(12) STANDARD PATENT (11) Application No. AU 2013331496 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(74)

(56)

Title
Methylene linked quinolinyl modulators of ROR-gamma-t

International Patent Classification(s)

CO07D 401/06 (2006.01) CO07D 409/14 (2006.01)
A61K 31/4709 (2006.01) CO07D 413/14 (2006.01)
A61P 29/00 (2006.01) CO07D 417/14 (2006.01)

CO7D 401/14 (2006.01)
Application No: 2013331496 (22) Date of Filing:  2013.10.15
WIPO No:  WO014/062658

Priority Data

Number (32) Date (33) Country
61/714,419 2012.10.16 us
61/725,528 2012.11.13 us
61/782,257 2013.03.14 us
Publication Date: 2014.04.24

Accepted Journal Date: 2017.07.27

Applicant(s)
Janssen Pharmaceutica NV

Inventor(s)

Leonard, Kristi A.;Barbay, Kent;Edwards, James P_;Kreutter, Kevin D.;Kummer, David
A.;Maharoof, Umar;Nishimura, Rachel;Urbanski, Maud;Venkatesan, Hariharan;Wang,
Aihua;Wolin, Ronald L.;Woods, Craig R.;Pierce, Joan;Goldberg, Steven;Fourie,
Anne;Xue, Xiaohua

Agent / Attorney
Shelston IP Pty Ltd., Level 21, 60 Margaret Street, Sydney, NSW, 2000, AU

Related Art
WO 2012/064744 A2




(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

CORRECTED VERSION

(19) World Intellectual Property =

Organization gi

International Bureau
=

(10) International Publication Number

WO 2014/062658 A8

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

(72

24 April 2014 (24.04.2014) WIPOQIPCT
International Patent Classification:
CO7D 401/14 (2006.01) CO7D 417/14 (2006.01)
CO7D 413/14 (2006.01) A61K 31/4709 (2006.01)
CO7D 401/06 (2006.01) AG61P 29/00 (2006.01)
CO7D 409/14 (2006.01)
International Application Number:

PCT/US2013/065013

International Filing Date:
15 October 2013 (15.10.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/714,419 16 October 2012 (16.10.2012) US
61/725,528 13 November 2012 (13.11.2012) US
61/782,257 14 March 2013 (14.03.2013) US
Applicant: JANSSEN PHARMACEUTICA NV

[BE/BE]; Turnhoutseweg 30, B-2340 Beerse (BE).

Inventor; and

Applicant (for US only): LEONARD, Kristi, A.
[US/US]; 108 Manor Drive, Lansdale, Pennsylvania 19446
(US).

Inventors: BARBAY, Kent; 6311 Sunnybrook Road,
Flourtown, Pennsylvania 19031 (US). EDWARDS,
James, P.; 8723 Hesby Court, San Diego, California
92129 (US). KREUTTER, Kevin, D.; 71 Thoreau Drive,
Plainsboro, New Jersey 08536 (US). KUMMER, David,
A.; 11945 Tivoli Park Row Unit #1, San Diego, California
92128 (US). MAHAROOF, Umar; 128 Sunrise Drive,
North Wales, Pennsylvania 19454 (US). NISHIMURA,
Rachel; 3957 30th Street, Unit 406, San Diego, California
92104 (US). URBANSKI, Maud; 14 McPherson Drive,
Flemington, New Jersey 08822 (US). VENKATESAN,
Hariharan; 17065 Bernardo Oaks Drive, San Diego, Cali-

(74

(8D

(84)

fornia 92128 (US). WANG, Aihua; 1723 Foxwood Drive,
Jamison, Pennsylvania 18929 (US). WOLIN, Renald, L.;
16309 Los Rosales Street, San Diego, California 92127
(US). WOODS, Craig, R.; 6275 Lakewood Street, San
Diego, California 92122 (US). PIERCE, Joan; 6405 Ce-
dar Waters Drive, Raleigh, North Carolina 27607 (US).
GOLDBERG, Steven; 3039 Via de Caballo, Encinitas,
California 92024 (US). FOURIE, Anne; 13060 Callcott
Way, San Diego, California 92130 (US). XUE, Xiachua;
3210 Merrytfield Row, San Diego, California 92121 (US).

Agents: JOHNSON, Philip, S. et al.; Johnson & Johnson,
One Johnson & Johnson Plaza, New Brunswick, New Jer-
sey 08933 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

20147062658 A8 1IN 0100 1010 O OO O O

(54) Title: METHYLENE LINKED QUINOLINYL MODULATORS OF ROR-GAMMA-T

(N

(57) Abstract: The present invention comprises compounds of Formula (I), wherein: R, R% R3 R*, R, R®, R’, R, and R’ are
defined in the specification. The invention also comprises a method of treating or ameliorating a syndrome, disorder or disease,
wherein said syndrome, disorder or disease is theumatoid arthritis or psoriasis. The invention also comprises a method of modulating

O RORyt activity in a mammal by administration ot a therapeutically effective amount of at least one compound of claim 1.



WO 2014/062658 AS |IIIHAT 00T 000 A0 O

Declarations under Rule 4.17: (48) Date of publication of this corrected version:
10 July 2014

— as to the identity of the inventor (Rule 4.17(i))

—  as to applicant’s entitlement to apply for and be granted (15) Information about Correction:
a patent (Rule 4.17(ii)) see Notice of 10 July 2014

Published:
—  with international search report (Art. 21(3))



2013331496 23 Jun 2017

METHYLENE LINKED QUINOLINYL MODULATORS OF ROR-GAMMA-T

FIELD OF THE INVENTION

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

mediated inflammatory syndrome, disorder or disease.

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way be considered as an
admission that such prior art is widely known or forms part of common general knowledge in the
field.

Retinoic acid-related nuclear receptor gamma t (RORyt) is a nuclear receptor, exclusively
expressed in cells of the immune system, and a key transcription factor driving Th17 cell
differentiation. Th17 cells are a subset of CD4" T cells, expressing CCR6 on their surface to
mediate their migration to sites of inflammation, and dependent on IL-23 stimulation, through
the IL-23 receptor, for their maintenance and expansion. Th17 cells produce several
proinflammatory cytokines including IL-17A, IL-17F, IL-21, and IL-22 (Korn, T., E. Bettelli, et
al. (2009). "IL-17 and Th17 Cells." Annu Rev Immunol 27: 485-517.), which stimulate tissue
cells to produce a panel of inflammatory chemokines, cytokines and metalloproteases, and
promote recruitment of granulocytes (Kolls, J. K. and A. Linden (2004)."Interleukin-17 family
members and inflammation." Immunity 21(4): 467-76; Stamp, L. K., M. J. James, ct al. (2004).
"Interleukin-17: the missing link between T-cell accumulation and effector cell actions in
rheumatoid arthritis" Immunol Cell Biol 82(1): 1-9). Th17 cells have been shown to be the
major pathogenic population in several models of autoimmune inflammation, including collagen-
induced arthritis (CIA) and experimental autoimmune encephalomyelitis (EAE) (Dong, C.
(2006). "Diversification of T-helper-cell lineages: finding the family root of IL-17-producing
cells." Nat Rev Immunol 6(4): 329-33; McKenzie, B. S., R. A. Kastelein, et al. (2006).
"Understanding the [L-23-IL-17 immune pathway." Trends Immunol 27(1): 17-23.). RORyt-
deficient mice are healthy and reproduce normally, but have shown impaired Th17 cell

differentiation in vitro, a significantly reduced Th17 cell population in vivo, and decreased
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susceptibility to EAE (Ivanov, II, B. S. McKenzie, et al. (2006). "The orphan nuclear receptor
RORgammat directs the differentiation program of proinflammatory IL-17+ T helper cells." Cell
126(6): 1121-33.). Mice deficient for [L-23, a cytokine required for Th17 cell survival, fail to

la
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produce Thi7 celis and arc resistant to EAE, CIA, and inflammatory bowel disease (IBD) (Cua,
D. 1., J. 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, ctal. {2005). "H.-23 drives a pathogenic T cell population that induces
autormmunc inflammation.” J Exp Med 201(2): 233-40; Yen, D, J. Cheung, et al. (20063, "IL-
23 15 essential for T cell-mediated colitis and promotes inflammation via IL-17 and 1L-6." J Clin
Invest 116(5): 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. "Cutting edge: A critical functional role for TL-23 in psoriasis.” J Immunol

185(10): 5688-91),

In humans, a number of observations support the role of the [L-23/Thi17 pathway in the
pathogenesis of inflammatory discases. 1L-17, the key cytokine produced by Th17 cells, is
expressed at clevated levels in a variety of allergic and autoimmune discascs (Barczyk, A, W,
Picrzchala, et al. (2003). "Interleukin-17 in sputum correlates with airway hyperresponsiveness
to methacholine” Respir Med 97(6): 726-33. ; Fujino, 8., A, Andoh, et al. (2003). "Increased
cxpression of interleukin 17 in inflammatory bowel discase.” Gut 52(1): 65-70. ; Lock, C., G.
Hermans, of al. (2002). "Gene-microarray analysis of multiple sclerosis lesions yields 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 Th17 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, etal. (20083, "IL23R: a susceptibility locus for celiac discase and
multiple sclerosis?" Genes Immun 9(4): 289-93, ; Bowes, J. and A, Barton "The genetics of
psoriatic arthritis: lessons from genome-wide association studies.” Discov Med 106{52): 177-83;
Kochi, Y., Y. Okada, et al. "A regulatory variant in CCR6 s associated with rheumatoid

arthritis susceptibility.” Nat Genet 42(63: 515-9.).

o]
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Ustekinumab (Stelara®), an anti-p40 monoclonal antibody blocking both IL-12 and 1L-23, s
approved for the treatment of adult patients (18 vears or older), with modcrate to severe plaque
psortasis, who are candidates for phototherapy or systemic therapy. Currently, monocional
antibodics specifically targeting only 1L-23, to more sclectively inhibit the Th17 subset, are also
in clinical development for psoriasis {Garber KL (2011). “Psoriasis: from bed to bench and back”
Nat Biotech 29, 563-566), further tuplicating the waportant 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 receeptor and anti-1L-17 therapeutic antibodies both demonstrated high
ievels of efficacy in patients with chronic psoriasis (Papp, K. A, "Brodalumab, an anti-
interleukin- 1 7-receptor antibody for psoriasis.” N Engl J Med 2012 366(13): 1181-9. ; Leonardi,
C., R. Matheson, ¢t al. "Anti-interleukin- 17 monoclonal antibody ixckizumab in chronic plaque
psoriasis.” N Engl J Med 366(13): 1190-9.). Anti-IL-17 antibodies have also demonsirated
clinically relevant responses in early trials in RA and uveitis {Hucber, W., Patel, D.D., Dryja, T,
Wright, A M., Koroleva, L., Bruin, G., Antoni, C., Draclos, 7., Gold, MLH., Durez, P., Tak, P.P.,
Gomez-Reino, L), Foster, C.S., Kim, R.Y., Samson, C.M., Falk, N.S., Chu, D.S., Callanan, D.,
MNguyen, Q.D., Rose, K., Haider, A, Di Padova, F. (2010) Effccis of AIN457, a fully human
antibody to interleukin-17A, on psoriasis, rheumatoid arthritis, and uveitis. Sci Transi Med 2,

5272.).

All the above evidence supports inhibition of the Th17 pathway by modulating RORyt activity as

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

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

R2 R R* RS

R'i El \i \E/\RES
: f;”f\ PN
RY N NS R
R® Formula I
wherein:

R is pyreolyl, pyrazolyl, imidazolyl, triazolyl, thiazolsl, pyridyl, pyridyt N-oxide,

pyrazinyl, pyrimidinyl, pynidazyl, piperidinyl, quinazohnyl, cinnolinyl, benzothiazolyl, indazolyl,

3
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tetrahydropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolyl,
quinclinyl, and pyrazolyl are optionally substituted with C{OYCgalkyl, C{OINH,, C{OINHC
yalioyl, CLOMN{Conalkyl),, NHC(O))Cogyalkyl, NHSO,Crgalkyl, Coogalkyl, CFs, CHCF;, Cl,
F, -CN, OCaalkyl, N(Cygatkyl),, (CHROCH:, SCaalkyl, OH, COH, CO.Chgalkyl,
C{OYCF», SO,CF;3, OCF;, OCHF,, SO2CH;, SO:NH,, SONHCqpatkyl, SON(Ch malkyl),
C{OYNHSO;CH;s, or OCH0CH;; and optionally substituted with up to two additional
substituents independently selected from the group cousisting of Cl, Cnalkyl, SCHs, OCq.
nalkyl, CFs, -CN, and F; and wherein said triazolyl, oxazolyvl, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents mdependently selected from the group
consisting of SOCHz, SONHL, C(OYNH;, -CN, OCq.palkyl, (CHyye.5OCH;:, SCH;, CFa, F, Cl,
and Cpalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with Cpallyl;
and said pyridyl, pyvridyi-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally
substituted with up to three additional substituents independently selected from the group
consisting of C(OYNHCpakkyl, CIOMN(Cnalkvly, NHC(OY rgalkyl, NHSO:Cogalkyl,
CLOYCF2, SOCF;3, SONHC 1 palkyvl, SON{Capalkyl),, CIONHSOCH;, SOCHa, SONH,,
C{OYNH,, -CN, OCq.salkvl, (CH2)o.5OCH; (including ~(CHypOCHs), SCagalkyl, CFs, F, C,
and Cirgalkyl;

RY is triazolyl, pyridyl, pyridyi-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl,
azetidin-3-yl, N-acetyl-azetidin-3-yl, N-methyisulfonyl-azetidin-3-vl, N-Boc-azetidin-3-yi, N-
acetyl piperidinyl, {-H-piperidinyl, N-Boc-piperidinyl, N-C paltkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-{3-methoxypropyl}-imidazolyi, thiadiazolyl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to threc additional substitucnts
independently selected from the group consisting of Cnalkyl, SCHa, OC palkyl, CFs, -CN, F,
and CFE and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, are optionally
substituted with up to three additional substituents independently selected from the group
consisting of SCHCHs, SONH,, C{O)NH,, -CUN, OC;atkyl, (CH o3 OCH;, SCH;, CFsL F, CL
of Cripalkyl; 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, OCjpatkyl, (CH, ) OCHs, SCHs, CFs, F, Cl, and Cpalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cyyjalkyl; and said pyrazolyl is
optionally substituted with up to three CHj groups;

R’ is H, OH, OCH;, or NH;

rR'is H, orF;

R’ is H, Cl, -CN, CFs, SCripatkyl, OCualkyl, OH, Csalkyl, N(CHOCH,, NH(C.
salkyl) N(Cy_gakkyl),, or 4-hydroxy-piperidinyt;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pytidazyl, ot pyrazinyl;
wherein said pyrinudinyl, pyridazyl, or pyrazinyl are optionally substituted with C1, F, CH;,
SCH;s, OCq.4alkyl, -CN, CONH,, SO:NH), or SOCHas; and wherein said phenyl or said pyridyl
is optionally substituted up to two times with OCFs, SO.Cogalkyl, CF;, CHF,, pyrazoliyl,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thwazolyl, Copalkyl, Caueycloalkyl, OCpalkyl,
N(CHs}z, SONH,, SO,NHCH;, SON(CHa),, CONH,, CONHCH; CON(CH1),, Cl, F, -CN,
CO-H, OH, CH,OH, NHCOC ppalkyl, COCq palkyl, SCH; COCsalkyl, WNH,, NHC salkyl,
or GCH,CF;; wherein the selection of cach optional substitnent is independent; and wherein said
pyrazolyl, triazolyl, imidazolvl, tetrazolvl, oxazolyl, and thiazolyl are optionally substituted with
CHa:

R is H, CI, -ON, “aepabloyl, OC o 4alkyICE5, OCE;, OCHFE,, OCHCH,OC 1 aalkyl, CF;,
SCH3, CpaalkyINATA? (including CHONA'AY), CHLOC 2 salkyINATAT NATAZ, CIOINATAY,
CHoNHC 25alkyINA'AY CHN(CH: ). 5tk yINA A, NHC o 5alkyINATA®, N(CHC.
.,;j,alkle/»“\“A?‘, (}(t:(z.;@)&ik}’}N;‘,’\{IAZ, OCaaalkyl, OCH,-(1-methyl}-imidazol-2-vi, phenyl,
thiophenyl, firyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl; wherecin
said phenyl, thiophenyl, furyl, pyrazolyl, imidazolyl, 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 OCH;;

Alis H, or Cpalkyl;

Alis H, Cagalkyl, CoaalkylOCualkyl, CyaalkylOH, C(OYCgalkyl, 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:
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/—k /N _

> >

R, is H, OC.salkyl, CH,OH, NH(CH3), N(CH3),, NH,, CH3, F, CF3, SO,CH3, or OH;

Ry is H, CO>C(CH3)3, C-sjalkyl, C(O)Cqsalkyl, SO2C-sjalkyl, CH,CH>CF3;, CH>CF3,
CHs-cyclopropyl, phenyl, CH>-phenyl, or C_gcycloalkyl;

R%is H, Cqa-palkyl (including CH3), OC(i.3)alkyl, (including OCH3) CF3, NH,,
NHCHj3;, -CN, or F;

R’isH, or F;
and pharmaceutically acceptable salts thereof;
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethyl)benzyl)quinolin-6-yl)bis(1,2,5-
trimethyl-1H-imidazol-4-yl)methanol, N-(2-((3-(4-(1 H-pyrazol-1-yl)benzyl)-6-((4-
chlorophenyl)(hydroxy)(1-methyl-1H-imidazol-5-yl)methyl)-4-hydroxyquinolin-2-
yl)oxy)ethyl)acetamide and (3-(4-(1H-pyrazol-1-yl)benzyl)-4-chloro-2-(4-methylpiperazin-1-
yl)quinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(6-(trifluoromethyl)pyridin-3-yl)methanol are

excluded from the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

According to a first aspect, the present invention provides a compound of Formula [ wherein:
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R2 R R* R°
R1 XX R6
R N
R® Formula I

R' is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahydropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolyl,
quinolinyl, and pyrazolyl are optionally substituted with C(O)Ci.salkyl, C(O)NH,,
C(O)NHC 1 palkyl, C(O)N(Cq1-2alkyl),, NHC(O)C14jalkyl, NHSO,C(1-gyalkyl, Cii-galkyl, CF3,
CHyCF3, CL F, -CN, OCi_sjalkyl, N(C(1_4jalkyl),, -(CH»);0CH3, SC1-salkyl, OH, CO,H,
CO,Cpalkyl, C(O)CF;, SO,CF3, OCF;, OCHF,, SO,CH3, SO,NH,, SO.NHC(1.5alkyl,
SO:>N(C-nalkyl),, C(O)NHSO,CH3, or OCH,OCH3; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, Ci.pjalkyl, SCH;,
OC2yalkyl, CF3, -CN, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and
thiazolyl are optionally substituted with up to two substituents independently selected from the
group consisting of SO,CH3, SO;NH,, C(O)NH,, -CN, OC(1zalkyl, (CH2)2-3OCH3, SCH3, CFj3,
F, Cl, and C(1.»alkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with
Cnalkyl; and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are
optionally substituted with up to three additional substituents independently selected from the
group consisting of C(O)NHC,nalkyl, C(O)N(C1-2)alkyl),, NHC(O)C(1.4yalkyl,
NHSO,C1_salkyl, C(O)CF3, SO,CF3, SO-NHC(15alkyl, SO:N(C1.2yalkyl),, C(O)NHSO,CHy,
SO,CH3, SO.NH;, C(O)NH3, -CN, OCi-4alkyl, (CH2)2-3OCH3, SCq14jalkyl, CF3, F, Cl, and
Caaalkyl;

R’ is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl,
azetidin-3-yl, N-acetyl-azetidin-3-yl, N-methylsulfonyl-azetidin-3-yl, N-Boc-azetidin-3-yl,
N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-C(;3)alkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-(3-methoxypropyl)-imidazolyl, thiadiazolyl, oxadiazolyl, or imidazolyl,

wherein said imidazolyl is optionally substituted with up to three additional substituents

6a
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independently selected from the group consisting of C(i_»alkyl, SCH3, OCi.»alkyl, CF3, -CN, F,
and Cl; and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, are optionally
substituted with up to three additional substituents independently selected from the group
consisting of SO,CHj3, SO,NH,, C(O)NH,, -CN, OC.palkyl, (CH»)-3OCH3, SCH3, CF3, F, Cl,
or C-palkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with
up to two substituents independently selected from the group consisting of SO,CHj3, SO,NH,,
C(O)NHy,, -CN, OC1.pjalkyl, (CHz)»-30CH3, SCHs, CF3, F, Cl, and C(1.)alkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with C(,.5jalkyl; and said pyrazolyl is
optionally substituted with up to three CHj; groups;

R’ is H, OH, OCHs, or NHy;

R*is H, or F;

R’ is H, Cl, -CN, CF3, SCusalkyl, OCq4alkyl, OH, Cg.salkyl, N(CH3)OCH3,
NH(C-4alkyl), N(C1_4jalkyl),, or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said pyrimidinyl, pyridazyl, or pyrazinyl are optionally substituted with Cl, F, CHs,
SCH3, OC1_4jalkyl, -CN, CONH,, SO.NH,, or SO,CHj3; and wherein said phenyl or said pyridyl
is optionally substituted up to two times with OCF3, SO,C(1.salkyl, CF3, CHF», pyrazolyl,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, C(sjalkyl, Ci.4cycloalkyl, OCi_salkyl,
N(CHj3),, SO,NH,, SO.NHCH;, SO,N(CH3),,CONH,, CONHCH; CON(CH3),,Cl, F, —CN,
CO,H, OH, CH,OH, NHCOC5alkyl, COC(.2)alkyl, SCH3; COC(4)alkyl, NH,, NHC(;.2)alkyl,
orOCH,CFj3; wherein the selection of each optional substituent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, and thiazolyl are optionally substituted with
CHs;

R’is H, CL -CN, C.salkyl, OC(14alkylCF3;, OCF3;, OCHF,, OCH,CH,OC;.4alkyl, CF3,
SCH3, C(1alkyINA'A®, CH,OC.3)alkyINA'A® NA'A? C(O)NA'A?,

CH,NHC,.3alkyINA'A> CH,N(CH;)Cpo.3)alkyINA'A? NHC 5 3yalkyINA'A?,
N(CH;)C2.4alkyINA'A%, OCp4)alkyINA'A?, OC 1 4jalkyl, OCH,-(1-methyl)-imidazol-2-yl,
phenyl, thiophenyl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl;
wherein said phenyl, thiophenyl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, and
pyrimidinyl are optionally substituted with up to three substituents independently selected from
the group consisting of F, Cl, CHj;, CF3, and OCHs;
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Alis H,or Casalkyl;
A2 iS H, C(1_4)alkyl, C(1_4)alkleC(1_4)alkyl, C(1_4)alkleH, C(O)C(1_4)alkyl, or OC(1_4)alkyl;
or A' and A’ may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

y-Ro - N N1 N
'§'N\)N 5“@1“@ o;]j , I N‘Rb, VO,-%—NQ'E'NyRa

Ob s\ s /T\O o _pem R, N NR
N ,'E_N\_/O, g_N\_/S, 'E_N\_/S“o, o | ok_/ \ ,
/_P $ N N-R
/\ 53 ~Ry
4N N-Ry -E'N/_\N—Rb -E_N\_<N_Rb \—ngH —\
\—ﬁ \—ﬁ 2 EN N-Ry
> > CF3 > o )and \_/ 5

R, is H, OCsalkyl, CH,OH, NH(CHj;), N(CHj3),, NH,, CH3, F, CF3, SO,CH3, or OH;

Ry is H, CO,C(CHs)3, C.ayalkyl, C(O)Cqalkyl, SO2Cqi-4alkyl, CH,CH,CF3, CH,CF3,
CHos-cyclopropyl, phenyl, CH>-phenyl, or C_gcycloalkyl;

R®is H, C(3alkyl, OC(_salkyl, CFs, NH,, NHCH;, -CN, or F;

R is H, or F;
and pharmaceutically acceptable salts thereof;
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethyl)benzyl)quinolin-6-yl)bis(1,2,5-
trimethyl-1H-imidazol-4-yl)methanol, N-(2-((3-(4-(1 H-pyrazol-1-yl)benzyl)-6-((4-
chlorophenyl)(hydroxy)(1-methyl-1H-imidazol-5-yl)methyl)-4-hydroxyquinolin-2-
yl)oxy)ethyl)acetamide and (3-(4-(1H-pyrazol-1-yl)benzyl)-4-chloro-2-(4-methylpiperazin-1-
yl)quinolin-6-yl)(1-methyl-1H-imidazol-5-yl)(6-(trifluoromethyl)pyridin-3-yl)methanol are
excluded from the claim.

According to a second aspect, the present invention provides a compound which is
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and pharmaceutically acceptable salts thercof.

According to a third aspect, the present invention provides a pharmaceutical composition,
comprising a compound of the invention and a pharmaceutically acceptable carrier.

According to a fourth aspect, the present invention provides a pharmaceutical composition made
by mixing a compound of the invention and a pharmaceutically acceptable carrier.

According to a fifth aspect, the present invention provides a process for making a pharmaceutical
composition comprising mixing a compound of the invention and a pharmaceutically acceptable
carrier.

According to a sixth aspect, the present invention provides a method for 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 the invention or a pharmaceutical
composition of the invention.

According to a seventh aspect, the present invention provides a method of treating or
ameliorating a syndrome, disorder or disease, in a subject in need thereof comprising
administering to the subject an effective amount of a compound of the invention or a
composition of the invention thereof 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.

According to an eighth aspect, the present invention provides use of a compound of the invention
in the manufacture of a medicament for treating or ameliorating a RORyt mediated inflammatory
syndrome, disorder or disease.

According to a ninth aspect, the present invention provides use of a compound of the invention

in combination with one or more anti-inflammatory agents, or immunosuppressive agents in the
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manufacture of a medicament for the treatment or amelioration of a syndrome, disorder or
disease selected from the group consisting of: theumatoid arthritis, and psoriasis.

Unless the context clearly requires otherwise, throughout the description and the claims, the
words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not
limited to”.

The present invention comprises compounds of Formula L

o RORE R
R1 AN R6
R? N7 R7
R® Formula I
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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, benzimidazoivl, indolyl, thiadiazolbyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinvl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolyl,
quinclinyl, and pyrazolyl are optionally substituted with C{OYCgalkyl, C{OINH,, C{OINHC
nalkyl, CLOIN{Cqalkyl),, NHC(O)Chgatkyl, NHSOCigalkyl, Caogalkyl, CFs, CH,CF;, Ci,
F, -CN, OCaalkyl, N(Cynalkyl)y, -{CH:):0CH:, SCiiajalkyl, OH, CO:H, COCogjalkyl,
C{OCFs, SO,CFs, OCF;, OCHF;, SO.CH;, SO,NH,, SONHC 1 matkyl, SON(Cnalkyl),,
C(OYNHSO,CH;, or OCH,OCH;; and optionally substituted with up to two additional
substituents independently selected from the group consisting of Cl, Cypjalkyl, SCH;, OC.
nalkyl, C¥s, -CN, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents independently selected from the group
consisting of SOCHz, SONHL, C(OYNH;, -CN, OCq.palkyl, (CHyye.5OCH;:, SCH;, CFa, F, Cl,
and Cpalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with Cypalkyl;
and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally
substituted with up to three additional substituents independently selected from the group
consisting of C{OINHCpalkyl, CIOMN(C palkyly, NHC(OY o galkyl, NHSO: G galkyl,
C{OYCFs, SOCF;3, SONHC 1 palkyl, SON{Cepalkyly,, C(OINHSOCH;, SOCH3, SO:NH,,
CLOMNH,, -CN, OCsalkyl, (CH ). OCH: (ncluding ~(CH ) OCHs), SChgaltkyl, CF;, F, CL
and Cgpalkyl;

R? is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl,
azetidin-3-v1, N-acetyl-azetidin-3-vl, N-methyisutfonyl-azetidin-3-yi, N-Boc-azetidin-3-yi, N-
acetyl piperidinyl, T-H-piperidinyl, N-Boc-piperidinyl, N-C pnalkvl-piperidinyl, thiazolvl,
pyridazyl, pyrazinyl, 1-(3-methoxypropyl-imidazolyl, thiadiazolvl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to three additional substitucnts
independently selected from the group consisting of Crinalkyl, SCHz, OCqpalkyl, CFs, -CN F,
and CFE and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, are optionally

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

g
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consisting of SOCH5, SONH,, C{OINH,, -CN, OCqpalkyl, (CH ). OCHas, SCH;, CF5, F, Cl
or Cymalkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with
up to two substitucnts independently selected from the group consisting of SO, CHs, SO, NH,,
C{ONH,, -CN, OCqnalkyl, (CH)»OCH;, SCHs, CFy, F, CL and Cpypjalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cypjalkyl; and said pyrazolyl is
optionally substituted with up to three CHi groups;

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

RYisH, o F;

R’ is H, CL -CN, CF;, SCq.galkyl, OCqpalioyl, OH, Cugpalkyl, N(CHOCH;, NH{(Cq.
palkyly N(Craalkyl)y, or d-hydroxy-pipenidinyl;

R’ is phenyl, pyridyl, benzothiophenyl, thiopheuyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said pyrimidinyl, pyridazyl, or pyrazinyl are optionally substituted with CL F, CH;,
SCHa, OC palkyl, -CN, CONH,, SO;NH;, or SO,CHs; and wherein said phenyl or said pyridyl
is optionally substituted up to two times with OCFs, 50,C palkyl, CFs, CHF,, pyrazoiyl,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cyaaliyl, Cugeycloalkyl, OC galkyl,
N{CH3)p, SO;NH2, SONHCH:, SON{CHas}s, CONH,, CONHCH: CON{CHs), CL F, -CN,
COoH, OH, CH2OH, NHCOC (1 nalkyl, COCqmatkyl, SCH COChgalioyl, NHy, NHC.palkyl,
or OCHZCFz;, wherein the selection of each optional substituent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, and thiazolyl are optionally substituted with
CHs;

R is H, CL, -CN, Ca.galkyl, OC.4alkylCF;, OCF;, OCHF,, OCHCHOCgalkyl, CFs,
SCHs, CoppalkyINATA” (ineluding CHyNA'AY), CHLOCaalkyINA'AY NATA?, CLOINA'A?,
CHONHC ) 3alkvINATAY, CHON(CHS)C 2.aalkyINAA® NHC o 2alkyINATA®, R(CH) .
4)aﬂ§yiNA}A2, (}(3(3_4)2111{3'INAIAQ, OCyaalkyl, OCH,-(1-methyl}-imidazol-2-yl, phenyl,
thiophenvl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, or pyrimidinyl; whercin
said phenyl, thiophenyl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyl, and
pyrimidinyl are optionally substituted with up to three substituents independently selected from
the group consisting of F, Cl, CH;, CF;, and OCHa;

Al s H, or Cupalkyl;
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A% s H, Cyupalkyl, CiaalkylOCuatkyl, CrgalkylOH, C{OYCualkyl, or OC4alkyl;
or A' and A” may be taken together with their attached nitrogen to form a ring sclected from the

group consisting of!

R BTG NV B WY
N A TN TN oy TN o
N ERVERNIE 2 : j
W Ny N7 (:.Z’/ zf R d g Ni}ﬁ
3
e \ F
F § ? Ra - 4 F
X, G 1 0 O S O
/
% 5- ’rﬂ\;\amab 4N ON-Ry 54 <
N ) —§—Nmo -§—N/_\s 4 /W\Sﬁo haa e N
LNl SN T ST »; of
| o emy e, PR
N N-Ry +N N-R, TN N-Rp \—gﬁ
\-—ﬁ > TN YN %_N/“““\N_Rb
. ) BFs O cand NS

R, 1s H, OC_palkyl, CH,OH, NH{CHz}, N(CHas),. NH,, CH;, F, CF5, SO,CH, or OH;

Ry s H, CO,C({CH1)s, Chupalkyl, C{OYCualkyl, SO spalkyl, CH,CHLCEF;, CHLCFs,
CH;-cyclopropyl, phenyl, CHy-phenyl, or Cgoyeloalkyl;

RS is H, Cisjalkyl (including CHz), OCsalkyl, (including OCHs) CF;, NH,, NHCH;, -
CN, or F;

R” is H,orF;
and pharmaceutically acceptable salts thereof]
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethylbenzyljguinolin-6-yljbis{1,2,5-
irimethyl-1H-imidazol-4-ylymethanol, N-(2-((3~(4-(1 H-pyrazol-1-vlibenzyl}-6-({4~
chlorophenyhthydroxy (1 -methyl-1H-inudazol-S-yhmethyl)-4-hydroxyquinolin-2-
yhoxyyethyhacetamide and (3-(4-(1 H-pyrazol-1-yhbenzyh-4-chloro-2-(4-methylpiperazin-1-
yhquinolin-6-y1}{ I -methyl- | H-imidazol-5-yl{6-(irifluoromethyhpyridin-3-ylmethanol are

exciuded from the embodiment,

In another embodiment of the invention:

9
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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 iaalkyl, C{OINH,, Cyaalkyl, CFs, CHCFs, Cl,
F, -CN, OCqgalloyl, N{Ciigalkyl)s, -{(CH,10CH:, SChgalkyl, OH, COH, CO,C; palkyl,
OCF;, OCHF,, SG,CH;, SO;NH,, or OCH,0OCH:; and optionally substituted with up to two
additional substituents independently selected frorn the group counsisting of Cl, Cpalkyl
{including CHa), SCH;s, OC;; palkyl Gincluding OCH3), CFz, -ON, and F; and wherein said
triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and thiazolyl arc optionally substituted with up to two
substitoents independently selected from the group consisting of SOCHs, SGNH;, C{OYNH,, -
CN, OCgalkyl, (CH )03 OCHz, SCH;, CFs, F, Cl, and C nalkyl (inclading CHi); and saxd
pyridyl, and pyridyl-N-oxide arc optionally substituted with up fo three additional substituents
independently selected from the group consisting of SO CH;, SO;NH,, CIOINH,, -CN, OC;.
salkyl, (CHz)o5OCH; (including «{(CH):OCH,), S3Cq galkyl, CFs, F, CL and Cppaalkyl;

R is 1-methyl triazolyvl, pyridyl, pyridyi-N-oxide, F-methyl pyrazolyl, pyrimidinyl,
oxazolyl, isoxazolyl, N-acetvl-azetidin-3-yvl, N-methyisulfonyl-azetidin-3-yi, N-Boc-azetidin-3-
yi, N-acetyl piperidinyl, 1-H-pipenidinyl, N-Boc-pipendinyl, N-Cq sjalkyl-piperidinyl (inclhuding
N-Copalkyl-piperidinyl), thiazolyl, pyridazyl, pyrazinyl, 1-3-methoxypropyl-imidazolyl, or 1-
Capalkyl imidazolyl; wherein said [-Coojalkyl imidazolyl is optiovally substituted with up to
two additional substituents independently selected from the group consisting of Cipalkyl
(inclhuding CHa}, SCHa, OCgpjalkyl, CFs, -CN, F, and CL; and said pyridyl, and pyridyl-N-oxide
arc optionally substituted with up to three additional substituents independently sclected from the
group consisting of SO,CHs, SCNH,, C{OHNH,, -CN, OCqmalkyl {including OCH3}, (CHz o
5 OCH;, SCH;3, CFs, F, Cl, and Copalkyl (including CHy); and said thiazolvl, oxazolyl and
isoxazolyl are optionally substituted with up to two substituents independently selected from the
group consisting of SOCCH;, SONH,, C{OINH,, -CON, OCpalkyl, (CH)050CH:, SCHa, CFs,
F, 1, and Cipatkyl (including CHs); and said 1-methyl pyrazolyl is optionally substituted with
up to two additional CHj; groups;

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

RYis H,orF;
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R is H, CL -CN, CFs, 8¢ a-nalkyl, OCgalkyl, OH, Coapalkyl, N{CH;}OCH:, NH{(Cq.
palkyly N(Cigalkyl)y, or 4-hydroxy-piperidinyl;

R’ is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyi, or pyrazinyl;
wherein said phenyl or said pyridyl is optionally substituted with OCF;, SOCigatkyl (including
SO,CH), CFs, CHF,, pyrazolyl, triazolyl, imtdazolyl, tetrazolyl, oxazolyl, thiazolyl, Ciypalkyl
(including CHs), Ciraeycloalkyl, OCsalkyl (ncluding OCHz), N(CHz),, SO:NH,,
SONHCH; SON(CH; ), CONH,, CONHCH; CON(CH; ), CL F, =CN, CO,H, OH, CH,0H,
NHCOC palkyl (tncluding NHCOCH;), COC nalkyl (including COCH»), or SCHy;

R'is H, CL -CN, Conalkyl, OCa.galkylCFs, OCHCHOCgalkyl, CF3, SCH;,
CHaNA'A®, CHOC o 5alkyINA'A® NA'A® CLOINA'A®, N(CH)Co nalkyiNA'A%, OC.
salkyINATAZ OC, r-aalkyl, OCH-(F-methyly-imidazol-2-y1, furyl, pyrazolyl, imidazolyl, pynidyl,
pyridazyl, pyrazinyl, or pyrimidinyl; wherein said inudazolyl or pyrazolyl is optionally
substituted with one CHs group;

Alis H, or Cpalkyl;

AlisH » Coayatkyl, CriaalkviOC aplkyl, CoaatkylOH, COYCaalkyl, or OC galkyl;
or A’ and A% may be taken together with their attached nitrogen to form a ring selected from the
group consisting of:

7

N

s p HEHN/WNH " %N?
O A R Lok Lo 1S
/N -§—N/—<j ﬁ% N NRe
'EMNORQ , “EMN\_“JO ) \Mﬁ \“ﬁ‘ dnd NMRb ;

R, 15 H, OC galkyl, CHOH, Ni 1((} 23, N{CHj3);, NH;, CH;, F, or OH;
Rpis H, (OQL(C ,'13)3, ,,.q_4)aﬂ-;yi,, L(U‘)(/(]"ma i'i‘v'l (H}Chldil’lg ({O)CH}), S():(N(Azg)dlk}li,

Ra

CHCHLCF 3, CHRCFs, CHy-cyclopropyl, phenyl, CHy-phenyl, or Ci.gieycloalkyl;
RY is H, CHa, OCHs, or F
R is H,orF:
and pharmaceutically acceptable salts thereof,
provided that {4-chloro-2-methoxy-3-{(4-{trifluoromethylybenzyliquinolin-6-vi}bis{1,2,5-
trimethyl-1H-imidazol-4-yhimethanol, N-(2-{{3-{4-(1 H-pyrazol-1-yl}benzyl}-6-{{4-

11
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chloropheny{hydroxy )} I-methyl-1 H-imidazol-5-ylymethyl)-4-hydroxyquinolin-2-
vhoxyiethyhacetamide and (3-(4-(1 H-pyrazol-1-yljbenzyl}-4-chloro-2-{4-methyipiperazin- | -
vhquinolin-6-y{1 -methyl-1 H-imidazol-5-y{6-(trifluoromethyhpyridin-3-ylimethanol are

exchuded from the embodiment.

In another embodiment of the invention:

R is pyreolyl, pyrazolyl, imsidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrinudinyl, pyridazyl, piperidinyl, tetrahydropyranyi, phenyl, oxazolyl, isoxazolvl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
C{ONCgalkyl (including C{OYCH:), CIOWH:, Cipalkyl (including CHz, and CHLCH3), CFs,
CHLCF;, CLF, -ON, OCqgatkyl (including OCH;), N(Cqi.salkyl) (ocluding N(CHz)), -
{CH):0CH;, SCgalkyl (ocluding SCHy), OH, COH, COCsalkyl (including CO:C(CHs )33,
OCF;, OCHF,, S0,CH;, SONH,, or OCHOCH;:; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCH;, and CHa;
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-yl, N-Bog-
azetidin-3-v1, N-acetyl piperidinyl, -H-piperidinvl, N-Boc-piperidinyl, N-Cy_nalkyl-piperidiny,
thiazolyl, pyridazyl, 1-(3-methoxypropyl-imidazolvl, or 1-C nalkyl imidazolyl; wherein said 1-
Cpalkyl imidazolyl is optionally substituted with up to two additional CH; groups, or one
substitucnt selected from the group consisting of SCH;, and Cl; and said pyridyl, and pyridyl-N-
oxide are optionally substituted with up to two subsitittents independently selected from the
group consisting of SC,CH;, SONH,, C{OINH,, -CN, OCH;, CFs, Cl, and CH;3; and said
thiazolyl, oxazolyl and isoxazolyl arc optionally substituted with up to two CH; groups; and said
{-methyl pyrazolyl is optionally substituted with up to two additional CHj groups;

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

RYisH,orF;
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R’ is H, Ci, -CN, CF;, SC(jalkyl {(including SCHz), OCi galkyl, (including OCanalkyl)
OH, Cyyaalkyl, N(CHYOCH:, NH{C.palkyl) (including NH(C palkyly), N(Cgalkyl),
(including N{(Cqalkyl)). or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said phenyl or said pyridyl is optionally substituted with OCF4, SO,CH;, CF3, CHF,,
pyrazolyl, triazolvl, imidazolyl, tetrazolvl, oxazolyl, thiazolyl, CH;, OCH;, N{CH3),, SO;NH,,
CONH,, Cl, F, -CN, CO,H, OH, CH,0H, NHCOCH,;, or COCH3;

R’ is H, CI, -CN, Capalkyl, OC 0alkyICEs (including OCHLCF»), OCHCHOC
salkyl {including OCH,CH,OCH:), CF3, SCHa, NA'AY C(OINA'A? (inclading C(ONHCH:),
N{CH)Cpa.alkyINA'A? (inchuding N(CH)CH,CHONA' A%, OCo 4alkvINA'A? (including
OCH,CHNA'AY, OCq.malkyl (including OCsalkyly, OCH-(1 -methyl-tmudazol-2-yl,
imidazolyl, furyl, pyrazolyl, pyridyl, or pyrimidinyl; wherein said imidazolyl or pyrazolyl is
optionally substituted with one CH;z group;

Alis H, or Cpalkyl;

AlisH , Coayatkyl, CpaalkylOC aplkyl, CoaalkylOH, GO aalky] (including
CLOY o alkyi), or OCpalkyl (including OCHz); or Al and A® may be taken together with their

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

NCSP ﬂ Ni?( NH’ 'E"Nij’~§»Nﬂ"§“N§—Ra"§“Ni><; gNge-g--NQ«--Ra’

R. s H, F, OCusalkyl (including OCHs), or OH;

Ry, 1s Cpalkyl (including CH;), C{O}CH;, or phenyl;

R is H, CHs, OCH;, or F;

R” is H,orF;
and pharmaceutically acceptable salts thereof]
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethylbenzyljguinolin-6-yljbis{1,2,5-
trimethyl- 1 H-imidazol-4-yhmecthanol, N-(2-({3-(4-(1 H-pyrazol-1-ylibenzyl}-6-({4-
chlorophenyh{hvdroxy i 1-methyl-1 H-imidazol-5-yhimethyl)-4-hydroxyquinolin-2-
vhoxyjethyDacctamide and (3-(4-{1 H-pyrazol-1-ylibenzyl}-4-chloro-2-(4-methylpiperazin-1-
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vhquinolin-6-yl){1 -methyl-1 H-imidazol-5-y{6-(trifluoromethyhpyridin-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, pyrinudinyl, pyridazyl, piperidinyl, tetrahydropyranyi, phenyl, oxazolyl, isoxazolvl,
thiopheunyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pynidyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
SORCH3, C(O)CH:, CIONH,, CH;, CHLCHG, CF;, CLF, -CN, OCH;, N(CHz ), «{(CH2 1 OCH;,
SCHs, OH, COH, COC(CH3)3, or OCH,OCH;; and optionally substitated with up to two
additional substituents independently selected from the group consisting of CL, OCHs, and CHg;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl arc optionally sobstituted with one
or two CH;s groups;

R is 1-methyl-1,2 3-triazolyl, pyridyl, pyridyl-N-oxide, 1-methyl pyrazol-4-y1,
pyrimdin-5-vi, pyridazyl, pyrazin-2-yl, isoxazolyl, N-acetyl-azetidin-3-vl, N-methylsulfonyl-
azetidin-3-v1, N-Boc-azetidin-3-vl, N-acetyl piperidinyl, 1-H-piperidinyi, N-Boc-piperidinyi, N-
Capaltkyl-piperidinyl, thiazol-5-yl, 1-(3-methoxypropyli-imidazol-5-y1, or 1-Cpypalioyl
imidazol-5-vl (including 1-ethyl imidazol-5-y1 and 1-methyl imidazol-5-y1); wherein said 1-Cp.
nalkyt imidazol-5-yi (including 1-methyl imidazol-5-v1 } is optionally substituted with up to two
additional CHjs 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{(OINH,, -CN, OCH;, CF,, CL and CHz;
and said thiazol-5-v1, and said isoxazolyl are optionally substituted with up to two CH; groups;
and said -methyl pyrazol-4-yl is optionally substituted with up to two additional CHs groups;

R’ is H, OH, OCH;, or NH;

R'is H, orF;

R’ is H, CI, -CN, CFs, SCHa, OCqsalkyl (including OCHs), OH, Cpigalkyl (including
CHjs}), N(CH3)YOCH, NH(Cypatkyl) N(Copalkyly,, or 4-hydroxy-piperidinyl;

R is pyridyl, phenyl, benzothiophenyl, or thiophenyl: wherein said pyridyl or phenyl is
optionally substituted with OCF;, SO,CH;, CF;, CHF,, imidazol-i-vl, pyrazol-i-yi, 1,2 4-triazol-
{-yl, CH;, OCH;, CL F, or -CN;
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R’ is H, Ci, -CN, Cyaalkyl (including Cy sjalkyl), OCH,CF5, OCH,CHOCH;, CFs,
SCHs, NA'A?, C{OINHCH:, N{CH)CHCHNA'AY, OCH,CHNA'A®, OC, 1 salkyl, OCH-(1-
methyly-imidazol-2-yl, imidazol-2-yl, fur-2-yl, pyrazol-4-vi, pyrid-3-yi, or pyrimidin-3-yl;
wherein said imidazolyl or pyrazolyl is optionally substituted with one CHy group;

Alis H, or Cppalkyl;

Alis H, Caualkyl, CugalkylOCgatkyl, CugalkylOR, COYCpalkyl, or OCH:; or Al
and A? may be taken together with their attached vitrogen to form a ring selected from the group

consisting of:

»g-;\g; %WN/\?\%H «, & --§—N$
Y 0 g w0 v Y 6O
"§"N/-“-\ ~3-N/-M\N~—Rb

\mn/p cand © s :

Rais H, F, OCH;, or OH;

Ry, 1s CHa, or phenyl;

R® is H, CHa, OCHs, or F;

R isH, or F,
and pharmaceutically acceptable salts thereof,
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethylibenzyiquinolin-6-vbis{1,2,5-
trimethyl-1H-imidazol-4-yhimethanol, N-(2-{{3-{4-{1 H-pyrazol-1-yl}benzyl}-6-{{4-
chiorophenyhi{hydroxy}{1-methyl-1H-imidazol-S-ylimethyl)-4-hydroxyquinolin-2-
vhoxyjethylacetamide and (3-(4-(1H-pyrazol-1-yhbenzyl}-4-chloro-2-(4-methylpiperazin- 1 -
vhquinolin-6-yl )1 -methyl-1 H-imidazol-3-y}{6-{(triftuoromethypyridin-3-ylimethanol 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;, CHs, CF;, CL F, -CN, OCH;, -CF;, or N{CH3;),; and
optionally substituted with up to onc additional group independently selected from CE OCHa,
and CHj; and wherein said triazolyl, oxazolvl, and thiazolyl are optionally substituted with one

or two CHy groups;

[,
(3]
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R* is {-methyl-1,2-3triazol-5-y1, pyrid-3-yl, 1-methyl pyrazol-4-yl, thiazol-5-vl, N-acetyl-
piperidin-4d-yl, N-acetyl-azetidin-3-yi, N-methylsulfonyl-azetidin-3-vl, N-Boc-azetidin-3-v1, 1,2-
dimethyl imidazol-3-vl or [-methyl imidazol-3-vl;

R’ is OH, or NH;;

rR'is H;

R is H, Cl, -CN, CFs, CH;, OH, N{CHYOCH;, 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-vl, CFs, OCH;, SG,CH;, CL F, or -CN;

R is CL, ~CN, CFa, Crpgalkyl, NA'A?, C{OWHCH;, OCH,CHLOCH,, 1-methyl
imidazol-2-yl, l-methyl pyrazol-4-yl, or OCqmalkyl;

Alis Capallyl;

Alis Comalkyl, CH:CHOCH;, or OCH;; or Al and A? may be taken together with their
attached nitrogen to form a ring selected from the group consisting of:

F
O, WO e
. , , and ;

R.is OH, OCH: F, or H;

R®is H, CHs, OCHs, or F;

R is H;

and pharmaceutically acceptable salts thereof.

fu another embodiment of the invention:

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

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

R is OH;

RYis H;

R’ is H, CL, -CN, CF3, CHs, or OCH3;
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R’ is phenyl, thiophen-2-y1, or benzothiophen-2-yl; wherein said phenyl is optionally
substituted with pyrazol-1-vi, 1,2, 4-triazol-1-yl, OCH;, SO,CH,, CL F, CF4, or -CN;

R’ is C1, -CN, CHy, NA'A® C(OYNHCH;, or OC;zalkyl;

Alis Ciypalkyl;

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

nitrogen to form a ring which is:

O

R® is H, CHa, OCH;, or F
R%is H:

and pharmaceutically acceptable salts thercof.

in another embodiment of the invention:

R is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazoiyl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl, benzothiazolyl, indazolyl,
tetrahydropyranyl, tetrahydrofuranyl, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolyl,
quinclinyl, and pyrazolyl are optionally substituted with C{OYCgalkyl, C{OINH,, C{OINHC
yalioyl, CLOMN{Conalkyl),, NHC(O))Cogyalkyl, NHSO,Crgalkyl, Coogalkyl, CFs, CHCF;, Cl,
F, -CN, OCaalkyl, N(Cynalkyl)y, -{CH:):0CH:, SCiiajalkyl, OH, CO:H, COCogjalkyl,
C{OYCF», SO,CF;3, OCF;, OCHF,, SO2CH;, SO:NH,, SONHCqpatkyl, SON(Ch malkyl),
C{OYNHSO,CH;, or OCH,0CH;; and optionally substituted with up to two additional
substituents independently selected from the group cousisting of Cl, Cnalkyl, SCHs, OCq.
nalkyl, CFs, -CN, and F; and wherein said triazolyl, oxazolyvl, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents mdependently selected from the group
consisting of SOCHz, SONHL, C(OYNH;, -CN, OCq.palkyl, (CHyye.5OCH;:, SCH;, CFa, F, Cl,
and Cpalkyl; and said thiadiazolyl and oxadiazolyl are optionally substituted with Cpallyl;
and said pyridyl, pyridyi-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl are optionally

substituted with up to three additional substituents independently selected from the group
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consisting of C{OINHCnalkyl, CIOIN(Cjpalkyly,, NHC(O)Cq palkyl, NBSO,C_galkyl,
C{OCFs, SO,CF;, SONHC 1 palkyl, SOMN{Coonalkyly,. C(OINHSO,CHi, SOCH3, SO;NH,,
C{OYNH,, -CN, OC_galkyl, (CH2 ). OCH; (including ~(CH 3 OCH3), SCaigalkyl, CFs F, ClL,
and Cagalkyl;

RY is trigzolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl, N-
acetyl piperidinyl, |-H-piperidinyl, N-Boc-piperidinyl, N-Csalkyl-pipendinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-(3-methoxypropyi-imidazolyl, thiadiazolyl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to three additional substitucnts
independently selected from the group consisting of Cpatkyl, SCHs, OCpalkyl, CFq, -CN, F,
and Cl; and said pyridyl, pyridyl-N-oxide, pyrimudinyl, pyridazyl, and pyrazioyl, arc optionally
substituted with up fo three additional substituents independently selected from the group
consisting of SOCH;, SO NH,, C(O3NH,, -CN, OCpatkyl, (CH)o.10OCH;, SCH3, CF;, F, Cl,
or Cqpalkyl; and sard triazolyl, thiazolyl, oxazolyl and isoxazolyl are optionally substituted with
up {0 two substituents independently selected from the group consisting of SGLCH;, SO NH,,
CLOWNH,, -CN, OC palkyl, (CH2 ) OCH:, SCHs, CFs, F, CL and Cypalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with C( nalkyl; and said pyrazolyl is
optignally substituted with up to three CHs groups;

R’ is H, OH, OCH;, or NHy;

RYis H,or F;

R’ is H, Cl, -CN, CF, SCupalkyl, OCq.salkvl, OH, Cppalkyl, N{CH:)OCH:, NH(Cq.
salkvly N{Cq.aalkyl)s, or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyt, or pyraziny;
wherein said pyrimidinyl, pyridazyl, or pyrazinyl arc optionally substituted with Cl, F, CH;,
SCHaz, OCualkyl, -CN, CONH;, SO;NH,, or SOCHz; and wherein said phenyl or said pyridyl
is optionally substituted up to two times with OCFs, SO, salkyl, CF;, CHF,, pyrazoiyl,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cgalkyl, Coaneyeloalkyl, OCqsalkyl,
N{CHjs), SO;NH,, SO;NHCH;, SON{CHz)y, CONH,, CONHCH; CON(CHz}, CL F, ~CN,
COuH, OH, CH,0H, NHCOCjpalkyl, COCpalkyl, SCH5 COChagalkyl, NH,, NHC 1 palkyl,
or OCH,CF5; wherein the selection of cach optional substituent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, and thiazolyl are optionally substituted with

