicarbonate, sealed, and warmed to 50 °C for 12 hours
to ensure complete hydrolysis of the mixed phthalate ester-acid. The contents of the flask
were washed into a 60 mL seperatory funnel, and diluted with 10 mL of 0.2 M pH 7
phosphate buffer, and 20 mL of ethyl acetate. After the layers were separated, the organics
were washed with additional pH 7 buffer (10 mL, twice). The combined aqueous layers
were extracted with ether (10 mL, three times), and then dried over sodium sulfate. The

organics were concentrated in vacuo and purified via silica gel flash chromatography.

96



o

Q
(0}
1. 113 5 OH
Me Me TFE, 60 °C Me Me
2. Hydrolysis

Me Me

1.4
91%

Prepared following General Flow Procedure. The reaction ran for 4 hours. After hydrolysis,

the orange-brown oil was chromatographed on silica gel (10:1 hexanes: ethyl acetate)

yielding 1.41 (83.2 mg, 0.611 mmol, 91%).

y OH y white solid, M.P. 106-107 °C; Rt = 0.24 (silica gel, 10:1 hexanes: ethyl
\<>/ acetate); 'TH-NMR (400 MHz, CDCl3): 8 6.79 (s, 2H), 4.43 (bs, 1H), 2.22 (s,
Me

1.41 9H); 13C-NMR (100 MHz, CDCl3): § 149.8, 129.2, 129.0, 122.8, 20.3, 15.7;
IR (KBr, film, v cm *): 3391, 1485, 1201, 1150.%

0
Q
] 0 OH
' " LI i-Pr i-Pr
"Pr\©/" r TFE, 60 °C
2. Hydrolysi
ydrolysis i-Pr

1.122
95%

Prepared following General Flow Procedure. The reaction ran for 4 hours. After hydrolysis,

the orange-brown oil was chromatographed on silica gel (15:1 hexanes: ethyl acetate)

yielding 1.122 (140.5 mg, 0.638 mmol, 95%).
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OH

. », yellow oil; Re=0.26 (silica gel, 10:1 hexanes: ethyl acetate); TH-NMR (400
MHz, CDCl3): 6 6.91 (s, 2H), 4.62 (bs, 1H), 3.14 (sept, J= 7.0 Hz, 2H), 2.84

1-::; (sept, J=7.0 Hz, 1H), 1.27 (d, J= 7.0 Hz, 12H), 1.24 (d, J = 7.0 Hz, 6H); *C-
NMR (100 MHz, CDCl;): 6 147.9, 140.7, 133.3, 121.3, 33.8, 27.3, 24.3, 22.8; IR (KBr,
film, v cm 1): 3571, 2960, 1470, 1200, 1154; HRMS (CI) calcd. for C1sH240: 220.1827,

obs. 220.1828.

0]

Q
; o OH
113

Me Me
Me Me TFE, 60 °C
Me Me

Me Me 2. Hydrolysis

1.123
76%

Prepared following General Flow Procedure. The reaction ran for 6 hours. After hydrolysis,

the orange-brown oil was chromatographed on silica gel (12:1 pentane: ether) yielding

1.123 (74.2 mg, 0.494 mmol, 74%).

white solid, M.P. 106-107 °C; R¢ = 0.23 (silica gel, 10:1 hexanes: ethyl

OH

Meﬁ“ﬂe acetate); 'TH-NMR (400 MHz, CDCls): § 6.60 (s, 1H), 4.59 (bs, 1H), 2.21 (s,
e 6H), 2.13 (s, 6H); ¥*C-NMR (100 MHz, CDCl5): § 151.7, 134.2, 123.5, 119.0,
1.123

19.8, 11.6; IR (KBr, film, v cm *!): 3351, 2919, 1180, 1125.!4
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T g3 OH
M M o Me Me
€ € TFE, 60 °C
Me Me 2. Hydrolysis Me Me

Me Me

1.124
94%

Prepared following General Flow Procedure. The reaction ran for 4 hours. After hydrolysis,

the orange-brown oil was chromatographed on silica gel (10:1 hexanes: ethyl acetate)

yielding 1.124 (103.2 mg, 0.628 mmol, 94%).

OH white solid, M.P. 123-124 °C; R¢ = 0.20 (silica gel, 10:1 hexanes: ethyl
::ﬁ:: acetate); 'TH-NMR (400 MHz, CDCl3): § 4.50 (s, 1H), 2.21 (s, 6H), 2.20 (s,
1124 6H), 2.18 (s, 3H); *C-NMR (100 MHz, CDCl5): § 149.5, 132.9, 126.9, 118.9,

16.4,16.3, 12.4; IR (KBr, film, v cm '): 3343, 2916, 1384, 1125.1%

(e}

?
o OH
T 443

o OMe
OMe TFE, 60 °C
=z
=

2. Hydrolysis

1.125
69%

Prepared following General Flow Procedure. The reaction ran for 3 hours. After hydrolysis,

the orange-brown oil was chromatographed on silica gel (10:1 hexanes: ethyl acetate)

yielding 1.125 (76.3 mg, 0.465 mmol, 69%).
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colorless oil; R = 0.24 (silica gel, 10:1 hexanes: ethyl acetate); "H-NMR

OH

/\/@OMQ (400 MHz, CDCl3): 6 6.79, (d, J= 8.1 Hz, 1H), 6.77 (d, J= 1.9 Hz, 1H),
B 1125 6.66 (dd, J= 8.1, 1.9 Hz, 1H), 5.80-5.99 (m, 1H), 5.56 (s, 1H), 5.03-5.09

(m, 2H), 3.87 (s, 3H), 3.29 (d, J= 6.7 Hz, 2H); 3C-NMR (100 MHz,
CDCl3): 6 145.5,144.9,137.6, 133.4,119.8, 115.5, 114.8, 110.6, 56.0, 39.6; IR (KBr, film,
vem Y): 3447, 1506, 1270, 1130; HRMS (ESI) caled. for C1oH1202 [M+Na]*: 187.07300,

obs. 187.07360.

o
9 ?
MeO y o - OH ©
1. e
113 ]ij)kH
©/\O TFE, 60 °C ©/\o

2. Hydrolysis

1.44
62%

Prepared following General Flow Procedure. The reaction ran for 12 hours. An additional

equivalent of peroxide (3.1 equivalents total) was added to ensure complete conversion of
this substrate. After hydrolysis, the orange-brown oil was chromatographed on silica gel

(10:1 to 5:1 pentane ether solvent gradient) yielding 1.44 (107.8 mg, 0.417 mmol, 62%).

colorless oil; Rf = 0.14 (silica gel, 5:1 pentane: ether); "H-NMR (400

" MHz, CDCl3): 8 11.20 (s, 1H), 9.73 (s, 1H), 7.34-7.44 (m, 5H), 7.23 (d,

©/\0 J=8.4Hz, 1H), 6.62 (d, J= 8.4 Hz, 1H), 5.24 (s, 2H), 3.93 (s, 3H); 13C-

NMR (100 MHz, CDCls): 6 194.9, 158.5, 156.0, 136.6, 136.0, 130.0,

128.7, 128.3, 127.1, 116.6, 105.7, 70.8, 60.8; IR (KBr, film, v cm *): 3255, 1652, 1520,
1452, 1388, 1264, 1102,
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MeO
Meojij)kowle 113 5 e ]ij)kowle
TFE, 60 °C
z o

///\O 2. Hydrolysis

1.46
70%

Prepared following General Flow Procedure. The reaction ran for 6 hours. After hydrolysis,

the red-brown oil was chromatographed on silica gel (10:1 to 5:1 pentane: ether solvent

gradient) yielding 1.46 (111.4 mg, 0.472 mmol, 70%).

colorless oil; Rt = 0.29 (silica gel, 4:1 pentane: ether); 'H-NMR (400

OH O
Meo]ij)%W MHz, CDCl3): 5 10.94 (s, 1H), 7.59 (d, 9.0 Hz, 1H), 6.61 (d, J=9.0 Hz,
1H), 4.81 (s, 2H), 3.93 (s, 3H), 3.90 (s, 3H), 2.53 (s, 1H); 13C-NMR
1.46

(100 MHz, CDCl3): 8 170.4, 156.2, 155.9, 137.3, 125.3, 107.8, 105.1,
77.9,76.2,60.8, 56.6, 52.2; IR (KB, film, v cm ): 3266, 1678, 1514, 1441, 1289, 1078.%

o

Q
[I :o
o T 443 oH 0
Meo:©)k .0 Meoﬁom
OMe TFE, 60 °C
H/\/\o 2. Hydrolysis r\/\o
[

1.47
65%

Prepared following General Flow Procedure. The reaction ran for 6 hours. After hydrolysis,

the brown oil was chromatographed on silica gel (5:1 pentane: ether) yielding 1.47 (121.7
mg, 0.437 mmol, 65%).
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on o colorless oil; Rf = 0.21 (silica gel, 10:1 hexanes: ethyl acetate); 'H-
:@AOMG NMR (400 MHz, CDCI3): 6 10.88 (s, 1H), 7.56 (d, J =9.2 Hz, 1H),
6.46 (d, J=9.2 Hz, 1H), 5.16 (p, J = 6.7 Hz, 1H), 4.67-4.70 (dt, J =

MeO
U/\/\O
H 1.47

6.7,3.5 Hz, 2H), 4.11 (t, J = 6.7 Hz, 2H), 3.92 (s, 3H), 3.88 (s, 3H),
2.19-2.25 (m, 2H), 1.94-2.01 (p, J = 6.7 Hz, 2H); 1*C-NMR (100 MHz, CDCl;): & 208.6,
170.4, 157.6, 156.1, 136.7, 125.6, 106.8, 104.2, 89.0, 75.4, 68.0, 60.7, 52.1, 28.3, 24.5; IR

(KBr, film, v cm *!): 3270, 1677, 1282, 1092.3

(o}

?
o
0 Yoz OH O
MeO °
e ﬁOMe TFE, 60 °C Meojij)ko'vle
MeO 2. Hydrolysis MeO

1.43
84%

Prepared following General Flow Procedure. The reaction ran for 6 hours. After hydrolysis,

the red-brown oil was chromatographed on silica gel (2:1 pentane: ether) yielding the

product (118.9 mg, 0.560 mmol, 84%).

white solid, M.P. = 65-66°C; Ry = 0.25 (silica gel, 2:1 pentane: ether);

Meo ome TH-NMR (400 MHz, CDCl:): § 10.91 (s, 1H), 7.59 (d, J= 8.8 Hz, 1H),

MeO

6.48 (d, J = 8.8 Hz, 1H), 3.92 (s, 3H), 3.91 (s, 3H), 3.89 (s, 3H); BC-NMR

1.43

(100 MHz, CDCls): 6 170.4, 158.0, 155.9, 136.5, 125.7, 107.0, 103.1,
60.7, 56.0, 52.1; IR (KB, film, v cm *'): 3172, 1678, 1439, 1285, 1090, 1033.%
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?
0 (0]
1. OH O
MeO oMo 113§ Voo
o~ TFE, 60 °C ﬁowm
cl o

2. Hydrolysis c” >0

1.55
73%

Prepared following General Flow Procedure. The reaction ran for 6 hours. After hydrolysis,

the orange-brown oil was chromatographed on silica gel (10:1 hexanes: ethyl acetate)

yielding 1.55 (134.8 mg, 0.491 mmol, 74%).

oh o white solid, M.P. = 99-101 °C; Rt = 0.22 (silica gel, 5:1 pentane:
:ij)ko""e ether); TH-NMR (400 MHz, CDCl3): $ 10.91 (s, 1H), 7.58 (d, J=9.0
Hz, 1H), 6.49 (d, J/= 9.0 Hz, 1H), 4.22 (t, J= 6.0 Hz, 2H), 3.92 (s,
3H), 3.87 (s, 3H), 3.78 (t, J= 6.0 Hz, 2H), 2.30 (p, J= 6.0 Hz, 2H);
I3C-NMR (100 MHz, CDCl3): $ 170.4, 157.3, 156.1, 136.8, 125.7,107.2, 104.3, 65.2, 60.7,

52.2,41.3, 32.0; IR (KBr, film, v cm ): 3174, 1674, 1439, 1284, 1095.%

(o}

?
. 0 OH O
o : 113 o MeO
MeO R OMe
OMe TFE, 60 °C
. 0\7/\0
OV/\O 2. Hydrolysis
1.51
69%

Prepared following General Flow Procedure. The reaction ran for 6 hours. After hydrolysis,

the brown oil was chromatographed on silica gel (2:1 to 1:1 hexanes: ether solvent

gradient) yielding 1.51 (117.3 mg, 0.461 mmol, 69%).
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white solid, M.P. = 65-66 °C; Re=0.20 (silica gel, 1:1 hexanes: ethyl

OH O

jj*we acetate); 'TH-NMR (400 MHz, CDCls):  10.93 (s, 1H), 7.57 (d, J= 9.4

MeO

070
. Hz, 1H), 6.49 (d, J= 9.4 Hz, 1H), 4.34 (dd, J= 11.3, 3.1 Hz, 1H), 4.07

(dd, J=11.3, 5.9 Hz, 1H), 3.92 (s, 3H), 3.90 (s, 3H), 3.40 (m, 1H), 2.93

(t,J=4.7 Hz, 1H), 2.78 (dd, J=4.7, 2.7, 1H); BC-NMR (100 MHz, CDCL): § 170.4, 157.0,
156.2, 137.0, 125.5, 107.5, 104.7, 69.7, 60.7, 52.2, 50.0, 44.7; IR (KBr, film, v cm '):
3194, 2930, 1673, 1439, 1283, 1092, 1032; HRMS (ESI) calcd. for C12H1406 [M+H]":

255.08630. Found: 255.08560.

O

?
o
o} R OH O
MeO ) O MeO
ﬁOMe TFE, 60 °C :@)koMe
™S o ™S o

2. Hydrolysis

1.48
76%

Prepared following General Flow Procedure. The reaction ran for 6 hours. After hydrolysis,

the orange oil was chromatographed on silica gel (10:1 to 7:1 pentane: ether solvent

gradient) yielding 1.48 (145.7 mg, 0.512 mmol, 76%).

oH O white solid, M.P. = 48-49 °C; Rt = 0.20 (silica gel, 7:1 pentane:

ether); TH-NMR (400 MHz, CDCl3): 8 10.83 (s, 1H), 7.57 (d, J=9.2

1.4 Hz, 1H), 6.58 (d, / =9.2 Hz, 1H), 3.91 (s, 3H), 3.86 (s, 3H), 3.68 (s,

2H), 0.18 (s, 9H); 3C-NMR (100 MHz, CDCls): 8§ 170.5, 160.1,

155.8, 136.58, 125.5, 106.5, 103.6, 62.0, 60.5, 52.0, -3.0; IR (KBr, film, v cm ): 3430,

1668, 1504, 1384, 1086, 1032; HRMS (ESI) calcd. for C13H2005Si [M+Na]": 307.09720,
obs. 307.09790.
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?
o
T 413 OH

Me
o Me
TFE, 60 °C
Me
Me

2. Hydrolysis :

1.126
90%
(8:1]

Prepared following General Flow Procedure. The reaction ran for 3 hours. After hydrolysis,

the brown oil was chromatographed on silica gel (12:1 pentane: ether) yielding 1.126a
(94.4 mg, 0.548 mmol, 82%) as a solid that slowly decomposes. The regioisomer 3,7-
dimethylnaphthal-1-ol (9.8 mg, 0.057 mmol, 9%) was also isolated.

white solid, M.P. 105-109 °C; Rt = 0.59 (silica gel, 10:1 hexanes: ethyl

OH

Me
acetate); TH-NMR (400 MHz, CDCL): & 8.01 (d, J= 8.4 Hz, 1H), 7.54 (s,
Me
1H), 7.30 (dd, J=1.6, 8.4 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.20 (d, J=8.4

1.126a
Hz, 1H), 5.13 (s, 1H), 2.50 (s, 3H), 2.40 (s, 3H); *C-NMR (100 MHz,
CDCL): § 148.5, 134.9, 133.7, 129.0, 127.5, 126.6, 122.4, 120.7, 119.5, 115.3, 21.6, 15.6;

IR (KBr, film, v cm 1): 3424, 1277, 1250.%

0}

?
OH
MeO 1 ©
SOUNNLIE T SR
Mo 1re 60 °C OO Me

o 2. Hydrolysis le)
1.1
55%

Prepared following General Flow Procedure. The reaction ran for 1 hour. After hydrolysis,

the brown oil was chromatographed quickly on silica gel (3:1 hexanes: ethyl acetate)

105



yielding 1.111 (89.2 mg, 0.365 mmol, 55%) as a solid that decomposes in air. It was

imperative to limit the time the product was exposed to silica gel.

OH yellow solid, M.P. = 74-78 °C; Ry = 0.14 (silica gel, 3:1 hexanes:

MeO
[ 1) e ethyl acetate); "H-NMR (400 MHz, CDCly):  8.07 (d, J = 8.6 Hz,
e O 1H), 7.52 (bs, 1H), 7.32 (d, J = 8.9 Hz, 1H), 7.28 (dd, J = 8.9, 2.1

Hz, 1H), 7.23 (d, J = 8.9 Hz, 1H), 5.99 (bs, 1H), 3.9 (s, 3H), 3.03
(t,J = 7.9 Hz, 2H), 2.83 (1, J = 7.9 Hz, 2H), 2.15 (s, 3H); 3C-NMR (100 MHz, CDCls): §
208.1,140.9, 139.7, 136.7, 129.7, 126.5, 125.9, 122.5, 121.5, 119.0, 113.5, 57.2, 45.1, 30.2,
29.8; IR (KBr, film, v em '): 3407, 2923, 1710, 1363, 1273; HRMS (CI) calcd. for
CisH1603: 244.1099, obs. 244.1100.

(o}

Q
T qa3 0 on
: [¢] MeO
MeO
OO, e OO
OH 2. Hydrolysis OH
Me Me

1.110
53%

Prepared following General Flow Procedure. An additional equivalent of peroxide (3.1

equivalents total) was added to ensure complete conversion of this substrate. The reaction
ran for 1 hour. Due to the carboxylic acid, the general workup procedure had to be
modified. After complete hydrolysis, the reaction was poured into 0.2 M pH 2 phosphate
buffer (20 mL) and adjusted to a pH of 4 using 1N NaOH solution. Ethyl acetate (20 mL)
was added and the layers were separated, and the aqueous layer was extracted with
additional ethyl acetate (20 mL, twice). The combined organics were dried over sodium

sulfate. The brown oil was chromatographed quickly on silica gel (2:3 ether: hexanes + 1%
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acetic acid) yielding 1.110 (87.6 mg, 0.356 mmol, 53%) as a solid that decomposes in air.

It was imperative to limit the time the product was exposed to air on silica gel.

on white solid, M.P. = 132-134 °C; Rt = 0.16 (silica gel, 2:3 ether:
Meo OO 9 N hexanes + 1% acetic acid); 'TH-NMR (400 MHz, CDCls): § 8.11 (d, J
. Me =8.9 Hz, 1H), 7.66 (d, J= 1.4 Hz, 1H), 7.41 (dd, J=8.9, 1.7 Hz, 1H),

7.36 (d, J=8.9 Hz, 1H), 7.24 (d, J = 8.9 Hz, 1H), 5.99 (bs, 1H), 4.0

(s, 3H), 3.9 (q, ] = 7.2 Hz, 1H), 1.59 (d, J = 7.2 Hz, 3H); 3C-NMR (125 MHz, CDCls): &
179.5,141.3,139.7,135.5,129.5,125.9,125.2,123.2,121.9,119.5,113.6,57.2,45.2, 18.1;
IR (KBr, film, v cm *): 3433, 2937, 1704, 1275; HRMS (CI) calcd. for Ci4H4O4:

246.0892, obs. 246.0894.
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OXIDATIVE DEAROMATIZATION EXPERIMENTAL SECTION

0
N
oy b S,
o TFE 23 °C 4
74% 0
s1

1.161a 1.161b
To a 25 mL round bottom flask was added neat S1 (94 pL, 0.82 mmol, 1.0 equiv.) and
trifluoroethanol (8.2 mL, 0.1 M). Solid phthaloyl peroxide (202 mg, 1.23 mmol, 1.5 equiv.)
was added and the solution stirred for 30 minutes under argon at 23 °C. The solvent was
removed in vacuo and the residue was taken up in ether (30 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The resulting brown residue was
purified by silica gel flash column chromatography (4:1 hexanes: ethyl acetate) yielding a

mixture (1.161a: 1.161b; 2.6: 1) of the two isomers (173 mg, 0.60 mmol, 74%).

0 white solid, M.P. = 134-136 °C; Rt = 0.27 (silica gel, 3:1 hexanes: ethyl
) %;o acetate); TH-NMR (400 MHz, CDCl3):  7.86 (d, J = 7.4 Hz, 1H), 7.69 (t,
J=174, Hz, 1H), 7.63 (t, /= 7.4 Hz, 1H), 7.35 (d, / = 7.4 Hz, 1H), 6.34
(m, 2H), 6.21 (m, 2H), 5.71 (s, 1H), 5.11 (s, 1H); *C-NMR (100 MHz,
CDCl3): 6 165.3,141.5,134.9,132.2,127.6,125.1, 124.0, 123.0, 122.9, 121.9, 107.7, 91.3;
IR (KBr, film, v em ): 1793, 1468, 1222, 995, 967. HRMS (ESI) calcd. for CisH1006
[M+Na]": 309.03700, obs. 309.03780.
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7 white solid, M.P. = 154-155 °C; Rt = 0.24 (silica gel, 3:1 hexanes: ethyl
© acetate); TH-NMR (400 MHz, CDCl3): § 7.87 (m, J =1H), 7.75 (t, J = 7.4

o Hz, 1H), 7.67- 7.69 (m, 2H), 6.30-6.32 (m, 2H), 6.23-6.26 (m, 2H), 5.34

VO (s, 1H), 5.20 (s, 1H); 1*C-NMR (100 MHz, CDCls): § 165.2, 140.7, 136.0,
134.8, 132.4, 128.1, 125.4, 124.2, 123.4, 122.7, 107.4, 89.8; IR (KBr, film, v cm *'): 1782,

1196, 1092, 898. HRMS (ESI) calcd. for C1sH10Os [M+Na]": 309.03700, obs. 309.03730.

MeO lo) .
Y e “Fo ¢
o TET 23 °C g
79% %
s2
o}

1.162a 1.162b
To a 10 mL round bottom flask was added neat S2 (50 mg, 0.33 mmol, 1.0 equiv.) and
trifluorotoluene (3.3 mL, 0.1 M). Solid phthaloyl peroxide (70 mg, 0.43 mmol, 1.2 equiv.)
was added and the solution stirred for 30 minutes under argon at 23 °C. The solvent was
removed in vacuo and the residue was taken up in ether (50 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The resulting brown residue was
purified by silica gel flash column chromatography (4:1 hexanes: ether) yielding a mixture

(1.162a: 1.162b; 3.5: 1) of the two isomers (82 mg, 0.26 mmol, 79%).
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S0
o . . - ) 0. — A1: . .
oo @io white solid, M.P. = 138-140 “C; Rr = 0.2 (silica gel, 5:1 hexanes:

%;o ethyl acetate); 'TH-NMR (400 MHz, CDCls): & 7.87 (J =m, 1H), 7.70
(td, J = 7.4, 1.1 Hz, 1H), 7.63 (td, J = 7.4, 1.2 Hz, 1H), 7.38 (m, 1H),
e 6.33 (d, J = 10.2 Hz, 1H), 6.08 (dd, J/ = 10.2, 2.0 Hz, 1H), 5.73 (s, 1H),
5.34(d,J = 2.0 Hz, 1H), 5.16 (s, 1H), 3.70 (s, 3H); 13C-NMR (100 MHz, CDCl3): § 165.4,
153.6, 141.6, 134.9, 132.1, 127.5, 125.04, 125.02, 124.6, 122.9, 122.1, 111.1, 107.4, 92.6,
92.0, 55.2; IR (KBr, film, v cm '): 1794, 1410, 1094, 850. HRMS (ESI) calcd. for

Ci6H1207 [M+Na]": 339.04750, obs. 339.04820.

@%} white solid, M.P. = 121-123 °C; Rr=0.16 (silica gel, 5:1 hexanes:

MO ow ethyl acetate); "TH-NMR (400 MHz, CDCls): 6 7.86 (d, J = 7.2 Hz,

’ o 1H), 7.67-7.75 (m, 3H), 6.29 (d, J = 10.4 Hz, 1H), 6.09 (dd, J = 10.2,

11626 2 Hz, 1H), 5.35 (s, 1H), 5.27 (d, J = 2.0 Hz, 1H), 5.24 (s, 1H), 3.70

(s, 3H); ¥C-NMR (100 MHz, CDCl3): & 165.4, 154.4, 140.9, 134.8, 132.4, 128.1, 126.0,

125.3, 124.0, 122.7, 122.2, 110.8, 106.9, 91.8, 90.5, 55.2; IR (KBr, film, v cm '): 1784,

1669, 1364, 1006, 905. HRMS (ESI) calcd. for CigHi207 [M+Na]": 339.04750, obs.
339.04830.

o}
©¢8 w9 w0
£BuO,C—\ tBuO,C—\ Q
1-Buosz0\©[o 113§ 0/@2(\30 oS
B — o) +
o> TFT 23 °C 3
60% 0
s3

(0]

1.163a 1.163b
To a4 mL vial was added neat S3 (30 mg, 0.12 mmol, 1.0 equiv.) and trifluorotoluene (1.2

mL, 0.1 M). Solid phthaloyl peroxide (29 mg, 0.18 mmol, 1.5 equiv.) was added and the
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solution stirred for 2 hours under argon at 23 °C. The solvent was removed in vacuo and
the residue was taken up in ether (30 mL). The organic layer was washed with buffered
aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated aqueous
ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The resulting brown residue was purified by silica gel flash column
chromatography (5:1 hexanes: ethyl acetate) yielding a mixture (1.163a: 1.163b; 2.3: 1) of
the two isomers (30 mg, 0.072 mmol, 60%).

white solid, M.P. = 157-159 °C; Ry = 0.42 (silica gel, 3:1

<O

£-BUO,C—\ /onz\o
0Ny o hexanes: ethyl acetate); "TH-NMR (400 MHz, CDCls): § 7.84 (d,
& © J=7.6Hz IH),7.7 (m, 1H), 7.63 (m, 1H), 7.39 (d, J = 7.6 Hz,

s 1H) 6.36 (d, J = 10.0 Hz, 1H), 6.19 (dd, J = 10.0, 2.0 Hz, 1H),

5.71 (s, 1H), 5.26 (d, J = 2.0 Hz, 1H) 5.16 (s, 1H), 4.37 (s, 2H),

1.48 (s, 9H); 3C-NMR (100 MHz, CDCL): & 166.5, 165.3, 152.0, 141.6, 134.9, 132.1,
127.4, 125.97, 124.95, 124.5, 123.0, 122.2, 110.8, 107.28, 94.1, 92.0, 82.9, 65.3, 28.0; IR
(KB, film, v em ): 1792, 1751, 1521, 1394. HRMS (CI) calcd. for Ca1Hz1O0: 417.1186,

obs. 417.1187.

<o colorless oil; Rf = 0.35 (silica gel, 3:1 hexanes: ethyl acetate);

£-BUO,C—\ /@%\o ;
0N H-NMR (400 MHz, CDCl3): 6 7.86 (m, 1H), 7.75 (td, J = 7.4,
o% 1.2 Hz, 1H), 7.65-7.69 (m, 2H), 6.32 (d, J = 10.2 Hz, 1H), 6.20

O
e (dd, J = 10.2, 1.6 Hz, 1H), 5.38 (s, 1H), 5.23 (s, 1H), 5.21 (d, J
= 1.6 Hz, 1H), 437 (d, J = 15.3 Hz, 1H), 4.35 (d, J = 15.3 Hz,
1H), 1.51 (s, 9H); 3C-NMR (100 MHz, CDCl5): 5 166.5, 165.2, 152.7, 140.9, 134.8, 132.4,

128.1, 125.5, 125.3, 124.4, 122.6, 122.2, 110.5, 106.9, 93.4, 90.6, 82.8, 65.5, 28.0; IR
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(KB, film, v cm -): 1785, 1751, 1368, 1155; HRMS (CI) caled. for C21H100: 417.1186,
obs. 417.1186.

o
o) TOO 0 <O
MezN’/< ’@E\O MezN’/< Q
o) O\©[0> 113 g S N o) Oo
9 o +
NMe, o HFIP, 23 °C 9
76% S
s4 o

1.164a 1.164b

O-0

To a 4 mL vial was added S19 (20 mg, 0.14 mmol, 1.0 equiv.) and hexafluoroisopropanol
(1.4 mL, 0.1 M). Solid phthaloyl peroxide (24 mg, 0.14 mmol, 1.5 equiv.) was added and
the solution stirred for 6 hours under argon at 23 °C. The solvent was removed in vacuo
and the residue was taken up in ether (30 mL). The organic layer was washed with buffered
aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated aqueous
ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The resulting brown residue was purified by silica gel flash column
chromatography (2: 1 to 1: 1 hexanes: ethyl acetate) yielding a mixture (1.164a: 1.164b;
2.6: 1) of the two isomers (27 mg, 0.11 mmol, 76%).

colorless oil, Rr= 0.35 (silica gel, 1:1 hexanes: ethyl acetate); 'H-
£
MeaN o&;o ] NMR (400 MHz, CDCLs): & 7.83 (d, J = 7.6 Hz, 1H), 7.70 (t, J =
&O 7.6 Hz, 1H), 7.62 (t,J = 7.6 Hz, 1H), 7.47 (d, J/ = 7.6 Hz, 1H), 6.34
(d,J =10.3 Hz, 1H), 6.12 (dd, J = 10.3, 2.0 Hz, 1H), 6.09 (m, 1H),
1.164a

5.70 (s, 1H), 5.17 (s, 1H), 3.04 (s, 3H), 3.00 (s, 3H); *C-NMR (125
MHz, CDCls): § 165.3, 153.5, 146.4, 141.6, 135.1,132.1,127.3,124.9, 124.3,124.3,123 .2,
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122.3, 109.73, 109.70, 107.4, 92.0, 36.7, 36.5; IR (KBr, film, v cm *'): 1794, 1726, 1155,
896; HRMS (ESI) calcd. for C1sHisNOg [M+Na]": 396.06900, obs. 396.06810.

MezN//<C; ’@T%O colorless oil, Rr= 0.33 (silica gel, 1:1 hexanes: ethyl acetate); 'H-
j@ NMR (400 MHz, CDCls): & 7.86 (dd, J = 7.6, 1 Hz, 1H), 7.75 (td,

© J=17.6,12, 1H), 7.65-7.69 (m, 2H), 6.31 (d, 10.2 Hz, 1H), 6.15

e (dd, J = 10.2,2 Hz, 1H), 6.12 (d, J = 2 Hz, 1H), 5.35 (s, 1H), 5.24

(s, 1H), 3.04 (s, 3H), 2.98 (s, 3H); 3C-NMR (100 MHz, CDCl3):  165.3, 153.2, 146.6,
140.7, 134.8, 132.4, 128.1, 125.4, 125.3, 123.8, 122.7, 122.3, 109.4, 108.6, 107.0, 90.5,
36.6, 36.5; IR (KBr, film, v cm ): 1785, 1727, 1154, 905; HRMS (ESI) calcd. for

CisH1sNOg [M+Na]": 396.06900, obs. 396.06550.

O
(0]
i X0 o
N (6] N (o)
Me le) 113 o Me—X o Me—<\ o
> —_— 0 +
(0] TFT, 23°C 0
88% o
S5 e}

1.165a 1.165b
To a 4 mL scintillation vial was added S§ (30 mg, 0.22 mmol, 1.0 equiv.) and
trifluorotoluene (2.2 mL, 0.1 M). Solid phthaloyl peroxide (43 mg, 0.26 mmol, 1.2 equiv.)
was added and the solution stirred at 23 °C for 1 hour. The solvent was removed in vacuo
and the residue was taken up in ethyl acetate (50 mL). The organic layer was washed with
buffered aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated
aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate,

filtered, and concentrated in vacuo. The orange residue was purified via silica gel
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chromatography (5:1 to 3:1 hexanes: ethyl acetate) yielding a mixture (1.165a: 1.165b;
8.3: 1) of the two isomers (58 mg, 0.19 mmol, 88%).

o colorless foam; Rt = 0.21 (silica gel, 5:1 hexanes: ethyl acetate); 'H-
%:LO NMR (400 MHz, CDCl3): 6 7.84 (m, 1H), 7.69 (td, J = 7.7, 1.2 Hz, 1H),

7.63 (td, J = 7.4, 1.2 Hz, 1H), 7.35 (m, 1H), 6.30 (d, J = 10.2 Hz, 1H),
6.04-6.07 (m, 2H), 5.71 (s, 1H), 5.11 (s, 1H), 1.99 (s, 3H); 13C-NMR
(100 MHz, CDCl3): 6 165.4, 141.6, 134.9, 132.1, 127.7, 127.6, 125.0, 123.4, 122.9, 122.0,
119.0, 108.8, 107.3, 91.6, 21.5; IR (KBr, film, v cm ): 1794, 1283, 903, 850; HRMS
(ESI) caled. for Ci16H1206 [M+Na]™: 323.05261, obs. 323.05291.

o - 113 . . .1
" ’QC%OO colorless foam; Rr = 0.17 (silica gel, 5:1 hexanes: ethyl acetate); 'H-
NMR (400 MHz, CDCl3): 6 7.87 (m, 1H), 7.68 (m, 1H), 7.65-7.68 (m,

d
o 2H),6.26(d,J = 9.8 Hz, 1H), 6.07 (dd, J = 9.8, 1.1 Hz, 1H), 6.02 (m,

e 1H), 5.33 (s, 1H), 5.20 (s, 1H), 2.0 (s, 3H): PC-NMR (100 MHz,
CDCLy): § 165.4, 141.0, 1348, 1333, 132.3, 128.8, 128.1, 125.3, 122.8, 122.6, 122.2,
118.3, 108.5, 106.9, 90.1, 21.7; TR (KBr, film, v cm -): 1784, 1284, 999, 902; HRMS

(ESI) calcd. for Ci6H1206 [M+Na]*: 323.05261, obs. 323.05305.

(o}

Q N0 <O
o o) o)
Me N o Me N o
Me o 113 S Q
0
V\@ N —— 0 . ol 5 . °
o TFT23°C
85% o ©
s6
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To a 4 mL scintillation vial was added S6 (35 mg, 0.21 mmol, 1.0 equiv.) and
trifluorotoluene (2.1 mL, 0.1 M). Solid phthaloyl peroxide (46 mg, 0.28 mmol, 1.5 equiv.)
was added and the solution stirred at 23 °C for 30 minutes. The solvent was removed in
vacuo and the residue was taken up in ether (30 mL). The organic layer was washed with
buffered aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated
aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The colorless residue was purified via silica gel
chromatography (6:1 hexanes: ethyl acetate) yielding a mixture (1.166a: 1.166b; 6: 1) of

the two isomers (60 mg, 0.18 mmol, 85%).

white solid, ML.P. = 131-132 °C; Rt = 0.40 (silica gel, 6:1 hexanes:
N . ethyl acetate); 'H-NMR (400 MHz, CDCl3): § 7.85 (m, 1H), 7.67 (td,

&0 J=17.5,1.2Hz, 1H), 7.64 (td, J=7.5, 1.2 Hz, 1H), 7.32 (m, 1H), 6.31
(d, /=10.2 Hz, 1H), 6.10 (dd, J = 10.2, 1.2 Hz, 1H), 6.04 (m, 1H),
5.71 (s, 1H), 5.12 (s, 1H), 2.24-2.23 (m, 2H), 1.57 (sext, J = 7.4 Hz,
2H), 0.98 (t, J = 7.4 Hz, 3H); 13C-NMR (100 MHz, CDCls): § 165.4, 141.6, 136.1, 134.9,
132.1,127.5,126.9, 125.0, 123.5, 112.8, 122.0, 118.4, 108.9, 107.5, 91.5, 37.1, 20.8, 13.5;
IR (KBr, film, v cm ): 1795, 1284, 1097, 1011, 851; HRMS (CI) calcd. for CisH;6Os:
328.0947, obs. 328.0945.

colorless oil; Rf=0.27 (silica gel, 6:1 hexanes: ethyl acetate); 'H-
SL] NMR (400 MHz, CDCl3): 6 7.86 (m, 1H), 7.74-7.73 (m, 1H), 7.68-
j@ 7.66 (m, 2H), 6.27 (d, J = 10.4 Hz, 1H), 6.11 (dd, /= 10.4 and 1.2

1.166b Hz, 1H), 6.00 (m, 1H), 5.34 (s, 1H), 5.20 (s, 1H), 2.24-2.22 (m, 2H),
1.60-1.55 (m, 2H), 0.97 (t, J = 7.6 Hz, 3H); ¥*C-NMR (100 MHz,
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CDCl): 6 165.3, 141.0, 137.3, 134.7, 132.3, 128.2, 128.1, 125.3, 122.9, 122.6, 122.2,
117.8,108.5,107.1,90.1,37.4,20.7, 13.4; IR (KBr, film, v cm *): 1784, 1411, 1284, 1057,
900, 855; HRMS (CI) calcd. for Ci1gH1606: 328.0947, obs. 328.0948.

o
o
-0 o
@i;o o %
N (¢} N (o)
o 1.13 N N
e o - °
o TFT, 23 °C
73% o °©
Me Me
o}
Me
1.167a 1.167b

S7
To a 4 mL scintillation vial was added S7 (20 mg, 0.12 mmol, 1.0 equiv.) and
trifluorotoluene (1.3 mL, 0.1 M). Solid phthaloyl peroxide (22 mg, 0.13 mmol, 1.1 equiv.)
was added and the solution stirred at 23 °C for 2 hours. The solvent was removed in vacuo
and the residue was taken up in ether (30 mL). The organic layer was washed with buffered
aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated aqueous
ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The colorless residue was purified via silica gel chromatography in
(5:1 hexanes: ethyl acetate) yielding a mixture (1.167a: 1.167b; 2.2 1) of the two isomers

(29 mg, 0.089 mmol, 73%).

<0 colorless oil; R = 0.32 (silica gel, 5:1 hexanes: ethyl acetate); 'H-NMR
Yol (400 MHz, CDCl3): 8 7.86 (m, 1H), 7.69 (td, J/ = 7.6, 1.1 Hz, 1H), 7.63

Me &O (td, J = 7.6, 1.1 Hz, 1H), 7.33 (m, 1H), 6.21 (dd, J = 9.8, 0.8 Hz, 1H),
1.167a 6.16 (dd, J = 9.8, 5.9 Hz, 1H), 5.88 (m, 1H), 5.72 (s, 1H), 5.12 (s, 1H),

242 (t,J = 7.5 Hz,2H), 1.61 (sext, J = 7.5 Hz, 2H), 0.94 (t, J = 7.5 Hz,

3H); 1*C-NMR (100 MHz, CDCl3): & 165.4, 141.8, 138.0, 134.9, 132.1, 127.6, 125.0,
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123.7,122.8,122.3, 121.2, 118.0, 109.8, 108.6, 91.8, 31.8, 20.8, 13.8; IR (KBr, film, v cm
1): 1791, 1360, 1283, 898, 851; HRMS (ESI) calcd. for CisHi6O6: 351.08390 [M+Na]*,
obs. 351.08480.

<0 colorless oil; Re = 0.26 (silica gel, 5:1 hexanes: ethyl acetate); "TH-NMR
o

N (400 MHz, CDCL): & 7.86 (m, 1H), 7.75 (m, 1H), 7.67-7.77 (m, 2H),

ud @ 6.16-6.21 (m, 2H), 5.91-5.93 (m, 1H), 5.35 (s, 1H), 5.20 (s, 1H), 2.39
1167b (m, 2H), 1.63 (sext, J = 7.5 Hz, 2H), 0.94 (t, J = 7.5 Hz, 3H); *C-NMR

(100 MHz, CDCL): & 165.4, 140.9, 137.0, 134.8, 132.3, 128.2, 125.3,

124.9, 122.7,122.1, 120.5, 119.2, 109.4, 108.3, 90.3, 31.9, 20.6, 13.8; IR (KBr, film, v cm
1): 1787, 1384, 899, 855; HRMS (ESI) calcd. for CisHis0s [M+Na]': 351.08390, obs.

351.08460.
(o]
©¢8 w9 w9
O —2 Q j o
N O> TF';4%/1:)°C O o j@
(@]

1.168a 1.168b
To a 4 mL scintillation vial was added the S8 (40 mg, 0.19 mmol, 1.0 equiv.) and
trifluorotoluene (1.9 mL, 0.1 M). Solid phthaloyl peroxide (40 mg, 0.25 mmol, 1.3 equiv.)
was added and the solution stirred at 23 °C for 18 hours. The solvent was removed in vacuo
and the residue was taken up in ether (50 mL). The organic layer was washed with buffered
aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated aqueous
ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate, filtered, and

concentrated in vacuo. The resulting brown residue was purified by silica gel flash column
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chromatography (5:1 hexanes: ethyl acetate) yielding a mixture (1.168a: 1.168b; 2: 1) of

the two isomers (53 mg, 0.14 mmol, 74%).

0 <O pale yellow oil; Rf = 0.33 and 0.24 (silica
6’@@0 o . d@@o gel, 5:1 hexanes: ethyl acetate); 'H-NMR
& © 20@ (400 MHz, CDCl3): 8 [major isomer] 7.85 (d,

1.168a 1.168b J =17.6, 1H), 7.67-7.70 (m, 3H), 7.34-7.21

(m, 5H), 6.28 (d, J =10.0 Hz, 1H), 6.11 (d, J =1.6 Hz, 1H), 6.04 (dd, J = 10.0, 1.6 Hz, 1H),
5.71 (s, 1H), 5.14 (s, 1H), 3.59 (s, 2H). [minor isomer] 7.38 (d, J/ = 7.6 Hz, 1H), 7.67-7.70
(m, 3H), 7.34-7.21 (m, 5H) 6.24 (d, J = 10.8 Hz, 1H), 6.11 (s, 1H), 6.03 (d, J =10.8 Hz,
1H), 5.35 (s, 1H), 5.22 (s, 1H), 3.61 (s, 2H); 13C-NMR (100 MHz, CDCl3): 8 165.3, 165.2,
141.6, 140.8, 137.2, 137.1, 136.2, 135.2, 134.9, 134.7, 132.4, 132.1, 129.1, 129.0, 128.8,
128.7, 128.2, 127.6, 127.5, 126.9, 126.8, 126.5, 125.3, 125.1, 123.9, 123.2, 122.8, 122.7,
122.1, 122.0, 119.7, 119.5, 108.8, 108.4, 107.6, 107.1, 91.6, 90.2, 41.4, 41.4; IR (KBr,

film, v cm '1): 1793, 1304, 1283, 902, 851; HRMS (CI) calcd. for C22H170¢: 377.1025,
obs. 377.1023.

