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Abstract
Part | . P r eapinorsalfoxides ias poténtiabselective connexin inhibitors

Intercellular communication is the basis for the development and homeostasis of tissues
and multicellular organisms, influencing functions such as regulation of growth, cell
differentiation, and developmental signallifidne connexins are a family of &l membrane
proteins that oligomerize into clusters of intercellular channels that connect the cytoplasm of
neighbouring cells, allowinggap junctionintercellular communicatio (GJIC). h particular,
hemichannels remain closed to avoid dissolutionooii¢ gradients and leakage of cytoplasmic
constituents whereasconditions of anoxigrovoke the opening of these hechannels, often
leading to celdeath. Thus far, a compound code naEdO01 possesses the greatest amount of
selectivity and inhibitoro f  GJ I C. A s er i-ansino suffoxides wsingFi02aswe nt y
the lead structurgvere prepared by introducing various new substituents to the three aromatic
rings on the molecule and by changing the aryl subtituents at the sulfoxide moiety. In each
example, the diastereomers were separated and the relative configuration at carbon and sulfur
was assigned vidH NMR. The amino sulfoxides were subsequently transformed into amino
sulfones and amino sulfides via oxidation and reduction reactions, igepectVe are awaiting
the results of the bioassays of all of these compounds. The results will determine if any of them

shaw selective altering of connexictivity.
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Part Il. Synthesis of Isoxylitone analogues for théreatment of epilepsy.

Epilepsy is a chronic disorder of the brain that affects roughly 50 million people
worldwide. Extracts of a variety of plants have been used for many years to treat a number of
neurological disorder®elphinium denudatum Wdilas ben used to treat seizures by local folk
medicine practitioners and a bioassay guided fractionation identified the active component as
isoxylitone, also referred to as ISOXhirty five compound analoguesere prepared starting
from readily available isomhrone [3,5,5, trimethylcyclohex 2- ene -lone] and other
cyclohexenones. Compourdd® possesses the highest activity by inhibiting epileptic seizures in
rats by 65%at a concentration of 200 nMhis compound has been further investigated and
widely studi@l in a variety of other in vitro and in vivo models. TB& mixture of the ethyl
ester4 also showed promising activity. Tlzeisomer of4 and its methyl ester analog8ewere
prepared by reacting the potassium salt of the gumeid 7Z with Et;l and CHl respectively.
TheseZ isomers were less potent than the mixture, indicating that most of the activity resides in
the E isomer. Recrystallization ol6 from hexanes afforded the E isomer in 92% purity.

Surprisingly, this isomer was less active thanBfemixture of16.

Esterification of7Z in acidic MeOH or EtOH afforded the sar&Z mixture of esters
obtained in the initial synthesis. This indicates that a rapid isomerization under acidic conditions.
In contrast,16E remained unchanged upon heating in MeOH containing a catalytic amount of

HCl or PTSA over a period of 8 hours.

N
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1.1 Introduction
1.1.1.Intercellular Communication

Intercellular communication is part of a complex system of communication that governs
basic cellular activities and coordinates cell actioliss an essential process used for the basis
of development and homeostasis of tess@and multicellular organisms. Such communication
influences important functions including regulation of growth, cell differentiation, survival and
apoptosis as well as developmental signalling within tells

The connexins are a family of integral memi@aroteins that oligomorize into clusters
of intercellular channels that connect the cytoplasm of neighbouring cells, allowing intercellular
communication. These channels are also known as gap junctions. Communication between cells
is mediated by the iatcellular transfer of various ions and molecules with a mass up to 1000
Da, such as nutrients, secondary messengers (eg. inesdgbtriphosphate), metabolites,

cations, anions, water and electrical impulses

1.1.2. Connexins

The connexin subunitis a four transmembrane spanning protein, bearing two
extracellular loops, one cytoplasmic loop and one cytoplasmasNvell as @erminal region.
Connexins range in size from 26 to 62 kDa and are named using the prefix "Cx" followed by its
predicted rolecular weight. Six connexin subunits can assemble to form adfemnel, also
known as a connexon, in the plasma membrane that can dock to anothe@haengl in the
plasma membrane of an adjacent cell. The docking of two connexons forms aglluléergap

junction channel thatnables adjacent cells to exchange ions and small metabolites



Cytoplasmic

Transmembrane;

Extracellular

Figure 1.1.2.1: A. Schematic representation of the gap junction channels between adjacent cells.
Each opposed cell contributes one hemi channel to complete the gap junction. The six connexins
forming a hemichannel are able to coordinately change configuration to openlose the

hemi channel. B. Topological model of a connexin. Cylinders represent transmembrane
domains. Loops indicated by E1 and E2 are predicted to be extracellular, each comprising three
conserved cysteine residues (indicated by the letter C)

Conneins are present in many different cells in the body and each have different
physiological characteristics where the properties of the resulting hemi channels are determined
by the combination of connexins that form them. Connexons formed by a singlyotype
connexin are referred to as homomeric, while gap junctions formed by identical homomeric
connexons are referred to as homotypic. Alternatively, when two homomeric connexons
composed of different connexins dock, they form a heterotypic gap junctiohe Iheémi
channels do not dock to one another, they remain asd¢teannels and have similar transporting
properties as ones observed for gap junction channels.

Gap junctions and hemi channels composed of different connexins have different
physiological poperties where tissue and cell type specific connexin expression determine which

3



cell types are capable of functional intercellular communication. These channels play diverse
roles in the tissues they are present in, including the brain, liver and kiguisty® name a few.

There are 21 genes in the human genome that code for different cofinakiesst 12 different
connexins including Cx 26, 29, 30, 31.9, 32, 36, 37, 40, 43, 45, 47 and 57 are expressed in the

central nervous system (CNS), each hgwarunique expression pattern during differentiation.

1.1.3. Pannexins

Pannexins (Panxs), a family of connekke proteins have also been identified. In
humans, 3 different pannexins are expressed, Panx1, Panx2 and Panx3. Of the pannexin family,
Panxland Panx2 are expressed in the CNS. Similar to connexin hemi channels, pannexin
channels are large, single membrane pores that are permeable to ions, secondary messengers and
fluorescent dyes weighing up to approximately kBa. Although it has recognidethat
pannexins and connexins evolved independently to each other, their basic topology has striking

similarities'.

1.1.4. Connexins and Neurological disease

Connexins and pannexins play many important roles in the CNS and the peripheral
nervous systemPNS). Gap junction intercellular communication (GJIC) maintains tissue
homeostasis and enables coordoratof cellular activities. For example: in a healthy CNS,
connexins play an important roles in electrochemical and metabolic coupling between cells.
More specifically, hemthannels remain closed to avoid dissolution of ionic gradients and
leakage of cytoplasmic constituents. Nevertheless, physiological changes caused by anoxia

conditions and ischemia provoke the opening of these hemi channels,eaitigmglto swelling



and cell death Connexins and pannexins are also important for regulation of postnatal neural
progenitor cell proliferation and differentiation. Intercellular and single membrane channels are
required to maintain myaelj the lipid richsheath produced by oligodendrocytes in the CNS and
Schwann cells in the PNS. Furthermore, mutations of Cx32 are the genetic determinants of
CharcotMarie-Tooth Disease, a peripheral demyelinating neuropathy. Genetic deletion of both
oligodendroglial connars or pairs of oligodendrocyte and astrocyte connexins results in a
dramatic perinatal loss of myelintating oligodendrocytes, demyelination of the major fibre tracts,
axonal damage and lethal epileptogeriesis

In addition, connexins have been implicaiedneuronal survival decisions following
injury. It has been well documented that connexin expression is spatially and temporally
regulated following stroke, spinal cord injury and epilepsy. Activation of both Panx1 and Panx2
in neurons have shown to cabtrte to ischemic brain damage. Excessive opening of Panxl
pores in mature oligodendrocytes, neurons, and microglia releases ATP activating P2X7
receptors that exacerbate excitotoxic injury. ATP release acts as a phagocytic "find me signal,
therefore Pank channel activity also increases inflammatory white matter lesions in

experimental autoimmune encephalomyelitis (EAE), an experimental model‘of MS

1.1.5. Connexins and pannexins as therapeutic targets

It is for these reasons that connexins and pansexave been identified as important
therapeutic targets to promote neural repair and regeneration following neural injury. It is
currently not possible to selectively target specific gap junctions and hemichannels, nor is it
possible to selectively modatke specific connexins and pannexins. The majority of the existing

connexin natural toxins modulate all connexin channels regardless of composition. Not only are



they not specific, but they are toxic at dosages required to cross the blood brain bawofezrand
exhibit secondary effects that are predicted to intensify demyelinating conditions. Of these
natural toxins, synthetic inhibitors and/or modulators, only a few are able to distinguish between
connexon hemi channels and gap junction channels. Thesgoidard inhibitor, carbenoxolone,

non-selectively alters all connexin and pannexin functions and is too toxic for therapeutic use.

Figure 1.1.5.1. Structure of the gold standard connexin and pannexin inhibitor, carbenoxolone.

1.1.6. Objective

Therefore, there is a need for therapeutic compounds that can modulate connexin and
pannexin channel function and/or expression in the nervous system with some specificity.
Pharmacological modulators and inhibitors that target the right connexin or pararek
promote the right type of communication (GJIC or single membrane channel activity) are
urgently needed for use in treating neural injury, reducing neural damage and promoting neural
protection and regeneration after injury.

Some time ago, the Berth@roup selectedcompoundat randonmfrom the Durst library
code named87. It had been assigned the structure shown below. This compound was shown to
decrease GJIC activity in a bioassay. From this, it was concluded that the compound had
inhibitory effects on specific connexins. This finding was intriguing due to the fact that the

6



majority of other toxins against connexins are -sefective, in which case they inhibit all
connexins to the same degree.

Subsequently, Dr. Ana Francis Carballcce resynthsized this compound as part of her
doctoral work and attempted to prepare analogs based a87istructure. None of the obvious
derivation attempts were successful, casting doubt on the original structure assignmerayAn X
structure determination confirmed that suspicion. The corrected structure was assigned the code
AF101. Dr. CarballeArce syntlesized a number of analogs AF101 including AF102, which
is considered the parent compound in this series. Several of these derivatives showed some
selectivity in the three connexin assays carried out by the Bennett group.

The objective of the work prested in this part of this thesis was to expand the
compound library by preparing additional analoguesB1i02 by changing the substituent's on
the three aromatic groups presentAiR102 or replacing the aryl group joined to the sulfoxide
function by nomaromatic groups. It was hoped that one or more of these changes would result in
a molecule that would target selectivity of one or more of the various connexins by either
opening or closing the transport of positive of negative ions and increasing oadilegrgap

junction intercellular communication (GJIC).

Brw Br g H
o o o8
Br -0 Br s7° s°

S/

O

Chemical Formula: CooH17Br,NOS  Chemical Formula: CxgH17BroNOS  Chemical Formula: CogH1gNOS
Molecular Weight: 479.23 Molecular Weight: 479.23 Molecular Weight: 321.44

187 AF101 AF102



1.2 Discussion and Results

1.2.1. Introduction

In 2011, a member of Dr. Steffany Bennett's research groubpe iFaculty of Medicine,
University of Ottawa, requested compounds from the Durst group compound library for testing
in a new bioassay that targets inhibition of connexins in the CNS. Amongst the chosen
compounds, a compound cedamedl87 displayed intriguig activity in the assay.

Activity is determined byhe permeability of fluorescent tracers throughout gap junctions
to determine intercellular communication.Frgure 1.21.3, panel Ashows that compountiB7
decreases gap junction activity and this can be analyzed through the amount of calcein that is
present in the image in comparison to the vehicle (DMSO). As shown, the amount of calcein
passing through the gap junction is greater with the vehicle compmatbd sample containing

187.

Br
/@[NH
Br S"O

187

Figure 1.2.11 Chemical structure drawn on sample \i8F.

Calcein is a fluorescent "tracer” that is membrane impermeable but has the ability to pass
through gap junctions. Fluorescentedyare commonly used to assess which molecules or ions

can pass through gap junctions. In this bioassay, the amount of calcein dymaghtgrsto



neighbouring cells is quantified and is used as a measurement of gap junction function. The

Bennett group @ncluded thal87had an inhibitory effect on connexins.

