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Abstract

Dissertation Title:dnhibition of Anti-Apoptotic Protein MCEL and Epigenetic Reader
BRD4 with Small Molecule Inhibitors: Structuiased Drug Design and

Polypharmacology

Lijia (Lee) Chen, Doctor of Philosophy, 2016
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One of the hallmarks of cancer is the evasion of programmed cell death. Programmed cell
death is strictly regulated e intrinsic apoptosis pathway, in which BE&L anti/pre
apoptotic proteins play vital roles. imormal cells, the delicate balance between-anti
apoptotic BCL2 proteins and their functional sequester: -gpoptotic proteins, is
precisely maintained to ensure the execution of cell daatiell proliferation However,

the apoptotic pathway is often shegulated in cancer cells, demonstrated by the frequent
observed oveexpression of antpoptotic protein(s), such as B&l. BCL-x. and MCL-

1. Therefore, targeted inhibition of BE2 anttapoptotic proteins using small molecule
inhibitors has been extengly researchedo restoreapoptosisand kill cancer cells A
decade of research is rewarded by the recent approvhe &CL-2 seletive inhibitor
Venetoclax as a secorishe therapy forchronic lymphocytic leukemiaQLL) patients.
Nonethelessdue to he heterogenetic nature of cancers, inhibitorgeting other ani
apoptotic BCL2 proteins should also be developed not only for different cancer types,

but also for the potential resistance generated by MGipregulation after BCE2



inhibition. To daé, numerous studies are currently ongaimgliscover small molecule

inhibitors targeting different anipoptotic BCL2 proteins primarily MCL-1 andor

BCL-x,, inordertopr ovi de insight to dissect these pt
potentiallyyield various tool compounds as clinical candidat#gizing structurebased

drug design strategy, we have designed and synthesized two distinct scaffold
tetrahydroquinoline (THQ) and salieye as MCL1 inhibitors. SAR analysis has been

conducted baseon their biochemical binding affinitie® facilitate the understanding of

binding pocket propertiedn vitro cell growth inhibitionwasalso evaluated to estimate

their potency at cellular level.

Another survival mechanism of cancer is throtigé dysegulation of postranslational
modifications such as aberrant acetylation of histone lysine residues, which abnormally
turn on the transcription and expression of oncogeRagicularly, he bromodomain
BRD4 proteinis heavily involvedn this processs anepigenetiaeaderto recognize the
acetylated lysine residues on hist@ral regulate the transcription of several oncogenes
including éMYC and BCL:2. Therefore, inhibition of BRD4 may serve as an indirect
method to modulate the level ofMYC and BCL-2 onc@rotein in cancers. Recently, a
PLK1 inhibitor BF2536wasreported as a potent BRD4 inhibitor. Teheal inhibition by

a single drug molecule migptrovide the platform for a polypharmacologistilategy to
treat various cancers.With the guidanceof structue-based drug design, evhave
synthesized and evaluated an SAR library 0f2BB6 to dissect their PLK1 and BRD4
inhibition profiles. The finetuning modificatios of functional groups on B2536

furnished both selective BRD4 inhibitors and sger dual PLK1/BRD4 inhibitors.
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Chapter 1 Targeting the Anti-apoptotic MCL -1 Protein with Small
M oleculel nhibitors

1.1 Intrinsic Apoptosis Pathway an8CL-2 Apoptotic Proteins

Protein protein interactions (PB)I drive a variety of cellular processes, including
proliferation, differentiation, signal transduction and apoptosis. As such, PPIs are key
targets for the development of new therapeutics. Widely dismissed as viable targets that
could be modulated by smatiolecules owing to a lack of obvious binding sites and
expansivanterfaces, the literature is now rife with successful discoveries that exploit key

Ahot spotso dinedamdflesd at t he PPI

The fate of human cells is under a delicate and complex control of apoptosis pathways,
which can be divided into extrinsic and intrinsictpaayg$6]. The dysregulations of
apoptosis pathways have been closely associated with various diseases, including cancers
and neurodegenerative disea$€s The intrinsic apoptosis pathway ortoghondrial
apoptosis pathway is characterized by BEL-2 apoptotic protein family and is
illustrated inFigure 1.1. These proteins can be functionally separated into two categories:
the antiapoptotic proteinsBCL-2, BCL-x., BCL-w, BCL-b, MCL-1 and Al,and their
counterpart praapoptotic proteins, whicimclude BAK, BAX, BAD, BIM, BID, PUMA,

BIK and NOXA, PPIs between antiand preapoptotic BCL-2 proteins regulate the
integrity of the outer mitochondrial membrane (OMM), dictating the fate of the cell.
Upon receiving an apoptosis signal such as radiatoxmg, and viral infections, BAK

and BAX homaooligomerize to form pores on the outer membrane of mitochondria

(OMM), releasing cytochrome into the cytosdb]. The cytochrome then binds to
1



cytosolic protein Apafl to form apoptosomes, which further activate the caspase cascade
including caspase 9 and 3, and then eventually leads to cel|8]e&tthough theBCL-2

family seems tde a functionally redundant system with many similar menilerthe
selectivity profiles between each pair of proteins is quite different, which allow this
system to provide a finely tuned response to biological signals under different

circumstancg40].

Mcl-1 inhibitors

O
ABT-263 / cytochrome ¢
I:'|> < apoptosome
Bak/Bax m M,I\1 jl g apop
(" c-
Bak/Bax @
dimerization
Bcl-2 ‘ =
‘\

caspase 3/7

mitochondrion

Figure 1.1. Intrinsic apoptosis pathway

Structurally, thesd8CL-2 proteins share a high degree of conserved sequences in four

BCL-2 homology (BH) domains: BH1, BH2, BH3 and BH4]. The antiapoptotic

proteins, as well as two piapoptotic proteinBAK and BAX contain all four BH

domains, while the rest of the papoppt i ¢ pr ot ei ns -helicahBH81i n onl vy
Adeat ho d o-hedixesnof theT andpptotic protein form four hydrophobic

pockets (pl to p4) to accommodate four conserved hydrophobic residues located on one
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faceof t hehelBH30n t he ot h e rhelis, b doesercefl aspatiieacid® H 3
forms a salt bridge with a conserved arginirem the antiapoptotic protein. The P®I
between antrapoptotic protein and prapoptotic peptide is represented by the

interactions oMCL-1 and theBIM-B H 3-helik illustrated inFigure 1.2.

Figure 1.2. Crystal structure of th8IM-BH3 ahelix bound taVICL-1 (PDB: 2NL9).

When a preapoptotic protein binds to an aagpoptotic protein, they neutralize each

ot herds biological functi on. -andantapoptotic ma |
proteinsis properly maintained to ensutssue homeostas$i?]. However, this delicate
balance is dysregulated in many cancers by altering the expression level of bathdnti
pro-apoptotic proteis to evade apopto§is]. Thus, developingnoleculeghatinhibit the

BCL-2 antiapoptoticproteinsand further restore apoptosias become an area of intense

research towards the discovery of novel cancer chemotherapies



1.2 Development of Inhibitors Targeting AmntapoptoticBCL-2 Proteins

The small moleculestargeting BCL-2 antiapoptotic proteins an be classified using
specificcriteria. Based orhte mechanism of modulation, thegn be divided into indirect
inhibitors and direct inhibitorsThe indirect inhibitors regulatat the gene transcription
and expression level, such BEL2 and MCL1, while the drect inhibitors bind to the
antiapoptotic proteinglirectly to antagonize their ardpoptoic functions.Among the
direct inhibitors, lased on thesubset ofinhibited proteins, they can Barther classified
into panBCL-2 inhibitors,which inhibitall BCL-2 antiapoptotic proteinsand selective
BCL-2 inhibitors, which containBCL-2/BCL-x. inhibitors, BCL-x./MCL-1 inhibiors,

BCL-2 selective inhibitordBBCL-x,. selective inhibitors, anCL-1 selective inhibitors.
1.2.1 Indirect inhibition of BCL-2 Anti-apoptotic Proteins

Several different mechanisms have been reported in the literature to regulB@LtH2e
antiapoptotc proteins levels. One methos using Istone deacetylase(HDAC)
inhibitors for indirect regulation, r@d this method has various selectivities in different
cellular contexts. For exampl&R901228 reduce®CL-x. expression in adult -Cell
leukemia cell lines and primary cgllg], while it reducedBCL-2, BCL-x. andMCL-1
protein level in U266 multiple myeloma cell l{i®]. Anothe HDAC inhibitor MS-275
abrogatedthe expression ofMCL-1 in U937 histiocytic lymphomacellg16]. An
additional method is through he ativation of PARP to alter the BCL-2 level,
demonstrated by the reduction of celluBCL2 mMRNA and the increase &AX MRNA
after treating U937 cellsvith the PARP activator mono(2ethylhexyl)phthalatd. 7].

Aside from the aforementionetivo classes CDK9 inhibitors arethe most well
4



documented indirect modulator féfCL-1. Due to the facthat MCL-1 protein has a
very shorthalf-life compared to other artipoptotic proteinsBECL-2, BCL-w andBCL-
XL)[18], inhibition of CDK9 which further blocked the transcription BfCL1 by RNA
polymerase llis a reasonable strategy, demonstratedvagous CDK9 inhibitors
including flavopiridol, roscovitine, and dinacichhich havesuccessfullyshownMCL-1
downregulation effecfs9i 24]. Furthermore,MCL-1 can also be regulated at its
translational level alone bRRaf kinase inhibitor BAY 439006 without affecting its

transcriptional levg¢R5].

1.2.2 Direct inhibition of Anti-apoptoticBCL-2 Proteins

Besides the prdeath and prsurvival functions BCL-2 apoptotic proteins have more
complicated houskeeping functions including maintaining thetochondral menbrane
structure, regulatingalcium homeostasis, and autoph§2fj. Therefore, focusing on
antagonism ofthe antiapoptotic functioncould potentidyy avoid the unwanted side
effects generated ffectingthosehousekeeping roleof BCL-2 proteins.Based on the
different subset oBCL-2 antiapoptotic proteinghat are inhibitedthe direct inhibitors

can be further separated into different groups discussed below.

1.2.2.1Pan-BCL-2 inhibitors

1.2.2.1.1 Gossypol and its analogues

Gossypol was first isolated as a natuproduct fromGossypium sp.followed bythe
discovery of itscontraceptiveeffects whose utility in the oncology area was not

established until recen{l87]. Theenantiomer-)-gossypol exhibitedh vitro cell growth
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inhibition activity againstvarious cell lineg28i 31], accompaniedvith its in vivo tumor
regression activifd2, 33] The inhibition of BCL-2, BCL-x. and MCL:-1 played a
significant role to triggeapoptosis in cancer cells. Howevetris now known that other
more complicated mechanisnase also responsibl®r the antirtumor activity bothin
vitro andin vivo, including causing DNA degradati®4#], generating reactive oxygen

species (RO$35], andmodulating VEGF signalingnediated angiogenefs$].

Analogues of gossypol have also been investigated includipggossypol and
apogossypolone, shown Figure 1.3 For example, apogossypolone dspanBCL-2
inhibitor with K; (BCL-2) = 76 nM, K (BCL-x.) = 1.27 uM, and K (MCL-1) = 51
nM[37]; it exhibited ell growth inhibition actiity in vitro againstnasopharyngeal
carcinoma hepatocellular carcinomand diffuse large cell lymphoma celland also
tumor regression of their xenograft mice model vivg38i40]. Additionally, it
demonstrated strongsingle agent activity as well as less toxicity compared to gossypol,

suggesting the benefit from the removal of aldehyde ¢dddp

Derivatives of apogossypol wereported such as compound81C1lin Figure 1.3 also
known as sabutoclaxAs a panBCL-2 inhibitor with ICso (BCL-2) = 320 nM, 1Go
(BCL-x.) = 310 nM, and 1Go (MCL-1) = 200 nM42], it demonstratedh vitro activity

againsta prostate cancer cell lifg3].

Structurébased design of small molecules to mimic the interaction betgessypol
and BCL:2 proteins waslso reportedn the literature, representéy TW-37 shown in
Figure 1.3 TW-37 bound to BCI2, BCL-x. and MCL-1 with Ki = 290 nM, 1.1uM and

260 nM, respectively. It was predicted that the gatgnol moiety formed polar
6



interactiors with R146, N143 of BCLE2, while the terbutyl benzene sulfonyl group
occupied the p2 pocket. TAB7 inhibited the cell growth of R8 cancer cell line in vitro

with evidence of triggering apoptogid].
°Yy o oH #° OH OH
- SOl
By OO on
Gossypol Apogossypol
0 0
HO l I l OH
HO ‘ OH
o] o)

Apogossypolone

TW-37

Figure 1.3. Structures of gossypol and its analogues.

1.2.2.1.2 Obatoclax

Obatoclax (GX 1870) was discoveredby Gemin X biotechnologies as a pan BZL
inhibitor with 1Cso (BCL-2) = 1.11uM, ICso (BCL-x1) = 4.69uM and 1Gso (MCL-1) =

2.90uM determinedoy fluorescence polarization competition assay (FREA) It also
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showedin vitro cell growth inhibition activity in various prelinical studies against
mantle cell lymphoma (MCL), nesmall cell lung cancer (NSCLC) and mulgpl
myeloma (MM]46i 48]. However,some evidence showehlat the mechanism of action
for obatoclax was nobnly through the intrinsic apoptosis pathway dependent on
BAK/BAX activation{49, 50] The complication of its mechanism of action increased its
toxicity risk during the clinical developmento date, obatoclax has beewestigated in
several Phase | and Il clinical trials targeting advanced hemataieglignanciesand
solid tumor§s1, 52] However, as dose limiting toxicity was frequentlyserved in the

trials, there areurrentlyno active clinical trials for obatocl§a].

Obatoclax

Figure 1.4. Structure of Obatoclax.

1.2.2.2SelectiveBCL-2 inhibitors

To overcome theommon a@se limiting toxicitiesassociated with paBCL-2 inhihitors,
the developmentof selecive BCL-2 inhibitor has becomé¢he focus in the fieldo
generatetool compounds talissectthe biological functions of BCR2 antiapoptotic
proteins, and poteially to discover clinically successful drugs through selective

mechanisms to avoid toxicitjdowever,BCL-2 antiapoptotic proteins sharevary high



degree of structuramilarity, resulting indifficulties to generag selective inhibitors for

one or mitiple protein member(§4].

Generally, two different strategies have been widely reparethe literature. One

method § represented bgngineeringmimetics of the BH3 preapoptotic peptidesis

inhibitors[55i 57]. The PPIs between ardpoptotic proteins such as B&.BCL-x. and

MCL-1, and preapoptotic pragins such as BAK, BAXand BIM b el on-pelixt o t he U
mediated PPIsDes pi t e t he ehbligrhediated PPls havetuehtlargey

binding surfaceand less definegdockes than a typical enzyme active sit¢he PPIs can

be effectiely disrupted by snlamoleculeinhibitors (SMIs) that structurally mimic the

key amino acid r es isg¢usBlon this methbdesmibmoleadle ng A hot
backbones were designed and decorated with various hydrophobic and polar functional

groups on one or two faces of the molecules to mimic the intrinsic interactions between

the key amino acid residues from the-amoptotic peptide and the aiafpoptotic protein

hotspof59]. The early discovery of scaffolds including terphefg® 61}

terpyriding62] and tripicolinamidei$3] yielded many singlé a c ehdlix roimetics to

mimic thei, i+3/4, andi+7 side chains of the helixvhich locate on the same &of the

Urhelix. One representative examplecismpoundlY-1-106in Figure 1.5discovered by

the Fletcher groufb5]. Utilizing a modified trispicolinamide scaffold, this compound

structurally and functionally mimics BAK to disrupt the BEL-BAK PPlIs at 179 nM,

as well as induces cell death in multiple cell lines such as A549, H23 andl[3bP

However, multiface interactions are frequently observed in various PPIs, for example the
interaction between MGIL/BIM (Figure 1.2) is a tweface interaction with hydrophobic

158, L62, 165 and F69 on one faokthe BIM helixwhile polar D67 on the opposite face.
9



Therefore, scaffolds that are capable of mimicking multiple faces of the helical structure
and projecting moieties to various diiecis can engage the protein target with more
interactions which might enhance the binding compared to single face mimé&es
example,two-faced hdak mimicry strategy was applied to the development of MCL
inhibitors by using benzgurea$64], 1,2diphenylacetyleng¢85], and 2,6,9tri-
substituted puring86] to deliver hydrophobici, i+3/4 andi+7 side chain®f the po-
apoptotic peptidento hydrophobic pockets of MGIL and/or BCLx., while projecting
polari+2 and/ori+5 residueglosely tothe polar residuesf MCL-1 (R263) and/or BCL

x. (R139)
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one-face mimetics
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Figure 1.5. The structures of representative eiaee and tweace helical mimetics.

The other mthod & the typical structurbased drug design appro@@H 70]. Small
molecules backbones were discovered either by high throughput screenin¢o{#H 78)
rationa[71], or computational aided drug desi@ADD)[72] to fit favorably into one or
multiple hydrophobic pocket(s) of ardapoptotic proteins. Additionally, two fragments in
different pockets can be fher linked to generate more potenhibitors utilizing

fragment based drug design (FBDD) straféQy 73 75]. The following context will
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focus on discussing the literature and patent publication s all smolecule inhibitors

discovered byhe structurebased strategy

1.2.2.2.1 BCL-2/BCL-x. Inhibitor- ABT-737 and ABTF263

Abbott Laboratores hasbeen very active in the search and development ahtk
apoptotic BCL-2 inhibitors in the &st decad®4, 76 77] Thar most weltknown
compound is AB¥737 shown inFigure 1.6 The origin of ABT-737 began withhigh-
throughput NMRbased screening in which small molecules that binBGh-x. were

first identified77]. The two small molecule fragments4-biphenylcarboxylic acicand
5,6,7,8 tetrahydrenaphthaleril-ol were linked through anacyl sulfonamide bond to
yield anearly lead compoundith superior Inding affinity to BCL:-x., validating the
fragment based design approachis leadwas further structurally optimized to reduce
its human serum albumin binding to yielde final compound AB¥73777]. In the
structure of ABF737, te acyl sulfonamide bond was designed to engage R139 of BCL
xL while delivering both hydrophobic fragments into p2 and p4 pockeeyestingly in

a later cecrystal struatire of ABT-737 and BCEx. published by Fairlie and eworkers
(PDB ID: 2YXJ), the acyl sulfonamide of ABT37 formed an Fbond with the backbone
amide of G138 rather than contacting with RIZ8J. It exhibits strong binding affinities

to BCL-2 andBCL-x. with Kis <1 nM andexcellentselectivity over MCL-1 with K;
(MCL-1) > 1uM. Also, in a 10% serum environment, it still largely maintained its
potency with 1Go (BCL-2) = 103 nM and Ié (BCL-xL) = 35 nM. Mechanistic studies
suggested that ABY 37 served as the fungdoi i8] pmiomet

apoptotic peptide BADwhich bound to its counteart antiapoptotic proteinsather than

12



directly activatingBAX/BAK[77]. At the cellular level, ABT-737 also demnstrated
strong growth inhibitionby disruptingthe proteinprotein interactions betwedBCL-2

and BAX79]. Moreover, t not only displayed synergistic effects with several
chemotheragutic agents including doxorubicin, cisplatin and paclitaxel, but also acted as
a potent single agent to inhibit the cell growth of a variety of cancer cell lines, and
primary patient cancer cefl&/]. It is noteworthy thathelevelsof BCL-2 proteins in the
different cancer cells have been foundical to determine the efficacy of ABT37 by

using a BH3 profiling techniquf80]. Additionally, in primary chronic lymphocytic
leukemia CLL) cells thein vitro activity of ABT-737 has been associated with its ability

to displace activator BH3 only peptide BIM froBCL-2, suggestinghat theBCL-2 and

BIM complex was &ey factorin determininghe sensitivities of cancerous calsABT -

737 as well asthe BCL-2 expression levi1]. Unsurprisingly ABT-737 alsohas
excellentselectivity triggering the apoptosis in cancerous cells compared withahor
cells, which can beossiblyexplained by the high expression levelBEL-2 andBCL-

XL in tumor cell$82]. Last but not the leasit also showed potenih vivo activity asa
single agent andombination therapy to indu@goptosis andumor regression on mice

xenograft modis without affecting normal tissues and ord&8s 84]

However, despite its subnanomolar potenitye pooraqueous solubilityof ABT-737
makesit difficult to be either formulatd into an oral dosage form, or dedred through
i.v[85]. In order to optimize its physical chemical properties of ABl7, scientists at
Abbott Laboratoriesuccessfully discovered ABZ63 (Navitoclax)as ABT-7 3 76 s or al |y
available succesd@i6]. Three positions on the structure of ABB7 were modified

shown inFigure 1.6. First, the dimethylamine was replaced with a morpholino group to
13



increase its oral bioavailability by 16%. Secotiw aryl nitro group was replaced with a
trifluoromethanesulfonyl groumn ot only i mprove the c,ompound0Zc
which is repesented by the ratio of AUC/EB&in vivo, but also avoid the potential toxic

metabolites associated with nitro group. Laemt, SAR replacement of thé-chloro

biphenyl moietythat bindsin the p2 pocketwith various sizes of ringslentifieda gem
dimethylcyclohexenggroupthatfurther improvel thein vitro efficacyin both BCL-2 and

BCL-x. dependent FL5.12 mouse cellSBombining allthe above three optimizations

rendered ABT263 as an orally available BAD functional mimetiath subnanomolar

biochemical nding affinity and cell growthCso in vitro, plus desirable PK parameters

as well as efficacin vivo by the activation obn targeintrinsic apoptosig85].

A Phase | clinical triabf ABT-263 has been reported in which small cell lung cancer
(SCLC) patients have been treated wildvitoclax as a single agentto establish its
toxicity, PK and preliminary effica¢86]. The drug was safe and well tolerated in the
trial dose, butreversibledosedependent thrombocytopenia was observed as the major
drugrelated adverse effed@nly one patient showed partial response whilgbout one
third of the cohort had stable disef@&. Another phase lla stydshowed similar results
represented by théhrombocytopenia as well as lirad efficacy as a single agent
thereforecombination therapy was suggestedttas method for future trigl87]. It is
also worth mentioimg thatin this phase lla studgeveral biomarkergereidentified to
correlate theBCL-2/BCL-x. inhibition with the clinical outcome, such as/tokeratin 19
fragment antigen 21, neurorspecific enolase, pr&RP, andcirculating tumor cell
numbe[87]. Currently, several combination therapiesnatiitoclax with various chemo

and immnuno therapeutic agents are under Phase Il studie$38, 89].
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Figure 1.6.The structurenalysis of AB¥737 and AB1263 (ravitoclax)

1.2.2.2.2 BCL-2 Selective mhibitor - ABT-199

During the clinical development, hé¢ frequently observed dosdependent
thrombocytopeniaaused by ABI263 limited its clinical dose ancefficacy as a single
agenf90]. The thrombocytopenia was associated with the reductigriatelet haHife
caused by thenhibition of BCL-x_ in platelet§d1, 92] Therefore, thacientists at Abbott
Laboratoriege-engineered the structure of ABI63 and successfully generateB@L-2
selective inhibitor ABFT199 (\venetoclax)64]. During their researchthey found that the
removal of thiophenyl group in the p4 pocket generated an inteateetbmpound with
increasedselectivityfor BCL-2. Thenthey utilizedthe information gathered frorma-
ray cocrystal structure of this particular intermediate WBCL-2 to identify a key
interaction, in whicka Trp30 from ondBCL-2 proteinformed an Hoondwith an Asp103
from anotheBCL-2 protein, whilen BCL-x., the corresponding residue is a Glu96. This
rare differencebetween the two proteingas exploited by introducing @& azaindole

moiety onto the p4 moiety ofABT-199 shown in Figure 1.7 to mimic the Trp30
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thereforepromote its BCE2 bindingpreferance compared to BCk,. Slight adjustment
of the p2 binding moiety finally yielded ABT99 as éeBCL-2 selective inhibitor with K
(BCL-2) < 0.01 nM, K(BCL-xL) = 48 nM,andK; (MCL-1) > 444 nM.The method of
generating selectivity for ABL99 is throughncreasing its BC{2 binding affinity by
incorporating additional binding contributing group onto the structure, therefond it st
maintainsa fairly potent activity for BCkx.. ABT-199 has demonstrated dedependent
cell killing effects by triggering intrinsic apoptosrs vitro, followed by tumor regression
effectsin vivo using xenograft mice model. Most importantly, AB®9 had much less
effects in killing platelets botlex vivo and in vivo, indicating its promising clinical

utility [54].

[ON H _CF; removal of thiophenyl group
NO, H / increases selectivity moderately

g f Hene @&

(0] NH
O
A
<« Increases selectivity
N/ N by forming H-bond with
== [— H

N Asp103 of BCL-2
)

‘ <— Increase
O O binding affinity
cl

ABT-263 Intermediate Cl ABT-199

o

Figure 1.7. Structure analysis of ABT99 for its selectivity agagt BCL-x_

ABT-199 has been actively developed in clinical trials fogatment of chronic
lymphocytic leukemia (CLL), small lymphocytic lymphoma (SLL), Adro d gk i nd s
lymphoma(NHL), multiple myeloma(MM) and acute myelogenous leukemia (AML)

[93] with various chemoand immunetherapeutic agents such as bendamustine and
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rituximald94]. After receiving priority review and break through therapy designation
from FDA, ABT-199 (Venetoclax) was recently approved for CLL patients with 17p
deletion and treated with at least one prior treatf@BnO6] This firstin-class selective
BCL-2 inhibitor drug suggested that selective intidoi of certain member(s) of the

BCL-2 antiapoptotic proteins can have great potential in treating particular cancer types.

1.2.2.2.3 BCL-x. Selectivel nhibitor - WEHI-539, A1155463 and AL331852

During the clinical development &CL-2/BCL-x. inhibitor ABT-263 (ravitoclax) in a
combination therapy with docetaxel, neutropenia has been reported as the most major
adverse effect followed by thrombdopenia as the main factolimiting the drug dose

in the regime[88]. The development othe BCL-2 selectie inhibitor ABT-199
(venetoclax) has successfully addressed the thrombocytopenia caus8€ Ly,
inhibition, yet neutropenia was still frequently observed among pd8&it3 herefore, it
was necessary to discover a B&l selective inhibitor to serve as a chemical probe along
with the BCL-2 selective ABT199 to precisely define the contribution of each protein by
inhibiting them independenthyRecently,Abbvie Inc, Genergch, Inc., andNalter and
Eliza Institute of Medical Researdhave collaborated andiscovered several small
molecule BCLx. inhibitors toinvestigatethe biological functions oBCL-2 andBCL-x.

in hematopoiesisn order to further dissect the role of each -apiptotic protein and

study thevarious dependences different cancef98i 100].

The first small molecule BGk, seletive inhibitor published by this collaborative team
is WEHI539 with Ko (BCL-x.) = 0.55 nM, I (BCL-2) > 750 nM and K (MCL-1) >

550 nM98]. Starting from a lead compound with benzothiazoldrazone core
17



identified from HTS, furthe structuralexpansion and optimization were conducted to
yield WEHI-539 shown inFigure 1.8. A co-crystal structure (PDB ID: 3ZLR) showed
that WEHI539 occupied both p2 and p4 pockets of B&[98]. The key interactions
contributing to the binding includen H-bond betweerthe benzothiazole nitrogen and
Leul08 backbone NH,naH-bond betweerhe hydrazone NH and backbone carbonyl of
Serl06, a salt bridgeetweenthe carboxylic acid and Arg13%nd a H-bond between
the primaryamino group and Glu96. The-lbbnd array between the benzothiazole and p2
pocket was suggested to be responsible for the sele[@BjityWWEHI-539 can induce
BAK-mediated apoptosis and kill engineered mouse cell lines by specifically inhibiting
BCL-x.. Notably, viallity of platelets was also compromised due to the inhibition of
BCL-x. as anticipate®8]. This molecule is the first BGk. specific inhibitor and it can
be used as a tool compound to study the biological functions ofX8@h normal and

disease state.

After the disclosure of WEH539,A-1155463wassoondiscovered through NMRased
fragment screening and structidrased drug design aB&L-x. selective inhibitgrl00].

It has a subnanomolar binding affinity for B&L with Ki < 0.01 nM, and excellent
selectivity (> 8000fold) against BCE2 with Ki = 80 nM. By utilizing this tool
compound with navitoclax and vepetax, the authors successfully demonstrated the
different dependencies on B& and BClx. for a panel of SCLC and AML cell
lined99]. More importantly, they also revealed that the synergistic celhgikffects of
combining navitoclax with docetaxigl vitro was driven byBCL-x. inhibition rather than
that of BCL-2. A-115543 was further optimized into tleally bioavailable analogue-A

1331852for in vivo experiment®9]. Unsurprisingly being aBCL-x. selective inhibitor,
18



it caused a reversible thrombocytopemm vivo, reconfirming the pharmacological
contribution from BCLEx. inhibition in the adverse effect causing hgvitoclaf99].
Also, it enhanced the response of docetaxel in both strengthlemgh when ce
administratedn vivg99]. On the other hand, BCZ inhibition was responsible for the
neutropenia adverse effect associated with navitedteetxel combination. Therefore,

it was suggested that there might be a therapeutic dose window selestiveBCL-x.
inhibitor with docetaxel to achieve desirable response without causing neutrbgenia

inhibiting BCL-2 for certain patien{99].

The development oBCL-2 andBCL-x. selective inhibitorgepresented the inherently
complicated biological functionsf BCL-2 apoptotic proteins, therefore it would be
necessary to develop more tool compounds with distinct inhibition profiles to further
dissectthe biological function®f each BCLE2 apoptotic protein memheas well ago
provide more clinical candidates tdjug therapeutic responsen different patient

group$98].
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Figure 1.8. Structures of BCix. selective inhibitorsWEHI539 and its cecrystal

structure with BCkx. (PDB ID: 3ZLR),A-1155463 and A331852.
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1.3 Development oBmallMoleculeMCL-1 I nhibitors

Cancer is aheterogeneoudisease, with dynamic mutations of DNA, RNA and proteins

involved in the disease pathogenfld]. Selectively desoying the cancer cislthrough

the inhibition of BCL:2/BCL-x_ is likely to leave the resistant malignant cells alive akin

to the mechanism of dAartificial selectionodo t
been reported that many cancers are able teegplateMCL-1 to overcome the stress

caused bBCL-2/BCL-x. inhibition[79].

Much evidence has shown that MQLplays a vital role in the development of different
malignancies, including hematological cancers as well as solid tLi0@id12].
Furthermore, overexpression of MdLnot only causes the resistance against -BCL
2/BCL-xL inhibition, but is also associated with the resistance to manykwein
chemotherapeutics including paclitaxel, vincristine and gemcitgl§i8e113] Moreover,
MCL-1 is an attractive target validated by knockdown experiments as well as gene
silencing104, 114 118]. Therefore, the discovery and development of selective {MCL
inhibitors represents an unmet medical need that may lead to new checetherapies.

First and foremost, however, selective MCLinhibitors are urgently required as
biochemical tools to better understand the biological consequences of its selective
inhibition that would complement the existing data on dual @BCL-x,, pan-BCL-2

(BCL-2/BCL-x./MCL-1) and selective BGix. and BCL:2 inhibitors.
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1.3.1 Abbott Laboritories/Abbvie compounds

Abbott Laboratories, whose drug discovery arm is now known as Abbvie, has been very
active in the development of smaflolecule inhibitors fordifferent panels of BCi2
protein members, including BG2, BCL-x. and MCL:-1. As discussed earlienvb of the
most weltknown small molecule inhibitors are the BQIBCL-x. dual inhibitor ABT-
263 (navitoclax],/6, 85, 87, 119, 120]and the BCE2 selective inhibitor ABT199

(venetoclaxp4, 121, 122]

In an international patent application from Abbott Laboratories in 2007
(W0O2007008627), novel chemical entities as apoptosis promoters basebipireayl
carboxylic acid as the core scaffold were disclosed, illustrated by formula 1 and example
1[123]. In this formula, A = alkyl, alkenyl, alkynyl, and ester, amide, sulfonamide linked
groups includingut not limited to phenyl, heteroaryl, and cycloakyl grougs: Bhenyl

group with different halides substitutions, anti=CCN, NO&, CF, OCF, acid, amide,

ester etc. The analogs exhibited binding affinities to MOWith ICsf0 s r angi ng fr om
low as 01 pM to more than 10 pM determined by using NOBAN3 peptide in
fluorescence polarization competition assay (FPCA) without further biological data
disclosed. In a followup publication by Petros and colleagues of AbfA8¢ a biphenyl
sulfonamide scaffold was identified as an inhibitor of MClby NMR fragmenbased
screening, and subsequently a libraryaoflogues was developed to study the SAR on
positions A and B in formula 1. One of the most potent compounds Rawhich
exhibited an 16 (MCL-1/NOXA) of 500 nM. Confirmation of direct binding & to

MCL-1 was provided by the exrystal structure (PDBD: 40Q)5) illustrated inFigure
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1.9; key interactions included a salt bridge between the carboxylic acid and R263, the
naphthyl group inserted deeply into the p2 pocket, and the phenoxy moiety occupied the

pl pocket.

