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METHYLENE LINKED QUINOLINYL MODULATORS OF ROR-GAMMA-T

FIELD OF THE INVENTION

The invention is directed to substituted quinoling compounds, which are modulators of the
nuclear receptor RORyt, pharmaceutical compositions, and methods for usce thereof,  More
particularly, the RORyt modulators are useful for preventing, treating or ameliorating an RORyt

mediated inflammatory syndrome, disorder or discase.

BACKGROUND OF THE INVENTION

Retinoic acid-related nuclear receptor gamma t (RORyt) 1s a nuclear receptor, exclusively
expressed in eclls of the immune system, and a key transcription factor driving Thi7 cell
differentiation, Thi7 cells are a subset of CD4" T cells, expressing CCR6 on their surface to
mediate their migration to sites of inflammation, and dependent on 1L-23 stimulation, through
the TL-23 receptor, for their maintenance and expansion. Thi7 cells produce several
proinflammatory cytokines inchuding IL-17A, TL~17F, IL-21, and IL-22 (Korm, T., E. Bettelly, ot
al. (2009). "IL-17 and Thi7 Cells.” Annu Rev Invmunol 27: 485-517.), which shimulate tissue
cells to produce a panel of inflarnmatory chemolanes, cytokines and metalloproteases, and
promote recruitment of granulocytes {(Kolls, J. K. and A, Linden (2004). "interleukin-17
family members and inflammation.” Inmunity 21(4): 467-76; Stamp, L. K., M. 1. James, ctal.
(20043, "Interleukin-17: the missing Hink between T-cell accumulation and effector cell actions
in rheumatoid arthritis” Tmmunoel Cell Biol 82(1): 1-9). Thi7 cells have been shown to be the
major pathogenic population in several models of autoimmune mflammation, including collagen-
induced arthritis (CIAY and experimental autoimrmune encephalomyelitis (EAE) (Dong, C.
(20063, "Diversification of T-helper-cell lincages: finding the family root of IL-17-producing
celis.” Nat Rev Immunol 6(4): 329-33; McKenzie, B. 8., R. A, Kastelein, et al. {2006},
"Understanding the 1L-23-10-17 immune pathway.” Trends Immunol 27(1): 17-23.). RORyt-
deficient mice are healthy and reproduce normally, but have shown impaired Thi7 cell
differentiation in vitro, a significantly rednced Thi7 cell population in vivo, and decreased
susceptibility to EAE (Ivanov, 1L B. 5. McKenrie, et al. (2006}, "The orphan suclear receptor
RORgammat directs the differentiation program of proinflammatory IL-17+ T helper cells.” Cell

12663 1121-333. Mice deficient for H.-23, a cytokine required for Th17 cell survival, fail o
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produce Thi7 cells and arc resistant to EAE, CIA, and inflammatory bowel discase (IBD) (Cua,
D. 1, 1. Sherlock, et al. (2003}, "Interleukin-23 rather than interleukin-12 is the critical
cyvtokine for autoimmune inflammation of the brain.” Nature 421{6924): 744-8. ; Langrish, C.
L., Y. Chen, ctall {2005). "H.-23 drives a pathogenic T cell population that induces
autormmune inflammation.” J Exp Med 201(2): 233-40; Yen, D., J. Cheung, ctal. (20063, "IL-
23 15 essential for T cell-mediated colitis and promotes inflammation via IL-17 and 1L-6." J Clin
Invest 116(3): 1310-6.). Consistent with these findings, an anti-1L23-specific monoclonal
antibody blocks development of psoriasis-like inflammation in a murine disease model (Tonel,
G., C. Conrad, et al. "Catting edge: A critical functional role for TL-23 in psoriasis.” J Immunol

18S(10): 5688-91),

In humans, a number of observations support the role of the 1L-23/Thi17 pathway in the
pathogenesis of inflammatory discases. IL-17, the key cytokine produced by Thi7 cells, is
expressed at clevated levels in a variety of allergic and autoimmune discases (Barczyk, A, W,
Picrzchala, et al. (2003). "Interleukin-17 in sputum correlates with airway hyperresponsivencess
to methacholine” Respir Med 97(6): 726-33. ; Fujino, S, A, Andoh, et al. (2003). "Increased
cxpression of interleukin 17 in inflammatory bowel discase.” Gut 52(1). 65-70. ; Lock, C., G.
Hermans, et al. {2002). "Gene-microarray analysis of multiple sclerosis lesions vields new
targets validated in amtoimmune encephalomyelitis.” Nat Med 8(5): 500-5. ; Kyueger, J. G., S.
Freizin, ot al. "IL-17A is essential for ccll activation and inflammatory genc circuits in subjects
with psoriasis.” J Allergy Clin Immunol [30(1): 145-154 ¢9.). Furthermore, human genctic
stadies have shown agsociation of polymorphisms in the genes for Thi7 cell-surface receptors,
HL-23R and CCR6, with susceptibility to IBD, multiple sclerosis (MS), rheumatoid arthritis (RA)
and psoriasis {Gazouoli, M., 1. Pachoula, et al. "NOD2/CARDIS, ATGI6L1 and TL23R gene
polymorphisms and childhood-onset of Crobu's discase.” World ¥ Gastroenterol 16(14): 1753-8.
Nunez, C., B. Dema, et al. (20083, "IL23R: a susceptibility locus for celiac disease and
multiple sclerosis?" Genes Immun 9(4): 289-93, ; Bowes, J. and A, Barton "The geneties of
psoriatic arthritis: lessons from genome-wide association studies.” Discov Med 10{52): 177-83;
Kochi, Y., Y. Okada, et al. "A regulatory variant in CCRS6 is associated with rheumatoid

~y

arthritis susceptibility,” Nat Genet 42(6): 515-9.3.
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Ustekinumab (Stelara®), an anti-p40 monoclonal antibody blocking both H.-12 and 11.-23, is
approved for the treatment of adult patients (18 years or older), with modcerate to severe plaque
psortasis, who are candidates for phototherapy or systemic therapy. Currently, monoclonal
antibodics specifically targeting only 1L-23, to more sclectively inhibit the Thi7 subset, are also
in clinical development for psoriasis (Garber KL (2011). “Psoriasis: from bed to bench and back”
Nat Biotech 29, 563-566), further tmplicating the important role of the 1L-23- and RORyt-driven
Thi7 pathway in this discase. Results from recent phase I clinical studies strongly support this
hypothesis, as anti-1L-17 receptor and anti-1L-17 therapeutic antibodies both demonstrated high
ievels of efficacy in patients with chronic psoriasis (Papp, K. A, "Brodalumab, an anti-
interleukin- [ 7-receptor antibody for psoriasis.” N Engl J Med 2012 366(13): 1181-9. ; Leonardi,
., R, Matheson, et al. "Anti-interleukin- 17 monoclonal antibody ixckizumab in chronic plaque
psortasis.” N Engl ¥ Med 366(13): 1190-9.). Anti-IL-17 antibodies have also demonstrated
clinically relevant responses in carly trials in RA and uveitis (Hueher, W, Patel, D.D., Dryia, T,
Wright, A M., Koroleva, L., Bruin, G., Antoni, C., Draclos, Z., Gold, M.H., Durez, P., Tak, P.P,
Gomez-Reino, LI, Foster, C.8., Kim, R\Y ., Samson, C.M,, Falk, N.S., Chu, D.S., Callanan, D,
MNguyen, 3.D., Rose, K., Haider, A, Di Padova, F. (2010} Effects of AIN457, a fully human

antibody to interlenkin-17A, on psoriasis, rtheumatoid arthritis, and uveitis. Sci Transi Med 2,

Ay

N R
2723,

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

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

SUMMARY OF THE INVENTION
The present invention comprises compounds of Formaula L

SRS R ORS
R

>l'\/K/l\( TN RE)

Rg/\r
Formula |
wherein:
R is pyreolyl, pyrazolyvl, imidarolvl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,

pyrazinyl, pyrimidinyl, pynidazyl, piperidinyl, quinazohnyl, cinnolinyl, henzothiazolyl, indazolyl,
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tetrahydropyranyl, terahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolvl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolvl, indolyl,
gquinolinyl, and pyrazolyl are optionally substituted with C{O)YCgaltkyl, C{OINH,, C{OYNHC .
palkyl, CEOMN{Cq palkyl),, NHC(O)Cpalkyl, NHSOCgalkyl, Copalkyl, CFs, CHCF,, CL
F,-CN, OCaalkyl, N(Cypatkyl), -(CHROCH,, SCiaalkyl, OH, COH, COCopalkyl,
C{OYCF2, SOCF;, OCF;, OCHE:, SO-CH:, SO:NH,, SO-NHCpatkyl, SON(C malkyl),
COYNHSO:CH;s, or OCH0CH;; and optionally substituted with up to two additional
substituents independently selected from the group consisting of Cl, Cynalkyl, SCH;, OCq.
nalkvl, CFs, -CN, and F; and wherein said triazolyl, oxazolyl, isoxarolyl, pyrrolyl, and thiazolyt
are optionally substituted with up to two substituents independently selected from the group
consisting of SO CH;z, SONH,, C(OYWNH;, ~-ON, OCaatkyl, (CH ). OCH;, SCH;, CFa F, Cl,
and Cgpalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with C palkyl;
and said pyridyl, pyridvi-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally
substituted with up to three additional substituents independently selected from the group
consisting of C{OINHC,palkyl, CLOMN(Cnalkyvly, NHC(OY i galkyl, NHSO.Cq },kyia
CLOYCFz, SOCF;, SOONHCpalkyl, SON{Capalkylhy, CIONHI0,CH;, SOCH;, SON
C{ONH,, ~CN, OC 1 salkyl, (CHu)o yOCH; (uelnding {CHROCHs), SCh gatkyl, CFs, F, CL
and Cgalkyl;

RY s triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl,
azetidin-3-yl, N-acetyl-azetidin-3-vl, N-methyisulfonyl-azetidin-3-vi, N-Bogc-azetidin-3-yi, N-
acetyl piperidinyl, I-H-piperidinyl, N-Boc-piperidinyl, N-Cy nalkyvl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-(3-methoxypropyl}-imidazolyl, thiadiazolyl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to three additional substitucnts
independently selected from the group consisting of Crinalkyl, SCHi, OCpalkyl, CFz, -CN, F,
and CF and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, arc optionally
substituted with up to three additional substituents independently selected from the group
consisting of SCLCH, SO NH,, C{OYNH,, -CN, OC; palkyl, (CH )0 OCH;, SCH;, CFs, F, CL
or Cpipalkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with

up to two substituents independently sclected from the group consisting of SO, CH;, SO,NH;,
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C{OINH,, -CN, OCy palkyl, (CHL 2 OCH;, SCHa, CF4, F, Cl and Cyypalkyl and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cyjalkyl; and said pyrazolyl is
optionally substituted with up to three CHx groups;

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

R is H, or F;

R’ is H, CL -ON, CFs, SCyygalkyl, OC, i-nalkyl, OH, Cipalkyl, N(CHOCH:, NH(C;.
palkyl) N{Cypalkyl),, or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said pyrinudinyl, pyridazyl, or pyrazinyl are optionally substituted with CL F, CH;,
SCHa, OCq galkyl, -CN, CONH,, SGoNH,, or SO;CHas; and wherein said phenyl or said pyridyl
is optionally substituted up to two times with OCF;, SO2C galkyl, CFs, CHE,, pyrazolyl,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cpualkyl, Capeycloalkyl, OC salkyl,
N{CHs}z, SONHy, SO,NHCH; SON{CHa)p, CONH,, CONHCH: CON(CHaz),, CL F, —CN,
CO:H, OH, CHOH, NHCOC 1 palkvl, COCH palkyl, SCH;, COC salkyl, NH,, NHC salkyd,
or OCH,CFs; wherein the selection of cach optional substitnent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolvl, oxazolyl, and thiazolyl are optionally substituted with
CHa;

R is H, CL, -ON, Ciraallyl, OCLpalkyiCFs, OCFs, OCHF,, OCHCH0C, palkyl, CFs,
SCH;, CopalkyINA'AY (including CHRNATAY), CHOC o 5alkyINATAY NATAY CLOINATAY,
CHoNHC o nalkyINA AL, CHN(CHNC o nalkyINA AT, NHC g s alkyINATAY, N(CHOC
satkyINATA?, ()(ff(z_;;;aikjsi}NAIA?‘, OCaalkyl, OCH-(1 -methyl}-imidazol-2-yl, phenyl,
thiophenyl, fisryl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl; wherein
said phenyl, thiophenyl, furyl, pyrazolyvl, imidazolyl, pyridyl, pyridazyl, pyrazinyi, and
pyrimidinyl are optionally substituted with up to three substituents independently sclected from
the group consisting of F, C1, CH;, CFs, and OCH;5;

Alis H, or Cipalkyl;

Alis H, Capalkyl, ColnalkyliOC palkyl, CiaalkylOR, C(OYCaalkyl, or OC palkyl
or A" and A may be taken together with their attached nitrogen to form a ring sefected from the

group consisting of:
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o 18 H, OCq galkyl, CHOH, NH(CH;), N{CHs),, NHy, CHa, F, CF3, SO,CH;, or OH;

Ry 18 H, COC{THa):, Coanaltkyl, COY 1 salkyl, 8O:C paltkvl, CHCHLCF, CHLCF,
CHy-cvelopropyl, phenyl, CHy-phenyl, or Cageycloalkyl;

R% i H, , Conalkyl (ncluding CH;), OCnalkyl, {including OCH;) CFz, NHz, NHCH;, -
N, or F;

R isH. or F,
and pharmaceutically acceptable salts thergof,
provided that (4-chioro-2-methoxy-3-(4-(rifluoromethylbenzyliquinolin-6-yiibis{1,2,5-
trimethyl-1H-imidazol-4-yhimethanol, N-(2-{{3-{4-{1 H-pyrazol- 1-yi}benzyl}-6-{{4-
chiorophenyhi{hydroxy}{ 1 -methyl-1 H-imidazol-S-yhimethyl}-4-hydroxyquinolin-2-
vijoxyjethylacetamide and (3-(4-(1H-pyrazol-1-yi}benzyl}-d-chloro-2-(4-methylpiperazin-1-
vhquinolin-6-yi}{ 1 -methyl-1 H-imidazob-5-y}{6-(trifftuoromethypyridin-3-ylimethano! are

exchuded from the embodiment.

BETAILED DESCRIPTION OF THE INVENTION
The present invention comprises compounds of Formula L
R R ORE

R\l\/ /v
Rg/\Ty"’\N/\R-,

R® Formula |
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wherein:

R is pyrrolyl. pyrazolyl. imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahydropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyvl, indolyl, thiadiazolyl, oxadiazolyt or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, guinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolvl,
gquinolinyl, and pyrazolyl are optionally substituted with C{O)YCgaltkyl, C{OINH,, C{OYNHC .
nalkyl, C{OMN(Conalkyl),, NHC(O)YC o ayalkyl, NHSO,Cigalkyl, Copalkyl, CF;, CH,CF, CL
F, -CN, OCaalkyl, N(Cnalkyl),, -{CH):0CH:, SCiaalkyl, OH, COH, CCCopalkyl,
C{OMCF:, SO CFs, OCF;, OCHF,, SO2CHs, SONH,, SONHC palkyl, SCN(Calkyvl),,
C(OYNHSO,CH;, or OCH,OCH;; and optionally substituted with up to two additional
substitucnts independently selected from the group consisting of Cl, Cypalkyl, SCH;, OC.
nalkyl, CFs, -CN, and F; and wherein said friazolyl, oxazolvi, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents independently selected from the group
consisting of SO CH;z, SONH,, C(OYWNH;, ~-ON, OCaatkyl, (CH ). OCH;, SCH;, CFa F, Cl,
and Cipalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with Cypalkyl
and said pyridyl, pyvridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally
substituted with up to three additional substituents independently selected from the group
consisting of C{OINHC .nalkyl, CIOMN(Calkvly, NHC(OY qgalkyl, NHSO:Cogalkyl,
C{OYCF=, SO CF3, SONHC . palkyl, SON{Crpalkyly,, COINHSOCH;, SOXCHa, SONH,,
C{OYNH,, ~OCN, OC salkyl, (CHzko »OCH: (Inclnding -{(CH3:OCHs), SCh galkyl, CF;, F, C,
and Cepalkyl;

RY is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolvl, pyrimidinyl, oxazolyl, isoxazolyl,
azetidin-3-v1, N-acetyl-azetidin-3-vl, N-methyisulfonyl-azetidin-3-vl, N-Boc-azetidin-3-yi, N-
acetyl piperidinyi, -H-piperidinyl, N-Boe-piperidinyl, N-Ci nalkyl-piperidinyi, thiazolyl,
pyridazyl, pyrazinyl, 1-(3-methoxypropyl-imidazolyi, thiadiazolvl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to three additional substitucnts
independently selected from the group consisting of Cnalkyl, SCHa, OCaoalkyl, CFs, -CN F,
and CF and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, arc optionally

substituted with up to three additional substituents independently selected from the group

~1
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consisting of SO,CHaz, SONH,, C{OINH,, -CN, OC,nalkyl, (CH» )5 OCHs, SCH;, CFy F, Cl,
or Cimalkyl; and said triazolvl, thiazolyl, oxazolyl and isoxazolyvl arc optionally substituted with
up to two substituents independently selected from the group consisting of SO,CH;, SO,NH;,
C{ONH,, -CN, OCqnalkyl, (CH ) »OCH;, SCHs, CFs, F, CL and Cppjalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cppatkyl; and said pyrazolyl is
optionally substituted with up to three CH; groups;

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

RYisH, or F;

R” is H, Cl, -CN, CFs, SCqgalkyl, OCq.gallyl, OH, Cogalkyl, N(CHOHOCH:, NH{C.
palkyly N(Cpalkvl)y, or d-hydroxy-piperidinyl;

R’ is phenyl, pyridyl, benzothiophenyl, thiopheuyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said pyriradinyl, pyridazyl, or pyrazinyi are optionally substituted with Cl, F, CHs,
SCHa, OC palkyl, -CN, CONH;, SO;NH;, or SO,CH;s; and wherein said phenyl or said pyridyl
is optionally substituted up to two times with OCF, 30,0 salkvl, CF;, CHF,, pyrazolvi,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cipalkyl, Ch geyeloatkyl, OC palkyl,
N{CHz)z, S0, NH;, SONHCH: SO:N(CH:}z, CONHy, CONHCH: CON(CH;s}, CL F, ~CN,
COpH, OH, CHOH, NHCOC 1 nalkyvl, COCypatkyl, SCHiz CO0Cipalkyl, NH,, NHC | 5)alkv,
or OCH,CFz; wherein the selection of cach optional substituent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, and thiazolvl are optionally substituted with
CHs;

R is H, CL -CN, Cirgalkyl, OC1.4alkylCFs, OCF;, OCHF,, OCH,CHOC 1 palkyl, CFs,
SCHa, CpallyINA'A® (including CHONA'AY), CHLOC o malkyINATAY NATA? CHOINATAY
CHNHC . alkyINATA®, CHON(CHC 2 nalkyINA'A? NHC nalkyINA' AL N(CH:) .
palkyINATA? OC opalkyINA'AY OC aalkyl, OCH,-(1-methyl)-imidazol-2-y1, phenyl,
thiophenvl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl; wherein
said phenyl, thiophenyl, furyl, pyrazolyl, imidazolyi, pyridyl, pyridazyl, pyrazinyi, and
pyrimidinyl are optionally substituted with up to three substituents independently selected from
the group consisting of F, Cl, CH;, CF;, and OCHa;

Pov ~
A’ is H, or Cjpaalkyl;

s
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Al s H, Cpalkyl, CpaalkylOC qalkyl, CpaalkylOH, C{OYCgalkyl, or OCsalkyl;

or A' and A” may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:
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R, is H, OCpalkyl, CH,OH, NH(CH;}, N(CHz}),, NH,, CHy, F, CF5, SO,CH;, or OH;

Ry 18 H, COC(CH; ), Crapalkyl, C{IOYC o galkyl, SOCH galkyl, CH,CH,CFx, CHCF,
CHy-cyclopropyl, pheayl, CHy-phenyl, or Cegeyeloalkyl;

R® is H, Caalkyl (including CHz), OC_natkyl, (including OCH;) CFy, NH,, NHCH;, -
CN, or F;

R is H, or F;
and pharmaceutically acceptable salts thereof]
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethyl)benzylguinolin-6-yijbis(1,2,5-
irimethyl-1 H-imidazol-4-ylimethanol, N-{2-((3~(4-{| H-pyrazol-1-vhibenayl}-6-{{(4-~
chlorophenyhi(hydroxy (1 -methyl-1 H-inudazol-S-yDmethyh-4-hydroxyquinolin-2-
yvhoxyyethyhacetamide and (3-{4-(1H~pyrazol-1-yhbenzyh-4-chloro-2-(4-methyipiperazin-1-
yhquinolin-6-yI}{ F-methyl- L H-imidazol-5-ylj{6-(irifiuoromethyDpyridin-3-yhmethanol are

exciuded from the embodiment,

In another embodiment of the invention:
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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, pyridvl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, or
quinchinyl are optionally substituted with C{OY i galkyl, C{OINH,, Ciygalkyl, CFs, CHCF,, CL
F, -ON, OCqpalloyl, N{Cpigabkyl), -(CH,0CH:, SChpalkyl, OH, COH, COCsalkyl,
OCF;, OCHF,, SG,CHa, SO;NH;, or OCH,OCH:; and optionally substituted with up to two
additional substituents independently selected frora the group consisting of Cl, Cyyzalkyl
{including CHa), SCHs, OC; palkyl Gincluding OCH3), CFz, -ON, and F; and wherein said
triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and thiazolyl arc optionally substituted with up to two
substitaents independently selected from the group consisting of SOLCHa, SCNH;, C{OYNH,, -
CN, OCpalkvl, (CH) 3 OCH;, SCH;, CF3, F, CL, and Cy palkyl (inclading CHa); and said
pyridyl, and pyridyl-N-oxide arc optionally substituted with up to three additional sobstituents
independently selected from the group consisting of SO,CH;, SONH,, C{ONH,, -CN, GC,;.
salkyl, (CHz)oOCH; (including «{CH2»:0CH,s), 3Cagalkyl, CF5, F, CL and Cypalkyl;

R is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, f-methyl pyrazolyl, pyrimidinyl,
oxazolvl, isoxazoiyl, N-acetvl-azetidin-3-yl, N-methyisulfonyl-azetidin-3-yl, N-Bog¢-azetidin-3-
vi, N-acetyl piperidinyl, I-H-pipendinyl, N-Boc-pipendinyl, N-Cy satkyl-piperidinyl (inchading
N-Cii palkvi-piperidinyl), thiazolyl, pyridazyvl, pyrazinvl, [-{3~-methoxypropyl)-imidazolyl, or 1-
Cirpalkyl imidazolyl; wherein said 1-Cipalkyl imidazoivl is optionally substitated with up to
two additional substituents independently selected from the group consisting of Cipalkyl
(including CHa), SCHi, OC i palkyl, CF;, -CN, F, and CL and said pyridyl, and pyridyi-N-oxide
are optionally substituted with up to three additional substituents independently sclected from the
group consisting of SO,CH;, SO:NH,, C{OINH,, -CN, OC1alkyl {inchuding OCHa}, (CHy )
»OCH;, SCH;, CF;, F, CL and Cpalkyl (including CH+); and said thiazolyvl, oxazolyl and
isoxazolyl are optionally substituted with up to two substituents independently selected from the
group consisting of SO TH5, SONH,, C{OINH,, -CON, OCmalkyl, (CH, 30O CH:, SCHs, CFs,
F, CL and Cypalkyl (including CH:); and said -methyl pyrazolyl is optionally substituted with
up to two additional CHj; groups;

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

RYisH, or F;
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R’ is H, Cl, -CN, CFs, 8C,patkyl, OCgalkyl, OH, Cy _palloyl, N(CHOCH, NH{C.
pallyly N(Cigalkyly, or 4-hydroxy-piperidinyl;

R’ is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said phenyl or said pyridyl is optionally substituted with OCF;, SG(Cpalkyl (including
SOLCHy), CFi, CHF,, pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cjaalkyl
(including CHa), Cageycloalkyl, OC; salkyl (ncluding OCHz), N(CHa)y, SO NH,,
SOLNHCH;, SON(CH; ), CONH,, CONHCH, CON(CH;p, CL F, -CN, CO,H, OH, CH,0H,
WHCOC qpalkyl (including NHCOCH;), COC nalkyt (including COCH3), or SCHi;

R’ is H, Cl, -CN, Calkyl, OCqpalkylCFs, OCHCHOCgalkyl, CF2, SCH;,
CHNA'AY, CHOC o 0alkyINAT AT NA'AL CLOWNA'A?Y, N{CH)CnnalkyvINA'AZ OCo.
salkyINA'A? OC palkyl, OCH~(1-roethyl-imidarol-2-vl, furvl, pyrazolyl, imidazolyl, pyridyl,
pyridazyl, pyrazinyl, or pyrimidinyl; wherein said imidazolyl or pyrazolyl is optionally
substituted with one CHs group;

Alis H, or Cijpalkyl;

Alis H, Cornalkyl, CaalkylOC aalkyl, CraalkylOH, C(OYC aalkyl, or OCpalkyl;
or A’ and A% may be taken together with their attached vitrogen to form a ring selected from the

group consisting of:

S A .
- --N/j N 4N
EN/"‘\‘:.E § S < >,7/NH P 'E—N />(F § ? N /j/ Ra
\::; N {,)/ GI 3 ”g“N\\i 3 ’ng\/-dRa % X “QF 2 O 2 ; \v K
:i I : 1

N—R N-R, - N Ry
4 \ ‘ ‘ 4]
-2~N R, - “““”( E:\ N"’R
% \wf @ \......f dﬁd b;

R, s H, OC,.. ;)clii&'\ri CH,OH, NH{CH;), N(CHa),, NH;, CH;, F, or OH;
Ry is H, COC(CH:)s, Crgalkyl, COCHpalkvt (oclhading C{OYCH:), SO0 4alkyl,

J

CH,CH,CFs, CHCFs, CHo-cyclopropyl, phenyl, CHy-phenyl, or Cseycloalkyl;
RY is H, CHa, OCHs, or F
R”is H, or F;
and pharmaceuticaliv acceptable salts thereof,
provided that {(4-chioro-2-methoxy-3-{4-(trifluoromethvlbenzyliquinolin-6-yiibis(1,2,5-

trimethyl-1H-imidazol-4-yhimethanol, N-(2-{{3-{4-{1 H-pyrazol- 1-yi}benzyl}-6-{{4-

11
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chlorophenyh{hydroxy )} I-methyl- 1 H-imidazol-3-yhimethyh-4-hydroxyquinolin-2-
vhoxyethyhacetamide and (3-(4-(1 H-pyrazol-1-vijbenzyl}-4-chloro-2-(4-methyipiperazin- | -
vhquinolin-6-yl {1 -methyl-1 H-imidazol-5-y{(6-(triffluoromethyhpyridin-3-ylimethanol are

exchuded from the embodiment.

In another embodiment of the invention:

R is pyreolyl, pyrazolyl, irsidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolvl, isoxazolvl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
COHYCpalkyl (including C{OYCH3), C{OWNH;, Ci salkyl (inclading CHa, and CHCHa), CF;,
CH,CF,, CLF, -ON, OC . palkyl (including OCH;), N(Ciy salkyly Goeluding N(CHaz)z), -
{CH ) OCH,, SChgalkyl (ncluding SCHi), OH, COH, COC palkyl (including CO:C(CH 1),
OCF;, OCHF,, S0,CH:, SONH,, or OCHOCH:; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, GCH-, and CHy;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl are optionally substituted with one
or two CHs groups;

R” is 1-methyl triazolyl, pyridyl, pyridyi-N-oxide, T-methyl pyrazolyl, pyrimidinyl,
pyrazinyl, oxazolyl, isoxazolyl, N-acetyl-azetidin-3-vl, N-methylsulfonyl-azetidin-3-yi, N-Boc-
azetidin-3-v1, N-acetyl piperidinyl, -H-piperidinyl, N-Boc-piperidinyl, N-Ciy_nalkyl-piperidinyi,
thiazolyl, pyridazyl, 1-(3-methoxypropyvli-imidazolyvl, or 1-Crnalkyt imidazolyl; wherein said 1-
Cimatkyl imidazolyl is optionally substituted with up to two additional CHj; groups, or one
substitucnt selected from the group consisting of SCH;, and CL and said pyridyl, and pyridyl-N-
oxide are optionally substitited with up to two subsittents independently sclected from the
group consisting of SO,CH;, SO NH,, C{OINH,, -CN, OCH;, CFs, Cl, and CH;3; and said
thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to two CH; groups; and said
t-methyl pyrazolyl is optionally substitited with up to two additional CHj groups;

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

RYis H,orF;
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R”is H, Cl, -CN, CF;, 8Cj.qalkvl {including SCHaj, OC; galkyl, {including OC salkyl)
OH, Cyypalkyl, W(CH)OCH:, NH(C_aalkyl) (including NH(Cy; patkyl)), N(Coaalkyl),
(including N{Cnalkyly), or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said phenyl or said pyridyl is optionally substituted with OCFy, SO,CH;, CFi, CHF,,
pyrazolyl, triazolvl, imidazolyl, tetrazolyl, oxazolvl, thiazolyl, CH;, OCH:, N{CH:),, SO;NH,,
CONH;, C1, F, =CN, CO,H, OH, CH,OH, NHCOCH,;, or COCHy;

R7is H, CL ~UN, Cppalkoyl, OC 4alkvICE: Goclading OCHCFq), OCHCHOC ;.
salkyl {including OCH,CH,OCH:), CF2, SCHz, NA'AY C(OINA'A? (including C(OINHCH:),
N{CHNCo.alkyINA' A (including NCH)CHCHONATAY), OCaalkyiNATA? (including
OCH,CHNA'A), OC galkyl (ucluding OCqaaliovl), OCH-(1-methyl-tmudazol-2-yl,
imidazolyl, furyl, pyrazolvl, pyridyl, or pyrimudinyl; wherein said imidazolyl or pyrazolyi s
optionally substituted with one CH;: group;

Alis H, or Cijpalkyl;

Alis H, Coraalkyl, CuaalkylOC aplkyl, CoaalkylOH, C(OYC galkyl {(including
COY i zalkyh), or OCpalkyl ncluding OCH: Y or A' and A% may be taken together with their
attached 1'1it1"ogen to form a ring selected from the group consisting of:

;@ T 60 g 1O 0O ?

o e
N’ and T N
R, is H, F, U galkyl (including OCH3), or OH;
Ry, 18 Cippalkyl (uncluding CH;), C{IOYCH;, or phenyl;
R"is H, CHy, OCH;, or F;
R is H, or F;
and pharmaceutically acceptable salts thereof]
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethyl)benzylguinolin-6-yijbis(1,2,5-
trimethyl- [ H-imidarol-4-yhmecthanol, N-(2-((3~-(4-(I H-pyrazol-1-yhhenzyl)-6-((4-
chlorophenyh{hvdroxy i 1-methyl-1 H-imidazol-5-yhmethyl-4-hydroxyquinolin-2-

vhoxyjethyDacctamide and (3-(4-(1 H-pyrazol-1-yiibenzyl}-4-chloro-2-(4-methylpiperazin- 1 -
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vhquinolin-6-yl {1 -methyl-1 H-imidazol-5-y{6-(triffluoromethyhpyridin-3-ylimethanol are

exchuded from the embodiment.

in another embodiment of the invention:

R’ is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolvl,
thiopheunyl, benzoxazolyl, or quinolinyl; wherein said piperidingl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
SOCHa, CO)CHa, CIONH,, CH,, CHLCHG, CF;, CLF, -CN, OCH;, N{CH:z)z, (CH 3 0CH;,
SCHs, OH, COH, COC(CH)3, or OCHLOCH;; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCHa, and CHy;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl are optionally sabstituted with one
or two CH; groups;

R is 1-methyl-1,2 3-triazolyl, pyridyl, pyridyl-N-oxide, l-methyl pyrazol-4-y1,
pyrimudin-5-vi, pyridazyl, pyrazin-2-vl, isoxazolvl, N-acetyl-azetidin-3-vl, N-methyisulfonyl-
azetidin-3-v1, N-Boc-azetidin-3-vi, N-acetyvl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyt, N-
Cripatkyl-piperidinyl, thiazol-S-yl, 1-(3-methoxypropyli-imidazol-5-vi, or 1-Cypalloyl
imidazol-5-vl {including 1-cthyl imidazol-S-yl and 1-methyl imidazol-3-y1}; wherein said 1-Ci.
nalkyl imidazol-5-yi (including 1-methyl imidazol-5-v1 } is optionally substituted with up to two
additional CHx groups, or one substituent selected from the group consisting of SCH;, 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{ONH,, -CN, OCH;, CF2, CL and CH3;
and said thiazol-5-v, and said isoxazolyl are optionally substituted with up to two CH; groups;
and said -methyi pyrazol-4-yi is optionally substituted with up to two additional CH; groups;

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

R'is H. or F:

R’ is H, C1, -CN, CFs, SCHa, OC i malkyl (including OCH3), OH, Cpgalkyl (inclading
CH;), N(CH:)OCH:, NH(C(jpalkyl) N(Ciipalkyl),, or 4-hydroxy-piperidinyl;

2° is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyl or phenyl is
optionally substituted with OCF;, SO,CH,;, CF;, CHF,, imidazol-I-yl, pyrazol-1-yl, 1.2 4-triazol-
{-yl, CH;, OCH;, CL F, or -CN;
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R is H, Cl, -CN, Cyaalkyl (including Cp_yjalkyl), OCH,CFy, OCH,CH,OCH:, CFa,
SCH:, NA'A?, C{ONHCH:, N({CH)CHCHNA'AY, GCH,CHNA'A®, OC,1alkyl, OCH-(1-
methyly-imidazol-2-vl, imidazol-2-yl, fur-2-yl, pyrazol-4-yl, pyrid-3-yi, or pyrimidin-3-vi;
wherein said imidazolyl or pyrazolyl is optionally substituted with one CHy group;

Alis H, or Cpalkyl;

A?is H, Couyalkyl, CopalkylOCgalkyl, CoppalkyIOH, CIOYCpalkyl, or OCH:; or A
and A may be taken together with thewr attached nitrogen to form a ring selected from the group

consisting of:

NS , and : NLJ'
Rais H, F, OCH;, or OH;
Ry, s CHa, or phenyl;
R"is H, CHs, OCH:, or F;
R%is H. or F;
and pharmaceuticaliy acceptable salts thereof,
provided that (4-chioro-2-methoxy-3-(4-(rifluoromethylbenzyliquinolin-6-yiibis{1,2,5-
trimethyl-1H-imidazol-4-yimethanol, N-(2-{((3-{4-(1 H-pyrazol-1-yi}benzyl}-6-{{4-
chiorophenyhi{hydroxy}{ 1 -methyl-1 H-imidazol-S-yhimethyl}-4-hydroxyquinolin-2-
vijoxyjethylacetamide and (3-(4-(1H-pyrazol-1-yhbenzyl)-4-chloro-2-{4-methylpiperazin- 1 -
vhquinolin-6-yi){ 1 -methyl-1 H-imidazo-5-y}{6-(trifftuoromethypyridin-3-ylimethano! are

exchuded from the embodiment.

in another embodiment of the invention:

R’ is imidazolyl, pyrimidinyl, triazolyl, tetrahydropyranyl, thiazolyl, pyridyl, piperidinyl,
phenyl, or oxazolyl; wherein said piperidinyl, pyridyl, imidazolyl, and phenyl arc optionally
substituted with SO,CH:, C{OYCH:, CH,, CF;, CL F, -CN, OCH;, -CFs, or N{CH;),; and
optionally substituted with up to onc additional group independently selected from CE OCHS,
and CHj; and wherein said triazolyl, oxazolyl, and thiazolyl are optionally substituted with one

or two CHy groups;
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R* is {-methyl-1,2-3triazol-5-y1, pyrid-3-yl, I-methyl pyrazoi-4-yl, thiazol-5-yi, N-acetyl-
piperidin-4-yl, N-acetyl-azetidin-3-yl, N-methyisuifonyl-azetidin-3-vi, N-Boc-gzetidin-3-v1, 1,2-
dimethyl imidazol-3-vl or [-methyl imidazol-3-vl;

R is OH, or NHy:

rR'is H;

R is H, CI, -CN, CF, CH;, OH, N{CH)OCH;:, or OCHy;

R’ is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyl or phenyl is
optionally substituted with pyrazol-1-yl, 1,2 4-triazol-1-v1, CFs, OCH;, SGCH;, CL F, or -CN;

R is CL, ~CN, CFa, Crpgalkyl, NA'A?Y, C{OWHCH;, OCH,CHOCH;, 1-methyl
imidazol-2-vl, L-methyl pyrazol-d-yl, or OC zalkyl;

Alis Copalkyl;

Alis Ci mnalkvl, CHCH,OCH,, or OCH;; or Al and A? may be taken together with their

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

Ry is OH, OCH, F, or H;
R®is H, CH;, OCH;, or F;
R’ s H;

and pharmaceutically acceptable salts thereof.

fu another embodiment of the invention:

R is imidazolyl, triazolvl, thiazolvl, pyridyl, piperidinyl, phenyl, or oxazolyl: wherein
said piperidinyl, pyridyl, imidazolyl, and phenyl are optionally sabstituted with C(O)YCH;, CHa,
CF:, CLF, -CN, OCH;, or N{UHa)p; and optionally substituted with up to one additional group
independently selected from C, OCH;, and CHa; and wherein said triazolyl, oxazolyvl, and
thiazolyl are optionally substituted with one or two CH; groups;

R* is T-methyl-1,2.3-triazol-S-y1, pyrid-3-yl, 1-methyl pyrazol-4-vl, thiazol-5-yl, N-
acetyl-piperidin-4-yl, 1,2-dimethyl imidazol-5-yi, or I-methyl imidazol-5-yi;

R is OH;

RYis H;

R’ is H. CL, -CN, CF3, CHs, or OCH:;
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R’ is phenyl, thiophen-2-y1, or benzothiophen-2-y1; wherein said phenyl is optionally
substituted with pyrazol-1-vi, 1,2 4-triazol-1-yl, OCHs, SO,CH:, CL F, CF4, or -CN;

R’ is CL -ON, CHy, NA'A? C(OYWNHCH:, or OC palkyl;

Alis Cimalkyl;

A%is Canalkyl, or OCH;; or Al and A’ may be taken together with their attached

nitrogen to form a ring which is:

0O

R is H, CH:, OCHs, or F;
R’ is H;

and pharmaceutically acceptable salts thercof.

in another embodiment of the invention:

R is pyrrolyl, pyrazolyl, imidazolyl. triazolvl, thiazolyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahydropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolvl, benzimidazolyl, indolyl, thiadiazolyl, oxadiarolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolvl,
gquinolinyl, and pyrazolyl arc optionally substituted with C{O)YCgaltkyl, C{OINH,, C{OYNHC
palkyl, CEOMN{Cq palkyl),, NHC(O)Cpalkyl, NHSOCgalkyl, Copalkyl, CFs, CHCF,, CL
F, -CN, OCaalkyl, N(Cnalkyl),, -{CH):0CH:, SCiaalkyl, OH, COH, CCCopalkyl,
C{OYCF2, SOCF;, OCF;, OCHE:, SO-CH:, SO:NH,, SO-NHCpatkyl, SON(C malkyl),
COYNHSO,CH;, or OCHOCH:; and optionally suabstituted with up to two additional
substituents independently selected from the group counsisting of Cl, Cyynalkyl, SCHs, OC.
nalkyl, CFs, -CN, and F; and wherein said friazolyl, oxazolvi, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents independently selected from the group
consisting of SO CH;z, SONH,, C(OYWNH;, ~-ON, OCaatkyl, (CH ). OCH;, SCH;, CFa F, Cl,
and Cgpalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with C palkyl;
and said pyridyl, pyridvi-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally

substituted with up to three additional substituents independently selected from the group

17
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consisting of C{OWHC, | nalkyl, C{OMN(C palkyvly,, WHC{OKC palkyl, NHSC,Cypalkoyl,
C{OYCF1, SOCF, SCNHC palkyl, SON{Chnalkyly,, C(OINHSO,CHi, SCCH;:, SO NH,,
C{OYNH;, -CN, OCgalkyl, (CH ). OCH; (including -(CH,OCH:), SChupalkyl, CFy, F, CL
and Copalkyl;

RY is trigzolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl, N-
acetyl piperidinyl, |-H-piperidinyl, N-Boc-piperidinyl, N-C_nalkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinvl, 1-{3-methoxypropyl}-imidazolyl, thiadiazolyl, oxadiazolyl, or immidazolvl;
wherein said imidazolyl is optionally substituted with up to three additional substituents
independently selected from the group consisting of Cipalkyl, SCHi, OC i palkvl, CFs, -CN, F,
and Cl; and said pynidyl, pynidyl-W-oxide, pyrimidinyl, pyridazyl, and pyrazioyl, are optionally
substituted with up fo three additional substituents independently selected from the group
consisting of SO.CHs, SO NH,, CHOINH,, -CN, OC; palkyl, (CH2)o.»OCH:, SCH;, CF;, F, CL
or Cpalkyl; and sard triazolvl, thiazolvl, oxazolyl and isoxazolvl are optionally sabstituted with
up to two substituents independently selected from the group consisting of SO,CH;, SO;NH,,
CLOMNH,, -CN, OC palkyl, (CH o0 OCHz, SCHz, CF+, F, CL and Cyalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cy palkyl; and said pyrazolyl is
optignally substituted with up to three CHs groups;

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

RYisH, or F;

R’ is H, Cl, -CN, CF3, 8Cnalkyl, OC 1 salkyl, OH, Conalkyl, N(CHOOCH:, NH(C,.
salkyly N{Cigalkyl)s, or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyt, or pyrazinyl;
wherein said pyrimidinyl, pyridazyl, or pyrazinyl arc optionally substituted with CL F, CH;,
SCHaz, OCgalkyl, -CN, CONH;, SO;NH,, or SO,;CHz; and wherein said phenyi or said pyridyi
is optionally substituted up to two times with OCF:, SO, C galkyl, CFs, CHF,, pyrazolyl,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cisalkyl, Coacveloalkyl, OCqpalkyl,
N{CHz},, SO;NH,, SCNHCH; SO N{CHa),, CONH,, CONHCH: CON(CH3),, C1L F, -CN,
COuH, CH, CH,OH, NHCOC jpalkyl, COC nalkyl, SCH;, COCaalkyl, NH,, NHC 1 alkyd,
or OCH,CF:; wherein the selection of cach optional substituent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, and thiazolyl are optionally substituted with

CH; ;



WO 2014/062658 PCT/US2013/065013

R is H, Cl, -CN, Cypalkyl, OC aallylCFs, OCF;, OCHF,, OCH,CH,0C 1 galkyl, CFs,
SCHs, CinalkyiNA'A? (including CHNA' A%, CH,OCh aalkyINATAY NATAY, CLOINATAY,
CHNHC o nalkyINA'AY, CHN(CH:)C stk yINA AT, NHC o nalkyINA A, N(CH)Co
palkyINATAY, ()C(;;_4\,aﬂ<leAlf“ﬁ OCaalkyl, OCH,-(1 -methylj-imidazol-2-vl, phenyl,
thiophenyl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyi, pyrazinyl, or pyrimidinyl; wherein
said phenyl, thiophenyl, furyl, pyrazolyl, timidazolyl, pyridyl, pyridazyl, pyrazinyl, and
pyrimidinyl are optionally substituted with up to three substituents independently selected from
the group consisting of F, Cl, CH;, CFs, and OCH3;

Alis H, or Corpalkyl;

Alis H, Capalyl, CapalkylOChgalkyl, CuapalkylOR, C(OYCaalkyl, or OCq galkyl;
or A’ and A’ ray be taken together with their attached nitrogen to form a ring selected from the

group consisting oft

o
,E-N[/\F?E'Rb = 3 ~§~N>;/ _EHN/&;!\ TN o
E \\J’E _N\::'fN SN‘N"" o Q Ro 4 4N '?'N&Ra
£
F 'g“Ng\ R, ?F \F .
3 §mem\i\5 R §me\m R, """(
£ SN STND SN e R T SN N-Ry,
4N i 4 SRV 4
% N gN\u/S,E /%0 \mﬁ% gkmj TN
&/ W
N / ------ /.......\ /----\ -§"N N“‘Rb
N ONRy BN N-R, :

: TN N-Ry \.-&
2 4
x_# Lﬁ < Y NH, N N-R,

, , , cand T Nt :

Ra 3 H, OCgalkyl, CHOH, NH(CH3), N{CHa),, NH;, CHas, F, CF;, SOCH;, or OH;

Ry is H, COC(CH: ), Crgalkyl, COOYCgpalkyl, SOChgalkyl, CHLOCHCFs, CHCFs,
CHz~cyclopropyl, phenyl, CHz-phenyl, or Cagieycloalkyl;

RYis H, Cormalkyl (ncluding CHa), OCq 3alkyl, (including OCH;) CF;, NH, NHCH;, -
CN, or I}

R isH, or F;

and pharmaceutically acceptable salts thereof]
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provided that {4-chloro-2-methoxy-3-{4-(irifluoromethylibenzylquinolin-6-yi}bis(1,2,5-
trimethyl-1H-imidazol-4-yhmethanol, N-(2-((3-{4-{ I H-pyrazol-{-yl}benzyl}-6-{{4-
chloropheny{hydroxy )} I-methyl-1 H-imidazol-3-yhimethyh-4-hyvdroxyquinolin-2-
vhoxycthyhacetamide and (3-(4-(1H-pyrazol-1-viybenzyl}-4-chloro-2-{4-methyipiperazin- | -
vhquinolin-6-yl {1 -methyl-1 H-imidazol-5-y{6-(triffluoromethyhpyridin-3-yimethanol are

exchuded from the embodiment.

In another embodiment of the invention:

R is pyreolyl, pyrazolyvl, iroidazolvl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolvl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, imidazolyl, phenyl, thiophenyl,
benzoxazolyl, pyrazolvl, pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pynidazyl, or
quinohinyl are optionally substituted with C{O)YCrpalkyl, C{OWH,, Cigalkyl, CF;, CHLCE;, Cl,
F, -CN, OCqpalkyl, N(Cpabiovl)s, {(CH30CH:, SCqpalkyl, OH, COH, COC palkyl,
QOCF;, OCHEF,, SG2CH,, SO;NH;, or OCH,CCHa: and optionally substituted with up to two
additional substituents independently selected from the group cousisting of CL, Ty nalkyl
{inchuding CHa)}, SCHs, OC 1 naltkvl (including OCHs), CFs, ~CN, and F; and wherein said
triazolyl, oxazolyl, isoxazolyi, pyrrolyl, and thiazolyl are optionally substituted with up to two
substitoents independently selected from the group consisting of SOCHa, SONH,, C{OHNH,, -
CN, OCnalkvl, (CH2)50CH;, SCH;, CFs, F, O, and O nalkyl {inclading CHa}; and said
pyridyl, and pyridyl-N-oxide are optionally substituted with up to three additional sebstituents
independently selected from the group consisting of SO,TH;, SCoNH,, C{OINH,, -CN, OC,,.
salkyl, (CHz)p 5OCH; (including -{CH1:OCHs), SCh galkyl, CFs, F, C, and G syalkyl;

R*is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, I-methyl pyrazolyl, pyrimidinyl,
oxazolyl, isoxazoivl, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-C,.xalkyl-
piperidiny! (including N-Cyypalkvl-piperidinyly, thiazolvl, pyridazyl, pyrazinyi, 1-(3-
methoxypropyh-imidazolyl, or 1-Cy_palkyl imidazolyl; wherein said 1-Cyonalkyl imidazolyl is
optionalty substituted with up to two additional substituents independently selected from the
group consisting of Copalkyl {including CH3), SCHs, OC  palikvl, CFs, -CN, F, and Cl; and said
pyridyl, and pyridyl-N-oxide arc optionally substituted with up to threc additional substitucnts

independently selected from the group consisting of SO,CH,;, SO,NH,, C(O)NH,, -CN, OC;.
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nalkvl (including OCHy), (CH;,).5OCHs, SCHs, CFy, F, Cl, and Cppopalkyl (including CHs); and
said thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to two substituents
independently selected from the group consisting of SO,CH;, SONH,, C(OINH,, -CN, OC,.
naliovl, (CHYp oyOCH;, SCH,, CF1, F, CL and C palkyl (including CHy); and said 1-methyl
pyrazolyl is optionally substituted with up to two additional CHy groups;

R is H, OH, OCHz, or NHy;

RYISH,or F ;

R is H, CL, -ON, CF, SCiraalkyl, OC salkyl, OH, Cirpalkyl, N(CH:)OCH:, NHIC 1.
salkvly, N(Cp.galkyl);, or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pytidazyl, ot pyrazinyl;
wherein said phenyl or said pyridyl s optionally substituted with OCF;, SO:C galkyl (including
SO, CH;), CFa, CHF,, pyrazolyl, triazolyl, imudazolyl, tetrazolyl, oxazolyl, thiazolyl, Cygalkyl
(including CHz), Cogeyeloalkyl, OCq palkyl (nclading OCHz), N(CHz}z, SO:NH,, SCyNHCH;,
SON(CH3 ), CONH;, CONHCH; CON(CH;),, CL F, -ON, CO:H, OH, CHOH, NHCOC, .
nalkyl {including NHCOCHz), COCq palkyl (ineluding COCH3), or SCHay;

R is H, CL, -ON, Ciapalkyl, OCLaalkviCF5, OCHCHOCH galkyl, CFs, SCH3,
CHoNATA?Y, CHLOC o nalkyINATAZ NATA?, CHOMNATAY N(CH3)CoaalkyINATAL OC,.
palkyINA'A?, OCgatkyl, OCH-(-methyl}-imidazol-2-v1, furyl, pyrazolyl, imidazolvl, pyridyl,
pyridazyl, pyrazinyl, or pyrimidinyl; wherein said imidazolyl or pyrazolyl is optionally
substituted with one CHa group;

Alis H, or Cgalkyl;

Alis H, Cinalkyl, Co 4atkyiOC L palkyl, CrgalkylOH, C{OCpalkyl, or OC 4alkyl;
or A and A? may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

? b 2 2 b 9

4
an ‘< /“J(
5 . N

4 tnN )
\——;\ \—74\ N N-R,
, , cand s ;
R.a is H (){.1(14;33(‘311, ‘L:H/OH I\H(CH:}, N(‘L;H:);, NH) (:Hz, E‘ (038 L}H,

* *
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Ry, 1s H, COC(CHa}, Craalkyl, CO)Cqgatkyl (including C{OY Hz), SOCalkyl,
CH,CH,CFs, CHCF», CHy-cyclopropyl, phenyl, CHy-phenyl, or Cageycloalkyl;

R"is H, CHy, OCH;, or F;

R is H,orF;
and pharmaceutically acceptable salts thereof]
provided that {(4-chloro-2-methoxy-3-(4-(trifluoromethylbenzylguinolin-6-ylibis(1,2,5-
irimethyl-1 H-imidazol-4-ylimethanol, N-{2-((3~(4-{| H-pyrazol-1-vhibenayl}-6-{{(4-~
chlorophenyhi(hydroxy (1 -methyl-1 H-inudazol-S-yDmethyh-4-hydroxyquinolin-2-
yvhoxyyethyhacetamide and (3-{4-(1H~pyrazol-1-yhbenzyh-4-chloro-2-(4-methyipiperazin-1-
yhquinolin-6-yI}{ F-methyl- L H-imidazol-5-ylj{6-(irifiuoromethyDpyridin-3-yhmethanol are

exciuded from the embodiment,

In another embodiment of the invention

R’ is pyrrolyl, pyrazolyl, imidazolyl, triazobyl, thiazolyl, pyridvl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyi, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolvl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyvl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
C(OY igalkyl (inclading C{OYCH), CIONH,, Cgalkyl (including CHa, and CH,CHs}, CFs,
CHRCFs, CL F, -CN, OC 1 galkyl (including OCH3), N(Cpalkyl): (including N{CHa), -
{(CH:):00CH;:, SCpalkyvl (including SCHaz)y, OH, COH, COuCgalkyt (uelnding COC(CHz):),
QOCF;, OCHF;, SG:CHa, SO;NH,, or OCH,OCCH:: and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCH;, and CH;;
and wherein said triazolyl, oxazolvl, isoxazolyl, and thiazolvl arc optionally substituted with one
or two CH; 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-Ci.
nalkyl-piperidinyl, thiazolyl, pyridazyl, 1-(3-methoxypropyl}-imidazolyvl, or 1-Ciaalkyl
imidazolyl; wherein said 1-Cqpalkyl imidazolyl is optionally substituted with up o two
additional CHj; groups, or onc substituent selected from the group consisting of SCH;5, and CF
and said pyridyl, and pyridyl-N-oxide arc optionally substituted with up to two subsitutents

independently selected from the group consisting of SO,CH;, 8O,NH,, C(O)NH,, -CN, OCH;,

[
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CF., 1, and CHjs; and said thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up
to two CHi groups; and said {-methyl pyrazolyl is optionally substituted with up to two
additional CHy groups;

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

R is H, or F;

R’ is H, CI, -CN, CF4, SCapalkyl (including SCH:), OC, _galkyl, (including OC salkyl)
OH, Cpgalkyl, N(CHOCH:, NH{C(galkyl) (including NH{Cq nalky D), N(Cjsjalkyl),
{inchuding N{Cpalkyly), or 4-hydroxy-piperidinyl;

R’ is phenyl, pyridyl, benzothiopheoyl, thiopheoyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said phenyl or said pyridyl is optionally sabstituted with OCF;, SO(CH;:, CFs, CHE,,
pyrazoivl, triazolvl, imidazolyl, tetrazolyl, oxazolvl, thiazolyl, CH;z, OCH;:, N{CH;),, SONH,,
CONH,, C1, F, -CN, CO:H, OH, CH,OH, NHCOCH:, or COCH;5;

R’ is H, Cl, -CN, Cpapalkyl, OCq 4alkylCF; (including OCH,CF»), OCHCHLOC .

allyl (including OCHCH,OCH:), CFy, SCHa, NATAZ CIOWNATA? (including C{OINHCH ),
\J((‘ 1:}C 0 4patkyiNA ATA? (including N(CH)CH,CHNA'A®), 0T, galkyINATA® {including
OCHCHNA'AY), OCpalkyl (including OC nalkyl), OCH(1-methyl-imidazol-2-v1,
imidazoivl, furyl, pyrazolbvl, pyridyl, or pyrimidinyl; wherein said imidazolyl or pyrazolyl is
optionally substituted with one CHsx group;

Alis H, or Ciiaalkoyl;

Ais H, Cipalkyl, CiaatkyliOCaaliovl, CogalkyiOH, CEOCpalkyl Gincluding
CEMHCopalkvly, or OCgalkyl (incloding OCH:); or Aland A? may be taken together with their

attached nitrogen to form a ring sclected from the group consisting of!

. / 2_5f
) ;:f "%”N ’] -§~Nﬂ _§_Ni>_A§:§a "E“N\/><F E “é“NQ—Ra

o O . S 2" N /
g 7 N s L7 S
4N O - ~Ry,

S and ENN\_-/N
R, 18 H, F, OCq palkyl (including OCHz), or OH;
Ry, 18 Cyigalkyl (including CHz), C(O)CH;, or phenyl;
R®is H, CHs, OCH;, or F;
R’ is H, or F;

and pharmaceutically acceptable salts thereof;

[
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provided that {4-chloro-2-methoxy-3-{4-(irifluoromethylibenzylquinolin-6-yi}bis(1,2,5-
trimethyl- 1 H-imidazol-4-yhmethanol, N-(2-((3-(4-{1 H-pyrazol-1-yl}benzyl}-6-({4-
chloropheny{hydroxy )} I-methyl-1 H-imidazol-3-yhimethyh-4-hyvdroxyquinolin-2-
vhoxyjcthyhacetamide and (3-(4-(1H-pyrazol-1-ylbenzyl}-4-chloro-2-{4-methyipiperazin- | -
vhquinolin-6-yl {1 -methyl-1 H-imidazol-5-y{6-(triffluoromethyhpyridin-3-ylimethanol are

exchuded from the embodiment.

In another embodiment of the invention:

R is pyreolyl, pyrazolyl, iroidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolvl,
thiopheunyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
SOCHa, CO)CHa, CIONH,, CH,, CHLCHG, CF;, CLF, -CN, OCH;, N{CH:z)z, (CH 3 0CH;,
SCHs, OH, COH, COC(CH), or OCH,OCH,; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCH-, and CHy;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl are optionally sebstituted with one
or two CHs groups;

R* is 1-methyl-1,2.3-triazolyl, pyridyl, pyridyl-N-oxide, l-methy] pyrazol-4-yi,
pyrimudin-5-vi, pyridazyl, pyrazin-2-yl, isoxazolyl, N-acetyl piperidinyl, 1-H-piperidinyl, N-
Boc-piperidinyl, N-Cp pallkyl-piperidingd, thiazol-5-vl, 1-(3~-methoxypropyt)-imidazol-S-yi, or 1-
Crimatkyl imidazob-3-y1 (including 1-cthyl imidazol-5-vi and l-methyl imidazol-5-yl); wherein
said F-Cyojalkyt imidazol-5-yl (including I-methyl imidazol-5-y1 } is optionally substituted with
up to two additional CH; groups, or one substituent sclected from the group consisting of SCHs,
and CL and said pyridyl, and pyridyl-N-oxide are optionally substituted with up fo two
substitucnts independently selected from the group consisting of C{O}NH,, -CN, OCH;, CF;, T,
and CHj; and said thiazol-5-vl, and said isoxazolyl are optionally substituted with up to two CHjy
groups; and said 1-methyl pyrazol-4-yl is optionally substituted with up to two additional CH;
Zroups;

®'is H, OH, OCHs, or NH;

RYisH, or F,
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R is H, Cl, -CN, CF;, SCH:, OC,; nalky! {including OCHz), OH, Caalkyl {including
CHzy, N{CH2)OCH;, NH{C i palkyly N(Cy_palkyl),, or 4-hydroxy-piperidinyi;

R’ is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyl or phenyl is
optionally substituted with OCF;, 8O,CH;, CF;, CHY,, imidazol-1-vl, pyrazol-1-vi, 1,2.4-triazol-
1-yi, CHy, OCH4, CL F, or -CN;

R7is H, CL ~CN, Copalkyl Gocluding Coonalkyh, OCH,CF;, OCH,CH,OCH,, CFs,
SCH:, NA'A?, C{OINHCH:, N(CH)ICH,CHNA'A?, OCH,CHNA'A® OC, yalkyl, OCH,-(1-
methyl-mmudazol-2-y1, imidazol-2-1, fur-2-v1, pyrazol-4-v1, pyrid-3-vi, or pyrimidin-5-vi;
wherein said imidazolyl or pyrazolyl is optionally substituted with one CHs group;

Al s H, or Crraalkyl;

A% s H, Cpgalkyl, CranalkylOC galkyl, CaalkyiOH, C(OYC () zalkyl, or OCH:; or A
and A” may be taken together with their attached nitrogen to form a ring selected from the group

consisting of:

s o
GENG: i
) _NH 5 /\\‘ F Y P \
5 q QZ/ ’~§~N\w -§—N ’ ~§~N<>~R3’ N, /<F ’ -E"N >Ry
3N D 4N N-Ry

o and T ;

R, is H, ¥, OCH:, or OH;

Ry, is CHs, or phenyl;

R®is H. CHy, OCH;, or F;

R is H, or F;
and pharmaceutically acceptable salts thereof]
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethyl)benzylguinolin-6-yijbis(1,2,5-
trimethyl- [ H-imidarol-4-yhmecthanol, N-(2-((3~-(4-(I H-pyrazol-1-yhhenzyl)-6-((4-
chlorophenyh{hvdroxy i 1-methyl-1 H-imidazol-5-yhmethyl-4-hydroxyquinolin-2-
vhoxyjethyDacctamide and (3-(4-(1 H-pyrazol-1-yiibenzyl}-4-chloro-2-(4-methylpiperazin- 1 -
vhquinolin-6-yl{{ -methyl- | H-imidazol-5-ylj(6-(iriftucromethylpyridin-3-ylmcthanol arc

excluded from the embodiment,

In another embodiment of the invention:

[
(]
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R’ is imidazolyl, pyrimidinyl, triazolyl, tetrahydropyranyl, thiazolyl, pyridyl, piperidinyl,
phenyl, or oxazolyl; wherein said piperidinyl, pyridyl, imidazolyl, and phenyl arc optionally
substituted with SO,CHs, C{O}CH,, CHs, CF;, CL F, -CN, OCH;, or N{CH:),; and optionally
substituted with up to onc additional group independently selected from Cl, OCH;3, and CHy;
and wherein said friazolyl, oxazolyl, and thiazolyl arc optionally substituted with onc or two CHy
groups;

RYis L-methyl-1,2-3triazol-3-y1, pyrid-3-yl, 1-methyl pyrazol-4-v1, thiazol-5-yl, N-acetyl-
piperidin-d-vl, 1,2-divoethyl imidazol-5-yt or -methyl imidazol-3-vi;

R is OH;

RYis H;

R’ is H, CL -CN, CFs, CHz, OH, N(CHJOCH:, or OCH:;

R® is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyl or phenyl is
optionally substituted with pyrazol-1-yl, 1,2, 4-triazol-1-vl, CFs, OCHs, SO, CH;, CL F, or -CN;

R7 is CL, -ON, CF;3, Cuaallyl, NATA? CIOWHCH:, OCHCHOCH:, T-methyl
imidazol-2-yl, T-methyl pyrazol-4-vl, or OC palkyl;

Alis Conalkyl;

Alis Caoalkyl, CHCH,OCH:, or OCHz; or Al and A? may be taken together with their
attached nitrogen to form a ring selected from the group consisting oft

F
—EmNi>-Ra “§“Ni><F -S“NCJ %”NCO
, , , and :

R, 18 OH, OCH., F;

®”is H, CHs, OCH, or F;

R”is H;

and pharmaceutically acceptable salts thereof,

In another embodiment of the invention:

R’ is imidazolyl, triazolyl, thiazolyl, pyridyl, piperidinyl, pheayl, or oxazolyl; wherein
said piperidinyl, pyridyl, imidazolyl, and phenyl are optionally substituted with C{O)CH;, CH;,
CF;, CL F, -CN, OCH;, or N(CH;),; and optionally substituted with up to one additional group
independently selected from Cl, OCH;, and CHj; and wherein said triazolyl, oxazolyl, and

thiazolyl arc optionally substituted with one or two CHjx groups;

26
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R*is {-methyl-f,2.3-triazol-5-y1, pyrid-3-vl, 1-methyl pyrazol-4-yl, thiazol-5-v1, N-
acetyl-piperidin-d-yl, 1,2-dimethyl imidazol-5-vl, or [-methyl imidazol-5-vi;

R is OH;

R' is H;

R’ is H, Cl, -CN, CF3, CHs, or OCH3;

R® is phenyl, thiophen-2-v1, or benzothiophen-2-yl; wherein said phenyl is optionally
substitated with pyrazol-1-yl, 1,2, 4-triazol-1-v1, OCH;, SC,CH:, CL F, CF;, or -CN;

R’ is Cl, -CN, CHs, NATA?, CLOYWNHCH;, or OCapaliyl;

Alis Copalkyl;

Alis Cimnalkyl, or OCH;3; or Aland A* may be taken together with their attached

nitrogen to form a ring which is:

§N> |

RYis H, CHy, OCH;, or F;
R” is H;

and pharmaceutically acceptable salts thercof,

Another embaodirent of the invention 18 a compound selected from the group consisting of:
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and pharmaceutically acceptable salts thercof,

Another embodiment of the invention is a compound selected from the group consisting of:
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and pharmaceutically acceptable salts thercof.

Another embodiment of the invention is the combined sum of the preceeding two embodiments.