Calcein Lucifer Yellow

Figure 1.21.2. Chemical structures of fluorescent dyes Calcein and Lucifer Yellow.

Panel Bin Figure 1.21.3. evaluates the connexin heghiannel as a single ménmane
channel. Hemchannels are normally closed to promote homeostasis, but can open as a
consequence of an injury, providing an open channel from the cell to the extra cellular space. In
this particular assay, cells are incubated in a solution with éugéllow (LY), which is a
fluorescent compound that is able to pass throughecomthannels. The cells are theashed
and viewed under a microscope to observe how many cells took up the LY from the extracellular
space through the hemi channels. Celithwa higher intake of LY, have greater hechiannel
activity. As a part of this assay, glass beads are used to provoke the mechanism opening
stimulation of the hemchannels and carbenoxolone is used as a positive control. The results
observed with compawd 187 show that this compound does not affect the opening of the hemi
channels but instead displays solely GJIC activity. These data show that com@@uaduces
connexin mediated intercellular channel function but not single membranechanmels. Dat

sets and a detailed outline of the biaossays are describggpemdix 1A.
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Figure 1.21.3. A. Effects of compound87 on connexin channel function assayed in NT2/D1
cells. This assay was used to assess gap junction intercellular communication @&JIC).
Connexin hemi channel function assessed by measuring number of cells capable of uptake of LY
through hemichannels. Thismage was taken from Ana Francis Carbdilze's Ph.D. thesis

As mentioned earlier, the majority of compounds that are used to inhibit connexin
function are non specific, and act on all connexins to the same degree, which makes them
unsuitable for thepeutic use. The indication tha87 acts solely on one channel was exciting
and led to a decision to synthesize analogbasmight show both greater selectivity and higher
potency. The initial plan was to-synthesizel87 and from it, prepare analogaieNone of the
proposed derivations, such as displacing the supposed aliphatic bromine with thiophenolate

10



anion was successful. The inability to replace a bromine from a primacarson casted doubt

on the correctness of the structure drawn on the samal. The correct structure aB7 was
determined by xay crystallography, and the compound was renafAfetD1. Once the correct
structure was known, the mechanism of its formation and its NMR properties were easily
understood.

CompoundAF101 is prepard by reaction of the lithio derivative of methyl phenyl
sulfoxide with benzalaniline, derived from anilinendensedavith benzaldehyde. This sequence
results in the formation of the core structufd;102. This compound when exposed to two
equivalents of NB undergoes two consecutive electrophilic aromatic substitution reactions on
the aromatic ring activated by the amine function to y#kl01°>. These compounds can be
descr i mmido safexideS; often times in this thesis, they will be referred tplgies

amino sulfoxides.

@NQ@ /S—O. (j“ii; — Br/&nrg’j
O s

LDA

AF102 AF 101
Schene 1.2.1.1. Preparation oAF 101

Dr. Ana Francis Carballo Arce, a Ph.D. graduate from Dr. Durst's research group began
working on this project. She synthesized analogues of compd®ib@dl, focusing mainly on the
introduction of various substituents in the aniline ring including chloro groups and methoxy
groups; one example in which the benzene ring attached to the sulfoxide group was replaced by a

methyl group was also prepared. The conmaisusynthesized by Dr. Ana Francis Carballo Arce

are shown irFigure 1.2.4
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Figure 1.2.1.4. AF102 and analogues synthesized by Dr. Ana Francis Carballo Arce.

These compounds were subjected to the bioassays desaitneel CompoundF102in
which the bromine atoms were missing from the aniline ring, showed greatly reduced GJIC
activity, but it also showed activity in the heohannel transport bioassay. Surprisingly, the
replacement of the bromine by chlorine atomsegAF107, which showed only minonon
statistically significant change8F108 reduced anionic hemi channel activity in the assay, while
AF102 reduced both anionic and cationic channel activity. Replacement of the phenyl sulfoxide
moiety by a methyl sulfage unit gave a product that showed no activity in any of the bioassays.
Amongst all of these newly synthesized compourAis101 continued to demonstrated the

highest inhibition of GJI€ Results are shown Figure 1.215.

=
[

==}
§

gl

Fold change in GJIC
LY+RD- cells (%)
PHFITCOD- cells (%)

R
PP
o LA - ) p

& :

€T

Figure 1.2.1.5. Summary of bioassay resul&. Change in GJICB. Anionic activity in hemi
channelsC. Cationic activity in hemthannels. Compounds with an asterisk are indicative of
statistically significant results. This figure was taken from Dr. Ana Francis Gavhae's Ph.D
thesis.
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Compounds that specifically affect different connexins are potentially very valuable.
Preliminary results demonstrated that some of the new compounds show this desirable behaviour
to some extent. Although results were encouragimg few compounds were available to draw
conclusions concerning which structural features were necessary and important for activity. The
objective of the work presented here was to expand the available compound library by preparing
additional analoguesf AF102. Additionally, except for structures &F101, 102 and 108, the
relative and absoluteonfigurationof the compounds prepared by Dr. Carballo Arce were not
unambiguously known. Indeed in the case of the methyl sulfoXEEO5, a 3:1 mixture of
diastereomeres were sent for bioassays. Thus, it also became important to not only prepare
additional analogues, but to also separate diastereomers and assure theircaeifigueation
The author was closely involved and supervised an undergraduatdrihelsish the preparation
of the individual enantiomers in one series of amino sulfoxides and the related amino sulfones
and amino sulfides is described. The availability of pure diastereomers, and in one case, pure
enantiomers, should facilitate the dem@hent of a StructurieActivity 1 Relationship (SAR).

Dr. Ana Francis Carballo Arce used primarily recrystallization as a purification method.
This was sometimes only partially successful in preparing diastereomerically pure samples. Also,
since it depetied on solubility differences between diastereomers, it was not always assured that
the same diastereomer would crystallize preferentially for this series of compounds. Although it
was much more time consuming and difficult due to the minimal polarifgrdifice of the
isomers, the work presented here describes purification via column chromatogndgitty
resulted in the complete separation of diastereoisomers in almost all sets of amino sulfoxides that

were prepared in this thesis.
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The paamao stuctlre AF102) for this series of compousdhas three main
aromatic rings thatan all be altexd either by adding substitusrdt various positions in grone
of the three phenyl rings oeplacing the phenyl ring by another aromatic ring or by an dlgpha
Substituent. One canamiso suwligge wind emeop ket iomg &
amino alcohol -amibho S§uhBokxydetbanbbe -amko di zed
sul fone or ramidouscolfelel Totaaonsiderebextent, examples of all the above

variations are described in this thesis.

H [ X~ H H H O H O
o' O
R1_|/ 0 R1—./ SQ ©/ 0] OH

S 0 S
Q g C
0\
R,
Amino Sulfoxide Amino Sulfone Amino Sulfide Amino Ketone Amino Alcohol

1.2.2. Synthesis and Structure Identification

1.2.2.1. Synthesis ofb-Amino Ketone Analogues

One <can readily imagine that due-amiinm i nt r :
sulfoxideAF102a n d -arhire kebone should have very similar conformations in solution.
Therefore, if shape is the key in determining connexin activity then the amioelZshould
show activity similar to that oAF102. Interestingly, the calculated LogP value [ChemDraw] is

higher for the amino ketone than the corresponding amino sulfoxide.

o L ol
Hs ho¢c
N ; N ;
©/ Log P: 3.87 ©/ Log P: 4.45
AF102 2

Figure1.2.21 Compar i s on o fide, AF1@G2mn daminsketbne2o x
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The r a-aminoiketonedwas obtained as a yellow solid in 47% yield via Michael

addition of aniline to chalcorke

NH; H
o) 0 o) O Nox
x
" H NaOH ©/ o)
MeOH

1 2
Scheme 1.2.2.1Synthesis pathway of compou@d

(RY(S)

The Michael adition of aniline tol has been studied in detail including enantioselective
addition using a variety of chiral catalysts. The enantioselective Michael addition of aniline to
chalconel was promoted by an inexpensive and commercially available chincona alkaloid under
solvent free conditions. This simple experimental procedure required neuwacakd a short
reaction timewhich facilitated the preparation of these compounds. The usedfonine(10
mol %) produced3 in 99% yield with a reported 58% of enantiomeric excessuiavg the R

enantiome’. This indicated a ratio &R to 3S of approximately 4:1.

Q H
A NH, N> (0]
SRR CRERG R
Solvent Free, rt.

1 3

Scheme 1.2.2.2Preparation o8 using cinchonine as a chiral catalyst.
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Once the racemic carbonyl mimic AF102 was available, it was decided to brominate
as was done foAF101. Aromatic electrophilic substitution & using 2 equiv. of NBS led to

the bromination at the ortho and para positionghe aniline ringffording4 in 65% yieldas a

H Br 4
N N
©/ o) 2 equiv. NBS 0
— - 1§
3

Scheme 1.2.2.3Synthesis of compad 4.

white solid

1.2.2. 2. -8nino dldols i s of b
Compound3 was reduced using NaBHesulting in a diastereomeric mixture of amino
alcohol analogues. The product was purified via gradient column chromatography, followed by

recrystallization from MeOH affaling compound as a white solid in 84% yield.

H H
1 1
EtOH H
3 5

Scheme 1.2.24. Synthesis of compourtl

The 'HNMR of 5 showed the two ABX patterns clearly indicating the presence of both
diastereomers. Attempts at separating the diastereomers via column chromatography were
unsuccessful since the isomers had very similar polarities. Compdunds successfully
separated o its two isomers via preparative TLC. The plate was developed three consecutive

times in 1:4 EtOAc: hexanes, where the two isomers displayed mjrdifféences. The more

16



polar top spot, compound, had an Rvalue of 0.63 whereas the less polar bottspot,
compound?7, had an Rf of 0.59. Only 0.08 of compound could be loaded onto a standard
commercially available plate in order to achieve ~(@0af each isomer to send for bioassay
testing. The'H NMR spectra of both isomers show clean ABX pattémsomparison to the
mixture, with compound displaying a cluster of doublet of doublet's (dd's) more down field
compared to compound The 'H NMR spectra of compounds and 7 are shown below in
Figures 1.2.2.2and 1.2.2.3 respectively. At this pointwe have not determined the relative
configurationof the two isomers. This will be done once the bioassays have been completed and

it has been shown that there is a significant difference in activity.
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1.2.2.3. Syt e s i samimofsulfdne analogues

It is known that sulfoxides show very strong hydrogen bonding with OH and NH groups.
In contrast, hydrgen bonding involving the oxygen atoms in sulfones is very weak. Thus, it
seems reasonabl e-amim sufoxidegAE191 andtAlRLA2 could hawe rdither
different conformations in solution and thus might interact differently with the connexin

receptors.

H o]
N N
i
0}
Log P: 3.87 Log P: 3.91
8

AF102

Figure 1.2.2.4 C o mp a-amine sulfoxideAF102a n damimo sulfone8.

AF102was oxidized wusing mCPBA taminopsulfordu c e
derivative,8, as a yellow solid in 74% yield. Sind&101 displayed excellent activity in the
bioassays, it was decided to brominate the sulBrkEhe use of Z2quiv. of NBS, resulted in a
89% vyield of bromesulfone,9, as a yellow solid. In both cases, thevRlues of the sulfones on

analytical silica geplates were significantly larger than those of the corresponding sulfoxides.

H H By
N N N
©/ 0 mCPBA ©/ 0 2 eq. NBS 0
s~ - > S:O — > Br S:O

AF102 8 9

Scheme 1.2.5. Synthesis of compoundsand9.
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1.2.2.4. Preliminary screening and results

Compounds were synthesized by making minor changes to the molecule in order to
optimize activity. Six compounds were sent to be tested in the three bioassays against the
compounds previously synthesized by Dr. Ana Francis Carballo Aeplacement of the
sulfoxide group for a carbonyl group, compouddresulted in no activity in all three of the
assays. Addition of bromine atoms at the ortho and para positions on the amino ketone,
compound4, displayed statistically significant activity in the inhibitiohanionic hemi channels
as well as activity in the cationic hemi channésidation of the sulfoxide resulting in sulfone,
compound8, showed no activity in any of the bioassays.the GJIC assayAF101 still
remained the best compound in terms of inhibition activAtlf102 also displayed excellent
activity in the anionic and cationic hemi channel assaykese results are shown igure
1.2.25.

