wo 2016/061751 A1 [ I NP0 0O 00O 00O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

28 April 2016 (28.04.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/061751 Al

(51

eay)

(22)

(25)
(26)
1

(72)
1

International Patent Classification:
CO7D 471/04 (2006.01) AG61K 31/444 (2006.01)

CO07D 487/04 (2006.01) A61P 29/00 (2006.01)
CO07D 211/00 (2006.01) A61P 19/02 (2006.01)
A61K 31/437 (2006.01) A61P 11/06 (2006.01)

International Application Number:
PCT/CN2014/089139

International Filing Date:
22 October 2014 (22.10.2014)

Filing Language: English

Publication Language: English

Applicant: MERCK SHARP & DOHME CORP.
[US/US]; 126 East Lincoln Avenue, Rahway, New Jersey
07065 (US).

Inventors; and

Applicants (for US only): SCOTT, Mark E. [US/US];
Merck Sharp & Dohme Corp., 33 Avenue Louis Pasteur,
Boston, Massachusetts 02115-5727 (US). GUERIN, Dav-
id [US/US]; 16 Huntington Street, Natick, Massachusetts
01760 (US). FALCONE, Danielle [US/US]; Merck Sharp
& Dohme Corp., 33 Avenue Louis Pasteur, Boston, Mas-
sachusetts 02115-5727 (US). KATTAR, Sam [US/US];
Merck Sharp & Dohme Corp., 33 Avenue Louis Pasteur,
Boston, Massachusetts 02115-5727 (US). FULLER, Peter
[US/US]; Merck Sharp & Dohme Corp., 33 Avenue Louis
Pasteur, Boston, Massachusetts 02115-5727 (US). DIS-
MORE, Christopher [US/US]; 24 Chester Street, New-
ton, Massachusetts 02461 (US). KONG, Norman
[CN/US]; 12 Klimback Court, West Caldwell, New Jersey
07006 (US). BAIL, Yunfeng [CN/CN]; 6 Tai-he Road, Bda,

(74

(8D

(84)

Beijing 100176 (CN). FU, Jiamin [CN/CN]; 6 Tai-he
Road, Bda, Beijing 100176 (CN). LIU, Yumei [CN/CN]; 6
Tai-he Road, Bda, Beijing 100176 (CN). ZHENG, Zhixi-
ang [CN/CN]; 6 Tai-he Road, Bda, Beijing 100176 (CN).

Agent: WU, FENG & ZHANG CO.; Room 305, Tower
B, Beijing Aerospace Cpmiec Building, No. 30, Haidian
South Road, Haidian District, Beijing 100080 (CN).

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

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

Published:

with international search report (Art. 21(3))

(54) Title: ETHYL N-BOC PIPERIDINYL PYRAZOLO PYRIDONES AS JANUS KINASE INHIBITORS

=

HN
o i\\\y/ )

&7

)

(57) Abstract: Provided are compounds of Formula I as JAK inhibitors, which are usetul for the treatment of JAK-mediated diseases
such as rtheumatoid arthritis, asthma, COPD and cancer.



10

20

b
A

(43
<

WO 2016/061751 PCT/CN2014/089139

ETHYL N-BOC PIPERIDINYL PYRAZOLO PYRIDONES AS JANUS KINASE INHIBITORS

BACKGROUND OF THE INVENTION

Protein kinases are a group of enzymes that regulate the activity of their target
proteins by the addition of phosphate groups to the protein substrate. Kinases play an essential
role in many physiclogical processes including cell division, differentiation, cellular homeostasis
and signal transduction. Kinases can be subdivided by their target into Serine/Threoninge kinases
and Tyrosine kinases. Tyrosine kinases are further subdivided into receptor tyrosine kinases and
non-receptor tyrosine kinases. The mammalian Janus kinase (JAK) family members are non-
receptor tyrosine kinases.

The JAK family has four members; JAKT, JAKZ, JAK3 and TYK2, JAKI, JAK?Z2
and TYKZ arc universally expressed, whereas JAK3 expression s limited to hematopoetic cells.
The JAK family is involved in intraceliular signal transduction from >70 different eytokines.
Cytokines bind to their cell surface receptors resulting in receptor dimerization and subsequent
activation/phosphorylation of JAK tyrosine kinases. The JAKSs are cither constitutively
associated with the receptor ot are recruited upon cytokine binding. Specific tyrosine residues on
the receptor are then phosphorylated by activated JAKs and serve as docking sites for STAT
proteins. STATs are phosphorylated by JAKs, dimerize, then translocate to the nucleus where
they bind specific DNA clements and activate genc transcription. JAKT signals in conjunction
with all JAK isoforms in a cytokine dependent ruanner.

JAKs are essential for nmltiple physiological functions. This has been
demonstrated using genctically engineered mouse models that are deficient in specific JAKs.
Jak1™ mice die perinatally, while Jak2™” mice have deficiencies in erythropoesis and die around
day B12. Jak3™ mice are viable, but have a SCID phenotype with deficiencies in T cells, B cells
and NK cells. TYK2” mice exhibit features of hyper IgE syndrome. These phenotypes
demonstrate the essential and non-redundant roles of JAK activity in vivo (K. Ghoreschi, A.
Laurence, J. J. O'Shea, fmmunol Rev. 228, 273 (2009)).

Farthermore, mutations in the JAK enzymes have been associated with diseases in
humans. Inactivating mutations in JAK3 (or the cognate common gamma chain cytokine
receptor) cause a severe SCID phenotype (J. J. O'Shea, M. Pesu, D. C. Borie, P. 3. Changelian,
Nat. Rev. Drug Discov. 3, 555 (2004)). Deletions of TYKZ result in hyper IgG syndrome and
increased infection risk (Y. Minegishi ef of., Immuniry. 28, 745 (2006)}. No inactivating
mutations have been reported for JAKI or JAKZ, consistent with the data from mice that
demonstrates that JAKI and JAK2 deficient mice are not viable, However, several mutations
that result 1o constitutively active JAK?2 have been identified, resulting in mycloproliferative
diseases and confirming the central role of JAK2 in hematopoesis (O. bdel-Wahab, Curr. Opin.
Hematol. 18, 117 (2011)). JAKZ is the sole JAK family member involved in signal transduction
of the critical hematopoetic cytokines IL-3, GMCSF, EPO and TPO.
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The wealth of mouse and haman genetic data demonstrating a central role for
JAK kinase activity in autoimmune disease, hematopoesis and oncology has been supported by
the use of pan-JAK inhibitors in clinical trials for autoimmunc discases and neoplasms (See K.
Ghoreschi, et al, Immunol. Rev. 228, 273 (2009), and A. Quinias-Cardama, H, Kantarjian, J.
5 Cortes, 8. Verstovsek, Nat. Rev. Drug Discov. 18, 127 (2011)).
A considerable body of literature has accumulated that link the JAK/STAT
pathway to various discases and disorders including hyperproliferative disorders and cancer such
as leukemia and lyrophomas, immunological and inflammatory disorders sach as transplant
rejection, asthma, chronic obstructive pulmonary disease, allergies, rheumatoid arthritis, type |

10 diabetes, amyotropic lateral sclerosis and multiple sclerosis.

SUMMARY OF THE INVENTION
The present invention provides novel compounds which are inhibitors of JAKs.
The invention also provides a method for the treatiment and prevention of JAK-mediated diseases
15 and disorders using the novel compounds, as well as pharmaccutical compositions containing the

compounds.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides compounds of formula T or pharmaceutically

20 acceptable salts, or siercoisomers thereof:

Ha\a//\\\\i
/l

& I
A is selected from aryl and heteroaryl;
mis O, 1, or 2;
25 R'is independently selected from hydrogen, Cy.2alkyl, fluoro, and hydroxy;
R’ is selected from:
hydrogen
halogen,
oxo (=0),
30 C1-10 atkyl{oxy)n-1{carbonyl}p-1Cp-10 alkyl,
C1-1¢ heteroaltkyl{oxy)g-1{carbonyl)g-1Cp-1¢ alkyl,
aryl Cp-10 alkyl{oxy)g-1{carbonyl)g.1Co-1¢ alkyl,
Ca.172 eveloalkyl Co-10 alkyl{oxy)g-1{carbonylp-1Co-10 alkyl,
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heteroaryl Cg-10 alkyloxy)0-1{carbonyl}-1Co-10 alkyl,
(C3.1yheterocycloalkyl Cp.10 alkyl{oxy)g.1{carbonyl).1Co-10 alkyl,
spirocyehylCg.10 alkyl{oxy)p- 1{carbonyl}g.1Co-10 alkyl,
spiroheterocyelylCg-10 alkyl{oxy)g-1{carbonyhg- 1 Co-10 alkyl,
Cg-10 altkylaminoCg.1g alkvl,
(C1-10)heteroalkylaminoCq.1 galkyl,
(C1.1p)heteroalkylaminoCg. 1 galkyl,

Ca.172 eveloalkyl Co-10 alkylaminoCg-10 alkyl,

aryl Cg-10 alkylaminoCg-10 alkyt,

heteroaryl Cg-1¢ alkylaminoCg.1¢ alkyl,
(C3-12)heterocyeloatkyl Co.10 alkylaminoCg. g alkyl,
C1-10 alkylsulfonyl,

{C1-10 heteroalkylsulfonyl,
(C3.12)cycloalkylCg.1galkyisulfonyl,

{C3.12) heterocycloalkylCg. 1 palkylsultonyl,
heteroarylCg- 10 alkylsulfonyl,

arylCg-19 atkylsulfonyl,

-SONH{Cq.galkyh),

-SOPN(Crogalkyl)y,

{'1-10 heteroalkylsulfamoyi,

(C3-12)cvcloalkyliCq.q0 alkylsultamoyi,

{C3.12) heterocyeloalkylCg- 10 alkylsulfamoyl,
heteroarylCg- 19 alkylsulfamovi,

arylCg.19 alkylsulfamoyl,

(C1-10 allyly{.oamino,

-CO2(Cp-10 alkyl),

«{Cgp-10 alkyhCO2H,

-5072CF3,

-SO2CFH,

-802CH2CFa,

{1-10 alkylsulfinyl,

Ci-4acylaminoCg.1¢ alkyl,

hydroxy,

~<C1-10 alkyhOH,

C1-10 alkoxyCg-10 alkyl,

cyano,

(C1-galkyljcyano,

cvano(C{-galkyl, and
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C1-ghaloaliyl,
wherein R? is optionally independently substituted by 0, 1, 2, or 3 RY;
R’ is independently selected from:
C1-10 alkyl,
(C3-1)heterocycloalkyt Cp-1¢0 alkyl,
C1-10 alkoxyCg-1¢ alkyl,
halogen,
C1.ghaloalkyl, and
OXO;
R* is independently selected from:
C1-10 alkyl,
{C3-123heterocycloalkyl Cp-19 alkyl,
C1-10 alkoxyCg-10 alkyl,
Cg-10 alkylaminoCg.1¢ alkyl,
halogen,
hydroxy,
~{(C1-10 alkyl)OH,
{1.ghaloalkyl, and

OXG,

Representative compounds of the instant invention include, but are not limited to
the following compounds and their pharmaceutically acceptable salts and stercoisomers thereof:
tert-butyl 4-(3-(4-(N N-dimethylsulfamoyphenylamino}-4-ox0-4,5-dihydropyrazolo[4,3-
cipyridin-1-y D-4-cthylpiperidine-1-carboxylate;

2-tert-butyl-5-[{ 1-{1 ~rert-butyl-6-ethyl-2-ox0-1,3-0xazocan-6-yl }-d-oxo-1 1, 4H S H-pyrazolof4,3-
clpyridin-3-yljamino}-2,3-dihydro-1,2-benzothiazole-1,1-dione;

tert-butyl 4-cthyl-4-(3-(4-(methylsulfonylphenylamino}-4-oxo-4,5-dihydropyrazolof{4,3-
clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-(3-((4-(8-oxa-3-azabicyclo[3.2. 1 octane-3-carbonyl)-3-methylphenyl} amino-4-oxo-
4,5-dihydro-1H-pyrazolof4,3-clpyridin-1-yl}-4-cthylpiperidine- I -carboxylate;

fert-butyl 4-(3-(2-(4,4-difluoro-1-methyleyclohexyl)-1-oxoisoindolin-5-ylamino)}-4-ox0-4,5-
dihydropyrazolof4,3-c|pyridin-1-vl)-4-ethylpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(4-0x0-3-(4-(1-(2,2 2-trifluoroethylpiperidin-4-yhphenylamino}-4,5-
dihydropyrazolo[4,3-clpyridin-1-yl)piperidine- I -carboxylate;

tert-butyl 4-cthyl-4-(3-(4-(1-methylpiperidin-4-yhphenylamino)-4-oxo-4,5-dihydropyrazolo[4,3-
clpyridin-1-yhpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(3- {{2-(oxan-4-y1}-1,1-dioxo-2,3-dihydro-1,2-benzothiazol-5-yllamino | -4-
oxo-1H 4H 5H-pyrazolo[4,3-clpyridin- 1 -yl)piperidine-1-carboxylate;
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(§)-tert-butyl 4-ethyl-4-3-({3-methyl-4-3-methylmorpholine-4-carbonyljphenyhamino }-4-oxo-
4,5-dihydro-1H-pyrazolof4,3-clpyridin-1-yl)piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-((3-methyl-4-(3-methylmorpholine-4-carbonylphenyllamino }-4-0x0-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;

{(R)-tert-butyl-4-ethyl-4-(3-(3~-methyl-4-(Z-methylmorpholine-4-carbonylyphenylamino)-4-oxo-
4,5-dihydropyrazolol[4,3-cipyridin-1-ylpiperidine-1-carboxylate;

(§)-tert-butyl-4-cthyl-4-(3-(3-methyl-4-(2-methylmorpholine-4-carbonylphenylamino )-4-oxo-
4,5~dihydropyrazolo[4,3-clpyridin-1-yDipiperidine-1-carboxylate;

tert-butyl-4-ethyl-4-(3-(3-methyl-4-(Z-methylmorpholine-4-carbonylphenylamino)-4-oxo-4,5-
dihydropyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-((3-methyl-4-(morpholine-4-carbonylyphenylyamino)-4-oxo-4,5-dihydro-
FH-pyrazolo[4,3-clpyridin-1-ylpiperidine-1-carbox vlate;

(R)-tert-butyl 4-cthyl-4-(4-ox0-3-({(4-(2-(trifluoromethylazepan-2-yljphenyljamine -4, 5-dithydro-
1 H-pyrazolo[4,3-clpyridin-1-ylipiperidine-1-carboxylate;

(S)-tert-butyl 4-cthyl-4-{4-ox0-3-{((4-(2-(trifluoromethyazepan-2-yhphenylyamino}-4,5-dihydro-
H-pyrazolo[4,3-¢lpyridin-1-yDpiperidine- 1 -carboxylate;

tert-butyl 4-ethyl-4-(4-ox0-3-((4-(2-(trifluoromethyljazepan-2-yhphenylamino}-4,5-dihydro~ 1 /-
pyrazolo{4,3-cipyridin-1-yl}piperidine-1-carboxylate;

tert-butyl-4-cthyl-4-(3-(3-methyl-4-(morpholine-4-carbonylphenylamino)-4-oxo0-4,5-
dihydropyrazolof4,3-clpynidin-1-yDpiperidine- I-carboxylate;

tert-batyl 4-ethyl-4-(3-((3-tluoro-4-{morpholine-4-carbonyliphenyliamino }-4-0x0-4,5-dihydro-
I H-pyrazolo[4,3-clpyridin- I -yl)piperidine- 1 -carboxvylate;

tert-butyl 4-(3-({4-(3-0xa-8-azabicyclo{3.2.1 Joctane-8-carbonyl}-3-methylphenyljamino)-4-oxo-
4,5-dihydro-1H-pyrazolof4,3-clpyridin-1-yl)-4-cthylpiperidine- 1 -carboxylate;

tert-butyl 4-cthyl-4-(3-((3-methyl-4-(2-oxa-6-azaspiro[3.3 |heptane-6-carbonyl)phenylyamino}-4-
oxo-4,5-dihydro- 1 H-pyrazolo{4,3-c]pyridin- 1 -yDipiperidine-1-carboxylate;

tert-butyl 4-(3-{(4-({1R,4R)-2-0xa-5-azabicyclo]2.2.1 theptane-5-carbonyl)-3~-methyiph
enylamino}-4-oxo-4,5-dihydro-1 H-pyrazoloi4,3-clpyridin-1-yi}-4-ethyipiperidine-1-
carboxylate

tert-butyl 4-(3-((3-(cyanomethylphenyljamino)-4-oxo-4,5-dihydro- L H-pyrazolo[4,3-clpyridin-1-
yh-4-cthylpiperidine- I -carboxylate;

tert-butyl 4-(3-(4-{(38,5R)-3,5-dimethylmorpholine-4-carbonyl}-3-methylphenylamino)-4-oxo-
2,3,4,5-tetrahydropyrazolo[4,3-clpyridin-1-yl}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-(3-(4-((3R,5R)-3,5-dimethylmorpholine-4-carbonyl)-3-methylphenylamino)-4-oxo-
4,5~dihydropyrazolo[4,3-clpyridin-1-y1}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-(3-(4-((35,55)-3,5-dimethvimorpholine-4-carbonyl)-3-methyiphenylamino)-4-oxo-
4,5-dihydropyrazolo[4,3-cipyridin-1-yl}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-(3-(4-(3,5-dimethylmorpholine-4-carbonyl)-3-methylphenylamino)-4-ox0-4,5-
dibydropyrazolof4,3-clpyridin-1-yl)-4-ethylpiperidine-1-carboxylate;
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tert-butyl 4-ethyl-4-(3-(G-methyl-4-(thiomorpholine-4-carbonylyphenylarsino)-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;

tert-butyl 4-(3-{4-((15,45)-5-oxa-2-aza-bicyclo[2.2. 1 Theptanc-2-carbonyl)-3-
methylphenylamino)-4-oxo-4,5-dihydropyrazolof[4,3-clpyridin-1-yh)-4-cthylpiperidine-1-
carboxylate;

tert-butyl 4-cthyl-4-(4-ox0-3-(4-(piperidin-4-y)phenylamino}-4,5-dihydropyrazolof{4,3-
clpyridin-1-yhpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-((3-cthyl-4-(morpholine-4-carbonyl)phenylamino)-4-oxo-4,5-dthydro-
[ H-pyrazolo[4,3-clpyridin-1-ylipiperidine-1-carboxylate;

tert-batyl 4-(3-(3-(difluoromethyl}-4-(thiomorpholine-4-carbonyhphenylamino}-4-oxo-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)-4-cthylpiperidine- 1 -carboxylate;

fert-butyl 4-(3-(4-(4 4-difluoropiperidine-1-carbonyl)-3-methylphenylamino }-4-0x0-4,5-
dihydropyrazolof4,3-c|pyridin-1-vl)-4-ethylpiperidine-1-carboxylate;

tert-butyl-4-ethyl-4-(3-(3-methyl-4-(thiomorpholine-4-carbonyljphenylamino)-4-oxo-4,5-
dihydropyrazolo[4,3-clpyridin-1-yl)piperidine- I -carboxylate;

(R)-tert-butyl-d-ethyl-4-(3-(3-methyl-4-3-methylmorpholine-4-carbonylphenylamino)-4-oxo-
4,5-dihydropyrazolol[4,3-cipyridin-1-yhpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(3-(3-cthyl-4-(thiomorpholine-4-carbonyliphenylamino)-4-0x0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)piperidine- I -carboxylate;

tert-butyl 4-ethyl-4-3-((2-(1-methylpiperidin-4-yl)-1,1-dioxido-2.3-dihydrobenzo[ dlisothiazol-3-
yhamino}-4-oxo-4,5-dihydro-1H-pyrazolof4,3-clpyridin-1-yi}piperidine-1-carboxylate;

(S)-tert-butyl 4-cthyl-4-(4-oxo0-3-((4-(2-(triffuoromethylpiperidin-2-yDphenyhamino }-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;

(R)-tert-butyl 4-cthyl-4-(4-ox0-3-((4-(2-(triflooromethylipiperidin-2-yhphenylamino -4,5-
dihydro-1/-pyrazolo[4,3-clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(4-0x0-3-((4-(2-(trifluoromethylipiperidin-2-yhphenyhamino)-4,5-dihydro-
H-pyrazolo[4,3-¢lpyridin-1-yDpiperidine- 1 -carboxylate;

tert-butyl 4-ethyl-4-(3-(3-methyl-4-(pyrrolidine-1-carbonyl}phenylamino)-4-oxo-4,5-
dihydropyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;

(Sy-tert-butyl 4-cthyl-4-(4-0x0-3-(4-(2-(trifluoromethylpyrrolidin-2-ylphenylamino)-4,5-
dihydropyrazolof4,3-¢lpyridin-1-yDpiperidine- I-carboxylate;

(R)-tert-butyl 4-cthyl-4-(4-0x0-3-(4-2-(trifluoromethyl jpyrrolidin-2-yhphenylamino}-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(4-0x0-3-(4-2-(trifluoromethyl)pyrrolidin-2-yhphenylamino}-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)piperidine-1-carboxylate;

(R)-tert-butyl 4-(3-(4-(1(fert-butylamino)-2,2 2-trifluorocthyhphenylamino )-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl}-4-cthylpiperidine-1-carboxylate;

(S)-tert-butyl 4-(3-(4-(1-(tert-butylamino)}-2,2,2-trifluorocthylyphenylamino)-4-oxo0-4,5-
dibydropyrazolof4,3-clpyridin-1-yl)-4-ethylpiperidine-1-carboxylate;
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tert-butyl 4-3-(4-(1-{tert-butylamine}-2,2, 2-triffuoroethyl jphenylamino}-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl}-4-cthylpiperidine-1-carboxylate;

(S$)-tert-butyl 4-cthyl-4-(3-(4-(2-methylpyrrolidin-1 -ylsulfonyhphenylamino-4-0x0-4,5-
dihydropyrazolof4,3-clpyridin-1-yDpiperidine-1-carboxylate;

{(R)-tert-butyl 4-ethyl-4-(3-(4-(2-methylpyrrolidin-T-ylsulfonylphenylamino}-4-oxo-4,5-
dihydropyrazolo[4,3-clpyridin-1-yl)piperidine- I -carboxylate;

tert-butyl 4-cthyl-4-(3-(4-(2-methylpyrrolidin- 1 -ylsulfonyhphenylamino)-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)piperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(3-(2-fluoropyridin-4-ylamine}-4-oxo-4,5-dihydropyrazolo{4,3-clpyridin-1-~
vlipiperidine-1-carboxylate;

(8) tert-butyl 4-cthyl-4-(4-ox0-3-((4-(2,2,2-tritluoro- L -methoxyethylyphenyl jamino}-4,5-dihydro-
FH-pyrazolo[4,3-clpyridin-1-ylpiperidine-1-carbox vlate;

(R} tert-butyl 4-ethyl-4-(4-0x0-3-((4-(2,2,2-trifluoro-1-methoxyethyliphenyllamino)-4,5-dihvdro-
1 H-pyrazolo[4,3-clpyridin-1-ylipiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(4-0x0-3-((4-(2,2,2-trifluoro-1 -methoxyethyDphenyDamino -4, 5-dihydro- 1 H-
pyrazolo{4,3-clpyridin-1-yDpiperidine-1-carboxylate;

(R} tert-butyl 4-ethyl-4-(4-ox0-3-((4-(1,1, -triftuoro-2-hydroxypropan-2-yl jphenylamino)-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-ylpiperidine-1-carboxylate;

($) tert-butyl 4-ethyl-4-(4-oxo0-3-((4-(1,1, I-trifluore-2-hydroxypropan-2-ylphenyhamino)-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(4-ox0-3-((4-(1,1, 1 -trifluoro-2-hydroxypropan-2-ylphenyl jamino)-4,5-
dihydro-1H-pyrazolo[4,3-clpyridin- I -yDpiperidine-1-carboxylate;

(S) tert-butyl 4-cthyl-4-(4-0x0-3-((4-(2,2 2-trifluoro-1-hydroxyethyDphenylyamino -4, 5-dihydro-
1 H-pyrazolo[4,3-c]pyridin-1-yDpiperidine-1-carboxylate;

(R} tert-butyl 4-cthyl-4-(4-0x0-3-((4-(2,2,2-trifluoro-1-hydroxyethyl )phenyljamino}-4,5-dihydro-
LH-pyrazolo[4,3-clpyridin-1-yhpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(4-0x0-3-({(4-(2,2,2-trifluoro-1-hydroxyethyphenvhamino)-4,3-dihydro- 1 H-
pyrazoto{4,3-cipyridin-1-yl)piperidine-1-carboxylate;

4-({(1-(1-{tert-butoxycarbonyl)-4-cthylpiperidin-4-yl)-4-oxo-4,5-dihydro-1 H-pyrazolo {4,3-
clpyridin-3-ylamino)-2-methylbenzoic acid;

tert-butyl-4-cthyl-4-(3-((3-methyl-4-(2-oxomorpholine-4-carbonylphenylamino)-4-ox0-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-yhpiperidine-1-carboxvlate;

tert-butyl 4-[3-( {4-[(2,2-dimethylmorpholin-4-vljcarbonyl]-3-methylphenyl } amino)-4-0x0-4,5-
dihydro-1H-pyrazolo[4,3-clpyridin-1-yl}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-{[3-methyl-4-(6-oxa-9-azaspiro[4.5 Jdec-9-ylcarbonyljphenyl jamino } -4-
oxo-4,5-dihydro-1H-pyrazolo{4,3-clpyridin-1-yhpiperidine-1-carboxylate;

tert-butyl 4-{3-[(4-{[(2ZR,65)-2,6-dimethylmorpholin-4-yljcarbonyl } -3-methylphenyl}amino}-4-
oxo-4,5-dihydro-1H-pyrazolof4,3-cipyridin-1-yl}-4-cthylpiperidine-1-carboxylate;



10

20

b
A

(43
<

WO 2016/061751 PCT/CN2014/089139

tert-butyl 4-[3-({4-{(3,3-dimethylmorpholin-4-yl)carbonyl}-3-methylphenyl  amino)-4-ox0-4,5-
dihydro-1H-pyrazolo4,3-clpyridin-1-yi}-4-ethylpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-[3-({3-methyl-4-[{ 1R ,58)-6-0xa-3-azabicyclof3.1. 1 thept-3-
vicarbonyliphenyl}amino)-4-oxo-4,5-dthydro-1#~-pyrazoloi4,3-clpyridin- 1-yljpiperidine-
1~carboxylate;

tert-butyl 4-{3-[(4-{[(25,65)-2,6-dimethylmorpholin-4-yljcarbonyl} -3-methylphenyhaming]-4-
oxo-4,5-dihydro- 1 H-pyrazolo{4,3-clpyridin- -yl } -4-cthylpiperidine- 1 -carboxylate;

tert-butyl 4-cthyl-4-{3-[(3-methyl-4-{{(3R)-3-( 1 -methylethyDmorpholin-4-
yijcarbonyl iphenyljamino}-4-oxo0-4,5-dihydro-1H-pyrazolo[4,3-cpyridin-1-
yl}piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-{[3-methyl-4-(1,4-thiazepan-4-ylcarbonylphenyljamino } -4-ox0-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(3- {[3-methyl-4-(1,4-oxazepan-4-ylcarbonylphenyljamino | -4-ox0-4,5~
dihydro-1/-pyrazolo[4,3-clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-[3-({3-methyl-4-[{ 1 -oxidothiomorpholin-4-yljcarbonyl Jphenyl } amino}-4-
oxo-4,5-dihydro-1H-pyrazolof4.3-cipyridin-1-vl]piperidine- I -carboxylate;

tert-butyl 4-ethyl-4-{3-[(3~-methyl-4- {{(3R)-3-(1 -methylethyijmorpholin-4-
ylicarbonyl} phenyl)amino}-4-ox0-4,5-dihydro-1/{-pyrazolo{4,3-c]pyridin-1-
vl}piperidine-1-carboxylate;

fert-butyl 4-ethyl-4-(3-{[3-methyi-4-(1,4-thiazepan-4-yicarbonyl)phenylJamino } -4-0x0-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-yl}piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-{[3-methyl-4-(1 ,4-oxazepan-4-ylcarbonylphenyljamino } -4-0x0-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-[3-( {3-methyl-4-[{ 1 -oxidothiomorpholin-4-yl}carbonylphenyl t amino)-4-
ox0-4,5-dihydro-1H-pyrazolo{4,3-c|pyridin-1-yl]piperidine- I -carboxylate;

tert-butyl 4-cthyl-4-[3-({3-methyi-4-[(4-thiomorpholin-4-ylpiperidin- 1 -
yhcarbonyl lphenyl } aminej-4-ox0-4,5-dihydro-17{-pyrazolol4,3-clpyridin-1-
vilpiperidine-1-carboxylate,

tert-butyl 4-[3-({4-[(2.3-dimethylmorpholin-4-yljcarbonyl}-3-methylphenyl } amino}-4-oxo-4,5-
dihydro-1H-pyrazolo[4,3-clpyridin- 1-yl}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-{3-[(3-methyl-4-{{3-(2R-methylpropylmorpholin~-4-
ylicarbonyl} phenyllamino}-4-ox0-4,5-dihydro-1H-pyrazolo]4,3-c|pyridin-1-
vi} piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-{3-[(3-methyl-4-{{3-(28-methylpropyhmorpholin-4-
ylcarbonyl} phenyllamino}-4-oxo-4,5-dihydro-1H-pyrazolol4,3-¢jpyridin-1-
vi}piperidine-1-carboxylate;

tert-butyl 4-ethyl-4-{3-[(3-methyl-4-{[3-(methylpropyljmorpholin-4-ylicarbonyl} phenyljamino]-

4-ox0-4,5-dihydro-1H-pyrazolof4,3-cipyridin-1-y1} piperidine-f -carboxylate;
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tert-butyl 4-ethyl-4-[3-({3-methyl-4-[(methyl-1,4-0xazepan-4-yhearbonyliphenyl} amino)-4-oxo-
4,5-dihydro-1 H-pyrazolof4,3-clpyridin-1-yl]piperidine- I -carboxylate;

tert-butyl 4-cthyl-4-[3-({3-methyl-4-[{6R-methyl-1,4-oxazepan-4-ylcarbonyliphenyl } amino)-4-
oxo-4,5-dihydro-1#-pyrazolo{4,3-clpyridin- 1-yl]piperidine- I -carboxylate;

tert-butyl 4-ethyl-4-[3-( {3-methyl-4-[{65-methyl-1,4-oxazepan-4-ylcarbonyl{phenyl } amino)-4-
ox0-4,5-dihydro-1H-pyrazolo{4,3-c|pyridin-1-yl]piperidine- I -carboxylate;

tert-butyl 4-cthyl-4-(3-{[3-methyl-4-(2-oxa-5-azabicyclof4.1.0Thept-5-
ylcarbonylpheunyllamino i-4-ox0-4,5-dihydro-1H-pyrazolo[4,3~-clpyridin-1-yDpiperidive-
I-carboxylate;

tert-butyl 4-ethyl-4-[3-( {methyl-4-[(2-methyl-1,4-0xazepan-4-yl)carbonyljphenyl } amino)-4-oxo-
4,5-dihydro-1H-pyrazolof4,3-clpyridin- -yl jpiperidine- 1 -carboxylate;

tert-butyl 4-ethyl-4-[3-({3R-methyl-4-[(Z2-methyl-1,4-oxazepan-4-yhcarbonyliphenyl } amino)-4-
oxo-4,5-dihydro-1 H-pyrazolof4,3-clpyridin-1-vl]piperidine- 1 -carboxylate and

tert-butyl 4-ethyl-4-[3-({35-methyl-4-[(2-methyl-1 4-oxazepan-4-yhicarbonyl|phenyl } amino)-4-

oxo-4,5-dihydro- 1 H{-pyrazolo{4,3-clpyridin- | -yl]piperidine- I -carboxylate.

The invention also encompasses pharmaceutical compositions containing a
compound of Formula I, and methods for treatment or prevention of JAK mediated diseases
using compounds of Formula L
The mvention is described using the following definitions unless otherwise

indicated.

As used herein except where noted, "alkyl" is intended to include both branched-
and straighi-chain saturated aliphatic hydrocarbon groups, including all isomers, having the
specified number of carbon atoms. Commonty used abbreviations for alkoyl groups are used
throughout the specification, e.g. methyl may be represented by “Me” or CHj, ethyl may be

represented by “E” or CHyCH;, propyl may be represented by “Pr” or CH,CH,CH;, butyl may
be represented by “Bu” or CH,CH2CHRCH; L ete. “Ciog alkyl” (or “C1-Cg alkyl”) for example,
means linear or branched chain alkyl groups, including all isomers, having the specified number
of carbon atoms. Ci.g alkyl includes all of the hexyl alkyl and pentyl alkyl isomers as well as n-,
180-, sec- and t-butyl, n- and isopropyl, ethyl and methyl. “C1.4 alkyl” means v-, iso-, scc- and t-
butyl, n- and isopropyl, ethyl and methyl.

The term “alkylene” refers to both branched-~ and straight-chain saturated aliphatic
hydrocarbon groups, inchuding all isomers, having the specified number of carbons, and having
two terminal end chain attachroents. For tlustration, the term “unsubstituted A-Cgalkylene-B”

represents A-CHo-CHp-CH2-CH2-B.

The term "alkoxy" represents a linear or branched alkyl group of indicated number

of carbon atoms attached through an oxygen bridge.

"Acyl” means a —C{O)R radical where R is optionally substituted alkyl, alkenyl,

cycloalkyl, heterocycloalkyl, aryl heteroaryl, etc.
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"Acylamino” means a —-NRR' radical where R is H, OH, or alkoxy and R' is acyl,
as defined herein.
The term "alkyl" refers to an aliphatic hydrocarbon group which may be straight
or branched and having the indicated number of carbon atoms, Non-limiting examples of alkyl
3 groups include methyl, ethyl, propyl, isopropyl, butvl, s~ and 7~butyl, pentyl, hexyl, and the like.
The term "heteroallyl” refers to an alkyl group where 1, 2, or 3 of the carbon
atoms is substituted by a heteroatom independently chosen from N, O, or S,
“Alkenyl" refers to an aliphatic hydrocarbon group containing at east one carbon-
carbon double bond and which may be straight or branched and having the indicated number of
10 carbon atoms. Preferably alkenyl contains one carbon to carbon double bond, and up to four
nonaromatic carbon-carbon double bonds may be present. Examples of alkenyl groups include
cthenyl, propenyl, s-butenyl, 2-methyl-1-butenyl, 3~-methylbut-2-cuyl, n-pentenyl, octenyl and
decenyl.
"Alkynyl" refers to an aliphatic hydrocarbon group containing at least one carbon-
15 carbon triple bond and which may be straight or branched and having the indicated number of
carbon atoms. Non-limiting examples of suitable alkynyl groups include ethyoyl, propynyl, 2-
butynyl and 3-methytbutynyl.
“Alkoxy” refers to an alkyl-O- group in which the alkyl group is as described
above. C1.galkoxy, for example, inchudes methoxy, ethoxy, propoxy, isopropoxy, and the like.
20 "Alkoxyalkyl” refers to an alkyl group as described above in which one or more
(in particular 1 to 3) hydrogen atoms have been replaced by alkoxy groups. Examples include
CHpOCH3, CH2CH2O0CH3 and CH(OCH3)CH3.
“Aroinoalkyl” refers to an alkyl group as described above in which one hydrogen
atom has been replaced by an amino, monoalkylamine or dialkylamino group. Examples inchude
CHpNHp, CHpCHpNHCH3 and CH{N(CH3)2)CH3.