Another embodiment of the invention comprises g compound which is

and pharmacentically acceptable salts thercof,

Another embodiment of the invention is a compound selected from the group consisting of:
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and pharmaceutically acceptable salts thercof,

Another embodiment of the invention is a compound selected from the group consisting of:
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and pharmaceutically acceptable salts thercof,

In another embodiment of the invention:

R’ is phenyl, pyridyl, 1-methyl-imidazol-5-yl, {-methyl-1.2,3triazol-5-y1, 2 4-dimethyl-
oxazolyl, or thiazolyl, wherein said phenyl is optionally substituted with —CN, or CL; wherein
said pyridy! is optionally substituted with up to two CH; groups or one CF; group; wherem said
{-methyl-imidazol-3-vl is optionally substituted with an additional methy] groop; and wherein
said thiazolyl is optionally substituted with up to two CHa groups;

R? is N-acetyl piperidinyl, N-acetyl-azetidin-3-y1, N-methylsulfonyl-azetidin-3-yl, N-
Boc~azetidin-3-v1, pynidyl, {-methyl-1,2,3triazol-5-v1, or {-methyl-imidazol-53-yl, wherein said
{-methyl-imidazol-5-vl is optionally substituted with an additional methy! groop;

R is OH

rR'is H

R is CL, -CN, or OCHy;

R? is phenyl; wherein said phenyl is substituted with pyrazolyl, Cl, or CFs;

R’ is €1, -CON, CHLCHs, or OCH:;

R¥is H, or CHa;

R”is H;

and pharmaceutically acceptable salts thergof,

In another embodiment of the invention:

R is phenyl, pyridyl, 1-methyl-imidazol-5-y1, 1-methyl-1,2,3triazol-5-v1, 2, 4-dimethyl-
oxazolyl, or thiazolyl, whercin said phenyl is optionally substituted with ~CN, or CL; whercin
said pyridyl is optionally substituted with up to two CHy groups or onc CF; group; wherein said
t-methyl-imidazol-5-yl is optionally substituted with an additional methyl group; and wherein
said thiazolyl is optionally substituted with up to two CHaz groups;

RY is pyridyl, 1-methyl-1,2.3triazol-5-v1, or 1-methyl-imidazol-5-yl, wherein said 1-
methyl-imidazol-5-yi is optionally substituted with an additional methyl group;

®'is OH

RYis H

R’ is CL -CN, or OCHj;
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R® is phenyl; wherein said phenyl is substituted with pyrazolyl, CL or CFy:
R’ is Cl, -CN, CH2CH3, or OCH3;

R¥is H, or CHz;

R is H;

and pharmaceutically acceptable salts thereof]

In another embodiment of the invention

R is phenyl, pyridyl, {-methyl-imidazol-5-yl, {~methyl-1,2,3triazol-5-v1, 2. 4-dimethyl-
oxazolyl, or thiazolyl, wherein said phenyl s optionally substituted with —CN, or CL; wherein
said pyridy! is optionally substituted with up to two CHj groups or one CF; group; wheremn said
{-methyl-imidazol-3-vl is optionally substituted with an additional methy] groop; and wherein
said thiazolyl is optionally substituted with up to two CHa groups;

R is pyridyl, 1-methyl-1,2,3triazol-5-y1, or 1-methyl-imidazol-5-yl, wherein said 1-
methyl-imidazol-S-yi is optionally substituted with an additional methyl group;

R’ is OH

RYis H

R’ is CI, -CN, or OCH;;

R® is phenyl; wherein said phenyl is substituted with pyrazolyl, Cl, or CF3;

R’ is C1, -CN, or CHCH3;

R®is H, or CHx,

R” is H;

and pharmaceutically acceptable salts thereof]

in another embodiment of the invention:

R is phenyl, pyridyl, 1-methyl-imidazol-5-yl, 1-methyi-1,2 3triazol-5-yi, 2 4-dimethyl-
oxazolyl, or thiazolyl, wherein said phenyl is optionally substituted with ~CN, or CI; whergin
said pyridyl is optionally substituted with up to two CHj groups or one CF; group; wherein said
{-methyl-imidazol-5-vl is optionally substituted with an additional methyl! group; and wherein
said thiazolyl is optionally substituted with up to two CH: groups;

R* is N-acetyl piperidinyl, N-acctyl-azetidin-3-yl, N-methylsulfonyl-azetidin-3-vl, or N-

Boc-azetidin-3-vi;
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R is OH

RYis H

R’ is C1, -CN, or OCHy;

RC is phenyl; wherein said phenyl is substituted with pyrazolyl, Cl, or CFy;
R”is C1, -ON, or CH>CHz;

R®is H, or CHy,

RY is H;

and pharmaceutically acceptable salts thereof;

In another embodiment of the invention:

R is phenyl, pyridyl, 1-methyl-imidazol-5-yl, I-methyl-1.2, 3triazol-5-y1, 2 4-dimethyl-
oxazolyl, or thiazolyl, wherein said phenyl is optionally substituted with —CN, or CL; wherein
said pyridyl is optionally substituted with up to two CH; groups or one CF; group; wherein said
{-methyl-imidazol-3-vl is optionally substituted with an additional methy] groop; and wherein
said thiazolyl is optionally substituted with up to two CH: groups;

R? is N-acetyl pipetidinyl, N-acetyl-azetidin-3-y1, N-methylsulfonyl-azetidin-3-v, or N-
Boc-azetidin-3-y1;

R s OH

RYis H

R is CI, -CN, or OCH;

R® is phenyl; wherein said phenyl is sabstituted with pyrazolyl, Cl, or CF;

R is C1, -CN, CH,CHs, or OCH:;

R®is H, or CHx,

R’ is H;

and pharmaceutically acceptable salts thereof;

Another embodiment of the invention comprises a compound of Formula tand a

pharmaceutically acceptable carrier,
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The present invention alse provides a method for preventing, treating or ameliorating an RORyt
mediated imflammatory syndrome, disorder or disease comprising administering to a subject 1o
need thereof an effective amount of a compound of Formula 1 or a form, composition or

medicament thereof,

The present invention provides a method of preventing, treating or ameliorating a syndrome,
disorder or discase, whercin said syndrome, disorder or discase is selected from the group
consisting oft ophthalmic disorders, uveitis, atherosclerosis, rheumatoid arthritis, psoriasis,
psoriatic arthritis, atopic dermatitis, multiple sclerosis, Crohn's Disease, ulcerative colitis,
ankylosing spondylitis, nephritis, organ allograft rejection, fibroid hung, systic fibrosis, renal
msufficiency, diabetes and diabetic complications, disbetic nephropathy, diabetic retinopathy,
diabetic retinitis, diabetic microangiopathy, tuberculosis, chronic ohstructive pulmonary disease,
sarcotdosis, invasive staphylococcia, inflammation afier cataract surgery, aliergic rhinitis,
allergic conjunctivitis, chronic urticaria, systemic lupus erythematosus, asthma, aliergic asthma,
steroid resistant asthma, neutrophilic asthma, periodontal discases, periodonitis, gingivitis, gum
disease, diastolic cardiomyopathics, cardiac infarction, myocarditis, chronic heart failure,
anginstenosis, restenosis, reperfusion disorders, glomerulonephritis, solid tumors and cancers,
chronic lymphocytic leukemis, chronic myelocytic leukemia, multiple myeloms, malignant
myeloma, Hodgkin's disease, and carcinomas of the bladder, breast, cervix, colon, lung, prostate,
or stomach 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 mvention provides a method of freating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or disecase is selected from the group consisting oft
rheumatoid arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,

ankylosing spondylitis, Crohn’s disease, and ulcerative colitis.

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 counsisting of:
rheomatoid arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,

ankyvlosing spondylitis, Crohn’s disease, and uvlcerative colitis cornprising administering to a
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subject in need thereof an cffective amount of a compound of Formula  or a form, cormposition

r medicament thereof,

o]

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or discase is sclected from the group consisting of:
rheumatord arthritis, psoriasis, chronic obsiructive pulmonary disorder, psoriatic arthritis,
ankylosing spondylitis, Crohn’s disease, ventrophilic asthioa, steroid resistant asthioa, multiple
sclerosts, systemic lupus ervthematosus, and ulcerative colitis comprising administering to a
subject in need thereof an effective amount of a compound of Formula T or a form, corposition

or medicament thereof,

The present mvention provides a method of treating or ameliorating a syndrome, disorder or
disecase, wherein said svodrome, disorder or discase is sclected from the group consisting of:
rheumatoid arthritis, and psoriasis comprising administering to a subject in veed thereof an

effective amount of a compound of Formula T or a form, composition or medicament thercof.

The present invention provides a method of treating or ameliorating a syndrome, disorder or
disgase, in a subject in need thereof comprising administering to the subject an effective amount
of the compound of Formula 1 or composition or medicament thercof in a combination therapy
with one or more anti-inflammatory agents, or immunosuppressive 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 amcliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is rheumatoid arthritis, comprising
administering to a subject in need thereof an effective amount of a compound of Formula for a

form, composition or medicament thereof,

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

7

isease, wherein said syndrome, disorder or discase 15 psoriasis comprising administering to a

Iy
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subject in need thereof an cffective amount of a compound of Formula  or a form, cormposition

r medicament thereof,

o]

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

comprising administering to a subject in need thercot 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 aroeliorating a syndrome, disorder or
discase, wheretn said syndrome, disorder or disecase is psoriatic arthritis  cormprising
administering to a subject n need thereof an effective amount of a compound of Formula Tor 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 disease is ankviosing spondviitis comprising
administering to a subject in need thereof an effective amount of a compound of Formulalor a

form, composition or medicament thereof.

The present invention provides a method of treating or ameliorating a syndrome, disorder or
disgase, wherein said syndrome, disorder or discase is Crohn’s discase comprising administering
to a subject in need 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 amcliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is ulcerative colitis comprising administering
to a subject in need thereof an cffective amount of a compound of Formula | or a form,

composition or medicament thereot.

The present invention provides a method of treating or ameliorating a syndrome, disorder or
i el o 7 E

discase, wherein said syndrome, disorder or disease 18 neutrophilic asthma comprising
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administering to a subjoct in need thereof an effective amount of a compound of Fornmula 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 is steroid resistant asthma comprising
admirustering to a subject in need thereof an effective amount of a compound of Formula Tor a

form, composition or medicament thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
disgase, wherein said syndrome, disorder or disease is multiple sclerosis comprising
administering to a subject in need thereof an effective amount of a compound of FormulaTor 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 disease 18 systemic fupus ervthematosus comprising
administering to a subject in need thereof an effective amount of a compound of Formulafor 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 compoond of Formula L

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 oft
inflarmmatory bowel disecases, rheumatoid arthritis, psoriasis, chronic obstructive pulmonary
disorder, psoriatic arthritis, ankylosing spondylitis, neutrophilic asthma, steroid resistant asthma,
multiple sclerosis, and systemic hipus erythematosus comprising administering to a subjeet in

need thereof an effective amount of a compound of Formula T or a form, composition or

medicament thereof,

The present invention provides a method of treating or ameliorating an inflammatory bowel

disgase, wherein said inflaromatory bowel disease 1s Crohn’s disease comprising administering

Iy
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to a subject in need thereof an cffective amount of a compound of Formula 1 or a form,

compaosition or medicament thereof,

The present invention provides a method of treating or ameliorating an inflammatory bowel
discases, wherein said inflammatory bowel discase is ulcerative colitis comprising administering
to a subject in need thereof an effective amount of a compound of Formula ¥ or a form,

coraposition or medicaroent thereof.

DEFINITIONS
The term "administering” with respect to the methods of the mvention, means a method for

therapeutically or prophylactically preventing

terdd

treating or ameliorating a syndrome, disorder or
discase as described herein by using a compound of Formula 1 or a form, composition or
medicament thereof.  Such methods include adnumistering an effective amount of said
compound, compound form, composition or medicament at different times during the course of a
therapy or concurrently in a combination form. The methods of the invention are to be

understood as embracing all known therapeutic treatment regimens.,

The term "subject” refers to a patient, which may be animal, typically a mammal, typically a
human, which has been the object of treatment, 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 a patient with an inflammatory condition that
accoropanies syndromes, disorders or discases associated with abberant RORyt expression or

RORyt overexpression.

The term "effective amount” means that amount of active compound or pharmaccutical agent
that elicits the biological or medicinal response in a tissuc system, animal or human, that is being
sought by a rescarcher, veterinarian, medical doctor, or other clinician, which inchudes
preventing, treating or ameliorating the symptoms of a syndrome, disorder or discase being

treated.

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

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

The term “alkyl” refers to both lincar and branched chain radicals of up to 12 carbon atoms,
preferably up to 6 carbon atoms, unless otherwise indicated, and inclades, but is not Himited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl,
isohexyl, heptyl, octyl, 2.2 4-trimethvlpentyl, nonyl, decyl, undecyl and dodecyl.  Any alkyl

group may be optionally substitoied with one OCHa, one OH, or up fo two fluorine atoms.

The term “Coepy” (where g and b are mitegers referring to a designated nomber of carbon atoms)
refers to an alkyl, alkenyl, alkynyl, alkoxy or cycloalkyl radical or o the alkyl portion of a
radical in which alkyl appears as the prefix root containing from ¢ to b carbon atoms inclusive,

For example, Cy 4y denotes a radical containing |, 2, 3 or 4 ecarbon atorus.

The term “cycloalkyl” refers to a saturated or partially unsaturated monoeyclic or bicyelic
hydrocarbon ring radical derived by the removal of one hvdrogen atom from a single ring carbon
atom. Typical eycloalkyl radicals include cyclopropyl, cyclobutvl, cyelopentyl, cyclopentenyt,
cyclohexyl, cyclohexenvl, cycloheptyt and evclooetyl. Additional examples include Ca.
seveloalkyl, Cisgeveloalkyl, decahydronaphthalenyl, and 2,3.4,5,6,7-hexahydro-1 H-indenyl.
Any cycloalkyl group may be optionally substituted with one OCH;, one OH, or up to two

fluorine atoms.

As used herein, the torm “thiophenyl™ is intended to describe the radical formed by removing a

@)

hydrogen atom from the molecule with the structure: !t{\\‘/ .

PHARMACEUTICALLY ACCEPTARBLE SALTS
Pharmaceutically acceptable acidic/anionic salts mclude, and are not limited to acetate,

benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate,

Ef,h
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carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate, csylate, fumarate,
glyceptate,  gluconate,  glutamate,  glycollylarsanilate, hexylresorcinate,  hydrabamine,
hydrobromide, hydrochloride, hydroxynaphthoate, iodide, iscthionate, lactate, lactobionate,
malate, malcate, mandelate, mesylate, methyibromide, methylnitrate, methylsulfate, mucate,
napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, succinate, sulfate, fannate, tartrate, fecoclate, tosylate and tricthiodide.
Organic or inorganic acids also include, and are not limuted to, hydniodic, perchloric, sulfuric,
phosphorie, propionic, glycolic, methanesulfonic, hydroxyethanesulfonic, oxahe, 2-

naphthalenesulfonic, p-toluenesulfonic, cyclohexanesulfarnie, saccharinic or trifluorocacetic acid.

Pharmaceuntically acceptable basic/cationic salts include, and are not lmited to aluminum, 2-
amino-2-hydroxymethyl-propane-1,3~diol {also known as tristhydroxymethyhaminomethane,
tromethane or “TRIS™), ammonia, benzathine, #-butylamive, calcium, calciom  gluconate,
calctum  hydroxide, chloroprocaine, choline, cholinge bicarbonate, c¢holine chlgride,
cyclohexylaming, dicthanolamine, cthylenediamine, lithium, LiOMeg, L-lysine, magnesium,
meghimine, NHs, NHyOH, Nemethyl-D-glucamine, piperiding, potassium, potassium-~s-butoxide,
potassium  hydroxide  (aqueous), procaine, quinine, sodium, sodiom  carbonate,

sodinm-2-cthythexanoate, sodium hydroxide, tricthanolamineg, or zinc.

METHODS OF USE

The present invention is directed to a method for preventing, treating or ameliorating a RORyt
mediated inflammatory syndrome, disorder or disease comprising administering to a subject in
need thereof an effective amount of a compound of Formula 1 or a form, composifion or
medicament thereof,

Sinee RORyt is an N-terminal isoform of RORy, it is recognized that compounds of the present
invention which are modulators of RORyt are bikely to be modulators of RORy as well.
Therefore the mechanistic description “RORyt modulators” is intended to cncompass RORy

modulators as well,

When emploved as RORyt modulators, the compounds of the invention may be admmisiered in
PLOY ; Y

an cffective amount within the dosage range of about (.5 mg to about 1{ g, preferably between

(]
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about 0.5 mg to about 5 g, in single or divided daily doscs. 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 onc skilled in the art that the therapeutically effective dose for corapounds
of the present invention or a pharmaccutical composition thercof will vary according to the
desired effect. Therefore, optimal dosages to be administered may be readily determined by one
skilled 1o 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 subject age, weight, diet
and time of administration, will resolt in the need to adjust the dose to an appropriate therapeutic
ievel. The above dosages are thus exemplary of the average case. There can, of course, be
individual instances where higher or lower dosage ranges are mertted, and such are within the

scope of this invention.

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

fillers, binders, disintegrating agents and lubricants,

The pharmaccutically-acceptable salts of the compounds of Fornula I include the conventional
non-toxic salts or the gquaternary ammonium salts which arc formed from inorganic or organic
acids or bases. Examples of such acid addition salts include acetate, adipate, benzoate,
benzenesulfonate, citrate, camphorate, dodecvisulfate, hydrochloride, hydrobromide, lactate,
maleate, methancsulfonate, nitrate, oxalate, pivalate, propionate, succinate, sulfate and tartrate.
Basc salts include ammonium salts, alkali metal salts such as sodim and potassium salts,
alkaline carth metal salts such as calcium and magnesium salts, salts with organic bases such as
dicyclohexylaming salts and salts with amino acids such as arginine.  Also, the basic nitrogen-

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

Ly
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The pharmaceutical compositions of the invention may be administered by any means that
accornplish theirr intended purpose. Examples include adminisiration by  parenteral,
subcutancous, intravenous, intramuscular, indraperitoneal, transdermal, buccal or ocular routes.
Alternatively or concurrently, administration may be by the oral route. Suitsble formulations for
parenteral adminisiration include aqueous solutions of the active compounds in water-soluble
form, for example, water-soluble salts, acidic solutions, alkaline solutions, dextrose-water

solutions, 1sotonic carbohydrate solutions and cyclodextrin fnclusion complexes.

The present invention also encompasses a method of making a pharmaceutical composition
comprising mixing a pharmaceutically 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

invention.

POLYMORPHS AND SOLVATES

Furthermore, the compounds of the present invention may have one or more polymorph or
amotphous ¢rystalline forms and as such are intended to be inchided in the scope of the invention,
fn addition, the compounds may form solvates, for example with water (i.e., hydrates) or
common organic solvents. As used herein, the torm "solvate” 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, including hyvdrogen bonding.
In certain instances the solvate will be capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal lattice of the crystalline solid. The term
"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 treatment of the present invention,
the term “administering” shall encompass the means for treating, ameliorating or preventing a

syndrome, disorder or discase described herein with the compounds of the present invention or a

I
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polymorph or solvate thercof, which would obviously be included within the scope of the

invention albeit not specifically disclosed.

in another embodiment, the invention relates to a compound as described in Formula 1 for use as

a medicament.

In another embodiment, the invention relates to the use of a compound as described in Formula 1
for the preparation of a medicament for the treatment of a discase associated with an elevated or

aberrant RORyt activity,

The present invention includes within #s scope prodrugs of the compounds of this invention. In
general, such prodrugs will be functional derivatives of the compounds which are readily
convertible in vive into the required compound. Thus, in the methods of treatment of the present
invention, the term “administering” shall encompass the treatment of the various disorders
described with the compound specifically disclosed or with a compound which may not bhe
specifically disclosed, but which converts to the specified compound in vivo after administration
to the patient. Conventional procedures for the sclection and preparation of suitable prodrug
derivatives arc described, for example, in “Design of Prodrugs”, Ed. H. Bundgaard, Elscvier,

1985,

Furthermore, it is intended that within the scope of the present invention, any clement, in
particular when mentioned in relation to a cormmpound of Formula (1), shall comprise all isotopes
and isotopie muixtures of said clement, either naturally occurring or synthetically produced, either
with natural abundance or in an isotopically eoriched form. For cxample, a reference to

. i e . Ty Zvv R — ..

hydrogen includes within its scope 'H, “H (D), and "H (T). Similarly, references to carbon and
. iy . ; 12, 13 14 16 18 .

oxygen include within their scope respectively "C, "Cand 7C and 70 and 7O, The isotopes

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

. . - cry bl 8p 122y 123 1257 131 Ty, 7T
radioactive isotope selected from the group of "H, VC, UF, "L "L "L '1, "Br, Br, "'Br and

82 , S . . clpp i 18
Br. Preferably, the radioactive isotope is selected from the group of 'H, "Cand F.
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Some compounds of the present invention may cxist as atropisomcers.  Atropisomers are
stereoisomers resulting from hindered rotation about single bonds where the steric strain barrier
to rotation is high enough to allow for the isolation of the conformers. It is to be understood that
all such conformers and mixtures thereof  are encompassed within the scope of the present

invention.

Where the compounds according to this invention have at least one sterco center, they may
accordingly exist as cnantiomers or diastercomers, It is to be understood that all such isomers

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

Where the processes for the preparation of the compounds according to the invention give rise to
mixture of stercoisomers, these isomers may be separated by conventional technigues such as
preparative chromatography. The compounds may be prepared in racemic form, or individual
enantiomers may be prepared either by enantiospecific synthesis or by resolution. The
compounds may, for example, be resolved into their component enantiomers 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 acid and/or (+)}-di-p-toluoyl-L-tartaric acid
followed by fractional crystallization and regeneration of the free base. The compounds may
also he resolved by formation of diastercorueric esters or amides, followed by chromatographic
sgparation 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

deseribed in Protective Groups in Organic Chemistry, ed. LFW. McOmie, Plenum Press, 1973;

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

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

known from the art.

ABBREVIATIONS

I
el



WO 2014/062658

PCT/US2013/065013

Herein and throughout the application, the following abbreviations may be used.

Bu

n-Buli

d

dba

DCM
Dess-Martin periodinane
DMA

DMF

DMSO

dppf

Faton’s Reagent
EDCE

EtMgBr

ESH

Et

Ep,O

FtOAc

EtOH

Et:SiCH

HATU

HPLC
Hz

angsirom

acetyl

acetic anhydride
tert-butyloxycarbonyl
butylated hydroxytoluene
broad

baty]

n-butyl lithium

doublet
dibenzylideneacetone

dichloromethane

i1, ris{acetyloxyy-1,1-dihydro-1,2-benzicdoxol-3-(1 H}-one

dimethylacetamide
N N-dimethyiformamide

dimethyt sulfoxide

{diphenyiphosphino}ferrocene

7.7 wt% phosphorus pentoxide solution in methavesulfonic acid

N-(3-dimethylaminopropyl N -ethylcarbodiimide hydrochloride

ethylmagnesium bromide
electrospray ionization
cthyt

diethyl ether

cthyl acctate

ethyl alcohol

chlorotricthylsilane

O-{7-azabenzotriazol-1-y1}-N NN

hexafivorophosphate

high pressure hiquid chromatography

hertz
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iPr, 1-Pr, iPr, or i-Pr

i-PrOH
KHMDS
LCMS
LDA

Me

Meldrunt’s acid
MeOH

MHz

min

mb.

MTBE

nBy, n-Bu, #Bu, or n-By

NaQiPr
am

NMR
PACL{dpph)
Pdz{dba}s
Ph

ppm

Pr

q
RP-HPLC
&

TEA
TEMPO
TFA

TLC
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isopropyl

isopropyl alcohol

potassium hexamethyldisilazane

higuid chromatography-mass spectrometry
Hthium diisopropyl amine

multiplet

molar (moles/liter)

methyl
2.2-dimethyi-1,3-dioxane-4,6-dione
methanol

megahertz

mingies

mililiters

methyl tertiary butyl ether

normal butyi

sodium isopropoxide

nanometers

nuclear magnetic resonance

1, U-bis{diphenyiphosphino ferrocencldichloropaliadium( )
tris{dibenzylidencacetone}dipaladium{0}
phenyl

parts per million

propyl

guartet

reverse phase high pressure liquid chromatography
singlet

tricthylaming
(2.,2,6,6-tctramethylpiperidin-1-vioxidanyl
trifluoroacetic acid

tetrahydrofuran

thin layer chromatography
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uv ultra-violet
X-Phos 2-dicyelohexylphosphing-2" 4" 6/ -triisopropylbiphenyl

GENERAL SCHEMES:

Compounds of Formula ¥ 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
schemes are only meant to represent examples of the invention and are in no way meant to be a

fimit of the invention.

Scheme 1 describes the preparation of 6-broms or 6-iodoguinolines of formula VI by various
methods {path 1 t0 5). As illustrated in path |, the 2-substituted malonic acids IV ({3 = H) can be
prepared by addition of aromatic aldchydes to Meldrum’s acid or dialkyl malonates as described
by D. B. Ramachary ct al. (Terrahedron Letters 47 (2006} 651656} followed by agueous base
hydrolysis under either microwave conditions or by heating at temperatures between 100 and
115 °C, or treatment with an acid such as triflaoracctic acid in water at temperatures ranging
from room temperatare to 100 °C. Haloanilines ¥V {Z = Br or 1) can be condensed with malonic
acids IV (Q = H) in phosphorus oxychloride at toemperatures between 80 — 120 °C affording 6-
haloquinolines VI wherein R and R are CL Displacement of the 2-Cl of 2,4-dichloroquinoline
VI with sodium alkoxides can be accomplished in an alcoholic solvent such as methanol, ethanol
or isopropanol or at elevated temperatures in a non-polar solvent such as toluene (Alan Osborne
gt.al. J. Chem. Soc. Perkin Trans. 1 {1993y 181 — 184 and J. Chem. Research ¢5), 2002, 4) o0
provide substituted guinolines VI wherein R’ is Cland R is Qalkyl. Alternatively, as shown in
Path 2, the haloanilines V can be treated n one pot directly with Meldrum’s acid then
subsequently heated 1o the presence of Eaton’s reagent as described in by W.T. Gao, et. al.
{Synthetic Communications 48 (20103 732) to form the 4-hydroxy-2{1 F-quinolinone XLE. Once
ireated with phosphorus oxychloride as previously described, the resulting 2.4+
dichloroquinolines XLEY can be deprotonated with a strong base such as lithium
dusopropylamide and then added to substituted benzyl bromides to afford the mtermediate
quinolines VI (wherein R and R’ are chloro). In path 3, methyl Z-amino-3-halobenzoates VII

can undergo acyvlation with acid chlorides VEH in the presence of a base such as triethylamine to



WO 2014/062658 PCT/US2013/065013

form an amide intermediate, which can be further treated with a base, such as sodium cthoxide or
potassium bis(trimethylsilvljamide, affording 6-halo-4-hydroxyquinolin-2(1 H}-ones EX.
Conversion of hydroxyquinolin-2{1H}-oncs X to 2 4-dichloroquinolines VI can be carried out in
phosphorus oxychloride at clevated terperatures. Displacerment of the Cl of 2,4~
dichloroquinolines VI with disubstituted amines, such as NHMe,, NHEL, or NHMeE!, can be
done in a hot polar solvent, such as MeOH, EitOH, or DMF 1o provide 2-N{alkylphquinolines VI
wherein R7 is N{alkyl},. To path 4, amides XT can be generated from anilines ¥V and acids X in
the presence of an appropriate coupling agent such as EDCY or HATU and a base such as EGN.
In-sitn formylation under Vilsmeier-Haack conditions (POCH/DME) followed by heating to
protuote ring cylization as described m WO2007014940 can provide 2-chloroquinolings Vi

. 5. 4 7.
wherein RO s Hand B s CL
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Scheme 1 cont'd

4 q4
R o ,
s Mg YT POCl;_ RE
PATH 4 . 358 P e JL
RETNUNH, X R g NH
RS R o RS'
V{Z=1orBr) X Wi (R* =H, RT=Ci)
R4 0 j\ R R R RS
PATHS A b e w By
RPN, RO TR
R® e
X {2 = or Br) ¥i (R5 = OH, R = OF;) Yi (RS = CI, RY = CFy)

Compounds of formula VE wherein R is trifluoromethyl, can be prepared starting from the 2-
carboxyaniline XI¥ as described in Path 5. One pot addition of 1,1, I -trifluoro-4-arvibutan-2-one
XiH to Z-aminobenzoic acids X and cyclization with Eaton’s reagent at elevated temperatures
yields 4-hydroxy-2-trifluoromethylquinolines VI, wherein R is OH and R’ is CF;. The hydroxyvl
group could then be converted to chlore upon heating in phosphorus oxychloride to provide 6-

. e . 55 P, B
bromo or 6-iodogquinolines VI wherein R7 is Cland R is CFs.

Scheme 1 coni'd
R OH Y OM Ré RS

o — e

Y
FATH 8 ; | L
Rﬁ o /”"'\\N/

NG R3S N Yo R R
Re g3 H F28
L4 ) 4 YIRS RT =0l

R* Ry R' Rg

N "L\\\.%”\RS POCH Z\E/\ SN
LT A

Rg, \f’// N,«/’\RT RB/\\‘

RE R

¥ (Z=1or Br) Vi, (R = alkyl; R® = OH) ¥i, (R = aliyl; R® = C)

PATHY

o
(]
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As shown in Path 6, compounds of formula VI can also be prepared from 4-hydroxy-2{1H)-
quinolinones XLI by condensation with substituted aldehydes of the formula ROCHO in the
presence of a Hantzsch ester, such as dicthyl 2,6-dimethyl-1 4-dihvdropyridine-3,5-dicarboxylate,
in solvents like ethanol and pyridine to afford 2 4-dihydroxyquinolines ¥X. Further treatment
with phosphorus oxychloride as previously described, can provide quinolines of formula VI

ns 7
{(wherein R and R’ are chloro).

Compounds of formula VI, wherein R is alkyl, can be prepared as illustrated in Path 7.
Intermediates of formula XLIV can be prepared by deprotonation of f-keto esters, such as cthyl
3-oxobutanoate or cthyl 3-oxopentanocate, with a base like sodium hydride followed by
alkviation with substituted alkyl halides such as R°CH,Br or R°CH, 1 Condensation with 4-
haloanilines (V) in the presence of an acid, such as para-toluencsulfonic acid (PTSA), in toluene
as solvent with concomitant removal of water followed by intramolecular cyelization at clevated
temperature affords 4-hydroxy quinolines VI, wherein R is OH and R is alkyl. The hydroxyl
group could then be converted to a chloro group upon heating in acctonitrile with phosphorus

. . - . . . . . G e 7 . ;
oxychloride to provide 6-bromo or 6-iodoquinolines Vi wherein R is Cl and R is alkyl

66



WO 2014/062658 PCT/US2013/065013

Scheme 2
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XK XXn ST Kl
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~N
ENN i)H Dess-Martin periadinang j:i
PATH 4 L : 4N a2 -
RCHO B RY R or MnO, R "R?
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5 ¥Z XK )
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| n-BuL| Xvil
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Scheme 2 outlines synthetic routes {path 1 to 53 to aryl ketones of formula XV In path |,
Weinreb  armmdes XV can be  prepared  from  carboxylic acids XIV  and N,O-
dimethythydroxylamine hydrochloride in the presence of a base such as tricthylamine or Hunig's
base and a coupling reagent such as EDCL The amides XV can be further treated with Grignard
reagents such as R*MgX (X is Br or C1) XV that can be obtained commercially or preformed by
treatment of R*Z XIX (7 = Br or I with organometallic reagents such as -PrMeCl or EtMgCl in
THF or dichloromethane to afford the ketones XVI, wherein R! and R? are as defined above.
As shown n path 2, aldehydes XVHI can also be treated with Grignard reagents, as deseribed in

path [, to afford the intermediate alcobols XX. Subsequent oxidation with Dess-Martin
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periodinane or MnQO, in a suitable solvent such as 1, 4-dioxane or tetrahydrofuran at clevated
temperatures can provide ketones XVEHL Path 3, which cmploys  palladium catalvzed cross-
coupling of arylboronic acids XXI with acid chlorides XX¥ using KiPO4 as a base and
{(PhzP)Y,PdCl as g catalyst in a high boiling non-polar solvent such as toluene, can also be used to
generate ketones XVEL In path 4, aryl ketones XVE, wherein R? is triazolyl, can be prepared by
treatment of F-methyl-1H-1,2 3-triazole, made according to PCT Int. Appl. 2008098104, with #-
butylithivm followed by reaction with aldehydes XVIH to yield alechols XX, which can
undergo oxidation with Dess-Martin periodinane or MnQ,. Path 5 exemplifies the preparation of
symmetrical ketones XV wherein R' and R? are the same. As tllustrated, an aryl or heteroaryl
group containing an acidic proton XE (Y = R' or R?) can be deprotonated in the presence of a
stong base such as #-butyllithivm once solabilized in a preferred solvent such as tetrahydrofuran
at temperatares between § and -78 °C then added in excess to ethyl methoxy{methyl}carbamate
to provide aryl ketones XVI wherein R and R? are the same.  Aryl or heteroaryl bromide XXEX
can also be lithiated through a lithium/halogen exchange with a-butyllithium before adding in
exeess to ethyl methoxv{methyljcarbamate as previously described to provide symmetrical

ketones XVIL
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Scheme 3 shows examples of methods used to introduce either R' or R? to form ketoquinolines

of formulas XXVI (path | 10 3). As shown in path 1, Weinreb amides XXIV can be formed
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from 4-nitrobenzoie acids XXFE and N, O-dimethylhydroxylamine hydrochloride in the presence
of a coupling reagent, for example, EDCI and a basc such as tricthylamine or Hunig’s base in a
chlorinated solvent at ambient temperature. Ketoanilines XXV can be prepared in two steps by
reaction of the Weinreh amide XXV with a Grignard reagent such as YMgX XXX (X is
bromide or chloride and Y is R' or R?} or one that is pre-formed by corbining Y7 XXIX (Z =
BrorTand ¥ is R' or RY) with an organometallic reagent, such as EtMgCl or iPtMgCl at 0 °C to
arobient temperature to introduce ketone functionality followed by reduction of the nitro group
by using an appropriate reducing agent such as SnCh.2H:O in a polar solvent such as ethanol or
THF at reflinang temperatures, The ketoanthines XXV can then be treated with malonic acids TV
in phosphorus oxychloride at clevated temperatures to provide ketoquinoloes XXVI wherein R’
and R are Cland Y is R' or R%. The 2-Cl group can be displaced with NaQalkyl in an
appropriate hot alcoholic solvent such as methanol, ethanol or 1sopropanol or in a nonpolar
solvent such as toluene at elevated temperatures to afford quinolines XX VI, wherein R is Cl and
R’ is Qalkyl. Alternatively, as llustrated in Path 2, ethyl 4-aminobenzoates XXV can be
condensed with either malonic acid IV (Q = H) in phosphorus oxychloride at elevated
temperatures or treated with activated malonic acid esters such as bis{2 4,6-trichiorophenyl)2-
benzyl malonates (Q = 2,4,6-trichlorophenyl} at high temperatures in the microwave followed by
heating in phosphoryl tribromide or phosphorus oxyehloride to afford cyclized quinolings
XXVIH wherein R and R are Cl or Br (Path 2). The 2,4-dibromoquinolines XX VI can be
further treated with trimethyiboroxine under Suzaki reaction conditions to provide 2 4-
dimethyiquinolines XXX . The ethylester of quinolines XXV and XXX can then be either
converted to the Weinreb amide using N,O-dimethylhydroxylamine hydrochloride and
isopropyimagnesium chloride before addition of aryl magnesium bromide or chloride YMgX
XXXIE (Y =R’ or RY) as previously described or treated directly with aryihalides XXIX (Z = Br
or Fand Y = R' or R} and n-butyllithium at -7& to 0 °C to provide ketoquinolines XXVI,

wherein R and R are CLBrorCHrand Y = R' or R? and arc as defined above.

in path 3, one-pot reaction of aldchydes XXX and Grignard reagents such as YMgX XXX (X
is bromide or chioride and Y is R’ or RY) followed by treatment with i-PrMgCl and addition of
2,2, 2-triftuoro-N-methoxy-N-methylacetamide yields hydroxyl compounds XXX, The
hydroxyl group can be oxidized using, for cxample, bleach and TEMPQO. Fluoro displacement

can then be achicved with ammonia in hot DMSQO to provide anilines XXXV, In the presence
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of benzenesulfonic acid, condensation of anilines XXXV and N-methyl-2-(methylimingj-4-
arylbutanamide XXXV in hot DMSO furnishes ketoquinolines XXV wherein R is CF5, R is
CONHMe and Y is R' or R? and are as defined above

Schame &
PATH 1
4 5 4 4 5
R R OoH R R Dass-RMartin g R R
Z\TJWRG n-RBuli K/(\R‘E‘ 'psriodinane R | N Lj'\/\Ra
| PR o Mn,
P N N R'CHC N N
ROSONTRT g R N©OR
Ra R8
Vi {Z=or Br) xxxv; XxvE
TY-Z XX
PATH 2 o R RS (r=RTorRY 5 e s
HRrMgCLLICH i
| DMF, n-Buli LaCl;.2LCH
2. MHOQ, A

RS
XEVI (Y = R or R%)

Synthesis of the intermediate ketoguinolines XX VY may also be achicved via chemical routes
shown in Scheme 4. In path 1, treatment of 6-bromo or 6-iodoquinolings VI with #-Buli
followed by addition of aldehydes XVIIL, at temperatures between ¢ and -78 °C, proviides
secondary alcohol quinolines XXXV, Final oxidation to ketoguinoline XXVI can be achieved
with Dess-Martin periodinane or MuQ,;, as previously described. Alternatively, 6-bromo or 6-
iodoquinolines VI can be treated with »-BuLi at -78 "C then quenched with DMF to afford
quinoline carboxaldebydes XXXVIE Ketoquinolines XXVE wherein Y is R' or R%, can then be
obtained 1o a two-siep prm:‘ess by addition of the aldehydes XXXVH to a reaction mixture of
aryl halides XXIX (Y =R’ or R:and Z =Bror T} and 7-PeMgCLLiCH followed by oxidation with

MnQ; (path 2}
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Schemse §
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Scheme 5 exemplifics synthetic methods that could be used to prepare compounds of Formula |
{paths 1 - 3}, As tllustrated in path 1, a mixture of the 6-bromo or 6-icdoquinolines Vi in an
appropriate solvent such as THF can be cither premixed with the ketones XVII at =78 °C
followed by addition of BuLi or can be pretreated with Buli at -78 °C prior to the addition of the

ketones XVIE to afford the tertiary alechols of Formula I, wherein R is OH.

Paths 2 illustratc the formation of tertiary alcchols of Formula I by ireatment of the
ketoquinolines XXVI(Y is R' or RY) with Grignard reagents XXXII that are cither commercially
avatlable or can be prepared by a halogen-metal exchange of arvl halides XXEX with ethyl or
isopropyl magnesium chloride as previously described. Similarly, as shown in Path 3, an
organometallic reagent, such as n-Buli can be added to an aryl halides XXIX at temperatures
between -78 °C and ambient temperature in a preferred solvent such as tetrahydrofuran folowed
by the addition of the quinohine ketones XXVE to afford the tertiary alcohols of Formula 1
wherein R is OH and R’ and R? are as defined above.
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Scheme & iHustrates methods used to synthesize compounds of Formula ¥ whercin cither the
chlorine at & or R’ or at both R’ and R’ positions are replaced with nitrogen, oxygen, sulfur or
alkyl groups. In path | and 4, nucleophilic displacement of 2,4-dichioroquinolines ¥ (R” and R’
are Cl} with NaOf{alkyl), NaS{alkyl}, such as NaOMe, NaSMe, NaOFEt, or NaQiPr, in an
appropriate solvent, such as MeOH, EtOH, i-PrOH or DMF at elevated temperatures or with
substituted hydroxy reagents such as 2-methoxyethanol in the presence of g base like sodium
hydride in a non-polar solvent such as toluene provides compounnds of Formula ¥ wherein R is
Cland R is Ofalkyl), O{CH,),OCH: or S{alkyl) and compounds of Formula § wherein R and R
are Ofalkyl) or S{alkyD). Likewise, nucleophilic displacement of 2,4-dichloroquinolines T (R” and
R’ are CI) with primary or secondary alkyl amines, heterocyclic amines, or N,O-
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dimethythydroxylamine in polar solvents such as McOH, EtOH, or ER;NCHO, or DMF provides
quinolines of Formnla I (path 2) wherein R is NH{alkyl), Nalkyl},, N(CH;3OCH;, or CL and R’
is NH(alkyly, Nalkyl),, N(CH:3OCH;, NATA® NHC,alkyINA'A? or N(CH)CpaalkyINA'A?
wherein A' and A arc as defined above. Introduction of cyelic amides can be accomplished
using Buchwald palladium catalyzed coupling conditions to provide compounds of Formula {,
wherein R are rings such as azetidin-2-ones or pyrrolidin-2-oues. Replacement of chiorine at
positions 2 and 4 of quinolines ¥ (R” and B are CI) with alkyl groups can be carried out using
Zo(alkyl), in the presence of K COs and a palladium catalyst, such as PACL{dpph), to afford 2-

alkyl and 2 4-dialkylquinolines of formula I (path 3).
Schems 7

RS PATH 1 - R3
Ry 6 Fdgtbag, X-phos R’

N RT Zn{CNYy, Zn, A

IR =HorClLR =Ch HRS = Hor I i

SR RYORS
ArB{OHp, KoC0s R S P
PACL{dppf), A R Sy RS

PN

P
PATH 2 RE N™ Ar

RS
HRS=Hor O

Synthetic routes to compounds of Formula I, wherein R is H or Clor ON, and R” is CN or aryl,
are illustrated in Scheme 7. o path 1, cyanation of the 2 4-dichloroquinolines § with Zn{CN}, in
the presence of Zn, a palladium catalyst, such as Pdydba;, and a ligand, such as dppf or X-phos,
at high temperatures can provide 2-CN and 2,4-diCN quinolines of Formula I The 2.4-
dichloroquinolines  can also undergo a Suzuki palladium catalyzed cross-coupling reaction with
ArB(OH), or ArB(OR); with a palladium catalyst, such as PdCly{(dppb), viclding compounds of
Formula I wherein R is phenyl, substituted phenyl and five or six-membered heteroaryls such as

furan, pyridine, pyridazine, pyrazine, pyrimiding, pyrrole, pvrazole, or imidazole (path 2).
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Scheme §
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As shown in Scheme 9, tertiary alcohols of Formmula 1 can be treated with base, such as NaH, and

alkylated with Mel in DMF to provide compoeunds of Formula I wherein R is OMe.

Scheme 10
TR
PN~
o RQL’/ N/ R? R3 Rd R5
Q R"JJ\R?- Qv © Rf : )
Rt g ¥i{Z=Brorl R N A
;\):/S\NH i e { } - ng BN, Pr
‘ o 1. reBuld R NOR
THOE, XXHVIR 2. HCIL MeOH R?
H{R* = NHy)

ar 1. NaH

2. Ac20 or AcCl
3. NH; in MeOH, A

Synthetic routes to compounds of Formula i, wherein R is NH,, are iltostrated in Scheme 10
Ketimines XXXV may be prepared by THOE s mediated condensation of ketones XVIE with
Z-methylpropane-2-sulfinamide in refluxing THF. Addition of #-Buli to the reaction mixture of
ketimines XXX VI and 6-broms or 6-iodoquinolines Vi at - 78 °C followed by cleavage of the

tert-butanesulfinyl group with HCI in MeOH liberates tertiary amines of Formula L

Alternatively, compounds of Formula I, wherein R is OH can be treated with sodium hydride
followed by addition of acetic anhydride or acetyi chloride and stirred at room temperature over
a 24 16 72 hr period to provide the intermediate acetate wherein R is OAc. The acetate can then
be combined with a solution of ammonia in methanol and heated at temperatures between 60 and

N . ; - . . 2.
85 °C to provide compounds of Formmula £, wherein R is NH..
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Scheame 114
3 4 g
refCOKOH PATH 1 R2 R R* RSP
1 A8
R ' 2 S (24 R \RS
e s
R® N7 R
;; NTTRY
1{R” = CN
( ) HRT = CONH.)
R2 R3 4 RS
= (=3 RN \Ro
> P OH | Lz
PATH 2 \ﬂ/ RS N RT

XL (R7 = COH)

(R = CONA'AY

As shown in Scheme 11, the quinolines of Formula ¥ whercin R’ is CN can be hvdrolyzed as
described in US20080188521 by treatment with sodium carbonate and hydrogen peroxide to
provide corpounds of Fornula I wherein R is CONH, (Path 1) or can be treated with a strong
acid like HCI to convert CN to a carboxylic acid XLEH (Path 2). Ounce formed the acid can be
further coupled to substituted amines using appropriste coupling reagents such as EDCI or
HATU in the presence of a base like tricthylamine or Hunig's base to provide compounds of

- . . T o mevnt Al a2
Formula I wherein R 1s CONA A",
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Scheme 12

Rz R3 R4 5 RZ R3 R4 R\:
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7
(R* = CHzBr} HR = CHZNHC(2_3)aEkyENA1A2 or

CHYN{CH3)C . aaliyINATAT)

H{R? = CHg)
PATH 2

R3 R“&}i(

HR = CHgOC(gﬂg}aikyiNAﬁ!A%

Syuthesis of compounds of Formula I, wherein R” is an amincalkylaminomethylene or an
aminoalkoxymethylene can be prepared from Z-methylquinolines as shown in Scheme 12,
Bromination of 2-methylquinolines of Formula ¥ can accomplished with N-bromosuceinamide in
acetic acid at clevated temperatures as described in WQO2010151740, to provide the
methylbromide mtermediate XXXEX. Nucleophilic displacement of the bromide under basic
conditions using procedures known in the art could afford compounds of Formula ¥ wherein R’
is -CHNHC ) nalkyINATAT or «CHN(C E%Ig)(f,\g._;)alkyiNA}A‘Z (Path 1) or CH,OC, nalkyiNA'A?
(Path 2) and A' and A’ are defined abo

~ . i 2 6 . .
Compounds of Formula [ wherein R, R or R” are pyridyl can be treated with m-
chloroperbenzoic acid in a chlorinated solvent at ambient to 40 °C to form the pyridyl-N-oxides

of Formula L.
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Scheme 13
2 RK R4 R‘S Rz Rg R4 Rb
Jj’\/\ R | Sy Ry O RE
= \ RYN ONTRY
RB
; (R3 = OH) HR®=H)

<. " i o R . Ty
As shown in Scheme 13, compounds of the Formula § whercin R is H can be prepared by
treating compounds of Formula ¥ wherein R is OH with an acid such as trifluoracetic acid in a

solvent such as dichloromethane at room temperature or with heating (WQO2009091735).

Scheme §4

'\Rs
RT
VEH{Z = 8r) XLy 1{R1=R2)
Compounnds of Formula L, wherein R’ and R are the same, can also be prepared as deseribed in

Scheme 14, The starting 6 bromogquinolines can be treated with butyl hithium, quenched with
carbondioxide then suhsequently ireated with roethyl iodide as deseribed in US4710507 Al
1987 to provide the mtermediate quinoline methylester XLV, Further treatmoent of the methyl
ester with excess R'Li, R'Li, R'MgBr or R?MgBr, in the presence or absence or lanthanum

chioride, can afford the symmetrical compounnds of Formula L

EXAMPLES
Compounds of the present invention can be prepared by roethods known to those who are skilled
in the art, The following examples are only roeant to represent exaroples of the invention and are

in no way meant to be a lurut of the invention,
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Intermediate 1: step a

4-Chioro-N-methoxy-N-methylhenzamide
¢
10

AT

Pynidine (27.6 mb, 343 mmol} was added to N,O-dimethythydroxylamine hydrochloride (16.7 g
172 romol} in DCM (400 mL). 4-Chlorobenzoyl chloride (20 mib, 156 mmol} was then added
and the mixture was stirred at room teroperature for 3 days, Solids were removed by vacuum
filtration, washing with DCM. The filtrate was washed with 1 N aqueous HCI followed by
water. The organic phase was dried (Na,S0y3, filtered, and concentrated, affording the crude

title compound as a colorless liquid which was used without purification in the next step.

Intermediate 1:step b
{4-Chlorophenyi}{l-methyvi-1H-imidazol-5-yvhmethanone
O

PN /lL\/i\é
JQt

Ethyl magnesium bromide (3.0 M in dicthyl cther, 21.5 mL, 64.4 mmol} was added via syringe

Cl

over a fow minutes to a clear coloriess solution of 5-bromo-f-methyl-1 H-imidazole (104 g, 64.4
nunol} 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 stirred for 20 minutes,
then was again cooled in an ice bath before addition of 4-chloro-N-methoxy-N-methyibenzamide
{10.7 g, 53.6 mmol, Intermediate | step a). The resulting white suspension was stirred overnight
at roomn termperature.  The reaction was quenched by addition of saturated aqueons WH4Cl and
diloted with water. The mixture was partially concentrated o remove THF and was diluted with
DCM. The mixture was acidified to pH 1 with | N agueous HCL, then neutralized with satarated
aqueons NaHCO:. The phases were separated and the aqueous phase was further extracted with
DCM. The organic extracts were washed with water, then were dried (NaySQy), filtered, and
concentrated, affording a white solid.  The crude product was fritorated with a mixture of
EtOAcheptanes (101, 150 mL). The precipitated solid was collected by vacuum filtration,

washing with heptanes, to afford the title compound,

&0
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Intermediate 2: step a

Methyl 5-bromo-2-(3-phenvipropanamidoibenzoate

00 . P
T
Br o G

into a 100-mL round-bottom flask, was placed a sohation of methyt 2-amino-5-bromobenzoate
{5.0 g, 21.73 mmol,), tricthylamine {4.39 g, 43 38 mmol,}, 3-phenyipropanoyl chloride (3.67 g,
21.76 mmol,} in dichloromethane (50 mL). The resulting mixture was stirred for 12 hours at
room temperature. The reaction was then quenched by the addition of 58 mb of water, The
resulting mixture was extracted with 3x50 mi of dichloromethane, The combined organic layer
was dricd over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue
was purificd by chromatography over a silica gel column with cthyl acctate/petroleum ether (2:1)

to give the title compound as a white solid.

Intermediate 2: step b

3-Benzylh-o-bromo-4-hyvdroexy-1,2-dihyvdroguinclin-2-one
OH

Br\\(j "s =i =
~F N/E%Q N
Ly
Into a 50-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen,
was placed a solution of methyl 5-bromo-2-(3-phenyipropanamido jhenzoate (2.8 g, 7.8 mmol,

Intermediate 2: step a), KHMDS (47 mLE, 15% in toluene) in tetrahydrofuran (50 mL). The
resulting solution was stirred for 12 hours at room temperature. The reaction was then quenched
by the addition of 2 mL of methanol and 10 mL of agucous HC (1M}, The resulting solution
was cxtracted with 2x100 mL of ethyl acetate. The combined organic layers were dricd over
anhydrous sodium sulfate, filtered and concentrated under vacuom. The crude product was

purified by re-crystallization from cthyl acetate to give the title compound as a white solid.

Intermediate 2: step
3-Benzyl-6-bromo-2.4-dichloroquinoline

&1
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Sr\L \I \\v’\v/\

e \«/;’
Into a 100-moL round-bottom flask, was placed a solution of 3-benzyl-6-bromo-4-hydroxy-1,2-
dihydroquinolin-2-one (2.9 g, 8.78 mmol, , Interimediate 2: step by in POCL (20 mL). The
resulting solution was stivred for | hour at 110 °C. The reaction was then quenched by the
addition of 50 mL of water/ice. The pH value of the solution was adjusted to 7-8 with aqueous
armmonia. The resulting solution was extracted with 3x50 mL of ethyl acetate. The corobined
organic layers were dried over anhydrous sodinm sulfate, filtered and concentrated under
vaciim. The restdue was purified by chromatography over a silica gel column with cthyl

acetate/petrolenm ether (2:1) to give the title compound as a8 white sohid.

Intermediate 3: step a

5-{4-Chlorobenzyl)-2,.2-dimethyi-1,3-dioxane-4,6-dione

>

o7 o

PP
2
2,

Proline (0.165 g, 1.42 mmol} was added to a solution of 4-chlorobenzaldehyde (1.00 g, 7.11
mmol) and Meldrum’s acid (103 g, 7.11 mmwol) in EtOH (10 ml}. The mixture was stirred at
room temperature for 1 houwr and digthyl 1 4-dihvdro-2.6-dimethyl-3,5-pyridinedicarboxylate
{1.80 g, 7.11 mmol} was added. Stirring was continued for 3 howrs and EtOH removed under
reduced pressure. The residuc was diluted with -PrOH and filtered to provide the desired

compound as a white solid.

Intermediate 3: step b

2-(4-Chlorobenzylimalonic acid
QH OH




WO 2014/062658 PCT/US2013/065013

A solution of 5-{4-chlorobenzyl}-2,2-dimethyi-1,3-dioxane-4,6-dione (1.50 g, 5.58 mmol,
Intermediate 3: step a} and 3 M agucous MaOH (16 mL) was heated in the microwave at 75 W
for 20 minutes at 120 °C. The aqueous mixture was extracted with EtOAc (1x) then acidified to
pH | with concentrated aqueous HCL and extracted with EtOAc (2 x). The combined EtOAc
extract was washed with H;O, brine and dried over Na,S0,, filiered. Solvenis were removed

under reduced pressure to atford the title compound as a white solid.

Intermediate 3: sfep ¢

6-Bromo-2,4-dichioro-3-(4d-chlorobenzyliguincline

i
Br\{\\\[/‘\j:/\@
FNENG

A misture of 2-{(4-chlorobenzyhmalonic acid (1.16 g, 5.07 mmol, Intermediate 3 step b) and 4-
bromoaniline (0.872 g, 5.07 mmol) in POCL (4.72 mL, 50.7 momol} was heated at 80 °C for §
hours, cooled to room temperature and evaporated in vacuo to remove excess POCH. The residue
was poured into 1ce HyO, and treated with agucous NH4OH to pH &8 ~ 9. The aqueous mixture
was extracted with EtOAc (2 x). The combined organic extract was washed with H,O, brine,
dried over NapSQy, filtered and evaporated in vacuo. The tfitle compound was precipitated from

Et,O, collected by filtration and dried to provide a pale yvellow solid.

Iniermediate 4: step a

5-{4-Fluorobenzyl)-2,2-dimethyb1,3~-dioxane-4,6-dione

O’n‘{;’.

The title compound was prepared using 4-fluorobenzaldehvde in place of 4-chlorobenzaldehyde
using the procedure described for the preparation of S-{4-chlorobenzyl)-2,2-dimethyl-1,3-

dioxane-4,6-dione (Intermediate 3; step a).

Iniermediate 4: step b
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2-{(&-FluorchenzyDmalonic acid
O OH

The title compound was prepared by substituting 5-{4-chlorobenzyl}-2,2-dimethyl-1,3-dioxane-
4,6-dione (Intermediate 3: step a} with 3-(4-fluorobenzyl)-2.2-dimethyvi-1,3-dioxanc-4,6-dione
{Intermediate 4: step a) then following the procedure described for the preparation of 2-{4-

chiorobenzyhmalonic acid {Intermediate 3: step b},

intermediate 4: step ¢

&-Brome-2,4-dichlore-3-(4-fluorobenzylguinoline

@E
Bi\m/@
FNT g N

The title compound was prepared by substituting 2-{4-chlorobenzylimalonic acid (Intermediate 3:
step b} with 2-(4-fluorobenzyhimalonic acid (Intermediate 4: step b then following the procedure
described for the preparation of 6-bromo-2,4-dichlore-3-{4-chlorobenzyliquinoline (Intermediate

3: step ¢}

intermediate 4: step d

&-Bromo-d-chlove-3-(4-fluorobenzyi)-Z-methoxyguinsline

A mixture of 6-bromo-2.4-dichloro-3-(4-fluorobenzyljquinoline (0350 g, 0.909 mmol,
Intermediate 4: step ¢} and a 0.5 M sodium methoxide in methanol solution (2.09 mL. 4.55 mmol)
was stirred at reflux for 16 howrs. The mixture was poured into ice water and extracted with

EtOAc (2 x). The combined EtOAc extract was dried (NapS0y), filtered and evaporated 1o vacuo

&4
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and purified by column chromatography with silica gel (heptane/CH,Cly) to provide the title

compound as a white solid,

Intermediate 5: step a

5-(3-Chlorobenzyl}-2,2-dimethyl-1,3-dioxane-4,6-dione

LA
o7 O
o Gl
_

The title compound was prepared using 3-chlorobenzaldehvde in place of 4-chlorobenzaldehyde
using the procedure described for the preparation of 5-(4-chlorobenzyl)-2,2-dimethyl-1,3-

-

dioxane-4,6-dione (Intermediate 3: step a).

Intermediate S:step b
2-3-ChlorobenzyDmalonic acid
OH OH

|&]

The title compound was prepared by substituting 5-(4-chlorobenzyi)-2,2-dimethyl-1,3-dioxanc-
4,6-dione (Intermediate 3: step a) with 5-(3-chlorobenzyly-2,2-dimethyl-1,3-dioxane-4,6-dione
~5

(Intermediate 5: step a} then following the procedure described for the preparation of 2-(4-

chlorobenzylimalonic acid {Intermediate 3: step b).

Intermedizte 5: step €

8-Bromo-2,4-dichioro-3-(3-chlorobenzylguinoline

i
Bch;
PN

00
(]
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The title compound was prepared by substituting 2-(4-chlorobenzylymalonic acid (Intermediate 3:
step by with 2-{3-chlorobenzylymalonic acid (Intermediate 5: step by then following the
procedure described for the preparation of 6-bromo-2.4-dichloro-3-(4-chlorobenzyhquinoline

{Intermediate 3: step ¢}

Intermediate 6 step a
S-{4-(1H-Pyrazot-1-yhbenzyl-2,2-dimethyl-1,3-disxane-4,6-dione

Me Me

>

(CH

0’} /&0

Ry

AN

"

L-Proline (4.07 g, 35.¢ amol} was added to a semi-heterogencous mixture of

4-{1 H-pyrazol-1-vhbenzaldehyde (30.0 ¢, 174 mumol) and 2,2-dimethyl-1,3-dioxane-4,6-dione
(25.6 g, 174 mumol) in ethanol (996 ml} at room temperature. After 40 minutes, diethyl 1,4~
dihydro-2,6-dimethyl-3,S-pyridinedicarboxylate (44.1 g, 174 mumol} was added i one portion
followed by ethano! (125 mL). After overnight stirring, the mixture was concentrated ander
reduced pressure to afford a vellow solid. Isopropanol (300 mL) was added and the
heterogencous mixture was sonicated for 30 minutes. The mixture was filtered and the filter
cake was washed with isopropanol. The solids were eollected and dried under vacuum o

provide the title compound as a white solid.

intermediate 6:step b

2-44-(1H-Pyrazol-1-vhbenzyDmalonic acid

&6
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A mixture of 5-(4-(1H-pyrazol-1-yvhbenzyl)-2, 2-dimethyl-1,3-dioxane-4,6-dionc {41.4 g, 137
mmol, Intermediate 6 step a) and 3 M agueous Na(GH solution (300 mL, 900 mmol} was heated
for 48 hours at 110 °C. The mixture was cooled to room temperature, diluted with water (200 mbL)
and extracted with EtOAc (1x100 mL) and then acidified to pH | with concentrated aqueous HCI
at 0 °C. The resulting mixture was stirred at § °C for 1.5 hours, filtered and the filter cake was
washed with water. The solids were collected and dried under vacuum at 40 °C to provide the

title compound as a white solid.

Intermedizte 6: step €

3-{4-(1H-Pyrazel-1-viibenzyl-6-brome-2 4-dichloroguineline

o
OO
P
N SN
N/

A mixtare of 2-(4-(1 H-pyrazol-1-ylibenzylimalonic acid (3.37 g, 19.6 mmol, Intcrmediate 6:
step by and 4-bromoaniline (5.10 g, 19.6 mmol} in POCL (I8 mL) was heated at 105 °C for 3
hours, cooled to room temperature and evaporated in vacuo to remove exeess POC!:. The residue
was poured into iee H,O and treated with aqueous NH4OH to pH 8 - 9 (temperature of the
aqueous mixture was kept cold during addition). The precipitates were collected, rinsed with
H;0O and dricd under reduced pressure. After drying the resulting crude pale yellow solid was
washed several times with Er,O then acctonitrile and dricd to provide the title compound as a

pale yellow solid.

Intermediate 7: step a

S-{(4-Methoxybenzyl)-2,2-dimethyi-1,3-dioxane-4,6-dione

&7
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o7 O

L
NN ™

()
The title compound was propared using  4-methoxybenzaldehyde in place of 4-
chlorobenzaldehvde using the procedure described for the preparation of 5-(4-chlorobenzyl)-2,2-

dimethyi-1,3-dioxane-4,6-dione (Intermediate 3. step a).

intermediate 7: step b
2-{4-MethoxvbenzyDmalonic acid
OH  OH

oo

The title compound was prepared by substituting 5-(4-chlorobenzyl)-2,2-dimethyl-1,3-dioxane-

O/

4,6-dione (Intcrmediate 3: step a) with S-(d-methoxybenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione

{Intcrmediate 7 step a} then following the procedure described for the preparation of 2-(4-

chlorobenzylmalonic acid (Intermediate 3: step b).

Intermediate 7: step ¢

6-Bromo-2 4-dichiore-3-(4-methoxybenzyDguinoline

OO,

The tutle compound was prepared by subsiituting 2-(4-chlorobenzyhmalonic acid (Intermmediate 3
P PO : g <t )

step b} with 2-{4-moethoxvbenzyhmalonic acid {(Intermediate 7: step by then following the

procedare described for the preparation of 6-bromo-2,4-dichloro-3-{4-chlorobenzylquinoline

{Intermediate 3: step o).

Intermediate 8: step a

5-{4-Methylsulfonyibenzyl)-2,2-dimethyi-1.3-dioxane-4,6-dione

&&
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The title compound was prepared using 4-{imethylsulfonylibenzaldebvde m place of 4-
chlorobenzaldchyde using the procedure described for the preparation of 5-{4-chlorobenzyl)-2,2-

dimethyl-1,3-dioxane-4,6-dione {Intermediate 3: step a).

Intermediate 8: step b

2-{4-MethvisulfonvibenzyDmalonic acid

The title compound was prepared by substituting 5-(4-chlorobenzyl)-2,2-dimethyl~1,3-dioxane-
4,6~dione (Intermediate 3; step ay with 3-(d-methylsulfonyibenzy!)-2,2-dimethyl-1,3-dioxane-

4,6-dione {Intermediate R: step a) then following the procedure described for the preparation of

2-{4-chlorobenzyhmalonic acid (Intermediate 3; siep b).

Intermediate B: step ¢

6-Bromo-2,4-dichioro-3-(d-(methylsulfonyhbeneyvhguinoline

i
Br.
Ry A
seasy.
i N c S \.S': O
|
The title compound was prepared by substituting 2-(d-chlorobenzylymalonic acid (Intermediate 3;

step by with 2-{4d-muethyisulfonyibenzylymalonic acid (Intermediate 8 siep b) then following the
procedare described for the preparation of 6-bromo-2,4-dichloro-3-{4-chlorobenzylquinoline

{Intermediate 3: step ¢).

&9
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Intermediate ¥: step a

2.2-Dimethyi-5-(thiophen-2-vimethyi}-1,3-dioxane-4,6-dione

>

o 0
o° /&ﬁ
¥
57
The title compound was prepared using  thiophene-2-carbaldehyde in place of 4-
chlorobenzaldehyde using the procedure deseribed for the preparation of 5-{4-chlorobenzyl}-2,2-

dimethyi-1,3-dioxane-4,6-dione {Intermediate 3: step a).

Iniermediate 9: step b

2-(Thiophen-2-yvimethyDmalonic acid

OH O
o 0
©
§-4

The title compound was prepared by substituting 5-(4-chlorobenzyD-2,2-dimethyl-1,3~-dioxane-
4,6-dione (Intermediate 30 step a) with 2,2-dimethyl-5-(thiophen-2-vlmethyl)-1,3~dioxane-4,6-
dione (Intermediate 9: step a) then following the procedure described for the preparation of 2-(4-

chlorobenzyhimalonic acid (Intermediate 3: step b).

Intermediate 9: step ¢
6-Bromo-2,4-dichiore-3-(thiophen-2-yimethyhguinoline
Cl

ROOAY,
AP

The title compound was prepared by substituting 2-(4-chlorobenzylimalonic acid (Intermediate 3.
step by with 2-(thiophen-2-vhmethyhmalonic acid (Intermediate 9 step by then following the
procedure described for the preparation of 6-bromo-2 4-dichloro-3-{4-chlorobenzyhiquinoline

{Intermediate 3: step ¢).

90
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{ntermediate 10; step a

5-{Benzo|bithiophen-2-yimethyl)-2,2-dimethyl-1,3-divxane-4,6-dione

0 (@]
a‘/’rl\\o
WA

The title compound was prepared using benzo[bjthiophene-2-carbaldehyde in place of 4-
chlorobenzaldehvde using the procedure described for the preparation of 5-(4-chlorobenzyl}-2,2-

dimethyl-1,3-dioxane-4,6-dione {Intermediate 3: step a).

Intermediate 10: step b

2~(Benzo[bjthiophen~-2-vimethymalonic acid

OH OH
o” o
=N,

=~
2,2-dimethyl-1,3-dioxanc-

The title compound was prepared by substituting 5-(4-chlorobenzyl)-2,2
4,6-dione (Intermediate 30 step a) with S-(benzofbithiophen-2-yimethyl)-2,2-dimethyl-1,3-
dioxanc-4,6-dione {(Intermediate 10: step a) then following the procedure described for the

preparation of 2-(4-chlorobenzylimalonic acid {(Intermediate 3: step b).

Intermedizte 16: step ¢
3-{Benzo{bithiophen-2-yimethyl)-6-brome-2.4-dichioroguinoline

Cl
- i

The title compound was prepared by substituting 2-(4-chlorobenzylymalonic acid {Intermediate 3:

e}

step by with 2-(benzo[blthiophen-2-vimcthyhmalonic acid (Intermediate 10: step b} then
following the procedure described for the preparation of  6-bromo-2,4-dichloro-3-(4-

chlorobenzyliquinoline {Intermediaie 3: step ¢).
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Intermediate 11: step a

N-Methoxy-N-methyithiazole-S-carboxamide

o
/O\N/U\f;\s\;
I sy

Tricthylamine (2.77 mL, 19.9 mmol) was added slowly to a mixture of commercially available
thiazole-5-carboxylic acid (1.03 g, 7.98 mmol), N,O-dimethylthydroxylamine hydrochloride
(0.778 g, 7.98 muool), and EDCI (1.83 g, 9.57 romol} in CH,CL (10 mL). The mixture was
stirred at room ternperature for 72 hours then quenched with saturated agueous NaHCO;. Water
{50 mL) was added followed by additional CH,Cl,. The muxtore as stirred for 10 mimutes and
lavers were separated. The CHLCh layer was dried over NaxSOy, then filiered. The solvent was
removed onder reduced pressure and the residual ol chromatographed (CHLCL/EtOAC) 1o

provide the title cormpound as a white solid.