(0]

o)
‘ O o
©¢o ; %
X (0] X o)
1.13 S Q
O o) —O> o o + (0]
O > TFT, 40 °C d
o 71% o

S9

1.169a 1.169b
To a 4 mL scintillation vial was added S9 (30 mg, 0.15 mmol, 1.0 equiv.) and
trifluorotoluene (1.5 mL, 0.1 M). Solid phthaloyl peroxide (30 mg, 0.18 mmol, 1.2 equiv.)

was added and the solution stirred at 40 °C for 6 hours. The solvent was removed in vacuo
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and the residue was taken up in ethyl acetate (50 mL). The organic layer was washed with
buffered aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated
aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The orange residue was purified via silica gel
chromatography (5:1 to 3:1 hexanes: ethyl acetate) yielding a mixture (1.169a: 1.169b;
2.4: 1) of isomers (38 mg, 0.11 mmol, 71%)).

white solid, M.P. = 163 °C; Rt = 0.46 (silica gel, 3:1 hexanes: ethyl
S . acetate); "TH-NMR (400 MHz, CDCl3): § 7.86, (d, J =7.6 Hz, 1H),

&O 7.61-7.70 (m, 2H), 7.35-7.48 (m, 6H), 6.61 (d, J =10.4 Hz, 1H), 6.47-
6.49 (m, 2H), 5.79 (s, 1H), 5.18 (s, 1H); BC-NMR (100 MHz,
CDCl3): 6 165.2, 141.3, 137.7, 135.2, 134.9, 132.1, 128.8, 128.7,
127.4,126.3, 125.7, 124.9, 124.3, 122.9, 122.0, 119.0, 108.7, 107.4, 91.7; IR (KBr, film,
v em 1): 1795, 1368, 903, 852 ; HRMS (ESI) calcd. for C21H1406 [M+Na]*: 385.06830.
Found: 385.06840.

<0 white foam; Rr = 0.34 (silica gel, 3:1 hexanes: ethyl acetate); 'H-

N—~0 NMR (400 MHz, CDCly): 6 7.87 (d, J =7.6 Hz, 1H), 7.66-7.78 (m,

w 3H), 7.51 (m, 2H), 7.38-7.44 (m, 3H), 6.63 (dd, /= 10.0, 1.6 Hz, 1H),

1.169b 6.44 (d,J =10.0 Hz, 1H), 6.41 (d, J = 1.6 Hz, 1H), 5.42 (s, 1H), 5.26

(s, IH); BC-NMR (100 MHz, CDCl3): & 165.2, 140.8, 138.0, 136.2,

134.8, 132.3, 128.7, 128.7, 128.0, 126.9, 126.4, 125.3, 123.7, 122.6, 122.2, 118.6, 108.3,

107.0, 90.3; IR (KBr, film, v cm ): 1784, 1367, 903, 756; HRMS (ESI) calcd. For
C21H 1406 [M+Na]": 385.06830. Found: 385.06940.
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1.170a 1.170b
To a 4 mL vial was added S10 (40 mg, 0.27 mmol, 1.0 equiv.) and trifluorotoluene (2.7
mL, 0.1 M). Solid phthaloyl peroxide (67 mg, 0.41 mmol, 1.5 equiv.) was added and the
solution stirred for 6 hours under argon at 40 °C. The solvent was removed in vacuo and
the residue was taken up in ethyl acetate (30 mL). The organic layer was washed with
buffered aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated
aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The resulting brown residue was purified by silica gel
flash column chromatography (5:1 hexanes: ethyl acetate) yielding a mixture (1.170a:

1.170b; 3.1: 1) of the two isomers (56 mg, 0.18 mmol, 67%).

colorless oil; R = 0.24 (silica gel, 5:1 hexanes: ethyl acetate); "TH-NMR
/ SR . (400 MHz, CDCl3): 6 7.80 (d, J = 7.0 Hz, 1 H), 7.67 (t, J = 7.0 Hz, 1H),

&0 7.59 (t,J = 7.0 Hz, 1H), 7.31 (d, J/ = 7.0 Hz, 1H), 6.51 (d, J = 9.8 Hz,
1H), 6.42 (dd, J = 17.6, 10.9 Hz, 1H), 6.38 (d, J = 9.8 Hz, 1H), 6.16 (s,
1H), 5.71 (s, 1H), 5.62 (d, J = 17.6 Hz, 1H), 5.37 (d, J/ = 10.9 Hz, 1H),
5.11 (s, 1H); BC-NMR (100 MHz, CDCl3): § 165.2, 141.4, 134.9, 134.8, 132.1, 131.9,
127.4,125.0, 124.1, 122.9, 122.1, 121.6, 120.7, 117.6, 108.5, 107.7, 91.9; IR (KBr, film,
v cm ): 1794, 1368, 906, 852; HRMS (CI) calcd. For Ci7H206: 335.05260. Found:
335.05300.
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%7 colorless oil; Rr=0.19 (silica gel, 5:1 hexanes: ethyl acetate); TH-NMR
[@é%@ (400 MHz, CDCl3): 6 7.86 (m, 1H), 7.76 (td, J = 7.5, 1.1 Hz, 1H), 7.65-
0 7.70 (m, 2H), 6.57 (dd, J = 10.1, 1.5 Hz, 1H), 6.44 (dd, J = 17.4, 11.0

11700 Hz, 1H), 6.37 (d, J = 10.1 Hz, 1H), 6.15 (m, 1H), 5.63 (d, J = 17.4 Hz,

1H), 5.38 (m, 2H), 5.23 (s, 1H); 3C-NMR (100 MHz, CDCl3): & 165.3, 140.8, 135.0,
134.8, 132.9, 132.4, 128.1, 125.4, 123.5, 122.9, 122.7, 122.3, 120.2, 117.6, 108.3, 107.4,
90.5; IR (KBr, film, v cm !): 1785, 1365, 1003, 905, 856; HRMS (CI) caled. for C17H;20s:

335.05260, obs. 335.05240.

S11
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r 78% 0 °©
0

1.171a 1.471b
To a 4 mL scintillation vial was added S11 (30 mg, 0.11 mmol, 1.0 equiv.) and
hexafluoroisopropanol (1.1 mL, 0.1 M). Solid phthaloyl peroxide (33 mg, 0.17 mmol, 1.5
equiv.) was added and the solution stirred at 23 °C for 8 hours. The solvent was removed
in vacuo and the residue was taken up in ethyl acetate (30 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The orange residue was purified
via silica gel chromatography (3:1 hexanes: ethyl acetate) yielding a mixture (1.171a:

1.171b; 1.5: 1) of the two isomers (38 mg, 0.086 mmol, 78%).
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white solid, M.P. = 168.170 °C; Rt = 0.41 (silica gel, 3:1 hexanes:

Br N0
(0]
Vi SR ethyl acetate); 'H-NMR (400 MHz, CDCls): 6 8.02 (dd, J = 13.2,1.2
0N o)
5/*0 Hz, 1H), 7.87 (m, 1H), 7.74 (td, J = 7.6, 1.2 Hz, 1H), 7.68 (td, J =
1171a 7.6, 1.2 Hz, 1H), 7.39 (m, 1H), 7.35 (d, J = 13.2 Hz, 1H), 6.89 (s,

1H), 6.62 (1H), 5.77 (s, 1H), 5.2 (s, 1H): 3C-NMR (100 MHz,
CDCl3): o 164.7, 140.4, 140.2, 135.7, 135.1, 132.6, 128.4, 127.5, 127.0, 125.4, 124.4,
123.0, 122.0, 119.4, 108.1, 106.4, 92.8; IR (KBr, film, v cm !): 1798, 1531, 1352, 1305;
HRMS (CI) calcd. for C17H1oNOs®'Br: 436.9569, obs. 436.9568.

yellow oil; Re = 0.22 (silica gel, 1:1 hexanes: ethyl acetate); 'H-

Br \_O
[e]
/ S NMR (400 MHz, CDCI3): 6 8.00 (dd, J = 13.2, 1.2, 1H), 7.89 (d, J
O,N
0# = 7.6 Hz, 1H), 7.79 (td, J = 7.6, 1.2 Hz, 1H), 7.73 (td, J = 7.6, 1.2
o
- Hz, 1H), 7.66 (m, 1H), 7.34 (d, J = 13.2 Hz, 1H), 6.84 (s, 1H), 6.57

(s, 1H), 5.38 (s, 1H), 5.27 (s, 1H); 3C-NMR (100 MHz, CDCls): 5 164.6, 140.3, 139.8,
136.0, 135.1, 132.8, 129.4, 127.9, 126.4, 125.6, 123.9, 122.7, 122.3, 120.3, 107.7, 106.0,
91.2; IR (KBr, film, v cm *'): 1788, 1530, 1366, 908, 858; HRMS (CI) calcd. for
C17H10NOg®' Br: 436.9569, obs. 436.9577.

©¢8 D i
0
113 ¢ OzN’@B\O ozN’@EBO

O,N o __ =9 o o .
\©[ > HFIP, 40 °C
o 57% Y
o)

$12
1.172a 1.172b

To a 4 mL scintillation vial was added S12 (50 mg, 0.30 mmol, 1.0 equiv.) and

hexafluoroisopropanol (3.0 mL, 0.1 M). Solid phthaloyl peroxide (98 mg, 0.56 mmol, 2.0
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equiv.) was added and the solution stirred at 40 °C for 24 hours. The solvent was removed
in vacuo and the residue was taken up in ethyl acetate (50 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The orange residue was purified
via silica gel chromatography (5:1 to 3:1 hexanes: ethyl acetate) yielding a mixture

(1.172a: 1.172b; 1.4: 1) of the two isomers (56 mg, 0.17 mmol, 57%).
white solid, M.P. = 73-75 °C; Rt = 0.26 (silica gel, 3:1 hexanes: ethyl

© 76,12 Hz, 1H), 7.68 (td, J = 7.6, 1.2 Hz, 1H), 7.45 (dd, J = 2.0, 0.8

DS
ON—TL ] o acetate); 'TH-NMR (400 MHz, CDCl3): § 7.88 (m, 1H), 7.73 (td, J =

. Hz, 1H), 7.35 (m, 1H), 6.98 (dd, J = 10.4, 2.0 Hz, 1H), 6.58 (dd, J =

10.4, 0.8 Hz, 1H), 5.81 (s, 1H), 5.20 (s, 1H); 3C-NMR (100 MHz,

CDCly): 5 164.6, 145.7, 140.3, 135.2, 132.6, 127.4, 127.0, 125.3, 123.0, 122.7, 122.1,
117.2, 108.1, 107.7, 92.8; IR (KBr, film, v cm '): 1793, 1541, 1284, 909.2; HRMS (CI)

calcd. for C1sHoNOs: 332.0406, obs. 332.0400.

white solid, M.P. = 153-154 °C; Ry = 0.17 (silica gel, 3:1 hexanes:

<O
ouN &Ko ethyl acetate); 'TH-NMR (400 MHz, CDCl3): 6 7.88 (m, 1H), 7.79 (td,
0 J=17.6,1.2Hz, 1H), 7.67-7.73 (m, 2H), 7.42 (dd, J = 2.0, 0.8 Hz, 1H)

(0]

7.01 (dd, J = 10.4, 2.0 Hz, 1H), 6.53 (dd, J = 10.4, 0.8 Hz, 1H), 5.42

e (s, 1H), 5.30 (s, 1H); 3C-NMR (100 MHz, CDCL): § 164.6, 145.7,

140.3, 135.2, 132.6, 127.4, 127.0, 125.3, 123.0, 122.7, 122.1, 117.2, 108.01, 107.87, 92.8;
IR (KBr, film, v cm *'): 1795, 1634, 1405, 907; HRMS (CI) calcd. for CsHioNOs:

332.0406, obs. 332.0398.
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1.173a 1.173b

To a 4 mL scintillation vial was added S13 (30 mg, 0.11 mmol, 1.0 equiv.) and
trifluorotoluene (1.0 mL, 0.1 M). Solid phthaloyl peroxide (25 mg, 0.15 mmol, 1.5 equiv.)
was added and the solution stirred at 23 °C for 14 hours. The solvent was removed in vacuo
and the residue was taken up in ethyl acetate (30 mL). The organic layer was washed with
buffered aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated
aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The orange residue was purified via silica gel
chromatography (2:1 hexanes: ethyl acetate) yielding a mixture (1.173a: 1.173b; 1.3: 1) of
the two isomers (33 mg, 0.072 mmol, 70%).

o white solid, M.P. = 51-52 °C; Rt = 0.40 (silica gel, 2:1 hexanes: ethyl
-

DS 1
S acetate); TH-NMR (400 MHz, CDCl3): § 7.84 (d, J = 7.4 Hz, 1H), 7.82
(o]
é/&o (d, J = 8.3 Hz, 2H), 7.73 (m, 1H), 7.66 (m, 1H), 7.36 (d, J = 8.3 Hz,
e 2H), 7.32 (d, J = 7.4 Hz, 1H), 6.35 (d, J = 10.2 Hz, 1H), 6.09 (dd, J =

10.2, 2.0 Hz, 1H), 5.89 (d, J = 2.0 Hz, 1H), 5.65 (s, 1H), 5.11 (s, 1H),
2.45 (s, 3H); BC-NMR (100 MHz, CDCl): 5 165.0, 146.2, 145.0, 141.1, 135.0, 132.4,
132.0, 130.0, 128.4, 127.4, 125.9, 125.1, 123.2, 122.8, 122.0, 112.4, 109.0, 107.2, 92.1,
21.7; IR (KBr, film, v cm ~'): 1795, 1667, 1405, 898, 850; HRMS (ESI) calcd. for
C22H1600S [M+Na]': 479.04070, obs. 479.04080.

124



o white solid, M.P. = 147-148 °C; Rt = 0.36 (silica gel, 2:1 hexanes:

Ts0 &O ethyl acetate); 'H-NMR (400 MHz, CDCl3): & 7.88-7.93 (m, 3H), 7.76

j@ (m, 1H), 7.70 (t, J/ = 7.4 Hz, 1H), 7.64 (d, J = 7.4 Hz, 1H), 7.42 (d, J

14730 = 8.6 Hz, 2H), 6.25 (d, J = 11.0 Hz, 1H), 5.93-5.96 (m, 2H), 5.30 (s,

1H), 5.21 (s, 1H), 2.45 (s, 3H); *C-NMR (100 MHz, CDCl3): § 164.8, 146.0, 145.6, 140.3,

134.9, 132.6, 131.6, 130.2, 129.9, 128.8, 128.1, 125.4, 125.3, 124.1, 122.7, 112.5, 108.6,

106.8, 90.6, 21.8; IR (KBr, film, v cm '): 1788, 1363, 910, 856; HRMS (ESI) caled. for
C2Hi1609S [M+Na]*: 479.04070, obs. 479.04090.
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1.174a 1.174b

To a 4 mL vial was added S14 (20 mg, 0.13 mmol, 1.0 equiv.) and trifluorotoluene (1.3
mL, 0.1 M). Solid phthaloyl peroxide (31 mg, 0.19 mmol, 1.5 equiv.) was added and the
solution stirred for 9 hours under argon at 23 °C. The solvent was removed in vacuo and
the residue was taken up in ether (30 mL). The organic layer was washed with buffered
aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated aqueous
ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The resulting brown residue was purified by silica gel flash column
chromatography (5:1 hexanes: ethyl acetate) yielding a mixture (1.174a: 1.174b; 1.3: 1) of

the two isomers (29 mg, 0.090 mmol, 70%).
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white solid, M.P.=127-128 °C; Rr=0.26 (silica gel, 5:1 hexanes: ethyl

<O
M "0 acetate); "H-NMR (400 MHz, CDCl): 5 7.85 (d, J = 7.4 Hz, 1H), 7.72
(o]
5/% (td, J = 7.4, 1.2 Hz, 1H), 7.65 (td, J = 7.4, 1.2 Hz, 1H), 7.39 (dd, J =
i 1rem 7.4, 1.2 Hz, 1H), 6.43 (dd, 1.6, 0.8 Hz, 1H), 6.37 (dd, J = 9.8, 0.8 Hz,

1H), 6.17 (dd, J = 9.8, 1.6 Hz, 1H), 5.73 (s, 1H), 5.15 (s, 1H); 3C-NMR
(100 MHz, CDCL): § 165.0, 141.0, 135.0, 132.4, 130.7, 127.5, 126.5, 125.2, 125.1, 123.0,
122.0, 120.1, 108.8, 106.8, 92.2; IR (KBr, film, v cm *): 1801, 1364, 1283, 873; HRMS
(CI) caled. for C1sH1006¥Cl: 321.0166, obs. 321.0167.

white solid, M.P. = 157-158 °C; Rt = 0.18 (silica gel, 5:1 hexanes:

<O
c—O j 3 ethyl acetate); 'H-NMR (400 MHz, CDCl3): § 7.88 (d, J = 7.5 Hz, 1H),
j@ 7.77 (t, J = 7.5 Hz, 1H), 7.66-7.7.71 (m, 2H), 6.39 (s, 1H), 6.33 (d, J =
o
1.174b 9.9 Hz, 1H), 6.20 (d, J = 9.9 Hz, 1H), 5.35 (s, 1H), 5.24 (s, 1H); 13C-

NMR (100 MHz, CDCls3): 6 165.0, 140.3, 134.9, 132.6, 131.6, 128.0,
127.7,125.5,124.6, 122.7,122.2, 119.6, 108.4, 106.4, 90.6; IR (KBr, film, v cm *'): 1789,
1284, 907; HRMS (CI) calcd. for C1sHoO¢>>Cl: 320.0088, obs. 320.0092.

Br 0 A Br—&
o)
T e 48 ©
o TFE 23 °C
52% o °©
s15

1.175a 1.175b
To a 4 mL scintillation vial was added S15 (40 mg, 0.20 mmol, 1.0 equiv.) and
trifluoroethanol (2.0 mL, 0.1 M). Solid phthaloyl peroxide (49 mg, 0.30 mmol, 1.5 equiv.)

was added and the solution stirred at 23 °C for 18 hours. The solvent was removed in vacuo
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and the residue was taken up in ether (30 mL). The organic layer was washed with buffered
aqueous ammonia solution (1:1 saturated aqueous sodium bicarbonate: saturated aqueous
ammonium chloride, 30 mL, X 3), brine (30 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. The orange residue was purified via silica gel chromatography (6:1
hexanes: ethyl acetate) yielding a mixture (1.175a: 1.175b; 1.2: 1) of the two isomers (38
mg, 0.10 mmol, 52%).

white solid, M.P. = 148-150 °C; Rr = 0.42 (silica gel, 6:1 hexanes: ethyl

Br—Q & acetate); TH-NMR (400 MHz, CDCls): 6 7.86 (dd, J = 7.6, 1.2 Hz, 1H),

é;o 7.72 (td, J = 7.6, 1.2 Hz, 1H), 7.66 (td, J = 7.6, 1.2 Hz, 1H), 7.40 (m,

1H), 6.67 (m, 1H), 6.29 (m, 2H), 5.72 (s, 1H), 5.15 (s, 1H); 3C-NMR

(100 MHz, CDCl3): 6 165.0, 141.0, 135.0, 132.4, 128.3, 127.5, 125.2,

124.8, 124.1, 123.0, 122.0, 119.4, 109.0, 106.5, 92.1; IR (KB, film, v cm ): 1798, 1297,

1242, 1056, 853; HRMS (ESI) calcd. for CisHo*'BrOs [M+Na]™: 388.95460, obs.
388.94520.

<0 white solid, M.P. = 162-164 °C; Rt = 0.22 (silica gel, 6:1 hexanes:
(o]

Br— QAL % ethyl acetate); "TH-NMR (400 MHz, CDCL3): § 7.88 (d, J = 7.6 Hz, 1H),

j@ 7.76 (td, J = 7.6, 1.2 Hz, 1H), 7.71-7.65 (m, 2H), 6.62 (s, 1H), 6.32 (dd,

1475 J=10.0, 1.6 Hz, 1H), 6.25 (m, 1H), 5.34 (s, 1H), 5.23 (s, 1H); 13C-

NMR (100 MHz, CDCls): § 165.0, 140.3, 134.9, 132.6, 129.4, 128.1, 125.5, 124.2, 123.5,

122.7, 122.2, 120.3, 108.6, 106.1, 90.6; IR (KBr, film, v cm “): 1788, 1365, 1283, 1096,
905, 856; HRMS (ESI) calcd. for C1sHo®'BrOs [M+Na]": 388.94560, obs. 388.94570.
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o]
o)
i A% o
@i; ; &
N (0} X (o)
1.13 NC—X NC—
NC o ) o o + o]
> HFIP, 40 °C 4
o 57% o
S16 o]

1.176a 1.176b
To a 4 mL scintillation vial was added S16 (50 mg, 0.30 mmol, 1.0 equiv.) and
hexafluoroisopropanol (3.0 mL, 0.1 M). Solid phthaloyl peroxide (98 mg, 0.56 mmol, 2.0
equiv.) was added and the solution stirred at 40 °C for 24 hours. The solvent was removed
in vacuo and the residue was taken up in ethyl acetate (50 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The orange residue was purified
via silica gel chromatography (5:1 to 3:1 hexanes: ethyl acetate) yielding a mixture

(1.176a: 1.176b; 2.7: 1) of the two isomers (56 mg, 0.17 mmol, 57%).

<0 white solid, M.P. = 60 °C; Rt = 0.32 (silica gel, 4:1 hexanes: ethyl

Ne— S o acetate); 'H-NMR (400 MHz, CDCl3): & 7.88 (m, 1H), 7.75 (td, J =7.2,

&O 0.8 Hz, 1H), 7.69 (td, J =7.2, 0.8 Hz, 1H), 7.35 (m, 1H), 6.95 (d, J =1.2

1176a Hz, 1H), 6.54 (d, J =10.0 Hz, 1H), 6.22 (dd, J =10.0, 1.2 Hz, 1H), 5.76

(s, IH), 5.16 (s, 1H); 3C-NMR (100 MHz, CDCl3): 8 164.7, 140.5,

135.2, 134.1, 132.6, 127.5, 126.6, 125.3, 122.9, 121.9, 120.4, 116.2, 110.7, 106.9, 106.1,

92.4; IR (KBr, film, v cm 1): 2360, 2340, 1794, 1284, 909, 896; HRMS (ESI) calcd. for
C16HoNOg [M+Na]": 334.03220, obs. 334.03250.

128



<O
$ white solid, M.P. = 148 °C; Ry = 0.17 (silica gel, 4:1 hexanes: ethyl

(0]

N0
j@ acetate); 'H-NMR (400 MHz, CDCl3): 6 7.89 m, 1H), 7.78 (t, J =7.6
© Hz, 1H), 7.66-7.72 (m, 2H), 6.91 (s, 1H), 6.48 (d, J = 9.2 Hz, 1H), 6.24

1.176b

NC

(d, J = 9.2 Hz, 1H), 5.38 (s, 1H), 5.25 (s, 1H); *C-NMR (100 MHz,
CDCls): 5 164.6, 139.8, 135.0, 133.7, 132.8, 128.0, 126.0, 125.6, 122.7, 122.1, 121.7,
116.3, 111.6, 106.5, 105.7, 90.8; IR (KBr, film, v cm ~): 2360, 2341, 1789, 906; HRMS
(ESI) caled. for C16HoNOg [M+Na]*: 334.03220, obs. 334.03210.

(0]

? <0 0
i S S
X (0] AN 0
o) 113 N N
o HFIP 23 °C J
67% o
s17 i

1.177a 1.477b
To a 4 mL scintillation vial was added S17 (25 mg, 0.14 mmol, 1.0 equiv.) and
hexafluoroisopropanol (1.4 mL, 0.1 M). Solid phthaloyl peroxide (34 mg, 0.21 mmol, 1.5
equiv.) was added and the solution stirred at 23 °C for 13 hours. The solvent was removed
in vacuo and the residue was taken up in ethyl acetate (30 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The orange residue was purified
via silica gel chromatography (3:1 to 2:1 hexanes: ethyl acetate) yielding a mixture

(1.177a: 1.177b; 2.3: 1) of the two isomers (32 mg, 0.093 mmol, 67%).
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o Y@O%OO white foam; Rt = 0.29 (silica gel, 3:1 hexanes: ethyl acetate); 'H-

Meo 5/10 NMR (400 MHz, CDCl3): & 7.86 (m, 1H), 7.69 (td, J = 7.4, 1.6 Hz,

1H), 7.65 (td, J =7.4, 1.2 Hz, 1H), 7.32 (m, 1H), 7.20 (m, 1H), 6.75

(dd, J=10.2 and 1.2 Hz, 1H), 6.42 (dd, J = 10.2, 0.8 Hz, 1H), 5.77 (s,

1H), 5.15 (s, 1H), 3.89 (s, 3H); 13C-NMR (100 MHz, CDCl3): & 165.03, 164.99, 141.0,

135.0, 132.3, 129.0, 127.5, 126.9, 125.2, 124.6, 123.0, 122.0, 121.4, 108.1, 107.6, 92.1,

52.7; IR (KBr, film, v cm '): 2923, 1780, 1728, 1610, 788; HRMS (ESI) calcd. for
C17H1208 [M+Na]": 367.04240, obs. 367.04130.

colorless oil; Rt = 0.20 (silica gel, 3:1 hexanes: ethyl acetate); 'H-
MZ S 7 > NMR (400 MHz, CDCl3): & 7.87 (m, 1H), 7.75 (td, J = 7.5, 1.0 Hz,
) j@ 1H), 7.71-7.67 (m, 2H), 7.17 (m, 1H), 6.78 (dd, J = 10.3, 1.4 Hz, 1H),
6.38 (d,J = 10.3 Hz, 1H), 5.39 (s, 1H), 5.23 (s, 1H), 3.87 (s, 3H); 1*C-
NMR (100 MHz, CDClz): 6 164.97, 164.80, 140.3, 134.9, 132.6,
128.6, 128.0, 127.7, 125.5, 123.9, 122.69, 122.68, 122.18, 107.66, 107.2, 90.6, 52.6; IR
(KBr, film, v cm ): 2916, 1791, 1727, 1684, 1558; HRMS (CI) caled. for C17H120s:
344.0532, obs. 344.0533.

o
? N0 0
o o o
o Q 0
143 § N\ OO 8 00
Et,N O ——— EN o) +  EGN
> HFIP, 23 °C 4
o 82% 0

S18 (¢}

1.178a 1.178b
To a 4 mL scintillation vial was added S18 (30 mg, 0.14 mmol, 1.0 equiv.) and

hexafluoroisopropanol (1.4 mL, 0.1 M). Solid phthaloyl peroxide (33 mg, 0.20 mmol, 1.5
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equiv.) was added and the solution stirred at 23 °C for 8 hours. The solvent was removed
in vacuo and the residue was taken up in ethyl acetate (30 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodiu m sulfate, filtered, and concentrated in vacuo. The orange residue was purified
via silica gel chromatography (2:1 to 1:1 hexanes: ethyl acetate) yielding a mixture

(1.178a: 1.178b; 1.7: 1) of the two isomers (43 mg, 0.11 mmol, 82%).

colorless oil; Rf = 0.22 (silica gel, 1:1 hexanes: ethyl acetate); H-

Sl NMR (400 MHz, CDCI3): & 7.83 (m, 1H), 7.69 (td, J = 7.4, 1.1 Hz,
- 5;0 1H), 7.63 (td, J = 7.4, 1.2 Hz, 1H), 7.35 (d, J = 7.4 Hz, 1H), 6.43 (m,
1H), 6.31 (m, 1H), 6.22 (dd, J = 11.0, 1.2 Hz, 1H), 5.72 (s, 1H), 5.13
(s, 1H), 3.48 (br, 2H), 3.37 (br, 2H), 1.18-1.244 (m, 6H); 3C-NMR
(100 MHz, CDCl3): 6 168.0, 165.1, 141.2, 135.0, 132.3, 131.6, 127.4, 125.1, 124.8, 123.0,
123.0, 122.0, 120.4, 107.6, 107.5, 91.7, 43.2, 39.4, 14.4, 12.8; IR (KBr, film, v cm ):
1795, 1634, 1405, 907; HRMS (ESI) calcd. for C20Hi9NO7 [M+Na]": 408.10540, obs.

408.10590.
<o white foam; Rt = 0.39 (silica gel, 1:1 hexanes: ethyl acetate); 'H-
o o

TR NMR (400 MHz, CDCL): & 7.87 (m, 1H), 7.79 (td, J = 7.4, 0.8 Hz,
j@ 1H), 7.67-7.75 (m, 2H), 6.41 (m, 1H), 6.24 (s, 1H), 6.21 (dd, J = 9.8,

78h 1.2 Hz, 1H), 3.55 (br, 2H), 3.44 (br, 2H), 1.21 (br, 6H); 3C-NMR

(100 MHz, CDCls): 5 168.1, 164.8, 140.2, 134.9, 133.4, 132.5, 128.1,

125.4, 124.5, 123.6, 122.8, 122.0, 119.3, 107.4, 107.0, 90.8, 43.0, 39.2, 14.4, 12.8; IR
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(KBr, film, v cm ): 1788, 1656, 1304, 904; HRMS (ESI) calcd. for C20H19NO7 [M+Na]™:
408.10540, obs. 408.10540.

o
©¢8 D
0
) )
H o] _——— H le) +
> HFIP, 23°C
o 61% o

S$19

<0
N o.s /:/

H

O

o

1.179a 1.179b

To a 10 mL flask was added piperonal (S19) (100 mg, 0.67 mmol, 1.0 equiv.) and
hexafluoroisopropanol (6.7 mL, 0.1 M). Solid phthaloyl peroxide (164 mg, 1.0 mmol, 1.5
equiv.) was added and the solution stirred at 23 °C for 8 hours. The solvent was removed
in vacuo and the residue was taken up in ethyl acetate (50 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The resulting brown residue was
purified by silica gel flash column chromatography (5:1 to 2:1 hexanes: ethyl acetate)

yielding a mixture (1.179a: 1.179b; 1.6: 1) of the two isomers (128 mg, 0.41 mmol, 61%).

NP white solid, M.P. = 175-177 °C; Rt = 0.38 (silica gel, 2:1 hexanes:
M%;O ethyl acetate); TH-NMR (400 MHz, CDCls3): § 9.70 (s, 1H), 7.88 (m,
1H), 7.66-7.71 (m, 2H), 7.32 (m, 1H), 6.96 (s, 1H), 6.73 (d, J=9.8 Hz,

1179 1H), 6.50 (d, J=9.8 Hz, 1H), 5.80 (s, 1H), 5.19 (s, 1H); BC-NMR (125

MHz, CDCl3): 8 190.3, 164.9, 140.9, 135.5, 135.1, 133.9, 132.5, 127.5, 125.9, 125.3, 122.9,
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122.1, 118.1, 109.0, 107.4, 92.4; IR (KBr, film, v cm 1): 1790, 1689, 1134, 900, 852;
HRMS (ESI) caled. for Ci16H1007 [M+Na]": 337.03190, obs. 337.03240.

white solid, M.P. = 188-191 °C; R¢ = 0.28 (silica gel, 2:1 hexanes:

y N ethyl acetate); 'TH-NMR (400 MHz, CDCls): 8 9.67 (s, 1H), 7.87 (m,

o% 1H), 7.78 (m, 1H), 7.68-7.72 (m, 2H), 6.94 (m, 1H), 6.77 (dd, J = 9.8,

1.179b 1.2 Hz, 1H), 6.45 (d, J = 9.8 Hz, 1H), 5.43 (s, 1H), 5.27 (s, 1H); 13C-

NMR (100 MHz, CDCIl3): 6 190.2, 164.8, 140.1, 135.1, 135.0, 134.6,

132.7, 128.0, 125.5, 125.2, 122.7, 122.2, 119.4, 108.5, 107.0, 90.9; IR (KBr, film, v cm -

D: 1790, 1699, 1365, 907, 857; HRMS (ESI) caled. for Ci16H1007 [M+Na]*: 337.03190,
obs. 337.337.03140.

o)
N0 AW
o) o)
N (0] N 0
3o N S
TR 23C H H

61% 0 o o ©
0
1.180a 1.180b

To a 4 mL scintillation vial was added S17 (20 mg, 0.13 mmol, 1.0 equiv.) and
hexafluoroisopropanol (1.3 mL, 0.1 M). Solid phthaloyl peroxide (33 mg, 0.20 mmol, 1.5
equiv.) was added and the solution stirred at 23 °C for 7 hours. The solvent was removed
in vacuo and the residue was taken up in ethyl acetate (50 mL). The organic layer was
washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried

over sodium sulfate, filtered, and concentrated in vacuo. The resulting brown residue was
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purified by silica gel flash column chromatography (2:1 to 1:1 hexanes: ethyl acetate)

yielding a mixture (1.180a: 1.180b; 1.7: 1) of the two isomers (25 mg, 0.079 mmol, 61%).

%O white solid, M.P. = 224-225 °C; Ry = 0.14 (silica gel, 2:1 hexanes: ethyl

. %;o acetate); TH-NMR (400 MHz, CDCls): § 9.74 (s, 1H), 7.85 (m, 1H), 7.67

(td, J = 7.4, 1.8 Hz, 1H), 7.64 (td, J = 7.4, 1.8 Hz, 1H), 7.28 (dd, J = 7.4,

1.8 Hz, 1H), 7.03 (dd, J = 5.9, 0.8 Hz, 1H), 6.72 (dd, J = 9.8, 0.8 Hz, 1H),

6.49 (dd, J = 9.8, 5.9 Hz, 1H), 5.84 (s, 1H), 5.19 (s, 1H) ; ¥C-NMR (100 MHz, CDCl3):

0 188.2, 164.8, 140.8, 135.9, 134.94, 134.89, 132.4, 130.4, 127.7, 125.2, 122.9, 122.6,

121.8, 108.4, 106.5, 92.7; IR (KBr, film, v cm '): 1791, 1701, 1365, 1303, 906, 853;
HRMS (ESI) calcd. for CisHi1007 [M+Na]": 337.03190, obs. 337.03220.

yellow oil; Rf = 0.23 (silica gel, 2:1 hexanes: ethyl acetate); TH-NMR

SLJ (400 MHz, CDCl3): 6 9.71 (s, 1H), 7.85 (d, J = 7.4 Hz, 1H), 7.75 (td, J =

"o 2@ 7.4, 1.2 Hz, 1H), 7.67-7.71 (m, 2H), 7.05 (dd, J = 5.9, 0.8 Hz, 1H), 6.68

1.180b (dd, J = 9.8, 0.8 Hz, 1H), 6.51 (dd, J = 9.8, 5.9 Hz, 1H), 5.44 (s, 1H),

5.29 (s, 1H); ¥C-NMR (100 MHz, CDCl3): 5 188.7, 164.9, 139.9, 138.6,

134.9, 134.5, 132.6, 130.1, 128.0, 125.4, 123.1, 123.0, 122.5 108.0, 105.8, 91.3; IR (KBr,

film, v cm ): 1789,1697, 901, 857; HRMS (ESI) calcd. for CicHi007 [M+Na]™":
337.03190, obs. 337.03220
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Me Me
o
|
©<‘/‘\O Me)voo Me)%O
o) 1.13
©[ Nye = o RN
o Me TFT, 23 °C Q
54% o
s21 o

1.181a 1.181b
To a 4 mL scintillation vial was added S21 (25 mg, 0.17 mmol, 1.0 equiv.) and
trifluorotoluene (1.7 mL, 0.1 M). Solid phthaloyl peroxide (41 mg, 0.25 mmol, 1.5 equiv.)
was added and the solution stirred at 23 °C for 8 hours. The solvent was removed in vacuo
and the residue was purified via silica gel chromatography (5:1 hexanes: ethyl acetate)

yielding a mixture (1.181a: 1.181b; 4: 1) of the two isomers (28 mg, 0.089 mmol, 54%).

Ve " colorless oil; Rr = 0.27 (silica gel, 3:1 hexanes: ethyl

é(g\ acetate); 'H-NMR (400 MHz, CDCl3): & [major
N

Me)%O M
éo Ow isomer] 7.84 (d, J = 8.0 Hz, 1H), 7.67 (t, J = 8.0 Hz,
(o) (@)
(0]

1H), 7.61 (t, J = 8.0 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1h),

e M 630 (m, 2H), 6.15 (m, 2H), 1.91 (s, 3H), 1.34 (s, 3H):
13C-NMR (100 MHz, CDCl3): 3 165.6, 165.4, 142.0, 140.5, 134.8, 134.7, 132.1, 132.0,
128.5, 127.4, 125.7, 125.3, 125.0, 124.7, 123.4, 122.9, 122.8, 122.1, 113.7, 112.6, 108.5,
108.4, 29.0, 28.7, 28.6, 26.9; TR (KBr, film, v cm ): 1785, 1058, 900, 852; HRMS (CT)

caled. for C17H150s: 315.0869, obs. 315.0865.

(0]

Me Me
o
|
o Me)vo /%O
O o Me o
113 § N0 SN A
M O, R —— N + NS
€ Me (6] (0]
>\Me HFIP, 23 °C Me Q Me
o 69% ° o
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To a 4 mL scintillation vial was added S22 (25 mg, 0.13 mmol, 1.0 equiv.) and
hexafluoroisopropanol (1.3 mL, 0.1 M). Solid phthaloyl peroxide (32 mg, 0.20 mmol, 1.5
equiv.) was added and the solution stirred at 23 °C for 13 hours. Upon completion, the
solvent was removed in vacuo and the residue was taken up in ether (30 mL). The organic
layer was washed with buffered aqueous ammonia solution (1:1 saturated aqueous sodium
bicarbonate: saturated aqueous ammonium chloride, 30 mL, X 3), brine (30 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. The orange residue was purified
via silica gel chromatography (3:1 to 2:1 hexanes: ethyl acetate) yielding a mixture

(1.182a: 1.182b; 1.6: 1) of the two isomers (32 mg, 0.090 mmol, 69%).

Me Me colorless foam; Rf = 0.18 (silica gel, 5:1
Me/g 0 Me)vo

0 \\0 OMO hexanes: ethyl acetate); 'H-NMR (400 MHz,
+ A o

(6]
(@)
" éﬁgo M j@ CDCls): & [major isomer] 7.86 (m, 1H), 7.61-

7.79 (m, 2H), 7.32 (dd, J = 8.2, 1.1 Hz, 1H), 6.97
(d, J = 0.8 Hz, 1H), 6.77 (d, J = 10.2 Hz, 1H),
6.38 (dd, J = 10.2, 0.8 Hz, 1H), 2.48 (s, 3H), 1.93 (s, 3H), 1.32 (s, 3H). [minor isomer]
7.86 (m, 1H), 7.61-7.79 (m, 3H), 6.90 (d, J = 0.8 Hz, 1H), 6.77 (d, J = 9.7 Hz, 1H), 6.33
(dd, J = 9.7, 0.8 Hz, 1H), 2.48 (s, 3H), 1.96 (s, 3H), 1.46 (s, 3H); 3C-NMR (100 MHz,
CDCl3): 6 196.5, 196.3, 165.2, 165.0, 141.6, 140.1, 134.9, 134.8, 134.3, 132.8, 132.4,
132.2, 130.3, 129.6, 128.5, 127.3, 126.3, 125.5, 125.3, 125.1, 123.6, 123.4, 123.1, 122.9,
120.1, 119.3, 114.7, 113.8, 108.9, 108.8, 108.5, 108.4, 29.2, 28.68, 28.65, 26.8, 25.6; IR
(KBr, film, v cm 1): 1789, 1738, 905, 853; HRMS (ESI) caled. for CioH1607 [M+Na]":

379.07900, obs. 379.07900.
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1.183a 1.183b
To a 4 mL scintillation vial was added S23 (30 mg, 0.25 mmol, 1.0 equiv.) and
trifluorotoluene (2.5 mL, 0.1 M). Solid phthaloyl peroxide (82 mg, 0.50 mmol, 1.5 equiv.)
was added and the solution stirred at 23 °C for 13 hours. Upon completion, the solvent was
removed in vacuo and the residue was taken up in ethyl acetate (30 mL). The organic layer
was washed with buffered aqueous ammonia solution (30 mL), brine (30 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. The orange residue was purified via
silica gel chromatography (3:1 hexanes: ethyl acetate) yielding a mixture of the two

isomers (29 mg, 0.10 mmol, 40%) and unreacted starting material (8 mg, 0.07 mmol, 27%).

colorless oil; Rr = 0.28 (silica gel, 3:1 hexanes: ethyl

(0] o
éfo éfoo acetate); 'H-NMR (400 MHz, CDCl3): & [major

oy 4 R
&O 0;£ isomer] 7.84 (d, J = 7.8 Hz, 1H), 7.57-7.46 (m, 3H),

6.11-6.27 (m,4H),4.53 (ddd, /= 11.4,8.7, 5.1 Hz, 1H),
4.0 (t,J = 8.7 Hz, 1H), 2.65 (dd, J = 13.7, 5.1 Hz, 1H),
1.98 (ddd, J = 13.7, 11.4, 8.7, 1H) [minor isomer] 7.57-7.74 (m, 3H), 7.34 (d, J = 7.8 Hz,
1H), 6.11-6.27 (m, 4H), 4.11 (ddd, J = 11.4, 8.6, 4.3 Hz, 1H), 3.93 (t,J = 8.6 Hz, 1H), 2.71
(dd, J = 13.7, 4.3 Hz, 1H), 2.05 (ddd, J = 13.7, 11.4, 8.6 Hz, 1H); *C-NMR (100 MHz,
CDCl): & 166.1, 165.8, 142.4, 141.4, 134.7, 134.5, 132.1, 131.7, 128.3, 128.0, 127.8,
127.7, 125.2, 124.8, 124.7 123.8, 123.0, 122.8, 122.7, 122.5, 122.4, 122.2, 121.4, 111.6,
111.5, 110.6, 89.7, 88.8, 62.4, 61.9, 40.8, 39.7; IR (KBr, film, v cm ): 1779, 891, 850;
HRMS (ESI) caled. for Ci16H1205 [M+Na]": 307.05770, obs. 307.05870.
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To a 4 mL scintillation vial was added the brominated derivative (50 mg, 0.25 mmol, 1.0
equiv.) and trifluoroethanol (2.5 mL, 0.1 M). Solid phthaloyl peroxide (62 mg, 0.38 mmol,
1.5 equiv.) was added and the solution stirred at 23 °C for 4 hours. The solvent was
removed in vacuo and the residue was taken up in ethyl acetate (30 mL). The organic layer
was washed with buffered aqueous ammonia solution (30 mL), brine (30 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. The orange residue was purified via
silica gel chromatography (3:1 hexanes: ethyl acetate) yielding a mixture of the two

isomers (52 mg, 0.14 mmol, 57%).

0 yellow oil; R = 0.41 (silica gel, 3:1 hexanes: ethyl acetate); 'H-NMR
Br’&; , (400 MHz, CDCl3): 8 7.83 (d, J = 8.2, 0.8 Hz, 1H), 7.74 (t, / = 8.2 Hz,
& ° 1H), 7.64- 7.68 (m, 2H), 6.54 (s, 1H), 6.20 (d, J = 10.2 Hz, 1H), 6.13 (d,

11842 J=102Hz, 1H), 4.12 (ddd, J = 11.7, 8.6, 4.3 Hz, 1H), 4.04 (t, J = 8.6,

1H), 2.64 (dd, J = 13.3, 4.3 Hz, 1H), 2.05 (ddd, J = 13.3, 11.7, 8.6 Hz,
1H); *C-NMR (100 MHz, CDCl3): & 165.8, 141.9, 134.9, 132.0, 127.6, 127.1, 126.2,
125.0, 122.9, 122.5, 117.5, 110.3, 91.4, 63.0, 39.6; IR (KBr, film, v cm '): 1782, 934,
870; HRMS (CI) calcd. for C1¢Hi1”"BrOs: 361.9790, obs. 361.9801.
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4@20\ white solid, M.P.=171-176 °C; Rr=0.24 (silica gel, 3:1 hexanes: ethyl

B\ Ow acetate); TH-NMR (400 MHz, CDCl3): 8 7.86 (d, J = 7.4 Hz, 1H), 7.70

° (t, J = 7.4 Hz, 1H), 7.62 (t, J = 7.4 Hz, 1H), 7.36 (d, J = 7.4 Hz, 1H),

1.184b 6.56 (s, 1H), 6.20 (s, 2H), 4.54 (ddd, J = 11.4, 8.6, 5.5 Hz, 1H), 3.97 (t,

J =8.6 Hz, 1H), 2.71 (dd, J = 13.7, 5.5 Hz, 1H), 2.05 (ddd, J = 13.7, 11.4, 8.6 Hz, 1H);

I3C-NMR (100 MHz, CDCl3): 8 165.5, 140.9, 134.6, 132.2, 128.3, 127.9, 127.5, 125.3,

125.2, 123.1, 122.7, 117.9, 110.1, 90.4, 62.4, 40.8; IR (KBr, film, v cm '): 1780, 1060,
895, 872; HRMS (CI) calcd. for Ci¢Hi1*'BrOs: 363.9769, obs. 363.9774.
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Chapter 2. Synthesis and Biological Evaluation of Vinaxanthone and
Xanthofulvin

The severity of injury to the spinal cord results from a debilitating combination of
symptoms including loss of movement and sensation, and gain of chronic pain and
spasticity.!* Currently there is no treatment or cure to reverse and repair damage to the
central nervous system (CNS). After breakage of the axonal connection, the neuron
undergoes acute axonal degeneration (AAD). This period is defined by the rapid separation
of the proximal end from the distal stump. With no means to receive nutrients from the
now disjointed cell body, the axonal structure and membrane of the distal stump
disintegrates, a process termed Wallerian degeneration.'*® This rupture in neuronal
connectivity results in the chronic disability experienced by spinal cord injury (SCI)
patients. Furthermore, the poor prognosis is irreversible due to the limited regrowth
potential of damaged or severed neurons following AAD and Wallerian degeneration.

