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PHENYL LINKED QUINGLINYL MODULATORS OF RORyt

FIELD OF THE INVENTION

The invention is directed to substituted quinoline compounds, which are modulators of the
nuclear receptor RORyt, pharmaceutical compositions, and methods for use thereof. More
particularly, the RORyt modulators arc uscful for preventing, treating or ameliorating an RORyt

mediated inflammatory syndrome, disorder or disease.

BACKGROUND OF THE INVENTION

Retinoic acid-related nuclear receptor gamma t (RORyt) is a nuclear receplor, exclusively
cxpressed in cells of the immune system, and a key transcription factor driving Thi7 ceil
differentiation. Th17 cells are a subset of D4 T cells, expressing CCRé on their surface to
mediate their migration to sites of mflammation, and dependent on 1L-23 stimulation, through
the 123 receoptor, for their maintonance and cxpansion.  Th17 cells produce several
proinflammmatory cytokines including 1L-17A, IL-17F, 11-21, and HL-22 {(Komn, T., E. Bettelli, ot
al. (2009). "IL-17 and Thi7 Cells." Anma Rev Immunol 27: 485-517)), which stimulate tissue
cels to produce a panci of inflammatory chemokines, ¢viokines and metalloproteases, and
promote recruitment of granuiocytes (Kolls, J. K. and A, Linden (2004). “Interleukin-17
family members and inflamomation.” Immunity 21{4): 467-76; Stamp, L. K., M. J. James, ct al.
(2004). “"Interlcukin-17: the missing link between T-cell accumulation and effector cell actions
in theumatoid arthritis” fmmunol Cell Biol 82{1): 1-9). Th17 cells have been shown to be the
major pathogenic population in several modcls of antoimmune inflammation, including collagen-
induced arthritis {CIA) and cxperimental autoimmunce concgphalomyelitis (EAE) (Dong, C.
{2006). "Diversification of T-helper-cell lincages: finding the family root of HL-17-producing
celis.” Nat Rev Immunol 6(4): 329-33; McKenzie, B. S., R. A. Kastelein, ¢t al. {2006).
"Understanding the 1L-23-1L-17 immune pathway.” Trends Immunol 27(1y 17-23). RORyt-
deficient mice are healthy and reproduce normally, but have shown impaired Thl7 cell
differentiation in vitro, a significantly reduced Th17 cell population in vive, and decreased
susceptibility to EAE (Ivanov, 1, B, S, McKenzie, et al. (2006). "The orphan nuclear receptor

RORgammat directs the differentiation program of proinflammatory IL-17+ T helper cells.” Cell
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126(6) 1121-33.). Mice deficient for 1L.-23, a evtokine required for Thi7 cell survival, fail to
produce Thi7 cells and arc resistant to EAE, CIA, and inflammatory bowel discase (IBD)} (Cua,
D. J., J. Sherlock, ¢t al. (2003). "hterleukin-23 rather than interleukin-12 is the critical
cytokine for autoimmune inflammation of the brain” Nature 421(6924): 744-8. ; Langrish, C.
L., Y. Chen, et al. (2005). "IL-23 drives a pathogenic T ccll population that induces
autoiromune inflarnmation.” § Exp Med 201(2): 233-40; Yen, D, 1. Cheung, ot al. (2006). "IL-
23 is essentia) for T cell-mediated colitis and promotes imflarvamation via IL-17 and 11-6." J Clin
fovest 116{5) 1310-6.).  Consistent with these findings, an anti-IL23-specific monoclonal
anfibody blocks development of psoriasis-like inflaramation in a murine discase model {(Tonel,
G., C. Cownrad, ¢t al. "Cuiting edge: A critical functional role for {L.-23 in psoriasis.” § Immunol

185(10). 3688-91).

In humans, a nomber of observations support the role of the H.-23/Thi7 pathway in the
pathogenesis of inflammatory diseases. IL-17, the kev cytokine produced by Thi7 cells, is
expressed at elevated levels in a variety of allergic and autoimmune diseases (Barczyk, A, W,
Pigrzchala, et al. (2003}, "Interleukin-17 in sputum correfates with airway hyperresponsiveness
to methacholing.” Respir Med 97(6): 726-33. ; Fujino, S., A. Andoh, et al. {2003). "Increased
expression of interleukin 17 in inflammatory bowel disease.” Gut 52{1): 65-70. ; Lock, C., G.
Hermans, et al. (2002). "Gene-microarray analysis of multiple sclerosis lesions vields new
targets validated in autcimmmune encephalomyelitis.” Nat Med 8(5): 560-8. ; Krueger, . G, 8.
Fretzin, et al. "IL-17A is cssential for cell activation and inflammatory gene circuits in subjects
with pscriasis.” J Allergy Clin Imraunol 130(1 ) 143-154 ¢9.). Furthermore, human genctic
studics have shown association of polymorphisms in the genes for Th17 coll-swrface receptors,
11-23R and CCRS, with susceptibility to IBE, multiple sclerosis {MS), rheumatoid arthritis {RA)
and psoriasis {Gazouli, M., . Pachoula, ¢t al. "NODZ/CARDIS, ATGI6L] and IL23R gene
polvmeorphisms and childhood-onset of Crohn's disease.” World J Gastroenterol 16{14}: 1753-&.
, Nungz, C., B. Deoma, ot al. (2008). "HL23R: a susceptibility locus for ccliac discase and
nrultiple sclerosis?” Genes Imemun 9(4): 289-93. ; Bowes, J. and A. Barton "The genetics of
psoriatic arthritis: lessons from genome-wide association studies.” Discov Med 1(3(52): 177-83;
Kochi, Y., Y. Okada, ¢t al. "A regulatory variant in CCR6 is associated with rheumatoid

arthritis susceptibility.” Nat Genet 42(6): 515-9.).

3
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Ustekinumab (Stelara®), an anti-pd0 monoclonal antibody blocking both IL-12 and IL-23, is
approved for the treatroent of adult patients (18 vears or older), with moderate to severe plague

psoriasis, who are candidates for photothuapy or systemic therapy.  Currently, monoclonal

antibodies specifically targeting only 1L-23, to more selectively inhibit the Thi7 subset, are also
in clinical development for psoriasis (Garber K. (20113, “Psoriasis: from bed to bench and

back” Nat Biotech 29, 563--366), further imoplicating the froportant role of the IL-23~ and RORyt-
driven Th17 pathway in this disease. Results from recent phase U clinical studics strongly
support this hypothesis, asy anti-IL-17 receptor and anti-lL-17 therapeutic antibodies both
demonstrated high levels of efficacy in patients with chronic psoriasis (Papp, K. A,
"Brodalumah, an anti-inferloukin-17-receptor antibody for peoriasis.” N Engl ¥ Med 2012
366(13): 1181-9. ; Leonardi, C., R. Matheson, ¢t al. "Anti-interleukin-17 monocclonal antibody
ixekizumab in chronic plague psoriasis.” M Engl § Med 366(13): 1190-3.). Anti-1L-17 antibodics
have also demonstrated clinically relevant responses in carly trials in RA and uveitis (Hucher,

L Patel, DD, Pryia, T., Wright, A M., Koroleva, L, Bruin, G., Antoni, C., Draelos, Z., Gold,
MH., Durez, P, Tak, PP, Gomez-Reino, 1J., Foster, C.S., Kim, R.Y., Samson, C.M,, Falk,
N.8., Chu, 2.8, Callanan, D, Nguven, 3.0, Rose, K., Haider, A., Di Padova, F. (2010) Effects
of AINAST, a fully human antibedy to interieukin-174A, on psoriasis, rtheumatoid arthritis, and

uveitis, Sci Transt Med 2, 327

All the above evidence supports inhibition of the Thi7 pathway by modulating RORyt activity as

an effective strategy for the treatment of immune-mediated inflammatory diseases.

SUMMARY OF THE INVENTION
The present invention comprises compounds of Formula 1

R, R Rs
RZ 3 4 )

|
Rg/\{/\ N R,

Ha

Rs

Formula

wherein:

e
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R is pyrrolyl, pyrazolyl, imidazolvl. triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyi, pyridazyl, piperidinyi, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahvdropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazelyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl-¥-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazeiyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolvl,
quinolinyl, and pyrazelyl are optionally substituted with C{OYCgalkyl, CIONI, CLOINHC,
nalkyl, CLOMN{Coapalkyllz, NHC(O)Cgalkyvl, NHSOCgalkyl, Cagalioyl, CFs, CHCE;, CL
F,-CN, OCpalkyl, N(Cq.qalkyll, -(CHoiOCH;, SChnalkyl, OH, COH, COCh gpalkyl,
C{OYCEs, SOLCF;, OCKF;, OCHE,, SOCH, SO:NH,, SONHCpjalkyl, SON(Cqnalkyl)s,
CEOMNHSO,CH, or OCHOCH:; and optionally substituted with up to two additional
substituents ndependently selected from the group cousisting of Cl, Cpinalkyl, SCH;, OCq.
aalkyl, CFs, -ON, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrolvl, and thiazolvl
are optionally substituted with up to two substituents independently selfected from the group
consisting of SO,CH;z, SG:NH,, C{OINH,, ~-ON, OC.nalkyl, (CHy 2.5 OCH,, SCHs, CF3, F, CLL
and Ci.palkyl; and said thiadiazolyl and oxadiazobyl are optionally substituted with Cypallyl;
and said pyridyl, pyridvi-V-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally
substituted with up to three additional substituents independently selected from the group
consisting of C{OINHC palkyl, CIOMN(Cnalkyly, NHC(OY g gpalkyl, NHSO:C.4jalkyl,
CLOYCFz, SOCF;, SONHCpalkyl, SON(Capalioyl)y, CIOINHIO,CH;, SOCH:, SONH,,
C{OWNH,, -CN, OCq salkyl, (CH2)o 5 3CH; (including ~(CHapOCHs), SCagalkyl, CF;, F,
and Cygalkyl;

RY is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl, N-
acctyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyt, N-Cralkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-{3-methoxypropyl-imidazolyl, thiadiazolyl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to three additional substituents
independently selected from the group consisting of Cypalkyl, SCHs, OCualkyl, CFs, -CN, F,
and CE and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, are optionally
substituted with up to three additional substituents independently selected from the group
consisting of SO,CH;z, SO NH,, C{O)NH,, -ON, OC_palkyl, (CH )5 OCH,, SCHs, CFs, F, Cl,

or Cpalkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

up to two substituents independently selected from the group consisting of S0O,CH;, SO,NH,,
C{OYNH,, -CN, OCq.palkyl, (CH)20yOCH;, SCHs, CFs, F, CL and G palkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cpalkyl; and said pyrazolyl is
optionally substituted with up to three CHj groups;

R is H, OH, OCH;, or NHy;

R'isH, or F:

R’ is M, CI, -CN, CF3, SCepatkyl, OCq galkyl, OH, Cpgalkyl, N(CHOCH:, NF{Cq
salkyly N(Craalkyly, or 4-hydroxy-piperidinyl

R® is pyridyl, pyrimidinyl, pyridazyl, pyrazinyl, thiazolyl, isothiazolyl, furanyl,
thiophenyl, oxazolyl, isoxazolyl, imidazolyl, pyrazolyl, pyrrolyl, triazolyl, oxadiazolyl,
thiadiazolvl, or phenyl, any of which is optionally substituted with up to two substituents
independently selected from the group consisting of piperidinyl, pyrrolidinyl, azetidinyl,
pyrazolyl, triazolyl, imidazolyl, ~CN, Cypalkyl (including CHs), OCq palkyl, CIOCgalkyl,
COH, CO:Cq galkyl, NHy, NHCoalkyl, N(Cppalloyl)s, SONH,, SON({CH:),, SO,NH;,
SONHC Lpalkyl, SOMN(C nalkyly, SCHs, OCH,CF;, SO,CH;, CF;, CLL F, OH, and OCF5;

R7 is H, CI, -CN, Cyaalkyl, OCq 0alkyICFs, OCFs, OCHF,, OCHCH,0C palkyl, CF;,
SCH:, CaaalkyINA'A? (including CHNATAY), CHyOC 2 521kyINATAY NATA?, CONA'AY,
CHoNHC 2 5alkyINATAY CHON(CH)C o aa kyINATAY, NHC 5ialky INATAY, N(CHC
palkyINATAZ OC o aalkyINATAT OC 1 palkyl, OCH;-(1-methyl)-imidazol-2-y1, phenyl,
thiophenyl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl; wherein
said phenyi, thiophenyl, furvi, pyrazolyl, imidazolyl, pyridyi, pyridazyl, pyrazinyi, and
pyrimidinyl are optionally substituted with up to three substituents independently selected from
the group consisting of ¥, Cl, CH;, CF3, and OCHs;

Alis H, or Conalkyl;

Alis H, Cawpalkyl, CulaalkylOCpalkyl, CuaallylOH, (O galkyl, or OC,palkyl;
or Al and A’ may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

wh
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Rqis H, OCqgalkyl, CH,OH, NH(CHz), N(CH;s),, NH;, CHa, F, CF3, SCCHs, or OH;

Ry is H, COC(CHz2), Coaalkyl, (O galkyl, SOCq palkyl, CHLCH,CF., CHLCFs,
CHy-cyclopropyl. phenyl, CHy-phenyl, or Cigieycloalkyl;

RYis H, Caonalkyl (including CHa), OC palky! (neluding OCH;), CF;, NH,, NHCH;, -
CN,or F;

R’ is H. or F;
and pharmaceutically acceptable salis thereof;
provided that {4-chloro-3-phenylguinolin-6-y1(1 ~-methyl-1 H-imidazol-5-vl Wpyridin-3-
yhmethanamine, {(4-chlorophenyh(2 4-dichloro-3-(2-chlorophenyhaguinolin-6-vlj{ -methyl-1 5~
imidazol-2-ylimethanocl, (2 4-dichloro-3-phenylquinolin-6-vl}{oxazol-2-vI}phenylimethanol, {(4-
chlorophenyh(2,4-dichloro-3-phenylquinolin-6-y1¥ 2-methyi-4-(triflucromethyljthiazol-5-
vinnethanol, (4-chloro-3-phenviguinolin-6-yl(1-methyl-1 H-imidazol-5-y{pyridin-4-
vimethanamine, {4-chlorophenyt¥3-(2 6-dichlorophenyhiquinolin-6-y){ T-methyl- 1 H-umidazol-
S-yviymethanol, (d-chloro-3-phenylquinolin-6-yD(2-{(dimethvlaminojpyridio-d-yH -methyi- 1 -
imidazol-2-vhimethanol, 4-(2-((4-chloro-6~{(d-chlorophenyhydroxy L -methyl- 1 H-tmidazol-5-
vipnethyh-3-phenyiquinolin-2-yhoxy)ethylithiomorpholine 1, 1-dioxide, 1-(2-{{4-chloro-6-{{(4-
chiorophenvhi(hydroxy}{1-methyl-1 H-imidazol-S-yhmethyl)-3-phenylquinolin-2-
vhoxyicthylpyrrolidin-2-one, (2-chloro-4-{dimethviaming}-3-phenviguinolin-6-v1){pyridin-2-

yH(pyridin-4-viymethasol, (4-chloro-3-phenviquinolin-6-vH{Z-fluoropyridin-4-y){1 -methyl- 1 H-

(@Y



imidazol-2-yl)methanol, (4-chloro-2-(1-methyl-1H-pyrazol-4-yl)-3-phenylquinolin-6-yl)(4-
chlorophenyl)(pyridin-3-yl)methanol, (2,4-dichloro-3-phenylquinolin-6-yl)di(pyridin-2-
yl)methanol, 6-((3-chlorophenyl)(hydroxy)(2-(trifluoromethyl)pyridin-4-yl)methyl)-3-
phenylquinoline-2-carbonitrile, (2,4-dichloro-8-methyl-3-phenylquinolin-6-yl)(1-methyl-1H-
imidazol-4-yl)(6-methylpyridin-3-yl)methanol, (4-methoxy-3-phenyl-2-
(trifluoromethyl)quinolin-6-yl)(1-methyl-1+-imidazol-5-yl)(pyridin-2-yl)methanol, (4-
chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl )quinolin-6-yl)(1-methyl-1H-imidazol-2-
yDmethanol, (2,4-dichloro-3-phenylquinolin-6-yl)(phenyl)(pyridin-2-yl)methanol, and the
second eluting enantiomer of (4-chloro-2-methoxy-3-phenylquinolin-6-yl)(1-methyl-1H-

lTM

imidazol-5-yl)pyrimidin-2-ylmethanol (when purified on a chiralcel ™ OD column) are excluded

from the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises compounds of Formula L.

R R R
Ry 3 4 5 .
Ri X
2
Rg N" R,
R Formula I
wherein:

R!is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahydropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolyl,
quinolinyl, and pyrazolyl are optionally substituted with C(O)C-ajalkyl, C(O)NH2, C(O)NHC:-
nalkyl, C(O)N(C-2alkyl)2, NHC(O)C-galkyl, NHSO:C(1-salkyl, C-syalkyl, CF3, CH2CF3, Cl,
F, -CN, OC-galkyl, N(Ca-syalkyl)z, -(CH2)3OCHs, SCa-sjalkyl, OH, COzH, CO2C1-4alkyl,
C(O)CF3, SO2CF3, OCF3, OCHF2, SO2CHs, SO2NH2, SO2NHC1-2)alkyl, SO2N(C1-2jalkyl)s,
C(O)NHSO2CH3, or OCH20CH3; and optionally substituted with up to two additional
substituents independently selected from the group consisting of Cl, C(1-2jalkyl, SCH3, OCq-
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nalkyl, CF, -CN, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrelyl, and thiazolyl
are optionally substituted with up to two substituents independently selected from the group
consisting of SO,CH;, SONH,, C(O)NH;, -CN, OCq.palkyl, (CHy o OCH:, SCH;, CF4. F, Cl,
and Cppalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with Cppalkyl;

and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl arc optionally

consisting of COWHC yalkyl, CIOIN(C i palkyly, NHC(OY o palkyl, NHSO,Cp galkyl,
C{OYCF, 5OCF;3, SCNHC pjalkyl, SON{Cerpalkylyy, CIONHEOCH,, SOCHz, SO NH,,
C{OMNH,, -CN, OCaalkyl, (CH2 )3 OCH: (including «(CHy)sOCH3), SChaogalkyl, CFs, F, CL
and Cgalkyl;

R? is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl, N-
acetyl piperidinyl, |-H-piperidinyl, N-Boc-piperidinyl, N-Cyyalkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-{3-methoxypropyl-imidazolyl, thiadiazolvl, oxadiazolyl, or imidazolvl;
wherein said imidazolyl is optionally substituted with up to three additional substituents
independently selected from the group consisting of Coalkyl, SCHs, OC palkyl, CF;, -CN, F,
and CL and said pyridyl, pyridyl-N-oxide, pyrimidinyi, pyridazyl, and pyrazinyl, are optionally
substitated with up to three additional substituents independently selected from the group
consisting of SOCH;, SO NH,, C(O)NH,, -CN, OC;palkyl, (CH)o.nOCH, SCH:, CFs, F, Cl,
or Cypalkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with
up to two substituents independently selected from the group consisting of SCRCHz, SCaNHy,
C{OWNH,, -CN, OCq nalkyl, (CH2)o53CH3, SCHz, CF3, F, O, and Cpojalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with U »alkyl; and said pyrazolyl is
opticnally substituted with up to three CHj groups;

R’ is H, OH, OCHs, or NH;

R*is H ork,;

R’ is H, Cl, -CN, CFs, SCialkyl, OCqgalkyl, OH, Conalkyl, N(CHOCH:, NH(Cq.
salkyly N(Cgalkyl)s, or 4-hydroxy-piperidinyl;

R’ is pyridyl, pyrimidinyt, pyridazyl, pyrazinyl, thiazolyl, isothiazolyl, furanyl,
thiophenyl, oxazolyl, isoxazolvl, imidazolyl, pyrazolyl, pyerolvl, triazolvl, oxadiazclyl,
thiadiazolvl, or phenyl, any of which is optionally substituted with up to two substitucnts

independently selected from the group counsisting of piperidinyl, pyrrolidinyl, azctidinyl,

e}
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pyrazolyl, triazolyl, imidazolyl, -CN, Cqpalkyl (including CHa), OC aalkyl, C{OC o aalkyl,
COxH, COyChgaliyl, NH;, NHCalkyl, N{Crpalkyly,, SONH,, SON(CHs);, SONH;,
SCHNHCpatkyl, SCN(Cmalkyly,, SCHy, OCH,CFs, SC,CHz, CFs, CL F, OH, and OCF3;

R’ is H, CL -CN, Cyy walkyl, OC4alkylCFs, OCF;, OCHFE,, OCH,CH)OCyyalkyl, CFs,
SCH:, CpaalkyINA'A® (including CHINA'AY), CH,OCp5atkyINA'AT NATAY C{ONA'AY,
CHaNHC 5alkyINATA®, CHN(CHS ) o salkyINA A% NHC ) 5atkyINATA®, N(CHC 2.
g,y;,a,iky}N,Aﬁ‘Az, O{i(g,g,;,aiky}NAiAz, OCaalkyl, OCH (1 -methyl-imidazol-2-y1, phenyl,
thiophenyl, furyl, pyrazolyl, inidazolyl, pyrnidyl, pyridazyl, pyrazinyl, or pyrimidinyl; wherein
said phenyl, thiophenyl, furvi, pyrazolyl, imidazolyl, pyridyi, pyridazyl, pyrazinyl, and
pyrimidinyl are optionally substituted with ap to three sabstituents independently selected from
the group counsisting of F, Cl, CH;, CF;, and OCH;3;

Alis H, or Cpalkyl;

Alis H, Canalkyl, CraatkylOC palkyl, ChaalkylOH, C{OYC galkyl, or OC, galkyl;
or Al and A® may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

F
EEVE F \F
Foz - F
w0 w0 JLF w0 204
O , LN
o, a N\
PN L TN N ARV NRy BN NRy £ NeR,
'ng\,__> B p s NS o o
~\ 4N N-R,
— /
BN N-Ry 4N NeR, TN NRy T p—
% — DNt SN N-R,
CFy cand N\

R.is H, 0((; palkyl, CHLOH, NF(CH:), N(CHaje, NFD, CHa, F, CF3, SOCH;, or OF;
Rb 1is H N (/()2(\((\‘}53)3 C(;_@&Ekyi, C(())((J,&ﬂ(‘f} f}()z(,(;.,;)alkyl, (:Hzifizcgz, &Hg(sz,

CHy-cyclopropyl, phenyl, CHy-phenyl, or Cgeycloalkyt;
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RYis H, Caonalkyl (including CHs), OC nalkyl (including OCH;), CF;, NH,, NHCH;, -
N, or F;

R’is H, or F;
and pharmaceutically acceptable salts thereof;
provided that (4-chioro-3-phenylguinoHa-6-y D1 -methyl-14-imidazol-5-v }{pyridin-3-
yhmethanamine, (4-chlorophenyt2.4-dichloro-3-(2-chloraphenylquinolin-6-y1 {1 -wnethyl- 1 H-
unidarol-2-ylimethanol, (2, 4-dichloro-3-phenylquinolin-6-y}{oxazol-2-yD ) phenylimethanol, (4-
chlorophenyh(2 4-dichloro-3-phenyiquinohin-6-y D 2-methy-4-(trifluoromethyl)thiazol-5-
vhmethanol, {4-chloro-3~-phenyiquinolin-6-yh (1 -methyl-1 H-imidazol-5-y W pyridin-4-
yhmethanaming, (4-chlorophenyb¥3-(2,6~dichlorophenyliquinelin-6-y {1 -methyl-1 H-imidazol-
S-ylymethanol, (4-chloro-3-phenylquinolin-6-yH(2-{dimethylamino)pyridin-d-yHi -methyl- 1 H-
imidazol-2-vlimethanol, 4-(2-((4-chlore-6-({4-chlorophenyihydroxyi(t-methyl- L H-imidazol-5-
vhmethyh-3-phenyiquinolin-2-yloxy)ethyiithiomorpholine 1,1-dioxide, 1-{2-{{4-chloro-6-({4-
chlorophenvhhydroxy}{ 1 -methvi-1 A-imidazol-S-yhmethyl)-3-phenylquinolin-2-
vhoxviethvlpyrrolidin-2-one, (2-chloro-4-{dimethviamine}-3-phenylguinolin-6-v1){pyridin-2-
yHpyridin-4-yhmethavo!, (4-chloro-3-phenviquinolin-6-v1}(2-flucropyridin-4-v1}{1 ~-methyl- 1 /-
imidazol-2-ylimethanol, (4~chloro~2-(1 -methyl-1 H-pyrazol-4-y1}-3-phenviquinolin-¢-vi3{(4-
chlorophenyB(pyridin-3-vlymethanel, (2, 4-dichloro-3-phenylquinolin-6-yhdi{pyridin-2-
viymethanol, 6-((3-chlorophenyh(hydrox vi{(2-{trifluoromethylypyridin-4-yimethyl -3~
phenylguinoline-2-carbonitrile, (2, 4-dichloro-&-methyl-3-phenviquinolin-6-v1 it -methyi-1 H-
imidazoi-d-yh{G-methylpyridin-3-yhmethanol, {(4-methoxy-3-phenyl-2~
(trifluoromethyliquinolin-6-vh{-methyl-1 H-imidazol-S-yH{ pyridin-2-yymethanol, (4-
chlorophenyl}2 4-dichloro-3-{2-chlorophenylguinolin-6-y}( 1 -methyl- L H-imidazol-2-
yhmethanol, (2, 4-dichloro-3-phenvlguinelin-6-vi¥phenyt ¥ pyridin-2-ylmethanol, and the
second gluting enantiomer of {4-chloro-2-methoxy-3-phenviquinolin-&-vl}{ i -methyl-1 H-
imidazol-3-ylipyrimidin-2-yimethanol {when purified on a chiralcel OD column} are excluded

from the embodiment.

in another embodiment of the invention:
R’ is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,

pyrazinyl, pyrimidioyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,

10
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thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidiny, imidazolyl, phenyl, thiophenyl,
benzoxazolyl, pyrazolyl, pyridvl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, or
quinclinyl are optionally substituted with C(OYCipalkyl, C{OINH,, Ciysalkyl, CF5, CHyCF5, CL,
F, -CN. OCqpalkyl, N{Crgalkyl), ~(CH:0OCH:, SCagalkyl, OH, COH, CO,Cgalkyl,
OCFs, QCHF,, SO,CH;, SO;NH;, or OCH,OCH;; and optionally substituted with up to two
additional substituents independently selected from the group consisting of CL, Cgj_yalkyl
(including CHa), SCHz, OC; yjalkyl (including OCH3), CFs, -CN, and F; and wherein said
triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and thiazolyl are optionally substituted with up to two
substituents independently sclected from the group consisting of SO2CH3, SONH,, C{OYNH;, ~
CN, OCgalkyl, (CH2)o.00OCH;:, SCH:, CFy, F, CL and Cpalkyl (inclading CHi); and said
pyridyl, and pyridyl-N-oxide are optionally substituted with up to three additional substituents
mdependently selected frora the group cousisting of SO;CHs, SONH,, CLOMNH,, -CN, OC;:.
salkyl, (CH: 3 0OCH;: (ncluding «(CHBOCHs), SChagalkyl, CFs, F, CL and Craalkyl;

R is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, 1-methy] pyrazolyl, pyrimidiny,
oxazolyl, isoxazolyl, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, ¥-Cppalkyl-
piperidiny! (including N-Cypalkyl-piperidinyl), thiazolyl, pyridazyl, pyrazioyl, 1-(3-
methoxypropyl)-imidazolyl, or 1-Cyajalkyl imidazolyl; wherein said 1-Cqpalkyl imidazolyl is
optionally substituted with up to two additional substituents independently selected from the
group consisting of Cppalkyl (including CHz), SCH3, OCpaliyl, CF2, -CN, F, and CI; and said
pyeidyl, and pyridyl-N-oxide are optionally substitated with up to three additional substituents
independently selected from the group consisting of SOCHz, SG:NH,, C{OWH,, -CN, OCq.
nalkyl (including OCH;), (CHj)p.2OCH:, SCHa, CFs, F, CL and Cypalkyl (ineluding CH3); and
said thiazolyl, oxazolyl and isoxazolyl arc optionally substituted with up to two substitucnts
independently sclected from the group consisting of SO, CHz, SO NH,, CIONH;, -CN, OC.
nalkyl, (CH2jsyOCHs, SCHs, CF s, F, C, and Croalkyl (including CHzi), and said 1-methyl
pyrazolyl is optionally substituted with up to two additional CHjy groups;

&' is H, OH, OCHs, or NH;

R*is H, or F;

R’ is H, CL -CN, CFs, SCaalkyl, OCualivl, OH, Cgalkyt, NCHYOCH:, NH(C,.
palkyl) N(Cy_palkyl),, or 4-hydroxy-piperidinyl;
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R® is pyridyl, pyrimidinyl, pyridazyl, pyrazinyl, or phenyl, any of which is optionally
substituted with —CN, CH;, OCyatkyl (including OCHs}, N{Cpalkyly, (including N(CH; )},
SONH,, SON{CHs},, OCH,CF;, SO,CH;, CFs, C1L F, or OCFy;

R’ is H, CL, -CN, Cagalkyl, OC galkylCFy, OCH,CH,OCq galkyl, CF;, SCHa,
CHoNA'A®, CH,OC o palkyINATAY, NATA®, CHOINATA®, N(CH:)CppulkyINA'A®, OC
4>a}kyiNAi’A2, OCgpalkyl, OCH,-(E-methyD-imidazol-2-v1, furyl, pyrazelyl, imidazolyl, pyridyl,
pyridazyl, pyrazinyl, or pyrimidinyl; wherem said imidazolyl or pyrazolyl is optionally
substituted with one CHa group;

Alis H, or Cuupalkyl;

Alis H, Caaallyl, CogalkylOCapalkyvl, CoaalkylOH, CEOYCgalkyl, or OCq . galkyl;
or A’ and A? may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

. w}? LGN B LB
AN B . & ~-Ni>< ST
gmx;?;@, S S N, Fooo0 N

My TR B e i N
%N\:}'Ra’ §N\_W/O ) {\ . \‘“1\ ,and %N R

R, is H, OCgalkkyl, CH,OH, NH{CH:), N(CH;3),, NH,, CHs, F, or OH;

Ry is H, COC(CHa)s, Copalkyl, C{O)Caalkyl {including C(OYCHz), SOChgaliyl,
CH,CH,CF,, CHCF, CHy-cyclopropyl, phenyl, CHy-phenyl, or Cageycloalkyl;

R"is H, CHs, OCH3, or F;

R7isH, or F;
and pharmaceutically acceptable salts thercof
provided that (4-chloro-3-phenylquinolin-6-vh{1-methvi- 1 H-irotdazol-5-y pyridin-3-
vinoethanamine, (d-chlorophenyhi(2 4-dichloro-3-(2-chlorophenyliquinolin-6-yl{(1-methyl-1 H-
imidazol-2-vhimethanol, (2.4-dichloro-3-phenylgquinolin-6~yl{oxarol-2-v{phenyhmethanol, (4-
chlorophenyly 2 4-dichloro-3-phenviquinobin-&-yD{2-methyl-4-(riflucromethylithiazol-5-
yhmethanol, (4-chigro-3-phenyiquinolin-6-y}{-methyl-1 H-imidazob-3-vD{(pyridin-4-
yvhmethanamine, {(4-chlorophenyi X3-(2,6-dichlorophenyDquinolin-6-y {1 -methyl- L H-imidazol-

S-yhimethanol, (4-chlore-3-phenviquinolin-6-y(2-{dimethylamino)pyridin-4-v1 i I -methvi- 1 H-

12
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imidazol-2-yiimethanol, 4-(2-{{4-chloro-6-({4-chlorophenyli(hydroxyi{1-methyl-1 H-imidazol-5-
yhmethyli-3-phenylguinolin-2-yhoxyjethylithiomorpholine 1,1-dioxide, 1-{2-((4-chloro-6-{(4-
chlorophenyB(hvdroxy ¥ I-methyl- | H-imidazol-5-yhimethyl}-3-phenylquinolin-2-
vhoxyethyhpyrrolidin-2-one, (2-chloro-4-{dimethylaming)-3-phenylguinolin-6-yl ¥pyridin-2-
yh{pyridin-d-yhmethanol, (4-chloro-3-phenviguinolin-6- vy 2-fluoropyridin-d-v{ L -methyl- 1 &~
imidazol-2-yhimethanol, (4-chloro-2-{1-methyl-1 H-pyrazol-4-y1}-3-phenylquinolin-6-yH{4-
chlorophenyB{pyridin-3-vlimethanotl, (2.4-dichlore-3-phenylgquinolin-6-yiidi{pyridin-2-
yhmethanol, 6-((3~chlorophenylthydeoxy)(2-{trilluoromethylpyridin-4-yDmethyl)-3-
phenyiguinoline-2-carbonitrile, (2,4~dichloro-8-methyl-3-phenyiquinolin-6-viy 1 -methyl-1 #-
mnidazol-4-yy{6-methylpyridin-3-yhmethanol, {4-methoxy-3-phenyl-2-
{triftuoromethyquinolin-6-yh{ 1 -methyl- 1 H-imidazol-5-yipyridin-2-yhimethanol, {4~
chiorophenyl}(2,4-dichloro-3-(2-chlorophenyljguinolin-6-yl}{ 1 -methyl- 1 H-imidazol-2-
viethanol, (2,4-dichloro-3-phenylguinolin-6-ytphenviy{pyridin-2-ymethanol, and the
second ehuting enantiomer of {4-chloro-2-methoxy-3-phenviguinolin-6-y1){ i-methyl-1 H-
imidazol-3-yUpyrimidin-2-yvhuethanol (when purified on a chiralcel OD cohumn) are excluded

from the claim.

fu another ermbodiment of the invention:

R’ is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thinzolvl, pyridyl, pyridyvl N-oxide,
pyrazinyl, pyrimidinyt, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
C{OYCppalkyl {inchading C{O)CH;), C{OINH:, Crgalkyl (inchuding CH3, and CH,CHa), CF;,
CHLCF:, CL F, -ON, OCaalkyl (including OCHs), N(Cgalkyl), (including N{CHa)), -
{CH»):0CH:, SCalkyt (including SCH:), OH, COH. COC4alkyl {including COT(CH: )3,
OCF;, OCHF,, SC,CH:, SO:NH,, or OCHOCH; and optionally substitited with up to two
additional substimaents independently selected from the group consisting of Cl, OCHs, and CHa;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl are optionally substituted with one
or two CHjs groups;

R’ is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazolyl, pyrimidinyl,

pyrazinyl, oxazolyl, isoxazolyl, N-acetyl piperidinyl, I-H-piperidinyl, N-Boe-piperidinyl, N-C .

13
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nalkyl-piperidinyl, thiazolyl, pyridazyl, {-(3-methoxypropyl}-imidazolyl, or 1-Cjalkyl
imidazolvl; wherein said 1-Cyy_palkyvl imidazolyl is optionally substituted with up to two
additional CHs groups, or one substituent sclected from the group consisting of 8CH;, and C§;
and said pyridyl, and pyridyl-V-oxide arc optionally substituted with up to two subsitutents
independently selected from the group consisting of SO,CH;, SO;NH,, C{OWNH;, -ON, OCH,,
CFi, Cl, and CH;; and said thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up
to two CHs groups; and said F-methyl pyrazolyvl is optionally substituted with up to two
additional CH; groups;

R’ is H, OH, OCHs, or NHy;

RYISH, or F;

R is H, CL -CN, CFs, 8Cqealkyl (ncluding SCHa), OC galkyl (ocluding OCyalkyl),
OH, Cii.aalkyl, N(CHOCH:, NH(C.salkyl) (including NH(C,palkyly), M(Ciisalkyly
(including N{Cqmalkyl)), or 4-hydroxy-piperidinyl;

R® is pyridy! or phenyl, either of which is optionally substituted with ~CN, CHa, OCHs,
N(CH;}z, SONH,, SCCH;, CF;, CL F, or OCF5;

R is H, CL ~CN, Cyaalkyl, OCq alkvICF: (including OCH,CFq), OCHCHAOC .
salkyl {including OCH,CH,OCH:), CF3, SCHa, NA'AY, C(OWA'A” (including CIOINHCH:),
N{CH)CpalkyiNAA® (including N(CH:)CHLCHNA' A%, OCaalkyiNA'A? (including
OCHCHNAAT, OCa4alkyl (including OC.5aliyl), OCH-(T-methyl}-imidazol-2-yi,
imidazolyl, furyl, pyrazolyl, pyridyl, or pyrimidinyt;, wherein said imidazoiyl or pyrazolyl is
optionally substituted with one CH; group;

Alis H, or Cppalkyl;

Alis H, Copalkyl, CipalkylOCpalkyl, ChaalkylOR, C(OY 1 aalkyl (including
COYCalkyh), or OC i galkyl (including OCH:); or A’ and A” may be taken together with their

attached nitrogen to form a ring selected from the group consisting of:

%N;j LG P B0

oo E. O
i ) [ )
4N 0 SN N-R,

M/ and T NS ;
Rq1s H, F, OCq.galkyl (inclading OCHz), or OH;
Ry 18 Cyppalkyl (including CHy), C(OYCH3, or phenyl;

14
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R is H, CHs, OCH;, ot F;

R is H orF;
and pharmaccutically acceptable salts thereof]
provided that (d-chioro-3-phenylquinolin-6-yi{ 1 -methyl- 17 -imidazol-5-v{pyridin-3-
yvhmethanamine, (4-chlorophenyh(2 4-dichloro-3-(2-chlorophenylyquinolin-6-yi(1 -methyl-1 5-
imidazol-2-vhimethanol, (2.4-dichloro-3-phenylquinolin-6~-vli{oxazol-2-v){phenyhmethanol, (4~
chloro-3-phenylquinclin-6-yH{ [ -methyi- | H-imidazol-5-yi}pyridin-4-yDmethanamine, (4-
chlorophenyh(3-(2 6-dichlorophenyhiquinolin-6-yh{ I -methyi- Lif-imidazol-5-vimethanol, (4-
chioro-3-phenylquinelin-6-yD2-(dimethylaramno ypyridin-4-v { L -methyl- L H-imdazol-2-
yhmethanol, 4-(2-({4~chioro-6-({4-chlorophenyl}hydroxy){ I-methyi-1 H-imidazol-5-ylimethyl)-
3-phenylquinolin-2-yHoxyjethylythiomorpholine 1,1-dioxide, 1-2-({4-chloro-6-({(4-
chiorophenyhthydroxy ) I -methyl-1 H-imidazol-S-yhmethyl}-3-phenylqoinolin-2-
vhoxyviethyDpyrrolidin-2-one, {2-chloro-4-{dimethvlamine}-3-phenyiguinolin-6-v}{pyridin-2-
yHh(pyridin-4-viymethanol, (4-chloro-3-phenviquinolin-6-vH{Z-flucropyridin-4-y1){1 -methyl- 1 4~
imidazol-Z-ylimethanol, (4-chloro-2-(1-methyl-1 H-pyrazol-4-y1}-3-phenviquinolin-6-yi (4~
chlorophenyhi(pyridin-3-yhimethanel, (2, 4-dichloro-3-phenylquinolin-6-yhdi{pyridin-2-
vimmethanol, 6-((3-chlorophenyhthydroxy{2-{frifluoromethylypyridin-4-yhimethyl}-3-
phenylguinoline-2-carbonitrile, (2 4-dichloro-&-methyl-3-phenvigquinolin-6-v1{1 -methyi-1 H-
imidazol-4-y1 K 6~-methylpyridin-3-ylimethavol, (4-methoxy-3-phenyl-2-
(triffuoromethyhquinolin-G~-yI{ -methyl- H-imidazol-S-y i pyridin-2-yimethanol, (4-
chloropheny)2,4-dichloro-3-{2-chlorophenyhaguinolin-6-y1}{ L -methyl- | F-imidarol-2-
yhmethanol, (2 4-dichloro-3-phenvlguinelin-6-vi¥phenyi Y pyridin-2-ylimethanol, and the
sccond cluting cnantiomer of {4-chlore-2-methoxy-3-phenviquinolin-6-vl{1-methyl-1 4~
imidazol-5-vlipyrimidin-Z-yimethano! {(when purified on a chiralcel OD column} are excluded

from the claim.

In another embodiment of the invention:

R’ is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidiny, tetrahyvdropyranyl, phenvl, oxazolyl, isoxazolvl,
thiophenyl, benzoxazolvl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,

imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with

(41
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SO,CH;, C{O)CH;, C{OINH,, CH;, CHCH;, CFs, CL F, -CN, GCH;, N(CHs),, -(CH;1:0CH,,
SCHs, OH, COxH, CGC{CH3), or OCHOCH;; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCHas, and CHy;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl arc optionally substituted with one
or two CHs groups;

R? is 1-methyl-1,2,3-triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazol-4-vi,
pyrimidin-5-vl, pyridazyl, pyrazin-2-vl, isoxazolyl, M-acetvl piperidinyl, 1-F-piperidinyl, N-Boc-
piperidinyt, N-Cialkyl-piperidinyl, thiazol-5-vL, 1-(G-methoxypropyli-imidazol-3-yi, or 1-Cpp.
nalkyl imidazol-53-yi (including {~-cthyl imidazol-5-yl and 1-mcthyl imidazol-5-v1}; wheremn said
1-Cppatkyl imidazol-5-y1 (including I-methyl irotdazol-5-yl ) 15 optionally substituted with up
io two additional CH; groups, or one substituent selected from the group consisting of SCHs, and
Cl; and said pyridyl, and pyridyl-NV-oxide are optionally substituted with up to two subsitutents
independently selecied from the group consisting of C{OYNH;, -CN, OCH;, CF;, Cl, and CHs;
and said thiazol-S-vl, and said isoxazolyl are optionally substituted with up to two CHa groups;
and satd T-methyl pyrazol-4d-yl is optionally substituted with up to two additional CHs groups;

R’ is H, OH, OCHs, or NH;;

RYisH, or F;

R’ is H, CI, -CN, CF3, SCH;, OCaaalkyl, OH, Chgalkyl, N(CH3)OCH, NH(Cpjalkyly,
N(Ci.palkyl)y, or d-bydroxy-piperidinyl;

R® is pyridyl or phenyl, either of which is optionally substitated with CI, F, CFs, SO,CHa,
-UN, or OCF;;

R is H, Cl, -CUN, Cyaalioyl (including Cposjalkyl), OCHCF;, OCHCH,OCH:, CFa,
SCHa, NA'A®, CEOINHCH:, N(CH3)CH,CHNAA®, OCH,CHONATAY, OCspalkyl, OCH-(1-
methyl}-imidazol-2-vl, imidazol-2-y1, fur-2-vl, pyrazol-4-vl, pyrid-3-vl, or pyrimidin-5-vi;
wherein said imidazolyl or pyrazolyl is optionally substituted with one CHy group;

Alis H, or Capalkyl;

Al s H, Caaatkyl, CoanalkylOCpalkyl, CoanalkylOH, CLOY 1 nalkyl, or OCH;; or A
and A® may be taken together with their attached nitrogen to form a ring selected from the group

consisting of:



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

B N
>/” }rNH | mﬁ{g—m:‘]’-é“N (;,>AR3;§UN<><F” g‘éwﬁ%&

=N
o . o NS F S
4 N\ £ X
N0 N N-R,
- and Nt ;

R, is H, F, OCHs, or O

Ry i3 CHs, or phenyl;

R® is H, CHs, OCH3, or F;

R7is H,or F;
and pharmaceutically acceptable salts thereof]
provided that (4-chioro-3-phenylquinolin-6-vi{1-methyl- 1 H-imidazol-S-yli{pyridin-3-
vhmethanamine, {4-chlorophenyiy( 2 4-dichloro-3-(2-chlorophenyliquinolin-6-yij(1-methyl-1 4-
imidazol-Z-ylmethanol, (4-chloro-3-phenyiguinclin-6-yl}{1-methyl- 1 H-imidazol-5-yl}{pyridin-
d-ylymethanamine, {(4-chlorophenyi}3-(2,6-dichlorophenyhquinolin-6-v}{1 -methyl- 1 H-
imidazol-53-vlimethanol, (4-chioro-3-phenviquinolin-6-yD{2-{dimethylamine ypyridin-d-yi3(1 -
methyl-1 H-imidazol-2-ymethanol, 4-2-{{4-chloro-6-{{4-chlorophenyi(hvdroxy){1-methyl- 15~
imidazol-5-yhmethyl)-3-phenylguinohin-2-yhoxyethyhthiomorpholine 1, 1-dioxide, 1-{2-{{4-
chloro-6-{{4-chlorophenyl} hydroxy 1 -methyl-1 H-imidazol-5-yhmethyh-3-phenyiquinolin-2-
yhoxyethyhpyrrolidin-2-one, (2-chloro-4-{dimethylamine)-3-phenylguinolin-6-yl{pyridin-2-
vh{pyridin-d-ylimethanol, {4-chloro-3-phenylguinelin-6-y{2-fluoropyridin-4-yD(} -methyl- 1 74~
imidazol-2-vlymethanol, (4-chloro-2-{1-methyl-1 H-pyrazol-4-y)-3-phenyiquinclin-6-yhi(4-
chlorophenyb{pyridin-3-vhmethanol, (2,4-dichlore-3-phenylguinolin-6-viydi{pyridin-2-
yhmethanol, 6-((3-chlorophenvh{(hvdroxv){(2-{triffuoromethyhipyridin-4-ymethyl-3-
phenylguinoline-2-carbonitrile, {2 ,4-dichloro-&-methyl-3-phenyigquinolin-6-y1 {1 -methyl-1 B-
imidazol-4-y1}{6-methylpyridin-3-yUmethanol, {4d-methoxy-3-phenyl-2-
{triftuoromethylquinolin-6-y{ L -methyl- | H-imidazol-5-yhi{pyridin-2-yhmethanol, (4-
chloropheny)(2 4-dichloro-3-( 2-chlorophenyiigquinolin-6-vlj{1~-methyl- L H-imidazol-2-
vinoethanol, (2,4-dichloro-3-phenylguinolin-6-yvi{phenyvhy{pyridin-2-yUDimethanol, and the
second eluting enantiomer of (d-chloro-2-methoxy-3-phenviqumolin-6-yD{ -methyl- 1 H-
imdazol-5-yhipyrimidin-2-ylmethanol {when purified on a chivaleel OD column) are excluded

from the embodument.
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In another emboditnent of the invention:

R is pyrrobyl, triazolyl, imidazolyl, thiazolyl, pyridyl, pyridyl N-oxide, pyrazinyl,
pyrimidinyl, pyridazyl, piperidinyl, phenyl, isoxazolyl, thiophenyl, benzoxazolyl, pyrazolyl or
quinolinyl; wherein said piperidinyl, pyridyl, imidazolyl, phenyl, thiophenyl, benzoxazolyvl, and
pyrazolyl are optionally substituted with C{OYCH;, C(O)NH;, CH,, CH,CH,, CF,, CL F, -CN,
OCH;z, N{CH3),, (CH, 1L 0OCH;, SCH;, OH, CO.H, CO,C(CH: 3, or OCH,OCH;; and optionally
substituted with up to two additional CH; groups, or one additional chioro group; and whergin
said triazolyl, 1soxazolyl, and thiazolyl are optionally substituted with one or two CHz groups;

R is L-methyl-1.2,3-triazolyl, pyridyl, pyridyl-A-oxide, T-methyl pyrazoi-d-yi,
pyrimidin-3-yl, pyndazyl, pyrazin-2-vl, isoxazol-4-vi, isoxazol-5-vi, N-acetvl piperidin-3-vl, M-
acetyl piperidin-4-yl, 1-H-piperidin-3-yl, 1-FH-piperidin-4-yl, N-Boc-piperidin-3-yl, N-Boe-
piperidin-d-yl, N-Cinalkyl-piperidin-3-yl, N-Cyalkyl-pipendin-4-yl, thiazol-5-y1, 1-(3-
methoxypropyh)-umidazol-5-yl, or 1-Caonalkyl imidazol-5-y1; wherein said 1-Cgpabioyl
imidazol-5-vl is optionally substituted with up to two additional CH; groups, or one substituent
selected from the group consisting of SCH;, and CL and said pyridyl is optionally substituted
with up to two subsitutents selected from the group consisting of C{OINH,, -CN, OCH;, CF;, Cl,
and CH;; and said thiazob-5-yl, isoxazoi-4-yl, and isoxazol-5-y1 are optionally substituted with
up o two CHa groups; and said f-methyl pyrazol-4-yl is optionally substituted with up to two
additional CHs groups;

R is H, OH, OCH;, or NH;;

RYSH,F;

R’ is H, Cl, -CN, CFs, SCH;, OCqaalkyl, CH. Cpalkyl, N(CH3YOCH;, NH(Cyppalicyl)
{including NH{CH;:}} N{Cy palkyly, or 4-hydroxy-piperidinyi;

R® is phenyl, or pyridyl, wherein said phenyl is optionally substituted with CL F, CFs,
SO, CHa, or OCFy;

R is H, CL -ON, Cyryalkyl, OCH,CFs, OCHCH,OCH;, CFs, SCHy, NA'A®,
N{CH;CH, CHyN(CHs ), OCH,CHINH,, OCH,CH;-N-aziridinyl, GCH,CH,NHC{OYCH;,0C ;.
yalkyvl, OCH,-(1-methyl}-imidazol-2-vl, pyrid-3-vi, or pyrimidin-5-vi;

Alis H, or Cyualkyl;
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A%is H, Ciupalkyl, CogalkylOC uatkyl, CupalkylOH, CIOYCpatkyl, or OCHz; or A/
and A’ may be taken together with their attached nitrogen to form a ring selected from the group

consisting of’

R, is H, OCH;, or OH:

Ry, is CHj, or phenyl;

R is H, CH;, or F;

R s H, F;
and pharmaccutically acceptable salts thereof]
provided that (d-chioro-3-phenviquinelin-6-vi}{ 1 -methyvl-15-1midazol-5-yv{pyridin-3-
vhmethanamine, {4-chlorophenyi)}{2 4-dichloro-3-(2-chlorophenyljquinolin-6-yi{i -methyl-1 4-
imidazol-2-vDimethanol, {4-chloro-3-phenyviguinolin-6-yD{1-methyl- 1 -imidazol-5-yiipyvridin-
4-vhymethanamine, {4-chlorophenyli(3-{2,6-dichlorophenylquinolin-6-vH{ L -methyl- 14~
imidazol-5-yhimethancl, (4-chloro-3-phenyiguinclin-6-yH(2-{dimethylamino ypyridin-4-yi¥ 1-
methyl-1 H-inudazol-2-yhmethaool, (2-chioro-4-{dimethylamine)-3-phenyiquinolin-6-
yHpyridin-2-yh{pyridin-4-yimethanol, (4-chloro-3-phenylguinolin-6-yD(2-fluoropyridin-4-
yhi{1-methyl- 1 H-imidazol-2-yDmethanol, (2,4-dichioro-3-phenyiquinolin-6-vl)di{pyridin-2-
yhmethanol, 6-({3~-chlorophenyh{hydeoxy) 2-(trifluoromethyvlpyridin-4-yhmethyl}-3-
phenylguinoline-2-carbonitrile, (2,4-dichloro-8-methyl-3-phenyiquinolin-6-yH{ | -methyl-1 H-
imidazol-4-v1}{6-methylpyridin-3-yUmethanol, (4-methoxy-3-phenyi-2-
{irifluoromethylquinolin-6-y¥( | -methyl- | H-imidazol-5~-yhi{pyridin-2-yhimethanol, (4-
chlorophenyl)(2 4-dichloro-3-( 2-chlorophenyiiquinolin-6-vlj{1~-methyl- L H-imidazol-2-
viymethanol, (2,4-dichloro-3-phenylquinolin-6-yh{phenvly{(pyridin-2-ymethanol, and the
second cluting enantiomer of (d-chlore-2-methoxy-3-phenviguinolin-6-yD{1-methyl-1 H-
imidazoi-S-yhpyrimidin-2-ylmethano!l {(when purified on a chiralcel OD column) are excluded

frorn the embodiment.

in another embodiment of the invention:
R’ s pyrrolvl, triazolyl, imidazolyl, thiazolyvl, pyridyl, pyrazinyl, pyrimidinyl, pyridazyl,

piperidiny!l, phenvl, isoxazolyl, thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl,

19
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pyridyvl, phenyl, thiophenyl, and benzoxazolyl, are optionally substituted with C{(O)CH;, CH;,
CFi, CL F, GCH;, N{CHa),, OH, or OCH,OCH;; and optionally substituted with CH;; and
whercin said triazolyl, imidazolyl, isoxazolyl, and thiazolyl arc optionally substituted with one or
two CH; groups;

R? is t-methyl-1.2,3-triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazol-4-yl,
pyrimidin-3-yl, pyridazyl, pyrazin-2-yl, isoxazol-4-yl, isoxazol-5-y1, N-acetyl piperidin-3-vl, N-
acetyl piperidin-4-yl, 1-F-piperidin-3-yl, 1-F-piperidin-4-y1, N-Boc-piperidin-3-vi, N-Boe-
piperidin-d-yi, N-Ci i nalkyl-piperidin-3-yl, N-Cpoalkyl-pipenidin-4-vl, thiazol-5-y1, 1-(3-
methoxypropyl)-imidazol-5-yi, or 1-Caonalkyl imidazol-5-y1; wherein said 1-Cyypatkyl
midazol-5-v1 15 optionally substituted with up fo two additional CHs groups, or one subshiuent
selected from the group consisting of SCH;, and Cl; and said pyridyl is optionally substituted
with up to two subsitutents selected from the group counsisting of C(OINH,, -CN, OCH;, CFs, Cl,
and CH;s; and said thiazol-3-yl, isoxazol-4-vl, and isoxazol-5-y1 are optionally substituted with
up to two CHa groups; and said t-methyl pyrazol-4-vl is optionally substitnted with up to two
additional CH» groups;

R’ is H, OH, OCHs, or NH;;

RYis H, or F

R s H, CL ~CN, CFs, OCqaalkyl, OH, Copalioyl, NH{CHz), N{C.palkyl), or 4-
hydroxy-piperidinyi;

R® is phenyl, or pyridyl, wherein said phenyl is optionally substituted with CL F, or OCFs;

R is H, 1, -CN, Cizalkyl, OFz, NATAY N(CHOCH,CHIN(CH:),, OCq nalkyl, pyrid-3-
vi, or pyrimidin-5-vl;

Alis Ciopalicyl;

Alis Cawalkyl, or CH,CH.OCH; or Aland A® may be taken together with their

attached nitrogen to form a ring selected from the group consisting of:

Id Y 14 Ay 4 14 \
SIS N R, BN D AN N-Ry
T N . d and p— ;

Ry is OCH;, or CH:
Ry is CHs, or phenyl;
2% is H, CHa, or F3
R is H. or F;



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

and pharmaceutically acceptable salts thereof;

provided that (4-chloro-3-phenylquinolin-6-yH{ t-mcthyl- 1 H-irnidazol-5-y {pyridin-3-
yvhmethanamine, {4-chlorophenyi){2 4-dichloro-3-(2-chlorophenylyquinolin-6-v1{(i -methyl-1 4-
imidazol-2-yhimethanol, (4-chloro-3-phenylquinolin-6-yhy{1-methyl- 1 H-imidazol-5-yI¥pyridin-
4-ylymethanamine, {(4-chlorophenyli{3~(2,6-dichlorophenyliquinolin-6-yi}{ l-methyl- 1 H-
imidazol-5-yhimethanol, (4-chloro-3-phenyiquinolin-6-y2-(dimethylamino pyridin-4~-y 1)1~
methyl-1 A-imidazol-2-yDmethanol, (2-chioro-4-{dimethylamine)-3-phenviquinolin-6-
yHpyridin-2-yh{pyridin-4-ylimethanol, (4-chloro-3-phenylguinolin-6-yD(2-fluoropyridin-4-
vh{-methyl-1 H-imidazol-2-yhmethanol, (2,4-dichloro-3-phenylquinolin-6-yhdi(pyridin-2-
yhmethanol, 6-((3~chlorophenyl{hydroxy)( 2 -(trilluoromethyhpyridin-4-yDmethy)-3-
phenylguinoline-2-carbonitrile, (2,4-dichloro-8-methyl-3-phenyiquinelin-6-yH{ | -methyl-1 H-
imidazol-4-y1){6-methvlpyridin-3-ylmethanol, {4-methoxy-3-phenyl-2-
{triftuoromethylquinolin-6-yhy{( I -methyl- | H-imidazol-5-yI{pyridin-2-yDimethanol, {4~
chlorophenvl¥(2 4-dichloro-3-(2-chlorophenyliquinolin-6-vI}{ T-methyl- t H-imidazol-2-
vimethanol, (2 4-dichloro-3-phenylquinolin-6-vi¥ phenvi){(pyridin-2-yimethanol, and the
second eluting enantiomer of (4-chloro-2-methoxy-3-phenylquinolin-6-yh{ 1 -methyl-1 H-
imidazol-5-yhpyrimidin-2-vimethanol {when purified on a chivalcel OD column) are excluded

from the embodiment.

Another embodiment of the invention is a compound selected from the group consisting of:

~Ny
—— D
N

save
=N "’\\{;)\\N/ Ci
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and pharmaceutically acceptable salts thereof,

Another embodiment of the invention comprises a compound of Formulaland a

pharmaccutically acceptable carrier.

The present invention also provides a method for treating or ameliorating an RORyt mediated
inflammatory syndrome, disorder or discase comprising administering to a subject in need
thereof an offective amount of a compound of Formula § or a form, composition or medicament

thereof.

The present invention provides a method of preventing, treating or ameliorating a syndrome,
disorder or discase, wherein said syndrome, disorder or disease is sclected from the group
consisting oft ophthalmic disorders, uveitis, atherosclerosis, rheumatoid arthritis, psoriasis,
psoriatic arthritis, atopic dermatitis, multiple sclerosis, Urohn's Priscase, uicerative colitis,
ankylosing spondylitis, nephritis, organ allograft rejection, fibvoid lung, systic fibrosis, renal
insufficiency, diabetes and diabetic complications, diabetic nephropathy, diabetic retinopathy,
diabetic retinitis, diabetic microangiopathy, tuberculosis, chronic obstructive pulmonary disease,
sarcoidosis, invasive staphylococcia, inflammation after cataract surgery, allergic thinitis,
allergic conjunctivitis, chronic urticaria, systemic lnpus erythematosus, asthma, aliergic asthma,
steroid resistant asthma, neutrophilic asthma, periodontal diseases, periodonitis, gingivitis, gum
discase, diastolic cardiomyopathics, cardiac infarction, myocarditis, chronic heart failure,
angiostenosis, restenosis, reperfusion disorders, glomerulonephritis, solid tumors and cancers,
chronic lymphocytic lcukemia, chronic myclocytic loukemia, multiple mycloma, malignant
mveloma, Hodgkin's disease, and carcinomas of the bladder, breast, cervix, colon, lung, prostate,
ot stomach comprising administering to a subject in neod thereof an effective amount of a

compound of Formula I or a form, composition or medicament thereof.

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is selected from the group consisting off
theumatoid arthrifis, psoriasis, chronic obstructive puhuonary disorder, psoriatic arthritis,

ankylosing spondylitis, Crohn’s disease, and ulcerative colitis.
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The present invention provides a mcethod of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or disease is selected from the group consisting of!
rheumatoid arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,
ankylosing spondylitis, Crohn’s discase, and ulcerative colitis comprising administering to a
sabject in need thereof an effective amount of a compound of Formula T or a form, composition

of medicament thereof.

The present invention provides a method of treating or amchiorating a syndrome, disorder or
disecase, wherein said syndrome, disorder or discase is sclected from the group consisting of:
rheumatoid arthrifis, psonasis, chromic obstructive pulmonary disorder, psoriatic arthritis,
ankylosing spondyhitis, Crohn’s disease, neutrophilic asthma, steroid resistant asthma, multiple
scierosis, sysiemic lupus ervihematosus, and uicerative colitis comprising administering to a
subject in need thereof an effective amount of a compound of Formula I or a form, composition

or roedicament thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
diggase, wherein said syndrome, disorder or disease is selected from the group congisting of:
rheumatoid arthritis, and psoriasis comprising adminisiering to a subject in need thereof an

effective amount of a compound of Formulda § or a form, composition or medicament thereof.

The present invention provides a method of treating or amcliorating a syndrome, disorder or
discase, in a subject in necd thereof comprising administering to the subject an cffective amount
ot the compound of Formula | or composition or medicament thereof in a combination therapy
with ong or more anti-inflammatory agents, or Immmmosuppressive agents, wherein said
syndrome, disorder or discase is selected from the group consisting of: rheumatoid arthritis, and

psoriasis.

The present invention provides a method of treating or ameliorating a syndrome, disorder or

disease, wherein said syndrome, disorder or discasc 18 rheumatoid arthritis, comprising
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administering to a subject in need thereof an effoctive amount of a compound of Formula Y or a

form, composition or medicament thereof

The present invention provides a method of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or discase is psoriasis corprising adminigiering to a
subiect in need thereof an effective amouwnt of a compound of Formula T or a form, composition

of medicament thereof.

The present invention provides a method of treating or amchiorating a syndrome, disorder or
discase, wherein said syndrome, disorder or discase is chronic obstructive pulmonary disorder
comprising adminisiering to a subject in need thereof an effective amount of a compound of

Formula ¥ or a form, composition or medicament thereof,

The present invention provides a method of treating or amelorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is psoriatic arthritis comprising
administering to a subject in need thereof an effective amount of a compound of Formula L or a

form, composition or medicarnent thergofl

The present mnvention provides a method of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or disease is ankylosing spondylitic comprising
administering to a subject in need thereof an effective amount of a compound of Formula ¥ or a

form, composition or medicament thercof.

The present invention provides a method of treating or amchiorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is Urohn’s disgase comprising administering
to a subject in nced thercotf an effective amount of a compound of Formula § or a form,

compaosition or medicament thereof

The present invention provides a method of treating or ameliorating a syndrome, disorder or

disease, wherein said syndrome, disorder or discase is ulcerative colitis comprising administering
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to a subject in need thercof an effective amount of a compound of Formula § or g form,

composition or medicament thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or discase 18 ncutrophilic asthma comprising
administering to a subject in need thereof an effective amount of a corapound of Formula T or a

form, compesition or medicament thereof.

The present invention provides a method of treating or amcliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or discase is sieroid resistant agthma comprising
administering to a subject in need thereof an effective amount of a compound of Formula fora

form, composition or medicament thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or disease s muitiple sclerosis  comprising
administering to a subject in need thereof an effective amount of a compound of Formula L or a

form, composition or medicament thergofl

The present invention provides a method of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or disease is systemic lupus ervthematosus comprising
administering to a subject in need thereof an effective amount of a compound of Formula T or a

form, composition or medicament thereof.

The invention also relates to methods of modulating RORyt activity in a mammal by

administration of an effective amount of at least one compound of Formula §.

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said svndrome, disorder or discase is sclected from the group consisting off
inflammatory bowel discases, rhewnatoid arthritis, psoriasis, chronic obstructive pubmonary
disorder, psoriatic arthritis, ankviosing spondylitis, neutrophilic asthma, steroid resistant asthma,

mtltiple sclerosis, and systemic lupus ervihematosus comprising administering to a subject in
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need thereof an effective amount of a compound of Formwla ¥ or a form, composition or

£
1.

medicament thereo

The present invention provides a method of treating or amcliorating an inflammatory bowel
to a subject in need thercof an effective amounnt of a compound of Fornuda T or a form,

composition or medicament thereof,

The present mvention provides a method of freating or amchorating an inflammatory bowel
discascs, wherein said inflamnmatory bowel discase is ulcerative colitis comprising adminisicring
io a subject in need thereof an effective amount of a compound of Formula 1 or a form,

composttion or medicament thereof,

BEFINITIONS

The term "admyinistering” with respect to the methods of the invention, means a method for
therapentically or prophylactically preventing, treating or ameliorating a syndrome, disorder or
disease as described herein by using a compound of Formula 1 or a form, composition or
medicament thereof  Such methods include administering an effective amount of said
compound, compound form, composition or medicament at different times during the course of a
therapy or concwrrently in a combination form. The methods of the invention are fo be

uanderstood as embracing all known therapeutic treatment regimens.

The term "subject” refers to a paticnt, which may be animal, typically a mammal, typically a
bkuman, which has been the obiect of treatmont, observation or experiment and is at risk of (or
susceptible to) developing a syndrome, disorder or disease that is associated with abberant
RORyt expression or RORyt overexpression, or g patient with an inflammatory condition that
accompanics syndromes, disorders or discases associated with abberant RORyt expression or

RORyt overexpression.

41



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

The term "effective amount” means that amount of active compound or pharmaceutical agent
that elicits the biological or medicinal response in a tissue system, animaal or human, that is being
sought by a rescarcher, veierinarian, medical docior, or other clinician, which includes
preventing, treating or amcliorating the symptoms of a syndrome, disorder or discase being

treated.

As used herein, the term “composition” 18 intended to encompass a product comprising the
specified mgredients in the specified amounts, as well as any prodoct which results, divectly or

indirectly, from combinations of the specified ingredients in the specified amounts.

The term “alkyl” refers to both linear and branched chain radicals of up to 12 carbon atoms,
preferably up to 6 carbon atoms, unless otherwise indicated, and includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexvl,
isohexyl, heptvl, octyl, 2,2 4-wimethvipentvl, nonvl, decyl, undecyl and dodecyl. Any alkyl

group may be optionally substituied with one OCH;, one OH, or up to two fluorine atoms.

The term “Cep)” (Where ¢ and b are integers referring 1o a designated number of carbon ators}
refers (o an alkyl, alkenyl, alkynyvl, alkoxy or cycloalkyi radical or to the alkyl portion of a
radical in which allkyl appears as the prefix root containing from « t¢ & carbon atoms inclusive.

For example, gy denotes a radical containing 1, 2, 3 or 4 carbon atomas.

The term “cycloalkyt” refers to a saturated or partially unsatirated monocyelic or bicvelic
hydrocarbon ring radical derived by the removal of one hydrogen atom from a single ring carbon
atom, Typical cycloalkyl radicals include cyclopropyl, cvelobutyl, ¢yclopentyl, cyclopentenyl,
cyciohexyl, cyclohexenyl. cycloheptyl and cyclooctyl. Additional examples include Ca
seyeloalkyl, Ciseyeloalkyl, decahydronaphthalenyl, and 2,3.4,5.6,7-hexahydro-1 H-indenyl.
Any cycloalkyl group may be optionally substitated with one OCH;, one OH, or up to two

fluorine atoms.
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As used herein, the torm “thiophenyl” is intended to describe the radical formed by removing a
S

f\>
hydrogen atom from the molecule with the structure: x .

PHARMACEUTICALLY ACCEPTABLE SALTS

Pharmaceutically acceptable acidic/anionic salts mclude, and are not limited to acetate,
benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate,
carbonate, chloride, citrate, dihvdrochloride, cdetate, edisvlate, estolate, csvlate, fumarate,
glveeptate, gluconate, glutamate, glycollvlarsanilate, hexvlresorcinate, ‘thvdrabamine,
kvdrobromide, hydrochloride, hydroxynaphthoate, iodide, iscthionate, lactate, lactobionate,
malate, maleate, mandelate, mesylate, methytbromide, methylnitrate, methylsulfate, mucate,
napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, succinate, sulfate, tannate, tartrate, teoclate, tosvlate and triethiodide,
Ohrganie or inorganic acids also include, and are not Hmited to, hydriodic, perchloric, sulfuric,
phosphoric, propionic, glycolic, methancsuifonic, hydroxycthanesulfonic, oxalic, 2-
naphthalenesulfonic, p-toluenesulfonic, cyelohexanesulfamic, saccharinic or trifluornacctic acid.
Pharmaceutically acceptable basic/cationic salts inchade, and are not limited to aluminum, 2-
amino-2-hydroxymethyl-propanc-1,3-dicl {(also known ss tris(hydroxymethylaminomethane,
tromethane or “TRIS™), ammonia, benzathine, #butvlamine, calcium, caleinn ghluconate,
calcium  hvdroxide, chioroprocaine, choling, choline bicarbonate, choline  chloride,
cyclohexylamine, dicthanolamine, cthylenediamine, Hthium, LiOMe, L-lysine, magnesium,
meglomine, NHa, NH4OH, N-methyl-D-glucamine, piperidine, potassium, potassium-¢~butoxide,
potassiven hydroxide  {agueouns), procaine, guinine, sodium,  sodium  carbonate,

sodigm-2-ethythexanoate, sodinm hydroxide, tricthanolamine or zing,

METHODS OF USE

The present invention is directed to a method for preventing, treating or amchorating a RORyt
mediated inflammatory syndrome, disorder or discase comprising administering to a subject in
need thereof an cffective amount of a compound of Formula ¥ or a form, composition or

medicament thereof
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Sinee RORyt is an N-terminal isoform of RORYy, it is recognized that compounds of the present
inventicn which are medulators of RORyt arc likely to be moduolators of RORy as well
Therefore the mechanistic description “RORyt modulators” is intended to encompass RORy

modulators as well.