The bromo sulfone analogue, compoudidshowed outstandg activity in the GJIC
assay, comparable tAF101. Surprisingly,9 also showed an enhancement in anionic hemi
channels in comparison to the gold standard carbenoxolone; however, showed no significant
activity in the cationic hemi channel assay. This wasrdriguing result as it is difficult to
selectivity target one channel over the otfigrese results are shownkigure 1.2.26.

Replacing the sulfoxide by a hydroxyl group, compoBn@F115t=top isomer) and
(AF115b = bottom isomer) were sent indiudlly to be tested; howevethey displayed no
activity in the GJIC bioassayhese results are shownFkigure 1.2.27.

All other compounds tested in the assay represented by AF codes were either fractions of
Piperacaeplant material and/or betulinic aciderivatives, which have both been known to

inhibit intercellular communication.
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Figure 1.2.2.5 Summary of bioassay resuls. Change in GJIC activityB. Anionic change in
hemi channelsC. Cationic change in hemi channe@ompounds with an asterisk are indicative

of statistically significant results. Compound Legend: AF1@9 AF110=3. AF111=8.
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Figure 1.2.2.6 Summary of bioassay resuls. Change in GJIC activityB. Anionic changen
hemi channelsC. Cationic change in hemi channe@ompounds with an asterisk are indicative
of statistically significant results. Compound LegeAB123= 9.
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Figure 1.2.2.7 Summary of bioassay results displaystgange in GJIC activity.

1.2.2.5. General approach to synthesis and structure identification of amino sulfoxide
analogues

The replacement of the sulfoxide function in the amino sulfoxides by a ketone or
hydroxyl group or its oxidation to a sulfone, resulted typically in compounds witbrlor
statisticallyinsignificant activity. All compounds containing two bromine atoms in the aniline
ring demonstrated some activityut much lower tharAF101. Interestingly, the bromo sulfone,

9, was selective in the hemi channel assays. Based onsthassvhat preliminary results, it was
decided to refocus on the sulfoxide analogues in hopes of providing greater possibilities to
enhance the desired activity and selectivity.

All sulfoxide analogues were prepared using the approach described in Dall&arb
Arce's Ph.D thesisScheme 1.2.2.6The requisite imines were obtained via a condensation
reaction between an amine and an aldehyde in refluxing toluene using <fadampparatus.
Following this, the desired methyl sulfoxides were converted imio thactive lithio species by

reaction with LDA in THF at78°C. Addition of the lithio sulfoxides to the polarized C=N bond
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of the iIimine resulted -amno sulfodides Al of theseomokeculesc mi
contain two chiral centres, on¢ @rbon and one at sulfur, resulting in the possibilityoofr

stereoisomers comprising two pairseoiantiomersRS/SR. andRR/SS..

.
NH Q Toluene ~Rg R N Re
R 2+ —— g R 1 \[
1 Ry® 'H Dean-Stark 1 LDA, THF, -78°C <0
apparatus .7 ?
TR,

Schemel.2.2.6.Gener al s ¢ h e me- arhimo rsulfexigenahaloguesi Ghirabcéntrds
indicated by asterisks.

The crude coupling products were usually purified by gradient column chromatography
yielding both diastereomers of the desired product. The polaritgrelifce between both
diastereomers as determined byvRlues was typically quite small, which made the complete
separation long and tedious. Elutions were carried out with mixtures of hexanes and EtOAc,
beginning with 100% hexanes and solvent gradientgybacrementally changed by adding an
additional 5% of EtOAcThe first few product fractions contained one pure diastereomer, with
the bulk of the fractions containing mixtures and ending with the second pure iSomoeor
more chromatographs were cadiout in order to obtain a workable amount of each pure
product.

One of the major constraints experienced with this compound series was the synthesis of
the imines. These compounds decompose quickly under acidic conditions, which made it
impossible to puafy these compounds by column chromatography using silica gel. Therefore,
recrystallization was the most effective way to purify these compounds. Often, the imines were

not crystalline. In such cases, the imine was kept as a crude product in the $oluéna in the
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freezer until needed. A downside to this approach was that reactions with these crude imines led

to several byproducts, making purification of the final product even more challenging.

1.2.2.5.1 Diastereoselectivity under kinetic condions

The addi t dlitbiovderivdtive bfhmethyldphenyl sulfoxide to imines having at
| east one aryl substituent, u n-areno sukokideswith c al | vy
good to modest diastereoselection. In 1990, Pyne and®®ékiorted conditions resulting in the
diastereoselective addition of methyl phenyl sulfoxide pualyl sulfoxide to imines. Reaction

time and temperature contribute to the diastereoselectivity of these addition reactions. It was

noticed that a reaction kept -78 °C for 5h gave modest diastereoselection of 8RIB/SR. :

RRJ/SS isomers. Longer reaction timest{8.2 h) at 0°C resulted in poorer diastereoselection,

suggesting that equilibration had occurred most likely via reversion of additatiore All

amino sulfoxide reactions in this thesis were carried ou7&IC for 1.5h which favars the

RS/SR. diastereomer 75:25 as reported in literature

1.2.2.5.2. Diastereomer Structure Identification
The configurationassignedo the amino sulfoxides throughout this thesis are based on
comparison of theitH NMR spectra with those reported by Pyne and Dikic for the condensation

products obtained from methyl phenyl antbfyl amino sulfoxide%
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R A R ar a:R, =Ph, R, = Ph
TS S b: R, = 2-furyl, R, = Ph
R:RsN O RRsN 4 O ¢: Ry =Ph, R, = CHj
d: Ry = CHyCH,, R, = Ph
16 17 e: Ry = (CH3),CH, Ry,=Ph

f: Ry = (CH3),CHCH,, R, = Ph

A.Ar =Ph

B. Ar = p-Tol

Figure 1.2.2.8 Stereoisomers produced by Pyne and Bikic

Table 1.?2.1 Partial'H NMR spectral data for AB pattern of compounds synthesized by Pyne
and Dikic.

Compound 16.A.a

Shift Peak Coupling Integration

(ppm) Pattern constants (J)

3.18 dd 3.7,13.7 1H

3.12 dd 8.7, 13.7 1H
Compound 17.A.a

3.28 dd 9.8,13.8 1H

2.98 dd 4.9, 13.6 1H

In order to verify thee findings, commercially available methyl phenyl sulfoxide was
coupled toN-benzylideneanilindn the presence of LDA in THF a¥8 °C. Purification by
gradient column chromatography afforded two separate isomers as white soliddH NMR
spectra of each diastereomer were compared to the spectra reported in literature. It was noticed

that the more polar top spot correlated to RsSc/SsRc isomer, compound2, whereas the

slightly less polar bottom spot corresponded toR$Rc/SsSc isomer, compoundi3.
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H H H H
N N N N
PhS(O)CH,Li \ N
o " @ "lgo @ "lgo © "lgo © "lg0
NH, Toluene Na N v v N
OO e O T | | |
+ Dean Stark
apparatus @ @ @ @
10
ScRs RcSs ScSs RcRs

12 13

Scheme 12.2.7. Synthesis of compouri®, 12 and13.

The pattern of the ABX system in thid NMR spectrum of each diastereomer was used
as a guide to identify all diastereomers in this series. The ABX pattern fBs3b/&sRc isomer
is extremely narrow, often times having the dd patterns overlap one another. On the other hand,
the ABX pattern fo the RsSRc/SsSc isomer is much more broad and is shifted downfield
compared to its diastereomer counterpart. This is illustrated for the diastereonie gairl3
in Figure 1.2.29. and 1.2.210. The same features were used to analyse all future amino

sufoxide spectra and aided in assigning the diastereostereomers where applicable.

28



9TIT'€
9ET'E
€9T°E
TLTE
|ZA%>
L6T°¢
80¢C’E

— == 7178

U

. S//O
RcSs
e

Chemical Formula: CyoH1gNOS

N
Iz T

Molecular Weight: 321.44
12

.\“'S//O
ScRs

TE8Y
8y
0S8'v
298y

= } 1.00

%

8859
1559
0959
5899
0.9
.0,
060°L
£60°L
TITL
09z,
9ze'L
vieL
09€'L
06¥°L
6L
05",
105,

1 1.89

T 100

T} 203

1 2.60

T 401

} 3.44

8%

e

\

909°L
T19°L
679°/

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

7.50

8.00
ppm (t1)

Figure 1.2.2.9.400MHz *H NMR spectrum of compourtin CDCk.



G/6°C

1862
600°€ \
T20€ — 2\

[4STA
LIze
98¢C’¢
Tie¢

\V

988
8687
0T6'v
(44074
T€S'9
0559
2585’9
9699
6.0,
160,
00T
81T'L
vae'L
09¢'L
91¢’.L
cEE’L
GEE'L
€5e’.L
96€'.L
viv'.L
8Iv'.L
86,
€05,
1192
q1S°,L

L

P

\

8€9°L
ev9'L
1992
v99°L
99/

RO

IZzT

RcRs

ScSs

13

I,

1.17

0.81

3.0

4.0

5.0

6.0

7.0

8.0

ppm (t1)

Figure 1.2.2.10.400 MHz *H NMR spectrum of compount3in CDCl.

30



1.2.26. Synthesis of amino sulfoxide analogues

Analogues of 12 and 13 were preparedand identifiedas described above. The most
interesting compound based on the bioassays was the dibromo derik&l@d. It was
available only as the singl&sRc/SsSc isomer. In order to obtain unambiguously both
diastereomers, it was dectléo couple the imin&4 with the lithio sulfoxidell. Unfortunately,
this imine, prepared by heating ZJ#bromo aniline and benzaldehyde in toluene, did not
crystallize and therefore, was kept as a crude preparation in the toluene solution. The coupling

product between crud&4 and lithio derivativell when carried out in THF78°C afforded a

mixture of isomers as a yellow solid in 50% yield.

J— QQ;F mQ mQ m@ mQ

Dean Stark
+ apparatus g

o

ScRs RcSs ScSs RcRs

15 16

Scheme 12.2.8 Synthesis of compoundd, 15 and16.

Separation of isomers via gradient column chromatograyss unsuccessful. Attempts
at separating these compounds by preparative TLC seemed promising as a clean separation of
isomers was observed with three consecutive elutions at 20% EtOAc in hexanes on an analytical
TLC plate. However, once larger amountaridterial was subjected to a preparative TLC plate,
the compounds began to crystallize on the plate during development which resulted in no
migration or separation whatsoever. Separation of the isomers by reverse phase HPLC using

80% ACN in HO resulted irthe isolation of the pure diastereom&bsand16.
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'H NMR spectra ofl5 and 16 showed the same differences in the ABX patte(figjure
1.2.2.1), as was seen in the parent sulfoxidés and 13. Again, the ABX system for

diastereomet5 was narrower than that @6; its relativeconfigurationwas therefore assigned as

RsSc/SsRe.
i i
® B 6o R A I N N
H HY
B s° B s°
r r -
ScRs RcSs
I | | Chemical Formula: CogH47Br,NOS
| | | Molecular Weight: 479.23
| 15
el O N < © Q.
8 88 8 85 88
™ oM m 3] ™M ™ ®m oM
Br H Br H
N N
H HY
B s° B s°
r - '
o Ly ScSs RcRs
WWW\/UWWMUL Chemical Formula: CxoH17Br,NOS
‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T T T Molecular Weight: 479.23
3.40 3.30 3.20 3.10 3.00 16

ppm (t1)

Figure 1.2.2.11 *HNMR spectra AB peak pattern comparison of compdlfand16 in
CDCls,

The above results gave us confidence that the use of the ABX patterns to assign the
diastereomer structure of the other pairs of diastereomers below was valid. In order to make the
reading of this portion of the thesis less repetitive, the structure assignments of diastereomers
will generally not be described, unless it had unusual features or the structures were significantly
different from the above two sets of compounds.