Working in concert, extrinsic chemorepellents present in the extracellular matrix
and secreted signaling molecules impede neuronal growth. Indeed, despite the presence of
endogenous stem cells in the adult CNS, no complete recovery occurs due to the
surrounding inhibitory environment.'*’ In the early 20" century, the histologist and Nobel
laureate Santiago Ramon y Cajal observed that axotomized neurons within the CNS
become swollen and were incapable of regeneration.'*® Ramon y Cajal hypothesized that
the lack of regeneration was a fundamental feature of the CNS. Despite appearing
quiescent, however, these cells are stalled due to an environment unconducive to axonal
proliferation, resulting in chronic growth cone collapse.!* In contrast to the CNS, upon
injury to the peripheral nervous system (PNS) or embryonic nervous system, regeneration
occurs into and beyond the lesion site.!*® Transplantation of optical nerves into the PNS

results initially in the protuberance of surrounding PNS cells bypassing the local inhibitory
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environment of the foreign CNS segment.!>! Additionally, innervation of the CNS segment
occurs in the PNS environment. These experiments demonstrate the contrasting milieu of
the PNS and CNS: inhibitory signals are pronounced within the CNS and are less abundant
in or absent from the PNS.

Inhibitory signals are endogenous in the extracellular environment but are also
upregulated in the lesion site following injury. Repulsive guidance cues are important
neuronal growth inhibitors that are critical to axon pathfinding during development and are
downregulated after development. Following injury, however, many of these proteins
including semaphorins and myelin-associated proteins are induced, with expression
patterning concentrated in the periphery of adult CNS lesions.'**!>* Additionally, scaring
of the lesion site complicates regeneration, as axons cannot penetrate through the fibrotic
tissue.!>> Neuroglia recruit astrocytes to the site of injury, which secrete chondroitin
sulphate proteoglycans (CSPGs).!*® CSPGs are a family of extrinsic molecules that
attenuate growth. Additionally, the concentration of CSPGs is highest at the center of the
lesion. However, it 1s unclear if the scarring forms a physical barrier to prevent access of
growth promoting molecules to the lesion site, or if CSPGs act directly on the growth
promoting molecules to attenuate their action.!>” While CSPGs are present upon injury to
the PNS, glial scaring is absent. The presence of multiple classes of inhibitory molecules
and scaring of the lesion site following injury complicates regeneration of the CNS.

In addition to the presence of chemorepellents, growth factors are reduced or absent
in the CNS.15%13 A class of signaling molecules that selectively promote growth in nerve
cells include nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), ciliary
neurotrophic factor (CNTF), glial cell line-derived neurotrophic factor (GDNF) and
neurotrophin-3 (NT-3). In addition to neurotrophic factors, signaling ligands that increase

cell proliferation also promote growth, including fibroblast growth factor (FGF), insulin-
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like growth factor (IGF), platelet-derived growth factor (PDGF), and vascular endothelial
growth factor (VEGF). These growth factors are present in the PNS. For example, grafting
a PNS segment to bridge an axotomized central neuron promotes significant protuberance
of the proximal stump into the lesion, demonstrating the intrinsic permissive growth
capabilities of the PNS.'®° This is in part the result of Schwann cells producing BDNF and
NT-3 upon damage to the PNS.'®! Any possible therapeutic approach to regenerate severed
axons must both attenuate the inhibitory environment present in the CNS and stimulate

growth promoting factors.

HO,C O OH O CO.H
HO OH
LT
OH  Ho (o) Me O OH
OH Me o]
vinaxanthone (2.1) xanthofulvin (2.2)

Figure 2.1. Regenerative natural products vinaxanthone (2.1) and xanthofulvin (2.2).

H
Total Spinal Treatment with Spinal Cord
Transection XF or VX Regeneration

Figure 2.2. Representation of spinal cord transection and AAD followed by treatment
with vinaxanthone or xanthofulvin.

Two molecules that have been shown to regenerate neurons in vivo are
vinaxanthone (2.1) and xanthofulvin (2.2) (Figure 2.1). Following complete surgical spinal

cord transection, adult rats experience immediate loss of hind limb movement. Treatment
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groups were continuously administered with vinaxanthone (2.1) or xanthofulvin (2.2) in
the lesion site at 0.1 mg mL™"' for four weeks (Figure 2.2).'9%!%3 Those treated with
vinaxanthone (2.1) or xanthofulvin (2.2) showed a dramatic increase in hind limb
movement in contrast to the control group, which exhibited virtually no recovery.
Additionally, retransection of the lesion reversed the recovery experienced by the treated
rats.'®? Thus the gain of function was most likely the result of reconnection of the spinal
cord at the surgical site and not compensatory recovery below the lesion. Furthermore, rats
treated with vinaxanthone (2.1) or xanthofulvin (2.2) exhibited enhanced regeneration and
preservation of injured axons, increased remylenation, decreased apoptotic cell count, and
enhancement of angiogenesis with respect to the control population. Substantial reduction

in glial scaring is observed in treated animals.

Figure 2.3. Ribbon structure of Semaphorin 3A.
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Both of these small molecules were identified for their ability to inhibit semaphorin
3A (Sema3A).!53164165 Vinaxanthone (2.1) and xanthofulvin (2.2) reverse Sema3A-
induced growth cone collapse in dorsal root ganglion (DRG) cells dose-dependently and
in similar efficacy (ICso vinaxanthone = 0.1 pg/ mL; ICso xanthofulvin = 0.09 pg/ mL).'%¢
Semaphorins are one of the largest families of guidance proteins that attenuate cellular
growth and migration (Figure 2.3).'®” All semaphorins possess a conserved sema domain,
and have both membrane-bound and soluble forms. During embryogenesis, Sema3A
expression is widespread, including in non-neuronal cells. Following development,
Sema3A is found mostly in the nervous and vascular systems.!®® Sema3A is moderately
expressed throughout the CNS, including in the hippocampus, entorhinal cortex, neocortex
and subiculum.'® Sema3A is also secreted following injury to neurons in the CNS, and is
found in high concentrations within fibroblasts populating the lesion scar.!>*!®* While
Sema3A is also found in the PNS, its levels of expression are unchanged following
injury.!’® Despite providing an inhibitory environment, Sema3A is vital for normal
neuronal development and function, with aberrant Sema3A implicated in a variety of
diseases including Alzheimer’s disease.!”!

Py ® VEGF
SEMA3A 2 VEGF SEMA3A ® ®
]

Figure 2.4. Sema3A is a chemorepellent on growing axons. It opposes the action of
VEGF.
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The cellular receptor for semaphorins are neuropilins and plexins. Sema3A has a
high-affinity for neuropilin-1 (NRP1), but unlike other class III semaphorins, is not a ligand
for neuropilin-2 or any plexins including plexin 1 (plex 1).!7>!73 Activation of Sema3A
mediates a NRP1/ plex 1 complex. Plex 1 is hypothesized to be responsible for the signal
transduction, as it has a much larger intracellular domain than NRP1. While the precise
mechanism is ambiguous, the downstream effect of Sema3A binding to NRP1 results in
disruption of the microtubule and actin cytoskeleton that in turn modulates filopodia
extension of the growth cone.!”*!”* In addition to accommodating Sema3A, NRP1 also has
a binding site for the growth promoting factor VEGF.!”> Thus, the same receptor can either
promote or attenuate growth depending on the exogenous signaling molecule present
(Figure 2.4).

Xanthofulvin (2.2) and vinaxanthone (2.1) act by disrupting the protein-protein
interactions of Sema3A and NRP1.!°®!76 A pre-mix experiment was undertaken to
recapitulate the observed interaction.!”” In this experiment, Sema3A was incubated with
xanthofulvin (2.2) for 30 minutes. DRG cells treated with this mixture exhibited significant
protuberance. Treating DRG cells sequentially with Sema3A followed by xanthofulvin
(2.2), however, resulted in little inhibition of growth cone collapse. Taken in concert, these
experiments suggest that xanthofulvin (2.2) affects the ability of Sema3A to bind to its
cellular target.!”” Additionally, xanthofulvin (2.2) demonstrated high levels of selectivity
for Sema3A as Sema3B and Sema3F were unaffected. To rule out the modulation of other
chemorepellents, xanthofulvin was assayed for affinity to Nogo-A, myelin-associated
glycoprotein (MAG), and oligodendrocyte-myelin glycoproptein (OMgp). Modulation of

these important signaling molecules was minimal.'”
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Figure 2.5. Structure of vinaxanthone (2.1), xanthofulvin (2.2).

Vinaxanthone (2.1) is a fungal metabolite first isolated from Penicillium vinaceum
in 1991 (Figure 2.5).!” This isolation produced 30 mg/ L of vinaxanthone (2.1). Stephen
Wrigley isolated vinaxanthone in addition to polivione (2.3) and a molecule designated
411] (2.4 which existed in a 4:1 mixture with hemiacetal 2.4).'%° More than a decade later,
Sumitomo Pharmaceuticals isolated the natural product xanthofulvin (2.2) (also known as
SM-216289) in addition to vinaxanthone (2.1).!%® Fermentation yielded 11 mg/ L of
vinaxanthone (2.1) and 21 mg/ L of xanthofulvin (2.2). Interestingly, xanthofulvin (2.2)
possesses identical spectral data to 411J (2.4). Additionally, 411J (2.4) and xanthofulvin
(2.2) were co-isolated with vinaxanthone, providing evidence that both isolation groups
isolated the same natural product. Rationalizing the *C-NMR data of 411J (2.4) and
xanthofulvin (2.2) with the structural assignments, specifically the two methyl ketone
groups of 2.4’ versus a methyl ketone and tolyl methyl group 2.2°, led us to believe that

2.2 was intuitively the more likely structure of the natural product. 66180
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5,6-dehydropolivione (2.5) ‘ ‘

HOLC o o o CO,H HO,C o o [¢] CO,H
HO OH HO. OH
O O ‘ O reduction O O O
R
HO o Me “O OH HO o Me "0 OH
Me 0 Me’ o
xanthofulvin (2.2) vinaxanthone (2.1)

2',3"-dehydroxanthofulvin (2.15)

Figure 2.6. Proposal for the formation of vinaxanthone (2.1) or dehydro-xanthofulvin
(2.15) from 5,6-dehydropolivione (2.5).

Due to their structural similarities, vinaxanthone (2.1) and xanthofulvin (2.2) were
envisioned to be formed utilizing a shared biosynthetic pathway through a union of two
identical triketone units of 5,6-dehydropolivione (2.5) (Figure 2.6). A name given due to

the structural similarity with the co-isolate polivione (2.3). Intermolecular Michael addition
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of 2.5 onto another molecule of 2.5 produces chromanone 2.6. Elimination of the phenol
gives isomeric olefins 2.7 or 2.8. Due to the stability of anion 2.9, the olefin geometries of
2.7 or 2.8 are envisioned to readily interconvert. Depending on the isomer, dehydrative
chromenone condensation of the phenol forms 2.10 or 2.11, in equilibrium due to the
extended enolate 2.12. Tautomerization and 6x electrocyclization of the isomeric structures
2.13 or 2.16 forms cyclohexadienes 2.14 or 2.17. Aromatization via loss of water furnishes

either vinaxanthone (2.1) or, after subsequent reduction of 2.15, xanthofulvin (2.2).

HO,C O Me
HO N o
P :
HO o e O COyxH Diels-Alder
218 e Z ‘ OH
(6] OH

219

aromatization

vinaxanthone (2.1)

Figure 2.7. Tatsuta’s biosynthetic proposal of vinaxanthone (2.1).
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OH Me
0" Me HO  OMe MeO,C
2.20 2.2

aldol
condensation
-H,0

chaetocyclinone (2.23)

Figure 2.8. Zeeck’s biosynthetic proposal for chaetocyclinone (2.23).
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An alternative biosynthesis of vinaxanthone (2.1) was proposed by Tatsuta and co-
workers to occur via an enzymatically controlled intermolecular Diels-Alder reaction
between two molecules of 2.18, followed by aromatization (Figure 2.7).'8! Axel Zeeck and
co-workers proposed the biosynthesis of the structurally related natural product

182 A Knoevenagel condensation

chaetocyclinone C (2.23), which inspired our proposal.
between aldehyde 2.20 and triketone 2.21 provides adduct 2.22. The resulting dienone
undergoes an intramolecular aldol condensation and dehydration to form the natural
product chaetocyclinone C (2.23). Chaetocyclinone C (2.23) in addition to vinaxanthone

(2.1) and xanthofulvin (2.2) were isolated as axially achiral species. The barrier of rotation

was calculated for chaetocyclinone C (2.23) to be 20 kcal/ mol, below the threshold for
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atropisomerism.
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Figure 2.9. Tatsuta’s synthesis of monomer enone 2.35.

149



Tatsuta approached the carbocyclic core of vinaxanthone (2.1) via intermolecular
Diels-Alder reaction of enone 2.35.'%! The synthesis commenced with the bromination of
vanillin (2.24) in acetic acid. Brominated vanillin (2.25) was methylated using dimethyl
sulfate yielding brominated veritraldehyde (2.26) in 94% yield. Oxygen was installed via
Baeyer-Villiger oxidation of the aldehyde with meta-chloroperoxybenzoic acid producing
formate 2.27. The resulting formate was hydrolyzed in methanol, forming phenol 2.28 in
81%. The revealed phenol added by conjugate addition into acrylonitrile in acetonitrile
using 1,8-diazabicycloundec-7-ene (DBU) as base in 74% yield. The nitrile is hydrolyzed
and a subsequent Friedel-Crafts acylation gives the chromanone core (2.30) in 84% yield.
Protection of the ketone as the ketal (2.31), followed by lithium-halogen exchange and
trapping with methyl chloroformate provides methyl ester 2.32. Deprotection of the ketal
and iodination gives 3-iodochromenone 2.34 in 65% yield. Heck cross-coupling of the
iodide with methyl vinyl ketone and palladium(Il) acetate catalyst in warm acetonitrile

forged the enone monomer (2.35) in 88% yield.

MeO,C O 0 BHT
MeO AN Me _—
| PhMe, air, 200 °C
MeO 0
40%
2.35

AICI;
PhMe, 110 °C

74%

vinaxanthone (2.1)

Figure 2.10. Diels-Alder reaction for the synthesis of vinaxanthone (2.1).

To test their biosynthetic proposal, Tatsuta heated the enone (2.35) in toluene at
200 °C in a sealed tube in the presence of air and butylated hydroxytoluene (BHT), forming

per-methylated vinaxanthone (2.36) in 40% yield. BHT was added to serve as the oxidant
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to re-aromatize the putative intermediary cyclohexene following intermolecular Diels-
Alder reaction.'® However, Diels-Alder cycloadditions of this type are rare in nature.'’
Global deprotection using aluminum trichloride in refluxing toluene provided

vinaxanthone (2.1) in 74% yield.
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Figure 2.11. Planned route for the synthesis of deoxygenated vinaxanthone (2.38).

In order to test the key dimerization reaction of our proposed biomimetic strategy,
the unfuncionalized triketo monomer (2.37) was considered (Figure 2.11). A key
disconnection was the bond connecting the acetoacetyl group to the 3 position of the
chromenone ring (Figure 2.11a). From there, the transformation of acetophenones into
enaminone using N,N-dimethylformamide dialkyl acetals is well documented (Figure

2.11b).8 The benefit of vinylogous amide 2.39 is twofold, it provides the lynchpin
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necessary to furnish the chromenone ring through a 1-carbon-homologation and secondly,
the enaminone can trap a variety of electrophiles alpha to the carbonyl in one operation.'®’
For example, treatment of enaminone 2.39 with iodine in methylene chloride yields 3-
iodochromenone 2.41,'%¢ while acylation can be accomplished by employing acetic
anhydride or acetyl chloride as the electrophile (2.40) (Figure 2.11b).!®8 It was envisioned

that an electrophilic acetoacylating agent could likewise furnish 2.37 directly from the

vinylogous amide 2.39 (Figure 2.11¢).

/f i
O OH O
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NMe, NMe, S
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2.37
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Figure 2.12. Treatment of enaminone (2.39) with diketene (2.43).

In Nature, acetoacetylation proceeds via stepwise chain elongation of a protein-
bound malonyl moiety by an acyl unit followed by decarboxylation.!® Synthetically,
acetoacetylation can be accomplished in a variety of ways. Diketene (2.43) can transiently
engage phenols.'® It was hypothesized that the direct attack of phenol 2.39 into diketene
(2.43) would yield phenyl acetoacetate 2.44 (Figure 2.12). The O-to-C transposition of the
acetoacetyl unit would reveal 2.37 after loss of dimethylamine. However, engagement of
enamino ketone 2.39 with diketene was inefficient. Combining diketene with the
vinylogous amide in refluxing toluene only resulted in 2% isolation of the triketone (2.37).
Neither deprotonating the phenol (2.39) using a variety of bases nor activating diketene in

situ by forming the imidazolide was productive at generating acetoacetylated product 2.37.
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Figure 2.13. Generation of acylketene (2.48) via thermolysis of heterocycles.

The lack of reactivity exhibited by diketene (2.43) prompted the consideration of
other acetoacetyl synthons (Figure 2.13). One such reagent is the highly reactive reagent
acylketene (2.48).!°! Most acylketenes are generated in situ as only electronically stabilized
or sterically hindered variants are isolable.!®> A direct route to generate acylketene (2.48)
is through pyrolyzing B-keto esters at temperatures in excess of 200 °C.'* Another protocol
is the net-loss of hydrochloric acid from B-keto acid chlorides in the presence of an amine
or alkoxide base.!” A more appealing approach is via thermolysis of a variety of
heterocycles. Typically acylketene can be generated at lower temperatures (often refluxing
toluene), and the resulting byproducts are benign. For example, furan dione 2.45 generates
acylketene through a retrocyclization, with loss of carbon monoxide.'® The widely-used
and commercially available dioxinone (2.46) generates acylketene through a [4+2] retro-
cyclization with concomitant expulsion of an equivalent of acetone.'?®!*” Another source
is acyl Meldrum’s acid (2.47), which yields acylketene via a [2+2+2] retro-cyclization,

eliminating an equivalent of CO; in addition to acetone.'?®!%
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Figure 2.14. Acetoacylation of enaminone 2.39. * Isolated yields using flash
chromatography with acidified silica gel.

Figure 2.14 summarizes efforts to access acylketene (2.48) through thermolysis.
Furan dione 2.45 was prepared in two steps from acetone.?”® Exposing the enaminone
(2.39) to furan dione 2.45 in refluxing toluene provided triketone 2.37 in 3% isolated yield.
While the enaminone engaged the transient acylketene, poor yields prompted the
consideration of yet another source of this reactive species. Commercially available
dioxinone 2.46 provided the triketo monomer in an increased yield of 11%. Decagram
quantities of acyl Meldrum’s acid (2.47) can be generated by treating Meldrum’s acid with
pyridine and acyl chloride. Utilizing this precursor to acylketene (2.48) led to a modest
increase in yield of 2.37 to 16% (entry 3). During extensive optimization of this step several
observations were made and warrant further comment. Pre-warming the heating bath to
well above the boiling point of toluene (145 °C) increased both yields and reproducibility.
Additionally, purification of the crude material utilizing silica gel pre-acidified to a pH of

2 (using phosphoric acid) increased the yield of 2.37 using acyl Meldrum’s acid to 43%.
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Figure 2.15. Acetoacylation of enaminone 2.39. * Isolated yields using flash
chromatography with acidified silica gel.

A report by Hoye discussing acylketene (2.48) generation under mild, ambient
conditions appeared promising (Figure 2.15a).2°"?*> Competition experiments suggested
that activation of phenyl acetothioacetate (2.49) by a thiophilic metal, in this case a silver
salt, followed by loss of thiophenol yielded acylketene (2.48) in situ. Adopting this
procedure increased the yield of 2.37 to an acceptable 67%. Neither increasing the
stoichiometry of the thioester (2.49) nor varying the thiophilic metal improved the yields.
Additionally, the thioester alone cannot undergo triketone formation (entry 4) and trace
acid did not account for product formation (entry 5). The structure of 2.37 was
unambiguously confirmed by single crystal X-ray diffraction (Figure 2.16). In the liquid
state, 2.37 exists entirely in the enol tautomer, with the strongly intramolecularly-bound

proton appearing at § 15.90 ppm in the 'H-NMR spectrum. This crystal structure
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recapitulates this observation, with hydrogen bonding occurring with the -carbonyl (1.73

A hydrogen bond length).

Falgt
\ \
\/\ / \

\

\
L/
\
/ ;o

8@/\/\

Figure 2.16. View of 2.37 showing the atom labeling scheme. Displacement ellipsoids
are scaled to the 50% probability level.

The incorporation of acylketene into enaminone 2.39 led us to consider the
mechanism by which this occurs (Figure 2.17). Ketene?*® and dienylketenes*** participate
in [2+2] cycloadditions. However, unlike ketene, examples of acylketene engaging in [2+2]
cyclizations are rare.?’> A [4+2] inverse demand Diels-Alder could also occur. A diverse

206 and enol

set of dienophiles can engage acylketene in this manner including imines
ethers.?"” Hetero inverse-demand Diels-Alder provides aminal 2.50, followed by loss of
dimethylamine which furnishes pyrone 2.51. Michael addition of the phenol into the
vinylogous ester and collapse of the acetal (2.52) gives the desired acetoacetyl chromenone
(2.37). To test the feasibility of this mechanistic pathway, an o-methoxy enamino ketone
(2.53) was prepared, precluding the 1,2-addition pathway. Exposing this derivative to
acylketene (2.48) yielded the methyl pyrone (2.54), indicating that this pathway is

plausible.
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Figure 2.17. Proposed mechanism for acetoacylation of enaminone 2.39.

However, direct engagement of the phenol cannot be ruled out. Addition of the
phenol into acylketene produces the B-keto ester 2.44 after tautomerization. An O-to-C
rearrangement of the dicarbonyl unit via addition of the enamine followed by collapse of
the tetrahedral intermediate (2.55) with concomitant elimination of the phenoxide produces
the iminium species 2.56. Addition of the phenoxide into the iminium affords aminal 2.57,

which upon expulsion of dimethylamine, furnishes the acetoacetyl chromenone 2.37.
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Studies of the addition of protic nucleophiles into acylketene, both computationally and

experimentally, have found that the 1,2-addition pathway predominates.?’

a.
O OH O
X" Me conditions
| —
O
2.37
entry conditions yield
1. H,0: dioxane 1:1, 100 °C 2.38: 72%
14h
2. dioxane, 90 °C N.R.
14h
3. HCO,H: dioxane 1:1, 90 °C 2.38: 73%
7 days
4. EtsN 2.58: 42%
MeCN, 23 °C
14h
b.

2.38

Figure 2.18. Formation of carbocyclic core of deoxygenated vinaxanthone (2.38).

With the tricarbonyl unit (2.37) in hand, the key dimerization was investigated
(Figure 2.18a). It was observed that solubility required a polar aprotic solvent, and
successful cyclization required the presence of water (entry 2). A 1:1 mixture of water and
1,4-dioxane was found to be ideal to generate the cyclized adduct 2.38 possessing the
vinaxanthone cabocyclic scaffold. The structure of 2.38 was confirmed using 2D-NMR

experiments including HMBC (Figure 2.18b). Interestingly, treatment of the triketo
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monomer 2.37 with triethylamine resulted in the hydroxylated benzophenone adduct 2.58.

This product arises from a deacetoacetylation event following the initial Michael addition.

RO,C O OH O
RO N

‘ Me
RO O - \acetoacylation
vinaxanthone (2.1) 2.59 \chromenone formation
O enaminone formation
RO,C—=—4 RO,C O RO,C O
D Me RO~ Diels-Alder RO
263 | — Me— f
PN N
OR
\ RO OR RO OH ~NMe,
2.61 2.60
RO ;62

Figure 2.19. Retrosynthetic strategy for the total synthesis of vinaxanthone (2.1).

1. PivCl, DMAP e 1. AgNO3, H,0
I-ProNEt, CHCl, o : MeOH, 23 °C
O_o 0°523°C : OTBS .
(0 B LT o= ey
= ' pi 1 2. AcCl, CH,Cly, 23 °C |
Ho 2. TBSOTS, Et;N ' PivO 1 266 2Clp |
CH,Cly, 23 °C | 2.65 | |
2.64 L 49% two steps '
69% two steps 1g scale
60g scale :
y
1.7 OEt ppTS 1. PPTS . ,
OH  CH,Cl,, 23 °C OEE  EtOH,78°C : o
= tBUO,C—= | tBuo,c—=H4
Me 2. n-BuLi, Boc,0 Me  2.CrOs, HSO4 ‘ 2.67 Me |
2.68 2 2.69 Me,CO, 0 °C (LA

THF, -78 ° - 23 °C

95% two steps

0,
95% two steps 120g scale

100g scale

Figure 2.20. Scalable and cost-effective synthesis of diene 2.65 and dienophile 2.67.

To approach the synthesis of vinaxanthone (2.1), retrosynthetic analysis followed
analogously to the unfunctionalized triketone (Figure 2.19). 5,6-dehydropolivione in
protected form (2.59) could be accessed through the acetoacylation of enaminone 2.60. To
provide rapid access to protected acetophenone 2.61, a Diels-Alder reaction between an
appropriate alkyne 2.63 and furan 2.62 was envisioned to forge the oxygenated arene. This

follows from the work of T. Ross Kelly’s synthesis of fredericamycin.?%
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Treatment of tetronic acid 2.64 with pivaloyl chloride yielded o-pivaloyl tetronate
(Figure 2.20). Soft enolization with freshly prepared fert-butyldimethylsilyl triflate
furnished furan 2.65 in 69% over two steps on 60g scale.?!*?!! Preparation of keto ester
2.67 commenced with the protection of commercially available 3-butyn-2-ol 2.68.2!?
Alkyne deprotonation using n-butyl lithium followed by addition of di-ters-butyl
dicarbonate gives the protected zers-butyl alkynoate 2.69 on 100g scale in 95% yield.
Removal of the ethoxy ethyl protecting group with pyridinium p-toluenesulfonate in warm
ethanol followed by oxidation of the resulting propargylic alcohol 2.69 using Jones’
reagent produced keto ester 2.67 in 95% yield on 120g scale. Alternatively, the keto ester
(2.67) could be accessed in a two-step sequence from fert-butyl propiolate (2.66).213-1
This silver-mediated approach provided the keto ester (2.67) in 49% yield on 1g scale. The

four-step synthesis was utilized as it was greatly amenable to scale.

. 0 . Me (0]
' >—,E§>C02t—8u ! undesired CO,t-Bu
. Me ) ' approach
1 2.67 SLO}/OTBS ! oo @ oTBs
' . iv
: 2.65 ! 2.70
L PVO ;
P 7_70 t-BuO,C (@]
| t—Bqucj:v\—q ! desired
" 267 | 1 Me approach Me
! \ ' P
Oy_oTBS ! _
U ' PivO OTBS
265 2.71
.__PvO__
b. o)
o t BuOZC%q t-BuO,C O
wOTBS 267 Me a Me
PivO THF, 23°C PivO OTBS
2.65 2.7

96%
70g scale >20:1

Figure 2.21. Diels-Alder reaction to form desired bicycle 2.71.
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With decagram quantities of both Diels-Alder precursors, the cycloaddition was
carried out (Figure 2.21). The Diels-Alder reaction of symmetrical alkynes such as
dimethyl acetylenedicarboxylate (DMAD) with furans is well documented.?!® In the case
examined, however, two approaches by the dienophile (2.67) are possible (Figure 2.21a).
While the ketone was anticipated to have the largest influence on the polarization of the
dienophile, very little literature precedent exists for unsymmetrical alkyne selectivity.?%’
LeCoq found that the selectivity of an aldehyde-ester alkyne was instead governed by the
ester.!’® Combining the diene and dienophile at room temperature in THF forges bicycle

2.71 in 96% yield on 70g scale. Regioisomeric bicycle 2.70 was never observed. Excellent

selectivity was a result of the ketone dominating the polarization of the dienophile.

t-BuO,C O t-BuO,C O t-BuO,C O
PivO CH30CH,CI PiVO
@ Me HCl v Me i-ProNEt v Me
—_—
PivO OTBS CH,Cl,, 23 °C HO OTBS CH,Cl,, 0°C MOMO OTBS
2.7 76% 2.72 709 2.73
110g scale 80g scale

Figure 2.22. Synthesis of protected acetophenone 2.73.

Anhydrous 4.0 M HCI in dioxane induced aromatization of the bicycle (2.71),
forming acetophenone 2.72 in 76% yield on 110g. Using aqueous acid led to depressed
yields due to protodesilylation of the furan, reverting the silyl enol ether 2.65 into pivaloyl
tetronate. In the course of X-ray and 'H-NMR analysis, it was determined that the pivaloyl
group migrates during this reaction. It is postulated that the pivaloyl group transfers to the
more nucleophilic phenol during the ring opening reaction. The remaining phenol was
protected as a methoxymethyl ether using methoxymethyl chloride and Hiinig’s base,

giving protected acetophenone (2.73) in 72% yield on 80g scale.
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tBuO,C O tBuO,C O

PivO Me conditions PivO ‘
—_—
MOMO OTBS MOMO OH "NMe,
2.73 2,74
entry homologation reagent conditions yield
1. OMe PhMe, 95 °C 42%
PN 2-6h
MeO NMe,
2. OEt PhMe, 95 °C 31%
5h
EtO” "NMe,
3. Oi-Pr PhMe, 95 °C 32%
A th
i-PrO NMe,
4. OMe DME, 85 °C 62%
6h
MeO NMe,

Figure 2.23. Optimization of the formation of enaminone 2.74.

With access to large quantities of acetophenone 2.73, the formation of enaminone
2.74 was investigated (Figure 2.23). Gammill’s protocol calls for the use of commercially
available N,N-dimethylformamide dimethylacetal (DMFDMA) as the homologation
reagent and toluene as solvent.!®® Yields employing this procedure provided 2.74 in
moderate yield (entry 1). Two additional N,N,-dimethylformamide dialkylacetal reagents
were synthesized to probe whether sterics could promote more efficient ionization of the
acetal. These reagents were synthesized by treating the Vilsmeier reagent with the
corresponding alcohol and were purified by vacuum distillation.?!%2!® Both diethyl and
diisopropyl acetals proved to be less efficient than the corresponding dimethyl variant.
Additionally, employing dimethoxy ethane (DME) in place of toluene was beneficial (entry
4). Yields of this step were higher and more reproducible in DME. Addition of N,N-
dimethylformamide dimethylacetal furnished the hydroxyl enamino ketone 2.74 in 62%

yield on 15g scale. The in situ generation of methoxide upon ionization of DMFDMA
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conveniently desilylates the TBS phenol. Thus enaminone 2.74 was poised for

acetoacylation directly.

tBuO,C O tBuO,C O
PivO Me Me,NCH(OMe), PivO ‘
Me NCHOMe), -
MOMO OTBS  DME, 85°C MOMO OH “NMe, o OH
2.73 2.74 0" > Me
62%
159 scale Me“)\o o 2.47
Mé
PhMe, 110 °C
tBuO,C O OH O
Pi 42%
ivO ‘ N Me o
MOMO o
2.75
b. O OH o) 0O O
P _0
o Me A - Me Me
Me“)\ M X ‘ ‘
e o~
ud 0o i Me” 0~ “OH
2.47 2.76

Figure 2.24. Synthesis of protected 5,6-dehydropolivione (2.75).

Enaminone 2.74 was subjected to the acetoacylation conditions optimized for the
unfunctionalized triketone (Figure 2.24). However, utilizing Hoye’s room temperature
acylketene conditions yielded no desired triketo product. Employing acyl Meldrum’s acid,
however, furnished protected 5,6-dehydropolivione (2.75) in 42% yield. The differences
in electronics of the model system and the oxygenated variant could rationalize the
observed divergence in reactivity. In solution, the acetoacetyl group of 2.75 exists almost
entirely as the enol tautomer ('H-NMR: § 15.87 ppm). The major byproduct in the
acetoacylation reactions is dehydroacetic acid (2.76) resulting from the hetero Diels-Alder
reaction between two molecules of acylketene (2.48) (Figure 2.24b). Three equivalents of
acyl-Meldrum’s acid (2.47) proved optimal for this reaction. Additional amounts of acyl-
Meldrum’s acid did not improve the isolated yield of 2.75 and the generation of

dehydroacetic acid produced (2.76) rendered chromatographic purification tedious.
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tBuO,C O OH O

PivO ‘ N-"“Me 1:1 water: dioxane
_— -
MOMO 9 2%
2.75

BCl,
CH,Cly, 23 °C

95%

HO,C O OH O

HO ‘ X “Me H,0, 55 °C

HO O 61%

vinaxanthone (2.1)

Figure 2.25. Endgame for the synthesis of vinaxanthone (2.1).

With protected 5,6-dehydropolivione (2.75) in hand, the dimerization was
attempted (Figure 2.25). Under a variety of conditions, only 2% of protected vinaxanthone
(2.77) was isolated upon warming 2.75 in 1:1 water: dioxane. An alternative strategy was
pursued whereby deprotection of 2.75 occurred before the dimerization reaction.
Gratifyingly, deprotection of 2.75 proceeded smoothly using boron trichloride at room
temperature, providing 5,6-dehydropolivione (2.5) in 95% yield as a white solid. Simply
stirring 5,6-dehydropolivione (2.5) in water at 55 °C formed vinaxanthone (2.1) as an off-
white solid in 61% yield after trituration with methanol. The mild reactions conditions that
proved optimal to forge vinaxanthone (2.1) from 5,6-dehydropolivione (2.5) supports our
proposed biosynthesis. Additionally, this result could indicate that the natural product is

formed in nature non-enzymatically.
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vinaxanthone (2.1)

vinaxanthone (2.1)

Me O
2',3'-dehydroxanthofulvin (2.15)

Figure 2.26. Rationale for the formation of vinaxanthone (2.1) over 2°,3’-
dehydroxanthofulvin (2.15).

In the dimerization of 5,6-dehydropolivione (2.5), only vinaxanthone (2.1) was
isolated. To account for the formation of vinaxanthone (2.1) over 2’,3’-
dehydroxanthofulvin (2.15), an aromaticity-assisted hydrogen bound is invoked (Figure
2.26a).2'222 Hydrogen bonding can significantly influence the structure, relative stability,

9

and reactivity of heterocycles.?!” Conjugated enol 2.16 (precursor to the 6m
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electrocyclization en route to vinaxanthone (2.1)) is in resonance with cyclic oxonium
2.16’. This aromatic oxonium stabilizes the extended enol tautomer and lowers the energy
of the transition state for the subsequent 6w electrocyclization reaction. An alternative
explanation is that an intermediate to xanthofulvin (2.2) is diverted (Figure 2.26b). For
example, 67 electrocyclization of 2.13 provides allylic alcohol 2.14. The alcohol is poised
to engage the proximal chromenone in a reversible 1,4-addition providing acetal 2.14’.
Formation of 2.14’ precludes the subsequent irreversible dehydration and aromatization

step to form 2’,3’-dehydroxanthofulvin (2.15).

tBuO,C O t-BuO,C O
PivO I PivO !
| _— B— OH
MOMO OH “NMe, CHCI;,23°C MOMO (¢} Y
e
2.74 1% 2.78 1.2, 68 CUl
149 scale Pd(PPh),Cl,, i-Pr,NH
THF, 50 °C
2.PDC
o CH,Cly, 23 °C
t-BUOzc o 68% t
Me b two steps
PivO & 8g scale
‘ -
MOMO 0
2.79

Figure 2.27. Synthesis of ynone 2.79.

Xanthofulvin (2.2) was accessed via enaminone 2.74 (Figure 2.27). lodination of
2.74 proceeded smoothly in chloroform, providing the corresponding 3-iodochromenone
(2.78) as a white solid.'®%??* Sonogashira cross-coupling of the iodochromenone 2.78 with
1-butyn-2-ol (2.68) gives the propargylic alcohol.??*?** Pyridinium dichromate (PDC,
Cornforth reagent) oxidation of the alcohol to the ketone forms ynone 2.79 in 68% yield
over two steps.”?® Alternative oxidants including manganese dioxide either provided
inconsistent yields or decomposition (Swern conditions). Attempts at directly coupling 3-

butyn-2-one to iodochromenone 2.78 either via Sonogashira or Castro-Stephens coupling
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was not productive. Electronically poor alkynes, and acyl alkynes in particular are known

to be poor coupling partners.??’-2%8

O O
+-BuO,C
Me OMe PivO
AR5 o
THF, -78 °C MOMO Me
2. 80
83% 0™ "Me NaOH, H,0
49 scale THF, 23 °C
91%
t- BUOzC
O O
P—
MOMO Me
2. 81
0~ "Me

Figure 2.28. Preparation of xanthone 2.81.

Michael
addition

tBuOC O o}
Pvo = OMe  6-exo-dig
Dol
MOMO H9 ,)\ 07 “Me
2.84 (e) Me
tBuO,C O o} tBu0,C
PivO ‘ ~ oMe PivO O O
MOMO 07N\ 07 "Me MOMO Me
285 A 280 o

Figure 2.29. Mechanism for the formation of xanthone 2.80.

Hu and co-workers developed a methodology for the addition and subsequent

cyclizations of enolates into 3-alkynyl chromenones, yielding a variety of substituted
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xanthones.??*23! Addition of the pre-formed sodium salt of methyl acetoacetate into the
ynone (2.79) provided xanthone 2.80 in 83% vyield (Figure 2.28). In this reaction,
temperature control was found to be critical to minimize deacylation. Cooling the reaction
to -78 °C suppressed this byproduct and improved the yield of 2.80. The resulting methyl
ester is saponified using sodium hydroxide in 3:1 tetrahydrofuran (THF): water, yielding
xanthone carboxylic acid 2.81 in 91% yield. To account for the formation of xanthone 2.80,
a mechanism is outlined in Figure 2.29. Methyl acetoacetate adds in a conjugate form,
providing chromanone 2.82. Elimination yields phenolic adduct 2.83. A six-exo-dig
cyclization of the phenol into the ynone forms a 2,3-disubstituted chromanone (2.82). The
chromenone core (2.85) is reformed via isomerization of the exocyclic olefin 2.84.

Following tautomerization of the dienone, 6m electrocyclization furnishes xanthone 2.80.

t-BuO,C O
PivO _
| OMOM
tBuO,C O o) MOMO OH “NMe OPi
PO 2.74 2 t+BuO,C v
OH : P
O O HBTU, FPrNEt Vo O O COLt-Bu|
MOMO o] Me .
281 DMF, 23, °C MOMO Me O
0~ Me 88%
77777777777777777777777777777 2.86
N, “PFg
: N Me | tBuO,C O O O COutBu
! ‘ ‘ . )
! HBTU= N\ N-pe : PivO OPiv
; *Nope | MOMO o] Mel~0 OMOM
i Me’ ! NMe,
LS ; (0] Me
2.87

Figure 2.30. Carboxylate coupling and O-to-C migration.

To complete the construction of the carbocyclic core of xanthofulvin (2.2), we
envisioned coupling the carboxylic acid (2.81) to the 3 position of the chromenone via ester
2.86. After screening many coupling reagents and pre-formed electrophiles, the coupling

reagent N,N,N’,N’-tetramethyl-O-(1H-benzotriazol-1-yl)uranium hexafluorophosphate
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(HBTU) formed the aminal (2.87) in 88% yield. As the byproducts are water soluble,
material prepared using HBTU did not require chromatographic purification. Additionally,
this procedure avoided the need to pre-form the acyl imidazolide or other activated
carboxylic acid derivatives.!®® Using DCC or EDCI also promoted the rearrangement,
although separation of the urea byproducts was tedious. Due to the success of using a
variety of different coupling reagents, the intermediacy of benzoate 2.86 is implicated prior
to the rearrangement. However, unlike previous examples utilizing enaminones to forge 3-

substituted chromenones, the dimethylamino group did not eliminate under the reaction

conditions.
t-BuO,C CO,t-Bu -BuO,C CO,t-Bu
PivO ! l l OPiv Pyr HCl PivO l l l OPiv
MOMO Me O OMOM MeCN, 65 °C MOMO Me (0] OMOM
69%
288
HO,C O OH O COuH 1. NaBH3;CN
MeOH, 23 °C
HO N OH
2.BCly
HO (o) Me O OH CH,Cl,, 23 °C
Me™ ~O 89% two steps
xanthofulvin (2.2)

Figure 2.31. Endgame of the synthesis of xanthofulvin (2.2).

Elimination of dimethylamine was accomplished using anhydrous, freshly prepared
pyridinium hydrochloride. Following this procedure, protected dehydroxanthofulvin (2.88)
was formed in 69% yield. All starting material and reagents must be rigorously anhydrous,
as water led to decomposition of aminal 2.87. Conjugate reduction of the chromenone ring
using sodium cyanoborohydride in methanol provided xanthofulvin in protected form.
Global deprotection was achieved with boron trichloride, yielding xanthofulvin (2.2) after

trituration with chloroform, as a yellow solid in 89% yield. Synthetic xanthofulvin (2.2)
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matched the spectroscopic data for both isolated xanthofulvin and 411J (2.4), suggesting

that xanthofulvin (2.2) is the correct structure of the natural product.'¢%1%
R, O

Ry O o Ry O O O Ry
R, o Rj3 2.900H NMe, R, O O O R,
— >
Ry O 0O O Me - = R3 (0] Me O
0~ "Me 0~ 'Me

2.89

Ry

Py
&

2.91
Ry O

Rz
Ry O O m Ry O O O Ry
R OH "NMe
O OO O
—_—
f0) Me R3 O Me O R3

Rj
2.92 Ve o Me

Figure 2.32. Generation of chemically edited xanthofulvin derivatives.

The advantages of the synthesis of xanthofulvin (2.2) is that the approach furnishes
the core through a modular and controlled union of a xanthone and chromenone equivalent.
Thus, in the future, new analogs of xanthofulvin can be prepared where the oxygenation
pattern of the xanthone core differs from the chromenone core (Figure 2.32). Performing
the O-to-C rearrangement with an enamino ketone processing oxygenation differing from
that of the xanthone core, would provide a new derivative of xanthofulvin (2.91 and 2.94,
for example). The overall goal would be to determine the effects on regeneration by

manipulating the oxygenation pattern of xanthofulvin (2.2).
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R
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Figure 2.33. Second generation synthesis of vinaxanthone (2.1) from ynone 2.79.