CHs;
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R’ is H, Ci, -CN, Cyaalkyl, OCq_palkylCF;, OCF,, OCHF,, OCH,CH,0C14alkyl, CFs,
SCH;, CjalkyINA'A” (including CHONA'A), CH,0C 1 alkyINATA, NATA®, C{OINA'A®,
CH NHC o salkyINATA? CHON(CH o aalkyINATA®, NHC o 5alkyINATA®, N(CH)Co.
4)&11{}71NA115&2_, OC@_@aﬂ(leAlA{ OCapalkyl, OCH-(1-methyl}-imidazol-2-yl, phenyl,
thiophenyl, furyl, pyrazolyl, imidazolyl, pyridyl, pyridazyl, pyrazinyi, or pyrimidinyl; whercin
said phenyl, thiophenyl, furyl, pyrazolyl, imidazolyl, pyridvl, pyridazyl, pyrazinyi, and
pyrimidinyl are optionally substituted with up to three substituents independently selected from
the group consisting of F, Cl, CH;, CF3, and OCHa;

Alis H, or Capalkyl;

Alis H, Cagalkyl, CaaalkylOCugalkyl, CuaalkylOR, COYCgalkyl, 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

EETA R SN ©
O AR R wi She S SRR
£
-§~N? R F ~F
F £ a8 F
wOG L e T WO () B
? E--Nf ------ N Ry -?me\NmRb ng'—(N 2
P N e SO S NIV A W I N N MR
ng’ N éN\__/S, N o | 0 , <\ ,
L/ WA
. /N N N, TN NR
AN N-Ry N N-R, EN

T S ST W

CFy O T R — ;

R, 18 H, OCpalkyl, CHyOH, NH{CH3), N(CH3),, NH;, CHs, F, CFs, SOCH;, or OH;

Rp 18 H, COC(CHz ), Cugalkyl, COCagalkyl, SOCagalkyl, CHLCHCE;, CHYCR;,
CHz~cyclopropyl, phenyl, CHa~-phenyl, or Cagieycloalkyl;

R is H, Casalkyl (ncluding CHs), OCq salkyl, (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-(irifluoromethylbenzyhquinolin-6-vbis{1,2,5-
trimethyl-1H-imidazol-4-yhmethanol, N-(2-({3-{4-{1 H-pyrazol- 1-ylibenzyl}-6-({4-
chlorophenyi{hydroxy )} I-methyl-1 H-imidazol-5-ylymethyl)-4-hvdroxyquinolin-2-
vhoxyicthyhacetamide and (3-(4-(1H-pyrazol-1-ylbenzyl}-4-chloro-2-{(4-methylpiperazin- | -
vhquinolin-6-yl){1 -methyl-1 H-imidazol-5-y{6-(trifluoromethyhpyridin-3-ylimethanol are

exchuded from the embodiment.

o another embodiment of the invention:

R’ is pyreolyl, pyrazolyl, iroidazolyl, triazolyl, thiazolsl, pyridyl, pyridyt N-oxide,
pyrazinyl, pyrinudinyl, pyridazyl, piperidinyl, tetrahydropyranyi, phenyl, oxazolyl, isoxazolvl,
thiopheunyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, irmidazolvl, phenyl, thiophenyl,
benzoxazolyl, pyrazolyvl, pyridvl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pynidazyl, or
quinohinyl are optionally substituted with C{OYCpgatkyl, C{OINH,, Cuaalkyl, CFa, CHCE3, Cl,
F, -ON, OCqgalkyl, N(Cgallovl)s, (CH0CHs, 5Chgalkyl, OH, COH, COCaalkyl,
QOCF;, OCHF,, SG,CH;, SO;NH;, or OCH,OGCH:; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, Cppalkyl
{inchuding CHa}, SCH;s, OC palkyl Gincluding OCH3), CF;, ~-CN, and F; and wherein said
triazolyl, oxazolyl, isoxazolvl, pyrrolyl, and thiazolyl are optionally substituted with up to two
substituents independently selected from the group consisting of SOCHa, SO:NH,, C{OWNH,, -
CN, OCqpalkyl, (CH2)o5y0CH;, SCH;, CF;, F, Cl, and Cg pyalkyl (including CHs); and said
pyridyl, and pyridyl-N-oxide are optionally substituted with up fo three additional substituients
independently selected from the group consisting of SO, CH5, SCNH,, C{OINH,, -CN, OC,.
salkyl, (CHy )5 0CH; (including -{CH»30CH;), SChsalkyl, CFs, F, Cl, and Cpaalkyl;

R* is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, I-methy! pyrazolyl, pyrimidinyl,
oxazolyl, isoxazolyl, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-Cyzalkyl-
piperidinyl (including N-Cyypalkyl-piperidinyly, thiazolyl, pyridazyl, pyrazinyl, 1-(3-
methoxypropyl)-imidazolyl, or 1-Cyypalkyl imidazolyl; wherein said 1-Cqopalkyl imidazolyl is
optionalty substituted with up to two additional substituents independently selected from the
group consisting of Cyoalkyl (including CHs), SCHs, OCpalkyl, CFs, -CN, F, and Cl; and said
pyridyl, and pyridyl-N-oxide arc optionally substituted with up to three additional substitucnts

independently selected from the group consisting of SO,CH;, SO,NH,, C(O)NH,, -CN, OC.
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nalkyl (including OCHG5), (CHy )5 OCH:, SCHs, CFs, F, Cl, and Cypalkyl (including CHa); and
said thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to two substituents
independently selected from the group consisting of SO,CH3, SO:NH,, C{OINH,, -CN, OCq
nalkyl, (CH)»5yOCH;, SCH;, CFs, F, Cl, and Cpalkyl (including CH3); and said 1-methyl
pyrazolyl is optionally substituted with up to two additional CHj groups;

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

RYis H, or F;

R’ is H, ClL, -CN, CFs, SCrayatkyl, OCsalkyl, OH, Cipalkyl, N{CH;)OCH:, NH(C.
salkvhy N(Cg.galkyl)s, or 4-hydroxy-piperidinyl;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pytidazyl, ot pyrazinyl;
wherein said phenyl or said pyridyl s optionally substituted with OCF3, SO2C galky] {including
SO, CHs), CFs, CHE,, pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Cygalioyt
(including CHs), Cageveloalkyl, OCq palkyl (nclading OCHz), N(CHa )z, SO NH,, SO NHCH;,
SO;N{CH;),, CONH,, CONHCH; CON(CH:),, CL F, -ON, CO:H, OH, CHOH, NHCOC .
nalkyl {including NHCOCH;), COCq palkyl (including COCHs), or SCH;

R’ is H, CI, -CN, “a-pabloyl, OCqaalkyiCE;, OCHCHOC g gpalkyl, CFs, SCH;,
CHoNA'A?, CHOC o nalkyiNAT AT NATA? CHOINATAZ N(CH3CpgalkyINATAY, OC,.
4>aH§yiNA}A2, OCa.galkyl, OCH-(1-methyh-tmidazol-2-y1, furyl, pyrazolyl, imidazolvl, pyridyl,
pyridazyl, pyrazinyl, or pyrimidinyl; wherein said imidazolyl or pyrazolyl is optionally
substituted with one CHa group;

Alis H, or Cgalkyl;

Atis H, Ciaalkyl, CayalkylOCaalkyl, ChalkylOH, C(ONC 1 palkyl, or OC4alkyl;
or A and A” may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

,g_N;; -§—N/ﬁNH e N R,
ENijN o g// 9-§~Nﬁ?‘§—m<>~§%a"§“?‘<><?’ o ,‘3 N
i (N N NRy BN Ry

4
5 Fe \-T _
§NC>R3" EN\WH/O" R \Mﬁ ,md !N Rb;

R, is H, OC (1 4)8&(}/1, CH,OH, I\H(CHJ, \1(( Hs )) NH;, CHa, F, or OH;
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Ry is H, COC{CH )z, Caalkyl, CO)C o gatkyl (including C(OYCH;), SOChpalkyl,
CH,CH,CF», CHCFz, CHy-cyclopropyl, phenyl, CHy-phenyl, or Cagieycloalkyl;

R is H, CHs, OCH;, or F;

R is H,orF;
and pharmaceutically acceptable salts thereof]
provided that {(4-chloro-2-methoxy-3-{(4-(trifluoromethylbenzylquinolin-6-vlbis{1,2,5-
irimethyl-1H-imidazol-4-ylymethanol, N-(2-((3~(4-(1 H-pyrazol-1-vlibenzyl}-6-({4~
chlorophenyhthydroxy (1 -methyl-1H-inudazol-S-yhmethyl)-4-hydroxyquinolin-2-
yhoxyyethyhacetamide and (3-(4-(1 H-pyrazol-1-yhbenzyh-4-chloro-2-(4-methylpiperazin-1-
yhquinolin-6-y1}{ I -methyl- | H-imidazol-5-yl{6-(irifluoromethyhpyridin-3-ylmethanol are

exciuded from the embodiment,

In another embodiment of the invention

R' is pyrrolyl, pyrazolyl, imidazolyl, triazofyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolvl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
CLOY aaalkyl (nclading C{OYCH2), CIOINH,, Cia.palkyl (including CHz, and CH2CH;3), CF3,
CHLCFs, CL F, -CN, OC . galkyl (inclading OCHz), N(Cii.galkyl) (including N{CTHaz ), -
{CH2):0CH;:, SCiigalkyl (including SCHz), OH, COH, CO,C palkyl (including COC(CHz)3),
QOCF;, OCHE,, SG,CHa, SO;NH;, or OCH,OGCHzs; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCH;, and CHj;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl 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, I-H-piperidinyl, N-Boc-piperidinyi, N-C.
nalkyl-piperidinyl, thiazolyl, pyridazyl, 1-(3-methoxypropyl}-imidazoivl, or 1-Cypalioyl
imidazolyl; wherein said 1-Cqpalkyl imidazoivl is optionally substituted with up to two
additional CH» groups, or one substituent selected from the group consisting of SCH;, and O
and said pyridyl, and pyridyl-N-oxide arc opticnally substituted with up to two subsitutents

independently selected from the group consisting of SO,CH;, SO,NH,, C{O)NH,, -CN, OCHa,
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CF;, (1, and CH;s; and said thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up
to two CHj groups; and said 1-methyl pyrazolyl is optionally substituted with up to two
additional CH; groups;

R’ is H, OH, OCH;, or NH;

rR'is H, orF;

R”is H, CL, -CN, CFy, SCgalkyl (including SCHa), OCqgalkyl, (including OCzalkyl)
OH, Cygalkyl, N(CHHOCH,:, NH{C(galkyl) (ncluding NH{Cqnalky ), N(Csalkyl),,
(including N{(Cyipalkyl)), or 4-hydroxy-piperidinyl;

R’ is phenyl, pyridyl, benzothiophenyl, thiopheuyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said phenyl or said pyridyl! s optionally sebstituted with OCFs, SO,CH;, CFs, CHF,,
pyrazolvl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, CHz, OCHs, N{(CHs},, SONH,,
CONH,, C1, F, =CN, CO:H, OH, CH,OH, NHCOCH:, or COCH;5;

R’ is H, CL -CN, Cqgalkyl, OCa.4alkylCFs (including OCH,CFz), OCHCHOC .
palkyl (inchuding OCH,CHLOCHS), CF3, SCH;, NATA?, CLOWA'A? (including C(OYNHCH:),
N(i()i—i;)@@_@aikyENAlAZ {including N(CH:)CH,CH,NATAY, ()(3(2,_4)31kyENAlAz {inchuding
OCHzCHgNAIAZ)? OCq.aalkyl Gncluding OC 1 satkyl), OCH~(1-methyl}-imidazol-2-vl,
imidazolyl, furyl, pyrazolvl, pyridyl, or pyrimidinyl; wherein said imidazolyl or pyrazolyl is
optionally substituted with one CH; group;

Alis H, or Cgalkyl;

Alis H, Capalkyl, CaaalkyiOCgaliyl, CaaalkylOH, CEOYCpalloyl (including
C{OYCopalkyl), or OCH.gatkyl (incloding OCH;); or Al and AY may be taken together with their

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

SELe ?
YU 10 g 00 10 Y 9O

s \ s 7 \
N o N N-R
S and / :

R, is H, F, OCqsalkyl {including OCHz), or OH;
Ry 15 Cyigalkyl (including CHgs), C(O)CH;, or phenyl;
R®is H, CHs, OCH;, or F
R’ is H, orF;
and pharmaceutically acceptable salts thereof;
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provided that (4-chloro-2-methoxy-3-{(4-(irifluoromethylbenzyhquinolin-6-vbis{1,2,5-
trimethyl-1H-imidazol-4-yhmethanol, N-(2-({3-(4-{1 H-pyrazol-1-ylibenzyl}-6-({4-
chlorophenyi{hydroxy )} I-methyl-1 H-imidazol-5-ylymethyl)-4-hvdroxyquinolin-2-
vhoxyicthyhacetamide and (3-(4-(1H-pyrazol-1-ylybenzyl}-4-chloro-2-{(4-methylpiperazin- | -
vhquinolin-6-yl}{1 -methyl-1 H-imidazol-5-y{6-(trifluoromethyhpyridin-3-ylimethanol are

exchuded from the embodiment.

In another embodiment of the invention:

R’ is pyreolyl, pyrazolyl, iroidazolyl, triazolyl, thiazolsl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrinudinyl, pyridazyl, piperidinyl, tetrahydropyranyi, phenyl, oxazolyl, isoxazolvl,
thiopheunyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
SORCH3, C(O)CH:, CIONH,, CH;, CHLCHG, CF;, CLF, -CN, OCH;, N(CHz ), «{(CH2 1 OCH;,
SCHs, OH, COH, COC(CHz), or OCHOCH;; and optionally substituted with up to two
additional substituents independently selected from the group consisting of Cl, OCH;, and CHa;
and wherein said triazolyl, oxazolyl, isoxazolyl, and thiazolyl are optionally substituted with one
or two CHjs groups;

R is 1-methyl-1,2 3-triazolyl, pyridyl, pyridyl-N-oxide, l-methyl pyrazof-4-yl,
pyrimudin-5-vi, pyridazyl, pyrazin-2-yl, isoxazolyl, N-acetyl piperidinyl, 1-H-piperidinyi, N-
Boc-piperidinyl, N-Cepalkyl-piperidinyl, thiazol-5-vl, 1-(3~-methoxypropyl)-imidazol-5-yi, or 1-
Capaltkyl imidazob-5-yl (including 1-ethyl imidazol-5-v1 and l-methyl imidazol-5-y1); wherein
said [-Coipalkyl imidazol-5-y1 {including T-methyl imidazol-5-y1 } is optionally substituted with
up to two additional CHj groups, or one substituent sclected from the group consisting of SCH;,
and CL and said pyridyl, and pyridyl-N-oxide arc optionally substituted with up fo two
substituents independently selected from the group consisting of C{OMNH,, -CN, OCH;, CFs, Cl,
and CHj; and said thiazol-5-yl, and said isoxazolyl are optionally substituted with up to two CHs
groups; and said 1-methyl pyrazol-4-yl is optionally substituted with up to two additional CH;
Zroups;

R’ is H, OH, OCHs, or NH;

RYisH, or F,
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R’ is H, Ci, -CN, CF;, SCH;3, OCsalkyl (including OCHs), OH, Cgalkyl (inclading
CHzj, N(CH:)OCH;, NH{Cpatkyl) N(Ciipalkyl), or 4-hydroxy-piperidinyl;

R’ is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyi or phenyl is
opticnally substituted with OCF;, SO,CH;, CFs, CHY,, imidazol-1-yl, pyrazol-1-yi, 1,2 4-triazol-
1-yl, CH;, OCH;, CL F, or -CN;

R7is H, CL, -ON, Cpgalkyl (including Cq jalkyl), OCHLCF;, OCH,CHL,OCH:, CF;,
SCHa, NA'A?, COINFCH:, N(CH)CH,CHINA'AZ, OCHCHONA'A®, OC,_yalkyl, OCH-(1-
methyl}-imidazoel-2-vl, imidazol-2-v1, fur-2-v1, pyrazol-4-vi, pyrid-3-yi, or pyrimoidin-5-vi;
wherein said vmidazolyl or pyrazelyl is optionally substituted with one CHs group;

Alis H, or Coppalkyl;

A% s H, Cpaalkyl, CoraalkylOC aalkyl, CogalkviOH, C(O)C o zalkyl, or OCH:; or A
and A? may be taken together with their attached nitrogen to form a ring selected from the group

consisting oft

4N »§—N/? AN >
P M g 00 1O Y O

4N 0 4N N-Ry

R, is H, ¥, OCHz, or OH;

Ry, is CHs, or phenyl;

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

R is H, ork;
and pharmaceutically acceptable salts thereof]
provided that (4-chloro-2-methoxy-3-(4-(trifluoromethylbenzyljguinolin-6-yljbis{1,2,5-
trimethyl- 1 H-imidazol-4-yhmecthanol, N-(2-({3-(4-(1 H-pyrazol-1-ylibenzyl}-6-({4-
chlorophenyh{hvdroxy i 1-methyl-1 H-imidazol-5-yhimethyl)-4-hydroxyquinolin-2-
vhoxyjethyDacctamide and (3-(4-{1 H-pyrazol-1-ylibenzyl}-4-chloro-2-(4-methylpiperazin-1-
vhquinolin-6-yl{ I -methyl- | H-imidazol-5-yl{(6-(trifluoromethylipyridin-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, piperidinyi,
phenyl, or oxazolyl; wherein said piperidinyl, pyridyl, imidazolyl, and phenyl arc optionally
substituted with SO,CH;, C{O)CH,, CH;, CF;, CL F, -CN, OCH;, or N{CHj3)y; 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 onc or two CHj
groups;

R is 1-methyl-1.2-3triazol-5-y], pyrid-3-yl, I-methyl pyrazol-4-v1, thiazol-5-yl, N-acetyl-
piperidin-d-vl, 1,2~-divoethyl imidazol-5-yt or T-methyl imidazol-5-yi;

R is OH;

RYis H;

R’ is H, CI, -CN, CF;, CHy, OH, N(CH;30CH;, or OCH;;

R® is pyridyl, phenyl, benzothiophenyl, or thiopheunyl; wherein said pyridy! or phenyl is
optionally substituted with pyrazol-1-yl, 1,2 d-triazol-i-yl, CFs, OCH3, SO,CH;, CL F, or -CN;

R7 is C1, -ON, CF;3, Caalkyl, NA'A?, CIONHCH;:, OCH,CHOCH;, T-methyl
imdazol-2-yl, 1-methyl pyrazol-4-vl, or OCpalicyl;

Alis Coanalkyl;

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

_gmN<>-Ra | “§“N<><;i ’-g»a\;@ o ~§-NCQ |

)

R, is OH, OCH,, F;
R is H, CHa, OCH;, or F;
R% is H:

and pharmaceutically acceptable salts thergof,

In another embodiment of the invention:

R' is imidazolyl, triazolyl, thiazolyl, pyridyl, piperidinyl, phenyl, or oxazolyl; wherein
said piperidinyl, pyridyl, imidazolyl, and phenyl are optionally substituted with C{O)CH;, CH;,
CF;, CL, F, -CN, OCH;, or N(CHj3),; 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 CHjz groups;
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R* is {-methyl-1,2.3-triazol-5-y1, pyrid-3-yl, 1-methyl pyrazol-4-yl, thiazol-5-y1, N-
acetyl-piperidin-4-yl, 1,2-dimethyl imidazol-5-vl, or [-methyl imidazol-5-vyi;

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-vl, OCH,, SG,CH:, CL F, CF;, or -CN;

R’ is C1, -CN, CHs, NA'A®, CLOYWNHCH;, or OCoalkyl;

Alis Capallyl;

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

nitrogen to form a ring which is:

_gnNQ |

R"is H, CHs, OCH;, or F;
R’ is H;

and pharmaceutically acceptable salts thercof,

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

27



WO 2014/062658 PCT/US2013/065013

28



WO 2014/062658 PCT/US2013/065013

29



WO 2014/062658 PCT/US2013/065013

30



WO 2014/062658 PCT/US2013/065013

31



WO 2014/062658 PCT/US2013/065013




WO 2014/062658 PCT/US2013/065013

33



WO 2014/062658 PCT/US2013/065013




PCT/US2013/065013

WO 2014/062658

Ly
(o8]



WO 2014/062658 PCT/US2013/065013




WO 2014/062658 PCT/US2013/065013




WO 2014/062658 PCT/US2013/065013

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 compriscs a compound which is

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 nvention 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, 1-methyl-1.2,3triazol-5-y1, 2. 4-dimethyl-
oxazolyl, or thiazolyl, wherein said phenyl is optionally substituted with —CN, or CE wherein
said pyridy! is optionally substituted with up to two CH; 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 CHa groups;

R? is N-acetyl piperidinyl, N-acetyl-azetidin-3-yl, N-methylsulfonyl-azetidin-3-yl, N-
Bog-azetidin-3-v1, pyridyl, 1-methyl-1,2 3triazol-5-v1, or -methyl-imidazol-5-yl, wherein said
{-methyl-imidazol-5-yl is optionally substituted with an additional methyl group;

R is OH

RYis H

R is C1, -CN, or OCH3;

R® is phenyl; wherein said phenyl is substitated with pyrazolyl, Cl, or CFy;

R is C1, -CN, CHCHs, or OCHs;

R¥is H, or CHa;

R” s H;

and pharmaceutically acceptable salts thereof,

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 CHjy groups or one CF; group; wherein said
{-methyl-imidazol-5-vi 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-y1, or 1-methyl-imidazol-5-yl, wherein said 1-
methyl-imidazol-5-yi is optionally substituted with an additional methyl group;

R’ is OH

RYis H

R is CL, -CN, or OCH3;

46



WO 2014/062658 PCT/US2013/065013

R® is phenyl; wherein said phenyl is substituted with pyrazolyl, Cl, or CFs;
R” is Cl, -CN, CH,CH;, or OCH;;

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-y1, {-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 CH; 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 CHa groups;

RY is pyridyl, 1-methyl-1,2,3triazol-5-y1, or 1-methyl-irnidazol-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 OCHs;

R® is phenyl; wherein said phenyl is substituted with pyrazolyl, Cl, or CF5;

R’ is C1, -CN, or CHCH3;

R%is H, or CHax;

R” is H;

and pharmaceutically acceptable salts thereof]

in another embodiment of the invention:

R is phenyl, pyridyl, 1-methyl-imidazol-5-y1, 1-methyi-1,2 3triazol-5-yl, 2 4-dimethyl-
oxazolyl, or thiazolyl, wherein said phenyl is optionally substituted with —~CN, or CE wherein
said pyridyl is optionally substituted with up to two CHj groups or one CF; group; wherein said
{-methyl-imidazol-5-v1 is optionally substituted with an additional methyl! group; and wherein
said thiazolyl is optionally substituted with up to two CHs groups;

R* is N-acetyl piperidinyl, N-acctyl-azetidin-3-yl, N-methylsulfonyi-azetidin-3-y1, or N-

Boc-azetidin-3-vi;
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R is OH

RYis H

R’ is C1, -CN, or OCHy;

R® is phenyl; wherein said phenyl is substituted with pyrazolyl, Cl, or CF3;
R”is C1, -CN, or CH,CH;;

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, 1-methyl-1.2, 3triazol-5-y1, 2 4-dimethyl-
oxazolyl, or thiazolyl, wherein said phenyl is optionally substituted with —CN, or CE wherein
said pyridyl is optionally substituted with up to two CH; 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 CHs groups;

R? is N-acetyl piperidinyl, N-acetyl-azetidin-3-y1, N-methylsulfonyl-azetidin-3-yl, or N-
Boc-azetidin-3-y1;

R’ is OH

RYis H

R’ is CI, -CN, or OCH;

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

R” is Cl, -CN, CH,CHs, or OCH;;

R®is H, or CHy,

R” s H;

and pharmaceutically acceptable salts thereof;

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

pharmaceutically acceptable carrier,
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The present invention also provides a method for preventing, treating or ameliorating an RORyt
mediated imflammatory syndrome, disorder or disease comprising administering to a subject in
need thercof an effective amount of a2 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 of: ophthalmic disorders, uveitis, atherosclerosis, rheumatoid arthritis, psoriasis,
psoriatic arthritis, atopic dermatitis, multiple sclerosis, Crohn's Discase, ulcerative colitis,
ankvlosing spondylitis, nephritis, organ allograft rejection, fibroid lung, systic fibrosis, renal
msufficiency, diabetes and diabetic complications, disbetic nephropathy, diabetic retinopathy,
diabetic retinitis, diabetic microangiopathy, tuberculosis, chronic obstructive pulmonary disease,
sarcotdosis, invasive staphiylococcia, inflammation afier cataract surgery, aliergic rhinitis,
allergic conjunctivitis, chronic urticaria, systemic lupus erythematosus, asthma, allergic asthma,
steroid resistant asthma, neutrophilic asthma, periodontal discases, periodonitis, gingivitis, gum
disease, diastolic cardiomyopathics, cardiac infarction, myocarditis, chronic heart failure,
angiostenosis, restenosis, reperfusion disorders, glomerulonephritis, solid tumors and cancers,
chronic lymphocytic leukemia, chronic myelocytic leukemia, multiple myecloma, malignant
myeloma, Hodgkin's discase, 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 ruedicament thereof,

The present mvention provides a method of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or discase is selected from the group consisting oft
rheumatoid arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,

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

The present invention provides a method of treating or ameliorating 8 syndrome, disorder or
discase, wherein said syndrome, disorder or disease is selected from the group consisting of:
rheumatoid arthritis, psoriasis, chronic obstructive publmonary disorder, psoriatic arthritis,

ankyviosing spondylitis, Crohn’s disease, and ulcerative colitis comprising administering to a
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subject in need thereof an cffective amount of a compound of Formula { or a form, composition

or medicament thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or diseasc is selected from the group consisting of:
rheumatord arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,
ankylosing spondylitis, Crohn’s disease, neutrophilic asthrna, steroid resistant asthma, multiple
sclerosts, systemic lupus ervthematosus, and ulcerative colitis comprising administering o 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 syndrome, disorder or discase s sclected from the group consisting off
rheumatoid arthritis, and psoriasis comprising admimstering to a subject in need thercof 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 8 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 thereof 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 discase 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

discase, wherein said syndrome, disorder or discase is 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, composition

or medicament thereof,

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

Formula I or a form, composition or medicament thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disecase s psoriatic arthritis  comprising
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 ankyvlosing spondylitis comprising
administering to a subject in need thereof an effective amount of a compound of Formulalor a

form, composition or medicament thergot.

The present invention provides a method of treating or ameliorating 8 syndrome, disorder or
disease, wherein said syndrome, disorder or disease 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
discasc, wherein said syndrome, disorder or disease is ulcerative colitis comprising administering
to a subject in need thereof an effective 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

discase, wherein said syndrome, disorder or disease is neutrophilic asthma comprising

(3]
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administering to a subjoct in need thercof an effective amount of a compound of Formula fora

form, composition or medicament thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or disease is steroid resistant asthma comprising
admirustering to a subject in need thereof an effective amount of a compound of Formula Tora

form, composition or medicarment thereof,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or discase 1s multiple sclerosis comprising
administering to a subject in need thereof an effective amount of a compound of FormulaTora

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 systemic lupus ervthematosus comprising
administering to a subject in need thereof an effective amount of a compound of Formula fora

form, composition or medicament thereof,

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

administration of an effective amount of at least one compound of Formula 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 of}
inflammatory bowel disecases, rheumatoid arthritis, psoriasis, chronic obstructive pulmonary
disorder, psoriatic arthritis, ankylosing spondylitis, neutrophilic asthma, steroid resistant asthma,
multiple sclerosis, and systemic hapus ervthematosus comprising administering to a subjeet in
need thereof an effective amount of a compound of Formula § or a form, composition or

medicament thereof.

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

disgase, wherein said inflammatory bowel disease is Crohn’s disease comprising administering

%3
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to a subject in need thereof an cffective amount of a compound of Formula § 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, treating or ameliorating a syndrome, disorder or
discase as described herein by using a compound of Formula T or a form, composition or
medicament thereof.  Such methods include admunistering 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 mwethods 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
accormpanics syndromes, disorders or discases associated with abberant RORyt expression or

RORyt overexpression.

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

treated.

[
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As used herein, the term “composition” 15 intended to encompass a product comprising the
specificd ingredients in the specificd 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 includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl,
isohexyl, heptyl, octyvl, 2.2 4-trimethvipentyl, nonyl, decyl, undecyl and dodecyl.  Any alkyl

group may be optionally substitoted with one OCHa, one OH, or up to two fluorine atoms.

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

For example, C 4y denotes a radical containing 1, 2, 3 or 4 carbon atos.

The term “cycloalkyl” refers to a saturated or partially unsaturated monocyclic or bicyclic
hydrocarbon ring radical dertved by the removal of one hydrogen atom from a single ring carbon
atom. Typical eycloalkyvl radicals include cyclopropyl, cyclobutvl, cyelopentyl, cyclopentenyt,
cyclohexvl, cyclohexenyl, eyvcloheptyvl and evclooctyl. Additional examples include Cp.
sieyeloalkyl, Cipeyeloalkyl, decahydronaphthalenyl, and 2,3.4,5,6,7-hexabydro-1 H-indenyl.
Any cycloalkyl group may be optionally substituted with one OCH;, one OH, or up to two
fluorine atoms.

b

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

hydrogen atom from the molecule with the struchure: .

PHARMACEUTICALLY ACCEPTARBLE SALTS

Pharmaceutically acceptable acidic/antonic salts melude, and are not bimited to acetate,

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

’Tii
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carbonate, chloride, citrate, dihydrochloride, edetate, edisvlate, estolate, esylate, fumarate,
glyceptate,  gluconate, glutamate,  glycollylarsanilate,  hexylresorcinate,  hydrabamine,
hydrobromide, hydrochloride, hydroxynaphthoate, iodide, iscthionate, lactate, lactobionate,
malate, maleate, mandelate, mesylate, methylbromide, methyinitrate, methyisulfate, mucate,
napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, succinate, sulfate, fannate, tartrate, feoclate, tosylate and triethiodide.
Organic or inorganic acids also include, and are not limited to, hydriodic, perchlorie, sulfuric,
phosphorie, propionic, glycolic, methanesulfonic, hydroxyethanesulfonic, oxahe, 2-

naphthalenesulfonic, p-toluenesulfonic, cyclohexanesulfarie, saccharinue or trifluorcacetic acid.

Pharmaceuntically acceptable basic/cationic salts include, and are not imited to aluminom, 2-
amino-2-hydroxymethyl-propane-1,3~diol {also known as tristhydroxymethylhaminomethane,
tromethane or “TRIS™), ammonia, benzathine, #-butylamive, calcium, calciom gluconate,
calctum  hydroxide, chloroprocaine, choline, choline bicarbonate, c¢holine chloride,
cyclohexviamine, dicthanolamine, cthylenediamine, hthium, LiOMe, L-lysine, magnesium,
meghimine, NHs, NHyOH, Nemethyl-D-glucamine, piperiding, potassium, potassium-/-butoxide,
potassium  hvdroxide (agueous), procaine, quinine, sodium, sodium  carbonate,

sodinm-2-gthythexanoate, sodium hydroxide, tricthanolamine, or zine.

METHODS OF USE

The present invention is directed to a method for preventing, treating or ameliorating a RORyt
mediated inflammmatory syndrome, disorder or discase comprising administering to a subject in
need thereof an effective amount of a compound of Formula 1 or a form, composition 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
Thercfore the mechanistic description “RORyt modulators” 15 intended to cncompass RORy

modulators as well.

When employed as RORyt modulators, the compounds of the invention may be administered in

an effective amount within the dosage range of about (1.5 mg to about 10 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 cornpounds
of the present invention or a pharmaccutical composition thercot will vary according to the
desired effect. Thercfore, optimal dosages to be administered may be readily determined by one
skilled in the art and will vary with the particular compound used, the mode of administration,
the strength of the preparation, and the advancement of the disease condition. In addition,
factors associated with the particular subject being treated, including subject age, weight, diet
and time of administration, will result 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 Formula 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. Exemplary excipients that may also be components of the formulation inchude

fillers, binders, disintegrating agents and lubricants,

The pharmaccutically-acceptable salts of the compounds of Fornmula 1 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, methanesulfonate, nitrate, oxalate, pivalate, propionate, succinate, sulfate and tartrate.
Basc salts include ammonium salts, alkali metal salts such as sodium and potassium salts,
alkaline carth metal salts such as calcium and magnesium salts, salts with organic bases such as
dicyclohexylamino salts and salts with amine acids such as arginine.  Also, the basic nitrogen-

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

5y
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The pharmaceutical compositions of the invention may be administered by any means that
accornplish therr  intended  purpose. Examples include administration by parenteral,
subcutancous, intravenous, intramuscular, infraperitoneal, transdermal, buccal or ocular routes.
Alternatively or concurrently, adminisiration may be by the oral route. Suitable formulations for
parenteral adminisiration include aqucous solutions of the active compounds in water-soluble
form, for examople, water-soluble salts, acidic solutions, alkaline solutions, dextrose-water

solutions, isotonic carbohydrate solutions and cyclodextrin nchusion 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 mmvention inchudes pharmaceutical compositions
made by mixing a pharmaccutically 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
amorphous crystalline forms and as such are intended to be included in the scope of the invention,
fn addition, the compounds may form solvates, for example with water (i.e., hydrates) or

§

commmon 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 tonic and covalent bonding, inclhuding hvdrogen 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 suitabie solvates include cthanolates, methanolates, and the like.

it is intended that the present invention inchlude within its scope polvmorphs 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, amecliorating or preventing a

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

A
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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 clevated 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 be
specifically disclosed, but which converts to the specified compound in vive 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 cormpound of Formula (1), shall comprise all isotopes
and isotopic muxtures of said element, either naturally occurring or synthetically produced, cither
with natural abundance or in an isotopically coriched form. For cxample, a reference to
hydrogen includes within its scope 'H, “H (D), and “H (T). Similarly, references to carbon and
oxygen include within their scope respectively *C, PC and C and *°C and %0, The isotopes
may be radioactive or non-radicactive. Radiolabelled compounds of formula (I} may comprise a

T6py,. 77
Br, "Br, "'Brand

75

. N . Aer L 185 1227 1237 125y 131
radicactive isotope selected from the group of "H, e le, 1221, lz’L 125y 13y

28r. Preferably, the radicactive isotope is selected from the group of 'H, ''C and "F.

[
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Some compounds of the present invention may coxist as atropisomers.  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. 1t is to be understood that
all such conformers and muxtures thercof arc 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 stereoisomers, these isomers may be separated by conventional techniques 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 forroation with an optically
active acid, such as {-)-di-p-toluoyl-D-tartaric acid and/or (+)-di-p-tohuoyl-L-tartaric acid
followed by fractional crystallization and regeneration of the free base. The compounds may
also be resolved by formation of diastereorueric 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 Chemuistry, ed. JLF.W. 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
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Herein and throughout the application, the folowing abbreviations may be used.

A

Ac
AcO
Boc
BHT

br

Bu
n-Buli
d

dba
DCM
Dess-Martin periodinane
DMA
DMF
DMSO
dppf
Faton’s Reagent
EDCE
EtMgBr
ESH

Et

EL,O
FtOAc
EtOH
Et:SiCH
HATU

HPLC
Hz

angsirom

acetyl

acetic anhydride

tert-butyloxyearbonyl

butylated hydroxytoluene

broad

buty]

n-butyl lithium

doublet

dibenzylideneacetone

dichloromethane

i1, 1ris{acetyloxyy-1,1-dihydro-1,2-benziodoxol-3-(1 H}i-one
dimethylacetamide

N N-dimethviformamide

dimethyt sulfoxide

{diphenviphosphino}ferrocene

7.7 wt% phosphorus pentoxide sohution in methanesulfonic acid
N-(3-dimethylaminopropy N -ethylcarbodiimide hydrochloride
cthybmagnesium bromide

electrospray ionization

cthyt

diethyl ether

cthyl acctate

ethyl alcohol

chlorotricthylsilane

O-(7-azabenzotriazol-1-vI}-N NN~ N’ -tetramethyluronium
hexafiuorophosphate

high pressure hiquid chromatography

hertz
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iPr, i-Pr, iPr, or i-Pr
-PrOH
KHMDS
LCMS

LDA

m

M

Me

Meldrum’s acid
MeOH

MHz

min

mL

MTBE

nBu, n-Buy, #Buy, or n-Bu
NaQiPr

fim

NMR
PACL{dpph)
Pdz{dba}s

Ph

ppm

Pr

q

RP-HPLC

8

TEA

TEMPO

TFA

TLC

isopropyl

isopropyl alcohol

potassium hexamethyldisilazane

higuid chromatography-mass spectrometry

Hthium diisopropyl amine
multiplet
molar (moles/liter)

methyl

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

methanol

megahertz

mingtes

mililiters

methyl tertiary butyl cther
normal butyl

sodium isopropoxide

nanometers

nuclear magnetic resonance

PCT/US2013/065013

[1,1-bis{diphenyiphosphinoferrocencldichloropaliadiiom( 1)

tris{dibenzylidencacetonedipalladium{0}

phenyl
parts per million
propyl

guartet

reverse phase high pressure liquid chromatography

singlet

tricthylamine

(2.,2,6,6-tetramethylpiperidin-1-yhoxidanyl

trifluoroacetic acid
tetrahydrofuran

thin layer chromatography
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uv nltra-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 cxamples 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 to 5). As illustrated in path |, the 2-substituted malonic acids IV (Q = H} can be
prepared by addition of aromatic aldehydes to Meldrum’s acid or dialkyl malonates as described
by D. B. Ramachary ct al. (Teirahedron Leiters 47 (2006) 651-656) 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 temperature to 100 °C. Haloanilines V (£ = Br or I} can be condensed with malonic
acids IV (Q = H) in phosphorus oxychloride at temperatures 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 clevated temperatures in a non-polar solvent such as toluene {(Alan Osborne
gt.al. J. Chem. Soc. Perkin Trans. 1 {1993} 181 — 184 and J. Chem. Research (5), 2002, 4} 0
provide substituted guinolines VI wherein R is Cland R is Qalkyl. Alternatively, as shown in
Path 2, the haloanilines V can be treated in one pot directly with Meldrum’s acid then
subsequently heated in the presence of Eaton’s reagent as described in by W.T. Gao, ef. al.
(Synthetic Communications 46 (2010} 732) to form the 4-hydroxy-2{1 A)-quimolinone XLI. Once
ircated with phosphorus oxychloride as previously described, the resulting 2,4~
dichloroquinolines XLIT 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 chioro). Tn path 3, methyl 2-amino-5-halobenzoates VI

can undergo acylation with acid chlorides VI in the presence of a base such as tricthylamine to
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form an amide intermediate, which can be further treated with a base, such as sodium ethoxide or
potassium bis(trimethylsilyljamide, affording 6-halo-4-hydroxyquinolin-2{(1 H}-oncs EX.
Conversion of hydroxyquinolin-2(1 H}-ones IX to 2 4-dichloroquinolines VI can be carried ont in
phosphorus oxychloride at clevated teraperatures. Displacement of the Cl of 2.4~
dichloroquinolines VI with disubstituted amines, such as WHMe,, NHE®, or NHMeETt, can be
done in a hot polar solvent, such as MeOH, EitOH, or DMF to provide 2-N{alkylpquinolines 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 EtzN.
In-situ formylation under Vilsmeier-Haack conditions (POCL/DMEF) followed by heating to
protuote ring cylization as described in WO2007014940 can provide 2-chloroquinolings Vi

wherein R is Hand R/ is C1.
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Scheme 1
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Scheme 1 cont'd
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Compounds of formula VI wherein R’ is trifluoromethyl, can be prepared starting from the 2-
carboxyaniline XI¥ as described in Path 5. One pot addition of 1,1, -trifluoro-4-arvibutan-2-one
X 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 CF5. The hydroxyl
group could then be converted to chlore upon heating in phosphorus oxychloride to provide 6-

. . . . 8 T oo g
bromo or 6-iodoguinolings VI wherein R7 is Cl and R is CFs.

Scheme 1 conld
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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 aldchydes of the formula R°CHO in the
presence of a Hantzsch ester, such as diethyl 2,6-dimethyl-1 4-dihydropyridine-3,5-dicarboxylate,
in solvents like ethanol and pyridine to afford 2 4-dihydroxyquinolings ¥X. Further treatment
with phosphorus oxychloride as previously described, can provide quinolines of formula VI

ns 7
{wheremn 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-oxopentanoate, with a base like sodium hydride followed by
alkyiation 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 cyclization at elevated
temperature affords 4-hydroxy quinolines VI, wherein R” is OH and R is atkyl. The hydroxyl
group could then be converted to a chloro group upon heating in acctonitrife with phosphorus

. . . . . - . G 7 . ;
oxychloride to provide 6-bromo or 6-iodoquinolines VI wherein R7 18 Cland R 1s alkyl
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Scheme 2
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Scheme 2 outlines synthetic routes {path 1 to 5} to aryl ketones of formula XVIE In path 1,
Weinreb  armdes 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) XVI that can be obtained commercially or preformed by
treatment of R*Z XIX (7 = Br or [} with organometallic reagents such as i-PrMeCl or EtMgClin
THF or dichloromethane to afford the ketones X VI, wherein R! and R? are as defined sbove,
As shown n path 2, aldehydes XVHI can also be treated with Grignard reagents, as described 1o

path I, to afford the intermediate alcobols XX. Subsequent oxidation with Dess-Martin
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periodinane or MnQ; in a suitable solvent such as 1,4-dioxane or tetrahydrofuran at clevated
temperatures can provide ketones XVIL Path 3, which cmploys palladium catalyzed cross-
coupling of arylboronic acids XXI with acid chlorides XXI¥¥ using K3POs as a base and
{(PhzP),PdCl; as g catalyst in a high boiling non-polar solvent such as toluene, can also be used to
generate ketones XVIL In path 4, aryl ketones XVI, 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 #-
butyHithium followed by reaction with aldehydes XVIIT to yield alcohols XX, which can
undergo oxidation with Dess-Martin periodinane or MnQO,. Path 5 exemplifies the preparation of
symmetrical ketones XVE, wherein R and R? are the same. As illustrated, 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 m-butylithium once solubilized n a preferred solvent such as tetrahydrofuran
at temperatures between 0 and -78 °C then added in excess to ethyl methoxy{methyl}carbamate
to provide aryl ketones XVE wherein R and R are the same. Aryl or heteroaryl bromide XXEX
can also be lithiated through a lithium/halogen exchange with #-butylithium before adding in
exeess to ethyl methoxv{methyljcarbamate as previously described to provide symmetrical

ketones XVIL
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Schems 3
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Scheme 3 shows cxamples of methods used to introduce either R' or R? to form ketoquinofines

of formulas XXVI (path | t0 3). Asshown in path |, Weinreb amides XXIV can be formed
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from 4-nitrobenzoie acids XX and N,O-dimethylhydroxylamine hydrochioride in the presence
of a coupling reagent, for example, EDCY and a basc such as tricthylamine or Hunig’s basc 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 XXXHE (X is
bromide or chioride and Y is R' or R?) or one that is pre-formed by combining Y7 XXEX (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 SnClh.2H, O in a polar solvent such as ethanol or
THF at refliiing temperatures. The ketoanthines XXV can then be treated with malonic acids TV
in phosphorus oxychloride at clevated terperatures to provide ketoquinolves 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 isopropanol 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 illustrated in Path 2, ethyl 4-aminobenzoates XXV can be
condensed with either malonic acid IV (Q = H) in phosphorus oxychloride at clevated
temperatures or treated with activated malonic acid esters such as bis(2 4,6-trichlorophenyl)2-
benzyl malonates {(( = 2.4 6-trichlorophenyl) at high temperatures in the microwave followed by
heating in phosphoryl tribromide or phosphorus oxychloride to afford cyelized quinolines
XXVITE wherein R and R are Cor Br (Path 2). The 2,4-dibromoguinolines XXVIIT can be
further treated with trimethyiboroxine under Suzuki reaction conditions to provide 2,4-
dimethyviquinoslines XXX . The ethylester of quinolines XXVHI 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 chioride YMgX
XXXIE (Y =R’ or RY) as previously described or treated directly with arylhalides XXIX (7 = Br
or Fand Y = R' or R and n-butyllithium at -7& to 0 °C to provide ketoquinolines XXVI,

wherein R® and R’ are CLBrorCHzand 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 XXXIE. The
hydroxyl group can be oxidized using, for cxample, bleach and TEMPO. Fluoro displacoment

can then be achicved with ammonia in hot DMSQO to provide anilines XXXEV. In the presence
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of benzenesulfonic acid, condensation of anilines XXXV and N-methyt-2-(methylimingj-4-

arylbutanamide XXXV in hot DMSO furnishes ketoquinolines XX V1 wherein R’ is CFx, R is

CONHMe and Y is R' or R? and are as defined above.

Scheme 4

PATH 1
R* RS
Z\TWRG n-Bull
i i i 1
N N N R'CHG
R /\C\N R HVIR
R
Vi{Z=1iorBrn

Rﬁ

Dass-Martin
pericdinana

R
ar MnQ,

1. ¥Y~2Z XXX
PATH 2 o R RS ¥ =R or R%)
-PriigCLLICH
| DMF, n-Buld LaCl; 2LiCH
2. MHOQ, A

XKW (Y =R or R%

Synthesis of the intermediate ketoguinolines XXVE may also be achicved via chemical routes

shown in Scheme 4. In path 1, treatment of 6-bromo or 6-iodoquinolines VI with n-Buli

followed by addition of aldehydes XVIIL, at temperatures between § and -78 °C, provides

secondary alcohol quinolines XXXV, Final oxidation to ketoguinoling XXVI can be achieved

with Dess-Martin periodinane or MnQ,;, as previously described. Alternatively, 6-bromo or 6-

iodoquinolines VI can be treated with »-BuLi at -78 "C then quenched with DMF to afford

guinoline carboxaldebydes XXXVIL Ketoquinolines XXVE wherein Y is R' or R, can then be

obtained 1o a two-siep process by addition of the aldehydes XXXV to a reaction mixture of

aryl halides XXIX (Y = R' or R® and Z = Br or 1) and /-PtMgC1L.LICH followed by oxidation with

MnO; {path 2.
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Scheme 5

PATH 1

HR® = OH)

3 4 5
Y-MgX XK Rzi? TR
GYZ XXX R
PridgCl or

EtMgCl

(¥ =R or R w8

PATH 2

n-Bul i
Y7 or iPrMgCl
or EtMgOl

PATH 3

KK HR® = OH)
(¥ = R or R%) (¥ =R'or R
Z=8rorl)

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 6-1odoquinolines VI in an
appropriate solvent such as THF can be cither premixed with the ketones XV at -78 °C
followed by addition of BuLi or can be pretreated with Bulli 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 illustrate the formation of tertiary alcohols of Formula I by treatment of the
ketoquinolines XXVI(Y is R' or RY) with Grignard reagents X XXI¥ that are cither commercially
avatlable or can be prepared by a halogen-metal exchange of aryl halides XXX with cthyi 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 XXX at temperatures
between -78 °C and ambient temperature in a preferred solvent such as tetrahydrofuran followed
by the addition of the quinoline 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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SRS ORY RS

_________ o *‘ﬁ” R O at *@/ﬁ‘

MaOlalkyl), A

: (R’ Ofatih), = Cl) RS =0Of@kyl), R =cp RS R" = Ofalkyl))

3 4 5 3 4 5
e R PATH2 B0 R R
/I\\Lf”\\ /I\T‘/\\Yx/\ RE =
“substiuted r7
aminas
(RS, R7 = Ci) HRS = ca R = t{R® is substituted amine and
substituted amines) R is Cl or substituted amines)

Znfalkyllp, KaCO3
PdCla{dppf), A

PATH 3

PATH 4
NaS{alkyl)

§{R% = G, R = S(alkyl)) HR®, RY = S(aliof)

Scheme & iHustrates methods used to synthesize compounds of Formula ¥ whercin cither the
chlorine at R 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-dichioroguinolines ¥ (R” and R’
are Cl} with NaOfalkyl), NaS{alkyl}, such as NaOMe, NaSMe, NaOEt, or NaGiPr, 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 a base like sodium
hydride in a non-polar solvent such as toluene provides compounds of Formula ¥ wherein R is
Cland R is OfalkyD), O(CH.,OCH: or S(alkyl) and compounds of Formula I 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 Et;NCHO, or DMF provides
quinolines of Formula I (path 2) wherein R is NH{alkyl), Nalkyl)s, N(CH;}OCH;, or CL and R’
is NH(alkyly, Nialkyl),, N(CH;)OCH;, NA'TA® NHCq3,alkyINA'A® or N(CH:)CpapalkyINA'AY,
wherein A' and A? arc as defined above. Introduction of cyclic amides can be accomplished
using Buchwald palladium catalyzed coupling conditions to provide compounds of Formula 1,
wherein R’ are rings such as azetidin-2-ones or pyrrolidin-2-ones. Replacement of chiorine at
positions 2 and 4 of quinolines ¥ (R” and R’ are C) with alkvl groups can be carried out using
Zn(alkyl), in the presence of K COs and a palladium catalyst, such as PACh{dpp!), to atford 2-

alkyl and 2, 4-dialkylguinolines of formula I (path 3).

Scheme 7

I(R®=HorCl,R" =C

AE‘S(QH)Z, KZCO?,
PAC{dppf), A

PATHZ

HRS=Hor O

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

furan, pyridine, pyridazine, pyrazine, pyrimidine, pyrrole, pyrazole, or imidazole (path 2).
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Scheme §

PATH 1
{(alkyIB(OR),, A
PA{PPhyls, Ks00s,

§(R5 = alkyl)
3 4 5 3 4 8
et BOR PATHZ B R OR
R N T RE NaOfalkyl) R Sy Ny RS
. . TN A | - e
NT R R NT R
R¥ RS
§(R°= C) § (RS = Ofalkyh)}

3 4 S
Pddbag, X-PHOS ref R R
Zr{CN)g, Zn, A RY =

PATH 3 RY
1(R% = CN)

As illustrated in Scheme &, compounds of Formula I prepared in Schemes 6 and 7 whercin only
R is a chiorine can be further substituted by treatment with alkylboronic acids or esters under
Suzuki reaction conditions {path 1), with sodium alkoxides {path 2}, or with zinc cyanide (path 3)

. . . , . . - . 5 .
using conditions previously described to provide compounds of Formula { wherein RU is alkyl,

O{alkyD) or CN and R’ is as defined above.

Scheme &

. rR* R* RS
R S
RY NT R
RS
HRE = OHy HR® = OMe)

-3
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As shown in Scheme 9, tertiary alcohols of Formula 1 can be treated with base, such as NaH, and

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

Scheme 18
R4 RS
< l RSN 8
o RQLK/ NT R
8
0 rwe o )
8 R! s Vi{Z=Brori)
~ XVH ; —J\f
::}/ NH» >::N , -
; THOEY =2 1. n-Buli
4 XXXV 2. HCI, MaOH

H{R® = NHy)

ar 1. NaH

2. AcC or AcCl
3. NH3 in MeOH, A

(RS = OH)

Synthetic routes o compounds of Formula I, wherein R’ is NHy, are illustrated in Scheme 10,
Ketimines XXX VT may be prepared by TH{OE)y mediated condensation of ketones XVIE with
Z-methylpropane-2-suifinamide in refluxing THF. Addition of #-BulLi to the reaction mixture of
ketimines XXXV and 6-bromo or 6-1odoquinolines VI at — 78 °C followed by cleavage of the

tert-butanesulfinyl group with HCl 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 acetyl chloride and stitred at room temperature over
a 24 to 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

o G . - ' P I
85 °C to provide compounds of Formula I, wherein R is NH..
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Schame 11
R3 wORD R PATH 1 R2 R R* RP
R’ ' NSy RE _RY ™ J\\I\RS
RS NS R s P Pt
R® 2
1{R7 = CN})

R = CONH.)

PATH 2

RE O
XL (R7 = COH)

{(R7 = CONATAT

As shown in Scheme 11, the quinolines of Formula ¥ wherein R’ is CN can be hydrolyzed as
described in US200801858521 by treatmnent with sodium carbonate and hydrogen peroxide to
provide compounds of Formula I whercin 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). Once formed the acid can be
further coupled to substituted amines using appropriate coupling reagents such as EDCY or
HATU in the presence of a base like tricthylamine or Hunig's base to provide compounds of

Formula I wherein R is CONA'A®,
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Scheme 12
3 4 5
R | J\\’ Sy RE R | R N gE
N e
R RE o0
. R? = CHLB
HRT = CHy) { GHgBr} HR = CHQNHC(2_3)aikyENA1A2 oF
PATH 2 CHyN({CH3)C . aalkyINATAY)

HRT = CHyOC p.gyalkyINATA?)