When emploved as RORyt modulators, the compounds of the invention may be administered in
an effective amount within the dosage range of about (.5 mg to about 10 g, preferably between
about .5 mg to about § g, in single or divided daily doses. The dosage administered will be
affected by factors such as the route of administration, the health, weight and age of the recipient,

the frequency of the treatment and the presence of concurrent and unrelated treatments,

it is also apparent to one skilled in the art that the therapeutically effective dose for compounds
of the present invention or a pharmaceutical composition thereof will vary according to the
desired effect. Therefore, optimal dosages 1o be administered may be readity determined by one
skilled in the art and will vary with the particular compound used, the mode of administration,
the strength of the preparation, and the advancement of the disease condition. In addition,
factors associated with the particular subject being treated, including subjeet age, weight, dict
and time of administration, will result in the need to adjust the dose to an appropriate therapeutic
level, The above dosages are thus exemplary of the average case. There can, of course, be
individual instances where higher or lower dosage ranges are merited, and such are within the

scope of this invention,

The compounds of Formula § may be formulated into pharmaccutical compositions comprising
any known pharmaceutically acceptable carriers. Exemplary carriers include, but are not limited
to, any suttable solvents, dispersion media, coatings, antibacterial and antifungal agents and
isotonic agents. Exemplary excipients that may also be components of the formulation include

fillers, binders, disintegrating agents and lubricants.

The pharmmaceuticallv-acceptable salis of the compounds of Formula ¥ include the conventional
1 )

non~-toxic salts or the quaternary anmumonium salts which are formed from morganic or orgamic
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acids or bases. Examples of such acid addition salts include acetate, adipate, benzoate,
benzenesulfonate, citrate, camphorate, dodecylsulfate, hydrochloride, hvdrobromide, lactate,
maleate, methancsulfonate, nitrate, oxalate, pivalate, propionate, succinate, sulfate and tartrate.
Base salts include ammonium salts, alkali metal salts such as sodium and potassium salts,
alkaline earth metal salis such as caleium and magnesium salis, salts with organic bases such as
dicyclohexylamino salts and salts with amino acids such as arginine. Also, the basic nitrogen-

containing groups may be guaternized with, for example, alkyl halides.

The pharmaceutical compositions of the invention may be admimstered by any means that
accorplish  their intended purpose. Examples include administration by  parenteral,
subcutanecous, ntravenocus, intramuscular, infraperitoneal, transdermal, buccal or ocular routes.
Alternatively or concurrently, adminisiration may be by the oral route. Suitable formaulations for
parenteral adminisiration include aqueous solutions of the active compounds in water-sohuble
form, for example, water-soluble salis, acidic solutions, alkaline solutions, dextrose-water

solutions, isotonic carbohydrate solutions and cyelodextrin inclusion complexes.

The present invention also encompasses a method of making 2 pharmaceutical composition
comprising mixing a pharmaceuntically acceptable carrier with any of the compounds of the
present invention. Additionally, the present invention includes pharmaceutical compositions
made by mixing a pharmaceutically acceptable carrier with any of the compounds of the present

mvention.

POLYMORPHS AND SOLVATES

Furthermore, the compounds of the present invention may have one or more polymorph or
amarphous ¢rystalline forms and as such are intended to be included in the scope of the invention.
in addition, the compounds may form solvates, for example with water (i.e., hydrates) or
comumon organic solvents. As used herein, the term "sglvate” means a physical association of
the compounds of the present invention with one or more solvent molecules. This physical
association involves varying degrees of ionic and covalent bonding, inchiding hvdrogen bonding.
In certain instances the solvate will be capable of iscolation, for example when one or more

solvent molecules arc incorporated in the crystal lattice of the crystalline solid. The term

A
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"solvate” is intended to encompass both solution-phase and isolatable solvates. Non-limiting

examples of suitable solvates include cthanolates, methanolates, and the like.

It is intended that the present invention include within its scope polymorphs and solvates of the
compounds of the present invention. Thus, in the methods of treatiaent of the present invention,
the term “admimstering” shall encompass the means for treating, ameliorating or preventing a
syndrome, disorder or disease described herem with the compounds of the present invention or a
polvimorph or solvate thercof, which would obviously be included within the scope of the

invention albeit not specitically disclosed.

In another embodiment, the invention relates to a compound as described in Formula ¥ for use as

a medicament,

in another embodiment, the invention relates o the use of a compound as described in Formula 1
for the preparation of a madicament for the treatment of a disease associated with an elevated or

aberrant RORyt activity,

The present invention ingludes within its scope prodrugs of the compounds of this invention. In
general, such prodrugs will be functional denvatives of the componnds which are readily
convertible in vive into the required compound. Thus, in the methods of treatment of the present
fnvention, the term “admirndstering” shall encoropass the treatment of the various disorders
deseribed with the covapound specifically disclosed or with a compound which may not be
specifically disclosed, but which converts to the specified compound in vive afler administration
o the patient. Conventional procedures for the sclection and preparation of suitable prodrug
derivatives are described, for example, in “Design of Prodrugs”, Ed. H. Bundgaard, Elsevier,

19K5.

Fuorthermore, i i3 intended that within the scope of the present invention, any element, in
particolar when mentioned 1o relation to a compound of Formuda (1), shall comprise all isotopes
and isotopic mixtores of said element, either naturally occurring or synthetically produced, either

with natural abundance or m an isotopically ewnviched form. For example, a reference to
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hydrogen includes within its scope 'H, “H (D), and 'H (T). Similarly, references to carbon and
. § it . . 12~ B 4 B4 i6 T P

oxvygen include within their scope respectively “C, 7C and "C and 0 and . The isotopes

may be radioactive or non-radioactive. Radiolabelled compounds of formula (1) may comprise a

. 6. T ,
Br, "Br, 'Br and

75

. . o Syp Hi~ 185 122¢ 123y 125y 131
radioactive isotope selected from the group of “H, O R T M s

¢ . . . . . - I TS 8n
2By, Preferably, the radioactive isotope is selected from the group of "H, M'C and '°F.

Some compounds of the present invention mway oxist as atropisomers.  Atropisomers are
stercoisomers resulting from hindered rotation about single bonds where the steric strain barrier
io rotation is high enough to allow for the isolation of the conformers. 1t is o be understood that
all such conformers and muxtures thercof are encompassed within the scope of the present

wmvention.

Where the compounds according fo this invention have at least one storeo center, they may
accordingly exist as cnantiomers or diastorcomers. It is to be understood that all such isomaors

and mixtures thereof are encompassed within the scope of the present invention,

Where the processes for the preparation of the compounds according to the fnvention give rise to
mixture of sierecisomers, these isomers may be separated by conventional technigoes such as
preparative chromatography., The compounds may be prepared in racemic form, ov individaoal
enantiomers may be prepared either by enantiospecific synthesis or by resolation.  The
compounds may, for example, be resolved nte their component cnantiomers by standard
technigues, such as the formation of diastercomeric pairs by salt formation with an optically
active acid, such as {-)}-di-p-toluoyl-D-tartaric actd and/or {+)-di-p-toluoyl-L-tartaric acid
followed by fractional crystallization and regeneration of the free base. The compoands may
also be resolved by formation of diastercomeric esters or amides, followed by chromatographic
separation and removal of the chiral auxiliary. Alternatively, the compounds may be resolved

using a chiral HPLC column.

During any of the processes for preparation of the compounds of the present invention, it may be
necessary and/or desirable to protect sensitive or reactive groups on any of the molecules

concerned. This may be achieved by means of conventional protecting groups, such as those
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described in Protective Groups in Oreanic Chemistry, ed. JFW. MeOmie, Plenam Press, 1973;

and T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons,

1991, The protecting groups may be removed at a convenient subscquent stage using methods

known from the art,

ABBREVIATIONS

Herein and throughout the application, the following abbreviations may he used.
A angstrom

Ag acetyl

AgO acetic anhydride

BHT butylated hydroxyioluene
Boe tert-butvioxycarbonyl

br broad

Bu buty

n-Buli n-butyl lithium

-BuOH tert-butano!

d doublet

dba dibenzylideneacetone
BCE dichloroethane

DCM dichloromethane

Dess-Martin periodinane

DIEA

1.1 1-tris{acetyloxy)-1,1 -dihydra-1,2-benziodoxol-3-(1H}-one

N N-diisopropylethylamine

DMA dimethylacetamide

DME dimgthylacetamide

DMF N N-dimethyiformamide

DMSO dimethyl sulfoxide

dppf {diphenylphosphine}ferrocene

Eaton’s Reagent 7.7 wi% phosphorus pentoxide solution in methanesulfonic acid
EDCH N-{3-dimecthylaminopropyl)-V'-ethylcarbodiimide hydrochloride
EtMgBr cthylmagnesium bromide
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Et
Et,0O
EtOAc
EtOH
Et:SiCi
HATU

HPLC
Hz
i-PrOH
LCMS
m

M
mPRA
Meldrom’s acid
McOH
Me(ONa
MHz
min

mb
MTBE
nm

NaOiPr

q
RP-HPLC

CA 02888485 2015-04-15

PCT/US2013/065026

electrogpray ionization

¢thyl

diethyl ether

cthyl acctate

ethyl aleohol

chiorotricthylsilane
O-{T-azabenzotriazol-1-yl-N NN~ N -ctramethyluronium
hexaftuorophosphate

high pressure Hauid chromatography
hertz

tsopropy] alechol

Hiquid chromatography-mass spectrometry
multiplet

molar (moles/liter)
3-chioroperbenzoic acid

2 2-dimethyl-1 3-dioxane-4,6-dione
methanol

sadium methoxide

megahertz

minues

mitiliters

methyl tertiary butyl ether
nanometers

sodium isopropoxide
N-bromosuccinimide

nuclear magnetic resonance

phenyl

paris per mithion

propyl

guartet

reverse phase high pressure liguid chromatography

49



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026
8 singlet
TBAF tetrabutylammonium fluoride
TEA tricthylaming
TEMPO (2.2,6,6-tetramethylpiperidin-1-yhoxidanyl
TFA triflucroacetic acid
THF tetrahydrofuran
TLC thin laver chromatography
v ultra-violet
X-Phos 2-dicyclohexylphosphine-2°,47,6 -tritsopropylbiphenyl

GENERAL SCHEMES:

Compounds of Formula I in the present invention can be synthesized in accordance with the
general synthetic methods known to those who are skilled in the art. The following reaction
schomes arc only meant to represent examples of the invention and are in no way mecant to be a

limt of the invention.

L
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Schems 1
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_____________________________ -
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R =L R = H)

Scheme 1 describes the preparation of 6-bromo or 6-iodo-guinolines of Formula IV by vanous
methods (path 1 to 4). Inpath 1, cvelization of 4-haloanilines H with 2-substituted malonic acids
I can be done in refluxing phosphorus oxyehloride to provide 6-haloquinolines TV, wherein R”
and B’ are CL. Nucleophilic displaceruent of 2-chlore sabstitution with sodium methoxide in bot
MeOH or toluene gives 6-halo-2-methoxvauinolines IV, Path 2 iHustrates the cvelization of

amides Vi, derived from acylation of 4-haloanilines ¥ with snbstituted acid chlorides V, in the

L
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presence of DMF in hot phosphorus oxychloride fo generate 6-haloquinolines IV, wherein R’ is
Hand R’ is CL In path 3, methyl 2-aminobenzoates VII can undergo acylation with acid
chlorides ¥V to form an amide intermediate, which can be further treated with a base, such as
sodium cthoxide or lithium bis{trimethylsilylamide, to afford 6-halo-4-hydroxyquinolin-2(1 H)-
ones VIEL. Conversion of hydroxyquinolin-2{1H}-ones VHI 1o 2 4-dichloroquinolines IV can be
carried ont in refloxing phosphorus oxychloride. Path 4 describes the condensation of anilines 1Y
and aldehydes IX i ethanol to form compound X which can be finther cyclized in

polvphosphoric acid at high femperatures to give quinohinones XI. Counvertion io the 4-
chloroquinolines IV wherein R’ is H can be accomplished in phosphorus oxychloride as

previously described.

Scheme 2

4

R
coH RS /iLm-
PATH 1 51 o xme
RE Y

NH, Eatcnﬁreagant R9

RS
XH{Z =1 or B Xﬁ\i&z"iarar IV (Z = 1 or Br
R7 = CF 5) RS = ¢, RY = OFy)

PATH 2

R4 Rﬁ
RE  Cul, Nal, -BuOH I A
{MeNHCH.), :ﬁ
e
RugM, DMSG, A R \r’ R RS
R3
W (RS R = CFy) W RS R = CFy)

Scheme 2 illustrates the synthesis leading 1o 6-bromo or 6-iodoquinolines of Formula IV
wherein R° is Cl and R’ is CFa {path 1), and 6-iodoquinolines of Formula XVIH where R and
R’ are CFy (path 2). 1In path 1, cyclization of 2-uminobenzoic acids X with 1,1,1-

triflucropropan-2-ones XK in Baton’s reagent at clovated temperatures viclds 4-hydroxy-2-

L
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iriflgoromethylguinolines XEV, which upon heating in phosphorus oxychioride at temperatures
between 100 - 120 °C gives 6-bromo or 6-iodoquinolines IV, wherein R is Ctand R is CFs. 6-
lodo-2 4-bis(irifluoromethyDquinolines IV can be formed by the reaction sequence iliustrated in
path 2. Treatment of 1-bromo-4-fluorobenzenes XV with lithivin diisopropylamide at - 78 °C
followed by addition of ethyl triflucroacctate provides 2-fuorophenyl-2,2, 2-triflucrocthanones
XV Anilines XV can be prepared by displacing 2-fluoro in XVE with sodivm azide followed
by reduction with tin (IF} chloride dihydrate. Cyelization of XV with 1], I-triflaoropropan-2-
ones X in the presence of fributvlamine in a polar solvent, such as DMF or DMSO, at high
iemperatures can provide o-bromo-2,4-bis(trifluoromcthylyquinolines 1V, The 6-iodo-2.4-
bis{trifluoromethyliquinolines XVEHE can then be subsequently obtained by conversion of 6-
bromoguinoline IV, where R® and R are CFs, with Nal, Cul, and NN’ ~-dimethylethylenediamine

in t-BuOH at high temperatures under microwave condition,

tn
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Scheme 3
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Scheme 3 illustrates synthetic routes {(path 1 o 6} to ketones of Formmla XX1
XiX by

i, i—carbonvidiimidazole  or

amide XX can be prepared from  acids
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dimethythydroxylamine hydrochloride in the presence of a base such as triethylamine or Hunig's
base and a coupling reagent such as EDCL. The amides XX can be further treated with Grignard
reagents such as R7MgX (X is Br or Cl) that can be obtained commercially or preformed by
trestment of R’Z with organometallic reagents such ss i-PrMgCl or EtMgCl in THF.
Alternatively, Weinreb amides XX can be obtained from acyl chlorides XXIF and WN,0-
dimethythydroxylamine hvdrochloride by using tricthylamine or pyridine as a base. 1-Methyl-
1H-midazole can be treated with one equivalent of #-Buli and one equivalent of
chlorotricthylsilane at — 78 °C followed by an additional equivalent of »-BuLi, to which the

Weinreh amides XX can be added to vield ketones XXE wherein R i3 imidazolyl (path 2},

In path 3, halogen and metal exchange of bromides or iodides XXV with -PrMgCLLiC! or -
Buli, followed by addition of aldehydes XX11E affords aleohols XXV, Oxidation of XXV with
Dess-Martin periodinane or Mo, can provide ketones XXI. To path 4, ketones XXI, where R?
i8 triazolyl, can be prepared by treatment of T-methyl-1/-1,2,3-triazole with »#-Bul.i followed by
reaction with aldehydes XXTH to vield alcobols XXV, which could undergo oxidation with
Dess-Martin pertodinane or MnO;. Path § exeroplifies the preparation of symmetrical ketones
XXI, wherein R and R? are the same. As illustrated, an aryl or heteroaryl group containing av
acidic proton XXXIX (Y = R' or RY) ¢an be deprotonated in the presence of a strong base such
as p-butvilithinm once solubilized in a preferved solvent such as tetrahydrofuran at temperatures
between O and -78 °C then added in cxcess to ethvl methoxy(methyljcarbamate to provide
ketones XXI wherein R and R? are the same. Aryl or heteroaryl bromide or jodide XL can also
be hithiated through a lithiunvhalogen exchange with r-butylithium before adding in excess to
cthyl methoxy{methylicarbamate as previously described to provide symmetrical ketongs XXL
Path 6, which employs palladivm catalyzed cross-coupling of aryiboronic acids XXXVII with
acid chlorides XXXVIH using K:POs as a base and (PhaPRPACE as a catalyst in a high boiling

non-polar solvent such as toluene, can also be used to generate ketones XX

tn
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Schame 4
PATH 1
RICHO Dess-Martin
KK 5 R®  periodinane
PR oo * Y R
r-Bubli ar MnQs,
R?
(Z=1orBr) PATH?2 1. RLZ XX
{Z=1orBr
: 646 i-PriMigCLLICH
DMF, n-Buli LaCl,. 2011
R7 2. MOy, A
PATH 3
9 R RI-MgCl XVl
i I/\ 4 PrMgCH 1. TEMPO, bieachm
o) 2. NHg, DMSO, A
RO F Lo
;éﬁ FiC N7
XXX !
~
Wi R
E\J\”/ ~ R SN Ry
XOUE |
R W R
PhSOH, DMSO, A \fa
R

KXVH
{R® = CF;, R = CONHMe)

Synthesis lcading to intermediate ketones XXV may also be achicved via chemical routes
shown in Scheme 4. In path 1, treatroent of 6-bromo or G-lodoquinclines TV with #-Bulli a1 -78
°C followed by addition of aldehydes XXFI provides secondary alcohol quinolines XXVi,
which can be oxidized to ketones XXV with Dess-Martin periodinanc or MnQ,. Alternatively,
ketones XX VI may also be prepared by treatment of 6-haloquinolines IV with n-Buli at -78 °C
followed by qoenching with DMF affording carboxaldehydes XXV Ketones XXVH can be
obtained in a two-step process by addition of aldehyde XXV to a reaction mixture of aryl

iodides or bromides XXIX and i-PrMgCHLiCl followed by oxidation with MnO; {path 2).

L
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As illustrated in Path 3, a one-pot reaction of aldehydes XXX and Grignard reagents such as R'-
MgCl XVIH followed by treatment with 1-PrMgCl and addition of 2.2, 2-trifluoro-N-methoxy-N-
methylacetamide vields hvdroxyt compounds XXX¥. The hydroxyl group can be oxidized using
bleach and TEMPQO. Fluoro displacement can then be achicved with ammonta in hot DMSO to
provide anilines XXX¥. In the presence of benzencsulfonic acid, condensation of anilines
XXX and 2-(methyliminoibutanamides XXXE in hot DMSO fumishes ketoquinolines
XX VI wherein R” is CF; and R is CONHMe.

Scheme §
R RY
Fi RS O
ST R TR -BuLi
PATH 1 (. o, R
RN R ROR
RS X
Y §(R® = OH)
{Z =1orBr)
Fsﬂ. RS RZ R3 R4 R5
N N O RS
PATH 2 P . L kPivgo
RN N R R R R
ﬁg h 4]
Y HRY = OH)
- R* RY RO .
. R
2 - p
PATH 3 + Rz nBuldl gt g
{Z=1orBry ori-PriMgClLLICI e ‘N/ R
KXY or EthMgCl <8
H{R® = OH)

Scheme 5 illustrates synthetic voutes leading to compounds of Formmla ¥ (path 1 to 3). As
illustrated in path |, a mixture of the &-bromeo or 6-1odoguinolines iV in an appropriate solvent
such as THF can be cither premixed with the ketones XX at -78 °C followed by addition of
Buli or can be pretreated with Bulli at =78 °C prior to the addition of the kctones XX1 to afford
the tertiary alcohols of Formula §, wherein K is OH. In path 2, 6-icdoquinolines 1Y can be

treated with 1-PriMgCl followed by addition of ketone XX1I to yield compounds of Formula 1

L
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wherein R’ is OH. As shown in Path 3, halogen-metal exchange of aryl halides (iodide or
bromide) XXV with an organomctallic reagent, such as #-Bult, -PrivgCLLICL or EtMgCl, at
an appropriate temperature, such as =78 °C or 0 °C, followed by reaction with ketones XXV

may afford tertiary sleohol quinolines of Formula L

Scheme €
- rR? R RS 2 R? R4 R5
PATH 1 e E/g /L\\\IR +
R3” /LNf; &7 L/L ,;,1\

NaO(alkyl), A RrE
FRY = Ofatkyt), RO =Ch) 4 (Ra = Ofakyl), R' =cfy  H{RE R = Oalkyl))

- R® R* RO | PATH2 - R RYORS - ROR' R .
R\>L\ ')\\\V&V R rt f’l\\/)\\\v/ N :;;{1/ ; oy R /R
RBI\,’{)\N&\ a7 Tsubshued R r/” N/; Ry

- amines s

] R

HRE RT=Ch 3 ng* = ca‘ R = £ {R% is substituted aming and
substitited amines} R is Cl or substitited amines)
R3 R‘l RS R3 R‘i Ri\
Zn{alkyllz, KGOy Rg\/ RS R{i L RE
PdCla{dppf), A ! ' 4 Ry
PATH 3 Rg R7 RO NS R
rE R
RS = ClL, B = alkyi) H{RE, BT = alkyl)
3 Rt @S a2 rE Fil';“ RE .
R
PATH 4 R1 )\//\\/R . @ | W
MNaS(allyl) W/\ N,«;\ . /AN»/\R
RB
8 p? =
§ {RS =y, R7 - S(Eih(yi}) i (R , R = S(aikyl))

Scheme 6 itlustrates methods used to synthesize compounds of Formula ¥ wherein either the
chiorine at R or at both R” and R’ positions are replaced with nitrogen, oxygen, sulfur or alkyl
groups. Tn path 1 and 4, nucleophilic displacement of 2,4-dichloroquinolines ¥ (R’ and R’ are CI)
with NaOdaliovly, NaS{alkyly, such as NaOMe, NaSMe, NaQEt, or NaO'Pr, in an appropriate
solvent, such as MeOH, EtOH, i-PrOH or DMF at clevated temperatures or with substituted

L
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hydroxy reagents such as 2-methoxyethanol in the presence of a base like sodium hydride in a
non-polar solvent such as toluene provides compounds of Formula I whercin R’ is Cl and R is
O(alkyl), O(CH,),OCH; or S{alkyl) and compounnds of Formula ¥ wherein R’ and R are Oalkyl)
or S(alkyl). Likewise, nucleophilic displacement of 2,4-dichloroquinolines ¥ (R” and R” are Cl)
with primary or secondary alkyl amines, heterocyele amines, or N, O-dimethylhydroxylamine in
polar solvents such as MeOH, FtOH, or ERpNCHO, or DMF provides quinolines of Formula §
{path 2) wherein R’ is NH{alkyl), Nalkyh),, N(CHOCH;, or Cl, and R7 is NH(alkyly, N(alkyl),
N{CH)OCH:, NA'A® NHC 02alkyINA'A® or N(CH:)Co.aalkyINA'A®, wherein A; and A, are
as defined above. Replacement of chiorine at positions 2 and 4 of quinolines L (R and R are Cl)
with alkyl groups could be carried out using Zn{alkyl); in the presence of KoCO; and a palladiom

catalyst, sach as PACh{dppt), to afford 2-alkvl and 2, 4-dialkylquinolines ¥ {path 3}.

Scheme 7
3 4 5
R2 R®ORYOR . PATH 1
Rt o Pdydbag, X-phos
L, vt :
NT g7 En(CMlg Zn, A
Ra
HRY =1, R = ) RS =Cf, R = CN) RS R7 = CN)

JRYORY RS
ArB(OH), KGO R RS

PUCly{dppf), A A s
. E )
PATH 2 RN TR

RS
HRS=CIL R = a0

%

Synthetic routes to compounds of Formula §, wherein R is Clor ON, and R is CN or aryl, are
ilhastrated in Scheme 7. In path 1, cyanation of the 2 4-dichloroguinolines | with Zn(CN); in the
presence of Zn, a pailadium catalyst, such as Pdydba:, and a ligand, such as dppf or X-phos, at
high temperatures can provide 2-CN and 2.4-diCN guinolines 1. The 2 4-dichloroquinclines 1
can also undergo a Suzuki reactions with ArB{OH); or ArB{(OR}; and a palladium catalyst, such
as PACL{dppf), viclding compounds of Formula ¥ wherein R’ is phenyl, substituted phenyl and
five or six-membered heteroarvis such as furan, pyridine, pyridazine, pyrazine, pyrimidine,

pyrrol, pyrazole or imidazole {path 2).

L
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Scheme 8

PATH 1
(aloB(OR),, A
I BA(PPhy), KoCOs,

PATH 2

NaC{aliyi)

B
A

VRS =Ch

Pdadbag, dppf
Zn{CNlo, Zn, A

PATH 3

H{R® = CN)

As illstrated in Scheme &, compounds of Formula ¥ whercin R is a chiorine can be further
substituted by treatment with alkytborenic acids or esters under Suzuki reaction conditions (path
1}, with sodium alkoxides (path 2), or with zinc cyanide (path 3) using conditions previously
described to provide compounds of Formuia ¥ wherein R is alkyl, Oalkyl) or CN and R is as

described above.

Bchems 8

F{R® = OH) F{R? = OMe)

In scheme 9, tertiary alcohols T can be treated with base, such as NaH, and alkyiated with Mel in

DME to provide compounds of Formula I wherein R is OMe.
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5}? Scheme 10

] ~ LS.
R'EJL‘RQ /F‘ NH2

X | THOBY,

5_34 RS
Rt § AN N
Y-8+ ] .
=4 b RS "”/ Nf = 2. HCl, MeaCOH
XKV RS
v F(R® = Nt}

Synthetic routes to compounds of Formula §, wherein R’ is NH,, are illustrated in Scheme 10.
Ketimines XXXV may be prepared by TI{OE)y mediated condensation of ketones XX1 with 2-
methylpropane-2-suifinamide in refluxing THF. Addition of »-Buli to the reaction mixture of
ketimines XXXV and 6-bromo or 6-isdoguinolines IV at — 78 °C followed by cleavage of fers-

butancsulfinyt group with HCI in McOH liberates amines L

Scheme 11

Rﬁ Rﬁ R4 R:'S

[
r? lf\ S
RSN N R
RS
HRY = CN)

PATH 2

KXY HR7 = CONA'AZ)

As shown in Scheme 11, the quinolines of Formula I wherein R7 is ON can be hydrolyzed as
described in USZ0080188521 by treatment with sodium carbonate and hydrogen peroxide 1o
provide compounds of Formuila T whercin R” is CONH, (Path 1) or can be treated with a strong
acid like HCl to convert CN to a carboxylic acid XXXIV (Path 2). Once formed the acid can be

further coupled to substituted amincs using appropriated coupling reagents such as EDCH or
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HATY in the presence of a base such as tricthylamine or Hunig’s base to provide compounds of

Fornmula T wherein B is CONA'A”.

Scheme 12

RS =0 , . .
¢ ) HR® = CI, RT = CHNHC g galyiNA'A% or

PATH 2 CHN{CHR)G paatiyINATAR)
¥
- R R RS
6
S R
N” RT

i (R5 =0f, R = CHQOC(Q,g}aEkyENNAz)

Synthesis of compounds of Formula I, wherein R’ is an aminoalkylaminomethylene or an
aminoalkoxymethylene can be prepared from Z-methylquinclines as shown in Scheme 12,
Bromination of Z-methviguinolines of Formula 1 can accomplished with N-Bromosuccinamide
in acctic acid at clevated temperatures as described in WO2010151740, to provide the
methylbromide intermediate XXXVE Nucleophilic displacement of the bromide under basic
conditions using procedurcs known in the art could afford compounds of Formula § wherein R’
is ~CHONHC 2 5alkyINATA® or CHaN(CH)C o natkyINATA® (Path 1) or CHOC s alkyINATAY

{Path 2) and A’ and A” are defined above.

Compounds of Formula I wherein R, R? or R® are pyridyl can be treated with m-
chlorgperbenzoic acid in a chlorinated solvent at ambient to 40 °C to form the pyridvi-MN-oxides

of Formula L
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Scheme 13

H(R® = OH)

. P o~ . 2.
Ag shown in Scheme 13, compounds of the Formla ¥ wherein R” is H can be prepared by
. ~ . 3. ~ . N F . . o »
treating compounds of Formula | wherein R™ s OH with an acid such as trifluoracetic acid in a

solvent such as dichloromethane at room temperature or with heating (WO2009091735).

EXAMPLES
Compounds of the present invention can be prepared by raethods known o those wheo are skilled
in the art. The following examples are ouly meant (o represent examples of the invention and are

in no way meant 1o be a limit of the invention.

Intermediate 1: step a

Methyl S-brome-2-(Z-phenylacetamido)benzoate

-

O
N /\F
.

¢

To a mixture of methyl 2-amino-5-bromobenzoate (9.00 g, 39.1 mmol) and E6N (7.6 mL, 348
wmoly in CHyCl (90 mL) was added 2-phenylacetyl chloride (7.26 g, 46.9 mmol) at 4 °C
dropwise. After completion of the addition, the cooling bath was removed and the mixture was
stirred for 27 hours. TLC showed some of the starting material methyl 2-amino-3-
bromobenzoate still remained. Maore 2-phenviacetyl chloride (1.88 g, 12.2 mmol) and BN {2.2
mi, 15.9 mmol) were added, and the mixtire was stirved overnight. K,C0O; {aqueous) was
added, the organic layer was separated, and the aqueous layer was extracted with CH,Cl,. The
combined organic layers were washed with water, dried (Na,50y), filtered, and concenirated in

vacuo. CH3ON (100 mbL) was added, and the precipitated solid was filtered, washed with EgO,
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and dried to give the title compound. The filtrate was concentrated in vacuo, and the solid was

filtered, washed with E,O, and dried to give more title compound.

Intermediate 1: step b

6-Bromo-4-hyvdroxy-3-phenviguinolin-2(1 H}-one

To a sohation of methylt S-bromo-2-2-phenvlacetamidoibenzoate {(7.71 g 22.1 mmol,
Intermediate 1, step a) in THF (30 ml) at -78 °C was added 1.0 M lithium
bis{irimethylsilyliamide in hexang (48.7 mlL, 48.7 mmol) slowly, and the color changed from
clear to clear red. The mixture was stivred at ~78 *C to room tomperature for 4 hours, dwring
which time the color changed o cloudy yeliow. The reaction was quenched with water, and
acidified with 37% HCluntil pH ~ 5. The precipitsted solid was filtered, washed with water and
Et;Q, and air dried to give the title compound. More solid was precipitated from the filtrate afier
standing overnight. The solid was collected by filtering, washing with water and Et,0O, and air

drying to afford more title compouond.

Intermediate 1z step ¢

6-Brome-2 4-dichioro-3-phenyiguinoline

ol | ”‘\i\;
Br\p\( Ry =
N N

A solution of 6-bromo-4-hydroxy-3-phenyiquinolin-2{ 1 H)-one (8.50 g, 26.9 mmol, Intermediate
1, step by in phosphoryi trichloride (51 mb, 547 mmaol) was heated at 107 °C for 3.5 hours, and
then cooled to room temperature. After evaporation of POCL in vacuo, concentrated NHOH

{aqueons) was added dropwise at 4 °C until pH 9. The precipitated solid was filtered, washed

with water, and dried at 50 °C under vacuum overnight to provide the title compound.
The title compound was also prepared using the following procedure:
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A mixture of 4-bromoanitine (10.0 g, 58.1 munol}, 2-phenvhmalonic acid (11.0 g, 61.0 mmol},
and phosphorus oxyehloride (54.0 mL, 381 mmol} was heated in a 90 °C odl bath {or 20 hours.
The mixture was allowed to cool to room temperatire and was diluted with CH,CL in a large
beaker {ca. 200 mL final volume). Ice {ca. 100 mL) was added and the mixture was stirred while
monitoring the internal temperature; an ice bath was used o cool the mixture when the internal
temperature reached 35 °C. When the temperature of the mixture fell, the phases were separated
and the agueous phase was extracted once with CH,Ch. The organic extract was concentrated
onto silica gel and the title compound was isolated by flash colnmn chromatography {sitica gel,

26-55% CH,Cly-heptane).

Intermediate 2: step a
Methyl 5-bromo-2-(2-(2-chlorophenyljacetamido) benzoate

O
Br.

Z NH §}
Y s
Q
The title compound was prepared using 2-chlorophenylacetyl chloride in place of phenylacetyl

chloride using the procedure described for Intermediate 1, step a.

Intermediate 2: step b

&-Brome-3-{I-chiorophenyl-4-hydroxyguinelin-2(1H)-one

The title compound was prepared using methyl  5-bromo-2-(2-(2-chlorophenyhacctamido)
benzoate (Intermediate 2, step a} in place of 5-bromo-2-(2-phenylacetamido) benzoate using the

procedure described for Intermediate 1, step b,

Intermediate 2; step ¢

&-Brome-2,d-gdichiore-3-(C-chlorephenyiguinoline

N
(41
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The title compound was prepared using 6-bromo-3-(2-chiorophenyl-4-hvdroxyquinolin-2(1 H)-
ong (Intermediate 2, step b) in place of 6-bromo-4-hydroxy-3-phenylguinolin-2{1 H}-one using

the procedure described for Intermediate 1, step .

Intermediate 3: step a
Ethvi 3-((4-bromophenyimino}-2-phenvipropansgate
Br.

A solution of ethyl 3-oxo-2-phenylpropanocate (3.50 g, 18.2 mmol) and 4-bromoanihine (2.60 g,
15.1 mmel}y 1o EtOH (25 mL) was stirved at room temperature overnight and concentrated to give

the title compoind as an oil.

Intermediate 3: step b

&-Bromo-3-phenylguinolin-4(1H)-one

o ,%i
2 \)ﬁ/E\//
L

A mixture of ethyl 3-{{4d-bromophenyhimine)-2-phenylpropancate  (6.18 g, 17.8 mimol,
Intermediate 3, step a) and polyphosphoric acid (8.90 g) was heated at 150 °C for 1.5 hours.
After cooling to room temperature, 3 N NaOH was added at 4 °C until basic. The solid was

filtered, washed with water, and dried under vacuum overnight to give the title compound.

Intermediate 3: step ¢

g-Bromo-4-chlore-3-phenylguinokline
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The title compound was prepared using 6-bromo-3-phenylguinolin-4{1H)-one (Intermediate 3,
step b} in place of 6-bromo-4-hydroxy-3-phenylquinolin-2¢ 1 H}-one according to the procedure
described in intermediate 1, step ¢, with the exception of flash column chromatography

purification {silica gel, 3-10% Et{)Ac¢ in heptanes).

intermediate 4: step a
M-{4-Bromophenyl-2-phenviacetamide
B o) Ry

%/ N E ./'

H

In a 250-mL round-bottom flask was placed a mixture of 4-bromoaniline (6,90 g, 40.1 mmol),
tricthviaming (16.8 g, 166 mmol}, 4-dimethylaminopyridine (200 mg, 1.64 mmol), and 2-
phenyvlacetyl chioride (6.50 g, 42.1 mmoly in dichloromethane (150 mL}. The resulting mixture

~

was stirred for 12 hours at 25 °C. The reaction was then quenched by the addition of 50 mL of
water. The organic layer was separated, and the aqueons layer was extracted with 2 x 39 mL of
dichloromethane. The combined organic layers were dried over anhydrous sodium sulfate,
filtered, and concenfrated under vacvum.  The residue was purified by flash column
chromatography (silica gel column, 100:1 to 16:1 CHLCL/MeGH) to provide the title compound

as a light vellow solid.

intermediate 4: step b

&-Brome-2-chlorg-3-phenylguinoline

Brm
Z N

N, N-dimethylformamide (2.10 g, 28.7 mmol) was placed in a 100-mL round-bottom flask, and
POCH (203 g, 132 mmol) was added.  After stiiving for 30 min, N-(4-bromophenyi}-2-

phenylacetamide (5.50 g, 19.6 nmnol, Intermediate 4, step a) was added. The resulting mixture
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was stirred for 12 hours at 80 °C. The reaction was then quenched by the addition of 50 mL of

ethyl acetate. The combined organic layers were dried over anhydrous sodium sulfate, filtered,
and concentrated under vacuum. The residue was purified by chromatography (silica gel column,

1:10 EtOAc/petroleum ether} to provide the title compound as & white sohid.

Intermediate 4; step ¢

&-Brome-2-methoxy-3-phenyiguinoline

\/@
E%T\Ej X, NN
o N";”‘\O/

In a 100-mL round-bottom flask was placed a mixtare of 6-bromo-2-chlore-3-phenviguinoline
{350 mg, 1.73 mmol, Intermediate 4, step b) and NaOCH; (331 mg, 17.2 mimol) in methanol (50
mb}. The resulting mixture was refluxed for 3 hours and concentrated under vacuuro. The
residae was purified by chromatography (silica gel columu, 1:5 EtQAc/petroleum ether) to

provide the title compound as a white solid.

intermediate 8: step a

f-1odo-3-phenyl-2-(tfrifluoromethyllguinolin-4d-of

OH =f"~\
!

A maxtyre of Z-amino-3-iodobenzoic acid (5.20 g, 19.8 mmol), 1,1, 1-trifluoro-3-phenylpropan-2-
one {3.95 g, 21.0 mmol), and Eaton’s reagent (12 mb) n a scaled tube was heated at 100 °C for 2
kours. More 1.1, 1-trifluoro-3-phenylpropan-Z-one (1.60 g, 8.50 mmol} was added and the
mixture was heated for another 2 hours. The reaction was then cooled to room femperature, icc
water was added, and the mixture was stirred vigorously for about 20 min, 50% NaOH and cone,
NHLOH solution were added untif pH was 9. Some gummy dark brown material formed. After
the addition of CH,Cly, the gummy material became fluffy solid. This solid was filtered, washed

with water and Et,Q, and air dried to give the title compound.
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Intermediate s step b

4-Chioro-6-isde-3-phenyvl-2-(trifflucromethyiquineline

F
F
A solation of 6-iodo-3-phenvl-2-(triflucromethylquinolin-d-ol (1. 54 ¢, 3.71 mmol, Intermediate

ol
2
7

N

F

3, step a) in phosphoryl trichloride (5 mL, 53.8 munol) was heated at 110 °C for 1 hour 45 min,
and then cooled to room temperature. Iee-water was added, and the mixture was basified at 4 °C
with 30% NaQH and conc. NH4OH until pH 9. The precipitated solid was filtered, washed with
water and E4O, and dried to provide the tide compound. The filtrate was separated and the
aqueous fayver was extracted with CHpCl. The combined organic phases were dried {(Na;SO4),
filtered, concentrated, and purified by flash column chromatography {80 g silica gel column, 6 -
5% EtOAc in heptane), affording a mixtore of the tile compound and des-iodo by-product in

about &1 ratio as a thick oil, which solidified overnight.

Infermediate 6

6-Bromo-2.4-dichlorg-7-fluore-3-phenylguineline

i i“\“«\\,
SO0 0
/i L P~
F N7

A mixture of 4-bromo-3-fluoroaniling (6.54 g, 34.4 mmol), 2-phenyhmalonic acid (7.44 g, 413
mmol), and POCL (320 ml, 344 mmol) was stivred at refhax (130 °C alomioum block
temperatore} for 3 hours. The dark solution was then allowed to cool to room temperature and
diluted with DCM (70 mL). This was treated with 100 mL ice and stivred on an ice bath for ~5
min, and was then treated with 15 M NH,OH dropwise (6 mL) and removed from the ice bath,
Stirring at room temperature caused the reaction to warm to a gentie reflux (42 °C), and the
reaction was chilled on an ice bath intermitiently. After ~10 min stirring at room temperature the
exotherm moderated, the aqueous layer was extracted with DCM (3¢ mlL), and the combined

dark clear organic lavers were concentrated to provide a brown solid. This was drv load flash
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chromatographed with a 20% DCM/heptane to 100% DCM gradient to afford a ~2:1 mol ratio of
the title compound and the 5-fluoro regicisomer as a light yvellow solid. A portion of this was
dry load flash chromatographed with a 20% toluene/heptanc 1o 100% tolucne gradient to provide

the title compound cluting at 60-70% toluene/heptanc.

Intermediate 7

6-Brome-2,4-dichloro-S-fluore-3-phenylguinoline

After successful flash chromatographic isolation of Intermediate 6, further clution at 83-95%

toluene/heptane provided the title compound.

Intermediate 8: step a
§-(5-Bromo-2-{fluorophenyl)-2,2.2-tri{lluorocthanone
O
NN /U\<F
LT

~
7
i

A solution of difsopropylamine (22.1 mL, 157 mmol) in 140 mL THF was stirred under argon at
-68 "C while n-Buli (§7.9 mL, 2.59 M in bexane, 150 mmol) was added in a fing stream in 2
portions over & min., The resulting pale yellow homogeneous solution was removed from the
acetone/dry tce bath and stirred at ambient conditions for 9 min, and was then cooled back down
to -68 °C and a solution of | -bromo-4-fluorobenzene (15.6 ml, 143 mmol) in THF (30 mL} was
added rapidly dropwise over 5 min. The reaction was then stirred in the cold bath for another 6
min, and the pale vellow reaction was then treated rapidly dropwise with a solution of ethiyl
trifluoroacetate (38.7 mb, 157 mmol} in THF (30 mL) over ~8 min (internal temp rose to -47 °Ch.
The pale vellow reaction was then stirred overnight as the acetone/dry ice bath expired (15 hrs).
The resulting vellow homogencous solution was washed with 5 M NH,C1 (2% 50 mi}, and the
organic laver was dried {NaxS50y), filtered, and concentrated to provide the crude title compound

as a ¢lear dark vellow ol
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{ntermediate 8: step b

1-{2-Amine-S-bromophenyi)-2,2 2-triflucroethancne

NHa

A solution of 1-{5-bromo-2-fluorophenyl}-2 2 2-trifluorocthanone  (6.67 g, 24.6 mmol,
Intermediate 8, step a) in DMSO (6.2 mL) was treated with NaN» (1.76 g, 27.0 mmol} and stirred
under air (lightly capped) at 95 °C for 1 hour. The brownish-red opague reaction was then
cooled to room ieraperature on an ice bath, dituted with EtOAc (49 ml), treated with
SolClyedihydrate (6.66 g, 29.5 mmol} in several portions over ~30 sec followed by water (1.33
mkL, 73.8 munol), and the mixture was stured at room temperature for 30 min. The reddish
solution with heavy off-white particulates was then treated with anhydrous NapxSQOy (-6 g; ~40
mmol; ~400 mumol water capacityy and stirred vigorously for a few minotes. The mixture was
then filtered over a bed of Celite®, and the cloudy orange filtrate was dry load flagh
chromatographed (~60 g silica gel) with a heptane to 50% DCM/heptane gradient {0 provide the

title compound as an orange oil that crystallized apon standing.

Intermediale 8: step ¢

6-Bromo-3-phenyl-2.4-bis(trifluoromethyDguineline

A vellow solution of 1-{2-amino-5-bromopheny!)-2,2.2-trifluorocthanone {1.32 g, 4.94 mmol,
Intermediate §, step b) and 1,1, 1-trifluoro-3-phenylpropan-2-one (0.980 g, 5.21 mmol) in DMF
{4.95 mL} was treated with tributylamive (1.23 mL, 5.19 mmol} and stirred at 130 °C under air
{capped) for 2 hours. The homogeneous orange solution was then cooled to room temperature
and partitioned with ether (8 mL) and 1 M NaH,PO, (8 mL). The organic layer was washed with

{ M NalL POy (Ix 8 mL), dried (Na;S0O4), filtered, and concentrated, and the residue was flash
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chromatographed with a heptane to 30% DCM/heptane gradient to vield the title compound as a

nearly colorless oil.

Intermediate 8: step d
-lodo-3-pheny-2 4-bis(irifluoromethyDguincline
F

F\“‘E’/F E/ﬁ
| |
: N

A mixture of b-bromo-3-phenyl-2 4-bis{trifluoromethyhguinoline (273 mg, 0650 mmol,
fntermediate 8, step ¢}, Cul (14 mg, 0.074 mumol}, NN -dimethylethvlenediamine (8.0158 wl,
0.147 mumel}, +-BuOH (8.65 mL}, and Nal (200 mg, 1.33 mmol} was microwaved at 150 *C for
30 min (Biotage). The reaction was diluted with DCM {10 mL}, filtered through Celite® and a
0.45 um filter, and concentrated. The residue was flash chromatographed with a heptane to 20%
EtOAc/heptane gradient to afford the title compound as a light yellow oil that crystallized upon

standing.

Intermediate 9: step a

N-FMethoxy-MN-methyhsonicotinamide

O

ﬂ’ﬁ’ N

N &

A suspension of 4-picolinic acid (3.00 g, 24.4 mmol} and 1,1-carbonyldiimidazole (4.74 g, 29.2
mmaly in CHRCh (35 ml} was stirred for ~ 40 min and became a clear solution.  After the
addition of N,O-dimethylhydroxylamine hydrochloride (2.85 g, 29.2 mmol), the mixture was
stirred at room temperature for 22 hours. Water was added, the organic layer was separated, and
the aqueous layer was cxtracted with CH,ClL,. The combined organic lavers were washed with
water once, and the aqueous layer was back extracted with CH,CY. The organic phase was dried
{MNa; S0y}, filtered, concenirated, and puritied by flagh column chromatography (80 g silica gel

column, 100% EtOA¢) to give the title corapound as a clear oil.

-3
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Intermediate 9s step b

(1-Methyi-1H-imidazol-5-vi}{pyridin-4-yDimethanone

g
PO
o

To a heat-gun dried flask containing 1-methyi-1H-imidazole (2.2 mb., 27.7 mumol) and THF (i3
mb) at -78 °C was added 1.6 M n-Buli in hexane (18.5 mb, 29.6 mmol). After stirring at -78 °C
for 48 mun, chlorotricthvisilane (4.9 mi., 29.2 mmol) in necat was introduced slowly. The mixture
was stirred at -78 °C for | howr. 1.6 M n-Buli in hexane (18 mL, 28.8 mmol) was added, and
stirring became very difficult. The cooling bath was removed, and stirring was continaed for a
while before the temperature reached around 10 °C. The mixture was recocled to 78 °C, a
solution of N-methoxy-N-methylsonicotinamide (3.82 g, 23.0 mmol, Intermediate 9, siep a) in
THF (28 mL} was added via canoula, and stirring stopped. The cooling bath was removed, and
the stirring was contirued for 40 min before room temperature was reached. The reaction was
quenched with a fow drops of MeOH. Brine was added, the organic layer was separated, and the
aqueous layer was extracted with CH,Cl. The combined organic phases were dried (NapSQy),
filtered, concentrated, and purified by flash column chromatography (silica gel, 50-1060% EtOAc

in heptane, then 5-10% MeOH in CH;Cl) to obtain the title compound as an off-white solid.

Intermediate 10 step a

N-Methoxy-N-methyiuicotinamide

/‘\\\v/l‘\ O

D
[},,,;a

N
The title compound was prepared using nicotinic acid in place of 4-picolinic acid using the

procedure described for Intermediate 9, step a.

Intermediate 10: step b

(3-Methyl-1 H-imidazob-5-yD{pyridin-3-yDmethanone

-3
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To a heat-gun dried flask containing -methyl-1 H-imidazole (1.55 mL, 19.5 muo!} and THF (20
mb} at =78 °C was added 1.6 M o-Buli in hexane (12.8 mb, 20.5 mmol). After stirving at <78 °C
for 30 min, chlorotricthylsilane (3.3 ml., 19.7 mmol) in neat was introduced slowly., The mixture
was stirred at 78 °C for 30 min. 1.6 M n-Buli in hexane (12.8 mL, 28.5 mmol} was added, and
the mixture was stirred for 45 min, A solution of N-methoxy-N-methylnicotinamide (2.70 g,
16.2 mmol, Intermediate 10, step a) in THF (20 mL) was added via cannula, and the mixture was
stirred at -78 °C to room temperature for 2 hours. The reaction was quenched with NH,Cl
{aquecus), the organic layer was separated, and the aqueous layer was extracted with CH,Cl.
The combined organic phases were dried {(Na,SQy), filtered, concentrated, and purified by flash
column chromatography (40 g silica gel column, 50-1009% Et(Ac in heptane, then 5-10% MeOH

in CH,Cl,) to obtain the title compound as an off-white sojid.

intermediate 1{: step a

N-Methoxy-N-methyipicolinamide

The title compound was prepared using picolinic acid in place of 4-picolinic acid using the
) ¥ el

procedure described for Intermediate 9, step a.

Intermediate {1: step b

{1-Methyl-1H-imidazol-S-yli{pyridin-2-viimethanone

'
H
; [
=
M —N
The title compound was prepared using M-methoxy-N-methvipicolinamide (Jotermediate 11, step
a) in place of N-methoxy-N-methylnicotinamide using the procedure described for Intermediate

10, step b,
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{ntermediate 11: step ¢
2-Methyl-N-({ -methy- H-imidazol-85-yIpyridin-2-yDmethylenepropane-2-sulfinamide

\L

o=8

B
N

To a mixture of {I-methyl-1H-imidazoel-5-yD{pyridin-2-yUmethanome (202 mg, 1.08 mmol,
Intermediate 11, step b} and THOEL (0.45 mL, 2.2 wmmol} in THF (3 mL) was added 2-
methylpropane-2-sulfinamide (145 mg, 1.20 mmol) and then heated at 70 °C for 4.5 days. After
cooling to room temperatore, NHLCl {aquecus) was added. The precipitated sohd was filtered
off. The filtrate was separated, and the aqueous layer was extracted with CH,Cl;. The combined
organic phases were dried (NapSQy), filtered, concentrated, and purified by reverse phase HPLC
{water/acetonitrile/0.1% TFA).,  The collected TFA salt was worked up between aqueous
NaHCO; and CHLCly. The organic fayer was dried (WNax3Qy), filtered, and concentrated to obtain

the title cormpound as a yellow o1l

Intermediate 12: step a

Z-Chioroe-N-methoxy-N,6-dimethyHeonicotinamide

The title compound was prepared using 2-chloro-6-methylisonicotinic acid in place of 4-

picolinic acid using the procedure described for Intermediate 9, step a.

Intermediate 12: step b

(2-Chioro-6-methyipyridin-4-yi-methyl-1 H-imidazol-2-vIimethanone

o
A
rOAY;
L

-3
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The title compound was prepared using 2-chloro-MN-methoxy-N,6-dimethylisonicotinamide
{Intermediate 12, step a} in place of N-methoxy-N-methylnicotinamide using the procedure

described for Intermediate 10, step b.

intermediate 13: step a

Z-Fluore-M-methoxy-N-methylisonicotinamide

The title compound was prepared using Z2-fluoroisonicotinic acid in place of 4-picolinic acid

using the procedure described for Intermediate 9, siep a.

Intermediate 13:step b
(2-Fluorepyridin-4-yDH(1-methyl-1 H-imidazol-5-yDmethanone

To a solwtion of S-bromo-l-methyl-1H-imidazole (0.964 ¢, 5.99 momol) in CHCL (6 miy at
room temperature was added 3.0 M ethybmagnesium bromide v E6O (2.0 ml, 6.00 mool)
dropwise. The mixture changed to a white suspension briefly theo to clear vellow. After 15 min
stirning, the wixture was cooled 1o 4 °C. A sohution of 2-fluoro-N-methoxy-N-
methylisonicotinamide (1.05 g, 5.70 mumol, Intermediate 13, step a) in CHCL {6 mi) was
introduced via cannula and some hard solid formed. The cooling bath was removed, and the
mixture was stitred for 2 days. NH4Cl (aqueouns) was added, the organic layer was separated,
and the aguecus laver was extracted with EtOAc. The combined organic layvers were dried
{(Na;SOy), filtered, and concentrated. The residue was diluted with small amount of CHCh,
The undissolved solid was filtered, washed with Et;0, and dried under vacuun to provide the
title compound as a white solid. The filtrate was concentrated and punified by flash column

chromatography (40 g silica gel column, 100% EtOAc) to give more title compound.
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Intermediate 14

2-Chioro-6-methyipyridin-4-v{({-methyi- 1 H-imidazol-5-yDmethanone

o

The title compound was prepared using 2-chloro-N-methoxy-N.6-dimethylisonicotinamide
(Intermediate 12, step a) in place of 2-flucro-N-methoxy-N-mcthylisonicotinamide using the

procedure deseribed for Tntermediate 13, step b

intermediate I5: step a

6-( Trifluoromethylinicotinoyi chleride

O
e
o
FaC” "N

To a 1L 3-neck flask equipped with an overhead stivrer, Claisen adaptor, nitrogen bubbler, 60
mL addition funnel, and thermocouple was added 6-(trifluoromethylnicotinic acid (45 g, 235.5
munely, dichloromethane (540 mbl)y and DMF (0910 mL, 11.77 mmol} via syringe. To this
solation was added oxalyl chioride (24.51 mk, 282.56 mmol} and the reaction was allowed to stir
at ambient temperature overnight. The reaction was then filtered and the clear filtrate was

concentrated in vacuo to afford the title compound as a brownish semisolid.

Intermediate 18:step b

N-Methoxy-N-methyl-6-(trifluoromethyDnicotinamide

0
\\,/E'LN/
e P

FaC7 N

To a 1L 3-neck flask eguipped with an overhead stirrer, Claisen adaptor, nifrogen bubbler, 125
mb addition funnel, and thermocouple was added 6-(nifluoromethyhnicotinoyl chloride (49.3 g,

2352 muwol, Intermediate 15, step  a), dichloromethane (493 ml), and NO-
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dimethythydroxylamine hydrochloride (25.63 g, 258.8 mnol}. After the mixture was cooled o
7 °C, diisopropylethylamine {90.263 ml, 517.6 nuvol) was added such that the addition
temperature did not exceed 16 °C. After the addition, the reaction was allowed to warm fo room
temperature. The reaction was then transferred to a separatory funnel and the organic layer was
washed with saturated NaHCGO; (2 x 100 mL) followed by water (100 mL) and then dried over

sodium sulfate, and filtered. Solvent removal afforded the title compound as a brownish oil.

{ntermediate 15: step ¢

(i-Methyl- 1 H-imidazob-8-yR{6-{trifluoromethyDpyridin-3-yDmethanone

.
[ N
E W
e 4
FaC™ TN N
To a 3L d-neck flask equipped with an overhead stirrer, nitrogen bubbler, and thermocouple was

added 3-bromo-i-methyl-1#-imidazole (47.96 g, 297.9 mmol}, followed by THF (537 mL} To
this room tomperature solution was added isopropyimagnesivm  chloride/Hthinm  chloride
complex [1.3 M] (246.8 mL, 320.8 mmol} {addition temperature maintained between 16.6 and
25 °C) to afford a milky suspension and the reaction was stirred for 60 minutes and then cooled
to 5.3 °C in an icc bath. To this mixture was added a solution of N-mcthoxy-M-methvl-6-
(trifluoromethylinicotinamide (53.66 g, 22914 mmol, Intermediate 15, step b} in THF (2683
mb} (addition temperature between 5.3 and 5.6 °C) to afford an orange mixture. After addition,
the reaction was warmed to room temperature over 2 hours. Afeer stirring at room itemporature
for 18 hours, THF (200 mL} was added and the reaction was stirred for 2 hours. The reaction was
then cooled to 4 °C with an ice bath and carefully quenched with 2N HCl to a pH =7, quenching
temperature reached 12 °C. The mixture was diluted with cthyl acetate (500 ml), phase split and
the organic layer was washed with brine {2 x 200 mb) and dried over sodium sulfate, filtered,
and the solvent was removed. Hot ether was added and then filtered to give the title compound as

a sohid.

Intermediate 16: step 2

N-Methoxy-N-methyl-2-(trifluoromethyljisonicotinamide
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T
T

To a suspension of 2-{irifluoromethybisonicotinic acid (1.03 g, 539 mmol), N,O-
dimethythydroxvlamine hydrochloride (0.800 g, 8.20 mmeol), N{cthyicarbonimidoyl}-N,N-
dimethyb1,3-propanediamine hvdrochloride (EDCE 1.35 g, 7.04 mmol} and CH,CL was added
Et:N (1.90 mL, 13.7 mmol), and the mixture immediately turned o clear. After stivring at room
temperature overnight, NH4Cl (aqueous) was added. The mixture was stirred vigorously for a
while, and white solid was filtered off. The organic layer wag separated, and the aguecus layer
was extracted with CHoCl,. The combined organic phases were washed with brine, and the
aqueous layver was back extracted with CH,Cl,. The organic phase was dried (NapSQy), filtered,
concentrated, and purified by flash column chromatography (40 g silica gel column, 40-70%

EtOAc in heptanes) to give the title compound as a clear oil.

Intermediate 16: step b

(§-Methyl-1 H-imidazobS-yH{2-(triffuoromethyDpyridin-d-yDmethanone

o
N
Nz N
FLF
F
The title compoand was prepared asing M-methoxy-N-methyi-2-

{trifluoromethylYisonicotinamide (Intermediate 16, step a) m place of 2-fluoro-N-methoxy~N-

methylisonicotinamide using the procedure described for Intermediate 13, step b

Intermediate 17
3-ChlorophenyD{6-(triflaoromethyhpyridin-3-yhmethanoune
O

Emﬁ:i
/ N";‘ E \:;f"’

F
"1
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To a solation of Nemethoxy-N-methyl-6-(trifluoromethyhDnicotinanmide (1.23 g, 3.25 mmol,
Intermediate 15, step by in THF (12 mL) at 4 °C was added 0.5 M (3-chiorophenylimagnesium
bromide in THF (12.7 mL, 6.35 mmeol). The mixture was stired at 4 °C to room temperature
overnight, and quenched with NHaCl {aqueous). The organic layer was separated, and the
aqueons layer was extracted with CHLClo The combined organic phases were dried (NapSO4),
filtered, concentrated, and purificd by flash colwnu chromatography (40 g silica gel cohumn, 0-

70% EtOAc in heptanes) to give the title compound as an oil, which solidified upon standing.

Intermediate 18: step a

4-Chioyo-N-methoxy-MN-methyibenzamide

Pyridine €27.6 mlL, 343 mmol) was added to N, O-dimethylhydroxylamine bydrochloride (16.7 g,
172 mmed} in DOCM (400 mb). 4-Chlorobenzoyl chloride (20 mL., 156 mmol} was then added
and the mixture was stirred at room temperature for 3 days. Solids were removed by vacoum
filtration, washing with DCM. The filtrate was washed with I N HCl followed by water. The
organic phase was dried (Na,SO4), filicred, and concentrated, affording the crude title compound

as a colorless Hquid which was used without pwification in the next step.

Intermediate {8: step b

{4-ChlorophenyD{i-methyl-1 H-imidazol-5-yimethanone

Ethyl magnesiwm bromide (3.0 M n diethyl ether, 21.5 i, 64 4 mmol} was added via syringe
over a fow minuies to a clear colorless solution of 5-bromeo-1-methyi-1 H-imidazole (104 g, 64.4
mmoly in THF (100 mL) under a nitrogen atmosphere in an ice bath. A white precipitate formed
during the addition. The mixture was removed from the ice bath and was stitred for 20 min, then

was again cooled in an ice bath before addition of 4-chloro-N-methoxy-N-methyibenzamide

(10.7 g, 53.6 muvol, Intermediate 18, step a).  The resulting white suspension was stirred
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overnight at room temperature.  The reaction was quenched by addition of saturated agueous
NH4CH and diluted with water. The mixture was partially concentrated to remove THF and was
diluted with DCM. The mixture was acidified to pH | with 1 N agueous HCL, then neutralized
with saturated aqueous NaHCO,. The phases were separated and the aqueous phase was further
extracted with DCM. The organic extracts were washed with water, then were dried (NaSOy),
filiered, and concentrated, affording a white solid. The crude product was triturated with a
mixture of EtOAc:heptanes (1:1, 150 mi). The precipitated sohd was collected by vacuum

filtration, washing with heptanes, to afford the title compound.

Intermediate 19

2-Methoxy-5-{(1-methyl-1H-imidazol-S-vhicarbonylipyridine

O
S
J{?fj\w
\'O N N

In a 50-mL round-bottom flask was placed a solution of Na {260 mg, 11.3 mmol} in methanol

P

(15 mbL}) and the solution was stirred for 30 min at room tomperature. Then 2-chiore-5-[{1-
methyl-1 H-imidazok-S-yljcarbonylipyridine (2530 mg, 1.13 mmol, Intermediate 22, step ¢) was
added. The resulting mixture was stirred for 4 hours at 75 °C and concentrated under vacuum.
The residue was purified by flash column chromatography (silica gel column, 100:0-20:1

CH,ClL/MeOH) to give the title compound as a light vellow solid.

intermediate 26

N MN-Dimethyb-5-[(1-methyl-1 H-imidazol-S-yhearbonylipyridin-2-amine

O
AN

N "
G

in a 50-mL round-bottom flask was placed a solution of 2-chlgro-S-[{-methyl-1 H-imidazol-5-
vhcarbonylipyridine (250 mg, 1.13 mmel, Intermediate 22, step ¢}, dimethylamine
hydrochioride (96 mg, 1.2 mmol}, and E&zN (342 myg, 3.39 mmol} in methano! (15 mb). The

resulting mixture was heated at 75 °C overnight and concentrated under vacuum. The residue
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was purified by flash column chromatography (silica gel colummn, 100:0-20:1 CHClLy/MeOH) to

give the title compound as a Hght yvellow solid.

Intermediate 21 step a

6-Flusropyridine-3-carbonyl chloride

O

{ \=/lL\

A
M

Cl
F
In a 100-mL round-bottom flask was placed a solution of 6-fluoropyridine-3-carboxvlic acid (5.0
g, 35.4 mmol) in thionyl chloride (20 mL). The resulting solution was heated at 80 °C for 2

kours and concentrated under vacuum to give the title compound as a yellow oil.

Intermediate 211 step b
&-Fluore-N-methoxy-N-methylpyridine-3-carboxamide

O

Ay

F/\N«;J O

To a 230-mL round-bottom flask containing N,O-dimethyl hydroxylamine hydrochloride (3.5 g,
35.9 mmol) and tricthylamine (15.0 mL, 108 mmol) was added a solution of 6-fluoropyridine-3-
carbonyl chloride (570 g, 35.7 mmol, Intermediate 21, step a) in dichioromethane {200 mb)
dropwise. The resulting mixture was stitred for 12 hours gt room temperature, and 20 ml of
water was added. The organic layver was separated, and the aqueous layer was extracted with 2 x
100 ml of dichloromethane, The combined organic layers were dried over anhvdrous sodium
sulfate, filtered, and concentrated under vacoom. The residuc was purified by chromatography

{silica gel column, 100:1 CHCL/MeOH) to give the title compound as a white solid.

Intermediate 21: step ¢

{6-Flueropyridin-3-vhH({-methyb1 H-imidazol-5-yhmethanone
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g

i
R o N
FON N

To a 25¢-mL round-bottom flask containing 1-methyl-1H-imidazole {1.74 g, 21.2 mmol} and

THF (30 mL) at -78 °C under nitrogen was added n-BuLi in hexane (2.5 M, 9.8 mL, 24.5 mmol)
dropwise. The resulting mixture was stirred for 1 hour at -78 °C, and E6SiCH(3.20 g, 21.2 mumol)
was added. The mixture was stirred for an additional | hour at -78 °C, and a second portion of n-
BuLi(2.5M, 8.5 mL, 21.3 mmol) was added. Afler stirring for an additional 1 hour at -78 °C, 6-
fuoro-MN-methoxy-N-methylpyridine-3-carboxamide (3.00 ¢, 16.3 mmol, Intermediate 21, siep b)
was added. The mixture was stirred at =78 °C and then allowed to warm up to room temperature.
The stirring was continued for 1 hour at room temperature, and then the reaction was quenched
by the addition of 20 mi of water. The mixture was diluted with 100 ml of water. The organic
layver was separated, and the agueous layer was extracted with 3 x 50 mL of ethyl acetate. The
combined organic layers were dried over anhyvdrous sodium sulfate, filtered, and concontrated
uvnder vacuum.  The residuc was purified by chromatography (silica gel colummn, 1.4

ErQAc/petroloum ether} to give the title compound as a white selid,

{ntermediate 22: step a

&-Chioropyridine-3-carbonyl chloride

o
ET"C;\\VA\ ol

PN

Ci N

The title compound was prepared using 6-chloropyridine-3-carboxylic acid in place of 6-

fluoropyriding-3-carboxylic acid according to the procedure described for Intermediate 21, stop a.

Intermediate 22: step b
6-Chioro-M-methoxy-N-methylpyridine-3-carboxamide
¢

Cy
o

N
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The title compound was prepared using 6-chloropyridine-3-carbonyl chloride (Intermediate 22,
step &) in place of 6-fluoropyridine-3-carbonyl chloride according to the procedure described for

Intermediate 21, step b

intermediate 22: step ¢

2-Chloroe-5-{(1-methyl-1 H-imidazol-5-yhcarbonyljpyridine

OJ\/I,
% N
/@) L)
N N

The title compound was prepared using 6-chloro-N-methoxy-N-methylpyridine-3-carboxamide
{Intermediate 22, step by in place of 6-fluoro-N-methoxy-N-methylpyridine-3-carboxamide

ey

according to the procedure deseribed for Intermediate 21, step c.

Intermediate 23

{4-Chlerophenyh(1-ethyl-1 H-imidazol-5-yDmethanone

O
7 N>
Cz”ii\?/ S
The title compound was prepared using 1-ethyl-1#H-imidazole and 4-chloro-N-methoxy-N-
methylbenzamide (Intermediate 18, step a) in place of 1-methyl-14-imidazole and 6-fluoro-N-
methoxy-N-methylpyridine-3-carboxamide, respectively, according to the procedure described

for lntermediate 21, step ¢.

intermediate 24; step a

5-Brome-1,2-dimethyl-1 H-imidazole
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A mixtyre of 1,2-dimethyl-1H-imidazole (2.80 g, 29.1 mmol) and NBS (540 g, 30.3 mmol) in
dichioromethane (100 mL) was stirred for 2 howrs at § °C and diluted with 100 mL of
dichloromethane. The mixture was washed with 3 x 200 mL of H,O, dried over anhydrous
sodium sulfate, filtered, and concentrated under vacuum.  The residuc was purified by flash
column chromatography (silica gel column, 10:1 CH,CL/MeOH) to give the title compound as a

pink solid.

Intermediate 24: step b
S-[{(4-Chlorophenyljcarbonyl]-1,2-dimethyl-1 H-imidazole

g
/E Nan
g~ TN

To a 50-mL round-bottom flask containing a solution of 5-bromo-1,2-dimethyl-1 H-imidazole
{440 mg, 2.51 mmol, Intermediate 24, step a) and THF {20 mi} under nifrogen was added
sopropyimagnesium chloride in THF (2.0 M, 1.2 mi, 2.4 mmol) dropwise. The mixtore was
stirred for 0.5 hours at room tomperature, and a solution of 4-chioro-MN-methoxy-N-
methylbenzamide (500 mg, 2.50 munol, Intermediate 18, step a) in THF (5 mL) was introduced.
After stirring for 7.5 hours at roorn temperature, the reaction was quenched by addition of 10 mbL
of EiOH, and concentrated under vacuum.,  The residue was purified by flash column
chromatography {silica gel, 30% EtOAc in petroleum, 0 — 10% MeOH in CH,CL) to give the

title componnd as a white solid.

