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TRIFLUOROMETHYL ALCOHOLS As mnodulators of Roryt

FIELD OF THE INVENTION

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

inflammatory syndrome, disorder or discase.

BACKGROUND OF THE INVENTIONMN

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 Thi7 cell
differentiation. Th17 cells are a subset of CD4" T cells, expressing CCR6 on their surface to
mediate their migration to sites of mflammation, and dependent on 1L-23 stimulation, throagh
the IL-23 receptor, for thetr maintenance and expansion.  Thi7 cells produce several
proinflammatory cytokines incloding IL-17A, IL-17F, 1IL-21, and 1L-22 (Ko, T., E. Betielly, et
al. 2009). "IL-17 and Thi7 Cells.,” Annu Rev Immuanol 27: 485-517.), which stimulate tissue
cells to produce a panel of inflammatory chemokines, cvtokines and metalloproteases, and
promote recruitment of granulocyies (Kolls, J. K. and A, Linden (2004). "Interleukin-17
family members and inflammation.” Immunity 21(4): 467-76; Stamp, L. K., M. 1. James, ¢t al.
(20043, "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, inchiding collagen-
induced arthritis {CIA) and experimental autoimmune encephalomyelitis (EAE) (Dong, C.
(2006}, "Diversification of T-helper-cell hincages: finding the family root of IL-17-producing
celis.” Nat Rev Immwunol 6(4) 329-33; McKenzie, B. S, R, A, Kastelein, ¢t al.  (2006).
"Understanding the IL-23-1L-17 immune pathway." Trends Imnwnol 27(1) 17-233 RORyt-
deficient mice are healthy and reproduce normally, but have shown impaired Thi7 cell
differentiation in vitro, a significantly reduced Thi7 cell population s vive, and decreased
susceptibility to EAE (Ivanov, Hi, B. S, MeKenzig, et al. (2006). "The orphan nuclear receptor
RORgammat divects the differentiation program of proinflammatory IL-17+ T helper cells.™ Cell

126(6): 1121-33.). Mice deficient for HL.-23, a cytokine requived for Thi7 cell survival, fail to
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produce Th17 celis and are resistant to EAE, CIA, and inflammatory bowel disease (IBD) (Cua,
D. )., J. Sherlock, et al. {2003). "interleukin-23 rather than interleukin-12 is the critical
cytokine for antoimmune inflammation of the brain.” Mature 421(6924): 744-8,; Langrish, C. L.,
Y. Chen, et al. {2003). "IL-23 drives a pathogenic T cell population that induces autoimmune
inflammation.” § Exp Med 201(2): 233-40; Yen, D, J. Cheung, ot al. (2006). "1L-23 is gssential
for T cell-mediated colitis and promotes inflamymation via IL-17 and 1L-6." J Clin Invest 116(5):
1310-6.). Consistent with these findings, an anti-iL23-specific monoclonal antibody blocks
development of psoriasis-like inflaramation in a murine disease model {Tonel, G., C. Conrad, et

al. "Cutting edge: A critical functional role for 1L-23 in psoriasis.” J Immunol 185(10): 5688-91).

in humans, a number of observations support the role of the 1L-23/Thi7 pathway in the
pathogenesis of inflammatory diseases. {L-17, the key cytokine produced by Thi7 cells, is
cxpressed at elevated levels in a variety of allergic and autoimmune discases (Barczyk, A, W.
Pierzchala, ct al. (2003). "Imerleukin-17 in sputum corrclates with airway hyperresponsivencss
to methacholine." Respir Med 97(6): 726-33,; Fujino, 5., A. Andoh, ¢t al. (2003}, "Increased
expression of interleukin 17 in inflammatory bowel discase.” Gut 52(1): 65-70.; Lock, C., G.
Hermans, et al. (2002). "Gene-microarray analysis of multiple sclerosis lesions yields new
targets validated in autoimmunc cncephalomyelitis.” Nat Med 8(5): 500-8.; Kraeger, J. G, S.
Fretzin, et al. "IL-17A is essential for cell activation and inflammatory gene circuits in subjects
with psoriasis.” J Allergy Clin Imumunol 130(1); 145-154 ¢9.). Furthermore, human genctic

~
I
i

studies have shown association of polymorphisms in the genes for Thi7 cell-surface receptors,
H.~23R and CCRE, with susceptibility to IBD, multiple sclerosis {MS), theurnatoid arthritis (RA)
and psoriasis {Gazouli, M., I Pachoula, et al. "NOD2/CARDIS, ATGI6L1 and IL23R gene
polymorphisms and childhood-onsct of Crohn's discase.” World J Gastroentero] 16(14): 1753-8,,
Noner, C., B. Dema, et al. (2008). "IL23R: a susceptibility locus for celiac discase and
multiple sclerosis?” Genes homun 9(4): 289-93.; Bowes, I. and A. Barton "The genetics of
psoriatic arthritis: lessons from genome-wide association studies.” Discov Med 1052} 177-83;
Kochi, Y., Y. Okada, et al. "A regulatory variant in CCR6 is associated with rheumatoid

arthritis susceptibility.” Nat Genet 42(6): 515-9.).
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Ustekimumab (Stelara®), an anti-p4Q) monocional antibody blocking both L-12 and 1L-23, is
approved for the treatment of adult paticnts (I8 years or older), with moderate to severe plague
psoriasis, who are candidates for phototherapy or systemuic therapy. Currently, monoclonal
antibodics specifically targeting only 1L-23, to more sclectively inhibit the Thi7 subset, are also
in clinical development for psoriasis (Garber K. (2811}, “Psoriasis: from bed to bench and back”
Mat Biotech 29, 563-566), further implicating the froportant role of the 1L-23- and RORyt-driven
Thi7 pathway in this discasc. Results from recent phase H clinical studies strongly support this
hypothesis, as anti-iL-17 receptor and anti-HL-17 therapeutic antibodies both demonstrated high
levels of efficacy in patients with chronic psoriasis {(Papp, K. A, "Brodalumab, an anti-
interieukin- 1 7-recepior antibody for psoriasis.” N Engl J Med 2012 366{13): 1181-9.; Leonardi,
., R. Matheson, ot al. "Anti-interieukin-17 monoclonal antibody ixekizumab in chronic plague
psoriasis.” N Engl J Med 366(13) 1190-9). Anti-1L-17 antibodics have also demonstrated
clinically relevant responses in early trials in RA and uveitis (Hucber, W, Patel, DD, Dryia, T,
Wright, A.M., Koroleva, 1., Bruin, G., Antoni, C., Draclos, Z., Gold, M.H., Durez, P., Tak, PP,
Gomez-Reino, 1), Foster, C.S., Kim, RY ., Samson, C.M., Falk, N.S., Chuy, D.S., Callanan, D,
Nguyen, Q.D., Rose, K., Haider, A., Di Padova, F. (2010} Effccts of AIN4S7, a fully hurnan
antibody to intericukin-17A, on psoriasis, rheumatoid arthritis, and wveitis. Sci Trans! Med 2,

3272.).

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

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

SUMMARY OF THE INVENTION
The present invention comprises a compound of Formula L

& R

: 2
A% SEY
N p R
1‘5\ 4 { X R
' AN
J—nataz OH
C Formula 1
wherein

Xis CH, CRY, or N;
Alis Caopalkyls
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A’ is cyclobutyl, or Ca-salkyl, wherein said Cpigjalkyl is optionally substituted with OCH; orup
to three fluorine atoms;

or A’ and A” arc taken together with their attached nitrogen to form a ring selected the

2R
N
A
e . [b N
group consisting of azetidinyl, piperidinyl, pyrrolidinyl, , zm(iquzw ; whergin

said ring is optionally substitated with up to three substituents independently selected
from the group consisting of F, CF3, CHa, ~-CN, and CHyOH;
R! is Cl, C(CHz)z, CH,CH:, OCF;, CF;, OCH(CH;),, CHF,, OCHF,, OCH;, F, CH;, or -CN;
RYis H, F, or Cl;
or B! and R? may be taken together with their attached phenyl to form a naphthalenyl, or
quinolinyi group;
R is CF3, or CHyCH;;
Alis H

e -3 4 -5
& %@ —m : 20
A'is H, Caspalky T>\__/O . HO i }-:O/k: HOC "?‘<>0 . ugcﬁo,

N QH
, O . [ g OH g/mé{
- /o3
< HOH? —%O'OH? ~§<>—3025 %‘%E | ?} L 08 ;

wherein said Cq.syalkyl is optionally substituted with one to two substituents independently
selected from COOH, CONH,, —CN, and OH;
or A” and A may be taken together with their attached nitrogen to make a ring selected

|
HMN“ - OQ‘Q N"g" O\\ <>CN_§E_
HO E,Q*’“ . HNF <

from the group consisting of

HO C
HO G FN

O N-5~ \‘.“’/\ >\ 5.

J S%N"g‘ | s Y N-3- HN/} """ / .
~n HO HON N e} and
HN‘\‘I_—\N%“

O™ \s

and pharmaceutically acceptable salts thereof.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises a compound of Formula 1.

O R' 2
. N s AR
MUY 2R
\N R
A% N X
N
‘“NA’AE OH
C Formula i
wherein

Xis CH, CR, or N
Alis Cipalkyls
A% is eyclobutyl, or Cjqalkyl, wherein said Coy_galkyl is optionally substituted with OCH; or up
to three fluorine atoms;
or A' and A? are taken together with their attached nitrogen to form a ring sclected the
i
N f‘“&
A7 ™
group consisting of azetidinyi, piperidinyl, pyrrolidinyl, Land % ; wherein
satd ring is optionally substituted with up to three substituents independently selected
from the group consisting of F, CFa, CHjs, -CN, and CH0OH;
R'is Cl, C{CH2), CHOH:, OCFa, CF;3, OCH(CH,),, CHF,, OCHF,, OCHa, F, CHa, or -CN;
RYis H,F,or C1;
or R' and R® may be taken together with their attached phenyl to form a naphthalenyl, or
quinolinyl group;
R is CF3, or CH,CHy;
ALS iS H

5 5. A -
| MEK“\G "o T gw +o 400
A4 l% H, C(‘:_g)aikyi, e . HO N HO N HO?‘\J s 5 \Oa
-0 . OH
-8 > . ; /s ! /\“':O 2 O l/ 5
: <> ( "§<>‘OH ~§<>Aso?_ - N 0.5
OH ) , H \ , 01 T2 ;

wherein said Crisalkyl is optionally substituted with one to two substituents independently

selected fromm COOH, CONH,, ~CN, and OH;

(&)}
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or A’ and A* may be taken together with their attached nitrogen to make a ring selected

5
» éyo"’s N4 e N |

from the group consisting of

HO\)_\ O
HO O
>S©<>N_§m g———/N“g“ ! /N—%— HN>_, N_;_ HN N—g—
\N/ , HO ) HO T . d , and
HNo /N s
oS %

and pharmaceutically acceptable salts thereof.

in another embodiment of the invention:

X is CH, CR', or N;

Alig Coopatkyl;

A is cyclobutyl, or Cogalkyl, wherein said Cgalkyl is optionally substituted with OCH; or up
to three fluorine atoms;

or Al and A7 are taken together with their attached nitrogen to form a ring selected the

v
N ,ﬂ/X\
e

group consisting of azetidinyl, piperidinyl, pyrrolidinyl, t[ , and pes ; wherein

said ring is optionally substituted with up to three substituents independently selected
from the group consisting of F, CFy, CHs, -CN, and CH,0OH;

R'is Cl, C(CHy)s, CH,CH:, OCF3, CF3, OCH(CH3),, CHF,, OCHF,, OCH;, F, or CHy;

R*is H,F, or CL;
ot R' and R? may be taken together with their attached phenyl to forma a naphthalenyl, or
guinolinyi group;

R’ is CFs, or CHCH3;

AlisH
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N R 5
b o T 0 4O
0 0 | _ <> 8 - {
Atis H, Cigmalkyl, T><\—--/ , HO , HG § G, * S\Q,Or OH

nN~-Q
1%% r\x}:0 x 2 SOH
H , O ; wherein said C(y_syalkyl is optionally substituted with one to two

substituents independently selected from CONH,, —CN, and OH;

3 . . . . )
or A7 and A" may be taken together with their attached nitrogen to make a ring selected

|
H(:>><>N“ - O‘t“\ N"%" O*:\ % RN
HO % o o N% )

from the group consisting of ’ , \
HO O\>
HO S A N

0 Ng- - HN NS

HSOCNE C DO IR W, W
N , HO , HO , Y U ,and
HNS \

58w

07N/

and pharmaceutically acceptable salts thereof,

Another embodiment of the invention is a compound of Formula 1E:

‘ : R®
3 |
A\NJ\\“/S CF,
A4 4 OH

Formula B

wherein

Xis CH, CR', or N;

Alis Capalkyl;

A?is cyclobutyl, or Cagyalkyl, wherein said Cpgalkyl is optionally substituted with OCH; or up

to three fluorine atoms;
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or A" and A” are taken together with their attached nitrogen to form a ring selected the

A

st A7
group consisting of azetidinyl, piperidiny], pyrrolidinyl, , zmd“ﬁt‘v ; wherein

i

said ring s optionally substituted with up to three substituents independently selected
from the group consisting of F, CF3, CHa, ~CN, and CH,OH;
R'is C1, C(CH3)z, CHLCHz, OCFs, CF;, OCH(CH;),, CHF,, OCHT,, OCH,, F, or CHy;
RIS H, F, or CL;
or R' and R may be taken together with their attached pheny! to form a naphthalenyl, or
quinolinyi group;
R’ is CF;, or CH2OHs;
Alis H

UNE VY 5
. t><::jb H><:k> ﬂ><3 m§<i}3 ~i<i>s€a “§<i>*“<
At is H, Csalkyl, , HO , HC ,° "0 or OH
-0
2 e
5 N
H , Of ; wherein said C(.salkyl is optionally substituted with one to two

substituents independently selected from CONH,, ~UN, and OH;

3 4 . . . v : v ,
or A7 and A" may be taken together with their attached nitrogen to make a ring selected

|
Hé;ijiimnl Os, <>xi; £ C%w<>x<> -
» §’Cﬁs Nge U N

from the group consisting of , HNT
HO G
) HO G §““\
Q%i><ng N4 ﬁ/\wg >~1§ H% _____ jvé
N HO w0 UMY g Land
HNG, 5
CfﬁmeNg

9

and pharmaceutically acceptable salts thereofl

Angther embodiment of the invention is a compound selected from the group consisting of!
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and

and pharmacecutically acceptable salts thereof

Another embodiment of the mvention is a compound selected from the group consisting of!

s
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HO O F o A
;ﬁ”\N~Q¥ SF HO N)was CF,
H ! - P - CFs 6\ H ;\g y O OH
N Wamee L CFs

and pharmaceutically acceptable salis thereof.

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

HOOC,,

26
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O
and

and pharmaceutically scceptable salts thereof.

Another embodiment of the invention comprises a compound of Formula Tand 2

pharmaceutically acceptable carrier,

The present invention also provides a method for preventing, treating or ameliorating an RORyt

mediated inflammatory syndrome, disorder or discasc comypwising administering to a subject in

28
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need thercof an cffective amount of a compound of Formula I or a form, composition or

medicament thereof

The present invention provides a method of preventing, treating or ameliorating a syndrome,
disorder or disease, wherein said syndrome, disorder or discase is sclected from the group
consisting of: ophthalmic disorders, wveitis, atherosclerosis, rheumatoid arthritis, psoriasis,
psoriatic arthritis, atopic dermatitis, multiple sclerosis, Crohn's Discase, ulccrative colitis,
ankylosing spondylitis, nephritis, organ allograft rejection, fibroid lung, systic fibrosis, renal
insutficiency, diabetes and diabetic complications, diabetic nephropathy, diabetic retinopathy,
diabetic retinitis, dishetic microangiopathy, tuberculosis, chronie obstructive pulmonary discase,
sarcoidosis, nvasive siaphviococcia, inflammation after cataract sorgery, allergic vhunitis,
allergic conjunctivitis, chronic urticaria, systemic lupus erythernatosus, asthiua, allergic asthima,
steroid rvesistant asthioa, neutrophilic asthima, periodontal diseases, periodonitis, gingivitis, gum
discase, diastolic cardiomyopathics, cardiac mfarction, wyocarditis, chronic heart failure,
angiostenosis, restenosis, reperfusion disorders, glomerulonephritis, solid tamors and cancers,
chronic lymphoeytic leukemia, chronic myelocytic leukemia, multiple myeloma, malignant
myeloma, Hodgkin's disease, and carcinomas of the bladder, breast, cervix, colon, lung, prostate,
or stomach comprising administering to a subject in need thereof an effective amount of a

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

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

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

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or discase is selected from the group consisting of'
rheumatoid arthritis, psoriasis, chronic obstructive pulmonary disorder, psoriatic arthritis,
ankvylosing spondylitis, Crohn’s discase, and ulcerative colitis comprigsing administering to a
subject in need thereof an effective amount of a compound of Formaula ¥ or a form, composition

or medicament thereof.

29
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The present invention provides a method of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or discase is sclected from the group consisting off
inflammatory bowel diseases, rheumatoid arthritis, psoriasis, chronic obstractive pulmonary
disorder, psoriatic arthritis, ankylosing spondylitis, neutrophilic asthma, steroid resistant asthma,
multiple sclerosis, and systemic lupus cerythematosus comprising administering to a subjoct in
need thereof an cffective amount of a compound of Formula ¥ or a form, composition or

medicament thereof

The present invention provides a mcthod of treating or ameliorating a syndrome, disorder or
disease, wherein said syndrome, disorder or disease is selected from the group consisting oft
rheumatoid arthritis, and psoriasis comprising administering to a subject in veed thereof an

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

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, in a subject in need thereof comprising administering to the subject an effective amount
of the compound of Formula T or composition or medicament thereof in a combination therapy
with one or more anti-inflammatory agents, or Immunosuppressive agents, wherein said
syndrome, disorder or disease is selected from the group consisting of: rheumatoid arthritis, and

psoriasis,

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is rhewmatoid arthritis, comprising
administering to a subject in need thereof an effective amount of 2 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 psoriasis comprising administering to a
subject in need thereof an effective amount of a compound of Formula § or g form, compaosition

or medicament thereof
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The present invention provides a method of treating or amecliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is chronic obstructive pulmonary disorder
comprising adminisicring to a subject in need thereof an effoctive amount of a compound of

Fornrula ¥ or a form, composition or medicament thereof,

The present invention provides a method of treating or ameliorating & syndrome, disorder or
disease, wherein said syndrome, disorder or discasc is psoriatic arthritis comprising
administering 1o a subject in need thereof an effective amount of a compound of Formula 1 or a

form, composition or medicament thereof,

The present invention provides a method of treating or amcliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or discase is ankylosing spondylitis comprising
administering to a subject in need thereof an effective arnount of a compound of Formula L or 2

formo, composttion or medicament thereof,

The present invention provides a method of treating or ameliorating an inflanmumatory bowel
disease, wherein said inflammatory bowel disease is Crohn’s discase comprising administering
to a subject in need thereof an effective amount of a compound of Formula ¥ or a form,

composition or medicament thereof.

The present invention provides a method of treating or amecliorating an inflammatory bowel
discase, wherein said inflammatory bowel disease is ulcerative colitis comprising administering
to a subject in need thereof an cffective amount of a compound of Formula § or a form,

composition or medicament thereof.

The present invention provides a method of treating or ameliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is necutrophilic asthma comprising
administering to a subject in need thereof an effective amount of a compound of Formulaf or a

form, composition or medicament thereof,
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The present invention provides a method of treating or amecliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or discasc is steroid resistant asthma comprising
administering to a subject in need thercof an effective amount of a compound of Formula L or a

form, composition or medicament thereof,

The present invention provides a method of treating or ameliorating & syndrome, disorder or
discase, wherein said syndrome, disorder or disease is multiple sclerosis comprising
administering to a subject in need thereof an cffective amount of a compound of Formula f or a

form, composition or medicament thereof,

The present invention provides a method of treating or amcliorating a syndrome, disorder or
discase, wherein said syndrome, disorder or disease is systemic lupus erythematosus comprising
administering to a subject in need thereof an effective arnount of a compound of Formula L or 2

formo, composttion or medicament thereof,

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

administration of an effective amount of at least one compound of Formula |,

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
disease as described herein by uvsing a compound of Forroula T or a form, corposition or
medicament thereof.  Such methods include adminisiering an effective amount of said
compound, compound form, composition or medicament at different times during the conrse of a
therapy or concurrently in a combination form.  The methods of the invention are o bhe

understood as embracing all known therapeutic treatment regimens.

The term "subject” refers to a patient, which may be an animal, typically a mammal, typically a
humnan, 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

32
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accorapanies syndromes, disorders or discascs associated with abberant RORyt expression or

R{ORyt overexpression,

The term "effective amount™ mweans that arnount of active compound or pharmaceutical agent
that elicits the biological or medicinal response in a tissue system, animal or human, that is being
sought by a rescarcher, veterinarian, medical doctor, or other clinician, which inclodes
preventing, treating or ameliorating the symptoros of a syndrome, disorder or discase being

treated.

As used herein, the term “composition” is intended to encompass a product comprising the
specified ingredients in the specified amounis, 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 incluades, but is not limited to,
methyl, cthyl, propvl, isopropyl, butyl, isobutyl, sec-butyl, tert-buivl, pentyl, isopentvl, hexyl,
isohexyl, heptyl, octyl, 2,2 4-trimethylpentyl, nonyl, decyl, undecyl and dodecyl. Any alkyl

eroup may be optionally substituted with one OCHa, one OH, or up to two fluorine atoms.

The term “Cis” {(where ¢ and & are integers referring to a designated number of carbon atoms)
refers to an alkyl, alkenvl, alkynyl, alkoxy or cycloatkyl radical or to the alkyl portion of a
radical in which alkyl appears as the prefix root containing from « to 5 carbon atoms inclusive.

For example, C(1.4y denotes a radical containing 1, 2, 3 or 4 carbon atoms.

The term “cycloalkyl” refers to a saturated or partially unsaturated monocyciic or bicychic
hydrocarbon ring radical derived by the removal of one hydrogen atom from a single ring carbon
atom. Typical cycloalkyl radicals include cyelopropyl, eyclobutyl, cyvelopentyl, cyvclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl and cyclooctyl.  Additional examples include Cg.
sieveloalkyl, Cesgieveloalkyl, decabydronaphthalenyl, and 2,3,4,5,6,7-hexabydro-1 AH-indenyl.
Any cyeloaliovt group way be optionally substituted with one OCHs, one OH, or up to two

fluorine atoms.

7Y
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As used herein, the term “thiophenyl” is intended to describe the radical formed by removing a

g
hydrogen atom from the molecule with the structure: S

PHARMACEUTICALLY ACCEPTABLE SALTS

Pharmaccutically acceptable acidic/anionic salts include, and are not limited to acetate,
benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate,
carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumaraie,
glveeptate,  ghiconate,  glutamate,  glycollylarsanilate,  hexylresorcinate,  hydrabamine,
hydrobromide, hydrochlovide, hydroxynaphthoate, iodide, iscthionate, lactate, lactobionate,
malate, maleate, mandelate, mesylate, methylbromide, methyinurate, methylsolfate, mucate,
napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, saccinate, sulfate, tavnate, tarirate, icoclate, tosylate and iricthiodide.
Organie or inorganic acids also include, and are not Hmated {o, hydriedic, perchloric, sulfuric,
phosphoric, propionic, glycolic, methanesnaifonic, hydroxyethanesulfonic,  oxalie, 2-
naphthalenesulfonic, p-tohuenesulfonic, ¢cyvclohexanesulfamie, saccharinic or triflucroacetic acid.
Pharmaceutically acceptable basic/cationic salts inelude, and are not limited to aluminum, 2-
amino-2-hydroxymethyl-propane-1,3-diol {(also known as tris(hydroxymethyDaminomethane,
tromethane or “TRIS”), ammonia, benzathine, -butylamine, calcium, c¢alciom ghiconate,
calciem  hydroxide, chloroprocaine, choline, choling  bicarbonate, choline  chloride,
cyclohexylamine, dicthanolamine, cthylenediamine, lithium, LiOMe, L-lysine, magnesiom,
meglumine, NH;, NHsOH, Nemethyl-D-glucamine, piperidine, potassium, potassium-i-butoxide,
potassium  hydroxide (aqueous), procaine, quinine, sodium, sodium  carbonate,

sodium-2Z-cthythexancate, sodium hydroxide, tricthanolamine, or zinc,

METHODS OF USE
The present invention is directed to a method for preventing, treating or amcliorating a RORyt

mediated inflammatory syndrome, disorder or discase comprising administering to a subject in
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need thercof an cffective amount of a compound of Formula I or a form, composition or
medicament thereof,

Since RORyt is an N-terminal isoform of RORYy, it is recognized that compounds of the present
invention which are modulators of RORyt are likely to be modulators of RORy as well
Therefore the mechanistic description “RORyt modulators” is intended to encompass 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 0.5 myg to about 10 g, preferably between
about .5 mg to about 5 g, in single or divided daily doses. The dosage administered will be
affected by factors such as the route of administration, the health, weight and age of the recipient,

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

1t is also apparent to one skilled in the art that the therapeutically effective dose for compounds
of the present invention or a pharmaceutical composition thereof will vary according to the
desired effect. Therefore, optimal dosages 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, dict
and time of administration, will result in the need to adiust 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 arc merited, and such arc within the

scope of this invention.

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

fillers, binders, disintegrating agents and lubricants,

[O¥)
(94



WO 2016/069974 PCT/US2015/058193

The pharmaceutically-acceptable salts of the compounds of Formula | include the conventional
non-toxic salis or the quaternary ammonium salts which are formed from inorganic or organic
acids or bases. Examples of such acid addition salts include acetate, adipate, benrzoate,
benzenesulfonate, citrate, camphorate, dodecylsulfate, hydrochloride, hydrobromide, lactate,
maleate, methancsulfonate, nitrate, oxalate, pivalate, propionate, succinate, sulfate and tartrate.
Base salts include ammonium salts, alkali metal salts such as sodium and potassium salts,
alkaline earth metal salts such as caleium and magnesium salts, salts with organic bases such as
dicyclohexylaming salts and salts with amino acids such as argining. Also, the basic nitrogen-

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

The pharmaceutical compositions of the invention may be administered by any means that
accoroplish  their intended purpose.  Examples include administration by  parenteral,
subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, buccal or ocular routes.
Alternatively or concurvently, administration may be by the oral route. Suitable formulations for
parenteral administration include agueous solutions of the active compounds in water-soluble
form, for example, water-soluble salts, acidic solutions, alkaline solutions, dextrose-water

solutions, isotonic carbohydrate solutions and cyclodexirin inclusion complexes.

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

invention.

POLYMORPHS AND SOLVATES

Furthermore, the compounds of the present invention may have one or more polymorph or
amorphous crystalline forms and as such are intended to be included in the scope of the invention.
in addition, the compounds may form solvates, for example with water (i.e., hydrates) or
common organic solvents, Ag used herein, the ferm "solvate” means a physical association of
the compounds of the present invention with one or more solvent molecules. This physical

association involves varving degrees of ionic and covalent bonding, including hvdrogen bonding.
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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
"sobvate" is intended to encompass both solution-phase and isolatable solvates. Non-limiting

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

It is intended that the present invention include within its scope polyvmorphs and solvates of the
compounds of the present invention. Thus, in the methods of treatment of the present invention,
the term “administering” shall encompass the means for treating, ameliorating or preventing a
syndrome, disorder or discase deseribed hercin with the compounds of the present invention or a
polyvmorph or solvate thereof, 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 Forroula | for use as

a medicament.

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

aberrant RORyt activity,

The present invention includes within ifs scope prodrugs of the compounds of this invention. In
general, such prodrugs will be functional derivatives of the compounds which are readily
convertible iz vive into the reguired compound. Thus, in the methods of treatment of the present
vention, 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
io the patient. Conventional procedures for the sclection and preparation of suitable prodrug
derivatives are described, for example, in “Design of Prodrugs”, Ed. H. Bundgaard, Elsevier,

19&5,

Furthermore, 1t is intended that within the scope of the present invention, any element, in

particular when mentioned in relation to a compound of Formula I, shall comprise all isotopes

[
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and isctopic mixtures of said element, cither naturally occurring or synthetically produced, either
with natural abundance or in an isotopically cnriched form. For example, 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, ¥C and **C and %0 and 0. The isotopes
may be radicactive or non-radioactive. Radiolabelled compounds of Formula § may comprise a
radioactive isotope selected from the group of o, U, R, VAL L B Y, By, Br, Br and

22 . . . . . N ey $ 1
“Br. Preferably, the radioactive isotope is selected from the group of 'H, "'C and '*F.

Some compounds of the present invention may cxist as atropisomers.  Atropisomers are
stereoisomers resulting from hindered rotation about single bonds where the steric strain barrier
to rotation is high encugh to allow for the isolation of the conformers. 1t is to be understood that
all such conformers and mixtures thereof are encompassed within the scope of the present

nvention.

Where the compounds according to this invention have at least onc sterco center, they may
accordingly exist as cnantiomers or diastercomers. [t 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 nise to
mixture of stercoisomers, these isomers may be separated by conventional technigues such as
preparative chromatography. The compounds may be prepared in racemie form, or individual
enantiomers may be prepaved either by enantiospecific synthesis or by resolution.  The
componnds may, for example, be resolved into their component enantiomers by standard
iechnigoes, such as the formation of diastercomeric pairs by salt formation with an optically
active acid, such as {(-)-di-p-toluoyl-D-tartaric acid and/or (+)-di-p-tohuoyl-L-tartaric acid
followed by fractional crystallization and regeneration of the free base. The compounds may
also be resolved by formation of diastereomeric esters or amides, followed by chromatographic
separation and removal of the chiral auxiliary. Alternatively, the compounds may be resolved

using 8 chiral HPLC column.
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During any of the processes for preparation of the compounds of the present invention, it may be
necessary and/or desirable to protect sensitive or reactive groups on any of the molecules
concerned.  This may be achieved by means of conventional protecting groups, such as those

deseribed in Protective Groups in Organic Chemistry, ed. LF.W. McQOmie, Plenum Press, 1973;

and T.W. Greene & P.GM. Wuis, Protective Groups in Organic Svnthesis, John Wiley & Sons,

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

known from the art.

ABBREVIATIONS

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

br broad

bu butyl

cataCXium” A Di{ L-adamantyl}-n-butylphosphine

DI carbonyldiimidazole

cy cyclohexyl

d doublet

dba dibenzylidencacetone

DABCO 1,4-diazabicyclo{2.2 2joctane

DAST diethylaminosalfur trifluoride

DCM dichloromethane

DEA diethylamine

Dess-Martin Periodinane i1, I-tris{acetyloxy)-1,1-dihydro-1,2-benziodoxol-3-{1 H}-one
dppf 1,17-bis{diphenylphosphine} ferrocing

DIPEA N, N-diisopropylethylamine (Hiinig's basc)

DME 1,2-dimethoxycthane

DMA N, N-dimethylacetamide

DMF N N-dimethylformamide

DMSO dimethyl snifoxide

EDCIE 1-gthyl-3-(3-dimethylaminopropyl) carbodiimide
EtOAc cthyl acctate
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ESY

Et
FCC

h
HATU

HOBt
HOAt
HPLC

m
m-CPBA
M

Me

MPa
NBS
NMR

PE

Ph

Piv

PMB
ppm

Psi

q

rt

8

SEMCI

i

t-buy
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clectrospray ionization

cthyt

flash column chromatography
hour{s)
O-(7-azabenzotriazol-1-y}-N N N N'-tetramethyluronium
hexafluorophosphate
i-hydroxybenzotriazole
i-hydroxy-7-azabenzotriazole

high pressure lquid chromatography
Hertz

isopropylalechol

Mass spectrometry

multiplet

meta-chloroperoxybenzoie acid
molar {moles/liter)

methyi

megapascal

N-bromosuccinimide

nuclear magnetic resonance
petroleum gther

phenyl

pivaloyl (Me;CCO)
4-methoxybenzyl

parts per mitlion

pounds per square inch

guartet

room temperature

singlet
(2-{chloromethoxyiethyltrimethylsilane
triplet

tertiary butyl
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TBAF
TEA
TEMPO
TFA
TEAA
THF
TLC
T™S

Ts

GENERAL SCHEMES:

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

limit of the invention.

The compounds of the present invention can be prepared according to schemes | to 5. Coupling
of an aryl group to the thiazole ring of compounds of Formula ¥ can be accomplished by
coupling the bromo-aryVheteroary! building blocks E-VIH or F-1 1o the thiazole derivates A-1-V
in the presence of palladium catalysis, using appropriate ligands, solvents, additives and
temperatures to form the S-aryVheteroaryl-substituted thiazoles B-1 to B-VI {Scheme 1), The

thiazole reactants can be 2- and 4-substituted either by an ester group (A-1, A-H, A-1V}, an amide

PCT/US2015/058193

tetrabutylammonium fluoride
tricthylamine

(2,2,6. 6-tctramethylpiperidin- | -yhoxidanyl
trifiuoroacetic acid

trifluoroacetic acid anhvdride
tetrahydrofuran

thin layer chromatography

trimethyisilyl

tosyi

group {A-I-H, A-V) or an alkyl group (A-IV-V).
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Scheme 1
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The preparation of thiazole derivatives A-I-V is shown in Scheme 2. A-1 and A-IH can be
prepared by standard methods for amide bond formation and ester hydrolysis starting from 2-
{alkoxycarbonylithiazole-4-carboxylic acid. Alternatively, intermediates A-I can undergo a
direct aminolysis with amines in appropriate solvents and temperatures to afford A-HI. The
thiazole esters A-11 can either be prepared by first amide coupling of 2-carboxy-bromo-thiazole
C-11, followed by a carbonylation to afford the thiazole methyl ester A-Ila or by formation of
tert-butyl ester C-IV from C-1 which is followed by a selective ester hydrolysis at the 2-position
of the thiazole ring and a final amide coupling reaction to provide A-Iib. Thiazole derivative A~
1V can be prepared in a cvelocondensation step from 1-bromo-3-hydroxypropan-2-on¢ and alkyl
2-amino-2-thioxoacetate C-V. Ester hydrolysis of A-IV followed by amide coupling provides

intermediate A-V. (Scheme 2).

Scheme 2
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Preparation of the bromo-aryVhetercaryl derivatives E-U/E-IVF-I are shown in Scheme 3. 1,4~
Dibrome- or {-bromo-4-iodo-aromatics can be used as reactants for a metallation reaction, ¢.g. a
fithiation with n-butyl-lithium or Grignard formation using isopropyl magnesium chioride. The
1,4-dibromo aromatics should have identical substituents R' and RY. The metailated species can
react with the Weinreb amide of trifluoroacetic acid to form i-bromo-4-triflucrcacetyl derivates
D-1. Alternatively, the metallated specics can react with hexafluoroactone to directly form
trifluoroacetone alechols E-I where R is a CF; group. The trifluoromethyl alcohols E-1 can be
formed by reaction of D-H with TMSCF; in the presence of a fluoride source or by reaction with
an alkyl Grignard reagent. The intermediates D-H can also be formed by a reaction of 1-bromo-
d-alkoxyearbonyl aromatics, which can be prepared from the corresponding 4-bromobenzoic
acids (D-IH} via csterificataion using reagents such as thionyl chloride and methavol, with
TMSCF: in the presence of a fluoride sonrce. Alternatively, intermediate D-I can be formed
from l-bromo-4-forrmyl aromatics by reaction with TMSCF; in the presence of a fluoride source
and subseguent oxidation {Scheme 3). 5-Bromo-2-iodopyridines {D-V1) can be used as reactants
for a metallation reaction, e.g. a lithiation with »n-butyl-lithium, and the metallated species can
react with the ethy! triffluorcacetate to form S-bromo-2-triflooroacetylpyridine derivates D-VIL
The wrifluoromethyl alcohols E-IE can be formed by reaction of D-II with TMSCF; in the
presence of a fluoride source. 1,3-Dibromoaryl derivatives F-II can be metallated, e.g. a lithiation
with #-butyl-lithium, and subsequent reaction with the Weinreb amide of trifluorcacetic acid will
form the l-bromeo-3-triflucroacetyl derivates F-1lI. The trifluoromethyt alcohols F-I can be
formed by reaction of F-H with TMSCF; in the presence of a fluoride source or by reaction with

an alkyl Grignard reagent.

Scheme 3
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An alternative synthetic route to afford the compounds of formmla B-IH of the present invention

is shown in scheme 4. Starting from the products of the palladium catalyzed coupling reactions

B-1V, B-1 or B-H (as shown in scheme 1}, hydroxymethyi-intermediate B-1V can be oxidized to

the corresponding carboxylic acid, which can be used in an amide coupling reaction to give

intermediates B-l. B-{ and B-li

can both be transformed into the compounds of the present

mvention B-Hl by first an cster hydrolysis and a subscquent amide coupling reaction.

Alternatively, intermediates B-1 can undergo a direct aminolysis with amines in appropriate
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solvents and temperatures to afford the compounds of the present invention B-111 in one step. In
another alternative route compounds of formula B-I can be obtained from intermediate B-V{

through oxidation followed by amide coupling {(Scheme 4).

Scheme 4
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EXAMPLES
Compounds of the present invention can be prepared by methods known to those who are skilled
in the art. The following examples are only meant (o represent examples of the invention and are

in no way meant to be a limit of the invention.

Intermediate 1: Step a

i-(4-Bromonaphthalen-1-vi)}-2,2 2-iriflusrocthanone

N
~3
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To a solution of 1,4-dibromonaphthalenc (28.6 g, 100 mmol} in anhydrous THF (200 mL) was
added #-Buli (2.5 M in hexane, 44 mL, 110 mmoi) at -78 °C under nitrogen, and the solution
was stirred at this temperature for 30 minutes. The resulting solution was slowly added to 2
solution of 2,2 Z-wifluoro-N-methoxy-N-methyl-acetamide (23.5 g, 148 mmol} in anhydrous
THF (250 mL) at 78 °C, and the solution was stirred for an additional 2 h. The solution was
quenched with aqueous WHLC1 and extracted twice with EtOAc. The combined organic layers
were washed with water and brine, dried over anhydrous MNaySO,, filtered and concentrated to
dryness. The residue was purificd by FCC on silica gel (PE/EtOAc = 100/1) to give the title

compound ag a pale yellow oil.

Intermediate 1

2-{(4-Bromonaphthalen-1-vi}-1,1,1,3,3,3-hexafluoropropan-2-ol

To a solution of 1-(4-bromonaphthalen-1-vi}-2.2 2-wrifluorocthanone (27.4 g, 904 mmol,
Intermediate 1, step a) and TMSCF; (64.1 g, 452 mmol) in anhydrous THF (250 mL) was added
a solution of TBAF (35.9 g, 136 mmol} in anhydrous THF (350 mL) at § °C, and the sohution
was stirred at 1t overnight. The resulting solution was quenched with 1 N agueous HCL, diluted
with EtOAc and the two layers were separated. The organic layer was washed with water and
brine, dried over anhydrous MNa;SO., filiered, concentrated to dryness and purified by FCC on

silica gel (PE/EtOAC =5/1) to give the title compound as a yeliow oil.

Intermediate 2: Step a
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§-(4-Bromo-2,3-dichlorophenyl}-2,2,2-trifluorcethanone

To a solution of I-bromo-2,3-dichloro-d-iodobenzene (3.532 g, 10.0 mmol) in anhydrous THF
(20 mL) was added #n-Buli (2.5 M in hexane, 4.4 ml, 11.0 mmol) at =78 °C ander nitrogen, and
the solation was stirred at this teroperature for 30 minates. The resulting solution was slowly
added to a solution of 2,2,2-trifluoro-N-maethoxy-N-methyl-acetamide (2.35 g, 14.5 mumol) in
anhydroas THF (25.0 ml} at =78 °C, and the solution was stirred for an additional 2 h. The
solution was quenched with agueous NHCU and extracted with EtOAc twice. The combined
organic lavers were washed with water and brine, dried over anhydrous NapSQOy, filtered and
concentrated to dryuess. The residue was purified by FCC on silica gel (PE/EtOAc = 100/1} to

give the title corpound as a pale yellow oil.

