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Abstract  

 

Part I. Preparation of ɓ-amino sulfoxides as potential selective 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 signalling. The connexins are a family of integral membrane 

proteins that oligomerize into clusters of intercellular channels that connect the cytoplasm of 

neighbouring cells, allowing gap junction intercellular communication (GJIC). In particular, 

hemi-channels remain closed to avoid dissolution of ionic gradients and leakage of cytoplasmic 

constituents, whereas conditions of anoxia provoke the opening of these hemi-channels, often 

leading to cell death. Thus far, a compound code named AF101 possesses the greatest amount of 

selectivity and inhibition of GJIC. A series of nearly twenty ɓ-amino sulfoxides using AF102 as 

the lead structure were 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 via 
1
H NMR.  The amino sulfoxides were subsequently transformed into amino 

sulfones and amino sulfides via oxidation and reduction reactions, respectively.  We are awaiting 

the results of the bioassays of all of these compounds. The results will determine if any of them 

show selective altering of connexin activity. 
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Part II. Synthesis of Isoxylitone analogues for the treatment 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 disorders. Delphinium denudatum Wall has been used to treat seizures by local folk 

medicine practitioners and a bioassay guided fractionation identified the active component as 

isoxylitone, also referred to as ISOX.  Thirty five compound analogues were prepared starting 

from readily available isophorone [3,5,5, trimethylcyclohex ï 2- ene -1one] and other 

cyclohexenones. Compound 16 possesses the highest activity by inhibiting epileptic seizures in 

rats by 65% at a concentration of 200 nM. This compound has been further investigated and 

widely studied in a variety of other in vitro and in vivo models. The E/Z mixture of the ethyl 

ester 4 also showed promising activity. The Z isomer of 4 and its methyl ester analogue 8, were 

prepared by reacting the potassium salt of the pure Z acid 7Z with Et3I and CH3I respectively. 

These Z isomers were less potent than the mixture, indicating that most of the activity resides in 

the E isomer. Recrystallization of 16 from hexanes afforded the E isomer in 92% purity. 

Surprisingly, this isomer was less active than the E/Z mixture of 16.  

Esterification of 7Z in acidic MeOH or EtOH afforded the same E/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.  
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PART I.  Preparation of ɓ-amino sulfoxides as potential selective 

connexin inhibitors 
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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 actions.  It is an essential process used for the basis 

of development and homeostasis of tissues and multicellular organisms. Such communication 

influences important functions including regulation of growth, cell differentiation, survival and 

apoptosis as well as developmental signalling within cells
1
.  

The connexins are a family of integral membrane proteins 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 intercellular transfer of various ions and  molecules with a mass up to 1000 

Da, such as nutrients, secondary messengers (eg. inositol -1,4,5-triphosphate), metabolites, 

cations, anions, water and electrical impulses
2
.  

 

1.1.2.  Connexins 

The connexin subunit is a four transmembrane spanning protein, bearing two 

extracellular loops, one cytoplasmic loop and one cytoplasmic N- as well as C-terminal region.  

Connexins range in size from 26 to 62 kDa and are named using the prefix "Cx" followed by its 

predicted molecular weight. Six connexin subunits can assemble to form a hemi-channel, also 

known as a connexon, in the plasma membrane that can dock to another hemi-channel in the 

plasma membrane of an adjacent cell. The docking of two connexons forms an intercellular gap 

junction channel that enables adjacent cells to exchange ions and small metabolites
2
.  
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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 hemi-channel are able to coordinately change configuration to open and close 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)
 2
.  

 

 

Connexins 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 singly type of 

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 junction. If the hemi 

channels do not dock to one another, they remain as hemi-channels and have similar transporting 

properties as ones observed for gap junction channels.    

Gap junctions and hemi channels composed of different connexins have different 

physiological properties where tissue and cell type specific connexin expression determine which 
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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 kidneys, just to name a few.  

There are 21 genes in the human genome that code for different connexins
3
. At least 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 having a unique expression pattern during differentiation.  

 

1.1.3.  Pannexins 

Pannexins (Panxs), a family of connexin-like proteins have also been identified. In 

humans, 3 different pannexins are expressed, Panx1, Panx2 and Panx3. Of the pannexin family, 

Panx1 and 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 1.5 kDa. Although it has recognized that 

pannexins and connexins evolved independently to each other, their basic topology has striking 

similarities
4
.  

 

1.1.4.  Connexins and Neurological disease 

Connexins and pannexins play many important roles in the CNS and the peripheral 

nervous system (PNS). Gap junction intercellular communication (GJIC) maintains tissue 

homeostasis and enables coordination of cellular activities. For example: in a healthy CNS, 

connexins play an important roles in electrochemical and metabolic coupling between cells. 

More specifically, hemi-channels 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, often leading to swelling 
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and cell death
5
. 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 myelin, the lipid rich sheath produced by oligodendrocytes in the CNS and 

Schwann cells in the PNS. Furthermore, mutations of Cx32 are the genetic determinants of 

Charcot-Marie-Tooth Disease, a peripheral demyelinating neuropathy. Genetic deletion of both 

oligodendroglial connexins 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 epileptogenesis
4
.  

In addition, connexins have been implicated in neuronal 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 contribute to ischemic brain damage. Excessive opening of Panx1 

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 Panx1 channel activity also increases inflammatory white matter lesions in 

experimental autoimmune encephalomyelitis (EAE), an experimental model of MS
4
.  

 

1.1.5.  Connexins and pannexins as therapeutic targets 

It is for these reasons that connexins and pannexins have 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 modulate specific connexins and pannexins. The majority of the existing 

connexin natural toxins modulate all connexin channels regardless of composition. Not only are 
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they not specific, but they are toxic at dosages required to cross the blood brain barrier and often 

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. The gold-standard 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 pannexin and 

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 Bennett group selected  compound at random from the Durst library 

code named 187. 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 
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majority of other toxins against connexins are non-selective, in which case they inhibit all 

connexins to the same degree.  

Subsequently, Dr. Ana Francis Carballo-Arce resynthesized this compound as part of her 

doctoral work and attempted to prepare analogs based on the 187 structure. None of the obvious 

derivation attempts were successful, casting doubt on the original structure assignment. An x-ray 

structure determination confirmed that suspicion. The corrected structure was assigned the code 

AF101. Dr. Carballo-Arce synthesized a number of analogs of 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 presented in this part of this thesis was to expand the 

compound library by preparing additional analogues of AF102 by changing the substituent's on 

the three aromatic groups present in AF102 or replacing the aryl group joined to the sulfoxide 

function by non aromatic 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 or decreasing gap 

junction intercellular communication  (GJIC).  
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1.2.  Discussion and Results 

 
 

1.2.1.  Introduction  

 

 

In 2011, a member of Dr. Steffany Bennett's research group, in the Faculty 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 code-named 187 displayed intriguing activity in the assay.   

Activity is determined by the permeability of fluorescent tracers throughout gap junctions 

to determine intercellular communication. In Figure 1.2.1.3, panel A shows that compound 187 

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 compared to the sample containing 

187.   

 

Figure 1.2.1.1  Chemical structure drawn on sample vial 187. 

 

Calcein is a fluorescent "tracer" that is membrane impermeable but has the ability to pass 

through gap junctions. Fluorescent dyes are commonly used to assess which molecules or ions 

can pass through gap junctions. In this bioassay, the amount of calcein dye that trasnfers to 
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neighbouring cells is quantified and is used as a measurement of gap junction function. The 

Bennett group concluded that 187 had an inhibitory effect on connexins.  

 

Figure 1.2.1.2.  Chemical structures of fluorescent dyes Calcein and Lucifer Yellow. 

 

Panel B in Figure 1.2.1.3. evaluates the connexin hemi-channel as a single membrane 

channel. Hemi-channels 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 Lucifer yellow (LY), which is a 

fluorescent compound that is able to pass through connexin channels. The cells are then washed 

and viewed under a microscope to observe how many cells took up the LY from the extracellular 

space through the hemi channels. Cells with a higher intake of LY, have greater hemi-channel 

activity. As a part of this assay, glass beads are used to provoke the mechanism opening 

stimulation of the hemi-channels and carbenoxolone is used as a positive control. The results 

observed with compound 187 show that this compound does not affect the opening of the hemi 

channels but instead displays solely GJIC activity. These data show that compound 187 reduces 

connexin mediated intercellular channel function but not single membrane hemi-channels. Data 

sets and a detailed outline of the biaossays are described in Appendix 1A.  
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Figure 1.2.1.3.  A. Effects of compound 187 on connexin channel function assayed in NT2/D1 

cells. This assay was used to assess gap junction intercellular communication (GJIC). B. 

Connexin hemi channel function assessed by measuring number of cells capable of uptake of LY 

through hemi-channels. This image was taken from Ana Francis Carballo-Arce's Ph.D. thesis
5
.  

 

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 therapeutic use. The indication that 187 acts solely on one channel was exciting 

and led to a decision to synthesize analogues that might show both greater selectivity and higher 

potency. The initial plan was to re-synthesize 187 and from it, prepare analogues. None of the 

proposed derivations, such as displacing the supposed aliphatic bromine with thiophenolate 
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anion was successful. The inability to replace a bromine from a primary sp
3 
carbon casted doubt 

on the correctness of the structure drawn on the sample vial. The correct structure of 187 was 

determined by x-ray crystallography, and the compound was renamed AF101. Once the correct 

structure was known, the mechanism of its formation and its NMR properties were easily 

understood.  