Since he bromine substituent's in the aniline ring increased the activity significantly in
the GJIC assay, as shown by the difference betwdel01 and AF102, it was decided to

prepare both sets of the ortho and para mMmominated isomers. We were intriguey the
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notion that the bromine substituent in the ortho position might be more important than the one at
the para position since the former could affect significantly the shape of the molecule by
interadion with the other substituenbn the aniline nitragn, thereby causing the phenyl ring to
rotate relative to its position IAF102 or in the para bromo compounds. This is shown below in

Figure 1.2.2.12

Br ) o\\s_,@ H O\\SQ

Ortho Bromo Sulfoxide Para Bromo Sulfoxide

Figure 1.2.2.12 Structures of ortho and para monobrominated amino sulfoxides.

These desired compounds were obtained, as expected by reaction of the imines obtained
from ortho and para bromoaniline and benzaldehyde with the lithio sulfatidePurification
via columnchromatography was successful, affording compeudifdand 18 as offwhite solids
in 21% and 4% vyield, respectively. Unfortunately, separation of the ortho bromo sulfoxide
diastereomers via column chromatography was unsuccessful due to the diasteremmegrs h
essentially the same polarity on silica gel. The revplsse HPLC method also failed:wo
consecutive recrystallizations from DCM and hexanes gave the purRsRbSsSc diastereomer,
compoundl9, as verified by*H NMR spectral analysis. Disappointingly, we have not had any

success at obtaining tiRsSc/SsRc isomer.
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Figure 1.2.2.13 Chemical structures of compountigd 18 and19, with associated
stereochemistry.

With the focusstill on the variations of the aniline ring, it was decided to introduce other
substituent's such as a methoxy group. Comp@@rehd21 were obtained from the reaction of
p-anisidine and benzaldehyde with lithio sulfoxitle Purification of the crude retion product
via column chromatography was successful affording white solids in 32% and 11% yields,
respectively. Again, since thep-dibrominated productAF101, showed an increase in activity
in the GJIC assay, it was decided to bromin2fieusing 1 quiv. of NBS. This resulted in the
introduction of a bromine at the ortho position on the ring, affor@ihgs a white solid in 41%
yield. This reaction was only performed BsRc/SsSc isomer,21, since Dr. Carballo Arce had

previously synthesized tHesSc/SsRc counterpartAF108.

©r© ©f© ©f© pr <>>§ SE;O

ScRs RcSs ScSs RcRs ScSs RcRs
20 21 22

Figure 1.2.2.14. Structures of compound®, 21 and22.
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The analogues prepared thus far have all focused on changes to the aniline ring. Since
changes to the other aromatic rings in thdesyshave not been made and tested, it was decided
to focus on variations of the aromatic ring derived from the aldehyde precursor. Only two
compounds were prepared in this series, the first to test the effect of an ortho methyl group onto
benzene ring B,isce such a change, as was argued above, could affect the shape of the molecule
by causing its ring to twist relative to its position in the parent compd\Ft)2. For the second
compound the B phenyl ring was replaced byfargl substituent, additionbl an ortho methyl

group was introduced into ring A.

Ring B

Ring A ¢

b ow H y ©
o5 oY B
e L) ‘)

AF102

Figure 1.2.2.15 Proposed changes to ring B.

A condensation reaction of aniline withnZethylbenzaldehyde produced imi28. The
crude imine was coupled with the lithio sulfoxitie affording compoun@4 and25 as off white
solids in 17% and 8% yields isolated after isomer separation. Again, comparison of the shape
and position of the AB part of the ABX pattern with those of known structures were crucial in

making the assignments.
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NH,
©/ Toluene . . . N\

+ Dean Stark

o) apparatus
H 23
ScRs RcSs ScSs RcRs

25

O O 0 O

24

Schemel.2.2.9 Synthesis of compourii3, 24 and25.

The reaction of doluidine and furfural gave a new and interesting intivegincluded a
methyl substituent on the aniline ring and a furan ring ioegltaf the existing phenyl group. The
usual reaction sequence followed by careful column chromatography gave con2gamaR7

in 15% and 12% vyields, respectively.

D e LD D
N = N = N = N N
H H H H

. \\"S//O . /S//O . /S//O . \“‘S//O

ScRs RcSs ScSs RcRs

26 27

Figure 1.2.2.16.Chemical structure and relative stezkemistry of compound6 and27.

An obvious change in the parent structure considering the method of synthesis, is to use a
methyl sulfoxide other than methyl phenyl sulfoxide. Two changes can be imagined: a)
replacement of the phenyl group by an alggbup using for example dimethyl and methyl t

butyl sulfoxide and b) adding a substituent to the phenyl ring. For this case we chose methyl p
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tolyl sulfoxide mainly because both theand theS isomer of this sulfoxide are commercially
available, with the former being less expensive. The availability of enantiomerically pure
sulfoxides would allow us to prepare all four isomers of the addcbélow. Although not
definitive, we do not expeché para methyl group to effect the activity significantlyfovss.
AF102. Thus, if one finds that one of the four diastereomers of A shows significantly more
potency or selectivity towards individual connexins, one might reasonably decide whether it is

worthwhile to prepare optically pure isomers of other analogues.

H
@NE:
s7?°

Commercially available methylldutyl sulfoxide was coupled with benzalanilib@ The
crude mixture was chromatographed to give the pure diastere@@&ansl29 as off white solids
in 12 and 6% vyield respectively. ThENMR spectral pattern and chemical shifts of the ABX
pattern of each isomer was compared to the reference spectra, and the diastereomers were

identified accordingly.

H H H

N N N

t-BuS(O)CH,Li N N
uS(O)CHoLi ©/ ©/H o ©/H .0 ©/H _O

ScRs Rch Sch RcRs

©/N\
10

28 29

Schemel.2.2.10 Synthesis of compourizB and?29.
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Reaction using a fotfiold excess of DMSO and LDA (1) in THF at-78 °C relative to

imine resulted in a reasonable amount of product formation and barely any imine as starting
material remaining. Purification via column chromatography affo@eds an orange solid in
17% vyield. The'H NMR spectra of compoun80 (Figure 1.22.17) was expected to have two
ABX systems as observed for all other compounds in this series. Two ABX systems were indeed
present; however, they were completely overlapped, which was not observed in the other
compounds. The expected remaining methylugrérom DMSO was not observed in the

spectra; thus this compound could not be the expected product.
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Figure 1.2.2.17 400MHz *H NMR spectrum of compour@0in CDCl.
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The MS data confirmed that this product was in fact a "dimerized" structure as shown in
Schemel.2.2.11 A possible explanation for the formation 8® is that excess LDA was
available and that the initial adduct was converted into its lithio derivatvehweacted with a
second equivalent of imine. Although this was not the desired expected product, it was sent for

bioassay testing regardless.

Schemel.2.2.11 Synthesis of compour@D.

In order to obtain the methyl sulfoxide compound, a third synthesis was performed; this
time using 0.8 equiv. LDA vs DMSO. Product formation was visible by TLCHNMR of the
crude product confirmed the presence of both diastereomers. Purification liynco
chromatography was unsuccessful at separating the diastereomers from one another; however
the mixture was obtained in 28% vyield as a white solid. Separation of isomers by preparative

TLC afforded compoun@1 and 32 after being developed ten conseeeattimes in 40% EtOAc

in hexanes.
H H
©/ N >8© H\p N {@ H
H H H
.0 ©/ HL o ©/ 0 ©/ o)
..\\‘-? ‘/?/ ../? ..\‘\‘?
SCRS RCSS Scss RCRS

31 32

Figure 1.2.2.18 Structure of compoun8l and32 with relativeconfiguration
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Figure 1.2.2.19 400MHz *H NMR spectrum of compour82in CDCl.
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The final pair of diastereomers wpeepared by reaction of lithio-fplyl sulfoxide and
imine 11. Purification via gradient column chromatography was a long and tedious process as the
compounds began to crystallize on the silica gel column partway through chromatography.
Excess amounts of 100% EtOAc was used to elute the products and unexpectddly giel
crude separation of each isomer. Separate recrystallizations of each product fraction were
performed using DCM and MeOH, which afforded compo88dnd34 as off white solidsThe
assignment of the relative stereochemistry for these compound wadyl@oeenparison of the

'H NMR spectra to those reported by Pyne and Bikic

H H
©/ N>p H\gij N {@ H
ioglior srolier
‘\\‘.S//O /S/’O ./S/ .\\\.S//O
ScRs RcSs ScSs RcRg
33 34

Figure 1.2.2.20 Chemical structure and stereochemistry of comp@3ahd34.

It is well known that the desired biological activity is typigadue mainly, or exclusively
to one of the two enantiomers. | acted as the key mentor to AdrienChoeinard, whose
honors thesis was to prepare enantiomerically pure versions of the sulfa3mie$34.

A scheme was produced whereby use of the cowrialgr available, less expensive
R(+)methyl pt ol y I sul foxide would | ead to -amime four
sul foxides, t wo -aem awnot isoud rfiocemisksuypdapdiihis évsifown in

the scheme below.
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Schemel.2.2.12 Pr epar ati on of eamnodulfoxideer i cally pure b
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The lithio derivative ofR- methyl ptolyl sulfoxide was coupled t&@1l under the same
conditions presented in this thesis. Purification via gradient column chromatography afforded the
RsRc and theRsSc isomers. The key to success was the use of a combination of DCM and
EtOAc, since this combination of solvent overcame theaulsily issue. Each of these
enantiomerically pure diastereongercompounds (their optical rotations were compared to
literature values and showed indeed that they were essentially enantiomerically pure) were
subjected separately to oxidation using mCPBHKording theRc and Sc  -amino sulfones.
Reduction of each sulfoxidgielding theRc andSc sulfides. Again, dibromination of tHesSc
sulfoxide enantiomer was carried out in order to mimic the structubd=d®1. The initial plan
was to reoxidize the slfide isomers to obtain a mixture of the the Ss and Rs configuration in
each case, however due to time constraints this was not performed. These compounds are
currently undergoing bioassays. Depending on the connexin activity distbaantiomers, it

maynot be worthwhile to further investigate and synthesiz&tlemantiomers.

1.2.27.Sy nt h e smirso sufitle abalogues

Once the ketone, sulfoxidand sulfone analogues weyeepered, it was decided to reduce
the parent sulfoxide structur@F102, t o t h e ¢ o ramipossplfulenr The chgngebfrom a
sulfoxide to sulfide eliminates the possibility of significant intramolecular hydrbgeding and
thus the two compounds should have different conformations in solution and thus might interact
differently with the connexin receptors.

Reducing the dfoxide to sulfide removes a steeEmtre on the molecule at the sulfur
which leaves the possibility for only two enantiomers. The parent sulfoxide was reduced to its

amino sulfide 35 in 49% vyield using MBH, and b. Purification by gradient column
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chromatography afforded what was expected to be the desired product; hol\VeIR
analysis indicated that there were two ABX systems in the spectra, as can be Begmein

1.2.2.21.

i )

4.25 4.00 3.75 3.50 3.25 3.00

4.50
ppm (t1)

Figure 1.2.2.21 *HNMR spectra of amino sulfide before purification displaying two ABX
patterns.

Separation of these two products was successful via preparative TLC with three
consecutive elutions in 10% EtOAc in hexanes. Surprisingly, thgrdguct also contained an
ABX system with the same peak patterns as was expected for the amino sulfide. Additionally,
examination of the aromatic region showed that the signal for the para hydrogen of the aniline
ring was absent, indicating that a substituent had been introduced abgttignp Since we are

introducing an electrophilic source of iodine into the reaction mixture, one can assume that an
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aromatic substitution at the para position of the activated aniline ring had occurred. The same
chemistry occurs with the bromination rgans. Mass spectroscopy analysis showed the

presence of one iodine atom in the molecule, in agreement with the proposed structure.

o o ot
OO QO

S R p-iodo sulfide
35

Figure 1.2.2.22 Compound35and piodo sulfoxide byproduct.