O OH O._ _OH o)
o o't ;
| — © o

F

Formula 1 1 (Abet’[ W02007008627) 2 (Petros et a|)

Formula 1.1. MCL-1 inhibitors with lphenyl carboxylic acid as the coseaffold.

Figure 1.9. Co-crystal structure of compouriiwith MCL-1 (PDB: 40Q5).

In a second international patent application from Abbott Laboratories in 2008

(W02008130970), hundreds of compounds based oma@n3ubstituted indole scaffold
23



were disclosed as MCL inhibitors, represented by formula 2 and examg@lesd 4,
wherein the p2argeting naphthalene is attached through the N1 or C3 positions,
respectiveljl24]. In the formula, Lis broadly defined as a bond or alkylene, alkenylene
or alkynylene. A can be carboxylic acid, acid bioisosteres, or estéfsCB D!, EL, and

F! are broadly defined to be groups including but not limited to phenyl, heteroaryl,
cycloalkyl and alkyl etc. The Kg values for the disruption of MCGILL binding to a
fluorescein &dbeled NOXABH3 peptide were determined by an FPCA assay, ranging

from <0.03 uM to 10.138 puM.

NH
HOW/Q_Q O OH
N S
O

D1 C1 ©

E1 4 3
5 \2 L1-A1 —> o) (0}

F'76 N

" e 99 99

Formula 2 3 (W02008130970) 4 (W02008130970)

Formula 1.2. MCL-1 inhibitors with Znonsubstituted indole as the caeaffold.

In additional to the -honsubstituted indole scaffold, Abbott Laboratories followed up
with another international patent application (W02008131000) also filed in 2008,
wherein hundreds of compounds based orsabétituted indole scaffold weresdlosed;

the genus is described by formula 3 and examples include compbuemis6[125].
Compared t-pat édrt & shomsubstituteccitdoles wereported64], the
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claims of substitutions were also broadly defined on all positions, except introducing
functional groups on the 7 position of indole scaffold. The i@lues for disruption of

MCL-1 binding of this class of molecules have a range from less than 0.03 uM to 3.846

MM. No further biological activities were reported.

E'  pt
Fi
N | 1_p! =
G' N
Al C!
Formula 3

Cl I

ABT-737 7 (Tanaka et al)

Formula 1.3. MCL-1 inhibitors with Zsubstituted indole as the core scaffold.

Inspired by the selective inhibition of MGL by 7#nonsubstituted indole scaffold,
Tanaka and cavorkers from Takeda Pharweutical Company published a novel class of

dual MCL-1/BCL-xc inhibitors by merging a related pyrazolo[8}pyridine derivative
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of compound5 to the phenacylsulfonamide moiety of AEFB7 to construct a hybrid
scaffold, represented by compourdwhich inhbited MCL-1 and BCILxL with ICsg
values of 610 nM and 4.4 nM, respectiJéB). In Figure 1.1Q aco-crystal structure of
with MCL-1 (PDB ID: 3WIY) showed that the portion adopted from compduddove
the binding to MCL1, while the moiety from ABI737 was solvent exposed. In the case
of the cacrystal structure of with BCL-x. (PDB ID: 3WIZ), both of these components

of the molecule contributed to the binding.

Figure 1.10. Co-crystal structure of compound with MCL-1 (left, PDB: 3WIY) and

BCL-xL (right, PDB: 3WI12).

Another follow up research papé& the indole patent applications was published by
Bruncko and ceworkers of Abbvigs7]. By analysis of a carystal structure of a
derivative of5 with MCL-1, they further expanded the molecule from the 7 position on
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the indole core to yield compoun8sand9. In Figure 1.11, the cocrystal structure o8

bound to MCL1 showed that thé&l-acetylpiperazine moiety occupied the p3 and p4
pockets, while the naphthyl group inserted deeply into the p2 pocket. One of the
highlights of this work is that the effect of serum binding was taken into account in the
assay. Specifically, the MCL inhibition constanK; was determined under both serum
free conditions and in the presence of 10% human serum for a better understanding of
MCL-1 inhibition on a cellular level. In particular, compouhdas a very potent MGIL
inhibitor with Ki values of 0.43 Wl (no serum) and 6.0 nM (10% human serum). In@ole
was also selective against all the other-apbptotic BC-2 family proteins K; >0.66

puM for BCL-2, BCL-x,, BCL-w and Al) according to a FRRET assay, and
demonstrated no appreciable affinity to a pafekinases and GPCRs @§ECso > 10

pMM). Furthermore, compound exhibited cellular growth inhibition efficacy as a single
agent (EGo (BxPc¢3) =917.8 nM), as well as synergizing with ABB3 (EGo (BXPc3)

=19.2 nM). A more thorough biological study ain analogue of9 (the methyl
sulfonamide group was replaced with a MNMhethyl sulfonamide group) was also
published by Leverson and -emrkers that demonstrated its-target effect and ability

to trigger apoptosis at the cellular 1\€16]. However, differences of up to 206dld
betweenbiochemical affinities for MCLL and cell growth inhibitions were observed,
which the authors have attributed to extensive serum binding coupled with and the

zwitterionic nature of this molecule, that likely limited their cell penetration.
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Figure 1.11. Co-crystal structure of compour&iwith MCL-1.
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Formula 1.4. MCL-1 inhibitors with Zsubstitutedndole as the core scaffold.
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1.3.2 Vanderbilt University compounds

In a patent application (WO 2014047427) submitted by Vanderbilt University, Stephen

Fesik and colleagues disclosed hundreds of compounds as1Mlective inhibitors

based on three scaffolds:n@@furan, benzothiophene and indak7], wherein the latter

i s reminiscent of Abbottds applications sevVve
and benzothiophene cores, Fesik et al. claimed broadly using formula 4, where A

included carboxylic acid, esters, and acid bioisosteres including tetrazole, isothiazolinone,
thiadiazole and oxadiazole. In the case of the indoles, as depicted by formhb& 5,

claims were similar to formula 4, except,Avhere a carboxylic acid was not claimed, in
contrast to Abbottés cl ai mg[124, p28]sisstednl,l v t o [
hundreds of indoles with acylsulfonamide linkages at thpasition as a substitution for

the carboxylic acid were disclosed. They also clustered the-M{Dhibitors by theiKis

into groups withK; ranging from <100 nM to 50 uM, as determined by FPCA with an
FITCBAK peptide. I n terms of selectivity, t he
amongst MCLE1, BCL-2 and BClx.. One example is compourdd with K; (MCL-1) =

0.37 UM, K; (BCL-2) = 5.8 uM, andK; (BCL-x.) = 10 uM, showing more than i0ld

selectivity for MCL:1 over BCI-2 and BClLx.. Additional SAR studies were also

published by Friberg and ewmorkers for the same scaffolds revealing even more
impressive selectivitig20]. In Figure 1.12 the cocrystal structure (PDB ID: 4HW?2) of

the most potent compourd (K; (MCL-1) = 55 nM,K; (BCL-x.) >15 pM, K (BCL-2) =

0.87 uM) with MCL-1 showed that the carboxylic acid formed a salt bridge with R263,

while the 3,5dimethyt4-chlorophenol moiety occupied the p2 sudicket, which had

significantly opened up to accommodate this moiety relative to that in theBBiBin
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MCL-1 cocrystal structure (PDB ID: 2PQK)0]. The indole chlorine atom pointed into
a subpocket formed by A227, M231 and F270. Furthermore, Burke andockers
discovered another group of M€l selective inhibitors using the tricyclic indole scaffold
represented by compourdd®[75]. Unsurprisingly, the crystal structure (PDB ID: 4ZBI)
showed a similar binding mode compared to compalthdNo cytotoxicity data were
reported on these compounddthough a pull down assay using K562 cell lysate with

compoundl2 demonstrated its ability to bind cellular M€l

Recently, Pelz and eworkers showed that the bioisosteric replacement of the carboxylic
acid attached to their indoles in compounds sasgtil with an acyl sulfonamide function

and further decorations on thé Rosition generated more potent and selective MCL
inhibitors; examples include compounti3and14[74]. A co-crystal structuren Figure
1.12showed that the acylsulfonamide not only formed a polar ictierawith R263, but

also served as a synthetic handle to further extend the molecule into the p3 and p4
pockets using proper length of linkers. Also, adding aromatic groups to the C7 position
on the indole core, particularly the 3jnethylpyrazolyl moigy in compoundL4, further
increased the MCIl binding affinity to < 10 nM. Due to the fact that those molecules
possess acidic functional groups on a hydrophobic core, they were expected to have
significant serum bindif@28], which was confirmed by adding FBS in the FPCA assay.
Also, the Pampa assay revealed poor cell penetration, which was also expected owing to

the presence of two acidic groups in the molecules.

This class of inhibitors has also been evaluated for theataxicities in cell assays in the

patent application WO 2014047427. The cell killing effects were evaluated in two
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conditions: 10% fetal bovine serum and 1% fetal bovine serum in the cell culture. In the
case of 10% FBS, compoui@ showed IGo values 0fl7.9 pM (K562), 23.3 uM (NCI

929), 13.8 uM (MDAMB-468) and 16.9 pM (MDAMB-231) using CellTiteiGlo
Luminescent proliferation assay after 72 hours of treatment. While in the case 1% FBS,
compoundl3 showed lower I values for all the four cell lines: @ uM (K562), 5.1

MM (NCI-929), 11.2 uM (MDAMB-468), and 12.9 uM (MDAVIB-231). The difference
between 10% and 1% FBS experiments suggests that serum binding effect was likely

involved for the loss of cell growth inhibitory activities.
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Formula 1.5. MCL-1 inhibitors with benzofuran, benzothiophene and indole as core
scaffold.
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Figure 1.12. Co-crystal structure of compouril (top left, PDB: 4HW2), compouri®

(top right, PDB: 4ZBl), and compourid! (bottom, PDB: 5FDR) wittMCL-1.

In a subsequent patent application (WO 2015031608), Fesik and colle&ésplesed 135

compounds based on their previous patent application (WO 2014047427), shown in
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formula 6, and by representative examd&sind 16[129]. In formula 6, L is the linker
included but not limited to G& hydrocarbon chain, carbocyclylene and heteroatom rings
that connects the indole core td, Rvhich includes carboxylic acid, acylsulfonamide,
other carboxylic acid bioisosteres and more hydrogen bonding emidihe remainder

of the positions (£, R*") were broadly claimed by various functional groups. Compared
with their earlier patent application in 2014, the authors shifted the carboxylic acid onto
the nitrogen, via the linker il instead of the -position of the indole (here, B They
disclosed the Kvalues for the MCLL inhibitors ranged from <100 nM to 50 uM. The
MCL-1 selectivity over other BGR proteins including BC2 and BClx. was also
presented. For example, compout® exhibited K values of 7nM (MCL-1), 7.1 uM
(BCL-2) and 7.9 uM (BCkxL), demonstrating three orders of magnitude selectivity for
MCL-1. Cell viability data were also reported by determining thepBCcompounds on
different human tumor cell lines in 10% and 1% FBS culture enwiemits. With 10%
serum, compound6 exhibited EGo values of 17.1 uM (K562) and 16.2 uM (M%-11);
when 1% serum was presented, compol@thhibited cells with an E& (MV-4-11) of

2.8 UM

34



(@) H N—N
N O
//>/ \S/// // HCOOH
1
(0]
N N
R7 L1—R1 / /
i
RO N ) — Cl
R
R® /
R4 L2~R3 o) o
Formula 6 /‘ §
Cl Cl
15 (W0O2015031608) 16 (W02015031608)

Formula 1.6. MCL-1 inhibitors with indole as core scaffold.

Further modification on the indole scaffold was disclosed in another patent publication
applied for by Vanderbilt University (WO 2015148854), in which Fesik and colleagues
disclosed 375 compounds based on indole scaffold (formula 6), represented by example
compound17[130]. In this application, the compounds library hawe Kis for MCL-1
ranging from <50 nM to 50 uM. They also revealed the MIC&electivity over BCkx,

and BCL:-2 for some representative compounds. For example, compbrrichd K
(MCL-1) <7 nM, K (BCL-x.) = 8.89 pM, and K (BCL-2) = 1.9 puM, again
demonstratig selectivities of up to three orders of magnitude. They reported theflC
selected compounds on several human tumor cell lines with 10% fetal bovine serum. For

compoundl?, the 1Go (ALMC-1)

12 pM, I1Go (ALMC-2) = 20.8 pM, IGo (H929) =

6.3 UM, and IGo ( K56 2)

23.2 OM. They also showed
cellular caspase 3/7 activation in the MClsensitive cell line H929: for example, the

ECso (H929) of compound.7 was 2.3 pM. Therefore, these selective MClinhibitors
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were proposed to suppress human cancer cell proliferation by triggering apoptosis via

caspase 3/7 activation.

Formula 6

Cl
17 (WO2015148854)

Formula 1.7. MCL-1 inhibitors with indole as core sdafd.

1.3.3 University of Michigan compounds

In a patent application published by Nikolovska and colleagues (W02013052943),
hundreds of compounds were disclosed based on a sulfondsigiroxynaphthalene
scaffold (formula 7) as selective MELinhibitor§131]. RY, R%, R®, m, n, X, Y, Z and ZZ
have been broadly claimed as any moiety that lead to -WGhhibitors. The lead
compound was discovered by HTS screening of a compound libragna@lague of their

lead compound is compourd®, with selective inhibition of MCLL, K; = 5.33 uM, over

the rest of BCE2 family members, such as B&t, BCL-x. and BCL-2 which were
inhibited more weakly with; values of 8.19 uM 23.83 pM and 32.99 uM, respeely.
HSQC NMR was performed to ascertain the binding mode of compa&8nevhich

suggested it binds to the BHinding groove of MCLL, wherein the carboxylic acid
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engaged in a salt bridge with R263, tabrédmophenyl group inserted into p2 pocket, the
naphthalenyl ring positioned in the p3 pocket, and the OH group was hydrogen bonding
to H224. To illustrate the functional mechanism of these inhibitors, extensive biological
studies were conducted. A biottreptavidin pulldown assay showed compouid
successfully disrupted the interaction between Biotin labeled NOXA and-M@La
cellular context. Furthermorel8 effectively inhibited the cell growth of pancreatic
cancer cell lines including BxR8 (ICso = 3.4 £ 0.4 pM) and Pant (ICso = 4.4 £ 1.3

MM), which exhibit high expressions of MEL protein. Additionally, the cell growth
inhibition was attributed to intrinsic apoptosis by examining the Annexin V and propium
iodide stains in flow cytometry, observing the disruption of MCand BAK/BAX using
immunoprecipitation, accompanied with BAX activation using a unique 6A7B&Xi
antibody that can specifically recognize activated BAX, and also the subsequent release
of cytochrome c, PARP cleavage and caspase 3 activation using a Western blot.
Knockdownof MCL-1 in BxPe3 annulled compound8 s or i gi nal acti vity
additional evidence that the cell growth inhibition resulted from Mdhhibition. In the
treatment of mice xenograft models bearing PC tumors, comptb8mdemonstrated
significant tunor shrinkage effects without damaging healthy tissues. Besides the
comprehensive studies of compout® more thorough SAR studies ort,AR%, and Z
groups of formula 7 were also reported as well as additional biological characterizations
in a published pap{69]. Additionally, it was found that formula 7 could be oxidized to
formula 8, which led to the discovery of another class of Mdhhibitors, represented

by compoundl9, whose ability to inhibit MCEL was confirmed by FPCAnd HSQC

NMR spectroscopy. The-ininonaphthalesil(4H)one motif of 19 is reminiscent of
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NAPQI, the Michael acceptor toxic metabolite from acetaminophen overdose, and so

there are safety concernghwinhibitors based on formulaand 8.
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Formula 1.8. MCL-1 inhibitors with sulfonamid&-hydroxynaphthalene as core scaffold

Another scaffold was disclosed by Nikolovska anednarkers in patent application WO

2013149124 including hundreds of compounds based on a nowglipétazinyl}4-
pyridinylmethyl}l-naphtho[1,2b]furan scaffold (formula 9) as selective M{Linhibitors,

as well as some comprehensive biological data for some of the representative compounds,

sud as compoun@0[132]. The groups R R® have been broadly claimed as any moiety

that can lead to MCLL inhibitors. The authors generated a binding model of compound
20using Schr°odingerés induced fit docking as
the model, they observed that compo@fditted into the BH3 binding groove of MGL,

with its pyridine ring inserted into the p2 pocket, naphthalene ring accommodated by the

p3 pocket, the phenol OH formedhgdrogen bond with H224, the oxygens of the ester
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group formed hydrogen bonds with R268d N260, and the-hethyl1-piperazinyl
group was exposed to solvent. They also revealed SAR studig's BA R® and R, with
compound20 one of the most potent MCL inhibitors of the series: K= 75 nM.
Besides the MCL1 potency data, the selecties of their molecules for MGIL over the
other four antiapoptotic BCL2 family proteins were described; in most cases, this
was >106fold. Furthermore, the authors conducted cell growth inhibition studies on
eight melanoma cell lines all of which expredshigh levels of MCLL. Their
representative compounds successfully inhibited cell growth widsiéhging from 1.66

to 22.44 uM. Their compounds also killed AML cell lines withsg@alues ranging from
3.98 to 15.98 puM, with reduced efficacy against ICheIl lines, indicating the utility of
their compounds as a potential treatment for AML. Finally, it was demonstrated that their
compounds inhibit cellular MCGl1, thereby activating the intrinsic apoptotic machinery,
and resulting in cell destruction thugh a BAX/BAK dependent mechanism revealing an

onrtarget mechanism of action.
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Formula 1.9. MCL-1 inhibitors with [(:piperazinyl}4-pyridinylmethyl}naphtho[1,2
b]furan ascore scaffold.
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Most recently, Nikolovska and colleagues revealed another class of selectivel MCL
inhibitors based on a pyrazolopyridine scaffold in the patent application WO
201515395[@.33]. They claimed broadly thatiR Rs can be any moiety that results in
MCL-1 binders. As with their earlier class of ibhors, their lead was discovered
through HTS, followed by docking and HSQC NMR to predict and confirm the binding,
as well as to provide guidance for future SAR studies.-Argstal structure revealed that
the R and R groups bound to the p2 pocket, &g when an OH, formed a salt bridge
with R263. The most potent compoudl had a K(MCL-1) = 130 nM, K (BCL-2) =

1.95 uM, and K (BCL-x) >5 pM. They also reported data from biological assays,
demonstrating that compourad can antagonize MCIL functions at the mitochondrial

level, and also kill the MCL1 dependent mice transgenic lymphoma cell linentyjc.
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Formula 1.10. MCL-1 inhibitors with pyrazolopyridine as coseaffold.
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1.3.4 Dana-Farber Cancer Institute|nc.

In two patent applications published by Walensky and coworkers (W02011094708 and
WO 2013142281), they disclosed hundreds of compounds as selectivel ih@ibitors
identified via high throughput FPCA screerib@4, 135] The compounds were
organized into 12 classes by their scaffolds. Two of the representative scaffolds are
shown in formulae 11, which is essentially the same as formula 8, and 12, with
compounds22 and 23 exhibiting 1Gso values of 14 nM and 1.2 yM, respeely. In the
cellular level, some of the compounds demonstrated efficacy against OPM2 cell line
growth as a single agent and in combination with TRAIL. However, there is a concern
that, given its similarity to the toxic metabolite NAPQI of acetaminopbeserdose
infamy, inhibitors based on formula 11 may exhibit general toxicity through functioning
as Michael acceptors. In particular, they selected comp@8nahose pyrogallol motif is
reminiscent of gossypol derivatijéd], as their lead compound (also known as MIM1)
and characterized it more fulliy86]. 2D HSQC NMR studies were conducted to
determine the binding area of MIMdn MCL-1 protein. It was also demonstrated that
MIM1 can rescue the sequestration of BAX from MCLfollowed by killing MCL:-1
dependent murine CML cells. Additionally, -eaiministration of MIM1 with ABF737
inhibited the growth of both MGi1 and BCLx. dependent cancer cells, indicating the

potential utility of MCL-1 inhibitors in future combination therapy development.
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Formula 1.11. MCL-1 inhibitors discovereth DanaFarber Cancer Institute through
HTS.

1.3.5 Eutropics Pharmaceuticaldnc.

Eutropics pharmaceutical inc. has disclosed a class of small molecules centered around
an &hydroxyquinoline scaffold as MGL inhibitors shown in formula 13 and 14 (WO
201212237Q1L37]. Without divulging any specific structural examples, they reported a
library of compounds Iés against MCLL ranging from 0.6 uM to 20 uM, and B£

values against lymphoid cell line (DHL), myeloid cell line KCI-H929) and mouse
leukemia cell line (MCLE1-1780) ranging from 1.0 uM to >25 pM. By comparing this
data with that from a BAX/BAK deficient cell line DHLO (EGo >25 uM), they
concluded that the cell growth inhibition resulted from activation of thangitr

apoptosis pathway, which was further supported by the observation of cytoahltosse
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from mitochondria. One example of this scaffold, compog4dICso (MCL-1) = 2.4

[1M), was identified from a HTS FPCA campaign and published by Richarcc@nd
workerg138]. To improve the drudike properties of this lead, the carboxylic acid and

chlorine were deleted, and an additional basic nitrogen was introduced to yield compound

25 as an MCL1 =lective inhibitor (1Go, MCL-1: 310 nM, IGo BCL-x.: > 40 puM).

Compound?5 exhibited cytotoxicities against multiple cancer cell lines witlk@&©f 0.3

to 25 uM via the intrinsic apoptosis pathway. The authors proposed that the different
sensitivities othe cell lines to compour2dbc oul d be expl ained by the

levels using a BH3 profiling assay.
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Formula 1.12. MCL-1 inhibitors with 8hydroxyquinoline asore scaffold.
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1.3.6 National University of Singapore

In a patent application published by National University of Singapore (WO 2010024783),
44 smalmolecule inhibitors of BCix. and MCL-1 based on pyridylrhodanine (formula
15) and diarylrhodanine (formula 1®&caffolds were disclosgiB9]. Most of their
inhibitors were dual BCIx.,/MCL-1 inhibitors, although a few MGIL selective
inhibitors were also reported; two examples are provided by comg@auikd (MCL-1) =
22 uM, K (BCL-xL) >150 puM), and?27 (Ki (MCL-1) =78 pM, K (BCL-xL) >>100 puM).
The authors also reported the cytotoxicity data of some compounds on multiple cancer
cell lines. Generally, their compounds in both classes showed 8F K562 cell line
ranging from 4 to 9 uM. However, these molecules rhuction, in part, as Michael
acceptors through the acroldype moiety, which may result in efarget effects.
o} <:>

S N CO,H
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Formula 16

Formula 1.13. MCL-1 inhibitors with pyridylrhodanine andliarylrhodanine as core
scaffolds.
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1.3.7 Les Laboratories Servier & Vernalis (R&D) Limited

In a patent application published by Les Laboratories Servier & Vernalis (R&D) Limited
(W02015097123), 871 smatholecules were disclosed as MLinhibitors based on a
thienopyrimidine scaffold shown in formula[140]. It was claimed that A can be groups
including linear or branched alkyl, alkenyl, alkynyl, alkoxy, OH, CN and halogen atoms.
R1 to Rs include H, halogen atoms, OH, CN, B@nd linear or branched alkyl, alkenyl,
alkynyl groups. Rincludes H, linear or branched alkyl group, aryl and heteroaryl group.
Ry can be linear or branched alkyl, alkenyl, alkynyl, halogen and CN groupsaR be

H or OH. The 1Go for MCL-1 inhibition was determined by FPCA with a range from 1.5
nM to > 10 OM. Ain ditro tytomdciies omtimei multipte anyetoida
H929 cell line were also reported using MTT assay witdy t@nging from 2 nM to 22.3

UM. For example, one of the most potent inhibitd8snhibited MCL-1 with an 1Go=

3.3 nM, and blocked cell growth with ans§®f 3 uM. The induction of apoptosis vivo

was confirmed in AMGL multiple myeloma xenografted mice model upon compounds
treatment by observing significant increase of PARP cleavage (> 100 folds) compared to
the control group. Importantly, regression in tumour volume was detected with a range
from -26 to -100%. Excitingly, Servier and Vernalis in 2015 have announced their
straegic collaboration with Novartis to push these MCLinhibitors into clinical

developmerji41].
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Formula 1.14. MCL-1 inhibitors with thienopyrimidine as core scaffold.

1.3.8 Amgen Inc.

Most recently, Amgen published a patent application (WO 2016033486) of-small
molecules targeting MCIl using a tetrahydronaphthalene scaffold shown lmia
18[142]. In the claims, b can be single/timansdouble bond, R is a halide!Ran be H,

Ci6 alkyl, or (CHCH:0).CHs. Also, R, R?A, R® can all be H or €s Alkyl groups.
Additionally, R** can be H, ¢ alkyl, Cs¢ cycloalkyl, or (CH)m-Css-cycloalkyl groups.

In the description, they have revealed 83 chemical structural examples, and thest of
have been biological evaluated for their 1) MClbinding affinity (IGg) against Bim
usingin vitro time-resolved fluorescence resonance energy transfeifHIRT) assay; 2)
ICs0 to disrupt MCL:-1/BAK in the cellular context using a split Luciferasesas in
human embryonic kidney 293 M cells; and 3}d@® kill human multiple myeloma cells
(OPM2) in a 10% FBS environment. It is noticeable that no selectivity studies 012 BCL
and BCL-x. have been reported in the application. In particular, comp@8Qrexhibited

ICs0 (MCL-1) = 0.25 nM in TRFRET assay, 165 (MCL-1) = 31.2 nM in the luciferase
assay,and l§g( OPM2) =259. 9 n M. Furthermore, compou

in vivo using an OPM2 xenograft mice model. The compounds demonstrated excellent
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dose dependent tumor regression effects on a a0yceurse. The compounds were
administered using different routes including IP and PO, and com@&.enen showed
stronger tumor shrinkage effect at 25 mg/kg compared to 1mg/kg Bortezomib
administrationImportantly, one of their MCL1 inhibitors with code number AMG 176

is currently being investigated in a Phase | clinical trial (NCT02675452) for relapse and
refractory multiple myeloma. To the best of our knowledge, this is the first-small

molecule MCI:1 inhibitor that has entered into clinical development.
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Formula 18 29 (WO 2016033486)
Formula 1.15. MCL-1 inhibitor with tetrahydronaphthalene scaffold.
1.4 Expert Opinion

Research and development in fledd of MCL-1 inhibition has been very active in the

past five years. Much knowledge and insight have been gained to refine our
understanding of this attractive oncology target. In the literature, HTS coupled with
structurebased drug design have beencdhif strategies to discover various scaffolds as

MCL-1 inhibitors, which has been directly driven by-agstal structures that have

recently emergefb7i 75, 143] n parti cul ar , pioneering work
Vanderbilt University has contributed tremendously to the understgnoli MCL-1

protein plasticity, inhibitor binding modes, and origins of inhibitor selectivities against
a7



other BCL-2 antiapoptotic proteins. Abbvie and Nikolovskao | e s k a 0 s | abor a
likewise provided additional biophysical evidence that points at skeatég accomplish

potent and selective inhibition of MCL Many of the more potent Mdl inhibitors,

which are still under early stage preclinical development, share several structural features.

For example, the scaffold is based on a rigid, hydrophabiargl core from which is

projected a carboxylic acid, or acid bioisostere, to interact with R263, and a hydrophobic

group that can bury itself deep into the p2 pocket. Sometimes, there will be an additional

group that points towards the p4 pocket corerted the core scaffold by a linker of an

appropriate length. Inhibitors carrying the above properties have consistently bound to

MCL-1 in similar conformations, as well as demonstrated decent selectivity against BCL

2 and BCl-x.. However, by sharing higtlegrees of structural similarity, many of them

will also likely face the same optimization challenges, such asldigharacteristics

and resistance to metabolism. In this regar-c
is not considered a sidiant concern given the BCGR selective inhibitor Venetoclax

(ABT-199), a drug that is certainly nano mp | i ant wi th Lipinskids r

FDA approval.

Most of those MCI:1 inhibitors have progressed to the cellular level with moderate cell
growth inhibition effects observed in multiple cell lif@8, 126, 127, 129, 130]Two
common factors attributed to the iadole cellular activities have been associated with
limited cell membrane penetration and heavy human serum bj6ding4] which
eventually led to a low exposure of the inhibitors. It is noteworthy that bolividand
Vanderbilt compounds exhibited much greater difference between biochemical binding

affinity and cell growth inhibition activity (> 100 fold) compared to Michigan
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compounds, which have almost no difference. This finding suggested that Michigan
compunds might have additional effirget effects contributing to its overall cell killing
capability, or perhaps this may be explained by the intramolecular cyclization of the
phenol hydroxyl and carboxylic acid to generate a neutral, morpeegitieable pralrug.

The data associated with the cell experiments with-Muihibitors also indicated that
using different cell lines that have different dependencies on-BGintiapoptotic

proteins will likely to yield norcomparable results.

Meanwhile, the most opent approval of the BCR selective inhibitor ABT199
(venetoclax) also strengthened our confidence in developing -Mdhhibitors
considering the similarities between their structures,-aaptotic functions, and
prevalence in human malignand@8]. Some lessons learned during the development of
ABT-199 can be applied to the M€lLinhibitorg54]. The clinical development of ABT

199 showed limited response as a single agent in many[X23e444] which led to
trials of combination terapy wherein venetoclax is combined with either chemo or
immunotherapjl45, 146] Therefore, design moleculesat can inhibit more than one
oncoprotein can be an interesting strategy to generate new chemical entities. Compared
to a cocktail of multiple agents, a single drug with a polypharmacological profile can
potentially achieve a similar efficacy as two drugst with lower toxicity. Also,
considering BH3 profiling has provided useful guidance in the selection of cell lines
which were sensitive to BGR antiapoptotic protein antagonism as well as in prediction
of pati ent s 0-2inkiktgdddvidsD], a booadd Gdreening using MQL

inhibitors against a greater variety of cancer ¢etd and also primary cancer cells can
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possibly generate additional information of biomarkers to identify responders in clinical

trials, and accelerate the progression of personalize mddisije

Most recently, two patent applications by Servier and Amgen have emerged that have
dramatically advanced the preclinical development of MCLinhibitors by
demonstrating efficacious1 vivo tumor growth inhibition data. In fact, Servier and
Novartis have partnered in order to push their MCinhibitors into clinical trials, and
Amgen has just started their fiisthuman trials targeting relapsed/refractory multiple
myeloma patients. Thefiormation gathered from these clinical studies will be extremely
useful to provide insight for the therapeutic benefits, as well as potential side effects

associated with MCL1 inhibition in man.

Finally, with all the efforts and resources that have lpgnnto the research for MGL
inhibition as a new approach targeting human cancers, we are getting closer to achieve
significant breakthroughs in the discovery and development of a new class of targeted
anti-cancer agents. We will need to wait for thimichl trials results and see if MCL
inhibition in vivo can be further translated into therapeutic window, patient response and
disease remission. Hopefully in the near future, an MGhhibitor will have advanced

to a drug i n t h durthehagnsniore patiemtd is theafighs againaticandero

Acknowledgement Repr od uChendL, f raoimd F | e t-tihhibitors:aS A MCL

pat ent ExpervQpia.Wwheo PaR016 Nov 17: 116.
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Chapter 2 Structure-Based Design of arboxy-Substituted 1,2,3,4
Tetrahydroquinolines as Inhibitors of Myeloid Cell Leukemia-1 (MCL -
1)

2.1 Design andSynthesis of 3CarboxySubstituted 1,2,3/4

Tetrahydroquinolines asMCL-1 Inhibitors

Fesik recently described the fragméiatsed design of poteMCL-1 inhibitors based on
indoles, benzahiophenes and benzofurfi@, 75] In each case, a carboxylic acid is
presented from the-gosition, which engages R263 in a salt bridge, whilst various
phenoxyalkyl groups tethered to thep@sition probe deeply into the p2 pocket. To
enhance the diversity dfICL-1 inhibitor chemotypes further, we speculated that a
similarly functionalized THQ might also blockICL-1 6 s p praiein enteractios

(PPB) with the BH3 domain of its partner pepoptoticBCL-2 proteins. Specifically, a
carboxylic acid projected from the THQ ring, and substitutions off the ring nitrogen atom
are predicted to achieve interactions with R263 and the p2 pocket, respectively. Since the
nitrogen may be readily functionzéd by alkylation, sulfonylation and acylation, this

provides a safer androader avenue for diversificatiooompared to the recently

described BuLi/alkylation stépO].