Iniermediate 11: step b

Pyridin-3-yvi(thiazol-S-yhHmethanone

O
S
e
YAS

A n-BuLi solution {2.37 mL, 3.80 mmol, 1.6 M solution in hexane) was slowly added to a -78 °C
to a solution of 3-bromopyridine {0.600 g, 3.80 mmol) in ELO (10 mb). After addition, stiring
was continued for an additonal 40 minutes and N-methoxy-N-methyithiazole-5-carboxamide

{0,752 g, 4.37 mmol, Intermediate 11: step a) dissolved in E60 (108 mb}y was slowly added. The
mixture was stirred at -78 °C for 10 minutes then warmed to 0 °C and stirved for 1 hour. The cold
solution was quenched with saturated aqueous NHC1 and warmed to room teruperature. HyO
was added and layers were separated. The aqueous layer was extracted with EtOAc and the
combined organi¢ extracts washed with brine, dried over NapSQy, filtered, evaporated in vacuo
and chromatographed (CHLCL/EtOAC) to provide the title compound as a vellow solid

{precipitated from E:0 and dried under reduced pressure).

Intermediate 12: step a
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N-(4-Bromophenyvi-3-{3-chiorophenyDpropanamide
Bro o

Tricthylamine (1.01 mL, 7.27 mumol} was added slowly to a mixture of 4-bromoaniline {6.500 g,
2.91 mmoly, 3-(3-chlorophenyljpropanoic acid (0.643 g, 2.91 mmol}, and EDCI (0.669 ¢, 3.49
mmol) in CHCL (20 mL). The mixture was stirred at room temperature for 48 hours and
saturated agucous NaHCQO; was added. Water (50 ml) was added followed by additional
CH,Cl,. The mixture as stirred for 10 minutes and lavers were separated. The CHLCl, layer was
dried over Nap;SOy, then filtered. The solvent was removed under reduced pressure and the
residual o1l chromatographed (CHCL/EtOAc) to provide the title compound as g white fluffy

solid.

Intermediate 12: step b

&-Bromo-2-chlors-3-(3-chlorobenzyliguineline

Phosphorus (V) oxychloride (1.69 mL, 18.2 mmol) was added to a cold {(ice bath)DMF {0.60 mL,
7.8 mmol} solution. The mixture was warmed to room temperature and N-(4d-bromophenyl}-3-(3-
chlorophenvlipropanamide (8.879 g, 2.60 mmol, Intermediate 12: step a) was added. The
resulting mixture was heated in an 80 °C oil bath overnight, poured over ice and extracted with
CH:CL (2 x3 The CHLCL extracts were dried (NapS(y), filtered, evaporated in vacuo and

chromatographed (EtOAc/Heptane) to provide the title compound as a white solid.

Intermediate 13:

(I-Methyl-1H-imidazol-5-vh{thiazol-5-yDmethanone

O
Nj
-~
e L
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To a solution of 5-bromo-i-methyi-I H-imidazole (1.14 g, 7.11 mmol} in DCM was added ethyl
magnesium bromide (2.34 mL, 7.11 mmol; 3.0 M in dicthyl cther) dropwise over a 10 minute
period. The resulting pale yellow solution was stirred at room femperature for 15 minutes, cooled
in an ice bath to 0 "C and N-methoxy-N-methylthiazole-5-carboxamide {1.02 g, 5.92 mmol,
Intermediate 11 step a) dissolved in DCM {3 mb} was added dropwise. The cold bath was
removed and the reaction mixture stirred at room temperature for 48 howrs. To the resuliing
vellow suspension was added water followed by 6 M agueous HCl to a neutral pH (pH =6 - 7).
The agueous mixture was extracted with DCM, dried over Na;SOs, filtered and concentrated.
Et,O was added and the mixtore sonicated. The precipitate was collected by filtration and dried

to provide the title compound as a tan solid.

Intermediate 14:

3-(4-(I H-Pyrasol-1-vhbenzy-6-bromo-4-chlore-N-ethyk-N-methylguinolin-2-amine

A mixture of 3-(4-(1 H-pyrazol-1-yhbenzyli-6-bromo-2 4-dichloroquunoline (Intermediate 6. step
¢, 0.100 g, 0.231 mmol}, N-cthylmethylamine (1.5 mL} and DMF (0.5 mL} were heated in 2
sealed tube at 80 °C for 8 hours, cooled to room teraperature, evaporated in vacuo, difuted with
acctonitrile and filtered. The filtrate was c¢vaporated in vacuo and chromatographed

(EtOAc/Heptane) to provide the title compound.

intermediate 15:
{6-Methoxypyridin-3-yi)(thiazol-5-ylimethanone
O
8

ST 12
N

N -

o,
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A n-Buli solution {1.89 mL, 3.03 mumol, 1.6 M solution in hexanc) was slowly added to 8 -78 °C
solution of S-bromo-2-methoxypyridine (0.392 ml, 3.03 mmel) in dry THF (10 mL}. Afier
addition, stirring was continucd for an additonal 40 minutes and N-methoxy-N-methylthiazole-5-
carboxamide (0.600 g, 3.48 mmol, Intermediatc 11: step a) dissolved in THF (10 mL) was
slowly added. The mixture was stirred at -78 "C for 10 minutes then warmed to 0 °C and stirred
for 1 hour. The cold solution was quenched with saturated agoeous NH4C and warmed o room
temperature. H,O was added and layers were separated. The aqueous layer was extracted with
EtOAc (3 x) and the combined organic extracts washed with brine, dried {(Nay530y), filiered,
evaporated i vacuo, preabsorbed onto silica gel and chromatographed (CHLCL/EIOAC) to
provide prodoct. The pure white solid title compound was precipitated from MeOH, filtered and

dried under reduced pressure.

Intermediate 16:

3-(4-(AH-Pyrazol-1-yDibenzyl)-6-bromo-4-chloro-2-methoxyguinoline

A heterogeneous mixture of 3-(4-(1H-pyrazol-1-yiibenzyh)-6-bromo-2,4-dichloroquinoline (13.0
g, 30.06 mmol, Intermediate 6: step ¢}, sodium methoxide (9.73 g, 180 mmol}, and toluene (120
mk.} was heated at 110 °C. After 5.5 hours, the mixture was cooled to room temperatiwe then
filtered through Celite® rinsing with dichloromethane. The filtrate was concentrated to provide
a crude yvellow solid. The crude solid was purified by flash column chromatography (silica gel,
50% dichloromethanc-hexanes initially, grading to 100% dichloromethane} o provide the title

compound as a white solid.

intermediate 17: step a

N-{4-bromophenyl}-3-(4d-methoxyphenyhpropanamide

el
(]
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B,
O
H 3
N N
The title compound was prepared by substituting 3-(3-chlorophenvlpropanoic acid with 3-(4-

methoxvphenylipropanoic acid then following the procedure described in Intermediate 12 step
o X o &

Intermediate 17: step b

6-Bromo-2-chloro-3-(4-methoxybenzyhguinoline

The title  compound was  prepared by substituting  N-(4-bromophenyi}-3-(3-
chiorophenylipropanamide  (Intermediate  12: step  a)  with  N-{(4-bromophenyl}-3-(4-
methoxyphenylpropanamide (Intermediate 17: step a) then following the procedure described

for the preparation of Intermediate 12: step b,

intermediate 18:;

{(4-(Dimethylamino)phenyvh{(I-methyvi-1 H-imidazol-5-viimethanone

The title compound was prepared by substituting N-methoxy-N-methylthiazole-S-carboxamide
(Intermediate  11: step a) with 4-(dimethylamino)-N-methoxy-N-methylbenzamide then
following the procedure described for the preparation of (1-methyl-1 H-imidazo}-S-yH{thiazol-5-

vhimethanone (Intermediate 13}
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{ntermediate 19; step a

3-{4-{1 H-Pyrazol-1-viibenzyi)-6-brome-2,4-dichlore-8-methyiguinocline

Ci
5?”\.,//)\)\\\(\@\
"ﬁ, Nf:; Ci e N~ N\,})
Me \t‘::./

A mixture of 2-{4-{1 H-pyrazol-1-vhbenzylimalonic acid (20.0 g, 71.5 nuvol, Intermediate 6,
step by and 4-bromo-2-mcthylaniline (13.3 g, 71.5 mumol} in phosphorus oxychloride (66.8 mL,
712 romol}y was heated at 185 °C. After S hours, the mixture was cooled to room termperature
and added to water (600 mL) with cooling so that the internal teroperature did not exceed 35 °C.
The pH of the mixture was adjusted to 8-9 by the slow addition of saturated aqueous ammonia
solution such that the internal temperature did not exceed 35 °C. After 30 munutes of stirring at
room temperature, the mixture was filtered and the solid material was suspended in acetonitrile
(200 mL), sonicated and filtered. The solid material was collected and suspended in DCM (80
mL), sonicated and filtered and washed with ether (40 mL). The filtrate was concentrated,
suspended in DCM {48 mL}, sonicated and filtered to provide more of the desired product. To
3¢ of the isolated solid, BCM (300 mL} and aqueous saturated NaHCO; (100 mL) were added
and the mixture was transferred to a separatory funnel, and the layers were separated. The DCM
iaver was further washed with brine (100 mL)}, dried (MgSQ,y), filtered and the solvents were
removed under reduced pressure. The crude material was purified using flash-column
chromatography on silica gel eluting with DCM to provide 3-(4-(1 H-pyrazol-1-yl}benzyl)-6-

bromo-2.4-dichloro-8-methviquinoline as an off-white solid.
yig

{ntermediate 19: step b

3-{4-{1H-Pyrazol-1-viibenzyl)-6-bromeo-4-chioro-2-methoxy-8-methyiguinoline
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The title compound was prepared by using 3-(4-(1 H-pyrazol-1-yl)benzyi)-6-bromo-2,4-dichlore-
8~-methylguinoline (Intermediate 19: step a) in place of 3-(4~(1 H-pyrazol-1-ylihenzyl}-6-bromo-
2 4-dichiorogqunoling (Intermediate 6: step ¢} then following the procedure described for the
preparation of 3-{4-(1 H-pyrazol-1-yvl}benzyl)-6-bromo-4-chioro-2-methoxvquinoline

{Intermediate 16},

Intermediate 20: step a

M-Methoxy-N-methyl-4-nitrobenzamide

“NO,
The title compound was prepared by substituting thiazole-S-carboxvhie acid with 4-nitrobenzoic
acid then following the procedure described for the preparation of N-methoxy-N-methylthiazole-

S~carboxamide (Intermediate 11: step a).

Intermediate 20: step b

(I-Methyl-1H-imidazol-5-vH{4-nitrophenyhmethanone

The title compound was prepared by substituting N-methoxy-N-methyithiazole-5-carboxamide
{Intermediate 11; step a) with N-methoxy-N-methyl-4-nitrobenzamide (Intermediate 20: step a)
then following the procedure described for the preparation of (-methyl-1H-imidazol-5-

vi¥(thiazol-5-yhimethanone (Intermediate 13}
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Intermedizte 26: step ¢

{4-AminophenyD(I-methyl-1/{-imidazol-5-yimethanone

A mixture of  {l-methyl-1H-imidazol-5-yl}{4-nitrophenylimethanone (1.3¢ g, 5.62 mmol,
Intermediate 20, step b) and tin{ihchioride dihydrate (6.54 g, 28.1 mmol) in EtOH {35 mL) was
stirred at rettux for | hour, cooled to room temperature and cvaporated in vacuo to remove most
of the EtOH. The residue was poured into a 3 M aqueous NaOH/ice solution rinsing with EtOAc.
The mixture was stirred at room temperature for 15 minutes then layers were separated. The
aqueous layer was again extracted with EtOAc. The combined EtCAc extracts was washed with
brine, dried {Na,S50;), filtered and cvaporated in vacuo to provide the title compound as a yellow

sohid,

Intermediate 28: step d
{3-{4-(1 H-Pyrazel-1-yhibenzyl}-2,4-dichloroguinolin-6-yH(1 -methy-1 H-imidazel-5-

yviimethanone

A mixture of (4-aminophenyh{1-mothyl-1H-imidazol-5-yhimethanone (0,160 g, 8.795 mmol,
Intermediate 20: step ¢ and 2-{4-{1 H-pyrazol-1-yl}benzylimalonic acid (0.207 g, 0.795 mmol,
Intermediate &: step b}, in POCL; {3 mL} was heated at 105 °C for 4 hours, cooled to room
temperature and concentrated to remove excess POCL. The residue was poured into ice HyO and
treated with aqueous WH4OH to pH 8 - 9 (temperature of the agueous mixture was kept cold
during addition). The aqueous mixture was extracted with DCM (2 k). The combined
dichoromethane extracts was dried over NaySOy, filicred, evaporated to dryness under reduced
pressure and chromatographed (0 — 5% MeOH in CHLCl) to provide the title compound as a
yellow solid.
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Intermediate 21: step a

(4-Chiorophenyl}{(d-nitrophenvi)methanone
O

=

2 NO,

A mixture of (4-chlorophenvl}boronic acid {1.50 g, 9.59 mumol}, 4-nitrobenzovl chloride (1.78 ¢
9.59 mmol), bis{triphenylphosphine)patiadiunmdly chloride (0.137 g, 0.192 mmol) and KiPO,
{3.34 g, 19.2 mmol) in toluene (30 mbL) was treated as described in WO 2010/015355 to provide

the title compound.

Intermediate 21: step b

{4-Aminophenyh(4-chlorophenyhmethanone

The tile compound was prepared by using  (4-chlorophenyli{4-nitrophenylimethanone,
{(Intermediate 21 step a}  in place of (1-methyi-1H-imidazol-3-yli{d-nitrophenylimethanone,
{Intermediate 20: siep b} then following the procedure described for the preparation of (4~

aminophenyh{(1-methyl- LH-imidazol-5~yhmethanone (ntermediate 240 step ¢).

Intermediate 22: siep 2

{4-Chlorophenyi} 2 4-dichlore-3-{(4-(methyisulfonyibenzyliquinolin-6-yhmethanone

O

]
0=8"
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A mixture of (d-aminophenyii{d-chlorophenylimethanone (0.351 g, 1.52 mmol, Intermediate 21:
step b} and 2-(d-(methylsulfonyhbenzylymalonic acid (0.413 g, 1.52 munol, Intermediate §: step
by, in POCL (4 mL) was heated at 105 °C for 4 hours, cooled to room temperature and
concentrated to remove excess POCI:. The residue was poured into ice HpO and treated with
aqueous NHyOH to pH 8 - 9 (temperature of the aqueous mixiure was kept cold during addition).
The solid precipiiates were isolated by filtration rinsing further with HLO and dried to provide

the title corapound as a tan solid.

Intermediate 22: step b
{(4-Chlore-2-methoxy-3-(d-(methylsulfonyDbenzyliguinolin-6-vii(4-

chlorophenylimethanone

The title compound was prepared by substituting 3-{(4-{1 H-pyrazol-1-yhbenzyl}-6-bromo-2 4~
dichloroquinoline  {Intermediate  6: step ¢} with  {(4-chlorophenyl)2.4-dichiorg-3-(4-
{methyilsulfonyi}benzyhquinolin-6-yhmethanone {Intermediate 22: step a} then following the
procedure described for the preparation of 3-(4-{1H-pyrazol-1-ylibenzyi}-6-bromo-4-chloro-2-

methoxyaguinoline (Intermediate 16).

Intermediate 23:

3-(Benzo|bjthiophen-2-yimethyl}-6-bromo-4-chiors-2-methoxvquineline

The title compound was prepared by substituting 3-{(4-{1 H-pyrazol-1-yhbenzyl}-6-bromo-2 4~

dichloroquinoline (Intermediate 6: step ¢) with 3-{benzo{blthiophen-2-vimethyl)}-6-bromo-2 4~
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dichloroquinoline {(Intermediate 10: step ¢) then following the procedure described for the
preparation of 3-(4-(1 H-pyrazol-1-vhbenzyh-6-bromo-4-chioro-2-methoxyquinoline

(Intermediate 16},

Intermediate 24;

1-{4-{4-Fluorcbenzoylipiperidin-1-yljethagone

N\g/

Acetic anhydride €2.32 g, 24.6 mmol} was added dropwise to a cold (8 °C) solution of (4-
fluorophenyl ¥ piperidin-4-yhmethanone (5.00 g, 20.5 mmol} in DCM (33 mL} and tricthylamine
(10.0 mL, 71.8 mmol). The resulting mixture was removed from the ice bath after 5 minutes and
stirred at room temperature for 2 hours, The reaction was then added to a mixture of 1 M
aqueous KsPOy (100 ml), H,O, and DCM was added. The layers were separated and the
aqueous layer again extracted with DCM. The combined organic layers was dried (NaySOy),
filtered, concentrated under reduced pressure and chromatographed (CH,CL/EtOAL) to provide

the title compound as a clear oil

Intermediate 25: step a

(I-Methyl-1H-imidazol-5-yDH{pyridin-2-viimethanel

"

\

(’//_\——\S N\

N=N OH

A solution of isopropylmagnesium chloride/lithium chioride complex (1.3 M in THF, 19.5 mL,
25.35 mmol} was added dropwise by syringe to a solution of 5-bromo-1-methyl-1H-imidazole
{4.12 g, 25.58 mmol} in dry THF (130 mL} at § °C. After 15 minutes, the Grignard solution was
added via cannulation to a solution of picohinaldehyde (2.0 ml, 26.93 mmol) in dry THF (55 mb)
at § °C. The reaction mixture was stirred for 5 minutes at O °C, then warmed to room
temperature for 1 hour. The reaction mixture was then cooled in an ice bath and quenched with

saturated aqueous ammonium chloride. The mixture was partitioned between brine and cthyl

102



WO 2014/062658 PCT/US2013/065013

acciate. The separated agueous phase was further exiracied with ethyl acetate.  The organic
phase was dried (Na,50y), filtered, and concentrated. The crude product was purified by flash
column chromatography (silica gel, 0-5% McOH-DCM) to provide the title compound as a white

sohid,

Intermediate 25: step b

{1-Methyl-1H-imidazol-S-y){pyridin-2-vi)methanone

AN
)

A heterogenous mixture of (-methyl-1 H-imidazol-5-yi¥pyridin-2-yhmethanol (1.41 g, 7.45
mumol, Intermediate 25: step a) and manganecse dioxide (3.24 g, 37.27 mmol) in | 4-dioxanc (52
mbL} was stirred at 100 °C for 2 hours. The reaction mixture was then cooled to room
temperature, filiered through Celite®, washed with DCM, and concentrated to provide the title

compound as an off-white solid.

Intermediate 26 siep 2

Pyridin-3-vi{4-(rifluoromethyDphenylimethanol

E /F
F
7
FN_/
aad

The title compound was prepared analogously to the method in Intermediate 25: step a using 3-
bromopyridine and 4-{trifluoromethylbenzaldehyde i place of 53-bromo- [ -methyl-| H-imidazole

and picolinaldehyde, respectively.

Intermediate 26: step b
Pyridin-3-vi(d-(trifluoromethyliphenyhmethanone
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N== O
The title compound was prepared analogously to the wethod in Intermediate 25: step b using
pyridin-3-vi{4-{trifluoromethyhphenviymethanol (Intermediate 26: step a) in place of (1-methyl-

{ H-imidazol-S-yh{pyridin-2~-yimethanol.

Iniermediate 27: step a
(3.4-DimethoxyphenyvD{pyridin-3-yDHmethanol

—0 \O

A
@éﬂ

N OH
(3, 4-dimethoxyphenylimagnesiom bromide (0.5 M o THF, 8.5 ml, 4.75 wmmol} was added
dropwisc by syringe to a solution of nicotinaldchyde (0.88 mL, 9.37 mmol} in dry THF (20 mL)
at 0 °C. The reaction mixture was stitred for 30 munutes at § °C, then quenched with saturated
aqueous ammonitm chloride solution. The mixture was partitioned between water and ethyl
acetate. The separated aqueous phase was further extracted with ethyl acetate.  The organic
phase was dried (Na SOy}, filtered, and concentrated. The crude product was purified by flash
colomn chromatography {(silica gel, 0-60% EtOAc-hexanes) to provide the title corapound as a

brown oil.

Iniermediate 27: step b

3 4-Dimethoxyphenyvl{pyridin-3-yDmethanone
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The title compound was prepared analogously to the method in Intermediate 25: step b using
(3, 4-dimethoxyphenyl ¥ pyvridin-3-yUmethanol (Intermediate 27: step a) in place of (L-methyl-

1 H-imidazol-5-yh{pyridin-2-ylmethanol.

{ntermediate 28; step a

{4-{(Dimethylamino)phenyipyridin-3-yDmethanol

The title compound was prepared analogously to the method in Intermediate 27: step a using (4~
{dimethylamino}phenylymagnesium  bromide in place of (3.4-dimcthoxyphenyhmagnesium

bromide.

Intermediate 28: step b

{(4-(Dimethylaminopheny{pyridin-3-yhmethanone

The title cornpound was prepared analogously to the method in Intermediate 25: step b using {(4-
{dimethvlamino jphenvl¥pyridin-3-yimethanol {Intermediate 28: step a) in place of {(I-methyl-

{H-tmdazol-5-ypyridin-2-yiimethanol.

Intermediate 29: siep 2

{(4-FhuorophenyD{T-methyl-1H-imidazol-3-vDmethanol
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The title compound was prepared analogously to the method in Intermediate 27: step a using (4-
fluorophenylymagnesium bromide and 1-methyl-1H-imidazole-5-carbaldehyde in place of (3.4-

dimethoxyphenyhmagnesiom bromide and nicotinaldchyde, respectively.

{ntermediate 29: step b

{4-FluorophenyDh(1-methyl- 1 -imidazol-5-ymethanone

The title compound was prepared analogously to the method in Intermediate 25: step b using (4-
fluorophenyly{-methyl-1H-imidazol-5-vlymethanol {Intermediate 2% step ay in place of (i-

methyl-1 H-imidazol-5-y{(pyridin-2-ylimethanol.

{ntermediate 30; step a

{3,4-Dichiorophenyh{pyridin-3-vijmethanol

The title compound was prepared analogously to the method in Intermediate 27: step a using

(3. 4-dichlorophenylymagnesiom bromide in place of (3,4-dimethoxyphenylhmagnesinm bromide,

Intermediate 30: step b
{3,4-Dichlorephenyh{pyridin-3-yiimethanone
Ci Cl

B
N=/ O
The title compound was prepared analogously to the method in Intermediate 25 step b using 3.4~
dichlorophenyl}{pyridin-3-yhmethanol {(Intermediate 30: step a) in place of (1-methyl-14-

imidazol-5-yh{pyridin-2-ylmethanol.
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Intermediate 31: step a

(d-Methoxyphenyl{pyridin-3-yiimethanel

The title compound was prepared analogously to the method in Intermediate 27: step a using (4-
: ] b4 ] 24

methoxyphenylimagnesium bromide in place of (3.4-dimethoxyphenylimagnesium bromide.

Intermediate 31: step b

{(4-Methoxyphenylpyridin-3-yhmethanone

Q.—
______ ;
<f N
7N —
M= O

The title compound was prepared analogously to the method in Intermediate 25: step b using (4-
methoxyphenyl{pyridin-3-yhmethanol (Intermediate 31 step a8} v place of (I-methyl-1H-

imidazol-5-vl ¥pyridin-2-ymethanol.

Intermediate 32: step a

(3-FluorophenyD(pyridin-3-yhmethanol

The title compound was prepared analogously to the method in Intermediate 27 step a using (3-

fluorophenylymagnesium bromide in place of (3 .4-dimethoxyphenyhimagnesium bromide.

intermediate 32:step b

{3-Fluorophenypyridin-3-yDHmethanone
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The title compound was prepared analogously to the method in Intermediate 25: step b using (3-
fluorophenyli{pyridin-3-yhmethanol {Intermediate 32 step a) in place of {1-methyl-1H-

mdazol-5-ypyridin-2-yhmethanol.

Intermediate 33: step a

Bis(2,4.6-Trichlorophenyl) I-benzvimalonate

ol G
0O O
=y , x
i O o T N

A mixture of 2-benzyvhmwalonic acid (10.0 g, 51.5 mmol), 2,4,6-trichlorophenol (20.3 g, 103

mmol), and POCH {(12.0 mL, 129 mmel) was stirred under air at 105 °C for 2 hours. The
reaction was then cooled to roow temperature, poured on 150 mb ice, and extracted with 4:1
ether/DCM (3 « 150 mb). The combined organic layers were washed with water (1 = 400 mb)
and 4 M agueous NaCl (1 x 100 ml), and the vellow organic layer was dried (Nap85G4), filtered,
and concentrated by rotary evaporation at < 40 °C to provide the title compound as a tan thick oil

that became a beige solid upon standing.
g i1t 2

Intermediate 33: step b

Ethyl 3-benzyl-4-hydroxy-2-oxe-1,2-dihydroguinoline-6-carboxylate

O
ii

A mixture of ethyl 4-aminobenzoate (2.85 g, 172 mmol) and bis(2.4 6-trichlorophenvl) 2-
3 g. 2.4, preny

~

benzyimalonate (11.4 g, 20.7 mmol, Intermediate 33: step a) was microwaved at 2530 °C for 15
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minutes (Biotage Initiator). The reaction was then allowed to cool to room temperature, and the
resulting tan semisolid was dispersed in ether (15 mb) and filtered. The beige filier cake was
washed with ether (1 % 15 mL) and dried at 100 °C to provide the title corapound as a light beige

powder.

Intermediate 33: step ¢
Ethyl 3-benzyl-2 4-dichloroguincline-6-carboxylate

2

L
o) o
N »fo'/ 0

A mixture of cthyl 3-benzyl-4-hydroxy-2-0x0-1,2-dihydroguinoline-6-carboxylate (0.746 g, 2.31
mmol, Intermediate 33: step b} in POCH (429 mL, 46.1 munol} was stirred at reflux {130 °C
aluminum block temperature} for 30 minutes. The clear yvellow solution was cooled to room
temperature, diluted with ice {50 mL), and quenched with concentrated aqueous NH4OH (1 x 12
mb} on ice. The mixture was extracted with DCM (2 x 58 mL), dried {Na,8Q;), filtered, and

concentrated to provide the title compound as a yellow solid.

Intermediate 33: step d

(3-Benzyl-2,4-dichlproguinclin-6-yh{4-chlerophenyimethanone

Cl

Jegse

A solution of l-chloro-4-iodobenzene {146 mg, 0.611 mmol) in THF (0.8 mL) was added
dropwise under argon to a -72 °C sohution of n-Buli {2.59 M in hexane, 0.236 mL, 8.611 mmob)
in THF (1.5 mL}. The resulting clear vellow solution was stirred at -72 °C for 25 minutes, and
was then treated dropwise with a solution of ethvl 3-benzyvl-2 4-dichloroguinoline-6-carboxylate
(200 mg, 0.555 mmol, Intermediate 33: step ¢} in THF (8.6 mL). The resulting dark solution was
stirred at -72 °C for 30 minutes, and was then allowed to warm to § °C over 15 mimates and then

quenched with 3 M agueous NH4Cl (3 mb). The mixture was diluted with diethyt ether (5 ml},
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and the agueous layer was extracted with ether (B« 5 mL). The combined organic layers were
dried (Na;SOy), filiered, and concentrated to provide a residue that was flash chromatographed
with a heptane to 30% EtOAc/heptane gradient to provide a ~1:1 mol ratio of the title compound

and recovered ethyl 3-benzyl-2 4-dichloroguinoline-6-carboxylate,

Intermediate 34: siep 2
Ethyl 3-benzyl-2 4-dibromoguineline-6-carboxylate

o

A\A»\f

/’ \&4\ /‘\B

A mixture of ethyl 3-benzyl-4-hydroxy-2-ox0-1,2~-dihydroquinoline-6-carboxvlate ($.74% g, 2.32
mmaol, Intermediate 33: step by in POBry (133 g, 46.3 mmol) was stirred at 130 °C for 30
minutes, and was then aliowed to cool to room tomperature overnight at which point it solidified.
This was partitioned with 5¢ mL DCM and 50 mL ice, and the aqueous layer was extracted with
DCM (1 x 50 mb). The combined cloudy organic layers were filtered and the clear yellow
filtrate was concentrated to provide a yellow solid that was triturated in 54 mL hot toluene. The

mixture was allowed to cool to room temperature and filtered to provide the title compound as a

beige powder.

Intermediate 34: step b

Ethvi 3-benzyl-2 4-dimethylquinoline-6-carboxyiate

“@*éj

A mixture of ethyl 3-benzyl-2 4-dibromoguinoline-6-carboxylate (0.245 g, $.545 mmol,
Intermediate 34: step a}, 2.4.6-trimethvi-1,3,5,2.4,6-trioxatriborinane {0.22%9 mi, 1.64 mmol),
and 5 M aqueons K;COs (8436 mi, 2.18 mmol) was freated with PA(PPhs}s (63 mg, 0.055
mmol) and dioxane (3 ml). This was microwaved under argon at 140 °C for 15 munuies

{Biotage hmtiator). The reaction was diluted with 1:1 beptane/EtOAc (5 mL), filtered, and the

ISRY
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organic layer was dried (Na,80y), filtered, and concentrated. The residuc was flash
chromatographed with a heptanc to 70% EtCAc/heptanc gradicnt to provide the title compound

as a clear amber oil that crystallized upon standing.

{ntermediate 34; step ¢

3-Benzyh-M-methoxy-N,2 4-trimethyiguincline-6-carboxamide

NG
o L
N
i PN

A sharry of ethyl 3-benzyl-2 4-dimethylquinoline-6-carboxylate  (99.5 mg, 0312 mmol,
fntermediate 34 step b) and N,O-dimethylhydroxylaminesHC {42.2 mg, 0.433 mmol) in THF (1
mb) was stirred at § °C under argon while i1PrMgCl (2.01 M in THF, .43 mL, 0.864 mmol} was
added dropwise. The resulting dark solution was stirred at § °C overnight while the ice bath
expired. It was then quenched with 5 M agqueous NHyCH{4 mL) and extracted with EtOQAc {2 < 3
mb). The combined organic layers were dried (NapSQy), filtered, and concentrated, and the
residue was flash chromatographed with a heptanc to 100% EtOAc gradient to vield the title

compound as an amber oil.

intermediate 34: step d

{3-Benzyl-2 4-dimethylguinolin-6-vi}(I-methyi-1 H#-imidazol-5-viimethanone

A transhucent solution of S-iodo-t-methvi-1 H-imidazole (197 mg, 8.946 mmol) in THF (1.5 mL}
was stirred at § °C while iPrMgCl (2.01 M in THF, .43 mL, (.864 mymol} was added dropwise
under argon. The ice bath was immediately removed and the white mixture was stirred at room
temperature for 1S minutes, and was then added rapidly dropwise to a solution of 3-benzyl-N-
methoxy-N, 2, 4-trimethylquinoline-6-carboxamide {71.9 mg, 8.215 mmol, Intermediate 34: step ¢)

in THEF (0.5 mL) at room temperature. The resulting milky opaque mixture was stirred at room

i
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temperature for 1.5 hours, and was then quenched with | M aqueous NaHCO; (6 mL) and
extracted with EtOAc (2 x 6 mL). The combined organic lavers were shown by LCMS to be a
mixture of title cormpound and starting material, so the material was concentrated from THF (3x)
and re-subjected to the above conditions but with reaction at 50 °C for 2 hours. The reaction was
then worked up as described above, and the residue was flash chromatographed with a heptane to

100% EtOAc gradient to provide a 1:4 mol ratio of the title compound and N-methyvlimidazole.

Intermediate 35: siep 2

4-Fluore-3-iodobenzaldehvde

A mixture of NalQGs (61.6 g, 288 mmol) in A0 (120 mL, 1.27 mol) was treated with KI(63.8 g,
384 munol} under air at room terperature with overhead stirving, and the resulting tan mixture
was stirred on a dry ice~-CH3CN bath while H;50, was added dropwise over 20 minutes, keeping
the internal temperature below 20 °C. Immediately following completion of H,SOy addition, the
dark brown reaction was stirred on a room temperature water bath for 5 mimntes, and was then
treated with 4-fluorobenzaldehvde (59.1 mL, 360 mmol) in one portion over ~30 scconds
followed by BHT (617 mg, 2.8 mmol}, and the resulting purplish-brown reaction was stirred at
room temperature for 21 hours, keeping the internal temp below 3¢ °C with intermittent ice bath
stirring for the first foew hours until the mild exotherm had ccased. The resulting light yellow
opaque slurry was then stirred on an ice bath and treated with 12 N aqueous HCE{(40 mL) rapidly
dropwise over 1.5 minutes. After stirring for an additional 5 minutes, the yvellow shury was
treated with CHCL (200 mL), BHT (600 mg), and ice water (200 mL) and stirred for § minutes.
The orange mixture was then partitioned with CHCL (200 mL) and water (800 mL). The yellow
organic layer was washed with water (1 X 1 L; pH ~2} and 2 M aqueouns KC04/0.5 M aqueous
MayS,0s {1« 500 mL; pH >11}, and the clear vellow organic laver was dried (Na»SOy), filtered,
and concentrated by rotary evaporation at room temperature to provide a yellow solid. This was
taken up n heptane (250 L) and coneentrated again below 40 °C to the crude title compound as

a yellow solid. This was recrystallized from heptane {600 mL) and BHT (600 mg) to provide,
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after washing the crystalline filter cake with heptane (I x 80 mL), the tithe compound as an off-

white powder.

Intermediate 35: step b

2.2, 2- Triflnore-1-{Z-Huoro-5-{{4-fluorephenvij(hydroxy)methylphenyliethanone

Jence:

A solution of 4-fluorophenylmagnesium bromide (3.64 mb, 1.1 M in THF, 4.0 mmol} in THF
{3.6 mL} was stivred on a dry ice/acetone bath under argon while a solution of 4-fluore-3-
iodobenzaldehvde (1.00 g, 4.00 mmol, Intermediate 35: step a) in THF (6.4 mL) was added
rapidly dropwise over 1.5 minutes, and the reaction was then immediately transferred to a room
temperature water bath and stirred for 5 minutes. The clear, ~colorless reaction was then cooled
in the drv ice/acetone bath and treated with PrMgCl (2.04 mL, 2.06 M in THF, 4.20 mmol)
rapidly dropwise over 2.5 minutes. The vellow reaction was stirred for 30 minutes, and was then
treated with 2,2 2-trifluoro-N-methoxy-N-methylacctamide dropwise over ~30 seconds. The
homogeneous yellow reaction was then immediately removed from the ¢old bath and allowed to
warm to room temperature with stirring.  After 2.5 hours, the dark yellow homogencous reaction
was chilled in a dry ice/acetone bath and quenched with 1 M aqueous NaHPO, {10 mL) in one
portion. The reaction was warmed to room temperature and extracted with MIBE (1 x 1@ mL, |
x 5 mL}, and the combined organic lavers were washed with 5§ M NaCl (I x 3 mL}, dried
{Na,8Qy), filtered, and concentrated twice from DCM to provide the crude title compound as a

clear yellow oil.

{ntermediate 35; step ¢

2,2,2-Trifluoro-1-(2-fluors-8-(4-fluerobenzoyiiphenyiethanone

5

A homogeneous  yellow  solution  of  orude 2.2 2-trifluoro-1-2-fluoroe-5-({(4-

1K

fluorophenyli{hydroxyvimethyliphensyljethanone (1,15 g, 3.64 mmol, Intermediate 35: step by and

13
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TEMPO (18.4 mg, 0.118 mumol} in DCM (7.3 mL) was stirred on an ice bath while a solution of
aqueouns KBr (43 mg, 0.36 mmol) in | M aquecous NaHCO:; (1.27 mb, 1.27 mmol) was added in
one portion, NaOC] [4.6 mL, 0.8% M (6.15% w/w Clorox blcach), 4.1 nmumnol] was then added
dropwise over 5 minutes to the homogencous bilayer. After 20 minutes stirring on the ice bath,
the clear yellow organic layer was collected, and the aqueous layer extracted with DCM (1 # 6

mb). The combined organic layers were washed with 5 M aqueouns NaCl (1 % 3 ywl)), dried

{Na,; SOy}, Hltered, and concentrated to provide the crude title compound as a clear yvellow oil.

Intermediate 35; step d

1-{Z-Amino-5-{(4-flucrcbenzoyliphenyl)-2,2,2-trifluoroecthanone

A solution of crude 2,2,2-trifluoro- 1 -(2-fluoro-5-{4-fluorobenzoylyphenvlicthanone (1.09 ¢, 3.47
nmumnol, Intermediate 335: step ¢} in DMSO (1 mL) was bubbled with NH;z gas for | minuie in a
200 mL capacity round bottomed pressure flask, and was then sealed under air. The reaction was
stirred at 100 °C for 2 hours, and was then allowed to cool to room temperature. The reaction
was partitioned between MTBE (6 mL) and | M agueous NaHCO: (10 mL), the aqueous layer
was extracted with MTBE (2 » 6 mL), and the combined organic layers were dried (WNaxS0y),
filicred, concentrated.  The residue was flash chromatographed with a heptane to 40%

acetone/heptane gradient to provide the title componnd as a yellow solid.

Intermediate 35: step e

N-Methyil-2-(methylimino)-d-phenyibuianamide

-
Y
N H(,N\
J !

Methylamine (1.9 mL, 7.8 M in FtOH, 15 mmol} was added to ethyl 2-0x0-4-phenyibutanocate
(1.02 g, 4.94 mmol} in onc portion at room temperature, and upon stirring at room femperature
the solution spontancously warmed and became a solid oft-white paste within 10 seconds. After

sitting for ~1 minute, the reaction was diluted with cther (10 mL) and filtered. The white filter

{14



WO 2014/062658 PCT/US2013/065013

cake was washed with ether (2 X 3 mL) and dried under vacnum to provide the title compound as

a white solid.

Intermedizte 35: step

3-Benzyl-6-{4-fluorebenzovh-N-methyl-4-(trifluoromethyliquinoline-2-carboxamide

A mixture of 1-(Z-amino-S-(4-fuorobenzoylphenvly-2,2, 2-trifluoroethanone (107 mg, $.345
mmol, Intermediate 35: step d), N-methyi-2-(methvlimino}-4-phenvibutanamide (85.5 mg, 0.4138
mmol, Intermediate 35: step e}, and DMSO (0.17 ml) was stirred at 100 °C for ~1 minute to
form a clear yellow solution. Benzenesulfonic acid (216 mg, 1.37 mmol) was added at room
temperature, and the mixture was stirred at 130 °C for 3 hours. The orange thick solution was
cooled to room temperature, partitioned between 2 M agueous KyCOs (3 mb) and EtOAc (4 mL),
and the organic layer was washed with 5 M aqueous NaCi (1 x 4 mb), dried (Na,SOy), filtered,
and concentrated. The residue was flash chromatographed with isocratic DCM followed by a

DCM to 40% EtCAc/DCM gradient to provide the title compound as a yellow crystalline solid.

{ntermediate 36; step a

6-{ Triflusromethyhnicotinoyl chloride

o
~ M
Fie” "N

To a 1L 3~veck flask equipped with an overhead stirrer, Claisen adaptor, nitrogen bubbler, 60
mL addition funnel, and thermocouple was added 6-{(trifluoromethylnicotinic acid {45 g, 235.5
77

mmol}, dichloromethane (540 mL) and DMF (3910 mL, 11.77 mmol} via syringe. To this

solution was added oxalyl] chloride (24.51 mL, 282.56 mmol) and the reaction was allowed to stir

is
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at ambient temperature overnight, The reaction was then filtered and the clear filtrate was

condensed in vacuo to afford the title compound as a brownish semisolid.
{ntermediate 36; step b

N-Methoxy-N-methvl-6-(Irifluoromethyhnicotinamide

To a 1L 3~veck flask equipped with an overhead stirrer, Claisen adaptor, nitrogen bubbler, 125
mL addition funnel, and thermocouple was added 6-{(triflucromethylnicotinoyt chloride (49.3 g,
235.2 mamol, Intermediate 36: step a), dichloromethang (493 mL), and N,O-
dimethythydroxylamine hydrochloride (25.63 ¢, 258.8 myunol). After the mixture was cooled to
7 °C, ditsopropylethylamine (80.263 mL, 517.6 mmol} was added such that the addition
temperature did not exceed 16 °C. After the addition, the reaction was allowed to warm to room
temperature. The reaction was then transferred to a separatory funnel and the organic layer was
washed with saturated aqueous NaHCO: (2 x 100 mL) followed by water (100 wl) and then
dried over sodiam sulfate, then filtered. Solvent removal afforded the title compound as a

brownish oil.

Intermediate 36: step ¢

{1-Methyl-1 H-imidazol-5-yH{(6-(triffucromethyhpyridin-3-vhmethanone

To a 3L 4-neck flask equipped with an overhead stirrer, nitrogen bubbler, and thermocouple was
added 5-bromo-i-methyvl-1H-imidazole {47.96 g, 297.9 mumol), followed by THF (537 mL}. To

this room temperature solution was added isopropyimagnesium chloride/lithium chloride

6
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complex [1.3 M in THF] (246.8 mb, 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 ice bath. To this mixturc was added a solution of N-methoxy-N-mcthyl-6-
{trifluoromethyhnicotinamide (53.66 g, 229,14 mmol, Intermediate 36 step b) in THF (268.3
mb) (addition temperature between 5.3 and 5.6 °C) to afford an orange mixturc. After addition,
the reaction was warmed to room temperature over 2 hours, After stirring at roowm temperatore
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 aqueous HCl o a pH =7,
quenching temperature reached 12 °C. The mixture was diluted with ethyl acetate (500 wl},
phase split and the organic laver was washed with brine (2 1 200 mL) and dried over sodiom
sutfate, filtered, and the solvent was removed. Hot ether was added and then filtered to give the

title compound as a solid.

Intermediate 37: siep 2

6-Chioropyridine-3-carbonyl chioride

o
0y
o N

Into a 250-mL round-bottom flask was placed a solution of 6-chloropyridine-3-carboxylic
acid (15.8 g, 100.28 mmol} in thionyl chloride (100 mL}. The resulting solution was heated to
reflux for 3 hours. The resulting mixture was concentrated under vacuum to give the title

compound as vellow oil,

Intermediate 37: step b

&-Chilore-N-methoxy-N-methylpyridine-3-carboxamide

*I"%:/[H\N’O\
P

Cl B
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Into a 1000-mL round-botiorn flask, was placed methoxy{methylyamine hydrochioride (12 g,
123.02 mmol,), tricthylamine (40 g, 395.30 mmol,). This was followed by the addition of a
solution of d-chloropyridine-3-carbonyl chloride (17.6 g, 100.00 mmol, Intermediate 37: step a)
in dichloromethane (100 mL} dropwise with stirring. The resulting solution was stirred for 12
hours at room teraperature. The solids were filtered out. The resulting mixture was concentrated

under vacuum to give the title compound as yellow oil.

Intermedizte 37: siep ¢

2-Chioro-8-[{1-methyi-1 H-imidazel-S-vlicarbounyljpyridine

N
LN
'\.\ -
AW
< ~i

Into a 250-mL. 3-necked round-bottom flask, was placed a solution of T-methyl-1#H-midazole (5
g, 60.90 ramol.) in tetrahydrofuran (40 mib). This was followed by the addition of n-BuoLi (293
mE, 2.5 M in hexanes) at -78°C, then stirred for 45 minutes. To this was added Et:81C1{9.15 g,
61.00 ramol, , 100%), the solution was stirred for 1 hour at ~78°C. To the mixture was added #-
Buli (26 mL, 2.5M in hexanes), and stirred for another 45 minutes. To the mixture was added a
solution of 6-chloro-N-methoxy-N-methylpyridine-3-carboxamide (8,13 g, 40.52 mmol, ,
Intermediate 37: step b} in tetrabydrofuran {20 mL) at -78°C. The resulting solution was stirred
overnight at room temperature. The pH value of the solution was adjusted to 3-4 with agucous
hydrogen chloride {1 wol/L), then stirred for 2 hours at room temperature. Aqueous sodium
hydroxide (1.5 mol/L} was employed to adjust the pH to 9-10. The resulting solution was diluted
with 130 mL of H,O. The resulting solution was extracted with 3x 100 mL of dichloromethane
and the organic layers combined and dried over avhydrous sodium sulfate, filtered, and
concentrated under vacuunt. The residue was applied onto a silica gel column with

dichloromethane/methanol (1080:0~15:1) to give the title compound as a yellow solid.

intermediate 37: step d
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(6-Methoxypyridin-3-vi}(1-methvi-1 H-imidazeol-5-yi)methanone

0
\O/Q /K!: !

Into a 50-mb round-bottom flask, was placed a solotion of Na (260 mg, [1.30 mmol,) in
methano! (15 mL}, the solution was stirred for 38 minutes at room temperature. Then 2-chlore-5-
[{1-methyl-1 H-imidazol-S-vhicarbonylipyridine (250 mg, 1.13 mmol, Intermediate 37: step ¢}
was added. The resulting solution was stirved for 4 hours at 75°C in an oil bath. The resulting
mixture was concentrated under vacoum. The residue was applied onto a silica gel column with

dichloromethane/methanol (103:0-20:1} to give the title compound as a light veliow solid.

intermediate 38: step a
{2,4-Dichioro-3-(d-(methyisalfonyviibenzyliquinolin-6-yH{{-methyl- 1 H-imidazol-53-

yhimethanone

A mixture of {4-aminophenyvh}{ -methyl-1H-imidazol-5-yl)methanone (8.80 g, 3.976 mmol,
Intermediate 20 step ¢} and 2-{(4-Mcthylsulfonylbenzyhmalonic acid {1.08 g, 3.976 mmol,
Intermediate 8: step b}, in POCL (16 mL) was heated at 105 °C for 4 hours, cooled to room
temperature and concentrated to remove excess POCT:. The residue was poured into ice Hy(D and
treated with aqueous NH4OH to pH 8 - 9 (temperature of the aqueous mixture was kept cold
during addition}. The mixture was stirred for 2 hours and filtered to provide a crude brown solid.
The crude solids were dried under reduced pressure overnight, rinsed with Et,0 and dried. The

solids were diluted with DCM and filtered rinsing scveral times. The filtrate containing the

iio
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product was evaporated to dryness fo provide the titie compound which was carried on without

further purification.

Intermediate 38: step b
(4-Chiore-I-methoxy-3-(4d-(methylsulfonyhbenzyhiquinolin-6-yH{1-methyl-1 H-imidazol-5-

yvhimethanone

A mixture of (2,4-dichloro-3-(4-(racthylsulfonylibenzyhquinolin-6-yh{  -methyi-1 H-imidazol-5-
yhnethanone (1 g, 2.085 mmol, Intermediate 38; step a) and solid sodium methoxide (0.56 g,
10.42 mmol) in toluene (10 mL) was heated in a sealed tube at 1035 °Cfor 12 hours, cooled to
room temperatore, diluted with DCM and the resulting suspension filtered through Celite®
rinsing several times with CH,Cl,. The solvents were removed under reduced pressure and the

residue chromatographed (Heptane/EtOA¢) to provide the title compound as a white solid.

Intermediate 39: step a

N-Methoxy-M,1-dimethyl-1 H-imidazole-S-carboxamide

¢ /

o
T N
Eﬁ\E?}
N

Tricthvlamine (5.51 ml, 39.646 nunol) was added slowly to a mixture of commercially available
L-methyl-1 H-imidazole-5-carboxylic acid (2 g, 15.85% mmol), N, O-dimethyihydroxyiamine
hydrochloride (1.55 g, 15.85% yomol}, and EDCI (3.65¢, 19.03 munoly in CHCL ( 10 mL). The
mixture was stirred at room temperature for 72 hours then quenched with saturated aqueous
NaHCO:. Water (50 mL} was added followed by additional CHCL. The mixtare was stirred for

18 minutes and layers were separated. The CHCl layer was dried over Nap8Qy, then filtered.
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The solvent was removed under reduced pressure and the residual oil chromatographed

{CH,CL/EtOAC) to provide the product as a solid.

Intermediate 3%: step b

Bis(1-methyl-1 H-imidazel-S-yl)methanone

N
*‘c/z‘“

N

To a solution of 5-bromo-1-methyl-1H-imidazole (1.2g, 7.448 mmol} in DOM (10 mLl} was
added ethyl magnesium bromide (2.5 mL, 7.448 mmol; 3.0 M in dicthyl ether) dropwise over a
18 minute period. The resulting pale vellow solntion was stirred at room tewyperature for 15
mimites, cooled in an ice bath to 0 °C and Nemethoxy-N,i-dimethyl-1H-irvidazoie-3-
carboxamide (1.0 g, 6.206 munol, Intermediate 39: step a} dissolved in BCM (3 mL) was added
dropwise. The cold bath was removed and the reaction mixture stirred at room temperature for
48 hours. To the resulting yellow suspension was added water followed by 6 M aquecus HClto a
neutral pH {(pH = 6 - 7). The aguecus mixture was cxtracted with DCM (2X). The combined
DCM extracts were dried over MgSQ,, filtered and concentrated under reduced pressure. The

product was precipitated with EtO, filtered and dried to provide the title compound as a tan solid.

Intermediate 40: step a

N-Methoxy-N.3-dimethyi-4-nitrobenzamide

Tricthylamine (7.6 mL, 54.651 mmol) was added slowly t0 a mixture of 3-methyi-4-nitrobenzoic
acid (5 g, 27.326 mumol}, N,O-dimethythydroxylamine hydrochloride (2.99 g, 30.058 mmol}, and
EDCI(6.28 g, 32.791 mumol} in DCM (30 mb). The mixture was stirred at room temperature
overnight, quenched with saturated aqueous NaHCO; and stirred at room temperature for 30

minutes, Water (50 mL) was added followed by additional DCM. The mixture was stirred for 10
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minutes and layers were separated. The agueous layer was again extracted with DCM. The
combined organic layer was dried over NapSQy, then filiered. The solvent was removed and the

residual oil chromatographed (DCM/EIOAC) to provide the product as a white solid.

Intermediate 48: step b

(I-Methyl-1H-imidazol-5-yDH{3-methyl-4-nitrophenylimethanone

A sohution of EtMgBr (3.0 M in dicthylether, 8.5 mi, 25.689 mmol} was added dropwise, over a
25 minutes period, to a solution of 5-bromo-1-methyl-1H-imidazole (4.1 g, 25.68% mmol} in dry
DCM (25 mL). The mixture was stirred at room temperature for 15 minutes, cooled in an ice-
bring bath and N-methoxy-N,3-dimethyl-4-nitrobenzamide (4.8 g, 21.408 mmol, Intermediate 40:
step a) dissolved in 10 mbL of DCM was added dropwise. A dark brown solid mass formed. The
ice bath was removed and moixture stirred at rooro temperature for 48 hours, Water was added to
the suspension followed by 6M aqueous HCL slowly to neutralize the mixture (pH = 6-7). More
DCM was added and layers separated. The organic layer was dried over NaySQy, filiered and
concentrated. B0 was added, the slurry sonicated, and precipitates filiered to provide the uitle

compound as a tan solid.

Intermediate 40: step ¢

{4-Amino-I-methyiphenyh(-methy- 1 -imidazol-5-yhmethanone
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A mixture of (I-methyl-1 H-imidazol-5-vD(3-methyl-4-nitrophenyhimethanone (3.3 g, 13.456
mmol, Intermediate 40; step b) and tin(H)chloride dihydrate (15.6 g, 67.282 mumol} in EtOH (80
mb)} was stirred at reflux for 1 hour, cooled to room temperature overnight and evaporated in
vacuo to remove most of the EtOH. The residue was poured into a 3M agueous NaOHlice
solution rinsing with EtOGAc. The mixture was stitred at room temperature for 15 minutes and
favers were separated. The aqueous laver was again extracted with EtOAc. The combined EtOAc
extracts were washed with bring, dried (Nap;SOy), filicred, and evaporated in vacuo to provide
crude product. The tan sohd title compound was precipitated from EtO, collected by filtration

and dried.

Intermediate 40 step d
{2,4-Dichlore-8-methylh-3-(d-(methyisulfonvibenzyliguinelin-6-y (1 -methy1 H-imidazol-5-

yhmethanone

A beterogencons mixfure of {(4-amino-3-methylpbenyli{1-methyl-1 H-imidazol-S-yhmethanone
(0.8 g, 3.717 muool, Interroediate 40: step ), 2-{(4~methvilsulfonylbenzylimalonic acid (1.0 g,
3.717 munol, Intermediate &: step by and POCL: (10 mL) was heated at 105 "C for 4 hours, cooled
to room temperature, concentrated, ice water was added and mixture treated with aqgueous
NH4OH (kept adding ice doring addition) to a basic pH 8 ~ 9. The mixture was stirred for 2 hours
and filtered to provide a crude tan solid. The erude solids were dried completely, rinsed with
Et,0 and dried under redaced pressare. The solids were diluted with BDOM and filtered rinsing
several times. The filtrate was evaporated to dryness and the tan solid product precipitated with

Me(OH, filtered and dried.

Intermediate 40: step ¢
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(4-Chiore-I-methoxy-8-methyl-3-(4-(methyisulfonviibenzyijquinolin-6-vH{1-methyl-1/4-

imidazol-5-yDmethanone

o

i
=8

A mixture of {2,4-dichloro-8-methyl-3-(4-{methylsulfonylibenzyliquinolin-6-yH){ 1 -methyl- 1 H-
imidazol-5-yhimethanone (1.1 g, 2.15 mmol, Intermediate 48 stop d) and dry sodium methoxide
{0.38 g, 10.75 mmol} in toluenc was heated in a scaled tube at 110 °C for 12 hours, cooled to
room temperature, diluted with DCM, stirred for 30 minutes at room temperature and the
resuiting suspension filtered through Celite® rinsing several times with DCM. The solvents were
removed under reduced pressure and the residue chromatographed (10% McOH in DM,
gradicnt} to provide the title compound as a white solid after reerystallization from MeOH and

drying under reduced pressure overnight,

Intermediate 41: step a

3-{4-(1H-Pyrazcl-1-viibenzyl}-6-brome-2,4-dichlore-8-fluoreguincline

i
o0
'\[/\N/ BN D,
F A=

A mixture of 2-(4-(1 H-pyrazol-1-yhbenzylimalonic acid (4 g, 15.37 mmol, Intermediate 6: step
b} and 4-bromo-2-fluoroaniline (2.7 g, 13.973 mmol) in POCL (20 mL) was heated at 105 °C for
3 hours, cooled to room tomperature and cvaporated in vacuo to remove cxcess POCL. The
residue was poured into ice H,O and treated with aqueous NH4OH to pH & - 9 {tomperature of

the agueous mixture was kept cold during addition). The precipitates were collected, rinsed with
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H,(O and dricd under reduced pressure. The solids were diduted with DCM and insoluble solids

filicred off. The filirate was cvaporated to drvness to provide product as a tan solid.
Intermediate 41: step b

3-(&-(1H-Pyrazol-1-yhibenzy-6-bromo-4-chiore-8-flusre-2-methoxyguincline and  3-(4-

{1H-Pyrazol-1-ylibeneyi}-6-bromo-4-chlore-2 8-dimethoxvguinoline

¢
A R TN
I | -/

Y
N

A migture of 3-{4-{1 H-pyrazol-1-yhibenzyl}-6-bromo-2 4-dichloro-8-fluoroquinoling {1.25 g,
2,771 mmol, ntermediate 41: step a) and dry sodium methoxide 1o toluene was heated in a
sealed round bottom flask at 108 - 110 "C for 12 hours and the reaction was cooled to room
temperature. DCM was added and the reaction mixture was filtered through Celite® rinsing
several times with DCM. The filtrate was evaporated in vacuo, diluted with MeOH and filtered
to provide a mixture of products {(~1:9 ratio) as an off-white solid. Product mixture carried on

without further purification,

Intermediate 42: step a
tert-Butyl 4-(hydroxy(l-methyl-1 H-imidazel-5-yDmethyDpiperidine-1-carboxylate

OH

Iy

YR
N" ,N 10
hé
0\?‘{\

A solution of S-bromo-1-methyl-1 H-imidazole {25.0 g, 155 wmmol; dried over 3A molecular
sieves, then filtered) in DCM (316 b)) was stirred on an ice bath while tPrMgCl (72 ml., 2.01
M solntion in THF, 145 mmol) was added rapidly dropwise under argon via pressure-equalizing
addition funnel. Residual iPrMgCl was rinsed down with 50 mb THF, and the ice bath was
removed and the reaction stirred for 25 minutes. A solution of ferf-butyl 4-formyipiperidine-1-
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carboxylate (27.6 g, 130 mmol} (PharmaCorc) in THF (65 mL) was added dropwisc over ~5
mingtes via pressurc-equalizing addition funncl at room temperature.  After stirring 1 hour at
room temperature, the yellow mixture was quenched with 5 M aqueous NHuCl (250 mL} in one
portion. The organic laver was dried (Na,SOy), filtered, and concentrated to provide the crude

title compound as a clear light amber oil.

Intermediate 42: step b

fert-Butyl 4-(-methylb-1f-imidazole-S-carbonyvipiperidine-1-carboxyiate

A homogeneous solution of fert-butyvl 4-(Chydroxv{1-methyl-1 AF-imidazol-S-yhmethyhpiperidine-
{-carboxylate (32.2 g, 109 mmol; Intermediate 42, step a) in dioxane (436 mL) was treated with
Mu(, (47.6 g, 547 muool) and stirred at 100 °C under air overnight {17 hours). Since the
reaction was only ~50% complete by NMR, the reaction was cooled to room temperature and
additional MnO; was added (48.0 g, 552 mmol} and the reaction stirred under air at 100 -"Cfor
6.5 hours, then at room temperature for 18 days, then filtered through a pad of Celite® and the
black filter cake washed with EtOAc¢. The crude filtrate was treated with a third portion of MnO»
(28.5 g, 327 mimol) and stirred at room temperature overnight. The reaction was then filtered as
above and concentrated to provide the crude title compound as a clear dark yellow oil. This was
flash chromatographed with an EtOA¢ to 50% acctone/EtOAc gradient to provide the tuitle

compound as a clear dark yellow oil.

Indermediate 42: step ¢

1-(4-(1-Methyl-1H-imidazole-S-carbonyDpiperidin-i~-vhethanone
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A homogencous yellow solution of fert-butyl 4-(1-methyl-1 H-imidazole-5-carbonyljpiperidineg-
{-carboxylate (10.1 g, 34.4 mumol; Intermediate 42, step by in DCM (172 1L} was treated with
TFA (26.4 mL, 344 mmol) and stirred at room temperature for 2.5 hours. The reaction was
concentrated from tolucne (2 X 100 mL), and the resulting clear light amber residue was taken up
in DCM (344 mb) and TEA (23.9 mL, 172 mamol}. Acetic anhydride (3.91 mL, 41.3 munol) 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 chuent. The combived fractions were concentrated, dissolved in DCM (200
mb}, and washed with water {2 x 200 wL) to remove TEA. The organic layer was dried
{Na;S0y), filtered, and concentrated, and the residue was triturated with MTBE (75 mL} at reflux
for 13 mimutes and then allowed to cool to room temperature. The mixture was filtered and the
off-white filter cake was washed with MTBE (2 = 3 mL} to provide, after air drying at 100 °C,

the title compound as an off-white fine powder.

Intermediate 43:

Bis(1-Methyl-1H-1,2,3-triazol-5-yimethanone

4 {

N Ny
N | T
NE A

A solution of T-methyl-17-1,2 3-tnazole (0.954 g, 11.4 mmol, prepared according to PCT It
Appl., 2008098 104) 1o THF (22 mL) was stirred at ~-70 °C under argon while n-Buli (2.56 M in
hexanes; 4.29 mL, 1.8 mmol} was added dropwise over 5 minutes. After stirring for another 5
minutes, a solution of ethyl methoxy{methyhearbamate (0,665 g, 4.99 mumol) (Aldrich) in THF
(3 mL}) was added dropwise over S minutes. After stirring at ~-70 °C for an additional S minutes,

the cold bath was removed and the light shurry was allowed to warm to room temperature with

12
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stirring for 1 hour 20 minutes. The reaction was then quenched at room temperature with 5 M
aqueous NHiCl {3 ml} and the agueous layer was cxtracted with THF (I x 6 mL). The
combined organic layvers were dricd (NapS5Qy), filtered, and concentrated. A portion of the
residuc was crystallized from ~30 mL toluenc to provide, after washing the filter cake with cther

{1 » 3 mL) and heptane {1 # 3 mL}, the title compound as blunt needles.

{ntermediate 44; step a

é-Bromo-4-hydroxyquinolin-2(1 /)-one

OH
BF\K\ o
NN
H

According to the general method described in Syothetic Comumunications 2010, 40, 732, a
mixture of 4-bromoaniline (30.0 g, 174 mmol} and 2,2-dimethyl-1,3-dioxan-4,6-dione (25.1 g,
174 mumol) was heated to 80 °C for 1.5 hours and cooled to ambient temperature to receive 3-
{{4-bromophenyhamino)-3-oxopropanoie acid. Acetone byproduct was removed under vacuurn
to provide the intermediate product as a dry solid. Eaton’s reagent (100 mb) was added to the
solid, then heated to 70 °C overnight and cooled to room temperature. The mixture was poured
into water and the brown precipitate was filtered and rinsed with water. The brown precipitate

was triturated with ethanol, then filtered to provide the title compound as a light brown solid.

Intermediate 44: step b

6-Bromo-2.4-dichioroguineling

BF\\J\\
L

NG
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A solution of 6-bromo-4-hydroxyquinolin-2{1 H}-onc (18.0 g, 75.1 mumol, Intermediate 44: step
a} and POCH (84 mL) was heated at 105 °C overnmight, The solution was cooled to room
temperature, then slowly poured portion-wise into a water bath, adding ice as needed to regulate
the exotherm. Concentrated aquecous ammonium hydroxide was added to basify the mixture to
pH 9-10. The solids that precipitated were filtered, rinsed with water and dried to provide the

title compound as a brown solid.

Intermediate 44: step ¢

4-({6-Bromo-2.4-dichioroguinclin-3-yDmethyDbenzonitrile

\I
2 N{}\Ci

To a solution of diisopropylamine {(1.40 mL, 9.96 mmol) in THF (12 mL) cooled to § °C was
added w»-butyllithium (2.5 M solution in hexanes, 3.80 mL, 9.50 mmol) dropwise via syringe.
The reaction mixture was stirred at § °C for 10 minutes then cooled to -78 °C at which time g
separate solution of 6-bromo-2 4-dichloroguinoline (1.80 g, 6.51 mmol, Intermediate 44: step b)
in THF (29 mL) was added dropwise via syringe. The mixture was stirred at -78 °C for 30
minutes followed by the addition of 4-(bromomethylibenzonitrile (1.52 g, 7.74 mmoly in THF (5
mL}. After an additional 10 minutes of stirring at -78 °C, the reaction was transforred to an ice
bath and warmed to ambicent ternperature over 5 hours. The reaction was quenched with water
and the aqucous phasc was extracted with DCM. The organic phase was dricd (NaxSOy), filtered,
and concentrated. The crude product was purified by flash column chromatography (silica gel,

0-5% EtOAc~-Hexanes) to provide the title cormpound as a white solid.

Intermediate 44: step d

4-({6-Bromo-4-chlore-2-methoxygquinolin-3-yDmethyhbenzonitrile
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A heterogeneous mixture of 4-((6-bromo-2 4-dichloroguinolin-3-vhimethylibenzonitrile {650 mg,
1.16 mmol, Intermediate 44: step ¢ and sodium methoxide (314 mg, 5.81 mmol) in dry toluene
{2.2 mL} was heated at 105 °C. After 9 hours, the mixture was cooled to ambient temperature

nd filtered through Celite®, rinsing with DCM. The filtratc was concentrated and the crude was
purified by flash column chromatography (silica gel, 8-3% HEtOAc-Hexanes) to provide the title

compound as a white solid.

{ntermediate 45; step a

4-{1§1-1,2.4-Triazoi-1-yhbenzaldehyde

Q
H ,/Ik‘ﬁ/i
e N7 N‘i).
S

4-Fluorobenzaldebyvde (12.0 mL, 112 mmol} was added dropwise by syringe to a stiuring,
heterogeneons mixture of 1,2 4-triazole {11.6 g, 168 mmol} and potassium carbonate (24.7 g,
179 mmol} in dimethy! formamide (220 mi) at 23 °C. The mixture was heated to 105 °C. After
3.5 hours, the mixture was allowed to cooi to 23 °C. The cocled solution was transferred to a 2
L Erlenmeyer flask and diluted with water (500 mL)} and cthyl acetate (1200 mb}. The biphasic
mixture was stired until the layers cleanly separated. The layers were separated. The organic
layer was washed with half-saturated aqueous sodium chioride solution (3 x 100 mL). The
washed solution was dricd with sodium sulfate, and the dried solution was filtered. The filtrate
was concentrated to provide an off-white solid. The solid was suspended in a mixture of

heptanes and isopropyl acetate (5:1, 600 mL}. The mixture was filtered and the filter cake was
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washed with heptanes—isopropyl acetate (5:1). The solids were collected and dried under

vacuum to afford the titled compound as a white solid.

Intermediate 45: step b
S-(4-(1 H-1,2 4-triazol- I -ylybenzyl}-2 2-dimethyl-1,3~-dioxane-4,6-dione

Me  Me

>

o0
o /E*Q
l R

P N’“N?

ey
L-Proline (1.81 g, 156 mmol} was added to a stirring, heterogeneous mixture of
4-{1H-1,2 d-tmazol-1-vhbenzaldehyde (13.5 g, 78.0 mmol, Totermediate 45, step a) and 2.2-
dimethyi-1,3-dioxane-4,6-dione (11.2 g, 76.0 mmol} in cthanol (5320 mb) at 23 °C. After 1.5
hours, dicthyl 1. 4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate (19.7 g, 78.0 mmol} was
added in one portion. After 16 hours, the ethanol was removed by rotary evaporation at 35 “C to
afford a yellow solid.  Isopropanol (300 mL) was added and the heterogencous mixture was
stirred for 10 minutes at 23 °C. The mixture was filtered and the filter cake was washed with
isopropancl (150 mL). The solids were collected and dried under vacuum to provide the titled

compound as a white solid.

