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ABSTRACT

A persistent latent reservoir of virus in CD4+ Tligas a major barrier to cure HIV.
Activating viral transcription in latently infectecells using small molecules is one strategy
being explored to eliminate latency. We previowdgcribed the use of a FIpin.FM HEK293
cellular assay to identify and then optimize thac®taminothiazole class to exhibit modest
activation of HIV gene expression. Here, we implatrte/o strategies to further improve the
activation of viral gene expression and physicodbahproperties of this class. Firstly, we
explored rigidification of the central oxy-carboimnKer with a variety of saturated
heterocycles, and secondly, investigated bioismsteplacement of the 2-acylaminothiazole
moiety. The optimization process afforded lead cooumgls {4 and 91) from the 2-
piperazinyl thiazolyl urea and the imidazopyridickss. The lead compounds from each
class demonstrate potent activation of HIV geneesgon in the Flpin.FM HEK293 cellular
assay (both with LTR E4gs of 80 nM) and in the Jurkat Latency 10.6 cell el TR EG
220 and 320 nM respectively), but consequentlyatdi gene expression non-specifically in
the FlpIn.FM HEK293 cellular assay (CMV E{£70 and 270 nM respectively) manifesting in
cellular cytotoxicity. The lead compounds have po& for further development as novel

latency reversing agents.



INTRODUCTION

The emergence of antiretroviral therapies (ART)y2&rs ago has allowed for the control of
HIV-1 by suppressing plasma viral loads to undetelet levels- > However, discontinuation
of treatment results in rebound of the virus, c@ising patients to a lifelong drug treatment
in order to subdue HIV replication and consequed#ygrease the severity of opportunistic
pathogenic and viral infectioris? This in itself poses many challenges includingribed for
long term compliance, the emergence of multidrugistant viruses and drug toxicities
resulting from life-long therapy.The virus can rebound after cessation of ART @ukng
lived and proliferating latently infected CD4+ Tllsethat harbour replication-competent
virus® 7 These latently infected cells are establishedyeafier infection, prior to the
detection of viremi&; ® and persist on ART, presenting a major barrieth@eradication of

the virus'® !

One strategy being investigated to eliminate |&einfected CD4+ T cells is known as
“shock and Kkill”. The aim of this approach is thbeapmacological activation of proviral
transcription and subsequent virion productionedtéd cells would then be susceptible to
immune clearance and viral cytopathic effects, valhg for their elimination. Used in
combination with ART, this approach could potertyiaradicate or reduce the number of

latently infected cells allowing for enhanced virgical control when ART is stoppéd.™

A diverse range of epigenetic proteins have bewesiigated as latency reversing agents

(LRAs) for the “shock and kill” approach and inctuchistone deacetylase (HDACS),



bromodomain and extra-terminal motif (BET) proteihsstone methyltransferases (HMT)
and protein kinase C (PKC) activatdfs.'®> Several inhibitors of these proteins have
progressed to human clinical trials. One exampliésHDAC inhibitor, Vorinostat. In this
clinical trial, people living with HIV (PLWH) on spressive ART were treated with
Vorinostat (Figure 1) for 14 days and showed ingeealevels of CD4+ T cell associated
unspliced (CA-US) HIV RNA?® however, plasma HIV RNA, concentration of HIV DNA,
integrated DNA and inducible virus in CD4+ T-cellsmained unchanged. Significant
changes in host gene expression were also obseestioning the safety and long-term use
of Vorinostat. Similar findings with preclinical drclinical trials on other HDAC inhibitors,
including panobinostat *®and romidepsili’ °and the BET inhibitor, JG%? (Figure 1). In
general, epigenetic modulators demonstrate poacaeff in ex vivo models and do not
induce substantial increases in intracellular HIVARNA or free virions in patient celfS.

Therefore, new LRASs are needed with a novel meshaf action.

We recently reported on the design of a Flpin.FMiferase reporter cellular assay
capable of detecting small molecules that actividé-1 gene expressiofi. The Flpln.FM
reporter cell line will detect both transcriptionahd post-transcriptional steps of gene
expression, including effects on RNA capping, RNplicgng, RNA transport, RNA-
modifications, RNA stability and translation of pgm. The HEK293 derived reporter cell
line expresses a HIV-1 Nef — click beetle red (CB&jion protein from a spliced mRNA
expressed under direction from the long terminpkat (LTR) HIV promoter, allowing for
detection of early viral gene expressidrne cell line also contains a click beetle green
(CBG) luciferase reporter driven from a cytomegaloy(CMV) promoter allowing for the

detection of non-specific host cell protein expi@ss

We used the HEK293 FlpIn.FM cell line in a highahghput screen and the identified the

2-acylaminothiazole class (Figure %2)Our initial optimization efforts concentrated on



defining structure activity relationship (SAR) bkt 2-acylaminothiazole class and resulted in
compounds with enhanced HIV gene expression (LTR)dath HEK293 FIpIn.FM and the
Jurkat 10.6 latent HIV-GFP reporter cell line. Tady@gimized compounds also increased CA-
US HIV RNA in resting CD4+ T cells isolated from ®IH on ART. While a modest
enhancement in HIV gene expression was demonstratéd optimized analogues, the
selectivity window between activation of HIV andmspecific (CMV) gene expression was
limited. This is comparable to the level of selatyi observed with epigenetic modulators

used as LRAs in clinical triafS.

In this report we describe further optimizationtbé 5-substituted 2-acylaminothiazole
class focused on rigidifying the central oxy-carlmbrain and bioisosteric substitution of the
2-acylaminothiazole moiety to improve LTR specifiectivity and physicochemical
properties. We show the 5-substituted thiazolylauend 6-substituted imidazopyridine
analogues derived from this study have enhanced HIMR activity in both the Flpin.FM

cell line and J.Lat10.6 cell lines and improvaditro metabolic stability.

RESULTSAND DISCUSSION

The initial focus of the research reported here teasigidify the central aliphatic chain,
linking the thiazole and the pendant aryl groug(iFe 2), by replacement with a variety of 4-
, b-, 6- and 7- membered unsaturated heterocygéitemis. It was proposed that this change
could improve HIV-1 LTR activity by reducing confoational energy required for the
substituted thiazolyl and aryl motifs to engagewgbckets of the unknown cellular target. In
addition, it was hypothesized, the incorporation haterocyclic systems may improve
agueous solubility anth vitro metabolism. We previously reported the 2-acylarhiiazole
class possessed poor agueous solubility (gM6at pH 6.5) and was rapidly degraded by

both human and mouse liver microsorfiesn addition, the thiazole moiety is a known



toxicophore because of cytochrome P450-mediatediative conversion of the 4,5-
unsaturated bond to an epoxide which can act asicieaphile trag® While 4- or 5-
substitution of the thiazole ring is known to sugg® this metabolic event, we endeavoured to
eliminate this liability by introducing a 5,6-bidywc heterocycle that is a bioisoteric
replacement for the 2-acylaminothiazole moiety.dterwe describe efforts to improve HIV-

1 LTR specific potency and physiochemical properbg concentrating on substituting the
central aliphatic linker and the 2-acylaminothi&atoiety with 4-, 5-, 6- and 7- membered

heterocyclic and 5,6-bicyclic systems respectively.

Chemistry

The synthesis of 2-thiazoloyl urea analogues (lRalkb) started with the preparation of
phenyl 2-thiazolecarbamated) (by reaction of 5-substituted 2-aminothiazol€® (ith
phenyl chloroformate under basic conditions (SchdmeThe heterocyclic substituted aryl
building block @) was generated employing a Buchwald—Hartwig anonabetween an aryl
halide 6) and a N-Boc protected heterocycle (L in Table§) Ifollowed by N-Boc
deprotection. The phenyl 2-thiazolecarbamadg gnd the heterocyclic substituted aryl

building block ) were then used to afford the 2-thiazoloyl urealegues 7) in Tables 1-5.

The synthesis of the imidazopyridine analogues I@ &b began with the alkylation of a
substituted phenol or pyridinoBY with a protected halogenated butanoate (Scheme 2)
Deprotection of the ester followed and the carbiexgtid ©) was then transformed into a
acid chloride using?OCk, The acid chloride was on-reacted with a substitysgddine-

diamine yielding the imidazopyridine analogu#8)(in Table 6.

Access to the 2-piperazine substituted imidazopyesl (Table 7) started with the

condensation of a substituted pyridine-diamid&) (with disuccinimidyl carbonate under



aprotic conditions to yield the imidazopyridinon®,( Scheme 3). The imidazopyridinone
was then reacted with POClo yield the 2-chloroimidazopyridineld). Finally, the
nucleophilic substitution of a substituted aryl qugzine {4) with the 2-
chloroimidazopyridine 13) afforded the 2-piperazine substituted imidazagiges (5) in

Table 7.

Structure and Activity Relationship

Our previous SAR studies established the 5-positddnthe thiazole ring and 3,4-
disubstitution on the aryl ring of the 2-acylamimarzole class were important for HIV-1
LTR activity?® In particular, combinations of 5-methyl or 5-cldosubstitution on the
thiazole ring and 3-methyl and 4-chloro disubsiminiton the phenoxy ring (Figure 2), were
optimal for HIV-1 LTR activity and selectivity aget the CMV non-specific reporter, and
thus this substitution pattern would be used a®raclimark and remain consistent for the

analogues produced in the present study.

We first investigated the suitability of 5- and Bembered saturated heterocycles as
surrogates for an oxy-carbon linker between théaayl and the aryl ring. The 5- and 6-
membered heterocycles were proposed because thieysmailar steric spacing compared to
the 4-atom oxy-carbon linker. The thiazolyl urealagues generated were evaluated against
the HEK293 FIpIn.FM cell line and their LTR and CM¢tivities are shown in Tables 1 and
2. The results show that introduction of the pipare, seen in compound$ and17, gave a
4- and 20- fold improvement in LTR activity (5§£0.6 and 0.41M) compared tdl and 2
(Figure 2),respectively. It was also noted that the 3-chlord 4-methyl substitution on the
aryl ring seen ir84 and35 (LTR EGsp of 0.47 and 0.25 uM) (Table 2) did not affect atyi

compared tdl6 and 17, indicating that the configuration of the 3- andchiloro and methyl



substitution was interchangeable with the thiazokga and consistent with previous SAR

with the 2-acylaminothiazole class.

The selectivity window between the non-specific Civporter and the LTR reporter for
all analogues shown in Tables 1 and 2, was apputein?2- to 3- fold, except for analogues,
36 and 37. The observed selectivity window was generally ststent for all analogues
produced throughout this report, and thereforeestarts herein concentrated on improving
the LTR activity. While CMV activity was monitoredgchieving selectivity between the LTR

and CMV reporter was not the ongoing primary focus.

Analogues with heterocycles replacing the oxy-carliker such as 4-hydroxy, 4-amino
and 4-methylamino piperidind-22) and 3-hydroxy and 3-amino piperidin23{27) were
all inactive (LTR EGp >20 uM) (Table 1). The corresponding 5-memberedesys, the 3-
amino and 3-hydroxy pyrrolidine analogu@8;31, displayed LTR activity (E§ 0.79 — 6.2
KM) comparable td and2, but N-methylation of the 3-amino pyrrolidine functiortsli(32
and 33) was detrimental to LTR activity. Analogu86 and37 with the 4-pipecolic amide
scaffold retained LTR activity (B¢ 2.5 and 2.0 pM) (Table 2) compared to 2-

acylaminothiazoleg and2.

Smaller 4-membered heterocycles were all investdjads replacements for the oxy-
carbon linker (Table 2). The analogu&8 and 39, with 3-aminoazetidine functionality
maintained comparable LTR activity (Ef0.67 and 0.23 uM) to the piperazine analodies
and 35. N-Methylation of the 3-amino group of the azetidimmiety @0 and 41) was
detrimental to LTR potency, mirroring the SAR olssl with theN-methylation of the 3-
amino pyrrolidine analogue82 and33. The 3-oxy azetidine analogud® and43, exhibited
comparable LTR activity (Efg 0.22 and 0.53 puM) t88 and39, suggesting that the nitrogen
and oxygen atoms are interchangeable at this positionsistent with the SAR previously

reported with the 2-acylaminothiazoles seffes.



In addition to the 3-amino38 and 39) and 3-oxy azetidine4@ and 43), the piperazine
heterocycle 34 and 35) was the most suitable replacement for the oxpararlinker,
therefore we further explored iterations on theepagine (Table 2). Expanding the piperazine
ring to homo-piperazine4d4 and 45) resulted in 20- and 100-fold losses in activity whe
compared to the corresponding piperazine compoyddisand 35). 2-Methyl substituted
piperazine analoguegl@-49) were consistently less potent &Q.3 to 8.9 uM) than the
unsubstituted piperazine analogud4 &nd35). The oxo-piperazine analogusf) (ECso 0.6
uM), was 2-fold less active thaB5, although it had enhanced LipE (3.0). The 2,6-
diazaspiro[3.3]heptane heterocycle was also tddlkecause Reillgt al. demonstrated it was
a suitable piperazine isostere with reduced cyfoiiy®®> It was found that 2,6-
diazaspiro[3.3]heptane scaffold was not a suitedgdacement for piperazine in this instance,
with the analogueS1 and52 displaying modest LTR activity (&40 and 16 uM). Overall,
the unsubstituted piperazine was established asitise appropriate group for replacement of

the oxy-carbon linker.

Another goal of this work was to improve timevitro metabolism and solubility, as the 2-
acylaminothiazole analogues (Figure 2) were shawpassess poor aqueous solubility and
modestin vitro metabolic stability (Table 8} Although the LipE was increased with the
piperazine analogugs compared tdl, the aqueous solubility was still limited (<1u# at
pH 2.0 and pH 6.5), however, the metabolic stabdit35 in mouse liver microsomes (!
53 uL/min/mg protein) was enhanced compared to theykaaunothiazolel (Table 8). A
similar outcome was also observed for the 3-aminetidine analogue9 with modest
metabolic stability in mouse liver microsomes;{C19 uL/min/mg protein) and low aqueous
solubility. Analogue29 with 3-amino pyrrolidine functionality possessedop metabolic
stability in mouse microsomes (&L51uL/min/mg protein), while the inclusion of the oxo-

piperazine group50) enhanced stability in mouse liver microsomes,(@B pL/min/mg



protein) and improved LipE, but did not improve aqus solubility. Overall, this data

demonstrated further improvements in aqueous dajuand metabolism were required.

To further enhance LTR mediated gene-expression goodentially improve
physicochemical properties, a variety of substitugi on the aryl group were explored while
retaining the 5-methyl thiazolyl piperazine pharogwore (Table 3). Consistent with
previous observations (Figure 2) that the 3-mond 3j-disubstitution are important for
LTR potency?® the thiazolyl piperazine analogues with eithersnbstitution, 4-chloro or 3-
chloro substitution 53 and 54) were significantly less potent than the disubgd 3-, 4-
chloro methyl analoguesl6é and 34. The 3,4-dichloro substituted analogugb)( was
equipotent to the two chloro-methyl substitutedlegiaes 16 and34) again suggesting that
the chloro and methyl groups are interchangeabtkar8- and 4- positions. Introduction of a
nitrile substituent on the 3-position of the arybgp 66) modestly improved LTR activity

(ECs0 LTR of 0.23 uM) and LipE (3.7).

We previously determined a chloro, nitrile or trdfomethyl substituent in the 5-position
of the thiazole was important for LTR activity amchproving metabolic stability. In
particular, the nitrile substitution was shown &xkase thiazole oxidatiéhln an effort to
further improve LTR activity and metabolic stabjilitwe next explored the impact of
substitution in the 5-position of the thiazole riog LTR activity while maintaining either a
4-substitution or a 3,4-disubstition on the arglgrisurveyed in Table 3). The results in Table
4 show that 5-chloro and 5-nitrile thiazole sulositiin with a 4-chloro aryl substitutiob{
and58) givesa 2- and 7-foldmprovement in LTR activity (E& 0.35 and 1.5 uM) compared
to the 5-methyl substituted analogu4)( Similarly, 5-chloro and 5-nitrile thiazole
substitution with a 3-chloro-4-methyl aryl grou@5( and 60) resulted in a 2-fold
improvement in LTR activity (E€ 0.24 and 0.24 uM) compared to the 5-methyl sulistit

comparator analogué, while the 5-trifluoromethyl substitutior6) was 2-fold less active



(ECsp 1.3 uM). The 5-chloro substitution on the thiazweléh a 4-nitrile aryl substitutior6b)
was less active than its 5-methyl substituted cenpatrt 66). An undecorated thiazole
analogue §9) possessed moderate LTR activity gg@.4 uM), but in contrast, we previously
showed that the unsubstituted 2-acylaminothiazale imactive’® highlighting the influence
of the piperazinyl scaffold on LTR potency. Overahalogues with 5-chloro and 5-nitrile
thiazole substitution and a 3,4-disubstituted grgup,17 and62-64, consistently displayed
improved LTR activity compared to its 5-methyl thide counterpart (Table 3). In addition,

the inclusion of 5-nitrile substitution on the thode enhanced LipE values (>2.6).

The changes made to the 5-thiazole and aryl substd enhanced the metabolic stability
of 63 in the presence of mouse liver microsomes(@b pL/min/mg protein) when
compared to35 (Cliy; 53 uL/min/mg protein) (Table 8). Previous analysis afr o2-
acylaminothiazoles, identified several potentialtabelites including those predicted to
originate from the mono-oxidation of both the pHhemyg and the 3- or 4- methyl substituent
on the aryl ring® Mass spectrometry analysis 88 only detected a single mono-oxidation
site (Table S1) demonstrating that installation3gf-dichloro substitution on the aryl ring
significant improves intrinsic clearance. The irtravi metabolism data o®5 (Cliy; 38
uL/min/mg protein) (Table 8) provides further evidenof improved metabolic stability

when a methyl substituent is not present on treztie or the pendant aryl ring.

To further improve metabolic stability and enhaageeous solubility of the thiazolyl urea
series, we explored whether differentially subgtitl pyridines would be a suitable
replacement for the 3,4-disubstituted aryl ring.alagues were designed to incorporate an
endocyclic nitrogen in the 5- or 6- position whiteaintaining 3,4-disubstitution on the aryl
ring in combination with a 5-substituted thiazolealjle 5). The results of the analogues
evaluated in FlpIn.FM HEK293 assay show the 5-mlethiazole analogu&6 with 6-(3-

cyano-4-methylpyridine) substitution exhibited msdelL TR activity (EGo 4.2 uM).



Consistent with previous trends, transition frora Bmethyl to 5-chloro substituent on the
thiazole 67) resulted in a significant increase in potency{HT46 uM). This trend was also
observed for the analogu&8 and 69 comprising a 5-(2-cyano-3-methylpyridine) system
(ECsp 0f 10 pM vs. 0.21 pM). The similar LTR activity sdrved betwee67 and69 suggests
the location of the endocyclic nitrogen appearsb® unimportant for LTR activity.
Substitution of a trifluoromethyl group into thep#ridyl position 0 and 71) was also
tolerated (LTR EGp 0.73 and 0.92 uM), but the 5-chloro analogtevas 2-fold less active
than nitrile counterparé7. Furthermore, the inclusion of the nitrile suhsitt resulted in
increased LipE values for analogu@s (3.4) and69 (4.0). Analogues72-75 comprised of
3,4-dichloropyridin-5-yl substitution in combinatiowith substitution of methyl, nitrile,
chloro and trifluoromethyl in the 5-position of th@azole, respectively, showed a 2- to 10-
fold increase in LTR activity (E4&g <1.0 pM) and improved LipE compared to their pheny
counterpartsb, 62 and63). Compound/4 exhibited the greatest LTR potency @80 nM)

of the thiazolyl urea series. To evaluate whethgryamidine system could replace the
substituted pyridinyl system, the analogu& and 77 were generated, but pyrimidine

substitution was not tolerated (BG40 and §M).

The LipE values were improved for the pyridinyl Ergaes in Table 5 compared to the
aryl analogues, but the aqueous solubility was ingiroved (Table 8). The metabolic
stability of the pyridinyl analogu@4 in mouse liver microsomes (32 uL/min/mg protein)
was comparable to the corresponding aryl analo@3eand 50. Similarly, the pyridinyl
analogue73 possessed similar metabolic stability {CR2 uL/min/mg protein) than the
comparator phenyl analogug3 (Cl,: 15 pL/min/mg protein). Overall, incorporating a
heterocyclic nitrogen in the aryl ring was benefidor LTR activity and LipE, maintained in

vitro metabolism, but did not improve aqueous siilyb



Unsubstituted thiazoles are notorious toxicophodkse to their susceptibility for
cytochrome P450 mediated oxidative metabolism @& #h5-double bond producing an
epoxide, which is a nucleophilic trap. In vitro @ebdlism studies, including our own, have
shown that 5-substitution of the thiazole ring aaitigate this oxidative evert: % To
overcome the oxidative metabolism, we investigdtesl bioisoteric replacement of the 2-
aminoacylthiazole system. We hypothesized a lowgy* orbital of the sulfur atom in the
thiazole was acting as an electron acceptor forekttron rich oxygen atom on the
amide/urea carbonyl. This interaction is likely result in a non-covalent intramolecular
interaction capable of fixing the rotational confation of carboxamide in relation to the
thiazole. Non-covalent sulfur interactions are mmpwn phenomenon and have been recently
reviewed?” We proposed the imidazopyridine scaffold could asta suitable bioisosteric
replacement for the 2-acylaminothiazole moietywch the pyridine nitrogen would mimic

the thiazole nitrogen and the imidazole NH wouldutate the 2-acylaminothiazole NH.

To determine if the imidazopyridine system was pprapriate replacement for the 2-
acylaminothiazole structure, a set of analogue®\generated and evaluated in the FlpIn.FM
HEK293 cellular assay (Table 6). The results shdat tthe 6-methyl and 6-chloro
imidazopyridine analogue& and 79 exhibited modest LTR activity (Bg12 and 9.4 uM)
comparable to the LTR activity of the correspondzrgcylaminothiazole$ and2 (Figure 2).
The imidazopyridine analogu@8, 80 and82 possessed similar LTR activity suggesting 3,4-
disubstitution pattern on the phenoxy aryl ring wet as sensitive to change as the 2-
acylaminothiazole scaffold. The imidazopyridine lagaes with the 5-chloro substituei8,

81 and 83 were consistently more active than the 6-methydsstuted imidazopyridine
analogues/8, 80 and 82, demonstrating the same trend seen with the Zaugbthiazole
class. The thiazopyridine analogue® and 85 were inactive (LTR E€ >40 uM),

demonstrating the requirement for an NH in the 8{pan of the imidazopyridine. The in



vitro metabolism of79 and 83 in the presence of mouse liver microsomes was (Gh

>866 and 122i1L/min/mg protein) (Table 8). It was discovered tiigh metabolism was a
result of a result of mono and bis-oxygenation e aaryl phenoxy ring (Table S1). The
introduction of the imidazopyridine system did mofprove agueous solubility, for example
79 and 83 has comparable solubility to the 2-acylaminothiazanalogues in Table 8.
Although no improvement in in vitro physiochemigaioperties was observed, the LTR
activity of the imidazopyridine analogues was comp& to the corresponding 2-
acylaminothiazole derivatives, reinforcing imidagogdine as a suitable bioisosteric

replacement.

