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TRICYCLIC COMPOUNDS USEFUL AS PROTEIN KINASE INHIBITORS

CROSS REFERENCE TO RELATED APPLICATION

5 This application clatros priority to U5, Provisional Application Serial No. 61/537,298

filed on September 21, 2011, the contents of which are incorporated herein.

BACKGROUND OF THE INVENTION
The invention provides a novel class of compounds, pharmaceutical compositions
comprising such compounds and methods of using such compounds to freat or prevent diseases or
1 disorders associated with abnormal or deregulated kinase activity, particularly discases or
disorders that involve abnormal activation of the Jakl, JakZ2, Jak3, Tyk2, KDR, Fit-3, CDK2,
CDK4, TANK, Trk, FAK, Abl, Ber-Abl, cMet, b-RAF, FGFR3, c-kut, PDGEF-R, Syk, BTK,
CSFIR, PKC kinases or Aurora kinases.
The protein kinases represent a large family of proteins that play a cendral role in the
15 regulation of a wide variety of cellular processes and maintenance of cellular function. A partial,
nor-hmiting, hst of these kinases wclude: non-receptor tyrosine kinases such as the Janus kinase
famuly (Jakl, JakZ, Jak3 and Tvk2}; the fusion kinases, such as BCR-Ab], focal adhesion kinase
{(FAK), Fes, Lek and Syk; receptor tyrosine kinases such as platelet-derived growth factor
receptor kinase {PDGF-R), the recepior kinase for stem cell factor, ¢-kit, the hepatocyie growth
24 factor receptor, ¢-Met, and the fibroblast growth factor receptor, FGFR3; and serine/threonine
kinases such ag b-RAF, mitogen-activated protein kinases (e.g., MKKS) and SAPKZ{. Aberrant
kinage activity hag been observed in many disease states inchiding benign and malignant
proliferative disorders as well as diseases resulting from inappropriate aclivation of the immune

and nervous systems. The novel compounds of this invention inhibit the activity of one or more

25 protein kinases and are, therefore, expecied o be useful i the treatment of kinase-mediated
diseases.
SUMMARY OF THE INVENTION
In a first ernbodiment the mvention provides a compound of Forowla (I}
30
U R?
TN {
9}
O R
NT TN
RS H

Formula (1)
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pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and
isowmers thereod wherein

TisN, UisN, Xis CR and Y is N; or

TisN, Uis CR* X is CR* and Y is N; or

TisN,Uis N, Xis NR and Y is

R R” and R’ are each independently hydrogen or deuterium;

R} is -A-D-E-G, wherein:

A is a bond or optionally substituted (C4-Cy;)cycloalkylene;
D is an optionally substituted (C-Cialkylene, optionally substituted (Cs-

Cip)eycloalkylene or an optionally substituted {C,-Cigiheterocyclylene;

Bis -R%, -RO-C{O)-R, -R-COYO-R®, -R-N(R™-R®-, -RE-N(RHC(O)-R"-,

C{OIN(RH-R®, -RE-NRYHS(0),-R5-, or -R%-S(ORN(RY-R® -, -R°-O-CH-C{OIN(RD-R®-, -

RE-NRHC(O-CHL-O-R, -R-CIOINRDCHCOIN(R™-R -, -R"-

NERHCOHYCHLNEHMC(ORR S, -RE-CIONROHCILO{OIN(RD-R", R

NEYCOYCHNRYC(OMR®, RE-S-CHCOINRY-R®-, or -RE-NRYC(OCH-R8-R5; or

(i is halogen, -CN, -CFs, an optionally substituted {C-Celalkyl, an —optionaﬂy
substituted ~(C-Colalkyl-heteroaryl, an optionally substituted ~{C5-Chojeyeloalkyl,
optionally substituted heterocyclyl or an optionally substituted heteroaryl;

R’ is hydrogen or deuterium;

R” and R arc each independently hydrogen, deuteriun, an optionally substituted (C;-
Cioyatkyl or an optionally substituted (C-C giheterocyelylene; and

R° for each vccurrence is independently a bond, an optionally substituted {C;-
Choalkylene, an optionally substituted {(Ur-Colalkenylene, or an optionally substituted (G-
Ciojheterocyclylene,

In a second embodiment the invention provides a compound according to the first
embodiment wherein A is a bond or an optionally substituted cyclopentyl.

In a third erabodiment the mvention provides a compound compound according to any of
the foregoing embodiments wherein D is an optionally substituted (C,-Cy) alkylene, optionally
substituted cyclopentyliene or optionally substituted pyrrolidine.

In a fourth embodiment the invention provides a compound compound according to any
of the {oregomg embodiments wherein E is a bond, an optionally substituted {(C-C) alkylene, -
C{O}-, -COYWC-Cyalkylene-, {Cy-Cslalkylene-C{O)-, -N(H)-(C-Cslalkylene-, -( Cs-
Cypalkylene-N{ID-, -NED-C{G)-, -C{OIN{H)-, -N{CH-C(O)-, -C(OMN{CHy)-, «C;-Cylalkylene-
N{H}C{O}-, -CINNH)-{C;-Cryalkylene-, «{(C,-Cijalkylena-N{oxetany3-C{G}-, -
C{ON(oxetany}-(Ci-Ciialkylene-, -NRIS(OR-{C-Chlalkylene-, -(Ci-Chalkylene-S(O)N{RY)-,

optionally substituted azetidine or optionally substituted piperidine,

]
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In a fifth embodiment the invention provides a compound compound according to any of
the foregoing embodiments wherein 3 is F, -CN, -CF5, an optionally substituted -{C:-Cg)alkyl, an
optionally substituted {Cs-Ciieyeloalkyl, optionally substituted morpholine, optionally
substituted oxazole, optionally substituted 1,2.4-oxadiazole, optionally substituted pyridazine, or
optionally substituted pyridine.

In a sixth embodiment the invention provides a compound compound according to any of
the foregoing embodiments wherein

Tis N, Uis N, X is CR and Y is N;
wherein R is ~A-D-E-G and

A g a bond,;

D 1s optionally substituted cyclopentylene;

E is an optionally substituted (C;-Cg) alkylene, -C{O)-, -N{H-C(O)-, -
C{ONH)-, ~COIN(H-CH,, -CH-NHIC(O), -O-CHOOW(H)-, -
NEHHCOYCH-O-, ~C{OIN{CHHCHCOINH -, -NEDC{GHCHNCHC(CG)-, -
NHIC(O}CH=CH)-, -C{H=C{HYC(OIN(H)-, -optionally substituted (Cy-
Chatkylene-CIOWN(H -, -NODC{OY-optionally substituted (Ci-Cylalkylene, -
C{OMNEHCHC(OIN(H -, -NEDCOG)CHNHOC(O)-, -S-CHAC{GIN(H -, or -
NHIC{OYCH-5-; and

G 15 CN, CFs, an optionally substituted benzofuranyl, an optionally

substituted cyclobutyl, an optionally substituted cyclopropyl, an optionally
substituted eyelohexyi, an optionally substituted benzo[clisoxazolyi, an optionally
substituted benzoldiisoxazolyl, an optionally substiuted furanyi, an optionally
substituted furc]3,2-blpyridinyl, an optionally substitited furo[3,2-8lpyrrolyl, an
optionally substituted isoxazoiyl, optionally substituted 1,2.4-oxadiazalyi, optionally
substituted oxazolyl, an optionally substituted pyrrolidinyl, an optionally substituted
tetrahydrobenzo{dlisoxazolyl, an optionally substituted tetrahydrobenzofuranyl, or a
2, 5-dioxoinudazolidinyl,

In a seventh embodiment the invention provides a compound according o any of the
foregoing ernbodiments wherein the compound is

(1R,3R A4S)-3-ethyl-4-{6H-pyrrolo|2,3-e|1,2 4 irazolo[4,3-a pyrazin- 1 -y [}-N-
(2,2, 2-trifluorocthylicyclopentanecarboxamide;

3418 3R,48)-3-methyi-4-{6H-pyrrolo[2,3-¢1[ 1,2, 4 Jtnazolo{4,3-alpyrazin-1-
vhcvelopentypropanenitrile;

3-{{1RIRA5-3-methyl-4-{6H-pyrrolofZ,3-e{ 1.2 4{triazolo{4,3-apyrazin-1-
vheyelopenty Dpropanenitrile;

3-{{(IS3R A8y 3-ethyl-4-(6H-pyrrolof 2,3-2]i 1,2, 4 trlazolof4, 3-alpyrazin-1 -

vheyclopentyipropanenitrile;
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3{{IR IR ASY-3-cthyi-4-{6H-pyrrolof2,3-e}[1,2, 4 triazolof4,3-alpyrazin-1 -
yleyelopentyDpropanenitrile;
N-({18,3R,485)-3-cthyl-4-(6H-pyrrolo|2,3-¢][ 1.2, 4 [triazolo{4,3-apyrazin-1-
yheyclopentyly-2-methyloxazole-4-carboxamide;
NA{15,3R, 48} 3-ethyl-4-(6H-pyrrolo|2,.3 ¢} 1,2, 4 idazolo{4,3-a jpyrazin-1-
vhcvelopentylibenzofuran-3-carboxamide;
N{15,3R48)-3-cthyl-4-(6H-pyrolo2,3-¢}{1,2,4 lirtazolol4,3-alpyrazin-1-
vheyelopentyD-4-methyl-4H-furo|3,2-Hlpyrrole-5-carboxamide;
N—(('ESSRA 3 3-ethyd-(6H-pyrrolo[2.3-¢1[1,2,4 iriazolo]{4, 3w pyrazin- 1~
vheyclopentyl}-3-(1-methyleyclopropylpropanamide;
yelopropyl-N-{{1 S,3R 48)-3-¢thyi-4-{6H-pyrrolo]2,3-e}[1,2,4 friazolo{4.3-
alpyrazin- 1-ylcyelopentyDpropanaride;
N-({18,3R,48)-3-cthyl-4-(6H-pyrrolo|2,3-¢][ 1.2, 4 [triazolo{ 4,3 -apyrazin-1-
yheyclopentyly-5-methylfran-2-carboxamide; or
T-cyano-N-{{1S,3R,48)-3-cthyl-4-(6H -pyrrolo|2,3-e}[1,2, 4 jiriazolo4,3-
alpyrazm-1-yljeyvclopentyeyclopropanecarboxamide;
N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
vheyelopentyl)-5-methylisoxazole-4-carboxamide
(E}-N-({15,3R,485)-3-ethyl-4-(6H-pyrrolo2,3-e][1,2,4 triazolo[4,3-afpyrazin-1 -
vheyclopentyl}-3-(5-methylfuran-2-yDacrylanude;
NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-
yleyelopentyly-2-{5-methylsoxazoi-3-yioxyacetamide;
N-{2-({15,3R 45)-3~cthyi-4-{6f-pyrrolo]2,3-ei[1,2 4 triazoloi4,3-aipyrazin-1-
vheyvclopentylamino}-Z-oxoethyl}-N-methylfuran-2 -carboxamide;
342, 5-dioxomidazolidin-d-v1}-N-{(1 8,38 48)-3-ethyl-4-{6H-pyrrolo] 2,3
elii,2. 4 iriazoloid, J-agipyrazin-1-vleyclopentylpropanamide;
N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
yvheyelopentyl)-5-methyl-4,5,6,7 -tetrabvdrobenzod jisoxazole-3-carboxamide;
NA2-({15,3R 483 -ethyi-4-{6H-pyrrolo[2,3-ei[ 1.2 4 iriazoin{d, 3-aipyrazin-1-
vheyclopentylamino)-2-oxoethy}-5-methylfuran-2 -carboxanude;
Z-acetamido-3-cyclopropyl-N-({18,3R,45)-3-ethy l-4-(6 H-pyrrolof2.3-
eli1,2,4triazolol4,3-alpyrazin-1 -ylicyclopentylpropanamide;
N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-
vheyclopentyhbenzofuran-3-carboxamide;
NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -

yheyelopentyl}-6-methylbenzoforan-2-carboxamide;

PCT/US2012/056266
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N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yleyvelopentyly-3-methylisoxazole-4-carboxamide;
N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-
yheyclopentyly-2-methyl-4,5,6,7 -etrahydrobenzoforan-3-carboxamide;
NA(TS3RAS)3-ethyl-4-(6H pyrrolo[2,3-¢][1,2,4 iriazolo[4, 3-alpyrazin-1-
vhcvelopenty3-3-(3-methoxyisoxazol-5-ylpropanamide;
N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
vheyelopenty)-3-(3-methyl-1,2,4-oxadiazol-5-ylpropanamide;
N-{2-({18,3R 453 ~ethyi-4-{6H-pyrrolo[2,3-e}[ 1.2 4triazolo{d 3-glpyrazin-1-
vheyclopentylamino}-2-oxoethyl}-5-methylisoxazole-4-carboxanude;
N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yheyelopenty}-5-(furan-2-yi}-4H-pyrazole-3-carboxamide;
N-((18.3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-
yheyclopenty-4-methyl-4H-furof3,2-blpyrrole-5-carboxamide;
2-{benzofuran-3-y-N-{{15,3R,45)-3-ethyl-4-(6 H-pyrrolof2,3-
e}{1,2 4lriazolol4, 3-alpyrazin-1 -yleyelopentyhacetannde;
N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
vheyelopentyl)-5-methyloxazole-4-carboxamide;
NA(1S8,3R,4S8)-3-ethyl-4-(6H pyrrolo[2,3-2][1,2,4 triazolo[4,3-a]pyrazin-1-
vheyclopentyl}-3-umiethylbenzoturan-2-carboxaride;
NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-
yhevelopeatyl)-3-{ L-methyleyvclopropylpropanamide;
3-cyclopropyi-N-{{18,3R 45)-3-ethyl-4-(6H-pyrrolo{2,3-2{[1,2 4 jtriazolo]4,3-
alpyrazin-1-vljcycloperdylpropanamide;
NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -
yhcyelopenty3-S-methylforan-2-carboxamide;
S-cyclopropyi-N-{{(1§38,45)-3-ethyl-4-{6H-pyrroloi2,3-eji 1 2 4 ftriazolo[4,3-
alpyrazin-1-vlcyclopentylioxazole-4-carboxamide;
NA{LS 3R A8 3-ethyl-4-(6H pyreolo]2,3-¢][1,2,4 irdazolo[4,3-alpyrazin-1-
vheyclopentyl}-3-umiethylisoxazole-3-carboxamide;
NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-
vheyelopenty)-5-raethylisoxazole-3-carboxamide;
N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-
vheyclopeniylyisoxazole-S-carboxamide;
NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -

yheyclopentyl}-4-methyloxazole-S-carboxamide;
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N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-

yleyvelopentyy-2-raethyliuran-3-carboxamide;

N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-

yheyclopentyy-3-(furan-2-yDpropanamide;

1-cyano-N-{(1S,3R.45})-3-ethyl-4-(6H-pyrrolo|2,3-e}[1,2, 4 irtazolo{4,3-¢ ipyrazin-

1-ylicyclopentylicyclopropanecarboxamide;

N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-

vheyelopenty)-2-(3-methylisoxazol-5-yhacetavude;

NA(1S8,3R,4S8)-3-ethyl-4-(6H pyrrolo[2,3-2][1,2,4 triazolo[4,3-a]pyrazin-1-

vheyclopentyyfuran-3-carboxamide;

N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-

yleyvelopentylbenzofuran-2-carboxamide;

N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-

yheyclopentyly-4-0x0-4,5,6,7 -etrabydrobenzofuran-3-carboxamide;

S-cyclopropyl-N-({15.3R,45)-3-ethyl-4-(6H-pyrrolo|2,3-¢]{1,2,4 {triazolo]4,3-

apyrazm-1-yljcyvelopentyisoxazole-3-carboxamide;

(B3-N-({18,3R,45)-3-ethyl-4-{6H-pyrrole{2,3-e}{1,2,4 [triazoloid 3 -wipyrazin-i-

yvheyelopenty)-3-(furan-2-yhacrylamide;

N-{{1S,3R 485} 3-ethyl-4-(6H pyrrolo[2,3-2][1,2.4 inlazolo[4,3-a]pyrazin-1 -

vheyclopentylibenzo|c fisoxazole-3-carboxamide

NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-

yleyelopentyly-3-methylisoxazole-5-carboxamide;

7

N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-

vheyclopentyhoxazole-4-carboxamide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -

yhcyelopenty3-S-(methylthiomethyDforan-2-carboxamide;

N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-

vheyelopentyl)-3-methoxyisoxazole-S-carboxannde;

S-cyclopropyb-N-{(1.5,3R,48)-3~ethyl-4-(6H-pyrroloi2,3-¢1{1,2,4 {iriazolo[4,3-

alpyrazin-1-vlcyclopentyl nsoxazole-4-carboxamide;

3-cyclobutyl-N-{(15,3R 45)-3-ethyl-4-{6H-pyrrolof

ajpyrazin- 1 -yleyclopentyDpropanamide;

2 3.

Lag D

111,24 triazolof4,3-

N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-

vheyclopentyhibenzo|dlisoxazole-3-carboxarnide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -

yhcyelopentyl}-

3
3

~(Samethyifuran-Z-yDpropanamide;
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N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
ylheyvelopentyly-3-{2-oxocyclohexyDpropanamide;

2-{benzojdjisoxazol-3-y1)-N-({15,3R,45)-3-cthyl-4-(6H-pyrrolof2,3-
el 1,2 4 inazolold, 3-alpyrazin- -y DeyclopentyBacetamide;

NA{LS 3R A8 3-ethyl-4-(6H pyreolo]2,3-¢][1,2,4 irdazolo[4,3-alpyrazin-1-
vhcvelopentyl}-4,5,6,7tetrahydrobenzofd isoxazole-3-carboxamide;

N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
vheyelopenty )-5-(furan-2-yisoxazole-3-carboxamide;

S-ethy L N-({1S,3R 45} 3-ethyl-4-(6H-pyrrolo{2,3-2]{1,2,4 Jtriazolo[4,3-a pyrazin-
1-yhevclopentyloxazole-4-carboxamide;

N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yhevelopentyl)-2-(5-methyl-1,3,4-oxadiazol-2 -ylthiojacetamide;

S-ethyl-N-{{18,3R 45)-3-ethvl-4-(6 H-pyrroloi2,3-e]{1,2,4 triazolo| 4,3 -a]pyrazin-
{~-yDeyclopentylisoxazole-3-carboxamide;

3-cyclohexyl-N-{{15,3R,45)-3-cthyl-4-(6H-pyrrolo[2,3-¢][1,2, 4 iriazolo][4,3-
apyrazm-1-yljcyelopentypropanamade;

N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
vheyelopentyDfuran-2-carboxamide;

NA(1S8,3R,4S8)-3-ethyl-4-(6H pyrrolo[2,3-2][1,2,4 triazolo[4,3-a]pyrazin-1-
vheyclopentyl}-3-umiethylfuran-2-carboxamide;

NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-
yheyvelopentyly-3-{5-oxopyrrolidin-2-ylipropananide;

3-ethyl-N-{{183R 45)-3-ethyl-4-(6FH-pyrroloi2,3-2]{1,2,4 }triazolof4,3-a|pyrazin-
i-yheyvclopentylisoxazole-5-carboxamide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -
yhcyelopentyloxazole-S-carboxamide; or

N-({(1§,38 ,45)-3-ethyl-4-(6H-pyrrolof2,3-¢}[ 1,2 4 triazoln{4,3-wipyrazin-1-
vheyelopentyl)-5-methylisoxazole-4-carboxamide.
In an eighth embodiment the invention provides a compound ascording to the first
embodiment wherein

TisN, Uis CR*, Xis CR? and Y is N;

R} s -A-D-E-G, wherein:

A is a bond or optionally substituted {Cy-Celevcloalioylene;

D3 is an opticnally substituted {C;-Cyalkylene, optionally substituted (Cs-
Cioyeyeloalkylene or an optionally substituted {Co-Ciopheterocyclylene;

Eig -R%, -RE-C{O)-R%-, -R-CIOHO-RS, -R-N(RY-R, -RE-NRDHC(O-R®-, -R™-
C{OMN(R?Y -R%-, -RE-N(RHS(O)-R -, or -RE-S{ORNR-R;

3
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G 15 halogen, -CN, -CFs, an optionally substituted -{Cy-Colalkyl, -CH,-heteroaryl,
an optionally substituted (Cs-Ciojeveloalkyl, an optionally substituted heterocyelyl or
an optionally substituted heteroarvl;

RYis hydrogen;

R and R” are each independently hydrogen, an optionally substituted {(C1-Crgialkyl or
an optionally substituted (C;-Cio)heterocyclylene; and

R® for cach occurrence is independently a bond, an optiorally substituted (T~

Ciojalkylene or an optionally substituted (C;-Cg)heterocyclylene.

In a ninth embodiment the invention provides a compound according to the eighth
embodiment wherein D is —CHa-, optionally substituted cyclopentyl, optionally substituted
piperidinyl or optionally substituted pyrrolidinyl.

In a tenth erobodiment the invention provides a compound according 1o the ninth
embodiment wherein B is a bond, -C(G)-, —C{OY(C-Chlakylene -, -N{RD-C(O)-, -C{OMN(RY}-,
~C{O)-N{H}-optionally substituted {C-Cyalkylene -, - optionally substituted (C1-Csalkylene
N{RHCHO)-, (Ci-Coalkylene, -C{OM(Ci-Cslalkylene, -{Ch-Cyalkylene-C(0)-, -(Ci-Cijalkylene-
OC(O)-, -CHy-N{H}S(O -, -N{H)}-CHy-, ~-CHo-N{H}-, -S{O)pN(H-CH,-, or optionally substituted
azetidine.

In an eleventh embodiment the invention provides a compound according to the tenth
embodiment wherein G is F, -CN, -(F;, optionally substituted (C,-Calkyl, -CH;-oxazolyl,
optionally substituted cyclopropyl, optionally substituted cyclobutyl, optionally substituted
azetidinyl, optionally substituted morpholinyl, optionally substituted oxazolyl, optionally
substifuted piperidinyi, optionally substituted pyridazinyi, optionally substituted pyrazinyl,
optionally substituted pyridiny! or optionally substituted pyrimidinyl.

In a twelfth emabodiment the nveniion provides a compound according {o the eleventh
embodiment wherein R* and R” are each independently hydrogen, CH; or oxetanyl,

In a thirteenth embodiment the mvention provides a compound according to the twelfth
embodiment wherein the compound is

N-{{(15,354R)-3-3H-mmidazo[1,2~apyrroloi 2,3 -¢pyrazm-3-vi}-4-

methyleyclopentyh-S-methylpyrazine-2-carboxamide;

N-((18,384R)-3-(3H-imidazo| 1 ,2-ajpyrrolo{ 2,3-e [pyrazin-8-yl)-4-

methyleyelopentyDpyridazine-3-carboxamide;

N-{{15,35,4R)-3-3H-1midazo[1,2-a jpyrroloi 2,3 ¢ [pyrazin-8-yi}-4-

methyleyclopentyl}-N-methyloxazole-4-carboxamide;

(15,35,4R83-3-3H-maidazo[ 1. 2-apyrrolof 2, 3-eipyrazin-B-yii-4d-methy -N-({2-

{triffuoromethypyrimidin-S-yUmethyheyelopentanamine;
1-((15,38,4R)-3-(3H-imdazo[ 1, 2-alpyrrolo2,3-efpyrazin-8-yl}-4-

methyleyclopentypiperidine-4-carbonitrile;
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(1 R3548)-3-3Hmmidazo| 1, 2-alpyrrolol 2,3-e [pyrazin-8-yi)-4-
methyleyclopentyhmethyllazetidine-3-carbonitrile;
1-({(18,35,4R)-3-(3H-mmidazo[ 1. 2-alpyrrolo|2,3-e pyrazin-8-y [}-4-
methyleyelopentyDmethyDazetidine-3-carbonitrile;
1((1K.35,4R-3-3H-1oudazol §,2-apyrolo|2 3-ejpyrazin-8-yi}-4-
methyleyclopenty piperidine-4-carbonitrile;
5-{{354R}-3-ethyl-4-(3Hamidazo[1,2-¢|pyrroioil 3-elpyrazin-8-ypyorolidin- i -
vl}-5-oxopentanenitrile;
{35,4R)-3-ethyLN-(2-flooroethyl-4- 3 H-imidaze[ 1, 2-apyrrolo] 2, 3-elpyrazin-&-
vhpyrrolidine-1-carboxanude;
(385 4Ry-N-(2 2-difluoroethy}-3-ethyl-4-3H-1mmdazo{l 2 -aipyrrolo]2,3-
elpyrazin-&-yhpyreolidine- I -carboxamide;
1-{(35.4R)-3-cthyl-4-(3H-imidazo| 1, 2-a|pyrrolof2,3-¢ pyrazin-8-ypyrrolidin-1-
yi-4,4 4-trifforobutan-1-one;
(35 4R)-N-(2,2-difluoropropy }-3-ethyl-4-(3H-1midazo[ 1, 2-alpyrrolof2,3-
elpyrazin-8-yhipyrrolidine- i -carboxamide;
(35,48 N-cyclobutyl-3-ethyl-4-3H-imidazof | 2-aipyrrolo[2.3-ejpyrazin-8-
yhpyrrolidine- 1 -carboxamide;
{354 R 3-methyl-4-OHmmdazo[1,2-apyrrolo] 2,3 -elpyrazin-B-y-N-(2,2,2-
trifluoroethyhpyrrolidine-1 -carboxargide;
(3R, A5-N-(2,2-difluorcethy}-3-(3Hamidazo[1, 2-alpyrrolo]2,3-e Jpyrazin-B-y1)-
4-methyipyrrolidine-1-carboxande;
{{3R 483-3-(3Hmidazo|1,2-alpyrrolo]2,3-elpyrazin-8-yi}-4-methyipyrrolidin-1 -
yviKmorpholinojmethanone: or
1-{(3R48)-3-(3H-1mmidazo[1,2-a]pyrrolo| 2,3-e {pyrazin-8-y -4-methylpyrrolidin-
1vly-2-cyclopropylethanone.
In a fourteenth embodiment the inverdion provides a compound according to the frst
embodiment wheremn
TieN, Uis N, X is NR? and Y is C;
R is -A-D-B-G, wherein:
Aiga bond;
D is an optionally substituted (C5-Cyp)eycloalkyl;
fis -R°-;
Gis -CN; and
R° is an optionally substituted {C-Cipatkylene,
In a fifteenth embodiment the invention provides a compound according to the fourteenth

embodiment wherein the compound is
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3{{IR IR ASY-3-methyl-4-{pyrroloi2,3-511,2,3 lintazolo{4,5-dipyridin-1 {6 H}-
yheyclopentyDpropanenitrile.
In a sixteenth embodiment the invention provides a method of treating a disease
comprising administering to a patient in need thereof an effective amount of a compound of
5  Formula ()

L R2
/ Q%

Ord-—«

N
RN
H

Foromla (f)
pharmaceutically acceptable salts, pro-drugs, biologically active metabolites, stereoisomers and
isowmers thereod wherein
TisN, UisN, Xis CR and Y is N; or
10 TisN, Uis CR* X is CR* and Y is N; or
TisN, Uis N, Xis NR' and Y is C;
R R” and R’ are each independently hydrogen or deuterium;
R} is -A-D-E-G, wherein:
A is a bond or optionally substituted (Cs-C i, )cycloalkylene;
15 D is an optionally substituted (C-Cialkylene, optionally substituted (Cs-
Cip)eycloalkylene or an optionally substituted {C,-Cigiheterocyclylene;
B is -R%-, -R-C{O)-R, -R-COY0-RY, -R-N(R"-R®-, -RE-N(RDC(O)-R"-, -R5-
C{OIN(RY -RS, -RE-NEHS(O0R-R-, or -RE-S(ORNRY-R -, -RE-O-CHo-C{OW(RY-R5-,
-RENRHC(O-CH-0-RE-, -RE-C{OINRYCHLC(OIN(RY-R-, -R*-
20 NERHCOHYCHLNEHMC(ORR S, -RE-CIONROHCILO{OIN(RD-R", R
NEDYCOYCHNERYC(OR®, —RE-S-CHCIOINRD-R -, or -RE-NRHC{OCH,-S-RE;
(3 is halogen, -ON, -CFs, an optionally substituted -{C;-Cglalkyl, an optionally
substituted ~(C-Colalkyl-heteroaryl, an optionally substituted ~{C5-Chojeyeloalkyl,
optionally substituted heterocyclyl or an optionally substituted heteroaryl;
25 R’ is hydrogen or deuterium;
R” and R arc each independently hydrogen, deuterium, or an optionally substituted (C;-
Cigyalkyl or an optionally substituted (C-C giheterocyelylene; and
R° for each vccurrence is independently a bond, an optionally substituted {C;-
Croalkylene, an optionally substituted {(U,-Calalkenylene,or an optionally substituted (C;-
30 Cipheterocyclylene.
In a seventeenth embodiment the invention provides a method according to the sixteenth

embodiment wherein the disease 18 rheumatoid arthritis, Crohn’s Dhsease, juvenile rheumatoid

10
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arthritis, juvenile idiopathic arthritis, psoriasis, psonatic arthritis, ankylosing spondyhitis or dry

m

1ye.

In an eighteenth erbodiment the invention provides a method of according to the

seventeenth erabodiment wherein the compound is a compound according to any of the foregoing

L

embodinents,

DETAILED BESCRIPTION OF THE INVENTION
Protein kinases are a broad and diverse class, of over 500 enzymes, that include
oncogenes, growth factors receptors, signal fransduction Intermediates, apoptosis related kinases
and cyclin dependent kinases. They are responsible for the transfer of a phosphate group o
1} specific tyrosine, serine or threonine amino acid residues, and are broadly classified as tyrosine
and serine/threonine kinases as a result of their substrate specificity.
The Jak family kinases (Jaki, Jak2, Jak3 and Tyk2) are cytoplasmic tyrosine kinases that
associate with membrane bound cytokine receptors, Cytokine binding to their receptor initiates
Jak kinase activation via trang and autophosphoryiation processes. The activated Jak kinases
15 phosphorylate residues on the cytokine receptors creating phosphotyrosine binding sites for SH2
domain containing proteins such as Signal Transduction Activators of Transcopt {(STAT) factors

i other signal regulators transduction such as suppressor of cytokine signaling (SOCS) proteins

Lo

an
and SH2 domain-containing imositol §'- phosphatases (3HIP), Activation of STAT factors via this
process leads to their dimerization, nuclear transiocation and new mRNA transeription resulting
20 i expression of mmunocyle proliferation and survival factors as well as additional eytokines,
chemolkines and molecules that facilitate celluiar trafficking (see Jowrnal of fmmunology, 2007,
178, p. 2623}, Jak kinases transduce signals for many different cyiokine families and hence
potentially play roles in diseases with widely different pathologies including but not limiled {o the
following examples. Both Jak1 and Jak3 control signaling of the so-called comnion gamma chain
25 cytokines {(IL2, 114, TL7) 109, IL1S and 1121}, hence simullancous inhibition of either Jakl or
fak3 could be predicted to tmpact Thl mediated diseases such as vheumstoid arthritis via
blockade of 1L2, L7 and 1L15 signaling. On the other hand, L2 signaling has recently been
shown to be cssential for development and homeostasis of T-regulatory cells (Malek TR er o/,

Impmumity, 2882, 17(2), p.167-78). Thus, based on genetic data, blockade of IL.2 signaling alone is

03
Dy
p—

] predicted to result i autoimmoenty (Yamanouchi J ef al., Nar Gener,, 2087, 39(3), p.329-37, and
Willerford DM er af, fmmunity, 1998, 3(4), p.521-30). Th2 mediated diseases such as asthma or
atopic dermatitis via L4 and IL9 signahing blockade. Jakl and Tyk2 mediate signaling of 1113
{see Int. Imrounddy, 2000, 12, p. 1499}, Hence, blockade of these may also be predicted to have a
therapeutic effect in asthima. These two kinases arc also thought to mediate Type T interferon

35 signaling; their blockade could therefore be predicted to reduce the severily of gystemic lupus

erythematosus {SLE) Tyk? and Jak? mediate signaling of 12 and 1123, In fact, blockade of

1i
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these cytokines using monoclonal antibodies has been effective in treating psoriasis, Therefore
blockade of this pathway using inhibitors of these kinases could be predicied to be effective in
psoriasis as well. In sunumary, this mvention describes small-molecule compounds that mhibit,
regulate and/or modolate Fak family kinase activity that 18 pivodal {o several mechanisms thought
critical o the progression of autoimumune diseases including, but not lunited to, rheumatoid
arthritis {(RA), systenmic lapus erythematosus (SLE), multiple selerosis (MS), Crohn’s disease,
psoriasis, psonatic artheitis, juvenile idiopathic arthritis, placque psoriasis, polyarticular juvenile
idiopathic arthriiis, ankylosing spondyiitis and asthma.
Several pathologically significant cytokines signal via Jakl alone (Guschin D, e ol
FEMBO J 1995 Apr 3;14(7):1421—9; Parganas B, ef al., Cell. 1998 May 1;93(3):385-95; Rodig
SA., et al, Cell, 1998 May 1, 93(331:373-83). Blockade of one of these, IL6, using an IL6R
neutralizing antibody, has been shown io significandly ioprove disease scores in human
rheumatoid arthritis patients (Nishimoto N. er al., Ann Rheum Dis., 2007, 65(9), p.1162-7).
Somilarly, blockade of GCSF signahng, which is also mediated by Iaki alone, using neutralizing
monoclonal antibodies or target gene deletion protects mice from experimental arthritis (Lawlor
KE. er al, Proc Natl dead Sci USA, 2004, 10131}, p.1i398-403).  Accordingly, the
identification of small-molecule compounds that inhibit, regulate and/or modulate the sigual
transduction of kinases, such as Jakl, i8 a desirable means o prevent or treat autoimmmme
diseases or other diseases related to abberant Jakl function.
Jak2 is also activated i a wide variety of human cancers such as prostate, colon, ovarian
and breast cancers, melanoma, lenkemia and other haematopoictic malignancies. In addition,

1

somatic point mutation of the Jak? gene has been identified to be highly associated v

a
3}
2 )

with classic

myeloproliferative disorders (MPD)} and infrequently m other myeloid disorders, Constitutive
activation of Jak? activity is aiso caused by chromosomal translocation in hematopoeitic
malignancies. It has also been shown that inhibition of the Jak/STAT pathway, and in particular

whibitlon of Jak2 activity, results i anti-proliferative and pro-apopiotic effects largely due to
inhibition of phosphorylation of STAT. Furthermore, pharmacological modulation or inhibition
of Jak? activity could effectively block tumor growth and induce apoptosis by reducing the STAT

1
H
H

phosphorylation 1o cell culture and bhuman tomor xenografis inm vive. Accordingly, the
identification of small-molecule compounds that inhibit, regulate and/or modulate the signal
transduction of kinases, particularly Jak2, is desirable as a means 1o treat or prevent diseases and
conditions associated with cancers.

Jak kinases also transmmt signals regulating essential physiological processes whose
inhibition could be undesirable. For example Jak2 mediates the signaling of Erythropoetin (Epo)

Granulocyte/Monocyte-Colony  Stimulating Factor (GM-CSF). Individuals with genetic,

Lo

and 1 g

congenital or acquired defects in these signaling pathways can develop potentially life-threatening

cornplications such as anemia and neutrophi] dysfunction. Accordingly, one non-limiting aspect

i2
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of this mvention also relates (o a method to identify compounds that may have a favorable safety
profile as a result of them selectively avoiding rhibition of Jak?2,

Spleen tyrosine kinase (8yk} (/. Bio. Chem, 1991, 266, 15790} 18 a non-receptor tyrosine
kinase that plays a key role m immonoreceptor signaling in a host of mflammatory cells including
B cells, mast cells, macrophages and neutrophils. Svk is related o zeta associated protein 70
{(ZAP-70) but also demonstrates similarity with JAK, Sre and Tec family kinases.

Syk plays a critical and specific role 1o B-cell receptor (BCR) signaling on auto-reactive
B cells and in FeR signaling on mast cells, macrophages, osteoclasts and neutrophils. {(sce
Immunology Today, 2002, 21(3), 148 and Current Opinion in Immunclogy 2002, 14(3), 341}, Syk
plays a key role i the activation mediated by Feo receptors of sentinel cells {mast cells and
macrophages) and effector cells (newtrophils, basophils and eosinophils). The importance of Syk
in rheumatoid arthritis is subsiantizied by daia demonsirating the importance of Fo receptors
{FcR} function and immune complexes in disease pathogenesis. Syk also mediates the activation
of B cells through the BCR, which results in their expansion and the production of antispecific
immunoglobuling. Therefore any discase that revolves around antibody-Fe receptor inferactions
may be modulated by Syk suppression. Thus a Syk inhibitor is hkely to dampen both the mitiation
of the disease by blocking BCR signaling and the effecior phase of the disease by blocking FeR
signaling on macrophages, neutrophils and mast cells. Furthermore, blocking Syk would provide
the added benefit of inlubiting osteoclast maturation and therefore attenuate bouy erosions, joint
destruction and generalized osteopenia associated with theumatoid arthritis. Moreover Syk acts
upstream close to the receplors at the initiation of complex signaling evenis and thus its inhibition

1
H
H

wflnences all responses elicited by the activating agent. In mast cells for example, nhibttion of
Syk blocks the carly release of a number of granule contents, as well as the subsequent production
and secretion of lipid mediators and cytokines. Svk inhibitors can thus impart multiple beneficial
effects as cach of these mediators play distinet roles in the integrated inflammatory response.

The protein kinase C family is a group of serine/threonine kinases that comprises twelve
related igoenzymes. Its members are encoded by different genes and are sub-classified according
to their requirements for activation. The classical enzymes {cPKC) require diacylglycerol {DAG),
phosphatidyliserine (PS} and ealcium for activation. The novel PKC’s (nPKC) require DAG and

PS5 but are calcium ndependent. The atypical PKC's (aPK.C) do not require calcium or BDAG.

PRCtheta is a member of the nPKC sub-family (Baier, G, ¢f ¢l, 1 Biol Chem., 1993,

268, 4997). i has a resivicted expression pattern, found predominantly in T cells and skeletal

muscle (Mischak, H. er ¢, FEBS Lerr., 1993, 326, p. 51}, with some expression reported in mast

celis (Liu, Y. er ad., J Lewkoc. Biol, 2001, 69, p. 831} and endothelial cells (Mattila, P. er of, Life
ol 1994, 55, p. 1253).
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Upon T cell activation, a supramelecular activation complex {(SMAC) forms at the site of
contact between the T cell and the andigen presenting cell {APC). PKCiheta 5 the only PKC
isoforn found to localize at the SMAC (Monks, C. ef al, Nature, 1997, 385, 83}, placing it in
proximity with other signaling enzymes that mediate T cell activation processes.

In another study (Baier-Bitterlich, G. et «f, Mol Cell. Biol, 1996, 16, 842} the role of
PKCtheta in the activation of AP-1, a transcription factor important m the activation of the IL-2
gene, was confirmed. In uvostimulated T cells, constitutively active PR Ctheta stimulated AP-1
activity while in cells with dominant negative PKCtheta, AP-1 activity was not induced upon
activation by PMA.

Other studies showed that PKCtheta, via activation of IxB kinase beta, mediates
activation of NF-xB induced by T cell receptor/CD28 co-stimulation (N. Coudronniere er af,,
Proc. Nat. Acad. Sci. US.A., 2000, 97, p. 3394; and Lin, X. et al., Mol Cell. Biol, 2000, 20, p.
2933),

i

Proliferation of peripheral T cells from PKCtheta knockout mice, in responac to T ce
receptor (TCRYCDN2E stimulation was greatly diminished compared to T cells from wild type
mice. In addition, the amount of [L-2 released from the T cells was also greatly reduced (Sun, Z.
et al., Noture, 2000, 404, p. 402). It has also been shown that PECtheta-deficient mice show
imapaited pulmonary nflaramation and airway hyperresponsiveness (AHR)} in a Th2-dependent
murine asthma model, with no defects n viral clearance and Thl-dependent cyiotoxic T cell
function (BergBmwn, NN et al, J Exp. Med, 2004, 199, p. 743; Massland, Bl e o, J Exp.
Med., 2004, 200, p. 181). The impaired Th2 cell response results in reduced levels of 1L-4 and
wmunoglobelin B (dgH), contributing to the AHR and mtlammatory pathophysiology.
Otherwise, the PK Ctheta knockout mice seeraed normal and fertile.

Evidence also exists that PECtheta participates in the IgE receptor (FeeRIy-mediated
response of mast cells (Lo, Y. er of, J Leukoc Biol, 2001, 69, p. 831} In human-cultored mast
cefls (HCMC), it has been demonstrated that PKC kinase activity rapidly localizes io the
membrane following FeeRI cross-linking (Ksmata, M. ef al., Biochem. Biophys. Res. Commun.,
1999, 25733, p. 395 A recent study examining in virro activity of bone marrow mast cells
{(BMMOC) derived from wild-type and PKCtheta-deficient mice shows that upon FeeRI cross
mking, BMMCs from PKCtheta-deficient mice reduced levels of IL-6, tumor necrosis factor-
aipha (TNFa) and TL-13 in comparison with BMMCs from wild-type mice, suggesting a potential
role for PKCtheta in mast cell cytokine production in addition to T cell activation {Ciarletia, A.B.
et al., poster presentation at the 2005 American Thoracic Society International Conference).

he studies cited above and others studies confirm the critical role of PKCtheta in T cells
The stud ted ab 1 otl tud firm 1t tical role of PKCthat T cell

activation and in mast cell (MC) signaling. Thus an inhibitor of PKCtheta would be of therapeutic

14
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benefit m treating Immunological disorders and other diseases mediated by the inappropriate
activation of T cells and MC signaling.

Many of the kinases, whether a receptor or non-receptor tyrosine kinase or a 8/T kinase
have been found o be mvolved o celhular signabing pathways involved in mumercus pathogenic
conditions, ncluding immaunomodulation, inflarmmation, or prolderative disorders such as cancer.

Many autoimmme diseases and disease associated with chronie mflammation, as well as
acute responses, have been linked to excessive or unregulated production or activity of one or
more cytokines.

The compounds of the mvention are also useful in the treatment of cardiovascular
disorders, such as acute myocardial infarction, acute coronary syndrome, chronic heart failure,
myocardial infarction, atherosclerosis, viral myocarditis, cardiac allograft rejection, and sepsis-
associated cardiac dysfunciion. Furthermore, the compounds of the present invention are also
useful for the treatment of central nervous system disorders such as memingococcal meningitis,
Alzhemmer’s disease and Parkinson’s disease.

The compounds of the invention are also usefu! in the treatment of theumatoid arthritis,
an ocular condition, a cancer, a solid tumor, a sarcoma, fibrosarcoma, osteoma, melanoma,
retinoblastoma, a rhabdomyosarcoma, glioblastoma, neurobiastoma, teratocarcinoma,
hypersensitivity reactions, hyperkinetic movement disorders, hypersensifivity pnewmonitis,
hypertension, hypokinetic movement disorders, aordic and peripheral aneuryisms, hypothalamic-
pituitary-adrenal axis evaluation, aortic dissection, arterial hypertension, arieriosclerosis,
arteriovenous fistula, ataxia, spinocerchellar degenerations, streptococcal myositis, structural
iesions of the cerebellum, Subacute sclerosing panencephabitis, Syucope, syphilis of the
cardipvascular system, systemic anaphalaxis, systemic miflammatory response syndrome,
systemic onset juvenile rheumatoid arthritis, T-cell or FAB ALL, Telangiectasia, thromboangitis
obliterans, transplants, trauma/hemorrhage, type M1 hypersensitivity reactions, type [V
hypersensitivity, unstable angina, oremia, urosepsis, urticaria, valvolar heart diseases, varicose
veins, vasculitis, venous diseases, venous thrombosis, ventricufar fibrillation, viral and fungal
mfections, vital encephalitis/aseptic meningitis, vital-associated hemaphagocyiic syndrome,
Werpicke-Korsakoff syndrome, Wilson's disease, xenograft rejection of any organ or fissue, he
transplant rejection, hemachrouiatosis, hemodialysis, hemoiytic uremic syndrome/thrombolytic
thromboeytopenic purpura, hemorrhage, iliopathic pulmonary 8brosis, antibody wmediated
cytotoxicity, Asthenia, mfantile spimal nwsenlar atrophy, inflammation of the aorta, nfluenza A,
iomzing radiation exposure, irdocyclifis/uveitis/optic neuritis, Juvenile spinal mmscular atrophy,
ivraphoma, myelota, leukaeia, malignant ascites, hematopoietic cancers, a diabetic condiiion
such as msulin-dependent diabetes mellitus glaucoma, diabetic retinopathy or microangiopathy,

sickle cell anaemia, chronite mflammation, glomerylonephritis, graft rejection, Lyime disease, von

9

npel Lindau disease, pemphigoid, Paget’s disease, fibrosis, sarcoidosis, cirrhosis, thyroiditis,
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hyperviscosity syndrome, Osler-Weber-Rendn disease, chronic occlusive pubmonary discase,
asthma or ederma following bums, trauma, radiation, stroke, hypoxia, ischemia, ovarian
hyperstimulation syndrome, post perfusion syndrome, post punp syndrome, post-MI cardictomy

syndrome, preeclampsia, menometrorrhagia, endometriosis, pulmonary hypertension, infantile

L

hemangioma, or infection by Herpes simplex, Herpes Zoster, human imuwnodeficiency virus,
parapoxviras, prolozoa or loxoplasmosis, progressive supramucleo palsy, primary pulmonary
hypertension, radiation therapy, Raynaud's phenomenon, Rayoavd's disease, Refsuuds disease,
regular narrow QRS tachycardia, renovascular hypertension, restrictive cardiomyopathy, sarcoma,
senile chorea, senmile dementia of Lewy body type, shock, skin allografi, skin changes syndrome,
10 dry eye, ocular or macular edema, ocular neovascular disease, scleritis, radial keratotomy, uveitis,
vitritis, myopia, optic pits, chronic retinal detachment, post-laser treatment complications,
conjunctivitis, Stargardt’s disease, Hales disease, retimopathy, macuar degeneration, restenosis,
1s*‘=1°1rm/npe rfusion mjury, ischemic stroke, vascular occlusion, carotid obstructive disease,
pleerative cohtis, mflammatory bowel disease, diabetes, diabetes mellitus, insulin dependent
15 diabetes mellitus, allergic discases, dermatitis scleroderma, graft versus host disease, organ
transplant rejection (including but not limited to bone marrow and solid organ rejection), acute or
chronic inunune discase associated with organ transplantation, sarcoidosis, disseminated
mitravascular coagulation, Kawasaki's disease, nephrotic syndrome, chronic fatigue syndrome,
Wegener's granuiomatosis, Henoch-Schoenlein purpurea, microscopic vasculitis of the kiduneys,
20 chronic active hepatitis, septic shock, toxic shock syndrome, sepsis syndrome, cachexia,
mfectious diseases, parasitic diseases, acguired iramunodeficiency syndrome, acute transverse
myelitis, Huntington's chores, siroke, primary biliary cirrhosis, hemolyiic anenda, malignaneies,
Addison's disease, idiopathic Addison's disease, sporadic, polyglandular deficiency type 1 and
polyglandular deficiency type If, Schmidt's syndrome, adoli {acuie) respiratory distress syndrome,
alopecia, alopecia areata, seronegative arthopathy, arthropathy, Reiter's disease, psoratic
arthropathy, ulcerative colitic arthropathy, enteropathic synovitis, chlamydia, yersinia and

1
H
H

salmonella associated arthropathy, atherouwtous disease/arterioscierosis, afopic allergy,
autoimmune bullous disease, pemphigus vulgaris, pemphigus foliaceus, pemphigoid, linear IgA
disease, autoivunune haemolviic anaewia, Coowbs positive baemolytic anacmia, acguired
30 ernicious anaenua, juvenile pernicious anaemia, peripheral vascular disorders, peritonitis,

pernicious anemia, myalgic encephalitis/Royal Free Disease, chironic mucocutaneous candidiasis,

giant cell artertils, primary sclerosing hepatiiis, cryptogenic autoimmune hepatitis, Acquired

Immmeodeficiency Dhsease Syndrome, Acquired Immunodeficiency Related Discases, Hepatitis

A, Hepatitis B, Hepatitis C, His bundie arrythmias, HIV infection/HIV neuropathy, common

b

varied immunodeticiency (coramon varable hypogammaglobulinacuua), dilated cardiomyopathy,
female infertility, ovarian failore, premature ovarian failure, fibrotic lung disease, chronic wound

healing, cryptogenic fibrosing alveolitis, post-intlaramatory interstitial fung disease, interstitial
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prieamnonitis, pneamocystis cannil pneunionia, pneumonia, connective lissue discase associated
nterstitial Jung disease, mixed connective tissue disease, associated hung disease, systewc
sclerosis associated mterstitial hung disease, rheumatoid arthritis associated inderstitial hung
disease, systemic lopus erythematosus associated hung disease, dermatomyositis/polymyositis
associated lung disease, SjGgren’s disease associated lung disease, andyiosing spondylitis
associaled lung disease, vasculitic diffuse lung disease, haemosiderosis associated lung disease,
drug-induced interstitial hung disease, radiation fbrosis, bronchiciitis obliterans, chronic
eosinophilic pneumonia, lymphocytic infiltrative lung disease, postinfectious mterstitial lung
disease, gouty arthritls, sutoirunune hepatitis, type-1 autotmmune hepatitis (classical autoinunone
ot Tupoid hepatitis), type-2 autoimmune hepatitis {(anti-LXM antibody hepatitis), autoimamune
mediated  hypoglycaemia, type B insulin  resistance with  acanthosis  nigricans,
hypoparathyroidism, acute immwme disease associated with organ transplantation, chronic
imowmne disease associated with organ {fransplantation, osteoarthritis, primary sclerosing
cholangitis, psoriasis type 1, psoriasis type 2, idiopathic leucopaenia, avtoimmune neulropacnia,

glomerulonephritides, microscopic vasulitis of the kidneys, Lyme discase,

renal disease NOS, g
discoid lupus erythematosus, male infertility idiopathic or NOS, sperm autoimmunity, multiple
sclerosis {all subtypes), sympathetic ophthalmia, pulmonary hypertension secondary to connective
tissue disease, acule and chronic pain (different forms of pamn), Goodpasture's syndrome,
pulmonary manifestation of polyarteritis nodosa, acote rheumatic fever, rheumatotd spondylitis,
Still's disease, systemic sclerosis, Sjogren’s syndrome, Takayasu's disease/arteritis, antoiramune
thromboeytopaenia, toxicity, transplants, and diseases involving inappropriate vascularization for
exampie disbetic refinopathy, retinopathy of prematurity, choroidal neovascuiarization due to
age-related macular degeneration, and mfantile hemangiomas in human beings. In addition, such
compounds may be useful in the treatment of disorders such as ascites, effusions, and exudaies,
mecluding for example macular edema, cerebral edema, acute lung injury, aduli respiratory distress
syndrome {ARDS), proliferative disorders such as restenosis, fibrotic disorders such as hepatic
circhosis and atherosclerosis, mesangial cell profiferative disorders such as diabetic nephropathy,
malignant nephrosclerosis, thrombotic microangiopathy syndromes, and glomeralopathies,
myocardial angilogenesis, coronary and cercbral collaterals, ischemic lLinb angiogenesis,
ischemia/reperfusion injury, peptic uleer Helicobacter related diseases, virally-induced angiogenic
disorders, preeclampsia, menometrorrhagia, cat scraich fever, rubeosis, neovascular glavcoma
and retinopathies such as those associated with diabetic retinopathy, retinopathy of prematurity, or
age-related macular degeneration. In addition, these compounds can be used as active agents
against hyperproiiferative disorders such as thyroid hyperpiasia (especially Grave's disease}, and
cysts {such as hypervascularity of ovarian stroma characteristic of polycystic ovarian syndrome
{Stemn-Leventhal syndrome) and polycystic kidney disease simce such diseases require a

proliferation of blood vessel cells for growth and/or metastasis.
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Compounds of Formula (I} of the invention can be used alone or in combination with an
additional agent, e.g., a therapeutic agerd, said additional agent being selected by the skilled
artisan for its intended purpose. For example, the additional agent can be a therapeutic agent art-
recognized as being vsefvl to teat the disease or condition being treated by the compound of the
present invention. The additional agent also can be an agent that imparis a beneficial atiribuie to
the therapeutic composition e.g., an agent that affects the viscosity of the composition.