1.2.2.8. Synthesis df-amino sulfonamide analogues

As mentioned earliem sulfone functional group in the molecweuld have verywveak
intramolecular hydrogen bondintp OH and NH groups. Not only would this affect its
conformdion in solution, but it also could affect howigtkcompound interacts with the connexin
channels. The introduction of a sulfonamide group could in fact change the conformation even
more, possibly igher enhancing or inhibiting st interaction with the channels. The lithio
derivative ofN-methytN-phenylmethanesulfonamiden compound available in our laboratory,

was coupled td 1, affording compound racem&6 as a yellow solid in 29% vyield.
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Schemel.2.2.13 Synthesis of compourgb.

1.2.3. Bioassays Results

All newly synthesized compounds were sent to the Bennett group at the University of
Ottawa, Faculty of Medicine, to assess their GJIC activity in connexin and pannexin channels.
The cell model chosen for use in the bioassays was the NT2/D1 cell line. Theseederived
from a human teratocarcinoma, have a multipotent neural progenitor cell phenotype, are
metabolically coupled by connexin gap junctions and exhibit functional connexin hemichannel
activity’. To establish the complete repertoire of conneximsgannexins expressed by NT2/D1
cells, these cells were profiled at the mRNA level by reverse transcriptase polymerase chain
reaction (RTPCR). To assess intercellular connexin gap junction activity, a parachute assay was
performed, which measures theertgellular flux of fluorescent calcein between coupled cells
through gap junction channels. To asses single membrane hemichannel activity, the uptake of
both anionic lucifer yellow (YL) and cationic propidium iodide (PI) in a calcium free medium
are measwd">. These bioassays are described in det@bipendix 1A.

AF101 was identified as the potential lead compound for the design of a selective
connexin blockers as a result of its ability to inhibit GJIC. Compounds are tested in two different
assays tasg for 1) conneximmediated gap junctional intercellular comminucation (GJIC) and
2) pannexin and connexin mediated single membrane channel (hemichannel) communication

(anionic or cationic). All compounds are tested atMé As mentioned earlier, thedassays are
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difficult and long to perform and for this reason, only a number of compounds have been assayed

thus far.

Table 1.2.3.1 Percent inhibition of connexin mediated GJIC and pannexin and connexin
mediated single membrane channel (hemichanneljraoncation.

% Inhibition (CBX 100 uM =100%)
GJiC Hemichannel
1) Docking and anionic dye transfi 1) Channels assayed: Panx1,Pan
Compound through Cx43 and Cx45 GJ Cx45, Cx43, Cx36 for anionic dye
channels. transfer
2) Anionic dye transfer through | 2) Channels assayed Panx1,Pan;
pre-docked Cx43 and Cx45 GJ Cx45, Cx43, Cx36 for cationic dye
channels. transfer
12 1) TBD* 1) 56.9%
2) 52.4% 2) 91.0%
13 1) 42.4% 1) 15.2%
2) 47.9% 2) 18.3%
15 1) TBD 1) 86.8%
2) TBD 2) TBD
16 1) 54.0% 1) 80.9%
2) 31.7% 2) 59.0%
28 1) TBD 1) 43.9%
2) 26.9% 2) 38.6%
29 1) TBD 1) 31.5%
2) 28.1% 2) 32.2%

* TBD = To Be Determined

Although there is some data presenfTable 1.2.3.1 it is difficult to draw conclusions
on which compounds optimize GJIC activity due to the fact that all assays need to be performed
in order to determine compound selectivity. The remaining newly synthesized compounds are

currently undergoing bioassays.
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1.2.4. Conclusions and Future Directions

As mentioned throughout the discussion of the synthesis of these compounds, one of the
major constraints of this project was the synthesis of the imines. These compounds decompose
quickly under acidic conditions dntherefore purification of these products by column
chromatography was virtually impossible. Unless crystalline, the material was left as a crude
solution in the toluene which produced a number eplonducts when preparing the sulfoxide
analogues. This ade purification of the final products even more challenging.

Where applicable, separation of diastereomers was done in order to test each
diastereomer of the product mixture. For one set of sulfoxides, enantiomers were prepared from
enantiomerically pw commercially available starting material. The results from these
compounds will determine the significance of diastereomers and enantiomers on GJIC activity.

A variety of different sulfoxide, sulfide and sulfone analogues have been submitted in
hopesto optimize GJICinhibitory activity. Unfortunately, there are a number of assays that
need to be conducted in order to determine compound selectivity on different channels. These
assays are not only time consuming but are difficult to perform and thooutite course of the
project, very little feedback was obtained. At this stage, all newly synthesized are currently

undergoing bioassays. The project therefore continues hopefully with pleasant surprises.
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1.3.Experimental Data

1.3.1. GeneralMethods

Reactions

All reactions were monitored by TLC using aluminum backed TLC plates (EMD
Chemicals, TLC Silica Gel 60,), which were visualized by UV lamp (254 nimfixed
wavelength). Plates were then permanently stained with Hannessian's dtamoigture
sensitive reactions were carried out under nitrogen or argon atmosphere. Anhydrousa3 HF

prepared bylistillationfrom sodium and benzophenone and DCM from calcium hydride.

Purification

Purification by column chromatography was performsuhg SiliCycle SiliFlash ® F60
silica gel of 236400 mesh and glass columns fitted with a cotton piece and sand or fritted glass
filter. Elutions were carried out with mixtures of hexanes and ethyl acetate. Solvent gradients
were incrementally changed bydding an additional 5% of ethyl acetat@urification by
preparative HPLC was performed using a revers

particle size, 21.2 x 250 mm).

NMR

'H NMR and**C NMR were recorded on Bruker Avance 400 and 300 spectrometers.
Samples were dissolved in deuterated chloroform, methanol or acetone as indicated. All
chemical shifts are reported in parts per million (ppm) and are referenced accordingly to the
deuteratedsolvent used. Integrations are listed in parentheses along with coupling constants

which are reported in Hz, where applicable.
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1.3.2.General Procedures:

General Procedure #1:

Imine Synthesis

O \/©
Toluene, & TR

i I
R _ R Dean-Stark R—C
apparatus

Selected amine (&quiv.) and corresponding aldehyde (1 equiv.) were dissolved together in
toluene and placed in a round bottomed flask equipped with a-Btask trap and reflux
condenser. The mixture was set to reflux until all of the water was removed through azeotrope
formation. The resulting solution was then permitted to cool and was concentrated in vacuo to

afford an off.

Note: Spectroscopic data for imines are not shown in this section due to the fact that these
compounds are well knowi.he spectral data correspd to those reported previously in the

literaturé. Crystalline imines were used as such in the synthesis as described. Non crystalline

imines were kept as crude imine solution in toluene in the free2@Q) and was used when

needed.
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General Procedure #2:

Imine-Sulfoxide Coupling

\/@ —>/ \ H
R
X
NS R_:(j/ o
R LDA, THF, -78°C = s*
|
Ry

n=0

Lithium diisopropylamide (LDA) (2.0M equiv.) was added drop wise te#B8°C solution of the

corresponding sulfoxide (2.0 equiv.) in 10mL THF. The resulting mixture as kept under

these conditions for 15 min and the imine (MGquiv), dissolved in ¥nL of THF was added

via syringe. The progress of the reaction was monitored by TLC. Workup of the reaction
involved quenching with 10% aqueous MH solution followed byextraction with EtOAc (X

10mL). The combined organic extracts were washed with water, dried (Ngftred and
concentrated in vacuo. The product was purified by gradient column chromatography using a

gradient solvent system of EtOAc and hexanes.
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General Procedure #3:

Halogenation

B

Br H
NBS N
DCM, 0°C —RT -0
r S
Ry

ZT

[ j .0
?/
R, c
NCS - /@)‘
°C—»
DCM, 0°C—RT §//o
R1

Aminosulfoxide (1.0M equivalent) was dissolved in &L of anhydrous DCM at €. A

catalytic amount of PTSA was added, followed by drop wise addition of NBS or NC#M(2.0

equivalents) in a minimal amount of DCM. The resulting solution was stirrétCeo® 10 min,

after which the ice bath was removed and the reaction was left to warm to RT. Upon completion
of the reaction as monitored by TLC, the solution was diluteld wéter and NaHCg&solution

(3 mL, 10%) was added. The aqueous phase was extracted three times with DICINIn{R)

and the combined organic extracts were dried (MgSitered and concentrated in vacuo. The

resulting solid material was purified by colummimromatography.
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Preparation of 1,3-diphenyl-3-(phenylamino)propan-1-one

Chemical Formula: Cy4H4gNO
Molecular Weight: 301.38

2

Aniline (0.5 g, 4.8 mmol) was added to a round bottom flask containing chalcorgs @8
mmol) in toluene (10nL). The solutiorwas set to reflux for 4 hs. Excess solvent was evaporated
in vacuo and H20 was added. The mixture was extracted with EtOAAQ&1L) and purified

via gradient column chromatography {38% EtOAc in hexanes) affordirgyas a yellow solid

(0.689,47%, Rf0.3 in 1:4 EtOAc: hexanes).

'H NMR (400 MHz, CDC}) U i 7.849n3 2H), 7.54 (s 1H)7.42 (1, = 7.9 Hz 4H), 7.37i
7.17 (m 4H), 7.08 (dd,) = 8.5, 7.4 Hz2H), 6.73i 6.55 (m 3H), 4.99 (dd,J = 7.2, 5.6 Hz 1H),
3.51 (dd,J = 12.8, 6.4 Hz2H).

HRMS: Calculated for gH1gNO = 301.14666; Found = 301.14449
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Preparation of 3-((2,4-dibromophenyl)amino)-1,3-diphenylpropan-1-one

Chemical Formula: C,4H¢7Br,NO
Molecular Weight: 459.17

4

This compound was prepared following general procedure 3 agi6g.8g, 0.59mmol), NBS
(0.21 g, 1.19mmol) and a catalytic amount of PTSA in DCM (ffL). Crude product was
purified via gradient column chronmagjraphy (2530% EtOAc in hexanes) to affordas a white

solid (0.176g, 65%).

'H NMR (400 MHz, Acetone §) U 7 J984, I.3cHd2H), 7.67i 7.44 (m 8H), 7.23 (dt,
J=24.5, 7.3 Hz3H), 5.67i 5.59 (m 1H), 4.96 (d,J= 10.6 Hz 1H), 3.80 (ddJ = 6.5, 2.2 Hz
2H).

HRMS: Calculated for giH17BroNO = 456.96769; Found = 456.96400
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Preparation of 1,3-diphenyl-3-(phenylamino)propan-1-ol

ZT

o

Chemical Formula: C51H>4NO
Molecular Weight: 303.40

5

To a solution of (0.8g, 2.7mmol) in EtOH (5mL) at C°C, was slowly added NaBHO0.11g9,

2.9mmol). The mixture was kept stirring under these conditions for 15 mins and then warmed to
room temperature. Reaction mixture was quenched withGNBolution (5mL) and extracted
with DCM (3 x 10mL). The combined organic extracts were dried (MggJiltered and
concentrated in vacuo. Crude product was purified via column chromatography (40% EtOAc in

hexanes) affording as a white solid (0.68, 84%).

'H NMR (400 MHz, CDC}) U i 7.058, 12H), &4i 6.48 (m, 3H), 4.85 (dd} = 8.9, 3.5
Hz, 1H), 4.68 4.56 (m, 1H), 3.72 3.22 (m, 1H), 2.38 2.01 (m, 2H).

YCNMR (100MHz,CDCY) U4 147.1, 147.1, 144.4, 144.2,
128.6, 128.5, 128.5, 127.7, 127.6, 127.1, 12886,2,, 126.1, 125.7, 125.6, 117.9, 117.4, 114.2,
113.6, 73.7, 71.8, 57.9, 55.3, 47.4, 46.7.

HRMS: Calculated for H»,sNO = 303.16231; Found = 303.16004
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In order to separate both isomers, compdhmas purified further by preparative TLC plate.
The plate was developed three consecutive times at 20% EtOAc in hexanes in order to isolate
two separate isomers.