Intermediate 45; step ¢
244-(1H-1,2 4-triazol-T~yhbenzyDmalonic acid
OH OH

_N
v
Y

5-(4-(1 H-1,2 4-triazol-I-ylybenzyl)-2 2-dimethyl-1,3-dioxane-4,6-dione {(16.0 g, 332 mmol,
Intermediate 45, step b) was dissolved in a mixture of water {30 mL) and rifluoroacetic acid (50
mb)}. The mixture was heated to 65 °C. Afier 2.5 hours, the mixture was allowed to cool o
23 °C. Water and trifluoroacetic acid were removed by rotary evaporation at 45 °C. Toluene
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(100 mL) was added to the residue then the mixture was concontrated by rotary evaporation at
45 °C. Tetrahydrofuran (100 mL) and 6 M aqueous hydrochloric acid solution (28 mb) was
added to the residuc in sequence. The resulting heterogencous mixture was stirred at 23 °C.
After 10 minutes, the mixture was concentrated by rotary evaporation at 45 °C. Tetrahydrofuran
{100 mL) was added to the residue and the mixture concentrated by rotary evaporation at 45 °C.
Toloene (100 mL} was added to the residue and the mixtore concentrated by rotary evaporation
at 45 “C. The resulting white solid was dried under vacuurm at 40 °C. The solid product was

used directly in the next step without further purification.

Intermediate 45: step d

(3-(4-(1H-1,2,4-Triazol-1-vhbenzyh-2 4-dichioroguinolin-6-vij{4-chlorophenylmethanone

O Cl
E : l =
ci P E‘;E’N%
L

A mixture of 2-(4-{1H-1,2 d-triazol-1-ylibenzyhmalonic acid (1.50 g, 5.74 mmol, Intermediate
45, step ¢} and (d-aminophenyl}(d-chlorophenyiimethanone (1.0 g, 4.32 mmol, Intermediate 21
step by in phosphorus oxychloride (16 mL) was heated at 95 °C. After 16 hours, the mixture was
cooled to 23 °C then diuted with dichloromethane (50 ml). The mixture was concentrated by
rotary evaporation at 33 C. The resulting orange oil was dissolved o 100 mb dichloromethane
then added slowly to ice water (100 mL) with vigorous stirring. The pH was adjusted to 8 by the
stow addition of saturated aqueous ammonia solution. The layers were separated. The agucous
layer was extracted with dichloromethane (30 mL). The organic layers were combined and the
combined solution was dried over sodium sulfate. The dried sohution was filtered and the filtrate
was absorbed onto 5 g of silica gel for dry-load flash-column chromatography cluting with 100%
hexanes initially, grading to 80% cthyl acctate—hexancs over 30 mimutes to provide the titled

compound as a yellow solid.

{ntermediate 45; step ¢
{3-{4-(1H-1,2.4-Triazol-1-yDbenzyii-4-chioro-2-methoxyquinolin-6-vi){(4-

chlorophenylimethanone
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A heterogencous mixture of (3-{4-(1 H-1,2 4-triazol-1-yibenzy-2 4-dichloroguinolin-6-yi){4-

chiorophenyhmethanone (370 g, 0.749 mmol, Intermediate 45, step d) and sodium methoxide
{405 mg, 7.49 mmol) in toluene (3.7 mL) was heated at 110 °C. After 30 minutes, the mixture
was cooled to 23 °C and then filtered through Celite® rinsing with dichloromethane. The filtrate
was absorbed onto 5§ g of silica gel for dry-load flash-column chromatography on silica gel
eluting with 30% ethyl acetate-hexanes initially, grading to 80% ethyl acetate—hexanes over 20

minaies to provide the titled compound as an off-white solid.

Intermediate 46:
3-(4-(I H-Pyrasol-1-vhbenzyh-6-bromo-4-chlore-N N-diethylguinelin-2-amine

1’
N

h
\(\w’ = .
K

A mixture of 3-{4-(1 H-pyrazol-1-yhbenzyl)-6-tromo-2 4-dichloroquinoling (1.44 g, 3.33 mmol,
Intermediate 6, step ¢ and dicthylamine (6.91 mL, 66.5 mmol} in DMF (13 mL} in a sealed tube
was heated ina 115 °C o1l bath for 23 hours. The mixture was diluted with EtOAc and cxtracted
with water (5X, saturated aguecous NaCl added as needed to achieve phase separation}. The
organic phase was dried (NapS(y), filtered, and concentrated. The residue was purified by flash
column chromatography (silica gel, dry loading, 2-10% EtOCAc-Heptane first column, 0-4%

EtOAc-Heptane second column} to afford the title compound as a white solid.

intermediate 47 step a
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2.2-Dimethyi-5-(4-(trifluoromethyl}benzyl)-1,3-dioxane-4,6-dions

>

Q0
G”/i\ O
D

L F
o

Similar procedures to those referenced in Tett, Lett. (2006), 651, D, Ramachary; Eur. J. Org.
Chem. {20083, 975, . Ramachary were emploved. To a 5L 3-necked flask fitted with an
overhead mechanical stirrer was charged with 4-(triflucromethylibenzaldechyde (43.5g, 250
mmol} followed by the addition of anhydrous EtOH (3,000 mL) and Meldrum’s acid (37.5 g, 260
mmol}, dicthyl 2,6-dimethyl-1 4-dihydropyridine-3,5-dicarboxylate {(67.5 g, 266 mmol} and
lastly L-proline (6.0 ¢, 51 mmol) all at room temperature. The yellowish reaction mixture was
stirred at room temperature under Np.o An aliquot was removed after 4 hours and rinsed with
EtOH and then EtO, and air dried. The 'H NMR of this aliquot showed the reaction to be
complete. The full reaction was stopped and the white precipitate from the reaction was collected
by filtration and rinsed with EtOH and then Et0O and dried under vacuum to give the title
compound in the first crop as a fine white solid. The vellowish mother liguors were concentrated
and allowed to crystallize overnight from EtOH and the solid material was collected as before to

provide the title compound.

Intermediate 47: step b

2-{4-(Triffuoromethy}benzyiimalonic acid

OH OH

0"
DW:
N
XF

F
To a 2L fask contaiming 2,2-dimethyl-5-{4-(triflucromethyhbenzyly-1,3-dioxane-4,6-dione (65 g,
215 mmol, Intermediate 47 step a} was added a TFA/water solution (v/v, 560 mL/280 mL} at
room temperature and the white suspension was heated between 70 °C and 78 °C in a large oil

(&)

bath. The suspension did not dissolve until a temperature of 72 "C was rcached. After
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approximately 40 minutes, the suspension became a clear homogeneous solution. Afier 3 hours,
HPLC indicated that the reaction was complete. The mixture was concentrated on the rotary
gvaporator and azeoiroped with toluene (4 x 100 mL) to give white solid which was used without

further purification.

Intermediate 47: step ¢

6-Bromo-2,4-dichioro-3-(4-(triflusromethyDbenzyhguinoline

To a 5300 mL 3-vecked flask fitted with a reflox condenser and Drierite® drying tube, was
charged with POCH (190 mL) and then 2-(4-(trifluoromethybenzyhmalonic acid (28.5 g, 109
mmol, Infermediate 47: step by was added followed by 4-bromoaniline (19 g, 110 mmol) at roomn
temperature. The heterogencous mixture was heated in an aluminum mantle to 100 °C which
resulted in a light amber homogenous solution after approximately 10 minutes. The reaction was
stirred at 110 °C for 6.5 hours, after which removal of an aliquot and TLC (20%Hexane-DCM)
showed the reaction to be complete. The contents were transferred to a 1L single-necked round
bottom flask and the POCT: was removed by evaporation. The resulting dark brown material was
then poured onto ice chips (~300 g) in a 2L Erlenmeyer flask pre-cooled to 0 °C. DCM was
added (~-500 mL} and the solution was stirred at § °C as a solotion of 6 M aqueous KOH was
added carefully (~500 mL). 3N agueous NH4OH {(~100 mL} was also added to bring the pH to
~8-3. The neutralization process was kept at § °C throughout. More DCM was added and the
organic phasc was separated. The agueous portion was washed with DCM (3 x 250 miL} and the
combined organics were washed with bring, dried over Na;SOy, filtered and concentrated to
provide a brown solid. The crude solid was triturated with CH3CN which provided a white

fluffy solid after filtration.
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{ntermediate 47; step d
&-Bromo-4-chlors-2-methoxy-3-(4-(irifluoromethy}benzylquinoline

F
F F

{;E I
BF\E’?\\\\ /\\\
‘yLN/ ?

To a 1L flask containing 6-bromo-2 4-dichloro-3-(4-(trifluoromethylibenzyliquinoline (32.5 g,
74.7 mmol, Intermediate 47: step ¢} was added tohaene (550 mL) followed by solid sodmm

&>

methoxide (40 g, 740 mmol, 97% purity} at room temperature. The suspension was stirred at
reflux (~118 °C) in an aluminum mantle. TLC (50%Hexane-DUM) and HPLC after 5.5 hours
showed the reaction to be complete.  The reaction mixture was filiered through Celite® while
stilt warm (~80 °C) and rinsed with warm toluene (~70 °C, 500 mL). The colorless filirate was

concentrated which then solidified to give an off white solid.

Intermedizte 47: siep ¢

(4-Chiore-2-methoxy-3-(d-(trifluoromethylibenzyhguinslin-6-yH{2,6-dimethylpyridin-3-

viimethanol
OH Cl
COCOC
i N oM CF,
To a 100 mi flask containing 6-bromo-4-chloro-2-methoxy-3-(4-

{triffuoromethylybenzylquinoline (2.5 g, 5.8 mmol, Intermediate 47: step d) was added THF (55
mb} at room temperature which resulted in a colorless homogeneous mixture.  The solution was
cooled to -70 °C which remained homogeneous and then n-butyilithium (2.5 M in hexanes, 2.6
mb, 6.5 mmol) was added drop wise. The color of the solution became g reddish-brown color.
Afier 1 minute, (2,6-dimethylpyridine-3-carboxaldchyde (1.01g, 7.5 mmol in 2 mL THF) was
introduced and the color of the mixture became a light greenish-yelow color. After 15 minutes,
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HPLC and TLC (50% acctonc-hexane) indicated that the reaction was complete. The mixture
was allowed to warm to -20 °C over 40 minutes at which time the reaction was quenched with
aqueous WNH4Cl solution. The reaction was diluted further with water and extracted with EtOAc
{3 x 50 mL). The combined organics were washed with brine, dried over NapS8Q,, filtered and
concentrated to provide an orange foam. The crude product was chromatographed on silica ge
{10% acctone-hexane increasing to 30% acetone) to afford the title compound as a light vellow

foam,.

Intermediate 47; step f
{4-Chloro-2-methoxy-3-{4-{trifluorcemethyhbenzyhguinolin-6-vH(2 6-dimethyipyridin-3-

yhmethanone

To a 130 ml flask containing {4-chloro-2-methoxy-3-(4-(trifhucromethylbenzvliquinolin-6-
vi¥2,6-dimethylpyridin-3-ylimethanol {1.51 g, 3.1 mmol, Intermediate 47: step o) was added
L d-dioxane (50 mL} followed by activated MnG; {1.3 g, 15 mmeol) and the mixture was heated
to reflux in an alumimam heating mantle under Ny After 1 hour, TLC (25% acetoncrhexanc)
indicated that the reaction was compiete. The contents were filtered while still hot through
Celite® and rinsed with THF., The resulting light yellow sohition was concentrated and
chromatographed by passing through a silica gel column {10% acctone-hexane increasing to 25%

acctone) to give the title compound as a light vellowish amorphous sohid.

{ntermediate 48; step a

{2,4-Dimethvithiazol-8-y){ -methyi-1/-1,2 3-triazol-S-viimethanol

m
G
!
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t-methyl-14-1,2 3-triazole was prepared according to the Hitcrature reforence WOZE08/98104.
To a 2L flask containing 1-methyl-14-1,2,3-trtazole {9 g, 108.3 mmol) was added THF (1500
mL} and the solution was cooled to -40 °C. To this colorless homogeneous solution was added
s-butyliithium (2.5 M in hexanes, 45 mb, 112.5 mmeol) dropwise which immediately afforded a
dark brown viscous mixture. The mixture was kept between -10 to -20 °C for 60 minutes, then a
THF solution of 2 4-dimcthylthiazole-5-carbaldehyde (17.2 g, 121.8 nuunol in 200 mL THF) was
imntroduced via cannula. Once the aldchyde was added the reaction was allowed to warm to room
temperature.  After 3 hours, the reaction was guenched by pouring into a saturated solution of
aqueous NH.Cl The agueous portion was extracted with EtOAc in portions, 7 x 400 mL. The
combinced organics were washed with brine, dried over MgSQy, filtered and concentrated to give
a brown oil. Chromatography on silica gel (10% acetone-DCM increasing to 50% acetone and

increasing to 10% MeOH-DOM) provided the title compound as an amber solid.

Intermediate 48: step b
{2 4-Dimethyithiazob-5-y{T-methyi-1 5-1,2 3-triazol-8-vlimethanone

.0
N._ A8,
N\" \g "‘:;)"—“ B

To a 500 wmlL fask containing (24-dimethylihiazol-S-yD{(I-methyl-1 #-1,2 3-ir1az0]-5-
yvhnethanol (10.5 g, 46.8 mumol, Intermediate 48: step a) was added [ 4-dioxane (400 mL) and
the contents were warmed to form a homogeneous solution. Activated MnO; (18 g, 207 mmol)
was added and the dark brownish muixtore was heated to reflux in an aluminuro heating mantle
under an atmosphere of Nao. After 1.5 hours, the contents were filiered while still hot through
Celite® and rinsed with warm THF. The resulting light orange solution was concentrated and
passed through a silica gel columnp (25% acetone-DUM) to give the title compound as a light

orange solid.
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Intermediate 49: step a
(4-Chiore-I-methoxy-3-(4d-(trifluoromethylbenzyhguinslin-6-yH{1,2-dimethyl-1 #-

imidazol-5-vhmethanol

CF,
[ N
, oM o
fN /L\ \\1.
—<J
N FNNT N OMe

To a 50 mi flask containing 6-bromo-4-chloro-2-methoxy-3-(4-
{triffuoromethylybenzyliquinoline (2 g, 4.64 mmol, Intermediate 47 step d) was added THF (25
mb)} at room temperature which resulted in a colorless homogeneous mixture.  The solution was
cooled to -70 °C which remained homogeneous and then #-BuLi (2.5 M in hexanes, 1.8 mL, 4.5
mmol) was added drop wise. The color of the solution became a dark reddish-brown color.
After | minute, 1,2-dimethyl-1H-imidazole-5-carbaldchyde (710 mg, 5.72 mmol in 4 mL THF)
was introduced and the color of the mixture became greenish to light orange all within | minute.
The mixture was allowed to warm to 0 °C over 45 minutes at which time the reaction was
quenched with aguecous NHiCl solution.  The reaction was diluted forther with water and
extracted with EtOAc (3 x 45 mL). The combined organics were washed with brine, dried over
MgSQ0y, filiered and concentrated to give a pale vellow solid. The solid was triturated with Et,O
and collected by filtration and rinsed with additional EtO and dried to afford the title compound

as a white powder.

Intermediate 49: step b
{4-Chloro-2-methoxy-3-(4-{trifluoromethyhbenzyhguinolin-6-vyH(1 . 2-dimethyi-1H-

imidazol-S-yimethanone
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To a 100 ml flask containing {4-chloro-2-methoxy-3-(4-(triflucrormethyhbenzvlyquinolin-6-
v 2-dimethyl- 1 H-imidazol-5~-viimethanol (1.68 g, 3.53 mmol, Intermocdiate 49: siep a) was
added | 4-dioxane {85 wmlL) to give a suspension at room temperature. Heating to approximately
45 °C formed a clear homogencous solution. Then activated MnQ, (1.5 g, 17.2 mmol) was
infroduced and the misture was heated to reflux i an alurminom heating mantle under an
atmosphere of Na. After 78 minutes, the contents were cooled to 60 °C and then filtered through
a Celite® pad and rinsed with THF. The resulting solution was concentrated and passed through

a silica gel column (5% MeOH-DCM) to give the title compound as a white powder.

Intermediate 50: step a

i-Methyl-1 H-1,2,3-triazole-S-carbaldehvde

O
N
TN
~N
The title compound was prepared according to the patent application WOR2008/135826. To a 50

wk. Z-necked flask containing l-methyl-1H-1,2 3-triazole {1.0 g, 12.0 mmol, prepared according
to PCT Int. Appl., 200809&104) was added THF (45 mL} and the colorless solution was cooled
to ~40 °C. Then, n-Buli (2.5 M in hexanes, 4.8 mL) was added dropwise which afforded a dark
reddish-brown viscous solution. The mixture was stirred between -30 to -20 °C for 45 minutes,
then neat DMF (3 mL. 38.5 mmoi) was introduced at -10 °C. The mixture was allowed to warm
up to room temperature and stirred for 60 minutes, followed by pouring into water. The aqueous
portion was cxtracted with EtOAc (4 x 50 mbL) and the combined organics were washed with
brine, dried over MgSQy, filtered and concentrated. The aqueous portion was back-extracted

with DCM (3 x 50 mL) and dricd as above. The combined organics were concentrated o give a
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Hight brown oil that was much more UV active than the starting material, TLC in cither 25%
CH:CN-DCM or 25% EtOAc-DCM showed the product to have a slightly higher Ry than the
starting material. Chromatography on stlica gel (100% DCM increasing to 25% CH;CUN-DCM)

provided the titled material as a colorless oil,

Intermediate 50: step b
{(4-Chioro-2-methoxy-3-(d-(trifluoromethyhbenzyhguinolin-6-vH{T-methyi-15-1.2,3-

triazoi-S-vlimethanol

To a 50 mi flask containing 6-bromo-4-chloro-2-methoxy-3-(4-

7
/

{triftuoromethyhbenzyhquinoline (1.45 g, 3.37 mmol, Intermediate 47: step d) was added THF

(25 ml) at room temp which resulted in a coloriess homogeneous mixture.  The solution was
cooled to -70 °C which remained homogeneous and then #-Buli (2.5 M in hexanes, 1.3 mL, 3.25
mmol} was added dropwise. The color of the solution became a dark reddish-brown color. After
2 mimates, l-methyl-1H-1.2,3-triazole-5-carbaldchyde (580 mg, 522 mmol, in 3 mL THF,
Intermediate 50: step a} was introduced and the color of the mixture went from dark brown to
greenish to a yellow color within about 2 minutes. The mixture was allowed to warm to -20 °C
over 45 minutes at which time the contents were quenched with agueous NH4CL The mixture
was difuted further with water and extracted with EtOAc (5 x 40 mL). The combined organics

were washed with brine, dried over MgSO,, filtered and concentrated to give a yellowish oil

gel (5% CHRUN-DCM increasing to 30%

&

The crude material was chromatographed on silica

CH:UN+2% McOH) to give the title compound as an off white foam.

{ntermediate 5§; step ¢
{4-Chlore-2-methoxy-3-{4-(irifluoremethyhbenzyhquinolin-6-yH{({-methyl-1 #4-1,2,3-

trinzol-S-yDmethanone
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To a 100 mbL flask containing (4-chloro-2-methoxy-3-{4-(trifluoromethylbenzyhquinolin-6-
yh{T-methyi-1H-1,2, 3-triazol-5-vimethanol (745 mg, 1.61 nmuol, Intermediate 50: step b) was
added 1 4-dioxane (36 mL) and THF (11 oL} to give a suspension at room temperature. Heating
to approximately 45 °C formed a horsogeneous solution. Then, activated MnQ; (719 mg, 8.3
mmol} was introduced and the mixture was heated to 80 °C in an aluminum heating mantle under
an atmosphere of Ny, After 2 hours, the wixture was filtered through a Celite® pad, rinsed with
THF and concentrated to give a white solid. Trituration from E6:(0 gave the title compound as a

white solid.

Iniermediate S{: step a

{4-Chloro-2-methoxy-3~(d-(trifluoromethyhbenzyDguinolin-6-vH{(2,4-dimethyloxazoel-5~

viymethanol
CF,
. OH ol
{
.
J° Z N oM
To a 50 ml tlask containing 6-bromo-4-chloro-2~-methoxy-3-(4-
{triftuoromethyhbenzylquinoline (1.5 g, 3.48 mmol, Intermediate 47: step dy was added THF

(65 mL} at room temperatire which resulted in a colorless homogeneous mixture.  The solation
was cooled to -70 °C which remained homogeneous and then a-butyHithium (2.5 M in hexanes,

1.62 mi, 4.04 mmol) was added drop wise. The color of the solution became a dark opaque

reddish-brown color. After 2 minutes, 2,4~-dimethyvloxazole-5-carbaldehyde (520 mg, 4.16 mmol,
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in 3 mL THF) was introduced and the color of the muixture went from an opagque dark brown to a
fight yellow homogencous color within about 1 minute. Afier 25 minutes the mixturc was
quenched with aqueous NH4ClL The reaction was diluted further with water and extracted with
EtOAc (5 x 40 mL). The combined organics were washed with brine, dried over MgSOy, filtered
and concentrated to give a light yellowish foam. The crude material was chromatographed on
sitica gel (10% CH3ON-DCM grading to 30% CH:CON containing 196 MeOH) to provide the utle

comapound as a white aroorphous solid.

Intermediate S1:step b

{4-Chloro-2-methoxy-3-{4-{trifluoremethyhbenzyhquinolin-6-vH(2 4-dimethyioxazel-S-

yhmethanone
iy
®
0 o
N\\Q ; Ry Ry
) Z N OMe

To a 100 mL flask containing {(4-chloro-Z-methoxy-3-{4-(trifluoromethyl}benzylquinolin-6-
v 2 4-dimcthyloxazol-5-viymethanol (960 mg, 2.01 mmol, Intermediate 51: step a) was added
{,d-dioxane {50 mwl) and activated MnO; (900 mg, 10.3 wmmel) at room teroperature. The
mixture was heated to §5 °C in an aluminum heating mantle under a nitrogen atmosphere. After
60 manutes, the contents were filtered through Celite® while the solution is still warm and rinsed
with THF, and concentrated to give an off white solid. The crode material was triturated with

Et,O to give a white solid.

Intermediate 82:

1-{4-Benzoylpiperidin-1-yljethanone
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A mixtare of phenyi{pipenidin-4-yhmethanone hydrochloride (743 mg, 3.29 mmol) in
dichloromethane (13.2 mL)} and tricthvlamine (1.1¢ mi, 7.90 mmol} was treated with AcO
{(8.373 wl, 3.95 mamol} dropwise over | minute in an ice bath under argon, and the resulting
transhicent mixture was ummediately removed from the ice bath and stivred at room temperature
overnight. The reaction was then extracted with 1 M agueous HCL (Ix 8 ml) and 1 M agueous
NaOH (1 x 8 mL}, and the organic laver was dricd (NaxSQy), filtered, and concentrated to

provide the title compound as a translucent beige oil that crystallized upon standing.
Intermediate 33: step a

{(I-Methyl-1H-imidazol-5-vH2~(rifluoromethyDpyridin-4-yDmethanol

A solution of isopropylmagnesium chloride/lithinm chloride complex (1.3 M in THF, 10.6 mL,
13.8 mmol) was added dropwisce by syringe to a sohation of 4-bromo-2-(trifluoromethyijpyridine
(3.12 g, 13.€ mmol) in dry THF (56 mL} at ¢ °C. After 30 min, a solution of 1-methyl-14-
imidazole-5-carbaldechyde in THF (1.3 g, 12.5 mmol} was added to the Grignard solution by
syringe at § °C. The reaction mixture was warmed to room temperature over 2 h after which it
was quenched with saturated agueous ammoniurg chloride solution. The mixture was partitioned
between water and cthyl acetate. The separated aqueous phase was further extracted with cthyl
acetate and washed with saturated aqueous NaCl sohution.  The organic phase was dried
(Mg8Qy), filiered, and concentrated. The crude product was purificd by flash column

chromatography (silica gel, 0-10% MeOH-DCM) to provide the title corapound.

Intermediate 33: step b
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(I-Methyl-1H-imidazol-5-yH{2-(triflucromethyDpyridin-4-yhmethanons

A heterogencous  mixture  of  {(L-methyl-1H-tmoidazol-5-vH{2~(trifluoromethyDpyridin-4-

yvhmethanol (0.300 g, 1.16 mmol, Intermediate 53; step a) and manganese dioxide (0.506 ¢, 5.83
mmol) in L4-dioxane (12 mL) was stirred at 100 °C for 1 h. The reaction mixtare was then
cooled to room temperature, filiered through Celie®, washed with EtOAc, and concentrated.
The organic phase was dried (MgS0,), filtered, and concentrated.  The ¢rude product was
purified by flash column chromatography (silica gel, (-100% EtCAc-DCM) to provide the title

compound as a white solid.
Intermediate 54: step a

(2,6-Dimethvipyridin-3-yl{ 1 -methyl-1 7-1,2,3-tniazol-53-ylimethanol

I/v(\,»»

/”\N’?‘\ “*N

A solution of »-butvllithium in hexanes (2.5 M, 22.5 mL, 56.3 mmol) was added dropwise by
syringe to a stiming solution of l-methyl-1H-1,2 3-triazole {5.00 g, 60.2 mmol, prepared
according to PCT Int. Appl, 2008098104} 1o dry tetrahydrofuran (400 mib) at —35 °C. The
resulting off-white slarry was stirved at —45 °C for 20 min, whereupon a solution of 2,6-dimethyl-
pyridine-3-carbaldehyde {833 g, 61.7 mmol} in dry tetrabydrofiran {10 mL) was added
dropwise by syringe. After 5 min, the cooling bath was removed and the reaction mixture was
allowed to stowly warm. After 45 min, saturated aqueous ammonium chloride solution (10 mbL)
and ethvl acetate {100 mL) were added. The whole was concentrated by rotary evaporation. The
residue was dissolved in cthyl acetate (300 mb). The organic solution was washed with saturated
aqueous sodium chloride solution (100 mL, containing cxcess solid sodivm chioride). The
aqueous layer was extracted with othyl acetate (2 x 100 mL). The organic layers were combined
and the combined solution was concentrated. Ether (100 mL) was added to the residue and the
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mixture was sonicated for 20 min during which time a white solid crashed out. The solids were
sonicated a second time. After 20 min, the mixture was filtered and the solids were collected 1o
provide the title compound as a fine powder.

{ntermediate 54; step b

{2,6-Dimethylpyridin-3-yl){1-methyl-14-1,2, 3-triazol-5-yl)methanone

| qo
/\N’A\\ L\N

A mixture containing (2,6-dimethylpyridin-3-yh{{-methyl-1H-1,2,3-triazol-5-yhmethanol (9.8 g,
449 numnol, Intermediate 54: step a) and manganese dioxide (18.8 g, 184 mmol) in dry dioxane
225 mL) was heated to 100 °C with stirring. After 1 h, the mixtare was cooled to 40 °C. The
cooled mixture was filtered through a 2 om pad of Celite rinsing with tetrahyvdroforan (100 mbL).

The filtratc was concentrated to provide the titic compound as an off-white solid.

Intermediate 55

{4-Chlore-2-methoxy-3-{(4-(irifluoromethyhbenzyDguinelin-6-vy (2 H-dimethyipyridin-3-
yh(I-methyb-1H-1,2 3-triazol-5-vhmethyl acetate

To a solution of ¢(4-chloro-2-methoxy-3-{(4-(trifluoromethyhbevzyvliquinolin-6-y13(2,6-
dimethylpyridin-3-y{ L-moethyl- TH-1,2, 3-triazol-5-yhmethanol {544 mg, 0.360 mmol, Example
778) in 20 mL of dry DMF at room temperatare was added NaH (75 mg, 1.9 mamol, 60% in
mineral oil}. After stirring for 28 min, acetic anhydride (.18 mi, 1.9 mmol) was added. The

mixture was stirred for one hour and some suspension formed. After the mixture was quenched
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with a few drops of water, the suspension was filtered off and the filtrate was concentrated in
vacuo. The residuc was partitioned between dichloromethance and saturated NaHCOx {ag). The
extracts were dried (NaSO4), filtered, and concentrated to give the title compound as a semi-

solid.

Intermediate 56

{2,4-Dichlore-3-{(4-(trifluoromethylibenzvhiguinolin-6-vH{2,6-dimethylpyridin-3-vyH{1-

methyi-1H-1,2.3-trizzol-5-yDmethanel

A solution of 6-bromo-2,4-dichioro-3-{4-{trifluoromethybbenzyljqunoline (2.00 g, 4.60 mmol,
Intermediate 47: step ¢} and 90 mL of THF in a 250 mL of 3-necked flask was purged with N;
and cooled to -78 “C. To the clear solution was added n-BuLi (3.05 miL, 4.88 mmol, 1.6 M in
hexanes) dropwise and i became dark green almost black. After ~3 min, a suspeosion of (2,6-
dimethyipyridin-3-yh{ 1 -methyl-1H-1,2 3-triazol-S-yhmethanone  (0.950 g, 4.3% mmol,
Intermediate 54: step b) in THF {~ 4 mL) was added and the color changed to green. The
cooling bath was removed. After ~ 5 min stiring, the flask was immersed in an ice-water bath.
During the ~40 min stirring at 4 °C, the color gradually changed to light green. Satarated NH,(Cl
{(aq) was added and the vellow organic layer was separated. The aqueous layer was extracted
with dichloromethane. The combined organic phases were dried (NapSQy), filtered, and
concentrated.  The crude solidified over the weekend., 15 mL of CH:CN and 5 mbl of
dichloromethane were added. The yellow solid was filtered, washed with Et,O, and dried under

vacuum overnight to give the title compound.

{ntermediate 57; step a

Eihyl 3-oxo-2-{4-(triflusromethylbenzyDibutanoate

14
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Sodium hydride (60% dispersion in mineral oif, 1.5 g, 38.4 mmol} was added in portions over 2
min to an ice-cooled, stirring solution of ethyl 3-oxobutancate (5 g, 384 mmol) jn dry
dimethoxyethane {65 mL}. After 30 min, a solution of 4-(trifluoromethylbenzyl bromide (9.2 g,
38.4 mmol) in dry dimethoxyethane {10 mL) was added dropwise over 2 min. The flask was
removed from the cooling bath., After 2 h, water (10 mbl) was added. The mixture was
partitioned between half-saturated aqueous sodium chloride solution (50 mi} and cthyl acetate
(150 mL). The layers were separated. The organic layer was dried with magnesinm sulfate and
the dried solution was filtered. The filtrate was concentrated and the residue was purified by
flash-column chromatography on silica gel cluting with hexancs-cthyl acetate to provide the title

compound as a colorless liguid.
{ntermediate 57 step b

6-Bromo-2-methyi-3-{4-(rifluoromethyDbeneyDguinolin-4-of

OH
Brl\\ |\f‘:
//N/\ L F
F

A round-bottomed flask equipped with a Dean-Stark apparatus was charged with ethyl 3-0x0-2-
(d-{trifluoromethylibenzylibutancate (7.00 g, 243 mmol, Intermediate 37 step a), 4-
bromoaniline (4.20 g, 24.2 mmol), para-tolucncsulfonic acid (0.418 g, 2.4 mmol}, and toluene
(121 mL). The mixture was heated to 125 °C. After 16 h, the flask was cooled to room
temperature. The toluene was removed by rotary evaporation to provide an orange colored solid.
A mixture of the solid and diphenyl cther {484 mb) was heated to 220 °C. After 60 min, the

mixture was cooled to room temperature at which point a yellow solid crashed out of solution.
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Hexanes (150 mL) were added. The whole was filtered through paper, rinsing with hexancs. The

yellow solids were collected, dried, and then used in the next step without further purification.
{ntermediate 57; step ¢

6-Bromo-4-chlors-2-methyl-3-(d-(trifluoromethyhbenzyviquinolineg

Gl
Br x ARy
Qb
N NP \}/
F

A round-bottomed  flask  comtaining &  muxture  of  6-bromo-2-methyl-3-{4-
(riffuoromethylibenzylquinolin-4-of (5.00 g, 12.6 mmol, Intermediate 57: step b), phosphorous
oxychloride (5.90 mL, 63.1 mmol) and acctonitrile (42 mL) was warmed to 90 °C. After 3 h, the
reaction mixture was cooled to room temperature. The acctonitrile and exeess phosphorous
oxychloride was removed by rotary cvaporation. The residue was dissolved in dichloromethane
(100 mL) and the solution was cooled in an ice-water bath. Ice (100 mbl) was added.
Concentrated aqucous ammonia solution was added dropwise until the pH = ~9 by litmus paper
test, The hiphasic mixture was scparated and the aqucous layer was extracted with
dichloromethane (50 mL). The combined organics were dried with magnesium sulfate and the
dried solution was filtered. Celite (5 g) was added to the filtrate and the solvents were removed
by rotary gvaporation to provide a free-flowing powder. The powder was loaded onto a silica gel
column. Elution with hexanes inttially, grading to 20% cthyl acctate-hexancs provided the title

compound as an off-white solid.
{ntermediate 58; step a

Fihyl 3-oxo-2-{4-{triflusromethylbenzyDpentanoate
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Sodium hydride {60% dispersion in mineral oil, 1.75 g, 43.7 amol} was added in portions over |
min to an ice-cooled, stirring solution of cthyl 3-oxopentancate (6.30 g, 43.7 munol} in dry
dimethoxyethane (87 mb). After 5 min, the flask was removed from the cooling bath and stirring
continued at roorn temperature. After 30 min, a solution of 4-(rifluoromethylybenzyl bromide
(10.4 g, 43.7 mumnol} in dry dimethoxyethane (10 mL} was added dropwise over 2 min, Afier 2.5
h, ethyl acetate (300 mL) and water (100 wL) were added. The layers were separated. The
organic layer was dried with sodivmn sulfate and the dried solution was filtered. The filtrate was
concentrated and the residue was purified by flash-column chromatography on silica gel eluting
with hexanes tially, grading to 50% dichloromethane-hexanes to provide the fitle compound as

a colorless Hiquid.
Intermediate S8: step b

&-Bromo-2-ethyi-3-(4-(riflucromethyDbenzyhguinolin-4-ol

A round-bottomed flask equipped with a Dean-Stark apparatus was charged with ethyl 3-0x0-2-
(d-(rifluoromethylibenzylpentancate {884 g, 292 mmol, Intermediate 5&: step a), 4-
bromoaniline (5.00 g, 29.2 mmol), para-toluenesulfonic acid (0.503 g, 2.9 mumol), and toluene
(146 mL). The mixtwe was heated to 125 °C. After 18 h, the flask was cooled to room
temperature. The toluene was removed by rotary evaporation to provide an amber colored solid.
A mixture of the solid and diphenyl ether {29.1 mL) was heated to 220 °C. After 70 min, the
mixture was cocled to room temperature. Ether (100 mL) and hexanes (50 mL) were added. The
mixture was allowed to stir for 30 min during which time a white solid crashed out of solution.
The whole was filtered through paper, rinsing with ether. The gumimy solids were collected.
Acetonitrile (20 mL) was added and the mixture was sonicated for 5 min. The slorry was filtered
through paper and the solids were rinsed with acctonitrile. The off-white solids were collected,

dried, and then used in the next step without further purification.

Intermediate 38: step ¢
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-Bromo-d-chlore-Z-ethyl-3-(4-(trifluoromethyhbenzyquinaline

Ci

\L TN /"‘\
F
/l -

A round-bottomed  flask containing a  mixtore of  6-bromo-2-ethyl-3-(4-
{triftuoromethyhbenzyhquinolin-4-0l (4.00 g, 8.29 mmol, Intermediate 58 step b, phosphorous
oxychloride {3.50 mL, 37.3 mmol} and acctonitrile (27 mb) was placed into a metal heating
block at 9¢ °C. After 65 min, the reaction mixture was cooled to room temperature, The
acctonitrile and excess phosphorous oxychloride was removed by rotary evaporation. The
residue was dissolved in dichloromethane (100 mL} and the solution was cooled in an ice-water
bath, fce (50 mL) was added. Concentrated aqueous ammonia solation was added dropwise until
the pH = &-9 by litmus paper test. The biphasic mixtare was separated and the aqueous layer was
extracted with dichloromethane (50 mL). The combined organics were dried with sodium sulfate
and the dried solution was filtered. Silica gel (8 g) was added to the filtrate and the solvents were
removed by rotary evaporation to provide a free-flowing powder. The powder was loaded onto a
silica gel column. Elution with hexanes initially, grading to 209% cthyl acetate-hexanes provided

o

the title compound as an off-white solid.
Intermediate 39: step a

fert-Butyl 3-(hydroxy(T-methyi-1H-1,23- triazol-S-vimethylazetidine-I~carboxylate

oH
o N
%,—G NZT/\E ’AN
hi N
O

A 2.5 M solution of n-butyllithium in hexanes (9.60 mb, 24.0 mimol} was added dropwise to a
stirring solution of [-methyi-1H-1,2 3-triazole (2.00 g, 24.0 mmol, preparcd according to PCT
Int. Appl,, 2008098104} in dry THF (100 mL} at —50 °C. The rcaction became heterogencous and
yellow during addition. After 15 min, a solation of jeri-butyl 3-formylazetidine- | -carboxylate

{4.45 ¢, 24.0 mmol} in dry THF (10 ml) was added dropwise by syringe. The reaction mixture
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became homogencous and was allowed to slowly warm to 0 °C. Water (10 mL} and ethyl acctate
{100) mL were added. The biphasic mixture was warred to 23 °C. The mixture was partitioned
between half-saturated aqueous sodium chloride solution (100 mL) and ethyl acetate (300 mi).
The layers were separated. The organic layer was dried with sodinm sulfate and the dried
solution was filtered. Celite (14 g) was added to the filirate and the solvents were removed by
rotary evaporation to provide a free-flowing powder. The powder was loaded onto a silica gel
column, Elution with ethyl acetate initially, grading to 5% methanol-cthyl acetate provided the

title compound as a white foam.
{ntermediate 39 step b

tere-Butyl 3-(I-methyi-1/-1,2,3-iriazole-S-carbonvijazetidine-1 -carboxyiate

Dess-Martin periodinane (10.9 g, 25.7 mmol) was added in onc portion to a stirring solution of
teri-butyl  3-(hydroxv{1-methyl-1/-1,2 3-triazol-5-yhmethyvllazetidine~ 1 -carboxylate {(4.60 g,
17.1 mmol, Intermediate 59: step a) in dry dichloromethane (86 mL}. The resulting mixture was
stirred at 23 °C. After 18 h, a mixture containing equal parts water, saturated aqueous sodium
thiosulfate solution, and saturated aqueous sodium bicarbonate solution was added (200 mL}).
Dichloromethane (100 mb} was added. The resulting biphasic mixture was stirred for 15 min.
The layers were separated. The organic layer was dried with sodium sulfate and the dried
solution was concentrated. The residue was purified by flash-column chromatography on silica
gel cluting with dichloromethane initially, grading to 5% methanol-dichloromethane to provide

the title compound as a clear, colorless oil.

intermediate 60

(24-dichloro-3-(4-(irifluoromethyDbenzyviquinolin-6-yH(1 -methyl- 1 H-imidazol-5-yH{6-

{ritfluoromethyhpyridin-3-yDmethanol
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To a flask containing 6-bromo-2,4-dichloro-3-(4-(trifluoromethylibenzyljquinoline {2.99 g, 6.87
mmol, intermediate 47, step ¢, {1-mcthyl-1H-imidazol-5-vI)6-(trifluoromethyi}pyridin-3-
viimethanone (1.95 g, 7.66 mmol, intermediate 36, step ¢) was added tetrahydrofuran (150 mb)
and the sohution was cooled to -45 °C. »-BuLi (1.6M, 5.58 mL) was added drop wise over five
minutes and the contents were allowed to stir at -45 “C for ten minutes. The reaction mixture
was warmed to § °C and stirred at that temperature for one hour. The reaction was quenched
with an agqueous ammonium chloride solution, warmed to room temperature, then transferred to a
scparatory funncl with cthyl acetate dilution. The organic phase was separated and the aqucous
phase extracted two times with cthyl acetate. The combined organic layers were dried over
magnesium sulfate, filtered and evaporated to dryness under reduced pressure. Chromatography
on silica gel (dichloromcthane increasing to 0% ((2M ammonia in mcthanol} in

dichloromethanc)) provided the title compound.

Intermediate 61

N-Methoxy-N, 1 -dimethyk 1 H-1,2,3-triazole-5-carboxamide

it
NN
N O

e

A solution of l-methyl-1/4-1,2 3-triazole {12.9 g, 155 mmol} in THF (260 mL) was cooled to —
45 °C. Maintaining a temperature of < -35 °C, »BuLi (62.1 mL, 2.5 M in hexanes, 155 mmol)
was added over 18 min. The reaction mixture was stirred for 30 min with cooling to 45 °C and
then treated with a sub-surface stream of COy for a period of 2 b, After flushing the -35 °C
shirry with Ny for 5 min, thionyl chioride (11.8 mL, 163 mmol} was added. The mixture was

allowed to warm to room temperature with stirring over 1.25 h.  Addition of N,U-

dimethythydroxylamine hydrochloride (18,14 g, 186 mmol} and N N-diisopropylethylamine

153



WO 2014/062658 PCT/US2013/065013

(68.3 mL, 396 mmol) was followed by stirring for 15 h. Aqueous sodium carbonate (500 mL, 10
wit%) was then added, and the layers were mixed and separated. The aqueoous layer was washed
with dichloromethane (250 mL and then 125 mb), and the combined organic layers were dried
over MgSO,, filtered, and concentrated. The concentrate was taken up in ethyl acetate (225 mLj,
treated with MgSQy, and filtered through a pad of silica gel (115 g}, The silica gel pad was
washed with additional ethyl acetate (800 mL)., The cluent was concentrated to provide the title

compound as a yellow solid.
Intermediate 62: step a

g-lodo-3-(4-(trifluoromethylibenzyliquinoline-2,4-diol

OH
Aecas!
FNNE N oH N e

To a suspension of 6-iodoguinohine-2,4-diol {(498.2 g, 1.736 mol) and dicthyl 2,6-dimethyl-1,4-

3

dihydropyriding-3,5-dicarboxylate (439.6 g, 1.736 mol) in pyridine (3.5 L) was added 4-
(triftuoromethylibenzaldehyde (3324 g, 1.909 mol). The resulting mixture was warmed with
stirring to 1053 °C for g period of 6 h.  After cooling to room fomperature, the heterogencous
mixture was treated with ethanol (4.6 L), White solids were wsolated through {iltration, washed
with 57:43 cthanol:pyridine {00 mL), and dried in a vacuum oven at 63 °C. The title compound

was obtained in a 1:0.92 ratio with pyridine and used directly in the subsequent step.

Intermediate 62: step b

2,4-Dichlore-6-iedo-3-(4-(trifluoromethyllbenzyliguinoline

ci
FNE e e,

A thick slurry of 6-iodo-3-{4-(trifluoromethylbenzyliquinoline-2,4-diol (380.8 ¢, 1.122 mol,
Intermediate 62: step a) in acetonitrie (5.8 1) was treated with phosphorous oxyehloride (312.8
mk., 3.366 mol). The resulting solution was warmed to 80 °C for a period of 7 h and then cooled
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to room teraperature over 1 h. The now heterogencous mixtare was stirred for 4 h and then
diluted with water (5.8 L), After stirring for 1.5 h, the slurry was filtered, washed with 111
acctonitrile:water (4 L), and dried overnight in a vacuum oven at 65 °C to provide the title

compound as a white solid.
{ntermediate 62; step ¢

£-Chlsro-6-iodo-2-methoxy-3-{4-{ trifluoromethyDbenzylguinoline

Ci
2PN ~F

N (E) CF,y

A heterogencous mixture of 2 4-dichioro-6-iodo-3-{4-{triftuoromethyhbenzyliquinoline (515 g,
1.068 mol, Intermediate 62: step b} and sodrum methoxide {(577.1 g, 10.68 mol} in toluene (5.34
L} was heated to 92 °C for 18 h and then 100 °C for 13 h. After cooling to room temperature the
shurry was poured over an agueous solution of sodium bicarbonate (11.54 kg, 7 wt%, 9.615 mol).
The biphasic system was mixed and then the layers were separated. The organic layer was dried

over MgSO,, filtered, and concentrated to afford the title compound as a white solid.
Intermediate 63

{4-Chlore-2-methoxy-3-d-(irifluoromethyBbenzyhquinolin-6-yH (1 -methy- 1 5-1,2,3-

triazol-S-yDmethanone

G i

/l*\r
N"’\(‘) CFs

A solution of 4-chloro-6-iodo-2-methoxy-3-{4-(trifluoromcthyhbenzyhquinoline (41.39 g, 86.6

mb., Intermediate 62: step ¢} in THF (800 mbL)} was cooled to 4 °C, and isopropylmagnesium
chloride (44.2 mL, 88.4 munol, 2 M in THF)} was added over 10 min. The mixture was stirred for
20 min and then N-methoxy-N, [-dimethyl-1H4-1,2 3-triazole-S-carboxamide (14.74 g, 6.6 mmol,

Intermediate 61} in THF (150 mL} was added. After warming to room temperature and stirring
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for 15h, a solution of aqucous ammonium chioride (900 mL, 13 wt%) was added. The resulting
biphasic mixture was stirred for 15 min. The layers were then separated, and the organic layer
was washed with brine (450 mL). The organic layver was diluted with heptane (500 ml) and
stirred for 1 b, The resulting suspension was filtered, washed with heptane (100 mL), and dried

in a 60 °C vacuum oven to afford the title compound as a white solid.
Intermediate 64

Methyl 4-chlore-2-methoxy-3-(4-(irifluoromethyhbenzyvlhquinoline-6-carboxyiate

n-Buli {2.66 M in hexanes, 0.883 mL, 2.35 mmol} was added dropwise to a stirred solution of 6-
bromo-4-chlorg-2-methoxy-3-{4-{triftucromethyh benzyliquinoline {(1.01 ¢, 2.35 mmol,
Intermediate 47, step d) in THF {11.5 mL) under argon at ~-70 °C. After an additional 1 min, a
pelict of dry ice (~4 g, ~90 mmol} was added to the dark solution, and the flask was quickly
rescaled, evacnated and flushed with argon. After another min, the resulting homogencous
yellow reaction was removed from the cold bath and stirred under ambient conditions for 5 min,
and was then transferred to an ice bath and quenched with iodomethane (0,146 mL, 2.35 mmol}
and DMS0 (4.6 mL). The clear yellow reaction was stirred at 0 °C for 5 min, and was then
rotovapped at 1t to provide a thick light vellow slurry. This was treated with L CO5 (173 myg,
2.35 mmol) and iodomethane (0.438 mL, 7.03 mmol) and stirred at 40 °C for 30 min. The
resulting opaque thin shurry was then diluted with DCM (15 mL), washed with water (2 % 25
mb}, dried (Na, SOy}, filtered, and concentrated to provide a white solid. This was recrystallized
from hot heptane (10 mL), and the globular crystals were filtered and washed with heptane (2 x 6

mk} to provide the fitle compound as an off-white powder,

Intermediate 65 step a

-bromo-3-{{¢-(iritluoromethylpyridin-3-yhmethyhguineoline-2 4-diol
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6-Bromo-4-hydroxyguinolin-2(1 Hy-one (3.2 g, 183 muonol, Intermediate 44: step a), 6-
(riffuoromethybinicotinaldchyde (4.0 g 167 nunol), and dicthyl 2,6-dimethyl-1 4~
dihydropyridine-3,5-dicarboxylate (4.2 g, 16.7 mmol}, in pyridine {34 mL} were heated to 103
°C for 3 hours. The solution was allowed to cool to ambicent temperature, resulting in the
formation of solid. Minimal isopropanocl was added to the mixture and the slurry was stirred for
1 hour, sonicated, and filtered. The filtered solids were rinsed with isopropano! and dried under
contirwous air How to provide the title compound as an off-white solid. Additional produoct was

recrystallized from the filirate, filiered, and rinsed with isopropanol.

Intermediate 65: step b

&-broms-2,4-dichlore-3-({&-(trifluoromethyDpyridin-3-vimethyDguinoline

POCE (1.5 ml} was added to a mixture of 6-bromo-3-{(6-(trifluoromethylipyridin-3-
vimethyhquinoline-2 4-diol (1.8 g, 4.6 mmol, Intermediate 63: step a) in acctonitrife {23 mbL).
The mixture was heated to 80 °C and refluxed overnight, forming an amber-colored solution.
The solution was aliowed to cool to ambient temperature and was quenched with water, resulting
in the formation of precipitate. Concentrated ammontum hydroxide was added to the suspension

to attain pH 9-10, and the slarry was stirred for | hour. The product solids were filtered then

m
W
2
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washed with 50:50 acetonttrile/water, followed by additional water, and dried in a high vacoum

oven.

Intermediate 65; step ¢
6-bromo-4-chlore-2-methoxy-3-{({(-{triflusromethyhpyridin-3-vmethyDguineline

F

F\\E”F
Br SN \/E
L

6-bromo-2 4-dichloro-3-{{6-(trifluoromethylpyridin-3-vhmethyhquinolone (1.0 g, 2.3 mmol,
Intermediate 65; step by and sodium methoxide (1.2 g, 22 mmol) in dry toluene (12 mL) were
heated to 80 °C and refluxed under a positive pressure of nitrogen overnight. The mixture was
allowed to cool to ambient teroperature.  Aqueouns saturated sodivm bicarbonate solution was
added to the muixture and the lavers were separated. The aqueous layer was exiracted with ethyl
acetate. The combined organie layers were dried over sodiom sulfate, filtered, and concentrated
to dryness. The erude matertal was purified by flash column chromatography (silica gel, 3-20%

EtOAc-Hex) to provide the title compound as a white sohid.

Intermediate 66: step a
tert-Butyl-3-((4-chloro-2-methoxy-3-{(4-(iriffuoromethyDbeneyquinolin-6-

yhhydrosyimethyhazetidine~1-carboxylaie

I
(¥4
2o
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To a flask containing 6-bromo-4-chloro-2-methoxy-3-(4-(trifluoromethylibenzyhiquinoline (1.0
g, 2.32 mmol, Intermediate 47: step d) was added THF (30 ml) resulting in a colorless
homogencous mixture. The solution was cooled to -70 °C and then #-Buli {2.5M in hexanes,
1.08 mL, 2.69 nunol}} was added drop wise. The color of the solution became a dark opaque
reddish-brown color.  After 2 min, fer-butyl 3-formylazetidine-1-carboxylate (545 myg, 2.94
mmeoel, n 3 mb THF) was introduced. After 5 min, the reaction mixture was placed in an ice-
water bath and allowed to stir for 30 min at which time the mixture was quenched with NHyCl
sohution. The contents were diluted further with water and extracted with EtOAc (5 x 40 ml}.
The combined organics were washed with brine, dried over MgSQy, filiered and concentrated to
provide a yellow foam. The crude material was chromatographed on silica gel (20% EtOAc-
Heranes increasing to 50% EtoAc) to give the title compound (9530 mg) as a white solid. 'H
WMR (500 MHz, CDCL) 6 8.06 (d, J= 1.7 He, 1H), 7.84 (d, J= 8.6 Hz, IH), 7.63 (dd, 7= 8.6,
1.9 Hz, 1H), 7.50 (d, /=82 Hz, 2H), 7.38 (d, J= 8.1 Hz, 2H), 499 (dd, J = &0, 3.3 Hz, |H),
4.35 (s, 2H), 4.05 (bs, 2H), 3.82 (1, J = 8.7 Hz, 1H}), 3.74 - 3.67 {m, 1H}, 2.9% - 2.90 (m, 1H),
2.28 — 215 (m, 1H), 141 (5, 9H) MS (EST): mass caled. for CpHsCUIF;NO4 536,98, m/z
found 537.2 [M+HT.

Intermediate 66: step b

tert-Buivl-3-(4-chloro-2-methoxy-3-{d-{iriflugromethyvhbenzyguinoline-6-
carbonyvijazetidine-1-carboxylate

To a flask containing tert-butyl-3-({4-chloro-2-methoxy-3-{(4-(triflucromethylbenzylyquinolin-6-
yithvdroxyymethyhazetidine- L-carboxylate (525 myg, 0.98 mumol, Intermediate 66; step a) was
added 1 4-dioxanc { 40 mL} to give a homogencous solution at room temperature. Manganese
dioxide (715 mg, 823 mmob was then added and the mixture was heated to &5 °C in an
aluminom heating mantle under nitrogen.  After 60 min, the contents were filtered through a

celite pad while the solution was still warm and rinsed with THF., The effluent was concentrated
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and purified by passing through a short column of silica gel (10% acetone-hexane increasing to
25% acctone) to give 505 mg of the title compound as 3 white amorphous solid. 'H NMR (500
MHz, CDCLYSRS57(d, /=19 Hz, 1H), 814 {dd, /=87, 2.0 Hz, 1H), 790 (d, /= &7 Hz, 1H),
7.52{d, J=81Hz 2H), 739 (4. S=8.1 Hz, 2ZH)}, 436 (5, 2H)}, 4.29 (s, 4H)}, 4.11 (s, 3H), 1 58 (s,
2H), 1.45 (s, SH). MS (ESI): mass caled. for CorHpCIF N0y 534.97, m/z found 535.1 [M+H]'.

Intermediate 66: step ¢

tert-Butyl-3-((4-chloro-Z-methoxy-3-(4-(triflucromethylibenzylquinolin-6-yD{hydroxy (-
methyi-1H-1,2.3-trizzol-5-yDmethyhazetidine-1-carboxviate

QH
[ N Ry
"N\j u -J\
ac N~ “OMe

To a flask containing -methyl-1H-1,2 3-triazole {150 mg, 1.81 mmol} was added THF (15 mL}

CF4

and the colorless homogeneous solution was cooled to -43 °C using a CH:CN-CO, bath. n-Buli
(2.5M in hexancs, 0.7 mL, 1.75 mmol} was added drop wise vig syringe which afforded an
opaque mixture. The suspension was stirred at -40 °C for 30 min, then a THF solution of tert-
butyl-3-{4-chloro-2-methoxy-3-{4-(trifluoromethylibenzyhiquinoline-6-carbonylyazetidine- -
carboxylate (430 mg, 0.8 mmol, in 2 mL THF, Intermediate 66: step b) was introduced at -40 °C
The reaction mixture was allowed to warm gradually to room temperature over 45 roin and then
quenched with NH4Cl solution. The agueous portion was extracted with EtOA¢ (3 x 30 mL) and
the combined organics were washed with brine, dried over MgSO4, filtered and concentrated to
provide an amber gum. Chromatography oun silica gel {10% acctone-hesane increasing to 30%
acetone) afforded the title compound (170 mg) as a white amorphous solid. "H NMR (500 MHz,
CDCLy o824 {(d, J =21 Hz, TH)L 778 (d, I = 8.8 Hz, 1H), 7.56 - 747 {m, 3H), 740 (d, J = 8.1

2H), 7.35(dd, J = 8.7, 2.1 Hz, 1H), 435 (s, 2H), 420 (t, § = &8 Hz, 1H), 4.07 (5, 3H), 4.00
(dd,, F=93 56Hz iH) 392 (dd, J =89, 57 Hz, 1H), 3.67 {s, 3H), 3.62 (1, J = 8.8 Hz, 1H),
3.52 - 3.38 (m, 1H), L.38 (s, 9H). M5 {ESI): mass caled. for CyHs CIFMNsO4: 618.06, m/z found
619.9 [M+H] .
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Intermedizte 66: siep d

Azetidin-3-yid-chloro-2Z-methoxy-3-(4-(trifluoromethvijbenzyguinolin-6-yHH{(1-methyl-1H-
1.2,3~triazol-S-yhmethanol

CF s

\/
GH

HN\,
(}Me

To a flask containing tert-butyl 3~({4-chloro-2-methoxv-3-(4-(trifluorornethylbenzyliquinolin-6-
yithvdroxy ) -methyl-1H-1,2 3-triazol-5-vhmethyDazetidine- [ -carboxylate (165 mg, 0.27
mmol, Intermediate 66: step ¢) was added formic acid (5 ml, 136 nmuool) at room temperature
followed by 6N HCI {210 upl, 1.24 mmol}. The colorless mixture was stured at room
temperature for 40 min at which time LCMS and TLC (25% acctonc-hexane) showed the
reaction to be complete. MeOH (5 mL) was added and the mixture was stirred for 20 min before
concentrating. The resulting oil was chromatographed directly on silica gel using (10% 2M
NH;-MeOH-dichloromethane increasing to 12% 2M NH;-MeOH) to give initially 161 mg
material, This material was dissolved in CHCL/MeOH and filtered through a celite plug to give
144 mg of the title mmpound as an off white powder. 'H NMR (500 MHz, CDCL) § 8.30 (d, J
2.1 Hz, 1H), 820 (s, 1H), 792 (s, 1H), 7.76 (d, J = 8.8 Hz, 1H), 747 (4, § = 8.1 Hz, 2H), 742 -
7.32 {m, 3H), 4.52 - 434 (m, 2H), 4.33 - 4.16 {(m, 3H), 4.05 (s, 3H), 3.96 - 3.80 (m, 1H), 3.71 (s,
4H). MS (EST): mass caled. for CosHCIFNsOy: 5317.94, m/z found 518.9 [M+H].

Example 1: 3-Benzyl-2 4-dickloroguinslin-6-vh{4-chlorophenyi){ L-methyil-1H-imidazol-5-

viimethanol
Nz,
LR
= i
HG-
R N Ci =
o

i6l
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Into a 25-mi round-bottom flask purged and maintained with an inert atmosphere of nitrogen,
was placed a solution of 3-benzyl-6-bromo-2 4-dichloroquinoline (500 mg, 1.36 minol,
Intermediate 2: step ¢) in tetrahydrofuran {10 mb}. »-Bukli (0.6 mL, , 2.5 M in hexanes) was then
added at -78 “C. The resulting solution was stirred for 1 hour at -78 °C. {4-Chlorophenvi}{(1-
methyl-1 H-imidazol-5-yiymethanone (301 mg, 1.36 manol, Intermediate 1: step b) was added to
this solution. The resulting solution was allowed to react, with stirring, for an additional & hours
at room temperature. The reaction was then guenched by the addition of 10wk of water/ice. The
resulting solution was extracted with 3x20 mwl of ethyl acetate. The combined organic layer was
dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residoe was
purified by chromatography over a silica gel column with dichlorornethane/methanol to give the
title compound as a white sohd. "H NMR (400 MHz, BDMSO-dg) 0 = 820 {s, L H}, 801 {4, .7 =
8S5Hz [HY,7.69-779(m, 2 H), 744 (d, J=7T5Hz 2 H), 7.25- 737 (i, 4 H), 7.14 - 7.25 (m,
4H), 6.20 (s, 1 B, 447 (s, 2 H), 3.31 {5, 3 HY; MS m/e 508 [M+H]".

Example 2: (3-ChlorophenyD-(2.4-dichlors-3-(4-chlorobenzylguinolin-&-vi-(pyridin-3-
yhmethanoelPTFA

A mixture of 6-bromo-2.4-dichloro-3-(4-chiorobenzyliquinoline (010 g, 0.249 ol
Intermediate 3: step ¢} and (3-chlorophenvh(3-pyridinylymethanone (0.059 g, 0.274 munol} in
dry THF was cooled to -78 °C and n-BuLi (1.6 M in hexane, 0.202 mL} was added over a 30
minute period. Stirring was continued at 78 °C for an additional hour, the mixtare warmed up to
room temperature and saturated aqueous NH4Cl added. The layers were separated and the
aqueons oixtore again extracted with EtOAc. The combined organic extracts were dried over
Na;SOy, filtered, evaporated in vacuo, and chromatographed (2% MeOH in dichloromethane).

Fractions containing the desired product were combined and further purified by Gilson HPLC
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(H,O/acetonitrile/1% TFA) to provide the title compound as a white solid. 'H NMR (400 MHz,
DMSO-dg) 6 ppm 4,46 (s, 2 H} 7.12 - 728 {m, 3 H) 7.35 (d, J=8.08 Hz, 2 H) 743 (dd, /=632,
3.79 Hz, 4 H) 7.65 {dd, /=K.08, 5.05 Hz, | H} 7.78 {dd, /=8.59,2.02 Hz, 1 H} 7.91 - 8.07 {m, 2
Hy8.16 (d, /~=2.02 Hz, 1 H)&.62 {br.s., 1 H) 8.67 (d, #=4.55 Hz, | H}; MS (ESI} 540.

Example 3: (3-Chiorophenyl)-(2.4-dichlors-3-(4-fluorohenzyliguinolin-6-yi-(pyridin-3-

viimethanoleTFA

The title compound was prepared by substituting  6-bromo-2,4-dichioro-3-{4-
chiorobenzyliquinoling  (Intermediate  3:  step ¢}  with  6-bromo-2.4-dichioro-3-(4-
fluorobenzyhquinoline (Intermediate 4: step ¢} then following the procedure described for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-de} 3 ppm 4.45 (s, 2 H) 7.03 - 7.17 (m, 2

HY 7.17 - 7.30 (m 3 H) 7.35 - 7.49 (o, 4 1) 7.61 - 7.74 (m, § H) 7.79 (d, F=&.50 Hz, [ 1) 7.94 -
.09 (m, 2 F)} 8.16 (s, 1 F) 8.55 - 8.81 (m, 2 H): MS (EST) 524.

Example 4: (3-Chlorophenyh~(2.4-dichlore-3-G-chlorobenzyDguinolin-6-yh-(pyridin-3-
yhmethanolTFA

The ttle  compound was  propared by  substituting  6-bromo-2.4-dichiorg-3-(4-

chlorobenzyliquinoline  {(Intermediate 3. step ¢} with  6-bromo-2,4-dichioro-3-(3-
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chlorobenzylquinoline (Intcrmediate 5 step ¢) then following the procedure described for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-dq) 5 ppm 4.48 (s, 2 H) 7.10 (d, J=6.06
Hz, LH}7.19- 734 (m, 4 H) 738 - 7.50 (m, 4 H) 7.66 (br. 5., | H} 7.79 (dd, J=8.59, 2.02 Hz, 1
H)798(d, /=808 Hz, | H) 804 (d, /=859 Hz, 1t H)8.16{d, J=2.02 Hz, } H) 858 - 873 (m, 2
Hj, MS (EST) 541.

Fxample 8 (3-(4-(1#H-Pyrazol-1-yDbenzyl)-2 4-dichloroguinolin-6-vi}(3-

chlorophenyli(pyridin-3-viimethanolsTFA

The title  compownd was  prepared by sobstituting  6-bromo-2 4-dichioro-3-(4-

chlorobenzyliquinoline {(Intermediate 3: step ¢) with 3-(4-(1 H-pyrazol-1-ylihenzyl}-6-bromo-
2 4-dichioroquinoline (Intermediate 6 step ¢) then following the procedure described for the
preparation of Example 2. 'H NMR {400 MHz, DMSO-de) 3 ppm 4.50 {s, 2 H} 6.36 - 6.64 (m, 1
HYy7.17-726{(m,  HY7.29(d, J=8.39 Hz, 2 H) 7.38 - 7.51 {m, 4 H) 7.65 (dd, J=7.58, 5.05 Hz,
THY7.69-783{(m, 4 H) 798 (d, /=808 Hz, | H} 804 (d, /=5.09 Hz, 1 H) 8.17 (4, J=2.02 Hz,
T Hy 243 (d, J=2.53 Hz, L HY 8.63 (d, J=2.02 Hz, 1 H} 8.67 {d, /=3.54 Hz, | H); MS (ESI) 571.

Example 6: (3-Chlorophenvi)-(2,4-dichipro-3-(4-methoxybenzyliquinolin-6-vi}-(pyridin-3-
vhimethanolTFA
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The ttle  compound was prepared by substituting  6-bromo-2.4-dichiorg-3-(4-
chlorobenzyliquinoline  {(Intermediate 3. step ¢}  with  6-bromo-2,4-dichioro-3-(4-
methoxybenzyliquinoline (Intermediate 7: step ¢} then following the procedure described for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-ds) 8 ppm 3.69 (s, 3H) 439 (s, 2 H) 6.85
{d, =859 Hz, ZH) 7.10 (4, &=9.09 Hz, 2 H) 7.23 {(d, F=5.56 Hz, 1 H} 738 - 749 (m, 4 H} 7.66
(dd, J=8.08, 5.05 Hz, 1 Fy 7.77 (dd, J=8.59,2.02 Hz, 1 H} 7.96 - §.06 (1u, 2 H} 815 {d, J=2.02

Hz, 1 H)Y 8.63 (5, 1 H) .68 (d, J=5.05 Hz, | H); MS (EST) 535.