It should further be understood that the combinations which are {o be inchuded within this
nvention are those combimations useful for their intended purpose. The agents set forth below are
ilpstrative for purposes and not intended to be Himited. The combinations, which are part of this
mvention, can be the compounds of the present mvention and at least one additional agent
selected from the Hsts below. The combination can also mclude more than one additional agent,

..... , two or three additional agents if the combination is such that the formed composition can

perform its intended function.

Preferved combinations are non-steroidal anti-inflammatory drug(s) also referred to as
NSAIDS which include drugs like ibuprofen. OGther preferred combinations are corticosteroids
wcluding prednisolone; the well known side-effects of steroid use can be reduced or even
eiiminated by tapering the steroid dose required when freating patients in combination with the
compounds of this invention. Non-Hmiting examples of therapeutic agenis for rheumatoid
arthritis with which a compound of Foromla (I} of the invention can be combined include the
following: cytokine suppressive anti-inflaramatory drag(s) (CSAIDs); antibodies to or antagonists
of other human cytokines or growth factors, for example, TNF, LT, IL-1, TL-2, 1L-3, IL-4, IL-5
-6, 1L-7, 1L-8, 1-12, 11-15, 1L-16, 1L-21, 1L-23, ierferons, BEMAP-II, GM-CSF, FGF, and
PDRGF. Compounds of the invention can be combined with antibodies o cell surface molecules
such as T2, CD3, CD4, CDY, CD23, CD28, CD30, CD40, CD435, (D65, CDRG (B7.1), CD86
(B7.2), CD90, CTLA or their ligands including CD154 (gp39 or CD40L).

Preferred combinations of therapeutic agents may inderfere at different poinds in the
autoinumune and subsequent inflammatory cascade; preferred examples include TNF antagonists
fike chimerie, humanized or human TNF antibodies, D2E7 {(U.S, Patent 6,090,382, I'IUMIRAEM),
CA2 (REMICADE™), SIMPONT'™ (golirurnab), CIMZIA™, ACTEMRA™, CDP 571, and
soluble p35 or p75 TNF receptors, derivatives, thereof, (p7STNFR1gG (ENBREL™) or
pSSTNFR1gG (Lenercept), and also TNFou converting enzyrme (TACE) inhibitors; similarly 1L-1
nhibitors (Interleukin-1-converting enzyuie mbibitors, 1L-1RA etc.} may be effective for the
same reason.  Other preferred combinations include Interleukin 11, Yet other preferred

141
H
H

combinations are the other key playvers of the autolramune response which may act paraiiel 1o,
dependent on or in concert with [L-18 function; especially preferred are {L-12 antagonists

meloading 1L-12 antibodies or soluble 1L-12 receptors, or IL-12 binding proteins. It has been
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shown that 1L-12 and IL-18 have overlapping but distinet functions and a combination of
antagonisis to both may be most effective. Yet another preferred conbination is non-depleting
andi-CD4 inhibitors. Yet other preferred combinations melude antagonists of the co-stimulatory
patlway CDEC (B7.1) or CD86 (B7.2) including antibodies, soluble receplors or antagomistic
ligands.

A compound of Formula (1) of the invention may also be combined with agents, such as
mathotrexate, O-mercaptopurine, azathiopring  sulpbasalazine, mesalazine, olsalazine
chloroquining/  hydroxychloroquine, pencillamine, aurothiomalate {(intrammuscular and oral),
azathioprine, cochicine, corticosteroids {oral, mhaled and local injection), beta-2 adrenoreceptor
agonists  {salbutamol, terbutaline, salmeteral), xanthines (theophylline, aminophylline),
cromoglycate, nedocromil, ketotifen, ipratropium and oxitropium, cyclosporin, FK3506,
rapamycin, mycophenclate mofetil, leflonomide, NSAIDg, for example, ibuprofen, corticosteroids
such as prednisoione, phosphodiesterase mhibitors, adensosine agonists, antithrombotic agents,
complement inhibitors, adrenergic agents, agents which interfere with signalling by
proinflammatory cytokines such as TNFa or IL-1 {e.g, NIK, IKK, p38 or MAP kinase
whibitors), IL-13 cowverting enzyme mhibitors, T-cell signalling inhibilors such as kinase
nhibitors, metalloprotemase mhbiiors, sulfasalazime, S-mercaptopurines, angiotensin converting
enzynw inhibifors, soluble cytokine receptors and derivatives thereof {(e.z. soluble p55 or p73
TNF receptors and the derivatives p7STNFRIgG (Enbrel™) and p55TNFRIgG (Lenercept), sli-
1RL, oIL-1RJ, siL-6R}, antinflammatory eviokimes {e.g. -4, H.-10, TL-11, IL-13 and TGFR),
celecoxib, folic acid, hvdroxychloroquine sulfate, rofecoxib, etanercept, infliximab, naproxen,
valdecoxib, sulfasalazine, methylpredmisolone, meloxicam, methylprednisolone acetate, gold
sodium  thiomalate, aspirin, {riameinolone acetonide, propoxyphene napsylate/apap, folate,
nabumetone, diclofenac, piroxicam, etodolac, diclofenac sodium, oxaprozin, oxycodone HCL
hydrocodone bitartrate/apap, diclofenac sodium/misoprostol, fentanyl, anakiora, tramadol HCL
salsalate, sulindac, cyanocobalamin/a/pyridoxine, acetaminophen, alendronate  sodium,
predniselone, morphine  sulfate, hdocaine  hydrochloride, indomethacin,  glucosanine
suif/chondroitin, amitriptyline HCL sulfadiazine, oxycodone HCVacetaminophen, olopatadine
HCI misoprostol, naproxen sodium, omeprazole, cyclophosphamide, rituximab, [L-1 TRAP,
MRA, CTLA4-IG, IL-18 BP, anti-lL-12, Anti-IL1S, BIRB-796, SCIC-469, VX702, AMG-548,
VX740, Roflunlast, FC-485, CDC-801, S1PT agonists (such as FTY720), PKC family inbibiiors
{such as Ruboxistaurin or AEB-071) and Mesopram.  Preferred combinations include
methotrexate or lefhunomide and in moderate or severe rheumatoid arthritis cases, cyclosporine
and anti-TNF antibodics as noted above.

Non-hmiting examples of therapeutic agents for inflanmmatory bowel disease with which

a compound of Formula (I) of the mvention can be combined include the following, budenoside;
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epidermal growth factor; corticosteroids; cyclosporm, sulfasalazine; aminosalicylates; 6-
mercaptopuring; azathioprine; metronmidazole; lipoxygenase inhibitors; mesalamine; olsalazine;
balsalazide; antioxidants; thromboxane inhibitors; IL-1 receptor antagomists; anti-iL-18
monoclonal antibodies; anti-IL-6 monoclonal antibodies; growth factors; elastase mhibitors;
pyridinyl-imidazole compounds; antibodies (o or antagonists of other human cylokines or growth
factors, for example, TNF, LT, [L-1, IL-2, TL-6, JL-7, IL-8, 1L-12, 1L-15, [L-16, [L-23, EMAP-I,
GM-CSF, FGF, and PDGF; cell surface molecules such as €02, CD3, CD4, CDR, €123, CD28,
CD30, CD46, CD45, CDh6Y, DY or their ligands; methotrexate; cyclosporine; FKS06;
rapamycin;  mycophenolate  mofetil;  leflunomide; NSAIDs, for example, ibuprofen;
corticosteroids  such as prednisolone; phosphodiesterase inhibitors; adenosine agonists;
antithrontbotic agents; complement inhibitors; adrenergic agents; agents which interfere with
signaliing by protnflamumatory eytokines such as TNFa or Il {e.g. NIK, IKK, or MAP kinase

1

nhibitors); IL-18 converting enzyme inhibtiors; TNFa converting enzyme inhibitors; T-ce
signailing inhibitors such as kinase mhibitors; metalloproteinase mhibitors; sulfasalazine;
azathioprine; 6~mercaptopurines; angiotensin converting enzyme inhibitors; soluble cytokine
recepiors and derivatives thereof {e.g. soluble p55 or p73 TNF receptors, siL-1R1, sfL-1RII, ¢IL-
6R} and antiinflammatory cytokines {e.g. IL-4, [L-10, IL-11, [L-13 and TGFB). Preferred
examples of therapeutic agents for Crohn's disease with which a compound of Formula (I} can be
combined inciude the following: TNF antagonists, for example, anti-TNF andibodies, D2E7 (1.8,
Patent 6,090,382, HUMIRA™), CAZ (REMICADE™), CDP 571, TNFR-Ig constructs,
(p7STNFRIgG (ENBREL™) and pS5TNFRIgG (LENERCEPT™) inhibitors and PDE4
nhibitors. A conpound of Formula (1) can be combined with corticosteroids, for exaraple,
budenoside and dexamethasone; sulfasalazine, S-sminosalicylic acid; olsalazine; and agents
which interfere with synthesis or action of proinflatunatory cyiokines such as IL-1, for exauple,
1L-18 converting enzyme mhibitors and H-tra; T cell signaling inhibitors, for example, tyrosine
kinase mhibitors;  O-mercaptopurine;  IL-11;  mesalanmine; prednisone;  avathioprine;
mercaptopuring; infliximab; methylprednisolone sodium succinate; diphenoxylate/atrop sulfate;
ioperamide hydrochloride; methotrexate; omeprazole; folate; ciprofloxacin/dextrose-water;
hydrocodone  bitartrate/apap; tetracychne hydrochlonde; flhuochionide;  metronidazole;
thinierosal/boric acid; cholestyramine/sucrose; ciprofloxacin hydrochloride; hyoscyamine sulfate;
mependine  hydrochionide;  midazolam  hydrochloride;  oxycodone HCVacetaminophen;
promethazine hydrochloride; sodium phosphate; sulfamethoxazole/trimethoprim;  celecoxib;
polvcarbophil; propoxyphene napsylate; hydrocortisone; nmltivitamins; balsalazide disodiuny
codeine  phosphate/apap;  colesevelam HCL  cyanocobalamin; folic acid;  levofloxacin;

ethylprednisolone; natalizumab and interferon-gamma.
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Non-himiting examples of therapeutic agents for nmltiple sclerosis with which a
compound of Foromla (I can be combined melude the following: corticosterouds; prednisolone;
methylprednisolone;  azathioprine; cyclophosphamide;  cyclosporine;  methotrexate;  4-
aminopyridine; tizanidine; interferon-fia (AVONEX®; Biogen); interferon-f1b (BETASERON®;
Chiron/Berlex);  interferon  o-n3)  (Interferon  Sciences/Fujimoto), interferon-o  (Alfa
Wassermann/J&J), interferon BlA-IF (Serono/lnhale Therapeutics), Peginterferon o 2b
{Fnzon/Schering-Plough), Copolymer 1 (Cop-1; COPAXONE®; Teva Pharmaceutical Industrics,
Inc.}; hyperbaric oxygen; intravenous mmmonoglobuling cladribine; antibodies to or antagonists of
, for example, TNF, LT, 1L-1, IL-2,
{E-6, IL-7, TL-8, IL-12, 1E-23, IL-15, IL-16, EMAP-II, GM-CSF, FGF, and PDGF. A compound

other human cytokines or growth factors and their receptors

of Formuda (1) can be combined with antibodies to cell surface molecuies such ag T2, D3,
CD4, CDE, CDI9, D20, CD25, CD28, CD30, CD40, CD45, CD6S, CDEG, CDRG, CDOG or thelr
ligands. A compound of Formula (B} may alse be combined with agents such as methotrexate,
cyclosporine, FK506, rapamycin, niycophenolate mofetil, leflunomide, an S1P1 agonist, NSAIDs,
for example, ibuprofen, corticosteroids such as prednisolone, phosphodiesterase inhibitors,
adensosine agonisis, andithrombotic agents, complement nhibiors, adrenergic agents, agenis

which interfere with signalling by proinflammatory cytokines such as TNFo or IL-1 {e.g., NIK,
IKK, 138 or MAP kinase inhibitors}, IL-1B converting enzyme mhibitors, TACE inhibitors, T-cell
signaling inhibitors such as kinase inhibitors, metalloproteinase inlnbitors, sulfasalazine,
azathioprine, G-mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine
receptors and derivatives thereof (e.g. soluble p35 or p75 TNF receptors, sIL-1RE, sIL-1RIE, sIL-
65R ) and antiinflammatory cytolines (e.g. [L-4, 1L-10, 1L-13 and TGFR).

Preferred exanples of therapeutic agents for multiple sclerosis in which a compound of
Formnula (I} can be combined to mclude mderferon-f, for example, IFNBla and IFNBib;
copaxone, corticosteroids, caspase inhibitors, for example inhibitors of caspase-1, IL-1 mhbibitors,
TNF inhibitors, and antibodies to CDMO0 higand and CDSO.

A compound of Formula (I} may also be combmed with agents, such as alemtuzumab,
dronabinol, dacliznmab, mitoxanirone, xaliproden hydrochloride, fampridine, glatiramer acetate,
natalizumab, sinmabidol, a-immunckine NNSO3, ABR-21506Z, AnergiX.MS, chemokine
receptor antagomists, BBR-2778, calagualine, CPI-1189, LEM (liposome encapsulated
mitoxantrone), THC.CBD (cannabinoid agonist), MBP-8298, mesopram (PDE4 inhibitor), MNA-
715, anti-iL-6 receptor antibody, neurovax, pirfenidone allotrap 1258 (RDP-1258), sTNF-RI,
talampanel, teriflonomide, TGF-beta2, tiphhmotide, VLA-4 antagonists {for example, TR-14035,
VL.A4 Ultrahaler, Antegran-ELAN/Biogen), interferon gamma antagonists and JL-4 agonists.

Non-hmiting examples of therapeotic agents for ankylosing spondylitis with which a

compound of Formula (I} can be combined include the following: ithuprofen, diclofenac,
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misoprostel, naproxen, meloxicam, indomethacin, diclofenac, celecoxib, refecoxib, sulfasalazine,
methotrexate, azathioprine, minocyclin, prednisone, and andi-TNF antibodies, D2E7 (U.S. Patent
(ENBREL™) and pSSTNFRIgG (LENERCEPT™)

Non-fimiting examples of therapeutic agends for asthma with which a compound of
Formula (1) can be combimed include the followmg: albuterol, salmeterol/fluticasone, montelukast
sodivn, fluticasone propionate, budesonide, prednisone, salmeterol xinafoate, levalbuterol HCl,
albuterol sulfate/ipratropium, prednisolone sodium  phosphate, triamcinolone  acetonide,
beclomethasone  dipropionate, ipratroptum  bromide, azithromiycin, pirboterol  acetate,
predunisolone, theophylline anhydrous, methylprednisolone sodium suceinate, clarithromyein,
zafirlukast, formoterol fumarate, influenza virus vaccine, amoxicillin trihydrate, fhunisolide,
allergy injection, cromolyn sodium, fexofenadine  hydrochionde, flunisolide/menthol,
amoxicillin/clavulanate, levofloxacin, inhaler assist device, guaifenesin, dexamethasone sodium
phosphate,  moxifloxacin  HCL  doxycychue  hyclate,  guaifenestw/d-methorphan,  p-
ephedrine/cod/chlorphenir, gatifloxacin, cetirizine hydrochloride, mometasone furoate, salmetero}
xinafoate, benzonatate, cephalexin, pe/hydrocodone/chiorpheniy, cetirizine HClpseudoephed,
phenviephrine/cod/promethazine, codeine/promethazing, cefproatl, dexamethasone,
guaifenesin/pseudoephednine, chlorphemramine/hydrocodone, nedocromil sodium, terbutaline
suifate, epinephrine, methylprednisolone, anti-IL~13 antibody, and metaproterenol sulfate,

Non-limiting examples of therapeutic agents for COPD with which a compound of
Formula (I} can be combined include the following: albutero! sulfate/ipratropium, pratropivim
bromude, salmeterol/fhuticasone, albuterol, salmeterol xinafoate, f{loticasone propionate,
prednisone, theophylline anhydrous, methylprednisolone sodivm suceinate, montelukast sodium,
budesoride, formoterol  fumarate, triamcinoione acctonide, levofloxacin, guaifencsin,
azithromycin, beclomethasone dipropionate, levalbuterol HCL, flunisolide, cefinaxone sodium,
amoxicillin trihydrate, gatifloxacin, zafirlukast, amoxicillin/clavulanate, fhunisolide/menthol,
chlorphenirarine/hydrocodone, metaproterenol sulfate, methylpredaisolone, mometasone furoate,
p-ephedrine/cod/chlorphenir, pirbuterol acetate, p-ephedrine/loratadine, terbutaline sulfate,
tiotropium brooude, (R,Rj-formoterol, TgAAT, cilonulast and rofhunilast.

Non-limiting examples of therapeutic agents for Idiopathic Pubmonary Fibrosis with
which a compound of Formmula (I} can be combined mclude the following: prednisone,
azathioprine, albuterol, colchicine, albuterol sulfate, digoxin, gamma interferon,
methylprednisolone  sodiom  succinate, lorazepam, furosemide, lisinopril, wmiroglycerin,
spironolactone, cyclophosphamide, ipratropium bromide, actinomyein d, alteplase, fluticasone
propionate, levofloxacin, metaproterenol sulfate, morphine sulfate, oxycodone HCI, potassium
chloride, tnamcinolone acetonide, tacrolimus anhydrous, calcium, interferon-alpha, methotrexate,

mycophenolate motetil and nterferon-gamma-1§.
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Non-himiting examples of therapeutic agents for psoriasis with which a compound of
Formula (I} can be combined inchide the fullowing caicipoiviene, clobetasol propionate,
triamcinolone  acetonide, halobetasol propionate, {azaroiene, methotrexate, fluocinonide,
betamethasone diprop avgmented, floccinolone acetonide, acitretin, {ar shampoo, betamethasone
valerate, mometasone furoate, keloconazole, pramoxine/fluocinolone, hydrocortisone valerate,
flurandrenolide, urea, betamethasone, clobetasol propionate/emoll, fluticasone propionate,
azithromyein, hydrocortisone, moisturizing forrauda, folic acid, desonide, ptmecrolimus, coal tar,
diflorasone diacetate, etanercept folate, lactic acid, methoxsalen, he/bismuth subgal/znox/resor,
methylprednisolone  acetate, prednisone, sunscreen, halcinomide, sabicylic acid, anthrabn,
clocoriolone pivalate, coal extract, coal tar/salicylic acid, coal tar/salicvlic acid/sulfur,
desoximetasone, diazepam, emollient, fhiocinonide/emollient, mineral oil/castor oil/ma lact,
mineral oil/peanut oil, petrolennyvisopropyl myristate, psoralen, salicylic acid, soap/iribrorasalan,
thimerosal/boric acid, celecoxib, infliximab, cyclosporine, alefacept, efalizumab, tacrolimus,
pimecrohimos, PUVA, UVE, sulfasalazine, ABT-874 and ustekmamab.

Non-limiting examples of therapeutic agents for psoriatic arthritis with which a
compound of Formula (I} can be combined include the following: methotrexate, etanercept,
rofecoxib, celecoxih, folic acid, sulfasalazine, naproxen, leflunomide, methyiprednisolone acelate,
mdomethacin, hydroxychloroquine sulfate, predmisone, sulindac, betamethasone diprop
avgmented,  infliximab, methotrexate, folate, inamcinolone acetonide, diclofenac,
dimethylsulfoxide, piroxicam, diclofenac sodium, ketoprofen, meloxicam, methylprednisolone,
nabumetone, tobnetln sodiom, calcipotriene, cyclosponine, diclofenac  sodivm/misoprostol,

fluocinonide, glucosamune suifate, gold sodium thiouwlate, hvdrocodone bitartrate/apap,

[

ihuprofen, risedronate sodium, sulfadiazine, thioguanine, valdecoxib, alefacept, D2E7 (IS,
Patent 6,090,382, HUMIRA™), and efalizumab.

Non-liniting examples of therapeutic agents for restenosis with which a compound of
Formula (I} can be combined include the following: sirolimus, paclitaxel, everohmas, tacrolimnus,
ABT-578, and acetaminophen.

Non-himiting examples of therapeutic agents for sciatica with which a compound of
Formula (}) can be combined include the following: hydrocodone bitartrate/apap, rofecoxib,
cyclobenzaprine HCL methylprednisolone, naproxen, ibuprofen, oxycodone HCVacetaminophen,
celecoxib, valdecoxib, methylprednisolone acetate, preduisone, codeine phosphate/apap, tramadol
hel/acetanunophen, metaxalone, meloxicam, methocarbamol, lidocaine hyvdrochloride, diclofenac
sodium, gabapentin, dexamethasone, carisoprodol, ketorolac {romethamine, indomethacin,
acetaminophen, diazeparn, nabumetone, oxveodone HCL,  tzanidine HCL  diclofenac
sodium/misoprostol, propoxyphene n-pap, asa/oxycod/oxycodone ter, thuprofen/hydrocodone bit,
tramadol HCL elodolac, propoxyphene HCL amitriptyline HCL carisoprodol/codeine phos/asa,

morphine sulfate, multivitamins, naproxen sodium, orphenadrine citrate, and temazepam.
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Preferred examples of therapeuntic agents for SLE {Lupus) with which a compound of
Formula (I} can be combined include the following: NSATDS, for example, diclofenac, naproxen,
ibuprofen, piroxicam, mdomethacin; COX2 inhibitors, for example, celecoxib, rofecoxib,
valdecoxib; anti-malanals, for example, hydroxychloroquine; sterouds, for example, prednisone,
prednisolone,  budenoside,  dexamethasone; cyioloxics, for example, azathioprine,
cyclophospharmide, mycophenolate mofetil, methotrexate; miubitors of PDE4 or purine synthesis
inhibitor, for example Celleept®. A compound of Formula (I} may also be conmbined with agents
such as suifasalazine, 5-anunosalicylic acid, olsalazine, Imuran® and agents which mterfere with
synthesis, production or action of proimflamunatory cytokines such as IL-1, for example, caspase
mhibitors like IL-1P converting enzyme inhibitors and Hh-1va. A compound of Foromla (I} may
also be used with T cell signaling inhibitors, for example, tyrosine kinase mhubitors; or molecules
that target T cell activation molecules, for example, CTLA-4-IgG or anti-B7 family antibodies,
anti-PD-1 family antibodies. A compound of Formula (1) can be combined with IL-11 or anti-
cytokine antibodies, for example, fonotolizumab (anti-IFNg antibody), or anti-receptor receptor
andibodies, for example, anti-1L-6 receptor antibody and antibodies to B-cell surface molecules, A
compound of Formula (I} may also be used with LIP 394 (abetimus), agents that deplete or
wmactivate B-cells, for example, Rituximab {(anti-CD20 antibody), lyophostat-B (anti-BlyS
aniibody), TNF antagonists, for example, anii-TNF antibodics, DZE7 (U.S. Patent 6,090,382,
HUMIRA™), CA2 (REMICADE™), CDP 571, TNFR-Ig constructs, (p7STNFRIgG
(ENBREL™) and pS5TNFRIG (LENERCEPT™),

In this invention, the following defimtions are applicable:

E2]

A “therapeutically effective amount” 18 an amoont of a compound of Formula (I or a

combination of two or more such compounds, which inhibits, totally or partially, the progression

of the condition or alleviates, at least partially, one or more symptoms of the condition, A

3

therapeutically effective amound ¢an alse be an amound which is prophyiactical

1
H
H

Iy effective. The
amount which is therapeutically effective will depend upon the patient’s size and gender, the
condition to be treated, the severity of the condition and the result sought. For a given patierd, 2

therapeutically effective amount can be deterrained by wiethods knowr to those of skill in the art.

“Pharmaceutically acceptable salis” refers to those salts which retain the biological
effectiveness and properties of the free bases and which are obtained by reaction with morganic
acids, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, and phosphoric
acil or organic acids such as sulfonic acid, carboxylc acul, organic phosphoric acid,
methanesulfonic acid, ethanesualfomc acid, p-toluenesulionic acid, citric acid, fumaric acid, maleic
acid, succinic acid, benzoie acid, salicvlic acid, lactic acid, tartaric acid {e.g. {(+) or {-)artaric acid
or mixtures thereof), amino acids {e.g. {(+) or {-}-amino acids or mixtures thereof), and the like.

These salts can be prepared by methods known to those skilled in the art,
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Certain compounds of Formulda (1) which have acidic substituents may exist as salts with

1
H
H

pharmaceutically acceptable bases. The present tnvention includes such salis, Examples of such
salts include sodium salts, potassium salts, lysine salts and arginine salts. These salis may be
prepared by methods known to those skilled 1o the art,

Certain compounds of Forraula (I} and their salfs may exist in more than one crystal form
and the present mvention includes each crystal form and mixtures thereof.

Certain compounds of Fornnla (1) and their salis may also exist in the form of solvaies,
for exanple hydrates, and the present invention includes each solvate and mixtures thereof.

Certain compounds of Formula (I} may contain one or more chiral centers, and exist in
different optically active forms. When compounds of Formula (I) contain one chiral center, the
compounds exist in two enantiomeric forms and the present invention ncludes both enantiomers
and mixtures of enantionwers, such as racemic mixtures. The enantiomers may be resolved by
methods known to those skilled m the art, for example by formation of diastercoisomeric salts
which may be separated., for example, by crystallization; formation of diastercoisomeric
derivatives or complexes which may be separated, for example, by crystallization, gas-liquid or
liguid chromatography; selective reaction of one enantiomer with an enantiomer-specific reagent,
for example enzymatic estenfication; or gas-liquid or liquid chromatography in a chiral
environment, for example on a chiral support for example silica with a bound chiral ligand or in
the presence of a clural solvent. Tt will be appreciated that where the desired enantiomer 18
converted into another chemical entity by one of the separation procedures deseribed above, a
further step is required to liberate the desired enantiomeric form.  Alternatively, specific
enantiomers roay be synthesized by asypunetric synthesis using optically active reagents,
substrates, catalysts or solvents, or by converting one enantiomer into the other by asymmetric
transformation,

When a compound of Formmla (1) contains more than one chiral center, it may exist in
diastereoisomeric forms. The diasterecisomeric compounds may be separated by methods known
to those skilled i the art, for exampie chromatography or crystallization and the individual
enantiomers may be separated as deseribed above.  The present invention includes each
diastereoisomer of compounds of Formula (B} or Foumula (31}, and mixiures thereof.

Certain compounds of Formula (I} may exist in different tantomeric forms or as different
geometric 1somers, and the present mvention mcludes each tautomer and/or geometrie 1gomer of
compounds of Formula (1) and mixtures thereof.

Certain compounds of Formula (I} may exist in different stable conformational forms
which may be separabie. Torsional asymunetry due to resirvicted rotation about an asymmeiric
single bond, for example because of steric hindrance or ring strain, may permit separation of
different conformers. The present wnvention includes each conformational 1somer of compounds

of Formula () and mixtures thereof.
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Certain compounds of Formula (I} may exist in zwitterionic form and the present
wvention includes each zwitierionic form of compounds of Formula (1) and mixtures thereof

As used herein the term "pro-drug” refers 1o an agent which is converted into the parent
dnig s vive by some physiological chemical process {e.g., a prodrug on being brought to the
physiological pH is couverted to the destred drug form). Pro-drugs are often useful because, in
some situations, they may be easier to administer than the parent drug. They may, for instance, be
bicavailable by oral adounistration whereas the parent drug s not. The pro-drug may also have
mmproved solubility in pharmacological compositions over the parent drug. An cxample, without
initation, of a pro-drug would be a compound of the present mvention wherein it is admimistered
as an ester (the "pro-drug”) to facilitate transmittal across a cell membrane where water solubility
is not beneficial, but then it is metabolically hvdrolyzed to the carboxylic acid once nside the cell
where water solubility is beneficial.

Pro-drugs have many uscful properties. For example, a pro-drug may be more water
soluble than the ultimate drug, thereby facilitating intravenous administration of the drug. A pro-
dmg may aiso have a higher level of oral bioavailability than the ultimate drug. After
administration, the prodrug is enzymatically or chemically cleaved fo deliver the ultimate drug n
the blood or tissue,

Exemplary pro-drugs upon cleavage release the corresponding free acid, and such
hydrolyzable ester-forming residues of the compounds of this invention include but are not
Himited to carboxylic acid substifuents wherem the free hydrogen is replaced by (C;-Cylalkyl, (Cy-
Cojalkanoyvioxymethyl, {(Co-Co¥l{alkanoyionyiethyl,  Pmethyl-1<(alkanoyioxyyethyl having
from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-
{alkoxycarbonyloxyjethyl having from 4 to 7 carbon atoms, §-methyl-1-(alkoxycarbonyioxy)ethyl
having from 5 to § carbon atoms, N-{alkoxycarbonyDaminomethyl having from 3 to 9 carbon
atoms, 1-{N-{alkoxycarbonyDamino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyi, gamua-butyrolacton-4-yl, di-NN-{Ci-Crlaliyiaraino{C-Cijalkyl  (such as 8-
dimethylaminoethyl), carbamoyl-(C-Chalkyl, N N-di{C;-Chy-alkylcarbamoyl-{C;-Colalkyl and
piperidino-, pyrrolidino- or morpholino{C,-Cralkyl.

Other exemplary pro-drogs release an alechol of Formula (1) wherein the free hydrogen of

the hydroxyl substituent (e.g, R group comtains hydroxyl} s replaced by (Cs-

>

Coralkanoyloxymethyl, 1-((Ci-Cglalkanoyloxytethyl, T-methyl 1-({(C-Csalkanoyioxyiethyl, (Cy-
Cojalkoxyearbonyloxymethyl,  NA{C-Coalkoxyearbonyiamino-methyl,  succinoyl,  (Cy-
Coralkanoyl, o~amino(C;-Ciialkanoyl, arylactyl and o-aminoacyl, or c-aminoacyl-a-aminoacyi
wherein said a-aminoacyl moieties are independently any of the uvaturally occurring L-aguno
acids found in proteins, PIOYOHY,, -POXO(C,-Coalkyl), or glycosyl (the radical resulting from

detachment of the hydroxyl of the hemiacetal of a carbohydrate).
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The term “heterocyclic”, “heterocyclyl” or “heterocyciylene”, as used herem, mclude
non-aromaatic, ring systerns, ncluding, bul not limited to, monocyclic, bicyclic, tricyclic and
spirocyclic rings, which can be completely saturated or which can contain one or more units of
unsaturation, for the avoidance of doubt, the degree of unsaturation does not result 10 an aromatic
ring system} and have 5 to 12 atoms including at least one heleroatom, such as nitrogen, oxygen,
or sulfur. For purposes of exemplification, which should not be construed as hmiting the scope of
this invention, the following are examples of heterocyclic rings: azepinyl, azetidinyl, indolinyl,
somdolinyl, morpholinyl, piperazinyl, piperidinyl, pyrobidinyl, quinuchudinyl, thiomorpholinyl,
tetrahydropyranyl, tetrahydroforanyl, tetrahydroindolyl, thiomorpholinyl and tropanyl.

The term “heteroary!” or “hetercarylene” as used herein, inclide aromatic ring systems,
melodmg, but not hmited to, monocychic, bicyclic and fricychic rings, and have 5 to 12 atoms
wcluding at least one heteroatorn, such as nitrogen, oxvgen, or sulfur. For purposes of
exempliification, which should not be construed as Hmiting the scope of this invention: azaindolyl,
benzo{bithienyl, benzimidazolyl, benzofuranyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl,
benzoxadiazolyl, furanyl, imidazolyl, imidazopyridinyl, mndolyl, indazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, oxazolyl, purmyl, pyranyl, pyrazmyl, pyrazolyl, pyndinyl, pyrimidinyl,

-
3

pyrrolyl, pyrrolo[2,3-dpyrimidinyl,  pyrazolo[34-dipyrimidinyl, quinolinyl, guinarolinyl,
triazolyl, thiazolyl, thiophenyl, tetrazolyl, thiadiazolyl, or thienyl

As wpsed herein, “alkyl”, “alkylene” or notations soch as “(C-Cyy” mclude straight
chained or branched hydrocarbons which are completely saturated. Examples of alkyis are
methyl, ethyl, propyl, sopropyl, butyl, pentyl hexyl and isomers thereof As used herein,
“alkenyi” , “alkenylene”, “alkynylene” and “alkyny!” means Cp-Cy and includes straight chained
or branched hydrocarbons which contain one or more units of unsaturation, one or more double
bonds for alkenyl and one or more triple boads for alkynyl

As used herein, “aromatic” groups (or “ary!” or “arylene” groups) include aromatic
carbocychic ring systems (e.g. phenyly and fused polyoychc aromatic ring systemns (e.g. naphthyl,

biphenyl and 1,2,3,4-tetrahydronaphthyl}

As used herein, “cycloalkyl” or “cycloalkylene” means Cs5-Cp monocyclic or multicyclic
{e.g., bicyclie, fricyclic, spirocyelie, ete.) hydrocarbons that are completely saturated or have one
or more unsaturated bonds but does not amount {0 an aromatic group. Examples of a cyeloalkyl

group are cyciopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and cyclohexenyl.

As used herein, many moieties or substituents are termed as being either “substitited” or
“optionally substituted”. When a molety is modified by one of these terms, unless otherwise
noted, it denotes that any portion of the moiety that 18 known to one skilled in the art as being
available for substitution can be substituted, which incluides one or more substituents, where if

more than one substituent then each substituent is independently selected. Such means for
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substitution are well-known in the art and/or taught by the instant disclosure. For purposes of
exempiification, which should not be construed as liniting the scope of this invention, some
exampies of groups that are substifuents are: (Ci-Calalkyl groups, (Co-Cylalkeny! groups, (Cs-
Cglalkynyi groups, (Cs-Cigleycloaltkyl groups, halogen (F, Cl, Br or T}, halogenated {C)-Cglalkyi

-

zroups {for example but not lmited to —CF;), ~O0-{C-Caalkyl groups, -OH, -5-(C-Cilalkeyl
groups, -SH, -NH{C,-Cglalkyl groups, -N{{C-Calalkyl), groups, -NH,, -C{ONH,, -C{OIWNH(C;-
Cojaleyl groups, -C{OWC-Caalkyy, -CEOC-Coalkylene-Goptionally  substituted aryl, -
C{O)-optionally substituted {Cs-Coleyeloalkyl, -NHC{OH, -NHC(O) (Ci-Calalkyl groups, -
NHO(O) (Gi-Coxeycloalkyl groups, -N({Ci-ColalkyDBCOOMH, -N{(C;-CoalkyDC{OW T ~Cgalkyl
groups, ~NHC{ONH,, -NHCOWH(C-Cojalkyl groups, -N{C-CoalkyDC(OINH, groups, -
NHC(OWN{C-Cralkyl)y,  groups, -N{C-CelalkyBOOW{C-Cylalkylyy  groups,  -N{{C:-
CaralkyBC{ONH(C-Coialkyly, -COMH, -C{ONC-Caialkyl groups, -CN, -NO,, -S(OXCs-
Celalicyl groups, -S{Oh{Ci-Coallyl groups, -S{ORN{Ci-Celaliyl)s groups, -S(ORNH(C-
Coyalieyl groups, -S{ORNH{(C-Coyeyeloalkyl groups, -3{OnNH, groups, -NHS{OL{C-Celalkyl
aroups, -N{{Ci-CoallkyDS{O1R{C-Celalky! groups, -(Ch-Colalkyl-O-{C-Cylalkyl groups, -0-{C;-
Celaliyl-0-(Cy-Cylalkyl groups, -C{OYOH, -C{OYO(C-Colalkyl groups, NHOH, NHO(Cy-
Cojalieyl groups, -O-halogenated {C1-Caalkyl groups (for example buf not loted o -OCF;), -
S(O)-halogenated  {C,-Cylalkyl groups (for example but not limiled to —-S(OnCF;), -S-
halogenated (C,-Cglalky! groups (for example but not mited to ~SCF3), «(Ci-Cs) heterocycele (for
examplie but not limited to pyrrolidine, tetrahydrofuran, pyran or morpholine), ~(C;-Ce) heteroaryl
(for example but not limited to tetrazole, mmidazole, furan, pyrazine or pyrazole), -phenyi, -
NHO{OYOAC-Colalkyl groups, -NUC-CaalkyhCONOL(C-Coralkyl groups, -C{=NHCh-
Cojalicyl groups, ~-CENOHMC-Calalkyd groups, or ~-C(EN-O-(C-Colalky G -Chlalkyl groups.

- O " in Forowla (1) represents an aromatic ring.

One or more compounds of this invention can be administered to a human patient by
themselves or it pharmaceutical compositions where they are mived with biologically suitable
carriers or excipient(s) at doses to treat or ameliorate a disease or condition as described herein.
Mixtores of these compounds can also be administered {o the patient a8 a simple mixture or in
suitable formmlated pharmaceutical compositions. A therapeutically effective dose refers to that
amount of the compound or compounds sufficient to result in the prevention or atfenuation of a
disease or condition as described herein. Techniques for forvmlation and advunistration of the
compounds of the instant application may be found in references well known to one of ordinary
skiil in the art, such as "Remington's Pharmaceutical Sciences,” Mack Publishing Co., Easion,
PA, latest edition.

Suitable routes of administration may, for example, mclude oral, eyedrop, recial,

transmucosal, topical, or destinal administration; parenteral delivery, including intrarouscular,
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subcuataneous, intramedullary injections, as well as intrathecal, direct intraventricular, intravenous,
wtraperitoneal, intranasal, or intraocular injections.

Aliernatively, one may adounister the compound in 3 local rather than a systemic manner,
for example, via injection of the compound directly into an edematous site, often in a depot or
sustained release formulation,

Furthermore, one may administer the drug in a targeted drug delivery system, for
exampie, i a liposome coated with endothelial cell-specific antibody.

The pharmaceutical compositions of the present invention may be mamufactured in a
manner that is itself known, e.g.. by means of conventional mixing, dissolving, granulaling,
dragee-making, levigating, enulsifying, encapsulating, entrapping or lyophilizing processes.

Pharmaceutical compositions for use m accordance with the present invention thus may
be formmulated 1o a conmventional manner using one or more physiologically accepiable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds mio
preparations which can be osed pharmaceotically. Proper formulation is dependent upon the route
of administration chosen.

For mjection, the agents of the invention may be formulated m aqueous solutions,
preferably 1o physiclogically compatible buffers such as Hanks' sohution, Ringet's solution, or
phvsiological saline buffer. For transmucosal administration, penetrants appropriate to the barrier
to be permeated are used in the formmulation. Such penetrants are generally known m the art.

For oral administration, the compounds can be fornmlated readily by combining the
active compounds with pharmaceutically acceptable carriers well known in the art. Such carriers
enable the compounds of the invention to be formulated as tablets, pills, dragees, capsules,
Liquids, gels, syraps, shurries, suspensions and the hike, for oral ingestion by a patient to be treated.
Pharmaceutical preparations for oral use can be obiained by conbining the active compound with
a solid excipie 1t, optionally grinding a resulting mixture, and processing the mixture of granules,
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients
are, in particular, Allers such as sugars, including lactose, sucrose, mannilol, or sorbitol; cellulose

preparations such as, for example, maize starch, wheat starch, rice starch, potato starch, gelatin,

2

3

Zum tragacanih, methyl celluiose, hydroxypropylmethyl-cellulose, sodium
carboxymethyicellulose, and/or polyvinylpyrrolidone (PVP). I desired, disintegrating agents
may be added, soch as the cross-hinked polyvinyl pyrrolidone, agar, or alginic acid or a salt
thereof such as sodium alginate.

Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar
solutions nwy be used, which may optionally confain gum arabic, tale, polyvinyl pyrrolidone,
carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures, Dyestuffs or pigments may be added to the tablets or dragee

coatings for wlentification or to characterize different combinations of active compound doses.
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Pharmaceutical preparations that can be used orally inchide push-fit capsules made of
zelating as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or
sorbitol. The push-fit capsules can contain the active ingredients in adouxture with filler such as
lactose, binders such as starches, and/or lubricants such as talc or magnesivm stearate and,
optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended in
suitable Hauids, such as fatty oils, Hauid paraffin, or Hguid polyethylene glycols. In addition,
stabilizers may be added. All formuiations for oral administration should be in dosages suitable
for such administration.

For buccal administration, the compositions may {ake the form of tablets or lozenges
formulated i conventional manner.

For administration by inhalation, the compounds for use according fo the present
wvention are conveniently delivered in the foron of an aerosol spray presentation from pressurized
packs or a nebuliser, with the use of a suitable propellant, e.g., dichlorodiffuoromethane,
trichlorofigoromethane, dichlorotetrafluorcethane, carbon dioxide or other suitable gas. In the
case of pressurized aerosol the dosage unit may be determined by providing a valve to deliver a
metered amount. Capsules and cariridges of ¢.g. gelatin {for use in an inhaler or insuftiator may be
formulated cordaining a powder mix of the compound and a sutfable powder base such as factose
or starch.

The compounds can be formulated for parenteral adiministration by injection, e.g. bolus
mjection or continuous mfusion. Formulations for injection may be presented in unit dosage
form, e.g. in ampoules or in multi-dose containers, with an added preservative. The compositions
may take such forms ag suspensions, solutions or emulsions in oily or aqueous vehicles, and may
contain formulatory agents such as suspending, stabilizing and/or dispersing agents.

Pharmaceudical formulations for parenderal aduunistration nclude agueous solutions of
the active compounds in water-soluble form.  Additionally, suspensions of the active compounds
may be prepared as appropriate otly mnjection suspensions. Suitable lpophilic solvents or vehicles
melude fatty otis such as sesame oil, or syrdhetic fatty acid esters, such as cthyl oleate or
triglycerides, or liposomes. Agueous injection suspensions may contain substances which

4

increase the viscosity of the suspension, such as sodivm carboxymethyl cellulose, sorbitol, or
extran. Optionally, the suspension may also contain suitable stabilizers or agents which increase
the solubility of the compounds to allow for the preparation of nghly concentrated solutions.
Alternatively, the active ingredient may be in powder form for constitution with a suitable
vehicle, e.g., sterile pyrogen-free water, before use.
The compounds may also be formulated in rectal compositions such as suppostiories or
retention enemas, ¢.g., confaining conventional suppository bases such as cocoa butter or other

glycerides.
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In addition fo the formulations described previously, the compounds may also be
foromlated as a depot preparation.  Such long acting formudations may be adiinistered by
mmplantation (for example subcutancously or mtramuscularly or by inframuscular injection).
Thus, for example, the compounds may be formulated with suilable polymeric or hydrophobic

materials (for example as an enwlsion 10 an acceptable oil) or lon exchange resins, or as sparingly

[£2]

woluble derivatives, for example, as a sparingly soluble salt.

An example of a phaomaceutical carrier for the hydrophobie compounds of the mverdion
18 a cosolvent system comprising benzyl aleohol, a nonpolar surfactant, a water-miscible organic
polymer, and an aqueouns phase. The cosolvent systern may be the VPD co-solvent systemn, VPD
is a solution of 3% w/v benzy!l alcohol, 8% wiv of the nonpolar surfactant polysorbate 80, and
65% w/v polyethylene glycol 300, made up to volume in absolute ethanol. The VPD co-solvent
systern (VPDISW) consists of VPD diduted 11 with 2 5% dextrose in water solution. This co-
solvent system dissolves hydrophobic compounds well, and itself produces low toxicity upon
systemic adiimistration.  Naturally, the proportions of a co-solvent systern may be varied
considerably without destroying its solubility and toxicity characteristics.  Furthermore, the
wdentity of the co-solvent components may be varied: for example, other low-toxicity nonpolar
surfactants may be used instead of polysorbate 80; the fraction size of polyethyiene glyvcol may be
varied; other biocompatible polymers may replace polyethylene glycol, eg polyvinyl

pyrrolidone: and other sugars or polysaccharides may substitude for dextrose.

Alternatively, other delivery systems for hydrophobic pharmaceutical compounds may be
employed. Liposomes and emulsions are well known examples of delivery vehicles or casriers
for lydrophobic drugs. Certain organic solvents such as dimethysuifoxide also may be employed,
afthough usually at the cost of greater toxicity. Additonally, the compounds may be dehivered
using a sustained-reiease system, such as sepuiperraeable matrices of solid hydrophobic polymers
containing the therapeutic agent. Various sustained-release materials have been established and
are well known by those skilled in the art. Sustained-release capsules may, depending on their
chemical rature, release the compounds for a few hours up to over several days., Depending on
the chemical nature and the biclogical stability of the therapeutic reagent, additional strategies for
protein stabilization tmay be employed.

The pharmaceutical compositions also may comprise suitable solid or gel phase carviers
or excipients. Examples of such carriers or excipients include but are not limiled to calcium
carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and
polvmers such as polyethylene glyeols.

Many of the compounds of the invention may be provided as salts with pharmaceuntically
compatible counterions. Pharmaceutically compatible salts may be formed with many acids,

wcluding but not hmited 1o hydrochlorie, sulfurie, acetic, lactic, tartaric, malic, succmie, ete.
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Salts tend to be more soluble in aqueous or other protonic solvents than are the corresponding free
base foros.

Pharmaceutical compositions suitable for use in the present invention include
compositions wherein the active ingredients are contained in an effective amount to achieve its
wntended purpose.  More specifically, 2 therapeutically effective amount means an amount
effective to prevent development of or to alleviate the existing symptoms of the subject being
treated. Deferpination of the effective amourds is well within the capability of those skilled
the art.

For any compound used in a method of the present invention, the therapeutically effective
dose can be estimated nitially from cellular assays. For example, a dose can be foromlated in
ceftular and animal models to achieve a circulating concentration range that includes the 105, as
determined 1 celinlar assays (i.e., the concentration of the test compound which achieves a hali-
maximal inhibition of a given protein kinase activity). In some cases it is appropriate 1o

ctermine the ICs, in the presence of 3 to 5% serum albumun since such a deterrmmation
approximates the binding effects of plasma protein on the compound. Such information can be
used to more accurately determine useful doses in humans. Further, the most preferred
compounds for systemic administration effectively inhibit protein kinase signaling in indact cells
at levels that are safely achievable in plasma.

