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Intermediate compounds used in the preparation of pyrrole
six-membered heteroaryl ring derivatives are disclosed. In
particular, compounds of formula (IB) are disclosed. The
compounds of formula (IB) are used in the synthesis of
Janus kinase (JAK) inhibitors. Substituents in formula (IB)
have the same definitions as in the description.
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COMPOUNDS FOR PREPARING PYRROLE
SIX-MEMBERED HETEROARYL RING
DERIVATIVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 14/365,497, filed Jun. 13, 2014, which is a Section
371 of International Application No. PCT/CN2012/086922,
filed on Dec. 19, 2012, which was published in the Chinese
language on Jun. 27, 2013, under International Publication
No. WO 2013/091539 Al, and the disclosures of which are
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a new pyrrole
six-membered heteroaryl ring derivative, the preparation
method thereof, a medicinal composition comprising the
derivative thereof, and a therapeutic agent using same, and,
in particular, the pharmaceutical uses as a JAK inhibitor and
in preparation of an immunosuppressor.

BACKGROUND OF THE INVENTION

[0003] Many protein kinases constitute a large family of
kinases, which control various signal transduction in cells by
catalysis. Many diseases are related to intracellular abnor-
mal responses induced by the regulation of protein kinase,
including autoimmune diseases, inflammatory diseases,
bone diseases, metabolic diseases, neurological and neuro-
degenerative diseases, cancers and cardiovascular diseases.
[0004] Janus kinase (JAK) is a type of tyrosine kinase.
There are four members of JAK, including JAK1, JAK2,
JAK3 and TYK2. JAKs play an important role in signal
transduction of a variety of cytokines. JAK1, JAK2 and
TYK2 widely exist in various tissues and cells, while JAK3
is mainly found in lymphocytes. JAK3 can be bound spe-
cifically non-covalently to the common vy chain (Fcy) of
cytokine receptor, while JAK1 is bound to a beta chain. Both
JAK3 and JAK1 are activated by 1L-2, 1L.-4, IL-7, 1L.-9, and
IL-15 cytokines. JAK2 plays an important role in the eryth-
ropoietin (EPO) signaling pathway, including promoting red
blood cell differentiation and activating STATS.

[0005] Signal transducer and activator of transcription
(STAT) is a group of cytoplasmic proteins which can be
bound to DNA in the regulatory region of the target gene. As
downstream substrates of JAKs, STATs can be self-activated
by tyrosine phosphorylation under the stimulation of an
external signal, and then transferred to the nucleus, where
they regulates gene transcription.

[0006] Cytokine is bound to an associated receptor, result-
ing in dimerization of the receptor. JAKs coupled with the
receptor are in proximity to each other and are activated by
the phosphorylation of interactive tyrosine residues. Acti-
vated JAKs catalyze the phosphorylation of tyrosine resi-
dues of the receptor itself, thereby forming the correspond-
ing “docking sites” for binding of STATs to the receptor
complex. SH2 domains of STATs are bound to phosphoty-
rosine residues of the receptor, and the phosphorylation of
C-terminal tyrosine residues is achieved under the role of
JAKSs. Two phosphorylated STAT molecules interact with
each other to form homologous/heterologous dimers, which
dissociate from receptor molecules in the cell nucleus, where
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they bind to promoter regions of a target gene and regulate
gene transcription and expression.

[0007] Many abnormal immune responses, such as auto-
immune diseases including allergies, asthma, (allogencic)
transplant rejection, rheumatoid arthritis, amyotrophic lat-
eral sclerosis and multiple sclerosis, myeloproliferative dis-
orders, and hematologic malignancies including leukemia
and lymphoma, and their variations are associated with
JAK/STAT signaling pathway.

[0008] A JAK3 deficiency is associated with a severe
combined immunodeficiency immune (SCID) phenotype in
both rodents and humans. The SCID phenotype of JAK3-/-
mammals and the lymphoid cell specific expression of JAK3
are two advantageous properties that make JAK3 a target for
immunosuppression. T cells of mice having a JAK3 defi-
ciency cannot respond to IL.-2, and T cells of mice having a
JAK1 deficiency have a weak response to I1L.-2. IL-2 plays
a critical role in T cell modulation. For example, when an
antibody is bound to the extracellular part of the IL-2
receptor, the antibody bound IL-2 receptor could effectively
prevent transplant rejection.

[0009] Further animal studies have indicated that JAK3
not only plays a critical role in B and T lymphocyte
maturation, but that it is also essential to maintain T cell
function. Modulation of immune activity through this novel
mechanism can be useful for the treatment of T cell prolif-
erative disorders such as transplant rejection and autoim-
mune diseases.

[0010] JAK kinase inhibitors, particularly JAK3 kinase
inhibitors, could impede T-cell activation and prevent graft
rejection after transplantation, and also could provide a
therapeutic benefit for other autoimmune disorders. JAK3 is
also involved in many biological processes. For example,
the proliferation and survival of murine mast cells induced
by IL-4 and IL-9 have been shown to be dependent on
JAK3- and gamma chain-signaling (Suzuki et al., 2000,
Blood 96: 2172-2180). JAK3 also plays an important role in
IgE receptor-mediated mast cell degradation reactions.
JAK3 inhibition also leads to immunosuppression in trans-
plant rejection. JAK3 plays a pivotal role in IgE receptor-
mediated mast cell degradation responses (Malaviya et al,
1999, Biochem. Biophys. Res. Commun. 257:807-813), and
inhibition of JAK3 kinase activity has been demonstrated to
prevent type I hypersensitivity, including anaphylaxis (Ma-
laviya et al., 1999, J. Biol. Chem. 274: 27028-27038). JAK3
inhibition has also been shown to result in immune suppres-
sion for allograft rejection (Kirken, 2001, Transpl. Proc.
33:3268-3270). JAK3 kinases have also been involved in the
mechanism of other diseases, such as early and late stages of
rheumatoid arthritis; familial amyotrophic lateral sclerosis;
leukemia; mycosis fungoides; and abnormal cell growth. As
an important protein kinase, JAK3 can adjust the function of
lymphocytes, macrophages, and mast cells. JAK3 inhibitors
are expected to be involved in the treatment or prevention of
lymphocytes, macrophages, or mast cell function-related
diseases.

[0011] For JAK2 subtypes, JAK2 kinase-JAK2 V617F
(mutation causes JAK?2 kinase activity abnormal), a somatic
cell gain-of-function mutation, was found in classic Phila-
delphia chromosome (Ph)-negative myeloproliferative neo-
plasms, which include primary thrombocytosis, polythemia
vera, and primary myelofibrosis. Therefore, people had a
strong interest in the development of JAK2-targeted thera-
pies for these diseases. Some studies found that in patients
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suffering from marrow fibrosis, JAK2 kinase mutation was
produced in more than 50% of patients in vivo, and disease-
related symptoms such as anemia, splenomegaly, and the
risk of transformation to acute myeloid leukemia (AML)
were associated with the increased activity of, and hyper-
active JAK-STAT signaling pathway resulting from JAK2
gene mutation. Meanwhile, JAK?2 activity was increased
abnormally in a variety of solid tumors and hematological
tumors (glioblastoma, breast cancer, multiple myeloma,
prostate cancer, AML, etc.). Therefore, the development of
a selective inhibitor of JAK2 for myeloproliferative neo-
plasms and leukemia therapy has great medical value and
market potential (it is estimated to be billions of dollars).
Recently, a selective inhibitor of JAK2 named Ruxolitinib
(INCB-018424), developed by INCYTE in cooperation with
NOVARTIS, has been approved by the FDA, and appeared
on the market successfully. (Safety and Efficacy of
INCBO018424, a JAK1 and JAK?2 Inhibitor, in Myelofibrosis.
Srdan Verstovsek, M.D., Ph.D., Hagop Kantarjian, M.D.,
Ruben A. Mesa, M.D, et al. N Engl J Med 2010; 363:1117-
1127).

[0012] A series of JAK inhibitors have been disclosed by
some patent applications, including WO2001042246,
W02002000661, W0O2009054941, and WO2011013785
etc.

[0013] Although a series of JAK kinase inhibitors having
function in immune diseases have been disclosed, there
remains a need to develop new compounds with better
efficacy. After continuous efforts, the present invention pro-
vides compounds of formula (I), and finds that the com-
pounds having such structure exhibit excellent effects and
actions.

SUMMARY OF THE INVENTION

[0014] The present invention is directed to provide a
compound of formula (I) or a pharmaceutically acceptable
salt thereof, and a tautomer, mesomer, racemate, enantiomer,
or diastereomer thereof, and a mixture thereof, and a phar-
maceutically acceptable salt thereof, as well as metabolites,
metabolic precursors, or prodrugs thereof. The present
invention provides a compound of formula (I) having the
following structure:

@

RZ
\
AN
AL N
=
A
R4
[0015] wherein:
[0016] A is CH or N;
[0017] L is a bond or alkyl:
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[0018] R®is selected from the group consisting of hydro-
gen, alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl,
—(CH,),C(O)OR"®, —OC(O)R">, —C(O)R"’, —C(O)
NR'R'7, —NHC(O)R"?, —NR'R'7, —OC(O)NR'°R"7,
—NHC(O)NR!'*R'7 and —S(0),R*>, wherein the alkyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl is optionally
substituted with one or more groups selected from the group
consisting of halogen, hydroxy, cyano, nitro, alkyl, alkoxy,
cycloalkyl, heterocyclyl, aryl, heteroaryl, —(CH,),C(O)
OR'®, —OC(O)R'’, —C(O)R'®>, —C(O)NR!°R'7, —NHC
(O)R'®, —NR!'R'", —OC(O)NR'°R'”, —NHC(O)
NR'*R'7, —S(0),R'*>, —NHC(O)(O)R"> and —NHS(O)
mRIS;

[0019] R?and R* are each independently selected from the
group consisting of hydrogen and alkyl;

[0020] R and R? are each independently selected from the
group consisting of hydrogen, halogen, and alkyl;

[0021] R’ andR® are each independently selected from the
group consisting of hydrogen, alkyl, and aryl, wherein the
alkyl or aryl is optionally substituted with one or more
groups selected from the group consisting of alkyl and
halogen; each of R7, R®*, R® and R'® are independently
selected from the group consisting of hydrogen, alkyl,
hydroxyalkyl, and halogen, or, R” and R® or R® and R'° are
taken together to form an oxo group;

[0022] either R™, R'? R'® or R'*is each independently
selected from the group consisting of hydrogen, alkyl
and halogen, or, R™ and R*? or R'? and R'* are taken
together to form an oxo group;

[0023] R'° is selected from the group consisting of hydro-
gen, alkyl, cycloalkyl, heterocyclyl, alkenyl, alkynyl, aryl,
and heteroaryl, wherein the alkyl, cycloalkyl, heterocyclyl,
aryl, or heteroaryl is optionally substituted with one or more
groups selected from the group consisting of alkyl, halogen,
hydroxy, cyano, amino, nitro, alkoxy, cycloalkyl, heterocy-
clyl, aryl, heteroaryl, —(CH,),C(O)OR'®, —OC(O)R'?,
—C(O)R'®, —C(O)NR'R?*°, —NHC(O)R'®, —NR'’R*°,
—OC(O)NR'*R*°, —NHC(O)NR*R*°, —S(0), R,
—NHC(O)OR'® and —NHS(0),,R"%;

[0024] R'® and R'7 are each independently selected from
the group consisting of hydrogen, alkyl, cycloalkyl, hetero-
cyclyl, aryl, and heteroaryl, wherein the alkyl, cycloalkyl,
heterocyclyl, aryl or heteroaryl is optionally substituted with
one or more groups selected from the group consisting of
alkyl, halogen, hydroxy, cyano, amino, alkoxy, cycloalkyl,
heterocyclyl, hydroxyalkyl, alkynyl, aryl, heteroaryl, car-
boxyl, alkoxycarbonyl, and —OR'%;

[0025] R'%is selected from the group consisting of hydro-
gen, alkyl, cycloalkyl, heterocyclyl, hydroxyalkyl, aryl, and
heteroaryl;

[0026] R'? and R*® are each independently selected from

the group consisting of hydrogen, alkyl, cycloalkyl, hetero-
cyclyl, aryl, and heteroaryl:

[0027] mis O, 1, or 2;
[0028] nis O, 1, or 2;
[0029] pis O, 1, or 2;
[0030] qis O, 1, or 2;
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[0031] sis O, 1, or 2 and
[0032] tisO, 1, or2.
[0033] In a preferred embodiment of the invention, the

compound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, is selected from a com-
pound of formula (II), or a pharmaceutically acceptable salt
thereof:

an

)
LA~
|

R4

[0034] wherein A, L, R, R* to R*®, p and q are as described
in formula (I).
[0035] In another preferred embodiment of the invention,

the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, and
a pharmaceutically acceptable salt thereof is selected from a
compound of formula (IIT), or a pharmaceutically acceptable
salt thereof:

(1)

[0036] wherein A, L, R, R*, R, R® to R'°, p and q are as
described in formula ().

[0037] In another preferred embodiment of the invention,
the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, is selected from a
compound of formula (IV-a) or (IV-b), or a tautomer,
mesomer, racemate, enantiomer, diastereomer, or mixture
thereof, or a pharmaceutically acceptable salt thereof:

Feb. 16, 2017

(IV-a)

(IV-b)

[0038] wherein A, L, R, R, R® and R® to R'° are as
described in formula ().

[0039] In another preferred embodiment of the invention,
the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, is selected from a
compound of formula (V-a) or (V-b), or a tautomer,
mesomer, racemate, enantiomer, diastereomer, or mixture
thereof, or a pharmaceutically acceptable salt thereof:

(V-a)
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-continued
(V-b)
Rl

N

R3mm: LIRS
L

\N/

U

L

NTOH

[0040] wherein R', R® to R'® and L are as described in
formula (I).
[0041] In another preferred embodiment of the invention,

the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, is selected from a
compound of formula (VI-a) or (VI-b), or a pharmaceuti-
cally acceptable salt thereof:

(V-a)

(VI-b)

[0042] wherein A, L, R, R! and R® to R'? are as described
in formula (I).
[0043] In another preferred embodiment of the invention,

the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, is selected from a
compound of formula (VII-a) or (VII-b), or a pharmaceuti-
cally acceptable salt thereof:
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(VII-a)

(VII-b)

[0044] wherein R', R®, R®, R, R'> L and t are as
described in formula ().

[0045] In another preferred embodiment of the invention,
in the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, L. is a bond or
alkyl, preferably a bond; and said alkyl is preferably
—CH,— or —CH(CH,)—.

[0046] In another preferred embodiment of the invention,
in the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, R* is selected from
the group consisting of alkyl, heteroaryl, —(CH,), C(O)
OR", —C(O)R"’, —C(O)NR'R' and —S(O),R",
wherein the alkyl or heteroaryl is optionally substituted with
one or more groups selected from the group consisting of
halogen, hydroxyl, cyano, and —(CH,),,C(O)OR'?;

[0047] R is selected from the group consisting of hydro-
gen, alkyl, cycloalkyl, heterocyclyl, alkenyl, alkynyl, aryl,
and heteroaryl, wherein the alkyl, cycloalkyl, heterocyclyl,
aryl or heteroaryl is optionally substituted with one or more
groups selected from the group consisting of alkyl, halogen,
hydroxy, cyano, amino, nitro, alkoxy, cycloalkyl, heterocy-
clyl, aryl, heteroaryl, —(CH,),C(O)OR'®, —OC(O)R'®,
—C(O)R'®, —S(0),R*®, —NHC(O)(O)R'®, —NHS(0)
-R*8, and —NR'R?°; preferably, R'! is selected from the
group consisting of alkyl and cycloalkyl, wherein said alkyl,
cycloalkyl, or heterocyclyl is optionally substituted with one
or more groups selected from the group consisting of alkyl,
hydroxyl, cyano, amino, alkoxy, cycloalkyl, heterocyclyl,
aryl, heteroaryl, —(CH,), C(O)OR*®, —OC(O)R'®, —C(O)
R'®, —8(0),R'®, —NHC(O)OR'®, —NHS(O),R'®, and
7NR19R20.
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[0048] R'® and R'7 are each independently selected from
the group consisting of hydrogen, alkyl, and heteroaryl;
wherein said heteroaryl is optionally substituted with one or
more groups selected from the group consisting of alkoxy,
cycloalkyl, hydroxyalkyl, alkynyl, and —OR*®;

[0049] R'®is selected from the group consisting of hydro-
gen, alkyl, and hydroxyalky]l;

[0050] R' and R*° are each independently selected from
the group consisting of hydrogen and alkyl;

[0051] and nis O, 1, or 2.

[0052] In another preferred embodiment of the invention,
in the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, R® and RS are each
independently selected from the group consisting of hydro-
gen and alkyl, preferably hydrogen or methyl.

[0053] In another preferred embodiment of the invention,
in the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, R”, R®, R and R*°
are each independently selected from the group consisting of
hydrogen, alkyl, and hydroxyalkyl, preferably hydrogen,
methyl, or hydroxymethyl, more preferably hydrogen.

[0054] In another preferred embodiment of the invention,
in the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, R'!, R*?, R'® and
R'* are each independently hydrogen.

[0055] In another preferred embodiment of the invention,
in the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, R'! and R'?, or R*?
and R'* are taken together to form an oxo group.

[0056] In another preferred embodiment of the invention,
the compound of formula (I), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, A is N.

[0057] The compounds of the present invention include all
conformational isomers, e.g. cis-isomers and trans-isomers;
and all their optical isomers and stereoisomers and mixtures
thereof. The compounds of the present invention have
asymmetric centers, and therefore there are different
enantiomeric and diastereomeric isomers. The present
invention relates to the use of compounds of the invention
and pharmaceutical compositions comprising compounds of
the invention, and the therapeutic method thereof. On this
point, the compounds of the present invention include Z-iso-
mers and E-isomers. The compounds of formula (I) may
exist as tautomers. The present invention relates to the use
of all such tautomers and mixtures thereof.

[0058] Typical compounds of the present invention, or a
tautomer, mesomer, racemate, enantiomer, diastereomer, or
mixture thereof include, but are not limited to the following:
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Ex-
ample
No. Structure and Name
1
0
k /
TR
and enantiomer thereof
(3aR,5R,6aS/3a8,5S,6aR )-tert-butyl-3a-
methyl-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)hexahydro cyclopenta[c |pyrrole-
2(1H)-carboxylate
2

Q
N/g

and enantiomer thereof

N-((3aR,5R,6a5/3a8,58,6aR)-2-
(ethylsulfonyl)-3a-methyl octahydro
cyclopenta[c]pyrrol-5-yl)-N-methyl-

7H-pyrrolo[2,3-d]pyrimidin-4-amine

/=
\
=z

and enantiomer thereof

3-((3aR,5R,6a8/3a8,58,6aR)-3a-methyl-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydro cyclopenta[c]pyrrol-2(H)-

yl)-3-oxopropanenitrile
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-continued -continued
Ex- Ex-
ample ample
No. Structure and Name No. Structure and Name
4 7
N7
LD DR
-z I
N
N N N2 N
H
and enantiomer thereof
2-methyl-1-((3aR,58,6a8)-5-(methyl(7H-
2-((32R,5R,6a8/328,58,6aR )-3a-methyl- pyrrolo[2,3-d]pyrimidin-4-yl)amino)
5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4- hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
ylamino)hexahydro cyclopenta[c]pyrrol- propan-2-ol
2(1H)-yl)acetonitrile
8
5
IS \
N \ |
| 7N
N
Z =N
N H
3-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
(3aR,58,6a8)-tert-butyl 5-(methyl(7H-pyrrolo pyrimidin-4-yl)amino)hexahydrocyclopenta
[2,3-d]pyrimidin-4-yl)amino)hexahydro [c]pyrrol-2(1H)-yl)-3-oxopropanenitrile
cyclopenta[c]pyrrole-2(1H)-carboxylate
9
6 e}

)K/OH
N

2-hydroxy-1-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)

ethanone

PN

(3aR,58,6a8)-N-isopropyl-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-

carboxamide
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-continued -continued
Ex- Ex-
ample ample
No. Structure and Name No. Structure and Name
13 O
10
N
08 LD
=z
L A
N H
and enantiomer cyclopropyl((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
(3aR,58,6a8/3aS,5R ,6aR)-tert-butyl 3a-methyl- hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl) methanone
amino)hexahydrocyclopenta[c]pyrrole-2
14 O
(1H)-carboxylate
H JK/OH
11 Z, N
\N\\\“. %
0
AN kN/ X
h A\
L P and enantiomer thereof
N N
H
2-hydroxy-1-((3aS,5R,6aR/3a8S,5R ,6aR)-3a-
1-((3aR, 58, 6a8)-5-(methyl(7I- methyl-5-(methyl(7H-pyrrolo[2,3-d]
imidin-4-yl)amino)hexahyd: 1 t:
pymolo[2,3-d]pyrimidin-4-yl) pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethanone
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)ethanone 15
12

ethyl 2-((3aR,58,6aS)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydrocyclopenta
[clpyrrol-2(1H)-yl)acetate

N-((3aR,58,6a8)-2-(cyclopropylsulfonyl)
octahydrocyclopenta[c]pyrrol-5-yl)-
N-methyl-7H-pyrrolo[2,3-d]pyrimidin-

4-amine
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-continued -continued
Ex- Ex-
ample ample
No. Structure and Name No. Structure and Name
16 19 (€]
OH
N \ N7 \
L & L =z
N N
N o N H
tert-butyl (2-((3aR,5S,6aS)-5-(methyl(7H-pyrrolo[2,3-d] (R)-2-hydroxy-1-((3aR,58,6aS)-5-(methyl
pyrimidin-4-yl)amino)hexahydrocyclopenta (7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
[e]pyrrol-2(1H)-yl)-2-oxoethyl)carbamate hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
propan-1-one
17 e}
20
R
OH
NN \
| N \
N |
H = N
N H
(S)-2-hydroxy-1-((3aR,5R,6aS)-5-(methyl
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino) 2-amino-1-((3aR,58,6aS)-5-(methyl(7H-
hexahydrocyclopenta[e]pyrrol-2(1H)-yl) pyrrolo[2,3-d]pyrimidin-4-yl)amino)
propan-1-one hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
ethanone
18
21 e}
N
~g~
VAN
o O

2-methoxy-1-((3aR,58,6aS)-5-(methyl(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)amino) N-(2-((3aR,58,6a8S)-5-(methyl(7H-pyrrolo[2,3-d]

hexahydrocyclopenta[c]pyrrol-2(1H)-yl) pyrimidin-4-yl)amino)hexahydrocyclopenta[c]

ethanone pyrrol-2(1H)-yl)-2-oxoethyl)methanesulfonamide
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No. Structure and Name No. Structure and Name
22 (@] 25
x
\N
NN \ N \
L & L P
N N N N

4-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d] (3aR,58,6a8)-isopropy! 5-(methyl(7H-pyrrolo

[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-

carboxylate

pyrimidin-4-yl)amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)-4-oxobutanenitrile

23 O
JK/OH 20
N

N7
N7 \ | N\
| Z =N
P\ N H
N H
2-((3aR,58,6a8)-5-(methyl(7H-pyrrolo
2-hydroxy-1-((3aR,5R,6a8)-5-(methyl(7H-
[2,3-d]pyrimidin-4-yl)amino)
pyrrolo[2,3-a]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
acetonitrile
ethanone
27
24
YN\ S AN
N N N2 N
methyl 2-((3aR,58,6a8)-5-(methyl(7H-pyrrolo 3-(3aR,58,6aS)-5-(methyl(7H-pyrrolo[2,3-d]
[2,3-d]pyrimidin-4-yl)amino) pyrimidin-4-yl)amino)hexahydrocyclopenta

hexahydrocyclopenta[c]pyrrol-2(1H)-yl)acetate [clpyrrol-2(1H)-yl)propanenitrile
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No. Structure and Name
28 Cl
31
Cl
N7 Y \
| N7 X \
N2 N |
H z N
N H
N-((3aR,58,6a8)-2-(4,6-dichloropyrimidin-2-
yloctahydrocyclopenta[c]pyrrol-5-y1)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
29
2-hydroxy-1-((1R,5S,
6S)-6-((methyl(7H-
pytrolo[2,3-d]pyrimidin-
4-yl)amino)methyl)-3-
azabicyclo[3.1.0]Thexan-
3-yl)ethanone
32 N
/
0
L
N
N H
N-((3aR,58,6a8)-2-(2,6-dichloropyrimidin-4-
yloctahydrocyclopenta[c]pyrrol-5-y1)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
30