During the synthesis of xanthofulvin (2.2) it was serendipitously discovered that
ynone 2.79 could be converted to protected vinaxanthone (2.77) with treatment of water
and triethylamine at 23 °C (Figure 2.33). The amount of water was found to be critical to
the reaction yield. With careful occlusion of water, unreacted starting material was re-
isolated. Utilizing sub-stoichiometric amounts of water allowed for the generation of
protected vinaxanthone (2.77) in good yield. Addition of 0.1 equivalents formed 2.77 in
65% yield. It was determined empirically that 0.5 equivalents of water was optimal,
providing protected vinaxanthone in 87% yield on gram scale. Increasing the amount of
water led to lower yields of 2.77. Analogous to the first generation synthesis of
vinaxanthone, deprotection utilizing boron trichloride provided vinaxanthone (2.1) in 98%

yield.
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Figure 2.34. Proposed mechanisms of ynone (2.79) coupling to form protected
vinaxanthone (2.77).

Based on the outcome of the optimization experiments, the mechanism for the
formation of protected vinaxanthone (2.77) is depicted in Figure 2.34. 1,4-addition of water
into the chromenone of ynone 2.79 provides hemiacetal 2.96. Collapse of the resulting
hemiacetal gives phenol 2.97. Bond rotation and subsequent addition of the phenol into the
alkynone furnishes chromanone 2.98. Isomerization of the exocyclic olefin gives aldehyde
295. Upon tautomerization of the aldehyde into its enal form (2.99), Diels-Alder
cyclization with another molecule of ynone 2.79 forms allylic alcohol 2.100. Finally, loss
of water furnishes protected vinaxanthone 2.77. To test whether aldehyde 2.95 could be
isolated discretely, ynone 2.79 was treated with 1000 equivalents of water. Hydration of

the ynone (2.79) resulted in isolation and characterization of aldehyde 2.95, which was
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then combined with ynone 2.79, forming 2.77 and supporting the proposed mechanism for

its formation.

o) o)
R, O Ry, O OH Ry O
Me Me
Ry Z H.O R, _ Ry Z
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R2 // Me
‘ _—
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Figure 2.35. Access to chemically edited vinaxanthone analogs.

The second generation synthesis of vinaxanthone (2.1) provides an opportunity to
generate a coupling partner in situ to react with another ynone (Figure 2.35). For example,
hydration of ynone 2.101 provides enal 2.102. Combining 2.102 with 2.103 provides
vinaxanthone derivative 2.104. Alternatively, ynone 2.103 could be hydrated, providing
enal 2.105. Admixture of 2.105 with ynone 2.101 gives new derivative 2.106. With six
distinct functionality to manipulate (four phenols and two carboxylates), this would
provide 2% = 64 possible derivatives of vinaxanthone, all accessible from the synthesis of

eight ynones.
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Figure 2.36. Axonal outgrowth of vinaxanthone (2.1) and xanthofulvin (2.2).

Utilizing an in vivo assay developed to identify small molecules that promote
outgrowth of neurons, vinaxanthone (2.1) and xanthofulvin (2.2) and 25 derivatives of
vinaxanthone prepared following the second generation synthesis, were screened in the

nematode Caenorhabditis elegans (Figure 2.36).23

Mutant, age-synchronized C. elegans
(twenty worms observed in triplicate) possessing GFP-labeled cholinergic neurons were
treated with vinaxanthone (2.1) or xanthofulvin (2.2) and then observed under fluorescence
microscopy for outgrowth. Cholinergic neurons are expressed both ventrally and dorsally
along the body of the worm, with commissures protruding latitudinally to connect the

ventral and dorsal nerve cords. Worms are scored on whether new branching from

commissures (Figure 2.36b) or sprouting from the ventral or dorsal nerve cord (Figure

174



2.36d) or sublateral nerve cord (Figure 2.36¢) are observed. At concentrations of 2.0 uM
vinaxanthone (2.1) and xanthofulvin (2.2) promoted growth in 32% and 31% of worms,
respectively. The amount of outgrowth is comparable to dibutyryl cAMP, which promotes

growth in 36% of worms at the same concentration and less than 18% of control worms.?*?

45%
40% T

35% I
30%
25%
20% T

15%-
10% -
5%

Worms with Qutgrowth (%)

0%

control dibutyryl cCAMP  vinaxanthone xanthofulvin

Figure 2.37. Outgrowth of vinaxanthone (2.1) and xanthofulvin (2.2) in C. elegans.
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Figure 2.38. Outgrowth of chemically edited derivatives of vinaxanthone.

176



HO,C HO,C O
” O O “ Y
\
HO Me HO O
2131
2132
Me’
25% 15%

Figure 2.39. Outgrowth of xanthone methyl ester (2.131) and chromenone (2.131).

Utilizing the controlled condensation reaction developed for the second generation
synthesis of vinaxanthone (2.1), five ynones were synthesized, resulting in 25 analogs of
vinaxanthone possessing different levels of oxidation. These derivatives were subjected to
the C. elegans outgrowth assay (Figure 2.38). Several derivatives (2.107, 2.108, 2.109, and
2.111) matched or outperformed the outgrowth observed for vinaxanthone (2.1). From this
data, maintaining the oxygenation pattern of the xanthone core of vinaxanthone is more
critical to outgrowth than the chromenone core. Two additional truncated small molecules
were also tested for outgrowth (Figure 2.39). Xanthone methyl ester 2.131 resulted in only
25% of worms with outgrowth and chromenone 2.132 displayed poor outgrowth,
demonstrating the synergistic effect of both the chromone and xanthone chore of the

molecule together in these natural products.

O G5

oloumucine (2.133) Iavendustm A (2.134)

CO,H

Figure 2.40. Sema3A inhibitors oloumucine (2.133) and lavendustin A (2.134).

With access to synthetic vinaxanthone (2.1) and xanthofulvin (2.2) and
confirmation of the growth promoting capabilities of these molecules utilizing C. elegans,
the biological targets were reexamined. Genetic attenuation of the NRP1/ plex 1 complex,

the receptor targeted by Sema3A, does not yield axonal protuberance observed following
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injury.?** Additionally, inhibition at the post-receptor level employing olomoucine (2.133)
or lavendustin A (2.134) does not promote growth (Figure 2.40).2% The observation that
vinaxanthone (2.1) and xanthofulvin (2.2) do promote growth and regeneration in these
assays indicates they are targeting another growth promoting biological receptor in addition
to Sema3A.

The poly-anionic nature of vinaxanthone (2.1) and xanthofulvin (2.2) at
physiological pH could mean that the protein receptor is located on the outside of the cell,
like Sema3A. An important class of transmembrane domain receptors are G-protein
coupled receptors (GPCRs). GPCRs are only found in eukaryotes and are responsible for
regulating the majority of important physiological processes.?*® While comprising less than
one thousand of the protein-coding genes found in the human genome, these cell-surface
receptors are the pharmacological target of more than half of all therapeutics.?”*® Given
the ubiquity of GPCRs as therapeutic targets, we subjected vinaxanthone (2.1) and
xanthofulvin (2.2) to a panel of GPCRs.

Both vinaxanthone (2.1) and xanthofulvin (2.2) proved to be strong positive
allosteric modulators of succinate receptor 1 (SUCNR1). However, neither were agonists
nor antagonists of this GPCR (vinaxanthone only had 4.4% efticacy of activating SUCNR1
without succinate present). Allosteric modulators are ligands that interact with binding sites
that differ topographically from the site recognized by the endogenous agonist. Positive
allosteric modulators amplify the attraction of the endogenous ligand to the orthosteric site.
Additionally the allosteric site tends to be more promiscuous than the orthosteric site due

to decreased evolutionary pressure.?3*-24!
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Figure 2.41. Vinaxanthone (2.1) and xanthofulvin (2.2) are allosteric modulators of
SUCNRI.

In the presence of succinate and at concentrations of 0.2 uM, vinaxanthone (2.1)
and xanthofulvin (2.2) have dose ratios of 0.33 and 0.32 and efficacy of 230% and 220%,
when compared to sodium succinate alone (Figure 2.41). A concentration of 0.2 uM is the
same concentration that vinaxanthone (2.1) and xanthofulvin (2.2) were previously tested
for Sema3A activity, demonstrating that at this concentration SUCNRI is also activated.
Vinaxanthone (2.1) was screened against SUCNRI at a variety of concentrations and was

found to remain active down to 1 nM (Figure 2.42).
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Figure 2.42. Activation of SUCNRI at various concentrations of vinaxanthone (2.1).
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Figure 2.43. Activation of SUCNRI leads to angiogenesis and release of cell
proliferation factors.

Succinate, an intermediate in the Krebs cycle is the native ligand for SUCNRI
(identified previously as GPR91).2*> During hypoxia, nonoxidized flavin and nicotinamide
nucleotide inhibit succinic dehydrogenase (Figure 2.43).2* As a result of this inhibition,
cellular concentrations of succinate increase, activating SUCNRI. In the short term, this
triggers vasorelaxation which re-establishes blood flow, and thus increases oxygen and
nutrient supply to the hypoxic tissue. Anti-angiogenic factors including thrombospondin-1
are also suppressed.

In addition to inhibiting anti-angiogenic factors, SUCNRI has been shown to be a
long-term regulator of pro-angiogenic factors including angiopoietin 1 and 2 and VEGF.**
For example, genetic knockdown of SUCNRI attenuates vasoproliferation in a mouse
model. Significantly, Sema3A and VEGF share the same extracellular receptor, thus

activation of VEGF opposes the action of Sema3A.?** From this data, vinaxanthone (2.1)

and xanthofulvin (2.2) inhibit Sema3A, and, through the actions of SUCNR1, stimulate the
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growth promoting molecule VEGF. This dual role for vinaxanthone (2.1) and xanthofulvin

(2.2) addresses the neuronal regeneration observed following injury.
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MODEL SYSTEM EXPERIMENTAL SECTION

Organic solutions were concentrated by rotary evaporation at ~ 20 torr. Methylene chloride
(CH2Cl), diethyl ether (Et20), tetrahydrofuran (THF) and toluene (PhMe) were purified
using a Pure-Solv MD-5 Solvent Purification System (Innovative Technology). All other
reagents and solvents were used directly from the supplier without further purification.
Analytical thin-layer chromatography (TLC) was carried out using 0.2 mm commercial
silica gel plates (silica gel 60, F254, EMD chemical) and visualized using a UV lamp. TLC
plates were stained using ceric ammonium molybdate (CAM), aqueous potassium
permanganate (KMnOs) or iodine. Infrared spectra were recorded on a Nicolet 380 FTIR
using neat thin film technique. High-resolution mass spectra (HRMS) were recorded on a
Karatos MS9 and are reported as m/z (relative intensity). Accurate masses are reported for
the molecular ion [M+Na]*, [M+H], [M"], or [M-H]. Nuclear magnetic resonance spectra
("H-NMR and '*C-NMR) were recorded with a Varian Mercury 400 (400 MHz, 'H at 400
MHz, 13C at 100 MHz), Agilent MR 400 (400 MHz, 'H at 400 MHz, *C at 100 MHz),
Varian DirectDrive 400 (400 MHz, 'H at 400 MHz, *C at 100 MHz), or Varian
DirectDrive 600 (600 MHz, 'H at 600 MHz, '3C at 150 MHz). For CDCl; solutions the
chemical shifts are reported as parts per million (ppm) referenced to residual protium or
carbon of the solvent: 6 H (7.26 ppm) and 6 C (77.0 ppm). Coupling constants are reported
in Hertz (Hz). Data for 'H-NMR spectra are reported as follows: chemical shift (ppm,
referenced to protium; s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sext =
sextet, sept = septuplet, dd = doublet of doublets, td = triplet of doublets, ddd = doublet of
doublet of doublets, m = multiplet, coupling constant (Hz), and integration). Melting points

were measured on a MEL-TEMP device without corrections.
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The preparation of the enamino ketone follows a modified procedure reported by Gammil.
O-hydroxy acetophenone (2.42) (3.0 g, 22.0 mmol, 1.0 equiv.) and dimethylformamide
dimethylacetal (8.81 mL, 66.1 mmol, 3.0 equiv.) combined in dimethoxy ethane (44.1 mL).

The colorless solution heated to 95 °C and after five hours the red homogeneous solution

was concentrated in vacuo to afford 2.39 (4.18 g, 21.9 mmol, 99% yield).

golden solid, M.P. = 128-129 °C; R¢ = 0.24 (silica gel, 1:1 hexanes: EtOAc); "H-NMR
(400 MHz, CDCl3) 6 7.89 (d, J = 12.0 Hz, 1H), 7.69 (dd, J = 7.9, 1.7 Hz, 1H), 7.35 (ddd,
J=28.6,6.8, 1.7, 1H), 6.84 (dd, J = 8.2, 1.0 Hz, 1H), 6.81 (ddd, / =7.9, 6.8, 1.0 Hz, 1H),
5.79 (d, J=12.3 Hz, 1H), 3.20 (s, 3H), 2.98 (s, 3H); 13C-NMR (100 MHz, CDCl3) 4 191.3,
162.8, 154.7, 133.8, 128.2, 120.2, 118.0, 117.9, 89.8, 42.3, 37.3; IR (film, cm ') 1633,
1585, 1544, 1368, HRMS (ESI) caled. for CiiHi4NO2 [M+H]": 192.10191, obs.
192.10219.
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To a stirred solution of enaminone 2.39 (50.0 mg, 0.261 mmol, 1.0 equiv.) and silver
trifluoroacetate (57.8 mg, 0.261 mmol, 1.0 equiv.) in dichloromethane (2.60 mL) was
added phenyl thioacetoacetate (78.0 puL, 0.261 mmol, 1.0 equiv.). The flask was protected
from light and the heterogeneous solution was stirred for 48 hours. The reaction was the
diluted with chloroform, passed through a pad of celite, and concentrated. The resulting

orange semisolid was purified using acidified silica gel* and 7:1 hexanes: EtOAc as the

eluent to afford 2.37 (40.0 mg, 0.174 mmol, 67% yield).

white solid, M. P. = 142 — 144 °C; R¢ = 0.33 (silica gel 3:1 hexanes: EtOAc); 'H-NMR
(400 MHz, CDCIl3) 6 15.90 (s, 1H), 8.78 (s, 1H), 8.28 (dd, J = 8.2, 1.7 Hz, 1H), 7.73 (ddd,
J=28.5,7.2,1.7Hz, 1H), 7.52 (d,J=8.5 Hz, 1H), 7.49 (ddd, J = 8.2, 7.2, 1.0 Hz, 1H), 7.12
(s, 1H), 2.24 (s, 3H); 13C-NMR (100 MHz, CDCls.) § 224.3, 197.4, 174.7, 160.3, 155.5,
134.2, 126.3, 126.1, 124.5, 118.2, 118.1, 101.5, 26.7; IR (film, cm ') 3420, 1651, 1617,
1465; HRMS (ESI) calcd. for Ci3Hi1oNaO4 [M+Na]™: 253.04713, obs. 253.04722.

*To a 4 L Erlenmeyer flask was added 400 g of silica gel. Added was 2.50 L of deionized
water and the slurry stirred vigorously. The solution was acidified to a pH of 2 with 6.50
mL of 85% phosphoric acid. The slurry stirred for 20 minutes. The silica gel was filtered

and washed with ethyl acetate, then dried in a 120 °C oven overnight.
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Enaminone 2.39 (3.0 g, 15.7 mmol, 1.0 equiv.) and freshly ground acyl Meldrum’s acid
(37) (8.76 g, 47.1 mmol, 3.0 equiv.) were dissolved in toluene (157 mL) and heated to
reflux for 45 minutes, yielding a brown semisolid after removal of the volatiles. The crude
material was purified using acidified silica gel* and 7:1 hexanes: ethyl acetate as the eluent

to afford 2.37 (1.55 g, 6.73 mmol, 43%).

white solid, M. P. = 142 — 144 °C; Rt = 0.33 (silica gel, 3:1 hexanes: EtOAc); 'H-NMR
(400 MHz, CDCl3) 6 15.90 (s, 1H), 8.78 (s, 1H), 8.28 (dd, J = 8.2, 1.7 Hz, 1H), 7.73 (ddd,
J=28.5,72,1.7Hz, 1H), 7.52 (d, J=8.5 Hz, 1H), 7.49 (ddd, J = 8.2, 7.2, 1.0 Hz, 1H), 7.12
(s, 1H), 2.24 (s, 3H); 3C-NMR (100 MHz, CDCls.) § 224.3, 197.4, 174.7, 160.3, 155.5,
134.2, 126.3, 126.1, 124.5, 118.2, 118.1, 101.5, 26.7; IR (film, cm ") 3420, 1651, 1617,
1465; HRMS (ESI) calcd. for Ci3Hi1oNaO4 [M+Na]™: 253.04713, obs. 253.04722.

*To a4 L Erlenmeyer flask was added 400 g of silica gel. Added was 2.50 L of deionize
d water and the slurry stirred vigorously. The solution was acidified to a pH of 2 with 6.50
mL of 85% phosphoric acid. The slurry stirred for 20 minutes. The silica gel was filtered

and washed with ethyl acetate, then dried in a 120 °C oven overnight.
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Enaminone 2.53 (120 mg, 0.59 mmol, 1.0 equiv.) and freshly ground acyl Meldrum’s acid
(327 mg, 1.75 mmol, 3.0 equiv.) were diluted in toluene (5.80 mL). The flask was equipped
with a reflux condenser and lowered into an oil bath set to 145 °C. The reaction was heated
at reflux for 45 minutes. The reaction was concentrated to yield a brown oil. The crude
material was chromatographed using 7:1 hexanes: ethyl acetate as the eluent to afford 2.54

(35.0 mg, 0.14 mmol, 43 %) and 2.54° (68.1 mg, 0.28 mmol, 48 %).

o o white solid; M.P. = 128 - 131 °C; Re = 0.48 (silica gel, 100% EtOAc);
OMLO\ " TH-NMR (400 MHz, CDCl3) & 8.10 (s, 1H), 7.63 (dd, J = 8.5, 1.7 Hz,

254 1H), 7.46 (td, J = 8.5, 1.7 Hz, 1H), 7.03 (td, J = 8.5, 1.7 Hz), 6.9 (d, J =
8.2 Hz, 1H), 6.17 (s, 1H), 3.72 (s. 3H), 2.30 (s, 3H); *C-NMR (100 MHz, CDCl3) 5 190.9,
175.7, 165.4, 158.8, 157.5, 134.0, 130.4, 130.3, 128.3, 120.8, 116.0, 111.3, 55.5, 19.5; IR

(film, cm ') 1643, 1618.7; HRMS (ESI) calcd. for C14H12NaO4 [M+Na]™:267.06278, obs.

267.06302.
o 6 white solid; M.P. = 92 - 93 °C; Rr = 0.36 (silica gel, 1:1 hexanes:
0" me  EtOAc); TH-NMR (400 MHz, CDCl3) 6 8.28 (d, J = 7.5 Hz, 1H), 8.02
o;e (dd, /=79, 1.7 Hz, 1H), 7.48 (ddd, 8.9, 6.8, 1.7 Hz, 1H), 7.32 (d, J =

2.54'

7.5, 1H), 7.1 (dd, J = 7.9, 7.5 Hz, 1H), 7.02 (d, J = 8.2 Hz, 1H) 4.00 (s,
3H), 2.69 (s, 3H); 3C-NMR (100 MHz, CDCls) & 195.4, 163.1, 160.5, 158.3, 148.8, 133.2,
129.7, 121.1, 120.5, 119.1, 111.6, 106.7, 55.7, 30.5; IR (film, cm ') 1730, 1672, 1600,
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1530, 1256, 1244; HRMS (ESI) calcd. for CisHi2NaOs [M+Na]™: 267.06278, obs.
267.06313.

O OH O
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\ € H,0: dioxane 1:1, 100 °C
o

2.37 72%

2.38

Acetoacetyl chromenone 2.37 (32.5 mg, 0.141 mmol) stirred in a 1:1 mixture of water and
dioxane (1.4 mL) heated to 90 °C for 14 hours. The reaction was concentrated in vacuo to
produce a yellow solid, which was purified by silica gel column chromatography using

99:1 dichloromethane: methanol to afford 2.38 (21.7 mg, 0.051 mmol, 72 % yield).

white solid; ML.P. = 264 °C; Rt = 0.35 (silica gel, 1:1 hexanes: EtOAc); 'H-NMR (400
MHz, CDCl3) 6 8.76 (s, 1H), 8.37 (dd, J =7.8, 1.6 Hz, 1H), 8.22 (dd, J="7.8, 1.6 Hz, 1H),
7.90 (s, 1H), 7.79 (ddd, /= 8.6, 7.1, 1.6 Hz, 1H), 7.73 (ddd, J = 8.6, 7.0, 1.6 Hz, 1H), 7.42-
7.53 (m, 4H), 2.67 (s, 3H), 2.49 (s, 3H); PC-NMR (100 MHz, CDCl3) § 201.4, 199.0,
175.7 (2 signals), 156.4, 155.7, 154.4, 153.3, 135.8, 135.7, 134.4, 134.2, 133.3, 127.6,
126.9, 126.3, 125.6, 125.2, 123.7, 121.7, 121.6, 121.0, 118.3, 118.1, 32.3, 28.9; IR (film,
cm 1) 1709, 1684, 1639, 1464; HRMS (ESI) calcd. for C26H16NaOg [M+Na]*: 447.08391,
obs. 447.08391.
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Acetoacetyl chromenone 2.37 (20.0 mg, 0.087 mmol, 1.0 equiv.) was taken up in
acetonitrile (1.7 mL). Triethylamine (8.8 pL, 0.087 mmol, 1.0 equiv.) was added and the
reaction stirred for 14 hours at 23 °C. The crude material was concentrated in vacuo to
produce an orange oil, which was purified 100:10:1 hexanes: ethyl acetate: acetic acid to

afford 2.58 as a yellow oil (6.90 mg, 0.0183 mmol, 42.2 %).

orange oil; Rr=0.41 (3:1 hexanes: EtOAc); TH-NMR (400 MHz, CDCl3) 6 13.10 (s, 1H),
11.89 (s, 1H), 11.67 (s, 1H), 8.37 (d, /= 2.1 Hz, 1H), 7.93 (d, J = 2.1 Hz, 1H), 7.52-7.59
(m, 3H), 7.38 (dd, J=7.9, 1.4 Hz, 1H), 7.10 (d, /= 7.5 Hz, 1H), 7.06 (d, J = 7.9 Hz, 1H),
6.93 (ddd, J=8.2,7.2, 1.0 Hz, 1H), 6.86 (ddd, J =8.2, 7.2, 1.0 Hz, 1H), 2.76 (s, 3H); 1*C-
NMR (100 MHz, CsDs) & 204.4, 199.4, 198.4, 164.0, 163.8, 162.3, 137.2, 136.7, 136.3,
134.5,133.4,132.8, 128.6, 128.5,120.2, 119.5, 119.2, 119.1, 119.0, 118.9, 118.7,25.9; IR
(film, cm 1) 3066, 1626, , 1684, 1639, 1464; HRMS (ESI) calcd. for C2:HisNaOs
[M+Na]": 399.08391, obs. 399.08414.
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BIOMIMETIC SYNTHESIS OF VINAXANTHONE EXPERIMENTAL SECTION

PivCl

o) o]
DMAP, i-Pr,NEt
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OPiv
2.64

89%
To a stirred solution of tetronic acid (2.64) (25.0 g, 250 mmol, 1.0 equiv.) 4-
dimethylaminopyridine, (1.53 g, 12.5 mmol, 0.05 equiv.) and N,N-diisopropylethylamine
(45.8 mL, 262 mmol, 1.05 equiv.) in CH2Cl> (500 mL) at 0 °C was added neat pivaloyl
chloride (25.9 mL, 262 mmol, 1.05 equiv.) dropwise over 40 minutes. Upon complete
addition the dark-brown solution was allowed to warm to 23 °C. After 16 hours the reaction
mixture was concentrated in vacuo to give a dark-brown oil. The residue was suspended in
Et,0 (500 mL) and washed with H,O (500 mL). The aqueous layer was extracted with
Et;0 (5 x 500 mL) and the combined organic layers were dried over MgSO4 and
concentrated in vacuo to give 5-oxo0-2,5-dihydrofuran-3-yl-pivalate (41.0 g, 223 mmol,

89% vield).

amber crystals, M.P. = 46-47 °C; R¢= 0.60 (silica gel, 1:1 hexanes: EtOAc); 'H-NMR
(400 MHz, CDCls) 8 6.00 (t, J = 1.4 Hz, 1H), 4.91 (d, J = 1.4 Hz, 2H), 1.32 (s, 9H); 13C-
NMR (100 MHz, CDCl3) § 173.2, 172.2, 169.1, 100.2, 68.2, 38.3, 26.4; IR (film, v cm )
1779, 1746, 1072.
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To a stirred solution of 5-ox0-2,5-dihydrofuran-3-yl-pivalate (30.0 g, 163 mmol, 1.0
equiv.) in CH2Cl (226 mL) at 0 °C was added triethylamine (29.8 mL, 212 mmol, 1.30
equiv.) in one portion. Neat fert-butyldimethylsilyl triflate (37.8 mL, 165 mmol, 1.01
equiv.) was then added dropwise over 10 minutes. Upon complete addition the amber
solution was allowed to warm to 23 °C. After 1 hour the reaction mixture was concentrated
in vacuo to give an amber oil. The residue was suspended in pentane (200 mL) and stirred
for 1 hour. The organic layer was washed with saturated aqueous NaHCO3 (100 mL),
passed over solid NaHCOs3 (10 g), filtered and washed with brine (100 mL). The organic
layer was dried over potassium carbonate and concentrated in vacuo to give furan 2.65

(37.9 g, 127 mmol, 78% yield).

amber oil; Rr= 0.55 (silica gel, 20: 1 hexanes: EtOAc); "TH-NMR (300 MHz, CDCls) §
7.10 (d,J=1.2 Hz, 1H), 5.15 (d, /= 1.2 Hz, 1H), 1.29 (s, 9H), 0.96 (s, 9H), 0.24 (s, 6H);
I3C-NMR (100 MHz, CDCl3) 8 175.3, 154.3, 139.4, 120.6, 80.1, 39.0, 27.1, 25.4, 18.0, -
4.85; IR (film, v cm 1) 3202, 3141, 1753, 1627; HRMS (ESI) calcd. for CisH2704Si
[M+H]": 299.20000, obs. 299.20000.
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1. AgNO3, H,0, MeOH, 23 °C O
+BUO,C—== tBu0,c—=4
2. AcCl, CH,Cly, 23 °C Me
2.67

49% two steps
To a base-washed flask was added silver nitrate (5.39 g, 31.7 mmol, 2.0 equiv.) water
(60mL) and MeOH (30 mL). Ammonium hydroxide was added dropwise (initially turning
the solution into a dark brown heterogeneous solution) until the precipitate dissolved and
the color dissipated. The flask was protected from light and purged with argon. To this
vigorously stirring solution was added zerz-butyl propionate (x) (2.18 mL, 15.85 mmol, 1.0
equiv.) as a solution in MeOH (10 mL) over 2 hours. The milky solution stirred for an
additional 2 hours at 23 °C. The solution was poured into a seperatory funnel, and extracted
with CCls (100 mL) once and chloroform (3 x 100 mL). The combined organics were then
washed with water (3 x 50 mL), dried over CaCl, and concentrated to reveal a brown/white
solid. The solid was then diluted in CH2Cl> (21 mL) and protected from light. Acetyl
chloride (1.13 mL, 15.85 mmol, 1.0 equiv.) was added as a solution in CH>Cl, (10 mL).
The solution stirred at 23 °C for 20 hours. The heterogeneous solution was diluted with
diethyl ether, and the solids were filtered off. The ethereal layer was washed twice with pH
7 buffer (0.2 M phosphate), brine and then dried over MgSQOs. The solvent was removed
yielding 2.67 (1.25 g, 7.76 mmol, 49% yield).

brown oil; Rf = 0.40 (silica gel, 10:1 hexanes: EtOAc); 'TH-NMR (400 MHz, CDCls) §
2.41 (s, 3H), 1.52 (s, 9H); *C-NMR (100 MHz, CDCl3) 6 182.8, 151.0, 85.4, 79.2, 79.0,
32.3, 27.9; IR (film, v cm 1) 1716, 1689; HRMS (ESI) calcd. for CoH;303 [M+H]":
169.0865, obs. 169.0866.
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OH EVE,PPTS OEE
= > =
Me CHyCly, 23 °C Me
2.68

99%
To a stirred solution of 3-butyn-2-ol (2.68) (100 g, 1.43 mmol, 1.0 equiv.) and ethyl vinyl
ether (151 mL, 1.57 mmol, 1.1 equiv.) in CH2Cl> (3 L) at 23 °C was added solid pyridinium
p-toluenesulfonate (35.9 g, 143 mmol, 0.1 equiv.). After 1 hour the colorless solution was
diluted with Et;O (1 L) and washed with brine (2 L). The organic layer was dried over
sodium sulfate and concentrated in vacuo to give 3-(1-ethoxyethoxy)but-1-yne as a mixture

of diastereomers (201 g, 1.41 mmol, 99% yield).

colorless oil; Rt = 0.40 (silica gel, 1:1 hexanes: EtOAc); TH-NMR (400 MHz, CDCls) &
4.96 (q,J=5.5Hz, 1H),4.85 (q, J=5.5 Hz, 1H), 4.50 (q, /= 6.7 Hz, 1H), 4.35(q, J = 6.7
Hz, 1H), 3.75 (m, 1H), 3.62 (m, 1H), 3.53 (m, 2H), 2.40 (s, 1H), 2.39 (s, 1H), 1.46 (d, J =
3.1 Hz, 3H), 1.44 (d, J = 3.1 Hz, 3H), 1.35 (d, J = 2.7 Hz, 3H), 1.34 (d, J = 2.7 Hz, 3H),
1.21 (t, J= 7.0 Hz, 6H); *C-NMR (100 MHz, CDCl3) 8 98.5, 97.5, 84.5, 83.6, 72.4, 72.0,
61.1, 60.5, 60.0, 59.9, 22.3, 21.9, 20.0, 19.9, 15.2, 14.9; HRMS (ESI) calcd. for CsHi30>
[M+H]": 141.0916, obs. 141.0918.
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OEE n-BulLi, Boc,O OEE
= t-BuO,C—

THF, -78° — 23 °
Me 8°—> 23°C 269 Me

96%
To a stirred solution of 3-(1-ethoxyethoxy)but-1-yne (110 g, 774 mmol, 1.0 equiv.) in THF
(4.5 L) at —78 °C was added a solution of n-butyllithium in hexanes (2.0 M, 404 mL, 808
mmol, 1.05 equiv.). After 15 minutes neat liquid di-zert-butyl dicarbonate (186 mL, 808
mmol, 1.05 equiv.) was added over 10 minutes. Upon complete addition the amber solution
was allowed to warm to 23 °C. The reaction mixture was diluted with Et:O (1.5 L) and
washed with H,O (3 L) and brine (3 L). The organic layer was dried over MgSO4 and
concentrated in vacuo to give 2.69 as a mixture of diasteromers (180 g, 743 mmol, 96%

yield).

amber oil; Rr= 0.21 (silica gel, 20:1 hexanes: EtOAc); 'H-NMR (400 MHz, CDCI3) &
491 (q,J=5.1 Hz, 1H), 4.82 (q, J =5.1 Hz, 1H), 4.56 (q, J = 6.8 Hz, 1H), 4.40 (q, ] = 6.8
Hz, 1H), 3.73 (m, 1H), 3.62 (m, 1H), 3.56 (m, 1H), 3.50 (m, 1H), 1.49 (s, 18 H), 1.46 (d, J
=1.7Hz, 6H), 1.34 (d, J = 1.4 Hz, 6H) 1.12 (t, ] = 8.5 Hz, 6H); '3C-NMR (100 MHz, C¢Ds)
0 152.6, 152.5,99.3,98.3, 86.1, 85.2, 82.9, 82.7, 78.3, 77.9, 61.0, 60.4, 60.3, 60.2, 27.8 (2
signals), 21.8, 21.5, 20.1, 20.0, 15.5, 15.3; IR (film, v cm ') 1710, 1274, 1160; HRMS
(ESI) calcd. for C13H22NaO4 [M+Na]™: 265.14103, obs. 265.14100.
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OEE PPTS OH

tBUO,C—= t+Buo,c—=—

EtOH, 78 °C
2.69 Me Me

89%
To a stirred solution of 2.69 (117g, 483 mmol, 1.0 equiv.) in ethanol (4.8 L) heated to 78
°C was added pyridinium p-toluenesulfonate (12.1g, 48.3 mmol, 0.1 equiv.). After 2 hours
the amber solution was allowed to cool to 23 °C. The reaction mixture was diluted with
Et,0 (2.4 L) and washed w ith brine (4 L). The organic layer was dried over MgSO4 and
concentrated in vacuo to give tert-butyl 4-hydroxypent-2-ynoate (73.1 g, 429 mmol, 89%
yield).

amber oil; Re = 0.30 (silica gel, 3:1 hexanes: EtOAc); THNMR (400 MHz, CDCls) & 4.62
(m, 1H), 2.13 (bs, 1H), 1.51 (m, 12H); ¥C-NMR (100 MHz, CsDs) & 152.8, 86.8, 82.9,
77.5, 57.8, 27.8, 23.1; IR (film, v cm ') 3400, 1709; HRMS (ESI) calcd. for CoH;505
[M+H]": 171.1021, obs. 171.1019.
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OH CrO3, H;SO, (0]

+BUO,C—= #Bu0,c—=H

Me Me,CO,0°C 267 Me

80%
To a stirred solution of tert-butyl 4-(1-ethoxyethoxyl)pent-2-ynoate (73.0 g, 429 mmol, 1.0
equiv.) in Me>CO (1.2 L) at 0 °C was added ice-cold Jones reagent (1.53 M (67.0 g CrOs,
58.0 mL concentrated H>SO4 and 160 mL H>O), 280 mL, 429 mmol, 1.0 equiv.) slowly
over 15 minutes. After 30 minutes i-PrOH (40 mL) was added to neutralize any excess
Jones reagent. The reaction mixture was diluted with CH>Cl, and washed with H>O (1 L),
saturated aqueous NaHCOs3 (1 L) and brine (1 L). The organic layer was dried over sodium
sulfate and then concentrated in vacuo. The crude material was passed through a plug of

silica gel (1:1 pentane: ether) to give keto-ester 2.67 (57.5 g, 342 mmol, 80% yield).

amber oil; Rr = 0.40 (silica gel, 10:1 hexanes: EtOAc); 'TH-NMR (400 MHz, CDCls) &
2.41 (s, 3H), 1.52 (s, 9H); *C-NMR (100 MHz, CDCls) 6 182.8, 151.0, 85.4, 79.2, 79.0,
32.3, 27.9; IR (film, v cm 1) 1716, 1689; HRMS (ESI) calcd. for CoH1303 [M+H]":
169.0865, obs. 169.0866.
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o)

OTBS  tguo,c—=H +Bu0,C O
2.67
(e Me Me
— THF, 23 °C
OPiv PivO OTBS
2.65 96% 2.7

To a stirred solution of furan 2.65 (70.4 g 236 mmol, 1.0 equiv.) in THF (212 mL) at 0 °C
was added keto ester 2.67 (39.7 g, 236 mmol, 1.0 equiv.) in one portion. Upon complete
addition the amber solution was allowed to warm to 23 °C. After 1 hour the reaction
mixture was concentrated in vacuo to give 2.71 as a colorless oil that was used in the next

step without purification.

colorless oil; Rf = 0.35 (silica gel, 10:1 hexanes: EtOAc); TH-NMR (400 MHz, CDCl3) &
6.38 (s, 1H), 5.24 (s, 1H), 2.43 (s, 3H), 1.47 (s, 9H), 1.25 (s, 9H), 0.90 (s, 9H), 0.20 (s, 3H),
0.18 (s, 3H); ¥C-NMR (100 MHz, CDCl3) & 199.3, 174.3, 167.7, 163.7, 161.2, 146.3,
118.5, 113.9, 82.3, 78.2, 39.2, 30.7, 27.9, 26.8, 25.4, 17.7, -3.5, -3.7; IR (film, v cm )
1769, 1712; HRMS (ESI) calcd. for C24H3307Si [M+Na]": 489.22790, obs. 489.22801.
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tBuO,C O t-BuO,C O

@ Me HCl PivO Me
PivO OTBS CH,Cly, 23 °C HO

OTBS

2.71 76% 2.72

To a stirred solution of bicycle 2.71 (110 g, 236 mmol, 1.0 equiv.) in THF (471 mL) at 0
°C was added a solution of dry hydrochloric acid in dioxane (4.0 M, 47.1 mL, 47.1 mmol,
0.2 equiv.) over 5 minutes. Upon complete addition the amber solution was allowed to
warm to 23 °C. After 2 hours the reaction mixture was concentrated in vacuo, yielding a
brown oil. The crude material was purified via silica gel column chromatography (20:1

hexanes: EtOAc) to give phenol 2.72 (82.9 g, 178 mmol, 75% yield over 2-steps).

colorless oil; Rr = 0.38 (silica gel, 10:1 hexanes: EtOAc); "H-NMR (400 MHz, CDCl3) &
10.91 (s, 1H), 6.71 (s, 1H), 2.48 (s, 3H), 1.54 (s, 9H), 1.38 (s, 9H), 0.94 (s, 9H), 0.18 (s,
9H); 3C-NMR (100 MHz, CDCl3) § 202.3, 176.3,168.4, 148.7, 142.5,139.7,131.9, 119.9,
111.0, 85.7, 39.2, 32.5, 27.8, 27.2, 25.5, 18.0, -4.4; IR (film, v cm ) 1763, 1716, 1673;
HRMS (ESI) calced. for C24H3307Si [M+Na]™: 489.22790, obs. 489.22813.
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tBuO,C O t-BuO,C O

) CH3;0CH,CI .
PivO Me i-Pr,NEt PivO Me
D ———
HO OTBS CHyCl, 0°C MOMO OTBS
2.72 2.73

72%

To a stirred solution of phenol 2.72 (82.9 g, 178 mmol, 1.0 equiv.) in CH2Cl, (1.7 L) at 0
°C was added N,N-diisopropylethylamine (63.4 mL, 355 mmol, 2.0 equiv.). A solution of
methoxymethyl chloride in toluene/ MeOAc (2.1 M, 127 mL, 267 mmol, 1.0 equiv.) was
then added slowly over 20 minutes. Upon complete addition the amber solution was
allowed to warm to 23 °C. After 1 hour the reaction mixture was diluted with 0.1 M HCI
(500 mL) and extracted with CH2Cl> (500 mL). The organic layer was dried over sodium
sulfate and concentrated in vacuo to give an amber oil. The crude material was purified by
silica gel column chromatography (10:1 hexanes: EtOAc), yielding acetophenone 2.73
(61.4 g, 120 mmol, 68% yield).

white solid; ML.P. = 60-62 °C; Re = 0.61 (silica gel, 3:1 hexanes: EtOAc); 'TH-NMR (400
MHz, CDCl3) 6 6.76 (s, 1H), 5.10 (s, 2H), 3.42 (s, 3H), 2.54 (s, 3H), 1.49 (s, 9H), 1.34 (s,
9H), 0.97 (s, 9H), 0.21 (s, 9H); 13C-NMR (100 MHz, CDCls) 6 200.9, 175.7, 163.5, 150.9,
150.4, 132.8, 128.1, 125.7, 108.6, 94.6, 82.5, 55.9, 38.9, 31.7, 27.7, 27.1, 25.6, 18.1, -4.4;
IR (film, v cm ') 1761, 1733, 1703; HRMS (ESI) calcd. for C26H42NaOsSi [M+Na]*:
533.25412, obs. 533.25387.
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+Bu0,C O +BuO,C O

PivO Me Me,NCH(OMe), PivO. ‘
MOMO oTes  DME,85°C MOMO OH ~NMe,
2.73 2.74

62%
To a stirred solution of acetophenone 2.73 (15.4 g, 30.2 mmol, 1.0 equiv.) in DME at 85
°C was added N,N-dimethylformamide dimethyl acetal (16.1 mL, 121 mmol, 4.0 equiv.)
in one portion. After 3 hours the amber solution was cooled to 23 °C and then concentrated
in vacuo to give enaminone 2.74 as a dark oil. The crude material was chromatographed

(1:1 hexanes: EtOAc), yielding enaminone 2.74 (8.59 g, 19.0 mmol, 63% yield).

orange solid, M.P. = 118-119 °C; R¢ = 0.26 (silica gel, 1:1 hexanes: EtOAc); TH-NMR
(400 MHz, CDCl3) 6 12.43 (bs, 1H), 7.77 (d, J = 12.2 Hz, 1H), 6.70 (s, 1H), 5.49 (d, J =
12.2 Hz, 1H), 5.13 (s, 2H), 3.41 (s, 3H), 3.15 (s, 3H), 2.84 (s, 3H), 1.47 (s, 9H), 1.34 (s,
9H); 3C-NMR (100 MHz, CDCl3) 6 189.4, 175.8,165.6, 159.3, 154.4, 151.6, 130.1, 128.5,
113.7, 104.0, 95.2, 94.0, 82.4, 56.0, 45.1, 38.7, 37.1, 27.6, 27.0; IR (film, v cm ) 1751,
1716, 1632, 1111; HRMS (ESI) caled. for C3H33NNaOg [M+Na]™: 474.20984, obs.
474.21058.
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O OH
=

£BuO,C O 0 Me £BuO,C O OH O
i Me“)\ 2.47 i
PivO . PivO
iv ‘ Me (0) 0] v ‘ NS Me
MOMO OH “NMe, PhMe, 110 °C MOMO o
2.74 2.75

42%
To a solution of 2.74 (1.44 g, 3.19 mmol, 1.0 equiv.) in toluene (32 mL) was added freshly
ground acyl Meldrum’s acid (2.47) (1.78 g, 9.57 mmol, 3.0 equiv.). The amber solution
was heated to reflux for 45 minutes the cooled to 23 °C and concentrated in vacuo to give
a brown solid. The crude material was purified via acidified silica gel* column
chromatography (7:1 hexanes: EtOAc), yielding 2.75 (650 mg, 1.33 mmol, 42%) as a

yellow solid.

yellow solid, M.P. = 181-182 °C; R¢= 0.24 (silica gel, 3:1 hexanes: EtOAc); 'H-NMR
(400 MHz, CDCl3) 6 15.87 (s, 1H), 8.66 (s, 1H), 7.23 (s, 1H), 7.05 (s, 1H), 5.24 (s, 2H),
3.45 (s, 3H), 2.22 (s, 3H), 1.65 (s, 9H), 1.38 (s, 9H); 1*C-NMR (100 MHz, CDCl3, The
highly concentrated '*C sample produced a mixture of keto and enol tautomers) § 202.5,
197.6, 192.1, 174.3, 172.6, 163.6, 161.7, 159.4, 154.5, 154.2, 153.4, 136.7, 128.6, 120.9,
118.0,116.3,115.8,103.9,103.8,101.7,94.7, 83.1, 57.7, 56.7, 56.6, 39.2, 30.7, 28.2, 27.2,
26.9; IR (film, cm ') 1762, 1734, 1663, 1621; HRMS (ESI) calcd. for C25H3NaOio
[M+Na]™: 513.17312, obs. 513.17341.