The term “Cg” as employed in expressions such as “Cg.g alkyl” means a direct

b
A

covalent bond; or when the term appears at the terminus of a substituent, Co.¢ alkyl means
hydrogen or C1-6alkyl. Similarly, when an integer defining the presence of a certain number of
atoms in a group is equal to zero, it means that the atoms adjacent thereto are connected directly

Q/{Aés\( 1}
T

30 byabond. Forexample, in the strocture , wherein s 1s an integer equal to zevro, | or

2, the structure is T when s is zero.
The term “C3.g cycloalkyl” (or “C3-Cg cycloalkyl”) means a cyclic ring of an

alkane having three to eight total carbon atoms (i.e., cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, or cyclooctyl). The terms “C3-7 cycloalky!l”, “C3-g cycloalkyl”, “Cs-7

35 cycloalkyl” and the like have analogous meanings.
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The term "halogen” (or “halo”) refers to fluorine, chlorine, bromine and iodine
(alternatively referred to as fluoro (F}, chlore (Cl), bromo (Br), and iodo (I)).
The term "aryl” refers to aromatic mono- and poly-carbocyclic ring systems,

wherein the individual carbocyclic rings in the polyring systems are fused or attached to each
other via a single bond. Suitable aryl groups include phenyl, naphthyl, 2,3-dihydro-1H-indenyl,
and biphenyl.
The term “carbocycle” (and variations thercof such as “carbocyclic” or
“carbocyclyl”) as used herein, unless otherwise indicated, refers to (1) a €3 to €] monocyelic,

aturated or unsaturated ring or (i1} a C7 to C172 bicyclic saturated or unsaturated ring system
Each ring in (i1) is either independent of, or fused to, the other ring, and each ring is saturated or
unsaturated, The carbocyele may be attached to the rest of the molecule at any carbon atom
which results in a stable compound. The fused bicyclic carbocycles are a subset of the
the term "fused bicyclic carbocycle” generally refers to a C7 to Cyg bicyelic

10

carbocycles; 1.e.,
ring system in which each ring is saturated or unsaturated and two adjacent carbon atoms are
sharcd by cach of the rings in the ring system. A fused bicyelic carbocyele in which one ring is
saturated and the other is saturated is a saturated bicyclic ring system. A fused bicyclic
carbocyele in which one ring is benzene and the other is saturated is an unsaturated bicyclic ring
system. A fused bicyclic carbocycle in which one ring is benzene and the other is unsaturated is
an unsaturated ring system. Saturated carbocyclic rings are also referred to as cycloalkyl rings,
e.g., cyclopropyl, cyciobuw} ete. Unless otherwise noted, carbocycle is unsubstituted or

20
alkyl, C1.6 alkenyl, C1.¢ alkynyl, aryl, halogen, NH2 or OH. A subset of

substituted with C1.¢
the fused bicycelic unsaturated carbocycles are those bicyclic carbocyeles in which one ring is a
benzene ring and the other ring is saturated or unsaturated, with attachment via any carbon atom

that results in a stable compound. Representative examples of this subset include the following:

00O oo

5 \/\,/

"Cyanoalkyl” refers to an alkyl group as described above in which one hydrogen
atom has been replaced by a cyano group. Examples include CH2CN, CH2CH2CN and
CH{CMN)YCH3.

"Cycloalkyl" means a carbocyelic ring system having 3 o 12 ring carbon atoms;

30 said ring system may be {2} a monocyclic saturated carbocycle optionally fused to a benzene or a
partially unsaturated carbocycle, or {(b) a bicyclic saturated carbocycle. For a bicyclic system,
within either (a) or (b), the rings are fused across two adjacent ring carbon atoms (e.g., decalin),
at one ring carbon atom (e.g., spiro{2.2]pentane), or are bridged groups {¢.g., norbornane).
Additional examples within the above meaning include, but are not limited to, cyclopropane,
cyclobutane, cyclopentane, cyclohexane, perhydroindan, decalin, spiro{4.5]decane,
bicyclo[2.2.2]octane, and the like.
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“Haloalkyl” refers to an alkyl group as described above wherein one or more (in
particular 1 to 5) hydrogen atoms have been replaced by halogen atoms, with up to complete
substitution of all hydrogen atoms with halo groups. C1.ghalealkyl, for example, includes -CF3,
-CFo(CF3, CHFCH3, and the like,

"Heterocycle", "heterocyclic” or "heterocyclyl” represents a monocyclic or
bicyclic 3-12 membered ring system in which at least one ring is non-aromatic {saturated or
partially unsaturated) and containing at lcast one heteroatom sclected from O, Sand N, Ina
bicyclic ring system, the second ring may be a heteroaryl, heterocycle or a saturated, partially
unsaturated or aromatic carbocycle, and the point(s) of attachment to the rest of the molecule
may be on either ring. For a bicyclic system,the rings may be fused across two adjacent ring

atoms {¢.g., quinoline), at one ring carbon atom (e.g., 1,4-dioxaspirof4.5]decane), or arc bridged

groups (e.g. 8-azabicyclo]3.2.1]octanyl,). “Heterocyclyl” therefore includes heteroaryls, as well

as dihydro and tetrathydro analogs thereof. Attachment of a heterocyclyl sabstituent can occur
via a carbon atom or via a heteroatom.

Examples of heterocycles (heterocyelyl) include, but are not limited to, azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiamorpholinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, dihydroimidazolyl,
dihydroindolyl, 1,2,3,4-tetrahydroisoguinolinyl, 5,6,7,8-tetrahydroimidazoe[1,2-a]pyrazine, 2,3~

dihydrobenzofuranyl, benzo-1,4-dioxanyl, benzoimidazolyl, benzofuranyl, benzofurazanyl,

benzopyrazolyl, benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl,

furanyl, imidazolyl, indolinyl, indolyl, indolazinyl, indazolyl, isobenzofuranyl, isoindolyl,
isoquinolyl, isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl, oxazolyl, oxazoline,
isoxazoline, oxetanyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridopyridinyl, pyridazinyl,
pyridinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl, tetrahydropyranyl, tetrazolyl,
tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, azetidinyl, aziridinyl, 1,4-dioxanyl,
hexahydroazepinyl, piperazinyl, piperidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl,
dihydrobenzoimidazolyl, dihydrobenzofuranyl, dihydrobenzothiophenyl, dihydrobenzoxazolyl,
dibydrofuranyl, dihydroimidazolyl, dihydroindolyl, dihydroisocoxazolyl, dikydroisothiazolyl,
dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl, dihydropyrazolyl, dihydropyridinyl,
dihydropyrimidinyl, dihydropyrrolyl, dihydroguinolinyl, dihydrotetrazolyl, dihydrothiadiazolyl,
dihydrothiazeolyl, dihydrothienyl, dihydrotriazolyl, dihydroazetidinyl, methylenedioxybenzoyl,
tetrahydrofuranyl, and tetrahydrothienyl, and N-oxides thereof.
Satarated heterocyelics form a subset of the heterocycles; i.e., the terms "saturated
heterocyclic and (C3.1 2 heterocycloalkyl” generally refers to a heterocycle as detined above in
which the entire ring system (whether mono- or poly-cyclic) is saturated. The term "saturated
heterocyelic ring" refers to a 4- to 8-membered saturated mounocyelic ring or a stable 7-to 12-
membered bicyelic ring system which consists of carbon atoms and one or more hetercatoms

selected from N, O and 3. Representative examples include piperidinyl, piperazinyl, azepanyl,



WO 2016/061751 PCT/CN2014/089139
13

pyrrolidinyl, pyrazolidinyl, imidazolidinyl, oxazolidinyl, isoxazolidinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, isothiazolidinyl, and tetrahydrofuryl (or tetrahydrofaranyl} .
Heteroaromatics form another subset of the heterocycles; i.e., the term
“heteroaromatic” (aliernatively “hetercaryl”) generally refers to a heterocycle as defined above in
5 which the entire ring system {whether mono- or poly-cyclic) is an aromatic ring system. The
term "heteroaromatic ring” refers a 5- or 6-membered monocyclic aromatic ring or a 7- to 12-
membered bicyclic which consists of carbon atoms and one or more heteroatoms selected from N,
O and 8. For a bicyclic heteroaryl only one of the rings need to be heteroaroratic, the second
ring may be a heteroaromatic or an aromatic, saturated, or partially unsatuated carbocycle, and
10 the poini(s) of attachment to the rest of the molecule may be on either ring. In the case of
substituted heteroaryl rings containing at least one nitrogen atom (e.g., pyriding), such
substitations can be those resulting in N-oxide formation. Examples of heteroaryl include, but
are not limited to, furanyl, thienyl (or thiophenyl), pyrrolyl, imidazolyl, pyrazolyl, oxazolyl,
thiazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, pyridyl,
15 pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, quinolinyl, isoguinolinyl, naphthyridinyl,
benzothicuyl, benzofuranyl, benzimidazole, benzpyrazolyl, indolyl, isoindelyl, indolizinyl,
indazolyl, purinyl, quinolizinyl, phthalazinyl, quinoxalinyl, guinazolinyl, benzoxazolyl,
benzisoxazolyl, 5,6,7 8-tetrahiydroguinolinyl, imidazo{1,2-alpyridinyl, imidazo[1,2-a|pyrimidinyi,
5,6-dihydropyrrolo[1,2-blpyrazolyl, pyrrolo[3.2-clpyridinyl, pyirolo[2,3-b]pyridinyl, thieno[2,3-
20 blpyrrolyl, furopyridine and thienopyridine.
Representative examples of bicyclic heterocyceles inchude benzotriazolyl, indolyl,
isoindolyl, indazolyl, indolinyl, isoindolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, chromanyl,

isochromanyl, tetrahydroquinolinyl, quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl,
3 Ad )
Le., O, imidazo(2,1-

2,3-dihydrobenzofaranyl, 2,3-dihydrobenzo-1,4-dioxinyl {

S
(\: “7'::: N

N : e QO
W2 Cr3

23 b)1,3)thiazole, (i.c., <3, and benzo-1,3-dioxolyl (e, S0 1. In certain contexts

herein, ~ "0 is alternatively referred to as pheny! having as a substituent methylenedioxy
attached to two adjacent carbon atoms.
Non-limiting examples of substituted heteroaryls include: isoindolinone,

isoindolin-1-one, 2,3-dthydro-1 H-pyrazolo[4,3-clpyridin-4(5H-one, 2,3,4,5-

(43

0 tetrahydrobenzo[dlisothiazole 1,1-dioxide, and 2,3,4.5-tetrahydrobenzo|blthiophene 1, 1-dioxide.
“Spirocyelyl” or "spirocyclic ring" refers Lo a ring originating froro a particular
annular carbon of another ring. For example, as depicted below, a ring atom of a saturated
bridged ring system (rings B and B'}, but not a bridgehead atom, can be a shared atom between
the saturated bridged ring systern and a spirocyelyl (ring A) attached thereto. A spirocyclyl can be

O

35 carbocyclic or heteroalicyclic. . In one embodiment, all rings of the spirocyelyl
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systemn are saturated. In another embodiement, the individual rings of the spirocyclyl sysiern are
selected from both saturated and unstaturated rings.

For example a heteroalicyclic, spirocyelyl, spiroheterocyelyl, or "spircheterocyclic
ring,” as used herein, refers to a bicycelic heterocyclic ring as defined above wherein the two rings
are joined through a comamon ring carbon atom. In one embodiment, a spiroheterocyclicring is a
3- to 12-membered ring system containing one to three hetercatoms, €.g., one to two hetercatoms,
sclected from the group consisting of N and O. Non-limiting examples of spiroheterocyclyl,
spiroheterocyclic rings include 2-oxa-6-azaspiro| 3,3 Theptane, 6-oxa-9-azaspirof4.5}dec-9-yl, and
1,4-dioxaspirof4.5}decane.

Non-limiting examples of a carbocyclic spirocyclyl systems comprising include:
spiro{ 2.2 pentane, spirofcylclobutane-1,2"-indenc], spiro[4.4}nonane, and spirof[4.5}decane,

"Hydroxyalkyl” refers to an alkyl group as described above in which one or more
{in particular 1 to 3) hydrogen atoms have been replaced by hydroxy groups. Examples inclade
CH>OH, CH>CHOH and CHOHCH3.
"Alkylene," "alkenylene,” "alkynylene,” "cycloalkylene,” "arylene,”
"heteroarylene,” and "heterocyelylene” refer to a divalent radical obtained by the removal of one
hydrogen atom from an alkyl, alkkenyl, alkynyl, eycloalkyl, arvl, heteroaryl, and heterocyclyl
group, respectively, cach of which is as defined above.

Unless expressly stated to the contrary, an “unsaturated” ring is a partially or fully
ansaturated ring. For example, an “unsaturated monocyclic Cg carbocycle” refers to eyclohexene,
cyclohexadiene, and benzene.

Unless expressly stated to the contrary, all ranges cited hercin are inclusive. For
example, a heterocyele described as containing from "1 to 4 heteroatoms” means the heterocycle
can contain 1, 2, 3 or 4 heteroatoms.

When any variable occurs more than one time in any constituent or in any formula

depicting and describing compounds of the invention, its definition on each occurrence is
independent of'its definition at every other occurrence. Also, combinations of sabstituents
and/or variables are permissible only if such combinations result in stable compounds.
The term “sulfamoy!l” is a suffix to denote radicals derived from sulfamide such
as —~SO2NH>, -—SO2NHR and -307N(RR').

The term "substituted” (e.g., as in “aryl which is optionally substituted with one or
more substituents ...”) inchudes mono- and poly-substitution by a named substituent to the extent
such single and multiple substitution (including multiple substitution at the same site) is
chemically allowed.

The term "oxy"” means an oxygen {O) atom. The term "thio” means a sulfur (S)
atom. The term "oxo" means “=(3”. The term “carbonyl” means “C={(}.”
When any variable (e.g., R2, R3, etc.) occurs more than one time in any

substituent or in Formula I its definition in cach occurrence 18 independent of its definition at
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every other occurrence. Also, combinations of substituents and/or variables are permissible only
if such combinations result in stable compounds.

Under standard nomenclature used throughout this disclosure, the terminal portion
of the designated side chain is described first, followed by the adjacent functionality toward the

5  point of attachment. For example, a C1.5 alkylcarbonylamino Ci.g alkyl substituent is
O

equivalent to ~Ct-e AKYFHNT Cy o alkyl,

In choosing compounds of the present invention, one of ordinary skill in the art
will recognize that the various substituents, i.c. Rl, Rzﬁ R3, etc., are to be chosen in conformity
with well-known principles of chemical stracture connectivity.

10 Lines drawn into the ring systems from substituents indicate that the indicated
bond can be attached to any of the substitutable ring atoms. If the ring system is polycyclic, it is
intended that the bond be attached to any of the suitable carbon ators on the proximal ring only.

It is understood that substituents and substitotion patterns on the corupounds of
the instant invention can be selected by one of ordinary skill in the art to provide compounds that

15 are chemically stable and that can be readily synthesized by technignes known in the art, as well
as those methods set forth below, from readily available starting materials. It a substituent is
itself substituted with more than one group, it is understood that these multiple groups can be on
the same carbon or on different carbons, so long as a stable structure resuits. The phrase
“optionally substituted with one or more substituents” should be taken to be equivalent to the

20 phrase “optionally substituted with at least one substituent” and in such cases one embodiment
will have from zero to three substituents.

Structural representations of compounds having substituents terminating with a

13

methyl group may display the terminal methyl group either using the characters “CH3”, e.g. “-
1A "

CH3” or using a straight line representing the presence of the methyl group, e.g. = ,1i¢,

" "

%""’""‘"CH; and ”%m

1A
have equivalent meanings.
For variable definitions containing terms having repeated terms, e.g., (CRIRDy,
where v is the integer 2, R is a defined variable, and Rj is a defined variable, the value of R may
differ in cach instance in which it occurs, and the value of Ri may differ in cach instance in
which it oceurs. For example, if Ri and RJ are independently selected from the group consisting
30 of methyl, ethyl, propyvl and butyl, then {CRIRE}} can be
[TaVa¥aV)

E

3'13 (: H 2(j H 2(j H 2(j - (Ej - {.:}'{2 {.:}'{2 {..:}'{ 3
"Patient” includes both human and animals.

“Mammal” means humans and other mammalian animatls,
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“Therapeutically effective amount” means that amount of a drug or
pharmaceutical agent that will elicit the biclogical or medical response of a tissue, a system,
animal or human that is being sought by a rescarcher, veterinarian, medical doctor or other
clinician.
The term “treatment” or “treating” includes alleviating, ameliorating, relieving or
otherwise reducing the signs and symptoms associated with a disease or disorder.

The term "composition”, as in pharmaccutical composition, is intended to
encormpass a product comprising the active ingredient(s), and the inert ingredient(s)
{pharmaceutically acceptable excipients) that make up the carrier, as well as any product which
results, directly or indirectly, from combination, complexation or aggregation of any two or more
of the ingredients, or from dissociation of one or more of the ingredients, or from other types of
reactions or interactions of one or more of the ingredients. Accordingly, the pharmaceutical
compositions of the present invention encompass any composition made by admixing a
compound of Formula I, and pharmaceutically acceptable excipients.

The term “optionally substituted” means “unsubstituted or substituted,” and
therefore, the gevneric structural forruulas described herein encompasses corapounds containing
the specified optional substituent as well as compounds that do not contain the optional
substituent,

Each variable is independently defined each time it occurs within the generic
structural formula definitions. For example, when there is more than ove substituent for
aryl/heteroaryl, each substituent is independently selected at each occurrence, and each
substituent can be the same or different from the other(s). As another example, for the
group -(CRIR3)3-, each occurrence of the two R3 groups may be the same or different. As used
herein, unless explicitly stated to the contrary, each reference to a specific compound of the
present invention or a generic formula of compounds of the present invention is intended to
include the compound(s) as well as pharmaccutically acceptable salts thereof.

In one embodiment of the invention, A s selected from: phenylene,
o A
o

X Ry
| o A
AT

In a variant of this embodiment, A is selected from:phenylene.

isoindolinyldivl, pyridinyldiyl, © , and indolinyldivl.
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i NH
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In another variant, A is selected from pyridinyldivl, , and

o A
/-

o

In one embodiment of the invention, R’ is selected from hydrogen, C1.7alkyl,

fluoro, and hydroxyl. In a variant of this embodiment, R’ is hydrogen or fluoro. In yet another

embodiment R’ is hydrogen,

in one embodiment of the invention, m is § or 1. In another embodiment, m is 2,
In one embodiment of the invention, R* is selected from:
hydrogen
halogen,
oxo {(=0),
C1-10 alkyl{oxy)p-1(carbonyl}p-1Co-10 alkyl,
(1-10 heteroalkyl{oxy)p-1{carbonyl}o.- 1Cg-10 alkyl,
aryl Cg-10 alkyloxy)0-1{carbonyl}o-1Cg-10 alkyl,
C3-12 eycloalkyl Cg.1¢ alkyl{oxy)g-1(carbonyl}o-1Cg- 10 alkyl,
heteroaryl Cg-1¢ alkyl{oxy)p-1{carbonyl}g-1Cg-10 alkyl,
(C3-12yheterocycloalkyl Cg-10 atkyl{oxy)g-1{carbonyl}p-1Co-10 alkyl,
spirocyeivliCg-10 alkyl{oxyig-1{carbonyl}p-1Cg- 10 atkyl,
spircheterocyclylCa. 10 alkyl{oxy)g-1{carbonyl}g-1Co- 10 alkyl,
Co-1¢ alkvlaminoCg.1¢ alkyl,
C1-10 alkylsulfonyl,
(C1-10 heteroalkylsulfonyl,
(C3-12)cycloalkyliCo.1palkyisulfonyl,
(C3.12)heterocycloalkylCo.1 palkylsulfonyl,
heteroarylCg- 10 alkylsulfonyl,
arylCg-19 atkylsulfonyl,
-SONH(C1.galkyh,
-SON(C1-galkyl)2,
1-10 heteroalkylsulfamoyi,
{C3-12)cycloalkylCpo10 alkylsulfamoy],
(C3-12)hetercyclooalkylCy. 10 alkylsutfamoyl,
(C1-10 allyly1-2amino,
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-CO2(Co-10 alkyl),
(Co-10 alkyhCO2H,
hydroxy,
~«C1-10 alkyDhOH,
5 C1-10 atkoxyCg- 10 alkyl,
cyano,
cyano(C 1.galkyl, and
C1-ghaloalkyl.
wherein R? is optionally independently substituted by 0, 1, 2, or 3 R”,
10
In another embodiment, R” is selected from:
hydrogen
halogen,
oxo (=0},
15 C1-10 alkyl{oxy)(-1{carbonyg.1Co-10 alkyl,
Ca.12 eveloalkyl Cp-10 alkyl{oxy)g- 1{carbonylp-1Co-10 alkyl,
(C3-12)heterocycloalkyl Cg.10 alkyl(oxy)g-1(carbony)p-1Co-10 alkyl,
spirocyclylCo. 10 alkyl{oxy)g- 1{carbonyl}.1Co-1¢ alkyl,
spircheterocyelylCg.-1¢ alkyl{oxy)g-1(carbonylyn. 1 Co- 10 alkyl,
20 Co-10 alkylaminoCo. 10 alkyl,
1-1p atkylsulfonyl,
(C13-172) heterocycloalkylCq.palkylsulfonyl,
-SO2NH(Cq.galkyly,
-SON(C1 -galkyl)n,
«{Cg-10 alkyDCOH,
-(C1.10 alkyh)OH,
C1-10 alkoxyCg-10 alkvl,

b
A

cvano(C{-galkyl, and

(1 _ghaloalkyl, wherein R* is optionally independently substituted by 0, 1, 2, or 3 R".

(43
<

In yet another embodiment, R’ is selected from:
halogen,
C1-10 alkyl;
C3.12 cycloalkyl,
(C3-12)heterocycloalkyl{carbonyl}g-1,
35 spircheterocyelyl{carbonylp-1,
Co-10 alkylaminoCg.1¢ alkyl,
(110 atkylsulfonyl,
(C3-12) heterocycloalkylsulfonyl,
~-SONH{C 1-galkyl),
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-SOPN(Crogalkyl)y,
-CO2H,
C1-1¢ alkoxyCp.1¢ alkyl,
~«C1-10 alkyDhOH,
5 cyanoC1.salkyl, and
C1_ghaloalkyl, wherein R is optionally independently substituted by 0, 1, 2, or 3 R”.

In one embodiment of the invention, R? is selected from: carboxy, (8-oxa-3-
azabicyclo[3.2. 1joxtane)carbonyl, cyclohexyl, piperidinyl, morpholinylcarbonyl, azepanyl,

10 ({1R.4R)-2-oxa-5-azabicyclo[2.2.1TheptyDecarbonyl, cyanomethyl, (2-oxa-6-
azaspiro{3.3theptylycarbonyl, thiomorpholinylcarbonyl, ({(1R,4R)-2-0oxa-5-
azabicycio[2.2. Theptylicarbouyl, (2-oxa-S-azabicyclo[2.2. 1 Theptyhcarbouyl, piperidinylcarbonyl
pyreolidinylcarbonyl, pyrrolidinyl, rer-butylaminomethyl, 2,2,2-trifluoroethyl,
pyrrolidinylsulfonyl, fluoro, methoxymethyl, hydroxymethyl, (6-oxa-9-

15 azaspiro[4.5]decylicarbonyl, ((1R,58)6-oxa-3-azabicyclo]3.1.1 heptyl)carbonyl, (6-oxa-3-
azabicyclo{3.1.1heptylecarbonyl 1,4-thiazepanylcarbonyl, thiazepanylcarbonyl, 1.4-
oxazepanylcarbonyl, oxazepanylcarbonyl, (2-oxa-5-azabixyclo[4.1.0fheptylicarbonyl;
dimethylsulfamoyl, ferr-butyl, and methylsulfonyl, wherein R” is optionally independently
substituted by 0, 1, 2, or 3 RY,

20 In one embodiment of the invention, R independently is selected from: Ci-10

alkyl, oxo, (C3.12)heterocycloalkyl Co.10 alkyl, C1.10 alkoxyCq.10 alkyl, halogen, and C1.

ghaloalkyl. In a variant of this embodiment, R” independently is selected from: methyl,
trifluoromethyl, ethyl, trifluoroethyl, fluoro, oxo, theoxy, hydroxyl, isopropyl, thiomorpholinyl,
isobutyl, and diftuoromethyl,

In one embodiment of the invention, R* is independently selected from: C1.1¢

b
A

alkyl, (C3.1heterocycloalkyl Cp.1¢ alkyl, C1.1¢ alkoxyCg.1¢ alkyl, Cg. 10 alkylaminoCg.1¢
alkyl, halogen, hydroxy, Ci.ghaloalkyl, and oxo.
In one embodiment of the invention, R* independently is selected from: methyl,

fluors, 2,2, 2-trifluoroethyl, triflnoromethyl, fers-butylamine, methoxy, hydroxy, oxo, isopropyl,

(43
<

thiomorpholinyl, and isobutyl.
In yet another embodiment of the invention are compounds of Formula T or

pharmaceutically acceptable salts, or stereoisomers thereof:
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Q4 \ S
f“f\r N \%{ E \/\NH
DR
AT
A is pyridinyldiyi, ‘Js‘f , and G

misQ, 1, or2;

R is independently is hydrogen;

R? is selected from: carboxy, (8-oxa-3-azabicyelo]3.2.1Joxtane)carbonyl, eyclohexyl, piperidinyl,
morpholinylcarbonyl, azepanyl, ((1R 4R)-2-0xa-5-azabicyclo[2.2.1 theptyl)carbonyl,
cyanomethyl, (2-oxa-6-azaspiro[ 3.3 JheptyDcarbonyl, thiomorphohinylearbonyl, (1R 4R)-
2-oxa-5-azabicyclof2.2.1 heptylcarbonyl, (2-oxa-5-azabicyclof2.2.1 theptyljcarbonyl,
piperidinylearbonyl, pyrrolidinylcarbonyl, pyrrolidinyl, tere-butylaminomethyl, 2,2,2-
triffuoroethyl, pyrrolidinylsulfonyl, fluoro, methoxymethyl, hydroxymethyl, (6-oxa-9-
azaspiro{4.5decylcarbonyl, ((1R,55)6-0oxa-3-azabicyclof3.1. 1 Theptylicarbonyl, (6-oxa-
3-azabicyclo{3.1.1]heptylcarbonyl 1,4-thiazepanvicarbonyl, thiazepanylcarbonyl, 1,4-
oxazepanylcarbonyl, oxazepanylcarbonyl, (2-oxa-5-azabixyclof4.1.0}heptylycarbonyl;
dimethylsulfamoyl, rerr-butyl, and methylisulfonyl, wherein R” is optionally
independently substituted by 0, 1, 2, or 3 R

R* is independently selected from: methyl, triffucromethyl, ethyl, trifluoroethyl, fluoro, oxo,
theoxy, hydroxyl, isopropyl, thiomorpholinyl, isobutyl, and diftuoromethyl; and

R* is selected from: methyl, fluoro, 2,2,2 trifluoroethyl, trifluoromethyl, rerr-butylamino,

methoxy, hydroxy, oxo, isopropyl, thiomorpholinyl, and isobutyl,

Optical Isomers - Diastereomers - Geometric Isomers — Tautomers

Compounds of Formula I contain one or more asymmetric centers and can thus
occar as racemates and racemic mixtures, single enantiomers, diastereomeric mixtures and
individual diastereomers. The present invention is meant to comprehend all such isomeric forms
of the compounds of Formula I, cither as single species or mixtures thereof.

Some of the compounds described herein contain olefinic double bonds, and
unless specified otherwise, are meant to include both E and 7 geometric isomers.

Some of the compounds described herein may exist with different points of
attachment of hydrogen, referred to as tautomers. Such an example may be a ketone and its enol
form known as keto-cuol tautomers. The individoal tantomers as well as mixture thereof are
encompassed with compounds of Fornula L

Specific embodiments of the present invention include a compound which is
sclected from the group consisting of the subject compounds of the examples herein or a
pharmaceutically acceptable salt thereof.

The compounds of the present invention may contain one or more asymmetric

centers and can thus occur as "stereoisomers” including racemates and racemic mixtures,
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enantiomeric mixtures, single enantiomers, diastereomeric mixtures and individual diastereomers,
Additional asymmetric centers may be present depending upon the nature of the various
substituents on the molecule. Each such asymmetric center will independently produce two
optical isomers and it is intended that all of the possible optical isomers and diastereomers in
mixtares and as pure or partially purified compounds are included within the scope of this
invention. The present invention is meant to comprehend all such isomeric forms of these
compounds. When bonds to the chiral carbon are depicted as straight lines in the formulas of the
mvention, it is understood that both the (R) and (8) configurations of the chiral carbon, and hence
both enantiomers and mixtures thereof, are embraced within the formula. For example, Formula
I shows the structure of the class of compounds without specific stereochemistry. When the
compounds of the present invention contain onc chiral center, the term "stercoisomer” inchudes
both enantiomers and mixtures of enantiorers, such as the specific 50:50 mixtore referred to as
racemic mixtures.

The compounds of Formula (I} may contain asymmetric or chiral centers, and,
therefore, exist in different stercoisomeric forms. It 18 intended that all stereoisomeric forms of
the compounds of Formaula (I} as well as mixtures thereof, including racemic mixtures, form part
of the present invention. In addition, the present invention embraces all geometric and positional
isomers. For example, if a compound of Formula () incorporates a double bond or a fused ring,
both the cis- and trans-forms, as well as mixtures, are ecmbraced within the scope of the invention.

Diastercomeric mixtures can be separated into their individual diastereomers on
the basis of their physical chemical differences by methods well known to those skilled in the art,
such as, for cxample, by chromatography and/or fractional crystallization. Enantiorners can be
separated by couverting the enantiomeric mixture into a diastereomeric mixture by reaction with
an appropriate optically active compound (e.g., chiral auxiliary such as a chiral alcohol or
Mosher’s acid chloride), separating the diastereomers and converting {e.g., hydrolyzing} the
individual diastereomers to the corresponding pure cnantiomers. Also, some of the compounds
of Formula (I) may be atropisomers {e.g., substituted biaryls) and are considered as part of this
invention. Enantiomers can also be separated by use of chiral HPLC column.

It is also possible that the compounds of Formula (I} may exist in different
tautomeric forms, and all such forms are embraced within the scope of the invention. Also, for
example, all keto-enol and imine-enaruine forms of the compounds are included in the invention,

All stereoisomers {for example, geometric isomers, optical isomers and the like)
of the present compounds (including those of the salts, solvates, esters and prodrugs of the
compounds as well as the salts, solvates and esters of the prodrugs), such as those which may
exist due to asymmetric carbons on various substituents, including enantiomeric forms (which
may exist even in the absence of asymmetric carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the scope of this invention, as are positional
isomers (such as, for example, 4-pyridyl and 3-pyridyl). For example, if a compound of Formula

{(I) incorporates a double bond or a fused ring, both the cis- and trans-forms, as well as mixtares,
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are embraced within the scope of the invention. Also, for example, all keto-enol and iruine-
enamine forms of the compounds are included in the invention. Individual stereoisomers of the
compounds of the invention may, for example, be substantially free of other isomers, or may be
admixed, for example, as racemates or with all other, or other selected, stercoisomers. The chiral
centers of the present invention can have the S or R configuration as defined by the JUPAC 1974
recommendations. The use of the terms "salt”, "solvate”, “ester”, "prodrug” and the like, is
intended to equally apply to the salt, solvate, ester and prodrug of cnantiomers, stercoisomers,
rotamers, tautomers, positional isomers, racemates or prodrugs of the inventive compounds.

In the present application when a particular stereomeric compound is named using
an "and” in the stereomeric designation, for example, ((28 and 2R) N-(1-(4-bromopheny!}-2,2,2-
trifluoroethyl}-2-methylpropan-2-amine, the "and"” indicates a racemic mixture of the
enantiomers, That is, the individaal enantiomers were not individually isolated.

When the stereomeric nomenclature includes "or", for example, terr-butyl 4-(3-(4-
({358,558 or 3R,5R}-3,5-dimethylmorpholine-4-carbonyl}-3-methylphenylamino)-4-ox0-4,5-
dihyvdropyrazolo{4,3-clpyridin-1-yl}-4-cthylpiperidine- 1 -carboxylate, the "or” indicates that chiral
resolution of racemate into individual enantiomers was accomplished but the actual optical
activity of the specific enantiomer was not nessissarily determined.