TOP ISOMER(6):

'H NMR (400 MHz, CDC}) U i 7.293n7, 9H), 7.13 7.06 (m, 2H), 6.69 6.63 (m, 1H),
6.54 (dd,J = 8.6, 1.0 Hz, 2H), 4.87 (dd,= 8.4, 3.6 Hz, 1H), 4.63 (dd,= 8.4, 3.9 Hz, 1H), 2.32
(ddd,J = 14.5, 8.4, 3.9 Hz, 1H), 2.18 (ddbis 14.5, 8.4, 3.6 Hz, 1H).

BOTTOM ISOMER(7):

'H NMR (400 MHz, CDCY) U i 7.173m6, 11H)7.11i 7.05 (m, 2H), 6.67 () = 7.3 Hz,
1H), 6.57 (dd,) = 8.6, 1.0 Hz, 2H), 4.86 (dd,= 9.3, 3.3 Hz, 1H), 4.59 (dd,= 9.1, 5.0 Hz, 1H),
2.26 (dt,J = 14.5, 9.2 Hz, 1H), 2.05 (ddd= 14.5, 5.0, 3.4 Hz, 1H).
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Preparation of N-(1-phenyl-2-(phenylsulfonyl)ethyl)aniline

H
N
SR
S:O

Chemical Formula: C50H1gNO,S
Molecular Weight: 337.44

8
To a solution ofLl2 (1.5g, 1.6mmol) in DCM (10mL) at ®C, was slowly added mCPBA (2¢4

13.9mmol). The mixture was set to warm to room temperate over 2 hours, at which time the
reaction was quenched with 10B@HCG; solution in HO and extracted with DCM (3 x 10
mL). The combined organic extracts were dried (MgS@itered and concentrated in cu.

Crude product was purified via gradient column chromatograph2%20 EtOAc in hexanes)

yielding 8 as a yellow solid (0.4, 74%).

'H NMR (400 MHz, CDC}) i 8= 0.8Hz (LH),,8.01i 7.97 (m 1H), 7.85 (dd,J = 8.4,
1.2 Hz 2H), 7.65i 7.56(m, 2H), 7.49 (dd,) = 10.7, 4.9 Hz2H), 7.42 (tJ = 7.9 Hz 1H), 7.28
(dd,J = 6.8, 2.0 Hz3H), 7.10i 7.05 (m 2H), 6.71 (tJ = 7.3 Hz 1H), 6.46 (d,J = 7.7 Hz 2H),
4.72 (dd,J = 9.9, 3.6 Hz1H), 3.65i 3.40 (m 2H).

3C NMR (100 MHz, CDC}) 11169.7, 140.5, 138.8, 134.7, 134.0, 133.8, 130.9, 130.2, 129.8,
129.4,129.2,129.1, 129.1, 128.6, 12828.1, 128.0, 126.2, 118.614.2, 62.2, 54.5

HRMS: Calculated for GgH1gNO,S = 337.11365; Found = 337.11249
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Preparation of 2,4-dibromo-N-(1-phenyl-2-(phenylsulfonyl)ethyl)aniline

Chemical Formula: CyqH¢7BroNO,S
Molecular Weight: 495.23

9

To a solution ofl5 (0.06 g, 0.125mmol) in DCM (5mL) at ®C, was slowly added mCPBA

(0.069, 0.35mmol). The mixture was set to warm to room temperate over 2 hours, at which time
the reaction was quenched with 1084HCQ; solution in HO and extracted with DCM (3 x 10
mL). The combined organic extracts were dried (MgS@itered and concentrated in cu.
Crude product was purified via gradient column chromatograph2%20 EtOAc in hexanes)

yielding 9 as a yellow solid (0.05§, 89%).
'H NMR (400 MHz, CDC§) U i 7.008m, 13H), 6.16 (f] = 19.2 Hz, 1H), 4.80 (dd}=

10.0, 3.4 Hz, 1H), 3.53 (ddd= 18.1, 14.7, 6.7 Hz, 2H).

HRMS: Calculated for GgH1sBroNO,S = 492.93467; Found = 492.93511
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Preparation of N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

H H
N N
O O
7

Chemical Formula: CygH1gNOS
Molecular Weight: 321.44

12

This compound wagrepared following general procedure 2 using methyl phenyl sulfoxide (2.32
g, 16.55mmol) in anhydrous THF (161L), LDA (8.28mL, 16.55mmol) and benzalaniline (1.5

g, 8.27mmol) in anhydrous THF (8nL). Crude product (0.93) was purified by gradient
column chromatography (380% EtOAc in hexanes) resulting 12 as an off white solid (0.46

g, 17.3%, Rf = 0.45 in 2:3 EtOAc : Hexanes) The obtained spectra matches those report in

literaturé.

'H NMR (400 MHz, CDC}) U i 7.576W 2H), 7.53i 7.44 (m 3H), 7.42i 7.18 (m 6H),
7.07 (dd,J = 8.5, 7.4 Hz2H), 6.67 (t,J = 7.3 Hz 1H), 6.54 (d,J = 7.7 Hz 2H), 4.83 (t,J = 6.2
Hz, 1H), 3.16 (d,J = 6.1 Hz 2H).

13C NMR (100 MHz, CDC}) 146.2, 143.1, 140.9, 131.2, 129.4, 129.0, 127.8, 126.4, 124.0,
118.2, 114.1, 63.8, 54.9
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Preparation of N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

H H
N N
-5 o

Chemical Formula: CooH1gNOS
Molecular Weight: 321.44

13

The procedure yieldind?2 also gavel3 as an off white solid (0.1§, 7.15%, R= 0.36 in 2:3
EtOAc : Hexanes) after purification by column chromatography4(®» EtOAc in hexanes).

The obtained spectra matches those reported in litetature

'H NMR (400 MHz, CDC§) U i 7.55qn3, 2H), 7.54 7.19 (m, 8H), 7.18 6.98 (m, 2H),
6.68 (t,J= 7.3 Hz, 1H), 6.61 6.43 (m, 2H), 5.10 (s, 5H), 5.024.74 (m, 1H), 3.27 (dd] =
13.5, 9.7 Hz, 1H), 3.07 2.90 (m, 1H).

YCNMR (100 MHz,CDC) U 147. 6, 14189.87129.511285, 126.7, 1I2&11
120.8, 113.5, 62.5, 60.9.
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Preparation of 2,4dibromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Chemical Formula: CyoH47Br,NOS
Molecular Weight: 479.23

15

This compound was prepared following general produce 2 using methyl phenyl sulfoxide (1g,
7.13mmol) in anhydrous THF (1énL), LDA (3.21 mL, 6.42mmol) and Nbenzylidene2,4-
dibromoaniline (1.21g, 3.57mmol) in anhydrous THF (3nL). Crude product (1.49) was
purified by column chromatography (50% EtOAc in hexanes), affording a mixture of two
isomers as a yellow solid (0.8 50%). Separation of isomers was carried out using reverse
phase HPLC (80% CAM H,0) affording compound5 as a white solid (Rf=0.63 in 2:3 EtOAc

: Hexanes).

'H NMR (400 MHz, CDCY) U i 7.59616, 3H), 7.56 7.45 (m, 6H), 7.35 7.30 (m, 5H),
7.06 (dd,J= 8.7, 2.1 Hz, 1H), 6.22 (d,= 8.8 Hz, 1H), 4.90 4.85 (m, 1H), 3.22 (dd = 13.8,
3.4 Hz, 1H), 3.10 (dd] = 13.7, 9.4 Hz, 1H).

HRMS: Calculated for GgH1sBroNOS = 476.939476; Found = 476.94151

62



Preparation of 2,4dibromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Chemical Formula: C5oH47BroNOS
Molecular Weight: 479.23

16

The procedure yieldin@5 also gavel6 as a white solid (R= 0.51 in 2:3 EtOAc : Hexanes) after

purification by reverse phase HPLC (80% ACN isChl

'H NMR (400 MHz, CDC}) & 7 J$616, 30cHd, 2H), 7.557.49 (m, 4H ), 7.35 (] =
6.1 Hz, 4H), 7.30 (dd] = 13.2, 9.0 H, 2H), 7.09 (dd,= 8.7, 2.3 Hz, 1H), 6.26 (d,= 8.8 Hz,
1H), 4.90 (d,J = 8.9 Hz, 1H), 3.33 (dd] = 13.5, 8.9 Hz, 1H), 3.06 (dd= 13.5, 5.5 Hz, 1H).

HRMS: Calculated for GgH1gBroNOS = 476.939476; Found = 476.94162
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Preparation of 4-bromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Chemical Formula: CygH.gBrNOS
Molecular Weight: 400.33

17

This compound was prepared following gen@raicedure 2 using methyl phenyl sulfoxide (1.08

g, 7.69mmol), in anhydrous THF (81L), LDA (3.46 mL, 6.92mmol) andN-benzyliden&s-
bromoaniling(1.0g, 3.84mmol) in anhydrous THF (B1L). Crude product (1.78) was purified
using gradient column chromai@phy (3640% EtOAc in hexanes) yieldinb7 as an off white

solid (0.32g, 20.8%, Rf = 0.58 in 2:3 EtOAc: hexanes).

'H NMR (400 MHz, CDCY) U 7 . %=®.7, 3.8, @.2 Hz, 2H), 7.517.45 (m, 3H), 7.39
7.27 (m, 4H), 7.12 7.04 (m, 2H), 6.67 () = 7.3 Hz, 1H), 6.54 (d] = 7.7 Hz, 2H), 4.82 () =
6.2 Hz, 1H), 3.16 (d] = 6.1 Hz, 2H).

CNMR (100 MHz,CDC}) 4 146. 1, 143. 029.0,120,1%.8, 12631 .

123.9, 118.3, 114.1, 63.7, 54.9, 30.9.

HRMS: Calculated for GoH1sBrNOS= 399.02925; found = 3992003
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Preparation of 4-bromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Chemical Formula: CyyHgBrNOS
Molecular Weight: 400.33

18

The procedure yieldind7 also gavel8 as an off white solid (0.04, 3%, R=0.52 in 2:3 EtOAc

: Hexanes) after purification by column chromatography48% EtOAc in hexanes).

'H NMR (400 MHz, CDCY) U i 7.597n0, 2H), 7.49 (ddl = 5.0, 1.9 Hz3H), 7.45i 7.21
(m, 4H), 7.16 7.03 (m, 2H), 6.68 (s, 1H), 6.606.48 (M, 2H), 5.07 (s, 1H), 4.89 (dbs 9.7,
4.8 Hz, 1H), 3.26 (dd] = 13.5, 9.7 Hz, 1H), 2.98 (dd= 13.5, 4.8 Hz, 1H).

¥C NMR (100 MHz,CDC) U 146. 4, 143.,129.0,1200,1257.9,1263,1 .
123.9, 118.0, 113.9, 65.02, 55.9.

HRMS: Calculated for GgH1sBrNOS = 399.02925; found = 399.02912
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Preparation of 2-bromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Br Br
H
N N
H' o H
-./S . W'

Chemical Formula: C,oH1gBrNOS
Molecular Weight: 400.33

19

This compound waprepared following general predure2 using methyl phenyl sulfoxide (1.0

g, 7.13mmol), in anhydrous THF (&1L), LDA (3.21 mL, 6.42mmol) and Nbenzylidene2-
bromoaniline (0.93g, 3.57 mmol) in anhydrous THF (%nL). Crude product (1.3%) was
purified by gradient column chromatography (35% EtOAc in hexanes) yielding a mixture of two
isomers (0.4, 14%, Rf= 0.47 in 2:3 EtOAc: hexanes). Compo&fdvas recrystallized twice

consecutively from DCM and hexanes.