Syuthesis of compounds of Formula I, wherein R7 is an amincalkvlaminomethylene or an
aminoalkoxymethylene can be prepared from Z-methylquinolines as shown in Scheme 12
Bromination of 2-methylquinolines of Formula ¥ can accomplished with N-bromeosuccinamide in
acctic acid at clevated temperatures as described 1w WO2010151748, to provide the
methylbromide intermediate XXXIEX. Nucicophilic displacoment of the bromide under basic
conditions using procedures known in the art could afford compounds of Formula I wherein R
is -CHyNHC o 5alkyINATA® or -CHN(CH;)CosalkyINATA” (Path 1) or CHYOC o palkyINATA

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

Compounds of Fosmula [ 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 R R ORS
56 R | Sy Sy RS
R
R RE NN OR?
RB
PR3 = OH) HRP=H)

e P ~ . . 3. :
As shown in Scheme 13, compounds of the Formula | whercin R is H can be prepared by
treating compounds of Formula ¥ wherein R 1s OH with an acid such as trifluoracetic acid in

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

Scheme 14

o RE
Pt

NT TR

Vi (Z = Bn) XLV §(R1=R2)

—~
,

Compounds of Formula I, wherein R' and R” are the same, can also be prepared as deseribed in
Scheme 14, The starting 6 bromoquinolines can be treated with butyl hithium, quenched with
carbondioxide then subsequently treated with ethyl iodide as desceribed in US4710507 Al
1987 to provide the intermediate quinoline methylester XLV, Further treatmoent of the methyl
ester with excess R'Li, R'Li, R'MgBr or RMgBr, 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 rocant to represent exaroples of the invention and are

in no way meant to be a lurut of the invention,
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{ntermediate 1; step a

4-Chioro-N-methoxy-N-methythenzamide

Pyridine (27.6 mk, 343 mmol} was added to N,O-dimethythydroxylamine hydrochloride (16.7 g,
172 vomoly in DCM (400 mL). 4-Chlorobenzoyl chloride (20 mi., 156 mmol} was then added
and the mixture was stirred at room temperature for 3 days. Solids were removed by vacoum
filtration, washing with DCM. The filtrate was washed with 1 N aqueous HCI followed by
water. The organic phase was dried (NapSOy4), filtered, and concentrated, affording the crude

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

Intermediate 1:step b

{4-Chlorophenyi}{i-methyvi-1H-imidazol-5-yhmethanone

Ethyl magnesium bromide (3.0 M in dicthyl cther, 21.5 mL, 64.4 mmol) was added via syringe
over a fow minutes to a clear coloricss solution of 5-bromo--methyl-1 H-imidazole (10.4 g, 644
mmol} in THF (100 mL) under a nitrogen atmosphere in an ice bath. A whitc 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, Intermcdiate | step a). The resulting white suspension was stirred overnight
at room ternperature. The reaction was quenched by addition of saturated aqueous NH4Cl and
diluted with water. The mixture was partially concentrated to remove THF and was diluted with
DCM. The maxture was acidified to pH | with | N agueous HCl, then neutralized with saturated
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 {(NaySQOy), filtered, and
concentrated, affording a white solid. The crude product was tritorated with a mwixture of
EtOAcheptanes (101, 1580 mL). The precipitated solid was collected by vacuum filtration,

washing with heptanes, to afford the title compound.

&0
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Intermedizte 2: step a
Methyl 5-bromo-2-(3-phenyvipropanamidojbenzoate
0.0

into a 100-mL round-bottom flask, was placed a sohution of methyl 2-amino-5-bromobenzoate
{5.0 g, 21.73 mmol,), tricthylamine {4.39 ¢, 43 38 mmol,}, 3-phenylpropanoyt chloride (3.67 g,
21.76 mmol,} in dichloromethane (530 mL). The resulting mixture was stirred for 12 hours at
room temperature. The reaction was then quenched by the addition of 50 mb of water, The
resulting mixture was extracted with 3x50 miL of dichloromethane. The combined organic layer
was dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue
was purificd by chromatography over a silica gel column with cthyl acctate/petroleur ether (2:1)

to give the title compound as a white solid.

Intermediate 2: step b
3-Benzylk-o-bromo-4-hydroxy-1,2-dihyvdroguinclin-2-one
OH

Br\Q \\E :

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-phenylpropanamidojbenzoate (2.8 g, 7.8 mmol,
Intermediate 2: step a), KHMDS (47 mE, 15% in tolucne) in tetrahydrofuran (50 mL}. The
resulting solution was stirred for 12 hours at room temperature. The reaction was then guenched
by the addition of 2 mL of methanol and 10 mL of agueous HCI (IM). The resulting solution
was cxiracted with 2x100 mL of ethyl acetate. The combined organic layers were dried over
anhydrous sodium sulfate, filtered and concentrated under vacuum. 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-dichloroguinoline
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Ci

&\@EJ\\E/\:'/\\\E

P N
Into a 100-oL round-bottom flask, was placed a solution of 3-benzyl-6-bromo-4-hydroxy-1,2-
dibydrogquinolin-2-one {2.9 g, 8.78 mmol, , Intermediate 2: step b} in POCL (20 mL). The
resulting solution was stivred for § howr 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
aromonia. The resulting solution was extracted with 3550 mL of ethyl acetate. The corabined
organic layers were dried over anhydrons sodiom suifate, filtered and concentrated under
vaciim. The residue was purified by chromatography over a silica gel column with cthyl

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

Intermediate 3: step a

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

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 (1.03 g, 7.11 mmol) in EtOH (10 mbL). The mixture was stirred at
room temperature for 1 howr and digthyl [ 4-dibvdro-2.6-dimethyl-3,5-pyridinedicarboxylate
{1.80 g, 7.11 mmol} was added. Stirring was continued for 3 hours 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
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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 agueous NaOH (16 mL) was heated in the microwave at 75 W
for 20 minutes at 120 °C. The aqucous mixture was extracted with EtOAc (1x) then acidified to
pH 1 with concentrated aqueous HC and extracted with EtOAc (2 x). The combined EtOAc
extract was washed with H,O, brine and dried over NapSOy, filtered. Solvents were removed

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

Intermediate 3: step ¢
6-Bromo-2,4-dichioro-3-(4d-chlorobenzyliguincline
Gl

FNE o g

A misture of 2-{4-chlorobenzylimalonic acid (1.16 g, 5.07 mmol, Intermediate 3 step b) and 4-
bromoaniline (0.872 g, 3.07 minmol) in POCL (4.72 mL, 50.7 romol} was heated at 80 °C for §
hours, cooled to room temperature and evaporated in vacuo to remove excess POC. The residue
was poured into 1ce HyO, and treated with aqueous NH4OH to pH 8 - 9. The aqueous mixture
was extracted with EtOAc (2 x). The combined organic extract was washed with HO, brine,
dried over Nap8Qy, filtered and evaporated in vacoo. The title compound was precipitated from

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

Intermediate 4: step a

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

The title compound was prepared using 4-fluorobenzaldehyde 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).

Intermediate 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-fluorobenzyi)-2,2-dimethyl-1,3-dioxane-4,6-dione
{Intermediate 4: step a) then following the procedure deseribed for the preparation of 2-{4-

chlorobenzybmalonic acid {Intermediate 3: step b},

intermediate 4: step ¢
6-Brome-2,4-dichlore-3-(4-fluorobenzylguinoline
G

‘ NT o N

The title compound was prepared by substituting 2-(4-chlorobenzylymalonic acid (Intermediate 3:
step b} with 2-(4-fluorobenzyhmalonic acid (Intermediate 4: step b then following the procedure
described for the preparation of 6-bromo-2,4-dichloro-3-(4-chlorobenzyljquinoline (Intermediate

3: step ¢}

intermediate 4: step d

&-Bromo-4-chloro-3-(4-fluorobenzyl)-Z-methoxyguinoline

A mixture of 6-bromo-2.4-dichloro-3-(4-fluorobenzyljguinoline (0350 g, 0.909 mmol,
Intermediate 4: step ¢} and a 0.5 M sodium methoxide in methanol solution (9.09 mL. 4.55 mmol)
was stirred at reflux for 16 bours. The mixture was poured into ice water and extracted with

EtOAc (2 x). The combined EtOAc extract was dried (NapSQOy), filtered and evaporated 1o vacuo
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and purified by column chromatography with silica gel (heptane/CH,ClLy) to provide the title

compound as a white solid,

Intermedizte 5: step a

8-(3-Chiorobenzyl}-2,2-dimethyl-1,3-dioxane-4.6-dione

The title compound was prepared using 3-chlorobenzaldehyde 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

The title compound was prepared by substituting 5-{(4-chlorobenzyl}-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
(Intermediate 5: step a} then following the procedure described for the preparation of 2-(4-

chlorobenzylimalonic acid (Intermediate 3: step b).

Intermedizte 5: step €

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

i
Brmm
PN

o0
(3]
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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 ¢}

Intermedizte 6: step a

S-{4-(1H-Pyrazot-1-yhbenzyl)-2,2-dimethyi-1,3-dioxane-4,6-dione

Me, Me

>

(CH

L-Proline (4.07 g, 35.0 mmol} was added to a semi-heterogeneous mixture of

4-{1 H-pyrazol-1-vhbenzaldehyde (30.0 g, 174 mymol) and 2,2~-dimethyl-1,3-dioxane-4,6~dione
(25.6 g, 174 mumol) in ethanol (996 ml} at room temperatare. After 40 minutes, diethyl 1,4~
dihydro-2,6-dimethyl-3,S-pyridinedicarboxylate (44.1 g, 174 mumol} was added in one portion
followed by ethanot (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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.
Ji
i

A mixture of 5-(4-(1H-pyrazol-1-yhbenzyi)-2, 2-dimethyl-1,3-dioxanc-4,6-dione {(41.4 g, 13
mmol, Intermediate 6: step a) and 3 M aqueous Na(OH solution (300 mL, 900 mmoi) was heated
for 48 hours at 110 °C. The mixture was cooled to room temperature, diluted with water (200 L)
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, filicred 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-yiibenzyl}-6-brome-2 4-dichloroguineline
Cl

Br. X
N N
N
A mixtare of 2-(4-(1 H-pyrazol-1-ylibenzylimalonic acid (3.37 g, 19.6 mmol, Intermediate 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 excess POCT:. The residue
was poured into ice 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 Ef,O then acctonitrile and dricd to provide the title compound as a

pale yellow solid.

Intermedizte 7: step a

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

&7
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The title compound was propared using  4-methoxybenzaldehyde in place of 4-
chlorobenzaldehvde using the procedure described for the preparation of 5-(4-chiorobenzyl)-2,2-

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

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

The title compound was prepared by substituting 5-(4-chlorobenzyl)-2,2-dimethyl-1,3-dioxane-
4,6-dione (Intcrmediate 3: step a) with S-(d-methoxybenzyly-2,2-dimethyl-1,3-dioxanc-4,6-dione

{Intermediate 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-dichioro-3-(4-methoxybenzyDguinoline
Ci

N o N g

The title compound was prepared by substituting 2-(d-chlorobenzylimalonic acid (Intermediate 3.
step b} with 2-(4-methoxvbenzybmalonic acid (Intermediate 7: step b) 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-Methylsulfonyibenzyh)-2,2-dimethyi-1,3-dioxane-4,6-dione

&&



WO 2014/062658 PCT/US2013/065013

The title compound was prepared using 4-{methylsulfonylybenzaldehyde n place of 4-
chlorobenzaldchyde using the procedure described for the preparation of 53-{4-chlorobenzyl)-2,2-

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

Intermediate 8: step b

2-{4-MethyisulfonyvibenzyDmalonic acid

O OH

-~

G O

L S{}O
/0

The title compound was prepared by substituting 5-{(4~chlorobenzyl)-2,2-dimethyl-1,3-dioxane-
4,6~dione (Intermediate 3; step ay with 5-(d-methylsulfonylbenzyl}-2,2-dimethyl-1,3~dioxane-
4,6-dione {Intermediate 8: step a) then following the procedure described for the preparation of

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

Intermediate 8: step ¢
6-Bromo-2,4-dichioro-3-(4-(methylsulfonyhbeneyvhguinoline
i
O

Br\ .
o~ i i
N° CI ?=O

The title compound was prepared by substituting 2-(d-chlorobenzylimalonic acid (Intermediate 3.

\_ 4

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

{Intermediate 3: step ¢).
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Intermedizte 9: step a

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

The title compound was prepared using  thiophene-2-carbaldehyde i 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}.

Intermediate 9: step b
2-(Thiophen-2-yvimethyDmalonic acid
OH OH
O O
\/-
57
The title compound was prepared by substituting 5-(4-chlorobenzy!)-2,2-dirmethyl-1,3~dioxane-
4,6-dione (Intermediate 3: step a) with 2,2-dimethyl-5-(thiophen-2-yhuethyl)-1,3-dioxane-4,6-
dione (Intermediate 9: step a) then following the procedure described for the preparation of 2-(4-

chlorobenzybimalonic acid (Intermediate 3: step b).

Intermediate 9: step ¢
6-Bromo-2,4-dichiore-3-(thiophen-2-yimethyDguinoline
Cl
Br. Xy §
CL0
N® CH
The title compound was prepared by substituting 2-(4-chlorobenzylimalonic acid (Intermediate 3.
step by with 2-(thiophen-2-yhmethyhimalonic acid (Intermediate 9 step by then following the
procedure described for the preparation of 6-bromo-2 4-dichloro-3-(4-chlorobenzylquinoline

{Intermediate 3: step ¢).
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{ntermediate 10; step a

5-{Benzolbithiophen-2-yimethyl)-2,2-dimethyl-1,3-dioxane-4,6-dione

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-

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

Intermediate 10: step b

2-(Benzo[bithiophen~-2-yimethylmalonic acid

The title compound was prepared by substituting 5-(4-chlorobenzyl)-2,2-dimethyl-1,3-dioxanc-
4,6-dione (Intermediate 3: step a) with S-(benzo{bithiophen-2-vimethyl)-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-bromeo-2,4-dichioroguinsline

i
Brt\\ ES
]

e dh

The title compound was prepared by substituting 2-{4-chlorobenzylymalonic acid (Intermediate 3:
step by with 2-(benzo[bjthiophen-2-vimcethyhmalonic acid {(Intermediate 10: step b} then
following the procedurc described for the preparation of 6-bromo-2.4-dichloro-3-(4-

chlorobenzyliquinoline {Intermediate 3: step ¢).
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Intermedizte 11: siep a

N-Methoxy-N-methyhthiazole-5-carboxamide

O
A

N =

b s

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-dimethythydroxylamine hydrochloride
(0.778 g, 7.98 muool}, and EDCI (1.83 g, .57 mamol} in CH,ClL (10 mL). The mixture was
stirred at room teraperature for 72 hours then quenched with saturated agueous NaHCO;, Water
{50 mL) was added followed by additional CHyCl. The muxture as stirred for 10 minutes and
layers were separated. The CHoCh layer was dried over NaoSOy, then filtered. The solvent was
removed onder reduced pressure and the residual ol chromatographed (CHRCL/EtOAC) to

provide the title compound as a white solid.

Iniermediate 11: step b
Pyridin-3-yvi(thiazol-S-yhHmethanone

O
S
e
T

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 mL). After addition, stirring
was continued for an additonal 40 minutes and N-methoxy-N-methvithiazole-5-carboxamide

{(.752 g, 4.37 mmol, Intermediate 11: step a8} dissolved in EtO (10 mb} 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 agueous NH4Cl and warmed to room ternperature. HyO
was added and layers were separated. The agqueous layer was extracted with EtOAc and the
combined organi¢ extracts washed with brine, dried over Na,SQy, filtered, evaporated in vacuo
and chromatographed (CHLCL/EtOAC) to provide the title compound as a velow solid

{precipitated from E6:0 and dried under reduced pressure).

Intermediate 12: step a
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N-(4-Bromophenyvi-3-(3-chiorophenyDpropanamide
Bre %

Tricthylamine (1.01 mL, 7.27 mmol} was added slowly to a mixture of 4-bromoaniline {(.500 g,
2.91 mmoly, 3-{3-chlorophenyljpropancic acid (0.643 g, 2.91 mmol}, and EDCI (0.669 ¢, 3.49
mmol) in CHLCLL (20 mbl). The mixture was stirred at room temperature for 48 hours and
saturated agucous NaHCQO; was added. Water (50 mbL) was added followed by additional
CH,Cl,. The mixture as stirred for 10 minutes and layers were separated. The CH,Cl, layer was
dried over Na;SOy, then filtered. The solvent was removed under reduced pressure and the
residual o1l chromatographed (CH,Cly/EtQAc) to provide the title compound as a white fluffy

solid.

Intermediate 12: step b

&-Bromo-2-chlors-3-(3-chlorobenzyliguincline

Phosphorus (V} oxychloride (1.69 mi., 18.2 mmol} was added to a cold (ice bathYDMF (0.60 mL,
7.8 mmol) solution. The mixture was warmed to room temperature and N-{(4-bromophenyl}-3-(3-
chiorophenylipropanamide (3.879 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 (NapSQy), 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
Nf'

%
N‘*L»s f *‘>
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To a solution of 5-bromo-{-methyi-1 H-imidazole (1.14 g, 7.11 mmol} in DCM was added cthyl
magnesium bromide (2.34 mL, 7.11 mmol; 3.0 M in dicthyl cthery dropwise over a 10 minute
period. The resulting pale yellow solution was stirred at room temperature 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 mbL) was added dropwise. The cold bath was
removed and the reaction roixture stirred at room temperature for 48 hours. To the resulting
vellow suspension was added water followed by 6 M agueous HCL to a neutral pH (pH =6 - 7).
The aqueous mixture was extracted with DCM, dried over NapSOy, 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-vhbenzyh-6-bromo-4-chlore-N-ethyt-N-methyiguinolin-2-amine

A mixture of 3-(4-(1 H-pyrazol-1-yhbenzyli-6-bromo-2 4-dichloroquinoline {Intermediate 6: step
¢, 0.100 g, 0.231 mmol}, N-cthylmethylamine (1.5 mL} and DMF (0.5 mbL) were heated in a
sealed tube at 80 °C for & hours, cooled to room temperature, evaporated in vacuo, diluted 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
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A n-BuLi solution (1.89 mL, 3.03 mmol, 1.6 M solution in hexane) was slowly added to a -78 °C
solution of S-bromo-2-methoxypyridine (0.392 ml, 3.03 mmol) 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: stop a) dissolved in THF (10 mL} was
slowly added. The mixture was stirred at -78 "C for 10 minutes then warmed to § °C and stirred
for 1 hour. The cold solution was quenched with saturated agoeous NHCl and warmed to 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 (Napy30y), filiered,
evaporated i vacuo, preabsorbed onto silica gel and chromatographed (CHRCL/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-vDbenzyh-6-bromo-4-chlovoe-2-methoxyguinoline

A heterogeneous mixture of 3-(4-(1H-pyrazol-1-yviibenzyh)-6-bromo-2,4-dichloroquinoline (13.0
g, 30.0 mmol, Intermediate 6: step ¢), sodium methoxide (9.73 g, 180 mmol}, and toluene (120
mib} was heated at 110 °C. After 5.5 hours, the mixture was cooled to room temperature then
filtered through Celite® rinsing with dichloromethane. The filtrate was concentrated to provide
a crude vellow solid. The crude solid was purified by flash column chromatography (silica gel,
50% dichloromethanc-hexanes initially, grading to 100% dichloromethane} to provide the titie

compound as a white solid.

intermediate 17: step a

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

el
(3]
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The title compound was prepared by substituting 3-(3-chlorophenylypropanoic acid with 3-(4-
methoxyphenylpropanoic acid then following the procedure described in Intermediate 12: step

Intermediate 17: step b

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

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

for the preparation of Intermediate 12: step b,

intermediate 18:;

{(4-(Dimethylamino)phenyh{(-methyl-1 H-imidazol-5-yvhimethanone

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-imidazol-S-y){(thiazol-5-

yvihmethanone {Intermediate 13},
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{ntermediate 19; step a
3-{4-{1H-Pyrazol-1-viibenzyl)-6-brome-2,4-dichiore-8-methyiguinocline
Ci

N
N© Gl ?\‘L;_j;’

A mixture of 2-{4-{1 H-pyrazol-1-vhbenzylimalonic acid (20.0 g, 71.5 nunol, Intermediate 6,

step by and 4-bromo-2-methylaniline (13.3 g, 71.5 munol) in phosphorus oxychloride (66.8 mL,
712 romoly was heated at 105 °C. After S hours, the mixture was cooled to room teraperature
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 {40 mL), sonicated and filtered to provide more of the desired product. To
3¢ of the isolated solid, BCM (300 mL} and aqueous saturated NaHC O3 {100 mL) were added
and the mixture was transferred to 8 separatory funnel, and the layers were separated. The DCM
iaver was further washed with brine (100 mL), dried (MgSQy), filtered and the solvents were
removed under reduced pressure. The erude material was purified using flash-column
chromatography on silica gel eluting with DCM to provide 3-{4-(1H-pyrazol-1-ylibenzyl}-6-

bromo-2 4-dichloro-8-methyiquinoline as an off-white solid.

{ntermediate 19: step b

3-{4-{1H-Pyrazol-1-viibenzyl)-6-bromeo-4-chiors-2-methoxv-8-methyiquincline
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The title compound was prepared by vsing 3-(4-(1 H-pyrazol-1-yhbenzyl)-6-bromo-2,4-dichloro-
8~-methylguinoline (Intermediate 19: step a) in place of 3-{4-(1 H-pyrazol-1-ylibeneyl)-6-bromo-
2, 4-dichiorogquinoling (Intermediate 6: step ¢} then following the procedure described for the
preparation of 3-{4-(1 H-pyrazol-1-vi}benzyhy-6-bromo-4-chioro-2-methoxyquineline

{Intermediate 16},

Intermediate 20: step a

M-Methoxy-N-methyl-4-nitrobenzamide

The title compound was prepared by substituting thiazole-S-carboxylic acid with 4-nitrobenzoic
acid then following the procedure described for the preparation of N-methoxy-N-methylthiazole-

3-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 (T-methyl-1H-imidazol-5-

vi}(thiazoi-S-yvhmethanone (Intermediate 13}
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Intermedizte 26: step ¢

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

A wmixture of  {l-methyl-1H-imidazol-5-yI}{4-nitrophenylimethanone (1.30 g, 5.62 mmol,
Intermediate 20, step b) and tin{H)chloride dihydrate (6.54 g, 28.1 mmol) in EtOH (35 mL) was
stirred at reflux for | hour, cooled to room temperature and cvaporated in vacuo to remove most
of the EtOH. The residuc 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 EtOAc extracts was washed with
brine, dried {(Na;SQs), filtered and evaporated in vacuo to provide the title compound as a yellow

solid.

Intermedizte 28: step d
(3-{4-(1L H-Pyraroi-1-yhibenzyl-2 4-dichloroguinolin-6-yH{(1-methyl-1 H-imidazol-§-

yiimethanone

A mixture of (4-aminophenyh{1-methyl-1H-imidazol-5-ylimethanone (0.160 ¢, 0.795 mmol,
Intermediate 20: step ¢ and 2-{(4-(1 H-pyrazol-1-vl}benzyimalonic acid (4.207 g, 0.795 mmol,
Intermediate 6: step b}, in POCL {3 mL) was heated at 105 °C for 4 hours, cooled to room
temperature and concentrated to remove excess POCH;. The residue was poured into ice HyO and
treated with aqueous NH4OH to pH 8 - 9 (temperature of the aqucous mixture was kept cold
during addition). The aqucous mixture was extracted with DCM (2 x). The combined
dichoromethane extracts was dricd over NaySOy, filiered, evaporaied to dryness under reduced
pressure and chromatographed (0 — 5% MeOH in CH,CL) to provide the title compound as a

yellow solid.
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Intermedizte 21: siep a

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

A mixture of {(4-chlorophenyljboronic acid (1.50 g, 9.59 mmol)}, 4-nitrobenzovl chloride (1.78 ¢
9.59 mmol), bis{triphenylphosphine)paliadium{1l} chloride (0.137 g, 0.192 mmol} and K4PO,
{3.34 g, 19.2 mmol) in toluene (30 mL) was treated as described in WO 2010/015355 to provide

the title compound.

Intermediate 21: step b
{4-Aminophenyh(4-chloropheny)methanone
O
| ™ N

o NF NP,

The tile compound was prepared by wusing (4-chlorophenyl{4-nitrophenylymethanone,
{Intermediate 21; step a}  in place of {(1-methyl-1H-imidazol-3-yh{4-nitrophenylimethanone,
{Intermediate 20: siep b} then following the procedure described for the preparation of (4~

aminophenyh(I-methyl- LH-imidazol-5-yhmethanone (ntermediate 24: step ¢).

Intermediate 22: step a

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

O

g
0=8"
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A mixture of (d-aminophenyi){4d-chlorophenylimethanone (0.351 g, 1.52 mmol, Intermediate 21;
step b} and 2-(d-(methylsulfonyhbenzylimalonic acid (0.413 g, 1.52 munol, Intermediate §: step
b), 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 HyO and treated with
aqueous NHyOH to pH 8 - 9 (temperature of the aqueous mixiture was kept cold during addition).
The solid precipitates were isolated by filtration rinsing further with H,O and dried to provide

the title corapound as a tan solid.

Intermediate 22: step b
{(4-Chlore-2-methoxy-3-(4-(methyisulfonyDbenzyhgquinclin-6-yi(4-

chlorophenylimethanone

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

methoxyguinoline (Intermediate 16).

Intermediate 23:

3-(Benzo|bjthiophen-2-vimethyi)-6-bromo-4-chlors-2-methoxyquineline

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-yhbenzyh-6-bromo-4-chloro-2-methoxyquinoline

(Intermediate 16},

Intermediate 24;

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

. Ng/

Acetic anhydride €2.32 g, 24.6 mmol) was added dropwise to a cold (0 °C) solution of (4-
fluorophenyl}{piperidin-4-yhmethanone (5.00 g, 20.5 mumol} in BCM (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 KsPOs (100 mb), HyO, and DCM was added. The layers were separated and the
aqueous layer again cxtracted with DCM. The combined organic layvers was dried (Na,SOu),
filtered, concentrated under reduced pressure and chromatographed (CH,CL/EtOAc) to provide

the title compound as a clear oil

Intermedizte 25: siep a

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

&

AYE

&:N/ o

A solution of isopropylmagnesium chloride/lithium chioride complex (1.3 M in THF, 19.5 mL,
25.35 mmol} was added dropwisc by syringe to a solution of 5-bromo-1-methyl-1H-imidazole
{412 g, 25.58 mmol} in dry THF (130 mL} at § °C. After 1S minutes, the Grignard solution was
added via cannulation to a solution of picolinaldchyde (2.0 ml, 20.93 mmol} in dry THF {55 mL)
at § °C. The reaction mixture was stirred for 5 minutes at § °C, then warmed to room
temperature for 1 hour. The reaction mixture was then cooled in an ice bath and quenched with

saturated aqucous ammonium chloride. The mixture was partitioned between brine and cthyl
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acctate. The scparated agucous phase was further exiracted with ethyl acetate.  The organic
phase was dried (Nay5Qy), 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

solid.

Intermediate 25: step b

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

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

compound as an off-white solid.

Intermediate 26 step a
Pyridin-3-vi{4-OrifluoromethyDphenylimethanol
E F
4

The title compound was prepared analogously to the method in Intermediate 25: step a using 3-
bromopyriding and 4-(trifluoromethylibenzaldehyde in place of 3-bromo-1-methyl-1 H-imidazole

and picolinaldehyde, respectively.

Intermediate 26: step b
Pyridin-3-vi(d-(trifluoromethyliphenyhmethanone
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7N

¢ 3
N== O
The title compound was prepared analogously to the mwethod in ntermediate 25 step b using
pyridin-3-vi{4-{trifluoromethyhphenvlymethanol (Intermediate 26: step a) in place of (I-methyl-

1 H-imidazol-5-yH{pyridin-2~-yimethanol.

Intermediate 27: step a

(3 4-DimethoxyphenyvD{pyridin-3-yDHmethanol

(3, 4-dimethoxyphenylimagnesiom bromide (0.5 M THF, 3.5 mL, 4.75 wmmol} was added
dropwisc by syringe to a solution of nicotinaldchyde (0.88 mL, 9.37 mumol) in dry THF (20 mL)
at § °C. The reaction mixiture was stitred for 30 minutes at § °C, then quenched with saturated
aqueous ammonitmm chloride solution. The mixture was partitioned between water and ethyl
acetate. The separated agucous phase was further extracted with ethyl acetate.  The organic
phase was dried (NaxSOy), filtered, and concentrated. The crade product was purified by flash
colomn chromatography {(silica gel, 8-60% EtOAc-hexanes) to provide the title cormpound as a

brown oil.

Iniermediate 27: step b

(3 4-DimethoxyphenyvD{pyridin-3-yDmethanone
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The title compound was prepared analogously to the method in Intermediate 25 step b using
(3, 4-dimethoxypheny! Y pyridin-3-ylimethanol (Intermediate 27 step a) in place of (1-methyl-

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

{ntermediate 28; step a

{4-(Dimethylamino)phenyipyridin-3-yDmethanol

2
N= OH
The title compound was prepared analogously to the method in Intermediate 27: step a using (4-

{dimethylamino}phenylimagnesium  bromide in place of (34-dimcthoxyphenyhmagnesium

bromide.

Intermediate 28: step b

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

The title compound was prepared analogously to the method in Tntermediate 25: step b using (4-
{dimethyvlamino jphenyl ¥pyridin-3-yiymethanol (Intermediate 28: siep a) in place of (1-methyl-

{H-imdazol-5-yh{pyridin-2-ylimethanol.

Intermediate 29: step a

{4-FhuorophenyD{(T-methyl-1H-imidazol-S-vDhmethanol
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The title compound was prepared analogously to the mcthod in Intermediate 27: step a using (4-
fluorophenylymagnesium bromide and 1-mcthyl-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~
fluorophenyl{-methyl-1H-imidazol-5-ylymethanol {Intermediate 29 step a) in place of (i-

methyl-1 H-imidazol-5-y{pyridin-2-ylhmethanol.

{ntermediate 30; step a

{3,4-Dichiorophenyvi{pyridin-3-viimethanol

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

{3.4-dichlorophenyl pmagnesium bromide in place of (3,4-dimethoxyphenyhmagnesiurn bromide.

Intermediate 30: step b
{3,4-Dichlorephenyh{pyridin-3-yl)methanone
Ci Cl

O

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 (I-methyl-14-

midazol-5-yh{pyridin-2-ylmethanol.
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Intermedizte 31: siep a
(d-Methoxyphenyl{pyridin-3-yiimethanel
Qm

N= OH
The title compound was prepared analogously to the method in Intermediate 27: step a using (4~

methoxyphenylimagnesium bromide in place of (3.4-dimethoxyphenylymagnesium bromide.

Intermediate 31: step b

{(4-MethoxyphenyDpyridin-3-yhmethanone

The title compound was prepared analogously to the method in Intermediate 25: step b using (4-
methoxyphenyli{pyridin-3-yhmethanol (Intermediate 31 step a8} i place of (T-methvi-1H-

imidazol-5-vl ¥pyridin-2-ylmethanol.

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-dimethoxyphenylymagnesium bromide.

intermediate 32: step b

{3-FluorophenyD{pyridin-3-yhmethanone
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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-

midazol-5-y¥{pyridin-2-yymethanol.

Intermediate 33: step a
Bis(2,4.6-Trichlorophenyl} I-benzyvimalonate

O Ci

O

Cl i © OCE G

A mixture of 2-benzyvhmalonic acid (10.0 g, 51.5 mmol), 2,4,6-trichlorophenol (203 g, 103
mmol), and POCHL (12.0 mL, 129 mmol) was stirred under aiv at 105 °C for 2 howrs. The
reaction was then cooled to room temperature, poured on 150 mb ice, and extracted with 4:1
ether/DCM (3 x 150 mb). The combined organic layers were washed with water (1 = 400 mL)
and 4 M agueous NaCl (1 x 100 mL), and the vellow organic layer was dried (Nay 504}, filtered,
and concentrated by rotary evaporation at < 40 °C to provide the title compound as a tan thick oil

that became a beige sohid upon standing.

Intermediate 33: step b

Ethyl 3-benzyl-4-hydroxy-2-oxo-1,2-dihyvdroguinoline~6-carboxylate

A mixture of ethyl 4-aminobenzoate (2.85 g, 17.2 mmol} and bis(2.4,6-trichlorophenyl) 2-

benzylmalonate (11.4 g, 20.7 mumol, Intermediate 33: step a) was microwaved at 250 °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 filter cake was
washed with ether (1 % 15 mL) and dricd at 100 °C to provide the title compound as a light beige

powder.

Intermediate 33: step ¢

Ethyl 3-benzyl-2 4-dichloroguincline-6-carboxylate

l\

o o
A |\\
N0

A mixture of cthyl 3-benzyl-4-hydroxy-2-0x0-1,2-dihydrogquinoline-6-carboxylate ((1.746 g, 2.31
mmol, Intermediate 33: step by in POCEL (4.29 mL, 46.1 mmol} was stirred at reflux {130 °C
aluminum block temperature) for 30 minutes. The clear velow 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 ¢xtracted with DCM (2 x 50 mL}, dried {(Na,SQ,), filtered, and

concentrated to provide the title compound as a yelow solid.

Intermediate 33: step d

(3-Benzyl-2,4-dichlproguinelin-6-yh{4-chlorophenylmethanone

Cl
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, .236 mL, 0.611 mmol)
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 sohution of ethvl 3-benzyl-2 4-dichloroquinoline-6-carboxylate
(200 mg, 0.555 mmol, Intermediate 33: step ¢} in THF (0.8 mL). The resulting dark solution was

~

stirred at -72 °C for 30 minutes, and was then allowed to warm to 0 °C over 15 minuies and then

quenched with 53 M agueous NH4Cl (3 mL). The mixture was diluted with dicthyl ether (S mi},
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and the agueous layer was extracted with ether (I« 5 mL). The combined organic layers were
dricd (Na;SOy}, filicred, 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 cthyl 3-benzyl-2 4-dichloroguinoline-6-carboxylate.

Intermediate 34: step 2

Ethyl 3-benzyl-2 4-dibromoguineline-6-carboxylate

®

G Brl/
o l\\
N N

A mixture of ethyl 3-benzyl-4-hydroxy-2-ox0-1,2~-dihydroquinoline-6-carboxylate (0.749 ¢, 2.32
mmol, 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 temperature overnight at which point it solidified.
This was partitioned with 50 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 50 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

Ethvl 3-benzyl-2 4-dimethylquinoline-6-carboxylate

U

A mixture of ethyl 3-benzyl-2 4-dibromoguinoline-6-carboxyiate (0.245 g, 0.545 mmol,
Intermediate 34: step a}, 2.4,6-trimethvi-1,3,5,2.4,6-trioxatriborinane {0.229 mL, 1.64 mmol},
and 5 M aqueons K;COs (§.436 mib, 2.18 mmol) was treated with Pd(PPhs)s (63 mg, 0.055
mmol) and dioxane (3 ml). This was microwaved under argon at 144 °C for 15 munuies

{Biotage hmtiator). The reaction was diluted with 1:1 heptane/EtOAc (5 mb), filtered, and the
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organic laver was dried {Na,S8Qy), filtered, and concemtrated. The residuc was flash
chromatographed with a heptane to 70% EtOAc/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-trimethylguincline-6-carboxamide

2

I s,

P

g RN
N
A sharry of ethyl 3-benzyl-2 4-dimethylquinoline-6-carboxylate  {(99.5 mg, 0.312 mmol,
fntermediate 34 step by and N,O-dimethylhydroxylamingsHCI {42.2 mg, 0.433 mmol) in THF (1
mb) was stirred at ¢ °C under argon while iPrMgCl (2.01 M in THF, 0.43 mi, 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 NHyCl {4 mL) and cxtracted with EtOAc {2 % 3
mkb}. The combined organic layers were dried (NapSOy), filtered, and concentrated, and the
residuc was flash chromatographed with a heptanc to 100% EtOA¢ gradient to vield the title

compound as an amber oil.

intermediate 34: step d
{3-Benzyl-2 4-dimethylguinolin-6-vI}(1-methvi-1 H-imidazeol-5-vi)methanone

i /l

O ;
| |
N\?’/lk\sl/\ '\
}‘\qn’j = N

A transhucent solution of S-ipdo-1-methvi-1 H-imidazole (197 mg, .946 mmol} in THF (1.5 mL}
was stirred at § °C while iPrMgCl (2.01 M in THF, .43 mL, 0.864 mimol) was added dropwise
under argon. The ice bath was immediately removed and the white mixture was stirred at room
temperatare for 15 minates, 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 THF (0.5 mL) at room temperature. The resulting milky opagque mixture was stirred at room
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temperature for 1.5 hours, and was then quenched with | M aqueous NaHCO5 (6 mb) and
extracted with EtOAc (2 x 6 mL). The combined organic layers were shown by LCMS to be a
mixture of title corapound 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 114 mol ratio of the title coropound and N-methylimidazole.

Intermediate 35: step a

4-Fluoro-3-iodobenzaldehyde

i o

L

A mixture of NalQGs (61.6 g, 288 mmol) in A0 (120 mL, 1.27 mol} was treated with KI (638 g,
384 mmol} under air at room temperatire with overhead stirring, and the resulting tan mixture
was stirred on a dry ice-CH:UN bath while H,;50 was added dropwise over 20 minutes, keeping
the internal temperature below 20 °C. Immediately following completion of H.50; addition, the
dark brown reaction was stirred on a room temperature water bath for 5 minutes, and was then
treated with 4-fluorobenzaldehyvde (59.1 mL, 560 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 30 °C with intermittent ice bath
stirring for the first foew hours until the mild exotherm had cecased. The resulting light yvellow
opaque shurry was then stirred on an ice bath and treated with 12 N aquecus HCH {40 mL) rapidly
dropwisc over 1.5 minutes. After stirring for an additional 5 minutes, the yellow shury was
treated with CHCL (200 mbL), BHT (600 mg), and icc water (200 mbL) and stirred for 5 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 aqueous K,CO4/0.5 M agucous
MNayS,0s {1« 500 mL; pH >11}, and the clear velHow organic layer 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 ol) and concentrated 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 mb), the titlc compound as an off-

white powder.

Intermediate 35: step b

2.2, 2-Triflnoro-1-(2-fusre-5-{{4-flusrophenyli(bydroxymethylphenyliethanone

OH O
£ L i\\{)""“\F F

A solution of 4-fluorophenylmagnesium bromide (3.64 mL, 1.} M in THF, 4.0 mmol} in THF
{3.6 mL} was stirred 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 dry 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 yvellow reaction was stirred for 30 minutes, and was then
treated with 2,2 2-triflucro-N-methoxy-N-methylacetamide dropwise over ~30 seconds. The
homogeneous yellow reaction was then immediately removed from the cold 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 NaH PO, {10 mL} in one
portion. The reaction was warmed to room temperature and extracted with MTBE (1 x {§ mL, 1
x 5 mLj}, and the combined organic lavers were washed with § M NaCl (I x 3 mbL}, dried
{WNa,50y), filtered, and concenirated twice from DCM to provide the crude title compound as a

clear yellow ol

{ntermediate 35; step ¢

2,2,2-Trifluoro-1-(2-fluoro-5-(4-fluorobenzoyljphenyiethanone

A homogeneous  yellow  solution  of  crude  2.22-wrifluoro-1-(2-fuoro-5-({4-

fluorophenyl{hvdroxyimethyhphenvljethanone (1.15 g, 3.64 mmol, Intermediate 35: step b) and
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TEMPO (18.4 mg, 0.118 mmol} in DCM (7.3 mL) was stirred on an ice bath while a solution of
aqueouns KBr (43 mg, 0.36 mmol) in 1 M aquecous NaHCO; (1.27 mL, 1.27 mmol) was added in
ong portion. NaOC! [4.6 mL, 0.8% M (6.15% w/w Clorox bleach), 4.1 mumol] 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 x 3 wl), dried

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

Intermediate 35; step d

1-(Z-Amine-5-(4-fluorcbenzoylphenyl)-2,2,2trifluoroethanone

A solution of crude 2,2,2-trifluoro- 1 -(2-fluoro-5-(4-fluorobenzoyijphenylicthanone (1.09 g, 3.47
mumol, Intermediate 35: step ¢} in DMSO {1 mL} was bubbled with NHz gas for | minute 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 (NaxSQy),
o

filicred, concentrated.  The residoe was flash chromatographed with a heptane to 40%

acetone/heptane gradient to provide the title compound as a yellow sohid.

Intermediate 35: step ¢

N-Methyil-2-(methylimine)-4-phenyibutanamide

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

sitting for ~1 minute, the reaction was diluted with ether {10 mL) and filtered. The white filter
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cake was washed with ether (2 X 3 mL) and dried under vacoom to provide the title compound as

a white solid.

Intermedizte 35: step

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

A mixture of 1-(Z-amino-S-{4-fluorobenzoylphenyl)-2,2,2-trifluoroethanone (107 mg, $.345
mmol, Intermediate 35: step d), N-methyi-2-(methylimino}-4-phenvibutanamide (85.5 mg, 0.4138
mmol, Intermediate 35: step e), and DMSO (0.17 ml) was stirred at 180 °C for ~1 mimute fo
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 solation was
cooled to room temperature, partitioned between 2 M agueous K,COs (3 mb) and EtOAc (4 mL),
and the organic layer was washed with 5 M agueous NaCl (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
&-{ TrifhuoromethyDnicotinoyl chloride

(9]
\)J\QE
»

FyC7 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
mmol}, dichloromethane (540 mL) and DMF (3,910 mlL, 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
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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 semnisolid.
{ntermediate 36;: step b

N-Methoxy-N-methyl-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-(trifluoromethylnicotinoyt chloride (49.3 g,
235.2 mmol, Intermediate 36: step a), dichloromethane (493 mL}, and N,O-
dimethylhydroxylamine hydrochloride (25.63 g, 258.8 munol). 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 o room
temperature. The reaction was then transferred to a separatory funnel and the organic layer was
washed with satgrated aqueous NaHCO5 (2 x 100 mL) followed by water (100 mb) and then
dried over sodiom sulfate, then filtered. Solvent removal atforded the title compound as a

brownish oil.

Intermediate 36: step ¢

{1-Methyl-1H-imidazol-S5-yH{(6-(triffucromethyhpyridin-3-yhmethanone

1A

R
O
Fall” TN "N

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

this room temperature solution was added isopropyimagnesium chioride/lithiom chloride

6



WO 2014/062658 PCT/US2013/065013

complex [1.3 M in THF] (246.8 mL, 320.8 ramol) (addition temperatare 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 {emperature 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 1ce bath and carefully quenched with 2N aqueous HCl to a pH =7,
quenching temperature reached 12 °C. The mixture was diluted with cthyl acetate (500 wmlL),
phase split and the organic laver was washed with brine (2 x 200 mL) and dried over sodiam
sutfate, filtered, and the solvent was removed. Hot ether was added and then filtered to give the

title compound as a solid.

Intermediate 37 step a

6-Chioropyridine-3-carbonyl chioride

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 ol

Intermediate 37: step b
&-Chilore-N-methoxy-N-methylpyridine-3-carboxamide

O
/,\,/U\\N“O\
|

()
o N
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Into a 1000-mL round-botiom flask, was placed methoxy(methyhamine hydrochloride (12 g,
123.02 mmol,), tricthylamine (40 g, 395.30 mimol, ). 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} dropwisc 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-Chiors-8-[{1-methyi-1 H-imidazel-S-ylicarbonyljpyridine

Into a 250-mk. 3-necked round-bottom tlask, was placed a solution of T-methyl-1H-midazole (5
g, 60.90 romol,) in tetrahydrofuran (40 mb). This was followed by the addition of n-BulLi (29.3
mi, 2.5 M in hexanes) at -78°C, then stirred for 45 minutes. To this was added Et:5iC1 (9.15 g,
61.00 mmol, , 100%), the solution was stirred for 1 hour at -78°C. To the mixture was added n-
Buli 26 mL, 2.5M in hexanes), and stirred for another 45 munutes. 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 tetrahydrofuran (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 mol/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 sohution was diluted
with 100 mL of HoO. The resulting sohution was extracted with 3x100 mL of dichloromethane
and the organic layers combined and dried over anhydrous sodium sulfate, filtered, and
concentrated under vacuuni. The residuc was applied onto a silica gel colomn with

dichloromethane/methanol (18(0:0~15:1) to give the title compound as a yellow solid.

{ntermediate 37: step d
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(6-Methoxypyridin-3-vi}(1-methyil-1 H-imidazol-5-ylimethanone

9
\ I N
\om 5‘?

Into a 50-mb round-bottom flask, was placed a solution of Na (260 mg, 11.30 mmol,) in
methanol (15 mL}, the solution was stirred for 30 minutes at room temperature. Then 2-chlore-5-
[{(1~-methyl-1 H-imidazol-S-vhcarbonylipyridine (250 mg, 1.13 mmol, Intermediate 37: step ¢}
was added. The resulting solution was stirred for 4 hours at 75°C in an oil bath. The resulting
mixture was concentrated under vacuum. The residue was applied onto a silica gel column with

dichloromethane/methanol (180:0-20:1) to give the title compound as a light yvellow solid.

intermediate 38: step a
{2,4-Bichloro-3-{(4-(methylsulfonyviibenzyhquinolin-6-yH(-methyl-1 H-imidazol-§-

yhmethanone

A mixture of {4-aminophenvl}{1-methyl-1H-imidazol-5-ylimethanone (0.80 g, 3.976 mmol,
Intermediate 20 step ¢} and 2-{(4-Mcthylsulfonylbenzylimalonic acid {1.085 g, 3.976 mmol,
Intermediate 8: step b}, in POCL (10 mL) was heated at 105 °C for 4 hours, cooled to room
temperature and concentrated to remove oxeess POCE;. The residue was poured into ice HyO 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 filirate containing the

i1
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product was evaporated to dryncess to provide the title compound which was carricd on without

further purification.

Intermediate 38: step b
(4-Chliore-2-methoxy-3-(4d-(methyisulfonyiibenzyliiquinolin-6-yh(1-methyl-1 H-imidazol-5-

yhimethanone

A mixture of (2,4-dichloro-3-{4-(methylsulfonylibenzyhquinolin-6-y){1-methyl-1 H-imidazol-5-
yvhethanone (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 105 °Cfor 12 hours, cooled to
room temperature, diluted with DCM and the resulting suspension filtered through Celite®
rinsing several fimes with CH,Cl. The solvents were removed under reduced pressure and the

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

Intermediate 39: step a
N-Methoxy-MN,1-dimethyl-1 H-imidazole-S-carboxamide
O

/
o
TR N
EJ\\E?
N

Tricthvlamine (5.51 ml, 39.646 munol) was added slowly to a mixture of commercially available
L-methyl-1 H-imidazole-5-carboxylic acid (2 g, 15.85% mmol), N,O-dimethylhydroxylamine
hydrochloride {1.55 g, 15.859 mmol}, and EDCI (3.65¢, 19.03 mwmoly in CHCL ( 10 mL). The
mixture was stirred at room temperature for 72 hours then quenched with saturated aqueous
NaHCOs:. Water (50 mL} was added followed by additional CH,CL. The mixture was stirred for

18 minutes and layers were separated. The CH,Clp layer was dried over NapS8QO,, then filtered.
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The solvent was removed under reduced pressure and the residual oil chromatographed

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

Intermediate 3%: step b

Bis(1-methyl-1 H-imidazel-S-ymethanone

To a solution of 5-bromo-1-methyl-1H-imidazole (1.2g, 7.448 mmol} in DCM (10 mL} was
added ethyl magnesium bromide (2.5 mL, 7.448 mmol; 3.0 M in diethyl cther) dropwise over a
18 minute period. The resulting pale vellow solution was stirred at room temperature for 15
mimites, cooled in an ice bath to 0 °C and Nemethoxy-N,1-dimethyl-1H-imidazole-5-
carboxamide (1.0 g, 6.206 mmol, Intermediate 39: step a} dissolved in BDCM (3 mL} was added
dropwise. The cold bath was removed and the reaction mixture stirred at room temperature for
48 howurs. To the resulting yvellow suspension was added water followed by 6 M aqueous HC I to 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 EfO, filtered and dried to provide the title compound as a tan solid.

Intermediate 48: step a

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

Tricthylamine (7.6 mL, 54.651 mmol) was added slowly to a mixture of 3-methyi-4-nitrobenzoic
acid (5 g, 27.326 mumol}, N,O-dimethythydroxylamine hydrochloride (2.99 g, 30.058 mmol}, and
EDCE(6.28 g, 32.791 mumol} in DCM (30 mL). The mixture was stirred at room temperature
overnight, quenched with saturated aqueons 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 NapSQOs, then filtered. The solvent was removed and the

residual oil chromatographed (DCM/EtOAC) 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 minol} was added dropwise, over a
25 minutes period, to a solution of 5-bromo-i-methyl- 1 H-imidarole (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-
brine bath and N-methoxy-N,3-dimethyl-4-nitrobenzamide (4.8 g, 21.408 mmol, Intermediate 40:
step a) dissolved in 10 mL 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 folowed by 6M aqueous HCL slowly to neutralize the mixture (pH = 6-7). More
DCM was added and layers separated. The organic laver was dried over Na,SOy, filtered and
concentrated. Ef,O was added, the slurry sonicated, and precipitates filiered to provide the uitle

compound as a tan solid.

Intermediate 40: step ¢

{4-Amino-3-methyiphenyh(-methyi- 1 -imidazol-5-yhmethanone
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A mixture of (I-methyl-1 H-imidazol-5-yH{(3-mcthyl-4-nitrophenyhymcethanone (3.3 g, 13.456
mmol, Intermediate 40; step b) and tin(i)chioride dihvdrate (15.6 g, 67.282 munol} 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 NaOH/ice
solution rinsing with EtOGAc. The mixture was stirred at room temperature for 15 minutes and
lavers were separated. The aqueous layer was again extracted with EtOAc. The combined EtOAc
exiracts were washed with brine, dried (NapSOy), filtered, and evaporated in vacuo to provide
crude product. The tan sohid title compound was precipitated from E6O, collected by filtration

and dried.

Intermediate 40 step d
{(2,4-Dichlore-8-methyl-3-(4-(methyisulfonvibenzyllguinelin-6-yB(1 -methyt1 H-imidazol-5-

yhmethanone

A beterogeneous mixfure of {(4-amino-3-methylphenyl{(1-methyl-1 F-imidazol-S-yhmethanone
(0.8 g, 3.717 muool, Interroediate 40: step ¢}, 2-{(4~-methvilsulfonylbenzylimalonic acid (1.0 g,
3.717 mumol, Intermediate 8: step b) 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 DCM 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-Chliore-I-methoxy-8-methyl-3-(4-(methyisulfonyihbenzyliquinoln-6-y{I-methyl-1 /-

imidazol-5-yDmethanone

o

i
Q=5

A mixture of {2,4-dichloro-8-methyl-3-(4-{methylsulfonylibenzylquinolin-6-yl){ 1-methyl-14-
imidazol-5-ylymethanone (1.1 g, 2.15 mmol, Intermediate 40 step d) and dry sodium methoxide
{0.58 g, 10.75 mmol)} in toluene was heated in a sealed tube at 110 °C for 12 hours, cooled to
room temperature, diluted with DCM, stirred for 30 minutes at room temperature and the
resulting suspension filtered through Celite® rinsing several times with DCM. The solvents were
removed under reduced pressure and the residue chromatographed {(10% McoOH in DCM,
gradicnt} to provide the title compound as a white solid after recrystallization from MceOH and

drying under reduced pressure overnight,

Intermedizte 41: siep a

3-{4-(1H-Pyrazel-1-ylibenzyl}-6-bromeo-2,4-dichlore-8-fluoreguincline

D

p==/
A mixture of 2-(4-(1 H-pyrazol-1-yhbenzylmalonic acid (4 g, 15.37 mmol, Intermediate 6: step
b) and 4-bromo-2-fluorcaniline (2.7 g, 13.973 mmol) in POCL; (20 mL) was heated at 105 °C for
3 hours, cooled to room temperature and cvaporated in vacuo to remove cxcess POCH. The
residue was poured into ice H;O and treated with agueous NHzOH to pH & - 9 {temperature 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 diuted with DCM and insoluble solids

filicred off. The filtrate was evaporated to dryness to provide product as a tan solid.

Intermediate 41: step b
3-(&-(1H-Pyrazol-1-yhibenzy-6-bromo-4-chlore-8-flusre-2-methexyguineline and  3-(4-

{1H-Pyrazol-1-ylibenezyi}-6-bromo-4-chlore-2 8-dimethoxyguinoline

e

and

4

A mixture of 3-{(4-(1 H-pyrazol-1-ylbenzyl}-6-bromo-2 4-dichloro~-8-fluoroquinoline (1.25 g,
2,771 mmol, Tntermediate 41: step a) and dry sodium methoxide in 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 mixtore was filtered through Celite® rinsing
several times with BCM. The filtrate was evaporated in vacuo, diluted with MeOH and filtered
to provide a mixture of products {(~1:9 ratio) as an off-white sohid. Product mixture carried on

without further purification,

Intermediate 42: step a

tert-Butyl 4-(hydroxy(l-methyl-1 H-imidazel-5-yDmethyDpiperidine-1-carbexylate

A solution of S-bromo-1-methyl-1 H-imidazole (25.0 g, 155 mmol; dried over 3A molecular
steves, then filtered) in DCM (310 mL) was stirred on an ice bath while iPrMgCl (72 ml,, 2.01
M solution in THF, 145 mmol) was added rapidly dropwise under argon via pressure~-equalizing
addition funnel. Residual iPrMgCl was rinsed down with 50 mL THF, and the ice bath was
removed and the reaction stirred for 25 minutes. A solution of rerf-butyl 4-formyipiperidine-1-
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carboxylate {27.6 g, 130 mmol) (PharmaCore} in THF (65 mL) was added dropwise over ~5
minutes via pressurc-equalizing addition funncl at room temperature.  After stirring 1 hour at
room temperature, the yellow mixture was quenched with 5 M aqueous NHyCl (250 mL} in one
portion. The organic layer was dried {(Na»SQy), filtered, and concentrated to provide the crude

title compound as a clear light amber oil.