Intermediate 25

fert-Butvl 4-nicotinoyipiperidine-i-carboxylate

A mixtyre of piperidin-4-yl{pyridin-3-ylimethanone hvdrochloride (397 mg, 1.75 mmol), di-teri-

butyvt dicarbonate (710 mg, 3.25 mmol}, N N-dimethyipyridin-4-amine {28 mg, (.23 mmol} and

8
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Et;N (1.2 mb, .6 mmoly in THF {15 mL} and CH,CL (5 mbl) was stirred for 3 days and
concentrated. The residue was purified by flash column chromatography (40 g silica gel column,

50-70% EtOAc in heptanc) to give the title compound as a clear oil.

{ntermediate 26ser/-Butyl 3-nicotinoyipiperidine-1-carboxylate

The title compound was prepared using piperidin-3-yi{pyridin-3-yvl)methanone hydrochloride in
place of piperidin-4-ylpyridin-3-yhimethanone hydrochloride using the procedure described for

Intermediate 25.

Intermediate 27

i-(4-Benzoyipiperidin-i-vijethanone
G

/&\Tfﬁp

A mixture of phenyli{piperidin-4-vhmethanone hydrochloride (743 mg, 3.29 mmol, Apollo
Scientific) in DCM {(13.2 mbL) and TEA (1.10 mL, 7.90 mmol} was treated with Ac,Q {0,373 mi,
3.95 mmol) dropwise over | min on gn ice bath under argon, and the resuliing transiucent
mixture was immediately removed from the ice bath and stirred at room temperature overnight.
The reaction was then partitioned with | M HCH{(Ix 8 mL) and I M NaOH (I x § mL}, and the
organic layer was dried (Na;SOy), filtered, and concenirated to provide the title compound as a

translucent beige oil that crystallized npon standing.

Intermediate 28; step a

N-Methoxy-N-methylpyrimidine-S-carboxamide
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1,1 -carbonyldiimidazole {123 g, 7.57 mmol} was added to a suspension of pyrimidine-5-

carboxylic acid (783 mg, 6.31 mmol} in DCM (20 mL} and the mixture was stirred at room
temperature for 15 min before addition of N, O-dimethylhvdroxylamine hydrochloride (739 mg,

7 mmol). The mixture was stirred at room temperature for 5 d, then was diluted with

(]

saturated aqueons NHyCl and water and extracted with DCM. The organic phase was washed
with water, and the aqueous phases were back-extracted with DCM. The organic phase was
dried (NapS(y), filtered, and concentrated, affording the crude title compound as a light vellow

oil which was used without further purification in the next reaction.

Intermediate 28: step b

{1-Methyl-1 H-imidazol-5-yli{pyrimidin-S-yDmethanone

7
NG
] KR?

N

n-Buli (1.6 M in hexane, 3.71 mL, 594 mmol) was added to 3 solution of 1-methylimidazole
{0.452 md., 5.7 mmol} in THF (10 mL) at -78 °C. The mixture was stirred at <78 °C {or 30 min.
Chlorotricthylsilane (0.957 mL, 5.7 nunol} was added slowly., The mixture was stirred at -78 °C
for 30 min. A second portion of n-Buli (1.6 M in hexane, 3.71 ml, 5.94 mimol) was added. The
mixture was stirred at -78 “C for 30 min. Crude N-methoxy-N-methylpyrimidine-3-carboxamide
{794 mg, 4.75 mmol, Intermediate 28, step a) was added via cannula as a solution in THF {5
mb). The mixture was stirred at ~78 °C for 5 min and was removed from the cold bath and
stitred at room temperature overnight. Saturated aquecus NHCH was added and the phases were
separated.  The agueous phase was extracted twice with DOM.  The organic phase was dried
{Na.50y), fikered, and conecntrated. The residue was purified by flash column chromatography
{(silica gel, gradient 13-100% EtOAc-heptanes, then 0-10% MeOH-EtOAc) to afford impure title
compound, which was forther purificd by flash cohumn chromatography (silica gel, 4-5%

MeOH-DCM).

intermediate 29 step a

N-Methoxy-N-methylpyridazine-4-carboxamide
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The title compound was prepared using pyridazine-4-carboxylic acid in place of pyrimidine-5-
carboxylic acid using the procedure described for Intermediate 28, step a, cxcept that the reaction
was run for 2 days and the crude product was purified by flash column chromatography (silica

gel, gradient §-3% MeOH-DCM),

Intermediate 29: step b
{1-Methvl-1 H-imidazol-2-vI¥pyridazin-4-v)methanone
o

NS e
R

n-Buli (1.6 M n hexane, 3.65 mL, 5.84 mmol) was added to a solution of 1-methylimidazole
{0.452 mi, 5.7 mmoly in THE (30 mL) ar -78 °C. The mixture was stirred at -78 °C for 15 man.
Chlorotriethyisilane (0.955 mL, 5.7 nunol} was added slowly. The mixture was removed from
the dry ice/acetone bath and was stirred for 33 min. The mixture was again cooled in a dry
icc/acctone bath before addition of a sccond portion of n-Buli (1.6 M in hexane, 3.65 ml, 5.84
mmol). The mixture was stirred at -78 °C for 1 hour, then transferred to an ice bath and stirred
10 min. The mixture was again cocled in a dry ice/acetone bath before addition of a sohution of
N-methoxy-N-methylpyridazine-4-carboxamide (793 mg, 4.74 mmol, Intermediate 29, step a) in
THE (15 ml) via canmula. The reaction mixture was stirred at <78 °C for 30 win, then was
transforved to a slurry of CHLCON/dry ice and stirred for 15 min. The reaction was quenched by
addition of water (50 m1) and the mixture was extracted with FtOAc¢ three times. The organic
phase was dried (NaxSOy), filtered, and concentrated. The residue was purified by flash colinnn
chromatography (silica gel, gradient §-4% MecOH-DCM first column, 75-100% EtOA¢-heptanes

second column) to attord the title compound.

Intermediate 38 step a

N-Methoxy-N-methylpyrazine-2-carboxamide
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The title compound was prepared using pyrazing-2-carboxylic acid in place of pyrimiding-3-
carboxylic acid using the procedure described for Intermediate 28, step a, oxcept that the reaction
was ron for 1 day end the crude product was purified by tlash coluron chromatography (silica

gel, gradient §-3% MeOH-DCM first colurnn, 50-70% EtOAc-heptance second column),

Intermediate 30: step b
{I-Methyl-1H-imidazel-2-vi){pyrazin-2-yDmethanone

The title compound was prepared using N-methoxy-N-methylpyrazine-2-carboxamide
{Intermediate 30, step a) in place of N-methoxy-N-methylpyridazine-4-carboxamide using the
procedure described for Intermediate 29, step b, except for the gradients used during normal
phase chromatography (75-100% EtOAc-heptane first column, 23-35% acetone-DCM second

colamn}.

Imtermediate 31

(-Methyl-1 H-imidazol-S-yD{pyrazin-2-yDmethanone

Q

N A
DY
‘N7 N

The title compound was also isolated from the reaction that formed Intermediate 30, step b.

.

Intermediate 32

{(4-Chloropheny{pyrimidin-5-yimethanone

0
DAL
|
kN”’ 0
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4-chlorophenylmagnesium bromide (1 M in E;O, 4.53 mi, 4.53 mmol} was added to 2 sohution
of crude N-methoxy-N-methylpyrimidine-S-carboxamide {505 mg, 3.02 mmol, Intermediate 28,
step a} in THF at § °C. The reaction mixture was allowed to warm to room temperature and was
stirred overnight. The reaction was quenched by addition of saturated aguecus NH,CL, diluted
with water, and extracted three times with EtQ0Ac. The organic phase was dried {(Na;SQy),
filtered, and concentrated. The residue was purified by flash column chromatography {silica gel,
gradient 1-3% MeCH-DCM}, affording impure title compound which was used without further

purification.

Intermediate 33
{1-Methyl-1 H-imidazol-2-vi}{pyrimidin-S-yDmethanone
Q

N7 i
ﬂ\ N/ ?\i%n/?

A

Ethvimagnesium bromide (3 M in ERO, 1.05 ml, 3.14 mmol} was added dropwise to a solution
of 2-bromo-t-methyl-1 H-imidazole (505 mg, 3.14 mmol} in DCM (6 ml} under a nitrogen
atmosphere. The mixture was stirred at room temperatire 30 min, then was cooled in an ice bath
prior to addition of a solution of N-methoxy-N-methyvlpyrimidine-S-carboxamide (419 mg, 2.51
nmunol, Intermediate 28, step a) in DCM (1 mL}. The rosulting suspension was stirved at room
temperature for 24 hours. The reaction was quenched by addition of saturated aqueous NHyCL
diluted with water, and extracted three times with DCM. The organic phase was dried (Na,SQy4),
filtered, and concentrated. The residue was purified by flash column chromatography (silica gel,

gradient 0-60% CH:CN-DCM), affording the title compound.

Intermediate 34: step a

&-Bromeo-3-phenyi-2-(frifluoromethyhguinslin-4-oi
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A mixture of 2-amino-3-bromobenzoic acid (3.01 g, 13.9 ramol}, 1,1, 1-trifluoro-3-phenylpropan-
2-one (3.1 g, 16.5 mmol), and Eaton’s reagent (3.3 mL) in a sealed tube was heated at 100 °C
for 4 hours. The reaction mixture was then allowed to cool to room temperature, water was
added stowly, and the mixture was stirred vigorously for about 15 min. The precipitated solid

was filtered, washed with water, and dried to give the title compound.

Intermediate 34: step b
6-Bromo-d-chlore-3-phenyh-2-(irifluoromethyhguinoline
oY

P

F

F

A solition of 6-bromo-3-phenyl-2-(trifluoromethyiiquinclin-4-ol (829 g 225 mmol,
Intermediate 34, step a) in phosphoryl trichloride (25 mL, 26% numol) was heated at 110 °C for 2
hours, and concentrated in vacuo. Dichloromethane and ice-water were added, and the mixture
was basified at 4 °C with conc. NH4OH umtil pH ~ 10, The organic laver was separated and the
aqueous layer was extracted with CHzClh. The combined organic phases were dried (NapySQy),
filtered, concentrated, and purified by flash column chromatography (120 g silica gel column, 2 -

9% Et(3AcC in heptane) to give the title compound as a light yellow solid.

Intermediate 35

{(1-Methyl-1H-imidarol-5-yi{pyridazin-d-yHmethanone

Ethyvimagnesiom bromide (3 M in B0, 1.04 mL, 311 mumol) was added dropwise to a solution
of S-bromo-i-methyl-tH-tmidazole (500 mg, 3.11 wmoly in DCM (6 ml) under a nitrogen
atmosphere. The mixture was stirred at room temperature 15 min, then was cooled fu an ice bath
prior to addition of Nemethoxy-N-methylpyridazine-4-carboxamide (419 mg, 2.51 mmol,
fntermediate 29, step a). The resulting suspension was stivred at room temperature for 2 hours.

The reaction was gquenched by addition of saturated agueous NHCl, diluted with water, and

91



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

extracted three times with EtOA¢. The aguecus phase was saturated with NaCl and back-
extracted with DCM (three times). The organic phase was dricd (Na,85Qy), filtered, and
concentrated.  The residue was purified by flash column chromatography (silica gel. gradient 30-
100% CHRCN-DCM, followed by isocratic 5% MceOH-acctone), affording title compound
comtaminated with 1-methyl-1H-imidazole, the mixture of which was used in the next reaction

without further purification.

Intermediate 36
{2.4-Dichiors-3-phenyigquinelin-6-yD{3,5-dimethylisoxazol-4-yhmethanone

o cl T’\w
N

Ci

THF (5 mL) was added to a mixture of 6-bromo-2,4-dichlore-3-phenyliguinoline (363 mg, 1.03
mmol, Intermediate 1, step ©) and 3,5-dimethylisoxazole-4-carbaldehyde (180 mg, 1.44 mmof)
under a nitrogen atmosphere. The resulting colorless solution was conled in a dry ice/acetone
bath. n-Buli (1.6 M in hexane, 0.771 mL, 1.23 mmol} was added dropwise and the mixture was
stirred at =78 °C for 30 min, then moved to an ice bath and stirred for 30 min. The reaction was
quenched by addition of satiwated aquecus NH4Cl and was diluted with water. The mixture was
extracted three times with EtOAc. The organic phase was dried (NaxSQ4), filtered, and
concentrated to  afford crade  (2,4-dichloro-3-phenylquinolin-6-y[}i{3,5-dimethylisoxazol-4-
vhmethanol which was used without further purification in the next step,

1.4-dioxanc {7.5 mL} and mangancsc (1V} dioxide {447 mg, 5.14 mmol) were added to the crude
alcohol from the prior step. The resulting black suspension was heated in a 100 °C oil bath in a
sealed tube overnight. The mixture was allowed 1o cool, was dituted with DCM, and was filtered
through Celite®. The filtrate was concentrated and the residue was purified by flash column

chromatographyv- (silica gel, 3-15% EtOAc-heptane} to isolate the title compound.

Intermediate 37: step a

{2 4-Dichloro-3-phenyiguinslin-6~-yD{3-methylisoxazol-5-yDmethanol
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To a mixture of 6-bromo-~2,4-dichloro-3-phenviquinoline (363 mg, 1.03 yomol, Intermediate 1,
step ¢} and 3-methylisoxazole-5-carbaldehyde (149 mg, 1.34 mmol) in THF (§ ml) at -78 °C
was added n-Buli (1.6 M in hexane, 0.707 mL, 1.13 nmunol} dropwise. The mixture was stirred
at -78 °C for 3¢ 1otn, then moved to an ice bath and stirred for 30 min. The reaction was
quenched by addition of saturated aqueous NH4Cl and was dituted with water. The mixture was
extracted three times with EtOAc. The organic phase was dried (NapSQOy), filtered, and
concentrated to afford the crude title compound which was used without further purification in

the next reaction.

Intermediate 37: step b

24-Dichioro-3-phenviguinslin-&-yD{3-methylisoxazpl-5-yDmethanone
{ yig 3 3 ¥

1, 4-dioxane (7.5 mL} and manganese (IV} dioxide (447 mg, 5.14 mmol} were added to crude
{2,4-dichloro-3-phenviquinolin-6-vl(3-methvlisoxazol-5-vimethano! (Intermediate 37, step a,
1.03 mmol assuming theoretical yield in prior step). The resulting black suspension was heated
in a 100 °C oil bath in a sealed tube for 3 hours. The mixture was allowed to cool, was diluted
with DUCM, and was filtered through Celite®. The filtrate was concentrated and the residue was
puritied by flash column chromatography (silica gel, 3-15% EiOAc-hepiang) to afford shightly

wupure title compound which was used without forther purification,

Intermediate 38: step a

N-Methoxy-N.2-dimethyithiazole-4-carboxamide
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Analogous to the general method described in J. Med. Chem., (2088), 48(6), 2134-2153. Toa
flask containing 2-mcthylthiazole-4-carboxylic acid (1.10 g, 7.68 mmol} was added DCM (30
mb} and the homogeneous solution was stirred at room temperature as carbonyldiimidazole
(1.30 ¢, 8.02 mmol} was added. A white opaque suspension resubted.  After the mixture was
stirred at room temperature for 2.25 hours 4 colorless homogeneous solution resulied and then
N,O-dimethylhydroxylamine hydrochlonide (820 mg, 8.41 numoly was added which caused an
opague solution to result once again. The mixture was stirred at room temperatare for 18 hours,
then diluted with water and 1 N NaOH {(io pH ~%) and extracted with DCM (4 x 50 mL). The
combined organics were washed with brine, dried over NaxS0O,, filtered and concentrated to give
a colorless 01i, which was passed through a plug of silica geol cluting with (20% THE-DCM) to

provide the title coropound as a colorless oil.

Intermediate 38: step b
{i-Methyl-1 H-imidarol-S-vH{2~-methyithiazol-4-yhimethanone
G
i
i

N /
P -N
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To a flask containing 5-bromo-~-methvl-1 F-imidazole (345 mg, 2.14 munol) was added THF (8
mL} and the selution was cooled to ¢ °C. To this clear homogencous solution was added
isopropylmagnesium chloride-LiCl complex (1.3 M, 2.0 mi, 2.6 mmol) which resulted in a
white suspension. The reaction was stirred at § “C for 30 min, then a THF (2 mL) solution of N-
methoxy-N,2-dimethylthiazole-4-carboxamide (250 mg, 1.34 munol, Intermediate 38, step a) was
introduced and the mixture became more viscous and was allowed to warm {0 room temperature,
After 3 hours the mixture was guenched with saturated NHyC solution and extracted with
EtOAc {4 x 50 mb). The combined organics were washed with brine, dried over NapSQO,,
filtered and concentrated. Flash chromatography on silica gel (20-48% EtQOAc-DCM increasing

gradient to 5% MeQOH-DCM) provided the title compound as an off-white sohid.

intermediate 39

{2-Chioro-T-methyl-1H-imidazol-S-yh{d-chlorophenymethanone

94
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The title compound was prepared by the method described in J Org. Chem. 2084, 69 (233, 8115,

Intermediate 40: step a

N-Methoxy-N,2 6-irimethyinicotinamide

0O
P
ry"“\(,/l\N,Q
Ay ?

To a flask containing 2,6-dimethvinicotinic acid (2.80 g, 18.5 mmeol) was added CH,Cl, and
DMF {6 mL). The suspension wags stirred at room temperature as carbonyl diimidazole (3.50 g,
21.6 mmol) was added. The suspension rematned throughout the day and was allowed to stir
overnight at room temperature.  After 18 howrs, N, O-dimethythydroxylarine hydrochloride
(3.00 g, 30.8 myuol) was introduced and the mixture was stirred at room temperature again for 24
hours. The reaction nuxture was guenched with water and | N NaOH, and extracted with
CH;ChL (4 x 30 mL). The combined organics were washed with brine, dried over NapSQy,
filtered and concentrated to give a colorless oil. Flash chromatography on silica gel (50%

EtQAc-hexane) afforded the title compound as a colorless ail.

intermediate 40: step b

{2,6-Dimethylpyridin-3~-yH(3 -methyl- 1 H-imidazol-S-ymethanone

T
LX)

To a flask containing S-bromo-i-methyl-LH-noidazole (360 mg, 2.24 mypol) was added THF and
the solution was cooled to 0 °C. To this clear homogeneous solution was added isopropyl
roagnesiurn chloride-LiCT complex (1.3 M, 2.3 ml, 2.98 mmoly which resoited in a white
suspension.  The reaction mixture was stirved at ¢ °C for 30 min, and a THF (2 mL) sohution of
N-methoxy-N,2 6-trimethybnicotinammide (522 mg, 2.69 mmol, Intermediate 40, step a} was

wmiroduced and the mixture was allowed to warm to yoom fewperature for 3 hours and then

el
(41
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heated to 50 °C for 20 hours. The contents were cooled to room temperature, poured into a
saturated NH4Cl solution and extracted with EtOAe (4 x 530 mL). The combined organics were
washed with brine, dricd over MgSQy, filtered and concentrated. Flash chromatography on silica
gel (25-50% Acetontrile-DCM  inereasing gradient to 5% McOH-DCM) afforded the titie

compound as a pale yellowish solid.

intermediate 41: step a

N-Methoxy-N,2 d-trimethylthiazole-S-carboxamide
| O
Oy A S
YU
' N

To a flask containing 2 4-dimethyithiarole-5-carboxylic acid {2.50 g, 15.9 mmol) was added
DCM (75 mL) and DMF {3 mb) to afford a homogencous solution. Then, carbonvldiimidazole
{2.84 g, 17.5 mmol} was added and the mixture was stirred at room temperatore for 2 hours,
N,O-dimethylhydroxylaming hydrochlonde (1.90 g, 19.% munol} was then added and the reaction
mixture was stirred at room temperature for 18 hours, then diluted with water and I N NaOH and
extracted with DCM (4 x 50 mL}. The combined organics were washed with brine, dried over
Na; SOy, filtered and concentrated. Flash chromatography on silica gel {16-40% E1CAc-DCM)

provided the title compound as a coloriess oil.

Intermediate 41: siep b

{2 4-Dimethyithiazol-5- vy ~-methyl-1 H-imidazrol-5-vmethanone

Nf\r ”\»f

To a flask countaining 5-bromo--methyl-1 H-imidazole (390 myg, 2.42 mynol) was added THF (8
wk} and the solotion was cooled to 0 °C. To this clear homogeneons sohution was added
isopropyl magnesium chloride-LiCl complex (1.3 M in THF, 2.5 mL, 3.25 mmol} which resulted
in a white suspension. The muxfure was stirved at § °C for 30 mun, then a THE solution (2 mL} of
N-methoxy-N, 2, 4-tritacthylthiazole-5-carboxamide {550 mg, 2.75 mumol, Intermediate 41, step a)

was introduced and the mixture was allowed o warm to room temperature.  After 3 howrs at
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roont temperature the mixture was heated to 50 °C for 18 hours, followed by quenching with
NH4CI solution.  The aqueous portion was cxtracted with DCM (4 x 50 mL). The combined
organics were washed with brine, dried over NapS0s, filtered and concenwrated.  Flash
chromatography on silica gel (253-30% EtOAc-DCM increasing gradient to 5% MeOH-DCM)

provided the tite cormpound as an arber solid.

intermediate 42: step a
-Methyl-1H-1,2,3-triazole
/
NJN
H y

N._/

The title cornpound was prepared by the method described in WO2008/98104,

Intermediate 42: step b
{4-ChlorophenyD{({-methyh-1 H-1.2,3-trinzol-S-ylimethanol

Analogous to the general method described in J Org. Chem. 2884, 69, 8115, and Chem. Pharm,
Bull 1997, 1145, To a 2Z-necked flask containing 1-methyl-14-1,2 3-triazole (1.00 g, 12.0 mmol,
Intermediate 42, step a) was added THF (75 mL) and the solution was cooled between -40 to -20
“C. To this colorless homogeneous solution was added #-Buli {2.5 M in hexanes, 5.0 mL, 114
mmol) dropwise which afforded a dark brown viscous mixture, After stirring at 0 °C for 1 hours,
a THF (10 mL) solution of 4-chlorobenzaldehyde (1.60 ¢, 11.4 munol} was introduced and the
reaction mixture began to be stirred freely and remained brownish, After 3 hours the reaction
mixture was quenched by pouring into a saturated solution of NH4Cl and the aqueous portion
was extracted with Et(OAc (4 x 50 mL). The combined organics were washed with brine, dried
over Mgh(y, filtered and concentrated to give a brown oil which solidified upon standing. The

crude material was triturated with E6O o provide the title compound as a brown solid.

Intermediate 42: step ¢

{4-ChlorophenyD{1-methyl-1H-1.2,3-triazol-S-yhimethanene
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Similar to the procedure described in J dm. Chem. Sec. 1993, 7277, a flask containing Dess-
Martin reagent (1.50 g, 3.54 mmol} in DCM (30 mL) was cooled to 0 °C and then a solution of
{4-chlorophenyl ¥ T-methyl-1 /-1 2 3-triazol-5-vhmethanol (500 myg, 2.24 mmol, lntermediate 42,
step b} in 10 mL of BCM was added. After 5 min, the ice bath was removed and the mixture
was allowed to stir at room temperature for 45 min, at which time TLC (20% EtQAc-DUM)
indicated the reaction was complete. The mixture was quenched with a saturated NaHCO,
solution and 2 mE of 1 N NaOH and the aqueons portion {pH ~9) was extracted with DCM (3 x
75 mL}. The combined organics were washed with brine, dried over Mg8Q,, filtered and
concentrated o give a light amber solid. Flash chromatography on silica gel (10% BEtQOAc-DCM)

afforded the title compound as a white solid,

Intermediate 43: step a

N-Methoxy-MN 2-dimethyibenzold]oxazole-5-carboxamide

0. N
N 7Ny

To a flask containing 2-methvibenzo|djoxazole-5-carboxylic acid (1.00 g, 5.64 mmol) was added
DCM {40 ml) to give a suspension.  Carbonyldiimidazole (1.01 g, 6.21 mmol} was added and
the mixture remained bomogencous and was stirred at room temperatare for 17 hours, then N,O-
dimethylhydroxvliamine hydrochloride (688 myg, 7.06 mmol) was added and the mixture was
stirred at room temperature for 18 hours. The contents were dituted with water and | N NaOH
and extracted with DCM (4 x 50 mL). The combined organics were washed with brine, dried
over Nap3Qy, filtered and concentrated. Flash chromatography on silica gel (14-40% EtOAc-

DCM) gave the title compound as an amber oil,

Intermediate 43: step b

(i-Methyl-1H-imidazob-S-yD{2-methyibenzodjoxazol-3-yiimethanone
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To a flask containing S-bromo-1-methyl-14-imidazole (700 mge, 4.35 mmol) was added THF (14
mL} and the solution was cooled to ¢ °C. To this clear homogenecous solution was added
isopropyimagnesium chloride-LiCl complex {1.3 M in THF, 3.4 mb, 438 mmol) which resulted
in a white suspension. The reaction was stirred at § °C for 25 min, then a THF solution {5 mL)
of (N-methoxy-W,2-dimethylbenzo[d]oxazole-5-carboxamide (700 mg, 3.20 mmol, Intermnediate
43, step ay was introduced and the mixwre was allowed to warm to room temperature.  The
reaction was heated to 40 °C for 20 hours and then quenched with a satarated NH,CH solation.
The aqueouns portion was extracted with EtOAc {4 x 50 mL). The combined organics were
washed with brine, dried over NapSQy, filtered and concentrated. The crude material was
triturated with DCM-E4O (1:10) 1o afford the title compound as an amber solid. The mother
liguors were concentrated and again triturated with E4O to provide a second crop of the material,
Finally, the mother liquors were concentrated and chromatographed on silica gel (10-50%
acetone-DOM increasing gradient to 5% MeOH-DUM) to provide the title compound as a pale

yellow solid.

Intermediate 44: step a

{i-Methyl-1 H-imidazol-S-yI{guinolin-4-yhmethanol
M.

¢
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Analogous to the general method described in J. Org. Chem. 20804, 69, 8115 and Chem. Pharm.
Bull 1997, 1145, To a 2-necked flask containing 5-bromo- | -methyl-1 H-imidazole (2.05 g, 12.7
mmol} was added THF (50 mL) and the solution was cooled to § °C. To this clcar homogeneous
sohution was added isopropyl magnesium chioride-LiCT complex (1.3 M, 14.5 mL, 13.6 mumol}
which mitially resolted in a white suspension, but became gravish once the addition of the
Grignard reagent was complete. The reaction was stirred in an ice bath for 30 min, then a THF

solution {20 mL} of guinoline-4-carbaldehvde {1.00 g, 6.36 mmol} was miroduced and the
X o fodd
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reaction mixture became a greenish-grey color, and was subsequently allowed 1o warm to room
temp.  After 2 hours, the reaction mixture became brown in color and still remained
heterogeneous. The reaction was quenched afier 2 hours with saturated NH:Cl solution and the
aqueous portion was extracted with EtOAc (4 x 75 mL). The combined organics were washed
with brine, dried over MgSQy, filtered and concentrated to give an amber oil which solidified to
a white solid upon standing. The crude material was triturated with DCM and then MeOH
leaving behind the title compound as a white solid. The mother liguors were concentrated and
chromatographed on silica gel (30% EOAc-DOM increasing gradient to 10% MeOH-DCM) to

provide more title compound as an off-white solid.

intermediate 44: step b
{1-Methyl-1 H-imidazol-S-yD{quinolin-4-vDmethanone

¢
N “’Kfﬁ
/ 1

To a flask containing 1-methyl-1H-imidazol-5-vl}quinolin-4-yhmethanol (525 mg, 2.19 mmol,
Intermediate 44, stop a) was added 1, 4-dioxane (10 ml) followed by mangancse dioxide (700 mg,
6.84 mmol). The dark black mixture was heated to reflux using an aluminum heating mantle,
TLC (10% MeOH-DCM) after 1.5 hours showed the reaction o be complete. The reaction
mixture was filiered through a Celite® pad and rinsed with THF and EtGAc. The filirate was
concentrated to give the product as a Hght armber foam, Purification through a short column of
stlica gel (10% MeOH-DCM) gave the title compound as light tan foam/gum.  After 2 days

under vacuum, the gum solidified.

Intermediate 45; step a

(2A4-Dimethyithiazol-8-y1)(i -methyl-1£-1,2,3-triszol-5-yimethanol

o9

. S

BN ! | e
T L
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To a flask comaining {-methyl-14-1,23-rtazole (1.60 g, 19.2 mumol, Intermediate 42, step a)
was added THF (200 mL) and the solation was cooled to -40 °C. To this ¢olorless homogeneous
solution was added »-Buli (2.5 M in hexanes, 7.7 mbL, 19.2 mmol) dropwise which immediately
afforded a dark brown viscous mixture. The mixture was kept between -10 to -20 °C for 60 min,
then 2,4-dimethylthiazole-3-carbaldehyde (3.03 g, 21.5 mamol) in THF (& mL} was introduced
and the reaction mixture began to stiv mach more casily, but still remained brownish. Ongce the
aldehyde was added the reaction was placed in an ice-bath and maintained there untdl it warmed
to room temp. Aficr 3 hours the reaction was quenched by pouring info a saturated solution of
NH4Cl at room temperature, The aqueous portion was extracled with EtOAc (5 x 100 mi). The
combined organics were washed with bune, dried over MgSO,, filtered and concentrated to give
a brown oi-foam. Flash chromatography on silica gel (10-30% acetone increasing gradient to 10%

MeOH-DCM) gave the fitle compound as a light orange foam.

Intermediate 45: siep b
{2,4-Dimethyithiazob-S-y(1-methyi-1H-1,2 3-triazol-S-yhmethanone

c‘ Q

N \,

Nt )\ N

A flask containing Dess-Martin reagent (7.50 g, 17.7 mumol} in DCM (200 mL) was cooled t0 §
°C and then a solution of (2,d-dimethylthiazol-S5-yD{1-methyi-1#-1,2,3-triazol-5-yimethanol
(3.00 g, 13.4 mmol, Intermediate 45, step a) in 100 mbL of DUM was added. Afier 5 min, the ice
bath was removed and the reaction was allowed to stir at room temperature for 45 min, at which
time TLC (30% acetone-DCM) indicated the reaction was complete. The reaction was quenched
with saturated NaHCO; solution and sbout 2 mi of 1 N NaOH and the aqueous portion (pH~9)
was extracted with BCM (3 x 75 mb). The combined organic lavers were washed with brine,
dried over MgSQ,, filtered and concentrated to give an amber oil. Flash chromatography on

silica gel (10-40% EtOAc-DCM) afforded the title compound as a vellow solid.

Intermediate 46: step a

6-Brome-2,4-dichioro-8-fluore-3-phenyiguineline

161



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

A mixture of 4-bromoe-2-fluoroaniline (6.533 ¢, 34.4 manol), 2-phenylmalonic acid (7.43 ¢, 41.2
mmoel}, and POCEH (31.9 L, 344 nunol) was stirred at reflux (130 °C aluminum block temyp) for
45 min. The resulting homogencous dark solution was chilled on an tce bath, diluted with DCM
{530 mlb) and ice {100 ml), and stirred on the ice bath while 15 M NH4OH (30 mb) was added
wntermuttently with swirling over ~3 min (delayed exotherm). The agueous layer was extracted
with DCM (1 % 25 mlL), and the combined organic layers were dried (NaphQy), filtered, and
concentrated.  The residue was Hlash chromatographed with a 20% to 509% DCM/heptane

gradient to provide the title compound as a light vellow solid.

Intermediate 46: step b

2.4-Dichloro-8-fluore-3-phenyiguinciine-6-carbaldehyde

A vellow solution of &-bromo-2 4-dichloro-8-fluoro-3-phenylquinciine (1.01 g 2.72 mmeol,
Intermediate 46, step a} in THE (10 mL) was stirred at -72 °C while n-Buli (1.15ml, 2.5 M in
hexane, 2.99 mmol} was added dropwise under argon. The resulting homogeneous dark soletion
was stirred at -72 “C for 20 min, and was then treated with DMF {0.273 mi, 3.53 mmol}
dropwise. The homogencous dark reaction was stirred at 72 °C for 25 min, and was then
removed from the cold bath and stirred under ambient conditions for 30 min. The dark
homogeneous solution was guenched with 5 M NH.Cl (10 mL} and the aqueous layer was
extracted with EtOAc (3 * 8 mL}. The combined organic layers were dried (NapS0,), filtered,
and concentrated, and the residue was flash chromatographed with a 20% DCM/heptane to 18(%

DCM gradient to provide the title compound as a yellow powder.

Intermediate 46: step ¢
(2 4-Dichloro-B-{lnore-3-phenyiguinolin-6-vB{ L-methyi-1 H-imidazel-S-viimethanone
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A solution of 5-bromo-1-methyl-1A-tmidazole (95.7 mg, 0.594 muynol} io DCM (0.6 wol) was
stirred on an ice bath while PrMgCL-LiClL (8495 mb, 1.2 M in THF, 0.593 nunol} was added
dropwise over 2.5 min under argon. After 15 min stirring at room temperature, the Grignard
solution was added dropwise over 2.5 mun to a shury of 24-dichloro-&-fluore-3-
phenviguinoline-6-carbaldehvde (140 myg, 0.436 mumol, Intermediate 46, step by in LaCls-2LaCl
{0.779 mL, 0.56 M in THF, 0.436 mumol) on an ice bath. The red-colored reaction was removed
from the ice bath immediately following Grignard addition, and after 15 min stirring ander
ambient conditions, the reaction was partitioned with DCM (5 ml} and 1M NaHCO; (0.6 1ol
The mixture was filiered and the filter cake washed with 3 mL DCM. The combined clear
yellow filtrates were dried (Na,SOy), filtered, and concentrated, and the crude seeondary aleohol
was dissolved in DCM (2 mb}, wreated with Mn0; (379 mg, 4.36 mumol), and stirred at 40 °C for
2 howrs. The reaction was then diluted with DCM (4 ml) and filtered, and the clear vellow
filtrate was concentrated and flash chromatographed with a 5% acetone/heptane to 100% acetone

gradient to yield the title compound as a white solid.

Intermediate 47 step a

6-Brome-2,4-dichioro-&-methyl-I-phenyiquinoline

i =

A mixture of 2-phenyimalonic acid (7.62 g, 42.3 mmol) and POCH; (32.8 mi, 352 mmol) was
stirred at veflux (130 °C aluminum block temp) for 10 min, and the resulting homogengous
yellow solution was cooled on an ice bath, 4-Bromo-2-methylaniline (6.56 g, 35.2 mmol) was
added in one portion and the mixture was refluxed for 2 hours. The dark sohition was allowed to
cool to room temperatare and was diluted with DCM (70 mL} and ice (100 mi}, and stirred
under ambient conditions for ~5-10 min at which point exothermic POCL hydrolysis

commenced (ice bath cooling), and was then stirred at room tomperature for another 30 min.
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The light vellow agueous layer was exiracted with DCM (1 x 30 mb), and the combined dark
homogeneous organic lavers were dried (Na; 504}, filtered, and concentrated with silica gel. The
silica~adsorbed residue was dry load flash chromatographed with a 20% DCM/heptance to 100%

DCM gradient to provide the title compound as an off-white solid.

Intermediate 47: step b
2.4-Dichiore-S-methyl-3-phenylguinoline-6-carbaldehyde

PO
SN

NT G

A =71 °C solution of n-Buli (6.14 mL, 1.59 M in hexane, 9.77 mmol) under argon was treated
with a solution of 6-bromo-2.4-dichloro-8-methvil-3-phenviguinoline (3.26 g, 851 mmal,
Intermediate 47, step a) in THF {27 mL} as an intermitient fine stream over 28 min. Afier a few
minutes, DMF (138 mL, 17.8 mmol} was added dropwise over 2 min to the reddish-brown
reaction, and the resulting greenish-black mixture was stirred at -72 °C for 30 min. The reaction
was removed from the cold bath and allowed to stir under ambient conditions for 10 min, and
was then quenched in one portion with 5 M NHyCl {7 mL), partitioned with 4.1 EtOAc/heptane
{530 rol)y and 5:3 4 M NaCl/5 M NaBr (40 rol.), and filiered. The filter cake was dissolved in 9:1
DCM/MeOH (15 wl), and this was combined with the clear yellow organic layer filtrate and
dried {(Na;S0y), fltered, and concentrated. The residue was dry load Hash chromatographed

with a 20% DCOM/beptane to 100% DOM gradient to afford the title compound as a white solid.

Intermediate 47: step ¢

{2,4-Dichloro~-8-methyl-I-phenyviquinolin-6-yH{&-methyipyridin-J-yDmethanone

Q Ci X

A solution of S-bromo-2-methylpyridine (380 mg, 2.21 mmol) in DCM (2.2 mL} was stirred on
an icg bath while iPrMgCE-LiC] (1.84 mb, 1.2 M in THF, 2.21 mmol} was added dropwise over

1-2 min under argon. After 30 min stirring at room temperature, the dark brown Grignard
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solution was added dropwise over 1-2 min to a shwry of 2,4-dichloro-8-methyl-3-
phenvlguinoline-6-carbaldehvde (460 mg, 1.46 mmol, Imtermediate 47, siep by in LaCls-2LaCH
{2.60 mL, .56 M in THF, 1.46 mmol} on an ice bath under argon. The homogeneous reddish-
amber reaction was removed from the ice bath immediatcly following Grignard addition and
stirred at room temperature overnight.  The resulting homogeneous brown amber solution was
diloted with 9:1 DCM/MeOH {14 wl) and 5 M NH,Cl (0.72 ml), shaken with Celite® and
filtered, and the filter cake was washed with 9:1 DCM/MeGH (I x 5 ml). The combined clear
amber filtrates were dried (NaxSOy), filtered, and concentrated repeatedly from DCM. The
residue was taken up in DCM {15 mb) and the resulting slorry was stirred with Mn(O, (1.27 g,
14.5 mumol) onder arr {capped) at 40 °C for 32 hours. The reaction was diluted with 91
DCM/MeOH (10 ml) and Celite®, and filtered on a bed of Celite®. The fltrate was
concentrated and flash chromatographed with a DCM 1o 30% EtOAG/DCM gradient to provide

the title corpound as a colorless film,

Intermediate 48: step a

{2 4-Dichlore-8-methyi-3-phenylquinolin-o~vhH{{~-methyvi-1 H-dmidazol-8-yvhmethansol

| OH o =

A solution of 5-bromo-1-methyvil-1 H-imidazele (342 mg, 2.12 mmol} in DCM (2.2 mL) was
stirred on an ice bath while iPrMgCIl-LiCE (1.77 wi, 1.2 M in THF, 2.1 mumol) was added
dropwise over 1-2 min under argon. After 10 min stirring at room ifemperaturs, the
homogeneous amber reaction was added dropwise over 1-2 min to a sharry of 2. 4-dichloro-8-
methyl-3-phenviguinoline-6-carbaldehyde (4603 mg, 1.46 mmol, Intermediate 47, step b) in
LaCls-2LiCH (7,60 mi., (.56 M in THEF, 1.46 mmol) on an icc bath. The reaction was removed
from the ice bath ymmediately following Grignard addition and stirred for 45 min at ambient
temperature, and was then partitioned with 911 DUM/MeOH (14 mE)yand S M NH.CL(D.72 mb).
This was filtered over Celite®, and the filter cake washed with 9:1 DCM/MeOH (I x S mL).
The combined clear dark yellow filtrates were dried (NapSQOy), filtered, and concentrated to
provide a beige foam. This was concentrated from DCM (3 x 15 mb) in prelude to MnO;
oxidation.
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Intermediate 48: step b

(2 A-Dichiors-8-methyl-3-phenyiquinclin-&-yH{1-methyl-1 H-imidazel-S-ylimethanone

A suspension of crude (2 4-dichloro-8-methyl-3-phenyiquinolin-6-yh{ 1-methyi-1 H-imidazol-3-
vhmethanol (801 mg, assume 1.46 mmol, Intermediate 48, step a) in DCE {15 mL} was stirred at
70 °C until a milky mixture resulted with no visible particulates. This was cooled to room
tempersture and treated with Mn(O; (1.27 g, 14.5 mmol), and stirred under air {capped) at 70 °C
for 35 hours. The reaction was diluted with 9:1 DCM/MeOH (10 mL) and Celite®, filtered on a
bed of Celite®, and concentrated to provide an ol This was flash chromatographed with a

DCM to 100% EtOAc gradient to afford the title compound as a white foam.
g

Intermediate 49 step a

4-Fluore-N-methoxy-N-methylbenzamide

O
E/ﬁ/iLN,Q\
F/.L\f; |
To N,O-dimethythvdroxyiamine hydrochloride (27.7 g, 284 mmol) in DCM (660 mL} was added
pyridine (45.8 mb, 569 mmol) followed by 4-fluorebenzoyl chiloride (31.0 mL, 258 mmol). The
resulting suspension was stirred at room teraperature for 20 hours, then was filtered to remove a
whitc solid precipitate. The solid was washed with DUM and the filtrate was washed with 1 N
aqueons HCI (2 X}, then water.  ‘The organic phase was dried (Nap80Os), filtered, and

concentrated, vielding the crude title compound which was used without further purification.

Intermediate 49: step b
{(4-Flnoropheny(I-methyl-1H-imidazol-5-yDhmethanone
B

i
i‘//\\\\\r/ﬂ\(N
‘ i ;9

F/”\\\:‘/’:"’ l‘"*N
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A clear colorless solution of 3-bromo-N-methyl-imidazole (47.7 g, 296 mmoly in THF (800 mbL}
was placed in an ice bath and cthylmagnesium bromide in diethyl ether (3.0 M, 98.7 mL, 296
mnol} was added via syringe fairly rapidly, over 17 min. The thick suspension was stirred at
room temperature for 20 min. The mixture was again cocled in an ice water bath before addition
of neat 4-fluoro-N-methoxy-N-methylbenzamide (452 g, 247 mmol, Intermediate 49, step a).
The resulting suspension was stivred overnight at room temperatare. To the reaction mixture was
added saturated agueous NHLCL (100 mL) followed by water (200 mi.). The pH was adjusted to
7 by addition of 1 N aqueous HCI, the muxture was partially concentrated to remove THF, and
was cxiracted with EtOAc (3X). The organic phase was dried (NagS0y), filiered, and
concentrated. The crade product was taturated with EtOAc heptane(i:1, 150 mbL) to afford the

title corpound as a white crystalline solid.

Intermediate 50 step a
Diethyl 2-(3-fluorophenyDmalonate
o o

o) OEt

A round bottom flask was charged with copper (1) iodide (571 mg, 3.0 mumol), 2-picolinic acid
{739 mg, 6.0 mmol), and CsC05 (58.6 g, 180 mmol}. The flask was cvacuated and re-filled
with argon (3 times). 1,4-dioxanc {68 ml)}, dicthylmalonate (18.2 mi, 120 mmol), and 3-
fluorciodobenzene (7.05 ml, 60 mmeol} were then added in sequence. The resulting yellow
suspension was stirred at room tomperature overnight. To the mixture was added sat agueous
NHiCl and the mixture was extacted with EtOAc (3X). The organic phase was washed once
with water. The organic phase was dried {Na.SQy), filtered, and concentrated to vield the crude

title compound as a colorless liguid, which was used without further purification.

Intermediate 30: step b

2-(3-Fluworephenylimalonate
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Crude dicthyl 2-(3-fluorophenylymalonate (19.8 g, Intermediate 50, step a) was added 10 20 wt.%
aqueous NaOH {600 mL) and the mixture was heated in a 65 °C oil bath with vigorous stirring
for 10 min, then was cooled in an ice water bath. lce was added to the reaction mixture and it
was acidified to pH 2 by addition of & N aqueous HCY keeping the interpal temperature below 30
°C by adding ice as needed. The mixture was extracted with EtQAc (3X). The organic phase

was dried (NapSQOy), filtered, and concentrated to yield the title compound as a white solid.

Intermediate 50: sfep ¢

6-Brome-2,4-dichliore-3-G-fluovophenyh-8-methylguinoline

Cl =

A mixture of 2-(3-fluorophenyhmalonate (3.84 g, 49.7 mmol, Intermediate 50, step b) and POChL
{44 mL., 473 mmol} was heated at 70 °C for | hour. The mixture was allowed to cool for 10 min
before addition of 2-methyl-4-bromoaniline (8.80 g, 47.3 mmol) portionwise aver 5 min. The
mixtyre was stirred at 105 °C for 3 hours. The mixture was concentrated and was added to
stirred ice water in a flask inpnersed in an ice water bath, The mixture was basified to pH 9 by
addition of concentrated agqueous NHOH and was filtered to collect the yvellow precipitate. The
solid was dried by concentrating from toluene, and then heptane, and further dried under
vacuum, then was purified by flash column chromatography (silica gel, gradient 36-60% DCM-

keptanes, dry pack loading) to afford the title compound.

Intermediate 51: step 8

Methyl S-bromeo-2-2-{pyridin-3-yDacetamidolbenzoate
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Into a 250-mb round-bottom flask was placed a solution of methy! 2-amino-S-bromobenzoate {5
g, 21.73 numol, 1.00 equivalent), 2-(pyridin-3-yljacetic acid hydrochloride (4.5 g, 25.92 mmol,
1.20 equivalents), HATY {10 g, 26.30 mmol, 1.20 equivalents), and DIEA (8.5 g, 63.77 mmol,
3.00 cquivalents) in N N-dimethylformamide (100 mL). After stirring overnight at 20 °C, the
reaction was quenched with 100 mL of water and extracted with 3x100 wk of dichloromethane.
The combined organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated
pnder vacuum. The residue was applied onio a silica gel column and eluted with ethyl

acetate/petrolenm ether (1:2-1:1) to give the title compound as a vellow solid.

Intermediate 51: step b

6-Bromo-3-(pyridin-3-yi}-1,2.3,4-tetrabydroguinoline-2,4-dione

N.
O - J
BT\ /—\\\\v/ /&,.xl
|
g
H

Into a 100-mL round-bottom flagk was placed a sohution of methyl 5-bromo-2-[2-(pyridin-3-
yhacetamidoibenzoate (3 g, 7.73 mmol, 1.00 equivalent, purity 90%, Intermediate 51, step 3} in
tetrahyvdrofuran (30 mL). A 238 M sclution of MeONa in MeOH (freshly prepared by dissolving
2.74 ¢ of Na in 50 mL of anhydrous McOH solution, 11.7 mL, 27 &5 mmol, 4.00 cquivalents)
was then added. The resulting solution was stirred overnight at 20 °C, and the precipitate was

collected by Bltration to give the title compound as a white solid.

Intermediate 8% step ¢

&-Brome-2 4-dichlore-3-(pyridin-3-vhguinoline
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Into a 100-mL round-bottom flask was placed a solution of 6-bromo-3-(pyridin-3-y1)-1.2,3 4-
tetrahydroquinoline-2 4-dione (700 mg, 1.99 mmol, 1.00 cquivalents, purity 90%, Intermediate
51, step by in POChL (20 ml). The resulting solution was stirred for 3 howrs at 120 °C, then
concentrated under vacuum. It was then diluted with 20 mL of water, and extracted with 3x20
mb of cthyl acetate. The combined organic laver was dried over anhydrous sodium sulfate,

filtered, and concentrated to give the crude title compound as a white solid.

Intermediate 82

&-Bromeo-4-chlors-3-C-lnoropheny-2-methoxy-B-methyviguinoline

Sodium methoxide {4.29 g, 79.5 nunol} was added 10 a suspension of 6-bromo-2.4-dichloro-3-(3-
fluorophenyl)-8-methylguinoline {3.06 g, 7.95 mmol, Intermediate 30, step ¢} in toluene (30 mb)
in g pressure tube. The vessel was sealed and was heated in a 100 °C oil bath for 24 hours. To
the mixture was added 10 wi. % agueous NaHCO; (60 mbL}, the mixtore was stirred for several
mimites, and the phases were separated. The organic phase was washed once with satorated
aqueous NaCl. The organic phase was dried (NapSQOy), filtered, and concentrated to yield the

title compound as a light vellow solid.

Intermediate 33 step a

tere-Butyl 4-(hydrvoxy(-methyl-1 H-imidazol-S-yhmethyDpiperidine-{-carboxylate
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A solution of S-bromo-1-methyl-1H-imidazole (25.0 g, 155 mmol; dried over 3A MS, then
filtered) in DCM (310 mb) was stirred on an ice bath while iPrMgCh (72 mL, 2.01 M solution 1o
THF, 145 mmol) was added rapidly dropwise under argon via pressurc-equalizing addition
funnel. Residual iPrMgCl was rinsed down with 50 mL THF, and the ice bath was removed and
the reaction stivred for 25 min. A solution of ter-butvl 4-formylpiperidine- | -carboxylate (27.6
g, 130 mmol} (PharmaCore} in THF (65 mL) was added dropwise over ~5 min via pressure-
equalizing addition funnel at room temperature. After stirring 1 hour at tt, the vellow mixture
was quenched with 5 M NH,CH {2508 mL) in one portion. The organic laver was dried (N2:804),

filtered, and concentrated to provide the crude title compound as a clear Hght amber oil.

Intermediate S3: step b

terg-Butyl 4-(L-methyl- 1 H-imidazole-S-carbonyDpiperidine-1-carboxylate

A homogencous solution of zer-butyl 4-Chydroxy{ 1-methyi-1 H-imidazol-5-ylmethvDpiperidine-
L-carboxylate (32.2 g, 109 mmol; Intermediate 53, step a) in dioxane (436 mL)y was treated with
Mu(3, (47.6 g, 547 mmoly and stirred at 100 °C under air overnight (17 hrs). Since the reaction
was only ~50% complete by NMR, the reaction was cooled to room temperature and additional
Mun(3, was added (48.0 g, 552 ywmmol) and the reaction stirred under air at 100 °C for 6.5 hours,
then at room temperature for 18 days, then filtered through 2 pad of Cehite® and the black filter
cake washed with BtOAc. The crude filtrate was treated with a third portion of Mo, (285 g,

327 vamol} and stitred at room toemperature overnight, The reaction was theuo filtered as above
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and concentrated to provide the crude title compound as a clear dark yellow oil. This was flash
chromatographed with an EtOAc to 50% acetone/EtOAe gradient to provide the titde compound

as a clear dark yellow oil.

intermediate 53 step ¢
1-{4-{1-Methvl-1 H-imidazeole-S-carbonylpiperidin-i-yijethanone

Q@
Y

\T}/N\ Epj?’?
O

A homogeneous yellow sohation of fert-butyl 4-(1-methyl-1 H-imidazole-5-carbonylpiperidine-
1-carboxvlate (10.1 g, 34.4 mmol; Intermediate 53, step b) in BCM (172 mL) was treated with
TFA (26,4 mL, 344 mmol) and stirred at room temperature for 2.5 howrs. The reaction was
concentrated, toluene {2 x 100 mb) was added and the mixture concentrated againand the
resulting clear light amber residue was taken up in DCM (344 mL) and TEA (239 mb, 172
mmol). Acetic anhydride (3.91 mL, 41.3 mmol) was added dropwise and the reaction stirred at
room temperature for 1 hour. The reaction was concentrated under high vacuum and the residue
flash chromatographed using 95:5 DCM/MeOH with 2% TEA as cluent.  The combined
fractions were concentrated, dissolved in DCM (200 ml), and washed with water {2 x 200 mi)
to remove TEA. The organic laver was dried {(NapSQy), filiered, and concenirated, and the
residuce was triturated with MTBE (75 mL) at reflux for 15 min and then allowed to cool to room
temperature. The maxture was filtered and the off-white filter cake was washed with MTBE (2 x

3 mb) to provide, after air drying at 100 °C, the titlc compound as an off-white fine powder.

Intermediate 54: step a

2-Chloro-N-methoxy-M-methylisonicotinamide
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The title compound was prepared using 2-chloroisonicotinie acid in place of 4-picolinic acid
p prey 2

using the procedure described for Intermediate 9, step a.

Intermediate 54: step b

(2-Chloropyridin-4-yD{-methyl-1 H-imidazei-S-vimethanone

The title compound was prepared using  2-chloro-N-methoxy-N-methylisonicotinamide
{Intermediate 54, step a) in place of N-methoxy-N-methylnicotinamide using the procedure

described for Intcrmediate 10, step b,

Intermediate 55; step a

N-Methoxy-N,2-dimethylisonicotinamide

(8]
s J\ﬂ“'o\

s

Me
The title compound was prepared using 2-methvlisonicotinic acid in place of 4-picolinic acid

using the procedure described for lntermediate 9, step a.

Intermediate 55: step b

{i-Methyl-1 H-imidazel-5-v1(2-methylpyridin-4-yhimethanone

The title compound was prepared using N-methoxy-N,2-dimethylisonicotinamide {Intermediate
55, step a) in place of N-methoxy-N-methyinicotinamide using the procedure described for

Intermediate 14, step b.
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{ntermediate 56 step a

N 2-Bimethoxy-N-methviisonicotinamide
G
ilfﬁ)}\if’@\
g
OM

The title compound was prepared using 2-methoxyisonicotinic acid in place of 4-picolinic acid

=

using the procedure described for Intermediate 9, step a.

Imtermediate 56: step b

Z-Methoxypyridin-4d-vD{-methyi-1H-imidazol-5-yDimethanone

Ohde
The title compound was prepared using N, 2-dimethoxy-N-methylisonicotinamide (fntermediate

56, step ay m place of N-methoxy-N-methylnicotinamide using the procedure described for

Intermediate 10, step b.

Intermediate 87

bis(1-Methyl-1 #-1,2,3-triazoi-S-yhmethanone

N
A solution of -methyl-1H-1,2.3-trazole (0.954 g, 11.4 mmol} (PCT Int. Appl, 2008028104
alse commercially available from Matrix Scientific} in THF (22 ml) was stirred at ~-70 °C
under argon while n-Buli {2.56 M hexanes; 4.29 mL, 11.0 mmol} was added dropwise over 5
min, After sturing for another 5 min, a solution of ethyl methoxy(methyljcarbamate (0.665 g,
4.99 mmol} {commercially available from Aldrich) in THF (3 mlL) was added dropwise over 5

min, After stirring at ~-70 °C for an additional § min, the cold bath was removed and the light
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slorry was allowed to warm to room temperature with stirring for 1 hour 20 min. The reaction
was then quenched at room temperasture with 5 M NH4CE (3 ml) and the agueous laver was
extracted with THF {1 x 6 mL}. The combined organic layers were dried (Na,S0Oy), filiered, and
concentrated. A portion of the residuc was crystallized from ~30 mb tolucne to provide, afier
washing the filter cake with ether (1 x 3 mb} and heptane (1 x 3 mL}), the title compound as

blunt needies.

Intermediate 58: step a

Bigthyl 2-{4-OrifluoromethoxyiphenyDmalonate

b ¢
Tr

Cul {0.26 g, 1.378 mmol), Z-picolinic acid {0.24 g, 1.969 mymeol), and cesium carbonaie (19.24 g,

59.061 mmol} were combingd, evacuated and filled with argon (3 times). 1,4-Dioxanc was then
added followed by  dicthyvlmalonate (6 wmb, 39374 mmol} and 1-iodo-4-
{trifluoromethoxyibenzene (3 mL, 19.687 mmol). The resulting vellow suspension was stirred at
room temperature for 48 houors and quenched with saturated NH,CIL The mixture was extracted
with HEtOAc (2x). The combined organic extracts were dried over MNa,SO,, filtered, and

concentrated to provide the title compound.

Intermediate S8: step b

2-{4-{Triftuoromethoxy)phenyhmalenic acid
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A mixture of diethy! 2-(d-(riflucromethoxyiphenvhmalonate (5.6 g, 17.486 numol, Intermediate
58, step a) and an aqueous 3 M NaOH solution were stivred in a 100 °C oil bath for 1 houwr,
cooled to RT, poured into ice water and acidified with 6N HCL. The aqueous mixture was
extracted with EtOAc. The EtOAc extract was dried over Nay8Qy, filtered, and evaporated in

vacuo to provide the title compound.

Intermediate 58: step ¢

&-Brome-2,d-dichloro-8-methyl-3-(d-(trifluoromethoxy)phenviigquinoline
F
Q. F
= d
Br. J \i
\I X R
A

A mixture of 2-(4-(trifluoromethoxy)phenyhmalonic acid (3.1 g, 11.735 mumol, Intermediate 58,
step by, 4-bromo-2-methylaniline (2.18 g, 11.735 mmol) and POCL; (10 ml) was heated at 103
°C for 3 hours, cooled to RT, concentrated under reduced pressure then slowly poured into ice
water. A NH4OH solution was added to a basic pH (pH § — 9). The precipitates were collected by
filtration, rinsed with HaO and dried under high vacuwnn pressure. The resulting tan solids were

dissolved i DCM and chromatographed (Heptane/DCM) to provide the title compound.

Intermediate S8: step d

&-Bromeo-d-chiore-2-methoyy-S-methyh-3-(4-(rifluocromethoywphenylguinoline

G, F
Cl 2 ™
Br J\\/\/T i/
! /T Y
/‘ s

N o

A mixture of 6-bromo-2 4-dichloro-8-methyi-3-(4-(trifluoromethoxyiphenyliquinoline (1.97 g,
4367 mmol, Intermediate 38, step ¢) and sodium methoxide {1.18 g, 21.837 mmol} in toluene

{20 mL} was heated in a sealed tube at 110 °C for 24 hours, cooled to RT, diluted with DOM,
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stirred at room temperature for 30 min, and filtered through Celite® rinsing several times with
DCM., The solvents were removed under reduced pressure and the off-white solid product
precipitated from MeOH, filicred and dried to provide the title compound.

intermediate 59: step a

Diethy} 2-(4-fluorophenviimalonate

sul (.13 g, 0.669 mmol), 2-picolinic acid (0.16 g, 1.33¥ mmol}, and cesiuum carbonate (13.1 g,
40,135 wmol) were combined, evacuated and filled with argon (3 times). 1.4-dioxang {10 mL}
was then added followed by diethvimalonate (2.8 g, 17.392 mmol} and 1-inodo-4-flucrobenzene
{3 g, 13.378 mmol}. The resulting mixture was stirred at room temperature for 24 howrs and
guenched with saturated NH4CL The mixture was extracted with EtOAc (2x). The combined
organic ¢xtracts were dried over Na 80, filtered, concentrated and chromatographed

{Heptane/EtOAc) to provide the title compound.

Intermediate 539: step b

2~{4-Fluorophenyhmalonic acid

A mixture of diethyl 2-{(4-fluorophenymalonate (2.98 g, §.204 munol, Intermediate 39, step a)
Y 4-{ pren; g

and an aqueous 3 M NaOH solution (5 mL) were stirred in a 50 °C oil bath for 48 hours, cooled
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to RT, poured into ice water and acidified with 6N HCL The agueous mixture was extracted with
EtOAc. The BEYOAc extract was dried over NayS0y, filtered, and evaporated in vacuo to provide

the title compound.

intermediate 59: step ¢

6-Brome-2,4-dicklore-3-(4-flusrophenyh-B-methylguinoline

A mixture of 2-(4-fluorophenyhimalonic acid (1 g, 5.047 mmol, Intermediate 59, step b), 4-
bromo-2-methyvianiline (0.608 ¢, 3.27 mmol} and POCH; (3 ml) was heated at 105 °C for 3 hours,
cooled to room temperature, concentrated under reduced pressure then slowly poured into ice
water. A MHOH solution was added to a basic pH (pH 8 — 9). The precipitates were collected by
filtration, ringed with HyO and dried under high vacunm pressure. The resulting tan solids were

dissolved in DUM and chromatographed (Heptane/DCM) to provide the title compound.

intermediate 60: step a

Methyl S-brome-2-(2-(G-chlorephenyiacetamido)benzoate

Triethylamine (18 ml, 130 mmol} was added to methyl 2~-amino-3-bromobenzoate (25 ¢, 10
mmei} in DCM (150 mL). The mixture was cooled to § °C and 2-(3-chiorophenylacetvl
chloride (24.3 g, 130 mmol) in DCM (100 mL) was added. The mixture was allowed to warm 1o
room tomperature overnight with stirring,  Agueouns KyCOs {10 wt.%) was added and the mixture
was extracted with DCM. The organic phase was dried (MgS8QOy), filtered, and concentrated o

vield the title compound.
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Intermediate 60: step b

6-Bromo-3-(3-chiorephenyll-4-hvdroxyguinelin-2{1H)-one

B

n-Buli (1.6 M in hexane, 79 mb, 126 mmol) was added dropwise to a mixture of
hexamethyldisilazane (267 mi, 126 mmol) in THF (1530 mL) at -78 °C under nitrogen. The
mixture was stirred for 1 hour, then was warmed to -40 °C. A solution of methyt 5-bromo-2-(2-
{3-chlorophenyhacetamidobenzoate (21.1 g, 55 mmol, Intermediate 64, step a) in THF (150 mL)
was added. The mixture was allowed to warm to room temperature and ice was added. The
aqueouns phase was acidified with 6 N agoeous HCL The precipitate was collected by filtration,

washed with DCM, and air-dried to vield the title compound.

Intermediate 60: step ¢

6-Bromo-2,4-dicklors-3-3~chlorophenyvDguinoline

A mixture of 6-bromo-3-(3-chiorophenyli-4-hydroxvquinolin-2{(1H}-one (35 g 99 mmol,
Intermediate 60, step by and POCL (100 mL) was refluxed for 2 hours, then was concentrated.
The residue was poured into ice water, basified with cone. agueous NH4OH and extracted with
DCM. The organic phase was dried (MgSQy), filtered, and concentrated. The residue was
triturated with CH:ON and the precipitate was collected by filtration and air-dried to afford the

title compound.

Intermediate 61: step a

Methyl S-bromo-2-[2-(pyridin-2-yDacetamidolbenzoate

Lo
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into a 250-mb round-bottom flask was placed a solution of methyl 2-amino-5-bromobenzoate (5
g, 21.73 mmol, 1.00 cquivalent}, 2-(pyridin-2-yhacetic acid hydrochlovide (4.5 g, 25.92 mmol,
1.20 equivalent), HATU (10 g, 26.30 mmol, 1.20 equivalents), and DIEA (8.5 g, 65.77 mmol,
3.00 cquivalents) in N N-dimcthylformamide (100 mbL). After stirring overnight at 20 “C, the
reaction was quenched with 100 mb of water and extracied with 3 x 100 mbL of dichioromethane.
The combined organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated
pnder vacuum. The residue was applied onto a silica gel column eluted with

dichloromethane/methanel (150} to give the title compound as a red solid.

Intermediate 61: step b

&-Bromo-3-(pyridin-2-y1}-1,2,3, d-tetrabydrogquinciine-2,4-dione

0 f:f"“]
Br z N 2 /“\/
Fo g
H

Into a 250-mL round-bottom flask were placed a sohution of methyl 5-bromo-2-[2-(pynidin-2-
yhacetamidolbenzoate (3 g, 7.73 mmol, 1.00 equivalent, 30%, Intermediate 61, step a) in
tetrahvdrofuran (30 mL). A 2.38 M solution of MeONa in MeOH (freshly prepared from
dissolving 2.74 g of Na in 30 mb of anhydrous McOH solution, 11.7 miL, 27.85 mmol, 4.00
equivalents) was then added. The resulting solution was stirred overnight at 20 °C, and the

precipitate was coliected by filtration to give the title compound as a white solid.

Intermediate 61: step ¢

&-Brome-2,4-dichlore-3-(pyridin-2-vhyguinoline
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ol N\i}
Z N g
Into a 100-mL round-bottom flask was placed a solution of 6-bromo-3-(pyridin-2-yi)-1,2,3 4~
tetrahydroquinoline-2 4-dione (2.54 g, 7.21 mmol, 1.00 equivalent, purity 90%, Intermediate 61,
step by in POCHE (50 mb). The resulting solution was stirred at 120 °C for 3 hours, and then
quenched with 3¢ mL of water, and extracted with 3550 mL of ethyl acetate. The combined
organic laver was dried over anhydrous sodium sulfate, filtered, and concentrated to afford the

title compound as a white solid.

Example 1: (24-Dichioro-3-phenviguinolin-6-yhH{(1~-methyl-1H-imidazol-5-yDpyridin-2~

yhmethanol

A solution of n-Buli (2.5 M in hexanes, .34 mL, §.85 mmol} wag added dropwise by syringe to
a solution of 6-bromo-2,4-dichloro-3~-phenviquinoiine (3054 mg, §.865 munol, Intermediate i,
step o) in dry THF (4.4 mL) at -78 °C. After 1.5 min, a solution of (T-methyl-1 H-imidazol-5-
vipyridin-2-yhmethanone (8.175 g, $.936 mmol, Intermediate 11, step b} in dry THF (1.8 mL}
was added dropwise. The reaction mixture was stirred for 5 mun at 78 °C, then the reaction
flask was placed into an ice-water bath., After 10 min, the mixture was warmed to room
temperature and the reaction was quenched with methano! and water.  The mixture was
partitioned between water and DCM.,  The scparated aqueous phase was further extracted with
DCM.  The organic phase was dried {(NaySQOy), filtered, and concenirated. The crude product
was purified by flash colurmn chromatography {silica gel, #-10% MeOH-DCM) to provide the
title compound as a white solid. "H NMR (500 MHz, CDCL) § 8.65 (ddd, /= 4.9, 1.6, 1.0 Hz,
1H}, 830 {d, J=1.7Hz, 1H}, 806 (d, /= 8.8 Hz, 1H), 786 {(dd, /= 8.8, 2.0 Hz, 1H),7.73(1d, J
=77, 1.7Hz, 1H}, 7.55 - 747 {m, 4H}, 7.36 - 7.29 {m, 3H), 723 (4, /= 8.0 Hz, 1H),6.37(d, /=
1.1 Hz, 1H), 3.44 (s, 3H). MS w/e 461.1 [M+H]".
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Example 2: (2,4-Dichlore-3-phenyiguinolin-6-yi}phenyl{pyridin-3-yhmethaned
i
s

e fj
(U
s SWS Ve
DLW
7 e

A solution of 6-bromo-2 . 4-dichlore-3-phenyiguinoling (353 mg, 1.0 mamol, Intermediate 1, step ©)
in THF (15 mL) was stirred at -70 °C under N; (g) for 15 min before the addition of #-Buli (1.6
M in hexane, 0.81 mL, 1.3 mmol). After the addition, the reaction mixture was allowed to stir at
<70 °C for 15 min. A solution of phenyl{pyridin-3-ylimethanone (183 mg, 1.00 mmol) in THF
{20 mL) was added, and the resulting reaction mixture continued to stir at low temperature for 30
min. The cold bath was removed, and the reaction mixture was warraed to room temperature and
stirred for 2 howrs. The mixture was quenched with water and exiracted with CHCL. The
organic phase was dried, filtered and concentrated. The crude product was purified by flash
colomn chromatography (silica gel, 1:40 CH;OH/CH.ChL) affording the title compound. 'H
NMR (00 MHz, CD0D) 6852 (4, /=23 He, 1H), 848 (d, J=46 Hz, 1H), 821 (4, /=20
Hz, 1H), 8.00(d, J= 89 He, [H), 7.88-7.85 (ro, 1H}, 7.81 (dt, /=78, 2.0 He, 11}, 7.54-7.42 (m,
4F), 7.28-7.31 (m, TH). MS m/e 457.1 [M+H].

Example 3: (2,4-Dichloro-3-phenyiguinolin-6-yhH{phenyDipyridin-d-yDmethanol

The title compound was prepared using phenvi{pyndin-4-yihnethanone m place of
phenyl(pyridin-3-ylmethanone according to the procedure deseribed in Example 2. 'H NMR
(300 MHz, CDP0D) 6 8.53-8.51 {(m, 2H}, 8.21 {d, /= 2.0 Hz, 1H)}, 800 (d, /=8I Hz, 1H), 7.86
{dd, J= 8.8, 1.9 Hz, 1H)}, 7.53-7.44 (wm, 5H), 7.38-7.31 (m, 7H). MS m/e 457.1 [M+H]".