'H NMR (400 MHz, CDC}) U i 7.60§8, 2H), 7.56 7.17 (m, 10H), 7.03 6.93 (m, 1H),
6.54 (td,J= 7.8, 1.5 Hz, 1H), 6.41 (dd,= 8.2, 1.3 Hz, 1H), 4.98 (dd,= 9.6, 3.2 Hz, 1H), 3.23
(dd,J = 13.7, 3.3 Hz, 1H), 3.11 (dd= 13.7, 9.6 Hz, 1H)

HRMS: Calculated for GoH1sBrNOS= 399.02925; found = 399.03004

66



Preparation of 4-methoxy-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Chemical Formula: C54H5{NO,S
Molecular Weight: 351.46

20

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide
(0.774 g, 5.52 mmol), in anhydrous THF (8nL), LDA (2.48 mL, 4.96 mmol) and N-
benzylidene4-methoxyaniling(0.583 g, 2.75mmol) in anhydrous THF (f1L). Crude product
(1.04g) was purified by gradient column chromatography-§8% EtOAc in hexanes) yielding

20 as a whitesolid (0.554g, 32%, Rf = 0.39 in 2:3 EtOAc: hexanes).

'H NMR (400 MHz, CDC}) U 7J.=@.9 Hz( 2H), 7.50 (dd] = 5.0, 1.9 Hz, 3H), 7.36
7.27 (m, 4H), 7.26 7.21 (m, 1H), 6.72 6.66 (M, 2H), 6.53 (d] = 8.8 Hz, 2H), 4.78 (dd] =
8.3, 4.1 Hz, 1H), 3.69 (s, 3H), 3.15 (dds 6.3, 5.0 Hz, 2H).

3C NMR (100 MHz, CDCE) U ,144.3 140.2131.1, 129.3,128.9, 127.7, 126.3, 123.9,
115.6, 114.663.9, 55.6, 55.4.
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Preparation of 4-methoxy-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Chemical Formula: Cy4Hy4NO,S
Molecular Weight: 351.46

21

The procedure yielding@0 also gave2l as an off white solid (0.194, 11%, R= 0.36 in 2:3

EtOAc : Hexanes) after purification by column chromatographys@ EtOAc in hexanes).

'H NMR (400 MHz, CDCY) U i 7.616m8, 2H), 7.55 7.27 (m, 9H), 7.24 (dd}= 3.7, 2.5
Hz, 1H), 6.72 6.66 (m, 2H), 6.54 6.46 (m, 2H), 4.82 (dd = 9.6, 4.8 Hz, 1H), 3.70 (s, 3H),
3.28 (dd,J = 13.5, 9.6 Hz, 1H), 2.97 (dd= 13.5, 4.8 Hz, 1H).

“CNMR (100 MHz,CDC}) 4 152.5, 143.8, 141.8, 140.5, 1
123.9, 115.4, 114.7, 65.0, 56.8, 55.6.

)
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Preparation of 2-bromo-4-methoxy-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline

Chemical Formula: C54H5gBrNO,S
Molecular Weight: 430.36

22

This compound was prepared following general procedure 3 using #(000671mmol), NBS
(0.03g, 0.171mmol) and a catalytic amount of PTSA DCM (10 mL). Crude product was
purified via gradient column chromatography 8%% EtOAc in hexanes) to affor2R as a

white solid (0.03y, 41%, Rf=0.43 in 2:3 EtOAc : hexanes).

'H NMR (400 MHz,CDCls) & ppm7.71:7.45 (m, 5H), 7.3.18 (m, 5H), 7.04d, J = 2.81 Hz,
1H), 6.60 (dd,] = 8.94, 2.83 Hz, 1H), 6.39 (d,= 8.93 Hz, 1H), 5.23 (d] = 6.82 Hz, 1H), 4.91
(ddd,J = 9.61, 6.67, 2.94 Hz, 1H), 3.13 (ddb= 23.50, 13.58, 6.55 Hz, 2H), 3.67 (s, 3H)

3C NMR (100 MHz, CDC}) tippm152.1, 143.67140.7 137.8131.2 129.4 129.0, 127.8,

126.2 123.9, 118.2, 114.3, 114.110.6, 65.4, 55.8, 54.6.

HRMS: Calculated for @ H20BrNO,S = 429.03981; found = 429.04655
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Preparation of N-(2-(phenylsulfinyl)-1-(o-tolyl)ethyl)aniline

o o
0) 0

Chemical Formula: C51H1NOS
Molecular Weight: 335.46

24

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide (1.0
g, 7.13 mmol), in anhydrous THF (5mL), LDA (3.21 mL, 6.42 mmol) and N-(2-
methylbenzylidene)anilin€0.7 g, 3.57mmol) in anhydrous THF (5mL). Crude product was
purified by gradient column chromatography {@%%6 EtOAc in hexanes) yieldingd as an off

white solid (0.23, 17%, Rf = 0.43 in 2:3 EtOAc: hexanes).

'H NMR (400 MHz, CDCY) U i 7.466n7, 7H), 7.14 (s, 3H),08 (dd,J = 8.5, 7.4 Hz, 2H),
6.69 (s, 1H), 6.48 (dl = 7.8 Hz, 2H), 4.94 (dd] = 9.4, 2.9 Hz, 1H), 3.283.13 (m, 1H), 3.01
(dd,J = 14.0, 2.9 Hz, 1H), 2.21 (s, 3H).

¥CNMR (100MHz,CDC}) U 146.3, 142.8, 138.6,121634. 2,
126.8, 125.8, 123.9, 118.1, 113.8, 61.3, 51.2, 18.6.

HRMS: Calculated for G H»1NOS=335.13438; found = 335.13607
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Preparation of N-(2-(phenylsulfinyl)-1-(o-tolyl)ethyl)aniline

Chemical Formula: C,1H,4NOS
Molecular Weight: 335.46

25

The procedure yieldin@4 also gave25 as an off white solid (0.0§, 8%, R=0.31 in 2:3 EtOAc

: Hexanes) after purification by column chromatography4@% EtOAc in hexanes).

'H NMR (400 MHz, CDCY) U i 7.646n8, 2H), 7.52 (ddl = 4.9, 1.8 Hz, 3H), 7.47 7.44
(m, 1H), 7.16 (d,J = 2.7 Hz, 3H), 7.09 (d] = 1.1 Hz, 2H), 6.69 (ddl = 10.5, 4.2 Hz, 1H), 6.46
(dd,J = 8.6, 1.0 Hz, 2H), 5.03 (dd,= 9.8, 4.4 Hz, 1H), 3.24 (dd,= 13.7, 9.8 Hz, 1H), 2.97
(dd,J = 13.7, 4.4 Hz, 1H), 2.34 (s, 3H).

CNMR (100 MHz,CDC}) 4 146.3, 143.6, 139.0, 134.

126.9, 125.3, 123.9, 117.9, 113.5, 63.3, 51.8, 18.8.

HRMS: Calculated for G H>1NOS= 335.13438; found = 335.13472
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Preparation of N-(1-(furan-2-yl)-2-(phenylsulfinyl)ethyl)-2-methylaniline

H>(O® Ho PN
N = N =~
H n

_0

.\\\.S/ s~

Chemical Formula: C4gH1gNO5S
Molecular Weight: 325.42

26

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide (1.0
g, 7.13 mmol), in anhydrous THF (5nL), LDA (3.21 mL, 6.42 mmol) and N-(furan-2-
ylmethylene)2-methylaniline (0.66 g, 3.57mmol) in anhydrous THF (%nL). Crude product
(1.449) was purified by gradient column chromatography (40% EtOAc in hexanes) yieigling

as a white solid (0.1d@, 15%, Rf = 0.49 in 2:3 EtOAc: hexanes).

'H NMR (400 MHz, CDCY) U i 7.626n7, 2H), 7.51 (ddl = 5.1, 2.0 Hz, 3H), 7.37 7.34
(m, 1H), 7.1% 7.01 (m, 2H), 6.69 () = 7.4 Hz, 1H), 6.55 (d] = 8.0 Hz, 1H), 6.33 6.23 (m,
2H), 5.08 (t,J = 5.9Hz, 1H), 3.31 (dJ = 5.9 Hz, 2H), 2.26 (s, 3H).

¥CNMR (100MHz,CDC}) U 153.3, 144.3, 143.5, 142.1,
123.0, 118.0, 111.2, 110.5, 107.5, 61.3, 48.9, 17.5.

HRMS: Calculated for GH1gNO,S = 325.11365found = 25.11560
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Preparation of N-(1-(furan-2-yl)-2-(phenylsulfinyl)ethyl)-2-methylaniline

@)
H \
é/N(@ H
H H
//O
../S . \

Chemical Formula: C4gHgNO5»S
Molecular Weight: 325.42

27

The procedure yielding26 also gave27 as an off white solid (0.18, 12%, R= 0.47 in 2:3

EtOAc : Hexanes) after purification by column chromatography (40% EtOAc in hexanes).

'H NMR (400 MHz, CDC}) U i 7.616n6, 2H), 7.50 (dd] = 5.1, 1.8 Hz, 3H), 7.37 (§,=
1.3 Hz, 1H), 7.07 () = 8.0 Hz, 2H), 6.70 (dd] = 7.3, 6.8Hz, 1H), 6.60 (dJ = 7.9 Hz, 1H),
6.32 (d,J = 1.3 Hz, 2H), 5.11 () = 7.3 Hz, 1H), 3.41 (dd] = 13.3, 7.8 Hz, 1H), 3.22 (dd=
13.3, 6.7 Hz, 1H), 2.18 (s, 3H).

¥CNMR (100MHz,CDC}) U 153.0, 143.9, 143.7, 942.

123.0, 118.1, 110.9, 110.5, 107.5, 61.8, 48.9, 17.4.

HRMS: Calculated for GgH1gNO,S = 325.11365; found = 325.11573
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Preparation of N-(2-(tert-butylsulfinyl) -1-phenylethyl)aniline

S

N N
e O+

Chemical Formula: C4gH,3NOS
Molecular Weight: 301.45

28

This compound waprepared following general procedure 2 uskimityl methyl sulfoxide (0.4
g, 3.33mmol) in anhydrous THF (B1L), LDA (1.5mL, 2.99mL) and benzalaniline (0.8, 1.66
mmol) in anhydrous THF (5mL). Crude product was purified by gradient column
chromatograby (35% EtOAc in hexanes) yieldir&8 as a beige powder (0.@8 6%, Rf = 0.33

in 2:3 EtOAc: hexanes).

'H NMR (400 MHz, CDC}) U 8 J275, 0cHd, 2H), 7.46 (§,= 7.2 Hz, 2H), 7.38 (4]
= 7.5 Hz, 1H), 7.30 (t) = 7.3 Hz, 2H), 7.09 () = 7.9 Hz, 2H), 6.68 () = 7.3 Hz, 2H), 6.57 (d,
J=7.9 Hz, 1H), 5.01 4.77 (m, 1H), 2.93 2.75 (m, 2H), 1.26 (s, 9H).

¥CNMR (100MHz,CDC}) U 147.0, 142.5, 129.2, 128.0,
22.8.

HRMS: Calculated for GgH>3NOS = 301.15004; Found = 301.15449
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Preparation of N-(2-(tert-butylsulfinyl) -1-phenylethyl)aniline

Chemical Formula: C4gH,3NOS
Molecular Weight: 301.45

29

The procedure yielding8 also gave?9 as a beige solid (0.0$, 12%, R= 0.21 in 2:3 EtOAc :

Hexanes) after purification by column chromatography (35% EtOAc in hexanes).

'H NMR (400 MHz, CDCY) U i 7.404n6, 2H), 7.35 (ddl = 8.1, 6.8 Hz, 2H), 7.27 (dd,=
8.7, 5.8 Hz, 1H), 7.1B 7.04 (m, 2H), 6.66 (] = 7.3 Hz,1H), 6.61i 6.53 (m, 2H), 5.08 (dd] =
8.4, 3.0 Hz, 1H), 3.00 (dd,= 12.9, 3.0 Hz, 1H), 2.82 (dd= 12.9, 8.4 Hz, 1H), 1.24 (s, 9H).

CNMR (100 MHz,CDC}) 4 146.4, 141.3, 129.1, 128.

53.2,53.1,22.8

HRMS: Calculated for ggH>3NOS = 301.15004; Found = 301.15324
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Preparation of N,N'-(sulfinylbis(1-phenylethane2,1-diyl))dianiline

©/NH
Chemical Formula: CogH2gN,OS
Molecular Weight: 440.60

30

This compound was prepared following general procedure 2 using dimethyl sulf0x86e,
11.04mmol), in anhydrous THF (161L), LDA (11 mL, 22.07mmol) andN-benzylideneaniline
(1.0g, 5.52mmol) in anhydrous THF (f1L). Crude product was purified by gradient column
chromatography (4@5% EtOAc in hexanes) yieldir@0 as an orange 9dI(0.41g, 17%, Rf =

0.3 in 2:3 EtOAc: hexanes).