Intermediate 42: step b

fere-Butyl 4-(1-methyl-1#H-imidazole-S-carbonyi)piperidine-1-carboxylate

A homogencous solution of fere-butyl 4-(hydroxy(1-methyl-1 H-imidazol-5-yDmethylipiperidine-
{-carboxylate (32.2 g, 109 mmol; Intermediate 42, siep 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 ~30% complete by NMR, the rcaction was cooled to room termperature and
additional MnQO; was added (48.0 g, 552 mimol} 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 EtOAc to 530% acetone/EtOAc gradient to provide the title

compound as a clear dark yellow oil.

Intermediate 42: step ¢

1-(4-(1-Methyl-1H-imidazole-S-carbonyDpiperidin-i~-yhethanone
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A homogencous yellow solution of fert-butyl 4-(1-methyl-1H-imidazole-5-carbonylipiperidine-
i-carboxylate (10.1 g, 34.4 mmol; Intermediate 42, step by in DCM {172 mL) 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 b}, and the resulting clear light amber residue was taken up
in DCM (344 mL) and TEA (23.9 mL, 172 mmol}. Acetic anhydride (3.91 mL, 41.3 munol) was
added dropwise and the reaction stirred at room terperature for 1 hour. The reaction was
concentrated under high vacuum and the residue flash chromatographed using 95:5 DCM/MeOH
with 2% TEA as chient. The combived fractions were concentrated, dissolved in DCM (200
wk}, and washed with water (2 % 200 wl) to remove TEA, The organic layer was dried
{Na;SOy), Altered, and concentrated, and the residue was triturated with MTBE (75 mL) at reflux
for 15 mimutes and then allowed to cool o room temperature. The mixture was filtered and the
off-white filter cake was washed with MTBE (2 x 3 mL} to provide, after air drving at 100 °C,

the title compound as an off-white fine powder.

Intermediate 43;
Bis(1-Methyb-1H-1,2,3-triazol-5-yimethanone

O
I
N 2
N, | Nnf
i s N

A solution of T-methyl-17-12,3-tnazole (0.954 ¢, 11.4 mmol, prepared according to PCT Int.
Appl., 2008098104) in THF (22 mL} was stirred at ~-70 °C under argon while n-Buli (2.56 M in
hexanes; 4.29 mL, 11.0 mmol} was added dropwise over 5 mimates. After stirring for another 5
minutes, a solution of ethyl methoxy{methylcarbamate (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 5 minutes,

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

m
.
~3
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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 cxiracted with THF (I x 6 mL). The
combined organic lavers were dried (Nay5Qy), filtered, and concentrated. A portion of the
residuc was crystallized from ~30 mL toluenc to provide, after washing the filter cake with ether

{1 x 3 mL) and heptanc {1 x 3 mL}), the title compound as blunt needles.

{ntermediate 44; step a

é-Bromo-4-hydroxyquinolin-2(1 /)-one

OH
Bri\\

F g
H

According to the general method described in Syothetic Comuounications 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-bromophenybhamino)-3-oxopropanoie acid. Acetone byproduct was removed under vacuum
to provide the intermediate product as a dry solid. Eaton’s reagent (100 mL) 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 hight brown solid.

Intermediate 44: step b

6-Bromo-2.4-dichioroguineling

cl
Br 5\ N
FNE
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A solution of 6-bromo-4-hydroxyquinolin-2{1 H}-onc (18.0 g, 75.1 munol, Intermediate 44: step
a} and POCH (84 mL) was heated at 105 °C overnight. 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

o
FE e

To a solution of diisopropylamine {1.40 mL, 9.96 mmol) in THF (12 mL} cooled to § °C was
added wm-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 a
separate solution of 6-bromo-2 4-dichloroquinoline (1.80 g, 6.51 mmol, Intermediate 44 step b)
in THF (29 mb) was added dropwisc via syringe. The mixture was stirred at -78 °C for 30
minutes followed by the addition of 4-(bromomethylibenzonitrile {1.52 g, 7.74 mmol} in THF (§
mbL}). After an additional 10 minutes of stirring at -78 °C, the reaction was transferred to an ice
bath and warmed to ambient temperature 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 coropound as a white solid.

Intermediate 44: step d

4-({6-Bromo-4-chlore-2-methoxyguinolin-3-yDmethyhbenzonitrile
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A heterogeneous mixture of 4-((6-bromo-2 4-dichloroguinolin-3-ylymethyl)benzonitrile {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
and filtered through Celite®, rinsing with DCM. The filtrate was concentrated and the crude was
purified by flash column chromatography (silica gel, 8-53% EtOAc-Hexanes) to provide the title

compound as a white solid.

{ntermediate 45; step a

4-{1§1-1,2.4-Triazol-1-yhbenzaldehyde

"

=N

4-Fluorobenzaldehyde (12.0 mL, 112 mmol} was added dropwise by syringe to a stiring,
heterogeneous mixture of 1,2 4-triazole {11.6 g, 168 mmol} and potassium carbonate (24.7 g,
179 mmol} in dimethyl formamide (220 mi) at 23 °C. The mixture was heated to 105 °C. After
3.5 bours, the mixture was allowed to cool to 23 °C. The cooled solution was transferred to a 2
L Erlenmeyer flask and diluted with water (500 mL} and cthyl acetate (1200 mL}. 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 mb). The
washed solution was dried 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 heptancs—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

5-(4-(1H-1,2 4-triazol-I-ylybenzyl}-2,2-dimethyi-1,3-dioxane-4,6-dione

Me. Me
>
el
o7 o
g

-

=N

L-Proline (1.81 g, 156 wmmol} was added to a sturing, heterogeneous mixture of
4-{1H-1,2 d-tmazol-1-yvhbenzaldehyde (13.5 g, 78.0 mmol, Tntermediate 45, step a) and 2.2-
dimethyi-1,3-dioxane-4,6-dione {(11.2 g, 76.0 mmol} in cthanol (520 mL) at 23 °C. After 1.5
hours, diethyl 1,4-dihydro-2,6~dimethyl-3,5-pyridinedicarboxviate (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 sohids were collected and dried under vacuam to provide the titled

compound as a white solid.

Intermediate 45; step ¢

2-44-(1H-1,2 4-triazol-T~yhbenzyDmalonic acid
OH OH

NN
=
5-(4-(1 H-1,2 4-triazol-I-ylybenzyl)-2,2-dimethyl-1,3-dioxane-4,6-dione  (10.0 g, 332 mmol,
Intermediate 45, step b) was dissolved in a mixture of water (30 mL) and trithuoroacetic acid (50
mb). The mixture was heated to 65 °C. Afier 2.5 hours, the mixture was allowed to cool to

23 °C. Water and trifluoroacctic 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 concentrated by rotary evaporation at
45 °C. Tetrahydrofuran (100 mL) and 6 M aqueous hydrochloric acid solution (28 mL) 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. Tcetrahydrofuran
{100 mL) was added to the residue and the mixture concentrated by rotary evaporation at 45 °C.
Toloene (100 mb} was added to the residue and the mixtore concentrated by rotary evaporation
at 45 °C. The resulting white solid was dried under vacuum 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-yhbenzyl-2 4-dichioroguinolin-6-vi{4-chiorophenylmethanone
O Ci

A mixture of 2-(4-{1H-1,2 d-triazol-1-vl}benzyhmalonic acid (1.50 g, 5.74 mmol, Intermediate
45, step ¢} and (d-aminophenyl){4-chlorophenyiymethanone (1.0 g, 4.32 mmol, Intermediate 21;
step by in phosphorus oxychloride (16 mL) was heated at 95 °C. After 16 howrs, the mixture was
cooled to 23 °C then diluted with dichloromethane (50 mb). The mixture was concentrated by
rotary evaporation at 33 C. The resulting orange oil was dissolved in 100 mL dichloromethane
then added slowly to ice water (100 mL}) with vigorous stirring. The pH was adjusted to 8 by the
slow addition of saturated aqueous ammonia solution. The layers were separated. The agueous
layer was extracted with dichloromethane (30 mL). The organic layers were combined and the
combined solution was dricd over sodium sulfate. The dried solution was filtered and the filtrate
was absorbed onto 5 g of silica gel for dry-load flash-column chromatography cluting with 103%
hexanes initially, grading to 80% cthyl acetate—hexanes over 30 minutes to provide the titled

compound as a yellow solid.

{ntermediate 45; step ¢
{3-{4-(1H-1,2,4-Triazob-1-yhbenzyi}-4-chloro-2-methoxyguinoln-6-yh){4-

chlorophenylimethanone



WO 2014/062658 PCT/US2013/065013

w

=N

A heterogeneous mixture of (3-(4-(1H-1,2 d-triazol-1-ylibenzyl)-2 4-dichloroquinolin-6-yHi{4-
chiorophenyhmethanone (370 g, 0.749 mmeol, 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 filirate
was absorbed onto 5 g of silica gel for dry-load flash-columm chromatography on silica gel
eluting with 30% cthyl 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-(1 H-Pyrasol-1-vhbenzy-6-bromo-4-chlore-N,N-diethylguinelin-Z-amine

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

Similar procedures to those referenced in Tett, Lett. (2006), 651, D. Ramachary; Eur. §. Org.
Chem. (2008, 975, . Ramachary were employved. To a 5L 3-necked flask fitted with an
overhead mechanical stirrer was charged with 4-(trifluoromethylibenzaldehyde (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-dihvdropyridine-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 aliguot was removed after 4 hours and rinsed with
EtOH and then Et,O, and air dricd. 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 EtO 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

To a 2L flask containing 2,2-dimethyl-5-{(4-(triflucromethylYbenzyly-1,3~-dioxance-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 reached.  After
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approximatcly 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 azeotroped with toluenc (4 x 100 mL) to give white solid which was used without

further purification.

Intermediate 47: step ¢

6-Bromo-2,4-dickioro-3-(4-(trifluoromethyDbenzyiguinoline

Ci

RO®
)
N i

To a 5300 mL 3-vecked flask fitted with a reflux coudenser and Drierite® drying tube, was

charged with POCH (190 mL) and then 2-(4-(trifluoromethylYbenzyhmalonic acid (28.5 g, 109
mmol, Intermediate 47: step by was added followed by 4-bromoaniline (19 g, 110 mmol) at room
temperature. The heterogencous mixture was heated in an aluminum mantle to 100 °C which
resulted in a hight amber homogenous solation after approximately 10 munutes. 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 POCH: was removed by evaporation. The resulting dark brown material was
then poured onto ice chips (~300 g) in a 2L Erlenymeyer flask pre-cooled to § °C. DCM was
added (~500 mL) and the solution was stirred at § °C as a solution of 6 M agueous KOH was
added carefully (~500 mL). 5N agueous NH4OH {(~100 mL} was also added to bring the pH to
~8-9. The neutralization process was kept at § °C throughout. More DUM was added and the
organic phasc was separated. The aguecous portion was washed with DCM (3 x 250 mL} and the
combined organics were washed with bring, dried over NaSOq, filtered and concentrated to
provide a brown solid. The crude solid was triturated with CH2CN which provided a white

flufty solid after filtration.
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{ntermediate 47; step d

é-Bromo-4-chiors-2-methoxy-3-{4-{irifluoromethybenzyliguinoline

To a 1L flask containing 6-bromo-2 4-dichloro-3-(4-(trifluoromethyl}benzyliquinoline (32.5 g,
74.7 mmol, Intermediate 47 step ¢} was added toluene (550 mL) followed by solid sodium
methoxide (40 g, 740 mmol, 97% purity} at room temperature. The suspension was stirred at
reflux (~118 °C) in an aluminum mantle. TLC (50%Hexance-DUM) and HPLC after 5.5 hours
showed the reaction to be complete.  The reaction mixture was filtered through Celite® while
stilt warm (~80 °C) and rinsed with warm tolaene (~70 °C, 500 mL). The colorless filirate was

concentrated which then solidified to give an off white sohid.

Intermedizte 47: siep ¢
(4-Chiore-2-methoxy-3-(d-(triflnoromethylibenzyhguinolin-6-yi}{2,6-dimethylpyridin-3-

viimethanol

To a 100 mi flask containing 6-bromo-4-chloro-2-methoxy-3-(4-
{triffuoromethyhybenzyliquinoline {2.5 g, 5.8 mmol, Intermediate 47 step d) was added THF (55
mb} at room temperature which resulted in a colorless homogencous mixture. The solution was
cooled to -70 °C which remained homogeneous and then n-butyllithium (2.5 M in hexanes, 2.6
mb, 6.5 mmol) was added drop wise. The color of the solution became a reddish-brown color.
After 1 minute, (2,6-dimethylpyridine-3-carboxaldchyde (1.01g, 7.5 mmol in 2 mbL THF) was
introduced and the color of the mixture became a light greenish-yellow 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 NH4Cl 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 NaxSQ,, fiktered 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-(d-{trifluoremethyhbenzyhguinolin-6-v)(2,6-dimethyipyridin-3-

yhmethanone
CF3
O Ci
Eri" = =
N N" OMe

To a 130 ml flask containing {4-chloro-2-methoxy-3-(4-(trifhioromethyhbenzyhiquine lin-6-
yvi}2,6-dimethylpyridin-3-ylimethanol {1.51 g, 3.1 mmol, Intermediate 47: step ¢} was added
{,4-dioxane (50 mL) followed by activated MnGO; {1.3 g, 15 mmol) and the mixture was heated
to reflux in an alumimam heating mantle under Ny After 1 howr, TLC (25% acetonchexance)
indicated that the reaction was compiete. The contents were filtered while still hot through
Celite® and rinsed with THF, The resulting light yellow sohution 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 solid.

{ntermediate 48; step a

{2,4-Dimethvithiazol-8-y{ -methyl-1H-1,2 3-triazel-8-viimethanol

m
3
!
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{-methyl-14-1,2, 3-triazole was prepared according to the hitcrature reforence WOZ008/98104.
To a 2L flask containing 1-methyl-15-1.2,3-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 mamol} dropwise which immediately afforded a
dark brown viscous mixture. The mixtare was kept between -10 to -20 °C for 60 minutes, then a
THEF solution of 2. 4-dimncthylthiazole-5-carbaldehyde (17.2 g, 121.8 nuunol in 200 mL THF) was
imtroduced 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 NHCl The agueous portion was extracted with EtOAc in portions, 7 x 400 mL. The
combinced organics were washed with brine, dried over MgS8Q;, filicred and concentrated to give
a brown oil. Chromatography on silica gel (10% acetone-DUM increasing to 50% acetone and

increasing to 10% MeOH-DCM) provided the title compound as an amber sohid.

Intermediate 48: step b
{(2,4-Dimethylthiazol-8-yH{T-methyi-1H-1.2 3-trigzol-S-yhmethanone

9
N8
s
N N

To a 500 wmbL flask containing (24-dimethylthiazol-S-y{-methyl-1H-1,2 3~triazol-5-
yvhnethanol (10.5 g, 46.8 munol, Intermediate 48: step a) was added 1 4-dioxane (400 mlL) and
the contents were warmed to form a howogeneous solution. Activated MnO; (18 g, 207 mmol)
was added and the dark brownish mixture was heated to reflux in an aluminum heating mantle
under an atmosphere of Nao. After 1.5 hours, the contents were filicred while still hot through
Celite® and rinsed with warm THF. The resulting hight orange solution was concentrated and
passed through a silica gel column (25% acetone-DUM) to give the title compound as a light

orange solid.
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Intermedizte 49: siep a
{(4-Chiore-2-methoxy-3-(4d-(trifluoromethyhbenzyhquinolin-6-yi}1,2-dimethyl-1 H-

imidazol-5-vhmethanol

To a 50 mb flask containing 6-bromo-4-chloro-2-methoxy-3-(4-
{triftuoromethylybenzylquinoline (2 g, 4.64 mmol, Intermediate 47: step d) was added THF (25
mb)} at room temperature which resulted in a colorless homogencous mixture.  The solution was
cooled to -70 °C which remained homogeneous and then #-Buli (2.5 M in hexanes, 1.& 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 mb THF)
was introduced and the color of the mixture became greenish to light orange all within 1 minute.
The mixture was allowed to warm to ¢ °C over 45 minutes at which time the reaction was
quenched with agueous NH.Cl solation.  The reaction was diluted forther with water and
extracted with EtOAc (3 x 45 mL). The combined organics were washed with brine, dried over
MgS0y, filiered and concentrated to give a pale yellow solid. The solid was triturated with Ef,O
and collected by filtration and rinsed with additional EO and dried fo afford the title compound

as a white powder.

Intermediate 49: step b
{4-Chloro-2-methoxy-3-(4d-(trifluoromethyhbenzyhguinolin-6-y (1, 2-dimethyi-1H-

imidazol-S-yhimethanone
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CF4

To a 100 mL flask containing {(4-chloro-2Z-methoxy-3-(4-(trifluoromethyDbenzyliquinoliin-6-
v 2-dimethyl- 1 H-imidazol-5~-vlimethanol (1.68 g, 3.53 mmol, Intermediate 49: step a) was
added 1 4-dioxane {85 wml) to give a suspension at room temperature. Heating to approximately
45 °C formed a clear homogeneous solution. Then activated MnO; (1.5 ¢, 17.2 mmol} was
infroduced and the mixture was heated to reflux m an aluminom heating mantle under an
atmosphere of Na. After 70 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 throungh

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

Intermediate 58: step a
i-Methyl-1 H-1,2,3-triazole-S-carbaldehyde
A
LN
~N
The title compound was prepared according to the patent application WO2008/135826. 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 sohution. The mixture was stirred between -30 to <20 °C for 45 minutes,
then neat DMF (3 mL, 38.5 mmol) 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 oxtracted with EtOAc (4 x 530 mb) 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 to give a
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light brown oil that was much more UV active than the starting material, TLC in either 25%
CH:CN-DCM or 25% EtOAc-DCM showed the product to have a slightly higher Ry than the
starting material. Chromatography on silica gel (100% DCM increasing to 25% CHCN-DUM)

provided the titled material as a colorless oil.

Intermediate 50: step b
{(4-Chioro-2-methoxy-3-(d-(friflnoromethyhbenzyhguinolin-6-y{I-methyi-15-1,2,3-

triazoi-S-vlimethanol

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

7
/

{triftuoromethyhbenzyliquinoline (1.45 g, 3.37 mmol, Intermediate 47: step d) was added THF
(25 mlL) at room temp 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, 1.3 mL, 3.253
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 30: step a} was introduced and the color of the mixture went from dark brown o
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 EtOCAc (5 x 40 mL). The combined organics
were washed with brine, dried over MgS0O,, filtered and concentrated to give a yellowish oil
The crude material was chromatographed on silica gel (5% CH3RUN-DCM increasing to 30%

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

{ntermediate 5§; step ¢
{4-Chlpro-2-methoxy-3-d-(trifluoromethyhbenzyhquinolin-6-y) (3 -methyi- 1 #-1,2,3-

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

white solid.

Intermediate S{: step a

{4-Chloro-2-methoxy-3~(d-(trifluoromethyhbenzyhguinolin-6-yH(2,4-dimethyloxazol-5S-

yvhimethanol
CF,
OH Ci I

NG i =%

S {

)‘”O F N OMe
To a 50 i flask containing 6-bromo-4-chlore-2-methoxy-3-{(4-
{triftuoromethyhbenzyhquinoline (1.5 g, 3.48 mmol, Intermediate 47: step d) was added THF

(65 mL} at room temperatire which resulted in a colorless homogeneous mixture.  The solation
was cooled to -70 °C which remained homogenecous and then #-butyHithium (2.5 M in hexanes,
1.62 miL, 4.04 mimol) was added drop wise. The color of the solution became a dark opaque

reddish-brown color. After 2 minutes, 2,4-dimethyloxazole-5-carbaldehyde (520 mg, 4.16 mmol,
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in 3 mL THF) was introduced and the color of the mixture went from an opague dark brown fo a
fight yellow homogencous color within about | minute. Afier 25 minutes the mixture was
quenched with aquecous 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% CHON containing 19% MceOH) to provide the title

comapound as a white aroorphous solid.

Intermediate S1:step b

{4-Chlore-2-methoxy-3-(4-{trifluoremethyhbenzyhquinolin-6-v1)(2 4-dimethyloxazel-5-

yhmethanone
CF,
E Ry
o o
N = Y
\—"“
) N "OMe

To a 100 mbL flask containing {(4-chloro-Z-mcthoxy-3-(4-(trifluoromcthyhbenzyhquinolin-6-
v 2 4-dimncthyloxazol-5-ylymethanol (960 mg, 2.01 mmol, Intermediate 51 step a) was added
{,d-dioxane {50 mwl) and activated MnO; (900 mg, 10.3 wmmol} at room teroperature. The
mixture was heated to §5 °C in an aluminum heating mantle under a nitrogen atmosphere. Afier
60 manutes, the contents were filtered through Celite® while the solution 1s still warm and rinsed
with THF, and concentrated to give an off white solid. The crude 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 phenyl{piperidin-4-yhmethanone hydrochloride {743 mg, 3.29 mmol) in
dichloromethane (13.2 mL} and tricthylamine (1.10 mL, 7.90 mmol} was treated with AcO
(8.373 ml, 3.95 mmol} dropwise over T minute in an ice bath under argon, and the resulting
transhicent mixture was unmediately removed from the ice bath and stirred at room temperature
overnight. The reaction was then extracted with 1 M agueous HCL (Ix 8 mL) and I M agueous
NaOH (1 x 8 mL}, and the organic layer was dried (Na;SQOy4), filtered, and concentrated to

provide the title compound as a translucent beige o1l that crystallized upon standing.
Intermediate 33 step a

(I-Methyl-1H-imidazol-5-yH2~(triffuoromethyDpyridin-4-yhmethanol

A solution of isopropylmagnesium chloride/lithium chloride complex (1.3 M in THF, 10.6 mL,
13.8 mmol) was added dropwise by syringe to a solution 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-
imidazoie-5-carbaldehyde in THF (1.38 g, 12.5 mmol} was added to the Grignard solation by
syringe at § °C. The reaction mixture was warmed to room temperature over 2 h after which it
was quenched with saturated agueous ammoniurn chloride solution. The mixture was partitioned
between water and ethyl 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 purified by flash column

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

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

A heterogencous  mixture  of  (L-methyl-1H-imoidazol-5-yH{2-(rifluoromethyDpyridin-4-
yhmethanol (0.300 g, 1.16 mmol, Intermediate 53: step a) and manganese dioxide (0.506 ¢, 5.83
mmol) in 14-dioxane (12 mL) was stirred at 100 °C for 1 h. The reaction mixture was then
cooled to room temperature, filtered through Celite®, washed with EtOAc, and concentrated.
The organic phase was dried (MgSQ0y), filtered, and concentrated. The crude product was
purified by flash column chromatography (silica gel, (-100% EtOCAc-DCM) to provide the title

compound as a white solid.
Intermediate 54: step a
(2,6-Dimethvipyridin-3-yl{ 1 -methyl-1 H4-1,2,3-triazol-5-ylimethanol

OH

/

AN

| LN
/A\N/A\ L\N
A solution of n-butvllithium in hexanes (2.5 M, 225 m
syringe to a stirming solution of l-methyl-1H-1,2 3-triazole {5,99 g, 60.2 mmol, prepared
according to PCT Int. Appl, 2008098104} in dry tetrshydrofuran (400 mb) at —55 °C. The
resulting off-white slurry was stirred at —-45 °C for 20 min, whereupon a solution of 2,6-dimethyl-
pyridine-3-carbaldehyde {833 g, 61.7 mmol} in dry tetrahydrofiran (18 mbl) 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 agueous ammonium chioride solution (10 mL)
and cthyl acetate {100 mbL) 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 sodium chloride). The
aqueous layer was extracted with cthyl acetate (2 x 100 mL). The organic layers were combined
and the combined solution was concentrated. Ether {100 mL) was added to the residuc and the
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mixture was sonicated for 20 min during which time a white solid crashed out. The solids were
collected by filtration. Ether (100 mL) was added to the collected solids and the mixture
sontcated 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-v}{1-methyl-1/4-1 .2, 3-triazol-5-vl)methanone

O

7 T

SN TN

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

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

Intermediate 55

{4-Chlpro-2-methoxy-3-{d-(trifluoromethyhbenzyhguinolin-6-y)(2,6-dimethyipyridin-3-
yh(I-methyl-1H-1,2 3-triazol-5-vhmethyl acetate

To a sohution of {(4-chloro-2-methoxy-3-{(4-{trifluoromethyhbenzyhiquinolin-6-yi}{2,6-
dimethylpyridin-3-y}{ L-moethyl- 1H-1,2, 3-triazol-S-yhmethanol (544 myg, 0.960 mmol, Example
778} in 20 mL of dry DMF at room temperature was added NaH (75 mg, 1.9 mmol, 60% in
mineral oil}. After stirring for 20 min, acetic anhydride (.18 mL, 1.9 mmol) was added. The

mixture was stirred for one hour and some suspension formed. After the mixture was gquenched
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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 NaHCO; {aq). The
extracts were dried {NaxSQOs), filtered, and concentrated to give the titie compound as a semi-

solid.

Intermediate 56

{2,4-Dichlore-3-(4-(trifluoromethylibenzyliguinolin-6-vH{2,6-dimethylpyridin-3-vH{1-
methyi-1H-1,2.3-trizzol-5-yDmethanel

A solution of 6-bromo-2,4-dichloro-3-{4-{trifluoromethyhbenzylqunoline (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 ml, 4.88 mmol, 1.6 M in
hexanes) dropwise and it became dark green almost biack. After ~3 min, a suspension of (2,6-
dimethyipyridin-3-y{ 1 -methyl-1H-1,2 3-triazol-5-yljmethanone  (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 stirring, the flask was immersed in an ice-water bath.
During the ~40 min stirring at 4 °C, the color gradually changed to light green. Saturated NH4(Cl
{aq) was added and the vellow organic layer was separated. The aqueous layer was extracted
with dichloromethane. The combined organic phases were dried (Nap,SOy), filtered, and
concentrated.  The crude solidified over the weekend., 15 mbL of CH:CN and 5 mb of
dichloromethanc 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-(iriflusromethylbenzyDibutanoate

i4

~d
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Sodium hydride (60% dispersion in mineral o, 1.5 g, 38.4 mmol) was added in portions over 2
min to an ice-cooled, stirming solution of ethyl 3-oxobutancate (5 g, 384 mmol) in dry
dimethoxyethane {65 mL). After 30 min, a solution of 4-(triffuoromethylibenzyl bromide (9.2 g,
38.4 mmol) in dry dimethoxyethane {10 mbL) 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 mL} and cthyl acetate
(150 mL). The layers were separated. The organic layer was dried with magnesiim sulfate and
the dried solution was filtered. The filtrate was concentrated and the residuc 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

&-Bromo-2-methyl-3-{4-(triffusromethyDbenzyDguinelin-4-o}

OH
B
| P £ e
ZY
F

A round-bottomed flask equipped with a Dean-Stark apparatus was charged with ethyl 3-ox0-2-
(4-{trifluoromethylbenzviibutancate (7.00 g, 243 mmol, Intermediate 57 step a), 4-
bromoeaniline (4.20 g, 24.2 mmol), para-tohuencsulfonic acid (8.418 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 hexances, The

vellow solids were collected, dried, and then used in the next step without further purification.
{ntermediate 587 step ¢

&-Bromo-4-chlors-2-methyi-3-(4-(irifluoromethylibenzyvliquinoline

A round-bottomed  flask  containing a2  mixture  of  6-bromo-2-methyl-3-{4-
(riffluoromethylbenzyliquinolin-4-o! (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 excess phosphorous
oxychloride was removed by rotary evaporation. The residue was dissolved in dichloromethane
(100 mL) and the solution was cooled i an ice-water bath. Ice (1080 mi) was added.
Concentrated aquecous ammonia solution was added dropwise until the pH = ~9 by litmus paper
test, The hiphasic mixture was scparated and the aquecous layer was extracted with
dichloromethane (50 mL). The combined organics were dricd with magnesium sulfate and the
dried solution was filtered. Celite (5 g) was added to the filtrate and the solvents were removed
by rotary ¢vaporation to provide a free-flowing powder. The powder was loaded onto a silica gel
colurn. Elution with hexanes initially, grading to 20% cthyl acetate-hexancs provided the title

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

Fihyl 3-oxo-2-{4-(irifluoromethylbenzyDpentanoate
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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-oxopentanoate (6.30 g, 43.7 nuuol) in dry
dimethoxyethane (87 mbL). After 5 min, the flask was removed from the cooling bath and stirring
continued at room temperature. After 30 min, a solution of 4-{trifluoromethylbenzyl bromide
(10.4 g, 43.7 munol} in dry dimethoxycthane (10 mL)} was added dropwise over 2 min. After 2.5
h, ethyl acetate (300 mL) and water (100 wml) were added. The layers were separated. The
organic layer was dried with sodium sulfate and the dried solution was filtered. The filtrate was
concentrated and the residue was purified by flash-column chromatography on silica gel clating
with hexanes inttially, grading to 50% dichloromethane-hexanes to provide the title compound as

a colorless Hquid.
Intermediate S8: step b

é-Bromo-2-ethyi-3-(4-(rifluocromethyDbenzyhguinclin-4-ol

A round-bottomed flask equipped with a Dean-Stark apparatus was charged with ethyl 3-ox0-2-
(d-(rifluoromethylibenzylpentancate {(R.84 g, 292 mmol, Intermediate 5&: step a), 4-
bromoaniling (5.00 g, 29.2 mmol), para-toluenesulfonic acid (8.503 g, 2.9 mmol), and toluene
(146 mL). The mixture 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 cooled to room temperature. Ether (100 mL) and hexanes (50 mL)y 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 gummy solids were collected.
Acetonitrile {20 mL) was added and the mixture was sonicated for S min. The slurry 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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6-Bromo-d-chlore-Z-ethyl-3-(4-(triflucromethyhibenzyhguincline

A round-bottomed  flask containing a  mixtore of  6-bromo-2-ethyl-3-(4-
{triftuoromethyhbenzyhquinolin-4-ol (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 mixfure was cooled to room temperature. The
acctonitrile and excess phosphorous oxychloride was removed by rotary evaporation. The
residue was dissolved in dichloromethane (100 mb} and the solution was cooled in an ice-water
bath. fce (30 mL} was added. Concentrated aqueous ammonia solution was added dropwise until
the pH = &-9 by litmus paper test. The biphasic mixture 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 20% cthyl acetate-hexanes provided

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

fert-Butyl 3-(hydroxy(T-methyl-1H-1,2.3-triarol-S-ymethyDazetidine-I~carboxylate

oH
N
$o N7 w
\g’ N

O

A 2.5 M solution of n-butyllithium in hexanes (9.60 mbL, 24.0 mmol} was added dropwisc to a
stirring solution of [-methyi-1H-1,2 3-triazole (2.00 g, 24.0 mmol, prepared according to PCT
Int. Appl., 20608098104} in dry THF (100 mL} at —50 °C. The rcaction became heterogencous and
yellow during addition. After 15 min, a solution of rert-butyl 3-formylazetidine- 1 -carboxylate

{4.45 g, 24.0 mmol} in dry THF (10 mL) was added dropwise by syringe. The reaction mixture
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became homogeneous and was allowed to slowly warm to 0 °C. Water (10 mL} and cthyl acctate
{100) mL were added. The biphasic mixture was warrmed to 23 °C. The mixture was partitioned
between half-saturated aqueous sodium chloride solution (100 mL) and ethyl acetate (300 mL),
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 cthyl acetate imitially, grading to 5% methanol-cthyl acetate provided the

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

ters-Butyl 3-(1-methyl-1H-1,2,3-triazole-S-carbonyilazetidine-1-carboxyiate

Dess-Martin periodinane (10.9 g, 25.7 mmol) was added in one portion to a stirring sofation of
tferi-butyl  3-(thydroxv{1-methyl-1/-1,2 3-triazol-5-yhmethyllazetidine- 1 -carboxylate {(4.60 g,
17.1 mamol, 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 sodrom bicarbonate solution was added (200 mi).
Dichloromethane (100 mL} was added. The resulting biphasic mixture was stirred for 15 min.
The layers were separated. The organic layer was dried with sodinm sulfate and the dried
sofution was concentrated. The residuc 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-(rifluoremethyDbenzyvhquinolin-6-vyH(1 -methyl-1 H-imidazol-5-y1){(6-

{rifluoromethyDpyridin-3-yDmethanol
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OF,

To a flask containing 6-bromo-2,4-dichloro-3-(4-(trifluoromethylbenzyliquinoline (2.99 ¢, 6 .87
mmol, intermediate 47, step ¢}, {-methyl-1H-imidazol-5-yIy{6-(trifluoromethylpyridin-3-
vhimethanone (1.95 g, 7.66 mmol, intermediate 36, step ¢) was added tetrahydrofuran (150 mL)
and the sohution was cooled to -45 °C. r-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 0 °C and stirred at that temperature for one hour. The reaction was quenched
with an aqueous ammonium chloride solution, warmed to room temperature, then transferred to a
scparatory funnel with cthyl acetate dilution. The organic phase was separated and the agucous
phase extracted two times with cthyl acetate. The combined organic layers were dricd over
magnesium sulfate, filtered and evaporated to dryness under reduced pressure. Chromatography
on silica gel {(dichloromcthane increasing to 10% ((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

O
;\i s
. . -~
N ﬁ*fﬁ
N O

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, »BuLli (621 mL, 2.5 M in hexanes, 155 mmol)
was added over 13 min. The reaction mixture was stirred for 3¢ min with cooling to 45 °C and
then treated with a sub-surface stream of COy) for a period of 2 h. After flushing the -35 °C
shurry with Ny for 5 min, thionyl chloride (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
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(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 aqueous layer was washed
with dichloromethane (250 mL and then 125 mb), and the combined organic layers were dried
over MgSQO,, filtered, and concentrated. The concentrate was taken up in ethyl acetate (225 mL},
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 chuent was concentrated to provide the title

compound as a yellow solid.
Intermedizte 62: siep a

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

To a suspension of 6-iodoguinoline-2,4-diol {498.2 g, 1.736 mol) and dicthyl 2,6-dimethyl-1 4~
dihydropyridine-3,5-dicarboxylate (4396 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 105 °C for a period of 6 h. After cooling to room temperature, the heterogeneous
mixture was treated with ethanol (4.6 L), White solids were isolated through {iltration, washed
with 57:43 cthanolpyridine (800 mL), and dried in a vacuum oven at 65 °C. The title compound

was obtained  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

A thick slurry of 6-iodo-3-(4-(trifluoromethylbenzyliquinoline-2,4-diol (580.8 g, 1.122 mol,
Intermediate 62: step a) n acetonitrile (5.8 L) was treated with phosphorous oxychloride (312.8
ml., 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 mixture was stirred for 4 h and then
diluted with water (5.8 L), After stiring for 1.5 h, the slurry was filtered, washed with 1:1
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 ¢

4-Chioro-6-iodo-2-methoxy-3-(4-{trifluoromethyDbenzyDguinoline

A heterogencous mixture of 2,4-dichioro-6-iodo-3-{4-{triffuoromethylybenzyliquinoline (515 g,
1.068 mol, Intermediate 62: step b} and sodium methoxide {577.1 g, 10.68 mol} in toluence (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 sodiur 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 MgSQO,, filtered, and concentrated to afford the title compound as a white solid.
intermediate 63

{4-Chlore-2-methoxy-3-d-(irifluoromethyhbenzyhguinolin-6-y)(d-methy- 1 5-1,2,3-

triazol-S-yhmethanone

~

A solution of 4-chloro-6-iodo-2-methoxy-3-{4-{triflucromethylbenzyiquinoline (41.39 g, 86.6
mb, Intermediate 62: step ¢} in THF {800 mL} 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-14-1,2 3-triazole-S-carboxamide (14.74 g, 6.6 minol,

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 chloride (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 layer was diluted with heptane (500 mbL) and
stirred for 1 h. The resulting suspension was filtered, washed with heptane (100 mb), and dricd

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

Methyl 4-chlore-2-methoxy-3-(§-(irifluoromethyhbenzyiiquinsline-6-carboxyiate

o o

n-Buli (2.66 M in hexanes, 0.883 mL, 2.35 mmol) was added dropwise to a stirred solution of -
bromo-4-chloro-2-methoxy-3-{4-(tritftucromethyl}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
peliet of dry ice (~4 g, ~90 mmol} was added to the dark solution, and the flask was quickly
rescaled, evacuated and flushed with argon. After another min, the resulting homogeneous
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 {6.146 mL, 2.35 mmol)
and DMS0 (4.6 mL). The clear yellow reaction was stirred at § °C for 5 min, and was then
rotovapped at rt to provide a thick light vellow slurry. This was treated with LiCO5 (173 mg,
2.35 mmol} and iodomcthanc (0.438 mL, 7.03 mmol) and stirred at 40 °C for 30 min. The
resulting opaque thin sturry was then diluted with DOCM (15 mL), washed with water (2 x 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 filicred and washed with heptane (2 x 6

mi} to provide the title compound as an off-white powder,

Intermediate 65 step a

-bromo-3-{{6-(ritluoromethyhpyridin-3-yDmethylquinoline-2 4-diol
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6-Bromo-4-hydroxyquinolin-2(1 Hy-onc (3.2 g, 183 munol, Intermediate 44: step a), 6-
(irifluoromethylinicotinaldchyde (4.0 g 167 mumol), and dicthyl  2,6-dimethyl-1 .4~
dihydropyriding-3,5-dicarboxylate (4.2 g, 16.7 omol}, in pyridine (34 mL) were heated to 1053
°C for 3 hours. The solution was allowed to cool to ambicnt temperature, resulting in the
formation of solid. Minimal isopropanol was added to the mixture and the slurry was stirred for
1 howr, sonicated, and filtered. The filtered solids were rinsed with isopropanol and dried under
continuous air How to provide the title compound as an off-white solid. Additional product was

recrystallized from the filivate, filtered, and vinsed with isopropanol.

Intermediate 65: step b

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

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 65: step a) in acctonitrile {23 mL}.
The mixture was heated to 80 °C and refluxed overnight, forming an amber-colored solation.
The solution was aliowed to cool to ambient temperature and was quenched with water, resulting
in the formation of precipitate. Concentrated ammonium hydroxide was added to the suspension

to attain pH 9-10, and the slurry was stirred for 1 hour. The product solids were filtered then
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washed with 50:50 acetontirile/water, followed by additional water, and dried in a high vacuom

oven.

Intermediate 65; step ¢

6-bromo-4-chlore-2-methoxy-3-({(6-{triflusromethyhpyridin-3-yimethyDguincline

Br S

N o
6-bromo-2 ,4-dichloro-3-{{6-(trifluoromethyhpyridin-3-yhmethyhquinolone (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 ambicnt teroperature,  Aqueous saturated sodium bicarbonate solution was
added to the muxture and the lavers were separated. The aqueous layer was exiracted with ethyl
acetate. The combined organic layers were dried over sodiom sulfate, filtered, and concentrated
to dryness. The crude material was purified by flash column chromatography (silica gel, 8-20%

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

Intermediate 66: step a

tert-Butyl-3-((4-chloro-2-methoxy-3-(4-(irifluoromethyDbeneyquinolin-6-

vh(hydroxyimethyDazetidine~1-carboxylate
CF,

o

OH
T
Bog” : N
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To a flask containing 6-bromo-4-chloro-2-methoxy-3-(4-(trittuoromethyvlibenzyhiquinoline (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 mbL, 2.69 nunol}} was added drop wise. The color of the solution became a dark opaque
reddish-brown color.  After 2 min, fert-butyl 3-formylazetidine-1-carboxylate (545 myg, 2.94
mmeoel, in 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 NH,Cl
solution. The contents were diluted farther with water and extracted with EtOAc¢ (5 x 40 mL).
The combined organics were washed with brine, dried over MgS8Qy, 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 (950 mg) as a white solid. 'H
WNMR (5300 MHz, CDCly 6 8.06 (d, /= 1.7 Hz, 1H), 7.84 (d, J= 8.6 Hz, 1H), 7.63 (dd, 7= 8.6,
1.9 Hz, 1H), 7.50 (d, /=82 Hz, 2H), 738 (d, J= 8.1 Hz, 2H), 499 (dd, J=§.0, 3.3 Hz, 1H),
4.35 {s, ZH), 4.05 (bs, 2H), 3.82 (1, /= &7 Hz, 1H), 3.74 - 3.67 (m, 1H}, 2.99 - 2.90 (m, 1H),

20 A5 (m, TH}, 141 (s, 9H). MS (ESIE mass caled. for CyHzgCIF:NOy: 536,98, m/z
[M+H]

S\J

found 537.2

Intermediate 66: step b

tere-Buiyl-3-(4-chioro-2-methoxy-3-(4-(irifluoromethylibenzylquinoline-6-
carbonyvijazetidine-1-carboxylate

To a flask containing tert-butyl-3-({(4-chloro-2-methoxy-3-(4-(triflucromethylbenzyljquinolin-6-
yhithvdroxy)ymethyhazetidine- L-carboxylate (525 mg, 0.98 mumol, Intermediate 66: step a) was
added 1,4-dioxanc { 40 mL} to give a homogencous solution at room temperature. Manganesc
dioxide (715 mg, 823 mmol) was then added and the mixiure was heated to 85 °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 o
25% acetone) to give 505 mg of the title compound as a white amorphous solid. 'H NMR (500
MHz, COCL S 857(d, J=19 Hz, 1H), 814 {dd, /=87, 2.0 Hz, IH), 790 (d, /=87 Hz, iH),
7.52{d, J=81Hz 2H), 739 (d. J=8.1 Hz, 2H}, 4306 (5, 2H}, 4.29 (5, 4H}, 4.11 (s, 3H}, 1.58 (s,
2H), 1.45 (s, 9H). MS (ESI): mass caled. for CoyHpeCIF; N0y 534.97, m/z found 535.1 [M+H]'.

Intermediate 66: step ¢

tert-Butyl-3-((4-chloro-2-methoxy-3-(4-(triflucromethylibenzyliguinolin-6-vD{hydroxyi(1-
methyi-1H-1,2.3-trizzol-5-yDmethyhazetidine-1-carboxviate

CFy

OlMe

To a flask containing -methyl-1H-1,2 3-triazole {150 mg, 1.81 mmol} was added THF (15 mL}
and the colorless homogenecous solution was cooled to -43 °C using a CH;CN-CO; bath. #-Buli
(2.5M in hexancs, 0.7 mL, 1.75 mmol} was added drop wisc via 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-(trifluoromethylibenzyliquincline-6-carbonylazetidine- | -
carboxylate (430 mg, 0.8 mmol, in 2 mL THF, Intermediate 66: siep b) was introduced at -40 °C.
The reaction mixture was allowed to warm gradually to room temperature over 45 min and then
quenched with NH4Cl solution. The agueous portion was extracted with EtOAc (3 x 30 mbL)} 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-hexane mereasing to 30%
acetone) afforded the title compound (170 mg) as a white amorphous solid. "H NMR (500 MHz,
CDCly o824 (d, J =21 Hz, 1H), 778 {d, I = 8.8 Hz, 1H), 7.56 - 747 {m, 3H), 740 (d, J = 8.1
Hz, 2H}, 7.35 (dd, § = 8.7, 2.1 Hz, 1H), 435 (s, 2H), 4.20 (1, J = &.8 Hz, 1H), 4.07 (5, 3H}, 4.00
(dd, =93, 5.6 Hz, 1H), 3.92 (dd, J = 8.9, 5.7 Hz, 1H), 3.67 (s, 3H}, 3.62 (1, J = 8.8 Hz, 1H),
3.52 - 3.38 (m, 1H), 1.38 (s, 9H). MS (EST): mass caled. for CypHa CIFNsO4: 618.06, m/z found
619.9 [M+H] .
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Intermedizte 66: siep d

Azetidin-3-yi 4-chloro-2-methoxy-3-(4-(trifluoromethvijbenzylquinolin-6-yH{I-methyl-1H-
1.2,3~triazol-S-yhmethanol

To a flask containing tert-batyl 3~({4-chloro-2-methoxy-3-{4-(trifluoromecthylbenzyliquinolin-6-
yhithvdroxy ) i-methyl-1H-1,2 3-triazol-5-yhmethyhazetidine- f-carboxylate (165 mg, 0.27
mmol, Intermediate 66: step ¢) was added formic acid (5 ml, 136 muvol) at room temperature
followed by 6N HCI {210 upl, 1.24 mwmol}. The colorless mixture was stirred at room
temperature for 40 min at which time LCMS and TLC (25% acetonc-hexane) showed the
reaction to be complete. MeOH (5 mL) was added and the mixture was stirred for 20 min before
concentrating.  The resulting ol was chromatographed directly on silica gel using (10% 2M
NHz;-MeOH-dichloromethane increasing to 12% 2M NHx-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 compound as an off white powder. 'H NMR {500 MHz, CDCL) 8 830 (d, J
=72 1 Hz, 1H), 820 (s, [H), 792 (s, 1H), 7.76 (4, J = 8.8 Hz, 1H}, 747 (d, J = 8.1 Hz, 2H), 742 -
7.32 {m, 3H), 4.52 - 4.34 (m, 2H), 433 - 416 (m, 3H), 4.05 (5, 3H), 3.96 - 3.80 (m, 1H}, 3.71 (s,
4H). MS (EST): mass caled. for CasHyCIFsNsO,: 517.94, m/z found 518.9 [M+H].

Example 1: 3-Benzyl-2 4-dichloroguinslin-6-yh{4-chlorophenyD{1-methyl-1 H-imidazol-5-

viimethanol

i6l
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Into a 25-mL round-bottom flask purged and maimtained with an inert atmosphere of nitrogen,
was placed a solution of 3-benzyl-6-bromo-2 4-dichloroquinoline (500 mg, 1.36 mmol,
Intcrmediate 2: stop ¢) in tetrahydrofuran (10 mb). #-Bokli (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-Chiorophenyl}{(i-
methyl-1 H-imidazol-5-ylymethanone (301 mg, 1.36 munol, 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 10 ml of water/ice. The
resulting solution was extracted with 3x20 ol of cthyl 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 dichlororuethane/methanol to give the
title compound as a white solid. TH NMR (400 MHz, DMSO-de) 3 = 8.20 (s, 1 H), 8.01 (d, =
8S5Hz [ HY,7.69-779(m, 2 H), 744 (d, J=7T5Hz 2 H),725-737 (m, 4 H), 7.14 - 7.25 {(m,
4H), 6.20 (s, 1 B, 4.47 (s, 2 H), 3.31 (5, 3 HY; MS m/e 508 [M+H]".

Example 2: (3-Chlorophenyh-(2.4-dicklors-3-(4-chlorobenzyhguinolin-6-vij-(pyridin-3-
yhmethanoelPTFA

A muxtare of 6-bromo-2.4-dichloro-3-{(4-chlorobenzyliquinoline (010 g, 0.249 mmol,
Intermediate 3: step ¢) and (3-chlorophenvD(3-pyridinylymethanone (0.059 g, 0.274 mumol} 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 NHCl 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 1o dichloromethanc).

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-deg) o ppm 4.46 (s, 2 H) 7.12 - 7.28 {m, 3 H) 7.35 {(d, J=8.08 Hz, 2 H) 7.43 (dd, J=6.32,
3.79 Hz, 4 H) 7.65 (dd, /=K.08, 5.05 Hz, 1 H} 7.78 {dd, J=8.59, 2.02 Hz, 1 H} 7.91 - 8.07 {m, 2
Hy8.16(d, /~=2.02 Hz, I Hy .62 (br.s., 1 H) 8.67 (d, /=4.55 Hz, 1 H}); MS (ESI} 540.

Example 3:  (3-Chiorophenyl)-(24-dichlors-3-{4-fluorobenzyliguinolin-6-yh-(pyridin-3-
viimethanoleTFA

The title compound was prepared by substituting  6-bromo-2,4-dichioro-3-{4-
chiorobenzyhquinoling  (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) & ppm 4.45 (s, 2 H) 7.03 - 7.17 (m, 2
Hy717-730(m, 3H)7.35-749 (m, 4 H) 7.61 - 7.74 (m, L H) 7.79 (4, F=8SO9 Hz, T H) 7.94 -
K09 (m, 2 Hy 8.16 (s, 1 H) 8.55 - 881 (m, 2 H); MS (EST} 524,

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

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

chlorobenzyliquinoline  {Intermediate 3. step ¢} with  &-bromo-2,4-dichloro-3-(3-
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chlorobenzyliquinoline (Intcrmediate 5: step ¢) then following the procedure described for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-dq) 8 ppm 4.48 (s, 2 H) 7.10 (d, J=6.06
Hz, 1 H}7.19 - 734 {(m, 4 H} 7.38 - 7.50 (m, 4 H} 7.66 (br. 5., 1 H} 7.79 (dd, J=8.59, 2.02 Hz, 1
H) 798 (d, /=8.08 Hz, 1 H) 804 (d, #=B59 Hz, 1 H) R.16{(d, J=2.02 Hz, 1 H) 858 - 8.73 (m, 2
H); MS (ESI) 541.

Fxample 8 (3-(4-(1H-Pyrazol-1-yDbenzyl)-2 4-dichloroguinolin-6-vH{3-
chlorophenyli(pyridin-3-viimethanolsTFA

The title  compound was  prepared by substituting  6-bromo-2,4-dichioro-3-(4-
chlorobenzyliquinoline (Intermediate 3: step ¢) with 3-(4-(1 H-pyrazol-1-ylhenzyl}-6-bromo-
2 4-dichioroquinoling (Intermediate 6 step ¢} then following the procedure described for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-de) 5 ppm 4.50 (s, 2 H) 6.36 - 6.64 (m, |
Hy717-726{(m, | H}7.29(d. /=859 Hz, 2 H) 7.38 - 7.51 {m. 4 H) 7.65 {dd, J=7.58, 5.05 Hz,
TH)7.69-783{(m, 4H)798(d, /=808 Hz, | H} 804 (d, /=9.09 Hz, | H) .17 (d, /=2.02 Hz,
1 Hy 843 (d, J=2.53 Hz, L HY 8.63 (d, J=2.02 Hz, 1 H} 8.67 {d, /=3.54 Hz, 1 H); MS (ESH 571.

Example 6: (3-Chlorophenyi}-(2,4-dichloro-3-(4-methoxybenzyliguinolin-6-yh-(pyridin-3-
yhimethanolTFA
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The ttle compound was propared by  substituting  6-bromo-2.4-dichiore-3-(4-
chlorobenzyliquinoline  (Intermediate 3. step ¢}  with  6-bromo-2,4-dichioro-3-(4-
methoxybenzyliquinoline (Intermediate 7: step ¢} then following the procedure deseribed for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-ds) 8 ppim 3.69 (s, 3H) 439 (s, 2 H) 6.85
{d, =859 Hz, 2H) 7.10 (4, J=9.09 Hz, 2 H) 723 {(d, =556 Hz, L H) 738 - 749 (m, 4 H} 7.66
(dd, S=8.08, 5.05 Hz, 1 H) 7.77 (dd, J=8.59, 2.02 Hz, 1 H) 7.96 - 8.06 (m, 2 H} B.15 (d, S=2.02
Hz, 1 H) 8.63 (5, 1 H) 8.68 {d, J=5.05 Hz, | H); MS (ESI) 535.

Example 7: (4-Chloro-3-(4-fluorobenzyl-2-methoxyguinolin-6-yH{3-

chlorophenyli(pyridin-3-yviimethanol

The title compound was prepared by  substituting  6-bromoe-2,4-dichloro-3-{4-
chiorobenzyhquinoline (Intermediate 3: step ¢} with 6-bromo-4-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) 7.36 - 747 (m, 3 H) 7.54 - 7.70 (m, 2 H) 7.84 (d, J=9.09
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Hz, 1 H) 7.95 (d, J=8.59 Hz, | H) 8.00 (d, J=2.02 Hz, | H) 8.61 (br. s., 1 H) 8.65 (br. 5., | H);
MS (EST) 519.

Example 8 3-Chioropheny(2.4-dichioro-3-(4d-(methyisulfonyhbenzyhguinolin-6-
yH{pyridin-3-yi)methanolTFA

Oy /

o™

The ttle  compound was propared by  substituting  6-bromo-2.4-dichioro-3-(4-
chlorobenzyliquinoline  (Intermediate 3. step ¢} with  6-bromo-2,4-dichioro-3-(4-
(methylsulfonyhbenzyliquinoline {(Intermediate 8: step ¢} then following the procedure deseribed
for the preparation of Example 2. 'H NMR (400 MHz, DMSO-de) 8 ppm 3.19 (s, 3 H) 4.59 (s, 2
HY 7.18 - 7.29 (m, 1 H) 7.36 - 7.4%8 (m, 6 H) 7.65 (br. 5., 1 H} 7.76 - 7.82 {m, | H) 7.85 (4,
J=808 Hz, 2H)Y 7.95¢(d, J=758 Hz, | H) B.O5(d, /=859 Hz, L H} 8.17 (4, J=2.02 Hz, 1 H) &.56
- 8.71 (m, 2 Hy; MS (ESI) 585.