Compound AF101 is prepared by reaction of the lithio derivative of methyl phenyl 

sulfoxide with benzalaniline, derived from aniline condensed with benzaldehyde. This sequence 

results in the formation of the core structure, AF102. This compound when exposed to two 

equivalents of NBS undergoes two consecutive electrophilic aromatic substitution reactions on 

the aromatic ring activated by the amine function to yield AF101
5
. These compounds can be 

described as ɓ-amino sulfoxides; often times in this thesis, they will be referred to simply as 

amino sulfoxides.  

 

Scheme 1.2.1.1.  Preparation of AF 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 compound AF101, 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 compounds synthesized by Dr. Ana Francis Carballo Arce 

are shown in Figure 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 described above. Compound AF102 in 

which the bromine atoms were missing from the aniline ring, showed greatly reduced GJIC 

activity, but it also showed activity in the hemi-channel transport bioassay. Surprisingly, the 

replacement of the bromine by chlorine atoms gave AF107, which showed only minor non-

statistically significant changes. AF108 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 sulfoxide unit gave a product that showed no activity in any of the bioassays. 

Amongst all of these newly synthesized compounds, AF101 continued to demonstrated the 

highest inhibition of GJIC
5
. Results are shown in Figure 1.2.1.5. 

 
 

Figure 1.2.1.5.  Summary of bioassay results. A. Change in GJIC. B. Anionic activity in hemi- 

channels. C. Cationic activity in hemi-channels. Compounds with an asterisk are indicative of 

statistically significant results. This figure was taken from Dr. Ana Francis Carballo Arce's Ph.D 

thesis
5
.  
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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 encouraging, too 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 analogues of AF102. Additionally, except for structures of AF101, 102 and 108, the 

relative and absolute configuration of the compounds prepared by Dr. Carballo Arce were not 

unambiguously known. Indeed in the case of the methyl sulfoxide AF105, 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 their relative configuration. 

The author was closely involved and supervised an undergraduate thesis in which 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 development of a Structure ï Activity ï 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 depended 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 polarity difference of the 

isomers, the work presented here describes purification via column chromatography, which 

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 parent ɓ-amino structure (AF102) for this series of compounds has three main 

aromatic rings that can all be altered either by adding substituents at various positions in any one 

of the three phenyl rings or replacing the phenyl ring by another aromatic ring or by an aliphatic 

substituent. One can also suggest replacing the ɓ-amino sulfoxide unit by a ɓ-amino ketone or ɓ-

amino alcohol unit. Finally, the ɓ- amino sulfoxide can be oxidized to the corresponding ɓ-amino 

sulfone or reduced to the ɓ-amino sulfide. To a considerable extent, examples of all the above 

variations are described in this thesis.  

 

1.2.2.  Synthesis and Structure Identification 

 

1.2.2.1.  Synthesis of ɓ-Amino Ketone Analogues 

 

One can readily imagine that due to intramolecular hydrogen bonding, the ɓ-amino 

sulfoxide AF102 and the ɓ-amino ketone 2 should have very similar conformations in solution. 

Therefore, if shape is the key in determining connexin activity then the amino ketone 2 should 

show activity similar to that of AF102. Interestingly, the calculated LogP value [ChemDraw] is 

higher for the amino ketone than the corresponding amino sulfoxide.  

 

Figure 1.2.2.1.  Comparison of ɓ amino sulfoxide, AF102 and ɓ-amino ketone, 2.  
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The racemic ɓ-amino ketone 2 was obtained as a yellow solid in 47% yield via Michael 

addition of aniline to chalcone 1. 

 
Scheme 1.2.2.1.  Synthesis pathway of compound 2.  

 

 

The Michael addition of aniline to 1 has been studied in detail including enantioselective 

addition using a variety of chiral catalysts. The enantioselective Michael addition of aniline to 

chalcone 1 was promoted by an inexpensive and commercially available chincona alkaloid under 

solvent free conditions. This simple experimental procedure required no work-up and a short 

reaction time, which facilitated the preparation of these compounds. The use of cinchonine (10 

mol %) produced 3 in 99% yield with a reported 58% of enantiomeric excess favouring the R 

enantiomer
7
. This indicated a ratio of 3R to 3S of approximately 4:1. 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1.2.2.2.  Preparation of 3 using cinchonine as a chiral catalyst.  
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Once the racemic carbonyl mimic of AF102 was available, it was decided to brominate 

as was done for AF101.  Aromatic electrophilic substitution of 3, using 2 equiv. of NBS led to 

the bromination at the ortho and para positions on the aniline ring affording 4 in 65% yield as a 

white solid.  

 
Scheme 1.2.2.3.  Synthesis of compound 4. 

 

 

1.2.2.2.  Synthesis of ɓ -amino alcohols 

 

Compound 3 was reduced using NaBH4 resulting in a diastereomeric mixture of amino 

alcohol analogues. The product was purified via gradient column chromatography, followed by 

recrystallization from MeOH affording compound 5 as a white solid in 84% yield.  

 

Scheme 1.2.2.4.  Synthesis of compound 5. 

 

The 
1
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. Compound 5 was successfully 

separated into its two isomers via preparative TLC. The plate was developed three consecutive 

times in 1:4 EtOAc: hexanes, where the two isomers displayed minor Rf differences. The more 
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polar top spot, compound 6, had an Rf value of 0.63 whereas the less polar bottom spot, 

compound 7,  had an Rf of 0.59. Only 0.03 g of compound 5 could be loaded onto a standard 

commercially available plate in order to achieve ~0.01 g of each isomer to send for bioassay 

testing. The 
1
H NMR spectra of both isomers show clean ABX patterns in comparison to the 

mixture, with compound 6 displaying a cluster of doublet of doublet's (dd's) more down field 

compared to compound 7.  The 
1
H NMR spectra of compound  6 and 7 are shown below in 

Figures 1.2.2.2 and 1.2.2.3, respectively.  At this point, we have not determined the relative 

configuration of 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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Figure 1.2.2.2.  400 MHz 
1
H NMR spectrum of compound 6 in CDCl3. 
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Figure 1.2.2.3.  400 MHz  
1
H NMR spectrum of compound 7 in CDCl3. 
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1.2.2.3.  Synthesis of ɓ-amino sulfone analogues 

It is known that sulfoxides show very strong hydrogen bonding with OH and NH groups. 

In contrast, hydrogen bonding involving the oxygen atoms in sulfones is very weak. Thus, it 

seems reasonable to suggest that the ɓ-amino sulfoxides AF101 and AF102 could have rather 

different conformations in solution and thus might interact differently with the connexin 

receptors.  

 

Figure 1.2.2.4.  Comparison of ɓ-amino sulfoxide, AF102 and ɓ-amino sulfone, 8.  

 

AF102 was oxidized using mCPBA to produce the corresponding ɓ-amino sulfone 

derivative, 8, as a yellow solid in 74% yield. Since AF101 displayed excellent activity in the 

bioassays, it was decided to brominate the sulfone 8. The use of 2 equiv. of NBS, resulted in a 

89% yield of bromo-sulfone, 9, as a yellow solid. In both cases, the Rf values of the sulfones on 

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

 

 
 

 

Scheme 1.2.2.5.  Synthesis of compounds 8 and 9. 
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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 Arce. Replacement of the 

sulfoxide group for a carbonyl group, compound 3, resulted in no activity in all three of the 

assays. Addition of bromine atoms at the ortho and para positions on the amino ketone, 

compound 4, displayed statistically significant activity in the inhibition of anionic hemi channels 

as well as activity in the cationic hemi channels. Oxidation of the sulfoxide resulting in sulfone, 

compound 8, showed no activity in any of the bioassays. In the GJIC assay, AF101 still 

remained the best compound in terms of inhibition activity. AF102 also displayed excellent 

activity in the anionic and cationic hemi channel assays.  These results are shown in Figure 

1.2.2.5. 

The bromo sulfone analogue, compound 9, showed outstanding activity in the GJIC 

assay, comparable to AF101. 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 was an intriguing result as it is difficult to 

selectivity target one channel over the other. These results are shown in Figure 1.2.2.6. 

Replacing the sulfoxide by a hydroxyl group, compound 6 (AF115t=top isomer) and 7 

(AF115b = bottom isomer) were sent individually to be tested; however, they displayed  no 

activity in the GJIC bioassay. These results are shown in Figure 1.2.2.7. 

All other compounds tested in the assay represented by AF codes were either fractions of 

Piperacae plant material and/or betulinic acid derivatives, which have both been known to 

inhibit intercellular communication.  



22 

 

 

 

 

Figure 1.2.2.5.  Summary of bioassay results. A. Change in GJIC activity. B. Anionic change in 

hemi channels. C. Cationic change in hemi channels. Compounds with an asterisk are indicative 

of statistically significant results. Compound Legend: AF109 = 4, AF110= 3. AF111= 8.  

 

 

 

A 

B 

C 
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Figure 1.2.2.6.  Summary of bioassay results. A. Change in GJIC activity. B. Anionic change in 

hemi channels. C. Cationic change in hemi channels. Compounds with an asterisk are indicative 

of statistically significant results. Compound Legend: AF123= 9.  
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Figure 1.2.2.7.  Summary of bioassay results displaying change 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 with lower or 

statistically insignificant activity. All compounds containing two bromine atoms in the aniline 

ring demonstrated some activity, but much lower than AF101. Interestingly, the bromo sulfone, 

9, was selective in the hemi channel assays. Based on these somewhat 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 Dr. Carballo 

Arce's Ph.D thesis, Scheme 1.2.2.6. The requisite imines were obtained via a condensation 

reaction between an amine and an aldehyde in refluxing toluene using a Dean-Stark apparatus. 