The independent syntheses of these diastercomers or their chromatographic
separations may be achieved as known in the art by appropriate modification of the methodology
disclosed herein. Their absolute stereochemistry may be determined by the x-ray crystallography
of crystalline products or crystaliine intermediates which are derivatized, if necessary, with a
reagent containing an asymmetric center of known absolute configuration. If desired, racemic
mixtures of the compounds ruay be separated so that the individual enantiomers are isolated. The
separation can be carried out by methods well known in the art, such as the coupling of a racemic
mixture of compounds to an enantiomerically pure compound to form a diastereomeric mixtare,
folowed by separation of the individual diastereomers by standard methods, such as fractional
crystallization or chromatography. The coupling reaction is often the formation of salts using an
enantiomerically pure acid or base. The diasteromeric derivatives may then be converted to the
pure cnantiomers by cleavage of the added chiral residue. The racemic mixture of the
compounds can also be separated directly by chromatographic methods utilizing chiral stationary
phases, which methods are well known in the art. Alternatively, any enantiomer of a compound
can be obtained by stereoselective synthesis using optically pure starting materials or reagents of

known configuration by methods well known in the art,

Salt
The term "pharmaceutically acceptable salts” refers to salts prepared from
pharmaceutically acceptable non-toxic bases including inorganic bases and organic bases. Salts
derived from inorganic bases include aluminum, ammonium, calcium, copper, ferric, ferrous,

lithium, magnesium, manganic salts, manganous, potasstum, sodium, zine, and the like.
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Particularly preferred are the ammonium, calciur, roagoesium, potassium, and sodium salts.
Salts derived from pharmaceutically acceptable organic non-toxic bases include salts of primary,
sccondary, and tertiary amings, substituted amines including naturally occurring substituted
amines, cyclic amines, and basic ion exchange resins, such as arginine, betaine, caffeine, choline,
5 N.N'-dibenzylethylenediamine, dicthylamine, Z-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, cthylenediamine, N-ethyl-morpholine, N-cthylpiperidine, glicamine, glucosamine,
histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, piperazine,
piperidine, polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine,
tripropylamine, tromethamine, and the like.
10 When the compound of the present invention is basic, salts may be prepared from
pharmaceutically acceptable non-toxic acids, including inorganic and organic acids. Such acids
include acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfounie, fumaric,
gluconic, ghatamie, hydrobromic, hydrochiorie, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, nucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfurie, tartaric, p-
15 toluenesulfonic acid, 1-hydroxy-2-naphthoic acid (xinafoate) and the like. Particularly preferred
are citric, hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, xinafoate and tartaric acids.
It will be understood that, unless otherwise specified, references to the compound
of Formmla 1 subsets thereof, embodiments thereof, as well as specific compounds are meant o
also include the pharmaceutically acceptable salts and stercoisomers thereof.
20 Forthermore, some of the crystalline forms for compounds of the present
invention may exist as polymorphs and as such all forms are intended to be included in the
present invention. In addition, some of the compounds of the instant invention may form
solvates with water (hydrates) or common organic solvents., Such solvates are encompassed

within the scope of this invention.
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Labelled Compounds
In the compounds of generic Formula 1, the atoms may exhibit their natural
isotopic abundances, or one or more of the atoms may be artificially enriched in a particular

isotope having the same atomic number, but an atomic mass or mass number different from the
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atomic mass or mass number predominantly found in nature. The present invention is meant to
include all suitable isotopic variations of the compounds of generic Forroula 1. For example,
different isotopic forms of hydrogen (H) include protiwm (1H) and deuterium (2H). Protium is
the predominant hydrogen isotope found in nature. Enriching for deuterinm may afford certain
therapeutic advantages, such as increasing in vive half-life or reducing dosage requirements, or
35 may provide a compound useful as a standard for characterization of biological samples.
Isotopically-enriched compounds within generic Formula I can be prepared without undue
experimentation by conventional technigues well known to those skilled in the art or by
processes analogous to those described in the schemes and examples herein using appropriate

isotopically-enriched reagents and/or intermediates.
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Utilities
Compound of Formula 1 or its pharmaceutically acceptable salts and
pharmacecutical compositions can be used to treat or prevent a variety of conditions or discases
mediated by Januos kinases, in particular diseases or conditions that can be ameliorated by the
5 inhibition of a Janus kinase such as JAK I, JAKZ, JAK3 or TYKZ. Such conditions and discases
include, but are not limited to:
(1) arthritis, including rheumatoid arthritis, juventle arthritis, and psoriatic arthritis; (2} asthma
and other obstructive airways diseases, inchuding chronic asthma, late asthma, aitway hyper-
responsiveness, bronchitis, bronchial asthma, allergic asthma, intrinsic asthma, extrinsic asthma,
10 dust asthma, recurrent airway obstruction, and chronic obstruction pulmonary disease including
emphysema; (3) antoimmunc diseases or disorders, including those designated as single organ or
single cell-type autoiromune disorders, for example Hashimoto's thyroiditis, autoimmmune
hemolytic anemia, autoimmune atrophic gastritis of pernicious anemia, autoimmune
encephalomyelitis, autoimmune orchitis, Goodpasture's disease, autoimmune thrombocytopenia,
15 sympathetic ophthalmia, myasthenia gravis, Graves' disease, primary biliary cirrhosis, chronic
aggressive hepatilis, ulcerative colitis and roembranous glomerulopathy, those designated as
involving systemic autoimmune disorder, for example systemic lupus erythematosis, rheumatoid
arthritis, Sjogren's syndrome, Reiter's syndrome, polymyositis-dermatomyositis, systemic
sclerosis, polyarteritis nodosa, multiple sclerosis and bullous pemphigoid, and additional
20 autormmune diseases, which can be B-cell (humoral) based or T-cell based, including Cogan's
syndrome, ankylosing spondylitis, Wegener's granulomatosis, autoimmune alopecia, Type Lor
juvenile onsct diabetes, and thyroiditis; (4) cancers or tumors, including alimentary/gastro-
itestinal tract cancer, colon cancer, Hver cancer, skin cancer including mast cell tumor and

SqQUamous cell carcinoma, breast and mammary cancer, ovar ian Cancer, pi‘(‘)SE&ﬁﬁ ¢cancer,

b
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lymphoma, leukemia, including acute myelogenous lenkemia and chronic myelogenous leukemia,

kidney cancer, lung cancer, muscle cancer, bone cancer, bladder cancer, brain cancer, melanoma
imcluding oral and metastatic melanoma, Kaposi's sarcoma, myelomas including multiple
myeloma, myeloproliferative disorders, proliferative diabetic retinopathy, and angiogenic-

associated disorders including solid tumors; (5) diabetes, including Type  diabetes and
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complications from diabetes; (6) eye diseases, disorders or conditions including autoimmune
discases of the eye, keratoconjunciivitis, vernal conjunctivitis, uveitis including wveitis
associated with Behcet's disease and lens-induced uveitis, keratitis, herpetic keratitis, conical
keratitis, corneal epithelial dystrophy, keratoleukoma, ocular premphigus, Mooren's uleer,
scleritis, Grave's ophthalmopathy, Vogt-Koyanagi-Harada syndrome, keratoconjunctivitis sicea
35 {(dry eye), phlyetenule, iridocyclitis, sarcoidosis, endocrine ophthalmopathy, sympathetic
ophthalmitis, allergic conjunctivitis, and ocular neovascularization; (7) intestinal inflammations,
allergies or conditions including Crohn's disease and/or ulcerative colitis, inflammatory bowel
discase, cocliac diseases, proctitis, cosinophilic gastroenteritis, and mastocytosis; (8)

neurodegenerative diseases including motor neuron disease, Alzheimer's disease, Parkinson's
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disease, amyotrophic lateral sclerosis, Huntington's disease, cerebral ischemia, or
eurodegenerative disease caused by traumatic injury, strike, ghitamate neurotoxicity or hypoxia;
ischemic/reperfusion injury in stroke, myocardial ischemica, renal ischemia, heart attacks,
cardiac hypertrophy, atherosclerosis and arteriosclerosis, organ hypoxia, and platelet aggregation;
5 {(9) skin diseases, conditions or disorders including atopic dermatitis, eczema, psoriasis,
scleroderma, pruritus and other pruritic conditions; (10) allergic reactions including anaphylaxis,
allergic rhinitis, allergic dermatitis, allergic urticaria, angioedema, allergic asthma, or allergic
reaction to insect bites, food, drugs, or pollen; (11) transplant rejection, including pancreas islet
transplant rejection, bone marrow transplant rejection, graft- versus-host disease, organ and cell
10 transplant rejection such as bone marrow, cartilage, cornea, heart, intervertebral disc, islet,
ladney, limb, hiver, lung, muscle, myoblast, nerve, pancreas, skin, small intestine, or trachea, and
xeno transplantation,
Accordingly, another aspect of the present invention provides a method for the
treatment or prevention of a JAK-mediated disease or disorder comprising administering to a
15 marmmal in need thercof a therapeutically effective amount of a compound of Formula I In one
ernbodiment such diseases include asthma and theumatoid arthritis.
Aunother aspect of the present invention provides for the use of a compound of
Formula [ in the manufacture of a medicament for the treatment or prevention of a JAK-mediated
disease or disorder.

20 One aspect of the invention is the use of a compound of Formulafora
pharmaceutically acceptable salt or a stereoisomer thereof in the manufacture of a medicament
for the treatment of a disease or a disorder ameliorated byinhibition of Janus kinases JAK ] and

JAKZ.

Another aspect of the invention is the use of a compound of Formmlalora

b
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pharmaceutically acceptable salt or a stercoisomer thereof and a second active agent in the
manufacture of a medicament for the treatment of a disease or a disorder ameliorated by
inhibition of Janus kinases JAKT and JAK2.

Dose Ranges

(43
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The magnitude of prophylactic or therapeutic dose of a compound of Formula |
will, of course, vary with the nature and the severity of the condition to be treated and with the
particular compound of Formula [ and its route of administration. It will also vary according to a
variety of factors including the age, weight, general health, sex, diet, time of administration, rate
of excretion, drug combination and response of the individual patient. In general, the daily dose

35 from about 0.001 mg to about 100 mg per kg body weight of a mamumal, preferably 0.01 mg to
about 10 mg per kg. On the other hand, it may be necessary to use dosages outside these limits in
S0INE ¢ases.

The amount of active ingredient that may be combined with the carricr materials

to produce a single dosage form will vary depending upon the host treated and the particalar
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mode of administration. For example, a formulation intended for the oral administration of
humans may contain from .05 mg to 5 g, of active agent compounded with an appropriate and
convenicnt amount of carrier material which may vary from about 5 to about 99.95 percent of the
total coroposition. In some cases, the dosage unit forms may contain from about 0.05 to about 3g
5 of active ingredient. Dosage unit forms will generally contain between from about (.1 mg to
about (.4 g of an active ingredient, typically 8.1 mg, 0.2 mg, 0.3 mg, 0.4 mg, 0.5 mg, 1 mg, 2 mg,

5mg, 10 mg, 25 mg, 50 mg, 100 mg, 200 mg, or 400 mg.

Pharmaceutical Compositions
10 Another aspect of the present invention provides pharmaceutical compositions
comprising a compound of Formula I with a pharmaceutically acceptable carrier. For the
treatment of any of the prostanoid mediated diseases compounds of Formula Tay be
administered orally, by inhalation spray, topically, parenterally or rectally in dosage unit
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants
13 and vehicles, The term parenteral as used herein includes subcutaneous injections, intravenous,
intramuscular, infrasternal injection or infusion technigues. In addition to the treatment of warro-
blooded animals such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the compound of the
invention is effective in the treatment of humans.
The pharmaceutical compositions containing the active ingredient may be in a
20 form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily saspensions,
dispersible powders or granules, emulsions, hard or soft capsules, or syrups or elixirs.
Compositions intended for oral use may be prepared according to any method known to the art

for the manufacture of pharmaceutical coropositions and such compositions may contain one or
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more agents selected from the group consisting of sweetening agents, flavoring agents, coloring
agents and preserving agents in order to provide pharmaceutically elegant and palatable

preparations, Tablets contain the active ingredient in admixture with non-toxic pharmaceutically

acceptable excipients which are suitable for the manufactare of tablets. These excipients may be

for example, inert diluents, such as calcium carbonate, sodinm carbonate, lactose, calciam
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phosphate or sodium phosphate; granuiating and disintegrating agents, for example, corn starch,
or alginic acid; binding agents, for cxample starch, gelatin or acacia, and lubricating agents, for
example, maguesium stearate, stearic acid or tale. The tablets may be uncoated or they may be
coated by known techuniques to delay disintegration and absorption in the gastrointestinal tract
and thereby provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated
by the technique described in the U.S, Patent 4,256,108; 4,166,452; and 4,265,874 to form
osmotic therapeutic tablets for control release.
Formulations for oral use may also be presented as hard gelatin capsules wherein
the active ingredient is mixed with an inert solid diluent, for example, calciom carbonate,

calcinm phosphate or kaolin, or as soft gelatin capsules wherein the active ingredients is mixed
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with water-miscible solvents such as propylene glycol, PEGs and ethanol, or an oil medium, for
example peamut oil, liquid paraffin, or olive oil.

Agqucous suspensions contain the active material in admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents, for
example sodium carboxymethylcelhilose, methylcellulose, hydroxypropyl methylcellulose,
sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting
agents may be a naturally-occurring phosphatide, for example lecithin, or condensation products

of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or condensation
products of ethylene oxide with long chain aliphatic alcohols, for example heptadecacthylene-
10 oxycetanocl, or condensation products of ethylene oxide with partial esters derived from fatty
acids and a hexitol such as polyoxyethylene sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The agueocus suspensions may also contain one or more
preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents,
one or more flavoring agents, and onc or more sweetening agents, such as sucrose, saccharin or
aspartame.
Oily suspensions may be formulated by suspending the active ingredient ina
vegetable otl, for example arachis oil, olive oil, sesame oil or coconut oil, or in mineral oil such
as liquid paraffin, The oily suspensions may contain a thickening agent, for example beeswax,
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring
agents may be added to provide a palatable oral preparation. These compositions may be
preserved by the addition of an anti-oxidant such as ascorbic acid.
Dispersible powders and granules suitable for preparation of an agueous

20

suspension by the addition of water provide the active ingredient in admixture with a dispersing
or wetting agent, suspending agent and one or more preservatives. Suitable dispersing or wetting
agents and suspending agents arc excmplified by those already mentioned above. Additional
excipients, for example sweetening, flavoring and coloring agents, may also be present.
The pharmaceutical compositions of the invention may also be in the form of an

b
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oil-in-water emulsion. The oily phase may be a vegetable oil, for example olive oil or arachis oil,
or a mineral oil, for example liquid paraffin or mixtures of these, Suitable emulsifying agents

(43
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may be naturally-occurring phosphatides, for example soy bean, lecithin, and esters or partial
esters derived from fatty acids and hexitol anhydrides, for example sorbitan monooleate, and
condensation products of the said partial esters with ethylene oxide, for example polyoxyethylene
sorbitan monooleate. The emulsions may also contain sweetening and flavoring agents.
Syrups and elixirs may be formulated with sweetening agents, for example
glycerol, propylene glycol, sorbitol or sucrose. Such formmlations may also contain a demulcent,
a preservative, and flavoring and coloring agents. The pharmaceutical compositions may be in
the form of a sterile injectable aqueous or oleagenous suspension. This suspension may be

formulated according to the known art using those suitable dispersing or wetting agents and
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suspending agents which have been mentioned above. The sterile injectable preparation may
also be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent or
solvent, for example as a solution in 1,3-butanc diol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solation and isotonic sodium chloride solution.
3 Cosolvents sach as ethanol, propylene glycol or polyethylene glveols may also be used. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For
this purposc any bland fixed o1l may be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid {ind use in the preparation of injectables.
Dosage forms for inhaled administration may conveniently be formulated as
10 acrosols or dry powders. For compositions suitable and/or adapted for inhaled administration, it
is preferred that the active substance is in @ particle-size-reduced form, and more preferably the
size-reduced form is obtained or obtainable by micronization.
In one embodiment the medicinal preparation is adapted for use with a pressurized
metered dose inhaler (pMDI) which releases a metered dose of medicine upon each actuation.
15 The formulation for pMDIs can be in the form of solutions or suspensions in halogenated
hydrocarbon propellants. The type of propellant being used in pMDIs is being shifted to
hydrofluoroalkanes (HFAs), also known as hydrofluorocarbons (HFCs). In particular, 1,1,1,2-
tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3-heptafluoropropane (HFA 227) arc used in
several currently marketed pharmaceutical inhalation products, The composition may include
20 other pharmaceutically acceptable excipicunts for inhalation use such as ethanol, oleic acid,
polyvinylpyrrolidone and the like.
Pressurized MDIs typically have two components. Firstly, there is a canister
component in which the drug particles are stored under pressure in a suspension or solation form.

Secondly, there is a receptacle component used to hold and actuate the canister. Typically, a
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canister will contain multiple doses of the fornmlation, although it is possible to have single dose
canisters as well. The canister component typically includes a valve outlet from which the
contents of the canister can be discharged. Aerosol medication is dispensed from the pMDI by
applying a force on the canister component to push it into the receptacie component thereby

opening the valve outlet and causing the medication particles to be conveyed from the valve
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outlet through the receptacle component and discharged trom an outlet of the receptacle, Upon
discharge froro the canister, the medication particles are "atomized”, forming an acrosol. Ttis

intended that the patient coordinate the discharge of aerosolized medication with his or her
inhalation, so that the medication particles are entrained in the patient's aspiratory flow and
conveyed to the lungs, Typically, pMDls use propeliants to pressurize the contents of the

35 canister and to propel the medication particles out of the outlet of the receptacle component. In

pMDls, the formulation is provided in a liguid or suspension form, and resides within the
container along with the propellant. The propellant can take a variety of forms. For example, the

propellant can comprise a compressed gas or liquefied gas.
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In another embodiment the medicinal preparation is adapted for use with a dry
powder inhaler (DPI). The inhalation composition suitable for use in DPIs typically comprises
particles of the active ingredient and particles of a pharmaceutically acceptable carrier. The

particle size of the active material may vary from about 0.1 pm to about 10 pm; however, for

5 effective delivery to the distal Inng, at least 95 percent of the active agent particles are 5 ym or
smaller. Fach of the active agent can be present in a concentration of 0.01 - 99%. Typically
however, cach of the active agents is present in a concentration of about 0.05 to 50%, more

typically about 0.2 - 20% of the total weight of the composition.
As noted above, in addition to the active ingredients, the inhalable powder
16

preferably includes pharmaceutically acceptable carrier, which may be composed of any
pharmacologically inert material or combination of materials which is acceptable for inhalation.
Advauntageously, the carrier particles are composed of one ot more crystalline sugars; the carrier
particles may be composed of one or more sugar alcohols or polyols. Preferably, the carrier
particles are particles of dextrose or lactose, especially lactose. In embodiments of the present
invention which utilize conventional dry powder inhalers, such as the Handihaler, Rotohaler,
Diskhaler, Twisthaler and Turbohaler, the particle size of the carrier particles may range from
about 10 microns to about 1000 microns. In certain of these embodiments, the particle size of
the carrier particles may range from about 20 microns to about 120 microns. In certain other
embodiments, the size of at least 90% by weight of the carrier particles is less than 1000 microns
20 and preferably lies between 60 microns and 1000 microns. The relatively large size of these
carrier particles gives good flow and entrainment characteristics. Where present, the amount of
carrier particles will generally be up to 95%, for example, up to 90%, advantageously up to 80%
and preferably up to 50% by weight based on the total weight of the powder. The amount of any
fine excipient material, if present, may be up to 50% and advantageously up to 30%, especially
up to 20%, by weight, based on the total weight of the powder. The powder may optionally
contain a performance modifier such as L-leucine or another amino acid, and/or metals salts of
stearic acid sach as magnesium or calcium stearate

Compounds of Formula I may also be administered in the form of suppositories

(43
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for rectal administration of the drug. These compositions can be prepared by mixing the drg

with a suitable non-irritating cxcipient which is solid at ambient teraperatures but liguid at the

rectal temperature and will therefore melt 1o the rectum to release the drug. Such materials are
cocoa butter and polyethylene glycols.

For topical use, creams, ointments, gels, solutions or suspensions, ¢tc., containing
the compound of Formula I are employed. (For purposes of this application, topical application
shall include moath washes and gargles.) Topical formulations may generally be comprised of a

pharmaceutical carrier, cosolvent, emulsifier, penetration enhancer, preservative system, and

emollient.

Combinations with Other Drugs
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For the treatment and prevention of JAK mediated diseases, compound of
Formula I may be co-administered with other therapeutic agents. Thus in another aspect the
present invention provides pharmaceutical compositions for treating JAK mediated discases

comprising a therapeutically effective amount of a compound of Formula T and one or more other

therapeutic agents. In particular, for the treatment of the inflammatory diseases rheumatoid
arthritis, psoriasis, inflammatory bowel disease, COPD, asthma and allergic rhinitis a compound
of Formula 1 may be combined with agents such as: (1) TNF-« inhibitors such as Remicade® and
Enbrel®3; (2) non-selective COX-VCOX-2 inhibitors (such as piroxicam, diclofenac, propionic
acids such as naproxen, flubiprofen, fenoprofen, ketoprofen and ibuprofen, fenamates such as
10 mefenamic acid, indomethacin, sulindac, apazone, pyrazolones such as phenylbutazone,
salicylates such as aspirin); (3) COX-2 inhibitors (such as meloxicam, celecoxib, rofecoxib,
valdecoxib and etoricoxib); (4) other agents for treatment of rheumatoid arthritis inclading low
dose methotrexate, lefunomide, ciclesonide, hydroxychloroquine, d-penicillamine, auranofin or
parenteral or oral gold; (5) leukotriene biosynthesis inhibitor, 5-lipoxygenase (5-LO) inhibitor or
S-lipoxygenase activating protein {FLAP) antagonist such as zileuton; (6) LTDM receptor
antagonist such as zafirlukast, montelukast and pranlukast; (7) PDE4 inhibitor such as
roflumilast; (8) antihistaminic H1 receptor antagonists such as cetirizine, loratadine,
desloratadine, fexofenadine, astemizole, azelastine, and chlorpheniramine; (9) al- and 02-
adrenoceptor agonist vasoconstrictor sympathomimetic agent, such as propylhexedrine,

20 phenylephrine, phenylpropanolamine, pseudoephedrine, naphazoline hydrochloride,
oxymetazoline hydrochloride, tetrahydrozoline hydrochloride, xylometazoline hydrochloride, and
cthylnorepinephrine hydrochloride; (10) anticholinergic agents such as ipratropium bromide,
tiotropium bromide, oxitropium bromide, achindiniom bromide, glycopyrrolate, pircnzepine, and

telenzepine; (11) B-adrenoceptor agonists such as metaproterenol, isoproterenol, isoprenaline,

25 albuterol, salbutamel, formoterol, salmeterol, terbutaline, orciprenaline, bitolterol mesylate, and
pirbuterol, or methylxanthanines including theophyliine and aminophylline, sodium
cromoglycate; (12) insulin-like growth factor type 1 (IGF-1) mimetic; (13} inhaled glucocorticoid
with reduced systemic side effects, such as prednisone, prednisclone, flunisolide, triameinolone
acetonide, beclomethasone dipropionate, budesonide, fluticasone propionate, ciclesonide and
30

mometasone furoate.

SCHEMES ARD EXAMPLES

The abbreviations used herein have the following tabulated meanings.

Abbreviations not tabulated below have their meanings as commonly used unless specifically
35  stated otherwise.

ACN, MeCN acctonitrile
AIBN

azobisiscbutyronitrile
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BnBr benzyl bromide

Boc feri-butyloxyearbonyl

Boc,O Boc anhydride

+-Bu XPhos 2-di teri-butylphosphino-2',4',6"-triisopropylbiphenyl

n-BuOH n-butanol

Chiral SFC chiral super critical fluid chromatography

Cp,ZrCIH zirconocene chloride hydride (Schwarte’s reagent)

Cp cyclopentadienyl

CO2 carbon dioxide

CspCO3 cesium carbonate

Dba dibenzylideneacetone

DBU 1,8-diazabicyclo{s.4.0lundec-7-ene

DCM dichloromethane

DEA diethylamine

DIPEA, DIEA N, N-diisopropylethylamine

DIBAL-H diisobutylaluminium hydride

DMAP dimethylamino pyridine

DMEA dimethylethylamine

DMF N, N-dimethytformamide

DMSO dimethyl sulfoxide

EDC 3-(ethyliminomethyleneamino)-N, N-dimethyl-propan-1-amine

EtOAc, EA ethyl acetate

EtOH ethanol

ESI clectro spray ionization

HATU O-(7-aza-1 H-benzotriazol-1-yh)-N, N, N’ N'-tetramethyluronium
hexafluorophosphate

HCI hydrogen chloride

HPLC high pressure liquid chromatography

LDA lithium diisopropylamide

LR low resolution

LOMS liquid chromatrography mass specirometry

LRMS low resolution mass spectrometry

MeOH methanol

Mes-t-Bu-X-Phos

di-tert-butyl]3.,4,5,6-tetramethyl-2',4",6'-tri{ propan-2-yhibiphenyl-2-

yiiphosphane

MPLC

medium pressure liguid chromatography

NaH

sodinm hydride
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Naz504 sodium sulfate

NaBH4 sodium borohydride

MNaHCO3 sodium bicarbonate

NBS N-bromo succinamide

NME. nuclear magnetic resonance

NPA N-propyl amine

Pda(dba)3 iris{dibenzylidencacetonejdipalladium(0)

pH -loglH™]

PyBOP (7-azabenzotriazol-1-yloxyWripyrrolidinophosphonium
hexafluorophosphate

SFC Supercritical fluid chromatography

~BuOH ‘eri-butanol

#-Bu Xphos 2-di-tert-butylphosphino-2° 4° 6’ -triisopropylbiphenyl

TEA tricthylamine

TFA trifluoroacetic acid

THF tetrahydrofuran

Tr retention {ime

X-Phos 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl

NME nuclear magnetic resonance

TLC thin layer chromatography

MsCl methanesulfonyl chloride

CF3TMS (trifluoromethytrimethylsilane

Alkyl Group Abbreviations

Me methyl

Bt ethyl

n-Pr normal propyl
i-Pr isopropyl
n-Bu normal butyl
i-Bu isobutyl

s-Ba secondary butyl
-Bu tertiary butyl
c-Pr cyclopropyl
c-Bu cyclobutyl
¢-Pen cyclopentyl
c-Hex cyclohexyl




10

20

b
A

(43
<

WO 2016/061751 PCT/CN2014/089139
33

METHODS OF SYNTHESIS

The compounds of the present invention can be prepared according to the

tollowing general schemes using appropriate materials, and are further exemplificd by the
subsequent specific examples. The compounds illustrated in the examples are not to be
construed as forming the only genus that is considered as the invention. The illustrative
Examples below, therefore, are not limited by the compounds listed or by any particular
substituents eraployed for illustrative purposes. Substituent numbering as shown in the schemes
does not necessarily correlate to that used 1o the claims and often, for clarity, a single substituent
is shown attached to the compound where multiple substituents are allowed under the definitions
of the instant invention herein above.

Those skilled in the art will readily understand that known variations of the
conditions and processes of the following preparative procedures can be used to prepare these
compounds. The invention will now be iHlustrated in the following non-limiting Examples in
which, unless otherwise stated:

All reactions were stirred (rechanically, stir bar/stir plate, or shaken) and conducted under an
mert atmosphere of nitrogen or argou unless specifically stated otherwise.

All starting materials used to prepare the intermediates and final compounds described herein
were obtained from commercial vendors, and were used as is upon receipt.

All temperatures are degrees Celsius (°C) unless otherwise noted,

Ambient teruperatare is 15-25°C.

Most compounds were purified by reverse-phase preparative HPLC, MPLC on silica gel, SFC,
recrystallization and/or swish (suspension in a solvent followed by filtration of the solid).

The course of the reactions was followed by thin layer chromatography (TLC) and/or LCMS
and/or NMR and reaction times are given for Hlustration only.

All end products were analyzed by NMR and LCMS.

Intermediates were analyzed by NMR and/or TLC and/or LCMS.

Method 1

General procedures to prepare intermediates of the instant invention are described
in Scheme 1. Using an appropriate base, such as DBU, in a suitable solvent, such as MeCN,
EtOH, or n-BuOH, at a temiperature at or around 25°C, pyrazolopyridone -1 can undergo
conjugate addition to optionally substituted acrylonitriles such as 1-2 to yield alkylated
pyrazolopyridones 11, an intermediate in the synthesis of examples of the instant invention.
Buchwald-Hartwig coupling with an appropriate aryl or heteroaryl halide (A-X, X =Cl, Br, I},
afforded the protected pyridone IEE. This coupling could be carried out using an appropriate
catalytic palladium-ligand system, such as Pdsz(dba); or Pdy(dba);-CHCL, and 2-di~ters-
butylphosphino-2'4",6'-tritsopropylbiphenyl (/-Bu XPhos) or di-fers-butyl{3,4,5,6-tetramethyl-
2" 4%, 6-tri{propan-2-ylbiphenyl-2-ylJphosphane (Mes ‘Bu-XPhos), or 2-dicyclohexylphosphino-
2'4, 6 -triisopropylbiphenyl (XPhos). Typically, this cross coupling ts carried out using either 2-
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propanol or -amyl alcohol solvents, employing either KOAc or K3PO; base at between 70-80°C.
Reduction of the nitrile to aldehyde IV could then be carried out with DIBAL-H, at or between -
78°C and 0°C in a suitable solvent such as DCM. Further reduction of the aldehyde could be
accomplished via a two step process via dithiane formation asing HSCH,CH,SH in the presence

of acid, followed by reduction with Raney Ni to afford the ethyl substituted piperidine V.

SCHEME 1

E DBU PHO), AKX

B
PGC

. Ry g
i CN
=N
HoN 7 H, ; '
i 3
-1 BocN -2 0 A PeL

1) HSCH,CH,SH, B

DIBAL-H 2) Raney Ni M R
et NEoo e 00
{t\/ 0
CHO
A Y A v
Method 2

General procedures to prepare intermediates of the instant invention are described
in Scheme 2. Using an appropriate base, such as DBU, in a suitable solvent, such as MeCN,
EtOH, or n-BuOH, at a temperature at or around 25°C, pyrazolopyridone I-1 can undergo
conjugate addition to optionally substituled acrylonitriles such as I-2 to yield alkylated
pyrazolopyridones F, an intermediate in the synthesis of examples of the instant invention.
Double protection using a suitable protecting group such as Boc, followed by reduction of VI
with bis(cyclopentadienyl)zirconium chloride hydride attords aldchyde VIL Further reduction to
the alcohol VIIE with a suitable reducing agent such as NaBH,, followed by conversion of the
alcohol VI to the mesylate IX could then be accomplished with mesyl chloride. Alternatively,
other suitable leaving groups such as tosylate could also be utilized. Hydride displacement using
lithium tricthylborate furnishes the desired ethyl piperidine X, Removal of the protecting groups
could then be carried out all at once using a suitable acid, such as HCI, in a suitable solvent, such
as EtOAc. Reinstallation of the piperidinyl Boc group to afford XI could then be accomplished
using a suitable reagent such as Boc,O. Buchwald-Hartwig coupling with an appropriate aryl or
heteroaryl halide (A-X, X =Cl, Br, I} is then carried out to afford the compounds of the iustant
invention V. This coupling could be carried out using an appropriate catalytic palladinm-ligand
system, such as Pdy{dba); or Pdy(dba); CHCl;, and 2-di-fers-butylphosphino-2',47,6'-
tritsopropylbiphenyl (#~Bu XPhos) or di-fert-butyl{3.4,5,6-tetramcthyl-2",4',6'-tri{propan-2 -
yDbiphenyl-2-yllphosphane (Me, ‘Bu-XPhos), or 2-dicyclohexylphosphino-2/,4°,6'-
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tritsopropylbiphenyl (XPhos). Typically, this cross coupling is carried out using either 2-
propanol or ~~amyl alcohol solvents, employing cither KOAc or K3PO, base at between 70-80°C.

SCHEME 2

BRU NE = Boc,0 ;\i = — Cp, ZrHC
PGO” N g T Jo o T o H NBos 5
ey PGO N e "
}':::N', 4 /
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BocM 32 Pt Vi
N NsBH,, McOH MsCl, TEA D\
NBOG gt Nagc e S i X
P2 e P NBoc
PaC p {/j \ N Zele) /N/Ci
; CHO SN )‘-‘L“N ¢
; [s; BocN Boogi .ﬁ
ViX Vi - OMs
LiBeHH , 1) HCL Pd0), A-X HNT Sy
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Method 3

General procedures to prepare examples of the instant invention are described in
Scheme 3. In the case that the pyrazolopyrimidines V contain a pendant carboxylic acid group
10 on the aryl or hetercaryl substituent “A”, further functionalization could be achieved using a
suitable aming, in the presence of a suitable coupling reagent such as HATU or EDC to afford

the desired amide derivatives XEL.

BATU ot EDC HNT
P NBoc
R in2 o ”
HNR'R )*:N" o,
H
i X
. RURNOC
INTERMEDIATES

The following experimental procedures detail the preparation of chemical
materials used in the synthesis of examples of the instant invention. The exemplified procedures
20 are for illustrative purposes only, and are not intended to Himit the scope of the instant invention

in any way.
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Intermediate 1
4-(benzyloxy}-1 H-pyrazolo{4,3-c|pyridin-3-amine

NH,
/NL:?:/
HN\,/*]/OBH
/]
k\\/N i-1

Step 10 2-(benzvioxvi-4-methoxynicotinonitrile
M
il
MeO. g oBn
N

To a solution of 2-hydroxy-4-methoxynicotinonitrile (60 g, (.4 mol) in tolaene
(0.60 L) was added Ag,CO3 (0.14 kg, 0.51 mol) and BnBr (87 g, 0.51 mol} at room temperature.
The mixture was stirred at 50°C for 3 hours. The mixture was filtered and the cake washed with
DCM. The filtrate was concenirated in vacuo and petroleum ether (100 mL) was added to the
residue and the solid was filtered to give 2-(benzyloxy)-4-methoxynicotinonitrile as a solid.
LRMS (ESI) cale’d for C12H;3N,O [M+H]: 241, found 241, 'H NMR (600 MHz CDCL): &
8.21(d,J=6.6Hz 1H), 748 (d,J = 7.8 Hz, 2H), 7.38 (m, 2H), 7.32 (m, 1H), 6.38(d, /= 6.0
Hz, 1H), 5.51 (s, 2H), 3.99 (s, 3H).

Step 2: 4-(benzyvloxy)-1H-pyrazolof4.3-clpyridin-3-amine (-1}

A suspension of 2-(benzyloxy}-4-methoxynicotinonitrile (100 g, 410 mumol) in
hydrazine hydrate (0.20 kg, 4.1 mol) and #-BuOH (600 mL) was heated to reflux overnight. The
mixtare was concentrated in vacuo and purified by silica chromatography, eluting with 25% ethyl
acetate in hexanes. Concentration of the desired fraction in vacuo afforded compound I-1. 'H
NMR (400 MHz CDCL): ©9.97 (s, 1H), 7.75 (d, J = 6.4 Hz, 1H), 7.40(d, /= 7.2 Hz, ZH),
7.24-7.33 (m, 3H), 6.69 (d, J = 6.4 Hz, 1H), 5.46 (5, 2H), 4.50 (s, 2H).

Intermediate 2

fere-butyl 4-(cyanomethylidene)piperidine-1-carboxylate

E\J)(i\()//k

&

| 12

To a cooled, 0°C solution of potassivim ferf-baloxide (263 mL, 263 mmol, 1L.OM
in THF) and THF (200 mL.), was slowly added diethyl {cyanomethyl)phosphonate (43.7 mlL, 276
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mmol). The reaction mixture was maintained at 0°C for 10 minutes, then warmed to ambient
temperature and stirred for 1 hour. The mixture was cooled to 0°C and treated with the dropwise
addition of fert-butyl 4-oxopiperidine- I -carboxylate (50.0 g, 251 mmol) in THF (150 mL) over
30 minutes, After addition, the mixture was matntained at 0°C for 20 minutes, then warmed to
ambient temperature and stirred for 18 hours. The reaction mixture was then diluted with water
{800 mL) and extracted with EtOAc (x 2}, The combined organic extracts were washed with
water, brine, dried over anhydrous Na,SQ,, filtered, and concentrated in vacuo to afford the title
compound as a sohid, I-2. "H NMR (600 MHz, CDCL;): 6 5.19 (s, 1H), 3.48-3.53 (m, 4H), 2.56
{t, /=54 Hz 2H), 2.33 (t, /=54 Hz, 2H), 1.47 (s, 9H).

Intermediate 3
tert-butyl 4-(3-aminoe-4-ox0-4,5-dikydro-1H-pyrazolol4,3-cipyridin-1-yi}-4-ethyipiperidine-

1-carboxylate
Boo

HN 2 N[
O & K-
J=n
HolN I-3
Step 1: fert-butvl 4-3-amino-4-{benzviexy-1H-pyrazolol4 3-clpyridin-{ -vi)-4-

{cvanomethvhipiperidine-1-carboxyvlate

CN
BQCNQ(
NN
z
N NH,
=
N OBn

To a solution of 4-(benzyloxy)-1H-pyrazolo[4,3-clpyridin-3-amine (155 g, 645
mmol} in CH;CN (2.50 L), was added (batchwise) rert-butyl 4-(cyanomethylidene)piperidine-1-
carboxylate (286 g, 1.29 mol) followed by dropwisc addition of DBU (99.0 g, 650 mmol) at
20°C over 20 minutes. The resulting solution was stirred for 3 days at 20°C, concentrated in
vacuo at 40-45°C, and then purified by silica chromatography, chuting with 0-50% ethyl
acetate/hexanes. Concentration of the desired fraction in vacuoe afforded the title compound.
LRMS (ESI) cale’d for CosHy NgO5 [M+H]: 463, found 463. 'H NMR (300 MHz, CDCL): 8
7.82 (d, 1H), 7.34-7.50 {m, 5H), 6.84 (d, TH), 5.54 (s, 2H)}, 4.51 (brs, ZH), 3.94-3.97 (d, 2H},
3.05 (brs, ZH), 2.85-2.90 (m, 2H), 2.79 (s, 2H), 1.92-2.04 (m, 2H}, 1.45 (s, 9H).

Step 2 fert-butyl 4-14-(benzvioxy)-3-[bis{rers-butoxyearbonyvDamino - U -pyrazolol4,3~

clovridin-1-v1}-4-{¢vanomethvDpiperidine-1-carboxvlate
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To tert-butyl 4-(3-amino-4-(benzyloxy)- 1 H-pyrazolo[4,3-clpyridin-1-yi)-4-
(cyanomethyhpiperidine-1-carboxylate (20.0 g, 43.2 mmol), was added DMAP (0.528 g, 4.32
mmol}, TEA (18.1 mL, 130 mmol), DMF (200 mL), and Boc:O (20.1 mL, 86.0 mmol) at room
temperature. The reaction was stirred at room temperature for 16 hours, and then quenched with
water (400 mL) and extracted with dichloromethane (# 3). The combined organic layers were
washed with water, brine, dried over anhydrous sodium sulfate, filtered and concentrated in
vacuo. The crude residue was purified by silica chromatography, ehuting with 10% ethyl
acetate/hexanes to afford the title compound as a solid. LRMS (ESH calc’d for C3sHy7NgO4
[M+H]": 663, found 663.