(3aR,58,6aS)-methy! 5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydro cyclopenta[c]pyrrole-2(1H)-

carboxylate

2-((1R,58,6R)-6-
((methyl(7H-pyrrolo[2,
3-d]pyrimidin-4-yl)
amino)methyl)-3-
azabicyclo[3.1.0]

hexan-3-yl)acetonitrile
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No. Structure and Name
35
33
DB
L.
R
N \ 1-((4a8,7aR)-6-(methyl(7I1-
L pyrrolo[2,3-d]pyrimidin-4-yl)
N/ N amino)hexahydro-1H-cyclopenta
H [clpyridin-2(3H,4H 4aH,5H, 6H,
7H,7aH)-yl)ethanone
36
N-(((1R,5S,68)-3-(2-
chloropyrimidin-4-yl)-
3-azabicyclo[3.1.0]
hexan-6-yl)methyl)-N-
methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine
08
34 k =
N N
(4aS,7aR)-methyl 6-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydro-1H-cyclopenta[c]pyridine-
2(3H)-carboxylate
37

(3aR,58,6aS)-N-(3-methoxy-1,2,4-thiadiazol-5-yl)-

5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide

N
H

2-hydroxy-1-((4aS,7aR)-6-(methyl (7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydro-1H-cyclopenta[c]pyridin-2

(3H,4H,4aH,5H,6H,7H,7aH-yl)ethanone
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No. Structure and Name No. Structure and Name
38
41
DR
N7 k Z
N
P o
=
N N
(4aR,68,7aR)-6-(methyl(7H-pyrrolo
(4aS,7aR)-N-(3-methoxy-1,2,4-thiadiazol-5-yl)-6- [2,3-d]pyrimidin-4-yl)amino)
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino) hexahydro-1H-cyclopentalc]
hexahydro-1H-cyclopenta[c]pyridine-2(3H)- pyridin-3(2H)-one
carboxamide
42
39
0
AN k P
IL \ ) )
=
N N
3-((4a8,7aR)-6-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)hexahydro-1H- (4aR,6R,7aR)-2-methyl-6-(methyl
cyclopenta[c]pyridin-2(3H,4H,4aH,5H, (7H-pyrrolo[2,3-d]pyrimidin-4-yl)
6H,7H,7aH)-yl)-3-oxopropanenitrile amino)hexahydro-1H-cyclopenta
[c]pyridin-3(2H)-one
40
43

(4aR,6R,7aR)-6-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)
hexahydro-1H-cyclopenta[c]

pyridin-3(2H)-one

OH

2-hydroxy-1-((3aS,5R,7aR)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydro-
1H-isoindol-2(3H,3aH,4H,5H,6H,7H,7aH)-yl)

ethanone
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ample No. Structure and Name
No. Structure and Name
47
44
O
CN
1-((3aS 4R 58,6a8)-4-methyl-5-(methyl
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
3((335.7aR)-5 hvl(7H lo12.3d amino)-3,3a,4,5,6,6a-hexahydro-1H-
(328, 7aR)-5-(methyl(7H-pyrrolo[2,3-d] cyclopenta[c]pyrrol-2-yl)-2-hydroxy-
pyrimidin-4-yl)amino)hexahydro-1H-isoindol- ethanone
2(3H,3aH,4H,5H,6H,7H,7aH)-yl)-3-
48
oxopropanenitrile
45
O
OH
DR
k /
TR
(3aR,58,6a8)-N-(3-ethyl-1,2,4-thiadiazol-5-yl)-5-
2-hydroxy-1-((3aS,58, 7aR - 5-(methyl(7H- (methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydro-
1H-isoindol-2(3H,3aH,4H,5H,6H,7H,7aH)-yl) 49
ethanone
46 O

OH

2-hydroxy-1-((4a$S,8aR)-6-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
octahydroisoquinolin-2(1H)-yl)ethanone

(3aR,58,6a8)-N-(3-cyclopropyl-1,2,4-thiadiazol-5-y1)-
5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
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50 N OH 53
0 s \: /
JI\ )%
N N
H
\N
N | \
K
N
N H
N-methyl-N-((3aR,5S,6aS)-2-
(3aR,58,6a8)-N-(3-(hydroxymethyl)-1,2,4-thiadiazol-5-yl)- ((trifluoromethyl)sulfonyl)
5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino) octahydrocyclopenta[c]pyrrol-5-yl)-7H-
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide pyrrolo[2,3-d]pyrimidin-4-amine
51 54
NZ | \
N-methyl-N-((3aR,58,6aS)-2- KN N
(methylsulfonyl)octahydrocyclopenta
[elpyrrol-5-y)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine N-((32R,58,6a8)-2-
benzyloctahydrocyclopenta[c]
52 pyrrol-5-y1)-N-methyl-7H-pyrrolo
[2,3-d]pyrimidin-4-amine
55 /
x
N

N-methyl-N-((3aR,5S,6aS)-2-((2,2,2-
trifluoroethyl)sulfonyl)octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-

4-amine

s
\Ng

N-methyl-N-((3aR,5S,6aS)-2-(pyridin-3-
ylmethyl)octahydrocyclopenta[c]pyrrol-
5-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
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56 F 59 N
F
P
N o
F
N | \
K
TR
N-methyl-N-((3aR,58,6a8)-2-(2,2,2-
trifluoroethyl)octahydrocyclopenta[c] N-((3aR,58,628)-2-(6-methoxypyridin-2-yl)
pytrol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin- octahydrocyclopenta[c]pyrrol-5-y])-N-methyl-
A-amine 7H-pyrrolo[2,3-d]pyrimidin-4-amine
57 60
NZ | \
K
N
N H
N-methyl-N-((3aR,58,6aS)-
N-((3aR,58,6a8)-2-(cyclopropylmethyl) octahydrocyclopenta[c]pyrrol-
octahydrocyclopenta[c]pyrrol-5-yl)- 5-y1)-7H-pyrrolo[2,3-d]
N-methyl-7H-pyrrolo[2,3-d]pyrimidin- pyrimidin-4-amine
4-amine
61
58 OH

OH

2-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydrocyclopenta
[clpyrrol-2(1H)-yl)propane-1,3-diol

N-methyl-N-((3aR,5S,6aS)-2-(3-methyl-
1,2 ,4-oxadiazol-5-yl)octahydrocyclopenta
[elpyrrol-5-y1)-7H-pyrrolo[2,3-d]

pyrimidin-4-amine
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No. Structure and Name No. Structure and Name
62 65
\N
=
D h
x
TR
N | \
N-methyl-N-((3aR,58,6aS)-2- K N
methyloctahydrocyclopenta[c] N H
pyrrol-5-y1)-7TH-pyrrolo[2,3-d]
pyrimidin-4-amine N-methyl-N-((3aR,5S,6aS)-2-(3-methyl-
1,2,4-thiadiazol-5-yl)octahydrocyclopenta
6 - OH [elpyrrol-5-y1)-7H-pyrrolo[2,3-d]
2 N /\/ pyrimidin-4-amine
- 66
o 3
\ N.‘ H
N | \
K ~
N
N H
2-((3aR,58,6a8)-5-(methyl(7H-pyrrolo N Z | \
[2,3-d]pyrimidin-4-yl)amino) K N
hexahydrocyclopenta[c]pyrrol-2(1H)-yl) )54
ethanol
N-methyl-N-((3aR,5S,6aS)-2-(5-methyl-1,3,4-
64 thiadiazol-2-yl)octahydrocyclopenta[c]pyrrol-
I} 5-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
67 F
F
F
NZ | \
K
N N
N-((3aR,58,6a8)-2-(2-methoxyethyl) N-methyl-N-((3aR,5R,6a8)-2-(2,2,2-
octahydrocyclopenta[c]pyrrol-5-yl)- trifluoroethyl)octahydrocyclopenta[c]
N-methyl-7H-pyrrolo[2,3-d] pyrrol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-

pyrimidin-4-amine 4-amine
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No. Structure and Name No. Structure and Name

68
71 e}
OH
N | \
K
TR
3-((3aR,5R,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)propanenitrile (8)-2-hydroxy-1-((3aR,58,6a8)-5-(methyl
(7H-pyrrolo[2,3-]pyrimidin-4-yl)amino)
60 hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
propan-1-one
72 e}
OH
2-((3aR,5R,6a8)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[clpyrrol-2(1H)-yl) (R)-2-hydroxy-1-((3aR,5R,6aS)-5-
acetonitrile (methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)hexahydrocyclopenta[c]pyrrol-
70 2(1H)-yl)propan-1-one
73
(3aR,5R,6a8)-tert-butyl 5-(methyl(7H-pyrrolo (3aR,3R, 6aS)-5-(methyl(7H-pyrrolo[2,3-d]
[2,3-d]pyrimidin-4-yl)amino) pyrimidin-4-yl)amino)-N-(1,3,4-thiadiazol-2-y1)
hexahydrocyclopenta[c]pyrrole-2(1H)- hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide

carboxylate
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74
77 O
-
(3aR,5R,6a8)-methyl 5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
3aR,5R,6a8)-N-(3-methoxy-1,2,4-thiadiazol-5-
(3R, 3R, 6a8)-N-(3-methoxy-1,2,4-thiadiazo hexahydrocyclopenta[c]pyrrole-2(1H)-
y1)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl) boxyl
amino)hexahydrocyclopenta[c]pyrrole-2(1H)- carboxylate
carboxamide
75
K
N R
3-((3aR,5R,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
4-((3aR,5R,6a8)-5-(methyl(7H-pyzrolo[2,3-d] pyrimidin-4-yl)amino)hexahydrocyclopenta[c]
pyrimidin-4-yl)amino)hexahydrocyclopenta pyrrol-2(1H)-yl)-3-oxopropanenitrile
[c]pyrrol-2(1H)-yl)-4-oxobutanenitrile
76 79 O N
4
1-((3aR,5R,6a8)-5-(methyl(7H- 1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
pyrrolo[2,3-d]pyrimidin-4-yl)amino) pyrimidin-4-yl)amino)octahydrocyclopenta

hexahydrocyclopenta[c]pyrrol-2
(1H)-yl)ethanone

[c]pyrrol-2-carbonyl)cyclopropanecarbonitrile
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80
83 O
H
2 N
~ OH
~ N““‘A %
NZ | \
K
N
N H
(3aR,58,6a8)-N-methyl-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino) 2-hydroxy-2-methyl-1-((3aR,58,6aS)-5-
hexahydrocyclopenta[c]pyrrole-2(1H)- (methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
carboxamide amino)hexahydrocyclopenta[e]pyrrol-
2(1H)-yl)propan-1-one
81
e}
84
OH
(R)-2-hydroxy-1-((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino) 1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)-2- [2,3-a]pyrimidin-4-yl)amino)
phenylethanone hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)propan-1-one
82 O
N
A 85 o
N.._H
/1
N
N

2-methyl-3-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)-3-oxopropanenitrile

1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)-2-(2H-tetrazol-5-yl)ethanone
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86
89 O
HN\ g 20
4
I\
NZ \
K
N N
(3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d] N-((R)-1-((3aR,58,6a8)-5-(methyl(7H-pytrolo
pyrimidin-4-yl)amino)-N-(1,3 4-thiadiazol-2-yl) [2,3-d]pyrimidin-4-yhamino)
hexahydrocyclopentafe]pyrrole-2(1H)- hexahydrocyclopenta[c]pyrrol-2(1H)-yl)-1-
carboxamide .
oxopropan-2-yl)methanesulfonamide
87 O
90
OH
(1-hydroxycyclopropyl)((3aR,5S,6aS)-5-

(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl) 1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
amino)hexahydrocyclopenta[c]pyrrol- pyrimidin-4-yl)amino)hexahydrocyclopenta

2(1H)-yl)methanone [clpyrrol-2(1H)-yl)-2-(methylthio)ethanone

88 O o1 fo)
OH
(R)-2-hydroxy-1-((3aR, 58,6a8)-5- (methyl ((38R.58,6a8)-3-(methyl(TH-pyrrolo[2,3-d]

(7H-pyrrolo2,3-dJpyrimidin-4-ylamino) pyrimidin-4-yl)amino)hexahydrocyclopenta

hexahydrocyclopenta[c]pyrrol-2(1H)-yl) [c]pyrrol-2(1H)-yl)(phenyhmethanone

butan-1-one
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92 95
OH
OH
(R)-2,3-dihydroxy-1-((3aR,55,6a8)-5- 3-butoxy-1-((3aR,5S,6aS)-5-(methyl(7H-pyrrolo[2,3-d]
(metlhyl(7H—pyrrolo [2.3-d]pyrimidin-4-yl) pyrimidin-4-yl)amino)hexahydrocyclopenta[c]pyrrol-2(1H)-
amino)hexahydrocyclopenta[c]pyrrol-2 ylipropan-1-one
(1H)-yl)propan-1-one
96 O
93 O
OH
OH
R)-2-hydroxy-3-methyl-1-((3aR,58S,6aS)-5-
(S)-2-hydroxy-1-((3aR,5R,6a8S)-5- (R)-2-hy Y YL )
thyl(7H- lo[2,3-d]pyrimidin-4-yl
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl) (me ly (7H-pyrrolol Ipyrimidin-4-y)
amino)hexahydrocyclopenta[c]pyrrol- aminojhexahydrocyclopentalclpyrrol-
2(1H)-yl)butan-1-one 2(1H)-yl)butan-1-one
94 o F o7 Q .
F
F F

OH

(8)-3,3,3-trifluoro-2-hydroxy-1-((3aR,5R,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]pyrrol-2(1H)-
yl)propan-1-one

OH

3,3,3-trifluoro-2-hydroxy-1-((3aR,5S,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[e]pyrrol-
2(1H)-yl)propan-1-one
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98 101 (@] F

H
2,

7\
Tz /

3,3,3-trifluoro-1-((3aR,58,6a8)-5-(methyl (7H-

,58,6a8)-phenyl 5-(methyl(7H-pyrrolo[2,3- . .
3aR,58,6aS)-phenyl 5 thyl(7H. lo[2,3-d Jo[2,3-d] din-4-yl) )
pyrrolo[2,3-d]pyrimidin-4-yl)amino
pyrimidin-4-yl)amino)hexahydrocyclopenta
e (1 hoxvl hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
- - t
[c]pyrrole-2(1H)-carboxylate propan-1-one

99

3-hydroxy-1-((3aR,58,6a8)-5-(methyl (7H-

(3aR,58,6a8)-N-(3-(2-hydroxy-2-methylpropoxy)-1,2,4-thiadiazol- pyrrolo[2,3-d]pyrimidin-4-yl)amino)
5-yD)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyrrol-2(1H)-yl)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide propan-1-one
100 (¢] 103
OH
3-hydroxy-2,2-dimethyl-1-((3aR,58,6aS)-5- 1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino) [2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-2(1H)-yl) hexahydrocyclopenta[c]pyrrol-2(1H)-

propan-1-one yl)prop-2-en-1-one
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104
N/ 107 !

i

(3aR,38,6a8)-5-(methyl(7H-pyrrolo[2,3-d] (3aR,5S,64S)-5-(methyl(7H-pyrrolo[2,3-d]

pyrimidin-4-yl)amino)-N-(1-methyl-1H-pyrazol- o )
3-ylhexahydrocyclopenta[c]pyrrole-2 (1H)- pytimidin-4-ylamino)-N-(1H-pyrazol-3-yl)
carboxamide hexahydrocyclopenta[c]pyrrole-2(1H)-
carboxamide
105 /
N 108
\

W

(3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]

pyrimidin-4-yl)amino)-N-(1-methyl-1H-pyrazol- (3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
4-yhyhexahydrocyclopenta[c]pyrrole-2(1H)- pyrimidin-4-yl)amino)-N-(5-methyl-1H-pyrazol-3-yl)
carboxamide hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
106 | 109 N
N =
AN |
| a o

/

(3aR,58,6a8)-N-(6-methoxypyridin-3-yl)-5-(methyl (7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide

(3aR,58,6a8)-N-(5-methoxypyridin-3-yl)-5-(methyl(7H-
pytrolo[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrole-2(1H)-carboxamide
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No. Structure and Name No. Structure and Name
113
110 O
/
N ™
O
~
NZ | \
/
KN N | N\
H
x
N
N H
(6-methoxypyridin-2-y1)((3aR,5S,6aS)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl) (3aR,58,6a8)-N-(3-methoxy-1,2,4-thiadiazol-5-yl)-5-
amino)hexahydrocyclopenta[c]pyrrol-2(1H)- (methyl(1H-pyrrolo[2,3-b]pyridin-4-yl)amino)
yl)methanone hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
111 114
~ N\\“"
7 \
<
TR
(3aR,58,6a8)-2,2,2-trifluoroethyl 5-(methyl(7H-
pytrolo[2,3-d]pyrimidin-4-yl)amino) (3aR,58,6a8)-5-(methyl(1H-pyrrolo[2,3-b]
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate pytidin-4-yl)amino)-N-(3-methyl-1,2.4-thiadiazol-
5-yhhexahydrocyclopenta[c]pyrrole-2(1H)-
carboxamide
112 O
115

JK/OH
N

X N
H

2-hydroxy-1-((3aR,58,6a8)-5-(methyl(1H-
pytrolo[2,3-blpyridin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)

ethanone

(3aR,58,6a8)-N-(1-ethyl-1H-pyrazol-4-yl)-5-(methyl(7H-
pytrolo[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrole-2(1H)-carboxamide
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-continued -continued
Ex-
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No. Structure and Name Structure and Name
116
(3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
(3;R’1S§I’{63S)_Nl_(2;;11;/1_21{._?3?2?_571)_?_ pyrimidin-4-yl)amino)-N-(3-methylisothiazol-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino) 5-yhhexahydrocyclopenta[c]pyrrole-2(1H)-
hexahydrocyclopenta[c]pyrrole-2(1H)- .
carboxamide carboxamide
117
(3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4- (3aR,5S,6aS)-5-(methyl(7H-pyrrolo[2,3-d]
yhamino)-N-(5-methylthiazol-2-yl) ) pyrimidin-4-yl)amino)-N-(1-methyl-1H-1,2 4-
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide triazol-3-yl)hexahydrocyclopenta[c]pyrrole-2-(1H)-
18 carboxamide

(3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)-N-(3-methylisoxazol-

5-yDhexahydrocyclopenta[c]pyrrole-2(1H)-
carboxamide

7\
s /

(3aR,58,6a8)-N-(3-ethyl-1,2,4-thiadiazol-5-yl)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
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-continued -continued
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No. Structure and Name ample
No. Structure and Name
122
125
~ N\\“"
0
k /
R
(3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)-N-(5-methyl-1,2 4-oxadiazol-3-yl) o
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide (3aR,58,6aS)-N-(3-cyclopropyl-1,2 4-thiadiazol-5-yl)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
123 hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
126
NZ \
K
N N
(3aR,58,6a8)-N-(1-ethyl-1H-imidazol-4-yl)-5- (3aS,4R,5S,6aS)-benzyl 4-methyl-5-(methyl(7H-
(rlnethyl(7H—pyrrolo [2,3-d]pyrimidin-4-yl) pyrrolo[2 3-d]pyrimidin-4-ylamino)
amino)hexahydrocyclopenta[c]pyrrole-2(1H)-
carboxamide hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate
124 127 0
H )J\/OH
N
HO
~ N\\“" iii

NP
X [
P8 N

2-hydroxy-1-((3aR 48,5S,6aR )-4-
(3aR,58,6a8)-5- (methyl(7H-pyrrolo[2,3-d] (hydroxymethyl)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)-N-(2-methylthiazol-5-yl)
hexahydrocyclopenta[c]pyrrole-2(1H)-
carboxamide

Z
==id

pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethanone
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No. Structure and Name
131
128 e}
)k/OH
N
(3aR,5R,6aS)-tert-butyl 5-(ethyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)
1-((3aR,58,6a8)-5-((5-fluoro-7H-pyrrolo hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate
[2,3-d]pyrimidin-4-yl)(methyl)amino)
132
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)- Q
2-hydroxyethanone JK/OH
N
129 e}
)K/OH
N
1-((3aR,5R,6a8)-5-(ethyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)-2-hydroxyethanone
133
1-((3aR,58,6a8)-5-((6-fluoro-7H-pyrrolo
[2,3-d]pyrimidin-4-yl)(methyl)amino)
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)-
2-hydroxyethanone
130

(1R,58,68)-tert-butyl
6-((methyl(7H-pyrrolo

(3aR,58,6a8)-tert-butyl 5-((7H-pyrrolo[2,3-d] [2.3-d]pyrimidin-4-yl)
pyrimidin-4-yl)amino)hexahydrocyclopenta ammlo)methyl)—}
azabicyclo[3.1.0]

[c]pyrrole-2(1H)-carboxylate hexane-3-carboxylate
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No.