To improve LTR mediated gene-expression and phghmical properties of the
imidazopyridine scaffold, we next replaced the @mybon chain with piperazine; an
approach previously undertaken with the thiazohgauclass (Tables 1-5). A focus set of 2-
piperazinyl imidazopyridine analogues was syntlezsiand evaluated in the Flpin.FM
HEK?293 cell assay (Table 7). The results show itmelazopyridine analogues, 88 and90
(ECso 0.75 - 3.2 uM) are moderately less potent than dbeesponding thiazolyl urea
analogues34, 62 and72. The 6-halo imidazopyridine analogugsand91 are 10-fold more
potent (EGp 0.32 and 0.08 uM) than the 6-methyl derivati86sand 90 (ECsp 3.2 and 1.3
KM), consistent with the trend observed for thehb® thiazolyl urea class. In addition,
imidazopyridine analogu8l was equipotent (Efg of 0.08 uM) to74, suggesting the 2-
piperazinyl imidazopyridine derivatives were clgsaligned with the trends in SAR and
LTR activity of the 2-piperazinyl thiazolyl urearsss, further supporting the application of
the imidazopyridine bioisostere. The imidazopyra@ianalogues6 and 91 exhibited low
metabolic stability in the presence of mouse livecrosomes (Gk 224 and 132iL/min/mg
protein) (Table 8) compared to the correspondingztilyl urea derivative85 and74. The

aqueous solubility oB6 and91 at pH 6.5 was also low, but the solubiléay pH 2 was



enhanced (25 - 10QM), because of the presence of an ionizable nitroge the

imidazopyridine system.

In summary of the SAR (Figure 3), it was initiallletermined that the piperazine, 3-
aminoazetidine and 3-aminopyrrolidine were suitablf@acements for the oxy-carbon chain
substituted producing the thiazolyl urea scaffolthwmproved LTR activity (Tables 1-5)
and physicochemical properties (Table 8) compacethé 2-acylaminothiazole class. The
SAR of the thiazolyl urea series was also closdignad with the 2-aminoacylthiazole
class” In general, either 3,4-dichloro or 3,4-chloro nyétsubstitution on the aryl ring and
either 5-chloro or 5-nitrile substitution on theattole were optimal for LTR directed gene
expression. This activity and SAR trend was alsseoled for the imidazopyridine
bioisosteric replacements of the 2-acylaminothi@zoid the thiazolyl urea series (Table 6
and 7). 5-Chloro and 3,4-dichloro substitution osthbthe 2-acylaminothiazole and the
thiazolyl urea series displayed the most robustito metabolic stability in comparison to
other substitution patterns (Table 8). The imidazigiine system exhibited slightly improved
aqueous solubility but possessed significantly loweetabolic stability compared to 2-
acylaminothiazole and the thiazolyl urea seriesgesting an intrinsic metabolic liability

associated with the bicyclic scaffold.

In general, improvements in LTR activated repogene expression also resulted in
proportionate increases in CMV activity. In caselere selectivity was observed, LTR
activity reached a maximum before decreasing oteplang with increasing compound
concentration (Figure S1), suggesting that eithiéttanget cellular toxicity circumvents
transcriptional or modulates post-transcriptionang expression, or an increase in
transcriptional activation and gene expressionupest cellular homeostasis leading to cell

death.



Evaluation of Cellular Growth Inhibition

The CMV reporter was built into the Flpin.FM HEK23@ll line to detect fluctuations in
non-specific Luc reporter protein expression. Ttedaine whether increased LTR and CMV
reporter activity are related to host cytotoxiceyselection of compounds was evaluated in a
Cell Titre Glo growth inhibition assay using theg@&®2 cell line (Table 9). In this assay, all
the analogues tested inhibited cell growth moreemidy than the 2-acylamidothiazole
analogue2. The HepG2 cell growth inhibition data robustlyredated with the LTR activity,
suggesting transcriptional activation was rela@aell growth inhibition. This observation
provides a reason why the LTR activity reaches aimam before gradually decreasing with
higher concentrations of compound (Figure S1). Thonsistent with clinically used LRA’s
such as Romidepsin and Panobinostat, whereby thgrogth inhibition is linked to their
mechanism of actioff Compounds with increasing LTR activity were alssariated with
potent CMV activity, however, the window of seledy between the CMV and LTR
reporter was not consistent for each analoguettsréfore it is difficult to ascertain whether
cell growth inhibition is directly associated witiR or CMV activity. It is unknown or this
class of HIV LRAs whether it will be possible topnove cell cytotoxicity while maintaining
LTR potency, but the strong correlation with bdtle LTR and CMV activity suggests gene
expression from these viral promoters and cellatedicity are intrinsically linked. The
association between activation of non-specific gex@ession and cell toxicity is a common
trait in other established LRA&.Ongoing efforts to uncover the mechanism of actibthe
2-acylaminothiazole and thiazolyl urea series mssish in understanding this relationship
and improving the selectivity between cell growtinibition and activation of LTR gene

expression.

Evaluation of Thiazolyl Ureas Against Targets Previously Linked to HIV Latency



Our efforts to establish the mechanism by which ti@zolyl urea analogues enhance
cellular LTR activity began with profiling a repesgative compound against a panel of
epigenetic enzymes known to be associated with ¢ilive expressiéh(Table S2 to S4)74
displayed no inhibitory activity when profiled agai all histone deacetylase (HDAC)
isoforms and SIRT1 (Table S2). Compouffdalso exhibited no detectable inhibition of nine
methyltransferases and four acetyltransferasesiqugy linked to HIV-1 transcriptional
modulation in patients with chronic HIV-1 infecti@md latenc¥’ * (Tables S3 and S4). The
thiazolyl urea scaffold possess a kinase hingetbgnohotif and is closely related to reported
cyclin dependent kinase inhibitots®? and therefore we screened a representative aralogu
(35) against 369 kinases at a concentration ofu®I5(Table 5). The results show analogue
35 did not show significant inhibition of any of thekses in the panel, except for the modest
inhibition (40-50%) of three cyclin-dependent kiaa® (CDK9) proteins, cyclin K, T1 and
T2. Subsequently/4 was tested against 22 kinases of the CDK familgb(@ S6) at
concentration of 0.uM. Consistent with the kinase inhibition data 88 74 exhibited
approximately 60% inhibition the CDK9 proteins, liyaK, T1 and T2. CDK9 proteins are
known to be recruited by Tat to initiate HIV-1 tezmmiption by phosphorylating the COOH-
terminus of RNA-pol Il and increasing processivityWhile this is within the realm of
pharmacological relevance as a potential mechardamct inhibition of CDK-9 in HIV-1
replication assays has been shown to potently bititk1 transcription®® In addition, the
cell growth inhibition and LTR activity for botB5 and74 (EGsp <0.1 pM) is significantly
lower than the measured CDK®9 inhibition values.réfare, it is likely that the CDK9 kinase
activity is unrelated to observed cellular and L&&ivity. In summary, the screening of
analogues against a panel of epigenetic proteidkimases suggests the thiazolyl urea series
has a mechanism of action not previously associatéd HIV gene expression. Target

identification of the thiazolyl urea class will key aspect of future studies.



Evaluation of Analoguesin the Jurkat Latency 10.6 Cell Line

The J.Lat10.6 clone is a latently infected T-celelcommonly employed to evaluate the
activity of LRAs to activate the HIV LTR directeéporter gene expression.® This cell
line contains a full-length integrated HIV-1 genomigh green fluorescent protein (GFP) in
place of the Nef gene. Treatment of J.Lat10.6 Wil-o. or compound activates viral gene

expression which is quantified by flow cytometry.

We evaluated a selection of the analogues using.tla#10.6 cell line and compared their
LTR activity to selection of known LRAs (Table 9)he results show compoungs, 35, 39,
50, 63 and73 enhanced the LTR GFP reporter with ansg2@nge of 1 - 5 uM, comparable to
the activity of known LRAs, Vorinostat and JQ1 &Q@.3 and 8.1 uM). The LTR activity
displayed by the thiazolyl urea analogues was rifsignt improvement on the LTR activity
of the 2-amainoacylthiazo®reported previously (E& 29 pM)? The analogue$5, 74 and
91, potently enhanced the LTR GFP reporter {£€0.5 pM) comparable to the activity of
the known LRAs, Romidepsin (E60.22 uM) and Panobinostat (E®.13 uM). There is a
robust correlation between the Flpin.FM HEK293 LHERrtivity and the J.Lat10.6 LTR
reporter, and this is most evident with the anaésgyd and91, which display potent activity
in both cell lines. Overall, the LTR activated Lteporter gene expression from the Flpin.FM
HEK293 cell assay robustly correlates with the L&Btivated GFP expression in the
J.Lat10.6 cellular model, demonstrating the utility the FlpIin.FM HEK293 in detecting

LRAs.

CONCLUSIONS



The FlpIn.FM HEK293 cellular assay was previouslyiliaed to identify the 2-
acylaminothiazole hit class. Exploration of theusture activity relationship afforded
compounds with modest activity in HIV cellular mégiéFigure 2). Building on our previous
work, we applied two design strategies to furthelnance physicochemical properties and
improve activity in HIV gene expression models. Tingt approach explored rigidification of
the central oxy-carbon linker with a variety of &5, 6- and 7- membered saturated
heterocycles. Piperazine, 3-aminopyrrolidine ancz8tidine were the most suitable
surrogates for the central oxy-carbon linker (thlglzurea analogue§4 and 91) which
exhibited a 20-fold enhancement in LTR activity ¢g80 and 80 nM) compared to the 2-
acylaminothiazole (ECso 1.9 uM). The thiazolyl urea analogues also possksshanced
metabolic stability in the presence of both humad mouse liver microsomes (for example
63, Cly 11 and 15uL/min/mg protein), however aqueous solubility rensalow and will
require further optimization.

The second approach investigated the bioisosteplacement of the 2-acylaminothiazole
moiety with imidazopyridine framework. We deternmdnine imidazopyridine scaffold was a
reasonable bioisostere and mirrored the structctigity relationship and the LTR activity
observed with the 2-acylaminothiazole and the thidairea scaffolds. The imidazopyridine
analogues possessed low metabolic stability inptesence of both human and mouse liver
microsomes (for exampl8&6 Cli,; 115 and 224.L/min/mg protein), suggesting an intrinsic
liability with the scaffold that could not be detened through metabolism identification.
Future work is required to address both metabol@nd aqueous solubility of the
imidazopyridine class to permit its utility as aRA in in vivo studies.

The thiazolyl urea and imidazopyridine series ptyeactivated LTR activity in the
FIpIN.FM HEK293 cellular assay, but also variabbtigated the non-specific transcription

via the CMV reporter. Only a select few analoguéspldyed a significant window of



selectivity (>10-fold for36-37, 63, 66 and70) and in general, most analogues displayed a 2-
to 3- fold difference between LTR and CMV activ{fijables 1-7). It is unknown whether the
same mechanism of action is responsible for mouhgidioth the LTR and CMV promoter
directed gene expression, but the robust correlatidghe HIV LTR directed reporter activity
and cellular toxicity (Table 9) would suggest thesamanisms are intrinsically linked.
Therefore, it is proposed the cellular toxicity tbe analogues is the result of a significant
increase in HIV-promoter directed protein expresdioat disrupts cellular homeostasis and
consequently manifests in cellular toxicity. Thensselective transcriptional and/or post-
transcriptional cytotoxicity observed is a reoctgrtrait in epigenetic modulators, such as
Romidepsin and Panobinostat (Table 9), commonlizeti in the shock and kill approath.

It is likely that identifying the cellular targej(®f the thiazolyl urea and imidazopyridine
series will help unravel the mechanisms impartimg ¢ytotoxicity observed. Our efforts to
elucidate the cellular target involved screeningzblyl urea compounds against a panel of
epigenetic proteins and kinases but did not rettealgenuine target (Tables S2-S6). The

discovery of the mechanism remains a key aspemtiofuture work.

In summary, we have used a 2-aminoacylthiazoldadads a template to prepare a set of
thiazolyl ureas and imidazopyridine analogues thatently activate HIV transcription in
Flpin.FM HEK293 and J.Lat10.6 latency models. Famhore, the activity observed with
lead analogues/4 and91) is comparable to the clinical evaluated LRAs, Riepsin and
Panobinostat, and highlights the potential of ttiess for application to modify HIV gene

expression as a strategy to eliminate latent pugvir

EXPERIMENTAL SECTION

Biology Experimental.



FlpIn.FM HEK?293 Cedlular Assay. The FlpIn.FM HEK293 cellular assay was performed
according to previously described prototolBriefly, FlpIn.FM HEK293 cells were
maintained in Dulbecco’s modified Eagle’s mediumMEM) supplemented with 10% FCS.
A total of 1500 cells in 2pL of DME media with 5% FCS were transferred to eael of

the assay plate using a Multidrop reagent dispei$ates were left at room temperature in a
single layer for 1 h to allow adhesion to commeaicd were then incubated at 37 °C and 5%
CO, for 48 h. Assay plates were cooled to 20 °C piwoaddition of 10uL of Chroma-Glo
reagent to each assay plate well. The plates wenghated at 20 °C for 2 min, and plates
were read on a plate reader (Em: 613 and 537 nengeRt activity of each compound was
calculated for the ClickBeetle Red (CBR) luminesmeand ClickBeetle Green luminescence
(CBG) according to the following equation: % adivi = 100 - (100 x
(luminescenc@mpoundc— Mean luminescenggatve conrdMean luminesceng&itve contro— Mean
luminescencgative contrg). FOr calculating the Efgvalues of LTR- and CMV-driven gene
expression, the raw data was first normalized betwthe DMSO-treated negative control
(set to 0%) and the PMA-treated positive contret (& 100%). Data points associated with
cytotoxicity were excluded where LTR (ClickBeetled activity begins to decrease with
increasing compound concentration. sE@alues were then obtained using XY analysis,
nonlinear regression (curve fit), and [agonist] susr normalized response-variable slope

analysis using Domatics Software.

Jurkat Latency 10.6 Clone (J.Lat10.6) Celular Assay. The J.Lat10.6 cellular assay was
performed according to previously described prdtdt®riefly, cells were maintained in
90% RPMI 1640 and 10% FBS supplemented with pédinidcd (100 U/mL), streptomycin
(100 ug/mL), and I-glutamine (2 mM, 0.3 mg/mL). J.Latl@dlIs (4 x 1) were seeded into
a 96-well format in 50uL of complete RPMI (supplemented with 10% FCS anfd 1

Pen/Strep). Compounds were then added inl56f complete RPMI and plates incubated at



37°C for 48 h. Bioluminescence was measured using @3@alibur. Positive population
data was normalized using the positive control (Id)ifand negative control (DMSQO) using
GraphPad Prism. The B&wvas extrapolated in the same manner as reportededbr the

HEK?293 FlpIn.FM dual reporter cellular assay.

HepG2 Cell Growth Inhibition Assay. The HepG2 cellular assay was performed according
to previously described protocdl.Briefly, HepG2 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with%d0etal calf serum (FCS) in a
humidified incubator at 37 °C and 5% CO2. Assaygdavere created by seeding 1000 cells
in 50 uL of DMEM with 10% FCS into each well of 384-weibsue culture treated plates.
Ten-point dilution series of compounds were prepaneDMSO and transferred to the assay
plate. Plates were then incubated at 37 °C and &%f@ 48 h. Cell Titer-Glo reagent was
added and bioluminescence measured using an Emvpdeie reader. Cytotoxicity was
calculated as a percentage using DMSO as thepogitowth control and 10M bortezomib

as a negative growth control. EGralues were calculated using a four-parameterdiogge,
nonlinear regression analysis, with sigmoidal dossponse (variable slope) curve fit and

constraint parameters of 0 and 100% using GrapRiach (v6.05).

Aqueous Solubility Determination Using Nephelometry. The compound in DMSO was
spiked into either pH 6.5 phosphate buffer or OMHCI (pH 2.0) with the final DMSO
concentration being 1%. Samples were then analysedhephelometry to determine a

solubility range.

In Vitro Metabolism Using Mouse and Human Liver Microsomes. In vitro metabolism
and metabolism identification studies were perfainfiellowing the previously described

procedure?

Chemistry Experimental.



General Chemistry Procedures. Solvents were obtained commercially and used withou
further purification. Chromatography was perfornveith silica gel 60 (particle size 0.040-
0.063 um) using an automated purification systeMRN\spectra were recorded on a Bruker
Avance DRX 300. Chemical shifts are reported in ppmthed scale and referenced to the
appropriate solvent peak. MeOD, DMS@-Acetone-3 and CDC} contain HO.

LCMS were recorded on either a Waters LCMS systemposed of a Waters 3100 Mass
Detector, Waters 2996 Diode Array Detector, Wat2t5 Binary Pump, Waters SFO
System Fluidics Organizer and a Waters 2767 SaMpleager (Method A), or an Agilent
LCMS system composed of an Agilent G6120B Mass @&ete 1260 Infinity G1312B
Binary pump, 1260 Infinity G1367E HIPALS autosampd@d 1260 Infinity G4212B Diode
Array Detector (Method B). Conditions for LCMS Meth A were as follows, column:
Kinetex TM XB-C18 5um 4.6 x 50mm, injection volurd® pL, 5-100% B over 3 min
(solvent A: water 0.1% formic acid; solvent B: AcON1% formic acid), flow rate: 1.5
mL/min, detection: 100-600 nm, acquisition timemi. Conditions for LCMS Method B
were as follows, column: Poroshell 120 EC-C18,>230 mm 2.7 Micron at 20 °C, injection
volume 2 uL, gradient: 5-100% B over 3 min (solvaAntvater 0.1% formic acid; solvent B:
AcCN 0.1% formic acid), flow rate: 0.8 mL/min, detion: 254 nm, acquisition time: 5 min.
LCMS conditions used to assess purity of final coommls were as follows, column:
Phenomenex Gemini C18, 2.0 x 50 mm; injection vawf pL; gradient: 0-100% Buffer B
over 6 min (buffer A: 0.1% formic acid in autoclav#illiQ water; buffer B: 0.1% formic
acid in 100% acetonitrile), flow rate: 1.0 mL/mdetection: 214 or 224 nm. Unless otherwise
noted, all compounds were found to be >95% purehisy method. HRMS were acquired
through The Bio21 Mass Spectrometry and Proteoféaslity using a Thermo Scientific™

nano-LC Q Exactive™ Plus Mass spectrometer.



General Procedure A: 4-(4-Chloro-3-methyl phenyl)-N-(5-methylthiazol-2-yl)piperazine-1-
carboxamide (16). 92 (30 mg, 0.14 mmol)93 (37 mg, 0.16 mmol) and caesium carbonate
(93 mg, 0.29 mmol) were combined in 1,4-dioxanen{] and stirred at reflux for 5 h under
N,. The reaction was then cooled to room temperancdethe reaction mixture diluted with
EtOAc (20 mL), and then washed with water (10 mihgl &rine (10 mL). The organic layer
was then dried with N&O, and concentratesh vacuo. The crude residue was then purified
by column chromatography (100% CyHex to 50% EtOAw#i€Xx) to obtainl6 as a solid (19
mg, 38%).H NMR (300 MHz, CDCJ): & 7.23 (d,J 8.6 Hz, 1H), 6.94 (dJ 1.3 Hz, 1H), 6.80
(d,J 2.9 Hz, 1H), 6.71 (dd] 8.7, 3.0 Hz, 1H), 3.78 - 3.64 (m, 4H), 3.24 - 3(f1, 4H), 2.41 -
2.33 (m, 6H). MS, m/z = 351 (100) [M+H]353 (30). HRMS found: (M + H) 351.1038;

C16H1sCINLOS requires (M +H), 351.1041.

4-(4-Chlor o-3-methyl phenyl)-N-(5-chl or othiazol -2-yl ) pi per azine-1-car boxamide @an.
General Procedure A was followed usB®y(40 mg, 0.16 mmol) anél2 (30 mg, 0.14 mmol)
to obtainl7 as a solid (41 mg, 78%)H NMR (300 MHz, CDC}): § 7.23 (d,J 8.8 Hz, 1H),
7.15 (s, 1H), 6.80 (d] 2.9 Hz, 1H), 6.70 (dd] 8.7, 3.0 Hz, 1H), 3.75 - 3.63 (m, 4H), 3.23 -
3.12 (m, 4H), 2.35 (s, 3H}°C NMR (75 MHz, CDCJ) § 159.9, 152.8, 148.9, 136.3, 132.3,
129.1, 125.8, 120.0, 118.8, 115.1, 48.9, 43.6,.209, m/z = 371 (100) [M+H] 373 (60).

HRMS found: (M + H) 371.0493; eH16CI2N4OS requires (M + H), 371.0495.

4-(4-Chloro-3-methyl phenoxy)-N-(5-methyl thiazol -2-yl ) pi peridine-1-car boxamide (18).
General Procedure A was followed usBg)(30 mg, 0.13 mmol) anés (26 mg, 0.12 mmol)
to obtain18 as a solid (20 mg, 47%)-NMR (300 MHz; CDCI3):3 7.23 (d,J 8.6 Hz, 1H),
6.92 (s, 1H), 6.80 (d] 2.9 Hz, 1H), 6.69 (dd] 3.0, 8.7 Hz, 1H), 4.49 (tf 3.4, 6.4 Hz, 1H),
3.81 - 3.63 (M, 2H), 3.61 - 3.44 (m, 2H), 2.4022(m, 6H), 2.04 — 1.74 (m, 4H). MS, m/z =
365 (100) [M+H], 367 (30). HRMS found: (M + H) 366.1037;8,0CIN;O,S requires (M

+H), 366.1038.



4-(4-Chlor o-3-methyl phenoxy)-N-(5-chl or othiazol - 2-yl ) pi peridine-1-carboxamide (29).
General Procedure A was followed usB®y(32 mg, 0.13 mmol) anés (26 mg, 0.12 mmol)
to obtain19 as a solid (38 mg, 47%)H-NMR (300 MHz; CDC}): & 7.24 (d,J 8.6 Hz, 1H),
7.13 (s, 1H), 6.81 (d] 2.9 Hz, 1H), 6.70 (dd] 2.9, 8.8 Hz, 1H), 4.57 - 4.47 (m, 1H), 3.76 -
3.51 (m, 4H), 2.35 (s, 3H), 2.02 — 1.81 (m, 4H).,M8z = 386 (100) [M+H]. HRMS found:

(M + H) 386.0490; GH17CloN3O,S requires (M +H), 386.0492.

4-((4-Chloro-3-methyl phenyl)amino)-N-(5-methyl thiazol - 2-yl ) pi peridine- 1-car boxamide (20).
General Procedure A was followed usiég (16 mg, 0.069 mmol) ané6 (13 mg, 0.058
mmol) to obtain20 as a solid (10 mg, 47%)H-NMR (300 MHz; CDC}): § 7.12 (d,J 8.4
Hz, 1H), 6.93 (br. s., 1H), 6.48 (@2.4 Hz, 1H), 6.39 (dd] 2.9, 8.6 Hz, 1H), 4.16 - 4.04 (m,
2H), 3.56 - 3.37 (M, 2H), 3.17 - 3.04 (m, 2H), 2(863H), 2.30 (s, 3H), 2.16 - 2.06 (M, 2H),
1.43 - 1.31 (m, 2H). MS, m/z = 365 (100), 367 (3OHH]*. HRMS found: (M + H)

365.1197; GH21CIN4OS requires (M +H), 365.1198.