Transposing the-ghloro-3,5-dimethylphenyl moiety and-2 ar boxyl i ¢ aci d fro
compoundl onto a THQ scaffold thus generated novel compou2dRigure 2.1). The

reason for the use of astibstituteephenylsulfonyl moiety to tether the THQ scaffold to

the 4chloro-3,5dimethylphenyl group was simply for ease of synthesis. It is known that

the hydrophobic crevice on the surfaceMEL-1 is somewhat plasf{i¢0]. For example,
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a crystal structure (PDB ID: 4HW3) reveals the p2 pocket substantially opens up in the
presence ofl relative to that in the crystal structure MCL-1 binding a native BH3
peptide (PDB ID: 4HW4). Thus, we performed GOLD docking solutions of$he
enantiomer of with MCL-1 extracted from three different PDB files (4HW3, 4HW2 and
3WIX). Excellent shape complementarity®® with MCL-1 in 3WIX was observednd

a low energy docked solution is givenkigure 2.2. The carboxylate anion is predicted

to form a salt bridge with R263 and a hydrogen bond to T266 (black dashed lines in
Figure 2.2). The 4chloro-3,5dimethylphenyl moiety is buried deep in the p2 lgc
interacting with residues that include M250, V253 and F270. The benzene ring of the
THQ scaffold possisilaxkemgagved hi rH22 4, and
Interestingly, the docking experiments with tHe-enantiomer of 2 generated

unreasonable results, indicating that the chiral centPentdy have an impact on binding

affinity.
Fesik's work This work
o)
< S HO
\
HO N
O\ l
>S
—> 0” \@\
@) (@]
Cl Cl
1 +-2

Figure 2.1. The development of a new chemotype to inM&it.-1[70].

52



T266
H224

R263

F228
A227

V253
M250

F270

M231

L290

V249 \L235

Figure 2.2. A highscoring GOLD docked solution ofZSusingMCL-1 extracted from
PDB ID: 3WIX. The binding sitevas defined as 10 A about Met231. Image rendered

using PyMOL.

As depicted inScheme2.1, quinoline3-carboxylic acid3 was esterified with thionyl
chloride in methanol to yield estdr Reduction of the pyridine ring @f with pyridine
borane complex inlgcial acetic acid then delivered racemic TH@hose methyl ester
was saponified to yield-6. Alternatively, sulfonylation of £ furnished compounds-%,
which were also saponified with lithium hydroxide to afford theaBboxy target
compounds #8. Futther elaboration of the phenylsulfonyl group in7e& was
accomplished by ann®r reaction with 4chloro-3,5-dimethylphenol followed by ester

hydrolysis to afford compound -2 as shown inScheme 2. In addition, the
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phenylsulfonyl moiety in 22 was replaced with a more flexible propylene group through

a reductive aminatiosaponification sequence to yielellt.

0 o) 0
~ R!
HO X a o) | X b ~0
B — e B —

B )

N N N

H
3 4

+-5 (R" = Me)
o[ ie R'=H)

(o] (0]

N N
[ON! O.!
>S. >S.
o~ O/SR

+-7a: R2 = Ph +-8a: R? = Ph
+-7b: R? = 4-Br-Ph +-8b: R? = 4-Br-Ph
+-7¢: R? = 4-F-Ph +-8¢c: R? = 4-F-Ph
+-7d: R? = 4-Ph-Ph +-8d: R? = 4-Ph-Ph
+-7e: R? = 2-Np +-8e: R = 2-Np

Scheme2.1. (a) SOC}, MeOH, 0 °C to reflux, overnightb) Pyi BHs, AcOH, RT,
overnight; (C)R’SQ:CI, DIPEA, cat. DMAP, CHCl, reflux, overnight; (d) LiOMH-O,

THF MeOHi H20, 3:1:1, RT, overnight.
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+10(R1 Me)
—»+11(R1 H)

Scheme 2.2. (a) 4Chloro-3,5dimethylphenol, KCOs, DMF, 100 °C, 48 h; (b)
LIOHIH.0, THH MeOHI HO, 3:1:1, RT, overnight; (c) -éhloro3,5

dimethylphenoxypropaldehyde, NaBH(OACPCE, 35 °C, overnight.

2.2 Biological Evaluation of3-CarboxySubstituted 1,2,3;4

Tetrahydroquinolines as Inhibitors

The target molecules were assayed for their abilities to disrup¥i@le-1i BAK-BH3
PPkin a fluorescence polarization competition (FPC) assayMiEih -17#3?" and FITG
labeledBAK-BH3 peptide. Further details on the FB§say can be found in tsection
2.4. As expected, unsubstituted racerj2,3,4tetrahydroquinoline3-carboxylic acid £-
6) did not show any inhibitory effeck(> 500uM) likely due to an inability to reach into
the p2 pocket. Substitution of the THQtragen with a phenylsulfonyl groupt<{8)

resulted in the discovery of a weak inhibitorMCL-1 (K; = 193 uM), whose activity
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was further enhanced by the addition of a bulky, hydrophobic bromine atom parthe
position of the phenyl ring=8b: Ki = 117 uM). However, there appears to be a
geometrical constraint on the nature of gaga hydrophobic group, since a phenyl ring
here was not tolerated+g8d: K; > 500 uM). On the other hand, arzaphthylsulfonyl
group (-8e) afforded a twefold increag in affinity toMCL-1 over£-8b indicating that
large groups can be accommodated in the pocket binding the sulfonyl substituent.
Gratifyingly, theoriginally designed molecule2texhibited the most potent binding of
the series with &; of 120 nM. We surnse this dramatic improvement in binding affinity

is due to efficient and deep occupation of the p2 pocket by tohlodo3,5
dimethylphenyl moiety that is facilitated by the ether oxygen providing increased
structural flexibility not available to bipheh¥-8d. A similarly impressive enhancement

in theKjvalue of about three orders of magnitude (frof@a to +-2) has been reported
elsewherfr0]. Compound #11, which is analogous td as they carry the same propyl
linker that tethers the acitbntaining core to the-dhloro-3,5-dimethylphenyl moiety,
was a weaker inhibitor than-2 by over an order of magnitude, demonstrating the
positive contribution made byhé phenylsulfonyl group likely achieving favourable
interactions at the top of the p2 pocket. Finally, the methyl este2pf.e. compound <+

9, had no appreciable affinity #ddCL-1 indicating the significance of the carboxylic acid,

which presumably bils R263 as proposed.
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R
:m
N

R2

Compd R! R2 K; (uM) Compd R! R2 K; (M)

>500

193 + 24 >500

H
S
+-8b -H 0” \@\ 117 £ 19

Ou.
/é\
cl
o
sl 42 -y \©\ 0.120 + 0.053
fel
, cl

s
8¢ i o \@\ 176 + 115
F

o~
+-8d --H I >500
, 777 £ 1.39
O‘\S‘ +11 H (0]
o”
+-8e - H O 59.0 + 6.0
9 !

Table 2.1. Fluorescence polarization competition assh$-CarboxySubstituted 1,2,3;4
Tetrahydroquinolinesinaloguesvith MCL-117232" and FITGlabeledBAK -BH3 peptide
( A FIBAKD ) .50 d&taC which refers to the concentration of inhibitor that results in
50% displacement of FITBAK from MCL-1, were converted to iKalues usinghe

NikolovskaColeska equatid69].
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Figure 2.3.1H-"N HSQC spectra overlay of afpdCL-1 (black) and #2-boundMCL-1

(red). Purified protein was concentrated to 9uMl in buffer containing 20 mM HEPES,

pH 6.8, 50 mM NaCl, 0.34 mM NgN3 mMDTT, 5% DMSO. Concentrated2was
added in excess to a final protein:ligand ratio of 1:1.1. NMR datasets were acquired with
200 indirect points and 32 scans at 299K on a Bruker Avance 800 MHz spectrometer
equipped with a-gradient cryogenic probe. Dataenre processed using NMRPipe and

analyzed with CCPN52, 153]

Confirmation of the direct binding of-2 to MCL-1 was afforded by heteronuclear NMR
studies. 2D'*H-1°"N HSQC spectra oMCL-1 were collected in the absence (black) and

presence (red) of-2 (Figure 2.3). An overlay of the two spectra revealed significant
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chemical shift changes and negligible peak broadening, characteristics of a fast exchange

regime, and condisnt with the nanomolar affinity observed in the FPC assay.

Chemical shift perturbations were calculated for each amino acid and the resonance
variation was mapped onto tiheCL-1 crystal structure, 3WIX ifrigure 2.4. Residues
that experienced significachemical shifts in the presence eRiare shown in red and
cluster around the p2 pocket, in support of the docking model presented above. More
particularly, considerable shifts were observed among residues predicted to bind the
carboxylate anion (R263 drT266) and4-chloro-3,5-dimethylphenyl moiety (M250 and
F270). On the other hand, the NMR data argues against a model in which H244

participates iri -~ ring stacking with the benzene ring of the THQ.
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R263

V253

M250

L290
V249

Figure 2.4. NMR chemical shift perturbations of tiMCL-1/+-2 complex mapped onto
MCL-1 crystal coordinates (PDB ID: 3WIX) in PyM@154]. Residues experiencing
chemical shifts of at least 0.3 ppm are shaded red. ComBideahd >N resonance

variations were calculated using the following equationwrn) 1) &

W] wl J with spectral dimensions normalized by the a 0" scalirg

factor,| (0.17]155].

We next investigated the activity of our most potent inhibitéd an the viability of
human A375 melanoma cells that demonstrate incdeaespression oMCL-1[156]. A
modest GJo of 50 uM for £-2 was observedT@ble 22), which is more than two orders

of magnitude less potent than tinevitro FP data. We reasoned this might be due to the
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ionized carboxylic acid that impedes cp#netration. Thus, we prepared acetoxymethyl

ester 12 (R® =CH,OCOCH;) as a neutrgirodrugs of #2 in Figure 2.5

+-12: R® = OCH,0COMe

Cl
Figure 2.5. Acetoxymethysterprodrugs of +2.

Like methyl estet-9, £-12 was inactive inthe FPC assay Kk 500 ¢ M) withconsi st e
the requirement of the carboxylic acid function to engagé3. Surprisingly, however,

the highly labile ester-t2 didnot yield a more potent cellular agent suggestirag the

charged carboxylic acid af-2 might not be a limiting factor ithe translation oin vitro

to cellular activity. Whilst this workwas in progress, Leverson et al. described an

especially potenMCL-1 inhibitor (A-1210477: K= 0.454 nM) and statl thatsuch

exquisite potencies (stimnomolar)in vitro are requiredto ensure ottarget cellular

activity[126]. Therefore, the tripkeligit nanomolar inhibitor described herein is not

expected taachieve unequivocal etarget effects in cells, and further analysiscells

should be reseed until the discovery of mogotent inhibitors.

61



Compd K; (mv)a Glgg (MM)P

N-2 0.120 N 0.053 50

K12 >500 73

Table 2.2. Biological activity of select compoundsln vitro activity determined as
described inTable 2.1. ®Viability of A375 cells as determined by @ellTiter-Blue®

assay.

In conclusion, a new chemotype to inhiMCL-1 has been discovered based on a THQ
core. Our most potent inhibitorZhas & of 120 nM. The direct interaction ofZwith

MCL-1 was confirmed with 2BH-"N HSQC NMR data. Unlikehe binding modes of

the BH3 peptides wittViCL-1 in which all four hydrophobic pockets are bound, GOLD
docking studies indicated that, whilst2tinteracts with the p2 pocket, no significant
interactions with the p3 or p4 pockets were observed, which was largely substantiated by
the HSQC NMR data. Thus, future analogues-@fwtill focus on targeting the p3 and p4
pockets in addition to further elguation of the p2 pocket. Furthermore, docking studies
suggested that th®enantiomer is likely a stronger binder thanRtsounterpart, and so

both enantiomers of-2 will be synthesized and evaluated to interrogate the impact of the

chiral centre.
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2.3 Design,Synthesisand Biological Evaluationof 6-CarboxySubstituted

1,2,3,4Tetrahydroquinolines as MCLL inhibitors

One limitationof the 3-carboxysubstitued 1,2,3,4etrahydroquinoline (IHQ) scaffold

is that it contains a chiral centre, which resuitshe apparent binding affinity beirtge
average binding affinities of both enantiomers. Therefore, we proposed replacing the 3
THQ scaffold with a &carboxysubstitued 1,2,3,4etrahydroquinoline (@HQ) scaffold

to eliminate the chiral centshown n Figure 2.6, while still maintaining high degree of
structural similarity, hopinghatthe 6-THQ analoguessuch asX3) will bind to MCL-1

with similar binding affinities compared to theTHQ analogues.

3-THQ 6-THQ
0 0
0 o

Cl Cl

Figure 2.6. The development d-carboxysubstitued 1,2,3,4etrahydroquinoline (6

THQ) from3-carboxysubstitued 1,2,3,4etrahydroquinoline (STHQ).
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The GOLD docking results of-BHQ compound £-2) and 6THQ conpound (3) is
compared inFigure 2.7. Both compounds occupy the p2 pocket of MCIlin a similar
conformation. The key interactions were observed in both cases, such as the salt bridge
between carboxylic acid and R263, and the hydrophobic interachetwseen 3,5
dimethyt4-chlorophenoxy group and the hydrophobic residues in the deep portion of p2
pocket. However, @HQ compound 13) is not predicted to engage T266 due to the
different orientation of its tetrahydroquinoline ring compared-idH8) compaind &-2),

which might compromise its binding affinity.

Figure 2.7.Comparison of the GOLD docking results of (aJl3Q compound-2) and
(b) 6THQ compound13) bound to MCL1. The MCI-1 protein is shownni grey helical
structure with key residues in p2 pocket shown in sticks (carbon: gray; nitrogen: blue;

oxygen: red; sulfer: yellow). Cormopnd (£-2) and (L3) are shown in stick stucture
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(carbon: gold; nitrogen: blue; oxygen: red; sulfer: yellgvehlorine: greer). Hydrogen

bonds are shown in black dashed lines

The synthetic preparation method offBIQ analogues is described $theme 2.3and
2.4. Quinoline-6-carboxylic acid(14) was esterified with thionyl chloride in methanol to
yield ester(15). Reductionof the pyridine ring o{15) with pyridineborane complex in
glacial aetic acid then delivered-BHQ (16)[157]. Sulfonylation of (16) with various
sulfonyl chlorides furnished compoundg17a-g), which were then saponified with
lithium hydroxide to afford thé&-carboxy target compound&8a-g). Further elaboration
of the phenylsulfonyl group ir{17c) was accomplished by ann&r reaction with
different phenos/thiols followed by ester hydrolys to afford compoursl(18h-k), as
shown inScheme 2. It is worth to mention that then8r reaction went spot to spot
without transesterificatiorin addition,the phenylsulfonyl moiety i(13) can bereplaced
with a more flexible propylene group through a reductive aminaagonification

sequencetoyiell8)a ki n t o t he | i-hikhibitorg0ln Fesi kds

o) 0 0
HO N a ~o N b ~o
_— _—
— —
N N N
H
14 15 16
0 0
N N
O4) [ON
N Ss.
g 0"7R

17a-g 18a-g
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Scheme2.3. (a) SOC}, MeOH, 0 °C to reflux, overnigh®8% (b) Pyii BHs, AcCOH, RT,
overnight 56% (c) RSOQCI, DIPEA, cat. DMAP, CHCI», reflux, overnight 35-98% (d)

LIOHH20, THH MeOHi H20, 3:1:1, RT, overnigh©1-90%

17e - 17h-k (R = Me)
— 18h-k (R" = H)

H
16 \
171 (R = Me)
b E»18|(R1=H) /@\

Cl
Scheme2.4. (a) R-OH, K>CGOs, DMF, 100 °C, 48 h17-86% (b) LiIOHYH20, THH
MeOHi H-0, 3:1:1, RT, overnight  86:95% (c) 4-chloro-3,5

dimethylphenoxypropaldehyde, NaBH(OACPCE, 35 °C, overnigh®7%

The 6THQ analogus were assayed for their abilitige inhibit MCL-1 using a
fluorescence polarization competition (FPC) assay with the same conditidhef8¢
THQ analogus. Their binding affinitiesarereported inTable 2.3 Similar to the results
for 3-THQs inTable 2.1 the phenylsulfonyl analogué&a) is a weak binder, probably
due to its inability to reach into the deep portion of MClIp2 pocket. Addition of

hydrophdic halides such as fluorindé&) and bulky brominel@8b) in the para postion
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of the phenyl ring rendenmioderate bindergpossiblybenefits fromforming additional
hydrophobic interactions with the p2 pocket. Interestinglypdr@biphenyl derivativas
well tolerated {8d: Ki =124 uM) compared to theorrespondin@-THQ derivative £-

8d: K; >500 puM), perhaps due to the adjustment of nitrogen position on the THQ ring
which facilitates the molecule into a more favourable conformation to fit into the p2
pocket. Large and rigid hydrophobic group such-asghthylsulfonyl groupl8e) is still
well accommodated in the pocket. HoweverguBnoline derivative 18f) is not
compatible with thdinding pocket, suggesting that teither thegeometric shapandbr

the polar lone paiof electrons of the basidatrogen atom mayliscouragebindingin the
hydrophobic p2 pocketConverting the basic nitrogen into a Awesic aniline 18g)
restoreghe potency partially froml@f), indicating that the p2 pocket is sensitive to polar
functional groups, and only hydrophobic moieties willdoenpatible Further extenishg

the R group with various argroups through a flexible O/S linker yielded a panel of
strong inhibitors 18h-k). Installing additionalhydrophobicity to the phenoxyng was
favourable as evidenceby the increased binding affinity fro@8h) to (17k). Themost
potent compound in th@ THQ class is 13), which also contains the ¥&,5dimethyl4-
chloro phenoxygroup that renderthe most potent compound in thel'BIQ class £-2).
However, the potency ofl8) is 22fold weaker than that ott€2), possibly due to the
THQ ring orientation change shownkigure 2.7 which prevents the-8HQ carboxylic
acid to engage T26€&ompound 18I), whereinthe sulfonamide linkeis substitutedvith

a propyl linker, is a weak binder with; k=494 uM, demonstrating the positive

contribution from the sulfonamide linker in tMCL-1 binding.
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Compd R K; (uM) Compd R K; (LM)

|
>200 S

o//
281 + 3.9
18h o
o
oS 108 + 18 o
18b N
Br O/’S\©\
o 308 + 17.6
\ )
O 18i
ss 261 + 69
o +
F
\
‘
\ s
gié 0 \©\ 104 + 23
i o

18]
18d e 124 + 76 !

18a

|
05 os
o//
18e 55.7 + 6.2 \©\s 468 + 044
18k
o]
o
o° N
18f >200 oS
N\ 273 + 0.31

|
<
o°
146 + 120 !
18g
’T‘/ 494 = 30

B

Table 2.3. Fluorescence polarization competition aseag-carboxysubstituted 1,2,3;4

tetrahydroquinolinesinaloguesvith MCL-1172327 and FITGlabeledBAK-BH3 peptide
( A FiBAKD ) .so d&taC which refers to the concentration of inhibitor that results in
50% displacement of FITBAK from MCL-1, were converted to iKalues usinghe

NikolovskaColeska equatid69].
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With the comprehensive structuaetivity relationship established for the-THQ
scaffold, it is then subject to further optimization in the next chapter, focusing on
unlocking the nitrogen atom from the THQ ring to provide a new decoration point, which

can be easily doubly functionalized to prdabe property of p2 pocket more in detalil.

69



2.4 Characterization and General Procedures &CarboxySubstituted 1,2,3;4
Tetrahydroquinolinesand 6 CarboxySubstituted 1,2,3 A etrahydroquinolines

asMCL-1 Inhibitors

2.4.1 Chemistry

All reactions were performed iovendried glassware under and inertaMitmosphere,
unless otherwise stated. Anhydrous solvents were used as supplied without further
purification. *H and *C NMR spectra were recorded on a Varian 400 MHz NMR
spectrometer at 25 °C. Chemical shifts aoreed in parts per million (ppm) and are
referenced to residual nateuterated solvent peak (CHCIh 1. 28&7,7 .02 ; DMSO:
2 . 5®39.5).0Mass spectra were recorded on a Bruker AmaZon X mass spectrometer
using atmospheric pressure chemical ionizat{@#Cl). All final molecules were
confirmed to be >90% pure by HPLC prior to biological testing using a Waters 1525
analytical/preparative HPLC equipped with a Atlantis T3 C18 reversed phase column
according to one of the following gradients: (1) 50% saiv@) to 100% solvent (B)

over 22 min at 1 ml mity (2) 100% solvent (A) to 100% solvent (B) over 22min at 1 ml
mint; or (3) 100% solvent (B) isocratic over 22min at 1 ml fiwhere solvent (A) is

H20 with 0.1% TFA and solvent (B) is GAN-H20, 9:1 wih 0.1% TFA.

General procedure A: Sulfonamide synthesis.Compound #5 was dissolved in
anhydrous chloroform (0.1 M), followed by adding corresponding sulfonyl chloride (2
eq), DIPEA (2.5 eq), DMAP (0.1 eq). Reaction was refluxed overnight under N
atmosphere. TLC indicated the reaction was complete. The volatiles were evaporated and

the residual was reconstituted in EtOAc and washed with 1M HCI. The organic layer was
70
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collected and dried over MNaQu, filtered, concentrated and purified by flash cotu
chromatography over silica gel using an eluent of Hex/EtOAc 3:1 to give compounds *

Tae.

General procedure B: Ester hydrolysis.Compound #/ae, +-5, £-9 or +-10 was
dissolved in a mixed solvent of THF/MeOH®I 3:1:1 (0.1 M). LIOMH20 (5 eq) was
addedto the reaction, which was then stirred overnight at room temperature. TLC
indicated the reaction was complete. The volatiles were evaporated, and the residue was
partitioned between ED and 1M NaOH. The aqueous layer was collected and acidified
with 1M HCI, then partitioned with C¥Cl>. The CHCI, layer was collected, dried over

NaSQq, filtered, and concentrated to yield producilate, +-6, £-2 or +-11.

NS
N

Methyl quinoline3-carboxylate(4). Quinoline3-carboxylic acid3 (2.50 g, 14.4 mmol, 1

eq) was suspended in MeOH (72 mL), and SQZ09 mL, 28.8 mmol, 2 eq) was added
slowly at 0 °C. The reaction was then heated at a gentle reflux overnight. TLC indicated
the reaction was complete. The volatiles were evaporatechamdgidue was partitioned
between DCM and saturated NaH&s0lution. The organic layer was collected and dried
over NaSQ, filtered and concentrated to yield compouhds a yellow solid (2.64 g,
98%):'H NMR (CDCk, 400 MHz) U 9. 46s, AN1820 (14, dJ=Ar ) ,

8.8 Hz, Ar), 7.95 (1H, d,J = 8.8 Hz, Ar), 7.85 (1H, t,J = 8.0 Hz, Ar), 7.64 (1H, tJ =
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7.2 Hz, Ar), 402 (3H,s,Ch); ®*CNMR (CDCs, 100 MHz) U 160.9, 1:

133.9, 127.0, 124.6, 124.3, 122.6, 121.9, 118.1, 47.7.

0]
\O)K(D
N
H

+-Methyl 1,2,3,4etrahydroquinoline3-carboxylate (x-5). Boranepyridine complex

(8M; 3.50 mL, 27.6 mmol, 2 eq) was added to a solutich(8f58 g, 13.8 mmol, 1 eq) in

glacial acetic acid (100 mL), and the reaction w@sed at room temperature overnight.

TLC indicated the reaction was complete. The reaction mixture was concentrated to

dryness, and then partitioned between EtOAc and saturated Nabi@@ion. The

organic layer was collected and dried ovepda, filtered, concentrated and purified by

flash column chromatography over silica gel using an eluent of Hex:EtOAc 1:1 to give

compound 35 as a pale solid (2.32 g, 88%H NMR (CDCE, 400 MHE98 U 7. 02

(2H, m, Ar), 6.66 (1H, tJ = 7.2 Hz, Ar), 6.53 (1H d,J = 8.0 Hz, Ar), 3.97 (1H, s, NH),

3.74 (3H, s, Ch), 3.583.54 (1H, m, ®.CHsN), 3.393.34 (1H, m, CHCHbN), 3.03

3.01 (2H, m, CH and B.CHyCH), 2.962.92 (1H, m, CHCH,CH); 3C NMR (CDC,

100 MHz) 40 169. 5, 139. 1, ,41.2 38.8833.6,2402 . 4, 114. 7
o]

e

N
H

+-1,2,3,4Tetrahydroquinoline3-carboxylic acid(x-6). Compound 25 was saponified on

a scale of 0.32 mmol according to general procedure D to yield compebiagd a light
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brown solid (25 mg, 43%)*H NMR (DMSOds, 400 MHz) U 12.36 (1H,
6.856.78 (2H, m, Ar), 6.456.37 (2H, m, Ar), 5.69 (1H, s, NH), 3.3832 (1H, m,

CHaCHuNH), 3.12 (1H, m, CHCHbNH), 2.782.66 (3H, m, CH and B,CHCH:NH); °C

NMR (CDCl, 100 1M3d7z129.8)127.4,119.7,118.2,114.8, 43.5, 38.4, 20:5; t

1.3 min (92.8%).

+-Methyl E(phenylsulfonyhl,2,3,4tetrahydroquinoline3-carboxylate (x-74).

Compound #5 was coupled to benzenesulfonyl chloride accaydjeneral procedure A

on a scale of 0.79 mmol to yield compounda&as a light yellow solid (242 mg, 93%):

'HNMR (CDCk, 400 MHz) J=8D HZA), 762 @H, dX=7.6 Hz, Ar),

7.54 (1H, tJ = 7.2 Hz, Ar), 7.42 (2H, tJ = 7.6 Hz, Ar), 7.21 (1H, tJ = 7.6 Hz, Ar),

7.10 (1H, tJ = 6.8 Hz, Ar), 7.04 (1H, dJ = 7.2 Hz, Ar), 4.47-4.42 (1H, m, G.CHuN),

3.69 (3H, s, ChH), 3.523.45 (1H, m, CHCHbN), 2.68 (2H, m, CH and E«CHwCH),

2.562.51 (1H, m, CHCH,CH); '%C NMR (CDCk, 1000 VHz) U4 167.9, 134.5

128.3, 124.5, 124.4, 123.8, 122.2, 122.1, 120.7, 120.0, 47.5, 42.6, 32.9, 24.4.
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Br

t+-Methyl 1((4-bromophenyl)sulfony),2,3,4tetrahydroquinoline3-carboxylate(x-7b).
Compound #5 was coupled to 4bromobenzenesulfonyl chloride according to general
procedure A on a scale of 0.53 mmol to yield compouwth s a light brown solid (195
mg, 90%):'H NMR (CDCk, 400 MHz) Ii=75%.HZ Ar), .56 k2H, dd =

8.8 Hz, Ar), 748 (2H, d,J = 8.4 Hz, Ar), 7.22 (1H, tJ =7.2 Hz, Ar), 7.13 (1H, tJ =

6.8 Hz, Ar), 7.07 (1H, d,J = 7.6 Hz, Ar), 4.454.41 (1H, m, ®.CHN), 3.71 (3H, s,

CHs), 3.543.48 (1H, m, CHCHbN), 2.772.69 (2H, m, CH and B.CHyCH), 2.632.56

(1H, m, CHCH,CH); ®C NMR (CDCk, 100 MHz) & 167.8, 133.

123.9, 123.8, 123.4, 122.3, 121.0, 119.9, 47.5, 42.7, 33.2, 24 .4,

+-Methyl X((4-fluorophenyl)sulfonyhl,2,3,4tetrahydroquinoline3-carboxylate (x-70¢).
Compound #5 was coupled to dluorobenzenesulfonyl chloride according to general

procedure A on a scale of 1.05 mmol to yield compowia as a light yellow solid (307
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mg, 84%)H NMR (CDCk, 400 MHz) J=7BHz7A8), 762762 (2H] m,
Ar), 7.23 (1H, tJ = 7.2 Hz, Ar), 7.147.06 (4H, m, Ar), 4.451.41 (1H, m, GlCHuN),
3.543.47 (1H, m, CHCHbN), 2.752.64 (2H, m, CH and B.CH,CH), 2.602.53 (1H, m,
CH.CHiCH); ®*C NMR (CDCk, 100 MHz) U4 167.8, 161.8, 1509

124.9,12.5, 123.9, 122.3, 120.9, 120.1, 111.8, 111.6, 47.5, 42.6, 33.1, 24.4.

+-Methyl 1([1,1'-biphenyl}4-ylsulfonyl}1,2,3,4tetrahydroquinoline3-carboxylate (x-

7d). Compound 35 was coupled to -biphenylsulfonyl chloride according to general

procedure A on a scale of 0.52 mmol to yield compowTdl &s a pale solid (203 mg,

96%):'H NMR (CDCk, 400 MHz) {i=80HSA&r), .70 k2H, dd= 8.4

Hz, Ar), 7.64 (2H, dJ = 8.8 Hz, Ar), 7.58 ( 2H, dJ = 7.2 Hz, Ar), 7.487.39 (3H, m,

Ar), 7.24 (1H, tJ = 7.6 Hz, Ar), 7.13 (1H, tJ = 8.0 Hz, Ar), 7.07 (1H, dJ = 7.6 Hz,

Ar), 4.534.48 (1H, m, ®l.CHsN), 3.563.49 (1H, m, CHCHbN), 2.75 (2H, d,) = 8.4 Hz,

CH2CH), 2.672.62 (1H, m, CH)!3C NMR (CDC, 100 MHz) & 167.9, 1:
133.1, 131.3, 124.5, 124.3, 123.8, 122.9, 122.8, 122.5, 122.2, 120.8, 120.0, 47.5, 42.6,

33.1, 24.5.
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t+-Methyl I (naphthaler2-ylsulfonyl}1,2,3,4tetrahydroquinoline3-carboxylate (x-7¢€).

Compound #5 was coupled to -haphthylsulfonyl chloride according to general
procedure A on a scale of 0.54 mmol to yield compouwT@ as an offwhite solid (197

mg, 95%):'H NMR (CDCk, 4 00MHz) U 87.92783 @H, k,Ar),s7,65 Ar )

7.53 (3H, m, Ar), 7.24 (1H, 1l = 8.4Hz, Ar), 7.12 (1H, tJ = 7.2Hz, Ar), 7.03 (1H, dJ

= 8.0 Hz, Ar), 4.47-4.42 (1H, m, Gl.CHoN), 3.58 (3H, s, Ch), 3.483.42 (1H, m,

CHaCHbN), 2.59 (2H, dJ = 8.0Hz, CH>CH), 2.532.48 (1H, m, CH)}*C NMR (CDCE,
100MH2z) a 167. 9, 131. 6, 131. 3, 130. 1, 127.

122.2,120.7, 119.9, 117.4, 47.4, 42.7, 33.1, 24.4.

+-1-(Phenylsulfonyhl,2,3,4tetrahydrajuinoline 3-carboxylic acid(£-8a). Compound =+
7a was saponified according to general procedure B on a scale of 0.35 mmol to yield

compound *8aas a pale solid (108 mg, 98%H NMR (CDCk, 40O0MHz) U 7. 79
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J =8.8Hz, Ar), 7.64 (2H, dJ = 7.2Hz, Ar), 7.57 (1H, tJ = 7.6 Hz, Ar), 7.44 (2H, t.J

= 8.0Hz, Ar), 7.24 (1H, tJ = 8.0Hz, Ar), 7.13 (1H, tJ = 7.2Hz, Ar), 7.06 (1H, dJ =

6.8Hz, Ar), 4.484.43 (1H, m, ®l-CHuN), 3.563.50 (1H, m, CHCHoN), 2.752.69 (2H,

m, CH and G1.CHyCH), 2.662.54(1H, m, CHCHsCH); *C NMR (CDCk, 100 MHz)
173.4, 134.4, 131.2, 128.4, 124.5, 123.5, 122.4, 122.3, 120.9, 120.2, 42.2, 32.9, 24.1; MS

(APCI+) m/z Calcd (M): 317.0, Found: 317.0 (W tr = 11.7 min (100%).

0]

Br

+-1-((4-Bromophenyl)sulfonyhl,2,3,4tetrahydroquinoline3-carboxylic  acid (x-8b).
Compound #7/b was saponified according to general procedure B on a scale of 0.26
mmol to yield compound -8b as a pale solid (97 mg, 95%) NMR (DMSO-ds,
400MHz) U 12.76 (1H,J=84HzQE,01847,50 (3H, m,4Ar),( 2 H,

7.197.05 (3H, m, Ar), 4.281.16 (1H, m, G.CHuN), 3.643.58 (1H, m, CHCHbN),

2.67-2.53 (3H, m, CH and B,CH): 3C NMR (DMSOds, 100MHz) o 173.

135.9, 133.1, 130, 129.5, 129.1, 127.9, 127.1, 125.6, 123.6, 47.5, 38.1, 29.1; MS

(APCI+) m/z Calcd (M): 396.9, Found: 396.9 (M tr = 15.1 min (99.5%).