Structure and Name

134

135

o

methyl 2-((1R,5S,
6R)-6-((methyl(7H-
pyrrolo[2,3-d]
pyrimidin-4-yl)
amino)methyl)-3-
azabicyclo[3.1.0]

hexan-3-yl)acetate

cyclopropyl((1R,5S,
6S)-6-((methyl(7H-
pyrrolo[2,3-d]
pyrimidin-4-yl)
amino)methyl)-3-
azabicyclo[3.1.0]

hexan-3-yl)methanone

136

137

OH

(S)-2-hydroxy-1-((1R,
58,6R)-6-((methyl
(7H-pyrrolo[2,3-d]

pyrimidin-4-yl)amino)

methyl)-3-azabicyclo
[3.1.0]hexan-3-yl)

propan-1-one

7\
s /

N-(((1R,38,68)-3-
(ethylsulfonyl)-3-
azabicyclo[3.1.0]
hexan-6-yl)methyl)-
N-methyl-7H-
pyrrolo[2,3-d]

pyrimidin-4-amine
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138 No. Structure and Name
141
O,
N\
T
N
N-((R)-1-((1R,58,6R)-
3-azabicyclo[3.1.0]
hexan-6-yl)ethyl)-N-
methyl-7H-pyrrolo N Z \
[2,3-d]pyrimidin-4-
amine X N
N H
139
N-(R)-1-((AR,58,
6R)-3-(ethylsulfonyl)-
3-azabicyclo[3.1.0]
hexan-6-yl)ethyl)-N-
methyl-7H-pyrrolo
[2,3-d]pyrimidin-4-
N = | \ amine
K
N g 142
N-((1R,58,6R)-3- O,
azabicyclo[3.1.0]
hexan-6-ylmethyl)-N-
methyl-7H-pyrrolo
[2,3-d]pyrimidin-4-
amine
140

2-hydroxy-1-((1R,5S,
6R)-6-((R)-1-(methyl
(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
ethyl)-3-azabicyclo
[3.1.0]hexan-3-yl)
ethanone

((1R,58,68)-6-((methyl
(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
methyl)-3-azabicyclo
[3.1.0]hexan-3-yl)
(phenyl)methanone
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No. Structure and Name 145
143
O O
N7 | \
KN N N-((1R,5S,6R)-3-
benzyl-3-azabicyclo
[3.1.0]hexan-6-yl)
(1R,58,68)-isopropyl methyl)—N—meth}fl—?H—
pytrolo[2,3-d]pyrimidin-
6-((methyl(7H- 4-amine
lo[2,3-d
pyrrolo[2,3-d] » New
pyrimidin-4-yl)amino) S O
methyl)-3-azabicyclo
[3.1.0]hexane-3-
carboxylate
144 ﬁ
O,
4-((1R,5S,68)-6-((methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)methyl)-3-azabicyclo
[3.1.0]hexan-3-yl)-4-
oxobutanenitrile
147
3-((1R,5S,68)-6-
((methyl(7H-pyzrolo
[2,3-d]pyrimidin-4-
yl)amino)methyl)-3-
azabicyclo[3.1.0]
hexan-3-yl)-3- (4aR 6R 7aR)-6-(methyl(7H-
oxopropanenitrile pyrrolo[2,3-d]pyrimidin-4-yl)

amino)hexahydro-1H-
cyclopenta[c]pyridin-3(2H)-one
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No. Structure and Name No. Structure and Name
148 H 151 Q
N
e}
\N
NZ | \
K =
T T
. N
(6S)-6-(methyl(7H-pyrrolo[2,3-d] N H
pyrimidin-4-yl)amino)hexahydro-
1H-cyclopenta[c]pyridin-3(2H)-one 2-methyl-1-((4aS,6R, 7aR)-6-(methyl
149 0 N (7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydro-1H-cyclopenta
[c]pyridin-2(3H)-yl)propan-1-one
152
2-((4a8,68,7a8)-6-(methyl(7H-pyrrolo Z
g : N
[2,3-d]pyrimidin-4-yl)amino)-3- |
oxohexahydro-1H-cyclopenta[c] K
pyridin-2(3H)-yl)acetonitrile N g
150 cyclopropyl((4aS,6R,7aR)-6-(methyl
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydro-1H-cyclopenta
[c]pyridin-2(3H)-yl)methanone
153

(4aS,6R,7aR)-6-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)-N-(1,3,4-
thiadiazol-2-yl)hexahydro-1H-cyclopenta
[c]pyridine-2(3H)-carboxamide

2-((4aR,68,7a8S)-6-(methyl(7H-pyrrolo[2,
3-d]pyrimidin-4-yl)amino)hexahydro-1H-

cyclopenta[c]pyridin-2(3H)-yl)acetonitrile
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No. Structure and Name
154 O
N%
\N O%
NZ | \
K
TR
tert-butyl 5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydro-1H-
isoindole-2(3H)-carboxylate
N
155 o N— \
N S
H
(3aR,58,6a8)-N-(5-methoxy-1,3,4-thiadiazol-2-yl)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
156
(3aR,58,6a8)-N-(3-hydroxy-1,2 4-thiadiazol-5-yl)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide
[0059] or a tautomer, mesomer, racemate, enantiomer,

diastereomer, or mixture thereof, or a pharmaceutically
acceptable salt thereof.

[0060] In another aspect, this invention is to provide a
compound of formula (IB), or a tautomer, mesomer, race-
mate, enantiomer, diastereomer, or mixture thereof, used as
an intermediate for preparing a compound of formula (1),
wherein:

32
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(B)
[0061] L is a bond or alkyl;
[0062] R'is selected from the group consisting of hydro-
gen, alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl,

—(CH,),C(O)OR"®, —OC(O)R"’, —C(O)R"’, —C(O)
NR'R'7, —NHC(O)R">, —NR'R'7, —OC(O)NR'°R"7,
—NHC(O)NR'®R'?, and —S(0),,R'’, wherein the alkyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl is optionally
substituted with one or more groups selected from the group
consisting of halogen, hydroxy, cyano, nitro, alkyl, alkoxy,
cycloalkyl, heterocyclyl, aryl, heteroaryl, —(CH,),C(O)
OR", —OC(O)R'?, —C(O)R">, —C(O)NR'®*R'7, —NHC

(O)R"”, —NR'"R'Y, —OC(O)NR'R'", —NHC(O)
NR!'SR!'7, —S(0),,R">, —NHC(O)(O)R'*, and —NHS(O)
R

[0063] R? is selected from the group consisting of hydro-
gen and alkyl;

[0064] R’ andR® are each independently selected from the

group consisting of hydrogen, alkyl, and aryl, wherein the
alkyl or aryl is optionally substituted with one or more
groups selected from the group consisting of alkyl and
halogen;
[0065] each of R, R®, R® and R'° are independently
selected from the group consisting of hydrogen, alkyl,
hydroxyalkyl, and halogen; or, R” and R®, or R® and R*° are
taken together to form an oxo group;
[0066] each of R', R*?, R'?, and R** are each inde-

pendently selected from the group consisting of hydro-

gen, alkyl, and halogen; or, R'! and R'?, or R'® and R'*

are taken together to form an oxo group;
[0067] R' is selected from the group consisting of hydro-
gen, alkyl, cycloalkyl, heterocyclyl, alkenyl, alkynyl, aryl,
and heteroaryl, wherein the alkyl, cycloalkyl, heterocyclyl,
aryl or heteroaryl is optionally substituted with one or more
groups selected from the group consisting of alkyl, halogen,
hydroxy, cyano, amino, nitro, alkoxy, cycloalkyl, heterocy-
clyl, aryl, heteroaryl, —(CH,),C(O)OR'®, —OC(O)R'?,
—C(O)R'®, —C(O)NR'’R?*°, —NHC(O)R'®, —NR*R*,
—OC(O)NR'PR?*°,  —NHC(O)NR'R*°, —S(0),R'®,
—NHC(O)OR'®, and —NHS(O) ,R*®;
[0068] R'®and R'7 are each independently selected from
the group consisting of hydrogen, alkyl, cycloalkyl, hetero-
cyclyl, aryl, and heteroaryl, wherein the alkyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl is optionally substituted
with one or more groups selected from the group consisting
of alkyl, halogen, hydroxy, cyano, amino, alkoxy,
cycloalkyl, heterocyclyl, hydroxyalkyl, alkynyl, aryl, het-
eroaryl, carboxyl, alkoxycarbonyl, and —OR'®;
[0069] R'®is selected from the group consisting of hydro-
gen, alkyl, cycloalkyl, heterocyclyl, hydroxyalkyl, aryl, and
heteroaryl;
[0070] R' and R are each independently selected from
the group consisting of hydrogen, alkyl, cycloalkyl, hetero-
cyclyl, aryl, and heteroaryl;
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[0071] mis O, 1, or 2;

[0072] nis O, 1, or 2;

[0073] pis O, 1, or2;

[0074] qis O, 1, or 2;

[0075] sis O, 1, or 2; and

[0076] tis O, 1, or 2;

[0077] In another aspect, this invention provides a prepa-

ration process of a compound of formula (I), or a tautomer,
mesomer, racemate, enantiomer, diastereomer, or mixture
thereof, or a pharmaceutically acceptable salt thereof, the
preparation process comprising the steps of:

X R

A'k\ N\ o .
N/ N
1,

[0078] under alkaline conditions, reacting a compound of
formula (IA) with a compound of formula (IB) to obtain a
compound of formula (I);
[0079] the alkaline conditions are provided by an organic
base or inorganic base, wherein said organic base includes,
but is not limited to, triethylamine, N,N-diisopropylethyl-
amine, n-butyllithium, tert-butyl potassium alkoxide, tetra-
butylammonium bromide, and said inorganic base includes,
but is not limited to, sodium hydride, sodium carbonate,
sodium bicarbonate, potassium carbonate, potassium bicar-
bonate or cesium carbonate;
[0080] wherein X is a halogen; and A, L, R, R to R™,
P, 9, S, and t are as defined in formula (I); preferably,
R, is tert-butoxycarbonyl.
[0081] In another aspect, this invention provides a prepa-
ration process of a compound of formula (I), or a tautomer,
mesomer, racemate, enantiomer, diastereomer, or mixture
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thereof, or a pharmaceutically acceptable salt thereof, the
preparation process comprising the steps of:

Rl3 Rl4

AT \ .
LN/ N ¢

[0082] wunder alkaline conditions, reacting a compound of
formula (IC) or a pharmaceutically acceptable salt thereof
with a carboxylic acid, acyl chloride, sulfonyl chloride,
carboxylic ester, an ethylene oxide derivative, or halide to
obtain the compound of formula (I);

[0083] wherein: when R is t-butoxycarbonyl, t-butoxy-
carbonyl is further optionally removed from the compound
of formula (I) to obtain the compound of formula (IC) or a
pharmaceutically acceptable salt thereof;

[0084] the reaction solvent includes, but is not limited to,
tetrahydrofuran, ethanol, methanol, n-butanol, dichlo-
romethane, 1,4-dioxane or N,N-dimethylformamide;

[0085] the alkaline conditions are provided by an organic
base or inorganic base, wherein said organic base includes,
but is not limited to, triethylamine, N,N-diisopropylethyl-
amine, n-butyllithium, tert-butyl potassium alkoxide, and
said inorganic base includes, but is not limited to, sodium
hydride, sodium carbonate, sodium bicarbonate, potassium
carbonate, potassium bicarbonate or cesium carbonate;

[0086] wherein A, L, R, R' to R, p, q, s, and t are as
defined in formula ().

[0087] The present invention also provides a pharmaceu-
tical composition, comprising a therapeutically effective
amount of a compound of formula (I), or a tautomer,
mesomer, racemate, enantiomer, diastereomer, or mixture
thereof, or a pharmaceutically acceptable salt thereof,
together with a pharmaceutically acceptable carrier or
excipient.
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[0088] The present invention also relates to use of a
compound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, or the pharmaceutical
composition comprising the same, in the preparation of a
medicament for inhibiting JAK kinase; preferably inhibiting
JAK1, JAK?2, or JAK3.

[0089] The present invention also relates to use of a
compound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, or a pharmaceutical com-
position comprising the same, in the preparation of a medi-
cament for inhibiting JAK kinase; wherein the medicament
optionally contains one or more additional reagents for
regulating the mammalian immune system, anti-cancer
agents, or anti-inflammatory agents.

[0090] The present invention also relates to use of a
compound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, or a pharmaceutical com-
position comprising the same, in the preparation of a medi-
cament for inhibiting JAK kinase; wherein the medicament
is useful for the treatment or prevention of the following
disorders or diseases: diseases of immune system, including,
for example, organ transplant rejection (e.g., allograft rejec-
tion and graft versus host disease); autoimmune diseases,
including, for example, lupus, multiple sclerosis, rheuma-
toid arthritis, juvenile arthritis, psoriasis, ulcerative colitis,
Crohn’s disease, autoimmune thyroid disease, etc.; skin
diseases, including, for example, psora, rash, atopic derma-
titis, etc.; allergic disorders, including, for example, asthma,
rhinitis, etc.; viral diseases, including, for example, hepatitis
B, hepatitis C, varicella-zoster virus etc.; type I diabetes and
diabetic complications; Alzheimer’s disease; dry eye; mar-
row fibrosis; thrombocytosis; polycythemia or leukemia;
cancers, including, for example, solid tumors (such as pros-
tate cancer, kidney cancer, liver cancer, pancreatic cancer,
stomach cancer, breast cancer, lung cancer, head and neck
cancer, thyroid cancer, glioblastoma, melanoma, etc.), blood
cancer (such as lymphoma, leukemia, etc.), and skin cancer
(such as cutaneous T-cell lymphoma, cutaneous B-cell lym-
phoma) etc.

[0091] The present invention also relates to use of a
compound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, or a pharmaceutical com-
position comprising the same, in the preparation of a medi-
cament for inhibiting JAK kinase; wherein the medicament
optionally contains one or more additional reagents for
regulating mammalian immune system, anti-cancer agents
or anti-inflammatory agents, wherein said medicament is for
the treatment or prevention of the following disorders or
diseases: diseases of immune system, including, for
example, organ transplant rejection (e.g., allograft rejection
and graft versus host disease); autoimmune diseases, includ-
ing, for example, lupus, multiple sclerosis, rheumatoid
arthritis, juvenile arthritis, psoriasis, ulcerative colitis,
Crohn’s disease, autoimmune thyroid disease, etc.; skin
diseases, including, for example, psora, rash, atopic derma-
titis, etc.; allergic disorders, including, for example, asthma,
rhinitis, etc.; viral diseases, including, for example, hepatitis
B, hepatitis C, varicella-zoster virus etc.; type I diabetes and
diabetic complications; Alzheimer’s disease; dry eye; mar-
row fibrosis; thrombocytosis; polycythemia or leukemia;

Feb. 16, 2017

cancers, including, for example, solid tumors (such as pros-
tate cancer, kidney cancer, liver cancer, pancreatic cancer,
stomach cancer, breast cancer, lung cancer, head and neck
cancer, thyroid cancer, glioblastoma, melanoma, etc.), blood
cancer (such as lymphoma, leukemia, etc.), and skin cancer
(such as cutaneous T-cell lymphoma, cutaneous B-cell lym-
phoma), etc., wherein said mammal is human.

[0092] The present invention further relates to a com-
pound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, or a pharmaceutical com-
position comprising the same, for use as a medicament for
inhibiting JAK kinase. Said JAK kinase is preferably
selected from the group consisting of JAK1, JAK2, and
JAK3.

[0093] The present invention further relates to use of a
compound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, or a pharmaceutical com-
position comprising the same, for use as a medicament
combined with one or more additional reagents for regulat-
ing mammalian immune system, anti-cancer agents, or anti-
inflammatory agents.

[0094] The present invention also relates to a compound of
formula (I), or a tautomer, mesomer, racemate, enantiomer,
diastereomer, or mixture thereof, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition
comprising the same, for use as a medicament for the
treatment or prevention of the following disorders or dis-
eases: diseases of immune system, including, for example,
organ transplant rejection (e.g., allograft rejection and graft
versus host disease); autoimmune diseases, including, for
example, lupus, multiple sclerosis, rheumatoid arthritis,
juvenile arthritis, psoriasis, ulcerative colitis, Crohn’s dis-
ease, autoimmune thyroid disease, etc.; skin diseases,
including, for example, psora, rash, atopic dermatitis, etc.;
allergic disorders, including, for example, asthma, rhinitis,
etc.; viral diseases, including, for example, hepatitis B,
hepatitis C, varicella-zoster virus etc.; type I diabetes and
diabetic complications; Alzheimers disease; dry eye; mar-
row fibrosis; thrombocytosis; polycythemia or leukemia;
cancers, including, for example, solid tumors (such as pros-
tate cancer, kidney cancer, liver cancer, pancreatic cancer,
stomach cancer, breast cancer, lung cancer, head and neck
cancer, thyroid cancer, glioblastoma, melanoma, etc.), blood
cancer (such as lymphoma, leukemia, etc.), and skin cancer
(such as cutaneous T-cell lymphoma, cutaneous B-cell lym-
phoma) etc.

[0095] The present invention also relates to a compound of
formula (I), or a tautomer, mesomer, racemate, enantiomer,
diastereomer, or mixture thereof, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition
comprising the same, further combined with one or more
reagents for regulating a mammalian immune system, anti-
cancer agents, or anti-inflammatory agents, for use as a
medicament for the treatment or prevention of the following
disorders or disease: diseases of immune system, including,
for example, organ transplant rejection (e.g., allograft rejec-
tion and graft versus host disease); autoimmune diseases,
including, for example, lupus, multiple sclerosis, rheuma-
toid arthritis, juvenile arthritis, psoriasis, ulcerative colitis,
Crohn’s disease, autoimmune thyroid disease, etc.; skin
diseases, including, for example, psora, rash, atopic derma-
titis, etc.; allergic disorders, including, for example, asthma,
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rhinitis, etc.; viral diseases, including, for example, hepatitis
B, hepatitis C, varicella-zoster virus etc.; type I diabetes and
diabetic complications; Alzheimer’s disease; dry eye; mar-
row fibrosis; thrombocytosis; polycythemia or leukemia;
cancers, including, for example, solid tumors (such as pros-
tate cancer, kidney cancer, liver cancer, pancreatic cancer,
stomach cancer, breast cancer, lung cancer, head and neck
cancer, thyroid cancer, glioblastoma, melanoma, etc.), blood
cancer (such as lymphoma, leukemia, etc.), and skin cancer
(such as cutaneous T-cell lymphoma, cutaneous B-cell lym-
phoma) etc.

[0096] In other words, the present invention relates to a
method for inhibiting JAK kinase, comprising a step of
administering to a subject in need thereof a therapeutically
effective amount of a compound of formula (I), or a tau-
tomer, racemate, enantiomer, diastereoisomer, or mixture
thereof, or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition containing the same. Further-
more, the compounds of formula (I) or tautomers, racemates,
enantiomers, diastereoisomers, and mixtures thereof, or
pharmaceutically acceptable salts thereof, or pharmaceutical
composition containing the same, can be combined with one
or more additional reagents for regulating a mammalian
immune system, anti-cancer agents, or anti-inflammatory
agents.

[0097] The present invention relates to a method for the
treatment or prevention of disorders or diseases of immune
system, comprising a step of administering to a subject in
need thereof a therapeutically effective amount of a com-
pound of formula (I), or a tautomer, mesomer, racemate,
enantiomer, diastereomer, or mixture thereof, or a pharma-
ceutically acceptable salt thereof, or a pharmaceutical com-
position comprising the same; wherein said disorders or
diseases of the immune system include, for example, organ
transplant rejection (e.g., allograft rejection and graft versus
host disease); autoimmune diseases, including, for example,
lupus, multiple sclerosis, rheumatoid arthritis, juvenile
arthritis, psoriasis, ulcerative colitis, Crohn’s disease, auto-
immune thyroid disease, etc.; skin diseases, including, for
example, psora, rash, atopic dermatitis, etc.; allergic disor-
ders, including, for example, asthma, rhinitis, etc.; viral
diseases, including, for example, hepatitis B, hepatitis C,
varicella-zoster virus etc.; type I diabetes and diabetic com-
plications; Alzheimers disease; dry eye; marrow fibrosis;
thrombocytosis; polycythemia or leukemia; cancers, includ-
ing, for example, solid tumors (such as prostate cancer,
kidney cancer, liver cancer, pancreatic cancer, stomach
cancer, breast cancer, lung cancer, head and neck cancer,
thyroid cancer, glioblastoma, melanoma, etc.), blood cancer
(such as lymphoma, leukemia, etc.), and skin cancer (such as
cutaneous T-cell lymphoma, cutaneous B-cell lymphoma)
etc.

[0098] The present invention also relates to a method for
the treatment or prevention of disorders or diseases of
immune system, comprising a step of administering to a
subject in need thereof a therapeutically effective amount of
a compound of formula (I), or a tautomer, mesomer, race-
mate, enantiomer, diastereomer, or mixture thereof, or a
pharmaceutically acceptable salt thereof, or a pharmaceuti-
cal composition comprising the same, and one or more
additional reagents for regulating a mammalian immune
system, anti-cancer agents, or anti-inflammatory agents,
wherein said disorders or diseases of immune system
include, for example, organ transplant rejection (e.g.,
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allograft rejection and graft versus host disease); autoim-
mune diseases, including, for example, lupus, multiple scle-
rosis, theumatoid arthritis, juvenile arthritis, psoriasis, ulcer-
ative colitis, Crohn’s disease, autoimmune thyroid disease,
etc.; skin diseases, including, for example, psora, rash,
atopic dermatitis, etc.; allergic disorders, including, for
example, asthma, rhinitis, etc.; viral diseases, including, for
example, hepatitis B, hepatitis C, varicella-zoster virus etc.;
type I diabetes and diabetic complications; Alzheimer’s
disease; dry eye; marrow fibrosis; thrombocytosis; poly-
cythemia or leukemia; cancers, including, for example, solid
tumors (such as prostate cancer, kidney cancer, liver cancer,
pancreatic cancer, stomach cancer, breast cancer, lung can-
cer, head and neck cancer, thyroid cancer, glioblastoma,
melanoma, etc.), blood cancer (such as lymphoma, leuke-
mia, etc.), and skin cancer (such as cutaneous T-cell lym-
phoma, cutaneous B-cell lymphoma) etc.

[0099] The compositions of this invention can be formu-
lated by conventional methods using one or more pharma-
ceutically acceptable carriers. Thus, the active compounds
of this invention can be formulated as various dosage forms
for oral, buccal, intranasal parenteral (e.g., intravenous,
intramuscular or subcutaneous) or rectal administration, or
inhalation or insufflation administration. The compounds of
this invention can also be formulated as sustained release
dosage forms.

[0100] For oral administration, the pharmaceutical com-
positions, for example, can be formulated as tablets or
capsules with pharmaceutically acceptable excipients by
conventional means, wherein the excipients include, for
example, binding agents (e.g., starch, gelatin, polyvinyl-
pyrrolidone or acacia) and fillers (e.g. lactose, microcrys-
talline cellulose or calcium phosphate), lubricants (e.g. mag-
nesium stearate, talc or silica), disintegrants (e.g., potato
starch or sodium starch glycollate) or wetting agents (such
as sodium lauryl sulphate). The tablets can be coated by
methods well known in the field. Liquid preparations for oral
administration can be solutions, syrups or suspensions, or
may be a dry product for reconstitution with water or other
suitable carrier before use. Such liquid preparations can be
prepared by conventional means with pharmaceutically
acceptable additives such as suspending agents (e.g. sorbitol
syrup, methyl cellulose or hydrogenated edible fats), emul-
sifying agents (e.g. lecithin or acacia), non-aqueous vehicles
(e.g. almond oil, oily esters or ethanol) and preservatives
(e.g. methyl or propyl p-hydroxy benzoate).

[0101] For buccal administration, the compositions can be
formulated as tablets or lozenges by conventional means.

[0102] The active compounds of this invention can be
formulated for parenteral administration by injection,
including using conventional catheterization techniques or
infusion. Injection can be presented in unit dosage form,
e.g., in ampoules or in multi-capacity containers, with an
added preservative. The compositions can be suspensions,
solutions or emulsions in oily or aqueous carriers, and can
contain formulating agents such as suspending, stabilizing
and/or dispersing agents. Alternatively, the active ingredient
can be in powder form for reconstitution with a suitable
carrier, e.g., sterile pyrogen-free water, before use.

[0103] The active compounds of this invention can also be
formulated as rectal compositions, such as suppositories or
retention enemas, e.g., containing conventional suppository
bases such as cocoa butter or other glycerides.
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[0104] For intranasal administration or administration by
inhalation, the active compounds of the present invention
are conveniently delivered in the form of a solution or
suspension released from a pump spray container that is
squeezed or pumped by the patient, or as an aerosol spray
released from a pressurized container or nebulizer, with the
use of a suitable propellant, e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized
aerosol, the dosage unit can be determined by providing a
valve to deliver a metered amount. The pressurized con-
tainer or nebulizer can contain a solution or suspension of
the active compound. Capsules or cartridges (for example,
made from gelatin) for use in an inhaler or insufflator can be
formulated containing a powder mix of the present invention
and a suitable powder base such as lactose or starch.
[0105] The compounds of this invention can be adminis-
tered in a pharmaceutically acceptable dosage form either
alone, or in combination with one or more agents for
regulating mammalian immune system or anti-inflammatory
agents. These agents can include, but are not limited, to
cyclosporin A (such as Sandimmune® or Neroal®), rapamy-
cin, FK-506 (tacrolimus), leflunomide, deoxyspergualin,
mycophenolate salts (e.g. Cellcept®), azathioprine (e.g.
Imuran®), declizumab (e.g. Zenapax®), OKT3 (e.g. Ortho-
clone®), AcGam, aspirin, acetaminophen, ibuprofen,
naproxen, meloxicam pyrrole and anti-inflammatory ste-
roids (such as prednisone or dexamethesone). These agents
can be administered as part of the same or separate dosage
forms, via the same or different route of administration,
according to standard pharmaceutical practice based on the
same or different administration schedules.