A therapeutically effective dose refers 1o that amount of the compound that results in
amelioration of symptons in a patient. Toxicity and therapeutic efficacy of such compounds can
be determined by standard pharmaceutical procedures i cell cultures or experimental animals,
e.g., for determining the maximum tolerated dose (MTD) and the EDsy (effective dose for 50%
maximal response). The dose ratio between toxic and therapeutic effects is the therapeutic index
and # can be expressed as the ratic between MTD and EDg. Compounds which exinbit bigh
therapeutic indices are preferred. The data obtained from these cell culiure assays and animal
studies can be used in formulating a range of dosage for use in humans. The dosage of such
compounds jies preferably within a range of circulating concentrations that mclude the EDse with
fittle or no toxicity. The dosage may vary within this range depending upon the dosage form
employed and the route of adminisivation utilized. The exact formulation, route of admunistration
and dosage can be chosen by the individual physician in view of the patient’s condition {see e.g.
Fingl er af, 1975, in "The Pharmacological Basis of Therapeutics™, Cho 1 p. 1}, In the treatment
of crises, the adounistration of an acute bolus or an infusion approaching the MTD may be
required to obtain a rapid response.

Diosage amount and interval may be adjusted individually o provide plasma levels of the
active moiety which are sufficient to maintain the kinase modulating effects, or minimal effective
concentration (MEC), The MEC will vary for each compound but can be estimated from in visro

V4

data; e.g. the concentration necessary to achieve 50-90% inhibition of protein kinase using the
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assays described herein.  Dosages necessary {o achieve the MEC will depend on mdividual
characteristics and route of administration. However, HPLC assays or bicassays can be used to
determine plasma concentrations.

Dosage intervals can also be determined using the MEC vahie. Compounds should be
administered using a regiraen which maindaims plasma levels above the MEC for 16-90% of the
time, preferably between 30-90% and most preferably between 50-90% until the desired
amelioration of sympioms 15 achieved. In cases of local administration or selective uptake, the
effective local concentration of the drug may not be related to plasma concentration.

he amoont of composition admimstered will, of course, be dependent on the subject
being treated, on the subject’s weight, the severity of the affliction, the manner of administration
and the judgment of the prescribing physician.

The compositions may, if desired, be presented in a pack or dispenser device which may
contain one or more unit dosage forms containing the active ingredient. The pack may for
example comprise metal or plastic foil, such as a blister pack. The pack or dispenser device may
be accompanied by instructions for administration. Compositions comprising a conpound of the
mvention formulated in a compatible pharmaceutical carmer may also be prepared, placed in an
appropriate container, and labelled for treatment of an indicated condition.

In some formulations it may be beneficial to use the compounds of the present invention
i the form of particles of very small size, for example as obtained by fluid energy milling.

The use of compounds of the present invention n the manufacture of pharmaceutical
compositions 18 illustrated by the following description, In this description the term "active
compound” denotes any corapound of the invention but particularly any compound which is the
final product of one of the following Examples.

a} Capsules

In the preparation of capsules, 10 parts by weight of active compound and 240 parts by
weight of lactose can be de-aggregated and blended. The mixture can be flled into hard gelatin
capsules, each capsule containing a unit dose or part of a unit dose of active compound.

b} Tablets
Tablets can be prepared, for example, from the following ingredienis,

Parts by weight

Active compound 10
Lactose 190
Maize starch 22
Polyvinylpyrroiidone 10

(52

Magnesium stearate
The aclive compound, the lactose and some of the starch can be de-aggregated, blended

and the resulting mixture can be granulated with a solution of the polyvinyipyrrolidone i ethanol.

a2
a2



L

b3
(941

36

153
(941

WO 2013/043826 PCT/US2012/056266

The dry granulate can be blended with the magnesium stearate and the rest of the starch, The
mixture is then compressed 1o a tabletting machine 1o give tablets each containing a unit dose or a
part of a unit dose of active compound.
c} Enteric coated tablets

Tablets can be prepared by the method described in (b} above, The tablets can be enteric
coated in a conventional manner using a solution of 20% celiulose acetate phthalate and 3%
diethyl phthalate in ethanol:dichloromethane {1:1).
d) Suppositories

In the preparation of suppositories, for exarmple, 100 parts by weight of active compound
can be incorporated in 1300 parts by weight of triglyceride suppository base and the mixture

formed into suppositories each contaming a therapeutically effective amount of active ingredient.
& fel

In the compositions of the present invention the active compound may, if desired, be
associated with other compatible pharmacologically active mgredients. For example, the
compounds of this invention can be administered n combination with another therapeutic agent
that is known to treat a disease or condition described herein. For example, with one or tiore
additional pharmaceutical agents that inhibit or prevent the production of VEGE or angiopoietins,
attenuate indraceliular responses to VEGF or angiopoietins, block intracelludar signal transduction,
nhibit vascular hyperpermeability, reduce inflammation, or mhibit or prevent the formation of
edema or neovascularization. The compounds of the mvendion can be adroinistered prior 1o,
subsequent to or simultaneously with the additional pharmaceutical agent, whichever course of
administration is appropriate. The additional pharmaceutical agents melade, but are not hmited
to, anti-edemic steroids, NSAIDS, ras inhibitors, anti-TNF agents, anti-IL1 agents, antihistamines,
PAF-antagomsts, COX-1 inhibitors, COX-2 inhibitors, NO synthase inhibitors, ALUPTH
inhibitors, IGF-IR inhibitors, PXC inhibittors, PI3 kinase inhibitors, calcineurin inhibitors and
immunosuppressants. The compounds of the invention and the additional pharmaceutical agents
act either additively or synergistically. Thus, the administration of such a combination of
substances that inhibit angiogenesis, vascular hyperperneability and/or inhibit the formation of
edema can provide greater relief from the deletrious effects of a hyperproliferative disorder,

CNCSIs,

angiog , vascular hyperpermeability or edema than the administration of etther substance
alone. In the treatment of malignant disorders combinations with antiprohiferative or cytotoxic
chemotherapies or radiation are included 1n the scope of the present invention.

The present mvention also comprises the use of a compound of Fornmla (1) as a
medicament.

A further aspect of the present nvention provides the use of a compound of Foomula (1)

or a salt thereof in the manufacture of a medicament for treating vascular hyperpermeability,
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angiogenesis~-dependent disorders, proliferative diseases and/or disorders of the immune system in
mammals, particularly human beings.

The present invention also provides a method of freating vascular hyperperneability,
mappropriate neovascularization, proliferative diseases and/or disorders of the imunune system
which comprises the administration of a therapeutically effective amount of a compound of

Formula (1) to a mammal, particalarly a human being, in need thereofl

ABBREVIATIONS

AcOH Glacial acetic acid

BSA Bovine serum afbumin

BuQH Butanol

ChI L1 -Carbonyiditraidazole

d Doublet

dd Doublet of doublets

ddt Double doublet of triplets

dba Dibenzylideneacetone

DCE Drchloroethane

DCM Dichloromethane (methylene chioride)
DEA Diethylamine

DIBAL-H Diisobutylaluminum hydride

DIEA N, N-Disopropylethylamine

DMEM Dulbecco’™s Modified Fagle Medium
DMF N N-Dimethylformamide

DMSO Drmethyl sulfoxide

DNP-HSA Dinitrophenyi-human serum albumin
DPPA Diphenyl phosphoramdate

dppt 1, 1'-Bis{diphenyiphosphinoerrocene
dg Doublet of quartets

EDC N-(3-Dhmethylaminopropyi}-N -ethylcarbodimide
EDTA Ethylene diamine tetraacetic acid
equiv Equivalent(s)

EtOAc Hihyl acetate

B0 Diethyl ether

EtOH Ethanol

FBS Fetal bovine scrum

FLAG DYKDDDDE peptide sequence

g Gram{s)

(8]
N
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GST

e

HATU

HBTU

HPLLC

MTBE
MeCN
MeOH
2-MeTHF
min

mb
ol
MOPS
MOPSO
MS

N
Na(s-Bu
NHLOAC
NMP
NMR

or

OVA
PBS
PFPAA
pH
pNAG

PCT/US2012/056266

Glutathione S-transferase

Hour{s)

U-(7-Azabenzotnazol-1-yl-N NN N -tetramethyluronium

hexafloorophosphate

O-(Benzotriazol-1-v)-N NN N “letramethyluronium

hexathiorophosphate

High-pressure fiquid chromatography
Heriz

Intradermal

Incoraplete Freunds Adjuvant
Isopropyl

Potassium acetate

Liquid chromatography

Multiplet

Molar

Methyl tert-butyi ether

Acetonitriie

Methyl aleohol
2-Methylietrahydrofuran

Minute{s}

Mulliliter(s}

Mijhimole
3-{N-morpholino}-propanesulfonic acid
3-{N-morpholino}-2-hydroxypropanesulfonic acid
Mass spectrometry

Normal

Sodium feri-butoxide
N-Bromosuceminnde

Amoniun acatate
N-Methylpyrrolidone

Nuclear magnetic resonance

Optical rotation

Ovalbumin

Phosphate bufierad saline
2,2.3,3,3-Pentafhuoropropanoic Anhydride
-log[T]

Nitrophenyl-N-acetyl-B-D-glucosaminide
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PPh; Triphenylphosphine

ppm Parts per million

psi Pounds per square inch

g Quartet

rof Relative centrifugal force

B Retention time

it Room temperature

q Quartet

5 Singlet

SEM 2-{TrimethylsilyDethoxymethyl
SEC Supercritical Fluid Chromatography
t Tripiet

#- Tertiary

TBAF Tetra-n-butyiammonum fhioride
TEA Triethylamine

TFA Triffuoroacetic acid

TFAA Trifhuoracetic anhyduade

THF Tetrahydrofuran

TLC Thin layer chromatography
USP United States Pharmacopeia
[92% Ultraviolet

wit% Weight percent

ASSAYS

PCT/US2012/056266

fx virrs Jakl kinase activity measured by time-resolved fluorescence resonance encrgy
transfer {(TFRET)

Varymg concenirations of inhibitor were added o an assay well contaiming: Jaki enzyme
{aa 845-1142; expressed in SF9 cells as a GST fusion and purified by glutathione affinity
chromatography;, 4 nM), peptide substrate (biotin-TYR2, Sequence: Biotin-{Ahx}-
AEEBYFFLFA-amide; 2 uMIMOPSO pH 6.5 (50 raM), MgCl (16 mM), MeCl, (2 mM3, DTT
(2.5 mM}, BSA (0.01% w/v), NasVOy (6.1 mM) and ATP (0.001 mM)}. After about 60 min
ncubation at tf, the reaction was quenched by addition of EDTA (final concentration: 160 mM)
and developed by addition of revelation reagents (final approximate concentrations: 30 mM
HEPES pH 7.0, 0.06% BSA, §.606% Tween-20, 0.24 M KF, 80 ng/mL PT66K {europium labeled
anti-phosphotyrosine antibody cat #61T66KLB Cishio, Bedford, MA) and 3.12 pg/ml SAXL

{Phyeolink streptavidin-allophycocyanin acceptor, cat #PI52S, Prozyme, San Leandro, CA). The
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developed reaction was incubated in the dark either at about 4 °C for about 14 h or for about 60
frin at tf, then read via a time-resolved fluorescence detector (Rubystar, BMG) using 2 337 nm
faser for excitation and ewussion wavelength of 663 run. Within the Haear tange of the assay, the

chserved signal at 665 nm i8 directly related to phosphorylated product and used fo calculate the

(v

1Cse values.

I vitre Jak3 kinase activity measured by time-resolved fluorescence resonance esergy
transfer {(TFRET)

Varymg concenirations of inhibitor were added o an assay well contaiming: Jak3 enzyme

10 (3a 811-1103; expressed in SF9 cells as a GST fusion and purified by ghlutathione affinity

chromatography;, 3 nM), peptide substrate (biotin-TYR2, Sequence: Biotin-{Ahx}-

AEEBYFFLFA-amide; 2 uMIMOPSO pH 6.5 (50 raM), MgCl (16 mM), MeCl, (2 mM3, DTT

(2.5 mM), BSA (0.01% w/ivy, NasVOs (6.1 M)y and ATP (0.061 mM). After about 60 mun

ncubation at tf, the reaction was quenched by addition of EDTA (final concentration: 160 mM)

15 and developed by addition of revelation reagents (final approximate concentrations: 3¢ mM

HEPES pH 7.0, 0.06% BSA, 0.006% Tween-20, 0.24 M KF, 80 ng/mL PT66K (europium labeled

anti-phosphotyrosine antibody cat #61T66KLE Cishio, Bedford, MA)Y and 0.8 ug/mi SAXL

{Phyeolink streptavidin-allophycocyanin acceptor, cat #PI52S, Prozyme, San Leandro, CA). The

eveloped reaction was incubated in the dark either at about 4 °C for abowt 14 h or for about 60

230 min at 1, then read via a time-resolved fluorescence detector (Rubystar, BMG) using a 337 nm

laser for excitation and emission wavelength of 665 rum. Within the hnear range of the assay, the

observed signal at 665 no 18 directly related to phosphoryiated product and used fo calculate the

1Cso values. For the purpose of the Tables and Examples below, the Jak3 IC.e of each compound,

which can be determined using the assay method described herein using the in vitro Jak3 kinase

25 activity measured by time-resolved fluorescence resonance encrgy transfer (rfFRET) 15 expressed

as follows; A = a compound with a Jak3 ICs less than | uM, B = a compound with a Jak3 1T

within the range of 1 to 10.0 uM, C = a compound with a Jak3 1Cs; greater than 10 uM.

In vifre Syk kinase activity measured by time-resslved fluorcscence resonance cnergy

30 transfer (rFRET)
0.3 nM Syk catalytic domain (8a356-635, purified in-house at the Abbott Bioreseach
Centery was mixed with 6.1 pM peptide substrate (biotin-TYRI, Sequence: Biotin-{Abx)-
GAEEEIYAAFFA-COOH) at varying concentrations of inhibitor in reaction buffer: 50 mM

MOPSO pH 6.5, 10 mM MgCl, 2 mM MnCl, 2.5 mM DTT, 0.01% BSA, 0.1 mM Na; VO, and

[
L

6001 mM ATP. After about 60 min incubation at ri, the reaction was quenched by addition of

BEDTA {final concendration: 100 mM) and developed by addition of revelation reagents {final
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approximate concentrations: 30 mM HEPES pH 7.0, 0.06% BSA, 0.006% Tween-20, .24 M KF,
S0 ng/ml PT66K {curopium labeled anti-phosphotyrosine antibody cat #61T66KLB Cisbio,
Bedford, MA) and 0.6 pg/ml SAXL {(Phyveolink streptavidin-allophveocyamin acceptor, cat
HPJIS2S, Prozyme, San Leandro, CA}. The developed reaction was incubated in the dark either at
about 4 °C for about 14 h or for about 60 min at 1, then read via a time-resolved fluorescence
detector (Rubysiar, BMG) using a 337 um laser for excifation and cemission wavelength of 665
nm. Within the linear range of the assay, the observed signal at 665 mwm is directly related o

phosphorylated product and vsed 1o calculate the 1Cs, values.

Other i vitre kinase assays measured by time-resolved {lusrescence resenance energy
transfer (WFRET}

Other kinase assays were performed using a similar protocol.  Additional purified
enzyraes Tyk?2 (aa 880-118S with an N-terminal histidine-tag and C-terminal FLAG tag; punfied
n-house by immobilized metal ion affinity chromatography), RET {(aa 711-1072 with an N-
ternunal histidine-tag; purified by tumobilized metal ion affimty chromalography), Syk (3a356-
635 with a C-terminal histidine tag; purified by immobilized metal 1on affinity chromatography),
and KDR (aa 792-1354 with an N-terminal histidine-tag; purified in-house by immobilized metal
1on affinity and ion-exchange chromatography) were expressed in SF2 cells and Aurora 1/B (aal-
344 with a N-terminal histidine-tag and purified by 1mmobilized metal ion affinity
chromatography} was expressed in £, cofi. Other enzymes used are available from commercial
sources. Bnzymes were mixed with biotinylated substrates at varying concentrations of inhibitor
i different reaction buffers (sce Table A} After about 60 min incubation at tt, the reaction was
guenched by addition of EDTA and developed by addition of revelation reagents {final
approximate concentrations: 30 mM HEPES pH 7.0, 0.06% BSA, 8.006% Tween-20, 6.24 M KF,
varying amourds of donor europivm labeled antibodies and acceptor streptavidin labeled
allophycocyanin (SAXL)). The developed reactions were incubated in the dark either at about 4
°C for about 14 h or for about 60 min at tt, then read in a time-resolved fluorescence detector

{Rubystar, BMG Labtech) as described above,



WO 2013/043826

PCT/US2012/056266

Table A. Specific conditions {per 40 pl. enzyme reaction) fer the various cpzymes are

detailed below:

Enzyme

Construct

Subsirate

Assay

Baffer

Enzyme
Conc.

{(ng/well)

Subsirate

Cone,

ATP
Conc.

{mM}

BMSO

Cone,

Reaction
Tihmne

{roin}

Detection

condition

Jaki

Biotin-

TYR2

MOPS0

L

2 uM

0.001

60

3 ng/well
PT6OK,
0.39
ug/well

SAXL

Jak?2

Millipore
cat# 14-640

Biotin-

TYRI

MOPSO

2 uM

0.601

Uy

60

8 ng/well
PT66K,
0.0738
uglweil

SAXE

aa 811-
1103

Biotin-

TYRZ

MOPSO

2 uM

0.0601

[#41]

60

8 ng/well
PT66K,
$6.078
pgiwell

SAXL

Tyk2

aaB80-1185

Biotin-

TYRI1

MOPS0

2 uM

0.001

3]

60

8 ng/well
PT66K,
(.078
pg/well

SAXE

Agrora

/8

aal-344

KinEASE
82

MOES

0.5 uM

0.1

60

1§
ng/well
BEu-STE-
Ab,
3.34
ugiwel

SAXL

44
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Esnzyme

Counstruct

Subsirate

Assay

Buffer

Enzyme
Cene.

{ng/well)

Substrate

Conc,

AYP
{Cong.

{mM)

DBMSO
Cone,

(%)

Resaction
Time

{min}

Detection

condition

KDR

aa789-1354

Biotin-

TYR2

HEPES

10

2 uM

0.1

[

60

8 ng/well
PTGOK,
0.078
ng/well

SAXL

INK1

Millipore

cat# 14-327

Biotin-

ATR2-pep

MOPS

| uM

0.01

60

2.5%
ng/well
Anti-
pATF2-
Hy,
ug/well

SAXE

INE2

Millipore

cat#t 14-329

Biotin-

ATFZ-pep

MOPS

0.5 uM

0.01

U

60

2.58
ng/well
Ardi-
pATE2-
Eu,
0.6
pgiwell

SAXE

RET

aa71i-1072

Biotin-poly
GhaTyr

£

10

ng/well

0.01

N

60

8 ng/well
PT6OK,
0.078
ug/well

SAXE

P70 36

Kinase

Millipore
cat # 14-

486

KinEASE
53

MOPES

0.25 uM

0.01

N

60

1§
ng/well
Fu-STE-
Alb,
.34
pgiwell

SAXL

41
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Eszyme ATP |BMSQO| Reaction
¢ Assay Substrate ¢ Detection
e ‘onstruct | Substrate Cone. Caone, | Cone, | Time
Enzyme Baffer Cone, condition
{ng/well) {mb) | (%) {min}
i5
ng/well
Invitrogen | Eu-8TK-
- KinEASE )
PKNZ cat # MOPS 0.7 0.5 uM | 6.001 5 60 Ab,
S3
PV3879 .34
ug/well
SAXL
5.8
ng/well
Biotin- PToH6K,
Syk  {aa356-635 MOPS0O 0.4 0.1 uM | 6.001 5 60
TYRI 0. 045
ug/well
SAXL
15
ng/well
Millipore o Anti-
CDK2/ Biotm- ]
o cat # 14- 7 MOPS 56 2 M 0.1 5 60 pMBE-
Cyclin A MBP
448 Eu; 0.34
ng/well
SAXL
Reaction Buffers:
iy, 2 mM MnClh, 2.5 ;M

MOPSGO buffer contains: 50 mM MOPSO pH 6.5, 10 mM Mg(

DTT, 0.01% BSA, and 0.1 oM Nay VO,
HEPES buffer contains: 56 mM HEPES pH 7.1, 2.5 oM DTT, 10 oM MgCly, 2 oM

MnCl,, 60.01% BSA, and 0.1 mM Na;VQy
MQPS buffer contains: 20 mM MOPS pH 7.2, 10 mM MgCl, S mM EGTA, 5 mM Beta-

phosphoglycerol, T raM Na; VO, 0.01% Triton-X-100 and 1 mM DTT

42
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Subserates:

Biotin-ATF2-peptide sequence: Biotin-(Al - AGAGDOQTPTPTRFLKRPR-amide
Biotmn-TYR1-peptide sequence: Biotin-{Ahx}-GAEEEIYAAFFA-COOH
Biotin-TYRZ-peptide sequence: Biotin-<{ Abx}-AEEEYFFLFA-anude

Biotin-MBP-peptide sequence: Biotin-{Ahx}- VHFFKNIVTPRTPPPSQGKGAEGQR amide
Biotm-polyGluTyr peptide was purchased from Cisbio {cat #61GTOBLA, Bedford, MA)}
KinEASE 82 and S3 peptides were purchased {rom Cisbio (cat #2STOPER, Bedford, MA)

Detection Reagents:
Anti-pATF2-Eu was custoni-labeled by Cisbio (Bedford, MA)

Anti-pMBP-Eg was custom-labeled by Cisbio (Bedford, MA)
PT66K was purchased from Cisbio (cat #61T66KLEB, Bedford, MA)

SAXL was purchased from Prozyme {cat #PJ258, San Leandro, CA)

Human T-Blasts [L-2 pSTATS Cellular Assay

Materials:

Phyicohemagintinin T-blasts were prepared from Leukopacks purchased from Biological Specialty
Corporation, Colmar, PA 18915, and cryopreserved m 5% DMSO/media prior to assay.

For this assay the cells were thawed in assay medium with the following composition: RPMI
1640 medimm (Gibco 11875093} with 2 mM L-glutamine (Gibeo 25030-081), 10 mM HEPES
{(Gibco 15630-080), 100 pg/ml, Pew/Strep (Gibeo 15140-122), and 10% heat nactivated FBS
(Gibeo 10438026} Other materials used in the assay: DMSO (Sigma D2650), 96-well diution
plates {polypropylene) (Coming 3365, 96-well assay plates (white, % area, 96 well) (Coming
3642), D-PBS (Gibco 14040133, TL-2 (R&D 202-1L-10 (10ug)y, Alphascreen pSTATS kit
{Perin Elmer TGRSSS10K) and Alphascreen protein A kit (Perkin Elmer 6760617M)

Metheds:

T-Blasts were thawed and coltured for about 24 b without IL-2 prior to assay. Test compounds or
controls weare dissolved and serially diluted in 100% DMSO. DMSO stocks are subsequently
diluted 1:50 in cell culture media to create the 4x compound stocks (containing 2% DMSQO).
Using a Corning white 96 well, % arca plate, cells were plated at 2x10710 pLiwell in 10 plL
media followed by addition of § gL of 4x test compound in daplicate. Cells were incubated with
compound for about £.5 b at about 37 °C. Next, 5 pb of IL-2 stock was added at 20 ng/mL final
concentration, I1L-2 is stored as a 4 pg/mL stock solution, as specified by the manufacturer, at
about -20 "C in aliqguots and dihuted 1:50 with assay media {to 8¢ ng/mi) just prior to use. The
contents of the wells were mixed by carefully tapping sides of plate(s) several times followed by

meubation at about 37 °C for about 15 min, The assay was terminated by adding 5 pb of 5x
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AlphaScreen lysis buffer and shaking on an orbital shaker for about 10 min at rt. Alphascreen
acceptor bead mix was reconstifuied following Perkin Elmer’s protocol. 30 ul/well of
reconstitted Alphascreen acceptor bead mix was added, covered with {oil then shaken on orbital
shaker for about 2 min on high then about 2 h on low. Donor bead mix was reconstituted
5 following Perkin Elmer’s AlphaScreen protocol; 12 ul/well were added, covered with foil then
shaken for about 2 min on high, and about 2 h on low. Plates were read on an EnVision reader

following Perkin Elmer’s AlphaScreen protocol instructions.

TH-15L-6 pSTAT3 Celinlar Assay

1 Materials:
TF-1 cells (ATCC #CRL-2803). Colture medium: DMEM  medium (Gibeo 11960-044) with 2
mM L-glotamine {Gibeo 25030-081), 10 mM HEPES ¢ Gibco 15638-080), 100 ug/ml Pen/Strep
{Gibeo 15140-122), 1.5 g/L sodium bicarbonate {(Gibeo 25080-094), 1 mM sodium pyravate
{Gibeo 11360-070), 10% heat inactivated FBS (Gibeo 10437-028), and 2 ng/mlL GM-CSF (R&D

[
(941

215-GM-010). Other materials used i this assay: DMSO (Sigma D2656),  96-well dilution plates
{(polypropylenc) (Corning 3365), 96-well assay plates {white, ¥ area, 96 well} (Corning 3642), D-
PBS {Gibco 14040133}, IL-6 (R&D 206-1L/CF-050 {50 ug)), Alphascreen pSTATS kit (Perkin
Eimer TGRS3510K) and Alphascreen protein A kit (Perkin Elmer 6760617M).

Methods:

200 Prior to the assay, cells were cultured for about 18 h in the cultare medium without GM-CSF.
Test compounds or controls were dissolved and senially diluted in 100% DMSO, DMSQO stocks
were subsequently diluted 1:50 in cell culture niedia to create the 4x compound stocks (containing
2% DMSO). Using a Coming white 96 well, %% arca plate, cells were plated at 2x107/10 pL/well

i 10 pl media followed by addition of 5yl of the 4x test compound stock in duplicate, Cells

=2
A

were incubated with conpound for about 0.5 b at about 37 °C followed by addition of 5 ul. of 400
ng/mb [L-6. [L-6 15 stored in 10 pg/mL aliguots vsing endotoxin free D-PBS (0,156 BSA) at
about —20 °C. Prior {o assay IL-6 was diluted to 400 ng/mb in culture media and applied (8
ul/well) to all wells, except to negative control wells where § pl/well of media was added. The
contents of the wells were mixed carefully by tapping the side of the plate several times. Plates
30 were mcubated at sbout 37 °C for about 30 min. Cells are lysed by adding Syl of 53X
AlphaScreen cell lysis buffer to all wells, shaken for about 10 min at vt then assayed.
Altemnatively, assay plates may be frozen al about —80 °C and thawed later at . Using the
pSTAT3 SureFire Assay kit (Perkin Elmer #TGRS3510K) acceptor bead mix was reconstituted
following Perkin Elmer’s AlphaScreen protoco] instructions. 30 gl were added per wedi then the
35  plate was covered with {oil and shaken on an orbital shaker for about 2 min on high, then about 2

b oon low at rt. Donor bead mux was reconstifuted followmg Perlun Elmer’s AlphaScreen protocol

44



[
(941

35

WO 2013/043826 PCT/US2012/056266

wstructions, 12 pL were added per well, then covered with foil and shaken on orbital shaker for
about 2 min on high, then about 2 h on low at about 37 °C. Plates were read on an EnVision

3 3

reader following Perkin Elimer’s AlphaScreen protoco] instructions at 1t

UTT/EPO pSTATS Cellular Assay

Materials:

UTT/EPO cells were passaged with erythropoietin (EPO), split twice per week and fresh cultare
madivm is thawed and added at time of split. Culture Mediom: DMEM wmedium { Gibeo 11960-
044y with 2 mM L-glutamine {Gibeo 25036-081), 10 mM HEPES (Gibeo 15630-080) , 106 U/mb
Per/Strep {Gibeo 15140-122), 10% heat mactivated FBS (Gibeo 10437-028), EPO (5 ul/od. =
7.1 uLlof a 7 ug/ml stock per mb of medium). Assay media: DMEM, 2 mM L-glutamine, 5%
FBS, 10 oM HEPES. Other materials used in the assay: DMSO (Sigma D2650G),  96-well
dilution plates {polypropylene} {Coming 3365}, 96-well assay plates (white, ¥ area, 96 well}
{Coming 3642), D-PBS (Gibco 14040133), 1L-2 (R&D 202-1L-10 (10 ug)), Alphascreen pSTATS
kit (Perkin Elmer TGRS5510K) and Alphascreen protein A kit (Perkin Elmer 6760617M).
Methods:

Cultured cells for about 16 h without EPO prior to running assay. Test compounds or controls
were dissolved and serially dilited in 180% DMSO. DMSO stocks were subsequently diluted
1:50 in cell culture media to create the 4x compound stocks {containing 2% DMSO). Using a
Corning white 96 well, % area plate, cells were plated at 2x10°/10 pL/well in 10 pL media
followed by addition of 5 gl of 4x test compound stock in duplicate. Cells were incubated with
compound for about 0.5 h at about 37 °C. After incubation, 5 ulb of EPO was added to afford a
final concentration of 1 oM HPG. The conterds of the wells were mixed by carefuily fapping
sides of the plate several times {ollowed by incubation at about 37 °C for about 20 min. 5 uL of
5x AlphaScreen lysis buffer were added followed by shaking on an orbital shaker for about 10
min at 1t 30 pl/well of acceptor beads were added after reconstitution following Perlin Elmer's
AlphaScreen protocol, covered with foil and shaken on orbital shaker for about 2 min on bigh,
then about 2 h on low. Donor beads were reconstitited following Perkin Elmer’s AlphaScreen
protocol instructions followed by addition of 12 pl/well, covered with foil and shaken on an
orbital shaker for about 2 min on high, about 2 b on low. Plates were read on an EnVision reader

following Perkin Elmer’s AlphaScreen protocol instructions.

Antiren-induced Degranulation of RBL-2H3 Cells:

bl

RBEL-2H3 cells were maintained in T7S Hasks at about 37 °C and 5% C0,, and passaged every 3-

4 days. To harvest cells, 20 mil of PBS was used to rinse the flask once, and then 3 mL of

o

Trypsin-EDTA was added and incubated at about 37 °C for about 2 mun. Cells were transferred fo
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a tube with 20 mL medium, spun down at 1000 RPM at 1t for about 5 min and resuspended at 1 x

10° celle/mL. Cells were sensitized by adding DNP-specific mouse IgF to a final concentration of

Y]

0.1 pg/mi. 50 ub of cells were added to each well of a 96 well flat bottom plate (50 x o

/

celis/well} and incubated overnight at about 37 °C in 5% CQO,. The next day, compounds were

(v

prepared in 100% DMSO at 10 mM. Each compound was then serially diloted 1:4 six times 1
100% DMSO. Fach compound dilation was then diluted 1:20 and then 1:25, both dilutions in
Tyrode’s buffer. Media was aspirated from the cell plates and the cells were rinsed twice with
106 ul of Tyrode's buffer (prewarmed to about 37 °C). 50 ul. of compounds diluted in Tyrode’s
buffer were added to cach well and the plates were incubated for about 15 min at about 37 °C in
10 5% CO, 56 ul of 0.2 pg/ml DNP-HSA in Tyrode’s buffer was then added to each well and the
plates were incubated for about 30 oun at about 37 °C in 5% €0, The final concentration of the
various components in the incubation mix were 0.002 — 10 uM compounds, §.1% DMSO, and 0.1
pug/ml DNP-HSA. As one control, 0.2% DMSC (o compound) in Tyrode’s buffer was added to
a set of wells to determine maximum stimnulated release. As a second control, Tyrode’s boffer
15 without DNP-HSA was added to a set of wells with containing 0.2% DMSO without compounds
to determine unstimulated release.  EBach condition {compounds and controls) was set up in
triplicate wells. At the end of the 30 nun incubation, 50 pl of supernate was transferred to a new
96 well plate. The remaining supernate i the cell plates was aspirated and replaced with 50 uL
of 0.1% Triton X-100 in Tyrode’s buffer to lyse the cells. 50 ul of freshly prepared 1.8 mM 4-
24 NWirophenyl N-acetyl-B-D-glucosanunide (pNAG) was then added to each well of supernate and
ceil lysate and the plates were incubated for about 60 min at about 37 °C in 5% CO,. 100 ul of
7.5 rag/ml sodiurg bicarbonate was added to each well 1o stop the reaction. The plates were then

read at 405 nm on a Molecular Devices SpectraMax 250 plate reader.

25  Calculation of resulis
1) The plate background 0Dy oblained from wells containing Tyrode’s buffer and pNAG (no
supernate or {ysate) is subtracted from the ODys reading for each well containing supemate or
lysate.
21 The release for each well is expressed as the percendage of the total release for that well, where
30 the total release is twice the release in the supernate plus the release in the cell lysate. This
caiculation corrects for varable cell number in each well
3} The maximurm response is the mean response of wells containing DNP-HSA but no compound.
4y The minimum response is the mean response of wells contaming no DNP-HSA and no
compound.
35 5) The response in each compound well is calculated as a percentage of the maximum response

{expressed as % control} where the maximum response 15 100% and the minimum response is 0%.
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61 A dose response curve is generated for each compound and the ICy, of the curve is calculated

using Prism GraphPad software and nonlinear least squares regression analysis,

Acute in vive measurement of JAK inhibition by compounds is measured using the:

Concanavalin A {Con A)-induced cytokine production in Lewis Rats

The test compound was fonmulated in an mert vehicle {for example but not Hmited to 0.5%
hydroxypropylmethyl celluloge (Sigma, cat # H3785y/0.02% Tween 80 (Sigma, cat # 4780) in
water) at the desired concentration {o achieve doses i the range of 0.01~ 100 mg/kg. Six-week-
old male Lewis rats (125 g-15 0g) (Charles River Laboratories) were dosed with the compound
ally, at ime zero (0 mun). After about 30 min the rats were injected mitravenously {(1.v.) with 10
mg/kg Concanavalin A (Con A, AmershamBioscience, cat #17-0450-061}) dissolved o PBS
(Invitrogen, cat # 14190). About 4 h later, the rats were cardiac bied and their plasma was
analyzed for levels of IL-2 (ELISA kit: R&D Systems cat #R2008) and IFNwy (ELISA kitt R&D
Systerns cat #RIFOD),

Chronic i vive effects of the compounds on an arthritis disease model were measured using the:

Adjuvant Induced Arthritis (AlA) model in a Lewis Rat

Female Lewis rats, {6 weeks of age, 125 g-150 g in weight from Charles River Laboratories) were
mrounized intradermally (1.d.} in the right hind-footpad with 100 ul of a suspension of mineral
oil {Sigma, cat # MS5905) and containing 200 ug M. tuberculosis, H37RA (Difco, cat # 231141}
The milammation appeared m the conira-lateral {left) hnd paw seven days after the imitial
mmmunization. Seven days post immunization, the compound was formulated in an inert vehicle
(for example but not limited to 0.5% hydroxypropylmethy! cellulose (Sigma, cat #H3I785)/0.02%
Tween 80 {Sigma, cat # 4780) in water} and dosed orally once or twice a day for at least 10 days.
Baseline paw volume was taken on day { using a water displacerment pleythsmograph (Veo Bagile
North America Inc. FA 19473, Model # 7140} Rats were lightly anesthetized with an inhalant
anesthetic {isoflurane) and the contra-lateral {left) hind paw was dipped into the plethysmograph
and the paw volume was recorded. The rats were scored every other day up to day 17 after
mmuonization, On day 17 after immunization, all rats were exsanguinated by cardiac puncture
under isoflurane anesthesia, and the left hind paw was collected to assess the impact on boue
erosion using micro-CT scans {SCANCO Medical, Southeastern, PA, Model # pCT 40} at a voxel
size of 18 pm, a threshold of 400, sigma-gauss 0.8, support-gauss 1.0. Bone vohume and density
wag determined for a 360 pum (200 slice) vertical section encoupassing the tarsal section of the

paw. The 360 pm section was analyzed from the base of the metatarsals to the top of the tibia,
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with the lower reference point fixed at the tibiotalar junction. Drug exposure was determined in
the plasma using LC/MS.

or the:

Collagen Induced Arthritis (CIA) model in a Lewis Rat

On day -1 Collagen Type 11 (Cl), soluble from bovine nasal septumn (Flastin Products,

Cat #UN276) was weighed out for a dose of 600 ug/rat, 0.61M acetic acid {150 ul. HOAc USP
grade. 1. T.Baker, order# 9522-03, and 250 mL M1l § Water) was added for a concentration of 4
mg/mb. The vial was covered with alominem foil and placed on a rocker at about 4 °C overnight,
On day O coliagen stock sojution was dilated 11 with Incoraplete Freunds adjuvant (FA)Y (Difeo
labs, cat #263910) using a glass Hamilton luer lock syringe {SGE Syringe Perfection VWR cat #
00723063, final concentration 2 mg/ml. Female Lewis rats (Charles River Laboratories)
acclimated for 7 days at the time of imununization weighing approximately 150 g were
anesthetized i an anesthesia chamber using 1soflurane (5%) and oxygen. Once the rals were
completely anesthetized, they were transferred fo a nose cone to maintain anesthesia during the
mjections. Hats were shaved at the base of the tail, 300 pL of collagen was mjected 1.d. on the
rump of the rat, n=% per group. 100 uL at three sites with a 300 ul. leur lock syringe and a 27 g
needle. IFA control rats are injected in the same manner {0=6). The [FA was a {11 enudsion with
the 0.01M acetic acid. Boost was done on day 6 of the study. Shaving was not done on tlus day
and tgections were done in the same manner as the immunization. The inflaramation appeared in
both hind paws 10 days after the initial immunization. 10 days post immumzation, the compound
was formulated 1w an mert vehicle (for example bot not limited to 6.5% hydroxypropylmethyl
ceilulose (Sigma, cat # H3785)/0.02% Tween 80 (Sigma, cat # 4780) in water) and dosed orally
once of twice a day for at least 9 days. Baseline paw volume was taken on day 7 using a water
displacemend plevthsmograph (Vgo Basile North America Inc. PA 19473, Model # 7140). Rats
were Hghtly anesthetized with an inhalant anesthetic (isoflurane) and both hind paws were dipped
wto the plethysmograph and the paw volume was recorded. The rats were scored 2 to 3 times a
week up to day 18 after romunization. On day 18 after romunization, all rats were exsanguinated
by cardiac puncture under isoflurane anesthesia, and the hind paws were collected to assess the
impact on bone erosion using micro-CT scans (SCANCO Medical, Scutheasiern, PA, Model #
uwCT 40) at a voxel size of 18 um, a threshold of 400, sigma-gauss 0.8, support-gauss 1.0. Bone
volome and density was determined for a 360 pm {200 slice) vertical seclion encompassing the
tarsal section of the paw. The 360 pm section was analyzed tfrout the base of the metatarsals to the
top of the tibia, with the lower reference point fixed al the tibiotalar junction, Drug exposure was

etermined from plasma using LC/MS.

Chronic in vive effects of the compounds on an asthma disease model were measured using the:
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OVA induced rat asthma model
Female Brown Norway rate (7-9 weeks of age) were sensitized on day O and 7 with 40 ug
ovaiburpin (OVA) (Sigma-Aldrich, St Louis, MO} in a 20 mg/mL solution of Alum Imyject
{Fierce, Rockford, IL). The rats were subsequently challenged intratracheally on day 19 and 20
with 1.5 pg OV A 1n 50 uL. PBR. Dosing of inhibitor began on day 18 and continued through day
22. On day 22, 48 h after the second challenge, rats were subjected to an anesthetized and
restrained pulmonary function test.  Afrway hyperresponsivencss (AHR)Y was assessed using
whole body plethysmography. Brefly, a surgical plane of anesthesia was induced with an
miraperitoneal injection of 60 mg/kg ketanune and 5 mg/kg xylazine (Henry Schein, Inc.,
Melwilie, NY}. A tracheal cannula was surgically inserted between the 3rd and 4th tracheal rings.
Spontansous breathing was prevented by jugular vein imjection of 0.12 mg/kg pancuronivm
bromide (Sigma-Aldrich, St Louis, MO). Animals were placed in a whole body plethysmograph
{Buxco Electronics, Tnc,, Wilrnington, NCY and mechanically verdiiated with .2 md, roors air at
150 breaths per numute with a volume countrolled ventilator (Harvard Apparatus, Framingham,
MA)}. Pressure m the lung and How within the plethysmograph were measured vsing transducers
and lung resistance was calculated as pressure/flow using Biosystem Xa software (Buxco
Electronics). Alrway resistance was measured at baseline and following challenge with 3, 10, and
30 mg/ml. methacholne (Sigma Aldrich, St Louis, MO} delivered with an indine uitrasonic
nebulizer. Upon completion of pulmonary function testing, the hings were lavaged 3 times with |
mk sterife PBS. The volume from the first wash was centrifuged at 2000 rpm for 5 mun, and the
supernatant is stored for subsequent analysis. The volume of washes 2 through 3 were added to
the pellet dertved from the first wash and subsequently processed for evaluation of cellular
infilirate by flow cyiometry. Plasma was collected from blood draws from the vena cava and was
used for evaluation of drug concentrations.
he teachings of all references, including journal articles, patends and published patent

applications, are incorporated herein by reference in their entirety.

The following examples are for illustrative purposes and are not to be construed as

limiting the scope of the present invention,

Analytical Methods

Analytical data was mcinded within the procedures below, in the illustrations of the general
procedures, or in the tables of examples. Unless otherwise stated, all 'H NMR data were collected
on a Varnan Mercury Plus 400 MHz or a Varian Inova 600 MHz instrument and chemical shifis
are quoted in parts per million (ppm). LC/MS and HPLC data are referenced to the table of

LO/MS and HPLC conditions using the lower case method letter provided in Table 1.
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Table 3. LO/MS and HPLC methods

Method

Conditions

a

LOMS: The gradient was 5-60% B m 1.5 min then 60-95% B to 2.5 min with a
hold at 95% B for 1.2 min (1.3 mL/min flow rate}. Mobile phase A was 10 oM
NH4OAc, mobile phase B was HPLC grade MeCN. The colunm used for the
chromatography is a 4.6 x 50 mm MAC-MOD Halo C18 column (2.7 um particles).
Detection methods are diode array (DAD) and evaporative light scattering (FLSD)

detection as well as positive/negative electrospray ionization,

LOMS: The gradient was 5-60% B m 1.5 min then 60-95% B to 2.5 min with a
hold at 95% B for 1.2 min (1.3 mL/min flow rate}. Mobile phase A was 10 oM
NH4OAc, mobile phase B was HPLC grade MeCN. The colunm used for the
chromatography is 2 4.6 x 50 mm MAC-MOD Halo C8 column (2.7 um particles).
Detection methods are diode array (DAD) and evaporative light scattering (FLSD)

detection as well as positive/negative electrospray ionization,

LOMS: The gradient was 5-60% B in 6.75 min then 60-95% B to 1.15 mun with a
hold at 95% B for 0.75 min (1.3 mL/min flow rale). Mobile phase A was 10 mM
NH4OAc, mobile phase B was HPLC grade MeCN. The colunm used for the
chromatography was 3 4.6 x 50 mm MAC-MOD Halo C8 column (2.7 pm particles).
Dietection methods are diode array (D AD) and evaporaiive light scattering (FLSD)

detection as well as positive/negative electrospray ionization,

The gradient was a hold at 10% B over 2.506 mm followed by 10-14.5% B over 0.50
min, 14.5-46% B for 6 min, a hold at 46% B for 0.1 min, and 46-95.5% B over 1.5
min (25 mL/min flow rate). Mobile phase A was 50 mM NH,OAc (pH 4.5) and
mobile phase B was HPLC grade MeUN. The column used for the chromatography
was a 19 x 50 mm Waters Atlantis T3 OBD CI8 column (5 um particles), detection

methods are Photodiode array DAD and Waters Z2Q 2000 tiass spectrometer.

LO/MS: The gradient was 5-60% B in 0.60 vun then 60-95% B to 1.0 min with a
hold at 95% B for 6.30 min (1.25 mL/min How rate). Mobile phase A was 10 mM
NH.OAc, mobile phase B was HPLC grade MeUN. The colummn used for the
chromatography is 2.1 x 30 ywum Acquity UPLC HSS T3 columm (1.8 pm particles).
Detection methods are dicde array (DAD) and evaporative light scattering (ELSTH

detection as well as positive/negative electrospray ionization.

The gradient was a hold at 1996 B over 2.50 min followed by 19-23.5%6 B over |
mwin, 23.5-95.5% B for 9.3 nun and a hold at 95.5% for 0.7 min (25 mL/mun {low

o fi
rate}. Mobile phase A was 50 M NHLOAc {(pH 4.5) and mobile phase B was HPLC
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Method Conditions

grade MeCUN. The column used for the chromatography was 2 19 x 100 rom Waters
Atlantis T3 OBD C18 columm (5 pm particles), detection methods are Photodiode

array DAD and Waters 243 2000 rass spectrometer.

SFC/MS: The gradient was 18-55% B co-solvent 7 mun then hold at 55% for 1 mun

jexed

(4 mal/min flow rate, 100bar, 37° C). Solvent A was SFC grade CO,. Co-solvent B
was HPLC grade methanol with 0.1% dicthylamine added. The column used for the
chromatography was 2 4.6 x 250 mm Daicel TA column (5 prm particles). Detection
methods were diode array (DAD) and evaporative light scattering (ELSD)

detection as well as posttive/negative electrospray tonization.

Table 2. Chiral HPLC methods

Method Conditions

1 Isocratic 100% EtOH (200 proof) with §,12% diethylamine for 17 min (20 mE/min
flow rate}. The colunwm used for the clromatography was a Daicel 1A, 20 x 250
mm column (5 wm particles). The detection methods used were evaporative light

scattering {ELSD) detection and optical rotation

[

Isocratic 30% EtOH (200 proofy/heptane with §.1% diethylamine for 18.5 mun (20
mL/min flow rate}. The colunm used for the chromatography was a Daicel 1A, 20
X 250 mum colump (5 pm particles), The detection methods used were evaporative

light scatiering (EL3D) detection and optical rotation.

3 The gradient was 15-50% EtOH (200 proofy/heptane with 0.12% diethvlamine for
18 min (26 mL/min flow rate). The colwmn used for the chromatography was a

Dateel TA, 26 X 250 man colomn (§ pm particles).

4 Eluted with 106% EtOH and 90% heptanes with 0.1% dicthylamine added, The
colunm used for the chromatography was a Viridis 2-ethylpyridine 30 x100 mum
coluran {§ pra particles). The detection methods used were UV (A = 340 nm) as

well as optical rotation,

g Isocratic 15% A for 35 min (20 mE/min flow rate}). Mobile phase A was EtOH
(260 proof), mobile phase B was HPLC grade heptane with 0.12% diethylamine
added. The column used for the chromatography was a Daicel 1A, 20 x 250 mm
coluran {§ pra particies). Detection methods were evaporative light scattering

(ELSD) detection as well as optical rotation.

R/

& {socratic 25% A for 31 min (20 mL/min flow rate}). Mobile phase A was ethanol

(200 proof), mobile phase B was HPLC grade heptane with 0.1% diethylamine
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Method Conditions

added. The column used for the chromatography was a Daicel 1A, 20 x 250 mm
coluran {S pro particies). Detection methods were evaporative light scafiering

(ELSD) detection, and optical rotation.

w3

L‘ A

fsocratic 10% A for 30 wuin (20 mb/min flow rate). Mobile phase A was EtOH
200 proof), mobile phase B was HPLC grade heptane with 0.12% diethylamine
added. The column used for the chromatography was a Daicel LA, 20 x 250 oun
column {5 gm particles). Detection methods were evaporative light scattering

(EL.SD) detection and optical rotation.

8 Isocratic 35% A for 24 min (20 mE/min flow rate). Mobile phase A was ethanol
{200 proof), mobile phase B was HPLC grade heptane with 0.12% diethylamine
added. The cohuran used for the chromatography was a Daicel IC, 20 x 250 mm

colunm {5 por particies), Detfection methods were evaporative light scatterng

(ELSD) detection, and/or UV {variable wavelength) as well as optical rotation.

9 The gradient was 20-50% A m 19 min then 56-60% A in 1.5 min (20 mL/mm flow
rate, room temperature}. Mobile phase A was EtOH (200 proof), mobile phase B
was HPLC grade heptane with 0.12% diethylamine added. The column used for
the chromatography was a Daicel TA, 20 x 250 mim cohummn (5 um particles).
Dietection methods were evaporative light scattering (ELSD) detection, and/or UV

{variable wavelength} as well as optical rotation.

16 Isocratic gradient of 100% EtOH (200 proof) with .12% diethylamine for 17 min
(26 mL/min flow rate), The coloom used for the chromatography was a Daicel 1A,
20 % 250 mm column (5 pum particles). The detection methods used were

evaporative light scattering (ELSD) detection and optical rotation

GENERAL SYNTHETIC SCHEMES

Compounds of the invention may be prepared using synthetic {ransformations such as
those 1Hustrated mn Schemes I Starting matenals are commercially available, may be prepared
by the procedures described heremn, by literature procedures, or by procedures that would be well
known to one skilled i the art of orgamic chemistry (see, for example, Larock, R.C.
"Comprehensive Organic Transformations: A Guide to Functional Group Preparations, 2
edition”, 1999, Wiley-VCH or Greene, T.W. and Wuts, P.G.M. "Protective Groups in Organic
Synthesis, 3 Edition", 1999, Wiley-Interscience). Methods for preparing (15,354R)-3-(3H-
imidazol §,2-alpyrroloZ,3-¢ pyrazin-8-vi}-4-methyleyclopentanamine-derived  anudes  of  the
mvention are ithustrated in Scheme 1. Reaction of Corey vhde with bis-benzylamine protected

cyclopentyl carboxylic acid 1 (WO2011/068881) shown below gives sulfur viide 2 as described in
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WO2016/089039; its  reaction  with  S-tosyl-SH-pyrrolo[2,3-blpyrazin-Z-amine 3
(WO201 1/068881}) i the presence of Ir catalyst (WO2016/099039) vields aminomethy! ketone 4.
Its cyclization 1 the presence of TFAA/TFA mixiure or altermatively by  using

pentaflooropropanoic anhydride followed by the removal of the tosyl protecting group furnishes

5 tricyclic N N-dibenzylamine 8. The removal of N, N-dibenzyl protecting group in the presence of
b Y Yip g ErOuj p
Pd catalyst affords primary amine & which could be further dertvatized to vield compounds of
¥ p b ¥ p
general structure 7.
Scheme §
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An altermnate method for preparing (15,38.48)-3-(3H-1midazo[ 1, 2-alpyrrolo{2,3-¢pyrazin-8-y -4~
methyleyclopenianamine derivatives is shown in Scheme I An araine 1 described above could

be converted to the ketone 2 by using 3,5-di-tert-butyl-[1,2 [benzoquinone. The ketone undergoes

15 reductive amination to give mono- {R” = H) or di-substituted amine products 3. This method is

most usetul for the reaction of secondary amines ncluding cyclic amines.