4-((4-Chloro-3-methyl phenyl)amino)-N-(5-chl or othiazol - 2-yl )pi peridine-1-carboxamide (21).
General Procedure A was followed usi®dj (18 mg, 0.069 mmol) ané6 (13 mg, 0.058
mmol). The crude residue was then purified by rexgohase preparatory HPLC using a
gradient of 95% water/ACN to 100% ACN to obt&has a solid (2.5 mg, 11%)H-NMR
(300 MHz; CDC}): § 7.24 - 7.12 (m, 2H), 6.61 - 6.45 (m, 2H), 4.22.034(m, 2H), 3.56 -
3.43 (m, 1H), 3.14 (ddd] 3.3, 11.3, 14.3 Hz, 2H), 2.38 - 2.27 (m, 3H), 2:2511 (m, 2H),
1.61 - 1.39 (m, 2H). MS, m/z = 385 (100), 387 (§B)+H]+. HRMS found: (M + H)

385.0650; GeH1sCl.N4OS requires (M +H), 385.0651.

4-((4-Chloro-3-methyl phenyl ) (methyl )amino)-N- (5-chl or othiazol-2-yl ) pi peridine-1-
carboxamide (22). General Procedure A was followed usi#y(17 mg, 0.065 mmol) an@8

(13 mg, 0.055 mmol) to obta2? as a solid (10 mg, 46%IH-NMR (300 MHz; CDC}): &



7.22 - 7.11 (m, 2H), 6.69 (d,2.9 Hz, 1H), 6.62 (dd] 3.0, 8.7 Hz, 1H), 4.30 - 4.16 (m, 2H),
3.81 - 3.66 (M, 1H), 3.09 — 2.91 (m, 2H), 2.743(d), 2.35 (s, 3H), 1.90 - 1.62 (m, 4H). MS,
m/z = 399 (100), 401 (60) [M+H] HRMS found: (M + H) 399.0808: H,.Cl,N4OS

requires (M +H), 399.0808.

3-(4-Chloro-3-methyl phenoxy)-N- (5-chl or othiazol -2-yl ) pi peridine-1-car boxamide (23).
General Procedure A was followed usi®dy (15 mg, 0.059 mmol) ané9 (12 mg, 0.053
mmol). The crude residue was then purified by rexgohase preparatory HPLC using a
gradient of 95% water/ACN to 100% ACN to obt@Bias a solid (3.4 mg, 17%)H-NMR
(300 MHz; CDC}): § 7.22 (d,J 8.8 Hz, 1H), 7.16 (s, 1H), 6.78 (@3.3 Hz, 1H), 6.68 (dd]
2.9, 8.6 Hz, 1H), 4.34 (td} 3.4, 6.5 Hz, 1H), 3.87 - 3.79 (m, 1H), 3.66 - 3(#2 3H), 2.32
(s, 3H), 2.04 — 1.86 (m, 3H), 1.67 - 1.55 (m, 1M)5, m/z = 386 (100) [M+H] 388 (60).

HRMS found: (M + H) 386.0490; {¢H;7CIoN30,S requires (M +H), 386.0492.

(9)-3-((4-Chloro-3-methyl phenyl )amino)-N-(5-methyl thiazol -2-yl ) pi peridine-1-carboxamide

(24). General Procedure A was followed usie®) (16 mg, 0.067 mmol) and00 (15 mg,
0.067 mmol). The crude residue was then purifieddwerse phase preparatory HPLC using
a gradient of 95% water/ACN to 100% ACN to obtaihas a solid (5.0 mg, 21%H-NMR
(300 MHz; CDC}): 6 7.11 (d,J 8.58 Hz, 1H), 6.94 (s, 1H), 6.50 (#2.86 Hz, 1H), 6.42 (dd,

J 3.0, 8.7 Hz, 1H), 4.12 - 4.02 (m, 1H), 3.82 - 3(62 1H), 3.52 - 3.41 (m, 1H), 3.40 - 3.29
(m, 1H), 3.14 - 3.01 (m, 1H), 2.36 (s, 3H), 2.283H), 2.10 — 1.97 (m, 1H), 1.92 — 1.79 (m,
1H), 1.70 — 1.53 (m, 2H). MS, m/z = 365 (100) [M¥HHRMS found: (M + H) 365.1197;

C17H2:CIN4OS requires (M +H), 365.1198.

(9-3-((4-Chlor o-3-methyl phenyl )amino)-N- (5-chl or othiazol - 2-yl) pi peridine-1-carboxamide
(25). General Procedure A was followed usiegy (17 mg, 0.067 mmol) and00 (15 mg,

0.067 mmol). The crude residue was then purifieddwerse phase preparatory HPLC using



a gradient of 95% water/ACN to 100% ACN to obtafas a solid (5.3 mg, 21%H-NMR
(300 MHz; CDCH): & 7.16 - 7.10 (m, 2H), 6.51 (d,2.4 Hz, 1H), 6.43 (dd) 2.5, 8.7 Hz,
1H), 4.05 — 3.98 (m, 1H), 3.73 - 3.63 (m, 1H), 3:5844 (m, 1H), 3.39 - 3.29 (m, 1H), 3.10
(dd,J 7.9, 13.4 Hz, 1H), 2.29 (s, 3H), 2.09 - 2.01 (H),11.91 - 1.82 (m, 1H), 1.72 - 1.57
(m, 2H). MS, m/z = 385 (100) [M+H] 387 (60). HRMS found: (M + H) 385.0649;

C16H18CIbN4OS requires (M +H), 385.0651.

(R)-3-((4-Chloro-3-methyl phenyl )Jamino)-N- (5-methyl thiazol - 2-yl ) pi peridine-1-car boxamide

(26). General Procedure A was followed usB®)(31 mg, 0.13 mmol) ani01 (30 mg, 0.13
mmol). The crude residue was then purified by rexgohase preparatory HPLC using a
gradient of 95% water/ACN to 100% ACN to obt&# as a solid (2.8 mg, 6%JH-NMR
(300 MHz; CDC}): § 7.11 (d,J 8.6 Hz, 1H), 6.94 (s, 1H), 6.50 (@2.4 Hz, 1H), 6.42 (dd]
2.9, 8.4 Hz, 1H), 4.14 - 4.05 (m, 1H), 3.82 - 3(62 1H), 3.52 - 3.41 (m, 1H), 3.41 - 3.30
(m, 1H), 3.10 (dd)) 7.4, 13.3 Hz, 1H), 2.36 (s, 3H), 2.29 (s, 3H),02-11.98 (m, 1H), 1.93 -
1.81 (m, 1H), 1.76 - 1.52 (m, 2H). MS, m/z = 3681 [M+H]*. HRMS found: (M + H)

365.1195; GH21CIN4OS requires (M +H), 365.1198.

(R)-3-((4-Chloro-3-methyl phenyl )Jamino)-N-(5-chl or othiazol -2-yl)pi peridine-1-car boxamide

(27). General Procedure was followed usin@4 (34 mg, 0.13 mmol) ani01 (30 mg, 0.13
mmol). The crude residue was then purified by rexgohase preparatory HPLC using a
gradient of 95% water/ACN to 100% ACN to obt&ih as a solid (3.1 mg, 6%JH-NMR
(300 MHz; CDC4): & 7.16 - 7.10 (m, 2H), 6.70 — 6.48 (m, 2H), 4.25.224(m, 1H), 3.90 -
3.80 (m, 1H), 3.53 - 3.17 (m, 3H), 2.31 (s, 3HYAL- 2.05 (M, 1H), 1.75 — 1.54 (m, 3H). MS,
m/z = 385 (100) [M+H], 387 (60). HRMS found: (M + H) 385.0648;¢81sCl,N4OS

requires (M +H), 385.0651.



3-((4-Chloro-3-methyl phenyl)amino)-N-(5-methyl thiazol -2-yl ) pyrrolidine-1-carboxamide

(28). General Procedure A was followed us®®) (18 mg, 0.076 mmol) andl03 (16 mg,
0.076 mmol) to obtai8 as a solid (13 mg, 49%) NMR (300 MHz, CDCJ): § 7.14 (d,J
8.6 Hz, 1H), 6.92 (s, 1H), 6.47 (@2.6 Hz, 1H), 6.38 (dd] 8.6, 2.9 Hz, 1H), 4.12 - 4.05 (m,
1H), 3.82 — 3.74 (m, 1H), 3.66 - 3.52 (M, 2H), 3-&134 (m, 1H), 2.39 - 2.18 (m, 7H), 2.05
—1.95 (m, 1H). MS, m/z = 351 (100) [M+HB53 (30). HRMS found: (M + H) 351.1041;

C16H1sCINLOS requires (M +H), 351.1041.

3-((4-Chlor o-3-methyl phenyl)amino)-N-(5-chl or othiazol -2-yl)pyrrolidine-1-car boxamide

(29). General Procedure A was followed usigy (20 mg, 0.076 mmol) and0O3 (16 mg,
0.076 mmol) to obtai29 as an oil (12 mg, 43%}H NMR (300 MHz, CDCJ): & 7.14 (d,J
8.6 Hz, 2H), 6.46 (dJ 2.6 Hz, 1H), 6.37 (ddJ 8.5, 3.0 Hz, 1H), 4.14 - 4.06 (m, 1H), 3.83 -
3.69 (m, 1H), 3.65 - 3.50 (M, 2H), 3.44 — 3.34 {H), 2.39 - 2.21 (m, 4H), 2.09 — 1.93 (m,
1H) **C NMR (75 MHz, CDC}) § 159.1, 151.8, 144.7, 136.9, 132.6, 129.7, 12318.8,
112.2, 52.8, 51.9, 44.2, 31.4, 20.3 (1 quaternargo€ observed). MS, m/z = 371 (100)
[M+H]* 373 (30). HRMS found: (M + H) 371.0492;:4:CIoN4OS requires (M +H),

371.0495.

3-(4-Chloro-3-methyl phenoxy)-N- (5-methylthiazol -2-yl)pyrrolidine-1-carboxamide (30).
General Procedure A was followed usi#g) (19 mg, 0.080 mmol) andl04 (17 mg, 0.080
mmol) to obtain30 as a solid (9.3 mg, 33%)H-NMR (300 MHz; CDC}): & 7.23 (d,J 8.6
Hz, 1H), 6.92 (dJ 1.1 Hz, 1H), 6.74 (d) 2.9 Hz, 1H), 6.63 (dd] 2.9, 8.6 Hz, 1H), 4.99 -
4.81 (m, 1H), 3.86 - 3.49 (m, 4H), 2.45 - 2.09 @H). °C NMR (75 MHz, CDCJ) 5 159.5,
155.2, 152.5, 137.4, 133.2, 129.8, 126.7, 126.8.2,1114.1, 75.9, 51.6, 44.0, 31.2, 20.3,
11.5. MS, m/z = 352 (100) [M+H] 354 (30). HRMS found: (M + H) 352.0881;

C16H18CIN3O,S requires (M +H), 352.0881.



3-(4-Chloro-3-methyl phenoxy)-N-(5-chlor othiazol -2-yl)pyrrolidine-1-car boxamide (31).
General Procedure A was followed usigdy (21 mg, 0.080 mmol) andi04 (17 mg, 0.080
mmol) to obtain31 as a solid (11 mg, 64%)H-NMR (300 MHz; CDC}): & 7.25 (d,J 8.6
Hz, 1H), 7.15 (s, 1H), 6.75 (d,3.1 Hz, 1H), 6.64 (dd] 2.97, 8.69 Hz, 1H), 5.00 - 4.93 (m,
1H), 3.86 - 3.59 (m, 4H), 2.35 (s, 4H), 2.30 - 2(@9 1H).**C NMR (75 MHz, CDCJ) &
158.5, 155.1, 151.9, 137.5, 134.0, 129.9, 126.8,2,1114.0, 75.8, 51.6, 44.1, 31.2, 20.3 (1
quaternary C not observed). MS, m/z = 372 (100}tH¥f 374 (60). HRMS found: (M + H)

372.0331; GsH1sCloNsO,S requires (M +H), 372.0335.

3-((4-Chloro-3-methyl phenyl) (methyl Jamino)-N- (5-methyl thiazol -2-yl)pyrrolidine-1-
carboxamide (32). General Procedure A was followed us#8y13 mg, 0.053 mmol) antd5
(10 mg, 0.045 mmol) to obtaB® as an oil (8 mg, 49%JH-NMR (300 MHz; CDC}): § 7.19
(d, J 8.6 Hz, 1H), 6.92 (s, 1H), 6.74 - 6.60 (M, 2H),34(quin,J 7.3 Hz, 1H), 3.76 - 3.63 (m,
2H), 3.54 - 3.32 (m, 2H), 2.79 (s, 3H), 2.33Jd.4 Hz, 6H), 2.22 - 2.08 (M, 2H). MS, m/z =
365 (100) [M+H] HRMS found: (M + H) 365.1196; H2:CIN4OS requires (M +H),

365.1198.

3-((4-Chloro-3-methyl phenyl ) (methyl )Jamino)-N-(5-chl or othiazol -2-yl)pyrrolidine-1-
carboxamide (33). General Procedure A was followed us8#y14 mg, 0.053 mmol) antD5
(10 mg, 0.045 mmol) to obtaB8 as an oil (8 mg, 49%JH-NMR (300 MHz; CDC}):  7.23

- 7.18 (m, 1H), 7.14 (br s, 1H), 6.73 @2.9 Hz, 1H), 6.65 (dd) 3.1, 8.8 Hz, 1H), 4.33
(quin,J 7.4 Hz, 1H), 3.75 - 3.62 (m, 2H), 3.55 - 3.33 @Hl), 2.80 (s, 3H), 2.34 (s, 3H), 2.22
- 2.10 (m, 2H). MS, m/z = 212 (100) [M+HR14 (30). HRMS found: (M + H) 385.0648;

C16H18CI2N4OS requires (M +H), 385.0651.

4-(3-Chloro-4-methyl phenyl)-N-(5-methyl thiazol -2-yl ) pi per azine- 1-car boxamide (34).

General Procedure A was followed usi@g (31 mg, 0.14 mmol) and06 (26 mg, 0.12



mmol) to obtair34 as a solid (13 mg, 30%)H-NMR (300 MHz; CDC}): 6 7.12 (dd,J 8.4,
0.7 Hz, 1H), 6.97 - 6.90 (m, 2H), 6.77 - 6.70 (rA})13.77 - 3.63 (m, 4H), 3.27 - 3.11 (m,
4H), 2.37 (d,J 1.1 Hz, 3H), 2.29 (s, 3H). MS, m/z = 351 (100) [M¥H353 (30). HRMS

found: (M + H) 351.1037; ¢H1sCIN4OS requires (M +H), 351.1041.

4-(3-Chloro-4-methyl phenyl)-N- (5-chl or othiazol -2-yl ) pi per azine- 1-car boxamide (35).
General Procedure A was followed usi®g (35 mg, 0.14 mmol) and06 (26 mg, 0.12
mmol) to obtairB5 as a solid (32 mg, 69%H-NMR (300 MHz; CDC}): § 7.17 - 7.08 (m,
2H), 6.98 - 6.89 (m, 1H), 6.75 (dd8.4, 2.6 Hz, 1H), 3.79 - 3.59 (m, 4H), 3.31 - 3(6§
4H), 2.30 (s, 3H). MS, m/z = 371 (100) [M+HB73 (60). HRMS found: (M + H) 371.0493;

C15H16C2N4OS requires (M +H), 371.0495.

1-(3-Chlor o-4-methyl phenyl)-N-(5-methyl thiazol-2-yl ) pi peridine-4-carboxamide  (36). 108
(33 mg, 0.13 mmol), 5-methyl-2-aminothiazole (18,Mgl6é mmol), EDCI (30 mg, 0.16
mmol), and DMAP (1.9 mg, 0.013 mmol) in DCE (5 mi#re stirred at 48C for 16 h. To
the reaction was added 10% citric acid solutionrfl( and the mixture extracted with DCM
(2 x 10 mL). The organic layer was then washed dfbo NaHCQ solution (1 x 15 mL),
dried with MgSQ and concentrated in vacuo. The crude residue heasgurified by column
chromatography gradient eluting with 100% CyHe080 EtOAc/CyHex to obtai6 as a
solid (24 mg, 53%)'H-NMR (300 MHz; CDC}): § 7.04 - 7.17 (m, 2H), 6.96 (d,2.6 Hz,
1H), 6.80 (ddJ 2.6, 8.4 Hz, 1H), 3.73 (td] 3.1, 12.4 Hz, 2H), 2.90 - 2.72 (m, 2H), 2.68 -
2.51 (m, 1H), 2.42 (ad, J 2.0 Hz, 3H), 2.31 (s,,34)0 - 2.00 (m, 4H):*C NMR (75 MHz,
DMSO-&) 6 172.8, 156.2, 150.1, 134.6, 133.7, 131.3, 1260,9, 115.8, 114.9, 48.2, 41.0,
27.4, 18.5, 11.0. MS, m/z = 350 (100) [M¥HB52 (30). HRMS found: (M + H) 350.1090;

C17H20CIN3OS requires (M +H), 350.1089.



1-(3-Chloro-4-methyl phenyl )-N-(5-methyl thiazol-2-yl ) pi peridine-4-carboxamide  (37). The
procedure used fa36 was followed usindl08 (33 mg, 0.13 mmol) and 5-chlorothiazol-2-
amine.HCI (27 mg, 0.16 mmol) to obta#d as a solid (29 mg, 60%)H-NMR (300 MHz;
CDCl): 5 10.45 (s, 1H), 7.12 (d),8.8 Hz, 1H), 6.96 (s, 1H), 6.85 - 6.76 (m, 1H),&-73.64
(m, 2H), 2.88 - 2.72 (m, 2H), 2.63 - 2.55 (m, 1RBO (s, 3H), 2.12 — 1.98 (M, 4H). MS, m/z
= 370 (100) [M+H], 372 (60). HRMS found: (M + H) 370.0539348,7Cl,N30S requires

(M +H), 370.0542.

3-((3-Chloro-4-methyl phenyl )amino)-N-(5-methyl thiazol -2-yl )azetidine-1-carboxamide  (38).
General Procedure A was followed usiég (22 mg, 0.094 mmol) and10 (20 mg, 0.10
mmol) to obtain38 as a solid (12 mg, 38%)H-NMR (300 MHz; CDC}): § 7.03 (d,J 8.1
Hz, 1H), 6.93 (dJ 1.1 Hz, 1H), 6.51 (dJ 2.4 Hz, 1H), 6.35 (ddJ 2.4, 8.1 Hz, 1H), 4.46 -
4.34 (m, 2H), 4.32 - 4.17 (m, 1H), 3.84 (dd4.6, 8.8 Hz, 2H), 2.34 (d, 1.1 Hz, 3H), 2.26
(s, 3H). MS, m/z = 337 (100) [M+H] 339 (60). HRMS found: (M + H) 337.0882;

C15H17CIN4OS requires (M +H), 337.0885.

3-((3-Chloro-4-methyl phenyl )amino)-N-(5-chl or othiazol - 2-yl )azetidine-1-carboxamide  (39).
General Procedure A was followed usi®dy (23 mg, 0.094 mmol) and10 (20 mg, 0.10
mmol) to obtain39 as a solid (10 mg, 31%)H-NMR (300 MHz; CDC}): § 7.19 (s, 1H),
7.05 (d,J 7.9 Hz, 1H), 6.54 (dJ 2.2 Hz, 1H), 6.37 (dd] 2.5, 8.5 Hz, 1H), 4.56 - 4.48 (m,
2H), 4.40 - 4.27 (m, 1H), 3.94 (dd,5.0, 8.9 Hz, 2H), 2.27 (s, 3H}*C NMR (75 MHz;
CDCl) 6 158.3, 153.6, 144.5, 135.2, 133.4, 131.6, 12613,6, 112.0, 56.9, 43.5, 18.9 (1
quaternary C not observed). MS, m/z = 357 (100) {yi+ 359 (60). HRMS found: (M + H)

357.0333 G4H14CI.N4OS requires (M +H), 357.0338.

3-((3-Chloro-4-methyl phenyl ) (methyl Jamino)-N-(5-methyl thiazol - 2-yl )azetidine-1-

carboxamide (40). General Procedure A was followed usi®)(24 mg, 0.10 mmol) andill



(24 mg, 0.11 mmol) to obtaid0 as a solid (12 mg, 33%)H-NMR (300 MHz; CDC}): §
7.09 (d,J 8.4 Hz, 1H), 6.94 (s, 1H), 6.73 @2.6 Hz, 1H), 6.55 (dd] 2.6, 8.4 Hz, 1H), 4.37 -
4.24 (m, 3H), 4.09 — 4.03 (m, 2H), 2.87 (s, 3HB: 2.32 (M, 3H), 2.29 (s, 3H). MS, m/z =
351 (100) [M+H]+, 353 (30). HRMS found: (M + H) 33D38; GgH19CIN4,OS requires (M

+H), 351.1041.

3-((3-Chloro-4-methyl phenyl) (methyl )Jamino)-N-(5-chl or othiazol -2-yl)azetidine-1-

carboxamide (41). General Procedure A was followed us##g(26 mg, 0.10 mmol) andill
(24 mg, 0.11 mmol) to obtail as a solid (15 mg, 40%JH-NMR (300 MHz; CDC}): &
7.17 - 7.08 (m, 2H), 6.75 (d,2.4 Hz, 1H), 6.6 (dd] 2.6, 8.4 Hz, 1H), 4.44 - 4.25 (m, 3H),
4.14 - 4.02 (m, 2H), 2.88 (s, 3H), 2.30 (s, 3H). ,M®z = 371 (100) [M+H], 373 (60).

HRMS found: (M + H) 371.0493; 6H16CIoN4OS requires (M +H), 371.0495.

3-(3-Chloro-4-methyl phenoxy)-N- (5-methyl thiazol -2-yl)azetidine- 1-carboxamide (42).
General Procedure A was followed usiég (26 mg, 0.11 mmol) and13 (22 mg, 0.11
mmol). The crude residue was then purified by rexgohase preparatory HPLC using a
gradient of 95% water/ACN to 100% ACN to obtdidas a solid (4.9 mg, 13%)H-NMR
(300 MHz; CDC4): & 7.14 (d,J 8.4 Hz, 1H), 6.95 (d) 1.3 Hz, 1H), 6.75 (d] 2.6 Hz, 1H),
6.57 (dd,J 2.6, 8.4 Hz, 1H), 5.00 — 4.83 (m, 1H), 4.48 - 4(B1, 2H), 4.20 — 3.99 (m, 2H),
247 - 2.18 (m, 6H)1.3C NMR (75 MHz, CDCJ) 6 154.9, 154.7, 135.0, 133.0, 131.6, 129.4,
126.8, 115.3, 113.2, 65.8, 56.5, 19.1, 11.6 (1equnary C not observed). MS, m/z = 338

(100) [M+H]". HRMS found: (M + H) 338.0725; H1¢CIN30,S requires (M +H), 338.0725.

3-(3-Chloro-4-methyl phenoxy)-N-(5-chl or othiazol -2-yl )azetidine-1-carboxamide (43).
General Procedure A was followed usi®g (28 mg, 0.11 mmol) and13 (22 mg, 0.11
mmol) to obtaird3 as a solid (4.9 mg, 13%H-NMR (300 MHz; CDC}): § 7.19 - 7.10 (m,

2H), 6.76 (d,J 2.6 Hz, 1H), 6.57 (dd] 2.6, 8.4 Hz, 1H), 5.03 — 4.90 (m, 1H), 4.52 - 487



2H), 4.14 (dd,J 4.4, 9.9 Hz, 2H), 2.31 (s, 3H). MS, m/z = 358 (LQd+H]*, 360 (60).

HRMS found: (M + H) 358.0179; {4H15CI:N30,S requires (M +H), 358.0179.