77

C«



+-1-((4-Fluorophenyl)sulfonyhl,2,3,4tetrahydroquinoline3-carboxylic  acid (-8c).
Compound #7/c was saponified according to general procedure B on a scale of 0.26
mmol to yield compound 8¢ as a pale solid (84 mg, 97%)% NMR (DMSO-d,
400MHz) U 12.75 {7B5H2H, s, Ar), CEYQGHH) d] = 776.HZ, Br),
7.42 (2H, tJ = 8.4Hz, Ar), 7.247.09 (3H, m, Ar), 4.2€.16 (1H, m, Gl.CHuN), 3.63
3.57 (1H, m, CHCHbN), 2.692.55 (3H, m, CH and KB2CH); 3C NMR (DMSO-ds,
100MH2z) a 173. 7, 166. 4, 163. 9, 135. 9, 130.
1174, 117.2, 47.5, 38.0, 29.1; MS (APCI+) m/z Calcd*(M335.0, Found: 336.0

+ tR= .0 Min 0).
(M+H"); tr = 12.8 min (100%)

@)

+-1-([1,1'-Biphenyl}4-ylsulfonyl}1,2,3,4tetrahydroquinoline3-carboxylic acid (+-8d).

Compound #7d was saponified according to general procedure B on a scale of 0.33
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mmol to yield compound-8d as a pale solid (123 mg, 95%MH NMR (DMSO-ds, 400

MHz) o 12.75 (1H, J=880OHW¥3(@dIES2Hz22Y,, d,

7.62 (1H, dJ = 8.4Hz, Ar), 7.527.42 (3H, m, Ar), 7.24.09 (3H, m, Ar), 4.261.21 (1H,

m, CHaCHuN), 3.653.59 (1H, m, CHCHuN), 2.762.59 (3H, m, CH and &;CH); 1*C

NMR (DMSO-ds, 100 MHz) a 173. 7, 145. 2, 138. 4, 13
129.2,128.0, 127.8, 127.527.1, 125.4, 123.5, 47.5, 38.0, 29.2; MS (APCI+) m/z Calcd

(M*): 393.1, Found: 394.0 (M+%t tr = 17.7 min (98.1%).

0

HOJKO@

0=S=0

+-1-(Naphthaler2-ylsulfonyl}1,2,3,4tetrahydroquinoline3-carboxylic  acid (+-8€).
Compound #7/e was sponified according to general procedure B on a scale of 0.31
mmol to yield compound-Be as a pale solid (113 mg, 98%H NMR (DMSO-ds, 400
MHz) & 8.48 (1H, s F=84H20H )8.08882@AHmM, ArL, A74 d,
7.62 (3H, m, Ar), 7.56 (1H, d] = 8.4 Hz, Ar), 7.21 (1H, t,J = 7.2 Hz, Ar), 7.147.07

(2H, m, Ar), 4.344.30 (1H, m, G.CHuN), 3.743.68 (1H, m, CHCHN), 2.672.59 (3H,

m, CH and ®&2CH); 13C NMR (DMSOds, 100 M 7z186.2{1134183182.1, 130.1,
129.9, 129.8, 129.7, 129.3, 128.7, 128.3, 127.1, 125.3, 123.4, 122.2, 47.6, 38.1, 29.2; MS

(APCI+) m/z Calcd (M): 367.0, Found: 368.0 (M+Ht tr = 15.5 min (100%).
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Cl

+-Methyl 1((4-(4-chloro-3,5-dimethylphenoxy)phenyl)sulforn)2,3,4
tetrahydroquinoline3-carboxylate(x-9). +-7¢ (170 mg, 0.49 mmol, 1 eq) was dissolved

in 4 mL DMSO (0.1 M), followed by the addition ofchloro-3,5-dimethylphenol (92 mg,
0.59 mmol, 1.2 eq) and2KOs (101 mg, 0.74 mmol, 1.5 eq). The reaction was stirred at
100 °C for 48 h. TLC indicated the reaction was complete. The reaction mixture was
cooled and then partitioned between EtOAc (80 mL) az@ (40 mL). The organic layer

was collected, washed repedyedith H-O (5 x 40 mL), dried over N&Q;, filtered,
concentrated and purified by flash column chromatography over silica gel using an eluent
of Hex/EtOAc 6:1 to give compound&as a light brown oil (170 mg, 73%) NMR
(CDCl, 400 MHz) IJi=8DHz7AT), 761 (RPH, dJd 8.4Hz, Ar), 7.21 (1H,

t, J = 6.4Hz, Ar), 7.127.05 (2H, m, Ar), 6.93 (2H, d] = 8.4 Hz, Ar), 6.77 (2H, s, Ar),
4.47-4.42 (1H, m, ®.CHoN), 3.71 (3H, s, Ch), 3.5:3.45 (1H, m, CHCHuN), 2.78

2.69 (2H, d.J = 8.0Hz, CH.CH), 2.652.60 (1H, m, CH), 2.36 (6H, s, 2xGH3C NMR

(CDCls, 100 MHz) 4 167. 9, 156. 9, 147. 8, 133.

120.7, 119.9, 115.3, 112.8, 47.5, 42.6, 33.0, 24.5, 16.1; MS (APCI+) m/z Calyd (M
485.1, Found: 486.0 (M+H; tr = 11.9 min (96.9%).
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Cl

+-1-((4-(4-Chloro-3,5-dimethylphenoxy)phenyl)sulforyll)2,3,4tetrahydroquinolines-

carboxylic acid(x-2). Compound 29 was saponified according to general procedure B

on a scale of 0.30 mmol to yield compound@ as an offwhite solid (140 mg, 99%)H

NMR (DMSO-ds, 400 MHz) U 12.74 ( 1#H88Hs Ar), CEOH), 7.
(1H, d,J = 8.4Hz, Ar), 7.227.16 (2H,m, Ar), 7.127.07 (3H, m, Ar), 7.00 (2H, s, Ar),

4.234.19 (1H, m, ®l.CHoN), 3.643.58 (1H, m, CHCH:N), 2.752.59 (3H, m, CH and

CH.CH), 2.33 (6H, s, 2xCh); 1°%C NMR (DMSOds, 100 MHz) U 173.8, 1¢
138.3, 136.2, 133.1, 129.9, 129.8, 129.3, 12¥4d5.4, 124.7, 123.6, 120.7, 118.3, 47.4,

37.9, 29.2, 20.7; MS (APCI+) m/z Calcd (M471.1, Found: 472.0 (M+ht tr = 9.7 min

(96.3%).

I

@)

Cl
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+-Methyl 1(3-(4-chloro-3,5-dimethylphenoxy)propyl},2,3,4tetrahydroquinoline3-
carboxylate(£-10). 90 mg compound-6 was dissolved in 5 mL 1;@8ichloroethane (0.1

M), followed by 100 mg J4-chloro-3,5-dimethylphenoxy)propanal (1 eq), and 200 mg
NaBH(OAc)s (2 eq). The reaction was stirred at 35 °C overnight. TLC indicated the
reaction was complete. Saturated NaHGOIlution was added to the mixture to quench
the reaction. Then the reaction mixture was partitioned between DCM #Dd ard
organic layer s collected, dried over MaQu, filtered, concentrated and purified by
flash column chromatography over silica gel using an eluent of Hex/EtOAc 7:3 to yield
compound #10 as a lght yellow solid (110 mg, 60%}H NMR (CDCE, 400 MHz)
7.086.99 (2H, m, A), 6.666.59 (4H, m, Ar), 3.98 (2H, ] = 5.6 Hz, O-CHy), 3.71 (3H,

s, Chy), 3.543.38 (4H, m, Gi2N and NGH.CH), 3.01 (2H, dJ = 6.8 Hz, CH2CH),
2.942.93 (1H, m, CH), 2.35 (6H, s, 2xGH 2.062.03 (2H, m, CHCH2CH); 3C NMR
(DMSO-de, 100 MBlQ )156.6, 144.4, 137.1, 129.4, 127.5, 120.4, 116.2, 114.5,

110.9, 65.5, 51.9, 50.7, 48.2, 38.2, 30.6, 29.7, 26.4, 20.9.

0]

Hom
I

@)

Cl

+-1-(3-(4-Chloro-3,5dimethylphenoxy)propy}, 2,3,4tetrahydroquinoline3-carboxylic
acid (x-11). Compound (#10) was saponified according to general procedure B on a
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scale of 0.13 mmol to give compoundlt as a pale brown solid (43 mg, 90%Ht NMR
(CDCl, 400 MHZOO (2d, m7Ar)p6/7%6.65 (4H, m, Ar), 3.98 (2H, t] = 5.6
Hz, O-CHy), 3.543.45 (4H, m, G>N and NCH>CH>), 3.052.98 (3H, m, E&.CH and

CH), 2.34 (6H, s, 2xCh), 2.082.05 (2H, m, CHCH2CH); ¥*C NMR (CDCE, 100 MHz)

a 179. 1, 156. 6, 144. 4, 137. 1, 129. 5, 127.

38.2, 30.3, 26.3, 20.%S (APCI+) m/z Calcd (M): 373.1, Found: 372.3 (M+® tr =

8.6 min (100%).

AOAOJK(\/@

0=8=0

o

+-Acetoxymethyl -1(4-(4-chloro-3,5-dimethylphenoxy)phenyl)sulforni)2,3,4
tetrahydroquinoline3-carboxylate (x-12). Compound #2 (100 mg, 0.20mmol, 1 eq)

was dissolved in DMF (2 mL), folleed by bromomethyl acetate (2@, 0.20 mmol, 1

eq) and KCOs (59 mg, 0.40 mmol, 2 eq). The reaction mixture was stirred at room
temperature overnight. TLC indicated the reaction was complete, which was then
patitioned between EtOAc (50 mL) anc® (50 mL). The organic layer was collected,
washed repeatedly withoB (4 x 20 mL), then dried over MaQy, filtered, concentrated

and purified by flash column chromatography over silica gel using an eluent of

Hex/EtOAc 1:1 to give compound-32 as a white powder (103 mg, 95%H NMR
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(CDCl, 400 MHz) Ji=8DHz7A4), 7GL(BH, dJd 8.4Hz, Ar), 7.22 (1H,
t,J = 8.0Hz, Ar), 7.137.06 (2H, m, Ar), 6.93 (2H, dl = 8.4Hz, Ar), 6.78 (2H, s, Ar),
5.75 (2H, s, OB20), 4.424.37 (1H, m, Gl.CHuN), 3.5%3.51 (1H, m, CHCHuN), 2.78
2.66 (4H, m, ®,CH.CH:N), 2.63 (6H, s, 2xCh), 2.12 (3H, s, Ch); 13C NMR (CDCE,
100 MHz) a 171. 1, 169. 4, 1612983, 129115128.15 , 138.
127.1, 125.5, 124.8, 120.1, 117.5, 46.9, 37.9, 28.9, 20.9, 20.7; MS (APCI+) m/z Calcd

(M*): 543.1, Found: 544.0 (M+%t tz = 10.7 min (98.1%).

/
N

Methyl quinoline6-carboxylate(15). Quinoline-6-carboxylic acidl4 (1.0 g, 5.78 mmol,

1 eq) was suspended in MeOH (BQL), and SOGI(1.26 mL, 17.3 mmol, 2q) was

added slowly at 0 °C. The reaction was then heated at a gentle reflux overnight. TLC
indicated the reaction was complete. The volatilesevesaporated and the residue was
partitioned between DCM and saturated NaHClution. The organic layer was
collected and dried over NagChiltered and concentrated to yield compoutiias a

yellow solid (1.06g, 98%) H NMR (CDCk, 400 MHz ) , diJ =2.418z1A"( 1 H

8.59 (1H, s, Ar), 8.38.25 (2H, m, Ar), 8.14 (1H, dl = 9.6 Hz, Ar), 7.497.45 (1H, m,

Ar), 3.99 (3H, s, OCH); ®*CNMR (CDCs, 100MHz) & 166.6, 152. 5,

129.8, 128.9, 128.1, 127.4, 121.8, 52.4.
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Methyl 1,2,3,4tetrahydroquinolings-carboxylate(16). Boranepyridine complex (8M;

1.5 mL, 11.9mmol, 2 eq) was added to a solution1sf(1.11 g, 5.95mmol, 1 eq) in

glacial acetic acid ( mL), and the reaction was s#id at room temperature overnight.

TLC indicated the reaction was complete. The reaction mixture was concentrated to
dryness, and then partitioned between EtOAc and saturated Nabi@@ion. The

organic layer was collected and dried ovepda, filtered, concentrated and purified by

flash column chromatography over silica gel using an eluentegfEHHOAcC 1:1 to give
compoundL6 as a pale solid (639 mg, &): *H NMR (CDCk, 4 00 MHz7)64 (BH, 7. 6 5
m, Ar), 6.39 (1H, dJ = 9.6 Hz, Ar), 3.84 (3H, s, OCh), 3.36 (2H, t,J = 5.6 Hz, CHy),

2.77 (2H, t,J = 6.0 Hz, CH,), 1.961.90 (2H, m, CH); °C NMR (CDCk, 100 MHz)

167.5, 148.7, 131.3, 129.1, 119.9, 117.4, 112.6, 51.4, 41.7, 26.9, 21.4.

Methyl 1-(phenylsulfonybl,2,3,4tetrahydroquinolines-carboxylate (17a). Compound
16 was coupled tdenzenesulfonyl chloride according to general procedure A on a scale
of 0.78 mmol to yield compounti7a as a light yellow solid (257 mg, 98): *H NMR

(CDCl, 4 0 0 MHz ) (2H,d, 7 = 88361z, Ar), 7.81(1H, d, J = 8.4Hz, Ar), 7.69 (1H,
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s, Ar), 7.62 (2H, d) = 7.6 Hz, Ar), 7.53 (1H, tJ = 8.0Hz, Ar), 7.41 (2H, t,J = 8.0Hz,
Ar), 3.87 (3H, s, OCH), 3.84(2H, t,J = 6.4 Hz, CHy), 2.53(2H, t,J = 6.4 Hz, CHy),
1.691.63(2H, m, CH); '3 C NMR (CDCk, 1 0 0 M61L29)136l2, 134.5, 128.3, 125.9,

124.3, 123.1, 122.2, 121.2, 118.8, 47.3, 42.0, 22.1, 16.6.

Br

Methyl 1-((4-bromophenyl)sulfony},2,3,4tetrahydroquinolines-carboxylate (17b).
Compound16 was coupled to 4bromdenzenesulfonyl chloride according to general
procedure A on a scalé 0.78 mmol to yield compoundi7b as a light yellow solid (150

mg, 4P6): '"H NMR (CDCk, 4 0 0 MH 2781 @H, i, A8)57.70 (1H, s, Ar), 7.53
(2H, d,J = 8.4Hz, Ar), 7.45 (2H, d,J = 8.4Hz, Ar), 3.87 (3H, s, OCh), 3.82 (2H, tJ =

6.4 Hz, CHy), 2.55 (2H, tJ = 6.4 Hz, CHy), 1.721.57 (2H, m, CH); 3C NMR (CDCE,

100 MH 466.5, 140.6, 138.3, 132.4, 130.8, 129.8, 128.4, 128.1, 127.9, 126.3, 123.6,

52.1, 46.9, 26.9, 21.4.
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Methyl  X((4-fluorophenyl)sulfonyhl,2,3,4tetrahydroquinolines-carboxylate (17c).
Compound16 was coupled to 4luorobenzenesulfonyl chloride according to general
procedure A on a scald ©.05 mmol to yield compounti7c as a light yellow solid (324
mg, 8%): 'H NMR (CDCk, 4 0 0 MH 27182 @H, ih,. AB),97.72 (1H, s, Ar), 7.66
7.62 (2H, m, Ar),7.127.07 (2H, m, Ar), 3.89 (3H, s, OGH 3.84 (2H, tJ = 5.6 Hz,
CHy), 2.56 (2H, t,J = 7.2 Hz, CHy), 1.731.67 (2H, m, CH); 3C NMR (CDCk,
100MH2z) a4 166. 6, 163. 9, 140. 7, 130. 8, 129.

52.1, 46.8, 26.9, 21.4.

\
0=8=0

Methyl %([1,1'-biphenyl}4-ylsulfonyl}1,2,3,4tetrahydroquinolines-carboxylate (17d).
Compoundl6 was coupled to-biphenylsulfonyl chloride according to genlgpeocedure

A on a scale of 0.78 mmol to yield compoubt as a pale solid (114 mg, B9: H
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NMR (CDCk, 400 MHz) UJ=78.8%2 Ar\ 184 (1H,d,] = 7.6 Hz, Ar),
7.737.69 (3H, m, Ar), 7.63 (2H, d, J= 8t&, Ar), 7.57 (2H, d,J = 6.8 Hz, Ar), 7.48
7.41 (3H, m, Ar), 3.9B.88 (5H, m, CHand OCH)), 2.59 (2H, tJ = 6.0Hz, CHy),
1.751.72 (2H, m, C); ®CNMR (CDCk, 100MHz) U 166. 7, 145.9,

130.8, 129.7, 129.0, 128.6, 127.9, 127.6, 127.5, 127.2, 125.9, 123.5, 52.1, 46.9, 26.9, 21.5.

Methyl  E(naphthalen2-ylsulfonyl}1,2,3,4tetrahydroquinolines-carboxylate (17e).
Compoundl6 was coupled to-2daphthylsulfonyl chloride according to genlggeocedure

A on a scale of 0.55 mmol to yield compoutitt as an offwhite solid (86 mg, 4%): H
NMR(CDCk, 400MHz) U 8. &@0 (5HLrhHl Ar), .67 (LN rs)Ar), 7B3 9 4
7.55 (2H, m, Ar), 7.47 (1H, dl = 8.8 Hz, Ar), 3.90-3.86 (5H, m, CHand OCH), 2.51

(2H, t,J = 6.0Hz, CHy), 1.71.57 (2H, m, CH); ®C NMR (CDCk, 10O0MHz) U 166.
141.1, 136.3134.8, 131.9, 130.7, 129.6, 129.5, 129.3, 128.9, 128.6, 127.9, 127.6, 125.9,

123.4,121.9, 52.1, 46.8, 26.9, 21.5.
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Methyl E(quinolin-8-ylsulfonyl}1,2,3,4tetrahydroquinolines-carboxylate ~ (17f).
Compound 16 was coupledto 8-quinolinesulfonyl chloride according to genéra
procedure A on a scale of 0.31 mmol to yield compdlificas an offwhite solid (84 mg,
71%): 'H NMR (CDCk, 4 0 0 MH z(3H, si An&.6®(1H, dJ = 6.8 Hz, Ar), 8.18

(1H, d J = 7.6 Hz, Ar), 8.03(1H, d J = 8.8 Hz, Ar), 7.67-7.60 (4H, m Ar), 7.487.45

(1H, m, Ar), 4.37 (2H, tJ = 5.6 Hz, CHy), 3.80 (H, s, OCHp), 2.71 (2H, tJ = 6.4 Hz,

CHy), 2.052.02(2H, m, Ch); 13C NMR (CDCk, 1 0 0 Mbflz1) 1438, 136.6, 136.4,
134.2, 134.1, 133.9, 1#).128.9, 127.7, 125.4, 123.8, 122.2, 119.7, 119.5, 51.8, 47.7,

27.7,22.4.

Methyl  Z((5-(dimethylamino)naphthaletryl)sulfonyl}1,2,3,4tetrahydroquinolines-
carboxylate(17g). Compoundl6 was coupled talansylchloride according to genéra

procedure A on a scale of 0.31 mmol to yield compalifgdas an offwhite solid (54 mag,
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42%): 'HNMR (CDCk, 400 MHz ) [J=8.8Hz%Ar),8.42H1H, ¢d = 8.0Hz,
Ar), 8.11 (1H, dJ = 8.4 Hz, Ar), 8.01 (1H, dJ = 8.8 Hz, Ar), 7.957.91 (2H, m Ar),
7.72 (1H, tJ = 8.0 Hz, Ar), 7.53 (1H, t,J = 8.0 Hz, Ar), 7.32 (1H, dJ = 8.0 Hz, Ar),
4.11-4.06 (5H, m, CHand OCH), 3.08 (6H, s, 2*NCHj3), 2.77 (2H, tJ = 6.0 Hz, CHy),
1.901.87(2H, m, CH); **C NMR (CDCk, 100 MH z }35.2; 130.7, 130.6, 129.8, 128.2,

128.1,127.7,123.3, 123.1, 123.0, 119.1, 115.3, 52.9, 46.5, 26.9, 26.7, 21.9.

Methyl 1((4-phenoxyphenyl)sulfonyl),2,3,4tetrahydroquinolines-carboxylate (17h).

17c (100 mg, 0.29mmol, 1 eq) was dissolved in 4 mL DMSO (0.1 M), followed by the
addition ofphenol(41 mg, 0.43 mmol, 1.8q) and KCOs (80 mg, 0.58 mmol, 2.eq).

The reaction was stirred at 100 °C for 48 h. TLC indicated the reaction was complete.
The reactiormixture was cooled and then partitioned between EtOAc (80 mL) a@d H

(40 mL). The organic layer was collected, washed repeatedly with (B x 40 mL),

dried over NaSQy, filtered, concentrated and purified by flash column chromatography
over silica geusing an eluent of Hex/EtOAc 4:1 to give compourti as a lightorown

oil (76 mg, 686):'H NMR (CDCk, 4 0 0 M827)80 (H, m, Ar), 7.72(1H, s Ar),

7.667.62 (1H, m, Ar), 7.571H, d J = 8.4 Hz, Ar), 7.39 (1H, 1 J = 8.0Hz, Ar), 7.21
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(1H, 1,J = 7.2 Hz, Ar), 7.10 (1H, t J = 7.6 Hz, Ar), 7.03 (1H, d,J = 8.0 Hz, Ar), 6.93
(1H, d,J = 8.4Hz, Ar), 3.893.83(5H, m, CHand OCH), 2.58(2H, m, CH,), 1.751.69

(2H, m, CH).

Methyl E((4-(p-tolyloxy)phenyl)sulfonyd},2,3,4tetrahydroquinolines-carboxylate
(17). 17c (100 mg, 0.29nmol, 1 eq) was dissolved in 4 mL DMSO (0.1 M), followed by
the addition op-cresol(154 mg, 1.43 mmol, 5.8q) and KCOz (221 mg, 1.60 mmol,.5

eq). The reaction was stirred at 100 °C for 48 h. TLC indicated the reaction was complete.
The reaction mixture was cooled and then partitioned between EtOAc (80 mLy@nd H
(40 mL). The organic layer was collected, washed repeatedly with (B x 40 mL),
dried over NaSQy, filtered, concentrated and purified by flash column chromatography
over silica geusing an eluent of Hex/EtOAc 4:1 to give compoufdas a lightbrown

oil (109 mg, 866):'H NMR (CDCk, 400 MHz) {iJ =8.8Hz]Ar),(8DH(1H, d

d, J = 8.8Hz, Ar), 7.95 (1H, sAr), 7.79 (1H, ¢J = 8.4Hz, Ar), 7.50 (1H, SAr), 7.42

(2H, d,J = 7.6 Hz, Ar), 7.15 (4H, t,J = 6.8 Hz, Ar), 4.134.06 (5H, m, CHand OCHj),

2.84 (2H, t,J = 6.4 Hz, CHy), 2.59 (3H, s, Ch), 1.981.95(2H, m, CH); °C NMR
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(CDCls, 1 0 0 MH3z6) 13606, 133.2, 131.1, 130.8, 130.6, 129.3, 129.1, 128.0, 127.8,

123.4, 120.5, 120.3, 117.2, 117.1, 52.0, 46.8, 27.0, 21.6, 21.4, 20.8.

Methyl E((4-(3,5-dimethylphenoxy)phenyl)sulforsll)2,3,4tetrahydroquinolines-
carboxylate(17). 17c (54 mg, 0.15mmol, 1 eq) was dissolved in 4 mL DMSO (0.1 M),
followed by the addition 08,5-dimethylphenol(94 mg, 0.77 mmol, 5.eq) and KCOs

(115 mg 0.83 mmol, 3 eq). The reaction was stirred at 100 °C for 48 h. TLC indicated
the reaction was complete. The reaction mixture was cooled and then partitioned between
EtOAc (80 mL) and KO (40 mL). The organic layer was collected, washed repeatedly
with H20 (5 x 40 mL), dried over N&Qy, filtered, concentrated and purified by flash
column chromatography over silicalgesing an eluent of Hex/EtOAc 4:1 to give
compoundLl7 as a lightorown oil (43 mg, 6%):*H NMR (CDCk, 400MHz) U 7. 85
d, J = 8.4Hz, Ar), 7.78 (1H, dJ = 8.8Hz, Ar), 7.70 (1H, SAr), 7.54 (2H, dJ = 8.6 Hz,

Ar), 6.89 (2H, d,J = 8.4 Hz, Ar), 6.82 (1H, s, Ar), 6.62 (2H, s, Ar), 3.8681 (5H, m,
CHzand OCH), 2.58 (2H, tJ = 6.4 Hz, CHy), 2.28 (6H, s, 2*Ch), 1.731.70(2H, m,

CHy); 3C NMR (CDCk, 1 0 0 MI823), 15419, 140.3, 132.7, 130.9, 129.8, 129.3,

128.0, 126.9, 123.6, 118.2, 117.6, 52.3, 47.0, 27.2, 21.7, 21.5.
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Methyl 1-((4-(p-tolylthio)phenyl)sulfonyhl, 2, 3,4tetrahydroquinolines-carboxylate
(17k). 17c (120 mg, 034 mmol, 1 eq) was dissolved in 4 mL DMSO (0.1 M), followed
by the addition op-toluenethiol(214 mg, 1.72nmol, 5.0eq) and KCOz (258 mg, 0.83
mmol, 55 eq). The reaction was stirred at 100 °C for 48 h. TLC indicated the reaction
was complete. The reaction mixture was cooled and then partitioned between EtOAc (80
mL) and BHO (40 mL). The organic layer was collected, washed repeatedly w@h(5

x 40 mL), dried over NaSQu, filtered, concentrated and purified by flash column
chromatography over silica lgesing an eluent of Hex/EtOAc 4:1 to give compolTd

as a lightorown oil (28 mg, 1%):!H NMR (CDCk, 4 0 0 Mi82()H, diJ =B.8Hz,

Ar), 777 (1H, d J = 8.6 Hz, Ar), 769 (1H, s Ar), 741 (2H, d J = 8.8Hz, Ar), 7.36(2H,

d,J = 7.6 Hz, Ar), 7.20 (2H, d,J = 8.0Hz, Ar), 7.03 (2H, dJ = 7.6 Hz, Ar), 3.863.78

(5H, m, CHand OCH), 256 (2H, t,J = 6.0 Hz, CHy), 237 (H, s,CHs), 1.70-1.67 (2H,

m, CH); *C NMR (CDCE, 1 0 0 MHB29) 14112, 140.1, 135.8, 135.1, 131.0, 130.9,

128.1, 127.6, 126.6, 126.1, 123.6, 52.3, 47.0, 27.2, 21.6, 21.5.
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Methyl 1((4-(4-chloro-3,5-dimethylphenoxy)phenyl)sulforsd)2,3,4
tetrahydroquinolines-carboxylate(17m). 17c (150 mg, 043 mmol, 1 eq) was dissolved

in 4 mL DMSO (0.1 M), followed by the addition 8f5-dimethyl4-chloro-phenol(101

mg, 0.64 mmol, 1.8q) and KCOs (119 mg, 0.86 mmol, 2.8q). The reaction was stirred

at 100 °C for 48 h. TLC indicated the reaction was complete. The reaction mixture was
cooled and then partitioned between EtOAc (80 mL) az@ 40 mL). The organic layer

was collected, washed repeatedly withOH(5 x 40 mL),dried over NaSQ,, filtered,
concentrated and purified by flash column chromatography over silicsigg an eluent

of Hex/EtOAc 4:1 to give compouritZm as a lightbrown oil (113 mg, 5%): *H NMR

(CDCl, 400MHz) J=D.6He7AN),(7.81H1H dd) = 8.8Hz, Ar), 7.72 (1H,

s, Ar), 7.57 (2H, dJ = 8.4Hz, Ar), 6.91 (2H, dJ = 8.8 Hz, Ar), 6.76 (2H, s, Ar), 6.58

(1H, s, Ar), 3.89 (3H, s, OCH 3.85 (2H, tJ = 5.6 Hz, CHy), 2.61 (2H t, J = 6.4 Hz,

CHy), 2.36(6H, s, 2*CH), 1.761.72 (2H, m, CH); ®°C NMR (CDCk, 100MHz) U 161
152.4, 141.0, 138.3, 132.8, 130.8, 129.5, 129.2, 127.8, 125.8, 123.4, 120.1, 117.3, 115.2,

52.1, 46.8, 27.0, 20.9.
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Cl

Methyl 1(3-(4-chloro-3,5-dimethylphenoxy)propyl},2,3,4tetrahydroquinolines-
carboxylate(17l). 153 mg compound6 was dissolved in 8L 1,2dichloroethane (0.1
M), followed by 170mg 3-(4-chloro-3,5-dimethylphenoxy)propanal (1 eq), aB89 mg
NaBH(OAck (2 eq). The reaction was stirred at 35 °C overnight. TLC indicated the
reaction was complete. Saturated NaHGOIution was added to the mixture to quench
the reaction. Then the reaction mixture was partitioned between DCM #dd ard
organic layer was dflected, dried over N&Q, filtered, concentrated and purified by
flash column chromatography over silica gel using an eluent efEtf@Ac 7:3 to yield
compoundl?l as a light yellow solid (135 mg, 2¢4): *H NMR (CDCk, 4 00 MHz)
(1H, d,J = 8.8Hz, Ar), 7.84 (1H, s, Ar), 6.86 (2H, s, Ar), 6.78 (1H,H=8.8 Hz, Ar),
4.18 (2H, t,J = 5.6 Hz, CHy), 4.05 (3H, s, OCH), 3.74 (2H, tJ = 7.2 Hz, CHy), 3.57

(2H, t,J = 5.2Hz, CHy), 2.56 (6H, s2*CH3), 2.292.26 (2H, m, CH), 2.152.13 (2H, m,

CH); “CNMR (CDCk, 100MHz) U 167.6, 156.5, 148,

121.2, 116.2, 115.3, 114.3, 109.1, 65.2, 51.4, 49.9, 47.9, 27.9, 26.3, 21.7, 20.9, 20.7.
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1-(phenylsulfonyhl,2,3,4tetrahydroquinolines-carboxylic aid (18a). Compoundl7a
was saponified according to gerlepaocedure B on a scale of 0.46mol to yield
compoundl8aas a pale solid (129 mg, ®): *H NMR (DMSO-ds, 400MHz)
(1H, s, COOH)7.89 (2H, t,J = 9.6 Hz, Ar), 7.77 (H, s, Ar), 7.65(2H, d J = 7.6 Hz,
Ar), 755 (1H, t, J= 7.2 Hz, Ar), 7.43 (2H,t, J = 7.6 Hz, Ar), 3.86 (2H, t,J = 5.6 Hz,
CHy), 2.58(2H, t,J = 6.4 Hz, CHy), 1.731.67 (2H, m, CH); 3C NMR (DMSOds,
100MHz) 1IB87.11 834.4, 229.4, 126.7, 124.9, 124.4, 123.8, 122@,1, 118.5,

42.1,22.2, 16.6.

Br

1-((4-bromophenyl)sulfony]},2,3,4tetrahydroquinolines-carboxylic ~ acid  (18b).

Compoundl7b was saponified according to genlggeocedure B on a scale of 0.8¥mol

to yield compound.8b as a pale solid (131 mg, ®): 'H NMR (DMSO-ds, 4 00 MHz)

12.84 (1H, s, COOH), 7.75 (2H, d= 8.8 Hz, Ar), 7.71-7.63 (3H, m Ar), 7.57 (2H, d,J
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= 8.8Hz, Ar), 3.79 (2H, tJ = 5.6 Hz, CHy), 2.55 (2H, tJ = 6.4Hz, CHy), 1.641.58 (2H,
m, CHy); 1°C NMR (DMSO-ds, 1 0O0OMHz) U 167.2, 140.4, 138.

129.2, 128.0, 127.9, 126.9, 122.9, 47.0, 26.6, 21.4.

HO

1-((4-fluorophenyl)sulfonybl, 2,3,4tetrahydroquinolines-carboxylic acid (18c).
Compoundl 7c was saponified according to genlggeocedure B on a scale of 0.81nol

to yield compoundL8c as a pale solid (84 mg, 8): *H NMR (DMSO-d, 400MHz) @
12.82 (1H, s, COOH), 7.78.69 (4H, m, Ar), 7.62 (1H, s, Ar), 7.4035 (2H, m, Ar),

3.79 (2H, tJ = 5.6 Hz, CHy), 2.54 (2H, tJ = 6.4Hz, CHp), 1.631.59 (2H, m, CH); 13C

NMR (DMSO-de, 100MH2z) a 167. 2, 140. 5, 135. 4, 131

122.9, 117.4,117.2, 46.9, 26.6, 21.3.

HO

N
0=8=0
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1-([1,1'-biphenyl}4-yIsulfonyl}1,2,3,4tetrahydroquinolines-carboxylic  acid (18d).