Alternate synthesis of Intermediate 2: Step a

To a flask was added 1-bromo-2,3-dichioro-4-todobenzene (3.0 g, 85.3 mmol} and THFE (240
mb}. This mixture was cooled to -85--78 °C, and i-PriMgCi=LiCl (78.7 wl, 1.3 M in THF, 102
mmol} was added dropwise. Then 2,2.2-trifluoro-N-methoxy-N-methylacetamide (20.1 g, 128
mmol} was added in one portion. The mixture was warmed to 20-25 °C and stirred for 4 h. The
reaction was quenched with saturated aqueous NH4Cl (120 mL} and diluted with EtQAc (130
mb). The layers were separated and the aqueous phase was further extracted with EtOAc {80
mkb). The combined organic phases were washed with water (60 mb) and brine {60 mb}
successively, and concentrated under vacnum to give the title compound as a brown solid, which

was used in the next step without further purification.

intermediate 2

2-{4-Bromeo-2,3-dickiorophenvl}-1,1,1,3.3,3-hexafluorspropan-2-¢l
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To a solution of 1-{4d-bromo-2,3-dichlorophenyl)-2,2, 2-triflucrocthanone {1.99 g, 6.18 mmol,
Intermediate 2, step a) and TMSCF; (4.38 g, 30.9 munol) o anhydrous THF (30 mL) was added a
sohution of TRBAF (245 g, 9.27 mmol) in anhydrous THF {25 mL)} at § °C, and the solution was
stirred at vt overnight. The resulting sohution was quenched with T N aqueous HCI, dilnted with
EtOAc and the two lavers were separated. The organic layer was washed with water and brine,
dried over anhydrous Na S0y, filtered, concentrated to drvness and purified by FCC on silica gel

{(PE/EIOAc = §5/1} to give the title compound as a vellow oil.

Alternate synthesis of Intermediate 2

To a flask was added 1-{4-bromo-2,3-dichlorophenyi)-2,2 2-triflucrocthanone (10.0 g, 31.1
mmol, Intermediate 2, step a), THF (10 mbL) and TMSCF: (22,1 g, 155 mmol}. This mixtuare
stirred and was cooled to -15-10 °C, and TBAF (14.3 g, 46.6 mmol} in THF (40 mL} was added
dropwise. Then the reaction was quenched with 2 N agueous HCE (78 mL), dituted with EtOCAe
(50 mL}, and separated. The organic phase was washed with water (40 mL) and brine {40 mL)
suceessively, and concentrated under vacuum. The residue was dissolved with heptane (50 mL),
and DABCO (1.7 g, 152 mmol) was added in one portion. The mixture was stirred overnight,
filtered, and the cake was washed with heptane (10 ml x 2}. The cake was dissolved with
EtOAc (100 mL), washed with 1 N aqueous HCI (3¢ mL x 3}, and concentrated under vacuum

to give the title compound as a brown hiquid.

intermediate 3: Siep a

1-{4-Bromo-3-ethylpheny-2,2,2-trifluoroethanone

¥4
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To a solution of methyl 4-bromo-3-cthyibenzoate (1.0 g, 4.11 mumol} and TMSCF; (901 mg, 6.17
mmol} in anhydrous toluene (15 mL) was slowly added TBAF {65.3 mg, 0.250 mmol} at ¢ °C,
and the solution was stirred at 1t for 20 h, and then heated at 50 °C for 1 h. The resulting solution
was cooled to rt, quenched with | N aqueous HC and diluted with EtOAc. The organic laver was
washed with water and brine, dried over anhydrous NapSQOy, filtered and concentrated to dryness

to give the crude title compound as a yeliow oil.

Intermediate 3

2~{4-Bromo-3-ethyiphenyh-1,1,1,3.3,3-hexafluoropropan-2-o}

To a solution of 1-{(4-bromo-3-cthyiphenyi}-2,2 2-triftuorocthavone (1.63 g, 4.11 mmol,
Intermoediate 3, step a) and TMSCF; (901 mg, 6.17 mmol} in anhydrous THF (10 ml} was
slowly added TBAF (65.3 mg, 0.25 mmol) at ¢ °C, and the solution was stirred at 1t for 5 h. The
resulting solution was quenched with 1 N agacous HCI and diluted with EtOGA¢. The organic
laver was washed with water and brine, dried over anhydrous Nas5G,, filiered, concentrated to

dryness and purified by FCC on sifica gel (PE} to give the title compound as a yellow oil,

Alternate Synthesis of Intermediate 3; Step aa

2-Ethvi-4-ipdoaniline

d

\*i

fodine (46.0 g, 181 mmol) was added in portions to a solution of 2-¢cthylaniline (20.0 g, 163
minol), NaHCO, (24.0 g, 286 mimol), MeOH (150 mL) and HyO (150 mbL) at 0 °C. The resultant
mixture was stirred for 16 hours with gradual warming to room temperature before pouring it
into water (250 mb) and extracting with EtQOAc (300 ml x 2). The combined organic extracts

were dried over anhydrous NaySO,, filtered and concentrated to dryness to give the crude

¥4
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product, which was purified by FCC on silica gel (PE/EtOAc = 100/1 to 30/1} to afford the title

compound.

Alternate Synthesis of Intermediate 3: Step bb

i-Bromo-2-ethyl-4-iodobenzene

d
Br /
SN

tert-Butyl nitrite (8.0 g, 78 mrool} was added drop wise to a solution consisting of 2-ethyl-4-
iodoaniline (16 g, 65 mameol, Intermediate 3, step aa), p-tohienesulfonic acid monchydrate (14.6 g,
77.6 mamol), tetrabutylammonivmm bromude (41.7 g, 129 mmol), CoBry (13 mg, §.059 mmol} and
acetonitrile (150 ml). The resultant mixture was stirred at room temperature for 16 h before
pouring it into water (250 mb) and extracting with EtOAc (300 mL x 3). The combined extracts
were dried over anhydrous NapSQy, filtered, and concentrated to dryness fo give the crude
product, which was purified by FCC on silica gel (PE/EtOAc = 50/1 to 13/1) to afford the title

compound.

Alternate Synthesis of Intermediate 3: Step ¢e

i-(4-Bromo-3-ethyiphenyvi}-2,2.2-trifluoroethanone

~PrMgCILICE (5.9 mL, 1.3 M in THF, 7.7 mmol) was added drop-wise to a solution of -
bromo-2-cthyl-d-iodobenzene (2.0 g, 6.4 mmol, Intermediate 3, step bb) and anhydrous THF (30
mL}Y at -78 °C. The resultant mixture was stirred at -78 °C for 10 mimstes and then treated with
2.2, 2-trifluoro-N-methoxy-N-methylacetamide (2.0 g, 13 mmeol). The resultant mixture was

stirred for 16 h with gradual warming to room temperature under Ny before pouring it inlo water
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b



WO 2016/069974 PCT/US2015/058193

(50 mL} and extracting with EtOAc (50 mL x 2). The combined organic extracts were dried over
anhydrous Na;SCh, filtered, and concentrated to dryness to give the crude product, which was

purificd by FCC on silica gel (PE/EtOAc = 100/ to 50/1} to afford the titic corapound.

Alternate Synthesis of Intermediate 3

Z2-{4-Brome-3-ethyiphenyi)-1,1,1,3,3,3-hexaflucropropan-2-ol

Br.

o
Tetrabutylaramoniom fluoride (32 wl, 1| M in THF, 32 mol) was added drop-wise to a solution
of 1-{4-bromo-3~cthylphenyl}-2,2 2-trifluorocthanone (6.0 g, 21 mmol, Intermediate 3, step oo},
trimethyl(trifluoromethyllsilane (15.2 g, 107 ramol}, and anhydrous THF (100 mb) at -15 °C.
The resultant mixture was stirred for 16 b with gradual warming to room iferoperature before
pouring it into water {100 mL) and extracting with EtOA¢ {200 mL x 2). The combined organic
extracts were dried over anhydrous Na SOy, filiered, and concentrated fo dryness to give the
crude product, which was purified by FCC on silica gel (PE/EtGAc = 100/1 to 50/1} to atford the

title compound.

Intermediate 3/1
2-{4-Bromg-3-chlore-2-flnoropheny-1.1,1,3,3,3-hexafluoropropan-2-of
Cl F

 OH
CFy

The title compound was prepared as described for Intermediate 3, using in siep a methyl 4-

bromo-3-chloro-2-fluorobenzoate in place of methyl 4-bromo-3-cthylbenzoate.

Intermediate 3/2

2-{4-Bromeo-3-methviphenyi}-1,1,1,3,3,3-hexafluorepropan-2-¢f

o4
(98]
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The title compound was prepared as deseribed for Intermediate 3, using 1o siep a wethy! 4-

bromo-3-methylbenzoate i place of methyl 4-bromo-3-ethylbenzoate.

Intermediate 3/3: Step a
Methyl 4-bromo-2,3-difluorobenzoate
K F

293
Br N/ -
To a solution of 4-bromo-2,3-diflusrobenzoic acid (10.6 g, 44.7 mmol} in MeOH (80 ml} was
added SOCL (10 mL, 137 mmol) dropwise. The mixture was stirred at 80 °C for 2 h and then the
solvent was removed in vacuo. The residue was dissolved in EtOAc (200 ml), washed with
water {2 x 200 mL}, dried over anhydrous NapSQy, filtered and concentrated to dryness. The
residue was purified by FCC on silica gel (EtOQAC/PE, 1/1) to provide the title compound as a

white solid.

Intermediate 3/3
2-{4-Bromo-2,3-diflnoropheny)-1,1,1,3,3.3-hexafluoropropan-2-¢l
R F

OH
\ CF,

The title compound was preparcd as described for Imtermediate 3, using in step a methyl 4-
bromo-2,3-difluorobenzoate  {Intermediate 3/3, step a) in place of methyl 4-bromo-3-

cthythenzoate,

Intermediate 4: Step a

{(4-Bromo-3-(triflucoromethyliphenyDmethanol

(@3
o
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To a sohution of methyl 4-bromo-3-(trifluoromethyl}benzoate (2.0 g, 7.1 mmeol} in THF (20 ml)
was added LiATHs (403 mg, 10.6 mmol) at ¢ °C under N,. After addition, the reaction mixture
was stired at 1t for 2 h. The reaction mixture was quenched with water (0.4 mL), 13% aqueous
WNaOH (0.4 mbL) and water (1.2 b} at 0 °C. The mixture was filtered and the filtratc was
concentrated to dryness to afford the crude title compound which was used in the next step

without further purification.

Intermediate 4: Step b
4-Bromo-3-(trifluoromethyljbenzaldehyde
Fal

To a solution of (4-bromo-3-{trifluoromethyliphenyhimethanol (1.5 g, crude, Intermediate 4, step
a} in DCM (10 mL) was added Dess-Martin-periodinane (3.7 g, 8.82 mmol} at 0°C. The mixture
was stirred at 1t for 3 hours. The reaction mixture was diluted with saturated aquecus sodium
bicarbonate {50 mL} and extracted with DCM (16 mb x 3}. The combined organic phase was
dried over anhvdrous Na:SOy and concentrated to dryness to afford the crude title compound

which was vsed in the next step without further purification.

intermediate 4: Step ¢

1-{4-Bromo-3-{irifhioromethyhphenyl)-2,2 2-trifluoroethanst

FaC
- <OH
Br-—
N\,

To a solution of 4-bromo-3-(triflucromcthyl)benzaldchyde (1.5 g, crude, Intermediate 4, step b)
in THF {15 mL) was added TMSCF; (1.30 ¢, 9.15 mmol) and CsF {90 mg, .59 mmol} at 0°C.
After addition, the reaction was stirred at rt overnight. To the reaction mixture was added 1 N
aqueons HCE (10 mL} and the resulting mixture was stirred at rt for 30 minutes. The mixture was
poured into water (30 mb) and extracted with EtOAc (10 mb x 3). The combined organic phase
was washed with brine, dried over anhydrous NaySOy and concentrated to dryness. The residue
was purified by FCC on silica gel (PE/EtOAc = 10/1) to afford the title compound as a yellow

oil.

¥4
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Intermediate 4: Step d

§-{(4-Bromo-3-(triflucromethylphenyl-2.2.2-triflunoroethanone

To a solution of 1-(4-bromo-3-(irifluoromethyliphenyl)-2,2 2-trittuoroethanol (300 mg, 2.78
mmaol, Intermediate 4, step ¢) in DCM (20 mL) was added Dess-Martin periodinane (1.8 g, 4.17
nunol} at § °C. The mixtare was stirred at 1t for 2 h. The reaction mixture was diluted with
saturated agueous sodium bicarbonate {50 mb) and extracted with DCM (15 mL x 3). The
combined organic phase was dried over anhydrous Na,804 and concentrated to dryness. The
residuc was purified by FCC on silica gel (PE/EtOAc = 50/1) to afford the titlc compound as a

vellow oil.

Intermediate 4
2-{4-Bromo-3-{trifluoromethyDphenyl}-1,1,1,3,3,3-hexafluoropropan-2-ol
FaG

) >:__ OH
Br CFg

To a solution of [-(4d-bromo-3-(triflacromethylipheny!}-2.2, 2-trifluorocthanone (800 mg, 2.49
mmol, Intermediate 4, step d) in THF (6 mL) were added TMECUF: (723 mg, 4.9€ mmol) and
OsF (38 mg, (.25 mmol) at §°C. After addition, the reaction was stirred at rt overnight. To the
reaction mixture was added 1 N agueous HCI (10 ml) and the resulting mixture was stirred for
30 minutes. The mixture was poured into water (30 mL} and extracted with EtOA¢ (10 mi x 3).
The combined organic phase was washed with brine, dried over anhydrous Na;SOy and

concentrated to dryness to afford the title compound as a vellow otl.

Intermediate 4/1
2-{(4-Bromo-3-(trifluoromethoxyiphenyi)-1,1,1,3,3.3-hexafluoropropan-2-of
FiCO

OH
Br O CFs
CF,
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The title compound was prepared as described for Intermediate 4, using in step a methyl 4-

brome-3-{trifluoromethoxybenzoate in place of methyl 4-bromo-3-{triftucromethylybenzoate.

Intermediate 4/2

2-(&-Bromo-3-isopropoxyphenyi}-1,1,1,3,3,3-hexafinoropropan-2-ol

o
==\ PH

Br—{  p &-CFy
N/ CF,

The title compound was prepared as described for Inmtermediate 4, using in step a methyl 4-

bromo-3-(isopropoxylbenzoate in place of ruethyl 4-bromo-3-(irifluoromethylibenzoate.

Intermediate 4/3
2-{4-Bromeo-3-chlorophenyi-1,1,1,3.3,3-hexaflvoropropan-2-ol
Ci

OH
CF,

The title compound was prepared as described for Intermediate 4, starting n step ¢ with 4-

bromo-3-chlorobenzaldehyde in place of 4-brome-3-{triffuoromethyYbenzaldehyde.

Intermediate 4/4
2-{4-Bromeo-3-fluorophenyh-1,1,1,3.3,3-hexathuoropropan-2-ol
R

CFs
The title compound was prepared as described for Intermediate 4, starting in step ¢ with 4-

bromo-3-fluorobenzaldehyde in place of 4-bromo-3-(iriflucromethylibenzaldehyde.

intermediate 5: Step a

1-{3-Bromeo-5-{fer-butylphenyl-2,2 2-triflusroethanone

(¥4
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O
CFs

B/

/
To a solution of §,3-dibromo-5-{lert-butylibenzene (5.84 g, 20.8 mmol) in anhydrous THF {60
mb} was added »-Buli (2.5 M in THF, 180.0 mL, 25.8 mamol} at ~78 °C under nitrogen and the
solution was stirred for 40 mimutes. Then, 2,2, 2-trifluoro-N-methoxy-N-methyl-acctamide (3.93
g, 25.0 mmol) was added slowly at this temperature and the solution was warmed o 1t and
stirred overnight. The resulting mixture was quenched with agueous NHs(Cl and extracted with
EtOAc (x 2). The combined organic layers were washed with water and brine, dried over
anhydrous Na;SC,, filtered, concentrated to dryness and the residue was purified by FCC (PE)

and then prep-HPLC to give the title compound as a yellow oil.

Intermediate 8§

2-{3-Bromeo-5-(fert-butyhiphenvii-1,1,1,3,3,3-hexafluoropropan-2-6l

FaC_ OH

To a solution of 1-(3-bromo-5-(seri-butyliphenyl}-2,2, 2-trifluorocthanone (3.77 g, 12.2 mmol;
Intermediate 5, step a) and {trifluoromethyhtrimethylstlane (2.33 mL, 15.0 mmol} in dry DME
{50 mL) was added anhvdrous CsF (60.8 mg, 8.40 mumol} at vt under nitrogen and the mixture
was stirred for 3 h at rt. Then an additional portion of TMSCF; (1.00 mL, 6.44 mumol} was added
and the mixture stirved for another 2 h, diloted with 2 N aqueous HCI, stirred for 18 h at 1t and
extracted with EtOAc (x 2}. The combined organic layers were washed with water and brine,
dried over anhydrous NapSQy, filtered, concentrated to dryness and the residue was purified by
FCC (PE/EtDAC = 10/1) and then preparative-HPLC to give the title compound as a colorless

oil.

Intermediate 6: Step a

(¥4
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Ethyl 4-(disthyicarbamoylthiazole-2-carbexylate

7
/’\o”‘gg,s

N
/N

/

A solution of 2-{ethoxycarbonyljthiazole-4-carboxylic acid {3.60 g, 1.79 mumol}, dicthylamine
{5.6 L, 54.0 ramol} and HATU (B.17 g, 2.15 mmeol) in DMF (20.0 mL) was stirred overnight at
ri. The resuliing solution was concentrated fo dryness and purified by FCC on silica gel

(PE/EIOAc = 10/1) to give the title compound as a brown oil.

Intermediate 6: Step b
Potassivm 4-(diethylcarbamoylithiazele-2-carboxyiate
O
H
S
N
/‘S ©
To a sohution of cthyl 4-(dicthylcarbamoyljthiazole-2-carboxylate (2.56 g, 10.0 mmol,
interemediate 6, step a} in a mixture of EtOH (25 mL) and HyO (5 mb) was added KOH (112 ¢,
20.0 mmol}, and the mixture was stirred for 3 h at 1t. The solution was concentrated to dryness,
and the residuc was triturated with EtO, filtered and dried under vacuum to give the crude title

compound as a yellow solid.

Intermediate 6

Pv"‘,"v’“»-ﬂiefhylmf\f 24 2-hyvdroxy-Z-methylpropyhthiazole-2, 4-dicarboxamide

s NS
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A mixture of potassium 4-(dicthylearbamoylithiazole-Z-carboxylate (2.71 g, 10.0 mmol,
Intermediate 6, step b}, 1-amino-Z-methyb-propan-2-o0l (981 mg, 11.0 mmol), HATU (420 g,
11.0 mmol} and DIPEA (258 ¢, 20.0 ramol) in DCM {50 mb) was stirred at vt for 3 b The
mixture was poured into water and extracted with DCM, The organic layer was washed with
water and brine, dried over anhydrous NapS0y, filtered, concentrated to dryness and the residue

was purified by FCC on silica gel (PE/EtOAc = 3/1) to give the title compound as a white solid.

Intermediate 6/1
4-{(4-Fluoropiperidine-1-carboryh-N-(2-hydroxy-2-methyipropyiithiazoele-2-carboxamide

O
HO .5
!
Ho L g
=
(>
F
The title compound was prepared as described for Intermediate 6, using in step a 4-

fluoropiperidine in place of dicthylamine.

Intermediate 7: Step a
Ethyi 5-(2,3-dichloro-4-(1,1,1,3,3 3-hexaflnore-T-hydroxypropan-2-yhphenyi-4-

(dicthylcarbamoyl)thiazele-2-carboxylate

A solution of ethyl 4-(dicthylcarbamoyljthiazole-2-carboxylate (720 mg, 2.80 mmol,
Intermediate 6, step a), 2-{(d-bromo-2,3-dichlorophenyl}-1,1,1,3,3,3-hexaflucropropan-2-0l (1.0
g. 2.6 mmol, Intermediate 23, KOAc (501 mg, 5.10 mmol}), PAOAc) (115 mg, 8.512 mmol) and
PPh; (267 mg, 1.02 mmeol) in DMF (10.0 mL) was heated vnder argon at 115 °C (internal
temperature) overnight and then cooled to rt. The solution was partitioned between EtOAc¢ and
H;O, and the layvers were separated. The organic phase was washed with HyO and brine, dried
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over anhydrous Na)S8Qy, filtered, concentrated to dryness and purified by FCC on silica gel

{(PE/EOAC = 4/1) to give the title compound as a light vellow oil.

Intermediate 7
Lithium 5-(2,3-dichioro-4-(1,1,1,3,3,3-hexalluors-2-hydroxvpropan-2-yliphenyh-4-

{dicthyicarbamovlithiazole-2-carboxylate

To a solution of ethyl 5-(2.3~dichloro-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-ylphenyl)-
4-{dicthylcarbamoyhithiazole-2~carboxylate (1.14 g, 2.01 mmol, Intermediate 7, step a) in a
mixture of MeOH (2 mL), THF (10 mbL) and HO (2 mL) was added LiOH-H,O (186 mg, 4.42
mmel), and the mixture was stirred at vt for 16 h. The resuiting solution was concentrated to
dryness, tritarated with B O and dried ander vacuom to give the title compoand as a yellow

solid.

Intermediate 8: Step a

Ethvi 4-(4-fluoropiperidine-1-carbonyiithiazole-2-carboxylate

7
-

O A‘?[/S
e

YO
P

A solution of 2-(cthoxycarbonyviythiazole-4-carboxylic acid (201 g, 0.0 mmol), 4-
fluoropiperidine hydrochioride {1.54 g, 11.0 mmol), HATU (418 g, 11.0 mmol} and DIPEA
(3.87 g, 30.0 ramol} in DMF (30 ml) was stirred at rt overnight. The resulting solution was
diluted with HyO and extracted with EtQAc (x 3). The combined organic layer was washed with
H;O (x 3) and brine consecutively, dried over anhydrous NapSQOy, filiered, concentrated to

dryness and the residue was purified by FCC on silica gel (PE/EtOAc = &/1} to give the title
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compound as & white solid.

intermediate §: Step b
Ethyl 8-(2,3-dichlore-4-{1,1,1,3,3 3-hexafluore-2-hydroxypropan-2-yhiphenyi}-4-{4-

fluoropiperidine-i-carbonylthiazole-2-carbaxylate

O
] O‘%},S Cl Ci
- CF3
Nﬁ V@“ﬂéoai
CF,
')

N

/'L‘\/’/‘

A solation of ethyl 4-(4-fhuoropiperidine- I -carbonylthiazole-2-carboxylate (286 mg, 1.0¢ mmol,
Intermediate &, step a), 2-{(4-bromo-2,3-dichlorophenyliy-1,1,1,3,3,3-hexafluoropropan-2-0l {392
mg, .00 mmol, Intermediate 2}, PPh: (300 mg, 1.14 mmol} and Pd{dppHiCh (30 mg, 0.041
mmal) in DMEF {5 mL) was heated at 90 °C overnight before cooling to rt. The resulting solation
was partitioned between EtOAc and HyO, and the layers were separated. The grganic phase was
washed with H,O and brine, dried over anhydrous Na,SQ,, filtered, concentrated to dryness and
the residue was purified by FCC on silica gel (PE/EtOCAc = 5/1) to give the title compound as a

whiie solid.

Intermediate 8
Lithium 5-(2,3-dichioro-4-(1,1,1,3,3,3-hexafluors-2-hydrexypropan-2-vhphenyl)-4-(4-
fluoropiperidine-i-carbonyljthiazole-2-carboxylate

¢

]
uo&f g
{ CF,

To a solution of ethyl 5-(2,3-dichloro-4-(1,1,1,3,3 3-hexaftuoro-2-hydroxypropan-2-yhphenyl)-
4-{(d-fluoropiperidine-1 -carbonylthiazole-2~-carboxylate (1.2 g, 2.0 mumol, Intermediate &, step b)
in MeOH/HC (10 mL/T mL} was added LiOH (169 mg, 4.02 mmol) at § °C. The resulting
sohation was stirred at rf for 3 h, concentrated to dryness and suspended in E&:0. The mixture
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was stirred at 1t for 1 h, filtered, washed with E6,0 and dried under vacuum to give the title

compound as a brown solid.

Intermediate 9: Step a

4-B;‘@mﬁ—Nw(Z=iwdmxy—2-methyiprﬁpyi}thiamied-carh@xamide

To a solution of d-bromothiazole-2-carboxyvlic acid (30 g, 240 wmel) in DMF (350 mb) was
added HOBt (38.9 g, 288 muwol) at rt followed by the addition of 1-amino-2-methyl-propan-2-ol
{23.5 g, 270 momeol). The mixtore was cooled to § °C and EDCE (68.0 ¢, 360 romol) and TEA
{72.8 g, 720 mmoly were added. The mixiure was stivred at vt for 15 b, and then concentraied to
dryness. The residue was diluted with EtOAc and washed with saturated agueous NaBHTOh
followed by brine, The organic laver was dried over anhydrous NapSQy, filtered, concentrated to
dryness and purtfied by FCC over silica gel (PE/EIOAe = 4/1) to give the title compound as a

pale yelow solid.

Intermediate 9: Step b
Methyl 2-(C-hydroxy-2-methylpropyhcarbameoythiazole-d-carboxylate

O

~n ,Lrs

H ?\; J
To a solution of 4-bromo-N-2-hyvdroxy-2Z~-methyipropyhithiazole-2~carboxamide (46.4 g, 163
mmoel, Infermediate 9, siep a) and TEA (499 g, 494 mwmol} wn MeQOH (1000 ml} was added
Pd{dpphiCh (5.0 g, 6.8 mmol}. The mixture was heated at reflox under an atmosphere of carhon
monoxide (5 MPay overnight, After cooling to 1, the mixture was partitioned bebween BCM and
satprated agueocus NaHCG: The orgenic laver was dried over anhydrous NapRQ,, filtered,
conceniraied to dryness and parified by FCC on silica gel (PE/EIOAc = 4/1) 1o give the title

compound as a white solid,
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intermediate 9: Step ¢
Methyl 5-(2,3-dickloro-4-(1,1,1,3,3,3-hexatluore-2-hydroxypropsn-2-yhiphenyi-2-{{2-

hyvdroxy-Z-methyvipropyhcarbameyviithinzole-4-carboxylate
] \ Vipropy A ;

HO

AN

A solution of Z-(4-bromo-2,3-dichlorophenyiy-1,1,1,3,3,3-hexafluoropropan-2-ol (2.71 g, 6.96
mmol, Intermediate 2), methyl 2-((2-hvdroxy-2Z-methylpropyhcarbamoviithiazole-4-carboxylate
(1.0 g, 3.9 mmol, Intermediate 9, step b), KOAc (760 mg, 7.74 mmol), PA(OAc); (87 mg, (.39
mmol} and PPhs (1.11 g, 4.26 mmol} in DMF (15 mwl) was purged with nitrogen for 5 mimates
and then stirred at 115 °C overnight. The resulting solution was cooled to 1t, concentrated to
dryness and purified by FCC on silica gel (PE/EtOAe = 1{/1 to 4/1) to give the title compound

as a yellow solid.

Intermediate 9
§-(2,3-Dichlore-4-(1,1,1,3,3,3-hexafllnors-2-hyvdroxypropan-2-viipheny)-2-(2-hydroxy-2-

methyvipropyvijcarbameovijthiazole-4-carboxvlic acid

HO

To a solution of methyl 35-(2,3-dichloro-4-{1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-
yhphenyl}-2-((2-hydroxy-2-methylpropylicarbamoyijthiazole-4-carboxylate (31.0 g, 54.7 mmol,
Intermediate 9, step ¢ in MeOH/ HyO (300 mL / 30 mb) was added KOH (6.10 g, 109 mmol} at
0 °C. The resulting solution was stirred at rt overnight and concentrated to dryness. Water (160
mbl} was added, the pH was adjusted to 1~2 with 1 N agueous HCI at § °C, and the mixtare
extracted with EtOAc. The organic layer was separated, washed with brine, dried over anhydrous
Na; SOy, filtered, and concentrated to dryness. The residue was purified by prep-HPLC to give

the title compound as a white solid,
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intermediate 18: Step a

4-Tert-butyl Z-ethyi thiazele-2 4-dicarboxylate

o)
/\U/Q\,s;.
EQE Y ><
-.O -
g

A sohation of 2-(cthoxyearbonyljthiazole-d-carboxvlic acid {14.4 g, 70.0 mmol} in feri-butyl
alcobol {127 mi, 1.33 mol} and pyriding (389 mi, 481 mmol} was cosied to ¢ °C in an ice-
water bath, p-Tolnenesuifonyt chioride (31.3 g, 164 mmeol} was added in one portion, and the
reaciion was stirred for sbout 7 davs at vt The resuiting solution was diluted with water and
satyrated aqueous ¥, C0: solution and stirred for 30 minutes, resulting in a dark brown biphasic
mixture. The agueous fayer was extracted with ;0 (x 3} The combined organic layers were
washed with saturated aqueous ¥LC0: (0 23 and brine consecutively, dried over anhydrous
Nay8Qy, filtered, concentrated to dryness and purified by FCC on sitica gel (PE/ECGAc = /1 1o

4/1y to give the title compound as a Hght brown solid,
Intermediate 18: Step b

Sodinm 4-(fert-butoxycarbonyijthiazole-2-carboxyiate
O

Jﬁﬁy

A sohution of d-reri-butyl 2-cthyl thisrole-2,4-dicarboxylate {13,

NaQ

T g, 53.2 mumol, Intermoediate 10,
step a) in tetrshydrofuran (200 mL) was wreated with 2 M aquoous sodiom hydroxide (50 wl),
andd the resulting dark red-brown solution was heated at 58 °C for 2 h. The resulting muxture was

cooled to v and concentrated to dryness o give the erude titde compound as an off-white solid,

Intermediate 18

fere-Butyl 2-((2-hydroxy-2-methylpropylcarbamoylthiazole-4-carboxylate

[
(v
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[0
HO f
. S
N-¢ e

O
o

A solution of sodium 4-{terr-butoxycarbonyithiazole-2-carboxylate (13.7 ¢, 532 mmol,
Intermediate 10, step by, -amino-2-methyl-propan-2-0l {(6.24 ¢, 70.0 mmol), DIPEA (206 g,
160 mmol) and HATU (28.0 g, 76.0 minol) in DMF (500 mL) was stirred overnight at rt. The
resulting solation was concentrated to dryness and purified by FCC on silica gel (PE/EIDAe =

6/1} to give the title compound as a yellow solid.

Intermediate 11: Step a

i-Benzhyvdryl-3-hydroxyazetidine-3-carboniirile

O
To a solution of I-benzhydrylazetidin-3-one (1.2 g, 5.0 mmol) in a mixture of THF (10 mL} and

water (10 ml} were added NaHCO: (0.84 g, 10.0 mmol) and KCN (8.4 g, 5 mmol} at rt. The
mixture was stirred at rf for 2 b, then poured into water {30 mL} and extracted with EtOAe (30
wi x 2}. The combined organic layers were washed with brine (20 mL), dried over anhyvdrous
Na:SOy and concentrated to dryness. The residue was purified by FCC on silica gel (PE/EtOAc =

20/1} to afford the title compound as a colorless oil.

Intermediate 11: Step b

Methyl I-benzhydryvi-3-hyvdrexyazetidine-3-carboxyiate

o N Ph
O
\ QH

To a solution of [-benzhydryl-3-hyvdroxyazetidine-3-carbonitrile (1.0 g, 4.2 mmol, Intermediate
11, step a) in MeOH (25 mL) was added cone. BCl (10 mL} dropwise at § °C. The mixture was

stirred at 80 °C for 3 h and concentrated to dryness to afford the title compound as a white solid.
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Intermediate 11: Step ¢
I-Benzhydryl-3-C-hydroxypropan-2-yhazetidin-3-o0}

Ph

/L“ Ph

N
HO  OH

To a solution of methyl 1-benzhydryl-3-hvdroxyazetiding-3-carboxviate {0.80 g, 2.7 mmol,
Intermediate 11, step by in THF (8 mL} was added CH:MgCl (3.6 b, 11 mmol, 3 M in ether)
dropwise at ¢ °C. After addition, the reaction mixture was stirred at rt overnight. The mixture
was quenched with saturated agqueous NH4Cl (30 mL} and extracted with EtCAc (30 mL x 2}
The combined organic layers were dried over anhydrous Na,804 and concentrated to dryness.
The residue was purified by FCC on silica gel (PE/EtOAc = 1/1) to afford the title compound as

a yellow solid.

Intermediate 11
3-(-Hydroxypropan-2-yhazetidin-3-ol

/ N+

HC  OM

To a solation of I1-benzhydryl-3-(Z-hydroxypropan-2-vijazetidin-3-0l (0.3 g, 1 mmol,
Intermediate 1, step ¢) in MeOH (30 ml.) was added PA/C (0.2 g, 0.19 mumol). The resulting
mixture was stirred under 58 Psi of hydrogen at rt overnight. The mixture was filtered through a
Celite” pad and the solids were washed with methanol. The combined filtrates were concentrated

to dryness to provide the title compound as a yellow oil.

Intermediate 12: Step a

{($i-fere-Butyl 4,4-difluore-2-methylpyrrolidine-i-carbexylate
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O
. >0
N
%
F F
Under a nitrogen atmosphere, DAST {0.60 mb, 4.4 mumol) was added to a stirred solution of {(S)-
teri-butyl 2-methyl-4-oxopyrrolidine-1-carboxylate (420 mg, 2.10 mmol) in DCM (5.0 ml)
under ice cooling, The resultant mixture was stirred for 16 h at rt and quenched with saturated
aqueons NaHCOs. The separated organic layver was dried over anhvdrous NapSO,, filiered, and
concentrated to dryness. The residue was purified by FCC on silica gel (PE/EtQAc = T0/1) to

give the title compound as a yvellow oil.

Intermediate 12
(-4, 4-Difluoro-2-methyipyrrolidine hydrochloride

I",-—fNH"Hk,:

F F
To a solution of (S)y-reri-butyi 4,4-difluors-Z-methylpyrrolidine- f-carboxylate (250 mg, 1.13
mmol, Intermediate 12, step a) in |, 4-dioxanc (2 mL) was added a sohation of HC1 in 1 4-dioxane
{4 M, 5.0 mL, 20.0 mmot) at § °C and the mixture was stirred at vt for 1 h and concentrated to

dryness to give the title compound as a red solid.

intermediate 13: Step a
{28,48)-teri-Butyl 4-bydroxy-2-methyipiperidine-1-carboxvlate and (28,4 8)-fert-butyl 4-

hvdroxy-2-methyipiperidine-1-carboxylate

Oﬁ/c’% 0\\T/0 e
Y, . E K e, N
SRS
SH OH

To a solution of (8)-ters-butyl 2-methyl-4-oxopiperidine-1-carboxylate (4.0 g, 19 mmol) in EtOH
{40 mL} was added NaBH, (1.4 g, 28.1 mmol) at § °C and the mixture was stirred at vt for 1.5
h, concentrated to dryness and purified by FCC on silica gel (PE/EtOAc = 4/1) to give the
{25,4%) isomer as a colorless oil and the (25,48} isomer as a colorless oil.
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Intermediate 13: Step b

(28,45 -tert-Butyl 4-fluore-2-methyipiperidine-1-carboxylate
, N

F
To a solution of (25 4R-teri-butyl 4-hydroxy-2-methvipiperidine- 1 -carboxyvlate {200 mg, $.930
wmel, Intermediate 13, step a) in DCM (S mb} was slowly added DAST (225 mg, 1.40 mmoly at
~78 °C and the solution was stirred at 78 °C for 1 h, then slowly warmed to rt and stirred at 1t
overnight, quenched with saturated aqueous NaHCO; at ¢ °C, and extracted with DCM. The
organic layer was washed with brine, dried over anhydrous NaxSOs, filtered, concentrated to
dryness and the residue was purified by FCC on silica gel (PE/EtOAc = 2(/1) to give the title

compound as a colorfess oil.

Intermediate 13
(28,45 -4-Fluore-2-methyipiperidine hydrochioride
H HCI

@

To a schution of (28.45)-tert-butyl 4-fluoro-2-methylpiperidine-1-carboxylate (70 mg, 0.32
nmunol, Intermediate 13, step b} in E6O (5 mb) was added HCVELO (15 mL, 2 M)y at §§ °C. The
mixture was stirred at rt for 3 h and concentrated to dryness to give the title compound as an off-

white solid.

Intermediate 14: Step a

Ethyl 4-(hydroxyvmethyljthiazole-2-carboxylate
QO
/"\O /iL\r__ 3
\W,
HG
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A mixture of 1-bromo-3-hydroxypropan-2-one (3.0 g, 20 mmol) in anhydrous dioxane (100 mL)
was treated with ethyl 2-amino-2-thioxoacetate (2.7 g, 20 mmol} for 2 h at 30 °C, and then
concentrated to dryness at 50 °C to yield a dry yellow sohid. The crude product was dissolved in
saturated agueous NapCOs {150 ml) and water {150 mb). The aqueous layer was extracted with
EtOAc {6 x 50 mL). The agucous layer was then acidified to pH = 2 with concentrated agqueous
HCI, resulting in the formation of a precipitate. This suspension was extracted with EtOAc (3 x
50 mL). The exiracts were pooled, dried over anhydrous NaySQy, filtered and concentrated to

dryness to give the title compound as a red-brown solid.

Intermediate 14: Step b
Ethyl 5-(2,3-dichloro-4-(1,1,1.3,3,3-hexafluoro-2-hyvdroxypropan-2-yDphenyl)-4-

{hydroxymethylithiazole-2-carboxylate

o ¢ o
//\Q E e CFy
) OH
N N CF,

HC
To a solution of ethyl 4-(hvdroxymethylbithiazole-2-carboxylate (200 mg, 0.78 mmol,
Intermediate 14, step a) in DMF (10 mbl} were added 2-(4-bromo-2.3-dichlorophenyl}-
1,1,1,3.3,3-hexafluoropropan-2-01 {335 mg, 0.86 mmol, Intermediate 23, KOAc (153 mg, 1.56
mmal), PPhy (225 mg, 0.86 mmol} and PA{OAC), (35 mg, 8.16 mmaol) and the mixture was
stirred at 110 °C under Ny overnight. Once cooled to rt, the mixture was poured into water (50
mkb} and extracted with EtOAc (20 mL x 3}, The combined organic layers were washed with
water and brine, dried over anhydrous NapSUy, concentrated to dryness and the residue was

purified by FCC on silica gel (PE/EtOAc = 5/1} to give the title compound as a white solid.
Intermediate 14: Siep ¢

5-{2.,3-Bickloro-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhphenyi}-2-

{ethoxycarbonylithiazsle-4-carboxylc acid
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To a solution of ethyl S-(2,3-dichloro-4-(1,1,1,3,3,3-hexathuoro-2-hydroxypropan-2~-yliphenyl)-
4-(hydroxymethythiazole-2-carboxylate (158 mg, 0.30 muoob Intermediate 14, step b} in
CH:ON (3 mL} and HyO {1.5 mL} were added iodobenzene diacetate {339 mg, 1.05 mmol} and
TEMPO (47 mg, .30 munol) and the mixture was stirred at vt for 5 h, concentrated to dryness
and cxtracted with EtOAc (10 mbL » 2). The combined organic layers were washed with brine,
dried over anhydrous Na;SOy, concentrated to dryness and the residue was purified by FCC on

stlica gel (DCM/MeQOH = 20/1) to give the title compound as a white solid.

Intermediate 14
{(&Ethyl 5-3,3-dicklore-4-01,1,1,.3,3 3-hexafluoro-2-hydroxypropan-2-yhphenyi-4-(4,4-

diffuoro-2-methylpyrrohidine-I-carbounylthiazole-2-carbexylate

'S
i cli
OH
N~y CF,
%\(\N h
FF

To a solation of 5-(2,3-dichloro-4-(1,1,1,3,3,3-hexattuoro-2-hydroxypropan-2-yiphenyl)-2-
{cthoxycarbonyhthiazole-4-carboxylic acid (100 mg, 0.19 muwol; Intermediate 14, step ¢} n
DMF (§ mL) were added {S)-4,4-difluoro-Z-methyipyrroliding hydrochioride (31 mg, 0.19
mmol; Intermediate 12), TEA (30 mg, 0.29 mmol} and HATU {148 mg, 0.473 mmol} and the
mixture was stirred at rt overnight, The mixtare was poured into water (25 mL}y and extracted
with EtOA¢ (10 mi. x 3). The combined organic lavers were washed with bring, dried over
anhvydrous Na;SO,, concentrated to dryvness and the residue was purified by FCC on silica gel

{(PE/EtOAC = 5/1} to give the title compound as a white solid.