Example 7 (4-Chloro-3-{4-fluorobenzyli-2-methoxyguinolin-6-yvH3-

chlorophenyli(pyridin-3-viimethanol

The title compound was prepared by substituting  6-bromo-2,4-dichioro-3-(4-
chiorobenzyhquinoline (Intermediate 3. step ¢} with 6-bromo-d-chloro-3-{4-fluorobenzyl}-2-
methoxyquinoling (Intermediate 4: step d) then following the procedure described for the
preparation of Example 2. "H NMR. (400 MHz, DMSO-ds) § ppm 4.02 (s, 3 H) 4.22 (s, 2 H) 7.0%
(t, /=884 Hz, 2H)7.16-733 (m, 4 H) 736 - 747 (m, 3 H) 7.54 - 7.70 (m, 2 H) 7.84 (4, J=0.09
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He, | H) 7.95 (d, J=8.59 Hz, 1 H) 8.00 (d, J=2.02 Hz, | H) 8.61 (br. 5., | H) 865 (br. 5, | H):
MS (EST) 519,

Example 38 (3-Chiorophenyi)(2,4-dichioro-3-(4-(methyisulfonyhbenzyhguinalin-6-
yh{pyridin-3-yhimethanobTFA

O /
o™

The ttle  compound was  propared by  substituting  6-bromo-2.4-dichiorg-3-(4-

chlorobenzyliquinoline  {(Intermediate 3. step ¢} with  6-bromo-2,4-dichioro-3-(4-

(methylsulfonyhbenzyliquinotine {Intermediate 8: step ¢} then following the procedure described
for the preparation of Example 2. 'H NMR. (400 MHz, DMSO-ds) 8 ppm 3.19 (s, 3 H) 4.59 (s, 2
HY7.18-72%9 (m, 1 H} 736 - 748 {m, 6 H) 7.65 (br. 5., 1 H} 7.76 - 7.82 {m, | H) 7.85 {4,
F=RO8 Hz, 2HY 7.954(d, /=758 Hz, 1 HH R.O5{(d, J=8.59 Hz, | H} 817 (d, F=2.02 Hz, | H} K56
- 8.71 (m, 2 Hy; MS (ESI) 585.

Example 9: (2,4-Bichloroe-3-(4-chlorobenzyliquinolin-6-yD{pyridin-3-yh{thiazol-5-
vhmethanoPTFA
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The title compound was prepared by using pyridin-3-yi{thiazol-5-yimethanone (Intermediate 11:
step by in place of (3-chlorophenyB(3-pyridinyhmethanone and following the procedure
described for Example 2. 'H NMR. (400 MEz, DMSO-ds) 8 ppm 4,47 (5, 2 F) 7.20 (d, J=8.59
Hz, 2HY735¢d, =859 Hz, 2H)Y 760 (s, F H} 765 -774 (m, 1 H}7.79 - 794 {im, 2 H) 7.98 -
814 {(m, 2 H) 829 (s, 1 H) 8.63 - 882 {m, 2 H) 9.17 (s, I H}; MS (ESI} 514

Example 1 (2 4-DHchiore-3-(3-chlorobenzyvhiquinohn-6-yD{pyridin-3-y){thiazol-5-
vhmethanoPTFA

A mixture of 6-bromo-2-chiore-3-{3-chlorobenzyliquinoline (0.095 ¢, 6.259 mmol, Intermediate
12: step b} and pyridin-3-yi{thiazol-5-ylimethanone {(0.044 g, 0.207 mmol, Intermediate 11: step
by in dry THF (3 mL) were cooled to -78 °C and #-BuLi (0.21 mL, 8.336 mmol, 1.6 M in hexane)
was added over a 30 minute period. Stirring was continued at 78 "C for 30 minutes, the mixture
warmed up to § °C, stirred for | hour and saturated aqueous NH;Cl was added. The layers were
separated and the aqueous mixture again extracted with EtOAc. The combined organic oxtract
was dried over NaSOy, filtered, evaporated in vacuo, and chromatographed (EtOAc/CH,Cly) 1o
provide the product. Further purification by Gilson HPLC (H,0/acetonitrile/19% TFA) provided
the title compound as a white solid. 'H NMR (400 MHz, DMSO-de} & ppm 4.22 (s, 2 H) 7.16 -
727 (m, T HY726-742(m, 3H) 756 (s, T H} 759 -7.73 (m, 2 H)7.75- 784 (m, | H} 7.88 -
799(m, 2H}799-808{(m, L H)R37-844 (m, | H}8.62-876 (m, 2 H}9.09-9.19 (m, | H};
MBS (EST) 478.

Fxample 11 G3-(4-(1H-Pyrazol-1-viibenayi}-2,4-dichloroguinolin-6-yli{4-chisrophenyhi(i-
methyl-1H-imidazol-S-yhmethanolTFA
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A mixture of 3-(4-(1 H-pyrazol-1-yhibenzyl)-6-bromo-2,4-dichloroquinoline (0.2 g, 8.462 mmol,
Intermediate 6: step ¢} and (4-chlorophenyl}{ I-methyvl-1H-imidazol-S-ylimethanone {(0.113 g,
0.462 mmol, Intermediate 1: step b) in dry THF (5mL) was cooled to -78 °C and n-Buli {0.375
mE, 4.6 npunol, 1.6 M in hexane} was added dropwise over a 30 minute period. Stirring was
continued at 78 °C for 30 minuics, the mixture warmed up to 0 °C, stirred for 1 hour and
saturated aqueous NHyCl was added. The layers were separated and the aquecus mixture again
extracted with EtCAc. The combined organic extract was dried over NapSQ,, filtered, evaporated
in vacuo, and chromatographed (EtOA¢/CH,Ch) to provide the product. Further purification by
Gilson HPLC (H,O/acetonitrile/1% TFA) provided the title compound as a white solid. 'H NMR
(400 MHz, DMSO-dg) 8 ppm 3.55 (s, 3H) 4.51 {5, 2 H) 6.53 (s, 1 H) 7.04 {s, 1 H) 7.31 (d,
=831 Hz, 2 Hy 741 (d, F=856 Hz, 2 H) 747 - 758 (m, 2 H) 7.66 - 7.84 (m, 5 H) 8.08 {4,
F=R 80 Hz, L ) 825 (s, L H) 844 {d, /=196 Hz, 1 H} 9.15 (5, | H};, M8 (ES) 574, 576.

Example 12:  (4-ChlorophenyD{2 4-dichlore-3-{(4-methoxybenryDguinolin-6-yD{1-methyl-

PH-imidazol-S-yviimethanolsTFA
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The title compound was prepared by substituting 3-(4-(1 H-pyrazol-1-yhibenzyl}-6-bromo-2,4-
dichloroguinoline {Intermediate 6 step ¢} with 6-hromo-2,4-dichloro-3-(4-
methoxybenzyhquinoline (Intermediate 7: step ¢) then following the procedure used for the
preparation of Example 11. 'H NMR (400 MHz, DMSO-ds) 8 ppro 3.54 (s, 3 H) 3.70 (s, 3 H)
440 (s, 2H) 6.85(d, J=8.56 Hz, 2 H} 7.03 (s, | H} 7.11 {d, }=8.31 Hz, 2 H} 7.41 (d, }=8.56 Hz,
ZHYT746-755(m, 2Hy7.70-7.7% (m, 2 H) B.06 (d, J=8.80 Hz, 1 H} 823 (s, F H} %.15 (s, | H}y;
MS (EST) 540.

Example 13: (4-Chlorg-2-methoxy-3-{4-methoxyvbenzyhguineolin-6-vii(4d-chisrophenyi}i-
methyl-1H-imidazol-S-yhmethanolTFA

A mixture of (4-chlorophenyi}2.4-dichloro-3-(4-methoxybenzyllquinolin-6-yh{1-methyi-1H-
imidazoi-3-ylmethanoleTFA (0.050 ¢, (.093 minol, Example 12} and a 0.5 M sodium methoxide
in methano! solution (3.3 mL, 1.67 mmol) was heated in a scaled tube at 80 °C overnight. The
mixture was cooled to room temperature and poured into ice water (20 mbL). The aqueous
mixture was stirred for 2 hours then filtered to provide a mixture of mono and disubstituted
products as a tan solid, Further purification of the mixture by Gilson HPLC provided the utle
compound as a solid. 'H NMR {400 MHz, DMSO-d6) & ppm 3.53 {5, 3 H) 3.68 (s, 3 H) 4.03 (s,
3HY417 (3, 2 HY6.82 (d, J=831 Hz, 2H) 6.97 (s, L H) 7.15(d, J=8.31 Hz, 2 H} 7.37 (d, }=R8.31
Hz, 2 H) 749 (d, }=831 Hz, 2 H} 7.54 - 7.69 (m, 2 H) 7.85 (d, }=E.80 Hz, 1 H} 8.09 (5, I H)
9.13 (s, 1 H); MS (ESI) 534,

Example 14: {3-Benzyl-4-chloro-2-ethoxyquinolin-s-vh{d-chlorophenyhi(1-methvi- 1 5~

imidazol-5-vhmethanoleTFA
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A muxture of (3-benzyl-2 4-dichloroguinolin-6-yl}{4-chlorophenyhi{( I -methyl-1 H-imidazol-5-
vhmethanol (0.053 g, 6.104 muool, Example 1) and a sodium ethoxide solution (0.1 mL, 21 wt %
soln.} in EtOH (I ml) was heated in a secaled tube at 80 "C overnight, cooled to room
temperature and poured over ice water (20 mL). The mixture was stirred for 30 minutes then
filtered to vicld crude product as a solid. Further purification by Gilson HPLC provided the title
compound as a white solid. "H NMR (400 MHz, McOH-dy) 8 ppm 1.38 (£, J=7.07 Hz, 3 H) 3.69
(s, 3Hy429 (s, 2 H}452(q, J=7.07THz, 2H} 687 (5, 1 H} 711 - 7.18 (m, L H} 7.19-7.29 (m, 4
Hy735-742{(m, 2H) 742 - 749 (m, 2 H) 7.63 (dd, J=8.84, 2.27 Hz, 1 H) 7.84 (4, §=9.09 Hz,
THY8.13(d, J=2.02 Hz, 1 H} 8.95 (5, 1 H}; MS (ES1) 51&.

Fxample 15: (3-{4-{1 H-Pyrazol-1-vl)benzyl)-2 4-dichlioroquinolin-6-yH{(I-methyl-154-

imidazel-5-yi(thiazol-5-yhmethanoleTFA

The title compound was prepared by substituting (4-chlorophenyh){(1-methyl-1H-imidazol-5-
vhimethanone with (1-methyl-1H-imidazol-5-y)}{thigzol-3-ylimethanone (Intermediate 13) then
following the procedure described for the preparation of Example 11, 'H NMR (400 MHz,
MeOH-dy) 6 ppro 2.66 (s, | H) 371 (8, 3 HY 4.62 (3, 2HY 6.50 (s, | H) 7.25 (s, 1 H} 7.34 {4,
J=831 Hz, 2 H) 7.65{(d, }=831 Hz, 2 H} 7.70 (d, J=6.85 Hz, Z H} 7.89 ({4, J=8.80 Hz, 1 H) §.08
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(d, J=880Hz, 1 H)817(d, =196 Hz, | Hy 848 (s, F H}9.01 (s, F H) 9.11 (s, 1 H}); M5 (ESh
346.

Example 16: (3-(4-(1H-Pyrazol-1-yi}benzyi}-4-chloro-2-cthoxyvquinslin-6-yD{(I-methyl-15H-

imidazel-5-yi(thiazol-5-yhmethanoleTFA

The title compound was prepared by using (3-(4-(1 H-pyrazol-1-vhbenzyl)-2 4-dichloroquinolin-
6-y1i{ | -methyl-{ H-imidazol-5-yij(thiazol-5-yiimethanolsTFA (Example 15) in place of (3-
benzyi-2 4-dichloroguinolin-6-yii{d-chlorophenyh(1-methyi- | H-imidazol-5-yhmethanol  then
following the procedure described for the preparation of Example 14. 'H NMR (400 MHz,
MeOH-dy) 8 ppm 142 (L 1=7.07 He, 3 ) 3.70 (5, 3 H) 4.37 {5, 2 H} 4.56 (g, J=7.07 Hz, 2 H)
649 (t, J=2.27 Hz, 1 Hy 718 (d, J=2.02 Hz, 1 H) 741 (d, J=R8.59 Hz, 2 H) 7.61 (d, =859 Hz, 2
Hy7.65-775(m, 3 Hy 790 (d, =909 Hz, | H) 814 {d, =253 Hz,  H} 830 (d, }=2.02 Hz, | H)
898 (s, | H) 9.08 (s, | H); MS (ESI) 557.

Example 17 (G-(4-(1 H-Pyrazob-l-yDbenzyi-4-chiors-2-{ethyi(methvljamino}quinolin-6-
vi}{4-chlorophenyh{-methyi-1 H-imidazol-5-ylimethanoleTFA

m
~3
—
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The title compound was prepared by substituting 3-(4-(1 H-pyrazol-1-yhbenzyl)-6-bromo-2 4~
dichloroquinoline (Intermediate 6: step ¢} with 3-(4-(1 H-pyrazol-1-vlibenzyl}-6-bromo-4-chloro-
N-gthyl-N-methylguinolin-2-amine (Intermediate 14) then following the procedure described for
the preparation of Example 11. 'H NMR (400 MHz, DMSO-dg) 3 ppm 1.08 {t, }=6.82 Hz, 3 H)
287 (3, 3316 (q =69 He, 2HY 355 (s, 3 H) 434 (5, 2H) 6,47 - 6.56 (m, | ) 6.99 (s, L H)
T25( =808 He, 2HY 733 - 743 (i, 2H) 7.49(d, J=8.539 Hz, 2 H} 7.53 - 7.60 (m, 2 H) 7.68 -
TI8(m, 3HY7.82(d, J=859 He, | H) 8.06 (s, F H) 843 (d, J=2.53 Hx, 1 HY 903 (s, | H); MS
{ESH) 597.

Example 18 (3-Benryl-2 4-dichloroguinolin-6-yl{6-methoxyvpyridin-3-yH{thiazel-5-
yhmethanol

A mixture of 3-benzyl-6-bromo-2,4-dichloroquincline (0.168 g, 0.458 mmol, Intermediate 2:
step ¢ and (6~-methoxypyridin-3-yi}{thiazol-S-yhymethanone {0.112 g, 0.458 mmol, Intermediate
15) in dry THF (5 mL) was cooled o -78 °C and #-Buli (0.37 mL, 0.595 mmol, 1.6 M in hexang)
was added dropwise. Stirring was continued at ~78& °C for § minutes, the mixtare warmed up to 0
°C, stirred for 1 hour and saturated aqueous NH4CH was added. The layers were separated and the

aqueons mixture again extracted with EtQAe. The combined organic extracts were dried over

%...
~
o
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MNa,SOy, filtered, evaporated in vacuo, and chromatographed (EtOAc/CH,CL) to provide the
product. Further purification by Gilson HPLC (H,O/acetonttrile/ 1% TFA) provided the TFA salt
of the title compound as a white sohd. 'HNMR {400 MHe, DMSO-dg) d ppio 3.17 (s, 1 H) 3.84
(3, 3H) 448 (s, 1 H)6.83(d, J=859Hz, 1 ) 717 (d, J=758 Hz, ZH} 7.21 - 7.24 (m, 1 H} 7.28
{d, }=7.58 Hz, 2 H} 7.55 (s, 2 H) 7.67 {dd, J=8.84, 2.78 Hz, 1 H} 7.83 (dd, J=9.09,2.02 Hz, | H)
795-8 (m, 2H) R28{(d, }=2.02 Hz, 1 H} 9.12 (5, 1 H); MS (ESI} 508.

Example 19: (3-Benzyl-4-chlors-2-cthoxyquinolin-6-yhH{6-methoxypyridin-3-yij(thiazol-5-

viimethanol

The title compound was prepared by substituting {3-benzyi-2 4-dichioroquinolin-6-yi}4-
chiorophenyl) T-methyl- 1 H-imidazol-S-vijmethanol  with  (3-benzyi-2 4-dichloroquinciin-6-
yi¥6-methoxypyridin-3-yi}{thiazol-S-ylimethanol {Example I8}, then followed the procedure
described for the preparation of Example 14. 'H NMR (400 MHz, DMSO-de) & ppm 1.33 (1,
=682 Hz, 3H}3.84 (5,3 H)4.24 (5, 2 H) 4.47 (¢, I=7.07T Hz, 2 H) 6.81 (d, }=8 539 Hz, 1 H} 7.14
- 731 {m, SHY 751 (s, 2 H) 7.64 {dd, J=8.84, 2.27 Hz, 2 H} 7.78 (d, }=8.59 Hz, 1 H} 8§.05 {d,
=202 He, HY B 13 (d, J=2.02 Hz, 1 H}9.10 (s, 1 H); M5 (ESH 518,

Example 20A: (G-(4-( H-Pyrazob-1-vhbeney-4-chioro~-Z-methoxyguinolin-6-viy6-
methoxypyridin-3~-yh{thiazol-S-yhHmethanol
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n-Butyllithium (8.154 mL, (¢.246 mmol; 1.6 M in hexane) was added dropwise to a solution of
3-(4-{1 H-pyrazol-1-yhbenzyl}-6-bromo-4-chloro-Z-methoxyquinoline  {(0.081g, 0.189 mmol,
Intermediate 16} in dry THF ¢4 mL) at -78 °C over a 5 minute period. After complete addition
stirring was continued at -78 °C for 30 minutes then {(6-methoxypyridin-3-yi}{thiazol-5-
vhmethanone (0.046 g, 0.189 mmol, Intermediate 15} dissolved in THF (1.9 mL} was slowly
added and the reaction warmed in an ice bath to 0 °C. The mixture was stirred for 30 minutes,
quenched with saturated aqueous NHCl then warmed to room temperature. After stirring for 10
minutes layers were separated and the agueocus layer cexiracted with EtOAc. The combined
organic cxtracts were dried over Nap SO, filtered, evaporated in vacuo and chromatographed (0 -
100% EtCAc in DCM) to provide the title compound. 'H NMR (400 MHz, MeCOH-dy) & ppm
394 (s, 3H} 408 (5,3 Hy435(s, 2 H) 643 - 652 {m, | H} 6.88 ({4, J=9.09 Hz, | H) 7.37 (d,
F=RO8Hz, 2 HY 7.54 - 763 (m, 3 H}7.66-7.72 (m, 2 H} 7.77 {dd, }=8.59, 2,53 Hz, | H) 7.85(d,
J=859 Hz, | Hy & 12 (dd, J=13.14, 253 Hz, Z H) 8.20 (s, | H) 9.08 {5, | H); MS (ES§) 570.
{3-{4-{1 H-pyrazol-i-ylibenzyl}-4-chloro-2-methoxyquinolin-6-y{ 6-methoxypyridin-3-
yhi{thiazol-5-ylimethanol was purificd by HPLC (Chiralpak AD column, 500 gram, 41 cm)
cthanol cluent, 80 mE/minute, 230 nm wavelength) to give two cnantiomersThe first cluting
enantiomer was Exawple 20B: 'H NMR (400 MHz, CDCL) 8 ppmi 3.15 (br.s., | H)Y 3.94 (s, 3 H)
408 (s, 3 HY432 (5,2 HY 6,43 (4, 3=2.02 Hz, 1 H) 6.74 (4, }=8.59 Hz, 1 H) 7.35 (d, J=8.59 Hz,
2HY751-765(m, SH)Y7.69(d, J=2.02 Hz, 1 H} 7.82 (4, J=8.59 Hz, 1 H} 786 (d, J=2.53 Hz, |
H) 812 (d, J=2.53 Hz, | H) 818 (d, }=2.02 Hz, 1 H) 8.&4 (5, 1 H) and the sccond ecluting
enantiomer was Example 20C: 'H NMR (400 MHz, CDCL) 8 ppm 3.1 (br. s, 1 H} 3.94 (s, 3 H)
408(s, 3H)432(s,2H} 643 (s, L H} 6,74 (d, J=0.09 Hz, L H} 735 (d, J=R359 Hz, 2 H} 7.50 -
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766 (m, 5 H)7.69 (3, 1 H) 7.76 - 7.93 {m, 2 H)Y 8.12 (d, J=2.53 Hz, | H) 8.18 (d, J=2.02 Hz, 1 H)
8.84 (s, 1 H).

Example 21: (3-{4-(1H-Pyrazol-1-vi}benzyl}-2 4-dichloroquinolin-6-yH{6-methoxypyridin-
3-yh(-methyl-1f{-imidazol-5-yiymethanol*TFA

The title compound was preparcd by substituting (4-chlorophenyli(1 -methyl-1 H-imidarzol-5-
yvhmethanone with {6-methoxypyridin-3-yl{F-methyl-1 H-imidazol-3-ylimethanone
(Intermediate 37: step d) then following the procedure deseribed for the preparation of Example
11, 'H NMR (400 Mz, DMSO-ds) & pprm 3.56 (5, 3 H)Y 3.86 (s, 3 H) 4.05 (5, 3 H) 4.29 (5, 2 )
0.52(d, J=2.02 Hz, 1 H) 6.88 (d, J=8.59 Hz, 1 H) 7.02 (s, 1 H} 7.34 (d, }=8.59 Hz, 2 H} 7.50 -
763 (m, 2 H}7.65-780(m, 4H)7.88{(d, =859 Hz, | H) 8.06 {br.s., 1 H}8.14 (5, 1 H) 8.42 {s,
1 H}9.13 (br. 5., 1 Hy MS (ESI) 567,

Example 22: (3-{4-{1 H-Pyrazol-1-vi}benzyl)-d-chlore-Z-methoxyguinolin-6-vi}{6é-
methoxypyridin-3-yvi}{(1-methyl-1 H-imidazol-S-vijmethanoileTFA
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A mixture of the title compound prepared in Example 21 (0.030 g, 0.053 mamol) and a sodium
methoxide solation (0.1 mi, 25% in methanol) in MeOH (3 mL) was heated in a sealed tube at
80 °C overnight. The mixture was cooled to room temperature, excess MeOH removed, diluted
with 1ce HyO and extracted with EtOAc. The organic extract was dried over NapSQy, filtered,
evaporated in vacuo and purified by Gilson HPLC to provide the title compound as a solid. |
NMR (400 MHz, DMSO-dg) d ppin 3.56 (s, 3H) 386 (5, 3 H}4.05 (3, 3 H} 4.29 (s, 2 H) 6.52 (4,

O2Hz, LHY6.88{d, J=€.59 Hz, 1 ) 7.02 (5, 1 H} 734 (d, J=8.59 Hz, 2 H) 7.50 - 7.63 {m, 2
Hy7.65-780(m, 4 H) 7.88(d, J=8.59 Hz, 1 Hy 806 (br.s., 1l H)& 14 (s, | H} 842 (5,1 H}9.13
{br.s., 1 H}; MS (ESI 567.

Fxample 23: (3-{4-{1 H-Pyrazol-1-vl)benzyl)-2 4-dichloroquinolin-6-yH{(I-methyl-154-
I

imidazel-S-yI6-(frilusromethyhpyridin-3-yvhmethanoleTFA

The title compound was prepared by substituting (4-chlorophenyb)(1-methyl-1H-imidazol-3-
viymcthanone  with  (I-methyl-1 H-imidazol-5-y{6-{rifluoromethylpyridin-3-ylimethanone
(Intermediate 36: step ) then following the procedure described for Example 11. 'H NMR (400
MHz, McOH-dgy dppm 371 (s, 3H)4.61 (5, 2650 (, J=227 He, T HY 712 (s, 1 H) 7.33 (d,
J=859 Hz, 2H)Y7.60-7.72 (m, 3 H} 7.79 - 7.92 (m, 2 H} 8.08 (d, J=8.539 Hz, 2 H) 8.16 (5, | H)
840 (s, L H) &84 (s, | H)9.03 (s, 1 Hy; MS (ESD 609.

Example 24: (2-Ethoxy-3-(4-methoxybenzyDqguinolin-6-yB{1~-methyi-1 H-imidazol-5-
yh{thiazol-S-vhmethanoleTFA
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The ttle compound was prepared by using {2-chloro-3-{(4-methoxvbenzylquinolin-6-yij(1-
methyl- 1 H-imidazol-S-yij(thiazol-5-yiimethanol*TFA (Exampie 52} in place of (3-benzyl-2 4-
dichloroquinolin-6-yl{4-chlorophenyh{ 1 -methyl-1 H-imidazol-5-ylimethano! then following the
procedure described for the preparation of Example 14, 'H NMR (400 MHz, MeOH-ds) 8 ppm
14266 =707 He, 3H)Y 3.66 (s, 3 H) 375 (5, 3 H} 3.97 (5, 2 H) 4.52 {q, =7.07 Hz, 2 H) 6.84 ¢d,
=859 He, 2HY 72 - 720 (m, 3H)} 760 - 7.68 (m, 2 Hy 7.71 (d, =253 Hz, L H) 7.76 (s, 1 H)
7.84¢d, J=8.59 Hz, ] HY 8.94 (s, I H) 9.05 {s, I H); MS {(ESD) 4§7.

Example 25; (3-(4-(0 H-Pyrazol-1-yhbeneyh-2 4-dichloroguinolin-6-vi{4-
(dimethylamins)phenyD(-methyl- Ui -imidazol-5-yDmethanol TFA

The title compound was preparcd by substituting (4-chlorophenyly(1-methyl-1 H-imidazol-5-
viymethanone with  {(4-{dimcthylamino)phenyly(1-methyl-1 H-imidazol-5-yhimethanone
(Intermediate 18) then following the procedure described for the preparation of Example 11, 'H
NMR {400 MHz, McOH-da} 6 ppm 297 (5, 6 H3) 371 (5, 3 H)} 460 (s, 2 H) 642 - 658 (m, I H)
6.79-692 (m, 3H) 7.19(d, I=0.09 Hz, ZH) 7.33(d, =839 Hz, 2H)} 7.59 - 7.73 (m, 3 H) 7.83

?...
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(dd, J=9.09, 2.02 Hz, 1 H) 8.01 (d, J7=9.00 Hz, 1 H) 8.16 (d, J=2.02 Hz, 1 H) 833 (4, J=2.02 Hz,
1 H) 8.94 (s, 1 H); MS (EST 583.

Example 26: (3-{4-{1 H-Pyrazol-1-vijbenzyl)-d-chlore-Z-methoxyguinolin-6-vi}{4-
(dimethylaminoipheny(I-methyl-1f{-imidazol-5-vimethancl+ TFA

The ttle compound was prepared by substituting  (6-methoxypyridin-3-yh{thiazol-5-
yvhmethanone {Intermediate  15) with  (4-{dmethylammo)phenyl}{I-methyl-1 H-imidazol-5-
yhnethanone (Intermediate 18) then following the procedure described for the preparation of
Example 20A. "H NMR (400 MHz, MeOH-ds) 8 ppm 2.99 (s, 6 H) 3.70 (5, 3 H) 4.09 (5, 3 H)
435(s, 2H)645-654 (m, 1 H)0.82 (s, L H) 6.88(d, I=8.59 Hz, 2 H) 7.21 (d. J=83% Hz, 2 H)
7.37(d, =859 Hz, 2HY7.52-7.75 (m, 4 H) 7.87 (4. }=5.09 Hz, | H) 8.15 (dd, J=10.11, 2.02 Hz,
2H)Y 892 (s, 1 Hy; MS (ESEH 579,

Example 27: (3-(4-(1 H-Pyrazol-1-yhbenzyl)-2,4-dickloro-8-methylguinolin-6-vH{4-
chlorephenyl(i-methyl-1 H-imidazel-S-yl)methancl*TFA salt
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N
NN

The title compound was prepared by substituting 3-{(4-{1 H-pyrazol-1-vlibenzyl}-6-bromo-2 4~
dichloroquinoline {(Intermediate 6: step ¢) with 3-(4-(1H-pyrazol-1-yhbenzyh-6-bromo-2 4-
dichlioro-R-methyiquinoline (Intermediate 19: step a) then following the procedure deseribed for
the preparation of Example 11, 'H NMR (400 MHz, DMSO-de) 8 ppm 2.67 (5, 3 H) 3.54 (s, 3 H)
451 (s, 2H)0.52 (s, FHY7.03 (s, 1 H)7.30(d, J=859 Hz, 2 H)7.38-7.46 (m, 2 H) 746 - 7.58
(mn, 2HY 759 -7.87 (m, SHY KOS (s, IH} 843 (d, J=253 Hz, 1 H} 9.12 (s, 1 H); MS (EST) 589,

Example 28A: (3-{4-(1 H-Pyrazol-i-yhbenzyl-4-chlore-2-methoxy-8-methylguinolin-6-
yh(d-chlorophenyh(1-methylh-1 H-imidazel-S-yhmethanolTFA

n-Butyliithiun (1.6 M in hexane; $.315 mL, 0.503 mmol} was added dropwise to a mixture of
the 3-(4-(1 H-pyrazol-1-yhibenzyl)-6-bromo-4-chloro-2-methoxy-8-methylguinoline (0.1 g, 0.226
mmol, Intermediate 19: step by and (d-chlorophenyi}-(1-methyi-1 H-imidazol-S-ylimethanone
(8.055 g, 0.248 mmol, Intermediate 1: step b} in dry THF (3 mL) at -78 °C over a 2 minute
period. After complete addition stirring was continued at -78 °Cfor 10 minutes then warmed in

an ice bath to O °C. The mixture was stirred for 1 hour then quenched with saturated agueous
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NHLCH and warraed to room temperature. After stirring for 10 minutes layers were separated and
the aqueous layer extracted with EtOAc. The combined organic extracts were dried over NagSO,,
filtered, evaporated in vacuo and chromatographed (0 - 100% EtOAc in DCM) to provide the
product. Further purification by Gilson HPLC provided the title compounnd as a solid. 'H NMR
{400 MHz, MeOH-dg S ppm 269 (5, 3 H 3,69 (s, 3SHY 411 (5, 3 H) 435 (s, 2 H} 6,49 (d, =20
Hz, T HY6.87 (s, 1 HY730-741 (m, 4 H) 741 - 747 {m, 2 H) 7.55 (s, I H} 7.60 (d, }=8.59 Hz,
ZHY 708 (s, THY795(s, L H)B.14(d, J=2.53 Hz, | H} 8.95 (5, 1 H); MS (ESI} 584,

(3-{4-(1 H-pyrazol-1-yhibenzyl)-4-chloro-2-methoxy-8-methylquinolin-6-yI)(4-chiorophenyhy(l -
methyl-1 H-imidazol-5-ylymethanol was purified by HPLC (550 gramn Chiralpak AD 20 uM
cohmnn-~-diacel}, 50:50 ethanol eluent, 806 ml/minute, 240 nm wavelength) to give 2 enantiomers.
The first cluting enantiomer was Example 288: 'H NMR (400 MHz, McOH-dy) § ppm 2.67 (s,
SHI3S54-368(m, 4 Hy 410, 3 H) 434 (5, 2 HY 6,49 ¢t, J=2.27 He, 1L H) 6.66 (s, | H) 7.29 -
JAT (o, 6 HY 751 - 7.65 (m, 3 H) 7.68 {5, ] HY 7.94 (5, | Y RI3 (4, J=2.53 Hz, | H) B.50 (s, 1
H) and the second eluting enantiomer was Example 28C: "H NMR (400 MHz, MeOH-dy) 5 ppm
2685, 3HY3.64 (5,3 HI410G. 3 H)434 5, 2HY 6436583 (m, L H)6.74 (s, L H)7.29-747
(m, 6 H)752-764(m, 3H) 768 (s, 1 H}7.95 (s, 1 H}&.14{d, }=2.02 Hz, 1 H) 8.67 {s, 1 H).

Example 2%9A: (3-{4-(1 H-Pvrazol-1-yhbenzyl-4-chloro-2-methoxy-§-methyiquinolin-6-

vi-methvl-1 H-imidazol-5-yi{6-(frifluoromethyDpyridin-3-ymethanol

p-Butyllithinm (1.6 M in hexane; 1.84 mL, 2.936 mmol} was added dropwise to a suspension of
the 3-{4-{1 H-pyrazol-1-ylibenzyl}-6-bromo-4-chloro-2-methoxy-8-methyiquinoline (1 g, 2.26
mmol, Intermediate 19: step by and (L-methyi- 1 H-imidazol-5-yi}o-{triffuoromethylpyridin-3-

viymethanone {0.63 g, 2.49 munol, Intermediate 36: step ¢) indry THF (23 mL) at -78 °C over a
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2 minute period. Aficr comaplete addition stirring was continued at -78 °Cfor 10 minutes the
warmned in an ice bath to 0 °C. The mixture was stirred for 1 hour then quenched with saturated
aqueous NH4Cl and warmed to room temperature. Afier stirring for 10 minutes layers were
separated and the agqueous layer exiracted with EtOAc. The combined organic extracts were
dried over Na,SQy, filtered, evaporated in vacuo and chromatographed (0 - 5% MeOH in
acetonitrile} to provide the title compound as an amorphous solid. 'H NMR (400 MHz, DMSO-
dsy O ppra 905 (s, 1H), 884 (d, J=2.0 Hz, 1H), 8.41 (d,J=2.5 Hz, {H), B.00 - 8.07 (w, 1H),
7.92-7.99 (m, 2H), 7.87 (s, 1H}, 7.72{(d, J = 8.6 Hz, 3H}, 7.57 (5, 1H), 7.33 (d, § = 9.1 Hz, 2H),
7.16 {s, 1H), 6.40 - 6.59 {in, 1H), 4.29 (s, 2H), 4.07 (s, 3H}, 3.53 (s, 3H} 2.65 {s, 3H); MS (ESD)
619.

{3-{4-{1 H-pyrazol- {-yl}benzyl}-4-chloro-2-methoxy-8-methviquinolin-6-y}{ 1 -methyvl- 1 H#-
imidazol-5-yl)(6-(trifluoromethyipyridin-3-yhmethano! was purified by HPLC (Chiralpak AD
column, 250 gram, 50:50 % methanol.cthanol as eluent, 80 mE/minute, 265 nm wavelength) to
give 2 enantiomers. The first eluting cnantiomer was Example 298: 'H NMR (400 MHz, CDCly)
O ppm 882 (br.s, 1H), 7.82 -7.99 (m, 3H), 7.63-7.71 (m, 2H), 7.55(d, J = 7.1 Hz, 2H), 7.32 -
745 {(m, 4H), 6,41 {d, I = 13.1 Hz, 2H), 4.54 (br. 5., 1H), 4.30 (5, 2H}, 4.09 {s, 3H)}, 3.37 (s, 3H),
2.63 {s, 3H} mass caled. CoHpClFNgG,, 619.04; nv/z found, 619.2 and the second cluting
enantiomer was Example 29C: "H NMR {400 MHz, CDClL) § ppm 881 (d, J = 2.0 Hz, 1H),
7.95 (s, 1H), 7.86 - 7.93 (o, 1H), 7.84 (4, J =20 He, 1H), 761 - 773 (o, 2H), 755 (4, F = 8.6
Hz, 2H), 7.41 (5, 1H), 7.30 - 7.38 (m, 3H), 6.28 - 6,52 (m, 2H}, 4.3 (br. 5., 1H), 4.30 (5, ZH},
4.09 (s, 3H), 3.37 (s, 3H), 2.63 (s, 3H) mass caled. CulhsClFNgD, 619.04; m/z found, 619.2.

Example 30: (3-4-(0H-Pyrazol-1-yhbenayl)-2,4-dichloroquinolin-6-yhbis(1-methyi-1H-

imidazol-5-yDimethanolTFA
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To a solution of 5-bromoe-1-methyvi-1H-imidazole (0.084 g, 0.519 mmol} in DCM (§ mL) was
added othyl magnesium bromide (0.173 mL, 0.519 mmol; 3M in dicthyl ether} dropwise over a
10 minute period. The resulting cloudy mixture was stirred at room temperature for 20 minutes,
cooled in an ice bath to § °C and (3-(4-(1 H-pyvrazol-1-yhbenzyl)-2 4-dichloroquinolin-6-y1)(1-
methyl- 1 H-imidazol-S-ylimethanone (.12 g, (.26 mmo!, Intermediate 20: step d} dissolved in
THE (3 mb) was added. The cold bath was removed and the reaction mixture stitred at room
temperature for 10 minutes then heated in a 60 °C oil bath for 8 hours. Water was added
followed by 6M agueous HCI to a neutral pH. The agueous mixture was extracted with DCM (2
x). The combined DCM extracts were dried over NaySQOy, filtered, concentrated under reduced
pressure, chromatographed {0 — 10% MeOH in CH,ClL) then further purified by Gilson HPLC
(H,O/acetonitrile/1% TEA) to afford the title compound as a white solid. 'H NMR (400 MHz,
MeOH-d) S ppm 3.81 (5, 6 H) 463 (s, 2HY 651 (s, T H} 7.13 (s, 2 H} 7.35(d, J=8.59 Hz, 2 H}
738 -78 {im, 4 Hy &I (4, =009 He, | H3 817 (d, }=2.53 Hz, 1t H} 8.49¢(d, J=2.53 Hz, I H)
8.85 (s, 2 Hy MS (ESI) 544,

Example 31: {4-Chloro-2-methoxy-3-{4-(methyisulfonybenzyDguinelin-6-vii4-
chlorophenyD{i-methyl-1 H-imidazol-S-yl)methanclsTFA

?...
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To a solution of S-bromo-l-methyl-1 H-imidazole (0.074 g, (.46 mmol) in DCM (S mL) was
added ethyl magonesium bromide (8,133 ml,, 0.46 mumol; 3M in dicthyl ether) dropwise over a 10
minete period. The resulting cloudy mixture was stirred at room temperature for 20 minutes,
cooled in an ice bath to § °C and (4-chloro-2-methoxy-3-{(4-(methylsulfonyDbenzyliquinolin-6-
vi¥4-chlorophenylymethanone (0.10 g, 0.20 mmol, Intermediate 22: step by dissolved in THF (3
mb} was added. The cold bath was removed and the reaction mixture stirred at room temperature
for 10 minutes then heated in an 80 °C oil bath for 16 hours. The mixture was cooled to room
temperature, H;O added followed by 6M agueous HCl 1o a neutral pH. The aqueous mixture was
extracted with DCM (2 x). The combined DCM extracts were dried over NapSOQ., filtered,
concentrated under reduced pressure, chromatographed (0 — 10% MeOH in CH,Ch} then further
purificd by Gilson HPLC (H,O/acctonitrile/ 1% TFAY to afford the title compound as a white
sofid. 'H NMR (400 MHz, DMSO-de) 8 ppm 3.17 (3, 3 H) 3.53 (5, 3 H) 4.03 (s, 3 H) 4.36 (br. s,
2HY6.96 (s, | Hy 738 {d, =659 Hz, 2 H) 748 (1, J=8.84 Hz, 4 H)7.55 - 7.68 (m, 2 H} 7.76 -
794 (m, 3 H) R {s, L H) 912 (br.s., | H); MS (ESI) 582,

Example 32: 3-Chlovophenyvh(2,4-dichlore-3-(thiophen-2-vimethvhguinolin-6-yD{pyridin-
3-viimethanoleTEA
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The ttle  compound was  prepared by substituting  6-bromo-2,4-dichioro-3-(4-

o

o]

chlorobenzyliquinoline (Intermediate 3 step ¢} with 6-bromo-2 4-dichloro-3-(thiophen-2-
vimethvhquinoline {Intcrmediate 9: step ¢} then following the procedure described for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-de) 8 ppm 4.61 (s, 2 H)Y 6.90 - 6.99 (m, 2
Hy 709 -727(m, 1 HY733-739{(m, 1 H) 743 (d, J=6.06 Hz, 4 H} 7.62 - 769 (m, 1 H}7.77
(dd, }=8.84, 227 Hz, 1 H) 7.93 - 8.06 (m, 2 H) 8.15{(d, J=2.02 Hz, 1 H) 8.63 {s, | H) 8.68 (d,
f=4.55 Hz, 1 H); MS (ESI) 511.

Example 33A: (3-{4-{1 H-Pyrazol-1-vi)benzyl)-d-chliore-Z-methoxyguinolin-6-vi}{4-

chlorophenyD}{(1-methyl-1 H-imidazol-5-yDhmethanol

S u
Bsgeed

A solution of »-BuLi (2.5 M in hexanes, 2.67 mL, 6.66 munol) was added dropwise by syringe to
a solution of 3-(4-(1H-pyrazol-i-yhibenzyl}-6-bromo-4-chloro-2-methoxyquinoline (3.00 g, 7.00
mnol, Intermoediate 16) tn dry THF (80 mL) at —78 °C. After 3 mimutes, a solution of {4-
chlorophenyl){ L-moethyl- T H-imidazol-5-yhimethanone (1.65 g, 7.48 romol, Intermediate 1: step b)
in dry THF (R0 mL) was added dropwise over the course of 3 minutes. The reaction mixture was
stivred for 10 minutes at —78 °C, then the reaction flask was removed from the cooling bath.
After 10 roinutes, the reaction flask was placed into an ice-water bath.  After 30 nmunutes,
saturated aqueouns amuynonium chloride solution (10 ml) was added. The hiphasic mixture was
warmed to room temperature then partiioned between half-satorated agueous ammomium
chioride solution (300 mL) and ethyl acetate (300 mL). The layers were separated. The aqueous
laver was extracted with ethyl acetate (150 mL). The orgamic layers were combined. The
combined solution was dried with sodium sulfate. The dried solution was filtered and the filtrate
was congentrated. The residue was purified by flash column chromatography (silica gel, 20%
acctone-dichloromethane inttially, grading to 100% acetone} to provide the title compound as an

off-white solid. "H NMR (500 MHz, CDCEL) 6 ppm 811 (d, F = Hz, 1H), 7.85(d, § = 2.5 Hz,

ie4
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1H), 779 (d, = 8.7 Hz, 1H), 7.65 (d. J = 1.7 Hz, 1H)}, 7.58-7.54 (m, 2H), 7.54-7.51 (m, 18},
7.40-7.34 (m, 3H), 7.33-7.27 (m, 4H), 643 (1, S =21 Hz, 1H}, 641638 (m, 1H}, 431(,2

4.08 (s, 3H), 3.72 (s, 1H), 3.38 (s, 3H). MS (ESI): mass caled. CyHpsCLNsO,, 569.1; mv/z ﬁmnd?
570.1 [M+H]".

(3-{4-(1 H-pyrazol-1-yhbenzyl}-4-chloro-2-methoxyguinolin-6-yl{ 4-chlorophenvhi{ I -methyl-
{H-imdazol-5-yhimethanol was purified by HPLC (Chiralpak AD column, 500 gram, 41 cm x 3
cro, ethanol eloent, 80 mi/minute, 230 om wavelength) to give 2 enantiomers. The first cluting
enantiomer was Example 33B: 'H NMR (400 MHz, CDChL) & ppm 811 (d, J = 2.1 Hz, 1H),
7.84(d, F=24 He, 1H), 778 (d, S =88 Hz, 1H), 768 (4, F= 1.7 Hz, IH), 7.60-7.48 (m, 3H),
7.43-7.27 (m, TH}, 6.50-6.31 (m, 2H), 4.31 {5, 2H), 4.08 (s, 3H), 3.77 (s, 1H), 3.38 {5, 3H}. MS
(EST): roass caled. CaHpsChNsGa, 569.1; w/z found, 570.1 [M+H]" and the second cluting
enantiomer was Example 33C: "H NMR (400 MHz, CDCL) 3 ppm 810 (d, J = 2.1 Hz, 1H),
7.85(d, F=25He, 1H), 7.79(d, J =87 Hz, 1H), 768 (4, F= 1.7 Hz, IH), 7.60-7.49 (m, 3H),
743 (s, tH), 7.40-7.27 (m, 6H), 6.50-6.34 {m, 2H}, 4.31 (s, ZH}, 4.08 (5, 3H), 3.55-3.24 (br s,
1H), 3.40 (5, 3H). MS (ESI): mass caled. CrHosChMN:Oy, 569.1; wy/z found, 570.1 [M+H]

Example 34 G-(4-Q H-Pyrazob-1-vhbeney -2 4-dimethoxyguinolin-6-vj(4-
chlorophenyD(T-methyi-1H-imidazol-S-yDmethanolTFA

The title compound was prepared by  combining  (3-(4-(1H-pyrazol-i-ylibenzyl)-2.4-
dichloroquinolin-6-yhi{4-chlorophenyvli(1 ~-methyl-{ H-imidazol-5-yhmethanolsTFA  {0.058 g,
0.101 mmol, Example 11} and a 0.5 M sodium methoxide in MeOH solution (3.027 mL, 1.513
mmaol) in a sealed tube and heating at 80 °C for 16 hours. Solid sodium methoxide {0.016 g,

0.303 mumol) was then added and heating was continued at 80 °C for an additional 16 hours,
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cooled to room temperature then poured into ice H,O. Stirring was continued while warming to
roorn temperature. The solid precipitates were eollected, dried and purified by Gilson HPLC
(H,O/acetonitrile/ 1% TFA) to afford the title compound. 'H NMR (400 MHz, DMSO-ds) 8 ppra
355(s,3H)3.83 (s, 3HY399 (5, 3 HY 408 (s, 2H} 651 (s, L H} 6.98 (5, | H} 7.30 (d, }J=8.07
Hz, 2H) 7.38{(d, }=831 Hz, 2 H} 7.46 - 7.56 {m, 4 H} 7.65 - 7.74 {m, 3 H} 7.82 {d, J=8.56 Hz, 1
H) 7.86 (s, 1 H) 840 (s, 1 H) 9.14 (s, 1 H); MS (EST} 566.

Example 38A: (3-(4-(1 H-Pyrazol-1-yhbenzyvi)-4-chloro-2-methoxvquinolin-6-y)(1 -methyl-
1 H-imidazol-5-y{6-(trifluoromethyDpyridin-3-yhmethanolTFA

The title compound was prepared by substituting (4-chlorophenyh){(1-methyl-1H-imidazol-5-
vhmethanone  with  (I-methyl-1 H-imidazol-5-yh{6-(ritluoromethylipyridin-3-yhmethanone
{Intermediate 36; step Cland then following the procedure described for the preparation of
Example 33A. 'H NMR (400 MHz, CDCL) 8 ppm §.82 (d, J= 2.1 Hz, 1H), 8.14 (4, F= 2.1 Hz,
1H}, 7.90 (dd, J =83, 2.2 He, 1), 7.87-7.79 (u, 2H), 7.70-7.61 {m, 2H), 7.60-7.50 (m, 3H},
740 (s, 1H), 7.38-7.32 (m, 2H), 6.48-6.38 (m, 2H), 4.31 (s, 2H), 4.18 (s, 1H), 4.09 (s, 3H), 3.38
(s, 3H). MS (EST): mass caled. C3iHuCIFNGO,, 604.2; wvz found, 605.2 IM+H]™

(3-{4-( | H-pyrazol-1-vhibenzyl}-4-chloro-2-methox ygoinolin-6-v{ | ~methvi- { H-imidazol-5-
yi6-{trifluoromethyDpyridin-3-yliimethanol was puritied by HPLC (Chiralpak AD column, 500
gram, 41 cm x 5 cm, ethanol chuent, 80 mi/minate, 242 wn wavelength) to give 2 enantiomers.
The first eluting enantiomer was Example 35B: 'H NMR (500 MHz, CDCL) & ppm 8.82 (d, J =
20 Hz, 1Hy, 83 (d, F =22 Hz, 1H}, 7.93-7.88 {im, 1H), 7.85 (dd, J= 2.5, 0.7 Hz, 1H}, 7.82 {d,
J = 8.6 Hz, TH), 7.70-7.63 (m, 2H), 7.59-7.51 (mu, 3H), 7.45 (s, 1H), 7.38-7.33 {(m, 2H), 6.50~
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6.36 {(m, ZH), 4.31 (s, 2H), 4.09 (s, 3H), 4.01 (s, 1H), 3.39 (s, 3H). MS (ESI): mass caled.
O3 HuCIFNGD,, 604.2; mv/z found, 605.2 [M+H] and the second cluting enantiomer was
Example 35C: 'H NMR (500 MHz, CDCL) Sppm 8.82 (d, J=2.2 Hz, 1H), 8.13(d, J=2.1 Hz,
1H}, 7.94-7 88 (m, 1H), 7.86-7.24 (m, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.70-7.64 (m, 2H), 7.58-
751 {m, 3H), 7.47 (s, iH), 7.39-7.33 (m, 2H), 6.47 (s, 1H), 6.44-6.42 (m, 1H), 431 (5, 2H),
4.09 (s, 3H), 3.84 (s, 1H), 3.40 (s, 3H). MS (ESI: mass caled. CoyHpaClFaNgG,, 604.2; w/z
found, 6052 [M+H] .

Example 36A: (3-{Benzolblthiophen-2-vimethyi)-4-chioro-2-methoxyguinelin-6-viy4-

chiorophenyvh{1-methyi-1H-imidazol-5-vi)methanol

The title compound was prepared by substituting 3-(4-(1 H-pyrazol-1-yhbenzyl)-6-bromo-4-
chloro-2Z-methoxy-R-methvilquinoline (Intermediate 19 step by with 3-thenzolblthiophen-2-
yimethyh-6-bromo-4-chloro-2-methoxyquinoline (Intermediate 23) then following the procedure
described for the preparation of Example 28A. 1H NMR (400 MHz, McOH-d4) 6 ppm 345 (5,3
Hy409(, 3HM 45362062606, T H 708, TH7I15-729 G, 2 HY 731 - 743 (m, 4 H)
7.56-7.77 (m, 4 H) 7.83(d, J=0.09 Hz, | H} 8.11 (5, | H): MS (EST) 560.
{3~{benzo|blthiophen-2-yimethyi-4-chloro-2Z-methoxyquinolin-6-vi(4-chiorophenvii{ 1 -methyl-

{ H-imidazol-S-yhmethanol was purified by HPLC {230 gram Chiralpak AD 20 uM column-
diaccly, 50:50 ethanol:McOH clucnt, 80 mL/minute, 240 nm wavelength) to give 2 enantiomers.
The first eluting enantiomer was Example 36B: 'H NMR (400 MHz, CDCE) 8 ppm 3.41 (s, 3 H)
414 (s, 3 HY 452 (s, 2 H} 642 (s, L H}7.09 (5, L H}7.17 - 7.37 (m, 8 H) 747 - 759 {m, 1 H)
7.63 (d, I=7.58 Hz, | H) 7.70 (d, J=8.08 Hz, | H) 7.79 (d, }=8.5%9 Hz, | H) 808 (s, | H); MS
(ESI) 560 and the second cluting enantiomer was Example 36C: "H NMR (400 MHz, CDCL) §

[
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ppm 3.50 (s, 3H) 4.15 (5, 3H) 4.52 (5, 2 H) 6.45 (5, 1 H) 7.10 (s, | ) 7.18 - 7.27 (., 4 H)} 7.28 -
739 (m, 4 H) 7.49 - 7.59 {m, | H} 7.63 (d, }=7.07 Hz, | H) 7.70 (d, J=8.08 Hz, | H) 7.81 (d,
J=8.59 Hz, | H) 8.06 (d, J=2.02 Hz, 1 H); MS (EST) 560.

Example 37A: (3-{Benzolbithiophen-2-vimethyi}-4-chiors-2-methoxyvguinelin-g-yhHi(i-
methyi-1H-imidazel-S-yR{6-(triflusremethyDpyridin-3-yDmethanols TFA

The tfitle  compound  was  prepared by wsing  {f-methyl-E H-imidazol-5-vi6-
(trifluoromethyhipyridin-3-yDmethanone  (Intermocdiate 36: step € w place of (4-
chlorophenyvl){ I-methyl- L H-imidazol-5-vimethanone then following the procedure described for
the preparation of Example 36A. TH NMR (400 MHz, DMSO-de) 5 ppm 3.53 (s, 3 H) 4.10 (s, 3
Hyd452 6, 2HY 712 (s, P HY 722 (s, T H) 7.23 - 736 (m, 2 H) 7.59 - 7.67 {m, | H} 7.72 (i,
J=R 08 Hz, 1 HY 7.84(d, J=758 Hz,  H) 7.88 - 7.99 (m, 3 H) 800 - 807 {m, | H} 8,19 (s, 1 H})
883 (s, 1 H}9.12 (s, | H}; MS (ESI) 595.
{3~-{benzolblthiophen-2-ylmethyl-4-chloro-2-methoxyquinolin-6~-yhi{( 1 -methyi-1 H-imidazol-5-
yi6-{trifluoromethyDpyridin-3-ylimethanol was purified by HPLC (Chiralpak AD column, 550
gram, 20 uM} ethanol eluent, 88 mi/minute, 240 om wavelength) to give 2 enantiomers. The
first eluting cnantiomer was Example 378: 'H NMR (400 MHz, McOH-d;) 8 ppm 3.47 (s, 3 H)
413G, 345346, 2H634Mbr s, THYT700 G, 1THYT715-732(m, 2HY7.57-7.77 (m, 4 H)
778 - 7.93 (m, 2 Hy 799 {d, =657 Hz, 1 Hy 817 (d, J=2.02 Hz, | H) 8.78 (5, | H) and the
second eluting enantiomer was Example 37C: "H NMR (400 MHz, MeOH-dy) 5 ppm 3.47 (s, 3
Hy 4036, 3 454 6, 2B 627-6420ns, T 709, TH 716 - 730 (m, 2H) 7.56 - 7.78
(M, 4H}7.79-791 {(m, 2 H)8.00(d, I=8.08 Hz, L ) 8.17 (s, L 3 8.78 (s, 1 H.
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Example 38: F{4-{(3-(4-(0 H-Pyrazol-1-vi}benzyi}-4-chiors-2-methoxyguinolin-6-y1){(4-

fluorophenyl{(hvdroxy)methyhpiperidin-i-vijethanone

The title compound was prepared by substituting  {(6-methoxypyridin-3-yi)(thiazol-5-
vhimethanone  {(Intermediate 1Sy with  1-{4-{4-fluorobenzoyhpiperidin-1 -yliethanone
(Intermediate 24) then following the procedure described for the preparation of Example 20A. 'H
NMR (400 MHz, CDCL S ppm 128 - 144 (my, 2 HY 1.58 - 1.71 (m, 2 H) 2.05 (5, 3 H} 2.51 -
265(m, THY2.72¢(br.s, FHI300-3.19(m, T H}3.73-3.92{m, 1 H}4.09(s, 3 H}4.32 (5, 2 H)
460 - 479 (m, } Hy 644 (5, 1 H) 7.01 {t, =859 Hz, 2 H} 7.36 (d, }=K.5% Hz, 2 H) 7.49 (dd,
F=R34, 531 He, 2H 756 (4, J=8 39 Hz, 2H} 765 (br. s, TH) 769 (s, 1 ) 7.79 - 7.89 {(m, 2 H)
8.26 (s, 1 H); MS(EST) 599,

Example 39: 3-(4-(1 H-Pyrazol-I-yhbenzyh-4d-chloro-2-methoxyguinolin-6-vhHi{4-

fluoropheny{pyridin-3-yDmethanol

A solution of #-Buli (2.5 M in hexanes, 0.095 mL, 8.238 mumnol) was added dropwise by syringe
to a sohution of 3-(4-(1 H-pyrazol-1-vibenzyh-6-bromo-4-chioro-2-methoxyquinoline (105.5 mg,
$.246 mmol, Intermediate 16) in dry THF (2.5 mL} in a dry ice-acctone bath. After 1.5 minutes,

a solution of commercially available (4-fluorophenyl}{pyridin-3-vi}methanone {58.7 mg, (.292
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mnol} in dry THF (0.2 mL) was added dropwise. The reaction mixture was stirred for 5 minutes
in a dry ice-acctone bath, then the reaction flask was placed into an ice-water bath. After 10
minutes, the mixture was warmed to room temperature and the reaction was quenched with
mcthanol and water. The mixture was partitioned between water and ethyl acetate.  The
scparated aqueous phasc was further extracted with cthyl acetate.  The organic phasc was dried
{(Wa,3Q0y), filtered, and concentrated.  The crude product was purified by flash column
chromatography (silica gel, 10-50% EtOAc-Hexanes followed by 0-10% McOH-DCM) to
provide the title compound as a white solid. 'H NMR (400 MHz, CDCL) 3 ppm 8.50 — 8.48 (m,
1H), 8.43¢dd, /=48, 1.6 Hz, 1H), 802 (d, J=21Hz, 1H),783{(d, J=24Hz, IH), 777 (. J
= 8.8 Hz, 1H), 7.67 - 7.64 (m, 2H), 7.55 - 7.52 (m, 2H), 7.50 (dd, =88, 2.2 Hez, 1H), 7.33(d, J
= §.6 Hz, 2H), 7.26 - 7.20 (m, 3H), 7.03 = 6.96 (m, 2H), 642 — 6.40 (m, 1H), 4.28 {5, 2H), 4.07
(s, 3H).; MS /e 551.2 [M+H]'

Example 40: (3-(4-(1H-Pyrazell-yhbeneyl-4-chlore-2-methoxyguinolin-6-vii(pyridin-3-
yh{d-(trifluoromethyphenyhmethanel

A solution of #-Buli (2.5 M in hexanes, .07 mL, 0.175 munol} was added dropwisc by syringe
to a solution of 3-(4-(1 H-pyrazol-1-yljbenzyl}-6-bromo-4-chloro-2-methoxyquinoline {(75.9 mg,
0.177 mool, Intermediate 16) in dry THF (3 mL) in a dry ice-acctone bath. Afier 1.5 minutes, a
solution of pyrdin-3-vi{4-(rifluoromethyljphenyhmcethanone (480 mg, 0191 mmol,
Intermediate 26; step b} in dry THF (0.2 mL} was added dropwise. The reaction mixture was
stirred for 5 minutes in a dry icc-acctone bath, then the reaction flask was placed into an ice-
water bath, After 10 minutes, the mixture was warmed to room temperature and the reaction was

quenched with methanol and water. The mixture was partitioned between water and cthyl
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acctate. The scparated agueous phase was further exiracied with ethyl acetate,  The organic
phase was dried (Na,50y), filtered, and concentrated. The crude product was purified by flash
column chromatography (silica gel, 10-50% EtOAc-Hexanes) to provide the title compound as a
white solid. 'H NMR. (300 MHz, CDCI) dppm 851 (4, /=22 Hz, 1H), 848 {dd, /=48 14
Hz, H), 802¢d, J=2.1 Hz, 1H),783(d, J=24 Hz, 1H),7.79(d, /=88 Hz, 1H), 766 (d, J =
Lo Hz, 1H) 766 -7.63(m, 1H), 7.59(d, J=84Hxz 2H), 7.54 (4, /=85 Hz, 2H), 749 (dd, /=
§.8,2.2 Hz, 1H), 7.46 (4, 7= §.3 Hz, 2H), 7.34 (d, J= 8.5 Hz, 2H), 7.26 — 7.23 (m, 1H), 6.42 {1,
J=72.1 Hz, 1H), 4.29 (s, 2H), 4.08 (s, 3H).; MS m/e 602.1 [M-+H] .

Example 41: (3-(4-(1 H-Pyrazol-1-yhbenzyli-4-chloro-2-methoxyvquinolin-6-yH(3 4-
dimethoxyphenyh{pyridin-3-vl)methandl

A solution of #n-Buli (2.5 M in hexanes, 3.05 mb, 0.125 mmol) was added dropwise by syringe
to a solution of 3-(4-(1H-pyrazol-1-y i}bvnzy -6-bromo-4-chloro-2-methoxvquinoline {32.9 mg,
0.135 mmol, Intermediate 16) in dry THF (Z mL} in a dry ice-acetone bath. After 5 minutes, a
solution of (3 4-dimethoxyphenyl }pyridin-3-ylimethanone (32.9 mg, §.135 mmol, Intermediate
27 step by in dry THF (0.2 mL) was added dropwise. The reaction mixture was stirred for 5
mimites in a dry ice-acetone bath, then the reaction flask was placed into an ice-water bath
After 10 minutes, the mixture was warmed to room temperature and the reaction was gquenched
with saturated ammonium chloride. The mixture was partitioned between water and ethyl
acctate. The scparated agucous phase was further exiracted with ethyl acetate.  The organic
phase was dried (NaySQy), filtered, and concemtrated. The crude product was purified by flash

column chromatography (silica gel, 20-100% EtOAc-Hexanes) to provide the title compound as
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a white solid. 'H NMR (400 MHz, CDCl) 8 ppm 8.61 (d, J= 1.8 Hz, iH), 8.53(dd, J=4.8, 1.6
Hz, 1H), 8.10(d, /J=2.0Hz, IH), 785(d, /=24 Hz 1H),7.79(d, /=88 Hz, 1H), 7.69 (dt, /=
8.0, 2.0 He, 2H), 7.57 - 7.52 (m, 3H), 7.35(d, J=8.6 Hz, 2H), 7.29 - 725 (m, 1H), 6.91 {d, J =
22 Hz 1H), 6.79(d, /J=85Hz, 1H), 6.66(dd, /=84,22 Hz, 1H)}, 6,44 - 642 (m, 1H), 431 (s,
2H), 4.08 (s, 3H), 3.88 (s, 3H), 3.76 (s, 3H).; MS m/e 593.2 [M+H]'.

Example 42: 3-(4-(1H-Pyrazol-1-yDbenzyl)-4-chlore-2-methoxyguinelin-6-vi4-

{dimethyiamino)phenvii(pyridin-3-viimethanol

The title compound was prepared analogously to the method in Example 41 using (4-
{dimethylamino}phenyl¥pyridin-3-ylimethanone  {(Intermediate 28: step by in place of (3.4-
dimethoxyphenyl Y pyridin-3-ylimethanone (Intermediate 27: step b}, except the crade product
was purified using a solvent system of 0-3% MeOH-DCM to provide the title compound as g
white solid.  'H NMR {400 MHz, CDCls} 6 ppm 8.64 (d, S =23 Hz, 1H), 8.52 (dd, /=48, 1.6
Hz, 1H), 815(d, J=21Hz, 1H),785(d, /=24Hz, 18),7.77{(d, /=88 Hz, 1H),7.75- 770
{m, 1H), 7.69 (d, /=16 Hz, 1H), 758 - 7.53 (m, 3H), 735(d, /=85 Hz 2H), 7.24 (d, /=47
Hz, 1H), 7.07 {d, /= 8.9 Hz, ZH), 6.66 (d. /= 8.9 Hz, 2H}, 6.44 - 641 {m, 1H), 431 (s, 2H},
4.07 (s, 3H), 2.96 (s, 6H), MS m/e 576.3 [M+H]".

Example 43: 3-(4-(1H-Pyrazol-1-yiibenzyl}-d-chlore-Z-methoxyguinolin-6-vij4-

fluorophenyD(I-methyl-1 H-imidazol-S-yhmethanol
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A solution of #-Buli (2.5 M in hexanes, 0.07 mL, 0.175 mmol) was added dropwise by syringe
to a solution of 3-(4-(1 H-pyrazoi-1-yhbenzyl-6-bromo-4-chloro-Z-methoxyquincline (75.8 mg,
0.177 mmol, Intermediate 16} in dry THF (3 mb) in a dry ice-acctone bath, After | minute, a

i

solution of {4-fluorophenyl}(1-methyl-1 H-imidazol-5-ylimethanone (37.8 mg, (.185 mmol,
Intermediate 29: step b} in dry THF (0.6 mL} was added dropwise. The reaction mixture was
stirred for 5 minuics in a dry icc-acetone bath, then warmed to room temperature and the reaction
was gquenched with methanot and water. The mixture was partitioned between water and cthyl
acctate. The scparated agueous phase was further extracted with ¢thyl acetate.  The organic
phase was dried (Na;SQy4}, filtered, and concentrated. The crude product was purified by flash
column chromatography (silica gel, (-50% EtOAc-Hexanes) to provide the title compound as a
clear foam. 'H NMR {400 MHz, CDClyy é ppm 812 (d, J=2.1 Hz, 1H), 7.84 {d, /= 2.4 Hz,
1H), 7.77(d, S =87 Hz, 1H), 766 (d, J= 1.6 Hz, 1H), 7.57 - 7.50 {(m, 3H), 7.35 (d. J = 8.6 Hz,
2H), 7.34 - 7.29 (m, 2H}, 7.25 (s, 1H), 7.04 - 6.96 {m, 2H), 6.45 - 6,40 {m, 1H}, 6.30 (s, 1H},
4.30 (s, 2H), 4.08 (s, 3H), 3.34 (s, 3H); MS m/e 554.1 [M+H]'.

Example 44: (3-(4-(1H-Pyrazol-i-yDbenzyl)-4-chloro-2-methoxyvguinelin-6-vhH{3,4-

dichlorsphenyvpyridin-3-ymethanol
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A solution of #-Bubli (2.5 M in hexanes, 0.07 mL, 0.175 mmol) was added dropwise by syringe
to a solution of 3-(4-(1 H-pyrazol-1-yl)benzyly-6-bromo-4-chioro-2-methoxyquinoline {(78.6 mg,
0.183 mmol, Intermediate 16} in dry THF (3 mb) in a dry ice-acctone bath. After | minute, a
solution of (3,4-dichlorophenyl}{pyridin-3-vlimethanone (50.2 mg, 0.199 mmol, Intermediate 30
step by in dry THF {(.2 mL) was added dropwise. The reaction mixture was stirred for 10
minutes in a dry ice-acctone bath, then the reaction flask was placed into an ice-water bath.
After 20 minutes, the mixture was warmed to room temperature and the reaction was quenched
with methanol., The mixtare was partitioned between water and ethyl acetate. The separated
aqueous phasc was further extracted with cthyl acetate.  The organic phase was dricd (Na; SOy},
filtered, and concentrated. The crude product was purified by flash column chromatography
(silica gel, 0-50% EtOAc-Hexanes) to provide the title compound as a clear oil. 'H NMR (400
MHz, CDCLy s ppm 837 (4, J=2.0 Hz, 1H), 832(dd, /=45, 1.4 Hz, 1H), 8.01 (d, /= 2.1 Hz,
H), 7.81 (dd, 7=2.5,04 He, 1H), 7.75(d, J= 88 Hz, 1H), 7.64 - 7.58 {m, 2H}, 7.53 - 748 {m,
2H), 746 (d, =22 He, 1H), 744 (dd, J= 868, 2.2 He, 1H), 7.34-7.30 (w0, 3H), 717 (dd, J =78,
4.7 He, 1H), 7.06 (dd, J=8.4, 2.2 Hz, 1H) 639 (dd, J =24, 1.9 Hz, 1H), 4.26 (5, 2H), 4.07 (s,
3H); MS /e 6011 [M+H] .