Compoundl7d was saponified according to genlgseocedure B on a scale of 0.28nol

to yield compound.8d as a pale solid (99 mg, %): H NMR (DMSO-ds, 400MHz) u
12.81 (1H, s, COOH), 7.83 (2H, 8= 8.4Hz, Ar), 7.747.71 (4H, m, Ar), 7.68 (2H, d}

= 7.6Hz, Ar), 7.63 (1H, s, Ar), 7.44 (2H, § = 6.8 Hz, Ar), 7.41-7.37 (1H, m, Ar), 3.83

(2H, t,J = 6.4 Hz, CHy), 2.57 (2H, tJ = 6.0Hz, CHy), 1.66 (H, m, CH); *C NMR

(DMSO-de, 100MHz) a 167. 3, 145. 3, 140. 7, 138. 4,

128.1, 127.9, 127.5, 126.7, 122.7, 47.0, 26.7, 21.4.

1-(naphthaler2-ylsulfonyl}1,2,3,4tetrahydroquinolines-carboxyic acid (18e).

Compoundl 7e was saponified according to gengueocedure B on a scale of 0.28nol

to yield compound8e as a pale solid (75 mg, %): '"HNMR (CDCk, 400MHz) & 8. 3
(1H, s, Ar), 7.96 (1H, dJ = 8.8 Hz, Ar), 7.907.82 (4H, m, Ar), 7.74 (1H, s, Ar), 7.63

7.56 (2H, m, Ar), 7.511H, d,J = 8.8Hz, Ar), 3.91 (2H, tJ = 5.6 Hz, CHy), 2.55 (2H, t,

J =6.4Hz, CHy), 1.731.67 (2H, m, CH); ®CNMR (CDCs, 10O0MHz) & 171. 6,
136.2, 134.9, 131.9, 131.4,98, 129.3, 129.1, 128.6, 127.9, 127.7, 124.8, 123.3, 121.9,

46.9, 26.9, 21.5.
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1-(quinolin-8-ylsulfonyl}1,2,3,4tetrahydroquinolines-carboxylic acid(18f). Compound
17f was saponified according to gernlepaocedure B ora scale of 0.22nmol to yield
compoundl8e as a pale solid (50 mg, &): 'H NMR (DMSO-ds, 4 0 0 MB58)1H,
s, COOH), 8.95 (1H, s, Ar), 8.56 (1H, 3= 6.8 Hz, Ar), 8.47 (1H, dJ = 8.4 Hz, Ar),
8.29 (1H, d,J = 8.4 Hz, Ar), 7.77 (1H, tJ = 7.6 Hz, Ar), 7.657.61 (1H, m, Ar), 7.52
(1H, s, Ar),7.45(2H, s, Ar), 4.23 (2H, tJ = 5.2Hz, CHy), 2.67 (2H, tJ = 6.0Hz, CHy),
1.931.90 (2H, m, CH); 3C NMR DMSO-ds, 1 0 0 MId%2) 15119, 143.3, 141.2,
137.4, 136.3, 135.2, 134.0, 130.9, 129.0, 128277, 126.2, 124.6, 123.2, 119.3, 47.7,

27.5, 22.3.

1-((5-(dimethylamino)naphthalefryl)sulfonyl}1,2,3,4tetrahydroquinolines-carboxylic
acid (18g). CompoundlL7g was saponified according to gerlgeocedure B on acale of

0.13 mmol to yield compoundl8g as a pale solid4@ mg, 80%): *H NMR (CDCls,
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400 MH8.59 (1#, dJ = 5.6 Hz, Ar), 8.22 (1H, dJ = 7.2Hz, Ar), 7.94 (1H, dJ =
7.6Hz, Ar), 7.87 (1H, dJ = 8.8Hz, Ar), 7.767.74 (2H, m, Ar), 7.54 (1H, f] = 7.2 Hz,
Ar), 7.35 (1H, t,J = 8.0 Hz, Ar), 7.167.14 (1H, m, Ar), 3.882H, t,J = 5.2 Hz, CHy),
2.90 (6H, s, 2*NCHs), 2.58(2H, t,J = 6.0Hz, CHy), 1.721.68(2H, m, CH); 1°C NMR
(DMSO-ds, 1 0 0 MIHL1), 14#4, 135.2, 131.3, 130.7, 129.9, 129.8, 129.3, 128.4,

128.1, 124.4, 123.1, 46.3, 45.5, 26.8, 21.8.

1-((4-phenoxyphenyl)sulfonyl),2,3,4tetrahydroquinolines-carboxylic  acid  (18h).
Compoundl7h was saponifieéccording to genelr@rocedure B on a scale of 0.@®nol

to yield compound.8h as a pale solid (73 mg, 99: 'H NMR (CDCk, 400 MB¥% ) U
7.87 (2H, m, Ar), 7.79 (1H, s, Ar). 7.61 (1H,H= 8.8 Hz, Ar), 7.40 (2H, tJ = 8.0Hz,

Ar), 7.22 (1H, tJ = 7.2Hz, Ar), 7.04 (2H, d,J = 8.8 Hz, Ar), 6.95 (2H, d,J = 8.8 Hz,

Ar), 3.87 (2H, tJ = 5.6 Hz, CHy), 2.65 (2H, tJ = 6.0Hz, CHy), 1.791.73(2H, m, CH);

13C NMR (DMSO-ds, 100 MHLz) 16100, 154.7, 141.9, 132.6, 131.5, 130.2, 129.5,

128.6, 125.1124.7, 123.2, 120.4, 117.4, 46.8, 27.1, 21.4.

100



1-((4-(p-tolyloxy)phenyl)sulfony},2,3,4tetrahydroquinolines-carboxylic acid (18i).
Compoundl7i was saponified according to gerlgneocedure B on a scale of 0.&%nol

to yield compound.8i as a pale solid (100 mg, @): '"H NMR (CDCk, 400 MWZ )
7.87 (2H, m, Ar), 7.78 (1H, s, Ar). 7.58H, d,J = 8.8 Hz, Ar), 7.18 (2H, dJ = 8.8 Hz,

Ar), 6.92 (2H, dJ = 7.6 Hz, Ar), 3.86(2H, t,J = 5.6 Hz, CHy), 2.64(2H, t,J = 6.0Hz,

CHy), 1.781.74(2H, m, CH); 3C NMR (CDCl;, 1 0 0 ML) 162, 152.4, 141.9,
134.8, 132.4, 131.4, 130.6, 129.5, 129.2, 128.5, 124.7, 123.2, 120.3, 117.1, 46.8, 29.7,

27.1, 21.5, 20.8.
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1-((4-(3,5dimethylphaoxy)phenyl)sulfony],2,3,4tetrahydroquinolines-carboxylic

acid (18)). Compoundl? was saponified according to gerlgseocedure B on a scale of
0.10 mmol to yield compoundL§ as a pale solid (41 mg, 99: 'H NMR (CDCE,
400 MHZ.937.89 (2H, m, Ar), 7.78 (1H, s, Ar). 7.59 (1H, @i= 8.8 Hz, Ar), 6.93

(2H, d,J = 8.8Hz, Ar), 6.84 (1H, s, Ar), 6.64 (2H, s, Ar), 3.86 (2H,Jt= 5.6 Hz, CH>),

2.64 (2H, t,J = 6.0 Hz, CHyp), 2.30 (6H, s, 2*CH), 1.781.74(2H, m, CH); *C NMR
(CDCl, 100 MAHL2) 16212, 154.7, 141.9, 140.1, 132.4, 131.4, 129.5, 129.1, 128.5,

126.8, 124.7, 123.2, 117.9, 117.4, 46.8, 29.7, 27.1, 21.5, 21.3.

1-((4-(p-tolylthio)phenyl)sulfonyHl, 2,3, 4tetrahydroquinolines-carboxylic acid (18k).
Compoundl7k was saponified according to genlggeocedure B on a scale of 0.66nol

to yield compound 8k as a pale solid (23 mg, 9%):*H NMR (CDCk, 4 00 MB¥& ) U
7.89 (2H, m, Ar), 7.86 (1H, s, Ar). 7.56 (1H,H5= 8.8 Hz, Ar), 7.48 (2H, dJ = 8.8 Hz,

Ar), 7.32 (2H, dJ = 8.0Hz, Ar), 7.16(2H, d, J = 7.6 Hz, Ar), 4.003.93 (2H, m CHb),
2.71(2H, t,J = 6.0 Hz, CHy), 248 (3H, s, CH), 1.851.82 (2H, m, CH); °C NMR
(CDCl, 1 0 0 MHLD,)14618, 134.9, 131.4, 130.7, 129138.5, 127.3, 126.4, 124.7,

123.2, 46.8, 29.7, 27.1, 21.5, 21.3.
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1-((4-(4-chloro-3,5-dimethylphenoxy)phenyl)sulforyll)2, 3, 4tetrahydroquinolines-
carboxylic acid(13). Compoundl7m was saponified according to gernlepaocedure B
on a scale of 0.28mol to yield compound3 as a pale solid (94 mg, 89: H NMR
(CDCl, 400MHz) UJ=528Z7A)(7Z6i(1H, ¢, Ar), 7.58 (2H, d, = 8.4
Hz, Ar), 6.91 (2H, d,J = 8.8 Hz, Ar), 6.75 (2H, s, Ar), 3.85 (2H, t] = 6.0 Hz, CHy),
2.62 (2H, t,J = 6.4 Hz, CHy), 2.34 (6H, s2*CHs), 1.771.73 (2H, m, CH); 3C NMR
(DMSO-ds, 100MH2z) u 168. 1, 162. 4, 153. 6,

128.6, 127.4, 123.5, 121.6, 118.8, 47.7, 27.5, 22.1, 21.5.

O
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1-(3-(4-chloro-3,5-dimethylphenoxy)propyil, 2,3,4tetrahydroquinoling-carboxylic

acid (18l). Compoundl?! was saponified according to gerlgreocedure B on a scale of
0.21 mmol to yield compound8l as a pale solid (7g, 9®6): *H NMR (DMSO-ds,
400MHz) U 11.7 ( 1H,J=88Hz3O,GH) (1H, sTAN2B57 (2H, H ,
s, Ar), 6.37 (1H, dJ = 9.6 Hz, Ar), 3.76 (2H, tJ = 5.6 Hz, CHy), 3.23 (2H, tJ = 6.4 Hz,

CH,), 2.45 (2H, tJ = 5.6 Hz, CHp), 2.05 (6H,s, 2*CH), 1.731.70 (2H, m, CH), 1.60

1.50 (2H, m, Ck); 3C NMR (DMSOds, 100MHz) U 167.9, 156.

129.7,125.4,121.2, 116.5, 115.2, 115.0, 109.5, 65.6, 49.4, 47.6, 27.8, 25.9, 21.6, 20.8.
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2.4.2 Biology

General. All chemical reagents were ACS grade or higher unless otherwise indicated. All
buffers were passed through Chel®0 (BioRad, Hercules, CA) to remove trace metals.
The DO, DMSO-ds, ®NH4CI, and*3C-labeled glucose were purchased from Cambridge

IsotopeLaboratories, Inc. (Andover, MA).

Protein Production. A His6-MBP tagged recombinant hum&mCL-1 residues 172 to

327 was produced in E. coli in either LB or minimal media supplemented-\iHyCl

to produce unlabeled dPN-labeledMCL-1. The taggedrotein was initially purified

from the crude cell lysate by IMAC chromatography (GE Healthcare Life Sciences), and
after dialysis to remove the imidazole the affinity tag was cleaved using PreScission
Protease (GE Healthcare Life Sciences). A SephacBd(Ssize exclusion column was
used as a final purification step before the protein was concentrated with a 10,000
MWCO centifugal filter concentrator (Millipore). The protein purity was shown to be
>98% by Coomassie Brilliant Blue (Biead) stained SDEAGE gel and the final
concentration was determined using the Bradford protein assayR@sip with BSA

standards (Pierce).

FITC-BAK BH3 Peptide. A 6-aminohexanoic acid linker was conjugated to Me
terminus of theBAK-BH3 peptide (GQVGRQLAIIGDDINR), cappedith fluorescein
(on the amino group of the linker), and the peptide was amidated ont#reni@us to
give FITGAhx-GQVGRQLAIIGDDINR-CONH,, hereafter r-BAKer r ed

(synthesized by Neo BioScience in >95% purity).
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Fluorescence Polarization Comptition Assay. Fluorescence polarization experiments
were conducted using a BMG PHERAstar FS multimode microplate reader equipped
with two PMTs for simultaneous measurements of the perpendicular and parallel
fluorescence emission. The assays were performeblack polypropylene 38ell
microplate (Costar) with a final volume of 2. Initially the affinity (Kq) of the FITG

BAK peptide was determined by titratiMCL-11"23?"into 10 nM FITGBAK peptide in

20 mM HEPES, pH 6.8, 50 mM NaCl, 3 mM DTT, 0.01%ton X-100 and 5% DMSO

at room temperature while monitoring the perpendicular and parallel fluorescence
emission with a 485 nm excitation and 520 nm emission filters. The fluorescence
polarization competition assay (FPCA) was performed using 10M0M-1172327in the

same buffer (thus, 15 nM FITBAK) with varying concentrations of either unlabeled
peptide or TH@basedVCL-1 inhibitor. Regression analysis was carried out using Origin
(OriginLab, Northampton, MA) to fit # data to the Hill equaticio dgermine the initial
binding affinity Kq¢) and the 1G in the FPCA. For the fluorescence polarization
competition titrations, an equation derived by Nikolov€l@eskaet al. was used to
calculate the; from the 1Go datg158]. The affinity of FITGBAK for MCL-117232" was

determined to be 33.8 £ 0.50 nM in the assay conditions used.

15N-MCL -1 Nuclear Magnetic Resonance SpectroscopdMR spectra was collected at
25 °C with a Bruker AVANCE 800 NMR spectrometer (800.27 MHz for protons)
equipped with pulsefleld gradients, four frequency channels, and triple resonance, z
axis gradient cryogenic probes. A esecond relaxation delay was used, and quadrature
detection in the indirect dimensions was obtained with sER&d phase cycling; initial

delays in the indiret dimensions were set to give zeamd firstorder phase corrections
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of 90° andi 180°, respective[159, 160] Data were processed using the processing
program nmrPipe on Linux workstatig@§1]. All proton chemical shifts are reported
with respect to the #D or HDO signal, taken to be 4.658 ppm relative to external TSP
(0.0 ppm) at 37 °C. Th&N chemical shifts were indirectly referenced using the -zero

point frequency at 37 °6f 0.10132905 fot°N-1H, as previously describfib2, 163]

Uniformly *N-labeledMCL-1 was used to collect twdimensional'H,°N-fast HSQC
(heteronuclear single quantum coherence) spectfd@if-1 with and without #2 to
detect changes in the backbot® and!H resonances oMCL-1 due to the direct
interaction withthe compound64]. The NMR samples contained 18M *N-labeled
MCL-1, (182uM %-2), 20 mM HEPES, pH 6.8, 50 mM NaCl, 3 mM DTT, 20%D

and 5% DMSQds.

CellTiter -Blue® viability assay. A375 cells were plated at 5,000 cells/well seeding

density in a 96 well black walled plate (Corning). Cells were cultured irel00 D ME M

(Gibco) plus 10% HIFBS and PenStrep overnight. Using a separate plate, serial dilutions
were made of each compound i n DMEM. 10 €L o
into the experimental plate so that the final compound concentrations w8re9438,

18. 75, 37.5, 75, 150, or 300 &M and 1% DMS:
received DMSO vehicle at 1% final concentration. Cells were cultured with and without

t est compounds for 48 HhBlue®nrehgent fPeomegd®d vase L o f
added to each well and to control wells containing media only to account for background.

Cells were then incubated for 2 h and fluorescence was read using Molecular Devices

Spectra Max M5 (560Ex/590Em). Results were recorded as percent viability determine
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by dividing the experimental values by the untreated controls and subtracting the

background from celiree wells.

Acknowledgement Reproduced froniiChen, L., Wilder, P. T., Drennen, B., Tran, J.,

Rot h, B. M. , Chesko, K., S h-haped dasign oR3 and
carboxysubstituted 1,2,3;fetrahydroquinolines as inhibitors of myeloid cell leukethia

(Mcl-1 ) Org. Biomol. Chem2016 14, 55055510 DOI: 10.1039/C50B02063biwith

permission from the Royal Society of Chemistry.
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Chapter 3 Structure-Based Design ofi-Aminosalicylates and 5
Aminosalicylatesas Inhibitors of Myeloid Cell Leukemia-1 (MCL -1)

3.1 Design Synthesisand Biological Evaluationof 4-AminobenzoateasMCL-1

Inhibitors

In the last chapter, evreported a class d¥ICL-1 inhibitors based om racemic 3-
carboxysubstituted 1,2,3;fetrahydroquinolines3THQ) scaffold71]. Structurally, he
lead compound#-2) presentsa carboxylic acid to engage R268ougha salt bridge. It
also hasa 3,5dimethyt4-chloro-phenoxyl phenyl group projectinijom the N-positon
through a sulfonamide linkemwhichwaspredicted tgprobe deep into the p2 pock&he
3-THQ scaffold was thenisomerized to a 6carboxysubstituted 1,2,3;4
tetrahydroquinolines6t THQ) to remove the chiral centeeymaintaina similar structure

and potencyto inhibit MCL-1. The binding affinity of -THQ analoguesan be directly

associated with a single structure rather than being the average value of both enantiomers

of 3-THQ analoguesMore importantly, 6THQ scaffold serves at a starting point for

further structure reengineering to eventually yield novel and more synthetically

assessable scaffold-aminobenzoate

In the structure of @HQ scaffold,the nitrogen atom is fused in the THQ rimgaking it
synthetically difficult toeither modifyor installadditional moietie®nto the hydrophobic
THQ core. To overcome this synthetic barrier andirteestigate the SARmore
systematically we re-engineerd the6-THQ ring by opening ughe piperidinetypering,
transforming the corénto a 4-aminobenzoate scaffl in Figure 3.1 This particluar

scaffold offers an acyclic nitrogen atomat a similar position compared tthe 6-THQ
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scaffold,but nowit can be doubRlunctionalizedusingdifferent R and R groups;it also
allows decorations to bastalled on different positions of the benzene ring as the
nitrogen can be easily shifteéfor example, compoun(®)6 &1 group is an isobutyl
group to mimicpart of the hydrophobic core dhe 6THQ, while the R> is the 3,5
dimethyt4-chlorophenoxy benzene suliamide goup, whichsignificantly contributed

to yieldingthe most poter®-THQ analoguecompound(l) in the previoushapter

o Q i
Ho*@g . HOJ\@ . HOJ\QS :>Ho %

1 6-THQ 4-aminobenzoate 2

(¢]] Cl

Os
o//

Figure 3.1. Design of 4aminobenzoate based 6ATHQ scaffold

A GOLD docking experiment was run to test the possibility of compd@Rndinding to

the MCL-1 protein Compound(2) was MM2 energy minimized whileMCL-1 Protein
crystal structure (4HW?2) was processeddamoved the ligand and water and uploaded
onto GOLD (version 5.2.2). Hydrogen atoms were added, and the binding site was
defined as a 10 A redius sphere around residue M28%ufther constrains were used.
One highscoring result is shown irFigure 3.2 As illustrated, the <4hloro-3,5
dimethylphenyl moiety of @ampound(2) successfully docked into the p2 binding pocket

of a crystal structure oMCL-1 protein (PDB ID: 4HW2) Key interactions were
observed between the ligand and the protein includihthe polar interactios between

carboxylic acid sulfonamideand R263; 2)the hydrophobic interaction between -3,5
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dimethyt4-chlorophenol and the deep portiah p2 hydrophobic binding site; 3) a
hydrophobic interaction betweedhe isobutyl group and shallow hydrophobic pocket

formed by A227, F228, M231 and F270].

Figure 3.2. Predicted bindingnode of 4aminobenzoateompound?2) with MCL-1(PDB

ID: 4HW2) using GOLD (a) The MCL1 protein is shown in grey helical structure with
key residues in p2 pocket shown in sticks (carbon: gray; nitrogen: blue; oxygen: red,;
sulfer: yellow). Compoun(®) is shown in sticlstucture(carbon: green; nitrogen: blue;
oxygen: red;sulfer: yellow). Hydrogen bonds are shown in black dashed lines. (b) The
MCL-1 protein is shown with a solveassessible surface (hydrophobic : grey; basic:
blue; acidic: red; sulfer: yellow)Compound(2) is shown in stick stucture (carbon:

green; nitrogen: blue; oxygen: redulfer: yellow).

Encouraged by the docking reswutconcise SAR librargf compoundsvas synthesized
according tothe general procedure shown 8theme3.1. 4-Nitrobenzoic acid3) was
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esterified with sulfuric acid and methanol to yigklmethylester(4). The nitro group of
compound4) was reduced with t{ihl) chloride dihydrate to deliveaniine compound5),
which further underwent reductive amination with isobutyraldehyde tedafompound
(6). Compound6) wasthencoupled to different aromatic sulfonyl chlorides to genesate
library of compounds(7a-7d). They were next saponified using lithium hydroxide
monohydrateo yield 4aminobenzoaténal molecule (8a-8d). Alternativdy, compound
(7d) was alsdurther elaborated witB,5-dimethyl4-chloro-phenol using &vAr reaction,

followed by saponification to givinal compound8e).

*@ *@ *@ *@T——*@T——*@T

7a:R=Ph 8a:R=Ph

7b: R = 2-Naphthy! 8b: R = 2-Naphthyl
j/ j/ 7c: R=4-Ph-Ph 8c: R=4-Ph-Ph
. 7d: R= 4-F-Ph 8d: R= 4-F-Ph
OF CLO

7d e C 7e: Ry =Me
8e:Ry=H

Cl

Scheme3.1. Synthesis of daminobenzoate analogues. Reagents and conditions: (a)
H.SQw, MeOH, 80°C, overnight98% (b) SnCh-2H,O, EtOAc, 50°C, overnight85%

(c) Isobutyraldehyde, NaBH(OAg) DCE, RT, overnight86% (d) RSQCI, DIPEA,
DMAP, CHCE, 60°C, overnight8092% (e) LiOH-H.O, THFMeOH-H20, 3:1:1, RT,
overnight 90-98% (f) 4-chloro-3,5-dimethylphenol, KCOs, DMSO, 100°C, overnight

86%
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The biochemical binding affinitie®f the final molecules wee evaluated using a
fluorescencepolarization competition assay (FPCA) whel#erent concentration ahe
compounds were titrated intonaixture of MCL-117232" and FITGBAK BH3 peptide to
monitor their abilitiesto disrupt the interaction betwednCL-117232" and FITGBAK
BH3 peptide The ICso of each compound was calculated and then convertateto
inhibition constant Kusing NikolovskaColeska equatiarKi = [I]so/([L]so/Kd + [P]o/Kad
+1)[165] for MCL-1 shown in Table 3.1. The biphenyl analogu€8c) exhibited a
moderateMCL-1 inhibition with a K; of 16.71 uM while the naphthyl analog(#b) was

a much veaker binder. The data indicate thia geometricakhape ofigid hydrophobic
moietiesmay havesignificant influenceon binding affinities Therefore, if the binding
pattern of these compounds were similar to the predicted mode from GOLD docking
result, it can be inferred that tipocket accommodating R group midgtg a relatively
small pocket, and hendemight not toleratex moiety whose shape ot complementary
Similar with what we found in the THQAR library studiesfurther extension of the R
group with the 3,8limethyt4-chloro phenoxy grouprenderedcompund (8e) as the
most potent analogue in this focused compound group, whose binding affigMCK -
1) = 2. Orforeghth ldoddsstrongerthan (8c). Taken together, these findings
suggest that although the p2 pocket is not wide, it is deep, whicnsstent with

previous repor{g0].
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Compd MCL-1 K; (uM)

8a >500

8b

R
. >
]IIII\\III!! 16.7 £ 2.3

>500

™ >500
8d
F
O\O 206 + 012

: 5,

Cl

Table3.1. MCL-1 binding affinity of4-aminobenzoate analogues
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3.2 Design Synthesisand Biological Evaluationof 4-AminosalicylatesasMCL-

1 Inhibitors

With further investigtion of the docking result irfFigure 3.2, we suspected that
installing extrapolar function group onto theortho position of carboxylic acid could
potentialy form additionalpolar interactions with either R263 or T266 favor of the
binding A rudimentaryGOLD dockingexperiment was done to showpassible binding
pattern after installing golar hydroxyl group ortho to the carboxylic acid, which
converted the “4minobenzoate into a-@minosalicylate scaffoldFijgure 3.3). In this
particularpredictedconformationthe carboxylic acid formed a salt bridge with R263, as
well as an Hbond with T266. Additionallythe phenolgroup successfully recognizedd
H-bonded with R263. Therefore, we hypothemed that 4aminosalicylates will be

stronger binders compared tathinobenzoates.
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Figure 3.3. Predicted bindingmode of4-aminosalicylate(8e) with MCL-1 (PDB ID:

4HW?2)using GOLD (a) The MCL1 protein is shown in grey helical structure with key

residues in p2 pocket shown in sticks (carbon: gray; nitrogen: blue; oxygen: red; sulfer:

yellow). Compound? is shown in stik stucture (carbon: green; nitrogen: blue; oxygen:
red; sulfer: yellow). Hydrogen bonds are shown in black dashed lines. (b) ThelIMCL
protein is shown with a solveassessible surface (hydrophobic : grey; basic: blue;
acidic: red; sulfer: yellow).Compound @) is shown in stick stucture (carbon: green;

nitrogen: blue; oxygen: redsulfer: yellow).

To test this hypothesis, we designed and synthesized a libfadyaminosalicylate
analoguesaccording toScheme3.2. Compounds X3aaac, 13af and13ak) are courtesy
of Dr. Jay Chauhan 4-Amimosalicylate. wasfahs®rmedreler 6 s
Fisher esterificatiorconditiors, to methyl estercompound(10), which was further ©
benzylated by reacting with benzyl bromide to afford compo(ht). Redictive
amination of compound (11) with different aldehydes and ketones i Rafforded
compounds(12a12¢q. Sulfonylation of {2a12¢ with various R-SOCl delivered
compounds X2aal2ag, (12ba12bc), and(12cal2cq. These compounds were further
deproteatd by saponification and TFAediateddebenzylatiofiL66] to yield analogues
(13aal3ag, (13ba 13bb), and (13ca 13cq. Alternatively, compoundl2ad), (12bg
and (12cq were further elaborated with diffent substituted aromatic systertiRs)
through an SyAr mechanism torender compounds(12ah-12ak), (12bd) and (12cd),
which underwent deprotectionsing the sameleprotection protocol ofaponification
followed by TFA mediateddebenzylation to generate final molecul@s8ah13ak),

(13bd) and (13cd). Additionally, compound11) was also directly sulfonylated by 4
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phenoxybenzerseilfonyl chloride to yield compoun@l2da), whosedeprotectegroduct

wascompound13da).

*@*@*@*@*@*@

12a: R, B O "Ry

12b: Ry = Cp 12aa - 12ag, 1333 13ag

12¢: Ry= Bn 12ba - 12bc, 13ba and13bb,
12ca - 12cc 13ca and 13cb

O OBn O  OBn o OH O 0Bn o OB
~o . ~o HO*@\ ~o d ~o HO
R 2,
R, —— - R . N NH
NH NH
O N Oy, o 2 () O3,

N} - >
‘ R
12ad: R, = Bu R 3
12bc: R; = Cp 12ah - 12ak, 12bd, 12cd 13ah - 13ak, 13bd, 13cd 12da 13da
n

Scheme3.2. Synthesis of 4minosalicylate analogues. Reagents and conditions: (a)
H2SQu, MeOH, reflux overnight 95% (b) BnBr, KOBu, DMF, RT, overnight70% (c)
R:-aldehyde or Rketone, NaBH(OAg) DCE, RT, overnight64-86% (d) R-SOCI,
DIPEA, DMAP, CHC}, 60°C, overnight 1392% (e) LiOH-H.O, THFMeOH-H-0,
3:1:1, RT, overnight80-99% (f) TFA, toluene, RT, overnigh84-83% (g) Rs-phenol,

K2COs, DMSO, 100°Cpvernight 59-87%.

Using the same FPCA experimeag described earliethe potencies of the analogues
were determined and their structure activity relationships were examifatlm3.2 and
3.3. Excitingly, all of 4aminosalicylate analogues Trable 3.2 exhibited strongeMCL-1
binding affinities compared to their correspondirgrinobenzoates derivativesTable

3.1, demonstrating the gmificant contribution frontheaddition of theOH group.

In Table 3.2 increasinghydrophobicity of R substitutionyielded stronger inhibitors,
illustrated by the decreasingiKfrom the phenyl(13ag, 4-flurophenyl (13ad), 4
methylphenyl(13af), 4-bromophenyl(13ag, 2-naphthnyl(13ab) to 4-biphenyl (13a9
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compounds with almost 5@ld improvement in biding affinity. Further expansion of
the R moiety from thepara position of the benzene sulfonamide with an oxygen linker
rendered a group of tighter bindgs3ag13ak). The subtle structural changes on the
phenoxy group were reflected well by their capending Ks, suggesting the sensitivity
of this binding region on the protein. Again, the most potent anald@8eak) was
equipped withthe 3,5-dimethyt4-chloro-phenoxy group, contributing to ifsotentK; of

778 nM.

Next, various R substitutionsvere made(Table 3.3 to further investigate thiinction
of thehydrophobiogroup on this position upon bindingMCL-1 protein.Comparing the
analogues ifTable 3.3, the consistenincremental binding affinitiesrom naphthyl,p-
biphenyl to3,5-dimethyl4-chloro-phenoxy benzene groupas observedOn the other
hand, when comparing the analogue3afle 3.3 with their corresponding derivatives in
Table 3.2, the alterations of Rgroup havedistinct impacs on the potencies of these
moleculesSpecifically, R1 = Cpafforded the leagtotent bindergl3ab, 13ag 13ak), R:

= 'Bu generatedhe moderate potent bindgs3ba-13bd), and R = Bn yieldedthe most
potent binderg13cal13cq. Particularly, ompletely deleting thisiydrophobicity turned
the compound13da) into aweakbinder, suggdsg that ahydrophobic group at thig;

positionis favorable
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HO
_R;
(N
0”7 R,
Compd R Ry MCL-1 K; (M) Compd Ry R, MCL-1 K; (uM)
13aa Y \© 192 + 375 @\ 577 + 046
- 13ag Y 0
13ab Y \\ 138 + 13 -
: ~0
Y 226 + 017
- 13ah .
Y O 411 £ 025
13ac . O
~ o
Y 994 + 9.4 13ai 2.96 + 0.29
13ad . F -
~o Y o)
9 % 1.
13ae Y ©\ 16.9 + 15 13aj P cl 274 % 026
-7 Br
cl
Y - 612 + 45 .
13af o
13ak Y 0.778 + 0.050
cl

Table3.2. MCL-1 binding affinitiesof 4-aminosalicylate analogues
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0”7°R,
Compd R, R, MCL-1 K; (uM) Compd R, R, MCL-1 K; (uM)
- 114 £ 16
13ba Q ‘ 247 + 94 13ca @
. 13cb gj ‘ 171 04
1365 Q ‘\‘ 524 + 069 .
659 + 0.04
1306 @ [j\o 0659 + 0.040
1 :
1.76 + 0.21
o -
e Q 13d @\ e
a
H o
: 0

Table3.3. MCL-1 binding affinitiesof 4-aminosalicylate analogues cont'd
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3.3 Design Synthesisand Biological Evaluationof 5-Aminobenzoateand 5

Aminosalicylatesas MCL-1 Inhibitors

With the nitrogen atormo longer locked in the THQ@ing, its position can be easily
shifted, which will adjust theelativepositions ofthe carboylic acid and hydroxyl group
and furtherimpact onMCL-1 binding dfinity. Based on &igh scoringGOLD binding

predictionin Figure 3.3 and 3.4, shifing the nitrogenfrom para to metathe position
relative tothe carboxylic acidcan still maintainthe same polar ecwact with R263 and

T266,rendeing a rew scaffold:5-aminosalicylate.

Figure 3.4. GOLD docking solution of-aminosalicylatecompound18bd with MCL-1

(PDB ID: 4HW2) (a) The MCL1 protein is shown in grey helical structure with key
residues in p2 pocket shown in sticks (carbon: gray; nitrogen: blue; oxygen: red; sulfer:
yellow). Compound?] is shown in stick stucture (carbon: green; nitrogen: blue; oxygen:

red; sulfe: yellow). Hydrogen bonds are shown in black dashed lines. (b) The MCL
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protein is shown with a solveassessible surface (hydrophobic : grey; basic: blue;
acidic: red; sulfer: yellow).Compound %) is shown in stick stucture (carbon: green;

nitrogen: bue; oxygen: redsulfer: yellow).