*To a4 L Erlenmeyer flask was added 400 g of silica gel. Added was 2.50 L of deionized
water and the slurry stirred vigorously. The solution was acidified to a pH of 2 with 6.50
mL of 85% phosphoric acid. The slurry stirred for 20 minutes. The silica gel was filtered

and washed with ethyl acetate, then dried in a 120 °C oven overnight.
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tBuo,C O OH O HO,C O OH O

PiVOWMe BCl, HOW'\M
MOMO 2.750 CH?‘;';OZ?’ © HOTY 0
To a solution of 2.75 (50.0 mg, 0.102 mmol, 1.0 equiv.) in CH2Cl> (10 mL) 0 °C was added
boron trichloride solution (1.0 M in CH2Cl,, 1.22 mmol, 1.22 mL, 12.0 equiv.). The red
heterogeneous solution warmed to 23 °C and stirred for 1 hour. The reaction was cooled to
0 °C and quenched with 2 mL of 2N HCI, and stirred at 0 °C for 5 minutes. The solution
was diluted with ethyl acetate (30 mL) and the pH of the aqueous layer was adjusted to a
pH of 7 using a pH 10 buffer (40 mL of 0.2 M phosphate buffer). The layers were separated
and the organic layer was extracted three times with additional pH 7 buffer (30 mL of 0.2
M phosphate buffer). The combined aqueous washes were re-acidified to a pH of 2 using
2N HCI and extracted with ethyl acetate (3 x 30 mL). The organic layers were washed with

brine (50 mL), dried over MgSO4 and concentrated in vacuo to yield 5,6-dehydropolivione

(2.5) (20.1 mg, 0.098 mmol, 96% yield) as a yellow solid.

yellow solid; MLP. = 231-232 °C; Re= 0.54 (silica gel, 9:1 EtOAc: AcOH); 'H-NMR (400
MHz, (CD3),S0) & [enol] 16.10 (bs, 1H), 12.71 (bs, 1H), 11.55 (bs, 1H), 9.50 (bs, 1H),
8.84 (s, 1H), 6.98 (s, 1H), 6.96 (s, 1H), 2.19 (s, 3H), [keto] 12.71 (bs, 1H), 11.55 (bs, 1H),
9.50 (bs, 1H), 8.73 (s, 1H), 6.96 (s, 1H), 4.09 (s, 2H), 2.20 (s, 3H); *C-NMR (100 MHz,
(CD3),S0) & [enol] 196.7, 176.0, 172.3, 167.4, 160.2, 152.6, 149.8, 142.0, 120.2, 116.2,
113.2, 102.4, 100.8, 26.3, [keto] 203.0, 192.7, 173.0, 161.7, 152.6, 150.1, 120.4, 120.2,
113.6, 102.5, 57.4, 30.6; IR (film, cm ') 3280, 1617, 1473; HRMS (ESI) calcd. for
C14HoOg [M-H]": 305.03029, obs. 305.03013.
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HO,C O OH O

HO ‘ N~"“Me  Hy0, 90°C
—_—
HO o) 60%

vinaxanthone (2.1)

Suspended 5,6-dehydropolivione (2.5) (20.0 mg, 0.065 mmol) in water (0.653 mL) stirred
at 90 °C for 36 hours. The reaction was diluted with 2 mL of concentrated ammonium
hydroxide solution. The mixture was washed with ethyl acetate (2 x 30 mL), and acidified
to a pH of 1 using concentrated HCI (10 mL) at 0 °C. The crude material was extracted
with ethyl acetate (3 x 20 mL), washed with pH 2 buffer solution (20 mL) then brine
(20mL) before drying over magnesium sulfate, yielding crude vinaxanthone that was
purified by repeated trituration with methanol (3 x 1 mL portions) yielding pure

vinaxanthone (2.1) as a yellow solid (11.2 mg, 0.019 mmol, 60% yield).

yellow solid; M.P. = >280 °C; Re= 0.05 (silica gel, 95:5 EtOAc: AcOH); 'TH-NMR (400
MHz, (CD3)2S0) 6 12.89 (bs, 1H), 12.72 (bs, 1H), 11.69 (bs, 1H), 11.44 (bs, 1H), 9.42 (bs
2H), 9.42 (bs, 2H), 8.53 (s, 1H), 8.18 (s, 1H), 6.96 (s, 1H), 6.94 (s, 1H), 2.55 (s, 3H), 2.53
(s, 3H); 13C-NMR (125 MHz, (CD3):S0) 6 201.1, 199.1, 172.9, 172.6, 167.4, 167.4, 154.1,
152.7, 152.5, 152.1, 150.7, 150.3, 141.7, 141.0, 136.2, 133.4, 132.6, 126.3, 120.8, 120.5,
119.8, 119.6, 112.4, 110.0, 102.4, 102.3, 32.1, 29.1; IR (KBr, cm ) 3236, 1683, 1653,
1472, 1288; HRMS (ESI) calcd. For C2sH15014 [M-H]: 575.04673, obs. 575.04679.
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HO,C O OH O
HO ‘ X"Me H,0, 55 °C
—_—

HO o 61%

vinaxanthone (2.1)

Suspended 5,6-dehydropolivione (2.5) (10.0 mg, 0.033 mmol, 1.0 equiv.) in water (0.327
mL) stirred at 55 °C for 4 days. The reaction was quenched with 2 mL of concentrated
ammonium hydroxide. The solution was washed with ethyl acetate (2 x 20 mL), and then
re-acidified to a pH of 1 using concentrated HCl at 0 °C. The crude material was extracted
with ethyl acetate (3 x 20 mL), washed with pH 2 buffer (20 mL), then brine (30 mL)
before drying over magnesium sulfate, yielding vinaxanthone (2.1) (5.7 mg, 0.0099 mmol,

61%) as a yellow solid after trituration with methanol (3 x ImL portions).

yellow solid; M.P. = >280 °C; Re= 0.05 (silica gel, 95:5 EtOAc:AcOH); "H-NMR (400
MHz, (CD3)2S0) 6 12.89 (bs, 1H), 12.72 (bs, 1H), 11.69 (bs, 1H), 11.44 (bs, 1H), 9.42 (bs
2H), 9.42 (bs, 2H), 8.53 (s, 1H), 8.18 (s, 1H), 6.96 (s, 1H), 6.94 (s, 1H), 2.55 (s, 3H), 2.53
(s, 3H); 13C-NMR (125 MHz, (CD3):S0) 6 201.1, 199.1, 172.9, 172.6, 167.4, 167.4, 154.1,
152.7, 152.5, 152.1, 150.7, 150.3, 141.7, 141.0, 136.2, 133.4, 132.6, 126.3, 120.8, 120.5,
119.8, 119.6, 112.4, 110.0, 102.4, 102.3, 32.1, 29.1; IR (KBr, cm ) 3236, 1683, 1653,
1472, 1288; HRMS (ESI) calcd. For C2sH15014 [M-H]: 575.04673, obs. 575.04679.
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SYNTHESIS OF XANTHOFULVIN EXPERIMENTAL SECTION

t-Bu0,C O tBuO,C O
PivO | PivO |
| - |
—_—
MOMO OH “NMe, CHCI3, 23°C MOMO (o}
2.74 2.78

91%
To a stirred solution of crude enaminone 2.74 (13.6 g, 30.2 mmol, 1.0 equiv.) in CHCI3
(302 mL) at 23 °C was added solid iodine (15.3 g, 60.4 mmol, 2.0 equiv.) in one portion.
After 40 minutes the black solution was diluted with saturated aqueous Na>S>0O3 (300 mL)
and extracted with CH2Cl2 (300 mL). The organic layer was dried over sodium sulfate and
concentrated in vacuo to give a tan solid. The crude material was purified via silica gel
column chromatography (1:1 hexanes: EtOAc) to give iodochromone 2.78 (9.65 g, 18.1

mmol, 60% over 2-steps).

white solid, M.P.= 189-190 °C R¢=0.32 (silica gel, 3:1 hexanes: EtOAc); TH-NMR (400
MHz, CDCls): 6 8.19 (s, 1H), 7.17 (s, 1H), 5.23, (s, 2H), 3.25 (s, 3H), 1.64 (s, 9H), 1.37 (s,
9H); ¥C-NMR (100 MHz, CDCl3): & 175.4, 170.9, 163.2, 156.8, 154.9, 153.3, 136.5,
128.3,112.8, 103.5,94.7, 86.7, 83.3, 56.6, 39.2, 28.2, 27.2; IR (film, v cm !): 1764, 1731,
1650; HRMS (ESI) calcd. for C21H25sINaOs [M+Na]": 555.04863, obs. 555.04881.
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OH

OH
/\Me
t-BuO,C O 7~ 2.68 t-BuO,C O e
Pivo:@\)ﬁ/l Cul, Pd(PPha),Cly, i-Pr,NH PivO =
\ . \
MOMO o THF, 50°C MOMO o
2.74 73%

To a stirred solution of iodochromenone 2.74 (8.08 g, 15.2 mmol, 1.0 equiv.),
bis(triphenylphosphine) palladium (II) dichloride (213 mg, 0.30 mmol, 0.02 equiv.) and
copper iodide (289 mg, 1.54 mmol, 0.1 equiv.) in degassed THF (51 mL, 0.3 M) at 23 °C
was added 3-butyn-2-ol 2.68 (4.8 mL, 60.7 mmol, 4.0 equiv.) followed by neat
diisopropylamine (6.5 mL, 45.5 mmol, 3.0 equiv.). After 1 hour, the reaction mixture was
diluted with aqueous 0.2 M pH = 7.0 phosphate buffer (100 mL) and extracted with CH>Cl»
(100 mL). The organic layer was dried over sodium sulfate and concentrated in vacuo to
give an amber oil. The crude material was purified via silica gel column chromatography

(1:1 hexanes: EtOAc) to give pure propargyl alcohol (5.23 g, 11.0 mmol, 73%).

tan solid, M.P. = 132-134 °C; Re = 0.21 (silica gel, 1:1 hexanes: EtOAc); 'H-NMR (400
MHz, CDCl3): ¢ 8.03 (s, 1H), 7.14 (s, 1H), 5.21 (s, 2H), 4.75 (m, 1H), 3.43 (s, 3H), 3.20
(bs, 1H), 1.63 (s, 9H), 1.51 (d, J = 6.7 Hz, 3H); PC-NMR (100 MHz, CDCls): § 175.5,
173.3,163.3,157.5, 154.6, 153.2, 136.3, 128.1, 114.5, 110.5, 103.8, 97.5, 94.6, 83.2, 73.8,
58.6,56.6,39.2,28.2,27.2,23.8; IR (film, v cm™): 3435, 1763, 1735, 1731, 1461; HRMS
(ESI) calcd. for C2sH3oNaOg [M+Na]™: 497.1782, obs. 497.1785.
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To a stirred solution of propargyl alcohol (5.23 g, 11.0 mmol, 1.0 equiv.) and activated 4.0
A molecular sieves (2.6 g, 50% by weight) in CH,Cl (110 mL, 0.1 M) at 23 °C was added
solid pyridinium dichromate (19.9 g, 55.1 mmol, 5.0 equiv.) in one portion. After 2 hours
the black solution was filtered through a pad of celite and concentrated in vacuo to give an
amber oil. The crude material was purified via silica gel column chromatography (1:1

hexanes: EtOAc) to give pure ynone 2.79 (3.54 g, 7.50 mmol, 68%) as a white solid.

white solid, M.P.=178-179 °C; R¢=0.41 (silica gel, 1:1 hexanes: EtOAc); TH-NMR (400
MHz, CDCl): 6 8.20 (s, 1H), 7.21 (s, 1H), 5.24 (s, 2H), 3.44 (s, 3H), 2.46 (s, 3H), 1.64 (s,
9H), 1.37 (s, 9H); 13C-NMR (100 MHz, CDCl3): 6 184.2, 175.4,172.1,163.1, 160.4, 154.6,
153.7,136.8, 128.3, 114.6, 108.7, 104.0, 94.7, 93.5, 83.5, 81.0, 56.7, 39.2, 32.7, 28.2, 27 .2,
IR (film, v cm™): 1762, 1734, 1672, 1620, 1459, 1264, 1246, 1155, 1091; HRMS (ESI)
calcd. for C2sH2sNaOg [M+Na]": 495.1626, obs. 495.1632.
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To a stirred suspension of sodium hydride (60% dispersion in mineral oil, 556 mg, 13.9
mmol, 1.0 equiv.) in THF (55.7 mL) was added methyl acetoacetate (1.50 mL, 13.9 mmol,
1.0 equiv.) dropwise over 5 min. to furnish a 0.25 M stock solution of the sodium enolate
of methyl acetoacetate (stored in a Schlenk flask under argon). To a stirred solution of
ynone 2.79 (500 mg, 1.06 mmol, 1.0 equiv.) in THF (88 mL) at -78 °C was added a solution
of the sodium enolate of methyl acetoacetate (0.25 M THF, 8.50 mL, 2.12 mmol, 2.0
equiv.) dropwise down the side of the flask over 10 minutes. The reaction was allowed to
stir at -78 °C and after 5 h, the excess sodium enolate of methyl acetoacetate was quenched
with aqueous HCI1 (1.0 M, 1.5 mL). The resulting yellow solution was diluted with EtOAc
(150 mL), washed with H>O (3 x 50 mL), brine (50 mL), dried over sodium sulfate, and

concentrated in vacuo. The yellow residue was chromatographed on silica gel (3:1 hexanes:

EtOAc) to furnish methyl ester 2.80 (502 mg, 83 %).

tan solid, M.P. = 199-201 °C; Rr = 0.40 (silica gel, 2:1 hexanes: EtOAc); 'H-NMR (400
MHz, CDCl): 6 8.84 (s, 1H), 7.17 (s, 1H), 5.27 (s, 2H), 3.93 (s, 3H), 3.47 (s, 3H), 2.67 (s,
3H), 2.62 (s, 3H), 1.67 (s, 9H), 1.39 (s, 9H); *C-NMR (100 MHz, CD:Cl>): 5 202.4, 175.9,
173.6, 166.6, 163.8, 154.8, 154.7, 153.4, 142.8, 135.8, 133.2, 129.9, 129.0, 127.6, 119.3,
112.7,103.9, 95.1, 83.5, 56.9, 52.6, 39.5, 32.9, 28.3, 27.4, 18.2; IR (film, v cm™): 1760,
1735, 1663, 1599; HRMS (ESI) calcd. for C30H3401:Na" [M+Na]™: 593.19933, obs.
593.19976.
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To a stirred solution of methyl ester 2.80 (920 mg, 1.61 mmol, 1.0 equiv.) in THF (65 mL,
0.025 M) at 0 °C was added 0.1 N NaOH (19.4 mL, 1.94 mmol, 1.2 equiv.) dropwise over
2 minutes. Upon complete addition the gold-orange solution was allowed to warm to 23
°C. After 36 hours, the reaction mixture was diluted with H>O (100 mL) and washed with
Et,0 (3 x 50 mL). The aqueous layer was acidified using 0.1 N HCI (20 mL), extracted

with EtOAc (3 x 250 mL), dried over sodium sulfate, and concentrated in vacuo to give

pure carboxylic acid 2.81 (816 mg, 1.43 mmol, 91%) as a white solid.

white solid, M.P. = 203-204 °C; 'H-NMR (400 MHz, CDCls): & 8.98 (s, 1H), 7.17 (s,
1H), 5.27 (s, 2H), 3.47 (s, 3H), 2.69 (s, 3H), 2.65 (s, 3H), 1.67 (s, 9H), 1.39 (s, 9H); 13C-
NMR (150 MHz, CDCls): 6 202.3, 175.6, 173.2, 168.9, 163.5, 154.5, 154.4, 153.6, 143.1,
135.8, 133.0, 131.4, 129.0, 125.7, 119.2, 112.8, 103.7, 94.8, 83.4, 56.7, 39.2, 32.8, 28.2,
27.3, 18.3; IR (film, v cm™): 1760, 1688, 1666, 1619, 1596; HRMS (ESI) calcd. for
C20H3,011Na" [M+Na]": 579.18368, obs. 579.18373.
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To a stirred solution of carboxylic acid 2.81 (373 mg, 0.67 mmol, 1.10 equiv.) in DMF (3.0
mL) at 23 °C was added solid HBTU (254 mg, 0.67 mmol, 1.1 equiv.) in one portion
followed by N,N-diisopropylethylamine (0.27 mL, 1.52 mmol, 2.5 equiv.). The dark
amber solution was stirred for 5 min. and then solid enaminone 2.74 (275 mg, 0.61 mmol,
1.10 equiv.) was added in one portion. The reaction was stirred for 6 h then diluted with
1:1 hexanes: EtOAc (100 mL) and washed with saturated aqueous LiCl solution (8 x 30
mL). The organic layer was dried over sodium sulfate and concentrated in vacuo. The tan
residue was chromatographed on silica gel (1:2 hexanes: EtOAc with 2% Et3;N) to furnish

aminal 2.87 (528 mg, 88 %).

yellow solid, ML.P. = 124-126 °C; Rr = 0.25 (silica gel, 1:1 hexanes: EtOAc, 2% Et;N);
TH-NMR (400 MHz, (CD3),CO): 6 8.87 (s, 1H), 7.42 (s, 1H), 7.30 (s, 1H), 5.46 (s, 2H),
5.28 (s, 2H), 5.23 (d, J=13.3 Hz, 1H), 3.47 (s, 3H), 3.44 (s, 3H), 3.07 (s, 3H), 2.86 (d, J =
13.3 Hz, 1H), 2.74 (s, 3H), 2.72 (s, 3H), 2.59 (s, 3H), 1.64 (s, 9H), 1.44 (s, 9H), 1.37 (s,
9H), 1.35 (s, 9H); ¥*C-NMR (125 MHz, CDCl3): § 202.2, 175.5, 175.3, 173.0, 163.9,
163.5, 157.5, 154.8, 154.5, 154.4, 153.4, 149.4, 144.9, 143.2, 136.4, 136.3, 135.7, 132.9,
130.9, 128.9, 128.8, 126.1, 120.1, 119.1, 112.7, 111.6, 103.6, 94.8, 94.7, 83.2, 83.1, 82.5,
56.7,56.3,44.9,39.2,39.0,36.9,32.8,28.1,27.7,27.2,27.1, 18.1; IR (film, v cm™): 1766,
1730, 1660, 1610; HRMS (ESI) calcd. for Cs2HssNOsNa® [M+Na]™: 1012.39374, obs.
1012.39398.
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To a stirred solution of aminal 2.67 (83.6 mg, 0.084 mmol, 1.0 equiv.) in MeCN (5.6 mL)
was added solid pyridinium chloride (49 mg, 0.42 mmol, 5.0 equiv.) in one portion and the
resulting yellow solution was heated to 65 °C. After 18 h the reaction was concentrated
and the yellow residue was chromatographed on silica gel (3:1 hexanes: EtOAc to 2:1

hexanes: EtOAc to furnish aminal 2.88 (54 mg, 69%).

yellow solid, M.P. = 185-188 °C; Rr = 0.21 (silica gel, 1:1 hexanes: EtOAc); "TH-NMR
(400 MHz, CDCIs): 6 8.43 (s, 1H), 8.25 (s, 1H), 7.27 (s, 1H), 7.17 (s, 1H), 5.26 (s, 4H),
3.48 (s, 3H), 3.47 (s, 3H), 2.68 (s, 3H), 2.45 (s, 3H), 1.61 (s, 9H), 1.42 (s, 9H), 1.38 (s, 9H),
1.35 (s, 9H); 13C-NMR (125 MHz, CDCl3): & 202.2, 192.1, 175.5, 175.3, 173.2, 172.1,
163.5, 162.9, 160.4, 154.6, 154.4, 154.3, 153.7, 152.6, 140.6, 136.8, 136.4, 135.6, 132.3,
128.9, 128.6, 127.3, 123.8, 118.7, 116.5, 112.7, 104.0, 103.6, 94.8, 94.7, 83.2, 83.1, 56.7,
56.6,39.2, 39.1, 32.7, 28.2, 27.9, 27.3, 27.2, 17.5; IR (film, v cm™): 1760, 1732, 1663,
1607, 1591; HRMS (ESI) calcd. for CsoHssO13Na" [M+Na]": 967.33589, obs. 967.33504.
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2.88 protected xanthofulvin

To a stirred solution of aminal 2.88 (30 mg, 0.032 mmol, 1.0 equiv.) in MeOH (0.64 mL)
at 23 °C was added solid NaBH3CN (4.0 mg, 0.063 mmol, 2.0 equiv.) in one portion. After
20 minutes the chalky yellow reaction mixture was diluted with aqueous pH 7.0 phosphate
buffer (0.2 M, 0.25 mL) then diluted with EtOAc (10 mL). The organic phase was
separated and the aqueous layer was extracted with EtOAc (2 x 10 mL). The combined
organic layers were washed with brine (10 mL), dried over sodium sulfate, and
concentrated in vacuo. The yellow reside was chromatographed on silica gel (2:1 hexanes:

EtOAc) to afford protected xanthofulvin (27 mg, 91 %).

yellow solid, M.P. = 184-186 °C; Rt = 0.5 (silica gel, 1:1 hexanes: EtOAc); TH-NMR
(400 MHz, CDCl3): 6 15.43 (s, 1H), 8.12 (s, 1H), 7.18 (s, 1H), 6.68 (s, 1H), 5.28 (s, 2H),
5.16 (s, 2H), 4.74 (bs, 2H), 3.48 (s, 3H), 3.42 (s, 3H), 2.71 (s, 3H), 2.41 (s, 3H), 1.66 (s,
9H), 1.62 (s, 9H), 1.39 (s, 9H), 1.37 (s, 9H); ¥C-NMR (150 MHz, CDCl3): § 201.9, 183.6,
175.7, 173.3, 173.1, 163.9, 163.6, 160.0, 154.9, 154.5, 152.3, 139.6, 135.7, 133.4, 132.4,
130.3,129.3,128.9, 126.9, 119.2, 112.7, 111.9, 103.9, 103.8, 103.5, 94.8, 94.4, 93.4. 83.3,
82.9,66.7,56.7,56.5,39.2,39.1,32.7,29.7,28.2, 28.1,27.3,27.2, 16.9; IR (film, v cm™):
1765, 1730, 1666, 1602, 1458; HRMS (ESI) calcd. for CsoHssOi1sNa" [M+Na]":
969.35154, obs. 969.35120.
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xanthofulvin (2.2)
To a stirred solution of protected xanthofulvin (20 mg, 0.02 mmol, 1.0 equiv.) in CH2Cl,
(2.1 mL) at 23 °C was added a solution of BCI3 (1.0 M CHxCl, 0.25 mL, 0.25 mmol, 12
equiv.) and the reaction was stirred for 45 minutes. The yellow-orange solution was then
treated with 12 M HCI (0.09 mL) and diluted with EtOAc (10 mL). The bright orange
solution was stirred vigorously for 15 minutes and then concentrated in vacuo. The orange
residue was diluted with MeOH (15 mL) and re-concentrated in vacuo. The yellow residue
was triturated with CHCI3 (10 mL) and then filtered. The yellow solid was then dried in

vacuo to furnish xanthofulvin (2.2) (11.8 mg, 98%) as a 3.6:1 ratio of enol: keto tautomers.

yellow solid, M.P. = 252-253 °C; Rt = 0.14 (silica gel, 20:1 EtOAc: AcOH); 'H-NMR
(500 MHz, (CD3)2S0): & [enol] 15.61 (s, 1H), 12.75 (s, 1H), 11.62 (s, 1H), 11.23 (s, 1H),
9.33 (s, 1H), 8.69 (s, 1H), 7.95 (s, 1H), 6.93 (s, 1H), 6.39 (s, 1H), 4.66 (s, 2H), 2.70 (s, 3H),
2.31 (s, 3H). [keto] 11.15 (s, 1H), 8.88 (s, 1H), 8.51 (s, 1H), 6.92 (s, 1H), 6.42 (s, 1H), 5.01
(dd,J=4.7Hz, 8.1 Hz, 1H), 4.71 (dd, J=4.2 Hz, 11.3 Hz, 1H), 4.60 (m, 1H), 2.67 (s, 3H),
2.29 (s, 3H); 3C-NMR (125 MHz, (CD3)2S0): § [enol] 202.6, 183.7, 172.7, 172.7, 167.5,
167.5, 156.3, 154.5, 153.9, 152.2, 150.2, 140.8, 137.6, 132.4, 129.4, 128.3, 125.9, 120.7,
120.7, 118.7, 110.1, 104.4, 102.4, 102.4, 65.9, 32.4, 16.6. [keto][1202.9, 199.1, 186.3,
172.7, 167.7, 156.3, 154.7, 153.9, 150.1, 140.9, 139.2, 137.6, 134.9, 132.4, 127.7, 122.2,
120.8, 118.3, 110.1, 108.8, 102.4, 68.0, 56.3, 32.4, 17.1; IR (KBr, v cm™): 3419, 2926,
1607, 1468, 1288, 1021; HRMS (ESI) caled. for CsHi7014 [M-H]: 577.06238, obs.
577.06186.
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To a stirred solution of 2.79 (100 mg, 0.212 mmol, 1.0 equiv.) in MeCN (0.1 M) at 23 °C
was added a 1.0 M solution of H>O in MeCN (0.5 equiv.) and triethylamine (10 equiv.).
After 16 hours, the reaction mixture was concentrated in vacuo to give a dark amber
residue. The crude material was purified via silica gel column chromatography (5:2:1
CH»Cla: EtOAc: hexanes) to give pure protected vinaxanthone 2.77 (87 mg, 0.092 mmol,

87%) as a white-tan solid.

white solid, M.P. = 224-225 °C; Ry= 0.68 (silica gel, 5:2:1 CH,Cl»: EtOAc: hexanes); 'H-
NMR (400 MHz, CDCl3) & 8.62 (bs, 1H), 7.84 (bs, 1H), 7.22 (s, 1H), 7.18 (s, 1H), 5.27 (s,
2H), 5.26 (s, 2H), 3.47 (s, 3H), 3.46 (s, 3H), 2.65 (bs, 3H), 2.41 (bs, 3H), 1.68 (s, 9H), 1.58
(s, 9H), 1.39 (s, 9H), 1.37 (s, 9H); 1*C-NMR (125 MHz, CDCls) § 201.3, 198.8, 175.4 (2
signals), 173.3 (2 signals), 163.4, 163.3, 155.1, 154.6, 154.5, 154.0, 153.5, 152.6, 136.4 (2
signals), 135.9, 133.9, 132.3, 128.9, 128.2, 126.8, 121.2, 120.7, 115.0, 112.7, 103.9, 103.6,
94.7,94.6, 83.3, 82.8, 56.7, 56.5, 39.2, 39.1, 32.5, 29.6, 28.1, 28.0, 27.2, 27.1; IR (film, v
cm™) 1763, 1735 1460, 1264, 1157; HRMS (ESI) calcd. for CsoHssNaOis [M+Na]":
967.33589, obs. 967.33632.
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To a stirred solution of protected vinaxanthone analog 2.77 (20 mg, 0.021 mmol, 1.0
equiv.) in CH2Cl2(0.1 M) at 0 °C was added 1.0 M boron trichloride (0.25 mL, 0.254 mmol,
12 equiv.). After 1 hour, the reaction mixture was diluted with EtOAc and washed with
brine (5x). The organic layer was dried over sodium sulfate and concentrated in vacuo to
give a brown/black solid. The crude material was purified by trituration with pentane:

MeOH to give pure vinaxanthone (2.1) (12 mg, 0.021 mmol, 98%) as a yellow solid.

yellow solid; ML.P. = >280 °C; Re= 0.05 (silica gel, 95:5 EtOAc:AcOH); 'TH-NMR (400
MHz, (CD3)2S0O) 6 12.89 (bs, 1H), 12.72 (bs, 1H), 11.69 (bs, 1H), 11.44 (bs, 1H), 9.42 (bs
2H), 9.42 (bs, 2H), 8.53 (s, 1H), 8.18 (s, 1H), 6.96 (s, 1H), 6.94 (s, 1H), 2.55 (s, 3H), 2.53
(s, 3H); 13C-NMR (125 MHz, (CD3)S0) 4 201.1, 199.1, 172.9, 172.6, 167.4, 167.4, 154.1,
152.7, 152.5, 152.1, 150.7, 150.3, 141.7, 141.0, 136.2, 133.4, 132.6, 126.3, 120.8, 120.5,
119.8, 119.6, 112.4, 110.0, 102.4, 102.3, 32.1, 29.1; IR (KBr, cm ') 3236, 1683, 1653,
1472, 1288; HRMS (ESI) calcd. for C2sHi5s014 [M-H]: 575.04673, obs. 575.04679.
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Appendix A: X-ray Crystal Structures
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Figure A.1. View of 1.179a showing the atom labeling scheme. Displacement ellipsoids

—

| 7

Y

—

o1

are scaled to the 50% probability level.

Table A.1. Crystal data and structure refinement for 1.179a.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

C16 H10 O7
314.24

100(2) K
0.71073 A
monoclinic
12/a
a=16.170(6) A
b=7.2392) A
c=23.837(9) A
2765.4(17) A3

8

a=90°.
B=97.61(2)°.
v =90°.
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Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1.510 Mg/m3

0.121 mm!

1296

0.200x 0.180 x 0.110 mm
2.542 to 27.488°.

20<=h<=20, -9<=k<=9, -30<=1<=30

24272

3183 [R(int) = 0.0406]

100.0 %

Semi-empirical from equivalents
1.00 and 0.822

Full-matrix least-squares on F2
3183/0/248

1.091

R1=0.0362, wR2 = 0.0921
R1=10.0451, wR2 = 0.0976
n/a

0.332 and -0.223 e.A3
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Table A.2. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A2x 103) for 1.179a. U(eq) is defined as one third of the trace
of the orthogonalized Ujj tensor.

X y z U(eq)
Cl 10712(1) 5585(2) 1508(1) 23(1)
C2 10885(1) 4154(2) 1948(1) 22(1)
C3 11454(1) 4143(2) 2438(1) 33(1)
C4 11509(1) 2536(3) 2756(1) 40(1)
C5 11021(1) 1001(3) 2588(1) 37(1)
C6 10447(1) 1030(2) 2098(1) 27(1)
C7 10389(1) 2646(2) 1789(1) 20(1)
C8 9847(1) 3084(2) 1247(1) 17(1)
C9 8814(1) 4031(2) -8(1) 22(1)
C10 8524(1) 2546(2) 795(1) 17(1)
Cl11 7766(1) 1540(2) 928(1) 19(1)
C12 7697(1) -281(2) 843(1) 20(1)
C13 8360(1) -1383(2) 638(1) 24(1)
Cl4 9034(1) -614(2) 474(1) 22(1)
C15 9147(1) 1426(2) 494(1) 17(1)
C16 6931(1) -1221(2) 976(1) 22(1)
01 10104(1) 4919(1) 1099(1) 21(1)
02 11013(1) 7086(1) 1470(1) 34(1)
03 8279(1) 4017(1) 425(1) 21(1)
04 9079(1) 2170(1) -53(1) 21(1)
05 8998(1) 3129(1) 1311(1) 19(1)
06 9943(1) 1863(1) 810(1) 19(1)
07 6861(1) -2892(1) 985(1) 27(1)
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Table A.3. Bond lengths [A] and angles [°] for 1.179a.

C1-02
Cl1-01
Cl-C2
C2-C7
C2-C3
C3-C4
C3-H3
C4-C5
C4-H4
Cs5-Co
C5-H5
C6-C7
C6-H6
C7-C8
C8-06
C8-05
C8-01
C9-04
C9-03

02-C1-01
02-C1-C2
01-C1-C2
C7-C2-C3
C7-C2-C1
C3-C2-C1
C4-C3-C2
C4-C3-H3
C2-C3-H3
C3-C4-C5

1.1994(16)
1.3766(16)
1.474(2)
1.3774(18)
1.3886(19)
1.384(3)
0.970(19)
1.391(3)
0.96(2)
1.391(2)
0.954(18)
1.3795(19)
0.977(16)
1.4959(18)
1.3911(15)
1.4021(15)
1.4490(15)
1.4214(17)
1.4322(16)

121.43(13)
130.61(13)
107.96(11)
121.61(13)
108.19(11)
130.15(13)
116.93(14)
121.7(11)

121.2(11)

121.33(14)
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C9-H9A
C9-H9B
C10-03
C10-05
Cl10-Cl11
C10-C15
Cl11-C12
Cl1-H11
C12-C13
Cl12-Cl6
C13-C14
C13-H12
C14-C15
Cl14-H13
C15-04
C15-06
C16-07
Cl6-H16

C3-C4-H4
C5-C4-H4
C4-C5-C6
C4-C5-H5
C6-C5-H5
C7-C6-C5
C7-C6-H6
C5-C6-Ho6
C2-C7-C6
C2-C7-C8

0.981(14)
0.981(14)
1.4059(15)
1.4243(16)
1.4947(17)
1.5427(17)
1.3362(19)
0.920(15)
1.4698(18)
1.4840(18)
1.3291(19)
0.993(16)
1.4880(18)
0.983(17)
1.4021(15)
1.4372(15)
1.2146(17)
1.032(15)

117.7(11)
121.0(11)
121.33(15)
120.9(11)
117.8(11)
116.86(14)
121.0(9)
122.1(9)
121.91(13)
108.84(11)



C6-C7-C8
06-C8-05
06-C8-01
05-C8-01
06-C8-C7
05-C8-C7
01-C8-C7
04-C9-03
04-C9-H9A
03-C9-H9A
04-C9-H9B
03-C9-H9B
H9A-C9-H9B
03-C10-05
03-C10-C11
05-C10-C11
03-C10-C15
05-C10-C15
C11-C10-C15
C12-C11-C10
C12-C11-Hl11
C10-C11-H11
Cl11-C12-C13

129.21(12)
107.77(9)
109.64(10)
108.76(9)
113.70(10)
112.35(10)
104.49(10)
105.33(10)
109.7(8)
108.8(8)
111.0(8)
110.3(8)
111.5(11)
113.06(10)
109.34(10)
108.94(10)
104.66(10)
104.29(9)
116.56(10)
120.13(11)
126.9(9)
112.9(9)
122.47(12)

Cl11-C12-C16
C13-C12-C16
C14-C13-C12
C14-C13-H12
C12-C13-H12
C13-C14-C15
C13-C14-H13
C15-C14-H13
04-C15-06
04-C15-C14
06-C15-C14
04-C15-C10
06-C15-C10
C14-C15-C10
07-C16-C12
07-C16-H16
C12-Cl16-H16
C1-01-C8
C10-03-C9
C15-04-C9
C8-05-C10
C8-06-C15

118.34(12)
119.16(12)
122.20(12)
123.2(9)
114.6(9)
120.54(12)
123.7(10)
115.8(10)
110.89(10)
110.86(10)
109.49(10)
104.76(10)
103.69(9)
116.86(10)
122.87(12)
122.5(8)
114.6(8)
110.45(10)
108.12(9)
106.33(9)
108.77(9)
110.49(9)
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Table A.4. Anisotropic displacement parameters (A2x 103) for 1.179a. The anisotropic
displacement factor exponent takes the form: -2n2[ h2a*2U!' +... +2 hk a*

b* U2 .

Ull U22 U33 U23 U13 U12
Cl 18(1) 27(1) 26(1) -7(1) 5(1) -4(1)
C2 16(1) 32(1) 20(1) -5(1) 3(1) 2(1)
c3 20(1) 54(1) 24(1) -10(1) 0(1) -6(1)
! 22(1) 76(1) 19(1) 2(1) 3(1) 2(1)
Cs 27(1) 58(1) 27(1) 18(1) 4(1) 4(1)
C6 21(1) 36(1) 25(1) 8(1) 4(1) -1(1)
c7 14(1) 29(1) 17(1) -1(1) 3(1) -1(1)
Cs 13(1) 19(1) 19(1) 2(1) 3(1) -1(1)
C9 20(1) 25(1) 21(1) 4(1) 3(1) -1(1)
C10 15(1) 19(1) 16(1) -1(1) 0(1) 1(1)
Cl1 13(1) 25(1) 18(1) o(1) 1(1) 2(1)
C12 16(1) 24(1) 18(1) 1(1) 0(1) 3(1)
C13 24(1) 21(1) 28(1) -4(1) 5(1) 2(1)
Cl4 21(1) 22(1) 25(1) -5(1) 5(1) (1)
Cl15 14(1) 22(1) 16(1) -1(1) 1(1) 2(1)
C16 19(1) 27(1) 21(1) 2(1) 3(1) 2(1)
o1 20(1) 20(1) 22(1) o(1) 1(1) 3(1)
02 32(1) 27(1) 44(1) -6(1) 9(1) -12(1)
03 17(1) 22(1) 24(1) 4(1) 3(1) 3(1)
04 21(1) 26(1) 16(1) o(1) 2(1) 1(1)
05 12(1) 27(1) 18(1) -5(1) 2(1) -1(1)
06 13(1) 23(1) 19(1) -5(1) 1(1) 1(1)
07 28(1) 25(1) 29(1) -1(1) 6(1) -8(1)
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Table A.5. Hydrogen coordinates ( x 104) and isotropic displacement parameters
(A2x103) for 1.179a.

X y z U(eq)
H3 11823(12) 5180(20) 2538(8) 47(5)
H4 11909(12) 2500(30) 3091(9) 51(5)
H5 11072(11) -110(20) 2804(8) 40(5)
Hé6 10116(10) -50(20) 1968(7) 29(4)
H9A 8489(9) 4418(18) -365(6) 153)
H9B 9293(9) 4850(18) 100(6) 16(3)
H11 7387(9) 2301(19) 1069(6) 18(3)
H12 8256(10) -2740(20) 628(7) 32(4)
H13 9489(10) -1320(20) 341(7) 35(4)
H16 6466(9) -340(20) 1069(6) 26(4)

223



Table A.6. Torsion angles [°] for 1.179a.

02-C1-C2-C7
01-C1-C2-C7
02-C1-C2-C3
01-C1-C2-C3
C7-C2-C3-C4
C1-C2-C3-C4
C2-C3-C4-C5
C3-C4-C5-C6
C4-C5-C6-C7
C3-C2-C7-Cé6
C1-C2-C7-Cé6
C3-C2-C7-C8
C1-C2-C7-C8
C5-C6-C7-C2
C5-C6-C7-C8
C2-C7-C8-06
C6-C7-C8-06
C2-C7-C8-05
C6-C7-C8-05
C2-C7-C8-01
C6-C7-C8-01
03-C10-C11-C12
05-C10-C11-C12
C15-C10-C11-C12
C10-C11-C12-C13
C10-C11-C12-C16
Cl11-C12-C13-C14
Cl16-C12-C13-C14
C12-C13-C14-C15
C13-C14-C15-04
C13-C14-C15-06

-178.21(14)
1.11(14)
-0.8(2)
178.52(13)
0.92)
-176.20(14)
0.5(2)
-1.1(2)
0.1Q2)
-1.9(2)
175.76(12)
-179.98(12)
2.31(14)
1.3(2)
178.99(13)
122.11(11)
-55.77(18)
-115.14(11)
66.98(17)
2.60(13)
-175.28(12)
125.65(12)
-110.34(13)
7.27(17)
2.08(19)
-179.55(11)
-6.4(2)
175.20(13)
0.3(2)
-110.90(14)
126.43(13)
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C13-C14-C15-C10
03-C10-C15-04
05-C10-C15-04
C11-C10-C15-0O4
03-C10-C15-06
05-C10-C15-06
C11-C10-C15-06
03-C10-C15-C14
05-C10-C15-C14
C11-C10-C15-C14
C11-C12-C16-0O7
C13-C12-C16-07
02-C1-01-C8
C2-C1-01-C8
06-C8-01-C1
05-C8-01-C1
C7-C8-01-C1
05-C10-03-C9
C11-C10-03-C9
C15-C10-03-C9
04-C9-03-C10
06-C15-04-C9
C14-C15-04-C9
C10-C15-04-C9
03-C9-04-C15
06-C8-05-C10
01-C8-05-C10
C7-C8-05-C10
03-C10-05-C8
C11-C10-05-C8
C15-C10-05-C8

9.00(18)
-10.35(12)
-129.32(10)
110.55(11)
106.00(10)
-12.98(11)
-133.10(11)
-133.46(11)
107.57(12)
-12.56(16)
-169.94(13)
8.49(19)
179.99(12)
0.59(13)
-124.13(10)
118.26(11)
-1.91(12)
102.61(11)
-135.83(10)
-10.26(12)
27.23(12)
-84.17(11)
153.99(10)
27.09(12)
-34.07(12)
22.56(12)
96.23(10)
-148.59(10)
91.37(11)
146.85(10)
21.72(12)



05-C8-06-C15 13.59(12) 04-C15-06-C8 111.84(11)
01-C8-06-C15 -104.64(10) C14-C15-06-C8 -125.51(11)
C7-C8-06-C15 138.81(10) C10-C15-06-C8 -0.10(12)
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Table A.7. Crystal data and structure refinement for 1.179b.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

C16 H10 O7
314.24

140(2) K
0.71073 A
monoclinic
P21/n
a=8.5932(7) A
b=13.9047(9) A
c=11.9833(10) A
1357.09(18) A3
4

1.538 Mg/m3
0.123 mm’!

648
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o= 90°.
B=108.595(4)°.
v =90°.



Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

0.380x0.170 x 0.080 mm
2.571 to 24.987°.

-10<=h<=10, -16<=k<=16, -14<=I<=14

19584

2385 [R(int) = 0.0838]

97.0 %

Semi-empirical from equivalents
1.00 and 0.855

Full-matrix least-squares on F2
2385/0/249

1.019

R1=0.0431, wR2 =0.0845
R1=0.0775, wR2 = 0.0958
8.8(13)x10¢

0.314 and -0.201 e.A3
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Table A.8. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A2x 103) for 1.179b. U(eq) is defined as one third of the trace
of the orthogonalized Ujj tensor.

X y z U(eq)
Cl 1546(3) 6389(2) 4117(2) 19(1)
C2 -47(3) 6170(2) 3230(2) 17(1)
C3 -1265(3) 5534(2) 3293(2) 22(1)
C4 -2651(3) 5478(2) 2315(2) 24(1)
C5 -2802(3) 6024(2) 1316(2) 25(1)
C6 -1587(3) 6658(2) 1267(2) 22(1)
C7 216(3) 6723(2) 2249(2) 17(1)
C8 1270(3) 7352(2) 2479(2) 18(1)
C9 1269(3) 9002(2) 264(2) 23(1)
C10 3018(3) 8105(2) 1670(2) 19(1)
Cl11 4813(3) 7951(2) 2251(2) 25(1)
C12 5618(3) 8454(2) 3224(2) 23(1)
C13 4823(3) 9172(2) 3731(2) 27(1)
Cl4 3243(3) 9382(2) 3292(2) 24(1)
C15 2189(3) 8860(2) 2238(2) 19(1)
C16 7401(3) 8275(2) 3775(3) 32(1)
01 2316(2) 7066(1) 3643(1) 20(1)
02 2184(2) 6088(1) 5092(1) 25(1)
03 2694(2) 8413(1) 510(1) 23(1)
04 1480(2) 9513(1) 1332(1) 22(1)
05 2125(2) 7230(1) 1687(1) 20(1)
06 921(2) 8328(1) 2510(1) 20(1)
07 8251(2) 8724(1) 4622(2) 39(1)
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Table A.9. Bond lengths [A] and angles [°] for 1.179b.