Intermediate 15 Step a
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($r-Ethyl 4-(4.4-difluore-2-methyipyrrolidine-{-carbonyijthiazole-2-carboxyiate

L
Q ;\}/

%, 0
N

FOF
To a solution of 2-{cthoxycarbonyvijthiazole-4-carboxylic acid (68% mg, 3.43 mmol) and (5)-4,4-
diftaoro-2-methylpyrrolidine hydrochloride {540 mg, 3.43 mmol, Intermediate 12} in DMF (16
mb) were added TEA (693 mg, 6.8¢ mmol) and HATU (2.6 g, 6.9 mmol}. The mixture was
stirred at rt overnight., The reaction mixture was poured into water {60 ml) and cxiracted with
EtOAc (20 mb x 3). The combined organic layers were washed with brine, dried over anhydrous
Na, 80, and concentrated to drvness. The residue was purified by FOCC on silica gel (PE/EtOAc =

5/1} to afford the fitle compound as a yellow oil.

Intermediate 15: Step b
Lithium (8)-4-(4 4-diffuwore-2-methylpyrrolidine-1-carbonyhthiarole-2-carbosylate
O

[ .
uo’l\fb

N/

To a solution of (S)-cthyl 4-(4,4-&iftnore-2-methylpyrrolidine-t-carbonylithiazole-2-carboxylate
(500 mg, 1.6 mmol, Intermediate 15, step a) in MeOH (4 mb) and water (2 mb) was added
LiOH -H0 (36 mg, 0.86 mmol). The mixture was stirred at vt for 3 h. The reaction mixture was
concentrated to dryness to give the title compound, which was used directly in the next step

withount further purification.

Intermediate 15
{(5)-4,4-Biftuoro-2-methylpyrrolidin- L-yB(2-((3R, 55)-3,5-dihvdroxypiperidine-1-

carbonyhthiazol-d-yimethanone
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\]/"N
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O
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To a solution of lithiom (§3-4-(4.4-diffuore-2-methylpyrrolidine-f-carbonylthiazole-2-
carboxyiate (400 mg, corude Intermediate 15, step by and (3R58)-piperidine-3,5-diol
hydrochioride {215 mg, 1.4 muool) in DMF (6 mbL) were added TEA (212 mg, 2.10 nunol) and
HATU (1.0 g, 2.8 mmol). The mixture was stirred at rt overnight. The reaction mixture was
poured into water (50 mbL} and extracted with EtOAc (20 mbU x 3). The combined organic layers
were washed with brine, dried over anhydrous Na,SOg4and concentrated to drvness. The residue
was purified by FCC on silica gel (PE/EtOAc = 50/1) to afford the title compound as a yellow

oil.

Intermediate 15/1
(V- 2-Hydrosy-2-methylpropyl-4-Z-methyipyrrolidine-L-carbonyhithiazole-2-

carboxamide

HO N O
A
Ho g
9
C\j/\.@
The title compound was prepared as described for Intermediate 15 using in step a {§)3-2-
methylpyrroliding in place of (8)-4,4-diftuore-2-methyipyrroliding hydrochioride and in the final

step 1-aming-2-methylpropan-2-0 in place of (3R 58)-piperidine-3,5-dio! hydrochloride.

Alternate synthesis of Intermediate 18/1: Step a

($r-Ethyl 4-C-methylpyrrolidine-1-carbenyithiazele-2-carboxylate
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(Sy-2-Methylpyrroliding {(14.0 g, 164 mmol) in 2-methyi tetrahydrofuran (10 mL) was added to a
mixture of 2-(cthoxycarbonyljthiazole-4-carboxylic acid (387 g, 192 mmol} in 2-methyl
tetrahydrofuran (320 mbL) at § °C. Then, 2.4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphinane 2.,4,6-
trigxide (140 mb, 220 mmol} was added followed by addition of DIPEA (57.0 mL, 331 mmol).
After 2 h of stirring, the mixture was poured into 300 mL of aquecous saturated sodium
bicarbonate solution, The layers were separated and the agueous laver was extracted with
EtOAc. The combined organic layers were washed with brine, dried over anhydrous MgSQy and

concentrated to provide the title compound as a brownish yellow solid.

Alternate synthesis of Intermediate 18/1: Step b
($3-N-2-Hydroxy-2-methyipropyl-4-(2-methyipyrroliding-1-carbonyijthiazole-2-

carboxamide

]
\Y/\N)Lw/S
HOTl K |

4

8
EfOH (440 mb) was added to a mixture of {(§)-ethyl 4-{2-methylpyrrolidine-1-carbonyithiazole-
2-carboxylate (40.0 g, 149 mmol, Intermediate 15/1, step a) and 1-amino-2-methyl-propan-2-ol
{42.4 ¢, 475 vomeol). The mixture was stivved at 11 for 16 h, and then covcentrated to dryness. The
residoe was dilited with HtOAc and washed with water. The agueous laver was extracted with
EtQAC {5 ¥ and the combined organies were washed with agueous saturated NaCl solution,

dried over anhydrous MgSQy, filtered through Celite”, concentrated to drvness and purified by
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FOU on silica gel {6 to 10% MeQOH in DOCM) to give the utle compound as a pale vellow oil.

Trituration of the product with dicthyl ether furnished the title compound as a white solid.

Intermediate 15/2

(&y-N-2-Hydroxy-Z-methyipropy-4-C-methyipyrrolidine-1-carbonyijthiazele-2~

carboxamide

!
\Y/\N)Lw'*'s
HOTl  H :\3\2

&

hY
Q“”’!

The title compound was prepared as described in the aliernate synthesis of Intermediate 15/1

using in step a (Ry-Z-methylpyrrolidine in place of {(§)-2-methylpyrrolidine.

Intermediate 15/3
{(53-N-(2-Hydroxy-Z-methyipropyvh-4-(2-methvipiperidine-1-carbonythiazole-2-

carboxamide

G

]
~>‘/\\N 5

O
@S
The title compound was prepared as described in the alternate synthesis of Intermediate 15/1,

using in step a (S)y-2-methyipiperidine in place of (S)-Z-methylpyrrolidine. Tritoration of the

product with diethyl ether furnished the title compound as a white solid.

Intermediate 15/4

~J
(v
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4-(7-Azabicycle{2.2.1 | heptane-T-carbonyl}-N-(2-hydroxy-Z-methyvipropylthiazole-2-

carboxamide

The title compound was prepared as described in the alternate synthesis of Intermediate 15/1,

7

using in step a 7-azabicyclol 2.2 . 1lheptane in place of {(8)-2-methyipvrrolidine.
24 3! Y10} Hef P Yip3

Imtermediate 15/5

{(4-{4,4-Difluoro-Z-methyipyrrolidine- f-carbony-N-Z-hydroxy-2-

methyipropyDthiazole-2-carboxamide

e
V\N/b\ﬁ/s
HO™
i H N?/

O
N
ol
i
F

The title compound was prepared as described in the alternate synthesis of Intermediate 15/1,
using in step a (34 4-difluoro-2-methylpyrrolidine hydrochioride {(Intermediate 12} in place of

{(S¥-2-methylpyrrolidine.

intermediate 16: Step a

Ethyi 4-(7-azabicycle[2.2.1 {heptane-T-carbonyvijthiazole-2-carboxviate
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To a solution of 2-{cthoxycarbonyi}thiazole-4-carboxylic acid {500 mg, 2.4¢ mmol) in DMF (5
mb} were added 7-azabicyelo[2.2.1 heptane hydrochloride {365 mg, 4.73 mmol), TEA (376 mg,
3.73 mmol} and HATU (1.9 g, 497 mmol) and the mixtare was stirred at 1t overnight, poured
into water {25 mb} and extracted with EtOAc (10 mL x 3}, The combined organic layers were
washed with bring, dried over anhydrous Na;SO4, concentrated to dryness and the residue was

purified by FCC on silica gel (PE/EIOAC = 5/1) to give the title compound as a pale yellow solid.

Intermediate 16
Ethyl 4-(7-azabicyclo|2.2. 1lheptane-7-carbonyl)-3-(2 3-dickloro-4-(1,1,1,3.3,3-hexafluoro-2-

hyvdroxypropan-2-yDphenyhithiazole-2-carboxylate

To a solution of ethyl 4-{7-azabicyclof2.2.1 theptane-7-carbonylithiazole-2-carboxylate (500 mg,
178 mmol; Intermediate 16, step a} in DMF (10 mb) were added 2-{(4-bromo-2,3-
dichlorophenyi}-1,1,1,3,3,3-hexafluoropropan-2-0l (770 mg, 1.96 mmol; Intermediate 23, KOAe
358 mg, 3.57 mnol), PPhs (510 mg, 1.96 mumol), and PA(CAc); (80 mg, 0.36 mmol} and the
mixture was stirred at 110 °C ander N; overnight. After cooling to rt, the mixture was poured
into water {50 mL) and extracted with EtOAc (20 mL x 3}. The combined organic layers were
washed with water and brine, dried over anhydrous Na S04, concentrated to dryness, and
purified by FCC on silica gel (PE/EOAc = 5/13 and then by prep-HPLC 1o give the title

compound as a yellow oil.

-3
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intermediate 16/§
{8)-Ethyl 5-(2-chlore-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhphenyi}-4-(2-

methyipyrrelidine-1-carbonyiihiazele-Z-carboxyiate

The title compound was prepared as described for Intermediate 16 using in step a (§)-2-
methylpyrroliding in place of 7-azabicvelo{2.2. Tiheptane hydrochioride and in the final step 2-
{4-bromo-3-chlorophenyi}-1,1,1,3,3,3-hexafluoropropan-2-ol (Intermediate 4/3) in place of 2-(4-

bromo-2, 3-dichlorophenyl}-1,1,1,3,3,3-hexafluoropropan-2-ok

intermediate 16/2
{(8)-Ethvl 5-(4-(1,1,1.3,3,3-hexafluore-2-bydroxypropan-2-vii-2-(trifluoromethyhphenylj-4-

(Z-methyipyrrolidine-1-carbonyijthiazole-2-carboxylate

The title compound was preparcd as described for Intermediate 16 using in step a (8)-2-
methylpyrrolidine in place of 7-azabicyelo{2.2. Tiheptane hydrochloride and in the final step 2-
{4-bromo-3-{irifluoromethyhphenyly-1,1,1,3,3,3-hexafluoropropan-2-ol (Intermediate 4} in place

of 2-{4-bromo-2,3-dichlorophenyl}-1,1,1,3,3,3-hexafluoropropan-2-ol.

Intermediate 17

2-(5-Bromoguinolin-8-yi)-1,1,1,3,3.3-hexafluoropropan-2-ol
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To a mixtuwre of methyl 8-bromogquinoline-S-carboxylate (212 mwg, 0.800 mmol} and
trimethyi{trifluoromethylistiane (0.35 mL, 2.4 mmol) in THF (4 ml} at 4 °C was added CsF (28
mg, 0.18 mmoly. The mixture was stivred at 4 °C and allowed to warm to room temperature.
After stirring for 2.5 days, 1.0 N HCI aqucous solution was added and the agqueous layer was
extracted with dichloromethane. The combined organic phases were dried over anhydrous
MNapS(y, filtered, and concentrated to dryness. The residue was purified by flash column

chromatography (silica gel, 13-40% EtOAc¢ in heptanes} to give the title compound.

Intermediate 18: Step a

i-Bromo-2-(difluoromethyi)-4-iodobenzene

Fu F

ari

DAST (77.8 g, 482 wamol) was added to a solution of 2-bromo-3-iodobenzaldehyde (100 g, 322
wmoly and DCM (1 L) at § °C. The resultant mixture was stirred at roor temperature for 2 h
before quenching with ice/water {1 L) and exiracting with DCM (800 ml x 3). The combined
organic exiracts were washed with brine, dried over anhydrous NaySQy, filtered and concentrated
to drvness to give the crude prodoct, which was purified by FCC on silica gel {PE/EtOAc = 50/1)

to afford the title compound.

Intermediate 18: Siep b

i-{4-Bromo-3-(difluoromethyhphenyD-2,2, 3-irifluoroethanone
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-PrMgCILACTE (194 mb, 1.3 M in THF, 252 mmol) was added drop-wise to a sohution of 1-
bromo-2-(diflucromethyl}-4-iodobenzene (76.0 g, 210 mmol, Intermediate 1K, step a) and
anhydrous THF (200 mL} at -78 °C. The resultant mixtire was stirred at -78 °C for 30 minutes
and then treated with 2.2 2-triflooro-N-methoxy-N-methylacetamide (49.5 g, 315 mmol). The
resultant mixtare was stirved at <78 °C under Np for 1 b before quenching with saturated aqocous
NHCU (600 mlb) solution and extracting with EtDAc (800 mL x 3}, The combined organic
extracts were dried over anhydrous NaxSOy, filtered, and concentrated o dryness to give the
crude product, which was purified by FCC on silica gel (PE/ELOAc = 14/1 to 4/1) to afford the

titie compound.

Intermediate 18

2-{4-Bromo-3-(diflucromethyDphenv-1,1,1.3,3.3-hexafluoropropan-2-o}

Tetrabutylammmonium fluoride (470 mb, 1 M in THF, 470 mumol} was added drop-wisc to a
solution of 1-{4-bromo-3-(difluoromethylphenyl}-2. 2. 2-trifluorocthanone (95.0 g, 313 mmol,
Intermediate 18, step b}, trimethyitrifluoromethyl)silane (223 g, 1.6 mol), and anhydrous THF
{100 mL} at -15 °C. The resubtant mixture was stivred at -15 °C to -10 °C for 30 munutes and for
2 howith gradual warming to room temperature before quenching with 2 N aqueous HCI {400 wl)
and exiracting with EtOAc (800 mL x 3). The combined organic extracts were dried over
anhydrous NapSQy, filtered, and concentrated to dryness to give the crude product, which was

purified by FCC on silica gel (PE/EtOAc = 100/1 10 20/1) to afford the title compound.
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intermediate 19
Lithium 4-(7-azabicycie[2.2.1 {heptane-T-carbonyi}-5-(2,3-dichlore-4-(1,1,1,3,3,3-

hexaflunors-2-hydrexypropan-2-yhphenyijthiazole-2-carboxylate

i ¢, o
LEO"J\FS CF3
! OH

.
N CF,

e
N

A

To a solation of ethyl 4-(7-azabicycloi2 2. heptane-7-carbouyl}-5-(2,3-dichloro~4-(1,1,1,3,3,3-
hexafluoro-2-hydroxypropan-2-yljphenyhithiazole-2-carboxylate (100 wmg, 017  mmol,
Intermediate 16} in MeOH (2 b)) was added LiOH-H,O (11 mg, 0.26 muwmol) and H,O (2 mL).
After addition, the reaction mixture was stirved at vt for 2 h. The reaction mixture was
concenirated to afford the title compound as a yellow solid which was used in the vext step

without further purification.

Intermediate 20: Siep a
4-{tert-Butoxycarbonylthiazole-2-carboxylic acid
O
/
Hols,.
{
N/
/\‘50

j)v

To a solution of d-reri-butyl 2-cthyl thiazole-2 4-dicarboxylate (165 wmwg, 0.64 mmol,

D)

Intermediate 10, step ay in EtOH (5 ml) was added aqueouns LiOH (I md, 0.5 N) and the
sohution was stirred at v overnight. Then the solvent was removed, the residue adjusted to pH < 2
with 2 N aqueous HCI and extracted with EtQAc (3 x). The combined organic layers were
washed with brine, dried over anhydrous NapySQy, filtered and concentrated to drvness to give the

title corpound as a vellow solid.

Intermediate 28: Step b
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teri-Butyl 2-(thiomorpholine-4-carbonyijthiazele-4-carboxyiate

A solution of 4-(jert-butoxycarbonylfthiazole-2-carboxylic acid (127 mg, .55 mmol,
intermediate 20, step a), HATU (314 mg, 0.83 mmoi) and DIPEA {177 mg, 1.38 mmol) in DMF
{& mL} was stirred at 1t for | h, then thiomorpholine (68 mg, 0.66 mmol) was added and the
mixture was stirred overnight, difuted with water and extracted with EtOAc (x 3). The combined
organic layers were washed with brine, dried over anhydrous NapSQ,, filicred and concentrated
to dryness. The residue was purified by FCC on silica gel (PE/EtCAc = 7/1} to give the title

compound as a yellow solid.

Intermediate 28: Step ¢
tert-Butyl 8-(2,3-dichloro-4-(1,1,1,3,3.3-hexafluore-2-hydroxypropan-2-yhphenyi)-2-

{thiomeorpholine-4-carbonyhithiazole-d-carboxylate
O N
QF‘\E\EJQ\?/S Ci c
N /\)\@\ CFy
N g N
€ \_/Con
&0 CFy

To a solution of rerr-butyl 2-(thiomorpholing-4-carbonylithiazole-4-carboxylate (139 mg, 0.44
mmol, Intermediate 20, step b), 2-(4-bromo-2,3-dichlorophenyi}-1,1,1,3,3,3-hexaflucropropan-2-
ol {189 mg, 0.48 mmol, Intermediate 2) and Na;CO5; (117 mg, 110 mmol} in DMF (5 mb) were
added PPhy (115 mg, 0.438 mmol) and PA{OAc) (14 mg, .06 mmol) under Ar and the solution
was stirred at 120 °C overnight, After cooling to 1t the mixiure was diluted with water and
extracted with EtOAc. The combined organic layers were washed with water and brine, dried
over anhydrous Na,SOy, filtered and concentrated to dryness. The residue was purified by FCC

on silica gel (PE/EtOAc = 8/1) to give the title compound as a white solid.
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intermediate 20
5-{2,3-Dichlore-4-(1,1,1,3,3,3-hexafluore-2-hydroexypropan-2-yliphenyl)-2-(thiomorpheline-

4—carb9nyl)miamiem4mcai'if}()xyﬁia acid

s
f\% ‘§OH

A solution of tert-butyl 5-(2 3-dichloro-4-(1.1,1.3,3,3-hexafluoro-2-hydroxypropan-2-yhiphenyl)-
2-{thiomorpholine-4-carbonyhithiazole-d-carboxylate (185 mg, 0.296 nuuol, Intermediate 20,
step ¢} in HCH{3 mL, 4 N in | 4-dioxane) was stirred at rt for | h and concentrated to dryness to

give the titie compound as a brown solid.

Intermediate 28/1: Step a
tere-Butyl 2-(2-thia-6-azaspirs] 3.3 heptane-6-carbonvlythiazole-4-carboxyvlate
O

LN J%,S
/
N\:’}
i
The title compound was prepared as described for Intermediate 20, steps a and b, using instep b

2-thia-6-azaspiref 3.3heptane in place of thiomorpholine.

Intermediate 28/1: Step b

fers-Butyl 2-(2-oxido-2-thia-6-azaspiro|3.3| heptane-6-carbonyijthiazele-4-carboxyiate
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To a solution of fert-butyl 2-(2-thia-6-azaspiro|3.3theptanc-6-carbonylijthiazole-4-carboxylate
{471 mg, 1.45 mmol, Intermediate 20/1, step a) in DCM (20 mL) was added m-CPBA (249 mg,
1.45 mmol, 85 %) at § °C and the mixture was stirred at rt overnight., The mixtare was quenched
with NaHSOs;, washed with aqueous NaHCGO; and extracted with EtOAc three times. The
combined organic layers were washed with brine, dried over anhydrous NaySO,, filtered and

concentrated to dryness to give the title compound as a yellow solid,

Intermediate 26/1
5-(2.3-Dichiore-4-(1,1,1,3.3,3-hexafluore-2-hydroxypropan-2-vhpheayi}-2-(Z-oxido-2-thia-

t-azaspiroe{3.3theptane-6-carbonylithiarole-d-carboxylic acid

i{i:)
- Ci
~C7<\/N ‘\FS s
=8 d \f}\(“ CF;
\ P el
s CF,
HOT O
The title compound was prepared as described for fntermediate 20, steps ¢ and final step, using
in step ¢ fert-butyl 2-(2-oxido-2-thia-6-azaspiro| 3.3 theptane-6-carbonyljthiazole-4-carboxylate
{Intermediate 20/1, step b} in place of fers-butyl 2-(thiomorpholine-4-carbonylithiazole-4-

carboxylate.

intermediate 21: Step a
N-(Z-Hydroxy-2-methyipropyl-d-Chydroxymethyhthiazole-2-carboxamide
HC O

i

N.
H o S

i
Y
HO)
The title compound was prepared as described for Intermediate 10, step b and the final step,

using cthyl 4-(hvdroxymethylithiazole-2Z-carboxvlate in place of 4-reri-butyl 2-cthyl thiazole-

2 4-dicarboxylate.

intermediate 21: Step b
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5-(2-(Difluoromethyi)-4-(1,1,1,3.3,3-hexaflvors-2-hydroxypropan-2-yijphenyl)-¥-{2-

hydroxy-2-methyipropyii-4-(hydroxymethyijthiazole-2-carboxamide

o 4F
HO 7o
ﬁ/ﬂ\gi\fs - &
e OH
Nt/ N\ & =y
HO

A solution of 2-{4-bromo-3-(difluoromethyiiphenyl)-1,1,1,3,3,3-hexatlaoropropan-2-0l (373 mg,
1.00 mmol, Intermediate 18), N-(2-hvdroxy-2Z-mucthylpropyh-d-(hydroxymethyljthiazole-2-
carboxamide {401 mg, 1.00 muool, Intermediate 21, step a), KpyCOs (276 mg, 2.00 mmol},
PA{OAC): (45 mg, 0.20 mmol}, PCy: -HBF, (73 mg, 0.20 mmol) and PivOH (13 mg, 0.13 mmol}
in DMA (5.0 ml} was heated under argon at 105 °C overnight. The mixture was cooled to rt,
partitioned between EtOAc and water, and the layers were separated. The organic laver was
washed with water and brine, dried over NapSQy, filtered and concentrated to dryness. The
residae was purified by FCC oun silica gel (PE/EtOAC = 2/1) followed by prep-HPLC to give the

titie compound as a white solid.

Intermediate 21
S5-2-(Difluoromethyl-4-(1,1,1,3,3,3-hexaflnore-Z-hydroxypropan-2-yhphenyl-2-((2-

bydroxy-2-methyipropyhcarbamoyijthiazele-d-carboxylic acid

The title compound was prepared as described for Intermediate 14, siep ¢ using 5-(2-
{difluoromethyl}-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yhphenyl}-N-(2-hydroxy-2-

methylpropyl)-4-(hydroxymethylthiazole-2-carboxamide (Intermediate 21, step b) in place of
ethyl 5-(2,3-dichloro-4-{1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-ylphenyl)-4-

{hydroxymethyhithiazole-2-carboxylate.

Intermediate 22: Step a

o0
(94
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tert-Butyl 2-{(3-amine-2,2-dimethvl-3-oxopropyihcarbamoyithiazole-4-carboxylate
7,©
HyN /J\f//\ N /U\‘/S
1 H Ni ,‘/
A NO
o

The title compound was prepared as described for Intermediate 20 step b, using 3-amino-2,2-

dimethylpropanamide in place of thiomorpholine.

Intermediate 22: Step b
tert-Butyl  2-{(3-aming-2,2-dimethyi-3-oxepropyicarbamoyl}-5-(2,3-dickioro-4-(1,1,1,3,3,3-

hexafluore-2-hydroxypropan-2-yviiphenyijthiazole-4-carboxylate

The title compound was prepared as described for Intermediate 29, step ¢ using fers-butyl 2-{(3-
amino-2,2-dimethyl-3-oxopropylicarbamoylithiazole-d-carboxylate (Intermediate 22, step a) in

place of reri-butyl 2-(thiomorpholine-4-carbonyijthiazole-4-carboxylate,

Intermediate 22
2-{(3-Amine-2,2-dimethyl-3-oxopropyhcarbamoyvi)-5-{2,3-dichlore-4-(1,1,1,3,3,3-

hexafiuore-2-hydroxypropan-2-yviphenyijthiazeole-4-carboxyiic acid

The title compound was prepared as described for the synthesis of Intermediate 20 using feri-
butyl 2-{{3-amino-2 2-dimethyi-3-oxopropyljcarbamoyly-5-(2,3-dichloro-4-(1,1,1,3,3,3-
hexaftuoro-2-hydroxypropan-2-yliphenyhthiazole-4-carboxylate (Intermediate 22, step b} in

place of fert-butyl 5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yliphenyl}-2-
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{thiomorpholine-4-carbonyljthiazolc-d-carboxylate.

intermediate 23: Step a

1-{5-Bromo-4-{trifluoremethyDpyridin-2-vi}-2,2,2-trifluorsethanone

A solution of S5-bromo-2-iodo-4-(triflucromethylypyridine (3.5 g, .95 mmol} in toluene (30 mL}
was cooled to -78 °C. Then, n-Buli (4.14 mL, 9.95 mmol, 2.5 M in THF) was added and the
resulting mixture was stitred at -78 °C for 30 minutes. Then ethyl 2.2, 2-trifluorcacctate (1.7 g,
11.94 mmol) was added and the mixtare was stirred at -78 °C for 1 h. The mixture was quenched
by the addition of saturated aqueous NH4Cl (5 mL), diluted with brine and extracted with EtOAc
{2 x 30 mL). The organic layers were combined, washed with brine, dried over anhydrous
MgSQy, filtered and concentrated to dryness. The residue was purified by FCC on silica gel

{(EtOAC/PE = 1/50 to 1/20) to provide the title compound as a yellow o1l

Intermediate 23

2~(5~-Bromo-4~(triffluoromethyDpyridin-2-y1}-1,1,1,3,3 3-hexafluoropropan-2-ol

CF;

A solution of 1-{3-bromo-4-{trifluoromethyhpyridin-2-y1}-2,2 2-triflucrocthanone (1.2 g, 3.73
mmol, Intermediate 23, step a) and TMSCF; (2.65 ¢, 18.64 mmol) in anhydrous THF (20 mL)
was cooled to -0 °C. Then, a sohution of TBAF (874 mg, 3.73 mmol} in THF (10 ml) was
added followed tmmediately by the addition of | N aqueous HCH (6 mbL). The resulting mixture
was stirred at vt for 10 minutes. The mixture was then partitioned between saturated agqueous
WNaHCO: (10 mL) and EtOAc (20 mL}. The aqueous layer was further extracted with EtOAc (20

mb ), then the organic layers were combined, washed with brine, dried over anhydrous Nap30.,

o0
NG
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filtered and concentrated to dryness. The residue was purified by FCC on silica gel (PE) to afford

the title compound as a white solid.

Intermediate 23/1

2-(8-Bromo-4-methylpyridin-2-y1-1,1,1,3,3,3-hexafluoropropan-2-¢f

The title compound was prepared as described for Intermediate 23, using in step a S-bromo-2-

iodo-4-methyipyridine in place of S-bromo-2-iodo-4-(trifluoromethylipyridine.

Intermediate 24: Step a
2-Bromo-S-iodophenol

OH

A sohution consisting of tribromoborane (52.8 g, 211 mmol) and DCM (200 mbl) was added
drop-wise to a sohation of I-bromo-4-iodo-2-methoxvbenzene (33.0 ¢, 105 mmol) and DCM
{200 mbL) at 0 °C. The resultant mixture was stirred with gradual warming to rt for 16 h before
pouring it into water (500 ml) and extracting with DCM (450 mL x 3}. The combined organic
exiracts were washed with brine, dried over anhydrous NapSOy, filtered, and concentrated to
dryness to afford the crude title product, which was purified by FCC on silica gel (PE/EIOAc =

1071 to 2/1) to afford the title compound.

Intermediate 24: Step b

i-Bromo-2-(difluoromethoxy)-4-iodobenzene

88
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Difluoromethyl] trifluoromethancsulfonate (40 g, 200 mmol) was added drop-wise to a solution
of Z-bromo-5-iodophenol (29.0 g, 97.0 nunol, Interracdiate 24, step a), aqueous KOH (228 mL, 8
M, 1.82 mol}, and MeCN (250 mL). The resultant mixtore was stirred at room teraperature for |
h before pouring # into water {1 L} and extracting with DCM (800 mL x 3). The combined
organic exiracts were dried over anhydrous NapSOy, filtered, and concentrated to dryness to

afford the title compound.

Intermediate 24: Step ¢

1-{4-Bromo-3-{difiucromethoxy)phenyl}-2.2, 2-trifluorccthanone

~PrgCleLiCH(62 mL, 1.3 M n THF, 81 muvnol) was added drop-wise to a solution of 1-bromo-
2-{difluoromethoxy -4-iodobenzene (24 g, 67 mmol, Intermediate 24, step b} and anhydrous
THF (200 mL) at -78 °C. The resultant mixtare was stirred at -78 °C for 10 munutes and then
was treated with 2,2, 2-iriflaoro-N-methoxy-N-methylacetamide (13 g, 81 mavol). The resultant
mixture was stirred at -78 °C for 4 b before quenching with MeOH (S mL) at -10 °C 10 5 °C.
Then the resultant mixture was stirred at 20 “C for S minutes before pouring it info saturated
aqueous NH;Cl (200 mi) sohution and extracting with EtOAc (250 mL x 3). The combined
organic extracts were dried over ashvdrous NapSQy, filtered, and concentrated to dryness to

afford the crude product, which was used in the next step without further purification.

Intermediate 24
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2-{4-Bromo-3-(diflucromethoxy)phenyi)-1,1,1,3,3,3-hexatluoropropan-2-ol

o+
Tetrabutylammonium fluoride (94 mL, | M in THF, 94 mmol}) was added drop-wise to a solation
of 1-{4-bromo-3-(difluoromethoxy)phenyi}-2,2 2-trifluoroethanone (20 g, 63 mmol, Intermediate
24 step ¢}, trimethyl(trifluoromethyiisilane (44.6 g, 314 mmol}, and anhydrous THF (100 mL) at
-15 °C. The resultant mixture was stirred at -15 °C to -10 °C for 30 minutes and for 1 h with
gradual warming fo room tomperature before quenching with 2 N agueous HCI (160 mL) and
extracting with EtOAc (250 mL x 3}. The combined organic extracts were dried over anhydrous
Na8Qy, filtered, and concentrated to drvness to give the crude product, which was purified by
preparative HPLC with a Phenomenex Synergt Max-R¥ 250 x 50 mm x 10 pm column {cluent:
CHRCN and HO with 0.05% NH; from 40% to 80%, v/v). The pure fractions were collected
and the volatiles were removed under vacuum. The residue was suspended in water {10 mL), the

mixture frozen, and then lyophilized to dryness to afford the title compound.

Intermediate 25: Step a

i-{4-Bromo-3-methoxyphenyl)-2.2,2-trifluoroethanone

PrigCiLICH{74 mL, 1.3 M in THF, 96 mmol} was added drop-wise to a solution of 1-bromo-
4-ipdo-2-methoxybenzene {25 g, &0 mmeol) and anhydrous THF (200 mi} at -65 °C. The
resultant mixture was stirred at -65 °C for 30 minutes and then treated with 2,2, 2-trifluoro-N-
methoxy-N-methylacetamide (25.1 g, 160 mmol). The resultant mixture was stirred for 1€ h
with gradual warming f{o room tomperature under N, before pouring into saturated aqueous

30
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NH4CE (200 mb) solution and extracting with EtOAc (108 mL x 3). The combined organic
cxtracts were dried over anhydrous NapSO., filtered and concentrated to dryness o give the
crude product, which was triturated with PE (50 mL). The suspension was isolated via vacuum
filtration and the filter cake washed with PE (10 mbL}. Further dryving of the solid under reduced

pressure afforded the title compound.

Intermediate 25

2-{4-Bromeo-3-methoxyphenyi}-1,1,1,3,3,3-hexaflueropropan-2-ol

o
Br 2 !
2 CF,
OH
CFy

Tetrabutylaramoniom fluoride (37 wml, 1 M in THF, 37 mmol} was added drop-wise to a soluation
of 1-{4-brome-3-methoxyphenyi}-2,2 2-trifluorocthanone (7.0 g, 25 mmol, Intermediate 25, step
a), trimethyl{trifluoromethylsilane (17.6 g, 124 muol), and ashydrous THF (100 mlb) at -15 °C.
The resultant mixture was stirred for 1.5 h with gradual warming to room temperature before
quenching with 2 N aqueous HC (150 wl) and extracting with EtOAc (150 mi. x 3). The
combined organic extracis were dried over anhydrous NapSQy, filtered and concentrated to
dryness to give the erude product, which was purified by FCC on silica gel {(PE/EtOAC = 10/1 1o

2/1} to afford the title compound.

Intermediate 26: Step a
4-Bromo-2-chioro-3-flucroaniline

F

BrCE
‘ T NHa
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MBS (42.8 g, 240 mmol) was added to a solution of Z-chloro-3-fluorcanilineg {35.0 g, 240 mmol}
in DMF (200 mL}. The resultant mixture was stirred at room toemperature for 16 h before
pouring it into water (300 mL) and extracting with EtOAc (500 mU x 3). The combined organic
extracts were dried over anhydrous NaysQy, filtered, and concentrated fo dryness to give the
crude product, which was purified by FCC on stlica gel (FE/EtCAc = 10/1 to 5/1) to afford the

titic compound.

Intermediate 26: Step b

§-Bromo-3-chlore-2-flucroe-4-iodobenzene

A solution consisting of NaMNG, (24.6 ¢, 357 manol), KI (71.0 g, 428 mmol}, and HyO (300 wl)
was added drop-wise to a solution of 4-bromo-2-chloro-3-fluorcanitine (32.0 g, 143 munol,
Intermediate 26, step a), p-toluencsulfonic acid monohydrate (86.0 g, 499 mmol), and
acetontirile (400 mb)y at § °C. The resultant mixture was stirred at room temperature for 16 b
before pouring it into water (500 mL) and extracting with EtOA¢ (500 mL x 3). The combined
extracts were dried over anhydrous NaySQy, filtered, and concentrated to dryness to give the
crude product, which was purified by FCC on stlica gel (PE/EtOAc = 1/1 1o 5/1) to afford the

title compound.

Intermediate 26: Step ¢

I-{4-Bromo-2-chlore-3-fluorophenyi)-2.2, 2-trifluorocthancone
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FPrMgCLLACE (41 mL, 1.3 M in THF, 45 mmol) was added drop-wise to a solution of 1-bromo-
3-chloro-2-fluoro-d-iodobenzene (15 g, 45 mmol, Intermediate 26, step b) and anhydrous THF
{150 mL) at -78 °C. The resnitant mixiure was stirred at -78 °C for 10 minutes and then treated
with 2.2, 2-trifluoro-N-methoxy-N-methylacetamide (14 g, 8% mmeol). The resultant mixture was
stirred for 4 h with gradual warming to room temperatore under Ny before pouring it into water
{250 mL) and extracting with EtOAc (300 mbL x 2). The combined organic cxtracis were dried
over anhydrous NaySQOy, filtered, and concentrated to dryness to give the crude product, which

was purified by FCC on silica gel (PE/EtOAc = 50/1 to 5/1) to afford the title compound.

Intermediate 26
2-{&-Bromo-2-chlore-3-flusrephenviy-1,1,1,3,3,3-hexaflucropropan-2-oi
F
Br. PRe:|
CFs

OH
CF;

Tetrabutylammonium flooride {(83.5 mb, I M in THF, 83.5 mmol} was added drop-wise to a
solution of 1-{4-bromo-2-chloro-3-fluorophenyl}-2,2 2-trifluorocthanone (17 g, 56 mmol,
Intermediate 26, step ¢}, trimethyl{trifluoromethyhsilane (3.6 g, 278 mmol), and anhydrous
THF (100 mbL) at -13 °C. The resultant mixture was stirred at -15 °C for 0.5 h and for 16 h with
gradual warming to room temperature before pouring it into water {150 mb) and extracting with
EtOAc (200 ml x 2). The combined organic extracts were dried over anhydrous NazSOy, filtered,
and concentrated fo dryness to give the crude product, which was purified by FCC on silica gel
{(PE/ELOAc = 100/1 to 50/1) to give impure prodact that was further purified by preparative
HPLC with a Phenomenex Synergt Max-RP 250 x 80 mum x 10 um colummn (eluent: 44% to 74%
(v/v} CH;CN and HoO with §.1% TFA). The pure fractions were combined and the volatiles
were removed under vacuum. The residue was re-dissolved in H:O (100 mb), the resultant
solution was adjusted to pH = 8 using sohid NaHCO; and exiracted with DCM (100 mL x 3). The
combined organic extracts were dried over anhvdrous NapySQy, filtered, and concentrated to

dryness to afford the title compound.
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Intermediate 27: Step 8

i-(Diftuoromethyl)-2-fluore-3-nitrobenzene

P F

NO,

DAST (40.0 g, 248 mmol) was added to a solution of 2-fluoro-3-nitrobenzaldehyde (30.0 ¢, 177
mmol) and DCM (300 mL) at 0 °C. The resultant mixture was stirred at room temaperature for 16
h before quenching with icc/water (500 mb) and extracting with DCM (500 mL x 3}, The
combined organic extracts were washed with brine, dried over anhydrous Na,SQy, filtered and

concentrated to dryness to afford the title product.

intermediate 27: Step b

3-(Difluoromethyh-2-fluoroaniline

P

O
SR,

Fe (62 g, 1.1 mob) was added to a solution of 1-{difluoromethyi}-2-fluoro-3-nitrobenzene (33.0 g,
105 mumol, Intermediate 27, step a), MHLCl (5.90 g, 110 mmol), EtOH (400 mL), and HyO (100
mb}. The resultant mixture was stirred at room temperature for & h. The suspension was filtered
through a pad of Celite® and the pad washed with EtOH (50 mL). The filtratc was concentrated

to dryness to afford the title compound.

Intermediate 27: Step ¢

4-Bromo-3-(difluoromethyl)-2-flusroaniline
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NHs

NBS (32.0 g, 180 mmol} was added to a solution of 3-(ditftucromethyl}-2-fluorcaniline (30.5 g,
155 mmol, Intermediate 27, step by and DMF (150 mi) at § °C. The resultant mixture was
stirred at room temperature for 16 h before pouring it into water {300 mi) and cxiracting with
DCM (360 mb x 4). The combined organic extracts were dried over anhydrous NaSOy, filtered,
and concentrated to dryness to afford the crude product, which was purified by FCC on silica gel

{(PE/EtOAc = 10/1 to 5/1) to afford the title compound.

intermediate 27: Step d

i-Bromo-2-{diffucromethyi)-3-fluore-4-icdobenzene

A solution of NaNG; (8.60 g, 125 mmol}, KI (20.8 g, 125 mmol}, and H2O (75 mL} was added
drop~wise to a solution of 4-bromo-3-{difluoromethvli-2-fluorcaniline (10 g, 42 mmol,
intermediate 27, step ¢}, p-toluenesulfonic acid monohvdrate (18.0 g, 105 mmel), and
acetonitrile (200 ml} at § °C. The resultant mixtiwe was stirred at roow temperatare for 4 h
before pouring it into water {100 mL} and extracting with EtOAc (200 mL x 3} The combined
extracts were washed with saturated agueous NaxS,0s solution (200 mL x 3} and brine (200 mL),
dried over anhydrous Na,SQy, filtered, and concentrated to drvness to give the crude product,

which was purified by FOCC on silica gel (PE/EtCAc= 10/1 to 5/1} to afford the title compound.

Intermediate 27: Step e

i-(4-Bromo-3-(difluoromethyD-2-fluorophenyl)-2,2,2-trifluorcethanone

Nel
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-PrvigCLLICE (6.0 mL, 1.3 M in THF, 7.8 mmol) was added drop-wise to a solution of 1-
bromo-2-(difluoromethyl)-3-fluoro-4-iodobenzene (2.0 g, 5.7 mmol, Intermediate 27, step d) and
anhydrous THF (20 mL) -78 °C. The resultant mixture was stirred at -78 °C for 10 minutes and
then treated with 2,2, 2-trifluoro-N-methoxy-N-methylacetamide (1.4 g, 8.2 munol). The resultant
mixture was stirred at -78 °C for 1 h and for 2 h with gradual warming to room temperature
under N, before quenching with saturated agueous NH4CI solution (50 mL) and extracting with
EtOAc (60 mL x 3). The combined organic exiracts were dried over anhydrous NaySQy, filtered,
and concentrated to dryness to give the crude product, which was purified by FCC on silica gel

{(PE/EtOAc = 10/ 10 4/1) to afford the title compound.