Example 4: (2,4-Dichloro-3-phenyiguinolin-s-yD{phenvi i35 -trimethyl-1 H-pyrazol-4-
yhmethanol
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The title compound was prepared using phenyl{1,3,5-trimethyl-1 H-pyrazol-4-ylymethanone in
place of phenyl(pyridin-3-ylimethanone according to the procedure deseribed in Example 2. 'H
NMR (300 MHz, CD;0D) 6 825(d, ./ = 1.9 Hz, 1H), 796 (dd, /= 13.8, 5.3 Hz, 2H), 7.56-7.44
{mm, /= 7.4 Hz, 3H), 7.39-7.25 (m, 7TH}, 3.68 (s, 3H). 1.75 (s, 3H), 1.64 (5, 3H}. MS m/c 488.1
PVIHH]

Exampie §: e-Butyl  3-{(2,4-Dichloro-3-phenviguinolin-6-yh{hydrexyi{pyridin-3-

yiimethylipiperidine-i-carboxyiate

To a solution of &-bromo-2,4-dichloro-3-phenyviquinoling (122 mg, $.346 mmol, Intermediate 1,
step ¢} and fert-butyl 3-nicotinoylpiperidine-1-carboxylate (100 mg, 8.344 mmol, Intermediate
26y in THF (4 mb} at -78 °C was added 1.6 M n-Buli in hesane (0.33 mb, 0.53 romoly. The
mixtare was stirred at -78 to 0 °C for 3 hours, and quenched with NH.C1 (aqueous). The organic
layer was separated, and the agqueouns layer was extracted with CH;Ch. The combined organic
phases were dried (Na;SQyy, filtered, concentrated, and purified by reverse phase HPLC
{(water/acetonitrile/0.1% TFA) to give the title compound. "H NMR (400 MHz, MeOH-d,) 8
9.06 (s, 1H), 8.57 - 8.77 (m, 3H), 8.09 - 829 (m, IH), 7.99 - 8.09 {m, 1H), 7.8% (dd, /=531,
834 Hz, 1H), 744 - 7.63 (m, 3H), 7.24 - 7.43 {m, 2H), 4.00 - 4.22 {m, 1H), 3.77 - 3.96 (1, 11},
2.85 - 3.00 {m, 1H), 2.54 - 2.86 (m, 2H), 1.69 - L84 (m, 1H), 1.50 - 1.69 (m, 3H), 1.30 (br. s,
9H); M3 mv/e 564.4 [M+H].

Example 6: (2,4-Dichiore-3-(Z-chiorophenvhguinclin-&-yi}(phenyh(pyridin-3-yhmethanol
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The title compound was prepared using 6-bromo-2,4-dichloro-3-{2-chlorophenyhquinoline
(Intermediate 2, step ¢} in place of &-bromo-2,4-dichloro-3-phenylquinoline according to the
procedure described in BExample 2. 'TH NMR (300 MHz, CD;0D) § 8.55-8.45 (m, 2H), 8.21 (1, J
=1.5Hz, IH), 8.02 (d, /=89 Hz, IH), 789 (dd, /=89, 2.1 Hz, 1H), 7.84-7.76 {mm, 1H}, 7.63-
7.56 (m, 1H}, 7.54-7.30 (m, 98). MS m/e 491.0 [M+H]".

Example 7: {2, 4-Dichioro-3-C-chlorophenvihiquinolin-6-yDi{pheny{(1,3,5-trimethyl-1 5=

pyrazok4-yhmethanol

" @
FUNT O

\
N
The title compound was prepared using 6-bromo-2,4-dichloro-3-(2-chlorophenylhquinoline

=z

(Intermediate 2, step ¢) and phenyl(1 .3, 5-trimethyl-1 H-pyrazol-4-ylymethanone in place of 6-
bromoo-2,4~dichloro-3-phenviguinoline  and  phenvi(pyridin-3-yDmethanone,  respectively,
according to the procedure described in Example 2. 'H NMR (300 MHz, CD;0D) 8 825 (dd, J
=85, 1.8 He, 1H), 801791 (m, 2H), 7.60-7.44 (m, 3H), 7.37-728 {m, 6H), 3.67 (s, 3H), 1.75
{s, 3, 1.64 (s, 3H). MS m/e 5221 [M+H].

Example 8 {4-Chlore-3-phenylguinolin-o~-vhi{d-chlovephenyD{l-methyb | H-imidazel-5-

yhimethanol
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In a 100-mL round-bottorn flask purged and maintained with an inert atmosphere of nitrogen was
placed a solution of 6-brome-4-chloro-3-phenviquinoline (460 mg, .44 mmol, Intermediate 3,
step ¢, (d-chlorophenyl){i-methyl-1 H-imidazol-5-yhimcthanone (266 mg, 121 mmol,
Intermediate 18, step b} in tetrahydrofuran (20 mL). This solution was cooled to 78 °C, followed
by the addition of n-Buli (0.624 ml, 1.56 mmol, 2.5M in hexane} dropwise. The mixture was
gradually warmed to room temperature. After 4 hours stiveing, 1.0 M HCI was added ontil pH
6~7. After removal of solvent under vacuum, the residue was purified by flash column
chromatography {silica gel column, 100:0~15:1 EitOAc/hetroloum cther) 1o give the ftitle
compound as a white solid. "H NMR {300MHz, MeOH-d4) 5 =883 (s, 1 H), 839 (d, /= 1.5 He,
1H;), 812(d, J=9.0Hz, 1 H), 788{dd, J=19,89Hz 1 H), 775G, 1 H),746-7.62 (m, 5 H),
741 (s, 4 H), 6.35¢s, 1 H), 3.51 (s, 3 H); MS m/c 460 [M+H]".

Example 9: (3-Benzyi-2,4-dichlorogquinclin-&-vii(d-chioroephenyi{l-methyi-1 H-imidazol-5-
yhmethanol

=y

ol O
(6 OO

In a 100-mL round-bottom flask purged and maintained with an inert atmasphere of nitrogen was
placed a solution of 6-bromoe-2-methoxy-3-phenylguinoling (440 mg, 1.99 mmol, Intermediate 4,
step ¢} in tetrahvdrofuran (10 mb), and n-Bula (6‘67 ml, 1.68 mumol, 2.5 M in hexane) was
added at -78 “C. After stirving for 10 min at -78 °C, {4-chlorophenyl}{1-methyl-1H-imidazol-3-
vhmethanone (372 mg, 1.18 mmol, Intermediate 18, step b} was added. The resulting mixture
was allowed to warm to room temperature and stirred for an additional 8§ hours, and then
quenched with 20 mL of water. The organic layer was separated, and the aqueous layer was
extracted with 2 x 50 mL of EtOAc. The combined organic layers were dried over anhydrous
soditn sulfate, filtered, and concentrated under vacoum. The residue was purified by flash
chromatography {silica gel column, 100:1 dichloromethane/methanol) to give the title compound

as a white solid. "H NMR (300MHz, DMSO-de) 8 = 8.25 (s, 1 H), 7.73 - 7.85 (m, 2 H), 7.70 (s,
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1H),756-767{m,3H),739-751{(m,5H),7.29-736{(m, 2H),596(s, 1 H),6.15(s, | H),
4.00 (s, 3 H), 3.34 (s, 3 H); MS m/e 456 [M+H]".

Example 16: (24-Dichioro-3-phenyiguinolin-6-y}{6-methoxypyridin-3-yH(-methyl-154-
imidamimﬁ-yi)methmwic’i‘FA

ok

\\ /

Q\

In a 50-mL round-bottom flask purged and maintained with an incrt atmosphere of nitrogen was
placed a solution of 6-bromo-2,4-dichlore-3-phenylquincline (340 mg, 0.96 mmol, Intermediate
1, step ¢} in tetrahydrofuran (10 mb}, and n-Buli (0.413 mi., 1.03 mmel, 2.5 M in hexanc) was
added at -78 °C. After stirring for 30 min at -78 °C, a solution of 2Z-methoxy-3-[{1-methyl-1 H-
imidazol-5-vhcarbonyljpyridine {140 mg, 0.64 mmol, Intermediate 19} in tetrahydrofuran (5 mL)
was added. The resulting mixture was allowed to warm to room temperatore and stitved for an
additional § hours, and then quenched with 1.0 M HCl until pH 6~7. After removal of solvent
pnder vacuum, the residue was purified by Prep-HPLC {water/acetonitrile/0.05% TFA) to give
the title compound as a white solid. 'H NMR (400MHz, CDCL) 8 = 8.60 (br. 5., 1 H), £.30 (s, 1
H3 8.02-819(m, 2 H),7.77(d, J=90Hz, 1 H), 7.70(d, /7=80Hz, 1 H), 7.46 - 7.60 (m, 3 H},
7.34(d, J=7.5Hz, 2 H), 6.68 - 6.89 {(m, 2 H), 3.95 (s, 3 H), 3.70 (s, 3 H); MS mv/e 491 [M+H] .

Exampie 11: {2,4-Dichloro-3-phenyviguinolin-6-yi{ é-(dimethylamingpyridin-3-vij(i-
methyl-1H-imidazol-S-yhimethanoleTFA
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In a 50-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen was
placed a solution of 6-bromo-2.4-dichloro-3-phenylquinoline (250 mg, 0.71 mmol, Intermediate
1, step ¢} in tetrahvdrofuran (10 mb), and n-Buli (0.304 ol 0.76 mumol, 2.5 M in hexane) was
added at -78 °C. After stirring for 30 min at -78 °C, a solution of N,N-dimethyl-5-[(1-methyl-14-
wmidazol-3-ylcarbonylpyridin-2-amine (109 mg, 047 mmol, Intermediate 20) in
tetrahydrofuran {5 mlL} was introduced. The resulting mixtore was allowed to warm to room
temperature and stirred for 5 hours, and then quenched with 1.0 M HCU until pH 67, After
removal  of solvent under vwvacoum, the residue  was  purified by Prep-HPLC
{watcr/acctonitrile/0.05% TFA) to give the title compound as a white solid. 'H NMR (400MHz,
CDCLY =875 (br.s., T H), 837 (5, 1 H), K31 (s, 1 H), 810 {d, /=85S Hz, 1 H), 778 (d, J=
B8 Hz 2H), 745-7.62(m, 3H),733{(d, J=60Hz 2H), 7.11 (br. s, 1 H), 6.87 (4, /=95 Hz,
1 H) 3.66 (s, 3 H), 3.30 (s, 6 Hy; MS /e 504 [M+H] .

fxample 12: (24-Dicklers-3-phenylguinclin-6-vi}{6-fluoropyridin-3-yIi(i-methyl-1#-

imidazol-5-yDmethanol TFA

in a 130-mL round-bottom flask purged and maintained with an incrt atmosphere of nitrogen was
placed 6-brome-2,4-dichlore-3-phenviguincline (675 mg, 1.91 mumol, Intermediate 1, step ¢) and
THF, and n-BuLi (0.80 mL, 2.0 mmol, 2.5 M in hexane) was added at -78 °C. The resulting
mixture was stirred for 10 min at -78 °C, and a solution of (6-flucropyridin-3-y1)}{(1-methyl-14-
imidazol-3-vlimethanone (300 mg, .46 mmol, Intermediate 21, step ¢} in tetrahvdrofuran (16
mbl} was added. The mixture was allowed to warm to room temperature and stirred for an
additional 8 hours, and then quenched with 40 mbU of water. The organic laver was separated,
and the agueous laver was cxtracted with 3 x 20 mbL of cthyl acetatc. The combined organic
layers were dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The
residue was purified by Prep-HPLC (water/acctonitrile/0.05% TFA) to give the title compound
as a white solid, "H NMR (400 MHz, DMSO-dg) & = 9.04 (br. s., 1 Fy, 831 (s, 1 H), §.22 (s, 1
H), 814 {d, J=90Hz, 1 H), 799, J=82Hz, | H), 789 (s, L H), 783 (d, /=88 Hz, | H),

-1
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749 -7.63 (m, 3 H), 741 —7.50 (m, 2 H), 7.27{(d, /= 8.5 Hz, | H}, 7.06 (s, 1 H), 3.55 (s,
MS m/e 479 [M+H] .

UJ

Hy:

Example 13: {(6-Chloropyridin-3-yi}{6.8-dichlore-7-phenyinaphthalen-2-vh(i-methyl-1#-
imidazel-S-yhimethaneleTFA

In a 530-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen was
placed a solution of 6-bromo-2,4-dichlore-3-phenyiquinoline (524 mg, 1.49 mmol, Intermediate
1, step ¢} i tetrahydrofuran (15 ml). A solution of 0-Buld (0.64 wl, 1.6 mmol, 25 M in
hexane) was added at -78 °C. After stirving for 30 min at -78 °C, a solution of 2-chlore-3-[{1-
methyl-1 AH-imidazol-5-yhearbonylipyridine (200 mg, 0.90 mmol, Intermediate 22, step ¢) n
tetrahydrofuran (5 mL) was added. The mixture was allowed to warm to room temperature and
stirred for an additional 4 hours, and then quenched with 1.0 M HCL until pH 6~7. After removal
ot solvent under vacuum, the residue was purified by Prep-HPLC (water/acetonitrile/8.05% TFA)
to give the title compound as a white solid. 'H NMR (400 Mllz, CDCls) 8 = £.62 (br. 5., 1 H),
854 (br.s, 1 H), 832{s, 1 H),RI12(d,J=88Hz I H),780(d, J=85Hz, 1 H), 772 (d, /=
83 Hz, 1 H), 748 -7.62 (m, 3 H), 7.38 - 740 (m, 3 H), 6.82 (br. s., | H}, 3.69 {5, 3 H); MS wm/e
495 IM+H]

Example 14: (4-Chlorophenyl}(2.4-dichloro-3-phenyiguinolin-6-y)(1-ethyl-1 H-imnidazel-5-
yhmethanol?TFA

in a S0-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen was

placed a solution of 6-bromo-2,4-dichlore-3-phenyiquinoling (223 mg, .64 mmol, Intermediate
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1, step ¢} in tetrahydrofuran (10 mb). n-Buli (0.28 mL, 0.70 mmol, 2.5 M in hexane) was added
at -78 °C. After stirring for 20 min at -78 °C, a solution of {4-chlorophenyl)(1-cthyl-1 H-imidazol-
S-yvhmethanone (100 mg, 0.43 ramol, Intermediate 23} in tetrahydrofuran (5 mL) was added. The
mixture was gllowed to warm to room temaperature and stirred for an additioral 3 hours, and then
quenched with 1.0 M HCHuntil pH 6~7. After removal of solvent under vacuum, the residue was
purified by Prep-HPLC (water/acetonitrile/0.05% TFA) to give the title compound as a while
solid, "H NMR. (400 MHz, CDCL) 8= 8.39 (br.s., 1 H), 822 (s, 1 H), 8.08(d, /= 8.8 Hz, | H),
778(d, =83 Hz 1 H), 748 - 7.63 (m, 3 H), 731 - 745 (m, 6 H), 647 (s, 1 H}, 4.05 (m, 2 H),
1.32 (1, /=72 Hz, 3 H); MS m/e 508 [M+H]".

Example i5: {4-Chlorophenvh(2,4-dichloro-3-phenviguinolin-6-yvD{1.23-dimethy 1 H-

imidazol-5-yhmethanol

In 8 100-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen was
placed a solution of 6-bromo-2,4-dichlore-3-phenylquincline (237 mg, .67 mmol, Intermediate
1, step ¢) in tetrahydrofuran (10 mbL}. n-Buli (0.54 mi, .86 mmol, 1.6 M in hexane)} was added
at -78 °C. After stirring for 30 min, 5-[{4-chlorophenyljcarbonyli-1,2-dimethyl- 1 H-imidazole
{130 mg, 0.55 mmol, Intermediate 24, step b) was added. The mixtore was stirred for 2 hours at -
78 °C, then quenched with 2 mL of water, After removal of solvent under vacuum, the residue
was partitioned between ethyl acetate and HyO. The organie layer was dried (Na;SQOy), filtered,
concentrated, and purified by flash chromatography (silica gel, 0-10% MeOH/CH,Cl) to give
the title compound as a white solid. '"H NMR (400MHz, CDCL)Y 8 = 833 (5, L H), 8.02 (d, J =
88 Hz 1H),7.75(dd, J=16,89Hz, 1 H), 748 -7.61 (m,3H},7.30-743 (m, 6 H), 6,19 (s, |
H), 3.33 (s, 3 H), 2.32 (s, 3 H); MS nve 508 [M+HT .

Example 16: (24-Dichlore-3-phenviguinolin-6-vH(1-methyl-1¥-imidazoi-5-vl)(pyridin-4-

yimethansl
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To a solution of 6-bromo-2 4-dichloro-3-phenyliquinoline (500 mg, 142 numol, Intermediate 1,
step ¢ and THF (12 mb) at 78 °C was added 1.6 M o-Buli in hexane (115 mL, .84 mmol).
After stirving at =78 °C for 30 min, a solution of {i-methyl-1#-imidazol-S-vl}{pyridin-4-
yhmethanone (292 myg, 1.56 mmol, Intermediate 9, step by in THF (13 ml) was added via
canmila. The mixture was stirred at -78 °C for 10 min, and the cooling bath was removed. After
the mixture reached room temperature, it was guenched with NHyCl (aqueons). The organic
laver was separated, and the agqueous laver was extracted with CH,CY. The combined organic
phases were dried (Na»S0Oy), filiered, concentrated, and purified by flash column
chromatography (40 g silica gel column, 100% EtOAc, then 5-10% MeOH in CH,Cl) to obtain
the title compound as a white solid. 'H NMR (400 MHz, CDCl2) 8 842 (d, J = 4.65 Hz, 2H),
8.35(d, /=196 Hz, 1H), 801 (d, /=905 Hz, 1H), 7.75(dd, /= 2.08, 893 Hz, 1H), 7.48 - 7.57
{m, 3H}, 7.38 {d, S =6.11 Hz, 2H), 7.29 - 7.35 (m, ZH), 7.26 (s, 1H), 6.30 (s, 1H}, 3.45 (s, I H},
3.35 (s, 3H); MS m/e 461.1 [M+HT

Example 17: (4-Chlorvophenyi)2,4-dichloro-3-phenyiguinolin-6-yH{pyridin-3-yhimethano}

The title compound was prepared using {(4-chlorophenyb{pyridin-3-vlimethanone in place of (1-
wethyl-| H-imidazol-5-yv}{pyridin-d-ylimethanone according to the procedure described in
Example 16, 'H NMR (400 MHz, CDCL) § 8.54 - 8.60 (m, 2H), 8.26 (d, J = 1.96 Hz, 1H), 8.04
(d, J=9.05 Hz, 1H), 7.65 - 7.74 {(m, 2H}, 7.47 - 7.56 (m, 4H), 7.23 - 7.38 {m, 6H}, 3.28 (br. s,
1H): MS m/e 491.0.
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Example 18: [2-Chlore-4-{methyiaming)-3-phenyiguinolin-6-vij(1-methyl-1 H-imidazol-§-

yhipyridin-4-vimethanoleTFA

A mixture  of  (2.4-dichloro-3-phenviquinelin-6-y1}{1 -methyl-t H-imidazol-5-yl)pyridin-4-
vimcthano! (28 mg, 0.0607 mmol, Example 16), 33% McNH; in EtOH (0.8 ml), and
trifluorcacetic acid (0.050 ml, 0.653 mmol) was heated at 80 °C for 17 hours. After cooling to
room temperature, the mixture was diluted with DMF and purified by reverse phase HPLC
(water/acetonitrile/0.1% TFA) to give the title compound. 'H NMR (400 MHz, McOH-d) 8
008 (s, 1H), 8.74 -~ 8.83 (i, 2H), 849 {d, /= 1.71 Hz, 1H), 798 (dt, /= 1.93,6.91 Hz, 3H), 7.86
(d, J=8.80Hz, 1H), 747 - 755 (m, 3H), 7.35 - 7.46 (m, 2H}, 7.25(d, J= 147 He, 1H), 3.69 (s,
3H), 2.58 {s, 3H); MS /e 456.1 [M+H] .

Example 1% [4-Chlove-2~(4~-methyipiperazin-1-yli-3-phenyiguinolin-o-vij({-methy -1 &
imidazol-5-yhpyridin-d-vimethanoPTFA

A mixtwre  of  {2.4-dichloro-3-phenyiquinolin-6-vD{ I -methyl- L H-imidazol-5-ylpyndin-4-
vimethanol (28 mg, 0.0607 mmel, Example 16) and T-methylpiperazine (35 mg, .35 mmol} in
McOH (1 mb} was heated at 80 °C for 12.5 hours. More -methylpiperazine (135 mg, 1.35
munely was added and the mixture was heated at 80 “C for 18 hours. LCMS of the reaction
mixture showed the presence of starting material and title compound in ~ 111 ratio.
Trifluoroacetic acid {0.040 ml, 0.523 mmol) was added and the mixtore was heated at 80 °C for
22 hours. Purification by reverse phase HPLC (water/acetonitrile/0.1% TFA) provided the title
compound. 'H NMR {400 MHz, McGH-dy) 8 9.09 {5, 1H), 8BRS (d, J =587 Hz, 2H), 833 (s,
1H), 808 (d, /=587 Hz, 2H}, 786 (4, 7= 9.05 Hz, 1H), 7.77 (4. .7 =880 Hz, IH), 7.52 - 761
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(m, 2H), 7.41 - 7.32 (m, 3H), 7.22 (s, 1H), 3.78 (d, J = 13.94 Hz, 2H}, 3.71 (s, 3H), 3.35 (d, J =

11.98 Hz, 2H), 3.09 (t. J = 13.20 Hz, 2H), 2.87 - 3.00 (m, 2H), 2.85 (s, 3H) MS m/e 525.2
IVI+HH]

Example 26: (4-Chiore-Z-morpholin-4-yi-3-phenylguinolin-6-yD{1-methyl-1H-imidazel-5-

yhpyridin-4d-vimethanol TFA

The title compound was prepared using morpholine in place of methylpiperazine according to
the procedure described in Example 19, 'H NMR (400 MHz, MeOH-dy) 8 9.08 (s, 1H), 8.84 (4,
J=46.11Hz, 2H), §.28 (s, 1H), 8.04 (d, J=6.11 Hz, 2H), 7.94 (d, /= 8.80 He, 1H}, 7.70 - 7.77
{m, 1H}, 7.49 - 7.57 {m, 2H), 7.42 - 7.49 (m, 3H), 7.21 (s, 1H), 3.70 (5, 3H), 3.44 - 3.34 (w0, 4H),
3.14 - 3.21 {(m, 4H); MS m/e 512.1 [M+H]".

Example 21: (24-Dickloro-3-phenyviguinolin-&-yh(dipyridin-4d-yhimethanosl’TFA

To a solution of 6-bromo-2 4-dichloro-3-phenylquinoline (200 mg, $.567 mmol, Intermediate 1,
step ¢} and THF {7 mL} at <78 °C was added 1.6 M n-Buli in hexane (0.50 mil., 0.80 mmol}.
After stirring at -78 °C for 20 min, di(pyridin-4-yDmethanone {103 myg, 0.570 mumol) was added.
The mixture was stirred at -78 °C for 10 min, and the cooling bath was removed. After the
mixture reached room temperature, it was guenched with NH,Cl {aguecus). The organic laver
was separated, and the agueous layer was extracted with CH,Cl. The combined organic phases
were  dried  {(Nap80,), filtered, concentrated, and purified by reverse phase HPLC
(water/acetonitrile/0.1% TFA) to give the titie compound as a white solid. 'H NMR (400 MHz,
MeOH-dy) 0 8.74 - 8.82 (m, 4H}, 8.29(d, /= 1.96 Hz, 1H)}, 8.08(d, J= 880 Hz, 1H), 7.88 - 7.98

s

3
4



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

{m, 4H), 7.84 {dd, J = 2.20, 9.05 Hz, 1H), 746 - 7.60 {m, 3H), 7.28 - 7.37 {m, 2H);, MS m/c
458.0 [M+H]".

Example 22: (2.4-Dichiore-3-phenyiquinolin-6-yii{4-flncrophenylipyridin-3-vimethanol

The title compound was prepared using (4-fluorophenyl}{pyridin-3-yhimethanone in place of (3~
methyl-1 H-imidazob-5-yl}{(pyridin-4-ylimethanone according to the procedure described
Example 16 H NMR {400 MHz, CDCE) 6 858 (1d, J= 1.71, 5.01 Hz, 2H), 826 (d, J= 1.71
Hz, 1H), 804 (d, /=905 Hz, 1H), 7.65 - 781 {m, 2H), 7.43 - 7.58 {m, 3H), 7.27 - 7.35 {m, 5H),
7.0% - 7.10 (m, 2H); MS nv/e 475.0 [M+H]"

Example 23: (2 4-Dichloro-3-phenyiguinolin-6-vi)|4-(methoxyvmethoxy)phenvipyridin-3-
yimethanol

OO

The title compound was prepared using (4-{methoxymethoxyiphenvlpyridin-3-vlimethanone in
place of (IT-methvi-1H-imidazol-S-yl){pyridin-4-vhimethanone  according to the procedure
described in Fxample 16. "1 NMR (400 MHz, CDClL) 8 8.62 (d, J = 2.45 Hz, 1), 8.54 - .58
{my, 1H), 831 (d, /=196 Hz, TH), 8.03(d, J=8R0Hz, 1H), 772 -776 (m, IH}, 7.72{(d, J=
1.96 Hz, 1H), 748 - 7.54 (m, 3H), 7.27 - 7.36 {m, 3H), 7.16 - 7.20 {m, 2H), 7.01 - 7.05 (m, 211},
519 ¢s, 2HY, 2.48 (5, 3H); MS wv/e 517.0 [MAH] .

Example 24: (2.4-Dickloro-3-phenylguinolin-¢-vi){dipyridin-3-yhmethanolsTFA

-
e
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To a solution of 6-bromo-2,4-dichloro-3-phenyiquinoling {18¢ mg, $.510 mmol, Intermediate 1,
step ¢} and di{pyridin-3-ylymethanone {94 mg, 4.51 mmol) in THF (7 mL) at =78 °C was added
1.6 M n-Buli in hexane (8,50 mL, 0.80 mmol). The mixture was stirred at ~78 °C for 10 min,
and the cooling bath was removed. After the mixture veached to room temperature, it was
quenched with NHLCl (aqueons). The organic laver was separated, and the aqueous layer was
extracted with CH,Cl.  The combined organic phases were dried (NaySO0.), fltered,
concentrated, and purificd by reverse phase HPLC {water/acctonitrile/0.1% TFA) to give the titic
compound as a white solid. 'FI NMR (400 Mz, MeOH-d4) 8 8.92 {br. s., 2F}, 8.82 (d, J=4.89
Hz 2HY, K45 (dt, J= 159 856 Hz, 2H), 834 (d, J= 171 Hz, 1H), 8.07 (d, /= 880 Hz, 1H),
795 {(dd, .J = 538, 831 Hz, 2H), 7.88 {dd, ./ = 2.08, 8.93 Hz, 1H), 7.48 - 7.57 {im, 3H}, 7.29 -
7.35 (m, 2H); MS nv/e 458.0 {M+H] .

Example 25: (3-Chlorophenyl{2,4-dichloro-3-phenyiguinolin-6-yD{(pyridin-3-vIimethanad

To a solution of 6-bromo-2,4-dichloro-3-phenviquinoline {138 mg, .368 mmol, Intermediate 1,
step ¢} and (3-chloropheny )} pyridin-3-vhmethanone (&1 mg, 0.372 mmol} in THF (& mL) at - 78
°C was added 1.6 M n-Buli in hexane {0.35 mL, 0.56 mmol}. The mixture was stirred at -78 °C
for 10 min, and the cooling bath was removed. After the mixture reached room temperature, it
was guenched with NHLCI (aqueouns). The organic layer wag separated, and the aqueous laver
was extracted with CHyCl;. The combined organic phases were dried (Na;SOy4), filtered,
concenirated, and purified by flash column chromatography (24 g silica gel column, 30 - 40%

FtOAc in heptane) to obtain the title compound as a white solid. "H NMR (400 MHz, CDCL) §
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7.54 {m, 3H), 7.30 - 738 (m, 4H), 7.27 - 730 (m, 2H), 716 (dt, = 180, 7.09 Hz, 1H); MS m/c
491.0 [M+H]".

Example 26: (2.4-Dichlore-3-phenyiquinolin-6-yh(pyridin-2-yDpyridin-3-vimethanolT¥FA

The title compound was prepared using pyridin-2Z-vi{pyridin-3-yUmethanone in place of
di{pyridin-3-yDmethanone according to the procedure described in Example 24, 'H NMR (409
MHz, MeOH-d4} 0 8.93 {d, /=196 Hz, 1H), 8.75(d, J = 4.65 Hz, 1H), 8.64 (dt, /= 1.77, €44
Hez, 1H), 858 - 8.62 (m, 1H), 8.22(d, J=1.71 Hz, 1H), 802 (d, /= 8.80 Hz, I1H), 7.93 - §.00 (m,
2H), 7.89 - 7.93 (m, 1H), 7.86 (dd, /= 2.08, 893 Hz, 1H), 748 - 7.55 (m, 3H}, 741 (ddd, J =
1.47,4.89,7.34 Hz, 1H), 7.30 - 7.36 {m, 2H); MS n/e 458.0 [M+H]"

Example 27: (2, 4-Dichloro-3-phenyviguinolin-6-yH{pyridin-2-yDpyridin-4-ylmethanolPTFA

The title compound was prepared using pynidin-2-yHpyridin-4-yhmethanone in place of
di(pyridin-3-yDmethanone according to the procedure described in Example 24, 'H NMR. (400
MHz, MeOH-ds) 8 8.80 (d, J =685 He, 2H), §.60 (d, J=4.65 Hz, 1H), 825 (dd, J=2.32, 452
Hz, 3H), 8.02 (d, /= &80 Hz, 1H), 7.93 - 8.00 {m, 1H), 7.88 - 7.93 (m, 1H), 7.85 (dd, / = 2.08,
893 Hz, IH), 747 - 7.57 {;m, 3H), 7.42 (ddd, J= 122,489, 734 Hz, 1H), 7.28 - 735 (m, 2H};
MS m/e 458.0 [M+H].

Example 28: {2-Chlorephenyh(2,4-dichlore-3-phenylquinslin-6-yhpyridin-3-
vimethanoleTTA

-
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The title compound was prepared using (2-chlorophenyl¥pyridin-3-viymethanone in place of
di{pyridin-3-vlyincthanone according to the procedure described in Example 24, 'H NMR (400
MHz, MeOH-~ds) 8 8.86 (5, 1H), 876 {d, J=5.62 Hz, 1H), 848 - 8.54 (m, 1H), 835 (d, /=220
Hz, 1H), 8.06 (d, J = 9.05 Hz, 1H), 7.97 (dd, J = 5.62, .31 Hz, 1H), 7.8% (dd, /= 2.08, 8.93 Hz,

1H), 747 - 7.56 {m, 4H), 7.36 - 7.48 (m, 3H), 7.31 - 7.36 (m, 2H); MS m/e 491.0 [M+H]".
Example 29: 4-1(2,4-Dichlore-3-phenyiquinslin-6-yi}{(hydroxy ipyridin-3-

yimethyliphenol-HC
3 _AOH
HO@ ol
- W £ 2y N,
J UL
N A

{2,4-Dichlore-3-phenylgquinolin-6-yh[4-(methoxymethoxyiphenvlipyridin-3-yhmethanol (20 mg,

0.039 mol, Example 23) in MeOH (2 mb} was treated with 37% HCI (0 mb) at room
temperature for 18 hours, and concentrated. The residue was purified by reverse phase HPLC
{water/acetonitrile/0.1% TFA) to give the title compound as av off-white solid. "H NMR {400
MHz, MeOH-ds) 6 8.85 (d, J= 220 He, 1H), 8.75(d, J=4.89 Hz, [H), 8.48 (dt, 7= 1.80, 8.13
Hz, 1H}, 831 (d, /= 1.96 Hz, 1H), 8.02 (d, /= 9.05 Hz, 1H), 7.95(dd, /= 5.62, 831 Hz, 1H},
7.86 {dd, J = 1.96, 8.80 Hz, 1H), 7.48 - 7.57 (m, 3H}, 7.33 (dd, J =147, 7.83 Hz, 2H), 7.08 -
7.16 (m, 2H), 6.77 - 6.84 (m, 2H) MS m/e 473.0 [M+HT

Example K1H {4-Chlore-2-ethvi-3-phenviguinolin-6-vi}(4-flusrophenvlipyridin-3-

yimethanoleTFA
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A sealed tube containing  {2,4-dichloro-3-phenviquinolin-6-yli{4-fluorophenylipyridin-3-
yimethanol (30 mg, 0.063 mmol, Example 22), PdCh{dppf), CH,ClL, (6.0 mg, 0.0074 mmol),
KpCO: (29 my, 0.21 mmol), and THF (1 mL) was bubbled with N, for 3 min, and 1.0 M Zn(E();
int heptane (0.070 mL, 0.070 mmol) was then added. After heating at 66 °C for 16 hours, more
PACH{dppfy, CH.ClL, (4.6 mg, 0.0056 mmol) and 1.0 M Zn{Ef); in heptane {0.070 mi, 0.070
mmol} were added, and the mixture was heated for another 6 hours. NH4Cl (aquecus) was added,
the organic layer was separated, and the aqueoous laver was exwmacted with CH.ClL.  The
combined organic phases were dried (Nap30,), filtered, concentrated, and purified by reverse
phase HPLC (water/acetonitrile/0.1% TFA) to give the title compound as a white solid. 'H
NMR (400 MHz, McOH-dy) 8 8.83 - 8.88 (m, 1H), 8.76 (d, /= 3.62 Hz, 1H), 8.43 - 8.50 (m, 1H),
830(d, /= 1.7t He, 1H), £.12(4, J=8.80 Hz, 1H), 7.95 (dd, /= 3.62, 8.31 Hz, 1H), 7.88 {dd, J
= 2.0%, 8.93 Hz, 1H), 7.50 - 7.59 (m, 3H), 7.36 - 7.43 (m, 2H), 7.28 - 7.36 {m, 2H), 7.11 - 7.20
(m, 2H), 2.81 {q, J = 7.58 Hz, 2H), 1.18 {t, J = 7.58 Hz, 3H); MS m/e 469.0 [M+H]".

Example 3I: 1-{2,4-Dichloro-3-phenyiquinolin-6-yi-1-(I-methyl- | Himidazol-S-yi)-1-

pyridin-2-vimethanaminesH{I

IV

To a solution of 6-bromo-2.4-dichloro-3-phenyiquinoline (112 mg, 0.317 mmol, Intermediate 1,
step ¢} and  {Z-methyb-N-((-methyl-1H-imidazol-5-v}pyridin-2-ylymethvleneypropane-2-
sulfinamide (46 mg, .16 mmol, Intermediate 11, step ¢} in THF (5 mb) at -78 °C was added 1.6
M n-Buli in hexane (0.40 mi, 0.64 mmol}. The mixture was stured at -78 “C to room
temperature overnight and quenched with NH4Cl {aqueous). The organic layer was separated,
and the aqueous layer was cxtracted with CH,Ch. The combined organic phascs were dricd
{Na;SOy), filtered, and concentrated. The residuc was diluted with MeOH (3 mi), treated with 4
M HC! in dioxane {3 mL) overnight, and concentrated. The residue was purified by reverse
phase HPLC (water/acetonitrile/0.1% TFA) to give the title compound as a white solid. 'H
NMR (400 MHz, MeOH-ds) 6 8.88 (s, 1H), 877 {d, /=489 Hz, 1H), 826 {d, /=220 Hz, 1H),
815(d, /=880 Hz, 1H), 797 (td, /= 1.71,7.83 Hz, 1H}, 7.87 {dd, /=232, 8.93 Hz, 1H), 742

-
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- 7.63 {(my, SHY, 734 (dd, S= 171, 783 He, 2H), 7.05(d, /=147 Hz, 1H), 3.539 (s, 3H); MS m/e
460.0 [M+HT".

Example 32: [4-Chlore-2-(dimethyviamino}-3-phenyiguinolin-6-yij(4-chiorophenviipyridin-

Z-yimethanolTFA

A mixture of (4-chlorophenyh(2,4-dichloro-3-phenyiquinelin-6-yhpyridin-3-vimethano! {25 mg,

.051 mmol, Example 17} and 2 M NHMe, in MeOH (0.8 mL, 1.6 mmol) was heated at 80 °C

for 4.5 days. After evaporation of the solvent in vacuo, the residue was purified by reverse phase

HPLC (water/acetonitrile/0.1% TFA) to give the title compound. 'H NMR {400 Mz, MeOH-d¢)
3 R85 €s, TH), B79¢d, J= 5338 Hz, 1H), 847 (dt, J= 177, 819 Hz, 1H}, 825, /= 1.96 Hz,

1H}, 8.06 (d, =880 Hz, 1H}, 7.95- 8.03 (m, 2H}, 7.83 (dd. /= 2.08, 893 Hz, I1H}, 7.51 - 7.61

(m, 4H}, 7.40 - 7.49 (m, 3H), 7.32 - 7.39 {m, 2H), 2.99 (s, 6H); MS m/c 499.8 [M+H]} .

Fxample 33: [2-Chloro-4-(dimethylamine-3-phenviguinslin-6-vi{{4-chiorophenypyridin-
3-yimethanoleTEFA

The title compound was isolated from the reaction that formed Example 32. 'H NMR (460 MHz,
MeOH-ds) 6 885 (br. s, 1H}, 874 - 879 (m, 1H), 844 - 849 {m, 1H), 7.98 (4, J= 1,96 Hz, 2Hj},
789 (d, S =880 Hz, 1H), 7.70 (dd, /=220, 880 Hz, 1H), 745 - 7.53 (m, 3H), 7.41 - 745 (m,
2H), 735 -741 (m, 2H), 7.29 (d, 7= 7.58 He, 2H), 2.53 (s, OH};, MS m/ec 499.9 [M+H]".

Example 34: [4-Chlore-Z-{dimethylamino)-3-phenylguinolin-6-yil(I-methyl-{ H-imidazol-
S-yhipyridin-3-vimethanolTFA

-
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The title compound was prepared using (2.4-dichloro-3-phenylquinolin-6-yl){1-methyl-1 /-
imidazol-5-y{pyridin-3-yhmethanol (Example 49} in place of (4-chlorophenyl}2,4-dichloro-3-
phenviguinolin-6-vhpyridin-3-ylmethanot according to the procedure described in Example 32.
TH NMR (400 MHz, MeOH-ds) 8 9.08 (s, [H), .91 (s, 1H), 8.83(d, /= 4.89 Hz, 1H), 8.46 (dt, J
= {59, 8.56 Hz, [H), 837 (4, J= 1.96 Hz, 1H), 8.15 (4, 7= 8.80 Hz, I}, 7.95 (dd, J= 538,
8.07 Hz, 1H), 7.68 (dd, J=2.20, 8.80 Hz, 1H), 7.51 - 7.65 (m, 3H), 7.40 - 7.50 (m, 2H), 7.20 (d
J=1.47 ez, 1H), 3.72 (s, 3H), 3.01 (s, 6H); MS m/e 470.0 [M+H] .

Example 35%: [2-Chloro-4-(dimethylamine)-3-pheayviguinokin-6-vij(I-methyi-1 H-imidazol
S-yhpyridia-3-vimethanoleTFA

The titie compound was isolated from the reaction that formed Exaraple 34, 'H NMR (400 Mz,
MeOH-dg) & 9.03 (s, TH), 8.63 - 877 (m, 2H), 8.07 -~ 8.14 (m, 2H), 7.96 {d, J = §.80 Hz, 1H},
7.76 {dd, J = 2.20, .80 Hz, 1H), 7.69 (dd, J = 5.14, 8.07 Hz, 1H), 741 - 7.56 (m, 3H), 7.24 -
734 (m, 20y, 707 (d, S =147 Hz, 1H), 3.72 (s, 3H), 2.57 (s, 6HY; MS m/e 470.0 [M+HT"

Example 36: [4-Chloro-2-(dimethylamino}-3-phenviguinehn-6-vij{-methyi-1 H-imidazok
S-yhpyridin-2-vimethanel TFA

The titie compound was prepared using {2,4-dichloro-3-phenviguinolin-6-y1i{ I -methyl- 13-
imidazol-S-vi{pyridin-Z-yDmethanol (Example 1) in place of (4-chlorophenyl}(2.4~dichlore-3-
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phenviguinolin-6-yhpyridin-3-ylmethanol according to the procedure described in Example 32.
'H NMR (400 MHz, MeOH-dy) 8 8.96 (s, 1H), 8.60 (d, J = 4.16 Hz, 1H), 845 (d, /= 1.71 Hz,
1H) 798 - 8,11 {m, 2H), 7.92 {td, J= 1 .83, 776 Hz, 1H), 7.79(d, J = 783 Hz, 1H), 7.50 - 7.65
{my, 3H)}, 7.36 - 7.50 {m, 3H), 7.08 (4, /= 1.71 Hz, 1H)}, 3.62 {s, 3H), 2.99 (5, 6H}; MS m/e 470.0
PVHHT

Example 37: [4-Chloroe-2-(dimethylamino)-3-phenyiguinolin-6-vlj{dipyridin-4-
yhmethanolTFA

The title compound was propared using {(2.4-dichloro-3-phenviguinelin-6-viy{dipyridin-4-
vhmethanol TFA (Example 21) in place of {4-chlorophenyl}2. 4-dichloro-3-phenylquinolin-6-
yhpyridin-3-vimethano! according to the procedure described in Example 32. 'H NMR (400
MHz, McOH-dy) 6 8.85 {d, /= 5.87 Hz, 4H), 8.25 (d, J =196 Hz, 1H), 8§.10 (d, J = &80 Hz,
TH), 8.85 {d, J= 6.60 Hz, 4H), 7.81 {dd, J= 2.20, 8.80 Hz, 1H}, 7.51 - 7.60 (m, 3H), 7.41 - 747
{m, ZH}, 2.99 {5, 6H}; MS my/e 467.0 [M+H] .

Example 38: [4-Chloro-2-(dimethylaming)-3-phenyiguinolin-6-yij{4d-fuorsphenyhpyridin-
3-vimethanoleTFA

The title compound was  prepared  using  (2,4-dichloro-3-phenviquinolin-6-yl){4-
Auorophenylpyridin-3-vimethanol (Example 22} o place of (4-chlorophenyl}(2,4-dichloro-3-
pheaylguinolin-6-yhpyridin-3-vimethanol according to the procedure described in Example 32.

"H NMR (400 MHz, MeOH-d)) § 8.85 (d, J = 1.96 Hz, 1H), 8.84 - £.84 (m. 1H), 879 (d, J =
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4.29 Hz, 1H), 848 (dt, J= 1.74, 8.25 Hz, 1H), 8.25(d, /= 1.96 Hz, 1H), 8.06 {d, J=9.05 Hz,
1H), 798 {dd, J= 550, 8.19 Hz, 1H), 7.83 (dd, /= 2.20, 8.80 Hz, 1H), 7.51 - 7.61 {m, 2H), 742
- 747 (m, 2H), 7.32 - 7.40 (m, 2H), 711 - 7,19 (m, 2R, 2.99 (s, 6H); MS m/e 483.9 [M+H]".

Example 39: [2-Chlsro-4-(dimethylamino)-3-phenyiguinolin-6-ylj{d-finorophenylpyridin-

3-yvimethanolTFA

The titie compound was isolated from the reaction that formed Example 38. 'H NMR (400 MHz,
MeOH-d) 8 884 (s, 1H), 874 (s, 1H), 844 (dt, 7= 171,831 Hz, 1H), 7.97(d, /= 1.96 Hz, 1H),
794 (dd, J= 562, 8.07 Hz, 1H), 78 (4, J = &8O Hz, 1H}, 7.71 {dd, J= 220, 8RO Hz, 1H}, 7.37
- 7.54 (m, SH), 7.25 - 732 (m, 2H), 7.12 - 7.21 {m, 2H), 2.52 (s, 6F); MS m/e 483.9 [M+H]"

Exampie 40 [4-Chlove-2-(dimethylamino)-3-phenyviguinolin-&-ylj{dipyridin-3~
yhmethanolbTFA

The title compound was prepared using (2.4-dichloro-3-phenyiguinolin-6-yI{dipyridin-3-
vimethanol TFA (Example 24) in place of (4-chloropheny)(2.4-dichloro-3-phenyiquinolin-6-
yhpyridin-3-vimethano! according io the procedure described in Example 32, 'H NMR (400
MHz, MeOH-ds) 8 886 - 8.95 (m, 2H), 8.82(d, J= 342 Hz, 2H), 844 (d, /=831 Hz, 2H), 8.28
(d, J=196 He, [H}, 811 {d, J=880 Hz, 1H), 7.95{(dd, J= 538, 807 Hz, 2H), 785 (dd, J =
2.08, 8.93 Fz, 1H), 7.52 - 7.63 {m, 3H), 7.41 - 7.49 (m, 210, 3.00 (s, 6¥); MS nv/e 467.0 [M+H] .

Example 41; [4-Chlore-2-(dimethylamino}-3-phenylguinolin-6-y1}(3-chlorophenyDpyridin-

3-yvimethanolTHFA
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The title compeound was prepared wusing (3-chlorophenvli(2 4-dichloro-3-phenylquinolin-6-
vipyridin-3-yhmethanol  (Example 25} in  place of {(4-chlorophenyl)(2,4-dichlore-3-
pheaylguinclin-6-yhipyridin-3-yhmethanol according to the procedure deseribed in Example 32.
TH NMR (400 MHz, MeOH-d) 8 8.84 (s, 1H), 8.79 (d, J=5.14 Hz, 1H), 8.46 (dt, J = 1.62, 8.50
Hz, 1H}, 8§24 (d, /= 1.96 Hz, 1H}, 8.07 (d, /= 9.05 Hz, 1H), 7.97 (dd, J= 5.62, §.31 Hz, 1H),
7.83(dd, J=2.20, 8.80 Hz, 1H), 750 - 7.57 (m, 3H), 7.42 - 7.46 {m, 3H), 7.38 - 742 (wn, 2H),

.

3

7.23 - 7.28 (i, 1H), 2.99 (s, 6H); MS m/e 499.8 [M+H]

H

Example 42: [2-Chloro-4-(dimethylamino)-3-phenyiquinolin-6-vi]j(3-chlorophenyhpyridin-
3-yimethanol'TEFA

The title compound was isolated from the reaction that formed Example 41, 'H NMR (400 MHz,
MeOH-dy) 6 8.83 (5, 1H), 8.75 {d, J = 4.89 Hz, 1H)}, 8.38 - 844 (m, 1H), 7.95 (d, J = 1.96 Hz,
1H)Y, 791 - 7.94 (m, 1H), 7.89 (d, J=9.05 Hz, 1H), 7.70 {dd, /= 2.20, 8.80 Hz, 1H)}, 7.43 - 7.53
{tn, 4H), 7.38 - 7.43 {(m, 2H}, 7.26 - 7.32 (m, 3H), 2.52 (s, 6H), MS m/e 499.9 [M+H] .

Example 43: [4-Chlore-2-(dimethyiaming)-3-phenviguinolin-6-vij{pyridin-2-ylipyridin-3-

yimethanoleTFA
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The title compound was prepared using (2,4-dichloro-3-phenviquinolin-6-yi{pyridin-2-
yhpyridin-3-vimethanol TFA  (Example 26} in place of {(d-chlorophenyl}(2.4-dichloro-3-
phenylguinolin-6-yhpyridin-3-ylmethanol according to the procedure described i Example 32.
'H NMR (400 MHz, McOH-ds) 8 8.94 (s, 1H), 8.78 (d, J = 5.38 Hz, 1H), 8.63 - §.70 (m, 1H),
8.59(d, J=4.8% Hz, 1H}, 821 (d, /= 1.96 Hz, 1H)}, 7.97 - £.10 (m, 2H)}, 7.89 - 7.97 (m, 2H},
7.86 (dd, J = 2.08, 8.93 Hz, 1H}, 7.51 - 7.61 {m, 3H}, 7.37 - 748 (m, 3H}, 2.99 (s, 6H); MS m/e
467.0 [M+H]".

Example 44: [4-Chlore-2-{(dimethyiamino}-3-phenyiquinolin-6-y1}j(2-chlorophenyiipyridin-
J-yimethanolTFA

The title compound was prepared using (2-chlorophenyl¥2 4-dichloro-3-phenylquinelin-6-
vipyridin-3-ylmethanol TFA  (Example 28} in place of (4-chiorophenyt}{(2,4-dichloro-3-
phenylguinolin-6-yl)pyridin-3-ylmethano!l according to the procedure described in Example 32.
"H NMR (400 MHz, MeOH-ds) 8 8.85 (d, J= 1.96 Hz, 1H), 8.78 (d, J = 4.89 Hz, 1H), 8.50 (dt, /
= {.59, 8.56 Hz, 1H), 829 (d, /= 1.96 Hz, 1H), 8.08 (4, /= 8.80 Hz, IH), 799 (dd, J= 562,
831 Hz, 1H}y, 7.87 (dd, J=2.20, R.80 Hz, IH), 7.47 - 7.60 {(m, 4H}, 742 - 7.47 {m, 4H}, 7.35 -
7.42 (m, 1H), 2.99 (s, 6H); MS m/e 499.8 [M+HT .

Example 45: [2-Chiloro-4-(dimethylamino)-3-phenyiquinoelin-é-vij(Z-chiorophenyhpyridin-
3-yimethanolTFA

The title compound was isolated from the reaction that formed Example 44, 'H NMR (400 MHz,

MeOH-dg) 8 8.81 - 8.87 (m, 1F, 8.73 - 8.79 (1o, 1H), §.51 (d,J= 831 Hz, 1H), 8.04 (d, 7= 1.96
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He, 1¥), 7.98 (dd, J = 5.62, 7.83 Hz, 1H), 7.91 (4, J = 8.80 Hz, 1H), 7.77 (dd, J = 2.20, §.80 Hz,

1H), 7.37 - 7.53 (m, 7R, 7.25 - 7.34 (my, 2H), 2.53 (s, 6H); MS m/e 499.9 [M+H]"

Example 46 {Z-Chloro-6-methyipyridin-4-vI)(2 4-dichloro-3-phenyiquinolin-6-yij{i-

methyl-1#H-imidazol-2-yimethanol

The title compound was prepared using (2-chloro-6-methyipyridin-d-y[){(1 -methyl-1 H-imidazol-
2-yhymethanone (Intermediate 12, step b) in place of (3-chlorophenyl(pyridin-3-vimethanone
according to the procedure described in Example 25, 'H NMR (400 MHz, CDCLY 8 8.17 (d, J =
1.96 Hz, 1H), 805 (d, J= &80 Hz, 1H), 7.70 (d, J = &€.80 Hz, 1H}, 743 - 7.58 (m, 3H}, 7.2 -
7.37 {m, 2H), 715 (s, 1H), 7.08 (5, 1H}, 6.82 - 6.97 (m, 2H), 3.37 (s, 3H}, 2.49 (s, 3H); MS w/e
508.8 [M+H]"

FExample 47: (2-Chloro-4-(dimethylamino}-3-phenylguinslin-6-yh{1-methyl-1 H-imidazol-
S-yiipyridin-d-yimethanoPTFA

The title compound was prepared wusing (2.4-dichlore-3-phenylguinolin-6-yl{ 1-methyl- 1 H-
imidazol-3-yhpyridin-4-yimethanol {(Example 16} in place of {(4-chlorophenyvi}(2,4-dickioro-3-
phenviguinolin-6-vhpyridin-3-ylmethanot according to the procedure described in Example 32.
"H NMR (400 MHz, McOH-dy} § 9.09 (s, 1H), 8.86 (d, J = 6.60 Hz, 2H), 8.24 (d, J = 1.96 Hz,
1H}, 8.07 (d, J= 6.85 He, 2H}, 7.95(d0, J=9.05 Hz, 1H), 7.78 (dd, /= 2.20, 880 He, 1H), 743 -
757 (m, 3H), 7.29 (dd, J = 1.96, 5.62 Hz, 2H), 724 (4, J= 147 Hz, 1H), 3.72 (5, 3H}, 2.61 (s,
6H); MS mve 470.0 [M+H] .
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Example 48a: (4-Chlore-2-{dimethylamine}-3-phenviquinelin-6-vH{l -methvi-1 H-imidazel-

S-vipyridin-4-vimethanoleTFA

~— gy

The title compound was isolated from the reaction that formed Example 47. 'H NMR (400 MHz,
MeOH)} 8 9.07 (s, 1H), 8.78 {d, /= 6.36 Hz, 2H)}, 832 (d, /= 1.96 Hz, 1H}, .04 {d, J= 5.80 Hz,
1H), 7.86 - 7.93 (m, 2H}, 7.79 -~ 7.85 {m, 1H}, 748 - 7.62 {m, 3H), 7.40 - 7.46 (m, 2H), 7.18 (d, J
= 1.47 Hz, 1H), 3.69 (s, 3H), 2.93 (s, 6H); MS m/e 470.0 [M+H]".

Example 48a was purified by chiral HPLC Jasco Preparative SFC System (Lux-2 Cellulose,
EtOH/0.2% isopropylamine, CO;) to give 2 pure enantiomers Example 48b and Example 48¢

{elution order: Example 48D first, Example 48¢ second).

Example 48b: MS m/e 470.0 [M+H]'.
Example 48¢; MS mv/e 470.0 [M-+H]"

Example 49 (2 4-Dichloro-3-phenyiquinelin-6-~-yDH(1-methyl-1 H-imidazol-S-yh{pyridin-3-

yhmethanol

The title compound was prepared using (1-methyl-1AH-imidazol-S-yI}pyridin-3-vimethanone
{Intermediate 10, step b) in place of (I-methyl-1H-imidazol-5-yv{pyridin-4-ylimethanone
according to the procedure described in Example 16, 'H NMR (400 MHz, CDCL) § 8.58 (d, J =
1.96 Hz, 1H), 8§47 {dd, J= 1.34, 477 Hz, 1H)}, 834 (d, /= 1.96 Hz, iH), 8.02 {d, /= §.80 Hz,
1H), 7.73 (dd, J = 1.96, 880 Hz, 1H)}, 7.67 (di, J = 1.96, 8§.07 Hz, 1H}, 748 -7.54 {m, 3H), 7.29
- 7.36 (m, 2H), 7.21 - 7.26 (m, 2H), 6.27 (5, 1H), 3.36 (5, 3H); MS m/e 460.8 [M+HT
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Example 5§: 14-Chioro-2-lethyi{methvi}amine|-3-phenviquinelin-&-vi} (1-methyl-1H-

imidazol-5-yDpyridin-d-vimethancls TFA

The title compound was prepared using (2,4-dichloro-3-phenylguinolin-6-yli(1 -methyl-14-
imidazol-3-yhpyridin-d-yimethanol  (Example 16} and NHMeEt in  place of (4
chlorophenyh(2 4-dichloro-3-phenyiquinclin-6-yhpyridin-3-yimethanol and NHMc,,
respectively, according to the procedure described in Example 32, 'H NMR (400 MHz, McOH-
d) 8905 (s, 1H), 872 ~8.82(m, 2H), 826 (d, J=220Hz, 1H),797(d, /=880 Hz, 1H), 7.8
{dd, J= 147,514 Hz, 2H), 7.77 (dd, /= 2.20,9.05 Hz, I1H)}, 745 - 7.59 {(m, 3H}, 7.34 - 7.45 (m,
2HY, 705 (d, J=171 Hz, 1H), 3.70 (s, 3H), 3.26 {q, /= 7.09 Hz, 2H}, 2.90 (3, 3H), 0.90 (¢, /=
7.09 Hz, 3H); MS m/e 483.9 [M+H]".

Fxample 581: {4-Chlers-3-phenylquinelin-6-vi{ I-methyl- 1 H-imidazed-S-viipyridin-3-
yimethanolTFA

]

The title compound was prepared using 6-bromo-4-chloro-3-phenvlguincline (Intermediate 3,
step ¢} and (l-methyl-1H-imidazol-5-vi{pyridin-3-ylymethanone {Intermediate 19, step b} in
place of 6-bromo-2.4-dichioro-3-phenylquinoline and di{pyridin-3-yhmethanone, respectively,
according to the procedure described in Example 24. 'H NMR (400 MHz, MeOH-dy) 8 9.06 (s,
1H), 880 (s, 1H), 878 (d, J= 170 Hz, 1H), 871 (dd, J= 147, 513 Hz, 1H)}, 849 (d, J= 220
Hz, 1H}, 810 - 828 (wm, 2H), 7.88 (dd, J = 2.20, 9.05 Hz, 1H), 7.73 (dd, /= 5.14, 8.07 Hz, 1H),
746 - 7.62 (m, SH), 713 (d, J = 1.47 Hz, 1H), 3.73 {s, 3H}; MS w/e 426.9 [M+H]

Example 52: (3-ChlorophenyD{4-~chiors-3-phenyiguinolin-6-yhpyridin-3~vimethanol
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The title compound was prepared using 6-bromo-4-chloro-3-phenylguineline (dntermediate 3,
step ¢} in place of 6-bromo-2,4-dichioro-3-phenylguingling according to the procedure described
in Example 25. 'H NMR (400 MHz, CDCL) § 879 (s, 1H), 8.51 - 8.57 (m, 1H), 8.49 (dd, J =
1.47, 489 Hz, 1H), 8.32 (d, /=196 Hz, [H}, 8.07 {d, /= &80 Hz, 1H}, 763 ~ 7.71 (m, 2H),
7.46 - 7.53 (m, 4H), 7.37 ~ 741 (m, 1H), 7.23 - 7.31 (m, 4H), 718 (dt, J = 1.74, 7.27 Hz, 1H};
MS m/e 456.7 {M+H]'.

Example 83: {4-Chloro-3-phenylguinolin-6-vH{(1-methyl-1 H-imidazol-8-yhpyridin-4-

yvimethanoleTFA

TRy

The title compound was prepared using 6-bromo-4-chloro-3-phenviquinoline (Intermediate 3,
step ¢) and {{-methyl-1H-tmidazol-53-yhpyridin-4-yipcthanone {Intermediate 9, step b) in
place of 6-bromo-2,4-dichlioro-3-phenyiquinoline and di{pyridin-3-yhimethanone, respectively,
according to the procedure described in Example 24, "H NMR {400 MHz, MeOH-ds) 8 9.08 (s,
TH}, 890 (s, TH), 878 - 882 {m, 2ZH), 8.53 (4, /=196 Hz, 1H), 821 (d, /=905 Hz, 1H), 7.93
-~ 7986 (m, 2H), 7.54 - 7.60 (m, oM}, 7.21 {d, J = 171 Hz, 1H), 3.71 (5, 3H); MS m/c 426.9
IMAHHT,

Example 54: (2,4-Dichlore-3-phenyiguinolin-6-yD(3-methoxyphenyhpyridin-3-vimethanol
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The title compound was propared using (3-methoxyphenyvl(pyridin-3-vljmethanone in place of
{3-chlorophenyl}{pyridin-3-ylmethanone according to the procedure described in Example 25
"H NMR (400 MHz, CDCE) 8 8.553 (d, J= 2.45 Hz, 1H), 849 (dd. J = 1.59, 4.77 Hz, 1H), 8.30
(d, /=196 Hz, 1H}, 801 (4, /= 880 Hz, 1H), 7.67 - 7.77 (m, 2H}, 748 - 7.537 {m, 3H}. 7.30 -
7.37 {m, 2H}, 7.22 - 7.30 (m, ZH}, 6.83 - 6.91 (m, 2H}, 6.78 - 6.83 (i, 1H)}, 3.74 (s, 3H); MS m/e
486.7 IM+H]

Example 58: (2,4-Bickloroe-3-phenyiquinolin-6-yl}{4-methoxyphenylXpyridin-3-

yiimethanol

The title compound was prepared using {(4-methoxyphenyD{pyridin-3-yhimethanone in place of
(3-chlorophenyl¥pyridin-3-yhimethanone according to the procedure described in Example 25,
TH NMR (400 MHz, CDCL) 8 8.58 (4, /=220 Hz, 1H). 8.51 (dd, J = 1.47, 480 Hz, 1H), 8.31
(d, /=196 Hz, 1H), 801 ¢(d, /=9.05Hz, TH), 7.68 - 7.75 {(m, 2H), 748 - 7.56 (o, 3H), 7.32 (dd,
J=1.71,7.58 Hz, 2H), 7.24 - 7.30 (m, 1H), 7.14 - 7.21 {m, 2H}, 6.84 - 6.91 (v, 2H), 3.81 s,
3T MS mv/e 486.7 M+

Example 56: (3-ChiorophenyD{é-chloropyridin-3-y1){2,4-dichloro-3-phenyiguinolin-6-

yhmethanol

he title compound was prepared using 3-chlorophenyvii6-chloropyridin-3-ylimethanone in
The titl pound prepared ¢ (3-chlorophenyly(G~-chloropyridin-3-yhmett
place of (3-chiorophenyDpyridin-3-ylimethanone according to the procedure described mn

Example 25, 'H NMR (400 MHz, CDCL) 8 837 (d, J= 2.69 Hz, 1H), 825 (4. 7= 1.96 Hz, 1H),
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8.06 (d, J=9.05 Hz, 1H), 7.68 (dd, J = 2.20, 8.80 Hz, 2H), 7.48 - 7.58 {m, 3H), 7.30 - 7.39 (m,
6H), 7.13 - 7.19 (m, 1R): MS m/e 526.7 [M+H]".

Example 872 {6-Chloropyridin-3-yD(2 4-dichlero-3-phenyiguineiin-&6-vi3-

flusrophenyviimethanol

The title compound was prepared using {(3-fluorophenyh{6-chloropyridin-3-ylymethanone in
place of (3-chlorophenylpyridin-3-ylimethanone according to the procedure described in
Example 25. '"HNMR (400 MHz, CDCL) 8 .35 (d, J=2.69 Hz, 1H), 825 (4, J= 1.95 Hz, 1H),
8.05 (d, J= &80 Hz, 1H), 7.68 {dt, J=2.26, £.68 Hz, 2H), 7.48 - 7.55 (m, 4H), 7.30 - 7.35 {m,
3H), 7.05 (4, J = 8.80 Hz, 3H); MS m/e 508.8 [M+HT .

Example 538: (4-Chloro-3-phenviguinolin-6-yii{3-methoxyphenvipyridin-3-vimethanol

]

The title compound was prepared using 6-bromo-4-chlore-3-phenviguineline (Intermediate 3,
step ¢ and {3-methoxyphenyD{pyridin-3-vlymethanone in place of 6-brome-2.4-dichlore-3-
phenvlquinoline and (3-chlorophenyi¥pyridin-3-yvlmethanone, respectively, according to the
procedure described in Example 25, 'H NMR (400 MHz, CDCL) 8 8.83 (s, 1H), 8.61 - 8.65 (m,
1H}, 8.53 - 857 (m, 1H), 837 (4, 7= 196 Hz, 1H), RO9 (4, J =905 Hz, 1H), 768 - 7.75 {m,
2Hy, 7.50 - 7.55 (m, 5H), 7.26 - 7.39 {(m, 2H), 6.83 - 6.91 {m, 3H)}, 3.75 {s, 3H); MS m/e 452.9
IM+HT .

Example 89: (4-Chlovo-3-phenyiguinolin-6-yli{4-methoxyphenylipyridin-3-yimethanol

145



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

-

The title compound was prepared using 6-bromo-d-chloro-3-phenviquinoline (Iniermediate 3,
step ¢ and {(4-methoxyphenyt¥pyridin-3-ylymethanone in place of 6-bromo-2.4-dichlore-3-
phenylguinoline and (3-chlorophenyl}{pyridin-3-ylymethanone, respectively, according to the
procedure described in Example 25, "H NMR (400 MHz, CDCL) 8 £.81 (s, 1H), 8.60 - 8.68 (m,
{H), 8.51 - R.57 (m, 1H), 8.38 (d, 7= 1.96 Hz, 1H), 808 (d, J= &80 Hz, IH), 7.67 - 7.78 {m,
2H), 744 - 7.57 (m, 5H), 7.25 - 732 (m, 1H), 7.20 (d, J= 8.80 Hz, 2H), 6.88 (d, /= 8.80 Hz,
2H), 3.81 {s, 3H); MS mw/e 452.9 [M+H].

Example 60: (3-Chlorophenyhi{d-chloro-3-phenyiguinelin-6-yI{6-chlovepyridin-3-

vhimethaned

The title compound was prepared using 6-browmo-d-chlorg-3-phenviquinoline (Iniermediate 3,
step ¢ and (3-chlorophenyl}6-chioropyridin-3~-ylmethanone in place of 6-brome-2,4-dichloro-
3-phenviquinoiine and (3-chlorophenyi{pvridin-3-vhimethanoue, respectively, according to the
procedure deseribed in Example 25, 'H NMR (400 MHz, CDCl) 8 8.81 (s, 1H), 840 (d, J =
269 Hz, 1H), §29(d, /=220 Hz, 1H), 8.10(d, /=905 Hz, {H), 7.70 (dd, 7= 2.69, .31 Hz,
1H, 7.65 (dd, J=2.08, 8.93 Hz, 1H), 747 - 7.534 (m, 5H), 7.37 (4, J= 1 47 Hz, 1H), 731 - 7.35
(m, 3H), 7.18 (dt, .7 = 1.80, 7.15 Hz, 1H); MS /e 490.8 [M+H]".

Example 61 {d-Chlore-3-phenyiguinolin-6-yh(6-chloropyridin-3-yH(3-

fluerophenyhmethanol
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o]

The title compound was prepared using 6-bromo-4-chloro-3-phenvlguincline {(Intermediate 3,
step ¢} and (3-fluorophenyhi(6-chloropyridin-3-yhimethanone in place of 6-bromo-2.4-dichloro-
3-phenylquincline and (3-chlorophenyl}{pyridin-3-yhmethanone, respectively, according to the
procedure deseribed in Example 25 'H NMR {400 MHz, CDCl) 8 881 (s, 1H), 840 (d, /=
269 Hz, 1H), 830 (d, J =220 Hz, TH), 10 (d, J = 880 Hz, 1H), 7.68 {ddd, 7= 2.20, §.62,
17.55 Hz, 2H), 7.46 - 7.54 {m, SH), 7.33 (d, J = &56 Hz, 2H), 7.05 - 7.11 {m, 3H}; MS m/z
474.9 PM+HT

£

Example 62: {4-Chloroe-2-{dimethylamine}-3-pheayiquinslin-6-yij{4-

methoxyphenyhipyridin-3-vimethanoleTFA
,OMe

The title compound was  prepared  using  (2,4-dichloro-3-phenviquinolin-6-y1j(4-
methoxyphenylipyridin-3-yhimethanol {(Example 55) in place of (4-chlorophenyty2,4-dichloro-
3-phenylquinolin-6-yhpyridin-3-vimethanol according to the procedure deseribed in Example 32
except heating of the reaction mixture at 80 °C for 16 hours. 'H NMR (400 MHz, McOH-d4) 3
891U (s, 1H), 877 -8.85 (m, 1H), 8.74 (d, /=455 Hz, 1H), 8.68{d, /= 5.56 Hz, 1H), 857 (4. J
= 8.08 Hz, 1H}, §.41 (d, J= 859 He, 1H), 824 (d, J=2.02 He, 1H), 8.01 (d, /= R.539 He, 1H),
795798 (m, iH), 7.81 (dd, J=2.02, 9.0%9 Hz, 1H), 7.30 - 7.59 (i, 1H), 7.40 - 747 (m, 2H),
722 (d, J=9.00 Hz, IH)}, 6.94 (d, J=19.0%9 Hz, 1H), 6.87 - 6.92 (m, 1H), 3.80 {s, 3H}, 3.76 (s,
3H), 2.96 (s, 3H}; MS m/e 495.9 [M+H]".
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Example 63: {4-Chlore-2-{(2-methoxyethyli(methvi)amino|-3-phenviguinslin-6-vii (1~
methyi-1 H-imidazel-S-yhpyridin-4d-vimethanoleTHA

The title compound was prepared using (2.4-dichloro-3-phenviquinolin-6-vl){1-methvl-1H-
imidazol-5-y{pyridin-d-yDmethanol {Example 16) and 2-methoxy-N-methylethanamine in
place of {(4-chlorophenyl)}2 4-dichlore-3-phenvlquineiin-6-vlipyridin-3-ylmethanol and NHMe,,
respectively, according to the procedure described in Example 32 except heating of the reaction
mixtare at &0 °C for 16 hours in the absence of MeOH. 'H NMR {400 MHz, MeCH-d4} 8 9.07
(s, 1H), 8.82 (br. 5., 2H}, 8.33 (4, /= 2.02 Hz, 1H), 7.92 - §.01 (m, 3H), 7.80 - 7.87 (m, 1}, 7.49
- 7.59 {m, 3H), 7.38 - 7.46 {m, 2H), 7.20 (s, 1H), 3.69 (s, 3H), 3.48 - 3.57 {m, 4H)}, 3.33 {5, 3H),
2.87 (s, 3H); MS m/e 513.9 [M+HT .