DETAILED DESCRIPTION OF THE
INVENTION

[0106] Unless otherwise stated, the terms used in the
specification and claims have the meanings described below.
[0107] “Alkyl” refers to a saturated aliphatic hydrocarbon
group including C1-C20 straight chain and branched chain
groups. Preferably an alkyl group is an alkyl having 1 to 12
carbon atoms. Representative examples include, but are not
limited to methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu-
tyl, tert-butyl, sec-butyl, n-pentyl, 1,1-dimethyl propyl, 1,2-
dimethyl propyl, 2,2-dimethyl propyl, 1-ethyl propyl,
2-methylbutyl, 3-methylbutyl, n-hexyl, 1-ethyl-2-methyl-
propyl, 1,1,2-trimethylpropyl, 1,1-dimethylbutyl, 1,2-dim-
ethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2-ethylbu-
tyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2,3-
dimethylbutyl, n-heptyl, 2-methylhexyl, 3-methylhexyl,
4-methylhexyl, 5-methylhexyl, 2,3-dimethylpentyl, 2,4-di-
methylpentyl, 2,2-dimethylpentyl, 3,3-dimethylpentyl,
2-ethylpentyl, 3-ethylpentyl, n-octyl, 2,3-dimethylhexyl,
2,4-dimethylhexyl, 2,5-dimethylhexyl, 2,2-dimethylhexyl,
3,3-dimethylhexyl, 4,4-dimethylhexyl, 2-ethylhexyl, 3-eth-
ylhexyl, 4-ethylhexyl, 2-methyl-2-ethylpentyl, 2-methyl-3-
ethylpentyl, n-nonyl, 2-methyl-2-ethylhexyl, 2-methyl-3-
ethylhexyl, 2,2-dimethylpentyl, n-decyl, 3,3-diethylhexyl,
2,2-diethylhexyl, and the isomers of branched chain thereof.
More preferably an alkyl group is a lower alkyl having 1 to
6 carbon atoms. Representative examples include, but are
not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, sec-butyl, n-pentyl, 1,1-dimethylpropyl,
1,2-dimethylpropyl,  2,2-dimethylpropyl, 1-ethylpropyl,
2-methylbutyl, 3-methylbutyl, n-hexyl, 1-ethyl-2-methyl-
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propyl, 1,1,2-trimethylpropyl, 1,1-dimethylbutyl, 1,2-dim-
ethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2-ethylbu-
tyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2,3-
dimethylbutyl, etc. The alkyl group can be substituted or
unsubstituted. When substituted, the substituent group(s)
can be substituted at any available connection point, pref-
erably the substituent group(s) is one or more groups inde-
pendently selected from the group consisting of alkyl, alk-
enyl, alkynyl, alkyloxyl, alkylsulfo, alkylamino, halogen,
thiol, hydroxyl, nitro, cyano, cycloalkyl, heterocyclic alkyl,
aryl, Theteroaryl, cycloalkoxyl, heterocylic alkoxyl,
cycloalkylthio, heterocylic alkylthio, oxo group, —(CH2)
nC(O)OR15, —OC(O)R15, —C(O)R15, —C(O)NR16R17,
—NHC(O)R15, —NR16R17, —OC(O)NR16R17, —NHC
(O)NR16R17, —S(O)mR 15, —NHC(O)OR15 and —NHS
(O)mR15.

[0108] “Alkenyl” refers to an alkyl defined as above that
has at least two carbon atoms and at least one carbon-carbon
double bond, for example, vinyl, 1-propenyl, 2-propenyl, 1-,
2-, or 3-butenyl, etc. The alkenyl group can be substituted or
unsubstituted. When substituted, the substituent group(s) is
preferably one or more group(s) independently selected
from the group consisting of alkyl, alkenyl, alkynyl, alkoxyl,
alkylsulfo, alkylamino, halogen, thiol, hydroxyl, nitro,
cyano, cycloalkyl, heterocyclic alkyl, aryl, heteroaryl,
cycloalkoxyl, heterocylic alkoxyl, cycloalkylthio, hetero-

cylic alkylthio, —(CH2)nC(O)OR15, —OC(O)R15,
—C(O)R15, —C(O)NR16R17, —NHC(O)R15,
—NR16R17, —OC(O)NR16R17, —NHC(O)NR16R17,

—S(O)mR15, —NHC(O)OR15 and —NHS(O)mR15.
[0109] “Alkynyl” refers to an alkyl defined as above that
has at least two carbon atoms and at least one carbon-carbon
triple bond, for example, ethynyl, 1-propynyl, 2-propynyl,
1-, 2-, or 3-butynyl etc., preferably C2-10 alkynyl, more
preferably C2-6 alkynyl, and most preferably C2-4 alkynyl.
The alkynyl group can be substituted or unsubstituted. When
substituted, the substituent group(s) is preferably one or
more group(s) independently selected from the group con-
sisting of alkyl, alkenyl, alkynyl, alkoxyl, alkylsulfo, alky-
lamino, halogen, thiol, hydroxyl, nitro, cyano, cycloalkyl,
heterocyclic alkyl, aryl, heteroaryl, cycloalkoxyl, hetero-
cylic alkoxyl, cycloalkylthio, heterocylic alkylthio, —(CH2)
nC(O)OR15, —OC(O)R15, —C(O)R15, —C(O)NR16R17,
—NHC(O)R15, —NR16R17, —OC(O)NR16R17, —NHC
(O)NR16R17, —S(O)mR 15, —NHC(O)OR15 and —NHS
(O)mR15.

[0110] “Cycloalkyl” refers to a saturated and/or partially
unsaturated monocyclic or polycyclic hydrocarbon group
having 3 to 20 carbon atoms, preferably 3 to 12 carbon
atoms, more preferably 3 to 10 carbon atoms, and most
preferably 3 to 8 carbon atoms or 3 to 6 carbon atoms.
Representative examples of monocyclic cycloalkyls include,
but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cyclohexadienyl,
cycloheptyl, cycloheptatrienyl, cyclooctyl, etc. Polycyclic
cycloalkyl includes a cycloalkyl having a spiro ring, fused
ring or bridged ring.

[0111] “Spiro Cycloalkyl” refers to a 5 to 20 membered
polycyclic group with rings connected through one common
carbon atom (called a spiro atom), wherein one or more
rings can contain one or more double bonds, but none of the
rings has a completely conjugated pi-electron system. Pref-
erably a spiro cycloalkyl is 6 to 14 membered, and more
preferably 7 to 10 membered. According to the number of
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common spiro atoms, a spiro cycloalkyl is divided into
mono-spiro cycloalkyl, di-spiro cycloalkyl, or poly-spiro
cycloalkyl, and preferably refers to a mono-spiro cycloalkyl
or di-spiro cycloalkyl, more preferably 4-membered/4-
membered, 4-membered/5-membered, 4-membered/6-mem-
bered, 5-membered/5-membered, or 5-membered/6-mem-
bered mono-spiro cycloalkyl. Representative examples of
spiro cycloalkyl include, but are not limited to the following

groups:
§ and

[0112] “Fused Cycloalkyl” refers to a 5 to 20 membered
polycyclic hydrocarbon group, wherein each ring in the
system shares an adjacent pair of carbon atoms with another
ring, wherein one or more rings can contain one or more
double bonds, but none of the rings has a completely
conjugated pi-electron system. Preferably, a fused
cycloalkyl group is 6 to 14 membered, more preferably 7 to
10 membered. According to the number of membered rings,
fused cycloalkyl is divided into bicyclic, tricyclic, tetracy-
clic or polycyclic fused cycloalkyl, and preferably refers to
a bicyclic or tricyclic fused cycloalkyl, more preferably
5-membered/5-membered, or 5-membered/6-membered
bicyclic fused cycloalkyl. Representative examples of fused
cycloalkyls include, but are not limited to, the following
groups:
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-continued

[0113] “Bridged Cycloalkyl” refers to a 5 to 20 membered
polycyclic hydrocarbon group, wherein every two rings in
the system share two disconnected carbon atoms. The rings
can have one or more double bonds, but have no completely
conjugated pi-electron system. Preferably, a bridged
cycloalkyl is 6 to 14 membered, and more preferably 7 to 10
membered. According to the number of membered rings,
bridged cycloalkyl is divided into bicyclic, tricyclic, tetra-
cyclic or polycyclic bridged cycloalkyl, and preferably
refers to a bicyclic, tricyclic or tetracyclic bridged
cycloalkyl, more preferably a bicyclic or tricyclic bridged
cycloalkyl. Representative examples of bridged cycloalkyls
include, but are not limited to, the following groups:

A o
A o A

[0114] The cycloalkyl can be fused to the ring of an aryl,
heteroaryl or heterocyclic alkyl, wherein the ring bound to
the parent structure is cycloalkyl. Representative examples
include, but are not limited to indanylacetic, tetrahydronaph-
thalene, benzocycloheptyl and so on. The cycloalkyl is
optionally substituted or unsubstituted. When substituted,
the substituent group(s) is preferably one or more groups
independently selected from the group consisting of alkyl,
alkenyl, alkynyl, alkoxyl, alkylsulfo, alkylamino, halogen,
thiol, hydroxyl, nitro, cyano, cycloalkyl, heterocyclic alkyl,
aryl, Theteroaryl, cycloalkoxyl, heterocylic alkoxyl,
cycloalkylthio, heterocylic alkylthio, oxo group, —(CH,),C
(O)OR", —OC(OR", —C(OR", —C(O)NR'R",
—NHC(O)R'®, —NR'°R'7, —OC(O)NR'°R'7, —NHC(O)
NR!'R'", —S(0),R"*, —NHC(O)OR'® and —NHS(O)
les.
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[0115] “Heterocyclyl” refers to a 3 to 20 membered satu-
rated and/or partially unsaturated monocyclic or polycyclic
hydrocarbon group having one or more heteroatoms selected
from the group consisting of N, O, and S(O),, (wherein m is
0, 1, or 2) as ring atoms, but excluding —O—O—, —O—
S— or —S—S— in the ring, the remaining ring atoms being
C. Preferably, heterocyclyl is a 3 to 12 membered having 1
to 4 heteroatoms; more preferably a 3 to 10 membered
having 1 to 3 heteroatoms; most preferably a 5 to 6 mem-
bered having 1 to 2 heteroatoms. Representative examples
of monocyclic heterocyclyls include, but are not limited to,
pyrrolidyl, piperidyl, piperazinyl, morpholinyl, sulfo-mor-
pholinyl, homopiperazinyl, and so on. Polycyclic heterocy-
clyl includes the heterocyclyl having a spire ring, fused ring
or bridged ring.

[0116] “Spiro heterocyclyl” refers to a 5 to 20 membered
polycyclic heterocyclyl with rings connected through one
common carbon atom (called a spire atom), wherein said
rings have one or more heteroatoms selected from the group
consisting of N, O, and S(O),,, (whereinm is 0, 1 or 2) as ring
atoms, the remaining ring atoms being C, wherein one or
more rings can contain one or more double bonds, but none
of the rings has a completely conjugated pi-electron system.
Preferably a spiro heterocyclyl is 6 to 14 membered, and
more preferably 7 to 10 membered. According to the number
of common spiro atoms, spiro heterocyclyl is divided into
mono-spiro heterocyclyl, di-spiro heterocyclyl, or poly-
spiro heterocyclyl, and preferably refers to mono-spiro het-
erocyclyl or di-spiro heterocyclyl, more preferably 4-mem-
bered/4-membered, 4-membered/5-membered,
4-membered/6-membered, S-membered/b-membered, or
5-membered/6-membered mono-spiro heterocyclyl. Repre-
sentative examples of spiro heterocyclyl include, but are not
limited to the following groups:

SR
Sxete
&

[0117] “Fused Heterocyclyl” refers to a 5 to 20 membered
polycyclic heterocyclyl group, wherein each ring in the
system shares an adjacent pair of carbon atoms with the
other ring, wherein one or more rings can contain one or
more double bonds, but none of the rings has a completely
conjugated pi-electron system, and wherein said rings have
one or more heteroatoms selected from the group consisting
of N, O, and S(O)p (wherein p is 0, 1, or 2) as ring atoms,
the remaining ring atoms being C. Preferably a fused het-
erocyclyl is 6 to 14 membered, and more preferably 7 to 10
membered. According to the number of membered rings,

"
N
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bicyclic or tricyclic fused heterocyclyl, more preferably
fused heterocyclyl include, but are not limited to, the fol-

X

-+

OANLL{ Cﬁ}{
[ -
(6]

two rings in the system share two disconnected atoms, the
have one or more heteroatoms selected from the group
bridged heterocyclyl is 6 to 14 membered, and more pref-
clic, tricyclic, tetracyclic or polycyclic bridged heterocyclyl,
bridged heterocyclyl. Representative examples of bridged

fused heterocyclyl is divided into bicyclic, tricyclic, tetra-
5-membered/S-membered, or 5-membered/6-membered
lowing groups:

[0118] “Bridged Heterocyclyl” refers to a 5 to 14 mem-
rings can have one or more double bonds, but have no
consisting of N, O, and S(O)m (wherein m is 0, 1, or 2) as
erably 7 to 10 membered. According to the number of
and preferably refers to bicyclic, tricyclic or tetracyclic
heterocyclyl include, but are not limited to, the following

cyclic or polycyclic fused heterocyclyl, preferably refers to
bicyclic fused heterocyclyl. Representative examples of
>ﬁ
X 8 SO

bered polycyclic heterocyclic alkyl group, wherein every
completely conjugated pi-electron system, and the rings
ring atoms, the remaining ring atoms being C. Preferably a
membered rings, bridged heterocyclyl is divided into bicy-
bridged heterocyclyl, more preferably bicyclic or tricyclic
groups:
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[0119] The ring of said heterocyclyl can be fused to the
ring of an aryl, heteroaryl or cycloalkyl, wherein the ring
bound to the parent structure is heterocyclyl. Representative
examples include, but are not limited to the following
groups:

A,

N

u

[0120] The heterocyclyl is optionally substituted or unsub-
stituted. When substituted, the substituent group(s) is pref-
erably one or more group(s) independently selected from the
group consisting of alkyl, alkenyl, alkynyl, alkoxyl, alkyl-
sulfo, alkylamino, halogen, thiol, hydroxyl, nitro, cyano,
cycloalkyl, heterocyclic  alkyl, aryl, heteroaryl,
cycloalkoxyl, heterocylic alkoxyl, cycloalkylthio, hetero-
cylic alkylthio, oxo group, —(CH,),C(O)OR"®, —OC(0)
R'*,  —C(OR?, —C(ONR'R', —NHC(O)R",
—NR'°R',  —OC(O)NR'R'?, —NHC(O)NR'®R'7,
—8(0),,R"?, —NHC(O)OR' and —NHS(0), R".

[0121] “Aryl” refers to a 6 to 14 membered all-carbon
monocyclic ring or a polycyclic fused ring (a “fused” ring
system means that each ring in the system shares an adjacent
pair of carbon atoms with another ring in the system) group,
and has a completely conjugated pi-electron system. Pref-
erably aryl is 6 to 10 membered, such as phenyl and
naphthyl, most preferably phenyl. The aryl can be fused to
the ring of heteroaryl, heterocyclyl or cycloalkyl, wherein
the ring bound to parent structure is aryl. Representative
examples include, but are not limited to, the following
groups:
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[0122] The aryl group can be substituted or unsubstituted.
When substituted, the substituent group(s) is preferably one
or more groups independently selected from the group
consisting of alkyl, alkenyl, alkynyl, alkoxyl, alkylsulfo,
alkylamino, halogen, thiol, hydroxyl, nitro, cyano,
cycloalkyl, heterocyclic  alkyl, aryl, heteroaryl,
cycloalkoxyl, heterocylic alkoxyl, cycloalkylthio, hetero-

cylic alkylthio, —(CH2)nC(O)OR15, —OC(O)R15,
—C(O)R15, —C(O)NR16R17, —NHC(O)R15,
—NR16R17, —OC(O)NR16R17, —NHC(O)NR16R17,

—S(0)mR15, —NHC(O)OR15 and —NHS(O)mR15.

[0123] “Heteroaryl” refers to an aryl system having 1 to 4
heteroatoms selected from the group consisting of O, S and
N as ring atoms and having 5 to 14 annular atoms. Preferably
a heteroaryl is 5- to 10-membered, more preferably 5- or
6-membered, for example, thiadiazolyl, pyrazolyl, oxazolyl,
oxadiazolyl, imidazolyl, triazolyl, thiazolyl, furyl, thienyl,
pyridyl, pyrrolyl, N-alkyl pyrrolyl, pyrimidinyl, pyrazinyl,
imidazolyl, tetrazolyl, and the like. The heteroaryl can be
fused with the ring of an aryl, heterocyclyl or cycloalkyl,
wherein the ring bound to parent structure is heteroaryl.
Representative examples include, but are not limited to, the
following groups:

O,
3 F L/ | Sy
N\) \N) (@] N/
H
N AN b AN N
Y e NG
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[0124] The heteroaryl group can be substituted or unsub-
stituted. When substituted, the substituent group(s) is pref-
erably one or more groups independently selected from the
group consisting of alkyl, alkenyl, alkynyl, alkoxyl, alkyl-
sulfo, alkylamino, halogen, thiol, hydroxyl, nitro, cyano,
cycloalkyl, heterocyclic  alkyl, aryl, heteroaryl,
cycloalkoxyl, heterocylic alkoxyl, cycloalkylthio, hetero-
cylic alkylthio, —(CH,),,C(O)OR'®, —OC(O)R'>, —C(0)
R', —C(ONR'®R'7, —NHC(O)R'>, —NR'°R'7, —OC
(O)NR'R'7, —NHC(O)NR'°R'7, —S(0) R'*, —NHC(O)
OR'® and —NHS(0), R*>.

[0125] “Alkoxyl” refers to both an —O-(alkyl) and an
—O-(unsubstituted cycloalkyl) group, wherein the alkyl is
defined as above. Representative examples include, but are
not limited to, methoxy, ethoxy, propoxy, butoxy, cyclopro-
pyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, and
the like. The alkoxyl can be substituted or unsubstituted.
When substituted, the substituent is preferably one or more
groups independently selected from the group consisting of
alkyl, alkenyl, alkynyl, alkoxyl, alkylsulfo, alkylamino,
halogen, thiol, hydroxyl, nitro, cyano, cycloalkyl, heterocy-
clic alkyl, aryl, heteroaryl, cycloalkoxyl, heterocylic
alkoxyl, cycloalkylthio, heterocylic alkylthio, —(CH,),C
(O)OR', —OC(O)R'®>, —C(O)R'>, —C(O)NR'R',
—NHC(O)R'?, —NR'R'7, —OC(O)NR'°R'7, —NHC(O)
NR'°R'7, —S8(0),,R"’, —NHC(O)OR'> and —NHS(O)
les.

[0126] “Bond” refers to a covalent bond using a sign of

i3

[0127] “Hydroxyl alkyl” refers to an alkyl group substi-
tuted by a hydroxyl group, wherein alkyl is as defined above.

[0128] “Hydroxy” refers to an —OH group.

[0129] “Halogen™ refers to fluoro, chloro, bromo or iodo
atoms.

[0130] “Amino” refers to a —NH, group.

[0131] “Cyano” refers to a —CN group.

[0132] “Nitro” refers to a —NO, group.

[0133] “Oxo group” refers to a —O group.

[0134] “Carboxyl” refers to a —C(O)OH group.

[0135] “Alkoxycarbonyl” refers to a —C(0)O(alkyl) or

(cycloalkyl) group, wherein the alkyl and cycloalkyl are
defined as above.

[0136] “Optional” or “optionally” means that the event or

circumstance described subsequently can, but need not,
occur, and the description includes the instances in which the

40
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event or circumstance may or may not occur. For example,
“the heterocyclic group optionally substituted by an alkyl”
means that an alkyl group can be, but need not be, present,
and the description includes the case of the heterocyclic
group being substituted with an alkyl and the heterocyclic
group being not substituted with an alkyl.

[0137]
in the group, preferably up to 5, more preferably 1 to 3

“Substituted” refers to one or more hydrogen atoms

hydrogen atoms, independently substituted with a corre-
sponding number of substituents. It goes without saying that
the substituents exist in their only possible chemical posi-
tion. The person skilled in the art is able to determine if the
substitution is possible or impossible without paying exces-
sive efforts by experiment or theory. For example, the
combination of amino or hydroxyl group having free hydro-
gen and carbon atoms having unsaturated bonds (such as
olefinic) may be unstable.

[0138]
ture of one or more of the compounds described in the

A “pharmaceutical composition” refers to a mix-

present invention or

acceptable salts or prodrug thereof and other chemical

physiologically/pharmaceutically

components such as physiologically/pharmaceutically
acceptable carriers and excipients. The purpose of a phar-
maceutical composition is to facilitate administration of a
compound to an organism, which is conducive to the absorp-
tion of the active ingredient and thus displaying biological

activity.

[0139]
the compounds of the invention, such salts being safe and

“Pharmaceutically acceptable salts” refer to salts of

effective when used in a mammal and have corresponding
biological activity.

[0140] N, mandR" toR'7 are as defined in the compound
of formula ().

Synthesis Method of the Compound of the Present
Invention

[0141] In order to complete the purpose of the invention,
the present invention applies, but is not limited to, the
following technical solution:

[0142] A preparation process of a compound of formula (I)
of the invention or a pharmaceutically acceptable salt
thereof, comprising the following steps of:

X

R

A'k\ N\
N/ N
L
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-continued

N R % R
A'K\ N\ o
N2 N

L

[0143] reacting a compound of formula (IA) with a com-
pound of formula (IB) under alkaline conditions to obtain
the compound of formula (I);

[0144] the alkaline conditions are provided by an organic
base or inorganic base, wherein said organic base includes,
but is not limited to, triethylamine, N,N-diisopropylethyl-
amine, n-butyllithium, tert-butyl potassium alkoxide, and
said inorganic base includes, but is not limited to, sodium
hydride, sodium carbonate, sodium bicarbonate, potassium
carbonate, potassium bicarbonate, or cesium carbonate;

[0145] wherein X is halogen, A, R, L, R' to R™, p, q, s,
and t are as defined in formula (I); preferably, R® is tert-
butoxycarbonyl; and preferably L is a bond.

[0146] A preparation process of a compound or a salt of
formula (I) of the invention, comprising the following steps
of:
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-continued

[0147] when R' is t-butoxycarbonyl, t-butoxycarbonyl is
further optionally removed from the compound of formula
(D) to obtain the compound of formula (IC) or pharmaceu-
tically acceptable salt thereof; reacting the compound of
formula (IC) or a pharmaceutically acceptable salt thereof
with a carboxylic acid, acyl chloride, sulfonyl chloride,
carboxylic ester, an ethylene oxide derivative or halide
under alkaline condition to obtain the compound of formula

@;
[0148] the reaction solvent includes, but is not limited to,
tetrahydrofuran, ethanol, methanol, n-butanol, dichlo-

romethane, 1,4-dioxane, or N,N-dimethylformamide;
[0149] the alkaline condition is provided by an organic
base or inorganic base, wherein said organic base includes,
but is not limited to, triethylamine, N,N-diisopropylethyl-
amine, n-butyllithium, tert-butyl potassium alkoxide, tetra-
butylammonium bromide, and said inorganic base includes,
but is not limited to, sodium hydride, sodium carbonate,
sodium bicarbonate, potassium carbonate, potassium bicar-
bonate or cesium carbonate;

[0150] wherein A, R, L, R' to R, p, q, s and t are as
defined in formula (I); and preferably L is a bond.

PREFERRED EMBODIMENTS

[0151] The following examples serve to illustrate the
invention, but the examples should not be considered as
limiting the scope of the invention. If specific conditions for
the experimental method are not specified in the examples of
the present invention, they are generally in accordance with
conventional conditions or recommended conditions of the
raw materials and the product manufacturer. The reagents
without a specific source indicated are commercially avail-
able, conventional reagents.

[0152] The structure of each compound was indentified by
nuclear magnetic resonsance (NMR) and/or mass spectrom-
etry (MS). NMR chemical shifts (3) were given in 10-6
(ppm). NMR was determined by a Bruker AVANCE-400
machine. The solvents were deuterated-dimethyl sulfoxide
(DMSO-d6), deuterated-chloroform (CDCI3) and deuter-
ated-methanol (CD30D), with tetramethylsilane (TMS) as
an internal standard.