Intermediate 27

2~{(4-brome-3-{diflucromethyi}-2-flnorophenyl-1,1,1,3,3.3-hexafluoropropan-2-of

F F

e

Br F

Tetrabutylammmoniom fluoride (7 mL, 1 M in THF, 7 mmol) was added drop-wise to a solution
of 1-{4-bromo-3-(difluoromethyly-2-flucrophenyl)y-2,2 2-triflucroethanone (1.5 g, 4.7 mmol,
intermediate 27, step ¢}, trimethyi{triflucromethybsilane (3.4 g, 24 mmol), and anhydrous THF
{20 Ly at -15 °C. The resultant mixture was stirred at -15 °C to -10 °C for 30 minutes and for |
h with gradual warming to room terperature before quenching with 2 N aqueous HCH {16 mL)
and cxtracting with EtOAc (50 mbL x 3} The combined organic ¢xtracts were dried over
anhivdrous Na)S8Qy, filtered, and concentrated to dryness to give the crude product, which was

purified by FCC on silica gel (PE/EtOAc = 10/1 to 6/1} to afford the title compound.
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intermediate 28: Step a
Potassium (3)-4-C-methvipyrrolidine-i-carbonyijthiazele-Z-carboxylate

O

oy

S
NI

()
O
~BaOK (138 g, 123 yomol} was added to a solution consisting of {Sy-ethyl 4-(2-
methylpyrrolidine- L-carbonyljthiazole-2-carboxylate (30.0 g, 112 mmol, Intermediate 15/1, step
a3, THF (160 mL) and H,0 (40 mL}. The resultant mixtare was stirred at 6¢ °C for 2 h, THF
was removed under reduced pressure and the residue was diluted with H,O (100 wml)} and
extracted with dichloromethane (58 mL x 2}. The aquecus layer was frozen using dry ice/acctone

and then lyophilized to dryness to afford the title compound.

Intermediate 28
{()-N-{{(1-Hydroxyeyclobutylmethy-4-C-methylpyrrolidine- 1~ carbonylithiazole-2-

carboxamide

EDCI (4.9 g, 26 mmol} was added to a solution consisting of 1-{aminomethybeyciobutanol (1.3
2, 13 mmol), potassinm (S)-4-(2-methylpyrrolidine-1-carbonylithiazole-2-carboxylate (3.6 g, 13
mmol, Intermediate 28, step a), HOBt (3.5 g, 26 mmol}, DIPEA (6.9 mb, 39 mmol), and THF
(100 mb). The resuitant mixture was stirred at room temperature for 16 h before diluting with
cthyl acerate {200 mL). The mixture was washed with HoO (50 mbl) and brine (30 ml), dried
over anhydrous MNapSOy, filtered, and concentrated to dryness. The residue was purified by
preparative HPLC with a Phenomenex Synergi Max-R¥P 250 mm x 50 mm x 10 um column
{clucnt: 5% to 45% (v/v) CH3CN and HO with §.225% HCOOH) and the pure fractions were

9
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collected and concentrated to dryness. The residue was suspended in water {10 mbL), the mixture
frozen using dry ice/acetong, and then lvophilized to dryness to afford the title compound as a

white solid.

Example 1: Step a
fere-Butyl 5-(4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhnaphthalen-1-y1)-2-((2-

bvdroxy-Z-methvipropylcarbameviithinzole-4-carboxyiate

HOC

A solution of Z-{(4-bromonaphthalen-1-y1}-1,1,1,3.3 3-hexafluoropropan-2-01 (680 mg, 2.00
mmol,  Intermediate 1), ferr-butyl  2-((Q-hydroxy-2-methylpropyticarbamoylithiazoie-4-
carboxylate (746 g, 2.00 mmol, Intermediate 10}, KOAc (392 mg, 4.00 mmel}, PA(OAc),; (100
mg, (.445 mmol) and PPhs (524 mg, 2.00 mmol} in DMF (10 mb)} was purged with nitrogen for
S minutes and then stirred at 120 °C overnight. The resulting solution was cooled fo 1t
concentrated to dryness and the residue was purified by prep-HPLC to give the title compound as

a yellow solid.

Example 1: Step b
5-{4-(1,1,1.3,3,3-Hexathuore-2-hyvdroxypropan-2-vhnaphthalen-1-v13-2-{(2-hydroxy-2-

methyipropyvlcarbamoyhithiazele-d-carboxylic acid

To a solution of feri-butyl 5-(4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhnaphthalen-1-y1)-
2-({2-hydroxy-2-methylpropyljcarbamoylythiazole-4-carboxyiate (200 mg, 0338 mmol,
Example 1, step a) in McOH (2 mL) was added a solution of HCY in MeOH (3 M, 2 mL, 6.00

mmol}, and the solution was stirred at 1t for I h. The resulting solution was concentrated to
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dryness. The residue was triturated with hexane and dried under vacuum to give the title

compound as a white solid.

Example i
S-(4-(1,1,1,3,3,3-Hexafluore-I-hydroxypropan-2-yvhnaphthalen-§-yD-N-C-hydrexy-2-

methyipropyii-4-{4-methyipiperidine-1-carbonyiithiazole-2-carboxamide

O
HO i

Ie

A sohution  of  5-(4-{1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-y Dnaphthalen-1-vi}-2-{(2-

hydroxy-2-methyvipropyhicarbamoybthiazole-4-carboxylic acid {179 mg, 0.337 mmol, Example
1, step b}, 4-methvi-piperidine (45 mg, .45 mmol}, DIPEA (129 mg, 1.00 mmol) and HATU
{122 mg, 0.321 mmol} in DMF (3.0 mbL) was stirred overnight at rt. The resulting sohation was
dilited with water and extracted with EtOAc (x 3}. The combined organic layers were washed
with water (x 3} and brine consecutively, dried over anhydrous Na,SQy, filtered and concentrated
to dryness. The residue was purified by prep-HPLC to give the title compound as a white solid.
"H NMR (300 MHz, CDCLY: § ppm 9.13-9.10 {m, 1H), 7.92-7.85 (m, 2H), 7.75-7.71 (m, 1H),
7.60-7.49 {m, 3H), 5.25 (s, 1H), 433 (d, /=132 Hz, 1H), 3.47(d, /=63 Hz, 2H),339(d, J=
12.3 Hz, 1H}, 2.64-2.57 (m, 1H), 2.45-2.37 {m, 1H}, 2.13 {brs, 1H), 1 44-1.40 (m, 1H}, 1.32 (5,
6H}), 1.29-1.28 {m, 1H)}, 1.01-0.97 (m, IH), 8.60 (d, /= 6.9 Hz, 3H), 0.47-0.44 {m, 1H)}, -0.22-
0.26 (m, 1H). MS (ESI): m/z 618.1 [M+H]".

Example 2

4-{T-Azabicyclo|2.2. 1 }heptane-T-carbonyi)-5-(2,3-dichiore-4-(1,1,1,3,3,3-hexafluore-2-~

hydroxypropas-2-yhphenyh-N-(2-hydroxy-2-methylpropyhithiazole-2-carboxamide
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A sohution of 5-(2,3-dichlore-4-{1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhphenyl}-2-{(2-
hydroxy-2-methylpropylicarbamoyiythiazole-d-carboxylic  acid (200 mg, 036 mmol,
Intermediate 9), 7-aza-bicyclo[2.2.1}heptane hydrochloride (54 mg, (.40 mmol), DIPEA (139
mg, 1.08 mmol) and HATU (164 mg, .43 mmol) in DMF {5 mL) was stirred overnight at rt and
concentrated to dryness. The residue was purified by prep-HPLC to give the titic compound as a
white solid. '"H NMR {CDCh, 300 MHz)y 6 ppm 7.80-7.64 (m, 1H), 7.50 {d, /= &4 Hz, 1H),
4.67 {brs, 1H), 4.13 (s, 1H), 348 (d, /= 6.3 Hz, 2H), 1.97-1.40 {(m, 8H}, 1.32 {s, 6H). MS{ESI):
m/z 634.1 [M+H].

Example 2/1: 5-(2,3-Dichioro-4-(1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-yhphenyi)-4-
{{25,45)-4-luoro-2-methyipiperidine-I-carbenyD)-N-(2-hydroxy-2-methylpropyiithinzole-2-

carboxamide
o o o Cl
i XNN&/S . OF,
H i / i / \ "“OH
N- = CF,
B =
@
F

The title compound was prepared as described in Example 2 using (25,45)-4-fluoro-2-
methylpiperidine hydrochloride (Intermediate 13} in place of 7-aza-bicyclo[2.2.1}heptane
hydrochloride. 'H NMR (CDCl, 300 MHz, mixture of rotamers): & ppm 7.73-7.52 {m, 2H},
5.34-3.94 (m, 2H), 348 (d, J = 6.6 Hz, 2H}, 3.38-3.21 (m, 1H), 2.22-1 42 (m, 4H), 1.32 (s, 6H),
1.29-0.88 (m, 5H). MS (ESI): m/z 654.1 [M+H]".
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Example 2/2: (§-5-(2,3-Dichlore-4-(1,1,1,3,3,.3-hexafluore-2-hydroxypropan-2-vhphenyi-
4-{4 4-difluoro-2-methylpyrrolidine-i-carbonyi}-N-2-hydroxy-2-methyipropyl)thiazele-2-

carboxamide
N /’\T/ CF
Ol 4
CF4
N
F F

~

The title compound was prepared as described in Example 2 using (8)-4,4-difluoro-2-
methylpyrrolidine hydrochloride (Intermediate 12} in place of 7-aza-bicyelo[2.2.1]heptane
hydrochloride. '"H NMR (CDCls, 300 MHz, mixture of rotamers): & ppm 7.73 (br s, 1H), 7.56-
745 (m, 2H}, 5.49-3.42 (o, SH), 2.63-1.93 (m, 3H}, 1.38-1.25 (m, 10H). MS (ESI): m/z 658.0
[M+HT.

Example 2/3a, Example 2/3b and Exampie 2/3¢: 5-(2 3-Dichloro-4-(1,1,1,3.3,3-hexafluoroe-2-

hydroxypropan-2-yhphenyD-4-3-fluoro-3-methyipyrrolidine-1-carbonyh-N-(Z-hydroxy-2-

methyipropyljthiazole-2-carboxamide

HO ’
X’\N' Cf 2,
N H T /

O > Ci Cl

HO__~. /!i\/ l\ - {
NS y NS
N CF3 CF,

, and B

77/%/
G
\

The title compound, Example 2/3a, was prepared as described in Example 2 using 3-fluoro-3-

methylpyrrolidine in place of 7-aza-bicycelo[2.2. 1Theptane hydrochloride. The racemate Example

101



WO 2016/069974 PCT/US2015/058193

2/3a was separated by chiral HPLC {(Chiralpak D 4.6 x 150 mm column; phase: hexane/IPA =
9:1; flow: 1.0 mE/minuote; w = 254 oM; T = 35 °C} to give the two enantiomers. The first eluting
isomer was Example 2/3b: 'H NMR (CDCls, 300 MHz, mixture of rotamers): § ppm 7.74-7 .47
{m, 3H), 3.82-3.41 (m, 6H), 2.33-2.21 (m, [H}, 2.05-1.51 (m, SH), 1.32 {s, 6H). MS: m/z 640.1
IM+HT. The second eluting isomer was Example 2/3¢: 'H NMR (CDCl;, 300 MHz, mixture of
rotamers): & ppm 7.74-7.47 (m, 3H), 3.82-3.41 {m, 6H)}, 2.33-2.21 {(m, 1H), 2.05-1.51 {m, 5H),
1.32 (s, 6H). MS (ESIy: nv/z 640.0 [M+H]".

Example 2/4: 4-(2-Azabicycls|2.1.1 |hexane-2-carbonyl}-8-(2,3-dichlore-4-(1,1,1,3,3,3-

Bexafluors-2-hydroxypropan-2-yiphenyl)-N-{2-hydroxy-2-methyipropyijthiazele-2-

carboxamide
O N
] ol O
HOK/\N/M\/S 7 CF,
N ==/  [F,

i =0
Q
The title compound was prepared as described in Example 2 using 2-azabicvelof2.1.1Thexane in
place of 7-aza-bicyelo[2.2.1Theptane hydrochloride. '"H NMR {CDCls, 300 MHz, mixture of
rotamers): 6 ppm 7.76 (br s, 1H), 7.65-7.51 {(m, 1H), 7.49 (d, J = &4 Hz, IH)}, 5.52- 345 (m,
6H), 2.93-2.85 {m, 1H}, 2.03-1.84 {(m, 3H), 1.38-1.31 {m, 7H}, 1.08-1.06 (m, 1H). MS {ESI):
m/z 620.0 [M+H]".

Example 2/5: 5-(2,3-Dichloro-4-(1,1,1,3,3 S—hemﬂuom—z-hydmxyg}mg}anw?;wyl)pheny!)uNi -
eiiiyinz—(Z—hydmxy~2~meihyipmpyi)wﬂf‘ -(2,2,2-triflnoreethyljthiazole-2 d-dicarboxamide

HO

e

SN

FaC /)

The title compound was prepared as described in Example 2 using N-cthyl-2,2,2-

trifluorocthanamine in place of 7-aza-bicyclo]2.2.1Theptane hydrochloride. 'H NMR (CDCl,
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300 MHz): & ppm 7.74-7.47 {m, 3H), 5351 {brs, 1H)}, 4.24-3 38 (m, 6H), 1.89 (brs, 1H), 1.32 (5,
6H), 1.18-1.13 (m, 3H). MS (EST): m/z 664.0 [M+H]

Example 2/6: 5-(2,3-Dichloro-4-{1,1,1,3,3 ,3-hexaﬂu@mmzmhydrﬁxypmpan—Z-yi}phenyi)-—sz

(2-iays;imxy-z-methyipmpyi)-ﬁﬁ ~methyl-V'-propylithiazele-2 4-dicarboxamide

HO @ o, o
WY o
TN O CF
L

o

- N\
The title coropound was prepared as described in Example 2 using N-methylpropan- l-amine in
place of 7-aza-bicyelo[2.2.1Theptane hydrochloride. "H NMR (CDCl, 300 MHz): & ppm 7.62-
7.510 Gro, 3H), 5.53 (brs, 1H), 348 (4, J= 6.6 Hz, 2H), 3.42-3.36 {m, [H}, 3.18-3.12 {m, 1H),
2.97-2.85 {m, 3H), 2.01-1.94 {m, 1H), 1.52-1.46 {m, 2H}, 1.32 {5, 6H), 8.83-0.74 {m, 3H). MS
(EST): m/z 610.1 [M+H]'

Example 2/7: 5-(2,3-Dichloro-4-(1,1,1,3,3,3-hexaflnoro-2-hydroxypropan-2-yphenyl- V-

2-hyvdroxy-2-methyipropyl ~N4m§seimtvi-f\f’*memvkhiamﬁe}.wz,4»dicarboxmnide
3 3 Yiprop: A ]

O ? c, cl
Xﬂﬁ ;__S H—_<OH
7 N4 ToF,
cy e

The title compound was prepared as described in Example 2 using N,2-dimethylpropan-1-amine
in place of 7-aza-bicyclo[2.2.1}heptanc hydrochloride. 'H NMR (CDCly, 360 MHz): § ppm 7.78-
7.53 (m,3H}, 5.70 {brs, 1H), 348 (d, /=066 Hz, ZH}, 3.25(d,J=7.5Hz, 1.3H),29(d, /=69
Hz, 0.7H), 2.93 (s, 1H)}, 2.84 {s, 2H), 1.93-1.65 (m, 1H), 1.31 (s, 6H), 0.77-0.71 (m, 6H). MS
(ESIy: m/z 624.1 [M+H]".

Example 2/8: (§%-5-(2,3-bichlore-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-vhphenyl)-

N-(Z-hydroxy-Z-methyipropyD-4-C-methyipyrrolidine-1-carbonylithiazole-2-carboxamide
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The title compound was prepared as described in Example 2 using {5)-2-methylpyrrolidine in
place of 7-aza-bicyclo]2.2.1 heptane hydrochloride. "H NMR (CDCls;, 300 MHz): 3 ppm 7.73-
7.50 (m, 3H), 5.49 (br s, 1H), 4.29-4.20 (m, 1H), 3.60-3.39 {m, 5H), 2.10-1.50 (m, 4H), 1.32 (s,
6H), 1.20 (d, J= 6.6 Hz, 2H), 1.09(d, J = 6.0 Hz, 1H). MS (ESE: m/z 622.1 [M+H]".

Alternative synthesis of Example 2/8
The title compound was prepared as described in Example 15 wsing 2-(4-bromo-2,3-
dichlorophenyli}-1,1,1,3,3,3-hexatluoropropan-2-of (Intermediate 2} in place of 2-(4-bromo-3-

{diflaoromethylphenyl)-1,1,1,3,3,3-hexafluoropropan-2-of.,

Example 2/9: 8-(2,3-Bichlore-4-(1,1,1,3,3 3-hexafluoroe-2-hyvdroxypropan-2-vhphenyl)- N2~
Bydroxy-2-methyvipropy-4-3-(triflucromethyhazetidine-1-carbonviithiazole-2-

carboxamide

HG

The title compound was prepared as described in Example 2 using 3-(trifluoromcthyljazetidine
in place of 7-aza-bicyelo[2.2.1 heptane hydrochioride. '"H NMR (CDCla, 300 MHz): 5 ppm 7.85-
7.60 (m, 1H), 7.51-7.45 (m, 1H), 740 (4, J= 87 Hz, 1H), 5.56 {br s, 1H}, 4.80-4.70 (m, 1H),
4.67-4.59 (m, 1H), 4.27-4.19 (m, 2H), 3.50-3.47 (m, ZH), 3.38-3.29 (m, 1H)}, 1.84 (s, 1H), 1.32 (s,
6H). MS (ESI): m/z 662.0 [M+H] "

Example 2/18: 5-(2,3-Dichiore-4-(1,1,1,3,3 3-hexafluore-2-hydroxypropan-2-yhphenyli-4-

{4-fluoropiperidine-t-carbony-N-2-hydrexy-2-methyiprepyhihiazele-2-carboxamide
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The title compound was prepared as described in Example 2 using 4-fluoropiperidine in place of
7-aza-bieyelof2.2.1 Theptane hydrochloride. 'H NMR (DMSO-ds, 300 MHz): § ppm 9.17 (s, 1H),
8.46-8.42 (m, iH), 7.89 (br s, 1H), 7.66 {d, J = 8.4 Hz, 1H), 493-4.76 (m, 1H), 4.68 (s, 1H),
3.70-3.40 (m, 4H), 3.33-3.30 (m, 2H), 1.74-1.40 (m, 4H), 1.13 (s, 6H). MS {(ESI) m/z 640.0
IVHH]

Example 2/11: 5—(293—&@&1}0&*’0«4{1,1,1,3,3,3~hexaﬁ&mm-z-hy{imxypmpan~2-yl}phmyi}«]\f2~

(Z—hydroxy~2—methyipmpyi}—]\"‘a -iseprepyiﬁ\ﬂ ~-methylihiazole-2 4-dicarboxamide

i ol
N

The title compound was prepared as deseribed in Example 2 using N-methylpropan-2-amine in
place of 7-aza-bicyelo{2.2.1]heptane hydrochloride. 'H NMR (CDCls, 300 MHz)y: & ppm 7.80-
7.50 {m, 3H}, 5.49 (br s, 1H), 4.80-4.65 {m, (.46 H), 3.90-3.80 {m, 0.34 H}, 3.48-3.46 (m, 2H),
2.84 (s, 1.6ZH), 2.65 {s, 1.3&H), 1.31 {5, 6H}, 1.06-1.04 (d, .7 = 6.6 Hz, 6H}. MS (ESI): w/z 610.1
IMAHHT .

Example 2/12: 5-23-Dichiors-4-(1,1,1,3.3,3-hexaflluors-2-hydroxypropan-2-vijphenyi}-4-

{3,3-diflworopyrrolidine-t-carboavip-N-(2-hydroxy-2-methyvipropyiithiazole-Z-carboxamide
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The title compound was prepared as described in Example 2 using 3,3-diflucropyrrolidine in
place of 7-aza-bicyclo]2.2.1 }heptane hydrochloride. 'H NMR (CDCl, 300 MHz): § ppm 7.79-
7.61 {m, 1H), 7.60-7.56 {(m, 1H), 748-7.44 {m, 1H), 592 (br s, 1H), 4.14-4.04 (m, 1H), 3.95-
378 (m, 2H), 349 (d, J = 6.0 Hz, 2H), 2.47-2.40 (m, ZH), 1.32 (s, 6H). MS (ESI): m/z 644.0
IMAHT

Example 2/13: ;\'4~C§7cmbutyi-f’s—(z,3~dichlﬂm—4-(1,1,1,3$3,3«hexaﬂuom—z—hydmxypmpaﬂ-}
yi)phenyi)d\’z~(2~hyd roxy-2-methylpropyl-V'-methyithiazole-2,4-dicarboxamide

>~’\ J\Tfs ,\_:§_7\OH

/\/

F.C CFa
Oy™0

y
The title compound was prepared as described in Example 2 using N-methyleyclobutanamine in
place of 7-aza-bicyelo]2.2. 1 heptane hydrochloride. 'H NMR (CDCL, 300 MHz): § ppm
7.63 (m, 2H), 7.52-7.49 (m, 1H), 5.60 (brs, 1H), 4.84-4.75 (m, 0.25 H), 4.21-4.15 (m, 0.75 H),
8-3.46 (d, J =63 Hz, 2H), 2.97 (5, 2.25H), 2.79 (s, 0.75H), 2.20-1.98 {m, 3H), 1.§9-1 .81 (m,
1H), 1.70-1.49 (m, 3H), 1.31 (s, 6H). MS (ESD): myz 622.0 [M+H]'".

Example 2/14: 5-(2,3-Dichioro-4-(1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-yhphenyD-V'-

eth vinZ’—( 2-hydroxy-2-methylpropyD-V'-(2-methoxyethylythiazole-2,4-dicarboxamide

The utle compound was prepared as  described in Example 2 using  N-cthyl-2-
methoxyethanamine in place of 7-aza-bicyclof2.2.1Theptane hydrochloride. 'H NMR (CDCL,
300 MHz): & ppm 7.74-7.54 (m, 3H), 5.40 (br s, 1H), 3.60-3.45 (m, 7H), 3.37-3.35 (m, IH), 3.2
(s, 3H), 1.32 (s, 6H), 1.23-1.06 (m, 3H). MS (ESI): m/z 640.1 [M+H] .
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Example 2/15: N-Cyclobutyl-5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-
vhpheny)-N'-ethyl-N-(2-ydroxy-2-methyvipropyl)thiazole-2,4-dicarboxamide

The title compound was prepared as described in Example 2 osing N-cthyleyelobutanamine in

place of 7-aza-bicyclo[2.2.1Theptane hydrochloride. "H NMR (CDCl, 300 MHz): & ppm 7.66-
7.50 {m, 3H), 4.07-3.21 {m, 41, 2.09-1.48 {(m, 7TH), 1.34 (s, 6}, 1.26-1.15 (m, TH), 1.08-1.01
(0, 3F). MS (EST): m/z 636.1 [M+H] .

Example 2/16: (8)»-5-(23~dichlore-4-(1,1,1,3,3,3-hesafluoro-2-hydroxypropan-2-yhphenyh-

N-(Z-hydroxy-2~-methyvipropyl-4-(2-methyipyrrolidine-T-carbonyhthiazole-2-carboxamide

o Cl
HOKAEJ'«\TE,S %——(OH
Ned N\ 4 (E:FEDFS
Vo
P

The title compound was prepared as described in Example 2 using (R3-2-methylpyrrolidine in
place of 7-aza-bicyclo[2.2.1]heptane hydrochioride. 'H NMR (CDCls, 400 MHz): § ppm 7.74-
7.50 {m, 3H), S.51 {brs, 1H), 429420 (m, 1H), 3.60-3.38 (m, SH), 2.11-1.50 (m, 4H}, 1.32 (5,
6H}, 1.20(d, /= 6.4 Hz, 2H), 1.09(d, J = 6.4 Hz, 1H). MS {(ESI): m/z 622.1 [M+H]".

i

Example 3
5-(2,3-Dichlore-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhphenyl)-V' N -diethyl-A*-

{Z-hydroxy-2~-methyipropylithiazole-2 4-dicarboxamide

167
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X\N’Jl\fS CFa
\fi C )
e}

AN

A solution of lithiur 5+(2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yliphenylj-4-
{dicthylcarbarnoylithiazole-2-carboxylate (142 mg, 0.26 mmol, Intcrmediate 7}, !-amino-2-
methyl-propan-2-ol (27.6 mg, $.310 mmol}, DIPEA (181 mg, 0.783 mmol) and HATU (118 mg,
0.310 maool) in DMF (5.0 mLl) was stirred overnight at rt. The resulting solution was
concentrated to dryness and the restdoe was purified by prep-HPLC to give the fitle compound as
a white solid. "H NMR (CDCls, 300 MHz): § ppm 7.75 (br s, 1H), 7.60-7.55 (m, 2H), 3.50-3.41
{m, 4F1), 3.25-3.22 (m, 2H), 1.32 (s, 6H), 1.12-1.05 {m, 6F). MS (ESI): m/z 610.0 [M+H] .

Example 3/1: N-(2-Cyane-2-methylpropyD-5-(2,3-dichlore-4-(1,1,1,3,3,3-hesafluore-2-

hydroxypropan-2-yhphenyD-V N - dicthylthinzole-2,4-dicarboxamide

)S, CF,
Yy ij*
NP
e
The title compound was prepared as described in Examwple 3 using 3-amino-2,2-
dimethylpropanenitrile in place of I-amino-2-methyl-propan-2-ol. 'H NMR (DMSO-ds 300
MHz): O ppim 9.23-9.15 (m, 2H), 7.84 (br s, 1H), 7.63 (d, J=&.1 Hz, 1H)}, 348 {d, J= 6.3 Hz,
2H}), 3.35-3.08 (m, 4H), 1.33 (s, 6H), 103 (. J=7.2 Hz, 3H), 0.94 (v, J= 7.2 Hz, 3H). MS (ESI):
m/z 619.0 [M+H]

Example 3/2: N-(3-Amino-2,2-dimethyl-3-0x0propyl-5-(2,3-dichloro-4-(1,1,1,3,3,3

hexafluoro-2-hydroxypre panwzwyl}phenyE)w’VqJ\/"g-(iieﬁ‘hyimia:;:0,'553»2,4~d§cari} oxamide
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0 o o
HN&/\N _s = £F,
H x OH
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N \_/ cF,
W
#N

o}

The title compound was prepared as described in Example 3 using 3-amino-2,2-
dimethylpropanamide in place of 1-amino-2-methyl-propan-2-ol. 'H NMR (CDCl, 300 MHz): &
ppm 7.91-7.90 (m, 1H), 7.76-7.65 (m, 1H), 7.56-7.26 (m, 1H), 5.80 {(br s, 1H), 5.32 (br s, 1H),
3.63-3.56 (m, 2H), 3.489-3.38 (m, 2H), 3.32-3.24 (m, 2H}, 1.31 {s, 6H), 1.18-1.407 (m, 6H). MS
(EST): vz 637.0 [M+H]"

Example 3/32 and Example 3/3b: §-(2.3-Bichlore-4-(1,1,1,3.3,3-hexafluore-2~
hydroxypropan-2-yliph enyD-N' NV »ﬁiethyi-,N2~(6~uxaspim {2.8]octan~1-yhthiazole-2.4-

gicarboxamide

The racemic title compound was prepared as described in Exarople 3 using 6-oxaspiro{2.5]octan-
{-aming in place of {-amino-2-methyl-propan-2-0l. The racemate was separated by chiral HPLC
{Chiralpak AD-H column, hexane:EtOH:diethylamine = 90/10/0.2) to give the two separated
enantiomers. The first cluting enantiomer was Example 3/3a: 'H NMR (300 MHz, CDCL): 8
ppm 7.75-7.65 (m, 1H), 7.56 (4, 7= 8.7 Hz, 1H), 7.19-7.18 (m, 1H), 3.88-3.69 (in, 4H), 3.46-
3.39 (m, 2H), 3.22-3.15 (ru, 2H), 2.85-2.81 (m, 1H), 1.62-1 42 (1, 3H), 1.08-0.95 (m, 6H), 0.88-
0.82 (m, 2H), 0.64-0.60 (m, 1H). MS (ESI): 648.0 [M+H]". The sccond eluting enantiomer was
Example 3/3b; 'H NMR (300 MHz, CDCL): § ppm 7.80-7.62 (m, 1H), 7.56 (4, 7= 8.7 Hz, 1H),

7.19-7.18 (w, 1H), 3.88-3.69 (m, 4H}, 3.46-3.39 {m, 2H), 3.22-3.15 (m, 2H), 2.85-2.81 (n, 1H),
1.62-1.42 (m, 3H), 1.08-0.95 {m, 6H}, 0.88-0.82 (m, 2H)}, 0.64-0.60 {m, [H} MS (ESI): 648.0
w/z [M+H]
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Example 3/4: 5-(2,3-Dickioro-4-(1,1,1,3.3,3-hexafluore-2-hydroxypropan-2-yphenyi}-2-
{{(38,55)-3,5-dibydroxypiperidine-i-carbonyi-V,N-dicthylthiazole-d-carboxamide

The title compound was prepared as deseribed in Example 3 using (3R, 535)-piperidine-3,5-diol in
place of l-amino-2-methyl-propan-2-0l. "H NMR (CDCls, 300 MHz): 8 ppro 7.74 (m, 1H), 7.55
{d, J= 84 Hz, 1H), 552 (brs, 1H}, 5.26-5.22 (o, 1H), 4.80-4.76 {m, 1H), 4.18 (m, 3H), 3.66-
3.63 {m, [H), 3.50-3.39 (m, 3H)}, 3.29-3.22 {m, 2H), 3.17-3.13 (m, [H}, 2.28-2.23 {m, I1H), 1 .89-
1.85 (m, 1H), 1.12-1.05 (m, 6H), MS (ESI1): m/z 638.0 [M+H]".

Example 3/5: §-(2,3-Dichlore-4-(1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-yDphenyl}~

N N -diethyl-NV-((3-hydroxyoxetan-3-yDhmethythiazole-2.4-dicarboxamide

K N -8 OH
> -0
}'3(; CFS

e

The title compound was prepared as described in Example 3 using 3-{aminomethyoxetan-3-ol
in place of i-amino-2-methyl-propan-2-ol. "H NMR (CDCly, 300 MHz): & ppm 7.80-7.74 (m,
2Hy, 7.53 (d, J= 8.7 Hz, 1H), 5.52 (br 5, 1H), 4.60-4.58 (m, 2H), 4.51-4.48 (m, 2H), 3.92-3.90
(m, 2H}), 3.45-341 (m, 2H), 3.21-3.19 {(m, 2H), 1.08-1.04 (m, 6H). MS (ESI} nvz 624.0
IMAHT

Example 3/6: (8)-5-(2,3-Bichloro-4-(3,1,1,3,3,3-hexaflucro-2-hydroxypropan-2-yviiphenyh-
Nﬂ"v’ﬂdiethyiu’\"zn(z—itayqimxypropyi)ﬂiiamie-zgé~(iicarboxamide

g
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53

The title compound was prepared as deseribed o Example 3 osing {(S)-l-aminopropan-2-0! in
place of 1-amino-2-uethyi-propan-2-0l. "H NMR (CDCls, 300 MHz): & ppm 7.76-7.54 {m, 3H),
5.49 (brs, 1H), 4.08-4.02 (m, 1H), 3.70-3.62 (yo, 1H}, 3.46-3.18 {m, SH), 2.20 (br s, 1H), 1.28(d,
J=6.3 Hz, 3H), 1.10-1.04 (m, 6H). MS (EST): 596.1 w/z [M+H]".

Example 3/7: (R)-5-(2,3-Dichloro~-4-(1,1,1,3,3 3-hexaflnore-2-hydroxypropan-2-yhiphenyi)-
NN -dieﬁ;yiw.?‘v'z{Z—hygimxypmp yiythiazole-2,4-dicarbosamide

The title compound was prepared as described in Example 3 using (R3-1-aminopropan-2-ol in
place of 1-amino-2-methyl-propan-2-ol. 'H NMR (CDCls, 300 MHz): & ppm 7.76-7.54 (m, 3H),
549 (brs, iH), 4.08-4.02 (m, 1H), 3.70-3.62 (m, 1H}, 3.46-3.18 (m, 5H), 2.20 (br s, 1H), 1.28 (4,
J=6.3Hz, 3H), 1.10-1.04 (m, 6H). MS (ESI}): 596.0 m/z [M+H]".

Example 3/8: 5-(2,3-Dichlore-4-(1,1,1,3,3,3-hexaflucoro-2-hydroxypropan-2-yDphenyl})-

N N -diethyl-N (oxetan-3-yhthiazole-2,4-dicarboxamide
o G
< :

J\N’&rs

H E\E p

N

The title compound was prepared as described in Example 3 using oxetan-3-amine in place of 1-

amino-2-methyl-propan-2-0l. "H NMR (CDCls, 300 MHz): 8 ppm 7.75-7.72 {m, 2H), 7.57 (d. J

IS
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=84 Hz, 1H),5.32 (t, /= 6.9 Hz, 2H), 5.30-5.22 {m, 1H}, 4,60 (t, /= 6.9 Hz, 2H}, 3.49-3.42 (m,
3.24-3.17 (m, 2H), 1.09-1.03 (m, 6H). MS (EST): m/z 594.0 [M+H] .

Example 3/9: 5-(2,3-Dichlore-4-(1,1,1,3,3, 3-hexafluoro-2-hydroxypropan-2-yDphenyvi})-
NN dieihyimNz-( {1-hydroxycyclopropyDmethyijthiazole-2 4-dicarboxamide

The title compound was prepared as  described in Example 3 wosing -
(aminomethyDeyelopropanol in place of 1-amino-2-methyl-propan-2-ol. 'H NMR (CDCls, 300
MHz): ¢ ppm 7.75-7.66 {m, ZH}, 7.56 (d,./ = 8.7 Hz, 1H), 3.60{(d, J= 6.0 Hz, 2H), 343 (g, J
7.2 Hz, 2H), 320 (q, /= 7.2 Hz, 2H}, 1.60 {br s, 1H), 1.06 (1, 6H}, 0.91-0.87 {m, 2H), (.72-0.68
{m, 2F). MS (ESI): m/z 608.1 [M+H]'

Example 3/18
4-(4-(7-Azabicyclo{2.2.1}heptane-T-carbonyl}-5-(2,3-dichlore-4-(1,1,1,3,3,3-hexatluoroe-2-

hyvdroxypropan-2-yhphenyiiihiazole-Z-carbonylpiperazin-2-one

,r””\N’Lj s \—>—é,rq
1 2
!,1 O

The title compound was prepared from lithium 4-(7-azabicyelof[2.2.1 heptanc-7-carbonyl)-5-
{2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yliphenylijthiazole-2-carboxylate

{intermediate 19} using a procedure as described for Example 3, using piperazin-2-one in place
of 1-smino-2-methyl-propan-2-ol. 'H NMR (DMSO-ds. 400 MHz): § ppm 9.18 {br 5, 1H), 8.25-
819 (m, 1H}, 8.00 -7.71 (m, 1H)}, 7.65 (d, /= 84 Hz, 1H), 489 (s, 1H}, 4.61-4.40 (m, 3H), 4.17

i1z
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(s, 1H}, 3.85 (¢, J =48 Hz, 1H}, 3.41-3.38 (m, 1H}, 3.29 (s, 1H), 1.67-1.40 {m, 8H}). MS (ESI}:
m/z 645.5 [M+H] .

Example 3/11
4-{4-(7-Azabicycle{2.2.1{heptane-7-carbenyi}-5-(2,3-dichlore-4-(1,1,1,3,3,3-hexafluore-2-

hydroxypropan-2-yhphenyijthiazole-2-carbonvpiperazine-2 6-dione

The title compound was prepared from lithiom 4-(7-azabicyclo[2.2.1Theptane-7-carbonyl)-5-
(2,3-dichlore-4-(1,1,1,3,3 3-hexattuoro-2-hvdroxypropan-2-yhphenyithiazole-2-carboxylate
{Intermediate 19) using a procedure as described for Example 3, using piperazine-2,6-dione in
place of 1-amino-2-methyl-propan-2-ol. 'H NMR {DMSO-ds, 400 MHz): 8 ppm 11.52 {brs, 1H),
9.1& (brs, TH), 7.91-7.60 {m, 2H), 5.27 (s, ZH}, 4.51 (s, 4H), 1.69-1.55 (m, 4H), 1.55-1.42 {m,
4H). MS (EST): m/z 658.9 [M+H].

Fxample 4
8-(2,3-Dichlore-4-(1,1,1,3,3,3-kexafluors-2-hvdroxypropan-2-yiphenyD-V V-

diethylthiazole-2,4-dicarboxamide

A mixture of othyl 5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yliphenyl}-4-
{dicthylcarbamoyljthiazole-2-carboxylate (200 mg, 0.35 mmol, Intermediate 7, step a} n a
sohution of NHj in ethanol {4 M, 5.0 mi, 20.0 mmol} was stirred overnight at 80 °C in an

autoclave. The resulting solution was cooled to 11, concentrated to dryness and the residuc was

13
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purified by prep-HPLC to give the title compound as a white solid. 'H NMR (CD:0D, 300
MHz): & ppm 8.20-7.65 (br s, 1H), 7.57 (d, J = 84 Hz, 1H), 3.31-3.47 {m, 4H}, 1.04-1.17 (m,

Example 5
5-(2,3-Dichlore-4-(1,1,1,3,3.3-hexafluore-2-hydroxypropan-2-yhphenyi)-V,N-diethyl-2-(3-

hydroxy-3-(2-hydroxypropan-2-yhazetidine-1-carbonylthiazole-4-carboxamide

O .
ol ¢
%NJL\-/S == pH
i / \\ / ‘“'<'CF3
HO 1o N A= CFy
=0
/N

To a solution of 3-(2-hvdroxypropan-2-vljazetidin-3-ol {50 mg, 0.38 mmol, Intermediate 11} in
MeOH (10 mL} were added ethyl 5-(2,3-dichloro-4-{1,1,1,3,3 3-hexafltuoro-2-hvdroxypropan-2-
viyphenyl-4-(diethylcarbamoylithiazole-2-carboxylate (216 mg, G381 mmol, Intermediate 7,
step a} and K,COs (105 mg, 4.761 munol). After addition, the mixture was stivred at vt for 12 h,
The mixture was poured into water (30 mL} and extracted with EtOAc (20mb x 3}, The
combined organic layers were washed with brine (20 ml}, dried over anhydrous NapS0Oy and
concentrated to dryness. The residue was purified by FCU on silica gel (PE/EtOA¢ = 5/1)
followed by prep-HPLC (0.05% TFA as additive) to afford the title compound as a white solid,
'H NMR (400 MHz, CD;0D): 6 ppm £.11-7.49 (m, 2H), 5.02-4.98 (m, 1H), 4.54-4.50 {m, 1H),
4.44-4 40 (m, 1H), 3.93-3.8% {m, 1H), 3.56-3.38 {m, 4H), 1.30-1.18 {m, 9H}, 1.09 (m, 3H). MS
(ESI): mv/z 651.7 [M+H]".