Following this, the desired methyl sulfoxides were converted into their reactive lithio species by 

reaction with LDA in THF at -78°C. Addition of the lithio sulfoxides to the polarized C=N bond 
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of the imine resulted in a diastereomeric mixture of ɓ-amino sulfoxides.  All of these molecules 

contain two chiral centres, one at carbon and one at sulfur, resulting in the possibility of four 

stereoisomers comprising two pairs of enantiomers: RsSc/SsRc and RsRc/SsSc.  

 

Scheme 1.2.2.6.  General scheme for synthesis of ɓ- amino sulfoxide analogues. Chiral centres 

indicated by asterisks. 

 

The crude coupling products were usually purified by gradient column chromatography 

yielding both diastereomers of the desired product. The polarity difference between both 

diastereomers as determined by Rf values 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 gradients being incrementally changed by adding an 

additional 5% of EtOAc. The first few product fractions contained one pure diastereomer, with 

the bulk of the fractions containing mixtures and ending with the second pure isomer. Two or 

more chromatographs were carried out 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 purify 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 toluene solution in the 
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freezer until needed.  A downside to this approach was that reactions with these crude imines led 

to several by-products, making purification of the final product even more challenging.   

 

1.2.2.5.1.  Diastereoselectivity under kinetic conditions 

The addition of the Ŭ-lithio derivative of methyl phenyl sulfoxide to imines having at 

least one aryl substituent, under kinetically controlled conditions, gives ɓ-amino sulfoxides with 

good to modest diastereoselection.  In 1990, Pyne and Dikic
6
 reported conditions resulting in the 

diastereoselective addition of methyl phenyl sulfoxide and p-tolyl sulfoxide to imines.  Reaction 

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

noticed that a reaction kept at  -78 °C for 5 h gave modest diastereoselection of 82:18 RsSc/SsRc : 

RsRc/SsSc isomers.  Longer reaction times (5 h-12 h) at 0 °C resulted in poorer diastereoselection, 

suggesting that equilibration had occurred most likely via reversion of addition reaction. All 

amino sulfoxide reactions in this thesis were carried out at -78°C for 1.5h which favours the 

RsSc/SsRc diastereomer 75:25 as reported in literature
6
.  

 

1.2.2.5.2.  Diastereomer Structure Identification 

The configuration assigned to the amino sulfoxides throughout this thesis are based on 

comparison of their 
1
H NMR spectra with those reported by Pyne and Dikic for the condensation 

products obtained from methyl phenyl and p-tolyl amino sulfoxides
6
. 
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Figure 1.2.2.8.  Stereoisomers produced by Pyne and Dikic
6
.  

 

Table 1.2.2.1.  Partial 
1
H NMR spectral data for AB pattern of compounds synthesized by Pyne 

and Dikic
6
. 

 

 

Compound 16.A.a 

Shift 

(ppm) 

Peak 

Pattern 

Coupling 

constants (J) 

Integration  

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 these findings, commercially available methyl phenyl sulfoxide was 

coupled to N-benzylideneaniline in the presence of LDA in THF at -78 °C. Purification by 

gradient column chromatography afforded two separate isomers as white solids.  The 
1
H NMR 

spectra of each diastereomer were compared to the spectra reported in literature. It was noticed 

that the more polar top spot correlated to the RsSc/SsRc isomer, compound 12, whereas the 

slightly less polar bottom spot corresponded to the RsRc/SsSc isomer, compound 13.  
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Scheme 1.2.2.7.  Synthesis of compound 10, 12 and 13. 

 

 

The pattern of the ABX system in the 
1
H NMR spectrum of each diastereomer was used 

as a guide to identify all diastereomers in this series.  The ABX pattern for the RsSc/SsRc isomer 

is extremely narrow, often times having the dd patterns overlap one another. On the other hand, 

the ABX pattern for the RsRc/SsSc isomer is much more broad and is shifted downfield 

compared to its diastereomer counterpart. This is illustrated for the diastereomer pair 12 and 13 

in Figure 1.2.2.9. and 1.2.2.10. The same features were used to analyse all future amino 

sulfoxide spectra and aided in assigning the diastereostereomers where applicable.  
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Figure 1.2.2.9.  400 MHz 
1
H NMR spectrum of compound 12 in CDCl3.  
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Figure 1.2.2.10.  400 MHz  
1
H NMR spectrum of compound 13 in CDCl3. 
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1.2.2.6. Synthesis of amino sulfoxide analogues  

Analogues of  12 and 13 were prepared and identified as described above. The most 

interesting compound based on the bioassays was the dibromo derivative AF101. It was 

available only as the single RsRc/SsSc isomer. In order to obtain unambiguously both 

diastereomers, it was decided to couple the imine 14 with the lithio sulfoxide 11. Unfortunately, 

this imine, prepared by heating 2,4-dibromo aniline and benzaldehyde in toluene, did not 

crystallize and therefore, was kept as a crude preparation in the toluene solution. The coupling 

product between crude 14 and lithio derivative 11 when carried out in THF -78°C afforded a 

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

 

 

Scheme 1.2.2.8.  Synthesis of compounds 14, 15 and 16. 

 

Separation of isomers via gradient column chromatography was 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 amounts of material 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 H2O resulted in the isolation of the pure diastereomers 15 and 16.  
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1
H NMR spectra of 15 and 16 showed the same differences in the ABX patterns, (Figure 

1.2.2.11), as was seen in the parent sulfoxides 12 and 13.  Again, the ABX system for 

diastereomer 15 was narrower than that of 16; its relative configuration was therefore assigned as 

RsSc/SsRc.    

 

Figure 1.2.2.11.  
1
HNMR spectra AB peak pattern comparison of compound 15 and 16 in 

CDCl3. 

 

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 the bromine substituent's in the aniline ring increased the activity significantly in 

the GJIC assay, as shown by the difference between AF101 and AF102, it was decided to 

prepare both sets of the ortho and para mono-brominated isomers.  We were intrigued by 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 

interaction with the other substituents on the aniline nitrogen, thereby causing the phenyl ring to 

rotate relative to its position in AF102 or in the para bromo compounds. This is shown below in 

Figure 1.2.2.12. 

 

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 sulfoxide 11.  Purification 

via column chromatography was successful, affording compounds 17 and 18 as off-white solids 

in 21% and 4% yield, respectively.  Unfortunately, separation of the ortho bromo sulfoxide 

diastereomers via column chromatography was unsuccessful due to the diastereomers having 

essentially the same polarity on silica gel. The reverse phase HPLC method also failed.  Two 

consecutive recrystallizations from DCM and hexanes gave the pure the RsRc/SsSc diastereomer, 

compound 19, as verified by 
1
H NMR spectral analysis. Disappointingly, we have not had any 

success at obtaining the RsSc/SsRc isomer.  
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Figure 1.2.2.13.  Chemical structures of compounds 17, 18 and 19, with associated 

stereochemistry.  

 

 

With the focus still on the variations of the aniline ring, it was decided to introduce other 

substituent's such as a methoxy group. Compound 20 and 21 were obtained from the reaction of 

p-anisidine and benzaldehyde with lithio sulfoxide 11. Purification of the crude reaction product 

via column chromatography was successful affording white solids in 32% and 11% yields, 

respectively. Again, since the o,p-dibrominated product, AF101, showed an increase in activity 

in the GJIC assay, it was decided to brominate  21 using 1 equiv. of NBS.  This resulted in the 

introduction of a bromine at the ortho position on the ring, affording 22 as a white solid in 41% 

yield. This reaction was only performed on RsRc/SsSc isomer, 21, since Dr. Carballo Arce had 

previously synthesized the RsSc/SsRc counterpart, AF108.  

 

 

Figure 1.2.2.14.  Structures of compounds 20, 21 and 22.  
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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 the system have 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, since 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 compound, AF102. For the second 

compound the B phenyl ring was replaced by a 2-furyl substituent, additionally an ortho methyl 

group was introduced into ring A.  

 

Figure 1.2.2.15.  Proposed changes to ring B.  

 

A condensation reaction of aniline with 2-methylbenzaldehyde produced imine 23. The 

crude imine was coupled with the lithio sulfoxide 11 affording compound 24 and 25 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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Scheme 1.2.2.9.  Synthesis of compound 23, 24 and 25.  

  

 The reaction of o-toluidine and furfural gave a  new and interesting imine that included a 

methyl substituent on the aniline ring and a furan ring in place of the existing phenyl group. The 

usual reaction sequence followed by careful column chromatography gave compound 26 and 27 

in 15% and 12% yields, respectively.  

 

 

Figure 1.2.2.16.  Chemical structure and relative stereochemistry of compound 26 and 27.  

 

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 alkyl group 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 the R and the S 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 adduct (A) below. Although not 

definitive, we do not expect the para methyl group to effect the activity significantly of A vs. 

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.  

 

Commercially available methyl t-butyl sulfoxide was coupled with benzalaniline 10. The 

crude mixture was chromatographed to give the pure diastereomers 28 and 29 as off white solids 

in 12 and 6% yield respectively.  The 
1
HNMR spectral pattern and chemical shifts of the ABX 

pattern of each isomer was compared to the reference spectra, and the diastereomers were 

identified accordingly.  

 

 

 

 

Scheme 1.2.2.10.  Synthesis of compound 28 and 29.  
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Reaction using a four-fold excess of DMSO and LDA (2 M) 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 afforded 30 as an orange solid in 

17% yield. The 
1
H NMR spectra of compound 30 (Figure 1.2.2.17.) 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 methyl group from 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.  400 MHz  
1
H NMR spectrum of compound 30 in CDCl3. 
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The MS data confirmed that this product was in fact a "dimerized" structure as shown in 

Scheme 1.2.2.11.  A possible explanation for the formation of 30 is that excess LDA was 

available and that the initial adduct was converted into its lithio derivative which reacted with a 

second equivalent of imine. Although this was not the desired expected product, it was sent for 

bioassay testing regardless. 