4-(3-Chloro-4-methyl phenyl)-N- (5-methylthiazol - 2-yl)-1,4-diazepane-1-carboxamide  (44).
General Procedure A was followed usi@g (25 mg, 0.11 mmol) and15 (24 mg, 0.11
mmol) to obtaird4 as a solid (16 mg, 41%)H-NMR (300 MHz; CDC}): & 7.05 (dd,J 0.7,
8.6 Hz, 1H), 6.95 (s, 1H), 6.70 (@2.6 Hz, 1H), 6.52 (dd] 2.6, 8.6 Hz, 1H), 3.78 - 3.67 (m,
2H), 3.67 - 3.51 (m, 4H), 3.41 (,6.3 Hz, 2H), 2.36 (d] 1.3 Hz, 3H), 2.25 (s, 3H), 2.14 —
1.99 (m, 2H). MS, m/z = 365 (100) [M+H]367 (30). HRMS found: (M + H) 365.1196;

C17H2:CIN4OS requires (M +H), 365.1198.

4-(3-Chloro-4-methyl phenyl)-N- (5-chlor othiazol-2-yl)-1,4-diazepane-1-carboxamide ~ (45).
General Procedure A was followed usi®g (28 mg, 0.11 mmol) and15 (24 mg, 0.11
mmol) to obtaird5 as a solid (15 mg, 37%)H-NMR (300 MHz; CDC}): 5 7.23 (d, J = 9.0
Hz, 1H), 6.94 (s, 1H), 6.75 (d, J = 2.9 Hz, 1HR3(dd, J = 2.9, 9.0 Hz, 1H), 3.81 - 3.69 (m,
2H), 3.67 - 3.47 (m, 4H), 3.42 (t, J = 6.2 Hz, 2RIB6 (s, 3H), 2.13 — 1.89 (M, 2H). MS, m/z
= 385 (100) [M+H[, 387 (60). HRMS found: (M + H) 385.0654388:5Cl,N.OS requires

(M +H), 385.0651.

4-(3-Chloro-4-methyl phenyl)-2-methyl -N- (5-methyl thiazol - 2-yl ) pi per azi ne-1-car boxamide

(46). General Procedure A was followed usB®)(25 mg, 0.11 mmol) anidil8 (24 mg, 0.11
mmol) to obtaird6 as a solid (15 mg, 39%)H-NMR (300 MHz; CDC}): & 7.11 (d,J 8.4
Hz, 1H), 6.94 (dJ 1.1 Hz, 1H), 6.89 (d) 2.4 Hz, 1H), 6.71 (dd] 2.6, 8.4 Hz, 1H), 4.53 —
4.41 (m, 1H), 4.01 (d] 13.2 Hz, 1H), 3.55 - 3.32 (m, 3H), 2.97 (d&.6, 11.9 Hz, 1H), 2.78
(dt, J 3.6, 11.6 Hz, 1H), 2.37 (d,1.1 Hz, 3H), 2.29 (s, 3H), 1.38 (@6.8 Hz, 3H). MS, m/z
= 365 (100), 367 (30) [M+H] HRMS found: (M + H) 365.1196; ¢H,,CIN,4OS requires (M

+H), 365.1198.



4-(3-Chloro-4-methyl phenyl)-N-(5-chlor othiazol -2-yl)-2-methyl pi per azi ne- 1-car boxamide

(47). General Procedure A was followed usigg (25 mg, 0.098 mmol) andll8 (22 mg,
0.098 mmol) to obtaid7 as a solid (14 mg, 37%)H-NMR (300 MHz; CDC}): & 7.17 (s,
1H), 7.15 - 7.09 (m, 1H), 6.90 (d,2.6 Hz, 1H), 6.72 (dd] 2.4, 8.4 Hz, 1H), 4.43 - 4.29 (m,
1H), 4.01 — 3.89 (m, 1H), 3.59 - 3.34 (m, 3H), 2(6i6l,J 3.4, 12.2 Hz, 1H), 2.81 (dd, 3.5,
11.7 Hz, 1H), 2.30 (s, 3H), 1.42 @6.6 Hz, 3H). MS, m/z = 385 (100), 387 (60) [M+H]

HRMS found: (M + H) 385.0647; £H1sCIoN4OS requires (M +H), 385.0651.

4-(3-Chloro-4-methyl phenyl)-3-methyl-N- (5-methyl thiazol - 2-yl ) pi per azine-1-car boxamide

(48). General Procedure A was followed usi#®) (14 mg, 0.060 mmol) an@i20 (13 mg,
0.060 mmol). The crude residue was then purifieddwerse phase preparatory HPLC using
a gradient of 95% water/ACN to 100% ACN to obtdéas a solid (4 mg, 18%)*H-NMR
(300 MHz; CDC}): 6 7.12 (d,J 8.8 Hz, 1H), 7.00 — 6.86 (m, 2H), 6.73 (dd2.5, 8.3 Hz,
1H), 4.08 — 3.96 (m, 1H), 3.86 — 3.73 (M, 2H), 3:8452 (m, 1H), 3.48 - 3.35 (m, 1H), 3.25
- 3.07 (M, 2H), 2.38 (s, 3H), 2.30 (s, 3H), 1.04J6.2 Hz, 3H). MS, m/z = 365 (100), 367

(30) [M+H]". HRMS found: (M + H) 365.1197;16H,:.CIN4OS requires (M +H), 365.1198.

4-(3-Chloro-4-methyl phenyl)-N- (5-chl or othiazol -2-yl)-3-methyl pi per azine- 1-car boxamide

(49). General Procedure A was followed usigy (14 mg, 0.055 mmol) an#i20 (12 mg,
0.055 mmol). The crude residue was then purifieddwerse phase preparatory HPLC using
a gradient of 95% water/ACN to 100% ACN to obtdfhas a solid (5 mg, 24%JH-NMR
(300 MHz; CDC4): & 7.22 - 7.09 (m, 2H), 6.92 (d,2.4 Hz, 1H), 6.75 (dd] 2.5, 8.3 Hz,
1H), 4.01 — 3.88 (m, 1H), 3.83 - 3.55 (m, 3H), 3-5037 (m, 1H), 3.25 - 3.10 (m, 2H), 2.30
(s, 3H), 1.04 (dJ 6.4 Hz, 3H). MS, m/z = 385 (100), 387 (60) [M+HMS, m/z = 385 (100),
387 (60) [M+HT. HRMS found: (M + H) 385.0653; ¢H1sCILN4OS requires (M +H),

385.0651.



4-(3-Chloro-4-methyl phenyl)-N- (5-chl or othiazol -2-yl)-3-oxopiper azine-1-carboxamide  (50).

General Procedure A was followed usisdy (9 mg, 0.040 mmol) and21 (10 mg, 0.040
mmol) to obtair50 as a solid (3.9 mg, 25%H-NMR (300 MHz; CDC}): § 7.32 - 7.28 (m,
2H), 7.24 - 7.16 (m, 1H), 7.10 (ddi2.4, 8.1 Hz, 1H), 4.39 (s, 2H), 4.01 — 3.95 (m),2H87
- 3.78 (m, 2H), 2.38 (s, 3H). MS, m/z = 385 (1897 (60) [M+H]. HRMS found: (M + H)

385.0286; GsH1.ClLN4O,S requires (M +H), 385.0288.

6-(3-Chlor o-4-methyl phenyl)-N-(5-methyl thiazol -2-yl)-2,6-diazaspir o[ 3.3] heptane-2-
carboxamide (51). General Procedure A was followed us88y12 mg, 0.051 mmol) antR2
(23 mg, 0.051 mmol) to obtaBil as a solid (12 mg, 65%)H-NMR (300 MHz; CDC}): &
7.10 - 7.00 (m, 1H), 6.96 (d,1.3 Hz, 1H), 6.46 (d) 2.4 Hz, 1H), 6.27 (dd] 2.4, 8.1 Hz,
1H), 4.21 (s, 4H), 3.96 (s, 4H), 2.37 (M1.32 Hz, 3H), 2.27 (s, 3H}*C NMR (75 MHz;
CDCl3): 6 154.8, 150.2, 134.7, 132.9, 131.2, 126.9, 12512.41 110.4, 62.3, 59.6, 33.8,
18.9, 11.6 (1 quaternary C not observed). MS, mB&63 (100) [M+H]+, 365 (30). HRMS

found: (M + H) 363.1042; GH14CIN4OS requires (M +H), 363.1041.

6-(3-Chlor o-4-methyl phenyl)-N-(5-chl or othiazol - 2-yl)-2,6-diazaspir o 3.3] heptane-2-
carboxamide (52). General Procedure A was followed us8#g(13 mg, 0.051 mmol) antR2
(23 mg, 0.051 mmol). The crude residue was theifigdirby reverse phase preparatory
HPLC using a gradient of 95% water/ACN to 100% A@Nobtain52 as a solid (2.2 mg,
11%).*H-NMR (300 MHz; CDC}): 6 7.17 (s, 1H), 7.06 (d} 8.1 Hz, 1H), 6.47 (dJ 2.6 Hz,
1H), 6.29 (dd,) 2.5, 8.0 Hz, 1H), 4.38 - 4.30 (m, 4H), 4.07 — 3(84 4H), 2.27 (s, 3H). MS,
m/z = 383 (100) [M+H]+, 385 (60). HRMS found: (M H) 383.0491; GeH16ClLN.OS

requires (M +H), 383.0495.

N-(5-Methylthiazol-2-yl)-4-phenyl pi perazine-1-carboxamide (53). General Procedure A was

followed using93 (15 mg, 0.059 mmol) and 1-phenylpiperazine (20 ALL3 mmol)to



obtain53 as a solid (12 mg, 65%H-NMR (300 MHz; CDC}): § 7.34 - 7.27 (m, 2H), 6.99 -
6.88 (m, 4H), 3.82 - 3.68 (m, 4H), 3.30 - 3.16 @hl), 2.38 (s, 3H). MS, m/z = 323 (100)

[M+H]*. HRMS found: (M + H) 303.1271;6H:sN4OS requires (M +H), 303.1274.

4-(4-Chlorophenyl)-N-(5-methyl thiazol -2-yl ) pi per azine-1-car boxamide (54). General
Procedure A was followed usirgg (60 mg, 0.258 mmol) ani23 (39 uL, 0.198 mmol) to
obtain54 as a solid (38 mg, 57%H-NMR (300 MHz; CDC}): § 7.26 - 7.21 (m, 2H), 7.06 —
6.96 (M, 1H), 6.89 - 6.81 (M, 2H), 3.93 - 3.72 &H), 3.31 - 3.14 (m, 4H), 2.40 (s, 3H). MS,
m/z = 337 (100) [M+H], 339 (60). HRMS found: (M + H) 337.0880;148:,CIN,OS

requires (M +H), 337.0885.

4-(3,4-Dichlorophenyl)-N-(5-methylthiazol -2-yl)pi perazine-1-carboxamide  (55). General
Procedure A was followed usirg$ (33 mg, 0.142 mmol) ant4 (30 mg, 0.130 mmol) to
obtain55 as a solid (36 mg, 75%H-NMR (300 MHz; CDC}): & 7.31 (d,J 8.8 Hz, 1H),
7.00 — 6.92 (m, 2H), 6.76 (dd,2.9, 9.0 Hz, 1H), 3.83 - 3.69 (m, 4H), 3.30 - 3(t§ 4H),
2.38 (s, 3H). MS, m/z = 371 (100) [M+H]373 (60). HRMS found: (M + H) 371.0491;

C15H16CI2N4OS requires (M +H), 371.0495.

4-(3-Cyanophenyl)-N-(5-methyl thiazol -2-yl)pi per azine-1-carboxamide (56). General
Procedure A was followed usir8 (21 mg, 0.090 mmol) ant5 (17 mg, 0.090 mmol) to
obtain56 as a solid (15 mg, 30%H-NMR (300 MHz; CDC}): § 7.42 - 7.30 (m, 1H), 7.20 -
7.06 (m, 3H), 6.92 (d] 1.8 Hz, 1H), 3.79 - 3.69 (m, 4H), 3.34 - 3.22 ¢hl), 2.36 (dJ 1.3
Hz, 3H). MS, m/z = 328 (100) [M+H] HRMS found: (M + H) 328.1223; 1gH1/NsOS

requires (M +H), 328.1227.

4-(4-Chlorophenyl)-N-(5-chlor othiazol - 2-yl)pi per azine- 1-car boxamide (57). General
Procedure A was followed usirgg (57 mg, 0.224 mmol) ant3 (40 mg, 0.203 mmol) to

obtain57 as a solid (38 mg, 57%H-NMR (300 MHz; CDC}): § 7.27 - 7.22 (m, 3H), 6.93 -



6.77 (m, 2H), 3.87 - 3.71 (m, 4H), 3.28 - 3.15 @hl). MS, m/z = 357 (100) [M+H] 359

(60). HRMS found: (M + H) 357.0335:1@1,0CINsO,S requires (M +H), 357.0338.

4-(4-Chlorophenyl)-N-(5-cyanothiazol -2-yl)pi per azine-1-car boxamide (58). General
Procedure A was followed usirk6 (55 mg, 0.224 mmol) ani23 (40 mg, 0.203 mmol).
The crude residue was then purified by reverseepasparatory HPLC using a gradient of
95% water/ACN to 100% ACN to obtab8 as a solid (7.1 mg, 10%)H-NMR (300 MHz;
CDCL): § 7.29 - 7.20 (m, 3H), 6.90 (d,8.8 Hz, 2H), 3.84 - 3.65 (m, 4H), 3.34 - 3.15 (m,
4H). MS, m/z = 348 (100) [M+H] 350 (30). HRMS found: (M + H) 348.0679;

C16H17C|2N3028 requires (M +H), 348.0681.

4-(3-Chloro-4-methyl phenyl)-N-(thiazol-2-yl)piperazine-1-carboxamide  (59). General
Procedure A was followed usifd@7 (23 mg, 0.11 mmol) andi06 (24 mg, 0.11 mmol). The
crude residue was then purified by reverse phasgapatory HPLC using a gradient of 95%
water/ACN to 100% ACN to obtaiB9 as a solid (2.0 mg, 5.6%JH-NMR (300 MHz;
CDCL): § 7.36 (d,J 4.0 Hz, 1H), 7.13 (d] 9.0 Hz, 1H), 6.93 (d] 2.4 Hz, 2H), 6.75 (ddJ
2.6, 8.4 Hz, 1H), 3.88 - 3.68 (m, 4H), 3.32 - 3(r§ 4H), 2.30 (s, 3H). MS, m/z = 337 (100)
[M+H]+, 339 (30). HRMS found: (M + H) 337.0884;14E,,CIN4OS requires (M +H),

337.0885.

4-(3-Chloro-4-methyl phenyl)-N-(5-cyanothiazol -2-yl)pi per azine-1-carboxamide (60).
General Procedure A was followed usih?26 (33 mg, 0.14 mmol) and06 (26 mg, 0.12
mmol). The crude residue was then purified by rexgohase preparatory HPLC using a
gradient of 95% water/ACN to 100% ACN to obt#@ as a solid (3.0 mg, 7%JH NMR
(300 MHz, ¢-Acetone):58.06 (s, 1H), 7.19 (d] 8.8 Hz, 1H), 7.02 (dJ 2.6 Hz, 1H), 6.91

(dd,J 8.5, 2.8 Hz, 1H), 3.88 - 3.78 (m, 4H), 3.33 - 3(82 4H), 2.26 (s, 3H). MS, m/z = 362



(100) [M+H]", 364 (30). HRMS found: (M + H) 362.0835;&8:¢CINsOS requires (M +H),

362.0837.

4-(3-Chloro-4-methyl phenyl)-N- (5-(trifluor omethyl ) thiazol -2-yl ) pi per azine- 1-car boxamide

(61). General Procedure A was followed usit?8 (25 mg, 0.087 mmol) antio6 (18 mg,
0.087 mmol). The crude residue was then purifieddwerse phase preparatory HPLC using
a gradient of 95% water/ACN to 100% ACN to obtéinas a solid (5.6 mg, 16%6H-NMR
(300 MHz; CDC}): & 7.69 (s, 1H), 7.14 (d] 8.4 Hz, 1H), 6.96 (d] 2.4 Hz, 1H), 6.82 - 6.74
(m, 1H), 3.81 - 3.74 (m, 4H), 3.26 - 3.19 (m, 4RIB1 (s, 3H). MS, m/z = 405 (100) [M+H]

HRMS found: (M + H) 405.0759; {eH16CIF3N4OS requires (M +H), 405.0758.

N-(5-Chlorothiazol-2-yl)-4-(3,4-dichlorophenyl)piperazine-1-carboxamide  (62). General
Procedure A was followed usirgg (36 mg, 0.143 mmol) ant4 (30 mg, 0.130 mmol) to
obtain62 as a solid (41 mg, 80%)H-NMR (300 MHz; CDC}): § 7.33 (d,J 9.0 Hz, 1H),
7.19 (s, 1H), 6.99 (d] 2.9 Hz, 1H), 6.77 (dd] 8.9, 3.0 Hz, 1H), 3.76 - 3.68 (m, 4H), 3.30 -
3.20 (m, 4H).13C NMR (75 MHz, CDCJ) d 160.4, 152.5, 149.9, 133.1, 131.0, 130.7, 123.5
120.6, 118.0, 115.9, 48.7, 43.8. MS, m/z = 391 YIPB-H]*, 393 (100). HRMS found: (M +

H) 390.9947; G4H13CIsNLOS requires (M +H), 390.9949.

N-(5-Cyanothiazol-2-y1)-4-(3,4-dichlorophenyl)piperazine-1-carboxamide  (63). General
Procedure A was followed usirk®6 (35 mg, 0.143 mmol) an#?4 (30 mg, 0.130 mmol).
The crude residue was then purified by reversegbasparatory HPLC using a gradient of
95% water/ACN to 100% ACN to obtaB8 as a solid (3.6 mg, 7%JH-NMR (300 MHz;
CDCly): § 7.94 (s, 1H), 7.37 - 7.30 (m, 1H), 7.00 Ji.86 Hz, 1H), 6.78 (dd] 8.9, 2.8 Hz,
1H), 3.79 - 3.70 (m, 4H), 3.32- 3.23 (m, 4KC NMR (75 MHz, DMSO-d6}p 165.6, 153.8,

150.4, 149.4, 131.5, 130.5, 120.0, 116.6, 115.8,8106.1, 47.3, 43.2. MS, m/z = 382 (100)



[M+H]", 384 (60). HRMS found: (M + H) 382.0288;148::C;oNs0OS requires (M +H),

382.0291.

4-(4-Chloro-3-methyl phenyl)-N- (5-cyanothiazol - 2-yl ) pi per azine-1-car boxamide (64).
General Procedure A was followed usihg6 (38 mg, 0.16 mmol) an82 (30 mg, 0.14
mmol). The crude residue was then purified by rexgohase preparatory HPLC using a
gradient of 95% water/ACN to 100% ACN to obt#i as a solid (3.2 mg, 6%)H-NMR
(300 MHz; CDC}): 6 7.93 (br. s., 1H), 7.52 - 7.41 (m, 1H), 6.95- 6(88 1H), 6.82 (d,) 8.6
Hz, 1H), 3.88 - 3.72 (m, 4H), 3.35 - 3.20 (m, 4H)38 (s, 3H). MS, m/z = 362 (100)
[M+H]*, 364 (30). HRMS found: (M + H) 362.0832;188:¢CINsOS requires (M +H),

362.0837.

N-(5-Chlorothiazol-2-yl)-4-(3-cyanophenyl ) pi per azine- 1-car boxamide (65). General

Procedure A was followed usirgg (23 mg, 0.090 mmol) ant5 (17 mg, 0.090 mmol) to
obtain65 as a solid (25 mg, 81%H-NMR (300 MHz; CDC}): § 7.43 - 7.28 (m, 1H), 7.21 -
7.06 (m, 4H), 3.78 - 3.63 (m, 4H), 3.38 - 3.22 ¢#hl). MS, m/z = 348 (100) [M+H]+, 350

(30). HRMS found: (M + H) 348.0680;,6H14CINsOS requires (M +H), 348.0681.

4-(5-Cyano-4-methyl pyridin-2-yl)-N-(5-methyl thiazol -2-yl )piperazine-1-carboxamide  (66).
General Procedure A was followed usi@g (30 mg, 0.13 mmol) and29 (31 mg, 0.15
mmol) to obtain66 as a solid (25 mg, 77%JH-NMR (300 MHz; CDC}): & 8.36 (s, 1H),
6.95 (s, 1H), 6.47 (s, 1H), 3.85 - 3.69 (m, 8H}42(s, 3H), 2.38 (s, 3H). MS, m/z = 343

(100) [M+H]". HRMS found: (M + H) 343.1334; 6H1eNsOS requires (M +H), 343.1336.

N-(5-Chlorothiazol -2-yl)-4-(5-cyano-4-methyl pyridin-2-yl)piperazine-1-carboxamide  (67).
General Procedure A was followed usi®g (30 mg, 0.12 mmol) and29 (29 mg, 0.14
mmol) to obtain67 as a solid (36 mg, 84%JH-NMR (300 MHz; CDC}): & 8.36 (s, 1H),

6.95 (s, 1H), 6.47 (s, 1H), 3.85 - 3.76 (m, 4HY63— 3.62 (m, 4H), 2.45 (s, 3HC NMR



(75 MHz, DMSO-d6)s 158.9, 153.7, 152.2, 150.0, 134.3, 121.6, 1171611 106.4, 96.8,
43.3, 42.7, 19.6,. MS, m/z = 363 (100) [M+HB65 (30). HRMS found: (M + H) 363.0788;

C15H1sCINgOS requires (M +H), 363.0790.

4-(6-Cyano-5-methyl pyridin-3-yl)-N-(5-methylthiazol-2-yl ) piperazine-1-carboxamide ~ (68).
General Procedure A was followed usiég (25 mg, 0.10 mmol) and30 (24 mg, 0.12
mmol) to obtainé8 as a solid (30 mg, 82%)H-NMR (300 MHz; CDC}): & 8.15 - 8.20 (m,
1H), 6.92 - 7.04 (m, 2H), 3.80 - 3.94 (m, 4H), 3:5242 (m, 4H), 2.50 (s, 3H), 2.41 (s, 3H).
MS, m/z = 343 (100) [M+H] HRMS found: (M + H) 343.1336; 1gH:1sNeOS requires (M

+H), 343.1336.

N-(5-Chlorothiazol-2-yl)-4-(6-cyano-5-methyl pyridin-3-yl)piperazine-1-carboxamide  (69).
General Procedure A was followed usitdy (25 mg, 0.098 mmol) and30 (22 mg, 0.11
mmol) to obtainé9 as a solid (25 mg, 70%)H NMR (300 MHz, DMSO-g) & 8.29 - 8.26
(m, 1H), 7.39 (s, 1H), 7.34 - 7.30 (m, 1H), 3.68.60 (m, 6H), 3.50 - 3.45 (m, 7H), 2.39 (s,
3H). MS, m/z = 363 (100) [M+H] 365 (30). HRMS found: (M + H) 363.0790;

C15H15CINgOS requires (M +H), 363.0790.