[0153] MS was determined by a FINNIGAN LCQAd
(ESI) mass spectrometer (manufacturer: Thermo, type:
Finnigan LCQ advantage MAX).

[0154] High performance liquid chromatography (HPLC)
was determined on an Agilent 1200DAD high pressure
liquid chromatography spectrometer (Sunfire C18 150x4.6
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42
mm chromatographic column) and a Waters 2695-2996 high Example 1
pressure liquid chromatography spectrometer (Gimini C18
150x4.6 mm chromatographic column). (3aR,5R,6a8/3aS,58,6aR )-tert-butyl-3a-methyl-5-

[0155] The average rates of kinase inhibition, and the
1C50 values were determined by Microplate reader (BMG
company, Germany).

methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydro cyclopenta[c|pyrrole-2(1H)-carboxylate

[0156] The thin-layer silica gel plates used in thin-layer [0170]
chromatography were Yantai Huanghai HSGF254 or

Qingdao GF254 silica gel plate. The dimension of the plates

used in TLC was 0.15 mm to 0.2 mm, and the dimension of

the plates used in thin-layer chromatography for product
purification was 0.4 mm to 0.5 mm.

[0157] Column chromatography generally used Yantai

Huanghai 200 to 300 mesh silica gel as carrier.

[0158] The known starting material of the invention can be

prepared by the conventional synthesis method in the prior
art, or can be purchased from ABCR GmbH & Co. KG,

Acros Organics, Aldrich Chemical Company, Accela Chem- N X \
Bio Inc or Dari chemical Company, etc. ”\
[0159] Unless otherwise stated in the examples, the fol- F and enantiomer thereof

lowing reactions were placed under argon atmosphere or
nitrogen atmosphere.

[0160] The term “argon atmosphere” or “nitrogen atmo-
sphere” means that a reaction flask was equipped with a /
balloon having 1 L of argon or nitrogen. Hine o H

[0161] The term “hydrogen atmosphere” means that a step 1 ) step 2
reaction flask was equipped with a balloon having 1 L. of N

hydrogen. N
[0162] High pressure hydrogenation reactions were per- )\ )\
(6] O (6] O
la

formed with a Parr 3916EKX hydrogenation apparatus and
clear blue QL-500 hydrogen generator or HC2-SS hydro-

genation apparatus. and enantiomer thereof

[0163] In hydrogenation reactions, the reaction system 1b

was generally vacuumed and filled with hydrogen, and the N S

above operation was repeated three times.

[0164] Microwave reactions were performed with a CEM
Discover-S 908860 microwave reactor.

[0165] Unless otherwise stated in the examples, the solu-

tion used in following reactions refers to an aqueous solu-
tion.

Cl
N7 \
sl + L)I> w
N

and enantiomer thereof

[0166] Unless otherwise stated in the examples, the reac-
tion temperature in the following reactions was room tem-
perature.

[0167] Room temperature was the most proper reaction
temperature, which was 20° C. to 30° C.

[0168] The reaction process was monitored by thin layer
chromatography (TLC), the system of developing solvent
included: (A) dichloromethane and methanol system, (B)
n-hexane and ethyl acetate system, (C) petroleum ether and
ethyl acetate system, (D) acetone. The ratio of the volume of
the solvent was adjusted according to the polarity of the
compounds.

le

[0169] The elution system for purification the of com-
pounds by column chromatography and thin layer chroma-
tography included: (A) dichloromethane and methanol sys-
tem, (B) n-hexane and ethyl acetate system, (C)
dichloromethane and acetone system. The ratio of the vol-
ume of the solvent was adjusted according to the polarity of
the compounds, and sometimes a little alkaline reagent such 1
as triethylamine or an acidic reagent such as acetic acid was

also added.
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Step 1

(3aR,6aS/3aS,6aR )-tert-Butyl 3a-methyl-5-oxohexa-
hydrocyclopenta[c]pyrrole-2(1H)-carboxylate

[0171] Cuprous iodide (770 mg, 4 mmol) was dissolved in
10 mL of tetrahydrofuran. After cooling to -78° C. a3 M
solution of methylmagnesium bromide in diethyl ether (30
ml, 6.7 mmol) was added into the reaction mixture. After
reacting for 30 minutes, the reaction mixture was warmed up
to =35° C., followed by dropwise addition of 10 mL of a
solution of tert-butyl 5-ox0-3,3a,4,5-tetrahydrocyclopenta
[c]pyrrol-2(1H)-carboxylate la (500 mg, 2.24 mmol) in
tetrahydrofuran. After reacting for 30 minutes, the reaction
mixture was warmed to room temperature, followed by
addition of 10 mL of a saturated ammonium chloride solu-
tion to quench the reaction. The reaction mixture was
extracted with ethyl acetate (20 mL.x3). The organic phases
were combined, dried over anhydrous magnesium sulfate,
and filtered. The filtrate was concentrated under reduced
pressure to obtain the crude title product (3aR,6aS/3aS,
6aR)-tert-butyl  3a-methyl-5-oxohexahydrocyclopenta[c]
pyrrole-2(1H)-carboxylate 1b (500 mg, brown grease),
which was used directly in the next step without further
purification.

Step 2

(3aR,5R,6aS/3a8,58,6aR )-tert-Butyl 3a-methyl-5-
(methylamino)hexahydrocyclopenta[c]pyrrole-2
(1H)-carboxylate

[0172] The crude product of (3aR,6aS/3aS,6aR)-tert-butyl
3a-methyl-5-oxohexahydrocyclopenta[c|pyrrole-2(1H)-car-
boxylate 1b (200 mg, 0.84 mmol) was dissolved in 5 mL of
methanol, followed by addition of 2 mL of 37% methyl
amine-ethanol solution and sodium triacetoxyborohydride
(532 mg, 2.5 mmol). After reacting for 16 hours, 10 mL of
saturated ammonium chloride solution was added to the
reaction mixture to quench the reaction. The reaction mix-
ture was extracted with ethyl acetate (20 mI.x3). The organic
phases were combined, dried over anhydrous magnesium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure to obtain the title product (3aR,5R,6aS/
3a8,58,6aR)-tert-butyl 3a-methyl-5-(methylamino) hexahy-
drocyclopenta[c]pyrrole-2(1H)-carboxylate 1c (130 mg,
yield 61.0%) as a brown grease.

[0173] MS m/z (ESI): 255.2 [M+1]

Step 3

(3aR,5R,6aS/3a8,58,6aR )-tert-Butyl-3a-methyl-5-
(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydro cyclopenta[c]pyrrol-2(1H)-carboxylate

[0174] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (60 mg,
0.39 mmol) was dissolved in 5 mL of H,O, followed by
addition of (3aR,5R,6aS/3a8S,5S,6aR )-tert-butyl 3a-methyl-
5-(methylamino)hexahydrocyclopenta[c|pyrrole-2(1H)-car-
boxylate 1c (100 mg, 0.39 mmol) and potassium carbonate
(322 mg, 2.34 mmol). After reacting for 16 hours at 100° C.,
the reaction mixture was extracted with ethyl acetate (10
ml.x3). The organic phases were combined, dried over
anhydrous magnesium sulfate, and filtered. The filtrate was
concentrated under reduced pressure and the resulting resi-
due was purified by thin layer chromatography with elution
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system A to obtain the title product (3aR,5R,6aS/3a8S,5S,
6aR)-tert-butyl-3a-methyl-5-(methyl(7H-pyrrolo[ 2,3-d]py-

rimidin-4-yl)amino)hexahydro cyclopenta[c]pyrrole-2(1H)-
carboxylate 1 (40 mg, yield 28.8%) as a white solid.

[0175] MS m/h (BSI): 372.5[M+1]

[0176] HNMR (400 MHz, CDCL,):  10.38 (s, 1H), 8.30
(s, 1H), 7.05-7.04 (m, 1H), 6.57-6.56 (m, 1H), 5.57-5.52 (m,
1H), 3.56-3.49 (m, 3H), 3.37 (s, 3H), 3.27-3.25 (m, 1H),
2.25-2.21 (m, 2H), 1.89-1.87 (m, 2H), 1.67-1.65 (m, 2H),
1.49 (s, 9H), 0.88-0.86 (m, 2H)

Example 2

N-((3aR,5R,6aS/3a8S,5S,6aR)-2-(Ethylsulfonyl)-3a-
methyl octahydro cyclopenta|c|pyrrol-5-y1)-N-
methyl-7H-pyrrolo[2,3-d|pyrimidin-4-amine

[0177]

N X
N\
O

R —
step 1
T
k /
N N
and enantiomer thereof
1
\ —_—
N step 2
0
L.
TR
and enantiomer thereof
2a
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-continued
o 0
\\S//
N/ \/

%
2,
%,

and enantiomer thereof
2

Step 1

N-Methyl-N-((3aR,5R,6a8)-3a-methyloctahydrocy-
clopenta[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine hydrochloride

[0178] (3aR,6aS/3S,58S,6aR)-tert-Butyl-3a-methyl-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydro
cyclopenta[c]pyrrole-2(1H)-carboxylate 1 (1 g, 2.7 mmol)
was dissolved in 15 mL of a solution of 6 M hydrogen
chloride in methanol. After reacting for 12 hours, the reac-
tion mixture was concentrated under reduced pressure to
obtain the crude title product N-methyl-N-((3aR,5R,6aS)-
3a-methyloctahydrocyclopenta[c|pyrrol-5-y1)-7H-pyrrolo
[2,3-d]pyrimidin-4-amine hydrochloride 2a (1.2 g, white
solid), which was used directly in the next step without
further purification.

[0179] MS mv/z (ESI): 272.2 [M+1]
Step 2

N-((3aR,5R,6aS8/3a8,58,6aR)-2-(Ethylsulfonyl)-3a-
methyl octahydro cyclopenta|c]pyrrol-5-y1)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine

[0180] N-Methyl-N-((3aR,5R,6aS8/3a8S,58,6aR)-3a-meth-

yloctahydrocyclopenta[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]py-
rimidin-4-amine hydrochloride 2a (100 mg, 0.37 mmol) and
triethylamine (112 mg, 1.11 mmol) were dissolved in 5 mL
of tetrahydrofuran, followed by dropwise addition of ethyl
sulfonyl chloride (95 mg, 0.74 mmol). After reacting for 16
hours, the reaction mixture was mixed with 20 mL of H,O,
and extracted with ethyl acetate (20 mLx3). The organic
phases were combined, dried over anhydrous magnesium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by
thin layer chromatography with elution system A to obtain
the title product N-((3aR,5R,6aS/3aS,5S,6aR )-2-(ethylsul-
fonyl)-3a-methyl octahydro cyclopenta[c]pyrrol-5-yI)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine 2 (28 mg,
yield 21.5%) as a white solid.

[0181] MS m/z (ESI): 364.2 [M+1]

[0182] 'H NMR (400 MHz, DMSO-d,): § 12.56 (s, 1H),
8.25-8.23 (m, 1H), 7.95-7.93 (m, 1H), 7.21-7.20 (m, 1H),
5.51-5.49 (m, 1H), 4.02 (m, 2H), 3.75-3.58 (m, 6H), 3.38 (s,
3H), 3.22-3.16 (m, 2H), 2.06 (s, 3H), 1.97-1.95 (m, 1H),
1.43-1.41 (m, 3H)
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Example 3

3-((3aR,5R,6a5/3a8,58S,6aR )-3a-Methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydro cyclopenta
[c]pyrrol-2(1H)-y1)-3-o0xopropanenitrile

[0183]

and enantiomer thereof

HCI
NH  and enantiomer thereof

~y %
0
N/ N
2a

e}

MN and enantiomer thereof
N

P
Z
Z

[0184] N-Methyl-N-((3aR,5R,6aS8/3a8S,58,6aR)-3a-meth-

yloctahydrocyclopenta[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]py-
rimidin-4-amine hydrochloride 2a (50 mg, 0.18 mmol) and
ethyl 2-cyanoacetate (49 mg, 0.36 mmol) were dissolved in
3 mL of ethanol, followed by dropwise addition of 1,4-
diazabicyclo octane (56 mg, 0.36 mmol). After reacting for
16 hours at 40° C., the reaction mixture was mixed with 20
ml of H20 and extracted with ethyl acetate (20 mLx3). The
organic phases were combined, dried over anhydrous mag-
nesium sulfate, and filtered. The filtrate was concentrated
under reduced pressure, and the resulting residue was puri-
fied by thin layer chromatography with elution system A to
obtain the title product 3-((3aR,5R,6aS/3aS,5S,6aR)-3a-
methyl-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)

hexahydro cyclopenta[c]pyrrol-2(1H)-yl)-3-oxopropaneni-
trile 3 (46 mg, yield 56.8%) as a white solid.

[0185] MS m/z (ESI): 339.1 [M+1]
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[0186] 'H NMR (400 MHz, DMSO-d,): & 12.58 (s, 1H),
1.27-8.25 (m, 1H), 7.97-7.95 (m, 1H), 7.26-7.24 (m, 1H),
5.58-5.53 (m, 1H), 4.33 (s, 2H), 3.75-3.58 (m, 6H), 3.39 (s,
3H), 3.22-3.16 (m, 2H), 2.08 (s, 3H), 1.99-1.97 (m, 1H)

Example 4
2-((3aR,5R,6aS/3a8,5S,6aR )-3a-Methyl-5-(methyl

(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino )hexahydro
cyclopenta[c]pyrrol-2(1H)-yl)acetonitrile

[0187]

N and enantiomer thereof

HCI
NH  and enantiomer thereof

N and enantiomer thereof

D
L
R
4
[0188] N-Methyl-N-((3aR,5R,6aS8/3a8S,58,6aR)-3a-meth-

yloctahydrocyclopenta[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]py-
rimidin-4-amine hydrochloride 2a (50 mg, 0.18 mmol) was
dissolved in 5 mL of acetonitrile, followed by addition of
potassium carbonate (75 mg, 0.54 mmol), bromoacetoni-
trile1(24 mg, 0.2 mmol), and 5 mL of dichloromethane.
After reacting for 16 hours, the reaction mixture was mixed
with a small amount of H,O to quench the reaction. The
aqueous phase and organic phase were separated. The aque-
ous phase was extracted with dichloromethane (10 m[.x3).
The organic phases were combined, washed with water (5
ml), saturated sodium chloride solution (5 mL) succes-
sively, dried over anhydrous magnesium sulfate, and fil-
tered. The filtrate was concentrated under reduced pressure,
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and the resulting residue was purified by thin layer chroma-
tography with elution system A to obtain the title product
2-((3aR,5R,6aS/3a8, 58S, 6aR )-3a-methyl-5-(methyl(7H-pyr-
rolo[2,3-d]pyrimidin-4-yl)amino)hexahydro cyclopenta|c]
pyrrol-2(1H)-yl)acetonitrile 4 (20 mg, yield 35.1%) as a
white solid.

[0189] MS m/z (ESI): 311.5 [M+1]

[0190] 'H NMR (400 MHz, DMSO-d,):  11.64 (s, 1H),
8.12-8.10 (m, 1H), 7.14 (s, 1H), 6.54 (s, 1H), 3.86-3.85 (m,
2H), 3.14-3.13 (m, 3H), 2.77-2.75 (m, 1H), 2.62-2.60 (m,
1H), 2.08-2.06 (m, 3H), 1.86-1.80 (m, 1H), 1.70-1.69 (m,
1H), 1.58-1.55 (m, 1H), 1.30-1.18 (m, 2H), 0.86 (s, 3H)

Example 5

(3aR,58,6aS)-tert-Butyl-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydro cyclopentalc]pyr-
role-2(1H)-carboxylate

[0191]

step 1
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-continued

Step 1

(3aR,5R,6aS)-tert-Butyl 5-((methylsulfonyl)oxy)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate

[0192] (3aR,5R,6aS)-tert-Butyl 5-hydroxyhexahydrocy-
clopenta[c]pyrrole-2(1H)-carboxylate 5a (9 g, 40 mmol)
was dissolved in 150 mL of dichloromethane, followed by
addition of methylsulfonyl chloride (4.70 mL, 60 mmol) and
triethylamine (11.20 mL, 80 mmol) at 0° C. After reacting
for 2 hours at room temperature, 200 mL of saturated sodium
bicarbonate solution was added to the reaction mixture. The
aqueous phase and organic phase were separated. The
organic phase was washed with saturated sodium chloride
solution (200 mL), dried over anhydrous magnesium sulfate,
and filtered. The filtrate was concentrated under reduced
pressure to obtain the title product (3aR,5R,6aS)-tert-butyl
5-((methylsulfonyl)oxy)hexahydrocyclopenta[c|pyrrole-2
(1H)-carboxylate 5b (12.00 g, yield 98.4%) as a yellow
liquid.

Step 2

(3aR,58,6a8)-tert-Butyl 5-(methyl amino) hexa-
hydro cyclopenta|[c]pyrrole-2(1H)-carboxylate

[0193] (3aR,5R,6aS)-tert-Butyl 5-((methylsulfonyl)oxy)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate Sb (60
mg, 0.2 mmol) was dissolved in 10 mL of methanol,
followed by addition of 5 mL. of methylamine. After reacting
for 16 hours at 40° C., the reaction mixture was concentrated
under reduced pressure to obtain the crude title product
(3aR,58,6aS)-tert-butyl  5-(methylamino)hexahydrocyclo-
penta[c]pyrrole-2(1H)-carboxylate 5S¢ (60 mg, brown
grease), which was used directly in the next step without
further purification.

[0194] MS m/z (ESI): 241.5 [M+1]
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Step 3

(3aR,58,6a)-tert-Butyl 5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydro cyclopentalc]pyr-
role-2(1H)-carboxylate

[0195] (3aR,5S,6aS)-tert-Butyl 5-(methylamino)hexahy-
drocyclopenta[c|pyrrole-2(1H)-carboxylate 5S¢ (200 mg, 0.8
mmol) and 4-chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (127
mg, 0.8 mmol) were dissolved in 5 ml of n-butanol,
followed by addition of triethylamine (168 mg, 1.6 mmol).
After reacting for 48 hours at 100° C., the reaction mixture
was concentrated under reduced pressure, followed by addi-
tion of 10 mL of H,O and 10 mL of ethyl acetate. The
aqueous phase and organic phase were separated. The
organic phases were combined, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure, and purified by preparative HPLC
to obtain the title product (3aR,5S,6aS)-tert-butyl 5-(methyl
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydro cyclo-
penta[c]pyrrole-2(1H)-carboxylate 5 (5 mg, yield 5.0%) as a
white solid.

[0196] MS m/z (ESI): 358.5[M+1]

[0197] HNMR (400 MHz, CDCL,):  10.07 (s, 1H), 8.31
(s, 1H), 7.50 (s, 1H), 6.55 (s, 1H), 5.58-5.54 (m, 1H),
3.65-3.62 (m, 2H), 3.27-3.23 (m, 5H), 2.86-2.81 (m, 2H),
2.06-2.02 (m, 2H), 1.93-1.91 (m, 2H), 1.49 (s, 6H)

Example 6

2-Hydroxy-1-((3aR,58,6aS)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethinone

[0198]

~
step 1
0
N X
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-continued
HCI

—_—
step 2
0
LA
6a
\N\\\‘
DB
O
6
Step 1

N-Methyl-N-((3aR,58S,6aS)-octahydrocyclopenta|c|
pyrrol-5-y1)-7H-pyrrolo[2,3-d|pyrimidin-4-amine
hydrochloride

[0199] (3aR,5S,6aS)-tert-Butyl 5-(methyl(7H-pyrrolo[2,
3-d]|pyrimidin-4-yl)amino) hexahydro cyclopenta[c]pyrrole-
2(1H)-carboxylate 5 (1.5 g, 4.2 mmol) was dissolved in 20
ml of a solution of 1 M hydrogen chloride in methanol.
After reacting for 16 hours, the reaction mixture was con-
centrated under reduced pressure to obtain the crude title
product N-methyl-N-((3aR,5S,6S)-octahydrocyclopenta|c]
pyrrol-5-y1)-7H-pyrrolo[2,3-d|pyrimidin-4-amine  hydro-
chloride 6a (1.5 g. brown solid), which was used directly in
the next step without further purification.

[0200] MS m/z (ESI): 258.1 [M+1]

Step 2

2-Hydroxy-1-((3aR,58,6aS)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethanone

[0201] N-Methyl-N-((3aR,58,6S)-octahydrocyclopenta[c]
pyrrol-5-y1)-7H-pyrrolo[2,3-d|pyrimidin-4-amine  hydro-
chloride 6 (100 mg, 0.3 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of 2-glycolic acid
(26 mg, 0.3 mmol), triethylamine (103 mg, 1.02 mmol) and
O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium

hexafluorophosphate (194 mg, 0.45 mmol). After reacting
for 16 hours, the reaction mixture was mixed with 10 mL of
H,O. The aqueous phase and organic phase were separated.
The organic phases were combined, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure and purified by preparative HPLC to
obtain the title product 2-hydroxy-1-((3aR,5S,6aS)-5-
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(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahy-
drocyclopenta[c]pyrrol-2(1H)-yl)ethanone 6 (10 mg, yield
9.7%) as a white solid.

[0202] MS m/z (ESI): 316.2 [M+1]

[0203] 'H NMR (400 MHz, DMSO-dy): 8 11.60 (s, 1H),
8.09 (s, 1H), 7.11 (s, 1H), 6.53 (s, 1H), 5.47-5.44 (m, 1H),
4.52-4.49 (m, 1H), 4.03-3.99 (m, 2H), 3.60-3.57 (m, 2H),
3.24-3.22 (m, 2H), 3.15 (s, 3H), 2.80-2.75 (m, 2H), 2.02-1.
94 (m, 2H), 1.78-1.75 (m, 2H)

Example 7
2-Methyl-1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,

3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta|c]
pyrrol-2(1H)-yl)propan-2-o0l

[0204]

[0205] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-S-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
methanol, followed by addition of 2,2-dimethyl epoxy eth-
ane (42 mg, 0.58 mmol). After reacting for 16 hours, the
reaction mixture was concentrated under reduced pressure,
and the resulting residue was purified by thin layer chroma-
tography with elution system A to obtain the title product
2-methyl-1-((3aR,58,6aS)-5-(methyl(7H-pyrrolo[2,3-d]py-
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rimidin-4-yl)amino)hexahydrocyclopenta[c|pyrrol-2(1H)-
yDpropan-2-ol 7 (50 mg, yield 39.1%) as a right yellow
solid.

[0206] MS m/z (ESI): 330.2 [M+1]

[0207] 'H NMR (400 MHz, DMSO-d,): § 11.68 (s, 1H),
8.11 (s, 1H), 7.14-713 (m, 1H), 6.60 (s, 1H), 5.46 (s, 1H),
5.12 (s, 1H), 3.86 (m, 2H), 3.18 (s, 4H), 3.07-3.01 (m, 3H),
2.84 (d, 2H), 1.95-1.91 (m, 2H), 1.68 (s, 2H), 1.33-1.18 (m,
6H)

Example 8

3-((3aR,58S,6aS)-5-(Methyl(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)amino) hexahydrocyclopenta[c]pyrrol-2
(1H)-y1)-3-oxopropanenitrile

[0208]

[0209] N-Methyl-N-((3aR,58,6S)-octahydrocyclopenta[c]
pyrrol-5-y1)-7H-pyrrolo[2,3-d|pyrimidin-4-amine  hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
n-butanol, followed by addition of 2-ethyl cyanoacetate (77
mg, 0.68 mmol) and DBU (103 mg, 0.68 mmol). After
reacting for IS hours at 40° C., the reaction mixture was
concentrated under reduced pressure. The residue was
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mixed with 50 mL of ethyl acetate and washed with satu-
rated sodium chloride solution (15 mLx2). The organic
phases were combined, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated under
reduced pressure, and purified by preparative HPLC to
obtain the title product 3-((3aR,58S,6a8)-5-(methyl(7H-pyr-
rolo[2,3-d|pyrimidin-4-yl)amino)hexahydrocyclopenta|c]
pyrrol-2(1H)-yl)-3-oxopropanenitrile 8 (15 mg, yield
13.6%) as a right yellow solid.