Example 64: (4-Chlore-2-{[2-{dimethyiaminojethyli{methyDamino}-3-phenviguinclin-6-

yh{(T-methyb1 H-imidazol-S-yhpyridin-4-ylmethanole TFA

~N" N

HQ}.__J ¢l

C *ﬂm

The title compound was prepared using {(24-dichlore-3-phenylguinolin-6-yli(1 -methyl-14-
imidazol-3-yl){pyridin-4-yDmethanol (Example 16) and N'N' N’-rimethylcthanc-1,2-diamine
in place of {4d-chlorophenyi}(2.4-dichloro-3-phenylguinolin-6-ypyridin-3-yimethanol and
NHMe,, respectively, according to the procedure described in Example 32 except heating of the
reaction mixture at 80 °C for 16 hours in the absence of MeOH. 'H NMR (400 MHz, McOH-d,)
3 9.08 (s, 1H), 8.78 - 890 (m, 2H), 825 (d, /=2.02 Hz, 1H}, 799 - 807 (m, 2H}, 784 (d, , /=
8.59 Hz, 1H), 7.71 - 7.76 (m, 1H}, 7.50 - 757 (m, 2H), 748 (d, = 7.07 Hz, 1H), 738(d. J=
6.57 He, 2H), 7.19 (s, 1H), 3.80 (1, /= 581 Hz, 2H), 3.70 {s, 3H), 3.33 (¢, . J = 6.06 Hz, 2H),
3.00 (s, 6H), 2.54 (s, 3H); MS m/e 527.0 IM+H] .
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Example 65: {6-Chloropyridin-3-yii2 4-dichiore-3-phenviquinslin-6-yi{3-

methoxyphenylmethanol

Me(G

Cl
The title compound was prepared using {(6-chloropyridin-3-yD(3-methoxyphenyhmethanone in
place of (3-chlorophenylipyridin-3-ylimethanone according to the procedure described in
Example 25. 'TH NMR (400 MHz, CDCL:) 3 8.40 (d, .J = 2.53 He, 1H), 8.29 {4, J = 2.02 Hz, 1H),
8.04(d, /=859 Hz, 1H), 770 (td, J= 2.27, 6,19 Hz, 2H), 749 - 7.54 {m, 3H), 7.32 (dd, J = 4.29,
834 Hz, 4H), 6.90(d, J = 9.09 Hz, 1H), 6.78 - 6.83 (m. 2H), 3.76 (s, 3H); MS mv/e 520.8 [M+HT .

Example 66: (2-Chloropyridin-4-vi}{(2. 4-dichlore-3-phenyiquinolin-6-yij(1-methyl-1#-

imidazel-S-yiimethanel«TFA
~NTN

Ci

The title compound was prepared using {Z-chlorepyridin-4-yl}(I-methyi-1H-imidazol-5-

yvhmethanone {Intermediate 54, step b) in place of di{pyridin-3-ylymethanone according to the
procedure described in Example 24, 'H NMR (400 MHz, MeOH-dy) 8 9.07 (s, 1H), 844 (4, / =
505 Hz, 1H), 839¢d, /=202 Hz, 1H), 811 {d, /=909 Hz, 1H), 791 {dd, J=2.27, 8.84 Hz,
1H}, 7.63 (s, 1H), 748 - 7.58 (m, 3H), 7.40 - 7.48 (m, 1H), 7.29 - 740 (m, 2H), 7.16 (8, 1H},
3.70 (s, 3H); MS m/e 494.9 [M+H]".

Fxample &67: (2,4-Dichloro-3-phenviguinolin-6-yvh(l~-methyi- 1L H -hmidazol-5-yH{2-

methyipyridin-d-vhmethanol#TFA
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The title compound was prepared using (I-methyl-1 H-imidazol-5-yvD{(2-methyvipyridin-4-
vimethanone (Intermediate 55, step by in place of di{pyridin-3-yDmethanone according to the
procedure described in Example 24, 'H NMR (400 MHz, McOH-ds) § 9.07 (s, 1H), 8.68 (d, J =
6.06 Hz, 1H), 548 (5, 1H), 811 (d, /= 8.59 Hz, 1H), 7.89 - 7.95 {m, 2H), 7.85 (d, /= 5.56 Hz,
{H), 7.49 - 7.58 {m, 3H), 7.34 (d, J = 6.06 Hz, 2H), 7.24 (s, 1), 3.70 (s, 3H); MS w/e 474.9
IMAHHT,

Example 68: (24-Dichloro-3-phenyiguinelin-6-vhH(Z-methoxypyridin-4-yD(1-methyl-154-
imidazol-S-yhmethanolsTFA

OMe
The title compound was prepared using (2-methoxypyridin-4-vI-methyl-1H-imidazol-3-
vhmethanone {(Intermediate 56, step by in place of di{pyridin-3-vlimethanone according to the
procedure deseribed in Example 24, 'H NMR (400 Mz, MeOH-dy) 8 9.02 (s, 1H), 8.37 (s, 1H),
820(d, /=556 Hz, 1H), 8.09(d, /=909 Hz, {H), 7.9 (dd, J=2.02,9.09 Hz, 1H), 7.48 - 7.5¥
(m, 3H3, 7.31 - 7.38 (m, 2H), 7.07 (s, 1H), 6.96 - 7.04 {m, 1H), 6.89 (s, 1H), 3.92 (5, 3H), 3.71 (s,
3H): MS m/e 490.8 [M+H]

Example 69: (2.4-Dichiors-3-phenviguinclin-6-yvD{3-methoxyphenyh{6-methyipyridin-3-
yhmethanoleTFA
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The title compound was prepared using {3-methoxyphenyD{6-methyipyridin-3-ylimethanone in
place of di{pyridin-3-ylymethanone according to the procedure described in Example 24, 'H
NMR (400 Mz, MeOH-d4) 8 8.67 (s, 1H), 842 (dd, /=227, 834 Hz, IH), 830 (d, /=2.02
Hz, 1H}, 8.03 {d, /= 9.09 Hz, TH), 783 - 7.89 {m, ZH}, 748 - 7.57 (m, 3H), 7.28 - 7.38 {mm, 3H),
6.92 - £.99 (m, 2H), 6.85 (d, /= 6.57 Hz, 1H), 3.75 (s. 3H), 2.79 (s, 3H); MS m/e 500.9 [M+H]"

Example 70: (3-Chilorophenvii(2,4-dickiore-3-phenviguinolin-&-yl{ t-methyipyridin-3-
yiimethanaleTFA

The title compound was propared using (3-chlorophenyD{o-methylpyridin-3-yDmethanone in
place of difpyridin-3-ybmethanone according to the procedure described in Example 24, 'H
NMR (400 MHz, MeOH-d4) 8 8.70 (d, /= 2.53 He, 1H), 843 (dd, J=2.27, 834 Hz, 1H), 8.29
{s, 1H}, 804 (d. /= 8.59 Hz, 1H), 7.82 - 7.92 (m, 2H), 7.48 - 7.58 (m, 3H}, 7.46 {s, 1H}, 7.41 (4,
J =505 Hz, ZH}, 7.33(d, J=6.57 Hz, 2H), 7.27 (dt, J = 2.27, 455 Hz, 1H}, 2.79 {s, 3H); MS
m/e $04.8 IM+HT

Example 71: (2,4-Dichlore-3-phenyiguinolin-6-vH{3-flusrephenvl}{6-methvipyridin-3-
yhmethanolPTFA
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The title compound was prepared using (3-fluorophenyl){6-methylpyridin-3-ylimethanone in
place of difpyridin-3-ylmethanone according to the procedure described in Example 24, 'H
NMR (400 MHz, MeOH-d,)} 8 8.68 (d, J=2.02 Hz, 1H), 8.41 (dd, .J=2.02, 8.59 Hz, 1H), 828
(d, /=202 Hz, 1H), 8.04 (d, /= 9.09 Hz, 1H), 7.85 (dt, J = 2.08, 8.97 Hz, 2H), 7.48 - 7.58 {m,
3H), 740 - 748 (m, 1H), 7.33 (d, J = 6.57 Hz, 2H}, 7.10 - 7.22 (m, 3H), 2.78 (s, 3H);, MS m/e
488.9 IM+H] .

Example 71: 1-{d-Chloro-6-lhydroxy(i-methyl-i F-imidazol-8-ylpyridin-4-vimethyl-3-
phenviguinolin-2-vi}piperidin-4-oleTFA

The title compound was prepared using {(2,4-dichloro-3-phenviquinolin-6-y1){1-methyl- 1H-

imidazol-5-yhi(pyridin-4-ylmethanol  (Example 16} and piperidin-4-ol in place of (4

chlorophenyty2 4-dichloro-3-phenviquinelin-6-ylipyridin-3-yimethanol and NHMe,,
respectively, according to the procedure described in Example 32 except heating of the reaction

mixture at 90 °C for 64 hours. 'H NMR (400 MHz, MeOH-ds) 3 9.07 {s, 1H), 8.81 (d, J = 6.57
Hz, 2H}, 8.30 (d, /= 2.02 Hz, 1H), 7.93 - 8.02 (m, 3H), 7.77 (dd, /=227, §.84 Hz, i1H)}, 7.51 -
7.60 (m, 2H), 7.40 - 7.51 {m, 3H), 7.20 (s, 1H), 3.70 (s, 3H)}, 3.68 - 3.70 (o, 1H), 3.60 (dd, J =
4.80, 8.84 Hz, 2H), 2.96 - 3.09 (in, 2H), 1.61 - 1.72 (m, 2H), 1.24 - 1.38 (m, 2H}); MS /e 5259
IVHH]

Example 73 1-12-Chisro-é-[hydroxy(L-methy-1 H-imidazol-5-yDpyridin-4-yimethyi|-3-

phenyiguinolin-4-yipiperidin-4-ol*TFA
HO
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The title compound was isolated from the reaction that formed Example 72. 'H NMR {400 MHz,
MeOH-d43 66.03 - 9.1 {m, 1H), 8.76(d, J=6.57 Hz, 2H)}, 8.09 (d, 7= 202 Hz, 1H), 7.93 - 8.02
{m, 1H}, 7.88(d, /= 2.53 Hz, 1H), 7.75 - 7.88 {m, 2H), 7.40 - 7.57 (m, 3H), 7.23 - 7.35 {m, 2H)},
7.09 - 7.23 (m, 1H), 3.72 (s, 3H), 3.44 - 387 (m, 1H)}, 2.97 - 3.09 {m, 2H), 2.32 - 2.54 (m, 2H),
1.57 - 1.72 (m, 2H), 1.30 (m, 2H): MS m/e 525.9 [M+H] .

Example 74 {4-Chloro-2-methoxy-3-phenylquinolin-6-yhH(-methyl-1 H-imidazol-5-
yhpyridin-d-vimethanolTFA

The title compound was isclated from the reaction that formoed Example 72, "H NMR {400 MHz=,
MeOH-dy) 8 9.04 (s, IHYL B73(d, /=606 Hz, 2H), 827 (4, /=202 Hz, 1H), 797 {d, f=9.00
Hz, 1H), 7.79 (4, 7= 6.57 Hz, 2H), 7.75¢dd, J =227, 884 Hyz, 1H), 741 - 7.50 {m, 3H), 7.28 -
7.33 (m, 2H), 7.12 (s, 1H), 3.99 (s, 3H), 3.70 (s, 3H); MS m/e 456.9 [MI+H]'.

Example 75 [4-Chiove-2~-{d-methoxypiperidin-d-y)-3-phenylguinolin-g-ylj(L-methy 1 H-

traidazol-S-yhpyridin-4-yimethanolTFA

\N/\\@N
Ho =~ ¢ Tﬁ
ﬁ/\\\\ i/\w N

The title compound was prepared using (2 .4-dichloro-3-phenyiquinolin-6-y){1-methyt-14-

OMe

imidazol-5-vD{pyridin-d-ylymethanol (Example 16) and 4-methoxypiperidine in place of (4-
chlorophenyliZ 4-dichloro-3-phenviquinolin-6-yhpyridin-3-yimethanol and NHMe;,
respectively, according to the procedure described in Example 32 exeept heating of the reaction

mixture at 90 °C for 66 hours. 'TE NMR (400 Mz, MeOH-d,) 8 9.06 (s, 1), 8.79 (d, J = 6.57

,_n
wh
NG}
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1H), 3.28 (s, 3H), 2.97 - 3.08 {m, 2H), 1.64 - 1.76 (m, 2H), 1.31 - 1.39 (m, 2H}; MS m/c 339.8
IMAHT .

Example 7é: {2-{Butyl{methyliamino]-4-chloro-3-phenylguinclin-6-yH(-methyl-154-

imidazel-5-yhpyridin-4-vimethanoleTFA

The title compound was prepared using {2,4-dichloro-3-phenviguinolin-6-v1){-methyl- 15~
imidazol-5-v1¥pyridin-4-yimethanol (Example 16} and N-methylbutan-1-amine in place of (4-
chlorophenyi(2 4-dichloro-3-phenylquinolin-6-ypyridin-3-vimethanol and NHMe,,
respectively, according to the procedure described in Example 32. 'H NMR (400 MHz, MeOH-
d4) 5 9.07 (s, 1H), 881 (d, =657 Hz, 2H), 832 (d, /=202 Hz, 1H), 8.03 (d, /=909 Hz, 1H),
798 (d, J=46.57 Hz, 2H), 7.82 {(dd, J=2.02, 9.00 Hz, 1), 7.48 - 7.61 (m, 3H), 741 (4, /=657
Hz, 2H), 7.20 (s, 1), 3.70 (s, 3H), 3,13 - 320 (my, 2H), 3.01 (s, 3H), 1.23 - 1 .40 (m, 21, 0.98 -
1.08 (m, 2H), 0.74 - 0.84 (m, 3H); MS m/e S12.0 [M+H]"

Example 77: [4-Chloroe-3~phenyi-2-{d-phenyipiperazin-1-yhguinolin-6-yH(1~-methyl-1H-

immidazel-5-yhpyridin-4-yimethanolTFA

The title compound was prepared using (2.4-dichloro-3-phenylqumolin-6-yD{1 -methyl-1/4-
ioidazol-3-yDipyridin-4-yhmethanol (Example 16) and 1-phenylpiperazine in place of {4~
chlorophenyh(2 4-dichloro-3-phenylquinolin-6-yDpyndin-3-yimcthanol and NHMes,
respectively, according to the procedure described in Example 32 except heating of the reaction

mixture at 90 °C for 66 hours. 'H NMR (400 MHz, McOH-ds) 8 9.07 (s, 1H), 880 (d. .J = 6.57
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Hz, 2H), 8.30 (4, J = 2.02 Hz, 1H), 7.90 - 8.06 (m, 3H), 7.75 (dd, J = 2.27, §.84 Hz, 1H), 741 -
7.62 (m, SH), 7.28 - 7.39 (m, 2H), 7.04 - 7.22 (m, 4H), 3.71 (s, 3H), 3.41 - 3.51 (m, 45), 3.13 -
3.22 (m, 4H); MS nve 587.0 [M+R]".

Example 78: (4-Butyl-2-chiore-3-phenyviguinolin-6-yH(1-methyl-1 H-imidazol-5-yhpyridin-
4-yimethanolTFA

7
N\/

The title compound was isolated from the reaction that formed Example 16, 'H NMR (400 MHz,
MeOH-du} 8 2.08 (s, 1H}, 8.79 (d, /=657 Hz, 2H)}, 810 (d, /=202 Hz, 1H), 806 {d, /=909
Hz, 1H}, 7.88 (4, J = 6.57 Hz, 3H), 7.46 - 7.57 (m, 3H}, 7.27 (4, /= 6.06 Hz, ZH}, 7.18 (s, 1H),
371 (s, 3H), 2.74 - 2.84 (m, 2H), 1.37 - 1.47 (m, 2H}, 1.13 - 1.22 (m, 2H), 0.73 {t, /= 7.33 Hz,
IH); MS m/e 483.2 [M+H]

Example T4 (G-Chlorophenyl (2 4-dimethoxy-3-phenylguinolin-6-yhpyridin-3-
yimethanoPTFA

A mixture of {3-chlorophenyl}(2.4-dichioro-3-phenyviquinelin-&-v}{pyridin-3-ylimethanol (20
mg, (.041 mmol, Example 235} and NaOMe (3¢ mg, .93 mmeol} in MeOH (I mL} was heated in
a scaled tube at 82 “C for 24 hours and purificd by reverse phase HPLC {water/acctonitrile/0.1%
TFA) to provide the title compound as a white sofid. 'H NMR (400 MHz, McOH-dy) 8 8.89 ¢,
1H}, 880 (d, J =538 Hz, {H), 8.56 (d, J=8.31 Hx, TH), 8.00 - 8.07 {(m, 1H), 7.97 (s, 1H), 7.85
(d, J= 880 Hz, 1H}, 7.56 - 7.61 (m, iH), 7.35 - 7.50 (i, 8H), 7.25 - 7.32 (m, 1H), 3.97 (s, 3H),
3.43 (s, 3H); MS nve 4831 [M+HT .
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fxample 80: (4-Chiore-2-methoxy-3-phenviguinslin-6-y){3-chlorophenyhpyridin-3-

yimethanoieTFA

The title compound was isolated from the reaction that formed Example 79, 'H NMR (400 MHz,
MeOH-d4) 8 8.86 (s, 1H), 877 (d, J =538 Hz, 1H), 850 (d, /=831 Hz, {H), 8.12 (s, 1H), 795
- 8.02 (m, 1H},792(d, /=880 Hz, 1H), 7.67 (dd, J= 147, 8.56 Hz, 1H), 7.36 - 7.50 (m, 6H},
7.22 - 7.34 (m, 3H), 3.98 (s, 3H); MS m/e 4872 [M+HT.

Example 81: {4-Chloro-2-ethoxy-3-phenyviguinolin-&-y1)(3-chlorophenviipyridin-3-

yimethanol*TFA

The title compound was prepared using NaQFEt in EtOH in place of NaOMe in MeOH according
to the procedure described in Example 79. 'H NMR (400 MHz, MeOH-ds) 8 8.83 - 8.94 {m, [H),
875 - 8.83 (m, 1H}, 8.51 {d, 1H}, 8.11 (5, 1H), 7.97 - 8.06 {m, 1H), 7.89 (d, /= 2.05 Hz, 1H),
7.66 (s, 1H}, 7.36 - 7.5 {m, 6H}, 731 {(d, /= 6.85 Hz, ZH}, 7.27 {d, /=416 Hz, 1H), 448 {q. /
=7.09 Hz, 2H), 1.28 (¢, J=7.09 Hz, , 3H); MS m/e 501.1 [M-+H]".

Example 82: (2.4-Disthoxy-3-phenyiguinelin-o-vi}{-methyl-1H-imidazel-S-ylhipyridin-4-

yimethanol+TFA
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The title compound was prepared using (2.4-dichloro-3-phenviquinolin-6-yh{1-methyl-14-
imidazol-5-yD{pyridin-4d-ylmethanol (Example 16} and NaGEt in EtOH in place of (3-
chlorophenyh(2 4-dichloro-3-phenviguinolin-6-yH{pyridin-3-yhmethanol and NaOMe in McOH,
respectively, according to the procedure described in Example 79, 'H NMR (400 MHz, MeOH-
ds) 8 9.04 (s, 1H), 876 (d, J=338 Hz, 2H), 8.04 (d, 7= 220 He, 1H), 7.87 {d, /= 8.80 Hz, 1H),
7.82{dd, J=1.71,4.89 Hz, 2H), 7.68 (dd, J = 2.20, 8.80 Hz, 1H), 7.37 - 7.46 {m, SH), 7.10(d, J
=147 Hz, 1H}, 447 (g, /= 693 Hz, 2H), 3.71 (s, 3H), 3.60 (g, /=693 Hz, ZH}, 129 (1, J =

7.09 Hz, 3H), 1.01 (&, J= 6.97 Hz, 3H); MS m/e 481.2 [M+H]".
Example 83: {(4-Butyl-3-phenyiguinslin-6-yD{L-methylk-1 H-imidazol-S-yhpyridin-4-

vimethanoleTFA

A mixture of {4-butyvl-2-chloro-3-phenylquinolin-6-yl{1 -methyi-1 H-imidazol-5-yhpyridin-4-
vimethanol TFA (16 mg, 0.023 mumol, Example 78} and NaQiPr (19 mg, (.23 numnol} in /PrOH
{0.4 mL) was heated in a sealed tube at R0 °C for 17 hours, and more NaOiPr (7 mg, 0.085 mmol}
was added.  The mixture was heated for 64 hours and purified by reverse phase HPLC
(watcr/acetonitrile/0.1% TFA) o provide the title compound. 'H NMR (400 MHz, MeOH-dy) §
Q.08 (s, 1H}, 890 (s, 1H), 8.774{d, J=6.37T Hz, 31), 829 (4, 7= 2.02 Hz, 1H),B24 {4, J= 839
Hz, 1H), 8.03 (dd, 7= 2.02, 9.09 He, 1H)y, 7.83(d, J=6.57 Hz, 2H)}, 7.53 - 7.58 {m, ZH), 743 (4,
S 606 He, 2H), 718 s, TH), 372 (s, 3H, 3.06 - 312 (m, 2H), 145 - 1.55 (m, 2H}, 1.19-1.28

5

{m, 270, 0.78 (1, .7 = 7.33 Fiz, 311): MS m/e 4492 [MHHT.

Example 84; [4-Chloro-2-(1-methylethoxy)-3-phenyviquinolin-6-yl] G-<chlorophenyhpyridin-
J-yvimethanolsTFA
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TC *‘jf@
!
2N
The title compound was prepared using NaO'Pr in PrOH in place of WaOMe in MeOH
according to the procedure deseribed in Example 'H NMR (400 MHz, MeOH-ds) 5 8.88 (4,
J=220Hz, 1H), 8.79(d, /=562 Hz, 1H), 8.52 - 8.55 (m, 1H)}, 8.10(d, J=2.20 Hz, 1H}, §.01
{dd, /= 5.62, 8.31 Hz, 1H), 7.87 {d, J= 8.80 Hz, 1H}, 7.65 {dd, J = 2.20, 8 80 Hz, 1H}, 7.37 -

750 (m, TH), 7.24 - 732 {m, 2H), 5.49 - 5357 (m, 1H), 127 (4, , /=636 Hz, 6H}; MS m/e 515.1

IM+HT
Example 85: {2-Chloro-4-(I-methylethoxy-3-phenyiguinslin-6-vij{1-methyl-1 #-imidazol-
5-yi)pyri&iin«a@-vEmethanai*’i‘FA

Z%,LC

The title compound was prepared using (2.4-dichloro-3
yD(pyridin-4-ylymethanol (Bxampic 16} and NaO'Pr in /PrOH in place of (3-
~-yvhimethanol and NaOMe in MeOH,

-phenylquinolin-6-vl){ L-mocthyvl-14-

imidazol-5-
chiorophenyby2 4-dichloro-3-phenviquinolin-6-ypyridin-3
respectively, according to the procedure described in Example 79, 'H NMR (400 MHz, MeOH-

A} 3 9.04 (s, 1H), 873 (d, J=6.11 Hz, 2, 8.13 (4, 7= 2.20 Hz, 1H), 8.02 (4, /= 8.80 Hz, [F),
790 ¢dd, J = 2.20, 9.05 Hz, 1H), 7.73 (dd, J = 1.47, 4.89 Hz, 2H), 7.47 - 7.57 (m. 3H), 7.40 -

745 (m, 2H), 7.11 (d, J = 1.47 Hz, 1H), 3.93 - 4.00 (m, 1H), 3.71 (s, 3H), 0.90 (dd, J = 6.11,
11.74 Hz, 6H); M8 m/e 485.0 [M-H]".

Example 86: (2.4-Bichioro-3-phenyiguinelin-6-y1i(2-fluoropyridin-4-yiy(i-methyl-1#-

imidazol-5-yhmethanolsTFA
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The title compound was prepared using (2-flyoropyridin-4-vii(1-methyi-1 H-imidazol-5-
vimethanone (Intermediate 13, step by in place of di{pyridin-3-yDmethanone according to the
procedure described in Example 24. TH NMR {400 MHz, MeOH-d«} 3 9.04 (s, 1H), 8.39 (5, 1H},
829(d, J=538Hz, 1H), 811 (d. /=005 Hz, 1H), 792 (dd, J= 171, 8. 80 Hz, 1H}, 7.45 - 7.61
{m, 3H), 741 (4, J =514 He, 1H}, 7.34 (d, 7= 6.60 Hz, 2H), 7.24 {s. 1H), 7.15 (5, 1H), 3.70 (s,
3H); MS m/e 478.8 [M+H]'.

Example 87 {(3-Chloro-6-methyipyridin-4-viy2.4-dichloro-3-phenyviquinelin-6-yH{i-

methyl-1 H-dmidazobS-vhmethanoleTFA

The title compound was prepared using (2-chloro-6-methylpyrdin-4-vj{1 -methyi-1 H-imidazol-
S-viyethanone (fotermediate 14} ju place of difpyridin-3-ylimethanone according to the
procedure described in Example 24, 'H NMR (400 MHz, MeOH-dy) 6 £.96 (s, 1H), 8.39 (d, J =
1.71 Hz, 1H}, 8.10 (4, J = 8.80 Hz, 1H), 7.89 {dd, J = 1.83, .93 Hz, 1H), 7.48 - 7.60 (m, 3H)},
738 (s, 1H), 735 (d, S=6.60 Hz, 2H), 731 {s, 1H), 7.10 (s, 1H), 3.69 (s, 3H), 2.51 {8, 3H); MS
/e 509.1 [M+HT .

Example  ¥8: {4-Chloro-2-ethoxy-3-phenylguinclin-¢-viy1-methyl-1 #-imidazol-5-
yhpyridin-d-vimethanolTFA
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The title compound was isolated from the reaction that formed Example 82, 'H NMR (400 MHz,
MeOH-da) 0 9.03 (5, 1H), 872 (d, /=538 He, 2H), 8.25 (s, 1H}, 7.93(d, J=8.80 He, 1H), 7.77
(d, /=538 Hz, ZH), 7.73 {4, J = 9.05 Hz, 1H}, 7.39 - 749 {m, 3H), 7.31 (d, /= 7.34 Hz, 2H)},
710 (s, 1H), 448 {q, / = 7.09 Hz, ZH), 3.70 (s, 3H), 1.28 {t, / = 7.09 Hz, 3H}) MS m/¢ 4711
[MAHT .

Example 89: {4-Chloro-2-(1-methyiethoxy)-3-phenvigquinolin-6-yij({-methy-1 H-imidazol-

S-yipyridin-4-vimethanoleTFA

~pN"N
o= @ ™
DRGSO
No_z# s N’f o
A

The title compound was isolated from the reaction that formed Example 85. 'H NMR (400 MHz,
MeCOH-dyg} 3 9.05 (s, IH), 8.77 {d, /= 5.13 Hz, 2H), 8.26 (br. 5., 1H), 7.83 - 7.98 (m, 3H), 7.73
(d, J=8&56 Hz, 11, 7.37 - 7.52 {m, 3H), 7.30 (d, /= 6.85 Hz, 2H), 7.14 (s, 1H}, 541 - 563 (m,
1H), 3.71 (s, 3H0), 1.27 (d, J= 5.87 Wz, 6H); MS mv/e 485.2 [M+H]".

Example 98: [4-(Dimethyviamine)-2-(I-methyiethoxy)-3-phenyvlguinclin-o-ylj(i-methyl- 18-

imidazol-S5-vhpyridin-4-yhunethanoleTFA

The title compound was prepared using (2-chloro-4-{dirmcthylamino)-3-phenylquinelin-6-yHi(i-

methyl-1 A-imidazol-5-yD{pyridin-4-yhimethanol (Example 47) and NaQGiPr in iPrOH in place of
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{3-chlorophenyi ¥ 2 4-dichloro-3-phenyiguinelin-6-yi{pyridin-3-yhimethanol  and NaOMe in
MeOH, respectively, according to the procedure described in Example 79, 'H NMR (400 MHz,
MeOH-dq) 8 9.08 {5, 1H), 884 (4, J=6.11 Hz, 283, 8.11 {5, 1H), R.O3(d, J=6.11 Hz, 2H), 7.87
(d, /= B.EO Hz, 1H}, 7.64 (d, /=880 Hz, 1H), 7.33 - 7.50 (m, 3H}, 7.16 - 7.27 {m, 3H}, 5.32 -
5.50 (m, 1H), 3.72 (s, 3H), 2.59 (s, 6H), 1.23 (d, /= 6.11 Hz, 6H}; MS m/e 494.2 [M+H]".

Example 91 tert-Butyl  4-[(24-dichloro-3-phenyiguinolin-&6-vh{hydroxy )pyridin-3-

yvimethylipiperidine-1-carboxylate

The title compound was prepared uwsing feri-butyl  4-nicotinovipiperidine- {~carboxvlate
(Intermediate 25} in place of (3-chlorophenyi}pyridin-3-yDmethanone according to the
procedure described in Example 25. 'H NMR (400 MHz, CDCH)Y 8 8.83 (3, 1H), 840 - 855 {m,
2HY, 803 (d, J = 5.05 He, 1H), 7.78 - 7.93 (m, 2H), 7.46 - 7.61 {m, 3H}, 7.19 ~ 7.39 {m, 3H},
412 ~ 433 {m, 2H), 2.66 - 2.87 (mw, 3H), 1.5% - 1.74 {m, 2H}, 1.33 - 1.50 (m, 2H), 143 (5, 9H);
MS m/e 564.2 [M+H]

Example 92:  [4-(Dimethylamino)-2-ethoxy-3-phenyiguinolin-6-yH {1 -methyh1 Himidazol-

S-yhpyridin~4d-yimethanolTFA

The #itle compound was prepared using (2-chloro-4-(dimethylamino )-3-phenylquinolin-6-yhH{1-
methyl-1 F-imidazol-S-yD{pyridin-4-yviimethano! (Example 47) and NaOEt in EtOH in place of

{3-chlorophenvh)(2 4-dichloro-3-phenyviquinelin-6-yl¥pynidin-3-vhimethanol  and NaOMe in
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MeOH, respectively, according to the procedure described in Example 79, “H NMR (400 MHz,
MeOH-dy) 6 9.07 (s, 1H), 8.82 (4, J=53.62 Hz, 21, 8.09 (s, 1H), 7.99 {(d, J= 538 Fz, 2, 7.87
{d, J=8.56 Hz, 1H), 7.63 (dd, J = 1.96, 8.56 Hz, 1H), 7.41 - 7.48 (m, 2H), 7.3%9 (4, /= 7.09 Hz,
1H}, 7.24 {(d, f=7.82 Hz, 2H), 717 (s, 1H}, 442 (q, F = 7.01 Hz, 2ZH), 3.72 (s, 3H), 2.57 (s, 6H),
1.24 (t, /= 6.97, 3H); MS m/e 480.3 [M+H] .

Example 93: (2,4-Dichlors-3-phenylquinolin-6-yD{piperidin-3-vhpyridin-3-
yimethanolTFA

Ci

fert-Butyl  3-{(2,4-dichlore-3-phenviquinoiin-6-vlithydroxvi{pyridin-3-yiymethylpiperidine- 1 -
carboxylate (88 mg, 0.11 mmol, Example 5} was treated with TFA {0.8 mL} at room temperature
for 1 hour and concentrated to give the title compound. 'H NMR (400 MHz, MeOH-d;) § 9.05
(s, 1H}, 8.56 - .72 {m, 3H), 8.02 - §.09 (m, 2H), 7.91 (dd, /= 5.56, §.08 Hz, 1H), 7.49 - 7.58 (m,
2HG, 7.29 - 737 (m, 2H), 710 - 722 {m, THY, 3.37 - 346 (o, 1H), 327 334 (m, 1H), 330 (4, 7
=112 He, THY, 301 (4, 7= 1213 Hz, 1H), 2.84 - 298 (m, 1H}, 1.96-2.08 (m, 1H), L.7§ - 1.96
(m, [H), 1.64 - 1.74 (ro, 2H); M5 m/e 464.4 [M+H] "

Example 94 (2.4-Dichiore-3-phenviguinolin-6-y}{1-methyipiperidin-3-yhipyridia-3-
yvimethanolsTFA

To a mixture of (2,4-dichloro-3-phenylquinclin-6-yHpiperidin-3-vl)pyridin-3-ylmethanol TFA
{15 myg, 0.022 mmol, Example 93}, 37% formaldehyde in water (0.010 mE, 0.13 mmol} and
MeOH (1 mL) was added NaBH;CN (4.0 mg, 0.064 mmol). The mixture was stirred overnight

and concentrated. The residue was punificd by reverse phase HPLC {water/acetoniinile/0.1%
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TFA} to provide the title compound as a white solid, 'H NMR {400 MHz, MeOH-ds) 3 5.95 {3,
1H}, 8.54 - .68 (m, 2H), 841 (d, J =758 Hz, 1H}, 796 - 813 (m, 2H)}, 7.72 (dd, /= 5.14, 7.58
Hz, 1H), 7.53{(d, J=7.09 Hz, 3H), 733 (d, /= 0.85 Hz, 2H), 3.48 - 3.64 (m, 1H), 310 - 3.21 (m,
1H}, 2.96 - 310 {m, 1H), 2.83 - 2.97 (m, 1H)}, 2.80 (s, 3H), 2.66 {5, 1H), 2.01 - 2.13 {m, 1H)},
1.82 - 2.01 (m, 1H), 1.54 - 1.82 {m, 2H); MS m/e 478.0 [M+H]".

Example 95 {(I-Acetyipiperidin-4-yi}(2 4-dichloro-3-phenylguinolin-6-vhpyridin-3-
yimethanolTFA

|
N N g

tert-Butyl 4-(2 4-dichloro-3-phenylquinolin-6-yli{hydroxyipyridin-3-vimethyljpiperidine-1-
carboxylate (149 mg, 0.264 mmol, Example 91) was treated with TFA {1 mi) at room
temperature for | hour and concentrated. A part of the residue (10 mg, 8.027 mmeol), acetyi
chloride {10 mg, 0.13 mmol}, and EtN (0.030 mi, 6.22 mmeol) in CH;CL (1 ml) was stirred
overnight and  concentrated, The residue was purified by reverse phase HPLC
{water/acetonitrile/0.1% TFA)Y to provide the title compound as a white solid. 'H NMR {400
MHz, MeOH-ds3 8 9.11 (s, 1H), B8O (1, /=T33 Hz, 1H}, 870 {d, J = 556 Hz, 1H), §.59 - 8.65
(m, 1H), 8.08 - 8§.15 (i, 1H), 8.01 - 8.06 (m, 1H}, 7.94 - 8.01 (m, 1H}, 747 - 7.57 {(m, 3H), 7.33
(t,.F=06.57 Hz, 2H). 4.59 (d, /= 1314 Hz, 1H), 397 (4, /= 13.14d Hz, 1H), 3.10 - 3.28 (m, 2H),
263-2.76 (m, 1H), 137 - 1.67 (m, 4H); MS m/e 506.1 [M+H] .

Example %6 (I-Acetylpiperidin-3-yDB{2.4-dichioro-3-phenylguinclin-6-yhpyridin-3-
vimethanolsTFA

Ju—
(@Y
~
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l

A mixtire of 24-dichloro-3-phenvigninoln-6-v)piperidin-3-yhpyridin-3-ylmethanol TFA (19
g, 0.027 mmel, Example 93}, acetyl chioride (10 mg, .13 mmol), and Ei;N (0.030 mL, 8.22
mmol) in CHLCL (1 mb) was stivred overnight and concentrated. The residue was purified by
reverse phase HPLC {water/acetonitrile/0.1% TFA} to provide the title compound as & white
solid, 'H NMR (400 MHz, MeOH-ds) 8 9.06 - 9.14 (m, TH), 8.67 — 877 {m, 3H), 8.02 - 8.20 (m,
2H), 796 (dd, J = 5.56, 8.08 Hz, 1H), 7.46 - 7.58 {m, 3H), 7.30 - 7.38 {m, 2H), 4.48 - 4.63 {m,
1H), 3.94 (d, /= 13.14 Hz, 0.6H), 3.65 (4, J = 9.60 Hz, 0.4H), 2.88 - 3.16 {m, 2H), 245 - 2.67
(m, TED, 2,10 (s, 2ED), 1.90 (s, 1H), 1.49 - 1.88 {m, 4H); MS m/e 506.1 [MHEHT

Example 97: {2,4-Diethyl-3-phenyiguinoin-6-vH{-methy-1 H-imidazok-S-yhpyridin-4-
yimethanolTHA

The title compound was prepared using (2.4-dichloro-3-phenviquinolin-6-yh{1-methyl-14-
imidazol-5-vi(pyridin-4-yhmethanol (Example 16} in place of (2,4-dichloro-3-phenyiquinolin-
o-yi{d-fluorophenypyridin-3-vimethanol according o the procedure described in Exarmaple 30,
'H NMR (460 MHz, MeQH-dy) 6 9.07 (s, 1H), 8.76 (d, J = 4.55 Hz, 2H), 8.49 (s, 1H). 830 (d, J
=909 Hz, 1H), 8.10- 815 (m, 1H), 7.81 - 7.89 (m, 2H), 7.59 - 7.64 (m, 3H), 740 ¢d, J = 7.58
Hz, 2H), 7.22 (s, 1H}, 3.70 ¢s, 3H), 3.01 {dq, .J = 2.53, 7.58 Hz, ZH), 2.92 {g, / = 7.58 Hz, 2H},
122 (1, J=7.58 Hz, 3H), 115 (t, /= 7.58 Hz, 3H); MS m/e 449.2 [M+H]".

Example 98: [4-(Dimethviamino)-2-ethyl-3-phenylguinclin-6-yvi{1-methyi-1 #-imidazol-5-
yhpyridin-d-vimethanolTFA
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The title compound was prepared using (2-chloro-4-{dimethylamino-3-phenviquinolin-6-yij(1-
methyl-1 H-imidazol-S-vljpyridin-4-yimethanol TFA (Example 47} in place of (2,4-dichloro-3-
phenviguinolin-6-yh{4-flucrophenvlipyridin-3-vimethanol according to the procedure described
in Hxample 30, YH NMR {400 MHz, MeOH-ds) 0 9.04 (s, 1H), 8.73 (d, /= 5.05 Hz, 2H), 8.30 (s,
THY, 801 (d, J=5.56 Hz, 1H), 7.71 - 7.77 (m, 2H), 7.54 - 7.59 (m, 3H), 7.38 (d, /= 7.07 Hz,
3H}, 7.20 (s, TH), 3.71 (s, 3H}, 2.87 (s, 6H), 2.76 (g, J = 7.58 Hz, 2H), 1.16 (4, J = 7.58 Hz, 3H};
M8 m/e 464.2 [M+H]'.

Example 99: (4-Chloro-2-(dicthylamine}-3-phenyiguinolin-o-yD{(I-methyb1 H-imidazol-5-
yhpyridin-4-yimethanolTFA

>

l ; o

\/\j/ 5
i

P N/ P

HG
l\
O,
N

A mixture  of  (2.4-dichloro-3-phenyiguinolin-6-v){ i -methyl-1 H-imidazol-5-yD{pyridin-4-

yhmethanol (114 mg, 0.165 mmol, Example 16} and NHEt (050 mb, 4.8 mmol) in NN-

diethylformamide (0.5 mL} was heated at 130 °C for 64 hows and purified by reverse phase
HPLC (water/acetonitrile/0.1% TFA) to give the title compound. "H NMR (400 MHz, MeOH-dy)
8903 (s, 1H), 875 (d, /=657 Hz, 2H), 821 {d, J=2.02 Hz, 1H), 7.21 (d, J=90% Hz, 1H),
7.83(d, /=657 Hz, 2ZH}, 7.71 {dd, J=2.27, 884 Hz, 1H}, 748 - 7.58 (m, 2H), 7.45 -747 (m,
1H}, 737 (4, J=7.07 Hz, 2H), 712 (s, 1H), 3.70 (s, 3H), 328 {q, J=7.07 Hz, 4H), 093 (&, J =
7.07 Hz, 6H); MS m/e 498.1 [M-+HT .

Example 1060: (4-Chioro-2-(diethvlaming}-3-phenyviguinolin-6-y1i(3-chiorophenyiipyridin-

3-yvimethanolTFA
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The title compound was prepared using (3-chlorophenyi}2.4-dichlore-3-phenyiquinolin-6-
yh(pyridin-3-viymethanol (Example 25} in place of (2.4-dichloro-3-phenyiquinolin-6-yi)1-
methyl-1 A-imidazol-S-y)(pyridin-4-vlimethanol  according to the procedure described in
Examplc 99, "H NMR (400 MHz, McOH-d) 3 8.76 (5, 1H)Y, 871 (d. /=404 Hz, 1H}, €32 (d, ./
=8.59 Hz, 1H), 8.10{d, J=2.02 Hz, 1H), 790 (d, /= 8.59 Hz, 1H)}, 7.85 (dd, /=556, 8.08 Hz,
1H}, 7.69 {dd, /=202, 859 Hz, 1H), 749 - 7.55 (m, 2H), 747 (d, J=7.58 Hz, 1H), 743 (s, 1H),
742 o, 45, 721 - 728 (m, 1H), 3.28 — 333 (m, 4H), 0.95 {t, J=7.07 Hz, 6H); MS m/e
527.8 [M+H]"

\1

Example 105 [2-Chloro-4-(dicthylamino}-3-phenyiguinolin-é-yl3-chiorophenyhpyridin-
J-yvimethanoleTFA

FTN
o)
ROASS
= FN e
The title compound was isolated from the reaction that formed Example 100, 'H NMR (400
MHz, MeOH-ds) 8 8.89 (s, 1H), REBO(d, J= 5.05 He, 1H}, 849 (d, 7= &08 Hz, 1H), 8.00¢dd, 7

=5.56, 8.08 Hz, 1H), 7.90 - 7.97 (m, ZH)}, 7.71 - 7.78 (m. 1H}, 7.37 - 7.55 (m, 6H), 7.27 - 7.36
(m, 3H), 2.73 - 2.84 (g, J= 7.07 Hz, 4H), 0.83 (1, /= 7.07 Hz, 6H); MS nv¢ 527.8 [M+H]".

Example 102: [2-(Diethviamino)-4-methyi-3-phenyiquinclin-6-yij(1-methyi-1 H-imidazol-5-
yi)pvri{iin—é«vimeﬂmnol*’i'}’A
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A scaled tube containing  [4-chloro-2-{dicthyvlamino}-3-phenviguinolin-6-yIj{1-methyl-1H-
imidazol-5-yhpyridin-4-yimethanol TFA (21 mg, 8.029 mmol, Example 99}, Pd(PPh; ) (5.0 mg,
0.0043 mmol), 2.4.6-trimethyl-1,3,5.2,4,6-trioxatriborinane (0.010 mbL, 0.072 mmeol}), 2.0 M
K,COs inwater (0.050 mb, 0.10 mmol), and {,2~-dimethoxyethane (1.2 mL) was bubbled with N,
for 3 min. Afier heating at 90 °C for 17 hours, more PAPPha)y (5.0 myg, 0.0043 mmol), 20 M
KOs in water (0.040 mL, 0.080 mmol}, and 1 4-dioxane {1 mL) were added. The mixture was
heated at 130 °C for 16 hours. NH4Cl (aqueons) was added, the organic laver was separated, and
the aqueous laver was extracted with CH,Cl. The combined organic phases were dried
{(MNa S0y, filtered, concentrated, and purified by reverse phase HPLC {(water/acetonitrile/0.1%
TEA) to give the title compound. "H NMR (400 MHz, MeOH-dy) 8 9.06 (s, 1H). 879 (d, J =
6.57 Hz, 2H), 8.25 (d, /= 2.02 Hz. 1H). 814 (d, /= 9.09 Hz, 1H}, 7.94 (d, /= 6.57 Hz, ZH),
7.88 {44, J=2.02, 9.09 Hz, 1H), 7.51 - 7.64 {m, 3H), 7.40 (4, J = 6.57 Hz, 2H), 7.20 {3, 1H),
3.69 {5, 3H), 3.46 {q, J = 7.07 Hz, 4H}, 2.41 (5, 3H), 1L.04 (¢, J = 7.07 Hz, 6H); MS m/e 478.0
IMAHHT

Example 103: (3-Chiorophenyhi2-(dicthviamino)-d-methyl-3-phenviguinclin-6-ylpyridin-
3-yimethanolTFA

The title compound was prepared using [4-chloro-2-(digthyvlamine3-3-phenviquinolin-6-y1}(3-
chlorophenybhpyridin-3-ylmethanol TFA (Example 104} in place of [4-chloro-2-{dicthylamino}-
3-phenylquinolin-6-yH( 1 -methyl-1 H-imidazol-5-vpyridin-4-vimethanol TFA according to the
procedure described in Example 102, "H NMR (400 Mz, McOH-d;) 8 &71 (s, 1H), 869 (4, ./
556 Hy, 1H)Y, 823 (4, J=8.08 Hy, 1H), 813 {(d, 7=2.02 Hz, 1H), 806 (d, 7= 553 Hz, 1H),
75 -7.82 (m, 3H), 7.51 - 763 {m, 3H), 740, =480 Hz, 4H), 722 - 7.27 (m, 1H), 3.44 (g, J
=7.07 Hz, 4H), 2.35 (s, 3H), 1.04 {1, .7 = 7.58 Hz, 6H); MS mv/c 508.2 [M+H] .
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Example 164: 6-{3-Chlorophenvl}{6-cyanopvridin-3-yvhhvdroxymethyi}]-3-

phenyiguinoline-2 4-dicarbonitrileeTFA
i

A pressure  tube containing (3-chlorophenyli{6-chloropyridin-3-vi} 2, 4-dichloro-3-
phenvlguinolin-6-vhymethanol (70 mg, 0.13 munol, Example 56}, Pdxdba; (8.0 mg, 0.0087 mumol)},
1,1"-bis{dipheoyiphosphino)ferrocene (dppf, 10 mg, 0.018 mmol), zine cyamide (32 wmg, 0.27
mmol}, and zinc nanopowder (3.5 mg, 0.054 mmol} in N N-dimcthvlacctamide (1 mL) was
purged with nitrogen for 5 min, and then heated at 120 °C for 5 howrs. The muxture was allowed
to cool to room temperature and filtered through a syringe filter. The filtrate was concentrated in
vacuo, BtOAc and NHLOH (agueous) were added. The organic laver was separated, and the
aqueous layer was extracted with EtQAc. The combined organic layers were dried (NapSQy),
filtered, and concentrated. The residue was purified by flash column chromatography (12 g
silica gel column, 38-70% EtOCAc in heptang) and then by reverse phase HPLC
{watcr/acctonitrile/0.1% TFA) to give the title compound. "H NMR (400 MHz, McOH-ds) 8
874~ 8.75 (o, 1H), 827 - 831 {m, 2H), 7.99 (ddd, J=2.27,6.32, 8.59 Hz, 2H}, 7.87 - 7.91 (m,
THD, 7.68 - 7.73 (xn, 2H), 7.62 - 7.67 (m, 3H), 744 (s, 1H), 7.39(d, /=505 Hz, 2H), 722 - 7.2
{m, HH); MS ov/e 49%.1 [M+H]T

-3

Example 105: [2-(Dicthviamino}-4-methoxy-3-phenyiguinein-6-vij{(I-methyi-1 H-imidazok

S-yhpyridin-4-yimethanoleTFA

The title compound was prepared using (4-chloro-2-{dicthylamine)-3-phenviquinolin-6-yii(1-

methyl-1H-imidazob-5-y{pyridin-4-vhimethano! (Example 99) in place of (3-chlorophenyl}{2 4-
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dichloro-3-phenylguinolin-6-yli(pyridin-3-yiymethanol according to the procedure described in
Example 79. 'H NMR (400 MHz, MeOH-d) 5 9.03 (s, 1H), 8.73 (d, J = 6.06 Hz, 2H), 8.16 (4, J
=2.02 Hz, 1H), 8.10¢(d, /= 8.59 Hz, 1H), 7.88 {dd, J=2.27, 8.84 Hz, IH)}, 7.78 (d, J = 6.57 Hz,
2HY, 7.52 - 7.61 {m, 3H), 7.50 (m, 2H}, 7.15 (s, 1H}, 3.69 (5, 3H), 3.49 (s, 3H), 344 {q, /= 7.07
Hz, 4H), 1.07 (t, /= 7.07 Hz, 6H); MS m/e 494.2 [M-+H}.

Example  166: {3-ChlorophenyD{2-(diethyiamino)-d-methoxy-I-phenylguinolin-6-

yviipyridin-3-vimethanolTFA

The title compoond was prepared using [4-chloro-2-(diethylamino)-3-phenviguinolin-6-y1}(3-
chisrophenybhpyridin-3-ylmethano! (Example 1030} in place of (3-chlorophenvi}(2,4-dichkioro-3-
phenviguinolin-6-vi pyridin-3-yhimethano! according to the procedure described in Example 79.
"H NMR (400 MHz, MeOH-dy) 8 8.63 - .70 (m. 2H), &.16 (d, J = 8.59 Hz, 1H), 8.04 (d, J =
859 Hz, H),800(d, /J=2.02Hz, {H),783(dd, /=2.02,9.00Hz, |H), 7.74{(dd, /=531,834
Hz, 1H), 7.46 - 7.60 (m, 5H), 7.37 - 743 (m, 3H), 7.21 - 727 {m, 1H}, 3.45 (5, 3H), 3.44 (q, /=
7.07 He, 4H), 1.08 {1, .7 = 7.07 Hz, 6H); MS m/e 524.3 [M+HT .

Fxample 187: [ 2-{Dimethylamine)-4-methoxy-3-phenyvlguinelin-6-ylj(i-methyl- 18-

imidazol-5-yhpyridin-4-vimethanolTFA

The ttle compound was prepared using (4-chloro-2-{dimethylamino}-3-phenylquinolin-6-yii{(1-
methyl-1 H-imidazol-3-yipyridin-4-ylimethanol  (Example 48a) in place of (3-
chlorophenyhy(2 4-dichloro-3-phenviquinolin-6-yhpyridin-3-yhmethanol  according to  the

procedure described in Example 79, "HNMR {400 MHz, MeOH-dy} 8 9.06 (s, 1H), 878 {d, J =

173
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4,55 Hz, 2H), 8.17 (d, /= 2.02 Hz, 1§, $.10 (d, J = 9.09 Hz, 1H), 7.84 - 7.92 (m, 3H), 74
7.60 (m, SH), 7.18 (s, 1H), 3.69 (s, 3H), 3.49 (s, 30), 3.02 (s, 6H): MS m/e 466.2 [M+H]".

(¥4

Example 10%: 2-(Dimethyviamine)-6-{hyvdroxy{l-methyl-1 H-imidazol-5-ylipyridin-4-

yimethyi|-3-phenyiquinolin-d-olsTFA

The title compound was isolated from the reaction that formed Example 107. 'H NMR (400
MHz, MeOH-ds3 & 9.03 (s, 1H)}, 8.73(d, /=455 Hz, 2H}, 8.17 (d, /= 2.02 Hz, 1H), 7.86 - 7.95
{my, 1H}, 7.76 - 7.85 {m, 3H), 7.46 - 7.54 (m, 2H}, 7.34 - 7.46 {m, 3H), 7.11 (s, 1H), 3.68 {5, 3H]},
2.87 (s, 6H); M8 m/e 452.2 [M+H] .

Example 169: (2,4-Dichloro-3-phenylquinolin-6-yi}{ I-methyi-1 H-imidazol-5-vyH{6-

{trifluoromethylipyridin-3-yijmethansleTFA

The title compound was prepared using (1 -methyl-1 H-imidazol-5-yD{6-(triflnoromethylpyridin-
3-yhmethanone (Intermediate 15, step ¢} in place of di(pyridin-3-ylymethanone according to the
procedure deseribed in Example 24, 'H NMR (400 MHz, McOH-d,) 8 9.02 (s, 1H), 8.84 (d, J =
2.53 Hz, 1H}), 840 (d, /= 2.02 Hz, 1H)}, 8.06 - 8.15 (m, ZH), 7.84 - 7.94 {m, 2H), 746 - 7.5% (m,
3H), 7.35(d, /= 8.0& Hz, 2H), 7.13 (s, 1H), 3.71 (s, 3H); MS m/c 529.0 [M+H}".

Example 11 {2,4-Bichloro-3-phenylguinelin-6-yH{(1-methyl-i H-imidazok-5-y}H|2-

{riffusromethyDpyridin-d-ylimethanolsTFA



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

The title compound was prepared using { l-methyl-1H4-imidazol-3-vD(2-{rifluoromethylpyridin-
4-ylymethanone {(Intermediate 16, step b} in place of di{pyridin-3-ylimethanone according to the
procedure described in Example 24, 'H NMR (400 MHz, McOH-d,) 5 9.06 (s, 1H), 8.79(d, J =
5.05 Hz, 1H), 839 (d, /=202 Hz, 1H), 811 {4, J =859 Hz, 1H), 8.01 (5, 1H), 791 (dd, J =
2.02,9.09 He, 1H), 7.69(d, J=5.05 Hz, 1H)}, 748 - 7.58 {m, 3H}, 7.32 - 7.37 {m, 2H), 7.16 (s,
1H), 2.69 (s, 3H); MS mv/e 529.0 [M+H]"

Example FRR ¥ {(3~-ChlorophenyD(2,4-dickloro-3-phenyviquinolin-6-yHi{6-
{irifluoromethyhpyridin-3-yDmethanol
&

HO, ﬁ\,;, ooy

: R -
F } o e
Fé’ N NT TG

The title compound was prepared using  (3-chlorophenyhy{6-(triflucromethyDpyridin-3-
p prey Z { pRCnyLt yipy

Wa
)

vhmethanone (Intermediate 17) in place of (3-chlorophenylpyridin-3-yhmethanone according

to the procedure deseribed in Example 25. 'H NMR (400 MHz, CDCL:) 8 8.76 (d, J = 2.02 Hz,

1H}, 826 {d, /= 2.02 Hz, 1H), 8.07 (d, /= 859 Hz, 1H), 7.93(dd, J=2.27, 834 Hz, iH), 7.66 -

7.73 {m, 2H), 748 - 7.55 (m, 3H), 7.29 - 740 {m, SH), 7.14 - 7.16 (m, 1H) MS m/e 559.0
+

[M+H]

Example 112: 5-{(3-Chlorophenyl)(2 4-dicyano-3-phenyiquinolin-6-

vhhydroxymethylipyridine-2Z-carboxamidesTFA
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The title compound was isolated from the reaction that formed Example 104, 'H NMR (400
MHz, MeOH-d,) 3 864 (d, J = 2.02 Hz, 1H), 831 (d, /= 2.92 Hz, 1H}, 328 {d, J = 8.59 Hz,
1H}), 8.12{(d, J=8.08 Hz, I1H), 7.94 (dd, /=227, 834 Hz, 1H}, 7.68 - 7.73 {(m, 2H), 7.63 - 7.67
{m, 4, 7.45 (s, 1H), 7.36 - 7.40 (m, 2H)}, 7.23 - 7.28 (o, 1H); MS m/e 5162 [M+H] .

Example 113: 6-[(3-Chlorophenyi)(hydroxyipyridin-3-vimethyl]-2-(diethylaming)-3-

phenyiguinoline-4-carbonitrilesTFA

A pressure tube containing {4-chloro-2-{dicthylamino}-3-phenylquinolin-6-yi}{(3-
chiorophenyB(pyridin-3-yhimethanel (30 mg, 8.040 mmol, Example 100), Pdydba; (3.0 mg,
0.6033 munol), 1,1"-bis(diphenyiphosphino}errocene {dppf, 3.6 myg, 0.0065 mmol}, zinc cyanide
{15 mg, 0.13 ywmol), and zine nanopowder (1.0 mg, 0.015 munoel) in N N-dimethylacctamide (0.5
mL} was purged with nitrogen for 5 min, and heated at 120 °C for t hour, then 190 °C for 3
hours. More Pdydba: (3.0 mg, 0.0033 mmel) and 1,17-bis{diphenviphosphinojferrocene {dppf,
3.4 mg, $.0061 mmeoel} were added, and the mixture was heated at 128 °C for 5 hours. The
mixture was allowed to cool to room temperature and filiered through a syringe filter. The
filtrate was concentrated in vacuo, EtOAc and NH OH (aqueous) were added. The organic layer
was scparated, and the aqueous layer was extracted with EtOQAc. The combined organic layers
were dried {(NapSOy), filtered, and concentrated. The residue was purified by reverse phase
HPLC (water/acetonitrile/0.1% TFA) to give the title compound as a yellow solid. 'H NMR
{400 MHz, McOH-ds) 8 .76 (s, 1H), 8.68 {d, J= 5.05 Hz, 1H), 8§24 - 834 (m, 1H), 7.8 - 7.8&

176
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(m, 3H), 7.64 (dd, J = 2.02, 9.09 Hz, 1H), 7.49 - 7.56 (m, 5H), 7.44 (s, 1H), 7.38 (d, J = 5.05 Hz,
IH). 7.22 - 7.27 {m, 1H), 3.24 (4, J = 7.07 Hz, 4H), 0.94 (d, J = 6.57 Hz, 6H); MS m/e 519.2
PVIHHT

Example 114: &6-{{3-Chlorophenyl(hydroxy6-(triflusromethypyridin-3-yijmethyi}-3-

phenylguinoline-2.4-dicarbonitrile

Ci

The title compound was prepared using {3-chlorophenyi}(2,4-dichloro-3-phenviquinolin-6-vI}{6-
{irifluoromethylipyridin-3-vlymethanol  (Example 111y in  place of (3-chlorophenyly(6-
chioropyridin-3-y1{2 4-dichioro-3-phenylquinolin-6-ylimethanol  according to the procedure
described in Example 104, "H NMR (400 MHz, CDCl) 8 8.76 (s, 1H), 847 (s, 1H), 828 (d, 7 =
9.09 Hz, 1H), 795 (d, J = 8.08 Hz, 1H), 7.84 (dd, /= 2.02, 9.09 Hz, 1H}, 7.72 (d, / = 8.59 Hz,
1H), 7.60 - 7.68 {m, 5H), 7.32 - 744 (m, 2H), 7.30 (5, 1H), 7.14 (4, J = 7.58 Hz, 1H) MS m/e
541.0 IM-HT

Example 115: [4-Chiore-3-phenyl-2-(frifiusromethyilguinoclin-6-y1j{{-methyl-1 H-imidazol-

S-yhipyridin-2-yimethansleTFA

N
“:\
N

To a sohation of 4-chloro-6-iodo-3-phenyi-2-(triflucromethyliquinoline (265 mg, ¢.611 mmol,
Intermediate 5, step b} in | mb of THF at -78 °C was added 2.0 M 1-PrMgCl in THF (0.336 mL,
0.612 mmol}, the clear mixture gradually turned to milky greenish. After stirring at ~78 °C for &
min, the cooling bath was removed. After stirning for 15 min, the mixture changed 1o gravish

black slurry.  The mixture was cooled to 4 °C, (I-methyl-1H-imidazol-5-y}{pyridin-2-

177

~d
<3
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vhmethanone {114 mg, 0.609 mmol, Intermediate 11, step by was added in neat followed by 1.3
mb of THF. The mixture was stirred vigorously at room temperatare overnight, heated at 58 °C
for 40 min, and quenched with NH.C1 (aguecus). The organic layer was separated, and the
agueous laver was extracted with EtOAc. The combined organic layers were dried {(Na,80.),
filtered, and concentrated. The residue was purified by flash column chromatography (40 ¢
silica gel column, 50-100% EtGAc in heptane, 3-10% MeOH in CH,ClL), and then by reverse
phase HPLC (water/acetonitrile/0.1% TFA) to give the title compound. 'H NMR (400 MHz,
MeOH-d43 0 8.97 (s, 1H), 8.58 - 8.65 (m, 2H), 8.28{d, /= 9.09 Hz, 1H), §.11 (dd, /= 2.02, .09
Hz, 1H), 788 - 7.97 {(m, 1H), 7.80 (d, /= 758 Hz, I1H), 7.48 - 7.55 {m, 3H), 7.38 - 7.46 (m, iH},
7.26 - 7.34 (m, 2F), 7.11 (s, TH), 3.63 (s, 3H); MS m/e 4953 [M+H]"

Example 116 (4-Chiore-3-pheayl-2-(trifluoromethylquinolin-G-yi}4-chlorophenyD(d-methyl-15H-

imidazol-5-yljmethanoltTFA

The title compound was prepared using 4-chloro-6-wodo-3-phenyi-2-{(tritlacromethyliguineline
{Intermediate 5, siep b} and  {(d-chlorophenyD(!-methyi-1 H-imidazol-3-vDimethanone
{Intermediate 18, step by in place of 6-bromo-2,4-dichioro-3-phenyiguinoline and di{pyridin-3-
yhmethanone, respectively, according to the procedure deseribed in Example 24. 'H NMR (400
MHz, MeOH-ds) 6 9.00 (s, 1H), 842 (d, J=2.02 He, 1H}, 831 (4, J =850 Hz, 1H), 7.97 (dd, J
=227, 8.84 Hz, 1H), 742 - 753 (m, 7TH}, 7.27 - 7.35 {mw, 2H}, 6.99 {s, 1H), 3.71 {5, 3H); M5
m/e 528.0 [M+H] .

Example 117: (4-Chlorophenvh{4-methoxy-I-phenyi-2-(friflucromethyhguinslin-6-yhH{i-

methyi-1 H-imidazol-S-yiimethanol+TFA

178
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The title compound was prepared using  (4-chloro-3-phenyl-2-(trifluoromethvhquinolin-6-y1)(4-
chlorophenyl){ 1-methyl-1#H-imidazol-5-yDmethanot TFA (Example  116) in  place of (G-
chigrophenyl¥ 2 4-dichloro-3-phenviquinolin-6-vi}(pyridin-3-viimethanol  according to  the
procedure deseribed in Example 79, 'H NMR (400 MHz, McOH-d;) 3 8.99 (s, 1H), 821 - 827
(ro. 2H), 7.87 {dd, /= 2.02,9.09 Hz, 1H), 7.37 - 7.54 {m, 9H), 696 (s, 1H}, 3.70 (s, 3H), 3.53 (s,
3H); MS mve 524.0 [M+H]"

Example 118: 6-{Bydroxy{{-methyl-1 H-imidazol-5-yD){pyridin-2-viimethy}-3-phenyi-2-

{triffuoromethyliquinoline-4d-carbonitrilesTFA

The title compound was prepared using {4-chiore-3-phenyl-2-(triflucromethyviiquinolin-6-vij{1-
methyl-1 H-imidazol-5-yjpyridin-2-ylmethanol TFA  (Example 115} in  place of (3-
chlorophenyl){6-chloropyridin-3-y1}{2 4-dichlore-3-phenviquinolin-6-ylymethanoi according to
the procedure described in Example 104, "H NMR (400 MHz, MeOH-dy) 8 8.98 (s, 1H), 8.62 (4,
J= 556 Haz, 1H), 851 (d, J= 2.02 He, 1H), 8.36(d, J =909 Hz, 1H)}, £21 (dd, J=2.02, 9.09
Hz, 1H)}, 7.91 - 7.96 (m, 1H)}, 7.84 {d, 7= 8.08 Hz, 1H}, 7.54 - 7.62 (m, 3H), 7.41 - 7.45 (mm, 3H),
715 (s, 1H), 3.63 (s, 3H); MS m/e 486.0 [M+H]

Example 11%a: {(4-ChloropbenyD{(2,4-dichloro-3-phenviquinolin-6-yH(l-methyl-15H-

imidazel-5-yhmethanol



To (4-chlorophenyl)(1-methyl-1/-imidazol-5-yl)methanone (830 mg, 3.76 mmol, Intermediate
18, step b) under an atmosphere of nitrogen was added THF (30 mL) and the mixture was heated
until a solution was obtained. To 6-bromo-2,4-dichloro-3-phenylquinoline (1.21 g, 3.42 mmol,
Intermediate 1, step c¢) under an atmosphere of nitrogen was added THF (25 mL). The resulting
colorless solution was cooled in a dry ice/acetone bath. #-BuLi (1.6 M in hexane, 2.35 mL, 3.76
mmol) was added dropwise. The mixture was stirred for 5 min before addition of the THF
solution of (4-chlorophenyl)(1-methyl-1H-imidazol-5-yl)methanone via cannula. The reaction
mixture was stirred in the dry ice/acetone bath for 30 min, then in an ice bath for 50 min and at
room temperature for 15 min, then was quenched by addition of saturated aqueous NH4Cl
solution. The mixture was diluted with water and extracted three times with EtOAc. The
organic phase was dried (Na2SOy), filtered, and concentrated and the residue was purified by
flash column chromatography (silica gel, 0-4% MeOH-DCM) to afford the title compound. 'H
NMR (400 MHz, CDCls) & 8.32 (d, J = 1.96 Hz, 1H), 8.02 (d, J = 8.80 Hz, 1H), 7.72 (dd, J =
2.20, 8.80 Hz, 1H), 7.48 - 7.56 (m, 3H), 7.30 - 7.38 (m, 7H), 6.40 (d, J = 1.22 Hz, 1H), 3.39 (s,
3H); MS m/e 494.1 [M+H]".

Example 119a was purified by chiral HPLC (Chiralpak™ AD, 100% EtOH) to give 2 pure
enantiomers Example 119b and Example 119¢ (elution order: Example 119b first, Example 119¢
second). The separated enantiomers were each converted to HCI salts as follows. A solution of
each in a mixture of DCM and THF was treated with 1 N HCI in Et2O (3 equivalents) and the

mixtures were concentrated.
Example 119b*HCI: 'H NMR (400 MHz, DMSO-ds) 5 9.20 (s, 1H), 8.28 (d, J = 1.96 Hz, 1H),

8.11 (d, J = 8.80 Hz, 1H), 7.78 - 7.86 (m, 2H), 7.47 - 7.60 (m, SH), 7.38 - 7.45 (m, 4H), 6.99 (d,
J=1.47Hz, 1H), 3.56 (s, 3H); MS m/e 494.1 [M+H]".

CAN_DMS: \132855885\1 180
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Example 119sHCE 'H NMR (400 MHz, DMSO-dg) 8 9.20 (s, 1H), 8.28 (d, J = 1.96 Hz, 1H),
811 (d, J = 8.80 Hz, 1H), 7.80 - 7.88 (m, 2H), 7.46 - 7.60 (m, 5H), 7.37 - 7.45 (m, 4H), 6.98 (d,
J=1.22 Hz, 1H), 3.56 (s, 3H); MS m/c 494.1 {M+H]".