4-(5-Chloro-4-(trifluoromethyl)pyridin-2-yl )-N-(5-methyl thiazol -2-yl ) pi perazine-1-

carboxamide (70). General Procedure A was followed usB®)(30 mg, 0.13 mmol) andi31
(34 mg, 0.13 mmol). The crude residue was therfipdrby reverse phase preparatory HPLC
using a gradient of 95% water/ACN to 100% ACN tdaii70 as a solid (13 mg, 25%)H-
NMR (300 MHz; CDC}): & 8.26 (s, 1H), 6.94 (s, 1H), 6.86 (s, 1H), 3.77653m, 8H), 2.37
(d, J 1.3 Hz, 3H). MS, m/z = 406 (100) [M+H]+, 408 (3)RMS found: (M + H) 406.0711;

C1sH15CIF3Ns0OS requires (M +H), 406.0711.

4-(5-Chloro-4-(trifluoromethyl)pyridin-2-yl)-N-(5-chlor othiazol-2-yl ) piperazine-1-

carboxamide (71). General Procedure A was followed us#g(33 mg, 0.13 mmol) anti31



(34 mg, 0.13 mmol) to obtaifl as a solid (30 mg, 55%JH-NMR (300 MHz; CDC}): §
8.27 (s, 1H), 7.19 (s, 1H), 6.87 (s, 1H), 3.75 Z13m, 8H). MS, m/z = 426 (100) [M+H]+,

428 (60). HRMS found: (M + H) 426.0161;41,,Cl,F3NsOS requires (M +H), 426.0165.

4-(5,6-Dichloropyridin-3-yl)-N-(5-methyl thiazol - 2-yl ) pi per azine-1-car boxamide (72).
General Procedure A was followed usiég (38 mg, 0.16 mmol) and32 (38 mg, 0.16
mmol) to obtain72 as a solid (13 mg, 20%)H-NMR (300 MHz; CDC}): 5 7.98 (d,J 2.9
Hz, 1H), 7.30 (dJ 2.9 Hz, 1H), 6.93 (dJ 1.3 Hz, 1H), 3.81 - 3.72 (m, 4H), 3.33 - 3.23 (m,
4H), 2.38 (dJ 1.1 Hz, 3H). MS, m/z = 372 (100) [M+H]374 (60). HRMS found: (M + H)

372.0447; GuH1sClNsOS requires (M +H), 372.0447.

N-(5-Cyanothiazol -2-yl)-4-(5,6-dichloropyridin-3-yl)pi perazine-1-carboxamide (73). General
Procedure A was followed usirk6 (20 mg, 0.082 mmol) anti32 (21 mg, 0.090 mmol).
The crude residue was then purified by reverseepasparatory HPLC using a gradient of
95% water/ACN to 100% ACN to obtai#8 as a solid (9.1 mg, 29%)H NMR (300 MHz,
de-Acetone):s 8.13 (d,J 2.9 Hz, 1H), 8.07 (s, 1H), 7.63 (d,2.9 Hz, 1H), 3.93 - 3.80 (m,
4H), 3.54 - 3.40 (m, 4H). MS, m/z = 383 (100) [M+HB85 (60). HRMS found: (M + H)

383.0242; G4H12ClLNgOS requires (M +H), 383.0243.

N-(5-Chlorothiazol -2-yl)-4-(5,6-dichloropyridin-3-yl ) pi per azine-1-car boxamide (74).
General Procedure A was followed usi®g (42 mg, 0.16 mmol) and32 (38 mg, 0.16
mmol) to obtain74 as a solid (30 mg, 47%)H-NMR (300 MHz; CDC}): & 7.97 (d,J 2.6
Hz, 1H), 7.30 (d,) 2.8 Hz, 1H), 7.22 - 7.17 (m, 1H), 3.83 - 3.67 (1H)43.37 - 3.24 (m, 4H).
3C NMR (75 MHz, DMSO-¢) & 159.6, 154.1, 146.8, 135.6, 135.1, 134.2, 12829 6],
116.7, 46.8, 42.9. MS, m/z = 392 (100) [M+H]+, 3@400). HRMS found: (M + H)

391.9896; GH1,CI3NsOS requires (M +H), 391.9901.



4-(5,6-Dichloropyridin-3-yl)-N-(5-(trifluoromethyl ) thiazol - 2-yl ) pi per azine- 1-car boxamide

(75). General Procedure A was followed usit8 (25 mg, 0.087 mmol) an#i32 (20 mg,
0.087 mmol). The crude residue was then purifieddwerse phase preparatory HPLC using
a gradient of 95% water/ACN to 100% ACN to obtaas a solid (9.6 mg, 26%H-NMR
(300 MHz; CDC4): & 8.07 — 7.93 (m, 1H), 7.76 — 7.62 (m, 1H), 7.33287(m, 1H), 3.98 -
3.73 (m, 4H), 3.44 - 3.29 (m, 4H). MS, m/z = 420qL[M+H]". HRMS found: (M + H)

426.0162; GH1.ClF3NsOS requires (M +H), 426.0165.

N-(5-Methylthiazol-2-y1)-4-(pyrimidin-5-yl)piperazne-1-carboxamide (76). General
Procedure A was followed usir@8 (36 mg, 0.15 mmol) and33 (25 mg, 0.15 mmol) to
obtain76 as a solid (31 mg, 67%)-NMR (300 MHz; CDCH}): & 8.76 (s, 1H), 8.43 - 8.35
(m, 2H), 6.91 (dJ 1.1 Hz, 1H), 3.84 - 3.71 (m, 4H), 3.37 - 3.23 @Hnl), 2.37 (dJ 1.3 Hz,
3H). MS, m/z = 305 (100) [M+H] HRMS found: (M + H) 305.1177; 1gH16NsOS requires

(M +H), 305.1179.

N-(5-Chlorothiazol-2-yl)-4-(pyrimidin-5-yl)pi per azine- 1-car boxamide (77). General
Procedure A was followed usirgft (38 mg, 0.15 mmol) and33 (25 mg, 0.15 mmol) to
obtain77 as a solid (32 mg, 65%H-NMR (300 MHz; CDC}): § 8.79 (s, 1H), 8.42 (s, 2H),
7.19 (s, 1H), 3.85 - 3.65 (m, 4H), 3.44 - 3.18 @#H). MS, m/z = 325 (100) [M+H] 327

(30). HRMS found: (M + H) 325.0632;,@113CINOS requires (M +H), 325.0633.

General Procedure B: 2-(3-(3-Chloro-4-methyl phenoxy)propyl)-6-methyl-3H-imidazo[ 4,5-
b] pyridine (78). 135 (245 mg, 1.07 mmol) anti36 (120 mg, 0.97 mmol) were dissolved in
POCE (5 mL) and stirred at reflux for 16 h. The reantivas then cooled to 0 °C and
guenched with saturated NaHgsblution. The crude product was extracted withAa@3 x
15 mL). The organic layers were combined and wasbigdwater (2 x 20 mL) and brine (2

x 20 mL), then dried with anhydrous #}0,. The organic layer was then concentrated to a



volume of 5 mL, after which a precipitate formedheTprecipitate was then filtered, washed
with water and driedn vacuo to obtain78 as a solid (103 mg, 33%)H NMR (300 MHz,
DMSO-a) & 8.16 (d,J 2.0 Hz, 1H), 7.76 (s, 1H), 7.23 (d,8.4 Hz, 1H), 6.95 (dJ 2.4 Hz,
1H), 6.80 (ddJ 8.4, 2.4 Hz, 1H), 4.06 (] 6.2 Hz, 2H), 3.06 - 2.95 (m, 2H), 2.41 (s, 3H),
2.30 — 2.16 (m, 5H). MS, m/z = 316 (100) [M¥HB18 (30). HRMS found: (M + H)

316.1215I; G/H15CIN3O requires (M +H), 316.1211.

6-Chloro-2-(3-(3-chloro-4-methyl phenoxy)propyl )-3H-imidazo[ 4,5-b] pyridine (79). General
Procedure B was followed usiidg5 (88 mg, 0.38 mmol) and 5-chloropyridine-2,3-diaenin
(50 mg, 0.35 mmol). The crude residue was therfipdrby reverse phase preparatory HPLC
using a gradient of 95% water/ACN to 100% ACN tdaii79 as a solid (6.5 mg, 6%)H
NMR (300 MHz, ¢-Acetone):s 8.23 (d,J 2.2 Hz, 1H), 7.92 (d] 2.2 Hz, 1H), 7.19 (d] 8.6
Hz, 1H), 6.94 (d)J 2.6 Hz, 1H), 6.82 (s, 1H), 4.14 (6.1 Hz, 2H), 3.14 (t) 7.4 Hz, 2H),
2.42 - 2.28 (m, 2H), 2.25 (s, 3H). MS, m/z = 336Q)L[M+H]*, 338 (60). HRMS found: (M

+ H) 336.0662; GH1:Cl.N3O requires (M +H), 336.0665.

2-(3-(3,4-Dichlorophenoxy)propyl)-6-methyl-3H-imidazo[ 4,5-b] pyridine  (80).  General
Procedure B was followed usiig8 (101 mg, 0.41 mmol) an#i36 (50 mg, 0.41 mmol) to
obtain80 as a solid (32 mg, 24%)H NMR (300 MHz, DMSO-g¢) & 8.09 (br. s., 1H), 7.67
(br. s., 1H), 7.50 (d) 8.8 Hz, 1H), 7.22 (dJ 2.9 Hz, 1H), 6.95 (dd] 2.9, 9.0 Hz, 1H), 4.10
(t, 6.1 Hz, 2H), 2.97 (1) 7.3 Hz, 2H), 2.38 (s, 3H), 2.10 - 2.30 (m, 2K NMR (75 MHz,
DMSO-&) 6 157.9, 156.0, 143.1, 131.4, 130.7, 125.9, 12218,3], 115.3, 67.5, 26.3, 25.1,
17.9 (three quaternary C not observed due to taerism of imidazopyridine). MS, m/z =
336 (100) [M+H]+, 338 (60). HRMS found: (M + H) 383®68; GeH15CIoN3O requires (M

+H), 336.0665.



6-Chloro-2-(3-(3,4-dichlorophenoxy)propyl)-3H-imidazo[ 4,5-b] pyridine  (81).  General
Procedure B was followed usiig8 (130 mg, 0.52 mmol) and 5-chloropyridine-2,3-diaenin
(75 mg, 0.52 mmol) to obtaidl as a solid (32 mg, 24%} NMR (300 MHz, DMSO-g) §
8.26 (d,J 2.4 Hz, 1H), 8.03 (d] 2.2 Hz, 1H), 7.50 (d] 9.0 Hz, 1H), 7.20 (dJ] 2.9 Hz, 1H),
6.94 (dd,J 2.9, 9.0 Hz, 1H), 5.75 (s, 1H), 4.11 Jt6.4 Hz, 2H), 3.00 (t) 7.4 Hz, 3H), 2.23

(t, J 6.9 Hz, 3H).**C NMR (75 MHz, CDCJ) & 158.3, 157.8, 140.8, 131.4, 130.6, 123.8,
122.2, 116.3, 115.3, 67.5, 26.2, 25.2 (three gnatgrC not observed due to tautomerism of
imidazopyridine). MS, m/z = 356 (100) [M+H]+, 35800). HRMS found: (M + H)

356.0117; GH12CI3N3O requires (M +H), 356.0119.

2-(3-((5,6-Dichloropyridin-3-yl)oxy)propyl)-6-methyl -3H-imidazo[ 4,5-b] pyridine (82).
General Procedure B was followed usiidf) (51 mg, 0.20 mmol) and36 (25 mg, 0.20
mmol) to obtain82 as a solid (18 mg, 26%JH NMR (300 MHz, DMSO-¢) & 8.01 - 8.18
(m, 2H), 7.90 - 7.80 (M, 1H), 7.72 (s, 1H), 4.28.14 (m, 2H), 3.04 — 2.91 (m, 2H), 2.39 (d,
J 2.9 Hz, 3H), 2.25 (quin) 6.9 Hz, 2H).*C NMR (75 MHz, DMSO-¢) 5 156.1, 154.8,
143.3, 138.3, 136.1, 129.1, 126.2, 124.9, 68.43,285.2, 18.1 (three quaternary C not

observed due to tautomerism of imidazopyridine)., & = 337 (100) [M+H]+, 339 (60).

6-Chloro-2-(3-((5,6-dichloropyridin-3-yl)oxy)propyl)-3H-imidazo[ 4,5-b] pyridine (83).
General Procedure B was followed usii (52 mg, 0.21 mmol) and 5-chloropyridine-2,3-
diamine (30 mg, 0.21 mmol) to obtad3 as a solid (20 mg, 27%JH NMR (300 MHz,
DMSO-d) & 8.26 (s, 1H), 8.10 (d] 2.6 Hz, 1H), 8.03 (br. s., 1H), 7.82 @2.6 Hz, 1H),
4.20 (t,J 6.2 Hz, 2H), 3.01 (tJ 7.5 Hz, 2H), 2.34 - 2.17 (m, 2H). MS, m/z = 35DQ}
[M+H]+, 359 (100). HRMS found: (M + H) 357.0067;14:,C3sN,O requires (M +H),

357.0071.



2-(3-(3-Chloro-4-methyl phenoxy)propyl)-6-methylthiazol o[ 5,4-b] pyridine (84). Phosphorus
pentasulfide (87 mg, 0.20 mmol) was added to eestisolution ofl41 (21 mg, 0.065 mmol)
and sodium carbonate (21 mg, 0.20 mmol) in dry T8IFL) and stirred for 72 h. 2M NaOH
(2 mL) was then added and the reaction stirre@ for The reaction mixture was then diluted
with EtOAc (15 mL) and washed with water (10 mLdrine (10 mL). The organic layer
was then dried with anhydrous #0, and concentrated in vacuo. The crude residue was
then purified by column chromatography gradienttiety with 100% CyHex to 20%
EtOAc/CyHex to obtair84 as a solid (12.3 mg, 44%H-NMR (300 MHz; CDC}): & 8.41
(d, J 2.0 Hz, 1H), 8.02 (dJ 1.1 Hz, 1H), 7.10 (dJ 8.4 Hz, 1H), 6.91 (d] 2.6 Hz, 1H), 6.71
(dd,J 2.6, 8.4 Hz, 1H), 4.06 (6.1 Hz, 2H), 3.32 (t) 7.5 Hz, 2H), 2.51 (s, 3H), 2.46 - 2.32
(m, 2H), 2.30 (s, 3H). MS, m/z = 333 (100) [M+HB35 (30). HRMS found: (M + H)

333.0822; G;H1,CIN,OS requires (M +H), 333.0823.

6-Chloro-2-(3-(3-chloro-4-methyl phenoxy)propyl )thiazol o] 4,5-b] pyridine (85). 144 (41 mg,
0.13 mmol) and35 (37 mg, 0.16 mmol) were dissolved in P mL) and stirred at reflux
for 16 h. The reaction was then cooled to 0 °Claaslfied with 2M NaOH until the solution
was basic (pH 8). The crude product was extraatéa EtOAc (2 x 10 mL). The organic
layers were combined and washed with water (2 mRpand brine (2 x 20 mL), then dried
with anhydrous Ng&5O, and concentrated. The crude residue was theniguuiify column
chromatography gradient eluting with 100% CyHexX®8%6 EtOAc/CyHex to obtaiB5 as a
solid (5.4 mg, 12%)*H-NMR (300 MHz; CDC}): & 8.64 (br s, 1H), 8.19 (d}, 2.0 Hz, 1H),
7.11 (d,J 8.6 Hz, 1H), 6.90 (d] 2.6 Hz, 1H), 6.71 (dd] 2.5, 8.3 Hz, 1H), 4.08 (§ 5.8 Hz,
2H), 3.37 (tJ 7.37 Hz, 2H), 2.53 - 2.36 (M, 2H), 2.30 (s, 3HSMn/z = 353 (100) [M+H]+,

355 (60). HRMS found: (M + H) 353.0273;4E14CIoN2OS requires (M +H), 353.0277.

General Procedure C:  2-(4-(3-Chloro-4-methyl phenyl)piperazin-1-yl)-6-methyl -3H-

imidazo[ 4,5-b] pyridine (86). 146 (20 mg, 0.12 mmol)106 (25 mg, 0.12 mmol) an®l,N-



diisopropylethylamine (35 pL, 0.20 mmol) were dised in DMSO (1 mL) and stirred in a
pressure tube for 5 days at 80 °C. The reactiontivas concentrated and lyophilized. The
crude residue was then purified by column chromagaigy (100% CyHex to 100% EtOAc)
to obtain86 as asolid (9.0 mg, 22%)*H-NMR (300 MHz; CDC}): § 7.79 (dd,J 0.7, 1.8 Hz,
1H), 7.54 (ddJ 0.7, 1.8 Hz, 1H), 7.19 (d, 1.3 Hz, 1H), 7.15 - 7.08 (m, 1H), 6.97 (2.6
Hz, 1H), 6.79 (ddJ 2.5, 8.5 Hz, 1H), 3.99 - 3.81 (m, 4H), 3.39 - 3(&1, 4H), 2.42 (s, 3H),
2.32 - 2.27 (m, 3H). MS, m/z = 342 (100) [M+H]+, 34100). HRMS found: (M + H)

342.1478; GgH20CINs requires (M +H), 342.1480.

6-Bromo-2-(4-(3-chloro-4-methyl phenyl ) pi per azin-1-yl )-3H-imidazo[ 4,5-b] pyridine (87).
General Procedure C was followed usi#g (32 mg. 0.14 mmol) and06 (25 mg, 0.12
mmol) to obtain87 (2.1 mg, 4%) as a solidH-NMR (300 MHz; CDC}): & 8.11 - 8.06 (m,
1H), 7.94 - 7.89 (m, 1H), 7.16 - 7.10 (m, 1H), 6:%8185 (m, 1H), 6.78 - 6.70 (M, 1H), 4.20 -
4.08 (m, 4H), 3.38 - 3.27 (m, 4H), 2.30 (s, 3H). M8z = 406 (100) [M+H]. HRMS found:

(M + H) 406.0430; ¢H1/BrCINs requires (M +H), 406.0429.

2-(4-(3,4-Dichlorophenyl)pi perazin-1-yl)-6-methyl-3H-imidazo[ 4,5-b] pyridine (88). General
Procedure C was followed usiig6 (25 mg. 0.15 mmol) andi24 (52 mg, 0.22 mmol) to
obtain88 (2.0 mg, 4%) as a solidH NMR (300 MHz, DMSO-¢) § 7.79 (s, 1H), 7.42 (d]
9.0 Hz, 1H), 7.33 (s, 1H), 7.21 @2.9 Hz, 1H), 7.01 (dd] 2.9, 9.0 Hz, 1H), 3.71 — 3.62 (m,
4H), 3.39 - 3.23 (m, 4H), 2.30 (s, 3H). MS, m/z623100) [M+H], 364 (60). HRMS found:

(M + H) 362.0937; §H1:Cl.Ns requires (M +H), 362.0934.

6-Chloro-2-(4-(3,4-dichlorophenyl)piperazin-1-yl)-3H-imidazo[ 4,5-b] pyridine (89). General
Procedure C was followed usiig0 (18 mg. 0.096 mmol) an#?4 (33 mg, 0.14 mmol) to
obtain89 (2.0 mg, 5.5%) as a solidH NMR (300 MHz, @-Acetone):5 8.08 — 8.02 (m,

0.5H), 7.88 — 7.84 (m, 0.5H), 7.52 — 7.47 (m, 1TH%0 (d,J 9.0 Hz, 1H), 7.20 (d] 2.9 Hz,



1H), 7.09 - 7.00 (m, 1H), 3.89 — 3.82 (m., 4H),8:33.49 (m, 4H). MS, m/z = 382 (100)
[M+H]+, 384 (90). HRMS found: (M + H) 382.0388;14H:,ClsNs requires (M +H),

382.0388.

2-(4-(5,6-Dichloropyridin-3-yl)piperazin-1-yl)-6-methyl-3H-imidazo[ 4,5-b] pyridine (90).
General Procedure C was followed usibt$ (25 mg. 0.15 mmol) and32 (52 mg, 0.22
mmol) to obtair90 (5.2 mg, 10%) as a solitH NMR (300 MHz, DMSO-¢) § 8.14 (d,J 2.9
Hz, 1H), 7.92 - 7.64 (m, 2H), 7.32 (br. s., 1H)3- 3.62 (M, 4H), 3.46 — 3.34 (m, 4H), 2.29
(s, 3H). MS, m/z = 363 (100) [M+H]+, 365 (60). HRM®und: (M + H) 363.0883;

C16H16Cl2Ng requires (M +H), 363.0886.

6-Chloro-2-(4-(5,6-dichloropyridin-3-yl)piperazin-1-yl)-3H-imidazo[ 4,5-b] pyridine (91).
General Procedure C was followed usiti (18 mg. 0.096 mmol) ani32 (33 mg, 0.14
mmol) to obtaird1 (10 mg, 27%) as a solidH NMR (300 MHz, @-Acetone):5 8.16 (br. s.,
1H), 7.89 (br s, 1H), 7.66 (s, 1H), 7.50 (s, 1HRB— 3.82 (m, 4H), 3.54 (d,4.2 Hz, 4H).
MS, m/z = 383 (100) [M+H]+, 385 (90). HRMS foundV (+ H) 383.0341; GsH1sClsNg

requires (M +H), 383.0340.

General Procedure D: 1-(4-Chloro-3-methylphenyl)piperazine (92). Nitrogen was purged
through a stirred solution of 4-bromo-1-chloro-2thygbenzene (258 pL, 1.95 mmol) in 1,4-
dioxane (5 mL) for 30 min. rac-BINAP (363 mg, 1.88nol), caesium carbonate (1.27 g,
3.89 mmol), 1-Boc-piperazine (363 mg, 1.95 mmolj &u(OAc) (87 mg, 0.039 umol) and
stirred at reflux for 14 h under,NThe reaction was filtered through celite and emiated
in vacuo. The residue was dissolved in EtOAc (20 mL), faek through celite and washed
with additional EtOAc (50 mL). The organic layer swaashed with water (2 x 20 mL) and
brine (2 x 20 mL), dried with N&O, and concentrateth vacuo. The crude residue was

purified by column chromatography (100% CyHex td/dl@&tOAc/CyHex) to obtain the



protected intermediate as a solid (413 mg, 68%)., Mi& = 255 (100) [MBu]. The
intermediate was dissolved in a 1:3 mixture of TB&M (4 mL) and stirred at 20 °C for 1 h.
The solvent was evaporated in vacuo and the crasielue dissolved in EtOAc (10 mL)
which was successively washed with a 10% solutiddatHCG; (10 mL), water (10 mL) and
brine (10 mL). The organic layer dried with J8&, and concentrategh vacuo to obtain92
as a solid (211 mg, 76%H-NMR (300 MHz; CDC}): & 7.23 (d,J 8.8 Hz, 1H), 6.80 (dJ
2.9 Hz, 1H), 6.71 (dd] 3.0, 8.7 Hz, 1H), 3.35 - 3.19 (m, 8H), 2.35 (s)3MS, m/z = 211

(100) [M+H]*, 213 (30).