Scheme {1
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20 Methods for preparing pyrrolidine-containing compounds of the invention are described in

Scheme 111 Reduction of substituted propargy! ester 1 in the presence of Lindlar catalyst affords

OJ
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corresponding Z-ene ester 2. Its reaction with N-benzyl-1-methoxy-N-
((frimethyisilyDmethyDmethanamine 3 affords N-berwy! protected pyrrolidine ester 4 enriched
cis isomer. Ester hydrolysis followed by debenzylation and pyrrolidine nitrogen protection yields
N-benzyl carbamate 8. It could be resolved vsing sequential use of S and R enantiomers of 1-
{naphthaler-1-yljethanamine or I-phenylethanamine to yield corresponding salts of
enantiomerically pure substituted pyrrolidine carboxylate 6. Generation of free acid followed the
conversion to acid cldoride and derivatization with TMS-diazomethane and aqueous HBr vieided
bromomniethy! ketone 7. Its reaction with rerr-butyl S-tosyl-5H-pyrrolo{2,3-5pyrazin-2-
ylcarbamate 8 (WO2011/068881) affords Boc-protecied aminomethyl ketone 9. The removal of
the Boc group followed by cyclization in the presence of Lawesson’s reagent and removal of Chz
group furnishes tricycle with free pyrrohidine 18 that could be 1solated as free base or as a salt.
Further derivatization followed by the removal of the tosyl protecting group vields compounds of

general structure 12 or 14,
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Example #1: N-((1838,48)-3-(3H-imidazo[} 2-alpyrrole |2 3-elpyrazin-8-yi}-4-

methylcyclopentyl)-S-methylpyrazine-2-carboxamide

i
—
T NeNH N e
\“H> \\E\)\
/=
Na N
oD

SNTTH

Step A (18,28 ,45)-2-C-methyl-4-{dihenzylamingloyclopenty-dimethyisulfoxonium-2-oxo-
ethylide

Q'”Nan Q'”Nﬁnz
HOW e g
i Ojﬁ‘\ i
Q O

Trimethylsulfoxoniom chioride (26.1 g, 198 mmol), THF (202 mL), and potassium rerr-butoxide
(23.4 g, 202 vunoly were added to a 500 mi. jacketed flask under a ntirogen blanket. The
suspension was stirred for about 2 h at about 65 °C before being cooled to about 0 °C. In a
separate flask, (15,28 45-4-(dibenzylamino-2-methyleyclopentanecarboxylic acid {214 g, 66.2
mmol, WO201 1/068881} was dissolved in THF (134 mbL}. HATU (31.4 g, 83 mmol) and TEA
{(11.5 mL, 83 mmol) were added and the solution was mixed for about 4 h. With the sulfur viide
suspension maintained between about 0 and -§ °C, the activated ester solution was filtered and
then added dropwise over about 3 h to the ylide suspension. The resulting bright yellow
suspension was stirred for about 3 h at about 5 °C, Water (340 mL) and THF (30 ml) were added,
and the mixture stirred for about 30 min at about 25 °C. Aqueous sodium chioride (159, 60 mL)
was added to the solotion and the layers separated. The aqueouns layer was extracted with BtOAc
(60 ral}. The combined organic layvers were washed with aqueous NaCl (5%, 3 x 106 mL}. The
solution was concentrated and the crade oil was dissolved n methanol (150 mL) and water (150
mL.} was added to the slurry which was stirred for about 1 h at ambient temperature before being
cooled to about 10 °C and stirred overnight. The white solid was filtered and washed with chilled
111 MeCH/water {20 ml) and water {68 mL}. The solid was dried in the vacuum oven to afford
{18, 2R, 45)-2-(2-methyi-4-(dibenzylamino cyclopeniyl)-dimethyisulfoxonium-2-oxo-ethylide (23.8
g, 90%). 'H NMR (400 MHz, DMSO) § 7.30 (ddd, 8H), 7.21 - 7.14 {m, 2H), 4.67 (s, 1H), 3.71 -
3.52 {m, 4Hy, 3539 (d, 6Hy, 3,13 - 2.99 (o, 1H), 2.48 - 2.39 {m, 1H), 2.05 - 1.84 {m, 2H), 1.2 -
1.66 {m, 2H), 1.43 - 1.30 (m, 1H), 0.90 (d, 3H).

h
A
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Step B 1-((18,2R.45)-4-{dibenzylamino}-2-methyleyclopentyl}-2-(8-tosyl- 85 -pyrrolo{2,3-

&) pyrazin-2-viamineojethanone

“, SN =
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Q'”Nﬁng oﬂ%’:go iACF
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\

To a 40 mbL vial, (1S,2R.45)-2-2-methyl-d-{dibenzylamino oy clopentyl-dimethyisulfoxorium-2-

5 oxo-cthylide (4.02 g, 10.1 mmol}, 5-tosyl-5H-pyrrolo|2,3-bjpyrazin-Z-amine (2.92 g, 10.1 mmol,

WO2011/068881), and chiorofi,5-cycloociadiens) widium(ly dimer (6.17 g, 0.3 mmol, Alfa

Aegary were added. The reaction vessel wag purged with oitrogen for about 10 min. To the

reaction vessel, degassed CHCL (13 mL) was added via syringe. The reaction mixtare was purged

with nitrogen for about 10 min and stirred under an atmosphere of nitrogen at about 76 °C for

1% about 68 h. The reaction mixture was allowed to cool to ambient temperature. The reaction

mixture was purified by silica gel flash chromatography cluting with a gradient of 0-23% EiQAc

m  heptane to  vield J-((18 2R 48)-4-(dibenzylaominei-2-methvicyclopentyli-2-(5-tosyl-SH-

pyrrolof2,5-bJpyrazin-2-ylaminojethanone (8.61 g, 56%) as tan foam. 'FI NMR (400 Mk,

DMS0) 8 7.91 - 7.80 {(m, 4H), 7.42 - 734 (o, 2H), 7.33 - 7.23 (o, 9H), 7.21 - 713 {m, 2H), 6.52

15 (4, 1H), 4.23 - 4.04 (m, 2H), 3.63 - 3.48 (m, 4H), 3.19 - 3.09 (m, 11}, 3.08 - 2.99 (m, 1H), 2.32 (s,
3HY, 229 - 208 (my, 1H)Y, 194 - 171 (m, 3H), 1.37 - 1.23 {m, 1H), 6.86 {d, 3H).

Step C: (L8,38,4R-N N-dibenzyl-3-(3H-imidaze[ 1, 2-alpyrrole |2 3-¢lpyrazin-8-yi}-4-

methylcyclopentanamine

a ,
-, ™\ s"\ﬂ
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To a 250 mE round-bottomed flask §-{{15,2R,45)-4-(dhibenzylamimo)-2-methyloyclopenty}-2-(5-
tosyl-5H-pyrrole{2,3-bpyrazin-2-vlaminojethanone (11.2 g, 17.53 vunol} in acetonitrile (60 mL)
was added. The mixture was cooled with an ice bath and TFA (2.70 ml, 35.0 mumol} and TFAA
(24.5 mL, 175 mmol} was added. The resulting mixture was warmed and stirred at about 40 °C
5 for about 42 h. The reaction was then cooled in an ice bath and guenched with methanol (7 ml).
After warming to ambient temperature and stirring for about 1 h, it was poured into BtOAc (1060
mi} and aqueous sodium carbonate (10%, 200 mb). The layers were separated and the organic
{ayer concentrated. The residue was dissoived m THF (120 mL) and 2N agueous NaOH (35.0 ml,,
70.0 mmoly was added. The reaction mixture was warmed to about 60 °C and stirred for about 16
180 h. After cooling to ambient temperature, 2-methyi-tetralydrofuran (100 mL) and brine (160 mb)
were added and the lavers separated. The aqueocus layer was extracted with 2-
methyltetrahydrofuran (50 L} and the combined organic layers washed with brine (50 mL}. The
organic layer was concenirated, dissolved in BtOH (100 mL) and treated with charcoal (0.50 g)
for about T h. The charcoal was filtered off and the ethanol was removed under reduced pressure.
15 The residue was taken up in CHCL (50 ml), warmed to about 50 °C and heptane (50 mL} was
added. After cooling fo ambient temperature, the product was collected, washed with 1.2
CHCheptage (30 miy and dried in 2 vacunn: oven to afford (15,35 48)-N N-dibenzvi-3-{3H-
imidazofl, 2-a{pyrrolof 2, 3-ejpyrazin-8-yii-d-methvicyclopentylomine as a tan sohid (5.1 g, 67%).
"H NMR (400 MHz, DMSO) 8 12.18 (s, ), 8.52 (s, 1H), 7.60 (s, 1), 7.44 - 7.29 (m, SH), 7.22
20 (4 2H), 6.84 (d, 1H), 3.86 {dd, 1H), 3.77 - 3.59 (m, 4H), 3.41 - 3.17 (m, 2H), 2.64 - 2.53 (m, 1H),
232 -2.06 (m, 3H), 1.49 - 1.30 (m, iH), 0.40 {d, 3H).

Step D (L8,38,4R)-3-(3H imidazo [, 2-alpyrrole|2.3-eipyrazin-8-vi)-4-

methyleyelopentylamine

a4, .\\N
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\‘/ | m bi\/\;{
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b3
(941

To 2 mixture of (183548)-N N-dibenzyl-3-(3H-imidazoi1,2-alpyrrolo[2,3-elpyrazin-8-yi}-4-
methyleyclopentylamine (200 g, 459 mmol) and 10% PO, on C (40.7 g, Johnson Mathey)
under nitrogen was added ethanol (3 L), The reactor was purged with nifrogern then hydrogen. The
vessel was pressurized with hydrogen to about 30 psi. The muxture was agitated {or about 16 h at

30 about 30 °C. Since the reaction was not complete, another 5 wi% of 10% PA(OH» on C (20.3 1)
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was added to the reactor as a slurry m B(OH (150 mL). This was done by adding the shury mto

the reactor after # was cooled to about 20 °C and purged with nitro The reactor was

pressurized with hydrogen to about 30 psi, heated to about 50 °C, and agitated for about
additional 6 h. The reactor was cooled to about 20 °C, and the reactor was purged with nitrogen.
The reaction wmixture was filtered through a 2 micron polypropylene filter cartridge. The reactor
was rinsed with EtOH (600 mb} and that too was filtered. There were catalyst fines present so the
combined filirates were filtered through 2 0.45 micron nylon filter membrane. The fltrate was
concentrated under reduced pressure to give a thick oill DCM (400 ml) was added and the
mixture was sonicated until the oil was broken up and a fine suspension was present, Cooled to rt

b

and filtered to remove solid (2.6 g). The filtrate was concentrated under reduced pressure to give
a tan foam which wasg dried 1n a vacuum oven at about 50 °C overmight., DCM (400 mL) was
added and the mixture was sonicated to form a fine suspension prior {0 concenirating under
reduced pressure. Repeated twice and dried under vacuum at abouwt 20-60 °C to give crude
(18,38 4R)-3-(3H-imidazof 1, 2-a]pyrrolof 2, 3-ejpvrazin-8-vij-d-methylcyclo-pentylamine

By

containing about 6 mol% ethanol and about 9 mol% DCM as excipients (112 g, ~95% crude);

LC/MS (Table 1, Method ) R, = 1.24 min; MS m/z: 256 (M+H)'.

Step E: N-((18384R)-3-GH-imidaze[1,2-alpyrroie[2.3-¢lpyrazin-8-yi)-4-

methylcyclopentyl)-S-methylpyrazine-2-carboxamide

i
"'(‘/\‘.MNHZ tie,, ' L
\____J/ 0.0 Q it '\H “l\\N -
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~

/== .
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S-Methylpyrazine-2-carboxyhic acid (0.135 g, 0.98 mmol} was dissolved in DMF (3 mL}. HATU
(0,447 g, 1.17 mmoly was added and the mixdture stirred af andbient teraperature for about | win.
TEA (6.6 mL, 430 mmol} and {(18354R)-3-(3H-amidazoll,2-alpyrrolo]2,3-¢lpyrazin-8-yi}-4-
methyleyclopentylamine (0.250g, 0.98 mumol) were added and the resulting mixture was stirved at
ambient temperature for about 1 h. The mixture was diluted with DCM (10 mL) and washed with
a saturated aqueous solution of NaHCGO; (5 mL). The organic layer was coliected, dried over
MgSQ,, filicred and evaporated. The resulting solid was sequentially triturated with ELO and
MeOH. The resulting solid was filtered. The fltrate was evaporated to dryness. The sohd was

viturated with DUM/DME (20/1 by volume) 1o give a white solid that was combined with solid
recovered from the B, O/MeOH filtrate. The combined solids were triturated with EtOAc, filtered

and  dried  to give  N-7IS38.4R)-3-(3H-imidazof1, 2-ajpyrrolof2, 3-ejlpyraziv-8-vl)-4-

58
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10

methylcvclopentyl)-S-methylipyrazine- 2-carboxamide {$.164 g, 44%); LC/MS {Table 1, Method a)
R = 1.7 min; MS mi/z: 376 (MAH)Y. Jak3 ICs = C

Example #2: N-((18,38,48)-3-(3H-imidazo[} 2-alpyrrole |2 3-elpyrazin-8-yi)}-4-

methylcyclopentylpyridazine-3-carboxamide

Step Ar N-{{18,38,4R3-3-(AH-imidazo[],2-alpyrrolof2,3-elpyrazin-8-yi)-4-

methylcyclopentylipyridazine-3-carboxamide

i
Yi4, \\(z‘ ::N
{ ..niNHz /n,.( anNH \;\\
G W7
A HO w0 L
/:\ /::H““
Ne N s ¥ \"’\N
3 LA M
S \N/ \{’ . - ./
N M N }i\i

Pyridazme-3-carboxyhic acid (8.122 g 0.97% mmol, Matrix} was dissolved in DMF (3 mL).
HATU ¢8.447 g, 1.17 mnol} was added and the mixture stirred at ambient temperature for about
I min. TEA (0.6 mL, 4.30 romol) and (15,354R)-3-(3H-nudazo[1,2-alpyrroloi2,3-¢lpyrazin-g-
yh-d-methyleyclopentylamine {0.250 g, 8.98 mumol, Example #1, Step D) were added and the
resulting mixtore was stirred at ambient teraperature for about 1 h. The roixture was dilted with
DOM (10 mL) and washed with saturated aqueous NaHCO; (5 mb). The organic layer was
collected, dried over MgSQO,, filtered and evaporated. The resulting solid was sequentially
triturated with ELO and MeOH, filiered and the resulting solid dried to give N-({18,35 4R)-3-(3H-
imidazoll, 2-alpyrrolof 2, 3~ejpyrazin-8-vii-d-methylcyclopentviipyridazine- 3-carboxamide (0092

g, 26%); LU/MS (Table 1, Method ) R, = 1.58 min; M8 m/z: 362 (M+H)'. Jak3 [Cs=C
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Example #3: N-((1838,48)-3-(3H-imidazo [} 2-alpyrrole |2 3-elpyrazin-8-yi)}-4-
methylcyclopentyl)-V-methyloxazole-d-carboxamide

o\}/(
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5 Step A: N-({15,3548)-3-3H-imidazo|1,2-alpvrrelo|2.3-¢lpyrazin-8-yi}-4-

methyleyelopentylformamide

O
ie, H
et "OuxNH
'/::::\\* n i
N\/N =

] AN NaN .
ey 1§

To an oven dried flask containmg acetic anhydride {1.39 mi, 14.69 numol) at abowt § °C was
10 added formic acid (0.77 mk, 17.63 nunol) dropwise, The mixture was stirced at about 60 °C for
about 2 h, then cooled to ambient temperature and added to a suspension of (15,3548)-3-(3H-
mmidazol 1, 2-alpymrolo]2 3-¢lpyrazin-3-y}4-methyloyelopentylamine (1.5 g S88  mmol
Example #1, Step D) in THF (24 mi). The reaction mixture was cooled to about 0 °C and stured
at this temperature for about 1 h. The mixture was quenched with saturated agueous NaHCQO; (30
15 mL) and FtOAc (40 ml.) was added. After stirring for about 20 min, the layers were separated,
The aqueous layer was extracted again with EtOAc (40 mL). The combined organic lavers were
dried over anhydrons MgSQ,, filtered, and concentrated under redoced pressure and dried forther
under vacuum overnight fo give N-{{18, 35S 4R j-3-(3H-imidazaf1, 2-afpyrrolof 2, 3-¢ {pyrazin-§-yi)-
4-methyicyclopentyliformamide {0.86g, 52% crude} that was used without further purification;

20 LO/MS (Table 1, Method e) R = 0.36 ming MS m/z: 284 (M+H)™.

Step B: (18,38,4R}-3-(3H-imidaze{l,2-a]pyrrole{2,3-elpyrazin-8-vI)-N4-

dimethylcyclopentylamine

y- ]
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N
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LiAfH, (4.57 mE, 92,15 numol) was added portion wise to a suspension of N-{{15,35,48)-3-(3H-
imidazol 1, 2-aipyrrolo]2, 3-elpyrazin-8-vi-d-methyicyclopentyliformamide (8.864 g, 3.05 mumol}

m THF (30.5 ;L) at about 0 °C. The reaction mixture was stirred at about § °C for about 20 nun,
warmed (o ambient temperature for about 20 min and heated to reflux for about S b, The mixture

5 was cooled to rt and stirced overnight. The mixture was heated to reflux for about 4 h, cooled to
about 0 °C and sequentially quenched with the dropwise addition of water (3 mL), 1IN NaOH (3

mL.} then water (2 mL). The resulting mixture was stirred at about § °C for about 15 muin then
warmed to ambient femperature for about 15 min. The mixture was filtered through Celite™. The
filter cake was rinsed with EtOAc. Water (50 mL} was added to the combined filtrates and the

10 mixture extracted with BtOAc (2 x 80 mb), The combined organic layers were dried over
anhydrous MgSO,, filtered, and concentrated under reduced pressure to give (/8,38 48)-3-(3H-
imidazol 1, 2-alpyrrolof 2, 3-¢ fpyrazin-8-vii-N d-dimetivicyclopentviamine  {(0.25 g, 31%) as a

brown solid; LO/MS (Table 1, Method a) Ko = 1.32 min; MS m/z: 270 (M4}

13 Step C: N-{(153354K8)-3-3H-imidaze| 1, 2-alpyrrolof,3-elpyrazin-8-yi)}-4-

methyleyclopentyl)-NV-methyloxazole-d-carboxamide
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To a solution of oxazole-4-carboxylic acid (0.12 g, 1.05 mmol) and TEA (0.56 mL, 4.0 mamol} in
20 DMF (3.00 mL) was added HBTU (0,46 g, 1.20 mumol}. The muixture was stirred for about 10 min
at arabient temperature. To the resulting very dark colored nuxture was added (15,3548)-3-(3H-
mndazof1,2-alpyirolo]2,3-¢lpyrazin-8-yh-N 4-dimethvicyclopentanamine (0.27 g, 1.00 mmol}
and stirred at ambient temperature for about 1.5 h. The reaction roixture was gquenched with a
saturated agueous NaHCO; (30 mb) and extracted into DCM (2 x 50mL). The combined organic
25 layers were dried over anhydrous MgBC,, {iltered and concentrated under reduced pressure. The
residue was dissolved i DCM (30 ml) and washed with brine (20 mL). The orgamc layer was
dried over anhydrous MgSQ,, filtered and concentrated vnder reduced pressure. The material was
purified by chromatography oo slica gel {(0-10% MeUOH m DCM). The fractions containing the
desired product were combined and concentrated wnder reduced pressure. The resulting matenial
30 was purified by mass triggered purification {Table 1, method d). The recovered fractions were
evaporated and taken up in acetonitrile/water. The volatiles were removed under reduced

pressure, frozen and lyophilized repeatedly to remove all traces of ammoniym acelate to give N-

61
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{({18,35,4R)-3-{3H-imidazof 1. 2-ajpyrrolof2, 3-¢ Jpyrazin-8-yi-d-methvicyclopentyl}-N-
methvioxazale-d-carboxamide {0.074 g, 20%), LC/AMS (Table 1, Method a) R, = 1.34 min; MS

m/z 365 (MHY. Jak3 1C =B

5 Example #4: (18 3548-3-3H-imidazof L, 2-alpyrroln{l, 3-elpyrazin-8-vi)-4-methyl-N-{{2-

{trifluoromethylpyrimidin-S-yDmethyljcyclopentylamine

P H =N
e aN -(.,5‘3
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Ne N
o
SN N

H

1 Step Ay Ethyl 2-(triflusromethyDpyrimidine-8-carboxylate

o o o
NN — '/\Q/KEQ“\N
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A mixture of cthyl 4-chioro-2-{triffucromethylipyrimidine-S-carboxylate (2.51 g, 9.86 mol,
Matrix) and 10% PA/C (0.105 g, 0.09%9 ramol) was evacuated and purged with Ny (3x) and EiOH
{49 mL}) was added followed by DIEA (4.2 mi, 24.0 mumol}. The reaction was placed under a
15 hydrogen atmosphere {via balloon) and left stirring at ambient temperature for about 4 h, The
reaction was filtered through a pad of Celite®, washing with FtOH and the filtrate was
concentrated under reduced pressure. The crude material was taken up in DCM {25 mi) and
washed with saturated aqueous NHLCH (2 x 20 mbL)}. The orgamcs were dried over anhydrous
MgSO,, Bltered, and concendrated wonder reduced pressure 1o give ethvi  2-
20 (wifluoromethylipyrimidine-5-carboxylate (2.00 g, 92%) as a yellow solid; 'H NMR (400 MHz,

CDCL) 8 9.43 (s, 2H), 4.51 (g, 21, 1.46 (¢, 310,

Step B (15,3548)-3-(3H-imidazof 1, 2-alpyrroln{2,3-elpyrazin-8-vij-4-methyl-V-{(2-

{trifluoromethylpyrimidin-S-yDmethyljcyclopentylamine

25
=N cr
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L/ ) / —~N
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To a solution of ethyl Z-{influoromethylpyrimidine-5-carboxylate {0.750 g, 2.73 mmol} in
tohiene {13.6 mal) at about -78 “C was added DIBAL-H (1M in cyclobexane, 3.30 mi, 3.30
mrol) over about 15 mun and the reaction was left stirring at about -78 °C for about 1 h. The
reaction was quenched with the slow addition of ZN aguecus HCE (13.6 mb} and the reaction was
warmed to ambient temperature. The reaction mixture was exiracted with ether (3 x 15 miy and
the combined organics were dried over anhydrous MgS0,, filtered, and concentrated under
reduced pressure to give crude 2-(#riffuoromethylpyrimidine-5-carbaldehyde. To a mixture of
(15.38,48)-3-(3H-imidazo[ 1,2-alpyrrolo{2,3-ejpyrazin-8-y}-4-methyleyclopentylamine (0.112 g,
0.437 wuvol, Example #1, Step D) and 2-(influoromethyDpyrimidine-5-carbaldehyde {6100 g,
6.568 mmol) 10 DCE (1.00 mL) and MeOH (1.00 mL) was added acetic acid (0.038 mL, 0.655
mmniol) and sodivm triacetoxyborohydride (0,136 g, 0.655 mmol). The reaction was left stirring at
ambient teraperature for about 3 h. The reaction was concendrated under reduced pressure and the
residue was taken up in DCM and saturated aqueous NaHCO: (10 mL each). The layers were
separated and the aqueocus phase was extracted with DCM (2 x 106 mb} and EtOAc (10 mL), The
combined organics were dried over anhydrous MgSQ,, filtered and concentrated under reduced
pressure.  The crude material was purified by silica gel chromatography eluting with 0-10%
MeOH 1 DOM 1o give (IS384R-3-(3H-imidazcfi, 2-ajpyrrolof 2 3-efpyrazin-8-yi)-d-methyl-N-
{(2-{trifiuoromethypyvimidin-5-ylimethvijcyvciopentylamine (0.035 g, 19%}) as an off-white solid;

LC/MS (Table 1, Method a) Ry = 1.28 min; MS m/z: 416 (M+H) . Jak3 ICs = C

Example #5: 1{{(18,38,48)-3-3Himidaze(1,2-alpyrrole|2,3-elpyrazin-§-yi)-4-

methylcyclopentylpiperidine-4-carbonifrile
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Step A (3S4R)-3-(BH - imidaze]l,2-alpyrrole|2, 3-¢ipyrazin-8-yh-4-methylcyclopentanone
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To 3 solution of {15,35,4R}-3-(3H-imidazo{1,2-alpyrrolo|2.3-¢|pyrazin-8-yi}-4-
methyleyclopentylamine (1.50 g, 5.88 mmol, Example #1, Step ) in MeOH (30 mL) was added

3.5-di-rer-butyleyelohexa-3,5-diene-1,2-dione (1.55 g, 7.05 mmol). The reaction mixture was
left stirring at arabient temperature for abowt 2 h, THE (18 mb) and water (6 ml} were added and
the pH of the reaction was adjusied to about 4 with oxalic acid; the reaction was Iefi stirring for
about 30 min. The reaction was concentrated under reduced pressure and the residue was taken
up it 10% MeOH in DOM (20 mly and water (310 mLl}). The layers were separated and the
aqueous phase was exiracted with 10% MeOH n DCM (2 x 15 ml) and the combined organics
were dried over anhydrovs MgSQO,, filiered, and concentrated under redoced pressure. The crude
material was purified by silica gel chromatography eluting with a gradient of 0-100% (900/95/5
DOM/MeOH/NHLOH) in DCM. The fractions contaiming product were pooled together and
concentrated under reduced pressure.  The wmaterial was further purified by silica gel
chromatography eluting with a gradient of 25-75% acetone m heptane to give (3548)-3-(3H-
imidazof{l,2-alpyrrolof2,3-elpyrazin-S-ylj-d-methylovclopentanone as a tan sohd (0.860 g, 58%);

LO/MS (Table 1, Method a) R, = 1.26 min; MS m/z: 255 (M+H)'.

Step B: 1-{(15,385,4R-3-(3H-imidazo[l,2-alpyrrolefd,3-clpyrazin-8-yi)-4-

methyleyclopentyljpiperidine-4-carbonitrile
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To a solution of (38,48)-3-(3H-1midazol 1,2 -alpyrolof2,3-e|pyrazin-8-yi)-4-

ethyleyclopentanone (0.250 g, 0.885 mmol) and piperidine-4-carbonirile (6.195 g, 1.770 mmol,
Galkwood) in DCM (2 ml) and MeOH (2 ml) were added acetic acid (0.051 mi., 0.885 muowl)
and sodium inacetoxyborohydride (0.281 g 1.33 mmol) and the reaction mixture was left stirring
at ambient temperature for about 16 h, The reaction was concentrated under reduced pressure and
the residue was taken up in DCM and saturated aqueous NaHCO; (10 ml cach). The layers were
separated and the agueous phase was extracted with DCM (2 x 10 mb) and EtCGAe (10 md). The
combined organics were dried over anhydrous MgSQ,, filtered and concentrated under reduced
pressure. The crude material was purified silica gel chromatography eluting with a gradient of 0-
10% MeGH in DCM. The product containing fractions were combined and concentrated under
reduced pressure. The material was further purified by RP-HPLC (Table 1, Method d) to give /-

({18,35,4R)-3-{3H-imidazo 1, 2-alpyrrolof 2, 3-ejpyrazin-8-y[-d-methyicyclopenty Dpiperidine-4-
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carbonitrife (0.025 g, 17%;) as an off-white solid; LO/MS (Table 1, Method a} R, = 6.99 nun; MS
mize 349 (MAHY . Jak3 ICs = C

Example #6: (18,38.45)-3-cthyl-4-(6H-pyrrolo{l,3-¢}{1,2,4]triazolo{4,3-alpyrazin-1-yi}-N-

(2,2, 2-triflueroethylicyclopentanecarboxamide

Y F F
AN
@8
I, re
N M
N i

Step A (IRAR A5y 3-ethyl-4-(6H-pyrrelo2,3-¢} 1,2 4ltriazolo|4,3-glpyrazin-1-

yvixeyelopentanecarboxylic acid

| . \ o
""!uwﬁ 7 1
GLJ L/ OH
N N
N ) (o

S

o

(1R 3R,45)-3-ethyl-4-(6-{(2-(trimethylsilvljethoxy)methyi}-6 H-pyrrolo| 2,3-¢][ 1,2, 4 Jtriazolo[4,3-
glpyrazin-1-ylicyclopentanecarboniinle {0.856 g, 2.158 mmol, WOZ011/068881) was dissolved
i concentrated aqueous HCL (16,39 mL, 539 ramol} by using sonication. The solution was heated
to about 50 °C for about 16 h. The reaction puxture was poured onto 20 mi ot ice slurry and pH
was adjosted to 6 using 2N aqueons NaQH. The product was extracted mto DOM (3x30 mL),

To the aqueous phase was added concentrated NH.OH (10 mL) and the mixture was stirred for
about 2 h. The pH of the mixture was adjusted to 6 with 6N agueouns HCL The product was
extracted into DCM (2x30 mL) and EtOAc (2x30 mL). The combined organic extracts were dried
over anhydrous MgSO,, filtered and concentrated to yield (1R, 3R 45)-3-ethyl-d-(6H-pyrrolof2, 3~

el il .2 4] wiazolofd,3-alpyrazin-1-vijcyclopenianecarboxylic acid {(0.445 g, 65%) as an off-white
L 2 I } /’ £ N b
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Step B: (1R3R,45)-3-ethyl-4-(6H-pyrrols]2,3-e}{1.2,4]iriazolo{4,3-alpyrazin-1-yvi}-V-(2,2,2-

triflusroethylicyclopentanecarboxamide

\ ¢ o)
ey, (/\dﬁé’/\ ) ¢
o O
Ny =t F/ F
| N AN I}\‘
N L Pk
T .
N ! N i
N N N
TN NN

[,

To a soluilon of (1R3R45)-3-ethyl-4-{(6H-pyrrolo|2.3-e][1,2,4)inazolo[4,3-apyrazin-1-
yheyclopentanecarboxylic acid (6.125 g, 0.418 wmol} in a mixture of DCM (2.5 mL) and DMF
(0.5 mL} were added DIEA (6,153 mL, 0.877 nunol}, 2,2,2-trifluorocthanamine (0.050 g, 0.501
mniol) and HATU (0.206 g, 0.543 mmol). The reaction mixture was stired al ambient
10 temperature for about 2 b, Water (5 mL) was added and the aqueous phase was extracted with
DCM 3x5 wl). The combined organic exiracts were dred over MgSO,, filtered and
concenirated. The crude malerial was purified using silica gel columpn chromatography (6-10%
MeOH 1w DCM  over 45 wwy  to yield (IR 3R 4S)-F-erhyi-4-(6H-pyrrolof2,3-
elf1,2 4]wiazolof4, 3-alpyrazin-1-yl}-N-(2,2, 2-trifluoroethyl}cvclopentanecarboxamide {0.036 g,
15 23%}) as an off-white solid: LC/MS (Table 1, Method b) R, = 1.58 min; MS m/z: 381 (MF+H)".

Jak3 1G5 =C

Example #7: IM{{1R,384R)}-3-3H-imidaze|l 2-alpyrrole|2.3-ejpyrazin-8-yi}-4-
methyleyelopentylmethyhazetidine-3-carbonitrile and 1-{{{15,35,48)-3-(3H-imidazo|[1,2-

20 alpyrrole(23-elpyrazin-8-vi)-d-methyleyclopentyvhimethylazetidine-3-carbonitrile

.
EtO ~~~ - .
N\\\‘\ t{O\ / O’J
0 !

25 A round bottom flask was charged with a sealemic mixiure enriched in {(18,2R)-ethyl 2-methyl-4-
oxocyelopentanecarboxylate (150 g, 881 mumol, WOZ011/068881) in DCM {2203 mi) followed

by 4A molecular sieves (175 g), after which ethylene glycol (98 ml, 1763 mmol),
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trimethylorthoformate (145 ml, 1322 mmol) and toluene-4-sulfonic acid hydrate (33.5 ¢, 176
mnol} were added. The reaction mixture was stirred at ¢t for about 96 h. The reaction was fillered
and the solvent was removed in vacuo to yield a vellow oil. It was subjected 1o silica gel column
chromatography eluting with heptane/ EtCGAc to yield a scalermic mixture enriched m (7S, 8R)-
ethyi S-merthyi-1 4-dioxaspivold.4]novane-7-carboxyiate (179 g, 85%) as a vellow oil. Ty NMR
{400 MHz, CDCL) 8 418 - 412 (m, 2H), 3.93 - 3.87 (m, 4H), 3.00 - 2.93 (m, 1H), 2.54 - 2.45 {m,
1H), 237 - 229 Gm, 1HYL 204 - 198 (o, 2HY, 178 - .71 (my, TH), 1.29 - 1.24 (m, 3H), 0.97 {(éd,
3H).

Step B: (78,8R)-8-methyl-1,4-dioxaspiro{4.4]nonane-7-carboxylic acid

h O\f L U\
B0~ o H o\ (w—
\\

i

A 2L flask was charged with a scalemic muxture enriched in (7S.8R)-ethyl B-methyl-14-
dioxaspirof4.4 jnonane-7-carboxyiate (179 g, 835 mmol) and added to a 1N aqueous NaOH (8354
mk, 8354 vunol). The reaction was stitred at arabient teoperature for about 16 h. The agueous
solution was then acidified to pH 4.5 with 20% aqueous citric acid. The product was immediately
partitioned between DCM (5x350 ml.) and aqueous layer. The combined extracts were dried over
anhydrous MgSQy, filtered, and concentrated under reduced pressure (o afford scalemic mixture
enriched in (78,88 )}-8-methyil-1, d-dioxaspivo]4.4]nonane-7-carboxylic acid {85.7 g, 55%) as a
pale oil. 'H NMR (400 MHz, CDCL) 6 3.96 - 3.88 (m, 4H), 3.05 - 2.98 (m, 1H), 2.59 - 2.47 (m,
1H), 2.36 - 229 (my, 1H), 2.07 - 198 (m, 2H), 180 - 173 (my, 1H), 108 - 1.02 (m, 3H}.

Step C: (75,.8K)-8-methyl-1 4-(dioxaspirs{4.4Inonanejcyclopentyl-dimethy! sulfoxoninm-7-

oxa-ethylide
Gty e o\
Xy X
o )
_— : - A o~
- |
Lod

Trimethylsulfoxoniom chloride {27.5 g, 213 mumol} was suspended in THF (360 mL), potassium
rerr-butoxide {25.2 g, 224 mmol) was added and the resulting muxture was heated at about 60 °C
for about 2 h and then cooled to about 0 °C. In a separate flask, to the solution of a scalemic
mixtore enriched w (75.8R)-Bmethyi-1,4-dioxaspiroi4d 4 nonane-T-carboxylic acid (13.25 g, 71.2
mool) in THE (300 mL}, TEA (347 ml, 249 ramol} was added followed by the addition of
HATU (27.1 g, 71.2 mmol). The resulting suspension was stirred at ambient temperature for

about 2 1 to give a vellow solution. This solution was added dropwise 10 a suspension described
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above at about § °C over about 10 min. The resulting mixture was stirred at about 0 °C for about 1
h. Water {150 mb ) was added and the mixture stirred at about 0 °C for about another 10 min. The
organic solvent was removed under reduced pressure and the resulting suspension was difuted
with water (100 mL). The precipitate was removed by {iltration; the aqueous phase was satorated

with sodium chloride and extracied with DCM (4x300 mi). The combined organic exiracis were
washed with brine (250 mL}, dried over anhydrous magnesium sulfate, filtered and concentrated.
The residue was suspended in EtOAc {200 ml) and the precipiate was collected by filiration and
dried to give (75 8R)-8-methyil-1 4-{dioxaspiro]4.4 ] nonane)cyclopeniyli-dimethvisulfoxonium
oxo-ethviide (9.8 g, 54%6) as a white solid. LO/MS (Table 1, Method b) R, = 1.08 min; MS m/z:
261 (M+H)Y.

Step B 1-((75,8R)-8-methyl-1,4-dioxaspirei4. 4| nonan-7-yi}-2-{8-tosyi-5H-pyrrols{2,3-

Slpyrazin-2-yviamine)ethanone

Hep, O\ O N N HN._ Ny )
rYrS — 0
=O\ \] Q\N"//L\ 4 ’l\ P N/

c-’/' u A
\' 3} 1‘\&’:{55—‘{! Y O;_\S‘;‘-O
<4 s
e [
1
\ \

~

Argon was bubbled through a solution of chioro(1,5-cycooctadiene)iridive (T} dimer (102 g,
1.52 mmol, Strem}, (78,8R)-8-methyl-1,4-(cdioxaspiro{4.4 nonane}cyclopentyi)-
dimethylsulfoxonium-7-oxo-ethylide (9.5 g, 36.5 mmol) and 5-tosyl-5H-pyrrolo]2,3-Alpyrazin-2-
amune (8.77 g, 30.4 mmol, WO 2011/068881) in DMF (300 L) for about 5 min and the resulting
solution was heated at about 75 °C for about 16 h. The solvent was removed under reduced
pregsure and the residue partitionad between FtOAc and water (200 mi. each). The organic phase
was washed with brine (150 mb), dried over anhydrous magnesium sulfate, filtered and
concentrated. Purification by silica gel colomm chromatography (0-506% EtCAc in DCM gradient)
vielded 1-({75,8R}-8-methyl- 1 4-dioxaspiro{4.4 jnonan-7-yi)-2-(5-tosyi-SH-pvrveiof 2, 3-
bipyrazin-2-ylaminojethanone {6.06 g, 42%;) as a vellow amorphous solid. LO/MS (Table |,
Method b) R, = 2.44 min; MS w/z: 471 (M+H) .
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Step E: (3R 45)-3-methyl-4-2-(5-tosyl-S H-pyrrole{2,3-6]pyrazin-2-

yviaminojacetyDeyclopentanone

) Ay
b4 AY
e < O C\)‘ /
A anSB Y
HN N O M N,
i <4
\I N\ -~ \\hrf‘
i Nf'i‘~r\;'\ Ti\ ‘§’L~E\\;
,;E“’O N ,_':gff()

To a solution of 1-{({7588)-8~-methyl-1,4-dioxaspiro[4.4 monan-7-y)-2-(5-tosy -5 H-pyrrolo{2,3-
blpyrazin-2-ylaminojethanone (6.06 g, 12.83 wuviol} in THY (129 mL}, IN aqueous hydrochloric
acid (38.6 ml, 38.6 mmoly was added at ambient temperature and the mixture was stirred for
about 4 h. The reaction mixture was neutralized by a dropwise addition of saturated agueous

10 sodinm bicarbonate; TIHF was removed under reduced pressure and aquecus phase was extracted
with EtOAc (2 x100 mL). The conmbined organic extracts were washed with brine (100 mL), dried
over anhydrous magnesium sulfate, filtered and concentrated. The gummy residue was suspended
m minimal amount of EtOAc and left overnight in the refrigerator. The precipitate was collected
by filtration, washed with ELO and dred to vield a scalemic mixture enriched in (3R,4S8)-3-

-
[y
T By

15 methvl-4-(2-(5-tosyl-3H-pyrrolof 2, 3-b ] pyrazin-2-viaminojacetvljcyclopentanone (3.

A

a light brown solid. LO/MS (Table |, Method b) ¥, = 2.22 min; MS m/z: 427 (M+H)".

67%) as

Step F: GR,45-3-methyi-4-(3-tosyl-3H-imidaze|1,2-alpyrroloi,3-elpyrazin-8-

yvixyclopentanene

\T =
8] —
- F‘(-
) _ Ry NN N
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To a solution of scalemic mixture enriched i (3R ,45)-3-methyl-4-(2-(5-tosyl-5 H-pyrrolo{2.3
blpyrazin-2-ylaminojacetyheyclopentanone (7.42 g, 17.4 mmobyin MeCN (102 ml), 2,2,3,3,3-
pentafluoropropanoic anhydride (32.4 g, 104 mmol} was added and the reaction mixture was

25 heated at about 8C °C for about 6 h. IN agueous HCI (18 mL) was added and the reaction
mixture was stirred at ambient temperature for about 1 b, It was neutralized by a slow addition of

saturated agueous sodium bicarbonate and the organic solvent was removed under reduced
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pressure. The aqueous phase was extracted with EtOAc (2x100 mL); the combined exiracts were
washed with brine (120 mL), dried over anhydrous magoesium sulfate, filiered and concentrated.
Silica gel column chromatography (20-100% FEtOAc m DCM gradient) yielded a scalemic
mixtore  enriched ('3’R,45)—3~mez‘hyl—4-(3~zosyi~3H-imidazo[ 1, 2-alpyrrolof 2, 3-¢[pyrazin-§-

5 ylcyclopentanone (3.75 g, 53%) as a brown golid. LC/MS (Table 1, Method by R = 2,17 min; MS
m/z: 409 (M+H)Y .

Step G (38,4R)-3-(3H-imidarzo{} 2-ajpyrroie{2,3-¢jpyrazin-8-y-4-methylcyclopenianoene

10
To a solution of a scalemic mixture enviched in (3R4A5-3-methyl-4-(3-tosyl-3H-imidazo{1,2-
alpyreoio} 2 3-elpyrazin-8-vieycioperdanone {2.16 g, 529 mumol} in i 4-dioxane {40 ml) was
added 2N aqueous NaOH (13.22 mL, 26.4 mmol}. The mixture was heated at about 50 °C for
about 2 h. The reaction was cooled to ambient temperature and partitioned between EtOAc and

15 saturated agueous NaHCO; (50 mE each). Aqueous layer was further extracted with FtOA¢ (2 x
30 mL). Organic layers were combined, drned over anhydrous Na,30., filtered and concentrated
to dryness to give a scalemic wixture eunriched in (3S4R)-3-(3H-imidazof1,2-alpyrroiof2,3-
¢ fpyrazin-S-yi-4d-methyicyclopentanone {1.26 g, 93%) as a brown solid. LC/MS (Table 1,
Method B) R, = 1.56 min; MS m/z: 255 (M+H)Y

Step H: 8-((18,2R)-d-(methoxymethylene)-2-methyleyclopentyl}-3H-imidazo[1,2-

aipyrrols{2,3- Epvrwme

™ Ny
/L“J T8 7
. A A N/::N(
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H H

To a solution of dimethy] 1-diazo-2-oxopropyiphosphonate (1.428 g, 7.43 mmol, Ter. Lett., 2006,
25 47 (1), 1729-1731) and a scalemic mixture enriched in (35,4R)-3-(3H-imidazo{1,2-
alpyrrolo] 2,3~ejpyrazin-8-yv}-4-methylevclopentanone (1.26 g, 4.96 mmol) in MeQH (7’5 mik}

was added K,CO, (1.37 g, 9.91 mamol) at about § °C onder N, The mixture was stirred at about O

°( for about 30 min and then warmed to 1t and stirred for about 21 h. The nuxture was cooled o
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about 0 °C, K,CO; (137 g, 991 mmol} was added followed by dimethyl 1-diazo-2-
oxopropyiphosphonate (1,428 g, 7.43 munol). The mixture was stirred at about € °C for about 35
min and then warmed to 1t and stirred for about 20 h. The crude reaction mixture was fillered and
the filtrate was concentrated. The residue was partitioned between EtOAc and saturated agueous
NaHCG;. The agueous layer was further extracted with EtOQAc (2 x 50 wl.). Organic layers were
combined and concentrated to dryness. The material was punified by flash chromatography (0-5%
MeOH n DOCM  gradient) to vyield a scalemic mixture euriched in 815 2R)-4-
{methoxymethylene)-2-methyleyclopentyl)-3H-imidazof 1, 2-alpvrrolof 2, 3-efpyrazine {0901 g,
64%0) as a mixture of £ and Z isomers as a light yellow solid, LO/MS (Table 1, Method by Ry =
1.96 min; MS sz 283 (M+H)Y'.

Step 1: (384R)-3-(3H-imidaze-{1,2-alpyrrele|2,3-elpyrazin-8-yii-4-

methylcyelopentanecarbaldehyde

o
o~ o
j T o \\/} j{:--a
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N N\r SR N
T g8

To a sohution of a scalemic mixture enviched I 8{{(152ZR)-d-{methoxymethylene)-2-
mathyleyelopentyl}-3H-imidazo-{1,2-a|pyrrolo{2,3-¢jpyrazine {0.901 g, 3.23 ramol} as a mixiure
9.7 mumol). The reaction mixture was stirred for about 20 h. Volatile solvent was removed under
reduced pressure. Saturated aqueous NaHCO, was added dropwise until gas evolution stopped.
The solvent was decanted; the gum was suspended i water and somcated. The solid was
collected by Gitration, washed with water and dried m vacuun: oven at about 60 °C for about 4 k
to yield a scalemic mixture enriched in (18,35,4R)-3-(3H-imidazo-{1,2-ajpyrrolof 2, 3-¢ jpyrazin-
§-yli-d-methvicyclopentanecarbaldehvde and (IR 35 4R)-3-(3H-imidazo-{1,2-ajpyrrolof 2, 3-
efpyrazin-8-ylj-d-methylcvciopentanecarbaidelivde (0.706 g, 81%) as tan solid. LC/MS (Table 1,
Method B) Ry = 1.71 min; MS wi/z: 269 (M+H)Y.
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Step &1 I-{{IR,3548)-3-(3H -imidazo{l,2-alpyrrole{2,3-¢ipyrazin-8-yi)-4-
methylcyclopentylhmethylazetidine-3-carbonitrile and 1-({(15,35,48-3-(3H-imidazs[1,2-

alpyrrolol2,3-elpyrazin-8-yi)-4-methyleyvelopentylimethyhazetidine-3-carbonitrile

i,,,’ ”" \_”\
\\f\/’} ﬂ(} - \Q‘(ﬁ\?’&\i‘“‘i »‘:-\_// \T-l\
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To a wial charged with a scalemic mixture enriched m (15,354R)-3-(3H-imidazo{i,2-

(v

alpyrrolo]2,3-e jpyrazin-8-y-4-methylevelopentanecarbaldehyde and (1R, 35,4R-3-(3H-
wmdazof 1, 2-aipyrrolo]2,3-elpyrazin-B-yi-d-methyleyclopentanecarbaldehyde (8350 g 1.304
mimol} and azetidine-3-carbonitrile hydrochloride (0.309 g, 2.61 vunol} was added MeOH (S ol

The mixture was stirred at 1t for about 1 h. Sedium cyanoborshydnde (8.246 g, 3.91 mmol) was

10 added in one portion. The mixture was stirred at rt for abouwt 1 h. Solvent was removed under
reduced pressure. The residue was purified by mass triggered HPLC {Table 1, method ) The
desired fractions were concentrated under reduced pressure and the residue was purified by chiral
chromatography (Table 2, Method 8 Deiection methods were evaporative light scatiering
{(BLSD) detection and optical rotation. The desired fractions were combined and concentrated

15 under reduced pressure to vield I-(({1R 3S5,4R}-3-(3H-imidazof1, 2-ajpyrrolof2,3-¢[pyrazin-8-yi)-
d-methyicyclopentylimethivijazetidine-3-carbonitrile (0.0675 g, 15%) . LO/MS (Table 1, Method

by R, = 140 min; MS m/z: 335 (M+ID') and 7-¢/718.38 4R)-3-(3H-imidazof ?-a]pyrmlcp[l:l

e,’pyraziw&yl}~/ -methyleyclopenivlimethvliazetidine-3-carbonitrile {(0.0764 g, 17%) both as
white solids. LO/MS (Table 1, Method b) B = 1.38 min; MS m/z: 335 (M+H)". Jak3 ICs0=C

20
Example #8: 1-{(18,38,4R)-3-(3H-imidazs{1,2-alpyrrole{2,3-ejpyrazin-8-yi}-4-

methylcyclopentylpiperidine-4-carbonitrile
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Step A: 3~-methyl-4-(3-tosyi-3H-imidazo{1,2-alpyrrolo2,3-¢]pyrazin-8-yhcyclopentiansl

)—-.J (m../
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To a suspension of a scalemuc mixiture, predommately (3R48)-3-methyl-4-(3-tosyl-35-
mdazof 1, 2-alpyrrolo]2,3-epyrazin-B-yhicyclopentanone (4.60 g, 9.79 mmol, Example #7, Step
F} in MeOH {(49.0 mL) at about § °C was added sodium borohydride (0,185 g, 4.90 mmol). The
reaction mixture was stirred at about 0 °C for about 1 h. The reaction was quenched with
saturated agueous NH,CL (10 mb), warmed to ambient ternperature and the organics were
removed ander reduced pressure. The residue was taken up in DCM and water (50 mL each) and
the layers were separated. The agueous phase was extracted with DCM (3 x 50 mL) and the
combined organics were dried over anhydrous MgSQ,, filtered, and concentrated under reduced
pressure {0 give a scalewic mixture, predominately (7S, 3R 45)-3-methyl-d-{3-tosyi-3H-
imidazof1,2-afpyrrolof2,3-efpyrazin-8-yijcyclopentanol (3.61 g, 90% crude) as a brown {oany

LC/MS (Table 1, Method a) R, = 1.92 min; MS m/z: 411 (M+H)

Step B: 3-methyi-4-3-tosyl-3H-bmidaze [, 2-alpyrrols{l,3-elpyrazin-8-vijeyelopentyl

methanesulfonate
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To a sclution of a scalermic wixture, predomunately (15.38.45)-3-methyl-4-(3-tosyl-3H-
imidazol1,2-alpyrrolo{2,3-ejpyrazin-8-ylcvclopentano! (3.6 g, 8.77 mmol} in DCM (35 mL) at
about £ °C was added TEA (3.7 mL, 26.3 mmol} followed by methanesulfonyl chloride (1.03 mL,
13.2 mmol), The reaction was jefl stirring at about 0 °C for about 2 h. Water (30 mL) was added

and the reaction was warmed to ambient temperature. The layers were separated and the agueous
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phase was extracted with DCM (2 x 25 mL). The combined organics were washed with brine (20
mL}, dried over anhydrous MgS0Qy, filtered, and concentrated under reduced pressure. The crude
material was purified by silica gel chromatography eluting with a gradient of 0-10% MeOH in
DCM to give a scalemic mixture, predominately (7 S.3R 4Sh3-methyl-4-{3-tosyl-3H-imidazofi,2-
afpyrrolof 2, 5-¢jpyrazin-8-ylicvclopentyl methanesulfonate (383 g, 89%} as a tan foam; LT/MS
(Table 1, Method a) R, = 2.16 min; MS m/z: 489 (M+H)"

Step C: I~(3-methyi-4-3-tosyl-3H-imidazof §,2-a{pyrrols{2,3-¢ipyrazin-§-

yvixyclopentylpiperidine-4-carbonitrile
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To a sclution of a scalemsic wmixture, predominately  (18,38,48)-3-methyl-4-(3tosyl-35-

mndazo 1, 2-alpyrrolo{2,3-ejpyrazin-8-yhicyclopentyl methanesulfonate {6.300¢ g, 0.614 mmol}

and piperidine-4-carbomitrile {6,203 g, 1.84 mmoel, Gakwood} in DMF (1.3 ml) was added

Humig's Base (0.540 mL, 3.10 munol) and the reaction was heated to about 80 °C for about 16 h.
The reaction was cocled 1o ambient temperature, poured nto ice water (about 10 mL) and stirred
at ambiend temperature for about 10 min.