Example 9: (2,4-Dichloro-3-(4-chlorobenzyliquinolin-6-yH{pyridin-3-y(thiazol-5-
yhmethanolTFA
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The title compound was prepared by using pyridin-3-yi{thiazol-5-ylimethanone (Intermediate 11:
step by in place of (3-chlorophenyh(3-pyridinyhmcthanone and following the procedure
described for Example 2. 'H NMR (400 MHz, DMSO-ds) 8 ppm 4.47 (s, 2 H) 7.20 (d, J=8.59
Hz, 2H)735(d, J=859Hz, 2 H) 760 (s, T H}765-774 (m, L H} 7.79 - 794 (;n, 2 H) 7.98 -
€14 {m, 2 H} 829 (s, 1 H) 8.63 - 882 (m, 2H) 9.17 (5, 1 H); MS (ES]) 514

Example 10: (2,4-Bichloroe-3-(3-chlorobenzyhquinolin-6-yH(pyridin-3-yh(thiazol-5-
yhmethanolTFA

A mixture of 6-bromo-2-chlore-3-{3-chiorobenzylquinoline (0.095 ¢, 0.259 mmuol, Intermediate
12: step b} and pyridin-3-yi{thiazol-5-ylimethanone {(.044 g, 0.207 mmol, Intermediate 11: step
b} in dry THF (3 mL) were cooled to -78 °C and »-BuLi (6.21 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 1 hour and saturated aqueous NH,Cl was added. The layers were
separated and the aqueous mixture again extracted with EtOAc. The combined organic extract
was dried over NaSOg, filtered, evaporated in vacuo, and chromatographed (EtOA¢/CH,CL) 1o
provide the product. Further purification by Gilson HPLC (HyO/acetonitrile/1% TFA) provided
the title compound as a white solid. '"H NMR (400 MHz, DMSO-dg} & ppro 4.22 (s, 2 H) 7.16 -
727 (m, THY726-742 (m, 3H) 756 (s, L H} 759-773 (m, 2 H)7.75- 784 (m, 1 H) 7.88 -
799 (m, 2H)799-808(m, 1 H)8.37-844 (m, | H}8.62-876 (m, 2 H)}9.09-9.19 (mm, | H};
MS (ESH) 478,

Fxample 11 (G3-(4-(1H-Pyrazol-1-vi}benzyl)-2,4-dichloreguinolin-6-vi{4-chisrophenyh{i-
methyl-1 H-imidazol-S-yhmethanolPTFA
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A mixture of 3-(4-(1 H-pyrazol-1-yhbenzyl)-6-bromo-2,4~-dichlorogquinoline (0.2 g, 8.462 mmol,
Intermediate 6: step ¢} and (4-chlorophenyl}{1-methyl-1H-imidazol-S-ylymethanone {0.113 g,
0.462 mmol, Intermediate 1: step b) in dry THF (5mL) was cooled to -78 °C and n-BuLi (0.375
mb, 0.6 mmol, 1.6 M in hexane} was added dropwise over a 3¢ munute period. Stirring was
continned at ~78 °C for 30 minutes, the mixture warmed up to § °C, stirred for 1 hour and
saturated aqueous NHyCl was added. The layers were separated and the aquecus mixture again
extracted with EtOAc. The combined organic extract was dried over Nay8Q,, filtered, evaporated
in vacuo, and chromatographed (EtOAc/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-ds) 8 ppm 3.55 (s, 3H) 4.51 (5, 2 Hy 6.53 (s, 1 H) 7.04 (5, 1 H} 7.31 (d,
J=8.31 Hz, 2 Hy 741 (d, F=856 Hz, 2 H) 747 - 758 (m, 2 H) 7.66 - 7.84 (m, S H) 8.08 (d,
F=8 80 Hz, L ) 8.25 (s, L ) 8.44 (d, J=196 Hz, 1 H} 9.15 (s, 1 H}; MS (ESI) 574; 576.

Example 12 (G-Chloropheny(2 4-dichlore-3-(4-methoxybenzyDguinolin-6-yD {1 -methylk

PH-imidazol-S-yiimethanoleTFA
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The title compound was prepared by substituting 3-(4-(1H-pyrazol-1-yhbenzyl)-6-bromo-2,4-
dichloroquinoline {Intermediate 6 step ¢y with  &-bromo-2 4-dichloro-3-(4-
methoxybenzyhquinoline (Intermuediate 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, 2 H) 6.85(d, J=856 Hz, 2 H) 7.03 {5, 1 H} 7.11 {d, }=8.31 Hz, 2 H} 7.41 (d, }=8.56 Hz,
2HY7.46-755(m, 2 H}7.70-7.79 (m, 2 H) 8.06 (d, J=8.80 Hz, 1 H} 8.23 (s, 1 H) 9.15 (s, 1 H};
MS (EST) 540.

FExample 13: (4-Chlors-2-methoxy-3-{(4-methoxybenzyhguinolin-6-vii{(4-chlorophenyh{i-
methyl-1 H-imidazol-S-yhmethanolPTFA

A mixture of (4-chlorophenyl}(2.4-dichloro-3-(4-methoxybenzyhquinolin-6-yi){ 1-methyi-14-
imidazol-5-ylmethanolsTFA (0.050 g, (.093 mimol, Example 12} and a 0.5 M sodium methoxide
in methanol 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 ml). 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 title
compound ss a solid. 'H NMR (400 MHz, DMSO-d6) 8 ppm 3.53 (s, 3 H) 3.68 (s, 3 H) 4.03 (s,
3HY 417 (s, 2 H) 682 (d, J=R31 Hz, 2H) 697 {s, 1 H) 7.15(d, J=8.31 Hz, 2 H} 7.37 (d, J=8.31
Hz, 2 H) 749 (d, }=831 Hz, 2 H} 7.54 - 7.69 (m, 2 H) 7.85 {d, }=8.80 Hz, | H} 8.09 (5, I H)
9.13 (s, 1 H); MS (EST) 534.

Example 14: {3-Benzyl-4-chloro-2-ethoxyquinolin-6-yhi{4d-chlovephenyhi(1-methvi-1 H-

imidazol-5-yvhmethanoleTFA
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A muxture of (3-benzyl-2.4-dichloroguinolin-6-yl){4-chlorophenyhi(1 -methyl-1 H-imidazol-5-
vhmethanol {0.053 g, 0.104 munol, Example 1) and a sodiur ethoxide solution (0.1 b, 21 wt %
soln.) in EtOH (I mL) was heated in a scaled 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, MeOH-dy) & ppm 1.38 (1, J=7.07 Hz, 3 H) 3.69
{s,3H)4.29(s, 2 Hy452(q, J=707Hz, 2HY 687 (s, LH) 7. 11 - 718 (m, L H)7.19-72%(m, 4
Hy735-742{m, 2 H)742-749 (m, 2 H) 7.63 (dd, J=8.84, 2.27 Hz, 1 H) 7.84 (d, J=9.09 Hz,
THY8.13(d, J=2.02 Hz, | H} 8.95 (s, 1 H}; MS (ESI) 51&.

FExample 15: (3-{4-{1 H-Pyrazol-1-vl)benzyl)-2 4-dichloroguinolin-6-yhH(1-methyl-1/4-
imidazol-5-yi)(thiazol-5-yhmethanoleTFA

The title compound was prepared by substituting (4-chlorophenyh){(-methyl-1H-tmidazol-5-
yvhmethanone with (1-methyl-1 4-imidazol-5-y){thiazol-5-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 H} 4.62 (5, 2H) 6.50 (s, 1 H) 7.25 (s, | 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) 8.08
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(d, J=S.80 Hz, 1 H) 8.17 (d, J=1.96 Hz, | H) 8§.48 (s, { H) 9.01 (s, { H) 9.11 (s, 1 H); MS (ESD
546.

FExample 16: (3-(4-(1H-Pyrazol-1-yi}benzyi}-4-chloro-2-cthoxyquinolin-6-yh{I-methyl-1§-
imidazol-5-yi)(thiazol-5-yhmethanoleTFA

The title compound was prepared by using (3-(4-(1 H-pyrazol-1-vhbenzyl}-2 4-dichloroquinolin-
o-y{F-methyl-1 H-imidazol-5-yi)(thiazol-3-yDmethanolsTFA {(Example (5} in place of (3-
benzyl-2 4-dichloroguinolin-6-yli{d-chloropheny{(1-methyl-1 H-imidazol-5-ylimethanol  then
following the procedure described for the preparation of Example 14, 'H NMR (400 MHz,
MeOH-dg) S ppm 142 (L I=707 He, 3370 (5, 3 H) 437 (5, 2 H} 4.56 (¢, =707 Hz, 2 H)
649 (t, J=2.27 Hz, 1 Hy 7.18(d, J=2.02 Hz, 1 H) 741 (d, J=8.59 Hz, Z H) 7.61 (d, J=R8.59 Hz, 2
Hy7.65-775(m, 3 H3790(d, =909 Hz,  H} 814 (d, I=2.53 Hz, l H) 8.30 {d, I=2.02 Hz, 1 H)
898 (s, | H) 9.08 (s, 1 H); MS (ESI) 557.

Example 17: (G-(4-(1#H-Pyrazobt-l-yDbenzyii-4-chiore-I-{ethyl(methyliamino}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 f{-pyrazol-1-ylibenzyl}-6-bromo-4-chloro-
N-gthyl-N-methvlguinolin-2Z-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, J=6.82 Hz, 3 H)
287(5,3H)3.16{q, =691 He, 2H)Y3.55(s,3H) 434 (s, 2H) 647 - 656 (m, | 1) 6.99 (s, I H)
T25( =808 He, ZHY 733 - 743 (m, 2 H} 749 (d, J=8.59 Hz, 2 H) 7.53 - 7.60 (m, 2 H) 7.68 -
TI8(m, 3HY7.82(d, =859 He, | H) 8.06 (s, } H) 843 (d, J=2.53 Hxz, 1 H} 9.13 (s, 1 H);, MS
{ESH) 597.

Example 18 (3-Bengyl-2 4-dichloroguinelin-6-y{6-methoxypyridin-3-yh(thiazol-8-

vhmethanol

A mixture of 3-benzyi-6-bromo-2,4-dichloroguineiine (0,168 g, 0.458 mmol, Intermediate 2:
step ¢ and (6~-methoxypyridin-3-yl){thiazol-S-ylymethanone {6.112 g, 0.458 mmol, Intermediate
15Y in dry THF (5 mL) was cooled to -78 °C and »-Buli (0.37 mL, 0.5395 mmol, 1.6 M in hexane)
was added dropwise. Stirring was continued at -78 °C for 5 minutes, the mixture warmed up to O
°C, stirred for 1 hour and saturated aqueous NH4CE was added. The layers were separated and the

aqueons mixture again extracted with EtQAe. The combined organic extracts were dried over
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Na, SOy, filtered, evaporated in vacuo, and chromatographed (EtOAc/CH,CYL) 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 solid. 'H NMR {400 MHz, DMSO-dg) 8 ppm 3.17 (s, 1 H) 3.84
(3, 3H) 448 (s, 1 H)6.83(d, J=859Hz, 1 ) 7.17(d, =758 Hz, ZH} 7.21 - 7.24 {m, } H} 7.28
{d, }=7.58 Hz, 2 H} 7.55 (8, 2 H) 7.67 {dd, J=8.84, 2.78 Hz, 1 H) 7.83 (dd, J=9.09,2.02 Hz, I H)
795-811 (m, 2H)R28(d, }=2.02 Hz, 1 H) 9.12 (5, 1 H); MS (ESH 508.

Example 19: (3-Benzyl-4-chloro-2-ethoxyquinolin-s-y{6-methoxypyridin-3-yij(thiazol-5-

viimethanol

The title compound was prepared by substituting (3-benzyl-2 4-dichloroguinolin-6-yi}(4-
chlorophenyl) 1-methyl-1 H-imidazol-S-vimethanol  with  (3-benzyl-2 4-dichloroquinoiin-6-
yi¥6-methoxypyridin-3-yi}{thiazol-S-ylimethano! {Example 18}, then followed the procedure
described for the preparation of Example 14. 'H NMR (400 MHz, DMSO-de} & ppm 1.33 (1,
=682 He, 3H)3.84 (5, 3 H)4.24 (5, 2 H) 447 (g, =707 Hz, 2 H) 6.81 (4, J=859 Hz, 1 H} 7.14
- 731 {m, S H) 7.51 (s, 2 H) 7.64 {dd, J=8.84, 2.27 Hz, 2 H} 7.78 (d, J=8.59 Hz, 1 H) 8.05 (d,
=202 He, HY 813 (d, J=2.02 Hz, 1 H)9.10 (s, 1 H); MS (EST) 518,

Example 20A: (G-(4-( H-Pyrazol-1-vhbeneyh-4-chloro~Z-methoxyguinolin-6-vi)6-
methoxypyridin-3~-yh{thiazol-S-yhmethanol
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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 aquecous NH4Cl then warmed to room temperature. After stirring for 10
minutes layers were separated and the agueous layer exiracted with EtOAc. The combined
organic cxtracts were dried over NapSQy, filtered, cvaporated in vacuo and chromatographed (0 -
100% EtOAc in DCM) to provide the title compound. 'H NMR (400 MHz, MeGH-dy) & ppm
394 (s, 3H} 408 (5,3 Hy435(,2H} 643 -652{m, 1 H} 688 (d, I=0.09 Hz, I H} 7.37 (4,
F=RO8Hz, 2HY 7.54 - 763 (m, 3HY7.66-7.72 (m, 2 H) 7.77 {(dd, }=8.59, 253 Hz, 1 H} 7.85 {(d,
J=8.59 Hz, | Hy&.12 (dd, J=13.14, 253 Hz, ZH) 8.20 (5, 1 H) 9.08 (s, | H); MS (ES]) 570.
(3-{4-(1 H-pyrazol-i-ylibenzyl}-4-chloro-2-methoxyquinolin-6-yh{6-methoxypyridin-3-
yh{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 eluting
enantiomer was Exawple 20B: 'H NMR (400 MHz, CDCL) 8 ppm 3.15 (br.s., | H) 3.94 (s, 3 H)
408 (s, 3HY 432 (5,2 HY 643 (4, J=2.02 Hz, 1t H) 6.74 (4, J=8.59 Hz, 1 H) 7.35(d, J=8.5% Hz,
2HY751-765(m, SH)7.69(d, J=2.02 Hz, 1 H) 7.82(d, J=85% Hz, | H}7.86(d, J=2.53 Hz, 1
Hy 812 (d, J=2.53 Hz, 1 H) 8.18 (d, J=2.02 Hz, 1 H) 8.&4 (5, 1 H) and the sccond cluting
enantiomer was Example 26C: 'H NMR (400 MHz, CDCL) 8 ppm 3.11 (br. s, 1 H} 3.94 (s, 3 H)
408(s, 3H)432¢, 2 H} 643 (s, 1 H) 6.74 (4, J=0.09 Hz, L H) 7.35 (d, J=R.59 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} 8.12 (d, J=2.53 Hz, | H) .18 (d, J=2.02 Hz, 1 H)

8.84 (s, 1 H).

Example 21: (3-{4-(1H-Pyrazoi-1-yhibenzyli-2 4-dichloreguinolin-6-v){6-methoxypyridia-
3-yh(I-methyl-1f{-imidazol-5-yiimethanol*TFA

The title compound was preparcd by substituting (4-chlorophenyby(1-methyl-1 H-imidazol-5-
yhmethanone with {6-methoxypyridin-3-yD{( -methyl- 1 H-imidazol-5-ylymcthanone
(Intermediate 37: step d) then following the procedure deseribed for the preparation of Example
11, 'H NMR (400 MHz, DMSO-de) 5 ppm 3.56 (5, 3 H) 3.86 (s, 3 H) 4.05 (s, 3 H) 4.29 (s, 2 H)
0.52(d, J=2.02 Hz, 1 H) 6.88 (d, J=8.5%9 Hz, 1 H) 7.02 (s, t H) 7.34 {d, }=8.59 Hz, 2 H) 7.50 -
763 (m, 2H}7.65-780(m, 4H)7.88(d, =859 Hz, 1 H)R06{(br.s., 1 H}8.14 (s, 1 H) 8.42 {s,
T H)Y9.13 (br. s, 1 Hy MS{ESH 567.

Example 22: (3-{4-{1 H-Pyrazol-1-vi}benzylj-4-chlore-Z-methoxyguinolin-6-vi}{6é-
methoxypyridia-3-yvi}{1-methyl-1 H-imidazol-S-viimethanoleTFA

i7s
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A muxture of the title compound prepared in Example 21 (0.030 g, 0.053 amol) and a sodium
methoxide solution (0.1 mL, 25% in methanol} in MeOH (3 mL) was heated in a scaled tube at
80 °C overnight. The mixture was cooled to room temperature, excess MeOH removed, diluted
with 1ce H,O and extracted with EtOAc. The organic exiract was dried over NapSQy, filtered,
evaporated in vacuo and purified by Gilson HPLC to provide the title compound as a solid. 'H
NMR (400 MHz, DMSO-ds} d pprmo 3.56 (s, 3 H) 386 (5, 3 H} 4.05 (5, 3 H 429 (s, 2 H) 6.52 (d,
=202 Hz, THY6.88(d, J=8.59 Hz, 1 H) 7.02 (5, 1 H) 7.34 (d, =859 Hz, ZH) 7.50 - 7.63 {m, 2
H}7.65-780(m, 4 H) 788 (d, J=8.59 Hz, | H) 806 (br.s., 1 H} 814 (s, | H} 842 (s, 1 H)9.13
{br.s., 1 H}; MS (ESI 567.

Fxample 23: (3-{4-{1 H-Pyrazol-1-vl)benzyl)-2 4-dichloroguinolin-6-yhH(1-methyl-1%-
imidazoel-S-yi{6-(frilusromethyhpyridin-3-yhmethanoleTFA

The title compound was prepared by substituting {(4-chlorophenyt) 1-methyt-1/-imidazol-5-
yvihymcthanone  with  (I-methyl-1 H-imidazol-5-yh{6-{ riflucromethylypyridin-3-ylimethanone
(Intermediate 36: step ¢} then following the procedure described for Example 11. 'H NMR (400
MHz, McOH-da} S ppm 3.7 (s, 3 H}4.61 (5, 2H} 650 (1, J=227 Hz, L H) 712 (5, 1 H} 7.33 {d,
J=859 Hz, 2HY7.60-7.72 (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, 1 H)9.03 (s, 1 Hy; MS (ESD 609.

Example 24: (2-Ethoxy-3~(4-methoxybenzyDguinolin-6~-vhH{1~-methy-1 H-imidazol-5-
vh{thiazol-S-vhmethanoleTFA
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The ttle compound was prepared by using {2-chloro-3-(4-methoxybenzyiyquinolin-6-yl} 1~
methyl-1 H-imidazol-S-ylj(thiazol-5-yhmethanolTFA (Example 52} in place of (3-benzyl-2.4-
dichloroquinolin-6-yli{4-chlorophenyi}{ 1 -methyl-1 H-imidazol-S-ylimethano! then following the
procedure described for the preparation of Example 14. 'H NMR (400 MHz, MeOH-dy) 8 ppm
142¢6 =707 He, 3H) 3.66 (s, 3H) 375 (s, 3 H} 3.97 (5, 2 H)Y 4.52 {q, }=7.07 Hz, 2 H) 6.84 (d,
J=859Hz, 2HY712-720(m, 3 H} 760 - 768 (m, 2Hy 771 (d, =253 He, L H} 7.76 (5, 1 H)
7.84¢d, F=859 He, 1 HY R.94 (s, I H) 9.05 (s, 1 H); MS {ESDH 4&7.

Example 28; (3-(4-(0 H-Pyrazol-1-yhbeneyh~-2.4-dickloroguinolin-6-yj(4-
(dimethylamino)phenyD({-methyl-UH-imidazol-5-yhmethanolPTFA

The title compound was preparcd by substituting (4-chlorophenyli) 1-methyl-1H-imidazol-5-
viymethanone with  {4-{dimcthylamino)phenyD(1-methyi-1 H-imidazol-S-ylymethanone
{Intermediate 18) then following the procedure described for the preparation of Example 11. 'H
NMR {400 MHz, McOH-da} S ppm 297 (5, 6 H) 371 (5, 3 H)4.60 (s, 2 H) 642 - 6.58 (m, I H)
6.79-692 (m, 3 H) 719 (4, I=0.09 Hz, 2 H) 7.33 (4, =839 Hz, ZH)Y 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=9.09 Hz, | 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-vi}benzylj-4-chlore-Z-methoxyguinolin-6-vi}{4-
(dimethylaminopheny(1-methyl-1f{-imidazol-5-yimethanocl*TFA

The ttle coropound was prepared by  substituting  (b-rocthoxypyridin-3-yh(thiazol-5-
yhmethanone (Intermediate  15) with  (4-{dmethylarminophenyDi{(1-methyl-1 H-imidazol-5-
yhnethanone (Intermediate 1R) 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 (3, 3 H)
4355, 2H)645-654(m, 1 H) 082 (s, L H)6.88(d, =859 Hz, 2H) 721 (4, J=R 5% Hz, 2 H)
7.37¢d, J=859 Hz, 2 H}7.52-7.75(m, 4 H) 7.87 (d. I=9.09 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-dichloro-8-methylguinolin-6-vH{4-
chlorephenyh(i-methyl-1 H-imidazol-S-yl)methancl*TFA salt
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The title compound was prepared by substituting 3-{4-{1 H-pyrazol-1-viibenzyl}-6-bromo-2,4~
dichloroquinoline {(Intermediate 6: step ¢) with 3-{4-(1H-pyrazol-1-yhbenzy-6-bromo-2 4-
dichloro-8-methviquinoline (Intermediate 19: step a) then following the procedure described for
the preparation of Example 11. 'H NMR (400 MHz, DMSO-de) 6 ppm 2.67 (5, 3 H) 3.54 (s, 3 H)
451(s, 2H) 052 (s, L H) 7.03 (5, 1 Hy 730 (d, J=8.59 Hz, 2 H) 738 - 7.46 (m, 2 H) 7.46 - 7.58
(m, 2 Y759 -7.87 (m, SHY KOS (s, IH) 843 (d, J=253 Hz, 1 H) 9.12 (5, 1 H); MS (ESH 589,

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

n-Butyllithiun (1.6 M in hexane; 0.315 mL, 0.503 mimol} was added dropwise to a mixture of
the 3-(4-(1 H-pyrazol-1-ylibenzyl)-6-bromo-4-chloro-2-methoxy-8-methylquinoline (0.1 g, 0.226
mmol, Intermediate 19: step by and {(4d-chlorophenyly-(I-methyl-1 H-imidazol-S-ylimethanone
(8.055 g, 0.248 mmol, Intermediate 1: step b} in dry THF (3 mbL) 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 0 °C. The mixture was stirred for 1 hour then quenched with saturated agueous

179



WO 2014/062658 PCT/US2013/065013

NH,CH and warrned to room temperature. After stirring for 10 minutes layers were separated and
the aqueous layer extracted with EtOAc. The combined organic extracts were dricd over NaySQOy,
filtered, evaporated in vacuo and chromatographed (0 - 100% EtOAc in DCM) to provide the
product. Further purification by Gilson HPLC provided the title compound as a solid. 'H NMR
(400 MiHz, MeOH-dg S ppm 269 5,3 3.69 (s, 3H 411 (5,3 HY4.35 (5, 2 H} 6,49 (d, J=2.0
Hz, THY 687 (s, 1 H) 730741 (m, 4 H) 741 - 7.47 (m, 2 H) 7.55 (s, | H} 7.60 (d, J=8.59 Hz,
ZHY 7068, THY795(, L HYB.14(d, J=2.53 Hz, 1 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-chlorophenylj(1 -
methyl-1 H-imidazol-5-ylymethanol was purified by HPLC (550 gramn Chiralpak AD 20 uM
cohmnn-~-diacel}, 50:50 ethanol eluent, 80 mi/munute, 240 nm wavelength) to give 2 enantiomers.
The first cluting enantiomer was Example 28B: 'H NMR (400 MHz, McOH-dy) § ppm 2.67 {s.
IH354-368 G0, 4 H 410 (G, 3 H) 434 (5, 2H) 649, J=22T7T He, L H) 6,66 (5, 1 HY 7.29 -
TAT o, 6 HY 751 - 765 (m, 3 H) 7.68 (5, | I 7.94 (5, | ) RI3 (4, J=2.53 Hz, | ) RS0 (s, 1
H) and the second eluting enantiomer was Example 28C: TH NMR {400 MHz, MeOH-dy) 5 ppm
2685, 3H}3.64 (5,3 H} 410, 3 H} 434 5, 2H) 6436583 (m, L H)6.74 (s, L H)7.29-747
(m, 6H)7.52-764(m, 3H)7.68(s, 1 H} 795 (s, | H} 8.14{d, I=2.02 Hz, 1 H) 8.67 {s, 1 H).

Example 2%9A: (3-{(4-(1 H-Pvrazol-1-yhbenzyl-4-chloro-2-methoxy-8-methyviguinolin-6-

vi}{I-methyi-1 H-imidazol-S-vi}6-(trifluoromethyl)pyridin-3-vimethanol

n-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~-methyiquinohine (1 g, 2.26
mmoel, Intermediate 19: step b) and (L-methyl- 1 H-imidazol-3-yl}{6-{trifluoromethyhpyridin-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 8 °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 agueous layer extracted with EtOAc. The combined organic extracts were
dried over NaySQy, 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 ppr 905 (s, 1H), 884 (4, J=2.0 Hz, 1H), 8.41 (4, J=2.5Hz, 1H), 8.00 - 8.07 (m, 1H),
7.92-7.99% (m, ZH), 7.87 (s, 1H}, 7.72(d, J = 8.6 Hz, 3H), 7.57 (s, 1H}, 7.33 (d, } = 9.1 Hz, 2H),
7.16 (s, 1H), 6.40 - 6.59 {m, 1H), 429 (s, 2H), 4.07 (s, 3H}, 3.53 (s, 3H) 2.65 {s, 3H}; MS (ESI}
619.

{3-{4-{1 H-pyrazol- {-yl}benzyl}-4-chloro-2-methoxy-&-methyviquinolin-6-y{1 -methyvl- 1 4-
imidazol-5-yl)(6-(trifluoromethyiipyridin-3-yhmethano!l 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 -
7.4S {m, 4H), 6,41 {d, J = 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. CspHaCIFiNGgG,, 619.04; m/z found, 619.2 and the second eluting
enantiomer was Example 29C: "H NMR (400 MHz, CDCL) & ppm 881 {d, J = 2.0 Hz, 1H),
7.95 (s, 1H), 7.86 - 7.93 (o, 1H), 7.84 (4, F =20 He, 11}, 761 - 7.73 (m, 2H), 7.55(d, F = 8.6
Hz, 2H), 7.41 (5, 1H), 7.30 - 7.38 (m, 3H), 6.28 - 6.52 (m, 2H), 4.83 (br. 5., 1H), 4.30 (5, 2H),
4.09 (s, 3H), 3.37 (s, 3H), 2.63 (s, 3H) mass caled. CoHogClFaNgD,, 619.04; m/z found, 619.2.

Example 30: (3-4-(0H-Pyrazol-1-yUbeneyvl)-2,4-dichlorequinolin-6~-yvhbis(1-methyl- 1 H-

imidazol-5-yDHimethanolTFA
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To a solution of 5-bromo-1-methyl-1 H-tmidazole (0.084 g, 0.51% mmol} in BCM (§ ml) was
added ethyl magnesium bromide (0.173 mL, 8.519 mmol; 3M in dicthyl ether} dropwise over a
10 minute period. The resulting cloudy mixture was stisred at room temperature for 20 minutes,
cooled in an ice bath to § °C and (3-(4-(1 H-pyvrazol-1-yhbenzyl)-2 4-dichloroguinolin-6-yi}(i-
methyl-1 H-imidazol-S-ylymethanone (0.12 g, .26 mmol, Intermediate 20: step d} 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 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 Nay8Qy, filtered, concentrated under reduced
pressure, chromatographed {0 — 10% MecOH in CH,ClL} then further purified by Gilson HPLC
(H,O/acetonitrile/1% TFA) to afford the title compound as a white solid. 'H NMR (400 MHz,
MeOH-ds) Sppm 3.81 (5, 6 H)4.63 (s, 2 HY 6.51 (s, | H} 7.13 (s, 2 H} 7.35 (d, }=8.59 Hz, 2 H}
75878 {im, 4 HYR 1T (d, J=009 He, | H) 817 {d, =2.53 Hz, 1t H} 849 (d, J=2.53 Hz, I H)
8.85 (s, 2 Hj; MS (ESI) 544.

Example 31: {4-Chloro-2-methoxy-3-{4-(methyisulfonyDbenzyDquinolin-6-yhH{4-
chlorophenyD{(i-methyl-1 H-imidazol-S-yimethanclsTFA
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To a solution of S-bromo-l-methyl-1H-imidazole (0.074 g, (.46 mmol) in BCM (§ mL) was
added ethy! magnesium bromide (4,153 mb, 0.46 mmol; 3M in diethyl 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-(methylsolfonylbenzyliquinolin-6-
yi}4-chlorophenylymethanone (0.10 g, 0.20 mmol, Intermediate 22: step b} dissolved in THF (3
mL} 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 aqueous HCl 0 a neutral pH. The aqueous mixture was
extracted with DCM (2 x). The combined DUM extracts were dried over Na;SQs, filtered,
concentrated under reduced pressure, chromatographed {0 — 10% MeOH in CH,Ch) then further
purificd by Gilson HPLC (H,O/acctonitrile/19% TFA) to afford the titlc compound as a white
sofid. 'H NMR (400 MHz, DMSO-de) 8 ppra 3.17 (3, 3 H) 3.53 (s, 3 H) 4.03 (s, 3 H) 4.36 (br. s,
2HY 696 (s, I Hy 738 {d, }=8.59 Hz, 2 H) 748 (1, J=8.84 Hz, 4 H) 7.55 - 7.68 (m, 2 H} 7.76 -
7.94 (m, 3 HY &.11 (s, 1 H) 9.12 (br. 5., 1 H); MS (ESI) 582.

Example 32: (3-Chlovephenyh(2 4-dichloroe-3-(thiophen-2-vimethvhguinolin-6-yD{pyridin-
3-yhmethanoleTFA
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The ttle  compound was  propared by substituting  6-bromo-2,4-dichioro-3-(4-
chlorobenzyliquinoline (Intermediate 3 step ¢} with 6-bromo-2 4-dichloro-3-(thiophen-2-
vimethyvhquinoline {Intcrmediate 9: step ¢} then following the procedure described for the
preparation of Example 2. 'H NMR (400 MHz, DMSO-dg) 8 ppm 4.61 (5, 2 H) 6.90 - 6.99 (im, 2
Hy7.19-727(m, 1 H)733-739(m, 1 H) 743 (4, J=6.06 Hz, 4 H} 7.62 - 7.6% (m, 1 H} 7.77
(dd, }=8.84,2.27 Hz, 1 H} 7.93 - 8.06 (m, 2 H) 8.15 (d, }=2.02 Hz, 1 H) 8.63 {s, 1 H} 8.68 (d,
J=4.55 Hz, 1 H); MS (BSE 511.

Example 33A: (3-{4-{1 H-Pyrazol-1-vl)benzylj-4-chlore-Z-methoxyguinolin-6-vi}{4-

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

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-{1 H-pyrazol-I-ylibenzyl}-6-bromo-4-chloro-2-methoxyquinoline (3.00 g, 7.00
munol, Intermediate 16) in dry THF (80 mLl) at —78 °C. After 3 minutes, a solution of {4-
chlorophenyl){ L-methyl- T H-imidazol-5-yhmethanone (1.65 g, 7.48 romol, Intermediate 1 step b)
in dry THF (80 mL) was added dropwise over the course of 3 minutes. The reaction muxture was
stivred for 10 minutes at —78 °C, then the reaction flask was removed from the cooling bath.
After 10 moinutes, the reaction flask was placed into an ice-water bath.  Afier 30 minutes,
saturated aqueouns amynonium chloride solution (10 mwl) was added. The biphasic mixture was
warmed to room temperature then partitioned between half-saturated agueous amumonium
chioride solution {300 mL) and ethyl acetate (300 mL}. The layers were separated. The aqueous
layver was extracted with cthyl acetate (150 mL). The orgamc layers were combined. The
combined solution was dried with sodium sulfate. The dried sohution 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, CDCL:) 6 ppm 8.11 (d, J= 2.1 Hz, 1H), 7.85 (4, J = 2.5 Hz,
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1H), 779 (d, F = 8.7 Hz, 1H), 7.65 (d. F = 1.7 Hz, 1H), 7.58-7.54 (m, 2H), 7.54-7.51 (m, 1H),
7.40-7.34 (m, 3H), 7.33-7.27 (m, 4H), 643 (1, F= 2.1 Hz, 1H)}, 6.41-6.38 (m, 1H}, 4.31 (s, 2H),
4.08 (s, 3H), 3.72 (s, 1H), 3.38 (s, 3H). MS (ESD): mass caled. CyHpsCLNsO,, 569.1; my/z found,
570.1 [M+H]".

(3-{4-(1 H-pyrazol-1-vhihenzyl}-4-chloro-2-methoxyguinolin-6-yl ¥ 4-chlorophenyly(1 -methyl-
{H-immdazol-5-yhmethanol was purified by HPLC (Chiralpak AD column, 500 gram, 41 cm x 5
cro, ethanol eloent, 80 mi/minute, 230 om wavelength) to give 2 enantiomers. The first eluting
enantiomer was Example 33B: 'H NMR (400 MHz, CDChL) & ppm 811 (d, J= 2.1 Hz, 1H),
7.844(d, =24 He, 1H), 778 (d, F =88 Hz, 1H), 7.68 {(d, F= 1.7 Hz, 1H), 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 (s, 3H). MS
(EST): roass caled. CyHasChNsOa, 569.1; w/z found, 570.1 [M+H] and the second cluting
enantiomer was Example 33C: "H NMR (400 MHz, CBCL) & ppm 8.10 (d, J = 2.1 Hz, 1H),
7.85(d, =25 He, 1H), 779 (d, J =87 Hz, 1H), 7.68 (d, F= 1.7 Hz, 1H), 7.60-7.49 (m, 3H),
743 (s, 1H), 7.40-7.27 (m, 6H), 6.50-6.34 {m, 2H}, 4.31 (s, 2H}, 4.08 (5, 3H}, 3.55-3.24 (br s,
1H), 3.40 (5, 3H). MS (ESI): mass caled. C3HasChN:s(y,, 569.1; m/z found, 570.1 [M+H]"

Example 34 G-4-G H-Pyrazob-1-vhbeneay -2 4-dimethoxyguinolin-6-y4-
chlorophenyD(T-methyi-1 H-imidazob-S-yDmethanol*TFA

The title compound was prepared by combining  (3-(4-(1H-pyrazol-i-ylibenzyl)-2,4-
dichloroquinolin-6-yhi{4-chlorophenyvli{(1 -methyl-1 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
mmol} in a sealed tube and heating at 80 °C for 16 hours. Solid sodium methoxide {0.016 g,

0.303 nunol) 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 HpO. Stirring was continued while warming o
roorn temperature. The solid precipitates were collected, dried and purified by Gilson HPLC
(H,O/acetonitrile/1% TFA) to afford the title compounnd. "H NMR (400 MHz, DMSO-ds) 8 ppra
355(s,3H)383(s,3H)399(s,3H) 408 (5,2 H} 651 (s, 1 H) 698 (s, 1 H} 7.30 (d, }=8.07
Hz, 2H)7.38(d, }=831 Hz, ZH) 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) 8.40 (s, 1 H) 9.14 (s, 1 H); MS (ESI) 566.

Example 38A: (3-(4-(1 H-Pyrazob-1-yDbenzvi}-4-chioro-2-methoxyguinolin-6-y){(i -methyl-
1 H-imidazol-5-yi{6-(rifluoromethyDpyridin-3-yhimethanol*TFA

The title compound was prepared by substituting (4-chlorophenyh{(-methyl-1H-uimidazol-5-
vhmethanone  with  (I-methyl-1 H-imidazol-5-yh{6-(tritluoromethylpyridin-3-ylimethanone
{Intermediate 36: step Cland then following the procedure described for the preparation of
Exarmple 33A. 'H NMR (400 MHz, CDCl) 8 ppin 8.82 (4, = 2.1 Hz, {H), 8.14 (d, J=2.1 Hz,
1H}, 7.90 (dd, J = 8.3, 2.2 He, 1), 7.87-7.79 (u, 2H), 7.70-7.61 {(m, 2H}, 7.60-7.50 (m, 3H},
748 (s, TH), 7.38-7.32 (m, 2H), 6.48-6.38 {m, 2H}, 4.31 (s, 2H), 4.18 (s, 1H}, 4.09 {5, 3H), 3.38
(s, 3. MS (ESD): mass caled. C3HaCIFsNgO,, 604.2; wv/z found, 605.2 [M+HT"

(3-{4-( | H-pyrazol-1-vhibenzyl}-4-chloro-2-methoxygoinolin-6-y{ 1 ~-methyl-1 H-imidazol-5-
yh6-(trifluoromethyDpyridin-3~yhmethanol was purified by HPLC (Churalpak AD column, 500
gram, 41 cm X 5 ¢m, cthanol eluent, 80 mL/minute, 242 mm wavelength) to give 2 enantioroers.
The first eluting enantiomer was Example 35B: 'H NMR (500 MHz, CDCL) & ppm 8.82 (d, J =
20 Hz, 1Hy, 83 (d, J=22Hz 1H}, 7.93-7.88 {(m, 1H), 7.85 (dd, = 2.5, 0.7 Hz, 1H}, 7.82 {d,
J = 8.6 Hz, 1H), 7.70-7.63 (m, 2H), 7.59-7.51 (m, 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 (ESDH: mass caled.
Oy HCIFNGO,, 604.2; m/z found, 605.2 [M+H] and the second cluting cnantiomer was
Example 35C: 'H NMR (500 MHz, CDCL) § ppm 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-
7.510 (m, 3H), 7.47 (s, tH), 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. CoHoaClFaNgG,, 604.2; w/z
found, 605.2 [M+H] .

Example 36A: (3-(Benzolblthiophen-2-vimethyi}-4-chiore-2-methoxyguinolin-6-yH{4-

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-&-methylquinoline (Intermediate 19 step by with 3-{benzo{blthiophen-2-
yimethyl}-6-bromo-4-chloro-2-methoxvquinoline (Intermediate 23) then following the procedure
described for the preparation of Example 28A. 1H NMR (400 MHz, MeOH-d4} 6 ppm 3.45 (5, 3
Hy4.00¢, 334536, 2H) 626, I HY 708, T 715-729 (m, 2731 -743 (m, 4 H)
7.56-7.77 (m, 4 H) 7.83 {4, J=9.09 Hz, 1 H) 8.11 (5, 1 H): MS (EST) 560.
{3~{benzo|blthiophen-2-yimethyi-4-chloro-2Z-methoxyquinolin-6-vii(4-chioropheny{ 1-methyl-
{ H-imidazol-S-yhmethanol was purified by HPLC {250 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 368: 'H NMR {400 MHz, CDCly) 6 ppm 3.41 (s, 3 H)
414 (s, 3 H)452(, 2H} 642 (s, T HY7.09 (s, 1 H}7.17 - 737 (m, 8 H) 747 - 7539 {m, 1 H)
7.63(d, I=7.58 Hz, | H) 7.70 (d, =808 Hz, | H) 7.79 (d, }=85% Hz, I H) 8.08 (s, | H); MS
(EST) 560 and the sccond cluting enantiomer was Example 36C: 'H NMR (400 MHz, CDCL) §
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pem 350 (s, 3H)415 G, 3 H4582 (s, 2H) 645 (s, L ) 710 (5, ) 7.18-7.27 (m, 4 H) 7.28 -
739 (m, 4 H) 749 -75% (m, 1 HY 7.63 (d, }=7.07 Hz, 1 H) 7.70 (4, }J=8.08 He, 1 H) 7.81 (4,
J=8.3%9 Hz, | B) .06 (d, I=2.02 Hz, 1 H); MS (ESI) 560.

Example 37A: (3-{Benzolbithiophen-2-vimethyi}-4-chiore-2-methoxyquinolin-6-yH(d-
methyi-1H-imidazel-S-yB{6-{triflusromethyDpyridin-3-yhmethanols TFA

The title  compound was  prepared by using  (I-methyl-1 H-imidazol-5-y1{6-
(trifluoromethyhipyridin-3-yUmethanone  {(Intermoediate 36 step C) wm place of (4-
chlorophenyl){ 1-methyl- 1 H-imidazol-5-vlimethanone then following the procedure described for
the preparation of Example 36A. "H NMR (400 MHz, DMSO-de) S ppm 3.53 (s, 3 H)} 4,10 (s, 3
Hy452 ¢, 2} 712 . T Y722 (s, 1 H) 723 - 736 (m, 2 H} 7.59 - 7.67 (m, t H} 7.72 (4,
J=R 08 Hz, 1 H)7.84(d, J=758Hz, I H)7.88 - 799 (m, 3 H) 800 - 807 {(m, | H} 8,19 (s, 1 H)
883 (s, 1 H}9.12 {s, 1 H}; MS (ESI) 595.
{3-{benzo[blthiophen-2-ylmethyl}-4-chloro-2-methoxyquinolin-6-yhi( 1 -methyl-1 H-imidazol-5-
yh6-(trifluoromethyDpyridin-3~yUmethanol was purified by HPLC (Churalpak AD column, 550
gram, 20 uM) cthanol eluent, 88 mi/minute, 240 nm 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)
433G, 3 M43 G, 2H 6340 s, ITH}7.006, TH)7T15-732(m, 2H)7.57-7.77 (m, 4 H)
7.78 - 793 (m, 2 HY 7.99 {d, J=6.57 Hz, 1 H) 817 (d, J=2.02 Hz, 1 H) 8.78 (s, | H) and the
second eluting cnantiomer was Example 37C: "H NMR (400 MHz, MeOH-dy) 8 ppm 3.47 (s, 3
Hy4036, 34546, 2H)627-6420r s, T 709, T H} 716 ~ 730 (m, 2 H) 7.56 - 7.78
(M, 4H}7.79-791 {m, 2H}8.00(d, I=8.08 Hz, L D 817 (s, L F} 8.78 (s, 1 H).
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Example 38: F{4-{(3-(4-( H-Pyrazol-1-vi}benzyi}-4-chioro-2-methoxyquinolin-6-yH{4-

fluorophenyl(hvdroxy)methyhpiperidin-i-vijethanone

The title compound was prepared by substituting  {(6-mothoxypyridin-3-yi)(thiazol-5-
vhimethanone  {(Intermediate 15y with  1-{4-{4-fluorobenzoylpiperidin- 1 -yhethanone
(Intermediate 24) then following the procedure described for the preparation of Example 20A. 'H
NMR (400 MHz, CDCly o ppm 128 - 1.44 (m, 2 H) 1.58 - 1.7 (m, 2 H) 2.05 (5, 3 H} 2.51 -
2.65{m, T Hy2.72(br. s, T H)3.00 - 309 {(m, 1 H33.73-3.92{(m, 1 H}4.09 (5,3 H}4.32 (5,2 H)
4.60-479 (m, } Hy 644 (5, 1 H) 7.01 {t, =859 Hz, 2 H} 7.36 (d, =859 Hz, 2 H} 7.49 (dd,
F=R34, 531 He, 2H) 756 (4, J=8 59 Hz, 2H) 765 (br. s, T H) 7.69 (5, L H) 7.79 - 7.89 (m, 2 H)
8.26 (s, 1 H); MS(ESI) 599,

Example 39: 3-4-(1 H-Pyrazol-1-yhbeneyh-d-chloro-2-methoxyguinolin-6-yhHi{4-

fluoropheny{pyridin-3-yDmethanol

A solution of #-Buli (2.5 M in hexanes, 0.095 mL, 8.238 mmol) was added dropwise by syringe
to a solution of 3-(4-(1 H-pyrazol-1-yhibenzyh-6-bromo-4-chloro-2-methoxyquincline (105.5 mg,
0.246 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-vlmethanone {58.7 mg, (.292
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nunol) 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 cthyl acetate.  The
scparated aqueous phasc was further extracted with cthyl acetate.  The organic phasc was dried
{(WNa,3Q0y), filtered, and concentrated.  The crude product was purified by flash columon
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:) 8 ppm 850 — 8.48 (m,
{H), 843 ¢(dd, /=48, L6 Hz, 1H), 802(d, /=21 Hz, 1H), 783(d, /=24 Hz, 1H),7.77(d, J
=8.8 Hz, 1H), 7.67 - 7.64 (m, 2H), 7.55 - 7.52 (m, 2H), 7.50 (dd, J =88, 22 Hz, 1H), 7.33 (4, J
= 8.6 Hz, 2H), 7.26 - 7.20 {(m, 3H), 7.03 - 6.96 {m, 2H}, 6.42 — 6.40 (m, 1H), 4.28 (s, 2H), 4.07
(s, 3H).; MS /e 551.2 [M+H]'

Example 40: (3-4-(1H-Pyrazol-l-yhbeneyl-4-chloro-2-methoxyguinolin-6-yipyridia-3-
yh{d-(trifluoromethyphenyhmethanel

A solution of n-Buli (2.5 M in hexanes, 0.07 mL, 0.175 munol) was added dropwise by syringe
to a solution of 3-(4-(1 H-pyrazol-1-yl}benzyl}-6-bromo-4-chloro-2-methoxyquinohine {(75.9 mg,
0.177 mool, Intermediate 16) in dry THF (3 mL) in a dry ice-acctone bath. Aficr 1.5 minutcs, a
solution of pyridin-3-vi{4-(wifluoromethyljphenyvhmethanone (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 ethyl
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acctate. The scparated agucous phase was further exiracted with ethyl acetate,  The organic
phase was dried (Nay5Qy), 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 (500 MHz, CDCL) § ppm 8.51 (d, J = 2.2 Hz, 1H), 848 (dd, /=48, 1.4
Hz, [H), 802¢d, /=21 Hz, 1H),783(d, J=24Hz 1H),7.79(d, /=88 Hz, 1H),7.66(d, J=
Lo Hz, THYL 766 -7.63 (m, 1H), 7.59(d, J=84 Hz, 2H), 7.54(d, /J=85Hz 2H), 749 (dd, /=
88,22 He, 1H), 746 (d, 7=83 Hz, 2H), 734 (d, /= 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).; M5 m/e 602.1 [M+H] .

Example 41: 3-(4-(1 H-Pyrazol-1-yhbenzyli-4-chloro-2-methoxyquinokn-6-yH(3.4-
dimethoxyphenyh{pyridin-3-v)methandl

A solution of #n-Buli (2.5 M in hexanes, .05 mbL, 0.125 mmol) was added dropwisce by syringe
to a solution of 3-(4-(1H-pyrazol-1-vi}benzyl)-6-bromo-4-chloro-2-methoxvquinoline {32.9 mg,
0.135 mmol, Intermediate 16) in dry THF (2 mL} in a dry ice-acetone bath. After 5 minutes, a
solution of (3, 4-dimethoxyphenyl }pyridin-3-ylymethanone {32.9 mg, 0.135 mmol, Intermediate
27: step by in dry THF (0.2 mL) was added dropwise. The reaction mixture was stirred for §
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 quenched
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 (Nay5Qy), filtered, and concentrated. 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, 1H), 8.53(dd, /=48, i 6
Hz, 1H), 8.10(d,/=2.0Hz, IH),785(d, /=24 Hz 1H),7.79(d, /=88 Hz, 1H),7.69 (dt, /=
8.0,2.0Hz, 2H), 7.57 - 7.52 (m, 3H}, 7.35(d, /=86 Hz, 2H), 729 - 725 (m, 1H), 691 {(d, /=
22 Hz 1H) 6.79(d, J=85Hz, 1H), 6.66(dd, J=84,2.2 Hz, 1H), 6.44 - 642 (m, 1H), 4.31 (s,
2H), 4.08 (s, 3H), 3.88 (s, 3H), 3.76 (5, 3H).; MS m/c 593.2 [M+H]".

Example 42: 3-(4-(1#H-Pyrazol-1-yhibenzyl)-4-chlore-2-methoxyguinclin-6-vii{4-

{dimethyiamino)phenvii(pyridin-3-viimethanol

The title compound was prepared analogously to the method in Example 41 using (4-
{dimethylamino}phenyl¥pyridin-3-yiimethanone  (Intermediate 28: step b) in place of (3.4-
dimethoxyphenylYpyridin-3-ylimethanone (Intermediate 27 step b)), exeopt the crude product
was purificd using a solvent system of 0-3% MeOH-DCM to provide the title compound as g
white solid.  'H NMR (400 MHz, CDCls) 8 ppm 8.64 (d, /= 2.3 Hz, 1H), 8.52 (dd, /= 4.8, 1.6
Hz, 1H), 8.15(d, J=21Hz, 1H),785(d, /=24 Hz, 18),7.77{d, J=88 Hz, 1H),7.75 - 770
(m, 1H), 7.69 (d, /=16 Hz, 1H}), 758 - 7.53 (m, 3H), 735(d, /=85 Hz, 2H), 724 (d, /=47
Hz, 1H), 7.07 {d, J = 8.9 Hz, 2H), 6.66 (d. J = 8.9 Hz, 2H), 6.44 - 6,41 {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-yi}benzyl}-d-chloro-Z-methoxyguinelin-6-y1i{4-

fluorophenyD(I-methyl-1 H-imidazol-5-yhmethanol
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A solution of #-Buli (2.5 M 10 hexanes, 0.07 mL, 0.175 mmol) was added dropwise by syringe
to a solution of 3-(4-{1 H-pyrazol-t-yl}benzyli-6-bromo-4-chloro-2-methoxyquinshine (75.8 mg,
0.177 mmol, Intermediate 16} in dry THF (3 mb) in a dry ice-acetone bath. After | minute, a
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 minuies in a dry ice-acetone bath, then warmed to room temperature and the reaction
was gquenched with methanot and water. The mixture was partitioned between water and ethyl
acctate. The scparated agueous phase was further extracted with cthyl acetate.  The organic
phase was dried (Na;5Q0y4}, 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), 784 {(d, /= 2.4 Hz,
1H), 7.77(d, /=87 Hz, 1H}, 766 {(d, J= 1.6 Hz, 1H), 7.57 - 7.50 {(m, 3H), 735 (d. /= 8.6 Hz,
2H}, 7.34 - 729 (m, 2H), 7.25 (5, 1H), 7.04 - 696 (m, ZH)}, 645 - 6.40 (m, 1H), 6.30 (s, IH},
4.30 (s, 2H), 4.08 (s, 3H), 3.34 (s, 3H); MS m/c 554.1 [M+H]".

Example 44: (3-(4-(1H-Pyrazol-1-yDbenzyl)-4-chloro-2-methoxyguinolin-6-yvi(3.4-

dichlorophenyBD{pyridin-3-yhmethanol
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A solution of n-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-pyrazol-1-yl}benzyli-6-bromo-4-chioro-Z-methoxyquinstine (78.6 mg,
0.183 mmol, Intermediate 16} in dry THF (3 mb) in a dry ice-acetone 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 (0.2 mL} was added dropwisc. 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 mixtore was partitioned between water and ethyl acetate. The separated
aqueous phasc was further extracted with cthyl acetate.  The organic phase was dricd (NaySOy),
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 8.37(d, /=20 He, 1H), 832 (dd. /=45 14 Hz, 1H), 8.01 (d, J=2.1 Hz,
1H}, 781 (dd, .7=2.5,04 Hz, 1H), 775 (d, /= 8.8 Hz, 1H), 7.64 - 7.58 (o, 21}, 7.53 - 748 {m,
2H), 746 (d, =22 He, 1M, 744 (dd, J= 8.8, 2.2 Hz, 1H), 7.34-7.30 (v, 3H), 717 (dd, J =78,
4.7 He, 1H), 706 (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 m/e 601.1 [M+H] .

Example 45: 3-(4-(1H-Pyrazol-1-yiibenzyl}-2 4-dichioroguinslin-6-yi}{4-
chiorophenyh(pyridin-3-yimethanol
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A suspension of 3-{4-{1H-pyrazol-1-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 #-Buli (2.5 M
in hexancs, 0.18 mL, .45 mmol) was added dropwisc by syringe. After 1 minute, a solution of
commercially avatlable (4-chlorophenyi}{pyridin-3-ylimethanone (0.117 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 chloride. The
mixture was partitioned between water and cthyl acetate. The scparated aqueous phase was
further extracted with ethyl acetate.  The organic phase was dried (NayS0y), filtered, and
concentrated. The crude product was purified by flash 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, CDCls) 6 ppm 850 (s, 1H), 8§47 (d, /=40 Hz, 1H), 819 (d, J=2.0 Hz, 1),
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, 2H), 4.03 (s, 1H); MS mw/e 571.1 [M+H]".

Example 46: (3-(4-(1 H-Pyrazol-1-yhbenzyh-2.4-dichloroguinolin-6-y1)(4-

fluorophenyh{pyridin-3-vimethanol
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The title compound was prepared analogously to the method in Example 45 using commercially
avatlable (4d-fluorophenyl}pyvridin-3-vlimethanone in place of {4-chlorophenyl)(pyridin-3-
yhmethanone. 'H NMR (400 MHz, CDCL) § ppm 8.47 (s, 1H), 8.40 (s, 1H), 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, /=87 Hz, 2H), 7.26-7.21 (m, 3H), 7.03 - 6.96 (m, 2H}, 642 (dd, /=24, 1.9 Hz,
1H), 4.51 (s, 2H); MS m/e 555.1 [M+HT.