Example 45: 3-(4-(1H-Pyrazol-1-yvi)benzyl)-2 4-dichloroguinolin-6¢-vi}4-
chiorophenyh{pyridin-3-yiimethanol
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A suspension of 3-{4-{1H-pyrazol-t-yl}benzyl}-6-bromo-2 4-dichloroquinoline {214.5 mg, 0.495
mmol, Intermediate 6: step ¢ in dry THF (5 mL) was heated with a heat gun to form a solution.
The solution was cooled in a dry ice-acctone bath for 2 minutes, then a solution of n-BuLi (2.5 M
in hexanes, 0.18 mL, .45 mmol) was added dropwisce by syringe. After I minute, a solution of
commercially avatlable (4-chlorophenyi}pyridin-3-ylimethanone (6.117 mg, 0.541 mmol} in dry
THF (0.2 mL) was added dropwise. The reaction mixture was stirred for 5 minutes in a dry ice-
acctone bath, then the reaction flask was placed into an ice-water bath that was allowed to warm
to room temperature.  The reaction was quenched with saturated ammonium chlonide. The
mixture was partitioned between water and cthyl acetate,  The scparated aqueous phase was
further extracted with ethyl acetate.  The organic phase was dricd (NapSQy), filtered, and
concentrated. The crude product was purified by fHlash column chromatography (silica gel, 50-
100% EtOAc-Hexanes) followed by reverse-phase chromatography {acetonitrile w/ 0.05% TFA
in water). The free-base product was formed to provide the title compound as a clear oil. 'H

WMR (400 MHz, CDClLi) 6 ppm 8.50 (s, 1H), 847 (d, J=4.0 Hz, {H), 8.19(d, J=2.0 Hz, 1H),
7.96¢d, J=8.8 Hz, 1H), 7.85(d, J=24 Hz, 1H), 7.68 - 7.62 (m, 3H), 7.60 ~ 7.55 (0, 2H), 7.33 -
7.20 (m, TH), 6.44 - 6.41 {m, 1H), 4.52 (s, 25}, 4.03 (s, TH); MS m/e 5711 [M+H]".

Example 46: 3-(4-(1 H-Pyrazol-1-yhbenzyh-2.4-dichloroquinolin-6-yij4-

fluorophenyh{pyridin-3-vimethanol
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The title compound was prepared analogously to the method in Example 45 using commercially
avatlable (4-fluorophenyl}pyridin-3-vlimethanone in place of {4-chlorophenyi}(pyridin-3-
yiymethanone. 'H NMR (400 MHz, CDCLs) & ppm 847 (s, 1H), 840 (s, iH), 8.19(d, /= 1.9 Hz,
1H}, 794 (d, /=89 Hz, 1H),785(dd, /=25 05Hz, IH}, 7.68-7.62 (m, 3H}, 7.58 - 7.54 (m,
2H), 7.29(d, J= 8.7 Hz, 2H), 7.26-7.21 (m, 3H), 7.03 - 6.96 (m, 2H), 6.42 (dd, /= 2.4, 1.9 Hz,
1H), 4.51 (s, 2H); MS m/c 555.1 [M+HT.

Fxample 47 3-(4-(1H-Pyrazol-1-yhbenzyli-2,4-dichloroquinolin-6-yi)(4-

methoxypheny{pyridin-3-yl)methanol

L
N

The titlc compound was prepared analogously to the method in Example 45 using (4-
methoxyphenyl ¥ pyridin-3-ybmethanone  {(Intermediate  31: step by in place of (4-
chiorophenyl{pyridin-3-vlymethanone. 'H NMR (400 MHz, CDCl) 8 ppm 8.48 (d, J= 2.1 Hz,
1H), 836 (dd, /=48, 1.5Hz, 1H), 824 (d, /J=2.0Hz 1H), 792(d, J=&8 Hz, IH), 784 (d, J
=25Hz, 1H,7.70-762 (m,3H), 7.56 (d, /=85Hz, 2H), 728 (4, /=85 Hz, 2H), 7.22 - 7.17
(m, 1H), 7.17 = 7.11 {m, 2H), 6.84 — 6.78 {m, ZH), 6.42 - 6.3% (m, J=4.3, 2.1 Hz, 1H)}, 449 (5,
2H), 3.77 (s, 3H); MSm/e 567.1 [M+H]"
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Fxample 48: 3-(4-(1H-Pyrazol-1-yhbenzyli-2,4-dichloroquinolin-6-yH({3-

fluorophenyh{pyridin-3-vijmethanol

By

<

N
N
S

The title compound was prepared analogously to the method in Example 45 using (3-
fluorophenyl¥pyridin-3-yhmethanone  {Intermediate 32: step by in place of {4-
chlorophenyl ) pyridin-3-ylimethanone, except that 1.2 cquivalents of Intermediate 32: step b and
1.1 equivalents of »-Buli were used relative to 3-{4-{1H-pyrazol-1-ylibenzyl}-6-bromo-2 4~
dichloroquinoling {Intermediate 6: step ¢). "H NMR (400 MHz, McOH-d4} 6 ppm K.84 (s, 1H),
8.76 (d, /=53 Hz, 1H}, 846 - 842 (m, 1H}, 827 (d, /= 2.0 Hz, 1H), 8.15{d, J=2.5 Hz, 1H},
801{(d, J=89Hz 1H), 793(dd. /=82,56Hz, 1H), 782{dd, /=89, 2.1 Hz, 1H), 7.69(d, J
=1.7Hz, 1H), 764 (d, /=806 Hz IH), 744 (¢d, F = &1, 6.0 Hz, 1H), 731 (d, /=86 Hz, 2H),
722 - 747 {m, 1H), 717701 (m, 2H), 6.51 - 649 (m, [H), 459 (s, 2H), MS m/c 555.1
IM+HT .

Example 49: (3-Benzyl-2,4-dichloroguinolin-6-yh{4-chlorophenyi{i-methyvl-1H-pyrazol-4-
viimethanoleTFA

A solution of 4-iodo-L-methyl-1 H-pyrazole (83.8 mg, 0.403 mmol} in THF (0.8 mL) was added
dropwise under argon to a -72 °C sohution of n-Bubi (0.156 mL, .403 mmol, 2.6 M in hexane)

in THF (0.5 mL). The resulting mixture was stirred at ~72 °C for 25 minutes, and was then
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treated dropwise with a solution of an inseparable mixture of (3-benzyl-2 . 4-dichloroquinolin-6-
vh{d-chlorophenvlymethanone (79 mg, 0.185 mmol, Intermediate 33 step d) and ethyl 3-benzyl-
2. 4-dichloroguinoline-6-carboxylate (66 mg, 0.183 mmol, Intermediate 33: step ¢} in THF (0.8
mb} and stirred at -72 °C for 30 minutes. The yellow reaction was then allowed to warm to 0 °C
over 15 minutes and stirred for an additional 15 minutes at § °C. The clear amber reaction was
then quenched with 5 M aqueouns NH4Cl (3 mL). The aqueous layer was extracted with 4:1
ether/DCM (2 x 3 b)), and the combined organic lavers were dried (Na,S0y), filicred, and
concentrated. The residue was flash chromatographed with a heptane to 20% EtOAc/heptane
gradient and further purified with CIR HPLC (20% 1o 100% CH:CN, with 0.1% TFA
throughout) to provide, after lyophilization, the title compound as a yellow powder, 'H NMR
(400 MHz, CDCL) § ppm 833 (d, 7= 1.96 Hz, 1H), 7.99 (d, J = 8.80 Hz, 1F), 7.69 (dd, J
1.96, 8.80 Hz, 1H), 748 (s, 1H), 7.31 - 738 (m, 4H}, 7.16 - 7.31 (m, 6H), 4.53 (s, ZH), 3.96 (s,
3H}; MS m/e 507.7 [M+H]

Example 50: (3-Benzyl-2.4-dimethylquinolin-6-vii(d-chiorophenyvii(1-methyi-1 H-imidazol-
S-yhmethanolsTFA

m)@ H\?

A solution of (3-benzyl-2 4-dimethylquinolin-6-yI {1 -methyl-1 H-imidazol-S-yl}methanone {124
mg, 0.0349 mmol, Intermediate 34: step d) and 4-chloroiodobenzene (33.3 mg, (.14 mmol) in
THF (0.5 mL) was stirred at ~-70 °C while »-Bubli (53.9 yL, 2.59 M in hexane, §.14 mmol} was
added dropwise under argon. The resulting yvellow solution was stirred while the dry iwee/ether
bath was allowed to warm 1o room temperature overnight. The clear yellow reaction was then
quenched with 1 M agqueous NaHCO; (3 wl) and extracted with EtOAc (I x 5 L), and the
organi¢ layer was dried (Nap;8Qy), filtered, and concentrated. The residue was purified by CIR
HPLC (20% to 100% CH:ON, with 0.1% TFA throughout) to provide, after lyophilization, the
title compound as a white powder. 'H NMR (400 MHz, McOH-dy) 0 ppm 9.00 (s, 1H), 8.44 (5,
{H), 815 (d, J = 8.59 He, 1H), 799 - B.07 (m, 1H), 7.42 - 7.50 {(m, 4H}, 7.27 - 7.35 (m, 2H),
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25(d, J=7.07 Hz, 1H), 7.10 (d, /= 8.08 Hz, 2H), 7.00 (s, 1H), 4.48 (s, 7H), 3.60 (s, 3H), 2.84
{s, 3H), 2.88 {5, 3H); MS m/ec 468.0 [M+H] .

Example §1: 3-Benzyl-6-((d-Tluorophenvhihyvdroxyi(i-methyl-1 H-imidazol-S-viimethyl)-N-

methyl-d-(triflnoromethyviiguinoline-2-carboxamide

/ﬁ
' b

5-Bromo-1-methyl-1H-imidazole (1.36 mL, 6.5 M in DCM over 3A molecular sieves, 0.678
mmol} was treated with EtMgCl (8.325 mL, 2.09 M in THF, 0.678 mmol) dropwise under argon
with stirring at room femperature over | minute, and the resulting translucent/semi-opagque
reaction was stirred at room temperature for 20 minntes. This was treated dropwise over 2
mimites with a sohition of 3-benzyl-6-{4-fluorobenzoyl}-N-methyi-4-(triftuoromethyliquinoline-
2-carboxamide (80.4 mg, 0.194 mmol, Intermediate 35: step ) in BCM (1.2 mL) with stirring at
room temperature, and the resulting orange reaction was immediately stirred at 40 °C for 13
hours. The resulting orange opaque mixture was cooled to room temperature, partitioned with 5
M agueous NH,;CL (3 mb), and the agueous layer was extracted with DOM (I = 5 mL). The
combined organic lavers were dried (Na S04}, filtered, and concentrated. The residue was dry
ioad flash chromatographed using 2:3 tolucnc/acctone (isocratic clution) to yield the title
compound as a pale vellow foam. 'H NMR (400 MHz, CDCL:) 8 ppm 8.32 (s, 1H), 7.88(d, J =
9.09 Hz, 1H), 7.69 (4, J=10.61 Hz, TH}, 7.30 - 7.38 (m, 3H), 7.10 - 7.24 (v, 4H}, 6.97 - 7.09 (m,
4FD), 6.29 (5, 1HD), 4.91 (5, 2H), 3.39 (s, 3H), 2.89 (d, J = 5.05 Hz, 3H); MS w/e 5492 [M+H] .

Example 52: (2-Chlore-3-(d-methoxybeneyhguinohn-6-yD{1-methyl-1H-imidazol-5-
yhi(thiazol-8-vlimethanol-TFA
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6-Bromo-2-chloro-3-{4-methoxybenzyhiquinoline {(¢.200 g, §.551 mmol, Intermediate 17: step a)
and (1-methyl-1H-midazol-5-yh){thiazol-S-ylimethanone {0.135 g, 8.662 mmol, Intermediate 13)
werg combined in dry THF (5 mL), cooled to -78 °C then treated with n-BuLi (0.448 mL, .717
mmol; 1.6 M in hexanes) dropwise. The mixture was stirred for 30 minutes then warmed to 0 °C.
Stirring was continued for 1 hour then quenched with saturated aqueous NHyCl, and warmed to
room temperature. After stirring for 10 minutes layers were separated and the agueous layer
extracted with Et{OAc. The combined organic extracts was dried over NapSQ,, filtered,
evaporated in vacuo and chromatographed (0 - 100% EtOAc in DCM) to yield the title
compound afier farther purification using Gilson HPLC methods (H,O/acctonitrile/1% TFA). 'H
NMR (400 MHz, MeOH-dy) d ppm 203 (s, LHY 306 (s, 3 H) 377 (s, 3 H)4.19 (s, 2 H) 6.88 (d,
S=E3VHe, 2HY 704 - 722 (m, 3HY 7.65 (s, L HY 786 (d, J=8.80 Hz, T H} 7.81 (s, | H} 8.00 (4,
J=R80 Hz, 1 HY8.07 (5, 1 H}8.97 (5, 1 H} 9.07 (5, | H); MS (El} 476,

Example 53: (4-Chlore-2-methoxy-3-(4-(methylsulfonyDbenzyDguinolin-6-yH{1-methy-1 H-

imidazol-5-yh{6~(trifluoromethyDpyridin-3-yDmethanol
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Isopropyl magnesium chloride LiCl complex (1.3 M in THF, 0.7 mL, 8.904 nunol} was added
dropwisc to a solution of S-bromo-2-{trifluoromethyljpyridine (0.2 g, 0.904 mmol} in dry THF §
mb} at § °C. The mixture was stirred at § "C for five minutes then at room temperature for 30
minutes. A suspension of (4-chloro-2-methoxy-3-(4-(methylsulfonyhbenzyhguinolin-6-yix(1-
methyl-H-imidazol-5-yUmethanone (0.085 g, 0.181 mmol, Intermediate 38; step by in THF (5
mL) was added rapidly at 0 °C and the reaction mixture was stirred and allowed to warm 1o room
temperature. The homogeneous amber solution was stirred at room temperatare for 4 hours, then
heated at 45 °C for 12 howrs. Once cooled the reaction mixture was quenched with saturated
aqueous NH4Cl, ditated with HyO and exiracted with EtOAc (2x). The EtOAc exiracts were
washed with brine, dried (Na;SOy), filtered, cvaporated in vacuo and chromatographed
{DCM/MeOH) to provide the title compound. 'H NMR (400 MHz, CDCl) § ppm 8.80 (s, 1H},
815(d, J=2.0Hz, 1H), 7.87 - 800 (m, 1H)}, 7.78 - 7.87 {(m, 3H), 7.65 (d, J = &1 Hz, 1H), 7.57
(4, J=2.0Hz, IH), 746 (d, J=8.6 Hz, 2H), 7.32 (5, 1H), 6.33 (s, 1H}, 5.30 (s, 1H}, 4.37 (s, 2H),
4.08 (s, 3H), 3.36 (s, 3H), 3.01 (5, 3H); MS (EST) 6179,

Example 84A
(4-Chiore-2-methoxy-3-(d-(methyisulfonyvhbenzyiiqguinolin-6-yHi{4-tflusrophenvi}{(i-methyi-
1H-imidazol-S5-yhmethanolTFA

Cq./

o

G

To a solution of (4-chloro-2-methoxy-3-(4-(methyisulfonyhbenzyljguinolin-6-yl 1l -methyl-1 H-
imidazol-5-ylimethanone (0.12 g, 0.253 mmol, Intermediate 38: step by in dry THF (5 mL} was
slowly added 4-fluorophenyl magnesium bromide (1 M in THF, 1,15 mL). The mixture was

stirred at room temperature overnight then at 30 °C for 2 hours. Once cooled, the mixture was
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guenched with saturated aqueous NHLCL diluted with H,O and extracted with EtOAc (2x). The
FtOAc extracts were washed with brine, dried (Na,80y4), filtered, evaporated in vacuo and
chromatographed (DCM/MeOH) to provide product that was further purified by HPLC to
provide the title coropound. "H NMR (400 MHz, DMSO-de) 8 ppm 9.12 (br. s, [H), 8.09(d, J =
2.0 Hz, 1H), 7.88 (d, J =K.6 Hz, Z2H), 783 (d, = 8.6 Hz, 2H}, 7.62 (dd, J = 8.6, 2.0 Hz, 1 H)},
747 (d, §= 8.1 Hz, 2H), 7.39 (dd, J = 8.8, 5.3 Hz, ZH), 7.21 - 7.30 (m, 2H), 6.93 (s, 1H), 4.36 (s,
2H3, 4.03 (5, 3H), 3.53 (s, 3H), 3.17 (3, 3H), MS (ESI) 565.9.

{(4-chloro-2-methoxy-3-(4-(methylsulfonylbenzylquinoiin-6-yl}{4-fluorophenyl }{ 1~methyi—ih’-
imidazoi-53-yl)methanol was purified by HPLC (Chiralpak AD column, 250 gram, 5(3:50 ¢
methanoh:cthanol as cluent, 80 mU/minute flow rate, 240 nm wavelength) to provide the two
enantiomers. The first cluting enantiomer was Example 548: 'H NMR (400 MHz, CDCh) 8
ppm 803 - 804 {m, TH), 7.82 (4, J = 8.1 Hz, 3H), 7.52 - 7.62 (m, 2H}, 7.43 - 7.50 {m, 2H), 7.30
- 7.39 (m, 2H), 6.96 - 7.10 (1u, 2H), 6.35 - 6.49 (m, 1H), 437 (5, ZH), 4.08 {s, 3H), 3.44 (5, 3H},
3.01 3H}, mass caled. CooHsCIFN;GLS, 566.05; m/z found, 566.1 and the second cluting
cnantiomer was Example 54C: 'H NMR (400 MHz, CDCly 8§ ppm 809 (d, § = 2.0 Hz, 1H),
777 - 7.86 (m, 3H), 7.52 - 7.62 (m, 2H}, 7.47(d, = 8.6 Hz, 2H), 7.33 (dd, J = 8.6, 5.1 Hz, 2H},
7.04 (1, I =86 Hz, 2H), 6.42 (s, 1H), 4.37 (s, 2H), 4.08 (s, 3H), 3.44 (5, 3H}, 3.01 (5, 3H) mass
caled. CaoHzsCIFNO4S, 566.05; mv/z foand, 566.1.

Example 554 3-(4-(1H-Pyrazol-1-vhbenzyi-4-chloro-6-({4-chlorophenyh(hvdroxy){(1-
methyi-1 H-imidazek-S-yimethyhguinolin-2-¢f
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To a mixture of (3-(4-(1 H-pyrazol-1 -ylibenzyl}-4-chloro-2-methoxyquinolin-6-y1)}{(4-
chlorophenyl){ -methyl- 1 H-imidazol-5-yhimethanol (.32 g, 0.561 mmol, Example 33A) in
methanol (1.5 mb) was added 6.6 M agueous HCL (S mL). The resulting solution was stirred for
4 days, cooled in an tce bath and agueous NaOH (3 M) added dropwise to a basic pH. The crude
product was isolated by filtration then chromatographed (10%MeOH 1n DCM, gradient) to
provide the product, 'H NMR {400 Mz, DMSO-de} 8 ppm 12.23 €5, 1H), 8.41 (4, 1= 2.5 Hz,
1H), 7.85 (s, 1H), 7.58 - 7.77 {my, 4H}, 7.32 - 748 (m, 6H}, 7.28 {(d, 1 = 9.1 Hz, ZH}, 6.97 (5, 1H},
6351{d, J=2.0Hz, tH), 6,12 (s, 1H}, 411 (s, 2H), 3.32 (5, 3H); MS (ES]) 556.

3-{4-{1 H-pyrazol-1-yhibenzyl}-4-chloro-6-{{(4d-chlorophenyii(hydroxy}{ 1 -methyl- 1 H-imidazol-5-
vhmethyhguinolin-2-0f was purified by HPLC {Diacel OD column, 250 gram, 100 % methanol
cluent, ¥0 mb/minute, 240 nm wavelength) to give 2 enantiomers. The first eluting enantiomer
was Example 558: 'H NMR (400 MHz, DMSO-dg) 8 ppmi 12.13 - 12.33 (m, 1H), 8.40 (s, 1H),
785 (s, 1H), 7.68 - 7.76 (m, 3H), 7.65 (s, 1H), 7.38 - 7.45 (o, 4H}, 7.32 - 7.37 {m, 1H}, 7.28 (d,
=86 Hz, 2H), 6.96 (5, 1H), 6.531 (5, 1H), 6.12 (s, [H}, 4.11 (s, 2H}, 3.31 {s, 3H) mass caled.
CaoHoCpNsGs, 556.45; m/z found, 556.2 and the second eluting enantiomer was Example 55C:
TH NMR (400 MHz, DMSO-ds) 8 ppm 12,18 (br. s, 1H), 8.40 (d, F =2.5 Hz, 1H), 7.85 (s, 1H),
7.67 ~7.74 (i, 30, 7.65 (s, THD, 7.37 - 745 (m, SH), 7.32 - 7.37 {m, 1H), 7.28(d, I = 8.6 Hz,
ZHY, 6.97 (s, TH), 6.51 (s, TH), 6.12 (s, TH), 4.11 {8, 2H), 3.30 (s, 3H). mass caled.
CaoHnCpNs(n, 556.45; w/z found, 556.2

Example 56: (3-(4-(1 H-Pyrazol-1-yhbenzyl-4-chloro-2-methoxy-S-methyiguinelin-6-
yhbis(1-methyl-1 H-imidazol-S-ylimethanol
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s-Butylithium (1.6 M in hexane; 0.5 mL, 0.718 mmol) was added dropwise to a suspension of
the  3-{4-(1H-pyrazol-1-vl)benzyl)-6-bromo-4-chioro-2-methoxy-8-methylquinoline  (0.29 g,
0.653 mmol, Intermediate 19: step by in dry THF {4 mL) over a 2 minute period at —78 °C. A
heterogencous mixture of bis(l-methyl-1 H-imidarol-5-yhmcthanone (6.14 g, 0.653 mmol,
Intermediate 39: step by in THF (3 mL) was added as a slurry and stirring was continued at -
78 °Clor 5 minutes. The resulting homogeneouns mixture was warmed up to 8 °C and stirred for
10 minutes. The mixture was warmed fo room temperature and satorated aqueons NHiCl was
added followed by EiOAc. HyO was added and lavers were separated. The aqueous layer was
again extracted with EtOAc and the combined organic extracts washed with brine, dried over
Wap8Qy, filtered, evaporated to dryness. The crude product was purified by chromatography (10%
MeOH in CH,Cly. gradient) to provide the title compound. "H NMR. (400 MHz, CDCL) 5 ppm
795 -804 (m, 1HY, 7.79-7.89 (m, 1H), 7.65 - 7.71 {m, 1H), 7.50 - 7.60 (m, 2H}, 7.34 - 745 {m,
SH), 7.32 (s, 1H), 6.36 - 6.52 (m, 2H), 431 (s, 2H), 4.10 (s, 3H), 3.53 (5, 6H), 2.62 (s, 3H}. mass

calod. CanloeCINGG,, 354.05;: nv'z found, 554.2

Example §7: (4-Chlore-2-methoxy-8-methyl-3-(4-(methylsulfonyhbenzyilquinolin-6-

yhibis(1-methyl-1 H-imidazol-5-yDmethanol-Succinate

o

W
0=8""

To a cold (ice bath) mixture of 5-bromo-1-methyl-1H-imidazole (0.13 ¢, (.82 mmol) in dry THF
(2 mL} was added isopropyl magnesium chloride M in THF, (.37 mL, .773 mmol} dropwise.
The resulting cloudy mixture was stirred in the cold bath for 10 minutes and a solution of (4-
chioro-2-methoxy-8-methyl-3-(4-(methylsulfonylibenzyliquinolin-6-y1}{ 1 -methyi- 1 H-imidazol-
S-ylimethanone {0.27 g, 0.468 mmol, Intermediate 40: step ¢) and LaCh.2LICH(D.86 mbE, 0.515

mumol} in dry THF (2 mbL) was added slowly. Stirring was continucd at 0 °C for 40 minutes and
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saturated aqueous NH4Cl was added. Water was added and the mixture extracted with EtOAe
{2X). The combined organic extract was washed with brine, dried over Na,SO,, filtered, and
evaporated in vacuo. The product was precipitated with acetonitrile and filtered, rinse with
acetontirile and dried to give the free base of the title compound as a white solid. The title
compound was suspended in THF (1 mL) and succinic acid {1 cquivalent) was added. The
solvent removed under reduced pressure to provide the title coropound. 'H NMR (400 MHz,
CDCLY S ppm B.02 (s, 1HY, 7.81 {d, F = 8.6 Hz, 2H), 747 (d, J = 8.1 Hz, 2H), 7.28 - 7.38 {m,
3H), 6.36 (5, 2H)Y, 4.35 (5, 2H), 4.02 - 4.14 (m, 3H), 3.50 (s, 6H), 3.01 {s, 3H), 2.60 (s, 3H}; mass
caled. CagHugCINOLS, 566.08: m/z found, 566.2.

Fxample 58A

{3-{4-(1H-Pyrazol-1-yhbenzyvl)-4-chlore-8-flusro-Z-methoxyguinolin-6-vij(-methyvi- 1 H-

imidazol-5-vH{6-(trifluoromethyDpyridin-3-yDmethanol

n-Buli (1.6 M in hexanes, 1.45 mL) was added to a mixture of 3-(4-(1 H-pyrazol-1-yl}benzyl)-6-
bromo-4-chloro-8-fluoro-2-methoxyquincline and 3-(4-(1 H-pyrazol-1-yvhbenzyl)-6-bromo-4-
chloro-2,8-dimethoxyquinoline {(0.82 g, 1.781 mumol, Intermediate 41: step b) and (1 -methyl-14-
imidazol-5-yh{6-{trittuoromethylypyridin-3-yhmethanone (0.5 g, 1.96 mmol, Intermediate 36:
step ¢} in dry THF 20 mL} at -78 °C over a 2 minute period resulting in an amber solution.
Stirring was continued at -78 °C for 10 minutes anid the reaction was warmed up to ¢ °C resulting

in a pale vellow solution. The mowxture was stirred for 40 minutes, saturated agueous NH,CHwas
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added and the mixture was warmed to room temperature. Water was added and layers were
separated. The aqueous layver was extracted with EtOAc. The combined organic extracts was
dried over Na,5Qy, filtered, evaporated in vacuo and the resulting crude mixture
chromatographed (DCM/5% MeOH in EtQAc, gradient) to provide the title corapounds as a
mixture. Further purification by reverse phase HPLC vielded the above title compound (3-(4-

{1 H-pyrazol-1-vhbenzyl)-4-chloro-8-fluoro-2~-methoxvquinolin-6-y Y I -methyi- L H-imidazol-5-
yIX6-(triflucromethyDpyridin-3-yUmethanol, "H NMR (400 MHz, CDCL) 8 ppm 8.8 (s, LFD,
7.79 - 7.96 (m, 3H), 7.62 - 7.74 (m, ZH)}, 7.56 (d, ] = 8.6 Hz, 2H}, 7.35 (d, § = 8.6 Hz, 4H), 6.26 -
6.57 {m, 2H), 4.31 (s, 2H), 4.00 - 4.22 {(m, 3H), 3.36 (s, 3H); MS (ESI), 623.2.(3-(4-(1 H-pyrazol-
1-ybenzyly-d-chloro-8-fluoro-2Z-methoxygquinolin-6-vI)(1 -methyl-1 H-imidazol-5-yi){6-
{trifluoromethyhpvridin-3-ylimethanol was purified by HPLC (Diacel OD column, 0.2%
isopropylamine in acetonitrile, 80 mb/minute, 254 nm wavelength) to give two enantiomers. The
first cluting enantiomer was Example S8B: 'H NMR (400 Mz, CDCL) 8 pprm 8.71 - 8.90 (v,
1H), 7.81 - 8.00 (m, 4H), 7.60 - 7.73 (m, 2H}, 7.56 {d, I = 8.6 Hz, 3H}, 7.35 (d, F = 8.1 Hz, 3H},
624 - 6.52 (my, 1H), 4.31 (s, 2H), 4.13 (s, 3H), 3.39 {s, 3H}.623.2 mass caled. C3iHpCIFNgD,,
623.0: m/z found, 623.1 and the second eluting cnantiomer was Example $8C:: "H NMR (400
MHz, CDCly) 6 ppm 8.83 (br. s, LH), 7.86 (d, J = 2.5 Hz, 4H), 7.69 (s, 2H}, 7.48 - 7.63 (m, 3H),
7.35(d, I=18.1 Hz, 3H), 643 (5, 1H), 432 (3, 2H), 4.13 (5, 3H), 3.42 (br. 5., 3H) mass caled.

O HosCIF NG, 623.0; wy/z found, 623.2.

Example %A

{3-{4-(1 H-Pyrazel-1-ylibeneyl}-4-chiore-2 8-dimethosyquinolin-6-yH(1-methyl- 1 H-
imidazol-S5-yH(6-(frifluoromethyDpyridin-3-yDhmethanol
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#-Buli (1.6 M in hexanes, 1.45 mL) was added to a muxture of 3-(4-(1 FH-pyrazol-1-ylhenzyvl}-6-
bromo-4-chloro-8-fluoro-2-methoxyquinoline and 3-(4-(1 H-pyrazol-1-yhbenzyl)-6-bromo-4-
chloro-2,8-dimethoxyquinoline (0.82 g, 1.781 mmol, Intermediate 41: step by and (1 -methyl-1H-
imidazol-5-vi6-(trifluoromethyDpyridin-3-vlmethanone (0.5 g, 1.96 mmol, Intermediate 36:
step ¢} indry THF 20 mL) at -78 °C over a 2 minute period resulting in an arnber solution.
Stirring was continued at -78 °C for 10 minutes and the reaction was warmed up to 0 °C resulting
in a pale yvellow solution. The mixture was stirved for 40 minutes, saturated agueous NHCl was
added and the mixture was warmed to room temperature. Water was added and layers were
separated. The aqueous layer was extracted with EtOAc. The combined organic extracts was
dried over NaySQOa, filtered, evaporated in vacuo and the resulting crude mixture
chromatographed (DCM/5% MeOH in EtOAc, gradient) to provide the title compounds as a
mixture, Further purification by reverse phase HPLC yiclded the above title compound (3-(4-
(1H-pyrazol-1-vhbenzyl)-4-chioro-2, 8-dimethoxyquinolin-6-y1 { L-methyi- L H-imidazol-5-y 6~
{trifluoromethylpyridin-3-yimethanol. '"H NMR (400 MHz, CDCl:) 8 ppm 8.84 (d, § = 2.0 Hz,
i H}, 7.80-7.98 (m, 2H), 7.58 - 7.72 (m, 3H), 7.55 (d, F = 8.6 Hz, 2H), 7.33 (d, I = 8.6 Hz, 3H),

05 (s, 1H), 6,42 (5, 2H), 431 (5, 2H3, 4.04 - 420 (m, 3H}, 3.95 (s, 3H), 3.37 (s, 3H}); M5 (ESD)

635.2

(3-(4-(1 H-pyrazol-1-yhbenzyl}-4-chloro-2 8-dimethoxyquinolin-6~-yI{ L ~methyl-E H-imidazol-S-
yh{6-(iriflaoromethvhpyridin-3-yhmethanol was purified by chival HPLC (Diacel OD column,
1.2% isopropylamine in acetonitrile, 80 mi/mimnte, 254 nm wavelength) to give two
enantiomers. Each enantiomer was converted to the succinate salt by addition of saccinic acid (1

equivalent} to a suspension of the free base in dry THF. The resulting homogengous mixfure was

2
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stirred for 15 minutes and the solvent was removed under reduced pressure to provide the salt as

an amorphous solid. The first cluting enantiorer was Example $98: 'H NMR (400 MHz,

DMSO-ds) 5 ppm 1221 {br. s, 2H), 880 (s, TH), 840 (4, T=2.5Hz, 1H), 7.80 - 8.04 {in, 2H),
7.63 - 780 (m, 3H), 7.10 - 7.58 (m, 5H}, 6.50 (s, 1H), 6.26 (s, 1H), 4.26 (s, 2H), 3.94 - 4.09 (m,

3H), 3.74 - 394 (m, 3H), 3.10 - 3.44 (m, 3H), 2.41 {m, 4H). mass caled. CyHogUIFaNgOs.
CyHgOy, 635.04/753.13; m/z found, 635.2 and the second cluting cnantiomer was Example 539
TH MNMR (400 MHz, DMSO-dg) S ppm 12,10 - 12.38 (broad s, 1H), .69 - 8§.87 {m, 1H}, 8.34 -
A7 {m, 1H}, 7.84 - £01 {m, 2H), 7.65 - 7.79 (m, 3H}, 7.43 - 7.53 {m, 1H}, 7.38 {s, 1H}, 7.33 (s,
2H), 7.12 - 724 (m, 1H), 642 - 6.58 {m, 1H), 6,18 - 6.33 {m, TH), 4.26 (s, 2H), 4.03 (3, 3H),
3.88 (s, 3H), 3.34 (d, J = 9.6 Hz, 3H}, 2.41 {m, 4H) mass caled. CaxHosCIHFNOs CaHs Oy,

635.04/753.13; w/z found, 635.2,

Example 60A: 1-(4-((3-(4-(1H-Pyrazol-1-vhibenzyl-4-chloro-Z-methoxyguinolin-6-
yh(hydroxy)(i-methyl-1 H-imidazokb-S-yDmethyDpiperidin-1-yljethanone

A solation of 3-(4-(1H-pyrazol-1-yl}benzyl}-6-bromo-4-chloro-Z-methoxyguinoline {0.558 g,
1.30 nmumol; Intermediate 16) in THF (13 mL) was stirred under argon at ~-70 °C while n-Buli
{2.56 M in hexanes, 0.484 mi, |.24 mmol} was added dropwisc over 1.5 minutes. After another
2.5 winotes, a sohlution of [-{(4-(1-methyl-1 A-umidazole-3-carbonylpiperidin-{ -yl jethanone
(0.322 g, 1.37 mmol, Intermediate 42: step ¢) in THF (4.5 mbL) was added dropwise over 2.5
minutes, and the dark mixture was stirred in the cold bath for another 5 minutes. The dry
ice/acetone bath was then removed and the reaction stivred for 5 wminuies onder ambient

conditions before transferring to an ice bath. After stirring for 2.5 hours at ~0 °C, the reaction
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was quenched with 5 M aguecus NHLCl (2 mL) and the organic layer was dried (Na,SQy),
filicred, and concenirated. The residuc was flash chromatographed with a DCM to 10%
McOH/DCM gradient to provide the title compound as a light yellow foam. 'H NMR (400 MHz,
CDCla) (two conformers) & ppim §.17 (br. s, ~0.5H), 812 {(br. s, ~0.5H), 7.85 {d, J = 2.53 Hz,
1H), 7.76 {(dd, /= 2.78, &84 Hz, 1H)}, 7.67 (s, 1H}, 7.57 (4, /= 8.59 Hz, 2H), 7.44-7.36 {m, 3H,,
721{d, J=505Hz, IH), 7.10 (s, 1H}, 6.43 (d, J=2.02 Hz, 1H), 471 (d, /= 13.14 Hz, ~0.5H),
447 - 461 {m, ~0.5H), 432 (3, 2H)}, 4.08 (s, 3H}, 3.89 (d, /= 1341 Hz, ~0.5H}, 369 {d, / =
13.14 Hz, ~0.5H), 325 (s, ~1.5H), 3.21 (s, ~1.5H), 3.10 - 3.18 {m, ~0.5H), Z.87 - 3.00 (m,
~(L.5H}), 2.60 (1, J = 12.13 Hz, ~0.5H), 2.35 - 2.51 {(m, ~1.5H), 2.29 (4, J = 13.40 Hz, ~0.5H),
221 {d, J = 13,14 Hz, ~0.5H), 2.00 (s, ~1.5H}, 1.95 {s, ~1.5H}, 1.10 - 1.46 (m, 3H). MS m/c
585.3 [M+H] .

i\)

Example 60A was purified by chiral HPLC (Chiralpak OD, 100% EtOH) to give 2 cnantiomers,
To convert the cnantiomers to their succinate salis, they were dissolved in CH:CN, treated with
1.0 equivalent of 0.1 M succinic acid n 95:5 v/v CH;CN/water to provide homogencous
solutions, frozen {(with water added as necessary to ensure complete freezing), and lyophilized.
The first eluting enantiomer was Example 60Bssuccinic acid: 'H NMR (400 MHz, McOH-d,)
{two conformers) & ppm 822 {(d, J=556 Hz, 1H), 813 (d, J= 253 He, [H), 779 (d, 7= 9.09
Hz, 1H), 7.68 {(d, .J=2.02 Hz, 1H}, 7.56 - 7.63 {m, 3H}, 7.51 (d, /= 9.09 Hz, 1H), 7.32 - 740
{m, 3H), 6,42 (m, tH), 462 (d, /= 12.6 Hz, ~0.5H), 443 (d, /= 12.6 Hz, ~0.5H), 4.35 (5, 2H),
4.07 (s, 3H), 401 (d, /=134 Hz, ~0.5H), 3.81 (d. /=134 Hz, ~0.5H), 3.33 (s, ~1.5H), 3.32 (s,
~E.5H), 3.25 (m, ~0.5H), 3.01 (td, /= 13.14, 2.78 Hz, ~0.5H), 2.74 (m, ~0.5H), 2.45 - 2.64 (m,
~1.5H}, 2.55 {5, 4H), 2.26 (m, 18}, 2.06 (s, ~1.5H), 2.00 (s, ~1.5H), 1.09 — 1.56 {m, 3H); MS
m/c 584.8 [M+H]" and the sccond cluting enantiomer was Example 60Cssuccinic acid: 'H
NMR {400 MHz, MeOH-d4) (two conformers) & ppm 8.22 (d, J = 6.06 Hz, {H), §.12 (s, 1H),
7.784d, J= 859 Hz, 1H), 7.67(d, /= 2.02 Hz, 1H), 7.64 {m, 1H), 7.56 - 7.61 {m, 2H), 7.50(d, J
=909 Hz, 1H)}, 7.33 - 7.3% (m, 3H)}, 6.48 (m, 1H), 462 (d, /= 1314 Hz, ~05 H}, 443 (d, /=
13.0 Hz, ~0.5H}, 4.32 (s, 2H), 4.06 (s, 3H), 4.00 (d, /= 1364 Hz, ~0.5H)}, 3.79 (d, /= 13.64 Hz,
~0.5H}, 3.34 (s, ~1.5H), 3.33 (5, ~1.3H), 3.25 (m, ~0.5H), 2.99 (¢d, /= 2.53, 13.14 Hz, ~0.5H),
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2.73 {m, ~0.5H), 2.44 - 264 (m, ~1.5H), 2.56 (s, 4H), 2.25 (m, 1H)}, 2.05 (s, ~1.5H), 1.99 (s,
~1.5H), 1.08 - 1.57 (m, 3H): MS nve 585.3 [M+H] .

Example 61: (3-{4-(1 H-Pyrazol-1-viibenzyi}-4-chloro-2-methoxyquinoin-6-viibis(i -methyvl-

1H-1,2,3-trigzob-5-vimethanel

A solation of 3-(4-(1H-pyrazol-1-yljbenzyi)}-6-bromo-4-chloro-2-methoxyquinoline (8271 g,
0.632 mmol; Intermediate 16} 1o THF (6 mL) was stirred ander argon at ~-70 °C while #-Buli
{1.63 M in hexanes, 0.368 mL, (.6 mmol} was added dropwise by syringe over | minute. After
another 2 minutes, a solution of bis{1-methyl-1H-1.2 3-triazol-5-vmethanone {G.128 ¢, 0.664
mmol; Intermediate 43} in THF (6 mL) was added dropwise over 2 minutes, and the reaction was
allowed to warm to room temperature overnight as the dry ice/acetone bath slowly warmed (11
hours). The resulting yellow mixture was quenched in one portion at §§ °C with 5 M aqueous
NHLCH(E mL), and the organic layer was dried {(Na,SOy), filtered, and concentrated. The residue
was dry load flash chromatographed with a DCM to 100% EtOAc gradient to yicld the impure
title compound. This was then triturated from ~3.5 mL DMSO + ~2 mL MeOH at 70 °C, and the
opaque milky mixture was allowed to cool to room temperature, filtered, and the white filter
cake washed with McOH {2 » 2 mL). The filter cake was air dried at 110 °C to provide the title
compound as a white powder. 'H NMR {400 MHz, DMSO-d;) & ppm 8.41 (d, J = 2.53 Hz, 1H),
816 (d, /=202 Hz, 1H), 796 (5, 1H}, 790 (d, /=859 Hz, iH), 7.74 (s, I1H)}, 7.71 (d, /= 4.55

7, 2H), 746 (dd, .J =227, 8.84 Hz, 1H), 7.36 (d, /= 8.59 Hz, 2H}, 7.19 (5, 2H}, 6.51 (s, i1 H),
430 (s, 2H), 4.06 (s, 3H), 3.84 (s, 6H); MS m/e 542.3 [M+H]".
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Example 62A: (4-Chloro-2-methoxy-3-{4-{triflusromethyDbenzyiiquinolin-6-yI){(I-methyl-

1 H-imidazol-5-yii{6-(irifluoromethyDpyridin-3-yiimethanol

-

o

A sohution of #-Buli (2.5 M 10 hexanes, 1.85 mL, 4.62 mmol} was added dropwise by syringe to
a solution of 6-bromo-4-chloro-2-methoxy-3-(4-(trifluoromethyl}benzyvliquinoline (2.00 g, 4.65
mmaoel, Intermediate 47: step d} 1o dry THF (30 mL) in a dry tee-acetone bath., After 1.5 minuies,
a solution of {(l-methvi-1H-imidazol-3-yI6-{trifluoromethyDpyridin-3-ylmethanone (1.26 ¢
4.92 romol, Intermediate 36: step ¢ in dry THF {5 ml) was added dropwise. The reaction
mixture was stirred for 2 minutes in a dry ice-acetone bath, then the reaction flask was placed
into an ice-water bath., After 10 minutes, the mixture was warmed to room temperature and the
reaction was quenched with saturated ammonium chioride. The mixture was partitioned between
water and DCM. The separated aqueous phase was further extracted with DCM.  The organic
phase was dried (NapSQy), filtered, and concentrated to provide the title compound as crude
white solid. MS m/e 6072 [M+H] Example 62A was purified by chiral HPLC (ChiralPak AD,
50:50 methanol/ethanol} to provide two enantiomers, Example 62B and Example 62C. The first
gluting enantiomer was Example 62B: "H NMR (560 MHz, CDClL;} 6 ppm 8.80 (d, ./ = 1 .& Hz,
1H), 819 (d, /=20 Hz, [H), 7.94 {s, 1H), 7.85 (dd, /= &2, 1.9 Hz, 1H), 7.79 (d, J = &.5 Hz,
1H), 7.61 (d, /= 85Hz, 1H), 752 (dd, /= 8.8, 2.1 Hz, 1H), 747 (d, J= &2 Hz, 2H), 7.36 {d, /
= 8.1 Hz, 2H), 7.05 (5, 1H}, 6.15 (s, 1H), 430 (5, 2H)}, 4.07 (s, 3H), 3.29 {s, 3H)., MS /e 67 2
M+H]™ and the second eluting enantiomer was Example 62C: 'H NMR (500 MHz, CDCl) 8

ppm 880 (d, /= 1.7 Hz, TH), 8.19 (d, /= 2.0 Hz, 1H), 7.99 (s, 1H), 7.86 (dd, J = 82, 1.8 Hz,
1H), 7.79 (4, /= 8.8 Hz, 1H), 7.61 (d, /= 8.3 Hz, 1H), 7.53 (dd. /= 8.8, 2.1 Hz, 1H), 747 (d, J
= §.2 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 7.06 (s, 1H), 6.16 (s, 1H), 4.30 (s, 2H), 4.07 (s, 3H), 3.30

(s, 3H).; MS nv/e 607.2 [M+H]".
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Example 63A: 4-({4-Chlpro-6-({(d-chlorophenvli(hyvdroxy}{1-methyl-1 H-imidazol-5-
yhimethvl-2-methoxvy umaim%myi)mttm benzonifrilesTFA

mﬁyﬁ\“

A solution of #-BuLi (1.6 M solution in hexanes, 8.32 mL, (.80 mmol) was added dropwise via
syringe to a solution of 4-{{6-bromo-4-chloro-2-methoxvquinolin-3-yhmethyl}benzonitrile (310,
mg, 0.800 mmol, Intermediate 44: step d) and (4-chlorophenyl}{1-methyl-1 H-imidazol-5-
vhimethanone (196 mg, 0.800 mmol, Intermediate 1, step b} in dey THF (8 mL)Y at -78 °C. The
reaction mixiure was stirred for 30 minutes at -78 °C and allowed to warm to room femperature
overnight. The reaction was quenched using saturated aqueous NH.Cl solution, followed by
addition of DCM. The layers were separated, organics were dried (MgSO,), filtered, and
concentrated. Reverse phase HPLC was used for purification resulting in the isolation of the title
compound as the TFA salt. "H NMR (500 MHz, CDCL) 8 ppm 8.37 (s, 1H), 8.02 (d, /= 2.1 Hz,
1H), 7.86 (d, 7= 8.7 Hz, 1H), 7.55 - 7.50 (m, 3H}, 7.3% - 7.36 {10, 4H), 737 {dd, /= 8.5, 34 Hz,
4H}, 7.29 - 7.27 (m, 2H}, 6.63 (5, 1H}, 4.34 (s, 2H), 4.08 (s, 3H), 3.61 (s, 3H).

; MS nv/e 529.2 [M+H]'. Example 63A was purified by chiral HPLC {ChiralPak AD, 50:50
methanol/cthanol) to provide two enantiomers. The first eluting enantiomer was Example 63B:
"H NMR (400 MHz, CDCL) 8 ppm 8.09 (s, 1H), 8.06 - 8.04 (m, 1H), 7.84 (4, J= 8.8 Hz, 1H),
7.56 - 7.5V (m, 3H), 737 (4, J=902 He, 4H), 7.29 (d, J= 8.8 He, 2H), 6.57 (s, 1H}, 4.34 (s, 2H),
4.08 (s, 3H), 3.55 (s, 3H).; MS m/e 529.2 [M+H]" and the second eluting enantiomer was
Example 63C: 'H NMR (400 MHz, MeOH-dg) 8 ppm 811 {d, /= 1.9 Hz, 1H), 7.90 (s, 1H),
7.84(d, J= 8.8 Hz, 1H), 7.66 (dd, J= 8.8, 2.1 Hz, 1H}, 7.61(d, /= 8.3 Hz, 2H), 743 - 7.35 {m,
6H), 6.37 {s, 1H), 4.38 (s, 2H), 4.05 (s, 3H), 3.50 (s, 3H).; MS mv/e 529.1 [M+H],

Example 64A: G~(4-(1H-1.2,4-Triazob-1-vi}beneyl-4-chloro-2-methoxyvguinolin-6-yH{4-

chlorophenyh(i-methyl-1H-imidarzol-S-yvhmethanol

2
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Isopropyimagnesiiim chioride ithium chloride complex (1.3 M in tetrahydrofuran, 2.0 mi,
2.60 mmol) was added to an ice-water cooled sohution of 5-bromo-1-methyl-1 H-imidazole (444
mg, 2.76 mmol} in tetrahydrofuran (12 mb). The resulting white suspension was stirred for S
minutes then the cooling bath was removed.  After 10 minufes, the suspension was added
dropwise by syringe to an ice—water cooled mixture of (3-(4-(1H-1,2 4-triazol-1-yl}benzyl}-4-
chloro-2-methoxyquinolin-6-vi}{4-chlorophenylhimethanone {772 mg, 1.59 mmol, Intermediate
45, step ¢) and lanthanum(Illy chloride bis{hithium chloride) complex solution (8.6 M in
tetrahydrofuran, 5.25 mi, 3.16 mmaol) in tetrahydrofuran (15 mbL}. After 20 minutes, saturated
aqueouns ammonium chioride solution was added (2 mL) then the cooling bath was removed.

The mixture was diluted with water (25 mb} and cthyl acctate (50 mL}. The layers were
separated. The agueous laver was extracted with cthyl acetate (25 mL). The organic layers were
combined and the combined solution was dricd with sodiom sulfate. The dried solution was
filtered and the filtratc was absorbed omto 6 g of silica gel for dry-load flash-column
chromatography on silica gel ehating with 100% dichloromethanc initially for 5 minutes, grading
to 7% methanol-dichloromethane over 30 minutes to afford the titled compound as a white solid.
TH NMR {400 MHz, CDCL:) 8 ppm 8.43 (s, 1FD, .12(d, J= 2.1 Hz, 1H), 8.06 (s, |H), 7.79(d, J
= 8.8 Hz, [H), 7.58-7.50 (m, 3H), 741 {d, /= 8.5 Hz, 2H)}, 7.36 {d, J= 1.1 Hz, 1H}, 7.31 (5, 4H},

6.38 (d, /= 1.1 Hz, 1H), 4.33 (s, ZH), 4.12 (s, IH)}, 4.08 (5, 3H}, 3.3& {s, 3H); MS m/e 571.1

IMA+H {3-{4-{1H-1,2 &-triazol-1-yhbenzyl}-4-chloro-2-methox yguinolin-6-y1i{4-
chlorophenyi) -methyl-1H-imidazol-5-yl)methanol was purified by HPLC {(Chiralpak IA
column, 50 num x 250 nun, cthanol with 0.2% tricthylamine as cluent, 30 mU/minute, 254 nm
wavelength) to give two enantiomers. The first cluting enantiomer was Example 64B: 'H NMR
(400 MHz, CDCL) S ppm 8.43 (s, 1H), 812 (d, /=21 Hz, 1H}, 8.06 (s, 1H), 7.78 (d, /=§8.7 Hz,
1H), 7.56-7.50 (m, 3H), 7.41 {d, /= 8.5 Hz, 2H}, 7.36 {d, /= 1.1 Hz, 1H}, 7.31 {s, 4H)}, 6.38 {d,

J= 1.1 Hz, 1H}, 4.33 (s, 2H3, 4.08 (s, 3H), 3.38 {5, 3H) MS wv/e 3711 [M+H}+ and the second
cluting enantiomer was Example 64C: 'H NMR (400 MHz, CDClz) 8 ppm £.43 (s, 1H), 8.12 (d.

2
o
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J=2.1 Hz, 1H), 8.06 (s, 1H), 7.78 (4, /= 8.7 Hz, [H), 7.58-7.4% (m, 3H), 7.41 {d, /= 8.6 Hz,
JH}, 735 (s, TH), 7.31 (s, 4H), 638 (s, 1H), 433 (5, 2H), 4.21 (s, 1H), 4.08 (s, 3H), 3.38 {5, 3H);
MS m/e 571.1 [M+H}+

Example 65A
3-{4-(1H-Pyrazel-1-viibenzyl)-6-(hydroxy(l-methyl-1 H-imidazoh-5-yD(6-

(trifluoromethypyridin-3-viimethyl}-8-methylguinoline-2,4-dicarbonitrile

s

A microwave vial was charged with {(3-(4-(1 H-pyrazol-1-ylibenayl}-2,4-dichloro-§8-
methylquinolin-6-y1){ L -methyl- 1 H-imidazol-5-yl{6-(irifluoromethyhpyridin-3-yhmethanol

{310 g, $.497 mmol, Example 84), Zn{CN}); {(75.9 mg, 0.646 mumol}, Pdydbas (46.6 mg, 0.0510
mmol), zine dust (6,52 mg, 0.0990 mmol), and dicyclohexyl{2',4°,6 -triisopropyl-[ 1, U'-hipheoyl}-
2-yliphosphine (X-Phos, 24.5 mg, 0.0500 mwmol). Dircthylacetamide (2.6 mL) was then added
and the mixture was purged with nitrogen for 3 minutes and placed into 8 pre-heated aluminum
block at 128 °C for 1.5 hours. The mixture was cooled to room temperature and was filtered
through Celite®, and washed with EtOAc and the solvents were removed under reduced pressure.
LCMS analysis indicated incomplete conversion, so additional portions of Zn{CN),, Pdadbas,
zing dust, X-Phos, and DMA {(amounts as above)} were added, nitrogen was bubbled through the
mixture for 5 minutes, and the mixture was heated at 120 °C for 4 hours. The mixture was cooled
to room temperature and was filtered through Celite®, and washed with EtOAc. Attempted
isolation by flash column chromatography (5% McOH in dichloromethane) yicided an irapurc
mixture. Further purification by RP-HPLC (1 to 99% acectonitrile/water/ 0.05% TFA), and then
conversion to the free base (neutralized with saturated aqueous NaHCO; and exiracted with cthyl
acetate) and the organic fractions were concentrated to afford the title compound. MS (EST

605.3.
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3-(4-(1 H-pyrazol-1-yhbenzyli-6-(hydroxy(l -methyl-1 H-imidazol-5-yhi{(6-
{trifluoromethyhpvridin-3-ylimethyl)-8-methylguineline-2 4-dicarbonitrile was purified by
chiral HPLC {Chiralcel OD, 100% cthanol) to give 2 enantiomers. The first eluting chantiomer
was Example 65B: 'H NMR (600 MHz, CDCL) 8 ppm 8.79 (s, 1H), 824 (s, 1H), 796 (d, J =
8.7 Hz, 1H), 7.88 (d, /=24 Hz, 1H}, 7.73-7.58 (m, 5H), 7.49(d, /= 8.4 Hz, 2H), 7.41 (s, 1H),
6.52-6.38 {m, ZH), 4.63 (s, 2H), 3.40 (s, 3H), 2.76 (s, 3H); MS m/e 605.2 [M+H] and the
second cluting enantiomer was Example 65C: "HNMR {400 MHz, CDCl3) & ppm &.80 (s, 1H),
824 (s, 1H), 7.96 (d, J= 8.5 Hz, IH), 7.88(d, /=23 Hz, 1H), 7.75-7.58 {m, 5H), 749 (d, 7=
8.3 Hz, 3H), 6.50 (brs, 1H}, 6.45 {(brs, 1H), 4.64 (s, 2H}, 3.41 (5, 3H), 2.76 {s, 3H};, MS m/e
605.2 [M+H]'.

Example 66A
3-(4-(1 H-Pyrazob-1-yDhbenzyh-6-((4-cyanophenyhihydroxyi(i-methyl- 1 H-imidazol-5-

viimethvl)-8-methviguinoline-2,4-dicarbonitrile

o
R i N
SRSV IV EAN

A microwave vial was charged with {(3-(4-(1 H-pyrazol-1-ylibenayl}-2,4-dichloro-§8-
methylguinolin-6-yl}{4-chlorophenvhi(1-methyvl- L H-imidazol-5-yhmethanol (240 mg, 0.408
mmol, Example 85), Zn(C N} (62.2 myg, 0.530 mmol), Pdydbaz (38.2 mg, 0.0420 mmol}, zine
dust {5.34 mg, 0.0820 mmol}, and dicyelohexyl{2' 4", 6 -triisopropyl-{ 1, '-biphenyl]-2-
viphosphine (X-Phos, 20.1 mg, 0.041¢ mmol}. Dimethylacetamide (2.1 mL) was then added
and the mixture was purged with nitrogen for 10 minutes and placed in a pre-heated aluminum
block at 128 °C for 1.5 hours. The mixture was cooled to room temperature and was filtered
through Celite®, and washed with EtOAc. LCMS analysis indicated incomplete conversion, so
additional portions of Zn{CNY),, Pd,dbas, zince dust, X-Phos, and DMA {amounts as above) were
added, mitrogen was bubbled through the mixture for 5 minutes, and the muixture was again

heated at 120 °C for 4 hours. The mixture was cooled to room temperatire and was filtered

2
o
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through Celite®), and washed with EtOAc. Attempted isolation by flash column chromatography
{5% McOH in dichloromethane) yiclded an impure mixture. Further purification by RP-HPLC (1
t0 99% Acctonitrile/water/0.05% TFA) followed by conversion to the free basce (neutralized with
saturated aqueous NaHCO; and extracted with cthyl acetate) and the organic fractions were
concentrated to afford the title compound. MS (ESI) 561.3.

3-{(4-(1 H-pyrazol-F-yhbenzyl}-6-({4-cyanophenyhi(hydroxy i | -methyl- 1 H-imidazol-5-
yhiethyh-8-methylquinoline-2 4-dicarbomitrile was purified by chiral HPLC (Chiralcel OD,
S50% ethanol/50% methanol) to give 2 enantiomers, The first eluting enantiomer was Example
66B: "H NMR (500 MHz, CDCL)Y 8 ppm 8.19(d, J= 1.5 Hz, 1H), 7.88 (d, J = 2.5 Hz, 1H}, 7.66
(dd, /= 11.6, 8.6 Hz, 5H), 7.60 (s, 1H), 7.56 (d, /= 8.5 Hz, 2H), 748 (4, /= 8.6 Hz, 2H), 7.32
{s, 1H), 645 (t. /= 2.1 Hz, 1H), 6.40 (5, 1H}, 4.62 (s, ZH}, 3.36 (s, 3H), 2.74 (5, 3H); MS w/e
561.3 [M+H]" and the sccond cluting cnantiomer was Example 66C 'H NMR (600 MHz,
CDCLY S ppm 849 {(d, J= 1.6 Hz, IH), 788 (d, J 2 Hz, 1H), 7.70-7.63 (m, 5H), 7.61 (s,
1H), 756 {d, J= 8.6 Hz, 2H}, 749 (d,.7 = 8.7 Hz, 2H), 7.37 (s, 1 H}, 6.48-6.40 (m, 2H), 4.63 (s,
2H), 3.37 {s, 3H), 2.75 (s, 3H); MS m/e 561.3 [M+H]"

Example 67A: (3-4-(0H-Pyrazok-l-yhbeneyli-4-chioro-2-
{methoxy(methyDamino)guinolin-6-vh{-methyl-1 F-imidazol-5-y1){6-
(triflaoromethyhpyridin-3-viimethanol TFA?

s\s‘ N/
C“‘ RO
A, N
NTR
W

To a 5 mb scaled tube was added (3-(4-(1 H-pyrazol-1-vlibenzyh)-2 4-dichloroquinolin-6-yi){1-
methyl- 1 H-imidazol-S-yI}6-(riffuoromethylipyridin-3-vhmethanol {250 mg, 0.41 mmol, 1
cquivalent, Example 23, free base}, N,O-dimethylhydroxylamine hyvdrochlioride (327 mg, 3.28
mmol, 10 cquivalents} and dimethylformamide (2 mL). The reaction vessel was scaled and
heated in a 100 °C oil bath. After overnight reaction, the vessel was cooled and contents
transferred to a separatory funnel with ethyl acetate dilution. The organic phase was oxtracted

with saturated, agueous ammonium chlioride solution and deionized water. The organic phase
i 24 F

216
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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 0.05% trifluoroacetic acid in water as cluent to provide racemic (3-{4-(1H-pyrazol-i-
vhbenzyl-4-chloro-2-(methoxy{methylyamino)quinolin-6-yh{ L -methyl-1 H-imidazol-5-y1}6-
(irifluoromethybpyridin-3-yhmethanol; MS (ES1): mass caled. for CypHyyClFaNAO,, 633,19, m/z
found, 634.3 [M+H]". "H NMR (600 MHz, MeOH-d4) 8 ppro 8.79 (d, J= 2.1 Hz, 1H), 822 (d, J
=20Hz, 1H), 813810 (m, 1H}, 8.02{(dd, /=83, 2.1 Hz, 1H}, 799 (d, /= &8 Hz, 1H}, 7.82
(d,./=83Hz 1H), 779 (s, 1H), 7.72 (dd, /= &8, 2.1 Hz, 1H}, 7.67(d, /= 1.7 Hz, 1H), 7.59
7.56 {m, 2H), 7.24 (d, /= 8.7 Hz, 2H), 650~ 645 (m, 1H}, 6.39 (s, 1H}, 4.42 {5, 2H)}, 3.49 {s,
3H}), 3.45 {s, 3H), 3.16 {s, 3H). Racemic {(3-{4-{1 H-pyrazol-1-ylibenzyl}-4-chloro-2-
{mcthoxy{methyvhamine jquinolin-6-yh(1 -methyl-1 H-imidazol-5-yH{6-(trifluoromethylpyridin-
3-yDmethanol was purificd on a chiraleel OD column (20um, Diacely with cthanol / heptanes to
provide two enantiomers. The first eluting cnantiomer was Example 678: MS (ESH: mass caled.
for CoHpCIFsNO,, 633.19; my/z found, 634.3 [M+H]". 'H NMR (600 MHz, MeOH-ds) § ppm
8.EG(d, /=2.0Hz 1H), 8.23(d, /=19 Hz, 1H}, R10{dd, /=25, 04Hz, 1H), 8.01(dd, /=
82,2.0Hz 1H), 798(d, /=89 Hz, 1H), 781 {(d, /=82 Hz, 1H}, 7.73 (s, 1H}, 7.71 {dd, /= 8.&,
2.1 Hz, [H), 766 (d, /=14 Hz IH), 7.59 - 7.54 {(m, 2H), 725 - 720 {m, 2H}, 646 (dd, J =

1.9 Hz, 1H), 6.37 (s, 1H), 4.39 (s, Z2H), 3.47 {s, 3H}, 3.44 {s, 3H}, 3.16 (s, 3H) and the second
eluting enantiomer was Example 67C: MS (ESI): mass caled. for CypHpCUIF; NG, 633,19, m/z
fonnd, 634.3 [M+HT. 'H NMR (600 MHz, MeOH-ds) 3 ppm 8.80 (4, /= 2.0 Hz, 1H), 8.23(d, J
=2.0Hz, 1H), 8.12 - 8.09 (m, 1H}, 8.01 {dd, /= 8.2, 2.1 Hz, 1H}, 7.98 (d, /= &8 Hz, 1H}, 7.81
(d,./=R2Hz, 1H),7.73 (s, 1H), 7.71 {dd, /= &8, 2.1 Hz, 1H), 7.67(d,.J= 1.5 Hz, 1H), 7.539 —
7.54 (m, 2H), 7.25 - 720 (m, 2H), 6.47 (dd, /= 2.4, 1.9 Hz, 1H), 6.37 (5, 1H), 440 (5, 2H), 3.47
{3, 3H), 3.44 (s, 3H), 3.16 (s, 3H}.

Example 68A: (3-(4-(1 H-Pyrazol-1-yhbenzyl)-2-(azetidin-1-vi}-4-chloroguinelin-6-yhH{1-
methyi-1 H-imidazobS-yB{6-{iriflusromethypyridin-3-yDHmethanol

NY "N
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To a 5 mb sealed tube was added (3-(4-(1 H-Pyrazol-1-yhbenzyl}-2.4-dichloroguinolin-6-yh(1-
methyl- | H-imidazol-53-yl(6-(irifluoromethylipyridin-3-yhmethanol {200 mg, .33 mmol, 1
equivalent, Example 23, free base), azetidine (93.7 mg, 1.64 nunol, 5 equivalents) and
dimethyHormarmide (2 mL}. The reaction vesscl was scaled and heated in a 100 °C o1l bath,
After two days, the vessel was cooled and contents transterred to a separatory funnel with ethyl
acetate dilution. The organic phase was extracted with saturated aqueous amunondum chloride
solution and deionized water. The organic phase was separated, dried over magoesium sulfate,
filigred and evaporated to dryness under reduced pressure. The crade material was purified via
reverse phase chromatography using acetonttrile with ammoniurn hvdroxide in water as eluent to
provide raceroie (3-(4-(1 H-pyrazol-1-vhbenzyl)-2-(azetidin-1-y}-d-chloroquinolin-6-yi( 1 -
methyl-1 H-imidazol-S5-yD{6-{trifluoromethylpyridin-3-yhimethanol. MS (ESI): mass caled. for
Ty CIF NGO, 629,19 m/z found, 630.2 [M+H]. "H NMR (600 MHz, MeOH-dy) § ppru &.78
(d, /=21 Hz, 1H), 8.15(d, /=25 Hz, 1H),806 (d, J=2.1 Hz, IH)}, 802 (dd, /=82, 2.1 Hz,
1H), 7.97 (s, 1H), 7.84 (d, /=83 Hz, 1H), 7.76 {d, /= 8.8 Hz, [H}, 7.6 (4, /= 1.8 Hz, 1H),
7.65-7.62 (m, 2H), 7.57 (dd, /=89, 22 Hz, 1H), 7.24 - 718 (m, 2H), 6.51 — 6.49 {m, IH),
647 (s, TH), 438 (s, 2H), 4.25 - 420 (m, 4H), 3.53 (s, 3H), 2.30 - 2.21 {(m, 2H). Racemic (3-(4-

S

{1H-pyrazol-1-yhibenzyl)-2-(azetidin- 1-yi}-4-chlorogquinolin-6-yy(1 -methyl-1 H-imidazol-5-
yh{o-{trifluoromethylipyridin-3-yhmethanol was purified on a chiralcel OD column (20ur,
Diacely with ethanol / heptanes to provide two ¢onantiomers. The first ¢loting enantiomer was

Fxample 68B: M5 (EST): mass caled. for CadyCIF;N-O, 629.19; wy/z found, 630.2 [M+H]. 'H

NMR (600 MHz, MeOH-d;) 8 ppm 8.78 (d, J= 2.1 Hz, 1H), 12 (dd, J = 2.5, 0.4 Hz, 1H), 8.05
(d,J=2.1 Hz, 1H), 8.00 (dd, /= 8.2, 2.1 Hz, 1H), 7.84 — 7.78 (m, 1H), 7.76 — 7.70 (m, 2H), 7.69

—7.66 (m, 1H), 7.64 - 7.58 (m, 2H), 7.506 (dd, /=88, 2.2 Hz, 1H), 7.18¢d, /= 8.7 Hz, 2H), 6 48
{dd, 7=24, 1.9 Hz, 1H), 6.35{(d, /=08 Hz, 1H), 432 (s, 2H}, 420 - 4,14 (m, 4H), 3.48 {5, 3H),
2.25-2.15 (m, 2H), and the second eluting enantiomer was Example 68C: MS (ESI): mass
caled. for CuHCIFNSO, 629.19; nvz found, 630.2 [M+HT . HNMR {600 MHz, MeOH-dy) 6
ppm 8.78(d, .S =21 Hz, 1H), 815811 (m, 1H), 8.05(d, /= 2.0 Hz, 1H), 8.00(dd,/=82,2.0
Hz, I1H), 781 ¢(d, /=83 Hz, tH), 7.76 - 7.70 {m, 2H), 7.68 (d, /= 1.5 Hz, 1H), 7.64 - 7.59 (m,
2H), 756 (dd, /=89, 2.2 Hz, TH), 7.18(d, /=87 Hz, 2H)}, 6 48 (dd, /= 2.4, 1 9 Hz, IH), 635
(s, 1H} 432 (5, 2H), 417 (t, /= 7.6 Hz, 4H), 348 (5, 3H), 2.24 - 2.17 {m, 2H}.