Example 6

{5-(2,3-Dichlore-4-{1,1,1,3,3,3-hexaflnore-2-hydroxypropan-2-yhiphenyi-2-(2,2-dipxide-2-

thia-G-azaspire{3.3|heptane-6-carbonyijthiazol-4-yi}{4-flucropiperidin-i-ylimethanone

ii4
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To a solotion of lthiom  5-(2,3-dichioro-4-(1,1,1,3.3,3-bexafluoro-2-hydroxypropan-2-
yviphenyl-4-{(4-fluoropiperidine-1 ~carbonyljthiazole-2~carboxylate {339 mg, 08.61 mmol,
Intormediate 8) in DCM {10 mL) were added DIPEA (314 mg, 2.44 munol) and HOAt (331 mg,
2.44 wmoly. The mixture was stirred at 1t for 30 mingtes, then 2-thia-6-aza-spire[3.3}heptane
2,2-dioxide oxalate (117 mg, 0.61 mmol} was added and the mixture was stirred at ot for 30
minutes. Then HATU (466 mg, 1.22 mmel} was added and the mixture was stirred at 1t
overnight, diluted with H0O and extracted with DCM. The organice fayver was washed with brine,
dried over anhydrous Na,SOy, filtered, and concentrated 1o drvness. The residue was purified by
FCC on silica gel (PE/EtOAe = 5/1} and then prep-HPLC to give the title compound as a white
solid. "H NMR (CD-0OD, 300 MHz): § ppm 7.93 (br s, 1H), 7.57-7.54 (m, 1H), 4.97-4.75 (m,
1H}, 4.47-4.45 (i, 6H), 3.84-3.79 {m, 1H)}, 3.60-3.55 (m, 3H), 3.34 (s, 2H), 1.86-1.74 {m, 4H).
MS (EST): m/z 698.0 [M+H]"

Example 6/1: 5-(2,3-Dickiors-4-(1,1,1,3,3,3-hexaflucro-2-hydroxypropan-2-vijphenyl)-V-
{1,1-dioxidothietan-3-vi}-4-{4-fluorepiperidine-1-carbonyi}thiazole-Z-carboxamide
Q

0=~ O
lN/p\/,g CEX . CFa
fiacs:
: 3
=0

The title compound was prepared as described in Exarmple 6 using 3-aminothictane 1,1-dioxide
in place of 2-thia-6-aza-spiro{3.3Theptanc 2,2-dioxide oxalate. "H NMR {CD:0OD, 300 MHz): §
ppm 7.91 (s, 1H), 7.59-7.56 {(m, 1H), 4.74-4.71 (m, 1H), 4.60-4.52 (m, 2H), 4.41-4 34 {(m, ZH),
3.82-3.77 (m, 1H), 3.58-3.44 {m, 3H), 3.34 (s, 2H), 1.83-1.63 (im, 4H). MS{(ESH: m/z2 672.0
IV

i35



WO 2016/069974 PCT/US2015/058193

Example 6/2: 5-(2,3-Bichlore-4-(1,1,1,3,3 3-hexafluore-Z-hydroxypropan-2-vijphenyi}-4-(4-

i‘iu@r{;pipeiidineni—carbanvﬁ)nN— 3-hydrexy-3-methylbutylithinzole-2Z-carboxamide

O “’i“
o

£

H

The title compound was prepared as described in Example 6 using 4-amino-Z-methyitutan-2-o0l
in place of 2-thia-6-aza-spiro[3.3theptane 2,2-dioxide oxalate. 'H NMR (CDClL, 300 MHz): §
ppm 8.08-8.03 (m, iH), 7.76 (brs, 1H), 7.50(d, /=84 Hz, 1H), 599570 (brs, 1H)}, 4.81 {d, J
=474 Hz, 1H), 3.97-3.91 (m, 1H), 3.64 {(q, /= 6.3 Hz, 2H}, 3.51-343 {m, 4H), 1.83-1.64 {(m,
6H), 1.33 (s, 6H). MS (ESI): m/z 654.0 [M+H]".

Example 7
5-{3-(ters-Buty-5-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhphenyi-4-{4-
fluoropiperidine-t-carbonyD-N-(Z-hydroxy-2-methylpropyjthiazole-2-carboxamide

To a sclution of 4-(4-fluoropiperidine-1-carbonyl}-N-(2-hydroxy-2-methyipropylithiazole-2-
carboxamide (263 mg, (.8 mmol, Intermediate &/1), 2-(3-bromo-5-{teri-butyljphenyli-
1,1,1,3,3 3-hexafluoropropan-2-of {335 mg, 0.87 mmol; Intermediate 5}, PPhy (230 mg, 0.87
mmol} and KOAc (157 mg, 1.6 mmol} in DMF (15 mL} was added Pd(OAc); (37 mg, 0.16
mmgoiy at rt under nitrogen. Then the mixture was heated at 110 °C overnight, cooled to 1t and
filtered. The filter cake was washed with EtOAc. The organic layer was washed with water,
brine, dried over anhydrous Na,SQy, filtered, concentrated to dryness and the residue was
purified by prep-HPLC and then by prep-TLC (DCM/MeOH = 1/1} to give the title compound as

e
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a white solid. 'H NMR {CDCE, 300 MHz): 8 ppm 7.85-7.81 {m, 1H), 7.75 (s, 1H}, 7.71 {5, 1H)},
7.61 (s, 1H), 5.80 (brs, 1H), 4.84-4.67 (m, 1H}, 4.13-4.08 (m, 1H), 3.52-3.42 (m, 3H}, 3.27-3.12
{m, 2H), 2.94-2.90 (m, 1H), 1.92-1.54 (m, 4H), 1.34 {5, 3H}, 1.29-1.25 {m, 6H). MS (EST): m/z
628.2 [M+H]".

Example 8
{5-(2,3-Dichlore-4-{1,1,1,3.3,3-hexafluore-2-hyvdroxypropan-2-yvhphenyi}-2-({ 38, 55)-3,5-
dihydroxypiperidine-I-carbonyithiazol-4-yI({($)-4,4-difluoro-2-methylpyrrolidin-1-

yhmethanone
Q
Gl C
HO, <
%“ANJL\](S \ OF,
] oo o OH
Y,
N : CF,
HO % =g
Q
FF

A solution of (S)y-ethyl 5-(2,3-dichloro-4-(1,1,1.3,3,3-hexafluoro-2-hydroxypropan-2-ylphenyl)-
4-{4 4-difluoro-Z-methylpyrrolidine-t-carbonylbithiazole-2-carboxylate (100 mg, 0.16 mmol,
Intermediate 14}, (3R, 55)-piperidine-3,5-diol hydrochloride (25 mg, 0.16 mmol) and K,CO; (49
mg, 0.30 mumol) in MeOH (5 mL) was stirred at 11 overnight, poured into water {50 mi) and
extracted with EtOAc (20 mL x 3). The combined organic layers were washed with brine, dried
over anhydrous NapSO,, concentrated to drvness and the residue was purified by prep-HPLC to
give the title compound as a white solid. "H NMR (DMSO-dy, 400 MHz): 6 ppm 9.17 (br s, 1H),
7.87-7.65 (m, 2H), 5.19-4.87 (m, 3H}, 4.40-3.54 {m, 6H), 3.01-2.96 (m, 1H), 2.73-2.45 (m, 2H),
2.23-2.15 (m, 2H), 1.35 (g, J = 10.8 Hz, 1H), 1.29-1.21 {m, 3H). MS (ESI): m/z 685.7 [M+H]".

Example 9
{4, 4-Diftuoro-2-methyipyrrelidin- -y B3R 553, 5-dikyvdroxypiperidine-1-carbonyi)-
5-{4-(1,1,1,3.3,3-hexafluore-2-hydroxypropan-2-yh-2-(friflueromethoxyphenylthiazol-4-

yhmethanone

17
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To a solution of 2-(4-bromo-3-(triflucromethoxyyphenyl}-1,1,1,3,3,3-hexafluoropropan-2-01 {200
mg, (.49 mmol, Intermediate 4/1) and ({(5)-4.4-difluoro-2-methylpyrrotidin-1-y{2-({(3R,55)-3.5-
dihvdroxypiperidine-1-carbonylithiazol-4-yymethanone (148 mg, 0.38 mmol, Intcrmediate 15}
in DMF {6 ml} were added KOAc (74 mg, 0.76 munol), PPhy (199 mg, 8.759 mmol} and
PA{OAc); (85 mg, 0.38 mmol}. After addition, the reaction mixture was stirred at 110 °C under
N overnight. The reaction mixture was pourced into water (20 mL} and extracted with EtOAc¢ (10
mi x 3} The combined organic phase was washed with brine, dried over anhydrous Na;SOy,
filtered and concentrated to dryness. The residue was purified by prep-HPLC to afford the title
compound as a white solid. "H NMR (DMS0-dy, 400 MHz): 8 ppm 9.29 (s, 1H), 7.88-7.76 (m,
2HY, 7712769 (m, LH), 521508 (my, TH), 5.13-4.89 (m, 2H), 4.46-4 31 (m, 2H), 4.12-3.84 (m,
2H), 3.68-3.48 (m, 2H), 3.04-2.92 (v, 1H), 2.72-2.57 (m, 2H}, 2.30-2. 11 {(m, 2H), 1.41-1.14 (m,
4H). MS (EST): m/z 701.7 [MHHT.

Example 9/1
{84, 4-Diflooro-2-methyipyrroldin- -y B3R S8)-3.5-dibydroxypiperidine-1-carbonyh-
8-(4-(1,1,1,3.3,3-hexalluore-2-hydroxypropan-2-vIi-2-(irifluoromethyhiphenyhthiazol-4-

viimethanone

O
HO [’S/
N/
!
N

FF
The title compound was prepared as described in Example 9, using 2-{4-bromo-3-
(rifluoromethyliphenyiy-1,1,1,3,3,3-hexafluoropropan-2-ol {(Intermediate 4) in place of of 2-(4-

bromeo-3-{trifluoromethoxyphenyly-1,1,1,3,3,3-hexafluoropropan-2-ol. 'H NMR {(DMSO-dy,

g
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400 MHz): 8 ppm 9.33 (s, 1H), 8.10-7.98 (m, 2H), 7.80-7.77 (m, 1H), $.23-5.16 {m, 1H), 5.15-
491 (m, 2H), 4.44-4.34 (m, 1H), 4.30-4.02 {m, 2H), 3.68-3.48 (m, 2H), 3.06-2.94 (m, 1H), 2.70-
2.57 (m, 2H), 2.35-2.05 (m, 3H), 1.41-1.30 (m, 1H), 1.26-1.15 (m, 3H). MS (ESI): nvz 685.7
IVAHHT

Example 9/2
{514, 4-Difluoro-2-methyipyrrolidin- -y B2-((3R 55)-3,5-dibyvdrexypiperidine-1-carbonyi)-
5-(4-(1,1,1,3,3.3-hexafluore-2-hydroxypropan-2-yh-2-isopropoxyphenyijthiazel-4-

o o

HO
A ‘
Saresyd
HO /=0
s

yhmethanone

E
The title compound was prepared as described in Example 9, using 2-(4-bromo-3-
isopropoxypheny!}-1,1,1,3,3,3-hexafluoropropan-2-0l (Intermediate 4/2) in place of of 2-(4-
bromo-3-{triflaoromethoxyiphenyl)-1,1,1,3,3.3-hexafluoropropan-2-ol. "M NMR {DMSO-d;,
400 MHz): 6 ppm 892 (s, 1H), 7.52-7.44 (m, 1H}, 741-7.34 (m, 1H), 7.29-7.27 (m, 1H), 5.21-
A3 {(m, 1H), 5.12-4.93 (1, 2H), 4.79-4.64 (m, 1H), 4.45-4.34 (m, 2H), 3.95-3.75 {(m, 2H), 3.64-
A8 (m, 2H), 2.99-2.87 (m, 1H), 2.36-2.05 (m, 3H), 1.46-1.17 (m, 10H), 1.06-1.04 {m, 1H). MS
(EST): m/z 675.8 [M+H]"

o

3

Example %/3
N ~Dieﬁ;‘yEwa(z~eﬁ;yiw4w(1,193,,,333,S*E;e:xaﬂuom-?ﬁhydmxypmpan~2~y1}§shenyi)»Nz~(2~

hydroxy-Z-methyipropyDthiazole-2,d-dicarboxamide

o
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The title compound was prepared as deseribed in Example 9, starting from N N'-diethyl-N«(2-
hydroxy-2-methyipropyiithiazole-2 4-dicarboxamide  (Intermediate 6} and 2-{4-bromo-3-
ethylphenyl)-1,1,1.3,3.3-hexafluoropropan-2-of (Intermediate 3). "H NMR (CDCl, 300 MHz): 8
ppm 7.69-7.64 (m, 2H), 7.57-7.54 {m, 1H), 7.41-7.38 (m, 1H), 4.58 {3, 1H), 3.48-3.46 (m, 2H),
3.43-335(m, 2H), 3.12-3.05 (m, 2H), 2.72-2.65 (m, 2H}, 2.20 (s, 1H), 1.31 (5, 6H}, 1.21-1.16 (m,
3H), 0.99-0.91 (m, 6H). MS (ESI): m/z 570.1 [M+H]".

Example 9/4
N N Diethyi-5-(4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yi)-2-

{(triflusromethoxy)phenyD-V'-(2-hydroxy-2-methylpropyl)thianzole-2 4-dicarboxamide

HO i FsCO
X'\Nf s }<OH
r-Os
N\i FSCCFfi

i

The title compound was prepared as described in Example 9, starting from N N -dicthyl-NV-(2-
bydroxy-2-methylpropyhthiazole-2 4-dicarboxamide  (Intermediate 6} and  2-{(4-bromeo-3-
trifluoromethoxyphenyl}-1,1,1,3,3,3-hexafluoropropan-2-ol (Intermediate 4/1). 'H NMR (CDCL,
300 MHz): 6 ppm 7.76-7.58 (i, 4H), 4.66 (s, 1H}), 3.55-3.44 (m, 4H), 3.22-3.11 (m, 2H), 1.97 (s,
1H), 1.60 (s, 6H), 1.18-1.03 (m, 6H). MS (ESI): m/z 626.1 [M+H] "

Example ¥/3
58-(2-Chlore-3-fluore-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yDphenyh-V V-
diethyl-N-(2-hvdroxy-2-methylpropylthiazele-2 4-dicarbosamide
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The title compound was prepared as deseribed in Example 9, starting from N° N'-diethyl-N-(2-
hydroxy-2-methylpropybhithiazole-2 4-dicarboxamide (Intermediate 63 and 2-(4-bromo-3-chloro-
2-fluorophenyl)-1,1,1,3.3.3-hexafluoropropan-2-0l (Intermediate 3/1). 'H NMR (CDCL, 300
MHz): 6 ppm 7.76-7.72 (m, 1H), 7.65-7.61 {m, 1H), 7.46-7.40 (m, 1H), 3.39 (s, 1H), 3.50-3.38
{m, 4H), 3.23-3.17 {w, 2H), 2.10 (s, 1H), 1.31 {5, 6H), 1.11-1.00 (m, 6H). MS (ESI): m/z 5%4.1
[MHHT.

Example 18
{4-(7-Azabicyclo]2.2. 1}heptane-T-carbonyl-5-(2,3-dichiore~-4-(1,1,1,3,3,3-hexafluore-2~

hydroxypropan-2-yhphenyithiazob -y B3R, 58)-3,5-dihydroxypiperidin-1-yDmethanone

O a ¢, o
NJ\\!E/S el CF,
J OH
N/ N/ CF.
HO =(y

A solution of ethyl 4-(7-azabicyclof2.2.1 Theptane-7-carbonyl}-5-(2,3-dichlore-4-(1,1,1,3,3,3-
hexafluoro-2-hydroxypropan-2-yhphenylithiazole-2-carboxylate (200 wmyg, 338 wmol;
Intermediate 16), (3R, 55)-piperidine-3,5-diol hydrochloride (50 mg, 8.33 mivol) and KoCO; (102
mg, 744 pmol) in MeOH (10 wol) was stirred at vt overnight, poured into water (50 wl) and
extracted with EtOAc (20 mi x 3}, The combined organic layers were washed with brine, dried
over anhydrous Nap5Qy, concentrated to dryness and purified by prep-HPLC to give the utle
compound as a vellow solid. 'H NMR {DMSO-ds, 400 MHz): & ppm 9.18 (br s, 1H), 8.02-7.70
(m, 1H), 7.65 (d, /= 84 Hz, 1H), 5.25-5.14 (m, 2H), 5.07 (d, J = 5.2 Hz, 1H), 4.54-4.39 (m,
3H), 3.62-3.53 (m, 2H), 298 (1, J= 112 Hz, 1H), 260 (t, /= {1.2 Hz, 1H), 2.27-2.20 (m, 1H),
1.61-1.45 (m, 8H), 1.39-1 31 (m, 1H). MS (BSI): ov/z 661.7 [M+H]".



WO 2016/069974 PCT/US2015/058193

Example 14/1
{4-{7-Azabicyclio]2.2.1}hepiane-7-carbonyh-5-(2,3-dichioro-4-{1,1,1,3,3,3-hexafluorc-2-
hvdroxyproepan-2-yhphenylithiazol-2-vE{{38,48)-3,4-dibhydroxypyrrelidin-1-ylimethanone

HO 7
N’%,S oo
—/ if T OF.,
HO N T

The title compound was prepared using a procedure as described for Example 10, using (35.48)-
pyrrolidine-3.4-diol hydrochloride in place of (3R 5S)-piperidine-3,5-diol hydrochloride. 'H
NMR (DMSO-ds, 400 MHz): § ppm 9.20 (br s, 1H), 8.03-7.83 (m, 1H)}, 7.65 (d, /= 8.0 Hz, 1H),
5.12-5.04 (m, 2H), 4.57-4.48 (m, 2H}, 4.25-4.10 {m, 3H), 3.91-3.87 (m, 1H), 3.68-3.64 (m, 1H),
3.48-3.41 (m, 1H), 1.67-1.43 (m, 8H). MS (ESI): m/z 647.7 [M+H].

Example 18/2

4-{7-Azabicycle{2.2.1 jheptane-T-carbonyi}-5-(2,3-dichiore-4-(1,1,1,3,3,3-hexafluore-2-

hydroxypropan-2-yhphenyHh-NV-(2,3-dihvdroxy-3-methylbutyvhthiazole-2-carboxamide
\

HO’</\ <

N-/‘x/

HO  H o S
N

The title compound was prepared using a procedure as described for Example 10, using 1-amino-
3-methylbutane-2,3-diol in place of (3R.55)-piperidine-3,5-diol hydrochloride. 'H NMR
{DMSO-dg, 400 MHz): § ppm 9.18 (br s, 1H)}, 8.59-8.56 {m, 1H), 7.98-7.62 {m, ZH}, 495 {d, /=
52 Hz, 1H)}, 4.47-4.34 {m, 3H}, 3.66-3.61 {m, 1H}, 3.45-3.40 {m, 1H}, 3.30-3.19 {m, 1H), 1.52-
1.36 (m, §H), 1.13 (s, 3H), 1.09 (s, 3H). MS (ESI): m/z 663.7 [M+H] "

Example 18/3
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{($3-{5-{2-Chilore-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-vipheny-2-3-hvdroxy-3-
{Z-hydroxypropan-2-vi)azetidine-1-carbonyhithiszob4-vy1}{ 2-methyipyrrolidin-1-

yi)methanene
OH
CFa
f O

The title compound was prepared using a procedure as described for Example 10, starting from
{(Sy-cthyl 5-(2-chloro-4-(1,1,1,3,3,3-hexaflnore-2-hydroxypropan-2-yphenyl)}-4-(2-
methylpyrrolidine-1-carbonyiythiazole-2-carboxylate  {(Intermediate  16/1),  using  3-(2-
hydroxypropan-2-yljazetidin-3-ol {Intermediate 11} in place of (3R 5S)-piperidine-3,5-diol
hydrochloride. 'H NMR (CD:0D, 300 MHz): § ppm 7.88 (s, 1H), 7.76-7.73 (m. 1H), 7.63-7.59
(m, 1H}, 4.99-4.86 (m, 1H}, 4.51-4.38 {m, 2H), 4.18-4.16 (m, 1H), 3.90-3.87 (m, 1H}, 3.59-3.51
{m, 2H), 2.14-1.57 (m, 4H), 1.23-1.09 (m, 9H). MS (ESI}: m/z 630.1 [M+H] .

Example 10/4

($1r-5-{4-(1,1,1,3.3.3-Hexafluore-2-hydroxypropan-2-vi}-2-{triflusromethyphenyi)-NV-{2-

hydroxy-2-methyvipropyvii-4-(Z-methyvipyrrelidine-1-carbonyijthiazole-2-carboxamide
OH O

\7/f\,f_‘§’ 5 1%
Q\w
CJ

The title compound was prepared using a procedure as described for Example 10, starting from
{(Syethyl  5-(4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-vii-2-{trifluoromethylphenyi}-4-{2-
methylpyrrolidine- 1-carbonyiythiazole-2-carboxylate  {Intermediate  16/2), using  !-amino-2-
methylpropan-2-ol in place of (3R, 58)-piperidine-3,5-diol hydrochloride. "H NMR (CDCls, 400
MHz): 6 ppm 8.11 {5, 1H}, 7.92-7.90 (m, tH), 7.65-7.59 {m, 2H), 4.44-4.12 {m, 1H), 3.55-3.48
{m, 4H), 2.08-1.53 {m, 4H), 1.32 (s, 6H), 1.19-1.15 {m, 3H). MS (ESI): m/z 622.2 [M+H] .
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Example 14/5
{{3R,55)-3,5-Dibyvdroxypiperidin-{-yH(5-(4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-vi}-

2-{triflucromethyhiphenyi}-4-((§}-2-methyipyrrolidine-1-carbonyviythiazel-Z-vl}methanone
HO, O
V’\NJ/\’ FsC
i _'S
A if == A
v O
HO 4 C0H
‘"”?‘;5 0
i

The title compound was prepared using a procedure as described for Example 10, starting from
(Syethyl  5-¢4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-y1i-2-(trifluoromethylypheonyi}-4-(2-
methylpyrrolidine-1-carbonyiythiazole-2-carboxylate (Intermediate 16/2). "H NMR (400 MHz,
CDCLsy 8 ppm 8.09-8.04 {m, 1H), 7.98-789 (m, 1H}, 7.59-7.46 {(m, 1H), 5.53-5.17 {m, 1H)},
4.82-4.72 {m, 1H}, 417-4.15 {m, 2H), 3.69-3.45 (m, 3H), 3.15-3.12 {m, ZH}, 2.20-1.74 {m, 4H),
1.53-1.43 (m, 3H), 1.15-1.52 (m, 2H). MS (ES1): m/z 650.1 {M+H]"

Example 10/6
{(3-(5-(d-(1,1,1,3.3,3-Hexallnoro-2-hydroxypropan-2-y§-2-(triflueromethyliphenyh-2-(3-

hvdrexy-3-(2-hydrexypropan-2-yvijazetidine-1-carbonyijthiazel-d-yH(2-methyipyrrolidin-i-

yhimethanone
OH & B
MIN,J s Fi&
S -0
ﬁ CF;
/\N/hzo

The title compound was prepared using a procedure as described for Example 19, starting from
{(Sy-cthyl  5-(4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-y13-2-(trifluoromethyliphenyi}-4-(2-
methylpyrrolidine-1-carbonyhithiazole-2-carboxylate  {(Intermediate  16/2),  uwsing  3+{2-
hydroxypropan-2-yhazetidin-3-01  {Intermediate 11} in place of (3R 5Si-piperidine-3,5-diol
hydrochloride. 'H NMR (DMSO-ds, 400 MHz): 8 ppm 8.06-8.00 (m, 2H), 7.77-7.31 (m, 1H),
5.94-5.89 (m, 1H), 4.86-4.78 (m, ZH}, 4.39-4.35 {m, 1H), 431-4.26 (m, tH), 3.98-3.97 (m, 1H),

124
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3.77-3.58 (m, 3H), 2.00 -1.88 (m, 2H), 1.76-1.74 (m, 1H), 1.51-1.49 (m, 1H), 1.11-1.04 (m, 9H).
MS (ESD: m/z 664.2 [M+H] .

Example 11: Step a
2-{(4-Bromo-2,3-dichlorophenyi}-1,1.1-trifluorobutan-2-ol

Cl Cl
/

Br OH
CF,
To a solution of [-{4-bromo-2,3-dichlorophenyl}-2,2,2-triflaoroethancne (2.0 g, 6.2 mmol,

Intermediate 2, step a) in THF (20 mL) was added ethylmagnesiom chloride (4.50 ml, 2.8 M in
THF, 12.6 mmeol) dropwise at -30 °C under a Ny atroosphere and the mixture was stirred at vt for
5 h. The solution was difuted with agqueous NHCl at § °C and extracted with EtOAc (x 23 The
combined organic layers were washed with ¥oO and brine, dried over anhydrous NapSCy,
filtered, concentrated fo dryness and the residue was purified by FCC on silica gel (PE/EIOAc =

3071} to give the title compound as a yellow solid.

Example i1: Step b
Ethyl 5-(2.3-dichloro-4-(1,1,1-trifluore-2-hvdroxybutan-2-yDphenyi}-4-

{diethylcarbamoylithiazole-2-carboxylate

A solution of Z-(4-bromo-2,3-dichlorophenyi)-i.1, i-trifluorobutan-2-0l (2.0 g, 5.7 mmol,
Example 11, step a), cthvl 4-(dicthylcarbamoyljthiazole-2-carboxylate (1.4 g 5.7 mmol,
Intermediate 6, step a), KOAc¢ (1.1 g, 11.4 mmol}, PA(OAc), (650 mg, 2.9 mmol}, and PPhs (760
mg, 2.% mmoly in DMF (10 mbL) was purged with N for 5 minutes and then stirred at 110 °C
overnight. The resulting solution was cooled to rt, diluted with H,O, and extracted with EtOAc
{x 3}). The combined organic layers were washed with brine, dried over anhydrous MaySO,,

filtered, concentrated to dryness and the residue was purified by FCC on silica gel (PE/EtOAc =

125
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5/1} to give the title compound as a white solid.

Example 11: Step ¢
5-{2,3-Dichlore-4-(1,1, 1 -trifluoroe-2-hydroxybutan-2-yhphenyii-4-

{dicthylkcarbamoylthiazole-2-carboxylic acid

To a solution of ethyl 35-(23-dichloro-4-(1,1, I-trifluoro-2-hydroxvbutan-2-yl}phenyi}-4-
{diethylcarbamovl)thiazole-2-carboxylate (1.0 g, 2.0 mmol, Example 11, step b} in a mixture of
EtOH (5 ml} and HoO {1 mb) was added KOH (213 mg, 3.80 mmol) and the mixture was stirred
for 3 h at rt. The solution was concentrated to dryness and the residuc was dissolved in H,0. The
pH was adjusted to ~5 with 2 N aqueous HCI under cooling with an ice bath. The mixture was
then extracted with EtCAc (2 x 20 mL}. The combined organic layers were washed with H,O
and brine, dried over anhydrous Nap;80s filtered and concentrated to dryness to give the title

compound as a yellow solid.

Example 1ia
5-(2,3-Dichlore-4-(1,1,1-trifluorc-2-hydroxybutan-2-yhphenvi- N N -diethyb-V-(2-

hvdroxvy-Z-methyipropyhthiazole-2 4-dicarboxamide (Racemate}

X Jkr Ci /Ci |

A mixtyre of 3-(2,3-dichloro-4-(1,1, 1 ~trifhuoro-2-hydroxybutan-2-y}phenyi}-4-
{diethylcarbamoyl)jthiazole-2-carboxylic acid (600 mg, 1.2 mmol, Example 11, step ¢), l-amino-
2-methyl-propan-2-ol (118 mg, 1.33 mmol), HATU (916 mg, 2.4} mmol) and DIPEA (311 mg,

2.41 mmol} in BCM (5 mb) was stirred at vt for 3 h. The mixture was poured into H;O and
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extracted with DOCM (2 x 20 mL). The combined organic layers were washed with water and
brine, dricd over anhydrous Na,8Qy filicred, and concentrated to dryness. The residuc was

purified by FCC on silica gel (PE/EtOAc = 3/1} to give the title compound as a white solid.

Example 11b and Example {i¢:
5-(2,3-Dichlore-4~(1,1,I-trifluore-2-hydroxybutan-2-yDpheny -V NV -diethvi- V-2~

hvdmxv*}meﬂwipmpvi}thﬁazaie—z,4~dicarb0xamiﬁe (separated single enantiomers)

Ja,i _____ o

HO

FaC

S-(2?3—Dicbioro~4~( i1 71-triﬂuom-2—}13,/dmxybutau—?;—y}}phenyl}-/‘v' N -dicthyl-N~(2-hydroxy-2-
methylpropyhithiazole-2 4-dicarboxamide {racemate, Example 11a) was separated by chival SFC
{cotumn: Chiralpak IE, 5 uM 4.6 x 250 rum, Eluent: CO/MeOH 80:20, (0.2% DEA}, column
temperature 40.1 °C) to give two separated cnantiomers. The first cluting enantiomer was
Example 1ib: 'H NMR {CDClL, 300 MHz) 6 ppm 778 (d, J = 8.4 Hz, 1H), 7.64-7.60 {m, 1H]},
7.51(d, J= 84 Hz, 1H), 3.50-3.39 (m, 4H), 3.22-3.13 (m, 2H), 2.96-2.84 (m, 1H), 2.09-2.01 {m,
{H), 1.31 (s, 6H}, 1.07-1.00 (m, 6H), 0.92-0.87 (m, 3H). MS (ESI): nvz 570.1 [M+H]. The
seeond eluting enantioroer was Example 11e: 'H NMR (CDCl, 300 MHz): 3 ppm 7.78 (4, J =
8.4 Hz, 1H), 7.64-7.60 (m, 1H), 751 (d, /=84 Hz, 1H)}, 3.50-3.39 (m, 4H), 3.22-3.13 (m, 21},
2.96-2.84 (m, 1H), 2.09-2.01 (m, 1H), 1.31 {5, 6H), 1.07-1.00 (m, 6H}, 0.92-0.87 (m, 3H). M5
(ESTy: nvz 570.1 [M+H]"

Example 12: Step a

Potassivm 5-(2,3-dichloro-4-(1,1,1,3.3,3-hexafluoro-Z-hydroxypropan-2-ylphenyh-4-
{hydroxymethyDthiazole-2-carboxylate

Q ¢l o
KO 3 == CFa
VaWaw
N CF,

HO

[ae—.
3]
~k
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A solution of ethyl 5-(2.3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yi}phenyl}j-4-
{hydroxymethylithiazole-2-carboxylate (2.08 g, 4.17 mmol, Intermediate 14, step by and KOH
{468 mg, 8.35 mmol) in a mixture of McOH (25 ml} and H,O (5.0 mbL) was stirred at rt
overnight, concentrated to dryness, suspended in E4O, filiered, and dried under vacunm to give

the title compound as a white solid.

Example 12: Step b

frans-Methyl 3-(5-(2,3-dichlore-4-(1,1,1,3,3.3-hexafluoro-2-hyvdroxvpropan-2-vhipheayh-4-
{(hvdroxymethylithiazole-2-carboxamidojcyclobutanecarboxylate

A solution of vpotassium  5+2,3-dichlore-4-(1,1,1.3,3 3-hexafluoro-2-hydroxypropan-2-
yvlphenyl-d-(hydroxymethyhithiazole-2-carboxylate (1.16 g, 2.00 mumol, Example 12, step a),
trans-methyl 3-amino-cyclobutane carboxvlate hydrochloride (398 myg, 2.40 mmol}, DIPEA (645
mg, 5.00 myovol) and HATU (736 mg, 2.00 romol} in DMF (15 mlL) was stitred overnight at rt,
concentrated fo dryness, diluted with water and extracted with EtOAc three tivaes. The combined
organic layers were washed with water three times and brine consecutively, dried over anhydrous
WapSQy, filtered, concentrated to dryness and purified by FCC on silica gel (PE/EICAc = 2/1 to

1/2} to give the title compound as a white sohid.

Example 12: Step ¢

5-{2,3-Dichloro-4-(1,1,1,3,3.3-hexafluore-2-hydroxypropan-2-viphenyh-2-({(frans-3-
{methoxyearbonyloyclobutviicarbamoylthiazole-4-carboxylic acid
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To a solution of frans-methyl 3-(5-(2,3-dichloro-4-{1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-
yhphenyl-4-(hydroxymethylithiazole-2-carboxamidocyelobutanccarboxylate (558 mg, 0.960
mmol, Example 12, step by in MeCN (10 mL) and H;0 (5.0 ml) were added iodobenzene
diacetate (1.28 g, 4.0 mol) and TEMPO (151 myg, §.966 mwol) and the mixture was stirred for
5 hoat it, concentrated to dryness, and extracted with EtOAc (x 3). The combined organic layers
were washed with brine, dried over anhydrous NapSOy, filtered, concentrated to dryvoness, and

purified by FCC on silica gel (PE/EtOAc = 1/2) to give the title coropound as a white solid.

Example 12: Step d

frans-Methyl 3-(8-(2,3-dichlore-4-(1,1,1.3,3,.3-hexafluoro-2-hydroxypropan-2-viiphenyl-4-
{ethyi(22,2-trifluorocthyDearbamoviithiazole-2-carboxamidojcyclobutanecarboxylate

A solution of 5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-vipheny -2-((trans-
3-{methoxycarbonylicyclobutyljcarbamoyljthiazole-4-carboxylic acid (249 mg, 0418 mmol,
Example 12, step ¢, cthyl-{2,2, 2-trifluoro-cthyli-amine hydrochloride {(81.8 mg, 0.500 mmol),
DIPEA (258 mg, 2.00 mmoh and HATU (160 myg, 0.42 mmoly in DMF (3.0 mL) was stirred
overnight at 11, concentrated to dryness and purified by prep-HPLC to give the titie compound as

a white solid.
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Example 12

frans-3-(5-{2,3-Dichlore-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-viphenyl)-4-
{ethv¥{2,2,2-trifluorocthyDcarbameyiithiazole-2-carboxamidoicyclobutanecarboxylic acid

To a solution of frams-methyl 3-(5-(2,3-dichloro-4-(1,1,1,3,3.3-hexafluoro-2-hydroxypropan-2-
yvlphenyl}-4-(cthyl(2,2 2-trifluorocthycarbamoylthiazole-2-carboxamido jeyclobutanc-
carboxvlate {141 mg, 0.200 yomol, Example 12, step d} i mixed solvents (THF/MeOH/H,0,
/171, 10 wl) was added LiOH-H,O (33.6 mg, 0.802 mmol} and the mixture was stirred at rt
overnight, adjusted to pH = 2 with 1 N aqueous HCI and then diluted with EtOAc. The resulting
mixture was washed with water and brine, dried over anhydrons Nap3Qy, filtered, concentrated
to dryness, and puorified by prep-HPLC to give the title compound as a white solid. 'H NMR
(CDClz, 300 MHz): ¢ ppm 7.70 (br s, 1H), 7.51-7.36 (m, 2H), 4.84-4.76 (m, 1H), 4.15-4.03 {m,
2H}), 3.61-3.37 (m, 2H), 3.21-3.16 (m, 1H), 2.87-2.78 {m, 2H), 2.53-2.42 (o, 2H}, 1.33-1.24 (m,
2H), 1.14-1.09 {m, 3H). MS (ESI): m/z 690.0 [M+H]".

Example 13
4-{4-Fluoropiperidine-i-carbony-8-(8-(1,1,1,.3,3,3-hexafluoro-2-hydroxypropan-2-

vhguinohn-3-y-N-Z-hydroxy-2-methyipropyDihiazole-2-carboxamide

R
/ N CF,
C}\ a ’I’ VQH
F
HO _NM //\,/,.j CFy
\\/\H N
)

=
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A mixture of 2-{5-bromogquinolin-8-y}-1,1,1,3,3,3-hexafluoropropan-2-of (30 mg, 0.080 mmol,
Intermediate 17},  4-(4-fluoropiperidine- 1 -carbonyD-N-(2-hydroxy-2-methylpropylithiazole-2-
carboxamide {26 mg, 0.079 mmol, Intermediate &/, PA(OCAc) (6.0 myg, 0.027 mmob), RuPhos
{14 mg, 0.030 mmol}, KOAc (16 mg, 0.16 munol}, and pivalic acid (3.0 mg, 8.029 mmol) in
butyronitrile {1 mb) was degassed by bubbling Ny through the solution for § minuites. The
container was then scaled and heated at 115 °C for 15 h. After cooling the reaction to room
temperature, the mixture was concentrated and purified by FCC on silica gel (0-100% EtOAc in
heptanes) and then prep-HPLC (10 - 95% CH;CN in HyO, 8.1% TFA) to give the title compound.
"H NMR (CDCl, 400 MHz) & ppm 8.90 (d, /= 3.0 Hz, 1H), 8.43 (d, J=7.6 Hz, 1H), 816 (d, J
=76Hz 1H), 7.75(d, J=81 Hz, 1H), 7.73 {brs, 1H), 7.63 (dd, J= 4.6, 8.6 Hz, 1), 4.66 (4,7

= 47.5 Hz, 1H), 3.84-3.95 (m, 1H), 3.53 (d, J = 5.1 Hz, 2H), 3.19-3.33 (m, 3H), 1.68-1.80 (m,
1H), 1.37-1.57 {m, 2H), 1.35 (s, 6H), 0.84-1.08 {m, 1H). MS (EST): mvz 623.2 [M+H].

Example 14: Step a
5-(2,3-Bickiore-4-(1,1,1,3,.3,3-hexafluoro-2-hydroxypropan-2-yhphenyl-V, N-diethyl-2-
{thiomorpholine-4-carbonyhihiazole~4~carboxamide

O

!
e ﬁj o

A solation of  5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-vijphenyl)-2-
{thiomorpholine-4-carbonylithiazole-4-carboxylic acid (147 mg, 0.258 mmol, Intermediate 20),
HATU {148 mg, 0.389 mmol}, and DIPEA (84 mg, 8.65 mamol} in DMF (3 mL} was stirred at 1t
for 1 h, then diethylamine (23 mg, (.31 mumol} was added and the mixture was stirred overnight,
The mixtare was diluted with water and extracted with EtOAc¢ {(x 3). The combined organic
layvers were washed with brine, dried over anhydrous Na; 50y, filtered, concentrated to dryness
and the residue was purified by FCC on silica gel (PE/EtOAC = 3/1) to give the title compound

as a white solid.

Example i4: Step b
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§-(2,3-Dichiore-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yiiphenyl}-V, N-diethyi-2-(1-
exidethiomorpholine-4-carbonyiithiazole-d-carboxamide

Q
[ ¢ o

To a solution of 5-{2,3-dichlore-4-{1,1,1,3,3 3-hexafluoro-2-hydroxypropan-2-yliphenyl}- N N-
diethyl-2-{thiomorpholine-4-carbonyljthiazole-4-carboxamide (122 mg, 0.195 muwol, Example
14, step a} in DCM (10 mL) was added m-CPBA (39 mg, 0.20 mmol, 85%) at § °C and the
mixture was stirred at rt overnight, The mixture was quenched with aqueous NaHS0;, diluted
with an agueous NaHCOs solution and extracted with EtOA¢ (X 3). The combined organic layers
were washed with brine, dried over anhvdrous NapS(Qy, filtered, and concentrated to dryness to

give the title compound as a yellow solid.

Example 14: Step ¢
5-¢2,3-Bichioro-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yhipheny-V, V-diethyl-2-(1-

oxido-1-{(2 ,Zgz-triﬂw}maceiyi)ﬁmin oithismorpholine-d-carbonvljthiazole-4-carboxamide
F3C- j\( 7 \,J /i { OF,
& \/ OH

To a solution of 5-(2,3~éichloro~4v(l,1,,1,3*,3,3whcxaﬂueronznhydmxypropanQ~yi)pheny1)--1”\7',2\"--
diethyl-2-{ 1-oxidothiomorpholine-4-carbonyhthiazole-4-carboxamide (108 mg, 0.169 mmol,
Example 14, step b}, 2.2, 2-trifluorcacctamide (38 mg, 0.34 mmol), MgO (27 mg, 8.68 mmol}
and Rhp{OAc)s (8 mg, 20 pmoly in DCM (8 mbL) was added PhI{OAc),; (82 mg, 0.26 mmol} and
the mixture was stirred at 40 °C for 6 h. The resulting mixture was diluted with water and
extracted with EtOAc three times. The combined organic layers were washed with brine, dried
over anhydrous Nap30,y, filtered, concentrated to dryness and the residue was purified by FCC

on silica gel (PE/EtOAc = 5/1) to give the title compound as a white solid.
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Example i4
§5-{2,3-Dichioro-4-{1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yiiphenyl}-V, N-diethy-2-(1-

imino-1-oxidethiomorpholine-4-carbonylthiazole-4-carboxamide

To a solution of 5-(2,3-dichlore-4-(1,1,1,3,3 3-hexaflaoro-2-hydroxypropan-2-ylphenyl}-N, N-
diethyl-2-(1-oxido-1-((2,2,2 uiﬂuoroagxﬁ’\/i)lmmo)ﬂnomorphoiUh-4 -carbounylithiazole-4~
carboxamide {82 mg, 0.11 mmol, Example 14, step ¢} in MeOH (4 ml) was added K,CO: (38
mg, 0.28 momol} and the mixture was stirved at ot for 2 b, dihuted with water, and exiracted with
EtOAc {x 3). The combined organic lavers were washed with brine, dried over anhvdrous
NaxSCy, filtered, concentrated to dryness and the residue was purified by prep-HPLC to give the
title compound as a white solid. 'H NMR (CDCls, 400 MHz): 8 ppm 7.7 (brs, 1H), 7.55 (4, J =
8.8 Hz, tH), 5.02-4.99 (m, TH), 4.80-4.77 (m, 1H), 4.40-4.36 (m, 1H), 4.23-4.22 (m, 1H}, 347-
3.42 (m, 2H), 3.25-3.21 (m, 6H), 3.70 (s, 1H), 1.12-1.04 {m, 6H). MS (ESI): m/z 6535.0 [M+H]"

Example 14/1
(-(5-2.3-Dichiore-4-(1,1,1,3,3,3-hexaflvore-2-hydroxypropan-2-yDphesyl}-2-(2-imine-2-
pxido-2-thia-6-azaspire[3.3 {heptang-6-carbonythiazol-4-v1){4,4-difluoro-2-

methvipwmiidin—} -yhimethanong

O:sb\/ Nﬁ {' f’g;

F b
The title compound was prepared as described in Example 14, steps a, ¢ and final step using in

step a S5+(2.3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yliphenyly-2- 2-oxido-2-
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thia-6-azaspiro[3.3Jheptanc-6-carbonylithiazole-4-carboxylic acid {Intermediate 20/1) in place of
3-{2,3-dichlore-4-{1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yijphenyl}-2-{thiomorpholine-4-
carbonylithiazole-4-carboxylic acid and (§8)-4.4-difluoro-2-methylpyrrolidine  hydrochloride
{Intermediate 12) in place of dicthylamine. 'H NMR (CD;0D, 500 MHz): § ppm 7.95-7.87 (m,
1H), 7.59-7.55 (m, 1H), 5.06-5.00 (m, 2H), 451431 (m, 8H), 4.22-4.12 (m, 1H), 2.71-2.66 (m,
1H), 2.22-2.18 (m, 1H), 1.38-1.28 (m, 3H). MS (ESI): m/z 715.0 [M+H]".