Fxample 47 3~(4-(1H-Pyrazol-1-yhbenzyl)-2,4-dichloroguinolin-6-y1){(4-

methoxyphenyh{pyridin-3-yl)methanol

The titlc compound was prepared analogously to the method in Example 45 using (4-
methoxyphenyl¥pyridin-3-yhmethanone  {(Intermediate  31: step by in place of {(4-
chlorophenyt)(pyridin-3-yhmethanone. 'H NMR (400 MHz, CDCL) 6 ppm 8.48 (d, J = 2.1 Hz,
1H)}, 836(dd, /=48, 1.5Hz, 1H),824(d, /J=2.0Hz, 1H), 792(d, /=88 Hz, {H), 784 (4, J
=25Hz, 1H), 7.70-7.62 (m,3H), 756 {d, /=85Hz 2H), 728 (d, /=8.5Hz, 2H), 722 - 7.17
(m, 1H), 7.17 - 7.11 {m, 2H), 6.84 — 6.78 {m, 2H), 6.42 - 6.39 (m, J=4.3, 2.1 Hz, 1H), 449 (5,
2HY, 377 (s, 3HY; MS /e 567.1 [M+HT
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Example 48: (3-(4-(1 H-Pyrazel-1-ylibenzyi-2,4-dichloroguinolin-6-y}{3-

fluorophenyh{pyridin-3-vijmethanol

The title compound was prepared analogously to the mcethod in Example 45 using (3-
fluoropheny{pyridin-3-yhmethanone  {Intermediate  32: step by in place of (4-
chlorophenylYpyridin-3-ylimethanone, except that 1.2 equivalents of Intermediate 32: step b and
1.1 equivalents of n-Buli were used relative to 3-{4-{1H-pyrazol-1-ylibenzyl}-6-bromo-2,4-
dichloroquinoline {Intermediate 6: step ¢). "H NMR (400 MHz, McOH-d,} ¢ ppm 8.84 (s, 1H),
876 (d, /=53 Hz, I1H}, €46 - 842 (m, 1H), 827 (d, /= 2.0 Hz, 1H), 8.15{d, /= 2.5 Hz, 1H),
8O1{d, J=89Hz, 1H),793(dd, /=282, 56Hz 1H), 782(dd, /=89,2.1 Hz, 1H), 7.69(d, J
=1.7Hz, 1H), 7.64 (4, /=806 Hz, ZH), 744 (¢d, /= &.1, 6.0 Hz, 1H), 731 (d. /= 8.6 Hz, 2H),
722 - 747 {m, 1H), 717701 (m, 2H) 6.51 - 649 (m, [H), 459 (s, 2H), MS mv/e 5551
IM+HT .

Example 49: (3-Benzyl-2,4-dichloroguinelin-6-yh{4-chlorophenyi{1-methyl-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-Buli (0.156 mi, .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-chlorophenylymethanone (79 mg, 0.185 mmol, Intermediate 33: step d} and cthyl 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 ¢ °C
over 15 minuies and stirred for an additional 15 minutes at § °C. The clear amber reaction was
then quenched with 5 M aqueous NHCl (3 mL). The aqueous layer was extracted with 4:1
ether/DCM (2 x 3 b)), and the combined organic lavers were dried {(Nay50y), filiered, and
concentrated.  The residue was flash chromatographed with a heptane to 20% EtOAc/heptane
gradient and further purified with CI8 HPLC (20% io 100% CH:CN, with 0.1% TFA
throughout) to provide, afier Iyophilization, the title compound as a vellow powder, 'H NMR
(400 MHz, CDCE)Y 8 ppm 833 (d, /= 1.96 Hz, 1H}, 7.99 (d, J = 8.80 Hz, 1H), 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+HT

Example 50: (3-Benzyl-2.4-dimethylguinolin-6-yli(4d-chivrophenyi}{(i-methvi-1H-imidazol-
S-yhmethanolsTFA

A solution of (3-benzyl-2,4-dimethyviguinolin-6-yI}{1 -methyi-t H-imidazol-S-yl}methanone {12.4
mg, 0.0349 mmol, Intermediate 34: step d} and 4-chloroiodobenzene (33.3 mg, 0.14 mmol) in
THF (0.5 mL} was stirred at ~-70 °C while »-Buli (53.9 pL, 2.59 M in hexane, .14 mmol) was
added dropwise under argon. The resulting yellow solution was stirred while the dry ice/ether
bath was allowed to warm to room temperature overnight. The clear yellow reaction was then
quenched with 1 M agueous NaHCO; (3 ml) and extracted with EtOAc (I x 5 ml), and the
organi¢ layer was dried (Nap,8Q0,), filtered, and concentrated. The residue was purified by CI8
HPLC (20% to 100% CH;CON, with 0.1% TFA throughout} to provide, after lyophilization, the
title compound as a white powder. 'H NMR (400 MHz, McOH-dy) O ppm 9.00 (s, 1H), 8.44 (5,
{H), 815 (d, J = 8.59 He, 1H), 7.99 - 8.07 (m, 1H), 742 - 7.50 {m, 4H), 7.27 ~ 7.35 {u, 2H),
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7.25¢d, /=707 Hz, 1H), 7.10(d, /=8.08 Hz, 2H), 7.00 (s, 1H), 4.48 (s, 2H}, 3.69 (s, 3H}, 2.84
{s, 3H), 2.88 (s, 3H); MS m/c 468.0 [M+H] .

Fxample §1: 3-Benzyl-6-((d-Tluorophenyhihydroxyi(i-methvi-1 H-imidazel-S-vijmethyl)-N-
methyl-d-(triflnoromethyiiguinoline-2-carboxamide

fo\N/ |
{
Semzd OH QFS

A A
SR0e¢
o FNE e N

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 temperature over | minute, and the resulting translucent/semi-opague
reaction was stirred at room temperature for 20 minntes. This was treated dropwise over 2
mimites with a sohition of 3-benzyl-6-(4-fluorobenzoy}-N-methvi-4-(triftuoromethyl}quinchine-
2-carboxamide (90.4 mg, 0.194 mmol, Intermediate 35: step ) in DCM (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 NHCl (3 mb), and the agueous layer was extracted with DOM (1 x 5 mbL). The
combined organic lavers were dried (Na; 504}, filtered, and concentrated. The residue was dry
ioad flash chromatographed using 2:3 toluenc/acctone (isocratic clution) to vield 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, 1H), 7.30 - 7.38 (w, 3H)}, 7.10 - 7.24 (m, 4H}, 6.97 - 7.09 (m,
4, 6.29 (5, 11D, 4.91 (5, 2H), 3.39 (s, 3H), 2.89 (d, J = 5.05 Hz, 3H); MS m/e 549.2 [M+H]".

Example 52: (2-Chloro-3-(d-methoxybeneyDguinohn-6-yDH{(1-methyl-1H-imidazol-5-
yh(thiazol-S-vlimethanol-TFA
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6-Bromo-2-chloro-3-{4-methoxybenzyhiquinoline (4,200 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)
were combined in dry THF (5 mL), cooled to -78 °C then treated with n-BuLi (0.448 mL, 0.717
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 EtOAc. 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-d) d ppm 203 (s, T HY 366 (s, 3 H)3.77 (s, 3 H)4.19 (s, 2 H) 6.88 (d.
S=E3VHe, 2H} 704 - 722 (m, 3H) 7.65 (s, L H) 7.86 (d, /=880 Hz, 1 H) 7.91 (s, 1 H) 6.00 (d,

J=8.80 Hz, 1 H} 8.07 (s, 1 H) 8.97 (s, 1 H) 9.07 (s, 1 H); MS (EI) 476.

Example 53: (4-Chlore-2-methoxy-3-(4-(methylsulfonyDbenzyDguinolin-6-yH{1-methyi-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, 0.904 nunol} was added
dropwisc to a solution of S-bromo-2-(trifluoromethyljpyridine (0.2 g, 0.904 mmol} in dry THF 5
mL} 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-(mcethylsuifonyhbenzyhquinolin-6-yiy(1-
methyl- 1 H-imidazol-5~-yUmethanone (0.085 g, 0.181 mmol, Intermediate 38: step by in THF (8
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 stired at room temperature for 4 hours, then
heated at 45 °C for 12 hours. Once cooled the reaction mixture was quenched with saturated
aqueons NH4Cl, diluted with HoO and exiracted with EtOAc (2x). The EtOAc exiracis 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) 8 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
(d, I=2.0Hz, 1H), 746 (4, J =86 Hz, 2H), 7.32 (s, 1H), 633 (s, 1H}, 5.30 (s, 1H}, 4.37 (s, 2H).
4.08 (s, 3H), 3.36 (s, 3H), 3.01 (s, 3H); MS (EST) 6179

Example 54A
(4-Chiore-2-methoxy-3-(d-(methyisulfonyvhbenzyhiquinolin-6-yi(d-fluorophenyhi{1-methyl-
1H-imidazol-S-yhmethanolTFA

Q

To a solution of (4-chloro-2-methoxy-3-(4-(methylsulfonyhbenzyliguinolin-6-y1){ 1 -methyl-1H-
imidazol-5-yhimethanone (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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quenched with saturated aqueous NH4CL diluted with H,O and extracted with EtOAc (2x). The
FtOAc extracts were washed with brine, dried (Na,80y), 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., 1H), 8.09(d, J =
2.0 Hz, 1H), 7.88 (d, J =8.6 Hz, 2H), 783 (d, § = 8.6 Hz, 2H), 7.62 (dd, J = 8.6, 2.0 Hz, 1H)},
747 (d, §=8.1Hz 2H), 739 (dd, ] = 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-(methylsulfonylbenzyliquinolin-6-yi}{4-flucrophenyi){ 1 -methyl-1 4-
imidazol-5-ylymethanol was purified by HPLC (Chiralpak AD column, 250 gram, 50:50 %
methanol:cthanol as cluent, 80 mL/minute flow rate, 240 nm wavelength) to provide the two
enantiomers. The first cluting cnantiomer was Example 54B: 'H NMR (400 MHz, CDCly) 8
ppm 803 - 814 {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}, 6.86 - 7.10 (i, 2H), 6.35 - 6.49 (m, 1H), 4.37 (5, 2H}, 4.08 (s, 3H), 3.44 (5, 3H},
3.01 (s, 3H), mass caled. CpsHusCIFN;G4S, 566.05; w/z found, 566.1 and the second eluting
cnantiomer was Example 34C: 'H NMR (400 MHz, CDCL) § ppm 809 (d, J = 2.0 Hz, 1H),
777~ 7.86 (yo, 3H), 7.52 - 7.62 (m, 2H), 747 (4, J = 8.6 Hz, 2H), 7.33 (dd, J = 8.6, 5.1 Hz, 2H),
7.04 (t, I = 8.6 Hz, 2H), 6.42 (s, 1H), 4.37 {5, 2H), 4.08 {s, 3H), 3.44 (5, 3H}, 3.01 {5, 3H} mass
caled. CooHasCHNSO,S, 566.05; mv'z found, 566.1.

Example S55A: 3-(4-(1H-Pyrazol-1-yhbeneyl-4-chloro-6-((4-chlorophenyh(hvdroxy )1~
methyl-1 H-imidazek-S-yhmethyhguinolin-2-¢f
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To a mixture of (3-{(4-(1H-pyrazol-1-ylibenzyl}-4-chloro-2-methoxyquinolin-6-yi){(4-
chloropheny){ L -methyl- 1 H-imidazol-5-yhimethanol (0.32 g, 0.561 mmol, Example 33A) in
methanol (1.5 mbL) was added 6.6 M agueous HCH(S mL). The resulting solution was stirred for
4 days, cooled in an ice bath and agueous NaOH (3 M) added dropwise to a basic pH. The crude
product was isolated by filtration then chromatographed (109%McOH in DCM, gradient) to
provide the product, 'H NMR {400 Mz, DMSO-de) 8 ppm 12.23 (s, 1H), 8.41 (d, 1=2.5 Hz,
1H}, 7.85 (3, 1H), 7.58 - 7.77 (m, 4H}, 7.32 - 748 (m, 6H), 7.28 (d, I = 9.1 Hz, ZH}, 6.97 (s, 1H]},
6.51(d, J=2.0Hz, 1H), 6.12 (s, 1H), 4.11 (8, 2H}, 3.32 (5, 3H}; MS {ESI) 556.

3-{4-{1 H-pyrazol-1-yhbenzyl}-4-chloro-6-({(4d-chlorophenyii(hydroxy )1 -methyl- 1 H-imidazol-5-
yvhmethyhquinolin-2-of was purified by HPLC {Diacel OD column, 250 gram, 180 % methanol
cluent, 80 mb/minute, 240 nm wavelength) to give 2 enantiomers. The first cluting enantiomer
was Example 588: 'H NMR (400 MHz, DMSO-de) 8 ppmt 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 (m, 4H}, 7.32 - 7.37 (m, 1H}, 7.28¢d,
J=&.6 Hz, 2H), 6.96 (s, 1H), 6.51 (5, 1H}, 6.12 (s, 1H}, 4.11 (3, 2H}, 3.31 {s, 3H) mass caled.
CsoHo3CpNsGs, 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, J = 2.5 Hz, 1H), 7.85 (s, 1H),
7.67 ~7.74 (o, 30, 7.65 (s, TH), 7.37 - 745 (m, SH), 7.32 - 737 m, 1H), 7.28 (4, I = 8.6 Hz,
2H), 6.97 (s, 1H), 6.51 (s, TH}, 6,12 (s, TH), 4.11 (s, 2H), 3.30 (s, 3H). mass caled.

CaH TNy, 556.45; wm/z found, 556.2

Example 56: (3-(4-(1 H-Pyrazol-1-yhbenzyh-4-chloro-2-methoxy-S-methyviguinolin-6-
yhbis(1-methyl-1 H-imidazol-S-ylimethanol

a2
<
(]
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s-ButyHithium (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-chloro-2-methoxy-8-methylquinoline  (6.29 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-1H-imidazol-5-yhmcthanone (0.14 g, 0.653 mmol,
Intermediate 39: step by in THF (3 mL) was added as a slurry and stirring was continued at -
78 °Cfor 5 minutes. The resulting homogeneouns mixture was warmed up to 8 °C and stirred for
10 minutes. The nmuxture was warmed to room temperature and satorated aqueouns NHCL was
added followed by EitCAc. HyO was added and lavers were separated. The aqueouns layer was
again extracted with EtOAc and the combined organic extracts washed with brine, dried over
NapSQy, filtered, evaporated to dryness. The crude product was purified by chromatography (10%
MeOH in CHCly, gradient) to provide the title compound. "H NMR (400 MHz, CDCL) 8 ppm
795 -804 (m, 1HY, 7.79-789 (m, 1H), 7.65 - 7.71 (m, 1H), 7.50 - 7.60 {(m, 2H}, 7.34 - 745 {m,
SH), 732 (s, 1H), 6.36 - 6.52 (m, 2H), 431 (s, 2H), 4.10 (s, 3H), 3.53 (5, 6H), 2.62 {5, 3H). mass
caled. CanHosCINLO,, 554.05; m/z found, 5542

Example §7: (4-Chlore-2-methoxy-8-methyl-3-(4-(methylsulfonyhbenzyhquinolin-6-

yhbis(i-methyl-1 H-imidazol-5-vimethanol-Succinate

o

W
O=8""

To a cold (icc bath) mixture of 5-bromo-1-methyl-1H-imidazole (0.13 g, (.82 mmol) in dry THF
(2 mL} was added isopropyl magnesium chloride 2M in THF, (.37 mL, 6.773 mmol} dropwise.
The resulting cloudy mixture was stirred in the cold bath for 10 minutes and a solution of (4-
chloro-2-methoxy-8-methyl-3-{(4-(methylsulfonylibenzyhiquinolin-6-y13{1 -methyl-1 H-imidazol-
S-yhimethanone {0.27 g, $.468 mmol, Intermediate 40: step ¢) and LaCh2LiCH (.86 mL, 0.515

mumol} in dry THF (2 mL) was added slowly. Stiring 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 EtOAc
{2X). The combined organic extract was washed with brine, dried over Na, SOy, filtered, and
evaporated in vacuo. The product was precipitated with acetonttrile and filtered, rinse with
acetoniirile 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
resuiting clear homogeneous solation was stirred at room terperature for fifteen minutes and
solvent removed under reduced pressure to provide the title coropound. 'H NMR (400 MHz,
CDCL)Y S ppm 8.02 (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 (s, 2H), 435 (5, 2H), 4.02 - 414 (m, 3H), 3.50 (s, 6H)}, 3.01 (s, 3H)}, 2.60 (s, 3H); mass
caled. CagHugCIN5OLS, 566.08: m/z found, 566.2.

Fxample 88A

{3-{4-(1H-Pyrazol-1-yhbenzyl)-4-chlore-8-flusro-2-methoxyguinolin-6-yH{L-methyl- 1LH-

imidazol-5-yH{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-fluore-2-methoxyquincline and 3-(4-(1 H-pyrazol-1-yvhbenzyl)-6-bromo-4-
chloro-2,8-dimethoxyquinoline {(0.82 g, 1.781 mmol, Intermediate 41: step b) and (1 -methyl-154-
imidazol-5-yh{6-{triftuoromethylypyridin-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 and the reaction was warmed up to ¢ °C resulting

in a pale vellow solution. The mixture was stirred for 40 minutes, saturated aqoeous NH,Cl was
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added and the mixture was warmed to room temperature. Water was added and layers were
separated. The aqueous layer was extracted with EtOAc. The cormabined organic extracts was
dried over Na,SQy, filtered, evaporated in vacuo and the resulting crude mixture
chromatographed (DCM/5% MceOH in EtQAc, gradient) to provide the title cormpounds as a
mixture. Further purification by reverse phase HPLC yielded the above title compound (3-(4-
{(1H-pyrazol-1-vhbenzyl)-4-chloro-8-fluoro-2~methoxvquinolin-6-y 1) I -methyl- 1 H-imidazol-5-
yIX6-(triflucromethyDpyridin-3-yUmethanol. 'H NMR {400 MHz, CDCIL) & ppm 8.81 (s, 1H),
7.79 - 7.96 (m, 3H), 7.62 - 774 (m, ZH}, 7.56 (d, J = 8.6 Hz, 2H), 7.35(d, J = 8.6 Hz, 4H), 6.26 -
6.57 {m, 2H), 431 (8, 2H), 4.00 - 422 {(m, 3H), 3.36 (3, 3H}; MS (ES]), 623.2.(3-(4-(1 H-pyrazol-
1-ybenzyly-4-chloro-8-fluoro-Z-methoxyquinolin-6-yl (1 -methyl-1 H-imidazol-5-y1){6-
{trifluoromethyhpyridin-3-ylimethanol was purified by HPLC (Diacel OD column, 0.2%
isopropylamine in acetonttrile, 80 mb/minute, 254 nm wavelength) to give two enantiomers. The
first cluting enantiomer was Example 58B: 'H NMR (400 Mz, CDCL) 8 ppm 8.71 - 8.90 (1,
1H), 7.81 - 8.00 (m, 4H), 7.60 - 7.73 (m, 2H), 7.56 {d, F = 8.6 Hz, 3H}, 7.35 (d, F = 8.1 Hz, 3H},
6.24 - 6.52 (my, 1H), 4.31 (s, 2H), 4.13 (s, 3H), 3.39 (s, 3H}.623.2 mass caled. T HyCHFE4NO,,
623.0; m/z tound, 623.1 and the second cluting cnantiomer was Example 38C:: "H NMR (400
MHz, CDCl;) 6 ppm 8.83 (br. s, 1H), 7.86 (d, Y= 2.5 Hz, 4H), 7.69 (s, 2H), 748 - 7.63 (m, 3H).
735(d, =281 Hz 3H), 643 (s, 1H)}, 4.32 (s, 2H)}, 4.13 (5, 3H), 3.42 (br. 5., 3H) mass calcd.

U HpsCIF NG, 623.0; wy/z found, 623.2.

Example 5%9A

{(3-{4-(1 H-Pyrazel-1-ylibenzyl}-4-chiore-2 8-dimethoxyguinclin-&-yh(i -methyl- 18-

imidazol-5-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 H-pyrazol-1-yljbeneyl)-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-yh{6-{trifluoromethyhpyridin-3-yhmethanone (0.5 g, 1.96 mmol, Intermediate 36:
step ¢} indry THF 20 mL) at -78 °C over a 2 minute period resulting in an arober solution.
Stirring was continued at -78 °C for 10 minutes and the reaction was warmed up to 0 °C resulting
in a pale yellow solution. The mixture was stirred for 40 minutes, satorated agqueous NHyCl was
added and the mixture was warmed to room temperature. Water was added and layers were
separated. The aqueous layer was extracted with EtGQAc. 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 yielded the above title compound (3-(4-
(1H-pyrazol-1-yvhbenzyt)-4-chloro-2, 8-dimethoxyquinolin-6-v1 ¥ L -methyl- L H-imidazol-5-yi)6-
{trifluoromethylpyridin-3-yi)methanol. 'H NMR (400 MHz, CDCls) 8 ppm 8.84 (d, § = 2.0 Hz,
{H), 7.80 - 7.98 (m, 2H), 7.58 - 7.72 (m, 3H), 7.55 (d, F = 8.6 Hz, 2H)}, 7.33 (d, } = 8.6 Hz, 3H),
7.05 (s, 1H), 6.42 (s, 2H), 4.31 (5, 2H}, 4.04 - 4.20 (m, 3H}, 3.95 (s, 3H}, 3.37 (s, 3H}; M8 (ESH
635.2

(3-(4-(L H-pyrazol-i-yhibenzyl}-4-chloro-2,8-dimethoxyquinolin-6-yl{1 -methyl- 1 H-imidazol-S-
yh{6-(iriflooromethvhpyridin-3-yhmethanol was purified by chiral HPLC (Biacel OD column,
.2% isopropylaming in acetonitrile, 80 mL/mimate, 254 nm wavelength) to give two
enantiomers. Each enantiomer was converted to the succinate salt by addition of suaccinic acid (1

equivalent} to a suspension of the free base in dry THFE. The resulting homogencous mixfire 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 enantiomer was Example 59B8: 'H NMR (400 MHz,
DMSO-ds) 6 ppm 12.21 (br. s, 2ZH), 8.80 (s, 1H), 840 (d, I =2.5 Hz, 1H), 7.80 - 804 (im, 2H),
7.63 - 7.80 (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 calcd. CyHacUIFaNgOs.
CyHgOy, 635.04/753.13; m/z found, 635.2 and the second cluting cnantiomer was Example 39(:
"H NMR (400 MHz, DMSO-d;) § ppm §2.10 - 12.38 (broad s, 1H), 8.69 - 8.87 (m, 1H), 8.34 -
847 (m, 1H), 7.84 - £01 {m, 2H), 7.65 - 7.79 (m, 3H}, 743 - 7.53 (m, 1H}, 7.38 {s, iH}, 7.33 (s,
2H), 7.12 - 724 (m, 1H), 642 - 6.58 {m, 1H), 6,18 - 6.33 {im, 1H), 4.26 (s, 2H), 4.03 (s, 3H),
3.88¢s, 3H), 3.34 (d, = 9.6 Hz, 3H}, 2.41 {im, 4H) mass calcd. CaHaeClFNgOs CaHsOy,

635.04/753.13; w/z found, 635.2.

Example 60A: 1-(d-((3-(4-(1H-Pyrazol-1-viibenzyl)-4-chloro-2-methoxyguinolin-6-
vh(hydroxy)1-methyi-1 H-imidazol-S-yDHmethyDpiperidin-1-yhethanone

A solution of 3-(4-(1H-pyrazol-1-yl}benzyl}-6-bromo-4-chloro-2-methoxyquinoline {(0.558 ¢,
1.30 nmumol; Intermediate 16) in THF (13 mbL) was stirred under argon at ~-70 °C while n-Buli
(2.56 M in hexanes, 0.484 mL, .24 mamol} was added dropwise over 1.5 minutes. After another
2.5 winotes, a sohlution of 1-{(4-(1-methyl-1 H-imidazole-S-carbonylipiperidin-1 -yl jethanone
(0.322 g, 1.37 mmol, Intermediate 42: step ¢} in THF (4.5 mbL) was added dropwise over 2.5
mingtes, and the dark mixture was stirved in the cold bath for another 5 minutes. The dry
ice/acetone bath was then removed and the reaction stirred for 5 wminvies onder ambient

conditions before transferring to an ice bath. After stirring for 2.5 hours at ~§ °C, the reaction

2
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was quenched with 5 M agueous NH4Cl (2 mL) and the organic layer was dried (Na,SQOy),
filicred, and concentrated. 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) & ppm 8.17 (br. 5, ~0.5H), 8.12 (br. s, ~0.5H), 7.85(d, J = 2.53 Hz,
1H)}, 7.76 (dd, /= 2.7§, &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}, 643 (d, J = 2.02 Hz, 1H), 471 (4, /= 13.14 Hz, ~0.5H),
447 - 461 {(m, ~0.5H), 432 (5, 2H), 4.08 (s, 3H), 3.89 (d, J = 13.41 Hz, ~0.5H), 3.69{(d, /=
13.14 Hz, ~0.5H), 325 (s, ~1.5H), 3.21 (s, ~1.5H), 3.10 - 3.I8 {m, ~0.5H}, 2.7 - 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),
22V (d, /= 1314 Hz, ~0.5H), 2.00 (s, ~1.5H}, 1.95 {5, ~1.5H), 1.10 - 1.46 (m, 3H). MS /e
585.3 [M+H] .

Example 60A was purified by chiral HPLC (Chiralpak OD, 100% EtOH) to give 2 enantiomers,
To convert the cnantiomers to their succinate salts, they were dissolved in CH:CN, treated with
1.0 equivalent of 0.1 M succinic acid in 95:5 v/v CH;CN/water to provide homogenecous
solutions, frozen {(with water added as necessary to ensure complete freezing), and lyophilized.
The first eluting cnantiomer was Example 68Besuccinic acid: 'H NMR (400 MHz, McOH-d,)
{two conformers) 6 ppm 822 (d, J= 556 Hz, 1H), 8.13(d, /=253 He, 1H), 7.79 (d, 7= 9.09
Hz, 1H), 7.6% (4, J = 2.02 Hz, 1H), 7.56 - 7.63 (m, 3H), 7.51 (4, J = 9.09 Hz, 1H), 7.32 — 7.40
{m, 3H), 6.49 (m, tH), 462 (d, /= 12.6 Hz, ~0.5H), 443 (d, /= 12.6 Hz, ~0.5H), 435 (5, 2H)},
4.07 (3, 3H), 4.01 (d, /=134 He, ~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), 245 - 2.64 {m,
~1.5H), 2.55 (s, 4H), 2.26 (m, 1H), 2.06 (s, ~L.5H), 2.00 (s, ~1.5H), 1.09 — 1.56 (1n, 3H}); MS
m/c 584.8 [M+H]" and the sccond cluting enantiomer was Example 60Cssuccinic acid: 'H
NMR {400 MHz, MceOH-dy) (two conformers) 6 ppm 8.22 (d, J = 6.06 Hz, 1H), §.12 (s, 1H),
7.7984(d, S =8.59 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 - 7.39 (m, 3H), 648 (m, 1H), 462 {(d, /= 13.14 Hz, ~0.5 H}, 443 {d, / =
13.0 Hz, ~0.5H}, 4.32 (s, 2H), 4.06 (5, 3H), 4.00 (d, /= 13.64 Hz, ~0.5H), 3.79 (d, / = 13.64 Hz,
~0.5H}, 3.34 (s, ~1.5H), 3.33 (5, ~1.5H), 3.25 (m, ~0.5H}, 2.99 (1d, J = 2.53, 13.14 Hz, ~0.5H),
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2.73 {m, ~0.5H), 2.44 - 2.64 (m, ~L.5H), 2.56 (s, 48}, 2.25 {m, 1H), 2.05 (s, ~L.5H), 1.99 (s,
~1.5H3, 1.08 - 1.57 {m, 3H}; MS nve 585.3 [M+H]".

Example 61: 3-(4-(1 H-Pyrazol-1-yhbenzyli-4-chloro-2-methoxyquinokn-6-yhbis(1 -methyl-

1H-1,2,3-trigzol-3-yhmethanel

A solation of 3-{(4-(1H-pyrazol-1-yl}benzyl)}-6-bromo-4-chloro-2-methoxyquinoline (8.271 g,
0.632 mmol; Intermediate 16} in THF (6 mL) was stirred ander argon at ~-70 °C while n-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-14-1,2 3-triazol-5-vl)methanone {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
NH4CH(1 mL), and the organic layer was dried {(Nap,SOy), filtered, and concentrated. The residuc
was dry load flash chromatographed with a DCM to 100% EtOAc gradient to yicld the wmpure
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 x 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-dq) & ppm 8.41 {d, J = 2.53 Hz, 1H),
816 (d, /=202 Hz, 1H}, 796 (5, 1H)}, 790 (4, /= 859 Hz, 1H), 7.74 (s, I1H)}, 7.71 (d, /= 4.55
Hz, 2H), 7.46 (dd, J =227, 8.84 Hz, 1H), 7.36 (4, /= 8.59 Hz, ZH)}, 7.19 (5, 2H}, 6.51 (s, i H),
4.30 (s, 2H), 4.06 (s, 3H), 3.84 (s, 6H); MS m/c 542.3 [M+H]".
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Example 62A: (4-Chloro-2-methoxy-3-{4-{trifluoromethyDbenzyhquinelin-6-y(1-methyi-

1 H-imidazol-5-yi{6-(rifluoromethyDpyridin-3-yimethanol

A sohution of #~-Buli (2.5 M 1o hexanes, 1.85 mL, 4.62 mamol}) was added dropwise by syringe to
a solution of 6-bromo-4-chloro-2-methoxy-3~-{(4-{trifluoromethylbenzylquinoline (2.00 g, 4.65
mmol, Infermediate 47: step d) in dry THF (30 mL) in a dry ice-acetone bath, After 1.5 minutes,
a solation of (I-methyl-1H~-imidazol-5-yh{(6~-(triflucromethyDpyridin-3-yhmethanone (1.26 g,
4.92 mmol, 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 tce-water bath, After 10 minutes, the mixture was warmed to room temperature and the
reaction was quenched with saturated ammonium chloride. 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 ecnantiomers, Example 62B and Example 62C. The first
gluting enantiomer was Example 62B: "H NMR (560 MHz, CDCl3) 6 ppm 8.80 (d, /= 1.€ Hz,
1H), 819 (d, /=20 Hz, 1H), 7.94 (s, 1H), 7.85 (dd, /=82, 1.9 Hz, 1H), 7.79 (d, /= §.5 Hz,
1H), 761 (d, /=85Hz, 1H), 752 (dd, /= 8.8, 2.1 Hz, 1H), 747 (d, /= &2 Hz, 2H), 736 (4, J
= 8.1 Hz, 2H), 7.05 (5, 1H}, 6.15 (s, 1H), 430 (s, 2H), 4.07 (s, 3H), 3.29 (s, 3H).; MS nv/e 607 .2
M+H]™ and the sccond eluting enantiomer was Example 62C: 'H NMR (300 MHz, CDCl) §
ppm 8.80 (d, /= 1.7 Hz, 1H), 8.19(d, /= 2.0 Hz, 1H), 7.99 {s, 1H), 7.86 (dd, /= &2, 1.8 Hz,
1H)}, 7.79(d, /=88 Hz, 1H), 7.61 {(d, /=83 Hz, 1H)}, 7.53 (dd, /= 88, 2.1 Hz, 1H), 747 (4, J
=82 Hz, 2H), 7.37 (d, /= 8.1 Hz, 2H}, 7.06 {s, 1H), 6.16 (s, 1H), 430 (s, 2H), 4.07 (5, 3H), 3.30
(s, 3H).; MS nv/e 607.2 [M+H]".
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Example 63A: 4-({4-Chloro-6-((d-chlorophenvli(hydroxy}(1-methyl-1 H-imidazol-§-
yviimethyl-2-methoxyquinolin-3-vijmethyi)benzonitriles TFA

N
Il
=N
HO \F;J e
[ AN E ~ X
o L L N{ 0/

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-yhmethyvhbenzonitrile (310
mg, 0.800 mmol, Intermediate 44: step d) and (4-chlorophenyh}{1-methyl-1H-imidazol-5-
yvhmethanone {196 mg, 0.800 mmol, Intermediate 1, step b} in dry THF (8 mL} at -78 °C. The

overnight. The reaction was quenched using saturated aqueous NHLCl solution, followed by
addition of DCM. The layers were separated, organics were dried (MgS(Oy), 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, /= 8.7 Hz, 1H), 7.55 - 7.50 (m, 3H), 7.39 - 7.36 {m, 4H}, 737 {(dd, /= 8.5, 34 Hz,
4Hy, 7.29 - 7.27 {m, 2H), 6.63 (s, 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 (d, /= 8.8 Hz, 1H),
7.56 - 7.51 (wm, 3H), 737 (4, J=9.2 He, 4H), 7.29 (d, /= 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 cluting enantiomer was
Example 63C: 'H NMR (400 MHz, MeOH-dy) & ppm 8.11 (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, /=83 Hz, 2H}, 743 - 7.35 (m,
6H), 6.37 (s, 1H), 4.38 (s, 2H), 4.05 (s, 3H), 3.50 (s, 3H).; MS nv/e 529.1 [M+H].

Example 64A:  (G~(4-(15-1.24-Triazol-1-ybenzyh-4-chloro-2-methoxvguinolin-6-yD{4-

chlorophenyh(i-methyl-1H-imidarol-S-yvhmethanol
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Isopropyimagnesium chioride lithium chlonde 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 minutes, 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-
chioro-2-methoxyquinolin-6-yij)(4-chlorophenyhimethanone {772 mg, 1.59 mmol, Intermediate
45, step ¢) and lanthanum{ill) chloride bis(lithium chloride} complex solution (8.6 M mn
tetrahydrofuran, 5.25 mi, 3.16 mmol) in tetrahydrofuran (15 mb). After 20 minutes, saturated
aqueous ammonium chloride solution was added (2 mL) then the cooling bath was removed.

The mixture was diluted with water (25 mbL} and cthyl acetate (50 ml}. The layers were
separated. The aqueous layer was extracted with cthyl acetate (25 mb). The organic layers were
combined and the combined solution was dricd with sodium sulfate. The dried solution was
filtered and the filtratc was absorbed onto 6 g of silica gel for dry-load flash-column
chromatography on silica gel eluting with 100% dichloromethane initially for 5 minutes, grading
to 7% methanol-dichloromethane over 30 minutes to afford the titled compound as a white solid.
"H NMR {400 MHz, CDCL) 8 ppm 843 (s, 1H), 8.12¢d, J= 2.1 Hz, 1H), 8.06 (s, 1H), 7.79 (4, J
= 8.& Hz, 1H}, 7.58-7.50 {m, 3H}, 741 (d, /= 85 Hz, 2H), 7.36 (d, /= 1.1 Hz, 1H}, 7.31 (5, 4H),
638 (d, J= 1.1 Hz, 1H), 433 (s, ZH), 4.12 (s, 1H), 4.08 (s, 3H), 3.38 {s, 3H); MS m/ec 571.1

IMAAH {3-{4-{1H-1,2 &-triazol-1-vl)benzyl}-4-chloro-2-methox yguinolin-6-y1y{4-
chlorophenyh{1-methyl-1H-imidazol-5-ylimethanol was purified by HPLC {(Chiralpak A
column, 50 mum x 250 nmum, 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, CDClyj S ppm 8.43 (s, 1H), 8.12(d, /=21 Hz, 1H). 8.06 (s, 1H), 7.78(d, /=87 Hz,
1H}, 7.56-7.50 {m, 3H), 741 {d, J= 8.5 Hz, 2H), 7.36 {d, J = 1.1 Hz, 1H}, 7.31 (s, 4H), 6.38 (d,
J= 1.1 Hz, 1H}, 4.33 (s, 2H}, 4.08 (s, 3H), 3.38 (s, 3H); MS w/e 371.1 [M+H+ and the second
cluting enantiomer was Example 64C: "H NMR (400 MHz, CDCli) O ppm .43 (s, 1H), 8.12 (4,

2
s
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J=2.1 Hz, 1H), 8.06 (s, 1H), 7.78 (d, /= 8.7 Hz, IH), 7.58-7.4% (m, 3H), 7.41 {d, /= 8.6 Hz,
2H}, 735 (s, TH), 7.31 s, 4H), 638 (s, 1H), 4.33 (s, 2H), 4.21 (s, 1H), 4.08 {5, 3H), 3.38 {5, 3H);
MS m/e 571.1 [M+H+

Example 65A
3-{4-(1H-Pyrazol-1-viibenzyl)-6-(hydroxy(-methyl-1 H-imidazol-5-yH(6-

(trifluoromethylpyridin-3-viimethyl}-8-methylguinoline-2,4-dicarbonitrile

A microwave vial was charged with (3-(4-(1 H-pyrazol-1-ylihenzyl}-2,4-dichloro-8-
methylquinolin-6-y1){ I -methyl- 1 H-imidazol-5-yl(6-(trifluoromethyDpyridin-3-yhmethanol

{310 g, $.497 mmol, Example 84), Zn{CN}); (75.9 mg, 0.646 mumol)}, Pdadbas (46.6 mg, 0.0510
mmol), zine dust {6.52 mg, 0.0990 mmol), and dicyclohexyl{2',4",6 -triisopropyl-[ 1, U'-hiphenyl}-
2-yliphosphine (X-Phos, 24.5 mg, 0.0500 mwmol). Dimethylacetamide (2.6 mL) was then added
and the mixture was purged with nitrogen for 5 minutes and placed into 8 pre-heated aluminum
block at 120 °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 incomplcte conversion, so additional portions of Zn{CN),, Pdadba;,
zine dust, X-Phos, and DMA (amounts as above)} were added, nitrogen was bubbled through the
mixture for 5 minptes, 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) yvielded an impure
mixture. Further purification by RP-HPLC (1 to 99% acctonitrile/water/ 8.05% TFA), and then
conversion to the free base (neutralized with saturated aqueous NaHCO5 and extracted 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-yhbenzyly-6-(hydroxy(l -methyl-1 H-imidazol-5-yH{6-
{(trifluoromethyhpyridin-3-yUmethyli-8-methylguinoline-2 4-dicarbonitrile was purificd by
chiral HPLC {Chiralcel OD, 100% cthanol) to give 2 enantiomers. The first cluting cnantiomer
was Example 65B: 'H NMR (600 MHz, CDCL) 8 ppm 8.79 (s, 1H), 8.24 (s, 1H), 7.96 (d, J=
8.7 Hz, 1H}, 7.88 (d, /= 2.4 Hz, 1H}, 7.73-7.58 {m, 5H)}, 749 {d, /= 8.4 Hz, 2H), 7.41 {s, 1H),
6.52-6.38 (m, ZH), 4.63 (s, ZH), 3.40 (s, 3H), 2.76 (s, 3H); MS m/e 605.2 [M+H] and the
second cluting enantiomer was Example 65C: "H NMR {400 MHz, CDCI3) 8 ppm 8.80 (s, 1H),
824 (s, 1H), 796 (d, J= 8.5 Hz, 1H), 788 (d, /=23 Hz, 1H), 7.75-7.58 (m, 5H), 749 (d, /=
8.3 Hz, 3H), 6.50 (brs, 1H}, 6.45 {(brs, 1H), 4.64 (5, 2H}, 3.41 (5, 3H}, 2.76 {5, 3H};, MS m/e
605.2 [M+H]'.

Example 66A
3-(4-(1 H-Pyrazob-1-yhbenzyl)-6-((4-cyanophenyhhyvdroxyi(i-methyl- 1 H-imidazol-8-

yviimethyvl}-8-methviguinoline-2,4-dicarbonitrile

A microwave vial was charged with (3-(4-(1 H-pyrazol-1-ylihenzyl}-2,4-dichloro-8-
methylguinolin-6-yl){4-chlorophenyhy(1-methyl- L H-imidazol-5-yhmethanol (240 mg, 0.408
mmol, Exarple 835}, ZnfCN (62.2 mg, 0.530 mmol}, Pdadbaz (38.2 mg, 0.0420 mmol}, zinc
dust (5.34 mg, 0.0820 mmol}, and dicyelohexyl{2' 4", 6 -triisopropyl-{1, '-biphenyli-2-
vhphosphine (X-Phos, 20.1 mg, 0.0410 mmol}. Dimethylacetamide (2.1 mL) was then added
and the mixture was purged with nitrogen for 10 minutes and placed in a pre-heated aluminom
block at 120 °C for 1.5 hours. The mixture was cooled to room temperature and was filtered
through Celite®, and washed with EtCAc. LCMS analysis indicated incomplete conversion, so
additional portions of Zn{CN),, Pd,dbas, zine dust, X-Phos, and DMA {(amounts as above) were
added, nitrogen was bubbled through the mixture for 5 minutes, and the mixture was again

heated at 120 °C for 4 howurs. The mixture was cooled fo room temperatiire and was filtered
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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 base (neutralized with
saturated aqueous NaHCO5 and extracted with cthyl acctate) and the organic fractions were
concentrated to afford the title compound. MS (EST) 561 .3,

3-{(4-(1 H-pyrazol-F-yhbenzyl}-6-({4-cyanophenylithydroxy (1 -methyl- 1 H-imidazol-5-
yhethyl-8-methylquinoline-2 4-dicarbonitrile was purified by chiral HPLC (Chiraleel OD,
S50% ethanol/30% methanol) to give 2 enantiomers, The first eluting enantiomer was Example
66B: 'H NMR (500 MHz, CDCl) 8 ppm 8.19 (4, 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 {(d, /= 8.6 Hz, 2H), 7.32
(s, 1H), 6.45 (x, /=21 Hz, 1H), 6.40 (s, 1H), 4.62 (5, 2H}, 3.36 (s, 3H}, 2.74 (s, 3H); MS m/e
561.3 [M+H]" and the sccond cluting cnantiomer was Example 66C 'H NMR (600 MHz,
CDCL) S ppm 819 (d, J= 1.6 Hz, [H), 788 (d, 7= 2.2 Hz, iH), 7.70-7.63 (m, 5H), 7.61 (s,
1H), 7.56 {d, J = 8.6 Hz, 2H}, 7.49 (4, J = 8.7 Hz, 2H), 7.37 {5, 1H}, 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: (-4-(0H-Pyrazok-l-yhbeneyl)-4-chioro-2-
{methoxy(methyhamino)guinolin-6-yvH{-methyl-1 H-imidazol-S-y1){6-

(triflaoromethylpyridin-3-viimethanol TFA?

To a 5 mb scaled tube was added (3-(4-(1 H-pyrazol-1-ylibenzyl)-2 4-dichloroquinolin-6-yH{1-
methyl-1 H-imidazol-S-yI}6-(rifluoromethylipyridin-3-yiimethanol (250 mg, 0.41 mmol, 1
cquivalent, Example 23, free base}, N,O-dimethylhydroxylamine hydrochloride (327 mg, 3.28
mmol, 10 cquivalents} and dimethylformamide (2 mbL). The reaction vessel was sealed and
heated in a 100 °C oil bath, Aficr overnight reaction, the vessel was cooled and contents
transferred to a separatory funncl with ethyl acetate dilution. The organic phase was cxtracted

with saturated, agueous ammonium chloride solution and deionized water. The organic phase
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was separated, dried over magnesium sulfate, filtered and cvaporated to dryness under reduced
pressure. The crude material was purified via reverse phase chromatography using acetonitrile
with 0.05% trifluoroacetic acid in water as eluent to provide racemic (3-(4-(1H-pyrazol-1-
vhibenzyl)-4-chloro-2-(methoxy{methylyamino)quinolin-6-y1{ 1 -methyl-1 H-imidazol-5-y1)(6-
(irifluoromethybpyridin-3-yhmethanol; MS (EST): mass caled. for CyyHyCIFNOs, 633.19; m/z
found, 634.3 [M+H]". "H NMR (600 MHz, MeOH-ds) 8 ppra 8.79 (d, J= 2.1 Hz, 1H), 8.22 (d, J
=20Hz, 1H), 8.13 - 810 (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, i1H)}, 7.67(d, /= 1.7 Hz, 1H), 7.59 —
7.56 {m, 2H}, 7.24 (4, J = 8.7 Hz, 2H), 6.50 - 6.45 (m, 1H}, 6.39 (s, 1H}, 4.42 (s, 2H}, 3.49 (s,
3H}), 3.45 {s, 3H), 3.16 {s, 3H). Racemic {3-{4-{1 H-pyrazol-1-yhibenzyl}-4-chloro-2-
{mcthoxy{methyhamino jguinolin-6-yl(1 -methyl-1 H-imidazol-5-yH{6-(triflucromethyljpyridin-
3-yDmethanol was purificd on a chiralcel OD columon (20um, Diacely with cthanol / heptanes to
provide two cnantiomers. The first eluting cnantiomer was Example 678: MS (ESH: mass caled.
for Cy,HyCIFaNSO,, 633.19; m/z found, 634.3 [M+H]". 'H NMR {600 MHz, McOH-ds) 8 ppm
80O (d, J=20Hz 1H), 8.23(d, /=19 Hz, 1H}, 8.10(dd, /=25 04 Hz, 1H), 5.01{dd, J=
82,2.0Hz 1H), 798(d, /=89 Hz, 1H), 781 (d, /=82 Hz, 1H)}, 7.73 (s, 1H}, 7.71 {dd, /= 8.8,
21 Hz, IH),766(d,J=14Hz 1H),7.59-7.54 (m, 2H), 7.25 - 7.20 (m, 2H}, 6 46 (dd, / = 2 4,
1.9 Hz, 1H), 6.37 (s, 1H}, 4.39 (s, ZH}, 3.47 (s, 3H), 3.44 (s, 3H)}, 3.16 (s, 3H) and the second
cluting cnantiomer was Example 67C: MS (ESI): mass caled. for CspHpyClF; NGy, 633,19, m/z
found, 634.3 [M+H]". 'H NMR (600 MHz, MeOH-ds) 8 ppm 8.80 (d, J=2.0 Hz, 1H), 823 (d. J
=2.0Hz, 1H), 8.12-8.09 (m, 1H}, 8.01 (dd, /=82, 2.1 Hz, 1H}, 798 (d, /= &8 Hz, 1H}, 7.81
(d,.7=R82Hz 1H),7.73 (s, 1H), 7.71 (dd, /= &.8, 2.1 Hz, TH), 7.67 (d,.J= 1.5 Hz, 1H), 7.59
7.54 (m, 2H), 7.25 - 720 (m, 2H), 6.47 (dd, /= 2.4, 1. 9 Hz, 1H), 6.37 (5, 1H), 4.40 (s, 2H), 3.47
{5, 3H), 3.44 (5, 3H), 3.16 (5, 3H).

Example 68A: G3-(4-(1 H-Pyrazol-1-yhbenzyl)-2-(azetidin-1-vi}-4-chloroguinslin-6-yhH{i-

methyi-1 H-imidazob-8-yB{6-(trifluoromethypyridin-3-yDmethanol

N N
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To a 5 mb scaled tube was added (3-(4-(1H4-Pyrazol-1-ylbenzyl}-2 4-dichloroguinolin-6-yIy(1-
methyl- | H-imidazol-3-yl{6-(irifluoromethylipyridin-3-yhimcthanol {200 mg, (.33 mmol, 1
equivalent, Example 23, free base), azetidine (93.7 mg, 1.64 nunol, 5 equivalents) and
dimethyHormamide (2 mL}). The reaction vesscl was scaled and heated in a 100 °C oil hath,
After two days, the vessel was cooled and contents transferred to a separatory funncl with cthyl
acetate dilution. The organic phase was extracted with saturated agueous ammmonium chloride
solution and deionized water. The organic phase was separated, dried over magoesium sulfate,
filiered and evaporated to dryness under reduced pressure. The crade material was purified via
reverse phase chromatography using acetonttrile with ammoniun hvdroxide in water as elaent to
provide raceroic (3-(4-(1 H-pyrazol-1-vhbenzyh)-2-(azetidin-1-y}-d-chloroquinolin-6-yhi{ 1 -
methyl-1 A-imidazol-S-y(6-(trifluoromethylpyridin-3-yhmethanol. MS (ESI): mass caled. for
Ca3HpCIFsNGO, 629.19: wy/z found, 630.2 IM+H]. TH NMR (600 MHz, MeOH-d,) § ppm £.78
{d, /=21 Hz 1H), 815(d, /J=25Hz, 1H),806(d, J=2.1 Hz, IH),8.02 (dd, /=82, 2.1 Hz,
1H), 7.97 (s, 1H), 7.84 (d, /=83 Hz, 1H), 7.76 (d, /= 8.8 Hz, IH}, 7.62(d, /= 1.8 Hz, {H},
7.65-7.62 (m, 2H), 7.57 (dd, /=89, 2.2 Hz, 1H), 7.24 - 7.18 (m, 2H}, 6.51 — 6.49 (mm, IH},
6.47 (s, 1H), 4.38 (s, 2H), 425 - 4.20 (m, 4H), 3.53 (s, 3H), 2.30 - 2.21 (m, 2H). Racemic (3-(4-
{1H-pyrazol-1-yhibenzyl}-2-(azetidin-1-y1}-4-chloroquinolin-6-yli{ 1 -methyl-1 H-imidazol-5-
yh{o-(trifluoromethylpyridin-3-ylmethanol was purified on g chiralcel OD column (20ur,
Diacely with ethanol / heptanes to provide two ¢nantiomers, The first eloting enantiomer was
Fxample 68B: M5 (ESI): mass caled. for CaHpCIFN-O, 629.19; w/z found, 630.2 [M+H]. 'H
NMR (600 MHz, MeOH-dy} 0 ppm 8.78 {(d, /= 2.1 Hz, 1H}, 812 (dd, /= 2.5, 0.4 Hz, 1H}, 8.05
{d, /=21 Hz 1H) 8.00(dd, /=82,2.1 Hz, 1H), 7.84 - 778 (m, 1H), 7.76 — 7.70 (xn, 2H), 7.69
—7.66 (m, 1H), 7.64 - 7.58 (m, 2H), 7.56 (dd, /=88, 2.2 Hz, 1H), 718 (d, /= 8.7 Hz, 2H}, 6 48
{dd, J=24, 19 Hz, 1H), 6.35(d, 7=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 (EST): mass
caled. for CyHCIFNSO, 629.19; nvz found, 630.2 [M+HT . HNMR {600 MHz, MeOH-dy) 6
ppm 8.78(d, .S =2.1 Hz, 1H), 815811 (m, 1H), 8.05(d, /= 2.0 Hz, 1H)}, 8.00{(dd, /=82,2.0
Hz, 1H), 7.81 (d, /=83 Hz, 1H), 7.76 - 7.70 {m, 2H), 7.68 (d, /= 1.5 Hz, 1H}, 7.64 - 7.59 (m,
2Hy, 7.56 (dd, /= 8.9,2.2 Hz, 1H), 7.18(d, /= 8.7 Hz, 2H}, 648 (dd, /= 2.4, 1 9 Hz, I1H), 635
(s, 1H}, 432 (5, 2H}, 417 (¢, /= 7.6 Hz, 4H), 34K (s, 3H), 2.24 - 2.17 {m, 2H).

2
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Example 6%: 3-(4-(1 H-Pyrazol-1-yhbenzyD-6-((4d-chlorophenyli(byvdroxy){(1-methyl-1/4-

imidazol-5-yhmethyh-2-methexyguinoline-4-carbonitrile

A round bottom flask was charged with (3-(4-(1H-pyrazol-1-ylibenzyi}-4-chlorg-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}, Pdxdba; (9.4 mg, 0.010 mmol}, zinc
nanopowder (4.0 mg, (.062 mmol}, and 1,1~ bis{diphenylphosphanyl} 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}),, Pdudbas,
zing 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 muxture was cooled to room temperature, diluted with EtOAc, and washed sequentially with
2 M agueous NHiOH, water, and saturated aqueous NaCl. 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 agueous NaHC(; and extracted with DCM} and the organic fractions were
concentrated to afford the title compound. "H NMR (400 MHz, CDCL) Sppm .16 (d, /= 1.71
Hz, 1H), 7.87 ¢d, 7= 196 Hz, 1H), 783 (d, /=880 Hz, 1H), 7.70 (d, /=122 Hz, 1H), 7.58 -
7.63 (m, 2H), 7.53 - 7.58 {m, 1H), 741 - 748 (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 (m, 4Hy; MS m/e 561.0 [M+H]".

Example 70A
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3-(&-(1H-Pyrazol-1-yhbenzyh-6-(hydroxy{(l -methyl-1 H-imidazod-S5-vI){6-

(rittuoromethyhpyridin-3-yimethyvhguinoline-2-carbonitrile

The title compound was prepared using (3-(4-(1 H-pyrazol-1-ylibenzyl}-2 4-dichloroquingiin-6-
yi} -methyl-1 H-imidazol-5-yI}{(6-(trifluoromethylpyridin-3-ylimethano! (Example 23 frec base)
in place of (3-(4-(1 H-pyrazol-1-yhibenzyl-4-chloro-2-methoxyquinolin-6-y(4-chiorophenyl )1 -
methyl-1 H-imidazol-5-viimethanol using the procedure described for Example 69 (reaction time
18 1y, 'H NMR (400 MHz, CDCL) 8 ppm 8.78 (d, J = 1.96 Hz, 1H), 8.13 (d, J = 2.05 Hz, 1H),
7.90 - 7.96 (m, 2H), 7.88 (dd, J = 2.08, 8.19 Hz, 1H}, 7.79 {dd, /= 2.08, &893 Hz, IH}, 7.61 -
7.74 {m, 5H), 7.30 - 7.41 {(m, 3H}, 6.47 {t, /= 2.08 Hz, TH), 6.37 (s, 1H}, 4.74 (br. 5., 1H), 4.40
{s, 2H}, 3.34 (s, 3H); MS m/e 566.0 [M+H]".