Phenyl (5-methylthiazol-2-yl)carbamate (93). 5-Methyl-2-aminothiazole (1.5 g, 13 mmol)
was dissolved in pyridine (8 mL) and cooled to O G@der a N atmosphere. Phenyl

chloroformate (3.6 mL, 29 mmol) was then added disp and reaction stirred for 5 h at this
temperature. The reaction was then quenched wittry&0 mL) and the resulting precipitate
filtered off. The crude solid was then purified bglumn chromatography gradient eluting
with 100% DCM to obtair®3 as a solid (590 mg, 19%H NMR (300 MHz, CDCJ): & 7.48

- 7.36 (M, 2H), 7.31 - 7.26 (m, 2H), 7.24 - 7.22 (tH), 7.10 (d,) 1.3 Hz, 1H), 2.37 (d) 1.1

Hz, 3H). MS, m/z = 235 [M+H]

Phenyl (5-chlorothiazol-2-yl)carbamate (94). The procedure used f6B was followed using
2-amino-5-chlorothiazole hydrochloride (700 mg, %4.6mol) and phenyl chloroformate
(1.13 mL, 9.00 mmol) to obtai®4 as a solid (518 mg, 50%H NMR (300 MHz, CDCJ): &
7.49 - 7.41 (m, 2H), 7.35 - 7.28 (m, 2H), 7.26227(m, 2H). MS, m/z = 255 (100) [M+H]

257 (60).

4-(4-Chloro-3-methylphenoxy)piperidine (95). Triphenylphosphine (2.2 g, 8.4 mmol) was
added to a stirred solution of DIAD (1.6 mL, 8.4 oliin THF at 0 °C for 15 min. 4-Chloro-

3-methylphenol (600 mg, 4.2 mmol) was then addedithe reaction warmed to 20 °C and



then stirred for 10 minN-Boc-4-hydroxypiperidine (931 mg, 4.6 mmol) wasrthedded in
one portion and the solution was stirred for 1&ne reaction was then concentrategacuo
and dissolved in EtOAc (50 mL). The organic layarsre then washed with saturated
NaHCQ; solution (2 x 30 mL), water (30 mL) and brine (3Q)mand then dried with
NaSO,, and concentrated. The crude solid was then pdriby column chromatography
gradient eluting with 100% CyHex to 10% EtOAc/CyHexobtain the crude Boc-protected
product as a clear oil (675 mg, 49%). The Boc-mteid product was then dissolved in a
mixture of 3:1 mixture of DCM/TFA (8 mL) and stidefor 1 h. The reaction was then
concentrated in vacuo and dissolved in 1M HCI (30 eind washed with EtOAc (2 x 20
mL). The aqueous layer was basified (pH 9) with ABOH and washed with EtOAc (2 x 20
mL). The organic layers were then combined, washextessively with saturated NaHEO
(30 mL), water (30 mL) and brine (30 mL). The ongalayer was then dried with NaO,
and concentrated to obta®s as an oil (80 mg, 9%JH-NMR (300 MHz; CDC}): § 7.25 -
7.18 (m, 1H), 6.79 (d) 3.08 Hz, 1H), 6.69 (dd] 2.97, 8.91 Hz, 1H), 4.25 - 4.45 (m, 1H),
3.27 - 3.05 (M, 2H), 2.63 - 2.86 (m, 2H), 2.342(d), 2.15 - 2.03 (m, 1H), 1.98 (d1.98 Hz,

2H), 1.84 - 1.57 (m, 2H). MS, m/z = 225 (100) [M+H227 (30)

tert-Butyl  4-((4-chloro-3-methylphenyl)amino)piperidine-1-carboxylate  (96). General
Procedure D was followed using 4-bromo-1-chloro-&4mylbenzene (258 pL, 1.95 mmol)
andtert-butyl 4-aminopiperidine-1-carboxylate (322 mg,Lr&mol) to obtairf6 as a solid
(100 mg, 85%)*H-NMR (300 MHz; CDC}): § 7.11 (d,J 8.6 Hz, 1H), 6.47 (d] 2.9 Hz, 1H),
6.38 (dd,J 2.6, 8.4 Hz, 1H), 4.05 (d, 12.5 Hz, 2H), 3.55 - 3.27 (m, 2H), 2.92J111.2 Hz,
2H), 2.29 (s, 3H), 2.02 (d, 10.6 Hz, 2H), 1.47 (s, 9H), 1.37 - 1.24 (m, 2H). M8z = 269

[M-Bu].

N-(4-Chloro-3-methylphenyl)piperidin-4-amine (97). The deprotection step in General

Procedure D was followed usiri$ (25 mg, 0.074 mmol) to obtaie7 as an oil (13 mg,



74%).*H-NMR (300 MHz; CDCY): 5 7.09 (d,J 8.6 Hz, 1H), 6.46 (d] 2.9 Hz, 1H), 6.37 (dd,
J 2.9, 8.6 Hz, 1H), 3.38 - 3.24 (m, 1H), 3.11 (3.3, 12.7 Hz, 2H), 2.78 - 2.64 (m, 2H),
2.29 (s, 3H), 2.10 - 2.00 (m, 2H), 1.90 (br. s.)1H40 - 1.19 (m, 2H). MS, m/z = 225

[M+H]".

N-(4-Chloro-3-methyl phenyl )-N-methyl piperidin-4-amine (98). lodomethane (51 uL, 0.81
mmol) was added to a stirred solution96f(44 mg, 0.14 mmol) and potassium carbonate (56
mg, 0.41 mmol) in ACN (3 mL) and stirred at refl#d8 h. The reaction was then
concentrated and dissolved in EtOAc (20 mL). Thgaarc solution was washed with water
(2 x 20 mL) and brine (2 x 20 mL), then dried wNR,SO, and concentrated in vacuo. The
crude residue was then purified by column chromafogy (100% CyHex to 15%
EtOAc/CyHex) to obtain the protected intermediageaasolid (27 mg, 60%). MS, m/z = 339
(100) [M+H]". The intermediate was then dissolved in a 1:3 unéxbf TFA/DCM (4 mL)
and stirred at 20 °C for 1 h. The solvent was thesporated in vacuo and the crude residue
dissolved in EtOAc (10 mL). The organic solutionsvthen successively washed with a 10%
NaHCG; solution (10 mL), water (10 mL) and brine (10 mIhe organic layer was then
dried with NaSQ, and concentrated in vacuo to obt@fhas a solid (13 mg, 74%H-NMR
(300 MHz; CDC}): 6 7.16 (d,J 8.58 Hz, 1H), 6.65 (d] 2.86 Hz, 1H), 6.58 (dd] 3.08, 8.80
Hz, 1H), 3.62 (td) 7.84, 15.35 Hz, 1H), 3.24 (d,12.32 Hz, 2H), 2.89 (br. s., 1H), 2.79 -

2.70 (m, 5H), 2.34 (s, 3H), 1.80 - 1.68 (m, 4H). M8z = 239 (100) [M+H]+

3-(4-Chloro-3-methyl phenoxy)piperidine (99). The procedure used 86 was followed using
4-chloro-3-methylphenol (600 mg, 4.2 mmol) (700 m$09 mmol) andN-Boc-3-
hydroxypiperidine (1.1g, 5.4 mmol) to obt&8 (12 mg, 1%) as a solidH-NMR (300 MHz;
CDCL): & 7.16 (d,J 8.58 Hz, 1H), 6.70 (dJ 2.86 Hz, 1H), 6.63 - 6.55 (m, 1H), 4.28 (dd,
3.0, 6.5 Hz, 1H), 3.15 (d] 12.8 Hz, 1H), 3.00 — 2.78 (m, 2H), 2.34 - 2.31 H), 2.08 —

1.89 (m, 1H), 1.89 - 1.70 (m, 2H), 1.64 - 1.48 (iH). MS, m/z = 225



(S)-N-(4-Chloro-3-methylphenyl)piperidin-3-amine  (00). General Procedure D was
followed using 4-bromo-1-chloro-2-methylbenzeneZ3d., 2.43 mmol) andS)-3-amino-1-
N-Boc-piperidine (536 mg, 2.68 mmol) to obtdi®0 as a solid (80 mg, 15%)H-NMR (300
MHz; CDCL): & 7.09 (d,J 8.6 Hz, 1H), 6.52 (dJ 2.9 Hz, 1H), 6.42 (ddJ 2.8, 8.5 Hz, 1H),
3.66 - 3.58 (m, 1H), 3.23 (dd,3.2, 12.2 Hz, 1H), 3.02 — 2.87 (m, 2H), 2.74 (d&.71,
12.21 Hz, 1H), 2.28 (s, 3H), 1.97 - 1.82 (m, 2HY6L- 1.55 (m, 2H). MS, m/z = 225 (100)

[M+H]*, 227 (30). MS, m/z = 225 (100) [M+H]227 (30).

(R)-N-(4-Chloro-3-methylphenyl)piperidin-3-amine  (01). General Procedure D was
followed using 4-bromo-1-chloro-2-methylbenzenel(14., 1.22 mmol) andR)-3-amino-1-
N-Boc-piperidine (268 mg, 1.34 mmol) to obtdifil as a solid (100 mg, 37%)H-NMR
(300 MHz; CDC}): 6 7.09 (d,J 8.6 Hz, 1H), 6.56 (dJ 2.6 Hz, 1H), 6.44 (dd] 2.8, 8.5 Hz,
1H), 4.50 (br s, 1H), 3.95 - 3.76 (m, 1H), 3.29,(d®&.1, 12.8 Hz, 1H), 3.15 - 2.91(m, 3H),
2.27 (s, 3H), 2.18 - 2.06 (m, 1H), 2.00 — 1.65 @H). MS, m/z = 225 (100) [M+H] 227

(30).

tert-Butyl  3-((4-chloro-3-methyl phenyl)amino)pyrrolidine-1-carboxylate (102). General
Procedure D was followed using 4-bromo-1-chloro-@mylbenzene (452 uL, 3.41 mmol)
and 1-Boc-3-aminopyrrolidine (745 pL, 4.09 mmol)ofatain102 as a solid (111 mg, 10%).
'H NMR (300 MHz, CDCY): & 7.13 (d,J 8.4 Hz, 1H), 6.48 (dJ 2.6 Hz, 1H), 6.39 (ddJ
8.58, 2.86 Hz, 1H), 3.99 (br s, 1H), 3.79 — 3.57 2ir), 3.56 — 3.38 (m, 2H), 3.31 — 3.14 (m,
1H), 2.30 (s, 3H), 2.10 - 2.26 (m, 1H), 1.96 — 1(#9 1H), 1.47 (s, 9H). MS, m/z = 255

(100) [M-56] 257 (30).

N-(4-Chloro-3-methylphenyl)pyrrolidin-3-amine (103). The deprotection step in General
Procedure D was followed usiri®2 (50 mg, 0.16 mmol) to obtaih03 as an oil (32 mg,

94%).'H NMR (300 MHz, CDCY): & 7.11 (d,J 8.6 Hz, 1H), 6.47 (d] 2.6 Hz, 1H), 6.38 (dd,



J8.6, 2.9 Hz, 1H), 3.92 (br. s., 1H), 3.61 - 2.54 @), 2.30 (s, 3H), 2.27 - 2.04 (m, 3H),

1.75 - 1.57 (m, 1H). MS, m/z = 211 (100) [M+H313 (30).

3-(4-Chloro-3-methyl phenoxy)pyrrolidine (104). The procedure used f&5 was followed
using tert-butyl 3-hydroxypyrrolidine-1-carboxyla{@50 mg, 1.34 mmol) and 4-chloro-3-
methyl-phenol (209 mg, 1.47 mmol) to obtdi4 as a solid (35 mg, 13%)H-NMR (300
MHz; CDCL): § 7.21 (d,J 8.6Hz, 1H), 6.73 (dJ 2.9 Hz, 1H), 6.67 - 6.60 (m, 1H), 4.89 -
4.70 (m, 1H), 3.29 — 2.89 (m, 4H), 2.33 (s, 3HL&=- 1.92 (m, 2H). MS, m/z = 212 (100)

[M+H]* 214 (30).

N-(4-Chloro-3-methyl phenyl)-N-methyl pyrrolidin-3-amine (105). The procedure used fé8
was followed usingl02 (53 mg, 0.17 mmol) to obtait05 as a clear oil (20 mg, 52%H-
NMR (300 MHz; CDCY): & 7.16 (d,J 8.8 Hz, 1H), 6.69 (d] 2.9 Hz, 1H), 6.61 (dd] 3.0, 8.7
Hz, 1H), 4.32 - 4.19 (m, 1H), 3.21 - 3.04 (m, 2B)04 — 2.96 (m, 1H), 2.96 - 2.86 (m, 1H),
2.80 (s, 3H), 2.33 (s, 3H), 2.13 — 1.97 (m, 1HJ91(qd,J 7.0, 14.1 Hz, 1H). MS, m/z = 225

(100) [M+HT"

General Procedure E: 1-(3-Chloro-4-methylphenyl)piperazine (106). 2-Chloro-4-
iodotoluene (250 uL, 1.78 mmol), 1-Boc-piperaziB8g9 mg, 2.14 mmol), Bftba) (40.8
mg, 0.045 mmol), Xantphos (103 mg, 0.178 mmol) pothssiumtert-butoxide (280 mg,
2.50 mmol) were dissolved in toluene (5 mL) andté@aat reflux for 16 h under NThe
reaction was then concentrated and dissolved IrAEtQ0 mL), filtered through celite and
washed with additional EtOAc (50 mL). The orgaragdr was washed with water (2 x 20
mL) and brine (2 x 20 mL), then dried with )£, and concentrated in vacuo. The crude
residue was then purified by column chromatogra@d®p% CyHex to 10% EtOAc/CyHex)
to obtain the protected intermediate as an oil @86 79%). MS, m/z = 311 (100) [M+H]

313 (30). The intermediate was then dissolved n3amixture of TFA/DCM (4 mL) and



stirred at 20 °C for 1 h. The solvent was then evafed in vacuo and the crude residue
dissolved in EtOAc (10 mL) which was then succedgiwashed with a 10% NaHGO
solution (10 mL), water (10 mL) and brine (10 mLhe organic layer was then dried with
Na,SO, and concentrated in vacuo to obta®6 as a solid (288 mg, 97%)H-NMR (300
MHz; CDCL): & 7.10 (dd,J 8.5, 0.6 Hz, 1H), 6.91 (d, 2.6 Hz, 1H), 6.74 (dd] 8.5, 2.6 Hz,

1H), 3.23 — 2.99 (m, 8H), 2.29 (s, 3H). MS, m/zELZ100) [M+H], 213 (30)

Ethyl 1-(3-chloro-4-methylphenyl)piperidine-4-carboxylate (107). General Procedure E was
followed using 2-chloro-4-iodotoluene (389 uL, 2mmol) and ethyl isonipecotate (470 L,
3.05 mmol) to obtairl07 as an oil (130 mg, 17%)H-NMR (300 MHz; CDC}): § 7.09 (d,J
8.4 Hz, 1H), 6.92 (br. s., 1H), 6.82 - 6.66 (m, 1417 (q,J 7.0 Hz, 2H), 3.58 (dt) 12.5, 3.4
Hz, 2H), 2.77 (tJ 12.1 Hz, 2H), 2.53 - 2.36 (m, 1H), 2.28 (s, 3HP®- 1.88 (M, 3H), 1.88 -

1.77 (m, 1H), 1.28 (0 7.2 Hz, 3H). MS, m/z = 382 (100) [M+H]384 (30)

1-(3-Chloro-4-methyl phenyl)pi peridine-4-carboxylic acid (108). 107 (130 mg, 0.46 mmol)
and LiOH (33 mg, 1.4 mmol) in a solution of THFr(.) and water (2 mL) was stirred for 4
h at 20°C. The solution was then acidified with 10% citaicid (pH 4) and extracted with
EtOAc (2 x 10 mL). The organic layers were combiaad washed with brine (20 mL), dried
with N&SQ,, and concentrated in vacuo to obtali8 as a solid (100 mg, 85%)H-NMR
(300 MHz; CDC4): & 7.10 (d,J 8.1 Hz, 1H), 6.99 - 6.87 (m, 1H), 6.84 - 6.68 (rhl),13.60
(dt,J12.7, 3.4 Hz, 2H), 2.90 - 2.72 (m, 2H), 2.63 - 2(A2 1H), 2.30 (s, 3H), 2.15 - 2.01 (m,

2H), 2.01 — 1.77 (m, 2HWS, m/z = 252 (100) [M-H] 254 (30)

tert-Butyl  3-((3-chloro-4-methyl phenyl)amino)azetidine-1-carboxylate  (109). General
Procedure E was followed using 2-chloro-4-iodotaki€700 pL, 0.39 mmol) and 3-amino-1-
(N-Boc)azetidine (478 pL, 3.05 mmol) to obtdi®o as a solid (412 mg, 509%H-NMR (300

MHz; CDCk): § 7.03 (d,J 7.9 Hz, 1H), 6.53 (d] 2.4 Hz, 1H), 6.37 (dd] 2.4, 8.1 Hz, 1H),



4.32 - 4.26 (m, 2H), 4.20 - 4.12 (m, 1H), 3.72 (@d.7, 9.4 Hz, 2H), 2.26 (s, 3H), 1.45 (s,

9H). MS, m/z = 241 (100) [MBu].

N-(3-Chloro-4-methylphenyl)azetidin-3-amine (110). The deprotection step in General
Procedure D was followed usid@9 (100 mg, 0.34 mmol) to obtaitl0 as a brown oil (60
mg, 91%).XH-NMR (300 MHz; CDC}): § 7.04 (d,J 8.1 Hz, 1H), 6.56 (d] 2.4 Hz, 1H), 6.41
(dd,J 2.4, 8.4 Hz, 1H), 4.22 - 4.01 (m, 3H), 4.01 — 3(B7 2H), 2.26 (s, 3H). MS, m/z = 197

(100) [M+H]".

N-(3-Chloro-4-methyl phenyl)-N-methylazetidin-3-amine (111). The procedure used f@8
was followed usind09 (120 mg, 0.40 mmol) to obtaitll as a clear oil (48 mg, 57%H-
NMR (300 MHz; CDC4): & 7.06 (d,J 8.4 Hz, 1H), 6.71 (d] 2.6 Hz, 1H), 6.53 (dd] 2.6, 8.4
Hz, 1H), 4.40 - 4.23 (m, 1H), 3.90 - 3.58 (m, 4RB3 (s, 3H), 2.56 (br s, 1H), 2.27 (s, 3H).

MS, m/z = 211 (100) [M+H]

tert-Butyl 3-((methylsulfonyl)oxy)azetidine-1-carboxylate (112). To a solution ofert-butyl 3-
hydroxyazetidine-1-carboxylate (1.00 g, 5.77 mneotd triethylamine (1.6 mL, 12 mmol)
in DCM (10 mL) was added methanesulfonyl chlorid&’8 g, 6.35 mmol) dropwise at 0 °C.
The reaction mixture was stirred at room tempeeafor 1 h. The reaction mixture was
diluted with brine (20 mL) and was extracted wit€@la (15 mL x 2). The combined organic
layers were dried with N&O, and concentrated to obt&ld? as a solid (1.41 g, 97% yield).
'H-NMR (300 MHz; CDC}): 6 5.21 (tt,J 4.2, 6.7 Hz, 1H), 4.34 - 4.23(m, 2H), 4.14 - 4.04

(m, 2H), 3.07 (s, 3H).

3-(3-Chloro-4-methyl phenoxy)azetidine (113). 112 (200 mg, 0.796 mmol), 3-chloro-4-
methyl-phenol (113 mg, 0.796 mmol) and caesium araate (519 mg, 1.59 mmol) were
dissolved in DMF (3 mL) and stirred at 90 °C fori.2The reaction was then quenched with

water (10 mL) and reaction diluted with EtOAc (13.)mThe organic layer was then



separated and washed with brine (15 mL), dried W#&SO, and concentrated. The crude
residue was then purified by column chromatograd®p% CyHex to 25% EtOAc/CyHex)
to obtain the protected intermediate as a cleafl6b mg, 70% vyield). MS, m/z = 242 (100)
[M-tBu]. The intermediate was then dissolved in a 1i8ture of TFA/DCM (4 mL) and
stirred at 20 °C for 1 h. The solvent was then evafed in vacuo and the crude residue
dissolved in EtOAc (10 mL). The organic layer wascessively washed with a 10%
NaHCG; solution (10 mL), water (10 mL) and brine (10 mIhe organic layer dried with
Na,SO, and concentrated in vacuo to obtai8 as a solid (110 mg, 99%)H-NMR (300
MHz; CDCh): § 7.13 - 7.08 (m, 1H), 6.77 (d,2.4 Hz, 1H), 6.59 (dd] 2.6, 8.4 Hz, 1H), 4.97

- 4.83 (m, 1H), 4.06 — 3.55 (m, 4H), 2.30 (s, 3MB, m/z = 198 (100) [M+H]+, 200 (30).

1-Boc-homopiperazine (114). Homopiperazine (5.00 g, 49.92 mmol) was dissbiveMeOH
(200 mL) and cooled to 0 °C. Boc anhydride (12 $,05mmol) in MeOH (100 mL) was
added dropwise over 1 h and the reaction allowedaion to room temperature after which
the reaction was refluxed for 4 h. The reaction s@scentratedn vacuo and dissolved in a
1M citric acid solution (150 mL). The aqueous layas then washed with EtOAc (3 x 70
mL). The aqueous layer was then cooled to 0 °Cfibdswith solid NaCOs. The product
was then extracted with EtOAc (3 x 100 mL), driethwNaSO, and concentrated in vacuo
to obtain114 as a clear oil (1.08 g, 11% yieldH-NMR (300 MHz; CDC}): § 3.54 — 3.37

(m, 4H), 2.96 — 2.81 (m, 4H), 1.87 (br. s., 1HB4L: 1.72 (m, 2H), 1.47 (s, 9H).

1-(3-Chloro-4-methyl phenyl)-1,4-diazepane (115). General Procedure E was followed using
2-chloro-4-iodotoluene (139 pL, 0.99 mmol) dddt (198 mg, 0.99 mmol) to obtall5 as a
solid (71 mg, 79%)*H-NMR (300 MHz; CDC}): § 7.04 (dd,J 8.5, 0.6 Hz, 1H), 6.69 (d}
2.6 Hz, 1H), 6.51 (dd] 8.6, 2.6 Hz, 1H), 3.54 (1] 6.1 Hz, 4H), 3.10 - 3.00 (m, 2H), 2.93 -

2.84 (m, 2H), 2.26 (s, 3H), 2.04 -1.90 (m, 2H). M8z = 225 (100) [M+H], 227 (30).



4-Benzyl 1-tert-butyl 2-methylpiperazine-1,4-dicarboxylate (116). To a stirred solution of 2-
methylpiperazine (2.0 g, 20 mmol) in DCM (15 mL)3atC was added benzyl chloroformate
(3.0 mL, 21 mmol) dropwise. The mixture was stiregd °C for 1 h and then 20 °C for 2.5
h. The reaction was cooled to 0 °C and thgN-diisopropylethylamine (4.5 mL, 26 mmol)
and Boc anhydride (4.8 g, 22 mmol) was added. stthation was stirred at 20 °C for 14 h.
The reaction was then concentrated in vacuo andueslissolved in EtOAc (150 mL). The
organic layer was then and washed with water (50 amd brine (50 mL), then dried with
NaSOys) and concentrated. The crude solid was then pdrifie column chromatography
gradient eluting with 100% CyHex to 10% EtOAc/CyHexobtain116 as a solid (5.4 g,
81%).'H-NMR (300 MHz; CDC}): 6 7.44 - 7.28 (m, 5H), 5.23 - 5.09 (m, 2H), 4.331%
(m, 1H), 4.19 — 3.87 (m, 2H), 3.87 - 3.78 (m, 1Bl}17 — 2.97 (m, 2H), 2.97 — 2.80 (m, 1H),

1.47 (s, 8H), 1.13 (d1 5.3 Hz, 3H). MS, m/z = 235 (100) [M-Boc].

tert-Butyl 2-methylpiperazine-1-carboxylate (117). 116 (3.1 g, 9.3 mmol) was dissolved in
MeOH (30 mL) and 200 mg of Pd/C added. The reaatias then stirred at 20 °C under an
atmosphere of Hfor 14 h. The reaction mixture was filtered thrbu@elite, and then
concentrated to obtaitl7 as an oil (1.8 g, 97%JH-NMR (300 MHz; CDC}): & 4.25 - 4.10
(m, 1H), 3.86 - 3.73 (m, 1H), 3.08 — 2.85 (m, 3RIB3 - 2.62 (M, 2H), 1.49 - 1.45 (m, 9H),

1.25 - 1.19 (m, 3H). MS, m/z = 145 (100) [i@u].