C1-02
Cl1-01
Cl-C2
C2-C7
C2-C3
C3-C4
C3-H3
C4-C5
C4-H4
Cs5-Co
C5-H5
C6-C7
C6-H6
C7-C8
C8-05
C8-06
C8-01
C9-03
C9-04

02-C1-01
02-C1-C2
01-C1-C2
C7-C2-C3
C7-C2-C1
C3-C2-C1
C4-C3-C2
C4-C3-H3
C2-C3-H3
C3-C4-C5

1.197(3)
1.373(3)
1.473(3)
1.373(3)
1.390(3)
1.381(3)
0.97(3)

1.389(3)
0.95(2)

1.381(4)
0.97(2)

1.377(3)
0.92(2)

1.500(3)
1.384(3)
1.392(3)
1.453(3)
1.423(3)
1.424(3)

120.9(2)
131.5(2)
107.63(18)
121.8(2)
108.8(2)
129.4(2)
116.7(2)
121.8(15)
121.5(14)
121.3(2)
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C9-H9A
C9-H9B
C10-03
C10-05
Cl10-Cl11
C10-C15
Cl11-C12
Cl1-H11
C12-C13
Cl12-Cl6
C13-C14
C13-H13
C14-C15
Cl4-H14
C15-04
C15-06
C16-07
Cl6-H16

C3-C4-H4
C5-C4-H4
C6-C5-C4
C6-C5-H5
C4-C5-H5
C7-C6-C5
C7-C6-H6
C5-C6-Ho6
C2-C7-C6
C2-C7-C8

1.01(2)
1.00(2)
1.395(3)
1.443(3)
1.491(3)
1.545(3)
1.346(3)
0.942)
1.449(4)
1.483(3)
1.323(3)
1.03(2)
1.487(3)
1.04(3)
1.397(3)
1.438(3)
1.217(3)
1.07(3)

118.6(14)
120.2(14)
121.5(2)
119.9(14)
118.6(14)
117.2(2)
119.9(15)
122.9(15)
121.5(2)
108.55(19)



C6-C7-C8
05-C8-06
05-C8-01
06-C8-01
05-C8-C7
06-C8-C7
01-C8-C7
03-C9-04
03-C9-H9A
04-C9-H9A
03-C9-H9B
04-C9-H9B
H9A-C9-H9B
03-C10-05
03-C10-C11
05-C10-C11
03-C10-C15
05-C10-C15
C11-C10-C15
C12-C11-C10
C12-C11-Hl11
C10-C11-H11
Cl11-C12-C13

129.9(2)
107.72(18)
108.91(18)
108.30(17)
114.14(18)
113.28(18)
104.26(18)
104.26(17)
110.2(12)
108.5(13)
107.6(12)
110.0(12)
115.7(17)
109.60(17)
110.97(19)
110.35(18)
104.87(17)
104.18(17)
116.5(2)
120.02)
127.8(14)
112.3(14)
122.7(2)

Cl11-C12-C16
C13-C12-C16
C14-C13-C12
C14-C13-H13
C12-C13-H13
C13-C14-C15
C13-C14-H14
C15-C14-H14
04-C15-06
04-C15-C14
06-C15-C14
04-C15-C10
06-C15-C10
C14-C15-C10
07-C16-C12
07-C16-H16
C12-Cl16-H16
C1-01-C8
C10-03-C9
C15-04-C9
C8-05-C10
C8-06-C15

118.1(2)
119.1(2)
123.1(2)
123.2(13)
113.6(13)
120.1(2)
123.0(14)
116.9(14)
109.65(18)
109.90(18)
111.06(19)
104.31(17)
103.81(16)
117.7Q2)
123.1(3)
125.1(15)
111.8(15)
110.66(17)
105.57(17)
105.87(17)
107.88(16)
108.11(17)
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Table A.10. Anisotropic displacement parameters (A2x 10?) for 1.179b. The anisotropic
displacement factor exponent takes the form: -2m2[ h2 a*2U!' + ... +2 hk a*

b* U2 ],

Ull U22 U33 U23 U13 U12

Cl 26(1) 13(1) 17(1) -1(1) 4(1) 2(1)
C2 21(1) 15(1) 13(1) 3(1) 3(1) 1(1)
c3 30(2) 19(1) 18(1) -1(1) 10(1) o(1)
! 24(2) 20(1) 30(2) -4(1) 10(1) -5(1)
Cs 19(1) 24(1) 26(2) -7(1) -1(1) 2(1)
C6 24(2) 21(1) 16(1) 2(1) 1(1) 3(1)
c7 21(1) 13(1) 16(1) 2(1) 6(1) 1(1)
Cs 22(1) 17(1) 14(1) 1(1) 4(1) 3(1)
C9 23(2) 23(1) 18(1) 3(1) 1(1) 2(1)
C10 22(1) 17(1) 15(1) 6(1) 4(1) -1(1)
Cl1 30(2) 21(1) 26(2) 9(1) 12(1) 5(1)
C12 19(1) 23(1) 23(1) 9(1) 2(1) 2(1)
C13 31(2) 29(1) 20(1) o(1) 6(1) -5(1)
Cl4 27(2) 24(1) 22(1) o(1) 8(1) 2(1)
Cl15 22(1) 17(1) 17(1) 4(1) 4(1) -1(1)
C16 27(2) 32(2) 35(2) 11(1) 5(1) 1(1)
o1 20(1) 21(1) 16(1) 5(1) 0(1) 3(1)
02 32(1) 25(1) 14(1) 5(1) 0(1) (1)
03 27(1) 25(1) 17(1) 6(1) 8(1) 5(1)
04 30(1) 17(1) 16(1) 4(1) 3(1) 2(1)
05 26(1) 16(1) 19(1) 1(1) 8(1) -1(1)
06 23(1) 14(1) 22(1) o(1) 7(1) -1(1)
07 28(1) 39(1) 37(1) 9(1) -6(1) -7(1)

231



Table A.11. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x
10 3) for 1.179b.

X y z U(eq)
H3 -1150(30) 5150(17) 3990(20) 33(7)
H4 -3500(30) 5048(16) 2330(20) 25(7)
H5 -3790(30) 5962(16) 650(20) 30(7)
H6 -1670(30) 7038(16) 620(20) 22(7)
HI9A 260(30) 8589(15) 96(19) 16(6)
H9B 1290(30) 9460(16) -375(19) 17(6)
HI1 5240(30) 7485(16) 1860(20) 15(6)
HI3 5600(30) 9488(16) 4480(20) 28(7)
H14 2670(30) 9893(18) 3660(20) 34(7)
H16 7840(30) 7740(20) 3310(20) 54(9)
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Table A.12. Torsion angles [°] for 1.179b.

02-C1-C2-C7
01-C1-C2-C7
02-C1-C2-C3
01-C1-C2-C3
C7-C2-C3-C4
C1-C2-C3-C4
C2-C3-C4-C5
C3-C4-C5-C6
C4-C5-C6-C7
C3-C2-C7-Cé6
C1-C2-C7-Cé6
C3-C2-C7-C8
C1-C2-C7-C8
C5-C6-C7-C2
C5-C6-C7-C8
C2-C7-C8-05
C6-C7-C8-05
C2-C7-C8-06
C6-C7-C8-06
C2-C7-C8-01
C6-C7-C8-01
03-C10-C11-C12
05-C10-C11-C12
C15-C10-C11-C12
C10-C11-C12-C13
C10-C11-C12-C16
Cl11-C12-C13-C14
Cl16-C12-C13-C14
C12-C13-C14-C15
C13-C14-C15-04
C13-C14-C15-06

179.1(2)
-0.7(2)
-0.1(4)

-179.92)
0.6(3)

179.8(2)
0.7(4)
-1.2(4)
0.3(4)
-1.5(4)
179.1(2)
177.9(2)
-1.5(2)

1.13)
-178.2(2)
121.6(2)
-59.0(3)
-114.6(2)

64.8(3)

2.9(2)
-177.7(2)
120.3(2)
-118.0(2)
0.5(3)
-1.7(4)
179.9(2)
1.1(4)

179.5(2)
0.8(4)

-121.0(2)
117.5(2)
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C13-C14-C15-C10
03-C10-C15-04
05-C10-C15-04
C11-C10-C15-0O4
03-C10-C15-06
05-C10-C15-06
C11-C10-C15-06
03-C10-C15-C14
05-C10-C15-C14
C11-C10-C15-C14
C11-C12-C16-0O7
C13-C12-C16-07
02-C1-01-C8
C2-C1-01-C8
05-C8-01-C1
06-C8-01-C1
C7-C8-01-C1
05-C10-03-C9
C11-C10-03-C9
C15-C10-03-C9
04-C9-03-C10
06-C15-04-C9
C14-C15-04-C9
C10-C15-04-C9
03-C9-04-C15
06-C8-05-C10
01-C8-05-C10
C7-C8-05-C10
03-C10-05-C8
C11-C10-05-C8
C15-C10-05-C8

-1.93)
0.22)
-114.94(17)
123.3(2)
115.06(17)
-0.1(2)
-121.86(19)
-121.8(2)
123.0(2)
1.3(3)
176.5(2)
2.0(4)
-177.2(2)
2.6(2)
-125.63(18)
117.49(19)
3.4(2)
88.2(2)
-149.7(2)
23.12)
38.0(2)
-87.8(2)
149.8(2)
22.8(2)
-38.02)
28.8(2)
-88.49(19)
155.48(18)
-128.79(18)
108.7(2)
-17.02)



05-C8-06-C15 -28.9(2) 04-C15-06-C8 128.07(18)
01-C8-06-C15 88.7(2) C14-C15-06-C8 -110.3(2)
C7-C8-06-C15 -156.16(18) C10-C15-06-C8 17.1(2)
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Figure A.3. View of 2.37 showing the atom labeling scheme. Displacement ellipsoids
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are scaled to the 50% probability level.

Table A.13. Crystal data and structure refinement for 2.37.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

CI13 H10 O4
230.21

1532) K
0.71075 A
Monoclinic
P21/c
a=12.33002) A
b=6.7515(11) A
c=12.62812) A
1039.5(3) A3

4

1.471 Mg/m3
0.110 mm'!

480

0.30x 0.20 x 0.15 mm
3.26 t0 27.48°.

o= 90°.
B=98.569(3)°.
¥ = 90°.
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Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

-16<=h<=16, -8<=k<=8, -16<=I<=16

17516

2381 [R(int) = 0.0294]

99.9 %

Semi-empirical from equivalents
1.00 and 0.866

Full-matrix least-squares on F2
2381/0/180

1.099

R1=10.0443, wR2=0.1320
R1=10.0521, wR2=0.1384
0.341 and -0.264 ¢.A3
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Table A.14. Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A2x 103) for 2.37. U(eq) is defined as one third of the trace of
the orthogonalized Ui tensor.

X y z U(eq)
Cl 3051(1) 1605(2) 3664(1) 23(1)
C2 2563(1) 1609(2) 2630(1) 20(1)
C3 3240(1) 1435(2) 1774(1) 20(1)
C4 4433(1) 1402(2) 2157(1) 19(1)
C5 5193(1) 1382(2) 1434(1) 23(1)
Co 6302(1) 1390(2) 1801(1) 26(1)
Cc7 6678(1) 1407(2) 2905(1) 26(1)
C8 5951(1) 1422(2) 3631(1) 25(1)
C9 4830(1) 1426(2) 3245(1) 20(1)
C10 1354(1) 1830(2) 2442(1) 23(1)
Cl11 739(1) 2053(2) 1437(1) 26(1)
C12 -415(1) 2220(2) 1331(1) 28(1)
C13 -1080(1) 2515(3) 252(1) 38(1)
01 4136(1) 1476(2) 4003(1) 25(1)
02 2883(1) 1319(2) 814(1) 28(1)
03 888(1) 1828(2) 3307(1) 33(1)
04 -914(1) 2138(2) 2143(1) 38(1)
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Table A.15. Bond lengths [A] and angles [°] for 2.37.

Cl1-01
Cl-C2
Cl-H1
C2-C3
C2-C10
C3-02
C3-C4
C4-C9
C4-C5
Cs5-Co
C5-H5
C6-C7
C6-H6
C7-C8

01-C1-C2
O1-C1-H1
C2-C1-H1
C1-C2-C3
C1-C2-C10
C3-C2-C10
02-C3-C2
02-C3-C4
C2-C3-C4
C9-C4-C5
C9-C4-C3
C5-C4-C3
C6-C5-C4
C6-C5-H5
C4-C5-H5
C5-Ce-C7

1.3450(17)
1.3546(19)
0.968(19)
1.4658(18)
1.4813(19)
1.2286(16)
1.4789(18)
1.3878(19)
1.4025(18)
1.378(2)
0.946(18)
1.402(2)
0.970(17)
1.374(2)

125.77(12)
110.9(11)

123.3(11)

119.41(12)
116.55(12)
124.03(12)
125.01(12)
120.95(12)
114.04(11)
118.23(12)
120.74(12)
121.02(12)
120.47(13)
120.3(11)

119.2(11)

119.97(13)
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C7-H7
C8-C9
C8-H8
C9-01
C10-03
Cl10-Cl11
Cl11-C12
Cl1-H11
C12-O04
C12-C13
CI13-H13A
C13-H13B
C13-H13C
03-H3

C5-C6-Ho6
C7-C6-H6
C8-C7-Cé6
C8-C7-H7
C6-C7-H7
C7-C8-C9
C7-C8-H8
C9-C8-H8
01-C9-C4
01-C9-C8
C4-C9-C8
03-C10-C11
03-C10-C2
Cl11-C10-C2
C10-C11-C12
C10-C11-H11

0.96(2)
1.3961(19)
1.004(18)
1.3755(16)
1.3076(17)
1.386(2)
1.4145(19)
0.966(18)
1.2726(18)
1.495(2)
0.98

0.98

0.98

0.84

120.3(10)
119.7(10)
120.75(13)
122.6(12)
116.6(12)
118.51(13)
122.9(11)
118.6(11)
121.62(12)
116.30(12)
122.07(13)
121.08(12)
115.02(12)
123.90(12)
120.06(13)
124.0(11)



C12-C11-Hl11
04-C12-Cl11
04-C12-C13
C11-C12-C13
C12-C13-HI3A
C12-C13-H13B

116.0(11)
121.40(13)
118.31(13)
120.29(13)
109.5
109.5

HI3A-C13-H13B
C12-C13-H13C
H13A-C13-H13C
H13B-C13-H13C
C1-01-C9
C10-03-H3

109.5
109.5
109.5
109.5
118.22(11)
109.5
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Table A.16. Anisotropic displacement parameters (A2x 103) for 2.37. The anisotropic
displacement factor exponent takes the form: -2m2[ h2a*2U!' + .. + 2 hk a*

b* U12]

Ull U22 U33 U23 U13 U12
Cl 22(1) 27(1) 22(1) -1(1) (1) (1)
C2 20(1) 20(1) 22(1) (1) 5(1) -1(1)
C3 20(1) 21(1) 19(1) 1(1) 4(1) -1(1)
C4 19(1) 18(1) 21(1) 1(1) 4(1) -1(1)
cs 24(1) 24(1) 22(1) 1(1) 6(1) 1(1)
C6 22(1) 25(1) 31(1) 4(1) 9(1) 1(1)
c7 19(1) 24(1) 35(1) 1(1) 2(1) 1(1)
Cs8 24(1) 25(1) 25(1) (1) 2(1) o(1)
C9 21(1) 20(1) 21(1) (1) 4(1) o(1)
C10 21(1) 23(1) 27(1) -1(1) 8(1) 2(1)
Cl1 20(1) 31(1) 26(1) 2(1) 6(1) o(1)
C12 23(1) 30(1) 34(1) -4(1) 5(1) o(1)
C13 22(1) 54(1) 38(1) 9(1) -1(1) 4(1)
01 22(1) 35(1) 18(1) -1(1) 3(1) (1)
02 22(1) 46(1) 18(1) 1(1) 3(1) -1(1)
03 22(1) 50(1) 28(1) 4(1) 11(1) 4(1)
04 22(1) 51(1) 41(1) 2(1) 12(1) 3(1)
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Table A.17. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x

10 3) for 2.37.

X y z U(eq)
HI3A -1592 1407 94 58
HI3B -591 2576 292 58
H13C -1493 3757 247 58
H3 212 2032 3140 49
H1 2650(16) 1720(30) 4265(15) 36(5)
HS 4934(14) 1380(30) 690(15) 32(4)
H6 6826(14) 1370(20) 1300(14) 27(4)
H7 7459(17) 1450(30) 3119(16) 44(5)
H8 6191(15) 1400(30) 4427(15) 36(5)
HI1 1051(15) 2130(30) 780(15) 34(5)
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Table A.18. Torsion angles [°] for 2.37.

01-C1-C2-C3
01-C1-C2-C10
C1-C2-C3-02
C10-C2-C3-02
C1-C2-C3-C4
C10-C2-C3-C4
02-C3-C4-C9
C2-C3-C4-C9
02-C3-C4-C5
C2-C3-C4-C5
C9-C4-C5-C6
C3-C4-C5-C6
C4-Cs5-Ce-C7
C5-C6-C7-C8
C6-C7-C8-C9
C5-C4-C9-01
C3-C4-C9-01
C5-C4-C9-C8
C3-C4-C9-C8
C7-C8-C9-01
C7-C8-C9-C4
C1-C2-C10-03
C3-C2-C10-03
C1-C2-C10-C11
C3-C2-C10-C11
03-C10-C11-C12
C2-C10-C11-C12
C10-C11-C12-O4
C10-C11-C12-C13
C2-C1-01-C9
C4-C9-01-C1
C8-C9-01-C1

0.9(2)
-178.05(12)
176.03(13)
5.1(2)
-3.83(17)
175.01(12)
-176.55(12)
3.32(17)
4.67(19)
-175.46(11)
-0.07(19)
178.74(12)
0.3(2)
0.2(2)
0.2(2)
179.01(11)
0.20(19)
-0.34(19)
-179.15(12)
-178.89(11)
0.5(2)
-5.58(18)
175.55(12)
173.60(13)
-5.3(2)
2.0(2)
178.88(13)
-1.2(2)
178.35(14)
2.9(2)
-3.38(18)
176.00(12)
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Table A.19. Hydrogen bonds for 2.37 [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

03-H3...04 0.84 1.73 2.4840(15) 147.9
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Appendix B: Catalog of Spectra

244



INDEX FREQUENCY 2PN MEIGHT

1 §190.641 7.7 §6.1 Cl

2 5167.38% 7,913 39.0
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INDEX  FREQUENCY PPN HETGHT OH OH
1 2799.145 6.883 a2.7 \)\/
2 2790.597 6.9%2 51.0
3 2742.726 6.852 as.o o OH
4 2740.332 6.83¢ 60.8
S 2724.262 6.80 3z.9
] 2721.526 6.79% 24.8 cl
? 2715.713 6.788 26.0
8 2712.978 6.778 z0.8
L] 1661.190 4.1%0 z24a.8 1.106
10 1655.377 4.136 32.6
1t 1605. 4 38.1
12 1508, 3 27.0
13 1468 3 38.7
14 1126 2 92.5
18 &3 H 282.4 |
16 & 2 170.4
17 823 2 316.9
18 821 2 458.3
13 813 2 318.2
20 816.614 2 144,86
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STANDARD IH OBSERVE

Pulzse Sequance: s2pul

Mercury-400BE

Relax. delay 2.000 sec
Pulig 16.1 dogrees

Acq .
width

time 2.856 sec
S602.2 Mz

101 repetitions
ERVE

-] 1
DATA PROCESSI

H1, 400.2669784 WH2
NG

Line broadening 0.1 Hz
FT size 32768
Total time 22 min, 23 sec

OH

Cl

1.107

nl

Slotd

11 10

AMC -Chlgphenesin Mydroxylation

Sanple

Hame

Data C4llected on:
nmrox2-vnmrs600
Archive directory:

Sample

directory:

riarile: CARBON

Pulas S4quence: CARBON (s2pul)

Solvent

acetons

Data collected on: Jun 6 2013

Temp. 35.0 C / 298.1 K
Operatox: service

Relax.
Pulse
Acq. t
width
4000 re

OBSERVE

delay 2.000 sec
0.0 degrees

{me 2.000 sec
7878.8 M=
spatitions

€13, 150.8078422 Mz
Hl, 599.7558477 Mz

6 a8

jously on

6 modulated
}CESSING
toadening 0.5 Hz
262144

(me 4 hr, 26 min

200 180
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INDEX FREQUENCY PPN HEIGHT OH OH |
1 2760.508 6. 53.0
2 2751.958 & 89.0 O\)\/O NH2 |
3 2723.236 6, 65.3 \n/ ‘
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5 2705.797 &, 49.8 (o] |
€ 2703.404 6. 36.6 CI
7 2697.249 & .2
L] 2694.855 6. 27.8
] 1939.524 4. 2162.2
10 1663.925 4. 130.6 1.108
1 1660. 848 4. 28.%
12 1633.151 4. 201
13 1621.867 4 6.6
14 1600.326 3. 26.4
13 1594.171 3. 20.8
16 1328. k] 668.7
17 1324 1274.3
18 1322.353 1733.3
19 1320, 157.7
20 1319, 606.7
|
| -
12 11 10 9 8 7 6 5 4 3 2 1 -0

120 100 80 60 a0 20 0
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as_xv_07p2
Pulse Sequence: s2pu)
Solvent: COCI

3
Ambient temperature
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rees

7
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Line broadening 1.0 Hz
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013 Me

Solvent: C
Anbient temperaturs
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anf 11800

200

SPECIAL

PROCESSING
1.0

not used
DISPLAY
-62

180

140

278
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8

78

1000

1500

2500
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wctorys (o)
Sanple elrectory:
Prlze Sesumsce: sipul \/Y\OH
Solvers: zdeld OH
T BRI LLN Y oMe

" _nt
TAOWA - Srew e droyt

Relae. aelay 5
Fulse 15

e

" o1t iomm

& ML AR BTISMER WM
SATA MedCx

Lime trowdening 0.5 Mz

T wize €%

Tota) thme & ain, I8 vet

(TR ]
Archive directary:
Zampha divaciory:

Palize Seoumrca:
EL T
A S LB

W

fu
LEG. TYIATIE BHe
I91.BEE11AY MHp

o AT i

A,

280




usn OH

sarpie ane: (0]

Bata B3l Teciee ont \/\(\NH
AL v s 4] e}

Archive 4irectonys OMe «

Sevple \rectory: [©)

Fiarste: PROTEN 1.116

" BAguEncas PROTOM [Sipu )
Solveat: zec1d
Peta ol lacted ner un 12 2012

Sperater: Jommt

1 1tiens
SESTAVE W1, AGF S8A138% We e
PATA PROCESSIMNG
T size 32762
TOMAY Bime 8 win A7 Sac

LI L
Sdmpeld EiTEENNT RS
Plefilaz uj

FISNTITRF]

e [a2pui]

dss 33 dEad

EREEERE C3E,
Eicsfi sn, dAa
Fewur 44 d8

L1

281



O

HO
BnO

1.117

ppm

10

12

282



%Transmittance
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AcO

OyN

me—d

L L L B L L L

12 10 8

500 WHz narl
anc_des ipramine_acetate_c13

expd  Carbon

sanpLE SPECIAL
date Jan 23 2014 temp 27.0
solvent cdcl3  gain a0
file exp spin 20
ACQUISITION hst 0.008
5w 30131.8 pwi0 12.500
at alfa 10.000
np FLAGS
i " n
bs in n
a1 dp y
nt hs nn
ct PROCESS ING
TRANSNITTER b 1.00
n €13 fn not used
sfrg 125 .564
tof 1254.2 s
tpwr 61 wp
4.162 rf)
DECOUPLER fp
" orp
dof o p
. Yyy
e W we
dpwr sc
dmf vs
th
al o

TTTT T T T

100

284
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4

2

ppm
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1.119

|

W LS A R S S

ppm

10

12
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1500
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Wavenumbers (cm-1)

2500
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500 Wiz nnr0 (0] OMe

amc_metenanic_acid_hydrox_hl H
expl Proton
“:l Jan 13 10:;
solvent coc
. o AcO Me [
ACQUISITION M |
W .
at 4.001 € |
np 64000
o llll)l:
bs
a1 2.000 1.120
nt 64
ct
TRANSWITTER
tn
sfrq a3s
tof rt
tpwr
3.663
DECOUPLER
c13
dof
dn o
dnn
dpwr a3
dnf 22200
|
{
|
| |
| |
|
= J J 2 i e ONS—— " _L. .
| D S | T T L Y

o .
9 8 t 4 6 5 4 3 2 1 0 ppm

500 M4z ner0

amc_mefenamic_acid_hydrox_c13
expd  Carbon

SANPLE SPECIAL
date Jan 13 2014 temp
solvent chub

file ex|
ACOUISITION
30

»
sw 165.9 pws0

r T v v -
200 180 160 140 ‘120 100 80 60 40 20 ppm
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Campla Hame: OH
an_wviil Me Me
Data Collected on:
mhbd 00 -wnmrod 00
Archive directory:

Sample directory:
Me

FidFile: PROTON

Pulee Sequesce: FPROTON (slpul)
Solwent: odcld
Data esllacted an: Des 1 2013

Operater: aliasa

Relax. delay 1.000 sec
Pulpe 45.0 degrass

Aog. time 2.556 sec

Wideh 6410.3 Hz

16 repetisicna

OBEERVE  HL, 400.0061305 Miz
DATA PROCESSTNG

FT mize 31768

Toral tims 0 min 57 mec

EBampls Mame:
as-xwiil

Dats Collscted om
nhbd Ot - nmrsdnn

Archive directory:

gample directory:
FidFile: CARBON

Pulis Segquence: CANBAN (alpal)
Solvent: odold
Data sollected on: Des 32 2013

Tamp. 31.9 C f 195.1 K
operator: elissa

Ralax. delay 1.000 sec
Pulpe 43.0 degrees

Asg. tims 1.311 e

width 25000.0 mz

73 repatitions
CBEERVE €13, 100.6017536 Mis
TECOUPLE K1, 400,0881328 ez
Bowsr 15 4B

continususly os

WALTE-16 modulated

DATA PROCESSTHG

Line broadeaing 0.5 He

FT piza §5536

Total cime § min 51 sec

T
180 160 140

SR L L B |

Agilent Technologies

Wi

LI L e

120

289
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% Transmittance

93-

92

a1

89
88
B7

&

83
8z
81

79

|
|
|

4000

Wavenumbers {cm-1)



as-x-101c
Data Collected omi
nhed00-varrsd00
Archive directory:

Sample directoryt
FLaFile: FROTON

Fulse Sequences PROTSM (aipul)
Solwent: cdcll
Cata collscted on: Feb 34 1014

Gperator: eliasa

Relax. delsy 1.000 see
Pulse 45.0 degraes

Rog. Eime I_S56 sac

Widch 6410.3 Hz

16 repetitions

CBEERVE wl, 400.08E1305 MHz
DRTA PROCESSING

FT miza 32768

Total time 0 min 57 sac

i-Pr.

OH
i-Pr

i-Pr
1.122

Sample Hama:
am_wvidd Tip

Data Colleoted omi
ahbd00 -vamr=d00

Archive directony:

Sample directery:
Fidrila: CARBON

Fulue Seguence: CARBON (sdpal)
Bolwent: odolld
bata eollected on: Mow 27 2013

Tasp. 21.7 € f 154.9 K
‘operator: elissa

Belax, delay 1.000 sas
Fulse 45.0 degrees
Acg. tims 1.311 sec
Width ISE00.0 M=
54 repetitions
OBSERVE <13, 100.6017443 Muz
OECOUPLE W1, 400.C00131% otz
Powar 35 4B
continueusly on
WALTZ- 1% modulated
DATA FROCEESING
Line broadening 0.5 Iz
¥T size £5535
Total time % min 51 =ec

|
|

LI s

100

291
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3 Transmittance

100']

-J._'n\!i'#ﬂ

9

th

B85

80

75

70

65

B0

55

50

45

LTk

‘ti,]}

4000

38500

3000 2500 2000 1500
Wavenumbers (cm-1)
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Fample Mame: OH C} Agilent Technologies
Adesviiie Me Me
Rata Collested oni
nhtd00-vnmes 400
Archiva Alrastory: Me Me

Sampla directorys
FidFile: FROTON 1.123
Fulae Sequence: FROTON [(sdpul}

Solvent: odall
Data collested en: Dee 13 2013

oparater: alinda

Relax. delay 1.000 see
Pulse 45.0 degrees
Aog. time Z.556 sec

Widek 6410.3 Mz | 1

16 repeticions
OBSERVE  HIL, 400.0861315 MH:

BATA PROCESSING
FT size 33768
Toral time 0 mism 57 ses

Agilent Technologies

Sazgle Hame:
mmeaviii-0Sp

Data Collscted ons
Ehb400-vrmead 00

Archive directery:

Sample directory:

FidFile: CARBON
Pulse Fequence; CARBON (sZpul)
#alwent: cdoll

raza collected sa: Des 14 2013

Temp. 22.8 © [ 295.9 ¥
operacor: eliasa

Felax, delay 1,000 sec
Fulse 45.0 degrees

Aog. bime 1311 see

Wideh I5000.0 Hz

119 repetizicns
OBSERVE C13, 100.6017406 MEs
DECOUPLE HI, 400.088131% HHz
Powsz 35 da

continwounly om

WRALTZ-15 modulated

DATA PROCESSING

Line brosdening 0.5 Nz |
PT siza 65536

Total time 1¥ min

100 BO &0

293



1000

%Transmittance

99.5-
98.0
98.5

98.0- “‘lﬁ"

97.5
97.0
96.5
96.0—.
95.5
95.0

1.5
91.04
90,5

4000

3500 3000

2500 2000 1500 1000 500
Wavenumbers (cm-1)
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Farple Hame:
ot
Data Collected on:
T — Me
Archive directory:
Sample dirsctosy:

FidFile: PROTON

Pulse Eeguence: PROTOM [sZpull
Solvent; odold
Data collasted on: Feb 33 2014

Tamp. 11.9 C / 395.1 K
Gparater: elises

Ralax. dalay 1.000 sac
Fulse 43.0 degrees
hag. vima 2.556
widsh 6410.3 mz
25 repstitions

CHEERVE W1, 400.05E1393 M

TATA FROCESSING

PT osizs 3ITEI

Total time 1 min 54 sec

a

OH

Me

awexxe1lp

Archive directory: /homesstaffalsvmrsys data

Sample directoryl as-xx-11p_:8130128_01

Fulse Sequence: sZpul

salvent: cisld

Temp. 9.0 C / 288.1 K
14-87

Tilzi CARDON_91
IROVA-508  "herTreds

Ralax. dalay 1.000 sec

Fulse 38.0 degraes

Acg. time 1.311 sac

Width 23000.8 Wz

5000 repetitions
OBSERVE C13, 140.4585402 AHZ
DECOUPLE WL, 349_G777257 MHz

eant i nuously on
-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT 5ize A5SIE
Total time 3 hr, 13 min, 17 sec

Agilent Technalogies

295

an

20 ppm



%Transmittance

! | I 't |
93 § I ! i‘ B

9 § | f |

| | . il
L]
91- \ fa 0
| [ !
\ ll
i
90 W
|
i
85 |
i

4000 3500 3000 2500 2000 1500 1000 500
_ Wavenumbers (em-1) |
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OH

OMe | Agilent Technol

Sample Nama:
am-w-0Tp

Data Colleoted oni =
ahbd 00 =vamrsd 00

Archive direstesy:

Sarple direstory: 1.125
FldFila: FROTON

Pulss Sequence: PROTON (alpul)
Enlwant: odeld |
pata collected om: Jasm 20 2014

Temp. 21.% © / 285.1 K
Oparator: sliasa

Relax. delay 1.000 aec
Pulss 450 degrees

Aog. tims 3,556 sec

Wideh 6410.3 Hz

€ repaticions

OBSERVE Wi, 400.CAG6130L MEs
BATA PROCEEETING

T miza 3XTEE

Total time O min 57 sec

BN R B E S S B B B B B B B B

Sample Name: Agilent Technologies

as-u-08p
Data Collected ea:
mlbd B0 - vnmrsd 00 i
Archive dirsctory:

Sample dirsctory:
Fid¥ile: CANBON
Fulse Sequence: CARBOH (sdpull

salvent: sdall
Data collected om: Jan 20 2014

operator: eliasa

Eelax. delay 1.000 sec
Fulis 45.0 degreas

Acg, time 1.311 sec

Width 2S000.0 Hr

161 raparicions

CRFERVE ©13, 100.601741% stz
DECCUPLE  H1, 400.088131% MHz | .
Fowar 35 dn || |

|
continuously on | |
HALTZ-15 modulated | il |

Lime broadening 0.3 Hz |
¥T size £5536
Tocal tins 30 min

engettorim , | |

LI T T LI Bt B L

180 160 140 1z0 100 B0 &0 40 0 Ppm
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“%Transmittance

2500 2000

Wavenumbers (em-1)
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Sample Mema: OH
am-scce3pd

Tata Collected ons MeO
EBR4 D -veERs 8400

Arebive directasy:

Sanple dirscessy:

FidFile: PROTON

1.44
Pulee Sequance! PROTON |sZpul)
Solvent: e8cll

Dacs collscted ami Jan 18 2014

Teemp, 21.4 © 7 354.8 K
Operator: sliasas

Relax. delay 1.000 sec
Fulas 45.0 degress
Acg, time 3,356 seo
Width 6410.3 He
10 repeciticas
OREEAVE  H1, 400.08613105 Mz
DATA PROCESSING
FT size 31TER
Total time 0 min 57 sec

as_wn_03p2

Archive director

Jhome /s AT AL enme ByE fdata
Zample director

aE_xx_D3pZ_20100117_01
Pulse Sequence: cZpul

Solwvent: cdeld

Tenp. 25.0 € / Z88.1 K

User: - 14—

Flle: CORBON_DL

INOVA-530  “narfrod”

Belaw, delay 2,000 sac
Fulse 30.0 deqrews

5000 repetitions
QRSERWE L3, 1004335415 Mz
OECOUPLE  H1. 383 6777257 MMz

Power 39 i

cont imsus Iy on |
WALTZ-16 modulated |
DATA PADCESSING

Line broadening 0.5 Wz
F1 size BEG3R |
Total time 4 hr, 36 min, 37 sec

299

Agilent Technologies



e Transmittance
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Sample Mams:
mmexixellpl

Dats Collsctsd om:
‘nhb4 00 -vnmrsd ¢

Archive directorye

Eample directory:
FidFile: FROTON

Pulse Sequence: FROTON (sZpul)
Solvent: cdolld
Data collscted cn: Jan 11 3014

Temp. 22.1 &/ ¥5.1 K
Operator: sliasa

Rolaw. delay 1.000 sec
Tulse 45.0 degress
Reg. bime 3.G56 gam
Width 6410.3 Mz
8 repatitions
ONSERVE M1, 400.086130%5 MEz
DATA PROCESSING
¥T size 33768
Total sime 0 min 57 sec

Me

/\

0

(¢

1

OH

.46

OMe

11 10

aE_MiM_LL

Archiive @irectory: shome/etafrIl/voar
Sample directorys as_xix_l1_g0Ll20120_

Pulse Sequence: s2pul

salvent: cdeld
WL/ TIELR
7

File: CORBOM_01
IROVA-508  “nerfred®

Relas. @alay 1.000 sec
Pulse 38,0 degress
Ctimm 1,011 §6e

ione

aBg 13, 100_A3AEA0E Nz

DECOUPLE  HL, 398.6777257 ANz
ar 3

sant inueus 1y on

WALTZ-16 modii lated

DATA PROCLES ING

Line broadening 8.5 Mz

FT size 65!

536
Teral time 3 hr, 13 m 17 sec

syRsdata
0l

S 4 3 2 1

S S s B S B S B B

PRm

nt Technologies

180 160

&0 60 an

301
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1000

1800

2000

2500

3000

3500

4000
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OH O

Sample Name: MeO oM |
ae-xx-02pl e |
bata Collected on: If

nhoe00-vnmrsd00 o) ;
Archive directory: | 1
o

Sample directory: ” |

1.47 |

Agilent Technologies

FidFile: PROTON

Pulse Sequence: PROTON (sZpull
Solvent: edell
Data collected on: Jan 29 2014

Temp. 21.9 C / 295.1 X
Operator: eliasa

Relax. delay 1.000 sec |
Pulse 45.0 degrees

Acq. time 2.556 sec

Width 6410.3 Hz

9 repetitions
OBSERVE  H1, 400.0861297 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

I ’L
Ao . oV J
T ‘ T T T T T I T T I T T [ ML I B l_! T ":_r“ I L L L ‘

11 10 9 B 7 6 5 4 3 2 1 ppm

ae_xw_tp

Archive directory: shomasstaffsl vnmrsys data
Sample directorys ae_wx_Fp_20140123_01

Fulse Seguemce: £2pul
Solvent: cdeld

Temp. 25.0 C s 298.1 %
user: 1-14-87

File: CARBON_01
INOVA-500  “Amrfrad"

Relax. delay 2.000 sec
Pulse 30.0 degrees

] ons
OBSERVE  CL3, 100.19B5408 WHz
OECOUPLE  Hi, 394.6777257 WHz
Power 39 d
continuous 1y on
WALTZ-16 nodulated
DATA PROCESSING
Line broadening 0.5 Hz
rT size 6553
Total time 4 hr, 36 min, 37 sec

200 180 160 140 1zo 100 1] 60 a0 20



Y Transmittance
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__ Wavenumbers (em-1)
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OH O Agilent Technologies
Eample Hane:
ae-3o0-13pl
Tats Ssllacesd oni MeO |
R G- v ad00 OMe
Archive directory:

MeO
Fample directory:

FidFile: FROTON
1.43
Pulan Seguence: EEOTON (mZpul)
Bolvent: ocdcld
Data ssllacted on: Jan 28 2014

Tenp. 322 € f 354K
Cperatori elimsa

Aelam. delay 1.000 sec
Pulse 45.0 degreen

Reg. eime 2.556 sec

Width £410.3 Bz

11 repetitions
ORSERVE M1, 400.086130% Ms
BATA PROCESSING

FT oaize 32768

Total time 0 min 57 sec

s S — P L N— S

L e e . A L s e e L B I B S A

11 10 ] L] 7 ] 5 4 3 2 1 ppm

Gradisnt Fhimmdiag
Agilent Technologies

Sanple Hame:
as-a-13pl
Data Collected omi
nkb4 00 vamrsddl
Archive diractesy:
/home/ space/data
Gamgle dirsctory:
an-wx-10pl 20140128 02
Fidrila: CARBON

Fulse Zeguences CARBON {sdpul)
solvent: edeld
pData collected omp Jan 38 2014

Temp. 2.1 F 3984 K
Operates: eliasa

Fmlax. delay 1.000 sec
Pulpe &5.0 degress |
neg. time 1,311 sec |
wideh 25000.0 Hs

311 repeticions

ORSEEVE 13, 100.60L7356 HEa

DECOUFLE Wi, 400.0B81319 HHz ,
Fower 35 dB |

coatinususly on
WALTE-16 modulated
DATA PROCESSING | |
Line broadening 0.5 Bz

FT size 65436 |
Total tima 19 min ‘

B e L L L L B L L L B

BO &0 40 20 ppm
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%Transmittance

3000

2500 2000 1500 1000
Wavenumbers (em-1)
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- Agilent Technologies
B le Ham
" e o
Data Collecesd ons MeO.

mihbd 0 -vomr &80 OMe

Archive directorys
/\/\
Cl O

Sanple dirsctory:
FidFile: PROTON

Pulse Sequence: PROTON (sipul) 1.55
Sclvent: cdcld
Tata collsoted on: Jan 9 2014

operator: eliasa

Ralax. dalay 1.000 mec

Fulss 45.0 degress

Aeg. time 2556 ses

width 6410.3 Hz

16 repetivicns
omsERVE ML, 400.0B61305 MHe
TATA FROCESEING
FT size 12768 i
Total time 0 min 57 sec

an_win_dlp

Archive directoryr Jhome/staff3l/vnnesys data
Sample directoryr as_wis_0&p_20000171 81
Pulse Sequencer s2pul

Solvents cdeld

Temp, 29,0 ; 298.1 €

1-14-87

INOYA-300  “merfred®

Relas. dalay 2000 sec
Pulie 30,0 degrees

Aeg. time 1,311 see

width 230009 Hz

08 ropetitions
OBEERVE ©13, 10D.188%A00 WHZ
DECOUPLE  HL, 338.6777257 WHZ
Power 38 4B

Gont inions by on

VLT 2= 18 mudi latad
DATA PROGESSING

Line brondening 8.5 Mz
FT size 65536
Total time 4 hr, 36 min, 37 sec

150 160 140 120 100 a0 1) 4l 20 npm

307



e
—— T T R
e S o

500

1000

2000
Wavenumbers (cm-1)

2500

308

8 3 8§ 8 8 8 3 8 8 & €

SOUBIISUEI| %

3000




Sample Name:
ae-mix-09p1 MeO.
Data Collected ons
AEBADD -vamea400
Archive directory:

Sample directory:
Fidrile: PROTON 1.51

Pulge Eeguence: FEOTON (sipul)
Solvent: edell
Data collected on: Jan 15 2014

Temp. 21.4 € / 294.6 K
cperator: ellasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

width §410.3 Ha

10 repetitions
OBSERVE  E1l, 400.0861301 Mz
DATA PROCESSING

FT gize 32766

Total time 1 min 54 sec

OMe

Agilent Technologies

ag_xix_09pl

Archive directory: /home/staff3lvnnrsys/data
Sample directory: ae_xix_09pl_z0140117_01

Pulse Sequence: sZpul

Solvent: cdold

25.0 C s 298B.1 K
Usear 1-14-87
File: CARBD
INOVA-500 “nmrfred"

Relax. delay 1.000 sec

Acg. time 1.311 sec
width $5000.0 W2
5000 repetitions
DBSERVE CI13, 1004985408 WHz
DECOUPLE  H1, 333 ,6777257 MHz

Ling broadening 0.5 He
FT 5ize 65536
Total time 3 hr, 13 min, 17 sec

309



L ]
|

% Transmittance
®

82

80 |
‘ 78 !
76
741
72

70-
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ae_x1x_10p1
Pulse Seguence: s2pul

Solvent: CDCI3
Anbient temperature
Mercury~4008| “rmrs"

Relax. dally 2.