[0210] MS m/z (ESI): 325.1 [M+1]

[0211] ‘H NMR (400 MHz, CDCL): 8 9.79 (s, 1H), 8.28
(s, 1H), 7.06-7.05 (m, 1H), 6.55-6.54 (m, 1H), 5.68-5.64 (m,
1H), 3.85-3.79 (m, 2H), 3.49 (s, 2H), 3.47-3.37 (m, 2H),
3.27 (s, 3H), 3.08-2.91 (m, 2H), 2.09-2.05 (m, 2H), 1.96-1.
94 (m, 2H)

Example 9

(3aR,58,6aS )—N-Isopropyl-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta
[c]pyrrole-2(1H)-carboxamide

[0212]
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[0213] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.39 mmol) was dissolved in 5 mL of
N,N-dimethylformamide, followed by dropwise addition of
triethylamine (39 mg, 0.39 mmol). After reacting for 30
minutes, the reaction mixture was mixed with isocyanato-
propane (33 mg, 0.39 mmol). After reacting for 16 hours, the
reaction mixture was mixed with 10 mL of H,O and 10 mL
of ethyl acetate. The aqueous phase and organic phase were
separated. The organic phases were combined, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and purified by pre-
parative HPLC to obtain the title product (3aR,5S,6aS)—
N-isopropyl-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)
amino)hexahydrocyclopenta|c]pyrrole-2(1H)-carboxamide
9 (15 mg, yield 11.3%) as a white solid.

[0214] MS m/z (ESI): 343.3 [M+1]

[0215] HNMR (400 MHz, CDCl,):  11.18 (s, 1H), 8.31
(s, 1H), 7.06 (s, 1H), 6.54 (s, 1H), 5.63-5.58 (m, 1H),
4.06-4.01 (m, 2H), 3.63-3.58 (m, 2H), 3.26-3.21 (m, SH),
2.92-2.88 (m, 2H), 2.04-2.01 (m, 2H), 1.94-1.89 (m, 2H),
1.89-1.74 (m, 6H)

Example 10
(3aR,58,6aS/3aS,5R ,6aR )-tert-Butyl 3a-methyl-5-

(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate

[0216]

k /
N
N H
and enantiomer thereof

OH

step 2

and enantiomer thereof and enantiomer thereof
1b 10a
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-continued

Hitnee

N N
O)\O % o )\O
and enantiomer thereof and enantiomer thereof

10b 10c
Cl

i} Hiune

and enantiomer thereof
10

Step 1

(3aR,58,6aS8/3aS,5R ,6aR)-tert-Butyl 5-hydroxy-3a-
methylhexahydrocyclopenta[ c]pyrrole-2(1H)-car-
boxylate
[0217] Crude product (3aR,6aS/3aS,6aR)-tert-butyl
3a-methyl-5-oxohexahydro  cyclopenta[c]|pyrrole-2(1H)-
carboxylate 1b (1 g, 4.2 mmol) was dissolved in 10 mL of
methanol, followed by addition of sodium borohydride (320
mg, 8.4 mmol). After reacting for 1 hour, the reaction
mixture was poured into 50 mL of saturated ammonium
chloride solution and extracted with ethyl acetate (20
ml.x3). The organic phases were combined, washed with
H,O (5 mLx3) and saturated sodium chloride solution (5
ml.x3) successively, dried over anhydrous sodium sulfate,
and filtered. The filtrate was concentrated under reduced
pressure to obtain the crude title product (3aR,5S,6aS/3aS,
5R,6aR)-tert-butyl  5-hydroxy-3a-methylhexahydrocyclo-
penta[c]pyrrole-2(1H)-carboxylate 10a (900 mg, colourless
grease), which was used directly in the next step without

further purification.

Step 2

(3aR,5R,6aS/3a8,58,6aR )-tert-Butyl 3a-methyl-5-
((methylsulfonyl)oxy) hexahydrocyclopenta[c]pyr-
role-2(1H)-carboxylate
[0218] Crude product (3aR,5R,6aS/3aS,5S,6R)-tert-butyl
5-hydroxy-3a-methylhexahydro cyclopentalc|pyrrole-2
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(1H)-carboxylate 10a (1 g, 4.2 mmol) was dissolved in 10
mL of dichloromethane, followed by addition of triethylam-
ine (1.27 g, 12.6 mmol). A 5 mL solution of methylsulfonyl
chloride in dichloromethane (700 mg, 6.2 mmol) was added
dropwise to the reaction mixture at 0° C. After reacting for
16 hours, the reaction mixture was poured into 10 ml of
H,O0. The aqueous phase and organic phase were separated.
The organic phases were combined and washed with satu-
rated sodium bicarbonate (10 m[.x3) and saturated sodium
chloride solution (10 ml.x3) successively, dried over anhy-
drous sodium sulfate, and filtered. The filtrate was concen-
trated under reduced pressure to obtain the title product
(3aR,5R,6a5/3a8,58,6aR )-tert-butyl 3a-methyl-5-((methyl-
sulfonyl)oxy)hexahydrocyclopenta[c|pyrrole-2(1H)-car-

boxylate 10b (1.2 g, yield 92.3%) as a light yellow grease.

Step 3

(3aR,58,6aS/3aS,5R ,6aR )-tert-Butyl 3a-methyl-5-
(methylamino) hexahydrocyclopenta[c|pyrrole-2
(1H)-carboxylate

[0219] (3aR,5R,6aS/3aS,5S,6aR)-tert-butyl 3a-Methyl-5-
((methylsulfonyl)oxy)  hexahydrocyclopenta[c]pyrrole-2
(1H)-carboxylate 10b (500 mg, 1.6 mmol) was dissolved in
10 mL of a solution of IM methylamine in methanol. After
reacting for 16 hours at 40° C., the reaction mixture was
concentrated under reduced pressure at 40° C. to obtain the
crude title product (3aR,5S,6aS/3aS,5R,6aR)-tert-butyl
3a-methyl-5-(methylamino)hexahydrocyclopenta[c]pyr-
role-2(1H)-carboxylate 10c (350 mg, light yellow grease),
which was used directly in the next step without further
purification.

Step 4

(3aR,58,6aS/3aS,5R ,6aR )-tert-Butyl 3a-methyl-5-
(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate

[0220] Crude product (3aR,5S,6aS/3aS,5R,6aR)-tert-bu-
tyl 3a-methyl-5-(methylamino) hexahydrocyclopenta[c]pyr-
role-2(1H)-carboxylate 10c (350 mg, 1.37 mmol) was dis-
solved in 10 ml. of n-butanol, followed by addition of
4-chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (320 mg, 2.06
mmol) and triethylamine (410 mg, 4.13 mmol). After react-
ing for 16 hours at 100° C., the reaction mixture was cooled
to room temperature and poured into 50 mL of H,O,
followed by addition of 20 mL of ethyl acetate. The aqueous
phase and organic phase were separated. The aqueous phase
was extracted with ethyl acetate (10 mL). The organic
phases were combined, washed with H,O (5 mL.x3) and
saturated sodium chloride solution (5 ml.x3) successively,
dried over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated under reduced pressure, and the
resulting residue was purified by thin layer chromatography
with elution system A to obtain the title product (3aR,5S,
6aS/3aS,5R,6aR)-tert-butyl  3a-methyl-5-(methyl(7H-pyr-
rolo[2,3-d|pyrimidin-4-yl)amino)hexahydrocyclopenta|c]
pyrrole-2(1H)-carboxylate 10 (20 mg, yield 3.9%) as a light
yellow grease.

[0221] MS m/z (ESI): 372.2 [M+1]

[0222] 'H NMR (400 MHz, DMSO-dy): 8 11.61 (s, 1H),
8.09 (s, 1H), 7.10 (s, 1H), 6.53 (s, 1H), 5.47-5.44 (m, 1H),
3.52 (t, 1H), 3.44 (m, 1H), 3.28 (d, 1H), 3.20 (d, 1H), 3.17
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(s, 3H), 2.33-2.30 (m, 1H), 2.13-2.07 (m, 1H), 1.96-1.91 (m,
1H), 1.73-1.67 (m, 2H), 1.42 (s, 9H), 1.22 (s, 3H)

Example 11

1-((3aR,58S,6aS)-5-(Methyl(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)amino) hexahydrocyclopenta[c]|pyrrol-2
(1H)-yl)ethanone

[0223]

11

[0224] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (200 mg, 0.68 mmol) was dissolved in 20 mL of
dichloromethane, followed by addition of triethylamine (206
mg, 2.04 mmol). After reacting for 0.5 hour, the reaction
mixture was mixed dropwise with acetylchloride (53 mg,
0.68 mmol). After reacting for 16 hours, the reaction mixture
was mixed with 10 mL of H,O. The aqueous phase and
organic phase were separated. The organic phases were
combined, dried over anhydrous sodium sulfate, and filtered.
The filtrate was concentrated under reduced pressure and
purified by preparative HPL.C to obtain the title product
1-(3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-
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ylamino) hexahydrocyclopenta[c]pyrrol-2(1H)-yl)etha-
none 11 (20 mg, yield 9.8%) as a white solid.

[0225] MS m/z (ESI): 300.3 [M+1]

[0226] 'H NMR (400 MHz, CDCl,): & 11.32 (s, 1H), 8.30
(s, 1H), 7.08 (s, 1H), 6.52 (s, 1H), 5.66-5.61 (m, 1H),
3.77-3.71 (m, 2H), 3.43-3.40 (m, 2H), 3.33 (s, 3H), 3.87-2.
95 (m, 2H), 2.02-2.00 (m, 2H), 1.94-1.89 (m, 2H)

Example 12

Ethyl 2-((3aR,58S,6aS)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydrocyclopenta[c]pyr-
rol-2(1H)-yl)acetate

[0227]

0
H,?‘ N/ﬁ(\/

[0228] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) and potassium carbonate
(94 mg, 0.68 mmol) was dissolved in 5 mL of 1,4-dioxane.
After reacting for 0.5 hour, the reaction mixture was mixed
dropwise with 2-ethyl bromoacetate (56 mg 0.34 mmol).
After reacting for 4 hours, 50 mL of dichloromethane were
added to the reaction mixture to dissolve the residue. The
reaction mixture was washed with saturated sodium chloride
solution (15 mL). The organic phases were combined, dried
over anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure and the resulting resi-
due was purified by thin layer chromatography with elution
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system A to obtain the title product ethyl 2-((3aR,58,6aS)-
5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)hexahy-
drocyclopenta[c|pyrrol-2(1H)-yl)acetate 12 (24 mg, yield
21.4%) as a white solid.

[0229] MS m/z (ESI): 344.4[M+]

[0230] 'H NMR (400 MHz, DMSO-d,): § 11.54 (s, 1H),
8.09 (s, 1H), 7.07-7.06 (m, 1H), 6.76-6.75 (m, 1H), 5.36-5.
34 (m, 1H), 4.11 (q, 2H), 3.28 (s, 2H), 3.08 (s, 3H),
2.67-2.65 (m, 4H), 1.95-1.93 (m, 2H), 1.63-1.58 (m, 2H),
1.25-1.18 (m, SH)

Example 13

Cyclopropyl((3aR,58,6aS)-5-(methyl(7H-pyrrolo[ 2,
3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)methanone

[0231]

[0232] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichlormethane, followed by dropwise addition of triethyl-
amine (69 mg, 0.68 mmol). After reacting for 0.5 hour, the
reaction mixture was mixed with cyclopropyl formyl chlo-
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ride (39 mg, 0.37 mmol). After reacting for 3 hours, 50 mL -continued

of dichloromethane was added into the reaction mixture to HCI
dissolve the residue. The reaction mixture was washed with
saturated sodium chloride solution (15 ml.). The organic

phases were combined, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by

thin layer chromatography with elution system A to obtain I\i S \

the title product cyclopropyl ((3aR,5S,6aS)-5-(methyl(7H- k N

pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta N H

[c]pyrrol-2(1H)-yl)methanone 13 (26 mg, yield 23.6%) as a and enantiloiner thereof
a

white solid.

[0233] MS m/z (ESI): 326.1 [M+1]

[0234] H NMR (400 MHz, DMSO-d): & 11.60 (s, 1H),
8.09 (s, 1H), 7.11-7.10 (m, 1H), 6.52-6.51 (m, 1H), 5.48-5.
44 (m, 1H), 3.85-3.83 (m, 1H), 3.55-3.49 (m, 2H), 3.24-3.21
(m, 1H), 3.15 (s, 3H), 2.93-2.91 (m, 1H), 2.81-2.79 (m, 1H),
2.03-1.98 (m, 2H) 1.83-1.78 (m, 3H), 0.78-0.71 (m, 4H)

NT Y \
Example 14 L
Z~N
N H
2-Hydroxy-1-((3aS,5R,6aR/3aS,5R,6aR)-3a-methyl- and enantiomer thereof
5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino) 14

hexahydrocyclopenta[c]pyrrol-2(1H)-yl)ethanone

[0235]

Step 1

N-Methyl-N-((3aR,58,6aS/3aS,5R,6aR )-3a-methyl
octahydro cyclopenta[c|pyrrol-5-y1)-7H-pyrrolo[2,3-
Q d]pyrimidin-4-amine hydrochloride
H NJK/OH [0236] (3aR,5S,6aS/3aS,5R,6aR)-tert-Butyl 3a-methyl-5-
. (methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahy-

drocyclopenta[c|pyrrole-2(1H)-carboxylate 10 (1.56 g, 4.2
mmol) was dissolved in 20 mL of a solution of 1 M

%
Z
z

W hydrogen chloride in methanol. After reacting for 16 hours,

the reaction mixture was concentrated under reduced pres-

Xy sure to obtain the crude title product N-methyl-N-((3aR,5S,
| \ 6S/3aS,5R,6aR)-3a-methyloctahydrocyclopenta[c]pyrrol-5-

k = y)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydrochloride 14a
E (1.5 g, brown solid), which was used directly in the next step

without further purification.
Step 2

2-Hydroxy-1-((3aS,5R,6R/3aS,5R,6aR )-3a-methyl-
5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-2(1H)-yl)ethanone

[0237] N-Methyl-N-((3aR,58S,6aS/3aS,5R,6aR)-3a-
methyl octahydro cyclopenta[c]pyrrol-5-y1)-7H-pyrrole[2,
step 1 3-d|pyrimidin-4-amine hydrochloride 14a (70 mg, 0.22
mmol) was dissolved in 5 mL of dichloromethane, followed
N X \ by addition of triethylamine (67 mg, 0.66 mmol). After
L reacting for 0.5 hour, the reaction mixture was mixed with
Sy 2-glycolic acid (25 mg, 0.33 mmol) and O-(7-azabenzotri-
azol-1-y1)-N,N,N'N'-tetramethylformamidinium hexafluo-
and enantiomer thereof rophosphate (210 mg, 0.33 mmol). After reacting for 16
10 hours, the reaction mixture was concentrated under reduced
pressure, and purified by preparative HPLC to obtain the
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title product 2-hydroxy-1-((3aS,5R,6aR/3aS,5R,6aR)-3a-
methyl-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)
hexahydrocyclopentalc]pyrrol-2(1H)-yl)ethanone 14 (11
mg, yield 13.9%) as a light yellow solid.

[0238] MS m/z (ESI): 330.4[M+1]

[0239] 'H NMR (400 MHz, DMSO-dy): § 11.62 (s, 1H),
8.09 (s, 1H), 7.12 (s, 1H), 6.54 (s, 1H), 5.51 (s, 1H), 4.56 (s,
1H), 4.01-3.66 (m, 2H), 3.64-3.58 (m, 1H), 3.23 (s, 3H),
2.11 (d, 1H), 2.10-2.08 (m, 1H), 1.99-1.97 (m, 1H), 1.76-
1.70 (m, 2H), 1.30-1.19 (m, 5H)

Example 15

N-((3aR,58,6aS)-2-(Cyclopropylsulfonyl)octahydro-
cyclopenta[c]pyrrol-5-yl)-N-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine

[0240]

O
L
R
6a
15
[0241] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-

chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of

dichloromethane, followed by addition of triethylamine (78
mg, 0.7 mmol). After reacting for 0.5 hour, the reaction
mixture was mixed dropwise with cyclopropyl sulfonyl
chloride (54 mg, 0.4 mmol). After reacting for 16 hours, the

Feb. 16, 2017

reaction mixture was mixed with 10 mL of H2O. The
aqueous phase and organic phase were separated. The
organic phases were combined, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure, and purified by preparative HPLC
to obtain the title product N-((3aR,5S,6aS)-2-(cyclopropyl-
sulfonyl)octahydrocyclopenta[c|pyrrol-5-y1)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine 15 (20 mg, yield 14.3%)
as a white solid.

[0242] MS m/z (ESI): 362.3 [M+1]

[0243] 'HNMR (400 MHz, CDCl,): § 10.11 (s, 1H), 8.31
(s, 1H), 7.08 (s, 1H), 6.70 (s, 1H), 5.52 (s, 1H), 3.57 (s, 2H),
3.31-3.25 (m, 4H), 2.95-2.93 (m, 2H), 2.39-2.27 (m, 2H),
1.25-1.20 (m, 4H), 1.04-1.03 (m, 2H), 0.87-0.86 (m, 2H)

Example 16

tert-Butyl (2-((3aR,58S,6aS)-5-(methyl(7H-pyrrolo[2,
3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)-2-oxoethyl)carbamate

[0244]

[0245]

N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
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chloride 6a (500 mg, 1.7 mmol) was dissolved in 20 mL of
dichloromethane, followed by addition of triethylamine
(0.47 mL, 3.4 mmol). After reacting for 1 hour, the reaction
mixture was added with 2-tert-butoxy formamide) acetic
acid (0.36 g, 2.04 mmol) and O-(7-azabenzotriazol-1-y1)-N,
N,N',N'-tetramethylformamidinium hexafluorphosphate
(0.76 g, 2.04 mmol). After reacting for 11 hours, the reaction
mixture was mixed with 100 mL of dichloromethane. The
reaction mixture was washed with saturated sodium chloride
solution (20 mIL.x2). The organic phases were combined,
dried over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated under reduced pressure, and the
resulting residue was purified by thin layer chromatography
with elution system A to obtain the title product tert-butyl
(2-((3aR,58,6aS)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidine-
4-ylamino)hexahydrocyclopenta[c|pyrrol-2(1H)-y1)-2-
oxoethyl)carbamate 16 (320 mg, yield 45.5%) as a light
yellow solid.

[0246] MS m/z (ESI): 415.4 [M+1]

[0247] 'H NMR (400 MHz, DMSO-d,): 8 11.60 (s, 1H),
8.10 (s, 1H), 7.13-7.12 (m, 1H), 6.76-6.75 (m, 1H), 6.54 (s,
1H), 5.49-5.47 (m, 1H), 3.73-3.59 (m, 4H), 3.28-3.20 (m,

2H), 3.16 (s, 3H), 2.91-2.90 (m, 1H), 2.79-2.78 (m, 1H),
2.02-1.95 (m, 2H), 1.81-1.76 (m, 2H), 1.39 (s, 9H)

Example 17

(S)-2-Hydroxy-1-((3aR,5R,6aS)-5-(methyl(7H-pyr-
rolo[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclo-
penta[c]pyrrol-2(1H)-yl)propan-1-one

[0248]
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[0249] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of triethylamine (101
mg, 1 mmol), (S)-2-hydracrylic acid (46 mg, 0.5 mmol), and
O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethylformami-
dinium hexafluorophosphate (190 mg 0.5 mmol). After
reacting for 16 hours, the reaction mixture was concentrated
under reduced pressure, and the resulting residue was puri-
fied by thin layer chromatography with elution system A to
obtain the title product (S)-2-hydroxy-1-((3aR,5R,6aS)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahy-
drocyclopenta[c|pyrrol-2(1H)-yl)propan-1-one 17 (13 mg,
yield 11.6%) as a light yellow solid.

[0250] MS m/z (ESI): 330.3 [M+1]

[0251] H NMR (400 MHz, DMSO-d,): 8 11.61 (s, 1H),
8.09-8.07 (m, 1H), 7.12-7.10 (m, 1H), 6.53 (s, 1H), 5.46-5.
44 (m, 1H), 4.88-4.83 (m, 1H), 4.32-4.21 (m, 1H), 3.65-3.60
(m, 3H), 3.32-3.23 (m, 2H), 3.22-3.15 (m, 2H), 2.88-2.79
(m, 2H), 2.01-1.95 (m, 2H), 1.77-1.74 (m, 2H), 1.23-1.17
(m, 3H)

Example 18

2-Methoxy-1-((3aR,5S,6aS)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethanone

[0252]
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[0253] N-Methyl-N-((3aR,58,6S)-octahydrocyclopenta[c]
pyrrol-5-y1)-7H-pyrrolo[2,3-d|pyrimidin-4-amine  hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of triethylamine (101
mg, 1.02 mmol). After reacting for 0.5 hour, the reaction
mixture was mixed dropwise with 2-methoxyacetic acid (30
mg, 0.33 mmol). After reacting for 16 hours, the reaction (s,
2H), 3.84-3.72 (m, 2H), 3.50-3.46 (m, 4H), 3.45-3.36 (m,
1H), 3.26 (s, 3H), 2.97-2.86 (m, 2H), 2.08-2.04 (m, 2H),
1.95-1.93 (m, 2H) mixture was mixed with 10 mL of H,O.
The aqueous phase and organic phase were separated. The
organic phases were combined, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure, and purified by preparative HPLC
to obtain the title product 2-methoxy-1-((3aR,5S,6aS)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahy-
drocyclopenta[c]pyrrol-2(1H)-yl)ethanone 18 (20 mg, yield
17.9%) as a white solid.

[0254] MS m/z (ESI): 330.3 [M+1]

[0255] 'H NMR (400 MHz, CDC,): § 10.51 (s, 1H), 8.30
(s, 1H), 7.06 (s, 1H), 6.54 (s, 1H), 5.66-5.58 (m, 1H), 4.07
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Example 19

(R)-2-Hydroxy-1-((3aR,58S,6aS)-5-(methyl(7H-pyr-
rolo[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclo-
penta[c|pyrrol-2(1H)-yl)propan-1-one

[0256]

OH

N X
6a

OH

19

[0257] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of (R)-2-hydracrylic
acid (46 mg, 0.5 mmol) and O-(7-azabenzotriazol-1-y1)-N,
N,N'.N-tetramethylformamidinium  hexafluorophosphate
(190 mg, 0.5 mmol). After reacting for 16 hours, the reaction
mixture was concentrated under reduced pressure, and the
resulting residue was purified by thin layer chromatography
with elution system A to obtain the title product (R)-2-
hydroxy-1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d|py-
rimidin-4-yl)amino)hexahydrocyclopenta|c]pyrrol-2(1H)-
yDpropan-1-one 19 (6 mg, yield 5.4%) as a yellow solid.
[0258] MS m/z (ESI): 330.4[M+1]

[0259] 'H NMR (400 MHz, DMSO-dy): 8 11.61 (s, 1H),
8.09-8.08 (m, 1H), 7.12-7.11 (m, 1H), 6.53 (s, 1H), 5.47-5.
45 (m, 1H), 4.87-4.82 (m, 1H), 4.31-4.27 (m, 1H), 3.67-3.60
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(m, 3H), 3.32-3.24 (m, 1H), 3.22-3.15 (m, 3H), 2.89-2.79
(m, 2H), 2.03-1.95 (m, 2H), 1.79-1.74 (m, 2H), 1.23-1.17
(m, 3H)

Example 20

2-Amino-1-((3aR,58,6aS)-5-(methyl(7H-pyrrolo[2,
3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)ethanone

[0260]

[0261] tert-Butyl (2-((3aR,5S,6aS)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyr-
rol-2(1H)-yl)-2-oxoethyl)carbamate 16 (261 mg, 0.63
mmol) was dissolved in 8 mL of dichloromethane, followed
by dropwise addition of 2 mL of trifluoroacetic acid. After
reacting for 1 hour, the reaction mixture was mixed with 10
mL of H,O and extracted with dichloromethane (20 mL.x2).
1 M sodium hydroxide solution was added to the aqueous
phase to increase the pH value up to 9, and extracted with
dichloromethane (30 mL.x5). The organic phases were com-
bined, washed with saturated sodium chloride solution (15
ml), dried over anhydrous sodium sulfate and filtered. The
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filtrate was concentrated under reduced pressure, and the
resulting residue was purified by thin layer chromatography
with elution system A to obtain the title product 2-amino-
1-((3aR,58S,6aS)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
ylDamino)hexahydrocyclopenta|c|pyrol-2(1H)-yl)ethanone
20 (145 mg, yield 73.2%) as a light yellow solid.