Example 70A was purified by chiral HPLC {Chiralpak AD, 100% EtOH)} to give 2 enantiomers,
The enantiomers were then further purified on silica gel columns {(-19% McOH-DCM) to give:
Example 70B: (first cnantiomer to ehute off chiral column} "H NMR (400 MHz, CDClL) 6 ppm
8.78(d, J=220Hz, 1H), 814 (d, J=880 He, [H), 7.86 - 7.99 (m, 3H), 7.R0 (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/e 566.2 [M+H] and Example 70C: (sccond enantiomer to elute off
chiral coluron) 'H NMR_ (400 MHz, CDCL) 8 ppm &.78 (d, /= 2.20 Hz, 1H), &.14 (4, /= &.80
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), 6.45 ~ 6.53 (m, 1H), 6.40 (s, 1H), 4.35 - 446 (m, 3H), 3.36 {5, 3H); MS m/e 566.2
IM+HT

Example 7T1A
3-{4-(1H-Pyrazol-1-vlibenzyl)-6-((4-chlorophenyii(hydroxy (i -methyl-1 H-imidazol-5-

yhmethyvhguinoline-2.4-dicarbonitrile
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A round bottom flask was charged with (3-(4-(1 H-pyrazoi-1-ylbenzyl}-2 4-dichloroquinolin-6-
vi¥d-chlorophenyl}(1-methyl-1 H-imidazol-S-yhmethanol {425 mg, 0.740 mmol, Exampie 11

free base), Zn{CN); {104 mg, 0.888 mmol), Pd.dba; (27.1 mg, 0.0296 mmol), zine nanopowder
{11.6 mg, 0.178 muool}, and 1,1'-bis{diphenviphosphanyl) ferrocene (dppf, 32.8 mg, 0.0592
munol}). The flask was evacuated and re-filled with argon (three cycles). Dimcthylacetamide
(1.5 mL} was then added and the mixture was heated at 120 °C for 19 hours. The mixture was
cooled to room temperature, diluted with EtOAc, and washed sequentially with 2 M agueocus
NH,OH and saturated aqueous Nall. The organic phase was dried (Na,SO4), filtered, and
concentrated.  The residue was purificd by reverse-phase HPLC (30-70% CH;UN-HO, 0.1%
TEA)}. The product was converted to the free base (neutralized with saturated agqueous NaHCO»
and extracted with DCM) and the organic fractions were concentrated to afford the title
compound. 'H NMR (400 MHz, CDCh) 8 ppm 841 (d, /=196 Hz, 1H), 8.15 (d, J = 9.05 Hz,
1H}, 7.88 (d, J= 245 Hz, 1H), 7.79 (dd, /= 1.96, &80 Hz, 1H}, 7.61 - 7.73 {m, 3H), 7.50 (d, / =
8.56 Hz, 2H}, 7.30 - 7.39 {m, SH), 6.41 - 6.49 (m, 1H}, 6.39(d, /= .98 Hz, 1H)}, 4.55 - 4.6 (m,
3H), 3.39 (s, 3H); MS w/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 stlica gel colummns (§-10% MeOH-
DCM) to give Example 71B: (second enantiomer to elute off chiral column) "H NMR (400 MHz,
CDCLY & ppm 842 (d, /= 1.96 Hz, 1H), 816 (d, /=880 Hz, 1H), 7.89 (4, J= 245 Hz, 1H),
7.81 (dd, /= 1.96, 880 Hz, 1H}, 7.63 ~ 7.73 (m, 3H), 7.51 (d, .J = 8.56 Hz, 2H), 7.40 (s, 1H)},
7.30 - 7.39 (m, 4H}, 6.45 - 6.49 (m, 1H), 6.44 (s, 1H), 4.65 (s, 2H), 4.22 (s, 1H}, 3.41 {5, 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 (d, /= 1.71 Hz, 1H), 8.16 (d, /= 8.80 Hz, 1H}, 7.89 (d, J=2.45
Hz, 1H), 7.81 (dd, /= 1.96,9.05 Hz, 1H), 7.61 - 7.75 (m, 3H), 7.51 (d, /= 8.80 Hz, 2H), 741 (s,
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1H), 7.30 - 7.38 (m, 4H), 6.39 - 6.32 {m, 2H), 4.65 (s, 2H), 4.18 (br. s., 1H), 3.41 (s, 3H); MS
m/e 556.2 [M+H] .

Example 72A

3-(4-(1 H-Pyrazol-1-vhbenzyh-6-Chydroxy(-methyi-1 H-imidazod-5-y1{(6-

{rifluoromethyDpyridin-3-yDmethyhguinoline-2.4-dicarbonitrile

A round bottom flask was charged with (3-{4-(1 H-pyrazol-I-yl)benzyl}-2 4-dichloroquinslin-6-
vy} -methyl-1 H-imidazol-5-vIy{(6-(trifluoromethyhpyridin-3-yhmethanol (712 mg, 1.17 mmol,
Example 23 free base), Zn{CUN), {247 mg, 2.10 mmol}, Pdydbas (107 mg, 8.117 mmoel}, zine
nanopowder {15.3 mg, 0.234 mmol), and dicyclohexyl{2', 4,6 -tritsopropyl-{1,1-biphenyl]-2-
vijphosphine (X-Phos, 115 mg, (.234 mmeol}. The flask was evacuated and re-filled with argon
(threc cyeles). Dimcthylacetamide (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 NHyOH, water, and saturated aqueous NaCl. The organic
phase was dricd (NapS04), filtered, and concentrated.  Attempted isolation by flash column
chromatography vielded a mixture of the title compound and starting dichloroguinoline; this
mixture was resubjected to the reaction conditions as above, except using 1.3 equivalents
ZnfCINY,. After work-up, the residue was purified by flash column chromatography (silica gel,
50-60% CH;CN in {2% conc. aquecus NH,OH in DOM, aqueous phase removed]) to afford the
title compound. MS nv/e 5391.2 [M+H]
Example 72A was purified by chiral HPLC {Chiralpak I, 70% C0,/30% iPrOH + 0.2%

~

isopropylamine} to give 2 cnantiomers. The epantiomers were then further purified on plug
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silica gel columns {0-5% MeOH-DCM) to give Example 72B: (first cnantiomer to clute off
chiral column} 'H NMR (400 MHz, CDCL) 8 ppm 8.78 (d, J = 1.96 He, 1H), 8.45 (4, /= .71
Hz, 1H), 820 (d, /= 9.05 Hz, 1H), 7.95 {dd, /= 1.96, 831 Hz, 1H), 7.89(d, J =245 Hz, 1H)},
7.77 {dd, S = 1.96, 9.85 Hz, 1H}, 7.62 - 7.74 (m, 4H), 7.50 (d, J = 8.56 Hz, 2H), 7.34 (3, 1H),
6.42 - 6.50 {m, 1H), 6.38 (5, 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 clute off chiral column) "H NMR (400 MHz,
CDCL) S ppm 879 (d, /= 1.96 Hz, 1H), 845 (d, /=196 Hz, 1H), 820 (d, J = 880 Hz, 1H),
7.96 ¢dd, J=1.96, 8.07 Hz, 1H)}, 7.89(d, J= 245 Hz, TH), 7.78 (dd, 7= 1.96, 9.05 Hz, 1H), 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-Pyrazol-1-viibenzy)-6-(hydroxy(-methyl-1 H-imidazol-5-yH(6-

{trifluoromethylpyridin-3-viimethyl}-2-methoxyguinoline-4-carbonitrile
i
N D
N
’
e
=
e | o

N™ 0

The title compound was prepared using  (3-{(4-{1H-pyrazol-1-ylibenzyi)-4-chloro-2-
methoxyquinolin-6-yl{1 -methyl-1 F-imidazol-S-yD{6-{trifhuoromethyhpyridin-3-yhmethanol
(Example 35A  free  base) in place of  (B3-(4-(1H-pyrazol-I-yhbenzyl}-4-chloro-2-
methoxyquinolin-6-yl{4-chlorophenyvii{ 1 -methyl-1 H-imidazol-5-yhmethanol using the
procedure deseribed for Example 69 (reaction time 20 b). 'H NMR (400 MHz, CDCh) 8 ppm
8.80(d. /=196 Hz, 1H),819(d, J=196Hz, 1H), 794 (dd, /=183, 819 Hz, 1H), 7.80 - 7.89
{m, 2H), 7.64 - 7.72 {m, 2H}, 760 (d, /=856 Hz, 2H), 747 - 753 (m, 1H), 743 (d, /=856 Hz,
2H), 7.36 (s, 1H), 6.39 - 6,46 (m, 2H), 491 {br. s, 1H), 436 (s, 2H), 4.11 (s, 3H), 3.39 (s, 3H};
MS m/e 596.0 [M+H]".
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Example 73A was purificd by chiral HPLC (Chiraleel OD, 100% CH:CN) to give 2 enantiomers,
The cnantiomers were then further purified on silica gel columns (6-10% McOH-DCM).
Example 73B: (first enantiomer to elute off chiral column) 'H NMR (400 MHz, CDCL) & ppo
80O ({d, J= 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), 437 {s, ZH), 4.12 {s, 3H), 341 {s, 3H}); MS w/c 596.3
IVHH] and Example 73C: (second enantiomer to elute off chiral column) 'H NMR (400 MHz,
CDChLy o ppm 8.81 (d, /= 147 Hz, 1H), 820 (d, J=1.96 Hz, IH)}, 7.91 - 8.00 (m, 1H), 7.82 -
7.91 {m, 2H), 7.70 (dd, 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), 4.37 {5, 2H), 4.12 {s, 3H), 3.86 (s, 1H),
3.42 (3, 3H); MS m/e 596.3 [M+HT .

Example 74A

3-(4-(IH-Pyrasol-1-vhbenzylh-2-(diethylamino)-6-(hydroxy{(I-methyi- 1 H-imidazol-5-yH{6-

{triftuoromethyhpyridin-3-yimethyDguinoline-4-carbonitrile

17

{
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A round bottom flask was charged with (3-(4-(1H-pyrazol-1-ylibenzyl}-4-chlorg-2-
{dicthylamino)quinolin-6-yh{1-methyl-1 H-imidazol-5-yH{(6-(trifluoromethylpyridin-3-
yvhmethanol (165 mg, 0.255 mmol, Example 86}, Zn{CN), (15.6 mg, 0.133 mmol), Pdydbas (23.4
mg, 0.0255 munol}, zinc nanopowder (3.3 mg, 0.051 mmol), and dicyclohexyl(2'.4,6'-
writsopropyl-{ {,1'-biphenyl]-2-yliphosphine {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 minutes, 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 filtered through
Celite®. The filtratc was washed sequentially with 2 M agueous NHsOH and half-saturated
aqueous NaCl. The organic phase was dried (Na,S5Qy), 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
NMR (400 MHz, CDCly S ppm 879 (4, J= 196 He, 1H), 811 (d, /=196 Hz, 1H), 7.94 (dd, J
= 1.96, 8.31 Hz, 1H), 787 (d, /=245 Hz, 1H}, 7.83 {d, /= 9.05 Hz, 1H), 7.63 - 7.78 (m, 2H),
7.56 - 7.63 {m, 2H), 747 (dd, J = 1.96, 8.80 Hz, 1H)}, 7.35 ¢s, 1H), 7.29 {d, J = 8.56 Hz, 2H),
6.45{d, /=098 Hz, 1H}, 6.42 - 6.44 (m, 1H), 487 (br. s, 1H}, 442 (s, ZH}, 3.39 (s, 3H), 3.33
{q,/=6.85Hz, 4H), 1.11 (t, /= 6.97 Hz, 6H); MS m/e 637.3 [M+H]".

Example 74A was purificd by chiral HPLC {Chiralcel OD, 80% heptanes, 20% EtOH) to give 2
cnantiomers. The cnantiomers were then further purified on silica gel columns (3-8% MeOH-
DCM) to give Example 748: (first cnantiomer to ciute off chiral column) "H NMR (400 MHz,
CDCL) 8 ppm 8.79 (d, /=220 Hz, [H), 812 (d, 7= 196 Hz, 1H), 7.95 (dd, /= 2.08, 8.19 Hz,
TH), 7.79 - 7.90 (m, 2H), 7.63 - 7.73 (m, 2H}, 7.56 - 7.63 {m, 2H)}, 748 (dd, J = 2.20, &80 Hz,
1H}, 7.37 (s, 1H}, 7.30 (4, J = 8.56 Hz, 2H}, 6.46 (s, 1H}, 6.43 - 6.45 (m, 1H), 4.79 (br. s, 1H},
443 (s, 2H), 340 (s, 3H), 334 (q, /= 6.85 Hz, 4H}, 1.12 (1, / = 7.09 Hz, 6H}; MS m/e 6373
IM+HT and Example 74C: (sccond enantiomer to clute off chiral column) "H NMR (400 MHz,
CDCL) 8 ppm 8.79 (d, J= 196 Hz, IH), 812 (d, 7= 1.96 Hz, 1H), 7.95 (dd, /= 1.96, 831 Hz,
{H), 7.87 (d, J=2.45 Hz, 1H), 7.684 (d, J= 880 Hz, 1H). 7.65 - 7.73 (m, 2H), 7.60 (d, 7= 8.56
Hz, 2H), 7.48 {dd, J = 1.96, 8.80 Hz, 1H), 738 (s, 1H), 7.28 - 7.35 (m, 2H), 6.46 (5, 1H}, 6.40 -
6.45 (m, 1H}, 4.72 (br. 5., 1H}, 443 (s, 2H), 3.40 (s, 3H), 3.34 {q, /= 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-yhibenzyl-4-chiore-2-(dicthylamino)quinolin-6-yhi{4-chlorophenyD(i~

methyi-1H-imidazel-S-yhimethanol
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The title compound was prepared using {4-chlorophenyl}{ I-methyl-1 H-imidazol-5-ylimethanone
{Intermediate 1: step b) in place of (I-methyl-1H-imidazol-5-yh{o-{trifluocromethylipyridin-3-
yhmethanone using the procedure described for Example 86, 'H NMR (400 MHz, CDCE) 8 ppm
8.07(d, J=220Hz, 1H), 7.87(d, J= 196 Hz, 1H), 781 (d, /= 8.80 Hz, TH), 7.69{(d, /= 1.71
Hz, 1H}), 7.55 - 7.61 {m, 2H), 7.52 {dd, J = 2.20, 8.80 Hz, 1H), 7.44 (s, 1H), 7.29 - 7.35 {m, 4H),
7.24 {d, J = 8.80 Hz, 2H}, 647 (d, J = (.98 Hz, 1H), 6.41 - 646 {m, 1H), 4.36 (s, 2H}, 342 (s,
3H), 3.19- 331 {m, SH), 1.08 (t,.J=6.97 Hz, 6H); MS m/e 611.2 [M+H]".
Example 75A was purified by chiral HPLC (Chiralpak AD, S8% MeOH, 30% EtOH) to give 2
enantiomers. The first cluting enantiomer was Example 758: 'H NMR (400 MHz, CDCL) 3

ppm 8.08 {d, J=220Hz, 1H), 7.88¢(d, /=220 Hze, 1H), 782 (4, J=8R80Hz, 1H), 7.70 (d, /=
LAT7 He, 1H), 7.58 (d, J = 8.56 Hz, 2H), 7.53 (dd, 7 =220, 8.80 Hz, 1H), 7.46 (s, 1H), 7.30 -
7.37 (m, 4H), 7.25 (d, J = 8.80 Hz, 2H}, 649 (4, /= 0.98 He, 1H), 6.41 - 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 (t, /= 7.09 Hz, 6H); MS

m/e 611.2 [M+HT" and the second eluting enantiomer was Example 73C: 'H NMR (400 MHz,
CDChy & ppm 807 (d, /= 1.22 Hz, 1H), 7.87 (4, J =245 Hz, 1H), 7.82 (4, J = &80 Hz, 1H),
7.69(d, J= 147 He, 1H), 7.58 (d, /=856 Hz, 2H), 7.49 - 7.55 (m, 1H), 7.29 - 7.36 {m, 4H),
721 —7.26 {m, 3H), 649 (s, 1H), 6.39 - 6.46 (m, IH), 436 (s, ZH), 344 (s, 3H), 3.26 {(q. J =
7.01 Hz, 4H), 1.09 (t, /= 6.97 Hz, 61); MS w/c 611.2 [M+H]".

Example 76A

3-(&-(1H-Pyrazol-1-yhibenzy-6-((4-cvanophenyh{hyvdroxyi(i-methvi- 1 H-imidazol-5-

viimethyl-2-methoxyguinoline-d-carbonitrile
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A round bottom flask was charged with (3-(4-(1H-pyrazol-1-ylibenzyi}-4-chloro-2-
methoxyguinolin-6-yi¥4-chlorophenylj(1-methyl- 1 H-imidazol-5-yhmethanol (207 mg, 0.363
nunol, Example 334), Zn{CN), (76.7 mg, 8.653 manol), Pdydba; (49.8 mg, 0.0544 mmol), zinc
nanopowder (7.1 mg, 0.109 mmol}), and dicyclohexyl(2' 4" 6'-tritsopropyl-{1,1'-biphenyl]-2-
vhphosphine (X-Phos, 35.7 mg, 0.0726 mmol). The flask was cvacuated and re-filled with
argon {three cycles). Dimcthylacetamide (1.9 mb, degassed by bubbling argon through for 30
mingies) was then added and the mixture was heated at 120 °C for 4 bours. The mixture was
cooled to room temperature and was filtered through Celite®, washing with EtOAc. The filtrate
was washed sequentially with 2 M aqueous NHiOH, water, and saturated agueous NalCl The
organic phase was dried (NapySOy), filtered, and concentrated. The residue was purified by flash
column chromatography {silica gel, 45-60% CH3;UN in [2% cone. aqueous NH,OH in DOM,
aqueous phase removed]) to afford the title compound. 'H NMR (400 MHz, CDCL) § ppm 8.14
(d, J=220Hz, IH), 7.86 (d, /= 245 Hz, 1H), 7.82 (d, J = 880 Hz, 1H}, 7.69 (d, /= 147 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), 4.10
{s, 3H), 3.37 (s, 3H); MS m/e 552.3 [M+H]".

Example 76A was purified by chiral HPLC {Chiralpak AD, 80% C02/20% 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 8.43 (d, /= 2.69 Hz, 1H), 798 (d, J =
1.96 Hz, 1H), 7.89 (4, 7= &80 Hz, 1H}, 7.85 {d, 7 = 8.56 Hz, 2H), 7.75 (4, J = §.56 Hz, 2H),
7.69~7.73 {m, 2H), 7.64 (dd, /= 1.96, 880 Hz, 1H)}, 7.53 (d, J=18.31 Hz, 2H), 738 (d, /= 8.56
Hz, 2H), 7.32 {s, 1H}, 6.46 - 6.55 {m, 1H), 6.18 {d, .J= 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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76Cesuceinic acid: (second enantiomer to clute off the chiral colummn) 'H NMR (400 MHz,
DMSO-dg) S ppiu 843 (d, 7=245He, 1H), 798 (d, /= 1.7V Hz, 1H), 7.89 (d, /=880 Hz, 1H),
7.85(d,.J=8.56 Hz, 2H), 7.75 (d, J = 8.56 Hz, 2H), 7.6%9 - 7.73 (m, ZH}, 7.64 {dd, /= 2.08, 8.93
Hz, iH), 7.53 (d, J = 8.56 Hz, 2H), 7.38 {d, /= §.56 Hz, 2H)}, 7.32 (s, 1H}, 6.48 - 6.56 {m, 1H),
6.18 (s, 1H), 4.30 (5, 2H}, 4.04 (s, 3H), 2.39 (s, 4H) {one methyl signal obscured by water peak);
MS m/e 552.3 [M-+H]"

Example TTA: {(4-Chilors-2-methoxy-3-(4-(trifluoromethyDbenzyDguinolin-6-yH{2,6-
dimethyipyridia-3-yD{-methyi-17-1,2 3-triazol-5-ylimethanol

o 3ar 4

To a flask containing f-methyl-15-1,2 3-riazole (275 mg, 3.31 mmol, prepared according to
PCT Int. Appl., 2008098104) was added THF (35 mL) and the colorless solution was cooled to -
50 °C. Then, n-butyllithiurm (2.5 M in hexanes, 1.2 mL, 3.0 mmol) 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 solution of  (d-chlore-2-methoxy-3-(4-
{triftuoromethyhbenzyhquinolin-6-y1)(2,6-dimethylpyridin-3-yhmethanone (700 mg, 1.44 munol
in 4 mL THF, Intermediate 47: step ) was introduced at 0 °C. The reaction mixture became a
dark brown color and was allowed fo warm gradually to room temperature.  The mixture was
stirred for 60 minutes at room temperature then quenched with agueous NH4Cl solution.  The
agueous portion was extracted with EtOAc, 3 x 50 mL. The combined organics were washed
with  brine, dried over MgSO,, 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
@13 (d, J=18Hz 1H), 776 (d, /=88 Hz, 1H), 749 (d, /= 8.1 Hz, 2H}, 7.37 (d, J= 7.9 Hz,
3H), 6.93 (q. /= 8.1 Hz, 2H}, 6.80 (s, 1H), 5.51 (s, 1H}, 4.36 — 4.22 (m, 2H), 4.07 (s, 3H), 3.90
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(s, 3H), 249 (s, 3H), 232 (s, 3H). Racemic {4-chloro-2-methoxy-3-(4-
{(trifluoromethyhbenzyligquinolin-6-y12,6-dimethylpyridin-3-yh{ L -methyl-15-1.2 3-triazol-5-
yvhmethanol was separated into its individual cnantiomers using the following conditions:
Chiraleel OD, 20 uM (Diacel) using cthanol with 242 nM detection to give the first cluting
ecnantiomer Example 778: 'H NMR (500 MHz, CDLCh) 8 ppro 8.09 (d, = 2.2 He, [F), 7.79 {4,
J=87Hz, 1H), 7.51 {(d, J = 8.1 Hz, 2H), 7.44 — 7.36 {m, 3H), 6.95 (g, J = &.1 Hz, 2H), 6 .85 (5,
1H), 4.34 (s, 2H), 4.07 {s, 3H), 3.0 (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, 1= 2.2 Hz, 1H), 7.79 (4,
J= 87 Hz, 1H)}, 7.51 (4, 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, 3H), 2.49 (s, 3H), 2.31 (s, 3H).

Example 78A: 6-((2.6-Dimethylpyridin-3-yHhydroxy)(d~-methy 1 H-1,2 3-iriazol-5-

yhmethyl-2-methoxy-3-(§-(irifluoromethyhibenzyliquinsline-4-carbonitrile

{4-Chloro-2-methoxy-3-(4-(trifluoromcthyhbenzyllguinolin-6-yI 2, 6-dimethylpyridin-3-yH{1-

methyl-14-1,2,3-iriazol-5-yhmethanol (250 mg, 0.44 mmol, Example 77A}, zinc cyanide (90 mg,
0.77 mmol}, 2-dicyeclohexviphosphine-2'4" 6 -triisopropylbiphenyl  (X-phos, 40 mg, 0.084
mmaol), zinc powder {8 mg, 0.12 mmol}, tris{dibenzylidencacctone)dipalladium(0), (Pdx(dba)s;
60 mg, 0.066 mmol) were added to a large microwave vial, then dimethylacetamide (7 mL,
degasscd with argon) was added and the vial was sealed and evacuated. The mixture was heated
to 125 °C in an aluminum 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 material was chromatographed
directly on silica gel (100% DCM increasing to 10%MeOH-DCM) which provided the product
contaminated with dimethylacctaroide.  This material was further purified by RP-HPLC 1o the

title compound as a white foam. MS m/e 5592 [M+H] . "H NMR (500 MHz, CDCl3) & ppm

229



WO 2014/062658 PCT/US2013/065013

8O5¢s, 1HL 7.92(d, J=88Hz 1H), 7.59(d, J=83Hz 1H), 753{(d, /=82 Hz, 2H}, 745 (d,
J=82Hz ZH), 742 - 734 (m, 2H), 7.06 (s, 1H), 437 (s, 2H)}, 4.13 (s, 3H}, 3.94 (5, 3H), 2.77 s,
3H), 2.62 (s, 3H). The racemic material was scparated into its individual enantiomers using the
following conditions: Chiralpack OD, 80% heptanes © 20% cthanoh;, wavelength at 220 nM to
provide the two cnantiomers. The first cluting cnantiomer was Example 788 and the sceond

cluting enantiomer was Example 78C.

Example 79A
{(4-Chioro-2-methoxy-3-(4-(trifluoromethyhibenzyhguinolin-6-y (2 4-dimethyithiazol-5-
yi{(-methyl-18H-1,2 3-triazol-S5-yhmethanol

To a flask containing 6-bromo-4-chloro-2-methoxy-3-(4-{trifluoromethylybenzyljguinoline (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 hexancs, 0.45 mL, 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-1 H-1,2,3-triazol-S-yhmethanone (275 mg, 1.24 romol in 2 mL THF, Intermediate
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 § °C over 45 minutes at
which time the reaction was quenched with aqueons NHyCl solution. The mixture 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 m/e 574.1 [M+H]". 'H
NMR (500 MHz, CDCL) S ppm 8.14 (4, J = 2.1Hz, 1H), 785 (d, } = 8.8 Hz, 1H), 7.56-7 48 (i,
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3H), 7.39(d, Y = 8.1 Hz, 2H), 7.21-7.13 (m, 1H), 4.44-4.64 (m, 1H), 4.34 (s, ZH), 4.09 (s, 3H),
391 (s, 3H), 2.57 (s, 3H), 2.36 (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 enantiomers, The first cluting cnantiomer was

Example 798 and the second eluting cnantiomer was Example 79C.

Example 80A: (4-Chiore-2-methoxy-3-(4-(friflueromethyhibenzylquinolin-6-vH{1,2-
dimethyi-1H-imidazol-5-yIH{T-methyi-1H-1,2 3-triazol-S-yhmethanol

Procedure A

To a flask containing f-methyl-15-1,2 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 mixtare was allowed to warm graduoally to -18 "C over 30 minutes,
then a solution of (4-chloro-2-methoxy-3-(4-{trifluoromcthylybenzyhquinolin-6-yi}(1,2-
dimethyl-1 H-imidazol-5-yDmethanone (750 mg, 1.58 mmol, Intermediate 49: step by in THF (5
wl) 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 NHCl solotion.  The agueous portion was exiracted
with EtOAC-THF (~10:2, 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 on silica gel
{5% MecOH-DCM increasing to 10% MeOH) provided the title compound as a yellow solid. MS
m/e 557.2 [M+H]". TH NMR (500 MHz, CDCL) 3 823 (d, /= 1.8 Hz, 1H), 7.72 (d, J= 8.7 Hz,
1H), 749 (d, .7 = 11.5 Hz, 2H}, 738 (d, J = 8.0 Hz, 3H), 7.30 (s, 1H), 7.06 {d, 7 = 59 Hz, 1H),
599 (s, 1H), 4.33 - 4.19 (m, 2H), 4.06 {s, 3H), 3.8 {s, 3H), 3.33 (s, 3H), 2.14 (s, 3H}. The
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racentic material was separated into its individual enantiomers using the following conditions:
Chiralpack OD column; 80% heptancs: 20% cthanol; wavelength = 242 nM to provide the two
enantiomers. The first eluting cnantiomer was Example 808 and the sccond cluting enantiomer

was Example 80C.

Procedure B

A solution of 5-bromo-1,2-dimethyl-1 H-imidazole (13,6 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, 25 M in
hexanes) was added over 10 min.  After 10 min, a solution of {4-chloro-2-methoxy-3-(4-
{trifluoromethyhbenzyliguinolin-6-y){1 -methyl-14-1,2, 3-triazol-3-yymethanone (20.0 g, 434
munol, Intermediate 63) in THF (290 mL) was added over 10 min maintaining g temperature of <
—60 °C. The reaction mixture was allowed to warm to § °C over | h and then quenched with
aqueous ammnonitum chloride (500 wL, 13 wt%). The resolting lavers 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 mL} and allowed to stir for
2 h. The resolting suspension was filtered and washed with acetone (20 mL). After drying ina
vacuum oven at 60 °C the title compound was obtained as a white solid. "H NMR (400 MHz,

CDChl)y dppm 824 (d, J=2.2 Hz, 1H), 772 (4, J= 8.7 Hz, 1H), 7.54 - 747 (w, 3H), 742 -

7.33 (m, 3H), 7.06 (s, 1H), 597 (s, 1H), 4.32 — 4.22 (m, 2H}, 4.06 (s, 3H), 3.88 (s, 3H), 3.32 (s,
3H), 243 (s, 3Hy MS  mwm/e 5571 (M+H). {4-chloro-2~-methoxy-3-(4-

{triftuoromethyhbenzyhquinolin-6-v1)(1,2-dimethyl- 1 H-imidazol-S-yh{ | -methyl- 1 F-1,2,3-

triazol-3-ylymethanol was resolved into its constituent enantiomers by chival HPLC [Chiraleel
(D, mobile phase: 85% heptane, 15% ecthanol]. After resolution, the individual enantiomers
were crystallized 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) 8 ppm
823(d, J=22Hz, 1H), 7.72(d, J= &8 Hz, 1H)}, 7.51 (d, 7 =82 Hz, 2H), 743 — 7.33 (m, 3H),
7.0S5 (s, 1H), 6.99 (bs, 1H}, 6.01 {s, 1H), 4.30 (s, 2H), 4.06 (s, 3H}, 3.88 (s, 3H}, 3.34 {5, 3H),
2.17 (s, 3H); MS /e 557.1 (M+H). The second eluting enantiomer was Example 80C: 'H NMR

(500 MHz, CDC1L5) & ppm 8.19 (d, /= 2.2 Hz, 1H), 7.74 (d, J = 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), 5.32 (bs, 1H), 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).

FExample 81A: 6-((1,2-Bimethyl-iH-imidazol-S-y)(hvdroxy){I-methyi-1§-1,2,3-triazeol-5-

yhmethyl-2-methoxy-3-(d-(frifluoromethyhibenzyliquinoline-4-carbonitrile

{4-Chloro-2-methoxy-3-{4-(trifluoromethylibenzyvi}quinotin-6-yh}{1,2-dimethyi-1 H-imidazol-5-

yi¥ -methyl-1H-1,2 3-triazol-5-yhmcthanol {370 mg, 0.66 mmol, Example 80A}, zinc cyanide
{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 scaled and
evacuated. The mixture was heated to 125 °C in an aluminum heating mantle {(for how long?).
The mixture was filtered through a Celite® pad while still warm, rinsed with EtOAc-McOH
{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, CDCls) S ppm 819 (s, 1H), 7.87 (d, /= 8.7 He, 1M}, 7.50 {(d, /= 8.3 Hz, 2H), 742
{apparent d, 8.1 Hz, 3H), 7.3-7.4 (m, 1H) 6.41 (s, 1H}, 441 - 426 (m, ZH}, 4.18 (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 0.2% Et;N} to provide the two enantiomers. The first cluting enantiomer was

Example 81B and the second eluting cnantiomer was Example 81C.

Example 82: (4-chioro-2-methoxy-3-(4-(trifluoromethyhbenzyquinolin-6-yH{2,4-
dimethyloxazol-S-yhi{1-methyi-1#H-1,2,3-triazol-S-yvi)methanol

2
3
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CF3
E\i:N i =
—~N .z o

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-BuLi (2.5 M in hexanes, 1.0 mL, 2.5 mmol} was added drop wise which afforded
a dark reddish-brown viscous soiution. The mixture was stirred at -30 °C for 35 minutes, then a
homogeneous THF solution of (4-chloro-2Z-methoxy-3-{4-(trifluoromethylibenzyhquinolin-6-
vi¥2 4-dimethyloxazol-5-vlmethanone (500 mg, 1.05 mmol, in 4 mL THF, Intermediate 51:
step b) 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 agucous 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 to 5% MeOH-DCM) to provide the title compound as a faint amber solid. MS m/e
558.2 [M+H]T. "H NMR (400 MHz, CDCL) 8 ppm 8.15 (d, 7= 2.0 Hz, 1H), 7.86 (d, J= 8.8 Hz,
1H), 7.54 — 747 {(m, 3H), 740 (d, /= &.1 Hz, 2H), 7.14 (3, 1H}, 4.35 (s, 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-1-yhbenzyD-4-chlore-2-methoxyguinolin-6-
vhi(hydroxy}{phenyDmethyDpiperidin-i-yhethanone
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A solution of n-Buli (2.5 M in hexanes, 0.208 mb, 8.333 mmeol) was added dropwise by syringe
to a solution of 3-(4-(1 H-pyrazol-1-vhibenzyl)-6-bromo-4-chloro-2-methoxyquineline {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-1-vhethanone (80.9 mg, 0.350 munol, 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 nuxtare was stirred for 5 minutes at —78 °C, and the flask was placed into an ice—water
bath. After 30 munutes, 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 layver was dried with sodiurn sulfate. The dried solution was filtered and
the filtrate was concentrated. The residue was purified by flash column chrorpatography (silica
gel, S0% ethyl acetate-hexanes initially, grading to 100% cthyl acetate} and then by reverse
phase HPLC [5% acctonutrile—water {containing 0.05% TFA v/v) mitially, grading to 5% water
{containing 0.05% TFA v/vi-acctonitrile] to provide the title compound as a white solid. 'H
NMR (500 MHz, CDCl:) 6 ppm 8.31-8.25 (m, 1H), 7.85 (d, J= 2.4 Hz, 1H), 7.80-7.72 {m, 1H),
7717601 (m, 2H), 7.59-7.47 (m, 4H), 7.39-7.29 (m, 48}, 7.27-7.19 {m, IH), 6.46-6 .40 (m,
1H), 4.76-4.62 (m, 1H}, 4.31 (s, 2H), 4.05 (s, 3H), 3.83 (¢, /= 163 Hz, 1H}, 3.17-3.00 (m, 1H),
2.83-2.71 {m, 1H), 2.66-2.53 (m, 1H}, 2.06 (s, 3H), 1.75-1.29 {m, 4H). MS (ESI): mass caled.

CaaH3CINGOs, 580.2; my/z found, 581.2 [M+H]'. This racemate was separated by chiral HPLC

{Chiralpak AT column, 250 gram, 530 owm x 21 cm, ethanol eluent, 80 mi/minute, 240 nm
wavelength) to give two enantiomers. The first eluting enantiomer was Example 83B: 'H NMR
{500 MHz, CDClL3) 6 ppm 8.29 (dd, /= 8.1, 2.1 Hz, 1H), 7.87-7.82 (m, 1H}, 7.79-7.72 {m, 1H),
771761 (m, 2H), 7.59-7.48 (m, 4H), 7.38-7.29 (m, 4H}, 7.26-7.18 {mn, IH), 6.46-6.39 (m,
1H), 4.75-4.61 {m, 1H}, 4.31 (s, 2H), 4.05 (5, 3H}, 3.81 {t, /= 16.2 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 (ESI): mass

caled. CauHaCINGO:, 580.2; mvz found, 581.2 [M+H] and the second cluting enantiomer was
Fxample 83C: 'H NMR (500 MHz, CDCly) 6 ppro 8.29 (dd, J= 8.1, 2.1 Hz, 1H), 785 (¢, 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), 6.45-6.40 (m, 1H), 4.75-4.60 (m, 1H), 431 (s, 2H), 4.05 (s, 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)y: mass caled. CagHssCINGDs, 580.2; mv/z found, 581.2 [M+HT.
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Example 84
{3-{4-(1H-Pyrazol-1-ylibenzyl}-2 4-dichloro-§-methyiquinolin-6-yhH(I-methyl-1 H-imidazol-
S-yD(6-(trifluoromethylpyridin-3-viimethanol

NT A\

-

A mixture of 3-{4-{1 H-pyrazol-I-vlibenzyl-6-bromo-2 4-dichloro-8-methviquinoline (393 mg,
0.880 mmol, Intermediate 19: step a) and (1-methyl-1 HF-imidazol-5-vi3(6-
{triftuoromethyDpyridin-3-vlymethanone (224 mg, §.880 mmol, Intermediate 36: step ¢) indry
degassed THF (16 mL, THF was degassed with nitrogen for 1h) was cooled to -78 °C and n-
Buli (1.6 M in hexane, 0.5 mL, 8.8 mmol} was added over 1.5 munutes, Stirring 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 after which the reaction mixture was quenched with saturated agueous
WH4Cl solution. EtOAc was added and the layers were scparated and the agueous 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) yielded the substantially pure title compound. MS (EST) 623.2.

Example 85: {3-(4-(1 H-Pyrazelk-1-yhbenzyl}-2.4-dichloro-8-methyiguinelin-6-yH{4-

chiorophenyvh{1-methyi-1H-imidazol-5-vi)methanol
Ci
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A mixture of 3-(4-(1 H-pyrazol-1-yhbenzyl-6-bromo-2 4-dichloro-8-methyvlquinoline (393 mg,
0.880 mmol, Intermediate 19: step a) and (4-chlorophenyD{(1-methyl-1 H-imidazol-5-
yvhmethanone (194 mg, 0.880 mamol, 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 mmeol) was added over 1.5 minutes.
Stirring was continued at -78 °C for 10 minutes and the dry ice acctone bath was replaced with
an ice water bath. Stirring was continued for 1 hour and the reaction mixture was quenched with
saturated aqueous NHLCI solution. EtOAc was added and the layers were separated and the
aquecus mixture again extracted with EtOAc. The combined organic extracts were dried over
MgSQy, filtered, and the solvents were removed under reduced pressure. Purification using flash
cohmmn chromatography (5% MeOH in dichloromethane) vielded the substantially pure title
compound. MS (ESI) 588.2.

Example 86

(3-{4-(1H-Pyrazol-1-yhbenzyl)-4-chiore-2-(dicthylamino)guinolin-6-y {1 ~-methyl-1 H-

imidazol-5-yD{6-(iriflnoromethyhpyridin-3-vhmethanol

A round botiorn flask was charged with 3-(4-(1 H-pyrazol-1-ylhenzyl}-6-bromo-4-chloro-N,N-
diethylquinolin-2-amine (380 mg, 0.809 muynol, Intermediate 46) and (I-methyl-1 H-imidazol-5-
yh{6-(triflaoromethvhpyridin-3-yhmethanone (206 g, 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 in a dry ice acetone bath for 10 minutes, »#-Buli (1.6 M in hexane, 0.506 mL, 0.809
mmol), was added dropwise by syringe. The mixture was stirred at <78 °C for 30 minutes, then

in an ice water bath for 30 minutes. The reaction was quenched by addition of saturated aqueous

2
)
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NH,CE diluted with water and extracted with EtOAc (3X). The organic phase was dried
{Na,8Qy), filkered, 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-Chlpro-2-methoxy-3-{d-(trifluoromethyhbenzyhguinolin-6-y)(2,6-dimethyipyridin-3-

yh(I-methyl-1H-1,2 3-trizzol-5-yDhmethanamine

A mixture of (S)-(d-chloro-2-methoxy-3-(d-(trifluoromethylbenzyliguinolin-6-y1)(2,6-
dimethylpyridin-3-y{ L-methyl- 1 H-1,2,3-triazol-S-yhmethyl acetate (646 mg, 1.06 mmol,
Intermediate 55) 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, 50-100% EtOAc in heptanes, and 5-10% MeOH in
{CH,Cly) to give the title compound as an oil. HNMR (400 MiHz, CDCE) 6 8.82 (4, J=2.02 Hz,
1H), 7.82(d, /=900 Hz, tH), 7.51(d, /=8.08 Hz, 2H), 7.37 - 7.44 (m, 3H), 7.08 (d, 7= R.08
Hz, 1H), 7.02 (5, 1H), 698 (4, /= 8.08 Hz, 1H), 4.34 (s, 2H), 4.09 (s, 3H), 3.94 (5, 3H), 2.56 (5,
3H), 2.30 ¢s, 3H).

Parification by chiral HPLC (Chiraleel OD, 180% MecOH) provided two pure enantiomers,
Example 878: 'H NMR (400 MHz, CDCL) 8 8.02 (d, J=2.02 Hz, 1H), 7.82 (4, J = 9.09 Hz,
1H), 7.51 (d, /=808 Hz, 2H), 7.37 - 7.44 (m, 3H), 7.07 (4, /= 8.08 Hz, 1H), 7.02 (s, 1H), 6.98
{d, /=808 Hz, 1H), 4.34 (s, 2H)}, 4.09 (5, 3H), 3.94 (5, 3H), 2.56 (s, 3H), 2.52 (s, 2H), 2.29 (5,
3H); MS m/e 567.2 (M+H) and Example 87C: 'H NMR (400 MHz, CDCL) 8 8.02 (d, J=2.02
Hz, 1H), 7.82(d, /=859 Hz, 1H), 751 (d, J=R8.08 Hz, 2H), 7.37 - 744 {m, 3H}, 7.07 (d, / =

2
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S.O08Hz, TH), 7.02 (s, 1H), 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 (5, 3H); MS mv/e 567.2 (M+H).

Example 88A

&-{{2,6-Dimethylpyridin-3-yli(hydroxy)(1 -methyi-1H-1,2 3-triazol-5-yDmethy-3-(4-

{trifluoromethyiibenzylguinoline-2,4-dicarbonitrile

A pressure tube containing (2,4-dichloro-3-(4-(triflucromethvlibenzyljquinolin-6-yI}{2,6-
dimethyipyridin-3-yi{1-methyl-1H- 1,2, 3-triazo-5-ylimethanol (300 mg, 1.57 mmol,
Intermediate 56}, Pdydbas (145 mg, 8.160 mmel), dicyclohexyl(2' 4,6 -triisopropyi-{1,1'-
biphenyl]-2-yhphosphine (X-Phos, 75 mg, (.16 mmol}, zine cyanide (98 mg, (.83 mmol), and
zine nanopowder (I8 mg, 8.28 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 vacuo, EtOAc 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) to give the title compound as a
TFA salt. "H NMR (400 MHz, MeOD-ds) 8 837 - 8.40 (m, 1H), 8.31 (d, /= 9.09 Hz, 1H), 7.80
- 788 (m, 2H), 7.70(d, J=8.08 Hz, 1H), 7.66 (d, /= 808 Hz, ZH), 7.53 - 7.57 (m, 2H), 7.21 (s,
1H}, 4.75 (s, 2H), 4.00 (s, 3H), 2.77 (s, 3H), 2.65 (s, 3H), MS m/e 554.2 (M+H).

The above TFA salt was dissolved in dichloromethane and washed with saturated NaHCOs{aqg).
The aqueous layer was extracted with dichloromethane. The combined organic layers were dried
{WNap 530y, filtered, concentrated, and purified by chiral HPLC (Chiralpak OD-H colomn, 80%

heptanes/20% EtOH) to give two pure enantiomers,
&



WO 2014/062658 PCT/US2013/065013

Example 888: 'H NMR (400 MHz, CDCL;) 8 8.40 (s, 1H), 8.20 (d, /= 9.09 Hz, 1H), 7.58 - 7.68
{m, 3H}, 7.52 - 7.58 (m, 2H}, 6.97 {d, J= 8.08 Hz, 1H), 6.88 (d, /= 7.5& Hz, 1H), 6.80 (s, 1 H),
517 {br.s., 1H), 4.67 (5, 2ZH}, 3.96 {5, 3H}, 2.53 {s, 3H), 2.36 {s, 3H);, MS nv/e 554.1 (M+H) and
Example 88C: 'H NMR (400 MHz, CDCL) § 8.40 (d. J = 2.02 Hz, 1H), 8.20 (d, /= 8.59 Hz,
1H}, 7.58 - 7.66 {m, 3H}, 7.52 - 7.57 {m, 2H), 6.97 (d, /= 8.08 Hz, 1H), 6.88 (d, 7= 8.08 Hz,
{H), 6.81 (5, 1H), 4.96 (br.s., 1H}, 4.67 (5, 2ZH), 3.96 (3, 3H), 2.53 (5, 3H), 2.36 (5, 3H); MS wm/e
S54.1 (Mi+H).

Example 89

feri-Butyl 3-((4-chloro-2-cthyl-3-(4d-(rifluoromethyhbenzyDguinolin-6-vli(hydroxy)(d-
methyi-1H-1,2, 3-triazcel-85-yimethylazetidine-1-carboxylate

A solution of #-Buli (2.5 M 1n hexanes, 0.746 mL, 1.87 mmol} was added dropwise by syringe
to a stirring solution of 6-bromo-4-chloro-2-cthyl-3-{4-(trifluoromethylibenzyliquinoline (0.800
g, 1.87 mmol, Intermediate 58: stop ¢} in dry THF (18 mL} at 78 °C. After 5 min, a sohation of
tert-butyl 3-(1-methyi-1/-1,2, 3-triazole-3-carbonyljazetidine- 1 -carboxylate (0.604 g, 2.27 mmol,
Intermediate 59 step b} in dry THF (5 mi} 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 icc-water bath. After 20 min, water (20 mL) and cthyl acetate (100 mL) were added. The
layers were separated. The organic layver 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. 'HNMR (500 MHz, CDCl) S ppm 837 (d, /= 2.0 Hz, 1H),
800 (d, =88 Hz, 1H), 755, 1H), 753 (d, /J=8.1 Hz, 2H), 745 - 740 (m, 1H), 721 (d, J=
8.0 Hz, 2H), 4.50 (s, 2H}, 4.26 - 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, iH), 3.54 - 3.46 (m, 1H), 2.97 - 2.89 {m, 2H), 1.39 (s, 9H), 1.33 - 1.28 {m,
3H), 1.71 - 1.63 (m, 1H); MS (ESI): mass caled. for CyHysCIFyNsQ4, 615.2; mvz found, 616.0
IM+HT .

Example S8A

1-(3-((4-Chloro-2-ethyl-3-{4-(triffusromethyDbenzyDguinelin-6-yhihvdroxy)(I-methyi- 1 -

1,2, 3-triazol-5-yhmethyvliazetidin-1 -yhethanone

Trifluoroacctic acid (0.442 mL, 5.78 mmol) was added dropwise by syringe to an ice-cooled,
stirring  solution  of tert-butyl  3-({(4-chloro-2-cthyl-3-{(4-(trifluoromethylibenzyhquinolin-6-
yhi(hydroxyi{i-methyl-15-1,2,3~tniazol-5-yhmethylazetidine-1~carboxylate  {(0.356 g, 0.578
mmol, 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 1€ b, dichloromethane (15 ml)
and saturated aqueous sodiwm bicarbonate solution (10 mL} were added in sequence. The
biphasic mixture was stirred for 18 min. The mixture was partitioned between water (10 mL) and
dichloromethane (10 mL}. The layers were separated. The organic layer was dried with sodium
sulfate. 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 {0481 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 to room ternperature. Dichloromethane (50 mL)} and
saturated aqueous sodium bicarbonate solution were added in sequence. The biphasic mixture
was stirred for 10 min. The layers 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 frec-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 {504 MHz, CDCls, 3:1

mixture of amide rotamers, * denotes minor rotamer isomer} 8 ppm 844 {(d, J = 2.0 Hz, iH),

241
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8.39% (d, J=2.1 Hz, 1H)}, 8.03 - 797 (m, 1H}, 7.57 - 7.50 (m, 3H), 7.48 - 7.42 (m, 1H), 7.24 —
TA8 {m, 2H), 6.42 (s, 1H), 5.48% (s, 1H), 4.56 — 4.46 (m, 2H), 443 — 436% {m, 1H), 436 -
431% (m, 1H), 426 — 419 (m, 1H), 419 — 4,13 (m, 1H}, 4.07 — 399 (m, 1H), 3.81 - 3.62 {m,
4H), 3.61 —3.46 (m, 1H), 2.97 - 2.90 (m, 2H), 1.81* (s, 3H), 1.38 (s, 3H}, 1.35 - 1.26 (m, 3H);
MS (EST): mass caled. for CagHyCIF Ny, 557.2; vz found, 558.0 [M+H] .

1-{3-{{4-chioro-2-cthyl-3-{4-(tritluoromethylbenzyliquinolin-6-y i hydroxy }{ | -methyl-1 H-
1,2,3~triazol-S-yhmethyljazetidin-1-vljcthanone 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% diisopropylamine)] to give two cnantiomers. The first eluting cnantiomer was Example
90B: 'H NMR {500 MHz, CDCls, 1.5:1 mixture of amide rotamers, * denotes minor rotamer) 8
ppm 841 (d, J=20Hz 1H), 837* (d, /=20 Hz, IH), 8.01 {d, /=88 Hz, 1H), 7.59 (s, 1H),
T53(d, J=81Hz 2H), 7.51% (4, J=R0 He, 2H), 747 - 7.42 {(m, 1H), 7.21 (d, /=79 Hz, 2H),
TAB*(d, J=7.9 Hz, 2H), 5.66 (5, 1H), 5.22% (s, 1H), 4.50 (s, 2H), 448% (s, 2H), 442 - 4.35% (m,
1H}, 4.34 - 4.28% (o, 1H}, 423 - 408 (m, 3H}, 4.04 - 3.98% (m, 1H), 3.81 - 3.67 (s, 4H), 3.63 -
348 (m, 1H), 2.98 - 2.88 (m, 2H)}, 1.83 (s, 3H), 1.76% (5, 3H), 1.34 ~ 1.26 (m, 3H); MS (ESI:
mass caled. for CosHpnCIFNsO,, 557.2; wvz found, 5582 [M+H] and the second eluting
enantiomer was Example 90C: "H MR (500 MHz, CDCh, 1.5:1 mixture of amide rotamers, *
denotes minor rotamer) & ppm 8.42 (d, J= 2.0 Hz, 1H), 838% (d,J=2.1 Hz, 1H), 8.03 - 7.98 (m,
TH), 7.58 (s, 1H), 7.53 ¢d, = 8.1 Hz, 2H), 7.51% (d, .J = 7.9 Hz, 2H), 748 - 743 {m, 1H), 7.21
(d,.J= 8.0 Hz, 2H), 7.18% (d, /= 8.0 Hz, 2H), 5.95 (s, 1H}, 5.51% (s, 1H), 4.50 (s, 2H}, 4.48* (s,
2H), 4.41 - 4.36% (m, 1H), 4.35-4.31% (m, 1H), 422 - 4.10 (m, 3H), 4.04 - 3.99*% (m, 1H}, 3.80 -
3.67 {m, 4H}, 3.62 - 3.56% (m, 1H), 3.56 - 349 {m, 1H), 2.93 (app p, J = 7.5 Hz, 2H}, 1.83 (5,
3H), 1.75% (s, 3H), 1.33 - 1.27 (m, 3H); MS (ESI): mass caled. for CogHpCHFNsO,, 557.2; m/z
found, 558.2 [M+HT

Example 91A

{(4-Chioro-2-ethyl-3-(4-{trifluoromethyDbenzyiiquinelin-6-yH{I-methy-14-1,2 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 to an ice-cooled,
stirting  solution  of tert-butyl  3-({4-chloro-2-¢cthyl-3-{(4-(trifluoromethylibenzyhquinolin-6-
yhi(hydroxyi{i-methyl-17-1,2,3-triazol-5-yhmethyhazetidine--carboxylate  {(0.411 g, 0.667
mmol, 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 b, dichloromethane (15 wb)
and saturated aqueouns sodium bicarbonate solution (10 mb) were added in sequence. The
biphasic mixtare was stirred for 10 min. The muxture was partitioned between water (10 mL) and
dichloromethane (10 mL}. The layers were separated. The organic layer was dried with sodiam
sulfate. The dried sohution 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. Tricthylamine (8.257 mL, 1.85 mmol} and methanesalfonyl chioride
(8.072 ml, 0.924 mmol) were added in sequence. After 25 min, dichloromethane {50 mL) and
water (25 mL} were added. The layers were separated. The aqueocus layer was extracted with
dichloromethane (15 mL}. The organic layers were combined and the combined sohution was
dried 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 neutralize any
ammonium salts provided the title compound as a white solid. 'H NMR (400 MHz, CDCLy) §
ppm 838 (d, J=2.0Hz, {H),802(d, /=188 Hz, 1H), 7.54 (d, /= &1 Hz, ZH), 749 (s, 1H},
744 — 740 {m, 1H), 7.21 {d, /= 8.0 Hz, 2H), 525 (s, IH), 4.51 (5, 2ZH), 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 (ESI}): mass
caled. for CypyHpCIF;NOsS, 593.1; m/z found, 594.0 [M+H]}+.
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{4-Chloro-2-cthyl-3-(4-(trifluoromethylybenzyhquinolin-6-y(1 -methyl-14-1,2, 3-trigzol-5-y1j{(1 -
{mcthylsulfonyhazetidin-3-yhmethanol was purificd by chiral SFC (Chiralpak AD-H column, 5
wm, 250 mm x 20 mm, mobile phase: 75% carbon dioxide, 25% isopropanol) to give two
cnantiomers. The first cluting cnantiomers was Example 91B: 'H NMR (400 MHz, CDCL) §
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),
TAL{dd, J=88, 2.1 He, 1H), 721 (d, J=7.9 Hz, 2H), 4.51 (s, 2H}, 4.28 - 422 (m, 1H)}, 4.17 -
4.09 (v, 2H), 3.90 (s, 1H), 3.73 (s, 3H), 3.67 ~ 3.54 {m, 2H), 2.95 - 2.90 (m, 2H), 2.89 (s, 3H),
1.34 - 128 {m, 3H); MS (ESI: mass caled. for CpHpClFaNsO:S, 59315 w/z found, 594.0
IM+H]" and the second eluting enantiomer was Example 91C: 'H NMR (400 Mz, CDCL) &
ppm 8.36 {d, J= 2.0 Hz, 1H}, 8.03 {4, J =88 Hz, 1H), 7.59 (s, 1H), 7.54 {4, J = 8.0 Hz, 2H},
743 - 7.3% (m, 1H), 7.21 (d, J = 8.0 Hz, 2H), 4.51 {5, 2H), 4.30 - 4.23 (m, 1H), 4.15 - 4.07 (im0,
2HY, 3.73 (s, 3H), 3.69 - 3.55 (m, 3H), 2.99 - 2.90 (o, 2H), 2.89 (s, 3H), 1.33 - 1.28 (m, 3H); MS
(EST): mass caled. for CorHarClIFNsO:S, 593.1; nv/z found, 594.0 [M-+H] .