2
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Example 6%: 3-(4-(1 H-Pyrazel-1-yhbenzy-6-((d-chlorophenylibyvdroxy){1-methyl-1/4-

imidazol-5-yhmethyh-2-methexyguinoline-4-carbonitrile

A round bottom flask was charged with (3-(4-(1H-pyrazol-t-ylibenzyl}-4-chloro-2-
methoxyquinolin-6-yi}{4-chlorophenyly(1-methyl- 1 H-imidazol-5-yhimethanol {147 mg, 0.257
mmol, Example 33A), Zn(CN); {36 mg, 0.31 mmol), Pdydba; (9.4 mg, 0.010 mmol), zinc
nanopowder (4.0 mg, (.062 mmol}, and 1,1'- bis{diphenylphosphanyl}y ferrocene {dppf, 11.4 mg,
0.021 mmol}. The flask was cvacuated and re-filled with argon {three cycles).
Dimethylacetamide (0.5 mL) was then added and the mixture was heated at 120 °C for 2 days.
LCMS analysis indicated incomplete conversion, so additional portions of Zn{CN},, Pdydbas,
zine nanopowder, and 1,1'- bis{diphenylphosphanyl) ferrocene {amounts as above) were added,
argon was bubbled through the mixture for 5 minutes, and it was again heated at 120 °C for 3 d.
The mixture was cooled to room temperature, dituted with EtOAc, and washed sequentially with
2 M agueous NHsOH, water, and saturated aqueous MNaCl. The organic phase was dried
{Na;SOy), filtered, and concentrated. The residue was purified by reverse-phase HPLC (30-70%
CH:ON-HLO, 0.1% TFA).  The product was converted to the free base (neutralized with
satarated aqueous NaHC(O; and extracted with DCM) and the organic fractions were
concentrated to afford the title compound. "H NMR (400 MHz, CDCL) Sppm 8.16 (d, /= 1.71
Hz, 1H), 7.87(d, J= 196 Hz, IH), 783 (4, /=880 Hz, 1H), 7.70 (d, /= 122 Hz, IH), 7.58 -
7.63 (m, 2H), 7.53 - 7.58 {m, 1H), 7.41 - 7.48 (m, 3H), 7.30 ~ 7.38 (m, 4H), 6.40 - 6.51 (m, 2H),
4.36 (5, 2H), 4.11 (s, 3H}, 3.37 - 3.46 (i, 4H); MS m/e 561.0 [M+H]

Example 70A
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3-(&-(1H-Pyrazol-1-yvhbenzy-6-(hydroxy{l -methyl-1 H-imidazod-5-y13{6-

(rittuoromethyhpyridin-3-yimethyvhguinoline-2-carbonitrile

N
MO, e/
F,C7NT R Ty e

The title compound was prepared using (3-{4-(1 H-pyrazol-t-ylibenzyl}-2 4-dichloroquinslin-6-
vi¥ -methyl-1 H-imidazol-5-yIy{(6-(triflaoromethyl}pyridin-3-yhimethano! (Example 23 frec base)
in place of (3-(4-(1 H-pyrazol-1-yhibenzyl}-4d-chioro-2-methoxyquinolin-6-yi}(4-chiorophenyl )1 -
methyl-1 H-imidazol-5-yvimethanol using the procedure described for Example 69 (reaction time
18 h). 'H NMR (400 MHz, CDCL) 8 ppm 8.78 {(d, J = 1.96 Hz, 1H), $.13 (d, J = 2.05 Hz, 1H),
7.90 - 7.96 {(m, 2H), 7.88 {(dd, J = 2.08, §.19 He, 1H)}, 7.79 {dd, J = 2.08, 8983 Hz, 1H}, 7.61 -
7.74 {m, 5H), 7.30 - 7.41 {m, 3H), 6.47 (¢, J = 2.08 Hz, I1H), 6.37 (5, 1H}, 4.74 (br. 5., 1H), 440
{s, 2H), 3.34 (s, 3H); MS m/e 566.0 [M+H] .

Example 70A was purified by chival HPLC {Chiralpak AD, 100% EtOH} to give 2 enantiomers,
The enantiomers were then further purified on silica gel columns {(-19% McQOH-DCM) to give:
Example 70B: (first enantiomer to clute off chiral column) 'H NMR (400 MHz, CDCL) & ppm
878(d, J=220Hz 1H), 814 (d, 7= 880 He, IH), 7.86 - 7.99 (m, 3H), 7.80 (dd, 7=2.20,9.05
Hz, 1H}, 7.63 - 7.76 (m, SH), 7.33 - 7.45 {m, 3H}, 6.44 - 6.54 (m, 1H}, 6.40 (5, 1H}, 4.34 - 447
(m, 3H3, 3.36 (s, 3H); MS m/c 566.2 [M+H] and Example 70C: (second enantiomer to clhite off
chiral colurnn) 'H NMR (400 MHz, CBCl ¢ ppm K78 (d, /= 2.20 Hz, 1H), 814 (4, J = 880
Hz, 1H}, 7.86 - 7.96 {m, 3H), 7.80 (dd, /= 2.20, 9.05 Hz, 1H), 7.63 - 7.75 (m, 5H), 7.33 - 742
{m, 3H), 645 - 6.53 (m, 1H), 640 (s, 1H}, 4.35 - 4.46 {m, 3H}, 3.36 {5, 3H); MS wm/e 566.2
IM+HT

Example 7T1A
3-{4-(1H-Pyrazel-1-vliibenzyl)-6-((4-chlorophenyii(hydroxy (i -methyl-1 H-imidazol-5-

yhmethvhguinoline-2.4-dicarbonitrile
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HO
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A round bottom flask was charged with (3-(4-(1 H-pyrazol-1-yhbenzyi)-2 4-dichloroquinolin-6-
vi¥d-chlorophenyl(1-methyl-1 H-imidazol-S-yhmethano!l {425 mg, 0.740 mmol, Example 11
frec basc), Zn(CN), (104 mg, 0.888 mmol), Pd,dbas (27.1 mg, 0.02%6 mmol), zinc nanopowder
{(11.6 mg, 0.178 nunol}, and |, 1'-bis{diphenviphosphanyl) ferrocene (dppf, 32.8 mg, 0.0592
mmol). The flask was evacuated and re-filled with argon {(three cycles). Dimcthylacetamide
(1.5 mL} was then added and the mixtare was heated at 120 °C for 19 hours. The mixture was
cooled to room temperature, diluted with EtOAc, and washed sequentially with 2 M aqueous
NH4OH and saturated aquecous NaCl. The organic phase was dried (NapSQOy), filtered, and
concentrated. The residue was purified by re‘verse-phase HPLC (30-70% CH;CN-H,O, §.1%
TFA). The product was converted to the free base (neutralized with saturated agueous NaHCOa
and extracted with DCM) and the organic fractions were concentrated to afford the title
compound. TH NMR (400 Mz, CDClL) 8 ppm &.41 (d, /=196 Hz, 1H), §.15(d, J=9.05 Hz,
1H}, 7.88 (d, J= 245 Hz, 1H), 7.79 (dd, J = 1.96, &8O Hz, 1H}, 7.61 - 7.73 {m, 3H), 7.50 (d, /=
8.56 Hz, 2H}, 7.30 - 7.39 {m, SH), 6.41 - 649 (m, 1H}, 6.39{d, /= 0.98 Hz, 1H), 4.55 - 4.6 (1,
3H), 3.39 (s, 3H); MS wy/e 556.0 [M+H]
Example 71 A was purified by chiral HPLC (Chiralpak AD, 80% heptanes, 20% EtOH} to give 2
enantiomers. The enantiomers were then further purified on silica gel cohumns (§-10% MeCH-
DCM) to give Example 71B: (second enantiomer to elute off chiral column) 'H NMR (400 MHz,
CDCL) & ppm 842 (d, /= 1.96 Hz, 1H), 816 (4, J = &80 Hz, 1H), 785 (d, /= 245 Hz, 1H;,
781 (dd, J = 1.96, &80 Hz, 1H}, 7.63 ~ 7.73 (m, 3H), 7.5t (d, J = 856 Hz, 2H), 7.40 (5, 1H),
7.30 - 7.39 (m, 4H), 6.45 - 6.49 (u, 1H), 6.44 (s, 1H), 4.65 (s, 2H), 4.22 (s, 1H), 3.41 (s, 3H};
MS m/e 556.2 [M+H] and Example 71C: (first enantiomer to elute off chiral column) 'H NMR
(400 MHz, CDCL) dppm 842 (4, J = 171 Hz, 1H), 8.16 (d, /= 880 Hz, 1H}, 7.89 (d, /=245
Hz, 1H), 7.8 (dd, /= 196,905 Hz, 1H), 7.61 - 7.75 (m, 3H), 7.51 {d, 7= 8.80 Hz, 2H), 741 (s,

t2
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1H), 730 - 7.38 (m, 4H), 6.39 - 6.52 {m, ZH}, 4.65 (s, 2H), 418 {br. s, 1H}, 3.41 (s, 3H); MS

m/e 556.2 [M+H] .

Example 72A

3-(4-(1 H-Pyrazot-1-yDhbenzyDh-6-(hydroxy{l-methyi-1 H-imidazol-5-y1i{6-

{rithuoromethyDpyridin-3-yDmethyhguinoline-2 4-dicarbonitrile

S |

Hm\éN N Y
SRS
Rt A Vg Vo
A round bottom flask was charged with (3-(4-(1 H-pyrazol-I-yl)benzyi}-2 4-dichloroquinolin-6-
yi¥ L -methyi-1 H-imidazol-5-vIy(6-(nfluoromethyhpyridin-3-ylimethasol (712 mg, 1.17 mmol,
Example 23 free base), Zn{CUN}, (247 mg, 2.10 mmol}, Pdydbas (107 mg, §.117 mmeol}, zine
nanopowder {15.3 mg, 0.234 mmol), and dicyclohexyl(2'4'.6'-triisopropyl-{1,1-biphenyi]-2-
vijphosphine (X-Phos, 115 mg, (.234 mmol}. The flask was evacuated and re-filled with argon
(three cyeles). Dimethylacetamide (6 mb, degassed by bubbling argon through for 30 minutes)
was then added and the mixture was heated at 120 °C for 3 hours. The mixture was cooled to
room temperature and was filtered through Celite®, washing with EtOAc. The filtrate was
washed sequentially with 2 M aqueous NHaOH, water, and saturated aqueous NaCl. The organic
phase was dricd (NapSOy), filtered, and concentrated.  Attempted isolation by flash column
chromatography vielded a mixture of the title compound and starting dichloroquinoline; this
mixture was resgbjected to the reaction conditions as above, except using 1.3 equivalents
ZrfCINY,. After work-up, the residue was purified by flash column chromatography (silica gel,
50-60% CH;CN in {2% conc. aqueous NH;OH in DCM, aqueous phase removed}) to afford the
title compound. MS m/e 591.2 [M+H]}".

Example 72A was purified by chiral HPLC {Chiralpak 1C, 70% C0,/38% iPrOH + 2%

~

isopropylaming)} to give 2 cnantiomers. The enantiomers were then further purified on plug

)
)
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stlica gel columns {0-5% MeOH-DCM) to give Example 72B: (first cnantiomer to clute off
chiral column} 'H NMR (400 MHz, CDCIy) 8 ppm 8.78 (d, J = 1.96 Hz, 1H), 8.45 (4, J= 1 .71
Hz, 1H), 820 (d, /= 9.05 Hz, 1H), 7.95 {dd, /= 1.96, &31 Hz, 1H), 7.89{d, /= 2.45 Hz, 1H),
7.774{dd, J = 1.96, 9.05 Hz, 1H}, 7.62 - 7.74 (m, 4H), 7.50 (d, J = 8.56 Hz, 2H), 7.34 (5, 1H),
6.42 - 6.50 {m, 1H)}, 6.38 (s, 1H), 5.79 (br. 5., 1H}), 4.65 (s, ZH}, 3.39 (s, 3H); MS m/e 5912
IM+HT and Example 72C: (sccond enantiomer to chute off chiral column) "H NMR (400 MHz,
CDCL) Sppm 872 (d, J=1.96 Hz, 1H), 845 (d, J = 1.96 Hz, 1H), 8.20 (d, /= 8.80 Hz, 1H),
7.96¢dd, J= 196, 8.07 Hz, 1H}, 7.89(d, J= 245 Hz, tH), 7.78 (dd, .7 = 1.96,9.05 Hz, IH)}, 7.62
- 774 {m, 4H), 750 {d, J = 8.56 Hz, 2H), 7.36 (s, 1H), 6.42 - 6,48 (m, 1H}, 6,40 {s, 1H), 5.53 {(br.
s., 1H), 4.65 (5, 2H), 3.39 (5, 3H); MS m/e S91.2 [M-+HT.

Example 73A

3-{4-(1H-Pyrazel-1-viibenzyl)-6-(hydroxy(l-methyl-1 H-imidazoh-5-yD(6-

(trifluoromethypyridin-3-viimethyl)-2-methoxyquinoline-4-carbonitrile

n
ey ] /ﬁ
N:;N o
g Ny
FCTON \NJ\G”

The e compound was  prepared using  (3-(4-(1H-pyrazol-1-yhibenzyl}-4-chlore-2-
methoxyquinolin-6-yl{1 -methyl-1 F-imidazol-S-y{6-(trifluororethyhpyridin-3-yhmethanol
(Example 35A  free  bhase) i place of  (G-(4-(1H-pyrazol-I-yhbenzyl}-4-chloro-2-
methoxyquinolin-6-yl{4-chlorophenyli( | -methyl- | H-imidazol-5-ylmethanol using the
procedure deseribed for Example 69 {reaction time 20 ). 'H NMR (400 MHz, CDCL) & ppm
8.80(d. /=196 Hz, 1H), 819(d, J=196Hz, 1H), 794 (dd, /=183, &19 Hz, 1H), 7.80 - 7.89
{m, 2H), 7.64 - 7.72 (m, 2H}, 7.60 (d, S=8.56 Hz, 2H), 747 - 7.53 {m, 1H), 743 (d, /= 8.56 Hz,
2H), 7.36 (s, 1H), 6.39 - 6,46 (m, 2H), 491 (br. s, 1H), 436 (s, 2H), 4.11 (5, 3H), 3.39 (s, 3H);
MS m/e 596.0 [M+H]"
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Example 73A was purified by chiral HPLC (Chiralcel OD, 100% CH:CN) to give 2 cnantiomers,
The cnantiomers were then further purified on silica geol columns (0-10% McOH-DCM].
Example 73B: (first enantiomer to clute off chiral column) 'H NMR (400 MHz, CDCL) 5 ppmi
8.804(d, /=171 Hz, IH), 8.20(d, /= 1.96 Hz, 1H), 7.93 - 7.99 {m, 1H}, 7.82 - 7.90 {m, 2H},
7.66 - 7.74 (m, 2H), 7.57 - 7.64 (m, 2H), 7.52 {dd, J = 1.71, 8.56 Hz, 1H}, 7.38 - 7.4¥ {m, 3H},
642 — 647 (m, 2H), 4.51 {(br. 5., 1H), 4.37 {s, ZH}, 4.12 {s, 3H}), 341 {s, 3H}; MS m/c 596.3
IVHH] and Example 73C: (second enantiomer to elute off chiral column) 'H NMR (400 MHz,
CDCL) O ppin 8.81 (d, /= 147 Hz, 1H), 820 (4, /= 1.96 Hz, [H), 7.91 - .00 (m, 1H), 7.82 -
791 {m, 2H), 7.70 (44, J = 3.30, 5.01 Hz, 2H}, 7.58 - 7.64 {(m, 2H}, 7.50 - 7.57 {m, 1H), 7.40 -
7.50 (m, 3H), 6.47 ~ 6.55 (m, 1H), 643 - 6.47 (m, 1H), 437 {5, 2H), 4.12 {s, 3H), 3.86 {5, 1H),
3.42 (s, 3HY MS m/e 596.3 [M+HT .

Example 74A

3-(4-(IH-Pyrasol-1-yhbenzyl-2-(diethyviamine)-6-(hydroxy{( -methyi-1 H-imidazol-5-vH{6-

{triftuoromethyhpyridin-3-yimethyDguinoline-4-carbonitrile

NS

N
i Ry
A
N™Sn =
HO>2\“:J’ GN
Ispee
FyC” N SN

A round bottom flask was charged with (3-(4-(1H-pyrazol-t-ylbenzyl}-4-chloro-2-
{dicthylamino)quinolin-6-yh{1-methyl- 1 H-imidazol-5-y1 ) 6-(triflucromethyhpyridin-3-

vhimethanol (165 mg, 0.255 mmol, Example 86}, Zn{CN), (15.6 mg, 0.133 mmol), Pdydbas (23.4
mg, 0.0255 mumol}, zinc nanopowder (3.3 mg, 0.051 mmol), and dicyelohexyl(2',4'.6'-
writsopropyl-{ I, 1'-biphenyl]-2-yiphosphine {X-Phos, 14.2 mg, 0.0255 mmol}. The flask was
cvacuated and re-filled with argon (three cycles). Dimethylacetamide (1.0 mL) was then added,

argon was bubbled through the mixture for 5 munutes, and the mixture was heated at 120 °C for 4
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hours. The mixture was cooled to room temperature, diluted with EtOAc, and filiered through
Celite®. The filtratc was washed sequentially with 2 M agueous NH4OH and half-saturated
aqueous NaCl. The organic phase was dried (Na,5Qy4), filtered, and concentrated. The residue
was purificd by reverse-phase HPLC (30-70% CHRCN-H,O, 0.1% TFA). The product was
converted to the free base (neutralized with saturated agueous NaHCO: and extracted with DCM)
and the organic fractions were concentrated to afford the title compound as a vellow solid. 'H

WNMR (400 MHz, CDCl 3 ppm 8.79(d, J= 186 He, 1H), 811 (4, J= 196 Hz, 1H), 7.84 (dd, J
= 1,96, 8.31 Hz, 1H), 787 (d, /=245 Hz, 1H), 783 {d, /= 9.05 Hz, 1H), 7.63 - 7.70 (m, 2H),
7.56 - 7.63 (m, 2H), 747 (dd, J = 1.96, 880 Hz, 1H), 7.35 (s, 1H), 7.29 (d, J = 8.56 Hz, 2H),
645 {(d,.J= 098 Hz, 1H), 6.42 - 6.44 (m, 1H), 487 (br. 5., 1H}, 442 (s, ZH}, 3.39 (s, 3H), 3.33
{q,J=6.85Hz, 4H), 1.11 {t, /= 6.97 Hz, 6H); MS nv/e 637.3 [M+H] .

Example 74A was purificd by chiral HPLC {Chiralcel OD, 80% heptanes, 20% EtOH) to give 2
enantiomers. The enantiomers were then further purified on silica gel columns (3-8% MeOH-
DCM) to give Example 74B: (first cnantiomer to chute oft chiral column) "H NMR (400 MHz,
CDCl 8 ppm 8.79 (d, /=220 Hz, [H), 812 (d, /=196 Hz, 1H), 7.95 (dd, /= 2.08, 8.19 Hz,
1H), 7.79 - 7.90 (m, 2H), 7.63 - 7.73 (m, 2H}, 7.56 - 7.63 {m, 2H}, 7.48 (dd, J = 2.28, &80 Hz,

1}, 7.37 (s, FH}, 7.30 (4, J = 8.56 Hz, 2H}, 6.46 (s, 1H), 6.43 - 645 (m, TH), 4.79 {br. s., I1H},
443 (s, 2H}, 340 (s, 3H), 3.34 (g, J = 6.85 Hz, 4H), 1.12 (t, / = 7.09 Hz, 6H}; MS m/e 637.3
IM+HT and Example 74C: (sccond enantiomer to chute off chiral column) "H NMR (400 MHz,
CDCL) 8 ppm 8.79 (d, /=196 Hz, [H), 812 (d, /= 1.96 Hz, 1H), 7.95 (dd, /= 1.96, 831 Hz,
{H), 7.87¢d, J=2.45 Hz, 1H), 7.84 (d, /=880 Hz, {H), 7.65 - 7.73 (m, 2H), 7.60 (d, 7= 8.56
Hz, 2H), 7.48 {dd, J= 1.96, 880 Hz, 1H), 7.38 (s, IH}, 7.28 - 7.35 (;m, 2H), 6.46 (5, 1H}, 6.40 -
6.45 (m, 1H}, 4.72 (br. s, 1H}, 443 (s, 2H), 3.40 (s, 3H), 334 {q, J=7.01 Hz, 4H), 112 {t, J=
6.97 Hz, 6H): MS m/e 637.3 [M+H]"

Example 75A

(3-{4-(1LH-Pyrazol-1-yvhibenzyl-4-chioro-2-{dicthylamino)quinolin-6-ylii{4-chiorophenyD(i~

methyi-1H-imidazel-S-yhmethanol
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The title compound was prepared using {(4-chlorophenyl}{ 1-methyl-1 H-imidazol-5-ylymethanone
{Intermediate 1: step b} in place of (I-methyl-1H-imidazoi-S-yI}{o-{trifluoromethyl}pyridin-3-
yhmethanone using the procedure described for Example 86, 'H NMR (400 MHz, CDCE) 8 ppm
807 (d, J=220Hz, 1H), 7.87(d, J=196Hz, 1H), 781 (d, /= 880 Hz, 1H), 7.69¢(d, 7= 1.71
Hz, 1H), 7.55 - 7.61 {m, 2H), 7.52 {dd, /= 2.20, 8.80 Hz, 1H), 7.44 (s, 1H), 7.29 ~ 7.35 (m, 4H),
24 {d,.J = 8.80 Hz, ZH}, 6.47 (d, J = 0.98 Hz, 1H), 6.41 - 6,46 {m, 1H), 4.36 (s, 2H}, 3.42 (5,
), 3.19 - 331 (m, 5H), 108 {, J=6.97 Hz, 6H); MS in/e 611.2 [M+H] "

Example 75A was purified by chiral HPLC (Chiralpak AD, 50% MeOH, 50% EtOH) to give 2

~3

(42

enantiomers. The first cluting enantiomer was Example 758: 'H NMR (400 MHz, CDClL) 3
ppm 8.08 {d, J=220Hz, IH), 7.88¢(d, J=220He, 1H}, 782(d, J=880Hz, 1H), 7.70 (d, /=
LAT7 He, THY, 7.58 (d, J = 8.56 Hz, 2H), 7.53 (dd, 7= 2.20, 8.80 Hz, 1H), 746 (s, 1H), 7.30 -
7.37 (m, 4H), 7.25 (d, J = 880 Hz, 2H}, 6.49 (4, J= 0.98 He, 1H), 641 - 6,47 (m, 1H), 4.37 (s,
2H}, 343 (s,3H), 327 (g, J = 7.01 Hz, 4H), 3.11 - 3.20 {m, 1H), 1.09 (1, /= 7.09 Hz, 6H); MS
m/e 611.2 [M+HT and the second eluting enantiomer was Example 73C: 'H NMR (400 MHz,
CDCL) 8 ppm 807 (d, /= 1.22 Hz, 1H), 7.87 (4, J =245 Hz, 1H), 7.82 (d, /= &80 Hz, 1H;,
7.69(d, J= 147 He, 1H), 7.58 (d, 7= 856 Hz, 2H), 7.49 - 7.55 (im, 1H), 7.29 - 7.36 {(m, 4H),
721 —7.26 {m, 3H), 649 (s, 1H), 6.39 - 6.46 (m, IH), 436 (5, ZH), 344 (s, 3H}, 3.26 {q. J =
7.01 Hz, 4H), 1.09 (t, /= 6.97 Hz, 61); MS w/e 611.2 [M+H]".

Example 76A

3-(&-(1H-Pyrazol-1-yhibenzyD-6-((4-cyanophenyhi{hyvdroxyi(i-methyl- 1 H-imidazol-5-

viimethyl-2-methoxyguinoline-d-carbonitrile
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A round bottom flask was charged with (3-(4-(1H-pyrazol-t-yl)benzyli-4-chloro-2-
methoxyauinolin-6-yi}4-chlorophenyly(1-methyl- 1 H-imidazol-5-yhmethanol (207 mg, 0.363
nmunol, Example 33A), Zn{CN), {(76.7 mg, 8.653 muol}, Pdydba; (49.8 mg, 0.0544 mmol), zinc
nanopowder (7.1 mg, 0.109 mmol}, and dicyclohexyl(2' 4" 6'-riisopropyl-[1,1-biphenyi]-2-
vhphosphine (X-Phos, 357 mg, 0.0726 mmeol). The flask was cvacuated and re-filled with
argon {three cycles). Dimcthylacetamide (1.9 mb, degassed by bubbling argon through for 30
mingtes) was then added and the mixture was heated at 120 °C for 4 hours. The mixture was
cooled to room temperature and was filtered through Celite®, washing with EtOCAc. The filtrate
was washed sequentially with 2 M aqueous NH4OH, water, and saturated aqueous NaCl. The
organic phase was dried (NapyS(Cy), filtered, and concentrated. The residue was purified by flash
column chromatography {silica gel, 45-60% CH:CN in [2% conc. aqueous NH4OH in DCM,
aqueous phase removed]) to afford the title compound. "H NMR (400 MHz, CDCL) § ppm 8.14
(d,./=220Hz, iH), 786 (d, /= 245 Hz, IH}, 7.82 (4, /= 880 Hz, 1H), 769 (4, /= 1.47 Hz,
1H), 7.63 - 7.68 (m, 2H}, 7.58 - 7.62 {m, 2H), 7.56 (s, 1H}, 7.49 - 7.55 (m, 2H}, 743 (d, /= 8.56
Hz, 2H), 7.38 (s, 1H), 6.42 - 6.46 (m, 1H), 6.41 {d, J = 1.22 Hz, 1H), 431 - 441 {m, 3H), 410
{s, 3H), 3.37 (s, 3H); M5 m/e 552.3 [M+H]".

Example 76A was purified by chival HPLC {(Chiralpakk AD, 80% C0/20% iPrOH + 0.2%
isopropyvlamine} to give 2 cnantiomers. To convert the enantiomers to their succinate salts, they
were dissolved in EtOH, solutions of 1.05 equivalents succinic acid in EtOH were added, and the
mixtures were concentrated to give Example 76Bssuccinic acid: (first cnantiomer to clute off
the chiral column) 'H NMR {400 MHz, DMSO-de) & ppm 843 {d, J=2.69 Hz, 1H), 798(d, /=
1.96 He, H), 7.69 (4, J = &80 Hz, 1H}, 7.85{d, J = 8.56 Hz, 2H), 7.75 (d, J = 8.56 Hz, 2H},
7.69 - 7.73 {m, 2H}, 7.64 (dd, J = 1.96, 880 Hz, 1H}, 7.533 (d, /= 8.31 Hz, 2H), 7.38 (d, J= 8.56
Hz, 2H), 7.32 {s, 1H)}, 6,46 - 6.55 {(m, 1H), 6.18 {d, 7= 0.98 Hz, 1H), 4.30 {s, 2H), 4.04 (5, 3H),
2.38 (s, 4H) (one methyl signal obscured by water peak); MS m/e 552.2 [M+H] and Example
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76Csuccinic acid: {(sccond cnantiomer to clute off the chiral column) 'H NMR {400 MHz,
DMSO-dg) S ppiu 843 (d, J=245He, 1H), 798 (d, J= 1.7t Hz, 1H), 7.89 (d, 7= 880 Hz, 1H),
7.85¢d, J=8.56 Hz, 2H), 7.75 (d, /= 8.56 Hz, 2H}, 7.69 - 7.73 (m, 2H}, 7.64 {dd, J = 2.08, .93
Hz, iH), 7.53 {d, /= 8.56 Hz, 2H), 738 {d, /= 8.56 Hz, 2H), 7.32 (5, 1H}, 6.48 - 6.56 (m, 1H),
6.18 (s, 1H), 430 (s, ZH), 4.04 {s, 3H), 2.39 (s, 4H) {one methyl signal obscured by water peak);
MS m/e 552.3 [M-+H]"

Example T7A: {(4-Chlors-2-methoxy-3-{4-{trilluorsmethyDbenzyDguinolin-6-yH{2,6-
dimethyipyridin-3-vB{-methyl-17-1,2.3-triazol-5-vhimethanol

To a flask containing f-methyl-1H-1,2 3-riazole (275 myg, 3.31 mmol, prepared according to
PCT Int. Appl., 2008098104 was added THF (35 mL) and the colorless sohution was cooled to -
50 °C. Then, n-butyllithiurmn (2.5 M in hexanes, 1.2 mL, 3.0 mamol) was added dropwise which
afforded a dark reddish-brown viscous solution. The mixture was stirred between -20 to -10 °C
for 30 minutes, then a homogencous THF sohution of  (d-chloro-2-methoxy-3-(4-
(uﬂ‘iuoromq‘i‘h‘,«i}bgnzvi)qumohn &6-vH(2,6-dimethylpyridin-3-yhmethanone (700 mg, .44 nunol
n 4 mL THF, Intermediate 47 step {} was introduced at 0 °C. The reaction mixture became a
dark brown color and was allowed to warm gradually to room temperature.  The mixture was
stirred for 60 minutes at room temperature then quenched with agueous NH4Cl solution.  The
aqueous portion was exiracted with EtOAc, 3 x 50 mL. The combined organics were washed
with  brine, dried over MgSO4, filtered and concentrated to provide a brown ol
Chromatography on silica gel (1% MeOH-DCM increasing to 5% MeOH-DCM) provided the
product as a light brown solid.  MS m/e 586.1 [M-+H]". "H NMR (500 MHz, CDCL) § ppm
A3 (d, J=18Hz H), 776 (d, /=88 Hz, 1H}, 749 (d, /=81 Hz, 2H), 7.37 {d, /= 7.9 Hz,
3H), 6.93 (q, /= 8.1 Hz, ZH)}, 6.80 (s, 1H), 5.51 (s, 1H), 4.36 - 4.22 {m, ZH), 4.07 (s, 3H), 3.90
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(s, 3H), 249 (s, 3H) 232 (s, 3H). Racemic {4-chloro-2-mecthoxy-3-(4-
{trifluoromethyhbenzyliguinolin-6-y1)(2,6-dimethylpyridin-3-vh{ L -methyl- 1 5-1.2 3-triazol-5-
vhimecthanol was separated into its individual cnantiomers using the following conditions:
Chiralecl OD, 20 uM (Diacel) using cthanol with 242 nM detection to give the first cluting
enantiomer Example 778: 'H NMR (500 MHz, CDLCh) 8 ppim 8.09 (d, 7= 2.2 He, [H), 7.79 (d,
3 =87 Hz, 1H), 7.51 (d, J = 8.1 Hz, 2H), 744 - 7.36 (m, 3H), 6.95 (g, J = 8.1 Hz, 2H), 6.85 {5,
1H), 4.34 (5, 2H), 4.07 (s, 3H), 3.90 (s, 3H), 2.49 (s, 3H}, 2.31 (5, 3H); and the second eluting
cnantiomer Example 77C: 1H NMR (500 MHz, CD,CLY S ppm 8.09(d, J = 2.2 Hz, 1H), 7.79 {(d,
J= 87 He, 1H), 750 (d, F= 8.1 Hz, 2H), 7.44 - 7.36 {m, 3H), 6.95 (g, J = 8.1 Hz, 2H}, 6.85 (5,
TH), 4.34 (5, 2H), 4.07 (5, 3H), 3.90 (5, 3H3, 2.49 (s, 3H), 2.31 (s, 3H}

Example 78A: 6-((2.6-Dimethyipyridin-3-yHhydroxyy~-methy b1 H-1,2 3-iriazol-5-

yhmethyh-2-methoxy-3-(§-(irifluoromethylibenzylquinoline-4-carbonitrile

{4-Chloro-2-methoxy-3-{(4-(trifluoromethyhbenzyljquinolin-6-yI2,6-dimethylpyridin-3-vh){1 -

mcthyl-1H-1.2 3-triazol-5-ylimethanol (250 mg, 0.44 mmol, Example 77A}, zinc cyanide (90 mg,
0.77 mmol}, 2-dicyelohexviphosphing-2'.4" 6 -triisopropylbiphenyl  (X-phos, 40 mg, 0.084
mmol), zine powder (& mg, 0.12 mmol), tris{dibenzylidencacetone)dipalladium(0), (Pdx(dba);
60 mg, 0.066 mmol} were added to a large microwave vial, then dimethylacetamide (7 mL,
degassed with argon) was added and the vial was sealed and evacuated. The mixture was heated
to 125 °C in an alomioum heating mantle.  The mixture was cooled to 80 °C and then filtered
through a Celite® pad and rinsed with EtCAc-McOH (10:1, v/v} and the light brown filtrate was
concentrated under vacuum to afford a brown oil, The crude matenial was chromatographed
directly on silica gel (100% DCM increasing to 10%MeOH-DCM) which provided the product
contaminated with dimethylacetarmide.  This material was further purified by RP-HPLC 1o the

title compound as a white foam. MS m/e 3592 [M+H]". 'H NMR (500 MHz, CDCL) 8§ ppm
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805, 1H), 7.92(d, /=88 Hz, 1H}), 7.59 (d, /=83 Hz, IH), 7.53(d, /= 8.2 Hz, 2H), 7.45 (4,
J=82Hz 2H), 742 - 734 (m, 2H), 7.06 (s, 1H), 4.37 (5, 2H), 4.13 (s, 3H), 3.94 (5, 3H}, 2.77 (s,
3H), 2.62 {s, 3H). The raceniic material was separated into its individual enantiomers using the
following conditions: Chiralpack OD, 80% heptanes © 20% cthanol; wavelength at 220 nM to
provide the two cnantiomers. The first cluting cnantiomer was Example 78B and the sccond

cluting enantiomer was Example 78C,

Example 79A
{(4-Chiore-2-methoxy-3-(4-(triflucromethylibenzyhguinolin-6-y {2 4-dimethyithiazol-5-
vi-methvl-18H-1,2 3-triazol-S-yhmethanol

NN
/N‘v/;\)
_OH
o N
N \\; |
S e

To a flask containing 6-bromo-4-chloro-2-methoxy-3-(4-(trifluoromethylbenzylyguinoline (500
mg, 116 mmol, Intermediate 47: step d) was added THF (15 mL} at room temperature which
resulted in a colorless homogeneous mixtare. The solution was cooled to -70 °C which remained
homogenecus and then n-butyllithuim (2.5 M in hexanes, 0.45 mb, 1.13 mmol} was added drop
wise. The color of the solution became a dark brown, After 1 minute, (2,4-dimethylthiazol-5-
v -methyl-1H-1,2 3-triazol-5-yhmethanone (275 mg, 1.24 romol in 2 mL THF, Infermediate
48&: step by was introduced and the color of the mixture went from dark brown to greenish to hight
orange color all within | minute. The mixture was allowed to warm to 0 °C over 45 minutes at
which time the reaction was quenched with aqueons NHCH solution. The rawxtare was diluted
further with water and extracted with EtOAc, 3 x 45 mL. The combined organics were washed
with bring, dried over MgSQy, filtered and concentrated to give a light orange foam. The crude
was chromatographed on silica gel (inttially using 10% CH;CN-toluene then changing to 80%
CH:CN-DCM]} to afford the title compound as an off white solid. MS /e §74.1 [M+H]. 'H
NMR (500 MHz, CDCL) S ppm 8.14 (4, J = 2.1Hz, 1H), 785 (d, I = 8.8 Hz, 1H)}, 7.56-7 48 (m,
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3H), 739 (d, F = 8.1 Hz, 2H), 7.21-7.13 (m, 1H), 4.44-4.64 (m, 1H), 434 (s, ZH), 4.09 (5, 3H),
391 (s, 3H), 2.57 (s, 3H),

[R]
b

& (s, 3H), 2.13 (s, 3H). Example 79A was scparated into its
individual cnantiomers using the following conditions: Chiralpack OD, 80% heptanes: 20%
cthanol; wavelength = 242 nM to provide the two cnantiomers. The first chuting enantiomer was

Example 798 and the second cluting enantiomer was Example 79C.

Example 80A: {4-Chiore-2-methoxy-3-(4-(friflucromethylibenzyDguinolin-6-vH{1,2-
dimethyi-1 H-imidazol-5-y{-methyi-15-1,2 3-triazol-5-yviimethancl

Procedure A

To a flask containing f-methyl-1H-1,2 3-riazole (400 myg, 4.81 mmol, prepared according to
PCT Int. Appl., 2008098104 was added THF (25 mL) and the colorless solution was cooled to -
50 °C. Then, n-Buli (2.5 M in hexanes, 1.88 mL} was added drop wise which afforded a dark
reddish-brown solution. The mixtore was allowed to warm gradually to -10 “C over 30 minutes,
then a solution of (4d-chloro-2-methoxy-3-(4-(trifluoromcthyl}benzyliquinolin-6-yij(1,2-
dimethyl-1 H-imidazol-5-yDmethanone (750 mg, 1.58 mmol, Intermediate 49 step by in THF (8
b} was introduced at -10 °C. The reaction mixture became a dark brown color and was
allowed to warm gradually to room temperatare. The mikture was stirred for 60 minutes at room
temperature, then quenched with aqueous NHyCl solation.  The aqueous portion was exiracted
with EtOAc-THF (~18:2, v/v} 5 x 30 mL. The combined organics were washed with brine, dried
over MgSQy, filtered and concentrated to provide a brown foam. Chromatography oun silica gel
{5% MeOH-DCM increasing to 10% McOH) provided the title compound as a yellow solid. MS
w/e 557.2 [MHH]T. TH NMR (500 MHz, CDCL)Y 3 823 (d, J= 1.8 Hz, U, 7.72(d, J= 8.7 Hz,
1H), 7.49 (4, 7= 11.5 Hz, 2H}, 7.38 (d, J = 8.0 Hz, 3H), 7.30 {s, 1H), 7.06 {d, J = 5.9 Hz, 1H),
5.99 (s, 1H), 4.33 - 4,19 (m, 2H), 4.06 (s, 3H), 3.88 {s, 3H}, 3.33 (s, 3H}, 2.14 (s, 3H}). The
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racemic matcerial was separated into its individual enantiomers using the following conditions:
Chiralpack OD column; 80% heptancs: 20% cthanol;, wavelength = 242 nM o provide the two
enantiomers. The first eluting cnantiomer was Example 80B and the second eluting enantiomer

was Example 80C.

Procedure B

A solution of 5-bromo-1,2-dimethyl-1H-imidazole (10.6 g, 60.8 mmol) in THF (400 mL) was

cooled to —77 °C. Maintaining a temperature of < =70 °C, #Buli (27.7 mL, 72.0 mmol, 2.5 M in
hexanes) was added over 10 min.  After 10 min, a solation of {4-chloro-2-methoxy-3-(4-
{trifluoromethyhbenzylgquinolin-6-y{ 1 -methyl-14-1,2,3-triazol-53-yhimethanone (20.0 g, 434
nunol, Intermediate 63) in THF (290 mb) was added over 10 min maintaining g temperature of <
=60 °C. The reaction mixture was allowed to warm to 0 °C over | h and then quenched with
aqueous amwnontum chloride (500 wl, 13 wit%). The resalting layers were separated and the
organic layer was washed with brine (400 mL). The organic layer was dried over MgSO,.,
filtered, and concentrated. The restdue was taken up in acetone (200 mlL} and allowed to stir for
2 b The resulting suspevsion was filiered and washed with acetone (20 mL). After dryingina

vacuuta oven at 60 °C the title compound was obtained as a white solid. "H NMR {400 MHz,

CDCLy dppm 824 (d, J=2.2 Hz, 1H), 7.72 (4, 7= 8.7 Hz, 1H), 7.54 — 747 (m, 3H), 742 -
7.33 {(m, 3H), 7.06 (s, H)y, 597 (s, 1H), 432 — 4.22 (m, 2H}, 4.06 (s, 3H), 3.88 (s, 3H), 3.32 (s,
3Hy, 243 (s, 3Hy MS  mw/e 5571 (M+H). {4-chloro-2~methoxy-3-(4-

{triftuoromethyhbenzyhquinolin-6-v1)(1,2-dumethyi-t H-imidazol-S-yh{( 1 -methyl- 1 /1,2 ,3-

triazol-3-yiymethanol was resolved into s constituent enantiomers by chiral HPLC [Chiraleel
(D, mobile phase: §5% heptane, 15% ecthanol]. After resolution, the individual enantiomers
were erystallized from acetone (7.5 mL / g) and isolated by filtration after the addition of heptane
(15wl / g). The fivst eluting enantiomer was Example 80B: 'H NMR (400 MHz, CDCL) 3 ppm
823(d, J=22Hz tH), 7.72{(d, J= 88 Hz, 1H), 7.50(d, J =82 Hz, 2H), 743 ~ 7.33 (i, 3H),
7.05 (s, 1H), 6.99 (bs, 1H}, 6.01 {s, 1H), 430 (s, 2H), 4.06 (s, 3H), 3.88 (s, 3H}, 3.34 {5, 3H),
2.17 (s, 3H); MS mw/e 557.1 (M+H). The second eluting enantiomer was Example 80C: 'H NMR
(300 MHz, CDCI) d ppm 8.19(d, J = 2.2 Hz, 1H), 7.74 (d, /= 8.7 Hz, 1H), 7.52 (d, /= 8.2 Hz,
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2H), 743 — 735 {m, 3H), 7.14 (s, 1H), 6.08 {s, 1H), 3.32 (bs, IH), 4.33 (s, 2H), 4.07 (s, 3H),
3.91 (s, 3H), 3.38 (s, 3H), 2.28 {5, 3H); MS m/e 557.1 (M+H).

Example 81A: 6-((1,2-Dimethyl-1H-imidazol-S-yli(hydroxy} I-methyl-15-1,2.3-triazol-5-

yhmethyl-2-methoxy-3-(d-(frifluoromethviibenzyijquinoline-4-carbonitrile

{4-Chloro-2-methoxy-3-{4-(trifluoromethylibenzyliquinolin-6-vi}{ 1,2 -dimethyi- 1 H-imidazol-5-

yvi¥ -methyl-14-1,2 3-triazol-5-yhymcthanol {370 mg, 0.66 mumol, Example 80A}, zinc cyvanide
{147 mg, 1.26 mmol}, X-phos (64.5 mg, (.14 mmol}, zinc powder (12 mg, 0.19 mmol)
tris{dibenzylidencacctone)dipaladium (0), (Pdy{dba), 28 mg, 0.11 mmol} were added to a large
microwave vial, then DMA (8 mL, degassed with argon) was added and the vial was secaled and
evacuated. The mixture was heated to 125 °C in an sluminum heating mantle {for how long?7).
The mixture was filtered through a Celite® pad while still warm, rinsed with EtOAc-MeOH
{10:1) and concentrated under vacuum providing a brown oil. The crude material was purified
by RE-HPLC to give the title compound as an off white solid. MS m/e 548.2 [M+H]". '"H NMR
{500 MHz, CDCl) o ppm 819 (s, 1H), 7.87 (d, J= 87 He, 1H), 7.50 (4, /= 8.3 Hz, 2H), 742
(apparent d, 8.1 Hz, 3H), 7.3-7.4 (m, 1H) 6.41 (s, 1H}, 441 — 426 (m, 2H)}, 4.10 (s, 3H)}, 3.90 (5,
3H), 3.64 (s, 3H), 2.58 (s, 3H). The racomic material was separated into its individual
enantiomers using the following conditions: Chiralpak 1A SFC column (5 u), 85% hexane: 15%
EtOH {containing 8.2% Et;N} to provide the two enantiomers. The first cluting enantiomer was

Example $1B and the second eluting enantiomer was Example 81C.

Example 82: {(4-chioro-2-methoxy-3-(4-(triflucromethyhibenzyDguinolin-6-yH{2,4-
dimethyloxazel-S-yhi{1-methyl-1#H-1,2,3-triazol-S-yvi)methanol
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To a flask contaming l-methyl-1H-1,2 3-triazole (200 mg, 2.41 mmol, prepared according to
PCT Int. Appl,, 2008098104 was added THF (20 mL)} and the colorless solution was cooled to -
40 °C. Then, n-BuLli (2.5 M in hexanes, 1.0 mL, 2.5 mmol) was added drop wise which afforded
a dark reddish-brown viscous solution. The mixture was stirred at =30 °C for 35 minutes, then a
homogeneous THF solution of (4-chloro-2Z-methoxy-3-(4-{(trifluoromethyi}benzyliquinelin-6-
vh(2 4-dimethyloxazol-3-yhmethanone (500 mg, 1.05 mmol, in 4 mL THF, Intermediate 51:
step by was introduced at -20 °C. The reaction mixture became a dark brown color and was then
placed in an ice-water bath and allowed to warm gradually to room temperature. After 45
minutes, the mixture was quenched with aguecous NH.Cl solution and extracted with EtOAC THF
{(10:2), 4 x 50 mL. The combined organics were washed with brine, dried over NapSO,, filtered
and concentrated to provide a brown oil.  Chromatography on silica gel (3% McOH-DCM
increasing o 5% MeOH-DCM) to provide the title compound as a faint amber solid. MS m/e
8.2 [M+H]". 'H NMR (400 MHz, CDCL) 8 ppm 8.15 (d, J= 2.0 Hz, 1H), 7.86 (d. /= 8.8 Hz,
1H), 7.54 - 747 (m, 3H)}, 740 {d, /= &1 Hz, 2H), 7.14 (5, 1H}, 4.35 (5, ZH}, 4.10 (s, 3H), 4.03
s, 1H}, 3.92 (s, 3H), 2.40 (s, 3H), 1.54 (s, 3H).

Example 83A: §-(4-((3-{4-(1 H-Pyrazol-I-yhbenzyD-d-chlove-Z-methoxyguinolin-6-
yhi(hydroxy}{phenyDmethyDpiperidin-i-yhethanone

Vs 11:]
\zt:,
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A solution of n-Buli (2.5 M in hexanes, §.208 mL, 0.333 mmol) was added dropwise by syringe
to a solution of 3-(4-(1 H-pyrazol-1-vlibenzyl)-6-bromo-4-chloro-2-methoxvquinoline (150 mg,
0.350 mmol, Intermediate 16) in dry THF (3.5 mL) at 75 °C. After 3 minutes, a solution of 1-
{4-benzoylpiperidin-i-vhethanone (80.9 mg, 0.350 nunol, Intermediate 523 in dry THF (3.5 mL)
was added dropwise. An additional (.5 mL of dry THF was uscd to quantitate the transfer. The
reaction mixture was stirred for 5 mumutes at —78 °C, and the flask was placed into an ice—water
bath. After 30 mioutes, water (5 mL) was added. The biphasic mixture was warmed to room
temperature then partitioned between water (25 mL) and ethyl acetate (40 mL). The lavers were
sgparated. The organic laver was dried with sodiuro sulfate. The dried solution was filtered and
the filtrate was concentrated. The residue was purified by {lash column chromatography (silica
gel, 50% ethyl acetate—hexanes initially, grading to 100% cthyl acetate} and then by reverse
phase HPLC [5% acetorutrile—water {(containing 0.05% TFA v/v) imtially, grading to 5% water
{containing 0.05% TFA v/vi-acetonitrile] to provide the title compound as a white solid. 'H
NMR (500 MHz, CDCL) 6 ppm 8.31-8.25 (m, 1H), 7.65(d, /= 2.4 Hz, 1H), 7.80-7.72 {m, 1H),
7.71-7.61 (m, 2H), 7.59-7.47 {m, 4H), 7.39-7.29 (m, 4H}, 7.27-7.19 {(m, IH), 6.46-6.40 (m,
1H), 4.76-4.62 {m, 1H}, 4.31 (s, 2H), 4.05 (5, 3H), 3.83 (t, /= 163 Hz, 1H}, 3.17-3.00 (m, 1H),
2.83-2.71 {m, 1H), 2.66-2.53 (m, 1H), 2.06 (5, 3H), 1.75-1.29 {m, 4H). MS (ESI): mass caled.

CzeHCINGOs, 580.2; m/z found, 581.2 [M+H] . This racemate was separated by chiral HPLC
{Chiralpak AD column, 250 gram, 50 mm x 21 com, cthanol eluent, 80 mi/minute, 240 nmo
wavelength) to give two enantiomers. The first eluting enantiomer was Example 83B: 'H NMR
{500 MiHz, CDCLyy 6 ppm 829 (dd, J= 8.1, 2.1 Hz, TH), 7.87-7.82 (m, 1H), 7.79-7.72 {m, 1H},
7717610 (m, 2H), 7.59-7.48 (m, 4H), 7.38-7.29 (m, 4H}, 7.26-7.18 (o, 1H)}, 6.46-6.39 (m,
1H), 4.75-4.61 {m, 1H}, 4.31 (s, 2H), 4.05 (5, 3H), 3.81 {t, /= 162 Hz, 1H}, 3.14-3.00 (m, 1H),
2.82-2.69 {(m, 1H), 2.64-2.51 (m, iH), 2.03 (s, 3H), 1.76-1.20 (m, 4H).; MS (ESH): mass
caled. CauHaCINGD:, 580.2; nvz found, 581.2 [M+H]" and the second cluting enantiomer was
Fxample 83C: 'H NMR (500 MHz, CDCL) 8 ppo 8.29 (dd, J= 8.1, 2.1 Hz, 1H), 785 (d, J =
2.3 Hz, 1H), 7.79-7.72 (m, 1H), 7.71-7.61 {m, 2H), 7.59-7.48 {m, 4H), 7.38-7.29 (m, 4H),
7.26-7.18 (m, 1H), 645640 (m, 1H)}, 475-4.60 (m, 1H), 431 (s, 2H), 4.05 (5, 3H), 3.89-3.75
{m, 1H), 3.15-2.98 (m, 1H), 2.82 -2.70 {m, 1H), 2.64-2.49 (m, 1H), 2.04 (s, 3H), 1.75-1.28 {m,
4H); MS (ESI: mass caled. CagHs:CINGDs, 580.2; m/z found, 581.2 {M+HT .
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Example 84
{3-{4-(1H-Pyrazol-1-yhibenzyl}-2 4-dichloro-§-methylquinolin-6-yB(1 -methyk- 1 H-imidazol-

S-yD{6-(trifluoromethvlpyridin-3-viimethanol

N,N\
"

A maxture of 3-{4-{1 H-pyrazol-1-vhibenzvli-6-bromo-2 _4-dichloro-R-methvlquinoline {393 mg,
N N I}I <7 o 7 M ® 1 N &

0.880 mmol, Intermediate 19: step a) and ($~-methyl- 1 H-imidazol-5-v13(6-
{triftuoromethyDpyridin-3-vlimethanone (224 mg, §.880 mmol, Intermediate 36: step ¢) in dry
degassed THF (16 mL, THF was degassed with nitrogen for 1h) was cooled to -78 °C and »-
Buli (1.6 M in hexane, 0.5 mL, 8.8 mmol} was added over 1.5 munutes. Sturing was continued
at -78 °C for 10 minutes and the dry ice bath was replaced with an ice water bath. Stirring was
continued for 1 hour afier which the reaction mixture was quenched with saturated agueous
WH4Cl solution. EtOAc was added and the layers were separated and the aqueous mixture again
extracted with EtOAc. The corbined organic exiracts were dried over MgSQy, filtered, and the
solvents were removed ander reduced pressure. Purification using flash coluron chromatography

{5% MeOH in dichloromethane) vielded the substantially pure title compound, MS (EST) 623.2.

Example 85: {3-{4-(1 H-Pyrazel-1-yhbenzyl}-2,4-dichlore-8-methyiguinolin-6-yH{4-

chiorophenyvh{1-methyi-1H-imidazol-5-vi)methanol

O

Ci
H
N /’f“\E R 'I ™y
i i
NN /[ N
~ S N( i o »N,N\\

s/
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A mixture of 3-{4-(1 H-pyrazoi-1-yhbenzyl-6-bromo-2.4-dichloro-8-methylquinoline (393 mg,
0.880 mmol, Intermediate 19: step a) and (d-chloropheny D I-methyl-1 H-imidazol-5-
vhimethanone (194 mg, 0.880 mmol, Intermediate 1: step b) in dry degassed THF (16 mL) was
cooled to -78 °C and »-Buli (1.6 M in hexane, 0.5 mL, 0.8 mmol} was added over 1.5 minutes.
Stirring was continued at -78 °C for 10 minutes and the dry ice acetone bath was replaced with
an ice water bath, Stirring was continued for 1 hour and the reaction mixture was quenched with
saturated aqueous NHLCl solution. EtOAc was added and the layers were separated and the
aquecus mixtare again extracted with EtOAc. The combined organic extracts were dried over
MgSQ,y, filtered, and the solvents were removed under reduced pressure. Purification using flash
cohmmn chromatography (5% MeOH in dichloromethane) yielded the substantially pure title

compound. MS (ESI) 588.2.

Example 86

(3-(4-(LH-Pyrazol-1-yhbenzyl)-4-chioro-2-(dicthylamino)guinolin-6-yI{(1-methyb-1 H-

imidazol-5-yD{6-(iriflnoromethyhpyridin-3-vhimethanol

A round botiorn flask was charged with 3-(4-(1 H-pyrazol-1-ylihenzyl}-6-bromo-~4-chloro-N,N-
diethylquinolin-2-amine (380 mg, 0.80% myunol, Intcrmediate 46) and (1-methyl-t H-imidazol-5-
yh{6-(iriflaoromethvhpyridin-3-yhmethanone (206 1og, 0.809 muvol, Intermediate 36, step ¢)
and was evacuated and re-filled with argon. THF (13.5 mL) was added, and the solution was
cooled tn a dry ice acetove bath for 10 muoutes. #-Buli (1.6 M in hexane, 0.506 mi., (.809
mmol), was added dropwise by syringe. The mixture was stirred at -78 °C for 30 mimates, then

in an ice water bath for 30 minutes. The reaction was quenched by addition of saturated aqueous

2
)
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MNH,CH diluted with water and extracted with EtOAc (3X). The organic phase was dried
{WNa,8Q4), filkkered, and concentrated. The residue was purified by flash column chromatography

(silica gel, 50-100% EtOAc-heptanes) to provide thetitle compound as a white foam.

Example 87A

{4-Chlore-2-methoxy-3-{(4-(irifluoromethyhbenzyDguinelin-6-vy (2 H-dimethyipyridin-3-
yh(I-methyl-1H-1,2 3-trizzol-5-yhmethanamine

A mixture of {(S)-(d-chloro-2-methoxy-3-(d-(trifluoromethylbenzyvlgoinolin-6-yi 2,6~
dimethylpyridin-3-y{ L -methyl- 1 H-1,2, 3-triazol-S-ylymethyl acetate (646 mg, 1.06 mmol,
Intermediate 53} and ammonia in MeOH (3.3 mL, 23 mmol, 7.0 M} in a sealed pressure tube was
heated at 65 °C for 18 h, and concentrated in vacuo. The residue was purified by flash column
chromatography (40 g silica gel column, 56-100% EtOAC in heptanes, and 5-10% MeOH in
CH,ClLy) to give the title compound as an oil. 'H NMR (400 MHz, CDCE) 8 8.02 (d, J = 2.02 Hz,
1H}, 7.82(d, /=900 Hz, 1H), 7.51(d, /=808 Hz, 2H), 7.37 - 7.44 (m, 3H), 7.08 {d, 7= R.02
Hz, 1H), 7.02 (s, 1H), 6.95 (d, J=&.08 Hz, 1H), 4.34 (s, 2H), 4.09 {5, 3H}, 3.94 (s, 3H}, 2.56 (5,
3H}, 2.30 €5, 3H).

Parification by chiral HPLC {Chiralcel OD, 100% MeOH) provided two pure enantiomers.
Example #78: 'H NMR (400 MHz, CDCLY 6 802 (d, J=2.02 Hz, 1H}, 7.82 (d,./=9.09 Hz,
1H), 7.51 {(d, /= 8.08 Hz, 2H), 7.37 - 7.44 (m, 3H), 7.07 (d, /= 8.08 Hz, 1H), 7.02 (s, 1H), 6.9
{(d, J=8.08 Hz, 1H), 4.34 (5, 2H), 4.09 (s, 3H), 3.94 (s, 3H), 2.56 (5, 3H), 2.52 {5, 2H}, 2.29 (s,
3H) MS w/e 567.2 (M+H) and Example 87C: 'H NMR (400 MHz, CDCL)Y 8 8.02 (d, J=2.02
Hz, 1H), 7.82{(d, /=859 Hz, 1H), 751 {(d, J=R8.08 Hz, 2H), 7.37 - 7.44 (m, 3H}, 707 (d, J =

2
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S8.08 Hz, [H), 7.02 (5, [H), 698 (d, /= 8.08 Hz, 1H), 434 (s, 2H}, 4.09 (s, 3H)}, 3.94 (s, 3H),
2.56 (s, 3H), 2.53 (s, 2H), 2.29 {s, 3H}); MS nve 567.2 (M+H]}.

Example 88A

&-{{2,6-Dimethyipyridin-3-yii(hydroxy)(I -methyi-1H-1,2 3-triazob-5-yDmethyi)-3-(4-

{trifluoromethyiibenzyl)guinoline-2,4-dicarbonitrile

A pressure tube containing (2.4-dichloro~-3-(4-(trifluoromethyhibenzyvliquinolin-6-yi} 2,6~
dimethyipyridin-3-yB{ 1 -methyl-1H- 1,2, 3-tmazol-5-yhmethanol (930 mg, 1.57 mmol,
fntermediate 56}, Pdodbaz (145 mg, 8.160 mmol}, dicyclohexyl(2' 4" 6 - tritsopropyi-[1,1-
biphenyl]-2-yhphosphine (X-Phos, 75 mg, §.16 mmol}, zine cvanide (88 mg, (.83 mmol}, and
zine nanopowder (18 mg, .28 mmol} in N, N-dimethylacetamide (11 mL} was purged with
nitrogen for 8 min, and then heated at 94 °C for 4 h. The mixture was allowed to cool to room
temperature and filtered. The filtrate was concentrated in vacao, EtOA¢ and saturated NHCl (aq)
were added. The organic layer was separated, and the aqueous layer was extracted with EtOAc.
The combined organic layers were dried (NapS(y), filtered, and concentrated. The residue was
purified by reverse phase HPLC (water/acetoniirile/0.1% TFA) fo give the title compound as a
TFA salt. 'H NMR (400 MHz, MeOD-ds) 8 837 - 8.40 (m, 1H), 8.31(d, J = 9.09 Hz, 1H), 7.80
~T88 (m, 2H), 7.70(d, J=8.08 Hz, 1H), 7.66 (d, /= 808 Hz, 2H), 7.53 - 7.57 (m, 2H), 7.21 (s,
TH), 4.75 (s, 2H), 4.00 (s, 3H), 2.77 (s, 3H), 2.65 (s, 3H)Y;, MS m/e 554.2 (M+H).

The above TFA salt was dissolved in dichloromethane and washed with saturated NaHCOx(aq).
The aqueous layer was extracted with dichloromethane. The combined organic layers were dried
{Way 50y, filiered, concentrated, and purified by chiral HPLC (Chiralpak OD-H colomn, 80%

heptanes/20% EtOH} to give two pure enantiomers,
& Iy
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FExample 888: "H NMR {400 MHz, CDCI:) 8 840 (s, 1H), 8.20(d, /=909 Hz, 1H), 7.58 - 7.68
{m, 3H), 7.52 - 7.58 (m, 2H}, 6.97 {d, J= 6.08 Hz, 1H), 6. 88 (d, J=T7.5& Hz, TH), 6.80 (s, TH),

17 {br.s., 1H}, 4.67 (5, ZH}, 3.96 {s, 3H}, 2.53 (s, 3H), 2.36 (s, 3H); MS nv/e 554.1 (M-+H}) and
Example 88C: 'H NMR (400 MHz, CDCE) 8 8.40 (d, J=2.02 Hz, 1H), 8.20(d, /= §.59 Hz,
1H}, 7.58 - 7.66 (u, 30, 7.52 - 7.57 {(m, 2H), 6.97 (d, 7= 8.08 Hz, 1H), 6.88 (d, .7=8.08 Hz,
{H), 6.81 (5, 1H), 4.96 (br. s, TH), 4.67 (s, 2H), 3.96 (s, 3H), 2.53 {5, 3H), 2.36 {5, 3H); M5 wm/e
5541 (M+H).

Example 89

feri-Butyl 3-({(4-chloro-2-ethyl-3-(d-(rifluoromethyDbenzyhguinolin-6-yhthyvdroxy)(1-

methyi-1H-1,2, 3-triazcel-5-yimethylazetidine-1-carboxylate

%ﬁm

A solution of #-Buli (2.5 M in hexanes, 0.746 mL, 1.87 mmol} was added dropwise by syringe
to a stirring solution of 6-bromo-4-chlore-2-cthyl-3-{4-(trifluoromethylbenzyliquincline (0.800
g, 1.87 mumol, Intermediate 58: step ¢) in dry THF (18 mL} at -78 °C. After § min, a solution of
tert-butyl 3-( 1-methyt-15-1,2 3-triazole-5-carbonylazetidine- 1 -carboxylate (0.604 g, 2.27 mmol,
Intermediate 59 step b} in dry THF {5 mlL} was added dropwise by syringe. After 5 min, the
flask was removed from the cooling bath and allowed to warm. After 5 min, the flask was placed
into an ice-water bath. After 20 min, water (20 mL) and cthyl acetate {100 mL) were added. The
layers were separated. The organic laver was dried with sodium sulfate and the dried solution
was filtered. Celite (5 g} was added to the filtrate and the solvents were removed by rotary
gvaporation to provide a free-flowing powder. The powder was loaded onto a silica gel column,
Elution with 30% cthyl acetate-hexanes initially, grading to 80% cthyl acetate-hexanes provided
the title compound as a yellow solid. "H NMR (500 MHz, CDCh) 8 ppro 837 (d, J= 2.0 Hz, 1H),
800 (d, /=88 Hz, 1H), 755 (s, 1H), 753 (d, /=81 Hz, 2H), 745 - 740 (m, 1H), 721 (d, J=
8.0 Hz, 2H), 450 (s, 2H), 426 - 420 {(m, 1H), 4.05-3.99 (m, 1H), 3.97 - 390 (m, 1H), 3.71 (s,

240
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3H), 3.67 - 3.60 (m, 1H}, 3.54 - 3.46 (m, 1H), 2.97 - 2.89 (m, 2H), 1.39 (s, 9H), 1.33 - 1.28 {m,
3H), 171 - 1.63 {m, 1H); MS (ESI) mass caled. for CyHyCIFaNsOy, 615.2; m/z found, 616.0
IM+HT .

Example S8A

1-(3-((4-Chloroe-2-ethy-3-{4-(rifluoromethyDbenzyDguinolin-6-yhHhvdroxy)(I-methy- 1 H-

1,2, 3-triazol-5-yhmethyviazetidin-1 -yhethanone

AR

N l,——‘

------ { Ok ]

/ ; Ny Y
N .
T SEN
O F

Trifluoroacetic acid (0.442 ml, 5.78 mmol) was added dropwise by syringe to an ice-cooled,
stirting  solution  of tert-butyl  3-({4-chloro-2-cthyl-3-{4-(irifluoromethylibenzyhquinolin-6-
yhi(hydroxyi{1-methyl~-1 F#-1,2,3-tnazol-5-vhmethyhazetidine- T -carboxylate  (0.356 g, (.578
mmoel, Example 89) in dichloromethane (2.9 mL). After 20 min, the flask was removed from the
cooling bath and allowed to warm to room temperature. After 18 b, dichloromethane (15 mb)
and saturated aqueous sodiom bicarbonate solution (10 mbL) were added i sequence. The
biphasic mixture was stirred for 18 min. The mixture was partitioned between water (10 mL) and
dichioromethane (10 mL}. The layers were separated. The organic layer was dried with sodiom
suffate. The dried solution was filtered and the filtrate was concentrated to afford an oily residue.
The residue was dissolved in dichloromethane (5.8 mL). Tricthylamine (0.401 mL, 2.89 mmol}
and acetic anhydride {(0.218 mL, 2.31 mmol} were added in sequence and the solution was heated
to 46 °C. After 2 h, the reaction was cooled fo room teroperature. Dichloromethane (50 mi} and
saturated aqueous sodium bicarbonate solution were added in sequence. The biphasic mixture
was stirred for 10 min. The lavers were separated. The organic layer was dried over sodimm
sulfate and the dried solution was filtered. Celite {4 g} was added to the filtrate and the solvents
were removed by rotary evaporation to provide a free-flowing powder. The powder was loaded
onto a silica gel column. Elution with dichloromethane initially, grading to 10% mcthanol-
dichloromethane provided the title compound as a white solid. 'H NMR {500 MHz, CDCla, 3:1

mixture of amide rotamers, * denotes minor rotamer isomer) ¢ ppm 8.44 (d, J = 2.0 Hz, 1H}),
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8.39% (d, /=21 Hz, 1H), 8.03 - 797 (m, 1H), 7.57 — 7.50 (m, 3H)}, 748 - 7.42 (m, 1H), 7.24 -

718 (m, 2H), 6.42 (s, 1H), 5.48% (s, 1H), 4.56 — 4.46 (m, 2H), 443 - 4.36% {(m, IH), 436 -
431% {m, 1H), 4.26 — 419 (m, 1H), 419 —4.13 {m, iH), 4.07 - 399 (m, 1H), 3.81 - 3.62 {m,
4H), 3.61 = 3.46 (m, 1H), 2.97 - 290 (m, 2H), 1.81* (s, 3H), 1.58 (s, 3H), 1.35 - 1.26 (m, 3H);
MS (EST): mass caled. for CagHyyCIF Ny, 557.2; nv/z found, 558.0 [M+H] .