[0262] MS m/z (ESI): 315.5 [M+1]

[0263] 'H NMR (400 MHz, DMSO-dy): 8 11.93 (s, 1H),
830 (s, 2H), 8.13 (s, 1H), 7.21-7.20 (m, 1H), 6.63-6.62 (m,
1H), 5.49-5.45 (m, 1H), 3.83-3.65 (m, 4H), 3.40-3.35 (m,
2H), 3.20 (s, 3H), 2.93-2.83 (m, 2H), 2.03-1.97 (m, 2H),
1.83-1.81 (m, 2H)

Example 21

N-(2-((3aR,58S,6aS)-5-(Methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyr-
rol-2(1H)-yl1)-2-oxoethyl)methanesulfonamide

[0264]

21

[0265] 2-Amino-1-((3aR,58,6a8)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyr-
rol-2(1H)-yl)ethanone 20 (60 mg, 0.19 mmol) was dissolved
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in 10 mL of dichloromethane, followed by dropwise addi-
tion of triethylamine (38 mg, 0.38 mmol) and methylsulfo-
nyl chloride (24 mg, 0.29 mmol) in an ice bath. After
reacting for 2 hours, the reaction mixture was concentrated
under reduced pressure and the resulting residue was puri-
fied by thin layer chromatography with elution system A to
obtain the title product N-(2-((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-y1)-2-0xoethyl)methanesulfonamide 21 (8
mg, yield 11.3%) as a light yellow solid.

[0266] MS m/z (ESI): 393.3 [M+1]

[0267] 'H NMR (400 MHz, DMSO-dy): 8 11.60 (s, 1H),
8.09 (s, 1H), 7.13-7.10 (m, 2H), 6.55-6.53 (m, 1H), 5.50-5.
46 (m, 1H), 3.88-3.82 (m, 2H), 3.65-3.60 (m, 2H), 3.32-3.25
(m, 2H), 3.15 (s, 3H), 2.96 (s, 3H), 2.93-2.73 (m, 2H),
1.99-1.94 (m, 2H), 1.78-1.75 (m, 2H)

Example 22

4-((3aR,58,6aS)-5-(Methyl(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)amino) hexahydrocyclopenta[c]pyrrol-2
(1H)-yl)-4-oxobutanenitrile

[0268]
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[0269] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of triethylamine (101
mg, 1 mmol), 3-cyano propionic acid (37 mg, 037 mmol),
and O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethylfor-
mamidinium hexafluorophosphate (194 mg, 0.5 mmol).
After reacting for 24 hours, the reaction mixture was added
with 10 mL of saturated ammonium chloride to quench the
reaction. The aqueous phase and the organic phase were
separated. The aqueous phase was extracted with dichlo-
romethane (15 mIL.x2). The organic phases were combined,
washed with saturated sodium chloride solution (15 mL),
dried over anhydrous magnesium sulfate, and filtered. The
filtrate was concentrated under reduced pressure, and the
resulting residue was purified by thin layer chromatography
with elution system A to obtain the title product 4-((3aR,
58S,6a8)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]pyrrol-2(1H)-yl)-4-oxobu-
tanenitrile 22 (6 mg, yield 5.2%) as a white solid.

[0270] MS m/z (ESI): 339.4[M+1]

[0271] 'H NMR (400 MHz, DMSO-dy): § 11.61 (s, 1H),
8.10-8.09 (m, 1H), 7.12-7.11 (m, 1H), 6.54-6.53 (m, 1H),
3.69-3.57 (m, 2H), 3.36-3.35 (m, 6H), 3.24-3.21 (m, 1H),
3.16-3.15 (m, 3H), 2.65-2.64 (m, 3H), 1.25-1.24 (m, 3H)

Example 23
2-Hydroxy-1-((3aR,5R,6a8)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta

[c]pyrrol-2(1H)-yl)ethanone
[0272]
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Step 1

(3aR,5R,6aS)-tert-Butyl 5-(methylamino)hexahydro-
cyclopenta[c|pyrrole-2(1H)-carboxylate

[0273] (3aR,6aS)-tert-Butyl 5-oxohexahydrocyclopenta
[c]pyrrole-2(1H)-carboxylate 23a (1.0 g, 4.44 mmol) was
dissolved in 20 mL of 2 M methylamine. After reacting for
1 hour, the reaction mixture was mixed with sodium cya-
noborohydride (420 mg, 6.66 mmol) in batches. After react-
ing for 1 hour, the reaction mixture was concentrated under
reduced pressure, followed by addition of 50 mL of dichlo-
romethane to dissolve the residue, then washed with satu-
rated sodium chloride solution (20 mL). The organic phases
were combined, dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced pres-
sure to obtain the crude title product (3aR,5R,6aS)-tert-butyl
5-(methylamino)hexahydrocyclopenta[c|pyrrole-2(1H)-car-
boxylate 23b (1.23 g, yellow grease), which was used
directly in the next step without further purification.

[0274] MS m/z (ESI): 241.3 [M+1]
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Step 2

(3aR,5R,6aS)-tert-Butyl 5-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxylate

[0275] (3aR,5R,6aS)-tert-Butyl 5-(methylamino)hexahy-
drocyclopenta[c|pyrrole-2(1H)-carboxylate 23b (1.06 g,
4.41 mmol) was dissolved in 20 mL of n-butanol, followed
by addition of 4-chlorine-7H-pyrrolo[2,3-d|pyrimidine (670
mg, 441 mmol) and potassium carbonate (1.22 g, 8.82
mmol). After reacting for 24 hours at 110° C. the reaction
mixture was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column chroma-
tography with elution system A to obtain the title product
(3aR,5R,6aS)-tert-butyl  S5-(methyl(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)amino) hexahydrocyclopenta[c]pyrrole-2(1H)-
carboxylate 23¢ (830 mg, yield 52.9%) as a light yellow
solid.

[0276] MS m/z (ESI): 358.2 [M+1]

Step 3

N-Methyl-N-((3aR,5R,6aS)-octahydrocyclopenta[c]
pyrrol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
hydrochloride

[0277] (3R,5R,6aS)-tert-Butyl  5-(methyl(7H-pyrrolo[2,
73-d]pyrimidin-4-yl)amino)  hexahydrocyclopenta[c]|pyr-
role-2(1H)-carboxylate 23¢ (830 mg, 2.32 mmol) was dis-
solved in 10 mL of a solution of 6 M hydrogen chloride in
methanol. After reacting for 16 hours, the reaction mixture
was concentrated under reduced pressure, washed with
anhydrous diethyl ether (20 mL), and dried in vacuo to
obtain the title product N-methyl-N-((3aR,5R,6aS)-octahy-
drocyclopenta[c]pyrrol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine hydrochloride 23d (630 mg, yield 92.6%) as a gray
solid.

Step 4

2-Hydroxy-1-((3aR,5R,6a8)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethanone

[0278] N-Methyl-N-((3aR,5R,6a8)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 23d (100 mg, 0.34 mmol) was dissolved in 5 mL of
n-butanol, followed by addition of 2-hydroxy methyl acetate
(61 mg 0.68 mmol) and 1,8-diazabicyclo-bicyclo|[5,4,0]-7-
hendecene (103 mg, 0.68 mmol). After reacting for 10 hours
at 60° C., the reaction mixture was warmed up to 60° C. for
10 hours. The reaction mixture was concentrated under
reduced pressure, and the resulting residue was purified by
thin layer chromatography with elution system A to obtain
the title product 2-hydroxy-1-((3aR,5R,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethanone 23 (8 mg, yield 7.5%) as a gray
solid.

[0279] MS m/z (ESI): 316.2 [M+1]

[0280] 'H NMR (400 MHz, DMSO-d,): § 11.61 (s, 1H),
8.09 (s, 1H), 7.12 (s, 1H), 6.58 (s, 1H), 5.32-5.30 (m, 1H),
4.52-4.49 (m, 1H), 4.08-3.99 (m, 2H), 3.54-3.51 (m, 2H),
3.42-3.37 (m, 2H), 3.16 (s, 3H), 2.75-2.63 (m, 2H), 2.02-1.
99 (m, 2H), 1.57-1.52 (m, 2H)
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Example 24

Methyl 2-(3aR,58S,6aS)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyr-
rol-2(1H)-yl)acetate

[0281]

(@)
H/” N/ﬁ(\

24

[0282] N-Methyl-N-((3aR,58S,6aS-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of triethylamine (101
mg, 1 mmol) and 2-methyl bromoacetate (54 mg, 0.35
mmol). After reacting for 16 hours, the reaction mixture was
mixed with 15 mL of saturated ammonium chloride to
quench the reaction. The aqueous phase and the organic
phase were separated. The aqueous phase was extracted with
dichloromethane (15 ml.x2). The organic phases were com-
bined, washed with saturated sodium chloride solution (25
ml), dried over anhydrous magnesium sulfate, and filtered.
The filtrate was concentrated under reduced pressure, and
the resulting residue was purified by thin layer chromatog-
raphy with elution system A to obtain the title product
methyl  2-((3aR,58,6a8)-5-(methyl(7H-pyrrolo[2,3-d|py-
rimidin-4-yl)amino) hexahydrocyclopenta[c|pyrrol-2(1H)-
yDacetate 24 (6 mg, yield 5.4%) as a white solid.

[0283] MS m/z (ESI): 330.4[M+1]
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[0284] 'H NMR (400 MHz, CDCL,): & 10.61 (s, 1H),
8.27-8.26 (m, 1H), 7.10-7.09 (m, 1H), 6.91 (s, 1H), 5.49-5.
46 (m, 1H), 3.78 (s, 3H), 3.40-3.33 (m, 2H), 3.23 (s, 3H),
2.90-2.83 (m, 4H), 2.57-2.55 (m, 1H), 2.02-1.94 (m, 2H),
1.83-1.78 (m, 2H), 1.47-1.46 (m, 1H)

Example 25

(3aR,58,6S)-Isopropyl 5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyr-
role-2(1H)-carboxylate

[0285]
\N\\““
NN
L.
N
O
L.
R
25
[0286] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of triethylamine (101
mg, 1 mmol) and isopropyl chloroformate (46 mg, 0.37
mmol). After reacting for 16 hours, the reaction mixture was
mixed with 15 mL of saturated ammonium chloride to
quench the reaction. The aqueous phase and the organic
phase were separated. The aqueous phase was extracted with
dichloromethane (15 ml.x2). The organic phases were com-
bined, washed with saturated sodium chloride solution (15
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ml), dried over anhydrous magnesium sulfate and filtered.
The filtrate was concentrated under reduced pressure, and
the resulting residue was purified by thin layer chromatog-
raphy with elution system A to obtain the title product
(3aR,58,6aS)-isopropyl  S5-(methyl(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)amino)hexahydrocyclopenta[c|pyrrole-2(1H)-
carboxylate 25 (6 mg, yield 5.1%) as a white solid.

[0287] MS m/z (ESI): 344.4[M+1]

[0288] 'H NMR (400 MHz, CDCl,): § 10.61 (s, 1H), 8.34
(s, 1H), 7.10-7.09 (m, 1H), 6.60-6.59 (m, 1H), 5.64-5.60 (m,
1H), 5.01-4.95 (m, 1H), 3.32-3.30 (m, 4H), 2.91-2.90 (m,
1H), 2.11-2.03 (m, 2H), 1.98-1.93 (m, 2H), 1.31-1.30 (m,
10H)

Example 26

2-((3aR,58S,6aS)-5-(Methyl(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)amino) hexahydrocyclopenta[c]pyrrol-2
(1H)-yD)acetonitrile

[0289]

[0290] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of triethylamine (101
mg, 1 mmol) and bromoacetonitrile (41 mg, 0.34 mmol).
After reacting for 24 hours, the reaction mixture was mixed
with a small amount of saturated ammonium chloride solu-
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tion to quench the reaction. The aqueous phase and the
organic phase were separated. The aqueous phase was
extracted with dichloromethane (10 ml.x3). The organic
phases were combined, washed with saturated ammonium
chloride solution (10 mL) and saturated sodium chloride
solution (10 mL) successively, dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by
thin layer chromatography with elution system A to obtain
the title product 2-((3aR,58S,6aS)-5-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyrrol-2
(1H)-yDacetonitrile 26 (10 mg, yield 9.9%) as a white solid.
[0291] MS m/z (ESI): 297.2 [M+1]

[0292] 'H NMR (400 MHz, CDCL,): & 10.43 (s, 1H),
8.33-8.32 (m, 1H), 7.10-7.09 (m, 1H), 6.72-6.71 (m, 1H),
5.50-5.43 (m, 1H), 3.22 (s, 3H), 2.87-2.86 (m, 4H), 2.73-2.
66 (m, 2H), 2.09-2.04 (m, 2H), 1.85-1.80 (m, 4H)

Example 27

3-((3aR,58S,6aS)-5-(Methyl(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)amino) hexahydrocyclopenta[c]|pyrrol-2
(1H)-yl)propanenitrile

[0293]

27
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[0294] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta -continued
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro- Cl
chloride 6a (100 mg, 0.34 mmol) was dissolved in 5 mL of
dichloromethane, followed by addition of triethylamine (101
mg, 1 mmol) and 3-bromo propionitrile (46 mg, 0.34 mmol).
After reacting for 24 hours, the reaction mixture was mixed
with a small amount of saturated ammonium chloride solu-
tion to quench the reaction. The aqueous phase and the
organic phase were separated. The aqueous phase was
extracted with dichloromethane (10 ml.x3). The organic
phases were combined, washed with saturated ammonium
chloride solution (10 mL) and saturated sodium chloride
solution (10 mL) successively, dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by
thin layer chromatography with elution system A to obtain
the title product 3-((3aR,58S,6a8)-5-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino) hexahydrocyclopenta|c]pyrrol-2
(1H)-yDpropenenitrile 27 (10 mg, yield 9.4%) as a white
solid.

[0295] MS m/z (ESI): 311.3 [M+1]

[0296] 'H NMR (400 MHz, CDCL): § 10.77 (s, 1H),
8.35-8.34 (m, 1H), 7.12-7.11 (m, 1H), 6.75-6.74 (m, 1H),
5.50-5.41 (m, 1H), 3.22 (s, 3H), 2.83-2.80 (m, 4H), 2.63-2.
59 (m, 4H), 1.98-1.81 (m, 4H), 1.81-1.78 (m, 2H)

Examples 28 and 29 Xy \
N-((3aR,58S,6aS)-2-(4,6-Dichloropyrimidin-2-yl) L P~
octahydrocyclopenta|c[pyrrol-5-yl)-N-methyl-7H- N 0
pyrrolo[2,3-d]pyrimidin-4-amine 29

N-((3a,58,6a8)-2-(2,6-Dichloropyrimidin-4-yl)octa-
hydrocyclopenta[c]pyrrol-5-yl)-N-methyl-7H-pyr- [0298] N-Methyl-N-((3R,5S,6a8)-octahydrocyclopenta[c]
rolo[2.3-d]pyrimidin-4-amine pyrrol-5-y1)-7H-pyrrolo[2,3-d|pyrimidin-4-amine  hydro-
[0297] chloride 6a (55 mg, 0.2 mmol) was dissolved in 5 mL of
ethanol, followed by addition of triethylamine (52 mg, 0.5
ol ol mmol). After reacting for 0.5 hour, the reaction mixture was
)\ mixed with 2,4,6-trichloropyrimidine (32 mg, 0.2 mmol).
N7 N After reacting for 16 hours, the reaction mixture was con-
)\J\ centrated under reduced pressure, and the resulting residue
N cl was purified by thin layer chromatography with elution
y system A to obtain the title products N-((3aR,5S,6aS)-2-(4,
™ ;’H 6-dichloropyrimidin-2-yl)octahydrocyclopenta|c]pyrrol-5-
y1)-N-methyl-7H-pyrrolo[2,3-d|pyrimidin-4-amine 28 (10
NS N\ ms, yield 20.0%) as a white solid) and N-((3aR,5S,6aS)-2-
L ~ (2,6-dichloropyrimidin-4-yl)octahydrocyclopenta[c|pyrrol-
N it 5-y)-N-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine 29 (20
mg, yield 40.0%) a white solid.

[0299] MS m/z (ESI): 404.3 [M+1]

[0300] H NMR (400 MHz, CDCL,): § 9.81 (s, 1H), 8.28
(s, 1H), 7.01 (s, 1H), 6.57 (s, 1H), 6.50 (d, 1H), 5.64-5.60
(m, 1H), 3.90-3.85 (m, 2H), 3.59-3.56 (m, 2H), 3.25 (s, 3H),
3.04-2.96 (m, 2H), 2.13-2.05 (m, 2H), 1.99-1.95 (m, 2H)

L [0301] H NMR (400 MHz, CDCL,): § 9.97 (s, 1H), 8.28

Y (s, 1H), 7.04 (s, 1H), 6.52 (d, 1H), 6.26 (d, 1H), 5.69-5.65

H (m, 1H), 3.96-3.92 (m, 1H), 3.68-3.64 (m, 2H), 3.28-3.24

6a (m, 4H), 3.06-3.01 (m, 2H), 2.09-2.00 (m, 2H), 1.98-1.95
(m, 2H)

1
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Example 30 hydro cyclopenta[c]pyrrole-2(1H)-carboxylate 30 (50 mg,

yield 41.0%) as a white solid.
(3aR,58,6a8)-Methyl 5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydro cyclopenta|c]pyr- [0304] MS m/z (ESI): 3163 [M+1]
role-2(1H)-carboxylate [0305] 'HNMR (400 MHz, CDCL,): & 10.60 (s, 1H), 8.26
[0302] (s, 1H), 7.06-7.05 (m, 1H), 6.54-6.53 (m, 1H), 5.60-5.56 (m,
1H), 3.72 (s, 3H), 3.70-3.65 (m, 2H), 3.32-3.25 (m, 2H),
3.24 (s, 3H), 2.91-2.85 (m, 2H), 2.06-2.00 (m, 2H), 1.92-1.
82 (m, 2H)

Example 31
2-Hydroxy-1-((1R,58S,65)-6-((methyl(7H-pyrrolo[ 2,

3-d]pyrimidin-4-yl)amino )methyl)-3-azabicyclo[3.1.
Olhexan-3-yl)ethanone

[0306]

30

[0303] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (100 mg, 0.34 mmol) was dissolved in 15 mL of
dichloromethane, followed by addition of methylchlorofor-
mate (44 mg, 0.47 mmol) and 3-triethylamine (59 mg, 0.58
mmol) in an ice bath. After reacting for 16 h, the reaction
mixture was mixed with a small amount of saturated sodium
bicarbonate solution and extracted with dichloromethane
(20 mL.x3). The organic phases were combined, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and the resulting resi-
due was purified by thin layer chromatography with elution
system A to obtain the title product (3aR,5S,6aS)-methyl
5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino )hexa-
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-continued

0
F
NTH
3le
I ma
\N/ step 6
D U0
POEERPE
31f 31
Step 1

(1R,58,6R)-tert-Butyl 6-(hydroxymethyl)-3-azabicy-
clo[3.1.0]hexane-3-carboxylate

[0307] (1R,5S,6R)-3-Azabicyclo[3.1.0]hexan-6-ylmetha-
nol 31a (10 g, 88.4 mmol) was dissolved in a mixed solvent
of dioxane and H,O (V/V=3/2), followed by addition of
sodium hydroxide (4.2 g, 106 mmol) and di-tert-butyl dicar-
bonate (28.9 g, 132.6 mmol). After reacting for 10 hours, 50
mL of H,O was added to the reaction mixture. The reaction
mixture was extracted with ethyl acetate (150 mLx3). The
organic phases were combined, washed with saturated
sodium chloride solution (50 mL.x2), dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure, and the resulting residue was puri-
fied by silica gel column chromatography with elution
system C to obtain the title product (1R,5S,6R)-tert-butyl
6-(hydroxymethyl)-3-azabicyclo[3.1.0]hexane-3-carboxy-
late 31b (16.9 g. yield 89.9%) as a light yellow liquid.

Step 2

(1R,5S)-tert-Butyl
6-formyl-3-azabicyclo[3.1.0]hexane-3-carboxylate

[0308] Oxalyl chloride (2.41 mL, 28.1 mmol) was dis-
solved in 100 mL of dichloromethane, followed by dropwise
addition of dimethy] sulfoxide (4.32 mL, 60.8 mmol) at -78°
C. After reacting for 30 minutes, (1R,5S,6R)-tert-butyl
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6-(hydroxymethyl)-3-azabicyclo[3.1.0]hexane-3-carboxy-
late 31b (5.0 g, 23.4 mmol) was added into the reaction
mixture. After reacting for 1 hour, triethylamine (16.23 mL,,
117 mmol) was added to the reaction mixture. After reacting
for 30 minutes at room temperature, 200 mL dichlorometh-
ane, 50 mL of H,0, 50 mL of 1 M hydrochloric acid, and 50
mL of saturated sodium bicarbonate solution were added
into the reaction mixture. The aqueous phase and organic
phase were separated, the organic phase was washed with
saturated sodium chloride solution (50 mL), dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure and the resulting resi-
due was purified by silica gel column chromatography with
elution system C to obtain the title product (1R,5S)-tert-
butyl  6-formyl-3-azabicyclo[3.1.0]hexane-3-carboxylate
31c (4.12 g, yield 82.4%) as a light yellow liquid.

Step 3

(1R,58,68)-tert-Butyl 6-(methylamino)methyl)-3-
azabicyclo[3.1.0]hexane-3-carboxylate

[0309] (1R,5S)-tert-Butyl  6-formyl-3-azabicyclo[3.1.0]
hexane-3-carboxylate 31c (3.05 g, 14.4 mmol) was dis-
solved in 20 mL of a solution of methylamine in methanol.
After reacting for 24 hours, sodium cyanoborohydride (1.09
g, 17.3 mmol) was added into the reaction mixture in an ice
bath in batches. After reacting for 2 hours at room tempera-
ture, 15 mL of saturated sodium chloride solution and 15 mL
of H,O were added to the reaction mixture. The reaction
mixture was extracted with ethyl acetate (30 mLxS). The
organic phases were combined, washed with saturated
sodium chloride solution (15 mL), dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to obtain the title product (1R,5S,
6S)-tert-butyl 6-((methylamino)methyl)-3-azabicyclo[3.1.0]
hexane-3-carboxylate 31d (3.95 g) as a colourless grease,
which was used directly in the next step without further
purification.