Step 3 fert-butyl 4- {4-(benzvioxy)-3-[bis(feri-butoxyvearbonylamino -1 H-pyrazolol4.3-

clpvridin-1-vl} -4-(2-oxcethyvlpiperidine-1-carboxviate

Bis{cyclopentadienylzirconium chloride hydride (3.11 g, 12.1 mmol) was added
in portions to a stirred, ambient temperature solution of ferr-butyl 4-{4-(benzyloxy)-3-[bis(rers-
butoxycarbonyhaminol-1H-pyrazolo[4,3-cipyridin-1-yl}-4-(cyanomethyl)piperidine-1-
carboxylate (4.00 g, 6.04 mmol) in DCM (60 mL}. The solution was stirred at ambient
temperature for 10 minutes, then the reaction was quenched with water (400 mL) extracted with
DCM (< 3). The combined organic layers were washed with water, brine, dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated in vacuo to give a residue that was
subequently purified by silica chromatrography, cluting with 1% methanol/dichloromethanc to
afford a solid. LRMS (ESI) calc’d for CysHagNsOy {M-i-}-{}'*‘: 666, found 666,
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Step 4: fert-butyl 4- {4-(benzvioxy)-3-[bis{rers-butoxyearbonyvDamino -1  -pyrazclol4,3-

clpvridin-1-vi}-4-(2-hvdroxyethyvDpiperidine- 1 -carboxvlate

Bo
N R
i J)
BnQ & N7

BOC\N}ﬂ N
Boc OH

C

5 To a solution of fers-butyl 4-{4-(benzyloxy)-3-[bis(rert-butoxycarbonyljamino]-

1 H-pyrazolol[4,3-clpyridin- 1-yl} -4-(2-oxocthylpiperidine-1-carboxylate (9.50 g, 14.3 mumol) in
MeOH (1006 mL) at 6°C, was added NaBH, (1.62 g, 42.8 munol). The mixture was stiived at 0°C
for 2 hours before being quenched by the addition of water (20 mL). The mixture was extracted
with ethyl acetate (x 2), and the combined organic fractions were washed with brine (x 2), dried

16 over NapSQ,, filtered and the solvent was evaporated in vacuo. The residue was purified by
silica chromatography, eluting with 15-35% Et0OAc/hexanes to give a solid. LRMS (EST) calc’d
for C3sHspNsOg [M+H]™: 668, found 668, "H NMR (600 MHz, CDCL) 8 7.85 (d, J = 6.4 Hz,
1H), 7.41(d, J=74 Hz, 2H), 7.32 (t, /= 7.4 Hz, 2H), 7.25 (apparent t, /= 7.4 Hz, 1H), 7.02 (d,
J=04Hz, 1H), 550 (s, 2H), 3.88 (br, 2H), 3.39(t, J=6.1 Hz, 2H), 2.94 (br, 2H), 2.84 (4, J =

15 13.6 Hz, 2H), 2.09(t, /=59 Hz, 2H), 1.87 (t, /= 12.5 Hz, 2H), 1.70 {br s, 1H), 1.40 (5, 9H),
1.27 (s, 18H).

Step 5 fert-butyl 4- {4-(benzvioxy)-3-[bis{rers-butoxyearbonyvDamino -1  -pyrazclol4,3-

clovridin-1-v1}-4-(2-methane sulfonyl ethyvDpiperidine-1-carboxvlate

Boc
N N
|
BnO & NQ
/..:—N’ CHoOMs
30 BQCQN

To a solution of feri-butyl 4-{4-(benzyloxy}-3-[bis(fert-butoxycarbonylamino}-
1H-pyrazolol4,3-clpyridin-1-yl} -4-(2-hvdroxyethylipiperidine-1-carboxylate (7.00 g, 10.5 mmol)
and TEA (3.18 g, 31.4 mmol) in DCM (80 mL), was added {(dropwise) methanesulfonyl chloride

25 (2.40 g, 21.0 mmol) at 0°C. The reaction was stirred at 25°C for 2 hours, then quenched with
water (60 ml) and extracted with dichloromethane (x 3). The combined organic layers were
washed with brine, dried over anhydrous sodivm sulfate, filtered and the filtrate was concentrated
in vacuo. The residue was purified by silica chromatography, eluting with 1:1 EtOAc/hexanes to
afford a solid. LRMS (ESI cale’d for C3sHsyNsO oS [M+H]™: 746, found 746.

30
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Sten 6: fert-butv]l 4-(4-(henzvioxyi-3-{{feri-huloxyearbonvhiamino -1 -pvrazolol 4, 3-clpvridin-

1-vh-4-ethvipiperidine-1-carboxvlate

To a solution of feri-butyl 4-{4-(benzyloxy)-3-[bis(zeri-butoxycarbonyl)amino]-
1 H-pyrazolol4,3-clpyridin-1-yl} -4-(2-methane sulfonyl ethyl)piperidine-1-carboxylate (9.28 g,
12.4 mmol) in DMSO (10 mL) at 0°C, was added (portionwise) lithium triethylborohydride (124

mb, 124 mmol, 1.0 M in THF). The reaction was stirred at ambient temperature for 3 houars,

tn

then quenched by addition of water (120 mL} and extracted with ethyl acacate (x 3). The
combined organic layers were washed with water, brine, dried over anhydrous sodium sulfate and

10 filtered. The filtrate was concentrated in vacuo to give a residue that was purified on silica
chromatography, ehiting with 20% Et{Ac/hexanes to afford a solid. LRMS (ESI) calc’d for
CaoH4oNsOs [M+H]: 552, found 552,

Step 7: 3-aming-1-{4-ethvipiperidin-4-vD-1-nvrazolol 4.3-¢clovridin-4( S {N-one hvdrochloride
15 salt

HNT S NH

0Z N y—r—/ HE
==

HoN

To tert-butyl 4-{4-(benzyloxy)-3-((tert-butoxycarbonyllamine - 1 H-pyrazolo{4,3-
clpyridin-1-yl)-4-ethylpiperidine-1-carboxylate (2.45 g, 4.44 mmol}, was added hydrogen
chloride solution (20 mL, 4.0 M in cthyl acetate, 40 mmol). The mixture was stirred for S hours

20 atambient temperature and then concentrated in vacuo to atford 3~-amino-1-(4-cthylpiperidin-4-
yl-1H-pyrazolof4,3-cpyridin-4{ S #)-one hydrochloride salt as a solid: LRMS (ESI) cale’d for

C13HyoNsO [M+H]: 262, found 262.

Step X: feri-butvl 4-(3-amino-4-ox0-4.5-dihvdro- 1 H-pyrazolol4 3-clovridin-1-v)-4-

b
A

cthvipiperidine-1-carboxvlate (-3}

To a solution of 3-amino-1-(4-cthylpiperidin-4-yl)-1H-pyrazolof4,3-clpyridin-
4(5Hy-one hydrochloride salt (0.29 g, 0.97 mumol} in methanol (15 mL), was added sodium
bicarbonate (0.49 g, 5.8 mmol) and di-rers-butyl dicarbonate (0.19 g, 1.07 mmol). The reaction

was stirred for 1 hour at ambient temperature, then water (10 mL) was added and the mixtare

(43
<

was extracted with cthyl acetate (« 3). The combined organic layers were washed with brine (x
2), dried over anhydrous sodiam sulfate, filtered and concentrated in vacuo. The residue was

purified by silica chromatography, eluting with 1:9 to 6:1 ethyl acetate in hexanes to afford ters-
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butyl 4-(3-amino-~-4-ox0-4,5-dihydro-1H-pyrazolo[4,3-c]pyridin-1-yl)~4-cthylpiperidine-1-
carboxylate as a solid: LRMS (EST) cale’d for CigHagNsOs [M+H]": 362, found 362; 'H NMR
(300 MHz, DMSO-dg) 8 10.79 (br, 1H), 6.99-6.95 (m, 1H), 6.45-6.43 (1, 1H), 5.30 (s, 2H},
3.69-3.65 (m, 2H), 2.97-2.95 (m, 2H)}, 2.50 (m, 2H), 1.82-1.68 (10, 4H), 1.38 (s, 9H), 0.53 (s,
3H).

Intermediate 4
(R or $)-1-{4-bromophenyl}-2,2,2-trifluoroethanel

OH

P F
(¥
Br I-4A & §1-48

To a solution of 1-(4-bromophenyl}-2,2,2-trifluoroethanone (1.0 g, 3.95 mmol) in
THF (10 mL) was added sodium borohydride (164 mg, 4.35 mmol). The mixture was stirred at
room temperature for 2 hours, then quenched with water and concentrated in vacuo. The
resulting residue was extracted with CH,Cl, (X 2}, and the combined organic layers were washed
with brine (x 2), dried over sodium sulfate, filicred, and concentrated in vacuo to afford 1-(4-
bromophenyl)-2,2,2-trifluoroethanol as a colorless liquid, "H NMR (600 MHz, DMSO-d6): §
7.58{d, ./ =84 Hz, 2H), 7.41 (d, J=R8.2 Hz, 2H), 6.90 (d, /= 5.6 Hz, 1H), 5.16 (m, 1H).
Separation of the enantiomers was achieved by SFC using a Chiral Technologies OJ-H, elating
with 5% isopropanol modificr in CO,. Retention times = 4.1 (enantiomer A — Intermediate 4A)

& 5.1 (cnantiomer B — Intermediate 4B) moinutes.

Intermediates 5 and 6
(R or 8) 2-{4-bromophenyl}-1,1,1-trifluoropropan-2-ol (I-5)
(R or 8) I-bremo-4-(1,1,1-triflucre-2-methoxypropan-2-yhbenzene (I-6)

Me

Step 1: (R or 8) 2-{4-bromophenyD-1.1. 1-irifluoropronan-2-ol (3-5)
Me  OH

Br™ I-5A & 1-5B

Au oven dried round botiom flask with magnetic sir bar under an atmosphere of

I-6A & 1-6B

N, was charged with 1-(4-bromophenyl}-2,2,2-trifluoroethanone (2.0 g, 7.9 mmol) and THF (13
mb)}. The solution was cooled to 0°C, and methyl magnesium bromide (17 mL, 23.7 mmol, 1.4

M 1in dicthyl cther) was added. The reaction mixture was warmed to room temperatare over 1-2
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hours, and then guenched by the addition of saturated agueous NH4C1 (10 mL). The resulting
mixtare was extracted with Et;O (x 3}, and the combined organic layers were concentrated in
vacuo to afford a residuc that was purified by silica chromatography, cluting with
hexanes/EtOAc gradient to yield racemic 2-(4-bromophenyl)-1, 1, 1-trifluoropropan-2-ol. LRMS
(ESD) cale’d for CoHoBrF;0O [M-+H]": 269, found 269. "H NMR (500 MHz, CDCL): 6 7.54 (d, J
=¥.3 Hz, 2H), 747 {(d, /= 8.3 Hz, 2H), 2.44 (s, 1H), 1.78 (s, 3H). Resolution of enantiomers
was achicved by SFC purification using a Chiral Technology AZ-H with 5% MeOH in CO,. Tr

= 2.6 minutes (Intermediate I-5A) & 3.2 minutes (Intermediate I-5B).

Step 2: (R or ) -bromo-4-(1. 1. 1-trifluoro-2-methoxvypropan-2-vl benzene (-6}

An oven dried round bottom flask with magnetic sir bar under an atmosphere of
N, was charged with 2-(4-bromophenyl)-1, L 1-trifluoropropan-2-ol I-8A (300 mg, 1.10 mmol)
and DMF (3.5 mL). The solution was cooled to 0°C, sodium hydride (67 mg, 1.7 mmol, 60% wt.
in mineral oil} was added, and the reaction was stirred for 30 minutes. lodomethane (0.21 mL,
3.3 mmol) was then added and the reaction mixture was warmed to room temperature over 1-2
hours, gquenched by addition of saturated aqueous NH4Cl (10 mL), and extracted with E,O (x 3},
The combined organic layers were concentrated in vacuo to afford a residue that was purified by
sitica chromatography, eluting with hexanes/EtOAc gradient, to vield I-6A. 1-6B was prepared
in an analogous manner to I-6A above, using I-8B, "H NMR (500 MHz, CDCL): 8 7.54 (d, J =
8.2 Hz, 2H), 7.38 (d, /= 8.1 Hz, 2H), 3.23 (s, 3H), 1.76 (5, 3H).

Intermediate 7A and 78
{R or §)-1-{{(4-bromephenyDsulfonyl)-2-methyipyrrolidine

74 & I-7B

To a solution of 4-bromophenylsultonyl chloride (0.300 g, 1.17 mmol) in CH,Cl,
(8.0 L) was added 2-methylpyrrolidine (0.250 g, 2.94 mmol) and the reaction was stirred at
room temperature under nitrogen overnight. The mixture was then quenched with saturated
ammeonium chloride solation and extracted with CH,Cl, (¢ 3). The organic layer was washed
with water, dried over sodium sulfate, filiered and concentrated in vacuo and the residue was
purified by silica chroruatography, eluting with 0-60% EtOAc in hexanes. Councentration of the
desired fractions afforded the title racemic compound I-7 that was separated into enantiomers by
SFC using a Chiralpak AD-H column, eluting with 15% MeOH modifier in CO,. Retention
times = 3.0 {cnantiomer A — Intermediate 7A) & 4.4 (cnantiomer B — Intermediate 7B)
minutes. LRMS (EST) cale’d for C HsBrNG;S {M’i--i?ﬂ':": 304, found 304. "H NMR {300 MHz,
DMSO-de): 8 7.84(d, /=87 Hz, 2H), 7.75 (d, J= 8.7 Hz, 2H), 3.65-3.59 {m, 1H), 3.37-3.30
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(m, 1H), 3.12-3.04 (m, 1H), 1.82-1.73 (m, 1H), 1.68-1.59 (m, 1H), 1.49-1.39 (m, 2H), 1.22 (d,

J= 63 Hz, 3H).

Intermediate 8

S-bromo-2-{fert-butyl)-2,3-dihyvdrobenzoldlisothiazole-1,1-dioxide

Br . .
O INJBU
' S

7%
09 13

Step 1: 4-bromo-2-methvlbenzene-1-sulfonyl chloride

RO
Z 80,01

Chlorosulfonic acid (63 g, 0.54 mol) was added slowly to a cold sohation (0°C) of

I-bromo-3-methylbenzene (10 g, 58 mmol) in CHCl; (100 mL). The reaction was allowed to
proceed with stirring for 2 hours at 0°C, then the reaction mixture was poured into ice water and
extracted with EtOAc., The organic layer was then washed with brine, dried over NaSQ,, filtered
and concentrated in vacuo to afford 4-bromo-2-methylbenzene-1-sulfonyl chloride as a solid. 'H
NMR (400 MHz, CDCE): 0 7.90 (d, S = 8.4 Hz, 1H), 7.59-7.53 (m, ZH)}, 2.75 (s, 3H).

Step 2: 4-bromo-N-(tert-butvl)-2-methvlbenzenesulfonamide

L
' SO,NHBu

To a solution of 4-bromo-2-methylbenzene-1-sulfonyl chloride (2.0 g, 7.4 mmol)

in CH,Cl, (15 mL) was added a solution of 2-methylpropan-2-amine (0.65 g, 8.9 mmol) and
tricthylamine (0.90 g, 8.9 mmol) in CHCL (30 mL) at 0°C, The reaction mixture was stirred at
(°C for 2 hours and then at room temperatare for 16 hours. The mixture was washed with 6.1 M
HC, saturated aqueous NaHCO;, dried over NaxSQO,, tiltered and concentrated in vacuo to afford
4-bromo-N-(tert-butyl)-2-methylbenzenesulfonamide as a solid. "H NMR (400 MHz, DMSO-
dey. 67.78 (d,J = 8.4 Hz, 1H)}, 7.63 (4, J = 1.6 Hz, 1H), 7.59-7.56 (m, 2H}, 2.57 (s, 3H), 109,
OH).

Step 3: S-bromo-2-(tert-butvDbenzol dhsothiazol-3(2 1 -one-1, 1-dioxide

O
Br_
O NufBu
g

N
O o
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A mixtore of HslOg (5.9 g, 26 mmol) in acetonitrile (50 mL) was stirred at room
temperature for 1 hour. Then CrG; (33 mg, 0.33 mmol) was added followed by acetic anhydride
(2.67 g, 26 mmol). The resulting orange solution was cooled to 0°C, and 4-bromo-N-{tert-butyl)-
2-methyl benzenesulfonaride (1.0 g, 3.3 mimol) was added. Afier stirring at 0°C for 15 minutes,
the reaction was allowed to warm to room temperature and was stirred for 16 howrs. The solvent
was removed in vacuo and the residue was extracted with EtOAc (< 3). The combined organic
layers were washed with saturated aqueous NaHCOs;, brine, dried over Na; 30, filtered and
concentrated in vacuo. The residae was purified by silica chromatography, eluting with 5%
EtOAc in hexanes and the desired fractions were concentrated in vacuo to afford 5-bromo-2-
(tert-butylybenzo|disothiazol-3(2H}-one 1,1-dioxide as a solid. "H NMR (400 MHz, DMSO-d6):
S 8.82-8.14 (m, 3H), 1.66 (s, 9H).

Step 4: S-bromo-2-{tert-butyl}-2 3-dihvdrobenzo{dlisothiazole-1,1-dioxide (§-8)
To a solution of 5-bromo-2-{tert-butylYbenzo|dlisothiazol-3(2H}-one 1,1-dioxide
(0.20 g, 0.63 mmol) in THF (4 mL) was added BH;-Me,S (240 mg, 3.16 mumol). The reaction

mixtare was refluxed for 16 hours. After being cooled to room temperature, the reaction was

quenched with 2 M HCl and extracted with FtOAc (< 2). The combined extracts were washed
with brine, dried over Na,80,, filtered, and the filtrate was concentrated in vacuo. The residuc
was purified by preparative TLC to afford compound I-8. 'H NMR (400 MHz, DMSO-d6): §
7.83-7.56 (m, 3H), 4.55 (s, 2H), 1.46 (s, 9H).

Intermediate 8
S5-brome-2-(tetrahydro-2H-pyran-4-yi)-2,3-dihydrobenzo|d]isothiazole 1,1-dioxide

Br-
O
Z é;r.-"i}(}

Step 1: 4-bromo-2-methyl-N-(tetrahydro-2f{-pyran-4-ylYbenzenesulfonamide
Bra__ .
~ H
go

To a room temperature solution of tetrahydro-2H-pyran-4-amine (2.00 g, 19.7

mmol) in DCM (100 mL), was added triethylamine (7.97 g, 78.8 mmol) followed by 4-bromo-2-
methylbenzene-1-sulfonyl chioride (5.00 g, 19.7 mmol). The reaction was stirred at ambient
temperature for 2 hours and then quenched with water (100 mL), and the organic layer was
separated, washed with brine, dried over anhydrous sodium suifate, and filtered. The filtrate was
concentrated in vacuo to afford a residue which was purified by silica chromatography, eluting
with 50% EtOAc/hexanes to afford the title compound as a solid. LRMS (ESI) cale’d for
CiH 7 BrINOsS [MHHT™: 334, 336 (1:1), found 334, 336 (1:1); 'H NMR (400 MHz, CDClL): 8
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7.90 (d, J = 4.8 Hz, TH), 7.52-7.48 (m, 2H), 4.70 (d, J = 8.0 Hz, 1H), 3.92-3.87 (m, 21, 3.41-
3.32 (m, 3H), 2.67 (s, 3H), 1.79-1.75 (m, 2H), 1.56-1.50 (m, 2H).

Sten 20 d-bromo-2-(bromomethyvh-N-{tetrahvdro-2 H-pyvran-d-vDbenzenesullfonamide

To a solution of 4-bromo-2-methyl-N-{tetrahydro-2H-pyran-4-
vibenzenesulfonamide (5.00 g, 15.0 mmol) in CCls (500 mL) was added NBS (533 g, 29.9
mmol} and benzoyl peroxide (0.725 g, 2.99 mmol). The resulting solution was stirred at 80°C for
15 hours. The mixture was cooled, water (300 mL) was added, and the mixture was extracted

10 with DCM (x 3). The combined organic fractions were washed with brine (50 mL), dried over
NazS04, filtered and the solvent was evaporated under reduced pressure. The residue was
purified by columu chromatography on silica gel with 5% EA/hexanes to give the title compound
as a sohid. LRMS (ESH calc’d for CoHigBraNO:S {}f‘v/[-%-}-{}+: 414,416 (1:1), found 414, 416 (1:1).

15 Step 3: S-bromo-2-(tetrahydro-2f-pyran-4-vi}-2.3-dihvdrobenzol Jlisothiazole 1,1 -dioxide (J-%)

To a solution of 4-bromo-2-(bromomethyl}-N-{tetrabydro-2 H-pyran-4-

ylibenzenesulfonamide (2.3 g, 5.57 mmol) in acetonitrile (20 mL) and water (20 mL) was added
NaHCO; (1.87 g, 22.3 mmol} and stirred at 80°C for 18 hours. The reaction mixture was
extracted with EtOAc (~ 3}, and the organic layer was dried with Na,SO., filtered and

20 concentrated in vacuo. The residue was purified by a silica chromatography, eluting with 0-50%
DCM/hexanes to afford the title compound as a solid. ERMS (ESD cale’d for CioHisBrNO;S
IM+HT™: 332, 334 (1:1), found 332, 334 (1:1); 'H NMR (400 MHz, CDCL): § 7.72-7.69 (m, 2H),
7.62 (s, 1H), 4.41 (s, 2H). 4.11-4.08 (m, 2H), 3.97-3.89 (m, 1H), 3.56-3.53 (m, 2H), 2.08-1.92
{(m, 4H).

Intermediate 10

4-brome-2-ethylbenzoic acid
Br

COOH 118
To a solution of 2,2,6,6-tetramethylpiperidine (5.70 mi, 33.7 mmol} in anhydrous
30 THF (35 mL), was added n-butyllithium (13.4 mb, 33.7 mmol, 2.5 M in hexanes) dropwise at -
78°C. The mixture was maintained at -78°C for 1.5 hours and then a solution of 4-bromo-2-
methylbenzoic acid (3.00 g, 14.0 mmol) in THF (30 mL) was added. The mixture was stirred at -

78°C for an additional 1.5 hours, then a solution of methyl iodide (1.70 mL, 27.3 mmol} in THF
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(5 rul.) was added dropwise. The resulting ruoixture was warmed to arubient temperature and
maintained at ambient temperature for 16 hours. The reaction was then quenched with water (5
mL), and the resulting solution was concentrated in vacuo. The residue was dissolved in agueous
sodium hydroxide (1 N) and extracted with EtOAc (< 3), The separated agueous layer was
reacidified with HCH (1 N} and extracted with chloroform (< 3}, and the resulting organic layers
were dried over Na,SQy, filtered, and concentrated in vacuo to afford the title acid as a solid.
LRMS (EST) calc’d for CoHgBrO, [M-HT: 227, 229 (1:1), found 227, 229 (1:1).

Intermediate 11
(2§ and 2R) N-{1-(4-bromophenyi}-2,2,2-trifluoroethyl}-2-methylpropan-Z-amine

HN

B i-11

Step 1: 1-(4-bromophenvl-2.2 . 2-trifluorocthyl trifluoromethanesulfonate
oTt

A solution of 1-(4-bromophenyl)-2,2,2-trifluorcethanol (I-4) (1.5 g, 5.9 mmol)
and 2,6-latidine (1.10 mL, 9.41 mmol} in DCE (12 mL) was cooled to -15°C and triflic
anhydride (8.82 mL, .82 mmol, 1.0 M in DCM) was added dropwise. The reaction was stirred

between -15°C and room temperature for 1 hours, then diluted with DCM and washed with water,
IN agueous HCI, and brine. The combined organic layers were dried over NaSO,, filtered, and
the filtrate was concentrated in vacuo to give the title compound as a Hauid. "H NMR (500 MHz,
CDClL:): 8 7.64(d, /=83 Hz, ZH), 7.37 (d, /= 8.3 Hz, ZH), 5.85-5.74 (m, 1H).

Step 2: N-(1-(4-bromonhenvl)-2.2 2-trifluorcethyvl)-2-methvlpropan-2-amine (I-11)

1-(4-Bromophenyl)-2,2, 2-triflucrocthyl trifluoromethanesuifonate (7.59 g, 19.6
mmol} was dissolved in cyclohexane (70 mL) and 2-methylpropan-2-amine (6.23 mL, 58.8
mmol}, DMAP (0.240 g, 1.96 mmol), and ground, dried potassium carbonate (5.42 g, 39.2 mmol}
{(dried over vacuum at 60°C for one hour) was added. The reaction mixture was heated to 75°C
and stirred for 48 hours, The reaction mixture was diluted with DCM and washed with water.
The combined organic layers were dried over Na;SO,, filtered, and the filtrate was concentrated
in vacuo. The residue was purified by silica chromatography, eluting with 2-20% EtOAc in
hexanes and the desired fractions were concentrated in vacuo to afford E-11 as a liquid. LRMS
(ESD calc’d for CioH, BrF;N [M+H]": 310, found 310.
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Intermediates I-12A and I-12B
{R or §)-2-(4-bromophenyl)-2-(trifluoromethylpiperidine

124 & §-128

Step 1: 4-bromobenzovl chloride

A solution of 4-bromobenzoic acid (10.0 g, 49.7 mmol) in sulfurous dichloride
{(59.2 g, .50 mol) was heated at 80°C for 16 hours. The mixture was then concentrated in vacuo

to afford the title compound which was carried onto the next step without further purification.

Step 2: fert-butyl 3-(4-bromobenzovli-2-oxopiperidine- | -carboxylate

Lithium bis(trimethylsilyDamide (2.11 mL, 2.11 mmol, 1.0 M in THF) was added
to a solution of ferr-butyl 2-oxopiperidine-1-carboxylate (0.20 g, 1.0 mmol) in THF (2 mL) at -
78°C. The resulting mixture was stirred for 10 minutes, then 4-bromobenzoyl chloride (0.22 g,
1.0 mmol) was added. The reaction was warmed to ambient temperature and stirred for T hour
before being quenched with saturated agueous ammonium chloride (20 mL). The quenched
reaction was extracted with EtOAc (X 3) and the combined organic layers were dried over
anhydrous Na:SOy, filtered and concentrated in vacuo. The residue was parified on silica,
cluting with 0—1% EtOAc in hexanes to afford the title compound. LRMS (ESI) calc’d for:
C7Hy BrINO, [M+H]: 382, 384 (1:1), found 382, 384 (1:1).

Step 30 6-(d-bromophenvD-2.3 4 S-tetrahvdropvridine

fert-Butyl 3~(4-bromobenzoyl)-2-oxopiperidine- I -carboxylate (2.00 g, 5.23 mmol)
was combined with HC (8.0 M, 43.6 mL, .52 mol) at ambient temperature. The resulting
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solution was heated at 80°C for 16 hours. The reaction was then poured into saturated agueous
NayCOs (50 mL) and extracted with EtOAc (% 3). The combined organic layers were dried over
Na,S80,, filtered and concentrated in vacuo. The residue was purified on silica, cluting with -
1% EtOAc in hexanes to afford the title compound. LRMS (EST) cale’d for: C H3BrN {E‘vﬁ-i?{]':":
238, 240 (1:1), found 238, 240 (1:1); "H NMR (300 MHz, CDCL): 8 7.66-7.63 (m, 2H), 7.52~
7.47 (m, 2H), 3.90 (m, 2H), 2.59 (m, ZH), 1.88-1.79 (m, 2H),1.78-1.66 {(m, 2H).

Step 4 (R or 5)-2-(4-bromophenvh)-2-(trifluoromethyDpiperidine (3124 & 1-128)
To a solution of 6-(4-bromophenyl)-2.3,4,5-tetrahydropyridine (1.0 g, 4.2 mmol}

in acetonitrile (10 mL), was successively added trifluoromethanesuifonic acid (3.30 g, 22.0
mmol), potassium hydrogen fluoride (3.94 ¢, 50.4 mmol} and trimethyl{trifluoromethyl)silane
(5.97 g, 42.0 mmol) at 0—4°C. The resulted mixtare was stirred al ambient temperature for 48
hours. The reaction was then quenched with saturated aqueous NaHCO; (50 mL) followed by
extraction with EtOAc (» 3). The combined organic layers were dried over anhydrous Na,S0s,
filtered and concentrated in vacuo. The residuc was purified on silica, eluting with 0—1% DCM
in hexanes to afford the racemic title compound. The title compounds were then separated by
SFC using a Chiralpak 1A column, ehuting with 15% i-PrOH in COy to afford Peak A (3-124)

{Tr = 4.7 minutes, denoted as R} and Peak B (1-12B) (Tr = 5.5 minutes, denoted as 8). LRMS
(ESD cale’d for CpH . BrF3sN [M+H]™: 308, 310 (1:1), found 308, 310 (1:1); "H NMR (300 MHz,
CDCLy: 8 7.66 (m, 2H), 7.59 (m, 2H), 3.16-3.03 (m, 1H), 2.73-2.63 {(m, 1H), 2.50-2.42 (m, 1H),
2.25-1.93 (m, 1H}, 1.75 (m, 1H), 1.67-1.53 (m, 3H}, 1.33 (i, 1H).

Intermediates I-13A and I-13B
{R or $)-2-{4-bromophenyl}-2-(trifluoromethyhpyrrolidine

Potassiom ferr-butoxide (6.26 g, 55.80 mmol) was added to a solution of 1-

vinylpyrrolidin-2-one (6.20 g, 55.8 mmol) and methyl 4-bromobenzoate (10.00 g, 46.50 mmol)
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i THF (150 ml). The mixture was stirred at ambient temperature for an hour at which time
water (200 mL) was added and the pH was adjusted to 7 with agueous hydrochloric acid (1 M)
The resulting mixture was exiracted with EitOAc (< 3). The combined organic layers were dried
over anhydrous Na;SO,, filtered and councentrated in vacuo. The resulting residue was purified
by silica chromatography, eluting with 0-20% EtOAc in hexanes to afford the title compound as
a solid. LRMS (ESY) cale’d for C3H:BrNG, [M%HT: 294, 296 (1:1), found 294, 296 (1:1); "
NMR (300 MHz, CDCEL): 8§ 7.90(d, J=6.6 Hz, ZH), 7.65 (d, J = 6.6 Hz, ZH), 7.06-6.97 (m,
1H), 4.53 (m, 3H), 3.77-3.68 (m, 1H), 3.59 (w, 1H), 2.86-2.71 (m, 1H), 2.37-2.28 (m, 1H).

Step 2: 3-{(4-bromophenyy-3.4-dihvdro-2H-pyrrole
Br

N/’

A suspension of 3-(4-bromobenzoyly-1-vinylpyrrolidin-2-one (5.00 g, 17.0 mmol)
in aqueous HCI (20 mL, 8 M) was heated at reflux for 16 hours. The mixture was cooled to
armbient temperature and extracted with EtOAc¢ (« 3). The aqueous layer was basified to pH=13
with NaOH (15% aqueous solution) and then extracted with DCM (x 5). The combined organic
layers were dried over anhydrous NaxSQ,, filtered and concentrated in vacuo. The resulting
residue was purified by silica chromatography, eluting with 0-20% EtOAc/hexanes to afford the
title compound as a solid. LRMS (ESD calc’d for CoHy BrN [M+H]: 224, 226 (1:1), found 224,
226 (1:1); "H NMR (300 MHz, CDCL): 8 7.74-7.69 (m, 2H), 7.54 (m, 2H), 4.06 (m, 2H), 2.96~
2.88 (m, 2H), 2.10-2.00 (m, ZH).

Step 3: (S or R)-2-{4-bromophenyDi-2-(iriflucromethyvDpyrrolidine (1-13A & 138
To an ice-cooled solution of 5-(4-bromophenyl)-3,4-dithydro-2H-pyrrole (8.80 g,

3.6 mmol} in dry acetonitrile {3 mL) was successively added trifluoromethanesulfonic acid (0.67
g, 4.5 mmol}), potassium hydrogen fluoride (0.840 g, 10.7 mmol) and trimethyl{trifluoromethyl)
sifane (5.08 g, 35.7 mmol). The reaction solution was warmed to ambient temperature and
stirred for 48 hours before being quenched with saturated aqueous NaHCOG; vntil pH > 7. The
solution was extracted with EtOAc (x 3} and the combined organic layers were dried over
anhydrous Na;SOy, filtered and concenirated in vacue. The residue was purified by silica
chromatography, cluting with 0-20% DCM/hexanes to atford the title compound as an oil,
LRMS (BSD) cale’d for CiiHpBrFaN [M+HT: 294, 296 (1:1), found 294, 296 (1:1); 'H NMR
(300 MHz, CDCl3): 8749 (d, /=54 Hz, 2H), 742 (d, /= 5.4 Hz, ZH), 3.29-3.21 {m, 1H),
3.16-3.08 (m, 1H), 2.60-2.51 {(m, 1H), 2.25-2.16 (m, | H), 2.08-1.94 (m, 1H), 1.89-1.75 (m,

1H). This racemic mixtare was resolved by chiral HPLC using a Chiralpak AD-H column and
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methanol (with 0.2% DEA modifier) to Peak 1| (E-13A, retention time = 4.4 minutes, denoted as
R) and Peak 2 (E-13B, retention time = 5.2 minues, denoted as §).

Intermediates 1-14A and I-14B

5 {R or §}-2-(4-bromophenyi)}-2-(iriflucromethyljazepane
Br

I-14A & 1-14B

Step 1: rert-butyl 3-(4-bromobenzoyli-2-oxoazepane-1-carboxvlate
Br

10 To a solution of rers-butyl 2-oxoazepane-1i-carboxylate (27.0 g, 0.127 mol) in
THF (60 mL) at -78°C, was added dropwisc a solution of lithinm bis(trimethyisilylyamide (152
mk, .15 mol, 1 M in THF). The resulting solution was stirred for 10 minutes, then 4-
bromobenzoyl chloride (30.6 g, 0.139 mol} was added to the mixture and the resulting mixture
was warmed to ambient temperature and stirred for 1 hour before the addition of saturated

15 agueous ammonium chloride (100 mL). The solution was extracted with EtOAc (x 3), and the
combined organic fractions were dried over anhydrous NapSOy, {iltered, and concentrated in
vacuo. The residue was purified by silica chromatography, ehuting with (-50% EtOAc/hexanes
to afford the title compound as a solid. "H NMR (300 MHz, CDCL): 8 7.75(d, J = 8.4 Hz, 2H),
7.58(d,J =84 Hz, 2H), 4.46-4.42 (m, 1H), 4.38-4.30 (m, 1H), 3.55-3.47 (m, 1H), 2.33-2.28

200 (m, 1H), 2.07-1.93 (m, 3H), 1.65-1.52 (m, 2H), 1.48 (5, 9H).

Step 2: 6-amino-1-{4-bromophenyvihexan-1-one

A mixture of ferf-butyl 3-(4-bromobenzoyl}-2-oxoazepane-1-carboxylate (10.0 g,
25 25.2 mmol) in aqueous hydrochloric acid (8 M, 210 mL, 1.68 mol) was stirred at 90°C for 16
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hours. The mixture was then poured into saturated sodium carbonate (500 k), and extracted
with EtOAc (# 3). The combined organic fractions were dried over Na,50,, filtered, and the
filtrate was concentrated in vacuo, The residue was puritied by silica chromatography, eluting
with §—-100% EtOAc/hexanes to afford the title compound as a solid. LRMS (EST) cale’d for
CoHpBINO [MAHT 2 270, 272 (1:1), found 270, 272 (1:1); 'H NMR (300 MHz, DMSO-dg): §
7.96(d, ./ = 8.4 Hz, 2H), 7.89-7.80 (br s, ZH), 7.75 (d, / = 8.4 Hz, 2H), 3.05-2.94 (m, 2H),
2.79-2.73 (m, 2H), 1.80-1.52 (m, 4H), 1.40-1.24 (m, 2H).

Sten 3 7-(4d-bromophenvD-3.4.5 . 6-tetrahvdro-2 H-azepine

A solution of 6-amino-1-{4-bromophenyhhexan-1-one (5.00 g, 18.5 mmol) and
potassium hydroxide (5.19 g, 92.6 mmol) in methanol (50 mL) was stirred at ambient
temperature for 16 hours. The mixture was then concentrated in vacuo, and the residue was
purified by silica chromatography, eluting with 0-50% EtOAc/hexanes to afford the title
compound as a solid. LRMS (ESI) cale’d for C,HsBrN [M+H] " : 252, 254 (1:1), found 252,
254 (1:1); '"H NMR (300 MHz, DMSO-ds): 8 7.70 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H),
375 (,J =48 Hz, 2H), 2.81 {t, J =54 Hz, 2H}, 1.85-1.70 (m, 2H), 1.53-1.47(m, 4H).