'H NMR (400 MHz, CDC}) U i 7.2648, 10H), 7.10 (dfj = 5.4, 4.8 Hz, 4H), 6.71 (3,=
7.7 Hz, 2H), 6.57 (d) = 7.7 Hz, 4H), 4.96 (ddd, = 14.5, 8.7, 6.3 Hz, 4H), 3.09 (ddb= 18.8,
13.2, 7.2 Hz, 4H).

3C NMR (100 MHz, CDCh) 14i7.6, 143.5, 129.5, 128.5, 126.9, 126.7, 120.8, 113.5, 61.3,
60.6.

HRMS: Calculated for GgH>gN-OS = 440.19223; found = 440.19249
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Preparation of N-(2-(methylsulfinyl) -1-phenylethyl)aniline

Chemical Formula: C45H47;NOS
Molecular Weight: 259.37

31

This compound was prepared following general procedure 2 using dimethyl sulfoxiael(0.4
5.52mmol) in anhydrous THF (BL), LDA (1.4 mL, 2.76mmol) and benzalaniline (0ds 2.76

mmol) in anhydrous THF (3nL). Crude product (0.53) was purified by gradient column
chromatography (480% EtOAc in hexanes) resulting in two isomers as an off white solid
(0.20g, 27.9%). Separation of isomers by preparative TLC (Developed 10 consecutive times in
40% EtOAc in hexanes)gave final desired product (RcSs/ScRs isomer: Rf= 0.36 in 2:3

EtOAc:hexanes).

'H NMR (400 MHz, CDCY) U i 7.424n, 2H), 7.37 (ddl = 10.1, 4.8 Hz, 2H), 7.387.27
(m, 1H), 7.16 7.07 (m, 2H), 6.70 () = 7.3 Hz, 1H), 6.58 (d] = 7.7 Hz, 2H)4.91 (dd,J = 9.2,
5.5 Hz, 1H), 3.24 (dd] = 13.3, 9.2 Hz, 1H), 2.97 (dd= 13.3, 5.5 Hz, 1H), 2.61 (s, 3H).

3C NMR (100 MHz, CDC}) U 146.0, 141.3, 129.1, 129. 1,
56.4, 39.5

HRMS: Calculated for gsH17NOS=25910308; found = 259.10487
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Preparation of N-(2-(methylsulfinyl) -1-phenylethyl)aniline

Chemical Formula: C45H47;NOS
Molecular Weight: 259.37

32

The procedure yieldin@1 also gave32 as a white solid (RcRs/ScSs isomef:=R0.19 in 2:3
EtOAc : Hexanes) after purification by preparative TLC plate (10 consecutive elutions in 40%

EtOAc in hexanes).

'H NMR (400 MHz, CDC}) U i 7.404m, 2H), 7.38 7.32 (m, 2H), 7.29 (d] = 7.2 Hz,
1H), 7.15i 7.05 (m, 2H), 6.68 (1) = 7.3 Hz, 1H), 6.57 (dd] = 8.6, 0.9 Hz, 2H), 5.06 (dd,=
8.6, 3.3 Hz, 1H), 3.22 (dd,= 13.4, 3.3 Hz, 1H), 3.05 (dd= 13.4, 8.6 Hz, 1H), 2.62 (s, 3H).

YCNMR (100MHz,CDC}) U 145.7, 140.6, 129.1, 129.0,
54.6,38.7.

HRMS: Calculated for gsH17NOS= 259.10308; found = 259.10493
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Preparation of N-(1-phenyl-2-(p-tolylsulfinyl)ethyl)aniline

H H
N N
: H H
_0O
.\\“S/

Chemical Formula: C5,1H,4NOS
Molecular Weight: 335.46

33

This compound was prepared following general procedure 2 ugimlglpnethyl sulfoxide (1.7

g, 11.04mmol), in anhydrous THF (1@1L), LDA (4.97 mL, 9.94mmol) and benzalaniline (@,
5.52mmol) in anhydrous THF (&1L). Crude product (2.2d) was purified by gradient column
chromatography (335% EtOAc in hexanes) yielding erude separation of both isomers.
Isomers were further purified by recrystallization using DCM and MeOH. The obtained spectra

match those reported in literatfire

'H NMR (400 MHz, CDCY) U i 7.495m, 2H), 7.37 7.27 (m, 6H), 7.27 7.21 (m, 2H),
7.177 7.11 (m, 2H), 6.45 6.27 (m, 2H), 4.81 (dd} = 10.0, 4.4 Hz, 1H), 3.20 (dd= 13.6, 10.1
Hz, 1H), 2.94 (ddJ = 13.6, 4.5 Hz, 1H), 2.39 (s, 3H).

¥C NMR (100 MHz, CDC}) U 4,1425,.141.2, 140.3, 131.7, 130.1, 129.1, 128.0, 126.0,
123.9, 115.6, 109.9, 64.7, 56.2, 21.4.
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Preparation of N-(1-phenyl-2-(p-tolylsulfinyl)ethyl)aniline

H H
N N
©/ y . ©/ H\.
-./S . W

Chemical Formula: C5,1H,4NOS
Molecular Weight: 335.46

34

The procedure yieldin@3 also gave34 as a white solid, after purification by recrystallization

(DCM/MeOH). The obtained spectra match those reported in the litétature

'H NMR (400 MHz, CDCY) U  7J.=#8.6 Hz( AH), 7.35 7.21 (m, 8H), 7.13 (d] = 8.7 Hz,
2H), 6.38 (d,) = 8.7 Hz, 2H), 4.71 (dd) = 7.3, 4.6 Hz, 1H), 3.223.02 (m, 2H), 2.39 (s, 3H).

CNMR (100 MHz,CDC}) 4 145.3, 141.9, 140.5, 139.
124.0, 115.6, 109.9, 62.9, 55.2, 21.4.
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Preparation of N-(1-phenyl-2-(phenylthio)ethyl)aniline
H
N N
oL (v
S S

Chemical Formula: CogH1gNS
Molecular Weight: 305.44

35

To a solution ofl2 (0.15g, 0.47mmol) and } (0.24g, 0.94mmol) in THF (10mL) was slowly
added NaBH (0.018 g. 0.47 mmol). The mixture was stirred at room temperature and the
progressof the reaction was followed by TLC. After stirring for 2 hours, the reaction was
guenched with a 10% solution of NaOH. The aqueous layer was extracted @it(B&t 20mL)

and the combined organic extracts were washed successively with 5% aqueBiid; ldad
H,O. The resulting organic later was dried (Mgp@nd concentrated in vacuo. Purification of
crude product (0.21g) was done via gradient column chromatography-20% EtOAc in

Hexanes) affording the final product (0.07g, 49%, Rf = 0.76 in 2:3 EtOw&anes).

IH NMR (400 MHz, CDCY) U i 7.194m, 9H), 7.06 (ddl = 8.5, 7.4 Hz, 2H), 6.66 (§,=
7.3 Hz, 1H), 6.46 (d] = 7.7 Hz, 2H), 4.39 (ddl = 9.1, 4.5 Hz, 1H), 3.38 (dd,= 13.5, 4.5 Hz,
1H), 3.18 (dJ = 9.2 Hz, 1H).

¥CNMR (100MHz CDCL) 4 147.1, 142.3, 135.0, 130. 6,
126.3,117.9, 113.8, 57.3, 42.6.
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Preparation of N-methyl-N,2-diphenyl-2-(phenylamino)ethanesulfonamide

H
N

(s
o*y
s

Chemical Formula: C54H5oN,05,S

Molecular Weight: 366.48
36

This compound was prepared following general procedure 2 usimgthytN-phenylmethane
sulfonamide (0.25g, 1.35mmol) in anhydrous THF (3mL), LDA (0.61mL, 1.21mmol) and
benzalaniline (0.122g, 0.67mmol) in anhydrous THF (3mL). Crude product (0.279) wiedpuri
by gradient column chromatography {38% EtOAc in hexanes) yielding6 as a yellow solid

(0.07g, 28.5%, Rf = 0.39 in 2:3 EtOAc: hexanes).
'HNMR (400 MHz, CDC§) U i 7.234r0, 11H), 7.09 7.02 (m, 2H), 6.71 6.64 (m, 1H),
6.49 (ddJ = 8.6, 10 Hz, 2H), 4.94 4.79 (m, 1H), 3.34 3.29 (m, 5H)

“CNMR (100 MHz,CDC}) U 146. 4, 141.3, 140.8, 129. 4,
126.1, 118.3, 114.1, 55.5, 54.6, 38.4.

HRMS: Calculated for gH>,N,0,S = 366.14020; found = 366.14385
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1.3.3. NMR Spectra
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Figure 1.3.3.1 400MHz *H NMR spectrum of compounlin CDCl.
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Figure 1.3.3.2 400MHz *H NMR spectrum of compoundlin CDCl.
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Figure 1.3.3.3 400MHz *H NMR spectrum of compourilin CDCh.
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Figure 1.3.3.4 100MHz *C NMR spectrum of compourislin CDCl.
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Figure 1.3.3.5400MHz *H NMR spectrum of compoun@ in CDCl.
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Figure 1.3.3.6 400MHz *H NMR spectrum of compoundin CDCk.
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Figure 1.3.3.7 400MHz *H NMR spectrum of compour@lin CDCl.
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Figure 1.3.3.8 400MHz *H NMR spectrum of compour@in CDCl.
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Chemical Formula: CooH1gNOS

Molecular Weight: 321.44
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Figure 1.3.3.9 400MHz *H NMR spectrum of compount?in CDCl.
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Chemical Formula: CyoH4gNOS

Molecular Weight: 321.44
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Figure 1.3.3.10400MHz *H NMR spectrum of compount3in CDCl.
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Figure 1.3.3.11 400MHz *H NMR spectrum of compountbin CDCl.
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Figure 1.3.3.12 400MHz *H NMR spectrum of compounts in CDCl.
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Chemical Formula: C5oH4gBrNOS
Molecular Weight: 400.33
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Figure 1.3.3.13400MHz *H NMR spectrum of compounti7 in CDCl.
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Figure 1.3.3.14 100MHz *C NMR spectrum of compounti7 in CDCl.
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Figure 1.3.3.15400MHz *H NMR spectrum of compountB in CDCk.
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Figure 1.3.3.16 100MHz **C NMR spectrum of compountB in CDCls.
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Chemical Formula: CygHgBrNOS

Molecular Weight: 400.33
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Figure 1.3.3.17400MHz *H NMR spectrum of compountd in CDCL.
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Figure 1.3.3.20400MHz *H NMR spectrum of compoun®iL in CDCl.

102



[ U]
N
[ ]
Te]
959°G5 B
L£8'9G ——— - B
69679 ————— - |
€899/
000'LL ——> 3 — R
181, ——— L
o
— S
T99VTT n
¥6E°GTT ——— O\ o
Zr6°eTT n
G62°92T \ -
968°.2T N\ - I
AN _ S
290627 ——— > Q, : — B
lov'6eT —— O o _
Z <
8cETeT Sz -
- ™
ZLvorT S -
o -—
Ye8 TvT ——— > o =5 = - |
6T8'€YT 22
S & |
o =3 3
. N 8 —
\_. o = [
=z T o) L
o— g
B £
ol
I— &1

Figure 1.3.3.21 100MHz **C NMR spectrunof compound?1in CDCl.
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Chemical Formula: C51H5oBrNO,S
Molecular Weight: 430.36
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Figure 1.3.3.22400MHz *H NMR spectrum of compour22in CDCl.
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Chemical Formula: C,1H50BrNO,S

Molecular Weight: 430.36
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Figure 1.3.3.23100MHz **C NMR spectrum of compour2Rin CDCl.
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Figure 1.3.3.24400MHz *H NMR spectrum of compour##in CDCl.
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