 
Scheme 1.2.2.11.  Synthesis of compound 30. 

 

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 TLC and 
1
HNMR of the 

crude product confirmed the presence of both diastereomers. Purification by column 

chromatography was unsuccessful at separating the diastereomers from one another; however, 

the mixture was obtained in 28% yield as a white solid. Separation of isomers by preparative 

TLC afforded compound 31 and 32 after being developed ten consecutive times in 40% EtOAc 

in hexanes.  

 

 

Figure 1.2.2.18.  Structure of compound 31 and 32 with relative configuration.  



41 

 

 

Figure 1.2.2.19.  400 MHz  
1
H NMR spectrum of compound 32 in CDCl3. 

p
p
m

 (
t1

)
2
.5

0
3
.0

0
3
.5

0
4
.0

0
4
.5

0
5
.0

0
5
.5

0
6
.0

0
6
.5

0
7
.0

0
7
.5

0
8
.0

0

7.434

7.430

7.412

7.373

7.355

7.352

7.340

7.336

7.296

7.278

7.260

7.114

7.096

7.093

7.079

7.074

6.700

6.682

6.664

6.581

6.578

6.559

6.557

5.076

5.068

5.054

5.046

3.237

3.229

3.204

3.195

3.079

3.057

3.045

3.024

2.617

3.00

0.97

0.98

1.03

1.94

0.97

1.98

0.87
2.02
1.96



42 

 

The final pair of diastereomers was prepared by reaction of lithio p-tolyl 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 unexpectedly yielded a 

crude separation of each isomer. Separate recrystallizations of each product fraction were 

performed using DCM and MeOH, which afforded compound 33 and 34 as off white solids. The 

assignment of the relative stereochemistry for these compound was done by comparison of the 

1
H NMR spectra to those reported by Pyne and Dikic

6
.  

 

Figure 1.2.2.20.  Chemical structure and stereochemistry of compound 33 and 34. 

 

It is well known that the desired biological activity is typically due mainly, or exclusively 

to one of the two enantiomers. I acted as the key mentor to Adrien Fluet-Chouinard, whose 

honors thesis was to prepare enantiomerically pure versions of the sulfoxides 33 and 34.  

A scheme was produced whereby use of the commercially available, less expensive 

R(+)methyl p-tolyl sulfoxide would lead to the four possible enantiomerically pure ɓ-amino 

sulfoxides, two enantioerically pure ɓ-amino sulfones and two ɓ-amino sulfides. This is shown in 

the scheme below.  
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Scheme 1.2.2.12.  Preparation of enantiomerically pure ɓ-amino sulfoxides. 
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The lithio derivative of R- methyl p-tolyl sulfoxide was coupled to 11 under the same 

conditions presented in this thesis. Purification via gradient column chromatography afforded the 

RsRc and the RsSc isomers. The key to success was the use of a combination of DCM and 

EtOAc, since this combination of solvent overcame the solubility issue. Each of these 

enantiomerically pure diastereomeric compounds (their optical rotations were compared to 

literature values and showed indeed that they were essentially enantiomerically pure) were 

subjected separately to oxidation using mCPBA, affording the Rc and Sc ɓ-amino sulfones. 

Reduction of each sulfoxide  yielding the Rc and Sc sulfides. Again, dibromination of the RsSc 

sulfoxide enantiomer was carried out in order to mimic the structure of AF101. The initial plan 

was to re-oxidize the sulfide 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 of the RS enantiomers, it 

may not be worthwhile to further investigate and synthesize the SS enantiomers.  

 

1.2.2.7. Synthesis of ɓ-amino sulfide analogues  

Once the ketone, sulfoxide and sulfone analogues were prepered, it was decided to reduce 

the parent sulfoxide structure, AF102,  to the corresponding ɓ-amino sulfide. The change from a 

sulfoxide to sulfide eliminates the possibility of significant intramolecular hydrogen bonding and 

thus the two compounds should have different conformations in solution and thus might interact 

differently with the connexin receptors.  

Reducing the sulfoxide to sulfide removes a stereocentre 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% yield using NaBH4 and I2. Purification by gradient column 
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chromatography afforded what was expected to be the desired product; however, 
1
HNMR 

analysis indicated that there were two ABX systems in the spectra, as can be seen in Figure 

1.2.2.21. 

 

Figure 1.2.2.21.  
1
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, the by-product 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 at this position. Since we are 

introducing an electrophilic source of iodine into the reaction mixture, one can assume that an 

ppm (t1)
3.003.253.503.754.004.254.50
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aromatic substitution at the para position of the activated aniline ring had occurred. The same 

chemistry occurs with the bromination reactions. Mass spectroscopy analysis showed the 

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

.  

 

Figure 1.2.2.22.  Compound 35 and p-iodo sulfoxide by-product. 

 

1.2.2.8. Synthesis of ɓ-amino sulfonamide analogues 

As mentioned earlier, a sulfone functional group in the molecule would have very weak 

intramolecular hydrogen bonding to OH and NH groups. Not only would this affect its 

conformation in solution, but it also could affect how this compound interacts with the connexin 

channels. The introduction of a sulfonamide group could in fact change the conformation even 

more, possibly either enhancing or inhibiting its interaction with the channels. The lithio 

derivative of N-methyl-N-phenyl methanesulfonamide, a compound available in our laboratory, 

was coupled to 11, affording compound racemic 36 as a yellow solid in 29% yield.  

 



47 

 

 
Scheme 1.2.2.13.  Synthesis of compound 36.  

 

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. These cells are derived 

from a human teratocarcinoma, have a multipotent neural progenitor cell phenotype, are 

metabolically coupled by connexin gap junctions and exhibit functional connexin hemichannel 

activity
4
. To establish the complete repertoire of connexins and pannexins expressed by NT2/D1 

cells, these cells were profiled at the mRNA level by reverse transcriptase polymerase chain 

reaction (RT-PCR). To assess intercellular connexin gap junction activity, a parachute assay was 

performed, which measures the intercellular 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 measured
4,5

. These bioassays are described in detail in Appendix 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 testing for  1) connexin-mediated gap junctional intercellular comminucation (GJIC) and 

2) pannexin and connexin mediated single membrane channel (hemichannel) communication 

(anionic or cationic). All compounds are tested at 6 µM. As mentioned earlier, the bioassays 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 (hemichannel) communication.  

 

 

 

 

Compound 

% Inhibition (CBX 100 µM =100%)  

GJIC 

1) Docking and anionic dye transfer 

through Cx43 and Cx45 GJ 

channels. 

2) Anionic dye transfer through 

pre-docked Cx43 and Cx45 GJ 

channels. 

Hemichannel 

1) Channels assayed: Panx1,Panx2, 

Cx45, Cx43, Cx36 for anionic dye 

transfer 

2) Channels assayed Panx1,Panx2, 

Cx45, Cx43, Cx36 for cationic dye 

transfer 

12 1) TBD* 

2) 52.4% 

1) 56.9% 

2) 91.0% 

13 1) 42.4% 

2) 47.9% 

 

1) 15.2% 

2) 18.3% 

15 1) TBD 

2) TBD 

 

1) 86.8% 

2) TBD 

16 1) 54.0% 

2) 31.7% 

 

1) 80.9% 

2) 59.0% 

28 1) TBD 

2) 26.9% 

 

1) 43.9% 

2) 38.6% 

29 1) TBD 

2) 28.1% 

1) 31.5% 

2) 32.2% 

* TBD = To Be Determined 

 

Although there is some data present in Table 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 and therefore 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 of by-products when preparing the sulfoxide 

analogues. This made 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 pure 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 

hopes to optimize GJIC inhibitory 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 throughout the 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. General Methods 

  

Reactions 

 

All reactions were monitored by TLC using aluminum backed TLC plates (EMD 

Chemicals, TLC Silica Gel 60 F254), which were visualized by UV lamp (254 nm ï fixed 

wavelength). Plates were then permanently stained with Hannessian's stain. All moisture 

sensitive reactions were carried out under nitrogen or argon atmosphere. Anhydrous THF was 

prepared by distillation from sodium and benzophenone and DCM from calcium hydride.  

 

Purification 

 

Purification by column chromatography was performed using SiliCycle SiliFlash ® F60 

silica gel of 230-400 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 by adding an additional 5% of ethyl acetate. Purification by 

preparative HPLC was performed using a reverse phase C18 preparative HPLC column (10ɛm 

particle size, 21.2 x 250 mm).  

 

NMR 

 
1
H NMR and 

13
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 

deuterated solvent 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 

 

 
 

 

Selected amine (1 equiv.) and corresponding aldehyde (1 equiv.) were dissolved together in 

toluene and placed in a round bottomed flask equipped with a Dean-Stark 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  oil
8
.  