The 5aminosalicylatecompoundfavorably fitted into theMCL-1 binding pocket and
developedsimilar polar interactios with R263 and T266Figure 3.4) compared to thd-
aminosalicylate analogu@-igure 3.3). The hydropholic 4-chloro-3,5-dimethylphenyl
moiety probed into thg2 pocket of MCL:1. Following the docking studya library of 5
aminosalicylate wasdesigned and synthesized to validateitheilico model according
to preparation procedurés Scheme 33. In addition the function of hydroxyl group was
re-assessed by deleting it g@neate 5aminobenzoate molecul€ mpounds X8aaaf)

are courtesy of Dr . Jay ChauhalBbahd) areDr .

courtesy of Dr. Jeremy Yap who graduatedlfin Dr . FIl etcherds | ab.

Esterification of 5aminobenzoic acid14@ and 5aminosalicylic acid(14b) afforded
compounds 158 and (15b). Reductive amination with isobutyraldehyde formed
compounds 1638 and(16b), which were furthefunctionalized withdifferent Rsulfonyl
chlorides to yield17aal17ad), and(17ba17bc. The compoundserethen subjected to
saponification to yield final moleculgd8aal18ad), and(18ba18bg. Also, compound
(17ad of 5-aminobenzoatevas further elaborated e carbonfluorine bond by an
SVAr reactionwith 3,5-dimethyt4-chloro-phenol, followed by basic hydrolysis to afford
compound(18aqg. In the case of aminosalicylate, compoun@l7bd) was first O

benzylated to give compound 7 b) defore being coupledto 3,5-dimetyl-4-chloro-
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phenol to afford (17be, and then underwent saponification and TFdiated

debenzylation to yield final compourtidbe).

| | Y
Oy OH 0O 0O 0. 0
x\é\ a X % b X % c X
NH NH. N
2 2 N O\\er‘l
0"7°R

14a: X =H 15a: X =H 16a: X =H
14b: X = OH 15b: X = OH 16b: X = OH d(17aa-17ae:x= Y =
18aa-18ae: X =H,Y =

Y 18ba - 18bc: X =

By L Q7 Ly L mhy Ly Gy

S
Oy Osl Os > 4
LY = 17bd 3 17be 18be
17ad F d 17af: Y = Me F 17bd' F o o

C1Saf:Y=H

H
H
d C 17ba-17bc:X=g

Scheme3.3. Synthesis of aminobenzoate and-d&minosalicylate analogues. Reagents
and conditions: (a) ¥Qi, MeOH, 80°C, overnight6890% (b) Isobutyraldehyde,
NaBH(OAc), DCE, RT, overnight63-73% (c) R-SQ.CI, DIPEA, DMAP, CHC}, 60°C,
overnight 24-98% (d) LIOH-H.O, THFMeOH-H20, 3:1:1, RT, overnight45-98% (e)
BnBr, KOBu, DMF, RT, overnight 70% (f) 4-chloro-3,5-dimethylphenol, KCOs;,

DMSO, 100°C, overnightB0%;(g) TFA, toluene, RT, overnigh®8%

The SAR dataf both 5aminobenzoate and-d&minosalicyate derivatives areeported
togetherin Table 3.4. The pronounced differences kifs between salycilates (right) and
benzoates (leftlemonstrate the compelling benefits generated by the hydroxyl group.
Intriguingly, in both5-aminobenzoate/salicylat#asses, the-Baphthyl analogueld8ab,
18bb) exhibited stronger binding affinity compared ttee 4-biphenyl analoguegl8ac,
18bo), which was in a sharp contrast to the tielaships in 4aminobenzoatsélicylate

scaffolds. Thismight suggest that the iffted nitrogenmay changethe binding orientation
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of scaffold which potentially pointed the4-biphenyl moietytowards an unfavorable

angle wthin the MCL-1 hydrophobic pocket, whilguided the zhaphthyl group to a

favorable direction towards the pock&he most potent compound$8af and 18bd

carried the 3,&limethyl4-chloro-phenoxy group with Ki = 1.45 pM and 586 nM,

respectively.

XE)Y
o
0”7°R
Compd X R Mcl-1  K; (uM) Compd X R Mcl-1  K; (uM)
18aa H @ >500 18ba OH @ 465 + 9.8
18bb OH 751 + 0.84
18ac H O
O >500
18ad H @\ >500 18bc OH O 870 + 2.05
i ®
18ae H ©\ 155 + 14
™ 18bd OH @\
0 0586 * 0.041
18af H 0o 145 + 0.89
cl
cl

Table 3.4. MCL-1 binding

analogues

affinities of 5-aminobenzoate and -&minosalicylate
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3.4 Design Synthesisand Biological Evaluationof 4-Aminosalicylates Prodrugs

and Bioisosteresis MCL-1 Inhibitors

The carboxylic acid moiety has been shownb®wa crucial factor to facilitatehe
recognition of R263 of MCLL by small moleculénhibitorsin the literatur§s9] and by
our own docking resultsAlso, the improved potency from 4&minobenzoate to 4/5
aminosalicylate scaffold illustrated the contributfioom hydroxyl groupThe carboxylic
acid and hydroxyl groupre moieties thgtresentedoth H-bond donorandacceptor. It
would be helpful to dissect the role of tHebonddonor and acceptor in the formation of
polar interactions.Therefore, carboxylic a&id ester prodrugsbioisosteres, and the
methylatedhydroxyl groupwere proposed andynthesizedaccording to procedure in

Scheme 3.4nd3.5.

The synthetic method for ester prodrugs and methylated hydroxyl derivative is described
in Scheme 3.4 4-Aminosalicylate 9) was transformed, under Fisher esterification
conditions, to methyl ester compouriD), which was further @nethylated by reacting

with methyl iodide to afford compound 1-m). Reductive amination of compoungil{

m) with isobutyraldefide yielded compoundlg-m), which was further coupled to- 4
phenoxybenzenesulfonyl chloride to give compoudd-rf). Basic hydrolysis of
compound 13-m) yielded compound 1Q). Starting from compoundlRag, direct
debenzylation under TFA mediated condit@ifiorded compound2Q). Alternatively, it

can be saponified to give compountl Z §.gCompound 1 2 g galm be coupled to

phenol by HBTU to afford compound (1),6which was then debenzylated to yield
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compound 21). Additionally, compound 2 g gad also react tboromomethyl acetate

to afford compound? 2,dollowed by debenzylation to give compour)

N
o Mo
o Mo
HO
N <
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0 "0
Scheme3.4. Synthess of 4aminosalicylate prodrugsReagets and conditions: (a)
H>SQu, MeOH, reflux, overnight, 95%; (b) Mel,'&Bu, DMF, RT, overnight, 76%; (c)
isobutyraldehyde, NaBH(OAg) DCE, acetic acid, RT, overnight, 45%; (d} 4
phenoxybenzenesulfonyl chlorid®IPEA, DMAP, CHC4, 6(°C, overnight, 90%je)
LIOHIH20, THRMeOHH20, 3:1:1, RT, overnight, 99%; (f) TFA, toloe, RT,
overnight, 7589%; (g) fenol, HBTU, TEA DMF, RT, overnight, 30%; (h)

bromomethyl acetate, &0z, DMF, RT, overnight68%.

The synthetic protocol for carboxylic acid bioisostei®seported inScheme 3.5To
synthesize the salicylonitrile derivativ2d), 4-bromo-3-methoxyaniline was coupled to
isobutyraldehyde under reductive amination condition to achieve compdi2-at )(
followed by reacting with 4henoxybenzenesulfonyl chide to give compoundL@-br).

Compound 13-br) was converted to its nitrile analogu&3{(CN) by reacting with
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Zn(CN). and catalyzed by Pd(PEkh Zn dust and Zn(OAg) Compound 13-CN) was
further O-demethylated by LiCl under microwave condition to yietdnpound 23); To
synthesize hydroxamic acid derivative5), compound 12ag was deprotected under
TFA mediated debenzylation condition to give compolw2®@, (which was reacted with
NH20OHYHCI and NaOH to yield compoun@%). To synthesize tetrazole analeg(24),
4-iodo-analine was functionalized with isobutyraldehyde using reductive amination to
give compound X2-1), followed by coupling to 4henoxybenzenesulfonyl chloride to
afford compoundi3-1). Compound 13-1) can be converted to its nitrile analeg@ 4 6
by reacting with Zn(CN)and catalyzed by Pd(PEk Zn dust and Zn(OAg) Compound

(2 4 dwvas reacted with NalNand NH4CI to form the tetrazole compoun@4)(
Alternatively, compoundl3-1) can be reacted with methyl propionate to yield compound
(2 9,d0llowed by reacting with NMFOHHCI to afford the hydroxyisoxazole derivative
(26). Finally, for acylsulfonamidessaponification of compoundl@cd) yielded (2cd),
which was coupled to different-Bulfonamides to give compound® 7{and2 §.6TFA

mediated debenzylation a (7abhd2 8 Wielded molecules27 and28).

127



~o j/
Oig o)
12ag @ 20 @ 25 ©
Nc\©\j/ N?‘T‘
N
S
e O
\?\NH \@:u 130:3\©\O o 0
@ \o)\©\ HNil@\
o o
0 e

Scheme3.5. Synthesis of daminosalicylate bioisosteres. Reagents and conditions: (a)
isobutyraldehyde, NaBH(OAg) DCE, acetic acid, RT, overnight, 78%b) 4-
phenoxybenzenesulfonyl chloride, DIPEA, DMAP, CEG(C, overnight, 89%jc)
Zn(CN), Pd(PPh)s, Zn-Zn(OAc), 1:1, DMF, 126C, 2h, 34%j(d) LiCl, DMF, 16C°C,
m.v. 30 min 40% (e) TFA, toluene, RT, overnight, 589%; (f) NH.OHJHCI, NaOH,
H20, dioxane, RT, overnight, 71%g) NaNs, NH4Cl, DMF, 12%C, overnight, 76%(h)
PPh, Cul, EgN, Pd(PPB)2Cl,, methyl propionate, 12G, m.v, 40min, 44%; (i)

NH2OHIHCI, NaOH, MeOH, RT, overnight20%; (j) LiOHH.0, THEMeOH-H:0,
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3:1:1, RT, overnight, 99%k) R-SO:NH>, EDCIHCI, DMAP, DCM, RT, overnight, 44

50%.

The mpacs of carboxylic prodrugs and bioisosteresn t he compoundods
surveyedn Table 3.5 Evidently, substitution of the hydroxyl groy@3ag with methoxy
group (19) dramatically diminished th&CL-1 binding affinity, suggesting that the- H
bond donating effect from the hydroxyl group was more responsible for the polar
interaction withMCL-1 protein rdber than Hbond accepting effect. Conversion of
anionic carboxylic acid13ag into neutral ester§20-22) completely abolished their
binding affinity, confirming the dominant effect of theldénd donationn the formation

of salt bridge to stabilize thproteinligand complex.Bioisosteric replacement dhe
carboxylic acid with different ionizable moieties yielded analogues with a wide range of
potencies.The mostnoteworthybinders were the tetrazole analogi2d) and the acyl
sulfonamide analogue®7 and 28). The tetrazole is one of the most commonly used
carboxylic bioisosteredn our case, compoun(R4) slightly improved the potency to 3.3
UM. Acyl sulfonamides are also frequentiijlized to replaced carboxylic acid because it
offers a synthetic handle for further decorafi@}. In this case, compound87 and28)

were the most potent analogues in the librégither of salicylic nitrile(23) nor 3
hydroxyisoxazole(26) exhibited desirable potencies, while hgxamic acid analogue
(25) turned out to be a medate binder. These data suggdsthat the recognition of
these different anionic moietiesan beassociated with their conformational shapes,
which is determined by the pointing direction acidic protonwadl as the distance

between the proton and R&87].
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Compd X Y MCL-1K; (uM) Compd X Y Ry

Ry R, R, MCL-1K; (uM)
j Y @ 577 t 046 NN
13a OH B A . N Y 329 + 0.26
9 HO” N - 2 H - . -
H
LYy Q9
106+ 31 o
19 OMe N . .- Y 706 * 5.8
HO . 2 oH wo. ) @
N - .
o Y
20 OH \OJ\ P = >500 L
26 H HN | Y @ >500
o Y 0~ . - -
z OH s P L >500
o e .
o o
2 9 [ ]
o o Y @ 27 OH /E\N - . 294 % 035
22 OH AOAOJ\ » - >500 H P
3
Ng, Y s @ 195 £ 0.22
23 OH - > @ >500 % OH ©/5 H -

Table3.5. MCL-1 binding affinity of 4aminosalicylates esters and bioisosteres
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3.5HSQCGNMR Studies of the Binding Pattern of-Aminosalicylate withMCL -

1

To verify the MCL-1 binding pattern of the molecules discussed ahmmeg a ligand

free methodone representative compouriék) was examined by HSQNMR studies

in the complexwith °N-MCL-1. The result$ shown irFigure 3.5, 3.6, and 3.7. The 2D

1H-15N HSQC spectra dfICL-1 was collected with3ak (red) and withoufl3ak (black).

It clearly showed that R263 and T266 were both perturbed upon the binding of the
compound. Moreover, the majority of hydrophobic residues in theipdng pocket,

which primarily located aMCL-1 pr ot ein hel i xes U2edtaiso U6, w
showing in red (oq domethelessthd resisohresidies locaté€dfaB p p m) .
from the p2 pocket were not interfdrécolored ingray), further confirming theébinding

site prgposed inFigure 3.3.
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L235

Figure 3.7. NMR chemical shift perturbations of tMCL-1/13ak complex mapped onto
MCL-1 crystal coordinates (PDB ID: 4HW3) PyMOL. Residues experiencing chemical

shifts of at least 0.3 ppm are shaded red.
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3.6 MCL-1/BCL-x. Binding Selectivity of 4-Aminosalicylates and 5

Aminosalicylates

As discussed in chapter &xtensive research on the discoveryMEL-1 selective
inhibitors ha bkeen ongoing forthe past five years, leady Abbvie, Fesik and
NicolovskaColesk® s 67,068, 0, 7875, 126] Our salicylate MCL1 inhibitors
shared similar keypinding moieties compared to their inhibitors, therefore we suspected
that slicylate MCL-1 inhibitors mayalso be selective against B&L. Severalof our
most potentepresentative compounds were selected to build a focused group sho

Table 3.6 to study the selectivity against BCX..

Surprisingly, nost of the compounds exhibited weak to moderate selectivity against
BCL-x., indicating their dual MCL-1/BCL-x. inhibition profile. Generally, our
compounds 6 bi fordBCih»g in@eded alang with she development of
stronger potency foMCL-1 inhibition. Comparing the -dminosalicylate analogues,
changingthe Rz group (L3aa, 13ab, 13ac, 13agnd 13ak) had limitedeffects on the
selectivity; sibstitution ofthe R1 group (3ak, 13bc, and 13cq showeda very subtle
response on the selectivity as well, with the benzyl substitution analbgcg heing the
most selective inhibitor(2.65 folds) and the cyclopentyl analogud3bc being an
egupotent inhibitor for both proteins. Fdnd 5aminosalicylate analogues, the gtoup
had a slightly greater impact on the selectiintgome caseparticularly when Rwas2-
naphthyl (8bb: 5.94 fold9 and 3,5dimethyt4-chloro-phenoxyl group 18bd: 4.96
folds). Strikingly, substituting R with a benzyl group orthe 5-aminosalicylate scaffold
(29) decreased the selectivity dramatically to yielM&L-1/BCL-x. dual inhibitor.
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Overall, R and R imparted little effects on the MCLL/BCL-x. selectivityThese
findings showed a sharp contrastmpared to similar work published by Fesik, Abbvie
Inc. and Nicolovsk&Colesk® s d67,069,p70, 74, 75, 126]With no coccrystal
structureof salicylate inhibitors with MCLL/BCL-x. available at the time of this work,

we next proposed to synthetically investigate the influentleedinker on seletivity .

136



Compd X Y Ry R, MCL-1 K; (uM) BCL-x_ K, (uM) K; (MCL-1): K; (BCL-x,)
i Y A 192 £ 37 154 + 28 1:0.80
13aa OH L 3 H * * 10,
HO™ s -
0 o 13.8+1.3 434 £ 147 1:3.12
13ab OH P . R Aox 1% ;3
HO™ ™~ - -
0 ° .
13ac OH g 411 + 025 108 + 26 1:2.63
HO™ >~ -
1 Y Q 577 + 046 17.9 + 46 1:3.12
13 OH . 77 & 0. : ! .3,
ag HOJ\ - 0
o] cl .
13ak oH g Y /@i 0.778 + 0050 163 £ 0.18 1:209
HO™ >~ .- o
o Cl .
13be oH I Q 176 + 021 191 012 1:1.08
HO™ s - o
o el
0629 + 0.040 167 + 0.35 1:2.65
13cc OH . .
HO™ > o
o}
18ba JIN OH > 465 + 9.8 493 + 50 1:1.06

=« < <0

o ~
446 + 59 1 5.
18bb Ho)i\ OH @ 751 + 0.84 5 1:5.94
o N
18bc HOJ\ OH © 870 t 2.05 139 £ 33 1:1.59
o cl )
Pl OH Y 0.586 + 0.041 291 £ 019 1:4.96
18bd HO™ ~~ . o

o Cl
29 J\ OH 1.40 £ 0.47 1.82 + 0.23 1:1.30
HO™ o

Table 3.6. The MCL-1/BCL-x_ selectivitiesfor 4-aminosalicylate and-aminosalicylate

analogues
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Both the sulfonamide and akly linkers were reported in the literature to generatd MCL

selective inhibitors, represented by Nicolovska | e s ka6 s compound anc
compound shown ifable 3.7 Compound 13cq shared high structural similarities with
NicolovskaCo |l eskabds compound, but exhibixted much
Therefore, tk sulfonamide linker was replaced wighG3 alkyl linker 35), similar to

Fesi kos .@he synthsis method for compoun8b) is shown inScheme3.6.

Compound (11) was coupled to 3-(4-chloro-3,5-dimethylphenoxy)propanalusing

reductive amination condition to yield compouri@g. Compound 126 can react with

BnBr with saponification in one pot to render compoud@e@, which was then

debenzylated under TFA miated condition to give compound5). Alternatively,

compound 126 can also be directly saponified, followed by debenzylation to give

compound 36).

o
(o] OBn \O)ﬁ 12ea 35
NS QA
NH, KL
12e o
Cl

” )

&

H

N
A

Scheme3.6. Synthesis of daminosalicylate analogsewnith C-3 linker. Reagents and

Cl

conditions: (a)3-(4-chloro-3,5-dimethylphenoxy)propanalNaBH(OAc)}, acetic acid,
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DCE, 67%;(b) BnBr, NaH (60%), DMFRT, 3h, 45%{c) TFA, toluene, RT, overnight,

95% (d).LIOHIH20, THF-MeOH-H20, 3:1:1, 60%.

Unexpectedly, the change of linker still rendered dual inhibitors without improving the
selectivity profileshown inTable 3.7 Replacing the aryl sulfonamide with an akyl linker
diminished the binding affinity for MCI1 and BCLx_ at the same time to a similar
degree. An intermediate produ@6) was also prepared during the synthesig3&i). It
reconfirmed that hydrophobic R group is desirable for the potsncompared to a

hydrogen atom
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Compd Ry L MCL-1 K; (uM) BCL-X. K; (uM) K; (MCL-1): K; (BCL-x,)
|
N
13cc O/,s\© 0.629 + 0.040 1.67£0.35 1:2.66
|
35 HCooy 210 % 0.12 286 + 0.17 1:1.36
|
H,C
Hat
16 " 2 “CH, 152 + 1.9 227 + 4.1 1:1.49
- HoC. _
o) OH
Ho)bS
HN. O
Nicolovska-Coleska's s 0.180 £ 0.050 10615 1:58.9
Compd 0
O
) o}
Fesik's Compd >_(/\/©
HO N 1.60 + 0.84 >500 <1:300

Cl

Table3.7. TheMCL-1/BCL-x. selectivity of salicylate inhibitowhen varying the linker

Lastly, we suspected that thmaller, monocycliscaffold ofthe salicylates might be the

cause of nosselectivity whencomparing toAb b vi e,
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selective inhibitors usinggid fused aromatic scaffol{&7, 69, 70, 74, 75, 126]o test

this hypothesis, we tested previously synthesized THQoguasé for their BCL-xL

binding affinities, and compared tMCL-1 selective inhibitdr epor t ed, i n Fesi
NikolovskaCo | e s k a0 s a mark frvha ouy cavn grauj®% 70, 72]shown in

Table 3.8 Our compoundsising the rigid THQ scaffolfTHQ-1, THQ-2, and THQ-3)

still displayed dual inhition properties while (THQ-4) exhibits moderate selectivity

(42-fold of selectivity for MCL:1 over BCl-x.). Compared to the rest of its analogues,

the superior binding affinity of THQ-4) for MCL-1 probably contributed the most to its

selectivity When @mparing the selectivity ahonocyclic salicylateompound 85) with

these fused ring compoundbge datasuggesthat the scaffold itself does contribute to

selectivity.
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8

Cl Cl Cl Cl
THQ-1 THQ-2 THQ-3 THQ-4
MCL-1 K; 273 £ 0.24 >500 777 £ 1.39 0.120 + 0.053
BCL-x, K; 3.56 + 0.25 >500 209 + 34 5.06 + 0.63
MCL-1:BCL-x_ 1:1.30 N.A. 1:2.69 1:42.1
O OH

o PN
0 1) SO e®
N % HN. /0 Osg
H\ o) 0" NH

o o]
— <j O\@ Br
& Cl
35 Fesik's compd Nicolovska-Coleska's Maryanna's Compd
Compd

MCL-1 K; 2.09 + 0.12 1.60 = 0.84 0.180 + 0.050 2.76+1.26

BCL-x_ K; 2.86 + 0.17 >500 106+ 1.5 51.4+313
MCL-1:BCL-x, 1:1.36 > 1:300 1:58.9 1:18.6

Table 3.8. Sdectivity of MCL-1 against BCkx. when using fused scaffold.

To conclude, we havdissected and investigated almost all syathetically available
parts of the salicylate scaffold but failed to generate satisfying selectivity against BCL
using a salicylate scaffaldConsidering the high degree of structural similarities among

MCL-1 and BClLx. antiapoptotic proteins, identifying the key structural components for
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selectivity has been an extreamely difficult challenge.co-crystal structureof a
representative salicylate compound with MCland BClx. will be extremelyhelpful to
provide detailedinformation ofbinding interactions between protein and liganehich

hopefully can guide the design and opsation of selective and/or dual itiitors.
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3.7 Design Synthesisand Biological Evaluation of NoveMCL-1/BCL-x. Dual

Inhibitors Based on aHybridization Strategy

As discused in the last section, the salicylate scaffold can steadily provide- MBCL-

xL dual inhibition. Although thigloes not address our goalmfking MCL-1 selective
inhibitors, itoffers a great platforno develop stronger MGIL/BCL-x. dual inhibitors.
Dual inhibition of MCL-1 and BCLx. can be a promisingtrategy to design and develop
novel therapeutic moleculegith unique inhibition profile. First, it canovercome the
MCL-1/BCL-x. dependentesistance generating liye selective inhibition of BCE2 by
ABT-199168]. Second, Bhough BCL-x. inhibition associatedhrombocytopeniaof
ABT-263is no longer an issuwith the next generatioABT-199, other adverse effects
are still frequently observedeaturing dose limiting netropenia due to the BCR
inhibition[169]. Indeed,Leverson and cavorkers at Abbvie showed that combining a
BCL-x. selective inhibtor A1331852 with docetaxedan achieve sufficient therapeutic
effect before thrombocytopenia becomes dose liniiilg Therefore, cmbining ABT -
199 with a MCI-1/BCL-x. dual inhibitor mightas wellgenerate synergistic effeacdto
lower thetreatmentlose anénd the does relateédxicity for both agents while triggering

sufficient therapeuticesponses, which indicates a larger therapauindow.

With thorough exploration of the MGL p2 pocket, we proposed to expand the molecule
to p3 and p4 pockeb generate stronger inhibitoilSccupying more hydrophobic pockets
is expectedo strengthen the potency of inhibitoFsor exampleFesik and coworkers
have reported the optimization of their indole carboxylic acid bi&ged-1 inhibitors by
converting the carbgiic acid into acyl sulfonamidand expanding their moleculego
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the MCL-1 p4 binding pocket to enhance the pote(téigure 3.8(C)) [74]. Tanaka and
colleaguedrom Takeda Pharmaceuticaowed that by merginipe BCL-x. p4 binding
moiety from ABT-263 with aMCL-1 p2 binding moietythey successfuy generatd a
hybridizedMCL-1/BCL-x. dual inhibitor(Figure 3.8 (D))[68]. Thereforewe proposed

to combine thessuccessful strategies to desigm $AR library thatwill expand our
salicylates fromnhibitors occupying only thé1CL-1 p2 pocketinto the p4 pockeby
linking them to a p4 binding moiety througim acyl sulfonamide bond shownFkigure

3.8 (E). Acyl sulfonamide is an excellent bioisostere of carboxylic acid with its acidic
proton. More importantly, it provides synthetic handle thatlowsadditional moieties to

be attached téurtherexpand the molecule.

After reviewing the p4 moieties published by Fesik and Abbvidadc75] we seleted

to modify the p4 moiety of ABT199 (wvenetoclax)Figure 3.8 (B)) andincorporateinto

our molecules for two main reasm first, the p4 moiety of ABT199 is reversely
engineeredrom the p4 moiety of ABT263 (Figure 3.8 (A)), which convers it from a
BCL-2/BCL-x. dual inhibitor into a BCE2 selective inhibito(BCL-2 K; < 0.01 nM and
BCL-xL Ki = 48 nM)[54]. It has been fily dissectedto study each moiefys r ol e i n t
binding Specifically, the azaindoles iresponsible generating B&L selectivity by
forming a salt bridge with BCR specific residue D1Q3comfirmed bya cocrystal
structure (PDB ID: 4MAN) Therefore by removinghis noiety, the residugb4 moiety

of ABT-199 shouldoffer an improvemet for theMCL-1/BCL-x. binding affinity once
merged onto the salicylate scaffoldlustrated byFigure 3.8 (A,B and E)). Second,
ABT-199 (venetoclax) recently received FDA approval for treating CLL patients as a

second line therapylherefore taking advantage @ moiety mightimprove the PK
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profile and decrease the risk of toxicity, thus potentiahgrten then vivo preclinical

development of our molecules in the future.
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Fesik's acyl sulfonamide analogue [74] - —
K, (MCL-1) < 10 nM Tanaka's hybridized compound [85]

K; (BCL-x,) > 50000 nM 1Cs5o (MCL-1) = 0.088 nM

ICsp (BCL-x,) = 0.0037nM

Figure 3.8. Design of novel hybridMCL-1/BCL-x. dual inhibitor by merging 4
aminosalicylate'sViCL-1 p2 moiety ananodifiedABT-199'sBCL-2 p4 moiety (A) ABT-
263; (B) ABT1 9 9 ; (C) Flesslectivé® ishibitdrCwhich binds to p2 and p4
pockets of MCLL; (D) MCL-1/BCL-x. dual inhibitor froma hybridization stretegyy
Tanaka and coeworkers (E) Proposed MCLL/BCL-x. dual inhbitor for salicylate

scaffold.

The synthesis of hybrid MCIL/BCI-x. dual inhibitors is described iBcheme 3.7The

synthesis of ABT199 p4 moiety starts from-fluoronitrobenzene3 7 dy reacting it
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with chlorosulfonic acid, and then followed by additiof NH:fH20 to afford compound
(37). Compound %7) was coupled to itetrahydropyrami-yl-methylamine using 1&\r
mechanism to give compoun8gj. Compound 88) can be coupled to different salicylate
based MCL1 p2 binders such as compourid 4 ¢ dhéough EDCIYHCI and DMAP
mediated coupling process to render compoin@,@vhich was deprotected under TFA
mediated debenzylation condition to yield compouBf).(Additionally, the merging
point can be the phenol group of salicylate scaffold, which is sitoildre merging point
of Takedads hybri d terebaty protecttbon of the {#luic acid g
(39) yielded compound4). Compound40) was then brominated using NBS and AIBN
to afford compound4l), followed by coupling to compound@) to give compound42).
Compound 42) was doubly functionalized by a reductive aminatidf) (followed by
coupling to 4phenoxybenzenesulfonyl chloride to give compousd).(Consequently,
the tert-butyl group was removed under TFA condition to render compodByd then

coupled to compound8) to yield compound32).
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Scheme3.7. Synthesis of hybridized MCGIL/BCI-x. dual inhibitors based on salicylate
scaffold. Reagents and conditions:H8O:Cl, 93°C, overnight; isopropanol, NgfH-0, -
40°C, 1h, 22%{b)1-tetrahydropyrasl-yl-methylamine, TEA, THF, RT, overnight, 90%;
(c) EDCHHCI, DMAP, DCM, THF, RT, overnight, 30%(d) TFA, toluene, RT,
overnight, 40%{e) oxalyl chloride, DMF, DCM, RT, 1HBuOH, 6®C, overnight, 23%;
(f) NBS, AIBN, benzeneg8(C, overnight, 56%(g) K'OBu, DMF, RT, overnight, 77%;
(h) isobutyraldehyde, NaBH(OAg) acetic acid, DCE, RT, overnigh88%; (i) 4-
phenoxybenzenesulfonyl chloride, TEA, DMAP, CHCL1®C, overnight, 99%; (j)

TFA, DCM, RT, 2h, 60%
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The SAR of this new generation of MELBCL-x. dual inhibitors was showim Table

3.9. First, replacing the COOH ith small acyl sulfonamidesesulted insome activity
loss for MCL:-1 (27 and28). This deficit was quickly reitmursed by the installation dfie
modified ABT-199 p4 moiety 30 and 31), suggesting a favorable interaction between
this group and the MGUI/BCL-x. proteins. A subtleseletivity change was also
observedfrom selective again®CL-x. (27), to duaIMCL-1/BCL-x. inhibitor (28) and
selective againsMCL-1 (29). Further extendg the BCL-2 p4 moiety through an
additional benzene sulfonamide linker generated the most potenMdilall/BCL-x.
inhibitor (32), with K; (MCL-1) = 493 nM and K(BCL-x.) = 835 nM. This suggested
that the length ofhe p4 moiety can be further optimized to imprdbe potency of these
moleculesand yield stronger binder§he p4 moiety wasalso installed ontothe 5-
aminosalicylatescaffold to yield compound(33). It exhibits very similar potency
compared to its carboxylic acid analog(#9). Finally, inspired by Taakads wor k,
shifting the merging point onto the phenol group yieldethpound(34). However, this
method of meripg lessenst h e c 0 mMGLuln ahd BCL-x. binding affinity
compared tq13cq, suggesting that the carboxylic acid is the optimal position for this

hybridization strategy.
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° o o
0
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Table 3.9. Inhibition of MCL-1 and BCLx. using hybridized inhibitors targjag both p2

and p4 pocket
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3.8 Evaluation of Cytotoxicityof 4-Aminosalicylates and SAminosalicylates

After evaluating the biochemical binding affinities of salicylate analoguesnext
evaluated the most potent compounds for their ability to kill huatae promyelocytic
leukemia cell line HE60 in vitro, which has been reported to sensitive taMCL-1 and
BCL-2/BCL-x. blockade, and most sensitive when a broad rang&8Q@it-2 antk
apoptotic proteins were inhibitgld6]. Cell experiments and data are courtesy of Dr.

Jiarshi Yu inDr. Kanes group.

The 1Gso of each inhibitor is reported ifiable 3.10 Heavy serum binding was reported in
literature for small molecules with a hydrophobic core and anionic moieties such as a
carboxylic aciil28, 170, 171] Therefore, salicylate derivatives are anticipated to bind
serum heavily in the regular cell culture environment.vabdate this hypothesiswb
assay conditions0.5% BSA and 10% BSA were conducted to compare the serum
binding level for these inhibitors. IIAthe carboxylic acid and acyl sulfonamide
compounds showed dose dependshbwn inFigure 3.9 cell growth inhibition with

ICs0 ranging from4.04 uM to 18.51 M in the 0.5% fetal bovine serum environment.
They all exhibits heavy serum binding when 10% of FBS was added to the culture
environment, with 14old or greaterdrop in 1Go. The moderate cell graw inhibition
ability for the two carboxylic acid esterqairugs 20 and 21) could be attribwgd to the
enzymatic hydrolysishat generatethe correspondinfree acid moleculel@ag in situ

to afford a potenMCL-1/BCL-x. inhibitor in the cells. The data also suggested that the
acidic salicylate analogues werell penetrable, which cgmossiblydue to the formation

of anintramolecularsix-memberechydrogen boned ringwith the ortho position phenol

151



group to mask the negative charge and make the molecule less polar and more cell
penetrable. Interestingly, the most pot&h€L-1/BCL-x. dual inhibitor (32) was less
effective in cell growth inhibition than compound@3cq, indicating other survival

protens might alsde affectedoy compound32).