Example 92A
{(Z-{ Azetidin-1-yi}-4-chloro-3-(4-(triflusromethyhbenzyhguinolin-6-yH(I-methyl- 1 H-

imidazol-5-yH(6-(frifluoromethyDpyridin-3-yDhmethanol

o-u
SRCeRS!
P i i

L P o
N7 N R,

To a 75 mL sealed tube was added (2,4-dichloro-3-(4-(irifluoromethyhbenzylquinolin-6-y1)}{ 1 -
methyl-1H-imidazol-S-yli(6-(triffuoromethvljpyridin-3-yhmethanol (250 g, 4.09 mmol,
intermediate 60), azetidine (0.83 mL, 12.3 mmol) and dimethylformamide (30 ml). 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 acctate dilution. The
organic phase was extracted with a saturated, aqueous ammonium chioride 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 dichloromethane}y provided the title
compound. MS (ESI): mass caled. for CyHuCIFNO, 631.16; m/z found, 632.5 [M+H]". 'H
NMR (600 MHz, Chloroform-d} 8 8.81 (d, /=22 Hz, 1H), 805 (d, /=21 Hz, 1H), 7.87 {dd, J
=8.3,2.2Hz, 1H), 770 (d. /=88 Hz, 1H), 7.60 {d, /= 83 Hz, 1H), 7.52 (d, /= 8.0 Hz, 2H),
746 {dd, J=8.8,2.2 Hz, 1H),7.21(d, 7=80Hz 2H},7.09(d, J= 1.1 He, 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-(trifluoromethybenzyhiquinohin-6-yH( | -methyl- 1 H-
imidazol-5-yh{6-(trifluoromethylpyridin-3-yhmethanol was purified via chival SFC (Stationary
phase: CHIRALPAEK AD-H Spm 250x20rmm, Mobile phase: 60% CO2, 40% muxture of
MeOH/PrOH 50/50 v/v) to provide two enantiomers: Example 92B: M5 (ESH: mass caled. for
CyHaCIFgNsO, 631.16; m/z found, 632.5 [M+H]". HNMR {400 MHz, Chloroform-d} 8 8.79
(d,.J=21Hz 1H), 8.05(d, /=21 Hz, 1H), 7.66 (dd, /= &.2, 2.2 Hz, 1H), 7.69 (4, 7= K.8 Hz,
TH), 7.61 (d, /=82 Hz, 1H), 752 (d, /= &1 Hz, 2H), 746 (dd, /= 8.8, 2.1 Hz, 1H), 7.20{(d, J
= 8.0 Hz, 2H), 708 (s, TH), 6,18 (s, TH), 431 (5, 2H), 413 (t, /= 7.6 Hz, 4H), 3.31 (s, 3H), 2.24
{p, J = 7.5 Hz, 2H}, and Exampile 83C: MS (ESI): mass caled. for CaiHo4ClFNsG, 631.16; m/z
found, 632.5 [M+H]". "H NMR (400 MHz, Chloroform-d) 5 8.79 (d, J= 2.4 Hz, 1H), 8.05(d. J
=21 Hz, 1H), 7.66 (dd, /= 8.2, 22 Hz, 1H), 7.69 (d, /= 8.8 Hz, 1H), 7.61 (dd, /= &.2, 0.6 Hz,
1H)}, 7.52(d, /= 8.1 Hz, 2H), 746 (dd, /= 8.8, 2.2 Hz, 1H)}, 7.20(d, J= 7.9 Hz, 2H), 7.08 (s,
1H), 6.18(d, /= 1.2 Hz, 1H),4.31 (5, 2H), 413 (1, J= 7.6 Hz, 4H),3.30 (5, 3H), 224 (p, /= 7.5
Hz, 2H).

Fxample 93

{(4-Chloro-2-methoxy-3-(d-(irifluoromethyhbenzyBguinolin-6-yDbis(1, 2-dimethy-1H-
imidazol-S-vhmethanol
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n-Buli (2.66 M in hexanes, $.963 ml, 2.56 mmol) was added dropwise to a stirred shurey of 5-
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 min, the shurry was treated dropwise over 3 min with a solution of
methyl 4-chloro-2-methoxy-3-(4-(trifluoromethvlibenzyliquinoline-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 cold bath and stirred for 6 min, then stivred in an ice bath
for 2 min, then quenched with 5 M NHC1{0.77 mL, 3.5 mumol} to give an orange solution. The
reaction was dried {Na>SQy), 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, CDCly 0821 (d, =197 Hz 1H}, 7.68 {(d, /= 8.59 Hz, 1H), 7.52(d, ./ = 8.08 Hz,
2H), 7.37 - 7.44 (m, 3H), 6.19 (s, 2H)}, 4.90 (br s, 1H}, 4.33 (s, 2H}, 4.06 {s, 3H}, 3.41 (s, 6H},
2.30 (s, 6H); MS mv/e 570.2 (M+H).

Example 94A

{4-Chlore-2-methoxy-3-((6-(irifluoromethypyridin-3-yDmethyhguinolin-6-yDH{(1-methyl-
P -imidazol-S-yh{6-(triffuoromethvlipyridin-3-yiimethanol

A solution of n-BuLi (2.5 M in hexanes, 2.75 mL, 6.88 mmol} was added drop-wise by syringe
o a sohution of 6-bromo-4-chloro-2-methoxy-3-((6-(trifluoromethylpyridin-3-
vhmethyhaquinolone (3.00 g, 6.95 mumol, Intermediate 65: step ¢) indry THF 35 mL) ina dry
icc-acctone  bath,  After 1.5 min, a solation of  I-methyl-iH-imidazol-5-ylj{6-
{trifluoromethyhpyridin-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 min, the ice-water bath was removed
and the mixture was allowed to warm to ambient temperature. The reaction was quenched with
saturated aqueous ammonium 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 (Na;S0,), filtered, and concentrated to dryness. The crude product was purified
by flash column chromatography (silica gel, 0-5% McOH-DCM) to provide the title compound.
"H NMR {400 MHz, CDCly) 8 8.81 {4, J=2.1Hz, 1H), 871 (d, J=2.1 Hz, 1H), 8.17(d, J=2.
Hz, 1H), 7.88 (ddd, /=8.3,2.4, 09 Hz, 1H), 781 (d, /=88 Hz, 1H), 7.76 (ddd, 7 =8.2, 22, 1.0
Hz, 1H), 7.62 ¢dd, J=8.2,09 Hz, 1H), 758 — 7.54 (m, 2H), 7.17 = 715 (m, 1H), 6.71 {5, iH},
6.224d, J= 1.2 Hz, 11}, 4.34 (s, 2H}, 4.08 (s, 3H), 3.32 (5, 3H). MS ove 608.0 (M+H).

Example 94A was purified by chiral SFC (ChuralPak AD, 75:25 COy/cthanol} to provide two
purc cnantiomers, The first cluting cnantiomer Example 948: 'H NMR (400 MHz, CDCL) &
880(d, J=22Hz, 1H), 872 =870 (m, 1H), 817 - 8.15 (tu, {H}, 7.91 - 7.88 {m, 1H), 7.81 {dd,
=287, 0.6 He, 1H), 7.78 = 7.73 (u, 1H), 765 (dd, /=83, 0.8 Hz, 1H), 7.58 - 7.54 (m, 2H),
7.25(s, 1H), 6.29¢d, 7= 1.2 Hz, 1H), 5.71 (s, 11}, 4.34 (5, 2H), 4.08 (s, 3H), 3.34 (s, 3H). M3
m/e 608.1 (M) and the second elating enantiomer Example 84C: 'H NMR (500 MHz, CDChL)
38.80(d, J=23He, 1H), 872(d, J=2.0Hz, 1H), 815(d, /=21 Hz, 1H), 7.91 - 7.88 {m, 1H),
782 (d, J=8.6 Hz, IH), 777 - 7.74 (m, 1H), 7.65(d, /=83 He, 1H), 7.58 - 7.54 (m, 2H), 7.29
{s, 1H}, 6.33 (s, 1H}, 5.22 (s, 1H), 4.34 (s, 2H), 4.08 (s, 3H), 3.35 (5, 3H). MS m/e 608.1 (M+H).

Example 95

{4-Chlpro-2-methoxy-3-{d-{trifluoromethyhbenzyhquinolin-6-y)(d-chlorophenyli(i-
methyl-1 H-imidazolk-5-yimethanel
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A solution of n-Buli (2.5 M in hexanes, 4.6 mL, 11.5 mmol} was added drop-wise by syringe to
a solution of 6-bromo-4-chloro-2-methoxy-3-(4-(trifluoromethyiYbenzyhquinoline (5.0 g, 11.6
mmol, Intermediate 47; step d) in drv THF (58 mL) in a dry icc-acctone bath. After | min, a
solution of (4d-chlorophenyl){i-methyl-1H-imidazol-5-yljmethanone (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 addifion. The reaction mixture was stirred for
5 nunutes in the dry ice-acetone bath then placed into an ice-water bath, After 10 minutes, the
ice-water bath was removed and the muxture was allowed to warm to ambient temperature. The
reaction was quenched with saturated agueous ammoniurn chloride and the muxture was
partitioned between water and DCM,  The layers 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, 0-3% McOH-DCM) to
provide the title compound. 'H NMR (400 MHz, CDCL)Y 8 8.12(d, J= 2.1 Hz, 1H), 7.77(d, J =
87Hz, 1H), 753(dd, /=88, 2. Hz, 1H), 7.51 - 747 {(m, 2H)}, 740 - 7.36 {m, 2H}, 7.28 - 7.32
{m, 4H), 7.23 - 7.21 {m, 1H), 6.29 (d. J = 1.2 Hz, 1H), 5.06 (5, 1H), 4.32 (s, 2H), 4.07 {s, 2H),
3.33 (s, 3H). MS w/e 572.0 (M+H).

Example 96

6-{{4-cvanophenyh(hydroxy ) -methy-1 H-imidazol-5-ymethyl)-2-methoxy-3-(4-

{triftusromethyDbenzyDguinoline-4-carbonitrile
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{(4-chloro-2-methoxy-3-(4-(trifluoromethylbenzyhquinolin-6-yi}{4-chlorophenyi) 1 -methyl-1 /-

imidazoi-3-yhmethanol (Z.8 ¢, 4.9 mmol, Example 958), zinc cyanide {1.7 g, 9.9 mmol}, zine
dust {(82.6 mg, 1.3 mmol), X-Phos (457.8 mg, 1.0 mmol}, and Pdy{dba); (457 mg, 0.5 mmol}
were charged to a round-bottom flask. The flask was evacuated 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 scaled and put under a
positive pressure of nitrogen. The reaction mixture was stirred and heated at {20 °C overnight.
The mixture was allowed to cool to ambicnt temperature, filtercd through Celite®, and rinsed
with ¢xcess DCM.  The filtratc was washed with saturated aqueous sodium bicarbonate, the
iavers were scparated and the aqueous layer was extracted with DCM. The combined organic
layers were dried (NapSOy), filtered, and concentrated to dryness. The crude product was
purificd by flash column chromatography (silica gel, 0-5% McOH-DCM) to provide the title
compound. 'H NMR (400 MHz, CDCL) 8 8.18 - 8.15 (m, 1H), 7.82 - 7.78 (m, 1H), 7.66 - 7.61
(my, 2H), 7.57 - 7.5 (m, 4H), 7.51 - 744 (m, 3H), 7.18 - 7.16 {m, 1H), 6.31 (5, 1H},L 6.27 (4, J =
1.1 Hz, 1HY, 4.37 (s, ZH), 410 (s, 3H), 3.33 (s, 3H). MS nv/e 554.2 (M+H).

Example 96A was purified by chiral SFC (ChiralPak I1C, 60:40 CO/isopropanct (0.3%
isopropyvlamine)} to provide two pure enantiomers. The first eluting cnantiomer Example 96B:
"H NMR (3500 MHz, CDCl:) 8 8.16 — 8.14 (m, 1H), 7.80 (d, /= 8.8 Hz, 1H), 7.67 — 7.64 (m, 2H),
7.56-7.52 (m, 4H), 7.50 (dd, J=8.8, 2.1 Hz, 1H), 748 - 744 {m, 2H}, 634 (d, /= 1.1 Hz, 1H),
535 (s, 1H), 437 (s, ZH), 4.10 (s, 3H), 3.35 (s, 3H). MS m/c 554.2 (M+H) and the sccond
cluting enantiomer Example 96C: "H NMR (500 MHz, CDCL) 8 8.15(d, J= 2.1 Hz, 1H), 7.80
(d, /=88 Hz, 1H), 7.67 -7.63 {m, 2H), 7.57 - 7.52 {m, 4H), 749 (dd, /= 8.&, 2.1 Hz, 1H)}, 748
— 744 {(m, 2H), 724 (d, J= 13 Hz, 1H), 6324, J= 1.1 Hz, 1H), 5.54 (5, 1H), 4.37 (5, 2H), 4.10
{s, 3H}, 3.35 (s, 3H). MS m/c 554.2 (M+H).
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Example 97A

-{3-{{4-Chloro-2-methoxy-3-{4-(riflusromethyhbenzyDguinolin-6-vii(hvdroxy)(I-methyi-

1H-1,2,3-trigzol-3-vmethyiazetidin-1-yljethanone

To a flask containing azetidin-3-vi{4-chloro~-Z~-methoxy-3-{(4-(trifluoromethybenzyhquinolin-6-
yh{(T-methyl-1H-1,2,3-triazol-5-vlmethanol (140 mg, 0.27 ramol, Fatermediate 66: step d) was
added dichloromethane {8 mL) which gave a suspension at room temperature. EfN (0,13 mL,
0.9 mmol) was added, followed by acetic anhydride (8.3 mi, (.32 mmol). After stirring at room
temperature for 4 h, more EN (200 pul) 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
NaOH (2 mL} and water {5 mL). The aqucous portion was extracted with dichloromethane (3 x
25 mL}. The combined organics were dricd over MgSQOy, filtered and concentrated. The crude
material was chromatographed on silica gel (59 MeOH-dichloromethane) to give the title
compound (88 mg) as an off white solid. 'H NMR (500 MHz, CI:CN, racernate) 8 8.25 (dd, J=
14.0, 1.9 Hz, TH), 774 (dd, J=8.7,2.6 Hz, 1H), 7.66 (d, J= 4.4 Hz, 1H), 7.58 - 749 (m, 2H),
748 - 7.33 (m, 3H), 5.17 (s, SH), 5.06 (s, 0.5H), 4.43 - 4.28 (m, 3H), 4.22 - 4.10 (m, 1H), 407 -
398 (m, 4H), 393 (dd, /=99, 6.0 He, 1H), 382 (dd, J=9.1, 5.6 Hz, 1H), 3.72 {1, /= &6 Hz,
11}, 3.65 - 3.48 (m, SH). MS (ESD) 560.1 [M+H] .

The racernic material was resolved using SFC (Stationary phase: CHIRALCEL OJ-H 5pm 250 x
23 mm), Mobile phase: 70% CO,, 30% MeOH (0.3% 1PrNH;), vielding Example 978: the first

enantiomer ehuted and Example 97C: the second enantiomer eluted.
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IN VITRO BIOLOGICAL DATA

ThermoFluor® Assay

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, (2001 High-density mintatorized thermal shift assays as a general
strategy for drug discovery. J Biomol Screen 6, 429-40, and Matulis, D, Kranz, . K., Salemme,
F. R., and Todd, M. 1. (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 ThermoFhuor® cxperiment where protein stability is monitored as the temperature is steadily
increased, an equilibrivm binding ligand causes the midpoint of an untfolding 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 comparcd as a
rank order of either AT, values at a single compound concentration or in terms of Kp values,

gstimated from concentration response Curves,

RORyt ThermoFluor® _Assay Construct

For the RORyt construct used in the ThermoFluor® assay, numbering for the nucleotide
sequences was based on the reference sequence for human RORyt, transcript variant 2, NCBI
Accession: NM_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 pHIS|
veetor, a modified pET £ cefi expression vector {Accelagen, San Dicgo), containing an in-frame

MN-terminal His-tag and a TurboTEV protease cleavage site (ENLYFQG, SEQ 1D NG:3)
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upstream of the cloned insert sequence. The amino acid sequence for the RORyt construct used

in the Thermofinor assay is shown as SEQ 1D NOG:4,

ThermoFhuor® experiments were carried out using instruments owned by Janssen Rescarch and
g =] R
Discovery, L.L.C. through its acquisition of 3-Dimensional Pharmaceuticals, Inc. 1,8-ANS
o b >
{Invitrogen) was used as a fluorescent dye. Protein and compound solutions are dispensed into
biack 384-well polypropylene PCR microplates (Abgenc) and overlayed with silicone ol (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 contimuous iHumination with UV hight (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 {Sensys, Roper Scientific) filtered to detect 500 £ 25 nm, 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

100 mM Hepes, pH 7.0

F0 mM Na('l

2.5 oM GSH

0.002% Tween-20

Project compounds were arranged in a pre-dosed mother plate {Greiner Bio-one) wherein
compounds are serially diluted in 100% DMSO by 1:2 from a high concentration of 10 mM over
12 columns within a series {column 12 is a reference well containing DMSO, no compound).

The compounds were robotically dispensed directly into assay plates (1x = 46 nL) using a
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Hummingbird capillary liguid handling mstrument (Digilab). Following compound dispense,
protein and dye in buffer was added to achieve the final assay volume of 3 uL, followed by | gl

of silicone oil.

The binding affinity was estimated as described previously (Matulis, D, Kranz, J. K., Salemme,
F. R, and Todd, M. J. (2005} Thermodynamic stability of carbonic anhydrase: measurements of
binding affinity and stoichiometry using ThermoFhuor®. Biechemisiry 44, 5258-66) using the

following thermodynamic parameters of protein unfolding:

Reference RORyt 7, 47.8 °C
AHevn = 115 keal/mol

ACp(Tm) = 3 keal/inod

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,
pGL4.31 (Promoega Cat no. C935A), contained multiple GAL4 responsive DNA clements
upstream of firefly luciferase. To generate a background control, cells were sumilarly co-
transfected with two constructs, but in the first construet the AF2 amine acid wotif in the RORyt
LBD was changed from LYKELF (SEQ ID NO:5S) 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 mucleotide sequences was
also based on the reference sequence for human RORvyt, transcript variant 2, NCBI Accession:

NM 001001523.1 (SEQ ID NO:1). For the wild type human RORyt LBD construct, pBIND-

2
(941
W3



WO 2014/062658 PCT/US2013/065013

RORyt LBD, nucleotides §530-1635 (SEQ 1D NO:2) coding for the wild type human RORyt LBD
were cloned into EcoRE and Notl sites in the pBIND vector (Promega cat. No E245A). The
pBIND vector contains the GAL4 DNA Binding Domain (GAL4 DBD) and the renilla luciferase
gene under control of the SV40 promoter. Renilla Iuciferase expression serves as a control for
transfection efficiency and cell viability. For the background control construct, pBINE-RORyt-
AF2, the AFZ domain of RORyt LBD was matated using the Quik Change II Site Directed
Mutagencsis System {Stratagene Cat, No. 200519). The nucleotide scquence coding for the
RORyt LBD sequence with the mutated AF2 domain 15 shown as SEQ ID 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:8 and SEQ ID NG9, respectively.

The reporter assay was performed by transiently transfecting HEK293T cells with 5 pyg of
pBIND-RORyt LBD or pBIND-RORyt LBD-AF2 and § ug pGL4.31 (Promega Cat no. C335A)
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 feast 80% confluent. Twenty four hours after bulk transfection, cells were
plated into 96-well plates at 50,000 cclis/well in phenol-red frec DMEM containing 5% Lipid
Reduced FCS and Pen/Strep.  Six hours after plating, colls were treated with compounds for 24
hours. Media was removed and cells were bysed with 50 yb Ix Glo Lysis Buffer (Promega).
Dual Glo Luciferase Reagent (50 uL/welly was then added and firefly luciferase lnminescence
was recad on an Envision after a ton minute incubation. Finally, Stop and Glo rcagent (50
ul/welly was added and renilla huciferase lumincescence was read on an Envision after a ten
minate incubation. To calculate the effect of compounds on RORyt activity, the ratio of firefly to
renilla fuciferase was determined and plotted against compound concentration. Agonist
compounds increasc RORyt-driven luciferase expression, and antagonist or inverse agonist

compounds deerease huciferase expression.

Human Th17 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 instractions
{Miltenyi Biotee). Cells were resuspended in a medium of RPMI-1640 supplemacnted with 10%
fetal hovine serum, 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 titrated concentrations
in DMSO were added into cach well at final DMSO concentration at §.2%. Cells were incubated
for 1 hour, then 50 pl of Thi7 cell differentiation medivm was added to cach well. The final
concentrations of antibodies and cyiokines (R&D Systerns) in differentiation medium were:
3x10%/mL anti-CD3/CD28 beads (prepared using human T cell activation/cxpansion kit, Miltenyi
Biotec), 10 pg/ml anti-1IL4, 10 pg/mb anti-IFNy, 10 ng/mb IL13, 10 ng/mL IL23, 50 ng/mL 116,
3 ng/mb TGFP and 20 U/mL 1L2. Celis were cultured at 37 °C and 5% CO; for 3 days.
Supernatants were collected and the accwmulated [L-17 in culture was measured by using
MULTESPOT® 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 @ o uM Assay, IG5 uM
i 0.018 0.35 72 0.59
2 0.017 0.05% 70 KD
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
8 0.043 0.068 103 0.079
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Table 1, continued
RORyireporter
Example ThermoFiuor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd pM Assay, i uM @ 6 puM Assay, Hsp uM
9 0.00083 0.0065 85 0.085
i0 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 0.091 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 i.2
18 (.0045 >6 41 KD
i9 0.0027 6.6 57 ND
20A 0.0038 0.026 101 0.015
20B 0.0014 0.047 100 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 95 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 1, continued
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RORyt reporter

Exampie ThermofFluor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ 6 uhd Assay, ICso uM
28A (3.053 0.18 100 0.2
288 1.6 11 30 ND
28C .0058 0.087 97 0.066
254 (3.0048 0.091 96 ND
298 0.083 0.13 102 0.18
25¢C (.0049 0.081 97 0.09
30 0.0022 0.025 a8 0.063
31 (3.064 0.19 103 0.28
32 (0.033 .11 103 1.8
33a 0.043 .19 101 0.14
33B 0.81 0.67,~4 87 ND
33C 0.02 0.073 99 0.067
34 0.25 0.46 101 1.8
35A (.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
368 0.4 0.74 62 ND
36 0.011 0.1 101 0.066
374 0.0078 £.028 160 0.12
378 0.044 0.16 99 0.11

2
i
3
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RORyt reporter

Exampie ThermofFluor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ 6 uhd Assay, ICso uM
37¢C 0.0035 0.11 102 0.15
38 0.003% ~{.007 33 ND
39 0.021 0.057 97 ND
40 0.02 0.31 S0 0.25
41 0.029 0.12 167 0.2
43 0.36 0.18 96 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 0.01 0.058 100 0.04
49 0.33 1.8 77 KD
50 0.32 >6 71 ND
51 1.1 1.9 a8 ND
52 1.9 >H 34 ND
53 0.037 0.046 101 ND
544 ND ND ND ND
54B 0.84 2 86 ND
54¢C 0.023 £.098 a3 £.057
L5A 7.6 1.7 94 ND

2
(4]
&0
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RORyt reporter

Exampie ThermofFluor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ 6 uhd Assay, ICso uM
558 >81 2.4 85 ND
55¢C 35 3.2 g2 ND
56 0.00029 0.012 102 ND
57 (3.0084 0.057 100 ND
584 ND KD ND KD
E&R 0.014 0.055 103 0.1
58C 0.27 0.66 108 ND
594 ND ND ND ND
598 0.0044 0.14 106 0.098
58¢C 0.22 (.57 108 ND
6504 0.018 0.069 102 ND
60B 0.033 0.059 107 0.17
60C 0.02 £.046 160 0.16
61 .005 0.0066, <0.002 91 0.0042
62A 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
63B 0.35 0.77 38 N
63C (0.0062 0.14 a4 £.038
BAA 0.063 0.033 99 ND

259




WO 2014/062658

Table 1, continued

PCT/US2013/065013

RORyt reporter

Exampie ThermofFluor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ 6 uhd Assay, ICso uM
64B 0.45 0.56 101 ND
64C (0.016 0.086, ~0.5 34 0.086
654 ND ND ND ND
658 0.14 0.13 101 0.22
65C (0.0042 £.046 160 £.045
BEA ND ND ND ND
66R 0.27 0.42 95 i1
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 ND
688 0.0021 ~(.05 g6 0.01
68C 0.03 0.21 100 0.2
69 0.05 0.17 103 ND
704 ND ND ND ND
708 1.1 1 101 ND
700 i6 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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RORyt reporter

Exampie ThermofFluor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ 6 uhd Assay, ICso uM
72A ND ND ND ND
728 £0.00071 0.031 39 0.025
72C (0.0071 0.047 100 0.055
734 ND ND ND N
73B (.0045 £.046 a7 0.02
73C 0.034 0.31 99 0.13
FAA ND ND ND ND
748 1.3 0.17 a5 0.081
74C 21 £.93 30 ND
754 ND ND ND ND
758 8.6 >6 39 N
75¢C 0.15 0.18 S0 0.14
764 ND KD ND KD
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 $.011 g7 ND
78B 0.12 0.15% a4 KD
78C 0.00028 0.0017 99 0.004
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RORyt reporter

Exampie ThermofFluor® RORyt reporter Assay, % inhibition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ 6 uhd Assay, ICso uM
79A ND ND ND ND
798 (.057 0.038 39 0.052
78C 0.000024 0.0025 94 0.0015
804 0.00014 0.011 103 ND
80B 0.00011 0.0030, ~0.004 g2 0.05%
80C 0.000026 0.0048, ~0.08 93 0.002
81A 0.00012 0.0021 104 ND
81R 0.00005 0.0020, ~0.0002 104 0.0022
81C £.00012 0.0050, ~0.0001 103 0.002
82 0.00063 0.0066 94 ND
234 0.012 0.039 104 ND
3B 0.0047 0.024, ~0.07 100 0.016
83¢ 0.077 0.14 103 0.12
84 ND ND ND ND
a5 (3.085 0.29 97 0.3
86 ND ND ND ND
2874 ND ND ND ND
878 2.3 0.85 95 ND
a7¢ (3.0013 0.012 99 0.0045




WO 2014/062658

Table 1, continued

PCT/US2013/065013

RORyireporter
Example ThermoFluor® RORyt reporter Assay, % inhibition Human Thl?
Number Assay, Kd uM Assay, iCqp u @ 6 uM Assay, ICqp uM
234 ND ND ND ND
a8B 0.029 0.14 96 ND
88¢C 0.00004 0.0088 a5 0.0028
39 0.00077 0.021 102 ND
30A 0.00044 0.011 a8 ND
308 £.00056 ~{3.004 38 0.012
90C 0.00032 0.0054 98 0.0061
9iA 0.00025 0.0022 100 ND
91B (0.0061 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 6 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 99 ND
96A 0.0019 0.0078 99 ND
368 (.048 .16 g7 £.05
96¢ 0.0022 0.018 g7 0.0045

a2
aan
W3
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RORyt reporter
Example ThermoFiuor® RORyt reporter Assay, % inhihition Human Thi7
Number Assay, Kd uM Assay, 1o uM @ 6 uhd Assay, ICso uM
g7Aa 4.0014 0.0042 100 0.0014
978 0.0014 0.0059 38 0.0034
g7¢C 0.00064 ~0.004 99 0.015

All data shown in Table 1 is cither the value of one data point or the average of more than onc

data point. In cases where more than one value is shown in a table ccll, values with gualifiers

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 forcgoing specification tcaches the principles of the present invention, with cxamples
provided for the purpose of iliustration, it will be understood that the practice of the invention
encompasses all of the usual variations, adaptations and/or modifications as come within the

scope of the following claims and their cquivalents.

All documents cited herein are incorporated by reference.
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What is claimed is:

1. A compound 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, furanyl, phenyl, oxazolyl, isoxazolyl, thiophenyl,
benzoxazolyl, benzimidazolyl, indolyl, thiadiazolyl, oxadiazolyl or quinolinyl; wherein said
pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, quinazolinyl, cinnolinyl,
benzothiazolyl, indazolyl, imidazolyl, phenyl, thiophenyl, benzoxazolyl, benzimidazolyl, indolyl,
quinolinyl, and pyrazolyl arc optionally substituted with C(O)}C i 4alkyl, C{OINH,, C{OINHC,
nalkyl, CLOIN{Cqalkyl),, NHC(O)Chgatkyl, NHSOCigalkyl, Caogalkyl, CFs, CH,CF;, Ci,
F, -CN, OCaalkyl, N(Cynalkyl)y, -{CH:):0CH:, SCiiajalkyl, OH, CO:H, COCogjalkyl,
C{OCFs, SO,CFs, OCF;, OCHF;, SO.CH;, SO,NH,, SONHC 1 matkyl, SON(Cnalkyl),,
C(OYNHSO,CH;, or OCH,OCH;; and optionally substituted with up to two additional
substituenis independently selected from the group counsisting of Cl, Cypalkyl, SCH;, OC.
nalkyl, C¥s, -CN, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and thiazolyl
are optionally substituted with up to two substituents mdependently selected from the group
consisting of SO CHz, SONH,, C(OYNH;, -CN, OCq.palkyl, (CHy)e.5OCH;:, SCH;, CFa, F, Cl,
and Capalkyl; 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(OWHC.yakkyl, CIOMN(Cnalkyly, NHC(OM Caogalkyl, NHSO.Cogalioyl,
COYCF3, SO,CFs, SONHC patkyl, SON{Cpalkyt),, CIOYNHSO,CH;, SOCH;, SO:NH,,
CLOMNH,, -CN, OCaalkyl, (CH ) OCH:, SChgalkyl, CFa, F, Cl, and Cogalkyl;

R? is triazolyl, pyridyl, pyridyl-N-oxide, pyrazolyl, pytimidinyl, oxazolyl, isoxazoiyl,

azetidin-3-yl, N-acetyl-azetidin-3-yl, N-methylsnlfonyl-azetidin-3-y1, N-Boc-azetidin-3-yi, N~
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acetyl piperidinyl, 1-H-pipenidinyl, N-Boc-piperidinyl, N-Ciysalkyl-piperidinyl, thiazolyl,
pyridazyl, pyrazinyl, 1-{3-mcthoxypropyl-imidazolyl, thiadiazolvl, oxadiazolyl, or imidazolyl;
wherein said imidazolyl is optionally substituted with up to three additional substituents
independently selected from the group consisting of Cypjalkyl, SCHs, OCanalkyl, CFs, -CINV F,
and CL and said pyridyl, pyridyl-N-oxide, pyrimidinyl, pyridazyl, and pyrazinyl, are optionally
substituted with up to three additional substituents independently selected from the group
consisting of SOCHz, SONH,, C{OINH,, -CON, OCqnalkyl, (CHy o OCH;, SCH, CF4, F, CL
or Cqizalkyl; and said triazolyl, thiazolyl, oxazolyl and isoxazolyl are optioually substitated with
up to two substituents independently selected from the group consisting of SO;CH;, SONH;,
C{OMNH,, ~-CN, OCq.palkyl, (CH ) nOCHs, SCH;, CFy, F, CL and Cyypjalkyl; and said
thiadiazolyl and oxadiazolyl are optionally substituted with Cypalkyl; and said pyrazolyl s
optionally substituted with up to three CHs groups;

R’ is H, OH, OCH;, or NH;

RYisH, or F;

R is H, Cl, -CN, CF;, ST gpalkyl, OCqgalkyl, OH, Cogalkyl, N(CHHYOCH;, NH{Cq.
palkyh) N(Cqpalkyl)y, or 4-hydroxy-pipendinyl;

R is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said pyrimidinyl, pyridazyl, or pyrazinyt are optionally substituted with Cl, F, CH;,
SCHi, OCq palkyl, -CN, CONH,, SO;NHz, or SOCHs; and wherein said phenyl or satd pyridyd
is optionally substituted up to two times with OCFz, 80,C palkvl, CFz, CHF,, pyrazolyl,
triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Ciaalkyl, Caacycloalkyl, OC4alkyl,
N{CHa},, SO;NH;, SO:NHCH; SO;N{CHjs},, CONH,, CONHCH: CON(CH;s),, CL F, ~CN,
COyH, OH, CH,OH, NHCOC 1 palkyl, COChapalkyl, SCHa COChgalkyl, NH,, NHC 1 alkyl,
or (CH,CF»; wherein the sclection of each optional substituent is independent; and wherein said
pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, and thiazolyl arc optionally substituted with
CHs;

R is H, C1, -CN, Cygatkyl, OC,4alkylCFs, OCF;, OCHF,, OCH,CHOC palkyl, CF;,
SCH:, CaanalkyINATAY, CHOC 5 alkyINATA”, NATA®, CCOINA'AY, CHNHC salkyiNA'A
CHON(CH)CpaalkyINA'AY NHCalkyINA'A®, NICH)CoalkyINATA®, OCopalkyINA'A%,
OC 1 galkyl, OCH-(1-methyl)-imidazol-2-yi, 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 selected from the group consisting of F, Cl, CH3, CF4, and
OCHs;

Alis H, or Cyaalkyl;

A%is H, Cipalkyl, CogalkylOCaalkyl, CrgalkylOH, C{OYCpalkyl, or OC, yalkyl;
or Al and A% may be taken together with their attached nitrogen to form a ring selected from the

group consisting of:

Ny R P §~NA| Q
N P s SRy -
AU LG L O A >i/ g HOR
F
—§~Ni> R e ‘\/F
F oz ] / F
-?N@(F, & ,—§~§\<j/ ’ WS_Nij\F | gN ------ S Ra’ —§~N > ’ "%’ND<F ’
...... /
Q PR N
~2=N N-R %N N-Ry, 5 -
/“““‘\ //““‘“\ ; AN /0 % b o gN N Rb
-3- - - SN 87 - po—
ENb, gN\_/Q_ EN\_/S’ : NIV} o ¢ <
g
TN 4N N—Ry,

, . CFy Q sand s

R, is H, OCygalkyl, CH>OH, NH(CH;}, N(CHs}),, NH,, CHs. F, CF3, SO,CH;, or OH;

Ry 18 H, COC{CHs)s, Crapalkyl, C{OYCgalkyl, SOCalkyl, CH,CHYCF:, CHYCF;,
CH;-cyclopropyl, phenyl, CHy-phenyl, or Cageyeloalkyl;

R® is H, Cipalkyl, OCyvalkyl, CFy, NHy, NHCH;, -CN, or F;

R’ is H, or F;
and pharmaceutically acceptable salts thereof;
provided that {(4~chloro-2-methoxy-3-{(4-{trifluoromethylibenzyquinolin-6-yhbis(1,2,5-
trimethyl-1H-imidazol-4-yhmethanol, N-(2-((3-(4-(1 H-pyrazol- -ylbenzyl}-6-{(4-
chlorophenyhthydroxy ¥ I-methyl-1 H-imidazol-3-ylymethyl)-4-hydroxyquinolin-2-
yvhoxylethvhacetamide and (3-(4-(1 H-pyrazol-1-yi}benzyi}-4-chloro-2-(4-methyipiperazin- 1~
vhquinolin-6~-y}(1 -methyi- T H-imidazol-S-y I 6-(trifluoromethylpyridin-3-viimethanol are

exchuded from the claim.

a2
4
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2. A comapound of claim | whercin:

R’ is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolvl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyi, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolyl, or quinolinyl; wherein said piperidinyl, imidazolyl, phenyl, thiophenyl,
benzoxazolvl, pyrazolvl, pyridvl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pynidazyl, or
quinolinyl are optionally substituted with C{OYCgatkyl, CLOYNH,, Cygalkyl, CFs, CHLCFEs, C,
F, -CN, OC.galloyt, N(Ciaalkylys, -(CH)0CH;, SCogalkyl, OH, COH, COC g alkyl,
OCF;, OCHF;, SG,CH;, SO;NH;, or OCH,OCH;; and optionally substituted with up to two
additional substituents independently selected from the group counsisting of CL, Cypalkyl, SCH;,
OCpalkyl, CF3, -CN, and F; and wherein said triazolyl, oxazolyl, isoxazolyl, pyrrolyl, and
thiazolyl are optionally substituted with up to two substituents independently selected from the
group counsisting of SO,CH;, SONH,, C(OINHD, -CN, OC.palkyl, (CH)0.50CH;, SCH;, CF;,
F, CL and Cepalkyl; 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;,
SONH;, C{OINH,, -CN, OCqpalkyl, (CH)o .0 OCHz, SCgalkyl, CFs, F, CL, and Cagalkyl;

R is 1-methyl triazolyl, pyridyl, pyridyl-N-oxide, I-methyl pyrazolyl, pyrimidinyl,
oxazolvl, isoxazolyl, N-acetyl-azetidin-3-vl, N-methylsulfonyl-azetidin-3-yi, N-Boc-azetidin-3-
vh, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-Cppalkyl-pipendinyl, thiazolyi,
pyridazyl, pyrazinyl, 1-(3-methoxvpropyi-mmidazolyl, or 1-Cypalkyl imidazolyl; wherewn said
1-Cnatkyl imidazolyl is optionally substituted with up to two additional sobstituents
independently selected from the group consisting of Cypalkyl, SCH:, OCqpalkyl, CFs, -CNL F,
and Cl; and said pyridyl, and pyridyl-N-oxide are optionally substituted with up to three
additional substituents independently sclected from the group consisting of SO,CH;3, SGyNH,,
C{ONH,, -CN, OCnalkyl, (CH o OCH,, SCHs, CF:, F, CL, and Cppjalkyl; and said
thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to two substituents
independently selected from the group consisting of SO,CHs, SO;NH,, C{O)NH,, -CN, OC.
nalkyl, {CHy ). OCHs, SCHa, CFs, F, Cl, and Cpalkyl; and said 1-methyl pyrazolyl ts
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;, 8C,Cgalkyl, CFs,

a2
an
&
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CHF,, pyrazolyl, triazolyl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, Ciygalkyl, Ciacyeloalkyl,
OCu.amalkyl, N(CHz}y, SO:NH,, SONHCH; SON(CHs ), CONH,, CONHCH; CON(CHs ), CL,
F-CN, COH, OH, CH,OH, NHCOC 1palkyl, COC, i palkyl, or SCHy;

R is H, CL -CN, Cpualkyl, OC4alkylCEs, OCH,CH,OCq gyalkyl, CFs, SCH;,
CHNA'A?, CHOC o palkyINATA%, NA'A®, C{OINATA®, N(CH;)CoaalkyINA'A®, OC,,.
4>alkleA}A23 OCapalkyl, OCH-(F-methyl-imidazol-2-y1, furyl, pyrazolyl, imidazolyl, pyridyl,
pyridazyl, pyrazinyl, or pyrimidinyl; wherein said iroidazolyl or pyrazolyl is optionally
substituted with one CHs group;

Alis, Hor Capalkyl;

Alis H, Cagalkyl, CaaalkylOCugalkyl, CuaalkylOR, COYCgalkyl, or OCq.galkyl;
or A’ and A’ ray be talken together with their attached nitrogen to form a ring selected from the

group consisting oft

ORIV

/ﬁ i ;; )f’ NH _§"N1><§: 'g‘N% NRH
"E"N\::-N’ a . o© ﬁ"%"Njﬁ'g"Ni}Ra, F. 0 ﬁmémN\—/E :
/-</ N SN
4N Ny 4N N-Ry BN N-R, .
SNi:j ""Ra, “'é"'N\___fOe \—\ , \—f\ , % ,and "§"N\_m_meRb;

Ry is H, OCu galkyl, CHLOH, NH(CHs), N(CHs),, NH,, CH3, F, or OH;

Rp 18 H, COC{CHs)s, Craalkyl, CIOYCpalkyl, SOCalkyl, CHCHLCE:, CHCFs,
CHy-cyelopropyl, phenyl, CHy-phenyl, or Cageycloaliyl;

R®is H, CHs, OCH;, or F;

and pharmaceuntically acceptable salts thercof,

3. A compound of claim 2 wherein:

R} is pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, pyridyl, pyridyl N-oxide,
pyrazinyl, pyrimidinyl, pyridazyl, piperidinyl, tetrahydropyranyl, phenyl, oxazolyl, isoxazolyl,
thiophenyl, benzoxazolvl, or quinolinyl; wherein said piperidinyl, pyridyl, pynidyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolyl, and pyrazolyl are optionally substituted with
COY i galkyl, CIOINH,, Cgpalkyl, CFa, CHLCF, CL F, -ON, OCpalkyl, N{Crpalkylh, -
{CH»OCH:, SChgalkyl, OH, COH, COChipalkyl, OCF:, OCHE,, SO,CH;, SO,NH;, or
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OCH,OCH;; and optionally substituted with up to two additional substituents independently
selected from the group consisting of Cl, OCH;, and CHs; and wherein said triazolyl, oxazolyl,
isoxazolyl, and thiazolyl 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-azetidin-3-yl, N-methylsulfonyl-azetidin-3-yl, N-Boe-
azetidin-3-vl, N-acetyl pipenidinyl, 1-H-piperidinyl, N-Boc-piperidinyl, N-Cyy zalkyl-piperidinyl,
thiazolyl, pyridazyl, 1-(3-methoxypropyl}-imidazolyl, or 1-Cypalkyl imidazolyl; wherein sard 1-
Copatkyl imidazolyl is optionally substituted with up to two additional CHj; groups, or one
substituent selected {from the group consisting of SCHs, and Cl; and said pynidyl, and pyndyl-N-
oxide are optionally substituted with up to two subsitutents independently selected from the
group consisting of SOCH;, SONH,, C(OINH,, -CN, OCH;:, CFs, Cl, and CHj3; and said
thiazolyl, oxazolyl and isoxazolyl are optionally substituted with up to two CHj groups; and said
{-methyl pyrazolyl is optionally sabstituted with up to two additional CHj groups;

R® is phenyl, pyridyl, benzothiophenyl, thiophenyl, pyrimidinyl, pyridazyl, or pyrazinyl;
wherein said phenyl or said pyridvl is optionally substituted with OCF;, SC,(CH;, CF;, CHF;,
pyrazolyl, triazolvl, imidazolyl, tetrazolyl, oxazolyl, thiazolyl, CHs, OCH:, N{CHs),, SO;NH;,
CONH,, CL F, -CN, COyH, OH, CHOH, NHCOCH;, or COCHg;

R” is H, CI, -ON, Cipaliyl, OCanalkviCFs, OCHCHOCq galkyl, CFs, SCH;, NA'AY
COWATAZ, NICH3)C 2 ayalliyINAT A%, OC o allyiNATAZ, OC palkyl, OCH~(1-methyl)-
imidazol-2-vl, imidazolyl, furvl, pyrazolyl, pyridyl, or pyrimidinyl; wherein said imidazoivl or
pyrazolyl is optionally substituted with one CH; group;

Alis H, or Copgalkyl;

Alis H, Caaalkyl, CuaalkylOC salkyl, CupalkylOH, C{OY 1 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:

Rqis H, F, OC;aalkyl, or OH;
Ry s Cogalkyl, COYCH;, 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, benzoxazolyl, or quinolinyl; wherein said piperidinvl, pyridyl, pyridyl N-oxide,
imidazolyl, phenyl, thiophenyl, benzoxazolvl, and pyrazolyl are optionally substituted with
SO, CH;, C{OYCH;, C{OWNH;, CH;, CHCHs, CF3, CL F, -CN, OCH;, N(CHsh, (CH10OCH;,
SCHas, OH, COzH, CO,C{CHs)s, or OCH,OCH:; and optionally substituted with ap to two
additional substituents independently selected from the group consisting of Cl, OCH;, and CH;;
and wherein said triazolvl, oxazolyl, isoxazolyl, and thiazolyl are optionally substituted with one
or two CHj groups;

R is 1-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-y1, N-methyisulfonyi-
azetidin-3-yl, N-Boc-azetidin-3-y1, N-acetyl piperidinyl, 1-H-piperidinyl, N-Boc-piperidinyi, N-
Capaltkyl-piperidinyl, thiazol-3-y1, 1-(G-methoxypropyl}-imidazol-5-v1, or 1-Crpalkyl
imidazol-5-yl; wherein said 1-Cpalkyl imidazol-5-v1 is optionally substituted with up to two
additional CH; groups, or one substituent selected from the group consisting of SCH;, and Cl;
and said pyridyl, and pyridyl-N-oxide are optionally substituted with up to two substituents
independently selected from the group consisting of C{OINH,, -CN, OCH;, CFs, Cl, and CH3;
and said thiazol-5-vl, and said isoxazolyl are optionally substituted with up to two CHa groups;
and said -methyl pyrazol-4-yl is optionally substituted with up to two additional CH; groups;

R’ is H, C1, -CN, CF5, SCH,, OCasalkyl, OH, Cgalkyl, N(CH:3OCH;, NH{C »alkyl),
N{Cipalkyhy, or 4-hydroxy-piperidinyl;

R® is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyl or phenyl is
optionally substituted with OCF;, SO,CH;, CFs, CHF,, imidazol-1-vl, pyrazol-1-vi, 1,2,4-triazol-
1-vl, CH3, OCH;, CL F, or -ON;

R’ is H, CL, -CN, Cypalkyl, OCH,CFs, OCHCHOCH;, CFy, SCHy, NA'AY
C(OMNHCH;, N(CH)CH,CHNATAT, OCH,CHINA'A®, OC salkyt, OCH,-(1-methyl)-
imidazol-2-yl, imidazol-2-yi, fur-2-yl, pyrazol-4-vl, pyrid-3-vl, or pyrimidin-5-yi; wherein said

imidazolyl or pyrazolyl is optionally substituted with one CH; group;

2
~d
s
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Alis H, or Caalkyl;
15&) is H, C(l_@aikyL C(g_4)31}&}’10(:(1_4)&1}(}/1& C.(;_4)aﬂ§yiOH, C(O)Cﬂ_z)aﬂ(yL or OCH“ or Al
and A” may be taken together with their attached nitrogen to form a ring sclected from the group

consisting of:

/e /™ .
“%‘Nhj _gnN»/NH F mgmN?
5 5 kS i
g . ¢ h<::]y g % N::>”“F%; % Ni:;xiF, o % N(::j>_—Ra,
an Za
SN b AN N-R,

Ryis H, F, OCH:, or OH;
Ry, s CHs, or phenyl;

and pharmaceutically acceptable salts thergof,

5. A compound of claim 4 whercin:

R' is imidazolyl, pyrimidingl, triazolyl, tetrahydropyranyl, thiazolyl, pyridyl, piperidinyl,
phenvl, or oxazolyl; wherein satd piperidinyl, pyridyl, imidazolyl, and phenyl are optionally
substituted with SO,CH;, C{OYCH;, CH;, CF;, CL F, -ON, OCH;, -CF3, or N{CH;),; and
optionally substituted with up to onc additional group independently selected from Cl, OCH;,
and CH;; and wherein said triazolyl, oxazoivl, and thiazolyl are optionally substituted with one
or two CHj groups;

R*is 1-methyl-1,2-3triazol-5-y1, pyrid-3-vl, I-methyl pyrazol-4-yl, thiazol-5-yl, N-acetyl-
piperidin-4-yl, N-acetyl-azetidin-3-vl, N-methyisuifonyl-azetidin-3-vi, N-Boc-azetidin-3-vi, 1,2-
dimethyt imidazol-5-vl or I-methyl imidazol-5-vl;

R’ is OH, or NHy;

RYis H;

R is H, CI, -CN, CF3, CH;, OH, N(CH;)OCH;, or OCH;;

R® is pyridyl, phenyl, benzothiophenyl, or thiophenyl; wherein said pyridyi or phenyl is
optionally substituted with pyrazol-1-yl, 1.2 4-triazol-1-yl, CF;, OCHs, SO,CH;5, CL F, or -CN;

R’ is CL, -ON, CF3, Caalkyl, NA'A®, COWHCH;, OCH,CH,OCHs:, 1-methyl
imidazol-2-yl, 1-methyl pyrazol-4-yl, or OC_nalkyl;

Al 15 Ca_g)a}kyl;

2
~3
1o
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A% s Caonalkyl, CHCH,OCH:, or OCH3; or Aland A7 may be taken together with their
attached nitrogen to form a ring sclected from the group consisting of!

~§wNi>-ARa ’ ”%"Nyi ? HE“‘NO ) and"é"NDO .

R.1s OH, OCH;, F, or H;
R’ is H;

and pharmaceutically acceptable salts thereof,

6. A compound of claim 5 wherein:

R’ is imidazolyl, triazolyl, thiazolyl, pyridyl, piperidinyl, phenyl, or oxazolyl; whercin
said piperidinyl, pyridyl, imidazolyl, and phenyl arc optionally substituted with C{O)YCH;, CHs,
CF4, CLLF, -CN, OCH;, or N{CHj3)»; and optionally substitated with up to onc additional group
independently selected from Cl, OCH;, and CH5; and wherein sard triazolvl, oxazolyl, and
thiazolyl arc optionally substituted with one or two CHsz 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-yi, 1,2-dimethyl imidazol-5-y1 or -methyl imidazol-5-y

R; 1 OH;

R”is H, Cl, -CN, CFs, CHs, or OCHx;

R® is phenyl, thiophen-2-v1, benzothiophen-2-yi: wherein said phenyl is optionally
substituted with pyrazol-1-yl, 1,2 4-triazob-1-vl, OCH;, SG,CH;:, CL F, CF;, or -CN;

R7is C1, -CN, CHs, NA'A?, C{OWHCH;, or OC0alkyl;

Alis Capalioyl;

Alis Canalkyl, or OCHs; or Al and A° may be taken together with their attached

nitrogen to form a ring which is:

_§..;\<> :

and pharmaceuntically acceptable salts thercof,

7. A compound of claim 1 selected from the group consisting of:

2
3
)
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and pharmaceutically acceptable salts thercof,

8. A compound of claim 1 sclected from the group consisting of:
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and pharmaceutically acceptable salts thercof,

9. A compound which is

2
0
(¥4 ]
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and pharmaceutically acceptable salts thercof.

10. A pharmaceutical composition, comprising a compound of any one of the preceding claims

and a pharmaceutically acceptable carrier.

11. A pharmaceutical composition made by mixing a compound of any one of claims 1 to 9 and

a pharmaceutically acceptable carrier.

12. A process for making a pharmaceutical composition comprising mixing a compound of any

one of claims 1 to 9 and a pharmaceutically acceptable carrier.

13. A method for treating or ameliorating a RORYt mediated inflammatory syndrome, disorder
or disease comprising administering to a subject in need thercof an effective amount of a

compound of any one of claims 1 to 9 or a pharmaceutical composition of claim 10 or claim 11.

14. The method of claim 13, wherein the disecase is selected from the group consisting of:
rheumatoid arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,
ankylosing spondylitis, Crohn’s disease, neutrophilic asthma, steroid resistant asthma, multiple

sclerosis, systemic lupus erythematosus, and ulcerative colitis.

15. The method of claim 13, wherein the discase is psoriasis.

16. The method of claim 13, wherein the disease is rheumatoid arthritis.

286
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17. The method of claim 13, wherein the disease is ulcerative colitis.

18. The method of claim 13, wherein the disease is Crohn’s discase.

19. The method of claim 13, wherein the disease is multiple sclerosis.

20. The method of claim 13, wherein the disease is neutrophilic asthma.

21. The method of claim 13, wherein the disease is steroid resistant asthma.

22. The method of claim 13, wherein the disease is psoriatic arthritis.

23. The method of claim 13, wherein the disease is ankylosing spondylitis.

24. The method of claim 13, wherein the disease is systemic lupus erythematosus.

25. The method of claim 13, wherein the disease is chronic obstructive pulmonary disorder.

26. A method of treating or ameliorating a syndrome, disorder or disease, in a subject in need

thereof comprising administering to the subject an effective amount of a compound of any one of

claims 1 to 9 or a composition of claim 10 or claim 11 thereof 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.

27. Use of a compound of any one of claims 1 to 9 in the manufacture of a medicament for

treating or ameliorating a RORyt mediated inflammatory syndrome, disorder or discase.

28. Use of a compound of any one of claims 1 to 9 in combination with one or more anti-

inflammatory agents, or immunosuppressive agents in the manufacture of a medicament for the
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treatment or amelioration of a syndrome, disorder or disease selected from the group consisting

of: rheumatoid arthritis, and psoriasis.
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