Example 14/2
{($-(5-(2,3-Dichiore-4-(1,1,1,3,3 . 3-hexafluore-2-hydroxypropan-2-yhiphenyl}-2-(2-
{methyHmine}-2-oxido-2-thia-6-azaspire]3.3 heptane-6-carbonylithiazol-4-vi){4 4-diftuoro-

anemyipyrmiidinnLvi)methanone

Me?\ r&j\‘z) ~< },\fg;
<;N
|
o
{
F

E
To a sohution of {S}{5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl}phenyl}-2-
{2-imino-2-oxido-2-thia-G-azaspiro[ 3 3 theptane-6-carbonyhithiazol-4-y1)4, 4-difluoro-2-
methylpyrrolidin-1-vhmethanone (81 mg, 0.11 mmol, Example 14/1} in DMF (4 mL} was added
KoC02 (23 mg, 0.17 mmol) and Mel (26 mg, 0.17 mmol} and the mixture was stirred at 1t
overnight, then diluted with water and extracted with EtOAc three times. The combined organie
layers were washed with brine, dried over anhydrous Na SOy, filtered and concentrated to
dryness. The residuc was purified by prep-HPLC to give the title compound as white solid. 'H
NMR (CDClL;, 500 MHz): 6 ppm 7.62 (d, J = 8.5 Hz, 1H), 745 (d, /= &5 Hz, 1H), 5.01-4.90
{m, 2H}, 4.54-4.27 (m, 6H), 4.04-3.95 (m, 2H), 3.54 (s, 3H)}, 3.25-3.17 {m, 1H}, 2.65-2.57 {m,
1H), 2.18-2.11 {m, 1H), 1.39-1.22 {m, 3H). MS (ESI}: m/z 729.0 [M+H] .

Example 18
{(3-5-C-(Diflworomethyi)-4-(1,1,1,3.3,3-hexafluoro-2-hyvdroxyprepan-Z-yhiphenyh-N-(2-

hvdroxy-2-methyipropy-4-C-methyipyrrolidine-1-carbonyijthiazole-Z-carboxamide
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A flask  under ntirogen, was charged  with  (§)-N-{2-hydroxy-2-methylpropyl}-4-(2-
methylpyrrolidine-1-carbonyijthiazolc-2-carboxamide (2.0 g, 6.42 mmol, Intermediate 15/1), 2-
{4-bromo-3-(difluoromethylphenyly-1,1,1,3,3 3-hexafluoropropan-2-0l (2.63 g, 7.06 mmol,
Intermediate 18}, KyCO; (1.78 g, 12.84 romoly, pivalic acid (026 g, 2.57 mmol},
Pdy{dba);-CHCls (0.50 g, 0.48 romol), cataCXium™ A (0.35 ¢, 0.96 mmol) and s-butyronitrile
{30 mL). The resulting solution was stirred for 16.5 h at 100-105 °C. The reaction mixture was
then cooled to room temperature, diluted with HyO (30 mL), and the aqueocus phase was
extracted with EtOAc (30 mL). The combined organic layers were concentrated under vacuum,
and the crude product was purified by FCC on sitica gel (EtQOAc/heptane = 1/2 to 2/1) to give the
title compound as an off-white sohid. "H NMR {(CD:0D, 400 MHz2) 4 8.14 (4, /= 1.8 Hz, 1H),
797(d,=79Hz 1H), 7.63{dd, .f= 14,4, 82 Hz, 1H}, 7.07-6.76 {(m, 1H}, 4.35-4.11 (m, 1H),
3.70-3.41 {m, 4H), 2.16-1.89 {m, 2H), 1 .87-1.78 {m, IH), 1.63-1.55 {m, 1H), 1.2¥ (s, 6H),
1.18-1.12 {(dd, J= 16.1, 6.4 Hz, 3H). MS (ESI): m/z 604.1 [M+HT.

Example 15/1

{F-5-(2-(Difluoremethy}-4-(1,1,1,3,3.3-hexafluore-Z-hydroxypropan-2-vljphenyl-NV-(2-

hvdroxy-2-methyipropy-4-(2-methyipyrrolidine-1-carbonyiithiazole-Z-carboxamide

HO

n-Butyronitrile (2 mL) that had been sparged with argon for 45 minutes was added to a mixture
of {(R)-N-{2-hydroxy-2-methylpropyi-4-(2-methylpyrroliding- | -carbonyl thiazole-2-

carboxamide (150 mg, 0.482 mmol, Intermediate 15/2}, 2-(4-bromo-3-(difluoromethylphenyh-

i35



WO 2016/069974 PCT/US2015/058193

1,1,1,3,3,3-hexaflucropropan-2-0l (.17 ¢, (.46 mmol, Intermediate 18), K,CO5 (827 g, 1.95
mmol} and pivalic acid (8.025 g, 0.241 mmol). The resulting mixture was further sparged with
nitrogen for 25 minutes. Then PA{(+-BupPy, (0025 g, 0.048 mumol} was added at 1t under
nitrogen and the mixture was sparged with nitrogen for 2 minutes. The mixture was then heated
at 100 °C for 19 h, cooled to rt and filtered through Celite™. The filter cake was washed with
EtOAc and the organic layer was washed with aqueouns saturated NaHCO; solution, water and
bring. The organic laver was dried over anhydrous MgSQy, filtered, concentrated to dryness, and
the residue was purified by FCC on silica gel {0 to 60% EtOAc in DCM) to afford the title
compound. 'H NMR (CDCly, 400 MHz): & ppm 8.08 (s, 1H), 7.83 {t, /= 9.1 Hz, 1H), 7.64-7.43
{m, 2H}, 6.97-6.64 (m, 1H), 4.93 (s, 0.3 H), 489 (s, 0.7 H), 4.31-4.1 (m, 1H), 3.58-3.33 {(m, 4H),
2.07-1.49 (m, 5H), 1.32 (s, 6H), 1.15 (d, J = 6.3 Hz, 2H), 107 (4, J= 6.4 Hz, 1H). MS (ESI:
w/z 604.1 [M+H]"

Example 15/2
{($-5-(2-{ Difluoromethyiy4-{1,1,1,3,.3,3-hexafluoro-2-hydroxypropan-2-yipheayi)-

N-(2-hydroxy-2-methyipropy-4-(2-methyipiperidine-1-carbonylthiazole-2-carboxamide

n-Butyronitrile (2 mL} that had been sparged with argon for 1 h was added to a mixture of (S)-N-
(2-hydroxy-2-methyipropyh-4-(Z-methylpiperidine- t-carbonyi)thiazole-2-carboxamide (63 mg,
.19 mmol, Intermediate 15/33, 2-{4-bromoe-3-(difluoromethyliphenyly-1,1,1,3,3,3-
hexaftuoropropan-2-of {100 mg, 0.268 rmamol, Intermediate 18}, K;C0: (0,12 g, 0.87 mmol) and
pivalic acid (0.009 g, 0.088 mmol}. The mixture was sparged with nitrogen for 20 minutes.
Then PA(OAck (9.7 mg, .04 mmol} and di-(1-adamantyl}-N-butyphosphine (14.8 mg, (.041
nunoi} were added at vt under nitrogen and the mixture was sparged with nitrogen for 1 minute,

The mixture was heated at 100 °C for 3 days, cooled to 1t and filtered through Celite™. The filter
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cake was washed with EtOAc and the organic layer was washed with agueous saturated NaHCOq
sofution and brine, dried over anhydrous MgS8O,, filiered, concentrated to drvness and the
residue was purificd by FCC on silica gel (0 to 60% EiDAc in DCM) to provide the title
compound. 'H NMR (CDCL, 600 MHz): § ppm 8.13 (s, [H), 7.88 (d, J = 82 Hz, 1H), 7.64 (s,
1H), 7.56 (d, /= 7.7 Hz, 1H), 6.95-6.73 (m, 1H), 4.82 (s, 0.5H), 4.54 (5, 1H}, 439 (d, /=135
Hz, 0.5H), 3.83 (s, 0.5H), 348¢(dd, /=64, 1.7 Hz, 2H), 328 (d. /= 134 Hz, 0.5H), 288 (1, /=
13.3 Hz, 0.5H), 2.77 (d, /= 13.5 Hz, 0.5H), 2.04-1.98 (m, 1H), 1 49-1.41 (m, 4H), 1.32 (s, 6H),
1.28-1.18 (m, 1H), 111 (d, /=68 Hz, L.5H), 1.01 {d, J= 7.0 Hz, 1.5H) 0.86-0.78 (m, IH}). MS
(ESI)y: m/z 617.7 [M+H]".

Example 15/3
4-(7-Azabicyclo]2.2. 1 }heptane-7-carbonyl)-5-2-(difluoromethyl)-4-(1,1,1,3,3.3-hexafluoro-

2-hkydroxypropan-2-yhphenyl}-N-(Z-hydroxy-2-methylpropyiithiazele-2-carboxamide

o F
> E

o NJJ\"S o

| H N\/ OH

CFy
O

A
The title compound was prepared as  described in Example 15/, using 4-(7-
azabicy¢lof2.2. 1 fheptaneg-7-carbonyl}-N-(2-hydroxy-2-methyipropyiithiazole-2-carboxamide
{Intermediate 15/4} in place of (R}-N-(2-hydroxy-2-methylpropyl)-4-(2-methylpyrrolidine-1-
carbony!}thiazole-2-carboxamide. 'H NMR (CDCls, 600 MHz): & ppm 8.13-8.07 (m, [H), 7.88-
782 {d, J=&80Hz, (H), 762 (,.J=63Hz, 1H), 751 {d, /=82 Hz, 1H), 6.81 {t, /= 54.9 Hz,

1H), 4.72 (s, 1H), 4.66 (s, 1H), 420 (s, 1H), 3.49 (d, J = 6.3 Hz, 2H), 1.97 (s, 1H), 1.73-1.66 (m.
2H), 1.46-1.36 (m, 6H), 1.33 (s, 6H). MS (ESI): m/z 615.6 [M+H]".

Example 15/4
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{($3-5-{2-(Difluoremethy-3-fluero-4-(1,1,1,3,3 3-hexafluore-2-hydroxypropan-2-yiphenyi}-

N-(2-hydroxy-2-methyipropyi-4-(2-methylpyrrolidine-1-carborylithiazole-2-carboxamide

The title compound was prepared as described in Example 15/, using (S)-N-(2-hydroxy-2-
methylpropyi-4-(2-methylpyrrolidine- [ ~carbonyl thiazole-2~-carboxamide (Intermediate 15/1} in
place  of  {(R}N-{2-hydroxy-2-methylpropyl}-4-{2-methyipyrrolidine- I -carbonylthiazole-2-
carboxamide and 2-(4-bromo-3-(difluoromethyl}-2-fuoropheny)-1,1,1,3,3,3-hexafluoropropan-
2-0l  (Intermediate 273 in  place of 2-{4-bromo-3-{difluoromethyliphenyi}-1,1,1,3,3,3-
hexaftuoropropan-2-ol. 'H NMR (CDCl, 500 MHz): § ppm 8.00-7.91 (m, 1H), 7.60-7.55 (m,
1H), 7.38{dd, /= 182, 8.4 Hz, 1H)}, 6.97-6.74 {m, 1H), 4.86 (s, 1H}, 4.41-4.32 (m, 0.3H), 4.24-
4.15 (m, 0.7H), 3.62-3.41 (m, 4H), 2.12-1.84 {m, 4H), 1.78-1.75 (m, 1H}, 1.33 (s, 6H), 120 (d, J

= 6.3 Hz, 2HY, 113 (d, J = 6.4 Hz, 1H). MS (ESI): nvz 621.6 [M+H]".

Example 15/8
53-8-3-Chlopro-2-fluore-4-(1,1,1,3,3,3-hexafluore-2-hydroxyvpropan-2-yliphenyB-A-(3-

bydroxy-2-methylpropyir-4-(2-methylpyvrrolidine-{-carbonylithiazole-2-carboxamide

The title compound was prepared as described in Example 15/1, using (§)-N-{2-hydroxy-2-
methylpropyi}-4-{2-methylpyrrolidine- 1 -carbonyhithiazole-Z-carboxamide (Intermediate 15/1) in
place  of  (R}-N-(2-hydroxy-2~-methylpropvl}-4-(Z-methyipyrrolidine-1-carbonybithiazole-2-

carboxamide  and  2-{(4-bromo-2-chloro-3-fluorophenyh)-1,1,1,3,3,3-hexafluoropropan-2-ol

2t s tasdy
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{Intermediate 26y  in place  of  2-(d-bromo-3-(difluoromethyDphenyl}-1,1,1,3,3,3-
hexafluoropropan-2-ol. 'H NMR (CDCly, 500 MHz): 6 ppm 7.60-7.56 {m, 3H), 4.37-4.27 (m,
0.8HY, 4.17-4.11 (m, 0.2H), 3.74-3.35 {m, 4H), 2.16-1.82 {m, 4H), 1 88-1.75 {m, 1H), 1.32 (s,
6H), 1.29(d, J= 6.3 Hz, 2H), 1.03(d, /= 6.4 Hz, 1H). MS (ESI): m/z 605.5 [M+H]".

Example 15/6
{(§)-5-{2-{ Diflworomethoxy)}-4-(1,1,1,3,3,3-hexatluoro-2-hydroxvprepan-2-yliphenyl-~-

{Z-hydroxy-2-methyipropyi}-4-(2-methyipyrrolidine-{-carbonyi)thiazole-2-carboxamide

The title compound was prepared as described in Example 15/2, using {S)-N-(2-hydroxy-2-
methylpropyi}-4-(2-methylpyrrolidine-1-carbonylythiazole-2-carboxamide (Intermediate 15/1} in
place of  (8)-N-(2-hydroxy-2-methylpropyi-4-(2-methylpiperidine-1-carbonylithiazole-2-
carboxamide and 2-{4-bromo-3-{diflucromethoxy)phenyli-1,1,1,3,3,3-hexafluoropropan-2-ol
{Intermediate 24y in place  of  2-(4-bromo-3-(difluoromethyliphenyl)-1,1,1,3.3,3-
hexafluoropropan-2-ol. 'H NMR (CDCls, 600 MHz): 8 ppm 7.64-7.53 (m, 4H), 6.70-6.42 (m,
1H}, 4.76-4.74 (m, 1H), 4.29-4.25 {m, 0.7H), 4.12-4.09 {m, 0.3H)}, 3.64-3.58 {m, 0.7H), 3.55-
335 (m, 3.3H), 2.12-2.05 (m, 0.7H), 2.04 (s, 0.7H), 1.99-1.92 {m, 0.6H)}, 1.94-1.81 (m, 2H),
1.80-1.74 (m, 1H), 1.31 (5, 6H), 1.26(d, /= 6.3 Hz, 2H), 1.01 {d, /= 64 Hz, 1H). MS (ESI)
m/z 619.6 [M+H]"

Example 15/7
{53-5-(4-(1,1,1.3,3,3-Hexafluore-2-hydroxypropan-2-yi-2-methoxyphenyvh-N-(2-hydroxy-2-

methyipropyl-4-(2-methyipyrrolidine-1-carbonyljthiazole-2-carboxamide
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The title compound was prepared as described in Example 15/2, using ($)-N-(2-hydroxy-2-
methylpropy}-4-(2-methylpyreolidine- i -carbonvlithiazole-2-carboxamide (Intermediate 15/1} in
place of  {(S»N-(2-hydroxy-2-methylpropyvli-4-(2-methylpiperidine- [ -carbonylithiazole-2-
carboxamide and 2-(4-bromo-3-methoxyphenyvly-1,1,1,3,3,3-hexafluoropropan-2-o0l
{Intermediate 25} in place of  2-{4-bromo-3-{difluoromethyhphenyt)-1,1,1,3,3.3-
hexafluoropropan-2-ol. 'H NMR (CDCl, 500 MHz): & ppm 7.69-7.65 (m, 1H), 7.54 (d, J= &2
Hz, 1H), 7.36 (s, 1H), 7.32-7.28 (m, 1H), 449 (br s, 1H}, 4.35-4.26 {m, 1H}, 3.91 (5, 1H}, 3.90
(s, 2H), 3.76-3.71 (m, 0.3H}, 3.65-3.45 (m, 0.7H}, 3.52-3.41 {m, 2H), 3.17-3.12 {m, 0.5H}, 3.05-
3.00 (m, 0.5H), 2.26 (5, 0.7H), 2.21 (s, 0.3 H), 2.03-1.97 (m, 1H), 1.85-1.62 (m, 2H}, 1.52-1 49
(m, 1H), 1.30 (s, 6H), 1.24 (d, /= 6.4 Hz, ZH), .87 (d, J= 6.5 Hz, 1H}. MS (ESI): m/z 583.6
MHH] .

Example 15/8
{($)-4-{4,4-Difluoro-2-methylpyrrolidine-1-carbouyi}-85-{Z-(diflusremethyi-4-(1,1,1,3,3,3-
hexafluore-2-hydroxypropan-2-yiiphenyi}-NV-(2-bydroxy-2-methyipropylithiazele-2-

carboxamide

CF;

? F
N /J\r 5 A 3
i Rrov:
N O
F
?Q“’"

CFs
The title compound was prepared as described in Example 15/1, using {5)-4-{4 4-difluorg-2-

™

methylpyrrolidine-1-carbonyD-N-(2-hydroxy-2-methyipropyl thiazole-2-carboxamide
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{Intermediate 15/5}) in place of (R}-N-(Z-hydroxy-2-methylpropyl)-4-(2-methylpyrrolidine-1-
carbonyijthiazole-2-carboxamide. "H NMR (CDCls, 600 MHz): & ppm 8.12-8.04 (m, 1H), 7.91-
7.83 {m, IH), 7.54-746 (m, 2H), 6.87-6.63 (m, 1H), 4.71-4.66 (m, 0.3H), 4.5-4.47 (m, 0.7TH),
4.27 (s, 1H}, 4.05 (q, /= 12.7 Hz, 1H), 393 (q, /= 12.0 Hz, 0.7H), 3.84-3.77 (m, 0.3H), 3.57-
342 (m, 2H), 2.58-2.50 (m, 1H), 2.21-2.01 (m, 1H), 1.87 (s, 0.7H), 1.78 (s, 0.3H), 1.34 (5, 6H),
1.33-1.29 (m, 2H), 1.28-1.26 (m, 1H). MS (ESI) m/z 639.6 [M+H]".

Example 15/9
{(1-5-{I-Fehvi-4-(1,1,1,3,3 . 3-hexafluore-2-hydroxypropan-2-yliphenyh-N-2-hydroxy-2-

methyipropyh-4-CZ-methyipyrrolidine-i-carbonylithiazole-Z-carboxamide

The title compound was prepared as described in Example 15/2, using (5)-N-(2-hydroxy-2-
methylpropyl-4-(2-methylpyvrrotidineg-1-carbonylithiazole-2-carboxamide (Intermediate 15/1} in
place of  (8)-N-(2-hydroxy-2-methylpropyl-4-(2-methylpiperidine-1 -carbonylithiazoie-2-
carboxamide and 2-{4-bromo-3-cthyiphenyl}-1,1,1,3,3,3-hexafluoropropan-2-ol (Intermediate 3}
in place of 2-(4-bromo-3-(difluoromethylyphenyl}-1,1,1,3,3,3-hexaflucropropan-2-ol. 'H NMR
{CDC, 600 MHz): & ppm 7.69 (s, 1H}, 7.65{t, J =64 Hz, 0.7H), 7.61 {t, J = 64 Hz, 0.3H),
7.58-7.55 {m, 1H}, 7.42-7.39 (m, 1H)}, 4.22-4.19 (m, 0.7H}, 4.06 (s, 0.3H), 4.02 (s, 0.7H), 3.94-
3.92 (m, 8.3H}, 3.56-3.42 {m, 3H)}, 3.24-3 21 (m, 0.5H), 3.11-3.06 (m, 0.5H), 2.76-2.62 (m, 2H),
200 (s, 0.7H), 2.02 (s, 0.3H), 2.01-1.95 {(m, 0.7H), 1.92-1.86 (m, 0.3H), 1.80-1.61 (m, 2H), 1 .46
140 (m, 1H), 1.32 (s, 6H), 1.21-1.17 (m, 3H), 111 (4, /=063 Hz, 2H), 098 (d, /= 6.4 Hz, 1H).

Example 15/18
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53-8-{2-Chlore-4-(1,1,1,3,3,3-hexafluore-2-hyvdroxypropan-2-viipheny -NV-(2-hydroxy-2-
yipheny 3 3

methyipropy-4-(2-methyipyrrolidine-i-carbonyljthiazole-2-carboxamide

O ~
ii 0%
e Ve
H ol et OH
Y/
N\f\ N/ cF,
=0

The title compound was prepared as described in Example 15/2, using {(§}-N-{2-hydroxy-2-
methyipropyli-4-(2-methylpyrrolidine- 1 -carbonyhthiazole-2-carboxamide (Intermediate 15/1} in
place of  (§3RN-(2-hydroxy-Z-methylpropyi}-4-(2-methylpiperidine-1 -carbonyl}thiazole-2-
carboxamide and 2-(4-bromo-3-chlorophenyi}-1,1,1,3.3,3-hexafluoropropan-2-ol {(Intermediate
4/3y in place of 2-{4-bromo-3-{diflucromethyliphenyi)-1,1,1,3,3 . 3-hexafluoropropan-2-0l. 'H
NMR (CDCly, 600 MHz): § ppm 7.88-7.85 {m, 1H), 7.70-7.58 {m, 2H}, 7.56-7.53 {m, 1H), 5.86
(s, 1H}, 430-4.17 {m, 0.7H), 4.10-4.07 (m, (.3H), 3.60-3.39 (m, 2.7H}, 3.40-3.24 {(m, 1.3H),
234 (s, G.7H), 2.27 (5, (L3H), 2.09-1.65 (m, 3H), 1.62-1.57 {m, 0.3H), 1.53-1.46 {m, (.7H), 1.31
(s, 6H), 1.17(d, J= 6.3 Hz, 2H), 1.03(d, S = 6.4 Hz, 1H). MS (ESI): m/z 587.7 [M+H]".

Example 15/11
{(83-5-(6-(1,1,1,3,3,3-Hexafluore-2-hydroxypropan-2-yh-4-methylpyridin-3-yH-¥-(2-

hvdroxy-2-methyipropyl-4-(2-methyipiperidine-i-carbonylthiazole-2-carboxamide

7
e g
N 8 == N
HC;Y H)'L\H, m@ﬁ
NN s,
G
C;ﬂw

The title compound was prepared as described in Example 15, asing (8)-N-(2-hydroxy-2-
methylpropyi)-4-(2-methylpiperidine- 1 ~carbonythiazole-2~carboxamide {Intermediate 15/3) in

place  of  {S}RN-{2-hydroxy-2-methylpropyl)-4-{2-methyipyrrolidine- L -carbonylthiazole-2-

carboxamide and 2-{3-bromo-4-methylpyridin-2-y13-1,1,1,3,3,3-hexafluoropropan-2 -0l
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{Intermediate  23/1y  in  place of  2-(d-bromo-3-(difluoromethylphenyl)-1,1,1,3,3,3-
hexafluoropropan-2-of. 'H NMR (CDCls, 500 MHz) § ppm 8.67 (d, J = 8.6 Hz, 1H), 7.66-7.60
{m, 1H), 7.42-7.34 {(m, 1H), 5.47-5.33 (m, 1H}, 5.12-4.65 (m, 1H), 3.69-3.12 {m, 3H), 3.04-2 88
{m, 1H), 2.57 (d, J = 7.5 Hz, 3H), 2.19-2.12 (m, 1H), 1.84-1.69 {(m, 1H), [.64-1.535 (m, 2H),
1.50-1.43 (m, 1H), 1.40-1.31 {m, 1H), 1L.31-1.28 (m, 8H), L.10 (4, J = 6.9 Hz, 1H). MS (ESI):
m/z 583.0 [M+HT.

Example 16
{($r5-{2-Fluero-4-(1,1,1,3,3 3-hexafluors-2-hvdroxypropan-2-viphenyl}-N-2-hydroxy-2~

methyipropy-4-2-methyipyrrolidine-1-carbonylithiazole-2-carbexamide

)\ \i\f‘%/s §
o = CFs
W
E N =0 CFS

The title compound was prepared as described for Intermediate 21, step b using (SpN-(2-
hydroxy-2-methyipropyl-4-2-methvipyrrolidine- t-carbonyljthiazole-Z~carboxamide
{Intermediate 15/1) in place of N-(Z-bhydroxy-Z-methylpropyD-d-(hydroxymethylithiazole-2-
carboxamide and 2-(4-bromo-3-fluorophenyi}-1,1,1,3,3,3-hexaflucropropan-2-0f {Intermediate
4/4) in place of Z-{4-bromo-3-(difluoromethylphenyii-1,1.1,3.3,3-hexafluoropropan-2-0l. 'H
NMR (CDCls, 400 MHz, mixture of rotamers)y: & ppm 7.94-7.51 (m, 4H), 433-3.24 {m, SH},
1.96-1.78 (m, 4H), 1.31 (m, 6H), 1.28-0.96 (m, 3H). MS (ESD): m/z 572.1 [M+H] .

Fxample 17: Step a
{($3-N-3-amino-2,2-dimethyl-3-oxopropyi-5-(2,3-dicklore-4-(1,1,1,3,3,3-hexafluore-2-

Ewdmxypmpan-z-xvi}piiem’i)méim(z-m ethyvipiperidine-i-carbonyljthiazole-2-carboxamide

CFj

=< o

O
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The title compound was prepared as described for Example 1 using 2-{(3-amino-2,2-dimethyl-3-
oxopropyhicarbamoyl-5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-
yvhphenylithiazole-4-carboxylic acid (Intermediate 22} in place of 2-((3-amino-2,2-dimethyl-3-
oxopropyhicarbamoyhy-5-(4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yhnaphthalen- £ -

yithiazole-4-carboxylic acid and (5)-2-methyipiperidine in place of 4-methylpiperidine.

Example 17: Step b
{(8)-N-(2-Cyano-2-methyipropyh-5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-

hydroxypropas-2-vhphenyh-4-(2-methyipiperidine-1-carbonylythiarzole-2-carboxamide

Q ci. o
\N/J\T/S OH
Ry Ve N

N \ CF,

To a sohution of (S}-N-(3-amino-2 2-dimethyl-3-oxopropyi}-5-(2,3-dichloro-4-¢1,1,1,3,3,3-
hexafluoro-2-hydroxypropan-2-ylphenyl}-4-(2-methylpiperiding- 1 -carbonyl)thiazole-2-

carboxamide {168 mg, 0.253 mmol, Example 17, step a) in dry BCM (10 mb) was added TFAA
(106 mg, 0.505 mmol) at ¢ °C and the mixture was stirred at this temperature for 1 h. The
mixture was guenched with water and extracted with DCM three times. The combined organic
layers were washed with brine, dried over anhyvdrous MNapSQy, filtered and concentrated to

dryness to give the title compound as yellow solid.

Example 17: Step ¢
$-N-(G-Amino-3-(hydroxyiming)-2,2-dimethylpropy})-5-2,3-dichioro-4-(1,§,1,3,3,3-
hexafluore-Z-hydroxyprepan-2-viphenyvi)-4-(2-methyipiperidine-i-carbonyijthinzole-2-

carboxamide
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A solution  of  (S}-N-(Z-cyano-Z-methyipropyl)-5-(2,3-dichioro-4~(1,1,1,3,3,3-hexattuoro-2-
hvdroxypropan-2-ylphenyl3-4-(Z-methylpiperiding- | ~carbonylithiazole-2-carboxamide {152 mg,
0.24 mmol, Example 17, step b), NaOEt (49 mg, 8.72 mmol) and hydroxylamine hydrochloride
{25 mg, §.36 mmol) in EtOH (5 mL} was stirred at 65 °C overnight. Water was added and the
mixture was extracted with EtOAc. The combined organic layers were washed with brine, dried
over anhydrous Na 804 and filtered. The filtrate was concentrated to dryness to give the title

compound as a white solid.

Example 17
(83-5-(2,3-Dichiors-4-(1,1,1,3,.3,3-hexaflnorc-2-hydroxypropan-2-vhphenyi}-N-(2-methyl-2-
{5-0x0-4,5-dihvdre-1,2,4-oxadiazel-3-vipropyi}-4-(Z-methyipiperidine-1-carbonylithiazole-

2-carboxamide

A solution of {(S)-N-(B-amino-3-(hvdroxvimino}-2,2-dimethylpropy!)-5-(2,3-dichloro-4-
{1,1,1,3,3,3-hexattuoro-2-hydroxypropan-2-yphenyvi}-4-2-methylpiperidine-1-

carbonyithiazole-2-carboxamide (122 mg, 0.18 mmol, Example 17, step ¢}, NaOEt (61 mg, 0.90
mmoiy, TP {156 mg, 0.90 mmol} in EtOH (4 ml) was stirred at 70 °C for 72 h. Water was
added and the mixture was extracted with EtOAc. The combined organic layers were washed
with brine, dried over anhydrous NaySQy, filtered and concentrated. The residue was purified by

prep-HPLC to give the title compound as white solid. "H NMR (CD:OD, 400 MHz): & ppm

145



WO 2016/069974 PCT/US2015/058193

8.04-7.84 (m, 1H), 7.60-7.56 (m, 1H}, 4.79-3.48 {m, 4H), 3.15-2.88 (m, 1H), 1.70-1.51 (m, 4H),
1.45-1.03 (m, 11H). MS (ESI): m/z 704.0 [M+H]".

Example I3
$3-85-(6-(1,1,1.3,3 3-Hexalluors-2-hydroxypropan-2-vii-4-(triffusromethypyridin-3-yh-V-

2-hydroxy-2-methyipropyh-4-(2-methvipyrrolidine-I-carbonyijthiazele-2-carboxamide

To an oven-dried vial was added {5)-N-(Z-hydroxy-2-methylpropyl)-4-(Z-methylpyrrolidine-1-
carbonyhithiazole-Z-carboxamide (87 mg, (.28 mmol, Intermediate 15/1), 2-{5-bromo-4-
{triffuoromethvlipyridin-2-yi}-1,1,1,3,3,3-hexaflvoropropan-2-ol (160 mg, 0.26 mmol,
Intermediate 23}, PAOAch (9 mg, 0.038 mmol), 2-dicvelohexyiphosphing-2',6'-di~i-propoxy-
1, 1-biphenyl (RuPhos, 18 mg, 8.038 mmol}, pivalic acid (18.5 mg, 0.1 mmol} and K,CO; (60
mg, 0.43 mmol). The vial was placed under Ny, then butyronitrile (1.6 mL, bubbled with N, for |
hour} was added and the resulting mixture stirred at 120 °C for 17 h. The mixture was cosled to
rt, filtered through Celite”™, washed with EtOAc and the organics were concentrated to dryness.
To the crude residue was added Z-dicyclohexyiphosphino-2',6'-di-i-propoxy-1,1'-biphenyl
{RuPhos, 18 mg, 0.038 mmol), pivalic acid (10.5 mg, 0.1 mmol}), K,CO5 (60 mg, .43 mmol)
and butyronitrile (1.6 mbL). The mixtore was sparged with N, for 30 minutes, then PAOAc), (9
mg, 8.038 mmol} was added and the mixture sparged with Ny for 2 minutes. The muxture was
stirred at 120 °C for 16 h then was cooled to rf, quenched with water (15 mL), then extracted
with BEtOAc (2 x 20 mL). The organics were combined, washed with bring, dried over MaySOy,
filtered and concentrated to dryness. The residne was purified by prep-HPLC to provide the title
compound as a cream-colored solid. "H NMR (CDCly, 400 MHz) § ppm 8.90-8.84 (m, 1H), 8.03
{s, 1H), 7.61-7.51 {m, 1H}, 6.71 {brs, 1H), 4.73-4 14 {(m, 1H), 3.76-3.46 (m, 4H), 2.10-1.70 (m,
4T}, 1.64-1.50 (m, 1H), 1.34 (s, 61), 1.20(d, /= 6.3 Hz, 3H). M8 (ESI): nvz 623.0 [M+H].

Example 18/1
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($3-5-{6-(1,1,1,3,3 3-Hexathuoro-2-hydroxyprepan-2-vii-4-(trifluoremethyDpyridin-3-y-V-

{Z-hydroxy-2-methyipropyi}-4-{Z-methyipiperidine-1-carbonyljthiazole-Z-carboxamide

HO

The title comnpound was prepared using the procedure described for Example 1§, using (5)-N-(2-
hydroxy-2-methylpropyt)-4-(2-methylpiperidine-t -carbonylithiazole-2-carboxamide
(Intermediate 15/3} in place of {83)-N-(2-hydroxy-2-methylpropyl-4-(2-methylpyrrohidine-1-
carbony!}thiazole-2-casboxamide. "H NMR (CDCls, 500 MHz) 8 ppm 8.98-8.91 (m, 1H), 8.05 {s,
1H}, 7.63-7.55 {m, 1H}, 4.84-4.33 {m, 1H}, 4.12-4.04 {m, §.5H), 3.51-3.48 (m, 2H), 3.09-2.76
{m, 1H), 2.58-2.48 (m, 0.5H}, 1.87-1.43 (m, 7H}, 1.33 (s, 6H), 1.31-1.24 {m, 2H), L.11-1.02 (m,
2H). MS (EST): m/z 636.9 [M+HT.

Example 1872
4-{4-Fluoropiperidine-{-carbonyD-5-(6-(1,1,1,3.3,3-hexafluors-2-hvdroxypropan-2-yi-4-

(trifluoromethyhipyridin-3-yI}-N-(2-bydroxy-2-methyipropylthiazele-2-carboxamide

O FC
i H ! Y Y OH
N N e,
O
()
F

The title compound was prepared using the procedure described for Example 18, using 4-(4-
fluoropiperidine-1-carbonyl}-N-(2-hydroxy-Z-methylpropyhithiazole-2-carboxamide
(Intermediate 6/1) in place of {(8)-N-(Z-hydroxy-2-methylpropyl}-4-(2-methylpyrrolidine-1-
carbonylithiazole-2-carboxamide. "H NMR (CBCl, 500 MHz) § ppm 8.91 (s, 1H}, .05 (s, 1H},
7.61 - 7.54{m, 1H), 6.67 {brs, 1H), 3.9 -3.89 {m, 1H]}, 3.66 - 3.58 {(m, 2H), 3.51 (4, /= 6.3 Hz,
2H), 3.506-3.44 {m, 1H}, 1.97-1.75 (m, 4H}, 1.35 (5, 6H), 4.97-4.82 {m, 1H). MS {(ESl} w/z
641.0 IM+H]"
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Example 18/3
{8)-58-(6-(1,1,1,3,3,3-Hexafluero-2-hydroxypropan-2-yi}-4-methylpyridin-3-y-V-(2-

hvdroxy-2-methyiprepy-4-(C-methyipyrrolidine-1-carbounyijthiszole-Z-carboxamide

The title compound was prepared using the procedure described for Example 18, using 2-(5-
bromo-4-methyipyridin-2-yi}-1,1,1,3,3,3-hexafluoropropan-2-o! {Intermediate 23/1} in place of
2-(S-bromo-4-(trifluoromethyvbpyridin-2-vi)}-1,1,1,3,3,3-hexafluoropropan-2-ol. 'H NMR
{(CDChH, 500 MHz) 6 8.70 (s, 1H), 7.66-7.60 {m, 1H), 7.55-7.47 (m, 1H}, 4.47-440 (m, 1H)},
3.83-3.72 (m, 1H), 3.49-3.45 (m, 2H}, 3.30-3.12 {m, 2H), 2.61-2.59 {m, 3H), 2.14-2.10 {(m, 2H},
1.93-1.88 {m, 1H}, 1.85-1.77 (m, 1H), 1.68-1.62 {m, 1H), 1.41-1.39 {m, 2H}, 1.31 (5, 6H}, 0.90
(d, /= 6.5 Hz, 1H). MS (ESI): m/z 569.0 [M+H}".

Example 19
(5-5-(4-(1,1, 1,33, 3-Hexaflnore-2-hydroxypropan-2-y-2-methyiphenayi-N-(2-hydroxy-2-

methyipropyl)-4-C2-methylpyrrolidine-1-carbonyljthiazole-2-carboxamide

O
HO
N S
H i

N

To an oven-dricd vial was added (S}-~N-(2-hydroxy-Z-methylpropyl}-4-{2-methylpyrrolidine-1-
carbonyljthiazole-2-carboxamide (92 mg, 0.3 mmol, Intermediate 15/1}, 2-{(4-bromo-3-
methylphenyl})-1,1,1,3,3, 3-hexafluoropropan-2-ol (100 mg, 0.3 mmol, Intermediate 3/2), pivalic
acid (12 mg, 8.12 mmol}, KoCOs (164 me, 1.19 mmol) and butyronitrile (sparged with N, for |
hour)., The mixture was sparged with N, for 30 owmutes, then  bisftri-fers-
butylphosphinejpalladivm(®) (15 mg, 0.03 mmol} was added and the mixture sparged with N,

for an additional 2 minutes. The resulting mixture was stirred at 100 °C for 16.5 h, cooled to 1t
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and quenched by the addition of water (15 mL}. The mixture was extracted with EtOAe (2 x 20
mbL} and the combined organic layers were washed with brine, dried over anhydrous Na;SCy,
filtered and concentrated to dryness. The residue was purtfied by prep-HPLC and the product
fractions concentrated to dryness. The residuc was partitioned botween saturated aqueous
NaHCO; {15 mb) and DCM (15 mb), and the aqueous further extracted with DCM (15 mb). The
organic layers were combined, dried over anhydrous MNa;S(Oy, filiered and concentrated to
dryness to provide the title compound as a yellow foam. 'H NMR (CDCh, 500 MHz) § 7.67-
7.60 (m, 2H), 7.59-7.54 (m, 1H}, 7.44-7.40 {m, 1H), 425418 (m, 1H), 4.14-3.87 (m, 1H),
3.57-3.03 {m, 4H), 2.40-2.36 (m, 3H), 2.16-1.86 (m, 2H), 1.79-1.72 (m, 1H), 1.67-1.62 {m,
{H), 1.47-1.39 (m, 1H), 1.31 (s, 6H), 112 (4, J = 6.3 Hz, 2H), 0.97 (d, 7 = 6.4 Hz, 1H). MS
(EST): m/z 568.0 [M+H]"

Example 1%/1
{R)-5-(4-(1,1,1.3,3.3-Hexafluoro-2-hydroxypropan-2-yh-Z-methyiphenyh-N-(2-hyvdroxy-2-

methyipropyl}-4-(2-methylpyrrolidine-1-carbonylthiazole-2-carboxamide

The title compound was prepared nsing the procedure described for Example 19, using (R)y-N-(2-
hydroxy-2~-methyipropyh-4-(2-methylpyrrolidine- | ~carbonylythiazole-2-carboxamide
{Intermediate 15/2} in place of {(8)-N-(2-hydroxy-Z-roethylpropy}-4-(2-methylpyrrolidine-i-
carbonyijthiazole-2-carboxamide. 'H NMR. {(CDClz, 500 MHz) § 7.67-7.59 {m, 2H), 7.59-7.54
(m, iH}, 7.46-742 (m, 1H), 4.24-3.88 (m, 1H), 3.55-3.06 (m, 4H), 2.41-2.37 (m, 3H), 2.02-1.88
(m, 2H), 1.79-1.71 (m, 1H), 1.68~1.60 (ro, 1H), 1.48-1.38 (o, 1H), 1.32 (s, 6H), 1.13(d, 7=6.3
Hz, 2H), 0.98 (d, J= 6.5 Hz, 1H). MS (ESI): nvz 568.0 [M+H].