HL-60 IC5p (uM) HL-60 IC3, (M)
(o] d - : . . 50 50 (K
omp X Y Ry R, MCL-1 Ki(uM)  BCL-xi K; (uM) 0.5% FBS 10 % FBS
o)
13ag OH Ho)l\ Y N @ 577 + 0.46 179 + 46 18.5 > 120
- "0
o
20 oH \OJ\ Y ) @ >500 N.A 68.1 76.4
.- "0
o o) A
21 OH Y >500 - 46.4 >120
BUSNS Be
. 0
o cl
13cc OH g 0629 + 0.040 167 + 035 5.79 3.2
HO™ ™~ "o
° cl
oH \ 209  0.12 286 + 0.17 404 88.0
3 A (HCs
HO
o cl
586 + 0.041 }
18bd HOJ\\ OH Y % 0.586 + 0.0 291 + 019 9.82 >120
© Q 9 “ 162 + 0.18 > 120
7 +
31 OH §\NJ\\ R 0.800 + 0.070 62 £ 0. 7.45
OH o
N g
NO,
0 9
?\NJ\\ cl
32 oH o@o H 0493 + 0.031 0835 + 0086 9.61 >120
o
HN._.O

Table 3.10. Cell viability of HL-60 cell line after treating witMCL-1/BCL-x. inhibitors

for 24 hrs.
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Figure 3.9. HL-60 cells were treated with increasing concentrations of MGhhibitors

for 24 hrs in media containing 0.5% FBS. Cell viability were determined using MTT

assay.
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3.9 Future Directions for 4Aminosalicylates as MC1/BCL-x. Dual Inhibitors

In the previous sections, we reported the design and optimization of IVEGLL -x. dual
inhibitors based on-dminosalicylate scaffold. When targeting the single p2 pocket, we
discoveredcompound(13cq as a potent, cell active MCL/BCL-x. dual inhibitor.
Structureactivity relationships werexamined on almost all the gibons of the ring.
However, limitedsubstitutiors havebeen made to replace the phenol group to test the
possibility to improve binding affinity. Introducing various|@omoieties and phenol
bioisosteres to substitute the OH group might generate more potent binders. Additionally,
more substitutions need to testedon the Nbenzyl position. As this group is pieted

to interact witha shallow sukpocket formed byA227, M231 and F27[J0], introducing

larger and more hydrophobic substituted ring systems might enhance the binding affinity.

The most potent inhibitaargeting both p2 anp4 pockets is compoun82) with strong
binding affinity for both MCL:1 and BClLx.. Additionally, compound32) is active in
the HL60O cell line in dow serum environmentpon the completion ahe SAR analysis
for the p2 binde(13cg described aboveptimal p2 substitutionshouldbe incorporated
onto the same positions for the p2 binding part of compo88d For the p4 binding
moiety, the length of linker mudte further adjusted to achieve optimal potency. Also,
compound 32) would be more drugjke if the linker between p2 and p4 moiety cobie

simplified into lighter groups such as a flexible alkyl chain.
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Figure 3.10. Future structure optimization for compourktB€g and 32).

Above all, acquiring carystal structures of a-dminosalicylate based MCL/BCL-xL
inhibitors with both proteins will provide detailed information of the binding modes and
ligand-protein interactions, which will significantly expedite tegucture iterations, as

well as potentially identify a method to generate selectivity.

Besides the optimization of binding affinities and selectivities of MZBCL-x., the
potencies of salicylate analogues for B€Ishould also be evaluatedvitro using FPCA.
Withoutthe BC2 bi nding affinity determined, we

MCL-1/BCL-x. dual inhibitors or pafBCL-2 inhibitors.

Forfuture FPCA experiments, 10% of bovine serum albumin (B$wuldbe added into

the assay to @lelop a new assay condition in which the BSA binding effect can be
evaluated earlyn vitro. The lead compound generatiedm the SAR campaign needs to
be biologicaly evaluated more thoroughlfzor example, aspase activati¢@9] and/or

TUNEL assajb5] canbe conductetb confirm the activation of intrinsic apoptosis as the
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mechanism for cell growth inhibitiorFurthermore MCL-1 and/or BCEkx. deficient
murine embryonic fibroblast&MEFs) can be used to integate the contribution from

inhibiting each proteif®9].
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Chapter 4 Characterization and General Procedure of 4
Aminobenzoates, 4Aminosalicylates, 5Aminobenzoates, and 5
Aminosalicylates

4.1 Chemistry

All reactions were performed in owa@hlied glassware under an inert jNatmosphere,

unless otherwise stated. Anhydrous solvents were used as supplied without further
purification. *H and *C NMR spectra were recorded on a Varian 400 MHz NMR
spectrometer at 25 °C. Chemical shifts are reported in parts per million (ppm)eand ar
referenced to residual nateuterated solventpeak (CHCI o0 H 7. 26, uC 77. 2;
2.50, uC 39.5). Mass spectra were recorded
using atmospheric pressure chemical ionization (APCI). All final molecules were
confirmed to be > 90% pure by HPLC prior to biological testing using a Waters 1525
analytical/preparative HPLC equipped with a Atlantis T3 C18 reversed phase column
according to the following gradients: 25% solvent (A) to 100% solvent (B) over 22 min

at 1 ml mint, where solvent (A) is is H20 with 0.1% TFA and solvent (B) issCN+

H20, 9:1 with 0.1% TFA.

General procedure A: Methyl esterification. Compoundl (1 eq) was suspended in
MeOH (0.5 M), cooled to 0 °C, and$i04 (7 eq) was added drop wise. The reacti@sw

slowly warmed up to room temperature and then refluxed overnight. TLC indicated the
reaction was complete. The volatiles were evaporated and the residue was poured into ice.
The pH was adjusted to 7 using 1M NaOH solution. The precipitate was filteded a

washed with water and dried in the vacuum oven overnight to yield prducts
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O OH O OH

NH, 0°C to reflux NH

1 2

2

General procedure B: OBenzylation. Compound (1 eq) was dissolved in anhydrous
DMF (0.1 M), cooled to 0 °C, followed by addition ofGBu (1.1 eq). Benzyl bromide

(1.1 eq) was then added and the reaction was stirred at room temperature overnight. TLC
indicated the reaction was complete, which was then partitioned between EtOAc (50 mL)
and HO (50 mL). The organic layer was collected, wastegmbatedly with KO (4 x 20

mL), then dried over N&Qu, filtered, concentrated and purified by flash column
chromatography over silica gel using an eluent of Hex/EtOAc 1:1 to give pr8duct

O OH O OBn

NH DMF NH

2 3

2

General procedure C: Reductiveamination. Compound3 (1 eq) was dissolved in
dichloroethane (0.1 M), followed by corresponding aldehyde/ketone (1.3 eq) and acetic
acid (1.2 eq). Then NaBH(OAc) 2.5 eq) was added batch wise into the reaction and
stirred at room temperature overnight. TLC indicated the reaction was complete.
Saturated NaHCOS3 (aq) was poured into the reaction mixture and bubbled for 30 min.
The mixture was then collected and pgamed between water (50 mL) and DCM (3 x

50mL). Organic layer was combined, dried over.®, filtered, concentrated and
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purified by flash column chromatography over silica gel using an eluent of Hex/EtOAc

4:1 to give product.

O OBn \HkH AcOH O OBn
\O/LK©\ NaBH(OAc); : \OJ\©\ j/
NH DCE N
4

General procedure D: Sulfonamide synthesisCompound4 (1 eq) was dissolved in

anhydrous CHGI(0.1 M), followed by corresponding sulfonyl chloride (1.5 eq), DIPEA

(3 eq) and DMAP (0.1 eq). Reaction was heated at 65 °C overnight undendéplere.

TLC indicated the reaction was complete. The volatiles were evaporated and the residual
was reconstituted in EtOAc and washed with 1M HCI. The organic layer was collected
and dried over N&Qi, filtered, concentrated and purified by flash column

chromatography over silica gel using an eluent of Hex/EtOAc 4:1 to give prdsuct

R;-SO,CI
O OBn DIPEA O  OBn
LY LY
CHCI
N 3 N
O\I
H Ss.
0”7 R,
4 5

General procedure E: Nucleophilic aromatic substitution (§Ar). Compoundb (1 eq)

was dissolved in anhydrous DMSO (0.1 M), followed by addirrgesponding phenol (5

eq), and KCGOs (5 eq). The reaction was heated at 100 °C overnight. TLC indicated the
reaction was complete, which was then partitioned between EtOAc (50 mL)én(b6i
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mL). The organic layer was collected, washed repeatedly with (4l x 20 mL), then
dried over NaSQy, filtered, concentrated and then reconstitute witOE20 mL). The
EtO solution was washed by 1M NaOH (4 x 20 mL), then dried oveE@Qa filtered,

concentrated and then purified by flash column chromatographysdwer gel using an

eluent of Hex/EtOAc 4:1 to give produd@s

O OBn O OBn
~N
g N
0\\2 DMSO 0.
F ¢
5 6 R,

General procedure F: Ester hydrolysis.Compound6 (1 eq) was dissolved in a mixed
solvent of THF/MeOH/HO 3:1:1 (0.1 M). LIOHMH20 (4 eq) was added to theaction

and stirred at room temperature overnight. TLC indicated the reaction was complete. The
volatiles were evaporated and the residue was partitioned between EtOAc and 1M HCI.
The organic layer was collected, dried over®&, filtered, and concentiad to yield

products’.

9] OBn (0] OBn

~0 HO
LiOH* H,O
N > oN
Os¢ THF/MeOH/H,0 >S
o)
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General procedure G: Debenzylation.Compound? (1 eq) was dissolved in solvent
mixture of toluene/TFA 2:1 (0.1 M), and stirred at room temperature overnight. TLC
indicated the reaction was complefée volatiles were evaporated and the residue was

purified by preparative TLC using an eluent of DCM/MeOH/AcOH 92:7:1 to give

productss.
O OBn o OH
HO
HO)K©\ j/ TFA, Toluene )ﬁ j/
> N
N oNy
Osd s
"L e
? :
R 2
7 2 8

General procedure H: acyl sulfonamide synthesisCompound? (1 eq) was dissolved

in anhydrous DCM (0.1 M), followed by corresponding sulfonamide (1.2 eq), HOCI

(1.5 eq), and DMAP (2.0 eq). Reaction was stirred at room temperature overnight. TLC
indicated the reaction was complete. The reaction mixture was portioned between 1M
HClI ard DCM, and the organic layer was collected, dried ovesSRa filtered,
concentrated and then purified by flash column chromatography over silica gel using an

eluent of Hex/EtOAc 2:1 to give produ@s
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S8y B oWy
DMAP N
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O/
0
o

z
\J
O
/

Methyl 4-nitrobenzoate (LC-3-017): 4-nitrobenzoic acidvas esterified on a scale of 18
mmol according to general procedure A to yield product as beige solid (3.29,' 98%),

Yoshida, Masahiro et arg. Biomol. Chem,. 20097, 4062406.

NH

Methyl 4-aminobenzoate (LG3-018): methyl 4aminobenzoate (3g, 16.7 mmol, 1 eq)

2

was dissolved in EtOAc (0.1 M), followed by addition of stannous chloride dehydrate
(199, 83 mmol, 5 eq) portion wise, and the reaction mixtues stirred at room
temperature overnight. TLC indicated the reaction was completed. Saturated NaHCO3

(ag) was added to reaction to quench the reaction, and mixture was partitioned between
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EtOAc and HO x 3. Organic layer was collected and combined, doeer NaSQy,

filtered, and concentrated to yield product as beige solid (2.1g, 85%);

IHNMR (CDCk, 400 MHz) U =B.4He5Ar),6.84{2H, &l = 8.8Hz, Ar),

4.06 (2H, s, NK), 3.85 (3H, s, CH);

I3CNMR(CDCk, 100 MHz) 219.7,39188,%16;: 13 1. 6,

Yoy

Methyl 4-(isobutylamino)benzoate (LG5-070): methyl 4aminobenzoate was reductive
aminated according to general procedure C on a scale of 3.4 mmol to give product as

light brown solid (600mg, 86%);

IHNMR (CDChk, 400 MHz) U =B.8Hz5Ar),(6.84{2H, ol = 8.0Hz, Ar),
4.29 (1H, s, NH), 3.85 (3H, s, GH2.98(2H, d,J = 6.4 Hz, CH,), 1.931.86 (1H, m,

CH), 0.99 (6H, dyJ = 6.0Hz, 2*CHa);

3CNMR(CDCk, 100 MHz) 16.9,1183 4, 51%31.1,28.0,203.1 . 5,

0]
o)
0
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Methyl  4-(N-isobutylphenylsulfonamido)benzoate  (LC5-074): methyl 4

(isobutylamino)benzoate was coupled to benzenesulfony chloride according to general

procedure D on a scale of 0.#mol to yield product as light brown solid (231 mg,

90%);

IHNMR (CDCk, 400 MHz) 0J=77.68z7An(7567,52 @H, m, Ar), 7.45
(2H, t,J = 7.2Hz, Ar), 7.14 (2H, d,J = 8.8 Hz, Ar), 3.92 (3H, s, CH), 3.34 (2H, d,) =

7.2Hz, CH,), 1.581.53(1H, m, CH), 0.90 (6H, d] = 6.8 Hz, 2*CHa);

13C NMR (CDCk, 100 MHz) 4 166. 3, 143. 6, 137.

127.5,57.4,52.3, 26.9, 19.8.

Methyl 4-(N-isobutyl-[1,1'-biphenyl]-4-ylsulfonamido)benzoae (LC-5-075): methyl

4-(isobutylamino)benzoate was coupled to biphehgllfonyl chloride according to

general procedure D on a scale of 0.71 mmol to give product as light brown solid (276mg,

92%);

IHNMR (CDCk, 400 MHz) 0J=7.61z7Ar),(7B3H2H, diJ,= 7.6 Hz, Ar),

7.597.56 (4H, m, Ar), 7.48.44 (2H, m, Ar), 7.4%.38 (1H, m, Ar), 7.18 (2H, d, = 7.2

164



Hz, Ar), 3.90 (3H, s, CH), 3.37 (2H, d,J = 7.6 Hz, CHy), 1.591.55 (1H, m, CH), 0.90

(6H, d,J = 7.6 Hz, 2*CHa);

13C NMR (CDCE, 100 MHz) 4 166. 3, 145. 6, 143. 7, 1:

128.5, 128.1, 128.0, 127.4, 127.3, 57.4, 52.3, 26.9, 19.8.

Methyl 4-(N-isobutylnaphthalene2-sulfonamido)benzoate (LG5-076): methyl 4
(isobutylamino)bazoate was coupled to-riaphthlenesulfonyl chloride according to
general procedure D on a scale of 0.66 mmol to yield product as light brown solid (209

mg, 80%);

IHNMR (CDCk, 400MHz) U 8. 13 (14BAHzAN, #867385 7. 95 (
(3H, m, Ar), 7.647.56 (2H, m, Ar), 7.477.45 (1H, m, Ar), 7.14 (2H, d = 8.8 Hz, Ar),
3.89 (3H, s, Ch), 3.38 (2H, dJ = 7.6 Hz, Ar), 1.591.52 (1H, m, CH), 0.89 (6H, d,=

6.8Hz, 2*CHy);

13C NMR (CDCk, 100 MHz) 4 166. 3, 1431293, 12934 . 9, 1:

129.0, 128.8, 128.7, 128.2, 127.9, 127.5, 122.8, 57.5, 52.3, 26.9, 19.8.
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Methyl 4-(4-fluoro-N-isobutylphenylsulfonamido)benzoate (LG5-073): methyl 4
(isobutylamino)benzoate was coupled tfubro-benzenestibnyl chloride according to
general procedure D on a scale of 2.46 mmol to yield product as light brown solid (718

mg, 80%);

IHNMR (CDCk, 400 MHz) UJ=7.61929Ar), (755,52 (@H, m, Ar), 7.16
7.10 (4H, m, Ar), 3.92 (3H, s, G} 3.34 (2H, dJ = 6.8 Hz, CHy), 1.591.55 (1H, m,

CH), 0.90 (6H, dyJ = 6.8 Hz, 2*CHa);

13C NMR (CDCk, 100 MHz) 4 143. 4, 130. 4, 130. 2, 1:

57.4,52.3, 26.9, 19.8.

Cl

Methyl 4-(4-(4-chloro-3,5-dimethylphenoxy)-N-isobutylphenylsulfonamido)benzoate

(LC-5-077): methyl 4(4-fluoro-N-isobutylphenylsulfonamido)benzoate was reacted
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with 3,5-dimethyt4-chloro-phenol according to general procedure E on a scale of 0.42

mmol to yield product as light brown solid (1819, 86%);

IHNMR (CDCk, 400 MHz ) 0J=7.61z8Ar),(72642H, diJ,= 8.8Hz, Ar),
7.18 (2H, d,J = 8.0Hz, Ar), 6.93 (2H, d,J = 8.0Hz, Ar), 6.79 (2H, s, Ar), 3.91 (3H, s,
CHs), 3.34 (2H, d)J = 7.2Hz, Ar), 2.37 (6H, s, 2*CH), 1.621.55 (1H, m, CH), 0.90 (6H,

d,J =6.0Hz, 2*CHy3);

13C NMR (CDCE, 100 MHz) u 166.3,161. 6, 152. 6,

129.7,129.1, 128.1, 120.1, 117.1, 57.3, 52.3, 26.9, 20.9, 20.4, 19.8.

4-(N-isobutylphenylsulfonamido)benzoic  acid  (LG3-029): methyl  4(N-
isobutylphenylsulfonamido)benzoate was hydrolyzed according to general procedure F

on a scale of 0.57 mmol to give product as white solid (186mg, 98%);

IHNMR (CDCk, 400MHz) 0J=8.483An(7567,51 @GH, m, Ar), 7.44
(2H, t,J = 7.2Hz, Ar), 7.17 (2H, d,J = 8.0Hz, Ar), 3.34 (2H, d,J = 7.2Hz, CHy), 1.60

1.53 (1H, m, CH), 0.89 (6H, d,= 6.8 Hz, 2*CHs);

13C NMR (DMSO-ds, 100MHz) u 167. 1, 1n303,129,8, 12847 . 7,

127.6, 56.9, 26.9, 19.9;
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m/z(APCI) Target Mass: 333.1; Found: 334.0 (M+H)

tr = 9.9 min (100%).

(@)
LY
oN
o>

4-(N-isobutyl-[1,1'-biphenyl]-4-ylsulfonamido)benzoic acid (LG3-030): methyl 4(N-
isobutyH 1,1-biphenyl]-4-ylsulfonamido)benzoate was hydrolyzed according to general

procedure F on a scale of 0.5 mmol to give product as white solid (202 mg, 99%);

IHNMR (CDCk, 400 MHz ) 0J=8.8Hz3Ar),(7B3H2H, diJ,= 8.4Hz, Ar),
7.607.56 (4H, m, Ar), 7487.40 (3H, m, Ar), 7.23 (2H, d, = 8.0Hz, Ar), 3.38 (2H, d,]

= 7.6Hz, CHy), 1.651.56 (1H, m, CH), 0.91 (6H, d,= 6.8 Hz, 2*CHa);

13C NMR (DMSO-dg, 100MHz) 0 167. 1, 144. 9, 143.

129.1, 128.4, 128.3, 127.827.5, 56.9, 26.9, 20.0;
m/z(APCI) Target Mass: 409.1; Found: 410.0 (M+H)

tr = 13.1 min (100%).
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4-(N-isobutylnaphthalene 2-sulfonamido)benzoic acid (LG3-031): methyl 4(N-
isobutylnaphthaleng-sulfonamido)benzoate wasydrolyzed according to general

procedure F on a scale of 0.5 mmol to give product as white solid (182 mg, 95%);

IHNMR (CDCk, 400MHz) U 8. 14 (J=+8,8HzAr, 789786 8. 02
(3H, m, Ar), 7.667.57 (2H, m, Ar), 7.4§.45 (1H, m, Ar)7.20 (2H, dJ = 8.4 Hz, Ar),

3.40 (2H, dJ = 6.8Hz, CHy), 1.601.56 (1H, m, CH), 0.90 (6H, d,= 6.8 Hz, 2*CH3):

13C NMR (DMSOds, 100MHz) U0 167. 1, 143. 4, 135. 0,

129.7,129.5, 128.9, 128.5, 128.3, 128.1, 122.9, 28.9, 20.0;
m/z(APCI) Target Mass: 383.1; Found: 384.0 (M+H)

tr = 11.8 min (100%).
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4-(4-Fluoro-N-isobutylphenylsulfonamido)benzoic acid (LCG3-025): methyl 4(4-
fluoro-N-isobutylphenylsulfonamido)benzoate was hydrolyzaccording to general

procedure F on a scale of 0.33 mmol to yield product as beige solid (105 mg, 91%);

IHNMR (CDCk, 400 MHz) UJ=8.40z4A1(7567,52 @H, m, Ar), 7.18
(2H, d,J = 8.0Hz, Ar), 7.12 (2H, tJ = 8.0Hz, Ar), 3.34 (2H, d,J = 7.2Hz, CHy), 1.66

1.56 (1H, m, CH), 0.89 (6H, d,= 6.8 Hz, 2*CHa);

13C NMR (DMSOds, 100MHz) U0 167. 1, 166. 3, 143.

128.5,117.1, 116.9, 56.9, 26.9, 19.9;
m/z(APCI) Target Mass: 351.1; Found: 352.0 (M+H)

tr = 10.3 min (100%).

Cl

4-(4-(4-Chloro-3,5-dimethylphenoxy)-N-isobutylphenylsulfonamido)benzoic acid
(LC-3-035): methyl 4(4-(4-chloro-3,5-dimethylphenoxy)N-
isobutylphenylsulfonamido)benzoate was hydrolyzed according to ajepercedure F

on a scale of 0.3 mmol to give product as white solid (131 mg, 90%);
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IHNMR (CDCk, 400 MHz) 0J=8.4Hz2Ar),(725H2H, diJ,= 8.4Hz, Ar),
7.20 (2H, d,J = 8.8Hz, Ar), 6.92 (2H, d,J = 8.8Hz, Ar), 6.78 (2H, s, Ar), 3.34 (2H], J

= 7.6Hz, CHy), 1.701.49 (1H, m, CH), 0.89 (6H, d,= 6.8 Hz, 2*CHa);

13C NMR (DMSO-dg, 100MHz) U 167. 1, 161. 3, 153. 0,

128.5, 120.7, 117.9, 56.9, 26.9, 20.7, 20.0;
m/z(APCI) Target Mass: 487.1; Found: 488.0 (M+H)

tr = 19.1 min (100%).

NH

Methyl 4-amino-2-hydroxybenzoate (4jc89): 4-aminc2-hydroxybenzoic acid was

2

esterified according to general procedure A on a scale of 26 mmol to give product as

brown solid (4.1 g, 95%);

IHNMR (CDCls, 400MHz) U H)07.59(2H,(]=78Hz As),6.13(1 H,

d,J=7.6Hz,Ar), 6.11 (1 H, s, Ar), 3.85 (3 H, s, BB);
BCNMR(CDC, 100MHz) & 170.5, 163.5, 153. 3,

m/z(APCI) Target Mass: 167.1; Found: 168.4 (M+H)
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Methyl 4-amino-2-(benzyloxy)benzoate(4jc90): methyl 4amino2-hydroxybenzoate

was Obenzylated according to general procedure B on a scale of 12 mmol to give

product as beje solid (2.1 g, 70%);

IHNMR (CDCk, 400 MHz ) J=78.8RABAN( 7155746 (2 #,,m, Ar), 7.37
(2 H,1,J =7.2Hz, Ar), 7.30 (1 H, tJ = 7.2Hz, Ar), 6.356.24 (2 H, m, Ar), 5.12 (2 H, s,

CHy), 4.02 (2 H, br s, N2), 3.83 (3 H, s, O85);

13C NMR (CDCl, 100MHz) u 161. 6, 155. 9, 147.

102.1, 94.7, 65.6, 46.7;

O OBn
N
H

Methyl 2-(benzyloxy)}4-(isobutylamino)benzoate (4jc91): methyl 4amino2-
(benzyloxy)benzoate was reductive aminaigith isobutylaldehyde according to general

procedure C on a scale of 3.6 mmol to give product as pale solid (970 mg, 86%);

IHNMR (CDCk, 400 MHz) UJ=mB.8RADAN(753 (BH, did=,7.6Hz, Ar),
7.39 (2 H, tJ = 7.6 Hz, Ar), 7.30 (1 H, tJ = 7.6 Hz, Ar), 6.17 (1 H, d,] = 8.8 Hz, Ar),
6.12 (2 H, s, Ar), 5.16 (2 H, s,H3), 3.84 (3 H, s, OB3), 2.93 (2 H, dJ = 7.2 Hz,

CHiPr), 1.901.80 (1 H, m, CHCH), 0.97 (6 H, dJ = 7.2Hz, 2 x CHa);

13C NMR (CDCE, 100MHz) U 166. 41342 628.5,927.6,11863%, 3,

107.9, 104.7, 97.0, 70.4, 51.4, 51.1, 28.0, 20.4,

m/z(APCI) Target Mass: 313.1; Found: 314.2 (M+H)
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Methyl 2-(benzyloxy)4-(N-isobutylphenylsulfonamido)benzoate(4jc112-1): methyl
2-(benzyloxy}4-(isobutylamino)benzoate was coupled to benzenesulfonyl chloride
according to general procedure D on a scale of 0.96 mmol to yield product as clear oll

(153 mg, 35%);

IHNMR (CDCk, 400 MHz) UJ=B.0RARAN(7HL:7t52 (3 H, mAr), 7.48
7.41 (4 H, m, Ar), 7.37 (2 H, §, = 8.0Hz,Ar), 7.31 (1L H, d,J = 7.2Hz, Ar), 6.83 (1L H, s,
Ar), 6.56 (1 H, dJ = 7.2Hz, Ar), 5.09 (2 H, s, €l2), 3.90 (3 H, s, Ofl3), 3.27 (2 H, d,)

= 8.0Hz, CHaiPr), 1.561.43 (1 H, m, CHCH), 0.84 (6 H, d,J = 8.0Hz, 2 x CHa);

13C NMR (CDCE, 100MHz) u 166. 1, 158. 2, 143. 9,

1285, 127.9, 127.6, 126.8, 119.8, 119.2, 114.9, 70.6, 57.5, 52.1, 26.8, 19.8;

MS (APCI+) m/z Calcd (M): 453.1, Found: 454.0 (M+Hi

0] OBn
O\N

Methyl 2-(benzyloxy)4-(N-isobutyl-4-methylphenylsulfonamido)benzoate (4jc112-

2): methyl 2(benzyloxy}4-(isobutylamino)benzoate was coupled tdojuenesulfonyl
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chloride according to general procedure D on a scale ofrAr@6l to yield product as

clear oil (153 mg, 34%);

IHNMR (CDCk, 400 MHz) J=78.8RAZAN(747-7B4 (6 #,,m, Ar), 7.31
(1 H, d,J =7.2Hz, Ar), 7.287.20 (2 H, m, Ar), 6.86 (1L H, s, Ar), 6.56 (1 H, Xz 8.4
Hz, Ar), 5.10 (2 H, s, El2), 3.90 (3 H, s, O@l3), 3.25 (2 H, d.J = 8.0Hz, CHaiPr), 2.42

(3 H, s, ArtHs), 1.551.44 (1 H, m, CKCH), 0.84 (6 H, d,) = 8.0Hz, 2 X CHa);

13C NMR (CDCE, 100MHz) u 166. 2, 158. 2, 144. 1,

127.8, 127.6, 126.8, 119.6, 119114.9, 70.6, 57.3, 52.2, 26.8, 21.6, 19.8;

MS (APCI+) m/z Calcd (M): 467.1, Found: 468.1 (M+ht

@) OBn
N
O\l

Methyl 2-(benzyloxy)4-(4-bromo-N-isobutylphenylsulfonamido)benzoate (LC5-
002): methyl 2-(benzyloxy}4-(isobutylamino)benzoate was coupled tbrémobenzene
sulfonyl chloride according to general procedure D on a scale of 0.32 mmol to give

product as light brown solid (119 mg, 70%);

IHNMR (CDCk, 4 00 MHz )  1J =B.0Hz7AN),(7.BH2H, dd) = 7.6 Hz, Ar),
7.187.13 (2H, m, Ar), 7.1Z.11 (4H, m, Ar), 7.06 (1H, t] = 7.2 Hz, Ar), 7.00 (1H, s,

Ar), 6.59 (1H, s, Ar), 7.29 (1H, d, = 9.2 Hz, Ar), 4.87 (2H, s, @CHy), 3.65 (3H, s, ©
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CHg), 2.99 (2H, d,J = 8.0Hz, N-CHy), 1.281.21 (1H m, CH), 0.59 (6H, dJ = 6.0 Hz,

2*CHpa);

13C NMR (CDCE, 100MHz) u 166. 0, 160. 8, 158. 3,

128.6, 127.9, 126.8, 120.0, 118.9, 114.9, 70.7, 57.5, 52.2, 26.8, 19.8.

O OBn
“"*@T
ol
.
Br

2-(Benzyloxy)4-(4-bromo-N-isobutylphenylsulfonamido)benzoic acid (LCG5-010):
methyl 2(benzyloxy}4-(4-bromoN-isobutylphenylsulfonamido)benzoate was
hydrolyzed according to general procedure F on a scale of 0.27 mmol to give product as

light brown solid (128ng, 92%);

IHNMR (CDCk, 400 MHz) 0J=8.4Hz5Ar),(75H2H, diJ,= 8.8Hz, Ar),
7.42.7.40 (4H, br s, Ar), 7.34 (2H, d,= 8.0Hz, Ar), 7.24 (1H, s, Ar), 7.14 (1H, s, Ar),
6.56 (1H, d,J = 8.8Hz, Ar), 5.27 (2H, s, @CHy), 3.27 (2H, d,J = 8.0Hz, N-CHy), 1.56

1.49 (1H, m, CH), 0.85 (6H, d,= 6.4Hz, 2*CHa);

13C NMR (CDCE, 100MHz) ua 164. 5, 157. 3, 145. 1,

129.1, 128.8, 128.1, 119.4, 117.3, 114.9, 72.5, 57.2, 26.9, 19.8.
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Methyl 2-(benzyloxy)4-(N-isobutylnaphthalene2-sulfonamido)benzoate(4jc112-3):
methyl 2(benzyloxy}4-(isobutylamino)benzoate was coupled tendphthyl sulfonyl
chloride according to general procedure D on a scale of 0.96 mmol to give product as

white foan (146 mg, 30%);

IHNMR (CDCk, 400MHz) o 8. 17686 (3 H, mHAr), 7S75.5843H,m, 7. 96

Ar),

7.50 (1 H, d,J = 8.8Hz, Ar), 7.397.24 (5 H, m, Ar), 6.82 (1 H, s, Ar), 6.59 (1 H,J=
8.4Hz, Ar), 5.00 (2 H, s, €l), 3.90 (3 H, s, OHs), 3.31 (2 H, d,J = 8.0 Hz, CH2iPr),

1.561.45 (1 H, m, CHCH), 0.86 (6 H, d,J = 8.0Hz, 2 x CHa);

13C NMR (CDCE, 100MHz) u 166. 1, 158. 3, 144. 0, 13¢
128.9, 128.8, 128.5, 127.9, 127.8, 127.6, 126.8, 122.9, 119.8, 119.4, 1(0.8,957.6,

52.2, 26.8, 19.8;

MS (APCI+) m/z Calcd (M): 503.1, Found: 504.1 (M+ht
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Methyl 2-(benzyloxy)-4-(N-isobutyl-[1,1'-biphenyl]-4-ylsulfonamido)benzoate
(4jc112-4): methyl 2(benzyloxy}4-(isobutylamino)benzoat&as coupled to -biphenyl
sulfonyl chloride according to general procedure D on a scale of 0.96 mmol to give

product as clear oil (63 mg, 13%);

IHNMR (CDCk, 400 MHz ) J=77.6AZAr (7168756 (6 &, m, Ar), 7.48
(2 H,t,J =7.2Hz, Ar), 7.457.38 (3 H, m, Ar), 7.35 (2 H, §, = 8.0Hz, Ar), 7.31-7.25 (1
H, m, Ar), 6.87 (L H, s, Ar), 6.62 (1 H, d,=8.0Hz, Ar), 5.10 (2 H, s, €l2), 3.90 (3 H, s,
OCHs3), 3.30 (2 H, dJ = 7.2Hz, CHaiPr), 1.571.46 (1 H, m, CHCH), 0.86 (6 H, d,] =

8.0Hz, 2 x CHy);

13C NMR (CDCk, 100MHz) 158.2, 145.6, 144.0, 139.1, 136.2, 132.0, 129.1, 128.5,

128.1, 127.8, 127.4, 127.3, 126.8, 119.2, 114.9, 70.6, 57.5, 52.2, 26.8, 19.8;

MS (APCI+) m/z Calcd (M): 529.2, Found: 530.1 (M+ht
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Methyl 2-(benzyloxy) 3-(4-(4-chloro-3,5-dimethylphenoxy)-N-
isobutylphenylsulfonamido) benzoatg4jc112-5 (DVE-1-024)): methyl 2(benzyloxy}
4-(4-fluoro-N-isobutylphenylsulfonamido)benzoate was coupled to-d8yethyt4-

chloro-phenol on a scale of 1.26mol to yield product as yellow oil (527 mg, 69%);

IHNMR (CDCk, 400 MHz) UJ=7.6Hz4 Arf, 168H56 (5,H, m, Ar), 6.94
(2 H,t,J =8.8Hz, Ar), 6.89 (1L H, s, Ar), 6.79 (2 H, s, Ar), 6.58 (2 H, s, Ar), 5.12 (2 H, s,
CH,), 3.91 (3 H, s, OHs), 3.28 (2 H, d,J = 6.8 Hz, CHaiPr), 2.31 (6 H, s, 2 X ArBa),

1.57-1.46 (1 H, m, CHCH), 0.85 (6 H, d,J = 8.0Hz, 2 x CHa);

3CNMR (CDCk, 100MHz) o 161.63, 158.3, 153.4, 15
132.1, 131.4, 129.8, 128.6, 127.9, 126.90.1, 19.7, 119.0, 117.1, 115.2, 115.0, 70.7,

57.4,52.2, 26.8, 20.9, 20.8, 19.8;

(0] OH
Ho)ﬁ\ j/
N
O\I
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2-Hydroxy-4-(N-isobutylphenylsulfonamido)benzoic acid (4jc1171): methyl 2
(benzyloxy}4-(N-isobutylphenylsulfonamido)benzoate wdws/drolyzed according to
general procedure F on a scale of 0.34 mmol, and the product was dissolved in MeOH
followed by 10% Pd/C (10 wt%) and:lgas was bubbled through the reaction and stirred

at room temperature for 3 hrs. TLC indicated the reaction wagplete. The reaction
mixture was filtered through celite, and washed with MeOH. The filtrate was collected

and combined, evaporated to give product as pink solid (43mg, 36%);

IHNMR (CDCk, 400MHz) U H)O7.87(DH,()=88Hz, As),7.647.54
(3H, m, Ar), 7.48 (2 H, tJ = 8.0Hz, Ar), 6.80 (1 H, dd,J = 8.8, 1.6Hz, Ar), 6.69 (1 H,
s, Ar), 3.34 (2 H, dJ = 6.8 Hz, CH4iPr), 1.691.58 (1 H, m, CHCH), 0.91 (6 H, d,J =

6.8Hz, 2 x CHy);

13C NMR (CDCE, 100MHz) u 17 337.8,,132.9,6121.34129.011275, 2,

119.7, 116.3, 110.2, 57.1, 26.9, 19.8;
MS (APCI+) m/z Calcd (M): 349.1, Found: 350.0 (M+ht

tr = 10.3 min (100%).