 

Note: Spectroscopic data for imines are not shown in this section due to the fact that these 

compounds are well known. The spectral data correspond to those reported previously in the 

literature
8
. Crystalline imines were used as such in the synthesis as described. Non crystalline 

imines were kept as crude imine solution in toluene in the freezer (-20°C) and was used when 

needed.  
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General Procedure #2:  

 

Imine-Sulfoxide Coupling  

 

 
 

 

Lithium diisopropylamide (LDA) (2.0 M equiv.) was added drop wise to a -78°C solution of the 

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

these conditions for 15 min and the imine (1.0 M equiv), dissolved in 5 mL of THF was added 

via syringe. The progress of the reaction was monitored by TLC. Workup of the reaction 

involved quenching with 10% aqueous NH4Cl solution followed by extraction with EtOAc (3 x 

10mL). The combined organic extracts were washed with water, dried (MgSO4), filtered 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 

 

 
 

Aminosulfoxide (1.0 M equivalent) was dissolved in 5 mL of anhydrous DCM at 0°C. A 

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

equivalents)  in a minimal amount of DCM. The resulting solution was stirred at 0°C for 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 diluted with water and NaHCO3 solution 

(3 mL, 10%) was added. The aqueous phase was extracted three times with DCM (3 x 10mL) 

and the combined organic extracts were dried (MgSO4), filtered and concentrated in vacuo. The 

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

 

 

 

 

 
 

 

 

Aniline (0.5 g, 4.8 mmol) was added to a round bottom flask containing chalcone (1 g, 4.8 

mmol) in toluene (10 mL). The solution was set to reflux for 4 hs. Excess solvent was evaporated 

in vacuo and H2O was added. The mixture was extracted with EtOAc (3 x 10mL) and purified 

via gradient column chromatography (30-35% EtOAc in hexanes) affording 2 as a yellow solid  

(0.68 g, 47%, Rf=0.3 in 1:4 EtOAc: hexanes).  

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.93 ï 7.84 (m, 2H), 7.54 (s, 1H) 7.42 (t, J = 7.9 Hz, 4H), 7.37 ï 

7.17 (m, 4H), 7.08 (dd, J = 8.5, 7.4 Hz, 2H), 6.73 ï 6.55 (m, 3H), 4.99 (dd, J = 7.2, 5.6 Hz, 1H), 

3.51 (dd, J = 12.8, 6.4 Hz, 2H). 
 

 

HRMS: Calculated for C21H19NO = 301.14666; Found = 301.14449 
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Preparation of 3-((2,4-dibromophenyl)amino)-1,3-diphenylpropan-1-one 

 

 

 

 

 

 

 

 

 

This compound was prepared following general procedure 3 using 2 (0.18 g, 0.59 mmol), NBS 

(0.21 g, 1.19 mmol) and a catalytic amount of PTSA in DCM (10 mL). Crude product was 

purified via gradient column chromatography (25-30% EtOAc in hexanes) to afford 4 as a white 

solid (0.176 g, 65%).  

 

 
1
H NMR  (400 MHz, Acetone D6) ŭ 7.98 (dd, J = 8.4, 1.3 Hz, 2H), 7.67 ï 7.44 (m, 8H), 7.23 (dt, 

J = 24.5, 7.3 Hz, 3H), 5.67 ï 5.59 (m, 1H), 4.96 (d, J = 10.6 Hz, 1H), 3.80 (dd, J = 6.5, 2.2 Hz, 

2H). 

 

 

 

HRMS: Calculated for C21H17Br2NO = 456.96769; Found = 456.96400 
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Preparation of 1,3-diphenyl-3-(phenylamino)propan-1-ol 

 

 

 

 
 

 

To a solution of 2 (0.8 g, 2.7 mmol) in EtOH (5 mL) at 0°C, was slowly added NaBH4 (0.11 g, 

2.9 mmol). The mixture was kept stirring under these conditions for 15 mins and then warmed to 

room temperature. Reaction mixture was quenched with NH4Cl solution (5 mL) and extracted 

with DCM (3 x 10mL). The combined organic extracts were dried (MgSO4), filtered and 

concentrated in vacuo. Crude product was purified via column chromatography (40% EtOAc in 

hexanes) affording 5 as a white solid (0.69 g, 84%).  

 
 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.59 ï 7.05 (m, 12H), 6.74 ï 6.48 (m, 3H), 4.85 (dd, J = 8.9, 3.5 

Hz, 1H), 4.68 ï 4.56 (m, 1H), 3.72 ï 3.22 (m, 1H), 2.38 ï 2.01 (m, 2H). 
 

 
13

C NMR (100 MHz, CDCl3) ŭ 147.1, 147.1, 144.4, 144.2, 143.6, 143.2, 129.0, 129.0, 128.6, 

128.6, 128.5, 128.5, 127.7, 127.6, 127.1, 126.9, 126.2, 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 C21H21NO = 303.16231; Found = 303.16004 
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In order to separate both isomers, compound 5 was 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): 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.37 ï 7.29 (m, 9H), 7.13 ï 7.06 (m, 2H), 6.69 ï 6.63 (m, 1H), 

6.54 (dd, J = 8.6, 1.0 Hz, 2H), 4.87 (dd, J = 8.4, 3.6 Hz, 1H), 4.63 (dd, J = 8.4, 3.9 Hz, 1H), 2.32 

(ddd, J = 14.5, 8.4, 3.9 Hz, 1H), 2.18 (ddd, J = 14.5, 8.4, 3.6 Hz, 1H). 
 

 

BOTTOM ISOMER (7): 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.36 ï 7.17 (m, 11H), 7.11 ï 7.05 (m, 2H), 6.67 (t, J = 7.3 Hz, 

1H), 6.57 (dd, J = 8.6, 1.0 Hz, 2H), 4.86 (dd, J = 9.3, 3.3 Hz, 1H), 4.59 (dd, J = 9.1, 5.0 Hz, 1H), 

2.26 (dt, J = 14.5, 9.2 Hz, 1H), 2.05 (ddd, J = 14.5, 5.0, 3.4 Hz, 1H). 
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Preparation of N-(1-phenyl-2-(phenylsulfonyl)ethyl)aniline 

 

 

 
 

To a solution of 12 (1.5 g, 1.6 mmol) in DCM (10 mL) at 0°C, was slowly added mCPBA (2.4 g, 

13.9 mmol). The mixture was set to warm to room temperate over 2 hours, at which time the 

reaction was quenched with 10% NaHCO3 solution in H2O and extracted with DCM (3 x 10 

mL). The combined organic extracts were dried (MgSO4), filtered and concentrated in vacuo.  

Crude product was purified via gradient column chromatography (20-25% EtOAc in hexanes) 

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

 
 

1
H NMR  (400 MHz, CDCl3) ŭ 8.08 (t, J = 1.8 Hz, 1H), 8.01 ï 7.97 (m, 1H), 7.85 (dd, J = 8.4, 

1.2 Hz, 2H), 7.65 ï 7.56 (m, 2H), 7.49 (dd, J = 10.7, 4.9 Hz, 2H), 7.42 (t, J = 7.9 Hz, 1H), 7.28 

(dd, J = 6.8, 2.0 Hz, 3H), 7.10 ï 7.05 (m, 2H), 6.71 (t, J = 7.3 Hz, 1H), 6.46 (d, J = 7.7 Hz, 2H), 

4.72 (dd, J = 9.9, 3.6 Hz, 1H), 3.65 ï 3.40 (m, 2H). 

 
 

13
C NMR (100 MHz, CDCI3) ŭ 169.7, 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, 128.3, 128.1, 128.0, 126.2, 118.6, 114.2, 62.2, 54.5. 

 

 

HRMS: Calculated for C20H19NO2S = 337.11365; Found = 337.11249 
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Preparation of 2,4-dibromo-N-(1-phenyl-2-(phenylsulfonyl)ethyl)aniline 

 

 

 

 
 

 

To a solution of 15 (0.06 g, 0.125 mmol) in DCM (5 mL) at 0°C, was slowly added mCPBA 

(0.06 g, 0.35 mmol). The mixture was set to warm to room temperate over 2 hours, at which time 

the reaction was quenched with 10% NaHCO3 solution in H2O and extracted with DCM (3 x 10 

mL). The combined organic extracts were dried (MgSO4), filtered and concentrated in vacuo.  

Crude product was purified via gradient column chromatography (20-25% EtOAc in hexanes) 

yielding 9 as a yellow solid (0.055 g, 89%).  

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.89 ï 7.00 (m, 13H), 6.16 (t, J = 19.2 Hz, 1H), 4.80 (dd, J = 

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

 

HRMS: Calculated for C20H18Br2NO2S = 492.93467; Found = 492.93511 
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Preparation of N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 
 

 

 

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide (2.32 

g, 16.55 mmol) in anhydrous THF (10 mL), LDA (8.28 mL, 16.55 mmol) and benzalaniline (1.5 

g, 8.27 mmol) in anhydrous THF (5 mL). Crude product (0.92 g) was purified by gradient 

column chromatography (35-40% EtOAc in hexanes) resulting in 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 

literature
6
. 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.64 ï 7.57 (m, 2H), 7.53 ï 7.44 (m, 3H), 7.42 ï 7.18 (m, 6H), 

7.07 (dd, J = 8.5, 7.4 Hz, 2H), 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). 

 
 

13
C NMR  (100 MHz, CDCl3) ŭ 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 

 

 

 

 
 

 

 

The procedure yielding 12 also gave 13 as an off white solid (0.19 g, 7.15%, Rf = 0.36 in 2:3 

EtOAc : Hexanes) after purification by column chromatography (35-40% EtOAc in hexanes). 

The obtained spectra matches those reported in literature
6
.  

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.73 ï 7.55 (m, 2H), 7.54 ï 7.19 (m, 8H), 7.18 ï 6.98 (m, 2H), 

6.68 (t, J = 7.3 Hz, 1H), 6.61 ï 6.43 (m, 2H), 5.10 (s, 5H), 5.02 ï 4.74 (m, 1H), 3.27 (dd, J = 

13.5, 9.7 Hz, 1H), 3.07 ï 2.90 (m, 1H). 