Example 126: . 4-Bichloro-3-phenviguinolin-6-vi{ methyl-LHdmidazel-S-yD{pyrimidin-

S-yvhimethanol

THF (4.5 mb) was added to # mixture of 6-bromoe-2 4-dichlore-3-phenyviquinoline (117 my,
0.333 mmol, lntermediate 1, step ¢y and (1-methyl-14-imidazo-5-y{pyrimidin-3-vlimethanone
{62.6 mg, 0.333 mmol, Imermediate 28, step b) under a nitrogen atmosphere.  The resulting
suspension was gently heated to form a shghtly cloudy solution. The mixture was cooled in a
dry ice/acctone bath. n-Buli (1.6 M in hexance, 8.312 mb, .499 nunol} was added dropwise and
the mixture was allowed to slowly warm to room temperature, still in the cold bath, Aficr 1.5
hours, the reaction was quenched by addition of saturated aqucous NHaCl and was diluted with
water, The mixture was extracted once with EtOAc, then twice with DCM, The organic phase
was dried (Na,804), filtered, and concentrated. The residue was purified by flash column
chromatography {silica gel, 3-6% MeOH-DCM) to afford slightly impure title compoond. A
dichloromethane solution of this material yvielded crystals upon standing., These were triturated

with DCM to afford a samople of the title compound.  Additional material was obtained by

combining the filtrate from the trituration with roaterial in mixed fractions from the silica gel
column and purifying by RP-HPLC (10-90% CH;CN-H;O, 0.1% TFA), followed by

neutralization of fractions with saturated aqueous NaHCO; and extraction with DCM. 'H NMR
(400 MHz, CDChy 8 2.13 (5, LHy, 877 (s, 2H), 836 (d, J = 1.96 Hz, 1H), 8.07 (4, /= 8.80 Hz,
1H), 7.73 (dd, J=2.08, 8.93 Hz, 1H), 747 - 7.57 (m, 3H), 7.30 - 738 {(m, 2H), 7.23 (s, 1H), 7.00
{s, 1H}, 6.26 (s, 1 H), 3.37 (s, 3H); MS nv/c 461.9 [M+H]".

Example 121: (2.4-Dichloro-3-phenviguinslin-6-y{1-methyl-1 H-imidazol-2-yH{pyridazia-
4-yhmethanol
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THF (9 mL) was added to a mixmre of 6-bromo-2 4-dichloro-3-phenylquincline (228 mg, 0.645
mmol, Intermediate 1, step ¢} and (i -methyl-1/-imidazoi-2-y){pyridazin-4-viymethanone {121
myg, $.645 mmol, Interruediate 29, step b} under a nitrogen stmosphere. The resulting suspension
was gently heated to form a slightly cloudy solution. The mixture was cooled in a dry
ice/acctone bath, n-Buki (1.6 M in hexane, 0.504 mL, 0.806 mmol} was added dropwise and the
mixture was stirred at =78 °C for 43 min, then moved to an ice bath and stirred for 15 min. The
reaction was quenched by addition of saturated aqueous NH4CHand was diluted with water. The
mixture was extracted three times with EtOAc. The organic phase was dried {(NapSQy), filterad,
and concentrated. The residue was purified by flash column chromatography (silica gel, 2-6%
MeOH-DCM) to afford the title compound. "H NMR (400 MHz, CDCL) 8 9.19 (br. 5., 1H), 897
(d, /=538 Hz, 1H)}, 824 {(d, 7= 1.96 Hz, [H), 8.06 (d, 7= 880 Hz, 1H), 7.66 (dd, J = 1.96,
&.80 Hz, 1H), 7.44 - 7.39 (m, 4F), 7.22 - 7.39 {(m, 2H), 6.89 (s, 1), 6.79 (s, 1H), 6.74 (br. 5.,
1H), 3.43 (s, 3H); MS m/e 461.9 [MHH]".

Example 122: (2.4-Dichloro-3-phenylguinolin-&-yD{(1-methyl-1 H-imidazol-5-yD{pyrazin-2-
yhmethanol

Ho J==/ ©1 77

(7 O
LN”’ L\//L\Nf’

The title compound was prepared using {1-methyi-1 H-imidazol-5-vi)pyrazin-2-yl imethanone

{Intermediate 31} in place of (I-methyl-1 H-imidazol-2-yl}{pyridazin-4-ylimethanone using the
procedure described for Example 121 {gradient used for normal phase chromatography was 2-
4% MeOH-DCM). 'H NMR (400 MHz, DMSO-dg) § 9.06 (s, 1H). 8.62 (s, 2H), 842 (d. /= 1.71
Hz, 1H), 806 {d, /= 85.80 Hz, 1H), 794 (dd, 7= 1.96, 8.80 Hz, 1H)}, 7.67 {5, 1H}, 7.46 - 7.60 {m,
4H), 742 (dd, J=7.34, 11.74 Hz, 21, 6.27 (s, 1H), 3.27 (s, 3H); MS m/e 461.9 [M+HT .
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Example 123: (2,4-Dichklors-3-phenviguinolin-6-yi}i-methyl-1 H-imidazol-2-vh{pyrazin-2-

yhimethanol

The title compound was prepared using (1 -methyl-1H-imidazol-2-yH{pyrazin-2-vlymethanone
(Intermediate 30, step by in place of (I-methyl-1H-imidazol-2-yI}{pyridazin-d-vlymethanone
using the procedure deseribed for Example 121, The gradient used for vormal phase
chromatography was 1-3% MeOH-DCM and an additional purification by RP-HPLC (10-30%
CHON-H,O, 0.1% TFA} was required. The TFA salt obtained from RP-HPLC was converted
to the free base by neantralization of fractions with saturated aqueous NaHCO; and extraction
with DCM. "H NMR (400 MHz, DMSO-dg) § €91 - K98 (m, 1H), 8.54 - 8.58 (n, 1H), £.53 {dd,
J=147,245Hz, 1H), 834 (4, /=196 Hz, 1H), 802 (d, /=880 Hz, 1H), 7.81 (dd, /= 2.08,
8.93 Hz, 1H), 7.71 (s, 1H), 7.47 - 7.58 {m, 3H), 7.38 - 746 {m, 2H), 720 (d, /= 098 Hz, 1H),
6.79 (d, J=0.98 Hz, 1H), 3.34 (s, 3H); MS nv/e 461.9 [M+H]".

Example 124; (d-Chlorephenyh(2.4-dichioro-3-phenviguinoln-6-yD{pyrimidin-5-

yhmethanol

The title compound was prepared using {(4-chlorophenyh(pyrimidin-S-ylimethanone
(Intermediate 32} in place of {{-methyl-1 H-imidazol-2-yI}{pyridazin-4-yimethanone using the
procedure described for Example 121, with the following exception. Isolation of the product was
accomplished using first RP-HPLC (14-90% CH;ON-H:Q, (.1% TFA), conversion to the free
base by neutralization of the fractions with saturated agqueous NaHC(O; and extraction with
DCM, and further purification by flash column chromatography (silica gel, 40-65% EtOAc-
Hept) to afford the title compound. 'H NMR (400 MHz, DMSO-de} 8 9.17 (s, 1H), 8.70 s, 2H),

Ju—
e}
[
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§23(d.J=1.71 Hz, 1H), 8.07 (d, = $.80 Hz, 1H), 7.83 (dd, J = 1.83, 8.93 Hz, 1H), 7.44 - 7.59
(i, 5¥), 7.38 - 7.44 (m, 3H), 7.36 (4, J = 8.56 Hz, 2H): M8 m/e 492/493.8 IM+H]".

Example 125: (2.4-Dichlore-3-phenviguinslin-6-vi){ -methyl-1 F-imidazol-2-yi{pyrimidin-

S-yhmethanol

\

RN
HO, }i‘:N @
2008

The title compound was prepared using (T-methyl-1 H-nudazel-2-y(pyrimidin-S-yDmethanone
{Intermediate 33) in place of (1-methyl-1 Aamidazol-2-y)pyridazin-d-yhmethanone using the
procedure deseribed for Example 121, with the following exception. Isolation of the product was
accomplished using first RP-HPLC (18-90% CHLCN-H,0, 0.1% TFA), conversion to the free
base by neutralization of the fractions with saturated aqueous NaHCOs; and extraction with
DCM, and further purification by flash column chromatography (silica gel, 25-50% THE-
EtOAc) to afford the title compound. "H NMR (400 MHz, CDCl3) 6 9.18 (s, 1H}, 877 (m, 2H],
821 (s, 1HL 8.09(d, J=8K0Hz, 1H), 768 (d, /=856 Hz, t1H), 746 - 7.58 (m, 3H), 7.30 - 7.35
{tn, 2H), 6.94 (m, 25D, 3.40 (s, 3H); MS /e 461.9 [MHH]

Example 126: (2.,4-Dichloro-3-phenylguinolin-6-yH{1-methyl-1 H-imidazol-5-yi{pyridazin-
4-yhmethanol
\N/".?\X

N
N/Q\\\])< R A\i N
il |
N . Cal
~F NN

The title compound was prepared using (1 -methyl-1 #-mmidazol-S-yDi{pyridazin-4-yhimethanone
{Intermediate 35) in place of {{-methyil-1 H-imidazol-2-y1}{pyridazin-4-viimethanone using the
procedure described for Example 121, with the following exceptions. The reaction time at -7&
°C was 2 hours. Isolation of the product was accomplished using first RP-HPLC (10-90%
CHRCN-HQO, 0.1% TFA), conversion to the free base by newntralization of the fractions with
saturated aqueous NaHCO; and extraction with DCM, and farther purification by flash column

chromatography (silica gel, 1-10% MeOH-DCM) to afford the title compound. 'H NMR (400

184
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MHz, DMSO-de) § .29 (dd, J = 122, 2.45 Hz, 1H), 9.24 (dd, /= 122, 5.38 Hz. 1H), 826 (d, J

= 1.96 Hz, 8.10(d, J= 8.80 Hz, 1H), 7.82 (dd, J = 2.08, 8.93 Hz, [ HD), 7.77 (s, 1H), 7.65 (5,
1H), 7.46 - 7.60 (m, 4H), 7.36 - 7.46 {m, 2H), 6.30 (d, /= 1.22 Hz, 1H). 3.33 (s, 3H); MS m/e
462.1 IM+HT

Example 127: 2.4-Bickloro-6-(methoxy{l-methyi-1 H-imidazel-S-vDi{pyrazin-2-ymethyi}-3-

phenvlquigmiine«-'E‘FA

QLJ

Sodium hydride (60% dispersion in mineral oil, 17.8 mg, 0.446 mmol)} was added to a solution of
(2.4-dichloro-3-phenyiquinolin-6-yD{ L-methyl- 1 H-imidazol-5-yD{pyrazin-2-yDimethanol (103
mg, 0.223 mmol, Example 122} in DMF (3 mL) under a nitrogen stmosphere. The reaction
mixture was stirred at room temperature for 15 min. fodomethane (0.0556 mL, 0.591 mmol) was
added and the mixture was stirred for 75 min. The mixture was cocled in an ice bath and
quenched by addition of water, then was extracted with FtOAc {three times). The organic phasc
was dried (NapSOy), filtered, and concentrated. The residue was purified by RP-HPLC (10-90%
CH;ON-H,O, 0.1% TFA} to afford the title compound. 1 NMR {400 MH», DMSO-dgy 5 9.17
(s, 1H}, 9.05 (d, J = 147 Hz, 1H), 870 - 875 (m, 1H), 868 (d, /=245 Hz, I1H} 847 (d, J=
1.96 Hz, 1H), 811 {d, J= 880 Hz, 1H}, 803 (d, /=122 Hz, 1H), 797 (dd, J=1.96, 9.05 Hz
1H), 7.48 - 7.60 {m, 3H), 7.34 - 7.44 (m, 2H), 3.39 (5, 3H), 3.35 (s, 3H); MS m/e 476.1 [M+H]'.

Example 128: 4-Chlore-6-(methoxy{1-methyk-1H-imidazol-5-yh{pyridin-d-yDhmethy-N,N-

dimethyi-3-phenylguinolin-2-amine~TFA

{4-chloro-2-(dimethylamino)-3-phenylquinolin-6-yli{ t-methyl- 1 H-imidazol-5-y}{pyridin-4-

o N

yhmethanol*HCE (31 mg, 0.057 mmol, Example 48a<HCH) was converted to the free base by

185
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treatiment with saturated agueous NaHCO; and extraction with EtOAc (three times). The organic
phase was dried (Na;SOy), filtered, and concenirated. A sample of the resulting frec base {(19.8
mg, 0.042 mmol) was dissolved in DMYF (2 mL) and sodium hydride (60% dispersion in mineral
oil, ca. 2 mg) was added. The resulting mixture was stirred for 15 min. lodomethane (0.0033
mb, 0.053 mimol) was added and the mixture was stitred for 2 hours. The mixture was cooled in
an ice bath and quenched by addition of water, then was extracted with EtOAc (three tumes).
The organic phase was dried (NaySOy), filtered, and concentrated. The residue was purified by
RP-HPLC {10-90% CH:CN-HL,0, 0.1% TFA) to afford the title corapound. 'H NMR (400 MHz,
DMSO-de) & 3.25 (s, 1H), 8.69 (d, 7= 4.89 Hz, 2H), §20 (s, iH), 78R (s, 1H}, 7.70 - 7.77 {m,
4H), 749 - 7.57 (m, 2H), 7.41 - 749 (m, 1H), 7.37 {d, J = 6.85 Hz, 2H), 3.38 (s, 3H}, 3.24 (s,
3H). 2.65 (s, 6HY: MS m/e 484.2 [M+H]"

Example 129: (2.4-Dichloro-3-phenviquinelin-6-y1)(3,5-dimethyvlsoxazol-4-yH{6-

methowypyridin-3-yhmethanol'TFA

S-Bromo-2-methoxypyridine (0.0201 ml, 0.155 mmeol) was added to a solution of (2 4-dichloro-
3-phenylquinolin-6-yh(3,5-dimethylisoxazol-4-vhnnethanone (47.5 mg, 0.12 mmol, Intermediate
36) in THF (2 wol) under a nitrogen atmosphiere.  The mixture was cooled to -78 °C before
dropwise addition of n-Buli (1.6 M in hexane, 0.0972 mL, 0.155 mmol). The mixture was
stirred at -78 °C for 30 min, then at 0 °C for 30 min. The reaction was quenched by addition of
saturated agueous NHLCl and was dihited with water. The mixture was extracted three times
with FtOGAc. The organic phase was dried (NapSQy), filicred, and concentrated. The title
compound was isolated by RP-HPLC (10-90% CH:ON-H,O, 0.1% TFA). 'H NMR (400 MHz,
DMSO-ds § 8.25(d, /= 1.96 Hz, 1H), 8.09 (d, /= 9.05 Hz, 1H), 8.02 {d, J=2.45 Hz, TH}, 7.88
(dd, 7=2.08,893 He, 1H), 7.70 (dd, J=2.57, 8 68 He, 1H}, 747 - 7.59 {m, 3H), 7.39 - 7.47 (m,
2HY, 7.03 {br. s, 1H), 6.85(d, J = 8.56 Hz, 1H), 3.84 (s, 3H), 1.81 {5, 3H), 1.70 (s, 3H); MS /e
506.1 [M+H]
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Example 138 (&-Chlorophenvl)(2.4-dichierc-3-phenviguinolin-&-vi}(3-methyiisoxazol-4-
yl}methmwﬁ&'i‘FA

Ho;/\/ O

i = \\,/\ ,\

{4-ChlorophenyDmagnesium bromade (.0 M in THF, 0222 mbL, 0222 mmol} was added
dropwise to an ice-cold solution of (24-dichlore-3-phenyiquinclin-6-yD(3-methylisoxazol-3-
yhmcthanone {42.6 mg, 0.111 mmol, Intermediate 37, step by in THF {1 mbL)} and the muxture
was stirred at room temperature for 2 hours., The reaction was quenched by addition of saturated
agqueous NH,Cl and was diluted with water. The mixtore was extracted three thmes with EtOAc.
The organic phase was dried {(Na,SQOy), filtered, and concentrated. The residue was purified by
RP-HPLC (10-90% CH:CN-B,0, 0.1% TFA) to afford the title compound. 'H NMR (400 MHz,
DMSO-ds} & 8.26 (s, 1H), 8.08(d, 7= 880 Hz, {H}, 7.78 {d, J = 880 Hz, 1H), 7.37 - 7.65 {m,
&HY, 7.31 (d, J = 8.56 Hz, 2H), 6.24 (s, 1H), 2.24 (s, 3H); MS m/c 495.0 [M+H]".

Fxample IRIN {2.4-Bicklpro-3-phenyiguinolin-6-vH{6-methoxypyridin-3-yH3-

methylisoxazol-8-viymethanol-TFA

5-Bromo-2-methoxypyridine (0.0194 mb., 0.15 mmoly was added to a solution of (2. 4-dichloro-
J-phenylquinolin-6-yhH 3-methylisoxazol-S-yhmethanone (44.1 mg, 0.113 wmol, Intermediate
37, step by in THF (1 mL} under a vitrogen atmosphere. The mixtore was cooled to <78 °C and
n-Buli (1.6 M in hexane, §.0935 mbL, 0.150 mmol} was added dropwise. The mixture was
stirred at -78 °C for 30 min, then moved to an ice bath and stirred for 30 min. The reaction was
quenched by addition of saturated agueous NHy(Cl and was diluted with water. The mixture was
extracted three times with EitQAc¢. The organic phase was dried (NapSQy), filtered, and

concentrated.  The crude product was purified by RP-HPLC (18-90% CHCN-H0, 0.1% TFA)

Ju—
C)(‘i‘
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to afford the ttle compound. "HNMR {400 MHz, DMSO-de) & 8.29 {s, 1H), 8.09 (d. J =880
Hz, 1H), 801 (d, 7= 220 Hz, 1H), 7.81 (d, J = 8.80 Hz, 1H), 7.46 - 7.64 (m, SH), 7.42 (d, .J =
0.85 Hz, 2H), 6.84 (d, /= 8.80 Hz, 1H), 6.27 (s, 1H), 3.85 (s, 3H), 2.24 (s, 3H); MS m/c 492.1
[MAHT .

Example 133 {2,4-Dichloro-3-phenyiquinolin-¢-v1){ -methyi-1 H-imidazol-5-yH(3-

methylisexazok-S-yDmethanolTFA

\N“A\\N
8 O
\!.; e \N";"‘\.G!

Ethyhoagnesium bromide (3 M in Ei,O, 8.0642 wl, 0.193 mmol) was added dropwise to a
solution of S-bromo-1-methyl-1H-imidazole (31.0 myg, 0.133 mmol) in DCM {1 mL) under a
nitrogen atmosphere. The muxture was stirred at room termaperature for 15 min, then was cooled
to § °C. A solution of {2 4-dichlore-3-phenviquinolin-6-yD(3-methvlisoxazol-5-ylimethanone
{49.2 mg, 0.128 nuncl, Intermediate 37, step by in DCM (2 mb) was added viag cannula. The
mixture was stirred at room temperature for 2 hours. The reaction was quenched by addition of
saturated agqueous NHyCl and was diluted with water. The mixture was extracted three times
with EtOAc. The organic phase was dried (Na,SOy), filtered, and concentrated. The erude
product was purified by RP-HPLC (10-90% CH;ON-H,O, 0.1% TFA) io afford the title
compound. 'H NMR (400 MHz, DMSO-dg) 5 8.99 (br. 5., 1H), 8.39 (s, 1H), 8.10 - 8.25 (m, 2H),
7.83(d,./=9.05Hz, 1H}, 747 - 7.63 {m, 3H}, 7.36 - 747 {(m, 2H}, 7.27 (br. 5., 1H}, 6.38 (s, 1H},
3.52 (s, 3H), 2.24 (s, 3H); MS m/e 465.1 [M+H]'

Example 133: {(4-Chiorophenyi}(2,4-dichiore-3-phenviquinolin-6-yh(3.5-dimethylisexazol-
4-yhmethanolTFA
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The ttle compound was prepared using (24-dichloro-3-phenylquinolin-6-y1)(3,3
dimethylisoxazol-4-yhmethanone (Intermediate 36) in place of (2,4-dichloro-3-phenyiquinolin-
6-y1)(3-methylisoxazol-5-yhmethanone using the procedure described for Example 130, 'H
NMR (400 MHz, DMS0-de) 3 824 (s, 1H}, 8.08 (d, /=880 Hz, 1H), 7.86 {d, /= 8.80 Hz, 1 H),
7.48 - 7.60 (m, 3H), 7.33 - 749 (m, 6H), 7.06 (br. s., 1H), 1.79 {s, 3H}, 1.63 {5, 3H};, MS m/e
509.3 [M+HT

Example 134 (4-Chlore-2-{(dimethylamino}-3-phenviquinolin-6-yli{4d-chlorophenyD(3-

methylisexazok-S-yhmethanel - TFA

vl

ng oS

\/’\\)\/ =+

o @ J\«"’{’\N’\rf”

Dimethylamine (2 M in MeOH, 1 mL, 2 mmol} was added to (4-chlorophenyl)(2,4-dichlore-3-
phenylguinolin-6-yh(3-methvlisoxazol-4-vlynethanolsTFA (155 mg, 0.0254 wmmol, Example
130) and the mixtore was heated in 80 °C oil bath in sealed tube for | day. The mixture was
cooled to room temperature and was directly purified by RP-HPLC (10-90% CH;UN-H, 0, 0.1%
TFA) to afford the title cormpound. "H NMR (400 MHz, DMSO-ds) 8 8.04 (s, 1H), 7.75(d, J =
8.80 Hz, li-i}, 748 - 7.58 {m, 3H), 7.34 - 748 {m, 6H}, 7.28 (d, J = 8.56 Hz, 2H}, 6.19 (s, 1 H},
2.67 (s, 6H), 2.23 (s, 3H); MS m/e 504.1 [M+HT".

Example 13%: 4-Chlore-6-((4-chiorophenyly(hydroxyi{1-methyi-1 H-imidazol-S-yhmethyi)-

3—pi§em'ﬂquiﬁmiine—Z—cariumitrile

HOJCi/

So 0

{4-Chlorophenyl)(2 4-dichloro-3-phenylguinolin-6-yh){ 1 ~-methyi- 1 -imidazol-5-vlymethanol
{116 mg, 6235 mmol, Example 1193), Pdidba; (86 myg, (0.0094 mmol), 1,1%-

CE

bis{dipbenylphosphinoYerrocene (dppf, 1.4 myg, 0.0188 romol}, zine cyvanide (33.1 mg, 0.282
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nunol), and zine nanopowder (3.7 mg, 0.0565 mmoly were combined in a pressure tube, which
was then evacuated and back-filled with nitrogen {(three times). N N-dimethylacetamide (1 mL}
was added and the mixtore was heated 1o a 120 °C oil bath for 4 hours. The mixture was allowed
to cool to room temperature and was diluted with EtCAc, The mixture was washed with
saturated aqueous aramonium hydroxide followed by saturated aqueous sodivm chloride. The
organic phase was dried (Na,SCy), filtered, and concentrated. The residue was partially purified
by flash column chromatography (Biotage KP-NH amine-functionalized silica column, gradient
403-100% EtOAc-heptane, then 10% MeOH-DCM), foliowed by further purification by RP-
HPLC (10-90% CHRCN-HO, 6.1% TFA). Fractions containing the product were partially
concentrated o remove CH3ON, neutralized with saturated aqueous NaHCOs, and extracted with
DCM, and the organic phase was washed with water, dried over Nay80,, filtered, and
concentrated to afford the title compound. 'H NMR (400 MHz, DMSO-ds) 8 8.34 (d, J = 1.96
Hz, 1H), 8.24 (4, = 8.80 Hz, 1H)}, 7.88 (dd, /= 1.96, 8.80 Hz, 1H), 7.72 {s, 1H}, 7.54 - 7.64 (1,
SHy, 741 - 7.49 {m, 2H), 7.35(d, J = 8.56 Hz, 2H), 7.31 (s, 1H)}, 6.21 (4, 7= 0.98 Hz, 1H), 3.35
(3, 3H); MS m/e 485.1 [M+H] .

Example 136: {4-Chloropheny(2,4-dimethoxy-I-phenylguinolin-6-v)(i-methyvl-1 -

imidazol-5-yDmethano TFA

A solation of sodium methoxide in MeOH (25 wt. %, 0.0924 mi, 0.404 mmol} was added to a
suspension  of {(4-chlorophenvi}(2.4-dichioro-3-phenviguinolin-6-yl}{ -methyl- 1 H-imidazol-3-
vhmethanol {108 mg, 0.202 mmel, Example 1192} in MeQOH (0.5 mL}. The mixture was heated
in an &0 °C oil bath for 2.5 hours., Additional portions of sodium methoxide in MeOH (25 wt. %,
0.0924 mi., 0.404 mimol) and MeOH (0.5 mb) were added and heating was continued overnight,
The reaction mixture was diluted with water and extracted with DCM (three times). The organic
phase was washed with water, then was dried (Na;5Q4), filtered, and concenirated. The residue
was purified twice by RP-HPLC (10-90% CH>CN-H:O, 8.1% TFA) to afford the title compound.
"H NMR (400 MHz, DMSO-dg) 8 9.14 (s, 1H), 7.98 (d, J = 2.20 Hz, 1H). 7.83 {(d. / = §.80 Hz,
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1H), 7.32 - 7.60 (m, 11H), 6.96 (s, 1H), 3.91 (s, 3H), 3.56 (s, 3H), 3.45 (s, 3H); MS m/e 486.1
IMAHT .

Example 137a: 6-({d-Chiorophenyli(hydroxy){1-methyl-1 H-imidazol-5-ymethyi)-3-

phenyiguinoline-2.4-dicarboniirile

ON
{4-Chlorophenyt}(2 4-dichloro-3-phenyviguinolin-6-yD{1 -methyi-LH-tmidazol-5-vlymethanol

{864 mg

&

175 mmol, Example 11%a), Pdydba; (64.0 wmyg, 00698 mmoly, 1,1'-
bis{diphenyiphosphino)ferrocene {dppf, 77.4 mg, 0.140 mmol), zinc cyanide (246 mg, 2.10
mmol}, and zinc nanopowder (27.4 mg, 0.419 mmol) were combined in a pressure tube, which
was then evacnated and back-filied with nitrogen (twice). N,N-dimethylacetamide (3.5 mL) was
added and the mixiure was heated in a 120 °C oif bath for 22 hours, The mixture was allowed to
cool to room temperature and was difuted with EtOAc and 2 N aqueous ammonium hydroxide.
The mixture was filtered through Celite®. The phases of the filtrate were separated and the
organic phase was washed with saturated aqueons NaCl The aqoeous extracts were back-
extracted once with EtOAc. The organic phase was dried (NapSQy), filtered, and concentrated.
The residue was partially purified by flash column chromatography (silica gel, gradient -3.5%
McOH-DCM). The product was triturated with CH;ON. Further porification was accomplished
by flash column chromatography (silica gel, 20%-25% acctone-DCM) to afford the title
compound. 'H NMR (400 MHz, CDCL) 0849 (d, /= 1.71 Hz, 1H), 821 {d, /= 9.05 Hz, 1H},
781 {dd, J=1.96,9.05 Hz, 1H), 7.57 - 7.69 {m, SH), 7.29 - 7.39 {m, 5H}, 6.37 (3, 1H), 5.11 (br.
s., 1THY, 3.40 (s, 3H); MS mve 476.0 [MHH] .

Example 137a was purified by chiral HPLC (Chiralpak AD, 100% EtOH) to give 2 pure
enantiomers {elution order: Example 137¢ first, Example 137b second). The separated
enantiomers were cach converted to HCI salts as follows. A sohution of cach in DCM wasg
treated with T N HCI in ELO (3 equivalents) and the mixtiwes were concentrated o provide

Examples 137b and 137¢.
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Fxample 137b: 'H NMR (400 MHz, DMSO-dg} 8 9.15 (s, 1H), 8.39 (d, J =880 Hz, 1H), 826
(d,J=1.96 Hz, iH), 801 (dd, J = 1.96, 9.05 Hz, 1H), 7.94 (s, 1H), 7 7.83 (m, 2H), 7.63 -
7.73 {m, 3H), 7.48 - 7.59 (m, 2H), 7.38 - 7.48 (m, 2H), 7.03 {(d, J = 1.22 Hz, 1H), 3.56 (s, 3H});
MS m/e 476.1 [M+H]

Example 137¢: 'H NMR (400 MHz, DMSO-de} § 9.17 (s, 1H), 839 (d, J = 8.80 Hz, 1H), 826
{d, J=1.71 Hz, 1H), .01 (dd, J = 2.08, 8.93 Hz, 1H), 7.96 (s, 1}-’5), 773 - 7.82 (m, 2HL 7.63 -
772 {m, 3H), 7.48 - 7.57 (m, 2H), 7.39 - 748 (m, 2H), 7.03(d, J = Hz, 1H}, 3.56 (s, 3H);
MS m/e 476.1 [M+H]'.

FExample 138a: {(4-Chiovophenyh(-methyvi-1 F-imidazob-8-yh(3-phenyi-i4-
bis(iriflusromethyDguinolin-6-ylimethanol

TRy

HO el CF3 @
9 i
/”\
isopropyimagnesium chloride (2.0 M in THF, 0.532 mL, 1.06 mmol) was added dropwise to a
solution of 6-iodo-3-phenyi-2 4-bis{trifluoromethyliquinoline (474 mg, 1.01 mumol, Intermediate
&, step dy in THF (1 mL) at -78 °C under an argon atmosphere. The mixture was stirred at -78
°C for 5 min, then was removed from the cold bath and was stirred for 15 min. Neat {4-
chiorophenyhi{L-methyl- 1 H-imidazol-5-yDmethanone (246 mg, 1.12 mwmol, Intermediate 18, siep

b) was added followed by 1 mb THF o aid stirring of the thick mixtare. The mixture was stirred

at room temperature overnight. The reaction was quenched by addition of satorated agqueous
NHyCl and extracted with BEtOAc¢ (three times). The organic phase was dried (NapSQy), filtered,

and concentrated. The residue was purified by flash column chromatography (silica gel, gradient
3% MeOH-DUM) to afford the title compound. 'H NMR (400 MHz, CDCl) § 8.36 (4, J =
1.71 Hz, 1H), 8.29 (d, J = 8.80 Hz, 1H), 7.89 (dd, /=159, 8.93 Hz, 1H), 74! - 7.52 (m, 3H),
738 (s, 1H), 7.32 - 737 (m, 4H), 7.28 - 7.31 {m, 2H), 6.43 (s, 1H), 3.40 {5, 3H); MS m/c 562.0
IM+HT .
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Example 138a was purified by chiral HPLC (Chiralpak AD, 95% heptane/5% EtOH) o give 2
cnantiomers (clution order: Example 138c first, Hxample 138b sccond). The separated
enantiomers were cach converied to HCI salts as follows. A solution of cach in DCM was
treated with 1 N HCIL in B0 (3 cequivalents)y and the mixtures were concentrated. One of the
HCI salts required further purification; #t was re-converted to the free base (saturated agqueous
NaHCGy/DCM extraction) and purified by flash column chromatography (sitica gel, gradient §-
3% MeOH-DCM) to afford example 138h.

Example 138h: 'H NMR (400 MHz, CDCL) 8 8.32 - 8.39 (m, 1H), 8.28 (d, J = 8.80 Hz, 1H),
7.89{dd, J=1.96, 8.80 Hz, 1H}, 740 - 7.51 (m, 3H), 7.31 - 7.37 (m, 5H}, 7.27 - 7.31 (m, 2H),
6.41 (s, 1H), 3.39 (s, 3H); MS m/e 562.0 [M+H] .

Fxample 138¢ (HCT salt): ' NMR (400 MHz, DMSO-dg} § 9.19 (s, 1H), 842 (d, J = 9.05 Hz,
1H), 8.23 {br. s, 1H), 8.01 (dd, J = 1.83, 8.93 Hz, 1H), 7.86 (s, 1H), 7.44 - 7.57 (m, SH), 7.35 -
744 (m, 4H), 7.05 (d, J = 0.98 Hz, 1H), 3.57 (s, 3H); MS m/e 562.0 [M+H]".

Example 139: 4-Chloro-6-{{4-chlorophenyl{i,2-dimethyl-1 H-imidazel-5-

yhhydroxyymethyl)-3-phenviguinoline-2-carbonitrile<TFA

HO

Az
o N

The title compound was prepared using (4-chlorophenviy(2 4-dichloro-3-phenylquinolin-6-

vl 2-dimethyl-1 H-imidazel-5-vhimethanol (Example 15) in place of (4-chlorophenyl}2 4~
dichloro-3-phenylguinolin-6-yl){1-methyl-1 H-imidazol-5-ylimethanol  using the procedure
deseribed for Example 137a, with the following exceptions.  After heating overnight, LCMS
analysis showed mainly mono- rather than di-nitrile.  In an attempt to convert to di-nitrile,
second portions of Pdydba,, dppf, and zine cyanide (amounis equal to the initial loadings) were
added, the mixture was evacuated and refilled with argon, and was again heated overnight in a
120 °C oil bath. The reaction work-up was as described for Example 1372, but the titde

compound was isolated by RP-HPLC (16-30% CH;CON-HL0, 8.1% TFA, first run; 50-80%
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CHON-HLO, 0.1% TEA, second run). 'H NMR (400 MHz, CDCL) 8 §.35 (d, = 1.71 Hz, 1H),
821 (d, J= 8.80 Hz, 1H), 7.87 (dd, J = 1.96, 9.05 Hz, 1H), 7.52 - 7.63 (m, 3H), 7.41 - 7.48 (m,
2H), 7.36 (s, 4H), 6.50 (s, TH), 3.49 (s, 3H), 2.54 (s, 3H); MS m/e 499.0 {M+H] ',

Example 144 (2,4-Dichloro-3-phenviguinslin-6-vij l-methyi- 1 H-imidazol-8-yH{(2-

methylthiazol-4-vhimethanol

To a 2Z-necked flask containing 6-bromeo-2,4-dichlore-3-phenviguinoline (200 mg, ¢.57 mmol,
intermediate 1, step ¢) was added THF (15 mL} to give a homogeneous clear solution. The
solution was cooled to -73 °C and »-Buli (2.5 M in hexanes, 0.20 mL, 0.50 mmol} was added
which resulied in an immediate brownish homogeneous solution. After 2 min, a solution of (1~
methyl-1 A-imidazol-S-yI¥ 2-methylthiszol-4-ylimethanone (118 myg, 0.53 mmol, Intermediate
38, step b} in 2 mL of THF was added and the brown color faded to a Hght greenish-brown color.
The mixture was mainfained at =75 °C for 10 min then replaced with a ice-bath. Upon warming
to 0 °C a dark purple color resubted. The mixture was quenched after 25 min with MeCOH (2 mL)
and saturated NH4Cl solution and cxtracted with EtOQAc {4 x 50 mL). The combined organics
were washed with brine, dricd over MgSOy, filtered and concentrated to provide an amber oil.
Chromatography on silica gel {20-509% acctone-DCM increasing gradient to 5% McOH-DCM)
afforded the title compound as a white sohid. 'H NMR {500 MHz, CDCl) § 8.39 {d, /= 1.8 Hz,
IH), 8.06 (d, /= 8.8 Hz, 1H), 7.84 (dd, /= 8.8, 2.0 Hz, 1H)}, 7.58 - 7.44 {m, 3H}, 742 (s, 1H),
737 - 729 (m, 2H), 6.63 (s, 1H), 6.38 {5, 1H}, 3406 {d, /= &.8 Hz, 3H}, 2.71 (5, 3H). MS m/ec
481.0/483.0 [M+HT .

Exanple 141 (2-Chioro-1-methyl-1 H-imidazol-8-y{4-chiorophenyli(2.4-dichiore-3-

phenviguinolin-6-vi)methanol
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ol

To a 2-necked flask comtaining 6-bromo-2 4-dichloro-3-phenylguinoline (500 mg, 1.42 mmol,
Intermediate 1, step ¢) was added THF (25 mL) to give a homogencous clear solution. The
solution was cooled -78 °C and n-Buli (2.5 M in hexancs, 0.50 mb, 1.25 mmol) was added
which resulied in an immediate brownish homogeneous solution. After 2 min, a solution of (2-
chioro-1-methyl- 1 H-imidazol-5-y){4-chlorophenylimethanone (4006 mg, 157  mmol,
Intermediate 39) in 10 mL of THF was added and the brown color faded to a light yellow color,
The reaction mixture was maintained at -75 °C for 10 min then replaced with a § °C ice-bath.
The reaction was quenched after 25 min with MeOH (2 mL) and NH4CI solution. The aqueous
portion was extracted with EtOAc (3 x 50 mL). The combined organics were washed with bring,
dried over MgS0,, filtered and concentrated to provide a white solid. Chromatography on silica
gel (20-30% EtOAc-DOM) afforded the title compound as a white sold. "H NMR (400 MHz,
CDCLOR3L(d, /=20 Hz, 1H), 801 (d, /=88 Hz, 1H), 7.68 {dd, 7= 8.9, 2.1 Hz, H),7.58 -~
746 (m, 3H), 741 728 {m, 6H), 6.22 (s, 1H), 423 {5, 1H}, 3.37 {s, 3H), 1.62 (5, 3H). MS m/e
528.0/529.0/ 529.9/532 0 [M+H]".

Example 142: (2,4-Dichioro-3-phenylguinolin-6-y(2 . 6-dimethylpyridin-3-vh{{-methyi-1 8-

imidazol-5-yhmethanol

To a Z-necked flask containing 6-bromeo-2,4-dichloro-3-phenviguincline (450 mg, 1.27 mmol,

Intermediate 1, step ¢) was added THF (15 mL} to give a homogeneous clear solution. The
solution was cooled to 75 °C and »-Buli (2.5 M in hexanes, 0.45 mb, 1.1 mmol} was added

which resulted in an immediate brownish solution.  After 2 min, a8 sclution of (2,6~
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dimethyhpyridin-3-yvi}1-methyl-1 H-imidazol-5-vhmethanone (270 mg, 1.26 mnol, Intermediate
44, step by in 2 mL of THF was added and the brown color faded to a lighter greenish-brown
color. The mixturc was maintained at -75 "C for 5 min, then replaced with a 0 °C ice-bath, The
mixture was guenched after 25 min with a saturated NHCl solution and extracted with EtOAc (3
x 50 mb). The combined organics were washed with brine, dried over MgSO,, filtered and
concentrated.  Chromatography on silica gel (20-50% acetone-DCM increasing gradient to 5%
MeOH-DCM) afforded the title compound as a pale vellowish solid. T NMR (500 Mz,
CDCLy o 833 (4, /=19 Hz, 1H), 799 (d, 7= 8.8 Hz, TH), 7.61 —7.45 (. 4H), 7.36 {m 3H),
TO6(dJ=53He, 1H), 6.94(d, J=53 Hz, 1H)}, 6.20 (s, 1H), 433 (s, 1H), 3.50 (s, 3H}, 2.52 (d,
J=12.5Hz, 3H), 2.42 (s, 3H). MS w/c 489.1/491.1 [M+H] .

Example 143: (2.4-Dichlore-3-phenyiguinolin-6-yh(2.4-dimethyithiazol-5-yDH(1-methyl- 154~

imidazol-S-ylimethancl

8

o 7 )
N N™ TG

To a 2-necked flask containing 6-bromo-2,4~dichloro-3-phenylquinoline (450 mg, 1.27 mmol,
Intermediate 1, step ¢ was added THF (15 mbL) to give a homogeneons clear solution. The
solution was cooled to =75 °C and »#-Buli (2.5 M in hexanes, 0.45 mL, 1.13 mmol) was added
which resuited m an immediate brownish homogeneous solution. After 2 mun, a selution of (2,4~
dimethylthiazol-S-yI} 1 -methyl- 1 H-imidazol-5-yDmethanone (350 mg, 1.58 mmol, Intermediate
41, step b in 4dmb of THF was added and the brown color faded to a light greenish-brown color.
The reaction was maintained at -75 °C for 5 min then replaced with a 0 °C ice-bath. The mixture
was quenched after 25 min with NH4Cl solution. The aqueous portion was extracted with EtQAe
{3 x 50 mL). The combined organics were washed with brine, dried over MgSQO,, filtered and
concentrated to provide an amber oil. Chromatography on silica gol (20-30% acctone-DCM
increasing gradient to 3% MeOH) afforded the title compound as a pale vellowish solid. 'H
NMR (508 MHz, CDCl) § 8.35(d, /= 1.9 Hz, 1H), 8.03 {(d, /=88 Hz, 1H}, 7.79 (dd, J= &.8,
2.1 Hz, 1H), 7.59 - 7.41 (m, 3H}, 740 ~ 731 (mm, 2H}, 728 (d, J = 6.4 Hz, 1H), 6.44 (5, 1H),
5.46 (s, 1H), 3.48 (s, 3H), 2.56 (s, 3H), 2.13 (s, 3H). MS m/e 495.0/497.0 [M+H]}".
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Example 144: (4-Chlorophenvh(2 4-dichlioro-3-phenviguinolin-6-vi-methyi-15-1,2,3-
triazol-S-ylymethanol
;N:N

N7 o Y
[ N _J‘ﬁw
E o
o NN

To a 2-necked flask containing 6-brome-2.4-dichloro-3-phenylquincline (250 mg, .71 mmel,
Intermediate 1, step ¢} was added THF (10 mL} to give a homogeneous clear solation. The
solution was cooled to -78 °C and n-Buli (2.5 M in hexanes, (.25 mL, 0.63 numol} was added
which resulied in an immediate brownish homogeneous solution. After 2 min, a solution of (4-
chlorophenyl){ 1-methyl-1/4-1,2,3-triazol-5-yhmethanone (180 mg, 0.811 mmol, Intermediate 42,
step ¢} in 3 mL of THF was added and the brown color immediately faded to a light vellow color.
The mixture was maintained at -73 °C for § min then replaced with a § °C ice-bath, The mixture
was quenched afier 35 min with a saturated NHCI solution and extracted with EtOAc (3 x 30
mb). The combined organics were washed with brine, dried over MgSO,, filtered and
concentrated to provide a white solid. Chromatography oun silica gel (5-30% EtOAc-DCM)
provided the title compound as a white solid. 'H NMR (500 MHz, CInCh) § 826 (d, 7 = 2.0 Hz,
1H), 8.02¢d, =8R8 Hz, tH), 7.68(dd, 7=R89 2.1 Hxz, 1H), 7.58 - 7.46 {m, 3H), 741 - 7.23 (m,
TH), 6.98 (s, 1H}, 3.82 (3, 3H}. MS m/c 495.0/497.0/496.0/498.0 [M+H] .

Example 145; 4-Chlovopheny D2 4-dichlore-3-phenyiguinolin-6-yH(1 -methyi-2-
{methyithio)-1 H-imidazol-5-yDmethanol

Cl
To a Z-necked flask containing 6-bromo-2,4-dichloro-3-phenylquinciine (255 mg, 0.72 mmol,
intermediate 1, step ¢} was added THF (10 mL) to give a homogeneous clear solation. The
solution was cooled to -75 °C and #-Buli (2.5 M in hexanes, 028 mL, .69 mmol) was added
which resulied in an immediate brownish homogeneous solution, After 2 min, a solution of (4-
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chlorophenyly{1-methyl-2-(methylthio)- 1 H-imidazol-5-ybmethanone  (US  patent  application
20050250948y (210 mg, 0.787 mmoly in 4 mL of THF was added and the brown color
immediately faded to a light green-yellow color. The reaction mixture was maintained at -75 °C
for 5 min then replaced with a 8 °C ice-bath. The reaction mixture was quenched after 35 min
with a saturated NHyCl solution and extracted with EtQAc¢ (3 x 50 mb). The combined organics
were washed with brine, dried over MgS80,, filtered and concentrated to provide a white solid.
The crade material was triturated with DCM and MeOH {~5:1) to afford the title compound as a
white solid. 'H NMR (500 MHz, MeOD} 8 827 (d,.7= 1.8 Hz, 1H), 8.00 (d, /= 8.9 Hz, 1),
7.87{dd, S=89, 2.1 Hz, IH), 7.59 — 742 (m, 3H), 7.42 - 727 {m, 6H), 6.30 (s, 1H}, 3.41 (s,
3H), 2.53 (s, 3H). MS e $40.0/541.0/544.0 [M+H] "

Example 146: {(24-Dichioro-3-phenviguinelin-6-yD{1-methyl-1 H-imidazol-5-yH{(2-

methyibenzo|d]oxazol-5-yhmethanol

To a 2-necked fiask containing 6-bromo-2 4-dichloro-3-phenylguninoline (255 myg, 0.720 mmol,
Intermediate 1, step ¢) was added THF (10 mb) to give a homogeneous clear solution. The
solution was cooled to =75 °C and #-Buli (2.5 M in hexanes, .28 mL, .69 mmol) was added
which resulted in an immediate brownish homogencons solution. After 2 min, a solation of (1-
methyl-1H-1inudazol-5-y1(2-methylbenzo[ djoxazol-5-vDmethanone (175 mg, 0.781 mmol,
Intermediate 43, step b} in 5 mb of THF was added and the brown color immediately became a
darker brown suspension. The reaction was maintained at -75 °C for 5 min then replaced with a
0 °C ice-bath. As the reaction warmed up, the dark brown suspension becamc lighter in color
and more homogeneous. After 10 min, the reaction mixture became an orangish homogeneous
solution.  The mixture was quenched after 3 hours with saturated NHLCl solution and exiracted
with EtOA¢ (3 x 50 mi). The corabined organics were washed with bring, dried over MgSQ,,
filtered and concentrated. Chromatography on silica gel (3-5% MeOH-DCM increasing gradient

to 2 M NHy McOH-DCM) provided the title compound as an off white solid. 'H NMR {500
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MHz, CDCL) 8 8.34 (d, /= 1.9 Hz, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.75 (dd, /= 8.9, 2.0 Hz, 1H),
7.61 (d, J= 1.6 Hiz, 1H), 7.56 — 7.46 {m, 3H), 7.39 (4, J = 8.5 Hz, 1H), 7.36 — 7.27 {m, 4H), 6.34
(s, 1FD), 3.38 (s, 3H), 2.62 (s, 3H). MS nvie 515.0/517.0 [M+H]".

Example 147: (4-Chioropheny(2 4-dichiore-3-phenylguinelin-6-yB{1-(3-methoxypropyl)-

1H-imidazol-S-yimethanol

~0 =N
e ==
G @
_OH o
SAseH
| ,
o~ F N

To a 2-necked flagk containing 6-bromo-2,4-dichloro-3-phenylguinoline (255 mg, 4.72 mmol,
Tntermediate 1, step ¢) was added THF (10 mi} to give a homogeneous clear solution. The
solution was cooled to -75 °C and »-Buli (2.5 M in hexanes, 0.26 mL, .65 mmol) was added
which resulted in an immediate orange-brown homogencous sohstion. After 2 min, a solution of
{4-chlorophenyD(1-(3~-methoxypropy)- 1 H-imidazol-3-ylimethanone (230 mg, 0.825 mmol) in 4
wL of THF was added and the crange-brown color immediately faded to a light greenish-yellow
solation then to a light orangish solution. The reaction was maintained at -75 °C for 5 min then
replaced with a § °C ice-bath. After 30 min the ice-bath was removed and the reaction was
stirred at 22 °C. The reaction mixture was quenched after 1 hours with saturated NHLCl solution,
and extracted with EtOAc (3 x 50 mL). The combined organics werg washed with brine, dried
over MgSQO,y, filtered and concentrated. Chromatography on silica gel (10-25% acetone-DCM}
provided the title compound as a white amorphous solid. 'H NMR (500 MHz, CD,ChL) 8 8.28 (4,
J= 1.9 Hz, 1H), 798 (d, J= 88 Hz, 1H}, 7.75 (dd, 7 = 8.&, 2.0 Hz, 1H)}, 7.60 - 7.44 {m, 4H),
744 723 (m, 6H), 6.22 (s, 1H}, 572 (5, 1H}, 5.36 - 822 (m, 2H}, 3.79 {t, / = 6.9 Hz, ZH}, 3.31
~3.12 (m, 5H), 1.97 - 1.74 (m, 2H). MS m/e 552.1/5354.1 [M+H] .

]

Example 148: (2,4-Dichloro-3-phenyiquinolin-6-y{-methyl-1 H-imidazol-S-yi{guinolin-4-

yhmethanol
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To a 2-necked flask couvtaining 6-bromo-2,4-dichloro-3-phenylquinoline (250 mg, 0.71 mmol,
Intermediate |, step ¢) was added THF (8 ml) to give a homogencous clear solution. The
solution was cooled to -75 °C and #-BuLi (2.5 M in hexanes, 0.26 mkL, 0.65 mmol) was added
which resulted in an immediate orange homogeneous solution. After 2 min, a solution of (1-
methyl-1 H-imidazol-3-vi{guinohin-4-yhmethanone (190 wmg, 0.800 mmol, Intermediate 44, step
b) in 3 mL of THF was added and an tmmediate color change to a greenish-brown mixture
resulted. The reaction was maintained at =75 °C for 5 min then replaced with a 0 °C ice-bath.
The reaction was quenched afier 45 min with saturated NHLCH solution and extracted with
EtOAc (3 x 38 mL). The combined organics were washed with brine, dried over MgSQy, filtered
and concentrated. Chromatography on sthica gel (30% acetone-DUM increasing gradient to 10%
MeOH-DCM) provided the title compound as a white solid. "H NMR_ (500 MHz, CDCls) 6 &.82
{d, S=4.6 Hz, 1H), 848 (d, /= 1.6 Hz, 1H), 826 (d, /= 8.5 Hz, 1H)}, 8.14 (d, /= 8.4 Hz, 1H),
7.97 (d, /= 8.8 Hz, 1H), 7.70 - 7.60 {m, 2H}, 7.58 - 7.43 (m, 3H), 7.43 — 7.30 {m, 4H), 6.99 (d,
J=4.5Hz, 1H), 6.21 (s, 1H}. 5.11 (s, 1H), 3.51 (3, 3H). MS m/e STL.O/512.0/S13.0/514.0/515.0
[MAHT .

Example 149: (2 4-Dichlore-3-phenylgninolin-6-vii{24-dimethyithiazol-S-yIi(I-methy}- 18-

1,2, 3-triazol-S-yhmethanot
N

- f
550
/N/

Ci

To a 2-necked flask containing 6-bromo-2.4-dichloro-3-phenylquinoline {256 mg, 0.710 mmeol,
ntermediate 1, step ¢} was added THF (106 mL} to give a homogeneous clear solution. The
solution was cooled t0 -75 °C and #-Buli (2.5 M in hexanes, 0.28 mL, 0.70 mmol) was added

which resulted in an immediate orange homogeneous solution. After 2 min, a solution of 2,4-
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dimethylthiazol-5-yvI)(1 -methyl-1H4-1,2 3-triazol-S-vlymethanone (200 mg,  0.897 mmol,
Intermediate 45, step by in 7 mb of THF was added. After § min the dry-ice bath was replaced
with a 0 °C ice-bath. The reaction was quenched after 45 min with NH4Cl solution, extracted
with EtOAc (3 x 50 mL). The combined organic layer was washed with brine, dried over
MgS0,, filtered and concentrated. Clwomatography on silica gel (10% EtOAc-DCM, 5%
MeOH-DOM) provided the title compound as a light tan solid. 'H NMR (500 MHz, CDChL) 8
832(d, . 7=20Hz 1H),809(d, J=89 He, IH),7.73(dd, /=189, 22 Hz, 1H), 7.58 - 7.46 (m,
SH}), 7.33 {m, 2H), 7.20 (5, 1H), 438 (s, TH), 3.94 (s, 3H), 2.58 (s, 3H), 2.16 (5, 3H), MS w/e
496.0/ 498.0 [M+H]

Example 150: 8-{(2,4-Dimethylthiazol-5-yD{(hydroxy)(1-methyl-1#-1,2,3-triazol-5-
yhmethyl}-3-phenviguincline-2.4-dicarbonitrile

Similar to the procedure described in the Bur, §. Org. Chem. (20888), 563. To a large microwave
vial was added (2.4-dichloro-3-phenyiguinolin-6-vij(2.4-dimethyithiazol-5-vD{(1-methyl- Lif-
1,2 3-triazol-S-yhmethanol (100 mg, 0.200 mmol, Example 149), zinc cyanide {75 mg, 0.64
mmol), 2-dicyelohexylphosphino-2',47,6"-trisopropyibiphenyl (X-Phos, 25 mg, 8.52 vimol), zinc
powder {2 mg, 0.031 mmol), Pdy{dbak; (60 mg, 0.66 mmol) followed by N N-dimethylacetamide
{3 mL, degassed with N, for 10 min). The vial was sealed and evacuated. The mixture was
heated to 120 °C in an oil bath. After 1.5 hours, the mixture was filtered while still warmn
through Celite® and rinsed with EtOGAc. The light vellow effluent was concenirated and the
N, N-dimethylacetamide was partially removed under high vacuwum. The crade matenial was
chromatographed on silica gel (3-8% MeOH-DCM} to provide the product along with residual
DMA, which after trituration with Et;O and hexane gave the title compound as a pale vellow
foam. 'H NMR (500 MHz, CDCl) 8 §.54 (s, 1H), 827 (d, J= 8.9 Hz, 1H), 7.81 {(d, J = 9.0 Hz,
1H}, 7710~ 7.54 {m, 5H3, 712 (s, 1H), 6.10 (s, 1H), 3.97 {s, 3H), 2.58 (d, J= 1&.6 Hz, 3H), 2.14
{s, 3H). MS m/e 478 1/479.1 [M+HT"
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Example 151: (4-Chlorg-3-phenyl-2-(pyridin-3-viiguinslin-6-viy{4d-chiorophenyl){pyridin-3-

yhimethanol

A]

A mixture of {4-chlorophenyl}(2.4-dichloro-3-phenyiquinolin-6-yvhi{(pyridin-3-yhmethanol {75
mg, .15 mmol, Example 173, 3-(4,4,5,5-tctramethyl-1,3,2-dioxaborolan-2-yDpyridine (37 mg,
0.18 mmol), PACL(dppD) (11 mg, G.015 mmol) and KoCO;5 (42 mg, 0.30 mmol) in 16 mL of
dioxane was combined with 2 mL of water and heated to 70 °C. After 3 hours, the reaction
mixture was cooled to room temperature, diluted with EtOAc, and washed with water. The
organic phase was dried over NaySQy, filtered and concentrated. The residue was purified on an
ISCO using 0-10% methano! in ethyl acetate and lyophilized to give the title compound as a
white solid. "H NMR (400 MHz, CDCL) 8 = 8.60 (s, 1 H), 8.55 (d, J/=4.0 Hz, 1 H), 8.45 (4,
JE35Hz, T HL8.27-834 (m, 2H), 8.15{d, =8.6Hz, 1 H), 7.73(dd, J=8.6, 2.0 Hz, 2 H), 7.58
(d, F=7.6 Hz, 1 H), 7.2& - 7.36 (m, 8 H), 7.08 - 7.16 {m, 3 H}; MS m/e 534.8 {M-+H] "

Example i52: {4-Chlsro-3-phenyl-2-(pyrimidin-S-yDguinolin-6-y)(4-

chlorophenyh(pyridin-3-ylimethanol

A mixture of (4d-chlorophenyl}(2,4-dichloro-3-phenylquinolin-6-vl}pyridin-3-ylymethanol {75
mg, 0.15 ramol, Exaraple 17), pyrimidin-3-viboronic acid (23 myg, 0.18 mumol), PACL{dppt) (11
mg, $.015 mmol} and KyCO; (42 me, 0.30 mumol) in 19 mL dioxane was combined with 2 mL of
water and heated to 70 °C. After 3 hours, the reaction mixture was cooled to room temperature,
dituted with EtOAc, and washed with water. The organic phase was dried over Na, SOy, filtered

and concentrated. The residue was purified on an ISCO using 0-10% methanol in ethyl acetate
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and lyophilized to give the title compound as a white solid. 'H NMR {400 MHz, CDClzy 6 =
006 (s, | H),8.64 (3,2 H),8.60(d, . /=2.0He, 1 H), 837 (4, ./=3.0Hz, | H}, 835(d, /=2.0Hz |
H). 8.17(d, =86 Hz 1 H), 7.69-778{(m, 2 H}, 7.27 - 742 (m, 8 H), 7.19 (dd, /6.3, 2.8 Hz, 2
H); MS m/c 535.8 [M+H].

Example 183a: (4-ChlorophenyD(Z4-dichioro-3-2-chlorophenyvhguinolin-&-vI}i{1-methyl-

1 -imidazol-5-vh)methanol

#-Buli (2.5 M) (1.8 ml, 447 mmol) was added to a solution of 6-bromo-2,4-dichloro-3-(2-
chlorophenyliquinoline (1.6 g, 4.2 mmol, Intermediate 2, step ¢} in THF (10 mL} at -70 °C, and
stirred at -60 °C ~ -50 °C for 1 hour. Then (4-chiorophenyi}{i-methyl-1H-imidazol -5-
viynethanone {(8.75 g, 3.4 mumol, Intermediate 18, step by in THF (50 mL} was added and stirred
at -60 °C ~ -50 °C for an additional 30 min before the mixture was warmed to 40 °C and stirred
for 12 hours. The reaction was quenched by adding water at room temperature and stirred for 15
min, concentrated and cxtracted with EtOAc (3x20 mL). The combined organic phase was
concentrated and purified by silica gel column chromatography (ehuted by MeCH/DCM = 17200
to 1/40) and recrystallization from EtOAc to give the title compound as a white solid. 'TH NMR
(300 MHz, CD:0D): 6 8.29-8.27 (m, 1H), 8.04 {d, /= 9.0 Hz, 1H)}, 7.92-7.8% (m, 1H}, 7.70 {s,
1H), 7.62-7.59 (m, 1H), 7.52-7.48 (m, 2H), 7.39-7.36 (m, 5H), 3.48 (s, 3H) MS m/e [M+H] =
528.

Example 153a was purified by chiral HPLC [Chiralcel O, 95% C04/5% (MeOH + 2%
isopropylamineg} — 60% CO,/40% (MeOH + 0.2% isopropylaming)] to give 4 diastercomers
{clution order: Example 153b first, Example 153¢ third, Example 153d fourth} which were each
further purified by C18 HPLC (20% 10 100% CH,CN, with 0.1% TFA throughout) to provide,
atter lyophilization, the TFA salts as Examples 153b, 153c¢, and 1534

2
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Example 153b: " NMR {400 MHz, McOH-dy) & 897 {5, 1H}, 8.36 {d, J=2.02 Hz, 1H), 8.0
{d, J=859 Hz, 1H), 789 {dd, /=227, 8.84 Hz, 1H), 7.61 {d, /=758 Hz, 1H}, 7.34 - 7.56 (m,
&H). 6.96 (s, 1H). 3.70 (s, 3H: MS /e 527.7 [M+HT".

Example 153c: 'H NMR (400 MHz, MeOD} § 9.00 (s, 1H), 8.31 (4, /= 1.7t Hz, 1H), 8.10(d. J
= §.80 Hz, 1H), 7.93 (dd, J= 1.83, 93 Hz, 1H), 7.58 - 7.65 (m, 1H), 7.40 - 7.57 {m, 6H}, 7.37
(dd,.J=1.83,7.21 Hz, 1F), 6.94 - 7.02 {m, 1H), 3.71 (5, 3H): MS m/e 527.7 [M-+H]".

Example 153d: H NMR {400 MHz, McOH-d) & 8.99 (s, 1H), 837 (d, J=2.02 Hz, 1H), 8.09
{(d, F=909 Hz, 1K), 7.89 (dd, = 2.02,9.00 Hz, 1H), 7.61 {d, /=758 He, 1H}, 7.34 - 7.58 {m,
TH), 6.97 {5, 1H), 3.71 {s, 3H); MS mv/c 528.0 [M+H] "

Example 154: {(24-Dichlore-8-fluore-3-phenyviguinolin-6-yB(1-methyl-1 H-irnidazel-5-
yh{pyridin-3-yDmethanoleTFA

AN
| HO =/ I
N i
TR
Nt )
\"" N
£

A solution of 3-iedopyridineg (24.6 mg, 0.12 mmol) in DCM (0.25 mlb} was stired at room
temperature while IPrMgCHLICH (0.1 mL, 1.2 M i THF, 0.12 mmol) was added dropwise over
~30 sec under argon.  After ~i0 min at room temperatare, the vellow solution was added
dropwise over ~30 secc at room temperature o a wuxtuwe of (2.4-dichloro-&-fluore-3-
phenyiguinolin-6-yh{(l-methyl-1 H-imidazol-5-ylimethanone  (25.7  wmg,  0.0642  mmol,
Intermediate 46, step ¢) in LaCl-2L3CH(0.126 mL, 8.56 M in THF, 0.0706 mmol). The reaction
was then stirred at 40 °C for 45 nun, quenched with 1 M NaHCO: (2 mi) and extracted with
EtOAc (2 x 4 ml)., The combined organic layers were dried (NapSOs), filtered, and
concentrated. The residue was purified by C18 HPLC (20% to 100% CH:CN, with 0.1% TFA
throughont) to provide, after lyophilization, the title coropound as a white solid. 'H NMR (400

MHz, MeOH-dg) 8 9.02 (s, 1H), £.68 (s, 1H), 8.64 (4, .J= 4,55 Hz, 1H), 8.11 (s, 1H), 7.98 (d, J =
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9.09 Hz, 1H), 7.71 (dd, J = 2.02, 11.12 Hz, 1H), 7.48 - 7.63 (m, 48, 7.32 - 7.38 (m, 2H), 7.13
(s, 1H), 3.72 (s, 3H);, MS nv/e 479.1 [M+R]

Example 155: (24-Dichiors-8-flucre-3-phenyviguinokn-6-vhi{1-methyl-1 H-imidazol-5-
yh(pyridin-4d-yHmethanolTFA

A stusry of €2 4-dichloro-8-fluore-3-phenyiquinolin-&-yI¥{1 -methyl- | H-imidazol-S-ylimethanone

{33.2 mg, 0.083 mmol, Intermediate 46, step ¢} and 4-iodopyridine (33.3 mg, 0.162 mmol) in
THF (0.5 mL) was stired at ~-70 °C while n-Bubi {(0.0627 mi, 2.39 M in hexane, §.162 mmol)
was added dropwise under argon over | min.  The resulting peach-colored shurry was
immediately removed from the ~-70 °C bath and stirred at ambicnt conditions. After 15 min, the
dark homogenecus solution was quenched with 1 M NaHCO; (1 mL) and extracted with EtOAc
{1 x 6 mL}. The organic laver was dried (Na,SOy), filtered, and concentrated. The residuc was
parified hy C18 HPLC (30% to 90% CH:CON, with 0.1% TFA throughout) to provide, after
lyophilization, the title compound as a white solid. "H NMR {400 MHz, McOH-ds) § 8.96 (s,
1H}, 866 (d, /=556 Hz, 2H), 812 (s, 1H), 772 (d, = 1112 Hz, tH), 747 - 7.64 (m, 5H), 7.35
(d, J= 758 Hz, 2H}, 7.13 (s, 1H}, 3.69 (s, 3H); MS m/c 479.1 [M+H] .

Example 156: {2,4-Dichlore-8-methyl-3-phenyiquinolin-6-yH(I-methyl-1 H-imidazol-5-
yii(G-methylpyridin-3-yhimethanoleTFA

A solution of S5-bromo-Z-methylpyridine (20.7 mg, 0.12 mmo!} in THF (0.25 mL) was stured on
an ice bath while iIPrMgCLLiCHO. mL, 1.2 M in THF, 0.12 mmol} was added dropwise over

~15 see under argon.  After stirring at room temperature for 1-2 mmun, the dark vellow solution
p=l &
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e}

was stirred at 55 °C for 15 min. The dark red amber reaction was then cooled to room
temperature and added in one pottion over ~5 sec to a slurry of (2,4-dichlore-8-methyl-3-
phenylguinolin-6-yh){ l-mcthyl-1 H-tmidazol-5-ylimethanone . (321 mg,  0.0681 mmol,
Intermediate 48, step by in THF (0.16 mL) at room temperature.  After stirring for 1-2 min at
room temperature, the lght araber reaction was stirred at 55 °C for 22 min, and was then cooled
to room temperature, quenched with 5 M NHCH{E mL) and extracted with EtOAc (2 x 3 mL).
The combined organic favers were dried (Nay50y), filtered, and concentrated. The residue was
purified by CI18 HPLC (20% to 100% CH:ON, with §.1% TFA throughout) to provide, after
Iyophilization, the title compound as a white solid. "H NMR (400 MHz, MeOH-dg) 5 9.00 (s,
1H), 857 (d, /=202 Hz, 1H), 8.17{d, /= 2.02 Bz, 1H), 8.01 (dd, /=227, 834 Hz, 1H}, 7.73
(s, 1H), 7.45 - 7.62 {m, 4HY, 7.29 - 7.37 (m, 2H), 7.09 (s, 1H), 3.71 {8, 3H), 2.77 (s, 3H), 2.65 (s,
3H); MS m/e 489.1 [M+HT.

fxample 157: (2.4-Dichloro-8-methvi-3-phenylguindlin-6-vii(6-methylpyridin-3-vH{1 #-

pyrrol-3-yDmethanolTHA

A pale yellow mixture of (24-dichloro-8-methyl-3-phenylguinolin-6~yD{G-methylpyridin-3-
viynethanone (315 mg, 00773 mmol, Intermediate 47 step ¢} and  3-bromo-i-
{tritssopropylsily}-1 H-pyvrrole (3.6 mg, 0.101 mmol) in THF (0.36 mL) was stirred at -70 °C
under argon while n-Buli (3.058% mi., 1.59 M in hexane, 0.0936 mmol) was added dropwise
over ~30 sec. The reaction immediately turned dark brown and was stirred for an additional 5
min at -70 °( before transferring it 10 an ice bath. The resulting dark solution was stirred at § °C
for 6 min, removed from the ice bath and stirred at ambient temperature for § min, and the
homogeneous amber red solution was then quenched with 5 M NH4Cl (1 mL) and extracted with
EtOAc (2 x 3 mL). The combined organic layers were dried (Nap8Oy), filtered, and concentrated.
The residue was dissolved in THF (0.6 mL) and treated with TBAF (¢.116 mL, 1 M in THF,
0.116 mmol} in one portion at room tomperature, and stirred at room temperature under air for 30

min, The reaction was then partitioned with 1 M NaHCO; (3 mL) and EtQAc (3 mb), and the
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aqueous laver was extracted with EtOAc (I x 3 mbL). The combined organic layers were dried
{Na;80y), filtered, and concentrated. The residue was purified by Cl8 HPLC (20% to 100%
CH.CN, with 0.1% TFA throughout) to provide, after lyophilization, the title compound as a
vellow solid. 'H NMR (400 MHz, DMSO-de) 5 10.85 (s, 1H), 8.60 (s, 1H), 8.19 (s, 1H), 8.09
{br.s., 1H}, 7.75 (s, 1H}, 745 - 7.59 {m, 3H}, 7.31 - 745 (m, 3H), 6.82 {s, 1H), 6.74 (br. 5., 1H),
6.36 (s, 1H), 5.98 (s, 1H), 2.65 (s, 3H), 2.61 {s, 3H); MS nve 474.1 [M+H]".

Example 1588: (2,4-Dichlore-&-methyb-I-phenyiguinein-6-yB{6-methyipyridin-3-yDHG-

methyithiophen-2-yhimethanof

A vellow mixture of (24-dichloro-8-methyl-3-phenyiquinolin-6-yI{6-methylpyridin-3-
viymethanone (35 mg, 0.0859 mmol, Intermediate 47, step ¢} and 2-bromo-3-methylthiophene
(25.2 g, 9.142 mmol) in THF (0.52 mL) was stirred at ~7¢ °C under argou while n-Buli
{(LO811 mb, 1.59 M in hexane, 0.129 mmol) was added dropwise over 1.5 min. The reddish-
amber reaction was stirred for an additional 15 min at ~-70 °C before transferring it to an ice
bath. The resufting solution was stirred at ¢ °C for 5 min, and was then guenched with 5 M
NH,CH(1 mbL} and extracted with EtOAc (2 x 3 mL}, The combined yellow organic layers were
dried {Na,;50s), filtered, and concentrated. The residug was purificd by C18 HFLC (20% to 100%
CH:ON, with 0.1% TFA throughout} and then, after nentralization, further purified with flash
chromatography with a 2% EiQAc/heptane to 100% EtQOAc gradient to vield the title compound
as a whitc powder. 'H NMR (400 MHz, McOH-ds) § 8.38 - 8.46 (m, 1H), 8.08 (s, 1H}, 7.78 (s,
1H}, 7.73 (dd, J =208, 819 Hz, iH), 7.43 - 7.57 {m, 3H}, 7.26 - 738 {(m, 3H), 7.22{d, /= 5.13
Hz, 1H), 6.93 (d, J = 513 He, 1H), 2.73 (s, 3H), 2.54 (s, 3H), 1.97 (s, 3H); MS w/e 505.0
[MAHT.