Acq ?
. un 2 8 l s8C
thn 560,

4 repetitio

0o VE Il. ‘00.208’775 Lt
DATA PROCESSII
Line uruncm»g 0.1 Hz
FT size 32

Total '.ln 1 min, 52 sec

TMS

MeO

A\

1.48

OMe

1 10 9

ae_xx_9%2p1

Archive directory: /nc-./:unzuv-r-‘-/nu
Sample directory: ae_xx_92pl1_20140308,

Pulse Ssquence: s2pul
Solvent: cdcis

Temp, 25.0 C 7 208.1 K
User: 1-14-87

01
INOVA-500 "T-r'r-ﬂ'

Relax. delay 1.000 sec
Pulse 30,0 ugrlu

Acq. time 1

Vldlh 25000 Nl

2000 ropouuons

OBSERVE €13, 100.4985423 MHZ
DECOUPLE Dﬂ Sil.l777257 HHZ
Power 38

wn"nwnt

WALTZ-16 Mulltlu

DATA PROCESSING

Line broadening 0.5 Hz

FT |In 65536

me 1 hr, 17 min, 19 sec

T § B e e

T T
180 160 140

120

311

80

20

T
0 ppm
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Sample Name:
ae-xxii-2p3

Data Collected on:
nhb400-vomrs400

Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Apr 4 2014

Temp. 22.1 C / 295.2 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

width 6410.3 Hz

8 repetitions

OBSERVE E1l, 400.0861309 MHz
DATA PROCESSING

FT size 32768
Total time 1 min 54 sec

1.161a

L

Sample Name:
ae-cei-02p1

Data Collected on:
ohbd 00-vomrs400

Archive directory:

sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Apr 3 2014

Temp. 22.9 C / 296.1 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 1.311 sec

Width 25000.0 Hz

1124 repetitions

OBSERVE C13, 100.6017381 MHz
DECOUPLE H1l, 400.0881319 MH=z
Power 35 dB

continuocusly on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536
Total time 57 min

T T T'"'r LA T’ﬁif

2 1 ppm

Agilent Technologies

100

313

BOD



%Transmittance

100]

82

80-

78

76

74

72

70

4000

2500 2000 1500
Wavenul mbers (cm-1)

314




Sample Name:
ae-xxii-14£49
Data Collected on:
nhb400-vames400
Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul}
Solvent: cdcl3
Data collected on: Apr 10 2014

Temp. 22.0 C / 295.1 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 2.556 sec

wWidth 6410.3 Hz

27 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.161b

ae-xxii-02pd

Sample Name:
ae-xxii-02pd

Data Collected on:
nhb400-vomrsdCo

Archive directory:
/home/space/data

sample directory:
ae-xxii-02pé_20140404_01

FidFile: CARBON 01

Pulse Sequence: CARBON (sZpul)
Solvent: cdcld
Data collected on: Apr 4 2014

Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.311 sec

wWidth 25000.0 Hz

1500 repetitions

OBSERVE €13, 100.6017389 MHz
DECOUPLE H1, 400.0881319 MHz
Power 35 dB

continuocusly on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min

180 160 140
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STANDARD PROTON PARAMETERS

Sample Name:
ae-xxiii-33£13
Data Collected on:
nhb4 00-vomrs400
Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdel3
Data collected on: May 27 2014

Temp. 23.2 C / 296.4 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

width 6410.3 Hz

20 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.162a

ae-xxiii-33F13

Sample Name:
ae-xxii1-33f13

Data Collected on:
wela00-vrmrsa00

Archive directory:
/home /space/data

sanple directory:
ae-xxil1-33F13_20140527_01

FidFile: CARBON

Pulse Sequence: CARBON (szpul
Solvent: cdcl
Data collected on: May 27 2014

Temp. 23.3 C / 296.4 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.311 sec
Width 25000.0 Hz
506 repetitions
OBSERVE €13, 100.5226222 MKz
DECOUPLE  HI, 399.7734871 MHz
Power 37
cont inuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 65536
Total time 57 min
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ae_xxiii_59F25

Pulse Sequence: sZpul
Solvent: COC1Z
Ambient temperature

Hercury-400BB  “nmrg*

Relax. delay 2.000 sec
Pulse 16.4 degrees
cq. time 2.856 sec
width 5602.2 Hz
20 repetitions
OBSERVE  H1, 400.2669776 MHz
DATA PROCESSING
Line broadening 0.1 Kz
FT size 32768
Total time 3 min, 44 sec

1.162b

ae-xxiii=59F11

Sample Name:
ag-xxiii-59f11

Data 1lected on:
weldD0-vnmrsa00

Archive directory:
/home/space/data

Sample directory:
ag-xxiii-59¢11_20140612_0

FidFile: CARBON

Pulse Sequence: CARBON (sZpul)
Solvent: cdcl3
Data collected on: Jun 1% 2014

Temp. 23.3 C / 296.4 K
Operator: sisgel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.311 sec
Width 25000.0 Hz
101 repetitions
OBSERVE C13, 100.5226222 MHz
DECOUPLE  H1, 399.7734871 MHz
Power B
cont inuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 65536
Total time 57 min

L.
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Sample Name:
rpt-01-£13
Data Collected on:
phb4 00-vomrs400
Archive directory:
/bome/space/data
Sample directory:
rpt-01-£13_ 20140412_01
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)

Solvent: cdcl3
Data collected on: Apr 12 2014

Temp. 22.2 C / 295.4 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

width 6410.3 Hz

18 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

<O

(0]

1.163a

+BuO,C—\
o—</ 0

ny

Sample Hame

-01-06p1L

Data Collected on:
Agilent-NMR-vamrs400

Archive directory:

Sample directory:
FidFile: CARBON
Pulse Sequence: CARBON (sZpul)

Solvent: cdcl3

Data collected on: Apr 15 2014

Temp. 23.4 C / 296.6 K
Ooperator: sisgel

Relax. delay 1.000 sec
Pulse 15.0 degrees
cq. time 1.311 sec

104 repetitions
OBSERVE C13, 100.5226230 MHz
DECOUPLE M1, 399.7734871 MH2z
Power 37 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size B5536

Total time 57 min
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Sample Name:
rpt-05-£19 o
Data Collected on:
nhb400-vamrs400 t BUOZC—‘\O N (0}
Archive directory: X [e)
/home/space/data
Sample directory:
rpt-05-£19 20140412 01 0
FidFile: PROTON
o

Pulse Sequence: PROTON (s2pul)
Solvent: cdecl3
Data collected on: Apr 12 2014 1.163b

Temp. 22.5 C / 295.6 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

wWidth 6410.3 Hz

5 repetitions

OBSERVE  H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

A

Sample N
rpt-06p2

Data Collected on:
Agilent-NMR-vomrs 400

Archive directory:

sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3

Data collected on: Apr 15 2014

5C / 296.6 K

Temp.
Operator: siegel
Relax. delay 1.000 sec

Pulse 45.0 deqrees
Acq. time 1.311 sec
Width 25000.0 HZ
177 repetitions
OBSERVE C13, 100.5226215 MHZ
DECOUPLE K1, 389.7734571 HHz
Power 37 dB

cont inuously on

WALTZ-16 modulated

0ATA PROCESSING

Line broadening 0.5 Kz

FT size 65536

Total time 57 min
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Sample Name:
ae-xxi-49p2
Data Collected on:
nhbd 00-vomrs400
Archive directory:
/home/space/data
Sample directory:
ae-xuxi-49p2_20140320_01
FidFile: PROTON

Pulse Sequence: PROTON (sZpul)
Solvent: cdcl3
Data collected on: Mar 20 2014

Temp. 22.3 C / 295.4 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 2.556 sec

width 6€410.3 Hz

9 repetitions

OBSERVE H1, 400.0858989 BMHz
DATA PROCESSING

PT size 32768

Total time 0 min 57 sec

I

1.164a

9 8
expd  Carbon
SAMPLE SPECIAL
date Mar 20 2011 temp 27.0
solvent cdcli3 gain a0
file exp spin 20
ACQUISITION hst 0.008
sw 30131.8  pwd0 12.500
at 062 alfa 10.000
np 54000
b 17000 i1
bs in n
d1 2.000 dp y
nt 12000 hs an
ct 12000 PROCESSING
TRANSMITTER b 1.0
n fn not used
sfrq 125.584 DISPLAY
tof 1254.2 sp -628.1
tpwr 61 wp 28253.2
4.162 rf1 11581.7
DECOUPLER rfp 9669.0
HL 269.6
dof o p -133.3
dm yyy PLOT
dmm W e 250
dpwr 33 sc
dmf 12200 vs 90740
th 68

200 180 160

140 120 100 80 60 40 20 ppm
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Sample Name:
ae-xxi-49p1 0 <0
Data Collected on: MezN-J< o
nhbd00-vomrad00 o \\ (0]
Archive dirsctory: 0o
/home/space/data
Sample directory:
ae-xari-49p1_20140321_01 (@)
Fidrile: PROTON_01
Pulse Sequenc: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Mar 21 2014

1.164b

Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

Width 6410.3 Hz

8 repetitions

OBSERVE H1, 400.0861305 MHz
DATA PROCESSING

PT size 32768

Total time 0 min 28 sec

O

Agilent Technologies

Sample Name:
ae-sxxi-49p1
Data Collected on:
nhbd00-vimrsd00
Archive directory:
/home/space/data
sample directory:
ae-axi-49pl_20140322_01
FidFile: CARBON_D1

Pulse Sequence: CARBON (s2pul}
Solvent: cdell
Data collected on: Mar 22 2014

Temp. 22.1 C / 295.2 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1,311 sec

Width 25000.0 Hz

1546 repetitions
OBSERVE C13, 100.6017396 MHz
DECCUPLE H1, 400,0881319 MHz
Power 35 &8

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 1 hr, 17 min

Agilent lechnologies
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Sample Wame: vo

ag-xxi1i-84f49
Data Collected on: 0]
we1400-vamrsa00 N
Archive directory:
/home/space/data Me N OO

sample directory:
ae-xxiii-Bafas_zo
FidFile: PROTON_DI

Pulse Sequence: PROTON (szpul)
Solvent: cdcl3
Data collected on:

0623 01 O

Jun 23 2014

Temp. 26.0 C ; 298.1 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees 1.165a
Acq. time 2.556 sec

Width §410.3 Hz

8 repetitions

DBSERVE H1, 398.7714877 MHz

DATA PROCESSING

FT size 32768

Total time 0 min 28 sec

Sample Hame:
ae-xxiii-B4Fa9
Data Collected on:
we 1400-vimrsa00
Archive directory:

shome /space /data
sample directory:
ag-xxiii-84F43_20140623_01
FidFile: CARBON
|

Pulse Sequence: CARBON (s2pul)
Solvent: cdcld
Data collected on: Jun 23 2014

Temp. 23.2 C / 296.4 K
Operator: siegsl

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

690 repetitions
OBSERVE C13, 100.5226222 MHz
DECOUPLE  H1, 399.7734871 MHz
Power 37 dB

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time S7 min
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ae-xxiii-90p2 VO
Data Collected on: 0
nhb4 00-vnmrs400
Archive dizectory: Me—<LD

Sample directory:
FidFile: PROTON

Pulse Seguence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Jun 26 2014 1.165b

Temp. 23.3 C / 296.4 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

Width 6410.3 Hz

10 repetitions

OBSERVE Hl, 400.0861313 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

STANDARD CARBON PARAMETERS

Sample Name:
ae-xxiii-0p
pata Coliected on:
we1400-ynmr 5400
Archive directory:

Sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (sZpul)
Solvent: cdcl8
Data collected on: Jun 26 2014

Temp. 23.2 € ; 236.4 K
operator: siegel

Relax, delay 1.000 sec i
Pulse 45.0 degreas i
Acq. time 1.311 sec 1
Width 25000.0 Hz |
590 repetitions

OBSERVE €13, 100.5226215 MHZ
DECOUPLE  H1, 399.7734371 KHz
Power

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min

180 160 140 1z0 100 &0 60 a0 20 ppm

331



%Transmittance

100

96|

92

90

3

82
80-
78
76
74
72

70 |

"UMWL!}\ |

4000

3500

2500 2000
‘Wavenumbers (cm-1)

1500

332




Sample Name:
ae-xxii-30pl

Data Collected on:
nhb400-vamrs400

Archive directory:
/home/space/data

Sample directory:
ae-xxii-30pl_20140421 01

FidFile: PROTON 01

Pulse Sequence: PROTON (s2pul)
Solvent: cdcld
Data collected on: Apr 21 2014

Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

Width 6410.3 Hz

32 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.166a

Agi!erh Technologies

Sample Mami
ae-xxii-30p1

pata Collected on:
Agilent-NKR-vmrs400

Archive directory:
/home/space/data

Sample direc

tory:
e-xx1i-30p1_20140421_01
FidFile: CARBON
Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Apr 21 2014

Temp. 22.5 C / 295.6 K
Operator: siegel

Relax. delay 1.000 sec

221 repetitions
OBSERVE C13, 100.5226253 MHz
DECOUPLE  H1, 399.7734871 MHz
Power 37 dB

continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536

Total time 57 min
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Sample Name: vO

kro-ii-18

Data Collected on: Me
nhb400-vamrs400 \\ o

Archive directory: ©)

Sample directory: 0.
FidFile: PROTON

Pulse Sequence: PROTON {s2pul)
Solvent: cdel3 1.166b
Data collected on: Apr 29 2014

Operator: clausk

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 2.556 sec

Width €410.3 Hz

16 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768
Total time 0 min 57 sec

Sample Name:
kre-ii-20

pata Gollected on:
Agilent-NMR-vnmrs400 i

Archive directory: |
/home /space /data |

sample directory:
Krc-11-20_20140429_01

FidFile: CARBON

Pulse Sequence: CARBON [sZpul)
Solvent: cdcl3 L

pata collected on: Apr 29 2014

Temp. 23.2 € ; 296.4 K I | |
Operator: clausk

Pulse 45.0 degrees | |

Acq. time 1.311 sec | |
Width 25000.0 Hz | |
1119 repetitions |

Relax. delay 1.000 sec | |

OBSERVE  C13, 100.5226215 MHZ

DECOUPLE H1, 394.7734671 MHz

power 37 db

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz |

FT size 65536 |

Total time 57 min ‘
|

180 .IED 140 120 100 &80 60 40 20 ppm
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Sample Name: TO
ae-xxii-99pl o)
Data Collected on: N
nhb4 00-vnmrs400 NN
Archive directory: (6] o

Sample directory: o)
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3 1.167a
Data collected on: May 12 2014

Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 2.556 sec
width 6410.3 Hz

32 repetitions
OBSERVE H1, 400.0861305 MHz 1
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

sample Name:
ae-xii-99pt

vata Collected on: ]
Agilent-NMR-vhmrsa00 i

Archive directory: |
/home sspace sdata

sample directory:
ag-xxii-99p1_20140512_03

FidFile: CARBOR

Pulse Sequence: CARBON (sZpul)
Solvent: cdc13
Data collected on: May 12 2014

Temp. 23.5 C / 296.6 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.311 sec
Width 25000.0 Hz

n
OBSERVE C13, 100.5226207 MHz
DECOUPLE H1, 339.7734871 MHz
Power 37 dB
continucusly on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Wz
FT size 65536 |
|
|

Total time 57 min
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Sample Name:
ae-¥xxii-99p2

Data Collected on:
nhb400-vnmrsd00

Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdecl3
Data collected on: May 12 2014

Temp. 22.5 C / 295.6 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

width 6410.3 Hz

14 repetitions

‘OBSERVE H1l, 400.0861313 Muz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

Me

1.167b

Sample Name:
ae-xxiii-79¢

Data Collected on:
Wel100-vnmrsa00

Archive directory:
/home/space/data

sample directory:
ae-xx1i1-79c_20140620_01

FidFila: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcld
Data collected on: Jun 20 2014

Temp. 23.3 C / 296.4 K
Operator: siegel

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

1086 repetitions

OBSERVE C13, 100.5226215 MHz
DECOUPLE  H1, 399.7734871 MHz
Power 37 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min
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Sample Name:
ae-xxii-95pl

Data Collected on:
nhb4 00-vnmrs400

Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: May 9 2014

Temp. 23.0 C / 296.1 K
Operator: eliasa

Relax., delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 2.556 sec

Width 6410.3 Hz

14 repetitions

OBSERVE H1, 400.0861313 MH=z
DATA PROCESEING

FT size 32768

Total time 1 min 54 sec

1.168a

1.168b

Sample Mame:
ag-xxii-95p1

Data Collected on:
Agilent-NHR-vAmrs400

Archive directory:
/home /5pace /data

Sample directory:
ag-xxii-95p1_20140508_02

Fidfile: CARBON

Pulse Sequence: CARBON (sZpul)
Solvent: cdcl3
Data collected on: May 9 2014

Temp. 22.5 C / 295.6 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.311 sec

widih 25000.0 Hz

931 repetitions

OBSERVE 13, 100.5226245 NHz
DECOUPLE H1, 359.7734871 MHz
Power 37 d

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min
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C-2-11_maj_iso_clean

sample Name
MPC-2-11_maj_iso_clean
Jata Collected on:
nhba00-vnmrs400
wrchive directory:
shome sspace/data
sample directory:
MPC-2-11_maj_iso_clean_20140605_01
fidFile: PROTON_01

i1se Sequence: PROTON (s2pul)
slvent: cdcl3
ita collected on: Jun § 2014

serator: dong

telax. delay 1.000 sec
*ulse 30.0 degrees
icq. time 2.556 sec
iidth 6410.3 Hz
i repetitions
ISERVE  H1, 400
\TA PROCESSING

T size 32768
ital time 0 min 28 sec

1315 MHz

1.169a

Sample Mame:
MPC-2-11113
Data Collected on:
we1400-vomrs400
Archive directory:
/home /space /data
sample dirsctory:
MPC-2-11f13_20140604_01
FidFile: CARBON

Pulse Sequence:
Solvent: cdeld
Data collected on: Jun 4 2014

CARBON {s2pul)

Temp. 23.6 C / 296.8 K
Operator: siegel

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

49 repetitions

OBSERVE €13, 100.5226360 MHz
DECOUPLE  H1, 399.7734871 MHZ
Power 37 dB

cont {nuous 1y on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min

180 160
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Data Collected on:
nhb4 00-vnmrs400
Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdel3

Data collected on: Jun 10 2014

Operator: chrism

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

Width 6410.3 Hz

16 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 0 min 57 sec

1.169b

n

mpc-2-11C

Sample Name:
mpc-2-11C

Data Collected on:
we1400-vnmrs 400

Archive directory:
/home /space/data

Sample director
mpc-2-11C_20140611_01

FidFile: CARBON

Pulse Sequence: CARBON (sZpul)
3

Solvent: cdcl
Data collected on: Jun 11 2014

Temp. 23.3 C /7 296.4 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

77 repetitions
OBSERVE C13, 100.5226291 MHz
DECOUPLE  H1, 389.7734871 MHZ
Power 37 dB

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min
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Sample Name:
RB-29

Data Collected on:
nhbrobo-vnmirs400

Archive directory:
/home/staff31l/vomrsys /data

Sample directory:
RB-29_20140627_01

FidFile: PROTON_01

'ulse Sequence: PROTON (sZpul)
solvent: cdcl3
Jata collected on: Jun 27 2014

Temp. 25.0 C ; 298.1 K
iample #7, Operator: siegel

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acg. time 2.556 sec

Width 6410.3 Hz

16 repetitions

IBSERVE  H1, 399.6757273 MHz
1ATA PROCESSING

T size 32768

‘otal time 0 min 57 sec

1.170a

10 ] 8

sample Name:
RB-2%

Data Collected on:
nhbrobo=vnmrs400

Archive directory:
shomesstaffal vomrsys data

Sample directory:
RB-29_20140627_01

FidFile: CARBON_01

Pulse Sequence: CARBON (s2pul)
Solvent: cdcls
Data collected on: Jun 27 2014

Temp. 25.0 C / 298.1 K
sample #7, Operator: siegel

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

512 repetitions
OBSERVE €13, 100.4985476 MHz
DECOUPLE H1, 399.6777257 MHz
Power 35 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 1% min
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Sample Name:
ae-xxiii-97f24
Data Collected om: O e}
nhbd 00-vnmrs400 / AN o
Archive directory:

Sample directory:
FidFile: PROTON o}
Pulse Sequence: PROTON (s2pul}

Solvent: cdcl3
Data collected on: Jul 3 2014

1.170b

Temp. 22.9 € / 296.1 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

width 6410.3 Hz

16 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

Sample Name:

Archive directory:
/home/space/data

Sample directory:
ae-xxiii-37f29_20140704_01

FidFile: CARBOM

Pulse Sequence: CARBON [s2pul)
Solvent: cdclz

Data collected on: Jul 4 2014
Temp. 23.2 C s 296.4 K
Operator: siegel

Relax. delay 2.000 sec
Pulse 30.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

1301 repetitions

OBSERVE €13, 100.5226207 Mhz
DECOUPLE 11, 399.7734871 MHz

continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536

Total time 1 hr, 22 min
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Sample Name:
ae-xxi-59pl

Data Collected on:
nhb4 00-vnmrs400

Archive directory:

gample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: edcl3
pata collected on: Mar 24 2014

Temp. 22.0 C / 295.1 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

width 6410.3 Hz

16 repetitions
OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.171a

—~y

sample Name:
ag-xxi-59p1

pata Collected on:
AgiTent -NHR-vime £ 400

Archive directory:

sample directory:

FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
€13

Solvent: cdcls
Data collected on: Mar 24 2014

Temp. 23.3 C / 296.4 K
operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

652 repetitions
OBSERVE €13, 100.5226215 MHz
DECOUPLE H1, 393.7734871 WHz
Pawer 37 db

cont {nuous iy on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min
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Sample Name:
ae-xxi-59p2
Data Collected on:
nhbd 00-vnmrs400
Archive directory:
OyN

Sample directory:
FidPile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Mar 24 2014

Temp. 22.0 ¢ / 295.1 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

width 6410.3 Hz

9 repetitions

OBSERVE  H1, 400.0861309 MmHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.171b

Sample Name:
ae_xxi_53p2
Archive directory:

Sample directory:
FidFile: ae_xxi_53p2_01

Pulse Sequence: Carbon (s2pul)

Solvent: cdcl3
Data collected on: Mar 24 2014

Sample #2, Operator: siegel
VNNRS-400 "weljr®

Relax. delay 2.000 sec
Pulse 30.0 degrees

Acq. time 1.300 sec

width 24509.8 Hz

ons

100.5309756 MHz
DECOUPLE H1, 338.8067105 MHz
Power 44

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 2.0 HZ

FT size 65536

Total time 4 hr, 35 min

2 1 ppm
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Sample Name:
ae-xxii-33£13 X0
Data Collected on: o
nhb400-vamrs400 O,N \\ (6]
Archive directory: (@)
/home/space/data (o]
Sample directory:
ae-sxcii-33£13_20140425_01 O
FidFile: PROTON

Pulse Seguence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Apr 25 2014 1 172a

Temp. 22.6 C / 295.8 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 2.556 sec

Width 6410.3 Hz

10 repetitions

OBSERVE Hl, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

7 6 5 4 3 2 1 ppm

Sample Name:
ae-xxii-33p2

pata Collected on:
Agilent-NMR-vnmrsd00

Archive directory:

Sample directory:
FidFile: CARBON

Pulse Seguence: CARBON (sZpul)
solvent: cdcl3
Data collected on: Apr 25 2014

Temp. 22.8 C / 295.9 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz

834 repetitions

OBSERVE C13, 100.5226222 MHz
DECOUPLE_ H1, 399.7734871 MHz
Power 37 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING f
Line broadening 0.5 Hz | |
FT size 65536 | i
Total time 38 min I
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Sample Nami

ae-xxii-33p2 VO

Data Collected on:
nhba00-vamrsa00 N

Archive directory: 0NN
/home/space/data

Sample directory:
ae-xxii-33p2_20140425_01

FidFile: PROTON

Pulse Seguence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Apr 25 2014

Temp. 22.7 € / 295.9 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

wWidth 6410.3 Hz

11 repetitions

OBSERVE H1l, 400.08613C09 MH
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.172b

Sample Name:
ae-xxii-33p1
Data Collected on:
Agilent -NMR-vnmr 5400
Archive directory:
shome /space /data
Sample directory:
ae-xxii-33pl_20140425_02
FidFile: CARBON

Pulse Seguence: CARBON (sZpul)
Solvent: cdcl
Data collected on: Apr 25 2014

Temp. 22.7 C / 295.9 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 5.0 degrees

Acg. time 1.311 sec

Width 25000.0 Hz

257 repetitions

OBSERVE €13, 100.5226230 MHz
DECOUPLE  H1, 339.7734871 HHz
Power 37 d8

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 38 min
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Sample Name:
ae-xxiv-01£29 o

Data Collected on: N
nhb400-vamrs400 TS0~ OO

Archive directory:
/home/space/data

Sample directory: (o)
ae-xxiv-01£29_20140709_01

FidFile: PROTON

Pulse Sequence: PROTON (s2pul) 1.173a
Solvent: cdcl3
Data collected on: Jul 9 2014

Temp. 22.2 C / 295.4 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acq. time 2.556 sec

wWidth 6410.3 Hz

15 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 0 min 57 sec

STANDARD CARBON PARAMETERS

Sample Hame:
Ac-xxiv-F29

Data Collected on:
we 1400-vnmrsA00

Archive directory:
/home/space /data

Sample directory:
ag=xxiv-f29_z0140708_01

Fidfile: CARBON

Pulse Sequence: CARBON (szpul)
Solvent: cdcli
Data collected on: Jul 8 2014

Temp. 23.4 C / 296.6 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.311 sec |
Width 25000.0 Hz

80 repetitions

OBSERVE €13, 100.5226253 WHz

DECOUPLE  H1, 399.7734871 NHz

Power 37 d

continuously on

WALTZ-16 modulated

DATA PROCESSING |
Line broadening 0.5 Hz

FT size 65536 |
Total time 4 min S6 sec |
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Sample Name: TO
ae-xxiv-01£36 0
Data Collected on: N O
nhb400 -vomrs400 TsO—\
Archive directory: o

Sample directory: (@)
FidFile: PROTON

Pulse Sequence: PROTON (s2pul) 1.173b
Solvent: cdcll
Data collected on: Jul 9 2014

Temp. 22.1 € / 295.2 K
Operator: eliasa

Relax., delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

wWidth 6410.3 Hz

22 repetitions
OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768
Total time 1 min 54 sec

Sample Mame:
ae-xxiv-01f36
Data Collected on:
we 1900-vnmr <400
Archive directory:

Sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (s2pul) |
Solvent: cdcl3
Data collected on: Jul 8 2014

Temp. 23.4 C 7 296.6 K
Operator: siegel

Relax. delay 1.000 sec |
Pulse 45.0 degrees

Acq. time 1.311 sec

Width 25000.0 Hz |
717 repetitions |
OBSERVE C13, 100.5226215 MHZ

DECOUPLE M1, 399.7734B71 WHz

Power 37 dB

continuously on

WALTZ-16 modulated |
DATA PROCESSING |

Total time 57 min
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ae-xxii-72p2
Data Collected on:

nhb4 00-vnmrs400
Archive directory:

sample directory:

Fidrile: PROTON

PROTON (s2

Pulse Sequence:
Solvent: cdel3

Data collected on: May 1

Temp. 22.5 C / 295.6 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec
width 6410.3 Hz

18 repetitions

OBSERVE H1l, 400.0B61305
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

<0
o)

O 2 .

)
pul) i
soss 1.174a

Gradient Shimming

Sample Name:
ag-xxii-72p2

Data Collected on:
Agilent-NMR-vnmrs400

Archive directory:
/home /space/data

Sample directory:
ae-xx1i-72p2_20140501_01

FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3

Data collected on: May 1 2014
23.2 C 7 296.1 K
stegel

Temp
Operator:

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.311 sec

ons

C13, 100.5226222 MHz
DECOUPLE H1, 395 7734871 WHZ
Power 37 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min

140 1z0
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ae_xxii_72p1 To

Pulse Sequence: s2pul o
Solvent: CO

Ambient temperature

Mercury-40088 “nmre" Cl \\ o

Relax. delay 2.000 sec
Pulse 16.4 degrees
Acq. time 2.856 sec

Width 5602.2 Hz (0]
32 repetitions

OBSERVE  H1, 400.2669772 MHz

DATA PROCESSING
Line broadening 0.1 Hz 0]
FT size 32768

Total time 3 min, 44 sec 1 174b

Al e "

Sample Name:
ae-xxiii-26p

Data Collected on: |
AgiTent-NHR=-vimrs400 |

Archive directory:
/home /space/data

sample directory:
ae-xxiii-26p_20140519_01

FidFile: CARBON |

Pulse Sequance: CARBON (sZpul)
Solvent: cdcl3
Data collected on: May 1% 2014

Temp. 23.3 C s 296.4 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.311 sec

Width Z5000.0 Hz

574 repetitions
OBSERVE C13, 100.5226222 WHz
DECOUPLE  H1, 399.7734871 KHz
Power 37 dB

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time S7 min

40 20 ppm

180 160 140 120 100 80 60
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Sample Name: X O
kre-ii-brtop (0]
Data Collected on:
nhb4 00-vrmrs400 Br \\ 0
Archive directory: (0]

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcll 1.175a
Data collected on: Apr 16 2014

Operator: clausk

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.556 sec
Width 6410.3 Hz
16 repetitions
OBSERVE Hl, 400.0861313 MHz
DATA PROCESSING
FT size 32768
Total time 0 min 57 sec

kre-ii-brtopt

Sample Name:
Krc-11-briopt
Data Collected on:
Agi Tent-NMR-vAmr 400
Archive directory:

Pulse Sequence: CARBON (s5Zpul)
Solvent: cdcl3
Data collected on: Apr 16 2014

Temp. 23.5 C 7 296.6 K
Operator: clausk

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.311 sec
Width 25000.0 Hz
1171 repetitions |

OBSERVE C13, 100.5226215 MHz 1

DECOUPLE  H1, 38%.7734871 WHz
Power 37 dB
cant inuously on
WALTZ-16 modulated

DATA PROCESSING
Line broadening 0.5 Hz
FT size 65536

Total time 57 min

il Ui
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['krc-brtop
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FIND PEAKS:
Spectrum:
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Sample Name: To
kre-ii-brbottom (0]
Data Collected on:

nhb400-vanmrs400 0
Archive directory:

Sample directory:
FidFile: PROTON o

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3 1.175b
Data collected on: Apr 16 2014

Operator: clausk

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

Width 6410.3 Hz

16 repetitions

OBSERVE H1l, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 0 min 57 sec |

Sample Name:
ag-xuii-101p2
Archive directory:

Sample directory:
FldFile: ae-xxii-101p2_01

Pulse Sequence: Carbon (sZpul)
Solvent: cdcl3
Data collected on: Apr 17 2014

Sample #2, Operator: siegel
VNMRS-400  “weljr"

Relax. delay 2.000 sec

5000 repetitions

OBSERVE €13, 100.5309756 MHz
DECOUPLE H1, 359.B067105 MHz
Power 44 d

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 2.0 Hz

FT size 65536

Total time 4 hr, 35 min

b i b el
B ppm

it |.1‘..w.m R 'l
i f
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Sample Nam
MPC-2-28_maj

Data Collected on:
nhb400-vamrs400

Archive directory:

Sample directory:
FidFile: PROTON

ulse Sequence: PROTON (s2pul)
‘olvent: cdcl3d
ata collected on: Jun 25 2014

perator: chrism

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acqg. time 2.556 sec

Width 6410.3 Hz

16 repetitions

‘BSERVE El, 400.0861313 MHz
ATA PROCESSING

T size 32768

‘otal time 0 min 57 sec

1.176a

STANDARD CARBOM PARAMETERS

Sample Name:
mpe-2-2dma

Data Collected on:
we 1 400-vnmrsa00

Archive directory:

Sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Jun 23 2014

Temp. 23.2 € / 296.4 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.311 sec

width 25000.0 Hz

1110 repetitions
OBSERVE C13, 100.5226215 MHZz
DECOUPLE_ H1, 389.7734671 MHz
Power 37

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min
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"ANDARD PROTON PARAMETERS

sample Name:
MPC-2-24_f13 o)

Jata Collected on:
nhba00-vnmes400

srchive directory: o)
/home sspace /data

sample directory:
MPC-2-24_f13_20140623_01

“idFile: PROTON_01 o)

11se Sequence: PROTON (sZpul)

yivent: cdcld

ita collected on: Jun 23 2014
1.176b

serator: chrism

telax. delay 1.000 sec
2ulse 30.0 degrées

ycq. time 2.556 sec

didth 6410.3 Hz

16 repetitions

JSERVE  H1, 400.0861315 HMHz
ATA PROCESSING

I size 32768

jtal time 0 min 24 sec

mpc-2-28
Sample Hame:

mpc-2-
Data Collected on:
wel400-vnmrs400
Archive directory:
/home sspace sdata
sample directory:
mpc-2-28_20140625_01
FidFile: CARBON_01

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Jun 25 2014

Temp. 26.0 C 7 289.1 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.311 sec

width 25000.0 Hz

1463 repetitions

OBSERVE C132, 100.5226215 MHz
DECOUPLE  H1, 399.7734871 MHz
Power

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min

1 ppm
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Sample Name:
pt-01-f11

Data Collected ont
nhb400-vnmrs400

Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Apr 10 2014

Temp. 22.4 C / 295.6 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

wWidth 6410.3 Hz

10 repetitions

OBSERVE H1l, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

Gradient Shimming

sample Name:
rpt-01f1l

pata Collected on:
Agilent-HMR-vnmrs400

Archive directory:
shome /space/data

Sample directory:
rpt-01f11_20140410_01

FidFile: CARBON

Pulse Sequence: CARBON (szpul)

Solvent: cdcl3
Data collected on: Apr 10 2014

Temp. 22.8 C / 295.9 K
operator: siegel

Relax. delay 1.000 sec

1211 repetitions
OBSERVE C13, 100.5226222 MHz
DECOUPLE  H1, 399.7734871 WHZ
Power 37 dB

cont i nuous 1y on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 HZ

FT size 65536

Total time 57 min

o) \0 o
N
MeO %
1.177a
I
|' T T T |
7 6
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ae_sxxi_89p2 TO

Pulse Sequence: sZpul

Solvent: COC13 0] N 0 |

Ambient temperature

Mercury-40088 “nmrg" NN ] | !
MeO

Relax. delay 2.000 sec

tions
DBSERVE  H1, 400.2668776 MHZ

DATA PROCESSING

Line broadening 0.1 Hz [e)
FT size 32768

Total time 1 min, 52 sec
1.177b

Gradient Shimming

sample Name:
ae-xxi-84p2

pata Collected on:
Agilent-HHR-vnmrs400

Archive directory:
/home /space /data

sample directory:
ae-xxi-84p2_z0140331_01

Figfile: CARBON

Pulse Sequence: CARBON (sZpul)
f

solvent: cdcl3
Data collected on: Mar 31 2014

Temp, 22.9 C / 296.1 K
operator: siegel

Relax. delay 1.000 sec

ons
, 100.5226215 MHZ
DECOUPLE H1, 399.7734871 MHz
Power 37 dB

continuous ly on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min

180 160 140
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ae-xxi-80p2

Data Collected on: Et2N
nhb4 00-vomrs400

Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcll
Data collected on: Mar 29 2014

Temp. 22.3 C / 295.4 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 2.556 sec

Width 6410.3 Hz

10 repetitions

OBSERVE H1, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.178a

sample Name:
ae-10i-80p2

Data Collected ont
nhb400-vnmrs400

Archive directory:

sample directory:
Fidrile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: Mar 29 2014

Temp. 22.2 C / 295.4 K
Operator: eliasa

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 1.311 sec

wWidth 25000.0 Hz

539 repetitions

OBSERVE €13, 100.6017412 MHz
DECOUPLE H1, 400.0B81319 Mz
Power 35 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min

Agilent lechnologies

) .
[T T TTTT T

ald it bl

180 160

140 120

.Muul"un‘]r

100 80 60 40 20 ppm
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ae-xxi-80pl X O

Data Collected on: (@]
nhb4 00-vnmrs400 Q

Archive directory: NS o

EtN

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: edell3
Data collected on: Mar 29 2014 1.178b

Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.556 sec

Width 6410.3 Hz

8 repetitions

OBSERVE H1l, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 0 min 28 sec

T [ L T T I T

Sample Name: I Agilent Technologies

ae-xxi-80pl
Data Collected on:

nhb400-vamrs400
Archive directory:

Sample directory:
FidFile: CARBON

Pulse Sequence: CARBON (sipul}
Solvent: cdell
Data collected on: Mar 29 2014

Temp. 22.3 C / 295.4 K
Operator: eliasa

Relax. dalay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.311 sec |
Width 25000.0 Hz
886 repetitions

CBSERVE C13, 100.6017396 MHz |

DECOUPLE H1, 400.0881319 MHz
Power 35 dm
continuously on
WALTZ-16 modulated

DATA PROCESSING |
Line broadening 0.5 Hz |
FT size §5536 |

Total time 57 min |

TTTT T LR B B L B L L L B B T

180 160 140 120 100 80 60 40 20 ppm
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Sample Name:
ae-ux-83p3 TOo
Data Collected on: o
nhb400-vamrs400 N ]
Archive directory: H (6]

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Mar 10 2014 1.179a

Temp. 22.1 ¢ / 295.2 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acqg. time 2.556 sec
wWidth 6410.3 Hz

11 repetitiomns
OBSERVE H1, 400.0861293 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sac

11 10 9 8 7
SPECTAL
date Mar 11 2014 temp
solvent cdcl3  gain
file exp  spin
ACQUISITION hst
sw 30165.9  pwi0
at 1.858 aifa 10000
np 118154 FLAGS
fb 17000 i1 n
s in n
d1 2.000 dp ¥
at 2000 hs nn
ct 2000 PROCESSING
TRANSMITTER b 1.0
tn c13 fn not used
sfrg 125.701 DISPLAY
tof 1255.4 sp -628.5
tpwr 55 wp 28279.6
1.933 rf) 11586.2
DECOUPLER rfp 9678.0
n HL rp 163.6
dof 1 1p -217.2
dm yyy PLOT
dmm W we o
dpwr 38 sc
dmf 11800 s 55564
th 8
ai ph

383




CH3 carbons

CHZ carbons

CH carbons

all protonated carbons | |
. L | A

220 200 180 160 140 120 100 80 60 a 20 0 ppm

1007.... -,»«I.;w; Jppe——

98 1

96| o~ " ,:
941 N /

o2 |
90

88

86

%Transmittance
£

~
=2
L

4000 3500 3000 2500 2000 1500 1000 500

384



Sample Name:
ae-xxi~-4p2 TOO |
Data Collected on: [e) |
nhb400-vamrsd00 D o
Archive directory: H (6] |

Sample directory: [e)
FidFile: PROTON
O

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Mar 8 2014 1.179b

Temp. 21.6 C / 294.8 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 2.556 sec
wWidth 6410.3 Hz

7 repetitions

OBSERVE Hl, 400.0861297 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54

-

ae_xx1_04p2

Sample Name:

nh
Archive directory:

/home /staff3l /vnnrsys /data
sample directory:

ae_xxi_04p2_20140308_01
FidFile: CARBON_01

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
fata collected on: Mar 8 2014

Temp. 25.0 C s 298.1 K
Sample #60, Operators siegel

Relax. delay 1.000 fec
Pulse 30.0 degrees
Acq. time 1.311 sec
Vidth 25000.0 Hz
5000 repetitions
OBSERVE CL3, 100.4385415 MHz |
DECOUPLE H1, 399.6777257 MHz |
Power 33 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5| Hz
FT size 65536
Total time 3 hr, 12 min |

] . 100 80 60

180 160 140 12
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Sample Name:
ae-xxi-73p2

Data Collected on:
nhbd00~vomrs400

Archive directory:

Sample directory: H

FidFile: PROTON

Pulse Sequence: PROTON |(s2pul)
Solvent: cdcl3
Data collected on: Mar 27 2014

Temp. 21.9 C / 295.1 K
Operator: eliasa

Relax. delay 1.000 seg
Pulse 45.0 degrees
Acg. time 2.556 sec
wWidth 6410.3 Hz
12 repetitions
OBSERVE H1, 400.0861309 MHz
DATA PROCESSING
FT size 32768
Total time 1 min 54 sec
|

1.180a

Sample Name:
ag-xxi-13p2

Data Collected on:
Agilent-NMR-vomrsaod

Archive directory:
/home /space /data

sanple directory:
ae-xxi-73p2_20140327_01

FidFila: CARBON

Pulse Sequence: CARBON (sZpul)
Solvent: cdcl3
Data collected on: Mar 27 2014

Temp. 22.8 C / 295.8 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.311 sec
Width 25000.0 Hz
1393 repetitions
OBSERVE C13, 100.5226222 WHz
DECOUPLE  H1, 393.7734B71 WHz
Power 37 dB
continously on
WALTZ-16 modulated
DATA PROCESSING
Line bricadening 0.5 Hz
FT size 65536
Total time 57 min

|
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el - TIpl vo

Data Collsoted ons le)
ahbd bl -venead00 ON
Archiwve directosy: | A Oo
Farple direckory:
H 6 o

FidFila

OTON

PFulae Esguance: PROTON {alpul) o
Solvent: cdoll |

Data eollected cm: Mar 27 2012 1-180b

Tamp. I1.8 C / 294.9 E
Operator: sliama

Folax. delay 1.000 sec

PFul: 45.0 degrees

Acg. time I.556 aes

width $410.3 Hz

17 repatitions

ORGERVE M1, 400,086130%
DATA PROCESSING

FT aiza 32758

Total time 1 min 54 sec

11 10 9 ]

Gradient Shimming

Samp e Wame:
Ap-wxl=73pL
pata Coblected an:
Ags lent-NMR=vnnred 00
arehive directory:
Ahome fspate fdiLa
Sampla alrectory:
ag-wxi=Fipl 20140527 _01
FidFile: CARBON

Piiles Seguence: CARDBON [ #2pUl)]
Solvent; fdil
Data collected ani War 27 2014

Tenp. 22.8 C / {958 K H
aperatar: siegel |

Relax. delay 1.000 sec
Pulss 5.0 dagress |
time 1.211 se% |
Hz

tions
GBSERVE Ci3, LDO.5226222 MHE
CECOUPLE M1, 384.7734871 HHz
Prser 57 B
cont inpous 1y on
WALTZ-1E modu lates
OATR PROCESSING
Line broagening .5 Hz
FT size BS536
Total time 5F min
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Sample Name:
ae-xxii-80p

Data Collected on:
nhb4 00-vomrs400

Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdell
Data collected on: May 5 2014

Temp. 23.1 C / 296.2 K
Operator: eliasa

Relax, delay 1.000 sec
Pulse 45.0 degr:
Acg. time 2.556 sec

Width 6410.3 Hz

11 repetitions
OBSERVE H1, 400.0861286 MHz
DATA PROCESSING
FT size 32768
Total time 1 min 54 sec

1.181a

(e}

1.181b

Gradient Shimming

Sample Name:
ae=»xxii-B0p1
Data Collected on:
AgiTent-NHR-vamrs400
Archive directory:
/home /space /data
Sample directory:
ae-xxii-60pl_2010506_01
FidFile: CARBON_01

Pulse Sequence: CARBON (s2pul)
Solvent: cdcl3
Data collected on: May 6 2014

Temp. 26.0 C / 299.1 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.311 sec

width 25000.0 Hz

1500 repetitions
O0BSERVE  C13, 100.5226451 Mz
DECOUPLE H1, 399.7734871 MHz
Power 37 dB

cont inuous 1y on

WALTZ-16 modulated

OATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 57 min
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Sample Name:

ae-wxiii-12p1 Me
pata Collected on:

Agilent-NHR-yinr 400 o
Archive directory: Me

/home /space /data o)
sample direct

ag-xx11i-12p1_20140514_01
FidFile: PROTONIO1 D o
(o)
Pulse Sequence: PROTON (s2pul)
Solven cdel3 Me

Data collected on: May 14 2014

Temp. 26.0 C / 299.1 K
Operator: siegel

Relax. delay 1.000 sec

Pulse 45.0 degrees

Ach. time 2.556 sec 1.182a
Width 6410.3 Hz

16 repetitions

DBSERVE W1, 399.7714877 Miz

DATA PROCESSING

FT size 32768

Total time 0 min 57 sec

Gradient Shimming

sample Name:
ae-xxiii-12plc

Data Collected on:
AgiTent-NMR-vrars400

Archive directory:
/home /space /data

Sample directory:
ag=xxi 12plc_20140514_01

FidFile: CARBON

Pulse Sequence: CARBON (£2pul)
Solvent: cdcl13
Data collected on: May 14 2014

Temp. 23.3 C / 296.4 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.311 sec
Width 25000.0 Hz
886 repetitions
DBSERVE  C13, 100.5226222 MHz
DECOUPLE_ H1, 399.7734871 MWHz
Power 37 B
cont inuous ly on
ALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 65536
Total time 57 min
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STANDARD PROTON PARAMETERS

Sample Name:
ae-yxiii-60pl
Data Collected on:
nhb4 00-vnmrsd00
Archive directory:

Sample directory:
dFile: PROTON
riarite 1.183a

PROTON (s2pul)