 

 
13

C NMR  (100 MHz, CDCl3) ŭ 147.6, 145.7, 143.5, 131.1, 129.8, 129.5, 128.5, 126.7, 124.1, 

120.8, 113.5, 62.5, 60.9.  
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Preparation of 2,4-dibromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 

 

 

 

 

 

 

 

 

This compound was prepared following general produce 2 using methyl phenyl sulfoxide (1g, 

7.13 mmol) in anhydrous THF (10 mL), LDA (3.21 mL, 6.42 mmol) and N-benzylidene-2,4-

dibromoaniline (1.21 g, 3.57 mmol) in anhydrous THF (5 mL). Crude product (1.47 g) was 

purified by column chromatography (50% EtOAc in hexanes), affording a mixture of two 

isomers as a yellow solid (0.85 g, 50%). Separation of isomers was carried out using reverse 

phase HPLC (80% CAN in H2O) affording compound 15 as a white solid (Rf=0.63 in 2:3 EtOAc 

: Hexanes). 

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.66 ï 7.59 (m, 3H), 7.56 ï 7.45 (m, 6H), 7.35 ï 7.30 (m, 5H), 

7.06 (dd, J = 8.7, 2.1 Hz, 1H), 6.22 (d, J = 8.8 Hz, 1H), 4.90 ï 4.85 (m, 1H), 3.22 (dd, J = 13.8, 

3.4 Hz, 1H), 3.10 (dd, J = 13.7, 9.4 Hz, 1H). 

 

 

HRMS: Calculated for C20H18Br2NOS = 476.939476; Found = 476.94151 
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Preparation of 2,4-dibromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The procedure yielding 15 also gave 16 as a white solid (Rf = 0.51 in 2:3 EtOAc : Hexanes) after 

purification by reverse phase HPLC (80% ACN in H2O).  

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.64 (dd, J = 6.6, 3.0 Hz, 2H), 7.55 ï 7.49 (m, 4H ), 7.35 (t, J = 

6.1 Hz, 4H), 7.30 (dd, J = 13.2, 9.0 H, 2H), 7.09 (dd, J = 8.7, 2.3 Hz, 1H), 6.26 (d, J = 8.8 Hz, 

1H), 4.90 (d, J = 8.9 Hz, 1H), 3.33 (dd, J = 13.5, 8.9 Hz, 1H), 3.06 (dd, J = 13.5, 5.5 Hz, 1H). 
 

 

 

 

HRMS: Calculated for C20H18Br2NOS = 476.939476; Found = 476.94162 
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Preparation of 4-bromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 
 

 

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide (1.08 

g, 7.69 mmol), in anhydrous THF (5 mL), LDA (3.46 mL, 6.92 mmol) and N-benzylidene-4-

bromoaniline (1.0 g, 3.84 mmol) in anhydrous THF (5 mL). Crude product (1.72 g) was purified 

using gradient column chromatography (30-40% EtOAc in hexanes) yielding 17 as an off white 

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

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.60 (ddd, J = 8.7, 3.9, 2.2 Hz, 2H), 7.51 ï 7.45 (m, 3H), 7.39 ï 

7.27 (m, 4H), 7.12 ï 7.04 (m, 2H), 6.67 (t, J = 7.3 Hz, 1H), 6.54 (d, J = 7.7 Hz, 2H), 4.82 (t, J = 

6.2 Hz, 1H), 3.16 (d, J = 6.1 Hz, 2H). 

 
 

13
C NMR (100 MHz, CDCl3) ŭ 146.1, 143.0, 140.8, 131.2, 129.3, 129.0, 129.0, 127.8, 126.3, 

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

 

 

HRMS: Calculated for C20H18BrNOS = 399.02925; found = 399.02903 
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Preparation of 4-bromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 
 

 

The procedure yielding 17 also gave 18 as an off white solid (0.04 g, 3%, Rf = 0.52 in 2:3 EtOAc 

: Hexanes) after purification by column chromatography (30-40% EtOAc in hexanes). 

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.70 ï 7.59 (m, 2H), 7.49 (dd, J = 5.0, 1.9 Hz, 3H), 7.45 ï 7.21 

(m, 4H), 7.16 ï 7.03 (m, 2H), 6.68 (s, 1H), 6.60 ï 6.48 (m, 2H), 5.07 (s, 1H), 4.89 (dd, J = 9.7, 

4.8 Hz, 1H), 3.26 (dd, J = 13.5, 9.7 Hz, 1H), 2.98 (dd, J = 13.5, 4.8 Hz, 1H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 146.4, 143.7, 141.6, 131.3, 129.4, 129.0, 129.0, 127.9, 126.1, 

123.9, 118.0, 113.9, 65.02, 55.9. 

 

 

HRMS: Calculated for C20H18BrNOS = 399.02925; found = 399.02912 
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Preparation of 2-bromo-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 

 
 

 

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide (1.0 

g, 7.13 mmol), in anhydrous THF (5 mL), LDA (3.21 mL, 6.42 mmol) and N-benzylidene-2-

bromoaniline (0.93 g, 3.57 mmol) in anhydrous THF (5 mL). Crude product (1.35 g) was 

purified by gradient column chromatography (35% EtOAc in hexanes) yielding a mixture of two 

isomers (0.2 g, 14%, Rf= 0.47 in 2:3 EtOAc: hexanes). Compound 19 was recrystallized twice 

consecutively from DCM and hexanes.  

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.68 ï 7.60 (m, 2H), 7.56 ï 7.17 (m, 10H), 7.03 ï 6.93 (m, 1H), 

6.54 (td, J = 7.8, 1.5 Hz, 1H), 6.41 (dd, J = 8.2, 1.3 Hz, 1H), 4.98 (dd, J = 9.6, 3.2 Hz, 1H), 3.23 

(dd, J = 13.7, 3.3 Hz, 1H), 3.11 (dd, J = 13.7, 9.6 Hz, 1H). 

 

 

 

 

HRMS: Calculated for C20H18BrNOS = 399.02925; found = 399.03004 
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Preparation of 4-methoxy-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 
 

 

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide 

(0.774 g, 5.52 mmol), in anhydrous THF (8 mL), LDA (2.48 mL, 4.96 mmol) and N-

benzylidene-4-methoxyaniline (0.583 g, 2.75 mmol) in anhydrous THF (5 mL). Crude product 

(1.04 g) was purified by gradient column chromatography (45-50% EtOAc in hexanes) yielding 

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

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.61 (d, J = 1.9 Hz, 2H), 7.50 (dd, J = 5.0, 1.9 Hz, 3H), 7.36 ï 

7.27 (m, 4H), 7.26 ï 7.21 (m, 1H), 6.72 ï 6.66 (m, 2H), 6.53 (d, J = 8.8 Hz, 2H), 4.78 (dd, J = 

8.3, 4.1 Hz, 1H), 3.69 (s, 3H), 3.15 (dd, J = 6.3, 5.0 Hz, 2H). 

 
 
13

C NMR  (100 MHz, CDCl3) ŭ 143.1, 141.1, 140.2, 131.1, 129.3, 128.9, 127.7, 126.3, 123.9, 

115.6, 114.6, 63.9, 55.6, 55.4. 
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Preparation of 4-methoxy-N-(1-phenyl-2-(phenylsulfinyl)ethyl)aniline 

 

 

 

 

 

 

 

 

The procedure yielding 20 also gave 21 as an off white solid (0.191 g, 11%, Rf = 0.36 in 2:3 

EtOAc : Hexanes) after purification by column chromatography (40-50% EtOAc in hexanes).  

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.68 ï 7.61 (m, 2H), 7.55 ï 7.27 (m, 9H), 7.24 (dd, J = 3.7, 2.5 

Hz, 1H), 6.72 ï 6.66 (m, 2H), 6.54 ï 6.46 (m, 2H), 4.82 (dd, J = 9.6, 4.8 Hz, 1H), 3.70 (s, 3H), 

3.28 (dd, J = 13.5, 9.6 Hz, 1H), 2.97 (dd, J = 13.5, 4.8 Hz, 1H). 

 
 
13

C NMR  (100 MHz, CDCl3) ŭ 152.5, 143.8, 141.8, 140.5, 131.3, 129.4, 129.1, 127.9, 126.3, 

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 

 

 

 

 
 

 

This compound was prepared following general procedure 3 using # (0.06 g, 0.171 mmol), NBS 

(0.03 g, 0.171 mmol) and a catalytic amount of PTSA in DCM (10 mL). Crude product was 

purified via gradient column chromatography (35-40% EtOAc in hexanes) to afford 22 as a 

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

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ ppm 7.71-7.45 (m, 5H), 7.38-7.18 (m, 5H), 7.04 (d, J = 2.81 Hz, 

1H), 6.60 (dd, J = 8.94, 2.83 Hz, 1H), 6.39 (d, J = 8.93 Hz, 1H), 5.23 (d, J = 6.82 Hz, 1H), 4.91 

(ddd, J = 9.61, 6.67, 2.94 Hz, 1H), 3.13 (ddd, J = 23.50, 13.58, 6.55 Hz, 2H), 3.67 (s, 3H). 

 

 
13

C NMR (100 MHz, CDCI3) ŭppm 152.1, 143.67, 140.7 137.8, 131.2, 129.4, 129.0, 127.8, 

126.2, 123.9, 118.2, 114.3, 114.1, 110.6, 65.4, 55.8, 54.6.  

 

 

 

HRMS: Calculated for C21H20BrNO2S = 429.03981; found = 429.04655 
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Preparation of N-(2-(phenylsulfinyl)-1-(o-tolyl)ethyl)aniline 

 

 

 

 
 

 

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide (1.0 

g, 7.13 mmol), in anhydrous THF (5 mL), LDA (3.21 mL, 6.42 mmol) and N-(2-

methylbenzylidene)aniline (0.7 g, 3.57 mmol) in anhydrous THF (5 mL). Crude product was 

purified by gradient column chromatography (35-40% EtOAc in hexanes) yielding 24 as an off 

white solid (0.2 g, 17%, Rf = 0.43 in 2:3 EtOAc: hexanes).  