Step 4: (R or §)-2-{(4-bromophenv-2-(iriflucromethvlazepane and ($)-2-{4-bromophenyl)-2-
{(trifluoromethyDazenane (I-14A & I-14B)
To a solution of 7-(4-bromophenyl)-3.4,5,6-tetrabydro-2H-azepine (2.10 g, 8.33

mmol) in dry acetonitrile (10 mL}), was successively added trifluoromethanesulfonic acid (6.25 g,
41.6 mmol}, potassium hydrogen fluoride (7.81 g, 0.100 mol) and trimethyl{trifluoromethyl)
silane (11.8 g, 83.3 mmol) at §°C, The mixture was then stirred at ambient temperature for 16
hours before addition of saturated aqueous sodium bicarbonate to adjust the pH to ~7. The
mixture was extracted with EtOAc (X 3), and the combined organic layers were dried over
anhydrous Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by silica
chromatography, ehiting with 0-50% DCM/hexanes to afford racemic title compound as an oil.
The racemic material was then separated by preparative chiral SFC using a Chiralpak AD-H
column, eluting with 10% cthanol (with 0.2% dicthyl amine) modificr in CO, to afford 3.98
{(Enantiomer A — I-14A, denoted as R) & 4.68 (Enantiomer B — I-14B, denoted as S) minutes,
LRMS (ESI) eale’d for CsH oBeF3N [MHHT: 322, 324 (1:1), found 322, 324 (1:1); 'H NMR
(300 MHz, CDCl:): 8 7.52 (s, 4H), 3.22-3.08 (m, 1H), 2.84-2.74 (m, 1H), 2.37-2.17 (m, 2H),
1.94-1.25 (m, 7H).
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Intermediate 15-1

{4-breme-2-methyiphenvi}{4,4-difluoropiperidin-i-ylimethanone
O

Joaor

Foi-15-1

To a solution of 4-bromo-2-methylbenzoic acid (0.75 g, 3.5 mumol) in DMF (9
mlL), was added HATU (2.6 g, 7.0 mmol), Hiinig’s base (2.4 mL, 14 mmol), and 4,4-
difleoropiperidine (.84 g, 7.0 mmol). The resulting reaction mixture was stirred for 16 hours,
concentrated in vacuo, and the crude oil was purified by silica chromatography, elating with a
hexanes/EtOAc gradient to yield E-18-1. "H NMR (500 MHz, CDCls): 8 7.42-7.37 (m, 2H), 7.05
(d,/=28.1 Hz, 1H), 4.02 (m, 1H), 3.82 (m, 1H), 3.36 (m, 2H), 2.30 (s, 3H), 2.11-2.07 {(m, 2H),
1.88 (m, 2H).

Table 2 discloses Examples that were prepared in analogy to I-15-1.

Table 2,
Example Structure Compound Name LEMS
LRMS (EST)
i-15-2 ~ {9 0 {(4-bromo-2- Cale’d for
Br"’v’ﬁk methylphenyly(morpholinoymet | CipHisBrNG,
Kﬂo hanone IM+H]: 286,
found 286,
LRMS (EST
i-15-3 FMQ 0 {(4-bromo-2- Cale’d for
Br"‘%#/ J(N’w methylphenvl(thiomorpholine) | CipHisBeNOS
g methanone IMH+HT™ 302,
found 302,

Intermediate 16-1

8-oxa-3-azabicycls]3.2.1joctan-3-vH4-bromo-2-methyiphenylmethanone
Br

5

\
& N@o
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Step 1 4-bromo-2-methylbenzovl chloride
Br
1

QL

e

4-Bromo-2-methylbenzoic acid (1.40 g, 6.50 mimol) was dissolved in thionyl
chloride (20 mL} and the mixture was stirred at 80°C for 2 hours, then concentrated in vacuoe to
afford crude 4-bromo-2-methylbenzoyl chloride as a solid that was used as is without further

purification,

Step 2: &-oxa-3-azabicvelol3.2 1loctan-3-vi{4-bromo-2-methvivhenviimethanone (J-16-1)

4-Bromo-2-methytbenzoyl chloride (1.24 g, 5.30 mmol) was added to a
suspension of (1R,55)-8-0xa-3-azabicyclo[3.2. 1 octane (0.50 g, 4.4 mmol) and tricthylamine
(2.51 ml, 17.99 mmol) in DCM (10 mL) at arabient temperature, The reaction mixture was
stirred at ambient temperature for 2 hours, then diluted with DCM (30 mL) and washed with
brine (x 2). The combined organic layers were concentrated in vacuo and purified by silica
chromatography, ehuting with 20% EtOAc/hexancs to afford the title compound as a solid.
LRMS (EST) cale’d for C4H 7 BING; [M+H] ™ 310, 312 (1:1) found 310, 312 (1:1); '"H NMR
(300 MHz, CDCL)Y: 8§ 741 (5, 1TH), 7.36 (d, J=&.1 Hz, 1H), 7.08 {d, /= 8.1 Hz, 1H), 4.76 (m,
1H), 3.85 (m, 1H), 3.72 (m, 1H), 3.55 (m, 3H), 2.34 (s, 3H}, 2.15-1.86 {m, 4H).

Table 3 discloses intermediates that were prepared in an analogous manner to that of §-16-1

above.
Table 3.
Example Structure Compeound Name LRMS and/or '"H NMR
o-f{4-bromo-2- LRMS (ESI) cale’d for
ar methylphenyljcarbonyl] | Ci3HsBrNG; [M+H}+: 296, 298
‘{)\\‘ “2-oxa-G-azaspiro[3,3] | (1:1), found 296, 298 (1:1); '"H NMR
e %)\ heptane (400 MHz, CDCl3): 6742 (d, J =
)\ 1.2 Hz, 1H), 7.42-7.34 (m, 1H),
o NQC@ 7.12(d, J= 8.4 Hz, 1H), 4.87—4.77
{m, 4H), 4.34 (s, 2H), 4.09 (s, 2H),
2.39(d, /= 7.6 Hz, 3H).
{4-bromophenyl) LRMS (ESI) cale’d for CpoHsBrNO
116-3 (pyrrolidin-1-yi) IM+HT 26‘% 270 (1:1), found 268,
methanone 270 (1:1y; "H NMR (300 MHz,
CDClLy): 8 7.54(d, /=8.7 Hz, 2H),
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B 7.40(d, J = 8.7 Hz, 2H), 3.79-3.52
@\ (m, 4H), 2.04-1.92 (m, 4H).
S
o NQ
{15,45)-5-o0xa-2-aza- LRMS (ESI) cale’d for
ar bicyclo[2.2. 1 heptan-2- | Cj3HsBrING, [M+H]: 296, 298
£ yi{4-bromo-2- {1:1) found 296, 298 (1:1); '"H NMR
164 — H methylphenyl) (300 MHz, DMSO-d;): 8 7.53 (m,
A\ methanone 1H), 7.44 (m, 1H), 7.25-7.16 (m,
o NG 1H), 4.89-4.50 (m, 1H), 3.96-3.30
Qg {m, 6H), 2.20 (d, J= 7.5 Hz, 3H),
1.90 (m, 1H).
Br (1R 4R)-5-0xa-2-aza~ LRMS (ESH) calc’d for
A bicyclo[2.2.1}heptan-2- | C13HsBrNG, {M+H]+: 296, 298
) " yi(4-bromo-2- (1:1) found 296, 298 (1:1); '"H NMR
) methylphenyl) (300 MHe, DMSO-dg): 8 7.53 (m,
163 o 5\\\5@3 methanone 1H), 7.44 (m, 1H), 7.25-7.16 (m,
;_:_i 1H), 4.89-4.50 (m, 1H), 3.96-3.30
{m, 6H), 2.20(d, /= 7.5 Hz, 3H),
1.90 (m, 1H).
(R)-(4-bromo-2- LRMS (EST) cale’d for
Br methylphenyl)(3- Ci3H7BeNO, [M+H]: 208, 300
2 methylmorpholino) (1:1), found 298, 300 (1:1); 'H NMR
, ! methanone (300 MHz, CDCL3): 8 7.38 (m,2H),
i-16-6 = : ) o ,
: 7.05 (m,1H), 4.79-4.43 (m,1H),
o ?‘ff\\g 4.02-3.68 (m, 2H), 3.64-3.36 (m,
ind 3H), 3.27-3.06 (m, 1H), 2.33-2.24
(m, 3H), 1.42--1.25 (m, 3H).
($¥-(4-bromo-2- LRMS (EST) cale’d for
Br methylphenyl)(3- C3H-BrNO, [M+H]": 298, 300
4 ) methylmorpholino) (1:1), found 298, 300 (1:1). "H NMR
‘ = methanone (from (300 MHz, CDCl3): ¢ 7.38 (m,2H),
1-16-7 o NA commercial (S} amine) | 7.05 (m,1H), 4.78-4.43 (m,1H),
O 4.02-3.68 (m, 2H), 3.64-3.36 (m,
3H), 3.27-3.06 (m, 1H), 2.33-2.24
{m, 3H), 1.42-1.25 (m, 3H).
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{4-bromo-2- LRMS (EST) cale’d for
- ethylphenyl) Ci3H7BrNG, [Mﬂﬁif: 298, 300
/ {morpholino) (1:1), found 298, 300 (1:1); 'H NMR
— | methanone (300 MHz, DMSO-d;): 6 7.54 (d, J
i-16-8 = 1.8 He, 1H), 745 (dd, /= 8.1, 2.1
O @ Hz, 1H), 7.15(d, /=8.1 Hz, 1H),
3.64 (m, 4H), 3.48 (m, 2H), 3.13-
231 (m, 2H), 2.54 (m, 2H), 1.14 (1,
J =78 Hz, 3H)}.
Br {4-bromo-2- LRMS (ESI) cale’d for
fluorophenyl) CiiH R BeENG, [MAHHTT: 288, 290
L16.9 e {morpholino) (1:1), found 288, 290 (1:1); "H NMR
methanone {400 MHz, CDCL)Y: 8740(d, J=
o NOQ 8.0 Hz, 1H), 7.30 (m, 2H), 3.81 (m,
4H), 3.63 (m, 2H), 3.35 (m, ZH).
3-0xa-8- LRMS (EST) cale’d for
azabicyclo[3.2.1] CiaH7BrNG, {M-*Ir-Hf: 310, 312
Br octan-&-yi{4-bromo-2- | (1:1) found 310, 312 (1:1); 'H NMR
7 ) methylphenyl) (300 MHz, CDCls): 6 7.42 (s, 1H),
I-16-16 = methanone 7.36(d,J=81He, 1H),7.09(d, J=
Q%N@ 8.1 Hz, 1H), 4.76-4.31 (m, 2H),
O 4.22 (m, 1H), 3.38 (m, 1H), 3.15-
2.91 (m, 2H), 2.37 (3, 3H), 2.07-
1.88 (m, 4H).
{(R)~-(4-bromo-2- LRMS (ESI) cale’d for
methylphenyl}(2- Ci3HpBrNO, [MAHT: 298, 300
methylmorpholino) (1:1) found 298, 300 (1:1); 'H NMR
Br methanone {400 MHz, CDCl5): 6 7.38 (m, 2H),
7.06 (m, 1H), 4.62-4.534 (m, 1H),
Q~ 4.61 (m, 0.5H), 3.79 (m, 0.5H),
I-16-11

3.597 (m, 1H), 3.45 (m, 1H), 3.24~
3.11 (m, 1.5H), 3.02-2.93 (m, 0.5H),
2.85-2.77 {m, 0.5H), 2.67-2.59 {m,
0.5H), 2.33-2.23 (m, 3H), 1.25 (4, J
= 6.3 Hz, 1.5H), 1.05 (d, /= 6.3 Hz,
1.5H).
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{8)~(4-bromo-2-
methylphenyl}{(2-
methylmorpholino)

LRMS (EST) cale’d for
C13H7BrNO, [M+H]™: 298, 300
(1:1) found 298, 300 (1:1); '"HNMR

Br methanone (400 MHz, CDCl;): 6 7.38 (m, 2H),
7.06 (m, 1H), 4.62-4.54 {(m, 1H),
, 7 4.01 (m, 0.5H), 3.79 (m, 0.5H),
F16-12 1 5= — 3.597 (m, 1H), 3.45 (m, 1H), 3.24~
N L i m o  ooers
] O 3.1 (m, 1L.5H), 3.02-2.93 (m, 0.5H),
2.85-2.77 (m, 8.5H), 2.67-2.59 {m,
0.5H), 2.33-2.23 (m, 3H), 1.25(d, J
=6.3 He, 1.5H), 1.05(d, /= 6.3 Hz,
1.5H).
{4-bromo-2- LRMS (EST) cale’d for
ethylphenyl) Ci3HpBINOS [M+H]™: 314, 316
{thiomorpholino}) (1:1), 314, 316 (1:1): "H NMR (400
methanone MHz, CDCl3): 8 7.50 (s, 1H), 7.42
-16-13 (d, /=84 Hz, 1H),705(d, /=84
Hz, 1H), 4.21-4.15 (m, 1H), 3.93
{m, 1H}, 3.56-3.46 (m, 2H), 2.81-
2.69 (m, ZH), 2.58 (m, 4H), 1.29 (4,
J=7.6Hz, 3H),
cis (4-bromo-2- LRMS (EST) cale’d for
methylphenyl)(3,5- C4H sBINO, [M+H]™ 312, 314
dimethylmorpholino} (1:1), 312, 314 (1:1); "H NMR (400
i-i16-14 methanone MHz, CBCl): 6 7.43-7.37 (m, 2H),
7.09-6.98 (m, 1H), 3.91-3.35 (1,
6H), 2.57-2.23 {m, 3H), 1.51-1.12
{m, 6H).
trans (4-bromo-2-
methylphenyl}(3,5- LRMS {ESI) calc’d for
dimethylmorpholino) CiaHyoBriNG, {M+H]+: 312,314
L16-15A mcthanone (1:1), 312, 314 (1:1); "H NMR (400
Racemic aryl bromide | MHe, CDCL): 6 7.36 (s, 1H), 7.35
E_;rjfgg was separated by prep | {d, /=81 Hz, 1H), 711 (d,J/=8.1

HPLC using a Chiraleel
QJ-H, cluting with 10%
FIOH 10 hexanes,

retention times = 7.5

Hz, 1H), 3.92-3.57 (m, 4H), 3.52
(m, 2H), 2.34 (s, 3H), 1.51-1.12 (m,
6H).
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and 186.0 minutes,

Intermediate 17

{4-bromo-2-{diflucromethyl)phenyl}{thiomorpholino)methanone

Step 1: (4-bromophenyh{thiomorpholinomethanone
Br

7N

3

A solution of 4-bromobenzoyl choride (10.00 g, 45.60 mmol}, thiomorpholine
(7.05 g, 68.3 mmol) and tricthylamine (31.8 mL, 228 mmel) in DCM (50 mL) was stirred at
ambient temperature for 1 hour, The reaction mixture was then quenched with water (80 mL),
and extracted with DUM (x 3}, The combined organic layers were washed with water (40 ml),
brine (30 mL), dried over anhydrous Na; SOy, filtered, and the filtrate was concentrated in vacuo
to afford a residue that was purificd by silica chromatography, eluting with 20% EtOAc/hexanes.
LRMS (EST) cale’d for C H;:BeNOS [M+H]™: 286, 288 (1:1) found 286, 288 (1:1); '"H NMR
(400 MHz, CDCL): 8 7.57 (m, 2H), 7.35-7.26 (m, 2H), 4. 10-3.60 (m, 4H), 2.80-2.55 (m, 4H).

Step 2: 5-bromoe-2-(thiomorpholineg-4-carbonylibenzaldehvde

To a 0°C solution of 2,2,6,6-tetramethylpiperidine (0.560 g, 3.98 mmol) in THF
(20 mL), was added (dropwise) n-butyllithium (1.67 mL, 4,18 mmol, 2.5 M in hexanes) over 5
minutes, The resulting solution was stirred for 10 minutes before being cooled 1o -78°C. (4~
Bromophenyl){thiomorpholinoymethanone (0.570 g, 1.99 mmol) in THF (2 mL) was then quickly
added to the solution and the solution was stirred at -78°C for | hour, DMF (0.46 mL, 6.0 mmol)
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was added dropwase to the solution at -78°C over 2 minutes, and then the reaction was warmed
to ambient temperature over 30 minutes, The reaction mixture was quenched with water (40 mL),
extracted with EtOAc (< 3), and the combined organic layers was washed with water, brine, dried
over anhydrous Na,SO,, filtered and the filtrate was concentrated in vocuo. The residue was

5  purified by silica chromatography, eluting with 9% EtOAc/hexanes to afford the title compound
as an oil. LRMS (ESI) cale’d for C;nH3BrNO,S [M+H]™: 314, 316 (1:1) found 314, 316 (1:1);
"H NMR (400 MHz, DMSO-dy): § 9.94 (s, 1H), 8.16 (d, J= 2.0 Hz, 1H), 7.95 (dd, /= 8.0, 2.0
Hz, 1H), 7.43 (d, J= 8.0 He, 1H), 3.91 (m, 2H), 3.44 (m, 2H), 2.73 (m, 2H), 2.46 (m, 2H).

10 Step 3: {(4-bromoe-2-{difluoromethvliphenvi¥thiomorpholinoymethanone 3-17)

Bis{2-methoxyethyDaminosulfurtrifluoride (1.83 g, 8.28 mmol) was added

dropwise to a stirred solution of 5-bromo-2-(thiomorpholine-4-carbonyhibenzaldehyde (0.26 g,
(.83 mmol} in BCM (2 mL) at -20°C over 2 minutes. The reaction was then allowed to warm to
room temperature and was stirred for 2 hours before being quenched with water (30 mL), and

15 extracted with EtOAc (x 3). The combined organic layers were washed with water, brine, dried
over anhydrous NapS(Qy, filtered, and the filirate was concentrated in vacuo. The residue was
purified by silica chromatography, eluting with 9% Et(Ac/hexanes to afford the title compound
as a solid. LRMS (ESI) cale’d for C1oH 3BrF,NOS [M+H]: 336, 338 (1:1) found 336, 338 (1:1);
"H NMR (400 MHz, CDCL): 8 7.84 (s, 1H), 7.69 (m, 1H), 7.16 (d, /= 8.0 Hz, 1H), 6.85 (t, /=

20 52.4 Hz, 1H), 4.30-3.92 (m, 2H), 3.72-3.36 (10, 2H), 2.96-2.74 (im, 2H), 2.55 (m, ZH).

Intermediate 18
S-brome-2-(1-methyipiperidin-4-yi}-2,3-dihydrobenzold]isothiazele 1,1-dioxide

18
25 Siep 1: 4-bromo-2-(bromomethviibenzene-1-sulfonyi chioride
Br
Br
O E§ =0
Cl

To a solution of N-bromosuccinimide (26.4 g, 148 mmol) and 4-bromo-2-
methylbenzene-1-sulfonyl chloride (20.0 g, 74.2 mmol) in carbon tetrachloride (1.00 L) was

added 2,2°- azobis(2-mcthylpropionitrile) (2.43 g, 14.8 mool)} at ambient temperature. The
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reaction mixture was stirred at 80°C for 16 hours under argon, then cooled and the solids filtered.
To the filtrate was then charged another portion of N-bromosuccinimide (26.4 g, 148 mmol) and
2,2'- azobis(Z-methylpropionitrile) (2.43 g, 14.8 mmol) and the reaction was stirred at 80°C for
an additional 16 hours under argon. The solids were again filtered, and the filtrate was

concentrated in vacuo. The residue was used next step without further purification.

Step 2: tert-butyl 4-(4-bromo-2-(bromomethyliphenyisulfonamido)piperidine- I -carboxylate
Br

Br

O:&;‘FO

Xﬂtg*‘@

To a solution of 4-bromo-2-(bromomethylibenzene-1-sulfonyl chloride (60.0 g,
172 mmol) in DCM (1,60 L) was added a solution of /ers-butyl 4-aminopiperidine-1-carboxylate
(20.7 g, 103 mmol) and triethylamine (34.8 g, 344 mmol) in BDCM (100 mL) at ambient
temperature. The mixture was stirred at ambient temperature for 3 hours, then quenched with
water (300 mL), extracted with DCM (x 3}, and the combined organic layers were washed with
brine, dried over anhydrous Nap;SO4 and filtered. The filtrate was concentrated in vacuo and the
residue was purified by silica chromatography, chuting with 25% EtOAc in hexanes to afford the
title compound as a solid. LRMS (EST cale’d for CsHi/BrN2 048 [M —+-Bu+2H |7 455, 457,
459 (1:2:1) found 435, 457, 459 (1:2:1).

Step 3: fert-butvl 4-(5-bromo-1.1-dioxidobenzol dlisothiazol-2(3H-vhipiveridine-1-carboxvlate

To a room temperature solution of rerf-butyl 4-(4-bromo-2-
{(bromomcthylyphenylsulfonamido)piperidine-1-carboxylate (50.0 g, 98.0 mmol} in
acetonitrile/water (3/1, 400 mL), was added sodiam bicarbonate (24.6 g, 293 mmol}. The
mixtare was stirred at 80°C for 16 hours and then concentrated in vacuo. The residue was
diluted with water (200 mL}, extracted with EtOAc (x 3}, and the combined organic layers were
dried over anhydrous Na,30, and filtered. The filtrate was concentrated in vacuo and the residue
was purified by silica chromatography, eluting with 20% cthyl acetate in hexanes to afford the
title compound as a solid. LRMS (ESI) cale’d for C3H6BrNyOuS [M —t-But2H 17 375, 377
(1:1) found 375, 377 (1:1); 'H NMR (400 MHz, CD;OD): §7.76 (s, 1H), 7.74 (d, J = 8.4 Hz,
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1H), 7.65 (d, J = 8.4 Hz, 1H), 4.44 (s, 2H), 4.08 (d, /= 13.5 He, 2H), 3.78-3.71 (m, 1H), 2.98~
2.83 (m, 2H), 2.00-1.94 (m, 2H), 1.85--1.73 (m, 2H), 1.43 (s, 9H).

Sten 4 S-bromo-2-(piperidin-4-v1-2 3-dihvdrobenzol dlisothiazole 1.1-dioxide
Br

O=8~N

T
O
NH

To a stirred mixture of fert-butyl 4-(5-bromo-1,1-dioxidobenzofdlisothiazol-

203 H)-ylpiperidine-1-carboxylate (2.40 g, 5.56 mmol) in dichloromethane (40 mL) was added
(dropwise) triftuoroacetic acid (1.90 g, 16.7 mmol) at ambient temperature. The reaction mixtare
was stirred at ambient temperature for 1 hour and then concentrated in vacuo. The residue was
adjusted to pH = 8 with aqueous anmimonia, and the mixiure was extracted with EtOAc (% 3). The
combined organic layers were washed with brine, dried over anhydrous NaxSQOs, filtered, and the
filtrate was concentrated in vacuo to afford the title compound as an oil that was used as is in the
next step without further purification. LRMS (ESI) cale’d for CipH¢BrN2O,8 [M+HT: 331, 333
(1:1), found 331, 333 (I:1).

Step 3: 3-bromo-2-( L-methvipiperidin-4-vi-2 . 3-dibydrobenzoldlisothiazole 1. 1-dioxide (1-18)

To a stirred mixture of 5-brome-2-(piperidin-4-y1}-2,3-dihydrobenzoldlisothiazole
1,1-dioxide (80 mg, 0.24 mmol) and formaldehyde (22 mg, 6.73 mmol) in methanol (15 mL) at
room temperature, was added sodium cyanoborohydride {46 mg, 0.73 mmol). The reaction was
stirred at ambient temperature for 2 hours, then concentrated and quenched by the addition of
water (10 mL). The mixture was extracted with EtOAc (#3), dried over NaySQ,, filtered, and the
filtrate was concentrated to the title compound as an oil that was used as is, LRMS (ESI) cale’d
for Cy3H gBriN,O,S [MAHT: 345, 347 (1:1), found 345, 347 (1:1).

Intermediate 19

5-brome-2-(4.4-difluers-1-methylcyclohexyhisoindolin-1-one
O F

Step 1: 4. 4-difluoro-1-methvicvelohexanamine

HoN
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To a solution of 4,4-difluoro- I -methyleyclohexanecarboxylic acid (4.60 g, 25.8
mimol) and triethylamine (3.92 g, 38.7 mmol} in toluene (100 mL), was added (dropwise)
diphenylphosphorazidate (8.53 g, 31.0 mmol) at ambicnt temperature. The resulting solution was
stirred at ambient temperature for 3 hours and then heated to 100°C for 12 hours. The reaction
was then quenched by addition of water (100 mbL) and extracted with EtOAc¢ (x 3). The
combined organic layers were dried over anhydrous Nap,SQy, filtered, and the filtrate was
concentrated in vacuo to afford crude 1,1-difluoro-4-isocyanato-4-methylcyclohexane that was
then taken up in 1,4-dioxane (20 mL). Aqueous hydrochloric acid (57.1 mL, 57.1 mmol, IM)
was then added at ambient temperature and the resalting sohution was stirred for 12 hours and
then concentrated in vacuo. The residue was adjusted pH = 9 with agqueous sodium carbonate and
the the solution was extracted with EtOAc (x 3). The combined organic layers were dried over
anhydrous NapSQ;, filtered, and the filtrate was concentrated in vacuo to afford the title
compound as an oil. "H NMR (300 MHz, CDC): § 2.15-1.95 (m, 2H), 1.93-1.79 (m, 2H),
1.69-1.60 (m, 6H), 1.19 (s, 3H).

Step 2: methyl 4-bromo-2-(bromomethylbenzoate
Br

Ols

0“"3\?

A solution of AIBN (3.58 g, 21.8 mmuol), NBS (38.8 g, 218 mmol) and methyl 4-
bromo-2-methylbenzoate (50.0 g, 218 mmol) in CCly (1.0 L) was stirred for 16 hours at reflux.
The reaction was cooled to ambient temperature, quenched with water (300 mL), and the organic
layer was collected and concentrated in vacuo. The residue was purified by silica
chromatography, cluting with 1% FtOAc/hexanes to afford the title compound as a solid. 'H
NMR (300 MHz, CDClL): 6 7.81 (d, J=8.4 Hz, 1H), 7.63 (s, 1H), 7.51 {d, /= 8.4 He, 1H), 4.90
(s, 2H), 3.94 (s, 3H).

Siep 3: S-bromo-2-(4.4-difluore-1-methvicyclchexvhisoindolin-1-one (1-19)

Triethylamine (3.39 g, 33.5 mmol) was added to methyl 4-bromo-2-
(bromomethyDbenzoate (2.06 g, 6.70 mmol} and 4,4-diftuoro-1-methylcyclohexanamine (1.00 g,
6.70 mmol) in tohiene (60 mL). The mixture was stirred at 110°C for 16 hours, then
concentracted in vacuo and purified by silica chromatography, eluting with 0—6%

EiQAc/hexanes to afford the title compound as a solid. LRMS (ESI) cale’d for CisHpyBrE,NG
IM+H]T: 344, 346 (1:1), found 344, 346 (1:1); "H NMR (300 MHz, CDCls): § 7.80-7.42 (m, 3H),
4.39 (s, 2H), 2.73 (m, 2H}, 2.10-1.83 {(m, 6H), 1.42 (s, 3H).
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Intermediate 20
4-{4-bromophenyl}-1-methvipiperidine

To a stirred solution of sodium acetate (4.45 g, 54.2 mmol}, 4-(4-
bromophenylipiperidine hydrochloride (5.00 g, 18.1 mmol} and acetic acid (2.17 g, 36.2 mmol)
in MeOH (50 mL) was added formaldehyde (1.08 g, 36.2 mmol). The mixture was stirred at
arubient temperature for 3 hours. Sodium cyanotrihydroborate (2.27 g, 36.2 mamol) was added
and the mixture was stirred at ambient temperatare for 16 hours. The reaction mixture was
quenched with water (20 mL), extracted with ethyl acetate (x 3}, and the combined organic layers
were dried over anhydrous sodium sulfate, filtered, and the filtrate was concentrated in vacuo.
The residue was purified by silica chromatography, eluting with 0—10% DCM/MeOH to afford
the title compound as a solid, LRMS (ESH calc’d for CioH7BrN [M+H]™: 254, 256 (1:1), found
254, 256 (1:1); 'H NMR (400 MHz, CDCL): §7.42(d, J= 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H),
3.05(d,J=11.6 Hz, 2H), 2.48 (m, 1H), 2.38 (s, 3H), 2.19-2.09 (m, 2H), 1.85-1.76 (m, 4H).

Intermediate 21
4-{4-bromophenyl}-1-(2,2,2-tritfluoroethyl)piperidine

Br.

~NCFs gy

To a stirred solution of DIPEA (0.78 mL, 2.2 mmol) and 4-(4-
bromophenyhpiperidine hydrochloride (0.20 g, 0.72 mmol) 1o DCM (5 ml.), was added dropwise
a solution of 2,2, 2-trifluorcethyl trifluoromethanesulfonate (0.25 g, 1.1 mmol) in DCM (0.5 mL)
at ambient temperature. The mixture was stirred at ambient temperature for 16 hours, then
concentrated in vacuo and purified by silica chromatography, eluting with 17% cthyl
acetate/hexanes to afford the title compound as an oil, LRMS {(ESI calc’d for C3H s BrisN
IM+HT ™ 322, 324 (1:1), found 322, 324 (1:1); 'H NMR (300 MHz, CDCL): § 7.43 (d, /= 8.4 Hz,
2H), 7.11(d, J= 84 Hz, ZH), 3.10-2.97 (m, 4H), 2.52-2.40 (m, 3H), 1.82-1.70 (m, 4H).

Example 1-1
fere-butyl 4-G3-(4-(N,N-dimethylsulfamoyl)phenylamino}-4-ox0-4,5-dihydropyrazole{4,3-
cipyridin-i-y I}-4-ethyipiperidine-1-carboxyiate
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Step 1: feri-butvl 4-(d-(benzvioxyi-3-({4-(N N-dimethvisulfamovhphenvDamino)-14-

pyrazolol4.3-¢clovrdin- 1 -vD-4-{cyanomethyvDpiperidine-1 -carboxviate

BnO e f/”\N,Bac
o~ JN i
HN,i\N
[ ON
O—§—0
AN

Under nitrogen, a mixtare of rerr-butyl 4-[ 3-amino-4-(benzyloxy)-1#-
pyrazolo[4,3-clpyridin-1-yl-4-(cyanomethyDpiperidine-1-carboxylate (3.00 g, 6.49 mmol), 4-
bromo-N, N-dimethythenzene-1-sulfonamide (3.42 g, 13.0 mmol), di-rer-butyl(2',4',6'-
triisopropylbiphenyl-2-yhphosphine (1.93 g, 4.54 mmol),
tris{dibenzylidencacetone)dipaladium(0)-chloroform (1.66 g, 1.62 mmol) and potassium acetate
(1.26 g, 12.9 mmol) in 2-propanol (70 mL) was heated to 80°C for 18 hours. The mixture was
filtered and the filtrate was concentrated in vacuo. The residue was purified by silica
chromatography, chuting with 60% EtOAc/hexanes the title compound as a solid. LRMS (ES])
cale’d for C33HaoN,OsS [M+H]: 647, found 647; 'H NMR (600 MHz, DMSO-d;): 8 8.58 (s,
1H), 7.91(d, /= 6.7 Hz, 1H), 7.73 (m, 2H), 7.68 {d, /= 9.0 He, 2H), 7.52 (d, /= 7.0 Hz, 2H),
7414t J="T7.0Hz, 3H), 7.34 (t, /= 7.5 Hz, TH), 5.63 (s, 2H}, 3.81 (d, J= 12.6 Hz, 2H), 3.34 (s,
2H), 3.09 (brs, 2H), 2.80 (d, /= 14.0 Hz, 2H)}, 2.60 (s, 6H}, 2.09 {m, ZH}, 1.43 (s, 9H).

Sten 2: deri-butvl 4-(d-(henzvloxyi-3-({4-(N N-dimethvylsulfamovDohenvDamino)-14-
pvrazelol4.3-clovridin-1-vD-4-(2-oxoethvpiperidine- L -carboxvlate

NN
Bno—4 o 2oC
e ,N"j\/
HNT N \j
s
0=§=0
N
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To a solution of feri-butyl 4-[4-(benzyloxy)-3-{[4-
(dimethylsulfamoybhphenyljamino}-1H-pyrazolo[4,3-c|pyridin-1-yl}-4-{cyanomethyljpiperdine-
I-carboxylate (0.10 g, 0.15 mmol) in DCM {10 mL) at -78°C under nitrogen, was added
(dropwise} a solution of diisobutyl aluminium hydride (0.5 mL, 2.5 M in THF). The reaction
was stitred for 2 hours at -40°C before being quenched with water (2 mL) at 0°C. The mixture
was then extracted with dichloromethane (< 2), and the organic layers were combined, dried over
anhydrous sodium sulfate, filtered, and the filtrate was concentrated in vacuo to afford the title
compound as a sohid. LRMS (EST) calc’d for Cy3Hay NgO6S IM+H]™: 649, found 649.

Step 3: fert-butvl 4-(¢ 1. 3-dithiolan-2-vDmethy-4-(3-{({4-{N N-dimethvisulfamovhiphenvh)

amino}-4-oxo-4.5-dihydro-1/{-pyrazolo{4,3-clpyridin-1-vhipiperidine- | -carboxylate

LBoc
N

To a solution of feri-butyl 4-[4-(benzyloxy)-3-{[4-
(dimcthylsultamoyhphenyliamino}-1 H-pyrazolo[4,3-clpyridin- 1 -vl}-4-(2-oxocthylpiperidine- | -
carboxylate (0.50 g, 0.77 mmol) in BCM (30 mL), was added cthane-1,2-dithiol (0.5 mL) and 4-
methylbenzenesulfonic acid (.10 g, 8.40 mmol). The mixture was stirred for 4 hours at 40°C
and then concentrated in vacuo. The residue was purified by silica chromatography, eluting with
33% EtOAc/hexanes to give the title compound as a solid. LRMS (ESI) cale’d for
CagH3oNs058; [M+H]: 633, found 635,

Step 4; feri-butvl 4-(3-(4-(N N-dimethvisulfamoviinhenviamino-4-oxo-4.3-

dihvdropyrazoloi4.3-clpvridin-1-v [-4-cthvipiperidine-1 -carboxyvlate

To a mixtare of ter-butyl 4-(3-[[4-(dimethy lsulfamoylphenyljamino}-4-
hydroxy-1H-pyrazolo{4,3-cipyridin-1-yi}-4-(1,3-dithiolan-2-yimethylpiperidine-1-carboxylate
(0.20 g, 0.32 mmol) in THF (15 mL), was added Raney Ni (1.00 g) under a hydrogen atmosphere,
The mixture was stirred for 16 hours at ambient temperature, then the solid was filtered and the
filtrate was concentrated in vacuo. The residue was purified by Prep-HPLC using a SunFire Prep
C18 OBD Column, eluting with a 50-70% methanol gradient in water with 10 mM ammonium
bicarbonate, LRMS (ESI) cale’d for CogH37N.O58 [M+H]: 545, found 545; "H NMR (400 MHz,
DMSO-ds): & 11.20 (s, 1H), 8.66 (s, 1H), 7.84(d, /=72 Hz, 2H), 7.65 (d, /= 6.4 Hz, 2H), 7.14
(s, 1H), 6.65 (s, 1H), 3.74 (d, /= 10.0 Hz, 2H), 3.06 (s, 2H), 2.58-2.50 {m, 8H), 1.89 (5, 4H};
1.39 (s, 9H), 0.54 (s, 3H).
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The following exarples in Table 4 were prepared in analogy to Example 1-1 above.