[-{(1R 3R, 45)-3

The precipitate was filtered off {0 give a scalemic

mixtare, predominately s~methyl-4-(3-tosyl-3H-imidazof 1, 2-alpyrrolof 2, 3-

efpyrazin-8-yiicyclopentvl)piperidine-4-cavbaririle (3.250 g, 81% crude} as 2 tan solid; LO/MS

{Table 1, Method a) R, = 1.65 min; MS m/z: 503 (M+H)"
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Step D 1-({1R,38,480)-3-3 Himidaze[1,2-a{pyrrole|2,3-elpyrazin-§-yi}-4-

methylcyclopentylpiperidine-4-carbonitrile

SN rm\’//N
v
,i\e
"- o 'r‘/,\w [f-\l'/ -
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\T” m e
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\N
73
)
.

5 To a solution of 1-((1R,3R,45)-3-methyl-4-(3-tosyl-3H-imidazo|1,2-a|pyrrolol2,3-¢pyrazin-§-

yheyelopentyUpiperidine-4d-carboniinile (8,248 g, 6419 mmol} in MeOH (1.5 mb} was added

potassivm cyanide (0.082 g, 1.258 mmol) and the resulting mixture was left stirring at ambient
temperature for about 16 h. The solvent was removed vnder reduced pressure and the residue was
partitioned between EtOAc and water {(§ mL each). The aqueoos phase was extracted with TtOAc

1 (2 x 5 wl) and the combined organics were washed with brine (8 ml), dried over anhydrous
MgSO,, filtered, and concentrated viuder reduced pressure. The crude material was purified by
RP-HPLC (Table 1, method d) and the fractions were concentrated under reduced pressure. The
material was further purified by chiral HPLC (Table 2, method 7) (o give /-({I1R.35,4R)-3-(3H-
imidazofl, 2-afpyrroiof 2, 3-¢[pyrazin-8-vii-4-methyicycloperiviipiperidine-4-carbonitrife  {0.025

15 g, 17%) as an off-white solid; LC/MS (Table 1, Method a} R, = 0.99 min; MS m/z: 349 (M+H)'.
Jak3 ICs, = C

Example #8: 3-((15.38.48)-3-methyl-4-(6H-pyrrolof2,3-¢}[1,2 4ltriazolof4,3-alpyrazin-1-

yvhevelopentyhipropanenitrile

20 H
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10

15

20

Step A: S-methyl-NV'-(S-tosyl-8H-pyrrole{2.3-bpyrazin-2-yi}-1,4-dioxaspiro[4.4|nonane-7-

carbohydrazide
™y
A
0
NH, 5
HNL_ Ny,
| X - O o
SOy s
! i HE:
520 HE R — v = />
=8 o
SO 1
R O o
<\-~/ 0’3’ ’

A round bottom flask was charged with 2-hydrazinyl-5-tosyl-5H-pyrrolo[2,3-5 [pyrazine (261 g,
86.0 mmol, WO2011/068881), a scalemic mixture, predominalely (75.8R)-8-methyl-1.4-
dioxaspiroe|4.4 nonane-7-carboxylic acid (16.0 g, 86.0 mmol, Exanple #7 step B), and DCM (430
mL}. To the tlask were added HATU (35.9 g, 95.0 mmol} and TEA (47.6 mL, 344 mmol} and the
reaction mixiure was stirred at 1t for about 3 h. The tion was diluted with water (250 miL} and
the layers were separated. The aqueous layer was extracted with DCM (2 x 200 mL) and the
combined organic layers were washed with brine (3 x 250 mL), dried over MgS8Qy, and filtered.
Silica gel (about 120 g) was added to the filtrate and the solvent was removed vnder reduced
pressure. The remaining silica mixture was porified on by silica gel chromatography eluting with
a gradient of §-5% MeOH in DCM o give a scalendic mixture, predominately (7.8 8R-8-methyi-
N“{5-tosyl-SH-pyrrolo{ 2, 3-bjpyrazin-2-vij-1 4-dioxaspiro{ 4.4 [nonane-7-carbohydrazide  (46.33

. 116%, 85% purity) as a brown foam; LO/MS (Tabie 1, Method a) Ry = 2,10 mirg MS miz: 472
( MHHY

Step B: 1-{8-methyl-1,4-dioxaspire(4.4]nenarn-7T-vi}-6-tosyl-6H-pyrroio{2,3-

elli,2.4jtriazolof4,3-alpyrazine

®

\[ﬁm”’
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To a solution of a scalemic mixtare, predominately (75,88)-8-methyl-N-{5-tosyl-SH-pyrrolo{2,3
blpyrazin-2-vii-1,4-dioxaspiroi4 .4 jnonane-7-carbohydrazide (46.8 g, 24 mmol) in | 4-dioxane
{500 mbL) was added TEA (47 mL, 337 nunol), followed by the dropwise addition of thionyl
chloride (7.4 mL, 101 mmoel). The reaction was heated at about 75 °C for about 2 h. The reaction
mixture was cooled to ambient temperature and the solvent was removed under reduced pressure.
EtQAe (500 mL) was added and the organics washed with saturated aquecus NalCGO; (2 x 360
mL.}, followed by brine (2 x 300 mL). The layers were separated and the organic portion was
dried over anhydrous MgSQ,, filiered, and concentrated under reduced pressure. The crude
material was purified by silica gel chromatography ehuling with a gradient of §-60% acetone in
heptane o give a  scalemic  mixture, predomunately  J-((7SER)-S-methyi-i,4-
dioxaspirof4.4 [nonan-7-vij-6-tosyl-6H-pyrrolaf2,3-e ][ 1.2, 4] triazolof4, 3-ajpyrazine {3495 g,
S1%, 85% purity) as a browg foarg; LO/MS (Table 1, Method a8} R, = 221 muy MS m/z 454
(MY

Step C: I~(8-methyi-1,4-dioxaspire|4. 4{nonan-T-yi)-6H -pyrrofe|2,3-¢}[ 1,2 4|iriazclo(4,3-

aglpyrazine

N AN ,\k
N\\&/;‘\; \/L/ (¢}
LY =
Ng i\i N\,N .
,‘:‘:O \L | %
o ~
\Y N !
) H

To a scalemic roixture of predorpinately 1{{758R)-8-raethyl-1,4-dioxaspiro[4.4 nonan-7-yi}-6-
tosyl-6H-pyrrolo|2,3-e]{1,2,4ltriazolof4,3-alpyrazine (34.9 g, 65.4 mmol} m 1,4-dioxane (262
mLY was added 2N aqueous NaCH (66.0 mL, 132 mmaol). The reaction nuxture was stirred at
about 70 °C for about 2 h. The reaction was cooled to ambient temperature and water (150 mb)
was added. The mixture was extracted with EtOAe (4 x 200 mL} and DCM (3 x 200 mL). The
combined organic layers were dried over anhydrous MgSQ, and filtered. Silica gel {abowt 65 &)
was added and the solvent was removed under reduced pressure. The remaining nuxture of silica
gel and crude product was purified by silica gel chromatography eluting with a gradient of 0-180 %
MeOH i DCM to give a scalemic mixture, predominately I-((75 8Rj-&-methyl-1 4-
dioxaspirof4.4fnonan-7--6H-pyrrolof 2, 3-e][ 1. 2. 4 [triazolof4, 3-ajpyrazine (16.1 g, 82%) as a

tan foam; LO/MS (Table 1, Method a) R, = 1.31 min; MS m/z: 300 (M+H)'.
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Step D 1-(8-methyi-d,4-dioxaspire{4.4inonan-7-y-0-{2-(trimethyisilyhethoxymethyD-6H-

pyrrolo{2,3-e}{1,2 4}triazclo]4,3-aipyrazine

A ;A
MX o N
Jvs - I | N
S P*d\:/\§ Xy o
L -
NT L

To a solution of scalemic mixture predonunately 1-{(75,8R3-8-methyl-1 4-dioxaspiro{4.4 nonan-
5 T-ybh-6H-pyrolo23-e}{1,2 4ltriazolof4,3-alpyrazine {16.1 g, 53.8 mmol) in DMF (215 mL) at
about § °C was added sodium hydride (2.37 g, 59.2 mmol, 60% dispersion i mineral oil)
portionwise. The reaction stirved for about 30 mun at about 0 °C and SEM-CI {10.5 mi, 59.2
moly was added dropwise via syringe. The reaction mixture was warmed to ambient
temperature and stirred for about 2 h. Water and EtOAc¢ (150 mL cach) were added and the layers
1 were separated. The agueous phase was extracted with EtOAc (3 x 200 mL) and the combined
organics were washed with brine (6 x 200 mL), doed over anhydous MgSQ,, filtered and
concentrated under reduced pressure. The remaining dark oil was purified silica chromatography
eiuting with a gradient of 8-60% acetone in heptane to give a sealemic mixture, predominately /-

({78, 8R}-8-metfvi- 1 4-dioxaspive{4.4 [nonan-7-vi)-6-(2-(trimethylsilyDethoxy jmethy -6 H-
15 pyrrolof2,3-e][1,2 4] triazolof4,3-a]lpyrazive (15,1 g, 65%) as a tan sold;, LO/MS (Table 1,

Method a)} R, = 2.48 min; MS m/z: 430 (M+H).

Step E: 3-methyl-4-(6-{(2-{trimethyisilyhethoxyymethy)-6H-pyrrolof2,3-
e]13,2,4)trinzolof4.3-alpyrazin-I-yhcyclopenianone
20

H ~.._\ 4 3
N a o N
oy LD
S N N
N N N
g o
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To a scalemic mixture, predominately §-{{7888}-8-methyl-1,4-dioxaspiro[4.4 nonan-7-v1}-6-{{2-
(trimethylsilyDethoxymethyl-6H-pyrreloi2,3-¢1i1,2.4 ftriazolo[4, 3-apyrazine  (15.1 g, 35.1
mrol) in THF (146 mL) at about 0 °C was added 1N aqueous HCI (105 mb, 105 mmol). The
reaction mixture was wanned to ambient temperatore and stirred for about 16 h. The organics
were removed under reduced pressure and the aqueous layer was neutralized with saturated
aqueous NaHCO, to about pH 8. EtOAc¢ (300 mL) was added and the layers were separated. The
aqueous layer was extracted with EtOAc {2 x 100 mL} and the combined organic layers were
washed with brine (3 x 100 ml), dried over anhydrous Na, SO, filtered, and concentrated to about
S50 mL. Heptane {about 300 ml} was added and the precipitate was filtered off washing with
heptane (about 100 vil.) and dried in vacuum oven at about 50 °C to give a scalemic roixture,
predomnately (3R 48)-3-methvi-4-{6-{i2-(trimethvisilvljethoxy methvlj-6H-pyrrolof 2, 3-
effi,2,4]triczolof4, 3-alpvrazin-I-ylicyciopentanone (12,26 g, 90%) as an off white solid; LC/MS

{Table 1, Method a) R, = 2.20 min; MS m/z: 386 (M+H}+,

Step K@ diethyl 1-diaze-2-exopropyiphosphenate

)
i e o) T
/J\\/ ﬁj\o/"\\ - = 1 P e I{:’\“' O
HN-—Q 5N T 0
) ° v
N
A round bottom flask was charged with diethyl 2-oxopropyiphosphonate (50.0 g, 258 mmol, Alfa

Aesar), toluene {850 mL) and THF (180 mL}. The reaction was cooled to about § °C m an ice
bath and sodium hydride (11.3 g, 283 oumol, 60% dispersion in wineral oil} was added
portionwise over 10 min. The roixture was stimed for about 1 h at about 6 °C and 4-
acetamidobenzenesulfonyl azide (64.4 g, 260 mmol} was added portionwise. The reaction was
warmed to ambient temperature and left stirming for about 3 h. The solids were filtered off
washing with DCM (600 mL} and the filtrate was concentrated wnder reduced pressure. The
rematning yellow oil was taken up 1o DCM {(about 200 mlL) and filtered through a pad of silica gel
washing with DCM {(about 500 mL}. The filtrate was concentrated under reduced pressure to give
diethyl I-diazo-2-oxopropylphosphonate (40.15 g, 71%) as a yellow oil; 'TE NMR (400 Miiz,
DMSO-d6) 5 4.19 - 4.07 (m, 48, 2.22 (s, 3H), 1.27 {1, 6H).
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Step G 1-{d-(methoxymethylenc)-2-methyleyclopenty-6-{ 2-(rimethylsilyDethoxyymethyi)-
&H-pyrrole{2,3-¢] 1.2 4]triazolo4, 3-¢lpyrazine
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5 To a suspension of diethyl 1-diazo-Z-oxopropyliphosphonate (1.71 g, 7.78 mmol} and a scalemic
mixiure, predotinately (3R,45)-3-methyi-4-{6-({2-(trimethyisilyDethoxy methyi}-6H-
pyrrolof2,3-¢]{ 1,2, 4 ltriazolo[4.3-apyrazin-1-yheyclopentanone (2.00 g, 5.19 mmol) in MeOH

(10.4 mal.) at about 0 °C was added K,C0; (1.43 g, 10.4 munol). The muixture was stirred at about §
o for about 30 min and then warmed to rt and left stimng for about 72 h. The reaction nuixture
1 was cooled to about 0 °C and X,CO; (1.43 g, 19.4 ramol} was added followed by diethyl 1-diazo-
2-oxopropylphosphonate (1.71 g, 7.78 mmol). The mixture was stirred at about 0 °C for about 30
min, warmed to rt and left stirring for about 16 h. The reaction nuxture was cooled to about 0 °C
and KoCG; (1,43 g, 10.4 mowol) was added followed by diethyi 1-diazo-2-oxopropylphosphonate
(1.71 g, 7.78 mmel}). The mixture was stirred at about 0 °C for about 30 mun, warmed to rt and left
15 stirring for about 16 b The organics were removed vuder reduced pressure and the residue was
partitioned between saturated agueous NHLCY and EtOAc (100 mL each). The aqueous layer was
extracted with EtOAc (2 x 100 mi) and the combined organic layers were dried over anhydrous
MgSQ,, and concentrated under reduced pressure. The crude material was purified by silica gel
chromatography eluting with a gradient of 10-75% EtOAc in heptane o give a scalemic mixture,
20 predominately 1-({18, 2R}-4~(methioxvmethyviene)- 2-methvicyclopentyl)-6-((2-
{frimethyisilylethoxyimethyl)-6H-pyrrolo{2.3-e]{1,2,4]triczolo {4, 3-afpyrazine (1.70 g, 79%) as a
vellow oil as 3 mixture of £ and 7 isomers; LE/MS (Table 1, Method a) R, = 2.58 min; MS m/z:

414 (M+H)'.

80



h

10

15

20

WO 2013/043826

PCT/US2012/056266
Step H: 3-methyi-4-{6-{(2-{irimethyisilyDethoxy)methyl)-6 H-pyrrolo{2,3-
el[1,2,4jtriazelo[4,3-alpyrazin-L-yhcyclopentanecarbaldehyde
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To a solution of a scalemic mixture, predominately 1-{({15.28)-4-(methoxymethyiene}-2-

methylcyelopenty -6 -((2-(tnmethyisiiy Dethoxy methyD-6H-pyrrolo[2,3-¢1{1,2,4 Jinazolo] 4,3~

alpyrazine a8 a mixture of & and 7 isomers (1.70 g, 4.11 mameol} in THF (206 mL) at about O °C
was added IN aqueous HCL(12.3 mL, 12.3 mmel}. The reaction mixture was warmed to ambient
temperature and left stirring for about 30 h. The organics were removed under redusced pressure
and saturated aqueous NaHCO; was added dropwise until gas evolation stopped. The mixture was
extracted with DCM (3 x 56 mL} and the combined organies were dried over anhydrous MgSO,,
filtered and comcentrated under reduced pressure. The crude material was purified by silica gel
chromatography eluting with a gradient of 30-100% EtOAc¢ 10 heptane (o give a scalemic mixture,
a wmixture of (18 3R, 48)-3-methyi-4-{6-((2-(trimethvisilviethoxy)methiv}-6 H-

(IR 3R 45)-3~

predotunately
pyrroiof2,3-ej{1,2,4]triazolo {4, 3-a]pyrazin-I-ylicyclopentanecarbaidehyde  and
methyl-d-{6-{(2-(irimethylsilylethoxyimethyl)~-6H-pyrrolof 2. 3-e 1. 2.4 [triazolof 4, 3-ajpyrazin-1 -
yvileyelapentanecarbaldehyde (1.07 g, 65%) as a yellow oil; LC/MS (Table 1, Method a) R, = 2.35
min, MS m/z: 400 (M+HY.

Step I: 3-(3-methyl-4-(6-((2-(trimethylsilyDethoxyymethyl-6 H-pyrrolo{2,3-

e}[1,2, 4ltriazolof4,3-alpyrazin-1-yhcyclopentyDacrvionitrile
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0 °C was added sodium hydride (ﬂ 30 g, 3.25 mmol, 60% dispersion in mineral oil). The
resulting mixture was stirred at about 0 °C for about 20 min. A solution of a scalemic mixture,
predominately 2 mixture of (15.3R.45)-3-methyl-4-(6-((2-(tnimethyisilyDethoxy methy -6 H-
5 pyreoloi2,3-¢)[1,2,4 Hoazolo|4,3-a [pyrazin- 1-yDeyclopentanecarbaldehyde  and  (1R3R,45)-3-

methyl-4-(6-((2-(trimethylsilyethoxy ymethy -6 H-pyrrolo{2,3-¢]{ 1,2,4 {triazolof4,3-alpyrazin- 1 -
ylevelopentanecarbaldehyde (1.00 g, 2.503 munoly in THF (8 ml) was added dropwise and the
reaction mixture was warraed to ambient temperature and stirred for about 1 h. Saturated agqueous
KL (53 mb) and water (10 mb) were added followed by EtQAc (25 mbL). The layers were

10 separated and the agueous phase was extracted with HtOAc (2 x 20 mL). The combined organics
were washed with brine (15 mL}, dried over anhydrous Na,S0O., filtered, and concentrated under
reduced pressure. The crude material was purified by silica gel chromatography eluting with a
gradient of 30-100% EtOAc i heptane to give a scalemic muxiure, predominately a mixture of 3-
((18,3R 48)-3-methyi-4-(6-{2-{trimethylsilyDethoxvimethy -6 H-pyrrolof2,3-

15 e}fl, 2 4]wiczolofd, 3-alpyrazin-I-ylicyclopenivi}acryionirile  and  3-((1R, 3R 48)-3-methyl-4-{6-
((2-(trimethylsilyl)ethoxy jmetiyl)-6H-pyrrolof2,3-ej{1 2 4] triazolof4, 3-a]pyrazin-1-
vijevelopentylacrylonitrile {1.20 g, 96%, B3% crude) as 2 ovange oil as a mixture of ¥ and 7
isomers; LO/MS (Table 1, Method a) B, = 2.51 min; MS m/z: 423 (M+H)Y and R, = 2.53 min; MS
m/z: 423 (MY

20
Step &1 3-{(18,3R,45)-3-methyl-4-(6-(2-{trimethylsilyDethoxyymethyl}-6 H-pyrrolo{2,3-
elfi,2,4jiriazolnf4,3-alpyrazin-1-vijcyclopentyl)propaneniirile
s,
m Q O
!N-:.(»
X
0 1r>
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g O
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J (R y (A
25 A scalemic mixture, predominately a  mixture  of  3-{{153R,45)-3-methyl-4-{6-{((2-
{trimethylsilyDethoxy methyD-6H-pyrrolo{2,3-2{1,2,4 triazolo[4,3-¢lpyrazin-1-

ylevelopentyDacrvlonitrile and 3-({183R 45 3-methyl-4-(6-{(2-{trimethylsiiylethoxyymethyi)-

6H-pyrrolo[2,3-¢}[1.2.4]triazolo{4,3-alpyrazin-1-vljcyclopentyDacrvlonitrile as a mixture of £

and Z isomers {1.2 g 2.272 mmol) and Pearlman's catalyst (1.160 g, $.227 mmol} were purged

82



WO 2013/043826

PCT/US2012/056266

and evacuated with nitrogen (3x). THF (22 mbL) was added and the mixture was purged and
evacuated with nitrogen (3x} and placed under a hydrogen atmosphere via balioon. After about 2
1 the reaction was filtered through a pad of Celite™, washing with ether (about 50 mL), and the
filtrate was concentrated under reduced pressure.  The crude oil was purified silica gel
chromatography eluting with a gradient of (-50% aceione in heptane. The product cordaining
fractions were combined and concentrated under reduced pressure and the matenal was further
purified by chiral HPLC (Table 2, Method 8); R, = 14.1 min, or = pegalive] to give 3-
({15, 3R,458)-3-methyi-4-{6-{(2-(trimethyisiiylethoxylmetiy}-6 H-pyrrofof 2, 3-

eff1,2,4]riazolof4, 3-alpvrazin-I-yiicyclopentyljpropaneniivile (.650 g, 67%) as a brown foam;

LO/MS (Table 1, Method 8) R, = 2.61 min; MS m/z: 425 (M+H).

Step Ko 3-((18 3R 48 -F-methyl-4-(6H-pyrrolo{2,3-e}{1,2 d}iriazeloid,3-alpyrazin-i-

yvievelopentviipropanenitrile
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To a sohution of 3-{(1 85,38 485)-3-methyl-4-(6-{(2-(irimethylisilyDethoxyymethyl}-6H-pyrrolo]2,3-
ei[1,2,4lirtazolol4, 3~aipyrarin- I-yleyciopentyDpropanenitrile (8,629 g, 1.48 mumol) in DCM (2
mb) was added TFA (1.14 ml, 14.8 mmol). The reaction was stirred at ambient temperature for
about 6 h. The reaction was concentrated under reduced pressure and the remaining o1l was taken
up in §4-dioxane (3 mL}. Avumoniuo hydroxide (1.15 mL, 29.6 minol) was added and the
reaction was left stirring overnight at ambient temperature. Water and DCM (10 mL each) were
added and the layers were separated. The aqueous phase was extracted with DCM (2 x 10 b}
and the combined organics were dried over anhydrous MgSQ,, filtered, and concentrated under
reduced pressure. The crade matertal was purified by silica gel chromatography eluting with a
gradient of 0-10 % MeOH in DCM 1o give (0.319 g, 73%) as a white sohid; LC/MS (Table 1,
Method a) R, = £.51 min; MS m/z: 295 (M+HH) . Jak3 1Cs=C
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Example# 18: 3-((1R,3R,45)-3-methyl-4-(6H-pyrroln|2.3-¢}{1,2, 4} triazolo[4,3-alpyrazin-1-

yvixyelopentyliprepanenitrile

(v

Step A: ethyl 4-hydroexy-2-methyicyclopentanecarboxylate

mmmm%
8]

To a solution of a scalemic mixture, predominately  (152R8pethyl  2-methyl-4-
oxocyclopentanecarboxyiate (5 g 29.4 mmol, WQO2011/06881) m ethanol (42 mL) at about § °C

1 was added NaBH, (0.560 g, 14.7 mmol} portionwise., The reaction was left stivring at about 8 °C
for about 1 h. The reaction was siowly guenched by the dropwise addition of saturated aqueous
WHCH (about 30 mL) followed by water (20 mL) to dissolve any solids, Ethanol was removed
under reduced pressure and the remaining agueous jayer was extracted with MTBE (2 x 100 ;L)
The combined organics were washed with brme {50 mbL), dried over anhydrous Na; SOy, filtered,

15 and concentrated under reduced pressure to give a scalemic mixture, predominately (75,28, 45)-
ethyl 4-hydroxy-2-methylevelopentanecarboxylare (4.99 g, 98%) as a coloricss oil; "H NMR (400
MHz, CDCLY S 429 (o, TH), 4.23 - 4.0 dm, 2H, 3.37 (s, 1H, 2,83 - 2.79 (m, 1H), 246 - 2.29
{m, 1H}, 2.29 - 2,18 (m, 1H), 2.06 (o 1H), 2.02 - 1.93 {m, 1H}, 1.45 - 1.34 (m, 1H), 1.33 - 1.24
(m, 3H), 1.04 (d, 3H).

20
Step B: ethyl 2-methyl-4-(methylsulfonyvioxyjcyclopentanecarbexylate
N
OH S
O P WA ©
g \JO {
O

A solution of a  scalemic  mixture, predominately  (15.2R45yethyl  4-hydroxy-2-
methyleyclopentanecarboxylate (4.99 g, 29 ramol) in DCM (31 ml) was cooled to about 0 °C and
25  TEA (8.08 mL, 57.9 mmol) was added. Methanesulfonyl chloride (3.38 mi, 43.5 mmol) was
added and the reaction was left stirring at about 0 °C for about 30 min and then warned 1o
ambient temperature and stirred for about 1 h. The reaction was partitioned between water (30

mL} and cyclohexane (150 mL} and the layers were separated. The organic phase was washed
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with brine (40 ml), dried over anhydrous Na,SO,, filtered, and concentrated wnder reduced
pressure  to give a  scalemic mixture, predominately  (IS.2R 4Si-ethyl 2-methyi-4-
(methyisulfonyloxy)cyclopentanecarboxylate (6.78 g, 93% crude) as an orange oil; 'H NMR (400
Mz, CDCLY & 514 - 5.03 (m, 1H), 4.23 - 4.09 (m, 2H), 3.02 (g, 3H), 2.83 (g, 1H), 2.43 - 2.31
{m, 3H}, 2.26 - 2.24 (m, 1H), 1.85-1.80 (m, 1H), 1.31 - 1.24 (m, 3H), 1.02 (4, 3H).

(v

Step C: di-rert-butyl 2-3-{ethoxyecarbonyl}-4-methyleyclopentylmalonate

0uF
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o=

A solution of sodium fer-butoxide (2.31 g, 24 mmol} in THF (22 mL)} was cocled to about 0 °C
10 in anice bath, Di-zerr-butyl malonate (5.80 mL, 26.0 mmol} was added and the mixture stirred at
about 0 °C for about 30 mun. A solution of a scalemic mixture, predominately of (15.2R 45)-ethyi
2-methyl-4-{methylsulfonyioxyleyclopentanecarboxyiate {(4.29 g, 17.14 mumol} m THF (22 ml)
was added and the reaction was warmed to about 50 °C and left stirring overmght, The reaction

was quenched with saturated aqueous NH,C1 (50 mL) and was extracted with cyclohexane (2 x

[
(941

100 mL}. The combined organic layers were washed with brine (50 mL), dried over anhydrous
N80, fltered and concendrated under veduced pressure. The crude material was purified by
silica gel chromatography eluting with a gradient of 0-50% EtOAc in heptane to give a scalemic
mrixtore, predominately di-tert-butvl 2-({1R 38,4 R)-3-{ethoxvcarbony -4
methvicyclopentylimaionate (6.46 g, 102%) as a clear colorless oil with 0.75 mol % di-fers-buty!
20 malonate; 'H NMR (400 MHz, CDCL)Y §  4.17 - 4.07 (m, 2H), 2.87 (m, 2H), 2.42 (m, 1H), 2.2
{ddd, 1Hy, 1.72 (ddd, 11, 1.64 - 1.54 (m, 3H), 146 (s, 18H}, 1.26 (4, 3H), 8.91 (¢, 3H).

Step D 2-(3-{ethoxycarbonyli-4-methylcyclopentyDacetic acid

A
I HO
Bt R O ,'/L\\» OH
- O Ry t
~0 F=0 ~ \‘f\/ ~C \7\({ &
i O s HO 4
O : / Q

25
A solution of a scalenuc vuxiure, predominately di-reri-butyl 2-({18,38,4R)-3-{cthoxycarbonyl)-
4-methyicyelopentylymalonate (6.35 g, 17.14 mmol} in TFA (35 mb)} was stirred at about 60 °C

for about 2 h. The reaction was cooled to ambient temperature and the reaction was concerdrated
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under reduced pressure. Toluene (35 mb) was added and the mixture heated to reflux for about
16 h TFA (1 mL, 12.98 munol) was added and the reaction cordinued stirring refiux for about 24
h. The reaction was cooled to ambient temperature and extracted with 10% aqueous K;CO, 3 x
30 mL) and the combined aqueous layers washed with toluene (2 x 58 mb). The combined
aqueous lavers was adjusted to about pH 4 with 20% aqueous ciiric acid and extracted with
MTBE (3 x 106 mL}. The combined MTBE fractions were washed with brine (S0 mL), dried
over anbydrous Na; SOy, filtered, and concentrated under reduced pressure to give a scalemic
mixture, predominately 2-((1R, 38 4R)-3-(ethoxyearbonyl)-d-methyicyclopeniyliacetic acid (2.55
g, 69%} as a light yellow oil; 'H NMR (400 MHz, DMSO-d6) § 11.97 (s, 1H), 4.18 - 3.90 (m,
2H), 2.88 {dd, 1H), 2.46 (4, 1H), 2.37 (o, 1H)y, 2.22 (d, 2H), 2.10 {ddd, 11}, 1.56 (ddd, 1H), 1.49
- 131 (o, 2H), LI8 (1, 3H), 0.82 (d, 3H).

Step E: ethyl 4-(2-hydrexyethyl)-2-methylcyclopentanecarboxylate

OH

b3

A solution of a3 scalemic mixture, predominately 2-((18.35,48)-3-{ethoxycarbonyi}-4-
methyleyclopentylacetic acid (2.53 g, 11.8 mmol} in THF (20 mL} was cooled to about 0 °C in
an ice bath, 1M borane-tetrahydrofuran complex in THF (14.2 mL, 14.2 mmol) was added and
the reaction was left stirring at about 0 °C for about 1 h. The reaction was warmed to ambient
temperature and left stirring for about 4 h. The reaction was quenched with MeOH (50 mL}), and
the organics were removed under reduced pressure.  The crude material was taken up and
concentrated from MeOH (2 x 50 mL) to give a scalemic mixture, predominately (/8 2R 4R )-etfiy!
4-( 2-hydroxyethyiy-2-methylcyclopentanecarboxylate (218 g, 92% crude) as a colorless oil; 'H
NMR (400 MHz, CDCly & 4.17 - 4.08 (1, 2H), 3.68 - 3.61 (m, 2H), 2.92 - 2.83 (m, 1H), 2.48 -
237 (m, 1H), 2.37 - 228 (m, TH), 2.28 - 2.18 (m, 1H), 1.64 - 1.61 {m, 4H}, 1.49 - 1.37 {m, ZH),
1.26 {m, 1.6 Hz, 3H), 0.90 (d, 3H).

Step F: ethyl 2-methyi-4-C2-(methylsulfonyloxyiethyheyclopentanecarboxylate
DNy e O

{ O S

O Sie)

A solution of a scalemic mixture, predominately (182R4R)-ethyl 4-2-hydroxyethyi}-2-
mathyleyclopentanecarboxylate (2.15 g, 10.74 mmol} in DCM (17 mL) was conled {o about 8 °C

in an ice bath, TEA (3 mL, 21.5 mmol} was added followed by methanesulfony! chlonde (1.3

86



WO 2013/043826 PCT/US2012/056266

mk, 16.1 mimol) and the reaction was warmed to ambient temperature {or about 2 h. The reaction
wag pariiiioned between water (20 ml) and cyelohexane (100 ol and the layers were separated.
The organic phase was washed with brine (20 ml), dried over anhydrous Na,50,, filtered and
concentrated under reduced pressure to give a scalemic mixture, predominately (15 2R 4R}-ethy!

5 Ze-methyl-4-(2-(methyisulfonyioxy)ethvlicyclopentanecarboxylate (2.73 g, 91% crude) as a yellow
oil; 'H NMR (400 MHz, CDCL) §4.22 ¢, 2H), 4.13 (m, 2H), 3.01 (s, 3H), 2.93 - 2.84 (m, 1H),
243 (o, FH), 2.35 (dd, 1H), 2.26 (ddd, 1H), 1.81 - 1.73 {m, 210, 1.72 - 1.63 (m, iH), 1.5% - 144
{m, 1H}, 1.44 - 1.37 (1, 1H), 1.26 {t, 3H), 8.91 (¢, 3H}.

10 Step G: ethyl 4-(2-cyanoethyl-2-methylcyclopentanecarboxylate

\.;3 ‘ O CN
O /"'\g\m

Oy O
To 2 solution of a scalemic wmixiure, predominately (152R4R-ethyl Z-methyi-4-(2-

{methylsulfonyloxyiethyDeyclopentanccarboxylate (2.69 g, 9.66 mmoly in DMF (26 ml) was

[
(941

added sodium cvamide {8.95 g, 19.3 mmol). The reaction was heated to about 85 °C and left
stirring for about 3 k. The reaction was cooled to ambient teoperature and cyclohexane {60 mL)
and water (30 mbL) were added. The layers were separated and the aqueous phase was extracted
with cyclohexane (2 x 60 mbl). The combined organics were washed with saturated agueous
MNaHCO; (2 x 20 mb) and brine (3 x 15 mb), dried over anhvdrous Nap5Q,, filtered and
23 concentrated under reduced pressure to give 2 scalemic mixture, predominately (18, 2R 4R j-ethy!
d-(2-cvanoethyii-2-methyicyclopentanecarboxviate {1 81 g, 89% crude) as a clear colorless oil; 'H
NMR (400 MHz, CDCl} & 4.16 —4.10 (im, 2H), 2.91- 2.85 (m, 1H), 2.43 - 2.37 (m, 1H), 2.37 -
2.30 (m, 3HY, 228 - 2.26 (m, 1H}, 1.75 - 1.62 (m, 3H), 1.49 - 1.34 (m, 2H), 1.26{t, 3H), 0.91 (4,
3H).

Step H: allyl 4-(2-cyaneethyly-2-methylcyclopentanecarboxylate

30 A mixture of allyl acetate {23.5 mb., 218 mmol} and titanium (IV) isopropoxide (5.6 mE, 188

mimol} was heated at reflox for aboot 7 h. The reaction was cooled to ambient temperature and
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concentrated under reduced pressure.  Allyl acetate {(23.5 ml, 218 mmol} was added and the
mixture was heated to reflux and left stirring for about 16 h, The reaction was cooled to ambieunt
temperature and concentrated under reduced pressure. The residue was dissolved in allyl alcohol
(38 mi, 557 mmol} and the mixture was added to a scalemic mixture, predominately (18,2R4R}-
ethyt 4-{2-cyanoethyl}-2-methyleyclopentanecarboxylate (4.56 g, 218 mmol) and the reaction
mixture was heated to reflux for about 7 h. The reaction was cooled to ambient temperature and
concentrated under reduced pressure. Allyl aleohol (38.0 ml., 557 wmmol) was added and the
reaction mixture was heated to reflux and left stirring for about 16 h. The reaction was cooled to
ambient teraperature and concentrated vnder reduced pressure leaving an orange o, The ot was
partitioned between cyclohexane (50 ml) and 10% agueous HCI (50 mb) and the layers were
separated. The organic phase was washed with 10% ag HCL (2 2 25 mL). The combined agueous
favers were extracted with cyclohexane (50 ml), and the combined organic layers were washed
with brine (25 ml), dried over anhydrous Na,SQu, filtered, and concentrated under reduced
pressure {o give a scalenuc wixture, predominately (IS 2R 4R}-allyl 4-(2-cyamnoethyi}-2-
methyleyclopentanecarboxylate (4.76 g, 99% crude) as a vellow oil; 'H NMR (400 MHz, CDCl)
¢ 5.92 {ddt, TH), 5.33 (dq, 1H), 5.24 {ddd, 1H}, 4.58 (m, 2H), 2.93 {ddd, 1H}, 2.45 (ddd, 1H), 2

- 2.24 (m, 4H), 175 - 163 {in, 3H), 1.50 - 1.36 (m, 2H), 0.92 {d, 3H).

Step I: 4-(2-cyanoethyl)-2-methyleyclopentanecarboxylic acid

¢ CN B HO\WmC

W . w3 q JN
G G
To a solution of a scalemic mixture, predominately (1S2R.48y-alivl 4-(2-cyanoethyi)-2-

methyicvelopentanecarboxylate (4.76 g, 19.8 mmol} in toluene (27 mL) was added Pd{Fh:P)

(1.14 gz, 0.989 mmol} followed by pyrolidine (4.93 ml, 59.4 muol). The reaction mixivre was
stirred at ambient temperature for about 2 h. The reaction muxture was washed with 1096 agueous
KoCOs (3 x S0 mb), and the combined aqueous layers were extracted with {oloene (20 mL). The
pH of the agueous layer was adjusted to about 4 with 5% aqueous citric acid and it was exiracted
with MTBE (3 x 50 mL). The combined organics were washed with brine (20 mbL), dried over
anhydrous NapSQy, fillered and concerdrated under reduced pressure. To a solution of the
carboxylic acid in acetonitrile (37 mL) was added dicyclohexylamine (3.94 mL, 19.8 mmol) and
the mixture was left stirring at ambient termperature for about 30 min, The sohid was filtered
washing with acetonitrile (about 15 ml.) and left to dry in a vacuum oven at about 60 °C. To a
suspension of the dicycichexylamine salt m MTBE (80 mL) was added 0.5 N agueous HCL (40

mk, 20 tunol) and the reaction mixiure was stirred at vt. After about | h MTBE (40 mL) and 8.3
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N aqueous HC (20 mL, 10 mmol} were added. The reaction mixture continued stirring at rt for
about 3 h. The solids were filtered off, and the Gitrate lavers were separated. The agqueous layer
was extracted with MTBE (2 x 50 mlL) and the combined organic layers were dred over
anhydrous Na,S0,, filtered and concenirated vuder reduced pressure to give a scalemic mixture,
predomunately (18,28, 4R)-4-(2-cvanoethvl)-2-methylcyciopenianecarboxylic acid {2.66 g, 74%
crude} as a yellow o1l with solvent impurities of DCM {(~7 moi%) and MTBE {(~2 moi%); LO/MS

{Table 1, Method a) R, = 1.82 vun; MS m/zs 180 (M-Hy.

Step & 4-C-cyancethyl)-2-methyl-N'-(5-tosyl-8 H-pyrrole[2,3-blpyrazin-2-

vhevelopenianecarbohydrazide

To a suspension of 2-hydrazmyl-S-tosyl-SH-pyrrolo[2,3-blpyrazine (1.091 g 3.60 mmol
WO201 1068881y and & scalemic mixture, predominately (18,2R,4R)-4-(2-cyanoethyi)-2-
methyleyclopentanecarboxylic acid (0.652 g, 3.6 mmol) in DCM (10 mL) was added HATU (1.51
2, 3.96 mmol) followed by TEA (1.51 mL, 10,8 mumol}. The reaction was left stirring at ambient
temperature for about 1 b, 10% aqueous KHPO, and DCM (about 20 ml each) were added and
the layers were separated. The aqueous phase was extracted with DCM (2 x 30 mL) and the
combined organics were washed with brine (20 mL), dried over anhydrous MgSQ,, filtered, and
concentrated under reduced pressure.  The crude material was purified by silica gel
chromatography eluting with a gradient of 4-70% acetone in heptane {o give a scalemic mixture,
predopunately (18, 2R 4R)-4-(2-cyanoethyl}-2-methyl-N'-(5-tasyl-5SH-pyrrolo| 2, 3-b fpyrazin-2-
vileyelopentanecarbolivdrazide (1 45 g, 86%} as a vellow foam; LC/MS (Table 1, Method a) R =

2.08 min; MS m/z: 467 (M+H)Y"
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Step K& 3-G-methyl-4-{¢-tosyboH-pyrrolof2,3-ell1,2,4J{riazolof4,3-alpyrazin-1~

yvixyelopentyliprepanenitrile

N
/ \E: o
IN::

HNTNC “\‘Ti\ 3y

HN\E’\EQT«\ ----------------- SN
N‘«;J\N Qﬁst\‘;g
O;Q‘:'O 7 “‘{\
8 ¢
— \

X

To a solution of a scalemic mixture, predominately (1528 4R)-4-(2-cyancethy-2-methyl-N-(5-

[,

tosyi-SH-pyrroio{2, 3-bpyrazin-2-vhcyclopentanecarbohydrazide (1,43 g, 3.07 puaoly 10 1,4~

dioxane (16 mL} was added TEA (1.71 mb, 12.3 mmol} and thionyl chloride (0.27 ml, 3.68
mnol} and the reaction was heated to about 75 °C for about 90 oun. The reaction was cooled to
ambient temperature and diluted with water (20 mL) and extracted with DCM (3 x 20 mL). The
combined organics were washed with brine (20 mbL), dried over anhydrous MgSQ,, filtered, and
1} concentrated under reduced pressure.  The crude wvuaterial was purified by silica gel
chromatography eluting with a gradient of 10-70% acetone in heptane to give a scalemic mixture,
predominately 3-((IR 3R, 45)-3-methyl-4-{6-tosyi-6H-pyrrolof2,3-e] 1,2, 4] triczolof4, 3-
alpyrazin-i-ylhicyclopeniylipropanenitrile {1.23 g, 89%}) as a tan foam; LC/MS (Table 1, Method

a} R, = 2.19 min; MS m/z: 449 (M0,

Step L 31 R.3R48)-3-methyb4-(8H-pyrrolol2,3-e} {12 4{trinzolni4.3-alpyrazin-i-

vijeyelopentyljprepaneniirile

\ o
‘(/?/" “\--CN
N:::(-b‘ Yo,
AN Qm\wcm
L Ma==i®
B N L . N

20 To a solution of a scalemic wmixture, predominately 3-({1R,38,45)-3-methyl-4-{6-10syl-65-
pyiroloi2,3-e{[1,2,4 itriazolo[4.3-a [pyrazin-1-vljcyclopentylpropanenitrile (1.22 g, 2.73 mmol) in
MeOH (11 mL} was added potassium cyanide (8,533 g, 3.19 mmol) and the reaction was left

stirring at ambient temperature for about 16 h. The solvent was removed under reduced pressure
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and BtOAc and water {15 mL each) were added. The layers were separated and the agqueous
phase was extracted with EtOAc {(Z x 10 mL) and DCM (Zx 10 mL). The combined organics
were dried over anhydrous Na; SO, filtered, and concentrated under reduced pressure. The crude
material was purified by sithea gel column chromatography ehiting with 2 gradient of 0-100%

5 (j900/90/10] DCM/MeOH/NHLOH) 1o DCM to give a tan foam. The wtuaterial was further
purified by chiral HPLC {Table 2, Method 6) R, = 20.4 min, or = negative] to give 3-({1X, 3R 45)-
F-methyl-4d-(6H-pyrrolof2,5-¢][1,2,4 [triazolof4, 3-afpyrazin- I-yijcyclopentylpropanenitrile (0.62
2, 59 %) as an off white solid; LO/MS (Table 1, Method a} R, = 1.51 min; M8 m/z; 295 (M+H)".
Jak3 IG5 =B

10
Example #11, 3-((1R,38,45)-3-methyl-4-(pyrroloi2,3-51{1.2.3[triazolo |4, 5-dlpyridin-1 {8 H}-
vijeyelopentyljprepaneniirile
iy,
(}“’\,w
NN
N =
Bl
N
H
Step A 3-(-3-amino-4-methylcyclopentyljpropanenitrile
D s T ——
rifx\“ CMN \.»,N/ M N ~/ \‘----CN
O O’;“{“ i
15

To a soluwion of a scalemic mixture emriched 1o (15,2R,4R)-4-(2-cyanoethyl)-2-
methyleyclopentanecarboxylic acid (1.66 g, 9.16 mmol, Example #10, Step 1) in toluene (35 mL)
was added DPPA (2,18 ml, 10.1 wmol} and TEA (281 ml, 20.2 mmol). The reaction was
heated at about 100 °C. After about 2 b, the reaction was cooled to rt and concentrated under

200 redoced pressure. The resulting oil was dissolved in THF (70 mL) and then water (76 mL) and
lithium hydroxide monohydrate (7.69 g, 183 mmol) were added at vt while stirring.  Afier about
16 h, water (150 mL} was added and the mixture was extracted with EtOAc 3 x 200 mL}). Brine
{~50 ml.) was added during the second extraction to break an evmlsion. The combined organic
layers were washed with brine (100 mL}, dried over anhydrous Na,SO,, filtered, and concentrated

25 under reduced pressure, The crude material was purified by silica gel chromatography eluting
with a gradient of 0-100% DCM/MeQH/NHLOH (900:90:10) in DCM to give a scalemic mixture
enriched in 3-({IR 38 4R}-3-amino-4d-methvicyclopentyDpropaneniirile (098 g, ~70%, ~88%
purity by "H NMR) as an oil that was used without further purification; LC/MS (Tabie I, Method
a) Ry = 1.22 min; MS m/z: 153 (M+HY

30
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Step B: 3-(3-methyl-4-(5-nitro-1 H-pyrrole|2,3-slpyridin-4-

viaminajcyclopentylpropanenitrile

G N \E/Jﬁ/\\ . \m i’”‘:e'/ \"'CN
L OolNL A
N7 E —~ N \EE/ =

HN C

A mixture of 4-chloro-S-nitro-1 H-pyrrolof2,3-blpyndine (1.20 g, 6.07 mmol, WO2011/063881),
a scalendc muxture enriched in 3-{({1R.35,47-3-amino-d-methyicyciopendylipropanenitrile (8.97
g, ©.37 mmol), and DIEA (2,12 mL, 12.2 mmeol} in N-methy! pyrrolidone (30 mL) was stirred at
about 60 °C. After about 21 h, the reaction was cooled to rt and poured slowly into a stirring ice-
water raixture (~150 ral). The resulting yvellow solid was collected via vacuum filtration, while
washing with additional water (100 mL), and dried in a vacuum oven at about 50 °C {o give a
scalende mxture emriched W 3+((IR IR A4S Fmethyl-d-(Snitro-1 H-pyrrolof 2, 3-hfpyridin-4-
yiaminocyclopentvl)-propanenitrile (1.79 g, ~94%, ~87% purity by UV} as a yellow solid that
wag used without further punfication; LC/MS (Table 1, Method a} R, = 2.01 mirg MS w/z: 314
(M+H)

Step O 3-(3-(5-amino-1H-pyrrelo|2,3-bipyridin-4-ylamine)-4-

methyleyelopentyhpropanenitrile

j\> ----- N

HN' CN 4}\
;N . — . HN
T 0
SEN “NT N
H H

To 3 scalemic mixture erriched in 3-{((1R 3R 45 -3-methy-4-(Sitro-1 H-pyrrolo[2,3-blpyridin-4-
viaminoeyelo-pentyDpropanentirile (1.57 g, 5.01 muooly 1o BtOH (50 mb} was added tin(lh)
chloride dihiydrate (5.65 g, 25.1 mmol}. The reaction was heated to about 70 °C. After about 1.5
h, the reaction was cooled to rt, poured over ice water (~150 mL}, and then the pH was adjusted to
~8 with saturated agueous NaHCO;. EtOAc (150 mb) was added and the resulting mixture was
stirred at rt for about 1 b and then fltered to remove tin salts. The layers of the filtrate were
separated. The fifter cake was stirred with EtOAc (2 x 100 i} and then BHtered. Fach organic
filtrate was then used to extract the initial agueocus layer. The combined organic layers were
washed with brine (100 ml), dried over Na; SOy, decanted, and concentrated. The crude roatenial
was dissolved in DCM and purified by silica gel chromatography eluting with a gradient of 0-
75% DCM/MeOH/NH,CH (S00:90:10) in DCM to give a scalemic mixture enviched m 3-

((1R 35,4R)-3-(5-amino- I H-pyrvolof2 3-bpyridin-d-ylamine j-4-methyicyclopentvlpropane-
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nitrife with about 3 mol% DCM as an excipient {1.61 g, 70%) as a brown facky foam; LO/MS

{Table 1, Method a) R, = 1.62 min: MS m/z: 284 (M),

Step Dy 3-{(IRI3RA5)-3-methyl-4-(pyrrolo2,3-51{1.2,3}iriazelo[4,5-dlpyridin-1{6 H}~

vijeyelopentyljprepaneniirile

‘\5/\_\* /’f:,
. o ()”'\,L,N

T N
HoN A N
NN e N
m RN
NT TN PN
H NT N
H

A scalemic mixture enriched in 3-((1R,35.4R)-3-(5-amino-1 H-pyrrolo|2,3-h lpyridin-4-ylamino)-
4anethyicyclo-pentylpropanenitrile (1.01 g, 3.56 mmol) in THF (150 L} and 6 N HCE{IS mL,
80 mmol} was cooled to about 0 °C. A solution of NaNG, (0.369 g, 5.35 mmol} in water (3 mL)
was added and the reaction continued stirring at about 0 °C. Afier about 40 min, the reaction was
guenched with 2 N agueous NaOH 45 mL} while cooled i an ce bath. The mixture was
extracted with EtQAe (3 x 100 mL). The combined organic layers were washed with brine (100
mL}, dried over anhydrous Na; SO, filtered, and concentrated under reduced pressure. The crude
material was purified by silica gel chromatography eluting with a goadient of §-73%
DOM/MeOH/NHLOH (900:90:10) m DCM to give an off-white solid {0.83 g} which was further
purified along with additional raatedal (0.033 g) from a separaie reaction via chiral preparatory
HPLC {Table 2, Method 9); R = 18,1 min, or = negative to give 3-((IR. 3R 48)-3-methvi-4-
{(pyrrolof2,3-bj{1.2.3]triazolof4, 5-d]pyridin-1 (6H)-yiicyclopentyvij-propanenitrile with ~{ moi%
DCM as an excipient (0.78 g, 71%) a8 a white solid; LC/MS (Table 1, Method a) R, = 1.76 min;
MS m/z 295 (MHH). PFurther drying at about 60 °C gave material with less than 0.5 mol%

DCM. Jak3 10 =8B

Example #12: 5-{(35,4R-3-ethyl-4-(3H-imidazo{l,2-alpyrrole{2,3-elpyrazin-S-yhpyrrolidin-

i~vi-5-exopentanenitrile

\ O
)
A .N’K/
et NN
!i:::\;“
Na N
T
\N,ANN
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Step A: (£)-ethyl pent-2-enoate

5 Toashuoy of Lindlar catalyst (0.844 g, 0.396 mumol) in THF (1060 mL) and pyridine (10 mL) was
added ethyl pent-2-yvnoate {522 mL, 39.6 mmol}. The reaction mixture was sparged with
hydrogen for about 10 min and an atmosphere of hydrogen was maintained via balloon. After
about 15 h the reaction mixture was filtered through a pad of Celite®, diluted with E6O (30 mL)
and washed with saturated agueous CuSQy (40 mi), followed by water (40 mlL). The organic

1 layer was separated, dried over anhydrous MgSO,, filtered, and concentrated in vacus o provide
crude (Z-ethyl pent-2-envate (5 g, 95%). "H NMR (DMSO-d,) 8 6.21 (m, 111), 5.72 (m, 11D, 4.18
{q, 2 H), 2.65 (m, 2H), 1.28 {t, 3H), 1.05 (¢, 3H).