Example 1589: {2,4-Dichlpro-8-methylk-3-phenyiguinelin-6-yi{-methyl- L H-imidazol-8-
vi(2-methvipyridin-4-viimethansleTFA

1§
3
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A wellow muxtore of (2.4-dichloro-8-methyl-3-phenviguinolin-6-vl{1-methyi-1 H-imidazol-5-
vhmethanone (35 mg, 0.0883 mmol, Intermediate 48, step b) and 4-bromo-2-mothylpyridine
{27.2 mg, 0.158 mmol} in THF (0.52 mbL) was stirred at ~70 “C under argon while n-Buli
{0.0833 mL, 1.59 M in hexane, 0.132 wmol} was added dropwise over 1.5 min. The reddish-
amber reaction was stirred for an additional 15 min at ~-70 °C before transferring it to an ice
bath. The resulting dark solution was stirred at § “C for 5 min, and was then guenched with i
mb 5 M NHCl and extracted with EtQAc (2 » 3 mL). The combined vellow orvganic lavers
were dried (Na;5O4), filtered, and concentrated. The residue was purified by C18 HPLC (20%
to 100% CH:ON, with 0.1% TFA throughout} to provide, after lyophilization, the title cormpound
as a light peach-colored solid. "H NMR (400 MHz, MeOH-ds} 8 9.04 (s, 1H), 8.64 (d, /= 5.87
Hz, 1H), 825 (5, 1H), 7.85 (s, 1H), 7.77 (br. s, 2H), 7.44 - 7.58 (m, 3H), 7.32 (4, J = 6.60 Hz,
2HY, 7.20 s, UFD), 3.70 (s, 3H), 2.77 (s, 3H), 2.71 (5, 3H); MS m/e 489.1 [M+H]"

Example 168 (2,4-Dichiore-8-methyl-3-phenyiguinolin-6-yH{-methyi-1 H-imidazol-5-
yh(2-(triftuoromethylpyridin-4-yiimethanolTHFA

A vellow mixtre of (2,4-dichioro-B-methvl-3-phenyiquinolin-6-yhi{ -methyl-1 H-imidazol-3-
yvhmethanone {35 mg, 0.0883 mmol, Intermediate 48, step b} and 4-bromo-2-
{triftuoromethylpyridine (29.9 mg, ¢.132 mmol) i THEF (8.52 mL} was freated essentially as
described for Example 159 to provide, after HPLC parification, the title compound as a white
solid. "H NMR (400 MHz, McOH-d,) 3 9.02 (s, 1H), 878 (d, J = 5.13 Hz, 1H), £.16 (s, 1H),
ROU (s, 1HY, 7.76 (s, 1H), 766 {d, J=4.65 Hz, 1H), 745 - 7.57 {m, 3H), 7.33 (4, /= 6.36 Hz,
ZH), 713 (s, 1H}, 3.66 - 3.73 {m, 3H), 2.78 (s, 3H) MS w/e 3432 [M+H]".
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Example 161: (d-ChicrophenyD(2 4-dichiors-7-flnore-3-phenyiguinclin-&-yi(L-methyl-1 H-

imidazol-5-yhimethanoleTFA

A mixtare of 6-bromo-2.4-dichloro-7-fhuore-3-phenviquinoline (353 mg, 0.0951 mmol,
Intermediate 6) and {4-chilorophenyly{1 -methyl-1 H-imidazol-5-yhmethanone (31.2 mg, 0.141
mmol, Intermediate 18, step by in THF (0.38 mL} was stirred at ~70 °C under argon while n-
Buli (0.0838 mb, 1.5% M in hexane, 0.133 munol} was added dropwise over 1.5 min. The
reddish-amber reaction was stirred for an additional 2 hours at ~-70°C, and was then removed
from the cold bath and stirred under ambient conditions for 40 min. The reaction was then
quenched with § M NHLCH( mL) and extracted with EtQAc (2 x 3 mL}. The combined organic
layers were dried (Nap30y), filiered, and concentrated. The residue was purified by C18 HPLC
{(20% to 100% CHRCN, with 0.1% TFA throughout) to provide, afier lyophilization, the title
compound. 'H NMR (400 MHz, McOH-dy) 8 8.96 (s, 1H), 8.53 (d, /= 8.08 Hz, 1H), 7.79 (4, J
12,13 Hz, 185D, 7.39 - 7.59 (m, TH), 7.30 - 738 (m, 2ZH), 7.18 (s, 1H), 3.76 (5, 3H); MS m/e
512.1 [M+H].

Example 162: {24-Dichioro-S-fluore-I-phenyviguinclin-6-yH{1-methyl-1 H-imidazei-S-
yh(pyridin-d-yDHmethanolTFA

A mixture of 6-broro-2 4-dichloro-5-flaoro-3-phenyiguinoline (35.8 mg, 0.0965 mmol,
Intermediate 7} and (1 -methyl-{ H-imidazol-5-vl{pyridin-4-yDmethanone (26.9 mg, 0.144 mmol,
Intermediate 2, step by i THF {0.38 mL) was treated essentially as described for Example 161 to
provide, after HPLC purification, the title compound. 'H NMR (400 MHz, MeOH-d,) 3 9.01 (s,
1H}, 8.66 (d, /= 6.06 Hz, 2H), 8.06 - §.15 (m, 1H), 8.00 (4, /= 9.60 Hz, 1H), 7.64 {d, /= 5.05

204



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

Hz, 2H), 7.44 - 7.57 (m, 3H),
IMAHT .

-3

27 - 734 (m, ZHY, 7.25 (s, 1H), 3.78 (s, 3H); MS m/c 4791

Example 163: {(4-Chlorophenyl}(2.4-dicklore-5-flusre-3-phenyiguinoclin-6-vh(i-methyl-15-
imidazel-5-yimethanol«TFA

A mixture of 6-brome-2 4-dichloro-5-fluoro-3-phenylguinoling (36,1 mg, 0.0973 mmol,
Intermediate 7) and {(4-chlorophenvl{l-methyl- 1 H-imidazol-3-ylimethanone (32.2 mg, 0.146
mmol, Intermediate 18, step by in THF (0.38 ml) was treated essentially as described for
Example 139, except the reaction was stirred for 2 hours at ~-70 °C, and was then allowed 1o
warm to room temperature over 40 min. HPLC purification as described in Example 159
provided the title compound. 'H NMR (400 MHz, MeOH-dy) 8 8.96 (s, 1H), 8.00 - £09 (m, 1H),
792 - 800 (m, 1H), 7.47 - 7.57 (m, 3H), 745 (s, 4H), 7.27 - 735 (m, 2H), 711 (s, 1H), 3.76 (s,
3H); MS m/e 512.1 [M+H].

Example 164: (I-Methyl-1H-imidazol-5-vD{3-phenyl-2 4-bis(trifloromethyilquinolin-6-
yiXpyridin-4-yhmethanolTFA

i F
a

FoLF
. ATy
L X0
s

i
L P F
N \fF

A =71 °C golution of 6-bromo-3-phenyl-2 4-bis(triffluoromethylquinotine 69.8 mg, 0.166 mmol,

Intermediate 8, step ¢} in THF (0.6 mL) was treated with n-Buli (0.125 mL, 1.59 M in hexane,
8.199 yamol} dropwise via syringe under argon over the course of T min. After 10 min a solution
of {l-methyl-1H-imidazol-5-yhi{pyridin-4-vijmethanone (26.9 mg, 0.144 mmol, Intermediate 9,
step by in THF (1.2 mL) was added dropwise over 1 min to provide a rust colored opague
mixture. This was stirred at <70 °C and was allowed to warm to room temperature overnight (13

hrs} as the cold bath expired. The homogenceous amber reaction was then quenched with 5 M
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MNHLCE (0.5 mb) in one portion at § °C and partitioned with 4 mL of EtQAc and I mEL of S M
NaCl. The organic layer was dried (Na,SOy), filtered, and concentrated, and the residue was
purified by CI1§ BPLC (20% to 100% CH5CN, with 0.1% TFA throughout) to provide, after
lyophilization, the title compounnd as a white solid. 'H NMR. (400 MHz, McOH-ds) 8 9.08 (s,
1H}, 8.75{d, /=538 Hz, ZH}, 843 (d, J= 831 Hz, 2H), 807 (d, /= 9.05 Hz, i1H), 7.79{d, J=
S14 Hz, 2H), 7.42 - 754 {m, 3H), 7.33 (d, J = 7.09 Hz, 2H), 7.21 (s, 1H}, 3.71 (8, 3H): MS m/e
529.2 [M+H] .

Example 165: (3-ChlorophenyD(3-phenyl-2 4-bis(iriflucromethyDguinolin-6-vI}pyridin-3-
yDmethanolPTFA

A -71°C golution of 6-bromo-3-phenyl-2 4-bis(trifluoromethyhquincling (70.1 mg, €.167 mmol,
Intermediate 8, step ¢ and {3-chlorophenylipyridin-3-vhmethanone (41.2 mg, 0.18% nunol) in
THF (1.2 ml}) was treated dropwise with n-Buli (8.126 mL, 1.59 M in hexane, 0.2 mmol) via
syringe under argon over | min, and the light reddish-amber homogeneous solution was stivred at
<71 °C while the cold bath was allowed to expive. The resuliing homogencous light amber
solution was guenched with 5 M NH4Cl (8.5 wol} in one portion at § °C and partitioned with
EtOAc (4 ml) and 5 M NaCl {1 mL}. The organic layer was dried (Na;SOy), fikered, and
concentrated, and the residue was purnified by CIR HPLC (20% 1o 100% CHCN, with 0.1% TFA
throughout) to provide, after Iyophilization, the title compound as an off-white powder. 'H
NMR {400 MHz, McOH-d4) 8 8.88 (s, 1H), 8.79(d, 7= 5.56 Hz, 1H), 847 (d, 7= 9.09 Hz, iH),
R37(d, S=8.59 Hz, 1H}, 8.29 (s, 1H}, 7.94 - 8.03 (m, 2H}, 7.38 - 7.53 (m, 6H}, 733 (d, S = 7.07
Hz, 28), 7.28 (dd, J = 2.53, 6.57 Hz, 1H}); MS m/e 558.9 [M+H] "

Example 166: 3-(3-Chlorophenvlihydroxy)(3-phenyl-2, 4-bis(trifluoromethyDguinolin-6-
yhmethyDpyridine 1-oxidesTFA
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{3-ChlorophenyD(3-phenyi-2 4-bis{urifluoromethyl jquinolin-6-yi{pyridin-3-yDmethanol  (99.7
mg, 0.157 mmol, erude Example 165) was dissolved in DCM {0.75 mL), treated with mCPBA
{37.9 mg, 71.4% w/w, 0.157 mmol), and stirred under air {capped) at 40 °C for 1 hour. The
reaction was concentrated and the residue was purified by CI8 HPLC (20% to 100% CHCN

with .1% TFA throughout) to provide, after fyophilization, the title compound as a white solid.
"H NMR (400 MHz, MeOH-ds) 8§ 840 (5, 1H), 8.31 - £.39 (m, 2H), 8.25 (s, 1H), 8.00 (dd, J =
2.02,9.09 He, 1My, 7.58 (d, J = 3.54 Hz, 2H), 7.38 - 7.53 {(m, 6H), 7.33 (d, J = 7.07 Hz, 2H),

7.26 (dt, J = 2.40, 429 Hz, 1H); MS m/e S75.1 [M+H] "

Example 167: Phenyi(3-phenyi-2 4-bis(trilflusromethyDguinolin-6-vD{piperidin-4-
yhmethanolTFA
HNK/\?

The precurser of the title compound was prepared essentially as described for Exampie 164,
using feri-butyl 4-benzovipiperidine-1-carboxylate {commercial; ¢.g., Matrix Scientific} in place
of (1-methyl-1H4-imidezol-5-vl)}{pyridin-4-yDimethanone to provide, after heptanes/acetone flash
chromatography, ifert-butyl A-(hyvdroxy{pheny}3-phenvi-2 4-bis(triffucromethyliquinelin-&-
yhmethyhpiperidine-F-carboxylate as a clear yellow ol

A vellow solution of the above product (90 mg, 9.143 mmol) in DCM (1 mL) was treated with
THA (0.218 mL, 2.85 mmol} and stirred at room temperature for 45 min. The reaction was then
dilited with DCM (10 mbL) and oentralized with dropwise addition of 10 M NaOH (0.285 mL,
2.85 mmol) with swirling (aqueous pH >10). The agueous layer was extracted with DCM (1 x 4
mb}, and the combined organic layers were dried (Nap;SO4), filtered, and concentrated to provide

71.4 mg of crude title compound. 23.3 mg of this was purified by C18 HPLC (20% to 100%
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CH:CN, with §.1% TFA throughout) to provide, after lyvophilization, the title compound as a
white powder. 'H NMR (400 MHz, MeOH-dy) 8 8.64 (br. s., 1H), 823 (d, J = 9.09 Hz, 1H),
807 (d, /=909 Hz, I1H), 7.64 (d, J =758 Hz, 2H), 741 - 7.53 {m, 3H}, 7.28 - 741 {m, 4H),
723 - 728 {m, 1H), 3.34 - 3.50 (m, 2H}, 2.98 - 322 (m, 3H), 192 (d, J = 11.62 Hz, 1H), 1.71 -
1.87 (m, 2H), 1.53 (4, J = 14.65 Hz, 1H); MS m/e 531.2 [M+H]"

Example 168: ({-Ethyipiperidin-4-vi(phenyD(3-phenyl-2 4-bis(trifluoromethyDguinolin-6-

yhmethanobTFA

N
N~

N
x,gﬁﬁ
!

A solution of phenyl(3-phenyl-2 4-bis(irifluoromethyllquinolin-6-yh{ piperidin-4-viimethanol

{24.3 mg, 0.0458 mmol, Example 167 free base) in DCM (8.5 mb) and HOAcC (5.2 uL, .092

mmol) was treated with acetaldehyde (8.010 mL, 8.18 muvol) followed by NaBH{OAg); at room
temperature and was stirred at room terperature for 40 min, The reaction was then partitioned
with 2 M KyCOs (2 ml) and the agueous layer extracted with DCM (1 x S ml). The combined
organic lavers were dried (NapSQy}, filtered, and concentrated. The residue was purified by CI8
HPLC €20% to 100% CH3CN, with 0.1% TFA throughout) to provide, after fyophilization, the
title compound as a white solid. "H NMR (400 MHz, MeOH-dy) 8 8.63 {br. s., 1H), 824 (d, J =
9.09 Hz, 1H), 8.03 - 8.10 (m, 1H), 7.64 (d, /= 7.58 Hz, 2H}, 741 - 7.53 (m, 3H), 737 (1, J =
783 Hz, 2H), 7.28 - 734 {m, 2H), 7.21 - 728 (m, 1H}, 3.60 (br. s, 1H}, 3.53 (br. s, 1H}, 2.93 -
320 (m, S5H), 179 - 2.02 (m, 3H), 1539 (d, /= 1516 Hz, 1H), 1.32 (1, =733 Hz, 3H); MS mv/e
5592 [M+H]"

Example 16%a: i-(d-(Hydroxy{phenyh{3-phenyl-2 d-bis(irifluoromethyDguinalin-&-
yhmethyDpiperidin-i-y}ethanone

1o
pos
|3
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A ~T70 °C solution of 6-iodo-3-phenyl-2 4-bis(trifluoromethyDguincline (754 mg, 1.61 mmol,
Intermediate 8, step d) in THF (1.4 mlL) was treated with (PrMeCl (0.784 mi., 2.06 M in THF,
1.61 mmol) dropwise via syringe under argon over the course of 3 min to provide a light amber
solution.  After 9 min, the opague yellow shry was removed from the cold bath and stirred
under ambicnt conditions for 4 min. A solution of 1-{4-benzoylpipenidin-1-vhcthanone (442 mg,
1.91 mmol, Intermediate 27} in THF (0.3 ml} was added to the olive drab slurry rapidly
dropwise over ~15 se¢, and the homogeneous brown solution was stitred at room temperature
overnight. The light amber solution was then quenched with 5 M NH,CH (1 mL} and exiracted
with 2-methoxy-2-methylpropane (1 x 18 ml, 1 x 2 mL)}, and the combined organic layers were
dried (Na;S04), fikiered, and concentrated. The residue was flash chromatographed using 50%
acetone/heptane  (isocratic  elution), and impure  fractions were additionally flash
chromatographed asing 90% EtOAc/heptanes {isocratic elation) to afford the title compound as
an off-white foam. 'H NMR (400 MHz, CDCL) 8 8.52 (4, = 10.11 Hz, 1H), 8.24 (dd, J= 5.56,
909 He, 1HL 794 (1, /=884 Hz, 1H),7534 1, /=733 Hz, 2H), 741 - 7.5  (m, 34}, 7.33 - 741
(m, 2H}, 7.28 {br. 8., 3H), 4.71 (d, J=T.58 Hz, 1H), 3.86 (br. s, LH), 3.00 - 321 (m, 11}, 2.74 -
2.89 {m, 1H), 2.52 - 2.69 (m, 1H), 2.44 - 2.52 {m, 1H; D,0-exch), 2.05 {d, J = 2.02 Hz, 3H),
1.69 - 1.84 (m, 1H), 1.31 - 1.55 (m, 3H); MS mv/e 573.0 [M+H]".

Example 169a was purified by chiral HPLC (Chiralpak AD, 90% heptane/10% ELOH) to give 2
enantiomers {elution order: Exaraple 169b first, Example 169¢ second) that were each further
purified with a silica plug (DCM — CH3CN 1o remove non-volatile aliphatics) to provide, after

tyophilization, Examples 169b and 169¢.

Example 169b: 'H NMR (400 Mz, CDCl) § 852 (4, /= 10.10 Hz, [H), 8.24 (dd, J = 5.31,
8.84 Hz, 1H), 7.89 - 7.98 (m, 1H), 7.54 (1, J = 7.33 Hz, 2H), 741 - 7.51 {m, 3H), 7.37 (14, J =

214



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

429,771 Hz, 2H), 7.28 (br. s., 37}, 4.72 (d, J = 7.58 Hz, 1H), 3.78 - 3.93 (m, 1H), 3.01 - 3.20
(m, [H), 2.81 (&, J=3.16, 11.75 Hz, 1H), 2.50 - 2.68 (m, {H), 2.37 (d, J = 2.53 Hz, 1H), 2.06 (s,
3H), 170 - 1.82 (m, 1H), 1.29 - .54 (m, 3H); MS m/e 573.3 [M+H]".

Example 16%c: 'H NMR (400 Mz, CDCL) 8 8.52 (d, 7= 9.60 Hz, 1), 8.24 (dd, /= 5.05, 9.09
Hz, 1H), 7.88 - 7.99 {(m, IH), 7.54 {t, J = 7.33 Hz, 2H), 7.41 - 7.50 {m, 3H), 7.37 {td, J = 4.29,
771 Hz, 2H), 728 (br. s, 3H), 4.74 (d, J= 12,63 Hz, 1H), 383 (d, J= 1516 Hz, 1H), 3.01 -
322 {m, THY, 281 @t = 335, 11.81 Hz, 1H), 2.56 - 2.70 (m, 1H), 2.35 {d, .J = 3.03 Hz, 1H),
2.06 (s, 3H), 1.76 (br. s, TH), 1.28 - 1.53 (m, 3H); MS mv/e 373.2 [M+H]".

Fxample 1746 Phenyl{3-phenyl-2 4-bis(triflucromethyDauinclin-6-yli(pyridin-3-

yhmethanel

A ~-70 °C solution of 6-bromo-3-phenyl-2.4-bis(riflucromethyDguinoline (66.8 mg, 0.15%
mmoel, Intermediate &, step ¢ in THF (0.9 mbL) was treated dropwise with n-Buli (3.12 miL, 1.59
M, 0.191 mmol} via syringe under argon over | min, After stirving for less than 1 min, the dark
homogeneous solution was treated with a solution of phenyl{pyridin-3-yDmethanone (32.0 mg,
0.175 mmol, Aldrich) in THF (0.6 mL) over 2 min, and the resulting dark amber solution was
stirred at ~-70 °C while the cold bath was allowed to expire over 4 hours. The amber sohstion
was then partitioned with 5 M NHCH(2 mL) and EtOAc {5 ml), and the organic layer was dried
{(Na, SOy}, filtered, and concentrated. The restdue was purified by CIR HPLC (20% w0 100%
CHRCON, with 0.1% TFA throughout} to provide, after lyophilization, the title compound as a
white solid. 'H NMR (400 MHz, MeOH-d,) 8 8.87 {s, 1H), 878 (4, ./ = 538 Hz, 1H), 847(d, J
= 8.07 Hz, 1H}, 827 - 839 (m, ZH), 7.92 - 5.05 (m, 2H), 7.26 - 7.54 {(m, 10H), MS m/ec 368.0
PVHHT
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Example 171: {2.4-Dichlorg-3-phenylquinelin-6-vl){(pyridin-3-v1)(4-

rifluoromethylphenviimethanoleTFA

A mixture of 6-bromo-2 4-dichloro-3-phenylquinoline (8.051 g, 0.144 mmol, Inicrmediate 1,
step o} and commercially available pyridin-3-vi{4-{trifluoromethyhphenyiimethanone (Ricke}
{0.036 g, §.144 mmol) in THF (5 mL) was stirred at 78 °C. A solution of t-butyllithiom [1.6M
in hepianes] {0.181 ml) was added dropwise. After 20 minutes, the reaction was warmed o
room temperature., Water was added and the product was extracted with ethyl acetate, dried with
sodium suifate, filtered, and cvaporated in vacno. The crude material was purified via reverse
phase HPLC cluting with a gradient (HLO/acetonitrile/0.1% TFA) to give the title compound. 'H
NMR, 400 MHz (MeOH-di) 6: 8.78 (d, J = 2.7 Hz, 1H}, 8.64 - 8.74 (m, 1H}, 8.24 - 8.33 (m, 2H},
805(d, J =88 Hz IH), 7.86(dd, J =89, 2.1 Hz, 1H), 778 - 7.83 {m, 1H)}, 7.73 {(d, ] = 8.6 Hz,
2H), 7.60 (d, J = 8.3 Hz, 2H), 7.47 - 7.57 {m, 3H), 7.30 - 7.37 (m, 2H); MS m/e 525 [M+H] .

Example 172: (4-Chiore-3-phenyi-2-(trifluoromethyiiquinelin-6-yhH{1 -methyi-1 H-imidazol-
S-vi6-{trifluoromethyDpyridin-3-yiimethanslsTFA

N:;-.\
g/”\ Gl Ty
HO.| I
E N E Ny R &
F : N7 NN ‘?(F
F e F

The title compound was prepared using {L-methyl- 1 H-imidazol-5-yD(6-{trifluoromethyDpyridin-
J-yiimethanone  {Intermediate 15,  step ¢} and  é-bromo-4-chloro-3-phenyl-2-
{trifluoromethylquinoline (Intermediate 34, step b} in place of di(pyridin-3-vi)methanone and 6-
bromo-2 4-dichloro-3-phenylquinoline, respectively, according to the procedure described in
Example 24, 'H NMR (400 MHz, McOH-ds} 8 9.06 (s, 1H), 8.86 (d, J=2.53 Hz, 1H), 8.51 (d, /
=202 Hz, 1H), 835(d, /=859 Hz, 1H), 812 (dd, /=202, 8.08 Hz, IH), 797 {dd, 7= 2.02,
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9.09 Hz, 1H), 7.91 (d, J= 8.08 Hz, 1H), 7.46 - 7.57 {m, 3H), 7.27 - 7.36 (m, 2H), 7.17 (s, 1H),
3.72 (s, 3H); MS nv/e 563.1 [M+HT .

Example 173a: 6-(Hydroxy(I-methyk-i H-imidazol-S-vH(6-(trifineromethylipyridin-3-
yhmethyl}-3-phenyl-2-(irifluoromethyviiquinoline-4-carbonitriles TFA

Mo
/o N
NN e

A pressure tube containing (4-chloro-3-phenvi-2-(tritflecromethyhquinolin-6~-yv {1 -methyi-14-
imidazol-3-yo-{triftuoromethyDpyridin-3-viimethanol TFA {101 mg, ¢.128 mmol, Example
1723

P

Pdodba: (12 mg, 0.013 mmol), dicyelohexyl(2.4%6 tritsopropyl-{ 1,1'-biphenyl]-2-
vhiphosphine (X-Phos, 6.3 mg, 0.013 mmol), zinc cvenide (10 mg, 0.085 mmol), and zinc
nanopowder (2.5 mg, 0.038 mmol} in N N-dimethvlacetamide {1 mL} was purged with nitrogen
for 5 min, and then heated at 120 °C for 2.5 hours.  The mixture was allowed to cool to room
temperature and filtered through a syringe filter. The filtrate was concentrated in vacuo, and
EtOAc and NHyOH (agueous) were added. The organic laver was separated, and the aqueons
laver was extracted with EtOAc. The combined organic layers were dried (Na;5Qy), filtered,
and concentrated. The residue was purified by reverse phase HPLC (water/acetonitrile/0.1%
TFA) to give the title compound as a white solid. "H NMR (400 MHz, MeOD-dy) 8 9.06 (s, 1H),
RE7{d, J=2.02 Hz, {H), 838 - 847 {m, 2H), 8.14 (dd, /=227, 834 He, 1H), 805 (dd. J =
202,909 Hez, 1H), 7.91 (d, J = 8.08 Hz, 1H), 7.52 - 7.62 (m, 3H), 747 {d, J = 6.06 Hz, 2H),
749 (s, THY, 2.72 (s, 3H); MS /e 554.1 [M+H] .

Example 173a was neutralized by partitioning between NaHCG; (aquecus) and DCM. The
organic layer was dried, filtered, concentrated, and purified by chiral HPLC (Chiralpak AD, 80%
heptane/20% EtOH) to give two pure enantiomers {(elution order: Example 173b first, Example

173¢ second).

(3]
‘
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Example 173b: 'H NMR (400 MHz, CDCh) & 8.79 (s, 1H). 8.50 (s, 1H). 8.29 (d, /= 9.09 Hz,
{H}, 7.94 (4, /= 8.08 Hz, 1H), 7.77 (dd, /= 2.02, .09 Hz, [H}, 7.67 {d, /= 8.08 Hz, 1H), 7.50 -
7.62 (m, 3H), 7.34 - 7.45 (m, 2H), 7.21 - 7.24 {m, 1H), 6.28 (br. 5., 1H), 3.37 {s, 3H): MS wm/e
5542 IMHT

Example 173¢: 'H NMR (400 MHz, CDCL) 8 879 (5. 1H), 8.51 (d. /= 2.02 Hz, 1H), 829 (d. J
=909 Hz, 1H), 794 (d, /=808 He, IH), 7.72 - 7.80 (m, 1H), 7.67 (d, .J = 8.08 Hz, 1H), 7.51 -
7.61 (m, 3H), 7.39 (4, J = 3.81 Hz, 2H), 7.22 (5, 1H), 6.21 - 6.30 {m, 1H)}, 3.37 (s, 3H); MS m/e
3542 [M+H]

Example 174a {4-Methoxy-3-phenyi2-Grifluoromethvhguinolin-6-yH(1~methyl- 1H-
imidazol-S~-yD{6-(Irifluoromethyhpyridin-3-yhmethanolsTFA

=

N o oYy

¥ 6 TRy

HO_| o

ISR 0001

E P N F
>N N7

F7y & F

A mixture of (4-chloro-3-phenyl-2-{trifluoromethyDquinolin-6-yH{ 1 -methyl-1 H-imidazol-3-
yh{e-(rittuoromethylpyridin-3-yhmethanol TFA (78 mg, 0.099 mmol, Example 172y and 0.5 M
NaOMe in MeOH (8.40 mb, 0.23 mmol)} in a sealed tube was heated at 70 °C for 7 hours. Morc
0.5 M NaOMe in MeOH (0.33 mL, 0.17 mimol) was added and the mixture was heated at the
same temperature for another hour. The solvent was evaporated, and DMSO was added. After
filtering through a syringe filter, the filtrate was purified by reverse phase HPLC
(water/acetonitrile/0.1% TFA) to give the title compound as a white solid. "H NMR (400 MHz,
MeOD-da} & 2.07 (s, 1H), 8.86 (d, J=2.02 Hz, 1H), 834 (d, /=253 Hz, 1H), 8.27{d, /=859
Hz, 1H), 813 (dd, J=2.02, 8.08 Hz, TH), 7.84 - 7.95 (m, 2H}, 746 - 7.56 {m, 3H), 7.35 - 7.45
(o, 2H), 705 {5, TH), 3.72 s, 3H), 3.55 (s, 3H);, MS w/e 559.2 [M+H] .

Example 1743 was neutralized by partitioning between NaHCO: (aguecus) and DCM. The
organic laver was dried, filtered, concentrated, and purified by chiral HPLC (Chiralpak AD, 80%
heptane/2(% EtCH) to give two purc enantiomers {(clution order: Example 174b first, Exampic

174¢ second).
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Example 174b: 'H NMR (400 MHz, CDCL) § 8.85 (s, 1H), &.14 - 828 (m, 2H), 7.92 (d, J =
738 Hz, 1H, 7.78(1, /=909 Hz, 1H), 7.64(d, 7= 808 Hz, 1H), 742 -7.52 (m, 3H), 730 (d. J
=4.04 Hz, 3R), 6.31 (br. s, 1H), 3.48 (s, 3H), 3.36 (s, 3H); MS /e 559.2 [M+H] .

Example 174¢: 'H NMR (400 MHz, CDClL) 8 8.85 (s, 1H), 8.15 - 828 (m, 2H), 793 (d, J =
8.08 Hz, 1H), 7.78 (d, J = 9.09 Hz, 1H), 7.65 (d, J = 8.08 Hz, [H), 7.4} - 7.53 {m, 3H), 7.32 -
740 (m, 3H), 6.30 - 6.45 (m, 1H), 3.48 (5, 3H), 3.39 (5, 3H); MS m/e 559.2 [M+H]".

Fxample 17%a: 3-(3-Flnorophenyl)-6-((4-fluorophenyihydroxyi({-methyi- 1 H-imidazol-5-

yhmethyD-8-methylguinoline-2,4-dicarbonitrile

A round bottom flask was charged with (2,4-dichloro-3-(3-flucrophenyl)-8-methyiquinolin-6-
vhi{d-fluoropheny )| -methyl- 1 F-imidazol-5-yiynethano!l (646 mg, 1.27 mmol, Example 190),
ZaCN> (193 mg, 1.65 mwmol), Pdodbay (116 mg, 0.127 mmol), zine nanopowder {16.6 mg, $.254
mmoi), and dicyelohexvi(2'.4%,6'-triisopropyl-[1,1'-biphenvi]-2-vljphosphine (X-Phos, 62.3 mg,
0.127 mmel). The flask was cvacwated and re-filled with argon (twee cycles).
Dimethylacetamide (6.5 ml., degassed by bubbling argon through for 30 min) was then added
and the mixturc was heated at 120 °C for 1.5 hours. The mixture was cooled to room
temperature and was filiered through Celite®, washing with EtOAc. The filtrate was washed
sequentially with 2 M aqueous NH4OH, water, and saturated aqueous NaCl. The organic phase
was dried (Na,304), filtered, and conceotrated.  LCMS analysis indicated incomplete
conversion, so the crude product was resubjected to the reaction conditions as above for 2
additional hours, then was worked-ap as above. The residue was purified by flash coluon
chromatography (silica gel, 10-40% CHCN in [2% conce. agueous NH3OH in DCM, agueous

phase rersoved], coluran ran twice) to afford the title compound as a vellow foam,
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Example 1752 was purified by chiral HPLC (Chiralcel 0D, 80% heptane/20% EtOH) to give 2
cnantiomers {elution order: Example 175b first, Example 175¢ second). The enantiomers were

then further purified on plug silica gel columns (8-5% McOH-DCM).

Example 175b: 'H NMR (400 MHz, CHLOROFORM-d} & 8.29 (d, J= 147 Hz, 1H), 7.69 (s,
1H), 7.57 - 7.67 (m, 1H), 7.30 - 7.45 (m, 6H), 7.04 — 7.12 (m, 2H), 6.43 (s, 1H), 4.47 (br. 5., 1H),
3.42 (s, 3H), 2.80 (s, 3H). MS nve 492.1 [M+H]".

Example 175¢: 'H NMR (400 MHz, CHLOROFORM-d) 8 8.28 (d. /= 1.47 Hz, 1H), 7.68 (d, J
= 0,98 Hz, 1H), 7.62 (td, J = 5.62, 7.95 Hz, 1H), 7.29 - 7.46 (m, 6H), 7.01 - 7.15 (m, 2H), 6.40
(d,J = 0.98 Hz, 1H), 4.69 (br. 5., 1H), 3.41 (s, 3H), 2.79 (s, 3H). MS m/e 492.1 [M+H]'".

Example 176a: 3-(3-FluorophenyD-6-Chydroxy(l-methyi-1 H-imidazol-5-y(6-

(triflnoromethylipyridin-3-yiimethyi-8-methyviquinohine-2,4-dicarbonitrile

A round bottom flask was charged with (2,4-dichlgre-3-(3-fluorophenyl}-8-methyiguinolin-6-
v I -methyl-1 H-imidazol-5-vIy6-(riflaoromethylipyridin-3-vhmethanol (586 mg, 1.04 mmol,
Example 191}, ZnCN, (306 mg. 2.61 mmol}, Pd,dba; (143 mg, 0.157 mmol), zinc nanopowder
{20.5 mg, 0.313 mmol}, and dieyclohexyl(2' 4", 6 -triisopropyl-| 1,1-biphenyl]-2-yDphosphine (X-
Phos, 102.6 mg, 0.209 mmol). The flask was evacuated and re-filled with argon (three cycles).
Dimnethylacetamide (5.4 mb, degassed by bubbling argon through for 30 min) was then added
and the mixture was heated at 120 °C for 4.5 hours. The mixtwre was cooled fo room
temperature and was filtered through Celite®, washing with EtQAc. The filtrate was washed
sequentially with 2 M aqueous NH,OH, water, and saturated aqueous NaCCl. The organic phase
was dried (MNap80y), filtered, and concentrated.  The residue was purified by flash colunin
chromatography (silica gel, 45-60% CHICN in [2% conc. aqueous NHiOH in DCM, aqueous

phase removed]) to afford the title compound as a yellow foam.
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Example 176a was purified by chiral HPLC (Chiralcel OD, 20% heptanc/10% EtOH, 0.2%
isopropylamine throughout) to give 2 cnantiomers {chution order: Example 176b first, Example
176¢ second). The cnantiomers were then further purified on plug silica gel columns (0-5%

MeOH-DCM).

Fxample 176b: 'H NMR (400 MHz, CHLOROFORM-d) 8 878 {(d, J= 1.96 Hz, 1H), 8.34 {4, J
= 1,71 Hz, 1H), 7.96 (dd, J = 1.96, 8.31 Hz, 1H), 7.58 - 7.75 (m, 3H), 7.29 - 7.44 (m, 3H), 7.25
(s, 1H), 6.91 (s, 1H), 6.28 (d, J = 0.98 Hz, 1H), 3.38 (s, 3H), 2.79 (s, 3H). MS m/e 5432
PVHHT

Example 176¢: 'H NMR (400 MHz, CHLOROFORM-d) 3 8.78 (d. /= 2.20 Hz, 1H), 8.34 (d, J
= 147 Hz, 1H), 7.96 (dd, J = 1.96, 8.07 Hz, 1H}, 7.59 - 7.74 (m, 3H), 7.30 - 7.43 {m, 3H), 7.26
{s, 1H), 6.79 {br. 5., 1H), 6.29 {d, J = 0.98 Hz, 1H), 3.39 {s, 3H), 2.79 {s, 3H). MS m/e 543.2
IMAHHT

Example 177a: (4-Chlore-3-(3-flusrophenvi)-2-methoxy-8-methyviguinolin-6-y}{{-methyl-

{H-imidazol-S-yD{6-(trifluoromethyDpyridin-3-yDmethanol

\N/%N

A

HO ==/ U i/\ﬁ\
(O

FaCAN/ S \‘Nx G/’

n-Buli (1.6 M in hexane, 2.19 mL, 3.50 mmol} was added over approximately | min to a

solution of 6-bromo-4-chloro-3-{3-fluorophenyl)-2-methoxy-8-methylquincline (1.40 g, 3.68
myuol, Intermediate 523 in THF (8 ml) under argon at -78 °C. After | min, a solation of (1-
methyl-1 H-imidazol-S-yl){6-(wifluoromethylipyridin-3-yhimethanone {939 mg, 3.68 mmol,
intermediate 15, step ¢} in 5 mbL THF under argon was added via cannula. The resulting mixture
was stirred at -78 °C for 10 min, then transferred 1o an ice water bath and stirred 30 min. The
reaction was guenched by addition of saturated aqueous NH,Cl, dituted with water and extracted
with EtOAc¢ (3X). The organic phase was dried (Nap804), filtered, and concentrated. The
residae was purified by flash column chromatography (silica gel, 45-60% CH:ON in [2% conc.
aqueous NHWOH in DCM, aquecus phase removed]) to afford the title compound as a white

foam.
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Example 1773 was purificd by chiral HPLC (Chiraleel OD, 90% heptance/10% EtOH, 0.2%
isopropylamine throughout) to give 2 enantiomers (clution order: Example 177b first, Example
177¢ second). The enantiomers were then further purified on plug silica gel colurons (0-3%

MeOH-DCM).

Example 177b: 'H NMR (400 MHz, CHLOROFORM-d) 8 8.83 (d, .= 1.96 Hz, 1H), 8.04 (d, J
= 1.71 Hz, 1H), 7.93 (dd, J= 1.96, §.31 Hz, 1H)}, 7.67 (d, J = 831 Hz, 1H), 7.39 - 7.51 (m, 2H),
7.33 {s, 1H), 7.09 - 7.20 {m, 2H), 7.06 (dt, J= 1.96,9.54 Hz, 1H), 6.37 {d, .= 0.98 Hz, 1H), 5.08
(s, LH), 4.02 (s, 3H), 3.40 (s, 3H), 2.68 (s, 3H). MS m/e 557.1 [M+H] .

Example 177¢: '"HNMR {400 MHz, CHLOROFORM-d) & 8.83(d, J= 196 Hz, 1H), 8.04 (d, J
=196 Hz, TH), 7.93 (dd, J= 1.96, 8.07 Hz, 1H), 7.67 {d, J= 8.07 Hz, 1H), 7.39 - 7.51 {m, 2H},
7.33 {s, 1K), 7.09 - 7.20 {m, 2H), 7.02 - 7.09 (m, 1H), 6.37 {d, /= 122 Hz, 1H), 5.11 (5, 1H),
4.02 (s, 3H), 3.39 (s, 3H), 2.68 (s, 3H). MS m/e 557.2 [M+HT.

Example 178a: {4-Chloro-3-(G-fluorophenyl)-2-methoxy-8-methyiquinolin-6-y}{4-

flusrophenyh(i-methyl-1 H-imidarob-5-yiimethanol

The title compound was prepared using (4-fluorophenyh{(1-methyi- LH-imidazol-5-ylimethanone
{Intevmediate 49, step by in place of (Lanethyl- 1 H-1midazol-5-yl{6-(triftuoromethyhpyridin-3-
yhmethanone using the procedure described for Example 177a, with the exception that twice as

much THF (10 mL} was required to dissolve the starting ketone.

Example 178a was purified by chiral HPLC (Chiralpak AD, 80% C0O,/20% PrOH + 0.2%
isopropylaming) to give 2 enantiomers (elution order: Example 178b first, Example 178
second}, The enantiomers were then firther purified by reverse-phase HPLC (40-100% CH;CN-

Hx(O, 0.2% ammonium bicarbonate).
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Example 178b: 'H NMR (400 MHz, CHLOROFORM-d) § 7.99 (d, J= 1.96 Hz, 1H). 7.48 (d, J
= 1,22 Hz, 1H), 7.41 - 7.47 (m, 2H), 7.32 - 7.39 {m, 2H}, 7.10 - 718 (m, 2H), 7.01 - 7.10 (m,
3H), 6.45 (s, 1H)Y, 4.03 (5, 3H), 3.43 (5, 3H), 3.32 (s, 1H), 2.69 (s, 3H). MS m/e 506.1 [M+H]".
Fxample 178¢: 'H NMR (400 MHz, CHL()ROEORM—d} 8799 (d, /=196 Hz, iH), 741 -
751 (m, 3H), 7.33 - 740 (m, 2H), 710 - 7.21 (m, 2H), 7 0 (m, 3H), 645 (s, 1H), 4.03 (5,
3H), 3.43 (s, 3H), 3.34 (5, 1H), 2.69 (5, 3H). MS m/c 506.1 [M+H]'.

Example 17%a: 3-(3-FhuorophenyD-6-Chydrosy(l-methyb H-imidazob-S-yIiH-

{tr ﬁﬂuﬂmmethvbpw ridin-3-ylimethyD-2-methoxy-8-methylguinoline-4-carbonitrile

A round Thottom flask was charged with {(4-chloro-3-(3-fluorophenyl}-2-methoxy-8-
methylguinolin-6-yli{1-methyl-1 4-imidazol-5-yD{(6-(rifluoromethyDpyridin-3-yhmethanol {701
mg, 1.26 mmol, Example 177a), ZnCN; (266 mg, 2.27 mmol}, Pdadbas {173 mg, 0.189 mmol},
zine nanopowder {25 mg, 0.378 mmol}, and dicyclohexyl{2'.4",6 -tritsopropyl-{ 1. 1-biphenyl}-2-
yhphosphine (X-Phos, 124 myg, 0.252 mmol}. The flagk was evacuated and re-filled with argon
{threc cycics). Dimethylacetamide (6.5 ml, degassed by bubbling argon through for 30 min}
was then added and the mixture was heated at 120 °C for 4 hours. The mxtare was cooled to
room temperature and was filtered through Celite®, washing with EtOAc. The filtrate was
washed sequentially with 2 M aqucous NH,OH, water, and saturated agueous Na(Cl, The organic
phase was dried {Na,504), filtered, and concentrated. The residue was purified by flash column
chromatography {silica gel, 45-60% CH3CUN in [2% cone. agueous NHyOH in DCM, aqueous

phase removed]) to afford the title compound as a yellow foam.,

Example 17% was puritied by chiral HPLC (Chiralpak IC, 80% CO»20% FrOH + 0.2%
isopropylamine} to give 2 cnantiomers {clution order: Example 179b first, Example 179%¢
sccond). The enantiomers were then further purified by reverse-phase HPLC (35-100% CH:CN-

H;0, 0.25% ammoniom bicarbonate). To convert the enantiomers to their sugcinate salts, they

[ S
[
|3
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were dissolved in EtOH, solutions of 1.05 equivalents succinic acid in EtOH were added, and the

mixtures were concentrated.

Example 178besnccinic acid: 'H NMR (400 MHz, DMSO-de) 5 11.84 (br. 8., 2H), 8.79(d, J =
1.71 Hz, 1H), 7.95 - 803 (m, 1H), 7.89 - 7.95 (m, 1H), 786 (d, J= 1.71 Hz, 1H), 7.76 (s, 1H},
767 (d, J =098 Hz, 1H), 7.60 (¢d, J = 6,11, 7.95 Hz, 1H), 742 - 7.55 {m, 3H), 7.38 {td, J =
2.32, 886 Hz, 1H), 6.26 (s, 1H), 4.02 (s, 3H), 3.36 (s, 3H), 2.68 (5, 3H), 241 (s, 4H). MS m/e
548.3 [M+HT .

Fxample 179cesuccinic acid: 'H NMR (400 MHz, DMSO-dg) 8 12.23 (br. 5., 2H), 8.79 (s, 1H),
7.95 - .02 (m, 1H}, 7.89 - 7.95 (m, 1H), 7.86 (s, 1H}, 7.76 (s, tH), 7.67 (s, 1H}, 7.55 - 7.65 (i,
1H), 747 - 755 (m, 2H), 745 (d, /= 7.58 Hz, 1H), 7.38 (td, J = 2.57, 8.62 Hz, 1H), 6.26 {s, 1 H},
4.02 (s, 3H), 3.36 (s, 3H), 2.68 (5, 3H), 2.41 (5, 4H). MS m/e 548.3 [M+H]".

Fxample 188a: 3-(3-Fluorophenyl)-6-((4-fluorophenyhhydroxyi({-methyi-1 H-imidazol-5-
yhmethyD-2-methoxy-8-methylquinoline-4-carbonitrile

The title compound was prepared  using  {(4-chloro-3-(3-flucrophenyl)-2-methoxy-8-
methylgainolin-6-y}{4-fluorophenyh( L-methyl-1 H-imidazol-5-yimethanol (Example 178a} in
place of (4-chloro-3-(3-fluorophenyl}-2-methoxy-8-methyvlquinolin-6- vl -methyi-1 H-imidazol-

S-yh{6-(irifluoromethypyridin-3-ylymethanol using the procedure described for Example 17%a.

Example 1802 was purified by chiral HPLC (Chiralpak IC, 75% CO/25% PrOH + 2%
isopropylaming) to give 2 enantiomers {chution order: Example 180b first, Example 1R80c
second}. The enantiomers were then fither purified by reverse-phase HPLC (35-100% CH,CN-
Ho(O, 0.25% ammonium bicarbonaie). To convert the enantiomers to their succinate salts, they
were dissolved in EtOH, solutions of 1.05 equivalents succinie acid in EtCH were added, and the

mixturcs were concentrated.
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Example 180besuceinic acid: 'H NMR {400 MHz, DMS0O-dg) & 12.21 {br. s, 2H), 7.80 (d,. J=
147 Hz, TH), 7.69 (s, [H), 7.65(d, /= 0.98 Hz, 1H), 7.60 (td, /= 6.1}, 8.07 Hz, 1H), 748 - 7.55
{m, 1H), 745 (d, J = 8.07 Hz, 1H), 7.29 - 741 (m, 3H), 7.20 (1, .F = 893 Hz, 2H), 7.07 (s, 1H),
6.15 (s, TH), 4.02 (s, 3H), 3.35 (s, 3H), 2.67 (s, 3H), 2.41 {5, 4H). MS m/e 497.2 [M+H]".
Example 180cesuccinic acid: 'H NMR (400 MHz, DMSO-ds) 8 12.20 (br. s., 2H), 7.80 (d, J =
170 Hz, 1H), 7.69 (5, 1H}, 7.65 (s, 1H), 7.60 (1d, J= 6.11, 7.95 Hz, 1H), 748 ~ 7.55 (m, 1H),
T45(d, J=7.83 He, 1H), 7.30-7.41 (m, 3H}, 7.15-7.24 (m, 2H), 7.07 (s, 1H), 6.16 (4, /= 0.98
Hz, 1H), 4.02 (s, 3H), 3.35 (s, 3H), 2.67 (s, 3H), 2.42 (s, 4H). MS m/e 497.2 [M+H]".

Example 181a: I-(d-(Hydvoxy(l-methyl-1H imidazol-3-yH(3-phenyh-2,4-
bis(trifluoromethyDguinolin-6~-yDHmethyDpiperidin-1-yhethanone
O

N" [
F;F

\

A ~-T70 °C sohution of 6-1odo-3-phenyl-2,4-bis(trifluoromethyhquinoline (150 mg, $.322 mmol;

Intermediate 8, step d) o THF (0.322 mL) was treated with iPrMgCl (2.06 M in THF, 0,156 mi,,

T

0.322 mmol} dropwise via syringe under argon over the course of 30 sec 1o provide a Light amber
solution that became a vellow opague slurry within 2 min,  After & additional min the reaction
was removed from the cold bath and stirred on a8 room temperature water bath for 10 min, at
which point solid 1-{4-(1-methyl-1 H-imidazole-S-carbonylipiperidin-1-ylethanone (90.9 myg,
0.386 mmol; Intermediate 53, step ¢) was added in one portion and the reaction quickly
evacuated and fhished with argon four times. After 5 min, additional THF (2.6 mL) was added
to aid the dissolution of the ketong, and the reaction became an opaque casily stirved tan shury
within 30 min. After 110 min, the reaction was quenched with D0 (.2 mb) and partitioned
with 5 M NH,;Cl {1 mL) and heptane {1 mL), and the organic layer was dried (NaSQOy), filtered,
and concentrated. The residue was flash chromatographed using a BCM to 9:1 DCM/Me(OH

gradient to provide the title compound as a white powder.



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

Example 181a was purified by chiral HPLC (Chiralpak OD, 100% EtOH} to give 2 cnantiomers
{clution order: Example 181b first, Example 181¢ second). To convert the enantiomers to their
succinate salts, they were dissolved in CH3CN, treated with 1.0 equivalent of 8.1 M suecinic acid
in 953:5 v/v CHiyCN/water to provide homogenecous solutions, frozen (with water added as

necessary {o onsure cotaplete freezing), and lyvophilized.

Example 181bssuccinic acid: 'H NMR (400 MHz, McOH) {two conformers) 8 8.50 (m, 1H),
827(d, J =909 Hz, 1H), 7.82 (d, J = 8.39 Hz, 1H), 7.62 (s, 1H), 7.42 - 7.53 {m, 3H}, 7.39 (s,
1H}, 7.34 (d, § =657 Hz, 2H), 4.64 (d, J = 13.64 Hz, ~0.5H), 4.44 (4, I = 12.63 Hz, ~0.5H), 4.03
(d, =133 Hz, ~0.5H), 3.83(d, } = 133 Hz, ~0.5H), 3.36 (s, ~1 5H}, 3.35 (s, ~1.5H}, 3.29 (m,
~.5H; partially obscured by CI:0D), 3.05 (id, J = 2.53, 13.14 Hz, ~0.5H), 2.63 - 2.84 (in,
~F.5H), 2.56 (s, 4H), 2.54 {(m, ~0.5H, partially obscured by succinic acid), 2.29 (m, 1H), 2.07 (s,
~1.5H), 2.02 (s, ~1.5H), 1.06 - 1.57 (m, 3H). MS m/e 577.2 [M+H]'.

Example 181cosuceinic acid: 'H NMR (400 MHz, McOH) {two conformers} § 8.50 (m, 1H),
827{d, =859 Hz, 1H), 782 (d, J = 839 Hz, 1H), 7.62 (s, IH), 7.41 - 7.54 {m, 3H}, 7.38 s,
THY, 733(d, F=657Hz, 2H), 464 (d, T = 1314 Hz, 1H), 444 (d, T = 13.64 Hz, TH), 403 {4, J
= 133 Hz, ~0.5H), 3.83 (d, J = 133 Hz, ~0.5H), 336 (5, ~1.5H), 335 (s, ~1.5H), 3.28 {m,
~(.5H; partially obscured by CDs0OD), 3.05 (id, J = 2.53, 13.14 Hz, ~0.5H), 2.63 - 2.84 {m,
~1.5H), 2.56 (s, 4H), 2.53 (m, ~0.5H, partially obscured by succinic acid), 2.29 (m, 1H), 2.07 (s,
~1.5H), 2.02 (s, ~1 .5H), 1.06-1.57 (m, 3H). MS m/e 577.2 [M+H]".

Example 182: Bis(I-methyl-18H-1,2,3-triazol-5-yH(3-phenyl-2,4-

bis(triflaoromethyliguinslin-6-yhmethanol

N
AL F
h\E\Z:‘:' N F\ F \
L on Y]
. & \E\:\ \\f L
N. : B F
“N'N\ = N

A ~-70 °C solution of 6-iodo-3-phenyl-2 d-bis(trifluoromethyhquincline (152 mg, 0.326 mmol;

Intermediate 8, step d) in THF (0.322 mb) was treated with iPrMgCl(2.06 M in THF,; 80.138 mL,

276
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0.326 mol) dropwise via syringe under argon over the course of 30 sec to provide an amber
solution that became a vellow opaque slurry within 2 min.  After 2 additional min the dark
yvellow opague shurry was removed from the cold bath and imunediately treated rapidly dropwise
with a pre-formed solution of bis(1-methyl-14-1,2, 3-triazol-5-ylymethanone (74.2 mg, 0.386
munol; Intermediate 57) in THF (2.6 b)) over 45 sce. The reaction was stirred at room
temperature for 3 hours and was then quenched with 5 MNHLCL (1 mL). The aqueous layer was
extracted with MTBE (1 = 3 ml), and the combined organic layers were dried (Na,SOy), filtered,
and concentrated. The residue was dry load flash chromatographed with 2 heptane to 80%
EtOAc/heptane gradient to provide the title compound as a white solid. 'H NMR (400 MHz,
DMSO-d6) 6 845 (d, J== 859 Hez, 1H)y, 8.29 (br. s, IH}, 821 (s, 1H), 7.87 (d, I = 9.0% Hz, 1H),
7.40-7.56 (m, SH), 7.29 (s, 2H), 3.87 (s, 6H). MS m/c 534.2 [M+H] .

Example 183a: (4-Chloro-Z-methoxv-8§-methyk-3-{4-(friflucromethovyiphenylgquinolin-&-

yh(I-methyb- 1 -imidazol-5-yD{&-(Irifluoromethylpyridin-3-viimethanolTFA

n-Butytithium (2.0 mL, 3.202 mmol) was added to a -78 °C mixturc of 6-bromo-4-chioro-2-
methoxy-S-methyl-3-(4-(trifluoromethoxyiphenyhguinohine (1.1 g, 2.463 munol, Intermediate 58,
step d) and (I-methyl-14-imidazol-5-yD{(6-{trifluorgmethyDpyridin-3-yhmethanone (0,691 g,
2.709 mmol, Intermediate 15, step ¢} in dry THF {25 mbL} over a 2 min period. After complete
addition stirring was continued at -78 “C for 10 min then the reaction was warmed up to 0 °C and
stirred for | hour. Saturated NHLCl was added and the reaction mikture slowly warmed to room
temperature. Water was added and the layers were separated. The agueous layer was extracted
with EtOAc. The combived organic extracts was dried (Na;SOy), filicred, evaporated in vacoo
and chromatographed (DCM/10% MeOH in EtQAc to provide product. Further purification
psing reverse phase HPLC provided the TFA calt of the title compound. MS{EST 623.1

22
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Example 183z was purificd by chiral HPLC (Diacel OD column, eluent A: 2% isopropylamine in
2-propancl/ ¢luent B; acetonitrile, 80 mi/min, 240 nm wavelength) to give two pure cnantiomers
k o =

{clution order: Example 183b first, Example 183¢ second).

Fxample 183b: 'H NMR (CHLOROFORM-d) &: §.83 (s, 1H), 8.02 (s, 1H), 7.94(d, J = 8.1 Hz,
iH), 7.68 (d, § = &1 Hz, 1H), 7.27 - 7.54 (m, 6H), 6.46 (s, 1H)}, 4.02 (s, 3H), 3.42 (s, 3H), 2.68
{8, 3H}. mass cale’d for CooHpClEgNLOs, 622,95 nv/z found, 623.2.

Example 183¢: "H NMR {CHLOROFORM-d) 0: 882 (s, 1H), 8.03 (d, J = 2.0 Hz, 1H), 793 (d,
J=&1 Hz, 1H), 7.67 (d, T = &1 Hz, 1H), 7.47 (s, 1H), 7.28 - 7.44 (m, 5H), 6.42 (br. 5., 1H), 4.02
(s, 3H}, 3.41 (8, 3H), 2.6& (5, 3H}. mass cale’d for CooHy CIFgNLO5, 622.95; m/z found, 623.2.

Example 18da: 3-(4-Fluorephenyl-6-(hydroxy(l-methy-{ H-imidazob-5-y (6~
{irifluoromethyDpy ridin-3-yDmethyD-8-methylgvinoline-2 4-dicarbonitrile
e Lk

Zinc cvanide (172 mg, 1.463 mmol), Zn nanopowder (4.6 mg, 0.070 mmol}, Pdx(dba); (137 mg,
0.15 mmol)y and X-Phos (57 mg, 0.12 minol} were combined in a microwave tube, sealed,
evacuated and filled with nitrogen (3x). A solution of (24-dichiore-3-(4-fluorophenyl)}-&-
methylguinolin-6-yl{-methyl-14-imidazol-5-yD(6-(trifluoromethyhpyridin-3-yImethanol {259
mg, 0.461 mmol, Example 192) in dry DMA was then added to the tube and the resulting
mixtore was again evacuated and filled with nitrogen (3x). The tube was then placed ina 120 °C
oil hath for 2.5 hours, cooled to room temperature overnight, diluted with FtOAc, stirred for 20
min then filtered through a Celite® plug. The crude product nuixtire was diluted with sat'd
NH4Cl and layvers were separated. The EtOAc coxtract was dried over NapSQ,, filicred,

208
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evaporated in vacuo and chromatographed (DCM/10 % MeOH, gradient}, The product was
further purificd by reverse phase HPLC to provide the title compound as a white solid. MS(ESH
614.2

Example 184a wus purified by chiral HPLC (Chiralpak OD-H colummn, cluent 80:20
Heptane/EtOH, 80 mL/min, 263 nm wavelength) to give two pure enantiomers {elution order:

Example 184b first, Example 184¢ second).

Example 184b: 'H NMR (CHLOROFORM-d) & 879 (d, J = 2.0 Hz, 1F), 832 (s, 1H), 7.92 -
8.04 (m, 1H), 7.71 {d, J = 8.1 Hz, 1H), 7.55 - 7.67 {m, 3H), 7.30 - 743 (m, 3H}, 640 (5, 1H),
5.59 (br. s, 1H), 340 (s, 3H), 2.80 (s, 3H) mass calc™d for CooHsFyNgO, 542.49; m/z found
5431,

Fxample 184¢c: 'H NMR (CHLOROFORM-d) §: 8.79 (s, 1H), 8.31 (s, 1FL), 7.97 (d, T = &.1 Hz,
THY 778 {d, = 8.1 Hz, 1H), 7.53 - 7.67 {m, 3H), 7.3¢ - 743 {;m, 3H), 6.42 {5, 1H}, 546 (br. s,
1H}), 3.40 (s, 3H), 2.80 (s, 3H) mass calc’d for CrpoloFiNgG, 542 49; m/z found 543 1.

Example 185a: (I-Methyl-1 H-imidazol-5-yD(G3-phenyh-2,4-bis{irifluoromethyDguinolin-6-
vixpyridin-Z-yiimethanol

A solution of n-Buli (2.5 M in hexanes, 0.10 mL, 0.25 mmol) was added dropwise by syringe to
a solation of 6-iodo-3-phenyl-24-bis(trifluoromethyliquincline {122 mg, $.261 mmol,
Intermediate 8, siep 4y in dry THF (4.5 mL) in a dry icc-acetone bath. Afier 2 min, a solution of
{1-methyl-1 H-imidazol-5-yI¥pyridin-2-yhmethanone (0.0540 g, 0.288 mmol, Intermediate 11,
step by in dry THF (0.25 mL) was added dropwise. The resction mixture was stirred for 5 min in
a dry ice-acetone hath, then the reaction flask was placed info an ice-water bath, Afier 5 min, the
mixture was warmed to room temperature and the reaction was quenched with methano!l and

water, The mixtare was partitioned between water and ethyl acetate. The separated aqueous

229
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phase was further exiracied with ethyl acetate.  The organic phase was dried (Nay50y), filtered,
and concentrated. The crude product was purified by reverse-phase chromatography (acctonitrile
w/ 0.05% TFA in water), Saturated sodinm bicarbonate was used to form the free-base product,
which was extracted with DCM and concentrated to provide the title compound as a white solid.
"H NMR (500 MHz, CDCL) 8 8.66 (d, J=4.4 Hz, {H), 8.32(d, J= 29 Hz, 1H), 826 (d, J=2.0
Hz, 1H), 805 (dd, /=89, 1.8 He, 1H), 775 (td, J = 7.7, 1.7 He, 1H), 7.51 (s, IH), 7.49-7.40
(m, 3H), 7.35(dd, J=7.0,53 Hz, 1H), 728 (s, 1H), 7.22 (4, /=79 Hz, 1H), 6.72 (s, IH), 6.39
{s, 1H), 3.44 (s, 3H). MS /e 529.2 [M+H]"

Example 185a was purified by chiral HPLC {CharalPak OD, 80:20 heptane/cthanol) to give two
pure enantiomers, Example 185b and Example 185¢ {elution order: Example 185b first, Example

185¢ second).

Example 185b: 'H NMR (400 MHz, CD:0D) 8 8.60 (d, J= 4.2 Hz, 1H), 8.47 (s, 1H), 832 (d, J
=89 Hz, 1H),817(d, J=89 Hz [H), 8.01 (s, 1H), 7.88 {1, J= 7.8 Hz, 1H), 7.66 {d, J= 8.0 Hz,
1H3, 7.46 (dd, J=14.7, 7.3 Hz, 3H), 7.41-7.36 (m, 1H), 7.33 (d, /= 6.9 Hz, 28}, 6.57 (s, 11},
347 (s, 30y, MS m/e 529.2 [M+H]"

Example 185¢: 'H NMR (400 MHz, MeOD) 3 8.60(d, J=4.2 Hz, 1H), 847 (s, 1H), 832 (d, J
=89 Hz 1H), 8.17(d, /=90 Hz, 1H), 8.02 (s, 1H), 7.88(t, /= 6.9 Hz, 1H), 7.67(d,J =79 Hz,
1H), 7.53 - 7.41 (m, 3H), 7.39 (dd, J = 6.9, 5.1 Hz, 1H), 7.33(d, J= 6.8 Hz, 2H), 6.56 (s, [ H),
347 (s, 3H). MS m/e 529.2 [M-+H]"

Example 186a: (2-Azetidin-1-vi-d~chiore-3-phenviguinolin-6-y)(I-methyl-1fH{-imidazok-5-
yio-(trifluoromethypyridin-3-ylimethanol

N7 N

To a 5 mL scaled tube was added (2,4-dichloro-3-phenylguinolin-6-yl{ F-methyl-1 H-imidazol-5-

yh6-(trifluoromethyhpyridin-3-ylimethanol (200 mg, 0.38 mmol, | cquivalent, Example 109},
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aretidine {108 mg, 1.82 mmol, 5 equivalents) and dimethyiformamide (2 mb). The reaction
vessel was sealed and heated in a 100 °C oil bath. After two days, the vessel was cooled and
contenis transferred to a separatory funnel with ethy! acetate dilution. The organic phase was
extracted with saturated, aqueous ammonium chloride solution and deionized water. The organic
phase was separated, dried over magnesium sulfate, filtered and evaporated to dryness under
reduced pressure. The crude material was purified via reverse phase chromatography using
acetonitrile with ammonium hydroxide in water as cluent to provide racemic (2-azetidin-1-vi-4-
chioro-3-phenviquinolin-6-yhi{(1 -methyl-1 H-imidazol-3-yh6-(triflucromethypyridin-3-
yviimethanol, MS (ESD: mass caled, for CooHyCIENO, 549.135; vz found, 5503 E:M-I+H]+. 'H
NMR (600 MHz, McOD} 5 8.76 {d, /= 2.0 Hz, 1H), 8.04 - 7.97 (m, 2H), 783 (d. /= 8.2 Hz,
1HY, 7.78 - 7.70 {m, 2H), 7.58 (dd, 7= 8.9, 2.2 Hz, 1H), 7.51 - 7.4} {m, 3H), 7.33 (4, /= 7.8 He,
2HY, 6.33 (s, 1HD), 3.72 - 3,61 (m, 4H), 3.48 {5, 3H}, 2,10 - 2.02 (m, 2H).

Racemic (2-azetidin- 1 ~yl-d-chloro-3-phenyliquinclin-6-yl{(1 ~methyl-1 H-imidazol-5-y1}{ 6~
{trifluoromethyDpyridin-3-vljmethano! was purified on a chiraleel OD column (20um, Diacel)
with methanol to provide two enantiomers {clution order: Example 186b first, Example 1R86¢

second},

Example 186b: MS (EST: mass caled. for CoolysCIFaNO, 549.15; w/z found, 550.3 [M+HT.
"H NMR (600 MHz, MeOD) 8 8.76 (d, /= 2.0 Hz, 1H), 8.02 (d, J= 2.0 Hz, 1H), 8.00 (dd, J =
82,20 Hz, 1H), 7.82(d, J= 82 Hz, 1H), 7.76 - 7.71 {m, 2H), 7.58 (dd, J = 8.9, 2.2 Hz, 1H),
7.48 - 741 (m, 3H), 7.34 — 7.29 (m, 2H), 6.33 (s, 1H), 3.69 - 3.62 {m, 4H), 3.48 {5, 3H), 2.09 —
2.60 (m, 2H).

Example 186¢: M3 (ESI): mass caled. for CoolnCIFsN:O, 549.15; vz found, 550.3 [M+H].
"H NMR (600 MHz, MeOD) 8 8.76 (d, /= 2.0 Hz, 1H), 8.02 (d, J= 2.1 Hz, 1H), 8.00 (dd, .J =
8.3,2.0Hz, H), 783 (d, J=82 Hz, {H). 7.77 - 7.71 {m, 2H), 7.58 (dd, J = 8.9, 2.2 Hz, 1H),
750741 (m, 3H), 732 (dd, /=58, 1.9 Hz, 2H), 6.33 (d, J= 1.1 He, 1H)}, 3.66 (1, J=7.1 He,
4H), 3.48 (s, 3H), 2.09 — 2.00 (m, 2H).

Example 187 (4-ChlorephenyD)(2.4-dichiore-3-3-chlorophenyhguinolin-6-yvl){i-methyl-

1H-imidazol-5-vimethanol
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A solution of »-Buli (1.6 M in hexanes, 2.41 ml, 3.9 mmol} was added to 6-bromo-2.4-

dichloro-3-(3~chlorophenyliquinoline (1.0 g, 2.6 mmol, Intermediate 60, step ¢) in THF (10 mL)
at ~70 °C under nitrogen. The mixture was stirred at -70 °C for 45 min before addition of (4-
chlorophenyl)(1-methyl-1 H-imidazol-5-yhmethanone (0.85 g, 3.9 mmol, Intermediate 18, step
b). The mixture was stirred at =70 °C for | hour, then brought to -50 °C and quenched by
addition of water. The mixture was extracted with EtOAc. The organic phase was dried
(NupSCy), filiered, and concentrated. The residoe was purified by flash column chromatography

{silica gel, DCM/MeOH/NH,OH, 97/3/0 1) to afford the title compound. MS mv/e 5330.2 [M+H] .

Example 188: (4-Chlorophenyh{2,4-dichioro-3-(pyridin-2-vhguinolin-6~ylj(1-methy:-14-

imidazel-4-ylimethanel

Ci

Into a 100-mb round-bottom flask were placed, under mitrogen, a solution of 6-bromo-2.4-
dichioro-3-{pyridin-2-yliquimoline (380 mg, 1.07 mmol, 1.20 couivalents, Intermediate 61, step
¢) in tetrabydrofuran {10 mL}, This was followed by the addition of n-Buli {3 M in hexane, 0.43
ml., 1.28 mmol, 1.40 equivalents) dropwise with stirring at -78 *C. In 30 mun a solution of (4-
chloropheny{1-methyl-1 H-imidazol-5-yhimethanone (199 mg, 0.90 mmol, 1.00 cquivalents,
Intermediate 18, step b} n tetrahydrofuran (10 ml) was added dropwise. The resulting solution
was allowed to warm to room temperature and stirred for an additional 2 hours. The reaction was
then quenched with 10 mb of NH4Cl and then concentrated under vacuum. The crude product
{200 mg) was purified by Prep-HPLC {45-659% MeOH in water, .05% TFA} to yield the title
compound as a white solid. "HNMR (300 MHz, CHLOROFORM-d + D0, mixture of rotamers,
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ratic 1.0:1, single rotamer peaks marked * where separated) 5 8.75 {(br. 5., 2H), 8.50 {(br. 5., ZH),
8.33 - 8.44 (m, THY*, 818 - 833 (m, 1H), 803 - 8.15 (m, 2H}, 7.99 - 802 (m, 2H), 7.70 - 7.86
{m, 2H}, 7.44 - 7.59 (m, 4H), 7.31 - 7.44 {m, 6H}, 6 58 - .79 (m, ZH}, 3.59 (br. 5., 6H); MS m/e
495 [(M+H]".