Table 4.
Example Structure Compound Name LRMS and/or '"H NMR
1-2 o HN;\ P Detert-butyl-5-[[1-(1-tert- | LRMS (ESD cale’d  for
I ,N~:}\\/5 butyl-6-ethyl-2-ox0-1,3- CroHy NeOsS [M+HT™: 585,
HNT N \ oxazocan-6-yl)-4-oxo- found 585; 'H NMR (400
i : 1 AH,5H-pyrazolo[4,3- | MHz, CD:;0D): 8 7.84 (s,
! clpyridin-3-vljamino}-2,3- | 1H), 7.75 (d, /= 8.0 Hz, 1H),
O:f{i( dilydro-1,2- 7.63 (d, J = 8.9 Hz, 1H), 7.20
benzothiazole-1,1-dione (d,/=80Hz 1H), 674, J
= 7.2 Hz, 1H), 4.57 (s, 2H),
3.92 (d, J = 124 Hz, 2H),
2.88-2.71 (m, 3H), 1.92-
2.02 (m, 2H), 1.76 (s, 9H),
1.73 (s, 9H), 1.48-1.43 (m,
4H), 8.90-0.60 (m, 2H).
1-3 AT sert-butyl d-cthyl-4-(3-(4- | LRMS (ESD) cale’d  for

(methylsulfonyDphenylam
tno}-4-0x0-4,5-
dihydropyrazolo{4,3-
clpyridin-1-yl)piperidine-

1-carboxylate

CosHaNOsS [M+HT: 516,
found 516, 'H NMR (400
MHz, DMSO-dg): & 11.24
(br s, 1H), 867 (s, 1H),
7.95-7.75 (m, 4H ), 7.15-
7.36 (m, 1H), 6.66 (d, J=9.2
Hz,, 1H), 3.77-3.73 (m, 2H),
3.20-3.00 (m, SH), 2.72-
2.38 (m, 2H), 1.89 (s, 3H),
1.95-1.75 (m, 1H), 1.39 (s,
9H), 0.65-0.45 (m, 3H).

Example 2-1

ter-butyl 4-(3-({4-(8-0xa-3-azabicycle3.2. 1}octane-3-carbonyi)-3-methylphenyl) amino)-4-

oxo-4,5-dihydre-1 H-pyrazolol4,3-clpyridin-1-y-4-ethylpiperidine-1-carboxylate
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Tris{dibenzylidencacetone) dipalladium(0)-chloroform adduct (34 mg, 0.033
mmol} was added to tert-butyl 4-(3-amino-4-oxo-4,5-dihydro-1 H-pyrazolo[4,3-cipyridin-1-y1)-4-
ethylpiperidine-1-carboxylate (.12 g, 0.33 mmol), 8-oxa-3-azabicyclof[3.2. T {octan-3-yi(4-
bromo-2-methylphenylymethanone (0.12 g, 0.40 mmol}, dibutyl(2' 4',6'-triisopropyl-{1,1'-
biphenyl]-2-yliphosphine (28 mg, 0.066 mmol) and potassium acetate (65 mg, 0.66 mmol) in 2-
propanol (1 mL). The mixtare was stirred at 80°C under nitrogen for 4 hours, then concentrated
in vacuo and purified by column chromatography, ehuting with §-10% MeOH/DCM and then
purified by Prep-HPLC using a Sunfire C18 column, ehating with 40-60% CH:CN in water
{(0.05% ammonium bicarbonate) the title compound, which after concentration in vacuo, afforded
a solid. LRMS (ESI) cale’d for CsHasNgOs [M+HT: 591 found 591: '"H NMR (400 MHz,
DMSO-de): 6 11.19 (5, 1H), 8.19 (s, 1H), 7.49 (m, 2H), 7.09 (im, 2H), 6.61 (d, /= 7.5 Hz, 1H),
4.39 (s, 1H), 4.20 (m, 2H}, 3.75 (m, 2ZH), 3.34 (m, 1H), 3.08-2.94 (m, 4H), 2.60 (m, 2ZH), 2.21 (s,
3H), 1.90-1.60 (m, 8H), 1.39 (s, 9H), 0.54 (t, /= 7.2 Hz, 3H).

Table 5 discloses intermediates that were prepared in an analogous manner to that of Example
2-1 above. In some instances, the reaction could alternatively employ /BuXPhos-Pd-G3, {(2-Di-
fert-butylphosphino-2'4", 6 -tritsopropyl-1, '-biphenyl}-2-(2-amino-1, U-biphenyl) | palladium(ii)
methanesulfonate, or XantPhos ligand in place of the t-BuXPhos ligand, in /~amyl alcohol, at or
around 70-80°C.

Table 5.
Example Structure Compound Name LRMS and/or 'H NMR
2-2 \/L tert-butyl 4-(3-(2-(4,4- | LRMS (ESI) calc’d for
N %, | difluoro-1- C s HasFaNGOu[M+H]: 625
S methyleyelohexyl-1- | found 625; "H NMR (400 MHz,
o -/ .y.fy . ’ s , .
}-:N' oxoisoindolin-5- DMS(O-di): 8 11.23 (brs, 1H),
i vlamino)-4-ox0-4,5- | 8.50 (s, 1H), 7.89 (s, 1H), 7.51
/\ ) - dihydropyrazolo[4,3- | (m, 2H), 7.14 (m, 1H), 6.64 (d, J
, ria\f/\ Ipyridin-1-yl)-4- — 7.6 Hz, 1H), 4.53 (s, 2H), 3.73
© NoA-F ethylpiperidine-1- {m, 2H), 3.03 (m, 2H), 2.74-2.58
F carboxvylate (m, 4H), 1.97-1.88 (m, &H}, 1,74
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{m, 2H), 1.40 (s, 9H), 1.39-1.23
(m, 3H}, 0.55 (1, 3H),

p—Bos
NN
N
\

teri-butyl 4-ethyl-4-(4-
0x0-3-(4-(1-(2,2,2~
trifluoroethylpiperidi
n-4-yhphenylamino)-
4,5-dihydropyrazolo
[4,3-clpyridin-1-y1}
piperidine- -

carboxylate

LRMS (ESI) cale’d for

C3 HaoFaNoOs[M+HT ™ 603
found 603; 'H NMR (400 MHz,
DMSO-ds): & 11.14 (br s, 1H),
8.03 (s, 1H), 7.51 (d, J = 8.4 Hz,
2H), 7.16 (d, J = 8.4 Hz, 2H),
7.09 (m, 1H), 6.59 (4, J= 7.6
Hz, 1H), 3.73 (m, 2H), 3.19 (m,
2H), 3.02 (m, 4H), 2.58 (m, 2H),
2.43 (m, 3H), 1.86 (m, 4H),
1.70-1.61 (m, 4H), 1.39 (s, 9H),
0.55 (t,J=7.2 Hz, 3H).

2-4

N
; \N»Boc
N
=N

e

e

tert-butyl 4-cthyl-4-(3-
(4-(1-methylpiperidin-
4-yhphenylamino)-4-
oxo-4,5-
dihydropyrazolo{4,3-
¢lpyridin-1-yl)
piperidine-1-

carboxylate

LRMS (ESY) cale’d for
C30HasNgO3[M+HT: 535 found
535; 'H NMR (400 MHz,
DMSO-dg): & 11.15 (br s, 1H),
8.03 (s, 1H), 7.51 (m, 2H), 7.13
{(ra, 3H), 6.59 (d, /= 7.6 He,
1H), 3.74 (m, 2H), 3.04 (m, 2H),
2.88 {mm, 2H), 2.59 (m, 2H), 2.38
(o, 1H), 2.21 (s, 3H), 2.00-1.92
{m, 2H), 1.86 (m, 4H), 1.67 (i,
4H), 1.39 (s, 9H), 053 (t, /=72
Hz, 3H).

tert-butyl 4-ethyl-4-(3-
{[2-(oxan-4-y1)-1,1-
dioxo-2,3-dihydro-1,2-
benzothiazol-5-yl]
amino}-4-0xo-

1HAH 5H-pyrazolo
[4,3-clpyridin-1~-yl)
piperidine-1-

carboxylate

LRMS (ESI) cale’d for

CaoHy NO6S [M+HT: 613,
found 613; "H NMR (400 MHz,
DMSO-dg): 8 11.29 (s, 1H), 8.68
(s, 1H), 7.89-7.77 (m, 1H), 7.79-
7.61 (m, 2H), 7.15 (4, /=74
Hz, 1H), 6.65(d, J=7.5 Hz,
1H), 4.46 (s, 2H), 3.92 (dt, J =
11.4, 3.5 Hz, 2H), 3.82-3.59 (m,
3H), 3.30-3.19 (mm, 2H), 3.15—
2.93 (m, 2H), 2.75-2.56 (m, 2H),
2.00--1.75 (m, 8H), 1.39 (s, 9H),
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0.54 (t, /=73 Hz, 3H),
g
2-6 HT (S)-tert-butyl 4-cthyl- | LRMS (EST cale’d for

(%HﬂgN@()g {I\/i}{_r ~/79, found

— 4-(3-((3-methyl-4-(3-
P! \ methylmorpholine-4- | 579; 'H NMR (400 MHz,

o N;\ carbonyljphenyhamin | DMSO-d;): 8 11.23(d, J=5.2
Q}NL ) 0)-4-0x0-4,5-dibydro- | Hz, 1H), 8.23 (s, 1H), 7.53 (m,
\H-pyrazolo[4,3-c] | 2H), 7.16 (t, J = 7.3 Hz, 1H),
pyridin-f-yl) 712 (brs, 1H}, 6.64 (d, /=73

piperidine- - Hz, 1H), 3.92-3.26 (m, TH),

carboxylate 3.26-2.96 (m, 4H), 2.63 (d, J =
13.6 Hz, 2H3, 2.26 (br s, 3H),
1.95-1.84 {m, 4H), 1.42 (s, 9H),
L31-1.12 (m, 3H), 0.58 (1, J =
8.6 Hz, 3H).

2-7 :N;; /\N,jfr .. | (R)-rert-butyl-4-ethyl- | LRMS (ESI) cale’d for
HN,E»sN{L’ N | 4-Gomethyld-2- | CsiHesNOs [M+H]": 579, found
2‘*\: methylmorpholine-4- | 579; "H NMR (300 MHz,

L\“//\/i carbonyl}phenyl DMSO-ds): 6 11.19 (br s, 1H),
o amino -4-oxo-4,5~ 8.20 (m, 1H), 7.57-7.43 (m, 2H),
dihydropyrazolof4,3- | 7.15(m, 2H), 6.62(d, /=72
clpyridin-1-y1) Hz, 1H), 4.39-4.29 (m, 1H),
piperidine-1- 3.95-3.66 (m, 3H), 3.65-3.42
carboxylate {m, 2H), 3.26-2.76 (m, 4H),
2.66-2.58 (m, 2H) 2.20 (s, 3H),
2.01-1.80 (m, 4H), 1.40 (s, 9H),
1.30-1.08 (m, 2 H), 1.08-0.88
(m, 2H), 0.54 (1, J = 7.4 Hz, 3H).
2-8 ﬁi (S)-tert-butyl-4-cthyl- | LRMS (EST) cale’d for

4-(3-(3-methvi-4-(2-
methylmorpholing-4-
carbonyljphenylamino
}-4-0x0-4,5-
dihydropyrazolo[4,3-
clpyridin-1-y1)
piperidine-1-

carboxylate

C31HusNgOs [M+H]™: 579, found
579; 'H NMR (300 MHz,
DMSO-ds): & 11.19 (br s, 1H),
8.20 (m, 1H), 7.49 (m, 2ZH),
7.14-7.08 (m, 2H), 6.62 (d, /=
7.5 Hz, 1H), 4.39-4.29 (m, 1H),
3.96-3.63 {m, 3H), 3.65-3.42
(m, 2H), 3.26-2.76 (m, 4H),
2.66-2.58 (m, 2H), 2.21 (s, 3H),
2.01-1.80 (m, 4H), 1.40 (5, 9H),
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1.31-1.07 (m, 2H), 1.08-0.88
(m, 2H), 0.54 (t, /= 7.4 Hz, 3H).

2-9 s | tere-butyl d-ethyl-4-(3- | LRMS (BSI) cale’d for
o7 N{ ((3-methyl-4- C3oH4 NeOs [M+H]: 565 found
WAL (morpholine-4- 565, 'H NMR (300 MHz,
7\ carbonylphenyDamin | CDCL): 8 9.75 (s, 1H), 7.97 (s,
}‘N ~ o}-4-0x0-4,5-dihydro- | 1H), 7.45 (s, 2H), 7.10 (d, /=
o LPe | H-pyrazolo[4,3- 7.5 Hz, 1H), 7.03 (s, 1H), 6.39
clpyridin-1-yl) (d, /J=7.5 Hz, 1H), 3.81-3.60
piperidine-1- {(to, 8H), 3.32-3.13 (m, 4H), 2.65
carboxylate {m, 2H), 2.32 (s, 3H), 1.86 (m,
4H), 1.45 (s, 9H), 0.64 (s, 3H).
2-18 fjfj o (R or S)~tert-butyl 4- LRMS (ESI) cale’d for
¢ ﬁN’N‘ ? cthyl-d-(4-0x0-3-((4- | C31HpF3NgOs [M+H]: 603,
Hi \ (-(trifluoromethyl) | found 603; 'H NMR (400 MHz,
= cF, azepan-~2-yhphenyl) Ch0OD): 8 7.60(d, J= 9.0 Hz,
HY N amino)-4,5-dihydro- 2H), 7.51 (d, /= 9.0 Hz, 2H),
‘\J 1H-pyrazolo[4,3-c} 7.13(d, /=100 Hz, 1H), 6.68
pyridin-1-yl) (d, /= 10.0 Hz, 1H), 3.89 (m,
piperidine-1- 2H), 3.28-2.97 (im, 3H), 2.76 (m,
carboxylate 3H), 2.34 (m, 2H), 1.97-1.50 (m,
10H), 1.50 (5, 9H), 0.68 (t,J =
8.2 Hz, 3H).
2-11 tert-butyl-4-cthyl-4-(3- | LRMS (ESI) calc’d for

(3-roethyl-4-
{morpholine-4-
carbonyl)phenyl
amino}-4-oxo-4,5-
dihydropyrazolo{4,3-
¢lpyridin-1-yl)
piperidine-1-

carboxylate

CaoHa NeOs [M+H]: 565, found
565, 'H NMR (400 MHaz,
DMSO-dg): & 11.20 (br, 1H),
8.19 (br, 1H), 7.49 (m, 2H), 7.11
{m, 2H), 6.61 (d, J=7.6 Hz,
1H), 3.81-3.45 (m, §H), 3.28-
2.98 (m, 4H), 2.60-2.51 (m, 2H),
2.21 (s, 3H), 1.93-1.78 (1, 4H),
1.39 (s, 9H), 0.54 (1, /= 7.6 Hz,
3H).
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2-12 0:}“\;\ [/\Nj)l\@ 4 i/(fr&butyi 4-ethyl-4-(3- I.RMS ( ESI) Cakﬁd igir B
" A | ((3-tluoro-4- ngH,3SFN6Q5 [M+H]: 569,
p \ {morpholine-4- found 569; "H NMR (400 MHz,
\IF carbonylphenyDamin | DMSO-dy): 6 11.23 (br s, 1H),
o7 o}-4-0x0-4,5-dihydro- | 8.54 (s, 1H), 7.68 (m,1H), 7.45

1H-pyrazolo[4,3-c}
pyridin-1-yl)
piperidine-1-

carboxvlate

{m, 1H), 7.30 (m, 1H), 7.14 (m,
1H), 6.63 (m, 1H}, 3.73 (m, 2H),
3.59 (m, 6H), 3.31 (m, 3H), 3.04
{m, 2H), 2.53 (m, 2H), 1.87 (m,
4H), 140 (s, 9H), 0533 (t, /=76
Hz, 3H).

213 HN/:\:‘:E\ - Boc tert-butyl 4-(3-((4-(3- | LRMS (ESI) calc’d for
© ’)_:MN“."'\,;\J oxa-8-azabicyclo C3:Hy3NOs [M+H]™: 591 found
HN [3.2.1] octane-8- 591; '"H NMR (300 MHz,
é - carbonyl)-3- DMSO-dg): § 11.20 (br s, 1H),
;ﬁN§\0 methylphenyllamino}- | 8.22 (brs, 1H), 7.51 (s, 1H),
~ 4-0x0-4,5-dihydro-/H- | 7.48 (d, /= 8.1 Hz, 1H), 7.19(d,
pyrazolof[4,3-c] J=81Hz IH),7.11({dJ=75
pyridin-1-vi)-4- Hz, 1H), 6.61 (d, J="7.5 Hz,
ethylpiperidine-1- 1H), 4.59-4.50 (m, 1H), 3.81-
carboxylate 3.43 (m, 7TH), 3.17-2.93 (m, 2H),
2.56 (m, 2H), 2.26 (s, 3H), 1.97-
1.78 {m, 8H}, 1.39 (s, 9H), 0.54
{t, /=7.5Hz, 3H),
2-14 tert-butyl 4-ethyl-4-(3- | LRMS (ESI) calc’d for

((3-methyl-4-(2-oxa-6-
azaspiro{ 3.3 theptane-
6-carbonyl)phenyl)
amino }-4-ox0-4,5-
dihydro-1/-pyrazolo
[4,3-clpyridin-1~-yl)
piperidine-1-

carboxylate

C3:1Ha NoOs [M+HT": 577 found
577, 'H NMR (300 MHz,
CDCL): 6 9.57 (s, 1H), 8.04 (5,
1H), 7.46 (s, 2H), 7.20 (d, J =
7.2 Hz, 1H), 7.02 (s, 1H), 6.40
(d,J=7.2 Hz, 1H), 4.82 (s, 4H),
4.30-4.18 (m, 4H), 3.88 (s, 2H),
3.16 (m, 2H), 2.67 (m, 2H), 2.41
(s, 3H), 1.89 (m, 4H), 1.45 (s,
9H), 0.65 (t, J = 10.8 Hz, 3H).
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N
215 H/Q .
N N-Boo
I WA
=N

=N

HN

tert-butyl 4-(3-({4-
((1R4R)-2-oxa-5-
azabicyclo[2.2.1Thepta

ne-5-carbonyl)-3-

LRMS (EST) cale’d for
C3HaNgOs [M+HT: 577, found
577, "H NMR (300 MHz,
DMSO-dy): 6 10.19 (br s, 1H),

S\HO methylphenylamino)- | 8.20 (brs, 1H), 7.49 (m, 2H),

L{ 4-oxo-4,5-dithydro-/H- | 7.15 (m, 2H), 6.61 (d,J=7.5
pyrazolof[4,3-¢] Hz, 1H), 4.84-4.64 (m, 1H),
pyridin-1-yi)-4- 4.55-4.02 {(m, 1H), 3.80-3.61
ethylpiperidine-1- {m, 4H), 3.50-2.96 (m, 4H),
carboxylate 2.65-2.51 {m, 2H), 2.25-2.18

(ra, 3H), 1.95-1.68 (m, 6H), 1.39

(s, 9H), 0.54 (t, /= 7.5 Hz, 3H).

2-16 NN ~N‘Bac (5 or R)-tert-butyl-4- | LRMS (EST) cale’d for
Of”i /j\N J> ethyl-4-(4-0x0-3-((4- ChiHaFsNg(h [I\/I%Hf: 603

HN.} =N (2-(trifluoromethyl} found 603; 'H NMR (300 MHz,

2n) azepan-2-yhphenyl) DMSO-de): 6 11.18 (s, 1H), 8.17

H; ;’,cg.-a amino)-4,5-dihydro- (s, 1H), 7.61 (d, /= 9.0 Hz, 2H),

/’,! 1f-pyrazolo[4,3-¢] 750 (d, /=90 He, 2H), 7.11 (d,

pyridin-T-v1)
piperidine-1-

carboxylate

J=7.5 Hz, 1H), 6.61 (d, J= 7.5

Hz, 1H), 3.72 (m, 2H)}, 3.20~
2.89 (m, 4H), 2.62-2.53 (m, 2H),
2.26-2.15 (m, 3H), 1.87 (im, 5H),
1.58-1.40 (m, 5H), 1.39 (s, 9H),
0.54 (i, /= 7.2 Hz, 3H).

tert-butyl 4-(3-((3-
{cyanomethylphenyha
minoj)-4-oxo-4,5-
dibydro-1 H-pyrazolo
[4,3-clpyridin-1-yl1}-4-
ethylpiperidine-1-

carboxylate

LRMS (ESI) cale’d for
CaeHi3NOs [M+H]™: 477 found
477, "H NMR (400 MHz,
DMSO-dg): 8 11.19 (s, 1H), 8.21
(s, 1H), 7.85 (s, 1H), 7.42 (m,
1H), 7.28 (m, 1H), 7.11 (m, 1H),
6.82 (d, J=7.2 Hz, 1H), 6.61 (d,
J=7.6Hz, 1H), 4.04 (s, 2H),
3.77 (m, 2H), 3.01 (br s, 2H),
2.65 (m, 2H), 1.89-1.81 (m, 4H),
1.39 (s, 9H), 0.55 (t, J= 7.2 Hz,
3H).
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2-18 o o900 tert-butyl 4-(3-(4- LRMS (EST) cale’d for
)Y o 7}\/ ((35,5R)-3.,5- C3oHusNOs [M+H]™: 593, found
dimethylmorpholine- | 593; "H NMR (400 MHz,
I} ﬁ\ 4-carbonyl)-3- DMSO-ds): 6 11.19 (br s, 1H),
a/ R methylphenylamine)- | 8.18 (s, 1H), 7.49 (m, 2H), 7.11
4-0x90-2,3.4,5- {m, 2H}, 6.61 (d, /=104 Hz,
tetrahydropyrazolof[4,3 | 1H), 3.75 (m, 4H), 3.65-3.53 (m,
-¢lpyridin-1-yl)-4- 2H), 3.43 (m, 2H), 3.25-3.05 (m,
ethylpiperidine-1- 2H)Y, 2.73-2.61 {m, 2H), 2.21 (s,
carboxylate 3H), 1.87 (m, 4H}, 1.39 (s, 9H)},
1.39 (m, 6H), 0.58 (t, /= 5.2 Hz,
3H).
2-19 ,\;’?‘Q e sert-butyl 4-(3-(4- LRMS (EST) cale’d for
HN,J::N,N*[\\) ({35,558 or 3R,5R)-3,5- CgLH aMNgOs ["\/{‘-H}":* 593, found
dimethylmorpholine- | 593; "H NMR (400 MHz,
4-carbonyl}-3- DMSO-ds): 6 11.19 (br s, 1H),
(ajj“ © methylphenylamino)- | 8.22 (s, 1H), 7.50 (m, 2H), 7.20
4-ox0-4,5- {m, 1H), 7.12 (im, 1H), 6.61 (d,J
dihydropyrazolo{4,3- | = 10 Hz, 1H}, 3.83 (m, 6H), 3.75
clpyridin-1-yi)-4- (m, 2H}, 3.27-3.05 (m, 2H), 2.59
ethylpiperidine-1- {m, 2H), 2.28 (s, 3H), 1.90-1.81
carboxylate {m, 4H), 1.39 (s, 9H), 1.18 (m,
6H), 0.58 (t, J=152 Hz, 3H).
SFC analysis using Chiralcel
OD-H with 35% MeOH (with
0.25% DEA}, showed it as Peak
1 (retention time 3.7 minutes).
226 OI‘N";{ yoe | tert-butyl 4-(3-(4- LRMS (ESI) cale’d for

((3R,5R or 35,55)-3,5-
dimethylmorpholing-
4-carbonyl)-3-
methylphenylamino)-
4-0x0-4,5-
dihydropyrazolo{4,3-
clpyridin-1-y1)-4-
ethylpiperidine-1-

carboxylate

C3,HusNOs [M+H]": 593, found
593; 'H NMR (400 MHz,
DMSO-ds): 8 11.19 (br s, 1H),
8.22 (s, 1H), 7.50 (m, 2H), 7.20
(m, 1H), 7.12 (m, 1H), 6.61 (d, J
= 10 Hz, 1H), 3.83 (m, 6H), 3.75
(m, 2H), 3.27-3.05 (m, 2H), 2.59
(m, 2H), 2.28 (s, 3H), 1.90-1.81
(m, 4H), 1.39 (s, 9H), 1.18 (m,
6H), 0.58 (1, J= 5.2 Hz, 3H).
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SFC analysis using Chiraleel
OD-H with 35% McOH (with
0.25% DEA), showed it as Peak

2 (retention time 4.4 minutes),

Boe | tert-butyl 4-cthyl-4-(3- | LRMS (ESI) cale’d for

7N -
(3—1’3’16&1}71-4* C}’QE{“N(,OA,S [\d*lﬁj ‘I 581

(thiomorpholine-4- found 581; 'H NMR (400 MHz,

2-21 N

carbonyljphenyl
amino)-4-oxo-4,5-
dihydropyrazolo[4,3-
clpyridin-1-y1)
piperidine-1-

carboxylate

DMSO-d;): 5 11.18 (brs, 1H),
8.19 (s, 1H), 7.49 (m, 2H), 7.12
(m, 2FD, 6.61 (d, J = 10 Hz, 1H),
3.75 (m, 4H), 3.44 (m, 2H), 3.04
(m, 2H), 2.61-2.51 (m, 6H), 2.20
(s, 3H), 1.92-1.81 (m, 4H), 1.39

(s, 9H), 0.54 (1, J = 9.6 Hz, 3H).

2-22 Oji—:} /5o tert-butyl 4-(3-(4- LRMS (ESY) cale’d for
Pa I‘N_“p ((15,485)-5-oxa-2-aza~ | C3:HaNgOs [M+HT": 577, found
HAT N bicyelof2.2. 1 heptane- | 577; '"H NMR (400 MHz,
O 2-carbonyl)-3- DMSO-dg): 8 11.21 (brs, 1H),
H methylphenylamino)- | 8.21 (m, 1H), 7.530 {(m, 2H},
M) 4-ox0-4,5- 7.39-7.11 (m, 2H), 6.62 (d, J =
H dihydropyrazolof4,3- 7.2 Hz, 1H), 4.84-4.67 (m, 1H),
clpyridin-1-y1)-4- 4.52-4.09 (m, 1H), 3.75 (m, 4H),
ethylpiperidine-1- 3.62 (m, 1H), 3.46 (m, 1H),
carboxylate 3.28-3.18 (m, 2H), 2.54 (m, 2H),
2.24 {m, 3H), 1.89-1.81 (m,
6H), 1.40 (s, 9H), 0.57 (, /=72
Hez, 3H).
2-23 tert-butyl 4-cthyl-4-(4- | LRMS (EST) cale’d for

oxo-3-(4-{piperidin~-4-
vhphenylamino)-4,5-
dihydropyrazolo{4,3-
clpyridin-1-yl)
piperidine-1-

carboxylate

CroHaNgO3 [M+H] 2 521,
found 521; 'H NMR (300 MHz,
CDOD): 8 7.51(d, J=8.7 Hz,
2H), 7.16 (d, J = 8.7 Hz, 2H),
7.09(d, J= 7.5 Hz, 1H), 6.65 (d,
J=7.5Hz, 1H), 3.92-3.85 (m,
2H), 3.29-3.03 {m, 4H), 2.88-
2.57 (m, SH), 1.95-1.62 (m, 8H),
1.41 (s, 9H), 0.61 (1, J= 7.5 Hz,
3H).
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2-24 N me | fertbutyl d-ethyl-4-G- | LRMS (EST) cale’d for
o ;&::;\sﬁé’”i {{3-cthyl-4- C3:HusNOs [M+H]™: 579, found
HH {morpholine-4- 579; 'H NMR (300 MHz,
6\\ - carbonylphenyDamin | DMSO-dy): 6 11.18 (br s, 1H),
) T o}-4-0x0-4,5-dihydro- | 8.20 (s, 1H), 7.75-7.59 {m, 1H),
R 1H-pyrazolo[4,3-c} 7.42 (m, 1H), 7.10 (m, 2H), 6.61
pyridin-1-yl) (d, /=7.2 Hz, 1H), 3.82-3.74
piperidine-1- (o, 2H), 3.72-3.56 (m, 4H),
carboxylate 3.55-3.42 (m, 2H), 3.26-2.95
(m, 4H), 2.71-2.56 {m, 4H),
1.96-1.73 ( m, 4H), 1.39 (s, 9H),
IR, J=7.5Hz, 3H), 0.55 (4,
J=7.2Hz, 3H).
2-25 N /\;\{B"“ tert-butyl 4-(3-(3- LRMS (ESI) cale’d for
PN A (difluoromethyl)-4- CsaH30F2NeOLS [M+H]™: 617
M =N\ (thiomorpholine-4- found 617; "H NMR (300 MHz,
(/i ) oHe, car?onyl)phenyi DMS(\)_aﬂ;): ¢ 11.2 i\ (s, 1'H‘3,,, 8.52
‘i\N — ammo)—4-0x0—4,:ﬁ3— (s, 1H), 827 (5, 1H), 7.67 (d, /=
o B dihydropyrazolo{4,3- | 8.7 Hez, 1H), 7.32(d, /=87 He,
clpyridin-1-yi)-4- 1H), 7.14 (d, /= 7.5 Hz, 1H),
ethylpiperidine-1- 6.80 (1, /= 55.2 He, 1H), 6.63
carboxylate {d, /=75 Hz, 1H), 3.86-3.74
(m, 4H), 3.51 (m, ZH), 3.04 (m,
2H), 2.68 (m, 6H), 1.92-1.79 (m,
4H), 1.39 (s, 9H), 0.534 (1, /=72
Hz, 3H).
2-26 tert-butyl 4-{3-(4-(4,4- | LRMS (ESI) calc’d for

difluoropiperidine-1-
carbonyl}-3-methyl
phenylamino}-4-oxo-
4,5-dihydropyrazolo
[4,3-clpyridin-1-y1)-4-
ethylpiperidine-1-

carboxylate

CyyHy FaNGO, [MAHT: 599,
found 599; "H NMR (300 MHz,
DMSO-ds): & 11.18 (br s, 1H),
8.20 (m, 1H), 7.50 (m, 2H), 7.13
{m, 2H), 6.61(d, J=772Hz,
1H), 3.75 (m, 3H), 3.15-2.95 (m,
5H), 2.60 (m, 2H), 2.21 (s, 3H),
2.12-1.95 (m, 3H), 1.95-1.78
(m, SH), 1.49 (s, 9H), 0.55 (t, J =
7.2 Hz, 3H).
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2-27 j::\ \-Boc tert-butyl-4-ethyl-4-(3- | LRMS (ESD) calc’d fkyr
© TN’N (3-methyl-4- C3(_~,H41N604§S [M+HT™: 581,
HN {(thiomorpholine-4- found 581; "H NMR (400 MHz,
7 ) carbonyljphenyl DMSO-ds): 6 11.19 (br s, 1H),
Q}(; ~ amino}-4-oxo-4,5- 8.16 (m, 1H}, 7.50 {m, 2H), 7.12
SR dihydropyrazolo{4,3- | (m, ZH), 6.62 (d, /= 7.6 Hz,
clpyridin-1-yl) 1H), 3.76 (m, 2H), 3.58-3.42 (m,
piperidine-1- 2H), 3.32 (m, 2H), 3.20-2.96 (m,
carboxylate 2H)Y, 2.76-2.56 {m, 6H), 2.20 (s,
3H), 1.88 (m, 4H}, 1.39 (s, 9H),
0.55 (t, /= 7.4 Hz, 3H).
2-28 Oiﬁj;;\ | T -Boo (R}ierﬁbutyi_4~ethyiu LRMS (;ESE) cais:"d form
}:_E\EN@ 4-(3-(3-methyl-4-(3- C3:HasNgOs [M+H]: 579, found
HiY methylmorpholine-4- | 579; 'H NMR (400 MHz,
f/ 3 - carbonyl)phenyl DMSO-dg): 8 11.23(d, /=352
= a amino }-4-ox0-4,5- Hz, 1H), 8.23 (s, 1H), 7.53 (m,
P dihydropyrazolofd,3- | 2H), 7.16 (t, J= 7.3 He, 1H),
¢lpyridin-1-yl) 712 (brs, 1H), 664 (d, /=73
piperidine-1- He, 1H), 3.92-3.26 (m, 7TH),
carboxylate 3.26-2.96 (m,4H), 2.63 (d, /=
13.6 Hz, 2H), 2.26 (br s, 3H),
1.95-1.84 (m, 4H), 1.42 (s, 9H),
1.31-1.12 {m, 3H), 0.58 (1, J =
8.6 Hz, 3H).
2-29 tert-butyl 4-ethyl-4-(3- | LRMS (ESI) calc’d for

(3-cthyl-4-
(thiomorpholine-4-
carbonyljphenyl
amino }-4-ox0-4,5-
dihydropyrazolo{4,3-
¢lpyridin-1-yl)
piperidine-1-

carboxylate

C3;HesNO4S [M+HT: 595
found 595; "H NMR (400 MHz,
DMS(O-dgy: 8 11,19 (br s, 1H),
8.21 (s, 1H), 7.68 (s, 1H), 7.41
(m, 1H), 7.12 (m, 2H), 6.62 {(d, J
= 7.6 Hz, 1H), 4.05 (m, 1H),
3.76 (m, 3H), 3.46-3.32 (m, 2H),
3.05-2.94 (m, 2H), 2.67-2.33
{m, 8H), 1.91-1.83 (m, 4H), 1.39
(s, 9H), 1.20 (m, 3H), 0.54 (m,
3H).
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2-30 TN o8 | ters-butyt 4-ethyl-4-(3- | LRMS (ESI) cale’d for
G I L= N{ ((2—(1wmcﬂ}yi C31Hi44N7(>55 D‘A"‘H} {‘*26.,
HN):N, piperidin-4-y1)-1,1- found 626; 'H NMR (300 MHz,
y dioxido-~2,3- CD;0D): 8 7.80 (s, 1H), 7.73—
\

dihydrobenzo[d]
isothiazol-5-v1)
amino)-4-oxo-4,5-
dihydro-1f{-pyrazolo
[4,3-clpyridin-1-v1)
piperidine- -

carboxylate

7.69 (m, 1H), 7.62 (4, /=87
Hz, 1H), 7.15(d, /= 7.5 Hz,
1H), 6.69 (d, J=7.5Hz, 1H),
4.44 (s, 2H), 3.98-3.84 (m,2H),
3.54 (m, 1H), 3.27-3.08 (m, 2H),
2.94 (m, ZH), 2.73 (m, 2H), 2.29
(s, 3H), 2.21 (m, 2H), 2.02-1.87
{m, 8H), 1.50 (s, 9H), 0.60 (1, J =
3.4 Hz, 3H).

2-31 Hi \1 £ e-Boo (R or 8)-tert-butyl 4- LRMS (ESI) cale’d for
fL N ethyl-4-(4-ox0-3-((4- | C3eH40F3NgO3 [M+H]™: 589,
(2- (trifluoromethyl) found 589; 'H NMR (400 MHz,
piperidin-2-ylphenyly | CD30D): 6 7.706 (d, J = 8.8 Hz,
amino)-4,5-dihydro- 2H), 7.52 (d, /= 8.4 Hz, 2H),
1H-pyrazolo[4,3-c] 7.08(d, J="7.6 Hz, 1H), 6.72 (d,
pyridin-1-yl) J=84Hz 1H),395(d, /=136
piperidine-1- Hz, 2H), 3.15 (br s, 2H), 2.88-
carboxylate 2.79 {(m, 3H), 2.68-2.53 (m, 2H),
2.02-1.86 {m, 5H), 1.74 (m, 1H),
1.56 (m, 3H), 1.48 (s, 9H), 0.65
{m, 3H).
232 HATS (S or R)-tert-butyl 4- | LRMS (ESD) cale’d for

ethyl-4-(4-0x0-3-((4-
(2- {trifluoromethyl)
piperidin-2-yl)phenyl)
amino)-4,5-dihydro-
1f-pyrazolo[4,3-c}
pyridin-T-v1)
piperidine-1-

carboxylate

CaoHugF3NgO: [M+HT™: 589,
found 589; "H NMR (400 MHz,
CD;0D): § 7.70 (d, J= 8.8 Hz,
2H), 7.52 (d, J= 8.4 Hz, 2H),
7.18(d, J= 7.6 Hz, 1H), 6.72 (d,

J=8.4 Hz, 1H), 3.95 (d, /= 13.6

Hz, 2H), 3.15 (br s, 2H), 2.88~
2.79 (m, 3H), 2.68-2.53 (m, 2H),
2.02-1.86 (m, SH), 1.74 (m, 1H),
1.56 (m, 3H}, 1.48 (s, 9H), 0.65
{m, 3H).