Pulse Sequenc
Solvent: cdclld
Data collected on: Jun 14 2014

Temp. 22.8 C / 295.9 K
Operator: eliasa

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 2.556 sec

Width 6410.3 Hz

11 repetitions

OBSERVE H1l, 400.0861309 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

1.183b

Sample Name:
ae-xxiii-60pl

Data Collected on
wela00-vimrsa00

Archive directory:
/home /space /data

sample directory:
ae-xxi1i-60pl_20140614_01

FidFile: CARBON

Pulse Sequence: CARBON (s2pul)
Solvent: cdc13
Data collected on: Jun 14 2014

Temp. 23.0 C / 296.1 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.311 sec
Width 25000.0 Hz

579 repetitions

OBSERVE €13, 100.5226245 MHz

DECOUPLE  H1, 399.7734871 MHz |
ower 37 dB

continuously on

VALT2-16 modulated

DATA PROCESSING

Total time 57 min
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mple Name:
ag-xxiv-06p2

ita Collected on: N
nhba00-yrmrs400

chive directory: Br NS Q
/home sspace sdata ()

wple directorys o)
ag-xxiv-06p2_20140711_01

dFile: PROTON_D1

Ise Sequence: PROTON (szpul)
lvent: cdcld
:a collected on: Jul 11 2014

rrator: eliasa

ylax. delay 1.000 sec .
ilse 45.0 degrees 1.184a

sq. time 2.556 sec

idth 6410.3 Hz

! repetitions

SERVE  HL, 400.0861305 WHZ
‘A PROCESSING

size 32768

cal time 0 min 28 sec

Sample Nam
ae-1cciv-06p2

Data Collected on:
nhb400-vamrs400

Archive directory:

Sample directory:
FidPile: CARBON

Pulse Sequence: CARBON (sipul)
Solvent: cdcld
Data collected on: Jul 11 2014 i

Temp. 22.1 C / 295.2 X i
Operator: eliasa

Relax. delay 1.000 sec

Pulse 45.0 degress

Acq. time 1.311 sec

wWidth 25000.0 Hz

1444 repetitions
OBSERVE C13, 100.6017381 MEz
DECOUPLE K1, 400.0881319 MHz

Power 35 dB

continucusly on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536 |
Total time 1 hr, 17 min |
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Sample Name:
ae-xxiv-06pl

Data Collected on:
nhb400-vnmrs400 Br

Archive directory:

Sample directory:
FidFile: PROTON

Pulse Sequence: PROTON (s2pul)
Solvent: cdcl3
Data collected on: Jul 11 2014

Temp. 21.8 C / 294.9 K
Operator: eliasa

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acqg. time 2.556 sec

width 6410.3 Hz

25 repetitions

OBSERVE H1l, 400.0861305 MHz
DATA PROCESSING

FT size 32768

Total time 1 min 54 sec

(e}

1.184b

9 8

sanple Mame:
ae-wxiv-06pl

Data Collected on:
wel400-vamr 5400

Archive directory:

sample directory:
FidFile: CARBON

Pulse Seguence: CARBON (sZpul}
solvent: cdcld
pata collected on: Jul 11 2014

Temp. 23.2 C / 296.4 K
Operator: siegel

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.311 sec
Width 25000.0 Hz
1308 repetitions
OBSERVE C13, 100.5226215 Mz
DECOUPLE Hi1, 389.7734871 MHz
Power 37 dB
continuously an
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 hz
FT size 65536
Total time 57 min

4 3 2 1 ppm
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aa_lu 170 O

Pulse Sequencor s2pul

Salvent: COCIE F NMe
Akl Nt LEmpRTALNE 2
MErCUTy=10008  fnnrs

Fuls .
Aes. time 2855 sec

Widin 5802 Mz 2.39
16 _repetitions

0BS Hi, 2002665773 MHz

DATA FROCESETNG

Lire broadesing 8.1 Hz

FT siza 32788

Total time 1 min, 5& s

Relax. delay £.000 sec OH
e r

WL )

ae-iu=ife

&rchive directory: Jhond /taffdl vmrsys data
Sample directory; ae_bx_1Fc_@0liszii_di

Pulse Seguence: sipul
solwents GaGld

Temp. 250 © / 288.1 K
User: E-1d-B7

Flla: CARBON_DI
THOYA-580  “harired*
Relaw. delay 2,800 sec
Pulse 50.0 degrees

Acq. time 1.785 sec
Wideh 25510, & HT

o
CLl3, 1004887168 M2
HY, 389.6783771 MMz
[

cant {nudiss 1y o0

TE-16 moduiated
DATA FROCESSING
Line wroadening 0.5 Mz
FT 512% E5536
Total ting 28 min, & sec

180

B0 &0 ) an 20
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as_viii_82p
Pulte Sequence: 52pul

Solvant: COC1A
Anbisnt (tag‘rlln'l |
Mercury=-a0088 “rmr6*

::ux. delay 2.000 sec
Tse 16.4 degrees

Acq. time 2.858 sec 237
Width 11185.7 Mz

21 repetitions

OBSERVE M1, 409.2663784 MMz

DATA PROCESSING

Line broadening 0.1 Wz

FT size 655:

Total time & min, @ sec

g T

ae_vi11_83p

Pulse Sequence: s2pul
Solvent: COCI3

fent temperature
Nercury-400B8 “nmrs"

Relax. delay 2.000 sec
Pulsu 23.5 degrases
Acq. timh 1,280 sac
Vidih 25188.9 Wz

130 repetitions

OBSERVE €13, 1006472163 WHZ
COUPLE M1, 4002883355 Wiz
Powsr 38 db

cont inuous Iy on

VALTZ-16 moduiated

DATA PROCESSING

Line broadening 1.8 Mz

5T size

Total tiwe 1 hr, 2 min, 33 sec

12

10
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%Transmittance
=]

4000 3500 3000 2500 2000 1500 1000 500
Wi mbers (cm-1)

Mon Jan 16 09:00:34 2012 (GMT-06:00)

FIND PEAKS:
Spectrum: *tc
Region: 4000.00 400.00
Absolute threshold: 49.038
Sensitivity: 50
Peak list:

No peaks were found.
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as_ix_18p2
Pulse Sequence: szpul

Solvent: CDCI3

Ambient temperature
Mercury-100BB  “nmré"

Relax. delay 2.000 sec OMe O Me
Fulse 16.4 tegrees
cq. time 2.856 sec

Width 5602.2 Hz 2-54

4 repetitions
OBSERVE M1, 400.2669783 MHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768
Total time 0 min, 0 sec

ae_ix_18p2

Archive directory: /home/staff3l/vnmrsys/data
sample directory: ae_ix_l8pz_20120215_01

Pulse Sequence: sZpul
Solvent: cdcl3

Temp. 25.0 C 7 298.1 K
user: 1-14-87

File: CARBON_01
INOVA-500 “hmrfred"

Relax. delay 2.000 sec
Pulse 30.0 degrees

Acg. time 1.285 sec

Width 25510.2 Hz

512 repetitions

OBSERVE  C13, 100.4987077 MHz
399.6783771 MHZ

Power 39 dB
continuously on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536

Total time 28 min, 6 sec

160 140

2 1 ppm

T

100
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ae_ix_18p1 o)
Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature O
Mercury-400B8  "nmrg" |

Relax. delay 2.000 sec
Pulse 16.4 degrees
Acy. time 2.856 sec
Width 5602.2 N

16 repetitio

OBSERVE H1, 4Dﬂ 2669783 MHz OMe
DATA PROCESSING

Line broadening 0.1 Hz '
FT size 32768 2.54
Total time 1 min, 52 sec

B Hamn e et S

ae_ix_18p1
Archive directory: shome/staff3l/vnmrsys/data
Sample directory: ae_ix_18pi_20120215_01

Pulse Sequence: szpul
solvent: cdcls

Temp. 25.0 C / 238.1 K
User: 1-i4-8

File: cmwuu_
INOVA-500 “nmrfred"

Relax. delay 2.000 sec
Pulse 30.0 degrees
Acg. time 1.285 sec
width 2551:1 2 HZ
512 repetitions
0BSERVE c13 “100.4887082 uhz
DECOUPLE H1, 399.6783771 MHz
Power 39 d
gant inaous 1y on
WALTZ-16 modulated
DATA PROCESSING
Line hl‘nnﬂsning 0.5 Hz
FT size 655
fotai fine 28 min, 6 sec

T T
180 160
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ae_ix_04p O OH O
Pulse Sequence: sZpul

Solvent: CDC13
Ambient temperature Me
Mercury-4008B  “nmrg"

Relax. delay 2.000 sec

Pulss 164 degraes OH OH
cg . 859 sec

Width 11185.7 Hz

15 repetitions

GBSERVI Hi,"éUD.ZGESFBJ MHz

Line broadening 0.1 Hz
FT size 65536
Total time 0 min, 0 sec 2.58

11 10 9 8 7

ae_ix_0a

Archive director:
Sample directory:

Pulse Sequence: s2pul
Solvent: cdc
Ambient temp
user: 1-14-8
File: ae_ix_04_s2pul €13
INOVA-500 nmrastro®

13
erature
7

Relax. delay 2.000 sec
Pulse 30.0 degrees

Acg. time 1.300 sec

Width 24509.8 Hz

5000 repetitions

OBSERVE C13, 100.5308743 MHZ
DECOUPLE H1, 399.8067105 MHz
Powsr 44 dB

cont {nuous 1y on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 7.0 Hz

FT size 65536

Total time 4 hr, 35 min, 47 sec

200 180 160 140 120
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as=viii=101

Archive directory: /hoee, ynmesys sdata
Sample directory: as-vili<103_20120114_01

Pulse Sequenc
Solvent: cdcl3
Temp, 25.0 C / 296.1 K

s2pul

rite: PROTON_01
INOVA-S00  *fmr fred*

Relax. delay 2,800 sec
Pulse 30.0 degrees

16 repetitions
OBSERVE M1, 399.6763783 Whz
DATA PROCESSING
FT size 32758
Total time I min, 13 sec

ppm
ne_vili_1oip

Pulse Eequence: sipul
Solvent: COCIE

bient temperature
Hercury-ap0ne  “nars”

Relax, delay 2,600 veos
Pulse #2.5 degraes

ns

DRSEAVE 15, 1006472148 HHZ
DECOUPLE  HL, 400.2689855 WHz
Porwer 38 d8

cantinously on
WALTZ

411



exp?  Ghmbe

SAMPLE
date Mar 10 2011
cdci3

solvent
sample
ACQUISITION
W 5282.6
at 0.128
np 1352
b 3000
58 32
d1 2.000
nt
20 ACQUISITION
swl 31421.
ni
phase
PRESATURATION
satmode nnn
satdly
satfrg 498.8
satpwr -13
TRANSMITTER
tn
sfra 499.867
tof -34.0
tpw 5
W 11.000
DECOUPLER
dn c13
dof 1883.9
dm nnn
dmf 14285
dpwr a0
pwxivl 56
pwx 9.500
jixh 140.0
inxh 8.0
File: Ghmbe

FLAGS
n
sspul n
PFGflg y
neglvl 834
SPECIAL
temp 0
gain 30
spin
GRADITENTS

gzIviL 4654
gtl 0.001000
gz1v13 2355
gt3 0.001000
gstab 0.000500

F2 PROCESSING
b 0.064
shs not used
n 2048

F1 PROCESSING
sbl L017
5081 not used
procl 1
sp
wp
spl
wpl
rf1
rfp
rfll
rfpl
we .
sc 0.0
wez 116.0
c2 0
s 328
th z

Pulse Sequence: gHMBC

@
=

(=]
=

el

F2 (ppm)

L

2z0

3.2 3.1 3.0

412

- Ty

. I E— B —
2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0
F2 (ppm)



2000

souBRIWSURI ] %

1000

1500

(cm-1)
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Pulss Sequence: sipul O

Solvent: COCI3
Amb &t Lenpraturs
WeErCury-40088 et o

Relaw. delay 2.000 see —
Pulce 16.9 degrees

cq. time 2_BSE cec

Width 5887.7 Hz

& repatitions OPiv
ABSERY 1, 400, Z0697HE WHZ

DATA PROCESSING

Line broadening 0.1 Hz

FTo8i ]

Total time 1 min, 52 sec

Pulss Seguence: sZpul

Solvent: COCIA
Anbient temperature
MErcury-20088  Cnars"

Relax. delay 2.000 sec
Fulse $3.5 degraes
Acq. time 1.280 eec
widin 25185.9 Hz
repetitions

C13. 1006472538 MHz
DECOUPLE M1, 480 IRAS4SS MHZ
Powes 38 d8

cont tnuously on
TZ-16 nodulated
DATA PROCESSING
Line broadening 1.0 Hz
ET size RSS3E
Total time 2 hr, 2 min, 10 sec

S
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% Transmittance
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92- 5 .

88

162406

1779.49

80

T8

1071.70

4000 N e -
3500 _ Waverumbes em-)
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OTBS

we_ix_07k1

Pulse Sequencer s2pul N
Soivent: COC1E 0]

fmbient tenperature

UNITYplus=300 “nari" |

Relax. delay 1.000 see OPiv |
Pulse 15.0 degrees |
Acy. time 8.9?3 Ll 2.65
Width A1E86.4 Hz

il repetitions

DBSERVE  H1, J08.1330318 MHZ
DATA FROCIESIHG

Ling broddentog 0.1 H2

FT stze JITEE

Total time | min, 17 sec |

ae_ix_07

Archive directory:
Sample directory:

Pulse Sequence: s2pul
Solvent: cdel3d

Ambient temperature
User: 1-10-87

File: ae_ix_07_sZzpul €13
INOVA-500 "nmrelroy”

Relax. delay 1.000 see
Pulse 30.0 degrees

cq. time 1.300 sec

Width 24509 8 Hz

512 repetitions
OBSERVE  C13, 100.5303749 MKz
DECOUPLE H1, 333.3057105 MHz
Power 4d db
continuously on

Line broadening 2.0 Hz
FT size 65536
Total time 19 min, 42 sec
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Sat Feb 04 12:43:45 2012 (GMT-06:00)

— __ Lle\98Gzpgez

= croeer 997862

L wripie
- eeloee

T T
[=1 [=1
& &~

10
0
-10]

T
=
s

SOUBRISURILG,

2500

3000

3500

4000

Wavenumbers (em-1)

40000

Sat Feb 04 12:43:45 2012 (GMT-06:00)

4000.00
Absolute threshold: 67.348

Sensitivity:
Peak list:

50

Spectrum:

Sat Feb 04 12:46:46 2012 (GMT-06:00)
Region:

FIND PEAKS:

wga_‘lma-r_rr
283REg20
129.&%3.1.?_
w0 - =
$gp88E8s
R T TR
55555585
EEEEEEEE

Position
Position
Position
Position
Pasition:
Position
Position
Position
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(0}

ae_viii_watosster t-BUOzc—4

Fulse Seguence: sZpul Me
Solvent: COC13

bient tamgerature 2.67

n
MErcury-a90B8  “Amren

Relast, delay 2,000 sac
Pulsy 16.4 degress

aca. w0 2856 sec

Width 5602.2 Mz

13 repetitions

DBSERVE  HI, 400, 2669783 MHz
DATA PROCESS WG

Line broadening 0.1 Mz

FT size 32768

Total time 0 min, 0 sec

s sdata

archiva i
120117 0L

Sanple o

fila: CARBON_01
INDWA-S00  “fwertrads

Relax. delay 2.000 sec
Pulee 300 degrans
Ach. time 1_28% sec
Wi 2‘%5!0.? Hz

512 repetitions
ORSERVE C13. 100.438700% MHz
pECOUPLE M1, 389_87BATTL HHz
Power 38

continuously on

WALTE- 1§ modulated

ATA PROCESS [NG

Ling broadening 0.5 HT

FT size #5536

Tatal time 28 min, 6 sac

R3] 160 140

100 a0 60 a0 20 pEm

418



70

%Transmittance

60|

293510

50

120232 -

40

298343
788.41

204

1155.49

3
g

1418.66
1273.82

10

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1) o
Tue Jan 17 11:34:27 2012 (GMT-06:00)
FIND PEAKS:
Spectrum: *Tue Jan 17 11:31:52 2012 (GMT-06:00)
Region: 4000.00 400.00
Absolute threshold: 92.120
Sensitivity: 50
Peak list:
Position: 436.92 Intensity:  88.647
Pasition: 55713 Intensity:  88.308
Position: 613.91 Intensity:  65.064
Position:  668.21 Intensity:  88.066
Paosition: 731.78 Intensity:  77.586
Position:  751.04 Intensity:  60.575
Position:  788.41 Intensity:  91.346
Position:  838.16 Intensity: ~ 58.011
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an_viii_ee

Archive directory: shomesstaff3l svonrsys data
]

Somple directory: ak_vi
Pulse Eeguence: sipul
Solvent: cdcl3

2
Total time @ min, 36 sec

1i_ee_20130125_01

130 ORSERVE

Pulse Sequence: sipul
Solvent: CDEIE

Anbient tenperaturs
Mercury-400BE  nerE

Relax. delay 2.009 sec
Fulse 2.5 degraes
cq. time 1.750 sec

Width 2S188.4 HZ

Pours
continuously on
WALTZ-16 modulated

DATA PROCESS]

Line broadening 1.0 Nz
FT size A353

Total time 15 min, 38 sec

OQBSERVE C1E, 100.EA72207 MHz
DECOUPLE  HI, 400.26&3955 MHZ
ro38 di

420
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as_wiii_17p

Bulse Sequence:
Soiwent: COC13
Ambi | ant tempEratura
Morcury-10088 “omcst

=zpul

Relax. delay 2.000 sec
Pailse 18.4 degrees

Acy. time 2.856 sec

Width 5887 .7 Hz

16 rupatitions

OBSERVE M1, 400.26ES779 HHz
BATA PROCESSTRG

Line broadening 0.1 Mz
FT slze 32783
Total time 1 min, 52 sec

t-BuO,C
2.69

i

Archive directory
Gample directory:

Pulse Sequence:
solwents

sepul

;oas whii_97_sipul_G13
IROVA-580 “rmrastrot

Relax. delay 1.900 sec
Fulse 30.0 degrees
Al time 1300 sec
Width 24509.8 Hr

2 titions
C13, 108.5508491 MEz
UECOUPLE  HI, 339, &8674R5 Wiz
Fower a1 db

cont | mious Iy an
T2-LE madulated

PROCESSING
ening .8 HT
3

EH

WAL
DATA
Ling Broad
FT sice B35

Tewal time 13 min, sec

421



ae_viii_ 1009

Fulse Seguence: sZpul

Solvent: COCHA
Anbient temperature
Mercury-40088 “ners"

Relax. delay 2.800 sec
Fulse 16.4 digeens
Atg. time 2.856 sec
Wigtn SE02.2 Mz
2% repetitions
OREERVE W1, A00. 3668786 WHZ
BATA PROCESSING
Line broadening 0.1 Hz
FT size 32768
Total tine 5 min, 44 sec

+Bu0,C

Archive
Sanple d
Pulse Sequence: s2pul
Solvent: cdcls
fmbient

user: 1-1
File: ae_viif_180p_s2pul_C13
INOVA-508  “reredroy"

Redax.
Pul
=

se
A e tine 1.300 sec
Vidth 24509.8 Wz

e lay 1.000 sec
de

uzly on
VALTZ-16 modulated
DATA PROCESSIS
ine broadening 2.0 Mz
FT size 65536
Total time 19 min, 42 sec

———— T

-

ppm

180

-
160

1a0

T
120 a0

422
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Pu:se_seuuerwe: s2pul t-BUOZC O

Eplvent; COCIE
Ambient temperature

Mercury-400BE  “anrE” Me
Relax. delay Z.000 sec X

Pulse 16.4 d

a:q?etinn Pt A PivO OTBS
Width S802.2 Hz

! orepetiticns 2.71

OBSERVE ML, 400_2653786 MHZ
DATA PROCESSING

Line browdaning 9.1 Hz

fT size 32

Total time 0 min, 0 50¢

me_iw_11

Archive directory:
Sample o rectory:
Pulse Seguence: sipul
Solvent: cdcl3

Ambleni temperature
usor:  j-14-37 )
Filer me_in_11_s2pu)_£13
INOWA-580  “nmrelroy"”

Relax. delay 1.900 sec |
Pulse 30.% uearec: |
neg. time 1300 580
width 205088 Nz
515 repetilions
DBSERVE 1 109, 5309756 Mz
DECOUFLE 1, 399 8067105
Fower 4a ab

cont inuous by an
WALTZ-16 modulated
DATA PROCESSTRG
Line broadening 2.0 HZ
FT 5178 B

5536
Fotal time 18 min, 42 sec
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ae_lu_1Dp2
Pulse Sequence: sZpul

Solvent: COCIA
Ak e emperature
Mercury=4B0EE  “raret

Total tine i min, 52 sec

tBuO,C O

PivO

HO

11 10

aa_fu_18

Archive directory:
Sample diractory:

Fulse Sequence! s2pul

Solwent: Tfcid
tenporature

ag_fx_LI_sipuel _C13
IMEYA-50F  Frate lroyT

Relox. delay 1.000 sec
Pulze 20.0 degrees

Acg. ting b0 sac

Width Z4503.5 He

512 repetitions
OBSERVE C13, §0D.5303756 MHZ
DECOUPLE HL, S99 HOBF105 WHZ

o
WALTZ-16 modulated

DATA FROCESSING

Ling broadaning 2.0 Hz
FT sizc 65336

Total time L9 min, 42 sec
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Tue Feb 07 16:3%:52 2012 (GMT-06:00)
FIND PEAKS:
Spectrum: *Tue Feb 07 16:36:34 2012 (GMT-06:00)
Region: 4000.00 400.00
Absolute threshold: 88.265
Sensitivity: 50
Peak list:
Position: 668,26 Intensity: 87548
Position: 784.09 Intensity. 78,581
Position: 813,46 Intensity: 84.057
Position:  841.95 Intensity: 56 166
Position:  907.53 Intensity.  75.255
Position 978,79 Intensity:  83.479
Position:  1062.95  Intensity: 84,548
Fosition: 110561  Intensity. 48433
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+Bu0,C O

as_vili_10s .
Fulse Sequence: sZpul PivO Me
Solvent: COCIE
b Gt tenperature
Mercury=4008 “rawrg’ MOMO OTBS
Relax. delay 2,000 sac
Fulss 16.0 degreds
Acq. time 2.B56 sec 2.73
Wigtn 5602.3 Hz
i5 repatitions
i, A00.3ERA7T MKz
]
ning 0.1 Nz
|
Total time 1 min, 52 sec
|
|
| |
| |
|
|
|
|
|
|
| |
|
|
| |
| |
|
|
| |
| |
|
[ | |
- - ‘ - | SR | F . W
— —T —— -— — — — — ———
a @ 7 ] 5 4 3 2 1 ppm
Fulze Sequence: cipul
Solwent: COCIE
Ambient temperature
Mercury-A00BE  perEt
Relae. dilay Z.000 sec
Pules 23,5 dugraes
time 1.780 sec
Width ?5182.59 Hz
Gd repetitions
OBSERVE €1k, 100.8472177 MHZ
DECOUFLE  ME, 400.2ZGA335% MHZ
Fower 38 dB
cont | nuously on
WL i modulated
DATA FROCESEING
Line broadaning 1.0 Kz
FT size 65535
Total time 7 min, 48 sec 5
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100 TFr Jan 13 1019740 20412 {GMT-06:00) N

ol

a0 | | I i [N

70

60

hBE0ES

1703.871800 33—

144560
1395.14

78522

S0

505 14576 70"

%Transmittance
B32.71

280439

40

1760.81
173337
1225.76"

2960 8593240
1155.35 457 41

30

1579861472 53

20-

10

4000 3500 3000 2500 2000 1500 1000
VWavenumbers (cm-1)
Fri Jan 13 10:24:19 2012 (GMT-06:00)
FIND PEAKS:
Spectrum: “Fridan 13 10:1%:40 2012 (GMT-06:00)
Region: 4000.00 400.00
Absolute threshold: 72.901
Sensitivity: 50
Peak list:
Pasition: 785.22 Intensity:  62.100
Paosition: 83271 Intensity 50.042
Pasition: 876.70 Intensity:  68.451
Paosition: 905.14 Intensity:  64.933
Postion: 931.66 Intensity: 70 488
Position:  1003.23  Intensity:  48.156
Position: 108290  Intensity:  57.938
Position: 110741 Intensity.  45.797
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AnamEnong

Fulse Sequence: sZpul

Solvent: COCI3
Anll At tanparaturs
MErCury=10088  “rerd

Relax., delay 2.000 sec
Puise 16.1 degrees

Acg. time 2.B56 sec

Width 10000.0 Hz

1% repetitions

QBSERVE W1, 109.288878 Mz
aTA PROCESSING

Line broadening 0.1 Hz

FT size 85536

Total time & min, 15 sec

L3E UBSERVE

Pulis Sequence: s2pul
Solvent: CDCIE
Anbient temperature

Mercury-a00B8  “nmrET

Relax. delay 2.000 sec
Fulse 22.5 degrees
q. thme 1,280 sac

Width 25186.9 Hz

191 repetitions
DBSERVE  CL3, 1D0.5472387 WHz
DECOUPLE Wi, 400, 2489855 Wiz
Piwar 38 dB

continuously on
MALTZ-16 modulated
DATA PROCESSING

Line broadening 1.9 Hx
FT size 65536
Total time & nin, @ sec

tBuo,C O
PivO

MOMO OH "NMe,
2,74

o e S —

160 Lan 120 100 an

-

a0 20 ppm
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tBuO,C O OH O

Ae_wili_tc PivO NS M
Pulse Sequencé: s2pil | e
golvants cod1a

Wercurg-as08h s MOMO (¢}

Relax . delay 2.000 sec 2-75

Pulsa tE.4 degrees

16 repetitions
DBSERVE M1, 408, 3689784 WHZ
DATA PROCESSING

Ling hroadening 0.1 He

FT ize 85536

Tota)l tine 2 min, 22 sec

16 14 iz 10 &

an_ix_tc

Archive directorys /home/staff3lsvnarsysdata
Sample directoryl as_iw_rstc_20120223_81

Pulse Sequance: s2gul

Salventi cocl3

Temp. 5.8 C / ¥98.1 K
to1-14-27

File: CARRON_01

INOYA-508  FharTred”

Relaw. delay 2.000 cac

Pulse 30.9 degre.
i time 1285 sec

itions
OBSERVE C13, LOD.2387077 WMz
DECOUPLE W1, 385 8723771 WHz
Poir
cont i nupus 1y om
WALTZ=16 modulates
DATA PROGIESING
Line broadening 0.5 Hz
FT size F5536
Total time 1 hr, 4% min, 48 sac

2Z0 coo 1a0 160 140 120 100

432




%Transmittance

10
0.
4000 3500 3000 2500 2000 1500 1000 500
W bers (cm-1)

Mon Jan 16 14:02:19 2012 (GMT-06:00)
FIND PEAKS:

Spectrum: *Mon Jan 16 13:58:09 2012 (GMT-06:00)
Region: 4000.00 400.00

Absolute threshold: 15.889

Sensitivity: 50

Peak list:

No peaks were found.
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HO,C O OH O

HO S
i s2pu) | Me
solvent: oKs0
Wercury-4d0BR -nare" HO 250

Relax. delay 2.000 suc
Pulse 16.4 degrees

§4 ropatitions
OBSERVE  Hi, 400.2688727 Whz

DATA PROCESSING
Line broadening 0.1 HZ
FT st

.
Total time 18 nin, 56 sec

2 ppm

ne_x_20p2
Archive directory: /bomesstaff3l/vomrsys/data
Sample directory: ae_x_24p2_20120503_01

Pulse Sequence: s2pul

File: CARBON_01
INOVA-500  “omrfred™

Relax. delay 1.000 cec
Puise 36.0 degrees
Ace. time 1.311 sec
Vidth 25000.0 Wz
5000 repetitions
OBSERVE €13, 100.4390573 Wiz
DECOUPLE W1, 398.6796241 Wz
Pover 3
continuously on
WALTZ=16 modulated
OATA PROCESSI)
e broagening 0.5 Mz
553

1n
T size 6
Total t 3 hr, 13 min, 17 sec

200 180

434



1000

1500

000
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vinaxanthone (2.1)

13 12 1L 10 k] & 7 i ] 4 k] 2 1 ppm

SO% WHZ anid

winaxanthone_d6_awso_cld

expd  Carbon

SAMPLE SPECLAL I
date HMay 2 2012 temp FEN
solvent dnse gain in
file XD Epin 4
ACOUISITION het 1. 0BA
W 0I5, 8 pwil §.500
at s alfa 10,000
ng 120564 FLAGS
o 17000 it "
s 5 n
a1 2,000 dp v
nt IEDO0  he an |
it 12625 PROCESSING |
TRARSMITTER n 2.0 |
n [HERE nat used 1
sfra 125, 705 DISPLAY |
tof 1285.4 dp -638.7 |
tgmr p 2REE0 .5 |
9.500 1 69,9 |
DECOUPLER rip 48630 |
" Wi orp -86 .4 |
ot [ -254.5 |
i o PLOT
dmn - e 250
dawr 37 sc @
unf 10582 e LELTE)
th
al nh

160 148 120 100 a0 60 40 20 ppm
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ae_viii_fipl

Pulia Saquéncd; sipul
Salwent: COC13
fmubant temparature

Mercury-a0ens  “rmre®

Rolax. delay 2.000 sec
Fulse 16.4 degreas
Acg. time 3,356 sec
wWidth 56022 H2

ne

GOSCRVE W1, AD0.ZG697H6 MHZ
NG

Line broadening 0.1 Hz

FT aize 22780
Total time 1 min, 5% sec

t+Bu0,C

PivO

MOMO

2.78

o

Archive directory:
Sanple diractory:

Pulse Sequence: s2pul

Solvent: cdci3
Anbient temperature
User: 1-14-

File: ae_ix_I2_s2pul_C13
INOVA-S0T  Frewre | roy”

Relax. delay 2.000 sec

1000 repetitions
OBSERVE C13, 100.5303771 WHZ
DECOUPLE  #1, 399 8087105 Wiz
Power 44 db

cont 1miows |

Line broadening 2.0 Iz
FT size 65536
Total time S5 min, 9 sec

438
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%Transmittance

100 |
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ynot

expl PROTON

SANPLE PRESATURATION
date Jan 17 2012 satmode n
zolven| cdcld  wet n
file /ant/ahbrobo/~ SPLCIAL
nre_thuynol 201201~ teap

17_01/PROTON_01, i~
ACOUISTTION
w (23}

expl  CARBON

HAMPLE
date Jan 17 2012
solvent rici®
Tiln mnt mhbr ok
mrc_thuyno iC13_ 201~

20117_o1.carBofi_o1-
ACOUISLTION
[ 23510.2
at 1,785
np [T
iy 17080
b5 &4
b 2.000
nt 512
ct 512
TRANSHITTER

n 13
sfrg 100,518
tof 1550.3
Lgwr &0
™ 109

DECOUPLER M

daf ]
dn WY
decwave
i 3
anf ETH

renp
gain
spin
533

a0
alra

PRESATURATI0M
satmnie

0.2
at 2.556
np 32768
] 4000
us 32
a1 z.000
at 16
ot PROCESSING
TRANSKITTER n not used
tn 0ISPLAY
sfra 399,679 sp o ¥
tof 338.7 wp 3987,2
Lpwr ol 3708.3
™ 2.300 rfp 2901.7
OLCOUPLER w -17.0
dn c13 1p -1.2
dof 0 rLoT
dn nnn we 50
decwave WAD_OneWMR~ sc 0
V011 vs 57
dpwr 36 th 1
daf 23412 al cdo ph
|
|
- ——t v L
9 8
yna

n
n
EPLCIAL
25.0
3n
20
-005
6.300
ann
FLADS
"
¥
i
PROCESSING
0.5
ret used
DIsPLAY
3
20083 .5
8443.3
F138.4
173.2
26.8
PLOT
250
]
43885
1
céc ph

440

ppm




% Transmittance

|
|

P A
e LY . ,b \ I I in] |'.'I\\i !
' ' i 11
|

| |
| \ ¥
| F] I !|| I ||I !|_ ( |!|H| (-
| / | iy '|I-|ii| AL
! | UL R
\ | || | || | | .|| "| Ii.” _||! (d
A . AL Nt
VS e
I\ / ;}! lil;I d || W i|:I
\/ ‘!if w R |
\ ili! | !
|
I
i||
1|
3500 3000 2500 2000 1500 1000 500
~ Wavenumbers (cm-1) o S

441



wnone

expl PROTON
SARFLE FRESATURAT 10K |
date dan 13 2017 satmode |
w0 luen cdeld wet n |
Tile /mit/nhbrobo/~ SPLCIAL |
mro_touynone_20820- Lenp 25.0 |
113_02/FROTOR_DT, f~ gain a0 |
1 ocpin 20 |
ACQUISTTION hst 0.008 |
B B410.3  pudl &.900 |
at 2.556 alfa 10000
np ALTRE FLags
i a0 i1 n
g in n
dl 2.800 dp b
nt 1E hs
ot 18 PROCESSTNG
TRAMSHITTCR fn not used |
DISPLAY |
sfrg LN i | |
tof 333.7 3995.5 |
L rFl 3708.3 |
Z.300 rfp 917
DECOUFLER e oo |
n a p B
dof ] FLOT
Hn nan o 1]
decwave WA0_OneWiR~ 5c o
11 ws 101
Hprr 36 th 1
fnf P01z Al cdc ph

— S S

7 [

yrane

wp? Carbon

SPECIAL
date  Jan 84 2012 teng it used
s0lvent cdcld  gain 0
file Jesport home/~ spin z0 i
spacesdatasmro_tbus hst o. oo 1l
oo sEpul_CLE fi- pwdd 10,008 1
4 alfa 160 and
ACOUISETEON FLAGS
w 24509.8 11 n
at 1,300 in " |
" §3750 dp v |
il 1raon s nn |
[ 64 FROCESSING I
' Z.000 b 2.80 1
nt 2000 f rot used
ct 2000 DISPLAY |
TRANSHITTER sp =27.6 |
tn c12 wp 20134.1 |
sfry 100542 1 $441.7 4
tof 1028.1 #fp 1400
T S5 rp -17.5 1l
3.33% n BER I
DECOUPLER Lot 1
HL o owo 250 |
dof v sc |
an ¥y vE ELERE |
dmm th
dpr 41 al ocde ph |
dnf 9Ed1
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tBuo,C O
PivO

aja_vinaxanthone_ix_012_2

Pulse Seguence: s2pul
Solvent: CDC13

Anbient temperature MOMO (@)

Nercury-40088  “nmr6"
2.80

Relax. delay 2.000 sec
Pulse .4 degrees
cq. time 2.856 sec

width 5602.2 Hz

7 repetitions

OBSERVE ~ H1, 400.2669776 NHz
DATA PROCESSING

Line broadening 0.1 Hz

FT size 32768

Total time 0 min, 0 sec

OMe

Me

ppm

aja_tricycle_ester

Archive directory: /home/staff31/vomrsys/dat
Sample directory: aja_tricycle_sster_20120209_01

Pulse Sequence: s2pul
solvent: cd2c12

Temp. 25.0 C / 298.1 K
Use 1-14-87

File: CARBON_01
INOVA-500 “nmrfred"

Relax. delay 1.000 sec
Pulse 30.0 degrees

512 repetitions
OBSERVE C13, 100.4988625 WHZ
DECOUPLE H1, 399.6791445 WHz

Line broadening 0.5 Hz
FT size 6553
Total time 19 min, 34 sec

a0

20

ppm

T T T T T
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aja_vinaxanthone_ix_041

t-BuO,C O (e}
PivO

Pulse Sequence: s2pul OH
io;ven: : lCDC'|3
\mb i en’ emperature
Mercury-400B8  “nmré" MOMO (0] Me
Relax. dolay 2000 sec 2.81
'ulse 16. egrees
Icq. time 2.856 sec O Me
width S602.2
& repetitions
OBSERVE 1, 400.2669783 MHz
DATA PROCESSING
Line broadening 0.1 Hz
FT size 68
Total time 1 min, 52 sec
: — . — : T . —
9 38 i 6 5 3 2 1 ppm
600 MHz nmrox
aja_tricycle_acid
expd  Carbon
MPL| SPECIAL
date War 1 2012 7.0
soly a0
b 20
ACQUISITION 0.008
1322.6 7.800
at 2.000 10.000
np 181280
b 17000 n
bs 11 in n
d1 2.000 dp v
nt 13000 nn
ct 13000 PROCESSING
TRANSMITTER 1.
n fn not used
sfrq 150.824 DISPLAY
tof 22%6.3 ep -754.2
tpwr wp 3931.4
2.600 rfl 15180.6
DECOUPLER rfp 11612.2
n HI rp -83.6
dof 0 p 57.0
dn vy PLOT
dme W WG 250
dpwr a6 sc
dnf 15337 vs 98633
th
al cdc ph
T T T T T T T T T T T T T T T
200 180 140 120 100 80 60 40 20 ppm
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aja_aminal

Archive directory: /home/staff3l/vomrsys/data
Sample ¢irectory: aja_aminal_20120517_01

Pulse Sequence: szpul
Solvent: acetone

Temp. 25.0 C / 298.1 K
File: PROTON_01
INOVA-500 “fmrfred”

Relax. delay 1.000 sec

16 repetitions
O0BSERVE H1, 399.6777962 MHz
DATA PROCESSING
FT size 32768
_ Total time 0 min, 57 sec

tBuO,C O O O COutBu
PivO OPiv
MOMO O M OMOM
NV,
O~ Me
2.87

. . : . T — —T T T
9 8 3 ' 5 4 3 1 ppm
500 MHz nmri
aja_vinaxanthone_aminal_c13
expd  Carbon
SANPLE SPECIAL
date May 17 2012 temp 27.0
solvent cdci3 gain a0
3 exp spin 20
ACQUISITION hst 0.008
sw 30131.8  pwi0 15.500
at .000 alfa 10.000
np 120528 FLAGS
fb 17000 i1 n
bs in n
d1 2.000 dp y
nt 15000 hs nn
ct 13622 PROCESSING
TRANSMITTER b 1.00
n c13 fn not used
sfrq 125.584 DISPLAY
tof 1254.2 sp -628.1
tpwr S1 wp 28253.2
pw 5.162 rf1 11584.5
DECOUPLER cfp 9669.0
d W1 rp 159.2
dof 0 1p -192.7
dm yyy PLOT
) wowe 250
dpwr 33 sc
dmf 12600 vs 19283
5
ai cdc ph
|
| | ’ ‘
|
l \ l “HJ L - t L LJJ "
T T G A T T T T 0.5 pruE T T T T T T T T T
200 180 160 140 120 100 80 60 a0 20 ppm
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aja_vinaxanthone_ix_036_b

Pulse Sequence: s2pul

Solvent: COCI3
Ambient temperature
Mercury-40066  “nmr6"

Relax. delay 2.000 sec

Total time 0 min, 0 sec

)

tBuO,C O o}

PivO

MOMO (6] Me

Me (@)
2.88

(e}

(¢}

CO,t-Bu
OPiv

OMOM

500 WHZ nmro

aja_enone_c13
expd Carbon

SANPLE SPECIAL
date Mar 8 2012 temp 27.0
solvent cdcl3  gain
file exp spin not_used
ACQUISITION hst 0.008
W 30165 9.500
% 10.000
np 118154
17000 11 n
b 8 in n
d1 2.000 dp
nt 15000 hs
ct 15000 PROCESSING
TRANSHITTER 1 1.00
c13 f

not used
sfrq 125.704 DISPLAY
t 1255.4 sp ~628.7
53w
4.750 rf1
DECOUPLER rfp
H1

o
-
by
B B
:.
3
3

0
dm yyy PLOT

37 0
dmf 10582 vs 3765
b 20

ai  ph
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t-BuO,C O O O COyt-Bu
aja_vinaxanthone_ix_066_a_2
Pulse Sequence: sZpul PivO OPiv
Solvent: CDC13
Ambient temperature
Mercury-400BB  “nmr6"
Relax. delay 2.000 sec MOMO O Me o OMOM
Pulse 16.4 degrees
8% t1u -856 sec
h 10000.0 Hz
10 repetitions Me O
VE W1, 400.2669779 NHZ
DATA PROCESSING .
Line broadening 0.1 Hz protected xanthofulvin
FT size 65536
Total time 0 min, 0 sec
\
| ‘
) J A Jt JJL\.,—
T 4T 1 T T T T 7 T T T —r
15 14 13 12 11 10 9 8 7 6 3 ppm
600 NHz nmrox
ix-066-a
expl Carbon
SAMPLE SPECIAL
date Mar 26 2012 temp .0
solvent cdcl3 gain a0
flle exp spin 20
ACQUISITION hst 0.008
W 40322.6 pws0 7.800
at . 1fa 10.000
np 161280
b 17000 11
bs in n
d1 2.000 dp
nt 4000 n
t 2840 PROCESSING
TRANSHITTER 1b 0.50
n c13 used
sfrq 150.824 DISPLAY
tof 2296.3 sp -754.2
tpwr 58 wp 33931.4
3.500 rfl 15182.5
DECOUPLER rfp 11612.2
n Hi rp 298
dof 0 1p 14.5
dm Yy PLOT
dmm W we 50
dpwr 46 sc 0
dnf 15337 vs 134;;
ai cdc ph
|
| ‘ ’
| Lot i |
T T T T T T T T T T T TINT o T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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aja_vinaxanthone_x_011_2_h1

Archive directory:
sample directory:

Pulse Sequence: s2pul

Solvent: dmso

Temp. 27.0 C 7/ 300.1 K

File: aja_vinaxanthone_x_011_2_h1l
INOVA-500" “nmrelroy"

Relax. delay 2,000 sec
Pulse 15.0 degrees

1000 repetitions

OBSERVE  H1, 499.8668873 MHz
DATA PROCESSING

FT size 262144

Total time 1 hr, 40 min, 22 sec

HO,C O OH O CO.H
HO S OH
HO 0 Me ~O OH

Me”™ ~O

xanthofulvin (2.2)

15 14 13

aja_xanthofulvin_3_c13
Archive directory:
Sample directory:
Pulse Sequence: s2pul

Solvent:

dmso
Temp. 27.0 C 7/ 300.1 K
User: 1-14-87

File: aja_xanthofulvin_3_c13
INOVA-500 “nmrelroy"

Relax. delay 2.000 sec
ees
57774 repetitions

OBSERVE C13, 125.6916839 WHz
DECOUPLE H1, 499.8693899 WHz
* Power 38 dB

continuously on
WALTZ-16 modulated
OCESSING

Total time 66 hr, 7 min, 18 sec
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protected vinaxanthone
expl  stdih

SANPLE DEC. & VT
date Jan 18 2012 dfre 400,289
solvent CDC12  dn Hi

+BuO,C O

3
L
nan
<
dmf 208
PROCESSING
0.19
wifile
proc 1t
™m not used
A A JL 2 MR, k__
T T T RS T g ! ML
3 8 6 5 4 3 2 1 ppm
mon_p iv_bu_protected_vinaxanthone_hl
expd  Carbon
SANPLE SPECIAL
date Feb 13 2012 temp 27.0
zolvent cdcl3 gain
file exp spin not us:
ACQUISITION T
W 30165.%
at 1.9
np 118154
13 12000
bs -
o1 2.000
15000
15000
TRANSNITTER
tn 1
sfrg 125.704
tof 1255.4
tpur $i
o 3.500
DECOUPLER
dn ne
dof ]
o ey
dnn w
dpwr 37
dnf 10582
; LA \ l 3
T Ny T WG B0\ v T T T T T T T v T T T T
220 180 160 140 120 100 80 60 a0 20 0 ppm
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