1-(3-chloro-4-methyl phenyl)-3-methyl piperazine (118). General Procedure E was followed
using 2-chloro-4-iodotoluene (194 pL, 1.39 mmoly 447 (305 mg, 1.52 mmol) to obtain
118 as a solid (141 mg, 45%H-NMR (300 MHz; CDC}): & 7.12 (dd,J 0.4, 8.4 Hz, 1H),
6.91 (d,J 2.6 Hz, 1H), 6.74 (dd] 2.6, 8.4 Hz, 1H), 3.57 - 3.40 (m, 2H), 3.36 - 3(&1, 2H),
3.14 (dt,J 2.9, 11.8 Hz, 1H), 3.06 — 2.91 (m, 1H), 2.71 (@d,0.3, 12.5 Hz, 1H), 2.30 (s,

3H), 1.33 (d,J 6.6 Hz, 3H). MS, m/z = 225 (100) [M+H]227 (30)



tert-Butyl 3-methylpiperazine-1-carboxylate (119). Boc anhydride (2.7 g, 12.5 mmol) was
added portion wise to a stirred solution of 2-métdlperazine (2.5 g, 25 mmol) in DCM (40
mL). N,N-Diisopropylethylamine (7.5 mL, 56 mmol) was thaidaed and the mixture stirred
at 20 °C for 14 h. The reaction mixture was wasbeccessively with saturated NaHEO
solution (30 mL), water (30 mL) and brine (30 mahd then dried with anhydrous D,
and concentrated. The crude solid was purified dlyran chromatography gradient eluting
with 100% CyHex to 30% EtOAc/CyHex to obtdif9 as a clear oil (1.0 g, 40%H-NMR
(300 MHz; CDC4): 5 4.10 — 3.72 (m, 2H), 3.00 — 2.88 (m, 1H), 2.86.622m, 3H), 2.52 —

2.27 (m, 1H), 1.46 (s, 9H), 1.05 @6.4 Hz, 3H). MS, m/z = 201 [M+H]

1-(3-Chloro-4-methyl phenyl )-2-methyl piperazine (120). General Procedure E was followed
using 2-chloro-4-iodotoluene (194 pL, 1.39 mmoly 449 (330 mg, 1.65 mmol) to obtain
120 as a solid (40 mg, 13%)H-NMR (300 MHz; CDC}): § 9.77 (br s, 1H), 7.17 (d 8.6
Hz, 1H), 7.04 (dJ 2.2 Hz, 1H), 6.86 (dd] 2.3, 8.3 Hz, 1H), 3.78 - 3.56 (m, 1H), 3.46 - 3.15
(m, 5H), 3.13 — 2.98 (m, 1H), 2.33 (s, 3H), 1.07 .6 Hz, 3H). MS, m/z = 225 (100)

[M+H]*, 227 (60).

1-(3-Chloro-4-methyl phenyl)piperazin-2-one (121). General Procedure E was followed using
2-chloro-4-iodotoluene (96 pL, 0.68 mmol) and 2{pperazine(150 mg, 0.75 mmol) to
obtain121 as a solid (9 mg, 6%JH-NMR (300 MHz; CDC}): 6 7.26 — 6.97 (m, 3H), 4.15 —
3.76 (m, 2H), 3.71 - 3.39 (m, 1H), 2.36 (m, 3.5HB1 - 1.62 (m, 1H), 1.35 - 1.22 (m, 1H),

0.95 — 0.80 (m, 0.5H). MS, m/z = 225 (100) [M£H}27 (30).

2-(3-Chloro-4-methyl phenyl)-2,6-diazaspirof 3.3] heptane bis-trifluoroacetate (122). General
Procedure E was followed using 2-chloro-4-iodotoki€55 pL, 0.39 mmol) angkrt-butyl
2,6-diazaspiro[3.3]heptane-2-carboxylate (65 m@30dnmol) to obtainl22 as a solid (71

mg, 62%).*H-NMR (300 MHz; CDC}): § 7.15 (d,J 8.4 Hz, 1H), 6.71 (d] 2.4 Hz, 1H), 6.52



(dd, J 2.3, 8.3 Hz, 1H), 4.39 (br. s., 4H), 4.22 (s, 4RB1 (s, 3H). MS, m/z = 223 (100)

[M+H]".

1-(4-Chlorophenyl)piperazine (123). General Procedure D was followed using 1-bromo-4
chlorobenzene (625 mg, 3.26 mmol) and 1-Boc-pipeeag608 mg, 3.26 mmol) to obtain
123 as a solid (420 mg, 65%)H-NMR (300 MHz; CDC}): & 7.27 - 7.20 (m, 2H), 6.98 -
6.77 (m, 2H), 3.94 - 3.75 (m, 1H), 3.66 - 3.56 @hl), 3.52 - 3.43 (m, 1H), 3.43 - 3.33 (m,

1H), 3.24 - 3.17 (m, 1H), 3.17 - 3.04 (m, 2H). MiSz = 197 (100) [M+H].

1-(3,4-Dichlorophenyl)piperazine (124). General Procedure E was followed using 1,2-
dichloro-4-iodobenzene (400 mg, 1.47 mmol) and t-Biperazine (300 mg, 1.61 mmol) to
obtain 124 as a solid (260 mg, 76%)H-NMR (300 MHz; CDC}): & 7.30 — 7.28 (m, 1H),
6.96 (d,J 2.9 Hz, 1H), 6.75 (dd] 2.9, 8.9 Hz, 1H), 3.18 - 3.10 (m, 4H), 3.10 - 3(60 4H).

MS, m/z = 231 (100) [M+H] 233 (60).

3-(Piperazin-1-yl)benzonitrile (125). General Procedure E was followed using 3-
iodobenzonitrile (100 mg, 0.44 mmol) and 1-Boc-pgzene (98 mg, 0.52 mmol) to obtain
125 as a solid (55 mg, 67%)H-NMR (300 MHz; CDC}): & 7.39 - 7.29 (m, 1H), 7.18 - 7.05

(m, 3H), 3.31 - 3.21 (m, 4H), 3.17 - 3.05 (m, 4M)S, m/z = 188 (100) [M+H]

Phenyl (5-cyanothiazol-2-yl)carbamate (126). The procedure used 88 was followed using
2-aminothiazole-5-carbonitrile (240 mg, 1.92 mmaf)d phenyl chloroformate (0.48 mL,
3.84 mmol) to obtairl26 as a solid (230 mg, 49%H-NMR (300 MHz; CDC}): § 7.98 (s,
1H), 7.48 - 7.43 (m, 2H), 7.37 - 7.29 (m, 2H), 7-28.22 (m, 1H). MS, m/z = 246 (100)

[M+H]".

Phenyl thiazol-2-ylcarbamate (127). The procedure used 88 was followed using thiazol-2-

amine (200 mg, 2.00 mmol) and phenyl chloroforniat28 mL, 2.20 mmol) to obtait?7 as



a solid (253 mg, 58%JH-NMR (300 MHz; CDC4): § 7.59 - 7.40 (m, 3H), 7.37 - 7.23 (m,

3H), 6.98 (dd,J 1.8, 3.5 Hz, 1H). MS, m/z = 221 (100) [M+H]

Phenyl (5-(trifluoromethyl)thiazol-2-yl)carbamate (128). The procedure used f@3 was
followed using 5-(trifluoromethyl)thiazol-2-amine6d mg, 0.36 mmol) and phenyl
chloroformate (0.49 mL, 3.92 mmol) to obtdi#8 as a solid (82 mg, 79%)H-NMR (300
MHz; CDCk): § 7.82 - 7.76 (m, 1H), 7.52 - 7.41 (m, 2H), 7.39287(m, 3H). MS, m/z = 289

(100) [M+H]".

4-Methyl-6-(piperazin-1-yl)nicotinonitrile (129). 6-Bromo-4-methylnicotinonitrile (200 mg,
1.02 mmol), 1-Boc-piperazine (208 mg, 1.12 mmoly &hN-diisopropylethylamine (0.53
mL, 3.05 mmol) were dissolved in DMF (5 mL) andrstd at 130 °C for 3 h under,NThe
reaction was then cooled to 20 °C and concentrafied. crude residue was dissolved in
EtOAc (20 mL), filtered through celite and washedhwadditional EtOAc (50 mL). The
organic layer was then washed with water (2 x 20 amd brine (2 x 20 mL), dried with
NaSO; and concentrated in vacuo. The crude residue \was purified by column
chromatography (100% CyHex to 20% EtOAc/CyHex) bban the protected intermediate
as a solid (292 mg, 95%). MS, m/z = 303 (100) [M*HJhe intermediate was then dissolved
in a 1:3 mixture of TFA/DCM (4 mL) and stirred a 2C for 1 h. The solvent was then
evaporated in vacuo and the crude residue dissaitvBtOAc (10 mL). The organic solution
was successively washed with a 10% NaH€&dution (10 mL), water (10 mL) and brine (10
mL). The organic layer was dried with )0, and concentrated in vacuo to obtait® as a
solid (180 mg, 92%)'H-NMR (300 MHz; CDC4): 5 8.33 (s, 1H), 6.44 (s, 1H), 3.77 - 3.60

(m, 4H), 3.05 — 2.92 (m, 4H), 2.45 - 2.37 (m, 3M}5, m/z = 203 (100) [M+H]

3-Methyl-5-(piperazin-1-yl)picolinonitrile (130). General Procedure D was followed using 5-

bromo-3-methylpicolinonitrile (200 mg, 1.02 mmolhda 1-Boc-piperazine (227 mg, 1.22



mmol) to obtainl30 as a solid (217 mg, 71%H-NMR (300 MHz, d-Acetone):$ 8.24 (d,J
2.9 Hz, 1H), 7.25 (dJ 2.9 Hz, 1H), 3.58 - 3.40 (m, 4H), 3.22 — 2.98 @Hl), 2.42 (s, 3H).

MS, m/z = 203 (100) [M+H]

1-(5-Chloro-4-(trifluoromethyl)pyridin-2-yl)piperazine (131). General Procedure E was
followed using 2,5-dichloro-4-trifluoromethylpyrige (200 mg, 0.93 mmol) and 1-Boc-
piperazine (190 mg, 1.02 mmol) to obtaBl as a solid (134 mg, 56%H-NMR (300 MHz;

CDCL): 5 8.24 (s, 1H), 6.85 (s, 1H), 3.65 - 3.56 (M, 4HD73- 2.97 (M, 4H). MS, m/z = 266

(100) [M+H]".

1-(5,6-Dichloropyridin-3-yl)piperazine (132). General Procedure E was followed using 5-
bromo-2,3-dichloropyridine (200 mg, 0.88 mmol) ateBoc-piperazine (181 mg, 0.97
mmol) to obtainl32 as a solid (152 mg, 74%X-NMR (300 MHz; CDC}): 6 7.93 (d,J 2.9
Hz, 1H), 7.24 (dJ) 2.9 Hz, 1H), 3.23 - 3.12 (m, 4H), 3.07 2.97 (m)4MS, m/z = 232 (100)

[M+H]*, 234 (60).

5-(Piperazin-1-yl)pyrimidine (133). General Procedure E was followed using 5-
bromopyrimidine (250 mg, 1.57 mmol) and 1-Boc-pgzene (351 mg, 1.89 mmol) to obtain
133 as an oil (196 mg, 75%)H-NMR (300 MHz; CDC}): 5 8.69 (s, 1H), 8.36 (s, 2H), 3.27-

3.18 (m, 4H), 3.13 — 2.98 (m, 4H), 1.93 (br. s.).IMS, m/z = 165 (100) [M+H]

Ethyl 4-(3-chloro-4-methyl phenoxy)butanoate (134). 3-Chloro-4-methylphenol (1.0 g, 7.01
mmol), ethyl bromobutyrate (1.21 mL, 8.42 mmol) &fgCO; (2.91 g, 21.04 mmol) were
dissolved in DMF (4 mL) and stirred at 90 °C for i.6The solvent was evaporated, and the
crude residue dissolved in EtOAc (15 mL). the orgaolution was then washed with water
(10 mL) and brine (10 mL), dried with B8O, and concentrated in vacuo. The crude residue
was then purified by column chromatography gradioting with 100% CyHex to 10%

EtOAc/CyHex to obtairi34 as a clear oil (1.7 g, 96%6H-NMR (300 MHz; CDC}): § 7.16 -



7.07 (m, 1H), 6.91 (d] 2.4 Hz, 1H), 6.72 (dd] 8.5, 2.5 Hz, 1H), 4.17 (d,7.3 Hz, 2H), 3.99
(t, J 7.3 Hz, 2H), 2.50 (m, 2H), 2.31 (s, 3H), 2:19.03 (m, 2H), 1.28 (t, J 7.2 Hz ,3H). MS,

miz = 257 (100) [M+H] 259 (30).

4-(3-Chloro-4-methyl phenoxy)butanoic acid (135). 134 (1.70 g, 6.62 mmol) and LiOH (476
mg, 19.9 mmol) in a solution of THF (10 mL) and arat1l0 mL) was stirred at 2T for 4 h.
The solution was then acidified with 1 N HCI (pH &)d extracted with ED (2 x 10 mL).
The combined organic layers were washed with b(2@® mL), dried with NgSQ,, and
concentrated in vacuo to obtdiB5 as a solid (1.42 g, 94%H-NMR (300 MHz; CDC}): &
7.12 (dd,J 8.4, 0.44 Hz, 1H), 6.92 (d,2.6 Hz, 1H), 6.72 (dd] 8.5, 2.75 Hz, 1H), 4.00 (8,
6.1 Hz, 2H), 2.60 (tJ 7.3 Hz, 2H), 2.31 (s, 3H), 2.20 - 2.06 (m, 2H). M¥z = 226 (100)

[M-H] .

5-Methylpyridine-2,3-diamine (136). Pd/C (50 mg, 0.47 mmol) was added to a solubioR-
amino-5-methyl-3-nitropyridine (500 mg, 3.27 mmaol) MeOH (7 mL). The reaction was
then stirred under this atmosphere ofdd 20 °C for 5 h. The reaction was filtered throug
celite and washed with MeOH (30 mL). The soluticesweoncentrated in vacuo to obta86
(395 mg, 98%)*H NMR (300 MHz, MeOD)3 7.22 (dd,J 2.0, 0.9 Hz, 1H), 6.81 (dd, 2.0,

0.7 Hz, 1H), 2.13 (£ 0.7 Hz, 3H). MS, m/z = 124 (100).

Ethyl 4-(3,4-dichlorophenoxy)butanoate (137). The procedure used fdi34 was followed
using 3,4-dichlorophenol (500 mg, 3.07 mmol) anbyketromobutyrate (598 mg, 3.07
mmol) to obtainl37 as a clear oil (645 mg, 76%H-NMR (300 MHz; CDC}): & 7.32 (d,J
8.9 Hz, 1H), 7.00 (dJ 2.9 Hz, 1H), 6.75 (dd] 8.9 and 2.9 Hz, 1H), 4.16 (4,7.2 Hz, 2H),

3.99 (t,J 6.3 Hz, 2H), 2.51 (t) 7.5 Hz, 2H), 2.16-2.07 (m, 2H), 1.27 {t7.1 Hz, 3H).

4-(3,4-Dichlorophenoxy)butanoic acid (138). The procedure used f@85 was followed using

137 (570 mg, 2.06 mmol) to obtaiti38 as a solid (490 mg, 96%IH-NMR (300 MHz;



CDCly): § 7.33 (d,J 9.0 Hz, 1H), 7.00 (d] 2.7 Hz, 1H), 6.75 (dd] 8.7 and 2.8 Hz, 1H), 4.01

(t, J 6.3 Hz, 2H), 2.60 (t) 7.2 Hz, 2H), 2.17-2.10 (m, 2H).

Ethyl 4-((5,6-dichloropyridin-3-yl)oxy)butanoate (139). The procedure used fdr34 was
followed using 5,6-dichloropyridin-3-ol (210 mg,28. mmol) and ethyl bromobutyrate (250
mg, 1.28 mmol) to obtaii39 as a clear oil (196 mg, 55%H-NMR (300 MHz; CDC}): &
7.32 (d,J 8.9 Hz, 1H), 7.00 (d] 2.9 Hz, 1H), 6.75 (dd] 8.9 and 2.9 Hz, 1H), 4.16 (3,7.2
Hz, 2H), 3.99 (t] 6.3 Hz, 2H), 2.51 (t) 7.5 Hz, 2H), 2.16 - 2.07 (m, 2H), 1.27Jt7.1 Hz,

3H).

4-((5,6-Dichloropyridin-3-yl)oxy)butanoic acid (140). The procedure used fat35 was
followed using139 (196 mg, 0.70 mmol) to obtai¥0 as a solid (170 mg, 97%H-NMR
(300 MHz; CDC}): 6 7.33 (d,J 9.0 Hz, 1H), 7.00 (d) 2.7 Hz, 1H), 6.75 (dd] 8.7 and 2.8

Hz, 1H), 4.01 (t] 6.3 Hz, 2H), 2.60 () 7.2 Hz, 2H), 2.17 - 2.10 (m, 2H).

4-(3-Chloro-4-methyl phenoxy)-N-(2-chl or o-5-methyl pyridin-3-yl ) butanamide (141). 135 (250
mg, 1.09 mmol) was dissolved in SQCB mL, 42 mmol) and stirred at reflux for 3 h. The
reaction was then concentrated and azeotropedé& timth toluene (10 mL) to give a crude
residue. The residue was then dissolved in DCMniL) and cooled to 0 °C. 2-Chloro-5-
methylpyridin-3-amine (156 mg, 1.10 mmol) was thewmded followed by N,N-
diisopropylethylamine (381 uL, 2.20 mmol) and wadne 20 °C. The reaction mixture was
then stirred at this temperature for 4 h underThe organic layer was washed successively
with 5% citric acid (10 mL), saturated NaHg(@ x 10 mL), water (10 mL) and brine (10
mL), and then dried with N8O, and concentrated. The crude residue was theniqulibfy
column chromatography gradient eluting with 100%1€y to 50% EtOAc/CyHex to obtain
141 as a solid (56 mg, 15%)H-NMR (300 MHz; CDC4): & 8.58 (s, 1H), 7.94 (br s, 1H),

7.64 (br s, 1H), 7.11 (d 8.1 Hz, 1H), 6.91 (dJ 2.6 Hz, 1H), 6.72 (dd] 2.6, 8.4 Hz, 1H),



4.05 (t,J 5.9 Hz, 2H), 2.68 (tJ 7.2 Hz, 2H), 2.34 (s, 3H), 2.30 (s, 3H), 2.15 -82(a, 2H).

MS, m/z = 353 (100) [M+H] 355 (60).

N-(5-Chloropyridin-2-yl)pivalamide (142). 5-Chloropyridin-2-amine (700 mg, 5.44 mmol)
and N,N-diisopropylethylamine (1.52 mL, 10.9 mmol) wasstisyed in DCM (30 mL) and
cooled to 0 °C. Pivaloyl chloride (1.00 mL, 8.16 woljnwas then added dropwise and the
reaction stirred while warming to 20 °C. The mixwas stirred for an additional 1 h. The
reaction mixture was washed successively with atgdrNaHC@ solution (15 mL), water
(15 mL) and brine (10 mL), then dried with anhydsddaSO, and concentrated. The crude
residue was then purified by column chromatogragtadient eluting with 100% CyHex to
20% EtOAc/CyHex to obtaifi42 as a solid (1.13 g, 97%)H-NMR (300 MHz; CDC}): &
8.21 (d,J 8.8 Hz, 1 H), 8.18 (dJ 1.6 Hz, 1 H), 8.01 (s, 1 H), 7.64 (d8i8.8 Hz,J 2.4 Hz, 1

H), 1.30 (s, 9 H). MS, m/z = 213 (100) [M+HR15 (30).

5-Chloro-2-pivalamidopyridin-3-yl diisopropylcarbamodithioate (143). n-Butyllithium (1.76
mL, 1.41 mmol) was added dropwise to a stirred tgamuof 142 (150 mg, 0.71 mmol) in
anhydrous THF (3 mL) at -78 °C undes.N'he mixture was allowed to warm to -10 °C and
stirred at this temperature for 2 h. The reacti@s wen cooled to -78 °C and to it was added
dropwise a solution of thiuram disulfide (249 mg7D0 mmol) in dry THF (2 mL). The
reaction mixture was then stirred at this tempeeatior 1 h and then warmed to room
temperature and stirred for a further 30 min. Té&ction was quenched with water (5 mL)
and the crude product extracted intg@E({30 mL) and washed with water (15 mL) and brine
(10 mL), then dried with N&O, and concentrated. The crude residue was theniqultfy
column chromatography gradient eluting with 100%41€y to 20% EtOAc/CyHex to obtain
143 as a solid (105 mg, 38%8H-NMR (300 MHz; CDC}): § 8.57 (d,J 2.4 Hz, 1H), 8.53 (br

s, 1H), 7.77 (dJ 2.4 Hz, 1H), 1.50 (br s, 12H), 1.30 (s, 9H). MSzm 388 (100) [M+H]+,

390 (30).



2-Amino-5-chloropyridin-3-yl diisopropylcarbamodithioate (144). 143 (105 mg, 0.27 mmol)
was stirred in 10% w/v NaOH in MeOH (5 mL) for 14 The product precipitated and was
filtered and dried to obtait¥4 as a solid (43 mg, 52%H-NMR (300 MHz, MeOD):3 8.04

(s, 1H), 7.51 (s, 1H), 1.50 (br s, 12H). MS, m/204 (100) [M+H]+, 306 (30).

6-Methyl-1H-imidazo[ 4,5-b] pyridin-2(3H)-one (145). 136 (360 mg, 2.92 mmol) and
disuccinimido carbonate (749 mg, 2.92 mmol) wergsaied in chloroform (5 mL) and
heated at reflux for 48 h under..NThe reaction was then concentrated, and the uesid
dissolved in a 1:3 mixture of CyHex/EtOAc (200 ndrd heated to reflux for 10 min. The
reaction was then cooled and the precipitate éttesind dried to obtaii45 as a solid (210
mg, 48%).*H-NMR (300 MHz, DMSO-g) § 7.69 (dd,J 0.9, 1.8 Hz, 1H), 7.05 (dd,0.7, 2.0

Hz, 1H), 5.09 (br s, 1H), 2.25 (s, 3H). MS, m/z50X100) [M+H]+.

2-Chloro-6-methyl-3H-imidazo[ 4,5-b] pyridine (146). 145 (210 mg, 1.41 mmol) was
dissolved in POGI(4 mL) and stirred at reflux for 12 h. The mixtweas concentrated, and
the residue was dissolved in EtOAc (30 mL). Theaarg layer was then washed
successively with saturated NaHE@ x 20 mL), water (20 mL) and brine (20 mL), drie
with NaSO; and concentrated. The crude residue was then iguuriby column
chromatography (100% CyHex to 80% EtOAc/CyHex) bbao theld6 as a solid (71 mg,
30%).H-NMR (300 MHz, @-Acetone):s 8.23 (s, 1H), 7.80 (dd), 0.8, 1.9 Hz, 1H), 2.46 (t,

J0.7 Hz, 3H) MS, m/z = 168 (100) [M+H]+.