WO 2016/061751 PCT/CN2014/089139
77
S (,*.Nf"’“’“ tert-butyl d-ethyl-4-(3- | LRMS (ESI) calc’d for
2.33 S (3-methyl-4- CaoHa NeOs [M+H]": 549, found

. \ (pyrrolidine-1- 549; '"H NMR (300 MHz,
a carbonyliphenyl DMSO-dg): 6 1118 (d, J=5.6
L\i\ amino)-4-oxo0-4,5- Hz, 1H), 8.16 (s, 1H), 7.47 (m,
o NQ dihydropyrazolof4,3- 2HY, 7.12 (m, 2H), 6.61 (d, J =

clpyridin-1-yl)
piperidine-1-

carboxvlate

7.6 Hz, 1H), 3.76 (m, 2H), 3.46
{(to, 2H), 3.13 (im, 4H), 2.61-2.51
{m, 2H), 2.21 (s, 3H), 1.89-1.79
(m, 8H), 1.77 (s, 9H), 0.55 (t, /=
7.2 Hz, 3H).

P
HNT ™
r"‘\N,Bac

2-34

N
{

@]
“z
P

X
g4

N

.s‘CFIZ

(

(R or Sy-tert-butyl 4-
cthyl-4-(4-0x0-3-(4-
(2-(trifluoromethyl)
pyreolidin-2-yb)
phenylamino)-4,5-
dihydropyrazolo{4,3-
¢lpyridin-1-yl)
piperidine-1-

carboxylate

LRMS (ESI) cale’d for
CaoH3aF3NgO3 [M+H]: 575,
found 575; "H NMR (300 MHz,
DMS(O-di): 8 11,18 (brs, 1H),
818 (s, 1H), 7.61 (m, 2H), 7.45
(m, 2H), 7.10 (m, 1H), 6.61 (m,
1H), 3.75 (m, 2H), 3.02 (m, 4H),
2.60 (m, 2H), 2.49 (m, 2H), 2.37
(m, 1H), 2.36-2.21 {(m, 1H), 1.87
(to, 4H), 1.81-1.71 (m, 1H), 1.39
{s, 9H), 0.53 (1, /= 6.9 Hz, 3H).

(S or Ry-tert-butyl 4-
ethyl-4-(4-0x0-3~(4-
(2-(trifluoromethyl)
pyrrolidin-2-y1}
phenylamino)-4,5~
dihydropyrazolo{4,3-
cipyridin-1-yl)
piperidine- -

carboxylate

LRMS (ESI) cale’d for
ChoHgF3NgOs [M+H]™: 575,
found 575; "H NMR (300 MHz,
DMSO-dg): 8 11.18 (br s, 1H),

8. 1R (s, 1H), 7.61 (m, 2H), 7.45
{m, 2H), 7.10 (im, 1H), 6.61 (m,
1H}, 3.75 (m, 2H), 3.02 (m, 4H),
2.60 (m, 2H), 2.49 (m, 2H), 2.37
{ra, 1H), 2.36-2.21 (m, 1H), 1.87
{m, 4H), 1.81-1.71 (m, 1H), 1.39
(s, 9H}, 0.53 (t, /=69 Hz, 3H).
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2-36 H:E\;L\ 7N B0 (R or 8)-tert-butyl 4- LRMS (EST) cale’d for
¢ )= N,N’Zi\/-f (3-(4-(1-{tert- C3(;,Hﬁ42P’3N6Q3 [M+HT": 591,
HN butylamine)-2,2,2- found 591; "H NMR (300 MHg,
Q trifluorocthyDphenyla | DMSO-d;): 6 11.17 (br s, 1H),
Ser, mino}-4-oxo0-4,5- 8.35-8.23 (s, tH), 7.85-7.53 (m,
HN dihydropyrazolo[4,3- | 4H), 7.12 (m, 1H), 6.61 (m, 1H),
< clpyridin-1-y1)-4- 3.77-3.68 (m, 2H), 3.45 (m, 1H),
ethylpiperidine-1- 3.06-2.73 (m, 2H), 2.50 (m, 2H),
carboxylate 2.46 (m, 1H), 1.86 (m, 44, 1.39
(s, 9H}, 1.09 (5, 9H), 0.54 (1, J =
{Peak A, separated by | 7.2 Hz, 3H).
HPLC, using
ChiralpakAD-H
column, cluting with
90% EtOH in hexanes,
reiention time: 14.5
minutes,)
2-37 HN/: £ Boe (8 or R)-~tert-butyl 4- LRMS (ESI) cale’d for
° w’\"ﬁwf (3-(4-(1-(teri- CaoHaaF3NeOs [MHHT™: 591,
S butylamine)-2,2,2- | found 591; "H NMR (300 MHz,
i%‘ trifluoroethyl) DMEO-de): 8 11.17 (br s, 1H),
o CFs phenylamino)-4-oxo~ | 8.35-8.23 (s, 1H), 7.85-7.53 (m,
/{” 4,5-dihydropyrazolo 4H), 7.12 (m, 1H), 6.61 {(m, 1H),
[4,3-clpyridin-1-yl)-4- | 3.77-3.68 (m, 2H), 3.45 (m, 1H),
ethylpiperidine-1- 3.06-2.73 (m, 2H), 2.50 (m, 2H),
carboxylate 2.46 {m, 1H), 1.86 (m, 4H), 1.39
{s,9H), 1.09 (s, OH), 0.54 (t, / =
(Peak B, separated by | 7.2 Hz, 3H).
HPLC, using
ChiralpakAD-H
column, chuting with
30% EiOH in hexanes,
retention time: 18.0
minutes. )
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2-38 HN/\\\ Boc | (& or Ky-teri-butyl 4- LRMS (ESI) cale’d for
O/;\Y//:\N“@N ethyl-4-(3-(4-(2- CooHuNeOsS [M+H]™: 585,
HN " methylpyrrolidin-1- found 585; 'H NMR (300 MHz,
‘L’; ) visulfonylyphenyl DMSO-ds): 6 11.26 (br s, 1H),
Gﬂé*w amino}-4-oxo-4,5- 8.62 (s, 1H), 7.81 (m, 2H), 7.72
& dihydropyrazolo[4,3- | (m, ZH)}, 7.14 (m, 1H), 6.64 (m,
clpyridin-1-yl) 1H), 3.74 (m, 2H)}, 3.71-3.59 (m,
piperidine-1- 1H), 3.09 (m, 3H), 2.60 (m, 2H),
carboxylate 1.89 (m, 4H), 1.75-1.61 (m, 2H)},
1.40 (m, ZH), 1.39 (5, 9H), 1.23
{(m, 4H), 0.53 (t, /= 6.3 Hz, 3H).
[ep™ = +31.2 (¢=0.18, DMSO
at 589 nM)
2-39 C?}\Mﬁl—s (R or S)-tert-butyl 4- LRMS (EST) calc’d for
BN N ° ethyl-4-(3-(4-(2- CosHy NeOsS [M+HT: 585,
0)\%\5\4*\’\?“ methylpyrrolidin-1- found 585; "H NMR (300 MHz,
W NS ylsulfonyl)phenyl DMSO-d): & 11.26 (br s, 1H),
\"; \ aminoj-4-oxo-4,5- 8.62 (s, 1H), 7.81 (m, 2H), 7.72
Qaf‘g\”N? dihyé}”gpyi‘&zgl@{4,3u (@, Z2H), 7.14 (r;ﬂf 1H), 6.64 (m,
G clpyridin-1-yl) 1H), 3.74 (m, 2H}, 3.71-3.59 (m,
piperidine-1- 1H), 3.09 (m, 3H), 2.60 (m, 2H),
carboxylate 1.89 (m, 4H), 1.75-1.61 (m, 2H)},
1.40 (m, ZH), 1.39 (5, 9H), 1.23
{(m, 4H), 0.53 (t, /= 6.3 Hz, 3H).
[ = -31.2 (¢=0.18, DMSO at
589 nM)
2-49 HN \ _Boc | fert-butyl 4-ethyl-4-(3- | LRMS (ESI) calc’d for
o i N7 ; (2-fluoropyridin-d-vl | CoaH3eFNO; [M+H]: 457,
HN N amino }-4-ox0-4,5- found 457; "H NMR (300 MHz,
7 ?5 dihydropyrazolo[4,3- | DMSO-ds): & 11.25 (br s, 1H),
N ¢lpyridin-1-yl) 8.96 (s, 1H), 7.96 (d, /= 6.0 He,

piperidine-1-

carboxylate

1H), 7.48 (m, 1H), 7.37 (s, 1H),
7.15 (m, 1H), 6.66 (m, 1H), 3.72
(m, 2H), 3.05 (m, 2H), 2.51 (m,
2H), 1.91 (m, 4H), 1.39 (s, OH),
0.53 (1, /=63 Hz, 3H).
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2-41 tert-butyl 4-ethyi-4-(4- | LRMS (EST) calc’d for

ox0-3-((4-(2,2,2-

CosH37FNs O, [M+Nal™: 586,

> triftuoro-1- found 586; 'H NMR (500 MHz,
\Q\‘- methoxyethylyphenyl) | DMSO-d;): 6 11.23 (d, J=5.5
o e o amino)-4,5-dihydro- | Hz, 1H), 8.29 (s, 1H), 7.71 (d, J
1H-pyrazolo[4,3- =8.5Hz, 2H), 744 (d, /=8.0
clpyridin-1- Hz, 2H), 715, J=7.0 Hz, 1H),
yhpiperidine-1- 6.64(d,J="7.5Hz, 1H),3.77(d,
carboxylate J=13.5 Hz, 2H), 3.16 (5, 3H),
3.07 (brs,2H), 2.63 (d, /=140
(derived from I-6A) Hz, 2H), 1.90 (m, 4H), 1.77 (s,
3H), 1.42 (s, 9H), 0.56 (1, J=7.5
Hz, 3H).
2-42 Té TN Boe tert-butyl 4-ethyi-4-(4- | LRMS (EST) calc’d for
© :N:N”@ ox0-3-({(4-(1,1,1- CorH3sFaNsO, [MAHT: 550,
“}\\ trifluoro-2- found 550; 'H NMR (500 MHz,
e ) hydroxypropan-2-vl} | DMSO-d): 6 11.22(d, /= 6.0
F}P‘?H phenybaminoe)}-4,5- Hz, 1H), 821 (s, 1H), 7.64 (d. J
dihydro-1/- =9.0Hz, 2H), 7.52{d, /=90
pyrazolof[4,3-c] Hz, 2HY, 7.14 {, J= 6.7 Hz, 1H),
pyridin-1-y) 6.64 (d, J="7.5 Hz, 1H), 6.45 (s,
piperidine-1- 1H), 3.77 (d, /= 13.5 Hz, 2H),
carboxylate 3.08(brs,2H), 2.63(d, /=145
Hz, 2H), 1.90 (m, 4H), 1.69 (s,
(derived from E-8A) 3H), 1.42 (s, 9H), 0.56 (, /=75
Hz, 3H).
2-43 ij/i N Hoe tert-butyl 4-ethyi-4-(4- | LRMS (EST) calc’d for
© =:\5N//\<J ox0-3-({4-(2,2,2~ CogH33F3NsO4 [M+H]™: 536,
H;_ trifluoro-1- found 536; "H NMR (500 MHz,
\\\ hydroxycthylphenyl) | DMSO-di): 6 11.22 (d, /= 6.0
e amino)-4,5-dihydro- Hz, 1H), 8.23 (s, 1H), 7.65(d, J

1H-pyrazolo[4,3-
clpyridin-1-yi)
piperidine-1-

carboxylate

{(derived from E-4A)

= 8.5 Hz, 2H3, 7.42 (d, J = 8.5
Hz, 2H), 7.14 (4, J= 6.5 Hz, 1H),
6.70 (d, J= 5.5 Hz, 1H), 6.64 (d,
J=17.5Hz, 1H), 5.04 (pentet, J =
7.1 Hz, 1H), 3.77(d, J = 13.5
Hz, 2H), 3.08 (brs, 2H), 2.62 (d,
J=14.5 Hz, 2H), 1.90 (m, 4H),
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1.42 (s, 9H), 0.56 (1, J= 7.5 He,
3H).

2-44

4-{({1-{1-(tere-

butoxycarbonyl)-4-

LRMS (ESI) cale’d for
CoeH3sNsOs [M+H]™: 496, found

HN™ N cthylpiperidin-4-yl)-4- | 496; 'H NMR (400 MHz,

g oxo-4,5-dihydro-1H- | DMSO-dg): 6 12.29 (br s, 1H),

| pyrazolo [4,3-¢] 11.24 {m, 1H), 838 (5, 1H), 7.86
0% o

pyridin-3-yhamino)-2-

methylbenzoic acid

{m,1H), 7.50 (m, 2H}, 7.14 (m,
1H), 6.63(d, /J=10.0 Hz, 1H),

3.76 (m, 2H), 3.08 (m, 2H), 2.52
{m, 2H), 2.48 (s, 3H), 1.91-1.82

(m, 4H), 1.39 (s, 9H), 0.56 (t, J =
9.6 Hz, 3H).

Example 3-1
fert-b utyimzinethyin4~(3M{Bnmethyi_dm{“?mﬁXﬂmm*phﬂEinen-’%nmrhﬂnvl)phenyi)amine)méin@xmd,5~

dibydro-1H-pyrazolo[4,3-¢}
HNR,

:’/

Ec
P
X

Morpholin-2-one (29 mg, 0.28 mmol)}, 4-mcthylmorpholine (29 mg, 0.28 mmol)
and ((1H-benzo[d}[1,2,3 iriazol-1-yDoxyjtrypyrrolidin-1-yl)phosphonium (PyBop) (0.10 g, 0.28

mmol} were added to a stirred sohution of 4-({1-(1-(teri-butoxycarbonyh)-4-ethylpiperidin-4-y)-

Ipyridin- 1~yi}p§pendme i-carboxylate

4-oxo-4,5-dihydro-1 H-pyrazolof4,3-clpyridin-3-yhamine}-2-methylbenzoic acid (70 mg, .14
mmol) in DCM (10 mL) at ambient teraperature. The reaction mixture was stirred for 12 hours at
ambient temperature, then quenched with water (S mL) and extracted with EtOAc (< 2). The
iltered,

and the filtrate was concentrated in vacuo. The product was purified by Prep-HPLC using an

combined organic layers were washed with brine (x 2), dried over anhydrous NaySOy, fi

Xbridge C18 column, eluting with acetonitrile in water (containing 0.05% NH:HCO;:) using a
acetonitrile gradient of 20% acetonitrile hold for 6 minutes, then hold at 54% for 2 minutes,

The collected fractions were combined and concentrated in vacuo to
atford the title compound as a solid. LRMS (ESI) cale’d for CsgHioNeOs {EV,HHY: 579, found
579; "H NMR (400 MHz, DMSO-ds): 8 11.13 (brs, 1H), 8.17 (s, 1H), 7.45 (m, 2H), 7.07 (m,
2H), 6.55(d, /= 10 He, 1H), 4.33 (m, 3H), 3.69 (m, 3H), 3.39 (1, 2H), 3.12-2.94 (m, 2H), 2.44
{m, 2H), 2.15 (s, 3H}, 1.82 (m, 4H), 1.32 (5, 9H), 0.47 (t, /= 9.6 Hz, 3H).

down to 20% in 2 minutes.
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The following examples in Table 6 were prepared in analogy to Example 3 above, using HATU

and diisopropylethylamine as base in DMF.

Table 6.
Example Structure Compound Name LRMS and/er 'H NMR
3-2 ‘;\j\ﬁ tert-butyl 4-[3-({4- LRMS (EST) cale’d for
O [(2,2- C3oHasNGOs IMAH]™: 593 found
/\i“? - dimethylmorpholin- | 593. "H NMR (500 MHz, DMSO-
L 7, | 4-yl)carbonyl]-3- dgy: & 11.17 (d,J= 5.7 Hz, 1H),
D HN—¢ \N-./\/ , L ~
\\_/f’\;() methylphenyllamino) | 8.16 (s, 1H}, 7.49 (m, 2H), 7.09
~4-ox0-4,5-dihydro- (m, 2H), 6.59 (d, J=7.4 He, 1H),
1H-pyrazolo[4,3- 3.73(d, /=129 Hz, 2H), 3.63~
clpyridin-1-yl}-4- 342 (m, ZH), 3.33 (4, /=2.0 Hz,
ethylpiperidine-1- Z2H), 3.17-2.95 (m, 2H), 2.57(d, J
carboxylate = 14.0 Hz, 1H), 2.4%8 (m, 3H), 2.20
(s, 3H), 1.85 (m, 4H), 1.37 (s, SH),
118 (brs, 3H), 1.62 (br s, 3H),
0.52 (t, /=7.4 Hz, 3H).
3-3 ) "\\]/(”iN ~ tert-butyl 4-ethyl-4- LRMS (EST) cale’d for
3. Hfj’ N o | (3-1[3-methyl-4-(6- | CyHeNgOs [M+H]™: 619 found
HN B o oxa-9-azaspirof4.5] 619. 'H NMR (500 MHz, DMSO-
) (j/v dec-Y-ylcarbonyl) | di): & 11.17(d, J = 5.5 Hz, 1H),
o..-.(\N phenyljamino}-4- §.18 (s, 1H), 7.49 (m, 2H), 7.10 (4,
_7<o oxo-4,5-dthydro-1H- | J=64Hz, 1H), 706 (d. /=82
pyrazolof4,3-c] Hz, 1H), 6.59(d, J=7.3 Hz, 1H),
pyridin-I-yt) 3.73(d, /=158 Hz, 2H}, 3.66~
piperidine- - 3.44 (m, 2H), 3.33 (s, 2H), 3.19-
carboxylate 2.95 (m, 2H), 2.57 (d, J = 14.4 He,
TH), 2.48 {m, 3H}, 2.26 (s, 3H),
1.85 (m, 4H), 1.64 (s, 6H}, 1.36 (s,
9H), 0.52 (t, /=7.4 Hz, 3H).
3-4 ‘5{0 tert-butyl 4-{3-[(4- LRMS (EST) cale’d for
OJ\N”\I {{(2R,65)-2,6~ C3oHasNgOs [MAH]: 593 found
o~ ;{LJ B dimethylmorpholin- | 593.
o Y i’%( j}w 4?5}@%1”{’0?}'1}-3“.
Y methylphenyllamino]

-4-ox0-4,5-dihydro-
1 H-pyrazolol4,3-c]
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pyridin-1-v1}-4-
ethylpiperidine-1-

carboxylate

3-8 o tert-butyl 4-[3-({4- LRMS (EST) cale’d for
ok, [(3,3- C4,HysNGOs [MA+H]: 593 found
P g}”/ dimethylmorpholin- 593; 'H NMR (500 MHz, DMSO-
AQ\@ 9 4-yhearbonyl}-3- ds): 6 11.17(d, J = 5.8 Hz, 1H),

o N \gL\/ \{N‘/Z methyiphenyliamino) | 8.16 (s, 1H), 7.46 (m, 2H), 7.10 (4,
-4-0x0-4,5-dihydro- | J=6.6Hz, 1H), 7.05(d, J=8.2
1f-pyrazolo[4,3- Hz, 1H), 6.59 (d, J=7.5 He, 1H),
clpyridin-1-y1]-4- 3.73(d, /=131 Hz, 2H), 3.56 {m,
ethylpiperidine-1- ZH), 3.13 (s, 2H}, 2.98 (s, 1H]},
carboxylate 2.20 (s, 3H), 1.79-1.87 (m, 4H),

141 (s, 6H), 1.37 (s, 9H), 052 (1, J
= 7.3 Hz, 3H),
3-6 ;{\0 fert-butyl 4-ethyl-4- | LRMS (EST) calc’d for
O%N’ [3-({3-methyl-4- 3 Ha NeOs IMHAHT™: 577, found
& [(1R,55)-6-0xa-3- 577, "H NMR (600 MHz, DMSO-
i ; . ' azabicyclo[3.1.1] dg): 8 11,15 (d, /=58 Hz, 1H),

. \/}\«( " | hept-3-ylearbonyl] | 8.14 (s, 1H), 7.46 (m, 2H), 7.12 (d,
phenyl} amino}-4- J=8.1Hz 1H), 7.08 (dd, /= 7.5,
oxo-4,5-dihydro-14- | 5.8 Hz, 1H), 6.57 (d, /=7.5 Hz,
pyrazoio[!@@.%-q,} TH), 4.61 (5, 1H), 4.41 (5, 1H),
pyridin-t-vi] 3.89¢d, /=137 Hz, TH), 3.71(d,
piperidine- - J=13.1Hz, 2H), 3.52(d, /=137
carboxylate Hz, 1H), 3.43(d, /=124 Hz,

1H), 3.03 (m, 2H), 2.55(d,J=
15.2 Hz, 2H), 2.17 (s, 3 H), 1.77-
1.87 {(m, SH), 1.35 (s, 9H), 1.20~
1.23 (m, 2H), 0.50 (t, /= 7.4 Hz,
3H).
3-7 ,:(0 tert-butyl 4-{3-[(4- LRMS (EST) cale’d for
‘*"%«\, / {(28,65)-2,6- C3oHasNgOs IM+H]: 5393, found
/};f B ) dimethylmorpholin- | 593; "H NMR (500 MHz, DMSO-
H*’*fﬁ! - 4-yl]carbonyl}-3- d & 11.17(d, J= 5.8 Hz, 1H),
<~>\g methyvlphenylDamino} | 8.18 (s, 1H), 7.47 (m, 2H), 7.06—

-4~0x0-4,5-dihydro-
1H-pyrazolof4,3-c]

731 (m, 2H), 6.59(d, J=75 Hz,
1H), 3.97 (s, 1H), 3.80 (brs, 1H),
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pyridin-1-v1}-4-
ethylpiperidine-1-

carboxylate

3.73¢d,J=13.2 Hz, 2H), 3.32 (m,
1H), 3.00(d, /=263 Hz, 1H),
2.55 {m, 2H), 2.19 (s, 3H), 1.84
(m, 4H), 1.37 (s, 9H), 1.14 (s,
3H), 097 (s, 3HYL 052 (t, /=73
Hz, 3H).

3-8 >

tert-butyl 4-ethyl-4-
{3-[(3-methyl-4-
{GR)-3-(1-
methylethylymorpholi
n-4-yllcarbonyl}
phenybamino]-4-
oxo-4,5-dihydro-1/-
pyrazolo{4,3-0]
pyridin-1-ylt}
piperidine-1-

carboxvlate

LRMS (EST) cale’d for
C33HNgOs [M+H]™: 607, found
607.

3
&

\
P&

tert-butyl 4-cthyl-4-

LRMS (EST) cale’d for

Q
OL{IN— ' (3-{[3-methyl-4-(1,4- | C3;HyNeO.S [M+H]": 595, found
(\;2’/ thiazepan-~-4- 395,
e-:r\;;,' /‘Nf\ (“,s yicarbonyl)
A Pl ~" | phenylJamino}-4-
\( ° oxo-4,5-dihydro-~174-
pyrazolof4,3-c]
pyridin-1-yl)
piperidine-1-
carboxylate
3-10 A tert-butyl d-cthyl-4- | LRMS (ESI) cale’d for
G%N_ (3-{[3-methyl-4-(1,4- | C3 HausNgOs {M-i-}-i}'kt 579, found
P (\% / oxazepan-4- 579.
-4@4/“ O | ylearbonyl)
O Mg : phenyljamino }-4-
o]

oxo-4,5-dihydro-~174-
pyrazolof4,3-c]
pyridin-1-yl)
piperidine-1-

carboxvlate
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3-11 gy;r’i* tert-butyl d-cthyl-4- | LRMS (EST) cale’d for
- [3-({3-methyl-4-[(1- | C3oHsNOsS [M+H]™: 597, found
~ % oxidothiomorpholin- | 597; "H NMR (600 MHz, DMSO-
HN’:J\?N p =" | 4eyljcarbonyl] 4y 8§ 1115 (s, 1H), 8.17 (s, 1H),
o W3 M | phenyl} aminoyd- | 747 (d,J = 115 Hz, 2H), 7.15 (s,
? oxo-4,5-dihydro-1H- | 1 H), 7.08 (d, /= 7.5 Hz, 1H), 6.57
pyrazolof[4,3-¢] (d,J=7.5Hz, 1H), 4.34 (brs,
pyridin-1-yl] 1H), 3.71 (4, J = 14.0 Hz, 3H),
piperidine-1- 3.38 (brs, TH), 3.01 (br s, 3H),
carboxylate 2.90 (brs, 2H), 2.81 (br s, 2H)},
2,63 (brs, 1H),2.55(d, /=142
Hz, 2H), 2.17 (s, 3H), 1.77-1.86
{m, 4H), 1.35 (s, 8H), 0.50 (1, J =
7.4 Hz, 3H).
312 o*?/EL’ tert-butyl 4-ethyl-4- | LRMS (ESI) cale’d for
C\f\ -~ [3-( {3-methyl-4-[(4- C}st}(;N”,Oz;S IM+H]": 664, found
KL—F\{N ------ N/ | thiomorpholin-4- 664; 'H NMR (600 MHz, DMSO-
"~ $0 | yipiperidin-1-y1) dsy: 5 11.14 (d, J = 5.7 Hz, 1H),
=% carbonyllphenyl} R.14 (s, 1H), 7.44 (s, 2H), 7.08 (t, J
amino}-4-oxo-4,5- =63 Hz, 1H), 6.57 (d, /="7.5 Hz,
dihydro-1H- 1H), 4.54 (brs, 1H), 371 (d, J=
pyrazolo[4,3-c] 13.1 Hz, 2H), 3.01 (brs, 2H), 2.90
pyridin-1-yi} {(brs, 1H), 2.71 (s, 4H), 2.63 {(br s,
piperidine-1- IH), 2,46 (t, /=22 Hz, 11H),
carboxylate 214 (brs, 3H), 1.77-1.86 {(m, 4H),
1.71 (brs, 1H), 1.54 (br s, 1H},
1.35 (s, 9H), 0.50 (t, /=74 Hz,
3H).
3-13 o terr-butyl 4-[3-(14- | LRMS (EST} cale’d for
»?; [(2,3- Ca:HasNsOs [M+H]™: 593, found
/\r—k{ _____ dimethylmorpholin- | 593,
DN 7% | 4-yhearbonyl}-3-
m~<§}\/\\< N\{‘\ m it;ylp hcniii amino)
5

~4-ox0-4,5-dihydro-
1H-pyrazolo]4,3~c]
pyridin-1-yti}-4-
ethylpiperidine-1-

carboxvlate
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{(Peak 2, separated by
mass triggered
reverse phase HPLC
(ACN/water with
0.1% NH40OH
modifier) then was
separated by SFC
using Phenomenex
Lux-4 column,
cluting with 40%
methanol +0.25%
dimethyl ethyl amine
in COs, retention time
peak B: 10.2

mingles.)

3-14 o Y

tert-butyl 4-[3-({4-
[(2,3-
dimethylmorpholin-
4-yhcarbonyl}-3-
methylphenyllamino)
-4-ox0-4,5-dihydro-

1 H-pyrazolo[4,3-c]
pyridin-1-ylj-4-
ethylpiperidine-1-

carboxylate

(Peak 1, scparated by
mass triggered
reverse phase HPLC
(ACN/water with
0.1% NH4OH
modifier) then was
separated by SFC
using Phenomenex
Lux-4 column,
cluting with 46%

methanol +0.25%

LRMS (EST) cale’d for

CaoHasNgOs IM+H]: 593, found

593,
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dimethyl ethyl amine
in CO», retention time

peak A: 8.2 minutes.)

tert-batyl 4-[3-({4-
[(2.3-
dimethylmorpholin-
4-yhearbonyl}-3-~
methylphenyl}amine)
-4-ox0-4,5-dihydro-
1f-pyrazolo[4,3-c}
pyridin-1-vij-4-
ethylpiperidine-1-

carboxylate

(Peak 1, separated by
mass triggered
reverse phase HPLC
{ACN/water with
0.1% NH4O0H
modifier) then was
separated by SFC
using Phenomenex
Lux-4 column,
cluting with 40%
methanol +0.25%
dimethyl ethyl amine
in CO-, retention time

peak B; 9.8 mimutes.)

LRMS (EST) cale’d for

C3,HusNgOs [M+H]: 593, found

593.

N B N
P

i N -
HN Ay ~

i Ed 8
. HN\\ N -
° f;xg)

tert-butyl 4-[3-( {4~
[(2,3-
dimethylmorpholin-
4-yhcarbonyl}-3-
methylphenyl}amino)
~4-ox0-4,5-dihydro-
1H-pyrazolo]4,3~c]
pyridin-1-yti}-4-
ethylpiperidine-1-

carboxvlate

LRMS (EST) cale’d for

CaaHasNeOs {I\’I‘FHF_: 593, found

593,
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{(Peak 2, separated by
mass triggered
reverse phase HPLC
(ACN/water with
0.1% NH40OH
modifier) then was
separated by SFC
using Phenomenex
Lux-4 column,
cluting with 40%
methanol +0.25%
dimethyl ethyl amine
in COs, retention time

peak A: 8.4 minuics.)

3-17 o%}w:;"li{ terr-butyl d-cthyl-4- | LRMS (ESI) cale’d for
. 13-[(3-methyl-d-{[3- | C1HaoNeOs [M+H]": 621, found

- Y- (25 or 2R —methyl 621.
AP , -

T e /3/ < propyl} morpholin-4-
. vil carbonyl} phenyh
aminoj~-4-ox0-4,5-
dihydro-17{-pyrazolo
[4,3-clpyridin-1-vl}
piperidine-1-

carboxylate

Peak A separated by
SFC using
Phenomenex Lux-4
column, eluting with
35% methanol
+0.25% dimethyl
ethyl amine in COy,

retention time: 7.2

minutes, )
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3-18 q}‘.\g/’ tert-butyl 4-ethyi-4- LRMS (EST) cale’d for
,f”> {3-[(3-methyl-4-{[3- | C34HigNDs {M+H}+: 621, found
!\Q\_ (28 or 2R- 621.
N -
Myt 3 methylpropyDmorpho

tin-4-yljcarbonyl}
phenyl) amino}-4-
oxo-4,5-dihydro-1H-
pyrazolof4,3-c]
pyridin-1-vi}
piperidine-1-

carboxylate

Peak B separated by
SFC using
Phenomenex Lux-4
colamn, chuting with
35% methanol
+0.25% dimethyl
cthyl amine in COy,
retention time: 8.1

minuies. )

tert-butyl 4-cthyl-4-
[3-({3-methyl-4-[(6R
or 68-methyl-1,4-
oxazepan-4-yi)
carbonyliphenyl}
amino }-4-ox0-4,5-
dihydro-1/-pyrazolo
[4,3-clpyridin~-1-ylj
piperidine-1-

carboxylate

(Peak A, separaied by
SFC, using AD-H
column, cluting with
25% isopropanol
{(0.1% NPA) in CO;,

retention time: 5.3

LRMS (ESI) cale’d for
CapHiusNgOs [M+H]™: 593, found
493; 'H NMR (600 MHz, DMSO-
dey: & 8.14 (d, J=9.3 He, 1H),
7.41-7 47 (m, 2H), 7.05 {(m, 2H),
6.57(d, J="7.5Hz, 1H),3.92(,J
=13.5 Hz, 1H), 3.67-3.78 (m,
4H), 3.60(d, J=12.5 Hz, 1H),
3.51 (m, 1H), 3.45 (m, 3H), 2.93~
2.99 (m, 1H), 2.55 (d, J= 14.2 Hz,
2H), 2.16 (d, J= 3.2 Hz, 3H),
1.76—1.86 (m, 5H), 1.35 (s, 9H),
1.06 (1,0 = 7.0 Hz, 1H), 0.84 (d, J
= 6.9 Hz, 2H), 0.59 (d, /= 6.9 Hz,
2H), 0.50 (td, J= 7.3, 3.1 Hz, 3H).
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90
minutes.)
320 oy:// tert-butyl 4-cthyl-4- | LRMS (ESI) cale’d for
C? [3-( {3-methyl-4-[{6R (33;}-{?5]\3605 [M+H]T™: 593, found
KT“‘N" ______ . or 68 -methyl-1.4- 493; "H NMR (600 MHz, DMSO-
o < j f /\k oxazepan-4-yl) dsy: & 8.14(d, J=9.3 Hz, 1H),
: W; carbonyllphenyljami | 7.41-7.47 (m, 2H), 7.05 (m, 2H),
no)-4-0x0-4,5~ 6.57(d,J="75Hz, 1H), 392,/
dihydro-1H- = 13.5 Hz, 1H), 3.67-3.78 (m,
pyrazolof[4,3-¢] 4H), 3.60(d, J=12.5Hz, 1H),
pyridin-1-yi] 3.51 (m, TH), 3.45 (m, 3H), 2.93-
piperidine-1- 299 (m, 1H),2.55(d, /=142 Hz,
carboxylate Z2H), 2.16(d, /= 3.2 Hz, 3H),
1.76-1.86 (m, 5H), 1.35 (s, 9H),
(Peak B, separated by | 1.06 (1, /=7.0Hz, 1H), 084 (d, J
SFC, using AD-H =69 Hz, 2H}, 0.59(d, /= 6.9 Hz,
column, eluting with | 2H}, 0.50 (td, /= 7.3, 3.1 Hz, 3H)}.
25% isopropanol
{(0.1% NPA) in COs,
retention time: 5.8
minuies.}
3-21 o tert-butyl d-cthyl-4- | LRMS (ESI) cale’d for
Y (3-{{3-methyl-4-(2- Cy Hy NeOs [M+H]: 577, found

) }\j_ oxa-S-azabicyclo 377,
o | [4.1.0}hept-5-

H- \J{’"“é\k vicarbonyljphenyljam

° ino }-4-ox0-4,5-

dihydro-17{-pyrazolo

[4,3-clpyridin-1-yl)

piperidine-1-

carboxylate
3-22 O\M:%" tert-butyl d-cthyl-4- | LRMS (ESI) cale’d for
N [3-({3R or 38-methyl- | C3;HasNgOs [M+H]™: 593, found
gj 4-{(2-methyl-1.4- 393,

}'07 oxazepan-4-yl)
I HN{th carbonyl]phenyl}
amino}-4-oxo-4,5-
dihydro-17{-pyrazolo
[4,3-cipyridin-1-yi}
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piperidine-1-

carboxylate

(Peak A, separaied by
SFC, using AD-H
column, cluting with
20% isopropanol
{0.1% DEA) in CO,,
retention time: 17.8

minuies. )

3-23 0, bas tert-butyl d-cthyl-4- | LRMS (ESI) cale’d for
,ﬂ!\f\? [3-({3R or 38-methyl- | C3yHausNeOs [M+H]: 593, found
el 4-[(2-methyl-1,4- 593,
e A N
H{n I:&NJQJ /vj oxazepa.nréi-— N
o 9 /\\.{N\ vljcarbonyliphenylia
8]

mino}-4-oxo-4,5-
dihydro-1/-pyrazolo
[4,3-clpyridin~-1-ylj
piperidine-1-

carboxylate

{(Peak B, separated by
SFC, using AD-H
column, cluting with
20% isopropanol
(0.1% DEA} in COy,

retention time:; 24.5

minuies.)