Example 1972
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{($1-5-{4-(1,1,1,3,3 3-Hexafluore-2-hydroxypropan-2-vi}-2-methyipheny-NV-{{1-

hydroxycyclebutyhmethyD-4-(2-methyipyrrofidine- i -carbonylithiazole-2-carboxamide

POZS\ /U\{_, >——>_é
FJ CF,
zNLM

The title compound was prepared using the procedure described for Exampic 19, using (8)-N-({1-
hydroxvevelobutylimethyl}-4-(2-methylpyrrolidine- T -carbonylthiazole-2-carboxamide
{Intermediate 28} in place of (S}-N-(2-hydroxy-2-methylpropyl)-4-(2-methylpyrrolidine-1-
carbonyithiazole-2-carboxamide. "H NMR (CDCls;, 500 MHz) § 7.74-7.63 (m, 2H), 7.59-7.53
{m, 1H}, 7.42-7.37 {(m, 1H), 5.04-4.90 {(m, 1H), 4.24-4.16 (m, 1H)}, 3.92-3.47 (m, 3H), 3.23-3.01
{m, 2H}), 2.38-2.35 {(m, 3H), 2.18-2.06 (m, 4H), 2.00-1 .86 {m, 1H}, 1.81-1.72 {m, 2H), 1.66-1.51

{m, 2H), 1.46-1 38 {m, 1H), 1.11 {d, ./ =63 Hz, 2H), 0.96 (d, J = 6.4 Hz, 1H}. MS (ESI}: m/z
580.0 [M+H]".

Example 28
53-8-4-¢1,1,1.3,3 3-Hexalluoro-2-hydroxypropan-2-vi-2-(iriflugromethoxy)phenyh-V-(2-

hydroxy-2-methvipropyil-4-(2-methyipyrrolidine-{-carbonyithiazole-2-carboxamide

FaCO
HO ) 3 .
N
i H y / OH
N N\ cF,
A0
B

To an oven-dried vial was added {S)-N-(2-hydroxy-2-methylpropyl}-4-(Z-methylpyrrolidine-1-
carbonyhithiazole-Z-carboxamide (82 mg, .26 mmol, Intermediate 15/1), 2-{4-bromo-3-
{triffuoromethoxy)phenylii-1,1,1,3,3,3-hexafluoropropan-2-ol (110 mg, $.26 mmol, Intermediate
4713, PAOAC) (12 mg, 0.052 mmol}, tricyclohexyiphosphontum tetrafluoroborate (19 mg, $.052
mmol}, pivalic acid (3.5 mg, 0.034 mmol} and K,CO; (72.5 mg, 8.52 mumoi}. The vial placed

under Ny, then DMA (1.6 mb) was added and the resulting mixture was stirred at 100 °C for 14.5
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h. The mixture was cooled to rt, filtered through Celite” and washed with EtQOAc and the
organics were concentrated to dryness. The residue was resubjected to the reaction conditions.
To the residue was added tricyclohexyiphosphonium tetrafluoroborate (19 mg, 0.052 mmol),
pivalic acid (3.5 mg, 0.034 mmol) and KyCOs (72.5 mg, 0.52 mmol). The vial was palced under
Ny, then DMA (1.6 L) was added and the resulting mixture was stirred at 100 °C for 16 b, then
cooled to rt, quenched with water (15 mb), then extracted with EtDAc (2 x 20 mL). The
combined organics were washed with brine, dried over Na,SO4, filtered and concentrated to
dryness. The residue was purified by prep-HPLC followed by FCC on silica gel (0-3%
MeGH/DCM) to provide the title compound as a light yellow oil. "H NMR (CDCL, 500 MHz) &
ppyo 7.74 (s, 1H}, 7.68-7.58 (o, 3H), 5.27-5.18 {m, 1H), 4.32-4.01 (m, 1H}, 3.63-3.36 (m, 4H},
2.09-2.01 (m, 2F), 1.93-1.75 (m, 28, 1.59-1.53 (o, 1H}, 1.33-1.30 (m, 6H), 126 (d, /= 6.2 Hz,
2H), 1.02 (d, J = 6.4 Hz, 1H). MS (EST): m/z 638.0 [M+H]".

Example 21
{($1r4-{4,4-Diftuoro-2-methylpyrrolidine-1 -carbony-5-(4-(1,1.1,3,3,3-hexafluore-2-
hydroxypropan-2-yh-2-methyiphenyD-NV-2-hyvdroxy-Z-methylpropylihiazele-2-

carboxamide
O
HO {
_______________ I'a
I H N{ <\ Panas
(.:"‘3
=0

To an oven-dried vial was added (5)-4-(4.4-difluoro-2Z-methylpyrrolidine--carbonyl}-N-{2-
hydroxy-2-methylpropylithiazole-2-carboxamide (113 mge, §.33 mmol, Intermediate 15/5), 2-(4-
bromeo-3-methyiphenyl}-1,1,1,3,3, 3-hexafluoropropan-2-0l {188 mg, .3 mmol, Intermediate
3/2y, PA(OCAc) {13 mg, 0.059 mmol), di-{i-adamantyi}-N-butyphosphine (22.4 mg, 0.059
mmal), pivalic acid {12 mg, (.12 mmol) and K,CO3 (164 mg, 1.19 mmol). The vial was placed
under N;, then DMA (1.9 mL) was added and the resulting mixture stirred at 100 °C for 16 h.
The mixture was cooled to tt, filtered through Celite” and washed with EtOAc and the organics
were concentrated to dryness. The residue was resubjected to the reaction conditions. To the

residuc was added PA(OAc), (13 mg, 0.059 munol), di-(1-adamantyl)-N-butyphosphine (22.4 mg,
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0.059 mmol}, pivalic acid (12 mg, .12 mmol} and K,COs (164 mg, 1.19 mmol}. The vial was
placed under N2, then DMA (1.9 mbL) was added and the resulting mixture was stirred at 100 °C
for 17.5 h. The reaction mixture was cooled to rt, quenched with water, then cxiracted with
EtOAc (15 mL). The agueous was further extracied with EtOAc (20 mL). The organics were
then combined, washed with brine, dried over Na)5Qy, filiered and concentrated to dryness. The
residuc was purified by prep-HPLC followed by FCC on silica gel (EtOA¢/DCM §-70%) to
provide the title compound as a clear colorless oil. 'H NMR (CDCly, 500 MHz) & 7.68-7.64 (m,
1H), 7.61-7.55 (m, 2H), 7.38 (4, J = 8.3 Hz, {H), 4.55-434 {m, 1H), 4.07-3.66 (m, 2H), 3.55-
342 (m, 2H), 2.60-2.45 (m, 1H), 2.35-2.32 (m, 3H), 1.62-1.59 {m, 3H), 1.34-1.31 {m, 61}, 1.29
(d,J=6.5 Hz, 2H), 117 (d, = 6.5 Hz, 1H). MS (ESI): m/z 604.0 [M+H]"

Example 211
(9-5-2,3-Diftnoroe~4~(1,1,1.3,3 3-hexafluore-2-hydroxsypropan-2-yhHphenyl-NV-2-hydroxy-

Z-methyipropyh-4-2-methylpyrrolidine~-1~carbonylthiazole-2-carboxamide

The title compound was prepared using the procedure described for Example 21, using (8)-N-(2-
hydroxy-2-mcthyipropyh-4-{2-methylpyrrolidine- L -carbonylthiazole-2-carboxamide

(Intermediate  15/1y m place of (S¥4-(4.4-diflucro-2-methylpyrrolidine- F-carbony[}-V-(2-
hydroxy-2-methyipropyhithiazole-2-carboxamide and 2-{4-bromo-2, 3~-difluorophenyl)-
1,1,1,3,3,3-hexaftuoropropan-2-ol {(Intermediate 3/3) 1o place of 2-(4-bromo-3-methylphenyl)-
1,1,1,3,3,3-hexafluoropropan-2-ol, '"H NMR (CDCl;, 400 MHz) § ppm 7.65-7.52 (m, 2H), 7.41-
7.32 {m, [H), 542 (s, 1H), 4.37-4.09 (m, 1H), 3.71-3.34 (m, 4H), 2.14-1.77 (w, 4H), 1.31 (s,
6H), 1.29 (d, J= 6.3 Hz, 2H), 1.02(d, J = 6.5 Hz, 1H). MS (ESE: vz 590.1 [M+H],

Example 2172
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($3-5-{4-(1,1,1,3,3 3-Hexatluoro-2-hydroxyprepan-2-vii-2-methyipheny - NV-2-hydroxy-2-

methyipropyl-4-2-methyipiperidine-1-carbounyijthiazele-2-carboxamide

The title cornpound was prepared using the procedure described for Example 21, using (5)-N-(2-
hydroxy-2-methyipropyh-4-2-methyipiperidine- t-carbonylthiazole-2-carboxamide
{Intermediate  15/3) m place of (§34-{44-diflaoro-2-methylpyrrolidine--carbony!}-N-(2-
hydroxy-2-methyipropylthiazole-2-carboxamide. 'H NMR (CDCls, 500 MHz) & 7.72-7.65 {(m,
28}, 7.62-7.57 {m, 1H), 7.46-7.39 (m, 1H), 4.89-4.41 {m, 1H), 4.40 (s, 1H}, 3.76-3.15 (m, 3H},
2.82-2.69 {m, 1H}, 2.40 (s, 3H), 2.24-2.16 {m, 1H), 1.63-1.61 {m, 3H), 1.49-1.36 {(m, 3H), 1 .31
(s, 6H), 1.01 (d, 7= 6.9 Hz, 3H). MS (ESI): mv/z 582.0 [M+H]".

Example 21/3
4-{7-Azabicyelo]2.2. 1 heptane-T-carbony-5-(4-(1,1,1,3.3, 3-hexatluoro-2-hydroxypropan-2-

yi-2-methyiphenyh-NV-(2-hydroxy-Z-methyipropyithiazole-2-carboxamide

O
HC ! -
TN Y S Hﬁg
H a fm OH
1 CF;
N O
2
The title compound was prepared using the procedure described for Example 21, using 4-(7-
azabicyclof2 2.1 fheptane-7-carbony-N-{2-hydroxy-2-methylpropylthiazole-2-carboxamide
{Intermediate  15/4) in place of (8)-4-{44-ditluore-2-methylpyrrolidine-i-carbonyl}-N-(2-
hydroxy-2-methylpropylithiazole-2-carboxamide. '"H NMR (CDCL, 500 MHz) & 7.74-7.69 (m,
1H}, 7.68-7.65 (m, IH), 7.62-7.58 {(m, 1H), 743 (d, /= 8.2 Hz, 1H), 4.68-4.61 {m, ZH), 3.81-
375 {m, 1H}, 347 (d, /= 6.4 Hz, 2H), 2.40 (s, 3H}, 2.30 (5, 1H), 1.66-1.65 (m, 3H), 1.40-1.33
{(m, 2H), 1.31 (s, 6H), 1.24-1.20 (m, 1H), 1.11-1.00 (m, 2H}). MS (BST): m/z 580.0 [M+H] .

Example 22
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4-(4-Cyanopiperidine-1-carbonyl}-5-2-(difluoromethyl)-4-(1,1,1,3,3,3-hexatluore-2-

hydroxypropan-2-yvihphenyi-N-(2-hyvdroxy-2-methylpropylithiazele-2-carboxamide
HG O

>(—*\N, j{\y F

\ ~%

H

4 - CF3
N UL )\{\OH

CF.

F

The title compound was prepared as described in Intermediate 14, final step using 5-(2-
{diftuoromethyl}-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-y Dphenyl}-2-({2-hydroxy-2-
methylpropylicarbamoylythiazole-4d-carboxylic acid (Intermediate 21) in place of 5-(23-
dichloro-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yhphenyl-2-{cthoxycarbonyljthiazole-4-
carboxylic acid and piperidine-4-carbonitrile in place of (8)-4,4-difluoro-2-methylpyrrolidine
hydrochloride. "H NMR (CDCY;, 300 MHzy: S ppm 8.10 (s, 1H), 7.90 (4, /= 9.6 Hz, 1H}, 7.60-
7.54 {m, 2H), 6.79 {t, /= 549 Hz, 1H), 442 (s, 1H}, 3.76-3.38 (m, 6H), 2.83 (t, /= 5.6 Hz, 1H),
1.82-1.60 (m, 4H), 1.33 (s, 6H). MS (ESD): m/z 629.1 [M+H].

fxample 22/1
{(F-5-(2-(Difluoremethyl}-4-(1,1,1,3,3,3-hexafluore-Z-hydroxypropan-2-ylphenyl-NV-(2-

Bydroxy-2-methylpropyl-4-C-(bydroxymethyDpyrrolidine-{-carbonyi)thiazole-2-

carboxamide
HO G F
Ry
-5
i Nf\/) —(
% o CFs

-
!
A

The title compound was prepared as described i Intermediate 14, final step using 5-(2-
{difluoromethy}-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-ylipheny}-2-{(2-hydroxy-2-

methylpropylicarbamoylythiazole-4-carboxvlic acid (Intermediate 21) in place of 542,3-
dichloro-4-(1,1,1,3,3,3-hexaflaoro-2-hydroxypropan-2-viiphenyl-2-{ethoxycarbonyhithiazole-4-
carboxylic acid and (R}-pyrrolidin-2-vimethano! in place of (§3-4.,4-difluoro-2-methylpyrrolidine

hydrochloride. "H NMR (CDCls, 300 MHz, mixture of rotamersy: 8 ppm 8.07 (s, 1H), 7.92-7.85
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{m, 1H), 7.66-7.62 (m, 1H), 7.51-742 (m, 1H), 672 {t, J= 5349 Hz, 1H)}, 594 (br s, 1H), 4.59-
1.58 (m, 13H), 1.31 (s, 6H). MS (BSI): m/z 620.1 [M+H] .

Example 23
{(83-5-{4-(1,1,1,3,3 3-hexafluoro-Z-hydroxypropan-2-yi)-2-methoxyphenyh-N-(2-hydroxy-2-

methyvipropy-4-(2-methyipiperidine-i-carbonyithiazole-2-carboxamide

The title compound was prepared as described in Example 15/2, using 2-(d-bromo-3-
methoxyphenyly-1,1,1,3,3,3-hexafluoropropan-2-ol in place of 2-{4-bromo-3-
{difluoromethyliphenyly-1,1,1,3,3,3-hexafluoropropan-2-0l and 2-(4-bromo-3-methoxyphenyl)-
1,1,1,3,3,3-hexafluoropropan-2-ol in place of 2-{4-bromo-3-{difluoromethyliphenyt)-1,1,1,3,3.3-
hexafluoropropan-2-ol. "H NMR (400 MHz, CDCLY 8 7.72-7.67 (m, 1H), 7.58-7.53 {m, 1H)},
7.41-737 (m, 1H)}, 7.34 (4, J = 8.3 Hz, 1H)}, 4.95 (s, 0.5H), 4.66 (s, 1H), 4.54-4.51 {(m, 0.5H),
3.91 (s, 3H), 3.71-3.64 (m, .5H), 346 (d, J= 6.4 Hz, 2H}, 3.17 (4, /= 13.7 Hz, (.5H), 2.82-2.75
{m, TH), 2.35 (s, 0.5H), 2.31 {s, 0.5H}, 1.68-1.41 (m, 4H}, 1.32-1.18 (m, 7H}, 1.13(d, /= 7.0 Hz,
1.5H), 1.04-0.90 (m, 1.5H), 0.86-0.74 (m, 0.5H), 0.65-0.53 (m, 0.5H). MS (ESI): m/z 598.2
IVHHT

Example 24

{Sy4-(4 4-diflnoro-2-methyipyrrolidine-1-carbonyD-5-(4-(1,1.1,3,3,3-hexafluoroe-2-
hydroxypropan-2-yh-2-methoxyphenyD-N-(Z-hydroxy-2-methyipropylthiazole-2-

carboxamide
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The title compound was prepared as described 1w Example 1572, using (8)-4~(4 4-difluoro-2-
methylpyrrolidine-1-carbony-N-(2-hydroxy-2-methvipropvl ythiazole-2-carboxamide in place of
{(§}-N-(2-hydroxy-2-methyvipropyl-4-(2-methyipiperiding- L -carbonyljthiazole-2-carboxamide
and 2-{4-bromo-3-methoxyphenyli}-1,1,1,3,3,3-hexafluoropropan-2-0l in place of 2-(4-bromo-3-
(difluoromethylphenyly-1,1,1,3.3,3-hexaflnoropropan-2-0l. 'H NMR (400 MHz, CDCL) § 7.60
{t, J = 6.3 Hz, 1H), 7.52-747 (m, 1H), 7.39-7.31 (m, 2H), 4.59-4 51 (m, 1H), 4.32 (s, 1H), 3.90-
3.88 {m, 3H), 3.77-3.57 (m, 2H), 3.54-3.39 (m, 2H), 2.64-2.47 (m, 1H}, 2.14-1.96 (m, 2H), 1.38
{(d, .J= 64 Hz, 2H), 1.31 (d, J = 2.6 Hz, 6H), 1.07 (4, J = 6.6 Hz, 1H). MS (ESI): m/z 620.05
[MAHT .

The compounds of Example 25-45 can he made according to the procedures described below,

Example 25: Step a

Ethyl 8-{Z-{difluoromethyi}-4-{1,1,1,3,3.3-hexafluore-Z-hydroxypropan-2-yiphenyi}-4-

{(hyvdroxymethyithiazole-2-carboxylate

.
9 F

o OH
N N\ CF,

HO
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The title compound can be prepared as described in Intermediate 14, step b, using 2-(4-bromo-3-
{diftuoromethyliphenyi)-1,1,1,3,3, 3-hexaftuoropropan-2-ol (Intermediate 18} in place of 2-(4-

bromo-2,3-dichlorophenyi}-1,1,1,3,3,3-hexafluoropropan-2-oL.

Example 258

frans-3-(8-2-(Difluoromethyl}-4-{1,1,1.3,3 3-hexafluore-2-hydroxypropan-2-yhpheayi-4-

{(&)-2-methylpyrrolidine-1-carbonythiazole-2-carboxamidojcyclobutanecarboxylic acid

. *r
SN

HOOC

The title compound can be prepared as described in Example 12, using in step a ethyl 5-(2-
{diftuoromethyl}-4-(1,1,1,3,33-hexafluoro-2-hydroxypropan-2-yDphenyl}-4-

{hvdroxymethyiythiazole-2-carboxylate (Example 235, step a} in place of ethyl 5-(2,3-dichlore-4-
{1,1,1,33,3-bexafluoro-2-hydroxypropan-2-vijphenyl}-4-(hydroxymethyhithiazole-2-carboxylate
and o step d (S)-2-methylpyrrolidine in place of  ethyl«(2,2,2-trifluoro-cthyl}-amine

hydrochloride.

Example 26: Step a

N-(rrans-3-Hydroxyeyclobutyh-4-(($)-2-methyipyrrolidine-i-carbonybhthiazele-2~

carboxamide

s
W
~d
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HQ’II’IE&\ O
N
Ho \%
P
(LO
The title compound can be prepared as described in Intermediate 15, using in step a (5)-2-

methylpyrrolidine in place of (5)-4,4-difluoro-2-tacthylpyrrolidine hydrochloride and in the final

step irans-3-aminocyclobutanol in place of (3R, 58-piperidine-3,5-diol hydrochloride.

Example 26

5-(2-(Difluoromethyi)-4-(1,1,1,3.3,3-hexaflnoro-2-hydroxypropan-2-yiiphenyl)-N-{frans-3-

hydroxyevelobutyD-4-((5)-2-methyipyrrolidine-1-carbonylthiazole-2-carboxamide

QNEI\Y
H \8

HG,,,

The title compound can be prepared as described in Example 15, uwsing N-(rans-3-
hydroxyeyclobutyl-4-((S)-2-methyipyrrolidine- [ -carbonylithiazole-2-carboxamide {(Example 26,
step ay in place  of  (SpN-(-hydroxy-2-methyipropyl}-4-{2-methylpyrrolidine-1-

carbonyljthiazole-2-carboxamide.

Example 27: Step a

{(-Methyi 32-dimethyb-3~(d-C-methyipyrrolidine-1-carbonylhthiazole-2~

carboxamido)propanocate
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MsOOC ,ﬂ\rg
N
Hoo \%

The title compound can be prepared as described in Intermediate 15, using in step a (8)-2-
methylpyrrolidine in place of (8)-4.4-diftuoro-2-methylpyrrolidine hydrochioride and in the final
step  moethyl  3-amino-2,2-dimethylpropanoate o place  of (3R, 55)-piperidine-3,5-diol

hydrochloride.

Example 27: Step b

{($)-Methyl 3-(5-2-(difluoremethyl-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-
viiphenyh-4-C-methyipyrrofidine-i-carbonylithiazole-2-carboxamido}-2,2-
dimethylpropancate

F.'
F

MeOOC J\F s OF,
7<\ \ >-<~OH

CFs

P
L

The title compound can be prepared as deseribed in Example 15, using (S)-methyl 2,2-dimethyl-
3-{4-2-methylpyrrohidine-1-carbonytithiazole-2-carboxamidojpropancate (Example 27, step a)
in place of (S}PN-(2-hydroxy-2Z-methylpropyl)-4-(2-methyipyrrolidine- 1 -carbonyljthiazole-2-

carboxarde.

Example 27
($r-3-(5-2-(DiffuoremethyD-4-(1,1,1,3,3, 3-hexafluore-2-hydroxypropan-2-yvijphenvi}-4-(2-
methyipyrrolidine-1-carbonyhthiszele-2-carboxamido)-2,.2-dimethyipropansic acig
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9 F
HOOC S CF,

The title compound can be prepared as described in Example 12, using in the final step (S)-
methyl  3-(5-(2-(diflucromethyi}-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-yphenyi}-4-(2-

7

methylpyrrolidine-1-carbonyljthiazole-2-carboxamido}-2, 2-dimethyipropancate  (Example 27,
step b} in place of frans-methyl 3-(5-(2,3-dichloro-4-(1,1,1,3,3, 3-hexafluoro-2-hydroxypropan-2-
yvhphenyli-4-{cthyl{2,2 Z-trifluorocthyljcarbamoyljthiazole-2-carboxamido jeyeclobutane-

carboxylate.

Fxample 28: Step a

N1 -Dioxidothictan-3-yD-4-C-methylpyrrolidine-1-carbonylthiazsle-2-carboxamide

e

O

LB\NO '."S
H NE\)

The title compound can be prepared as deseribed in Intermediate 15, using in step a (8)y-2-

NS

methylpyrrolidine in place of (8)-4.4-difluoro-2-methylpyrrolidine hydrochioride and in the final

step 3-aminothictanc 1,1-dioxide in place of (3R, 55)-piperidine-3,5-diol hydrochloride.

Example 28

{(8)-5-C-(BifluorsomethyD-4-(1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-yhpheny-&-{1,1-

disxidothietan-3-vi}-4-2-methylpyrrolidine-{-carbonyithiazole-2-carboxamide

160
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N si'/
"
=0

The title compound can be prepared as described in Example 15, using (5)3-N-(11-
dioxidothictan-3-yH-4-( 2-maethylpyrrolidine- L-carbonylythiazole-2-carboxamide  (Example 28,
step @y in place of  (S)-N-(Z-hydroxy-2-methylpropyl}-4-(2-methylpyrrolidine-1-

carbonylythiazole-2~carboxamide.

Example 29

{(-5-C-(Biflworomethy-4-(1,1,1,3.3,3-hexafluoro-2-hyvdroxypropas-2-yphenyD-NV-({ 1~

hydroxycyclobatyiimethvii-4-(2-methvipyrrolidine-i-carbonylithiazole-2-carboxamide

The title corapound can be prepared using the procedure deseribed for Example 19, using (5)-N-
{{1-hydroxycyclobutylimethyl}-4-(2-methylpyrrolidine-1-carbonylthiazole-2-carboxamide

{Intermediate 28} in place of {(SR-N-(2-hydroxy-2-raethylpropyl-4-(2-methylpyrrolidine-1-
carbonylithiazole-2-carboxamide and 2-{4-bromo-3-{diflucromethyhphenyi)-1,1,1,3,3,3-
hexafluoropropan-2-0l (Intermediate 18) 1 place of 2-(4-bromo-3-methylphenyh-1,1,1,3,3,3-

hexafluoropropan-2-ol.

Example 30: Step a
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$r-N-((3-Hydroxyoxetan-3-yviimethyl)-4-C-methylpyvrrofidine-1-carbonyljthiazole-2-
¥ip3 3

carboxamide

G
N\{

(L~

The title compound can be prepared as described in Intermediate 15, using in step a (5)-2-
methylpyrrolidine in place of (5)-4,4-difluoro-2-methylpyrrolidine hydrochioride and in the final

step 3-{aminomethyljoxetan-3-ol in place of (3R 55)-piperidine-3,5-diol hydrochloride.

Example 38

§3-8-2-(Diflusromethy-4-(1,1,1,3,3.3-bexafluoro-2-hydroxypropan-2-yDpheayh-AV-{((3-

bydroxyosetan-3-vimethyD-4-2-methylpyrrolidine-1-carbonylthiazole-2-carboxamide

The title compound can be prepared as described in Example 15, using (§)-N~((3-hydroxyoxctan-
3-ylymethy-4-(Z-methylpyrrolidine- -carbonyljthiazole-2-carboxamide {(Example 30, step a) in
place  of  (8)-N-(2-hydroxy-2-methylpropyli-4-(2-methyipyrrolidine--carbonyithiazole-2-

carboxamide.

Example 31: Step a
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{($)-Methyi -{{4-(Z-methylpyrrolidine-1-carbonylthiazole-2-

carbexsmidoymethyicyclopropanecarboxyiate

MeO,0

G
zi\“ﬁJjQ

Py
.N O

-

.

The title compound can be prepared as described in Intermediate 15, using in step a (8)-2-
methylpyrrolidine in place of (8)-4.4-difluoro-2-methylpyrrolidine hydrochioride and in the final
step methyl 1-(aminomethylcyclopropancearboxylate in place of (3R,55)-piperidine-3,5-diol

hydrochioride.

Example 31: Step b

(&)-Methyi 1-{(3-2-(difluoromethyD-4-(1,1,1,3,3,3-hexafluore-2-hydroxypropan-2-
vhpheny-4-Z-methyipyrrolidine-1-carbonyijthiazole-2-

carboxamidoymethyljcyclopropanscarboxyiate

The title compound can be prepared as described in Example 15, using (S)methyl 1-({4-(2-
methylpyrrolidine-1-carbonyithiazole-2-carboxamido ymethylhevclopropanecarboxyiate

{(Example 31, step a} in place of {(3}-N-(2-hydroxy-2-methylpropyl}-4-(2-methylpyrrolidine-1 -

carbonyhithiazole-2-carboxamide.

Example 31
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{($3-1-{{5-(2-{ Difluoromethy-4-(1,1,1,3,3 3-hexafluore-2-hydroxypropan-2-vhipheny-4-(2-

methvipyrrolidine-1-carbonyiithiazole-2-carboxamidomethvlicyclepropanecarboxylic acid

The title compound can be preparcd as described in Example 12, using in the final step {5)-
methyl  1-((5-2-{diflucromethyl}-4-(1,1,1,3,3, 3-hexafluoro-2-hydroxypropan-2-yiiphenyi}-4-(2-
methyipyrrolidine-1-carbonyijthiazole-2-carboxamido ymethyheyclopropanecarboxylate

{Example 31, step b} in place of rans-methyl 3-{5-{2 3-dichloro-4-{1,1,1,3,3,3-hexatluoro-2-

hydroxypropan-2-yhphenyl-d-(cthyl(2,2, 2-trifluoroethyljcarbamoyithiazole-2-

carboxamido)cyclobutanc-carboxylate.

Example 32: Step a

{(O)-N-{(1-HydroxyeyclopropyhmethyBh-4-(2-methylpyrrolidine-1-carbonyvljthiazole-2-

carboxamide

O

hox\ﬁ)kg%
U;o

The title compound can be prepared as described in Intermediate 15, using in step a (8)-2-

methylpyrrolidine in place of (8)-4 . 4-diffuoro-2-methylpyrrolidine hydrochloride and in the final

step 1 -{aminomethylicyclopropanol in place of (38,55} -piperidine-3,5-diol hydrochloride.

Example 32
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($3-5-{2-(Difluoremethyi-4-{1,1,1,3,3 3-hexafluoro-2-hydroxypropan-2-vhphenyB-V-((1-

hydroxycyclepropyhmethyi-4-{Z-methvipyrrolidine-i-carbonyijthiazole-2-carboxamide

The title compound can be prepared as deseribed in Example 15, wsing (S»-N-{{1-
hydroxyeyelopropylmethy)-4-(2-methylpyrrolidine- [ -carbonyljthiazole-2-carboxamide
{(Example 32, step a) in place of {(S}-N-(2-hydroxy-2-moethylpropyl}-4-(2-methylpyrrolidine-1-

carbonythiazole-2-carboxamide.

Example 33: Step a

4-{{(&-2-Methylpyrrolidine-1-carbonyl}-V-{frans-3-{methyisulfonyijcyclobutylthiazole-2-

carboxamide
O\\S/’O
-~ ’r-\ O
A
Ho {
G

The title compound can be prepared as described in Intermediate 15, asing in step a (5)-2-
methylpyrrolidine in place of (3)-4 4-difluoro-2-methylpyrrolidine hydrochloride and in the final
step  drans-3-{methyvisultfonyleyclobutanamine  in place  of (3R, 5S)-piperidine-3,5-diol

hyvdrochloride.

Example 33
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S-(2-(Diftuoromethyi}-4-(1,1,1,3,3,3-hexaflucro-2-hydroxypropan-2-vhphenyl)-4-(($)-2-
methvipyrrolidine-1-carbonyD-N-{trans-3-(methylsulfenylcyclobutylythiazole-2-

carboxamide

0.0

N

The title commpound can be prepared as described in Example 15, uwsing 4-{({5)-2-
methylpyrrolidine- L-carbonyl}-N-(trans-3-(methylsulfonyhcyelobutylithiazole-2-carboxamide
{Exarople 33, step a} in place of (S)-N-(Z-hydroxy-2-methylpropyl}-4-(2-methylpyrrolidine-1-

carbonyljthiazole~-2-carboxamide.

Example 34: Step a

$3-N-((4-Hydroxy-1,1-dioxidotetrabydro-2 H-thiopyran-4-ylimethyi)-4-(2-

methyipyrrolidine-1-carbonyhthiszele-2-carboxamide

0
OH
’\N.JKEE/S
0,8 H N\i

The title compound can be preparcd as described in Intermediate 15, using in step a (5)-2-
methylpyrrolidine in place of (5)-4,4-difluoro-2-methylpyrrolidine hydrochloride and in the final
step  4-{aminomethyh-4-hvdroxytetrahydro-2H-thiopyran 1, 1-dioxide i place of (3R,55)-

piperidine-3,5-diol hydrochloride.
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Example 34

{()-5-C-(BifluoromethyD-4-(1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-yhphenyD-N-({4-
Bydroxy-1,i-dioxidotetrabydro-2H-thiopyran-d-yDHmethyh-4-2-methyipyrrolidine-{-

carbonyiithiazole-2-carboxamide

The title compound can be prepared as described in Example 15, using (8)-N-({4-hydroxy-1,1-
dioxidotetrabydro-2 H-thiopyran-4-yhmethyli-4-{ 2-methylpyrrolidine- 1 ~carbonyHthiazole-2-
carboxamide {(Example 34, siep a) in place of (S)-N-(2-hydroxy-Z-methylpropyl}-4-(2-

methylpyrrolidine-1-carbonylithiazole-2-carboxamide.

Example 35: Step a

Ethyi 5-{4-(1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-yi-2-methylphenviy-4-

(hydrexymethythiazole-2-carboxyiate

The title compound can be prepared as described in Intermediate 14, step b, using 2-(4-bromo-3-
methylphenyl)-1,1,1,3.3,3-hexafluoropropan-2-ol (Intermediate 3/2) in place of 2-{4-bromo-2,3-

dichlorophenyi}-1,1,1,3,3,3-hexafluoropropan-2-o0l.

Example 358
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frans-3-(5-(4-(1,1,1,3,3,3-Hexafluoro-2-hydroxypropan-2-y)-2-methyiphenyi}-4-{{§}-2-

methvipyrrolidine-1-carbonyhthiazele-2-carboxamidoicyciobutanecarboxylic acid

The title compound can be prepared as described in Example 12, using in step a ethyl 5-{4-
{1,1,1,3,3,3-bexafhuoro-2-hydroxypropan-2-yi3-2-methyiphenyl}-4-(hydroxymethyDthiazole-2-

carboxylate (Example 35, step a) in place of ethyl 5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluoro-2-
hydroxypropan-2-yvhpheny-4-(thvdroxymethyhthiazole-2-carboxylate and i step 4 (5)»-2-

methylpyrrolidine in place of ethyl-(2,2,2-trifluoro-ethyl)-amine hydrochloride.

Example 36

§-(4-(1,1,1,3.3,3-Hexalluoro-2-hyvdroxypropan-2-y-2-methyipheny-N-((1r,35)-3-

hydroxycyclobutyl-4-((8)-2~-methylpyrrolidine-T-carbonyhthiazole-2-carboxamide

HO,,

The title compound can be prepared as described in Example 26, using 2-(4-bromo-3-
methylphenyl}-1,1,1,3,3,3-hexafluoropropan-2-ol (Intermediate 3/2) in place of 2-{4-bromo-3-

{diftaoromethyDiphenyiy-1,1,1,3,3,3-hexafhuoropropan-2-ol.

Example 37: Step a
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{($)-Methyi 3-{5-(4-(1,1,1,3,3,3-hexaflnors-2-hydroxypropan-2-yi}-2-methyiphenyi-4-(2-
methvipyrrolidine-1-carbenylthiazole-2-carboxamido}-2,2-dimethylpropanoate
O

MeOOC J\f CF,
P\ {aom
CF,

The title compound can be prepared as deseribed in Exaraple |5, using (S)-methyl 2.2-dimcethyl-
3-(4-(2-methylpyrrolidine- 1 -carbonyDthiazole-2-carboxamidoypropanoate (Example 27, step a)
in place of (5FN-(2-hydroxy-2-methylpropyh-4-(2-methylpyrrolidine--carbonylithiazole-2-
carboxamide and 2-(4-bromo-3-methylphenyh-1,1,1,3,3,3-hexafluoropropan-2-ol {Intermediate

3/2% in place of 2-(4-bromo-3-{difluoromethyliphenyiy-1,1,1,3,3,3-hexafluoropropan-2-ol.

Example 37

{($3-3-{5-{4-(1,1,1,3,3 3-Hexafluoro-2-hydroxypropan-2-vi}-2-methyiphenyi)-4-(2-

methvipyrrolidine-1-carbonyhthiazele-2-carboxamido}-2,2-dimethyipropanoic acid

POOCX\ J\H, MFA
. CF,

V

The title compound can be prepared as described in Example 12, using in the final step {($)-
methyl  3-(5-(2-(difluoromethyl}-4-(1,1,1,3,3 3-hexafluoro-2-hvdroxypropan-2-yhphenyiy-4-(2-
methylpyrrolidine-1-carbonyijthiazole-2-carboxamido}-2,2-dimethylpropancate  (Example 37,
step a} in place of wrans-methyl 3-(5-(2,3-dichloro-4-(1,1,1,3.3,3-hexafluore-2-hydroxypropan-2-
yhphenyl-4-(ethyl{2.2 2-trifluorocthylcarbamovyljthiazole-2-carboxamido e yclobutane-

carboxylate.
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Example 38

()-N-(1,1-DHoxidothietan-3-v-5-(4-(1,1,1,3,3.3-hexafluoro-2-hyvdroxypropan-2-yi}-2-

methyiphenyi}-4-2-methyipyrrolidine-f-carbonythiazele-2-carboxamide

3

i

The titlc compound can be preparcd as described in Example 15, using (8)-N-(1.1-
dioxidothictan-3-y1}-4-(2-methylpyrrolidine-1-carbonyhthiazole-2-carboxamide  (Example 28,
step  ay in place  of  (S3N-(2-hydroxy-2-methylpropyl)-4-(2-methylpyrrolidine-1-
carbonylithiazole-2-carboxamide and 2-{4-bromo-3-methylphenyly-1,1,1.3,3,3-
hexathuoropropan-2-ol (Intermediate 3/2) in place of 2-(4-bromo-3-{difluoromethyljphenyl)-

1,1,1,3,3,3-hexafluoropropan-2-ol.

Example 39

(83-5-(d-(1,1,1,3,3,3-Hexaflunoro-2-hydroxypropan-2-yi}-2-methyiphenyi}-V-{(3-

Bydrexyexetan-3-yDmethyD-4-(2-methyipyrrolidine-i-carbonyijthiazole-2-carboxamide

O
H OH
- Nt N/ CF,
o

?‘a
v
/

The title compound can be prepared as described in Example 15, using (3)-NV-((3-hydroxyoxetan-
3-yhmethy}-4-(2-methylpyrrolidine- F-carbonyvl)thiazole-2-carboxamide (Example 30, step a} in

place  of  {S}-N{2-hydroxy-2-methylpropyl-4-{ 2-methyipyrrolidine- | -carbonyl ythiazole-2-
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carboxamide and 2-(4-bromo-3-methylphenyi}-1,1,1,3,3,3-hexafluoropropan-2-0f (Intermediate

3/2% in place of 2-{(4-bromo-3-(difluoromethyDphenyii-1,1,1,3.3,3-hexafluoropropan-2-ol.

Example 48: Step a

5y-Methyl  1-((5-(4-(1,1,1,3,3,3-hexallvors-2-hvdroxypropan-2-vi}-2-methvipheny -4-(2-

methyipyrrolidine-1-carbonyljthiazole-2-carboxamidoymethyDevelopropanecarboxylate

The title compound can be preparcd as described in Example 15, using (S)-methyl 1-((4-(2-
methylpyrrolidine- i-carbonylthiazole-2-carboxamido ymethvheyclopropanecarboxylate

{Example 31, step a) in place of (S)-N-{2-hydroxy-2-methylpropyl}-4-(2-methylpyrrolidine-1-
carbonyljthiazole-2-carboxamide and 2-{4-bromo-3-methylphenyh-1,1,1,3,3,3-
hexafluoropropan-2-ol (Intermediate 372} in place of 2-(4-bromo-3-(difluoromethyl)phenyl)-

1,1,1,3.3,3-hexafluoropropan-2-0l.

Example 48

{($3-1-{{5-(4-(1,1,1.3,3.3-Hexathioro-2-bydroxypropan-Z-yi-Z-methyiphenyl-4-(2-

methvipyrrolidine-1-carbonyhthiazele-2-carboxamidomethylicyclopropanecarboxylic acid
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The title compound can be prepared as described in Example 12, using in the final step (S)-
methyl -{{5-{4-{1,1,1,3.3,3-hexafluoro-2-hydroxypropan-2-y1}-2-methylphenyi}-4-(2-
methylpyrrolidine-1-carbonytithiazole-2-carboxamidoymethylicyelopropancearboxylate
{Example 40, step a) in place of rans-methyl 3-(5-(2,3-dichloro-4-(1,1,1,3,3,3-hexafluore-2-
hydroxypropan-2-yliphenyl)-4-{ethyl{2,2,2-trifluorocthy hcarbamoyhithiazole-2-

carboxamidoevelobutane-carboxylate.