2-Hydroxy-4-(N-isobutyl-4-methylphenylsulfonamido)benzoic  acid (4jcl117-2):

methyl 2(benzyloxy}4-(N-isobutyt4-methylphenylsulfonamido)benzoate was
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hydrolyzed according to general procedure F on a scale of 0.32 mmol, and the product

was dissolved in MeOH followed by 10% Pd/C (10 wt%) andgds was bubbled

through the reaction and stirred at room temperature for 3 hrs. TLC indicated the reaction

was complete. The reaction mixture was filtered through celite, and washed with MeOH.

The filtrate was collected and combined, evaporated to gogupt as pink solid (86mg,

74%);

IHNMR (CDCk, 400MHz) U H)O7.87(1H,@)=88Hz, As),7.482 H,
d,J =8.4Hz, Ar), 7.26 (2 H, dJ = 8.4Hz, Ar), 6.82 (1 H, dd)) = 8.8, 1.6Hz, Ar), 6.69
(1L H, d,J=1.6Hz Ar), 3.32 (2 H, dJ = 7.2Hz, CH2iPr), 1.681.58 (1 H, m, CHCH),

0.91 (6 H, dJ = 7.2Hz, 2 x CHy);

BC NMR (CDCs, 10O0MHz) U 173.8, 162.4, 147.

127.5, 119.8, 116.2, 110.1, 57.0, 26.8, 21.6, 19.9;

MS (APCI+) m/z Calcd (M): 363.1, Found364.1 (M+H);

tr = 11.4 min (100%).

(@] OH
HO)J\©\ j/
O\N

4-(4-Bromo-N-isobutylphenylsulfonamido)2-hydroxybenzoic acid (LG5-012): 2-

(benzyloxy}4-(4-bromaN-isobutylphenylsulfonamido)benzoic acid was debenzylated
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according to genergrocedure G on a scale of 0.22 mmol to yield product as beige solid

(84 mg, 90%);

IHNMR (DMSO-ds, 400 MHz ) W =38.4Hz6\r), 7.88H1H, sdAr), 7.44 (2H,
d,J = 8.0Hz, Ar), 6.59 (2H, br s, Ar), 3.31 (2H, d,= 6.8Hz, N-CHy), 1.451.42 (1H,m,

CH), 0.80 (6H, dJ = 6.4Hz, 2*CHa):

13C NMR (DMSO-ds, 100MHz) 4 144. 2, 137. 1, 132. 8, 17z

26.8, 19.9;
m/z(APCI) Target Mass: 429.0; Found: 429.9 (M+H)

tr = 12.1 min (100%).

(@) OH
“‘*@T
O//

2-Hydroxy-4-(N-isobutylnaphthalene2-sulfonamido)benzoic acid(4jc117-3): methyl
2-(benzyloxy}4-(N-isobutylnaphthalen@-sulfonamido)benzoate ~ was hydrolyzed
according to general procedure F on a scale of 0.29 mmol, and the product was dissolved
in MeOH followed by 10% Pd/C (10 wt%) ancigas was bubbled through the reaction

and stirred at room temperature for 3 hrs. TLC indicated the reaction was complete. The
reaction mixture was filtered through celite, and washed with MeOH. The filtrate was
collected andombined, evaporated to give product as pink solid (95mg, 82%);

181



IHNMR (CDCk, 400MHz) U H08.24 (L H(sLAnH7,.95.89,(3 HOm,
Ar), 7.86 (1 H, dJ = 8.8Hz, Ar), 7.707.58 (2 H, m, Ar), 6.81 (1 H, d, = 8.8 Hz, Ar),
6.75 (L H, s, AnN3.39 (2 H, d,J = 6.4 Hz, CH.iPr), 1.691.58 (1 H, m, CHCH), 0.92 (6

H, d,J =6.4Hz, 2 x CH3);

13C NMR (CDCE, 100MHz) u 173.8, 162. 4, 147. 2,

129.0, 128.9, 127.9, 127.6, 122.7, 119.6, 116.5, 110.2, 57.2, 26.9, 19.9;

MS (APCI+) m/z Calcd (M): 399.1, Found: 400.0 (M+ht

tr = 12.5 min (96.1%).

O OH
Ho)ﬁ j/
O\N

2-Hydroxy-4-(N-isobutyl-[1,1'-biphenyl]-4-ylsulfonamido)benzoic acid (4jc117-4):

methyl  2-(benzyloxy}4-(N-isobutyt[1,1-biphenyl}4-ylsulfonamido)benzoate  was
hydrolyzed according to general procedure F on a scale of 0.12 mmol, and the product
was dissolved in MeOH followed by 10% Pd/C (10 wt%) andgds was bubbled
through the reaction drstirred at room temperature for 3 hrs. TLC indicated the reaction
was complete. The reaction mixture was filtered through celite, and washed with MeOH.
The filtrate was collected and combined, evaporated to give product as pink solid (23mg,

45%);
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IHNMR(CDCl, 400MHz) & H)07.88(aH,)=8HHz As),7.737.58
(6 H, m, Ar), 7.527.39 (3 H, m, Ar), 6.84 (1 H, d,= 8.8Hz, Ar), 6.75 (L H, s, Ar), 3.37
(2 H, d,J = 7.2 Hz, CH2iPr), 1.761.60 (1 H, m, CHCH), 0.93 (6 H, dJ = 7.2 Hz, 2 X

CHa);

13C NMR (CDCE, 100MHz) u 170. 3, 161. 6, 152. 6,

129.8, 129.5, 129.3, 129.2, 120.1, 117.2, 57.7, 26.9, 20.9, 19.9;
MS (APCI+) m/z Calcd (M): 425.1, Found: 426.0 (M+ht

tr = 13.9 min (100%).

0] OH
HO)J\©\ j/
O\hll

Cl

3-(4-(4-Chloro-3,5-dimethylphenoxy)N-isobutylphenylsulfonamido)-2-

hydroxybenzoic  acid (4jc117-5): methyl 2(benzyloxy}3-(4-(4-chloro-3,5
dimethylphenoxy)N-isobutylphenylsulfonamido) benzoate was hydrolyzed according to
general procedure F amscale of 0.15 mmol, and the product was dissolved in MeOH
followed by 10% Pd/C (10 wt%) ancxlgas was bubbled through the reaction and stirred

at room temperature for 3 hrs. TLC indicated the reaction was complete. The reaction
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mixture was filtered tlough celite, and washed with MeOH. The filtrate was collected

and combined, evaporated to give product as pink solid (75mg, 99%);

IHNMR (CDCk, 400MHz) U H)07.88(3H,(]=88Hz, As),7.532 H,
d,J = 8.4Hz, Ar), 6.96 (2 H, d,J = 8.4 Hz, Ar), 6.86 (1 H, dd,J = 8.8, 1.6Hz, Ar), 6.81
(2 H, s, An), 6.70 (1 H, s, Ar), 3.33 (2 H, d,= 6.8 Hz, CH2Pr), 2.38 (6 H, s, 2 X

ArCHs) 1.691.60 (1 H, m, CHCH), 0.91 (6 H, dJ = 6.8Hz, 2 X CHa);

13C NMR (CDCE, 100MHz) u 173.5, 162. 4, 161. 7,

120.2,119.9, 117.2, 116.1, 110.2, 57.1, 26.9, 20.9, 19.9;
MS (APCI+) m/z Calcd (M): 503.1, Found: 504.0 (M+ht

tr = 19.9 min (100%).

(@] OBn
LY
O// \©\
F

Methyl 2-(benzyloxy)-4-(4-fluoro-N-isobutylphenylsulfonamido)benzoate (LC4-
087): ): methyl 2(benzyloxy}4-(isobutylamino)benzoate was coupled to- 4
fluorobenzene sulfonyl chloride according to general procedure D on a scale of 1.5 mmol

to give product asrbwn solid (586 mg, 83%);

IH NMR (DMSO-ds, 4 0 0 MH z7.60 (BH, T, 4)67.4F.37 (6H, m, Ar), 7.32
7.31 (1H, m, Ar), 6.88 (1H, s, Ar), 6.79 (1H, 3= 8.8 Hz, Ar), 5.09 (2H, s, Ch), 3.79

(3H, s, CH), 1.391.35 (1H, m, CH), 0.80 (6H, d,= 6.4 Hz, 2*CHa);
184

15



13C NMR (DMSOd, 100MHz) U 165. 9, 157. 8, 143. 8, 13

128.1, 127.4, 120.6, 120.2, 117.1, 116.8, 114.4, 70.3, 57.1, 52.4, 26.9, 20.0;

m/z(APCI) Target Mass: 471.1; Found: 472.0 (M+H)

2-(Benzyloxy)4-(4-fluoro-N-isobutylphenylsulfonamido)benzoic acid (LG5-021):
methyl 2(benzyloxy}4-(4-fluoro-N-isobutylphenylsulfonamido)benzoate was
hydrolyzed according to general procedure F on a scale of 0.32 mmol to yield product as

brown solid(124 mg, 85%);

IHNMR (CDCk, 400 MHz) UJ=8.818zpAr),(754¥,50 (@H, m, Ar), 7.43
7.41 (5H, m, Ar), 7.177.11 (3H, m, Ar), 6.57 (1H, d] = 8.8 Hz, Ar), 5.29 (2H, s, @
CH), 3.30 (2H, d,J = 8.0Hz, N-CHy), 1.561.53 (1H, m, CH), 0.87 (6H,J = 7.2 Hz,

2*CHpa);

13C NMR (CDCE, 100MHz) u 164. 8, 157. 4, 145. 2, 13-

129.2,129.1, 128.0, 119.4, 117.2, 116.4, 116.2, 114.9, 72.4, 57.2, 26.9, 19.8;

m/z(APCI) Target Mass: 457.1; Found: 458.0 (M+H)
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4-(4-Fluoro-N-isobutylphenylsulfonamido) 2-hydroxybenzoic acid (LG5-025): 2-
(benzyloxy}4-(4-fluoro-N-isobutylphenylsulfonamido)benzoic acid was debenzylated
according to general procedure G on a scale of 0.22 mmol tbprietluct as beige solid

(69 mg, 86%);

IHNMR (DMSO-ds, 400MHz) U 7. &858 (ZHLrA Ar), .38 (M=, 7. 60
8.4Hz, Ar), 6.61 (2H, br s, Ar), 3.32 (2H, d,= 6.8Hz, N-CHy), 1.451.42 (1H, m, CH),

0.80 (6H, d,J = 6.4Hz, 2*CH);

BCNMR(DMSOds, 100MHz) U 166.2, 163.7, 144.7,

116.8, 116.4, 56.9, 26.9, 19.9;
m/z(APCI) Target Mass: 367.1; Found: 368.0 (M+H)

tr = 10.9 min (100%).

0] OBn
O\N
io)
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Methyl 2-(benzyloxy)4-(N-isobutyl-4-phenoxyphenybkulfonamido)benzoate (LC4-
094 methyl 2(benzyloxy}4-(4-fluoro-N-isobutylphenylsulfonamido)benzoate was
coupled to phenol according to general procedure E on a scale of 0.21 mmol to yield

product as white solill00 mg, 87%);

IHNMR (CDCk, 400 MHz ) UJ=B.0Hz3A),(7497,44 (dH, m, Ar), 7.42
7.36 (4H, m, Ar), 7.30 (1H, ] = 8.0Hz, Ar), 7.22 (1H, tJ = 8.0Hz, Ar), 7.05 (2H, d,J
= 8.0Hz, Ar), 6.96 (2H, d.J = 8.8Hz, Ar), 6.88 (1H, s, Ar), 61 (1H, dJ = 7.6 Hz, Ar),
5.12 (2H, s, GCHy), 3.90 (3H, s, Ch), 3.27 (2H, d,J = 7.2Hz, N-CH,), 1.541.47 (1H,

m, CH), 0.85 (6H, dJ = 6.8Hz, 2*CH3);

13C NMR (CDCE, 100MHz) u 166. 1, 161. 7, 158. 3,
130.2, 129.8128.6, 127.9, 126.9, 125.0, 120.3, 119.8, 119.1, 117.2, 114.9, 70.7, 57.4,

52.1, 26.9, 19.8.

m/z(APCI) Target Mass: 545.2; Found: 546.1 (M+H)

(@) OBn
“‘*@T
iOJ

2-(Benzyloxy)4-(N-isobutyl-4-phenoxyphenylsulfonamido)benzoic acid (L&4-097):

methyl 2(benzyloxy}4-(N-isobutyt4-phenoxyphenylsulfonamido)benzoate was
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hydrolyzed according to general procedure F on a scale of 0.18 mmol to afford product as

ivory solid (82 mg, 86%);

IHNMR (CDCk, 400 MHz) UJ=8.419z5Ar),(7457,37 (8H, m, Ar), 7.23
7.18 (3H, m, Ar), 7.04 (2H, d = 7.6 Hz, Ar), 6.94 (2H, d,J = 8.4Hz, Ar), 6.60 (1H, d,
J =8.0Hz, Ar), 5.27 (2H, d, GCH;), 3.30 (2H, d,J = 7.2Hz, N-CHy), 1.571.51 (1H, m,

CH), 0.86 (6H, dJ = 7.2 Hz, 2*CHa):

13C NMR (CDCk, 1 0 0 MH z ) u 164. 5, 161. 9, 157. 3, 145.

129.3, 129.2,128.1, 125.1, 120.4, 119.5, 117.2, 116.9, 115.0, 72.5, 57.1, 26.9, 19.8, 14.2;

m/z(APCI) Target Mass: 531.1; Found: 532.1 (M+H)

(@) OH
“‘*@T
oN

2-Hydroxy-4-(N-isobutyl-4-phenoxyphenylsulfonamido)benzoic acid (L&4-099): 2-
(benzyloxy}4-(N-isobutyt4-phenoxyphenylsulfonamido)benzoic acid was debenzylated
according to general procedure G on a scale of 0.15 mmol to afford product as beige solid

(52 mg,80%));

IHNMR (DMSOds, 400MHz) & 8. 15 (JE88Hz &), 7.902H,, 7. 99

t, J = 8.0Hz, Ar), 7.69 (1H, tJ = 7.2Hz, Ar), 7.57 (2H, d,J = 8.0Hz, Ar), 7.52 (2H, d,
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J = 8.8Hz, Ar), 7.08 (2H, s, Ar), 3.77 (2H, d = 6.8 Hz, N-CH,), 1.931.90 (1H, m,

CH), 1.27 (6H, dyJ = 6.4Hz, 2*CHa);

13C NMR (DMSO-dg, 100MHz) o 172. 2, 162. 4, 161.

125.8, 120.9, 118.8, 118.4, 116.8, 114.6, 57.3, 27.3, 20.5.

m/z(APCI) Target Mass: 441.1; Found: 442.0 (M+H)

tr = 13.8 min (100%).

0] OBn
\O)K©\ j/
o

Methyl 2-(benzyloxy)-4-(N-isobutyl-4-(p-tolyloxy)phenylsulfonamido)benzoate (LG
4-115): methyl 2(benzyloxy}4-(4-fluoro-N-isobutylphenylsulfonamido)benzoate was
coupled to pcresol according to generpfocedure E on a scale of 0.32 mmol to yield

product as white solid (125 mg, 70%);

IHNMR (CDCk, 400 MHz) J=B.8A0Ar(71387,25 @H, m, Ar), 7.23
(2H, t,J = 7.6 Hz, Ar), 7.16 (1H, tJ = 6.8 Hz, Ar), 7.04 (2H, d,J = 8.0 Hz, Ar), 6.79
(4H, d,J = 8.0Hz, Ar), 6.73 (1H, s, Ar), 6.48 (1H, d = 8.8 Hz, Ar), 4.97 (2H, s, ©
CHy), 3.76 (3H, s, @CHs), 3.13 (2H, d,J = 7.2Hz, N-CHy), 2.22 (3H, s, PICH3), 1.40

1.33 (1H, m, CH), 0.71 (6H, d,= 6.8Hz, 2*CHa);
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13C NMR (CDCE, 1 0 0 MilB&1) 16211, 158.3, 152.5, 144.2, 136.2, 134.8, 132.0,
131.0, 130.7, 129.7, 128.6, 127.9, 126.9, 120.3, 119.7, 119.2, 116.8, 114.9, 70.7, 57.4,

52.1, 26.8, 20.8, 19.8;

m/z(APCI) Target Mass: 559.2; Found: 560.1 (M+H)

(0] OBn
Ho)b\ j/
(0]

2-(Benzyloxy)4-(N-isobutyl-4-(p-tolyloxy)phenylsulfonamido)benzoic acid (LCG4-
117): Methyl 2-(benzyloxy}4-(N-isobutyt4-(p-tolyloxy)phenylsulfonamido)benzoate
was hydrolyzed according to general procedure F on a scale of 0.18 mmol to afford

product as iery solid (97 mg, 99%);

HNMR (CDCk, 400 MHz) UJ=8.419z4Ar),(783},38 (@H, m, Ar), 7.19
7.17 (3H, m, Ar), 6.985.91 (4H, m, Ar), 6.60 (1H, d] = 8.8 Hz, Ar), 5.26 (2H, s, O
CHy), 3.29 (2H, dJ = 7.2Hz,N-CHy), 2.34 (3H, s, GCH3), 1.571.50 (1H, m, CH), 0.85

(6H, d,J = 6.4Hz, 2*CHa);
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13C NMR (CDCE, 100MHz) u 164. 8, 162. 4, 157. 3, 15
130.6, 129.6, 129.2, 129.1, 128.1, 120.3, 119.6, 117.0, 116.9, 114.9, 72.4, 57.1, 26.9, 20.8,

19.8;

m/z(APCI) Target Mass: 545.2; Found: 546.1 (M+H)

O OH
Ho)b\ j/
o]

2-Hydroxy-4-(N-isobutyl-4-(p-tolyloxy)phenylsulfonamido)benzoic acid (LG4-119):
2-(benzyloxy}4-(N-isobutyt4-(p-tolyloxy)phenylsulfonamido)benzoic acid was
debenzylated according ¢eneral procedure G on a scale of 0.18 mmol to afford product

as beige solid (65 mg, 80%);

IH NMR (DMSOds, 400 MHz) #J=%.8B2Ar(74H((2H, dJ = 8.0Hz,
Ar), 7.22 (2H, d,J = 7.6 Hz, Ar), 7.056.90 (4H, m, Ar), 6.63 (2H, s, Ar), 3.29H2d, J
= 7.2Hz,N-CHy), 2.28 (3H, s, PICHs), 1.451.42 (1H, m, CH), 0.79 (6H, d,= 6.0Hz,

2*CHz);

13C NMR (DMSO-ds, 100MHz) 0 171. 7, 161. 8, 152. 7, 14

120.9, 120.6, 118.6, 117.6, 116.4, 113.6, 56.8, 26.9, 20.8, 20.0;
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m/z(APCI) Target Mass: 455.1; Found: 456.0 (M+H)

tr = 15.1 min (96.7%).

-
o\

Methyl 2-(benzyloxy)-4-(4-(3,5-dimethylphenoxy)-N-

O,
O//

isobutylphenylsulfonamido)benzoate (LG4-095): methyl 2(benzyloxy}4-(4-fluoro-
N-isobutylphenylalfonamido)benzoate was coupled to-8iethyl phenol according to
general procedure E on a scale of 0.21 mmol to yield product as ivory solid (102 mg,

85%);

IHNMR (CDCk, 400 MHz) UJ=B.4Hz4Ar),(7164(4H, tl = 8.4Hz, Ar),
7.38 (2H, tJ = 6.8 Hz, Ar), 7.31 (1H, d,J = 8.0Hz, Ar), 6.95 (2H, dJ = 8.8 Hz, Ar),
6.86 (2H, dJ = 7.2Hz, Ar), 6.67-6.62 (3H, m, Ar), 5.12 (2H, s,-CHy), 3.90 (3H, s, ©
CHs), 3.28 (2H, d,J = 7.6 Hz, N-CHy), 2.31 (6H, s, 2*PiCH3), 1.531.47 (1H, m, CH),

0.85 (6H, dJ = 6.8Hz, 2*CHj3);

13C NMR (CDCE, 100MHZz) u 166. 1, 161. 9, 158. 3,
131.0, 129.7, 128.6, 127.8, 126.8, 126.7, 119.7, 119.2, 117.9, 117.1, 114.9, 113.1, 70.7,

57.4,52.1, 26.8, 21.3918;
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m/z(APCI) Target Mass: 573.2; Found: 574.1 (M+H)

2-(Benzyloxy)4-(4-(3,5-dimethylphenoxy)-N-isobutylphenylsulfonamido)benzoic
acid (LC-4-098): methyl 2-(benzyloxy}4-(4-(3,5-dimethylphenoxy)N-
isobutylphenylsulfonamido)benzoate was hydrolyzed according to general procedure F

on a scale of 0.17 mmol to afford product as light yellow solid (97 mg, 99%);

'HNMR (CDCk, 400MHz) UJ=8%HAOA), 1.42H39 (7, m, Ar), 7.18
(1H, s, Ar), 6.93 (2H, dJ = 8.8 Hz, Ar), 6.84 (1H, s, Ar), 6.6%.59 (3H, m, Ar), 5.27
(2H, s, OCHy), 3.29 (2H, dJ = 8.0Hz, Ar), 2.29 (6H, s, 2*P¥CH3), 1.571.50 (1H, m,

CH), 0.86 (6H, dJJ = 6.4Hz, 2*CHa);

13C NMR (CDCl, 100MHz) u 164. 6, 162. 2, 157. 3, 14
129.1, 128.1, 126.8, 119.6, 117.9, 117.1, 115.0, 72.5, 60.4, 57.1, 26.9, 21.2, 21.0, 19.8,

14.2;

m/z(APCI) Target Mass: 559.2; Found: 560.1 (M+H)
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4-(4-(3,5-Dimethylphenoxy)-N-isobutylphenylsulfonamido)2-hydroxybenzoic  acid
(LC-4-100): 2-(benzyloxy}4-(4-(3,5-dimethylphenoxy)N-
isobutylphenylsulfonamido)benzoic acid was debenzylated according to general

procedure G on a scale of 0.17 mmol to affproduct as beige solid (66 mg, 83%);

IHNMR (DMSO-ds, 400MHz) U 7. 66 (J&84Hz 4, 7.0212H, 7.
d,J = 8.8Hz, Ar), 6.85 (1H, s, Ar), 6.70 (2H, s, Ar), 6.8056 (2H, m, Ar), 3.30 (2H, d,
J =7.2Hz,N-CHy), 2.24 (6H, s, 2*PiCH3), 1.461.41 (1H, m, CH), 0.80 (6H, d,= 6.4

Hz, 2*CHy);

BCNMR(DMSOds, 100MHz) U 161.5, 155.1, 144. 7,

118.2,118.0, 117.9, 116.3, 56.9, 26.9, 21.2, 20.0;
m/z(APCI) Target Mass: 469.2; Found: 470.0 (M+H)

tr = 171 min (100%).
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Methyl 2-(benzyloxy)-4-(4-(2,4-dichlorophenoxy)-N-
isobutylphenylsulfonamido)benzoate (LG4-102): methyl 2(benzyloxy}4-(4-fluoro-
N-isobutylphenylsulfonamido)benzoate was coupled tedihlorophenol accoidg to
general procedure E on a scale of 0.21 mmol to yield product as light yellow solid (76 mg,

59%);

IHNMR (CDCk, 400 MHz) #J=B.8RDA)(71487.41 @H, m, Ar), 7.36
(3H, t,J = 7.2Hz, Ar), 7.28 7.16 (2H, m, Ar), 7.01 (1H, d} = 8.8 Hz, Ar), 6.88 (2H, d,
J =8.8Hz, Ar), 6.82 (1H, s, Ar), 6.57 (1H, d, = 8.0Hz, Ar), 5.08 (2H, s, @CHy), 3.88
(3H, s, OCHs), 3.24 (2H, d,J = 7.2 Hz, N-CHy), 1.5:1.44 (1H, m, CH), 0.82 (6H, d,

= 6.8Hz, 2*CHy);

13C NMR (CDCE, 100MHz) %, 1365,813275, 131134 ¥430.7, 130.3, 129.0,

128.4, 127.3, 123.8, 119.7, 118.2, 116.9, 115.3, 92.7, 71.2, 57.9, 52.6, 30.2, 27.3, 20.3;

m/z(APCI) Target Mass: 613.1; Found: 614.0 (M+H)
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2-(Benzyloxy)4-(4-(2,4-dichlorophenoxy)N-isobutylphenylsulfonamido)benzoic
acid (LC-4-107): methyl 2(benzyloxy}4-(4-(2,4-dichlorophenoxy)N-
isobutylphenylsulfonamido)benzoate benzoate was hydrolyzed according to general

procedure F on a scale of 0.12 mmol to afford product as say (71 mg, 99%);

IHNMR (CDCk, 400 MHz) UJ=8.013z0Ar),(774¥,62 (8H, m, Ar), 7.54
7.44 (2H, m, Ar), 7.30 (1H, d} = 8.4Hz, Ar), 7.16 (2H, d,J = 8.8 Hz, Ar), 6.86 (1H, d,
J=8.0Hz, Ar), 6.52 (2H, s, @CHy), 3.56 (2H, d,J = 7.2Hz, N-CH,), 1.831.76 (1H, m,

CH), 1.12 (6H, d, J= 6.Hz, 2*CHa);

13C NMR (CDCs, 100MHz) U4 165.1, 160.9, 157.6,
131.2, 130.4, 130.1, 129.4, 128.9, 128.3, 128.1, 123.7, 119.9, 117.9, 117.4, 116.7, 115.1,

92.4,72.6,57.4,29, 27.2, 20.1,

m/z(APCI) Target Mass: 599.1; Found: 600.0 (M+H)
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4-(4-(2,4-Dichlorophenoxy)-N-isobutylphenylsulfonamido)-2-hydroxybenzoic  acid
(LC-4-111): 2-(benzyloxy}4-(4-(2,4-dichlorophenoxy)N-
isobutylphenylsulfonamido)benzoic acid was debenzylated according to general

procedure G on a scale of 0.12 mmol to afford product as beige solid (39 mg, 64%);

IH NMR (DMSOds, 400MHz) U 7. 81 ,¢ AH7.54847 3Bm) , 7.

An), 7.31 (1H, d,J = 7.6 Hz, Ar), 7.05 (2H, d,J = 7.6 Hz, Ar), 6.56 (2H, s, Ar), 3.29 (2H,

d,J = 7.2Hz, N-CHy), 1.471.41 (1H, m, CH), 0.80 (6H, d,= 6.4 Hz, 2*CHa);

3CNMR (DMSOds, 100MHz) U 160. 4130.911806, 130.3, IPA47% . 5,

127.1,124.5, 118.1, 117.4, 116.3, 57.0, 26.9, 20.0;
m/z(APCI) Target Mass: 509.1; Found: 509.9 (M+H)
tr = 17.0 min (100%).

(0] OBn

Bno)ﬁ
NH

2
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Benzyl 4amino-2-(benzyloxy)benzoate (LG4-054): 4-amino salicylicacid (5 g, 32.6
mmol, 1 eq) was dissolved in DMF (0.1 M) and cooled to 0 °C'BKI@8 g, 72 mmol,
2.2 eq) was added batch wise, followed by benzyl bromide (8.4 mL, 72 mmol, 2.2 eq)
and the reaction was stirred at room temperature overnight. TLC inditetadaction
was complete. The reaction was partitioned between EtOAc a@d3Himes, organic
layer was collected, combined, and washed wi® B times, dried over N&Q, filtered,
concentrated and purified by flash column chromatography over silicesiggl an eluent

of Hexane/EtOAc 4:1 to give product as light brown solid (13g, 56%);

IH NMR (DMSO-ds, 400 MHz) UJ=m.8Hz7Ar)(7136I(2H, dJ = 6.8 Hz,
Ar), 7.27-7.16 (8H, m, Ar), 6.20 (1H, s, Ar), 6.06 (1H, = 8.8 Hz, Ar), 5.86 (2H, s,

NH.), 5.08 (2H, s, @H), 4.95 (2H, s, NCH,);

BCNMR (DMSOds, 100MHz) U 165.3, 160.8, 155. 2,

128.7,128.2,128.1, 127.9, 127.4, 106.3, 105.9, 98.0, 96.7, 69.5, 65.2;
m/z(APCI) Target Mass: 333.1; Found: 334.1 (M+H)

O OBn

LD

N
H

Benzyl 2(benzyloxy)4-(cyclopentylamino)benzoate (LG4-060): benzyl 4aminc2-
(benzyloxy)benzoate was coupled to cyclopentanone according to general procedure C on

a scale of 1.86 mmol to afford product as light browird4d 79 mg, 64%);
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IH NMR (DMSOds, 400 MHz ) UJ=78.8B2AN(718(2H, diJ,= 7.2 Hz,
Ar), 7.397.28 (7H, m, Ar), 6.50 (1H, d} = 6.4 Hz, Ar), 6.26 (1H, s, Ar), 6.20 (1H, d,
= 8.8Hz, Ar), 5.21 (2H, s, @CHy), 5.11 (2H, s, @CHy), 3.7%3.73 (1H, m, CH), 1.93

1.39 (8H, m, Cp);

13C NMR (DMSO-dg, 100MHz) U 165. 3, 160. 8, 154. 2, 13

128.1, 128.0, 127.9, 127.4, 105.6, 105.0, 96.7, 72.2, 69.6, 65.2, 53.7, 32.8, 24.1, 23.0;

m/z(APCI) Target Mass: 401.2,0knd: 402.1 (M+H).

Benzyl 2(benzyloxy)4-(N-cyclopentyt[1,1'-biphenyl]-4-ylsulfonamido)benzoate
(LC-4-065): benzyl 2(benzyloxy}4-(cyclopentylamino)benzoate was coupled to
biphenyt4-sulfonyl chloride according to gerad procedure D on a scale of 0.33 mmol to

yield product as light brown solid (110 mg, 54%);

IH NMR (DMSOds, 400 MHz) 0J=B.8920Ar(7Z%(2H, dJ = 8.4 Hz,
Ar), 7.74 (2H, d,J = 6.8 Hz, Ar), 7.67 (1H, dJ = 8.0 Hz, Ar), 7.5%7.23 (13H, m, Ar),
6.69 (1H, dJ = 8.8Hz, Ar), 6.64 (1H, s, Ar), 5.27 (2H, s,-OHy), 5.02 (2H, s, ECHy),

4.42-4.37 (1H, m, CH), 1.61.05 (8H, m, Cp);
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