BIOLOGICAL ASSAYS

Jak Biochemical HTRF Assay Protocol

The ability of compounds to inhibit the activity of JAK1, JAKZ, JAK3, and Tyk2
was measured using a recombinant puritied GST-tagged catalytic domain for cach enzyme
(Invitrogen JAK T #M4290, TAK?2 #M4290, JAK3 #M4290, Tyk2 #M4290) in an HTRF format
biochemical assay. The reactions employed a common peptide substrate, LCB-
EQEDEPEGDYFEWLW-NH2 (in-house). The basic assay protocol is as follows: First, 250 nl.
of diluted compounds in BDMSO were dispensed into the wells of a dry 384-well Black plate

{Greiner #781076) using a Labeyte Echo 555 acoustic dispenser. Subsequent reagent additions
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eruployed an Agilent Bravo. Next, 18 pl of 111X enzyme and 1.11X substrate in 1X assay
buffer (Invitrogen kinase buffer # PV3189, 2 mM DTT, 0.05% BSA) were added to the wells and
shaken and then preincubated for 30 minutes at room temperature to allow compound binding to
equilibrate. After equilibration, 2 pl. of 10X ATP in 1X assay buffer was added to initiate the
kinase reaction and the plates were shaken and then incubated at room temperatare for 120
mimates. At the end of the incubation, 20 pL of 2X stop buffer (streptavidin-Dylight 650
(Thermo #84547B/100mL), Eu-tagged pY20 antibody (Perkin Elmer #AD0067), EDTA, HEPES,
and Triton) was added to quench the reaction. Plates were shaken and centrifuged and then
incubated 60 minutes at room temperature and then read on a Perkin Elmer Envision (hex = 337
nm, Aem = 665 and 615 nm, TRF delay time =20 us). HTRF signal = 10,000 * 665 nm reading /
615 nm reading. After normalization to untreated controls, the percent inhibition of the HTRF
signal at each compound concentration was calcalated. The plot of percent inhibition versus the
fog of compound concentration was fit with a 4-parameter dose response equation to calculate
IC5¢ values.

Final reaciion conditions were:

Enzyme {E] (5] [ATP] {Eu-pY20] [SA-Dylight]
(nM) {(ubM) (uM) (nM) (nM)

JAK1 1.405 0.75 31.8 9 312.5

JAK?2 0.052 (.75 8.5 9 312.5

JAK3 0.031 0.75 2.9 g 312.5

Tyk2 2.612 0.75 6.9 9 312.5

Compound concentrations tested were 1496, 499, 175,499, 18.7, 6.2, 2.1, 0.75, 0.24, 0.075, and
0.0125 oM, with 1.25% residual DMSO.

BIOLOGICAL DATA

Examples of the instant invention were evaluated in JAKY and JAKZ in vitro

binding assays as described above., The following table, Table 7, tabulates the JAKT ICs; values

and JAK?2 1Cs, values disclosed for the instant invention.

TABLE 7

Example JART IC5 (nM) JAKZ ICs (nM)
i-1 0.20 0.40
1-2 2.86 3.40
i-3 0,12 0.64
2-1 0.47 .49
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Example AK1 ICs (nM) JAKZ ICsy (M)
2-2 3.21 3.16
2-3 10.2 71.3
2-4 (.37 0.56
2-8 (.54 {3.60
2-0 (.51 (.51
2-7 (.72 0.60
2-8 0.62 (.57
2-9 {3.37 0.47
2-10 13.9 16.9
2-11 0.37 0.47
2-12 (.56 0.74
2-13 (.52 {3.54
2-14 (.30 (.43
2-15 (.40 0.43
2-16 8.85 10.1
2-17 {3.53 3.37
2-18 0.61 .57
2-19 (.85 (.65
2-2G 0.79 0.84
2-21 (.84 (.93
222 3.36 (.44
2-23 1.13 1.92
2-24 0.47 (.84
2-25 1.73 2.80
2-26 1.19 1.44
2-27 (.84 .93
2-28 (.54 0.51
2-28 1,79 2.72
2-36 {3.29 .36
2-31 2.74 2.70
2-32 2.19 2.21
2-33 (.73 1.06
2-34 2.50 2.50
2-35 2.82 3.55
2-36 8.43 13.0
2-37 6.59 7.69
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Example AK1 ICs (nM) JAKZ ICsy (M)
2-38 2.38 2.78
2-39 2.13 2.79
2-40 (.38 5.24
2-41 4,49 6.87
2-42 1.65 4.62
2-43 (.90 2.91
2-44 0.23 2.10
3-1 {3.25 .80
3-2 0.61 8.75
3-3 .99 1.53
3-4 1.09 117
3-8 (.73 1.21
3-6 (.30 (.43
3-7 (.52 0.63
3-8 .93 1.01
3-8 {3.79 1.05
3-10 (.29 (.43
3-11 0.19 0.25
3-12 (.56 0.68
313 1.80 1.04
3-14 2.88 1.76
3-15 3.53 2.10
3-16 1.87 1.07
3-17 5.33 3.92
3-18 5.45 4.77
3-19 1.23 0.89
3-26 (.99 0.53
321 1.69 1.34
3-22 1.30 (.87
3-23 1.14 (.70
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CLAIMS

1. A compound of Formula { or a pharmaccutically acceptable salt, or a

siereoisimer thereold

AR /?
T2 Ay
/LQ/ \j

R I
A is selected from aryl and heteroaryl
mis{, 1, or2;
R is independently selected from hydrogen, C1.2alkyl, fluoro, and hydroxy;
R’ is selected from:
hydrogen
halogen,
oxo (=0),
C1-10 alkyl{oxy)g-1{carbonyhp-.1Cg-10 alkyl,
{C1-10 beteroalkyl{oxyig-1{carbonvi}p.1Co-10 alkyl,
aryl Cg-10 alkyl{oxy)p-1(carbonyl)g.1C0-10 alkyl,
C3.17 cycloalkyl Cg-10 alkyl{oxy)})- 1{carbonyl}o.-1Cg-10 alkyl,
heteroaryl Cg-10 altkyl{oxy)g-1{carbonyl).1Co-10 alkyl,
(C3-12)heterocycloalkyl Co-10 alkyl{oxy)g-1{carbonyl)p-1Co-1palkyl,
spirocyclvlC(.10 alkyl{oxyip. 1 {carbonyl}(.1Cp-10 alkyl,
spircheterocyelylCo. 10 alkyi{oxy)g- 1 (carbonyl}. 1 Cg-10 alkyl,
Co-1¢ alkylaminoCg.j ¢ alkyi,
(C1-10)heteroalkylaminoCy.1 galkyl,
(C1-10}heteroalkylaminoCq.1 palkyl,
C3.17 cycloalkyl Cg-10 alkylaminoCg-10 alkyl,
aryl Cp-10 alkylaminoCg-10 abkyl,
hetercaryl Cg.1¢ alkylaminoCg.1¢ abkyl,
(Ca.12)heterocycloalkyl Cg-10 alkylaminoCg.1¢ alkyl,
C1-10 alkyisulfonyl,
C1-1¢ heterpalkylsulfonyl,
(Ca-12)cycloalkylCo.1galkylsulfonyl,
(C3.12) heterocycloalkylCo. 1 pgalkyisulfonyl,

heteroarylCg. 1¢ alkyisulfonyl,
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arylCo-10 alkylsulfonyl,
-SO7NH;,
-SO2NH(C1.galkyl),
-SOoN(C1-galkyl)y,
C1-1¢ heterpalkylsulfamoyl,
(Ca-12)eycloalkylCg.1¢ alkylsulfamoyl,
(C3.12) heterocyeloalkylCp.1g alkylsulfamoyl,
heteroarylCg. 10 alkylsulfamoyl,
arylCq-10 alkylsulfamoyl,
(C1-10 alkyl}1.2amino,
-CO2(Co-10 alkyl),
-(Cp-10 alkyDhCO2H,
-s32CF 3,
-802CF2H,
-SQO2CHYCFa,
C1-1¢ alkylsulfinyi,
C14acylaminoCq.1¢ alkyl,
hydroxy,
-(C1.10 alkyl)OH,
C1-10 alkoxyCp-10 alkyl,
cyano,
(C1-galkyl)cyano,
cyanoCi.-galkyl, and
(C1-ghaloalkyl.
wherein R’ is optionally independently substituted by 0, 1, 2, or 3 R
R’ independently is selected from:
C1-10 alkyl,
(C3-1heterocycloalkyt Cp-1¢0 alkyl,
C1-10 alkoxyCo-1¢ alkyl,
halogen,
C1-ghaloalkyl, and
OX0;
R*? independently is selected from:
C1-10 alkyl,
{C3-123beterocycloalkyl C-19 alkyl,
C1-10 alkoxyCp-10 altkyl,
Cg-10 alkylaminoCg.1¢ alkyl,
halogen,

hydroxy,
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-(C1-10 alkyhOH,

C1.ghalealkyl, and

OXO.

2. A compound according to claim 1, wherein R” is selected from:
hydrogen

halogen,

oxo (=0),

Ci-10 alkyl{oxy)g- 1 {carbonylp-1 Co-10 alkyl,

C1.12 cyeloalkyl Cp-10 alkyl{oxy)g-1{carbonyDp-1Co-1¢0 alkyl,
(C3-12)heterocycloalkyl Cp.10 atkyl{oxy)g-1{carbonyl)p-1Co-10 alkyl,
spirocyelylCo-10 alkyl{oxy)g-1{carbony)0-1C - 10 alkyl,
spircheterocyelylCo.10 alkyl{oxyip-1{carbonyl}(-1Cg- 10 atkyl,
Cp-1¢ atkylaminoCg.1¢ alkyl,

C1-10 alkylsulfonyl,

(C13.12) heterocycloalkylCo.1 palkylsulfonyl,

-SONH{C 1 galkyh),

-SO2N(C1.galkyl,

-(Co-10 alkyhCO2H,

~«C1-10 alkyhOH,

C1-190 alkoxyCg.19 alkyl,

cyanoC1.galkyl, and

C1.ghaloalkyl, wherein R? is optionally independently substituted by 0, 1,2, or 3 R”,

3. A compound according to claim 2, wherein R? is selected from: carboxy,
(8-oxa-3-azabicyclo[3.2.1]oxtanc)carbonyl, cyclohexyl, piperidinyl, morpholinylcarbonyl,
azepanyl, (1R, 4R)-2-oxa-5-azabicyclo[2.2. LTheptyhcarbonyl, cyanomethyl, (2-oxa-6-
azaspirof 3.3 theptyhearbonyl, thioroorpholinylcarbonyl, ((1R,4R)-2-0xa-~5-~
azabicyclo{2.2. 1 heptyljcarbonyl, (2-oxa-3-azabicyclo{2.2.1 Jheptyljcarbonyl, piperidinylcarbonyl
pyrrolidinylearbonyl, pyrrolidinyl, fers-butylaminomethyl, 2,2, 2-triflucrocthyl,
pyrrolidinylsulfonyl, fluoro, methoxymethyl, hydroxymethvl, (6-oxa-9-
azaspiro[4.5ldecylicarbonyl, ((1R,58)6-oxa-3-azabicyclof[3.1.1theptyljcarbonyl,
{6-oxa-3-azabicyclo{3.1.11heptyljcarbonyl 1,4-thiazepanylcarbonyl, thiazepanylcarbonyl, 1,4-
oxazepanylcarbonyl, oxazepanylearbonyl, (2-oxa-5-azabixyelo[4.1.0Theptylycarbonyl;
dimethylsulfamoyl, ferr-butyl, and methylsulfonyl, wherein R? is optionally independently
substituted by 6, 1, 2, or 3 R
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4. A compound according to Claim 5, wherein A is sclected from: phenylene,
o £
0
o \/ N
Ry S\ E NH
i S // =

isoindolinyldiyl, pyridinyldiyi, , G, and indolinyldivl.

5. A compound according to Claim 6, wherein R’ independently is selected
from: C1.1¢0 alkyl, oxo, (C3-1heterocycloalkyl Cp-1g alkyl, C.10 alkoxyCg-19 alkyl, halogen,
and C1.ghaloalkyl.

0. A compound according to Claim 7, wherein R” independently is selected
from: methyl, trifluoromethyl, ethyl, triffuorocthyl, fluoro, oxo, theoxy, hydroxyl, isopropyl,
thiomorpholinyl, tsobutyl, and difluoromethyl.

7. A compound according to Claim 8, wherein R is hydrogen, and
R* is selected from: methyl, uoro, 2,2, 2-trifluoroethyl, trifluoromethyl, rers-butylamino,

methoxy, hydroxy, oxo, isopropyl, thiomorpholinyl, and isobutyl.

8. A compound of claim 1 or a pharmaceutically acceptable salt, or a

stereoisomer thereof selected from:

tert-butyl 4-(3-(4-(N N-dimethylsulfamoyhphenylamino}-4-oxo-4,5-dibydropyrazolof4,3-
clpyridin-1-y -4-cthylpiperidine-1-carboxylate;

2-tert-butyl-5-[{ 1-(1-fert-butyl-6-cthyl-2-oxo0-1,3-oxazocan-6-yl}-4-oxo-1 H,4H,5 H-pyrazolof4,3-
clpyridin-3-yljamino}-2,3-dihydro-1,2-benzothiazole-1,1-dione;

tert-butyl 4-ethyl-4-(3-(4-(methylsulfonyhphenylamino)-4-oxo-4,5-dthydropyrazolof4,3-
clpyridin-1-yhpiperidine-1-carboxylate;

tert-butyl 4-(3-((4-(8-0xa-3-azabicyclo[3.2.1joctane-3-carbonyl)-3-methylphenyl) amino)}-4-oxo-
4,5~dihydro-1H-pyrazolof4,3-clpyridin-1-yi)-4-cthylpiperidine- 1 -carboxylate;

teri-butyl 4-(3-(2-(4,4-difluoro-1-methyleyclohexyl)-1-oxoisoindolin-5-ylamino}-4-0x0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl}-4-cthylpiperidine- 1 -carboxylate;

tert-butyl 4-cthyl-4-(4-0x0-3-(4-(1-(2,2 2-triflucroethyhpiperidin-4-yliphenylamino)-4,5-
dibydropyrazolof4,3-clpyridin-1-yl)piperidine- I -carboxylate;

tert-butyl 4-ethyl-4-(3-(4-(1-methylpiperidin-4-yliphenylamino)-4-oxo0-4,5-dihydropyrazoio[4,3-
clpyridin-1-yhpiperidine-1-carboxylate;

tert-butyl 4-ethyi-4-(3-{[2~(oxan-4-y)-1,1-dioxo-2,3-dihydro-1,2-benzothiazol-5-yljamino } -4-
oxo-1H.4H SH-pyrazolo[4,3-clpyridin-1-yDpiperidine-1-carboxylate;

(S)-tert-butyl 4-ethyl-4-(3-{3-methyl-4-(3-methylmorpholine-4-carbonyl)phenyljamino}-4-oxo-
4,5-dihydro-1H-pyrazolof4,3-cipyridin-1-yl)piperidine- 1 -carboxylate;
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tert-butyl 4-ethyl-4-(3-((3~-methyl-4-(G-methylmorpholine-4-carbonylyphenyljamino)-4-ox0-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-yl}piperidine-1-carboxylate;

(R)-tert-butyl-4-ethyl-4-(3-(3-methyl-4-(2-methylmorpholine-4-carbonyhphenylamino}-4-oxo-
4,5-dihydropyrazolol[4,3-cipyridin-1-yDpiperidine-1-carboxylate;

(S)-teri-butyl-4-ethyl-4-(3-(3-methyl-4-(2-methylmorpholine-4-carbonyl)phenylamino)-4-oxo-
4,5-dihydropyrazolo[4,3-cipyridin-1-ylpiperidine-1-carboxylate;

tert-butyl-4-cthyl-4-(3-(3-mcthyl-4-(2-methylmorpholine-4-carbonylyphenylamino)-4-oxo-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)piperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(3-((3-methyl-4-(morpholine-4-carbonyl)phenylamino}-4-oxo-4,5-dihydro-
VH-pyrazolo[4,3-clpyridin-1-yhpiperidine-1-carboxylate;

(R)-tert-butyl 4-cthyl-4-(4-ox0-3-({(4-(2-(tritlnoromethylyazepan-2-ylphenyljamino}-4,5-dihydro-
FH-pyrazolo[4,3-clpyridin-1-ylpiperidine-1-carbox vlate;

(Sh-teri-butyl 4-ethyl-4-(4-0x0-3-((4-(2-(trifluoromethyllazepan-2-yhphenylamino)-4,5-dihydro-
1 H-pyrazolo[4,3-clpyridin-1-ylipiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(4-ox0-3-((4-(2-(trifluoromethyliazepan-2-yDphenylamino)-4,5-dihydro- 1 71~
pyrazolo{4,3-clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl-4-ethyl-4-(3-(3-methyl-4-(morpholine-4-carbonyljphenylamino)-4-o0x0-4,5-
dihydropyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-((3-fluoro-4-(morpholine-4-carbonyl)phenylamino}-4-oxo-4,5-dihydro-
FH-pyrazolo[4,3-clpyridin-1-ylpiperidine-1-carbox ylate;

tert-butyl 4-(3-((4-(3-oxa-8-azabicyclo[3.2.1octane-8-carbonyl}-3-methylphenyl)amino)-4-oxo-
4,5-dihydro-1H-pyrazolof4,3-clpyridin- 1 -yl}-4-cthylpiperidine- I -carboxylate;

tert-butyl 4-ethyl-4-(3-((3~-methyl-4-(2-oxa-~-6-azaspiro[ 3.3 theptane-6-carbonyliphenylamino)-4-
oxo-4,5-dihydro-1 H-pyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;

tert-butyl 4-(3-({4-((1R 4R)-2-oxa-5-azabicyclo{2.2.1 lheptane-5-carbonyl)-3-methyiph
enybamino)-4-oxo-4,5-dihydro-1 f-pyrazolof[4,3-clpyridin-1-yl)-4-ethylpiperidine-1-
carboxylate

tert-butyl 4-(3-((3-(cyanomethyljphenyllamino)-4-ox0-4,5-dihydro-1/{-pyrazolo{4,3-cipyridin-1-
yi}-4-cthylpiperidine- I -carboxylate;

tert-butyl 4-(3-(4-((35,5R)-3,5-dimcthylmorpholine-4-carbonyl)-3-methylphenylamino}-4-oxo-
2,3.4,5~tetrahydropyrazolo{4,3-clpyridin-1-yl)-4-ethylpiperidine- | -carboxylate;

tert-butyl 4-(3-(4-((3R,5R)-3,5-dimethylmorpholine-4-carbonyl)-3-methylphenylamino)-4-oxo-
4,5-dihydropyrazolo[4,3-cipyridin-1-yl)-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-(3-(4-((38,55)-3,5-dimethylmorpholine-4-carbonyl)-3-methylphenylamino}-4-oxo-
4,5~dihydropyrazolo[4,3-clpyridin-1-y1}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-(3-(4-(3,5-dimethylmorpholine-4-carbonyl)-3-methylphenylamino)-4-0x0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-(3-methyl-4-(thiomorpholine-4-carbonyhphenylamino)-4-ox0-4,5-
dibydropyrazolof4,3-clpyridin-1-yl)piperidine- I -carboxylate;
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tert-butyl 4-(3-(4-((15,45)-5-0xa-2-aza-bicyclo[2.2. 1 theptane-2-carbonyl)-3-
methylphenylamino)-4-oxo-4,5-dihydropyrazolof4,3-clpyridin-1-yi)-4-ethylpiperidine-1-
carboxylate;
tert-butyl 4-ethyl-4-(4-ox0-3-(4-(piperidin-4-yhphenylamino)-4,5-dihydropyrazolof4,3-
5 clpyridin-1-vijpiperidine-1~carboxylate;
tert-butyl 4-cthyl-4-(3-((3-cthyl-4-(morpholine-4-carbonyl}phenyl)amino)-4-oxo-4,5-dihydro-
LH-pyrazolo[4,3-clpyridin-1-yhpiperidine-1-carboxylate;
tert-butyl 4-(3-(3-(difluoromethyl}-4-(thiomorpholine-4-carbonylphenylamino-4-ox0-4,5-
dibydropyrazolof4,3-clpyridin-1-yl)-4-ethylpiperidine-1-carboxylate;
10 tert-butyl 4-(3-(4-(4,4-diflnoropiperidine-1-carbonyl)-3-methylphenylamino)-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)-4-cthylpiperidine- 1 -carboxylate;
tert-butyl-4-cthyl-4-(3-(3-rocthyl-4-(thiomorpholine-4-carbonylphenylamino)-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;
(R)-tert-butyl-4-ethyl-4-(3-(3-methyl-4-(3-methylmorpholine-4-carbonylyphenylamino}-4-oxo-
15 4,5-dihydropyrazolo[4,3-clpyridin-1-ylpiperidine-1-carboxylate;
tert-butyl 4-cthyl-4-(3-(3-cthyl-4-(thiomorpholine-4-carbonyliphenylamino}-4-ox0-4,5-
dibydropyrazolof4,3-clpyridin-1-yl)piperidine- I -carboxylate;
tert-butyl 4-ethyl-4-(3-((2-( 1 -methylpiperidin-4-yl}-1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-5-
yhamino)-4-oxo-4,5-dihydro-1 H/-pyrazolol[4,3-clpyridin-1-yhpiperidine-1-carboxylate;
20 (S)-fert-butyl 4-ethyl-4-{(4-oxo-3~((4-(2-(trifluoromethyDpiperidin-2-yl)phenybamino }-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-yl}piperidine-1-carboxylate;
(R)-tert-butyl 4-cthyl-4-(4-0x0-3-((4-(2-(trifluoromethypiperidin-2-yhphenyllamino }-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;
tert-butyl 4-ethyl-4-{4-ox0-3-({{4-(2-(triflaoromethylpiperidin-2-yhphenylhamino)-4,5-dikydro-

b
A

1 H-pyrazolo[4,3-clpyridin-1-ylipiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-(3-methyl-4-(pyrrolidine- 1 -carbonyl)phenylamino)-4-oxo-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)piperidine-1-carboxylate;

(Sh)-teri-butyl 4-cthyl-4-(4-0x0-3-(4-2-(triflucromethylpyrrolidin-2-yhiphenylamino)-4,5-
dihydropyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;

(43
<

(R)-tert-butyl 4-cthyl-4-(4-0x0-3-(4-(2-(trifluoromethylpyrrolidin-2-yhphenylamino)-4,5-
dihydropyrazolof4,3-clpynidin-1-yDpiperidine- I-carboxylate;

tert-butyl 4-ethyl-4-{4-ox0-3-(4-(2-(trifluoromethyl jpyrrolidin-2-yhphenylamino)-4,5-
dihydropyrazolof4,3-clpyridin-1-yl)piperidine-1-carboxylate;

(R)-tert-butyl 4-(3-(4-(1-(rert-butylamino}-2,2 2-triflucrocthylphenylamino)-4-oxo0-4,5-

35 dihydropyrazolof4,3-clpyridin-1-yl)~4-ethylpiperidine-  -carboxylate;

{(§)-rert-butyl 4-(3-(4-(1 -{tert-butylamino}-2,2, 2-trifluoroethylyphenylamino}-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-yl}-4-cthylpiperidine-1-carboxylate;

tert-butyl 4-(3-(4-(1-(terr-butylamino)}-2,2. 2-trifluorocthylphenylamine)-4-o0x0-4,5-
dibydropyrazolof4,3-clpyridin-1-yl)-4-ethylpiperidine-1-carboxylate;
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(S)-tert-butyl 4-ethyl-4-(3-(4-(Z-methylpyrrolidin-1 -ylsulfonylyphenylamino}-4-ox0-4,5-
dihydropyrazolof4,3-clpyridin-1-vl)piperidine-1-carboxylate;

(R)-tert-butyl 4-cthyl-4-(3-(4-(2-methylpyrrolidin-1-ylsulfonyl)phenylamino)-4-oxo-4,5-
dihydropyrazolof4,3-clpynidin-1-yDpiperidine- I -carboxylate;

tert-butyl 4-ethyl-4-(3-(4-2-methylpyrrolidin-1-vlsulfonylphenylamino)-4-oxo-4,5-
dihydropyrazolo[4,3-clpyridin-1-yl)piperidine- I -carboxylate;

tert-butyl 4-cthyl-4-(3-(2-fluoropyridin-4-ylamino)-4-o0xo-4,5-dihydropyrazolof4,3-clpyridin-1-
yhpiperidine-1-carboxylate;

(§) teri-butyl 4-ethyl-4-(4-0x0-3-((4-(2,2 2-trifluoro- 1 -methoxyethylphenylamino}-4,5-dihydro-
VH-pyrazolo[4,3-clpyridin-1-yhpiperidine-1-carboxylate;

(R} fert-butyl 4-cthyl-4-(4-0x0-3-((4-(2,2,2-trifluoro-1 -methoxyethyDphenyDamino -4, 5-dihydro-
FH-pyrazolo[4,3-clpyridin-1-ylpiperidine-1-carbox vlate;

tert-butyl 4-ethyl-4-(4-0x0-3-({(4-(2,2,2-trifluoro-1-methoxyethyDphenylamine -4, 5-dihydro- 1 H-
pyrazolo{4,3-clpyridin-1-yl}piperidine-1-carboxylate;

(R) tert-butyl 4-cthyl-4-(4-ox0-3-((4-(1,1, 1 -tritluoro-2-hydroxypropan-2-ylphenyl)amino)-4,5-
dihydro~-1H-pyrazolo[4,3-clpyridin- L-yDpiperidine-1-carboxylate;

(S) teri-butyl d-gthyl-4-(4-0x0-3-((4-(1,1, 1-trifluoro-2-hydroxypropan-2-yljphenyljamino)-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-yl}piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(4-ox0-3-((4-(1,1,1-trifluoro-2-hydroxypropan-2-yhphenyljamino)-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;

(S} tert-butyl 4-ethyl-4-(4-ox0-3-((4-(2,2,2-trifluore-1-hydroxyethyl}phenyl}amino)-4,5-dihydro-
I H-pyrazolo[4,3-clpyridin- I -yl)piperidine- 1 -carboxvylate;

(R} tert-butyl 4-ethyl-4-(4-0x0-3-((4~(2,2,2-triflnoro- 1 -hydroxyethylphenyhamino)-4,5-dihydro-
1 H-pyrazolo[4,3-c]pyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(4-0x0-3-((4-(2,2,2-trifluoro-1-hydroxyethylphenylhamino}-4,5-dihydro-14-
pyrazolo{4,3-cipyridin-1-yl)piperidine- 1 -carboxylate;

4-((1-(1-(fert-butoxycarbonyl)-4-ethyipiperidin-4-yl)-4-oxo-4,5-dihydro-1 H-pyrazolo {4,3-
clpyridin-3-yhamino}-2-methylbenzoic acid;

tert-butyl-4-cthyl-4-(3-((3-methyl-4-(2-oxomorpholine-4-carbonyl)phenyljaminc}-4-oxo-4,5-
dihydro-1H-pyrazolo[4,3-clpyridin- I -yDpiperidine-1-carboxylate;

tert-butyl 4-[3-({4-{(2,2-dimethylmorpholin-4-yl)carbonyl}-3-methylphenyl  amino)-4-ox0-4,5-
dihydro-1#H-pyrazolo[4,3-clpyridin-1-vi}-d-ethylpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-{[3-methyl-4-(6-oxa-9-azaspiro{4.5]dec-9-ylcarbonyl)phenyljamino } -4-
oxo-4,5-dihydro- 1 H-pyrazolo{4,3-c]pyridin- 1 -yDipiperidine-1-carboxylate;

tert-butyl 4-13-[(4-{[(2R,65)-2,6-dimethylmorpholin-4-yljcarbonyl } -3-methylphenyhamino }-4-
oxo-4,5-dihydro-1H-pyrazolo{4,3-clpyridin-1-yl} -4-ethylpiperidine-1-carboxylate;

tert-butyl 4-[3-({4-[(3.3-dimethylmorpholin-4-yl)carbonyl}-3-methylphenyl } amino}-4-oxo-4,5-
dihydro-1H-pyrazolo[4,3-clpyridin- 1-yl}-4-cthylpiperidine-1-carboxylate;
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tert-butyl 4-ethyl-4-f 3-({3-methyl-4-[(1R,55)-6-0xa-3-azabicyclof 3.1.1 thept-3-
yicarbonylphenyt}amino)-4-oxo-4,5-dihydro-1H-pyrazelo{4,3-clpyridin-1-yl}piperidine-
I-carboxylate;

tert-butyl 4-{3-[(4-1{(25,65)-2,6-dimethylmorpholin-4-yljcarbonyl} -3-methylphenylamino }-4-
oxo-4,5-dihydro-1 H-pyrazolof4,3-clpyridin-1-vl} -4-ethylpiperidine- 1 -carboxylate;

tert-butyl 4-cthyl-4-{3-[(3-methyl-4- {{{3R}-3-(1-methylethylimorpholin-4-
yljcarbonyl!phenylamino}-4-ox0-4,5-dihydro-1 H-pyrazolo[4,3-clpyridin-1-
ylpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(3-{[3-methyi-4-(1,4-thiazepan-4-yicarbonyl}phenyllamino } -4-0x0-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-yl}piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-(3-{[3-methyl-4-(1 4-oxazepan-4-ylcarbonylphenyljamino } -4-0x0-4,5-
dihydro-1H-pyrazolo[4,3~clpyridin-1-yDpiperidine-1-carboxylate;

tert-butyl 4-ethyl-4-[3-( {3-methyl-4-[{ 1 -oxidothiomorpholin-4-yl}carbonylphenyl t amino)-4-
oxo-4,5-dihydro-1 H-pyrazolo{4,3-c|pyridin-1-yl]piperidine- I -carboxylate;

tert-butyl 4-cthyl-4-{3-[(3-methyl-4-{{(3R)-3-(1 -methylethyhymorpholin-4-
ylcarbonyl} phenyllamino}-4-oxo-4,5-dihydro-1H-pyrazolol4,3-¢jpyridin-1-
vi}piperidine-1-carboxylate;

tert-butyl 4-ethyl-4-(3- {[3-methyl-4-(1,4-thiazepan-4-yicarbonyl)phenyl Jamino } -4-ox0-4,5-
dihydro-1H-pyrazolo[4,3-clpyridin- I -yDpiperidine-1-carboxylate;

fert-butyl 4-ethyl-4-(3-{[3~-methyi-4-(1,4-oxazepan-~-4-ylcarbonyl jphenyl jamino } -4-ox0-4,5-
dihydro-1H-pyrazolof[4,3-clpyridin-1-yl}piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-[3-({3-methyl-4-[( | -oxidothiomorpholin-4-yl}carbonyliphenyl} amino)-4-
oxo-4,5-dihydro-1#-pyrazolo{4,3-clpyridin- 1-yl]piperidine- I -carboxylate;

tert-butyl 4-ethyl-4-[3-( {3-methyi-4-[{4-thiomorpholin-4-ylpiperidin-1-
vhcarbonylphenyl} amino}-4-oxo-4,5-dihydro-1H-pyrazolo{4,3-clpyridin-1-
vlipiperidine-1-carboxylate;

tert-butyl 4-[3-({4-[(2.3-dimethylmorpholin-4-yhcarbonyl}-3-methylpheuyl f amino)-4-oxo-4,5-
dihydro-1H-pyrazolo[4,3-c]pyridin-1-yl}-4-ethylpiperidine-1-carboxylate;

tert-butyl 4-cthyl-4-{3-[(3-methyl-4-{[3-(2R-methylpropylimorpholin-4-
yljcarbonyl }phenylhamino}-4-ox0-4,5-dihydro-1H-pyrazolo[4,3-c]pyridin-1-
yi}piperidine-1-carboxylate;

tert-butyl 4-ethyl-4-{3-[(3-methyl-4-{{3-(2S-methylpropylmorpholin-4-
yljcarbonyl i phenylamino}-4-oxo-4,5-dihydro-1H-pyrazolof4,3-clpyridin-1-
vl}piperidine-1-carboxylate;

tert-butyl 4-cthyl-4-{3-[(3-methyl-4- {[3-(methylpropyDmorpholin-4-yljcarbonyl } phenylamino}-
4-ox0-4,5-dihydro-1#H-pyrazolo{4,3-cipyridin-1-yl} piperidine- 1 -carboxylate;

tert-butyl 4-cthyl-4-[3-( {3-methyl-4-[{methyl-1,4-0xazepan-4-yl)carbonyljphenyl } amino)-4-oxo-
4,5-dihydro-1H-pyrazolof4,3-clpyridin- -yl jpiperidine- 1 -carboxylate;
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tert-butyl 4-ethyl-4-[3-({3-methyl-4-[(6R-methyl-1,4-oxazepan-4-ylcarbonyliphenyl} amivno)-4-
oxo-4,5-dihydro-1 H-pyrazolo{4,3-clpyridin-1-yl]piperidine- 1 -carboxylate;

tert-butyl 4-cthyl-4-[3-({3-methyl-4-[{65-mcthyl-1,4-oxazepan-4-ylicarbonyljphenyl} amino)-4-
oxo-4,5-dihydro-1#-pyrazolo{4,3-clpyridin- 1-yl]piperidine- I -carboxylate;

tert-butyl 4-ethyl-4-(3- {{3-methyl-4-(2-oxa-5-azabicyclof4.1.0]hept-5-
vicarbonyl)phenyllamino}-4-oxo-4,5-dihydro-1H-pyrazolo{4,3-clpyridin-1-yl}piperidine-
I-carboxylate;

tert-butyl 4-cthyl-4-[3-({methyl-4-[(2-methyl-1,4-oxazepan-4-yhcarbonyl jphenyl f amino)-4-ox0-
4,5-dihydro-1H-pyrazolof4,3-clpyridin-1-yl]piperidine- 1 -carboxylate;

tert-butyl 4-cthyl-4-[3-( {3R-methyl-4-[(2-methyl-1,4-oxazepan-4-yl)carbonyliphenyl } amino}-4-
oxo-4,5-dihydro-1H-pyrazolo{4,3-clpyridin-1-yl]piperidine- I -carboxylate; and

fert-butyl 4-ethyl-4-[3-({35-methyl-4-{ (2-methyl-1,4-oxazepan-4-ylcarbonyl Jphenyl t amino)-4-

oxo-4,5-dihydro-1H-pyrazolof4,3-clpyridin-1-vlipiperidine-1-carboxylate.

9. A pharmaccutical composition comprising a compound of Claim 1 ora

pharamceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

10. A method for the treatment of a JAK-mediated disease comprising
administering to a patient in need thereof a therapeutically effective amount of a compound of

Claim 1 or a pharmaceutically acceptable thereof.

11 A method of treating a condition in a mammal that can be ameliorated by
the inhibition of Janus kinases JAK T and JAK 2 which conditton is selected from, arthritis,
asthma and obstructive airways diseases, autoimmune diseases or disorders, and cancer
comprising administering to the mammal in need of such treatment, a therapeutically effective
arnount of a compound according to Claim lor a pharmaceutically acceptable salt or a

stereoisomer thereof,

12, A method according to Claim 13, wherein said condition is arthritis.

13, A method according to Claim 14, wherein said condition is selected from

rheumatoid arthritis, juvenile arthritis, and psoriatic arthritis.

4. A method according to Claim 13, wherein said condition is asthma or

obstructive airways diseases.

15. A method according to Claim 16, wherein said condition is selected from:

chronic asthma, late asthma, airway hyper-responsiveness, bronchitis, bronchial asthma, allergic
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asthma, intrinsic asthroa, extrinsic asthima, dust asthma, recurrent airway obsiruction, and chronic

obstruction pulmonary disease (COPD), and emphysema.

16. A method according to Claim 13, wherein said condition is autoimmune

diseases or disorders.

17. A method of treating asthma in a mammal in need thereof, comprising
administering a therapeutically effective amount of a compound according to Claim L or a

pharmaceutically acceptable salt thereof.

18. A method of treating arthritis in a mammal in need thereof, comprising
admivistering a therapeutically effective amount of a compound according to Claim 1 or a

pharmaceutically acceptable salt thereof.

19, Use of a compound of Claim 1 or a pharmaceutically acceptable salt or a
stereoisomer thereof in the manufacture of a medicament for the treatment of a disease or a

disorder ameliorated by the inhibition of Janus kinases JAKT and JAX 2.

20.  Usec of a compound of Claim 1 or a pharmaccutically acceptable saltor a
stereoisomer thereof and a second active agent in the manufacture of a medicament for the

treatment of a disease or a disorder ameliorated by the inhibition Janus kinases JAK 1 and JAK 2.
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