Step B: {cis)-ethyl 1-benzyl-4-ethylpyrralidine-3-carbexylate

r'f;\ ﬂ
Ny N L\/\
r’“\/ " N ) , N
A A — O Y
g ’ o N je S
15 AN — VA

3

To a solation of N-benzyl-lamethoxy-N-({frimethyisiiyDmethyDmethanamine {(9.98 mi, 39.8
mimol} and (Zy-ethyl pent-2-enoate (5.0 g, 32.0 mmoly in DCM (50 mi) was added TFA (0.030
mkb, 0.390 mumol) at rt. After about 2 days, the reaction mixtare was concentrated i vacuo {0
provide crude cis-ethyl I-benzyl-d-ethvipyrrolidine-3-carboxylate (9.8 g, 96%) as an oil. LO/MS

23 (Table 1, Method a) R, = 1.62 min; MS m/z: 262 (M+H),

Step C: (cisr-1-(benzviexyearbonyl)-4-ethylpyrrolidine-3-carbaxylic acid

- L O . ,.

/‘\N..../ = V”‘CN“ ,>:::/ ,,,,,,, - L\E/\N“‘{:y - ’:E\/\N_{/‘O

O~ Oy O™ ux_\ Oy o->ﬁ
; 5 OH 7 OH 7
(" (" - -

25 Tooaslurry of 2056 by weight palladium hydroxide on carbon (5.37 g, 7.65 ywunel) in E4DH (300
mb} was added cis-ethyl [-benzyl-d-ethylpyrrolidine-3-carboxylate (40 g, 1533 muwoly. The
reaction nuxture was placed on a Parr shaker and hydrogenated at about 60 psi. After about 2 days

the reaction mixture was filtered through Celite™ and concentrated in vacuo to provide crude cis-
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30

ethyl 4-ethylpyrrohdine-3-carboxylate as an oil. To a flask charged with the crude cis-ethyl 4-
ethyipyrrolidine-3-carboxyiate (18 g, 105 ramol} was added a 6N agueosus HCI (200 md.). The
reaction mixture was heated to about 100 °C. After about 24 1 the reaction mixture was cooled fo
vt and concentrated in vacuo. The residue was dissolved 1n 1 4-dioxane (200 mL) and water (200
mkb}. The pH of the reaction mixtore was adjusted to about 10 with Nay,CO; and then benzyl 2,5-

116 mmiel) was added. After about 15 h, ELO (200 wmb)

&

dioxopyrrolidin-I-yi carbonate (28.8 g
was added and the layers were separated. The pH of the agueocus laver was adjusted to 1 with
concentrated aqueous HCI and ERO/EtOAc (111, 500 mbL) was added. The organic layer was
separaled, dred over NapSO,, fillered and concentraled m  vacuo to provide cis-1-
{benzyloxycarbonyl)-4-ethyipyrrofidine-3-cavboxyiic acid (21.8 g, 75%) as a brown oil. LC/MS

{Table 1, Method a) R, = 1.80 min; MS m/z: 278 (M+H) "

Step D (R)-1-(naphthalen-1-vilethanammonium (3R 45)-1-(benzvloxycarbonyvi}-4-

ethylpyrrelidine-3-carboxylate

O o, o)
N N
Oy O\ %o“[\f’ J\o —
(‘)H (/_—‘Q\ C\JH -H
\ 4 A\
\“:/) &:::://
*

To a solution of cis-1-{benzyloxycarbonyli}-4-ethylpyrrobidine-3-carboxylic acid {375 g, 1149
mumol) in acetonitrile (2 L) was added (8)-1-(naphthalen-1-yDethanamine (68.9 g, 402 mmal) with
stirring. After 15 h, the solids were collected and dried in vacuo to provide (S)-1-(naphthalen-1-
yhethanammomom  (38,4R)-1-(benzyloxycarbonyl-4-cthylpyrrolidine-3-carboxylate  {64.85 g,
145 mumol, 1396} {er > 98:2, R, = 5.31 nun, Table 1, Method g). The filtrate was concentrated in
vacuo, dissolved in ELO (2 L) and washed with 1N agoeous HCH (2 L) and brine {1L). The
organie layer was dried (MgSQy), filtered and concerdrated i vacuwo. The off was dissoived in
acetoniiniie {2 L) and {&)-1-(naphthalen-1-yi}ethananmne {98 g, 575 mmol)} was added with
stirring. After about 15 h the solids were collected by filtration to provide a mixture of {(R}-1-
(naphthalen-1-ylicthanamine (3R.45)-1-{benzvloxycarbonyl}-4-ethylpyrrolidine-3-carboxylate
and  (R)-1-(naphthalen-1-yDethanammonium (3548)-1-(benzyloxycarbonyl}-4-ethylpyrrohidine-
3-carboxyiate. R, =4.77 min and 5.31 min, Table 1, Method g {er = 85:15). The wet solids (350 @)
were slurried in acetonifrile (3.5 L} and heated o about 80 °C with stirring. After about 4 h the
mixture was cooled to about 40 °C, {filtered and dried in vacuo (o provide (Ri-I-(naphthalen-1-

vijethanammonium (3R 48)-1-(benzyloxycarbonyi)-4-ethyipyrrolidine-3-cavboxyiote (167 g,
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32%0). {er > 98:2, R, = 4.77 min, Table 1, Method g). LC/MS (Table 1, Method a) R, = 1.30 min;
MBS m/z: 278 (MAH),

Step E: (3R 45)-benayl 3-(2-bromoacetyl)-4-ethylpyrrolidine-1-carboxylate

\ &
b g
O Q
| Oy ’\7/\ Lo AL
R, O*w\ S L/ o
%Y‘ ° N ul ﬂ\;\)
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/\\/’\ = B ‘T‘\f} =

CO
{&)-1-(naphthalen-1-yDethanammonium (3R,45)-1-(benzyloxycarbonyl)-4-ethylpymrolidine-3-
carboxyiate (25 g, 55.7 mmol) was added to a separatory funnel containing EGO {580 mL) and
IN agueous HCL (350 mL). The mixture was shaken until all of the solids dissolved. The layers
were separated and the organic layer was washed with brine (200 mL), dried (MgSQy} filtered and
concentrated in vacwo. The resulting (3R 4S)-i-(benzyioxycarbonyl}-4-ethylpyirolidine-3-
carboxylic acid was dissolved in DCM (200 mL) and DMF {0.043 mL, 0.557 mmol} and oxalyl
chloride (2M in DCM, 557 md.,, 111 vunol} was added. After bubbling ceased {about 4h), the
reaction mixture was allowed to stir for an additional about 2 1 prior to being concentrated i
vacuo. The erude acid chloride was dissolved in THF (106 mL) and acetonitrile (100 mL), cooled
to about 0 to -10 °C and TMS-diazomethane (1M ia ELG, 195 mi, 195 mmol} was added while
maintaimng the temperature below about 10 °C. After about 2 h, 48% aqueous HBr (63.1 mL, 557
mmol) was added such that the internal temperature was no more than about 10 °C. After about 4
h, the reaction mixture was diluted with Et;00 {300 mL) and water (300 mL). The organic layer
was separated, washed with saturated aqueous NaHCO; (300 mL) and brine (200 mL}, dried over
MgSG,, filtered and concentrated in vacuo to provide (3R4S)-henzyl 3-{2-bromoacetyl)-4-
ethylpyrrolidine-I-carboxylate (19.5 g, 99%). The crude bromude was used without further

purification, LC/MS (Table 1, Method a) R, = 2.37 mir; MS m/z: 354, 356 (M+H)",
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Step F: (3R,48)-benuyl 3-(2-(fert-butoxycarbonyl(S-tosyl-SH-pyrrolo{2,3-5lpyrazin-2-

yviiaminojacetyl)-4-ethylpyrrolidine-1-carboxylate

*“\
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5 To a sohution of fers-butyl S-tosyl-5H-pyrrolo2,3-blpyrazin-2-yicarbamate (28.1 g, 72.3 mmol,
WO201/O68RET Y 1o DMF {190 wml) was added WNaH (2.67 g, 66.7 ramol, 66% suspension in
mineral oil). After about 4 h, the solution of anion was added slowly to a solution of (3R45)-
benzyl 3-(2-bromoacety}-4-ethylpyrrolidine-1-carboxylate {(19.7 g, 35.6 mmol) in THF (100 mL)
at about 0 °C. Additional DMF (30 mlL) was added to aid in the addition. After about 1 h

10 following the addition saturated agueous NH,C1(260 mL) and BtCAc (500 mL) were added. The
organie jayer was separated, washed with brine {200 mL), concerdrated in vacuo and purified by
chromatography on silica gel (330 g) ehuting with EtQAc/heptanes (20-80%) to provide (3R, 4S)-
benzvi 3-(2-(tert-butoxycarbonyi(3-tosyl-5H-pyrrolof2,3-b]pyrazin-2-yllamino jacetyl)-4-
ethvipyrrolidine-i-carboxylate (22 g, 60%}) as a solid. LO/MS (Table 1, Method a) R, = 2.98 min;

15 MBSm/fz: 562 (M)

Step G: 8-{((3X,435)-4-cthylpyrrolidin-3-yi}-3-tesyl-3H-imidaze{1,2-a{pyrrolo|2,3-elpyrazine

bis hydrobromide

/ ’3 N
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20 To a soluton of (3R 48)-benzyl 3-(2-(rert-butoxycarbonyl{5-tosyl-5 H-pyrrolo[2, 3-Flpyrazin-2-
vhaminoyacetyl-4-ethylpyrrolidine-1-carboxylate (40 g, 60.4 muaoly in DCM (500 mL) at vt was
added TFA (46.6 mL, 604 mmol). After about 8 h the reaction mixiure was concenirated i vacuo.

The residue was dissolved in 1 4-dioxane {1 L} and the sohution was degassed with nitrogen. After
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about 30 min, Lawesson's reagent {18.34 g, 45.3 mmol) was added and the reaction mixture was
heated to about 65 °C. After about 4 b, the reaction mixture was cooled to 1t and water (200 mL)
followed by sodinm perborate monohydrate (30.2 g, 302 mmwol) was added. After about 15 h
Ssaturated aqueous NaHCO; (200 ml) was added. After about 2 b the reaction mixture was
5 extracted with EtOAc (3 x 500 mL). The organic exiracts were combined, washed with brine (300
mL}, dried (Na,50,), filtered and concentrated in vacue. The residue was dissolved i 1,4-
dioxane (I L) and a 33% solution of HBr 10 acetic acid {99 wd., 604 mumol} was added slowly.
After about 4 b, ERO (500 mbL ) was added and the solids were collected by tiltration and dried in
vaciwo o provide  8-({3R 45)-4-etiylpvrrolidin-3-0)-3-tosyl-SH-imidazol . 2-afpyrrolof 2,3~
10 efpyrazine bis hydrobromide (32 g, 93%) as an orange solid. LE/MS (Table 1, Method a) R, =

1.51 ming MS m/z: 410 (M+H)".

Step H: 5-{((35,4R8)-3-ethyl-4-G-tosyl-3H-imidaze}l,2-¢|pyrrele{l,3-elpyrazin-8-

yhpyrrolidis-1-yi)-S-oxopentanenitrile

b N
Yoy, fry, N\
NH G 7 N’A\,
b . L e
=t HOT NN =\
N\ N\,,.»\ Ammmmmmnmmnmnne o N\ N \
I\ E/i\. Ny /E)\ ./
NN NTTR
o 5=0 b=0
o* 0=

[
(941

To 2 solution of B4{(BRA5-4-cthylpyrrolidin-3-yi-3-tosyl-3Famidazo[ 1, 2-aipyrrolof2,3-
elpyrazine {5 g, 12.2 mmol} in DCM (20 mL) was added DIEA (2.1 mi, 12.2 mmol} and stirred
at ambient temperature for about 3 min followed by the addition of 4-cyanobutanoic acid {1.45 g,
20 12.8 mmoi, Best PharmaTech, Inc.} and HATU (4.64 g, 12.2 mmol). The mixture was stirred for
about 18 h and to it was added saturated agueous NaHCO, (10 mL) and the layers were separated.
The aqueocus layer was back extracted with DCM (15 mL). The combined organic layers were
washed with brine (10 ml), dried over anhydrous MgSO,, filtered and concentrated under
reduced pressure. The crude material was purified by silica gel chromatography eloting with a
25 gradient of 0-5% MeOH/DCM 1o afford  5-((35,4R)-3-ethyl-4-(3-rosyl-3H-imidazof1,2-
alpyrrolof 2, 3-¢jpyrazin-E-ylipyrrolidin- i -yl)-5-oxopentanenitrile as a yellow foam (5.59 g,

91%): LC/MS (Table 1, Method b} R, = 2.00 min; MS m/z: S03 (fi‘vi»%»H)*'.
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Step I: 5-((35.4K)-3-ethyl-4-GH-imidaze|1,2-alpyrrole[2,3-elpyrazin-8-yDhpyrrolidin-1-yi)-5-

pxopentanenitrile
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To a solution of S-{{3548)-3-ethyl-4-(3-tosyl-3Famidazo1,2-alpyrroloi2,3-e jpyrazin-§8-
vhpyrrolidin-1-vl}-3-oxopentanenitrile (5.5% g, 11.1 muvol)y 1n 1,4-dioxane (22 mL) was added 2N
aqueous NaOH (11.1 mib, 22.2 mimol). The resulting mixture was stirred and heated to about 40
°C for about 90 min. The reaction was cooled to ambient temperature and to it was added DCM
(20 ;i) and H;O (20 mb). The organic layer was separated and washed with brine (20 mlL),
dried over anhydrous MgS80,, filtered and concentrated under reduced pressure. The material was
purified by silica gel chromatography eluting with a gradiend of 0-10% MeOH/DOCM (o afford a
yvellow foam. The compound was further punfied by chiral chromatography (Table 1, Method
10y, Re= 9.1 min, or = negative The product was dried in a high vacuum oven at about 60 °C for
about 2 days to afford  5-(/384R)-S-ethyl-4-(3H-imidazof 1, 2-ajpyrralcf 2, 3-elpyrazin-§-
viipyrrolidin-I-vi)-S-oxopentanenitrile (2.65 g, 68%). LOC/MS (Table I, Method b) B, = 1.41
ming MS m/z 351 (M+HY, Jak3 105 =B

Example #13: (33.48)-3-cthyl-N-(2-flusroethy-4-3H-tmidaze[1,2-alpyrrole[2.3-¢lpyrazin-

S-yhpyrroelidine-i-carboxamide

7=\
Ny Ny
L‘\\N/L“NH
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Step A: (35 4K)-3-ethyl-N-C-flusroethyl)-4-(3-tosyl-3H-imidaze[1,2-ajpyrrole[2,3-

elpyrazin-8-ylipyrrolidine-{-carboxamide

1‘ N i 7
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v e Ny
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To a solution of 2-fluorocthanamine hydrochlorie acid (2.1 g, 21.3 vunel} in acefonitriie (31.0

5 mL) at ambient temperature was added CDI (3.24 g, 19.9 mmol) and stirred for about 40 min
followed by the addition of TEA (1.86 mL, 13.3 mmol}). The resulting mixture stirred for about

20 min and to it was added a solution of B-({3RA45)-4-ethylpyrrofidin-3-y1)-3-tosyl-34-
imidazol §,2-alpyrrolo{2,3-¢lpyrazine {545 g, 13.3 mumol, Example #12, Step G) and TEA (3.71

mk, 26.6 vunol) 1o acetonitrile {62.0 mL) and stirring was cordinued for about 1 k. An additional

180 solution of 2-flusreethanamine hydrochioric acid (6.93 g, 9.31 mmol) int acetonitrile (16.6 mL)
that had stirred for about 1 h was added to the reaction mixture and stirring was continued for an
additional 1 h. The reaction mixture was partially concentrated under reduced pressure and fo it

was added DCM (100 mL) and saturated aqueous NaHCQ5 (80 mL). The layers were separated

and the aqueous layer was back exiracted with DCM (2 x 80 mL ). The combined orgarnic layers

15 were dried over anhydrous MgSQ,, fillered and concentrated under reduced pressure, The erude
material was purified by silica gel chromatography eluting with a gradient of §-7% MeUOH/DCM
to afford (38,4R)-3-ethyl-N-¢2-fluoroethylj-4-{3-tosyl-3H-imidazo [ 1, 2-afpyrrolof 2, 3-epyrazin-§-
vipyrrolidine-{-carboxamide {5.44 g, 82%} as an off white solid: LO/MS (Table 1, Method b)
R = 1.96 min; MS m/z 499 (M+H)'.

20

Step B: (38,4R8)-3-cthyl-N-2-fluoroethy}-4-(3H -tmidazo{l, 2-alpyrroloe]l,3-¢jpyrazin-§-

vipyrrolidine-I-carboxamide

e Na
1§
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To a solution of (354R)-3-cthyl-N-{Z-thioroethyl}-4-(3-tosyl-3H-imidazo[1,2-alpyrrolo]2,3-
ejpyrazin-8-yhpyrrohidine-1-carboxamide {5.44 g, 18.9 mmwol} in 1,4-dioxane (60.7 mL) was
added IN aqueous NaOH (21.9 mL, 21.9 numol} and the reaction mixture was stirred at about 65
°C for about 1 h. The reaction mixture was cooled to ambient temperature and partially
concentrated under reduced pressure. The aqueous solution was extracted with DUM (3 x 30 mL)
and DBCMAPA (911, 2 x 70 mL).  The combined organic layers were dried over anhydrous
MgSG,, Gltered and concentrated under reduced pressure. The crude material was purified by
silica gel chromatography eluting with a gradient of 0-10% MeQOH/DCM to afford a solid that
was further purified by chiral chromatography (Table 1, Method 23, R = 11.3 min, or = negative
The product was lyophilized to afford (384R)-3-ethyl-N-{2-fluoroethyli-4-(3H-imidazof i, 2-
alpyrrolof 2, 3-¢jpyrazin-S-ylipyrrolidine- 1 -carboxamide (2.2 g, 58.4%). LO/MS {(Table i,
Method b) R, = 1.34 min; MS mi/z 345 (M+H)Y". Jak3 ICy =B

Example #14: (35.4R)-N-(2.2-difluoroethyl)-J-ethyl-4-(3H-imidaze{l,2-alpyrrolof2,3-

elpyrazin-8-ylipyrrolidine- {-carboxamide

{
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Step As (385 4RN-(2,2-difluoroethyl)-3-cthyl-4-G-tosyh-3H -imidazo| 1. 2-glpyrrolei2,3-

elpyrazin-8-ylipyrrolidine-{-carboxamide

|,
""\;/A\J_NH
Sl &
= \. A
N
s - oY
Sy N “\I
N .g=0 N\ N
o I

To 2 solution of 2,2-difhuorcethylamine (8,11 g, 1.31 mumol} in DMF {0.6 mL}) was added CDI
{0.21 g, 1.23 pumol) and the reaction mixture was heated to about 65 °C for about 16 h. The
solution was then added fto a solution of  8-{{3R4S5)-4-ethylpyrrolidin-3-yD)-3-tosyl-3H-

imidazo 1, 2-aipyrrolof2 3-elpyrazine {0.10 g, 0.24 mmol, Exaowple #12, Step G in DMF (8.8
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mL} and heated to about 85 °C for about an additional 80 min. The reaction mixture was cooled
to ambient temperature and concentraied under reduced pressure. To the crude residue was added
BtQAc (75 mbl) and HyO (25 mb). The organic layer was separated and washed with H,O (25
mb}, brine (2x25 mb}), dried over MgSQ,, Gltered and concentrated under reduced pressure {o
5  afford  corude  (384R)-N-(2,2-difluovoethyi)-3-ethyi-4-(3-tosyl-3H-imidozof 1, 2-alpyrrolof2,3-
¢ fpyvrazin-S-yilpvrrofidine- I-carboxamide.
To a solution of  crude (354R)-N2.2-diffuoroethyl-3-ethyi-4-3-tosyl-3 H-trnidaza{i,2-
alpyrrolo]2,3-e jpyrazin-8-yvUpyrrolidine-1~carboxamide {0.13 g, .24 mmol} in 1,4-dioxane (1.8
mL} was added IN aqueons NaGH (0.5 mL, 0.5 mumol} and the mixiure was stirred at about 63 °C
10 forabout 2 h. The reaction was cooled to ambient temperature and to it was added DCM (20 mL)
and saturated agueous NaHCO; (20 mL). The layers were separated and the agueous layer was
back exiracted with BCM (10 mL}). The combined organic layers were dried over anhydrous
MgSQ,, filtered and concentrated under reduced pressure. The crude material was purified by
silica gel chromatography cluting with a gradient of 8-5% MeCH/DCM and dried in a high
15 vacuum oven at about 60 °C for about 16 h to afford (38 4R)-N-(2, 2-diffuoroerhyl)-3-ethyi-4-(3-
tosvi-3H-imidazof1, 2-alpyrrolof 2. 3-efpyrazin-8-ylipyrrolidine-1 -carboxamide (0.07 g, 76%) as
an off white solid: LC/MS (Table 1, Method b)Y B, = 1.39 min; MS m/z: 363 (MH+H). Fak3 ICs=
B

20 Example #15: 1-({(3548)-3-ethyi-4-(GH-imidaze[1,2-g]pyrrofe]2.3-¢jpyrazin-8-yDpyrrofidin-
1-yiy-4,4,4-triflusrobuian-1-one
i O

R }g’:

Step A IH{(384R)-3-cthyh-4-G-tosy-3H-Imidazn{l, 2-alpyrrole|2,3-¢ipyrazin-§-
25 yhpyrrolidin-1-vi-4.4.4-triffuorchutan-1-one
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To a sohutton of B-{(3R45-4-cthyipyrrobidin-3-y)-3-tosyl-3H-imidazo|1,2-alpyrrolof2,3-
eipyrazine {6.10 g, 8.24 mwmol, Example #12, Step G} 10 DM (2 ol) was added DIEA {0.09
mb, 0.51 mmol), 4,4,4-trifluorobutancic acid (0.04 g, 8.24 mmol, Matrix} and HATU (0.12 g,
0.32 mmoel).  The mixture was stirred for about 1 h and 1o it was added DCM {10 mi) and
saturated agueous NaHCO; (5 ml) and the layers were separated. The aqueous layer was back
extracted with DCM (16 mb). The combined organic layers were dried over anhydrous MgSO,,
fijtered and concentrated under reduced pressure to afford crude (135, 48)-3-ethyi-d-(3-tosypi-3H-
imidazof1,2-ajpyrrolof2,3-¢j

100% crude): LC/MS {Table 1, Method b} R, = 0.73 min; MS m/z: §34 (M-+HY"

pyrazin-8-ylpyrrolidin-1-ylj-4.4,4-irifluorobuian-I-ome {013 g,

Step B: 1-((354R)-3-ethyl-4-(3H-imidazs[],2-alpyrrelo|2,3-elpyrazin-S-yhpyrrolidin-1-yi)-

4.4 4-triftuorobutan-i-one
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To a solution of crude 1-{{35,4R)-3-ethyl-4-(-tosyl-3 H-imidazo[1,2-apyrroloi2,3-ejpyrazin-§-
yhpyrrohidin-i-v13-4.4.4-tnfluorobutan-1-one {6.13 g, .24 mmol} in 1,4-dioxane (1.8 mL)} was
added IN agueous NaOH (0.5 mi, 0.5 marool} and the reaction mixture was stirred at about 70 °C
for about 30 min. The reaction was cooled to ambient temperature and to it was added DCM {20
mb) and saturated Nal{CO; (10 mL). The layers were separated and the aqueous layer was back
extracted with DCM (10 mL). The combined organic lavers were dried over anhydrous MgSQ,,
filtered and concentrated under reduced pressure. The crude material was purified by silica gel
chromatography elufing with a gradient of 6-3% MeQH/DCM and dried in a vacuum oven at
about 60 °C for about 16 h to afford 7-({354R}-3-ethvi-4-(3H-imidazof 1 2~-alpyrrolof2,3-
efpyrazin-S-yilpvrrolidin. i -y-4 4 4-wwifluorobutan-1-one (0.06 g, 62%) as an off white solid:

LO/MS (Table 1, Method b) R, = 1.66 niin; MS m/z: 380 (M+H). Jak3 ICs, =B
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Example #16: (33,48)»-N-(2,2-difluorspropyl}-3-ethyl-4-3H-imidazo {1, 2-a]pyrrols{2,3-

elpyrazin-8-ylipyrrolidine-i-carboxamide
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Step A: (3SARNN-(2,2-difluoropropyl)-3-cthyl-4-(3-tosyi-3H-imidazo[l,2-alpyrrolof2,3-

5 elpyrazin-8-ylipyrrolidine-1-carboxamide
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To a solution of 2,2-diffucropropan-1-amine hydrochioric acid (0.72 g, 5.47 ramol, SyniJuest} in
1 acetonitrile (4.0 mL) at ambient temperature was added TEA (0.50 mL, 3.42 mmol) and CDI
(0,83 g, 5.13 mumol) and stirred for about T h. To the resulting mixture was added a soiution of 8-
{(3R,45)-4-ethylpyrrolidin-3-y1)-3-tosyi-3H-imidazo[ 1,2-apyrrolo{2,3-efpyrazine (0.70 g, 1.71
mmoel, Example #12, Step G) and TEA (3.5¢ ml, 3.42 mmol} in acetomtrile (8.0 mL} and
stirring was continued for about 18 h. To the reaction mixture was added EtQAc (10 mL) and
15 saturated aqueous NaHCO; (5 mL). The layers were separated and the aqueous layer was back
exiracted with B10Ac (10 mL). The combined organic layers were washed with brine (10 od.},
dried over anhydrous MghQ,, filtered and concentrated under reduced pressure.  The crude
material was purified by silica gel chromatography eluting with a gradient of 0-6% MeOH/DCM
o afford (38 4R)-N-(2, 2-diflucropropyi)-3-etiyi-4-(3-tosyl-3H-imidazof 1, 2-alpyyrrolof2,3-
20 elpyrazin-8-ylpyrrolidine-I-carboxamide (0.70 g, T7%) as a light veliow foam: LT/MS (Table
, Method ¢) R = 0.65 mirg MS m/z; 531 (M-&-H)".
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Step B: (38,4R)-N-(2,2-dillueropropyi}-3-ethyl-4-(3H-imidaze|l,2-alpyrrole[2,3-elpyrazin-

S8-yhpyrroelidine-1-carbexamide

o 0
th,, N i ] ]
( ,N’(.\.. A
\‘.L___‘l HM}/F &\\"““ :-; F
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To a solution of (354R)-N-(2,2-difluoropropy-3-cthyi-4-(3tosyi-3H-imidazo[ 1 2-alpyrrole]2,3-
ehpyvrazin-8-yhpyrrolidine-1-carboxamide (0.70 g, 1.31 mmol} in 1,4-dioxane (9 ml) was added

IN agueous NaOH (2.6 mL, 2.6 mmol) and the reaction mixture was stirred at about 65 °C for

about 1 h. The reaction was cooled to ambient temperature and 1o it was added DCM (20 ml)

10 and saturated NaHCO; (16 mbL). The layers were separated and the aqueous layer was back
extracted with DCM (10 mL). The combined organic layers were dried over ashydrous MgSO,,
filtered and concentrated under reduced pressure. The crude malerial was purified by silica gel
chromatography eluting with a gradient of 0-10% MeOH/DCM to afford a solid that was further

purified by chiral chromatography (Table 2, Method 3} The detection methods used were UV (A

15 =340 nm) as well as optical rotation. R, = 12.8 min, or = negative The product was lyophilized to
afford (35,4R)-N~(2, 2-diffuoropropyij-3-ethyl-4- /3,{'[—777276[&:0/’ 2-ajpyrrolof2, 3-ejpyrazin-§-

vijpyrvolidine- [ -carboxamide {0.24 g, 47%) : LO/MS {(Table 1, Method BY R, = 1.51 min; MS m/z
377 (MHHY, Jak3 1C=C

20 Example #17: (38,4R)-N-eyclobutyl-3-ethyl-4-(3H-imidazs[1,2-apyrrele]2,3-¢{pyrazin-8-

yhpyrrolidine-1-carboxamide

)

N
O
A N

/’"““H“‘\?\
NaN
Ty
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Step A: (35 4K)-N-cyclobutyl-3-ethyl-4-(3-tosyl-3H-imidaze{1,2-alpyrrole{2,3-elpyrazin-8-

yipyrrolidine-{-carboxamide

(e . ‘1,“

]
/4\

To 2 solution of cyclobutylamine {6,199 ml, 2.344 sumol) in MeUN (3.42 wml} was added CDI

5 {03356 g 2.198 mumel). The mixture was stirred for about | h upon which a white precipitate had
formed. To this reaction roixture was added 8-{{3R45-4-ethylpyrroiidimn-3-vi-3-togyl-3H-
imidazol §,2-alpyrrolo{2,3-elpyrazine {0.600 g, 1.465 mumol, Example #12, Step G) and TEA
{408 ml, 2.93 mumol} in MeUN (6.83 mL) The combined reaction mixture was stirred at
ambient temwperature for about 3 . In a separate flask, cvelobutyiamine (0,199 mi., 2.344 munol)

1 and CDI (0.356 g, 2,198 mmol} in MeCUN (3.42 mL} stivred for about 1 h and then added to the
above reaction mixiure. Contdbined mixture was stirred for about 1 h and quenched with saturated
aqueous NaHCO; (40 ml) and extracted mto DCM {2 x 50 mL). The combined organics were

dried over MgSQ,, Gliered, and concentrated under reduced pressure. The product was purified

on silica gel (40 g} using 0-6% MeOH m DCM.  The product containing fractions were

15 concentrated under reduced pressure and dried on high vacuum to afford (38,4R-N-cvcloburvi-3-
ethyl-4-(3-tosyi-3H-imidazof 1, 2-alpyrrolof 2, 3-¢jpyrazin-8-ylipvrrolidine- I-carboxamide  (0.686

2, 92%, 929 purity). LO/MS (Table 1, Method a) R, = 2.12 min; MS m/z: 507 (M+H)'.

Step B: (35.4K)-N-cvelobutyi-3-ethyl-4-(3H-imidazo |1, 2-ajpyrrele{2.3-¢|pyrazin-§-

20 yhpyrrolidise-1-carboxamide

To a solution of (384R-N-cyclobutyl-3-ethyi-4-(3-tosyi-3F1midazo[1,2-alpyrrolo]{2,3-
elpyrazin-8-yhpyrrolidine- 1 -carboxamide (6.686 g, 1.25 mmol} in 1 4-dioxane {6.92 mL) was
added 1N agueous NaOH (2.49 mlL, 2.49 mmol}. The reaction nuxiure was stirred at about 65 °C
25 for about 1 h, cooled to ambient temperature and DCM (30 mL) and (10 mL) was added. The
organic laver was separated; the agueous layer was extracted with BCM (20 vd.) and 10% TPA In
DCM (2 x 20 mL). The combined organics were dried over MgSQ,, filtered, and concentrated
under reduced pressure. The product was purified on silica gel (235 g using 5-10% MeOH in
DCM. The product containing fractions were combined and concentrated under reduced pressure

30 o afford the product as a solid, which was purified by chiral chromatography (Table 2, Method 4)
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Re = 19.7 mun, or = negative. The fractions were concenirated under reduced pressure, dissolved
i DCM, and concendvated under reduced pressure 1o obtain a sobid. Tt was dissolved in
MeCN/water mixture and volatiles were removed iz vacuo. The remaining solution was frecze
dried and then dried under vacoum for about 1 h o afford (385 4R}-Nocyclobutyl-3-ethyl-4-{3H-
5 imidozofl,2-alpyrrolof 2, 3-¢jpyrazin-8-yhpyrrolidine- 1-carboxamide (0.275 g, 60%). LC/MS

(Table 1, Method a} R, = £.51 ming MS m/z: 353 (M+) . Jak3 ICs = C

Example #18: (384R)-3-methyt-4-GH-imidaze{l,2-ajpyrrole{l,3-cjpyrazin-8-y-NV-(2,2,2-

trifluoroethyl)pyrrolidine-1-carboxamide

3
‘e,
.
SN
/== A
NaN
Q%
\N \g
16
Step Ac (@)-methyl pent-2-ensate

O 9]
| — |

To a mixture of ethyl but-2-ynoate {58 g, 446 mumol} and Lindlar catalyst {9.49 g, 4.46 mmol) in
1 L round-bottont flask THF (1613 mi) and pyridine {101 mL) were added. The reaction mixture

15 was degassed and purged with nitrogen (Sx). The reaction was then blanked with a hydrogen
balloon. After about 48 h the suspension was filtered through a pad of Celite™ washing with THF
{3 x 160 mL). The THF was removed in vacuo at about 40 °C and 200 mbar. The residue was
dituted with Et,C (1L} and washed with water (3 x 2060 mL) followed by 20% CuSO; aqueous
solution {8 x2 00 mb) followed by water (3 x 150 mL) and dried over MgSQ,, filtered and the

20 solvent was removed in vacuo at about 40 °C and 200 mbar to give (Z)-methyl pent-2-enoate (453
2, 89%) as an oil, 'H NMR (400 MHz, CDCL) § 6.34-6.30 (m, 1H), $.82-5.78 (m, 1H), 4.20 -
4,14 (m, 2H), 2.14 (dd, 3H), 1.31 - 1.27 {m, 3H).

Step B: cis-methyl 1-benzyi-4-ethylpyrrolidine-3-carbexylate

@ g

|
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¢ “"/Si\/N\/O\ > / , ) it =
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In a 2L 3-neck round bottom flask fitted with a mitrogen inlet adapter, (£}-cthyl but-2-encate (68
2, 596 munol) in DCM (784 ml) was added to give 3 yellow solution. About 10% of the M-
benzyl-1-oethoxy-N-((trimethylsilyl poethyhmethanarme (15 oil) was added to the solution
followed by dropwise addition of TFA (0.496 mL, 6.43 mmol). After about 30 min the remainder

5 of the N-benzyl-1-methoxy-N-{(trimethyisilyhimethylimethanamine (137 mi) was added over
about 2 h. After about 48 & the solvent was removed in vacuo to provide cis-methvi 1-benzyi-4-
ethvlpyrrolidine-3-carboxylate (137g, 86% yield) as an orange oil. 'H NMR (400 MHz, CDCL) S
7.36 - 720 {m, 5Hy, 418 - 413 {m, 2H), 3.65 (4, 2H), 3.3 - 2,99 (m, 3H), 2.75 (dd, 1H), 2.60
(dd, 1H), 2.07 {£, 1H), 1.29 - 1.24 (m, 3H), 0.96 (dd, 3H).

10

Step C: {cis}-1-(benzyloxyearbonyvij-4-methvipyrrolidine-3-carboxylic acid

<
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To a sohution of {cisi-ethyl 1-benzyl-d-methylpyrrobdine-3-carboxylate (541 g, 2187 mmol) in

N

15 water (1.5 L) was added concentrated HC1 (1.64 1, 19.7 mol). The reaction mixture was heated to
refhoe. After about 15 h the reaction mixture was cooled to 1t and partially concentrated in vacuo
at about 58 °C, The reaction mixture was diluted with water (560 mL)} and washed with Et,O (500
mb). The pH of the aqueous solution was adjusted to about 2.5 with agueous NaOH (10 N)
resulting 1w approx. {151} of solution. To the reaction mixture was added a slurry of 26%
20 PAOHR-C, wet (20 g, 14,53 mmol) in water (15 mL). The mixture was shaken under 30 psi of
hydrogen at about 50 °C for about 16 h. The reaction mixture was filtered and the orgamc layer
was separated. The agueous layer was partially coned in vacuo at about 50 °C {(removed
approximately 1L). The pH of the reaction mixture was adjusted to about 11 with aqueous NaOH
{16 N}, Droxane {754 mL) was added followed by benzyl 2,5-dioxopyrrohdin-1-yl carbonate (572
25 g, 2297 mimol). The reaction pH was maintained at pH of about 10-12 by addition of 10N NaQOIL
After about 6 h B0 (11) was added and the aqueous layer was separated. Et,O (2L} was added
and the pH of the aqueous laver was adjusted to about 2-3 with concerdrated agueous HCL The
aqueous phase was separated and the organic laver was dried over MgSQ,, filtered and solvent
removed i1 vacuo 16 provide (cisj-I~(benzvioxvcarbonyl)-d-methvipyrrolidine-3-carboxylic acid

33 (570 g, 99%) as an orange cil. LC/MS (Table |, Method a) R, = 1.64 min; MS m/z: 264 (M+H)".
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Step Dv: (R)-1-phenylethanammonium (3R 45)-1-(benzvioxycarbonyl-4-methyipyrrolidine-

3-carbexylate

%y e, O \r/\ o)
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Cis-1-(benzyloxycarbonyll-4-methylpyrrolidine-3-carboxylic acid (250 g 950 mmol) was
dissolved i acetonitrile {2 L} and {R)-1-phenyicthanamine {0.06 1L, 475 mmol) was added with
stirring. After about 15 i the mixture was diluted with acetonitrile (1 L). After about 1 h the slurry
was filtered to provide a mixture of (R)-{-phenviethanammonium (3R 45i-1-(benzyloxpcarbonyi)-
d-methyipyrrolidine-3-cavboxylate and (R}-i-phenyilethanammonium (38, 4K)-1-
{benzyioxycarbonyl)-4-methyipyrrofidine-3-carboxylare {approx. 1:1} (Ry = 3.94 and 4.22 nun,
Tabie 1, Method g). The solids were dissoived m hot acetonitniie {2 L) with stirring at about 80
°. After about 30 min the mixture was allowed to cool to about 40 °C and the solid was collected
by Gltration to provide a mixture of (R)-I-plenylethanammonium (3R 45)- [-{benzvioxycarbonyl)-
d-methylpyrrolidine-3-carboxyiate and (R}-1-phenviethanammonium (35,4R)-1~
{benzvioxycarbonyl)-4-methvipyrroliding-3-carboxylate (approx. 60:40), R, = 3.94 and 4.22 min,
Table 1, Method g). The soluds were dissolved 1n hot acetonitrile (21} at about 80 °C with stirring.
After about 30 min the mixture was allowed to cool to about 50 *C and filtered to provide a
mixtore of (Rj-{-phenylethanammontum (3R 45)-1-(benzyloxycarbonyl)-d-methyipyrrolidine- 3-
carboxylate and {Rj-I-phenylethanammonium (38 4R}-1-{benzvioxycarbonyl)-4-
meithivipyrrolidine3-carboxylate {approx. 90:10) Ry = 3.94 and 4.27 min, Table 1, Method g}, The
solids were dissoived in hot acetontirile {21 at about 80 “C with stirring. After about 30 min the
mixtare was allowed 1o cool to about 50 *C and filtered to provide (R)-{-phenyiethanammonium
(3R A4S)-1-{benzvioxvcarbonylj-d-methyipyrrofidine-3-carboxylare (T} g, 19%) {er »98:2), R, =

3.94 min, Table 1, Method g). LC/MS {(Tabie 1, Method a) R, = 1.64 min; MS w20 264 (M+H)Y'.

Step E: (3R, 45)-benzyl I-(chlorocarbonyly-4-methylpyrrolidine-1-carbexylate

In a 250 mL separatory fumnel {R)-1-phenvicthanammonium (38,451 -{benzyloxycarbonyl)-4-

mathylpyrrolidine-3-carboxylate (3.843 g, 10 mmol} was partitioned between diethyi ether (100
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mb} and 1 N aqueous HCLE(0.309 mL, 10 mmol). The layers were separated and the aqueous layer
was extracted with diethyl ether (50 vill). The combined organics were dried over magnesium
sulfate and the solvent was removed in vacuo to provide crude (3R 45)-1-(benzyloxycarbonyl)-4-
methyipyrrolidime-3-carboxylic acid as a yellow ol To 2 solution of crude {(3RA4S5)-1-
{(henzvloxycarbonvl-4-methylpyrroiidine-3-carboxyiic acid (2.716 gy in DCM {25 ml) was
added DMF (0.040 mL, 0.516 mmol) followed by oxalyl chloride (2M i DCM, 10.32 mL, 20.63
mimol). After about 3 h, the solvent was removed i vacuo {o provide crude (3R 4Si-benzyl 3-
(chiorocarbonyli-d-methvipyrrolidine-1-carboxylate as an ofl. (2.8 g, 100%). 'H NMR {400 MHz,
CDCL)Y 6 7.40 - 7.28 (m, SH), 5.20 - 3.07 (m, 2H), 3.80 (ddd, 1H), 3.60 (m, 3H), 3.31 (ddd, tH),
2.82 - 270 (m, 1H), 115 (d, 3H).

Step F: (3R,45)-benzyl 3-(2-bromeaceiyly-4-methylpyrrolidine-I-carboxylate

7N 7\
...... \ . 7
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2 G

In 2 250 mi round-bottom flask, (3R45)benzyl 3-{chlorocarbonyl)-d-methylpyrrolidine-1-
carboxyiate {2.91 g, 10.33 numol} in THF (25 mL) and acetonitrile (25 mL} was added to give an
orange solution. The mixture was cooled to about 0 °C and (rimethylsilyDdiazomethane (18.08
mk, 36.2 mmol} was added dropwise via an addition funnel at 2 rate which kept the temperatore
below about 10 °C. After about 2 h, 45% aqueous HBr (11.76 mL, 103 mmol) was added
dropwise via an addition funnel at a vate which kept the femperature at less than about 16 °C.
After addition was complete the reaction nuxture was stitred for about 90 min. Ether (50 mL} and
water (30 mL) were added and the layers were separated and the organic layer was washed with
saturated agueous sodiurg bicarborate (50 ud.} and brne {58 mi). The mutial aqueous layer was
extracted with 1:1 ether/ethyl acetate (75 mL). The organic layer was separated and washed with
saturated agueous sodium bicarbonate (50 ml) and brine {58 ud.). The comnbined organic layers
were dried over magnesiwg sulfate, filtered and the solvent was removed in vacuo to provide
(3R, 45)-benzyl 3-{2-bromogceryl)-d-methvipyrroliding-{-carboxylate (3.201 g, 91%) as an oil.

LC/MS (Table 1, Method a) R, = 2.42 min; MS m/z: 340, 342 (M+H)Y.
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Step G (3R ,48)-benzyl 3-(2-{sert-buloxycarbonyl(S-tosyl-SH-pyrrolo{2,3-5lpyrazin-2-

yviiaminojacetyl)-4-methylpyrrolidine-1-carbexylate
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To a slurry of NaH (6.377 mg, 9.41 mmol, 60% in mineral oily n DMF (12 mL) was added sers-

5 butyl S-tosyl-5H-pyrrolo2,3-blpyrazin-2-ylcarbamate {3.65 g, 8.41 mmol, WO 2011/068881} in
DMF (12 mL}. After about 2 h the mixture was cooled to about 0 °C and a solution of (38,45)-
benzyl 3-(2-bromoacetyl}-4-methylpyrrolidine-1-carboxylate (3.201 g, 9.41 mmol) in DMF (12

mL} was added dropwise via an addition funnel, keeping the temperatore below about 10 °C.

After the addition was complete, the mixture was stirred at ambient tenperature for about 2 h.

1 The reaction mixture was guenched with saturated agueous ammonium chloride (36 mL) and
diethyl] ether {58 ml} was added. The organic layer was separated and the agueous laver was
exiracted with diethyl ether (50 mi). The combined organic layers were washed with brine (50

mb.) and dried over magnesium sulfate. The solvent was removed in vacuo and the crude sample

wag purified by chromatograpbed on silica gel eluting with EtOAc/beptanes to provide (3R, 45)-

15 benzyl 3-(2-{tert-butoxvcarbonyl(S-tosvi-5H-pyrrolof 2, 3-b {pyrazin-2-yljamino jacetvi)-4-
methylpvrrolidine- L-cavboxylare (2.64 g, 43%). LO/MS (Table 1, Method a) R, = 3.06 mun; MBS

miz. 648 (M+HY.

Step H: (35,4K)-benzyi I-methyb-4-(2-(S-tosyl-SH-pyrrolo|2,3-blpyrazin-2-

20 viaming)acetylpyrrolidine-1-carboxylate
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In a 180 ml round-bottom flask, (3R48y-benzyl 3-(2-(rerr-butoxycarbonyi{S-tosyl-5H-
pyrrolol2. 3-hlpyrazin-2-yhaminoyacely-4-methyipyrrolidineg- I -catboxylate (2.64 g, 4.07 muwol)
m dichloromethane (27 mL) was added to give a colorless solution. TFA (3.14 ml, 40.7 mmol)
was added and the mixture was stirred at ambient termperature under nitrogen. Afler abowt 48 h
the solvents were removed in vacuo. The residue wag partitioned between EtOA (50 mL) and
saturated aqueous sodium bicarbonate {50 mL). The organic layer was separated, dried over
magnesivm sulfate, filtered and coned in vacueo 1o provide (3S. 4R -benzpl J-methyl-4-(2-{5-tosyi-
SH-pyrrolof2,3-bjpyraz n~2nyfan'zino)z;'ce.?‘yl)pyrmiidine-] ~carboxviate (2.24 g 96%) LO/MS
(Table 1, Method a) R, = 2.57 min; M3 m/z: 548 (M+IT)".