6-Bromo-1H-imidazo[ 4,5-b] pyridin-2(3H)-one (147). The procedure used fot45 was
followed using 2,3-Diamino-5-bromopyridine (400 ni&y13 mmol) to obtairi47 (275 mg,
60%).'H NMR (300 MHz, DMSO-¢) & 7.95 (s, 1H), 7.41 (s, 1H). MS, m/z = 214 (100)

[M+H]+, 216 (100).



6-Bromo-2-chloro-3H-imidazo[ 4,5-b] pyridine (148). The procedure used fot46 was
followed using147 (100 mg, 0.47 mmol) to obtait¥8 (64 mg, 59%)H-NMR (300 MHz,

DMSO-a) & 8.43 (d,J 1.76 Hz, 1H), 8.27 (s, 1H). MS, m/z = 232 (100N, 234 (100).

6-Chloro-1H-imidazo[ 4,5-b] pyridin-2(3H)-one (149). The procedure used fot45 was
followed using 5-chloropyridine-2,3-diamine (400 n&378 mmol) to obtairi49 (108 mg,
23%)."H-NMR (300 MHz, DMSO-g) 5 7.88 (d,J 2.2 Hz, 1H), 7.31 (d] 2.2 Hz, 1H). MS,

m/z = 170 (100) [M+H]+, 172 (30).

2,6-Dichloro-3H-imidazo[ 4,5-b] pyridine (150). The procedure used fdd6 was followed
using 149 (108 mg, 0.64 mmol) to obtaih50 (36 mg, 30%).*H-NMR (300 MHz, &
Acetone):6 8.33 (d,J 2.2 Hz, 1H), 8.02 (d] 2.2 Hz, 1H). MS, m/z = 188 (100) [M+H]+, 190

(60).

ASSOCIATED CONTENT

Supporting Information. Supporting information contains, schemes showiggsynthesis
of specific analogues; HEK293 FlpIn.FM cellular agsand J.Lat10.6 cellular assay dose
response data of selected analogues; in vitro rolg@bdentification data; and target panel

screening data (PDF).

AUTHOR INFORMATION

Corresponding Author. * Brad E. Sleebs, The Walter and Eliza Hall Ingétof Medical
Research, 1G Royal Parade, Parkville 3052, Victdkiastralia. Phone: +61 3 9345 2718;

Email: sleebs@wehi.edu.au

Author Contributions. The manuscript was written through contributionalbfauthors. All

authors have given approval to the final versiothefmanuscript.



ABBREVIATIONS

AIDS, acquired immunodeficiency syndrome; BET, bomlmmain and extra terminal
domain; ART, antiretroviral therapy; CA-US, CD4+cg&ll associated unspliced; CBG, click
beetle green; CBR, click beetle red; CD4, clustérdiferentiation 4; Clg, intrinsic
clearance; CMV, cytomegalovirus; DSC, disuccininhidgrbonate; GFP, green fluorescent
protein; HDAC, histone deacetylase; HEK293, humarbryonic kidney cells 293; HMT,
histone methyltransferase; HIV, human immunodeficievirus, IRES, internal ribosome
entry site; J.Lat, Jurkat T lymphocyte latency jibgE, lipophilic efficiency; LogP, partition
coefficient; LRA, latency reversing agent; LTR, ¢prierminal repeat; Nef, nucleotide
exchange factor; PLWH, people living with HIV; PK@xotein kinase C; PMA, phorbol 12-

myristate 13-acetate; PSA, polar surface area;tiats-activator of transcription protein.
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Figure 1. Structures of small molecules commonly used asdgteeversing agents (LRA)

in the “shock and kill” strategy.
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TABLES
Table 1. Activity of Heterocyclic Analogues in the Flpin.FMEK293 Cell Assay.



RES% >—L4©*CI
NH
Cmpd N/
CMV PSA | .
LTR ECs cLog > | LIpE
R L (D) um* | EC=(SD) | o A | "
U
16 CH;, S—N  N- 0.60 (0.49) 2.3(1.3) | 42| 48| 20
s
17 Cl S—N  N- 0.40 (0.35) 0.89 (0.9)| 43| 48| 21
o/
18 CHs —N 0—% >40 ~40 41| 54
19 Cl E—N\/:>70—§ 20(4.7) | 20(58)| 42| 54 05
H
20 CHs g—N}N—é >40 ~20 3.7 | 57
H
21 Cl g—N}N—é >40 >40 3.8 | 57
|
22 cl §—N/\:>7N—§ >40 >40 45 | 48
S—N
23 Cl >40 n.d. 47 | 54
0—4
=)
24 CHs _ >40 n.d. 42 | 57
HN—$
=)
25 Cl _ >40 n.d. 43| 57
HN—$
S—N
26 CHs >40 >40 42 | 57
HN—$
i—N
27 cl >40 >40 43| s7
HN—
N
28 CH;, 6.2(20) | 14(®6.7)| 37| 57 15
HN—§
N
29 cl : 0.79(0.29) 1.8(0.4) | 3.8 | 57| 23
HN—




SN
30 CHs Q % 20(1.3) | 52(0.24) 40| 58 1.7
O_—
SN
31 cl 15(0.74)| 25003 41| 55 1.7
0—4
§~NC1
32 CHs - >40 33(.7) | 43| 48
/
§~NQ
33 cl i 11(9.0) | 20(1.3)| 44| 48 06
/

#ECso data represents means and SDs for three or miepéndent experiments measuring
bioluminescence of the LTR and the CMV reportengsihe HEK293 FlpIn.FM cell line
following exposure to compounds in a 10-point ddntseries for 72 h. The Egvalue is an
extrapolated calculation and data points associaidd cytotoxicity were excluded where
LTR activity begins to decrease with increasing poomd concentratioff.Calculated using
ChemAxon softward’ ¢ Calculated using the LTR Egvalue.

Table 2. Activity of Heterocyclic Analogues in the Flpin.FMEK293 Cell Assay.



Cmpd
R LTR ECsx EgM(\S/D) cLog I(D}f% LipE
(SD) uMa 50 2 Pb b C
uM
S\
34 CHs g—NuN—g 0.47 (0.33)| 5.0(3.7)| 4.2| 48 2.1
S\
35 Cl %—N\_JN—E 0.24 (0.20)| 0.67(0.28) 4.3 | 48 | 23
36 CHs ¢ N—} 2.5 (0.77) >40 47| 45/  0.9C
37 Cl §4<:\N—§ 2.0 (1.0) >40 48| 45/ 0.90
H
38 CHs Hi}N—é 0.67(0.34)| 3.0(15) 36| 571 26
H
39 cl g—NyN—é 0.23(0.04)| 17(.9)| 37/ 57 29
40 CHs g_NyL_g 12 (5.6) 16 (3.3)| 4.2| 48 0.7
4 Cl g_Ni}lJ_g 0.93(0.47)| 2.8(1.7)| 44| 48 1.6
42 CHs gm,\(}omg 0.22(0.11)| 1.9(0.88) 3.9 535 28
43 Cl i—N>—0—f | 053(016)| 1.9(0.10) 41| 55 22
44 CHs g/NmN\§ 10(0.73) | 21(14)| 42| 48 0.8
A
45 Cl g,Nmeg 22 (15) | 19(0.44)| 4.4| 48 026
NS
N2 :
46 CHs : N; N~ 50(2.1) | 52(0.78) 4.6 48 0.7
N2 :
47 Cl : N; N~ 1.3(1.0) | 15(0.27) 47| 48 1.2
N2 :
48 CHs NN 8.9(4.4) | 65(1.3)| 46| 48 045

A




Y
49 cl N, (N_g 0.82(0.24)| 3.7(14)| 47| 48 14
)
N N
50 Cl — 0.64 (0.30)| 1.3(0.80) 32| 66 3.
O
51 | CHy | N XN >40 >40 38 | 48
52 Cl §~Ni><:N—§ 16(34) | 19(13)| 40| 49 o8

#ECso data represents means and SDs for three or mibepéndent experiments measuring
bioluminescence of the LTR and the CMV reportengsihe HEK293 FlpIn.FM cell line
following exposure to compounds in a 10-point ddntseries for 72 h. The Egvalue is an
extrapolated calculation and data points associaidd cytotoxicity were excluded where
LTR activity begins to decrease with increasing poomd concentratioff.Calculated using
ChemAxon softward’ ¢ Calculated using the LTR Egvalue.

Table 3. Activity of Aryl Substituted Analogues in the FipFM HEK293 Cell Assay.



U3 S
NZ N)\\Nﬁ R
H \\/N
Cmpd R4
CMV
3 4 LTR ECsx cLog PSA . ¢
R R (SD) uM® ECJ(I)V(ISaD) pb (A" LipE
16 CHs Cl 0.60 (0.49) 2.3 (1.3) 4.2 48 2.0
34 Cl CHs 0.47 (0.33) 5.0(3.7) 4.2 48 2.1
53 H H 1.7 (1.1) 5.0 (2.3) 3.1 48 2.7
54 H Cl 2.7 (0.62)] 5.5(1.3) 3.7 48 1.9
0.49
55 Cl Cl 0.93 (0.57) (0.52) 4.3 48 1.7
56 CN H 0.23 (0.01) 1.8 (0.78) 2.9 72 3.7

#ECso data represents means and SDs for three or mibepéndent experiments measuring
bioluminescence of the LTR and the CMV reportengsihe HEK293 FlpIn.FM cell line
following exposure to compounds in a 10-point ddotseries for 72 h. The Egvalue is an
extrapolated calculation and data points associaféd cytotoxicity were excluded where
LTR activity begins to decrease with increasing poond concentratiorf.Calculated using
ChemAxon softward’ © Calculated using the LTR Egvalue.16 and 34 are included for
comparison.



Table 4. Effect of Aryl and Thiazolyl Substitutions on activity in tidpin.FM HEK293 Cell

Assay.
Ry
g O
z/\/)\ ™ R®
ORI
Cmpd R4
CmV
1 3 4 LTR ECx cLogP | PSA —
ECs0(SD LipE

57 Cl H Cl 0.35(0.07)| 1.64 (0.6 3.8 48 2.7
58 CN H Cl 1.5 (0.37) 3.6 (2.9) 3.0 72 2.8
59 H Cl CHs 3.4 (1.8) 4.0 (5.1) 3.5 48 2.0
35 Cl Cl CH; 0.24 (0.16)| 0.67 (0.28) 4.3 48 2.3
60 CN Cl CHs 0.24 (0.12)| 2.3(0.9) 3.5 72 3.1
61 Ck Cl CHs 1.3(0.81) >2.0 4.5 48 1.4
62 Cl Cl Cl 0.31(0.08)| 0.80(0.62) 4.4 48 2.1
63 CN Cl Cl 0.35(0.16), 4.4 (4.1) 3.6 72 2.9
17 Cl CHs Cl 0.40 (0.35)| 0.89 (0.9 4.3 48 2.1
64 CN CHs Cl 0.71(0.35)| 2.3(1.8) 3.5 72 2.6
65 Cl CN H 0.61 (0.49), 0.5(0.4) 3.0 72 3.2

#ECso data represents means and SDs for three or mibepéndent experiments measuring
bioluminescence of the LTR and the CMV reportengshe HEK293 FlpIn.FM cell line in a
10-point dilution series for 72 h. The Bvalue is an extrapolated calculation and datatpoin
associated with cytotoxicity were excluded whereRLactivity begins to decrease with
increasing compound concentratiSrCalculated using ChemAxon softwafe® Calculated
using the LTR Egp value.17 and35 are included for comparison.




Table5. Activity of Heterocyclic Aryl Analogues the Flpin.FM HEK293 Cell Assay.

R1

s O
2/\/)\ A™
Cmpd N H \__N-g2
1 2 LTR EC50 CcMV EC50 b PSA H c
R R (SD) uM? | (SD) uM? cL ogP (Az)b LipE
N
66 CHs N | 4.2 (1.7) >40 2.8 85 2.6
\\N
N
67 cl N | 0.46 (0.07), 1.0 (0.96) 2.9 85 3.4
\}N
N
68 CHs | 10 (1.6) 21 (14) 2.6 85 2.4
N \\N
AN
69 Cl | 0.21 (0.01) 0.83 (0.45) 2.7 85 4.0
N \}N
F_~_-CFs
70 CHs | 0.73 (0.52) >40 3.9 61 2.2
N Cl
S~ CF3
71 Cl | 0.92 (0.38) 1.8(2.5) 4.0 61 2.0
N Cl
S~ Cl
72 CHs | 0.30 (0.30), 0.57 (0.50) 3.3 61 3.2
SNl
S~ Cl
73 CN | 0.39 (0.32) 0.15 (0.08) 2.6 85 3.8
SNl
S~ Cl
74 Cl | 0.08 (0.06), 0.07 (0.01) 3.4 61 3.7
SNl
S~ Cl
75 CFs | 0.70 (0.09) 0.48 (0.64) 3.6 61 2.6
SNl
SN
76 CHs ) >40 >40 1.1 74
\N
SN
77 cl \[?) 89(5.2) | 12 (4.7) 1.3 74| 38
"
N




#ECso data represents means and SDs for three or mibepéndent experiments measuring
bioluminescence of the LTR and the CMV reportengsihe HEK293 FlpIn.FM cell line
following exposure to compounds in a 10-point ddntseries for 72 h. The Egvalue is an
extrapolated calculation and data points associadéd cytotoxicity were excluded where
LTR activity begins to decrease with increasing poond concentratiorf.Calculated using
ChemAxon softward’ ®Calculated using the LTR Egvalue.



Table6. Activity of Imidazopyridine Analogues in the Flpin.FM HEK293IIGessay.

= \>_\_\ R3
N H 0 T R4
Cmpd \
1 3 4 LTREC50 CMVEC50 b PSA LIpE
RO R R X epyum® | (spypm? | 09 | ayp |
78 CH; | Cl | CH | C | 12(4.6) 24 (16) 4.2 51 0.7
79 Cl Cl | CH | C | 9432 12 (10) 4.3 51 0.7
80 CHs | Cl Cl C | 14 (3.4 28 (15) 43 51 0.6
81 Cl Cl Cl C | 33(14)| 12(05) 4.4 51 1.1
82 CHs | cCl Cl N 21 (11) 34 (9.9) 3.3 64 1.4
83 Cl Cl Cl N | 6441 ]| 2402 3.4 64 1.8
N
I \>—\_\
84 NT S OQ >40 >40 5.1 35
Cl
Cl S
| />—¥_\
85 NT N OQ_ >40 >40 5.1 35

#ECso data represents means and SDs for three or mibepéndent experiments measuring
bioluminescence of the LTR and the CMV reportengsihe HEK293 FlpIn.FM cell line
following exposure to compounds in a 10-point ddotseries for 72 h. The Egvalue is an
extrapolated calculation and data points associaféd cytotoxicity were excluded where
LTR activity begins to decrease with increasing poomnd concentratiorf.Calculated using
ChemAxon softwaréd’ ®Calculated using the LTR Egvalue.



Table7. Activity of Imidazopyridine Piperazine analogues in the Flgih HFEK293 Cell

Assay.
R3
R1 N
- —
TN e
\N N _/ X
Cmpd H
LTR EC CMV EC PSA LipE
Rl R3 R4 X 50 50 CLO P b
(SD) uM? | (SD) pM? Tl @Ryb | e
86 CHs Cl CHs C 3.2 (2.3) 2.8 (2.1) 4.6 48 0.9
87 Br Cl CHs C 0.32 (0.26) >0.3 4.7 48 1.8
88 CH; Cl Cl C 0.75 (0.52) 0.82 (0.35 4.7 48 1.4
89 Cl Cl Cl C 0.98 (0.52)] 2.6 (0.88) 4.8 48 1.2
90 CHs Cl Cl N 1.3(1.1) | 0.13(0.07 3.7 61 2.2
91 Cl Cl Cl N 0.08 (0.08)| 0.27 (0.17 3.8 61 3.3

#ECso data represents means and SDs for three or miepéndent experiments measuring
bioluminescence of the LTR and the CMV reportengsihe HEK293 FlpIn.FM cell line

following exposure to compounds in a 10-point ddntseries for 72 h. The Egvalue is an

extrapolated calculation and data points associaféd cytotoxicity were excluded where

LTR activity begins to decrease with increasing poond concentratiorf.Calculated using

ChemAxon softwaréd’ ®Calculated using the LTR Egvalue.



Table 8. Physicochemical Properties and in vitro Metaboli®elected Analogues.

Aqueous solubility

Human liver microsomes

Mouse liver microsomes

in vitro

in vitro

c pH20 | pH65 Half- 1 Clint | b egicreq | HAT CLint Predicted

mpd life | (uL/mi b life , b
(HM) (UM) (mln) n/mg En (mln) (HL/mln(m En
protein) g protein)

1 <11 | 11-23| 10| 175 0.87 2 815 n.d.
29 ?L235 16-31| nd.| nd n.d. 11 151 0.76
35 <16 <16 nd.| nd n.d. 33 53 053
39 13;61' 16-31 | nd.| nd n.d. 36 49 0.51
50 | %% | 16-31| nd| nd n.d. 60 29 0.38
63 <16 <16 151 11 0.31 117 15 0.24
65 <16 <16 nd. | nd nd. 26 38 0.45
73 <16 <16 nd.| nd. n.d. 80 22 0.32
74 <16 <16 70 25 05 55 32 0.41
79 13'61' <16 5 329 0.93 <? >866 >0.94
8 | 550 | 16-31| nd| nd n.d. 14 122 0.72
36 igé <16 15 115 0.82 8 224 n.d.
91 | 25-50] 1.6-31| nd.| nd. n.d. 13 132 0.74

2 Estimated by nephelometry.Predicted hepatic extraction {Eratio based orn vitro

intrinsic clearance (Gk); n.d. — not determined.




Table 9. Evaluation of Selected Analogues in Cellular Assays

)

)

)

N

HEK 293 FlpIn.FM 2 J.Lat10.6°" HepG2 ¢
CMV Max LTR Max LTR
cmod LTR ECx ECso(SD) activity% | LTRECs | activity% CCs (SD)
P (SD) pM 50 [atcmpd | (SD)pM | [at cmpd UM
HM . .
conc in uM] conc in uM]
2 1.9 (0.3) >40 39 [1.3] 29 (3.9) 15 [20] 4.4 (0.5)
29 0.79 (0.29), 1.8 (0.4) 39[0.63] | 3.0(0.48 20 [2.0] 0.68 (0.17
35 0.24 (0.20)| 0.67 (0.28)] 53[0.25] 1.7 (0.2) 23 [1.0] 0.25 (0.05
39 0.23 (0.04), 1.7 (1.9) 63 [0.25] 1.5 (0.15 31[1.0] 0.33 (0.17
50 0.64 (0.30), 1.3 (0.8) 47[0.31] | 2.7 (0.27 38 [2.0] 0.42 (0.07
63 0.35 (0.16), 4.4 (4.1) 87 [5.0] 1.6 (0.21 30 [1.0] 0.41 (0.02
65 0.61 (0.49) 0.5(0.4) 22[0.31] | 0.48 (0.1 28 [0.25] 0.05 (0.02
73 0.39 (0.32)| 0.15 (0.08), 251[0.16] 1.1 (0.31)] 28][0.25] 0.12 (0.02
74 0.08 (0.06)| 0.07 (0.01)] 65[0.13] | 0.29 (0.09) 26 [0.13] 0.04 (0.02)
83 6.4 (4.1) | 2.4(0.09) 26[0.13] >4 11 [2] 1.9 (0.73
91 0.08 (0.08)| 0.27 (0.17)] 57[0.09] | 0.24 (0.05) 28[0.06] 0.04 (0.01)
: . d 0.001 0.02
Romidepsin (<0.001) (<0.01) 19[0.01] | 0.22 (0.73) 61[0.01] 0.01 (<0.01)
Vorinostat ° 4.6 (1.2) >40 22 [2.5] 2.3(0.2 60 [5] 12 (0.6)
Panobinostat | 1.8 (0.7) | 0.06 (0.03) 31[0.2] | 0.13(0.03) 59[0.1] <0.078
JQ1(+) ¢ 14 (0.7) >40 33[5] 8.1 (2.0) 34 [2.5] 9.2 (3.7)

2 HEK?293 FlpIn.FM values taken from other tables éomparison® ECs, data represents
means and SDs for three independent experimentsumeg bioluminescence in the
J.Lat10.6 GFP reporter cell line following expostioecompounds in a 10-point dilution
series for 48 h. The Egvalue is an extrapolated calculation and datatp@esociated with
cytotoxicity were excluded where LTR activity begito decrease with increasing compound
concentration. Max LTR activity% refers to the hegh percentage LTR reporter activity
observed at the indicated concentration of compou@€s, data represents means and SDs
for three HepG2 growth inhibition experiments irl@point dilution series over 48 h. Cell
Titre-Glo was used to quantify cell growth inhibiti  Taken from previous resulfs.
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Scheme 1. General Synthetic Pathway to Access Thiazolyl Ureas. Reagents and
conditions: (a) phenyl chloroformate, pyridine, 0 °C; (b) Bodd, For X = Br: rac-BINAP,
Pd(OAc), CsCOs, 1,4-dioxane, reflux; For X = | or Cl: Rdba), Xantphos,t-BuOK,

toluene, reflux; For X = OH: DIAD, PRhTHF; (c) TFA/DCM 20 °C; (d@4, CsCO;s, 1,4-

dioxane, reflux.
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Scheme 2. General Synthesis of Imidazopyridine Analogues. Reagents and conditions. (a)

Carboxy-protected 4-bromobutanoate;C;, DMF; (b) LIOH, THF, HO, 20 °C; (c)

substituted diaminopyridine, POCleflux.
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Scheme 3. Synthetic Pathway to Access Imidazopyridine Analogues. Reagents and
conditions: (a) disuccinimido carbonate, CHCFeflux; (b) PO, reflux; (c) 13, DMSO,

DIPEA, 80 °C.



GRAPHICAL ABSTRACT

Introduction of 74
rigidity
HEK293 Flpln.FM LTR ECsg 0.08 pM

I cl
s O J.Lat10.6FM LTR ECs¢ 0.22 uM . Cl N e
4 / h Combine key = 7\
i‘ANﬁ\/\/‘D@ LipE 3.7 components | N\}N N—4 ; cl
H cl —> N
2

C

. 1 H 91
Previous work ;CI = | N\ | al
HEK293 Flpin. FMLTR EC501.9 1M __ . . 3 N N>_ﬁ\'_\ - HEK293 FlpIn.FM LTR ECs0 0.08 uM
Bioisosteric Ve H.. o) )—Cl
J.Lat10.6FM LTR ECs0 29 uM replacement 2 N J.Lat10.6FM LTR ECsg 0.32 pM
LipE 1.2 83 LipE 3.3

HEK293 FlpIn.FM LTR ECsg 6.4 uM
J.Lat10.6FM LTR ECso 4.7 uM
LipE 1.8



HIGHLIGHTS:
» The optimized 2-acylaminothiazole class displays potent HIV LTR activity.
* Rigidification of the oxycarbon motif with piperazine enhances HIV gene expression.
* Imidazopyridineis a suitable bioisostere for the 2-acylaminothiazole motif.

» Lead compounds display potent HIV gene activation in the JLat10.6 cell line.
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