1-{3-{{4-chloro-2-cthyl-3-(4-(rithuoromethylbenzyhiquinelin-6-yhithydroxy ) -methyl-1 H-
1,2,3~triazol-S-yhmethylazetidin-1-yhcthanone was purified by chiral SFC [Chiraccl OD-H
column, 5 um, 250 mm x 20 mm, mobile phase: 60% carbon dioxide, 40% cthanol {containing
0.3% diisopropylaming)] to give two cnantiomers. The first cluting cnantiomer was Example
6B 'H NMR {300 MHz, CDCls, 1.5:1 mixture of amide rotamers, * denotes minor rotamer) 8
ppm 841 (d, /=20 Hz IH), 837*% (d, /= 2.0 He, [H), 8.01 (d, J= &8 Hz, 1H), 7.59 (s, 1H),
TE3{d, J=81Hz, 2H), 7518 (4, J=R0 He, 2H), 747 - 742 {(m, 1H), 7.21 {4, 7= 79 Hz, 2H},
TAB*A(d, J=7.9 Hz, 2H), 5.66 (5, 1H), 5.22% (s, 1H), 4.50 (s, 2H), 4.48% (s, 2H), 4.42 - 4.35% (m,
1H), 4.34 - 4.28% (m, 1H}, 4.23 - 4.08 (m, 3H), 4.04 - 3.98% (m, 1H), 3.81 - 3.67 (m, 4H}, 3.63 -
3.48 (m, 1H), 2.98 - 288 (m, 2H), 1.83 (s, 3H), 1.76% (s, 3H), 1.34 ~ 1.26 (m, 3H); MS (ESI:
mass caled. for CosHpCIFNsO,, 557.2; nvz found, 5582 [M+H] and the sccond cluting
enantiomer was Example 90C: "H NMR (500 MHz, CDCl, 1.5:1 mixture of amide rotamers,
denotes minor rotamer) & ppim 8.42 (d, /= 2.0 Hz, 1H), 838% (d,J=2.1 Hz, 1H), §.03 - 7.98 {m,
TH), 7.58 (s, 1H), 7.53 (d, J = 8.1 Hz, 2H), 7.51%(d, .7 = 7.9 Hz, 2H), 748 - 743 (m, 1H), 7.21
(4,7 =80 Hz 2H), 7.18% (d, J= 8.0 Hz, 2H), 5.95 (s, 1H}, 5.51* (s, T1H), 4.50 (s, 2H}, 4.48* (s,
2H), 4.41 - 4.36% (m, 1H)}, 4.35-4.31% {(m, [H), 422 - 410 (m, 3H), 4.04 - 3.99% (m, 1H}, 3.80 -
3.67 {m, 4H}, 3.62 - 3.56% (m, [H), 3.56 - 349 {m, 1H), 2.93 (cipp p, J =75 Hz, 2H), 1.83 (s,
3H), 1.75% (s, 3H), 1.33 - 1.27 (m, 3H); MS (ESI): mass caled. for CugHprCIFNs(y,, 557.2; m/z
found, 558.2 [M+HT .

Example 91A

{(4-Chioro-2-ethyl-3-(4d-{trifluoromethyDbenzyiiquinelin-6-yH{(I-methy-1#H-1,2,3-triazol-5-
vh{I-(methylsulfonyhazetidin-3-yhmethanol
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Triftuoroacetic acid (0.511 mL, 6.67 mmol) was added dropwise by syringe 1o an ice-cooled,
stirting  solution  of tert-butyl  3-({4-chloro-2-cthyl-3-{4-(irifluoromethylibenzyhquinolin-6-
yhi(hydroxyi{1-methyl-1 FH-1,2 3~tnazol-5-yimethylQazetidine- 1 carboxylate  {(0.411 g, 0.667
mmoel, Example 89) in dichloromethane (3.3 mL). After 20 min, the flask was removed from the
cooling bath and allowed to warm to room temperature. After 18 h, dichloromethane (15 wl)
and saturated aqueons sodium bicarbonate solation (10 mb) were added in sequence. The
biphasic mixture was stirred for 10 min. The mixture was partitioned between water (10 mL) and
dichloromethane (10 mL}. The layers were separated. The organic layer was dried with sodinm
sulfate. The dried solution was filtered and the filtrate was concentrated to afford an off-white
solid. The solid was dissolved in dry dichloromethane (6.1 mL). The resulting solution was
cooled in an ice-water bath, Tricthvlamine (8.257 mL, 1.85 mmol} and methancsulfonyl chiornide
(8.072 ml, .924 mmol) were added in sequence. After 25 min, dichloromethane (50 mL) and
water (25 mL} were added. The layers were separated. The aquecus layer was extracted with
dichloromethane (15 mL}. The organic layers were combined and the combined solution was
dricd with sodium sulfate. The dried solution was filtered. Celite (5 g} was added to the filtrate
and the solvents were removed by rotary cvaporation to provide a free-flowing powder. The
powder was loaded onto a silica gel column. Elution with dichloromethane initially, grading to 7%
methanol-dichloromethane provided the title compound as a white solid, which was not pure.
Additional purification by rp-HPLC (H,O/acetonitrile/TFA) followed by partitioning between
dichloromethane and saturated aqueous sodium  bicarbonate solution to ncutralize any
ammonium salts provided the title compound as a white solid. 'H NMR (400 MHz, CDCL) 8
ppm 838 {(d, .J = 2.0 Hz, 1H), 8.02 {(d, /= 8.8 Hz, 1H), 7.54 (d, /= &1 Hz, 2H), 749 (s, 1H},
7.44 — 7.40 {(m, 1H), 721 (d, /= 8.0 Hz, 2H), 525 (s, IH), 4.51 (5, ZH}, 4.27 — 4.08 (m, 3H},
3.72 (s, 3H), 3.63 — 351 {m, 2H), 2.99 — 2.87 (m, 5H), 1.35 — 1.27 (m, 3H); MS (E5I}): mass
caled. for CorH»CIFN:0:8, 593.1; mv/z found, 594.0 [M+H}+.
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{4-Chloro-2-ethyl-3-(4-(trifluoromethyhbenzyhquinolin-6-y{(1 -methyl-1 -1 .2, 3-trigzol-5-y1¥ 1 -
{mcthyisulfonyhazetidin-3-yhmethanol was purified by chiral SFC (Chiralpak AD-H column, 3
wm, 250 mm x 20 mm, mobile phasc: 75% carbon dioxide, 25% isopropanol} to give two
cnantiomers. The first cluting cnantiomers was Example 91B: '"H MR {400 MHz, CDCI) 8
ppm 836 (d, J= 2.0 Hz, 1H), 8.03 (d, /= 8.8 Hz, [H), 7.57 (s, 1H), 7.54 {d, 7 = 8.0 Hz, 2H),
T4 {dd, J=88, 2.1 Hz, 1H), 721 (d, J=7.9 Hz, 2H), 4.51 {5, 2H}, 4.28 - 4.22 (m, 1H), 4.17 -
4.09 (w, 2H), 3.90 {s, 1H), 3.73 (s, 3H), 3.67 ~ 3.54 (u, 2H), 295 - 2.90 (m, 2H), 2.89 (s, 3H),
1.34 - 128 {m, 3H);, MS (ESI: mass caled. for CypyHClFaNsG:S, 5931 w/z found, 594.0
IMHH] and the second eluting enantiomer was Example 91C: 'H NMR. (400 MHz, CDCL) &
ppm 8.36 (d, /= 2.0 Hz, 1H}, 8.03 (d, J= 858 Hz, 1H), 7.59 (s, IH), 7.54 {d, J = 8.0 Hz, 2H},
743 - 7.3% (m, 1H), 7.21 (d, 7= 8.0 Hz, 2H), 4.51 (s, 2H), 4.30 - 4.23 (m, {H), 4.15 - 4.07 {0,
2HY, 373 (s, 3H), 3.69 - 3.55 (m, 3H), 2.99 - 2.90 (o, 2H), 2.89 (s, 3H), 1.33 - 1.28 {tm, 3H); MS
{EST): mass caled. for CorHarCIFaNSOLS, 593.1; nv/z found, 594.0 [M+H]

Example 92A
{Z-{ Azetidin-1-yi}-4-chloro-3-(4-(triflusremethy Dbenzyliquinolin-6-yH(I-methyl- 1 H-
imidazol-S5-yH(6-(frifluoromethyDpyridin-3-yDhmethanol

To a 75 mL sealed tube was added (2.4-dichloro-3-{4-(irifluoromethyDbenzyhquinolin-6-yhHi{ 1 -
methyl-1H-imidazol-S-yI}6-(triffuoromethvljpyridin-3-yhmethanol (250 g, 409 mmol,
intermediate 60), azetidive (.83 mil, 123 mmol} and dimethylformamude (30 mb). The
reaction vessel was sealed and heated in a 100 °C oil bath. After overnight heating, the vessel
was cooled and contents transferred to a separatory funnel with ethyl acetate dilution. The
organic phase was extracted with a saturated, aqueons ammonium chiloride solution and
deionized water. The organic phase was separated, dried over magnesium sulfate, filtered and
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gvaporated to dryness under reduced pressure. Chromatography on silica gel (dichloromethane
increasing to 10% (M ammonia in mcthanol) in dichloromcthance)) provided the title
compound. MS (ESI): mass caled. for CHuCIFNsO, 631.16; nvz found, 632.5 [M+H]". 'H
WNMR (600 MHz, Chloroform-d} 8 8.81 (d, /=22 Hz, 1H), 8.05(d, J=2.1 Hz, 1H), 7.87 {dd, J
=§.3,2.2 Hz, 1H), 7.70 (d# J=88 Hz, [H), 7.60{(d, J=83 Hz, 1H), 7.52 (4, /=8.0 Hz, Z2H),
746 {dd, J=8.8,2.2 Hz, 1H),7.21 (4, 7=80H=z, 2H), 7.09(d, J= 1.1 Hz, iH), 6.19(d, J= 1.1
Hz, 1H), 4.32 (3, 2H), 4.13 (1, J= 7.7 Hz, 4H), 3.31 {5, 3H), 2.29 - 2.20 (m, 2H).

Racemic (2-(azetidin- | -vl}-4~chloro-3-{(4-(trifluoromethylbenzyhquinohin-6-yH( | -methyl- 1 H-
imidazol-5-vh{6-{trifluoromethylipyridin-3-yhmethanol was purified via chiral SFC (Stationary
phase: CHIRALPAE AD-H Spm 250x20mm, Mobile phase: 60% CO2, 40% mixture of
MeOH/PrOH 50/50 v/v) to provide two enantiomers: Example 92B: M3 (EST: mass caled. for
CaHoCIFgNO, 631.16; m/z found, 632.5 [M+H]". HNMR {400 MHz, Chloroform-d} & 8.79
(d,.J=21Hz 1H), 8.05(d, /=21 Hz, 1H), 7.66 (dd, /= &2, 2.2 Hz, 1H), 7.69 (d, .7 = 8.8 Hz,
TH)Y, 7.61 (d, =82 Hz, 1H), 752 (d, /=& 1 Hz, ZH), 746 {dd, /= 8.8, 2.1 Hz, 1H), 7.20(d, J
= 8.0 Hz, 2H), 708 (s, TH), 6,18 (s, TH), 431 (3, 2H), 413 (¢, /= 7.6 Hz, 4H), 331 (s, 3H), 2.24
{p, J = 7.5 Hz, 2H}, and Example 82C: MS (ESD): mass caled. for CaHoyClHFgNSO, 631.16; vz
found, 632.5 IM+HT . TH NMR (400 MHz, Chioroform-d) §&.79(d, J= 2.4 Hz, IH), 8.05(d,./
2.1 Hz, 1H), 7.86 (dd J=82,22Hz 1H), 7.69 (d = 8.8 Hz, 1H), 7.61 (dd, J=§2,08Hz,
1H)}, 7.52(d, /= 8.1 Hz, 2H), 746 {dd, /= 8.8, 2.2 Hz, 1H), 7.20(d, J = Hz, 2H), 7.08 (s,
1H), 6.18(d, 7= 1.2 Hz, 1H),4.31 (5, 2H), 4.13 (1, J= 7.6 Hz, 4H), 3.30 (5, 3H), 224 (p, / =
Hz, 2H).

Fxample 93

{4-Chlore~-2-methoxy-3~{4-(iriflvoromethyhbenzyDguinolin-&-yDbis(1, 2-dimethyi- 1 H~
imidarol-S-yimethanol
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n-Buli (2.66 M in hexanes, 8.963 mL, 2.56 mmol) was added dropwise to a stirred shirry of §-
bromo-1,2-dimethyl-1H-imidazole (470 mg, 2.68 mmol} in THF (7 mL} at ~-70 °C under argon.
After stivring for another 7 mun, the shurry was treated dropwise over 5 min with a solution of
methyl 4-chloro-2~-methoxy-3-(4-(triffuoromethviibenzyliquinoline-6-carboxylate (500 mg, 1.22
mmol, Intermediate 64) in THF (6 mL}. The reaction was stirred in the dry ice/acetone bath for
another 10 min, then removed from the ¢old bath and stirred for 6 min, then stivred in an ice bath
for 2 min, then quenched with 5 M NHCL{0.77 mL, 3.85 mumol} to give an orange solution. The
reaction was dried {Na,S5Qy), filtered, and concentrated, and the residue was purified by silica
flash column chromatography (0-10% MeOH/DCM) to provide the title compound. 'H NMR
{400 MHz, CDCl3 0821 (d, /=197 Hz 1H)}, 7.68 {d, /= 8.59 Hz, 1H), 7.52 (d, /= 8.08 Hz,
2H}, 7.37 - 744 {(m, 3H), 6.19 (s, 2H), 4.90 (br s, 1H}, 433 (s, 2H}, 4.06 (s, 3H)}, 3.41 (s, 6H},
2.30 {5, 6H); MS nv/e 570.2 (M+H).

Example 94A

{4-Chlore-2-methoxy-3-((6-(irifluoromethyhpyridin-3-yDmethyDguinolin-6-yH{1-methyl-

P -imidazol-S-yh{6-(triffuoromethvlipyridin-3-yiimethanol

E

FoF
M= TN
N~ P
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™
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A solution of n-Buki (2.5 M in hexancs, 2.75 mL, 6.88 mmol} was added drop-wise by syringe
o a sohution of &-bromo-4-chloro-2-methoxy-3-{(6-(trifluoromethylpyridin-3-
vhmethyhquinolone (3.00 g, 6.95 mumol, Intermediate 65: step ¢) indry THF (35 mbL) ina dry
icc-acctone  bath.  After 1.5 min, a solution of I-methyl-1H-imidazol-3-y1}{6-
{trifluoromethyhpvridin-3-ylimethanone (1.69 g, 6.61 mmol, Intermediate 36: step ¢} in dry

THF (25 mL} was added drop-wise via syringe.  An additional 10 mL of THF was used to
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complete the guantitative addition. The reaction mixture was stirred for 7 minutes in the dry ice-
acetone bath, then placed into an ice-water bath, Afier 10 mun, the ice-water bath was removed
and the mixtare was allowed to warm to ambient temperature. The reaction was quenched with
saturated aqueous ammoniumm chloride and the mixture was partitioned between water and DCM.
The layers were separated and the aqueoous phase was further extracted with DCM.  The organic
phase was dried (Nay;S0,), filtered, and concentrated to dryness. The crude product was purified
by flash column chromatography (silica gel, 0-5% MeOH-DCM) to provide the title compound.
"H NMR {400 MHz, CDCLY 8 8.81 (d, J=2.1 Hz, 1H), 8.71 (4, J=2.1 Hz, 1H), 8.17(d, J=2.1
Hz, 1H), 788 (ddd, J=8.3,24, 09 Hz, TH), 781 (d, /=88 Hz, 1H), 776 (ddd, J=82,22, 1.0
Hz, 1H), 7.62 ¢dd, 7= 8.2, 0.9 Hz, 1H), 7.58 - 7.54 {m, 2H), 717 — 715 (m, 1H}, 6.71 {5, IH},
6.22(d, J= 1.2 Hz, 1H), 434 (s, 2H), 4.08 (s, 3H), 3.32 (5, 3H), MS m/e 608.0 (M+H).

Example 94A was purified by chiral SFC (ChuralPak AD, 75:25 COy/cthanol} to provide two
pure cnantiomers, The first cluting cnantiomer Example 948: 'H NMR (400 MHz, CDCL) §
8.80(d, J=22Hz, [H), 872 =870 (m, {H), 817 - 8.15 (o, 1H), 7.91 - 7.88 (m, [H), 7.81 {dd,
J=28.7,06He, 1H), 7.78 = 7.73 u, 1H), 7.65 (dd, J =83, 0.8 Hz, 1H), 7.58 — 7.54 (m, 2H},
7.25 (s, 1H), 6.29(d, J= 1.2 Hz, 1H), 5.71 {s, 1H)}, 4.34 (s, 2H), 4.08 (s, 3H), 3.34 (s, 3H). M3
w/e 608.1 (M+H) and the second eluting enantiomer Example 94C: 'H NMR (500 Mz, CDCL)
d8.R0(d, J=23Hz, {H), 872, J=2.0Hz H), 815, J=21 Hz, 1HL 791 - 7.88 {m, {H),
TR2{d, J=8.6 He, 1), 7.77 - 7.74 (m, 1H), 7.65 (d, J= 83 Hz, IH), 7.58 - 7.54 (m, 2H), 7.29
{s, 1H), 6.33 (s, 1H)}, 5.22 (s, 1H), 434 (s, 2H}, 4.08 (s, 3H), 3.35 (s, 3H). MS m/e 608.1 (M-+H).

Example 98

{4-Chlpro-2-methoxy-3-{d-(frifluoromethyhbenzyhquinolin-6-yH(d-chlorophenvii(i-

methyli-1 H-imidazolk-5-yimethanel
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A solution of n-Buli (2.5 M in hexancs, 4.6 mL, 11.5 mmol} was added drop-wise by syringe to
a solution of 6-bromo-4-chloro-2-methoxy-3-(4-(trifluoromethyi}benzyliquinoline (5.0 g, 11.6
mmol, Intermediate 47: step d) in drv THF (58 mL) in 8 dry icc-acetone bath. After | min, a
solution of (4-chlorophenvl){i-methyl-1 H-imidazol-5-ylimethanone (2.6 g, 11.6 mmol,
Intermediate 1: step b) in dry THF (58 mL} was added drop-wisc via syringe. An additional 10
mk of THF was used to complete the guantitative addition. The reaction mixture was stisred for
5 nunutes in the dry ice-acetone hath then placed into an ice-water bath,  After 10 minutes, the
ice-water bath was removed and the nuxture was allowed 1o warm to ambient temperature. The
reaction was quenched with saturated agoeous ammoniurn chloride and the muxture was
partitioned between water and DCM.  The layvers were separated and the agueous phase was
further extracted with DCM.  The organic phase was dried (Na;SOy), filtered, and concentrated.
Crude product was purified by flash column chromatography (silica gel, 8-3% McOH-DCM; to
provide the title compound. 'H NMR (400 MHz, CDCL)Y 3 8.12(d, J= 2.1 Hz, 1H), 7.77(d, J =
8.7 Hz, 1H), 7.53{(dd, J= 8.8, 2.1 Hz, 1H), 7.51 - 747 {(m, 2H), 7.40 - 7.36 {m, 2H), 7.28 - 7.32
{m, 4H), 7.23 - 7.21 (m, 1H), 629 (d, J= 1.2 Hz, 1H), 5.06 (s, 1H), 4.32 (s, 2H), 4.07 (s, 2H),
3.33 (s, 3H). MS w/e 572.0 (M+H).

Example %6

6-{{4-cvanophenyhthydroxy ) -methyv-1 H-imidazol-5-vmethyi)-2-methoxy-3-(4-

{triftuoromethyvhbenzyDguinoline-4-carbonitrile
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{(4-chloro-2-methoxy-3-(4-(trifluoromethyl}benzyiquinolin-6-yi}{4-chiorophenyi}{ 1 -methyl-1 -

imidazoi-3-yhmethanol (2.8 ¢, 4.9 mmol, Example 95), zinc cyanide {1.7 g, 9.9 mmol}, zine
dust (2.6 mg, 1.3 mmol}, X-Phos {457.8 mg, 1.0 mumol}, and Pdydba); (457 mg, 0.5 mmol)
were charged to a round-bottom flask. The flask was cvacuated and back-filled with nitrogen.
Dimethylacctamide (34 mL) was sparged with argon and added to the mixture. Argon was
bubbled through the reaction mixture for | minute then the flask was sealed and put under a
positive pressure of nitrogen. The reaction mixture was stirred and heated at 120 °C overnight.
The mixture was allowed to cool to ambicnt temperature, filtered through Celite®, and rinsed
with e¢xcess DCM,  The filtratc was washed with saturated aqucous sodium bicarbonate, the
iavers were scparated and the aqueous layer was extracted with DCM. The combined organic
layers were dried (NapySOy), filtered, and concentrated to dryness. The crude product was
purified by flash column chromatography (silica gel, 0-5% MeOH-DCM) to provide the title
compound. 'H NMR (400 MHz, CDCL) 8 8.18 - 8.15 (m, FH), 7.82 - 7.78 {m, 1H), 7.66 - 7.61
(m, 2H), 7.57 - 7.51 (m, 4H), 7.51 - 7.44 (m, 3H), 7 746 (m, 1H), 631 (s, 1H), 6.27(d, J=
1.1 Hz, 1H), 4.37 (s, ZH), 4.10 (s, 3H), 3.33 (s, 3H). MS nve 554.2 (M+H).

Example 96A was purified by chiral SFC (ChiralPak IC, 60:40 CO,/isopropancl (0.3%
isopropvlamine)} to provide two pure enantiomers. The first eluting cnantiomer Example 96B:
"H NMR (300 MHz, CDCl:) 8 8.16 — 8.14 (m, 1H), 7.80 (d, /= 8.8 Hz, 1H), 7.67 — 7.64 (m, 2H),
56 —7.52 (m, 4H), 750 (dd, S=8.8, 2.1 Hz, 1H), 748 - 7.44 (m, 2H), 634 (d, /= 1.1 Hz, 1H]),
535 (s, [H), 437 (s, ZH), 4.10 (s, 3H), 3.35 {5, 3H). MS m/c 554.2 (M+H) and the sccond
cluting enantiomer Example 96C: 'H NMR (500 MHz, CDCh) § 8.15(d, J= 2.1 Hz, 1H), 7.80
(d, J=8.8 Hz, 1H), 7.67 - 7.63 (m, ZH), 7.57 - 7.52 {m, 4H), 749 {dd, 7= R.E, 2.1 Hz, 1H), 7.48
— 744 {(m, 2H), 7.24 (d, J= 13 Mz, 1H), 6324, J= 1.1 Hz, 1H), 5.54 (5, 1), 4.37 (5, 2H}, 4.10
{s, 3H}, 3.35 (s, 3H). MS m/e 554.2 (M-+H).

7
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Example 97A

1-{3-{{4-Chloro-2-methoxy-3-{4-{Iriflusromethyhbenzyhguinclin-6-vii(hyvdroxy)(1-methyi-

1H-1,2,3-trigzob-5-vmethyiazetidin-1-yljethanone

To a flask containing azetidin-3-vi{4-chloro~-2~-methoxy-3-{4-(trifluoromethyhenzyhquinolin-6-
yh{T-methyi-1H-1,2,3-triazol-5-vlimethanol (140 mg, 0.27 romol, Iatermediate 66: step d) was
added dichloromethane {8 mL) which gave a suspension at room temperature. EGN (0,13 mL,
8.9 mmol) was added, followed by acetic anhvdride (8.3 mL, (.32 mmol). After stirring at room
temperature for 4 h, more EN (200 pl) was added along with more acetyl chloride (25 pl) and
the suspension was heated to 35 "C for 18 h. The reaction was quenched with the addition of IN
MNaOH (2 mL} and water {5 mL). The aqucous portion was extracted with dichloromethane (3 x
25 mL}. The combined organics were dricd over MgSOy, filtered and concentrated. The crude
material was chromatographed on silica gel (539 MeOH-dichloromethane) to give the tile
compound (88 mg) as an off white solid. 'H NMR (500 MHz, CD:CN, racervate) 8 8.25 (dd, J=
14.0, L9 He, TH), 774 (dd, J= 8.7, 2.6 Hz, 1H), 766 (d, J =44 He, 1H), 7.58 - 7.49 {m, 2H),
7.48 - 733 (m, 3H), 5.17 (s, .5H}, 5.06 (s, 0.5H), 443 - 428 (m, 3H), 422 - 410 (m, 1H), 4.07 -
398 (m, 4H), 393 (dd, /=99, 6.0 Hze, 1H), 3.82(dd, J=9.1, 5.6 Hz, 1H), 3.72 {1, /= &6 Hz,
1H}, 3.65 - 3.48 (m, SH). MS (ESD 560.1 [M+H] .

The raceroic material was resolved using SFC (Stationary phase: CHIRALCEL OJ-H Spm 250 x
283 mm), Mobile phase: 70% CO,, 30% MeOH (0.3% PrNH,), vielding Example 978: the first

enantiomer eluted and Example 97C: the second enantiomer ehated.

2
N
<



WO 2014/062658 PCT/US2013/065013

IN VITRO BIOLOGICAL DATA

ThermoFluor® Assav

<

ThermoFluor® is a fluorescence based assay that estimates ligand binding affinities by
measuring the effect of a ligand on protein thermal stability (Pantoliano, M. W, Petrella, E. C.,
Kwasnoski, J. D, Lobanov, V. S., Myslik, 1., Graf, E., Carver, T., Asel, E., Springer, B. A,
Lane, P., and Salemme, F. R, (20013 High-density mintatorized thermal shift assays as a general
strategy for drug discovery. J Biomol Screen 6, 429-44, and Matulis, D., Kranz, J. K., Salenine,
F. R., and Todd, M. §. (2005} Thermodynamic stability of carbonic anhydrase: measurements
of binding affinity and stoichiometry using ThermoFluor. Biochemistry 44, 5258-66). This
approach is applicable to a wide variety of systems, and rigorous in theoretical interpretation

through quantitation of equilibrium binding constants (Kp).

In a ThermoFhor® experiment where protein stability is monitored as the temperature is steadily
increased, an equilibrivm 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 compared as a
rank order of either AT, values at a single compound concentration or in terms of Kp values,

gstimated from concentration response curves,

RORByt 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_001001523.1 (SEQ 1D NO: 1), Nucleotides 850-1635 (SEQ 1D NO:2) coding for
the wild type human RORyt ligand binding domain (RORyt LBD) were cloned into the pHIST
veetor, a modified pET £ cofi expression veoctor {Accelagen, San Dicgo), containing an in-frame

MN-terminal His-tag and a TurboTEV protease cleavage site (ENLYFQG, SEQ ID N(O:3)

2
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upstream of the cloned insert sequence. The aming acid sequence for the RORyt construct used

in the Thermofinor assay is shown as SEQ 1D NOG:4,

ThermoFiuor® experiments were carried out using instruments owned by Janssen Rescarch 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
biack 384-well polypropylene PCR microplates (Abgenc) and overlayed with sificone oif (1 uL,

Floka, type DC 200} to prevent evaporation.

Bar-coded assay plates arc 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.
Fluorcscence was measured by continuous iHumination with UV light (Hamamatsu LC6)
supplied via fiber optic and filtered through a band-pass filter (380-400 nm; >6 OD cutoft).
Fluorcscence emission of the entire 384-well plate was detected by measuring light intensity
using a CCD camera {Scnsys, Roper Scientific) filtered to detect 500 £ 25 nim, resulting in
simultancous and independent readings of all 384 wells, Images were collected at cach
temperature, and the sum of the pixel intcnsity in a given arca of the assay plate was recorded
versus temperature. Reference wells contained RORyt without compounds, and the assay
conditions were as foliows:

0.065 mg/mL RORyt

60 uM 1,8-ANS

OO0 mM Hepes, pH 7.0

F0 mM Na('l

2.5 mM GSH

0.002% Tween-20

Project compounds were arranged in a pre-dosed mother plate {Greiner Bio-onc) wherein
compounds are serially diluted in 108% DMSO by 1:2 from a high concentration of 10 mM over

12 columns within a series (column 12 is a reference well containing BMSQO, no compound).

The compounds were robotically dispensed directly into assay plates (1x = 46 nl) using a

252
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Hummingbird capillary liguid handling instrument (Digilab). Following compound dispense,
profein and dye in buffer was added to achieve the final assay volume of 3 pL, followed by | gl

of silicone o1l

The binding affinity was estimated as described previously (Matulis, D, Kranz, §. K., Salemme,
F. R, and Todd, M. }. (2005} Thermodynamic stability of carbonic anhydrase: measurements of
binding affinity and stoichiometry using ThermoFluor®. Biockemistry 44, S258-66) using the

following thermodynamic parameters of protein unfolding:

N

Reference RORyt 7, 47.8 °C
AHprm = 115 keal/mol

ACyrmy = 3 keal/rool

CELL BASED BIOLOGICAL DATA

RORyt Reporter Assay

A reporter assay was uscd to test functional activity of RORyt modulatory compounds on
transcriptional activation driven by the RORyt LBD. Cells used in the assay were co-transfected
with two constructs. The first construct, pBIND-RORyt LBD, contained the wild type human
RORyt LBD fused to the DNA binding domain of the GAL4 protein. The sccond construct,
pGL4A.31 (Promoega Cat no. C935A), contained wultiple GAL4 responsive DNA elements
upsiream of firefly luciferase.  To generate a background control, cells were sumilarly co-
transfected with two constructs, but in the first construet the AF2 amino acid motif in the RORyt
LBD was changed from LYKELF (SEQ ID NO:5) to LFKELF (SEQ 1D NO:6). The AF2
mutation has been shown to prevent co-activator binding to the RORyt LBD, thus preventing

transcription of fircfly luciferase. The mutant construct was called pBIND-RORyt-AF2.

For the RORyt constructs used in the reporter assay, numbering for the nucleotide sequences was
also based on the reference sequence for homan RORyt, transcript variant 2, NCBI Accession:

NM G01001523.1 (SEQ ID NO:). For the wild type human RORyt LBD construct, pBIND-

2
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RORyt LBD, nucleotides §30-1635 (SEQ ID NO:2) coding for the wild type human RORyt LBD
were cloned into EcoRE and Notl sites in the pBIND veector (Promega cat. No E245A3. The
pBIND vector contains the GAL4 DNA Binding Domain (GAL4 DBD) and the reniila luciferase
gene under control of the SV40 promoter. Renilla luciferase expression serves as a control for
transfection efficiency and cell viability. For the background control construct, pBIND-RORyt-
AF2, the AFZ domain of RORyt LBD was matated using the Quik Change I Site Dirccted
Mutagencesis System {Stratagene Cat. No. 2005193, The nucleotide sequence coding for the
RORyt LBD sequence with the mutated AF2 domain 15 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 D 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 § ug pGL4.31 (Promega Cat no. U935A)
using Fugene 6 {(Invitrogen Cat no. E2691) 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 transtfection, cells were
plated into 96-wel plates at 50,000 ccls/well in phenol-red free DMEM containing 5% Lipid
Reduced FCS and Pon/Strep. Six hours after plating, cells were treated with compounds for 24
hours. Media was removed and cells were lysed with 50 uL 1x Glo Lysis Buffer (Promega).
Dual Glo Luciferase Reagent (50 uL/welly was then added and firefly huciferase luminescence
was rcad on an Envision after a ton minute incubation. Finally, Stop and Glo reagent (50
ul/wel) was added and renilla lhuciferase luminescence was read on an Envision after a ten
minate incubation. To calenlate the effect of compounds on RORyt activity, the ratio of firefly to
renilla fuciferase was determined and plotted against compound concentration. Agonist
compounds increase RORyt-driven luciferase expression, and antagonist or inverse agonist

compounds deerease haciferase expression.

Human Thl7 Assay

The human Th17 assay tests the effect of RORYt modulatory compounds on {L-17 production by

CD4 T cells under conditions which favor Thi7 differentiation.
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Total CD4™ T cells were isolated from the peripheral blood mononuclear cells (PBMC) of
healthy donors using a CD4™ T cell isolation kit U, following the manufacturer’s instructions
(Miltenyi Biotec). Cells were resuspended in a medium of RPMI-1640 supplemented with 10%
fetal hovine serumn, penicillin, streptomycin, glutarnate, and f~-mercaptoethanol and were added
to 96-well plates at 1.5x10° per 100 uL per well. 50 pl of compound at tirated concentrations
in DMSO were added into cach well at final DMSO concentration at 0.2%. Cells were incubated
for 1 bour, then 50 pl of Thi7 cell differentiation mednmm was added to each well. The final
concentrations of antibodies and cyiokines (R&D Systems) in differentiation medium were:
3x10%/mL anti-CD3/CD2& beads (prepared using human T cell activation/cxpansion kit, Miltenyi

Biotec), 10 pg/ml anti-IL4, 10 pg/ml anti-IFNy, 10 ng/mU ILIB, 10 ng/mL IL23, 50 ng/mL 116,

[F8)

ng/mb TGFR and 20 U/mbL 1L2. Ccelis were cultured at 37 °C and 3% CO; for 3 days.
Supernatants were collected and the accumulated IL-17 in culture was measured by using
MULTESPOT®R Cytokine Plate following manufacture’s instruction {Meso Scale Discovery}.
The plate was read using Sector Imager 6000, and 1L-17 concentration was extrapolated from the

standard curve. The ICS0s were determined by GraphPad.

Table |
RORyt reporter
Exampie ThermoFuor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd puM Assay, G uM @ & M Assay, IG5 uM
i 0.018 0.35 72 0.59
2 0.017 0.05% 70 ND
3 0.032 >6 30 ND
4 0.0077 ) 46 ND
5 0.011 0.057 117 0.066
5 0.015 ~2 36 ND
7 0.04 >6 32 N
& 0.043 £.068 103 0.079
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Table 1, continued

PCT/US2013/065013

RORyLreporter
Example ThermoFiuor® RORyt raporter Assay, % inhibition Human Thi7
Number Assay, Kd pM Assay, il uM @ 6 uM Assay, gy uM

g 0.00083 0.0065 85 0.085
10 0.089 2.3 77 ND
11 0.075 0.16 104 0.3
i 0.016 ~7 77 ND
i3 0.031% ~1 70 ND
i4 3.091 0.56 74 ND
15 0.0043 0.013 104 0.024
i6 0.0066 0.038 104 0.054
17 0.31 0.38 96 1.2
i8 (.0045 >6 41 ND
i9 0.0027 6.6 57 ND
204 0.0038 0.026 101 0.015
208 0.0014 0.047 130 0.039
20C 0.0053 £.06 102 0.068
21 0.0061 0.036 103 ND
22 (.0028 0.091 96 0.016
23 0.004 0.014 g5 0.15
24 0.75 »6 35 ND
25 0.44 0.33 87 0.38
26 0.22 (.48 85 ND
27 (.085 £.29 g7 0.3
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Table {, continued
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Example

ThermoFluor®

RORyt reporter

RORyt reporier
Assay, % inhibition

Human Thi7

Number Assay, Kd uM Assay, 1o uM @ & pi Assay, 5o uM
28A (3.053 0.18 100 g.2
288 1.6 11 30 ND
28C .0058 0.087 97 0.066
254 (1.0048 0.091 96 N
298 0.083 0.13 102 0.18
29C (.0049 0.081 a7 0.09
30 0.0022 0.025 98 0.063
31 (3.064 .19 103 0.28
32 (0.033 .11 103 1.8
33a 0.043 .19 101 0.14
33B .81 0.67, -4 87 ND
33¢C 0.02 0.073 99 0.067
34 0.25 0.46 101 1.8
35A 0.008 0.16 97 0.3
35B 0.07 0.17 99 0.074
35¢C (.005 0.088 g7 0.051
364 0.04 .18 98 0.1
36B 0.4 0.74 62 ND
360 0.011 .1 101 0.066
374 0.0078 £.028 160 0.12
378 0.044 0.16 a9 0.11
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Table {, continued
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RORyt reporier
Example ThermoFiuor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ & pi Assay, 5o uM
37¢C 0.0035 0.11 102 0.15
38 (.003% ~“{.007 33 ND
39 0.021 0.057 97 ND
40 0.02 0.31 90 0.25
41 0.029 0.12 167 0.2
43 0.36 0.18 a6 ND
43 (0.049 0.059 112 0.089
44 (3.015 0.057 36 0.082
45 (.068 .13 103 0.1
46 0.022 0.052 89 ND
47 0.14 0.17 102 0.18
48 001 0.058 100 0.04
49 0.33 1.8 77 ND
50 0.32 >6 71 ND
51 i1 1.9 a8 ND
52 1.8 >H 34 ND
53 0.037 0.046 101 ND
544 ND ND ND ND
54B 0.34 2 36 ND
54¢C 0.023 £.093 a3 £.057
LA 7.6 1.7 94 ND

2
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Table {, continued
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Example

ThermoFluor®

RORyt reporter

RORyt reporier
Assay, % inhibition

Human Thi7

Number Assay, Kd uM Assay, 1o uM @ & pi Assay, 5o uM
558 >81 2.4 85 ND
55¢C 3.5 3.2 92 ND
56 0.00029 0.012 102 ND
57 (3.0084 0.057 100 N
584 ND ND ND ND
S8R 0.014 0.055 103 0.1
58C 0.27 0.66 108 ND
594 ND ND ND ND
598 (.0044 .14 106 0.098
54C 0.22 (.57 108 ND
504 0.018 0.069 102 ND
60B 0.033 0.059 107 0.17
60C 0.02 £.046 100 0.16
61 (.005 0.0066, <0.002 91 0.0042
GZA 0.0095 0.098 97 ND
628 (0.033 .13 39 0.1
62C 0.0015 .12 102 0.064
6534 0.037 0.11 90 ND
638 (.35 0.77 38 N
63C (0.0062 0.14 a4 (.038
BAA 0.063 0.033 a9 ND
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Table {, continued
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Example

ThermoFluor®

RORyt reporter

RORyt reporier
Assay, % inhibition

Human Thi7

Number Assay, Kd uM Assay, 1o uM @ & pi Assay, 5o uM
64R 0.45 {.56 101 ND
64C 0.016 0.086, ~0.5 34 0.086
654 ND ND ND ND
A5B 0.14 0.13 101 0.22
65C (0.0042 £.046 100 0.045
BEA ND ND ND ND
6ER 0.27 0.42 95 1.1
66C 0.0079 0.029 101 0.04
67A 0.018 0.044 115 ND
678 0.0063 0.035 101 0.01
67C 0.057 0.12 101 0.1
684 {.0083 0.21 99 N
68B 0.0021 ~(.05 a6 0.01
68C 0.03 0.21 100 3.2
69 0.05 0.17 103 ND
705 ND ND ND ND
708 1.1 1 101 ND
700 i5 1.6 85 ND
71A ND 0.11 g7 ND
71B 0.0016 £.011 105 £.011
71C 0.13 0.26 103 0.3
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Table {, continued
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Example

ThermoFluor®

RORyt reporter

RORyt reporier
Assay, % inhibition

Human Thi7

Number Assay, Kd uM Assay, 1o uM @ & pi Assay, 5o uM
72A ND ND ND ND
728 £0.00071 0.031 39 0.025
72C (.0071 0.047 100 0.055
73A ND ND ND ND
73B (.0045 £.046 a7 0.02
73C 0.034 0.31 a9 0.13
FAA ND ND ND ND
748 i.3 0.17 95 0.081
74C 21 £.93 30 ND
754 ND ND ND ND
758 8.6 >6 39 N
75¢ 0.15 0.18 90 0.14
764 ND ND ND ND
7ER 0.076 0.12 102 ND
76C (3.015 0.045 101 0.033
77A 0.0011 0.032, ~0.008 103 ND
778 0.32 .25 98 .36
77C 0.00014 0.0075, ~0.003 100 0.0021
784 0.00052 0.011 g7 ND
78B 0.12 0.15 a4 ND
78C 0.00028 0.0017 a9 0.004
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Table {, continued
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Example

ThermoFluor®

RORyt reporter

RORyt reporier
Assay, % inhibition

Human Thi7

Number Assay, Kd uM Assay, 1o uM @ & pi Assay, 5o uM
79A ND ND ND ND
798 0.057 0.038 39 0.052
78 0.000024 0.0025 94 0.0015
804 0.00014 0.011 103 ND
80B 0.00011 0.0030, ~0.004 a2 0.05%
80C 0.000026 0.0048, ~0.08 a3 0.002
81A 0.00012 0.0021 104 ND
81R 0.00005 0.0020, ~0.0002 104 0.0022
81C £0.00012 0.0050, ~0.0001 103 0.002
82 0.00063 0.0066 94 ND
a23a 0.012 0.039 104 ND
43B (3.0047 3.024, ~0.07 100 0.016
83¢ 0.077 0.14 103 0.12
34 ND ND ND ND

a5 (3.085 0.29 97 3.3
86 ND ND ND ND
274 ND ND ND ND
378 2.3 0.85 95 ND
a87¢C .0013 0.012 99 0.0045
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Table {, continued
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RORyLreporter

Example ThermoFluor® RORyt reporter Assay, % inhibition Human Thl?
Number Assay, Kd uM Assay, iCqp ub @ 6 uM Assay, ICqp u
234 ND ND ND ND
a8B 0.029 0.14 1) N
88¢C 0.00004 0.0088 a5 0.0028
39 0.00077 0.021 102 ND
30A 0.00044 0.011 a8 ND
08 £.00056 ~{3.004 38 0.012
90C 0.00032 0.0054 98 0.0061
gia 0.00025 0.0022 100 ND
91B (.0061 0.029 g7 0.022
91c 0.00023 ~0.006 102 0.0025
924 0.0025 0.029 100 ND
2R 0.012 0.1 96 0.034
g2¢C 0.0014 0.017 97 0.0086
93 0.000017 .16 87 £0.01
94A 0.012 0.069 98 ND
94B 0.098 0.21 96 i.g
94 (.0065 0.16 a5 £.048
95 0.018 0.16 a9 ND
9EA 0.0019 0.0078 99 ND
368 (.048 .16 g7 £.05
96¢ 0.0022 0.018 g7 0.0045

2
an
3




Table 1, continued

[ RORvt reporter
Example ThermoFfiuor® RORyt reporter Assay, % inhibition Human Th17
Number Assay, Kd uM Assay, ICs M @ 6 pM Assay, 1Cgp UM
97A " 0.0014 0.0042 100 0.0014
978 0.0014 0.0059 98 ©0.0034
97¢ ,, 0.00064 ~0.004 99 0.015
[ 1 :

All data shown in Table 1 is either the valuc 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 purposc 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.

All documents cited herein are incorporated by reference.
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What is claimed is:

1. A comopound of Formula I wherein:

Formuia {

R is pyrrolyl. pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahydropyranyl, tetrahydrofuranyl, furany!, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolvl, 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, indolvl,
quinolinyl, and pyrazolyl are optionally substituted with C{OYC i _gatkyl, C{OINH,, C{O}NHC .
nalkyl, C{OMN(Conalkyl),, NHC(O)YC o ayalkyl, NHSO,Cigalkyl, Copalkyl, CF;, CH,CF, CL
F, -CN, OCaalkyl, N(Cnalkyl),, -{CH):0CH:, SCiaalkyl, OH, COH, CCCopalkyl,
C{OMCF:, SO CFs, OCF;, OCHF,, SO2CHs, SONH,, SONHC palkyl, SCN(Calkyvl),,
C{OYNHSO,CH;, or OCH,OCHz; and optionally substituted with up to two additional
substituents independently selected from the group counsisting of Cl, Cy palkyl, SCH;, OC
nalkyl, CFs, -CN, and F; and wherein said friazolyl, oxazolvl, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents independently selected from the group
consisting of SO CH;z, SONHL, C(OWNH;, ~-ON, OCaatkyl, (CH ). OCH;, SCH;, CFa F, Cl,
and Cipalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with Cipalkyl
and said pyridyl, pyvridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally
substituted with up to three additional substituents independently selected from the group
consisting of C(OWHC .yakkyl, CIOMN(C nalkyly, NHC(O} o galkyl, NHSOCogalioyl,
CLOYCF1, SOCF;, SONHC palkyl, SON{Cirpalkyly,, CIONHI0,CH;, SOCH;, SONH,,
C{OYNH,, ~OCN, OC salkyl, (CHzko 2OCH;:, SCgalkyl, CF3, F, C, and G galkyl;

R? is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazoiyl,

azetidin-3-yl, N-acetyl-azetidin-3-vl, N-methylsalfonyl-azetidin-3-y1, N-Boc-azetidin-3-yi, N~
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acetyl piperidinyl, -H-piperidinyl, N-Boc-piperidinyl, N-Cjsalkvi-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-{(3-mcthoxypropyli-imidazolyl, thiadiazolyl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to three additional substituents
independently selected from the group consisting of Cy palkyvl, SCH:, OCqalkyl, CFs, -CNJ F,
and CE and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, arc optionally
substituted with up to three additional substituents independently selected from the group
consisting of SOLCH;, SONH,, C{OWH,, -ON, OC nalkyl, {CHa o OCH;, SCH;, CF4 F, C,
or Crimalkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with
up to two substituents independently selected from the group counsisting of SO,CH;, SO NH;,
C{OWH,, ~-ON, OCqpalkyl, (CH)nOCH;, SCHa, CF;, F, Cl and Cpalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cypalkyl; and said pyrazolyl 8
optionally substituted with up to three CHi groups;

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

RYisH, or F;

R’ is H, CI, -ON, CF5, 8Cy gpatkyl, OCLaalkyl, OH, Ciy galkyl, N(CH)YOCH:, NH{Cq.
palkvh N(Cppalkyil, or 4-hydroxy-piperidinyl;

R is phenyl, pyridyl, benzothiopheoyl, thiopheoyl, pyrimidinyl, pyridazyl, or pyraziny!;
wherein said pyrimidinyl, pyridazyl, or pyrazinyt are optionally substituted with CL F, CH;,
SCHa, OC palkyl, -CN, CONH;, SO;NH;z, or SO,CH;s; and wherein said phenyl or said pyridyd
is optionally substituted up to two times with OCFz, 30,C salkvl, CFs, CHF:, pyrazolvi,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cyaabiovl, Cagcycloalkyl, OC 1 4alkyl,
N{CHa},, SO;NH;, SO:NHCH; SO;N{CHzs},, CONH,, CONHCH: CON(CH;), CL F, ~CN,
COuH, OH, CH,0H, NHCOC palkyl, COC palkyl, SCHi COC palkyl, NH,, NHC  palkyl,
or OCH,CF; wherein the sclection of cach optional substituent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyt, and thiazolyl arc optionally substituted with
CH3;

R is H, CL, -ON, Cigalkyl, OCgalkylCFs, OCF:, OUHF,, OCH,CHOC yalkyl, CFs,
SCHz, CapalkyINA'A®, CHL0C o2 alkyINATA®, NATA®, CIONA'A?, CHNHC nalkyINA'A7
CHN(CHNCnalkyINAAY NHC alkyINAT A, NCH ) oopatkyINATA®, OCalkyINA'AY
OCpalkyl, OCH,-(1-methyly-imidazol-2-yl, phenyl, thiophenyl, furyl, pyrazolyl, imidazolyl,

pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl; wherein said phenyl, thiophenyl, furyl, pyrazolyl,
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wmidazolyl, pyridyl, pyridazyl, pyrazinyl, and pyrimidinyl are optionally substituted with up to
three substituents independently sclected from the group consisting of F, CL CHa, CFs, and
OCH:;

Alis H, or Cpalkyl;

A%is H, Calkyl, CoaalkylOCaalkyl, CralkylOH, C{OYCnalkyl, or OCalkyl;
or Al and A? may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

OF i v PR
TN, N’*’“, o 0 : —%Nﬂ# : "
e F |
F ’i“N\ﬁ Ra / . ~F F
-gmwyg I -gw(j/ g-NijLF* --§--NQ----Ra N 3 N X
o Fam 2 f""‘{
H W NN N WA N gN" R NN e,
'EMN\____/ ’ ~<-N O# HEQN\_/ ‘2 A 0 s Q/ ----- \
, -§-N/W\Nan
é_ \—z\i\“Rb ‘Z“N - L< Ro %’NH SN
______ 7 2 RN N
’ $ . Q ,and A

Ry is H, OCU_A\-}aikyL CH,OH, WH{CH;), N(CHz}),, NHo, CH1, F, CF4, SO,CH;, or OH;

Ry is H, COC(CH2)s, Craatkyl, C{OYCaalkyl, SOCsalkyl, CHCHYCFy, CHoCFs,
CHy-cyclopropyl, phenyL CHy-phenyl, or Cgeyeloalkyl;

R®is H, Ciipalkyl, OCy walkyl, CF;, NHy, NHCH;, -CN, or F;

R isH,or F ;
and pharmaceutically acceptable salts thereof;
provided that (4~chloro-2-methoxy-3-{(4-(trifluoromethylibenzyDquinolin-6-ys(1,2,5-
trimethyi-1H-imidazol-4-yhmethanol, N-(2-{(3-(4-(1 H-pyrazol- l-yDibenzyl}-6-{{4-
chlorophenyh{hydroxy ¥ -methyl-1 H-imidazol-3-ylimethyl)-4-hyvdroxyquinolin-2-
yhoxylethvhacetamide and (3-(4-(1 H-pyrazol-1-yibenzyvi}-4-chloro-2-(4-methyipiperazin- 1~
viquinolin-6-yl{I-methyl-1 H-imidazol-S-yiI}{ 6-(trifluoromethylipyridin-3-yiimethanol are

exchuded from the claim.

2
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2. A comapound of claim | whercin:

R is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, imidazolyl, phenyl, thiophenyl,
benzoxazolyl, pyrazolvl, pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pynidazyl, or
quinohinyl are optionally substituted with C{OYCrigatkyl, CIOYNH,, Cygalkyl, CFy, CHaCF4, C,
F, ~ON, OCpalloyl, N{(Copallkyl)y, (CHROCH,, SCgalkyl, OH, COH, COC palkyd,
OCF;, OCHF,, SG:CHa, SO;NH;, or OCH,OCHs; and optionally substituted with up to two
additional substituents independently selected frora the group consisting of Cl, Cyyzalkyl, SCHa,
OC i palkyl, CF3, ~CN, and F; and wherein said triazolyl, oxazolvl, isoxazolyl, pyrrolvl, and
thiazolyl are optionally substituted with up to two substituents independently selected from the
group counsisting of SO,CH;, SONH,, C(ONHD, -CN, OC.palkyl, (CH)o.OCH:, SCH,, CF;,
F, Cl, and Cinalkyl; and said pyridyl, and pyridvl-N-oxide are optionally substituted with up to
three additional substituents independently selected from the group consisting of SO,CH;,

SO NHy, C{ONH;, -CN, OC i palkvl, (CH)o5nOCH:, SChpalkyt, CFx, F, CL and T galkyl;

R js L-methyl triazolyl, pyridvl, pyridyl-N-oxide, 1-methy] pyrazolyl, pyrimidinyl,
oxazolvl, isoxazolyl, N-acetyl-azetidin-3-vl, N-methylsulfonyl-azetidin-3-vl, N-Boe-azetidin-3-
vi, MN-acetyl piperidinyl, 1-H-piperidinyl, N-Boc¢-piperidinyl, N-Cy palkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-(3-methoxypropyl-imidazolyl, or 1-Cipalkyl imidazolyl; wherein said
1-Cnatkyl imidazolyl is optionally substituted with up to two additional substituents
independently selected from the group consisting of Ty palkyl, SCHa, OC 1 patkyl, CFs, -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 SO, CH;:, SO;NH,,
C{ONH,, -CN, OCqnalkyl, (CH)pnOCH:, SCH:, CFs, F, CL and Crpalkyl; and said
thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to two substituents
independently selected from the group consisting of SG,CH:, SG,NH,, C{(O)NH,, -CN, OC;.
nalkyl, (CHo 3o 0 OCH:, SCHs:, CF+, F, Cl and Cipalkyl; and said {-methyl pyrazolyl is
optionally substituted with up to two additional CH; groups;

R’ is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyt, or pyrazinyl;

wherein said phenyl or said pyridyl is optionally substituted with OCF;, 50,C 1 galkyl, CFy,

2
o
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CHF,, pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Caalkyl, Cpeycloalkyl,
OCamalkyl, N{CHzY,, SONH,, SONHCH: SCN(CH ), CONH,, CONHCH, CON(CH: ), Cl,
F-CN, COH, OH, CH,OH, NHCOC (1palkyl, COC i palkyl, or SCHx;

R’ is H, CL -CN, Criaalkyl, OCy galkviCFs, OCH,CH,OC, galkyl, CFs, SCH;,
CHNA'A?, CHOC o palkyINATA% NA'A®, CIOINATA%, N(CH)CopalkyINA'A®, OC.
palkyINATAY, OCpalkyl, OCH~(L-methyh-imidazol-2-v1, furyvl, pyrazolyl, imidazolyl, pyridyl,
pyridazyl, pyrazinyvl, or pyrimidinyl; wherein said iroidazolvl or pyrazolyl is optionally
substituted with one CHs group;

Alis, Hor Corpalkyl;

Alis H, Capalyl, CapalkylOChgalkyl, CuapalkylOR, C(OYCaalkyl, or OCq galkyl;
or A’ and A’ roay be taken together with their attached nitrogen to form a ring selected from the

group consisting oft

- !
N3 , .0 -
/
4 2 - kS 4 i
} 4N N, EN NRy N N-Ry -
N »Rm, N D \—K \‘T\ \'—ﬁ N ON-R,
s \'"""'/ 3 ) 5 9 :iﬂd \"""/ 7

Ry is H, OCy galkyl, CHLOH, NH(CH;), N(CHz}),, NH,, CHz, F, or OH;

Re 18 H, COC{CHap, Caaalkyl, COYWCaalkyl, SOCH alkyl, CHCHLCF, CHLCF,
CHy-cvelopropyl, phenyl, CHy-phenvl, or Cageycloalkyl;

R®is H, CHs, OCH;, or F;

and pharmacentically acceptable salts thercof,

3. A compound of claim 2 wherein:

R’ is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyi, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolvl, or quinolinyl; wherein said piperidinyl, pyridyi, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl arc optionally substituted with
COYC i galkyl, CLOINH,, Cunalkyl, CF:, CHCF:, CL F, -CN, OC palkyl, N(Caalkyvl), -
{CH1OCH:, SChgalkyl, OH, COuH, CGChsalkyl, OCF:, OCHF,, SO,CHs, SONH;, or
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OCH,OCH;; and optionally substituted with up to two additional substituents independently
selected from the group consisting of Cl, OCHs, and CHai; and wherein said triazolyl, oxazolyl,
isoxazolyl, and thiazolyl arc optionally substituted with onc or two CHy groups;

R? is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazolyl, pyrimidinyl,
pyrazinyl, oxazolyl, isoxazolyl, N-acetyl-azetidin-3-vl, N-methylsulfonyl-azetidin-3-yi, N-Bog-
azetidin-3-v1, N-acety] piperidinyl, L-Hepiperidinyl, N-Boc-piperidinyl, N-Cyy palkyl-piperidinyl,
thiazolyl, pyridazyl, I-(3-methoxypropyl)-imidazolyl, or 1-Cy palkyl tmidazolyl; wherein said 1-
Cripatkyl imidazolyl 1s optionally substituted with up to two additional CHs groups, or one
substituent selected from the group consisting of SCHs, and Cl; and said pyridyl, and pyndyl-N-
oxide are optionally substituted with up to two subsitutents independently selected from the
group consisting of SOCH;, SONH,, CIOINH,, -CN, OCH;:, CFs, Cl, and CH;; and said
thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to two CHaz groups; and said
{-methyl pyrazolyl is optionally sabstituted with up to two additional CH; groups;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pytidazyl, ot pyrazinyl;
wherein said phenyl or said pyridyl is optionally substituted with OCF;, SO,CH;, CF:, CHF;,
pyrazoiyl, triazolvl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, CH;, OCH:, N{TH3),, SO;NH;,
CONH,, Cl, F, -CN, COH, OH, CHOH, NHCOCH;, or COCH3;

R’ is H, Cl, -ON, Ciraalkyl, OCLaalkyiCFs, OCHCHOC galkyl, CFs, SCHs, NATA?)
CIOWATAY, NCHC canallyINAT AL, OC palkyINATAZ OC L apalkyl, OCH-(1-methyl)-
imidazol-2-vl, imidazolyl, furvl, pyrazolyl, pynidyl, or pyrimidinyl; wherein said imidazolyl or
pyrazolyl is optionally substituted with one CH; group;

Alis H, or Cpgatkyl:

Alis H, Cigpalkyl, CopalkyiOC palkyl, CiaalkylOR, C(OYC, salkyl, or OC palkyl
or A' and A may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

W F O~
. e o 5
o *E"N\,J 4N 'E"N\;}MR‘&’ % N\><F, 0 ;g“Nk“/\wRa

? 5 k) 2 5

TN o FN
4N D A1 -
S and T N
Ry is H, F, OC;ualkyl, or OH;
Ry 18 Copatkyl, COYCH4, or phenyl;
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and pharmaceutically acceptable salts thercof,

4. A compound of claim 3 wherein:

R’ is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolvl, isoxazolyl,
thiophenyl, benzoxazolivl, or quinolinyl; wherein said piperidiny, pyridyl, pyridyl N-oxide,
imidazolvl, phenyl, thiophenyl, benzoxazolvl, and pyrazolyl are optionally substituted with
SO, CH;, C{OYCH;, C{OWNH;, CHs, CHCH;, CF3, CLF, -CN, OCH;, N(CHa), ~{(CH 1 OCH;,
SCHs, OH, COH, CO,C(CH3)s, or OCHOCH;; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCH:, and CHy;
and wherein said triazolvl, oxazolvl, isoxazolvl, and thiazolyl are optionally substituted with one
or two CHj groups;

R is L-methyl-1,2,3-triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazol-4-yl,
pyrimidin-S-yi, pyridazyl, pyrazin-2-yl, isoxazolyl, N-acetyl-azetidin-3-yl, N-methyisulfonyi-
azetidin-3-yl, N-Boc-azetidin-3-y1, N-acetyl piperidinyl, I-H-piperidinyl, N-Boc-piperidinyi, N-
Cirpabloyl-piperidinyl, thiazol-3-yl, 1-(3-methoxypropyl-imidazol-S-yi, or 1-C alkyl
imidazol-5-yl; wherein said [-Cpalkyl imidazol-5-v1 is optionally substitnted with up to two
additional CHx groups, or one substituent selected from the group consisting of SCH;, and Cl;
and said pyridyl, and pyridyl-N-oxide are optionally substituted with up to two substituents
independently selected from the group cousisting of C{OINH,, -CN, OCH;, CF:, CL and CH3;
and said thiazol-5-vl, and satd isoxazolyl are optionally substituted with up to two CHa groups;
and said -methyi pyrazol-4-yi is optionally substituted with up to two additional CH; groups;

R’ is H, CL, -CN, CF3, SCH:, OC, salkyl, OH, Cgalkyl, N(CH)OCH,, NH(C, alkyl),
N{Ci1malkyhy, or 4-hydroxy-piperidinyi;

R is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyl or phenyl is
optionalty substituted with OCF;y, SO,CH,;, CF;, CHE,, imidazol-1-vl, pyrazol-1-yl, 1,2,4-triazol-
t-yl, CH;, OCH;, CL F, or -CN;

R’ is H. Cl, -CN, Cyypalkyl, OCH,CFa, OCHCH,OCH:, CFs, SCHy, NA'A7,
COYNHCH:, N(CHOCH,CHONAT A, OCH,CHONA'A®, OC, sjalkyt, OCH~(1-methyl)-
imidazol-2-yl, imidazol-2-yl, fur-2-yi, pyrazol-4-vi, pyrid-3-vi, or pyrimidin-3-yi; wherein said

imidazolyl or pyrazolyl is optionally substituted with one CH; group;
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AlisH, or Conalkyl;
At s H, Cogalkyl, ConalkylOCLpalkyl, CopalkylOH, COYCpalkyl, or OCH:; or A'
and A” may be taken together with their attached nitrogen to form a ring selected from the group

consisting of:

Ea k3 N PN FooE ? /
AN FEVANEg --N/>< 4
Qi ’ (Z]’ | : Nij ngj’ EN\’}--"R%,; % F 5 %N’_/\.Ra’
g ¥ 7
SN 3N N-R,

0O
TN/ Jand TNt
R, is H, F, OCHs, or OH:
Ry, s CHa, or phenyl;

and pharmaceutically acceptable salts thergof,

5. A compound of claim 4 whercin:

R’ is imidazolyl, pyrimidinyl, triazolyl, tetrahydropyranyl, thiazolyl, pyridyl, piperidinyl,
phenyl, or oxazolyl; wherein satd piperidinyl, pynidyl, imidazolyl, and phenyl are optionally
substitited with SO,CH:, CIOWCH,, CH,, CF,, CLF, -CN, OCH;, -CF3, or NiCH;3); and
optionally substituted with up to once additional group independently selected from Cf, OCH-,
and CH;; and wherein said triazolyl, oxazolyl, and thiazolyl are optionally substituted with one
or two CHy groups;

R*is 1-methyl-1,2-3triazol-5-y1, pyrid-3-vl, 1-methyl pyrazoi-4-yl, thiazol-5-yl, N-acetyl-
piperidin-4-yi, N-acetyl-azetidin-3-yl, N-methylsulfonyl-azetidin-3-vl, N-Boc-azetidin-3-vl, 1,2~
dimethyt imidazol-5-vl or [-methyl imidazol-5-vl;

R is OH, or NH,:

RYis H;

R”is H, C1, -CN, CFs, CHs, OH, N(CH:)YOCHs, or OCH;;

R’ is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyl or phenyl is
optionally substituted with pyrazol-1-yl, 1,2 4-triazol-1-yl, CFx, OCH;, SC,CH;s, CL F, or -CN;

R’ is CL -ON, CFs, Cyaalkyl, NA'AY, C{OWHCH,, OCH,CH;OCH;, 1-methyl
imidazol-2-yl, 1-methyl pyrazol-4-yl, or OC i nalkyl;

Alis Canalkyl;
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Al is Capalkyl, CH,CH,OCH:, or OCH;; or Aland A? may be taken together with their
attached nitrogen to form a ring sclected from the group consisting of!
F
~§—~N’j\-Ra "§"N<>< ~§-—-Ni 4N DO
v , F , N and p— ;
R,i18 OH, OCH-, F, or H;
R’ is H:

and pharmaceutically acceptable salts thereof,

6. A compound of ¢laim 5 whercin:

R’ is imidazolyl, triazolyl, thiazolyl, pyridyl, piperidinyl, phenyl, or oxazolyl; whercin
said piperidinyl, pyridyl, imidazolyl, and phenyl arc optionally substituted with C{OYCH;, CH-,
CF., CLF, -CN, OCHj;, or N{CH;)y; and optionally substituted with up to onc additional group
independently selected from Cl, OCH;, and CH;; and wherein sard triazolvl, oxazolyl, and
thiazolyl arc optionally substituted with one or two CHsx groups;

R? is 1-methyl-1,2-3triazol-5-y1, pyrid-3-v1, l-methyl pyrazol-4-yl, thiazol-5-y1, N-acetyl-
piperidin-4-yl, 1,2-dimethyl imidazol-5-y1 or -methyl imidazol-S-vl;

R; 1 OH;

R is H, C1, -CN, CF3, CHs, or OCH;

R® is phenyl, thiophen-2-v1, benzothiophen-2-y1: wherein said phenyl is optionally
substitated with pyrazol-1-yi, 1,2 4-triazol-1-vl, OCH;, SG,CH:, CL F, CF;, or -CN;

R’ is C1 -CON, CH;, NATA? C{OWHCH;, or OCpalkyl;

Al is Caoalkyl;

Alis Conalkyl, or OCH;; or Al and A° may be taken together with their attached
nitrogen to form a ring which is:

_énN/\x} ;

and pharmacentically acceptable salts thercof,

7. A compound of claim | selected from the group consisting ofd
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and pharmaceutically acceptable salts thercof,

8. A compound of claim 1 selected from the group consisting of:

CFy
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and pharmaccutically acceptable sults thercof.

9. A compoun

und which is
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and pharmaceutically acceptable salts thereof.

10. A pharmaceutical composition, comprising a compound of claim 1 and a pharmaceutically

acceptable carrier.

11. A pharmaceutical composition made by mixing a compound of claim 1 and a

pharmaceutically acceptable carrier.

12. A process for making a pharmaceutical composition comprising mixing a compound of

claim 1 and a pharmaceutically acceptable carrier.
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