 
 

 
1
H NMR (400 MHz, CDCl3) ŭ 7.67 ï 7.46 (m, 7H), 7.14 (s, 3H), 7.08 (dd, J = 8.5, 7.4 Hz, 2H), 

6.69 (s, 1H), 6.48 (d, J = 7.8 Hz, 2H), 4.94 (dd, J = 9.4, 2.9 Hz, 1H), 3.23 ï 3.13 (m, 1H), 3.01 

(dd, J = 14.0, 2.9 Hz, 1H), 2.21 (s, 3H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 146.3, 142.8, 138.6, 134.2, 131.1, 130.8, 129.3, 129.0, 127.5, 

126.8, 125.8, 123.9, 118.1, 113.8, 61.3, 51.2, 18.6. 

 

 

HRMS: Calculated for C21H21NOS = 335.13438; found = 335.13607 
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Preparation of N-(2-(phenylsulfinyl)-1-(o-tolyl)ethyl)aniline 

 

 

 

 

 
 

The procedure yielding 24 also gave 25 as an off white solid (0.09 g, 8%, Rf = 0.31 in 2:3 EtOAc 

: Hexanes) after purification by column chromatography (35-40% EtOAc in hexanes).  

 

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.68 ï 7.64 (m, 2H), 7.52 (dd, J = 4.9, 1.8 Hz, 3H), 7.47 ï 7.44 

(m, 1H), 7.16 (d, J = 2.7 Hz, 3H), 7.09 (d, J = 1.1 Hz, 2H), 6.69 (dd, J = 10.5, 4.2 Hz, 1H), 6.46 

(dd, J = 8.6, 1.0 Hz, 2H), 5.03 (dd, J = 9.8, 4.4 Hz, 1H), 3.24 (dd, J = 13.7, 9.8 Hz, 1H), 2.97 

(dd, J = 13.7, 4.4 Hz, 1H), 2.34 (s, 3H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 146.3, 143.6, 139.0, 134.3, 131.3, 130.9, 129.3, 129.0, 127.5, 

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

 

 

HRMS: Calculated for C21H21NOS = 335.13438; found = 335.13472 
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Preparation of N-(1-(furan-2-yl)-2-(phenylsulfinyl)ethyl)-2-methylaniline 

 

 

 

 
 

 

This compound was prepared following general procedure 2 using methyl phenyl sulfoxide (1.0 

g, 7.13 mmol), in anhydrous THF (5 mL), LDA (3.21 mL, 6.42 mmol) and N-(furan-2-

ylmethylene)-2-methylaniline (0.66 g, 3.57 mmol) in anhydrous THF (5 mL). Crude product 

(1.44 g) was purified by gradient column chromatography (40% EtOAc in hexanes) yielding 26 

as a white solid (0.17 g, 15%, Rf = 0.49 in 2:3 EtOAc: hexanes).  

 
 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.67 ï 7.62 (m, 2H), 7.51 (dd, J = 5.1, 2.0 Hz, 3H), 7.37 ï 7.34 

(m, 1H), 7.11 ï 7.01 (m, 2H), 6.69 (t, J = 7.4 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.33 ï 6.23 (m, 

2H), 5.08 (t, J = 5.9 Hz, 1H), 3.31 (d, J = 5.9 Hz, 2H), 2.26 (s, 3H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 153.3, 144.3, 143.5, 142.1, 131.1, 130.1, 129.3, 126.8, 123.8, 

123.0, 118.0, 111.2, 110.5, 107.5, 61.3, 48.9, 17.5. 

 

 

HRMS: Calculated for C19H19NO2S = 325.11365; found = 325.11560 
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Preparation of N-(1-(furan-2-yl)-2-(phenylsulfinyl)ethyl)-2-methylaniline 

 

 

 

 

 
 

 

The procedure yielding  26 also gave 27 as an off white solid (0.13 g, 12%, Rf = 0.47 in 2:3 

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

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.66 ï 7.61 (m, 2H), 7.50 (dd, J = 5.1, 1.8 Hz, 3H), 7.37 (t, J = 

1.3 Hz, 1H), 7.07 (t, J = 8.0 Hz, 2H), 6.70 (dd, J = 7.3, 6.8 Hz, 1H), 6.60 (d, J = 7.9 Hz, 1H), 

6.32 (d, J = 1.3 Hz, 2H), 5.11 (t, J = 7.3 Hz, 1H), 3.41 (dd, J = 13.3, 7.8 Hz, 1H), 3.22 (dd, J = 

13.3, 6.7 Hz, 1H), 2.18 (s, 3H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 153.0, 143.9, 143.7, 142.2, 131.2, 130.2, 129.3, 126.9, 123.9, 

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

 

 

HRMS: Calculated for C19H19NO2S = 325.11365; found = 325.11573 
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Preparation of N-(2-(tert -butylsulfinyl) -1-phenylethyl)aniline 

 

 

 
 

 

This compound was prepared following general procedure 2 using t-butyl methyl sulfoxide (0.4 

g, 3.33 mmol) in anhydrous THF (5 mL), LDA (1.5 mL, 2.99 mL) and benzalaniline (0.3 g, 1.66 

mmol) in anhydrous THF (5 mL). Crude product was purified by gradient column 

chromatography (35% EtOAc in hexanes) yielding 28 as a beige powder (0.03 g, 6%, Rf = 0.33 

in 2:3 EtOAc: hexanes).  

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 8.26 (dd, J = 7.5, 2.0 Hz, 2H), 7.46 (t, J = 7.2 Hz, 2H), 7.38 (t, J 

= 7.5 Hz, 1H), 7.30 (t, J = 7.3 Hz, 2H), 7.09 (t, J = 7.9 Hz, 2H), 6.68 (t, J = 7.3 Hz, 2H), 6.57 (d, 

J = 7.9 Hz, 1H), 5.01 ï 4.77 (m, 1H), 2.93 ï 2.75 (m, 2H), 1.26 (s, 9H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 147.0, 142.5, 129.2, 128.0, 126.3, 118.0, 114.1, 57.0, 53.8, 52.9, 

22.8. 
 

 

HRMS: Calculated for C18H23NOS = 301.15004; Found = 301.15449 
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Preparation of N-(2-(tert -butylsulfinyl) -1-phenylethyl)aniline 

 

 

 

 

 
 

 

The procedure yielding 28 also gave 29 as a beige solid (0.06 g, 12%, Rf = 0.21 in 2:3 EtOAc : 

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

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.46 ï 7.40 (m, 2H), 7.35 (dd, J = 8.1, 6.8 Hz, 2H), 7.27 (dd, J = 

8.7, 5.8 Hz, 1H), 7.13 ï 7.04 (m, 2H), 6.66 (t, J = 7.3 Hz, 1H), 6.61 ï 6.53 (m, 2H), 5.08 (dd, J = 

8.4, 3.0 Hz, 1H), 3.00 (dd, J = 12.9, 3.0 Hz, 1H), 2.82 (dd, J = 12.9, 8.4 Hz, 1H), 1.24 (s, 9H). 
 

 
13

C NMR (100 MHz, CDCl3) ŭ 146.4, 141.3, 129.1, 128.9, 127.6, 126.4, 117.8, 113.8, 53.9, 

53.2, 53.1, 22.8. 

 

 

HRMS: Calculated for C18H23NOS = 301.15004; Found = 301.15324 
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Preparation of N,N'-(sulfinylbis(1-phenylethane-2,1-diyl))dianiline  

 

 

 
 

 

This compound was prepared following general procedure 2 using dimethyl sulfoxide (0.86 g, 

11.04 mmol), in anhydrous THF (10 mL), LDA (11 mL, 22.07 mmol) and N-benzylideneaniline 

(1.0 g, 5.52 mmol) in anhydrous THF (5 mL). Crude product was purified by gradient column 

chromatography (40-45% EtOAc in hexanes) yielding 30 as an orange solid (0.41 g, 17%, Rf = 

0.3 in 2:3 EtOAc: hexanes).  

 
 
1
H NMR  (400 MHz, CDCl3) ŭ 7.43 ï 7.26 (m, 10H), 7.10 (dt, J = 5.4, 4.8 Hz, 4H), 6.71 (t, J = 

7.7 Hz, 2H), 6.57 (d, J = 7.7 Hz, 4H), 4.96 (ddd, J = 14.5, 8.7, 6.3 Hz, 4H), 3.09 (ddd, J = 18.8, 

13.2, 7.2 Hz, 4H). 
 

 
13

C NMR  (100 MHz, CDCl3) ŭ 147.6, 143.5, 129.5, 128.5, 126.9, 126.7, 120.8, 113.5, 61.3, 

60.6.  

 

 

HRMS: Calculated for C28H28N2OS = 440.19223; found = 440.19249 
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Preparation of N-(2-(methylsulfinyl) -1-phenylethyl)aniline 

 

 

 

 
 

 

 

This compound was prepared following general procedure 2 using dimethyl sulfoxide (0.4 mL, 

5.52 mmol) in anhydrous THF (5 mL), LDA (1.4 mL, 2.76 mmol) and benzalaniline (0.5 g, 2.76 

mmol) in anhydrous THF (5 mL). Crude product (0.52 g) was purified by gradient column 

chromatography (40-50% 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).  

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.47 ï 7.42 (m, 2H), 7.37 (dd, J = 10.1, 4.8 Hz, 2H), 7.33 ï 7.27 

(m, 1H), 7.16 ï 7.07 (m, 2H), 6.70 (t, J = 7.3 Hz, 1H), 6.58 (d, J = 7.7 Hz, 2H), 4.91 (dd, J = 9.2, 

5.5 Hz, 1H), 3.24 (dd, J = 13.3, 9.2 Hz, 1H), 2.97 (dd, J = 13.3, 5.5 Hz, 1H), 2.61 (s, 3H). 

 

 
13

C NMR  (100 MHz, CDCl3) ŭ  146.0, 141.3, 129.1, 129.1, 128.1, 126.3, 118.5, 114.4, 61.4, 

56.4, 39.5. 