Example 189:  {@-Chlorophenyh(24-dichloro-3-{pyridin-3-yDguinohn-6-yD{ methy b1 H-

imidazol-5-yhmethanel
Cl_2
<

Into a 13{-mL round-bottom flask were placed, under nitrogen, a solution of 6-bromo-2.4-

N
\NX\E\i

—

-~

dichloro-3-(pyridin-3-yhquinoline (160 mg, 8.45 mmol, 1.08 cquivalent, Intermediate 51, step ¢
in tetrahydrofuran {10 mb). This was followed by the addition of t-Bubi (0.85 ml, 3.00
equivalents, 1.6 M in hexane} dropwise with stirring at -78 °C. In 30 min 3 solution of (4-
chiorophenyl¥{ 1-methyl-1 H-imidazol-5-yDimethanone (121 mg, 0.55 mmol, 120 equivalents,
Intermediate 18, step b} in tetrabydrofuran {10 mL} was added dropwise. The resulting solution
was allowed to warm to -40 °C for an additional 30 min, followed by stirring at room
temperature overnight. The reaction was then quenched with 10 mb of NH,Cl, and extracted
with 3510 mL of ethyl acetate. The combined organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated vnder vacim. The crude product (400 myg) was purified by
Prep-HPLC {22-44% acctonitrile in water, (.05% TFA) to vicld the title compound as an off-
white solid. "H NMR {400 MHz, McOD, muxture of rotamers, ratio 1:0.8, minor rotamer peaks
marked *) 8 9.03 {s, 2H), 8.73 - .82 (m, 2H}, 8.70 (s, 1H)}, 8.59 - 8.67 (m, 1H}*, 831 - 844 (m,
2H), 804 - 817 {m, 4H), 7.89 - 8.02 (m, 2H), 7.69 ~ 7.83 {m, 2H), 7.37 - 7.58 {m, §H}, 6.95 -
T7.04 (o, 2H), 3.75 s, 3HP, 3.73 €5, 3HY MS m/e 495 [MHH] .

Example 199
{2 4-Dichlore-3-3-flucropheny-8-methylguinelin-6-yi{4-HuorophenyD{-methyb1H-

tmidazol-S-vhmethanol
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A round bottom  flask  was  charged with  6-brome-2 4-dichiore-3-(3-fluorophenyl}-&-
methylquinoling {1.00 g, 2.60 mmoel, Intermediate 50, step ¢} and (4-fluorophenyl}{1~-methyl-1 /-
immidazol-3-yhimethanone (583 mg, 2.86 mmol, Intermediate 49, step b) and was evacuated and

re-filled with argon (three times). THE (20 mL) was added, and the sohition was ¢ooled in a dry
ice acetone bath for 2 minutes. At this point the mixture began to turn cloudy and n-Buli (1.6 M
in hexane, 2.11 mL, 3.38 mimol), was added over about 1 minute. The mixture was stirred at -78
°C for 10 minutes, then in an ice water bath for 1 hour. The reaction was quenched by addition
of saturated aqueons NHCL, diluted with waler and extracted with EitQAc (3X). The organic
phase was dried {(NapSQy), filtered, and concentrated. The vesidue was purified by flash column
chromatography (silica gel, 30-60% acetone-DUM) to afford slightly impure title compound as
an off-white solid. 'H NMR (400 MHz, CHLOROFORM-d) 8 8.09 (s, 1H), 7.60 (5, 1H), 7.4 -
7.55 (m, EH), 7.30 - 739 (m, 3H), 715 - 723 {m, 1H), 7.01 - 712 (m, 4H), 6.40 (s, 1H), 4.00
(br. s 3.40 (5, 3H), 2.74 (3, 3H). MS mv/e S10.1 [M+H] .

Example 191
{2 4-Dichlore-3-(3-fluorophenyi-§-methyiquinolin-6-yH{1-methyl- 1 H-imidazob-5-y(6-

{trifluoromethylpyridin-3-vhmethanol

n-Huli (1.6 M in hexane, 1.91 mi, 3.05 mmol) was added over approximately | minute to a
solution of 6-bromo-2 4-dichloroe-3-(3-fluorophenyl)-8- mcthyiquo ine {1.23 g, 3.20 mmol,
Intermediate 50, step o) in THF (10 mL) under argon at -78 °C. Afier | minute, a solution of (1-
methyl-1 H-imitdazob-3-yI{6-{triffuoromethylpyridin-3-yimethanone (817 mg, 3.20 mmol,
Intermediate 15, step ¢) in 10 mL THF under argon was added via cannala. The resuiting
mixture was stirred at -78 °C for 10 minutes, then transferred to an ice water bath and stirred 1
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hour, The reaction was quenched by addition of saturated aqueons NH,CI, diluted with water
and extracted with EtOAc (3X). The organic phase was dried {Na,;30y), filtered, and
concentrated. The residue was purified by flash column chromatography (silica gel, 45-60%
CHACN in 2% cong. aqueous NH4OH in DCM, agqueous phase removed]) to afford the title
componnd as a cream colored solid. 'H NMR (400 Mz, CHLOROFORM-d) 8 8.83 (s, 1H),
8.14(dd, /=183, 746 Hz, 1H), 7.92(d, /= 8.31 Hz, 1H), 7.65(d, /=831 Hz, 1H}, 7.57 - 7.62
{m, tH), 7.44 - 7.53 {m, 1H}, 720 (¢d, J=2.20, 831 Hz, 1H}, 7.09 (t, / = 6.60 Hz, 1H), 7.01 -
707 (m, 1H), 6.29(d, /=098 Hz, 1H), 6.02 {br. s, 1H}, 3.37 {5, 3H}, 2.74 {5, 3H). M8 m/e
561.2 [M+H]".

Example 192
(2 4-Dichlore-J-{4-uorophenyl}-8-methylguinelin-6-yi{ L-methvi-1 H-imidazol-8-vhi(6-

{tritfluoromethyhpyridin-3-yhmethanol

n-Butylithium (0.78 mL, 1.249 mmol) was added 10 a -78 °C mixture of 6-bromo-2,4-dichloro-
3-{4-fluorophenyi)-8-methyiguinoline {0.37 g, 0.961 mmol, Intermediate 59, step ¢} and (1-
methyl-1 H-imidazol-S-yhi{6-(wifluoromethylpyridin-3-yhmethanone  (0.27 g 1.057 mmol,
intermediate 15, step ¢} in dry THF (10 mL} over a 2 min period. Afier complete addition
stirring was continued at -78 °C for 10 min then the reaction was warmed up to 0 °C and stirred
for 1 howr. Saturated NH,Cl was added and the reaction mixture slowly warmed to room
temperature. Water was added and the layers were separated. The aqueous layer was extracted
with EtOAc. The combined organic extracts were dried over Nay5Qy, filtered, evaporated in
vacuo and chromatographed (EtOAC/DCM gradient) to provide the title compound. 'H NMR

(CHLOROFORM-d} 5: 8.84 (d, J = 2.0 Hz, 1H), 8.14 (d, T = 2.0 Hz, 1H), 792 (4, J = 2.0 Hz,
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{H), 7.66 (d, T = 8.6 Hz, 1H), 7.60 (s, 1), 7.26 - 7.38 (m, 3H), 7.16 - 7.25 (m, 2H), 6.37 (s, 1H),
3.81 (s, 1H1), 3.39 (s, 3H), 2.75 (s, 3H); MS(EST) 561.1.

IN VITRO BIOLOGICAL DATA

ThermoFluor® Assav

ThermoFluor® 13 a flucrescence based assay that estimates ligand binding affinities by
measuring the effect of a Hgand on protein thermal stability (Pavtoliano, M. W, Petrella, E. C,,
Kwasnoski, §. D, Lobancv, V. 8., Myslik, J, Graf, B Carver, T., Asel, B, Springer, B. A,
Lane, P, and Salemme, F. R. (2001} High-density miniaturized thermal shift assays as a general
strategy for drug discovery. J Biomol Screen 6, 429-40, and Matulis, D., Kranz, §. K., Salemme,
F. R, and Todd, M. J. (2005) Thermodynamic stability of carbonic anhvdrase: measurcments
of binding affinity and stoichiomotry using Thermobluor, Biochemistry 44, 5258-66). This
approach is applicable to & wide variety of systems, and rigorous in thooretical interpretation

through quantitation of equilibrium binding constanis ().

In a ThermoFluor® experiment where protein stability is monitored as the temperature is steadily
increased, an equilibrium binding ligand causes the midpoint of an unfolding transition (7)) to
occur at a higher temperature. The shift in the melting point described as a AT, is proportional
to the concentration and affinity of the ligand. The compound potency may be compargd as a
rank order of cither AT, values at a single compound concentration or in terms of Kj; values,

estimated from concentration response curves.

RORyt ThermoFluor® Assay Construct

For the RORyt construct used in the ThermoFluor® assay, numbering for the nucleotide
sequences was based on the reference sequence for human RORyt, transcript variant 2, NCBI

Accession: NM 0010015231 (SEQ 1D NO: 1), Nucleotides 850-1635 (SEQ 1D NO:2) coding for
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the wild type human RORyt ligand binding domain (RORyt LBD) were cloned into the pHIS1
vector, a modified pET £. coli expression vector (Accelagen, San Diego), containing an in-frame
N-terminal His-tag and a TurboTEV protease cleavage site (ENLYFQG, SEQ ID NO:3)
upstream of the cloned insert sequence. The amino acid sequence for the RORyt construct used

in the Thermofluor assay is shown as SEQ ID NO:4.

ThermoFluor® experiments were carried out using instruments owned by Janssen Research and
Discovery, L.L.C. through its acquisition of 3-Dimensional Pharmaceuticals, Inc. 1,8-ANS
(Invitrogen) was used as a fluorescent dye. Protein and compound solutions are dispensed into
black 384-well polypropylene PCR microplates (Abgene) and overlayed with silicone oil (1 uL,
Fluka, type DC 200) to prevent evaporation.

Bar-coded assay plates are robotically loaded onto a thermostatically controlled PCR-type
thermal block and then heated at a typical ramp-rate of 1 °C/min for all experiments.
Fluorescence was measured by continuous illumination with UV light (Hamamatsu LC6)
supplied via fiber optic and filtered through a band-pass filter (380-400 nm; >6 OD cutoff).
Fluorescence emission of the entire 384-well plate was detected by measuring light intensity
using a CCD camera (Sensys, Roper Scientific) filtered to detect S00 & 25 nm, resulting in
simultaneous and independent readings of all 384 wells. Images were collected at each
temperature, and the sum of the pixel intensity in a given area of the assay plate was recorded
versus temperature. Reference wells contained RORYyt without compounds, and the assay
conditions were as follows:

0.065 mg/mL RORyt

60 uM 1,8-ANS

100 mM Hepes, pH 7.0

10 mM NaCl

2.5 mM GSH

0.002% Tween™-20

CAN_DMS: \132855885\1 237
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Project compounds were arranged in a pre-dosed mother plate {Greiner Bio-one) wherein
compounds are serially dituted in 100% DMSO by 1:2 from a high concentration of 10 mM over
12 columns within a serics (column 12 is a reference well containing DMSQO, no compound).
The compounds were robotically dispensed dirvectly into assay plates (1x =46 nl) using a
Hummingbird capillary liquid handling instrument {Digilab). Following compound dispense,
protein and dve in buffer was added 1o achicve the final assay volume of 3 pL, followed by | plL

of silicone oil.

The binding affinity was estimated as described previously (Matulis, D, Kranz, J. K., Salemme,
F. R, and Todd, M. }. (2005) Thermodynamic stability of carbonic anhydrase: measurements of
binding affinity and stoichiometry using ThermoFluor®. Riochemistry 44, 5258-66) using the

following thermodynamic parameters of protein unfolding:

Reference RORyt 7,,: 47.8 °C
AH{’Fm} =115 keal/mol

ACrm = 3 keal/mol

CELL BASED BIOLOGICAL DATA

RORyt Reporter Assay

A reporter assay was uscd to test functional activity of RORyt modulatory compounds on
franscriptional activation driven by the RORyt LBD. Cells used in the assay were co-transfected
with two counstructs. The first construct, pBIND-RORyt LBD, contained the wild type human
RORyt LBD fused 0 the DNA bhinding domain of the GAL4 protein. The second construct,
pGL4.31 {(Promega Cat no. (U935A), contained multiple GAL4 responsive DNA elements
upstream of firefly luciferase. To generate a background control, cells were similarly co-
ransfected with two constructs, but in the first construct the AF2 amino acid metif in the RORyt
LBD was changed from LYKELF (SEQ ID NO:S) to LFKELF (SEQ D NO:6). The AF2
mutation has been shown to prevent co-activator binding to the RORyt LBD, thus preventing

transeription of firefly luciferase. The mutant construct was called pBIND-RORyt-AF2,

[ Q]
e}
o



CA 02888485 2015-04-15

WO 2014/062667 PCT/US2013/065026

For the RORyt constructs used in the reporter assay, nurnbering for the nucleotide sequences was
alse based on the refercnee sequeonce for human RORyt, transeript variant 2, NCBI Accession;
NM_ (010015231 (SEQ ID NO:1}. For the wild type hwwan RORyt LBD construct, pBIND-
RORyt LBD, nucleotides 850-1635 (SEQ 1D NO:2) coding for the wild type human RORyt LBD
were cloned inte EcoRI and Notl sites in the pBIND vector (Promega cat. No E245A%. The
pBIND vector contains the GAL4 DNA Binding Domain (GAL4 DBD) and the renilla luciferase
gene under control of the SV40 promoter. Renilla luciferase expression serves as a control for
wransfection efficicncy and cell viability, For the background control construct, pBIND-RORyt-
AF2, the AF2 domain of RORyt LBD was mutated using the Quik Change I Site Dirgcted
Mutagenesis System (Stratagene Cat. No. 200519). The nucleotide sequence coding for the
RORyt LBD sequence with the mutated AF2 domain is shown as SEQ 1D NO:7. The amino acid
sequences for the wild type RORyt LBD and RORyt LBD with the mutated AF2 domain are
shown as SEQ ID NO:E and SEQ ID NG9, respectively.

The reporter assay was performed by transiently transfecting HEK293T cells with 5 pg of
pBIND-RORyt LBD or pBIND-RORyt LBD-AF2 and 5 ug pGL4.31 (Promega Cat no. C935A)
using Fugene 6 {Invirogen Cat no. BE2691) at a 1:6 ratio of DNA: Fugene 6 in a T-75 flask in
which cells were at least 80% confluent. Twenty four hours after bulk transfection, cells were
plated into 96-well plates at 50,000 cells/well in phenol-red free DMEM containing 5% Lipid
Reduced FCS and Pen/Strep. Six hours afier plating, cells were treated with compounds for 24
hours. Media was removed and cells were lysed with 50 pub ix Glo Lysis Buffer (Promega).
Dual Glo Luciferase Reagent (58 ul/welly was then added and firefly luciferase luminescence
was read on an Envision afier a toen minute mmcnbation.  Finally, Stop and Glo reagent (50
wl/welly was added and renilla luciferase luminescence was read on an Envision after a ien
minute incubation. To caleulate the effect of compounds on RORyt activity, the ratio of firefly to
renilla luciferase was determined and plotted against compound concentration. Agonist
compounds increase RORvyt-driven luciferase expression, and antagonist Or inverse agonist

compounds decrease Tuciferase expression.
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Human Thl7 Assay

The human Th17 assay tests the effect of RORyt modulatory compounds on IL-17 production by
CD4 T cells under conditions which favor Th17 differentiation.

Total CD4" T cells were isclated from the peripheral blood mononuclear cells (PBMC) of
healthy donors using a CD4" T cell isolation kit 11, following the manufacturer’s instructions
{(Miltenyi Biotec). Cells were resuspended in a medium of RPMI-1640 supplemented with 10%
fetal bovine serum, penicillin, streptomyein, ghitamate, and B-mercaptocthanol and were added
t0 96-well plates at 1.5x10° per 100 pL per well. 50 pL of compound at titrated concentrations
in DMB0 were added into each well at final DMSO concentration at $.2%. Cells were incubated
for 1 hour, then 50 pl. of Thi7 cell differentiation mediom was added to each well, The final
concentrations of antibodics and cytokines (R&D Systems) in differentiation medium werg:
3x10%mL anti-CD3/CD28 beads {prepared using lman T cell activation/expansion kit, Miltenyi
Biotee), 10 pg/mb amti-ILA4, 10 pg/mi anti-TFFNy, 10 og/mL AR, 10 ng/mbL 1123, 50 ng/ml 116,

ara

3 ng/ml TGFP and 20 U/mL 1L2. Celis were cultured at 37 °C and 3% CO; for 3 days.
Supernatants were collected and the accumulated H~17 in culture was measured by using
MULTIEI-SPOT® Cytokine Plate following manufacture’s instruction (Meso Scale Discovery).
The plate was read using Sector hnager 6600, and 1L-17 concentration was extrapolated from the

standard curve. The 1050 were determined by GraphPad.

Table |
Example ThermoFluor® Assay, HORvyt reporter RORyt reporter Assay, % Human Thi7
Number Ko {1ih) Assay, iC50 {uh} inhibition @ & uM Assay, 1Cse {ul)
1 0.96 1 a3 ND
2 0.076 0.13 100 .62, ~0.7
3 1.5 2.1 g4 ND
4 3.3 3.2 97 ND
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Example ThermoFluor® Assay, RORvt reporier RORyt reporter Assay, % Human Thi7
Number Kd {iM) Assay, €50 {uh) inhibition @ 6 pM Assay, 1Cg {ub)

5 23 0.38 79 ND

6 0.074 0.24 a0 ~8

7 53 1.2 a3 ND

& 43 2.7 78 ND

8 7.1 6.1 70 ND

16 0.029 0.1% 98 0.59
11 1.1 4.2 75 ND

12 0.022 ~{3.1 103 0.33
13 0.015 0.085 106 0.53
i3 0.45 0.82 101 ND

15 0.19 0.6 106 ND

16 0.013 0.5 105 0.13
17 0.21 0.27 102 0.94
18 9.5 »6 i7 ND

is 9.1 >6 i3 ND

G 0.13 0.33 104 0.52
23 0.12 0.86 91 ~0.9
22 0.075 0.22 104 0.44
23 0.23 0.8 &9 ND

24 0.024 0.07% 104 0.32,~0.2
25 0.085 0.094, ~0.09 g9 0.34
26 1.3 0.7 100 2.8
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Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
27 8.3 4.2 75 ND
28 0.23 ~3.2 39 4,~1
29 0.18 0.26 95 2.8
30 0.033 ~3.3 93 ~1
31 5.6 2.1 &7 ND
32 0.33 0.094 a7 0.86
33 3.3 2 78 ND
34 0.033 0.047, <0.05 100 0.14
35 0.33 0.34 a7 0.77
36 2 0.29 38 1.6
37 0.2 0.12 91 ~1
38 0.037 0.11, <0.05 2 0.27
33 2.5 1.6 86 ND
40 0.018 0.047, <0.05 100 0.056
41 0.023 0.11,~0.1 98 0.2
42 1.4 ~32 a1 ND
43 16 1.1 g9 ND
44 0.33 0.17 §7 0.55
45 2.5 1.6 75 ND
46 4 2 g4 ND
a7 0.023 0.1 101 0.32
48a 0.004 0.0075, 0.0, 105 0.019

~(.008
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Table 1, contimued

Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
A48k 0.29 0.62 101 ND
48¢ 0.0019 0.0t 105 NI
48 0.038 0.14 103 0.41
50 0.005 0.007. ~0.008, 105 0.036
<0.05
5% 1.8 ~4 75 ND
¥ 1.2 ~3 & ND
53 0.95 ~2 61 ND
54 0.038 0.15 97 0.36
55 0.33 0.82 92 ND
56 0.04 0.17 91 0.24
57 0.055 0.16 30 0.28
58 2.2 ~& 40 ND
55 4.4 ~6 37 ND
80 1.3 ~% 86 ND
61 1.8 2 84 ND
62 0.42 0.25 98 0.7
63 0.015 .0086 106 0.063
64 0.5 ~4 87 NI
&5 0.2 0.16 103 0.18
&6 0.0017 0.01 105 0.059
87 0.00063 0.013 104 0.027
88 0.003% 0.0058 1063 .048
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Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
59 0.3 0.15 99 .61
73 0.77 0.047 35 0.63
73 0.31 .082 34 0.69
72 8.5 ~2 33 ND
73 0.018 0.36 38 1.2
74 0.005 0.025 92 0.11
75 0.42 ~2 a8 ND
76 (3.0023 (3.0049 100 0.04
77 1.1 ~4 75 NI
78 0.27 ~2 92 ND
78 0.51 1.2 73 ND
80 0.055 0.025 89 0.12
81 0.17 0.32 a3 ND
82 0.56 ~4 71 ND
83 4.2 >8 -3 ND
84 1.4 0.89 73 1.3
85 0.13 0.64 92 NI
86 (.0053 0.021 103 0.037
&7 0.00011 0.0053 1065 ~0.602
88 0.00%6 0.037 100 .068
8% 0.034 0.16 99 0.3
83 0.091 0.3 96 0.8
81 0.22 0.2 97 ND
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Table 1, contimued

Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
82 0.044 0.12 100 .15
93 1.2 >G5 49 NI
S4 2.4 ) 43 ND
85 0.023 0.5 g8 >&
96 0.029 0.37 98 >6
a7 0.083 0.58 100 ND
98 0.036 0.35 a8 0.3
99 0.002 0.011, <0.05 100 0.026
146 0.35 0.16 a5 0.15
kLIS 2.5 0.4 S84 ND
02 0.041 0.14 104 0.15
i03 1.4 2.2 85 ND
104 0.03 0.039 100 .043
105 0.039 0.15 101 0.19
i06 1.3 2.3 75 ND
7 0.065 0.05% 101 0.039
108 0.33 1.1 90 NI
109 0.031 0.18 100 ND
110 0.0064 0.082 101 ND
11z 0.64 1.0,~2 77 ND
112 0.12 0.38 100 0.48
113 1.8 0.086 101 0.25
114 0.61 0.74 104 ND
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Table 1, contimued

Example ThermoFluor® Assay, RORvt reporier RORyt reporter Assay, % Human Thi7
Number Kd {iM) Assay, €50 {uh) inhibition @ 6 pM Assay, 1Cg {ub)

115 0.45 0.13 105 0.48
116 0.057 0.2 110 0.1
117 .16 0.65 a8 ND
118 0.36 0.37 94 ND
118a 0.16 0.26 101 1.8
11%b 57 ~G, »6 58 15,6
11%¢ £0.032 0.22 100 0.7
120 (.13 0.17 2] 0.4
123 1.7 ~2 72 ND
132 0.25 0.47 91 0.5
123 2.2 i) 70 ND
124 0.12 0.22 100 0.92
325 0.65 1 66 ND
126 0.02% 0.22 g7 ND
127 0.99 1.6 83 ND
128 0.087 0.14 9& 0.24
129 0.0062 0.16 100 0.08
130 0.17 0.58 97 ND
133 0.026 0.081 100 0.21
132 0.016 0.048 103 0.13
i33 1.5 »G 41 ND
134 0.29 0.52 96 1.1
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Table 1, contimued

Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
135 0.051 0.11 103 0.13
136 0.57 ~2 97 NI
137a 0.055 0.24 105 0.3
137h 0.02 (3.053 103 0.069
137¢ 18 ~2 a1 ND
1383 0.0085 0.11 a7 0.23
138h 0.0087 0.082 1072 0.057
138c 0.7 0.42 92 0.79
138 0.061 0.31 102 0.35
146 0.56 0.32 105 1.8
141 0.62 0.21 99 1.2
142 0.0076 0.092 105 0.14
143 0.0011 0.01 104 0.02
144 0.26 0.52 102 ND
145 2.1 0.25 93 1.2
46 0.077 0.13 132 ND
147 11 13 g7 N
148 (.00044 (L0055 10l ND
149 0.0035 0.02 106 ND
150 0.0083 0.04 2] ND
153 5 2.2 a5 ND
5z 0.77 0.35 97 1.2
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Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
i53a 0.071 0.23,~0.4 96 0.48, ~0.7
153k 0.27 0.6e9 93 1.6
153¢ 0.018 0.14 36 0.25
153d 35 1.5 75 ND
154 0.12 0.97 94 1.9
155 0.068 0.11 a6 ND
156 0.057 0.32 a8 ND
157 2.8 ND ND ND
158 2 0.49 79 >bH
159 0.0012 0.017 33 0.075
160 0.0061 0.12 97 0.69
181 0.078 0.17 104 0.36
162 0.2 091 82 ND
163 1.2 1.4 87 ND
is4 0.0012 0.018 a8 0.026
185 0.0024 0.048 98 0.097
166 0.036 0.18 103 0.15
167 0.4 >G 62 ND
i68 3.3 ~6 71 ND
16%s 0.0081 0.072 86 {3.066
168h 0.003 0.0038 94 0.027
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Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
18%¢ 0.052 0.1 96 .11
17¢ 0.0042 0.035 38 0.0%6
171 0.14 0.32 85 0.3
172 0.0046 0.14 $6 ND
173s 0.017 0.049 103 ND
173k 0.26 0.56 100 ND
173c 0.0047 0.085 95 0.13
i74a ND ND ND ND
174b 0.014 0.15 a3 0.57
i74c 0.87 1.8 59 ND
175a ND ND ND ND
175k 8.2 2.1 76 ND
175¢ 0.064 0.14 g5 0.11
1763 ND ND ND ND
i76b 3.4 1.5 94 ND
176 0.068 0.32 95 0.31
177a ND ND ND N
1776 0.022 0.4 83 0.2
177¢ 1.3 0.36 98 2.5
178s ND ND ND ND
178k 23 0.61 72 ND
178 0.029 0.035 96 0.045
17% N ND ND ND
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Example ThermoFluor® Assay, RORvt reporter RORyt reporter Assay, % Hurnan Thi7
Number Kd {uM} Assay, {50 {uh) inhibition @ & uM Assay, 1Cse {uM)
179k £.6 1.3 98 ND
175¢ 0.063 0.48 36 ~1
180a ND ND ND ND
180b 67 18,73 80 ~5
180¢ 0.093 0.17 99 .097
i8ia 0.016 0.14 101 ND
i8ib 0.027 0.062 99 0.12
18ic 0.023 0.053 105 0.16
182 0.00135 0.015, ~(.0006 94 0.067
183a 0.0093 >B 26 ND
183b 0.0037 »G 34 1.2
183c 0.19 0.36 73 0.87
i84a ND ND ND ND
184hb 2.5 3 a9 ND
184¢ 0.041 0.26 97 0.7
185a 0.074 0.2 100 ND
185k 0.029 0.13 103 0.096
185¢ 0.76 0.81 91 ND
186a 0.032 0.1 106 ND
186k 0.18 0.35 103 0.57
186¢ 0.006 ~0.05 103 0.017
87 0.1 0.58,~6 73 >5
138 0.62 1.7 87 ND




Table 1, continued

Example ThermoFluor® Assay, RORyt reporter RORyt reporter Assay, % Human Th17
Number Kd (uM) Assay, IC50 (uM) inhibition @ 6 uM Assay, 1Cso (M)
189 0.94 1.9 92 ND
190 ND ND ND ND
191 ND ND ND ND
192 ND ND ND ND

All data shown in Table 1 is either the value of one data point or the average of more than one

data point. In cases where more than one value is shown in a table cell, values with qualifiers

such as ~, > or < shown on the right side of the table cell could not be included in the averaging

calculation for the value shown on the left side of the table cell.

ND — no data

While the foregoing specification teaches the principles of the present invention, with examples

provided for the purpose of illustration, it will be understood that the practice of the invention

encompasses all of the usual variations, adaptations and/or modifications as come within the

scope of the following claims and their equivalents.
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What is claimed is:

1. The compounds of Formula I:

=2 R® R* Rs
R X R®

RY N~ “R7
R® Formula I

wherein:

R!is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahydropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolyl,
quinolinyl, and pyrazolyl are optionally substituted with C(O)C-ajalkyl, C(O)NH2, C(O)NHC:-
nalkyl, C(O)N(C-2alkyl)2, NHC(O)C-galkyl, NHSO:C(1-salkyl, C-syalkyl, CF3, CH2CF3, Cl,
F, -CN, OC-galkyl, N(Ca-syalkyl)z, -(CH2)3OCHs, SCa-sjalkyl, OH, COzH, CO2C1-4alkyl,
C(O)CF3, SO2CF3, OCF3, OCHF2, SO2CHs, SO2NH2, SO2NHC1-2)alkyl, SO2N(C1-2jalkyl)s,
C(O)NHSO2CHs, or OCH20OCH3; and optionally substituted with up to two additional
substituents independently selected from the group consisting of Cl, C(1-2jalkyl, SCH3, OC-
nalkyl, CF3, -CN, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents independently selected from the group
consisting of SO2CH3, SO2NH2, C(O)NHz, -CN, OC-2alkyl, (CH2)2-3OCH3, SCH3, CF3, F, Cl,
and Cq-2alkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with C(1-jalkyl;
and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally
substituted with up to three additional substituents independently selected from the group
consisting of C(O)NHC(1-zjalkyl, C(O)N(C-2jalkyl)z, NHC(O)C1-sjalkyl, NHSO2C1-4alkyl,
C(O)CF3, SO2CF3, SO2NHC1-2jalkyl, SO2N(Ca-zalkyl)2, C(O)NHSO2CHs, SO2CH3, SO2NHz,
C(O)NHz, -CN, OCq-salkyl, (CH2)2-3OCHs, SCa-sjalkyl, CF3, F, Cl, and C1-4)alkyl;
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R? is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl, N-
acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-C1-3)alkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-(3-methoxypropyl)-imidazolyl, thiadiazolyl, oxadiazolyl, or imidazolyl,
wherein said imidazolyl is optionally substituted with up to three additional substituents
independently selected from the group consisting of C(i-2jalkyl, SCH3, OC-2jalkyl, CF3, -CN, F,
and Cl; and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, are optionally
substituted with up to three additional substituents independently selected from the group
consisting of SO2CH3, SO2NH3, C(O)NHa, -CN, OC1-2alkyl, (CHz2)2-3yOCH3, SCH;3, CF3, F, Cl,
or Ca-zalkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with
up to two substituents independently selected from the group consisting of SO2CH3, SO2NHz,
C(O)NHga, -CN, OCg-zalkyl, (CH2)2-30OCHs, SCH3, CF3, F, Cl, and C(1-2)alkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with C(-2)alkyl; and said pyrazolyl is
optionally substituted with up to three CHj; groups;

R?is H, OH, OCHj3, or NHy;

R*is H, or F;

R’ is H, Cl, -CN, CF3, SCq-sjalkyl, OCq-sjalkyl, OH, C-salkyl, N(CH3)OCH3, NH(C-
palkyl), N(Ca-galkyl)2, or 4-hydroxy-piperidinyl;

R is pyridyl, pyrimidinyl, pyridazyl, pyrazinyl, thiazolyl, isothiazolyl, furanyl,
thiophenyl, oxazolyl, isoxazolyl, imidazolyl, pyrazolyl, pyrrolyl, triazolyl, oxadiazolyl,
thiadiazolyl, or phenyl, any of which is optionally substituted with up to two substituents
independently selected from the group consisting of piperidinyl, pyrrolidinyl, azetidinyl,
pyrazolyl, triazolyl, imidazolyl, —CN, C.4jalkyl, OC1-galkyl, C(O)C-g)alkyl, CO2H, CO2C1-
palkyl, NHz2, NHC1-2)alkyl, N(C(1-2)alkyl)2, SONH2, SON(CH3)2, SOoNH2, SO:NHC12)alkyl,
SO2N(Ci-2)alkyl)z, SCHs, OCH2CF3, SO2CH3, CF3, Cl, F, OH, and OCF3;

R7is H, CI, -CN, Cq-salkyl, OC-4alkylCF3, OCF3, OCHF2, OCHCHOC-#alkyl, CF3,
SCH3, Ca-4alkyINA'AZ CH,0C2-3)alkyINA'AZ NA'A2 C(O)NA!AZ CH,NHC2-3)alkyINA'AZ,
CH2N(CH3)C2-3jalkyINAAZ NHC 23)alkyINA' A%, N(CH3)C2-4alkyINA'A2 OC2-4yalkyINA'AZ,
OC-salkyl, OCH2-(1-methyl)-imidazol-2-yl, phenyl, thiophenyl, furyl, pyrazolyl, imidazolyl,
pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl; wherein said phenyl, thiophenyl, furyl, pyrazolyl,
imidazolyl, pyridyl, pyridazyl, pyrazinyl, and pyrimidinyl are optionally substituted with up to
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three substituents independently selected from the group consisting of F, Cl, CHs, CF3, and
OCH3;

Alis H, or Casalkyl;

A?is H, Casalkyl, Ca-salkylOCq-salkyl, Ca-4alkylOH, C(O)Cq-salkyl, or OC(i-4yalkyl;
or Al and A% may be taken together with their attached nitrogen to form a ring selected from the

group consisting of"

/ N
%Nk) = N/j ;7] >// Rb Ngfoﬁ‘é‘Njn'g_Ni}Ra,

F
F é_N% Ra i F F
° —\ — —\ AN ONRy ‘é‘ N-R
/O b
) - - 4N §7 }4
% N 2 % N OJ § N SJ § \OJ O 2 O \_<
N N-R
/N S -
N N-Ry 4N N-R, TN NR # b —
\_ﬁ — NH E_N N-R,
CF3 and ~/ ;

R.1s H, OCq-alkyl, CH,OH, NH(CH3), N(CH3)2, NH2, CH;s, F, CF3, SO2CH3, or OH;

Ry is H, CO2C(CHs)3, Ca-sjalkyl, C(O)Ca-aalkyl, SO2C-g)alkyl, CH2CH>CF3, CH2CF5,
CHaz-cyclopropyl, phenyl, CHz-phenyl, or C.)cycloalkyl;

R?is H, Ca-jalkyl, OCa-3jalkyl, CF3, NHz, NHCH3, -CN, or F;

R%isH, or F;
and pharmaceutically acceptable salts thereof;
provided that (4-chloro-3-phenylquinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(pyridin-3-
ylD)methanamine, (4-chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl)quinolin-6-yl)(1-methyl-14-
imidazol-2-yl)methanol, (2,4-dichloro-3-phenylquinolin-6-yl)(oxazol-2-yl)(phenyl)methanol, (4-
chlorophenyl)(2,4-dichloro-3-phenylquinolin-6-yl )(2-methyl-4-(trifluoromethyl)thiazol-5-
yD)methanol, (4-chloro-3-phenylquinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(pyridin-4-
yl)methanamine, (4-chlorophenyl)(3-(2,6-dichlorophenyl)quinolin-6-yl)(1-methyl-14-imidazol-
5-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(2-(dimethylamino)pyridin-4-yl)(1-methyl-14-
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imidazol-2-yl)methanol, 4-(2-((4-chloro-6-((4-chlorophenyl)(hydroxy)(1-methyl-1/-imidazol-5-
yD)methyl)-3-phenylquinolin-2-yl)oxy)ethyl ythiomorpholine 1,1-dioxide, 1-(2-((4-chloro-6-((4-
chlorophenyl)(hydroxy)(1-methyl-1/-imidazol-5-yl)methyl)-3-phenylquinolin-2-
yDoxy)ethyl)pyrrolidin-2-one, (2-chloro-4-(dimethylamino)-3-phenylquinolin-6-yl)(pyridin-2-
yD(pyridin-4-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(2-fluoropyridin-4-yl)(1-methyl-1H-
imidazol-2-yl)methanol, (4-chloro-2-(1-methyl-1H-pyrazol-4-yl)-3-phenylquinolin-6-yl)(4-
chlorophenyl)(pyridin-3-yl)methanol, (2,4-dichloro-3-phenylquinolin-6-yl)di(pyridin-2-
yD)methanol, 6-((3-chlorophenyl)(hydroxy)(2-(trifluoromethyl)pyridin-4-yl)methyl)-3-
phenylquinoline-2-carbonitrile, (2,4-dichloro-8-methyl-3-phenylquinolin-6-yl)(1-methyl-1/4-
imidazol-4-yl)(6-methylpyridin-3-yl)methanol, (4-methoxy-3-phenyl-2-
(trifluoromethyl)quinolin-6-yl)(1-methyl-14-imidazol-5-yl)(pyridin-2-yl)methanol, (4-
chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl)quinolin-6-yl)(1-methyl-1/+-imidazol-2-
yDmethanol, and (2,4-dichloro-3-phenylquinolin-6-yl)(phenyl)(pyridin-2-yl)methanol are

excluded from the claim.

2. The compounds of claim 1, wherein:

R!is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, imidazolyl, phenyl, thiophenyl,
benzoxazolyl, pyrazolyl, pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, or
quinolinyl are optionally substituted with C(O)Ca-palkyl, C(O)NHz, Ca-sjalkyl, CF3, CH2CF3, Cl,
F, -CN, OC-galkyl, N(Ca-syalkyl)z, -(CH2)3OCHs, SCa-sjalkyl, OH, COzH, CO2C1-4alkyl,
OCF3, OCHF2, SO2CH3, SO2NH2, or OCH,OCH3; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, Ca-2jalkyl, SCH3,
OC.zalkyl, CF3, -CN, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and
thiazolyl are optionally substituted with up to two substituents independently selected from the
group consisting of SO2CH3, SO2NH2, C(O)NH2, -CN, OC1-2jalkyl, (CH2)2-30OCH3, SCH3, CF3,
F, Cl, and C-2alkyl; and said pyridyl, and pyridyl-N-oxide are optionally substituted with up to
three additional substituents independently selected from the group consisting of SO2CHj,

SO2NH2, C(O)NH3, -CN, OC-galkyl, (CH2)2-30CH3, SCq-gjalkyl, CF3, F, Cl, and C-g)alkyl;
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R?is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazolyl, pyrimidinyl,
oxazolyl, isoxazolyl, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-C1-3)alkyl-
piperidinyl, thiazolyl, pyridazyl, pyrazinyl, 1-(3-methoxypropyl)-imidazolyl, or 1-Cq-zalkyl
imidazolyl; wherein said 1-Cg-2)alkyl imidazolyl is optionally substituted with up to two
additional substituents independently selected from the group consisting of C(1-2)alkyl, SCH3,
OC-zalkyl, CF3, -CN, F, and Cl; and said pyridyl, and pyridyl-N-oxide are optionally
substituted with up to three additional substituents independently selected from the group
consisting of SO2CH3, SO2NH;, C(O)NHy, -CN, OC1-2jalkyl, (CH2)2-3yOCH3, SCH3, CF3, F, Cl,
and Cq-2jalkyl; and said thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to
two substituents independently selected from the group consisting of SO2CH3, SO2NHz,
C(O)NHga, -CN, OCg-zalkyl, (CH2)2-3OCH3, SCH3, CF3, F, Cl, and C-2)alkyl; and said 1-
methyl pyrazolyl is optionally substituted with up to two additional CH3 groups;

RS is pyridyl, pyrimidinyl, pyridazyl, pyrazinyl, or phenyl, any of which is optionally
substituted with -CN, CHs, OCq-4jalkyl, N(Ca-2)alkyl)2, SONH2, SON(CHs)2, OCH:CF3,
SO2CHs, CF3, CL F, or OCF3;

R’ is H, Cl, -CN, C-aalkyl, OCq-4alkylCF3, OCH2CH20C-syalkyl, CF3, SCH3,
CH2NA'AZ CH,0C(23)alkylINA'AZ NA'AZ C(O)NA'A2Z N(CH3)CzaalkyINAIAZ OC (2
palkyINA'A2 OC(1-4alkyl, OCH,-(1-methyl)-imidazol-2-yl, furyl, pyrazolyl, imidazolyl, pyridyl,
pyridazyl, pyrazinyl, or pyrimidinyl; wherein said imidazolyl or pyrazolyl is optionally
substituted with one CH3 group;

A'is H, or Casalkyl;

A?is H, Ca-salkyl, Ca-salkylOCq-salkyl, Ca-4alkylOH, C(O)Cq-salkyl, or OCq-salkyl;
or Al and A% may be taken together with their attached nitrogen to form a ring selected from the

group consisting of’
&N

) 4§—N/\| N

< 4N N-Rp 4§—N/_\N—Rb —

--N N-R,
_E_NQR37 _E_N/Doj § \_< b’ \_ﬁ | \_ﬁ and AE—N\_/N—Rb.

Rais H, OCq-galkyl, CH2OH, NH(CH3), N(CH3)2, NH2, CHj3, F, or OH;

Ra

2
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Ry is H, CO2C(CHs)3, Ca-sjalkyl, C(O)Ca-aalkyl, SO2Cq-sjalkyl, CH2CH2CF3, CH2CF3,
CHa-cyclopropyl, phenyl, CHz-phenyl, or Ci.)cycloalkyl;
R*is H, CH3, OCHG, or F;

and pharmaceutically acceptable salts thereof.

3. The compounds of claim 2, wherein:

R! is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
C(0O)Ca-salkyl, C(O)NHz, Ca-salkyl, CF3, CH2CF3, Cl, F, -CN, OCg-salkyl, N(Ca-g)alkyl)z, -
(CH2)30CH3, SCa-alkyl, OH, COzH, CO2Cq-4jalkyl, OCF3, OCHF2, SO.CH3, SO2NH_, or
OCH20CHs; and optionally substituted with up to two additional substituents independently
selected from the group consisting of Cl, OCHs, and CH3; and wherein said triazolyl, oxazolyl,
isoxazolyl, and thiazolyl are optionally substituted with one or two CH3 groups;

R? is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazolyl, pyrimidinyl,
pyrazinyl, oxazolyl, isoxazolyl, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-C1-
nalkyl-piperidinyl, thiazolyl, pyridazyl, 1-(3-methoxypropyl)-imidazolyl, or 1-Cq-2jalkyl
imidazolyl; wherein said 1-C(-2)alkyl imidazolyl is optionally substituted with up to two
additional CH3 groups, or one substituent selected from the group consisting of SCH3, and ClI,
and said pyridyl, and pyridyl-N-oxide are optionally substituted with up to two subsitutents
independently selected from the group consisting of SO2CH3, SO2NH2, C(O)NH3, -CN, OCHj,
CF3, Cl, and CH3; and said thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up
to two CH3s groups; and said 1-methyl pyrazolyl is optionally substituted with up to two
additional CH3 groups;

RS is pyridyl or phenyl, either of which is optionally substituted with -CN, CH3, OCHj,
N(CHs)2, SONH2, SO:CH3, CF3, CL F, or OCF3;

R’ is H, CI, -CN, Cq-salkyl, OC-4alkylCF3, OCH2CH20C1-4jalkyl, CF3, SCH3, NA'A?,
C(O)NA'AZ N(CH3)C2-4alkyINA'A?, OC24alkyINA'A?, OC(1-4alkyl, OCH2-(1-methyl)-
imidazol-2-yl, imidazolyl, furyl, pyrazolyl, pyridyl, or pyrimidinyl; wherein said imidazolyl or
pyrazolyl is optionally substituted with one CH3 group;
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Alis H, or Cq-salkyl;
A?is H, Ca-salkyl, Ca-salkylOCq-salkyl, Ca-4alkylOH, C(O)Cq-salkyl, or OCq-salkyl;
or A and A? may be taken together with their attached nitrogen to form a ring selected from the

group consisting of’

4N -§—N/\| 4N
M 0 e 10 00 Y 1w

2 2 2 2 2 2

4N O 4N N-Ry
_/ , and n_/

Rais H, F, OC(-4)alkyl, or OH;

Ry is C-palkyl, C(O)CHj3, or phenyl;
and pharmaceutically acceptable salts thereof;
provided that (4-chloro-3-phenylquinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(pyridin-3-
ylD)methanamine, (4-chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl)quinolin-6-yl)(1-methyl-14-
imidazol-2-yl)methanol, (2,4-dichloro-3-phenylquinolin-6-yl)(oxazol-2-yl)(phenyl)methanol, (4-
chloro-3-phenylquinolin-6-yl)(1-methyl-1/-imidazol-5-yl)(pyridin-4-yl)methanamine, (4-
chlorophenyl)(3-(2,6-dichlorophenyl)quinolin-6-yl)(1-methyl-1H-imidazol-5-yl)methanol, (4-
chloro-3-phenylquinolin-6-yl )(2-(dimethylamino)pyridin-4-yl)(1-methyl-1H-imidazol-2-
yD)methanol, 4-(2-((4-chloro-6-((4-chlorophenyl)(hydroxy)(1-methyl-1/4-imidazol-5-yl)methyl)-
3-phenylquinolin-2-yl)oxy)ethyl)thiomorpholine 1,1-dioxide, 1-(2-((4-chloro-6-((4-
chlorophenyl)(hydroxy)(1-methyl-1H-imidazol-5-yl)methyl)-3-phenylquinolin-2-
yDoxy)ethyl)pyrrolidin-2-one, (2-chloro-4-(dimethylamino)-3-phenylquinolin-6-yl)(pyridin-2-
yD(pyridin-4-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(2-fluoropyridin-4-yl)(1-methyl-14-
imidazol-2-yl)methanol, (4-chloro-2-(1-methyl-1H-pyrazol-4-yl)-3-phenylquinolin-6-y1)(4-
chlorophenyl)(pyridin-3-yl)methanol, (2,4-dichloro-3-phenylquinolin-6-yl)di(pyridin-2-
yD)methanol, 6-((3-chlorophenyl)(hydroxy)(2-(trifluoromethyl)pyridin-4-yl)methyl)-3-
phenylquinoline-2-carbonitrile, (2,4-dichloro-8-methyl-3-phenylquinolin-6-yl)(1-methyl-1H-
imidazol-4-yl)(6-methylpyridin-3-yl)methanol, (4-methoxy-3-phenyl-2-
(trifluoromethyl)quinolin-6-yl)(1-methyl-1/4-imidazol-5-yl)(pyridin-2-yl)methanol, (4-
chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl)quinolin-6-yl)(1-methyl-1H-imidazol-2-
yDmethanol, and (2,4-dichloro-3-phenylquinolin-6-yl)(phenyl)(pyridin-2-yl)methanol are
excluded from the claim.
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4. The compounds of claim 3, wherein:

R!is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
SO,CH3, C(O)CHj3, C(O)NH,, CH3, CH2CHs, CF3, Cl, F, -CN, OCHj3, N(CHs),, -(CH2)30OCH3,
SCH3, OH, COzH, CO>C(CHj3)3, or OCH20CHS3; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCHj3, and CHj3;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl are optionally substituted with one
or two CH3 groups;

R?is 1-methyl-1,2,3-triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazol-4-yl,
pyrimidin-5-yl, pyridazyl, pyrazin-2-yl, isoxazolyl, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-
piperidinyl, N-Cq-zjalkyl-piperidinyl, thiazol-5-yl, 1-(3-methoxypropyl)-imidazol-5-yl, or 1-C-
zalkyl imidazol-5-yl; wherein said 1-C(-2)alkyl imidazol-5-yl is optionally substituted with up to
two additional CH3 groups, or one substituent selected from the group consisting of SCH3, and
Cl; and said pyridyl, and pyridyl-N-oxide are optionally substituted with up to two substituents
independently selected from the group consisting of C(O)NH2, -CN, OCH3, CFj3, Cl, and CHs;
and said thiazol-5-yl, and said isoxazolyl are optionally substituted with up to two CH3 groups;
and said 1-methyl pyrazol-4-yl is optionally substituted with up to two additional CH3 groups;

R’is H, CI, -CN, CF3, SCHs, OC(13)alkyl, OH, C(-ajalkyl, N(CH3)OCH3, NH(C(1-2)alkyl),
N(Ca-2alkyl)z, or 4-hydroxy-piperidinyl;

R® is pyridyl or phenyl, either of which is optionally substituted with Cl, F, CF3, SO.CHs3,
-CN, or OCF3;

R’ is H, Cl, -CN, Cqualkyl, OCH2CF3, OCH2CH,OCH3, CF3, SCH3, NA'AZ,
C(O)NHCH3, N(CH3)CH2CH2NA'A% OCH2CH2NA'A2 OC(1-3)alkyl, OCH2-(1-methyl)-
imidazol-2-yl, imidazol-2-yl, fur-2-yl, pyrazol-4-yl, pyrid-3-yl, or pyrimidin-5-yl; wherein said
imidazolyl or pyrazolyl is optionally substituted with one CH3 group;

Alis H, or Cq-salkyl;
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A?is H, Ca-salkyl, Ca-salkylOCq-4alkyl, Ca-salkylOH, C(O)C-palkyl, OCHs; or Al
and A% may be taken together with their attached nitrogen to form a ring selected from the group

consisting of:

] N :
;Wj ST g e O

4N O 3N N-R,
__/ 7and _/

Rais H, F, OCH3, or OH;

Ry is CH3, or phenyl;
and pharmaceutically acceptable salts thereof;
provided that (4-chloro-3-phenylquinolin-6-yl)(1-methyl-1/H-imidazol-5-yl)(pyridin-3-
ylD)methanamine, (4-chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl)quinolin-6-yl)(1-methyl-14-
imidazol-2-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(pyridin-
4-yl)methanamine, (4-chlorophenyl)(3-(2,6-dichlorophenyl)quinolin-6-yl)(1-methyl-1/4-
imidazol-5-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(2-(dimethylamino)pyridin-4-yl)(1-
methyl-1H-imidazol-2-yl)methanol, 4-(2-((4-chloro-6-((4-chlorophenyl )(hydroxy)(1-methyl-14-
imidazol-5-yl)methyl)-3-phenylquinolin-2-yl)oxy)ethyl)thiomorpholine 1,1-dioxide, 1-(2-((4-
chloro-6-((4-chlorophenyl)(hydroxy)(1-methyl-1H-imidazol-5-yl)methyl)-3-phenylquinolin-2-
yDoxy)ethyl)pyrrolidin-2-one, (2-chloro-4-(dimethylamino)-3-phenylquinolin-6-yl)(pyridin-2-
yl)(pyridin-4-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(2-fluoropyridin-4-yl)(1-methyl-14-
imidazol-2-yl)methanol, (4-chloro-2-(1-methyl-1H-pyrazol-4-yl)-3-phenylquinolin-6-yl)(4-
chlorophenyl)(pyridin-3-yl)methanol, (2,4-dichloro-3-phenylquinolin-6-yl)di(pyridin-2-
yl)methanol, 6-((3-chlorophenyl)(hydroxy)(2-(trifluoromethyl)pyridin-4-yl)methyl)-3-
phenylquinoline-2-carbonitrile, (2,4-dichloro-8-methyl-3-phenylquinolin-6-yl)(1-methyl-1H-
imidazol-4-yl)(6-methylpyridin-3-yl)methanol, (4-methoxy-3-phenyl-2-
(trifluoromethyl)quinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(pyridin-2-yl)methanol, (4-
chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl )quinolin-6-yl)(1-methyl-1H-imidazol-2-
yDmethanol, and (2,4-dichloro-3-phenylquinolin-6-yl)(phenyl)(pyridin-2-yl)methanol are

excluded from the claim.

5. The compounds of claim 4 wherein:
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R!is pyrrolyl, triazolyl, imidazolyl, thiazolyl, pyridyl, pyridyl N-oxide, pyrazinyl,
pyrimidinyl, pyridazyl, piperidinyl, phenyl, isoxazolyl, thiophenyl, benzoxazolyl, pyrazolyl or
quinolinyl; wherein said piperidinyl, pyridyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, and
pyrazolyl are optionally substituted with C(O)CH3, C(O)NH2, CH3, CH2CHj3, CF3, CLL F, -CN,
OCHj3, N(CHz)z2, -(CH2)3:0CH3, SCH3, OH, CO2H, CO2C(CHj3)3, or OCH20CH3; and optionally
substituted with up to two additional CH3 groups, or one additional chloro group; and wherein
said triazolyl, isoxazolyl, and thiazolyl are optionally substituted with one or two CH3 groups;

R?is 1-methyl-1,2,3-triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazol-4-yl,
pyrimidin-5-yl, pyridazyl, pyrazin-2-yl, isoxazol-4-yl, isoxazol-5-yl, N-acetyl piperidin-3-yl, N-
acetyl piperidin-4-yl, 1-H-piperidin-3-yl, 1-H-piperidin-4-yl, N-Boc-piperidin-3-yl, N-Boc-
piperidin-4-yl, N-C(1-zjalkyl-piperidin-3-yl, N-C-2jalkyl-piperidin-4-yl, thiazol-5-yl, 1-(3-
methoxypropyl)-imidazol-5-yl, or 1-C1-2jalkyl imidazol-5-yl; wherein said 1-C1-2jalkyl
imidazol-5-yl is optionally substituted with up to two additional CH3 groups, or one substituent
selected from the group consisting of SCH3, and Cl; and said pyridyl is optionally substituted
with up to two subsitutents selected from the group consisting of C(O)NHz, -CN, OCH3, CF3, Cl,
and CH3; and said thiazol-5-yl, isoxazol-4-yl, and isoxazol-5-yl are optionally substituted with
up to two CHs groups; and said 1-methyl pyrazol-4-yl is optionally substituted with up to two
additional CH3 groups;

RS is pyridyl or phenyl, wherein said phenyl is optionally substituted with Cl, F, CF3,
SO2CHs, or OCFj3;

R’ is H, CI, -CN, Cq3jalkyl, OCH-CF3, OCH.CH,OCHj3, CF3, SCH3, NA'AZ
N(CH3)CH2CH2N(CH3)2, OCH2CH2NH2, OCH2CH2-N-aziridinyl, OCH2CH2NHC(O)CH3,0C1-
palkyl, OCHz-(1-methyl)-imidazol-2-yl, pyrid-3-yl, or pyrimidin-5-yl;

A'is H, or Ca-salkyl;

A?is H, Ca-salkyl, Ca-salkylOCq-4alkyl, Ca-salkylOH, C(O)C-nalkyl, or OCH3; or Al
and A% may be taken together with their attached nitrogen to form a ring selected from the group
consisting of:

5 3 4 4N N-R
§N1}Ra’ ENQRaJ #N. O and N b

Rais H, OCH3, or OH;
Ry is CH3, or phenyl;
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R®is H, CHs, or F,;
and pharmaceutically acceptable salts thereof;
provided that (4-chloro-3-phenylquinolin-6-yl)(1-methyl-1/-imidazol-5-yl)(pyridin-3-
ylD)methanamine, (4-chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl)quinolin-6-yl)(1-methyl-1/4-
imidazol-2-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(pyridin-
4-yl)methanamine, (4-chlorophenyl)(3-(2,6-dichlorophenyl)quinolin-6-yl)(1-methyl-14-
imidazol-5-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(2-(dimethylamino)pyridin-4-yl)(1-
methyl-14-imidazol-2-yl)methanol, (2-chloro-4-(dimethylamino)-3-phenylquinolin-6-
yl)(pyridin-2-yl)(pyridin-4-yl)methanol, (4-chloro-3-phenylquinolin-6-yl)(2-fluoropyridin-4-
yD)(1-methyl-1H-imidazol-2-yl)methanol, (2,4-dichloro-3-phenylquinolin-6-yl)di(pyridin-2-
yl)methanol, 6-((3-chlorophenyl)(hydroxy)(2-(trifluoromethyl)pyridin-4-yl)methyl)-3-
phenylquinoline-2-carbonitrile, (2,4-dichloro-8-methyl-3-phenylquinolin-6-yl)(1-methyl-14-
imidazol-4-yl)(6-methylpyridin-3-yl)methanol, (4-methoxy-3-phenyl-2-
(trifluoromethyl)quinolin-6-yl)(1-methyl-1/-imidazol-5-yl)(pyridin-2-yl)methanol, (4-
chlorophenyl)(2,4-dichloro-3-(2-chlorophenyl)quinolin-6-yl)(1-methyl-1/4-1midazol-2-
yDmethanol, and (2,4-dichloro-3-phenylquinolin-6-yl)(phenyl)(pyridin-2-yl)methanol are

excluded from the claim.

6. The compounds of claim 5, wherein:

R!is pyrrolyl, triazolyl, imidazolyl, thiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazyl,
piperidinyl, phenyl, isoxazolyl, thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl,
pyridyl, phenyl, thiophenyl, and benzoxazolyl, are optionally substituted with C(O)CH3, CHs,
CF3, Cl, F, OCH3, N(CH3)2, OH, or OCH20CHS3; and optionally substituted with CH3; and
wherein said triazolyl, imidazolyl, isoxazolyl, and thiazolyl are optionally substituted with one or
two CH3z groups;

R®is H, Cl, -CN, CF3, OCq3yalkyl, OH, Cq-syalkyl, NH(CH3), N(C-2alkyl), or 4-
hydroxy-piperidinyl;

RS is phenyl, or pyridyl, wherein said phenyl is optionally substituted with Cl, F, or OCF3;

R’is H, Cl, -CN, Ca-jalkyl, CF3, NA'A2 N(CH3)CH2CH2N(CHj3)2, OC1-jalkyl, pyrid-3-
yl, or pyrimidin-5-yl;

Alis Caaalkyl;
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A?is Caualkyl, or CHCH,OCHj3; or Al and A2 may be taken together with their
attached nitrogen to form a ring selected from the group consisting of:

/\ /T
iy $- 4 SN ON-
O N )R NP R

Rais OCHs, or OH;
Ry is CH3, or phenyl;

and pharmaceutically acceptable salts thereof.

7. A compound of claim 1 selected from the group consisting of:
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and pharmaceutically acceptable salts thereof.

8. A pharmaceutical composition, comprising a compound of any one of claims 1 to 7 and a

pharmaceutically acceptable carrier.

CAN_DMS: \132854390\1 278

Date regu/Date Received 2020-04-14



9. A pharmaceutical composition made by mixing a compound of any one of claims 1 to 7 and a

pharmaceutically acceptable carrier.

10. A process for making a pharmaceutical composition comprising mixing a compound of

claim 1 and a pharmaceutically acceptable carrier.
11. Use of an effective amount of a compound of any one of claims 1 to 7, or a pharmaceutical
composition of claim 8 or 9, for the treatment or amelioration of a RORyt mediated

inflammatory syndrome, disorder or disease in a subject in need thereof.

12. Use of a compound of any one of claims 1 to 7 in the manufacture of a medicament for the

treatment or amelioration of a RORYyt mediated inflammatory syndrome, disorder or disease.

13. The use of claim 11 or 12, wherein the disease is selected from the group consisting of:

rheumatoid arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,

ankylosing spondylitis, Crohn’s disease, neutrophilic asthma, steroid resistant asthma, multiple

sclerosis, systemic lupus erythematosus, and ulcerative colitis.

14. The use of claim 11 or 12, wherein the disease is psoriasis.

15. The use of claim 11 or 12, wherein the disease is rheumatoid arthritis.

16. The use of claim 11 or 12, wherein the disease is ulcerative colitis.

17. The use of claim 11 or 12, wherein the disease is Crohn’s disease.

18. The use of claim 11 or 12, wherein the disease is multiple sclerosis.

19. The use of claim 11 or 12, wherein the disease is neutrophilic asthma.

20. The use of claim 11 or 12, wherein the disease is steroid resistant asthma.

CAN_DMS: \132854390\1 279

Date regu/Date Received 2020-04-14



21. The use of claim 11 or 12, wherein the disease is psoriatic arthritis.

22. The use of claim 11 or 12, wherein the disease is ankylosing spondylitis.

23. The use of claim 11 or 12, wherein the disease is systemic lupus erythematosus.

24. The use of claim 11 or 12, wherein the disease is chronic obstructive pulmonary disorder.

25. Use of an effective amount of a compound of any one of claims 1 to 7 or composition or
medicament thereof in a combination therapy with one or more anti-inflammatory agents, or
immunosuppressive agents, for the treatment or amelioration of a RORyt mediated inflammatory

syndrome, disorder or disease in a subject in need thereof, wherein said syndrome, disorder or

disease is selected from the group consisting of: rheumatoid arthritis, and psoriasis.

CAN_DMS: \132854390\1 280

Date regu/Date Received 2020-04-14



Formula I



	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - ABSTRACT
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - DESCRIPTION
	Page 82 - DESCRIPTION
	Page 83 - DESCRIPTION
	Page 84 - DESCRIPTION
	Page 85 - DESCRIPTION
	Page 86 - DESCRIPTION
	Page 87 - DESCRIPTION
	Page 88 - DESCRIPTION
	Page 89 - DESCRIPTION
	Page 90 - DESCRIPTION
	Page 91 - DESCRIPTION
	Page 92 - DESCRIPTION
	Page 93 - DESCRIPTION
	Page 94 - DESCRIPTION
	Page 95 - DESCRIPTION
	Page 96 - DESCRIPTION
	Page 97 - DESCRIPTION
	Page 98 - DESCRIPTION
	Page 99 - DESCRIPTION
	Page 100 - DESCRIPTION
	Page 101 - DESCRIPTION
	Page 102 - DESCRIPTION
	Page 103 - DESCRIPTION
	Page 104 - DESCRIPTION
	Page 105 - DESCRIPTION
	Page 106 - DESCRIPTION
	Page 107 - DESCRIPTION
	Page 108 - DESCRIPTION
	Page 109 - DESCRIPTION
	Page 110 - DESCRIPTION
	Page 111 - DESCRIPTION
	Page 112 - DESCRIPTION
	Page 113 - DESCRIPTION
	Page 114 - DESCRIPTION
	Page 115 - DESCRIPTION
	Page 116 - DESCRIPTION
	Page 117 - DESCRIPTION
	Page 118 - DESCRIPTION
	Page 119 - DESCRIPTION
	Page 120 - DESCRIPTION
	Page 121 - DESCRIPTION
	Page 122 - DESCRIPTION
	Page 123 - DESCRIPTION
	Page 124 - DESCRIPTION
	Page 125 - DESCRIPTION
	Page 126 - DESCRIPTION
	Page 127 - DESCRIPTION
	Page 128 - DESCRIPTION
	Page 129 - DESCRIPTION
	Page 130 - DESCRIPTION
	Page 131 - DESCRIPTION
	Page 132 - DESCRIPTION
	Page 133 - DESCRIPTION
	Page 134 - DESCRIPTION
	Page 135 - DESCRIPTION
	Page 136 - DESCRIPTION
	Page 137 - DESCRIPTION
	Page 138 - DESCRIPTION
	Page 139 - DESCRIPTION
	Page 140 - DESCRIPTION
	Page 141 - DESCRIPTION
	Page 142 - DESCRIPTION
	Page 143 - DESCRIPTION
	Page 144 - DESCRIPTION
	Page 145 - DESCRIPTION
	Page 146 - DESCRIPTION
	Page 147 - DESCRIPTION
	Page 148 - DESCRIPTION
	Page 149 - DESCRIPTION
	Page 150 - DESCRIPTION
	Page 151 - DESCRIPTION
	Page 152 - DESCRIPTION
	Page 153 - DESCRIPTION
	Page 154 - DESCRIPTION
	Page 155 - DESCRIPTION
	Page 156 - DESCRIPTION
	Page 157 - DESCRIPTION
	Page 158 - DESCRIPTION
	Page 159 - DESCRIPTION
	Page 160 - DESCRIPTION
	Page 161 - DESCRIPTION
	Page 162 - DESCRIPTION
	Page 163 - DESCRIPTION
	Page 164 - DESCRIPTION
	Page 165 - DESCRIPTION
	Page 166 - DESCRIPTION
	Page 167 - DESCRIPTION
	Page 168 - DESCRIPTION
	Page 169 - DESCRIPTION
	Page 170 - DESCRIPTION
	Page 171 - DESCRIPTION
	Page 172 - DESCRIPTION
	Page 173 - DESCRIPTION
	Page 174 - DESCRIPTION
	Page 175 - DESCRIPTION
	Page 176 - DESCRIPTION
	Page 177 - DESCRIPTION
	Page 178 - DESCRIPTION
	Page 179 - DESCRIPTION
	Page 180 - DESCRIPTION
	Page 181 - DESCRIPTION
	Page 182 - DESCRIPTION
	Page 183 - DESCRIPTION
	Page 184 - DESCRIPTION
	Page 185 - DESCRIPTION
	Page 186 - DESCRIPTION
	Page 187 - DESCRIPTION
	Page 188 - DESCRIPTION
	Page 189 - DESCRIPTION
	Page 190 - DESCRIPTION
	Page 191 - DESCRIPTION
	Page 192 - DESCRIPTION
	Page 193 - DESCRIPTION
	Page 194 - DESCRIPTION
	Page 195 - DESCRIPTION
	Page 196 - DESCRIPTION
	Page 197 - DESCRIPTION
	Page 198 - DESCRIPTION
	Page 199 - DESCRIPTION
	Page 200 - DESCRIPTION
	Page 201 - DESCRIPTION
	Page 202 - DESCRIPTION
	Page 203 - DESCRIPTION
	Page 204 - DESCRIPTION
	Page 205 - DESCRIPTION
	Page 206 - DESCRIPTION
	Page 207 - DESCRIPTION
	Page 208 - DESCRIPTION
	Page 209 - DESCRIPTION
	Page 210 - DESCRIPTION
	Page 211 - DESCRIPTION
	Page 212 - DESCRIPTION
	Page 213 - DESCRIPTION
	Page 214 - DESCRIPTION
	Page 215 - DESCRIPTION
	Page 216 - DESCRIPTION
	Page 217 - DESCRIPTION
	Page 218 - DESCRIPTION
	Page 219 - DESCRIPTION
	Page 220 - DESCRIPTION
	Page 221 - DESCRIPTION
	Page 222 - DESCRIPTION
	Page 223 - DESCRIPTION
	Page 224 - DESCRIPTION
	Page 225 - DESCRIPTION
	Page 226 - DESCRIPTION
	Page 227 - DESCRIPTION
	Page 228 - DESCRIPTION
	Page 229 - DESCRIPTION
	Page 230 - DESCRIPTION
	Page 231 - DESCRIPTION
	Page 232 - DESCRIPTION
	Page 233 - DESCRIPTION
	Page 234 - DESCRIPTION
	Page 235 - DESCRIPTION
	Page 236 - DESCRIPTION
	Page 237 - DESCRIPTION
	Page 238 - DESCRIPTION
	Page 239 - DESCRIPTION
	Page 240 - DESCRIPTION
	Page 241 - DESCRIPTION
	Page 242 - DESCRIPTION
	Page 243 - DESCRIPTION
	Page 244 - DESCRIPTION
	Page 245 - DESCRIPTION
	Page 246 - DESCRIPTION
	Page 247 - DESCRIPTION
	Page 248 - DESCRIPTION
	Page 249 - DESCRIPTION
	Page 250 - DESCRIPTION
	Page 251 - DESCRIPTION
	Page 252 - DESCRIPTION
	Page 253 - DESCRIPTION
	Page 254 - DESCRIPTION
	Page 255 - DESCRIPTION
	Page 256 - CLAIMS
	Page 257 - CLAIMS
	Page 258 - CLAIMS
	Page 259 - CLAIMS
	Page 260 - CLAIMS
	Page 261 - CLAIMS
	Page 262 - CLAIMS
	Page 263 - CLAIMS
	Page 264 - CLAIMS
	Page 265 - CLAIMS
	Page 266 - CLAIMS
	Page 267 - CLAIMS
	Page 268 - CLAIMS
	Page 269 - CLAIMS
	Page 270 - CLAIMS
	Page 271 - CLAIMS
	Page 272 - CLAIMS
	Page 273 - CLAIMS
	Page 274 - CLAIMS
	Page 275 - CLAIMS
	Page 276 - CLAIMS
	Page 277 - CLAIMS
	Page 278 - CLAIMS
	Page 279 - CLAIMS
	Page 280 - CLAIMS
	Page 281 - CLAIMS
	Page 282 - CLAIMS
	Page 283 - CLAIMS
	Page 284 - CLAIMS
	Page 285 - REPRESENTATIVE_DRAWING