Step I: (38,48)-benzyl 3-methyl-4-(3-tosyl-3H-imidazofl,2-glpyrrolo{2,3-elpyrazin-§-

vipyrrolidine-1-carboxylate

Sy o
~ gu‘ (\\\
<

To a 160 mb round-bottom flask, (3S4R)ybenzyl 3-methyl-4-(2-{S-tesyl-5H-pyrrolof2,3-
flpyrazin-2-ylaminojacetyDpyrrolidine-i-carboxylate (2.24 g, 4.09 mowl) in 1,4-dioxane (20
mb} was added to give an orange solution. Nitrogen was bubbled mto the sclution for about 10
min, then Lawessor’s reagent (0.993 g, 2.454 mmol} was added and the mixture was heated at
about 70 °C. After about 15 | the nuxture was cooled to ambient temperature and water {5 mb)
was added, followed by sodiom perborate monohydrate (2.450 g, 24.54 mumol). After about 15 &
saturated aqueous sodium bicarbonate (10 ml) was added. After about 1 h, ethyl acetate/ether
(1:1, 50 mL) was added. The layers were separated and the organic layer was dried over
magnesium sulfate, filtered and the solvent was removed in vacuo. The crude product was
purified by chromatography on silica gel eluting with EtOQOAc/heptanes to provide (35,4R)-benzyl
3-methyl-4-(3-tosyl-3H-imidazof 1, 2-alpyrrolof 2, 3-efpyrazin-8-ylpvrrolidine- I -carboxylate

(1.122 2, 51%). LC/MS (Table 1, Method a) R, = 2.60 min; MS m/z: 530 (M+H).
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Step &1 8-{(38,45)-4-methylpyrrolidin-3-yi}-3-tosyl-3H-imidaze{1,2-alpyrroloe{2,3-elpyrazine
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(3S,4R-bereyl 3-methyi4-G-tosyi-3H-1nudazo] | 2-afpyroio][2.3-ejpyrazine-8-yhpyrolidine-1-

(941

carboxyiate {0.257 g, 0.485 mmol) and 33% HBr in acetic acid {5 mL, 88 mmol} were added to a
25 mL round bottom flask and the orange mixture was stirred at ambient temperature. After about
2 h, EtOAc was added until precipitate stopped forming {(approx. 15 ml). The solids were
collected by filtration, washing with EtCGA¢. The solids were dried in vacuo. The sohds were
partitioned between EtOAc (20 ml) and saturated aqueous NaHCG; (10 o). The organic layer
10 was separated, dried (MgS0,) filtered and concentrated in vacue to provide 8-((3R.48)-4-
methylpyrrolidin-3-yli-3-tosvl-3H-imidazof1,2-afpyrrolof 2, 5-¢jpyrazine (0.082 g, 39%). LC/MS

(Table 1, Method a) R, = 1.62 min; MS m/z: 396 (M+H)".

Step K:(35,4R)-3-methyl-4-(3-tosyl-3 H-imidazo[1,2-afpyrrole{2 I-clpyrazin-8-vl}-N-(2,2,2-

[
(941

trifluorecthylpyrrolidine-1-carboxamide
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To a solution of 2,2,2-triflucrocthanamine (10.06 g, 102 mmol) in DMF (18 mL) was added
NN -carbonylditmidazole (16.16 g, 100 mmol}. The solution was heated under nitrogen at about
20 65°C for about 24 h. In a separate {lask, 8-{{3R, 45)-4-methylpyrrolidin-3-y[}-3-tosyl-3H-
mndazo 1, 2-alpyrrolof{2,3-ejpyrazine (0.400 g, 1.011 mmol} was dissolved in DMF (20 mL) to
give a yellow solution, A portion of the original trifluoroenthanaraine solution (0.318 mL) was

added and the mixture was heated at 65 ° for about 1 h. The solvent was removed in vacuo and the
dded and tf t heated at 65 ° for about 1 h. Th lvent d d

i13



WO 2013/043826 PCT/US2012/056266

residue was partitioned between EtQAc (25 mL} and water (15 mL). The agueous layer was
separated and washed with water (2 ¥ 15 ud.), dried over magnesium sulfate, filtered and the
solvent was removed in vacuo to give (3S,4R)-3-methyl-4-(3-tosyl-3H-imidazaf 1, 2-a]pyrrolof 2, 3-
(2.2

e/mrazin-8-vi-N-(2,2, 2-iriflucroethyljpyrrolidine- { -carboxamide {0.484 g, 7%} as an

5 amorphous solid: LC/MS (Table 1, Method a) R, =2.16 min; MS m/z: 521 (M+H)'.

Step L: (3R 45)-3-H-imidaze{l,2-alpyrrele{,3-clpyrazin-8-yhi-4-methyl-¥-(2,2,2-

trifluorocthyipyrrelidine-I-carboxamide.
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In a 25 ml round-bottom Hask, (354R)-3-methyi-4-G-tosyl-IHamidazo[,2-aipyrrolof2,3-
elpyrazin-&-yh-N-(2,2 2-trifluoroethyDpyrrolidine-1-carboxamide {0.484 g, 6.930 mmolyand a |
N aqueous NaOH (4.65 mL, 4.65 mmol} in 1,4-dioxane (25 mL) were added to give a yellow

15 solution. The wmixiure was heated at about 55 °C for about 16 h. The reaction mixture was cooled
to ambient temperature and the mixture was partiioned between water (40 mL} and EiQAc¢ (240
mb}. The layers were separated and the aquecus extracted with EtDAc {4 x 160 ml). The
combined organics layers were dried over anhydrous magnesium sulfate and the solvent was
removed in vacue, The resulting solid was purified by normal phase chromatography on silica gel

20 cluting with a gradient of 0-10 % methanol in dichloromethane to give (3R45)-3-(3H-
imidazofl,2-alpyrrolof 2, 3-e lpyrazin-8-yl)-d-methyi-N~(2. 2, 2-trifluoroethylpyrrolidine- I -
carboxamide (163 g, 48%} as an amorphous offowhite solid: LO/MS (Table §, Method a ) R, =
1.55 min; MS sz 367 (M+H)Y . Jax3 10 =C

25 Example #19: GRA5-N-Q.2-difluoroethyl)-3-(3H-imidazo1,2-¢]pyrrole[2,3-¢jpyrazin-8-
yi}-d-methyipyrrolidine-1-carboxamide

2
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Step A: 38,48)-3-methyl-4-3-tosyl-3H-imidazo[1,2-cjpyrrolo[2.3-¢lpyrazin-8-

yipyrrolidine-1-carbonyl chloride

O
[EOVSaN /,,‘_\//\ i
NH -
f\u.n/ ,LH/N J'\Ci
7= /"““*‘{\
NaN N T o Na LN N
D 98
=50 40
O-}\ O‘:—}
\ Ly
7 3 & \\‘

5  To a solution of B-{{3R48)-4-methyipyrrolidin-3-yi}-3-tosyl-3H-imidazol 1, 2-alpyrrolo{2,3
elpyrazine (1.125 g, 2.84 mmol, Example #18, Step J} in THF {180 mL) was added TEA (0.396
ml., 2.84 mmel} followed by 20% phosgene m toluene (1.4 mi, 2.84 mmol) and the nuxture was
stirred at ambient temperature for 3 h, The resulting precipilate was removed by fltration, and
the solvent was removed from the filtrate in vacuo to give (3S4Ri-3-methvi-4-(3-tosyi-3H-
10 imidazofl, 2-a]pyrrolef2,3-e]pyrazin-8&-vipyrrolidine- i-carbonyl chioride (1117 g, 86%): ty
NMR (400 MHz, CDCB)Y 6 9.10 (4, 1H), 8.13 (dd, 2H), 7.93 (d, 1H}, 7.72 (4, 1H), 7.35 {4, 2H},
7.26 (d, 1H), 7.20 - 703 {m, iH), 691 (s, 1H), 4.26 - 4.14 {(m, 1H), 4.13 -~ 3.85 (m, 2H), 3.51

(ddd, 1Hy, 2.92 - 281 {m, 11, 2.41 (5, 3H)y, 2.35 (s, iH), 147 - 1.33 (m, 3H), 0.76 {, 3H).

15 Step B: 33 48)-N-(2,2-diflusroethyl)-3-methyl-4-(G-togyb3H-midaze |1, 2-alpyrrolef2,3-

elpyrazin-§-ylipyrrolidine-{-carboxamide
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To a solution of  2.2-difluoroethylamine (8.035 g, 0.437 mmol} in THF 5 wd) was added
(38, 4R)-3-methyl-4-3-tosyl-3H-imidazo[1.2-a [pyrrolof 2 3-elpyrazn-8-y Dpyrrolidine-1 -carbonyl
20 chloride (0.200 g, £.437 mmol) and the mixiure was stirred at amblent temperature for about 16 h
The solvent was removed in vacuo and the residue was purified by normal phase chromatography
on silica gel eluting with a gradient of 0-10 % methanol in dichloromethane to give ((35,4R)-3-

methiyl-4-(3-tosvi-3H-imidazof 1, 2-afpyrrolaf 2, 3-ejpyrazin-8-ylipyrrofidin-1-

i15
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yij{morpholinojmethanone (0175 g, T7%) as an amorphous solid: LC/MS (Table 1, Method a) R,

=206 min; M3 m/z: 503 (M+H)Y

Step C: (3R, 483-N-(2,2-difluoroethyl)-3-3Himidaze[ 1, 2-alpyrrole[2,3-ejpyrazin-§-yvi}-4-

5  methylpyrrslidine-i-carboxamide

O
N H ve,
I/—-_:‘\‘ lre,, ‘(‘/\N“‘/{
L/ N’»,F
p = "
i B s F
\N N Na N »
40 Y
= “
N7 TN
H

To a solution of (35,4R)-N-{2,2-difluoroethyl}-3-methyl-4-(3tosyi-3H-imidazo[ 1,2-alpyrrolo{2,3-
elpyrazin-8-yhpyrrolidine- -cartboxamide {8,175 g, 9.348 mmol} in L 4-dloxane (16 mi) was
10 added 1 M agueous NaOH (1.74 mL, 1.74 nunol) to give a yellow solution. The mixiure was
heated at about 55 °C for about 16 h. The reaction mixture was cooled to ambient temperature and
the mixture was partitioned between water {40 mL) and EtOAc {240 ml). The phases were
separated and the aqueous phase was extracted with FtOAc (4 x 160 mL). The combined organic
phases were dried over anhydrous magnesivm solfate and the solvent was removed in vacuo to
15 give (3R, 45)-N-(2, 2-diflucroethiyi}-3-(3H-imidazo[ 1, 2-afpyrroiof 2, 3-e{pyrazin-8-yi)-4-
methylipyrrolidine- I -carboxamide (684 mg, 54%} as an amorphous solid:  LO/MS (Table 1,

Method a } R, = 1.43 min; MS m/z: 349 (M+H)". Jak3 ICx =B

Example #28: ((3R,45)-3-3H-imidaze{1,2-alpyrroio[2,3-elpyrazin-8-yD-4-methyipyrrolidin-

20 1-yD{morpholino)methanene
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Step A @ ((38,4R-3~-methyl-4-(3-tosyl-3H-imidaze {1, 2-a]pyrrole[2,3-¢lpyrazin-8-

yhpyrrolidin-{-yh{morpholineymethanone

-

To a solution of B3R 4Sr4-raethylpyrohidin-3-yl}-3-tosyi-3H-midazo[ 1. 2-alpyroin]l,3-
elpyrazine (0.2060 g, 0.506 mmol, Example #1¥, Step I} in THF (20 mL) was added TEA (0.070
mk, 8.506 vunol) followed by 20% phosgene solution in toluene (0.25 od., 8.506 mmol) and the
mixture was stirred at ambient temperature for about 30 min. Morpholine (0.088 mi, 1.011
mmoel) was added and the mixture was stirred at ambient temperature for about 16 h. The solvent
wag removed in vacuo and the resulting solid was purified by nowmal phase chromatography on
silica gel eluting with a gradient of 0-10 % methanol in dichloromethane fo give ((35,4R)-3-

5)

methyl-4-(3-tosvi-3H-imidazof 1, 2-alpyrrolof 2, 3-¢ Jpyrazin-8-vipyrrolidin-i -
) % @ fa i E ) I3 F. ) AE
yii{moarpholinojmethanone (0.180 g, 70%) as an amorphous solid: LC/MS (Table 1, Method a ) R,

= 2.04 min; MS m/z: 509 (M+TD)

Step B: (SR 45)-3-(3H-imidaze{1,2-alpyrrols|2,3-elpyrazin-8-vi}-4-methyipyrrolidin-1-

yimorpholingimethanone

L T D
o= Sy N
z

To a solotion of {({38548)-3-methyl-4--tosyl-3HFamidazo[1,2-alpyrroloi2,3-ejpyrazin-§8-
vhpyrrolidin-1-yl}{(morpholinoymethanone (8.180 g, 0.354 mmol} in 1.4-dioxane (5 mbl) was
added 1 N agueous NaOH (1.77 mL, 1.77 mmol} to give a yellow solution. The mixture was
heated at about 55 °C for about 3 b and then cooled to ambient teraperature. The reaction mixture
was partitioned between water (20 mL) and EtOAc (120 ml). The phases were separated and

aqueous phase was extracted with BtOAc (4 x 80 mL). The combined organic phases were dried
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over anhydrous magnesium sulfate and solvent was removed i vacuo to give (3R 48)-3-(3H-
imidazof 1, 2-ajpyrrolof 2, 3-e fpyrazin-S-yii-4-methy lpyrrofidin- -y ]) (moypholino jmethanone
{0.0822 g, 65%) as an amorphous solid: LC/MS (Table 1, Method a Y R, = 1.42 min; MS m/2z:
355 (MAH)". Jak3 ICs = C

Example #21: 1-((3X.45)-3-G3H-imidazo[1,2-alpyrrolofl.3-¢lpyrazin-8-yi)-4-

metbyipyrrolidin-1-y)-2-cyclopropylethanone

O
”ﬁwga

T

Z"";

Step A: 2-cyclopropyl-1-{(38,4K-3-methyl-4-(3-tosyl-3H-imidaze {1, 2-alpyrrole{2,3-
elpyrazin-8-ylpyrrofidin-i-ylethanone

HBr Yor,, ) 14\’
ey N §amnn
¢ NH Q}\e 4\
-—./' HBF [::q\‘
N N
- N X
Tl\ —
NN
- o=
o=5 2\\\

/f‘\\ \

L\K) =
To a wuxiure of S-((3R45-4uethyipyrrolidin-3-yi-3-tosyi-3Hdmidazo| 1, 2-«ipyrroio]2,3-
elpyrazine dihydrobromide (0.800 g, 1.44 mmol, Example #1¥, Step I}, 2-cyclopropylacetic acid
(0,158 g, 1.58 ramol, Matriy Scientificy and HATU (0.710 g, 1.87 gunoly m DOM (8 ud.} was
added TEA (1.20 mL, 8.61 mamol}. The reaction was stirred at ambient temperature for about 16
h. The reaction was partitioned between DCM (25 mL) and brine {25 mL). The layers were
separated and the aqueous layer was extracted with DCM (25 mL). The combined organic layers
were dried with Na SO, fillered, and concentrated under reduced pressure. The residue was
purified on silica gel using 6-3% MeOH in DM to give Z-cyclopropyl-I-((38,48)-3-methyl-4-(3-
tosyl-3H-imidazof1,2-alpyrrolol 2, 3-e [ pyrazin-8-ylipyrrolidin- 1 vl ethanone (0.618 g, 89%) as an

off-white foam: LC/MSB (Table 1, Method by R, = 2.02 min; MS m/z: 478 (M+HY.
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Step B: 1-((3R,45)-3-(3H-imidaze{1,2-a]pyrrolo{2,3-ejpyrazin-8-yl)-4-methyipyrrolidin-1-
yi}-2-cyclopropylethanone
O
!/,,: A\.'\'I’ 4&
@ o f
= i N’é\,/éﬂu,
Mo N -~/
18 — o
N NN -
NN )
Qf‘j: S N
NT TN
To a solwtion of Z-cyclopropyi-1-{((354R)-3-methyi-4-3-tosyi-3Hdmidazo| 1, 2-«ipyrroio]2,3-
5 elpyrazin-8-ylDpyrrohdin-1-yhethanone (0.618 g, 1.28 mmol) in 1 4-dioxane {5 mbL) was added |
M aquecus NaQH (5 ml, 5 muol). The reaction was stirred at ambieut teroperature for about 16
h. The reaction was partitioned between DUM (50 mL)} and 5% aqueous acetic acid (50 mL).
The organic layer was washed with brine (30 mL), dried with Na,SQ,, filtered and concentrated
under reduced pressure. The residue was purified on silica gel using 0-4% MeOH in DCM 1o
1 give {-{{3R 48}-3-(3H-imidazof I, 2-ajpvrroiof 2, 3-ejpyrazin-8-vij-4-methyipyrrolidin-i-yi)-2-
cvcloprapylethanone {0.295 g, 63%) as an off-white powder; LU/MS (Table 1, Method b) Ry =

o0

1.65 mun, MS sz 324 (M+HY . Jak3 10 =R

Example #22: 3-((18,38,45)-3-cthvi-4-(6H-pyrrolo|2,3-¢} {12 4ltriazolo|4.3-alpyrazin-1-

15 yhevclopentylpropanenitrile

%
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To a solution of sodiun rer-butoxide (42.6 g, 443 mowl) in THF (400 mL) pre-cooled to about -
2 °C was added fert-butyl 2-(diethoxyphosphorylacetate (126 g, S0 mmol) at about 10 °C over
about 35 min. The resulting solution was stitred at 0 °C for 10 min then cooled to -5 °C. To the

solution  was  added a  scalemic  wmuxture  enriched in (152R8)-ethyl  2-ethyl-4-
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oxocyclopentanecarboxyiate {71 g, 385 mmol, WOZ011/068881). The mixture was stirred at
about -6 °C for abowt 14 h. The reaction mixture was diluted with heptane (300 ml}) To the
mixture was added agueous phosphoric acid (113 g, 116 mmol} and water (100 mL). The organic
layer was separated then washed with water (200 mL), brine (200 mL), 8% aqueous NaH{CG;
(260 mL), and brine (2 x 200 bl sequentially. The organic laver was dried over sodium suifate,
filtered then concentrated under vacuum to hight yellow oil. The crade oil was diluted with
heptane (140 mal), then 6ltered through 220 g silica gel (230-400 mesh). The silica gel pad was
rinsed with 1 L of heptane then with 1L 10% EtOAc-90% heptane. The combined filtrate was
concentrated under vacunm to give of a scalemic mixture enviched in (18 2Rb-erhyi 4-{2-tert-
butoxy-2-oxoethylidene)-2-ethyicyclopenfanecarboxylate  as a wmixture of ois and  frans
diasterecisomers with cis as a major {100g, 100%) as an oil. 'H NMR (major cis diastereomer,
400 MHz, CDCLY S 5.72 - 570 (my, THY, 438 — 4.07 (m, 2H), 318 — 2,46 {(m, 6H), 2.33 - 2.05
{m, 1H), 1.51-1.39 (o, 10H), 1.30 - 1.21 (1, 3H), 0.99 - 0.81 {m, 3H).

Step B: Ethyl 4-(2-butoxy-2-oxoethyi)-2-ethvicyclopentanecarboxylate

To a solution of scalenuc mixture enriched in (78 2R )-ethy] 4-{2-tert-butoxy-Z-oxoethylidene)-2-
ethyicyclopentanccarboxylate as a mixture of cis and rrans diastereoisomers (92 g, 326 mmol} in
heptane {280 mL} was added under nitrogen 5% Pd/ALG, (2.8 g, 330 mmol). The mixiure was
purged with nitrogen, hydrogen and hydrogen pressure set to about 40 psi. The mixture was
agitated for about 16 b at rt. The reaction mixture was filtered through a filter and rinsed with
heptane (360 mL) resulting 10 a colorless solution. The solution was concentrated under vacuum
to give a scalemic mixture enriched o (IS.2R 4Si-ethyl  4-(2-butoxy-I-oxoethyl)-2-
ethylcyclopentanecarboxylate (90.6 g, 97.4%) as a colorless oil. 'H NMR (400 MHz, CBCh) §
4,16 - 4,05 (m, Z2H), 2.87 {m, 1H}, 2.37 - 218 (m, 4H), 2.16 - 1.94 {(m, 2H), 1.68 - 147 {m, 1H},
1.45 - 1.38 {m, 10H), 1.28-1.24 (m, 3H), 1.22-1.05 (m, 2H), 0.91-0.85 {m, 3H).

Step C: 2-(3-(Ethexyearbonyli-4-ethylcyclopentyl)acetic acid

H

o« Y- B
o A i S—on
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A solution of a scalemic muxture enriched in (1S5, 2R 45Y-ethyl 4-(Z-butoxy-2-oxoethyl)-2-
ethylcyciopentanecarboxylate {86.3 g, 303 mmol} in heptane (180 ml) was cooled 1o about 15
°C. TFA (98 ml, 1275 mmol) was added. The solution was stirred at 1t for about 1 h. Additional
TFA {23.38 ml, 303 muol} was added and the reaction mixture stirred at rt overnight. The
reaction solution was concentrated under vacuum then diloted with heptane (200 wdl). 20%
aqueous Na,yCO; (395 mb) was slowly added with mixing. The organic layver was mixed with
heptane (350 ol.) and 85% aquecus phosphoric acid (107 g). The organic layer was washed with
water:brine (22:3, 3 x 75 ml), then dried over sodium sulfate, filtered and concentrated under
vacuum to give a scalemic wuxiure enviched in 2-((I5 3S4R)-3-(ethoxycarbonyii-4-
ethyicyciopentyliacetic acid (67 g, 97%) as an oil. 'H NMR ( 400 Mz, CDCL) 3 4.16 - 4.05 (m,
2H), 2.94-2.86 (m, EH), 2.55 — 2.01 (m, 6H), 1.68-1.35 {m, 2H), 1.30 - 1.11 (m, §H), 0.99 - 6.81
{m, 3H).

Step Ih: Ethyl 2-ethyl-4-(2-hydroxyethyleyclopentanecarboxylate

o

A solution of scalemic mixture enriched in 2-((15,35,4R)-3~(ethoxycarbony!}-4-
ethyicyciopentyDacetic acid (38 g, 166 mmol) in THE (220 mL} was cooled to about -7 °C.,
BH:oTHF comaplex (1M, 200 mL, 200 mumol) was added over about 32 min at less than abowt 5
°C. The solution was stirred at about 5 °C overnight then cooled to about -1.5 °C followed by the
addition of MeOH (120 mL). The solution was concentrated under vacuum. The residue was
chased twice with MeOH (50 mL), then with heptane (60 mL) to give a scalenic mixture enriched
{18, 2R 4S)-ethyl 2-ethvi-4-(2-hvdroxyethyl)cyclopentanecarboxylate (32.1 g, 90%:) as slightly
yellow oil. TH NMR (400 MHz, CDCL) 8 4.17 —4.05 (m, 2H), 3.67 (1, 2H), 2.95 — 2.82 (m, 1H),
244 - 1.92 (m, 48}, 1.71 {q, 2H), 1.66-1.40 (m, 3H), 1.26 (¢, 3H), 1.21-1.03 {m, 2H), 0.92- 086
{m, 3H}.

Step E: Ethyl 2-ethyl-4-2-(methyisulfonyloxylethylicyclopentanecarboxylate
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A solution  of a  scalemic  mixture  enriched in (15,28 48)-ethyl  2-cthyi-4-(2-
hydroxyethyheyclopentanecarboxylate (10.6 g, 49.5 numol) in DCM (60 mL) was cooled to about
-6 °C, Methanesulfonyl chloride (8.50 g, 74.2 mmob) in DCM (12 mL) was added drop wise at
about 2 °C over about 25 min. The slurry was mixed at about -2 °C for about 3 h. To the yellow
slarry was added heptane (60 mL) and phosphoric acid (11.41 g 99 mmol) in water
{30 ud.} at about 10 °C. The organic layer was washed with 15% brine {4 x 30 ml). The organic
{ayer was dried over sodium sulfate then filtered and concentrated under vacunm. The residue was
chased with heptanes {40 mL} to give a scalermic mixture enviched in (15 2R 45)-ethyl 2-ethvi-4-
(2-(methyisulfonyloxyjetivl)cyclopentanecarboxyiate (14 g, 97%) as an oil. 'H NMR {400 MHz,
CDBCLY 3 4.24 (4, 2H), 4.17 — 4.05 (m, 2H}, 3.00 (s, 3H), 2.91 - 2.82 {m, 1H}, 2.15 - 1.95 (m, 4H},
1.9(q, 2H), 1.67-1.58 (o, 1H), 1.51-1.4 {oy, 1H), 1.27 (1, 3H), 1.22-1.03 (m, 2H), 0.9 (1, 3H).

Step F: ethyl 4-(2-cyanoethyl)-2-ethylcyclopentanccarboxylate

G

A suspension  of scalemic  mixture enriched i ({528 45} -ethyl  Z-cthyi-4-(2-
(methylsulfonyloxy)ethyljcyclopentanecarboxylate (9.2 g, 31.5 mmol) and sodium cvanide (7.71
g, 157 mmol} v 1,3-dimethyl-2amidazolinene {830 mL) was stirred at about 35 °C for abowt 20 h
then cooled to about 5§ °C and water (60 mL) was added. The solution was extracted with heptane
(150 ml) then extracted with heptane {50 mL). The combined organic layers were washed with
water (2 x 25 mL}, dried over sodium sulfate, Gltered and concentrated under vacuur to give an
oil that was purified on silica gel eluting with 18% EtOAc-82% heptane to give a scalemic
mixtore enviched w (I8 2R 45}-ethyl 4-(2-cyancethyl)-2-ethyvicyclopentanecarboxylate {63 g,
70%) oil. "TH NMR (400 MHz, CDCL) 8 4.15 — 4.03 (m, 2H), 2.93 — 2.85 (m, 1H), 2.36 (, 2H),
215 - 1.95 {m, 4H), 1.8 (g, 2H}, 1.65-1.57 {m, iH), 1.51-1.4 (m, 1H), 1.26 (1, 3H), 1.29-1.03 {m,
2H), 5.93 (¢, 3H)

Step G (18,28, 45)-4-(2-cyvanoethyl)-2-ethyicyclopentanecarboxylic acid
~ . —— 1 r!,i —n
G HO T
O }

2
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A solution of a scalemic mixture ennched m  {18,2R48)-ethyl 4-(2-cyanoethyl)-2-
ethylcyclopentanecarboxylate (5.08 g, 22.4 mmol) in MeOH (40 mL) was cooled to about -2 °C.
To the solution was slowly added aqueous 50% NaOH (10.75 g, 134 mmol}. The mixture was
stirred at about 5 °C for about 4 h, at about 8 °C for about 14 b, then at about 11 °C for about 2

h. The mixture was washed with 30 sl MTBE. The aqueous layer was cooled {0 about 0 °C
followed by the addition of phosphoric acid (68.0 g, 139 mmol}). The mixture was exiracted with
MTBE. The organic layer was washed with water {20 mL} then with brine {20 mlL}. The organic
{ayer was dried over sodium sulfate then filtered and concentrated under vacuunito give 3.7 gof a
scalernic mixture enviched in (18 2R 45)-4-(2-cyanoethyii-2-ethylcyclopentanecarboxylic acid as
a colorless oil.

This oif (2.1 g, 10.75 mmol} was dissolved m acetoniirile (22 mL) at about 65 °C and to this
soiution, a solution of (5)-1-phenviethanamune (1.303 g, 10.75 ramol) m acetonitrtle (8 od.) was
added. The solution was then cooled to 1t over about 2 h. The solids formed were filtered and
rinsed with acetonitrile (15 mb}. The wet solid was mixed with agqueous 18% HPOs (10 ml) and
sopropyl acetate {20 mL). The organic layer was washed with brine (3 x 10 mlL), dried over

-

sodium sulfate, filtered and then concentrated under vacuum to give (15,28, 45)-4-(2~cyanoetiyl)-
Z-ethylcyclopentanecarboxylic acid (1.1 g, 52%) as a colorless oil. "H NMR (400 MHz, CDCL) 8
2.98 — 288 {m, 1H), 2.36 {, 2H}, 2.16 — 1.98 {m, 4H), 1.82-1.76 {m, 2H), 1.65 — 1.50 {m, 2H),

1.33-1.24 (m, 1Hy, 1.15-1.07 (m, 1H), 6.95-0.92 (4, 3H).

Step H: (18,2R,45)-4-(2-cyanoethyl)-2-ethybNV'-(8-tosy-5H-pyrrols[2,3-bjpyrazin-2-

vicvclopentanecarbohydrazide

To a solution of {(15.2R45)-4-(2-cyancethyli-Z-cthylcyclopentanecarboxylic acid (f g, S.12
mrol) in THF (5 mb) at about 0 °C was added 2-hydrazinyl-5-tosyl-5H-pyrrolo{2,3-5pyrazine

(1.55 g, 512 mmol, WO2011/068381), HATU (2.34 g, 6.15 mmol} and TEA {1428 mL, 16.24

Ui

;«

m mol)‘ The mixiure was stirred at about 5 "C-10 © for about 1 I The mixture was exiracied with
sopropyl acetate {25 mb). The organic layver was washed with brme (3 x 15 mb} and then
concentrated under vacuum, The residue was chased with 20 ;. x 2 of sopropyl acetate and then

dissolved in isopropyl acetate (30 mL). The solution was filtered through 3 g of silica gel pad and
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rinsed with 1sopropy!l acetate (30 mL}. The filirate/rinse was concentrated under vacuam (o yellow
foam. The crude product was dissolved in isopropy! acetate (7 mL) at reflux then cooled to rt and
stirred overnight. The product solids were filtered and rinsed with isopropyl acetate, then with
heptanes. The solid was dried under vacuum at about 50 °C to afford (18 2R 48)-4-{ 2-cvanoetiivi)-

5 2eethyl-N'-(5-tosyl-SH-pyrrolof 2, 3-blpyrazin-2-yilcyclopentarecarhobydrazide (2.0 g, 81%) as a
yellow solid. "H NMR (400 M¥1z, DMSO) 8 9.78 (4, 1H), 8.76 (4, 1), 7.97 (d, 11D), 7.94 — 7.58
(o, 2H), 778 {8, 1H), 742 — 736 (m, 2H), 6.63 (d, IH), 2.84 - 2.75 (o, 1H), 2.33 {5, 3H), 2.04 -
1.78 {m, 4H), 1.64 — 1.36 (m, 4H}, 1.28 — 0.95 (m, 2H), 0.89 (1, 3H).

10 Step I 3-((15,38,45)-3-ethyl-d-{6-tosvi-6H-pyrroln{2,3-¢}{1,2 dltriazcio|4,3-alpyrazin-1-

yheyvelopentylipropanenitrile

ﬁ\" 1
. i
CN "
e - L7 N\
: Nazy'
Q{f\[}EH Na NI N
HN N I \E D
\E T NN o
s O':—S/
N F‘i&o
o=4 7%
/3 -

To 2 solution of (1828 45-4-(Z-cyanoethyli-2-ethyl-N-{S-tosyl-SH-pyrrolof{2,3-blpyrazin-2-

15 ybeyclopentanecarbohydrazide (2.00 g, 4.16 mmol} in THF {35 ml) cooled in ice-bath were
added TEA (2.32 mL, 16.6 mmol) and thionyi chloride {6,456 mL, 6.24 mmol}. The mixture was
stirred at i for about 30 min then at reflux for about 3 h The reaction mixture was cooled to
about 5 °C followed by the addition of water (20 mL). The mixture was extracted with isopropyl
acetate {25 mi). The organic Iayer was washed with brine {15 wmL), 25% aqueous Nal, PO, (15

20 mb) and brine (2 x 15 mbL) sequentially, The organic layer was decolorized with charcoal
(8.2 g}, dried over sodium sulfate, filtered then concentrated under vacuum, The crude solid was
chased with THF-heptane (8.2, 15 i) and was dried under vacuum af about 58 °C 1o give 3-
({15,3R,48)-3-ethyi-d-{6-tosyl-6H-pyrrolof 2, 3-¢ /[ 1,2, 4 [ triazolo[4, 3-a [pyrozin-1-
ylieyclopentyl)propanenitrile (1.8 g, 93%) as a yellow sclid. 'H NMR (400 Mz, DMSO} & 8.06

25 —8.00(m, 2H), 7.46 (s, 1H), 7.46 — 7.42 (m, 2H), 7.43 (d, ZH), 4.10 &, 1H), 3.65 — 3.50 (m, 2H),
2,45 - 2.22 {m, 4H), 2.20 - 2.04 (m, 2H), 197 - BT (my, 4H), 1.26 - 8,99 (m, 2H), 0.96 - 075
{m, 1H}, 0.77 - 0.50 {0y, 4H).
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Step 30 318,38 45)-3-cthyl-4-(6H-pyrrolo{2,3-2}{1.2 4]{triazolo{4d.3-glpyrazin-1-

yvixyelopentyliprepanenitrile

AR WY L, \
Ny Q N-CN
N [N

\L; % . NeN
N T
s ~
N N
H

(941

To a solution of 3-{{i53R45)-3-ethyl-4-{G1osvl-6H-pyrrolofZ,3-e}{ 1,2 4 jtriazoio{4,3-alpyrazin-
-vhcyelopendypropanentirile (1.80 g, 3.8% mmol} in THF (15 mL) was added 50% aqueous
NaOH (1.245 g, 15.57 mumol} and water (8 mL}. The mixture was stivred at 1t for about 2 h, at
about 30 °C for about 1 h, then at about 35 °C for about 3 h. The reaction mixture was cooled to rt

10 followed by the addition of 835% aqueous phosphoric acid (11.4 g, 11.67 mumol). The mixture was
exiracted with tsopropyi acetate (20 mL ). The organic layer was washed with brine (15 mL}, 8%
agueous NalHCO; (5 mb) and brine (2 x 15 mbl), sequentially. The organic layer was
concentrated vander vacuum {o slurry then cooled to rt. The sohids were filtered and rinsed with
isopropy! acetate then with water and heptane, sequentially. The solid was dried under vacuunt at

15 about 53 °C to give 3-({15.3R 45i-3-ethyl-4-(6H-pyrrolof2,3-¢] [, 2,4]triazolof4 3-a]pyrazin-I -
yijeyclopentvl)propanenitrile (0.8 g, 66%) as an off-white solid. "H NMR (400 MHz, DMSO) &
12.5 (br, 1H), 8.82 (s, 1H), 748 (4, 1H), 7.00 (d, 1H), 412 (¢, 1H), 2.58 (1, 2H), 2.43 — 228 (m,
2H), 2.20 - 2.09 (m, 3H), 1.79 (. 2H), 1.21 —- 110 (o, 1H), 0.94 — 0.73 (o, 1H}, 0.62 - 0.52 (m,
4H) Jak3 iCx =B

Example #23: 3-{(1R 3R 45)-3-cthyl-4-(6H-pyrrolo[2,3-¢}{1,2 4ltriazolo]4,3-glpyrazin-1-

o
O"’\,CN

<
<

=

a N
oo
N S
N
NTH

yvheyvelopentylipropanenitrile
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Step A: Ethyl 2-ethyl-4-oxocyclopentanecarboxylate

G

O

To a suspension of Hantrsch ester (500 g, 1980 nwol), (28,5R)-5-benzyl-3-methyl-2-(5-
methylforan-2-yHimidazohdin-d-one {22.5 g 82 mmoel) and inchlorcacetic acid (13.5 g, 82
muoiol) 1 toluene (600 mL) was added ethyl 2-ethyl-4-oxocyclopent-2-enecarboxylate (300 g,
1650 mmol, WO2011/068881) and the resulting mixture was stirred at vt for about 7 days. Upon
reaction completion the mixture was concentrated by rotary evaporation, the residue dissolved
heptane (2 L) and filtered. The organic layer was washed with 10% aqueous HCl 3 x 1 L) and
the combined agueous layers back extracted with heptanes (1 L), The orgamic layers were
combined, washed with brine (500 mL), dried over Na;SQ,, filtered and concentrated by rotary
evaporation. The resulting residue was purified by fractional distillation (80 — 85 °C, 0.3 torr) to
provide a scalemic mixture enviched in (7S, 2R}-ethyl 2-ethyl-d-oxocyclopenianecarboxyiate {260
g, 56%) as a colorless oil. 'H NMR (400 MHz, CDClL) 8 4.16 {m, 2H), 3.21 (ddd, 1H), 2.60 —
258 {m, 1H), 244 - 229 (m, 3H), 227 - 234 (my, FH), 157 - 145 (m, 1H), 141 - 132 (m, THD,
1.27 (1, 3H), 0.98 (1, 3H).

Step B: Kibyl 2-ethyl-4-hydrexyeyclopentanecarboxylate

)
o
O

e

To a sohutlon of a scalemic wmixture enriched i (I8 2R)-ethyl  2-ethyl-4-
oxocyelopentanecarboxylate (50 g, 271 romol} in ethanol (250 ud.) at sbout 5§ °C was added
NaBH, (5.1 g, 136 mmol} portionwise over about 306 min. The reaction was allowed to stir at
about 5 °C for about 1 h. Upon completion, the reaction mixture was poured into saturated
agueous NH,C (256 mL) and ethanol was removed by rotary evaporation. The product was
extracted into DUM (2 x 250 mL). The combined organic layers were washed with brive (200
mkL}, dried over Nap,SQ,, filtered and concentrated by rotary evaporation to provide a scalemic
mixture enviched in (1.8 2R 45)-ethyl 2-ethvi-4-hydroxveyclopentanecarboxyiate (58.5 g, 100%)as
an oil. "H NMR (400 MHz, CDChH) 5 4.33 —4.25 (m, 1H), 4.22 - 4.08 (m, 2H), 3.61 (d, 1H), 2.87
{m, TH}, 2.44 — 234 (m, 1H), 2.09 — 1.80 {m, 3H), 1.52 — 1.37 {m, 3H), 1.29 {4, 3H), 0.94 (¢, 3H).
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Step C: 2-(3-(Ethoxycarbonyl)-4-ethyleyelopentyhacetic acid

O 0

' I

f 7 oM

S —

AY /;\\

40 S
G

F

To a solution of 3 scalemic mixture enviched v (IS 2R 45-cthyl  2Z-cthyl-4-

hydroxyeyclopentanecarboxylate (50.5 g, 271 mmol} and TEA (76 mL, 542 muoaol} i DCM (250

o2

mb} at about § "C was added methanesulfonyl chloride (31.7 mb, 407 vunol}). The resulting

(v

mixture was stirred at about 5 °C for about 1 h. Upon corapletion, cyclohexane (1 1) and water
{200 ml} were added and the layers separated. The organic layer was washed with water (200
mL.} and brine (200 mL). The organic layer was dried over Na,SQ,, filtered and concentrated 1o
an o1 by rotary evaporation. To a suspension of NaOsBu (39.1 g, 407 mmol) in THF (200 mL)
10 at about 5 °C was added di-ters-butyl malonate (91 mb, 407 mumeol). Afier 30 min, the o1l from
above in THF (50 ml)} was added, the mixiure warmed to about 50 °C and the reaction was
stirred overnight. Upon completion, the mixture was cooled fo rt and partitioned between
saturated agueous NH,Cl (200 ml) and cyclohexane (1 L), The organic laver was washed with
saturated agueous NHLCI (200 mL). The combined agueocus layers were back extracted with
15 cyclohexane (500 mL) and the combined organic layers washed with water (200 mL) and brine
(260 mbL). The organic layer was dried over Na;SO,, filtered and concentrated to an oil. The oif
from above was treated with TFA (300 mL} at about 50 °C for about 18 h, Upon completion, the
TFA was removed by rofary evaporation and the residue taken up m xylenes (560 mL). After
concentrating to approximately haif of the original vohume, the reaction was heated to about 130
20 °C and stirred for about 18 1. Upon completion, the reaction was cooled and the product was
exiracted into aqueous 10% KoCOs (3 x 300 mb). The combined aqueous extracts were washed
with xylenes (200 ml} and then the pH was adjusted to about 3.5 by the addition of solid citric
acid. The product was extracted nto MTBE (2 x 360 mL). The combined MTBE extracts were
washed with brine, dried over Na,SO,, filtered and concentrated by rotary evaporation to provide
25 a scalemnic mixiure entriched in 2-((7R,38 4R -3-{ethoxycarboryl)-4-ethvicvelopentylacetic acid
(55 g, 89%) as an oil. ' NMR (major diastereomer, 400 Mz, CDCL) § 7.79 (br, 1H), 4.17 —
4.05 (o, 2H), 2.92 (m, 1H), 2.78 — 2.64 (m, 1H}, 2.36 (d, ZH), 2.24 (m, [H}, 2.19 - 2.06 (m, 2H},
180 (my, 1H), 1.56 — 1.44 (m, 2H), 1.42 — 1.30 (m, TH), 125 (¢, 3H), 0.90 {1, 3H).
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Step Db: Ethyl 2-ethyl-4-(2-hydroxyethyDeyelopentanccarboxyiate

To a solution of 2 scalemic wuxture enriched in  {({R354R-3-(ethoxycarbonyi}-4-

sl

ethyleyclopentylacetic acid (54 g, 237 wmoly in THF (300 mb) at about 5 °C was added

(v

BHTHF complex (IM, 284 mL, 284 mmol). The resoliing mixture was stirred for about 18 h
while allowing it to warm fo 1. An additional portion of BHs*THF complex (1M, 50 miL, 50
mmol} was added and stirred at 1t for about additional 20 h. Upon completion, the reaction was
guenched with MeOH (500 wil.} and concentrated by rotary evaporation. Methano! (500 mL} was
added and then removed by rotary evaporation twice to afford the a scalemic mixture enriched in
10 (IS2R4R)-ethyl 2-ethyl-4-(2-hydroxyethvlicyclopentanecarboxylate {481 g, 95%). 'H NMR
{400 MHz, CDCL) 5 4.14 — 4.04 (o, 2H), 3.68 — 3.59 {m, 3H}, 2.97 — 2.83 (m, 1H), 2.39 - 2.28
(o, 1H}, 2.21 - 2.05 (m, 3H), 1.78 - 1.31 {m, 6H), 1.24 (4, 3H}, 6.88 (m, 3H).

Step E: ethyl 4-(2-cyanocthyl}-2-ethyleyelopentanecarboxylate

N
i
OH
/g"
\\A
15 o] 9

To a solution of a scalemic wuxture enriched i (152R4Rycthyl  Z-cthyi-4-(2-
hydroxyvethyheyolopentanccarboxylate (48.1 g, 224 mmol} and TEA (62.6 mL, 449 mmol}
DOM {250 mb} at about 5 °C was added methanesulfonyl chloride (26.2 wi, 337 mmol). The
resulting mixture was stirred for about 1 h. Upon completion, cyclohexane {1 L} and water (200
20 mL) were added and the layers separated. The organic layer was washed with water (200 mL)
and brine (200 mL). The organic laver was dried over Na;SOy, filtered and concentrated to an oif
by rotary evaporation. The oil was taken up in acetonitrile (300 mL) and a solution of NaCN
(32.9 g, 672 muool) in water (200 mL) was added. The resulting mixture was heated to reflux and
stirred for about 18 h. Upon completion, cyclohexane (1 L) and water (700 mL} were added and
25 the layers separated. The organic layer was washed with satorated aqueous NaFIC0O; (2 x 200
mb.), water (200 mL) and brine (200 mL). The organic layer was dried over Na,50,, filtered and
concentrated to an oil by rotary evaporation. The product was purified by flash chromatography
o silica gel (250 g) eluting with 20% EtOAc in heptane to afford a scalemic mixture enriched in
g

(15, 2R 4R )-ethyl 4-(2-cyanoethyi)-2-ethvicyclopentanecarboxylate (383 g, 77%) as an oil 'H

128



20

=2
A

36

WO 2013/043826 PCT/US2012/056266

NMR (400 Mz, CDCL) 8 4.17 — 4.05 (m, 21), 2.90 (m, 171), 2.44 - 2.28 (m, 31}, 2.18 (ddd,
TH). 2.15 — 2.03 {m, 1HE), 1.83 — 1.63 (o, 310}, 1.48 — 1.31 (on, 2H), 1.25 4, SH), 0.91 (1, 31

Step F: (15,28,41)-4-2-cyanoethyl)-2-ethyleyclopentanecarboxylate, S-{-)3-1-
phenylethylaromonium salt
N
i ™

/ oN
-t NH3

'< — S~ \: rd =| Ny
i
O
O

A solution of Ti{Gi-Pr)s (51 mi, 172 muowol) in allyl acetate (185 mi} was refluxed for about 18
h. After cooling fo 1, the solvent was removed on the rotary evaporator. Additional allyl acetate
{185 mL} was added and the resulting mixture refhuxed for about 6 h, cooled to 1t and the solvent
rernoved on the rotary evaporator. To the residue of resulting Ti{Oallyl), was added a solution of
a scalemic mixture enriched in (18 2R 4R)-ethyl 4-(2-cyanovethyl-2-ethyicyciopentanccarboxylate
(38.3 g, 172 mowl) in allyi alcchol (400 ml) and the resulting mixture heated to reflux for about
{8 h. After cooling to 11, the solvent was removed on the rotary evaporator and the residue treated
by refhuxing in allyl alcohol for about 18 k. Upon completion, the tixture was cooled to t and the
soivent removed on the rotary evaporator. The residue was taken up in toluene (500 mL) and
washed with 10% aqueous HCI (3 x 460 mL). The combined aqueous layers were back extracted
with toluene {200 mi.). The combined organic layers were washed with brine (200 wd.), dried
over Na,8Q,, filtered and concentrated on the rotary evaporator. The residue was dissolved in
tohiene (400 mlL) and solution of Pdy{dba}; (3.15 g, 3.4 mmol} and trphenyiphosphine (7.22 g,
27.5 mmol) in THF (50 ml) was added. Pyrrolidine (43 mL, 520 nunol} was added and the
reaction mixtore was stivred at 1t for about 2 k. Upon completion, the product was extracted nto
10% aqueous K,C0: (3 x 400 mL). The combined aqueous layers were washed with toluene (200
mL} and the pH of the aqueous layer adjusted to about 3 with solid citric acid. The product was
exiracted udo MTBE (2 x 300 ml), the corabined organic layers were washed with brine (200
mL}, dried over Na;SO4, filtered and concentrated on the votary evaporator. The residue was
taken up in acetonitrile (150 mL}, S-(-3-1-phenylethylamine (18.5 ml, 143 mumol} was added, the
mixture warmed to about 60 °C and allowed to cool to rt. After stirring for about 18 &, the solids
were collected by filtration, washed with acetonitrile (20 mL) and dried 1 a vacoum oven {0
afford {18, 2R 48 j-4-{2-cyanoethyl)-2-ethyicyclopentanecarboxylate NS
phenylethylammonium salt (358 g, 66%) as a white crystalline solid. 'H NMR (400 MHz,

CD:0D) 8 7.47 - 7.30 (m, 5H), 4.37 {q, 11D, 2.80 (dd, 111y, 2.39 (dd, 28, 2.32 — 2.22 (m, 1H),
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2.19 - 2.00 (m, 3H), 1.85 — 1.73 (o1, 111}, 1.66 — 1.56 (o, 5H), 1.55 — 145 (m, 1H), 1.41 - 1.20
(ro, 2FT), 1.26 — 114 (o, 1FD). 0.90 (4, 37D,

Step G 3-((AR IR 45-3-cthyl-4-{o-tosyl-6 H-pyrrole|2,3-2]{1.2.4]triazolo |4, 3-alpyrazin-1-

vijeyelopentyljprepaneniirile

’/h“iﬁ;"’“\/cm
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P s P O
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To the a suspension of (15 28 4Ri-4-(2-cyanoethy-2-ethyleyelopentanecarboxylate  $-{-}-1-
phenylethylammonium salt (10.0 g, 31.6 mumol) in MTBE (100 mL) was added 30% agueous
citric acid {100 mL} and the mixture stirred until the sohids dissolved. The layers were separated
and the organic layer washed with 30% aqueous citric acid (100 ml). The agueous layers were
extracted with MTBE (100 mL), The combined organic layers were washed with brine (56 mi)},
dried over Na; SOy, filtered and concentrated on the rotary evaporator, The residue was dissolved
m THF (00 mLy;, HATU (13.8 g, 36.3 mimol) and TEA (8.8 mL} were added. After stirring for
about 30  win, 2-hydrazinybS-osyl-SHepyrrolo[2,3-blpyrazine (8.6 g 32 mmol
WOZ011/068881) was added and the resulting mixture stirred at vt for about 2 h. Upon
completion, water (100 mL) and EtCAc (200 mL) were added and the mixture stirred for about 5
min.  The layers were separated and the organic layer washed with water (100 ml). The
combined aqueous layers were extracted with EtOAc (100 mbL). The combined organic layers
were washed with brine (50 mL), filtered through a short plug of silica gel and concentrated on
the rotary evaoporator. The residue was dissolved in THF (150 mL), TEA (17.6 1ul, 126 maol)
and thionyl chioride (4.6 mL, 63 mmol) were added and the mixture warmed to about 65 °C.
Upon completion after about 3 h, the mixture was cooled to ri, guenched with 10% agueous
KH PO, (100 mL}. The product was extracted with 2-MeTHF (150 mL}. The organic layer was
washed with brine and concentrated by rotary evaporation. The residue was crystaliized from
EtOAc (75 mL}, the solids were collected by filiration and washed with EtQAc (20 mL) to afford
3-({(1R, 3R 45)-3-ethyl-4-(0-tospl-6H-pyrrolof2,3-¢] {1, 2,4 jtriazolof4, 3-alpyrazin-1-

g, 45%) as a white crystalline solid. 'H NMR (400 MHz,
DMSO} & 9.04 {5, 1H), 8,106 — 7.96 {m, 3H), 7.45 {dd, 4H), 4.11 {dd, 1H), 2.58 - 2.49 (m, ZH),
2.44 - 2.3ty 6H), 1.81 {ddd, 2H), 1.69 (m, 3H), 0.94 - 0.70 (m, 2H), .57 {, 3H).
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Step H: 3-((AR IR 45-3-ethyl-4-{0f-pyrrols{2,3-e}[1.2 4jtriazolnl4.3-alpyrazin-1-

yvixyelopentyliprepanenitrile

/lm(x\f““"“\'_
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oy N
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To 2 solution of 3¢/ R IR 45)-3-cthyl-d-(6-tosy-6H-pyrrolo[2,3-e} 1.2 4 {riazolo{4,3-apyrazin-
T-vhcyelopentypropaneniirile {1.0 g, 2.2 mmol} in THF (5 mL) was added 10% aqueous NaOH
(5 g, 12.5 mmol) and the resulting mixture was warmed 1o about 45 °C. After about 18 h, the
reaction mixture was cooled o 1t and the layers separated. The organic layer was washed with 10
% aqueous NaOH {5 mL) and brine {§ mL). The product was crystallized by the addition of water
(15 ml). The solids were coliected, washed with 20% THF in water {1 mlb) and water (1 o).
After drying in a vacuum oven at about 50 °C 3-({IR 3R 4S)-3-ethyi-4-(6H-pyrrolof 2, 3-
elf1,2,4]riazolof4, 3-alpyrazin-I-yiicyclopentylpropanenitrile was obtained {0.55 g, 84%) as a
white crystalline solid. 'H NMR (400 MHz, DMSO) § 12.66 — 12.45 (m, 1H), 8.85 (d, 1H), 7.51
(t, TH), 7.01 {t, 1H), 4.26 —4.05 (m, 1H), 2.59 {(m, 3H), 2.50 - 2.38 (m, 2H}, 1.94 - 1.82 (m, 2H),
1.78 - 1.65 {m, 3H), 1.02 - 0.8 (1n, 1H), 9.88 - 0.72 {m, 1H}, 0.58 (1, 31}, Jak3 15 =1

General Procedure A

In a 4 mb vial was added a carboxylic acid (10 mg, 0.08 mumol), followed by 2-(1H-7-
azabenzotriazol-1-y1}-1,1,3,3-tetramethyl wromum hexafluorophosphate methanaminium (30 mg,
6.08 ramol), TEA (27 pl, 020 mmol) and {(15,3R45)-3-ethyi4-{6-tosyi-6H-pyroin]l,3-
ei[1,2, 4 lirtazolol4,. 3~ajpyrazin-1-vlcyclopentylamine {27 mg, 0.063 mmol} m  dimethyl
acetamide (2 mb) This mixture was stirred at about 60 °C overnight. The crude mixture was
concentrated to dryness MeOH (0.5 mbL) and 1M aqueons NaOH (0.5 mL) was added and allowed
to stir at about 60 °C for about 4 h. The reaction was filtered, checked by LO/MS and
concentrated to dryness. The residue was then dissoived in DMSO:MeOH (1:1, 1.4 mL)} and

purified through reverse phase HPLC to afford the target compound.
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Exemplification sf General Procedure A

Example #24: N{{(I83R45)-3-ethyl-4-{6H-pyrrole|2,3-e}{1.2.4]triazolo|4,3-¢]pyrazin-1-
b

B fi
> 2 ;
HCT Ny S
H
NN
M. f>

N

yvievelopentyi}-2-methyloxazole-4-carboxamide

Chiral

In 2 4 mb vial was added 2-methyloxazole-d-carboxylic acid (10 mg, 0.08 mumol}, followed by 2-
{1H-7-azabenzotriazol-1-y[}-1,1,3,3~tetramethy! wroniurn  hexafluorophosphate methananunium
(30 mg, 0.08 mmol}, TEA (27 pL, 0.20 mmol) and (13,3R,48)-3-ethyl-4-{6-tosyl-6H-pyrroio{2,3-
ei[1,2,4lirazolold, 3-apyrazin-L-vljeyclopendylamine {27 mg, (.063 ouneol) i1n  dimethyl
acetamide (2 ml). This mixture was stirred at 60 °C ovemight. The comde mixture was
concentrated to dryness. and MeOH (0.5 mby and M aqueous NaOH (0.5 ml) was added and
aliowed to stir at about 60 °C for about 4 h. The reaction was filtered, checked by LC/MS and
concentrated to dryness. The residue was then dissolved in DMSO:MeOH (111, 1.4 mL) and
purified through reverse phage HPLC (Table 2, Method 10} to afford N-({1S5 3R 45i-3-ethypl-4-
(6H-pyrrodof 2, 3-el{ 1. 2.4]triazolof 4, 5-alpyrazin-i-yijcyclopentyl)-2-methvioxazole-4-

carboxamide. Jak3 1Cs = B.