 

 

HRMS: Calculated for C15H17NOS = 259.10308; found = 259.10487 
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Preparation of N-(2-(methylsulfinyl) -1-phenylethyl)aniline 

 

 

 

 
 

 

The procedure yielding 31 also gave 32 as a white solid (RcRs/ScSs isomer: Rf = 0.19 in 2:3 

EtOAc : Hexanes) after purification by preparative TLC plate (10 consecutive elutions in 40% 

EtOAc in hexanes).  

 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.44 ï 7.40 (m, 2H), 7.38 ï 7.32 (m, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 7.15 ï 7.05 (m, 2H), 6.68 (t, J = 7.3 Hz, 1H), 6.57 (dd, J = 8.6, 0.9 Hz, 2H), 5.06 (dd, J = 

8.6, 3.3 Hz, 1H), 3.22 (dd, J = 13.4, 3.3 Hz, 1H), 3.05 (dd, J = 13.4, 8.6 Hz, 1H), 2.62 (s, 3H). 

 

 
13

C NMR  (100 MHz, CDCl3) ŭ 145.7, 140.6, 129.1, 129.0, 127.9, 126.4, 118.5, 114.3, 61.2, 

54.6, 38.7. 

 

 

HRMS: Calculated for C15H17NOS = 259.10308; found = 259.10493 
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Preparation of N-(1-phenyl-2-(p-tolylsulfinyl)ethyl)aniline  

 

 

 

 
 

 

This compound was prepared following general procedure 2 using p-tolyl methyl sulfoxide (1.7 

g, 11.04 mmol), in anhydrous THF (10 mL), LDA (4.97 mL, 9.94 mmol) and benzalaniline (1 g, 

5.52 mmol) in anhydrous THF (5 mL). Crude product (2.21 g) was purified by gradient column 

chromatography (30-35% EtOAc in hexanes) yielding a crude separation of both isomers. 

Isomers were further purified by recrystallization using DCM and MeOH. The obtained spectra 

match those reported in literature
6
. 

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.54 ï 7.49 (m, 2H), 7.37 ï 7.27 (m, 6H), 7.27 ï 7.21 (m, 2H), 

7.17 ï 7.11 (m, 2H), 6.45 ï 6.27 (m, 2H), 4.81 (dd, J = 10.0, 4.4 Hz, 1H), 3.20 (dd, J = 13.6, 10.1 

Hz, 1H), 2.94 (dd, J = 13.6, 4.5 Hz, 1H), 2.39 (s, 3H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 145.4, 142.0, 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  

 

 

 

 
 

The procedure yielding 33 also gave 34 as a white solid, after purification by recrystallization 

(DCM/MeOH). The obtained spectra match those reported in the literature
6
.  

 

 

1
H NMR  (400 MHz, CDCl3) ŭ 7.46 (d, J = 8.1 Hz, 2H), 7.35 ï 7.21 (m, 8H), 7.13 (d, J = 8.7 Hz, 

2H), 6.38 (d, J = 8.7 Hz, 2H), 4.71 (dd, J = 7.3, 4.6 Hz, 1H), 3.22 ï 3.02 (m, 2H), 2.39 (s, 3H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 145.3, 141.9, 140.5, 139.3, 131.8, 130.1, 129.0, 127.9, 126.3, 

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 

 

 

 

 
 

 

To a solution of 12 (0.15 g, 0.47 mmol) and I2 (0.24 g, 0.94 mmol) in THF (10 mL) was slowly 

added NaBH4 (0.018 g. 0.47 mmol). The mixture was stirred at room temperature and the 

progress of the reaction was followed by TLC. After stirring for 2 hours, the reaction was 

quenched with a 10% solution of NaOH. The aqueous layer was extracted with Et2O (3 x 20 mL) 

and the combined organic extracts were washed successively with 5% aqueous Na2S2O3 and 

H2O. The resulting organic later was dried (MgSO4) and concentrated in vacuo. Purification of 

crude product (0.21 g) was done via gradient column chromatography (15-20% EtOAc in 

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

 

 
1
H NMR  (400 MHz, CDCl3) ŭ 7.44 ï 7.19 (m, 9H), 7.06 (dd, J = 8.5, 7.4 Hz, 2H), 6.66 (t, J = 

7.3 Hz, 1H ), 6.46 (d, J = 7.7 Hz, 2H), 4.39 (dd, J = 9.1, 4.5 Hz, 1H), 3.38 (dd, J = 13.5, 4.5 Hz, 

1H), 3.18 (d, J = 9.2 Hz, 1H). 

 
 

13
C NMR (100 MHz, CDCl3) ŭ 147.1, 142.3, 135.0, 130.6, 129.1, 129.0, 128.8, 127.6, 126.9, 

126.3, 117.9, 113.8, 57.3, 42.6. 
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Preparation of N-methyl-N,2-diphenyl-2-(phenylamino)ethanesulfonamide 

 

 

 

 
 

 

This compound was prepared following general procedure 2 using N-methyl-N-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 (0.27g) was purified 

by gradient column chromatography (30-35% EtOAc in hexanes) yielding 36 as a yellow solid 

(0.07g, 28.5%, Rf = 0.39 in 2:3 EtOAc: hexanes). 

 

 

 
1
HNMR  (400 MHz, CDCl3) ŭ 7.40 ï 7.23 (m, 11H), 7.09 ï 7.02 (m, 2H), 6.71 ï 6.64 (m, 1H), 

6.49 (dd, J = 8.6, 1.0 Hz, 2H), 4.94 ï 4.79 (m, 1H), 3.34 ï 3.29 (m, 5H). 

 

 
13

C NMR (100 MHz, CDCl3) ŭ 146.4, 141.3, 140.8, 129.4, 129.1, 129.0, 127.9, 127.5, 126.2, 

126.1, 118.3, 114.1,  55.5, 54.6, 38.4. 

 

 

HRMS: Calculated for C21H22N2O2S = 366.14020; found = 366.14385 
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Figure 1.3.3.1. 400 MHz 
1
H NMR spectrum of compound 2 in CDCl3.  
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Figure 1.3.3.2. 400 MHz 
1
H NMR spectrum of compound 4 in CDCl3. 
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Figure 1.3.3.3. 400 MHz 
1
H NMR spectrum of compound 5 in CDCl3.  
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Figure 1.3.3.4. 100 MHz 
13

C NMR spectrum of compound 5 in CDCl3.  
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Figure 1.3.3.5. 400 MHz 
1
H NMR spectrum of compound 6  in CDCl3.  

 

 

p
p
m

 (
t1

)
1
.0

2
.0

3
.0

4
.0

5
.0

6
.0

7
.0

8
.0

7.348 7.344

7.341

7.335

7.327

7.321

7.314

7.308

7.298

7.294

7.283

7.277

7.243

7.098

7.080

7.077

7.059

6.664

6.646

6.533

6.531

6.512

6.510

4.873

4.864

4.852

4.843

4.633

4.623

4.612

4.602

2.340

2.330

2.319

2.309

2.304

2.294

2.283

2.273

2.200

2.191

2.179

2.170

2.164

2.155

2.143

2.133

1.00

1.06

0.96

0.98

1.85
0.97

1.99

9.04



88 

 

 

 

 

Figure 1.3.3.6. 400 MHz 
1
H NMR spectrum of compound 7 in CDCl3.  
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Figure 1.3.3.7. 400 MHz 
1
H NMR spectrum of compound 8 in CDCl3.  
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Figure 1.3.3.8. 400 MHz 
1
H NMR spectrum of compound 9 in CDCl3.  
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Figure 1.3.3.9. 400 MHz 
1
H NMR spectrum of compound 12 in CDCl3.  
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Figure 1.3.3.10. 400 MHz 
1
H NMR spectrum of compound 13 in CDCl3.  
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Figure 1.3.3.11.  400 MHz 
1
H NMR spectrum of compound 15 in CDCl3.  
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Figure 1.3.3.12.  400 MHz 
1
H NMR spectrum of compound 16 in CDCl3.  
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Figure 1.3.3.13. 400 MHz 
1
H NMR spectrum of compound 17 in CDCl3.  
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Figure 1.3.3.14. 100 MHz 
13

C NMR spectrum of compound 17 in CDCl3.  
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Figure 1.3.3.15. 400 MHz 
1
H NMR spectrum of compound 18 in CDCl3.  
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Figure 1.3.3.16. 100 MHz 
13

C NMR spectrum of compound 18 in CDCl3.  
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Figure 1.3.3.17. 400 MHz 
1
H NMR spectrum of compound 19 in CDCl3.  
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Figure 1.3.3.18. 400 MHz 
1
H NMR spectrum of compound 20 in CDCl3.  
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Figure 1.3.3.19. 100 MHz 
13

C NMR spectrum of compound 20 in CDCl3.  
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Figure 1.3.3.20. 400 MHz 
1
H NMR spectrum of compound 21 in CDCl3.  
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Figure 1.3.3.21. 100 MHz 
13

C NMR spectrum of compound 21 in CDCl3.  
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Figure 1.3.3.22. 400 MHz 
1
H NMR spectrum of compound 22 in CDCl3.  
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Figure 1.3.3.23. 100 MHz 
13

C NMR spectrum of compound 22 in CDCl3.  
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Figure 1.3.3.24. 400 MHz 
1
H NMR spectrum of compound 24 in CDCl3.  

 

 