Example 41

53-8-4-(1,1,1.3,3 3-Hexafluoro-2-hydroxypropan-2-vi-I-methvipheny - V-{{1-

hyvdroxyevelopropyhmethyi-4-(2-methvipyrrolidine-i-carbonyijthiazele-2-carboxamide

The title compound can be prepared as described in Example 15, using (Sy-N-((1-
hydroxyeyvelopropylimethyl-4-(2-methylpyrrolidine- | -carbonyljthiazole-2-carboxamide

{(Example 32, step a) in place of (S-N-(2-hydroxy-2-racthylpropy}-4-(2-methylpyrrolidine-1-
carbonylithiazole-2-carboxamide and 2-(4-bromo-3-methylphenyi)-1,1,1,3,3,3-
hexafluoropropan-2-0l {Intermediate 3/2) in place of 2-(4-browo-3-(difluoromethylphenyl)-

1,1,1,3,3,3-hexativoropropan-2-ol.

Example 42

5-(4-(1,1,1,3,3, 3-Hexafluoro-2-hvdroxypropan-2-yii-Z-methvipheny-4-((8)-2-
methyipyrrofidine-1-carboryh-N-(frans-3-(methylsulfeonylicyclobutylithinzole-2-

carboxamide

s
~
|38
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*i\ //
T Jgr oF
i OH
N CF,
9]

The title compeand can be prepared as deseribed in Example 15, using 4-{{5)-2-
methylpyrrolidine-1-carbonyl-N-(irans-3-{methylsulfonylycyclobutyhthiazole-2~carboxamide

{(Example 33, step a) in place of {(S}-N-(2-hydroxy-2-moethylpropyl-4-(2-methylpyrrolidine-1-
carbonylithiazole-2-carboxamide and 2-(4-bromo-3-methylphenyi)-1,1,1,3,3,3-
hexafluoropropan-2-0l {(Intermediate 3/2) in place of 2-(4-browo-3-(difluoromethyliphenyl)-

1,1,1,3,3,3-hexaftuoropropan-2-ol.

Example 43

$3-8-{4-(1,1,1,3,3 3-Hexalluors-2-hydroxypropan-2-vi}-2-methylphenyl}-V-{{4d-hyvdroxy-
i,i-dioxidotetrahydro-2H-thiopyran-d-yhmethy-4-2-methylpyrrolidine-1-

carbonyijthiazole-2-carboxamide

OH
j/\ )\\/ ...... CF,
08 \) """ \ /e

The title compound can be prepared as described in Example 13, using (S}»N-{((4-hydroxy-1,1-
dioxidotetrabydro-2 H-thiopyran-4-yhmethyt}-4-{ 2-methylpyrrolidine-1 ~carbonyl}thiazole-2-

carboxamuide (Example 34, step a} in place of {S)-N-(Z-hydroxy-Z-methylpropyi)-4-(2-
methylpyrrolidine-1-carbonyi)thiazole-2-carboxamide and 2-(4-bromo-3-methylphenyi}-
1,1,1,3,3,3-hexafluoropropan-2-0l  {(Intermediate  3/23  in place  of 2-(d-bromo-3-

{difluoromethylphenyvh)-1,1,1,3,3, 3-hexaftuoropropan-2-ol.

173



WO 2016/069974 PCT/US2015/058193

Example 44: Step a

2-Bromo-5-(1,1,1,3.3,3-hexatluors-2-hydroxypropan-2-yhbenzonitrile

e

The title compound can be prepared as deseribed in Infermediate 18, using in step b 2-bromo-5-

iodobenzounttrile in place of -bromo-2-(difluoromethyl}-4-iodobenzene.

Example 44

{(83-5-2-Cyano-4-(1,1,1,3,3,3-hexafluorg-2-hvdroxypropan-2-yiphenyh-N-(2-hydroxy-2-

methyipropyl-4-C-methvipyrrolidine-1-carbonyijthiazele-2-carboxamide

g NC
HO NM\T;/S — OF,
4 y / OH
N 1€ \ 7 %,

N0

The title comopound can be prepared as deseribed in Example 15, using 2-bromo-5-(1,1,1,3,3,3-
hexafluoro-2-hydroxypropan-2-ylibhenzounitrile (Example 44, step a) in place of 2-(4-broroo-3-

{difluoromethyDphenvl)-1,1,1,3,3,3-hexafluoropropan-~2-ol.

Example 45: Step a

2-{5-Bromo-4-methoxypyridin-2-vH-1,1,1,3,3,3-hexafluoropropan-2-of
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OMe
Br\E SN
o CFq
N
LF?H

The title compounnd can be prepared as described in Intermediate 26, using in step b S-bromo-4-

methoxypyridin-2-amine in place of 4-bromo-2-chlorg-3-fluoroaniline.

Example 45

(-5-{6-(1,1,1,3,3,3-Hexafluore-2-hydroxypropan-2-yli-d-methoxypyridin-3-y-V-(2-

hydroxy-2-methylpropyii-4-(Z-methyipyrrolidine-1-carbonyijthiarole-2-carboxamide

HO ....... CFa
/ \ UH

The title compound can be prepared as described in Example 15, using 2-(5-bromo-4-
methoxypyridin-2-y13-1,1,1,3,3,3-hexafluoropropan-2-ol {(Example 45, step a} in place of 2-(4-

bromo-3-(difluoromethyDphenyl)-1,1,1,3,3 3-hexafluoropropan-2-ol.

IN VITRO BIJLOGICAL DATA

ThermoFluor® Assav

ThermoFluor® is a fluorescence based assay that estimates ligand binding affinitics by
measuring the effect of a ligand on protein thermal stability (Pantoliano, M. W., Petrella, E. C.,
Kwasnoski, J. D, Lobanov, V. S., Myslik, §., Graf, E., Carver, T, Asel, E., Springer, B. A,

Lane, P, and Salemme, F. R, (2001) High-density miniaturized thermal shift assays as a general

strategy for drug discovery. J Biomol Screen 6, 429-40, and Matulis, D, Kranz, ). K., Salemuue,
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F.OR,, and Todd, M. J. (2005} Thermodynamic stability of carbonic anhydrase: measurcments
of binding affinity and stoichiometry using ThermoFhuor. Biochemistry 44, 5258-66). This
approach is applicable to a wide varicty of systems, and rigorous in theorctical interpretation

through guantitation of equilibrium binding constants (Kp).

In a ThermoFluor® experiment where protein stability is monitored as the temperature is steadily
increased, an oquilibrinm binding ligand causes the midpoint of an unfolding transition {7},} to
ocoeur at a higher temperature. The shuft in the melting point described as a AT, is proportional
to the concentration and affinity of the ligand. The compound potency may be compared as a
rank order of either AT, values at a single compound concentration or in terms of Xy values,

estimated from concentration response curves,

RORyvt ThermoFhuor® Assay Construct

For the RORyt construct used in the ThermoFluor® assay, mumbering for the nucleotide
seguences 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 ID NQO:2) coding for
the wild type human RORyt ligand binding domain (RORyt LBD) were cloned into the pHIS1
vector, a modified pET £, coli expression vector {Accelagen, San Diego}, containing an in-frame
N-terminal His-tag and a TurboTEV protease cleavage site (ENLYFQG, SEQ ID NOG:3)
upstream of the cloned insert sequence. The amino acid sequence for the RORyt construct used

in the Thermofluor® assay is shown as SEQ 1D N4,

ThermoFhuor® cxperiments were carried out using instruments owned by Janssen Research and
Discovery, L.L.C. through iis acquisition of 3-Dimensional Pharmaceuticals, Inc. 1,8-ANS
{Invitrogen} was used as a fluorescent dve. Protein and compound solations are dispensed into
black 384-well polypropylene PCR microplates (Abgene) and overlayed with silicone ot (1 uL,

Fhuika, type DC 200} to prevent evaporation.

Bar-coded assay plates are robotically loaded onto a thermostatically controlled PCR-type
thermal block and then heated at a typical ramp-rate of | “C/min for all experiments.

Fluorescence was measured by continuous illuroination with UV light (Hamamatsu LC6)
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supplied via fiber optic and filtered through a band-pass filter (380-400 nm; >6 OD cutoff),
Fluorescence emission of the entire 384-well plate was detected by measuring Hght intensity
using a CCD camera {Sensys, Roper Scigntific) filtered to detect 500 = 25 nm, rosulting in
simultancous and independent readings of all 384 wells. Images were collected at cach
temperature, and the sum of the pixel intensity in a given arca of the assay plate was recorded
versus temperature.  Reference wells contained RORyt without compounds, and the assay

conditions were as follows:

0.065 mg/mL RORyt
60 uM 1.8-ANS

180 mM Hepes, pH 7.0
10 mM NaCl

2.5 mM 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% DMSQO by 1.2 from a high concentration of 1 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
Hummingbird capillary liquid handling instrument {Digilab). Following compound dispense,
protein and dye in buffer was added to achieve the final assay volume of 3 yl, followed by 1 pb

of silicone oil.

The binding affinity was estimated as described previcusly (Matulis, D, Kranz, J. K., Salermme,
F. R., and Todd, M. I (2005} Thermodynamic stability of carbonic anhydrase: measurements of
binding affinity and stoichiometry using ThermoFluor®. Biochemisiry 44, 5258-66) using the

following thermodynamic parameters of protein unfolding:

Reference RORyt 7,0 47.8 °C
Abrpm = 115 keal/mol

ACurm = 3 keal/mol

[ae—.
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CELL BASED BIOLOGICAL DATA

RORyt (full-length human) Reporter Assay:

Three similar reporter assay protocols, shown below, have been used to test the fimctional
activity of RORyt modulatory compounds on transcriptional activation driven by full-length

human RORyi. All three provide similar data and can be used interchangeably.

Conditions A

Cells used in this assay were transiently co-transfected with three different plasmids, one
expressing the GAL4-DNA binding domain (DBD)}-RORyt fusion protein under control of a
CMV promoter {(NH2-Gald-DBD:RORC-COOH in pCMV-BE, Stratagene #211342}, and two
reporter plasmids - the firefly luciferase reporter under control of a GAL4 promoter (pFR-Luc
2x GAL4) and Rentlla luciferase reporter under control of CMV promoter (pRE-CMV, Promega
#E2261). The full-length coding sequence was used for human RORyt, ie., nucleotides 142-
1635 of human RORyt, transcript variant 2, NCBI Accession: NM 00i001523.1 (8EQ 1D
NO: 1) HEK293T cells were plated at 35000 per well in 96-well plate in medium of MEM with
8.6% FBS. After 18-22 hours incubation, the transfoetion was cartied out by using a PET solution
with 170.5 ng total DNA/well (50 ng pCMV-BD-ROR plas 20 ng of pFR-Luc reporter and §.5
ng of pRL-CMV reporter plus 100 ng Carrier DNA (Clontech # 630440} for cach well). 4-6
hours after transfection, cells were treated with compounds for overnight in the medivm with
final concentration of FBS 1.1% and BMSO 0.1%. After overnight {16 to 20 hours) incubation,
media were removed and cells were tysed with 20 pL 1x Passive Lysis Buffer (Promega) for 10-
1S minutes. Luminescence was measured using a BMG LUMIstar OPTIMA plate reader, after
addition of 75 ul/well fivefly huciferase buffer, followed by 75 ul/well Renilla fuciferase buffer,
To calculate the effect of compounds on RORyt activity, firefly values were normalized against
values of DMSO only and values of reference compound at saturating concentration, then further

normalized against Renilla signals. IC50s were generated by plotting final Renilla normalized
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data against compound concentration and percent inhibition was caleunlated against DMSO

control.

Conditions B

Celis used in this assay wore transiently co-transfecied with three different plasmids, one
expressing the GAL4-DNA binding domain (DBD}-RORvyt fusion protein under control of a
CMV promoter (NH2-Gal4-DRD:RORC-COOH in pCMV-BD, Stratagene #211342), and two
reporter plasmids - the firefly luciferase reporter under control of 2 GAL4 promoter (pFR-
Luc 2x GAL4) and Renilla luciferase reporter under control of CMV promoter (pRL-CMYV,
Promega #E2261). The full-length coding sequence was used for human RORy1, 1.2., sucleotides
142-1635 of human RORyt, transcript variant 2, NCBI Accession: NM_O01001823.1 (SEQ 1D
NGO HERZ293T celis were plated at 35,000 per well in 96-well plate 1o medium of DMEM
with 10% FBS. After 18-22 hours incubation, the transfection was carried out by using a PEI
sofution with 170.5 ng total DNA/well (50 ng pCMV-BD-ROR plus 20 ng of pFR-Luc reporter
and 0.5 ng of pRL-CMYV reporter plus 100 ng Carrier DNA {Clontech # 630440} for gach well},
4-6 hours after transfection, cells were treated with compounds for overnight in the medium with
final concentration of FBS 1.3% and DMSO 0.1%. After overnight {16 o 20 hours) incubation,
media were removed and cells were lysed with 50 ul. Glo Lysis Buffer (Promega) for 10-15
mimtes followed by 10 minute incubation with 50 ub Dual Glo reagent (Promega} at room
temperature. Firefly luciferase luminescence was measored using a BMG Pherastar plate reader.
To each well, 58 pL Stop and Glo reagent was added and incubated for 10 minutes at room
temperature.  Renilla lomincscence was measured using a BMG Pherastar plate reader. To
calculate the cffect of compounds on RORyt activity, firefly values were normalized against
vahies of DMSO only and values of reference compound at saturating concentration, then further
normalized against Renilla signals. 1C50s were gencrated by plotting final Renilla normalized
data against compound concentration and percent inhibition was caleulated against DMSGO

control.

Conditions C
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Cells used in this assay were transiently co-transfected with three different plasmids, one
expressing the GAL4-DINA binding domain {(DBD)-RORyt fusion protein under control of a
CMY promoter (NH2-Gald-DBD:RORC-COOH in pCMVY-BD, Stratagene #211342), and two
reporter plasmids - the firefly luciferase reporter under control of a GAL4 promoter (pFR-
Luc 2x GAL4) and Renilla luciferase reporter under control of CMV promoter (pRL-CMVY,
Promega #E2261). The full-length coding sequence was used for human RORyt, L.¢., mucleotides
142-1635 of human RORyt, transcript variant 2, NCBI Accession: NM_001001523.1 (SEQ 1D
N1y HEK293T cells were plated at 8750 cells per well in 384-well plate in medium of
DMEM with 10% FBS. After 1&-22 hours incubation, the transfection was carried out by nsing a
PEL solution with 42.6 ng total DNA/well (12.5 ng pCMV-BDB-ROR plus 5 ng of pFR-Luc
reporter and £.125 ng of pRL-UMY reporter plus 25 ng Carrier DNA (Clontech # 630440) for
each well). 4-6 hours after transfection, cells were treated with compounds for overnight in the
medium with final concentration of FBS 1.3% and DMSO §.1%. After overnight (16 to 20 hours)
incubation, media were removed and cells were lysed with 20 ull Glo Lysis Buffer (Promega)
for 10-15 minutes followed by 10 minute incubation with 20 pub, Dual Glo reagent (Promega) at
room temperature. Firefly huciferase luminescence was measured using a BMG Pherastar plate
reader. To cach well, 20 pL Stop and Glo reagent was added and incubated for 10 minutes at
roorn temperature. Renilla humvinescence was moeasured using a BMG Pherastar plate reader. To
calculate the effect of compounds on RORyt activity, firefly values were normalized against
valucs of DMSQO only and values of reference compound at saturating concentration, then further
normalized against Renilla signals, IC50s were generated by plotiing final Renilla normalized
data against compound concentration and percent inhibition was calenlated against DMSO

control.

Human Thi7 Assay

The human Thi7 assay tests the effect of RORyt modulatory compounds on 1L-17 production by
CD4 T cells under conditions which favor Thi7 differentiation. Total (D4 T cells were isolated
from the peripheral blood mononuclear cells (PBMC) of healthy donors using a CD4™ T cell
isolation kit H, following the mamufacturer’s instructions (Miltenyi Biotec).  Cells were

resuspended in a medium of RPMI-1640 supplemented with 10% fetal bovine serum, penicillin,
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streptomycin, glutamate, and B-mercaptocthanol and were added to 96-well plates at 1.5x10° per
106 b per well, 50 pub of compound at titrated concentrations in DMSO were added into cach
well at final DMSO concentration at 8.2%. Cells were incubated for 1 hour, then 50 ul of Thi7
cell differentiation medium was added to each well. The final concentrations of antibodies and
cytokings {(R&D Systems) in differentiation medinm werg: 3x! 0%/mL anti-CD3/CD28 beads
{prepared using human T cell activation/expansion kit, Miltenyi Biotec), 10 yg/mb anti-iL4, 10
pe/mb anti-IFNy, 10 ng/mbL 1L18, 10 ng/mL 1L23, 50 ng/mL L6, 3 ng/mbL TGFP and 20 U/mL
2. Cells were cultured at 37 °C and 3% COs for 3 days. Supernatants were collected and the
accurnulfated IL-17 in culture was measured by using MULTI-SPOT® Cyiokine Plate following
manufacture’s instruction (Meso Scale Discovery). The plate was read using Sector Imager 6000,

and IL~17 concentration was exirapolated from the standard curve. The IC50s were determined

by GraphPad.
Table |
. RORyt RORy
RORyt ORy RORyt DRt ,
LA (FL} (FL (F1} Human
ThermoFluor® N Reporter - Reporter Thi7
Example Reporter Reporter
o Assay, Kd Assav A Assay Acsay B Assay B Assay,
(M) K 1A% o ( o | o C% 100
4' ;;) mnhibition | M inhibition | (uM)
Y%
O @ea | MY @e
1 0.0056 0.0070 105** ND ND ND
2 0.0057 0.014 104%% ND ND ND
2/% 0.00016 0.014 103%* ND ND ND
2/2 3.00022 3.010 101 *** N ND ND
2/{3a 0.0048 8.050 104%* N ND ND
2/3b 0.0071 0.037 gEH¥ ND ND ND
2/3c 0.6055 3.038 Gg** ND ND ND
2/4 0.0037 3.024 103** ND N ND
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RORyt RORvyt
RORyt N RORyt .
(FL) (FL} L) {(FL) Human
. ThermoFluor® o Reporter v Reporter Thi7
Example Reporter Reporter
Assay, Kd - Assay L Assay B Assay,
# . Assay A, o Assay B ey .
{ul‘vf) IC- A, 70 QrC IC (813 (/, 70 1(/5(:-
, B inhibition ’ ) 7 | inhibition {(uM}
{uM) G 6 uM {(ub) 6 UM
@ O pl wou
2/5 0.00067 (3.0049 107%* ND ND ND
2/6 0.0031 0.016 104%* N ND ND
247 0.00056 (.0080 104%* N ND ND
2/8 0.00030 0.012 103%* 0.0026 108** 0.017
2/9 0.027 (.087 103** ND ND ND
2710 0.013 0,025 105%* ND ND ND
/11 0.0061 0.020 100%* ND ND ND
2712 0.018 0.026 100** ND ND ND
2/13 0.08043 0.010 103*%* N ND ND
2/14 0.044 0.083 106 ND ND ND
2/15 0.00018 0.0050 106% % ND ND ND
2/16 ND Q.43 {px* ND ND ND
3 0.0046 3.012 104%* ND N ND
3/1 0.011 0016 1O3HFE ND ND ND
3/2 0.0097 0.020 103*¥ ND ND ND
3/3a 0.017 0.018 Ut N ND ND
3/3b 0.0036 {.0090 104%H** ND ND ND
3/4 0.010 0.014 100%* ND ND ND
3/5 0.050 0.029 100 ND ND ND
3/6 0.022 (.032 103** ND N ND
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RORyt RORvyt
RORyt N RORyt .
(FL) (FL} L) {(FL) Human
. ThermoFluor® o Reporter v Reporter Thi7
Example Reporter Reporter
Assay, Kd - Assay L Assay B Assay,
# . Assay A, o Assay B ey .
{ul‘vf) IC- A, 70 QrC IC (813 (/, 70 1(/5(:-
, B inhibition T L inhibition {(uM}
{uM) P {uM} P
(@ 6 uM @6 uM
347 0.034 0.052 102%* ND ND ND
3/8 0.038 0.02¢6 100%* N ND N
3/9 0.019 0.029 102%* ND ND ND
3/10 0.024 0.13 g7*> ND ND ND
3/11 0.068 2.9 26 ND ND ND
4 0.41 0.35 g7** ND ND ND
5 0.0029 0.022 105%* ND ND ND
6 0.0038 0.032 102 ND ND N
6/1 0.0021 0.010 104%* N ND 0.042
6/2 0.011 0.041 102%* ND ND ND
7 0.0027 0.017 106%* ND ND ND
8 3.00015 3.011 QA ND ND ND
a 0.000070 (.010 102%* ND ND ND
9/1 0.00011 0.014 103*> ND ND 0.013
9/2 0.00011 0.033 106%* ND ND ND
4/3 0.0080 0.019 104% N ND N
9/4 0.0031 0.012 106%* ND ND ND
8/5 0.033 0.073 103*F ND ND ND
10 0.0021 0.013 103 ND ND ND
10/1 0.026 g.12 107 ND ND ND
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RORyt RORyt
RORyt N RORyt .
(FL} , {(FL) Human
(FL) (FL)
. ThermoFluor® Reporter Reporter Thi7
Example Reporter Reporter
Assay, Kd Assay . Assay B Assay,
# ) Assay A, o Assay B L .
{j,ﬂ‘vf) A, Y% , or O, % 1Cse
ICso . or C, iCs | . . .
iohibition inhibition {uM;
{uM) L (M) L
w6 uM @ 6 uM
1072 0.0032 0.018 103** ND ND ND
10/3 0.0025 0.032 105 N ND ND
10/4 0.0014 0.020 103%* ND ND ND
10/5 0.00083 0.014 106%* ND ND ND
10/6 0.0028 (.029 102%* ND ND ND
1ia 0.59 0.55 FaEE ND ND ND
ilb 0.40 0.33 gox# ND ND ND
12 ND 0.049 104 ND ND ND
13 0.42 1.1 88 N ND ND
14 0.047 0.28 100 ND ND ND
1471 0.00050 0.015 104%% ND ND ND
14/2 0.014 3.032 ggx* ND ND ND
15 0.0011 (.027 105 £.010 107 0.0487
15/1 0.55 ND ND 0.35 a6 ND
15/2 0.000060 ND ND 0.0022 g1* ND
15/3 0.0014 N ND 0.011 ag* ND
15/4 0.0084 ND ND 0.054 105 ND
15/5 0.0011 ND ND 0.015 113 ND
15/6 8.00091 ND N 0.024 107 ND
15/7 0.0017 ND N 0.0087 162 ND




WO 2016/069974 PCT/US2015/058193
RORyt RORyt
RORyt N RORyt .
(FL) (FL} L) {(FL) Human
. ThermoFluor® o Reporter v Reporter Thi7
Example Reporter Reporter
Assay, Kd Assay . Assay B Assay,
# ) Assay A, o Assay B L .
{j,ﬂ‘vf) A, Y% , or O, % 1Cse
ICso . or C, iCs | . . .
iohibition inhibition {uM;
{uM) L (M) L
w6 uM @ 6 uM
15/8 0.00029 ND ND 0.013 101 ND
15/9 0.00046 N[ ND {.0082 Ga* ND
15/10 0.00026 ND ND .0079 G7* ND
15/11 0.021 ND ND 0.051 121 ND
16 0.0088 (.046 101+ ND ND ND
17 {2.0000080 0.048 105 ND ND ND
18 0.0023 ND ND 0.012 a9 ND
18/1 3.000080 N ND 0.014 105 ND
18/2 0.0044 NI ND 0.076 134 ND
18/3 0.23 ND ND 0.73 68* ND
19 0.0021 ND ND 0.014 107 0.055
19/1 0.49 ND N 0.56 79¥ ND
20 3.00017 ND ND 0.0186 102%* ND
21 (.00035 ND ND 0.0052 109% ND
21/t 0.0087 ND ND 0.053 107 ND
2172 0.08021 ND ND 3.0033 101* ND
2173 0.0021 ND ND 0.015 an* ND
22 0.11 0.42 9% ND ND ND
22/1 0.14 0.91 102 ND ND ND
23 (.03029 ND ND 0.0022 99* ND
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RORyt RORyt
RORyi N RORyt N
(FL} , {(FL) Human
(FL) (FL)
. ThermoFluor® Reporter Reporter Thi7
Example Reporter Reporter
Assay, Kd Assay . Assay B Assay,
# ) Assay A, o Assay B L .
{uM) A, Y% ) or C, % ICsp
‘ ICs ey or O ICse | ., ... N
iohibition inhibition {uM;
{uM) o {(ub) -
(@ 6 pM @ 6 uM
24 0.00084 ND ND 0.0033 103% ND

All data shown in Table 1 is
data point. ND: value not determined. *% inhibition is shown at 3 uM compound concentration,

% inhibition 15 shown at 2 uM compound concentration, **%% inhibition is shown at 8.67 uM

cither the vahie of one data point or the average of more than one

compound concentration, *¥¥¥% inhibition 18 shown at 8.22 uM compound concentration.

While the foregoing specification teaches the principles of the present invention, with examples
provided for the purpose of illustration, it will be understood that the practice of the invention
encompasses all of the usual variations, adaptations and/or modifications as come within the

scope of the following claims and their equivalents.

Al documents cited herein are incorporated by reference.



What isclaimed is:

1. A compound of Formula

A3

Formulal

wherein

X is CH, CR, or N;

Alis Cupalkyl;

AZis cyclobutyl, or G-aalkyl, wherein said g.syalkyl is optionally substituted with OGHbr up
to three fluorine atoms;

or Al and A are taken together with their attached nitrogefotm a ring selected the
A
A
group consisting of azetidinyl, piperidinyl, pyridihyl, Aj and%:N ; wherein
said ring is optionally substituted with up to taubstituents independently selected
from the group consisting of F, gFCHs, -CN, and CHOH,;
R'is Cl, C(CHy)3, CH,CHs, OCF;, CFs, OCH(CH)2, CHF,, OCHFR;, OCHs, F, CH;, or -CN;
R?is H, F, or CI;
or Rt and R may be taken together with their attached phemfditm a naphthalenyl, or
quinolinyl group;
R®is CR, or CHCHj;
AlisH

¥ 4 A,
Alis H, Ql_5)a|ky|, ]><:>O, H‘QCO’ H’O><]’ HO;(><], _gCO, _§<>Si<8’
o ,\’,o>: ; oH OH ;\
_§<>_/<OH, _§<>OH, _§<>862, }LXLH O, 2; , or OZO/ ;

wherein said @.syalkyl is optionally substituted with one to two stibuents independently
selected from COOH, CON{ —CN, and OH;
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or A® and A" may be taken together with their attached nitrdgemake a ring selected

HMN‘ - O\\ N-s- O\\ N-s-
from the group consisting of HO % ,O//S<>C : , HN//S<><> : ,

HO o
HO 0
N-- S NN
SSOXON >>: HOEN'; HN N O}" |
1 ] 3 ,an
HN. /1
oS N

and pharmaceutically acceptable salts thereof
2. The compound of claim 1 wherein:

R'is Cl, C(CHy)s, CH,CHs, OCF;, CF;, OCH(CH;)Z,CHE, OCHR, OCH;, F, or CH;

¢ - 3O EO'
A%is H, Gusyalkyl, ]><3 % : CO C OH,

N-O OH
et e
H , or ; wherein said @.salkyl is optionally substituted with one to two

substituents independently selected from CQNHCN, and OH;

and pharmaceutically acceptable salts thereof.

3. The compound of claim 2, of Formula

o R R
A3 s =R
N \ ) CF3
A4 N / \ X OH
NATA2
Formulal |

and pharmaceutically acceptable salts thereof.
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4. The compound of claim 2 selected from the groupsisting of:

o § () o~ A
S
A B e S
N—/ A
Fgc CFS
; F
(0] 0
Cl Cl
HO HO
H I/ OH H Nl/
N CF3
EN o QN
Fs
(0]
Cl Cl
N
H N| / OH "o N/U\‘/S
B CF3 H ] /
K N o)
() \
F\\ : Q
F Z
HO O cl.  Cl
)(\NJKIKS CF, » o
H OH
N N/U\rs
CF3 % Ho T
2 0 N
N
N
F F : @
0
HO /[Kr
N S
/N
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Cl

Cl

Cl

Cl

CF;
OH
CF;4

CF;
OH
CF;

CF,
OH
CF4

CF,
OH
CF,

OH

CF?FS



HO Q c. ¢l HO 0 c. ¢
N S OH N/ZS/S OH
%H/[SNI/ > )(\H |

Y
CFy N F3C CFs
o)
N }N\ °
o) 0
cl. ¢l cl. cl
HO HO
N/[H/S OH )CN/[K’/S OH
H | p H Nl/
N CF?FS F4C CF3
N © N
\
' F F :
HO O cl. Cl o o o
N/[H/S OH HO /[Kr
H | X\N S OH
N/ F
CFT "N

- F3C CF3

HO it cl. G HO Q cl. ClI
”JSI/S OH N/ZSI/S OH
H
/ /
N CF?F3 N FsC CFs
0
o ~C
FsC . o0—
0
HO O cl Cl HO cl, ¢
et s
HoT) p

F3C CF3 F3C CF3
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HO

2

o cl
s
H ,\\, /

Cl

Cl

CF;
OH
CF;

CF;
OH
CF;

CF,
OH
CF,
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0 /
/\j
HO 0
\_:/\N S
z H | p
/N

Cl
OH

F3C CF3

Cl
OH

F3C CF3

Cl
OH

FSC CF3

Cl
OH

F.,C CF3



o)
HO cl cl
>_§ N S OH
H o
/
N F,C CFs
/\j ©
O clcl
HzNJKfS OH
/
N FsC CF3
/\j ©
O c Cl
Ay C
| CF4
HO HO N/ CF,
o)
/S ;
o)
cl
O
% CF3
N OH
Q“ o CF,
F
Q,
OZS\:\\ O cl Cl
N S CF3
Ho Tl OH
7 CFs
o)
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N/ CF,

Y
cry
F
HO 0
N/[SI/S
H N_/
0 CF4
Q F,C OH
F ;
HO ? c,.
NJSTS CF3
/ OH
N CF4
HO B
QI O
F F .
HO Q FycO
NJS/S OH
|
Y
N FoC CFs
HO =
Ql O
FF
0
HO FsC
NJK( OH
|
N FoC CFs
F F
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O
I cl
N Cl
ol s cr
77) N_/ 3
OH
CFj

o)
cl
MNJS//S

0 CF4
E cFy.
’,' 3
O
o)

HO
- OH
g CF3
Y
(0]
C
N Cl
HN:S S
O/,\) N/ CF;,
2
3
/\)N O

F E .

o)

by,
2 / CF,
MeN ) N_/ o
g CF3
Q )
FF

HO @) F
FNJy F
S
Ho ]

OH
> CFs
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CF;
OH
CF;

CF;
OH
CF;

CF3
OH
CFs

CF3
OH
CF3

CF3
OH
CFs
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CF;
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(e}
(O
HO 9
N/ZK“/S
H N_/
sh
HO 0 F5CO
H N/
L
HO 7 R
H N/
L
HO 9
H N/
N (0]
HO 0
N/[SI/S
H N
A
HO 0
N)SI/S
H N/
(0]

CF3
OH
CF3

CF3
OH
CF3

CF;
OH
CF;

CF;
OH
CF;

CF,
OH
CF,

CF3
OH
CF;

CF,
OH
CF;



HO o) e F
AN
HJS/S

N/ P CF,

OH
CFs
e
NC
HO o F
oyl
S
HoJ
N CF5
HO—

OH
= CF3

HO 0 c. cl
Ny o
Y
N Fs;C
ﬁ; ©

and pharmaceutically acceptable salts thereof.

o)
HO N)krs CF3
zy H Nl y OH
CF,
o)

(e
/
O o
N S CF3
HXHJKT/ OH
N CF,
0
N

-

and F

5. The compound of claim 3 selected from the groupsisting of:

0]
o @
)@NJKFS OH
H
IV
N FsC CF3
S

0]
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Cl

Cl

Cl

Cl

Cl

CF;
OH
CF;

CFj
OH
CF3

CF;
OH
CF;

CF;
OH
CF;

CF,
OH
CF,
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HO 0 c.  c
WS o
Y

N CF§F3
o
i
F4C
HO 0 c. ¢l
X\Nkfs OH
H
/
N F3C CF3
ol
F ;
HO 0 c. cl
N/Zkrs OH
Ho ]
Y
F3C CF3

HO o c. ¢
NJKFS OH
Ho Tl
N

/
F3C CF3
Ql O
F F :
HO 0 cl cl
NJKrS OH
H |
Y
F3C CF3

HO 0 c. cl
Ho Tl
N

Fgc CF3
/\NHO
0— ;
HO 0 c. cl
NJS/S OH
H ol
/
F3C CF3

(0]
HO Cl Cl
N | S CF3
H
N OH

CF,

0]
NC cl. gl
PCONTNS CFa
H
N OH

CF,

0 c
H,N N/ZS/S CF,4
H NI OH

CF;
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H N F4C CF3
0 0
S &
q O ?l O cl Cl
o) OH N S OH
)X\(S o Ho N/
CF
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0 ~N©
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HO cl. N/[S/S OH
N/ZKFS OH Ho T )
| FSC CF3

F3C CF3 e)

/
© F4C CFs o
0 /N
/\j )
0 c cl
HO 0 cl NJS/S OH
\:/\Nkrs OH l/ CF;
PR T HO po N CFy
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0
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and pharmaceutically acceptable salts thereof.

6. The compound of claim 1 selected from the groupsisting of:
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HO
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H N HO \ s CFs
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| OH 0 MeO
H N Y

CF, HO NJ\/S — CF,
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0,5 N CF,
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and pharmaceutically acceptable salts thereof.

)

7. A pharmaceutical composition, comprising a commul of claim 1 and a pharmaceutically

acceptable carrier.

8. A pharmaceutical composition made by mixing @mpound of claim 1 and a
pharmaceutically acceptable carrier.

9. A process for making a pharmaceutical compmsitomprising mixing a compound of claim
1 and a pharmaceutically acceptable carrier.

10. A compound of claim 1 for use in the treatmefta RORt mediated inflammatory

syndrome, disorder or disease.
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11. The compound for use according to claim 1CGereim the disease is selected from the group
consisting of: inflammatory bowel diseases, rhetondaarthritis, psoriasis, chronic obstructive
pulmonary disorder, psoriatic arthritis, ankylosisgondylitis, neutrophilic asthma, steroid
resistant asthma, multiple sclerosis, and systéumigs erythematosus.

12. The compound for use according to claim 1Jereim the disease is psoriasis.

13. The compound for use according to claim 1lereim the disease is rheumatoid arthritis.

14. The compound for use according to claim 11,reiheghe inflammatory bowel disease is

ulcerative colitis.

15. The compound for use according to claim 11,reihghe inflammatory bowel disease is

Crohn’s disease.

16. The compound for use according to claim 11,reinghe disease is multiple sclerosis.

17. The compound for use according to claim 11,reiheghe disease is neutrophilic asthma.

18. The compound for use according to claim 11,reiheghe disease is steroid resistant asthma.

19. The compound for use according to claim 11,reineghe disease is psoriatic arthritis.

20. The compound for use according to claim 11,reinghe disease is ankylosing spondylitis.

21. The compound for use according to claim 1lereim the disease is systemic lupus

erythematosus.

22. The compound for use according to claim 1leneim the disease is chronic obstructive

pulmonary disorder.
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23. A compound of claim 1 or composition or medieat thereof in combination with one or
more anti-inflammatory agents or immunosuppressigents for use in the treatment of a
syndrome, disorder or disease selected from thepgoonsisting of: rheumatoid arthritis, and

psoriasis.

24. The compound of claim 5 selected from the groansisting of:

o o c
K”JK“/S CF3 HO O Cl Cl
N/

OH
CFs o
o) CFy 3
N o)
Valy )
0
HO 0 c. cl HO ¢, g
NJS/S CFs K” | S OH
H OH /
0 N
N~ CF5 FAC CFs
0
O N

) | /

OH CF3

8 CF4 O

O . o=

F
HO o __F O F
)T\NJQWS YNJH/S CF3
HO H |
H N/ P CFs N_/ OH

210



0 c
Hcﬁ/\ Jj\/
H Nl p OH

CF3
(0]
(-
/
0 o
0
HO%/\N/‘S/S CF3 HO>‘AH N/ OH
H (_/ OH CF5
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and pharmaceutically acceptable salts thereof.

25. The compound of claim 24 that is:

o O c
7@“#9’ °Fs
H OH
/
N CF,

O
N

A

and pharmaceutically acceptable salts thereof.

26. The compound of claim 24 that is:

HO 0 c. cl
X\”JSI/S OH
N/

CF
CF; °

-, @)
O

and pharmaceutically acceptable salts thereof.
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27. The compound of claim 24 that is:

HO O F
X\NJS/ F
S
H o]
N CF;

OH
3 CFs

o
;and pharmaceutically acceptable salts thereof.

28. The compound of claim 24 that is:

0 Cl
N s CFs
H(h/\ H/ZHI/ p OH
N CFs
0

N
Q\ and pharmaceutically acceptable salts thereof.

29. The compound of claim 24 that is:

HO i
%/\N/kfs CFs
H N OH
CFs
0

N
Q\ ;and pharmaceutically acceptable salts thereof.

30. The compound of claim 24 that is:

F ;and pharmaceutically acceptable salts thereof.

31. A pharmaceutical composition, comprising a pound of claim 24 and a pharmaceutically

acceptable carrier.
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32. A pharmaceutical composition made by mixing @mpgound of claim 24 and a
pharmaceutically acceptable carrier.

33. A process for making a pharmaceutical comjositomprising mixing a compound of
claim 24 and a pharmaceutically acceptable carrier.

34. An effective amount of a compound of claimf@duse in the treatment or amelioration of a
RORyt mediated inflammatory syndrome, disorder or diseselected from the group consisting
of: inflammatory bowel diseases, rheumatoid aifjrpsoriasis, chronic obstructive pulmonary
disorder, psoriatic arthritis, ankylosing spondgliheutrophilic asthma, steroid resistant asthma,

multiple sclerosis, and systemic lupus erythematosu

35. An effective amount of the compound for useoading to claim 34, wherein the disease is

psoriasis.

36. An effective amount of the compound for useoating to claim 34, wherein the disease is
rheumatoid arthritis.

37. An effective amount of the compound for usepading to claim 34, wherein the

inflammatory bowel disease is ulcerative colitis.

38. An effective amount of the compound for usepading to claim 34, wherein the

inflammatory bowel disease is Crohn’s disease.

39. An effective amount of the compound for usenading to claim 34, wherein the disease is

multiple sclerosis.

40. An effective amount of the compound for usepading to claim 34, wherein the disease is
neutrophilic asthma.
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41. An effective amount of the compound for usepading to claim 34, wherein the disease is
steroid resistant asthma.

42. An effective amount of the compound for usepading to claim 34, wherein the disease is
psoriatic arthritis.

43. An effective amount of the compound for usepading to claim 34, wherein the disease is
ankylosing spondyflitis.

44. An effective amount of the compound for usepading to claim 34, wherein the disease is

systemic lupus erythematosus.

45. An effective amount of the compound for useoating to claim 34, wherein the disease is

chronic obstructive pulmonary disorder.

46. Use of an effective amount of a compound aihtl24 in the manufacture of a medicament
for the treatment or amelioration of a R@RNediated inflammatory syndrome, disorder or
disease selected from the group consisting ofanmihatory bowel diseases, rheumatoid arthritis,
psoriasis, chronic obstructive pulmonary disordesoriatic arthritis, ankylosing spondylitis,
neutrophilic asthma, steroid resistant asthma, ipialt sclerosis, and systemic lupus
erythematosus.

47. The use according to claim 46, wherein thealis is psoriasis.

48. The use according to claim 46, wherein theadis is rheumatoid arthritis.

49. The use according to claim 46, wherein thiainfatory bowel disease is ulcerative colitis.

50. The use according to claim 46, wherein thiaimmatory bowel disease is Crohn’s disease.

51. The use according to claim 46, wherein theafie is multiple sclerosis.
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52.

53.

54.

55.

56.

S7.

The use according to claim 46, wherein theafie is neutrophilic asthma.

The use according to claim 46, wherein thealis is steroid resistant asthma.

The use according to claim 46, wherein theadis is psoriatic arthritis.

The use according to claim 46, wherein thealis is ankylosing spondylitis.

The use according to claim 46, wherein thealis is systemic lupus erythematosus.

The use according to claim 46, wherein theatis is chronic obstructive pulmonary

disorder.
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