The following examples were prepared using General Procedure A:

Table B: The following producis were prepared from (153R,45)-3-ethyi-4-{6-tosyl-65-
pyrrolo{2,3-¢}{1,2 4]triazolo{4.3-alpyrazin-1-yhcyclopentylamine as defailed in General

Procedure A

Ex# Product Name R’ MS Jal3
(min} | 3+ | L
1Cs

25 (E)-N-A{153R,45)3-
ethyl-4-(6H-

pyrrolo{2,3-

\ " e}{1,2,4]riazolof4,3-
N i / o st 0.69 405 B
CH: alpyrazin-1-
: N b
T

vheyclopentyl3-3-(5-
methyl{oran-2-

yhacrvlamide
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Ex#

Product

Name

R,
{min}

MS
{M+1)

Jakd
FLOP

25

N-{(1S,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
el{i,2,4lirinzolof4,3-
alpyrazin-1i-
yheyelopentyly-2-(5-
methylisoxazol-3-

yiloxyjacetamide

0.61

410

C

N-(2-({15,3R 45)-3-
ethyl-4-{6H-
pyiroloi2,3-

eli 1,2, 4irazolold, 3~
alpyrazin-1-

yhcyclopentylanmino)-
2-oxocthyly-N-
methylturan-2-

carboxamide

28

HN

P

32,5~

dioxoimidazolidin-4-
yUO-N-{{1S5,3R,45)-3-

ethyl-4-{6H-

pyrrolo{2,3-
el{1,2,4)triazolo4.3-

alpyrazin-1-

yvhicyclopenivlipropana

mide

0.51

N
b
(¥ 4]

28

N-({15,3R,45)-3-cthyl-
4-{6H-pyrrolof2,3~
eli1,2,4]iriazolo}4,3-
alpyrazin-1-
yvievelopentyl)-5-
methyl-4,5,6,7-
tetrahydrobenzo{djisox

azole-3-carboxanude

0.75
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Ex# Product Name B MS Jak3
{min} | {(M+1} -
ICq

30 N-{2-({18,3R ,45)-3-
cthyl-4-{65H-
pyrroioi 3-

el{1,2,4)triazolo4.3-

ajpyrazin-1-

N

L2

N
5]

. 59
yvheyelopeniviamino)- 0.5

2-oxoethyi)-5-
methyiforan-2-

carboxamide

31
Z-acetanmido-3-
cyclopropyl-N-

({15,3R,45)-3-cthyl-4-

(6H-pyrrolo{2,

3.
474 C
o)1 2 Afriazolofd 3 | 0P 24

alpyrazin-1i-
yleyclopentylpropana

mide

N-{18,38 48)-3-cthyl-
4-{6H-pyrrolo[2,3-

el[1,2 4}iriazolof4,3-

o8]
[

<@
~3
3=
N
i
(¥ 4]
>

alpyrazin-1-

vhcyclopeniyhbenzofu

ran-3-carboxamide

ad
98]

N-{18,38 48)-3-cthyl-
4-(6H-pyrrolo[2,3-

MO Ciy e}l 1,2 4 jtriazolof4,3-
Hal ey ‘j‘/ NZ M alpyrazin-i-

3,75 47 B
N N yheyclopentyl)-6- 0.75 429

methylbenzofirran-2-

carboxamide
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Ex#

Product

Name

{min}

R, MS
{M+1)

Jakd
FLOP

N-{(1S,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
el{1,2 4liriazolnl4,3-
alpyrazin-1i-
yvhcyclopentyly-3-
methylisoxazole-4-

carboxamide

0.61 380 B

a3
iy

N-({15,3R 453 -ethyl-
4-(6H-pyrrolof2.3-
eli1,2,4 irazolold, 3~
alpyrazin-1-
yieyelopentyl)-2-
methyl-4,5,6,7-
tetrabyvdrobenzoturan-

3-carboxamide

0.77 433 B

N-((15,38,45)-3 -ethyl-
4-(6H-pyrrolof2,3-
el{1,2,4]irazolof4,3-
alpyrazin-1-
yleyclopenty3-3-(3-
methoxyisoxazol-S-

yipropanamide

0.6 424 B

37

NA{1S3R,48)-3-cthyl-
4-(6H-pyrrolo|2,3-
eli1,2. 4}riazolnid,3-
alpyrazin-1i-
yvheyelopentyly-3-(3-
methyi-1,2,4-
oxadiazol-5-

yhpropanamide

i35
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Ex#

Product

Name

Jakd
FLOP

R, MS
(min} | (M+1)

38

N-{2-({18,3R,458)-3-
cthyl-4-(6/-
pyrroioi 3-

el{1,2,4)triazolo4.3-
ajpyrazin-1-

yvheyelopeniviamino)-
2-oxoethyi)-5-
methylisoxazole-4-

carboxamide

.

¥8)

~J
W

0.61

39

N-{(1S,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
e}l 1,2 4}triazolof4,3-
alpyrazin-1-
yhcyclopenivii-S-
{furan-2-v1}-4H-
pyrazole-3-

carboxamide

0.64 431 A

N-((15,38,45)-3 -ethyl-
4-(6H-pyrrolof2,3-
el{1,2,4]irazolof4,3-
alpyrazin-1-
yvieyelopentyl}-4-
methyl-4H4-furo{3,2-
blpyrrole-5-

carboxamide

N

Pl

oze]
Py
p
o
“S
(¢

(.69

41

Z-{benzoturan-3-yl}-N-
({15,3R,45)-3-ethyl-4-
{(6H-pyrroio]2,3-
eli1,2,4]iriazolo}4,3-
alpyrazin-1-
yhcyclopentyDacetand

de

0.6¢ 429 B
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Ex# Product Name B MS Jak3
{min} | {(M+1} -
ICq

42 N-{(15,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
e}[1,2,4]riazolofd,3-

alpyrazio-t- 0.61 380 B
yvhcyclopentyy-S-

methyloxazole-4-

carboxamide

43 N-({18,3R,48)-3-ethyl-
4-{6H-pyrrolof2,3-
el{1,2,4)triazolo4.3-
ajpyrazin-1- 0.76 429 R
vhcyelopentyl)-3-

methylbenzofuran-2-

carboxamide

44 N-((18,38,48)-3-ethyl-
Mo N 4-(6H-pyrrolof2.3-
eli1,2,4 irazolold, 3~
0 = ajpyrazin-1- 0.69 | 381 B
CHs ﬁg ‘O’if‘ ylevelopentyl}-3-(1-
CH, methylcyclopropyhpro

panamide

45 3-cyclopropyl-N-
({18,3R,48)-3-ethyl-4-
(6H-pyrroio]2,3-
M gl‘"“*i\i e}i1,2 4}riazolol4,3- 064 167 B
N O alpyrazin-i-
CHa yvheyclopentyDpropana

mide

46 N-{{18,3R,45)-3-ethyl-
4-{6H-pyrrolo[2,3-
e}{1,2,4}riazolof4,3-

| o 0.64
ajpyrmazin-i-

vhcyelopentyl)-5-

methylfuran-2-
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Ex#

Product

Name

R,
{min}

MS
{M+1)

Jakd
FLOP

carboxamide

3-cyclopropyl-N-
({1538 ,45)-3-ethyl-4-
(6H-pyrrolo{2,3-
eli1,2.4triazolol4,3-
aipyrazin-1-
vhicyclopentyoxazole-

4-carboxamide

0.67

406

4%

N-((15,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
e}l 1,2 4}triazolof4,3-
aipyrazin-1-
yhcyclopenivii-S-
methylisoxazole-3-

carboxamide

(.56

422

49

N-({15,3R,45)-3-cthyl-
4-(6H-pyrrolof2,3-
el{1,2,4]irazolof4,3-
alpyrazin-1-
yvieyelopentyl)-5-
methylisoxazole-3-

carboxamide

0.63

380

L
<o

N-{{15,3R,48)-3-cthyl-
4-(6H-pyrrolof2.3-
eli1,2. 4}riazolnid,3-
alpyrazin-1i-
yhcyclopentyliisoxazol

e-S-carboxamide

366

L
iy

N-((1S,3R.45)-3-cthyl-
4-(6H-pyrrolof2.3-
eli 1,2 4linazolofd,3-

aipyrazin-1-

380
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Ex#

Product

Name

R MS Jak3
{min} | 341 1Cso

yieyelopentyl)-4-
methyloxazole-5-

carboxamide

N-{{18,3R 48)-3-cthyl-
4-(6H-pyrrolo|2,3-
eli1,2. 4}riazolnid,3-
aipyrazin-i-
yhcyclopentyl)y-2-
methyifuran-3-

carboxamide

0.66 379 B

53

N-({15,3R,45)-3-cthyl-
4-{6H-pyrrolof2,3~
el{1,2,4]irazolof4,3-
alpyrazin-1-
yievelopentyl}-3-
(furan-2-

yhpropanamide

0.64 393 A

I-cyano-N-{{15.3R,45)-
3-cthyl-4-{6H-
pyrrofoi?3-
elil,2. 4}riazolnid,3-
alpyrazin-1i-
vheyclopentyDeycelopro

panecarboxamide

0.61 364 B

Lo
N

NA{1S3R,48)-3-cthyl-
4-(6H-pyrrolof2.3-
eli1,2. 4}riazolnid,3-
alpyrazin-1i-
yvheyelopentyly-2-(3-
mathylisoxazol-5-

yhacetamide

0.58 354 B
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Ex# Product Name B MS Jak3
{min} | {(M+1} 1Co
56 N-{{15,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
el{1,2,4iriazolof4,3-
7 06i | 365 | B

alpyrazin-1i-

:::, .
oo H N yhcyclopentyuran-3-

carboxamide

L
~J

NA{1S3R 4S)3-ethyl-

o ChHa 4-{6H-pysrolof2,3-
Ny N el[1,2. 4iriazolo4,3-

e 0.71 415 B
aipyrazin-i-

N yleyclopentylbenzofu

ran-2-carboxamide

58 NA{1S3R,48)-3-cthyl-
4-(6H-pyrrolof2.3-
o AL CH el{1,2 4]riazolol4,3-
&@A S/ ;NH e
HN aipyrazin-1- 5
; 65 437 :
4%/ N yhcyclopentyli-4-oxo- 0.63 3
N 4.5.6,7-
tetrahydrobenzofuran-

3-carboxamide

” S-cyclopropyl-N-
{((15,3R 45)-3~cthyl-4-
(6H-pyrrolof2,3-

el{ 1,2 4lirizzolof4,3- 0.69 406 B

alpyrazin-1-
yhcyclopentyiMsoxara]

e-3-carboxamide

50 (E)-N-({15,3R,45)-3-
ethyl-4-{65-
pyrroioi 3

e}i1,2 4}riazolol4,3- 0.65 361 B

aipyrazin-i-

vhcyelopentyl)-3-

{(furan-2-yhacrylamide
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Ex#

Product

Name

R,
{min}

MS
{M+1)

Jakd
FLOP

N-{(15,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
el{1,2 4]iriazolnl4,3-
alpyrazin-1i-
vheyclopentyhbenzoic]

isoxazole-3-

carboxamide

416

Not
teste

d

N-({18,3R,48)-3-ethyl-
4-{6H-pyrrolo[2,3-
el{1,2,4)triazolo4.3-
ajpyrazin-1-
vhcyelopentyl)-3-
methylisoxazole-5-

carboxamide

0.61

(v
20
<

63

N-((15,38,45)-3 -ethyl-
4-(6H-pyrrolof2.3-
eli1,2,4 irazolold, 3~
aipyrazin-1-
yicvelopentyloxazole-

4-carboxamide

366

HgC'MS

4§

N-((1S,3R.45)-3-cthyl-
4-(6H-pyrrolof2.3-
eli1,2,4 irazolold, 3~
aipyrazin-1-

yvieyelopentyl)-5-

n-2-carboxamide

{methylthiomethylifura

0.67

N-{(1S,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
el{1,2 4]iriazolnl4,3-
alpyrazin-1-
yhcyclopenivi-3-
methoxyisoxazole-5-

carboxamide

0.63

396
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Ex#

Product

Name

R,
{min}

MS
{M+1)

Jakd
FLOP

66

N
O
1N B

S-cyclopropyl-A-
({18,3R,48)-3-ethyl-4-
(6H-pyrroio]2,3-
el{1,2,4Jtriazolo4.3-
ajpyrazin-1-
vlicyclopentylisoxazol

e-4-carboxamide

0.79

406

3-cyclobutyl-N-
{(15,38,45)-3-cthyl-4-
{6H-pyrrolo{2,3-
eli 1,2, 4irazolold, 3~
alpyrazin-1-
yvhcyclopentylpropana

mide

6.7

[ #5]
o0
it

68

N-{(15,3R ,45)-3-¢thyl-
4-(6H-pyrrolof2.3-
eli1,2,4 irazolold, 3~
aipyrazin-1-
yvhcyclopentylbenzofd
jisoxazole-3-

carboxamide

69

N-{(15,3R,45)-3-cthyl-
4-(6H-pyrrolof2.3-
el{1,2 4]iriazolnl4,3-
alpyrazin-1-
yvheyclopenty!3-3-(5-
methylturan-2-

yvhpropanamide

0.67

N
o)
Nyt

70

N-({18,3R,45)-3-ethyl-
4-{6H-pyrrolof2,3-
e}i1,2 4}riazolol4,3-
aipyrazin-i-
yvlheyelopenty}-3-(2-

oxocyclobexylipropana

0.63

391
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Ex#

Product

Name

R,
{min}

MS
{M+1)

Jakd
FLOP

mide

~3

Tz

2-(benzoid Heoxazol-3-
yh-N-{{15.3R,45)-3-
ethyl-4-{65-
pyrrofof?,3-
eli1,2. 4}riazolnid,3-
aipyrazin-i-
yheyclopentylacetami

de

0.66 416 B

NA{18,3R 48)-3-ethyl-
4-(6H-pyrrolo|2,3-
eli1,2. 4}riazolnid,3-
aipyrazin-i- 0.7
vhcyclopentyl)-4,5,6,7-
tetrahydrobenzo{djisox

azole-3-carboxamide

380 B

N-((15,38,48)-3-ethyl-
4-(6H-pyrrolof2,3-
el{1,2,4]irazolof4,3-

alpyrazin-1- G.71
yvieyelopentyl)-5-
{(furan-2-yl}isoxazole-

3-carboxamide

~¥
£

S-ethyl-N-{(15,3R,45)-
3-cthyl-4-{6H-
pyrrofoi23-
eli1,2. 4}riazolnid,3- 0.66
alpyrazin-1i-
yvheyelopentylioxazole-

d-carboxamide

1Y
b
(¥ 4]

>

~3
N

HaC

.
e

NN

NN

NA{1S3R,48)-3-cthyl-
4-(6H-pyrrolo|2,3-
eli1,2. 4}riazolnid,3-

alpyrazin-1i-

396 B
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Ex# Product Name B MS Jak3
{min} | {(M+1} -
ICq

vleyelopentyl3-2-(5-
methyl-1,3.4-
oxadiazol-2-

vithio)acetamide

76 S-ethyl-N-({15,38,45)-
3-ethyl-4-(6H-
pyrrolo{2,3-

e} 1,2 4linazolof4,3- G.6% 406 B

aipyrazin-1-
vheyelopentyiisoxazol

e-3-carboxamide

~4
3

3-cyciohexyl-AN-
N ({18,3R,45)-3-cthyl-4-

N =%
<\\\I A (6H-pyrroio]2,3-

o AS 124l rtaz0l0f43- | g7 | 3s B

N ‘O'i/ alpyrazin-1i-

CH- yleyclopentypropana

mide

78 NA{1S3R,48)-3-cthyl-
4-(6H-pyrrolof2.3-

eli1,2. 4}riazolnid,3-

el

N

Cn
ved

0.69

alpyrazin-1i-
yhcyclopentyifuran-2-

carboxamide

79 N-{{15,3R,48)-3-cthyl-
4-(6H-pyrrolof2.3-
eli1,2. 4}riazolnid,3-

alpyrazin-1- 0.65 379 B

yhcyclopentyl)-3-

methyifuran-2-

carboxamide
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Ex#

Product

Name

R,
{min}

MS
{M+1)

Jakd
FLOP

80

\j\
N7 Ny
&

H
Ow -
w
H &

CHa

NA(1S3R 45)-3-sthyl-

4-{6H-pyrrolof2,3-
el{1,2 4]iriazolnl4,3-
alpyrazin-1i-
yheyelopentyly-3-(5-
oxopyrrolidin-2-

yhpropanamide

410

o0
ey

L2

-ethy-N-((18,3R. 48}~
J-ethyl-4-(6H-
pyrroloi2,3-
eli1,2,4 irazolold, 3~
alpyrazin-1-
yvieyelopentyllisoxazol

e-3-carboxamide

N-((1S,3R.45)-3-cthyl-
4-(6H-pyrrolof2.3-
eli1,2,4 irazolold, 3~
aipyrazin-1-
yicvelopentyloxazole-

5-carboxamide

0.56

366

€ 2]
[55)

N-((1S,3R.45)-3-cthyl-
4-(6H-pyrrolof2.3-
eli1,2,4 irazolold, 3~
aipyrazin-1-
yvieyelopentyl)-5-
methylisoxazole-4-

carboxamide

384

Not

tested
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{0}

Formula (1)

PCT/US2012/056266

pharmaceotically acceptable salts, pro-drugs, biologically active metabolites, sterecisomers and

isomers thereof wherein
TisN, Uis N, X 18 CRYand Y is N or
TisN, Uis CRY Xis CRY and Y is N;
TisN,UisN, XisNR  and Y is C;

or

S . .
R' R” and R are each independently hydrogen ar deuterivm;

R’ is -A-D-E-G, wherein:

A s a bond or optionally substituted (C3-Cy;

Y
H
J

cycloalkylene;

D is an optionally substituted (C;-Cyalkylene, an optionally substituted (Cs-

Cipyeycloalkylene or an optionally substituted (C,-Ciptheterocyclylene;

E is -R%-, -R&-C{O»-R%-, -RE-COYO-R®, -REN(RD-R®-, -RE-N(RHC(O)-R®-, -RS-
COPN{RM-RE, -RE-NERMS(0)-RE-, or -R%-S{O)RN{RY-R® -, -RE-O-CH,-C{OIN(R)-R"-, -
REN{RIIC(O)-CH-0-RE-, -RE-CIOWERDMCHLCIOW(R R, -R°-
NRHC(OHCHNRYHT(O-RE-, -RE-CIONRHYCH,CIOWN{R-R-, R
NEHCOHCHNEDC{O}RE, -R-5-CHCOMNR™-R S, or -RE-NRIC(OHCH,-8-R5;

(3 is halogen, -CN, -CFs, an optionally substituied -{C-Cglalkyl, an -optionally

substituted ~(C,-Cglalkyl-heteroaryl, an optionally substituted (Cy-Cipjeyvcloalkyl, an

optionally substituted heteracyclyl or an optionally substituted heteroaryl;

R* is hydrogen or deuterium;

R* and R® are each independently hydrogen, deuterium, an optionally substituted (C)-

Ciayalkyl or an optionally substituted (C-Cgiheterocyelylene; and

R® for cach occurrence is independently a bond, an optionally substituted (Cs-

Ciotalkylene, an optionally substituted {(C-Ceralkenylene, or an optionally substituted (Cs-

Ciodheterocyclylene.
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6.

The compound of claim | wherein A 15 a bond or an optionally substituted

cyclopentyl.

The compound of clarm | wherein B is an optionally substituted (C1-Cy) alkylene,

optionally substituted cyciopentylene or optionally substituted pyrrolidine.

The commpound of clain | wherein E 15 a boud, an optionally substituted (C-Cg)
alkylene, -C{O}-, ~-C{O{C:-Cajalkylene-, -(Ci-Chlalkylene-C{O)-, -N(H)-C;-
Cijalkyiene-, «{ Ci-Cyalkylene-N(H)-, -N(HC{O)-, -C{OMWN(H)-, -N{CH;3-C(O)-, -
C{OW(CHz)-, (Cy-Coalkylene-NH)-C(O)-, -CIOINHIHC,-Caalkylene-, {Cs-
Cyalkyiene-N{oxetany D-C{O)-, -C{OMN{oxetanyD)-{ C;-Cyjalkylene-, -N{RHS{(O);-
{Ci-Cayalkylene-, -(C-Cyalkylene-S{ORN(R")-, optionally substituted azetidine or

optionally substituted piperidine.

The compound of claim 4 wherein (G 1s F, -CN, -CFy, an optionally substituted -(Cs-
Ceyalkyl, an optionally substituted ~{Cs-Ceieycloalkyl, an optionally substituted
morpholine, an optionally substituted oxazcle, an optionally substituied 1,2.4-

oxadiazole, an optionally substituted pyridazine, or an optionally substituted pyridine.

The compound of claim 1 wherein
TisN, UisN, Xis CR and Y is N;
wherein R’ is —A-D-E-G and

A 1s a bond,

I3 is optionally substituted cyclopentyleng;

E is an optionally substituted (Cy-Cy) alkylene, -C{O})-, -N(H}}-C(O}-, -
C{CIN(H ), ~-CONED-CH,, -CH-NEDC(C)-, -C-CHCIOINGT)-, -NDC{OCH,-
G-, -COW{CHHCHCOWED-, -NIDC(OY CHN(CH)C(O)-, -
NECOYCH)=CH)-, -CH=COHCON)-, -optionally substituted {C-
Cyalieyiene-C{QIN(H -, -N{HC{G-optionally substituted (Ci-Chaliyiene, -
CIOMNEHCH,COINE)-, -NHHC(O)CHNEH)YC(O)-, -S-CH,C(ON(H}-, or -
KHHC(OYCH-5-; and

G is CN, CFs, an optionally substituted benzofuranyl, an optionally
substituted cyclobutyl, an optionally substituted cyclopropyl, an optionally
substifuted cvelobexyi, an optionally substituted benzo[cjisoxazolyi, an optionally
substituted benzol{dlisoxazolyl, an optionally substituted furanyl, an optionally
substituted fure[3,2-blpyridinyl, an optionally substituted furo[3,2-hlpyrrolyl, an

optionally substituted isoxazolyl, optionally substituted 1,2 4-oxadiazolyi, an
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optionally substituted oxazolyl, an optionally substituted pyrrolidinyl, an optionally
substituted tetrahydrobenzoldlisoxazolyl, an optionally substituted

tetrahydrobenzoturanyl, or a 2,5-dioxoinudazolidiny].

The compound of claim & wherein the compound is
(1R, 3R A4S5)-3-cthyl-4-{6H-pyrrolof2,3-e | 1,2 4liriazolo[4,3-a [pyrazin-1-v1}-N-
(2,2,2-triflucroethylicyciopentanecarboxamide;

3418 3R,48)-3-methyi-4-{6H-pyrrolo[2,3-¢1[ 1,2, 4 Jtnazolo{4,3-alpyrazin-1-
yhcyelopentyDpropanenitrile;

3-{(1 R,3R.45)-3-methyi-4-{6H-pyrrolo]2,3-e}] 1,2 4 Jtriazolo{4,3-a jpyrazin-1-
vheyelopentylpropaneniirile;

34{185,3R,485)-3-ethyl-4-(6 H-pyrroio{2,3-e]{1,2,4 iriazolof4,3-alpyrazin-1 -
vheyclopentyipropanenitrile;

3-{{IR IR A5y 3-ethyl-4-{6H-pyrrolo]2,3-e}[1,2,4 triazolof4 3 -¢lpyrazin-1-
vheyelopenty Dpropanenitrile;

N-{(18,3R,48)-3-ethyl-4-(6Hpyrrolo{2,3-2][1,2,4 triazolo[4,3-¢]pyrazin-1-
vheyclopenivly-2-methyloxazole-4-carboxamide;

N-{{15.3R,45)-3-cthyl-4-(6H-pyrrolo[2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yhcyelopentyBbenzofuran-3-carboxamide;

N-{(1S,3R,45)-3-cthyl-4-(6H-pyrrolo|2,3-¢]|1,2.4 idazolo{4,3-apyrazin-1-
yheyclopenty-4-methyl-4H-furof3,2-blpyrrole-5-carboxamide;

NA(IS 3R A4S 3-ethyl-4-(6H pyrroloi2,3-¢][1,2,4 iriazolo[4, 3-alpyrazin-1-
yvhcvelopentyl}-3-{1-methyicyclopropypropanamide;

3-cyclopropyi-N-{{(1§38,45)-3-ethyl-4-{6H-pyrroloi2,3-eji 1 2 4 ftriazolo[4,3-
ajpyrazin- 1-vleyclopentyDpropanamide;

NA{(18,3R,48)-3-ethyl-4-(6H pyrroloi2,3-2][1,2,4 triazolo[4,3-a¢Jpyrazin-1-
vheyclopentyl-S-methylfuran-2-carboxamide;

i~cyano-N-{{18,38 45)-3-ethyl-4-(6H-pyrrofo{2,3-¢}{1,2,4 lintazolof4,3-alpyrazin-
L-vheyclopendylicyclopropanecarboxamide;

N-({18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-
yheyclopentyly-5-methylisoxazole-4-carboxamide

(B)-N-((15,3R,45)-3-ethyl-4-(6H-pyrrolo|2,3-e]{1,2,4 triazolo|4,3-a fpyrazin-1-
yvhcvelopentyl3-3-(5-methylfuran-2-yacrylanude;

N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrolof2,3-¢][ 1,24 {triazalo[4.3-alpyrazin-1-
vheyelopenty)-2-(5-methylisoxazol-3-yloxyacetamide;

N-{2-({18,3R 453 ~ethyl-4-{6HH-pyrrolo[2,3-e}[1.2 4 triazolo{d 3-glpyrazin-1-

vheyclopentylamino}-2-oxoethyl}-NV-methylfuran-2-carboxamide;
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{6H-pyrrolof2.3-

e}l 1,2 4liriazoloid, I-alpyrazin-1-ylcyclopentylypropanamide;

N-({18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-

yheyclopentyly-5-methyl-4,5,6,7 etrabydrobenzod isoxazole-3-carboxamide;

N-A2-((15,37 48)-3-ethyt-4-(6H-pyrrolo[2,3-e1[ 1,2, 4]triazolof4,3

vhcvelopentylamino)-2-oxoethyl}-5-methylfuran —?;—cai‘boxamide;

Z-acetamido-3-cyclopropy -N-{1.5,3R,45)-3ethyl-4-(6H-pyrroio]2,3-

eli 1,24 triazolol4,3-alpyrazin-1 -ylicyclopentylpropanamide;

N-(( 18,3R,48)-3-ethyl-4-(6H-pyrrolof2,3-2][1,2.4 triazolof4,3-a]pyrazin-1 -

vheyclopentylibenzofuran-3-carboxamide;

N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-

yheyvelopentyly-G-raethylbenzofuran-2-carboxande;

N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-

yheyclopentyly-3-methylisoxazole-4-carboxamide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -

vhcvelopentyl}-2-methyl-4,5,6,7-tetrahydrobenzofuran-3-carboxamide;

N-{{(15.3R,45)-3-ethyl-4-{6H-pyrrolo{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-

vheyelopentyD)-3-(3-methoxyisoxazol-5-yDpropanamide;

NA(18,3R,48)-3-ethyl-4-(6H pyrroloi2,3-2][1,2,4 triazolo[4,3-¢Jpyrazin-1-

vheyclopenty!}-3-(3-methyl-1,2,4-oxadiazol-S-ylpropanamide;

N-{2-({158,3R A8y-3-ethyi-d-{6H-pyrrolo]2.3-¢1[ 1,2, 4]inazoiol4, 3-ajpyrazin- i

yleyvelopentylamino-2-oxoethyi-3-methyHsoxazoie-d-carboxarnide;

N-({18,3R,48)-3-ethyl-4-(6H-pyrrolof2,3-2][1,2,4 {triazolo[4,3-¢]pyrazin-1-

vheyelopeniyly-5-(furan-2-yi}-4 H-pyrazole-3-carboxaraide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -

yheyclopentyy-4-methyl-4H-furo[3,2-h[pyrrole-S-carboxamide;
2-{(benzoturan-3-y}-N-({(15,3R,45}-3-ethyl-4-(6H-pyrrolo]2,3-

el 1,2 4linazolofd, 3-alpyrazin-i -y Doyclopentyhacetamide;

NA(TS3RAS)3-ethyl-4-(6H pyrrolo[2,3-¢][1,2,4 iriazolo[4, 3-alpyrazin-1-

vhcyclopentyl}-3-uiethyloxazole-4-carboxanude;

NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-

vheyelopenty)-3-maethylbenzofuran-2 -carboxavude;

N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-

vheyclopeniyli-3-{1-methylcvclopropylipropanamide;
3-cyclopropyl-N-({15.3R,45)-3-cthyl-4-(6H-pyrrolof 2,
apyrazin- 1-yloyclopenty Upropanamide;
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N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yleyvelopentyy-S-raethyliuran-2-carboxamide;

S-cyclopropyl-N-{(185.3R,45)-3-ethyl-4-(6H-pyrrolo{2,3-e]{1,2.4]triazolo[4.3-
alpyrazin-1-ylicyclopentyloxazole-4-carboxamide;

N-({15,3R,45)-3-ethyl-4-(6H-pyrrolo[ 2,3-¢][ 1,2, 4 ltriazolo[ 4,3 -« |pyrazin-1-
vhcvelopentyl}-S-methyhisoxazole-3-carboxamide;

N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
vheyelopenty)-5-raethylisoxazole-3-carboxamide;

NA(1S8,3R,4S8)-3-ethyl-4-(6H pyrrolo[2,3-2][1,2,4 triazolo[4,3-a]pyrazin-1-
vheyclopentylyisoxazole-5-carboxamide;

N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yleyelopentyl-4-raethyloxazole-S-carboxamide;

N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-
yheyclopentyly-2-methyhuran-3-carboxamide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -
vhcvelopentyl}-3-{furan-2-yhpropanamide;

{-cyano-N-{{15,3R 453 -ethvl-4-(6H-pyrrolo{2.3-¢}[1,2,4triazoloi4,3-aipyrazin-
{-yDeyclopentylcyclopropanecarboxamide;

NA(1S8,3R,4S8)-3-ethyl-4-(6H pyrrolo[2,3-2][1,2,4 triazolo[4,3-a]pyrazin-1-
vheyelopenty!)-2-(3-methylisoxazol-5-ylacetamide;

NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-
yleyvelopentyDifuran-3-carboxamide;

N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-
vheyclopentyhbenzofuran-2-carboxamide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -
yhcyelopentyl}-4-ox0-4,5,6,7tetrahydrobenzofuran-3-carboxamide;

S-cyclopropyi-N-{{(1§38,45)-3-ethyl-4-{6H-pyrroloi2,3-eji 1 2 4 ftriazolo[4,3-
alpyrazin-1-vleyclopentylnsoxazole-3-carboxanide;

{(E}-N-{{15.3R 45)-3-cthyl-d-(6H-pyrrole{2,3-¢}{ 1,2, 4linazcloi4,3-alpyrazin-1 -
vhcyclopentyl}-3-(turan-2-ylacrylamide;

NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-
yl)cyclopemyl}benzo[cjisoxazoic-3~cm‘boxamidc

N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-
vhcyclopentyly-3-methylisoxazole-3-carboxamide;

NA{1S3R,48)-3-cthyl-4-(6H-pyrrolo] 2,3-¢]]1,2,4 {triazolol4,3-a]pyrazin-1 -

yhcyelopentyoxazole-4-carboxamide;



20

=2
A

30

2
n

WO 2013/043826 PCT/US2012/056266

N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yheyvelopenty3-S-{methyithiomethy Huran-2-carboxanude;
N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-
yheyclopentyly-3-methoxyisoxazole-S-carboxanude;
S-cyclopropyl-N-({15,3R,45)-3-ethyl-4-(6H-pyrrolof2,.3-¢]{1,2,4 {irtazolo[4,3
alpyrazm-1-yljcyvelopenty isoxazole-4-carboxamide;
3-cyciobutyl-N-{(1538 45)-3-ethyl-4-{6H-pyrrolofl 3¢t 2 4 Htriazolof4.3-
ajpyrazin- 1 -yleyclopentyDpropanamide;
N- ((15 3R A4Sy 3-ethyl-4-(6H pyrrolo[2,3-2][1,2,4 triazolo[4,3-a¢Jpyrazin-1-
vheyclopentylibenzo|d isoxazole-3-carboxaride;
N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yheyelopeaty}-3-(5-methylfuran-Z-ypropanamide;
N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-
yheyclopentyly-3-(2-oxocyclohexylipropanamide;
2-(benzo{dlisoxazol-3-y[}-N-((15,3R,45)-3-ethyl-4-(6 H-pyrrolo|2,3-
e}{1,2 4lriazolol4, 3-alpyrazin-1 -yleyelopentyhacetannde;
N-{{(15,3R,45)-3-ethyl-4-{6H-pyrrola{2,3-¢]i 1.2 4 itriazalo[4.3-alpyrazin-1-
vheyelopentyl)-4,5,6,7-tetrahydrobenzo[d lisoxazole-3-carboxamide;
NA(1S8,3R,4S8)-3-ethyl-4-(6H pyrrolo[2,3-2][1,2,4 triazolo[4,3-a]pyrazin-1-
vheyclopentyl}-3-(turan-2-yljisoxazole-3-carboxamide;
S-ethyl-N-{({15,3R,45}-3-ethyl-4-(6 H-pyrrolo{2,3-¢] 1,2, 4 ]triazolof4.3-alpyrazin-
L-yhicyclopentylioxazole-4-carboxamide;
N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-
vheyclopeniyl-2-{5-methyl-1,3,4-oxadiazol-2 ylth cracetamide;
S-ethy -N-A{1S,3R,45)-3-ethyl-4-(6 H-pyrrolo{2,3-¢]{1,2,4 triazolo[ 4.3 -a|pyrazin-
Lyhicyclopentyl nsoxazole-3-carboxamide;
3-cyclohexyl-N-{(15,38,48)-3-ethyl-4-{6F-pyrrolof2,3-e}f 1.2 4 frizzolo[4,3-
alpyrazin-1-ylieyclopentylpropanamide;
NA(TS3RAS)3-ethyl-4-(6H pyrrolo[2,3-¢][1,2,4 iriazolo[4, 3-alpyrazin-1-
vheyclopentyyfuran-2-carboxamide;
NA{{(15.3R,451-3-cthyl-4-{6H-pyrrolo{2,3-e][1,2 4 {triazolo[4.3-alpyrazin-1-
yl)cyciopemyl)-f%—methylﬁlmn~2-carboxamide;
N-{(18,3R,48)-3-ethyl-4-(6H-pyrrolo[2,3-2][1,2,4 triazolo[4,3-alpyrazin-1-
vheyclopeniyly-3-(5-0 mpyrrohdm~-2--y1)pmpanam}de;
3-ethyl-N-({15,3R,45)-3-ethyl-4-(6 H-pyrrolo|2,3-¢]{1,2,4 triazolo| 4,3 -a|pyrazin-

Lyhicyclopentyl nsoxazole-S-carboxamide;
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N-{{(15,3R,45)-3-cthyl-4-(6H-pyrrolo{2,3-e][1,2,4 triazolo[4,3-alpyrazin-1-
yheyelopentyhoxazole-5-carboxamide; or
N-((18,3R,48)-3-ethyl-4-(6H-pyrrolo| 2,3-2][1,2,4 [triazolo[4.3-a]pyrazin-1-

yheyclopentyly-5-methylisoxazole-4-carboxamide.

The compound of claim 1 wherein
TisN,Uis CRY, Xis CR and Y is N;

R is -A-D-E-G, wherein:

A 15 a bond or optionally substituted {C3-Ceieycloalkylene:

D is an optionally substituted (C;-Cylalkylene, optionally substituted (Cs-
Cioyeyeloaikylene or an optionally substituted {Co-Cyppheterocyclylene;

Eis -R%, -R-C{O)»-R5-, -RE-C{OYG-RE, -RE-N(R™M-RS, -RE-NRHC(O-R, -R°-
CEMN(RY-R-, -RENRHIS(0),-R, or -RE-S{ORN{RY-R;

G 1s halogen, -CN, -CF;, an optionally substituted «(Cy-Colalkyl, -CH,-heteroaryl,
an optionally substituted (Cs-Cho)eveloalkyl, an optionally substituted heterocyelyl or
an optionally substituted heteroaryl;

RYis hydrogen;

R* and R” are cach independently hydrogen, an optionally substituted {C-Cg)alkyl or
an optionally substitated (C-Cipiheterocyclviene; and

R® for each occurrence is independently a bond, an optionafly substituted (C;-

Cygralkylene or an optionally substituted (C-Colhelerocyclylene.

The compound of claim 8 wherein D 1s ~CH;-, optionally substituted cyclopentyl,

optionally substituted piperidinyl or optionally substituted pyrrolidinyl.

The compound of claim ¢ wherein E 13 a bond, -C(O)-, ~C{O)0(C;-Cyjakylene -, -
NREY-CLO)-, -CION(RY-, ~C(O)-N({H)-optionally substituted (C,-Cyalkylene -, -
optionally substituted (C-Calkylene ~N{RIC{O}-, {C-Cyjalkylene, -C{OMC-
Chjalkyiene, -(C-Chalkylene-C(O)-, -(Ci-Cilalkylene-OC{O)-, -CH-NHIS(O),-, -
N{H)-CHy-, -CH-N{H)-, -S(OnN(H}-CH,-, or optionally substituted azetidine.

The compound of claim 10 wherein G is F, -CN, -CF;, an optionally substituted (-
Cayalkyl, -CHy-oxazolyl, optionally substituted cyclopropyl, optionally substituted
cyclobutyl, optionally substituted azetidinyl, optionaily substituted morpholinyl,
optionally substituted oxazolyl, optionally substituted piperidinyl, optionally
substituted pyrazinyl, optionally substituted pyridazinyl, optionally substituted

pyridinyl or optionally substituted pyrimidinyl.
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i2, The compound of claim 11 wherein R* and R” are cach independently hydrogen, CH;

or oxetanyl.

The compound of claim 12 wherein the compound is
N-{(18,38,48)-3-3H-midazo[1,2-apyirolo{ 2,3-e [pyrazin-8-yi)-4-
methyleyclopeniyl-5-methylpyrazine-2-carboxamide;
N-{{15,35,4R)-3-3H-1midazo[1,2-a jpyrroloi 2,3 ¢ [pyrazin-8-yi}-4-
methylcyclopentyDpyridazine-3-carboxamide;
N-((18,38,4R)-3-(3H-imidazo| 1 ,2-ajpyrrolo{ 2,3-e [pyrazin-8-yl)-4-
methyleyelopenty}-N-methyloxazole-4-carboxamide;
{18,35,48)-3-(3H-imudazo| 1 ,2-a|pyrrolo[2,3-¢pyrazin-8-yi)-4-methyl-N-{{2-
(trifluoromethy Dpyrioudin-5-ylmethyDovclopentananune;
1-{{(15.38,4R-3-3 H-tmdazo{1,2-ajpyrrolo[2,3-ejpyrazin-&-y1}-4~
methyleyclopentylpiperidine-4-carboniirile;
-{IR,38,4R)-3-(3 H-imidazo{1 2-aipyrrolo]2,3-ejpyrazin-8-yi}-4-
methyleyclopentylimethyhazetidine-3-carboniinie;
1-({{18,35,48)-3-3H-mmidazo{ 1, 2-alpyrrolo]{2,3-e jpyrazin-8-yi)-4-
methylcyclopentylmethyljazetidine-3-carbonitrile;
(1R, 354 R)-3~3H-1udazol1,2-alpyrrolo]| 2,3 -e jpyrazin-8-yl}-4-
methyleyclopentyDpiperidine-4-carbonitrile;
S-{{35,4R)-3-ethyl-4-3Hdmidazo},2-ajpyrroio{2, 3-e jpyrazin-8-
yhpyrrolidin-1-y1}-S-oxopentaneniinle;
(35,4Ry-3-ethy-N-(2-fluorocthyl}-4-(3 H-imidazo[ 1 ,2-a]pyrrolo{2,3-

elpyrazin-8-yhpyrrofidine-1-carboxamide;

(35 48-N-(2,2-difluoroethy}-3-ethyl-4-3H-imdazo{l,2-apyrrolof2,3-

eljpyrazin-8-ylpyrrohidine-1-carboxamide;
1-({3S.4R)-3-cthyl-4-(3H-imidazo{ 1, 2-ajpyrrolo{2.3-eJpyrazin-8-

yhpyrrolidin-t-y1y-4,4,4-irifluorobutan-1-one;

(3SAR-N-(2 2-difluoropropy)-3-ethyl-4-(3H-1imidazo[1,2-apyrroio{2,3-

elpyrazin-8-yDpyrrohdine-1-carboxamide;

(38,4 R-N-cyclobutyl-3-ethyl-4-(3H-1oudazo{1,2-apyrrolo]2,3-
elpyrazin-8-yhpyrrobidine- i ~carboxamide;

(3S,4R-3-methyl-4-(3H-midazo[ 1, 2-alpyrroio]2,3-ejpyrazin-B-y1}-N-
(2,2, 2trifluorocthylpyrrolidine-1 -carboxamide;

(3R A5N-(2,2-difluoroethyl}-3-B3 H-imidazo{1,2-apyrrolo[2,3-

elpyrazin-8-yi)-4-methylipyrrolidine-1 -carboxamide;
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({3R 4S)-3-(3H-imidazo[1,2-alpyrrolo[2,3-eipyrazin-8-y1)-4-
methylpyrrolidio-1-y{morpholino ymethanone; or

(3R AS-3-3H-midazo] 1, 2-alpyrrolo2,3-e jpyrazin-8-y1)-4-

methylpyrrolidin-1-y)-2-cyclopropylethanone,

i4, The compound of claim 1 wherein
TisN, UisN, Xis NRY and Y is C;
R is -A-D-E-G, wherein:
Ais a bond;
12 18 an optionally substituted (C-Cyg)eycloalkyl;
Eis -R°;
Gis -ON;and

R® is an optionally substituted {C-Ciplalkylene,

15. The compound of claim 14 wherein the compound is
3-{{1 R 3R 45%-3-methyl-4-{pyrrolo{2,3-61 1,2, 3 linazolo{4,5-dlpyridin-1 (65)-

vheyclopeniylipropaneaitrile,

i6. A method of treating 2 disease comprising administering to a patient in need thereof
an effective amount of a compound of Formula (1)

U3 R?

Oy

Formula (1}
pharmacewtically acceptable salts, pro-drugs, biologically active metaboliles, stereoisomers and
isomers thereof wherein

TisN, UisN, XisCR and Y is N; or
TisN, Uis CRY, Xis CR and Y is N: or
TisN, UisN, Xis NR and Yis C;
R]) R? and R’ are each independently hydrogen or deuterium;
R is -A-D-B-G, wherein:
A is a bond or optionally substituted {C5-Chy)eyeloalkylene;
D3 is an opticnally substituted {C;-Cglalkylene, optionally substituted (Cs-

Ciojeyeloalkylene or an optionally substituted (C3-Crojheterocyclylene;

PCT/US2012/056266
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Eis -R%-, -R5-C(O)-RS, -RECOYC-RS, -REN(RDH-RE-, -RE-N(RHC(O)-R'-, -RE-
C{OIN(RY -RY, -RENRHS(O0)R-RS, -RE-S{ORN(RH-R®, -R5-0-CH-C{OIN{R-R5, -
RE-NRHC(O-CHL-O-R, -R-CIOWNRDCHCOIN(R™-R -, -R"-
NEHC(OICHNERHC(O}RE, RE-CIONRHCHC{ON(RY-R®-, R®-
5 N{FEOYCOYCHNRYC(O)-RE, -RES-CH.C(OWN{R™-R -, or -RE-NRHC(OWH,-8-R%;; or
(3 is halogen, -CN, -CFs, an optionally substituted -{C-Cylalkyl an optionally
substituted ~(C-Colalkyl-heteroaryl, an optionally substituted ~{C5-Chojeyeloalkyl,
optionally substituted heterocyclyl or an optionally substituted heteroaryl;
R* is hydrogen or deuteriumy;
10 R" and R® are each independently hydrogen, deuterium, an optionally substituted (C1-
Cigalkyl or an optionally substituted (C-Cgdheterocyelylene; and
R® for each occurrence is independently a bond, an optionally substituted {C;-

Cioalkylene, or an optionally substituted (C:-Cio)heterocyclylene.

15 17. The method of claim 16 wherein the disease is theumatoid arthritis, Crohn’s Discase,
juvenile rheumatoid arthritis, juvenile idiopathic arthritis, psoriasis, psoriatic

arthritis, ankyiosing spondylitis or dry eye.

i8. The method of claim 17 wherein the compound is a compound according to claim 7,

20 {3 or 15,
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