[0310] MS m/z (ESI): 227.46 [M+1]

Step 4

(1R,58,68)-tert-Butyl 6-((methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)methyl)-3-azabicyclo[3.1.0]
hexane-3-carboxylate

[0311] 4-Chlor-7H-pyrrolo[2,3-d]pyrimidine 1d (2.21 g,
14.4 mmol) was dissolved in 320 mL of n-butanol, followed
by addition of (1R,58,6S)-tert-butyl 6-((methylamino)
methyl)-3-azabicyclo[3.1.0]hexane-3-carboxylate 31d (3.25
g, 14.4 mmol) and potassium carbonate (3.97 g, 28.8 mmol).
After reacting for 24 hours at 120° C., 150 mL of ethyl
acetate and 20 mL of H,O were added to the reaction
mixture. The aqueous phase and organic phase were sepa-
rated, the organic phase was washed with saturated sodium
chloride solution (20 mL), dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by
silica gel column chromatography with elution system A to
obtain the title product (1R,58,68)-tert-butyl 6-((methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)methyl)-3-azabicyclo
[3.1.0]hexane-3-carboxylate 31e (1.82 g, yield 36.8%) as a
white solid.

[0312] MS m/z (ESI): 344.2 [M+1]
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Step 5

N-((1R,5S,6R)-3-Azabicyclo[3.1.0]hexan-6-ylm-
ethyl)-N-methyl-7H-pyrrolo[2,3-d|pyrimidin-4-
amine hydrochloride

[0313] (1R,5S,6S)-tert-Butyl 6-((methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)methyl)-3-azabicyclo[3.1.0]
hexane-3-carboxylate 31e (1.72 g, 5.01 mmol) was dis-
solved in 20 mL of a solution of 1 M hydrogen chloride in
methanol. After reacting for 14 hours, the reaction mixture
was concentrated under reduced pressure, and the resulting
residue was washed with a mixed solvent of dichlorometh-
ane and diethyl ether (V/V=1), dried under vacuum to obtain
the title product N-((1R,5S,6R)-3-azabicyclo[3.1.0]hexan-
6-ylmethyl)-N-methyl-7H-pyrrolo[2,3-d|pyrimidin-4-
amine hydrochloride 31f (1.17 g, yield 95.9%) as a gray
solid.

[0314] MS m/z (ESI): 244.46 [M+1]

Step 6

2-Hydroxy-1-((1R,58S,6S)-6-((methyl(7H-pyrrolo[2,
3-d]pyrimidin-4-yl)amino)methyl)-3-azabicyclo[3.1.
Olhexan-3-yl)ethanone

[0315] N-((1R,5S,6R)-3-Azabicyclo[3.1.0]hexan-6-ylm-
ethyl)-N-methyl-7H-pyrrolo[ 2,3-d]pyrimidin-4-amine
hydrochloride 31f (100 mg, 0.36 mmol) was dissolved in 5
mL of tetrahydrofuran, followed by addition of triethylam-
ine (111 mg, 1.1 mmol) and O-(7-azabenzotriazol-1-y1)-N,
N,N',N'-tetramethylformamidinium  hexafluorophosphate
(204 mg, 0.54 mmol). After reacting for 30 minutes, 2-gly-
colic acid (30 mg, 0.39 mmol) was added to the reaction
mixture. After reacting for 16 hours, a small amount of
saturated ammonium chloride solution was added to the
reaction mixture to quench the reaction. The aqueous phase
and organic phase were separated. The aqueous phase was
extracted with dichloromethane (10 ml.x3). The organic
phases were combined, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by
thin layer chromatography with elution system A to obtain
the title product 2-hydroxy-1-((1R,5S,6S)-6-((methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)methyl)-3-azabicyclo
[3.1.0]hexan-3-yl)ethanone 31 (5 mg, yield 4.7%) as a
yellow solid.

[0316]

[0317] 'HNMR (400 MHz, CDCL,): 8 10.64 (s, 1H), 8.27
(s, 1H), 7.12-7.11 (m, 1H), 6.61-6.60 (m, 1H), 5.34-5.33 (m,
H), 4.09-4.04 (m, 2H), 3.83-3.81 (m, 2H), 3.49 (s, 3H),
1.79-1.72 (m, 2H), 1.53-1.45 (m, 2H), 1.31-1.28 (m, 1H),
1.00-0.89 (m, 2H) 1

MS m/z (ESI): 300.45 [M-1]
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Example 32

2-((1R,58,6R)-6-((Methyl(7H-pyrrolo[ 2,3-d]|pyrimi-
din-4-yl)amino)methyl)-3-azabicyclo[3.1.0]hexan-3-
yDacetonitrile

[0318]

HCl

\N/ \N/
N/ X N/ X
31f 32

[0319] N-((1R,5S,6R)-3-Azabicyclo[3.1.0]hexan-6-ylm-
ethyl)-N-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
hydrochloride 31f (100 mg, 0.36 mmol) was dissolved in 5
ml acetonitrile, followed by addition of triethylamine (109
mg, 1.1 mmol) and bromoacetonitrile (47.5 mg, 0.4 mmol).
After reacting for 16 hours, a small amount of saturated
ammonium chloride solution was added to the reaction
mixture to quench the reaction. The aqueous phase and
organic phase were separated. The aqueous phase was
extracted with dichloromethane (10 ml.x3). The organic
phases were combined, washed with saturated sodium chlo-
ride solution (10 mL), dried over anhydrous sodium sulfate,
and filtered. The filtrate was concentrated under reduced
pressure, and the resulting residue was purified by thin layer
chromatography with elution system A to obtain the title
product  2-((1R,58,6R)-6-((methyl(7H-pyrrolo[2,3-d|py-
rimidin-4-yl)amino)methyl)-3-azabicyclo[3.1.0]hexan-3-yl)
acetonitrile 32 (15 mg, yield 14.9%) as a white solid.

[0320] MS m/z (ESI): 283.2 [M+1]
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[0321] 'HNMR (400 MHz, CDCL,): 8 10.64 (s, 1H), 8.31
(s, 1H), 7.09-7.08 (m, 1H), 6.64-6.63 (m, 1H), 3.76-3.74 (m,
2H), 3.63 (s, 2H), 3.47 (s, 3H), 3.00-2.98 (m, 2H), 2.75-2.73
(m, 2H), 1.57-1.53 (m, 2H) 1.33-1.30 (m, 1H)

Example 33
N-(((1R,58,65)-3-(2-Chloropyrimidin-4-yl)-3-azabi-

cyclo[3.1.0]hexan-6-yl)methyl)-N-methyl-7H-pyr-
rolo[2,3-d|pyrimidin-4-amine

[0322]
~y~
N7
L.
N
HCl
o
~y ~y~
kN/ N kN/ N
31f 33
[0323] N-((1R,5S,6R)-3-Azabicyclo[3.1.0]hexan-6-ylm-

ethyl)-N-methyl-7H-pyrrolo[ 2,3-d]pyrimidin-4-amine

hydrochloride 31f (100 mg, 0.36 mmol) was dissolved in 5
mL of ethanol, followed by addition of triethylamine (108
mg, 1.07 mmol) and 4,6-dichloropyrimidine (26.6 mg, 0.17
mmol). After reacting for 16 hours, the reaction mixture was
concentrated under reduced pressure, and the resulting resi-
due was purified by thin layer chromatography with elution
system A to obtain the title product N-(((1R,5S,6)-3-(2-
chloropyrimidin-4-yl)-3-azabicyclo[3.1.0]hexan-6-yl)

Feb. 16, 2017

methyl)-N-methyl-7H-pyrrolo[2,3-d|pyrimidin-4-amine 33
(5 mg, yield 7.9%) as a white solid.

[0324] MS m/z (ESI): 356.1 [M+1]

[0325] 'H NMR (400 MHz, CDCL,): & 10.46 (s, 1H), 8.25
(s, 1H), 7.97 (s, 1H), 7.07 (s, 1H), 6.59 (s, 1H), 6.13 (s, 1H),
4.03-4.01 (m, 1H), 3.84-3.81 (m, 2H), 3.49-3.47 (m, 3H),
3.42 (s, 3H), 1.96-1.94 (m, 2H), 1.07-1.05 (m, 1H)

Example 34

(3aR,58,6aS)—N-(3-Methoxy-1,2,4-thiadiazol-5-
y1)-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)
amino)hexahydrocyclopentalc]pyrrole-2(1H)-car-
boxamide

[0326]
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-continued

D

L
34

Step 1

Phenyl (3-methoxy-1,2.4-thiadiazol-5-yl)carbamate

[0327] 3-Methoxy-1,2,4-thiadiazol-5-amine 34a (500 mg,
3.82 mmol) and phenyl carbonochloridate 34b (600 mg,
3.82 mmol) were dissolved in 20 mL of dichloromethane,
followed by addition of triethylamine (0.8 mL, 5.73 mmol).
After reacting for 16 hours, 30 mL of H,O were added to the
reaction mixture to dilute the solution. The aqueous phase
and organic phase were separated, the aqueous phase was
extracted with dichloromethane (20 mI.x2), and the organic
phases were combined, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated under
reduced pressure, and the resulting residue was purified by
silica gel column chromatography with elution system A to
obtain the title product phenyl (3-methoxy-1,2,4-thiadiazol-
5-yDcarbamate 34c¢ (200 mg, yield 20.8%) as a white solid.
[0328] MS m/z (ESI): 252.0 [M+1]

Step 2

(3aR,58,6aS)—N-(3-Methoxy-1,2.4-thiadiazol-5-
y1)-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]pyrrole-2(1H)-car-
boxamide

[0329] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (120 mg, 0.47 mmol) was dissolved in 15 mL of
tetrahydrofuran, followed by addition of phenyl
(3-methoxy-1,2,4-thiadiazol-5-yl)carbamate 34 (117 mg,
0.47 mmol) and triethylamine (0.13 mL, 0.94 mmol). After
reacting for 5 hour at 60° C., the reaction mixture was mixed
with 30 mL of H,O and extracted with dichloromethane (50
ml.x3). The organic phase was combined, washed with
saturated sodium chloride solution (50x2 mlL.), dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and the resulting resi-
due was purified by silica gel column chromatography with
elution system A to obtain the title product (3aR,5S,6aS)—
N-(3-methoxy-1,2,4-thiadiazol-5-y1)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta[c[pyr-
role-2(1)-carboxamide 34 (50 mg, yield 25.9%) as a white
solid.

[0330] MS m/z (ESI): 412.9 [M-1]

Feb. 16, 2017

[0331] 'H NMR (400 MHz, DMSO-d): & 11.60 (m, 2H),
8.08 (s, 1H), 7.06-7.05 (m, 1H), 6.53-6.51 (m, 1H), 5.48-5.
44 (m, 1H), 3.90 (s, 3H), 3.69-3.65 (m, 2H), 3.37-3.32 (m.
2H), 3.16 (s, 3H), 2.90-2.88 (m, 2H), 2.02-1.99 (m, 2H),
1.80-1.77 (m, 2H)

Example 35
1-((4aS,7aR)-6-(Methyl(7H-pyrrolo[2,3-d]pyrimi-

din-4-yl)amino)hexahydro-1H-cyclopenta|c|pyridin-
2(3H.,4H,4aH,5H,6H,7H,7aH)-yl)ethanone

[0332]

step 1

step 2

step 4
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35h 35
Step 1

(4a8,7aS)-6-Benzyl(methyl)amino )hexahydro-1H-
cyclopenta[c|pyridin-3(2H)-one

[0333] (4aS,7aS)-Tetrahydro-1H-cyclopenta[c]pyridin-3,
6(2H,4H)-dione 35a (3 g, 19.60 mmol, prepared from a well
known method “Tetrahedron: Asymmetry, 1997, 8 (17),
2893-2904”) and N-methyl-1-phenylmethanamine 35b
(2.37 g, 19.60 mmol) were dissolved in 5 mL of methanol,
followed by addition of two drops of acetic acid. After
stirring and reacting for 3 hours, sodium cyanoborohydride
(1.80 g, 29.40 mmol) was added to the reaction mixture.
After reacting for 12 hours, the reaction mixture was filtered,
and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography
with elution system A to obtain the title product (4aS,7aS)-
6-(Benzyl(methyl)amino)hexahydro-1H-cyclopenta| c|pyri-
din-3(2H)-one 35¢ (1.99 g, yield 39.8%) as a yellow solid.
[0334] MS m/z (ESI): 259.2 [M+1]

Step 2
(4aR,7aS)—N-Benzyl-N-methyloctahydro-1H-cy-
clopenta[c]pyridin-6-amine

[0335] (4aS,7aS)-6-(Benzyl(methyl)amino)hexahydro-
1H-cyclopenta[c|pyridin-3(2H)-one 35¢ (3.90 g, 15.11
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mmol) was dissolved in 150 mL of tetrahydrofuran, fol-
lowed by addition of lithium aluminum hydride (3 g, 78.60
mmol) in batches in an ice bath. After stirring for 48 hours,
10 mL of ice water was added to the reaction mixture. The
reaction mixture was filtered, washed with dichloromethane
(50 mL), and concentrated under reduced pressure to obtain
the crude title product (4aR,7aS)—N-benzyl-N-methylocta-
hydro-1H-cyclopenta[c]pyridin-6-amine 35d (3.69 g, white
solid), which was used directly in the next step without
further purification.

[0336] MS m/z (ESI): 245.2 [M+1]

Step 3

(4aR,7aS)-tert-Butyl 6-(benzyl(methyl)amino)hexa-
hydro-1H-cyclopenta[c]pyridine-2(3H)-carboxylate

[0337] (4aR,7aS)—N-Benzyl-N-methyloctahydro-1H-cy-
clopenta[c]pyridin-6-amine 35d (3.69, 15.11 mmol) was
dissolved in 50 mL of dichloromethane, followed by addi-
tion of di-ten-butyl dicarbonate (4.94 g, 22.60 mmol), and
ethylamine (3.81 g, 37.75 mmol). After stirring for 12 hours,
the reaction mixture was mixed with 20 mL of H,O, and
extracted with dichloromethane (30 ml.x2). The organic
phases were combined, dried over anhydrous sodium sulfate
and filtered. The filtrate was concentrated under reduced
pressure, and the resulting residue was purified by silica gel
column chromatography with elution system A to obtain the
title product (4aR,7aS)-tert-butyl 6-(benzyl(methyl)amino)
hexahydro-1H-cyclopenta|c|pyridine-2(3H)-carboxylate
35e (3.28 g, yield 63%) as a light yellow solid.

[0338] MS m/z (ESI): 345.3 [M+1]

Step 4

(4aR,7aS)-tert-Butyl 6-(methylamino)hexahydro-
1H-cyclopenta[c]|pyridine-2(3H)-carboxylate

[0339] (4aR,7aS)-tert-Butyl 6-(benzyl(methyl)amino)
hexahydro-1H-cyclopenta|c|pyridine-2(3H)-carboxylate
35¢e (2 g, 5.81 mmol) was dissolved in 150 mL. of methanol,
followed by addition of palladium hydroxide on carbon (500
mg, 25%). After the reactor was purged with hydrogen three
times, the reaction mixture was stirred for 72 hours, and then
filtered, washed with methanol (20 mL), and concentrated
under reduced pressure to obtain the crude title product
(4aR,7aS)-tert-butyl 6-(methylamino)hexahydro-1H-cyclo-
penta[c]pyridine-2(3H)-carboxylate 35f (1.72 g) as a color-
less, viscous liquid, which was used directly in the next step
without further purification.

[0340] MS m/z (ESI): 255.2 [M+1]

Step 5

(4a8,7aR)-tert-Butyl 6-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino) hexahydro-1H-cyclopenta|c]
pyridine-2(3H)-carboxylate

[0341] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (1.78 g,
11.65 mmol) was dissolved in 50 ml. of 1,4-dioxane, fol-
lowed by addition of (4aR,7aS)-tert-butyl 6-(methylamino)
hexahydro-1H-cyclopenta|c|pyridine-2(3H)-carboxylate

351 (2.96 g, 11.65 mmol) and potassium carbonate (3.22 g,
23.30 mmol). After reacting for 48 hours at 110° C., the
reaction mixture was concentrated under reduced pressure,
followed by addition of 50 mL of H,O, and extracted with
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ethyl acetate (30 mL.x3). The organic phases were com-
bined, dried over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated under reduced pressure and the
resulting residue was purified by silica gel column chroma-
tography with elution system A to obtain the title product
(4a8S,7aR)-tert-butyl  6-(methyl(7H-pyrrolo[2,3-d]pyrimi-
din-4-yl)amino)hexahydro-1H-cyclopenta|c|pyridine-2

(3H)-carboxylate 35g (1.34 g. yield 31%) as a white solid.

[0342] MS mv/z (ESI): 372.2 [M+1]
Step 6

N-Methyl-N-((4aS,7aR)-octahydro-1H-cyclopenta
[c]pyridin-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-
amine hydrochloride

[0343] (4aS,7aR)-tert-Butyl 6-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)  hexahydro-1H-cyclopenta[c]|pyri-
dine-2(3H)-carboxylate 35g (1.34 g, 3.61 mmol) was dis-
solved in 15 mL of a solution of 6 M hydrogen chloride in
methanol solution. After reacting for 12 hours, the reaction
mixture was concentrated under reduced pressure, followed
by addition of 20 mL of H,O and 10% sodium hydroxide
solution until the pH of the reaction mixture was between 9
and 10. The reaction mixture was extracted with dichlo-
romethane (20 m[.x2). The organic phases were combined,
dried over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated under reduced pressure to obtain
the crude title product N-methyl-N-((4aS,7aR)-octahydro-
1H-cyclopenta| c|pyridin-6-y1)-7H-pyrrolo[2,3-d]pyrimi-
din-4-amine hydrochloride 35h (1 g, white solid), which was
used directly in the next step without further purification.

[0344] MS mv/z (ESI): 272.2 [M+1]
Step 7

1-((4aS,7aR)-6-(Methyl(7H-pyrrolo[2,3-d]|pyrimi-
din-4-yl)amino)hexahydro-1H-cyclopenta|c|pyridin-
2(3H,4H,4aH,5H,6H,7H,7aH)-yl)ethanone

[0345] N-Methyl-N-((4aS,7aR)-octahydro-1H-cyclopenta
[e]pyridin-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
hydrochloride 35h (100 mg, 0.37 mmol) was dissolved in 5
ml of N,N-dimethylformamide, followed by addition of
anhydrous acetic acid (22 mg, 0.37 mmol), triethylamine
(112 mg, 1.10 mmol), 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (106 mg, 0.55 mmol), and 1-hy-
droxybenzotriazole (74 mg, 0.55 mmol). After reacting for
12 hours, 10 mL of H,O were added to the reaction mixture.
The reaction mixture was extracted with dichloromethane
(20 mL.x2). The organic phases were combined, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and purified by pre-
parative HPLC to obtain the title product 1-((4aS,7aR)-6-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino) hexa-
hydro-1H-cyclopenta[c]pyridin-2(3H,4H,4aH,5H,6H,7H,
7aH)-yl)ethanone 35 (7 mg, yield 5%) as a white solid.
[0346] MS m/z (ESI): 314.2 [M+1]

[0347] 'HNMR (400 MHz, CDCl,): § 11.34 (s, 1H), 8.32
(s, 1H), 7.08 (s, 1H), 6.56 (s, 1H), 5.43-5.45 (m, 1H),
3.88-3.91 (m, 1H), 3.27-3.55 (m, 6H), 2.28-2.30 (m, 2H),
1.91-1.96 (m, 6H), 1.58-1.60 (m, 3H)
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Example 36

(4aS,7aR)-Methyl 6-(methyl(7H-pyrrolo[2,3-d|py-
rimidin-4-yl)amino) hexahydro-1H-cyclopenta[c]
pyridine-2(3H)carboxylate

[0348]

0
L
H
N HCI

L.
NTOH
35h
N K
U0
L.
TR
36
[0349] N-Methyl-N-((4aS,7aR)-octahydro-1H-cyclopenta

[c]pyridin-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
hydrochloride 35h (100 mg, 0.37 mmol) was dissolved in 10
ml of dichloromethane, followed by addition of methyl
chloroformate (35 mg, 0.37 mmol) and triethylamine (56
mg, 0.55 mmol) in an ice bath. After reacting for 12 hours,
10 mL. of H, were added to the reaction mixture. The
reaction mixture was extracted with dichloromethane (10
ml.x2). The organic phases were combined, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure and the resulting resi-
due was purified by thin layer chromatography with elution
system A to obtain the ftitle product (4aS,7aR)-methyl
6-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino )hexa-
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hydro-1H-cyclopenta[c]pyridine-2(3H)-carboxylate 36 (20
mg, yield 16.5%) as a white solid.

[0350] MS m/z (ESI): 330.3 [M+1]

[0351] 'H NMR (400 MHz, CDCl,): § 10.57 (s, 1H), 8.24
(s, 1H), 7.05 (s, 1H), 6.56 (s, 1H), 5.38-5.39 (m, 1H), 3.70
(s, 3H), 3.61-3.62 (m, 2H), 3.39-3.40 (m, 1H), 3.23-3.27 (m,
4H), 2.20-2.23 (m, 2H), 2.05-2.09 (m, 1H), 1.83-1.84 (m,
2H), 1.52-1.57 (m, 3H)

Example 37

2-Hydroxy-1-((4aS,7aR)-6-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino) hexahydro-1H-cyclopenta
[c]pyridin-2(3H,4H,4aH,5H,6H,7H,7aH)-yl)etha-
none

[0352]

NN \ —
L
TR
35h
H
~
DB
L.
R
37
[0353] N-Methyl-N-((4aS,7aR)-octahydro-1H-cyclopenta

[e]pyridin-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

hydrochloride 35h (80 mg, 0.30 mmol) was dissolved in 5
ml of N,N-dimethylformamide, followed by addition of
2-glycolic acid (22 mg, 0.30 mmol), triethylamine (89 mg,

Feb. 16, 2017

0.89 mmol), 1-ethyl-3-(3-dimethylaminopropyl) carbodiim-
ide hydrochloride (84 mg, 0.44 mmol), and 1-hydroxyben-
zotriazole (60 mg, 0.44 mmol). After reacting for 12 hours,
the reaction mixture was concentrated under reduced pres-
sure and purified by preparative HPLC to obtain the title
product 2-hydroxy-1-((4aS,7aR)-6-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)hexahydro-1H-cyclopenta[c]|pyri-
din-2(3H,4H,4aH,5H,6H,7H,7aH)-yl)ethanone 37 (8 mg,
yield 8.2%) as a white solid.

[0354] MS m/z (ESI): 330.2 [M+1]

[0355] 'HNMR (400 MHz, CDCl,): § 11.57 (s, 1H), 8.30
(s, 11H), 7.07 (s, 1H), 6.56 (s, 1H), 5.40-5.44 (m, 1H),
4.14-4.18 (m, 1H), 3.34-3.39 (m, 2H), 3.27 (s, 3H), 3.18-3.

22 (m, 1H), 2.30-2.32 (m, 2H), 1.95-2.13 (m, 3H), 1.66-1.68
(m, 1H), 1.52-1.57 (m, 2H)

Example 38

(4a8,7aR)—N-(3-Methoxy-1,2,4-thiadiazol-5-y1)-6-
(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydro-1H-cyclopenta[c]pyridine-2(3)-carbox-
amide

[0356]

N> N
35h
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-continued

38

[0357] N-Methyl-N-((4aS,7aR )octahydro-1H-cyclopenta
[e]pyridin-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
hydrochloride 35 (80 mg, 0.30 mmol) was dissolved in 20
ml of tetrahydrofuran, followed by addition of phenyl
(3-methoxy-1,2,4-thiadiazol-5-yl) carbamate 34M (75 mg,
0.30 mmol) and triethylamine (0.06 mL, 0.44 mmol). After
reacting for 3 hours at 60° C., 30 mL of H,O were added to
the reaction mixture. The reaction mixture was extracted
with dichloromethane (30 mL.x2). The organic phases were
combined, washed with saturated sodium chloride solution
(20 mLL.x2), dried over anhydrous sodium sulfate, and fil-
tered. The filtrate was concentrated under reduced pressure
and purified by silica gel column chromatography with
elution system A to obtain the title product (4a,7aR)—N-
(3-methoxy-1,2,4-thiadiazol-5-yl1)-6-(methyl(7H-pyrrolo| 2,
3-d]pyrimidin-4-yl)amino )hexahydro-1H-cyclopenta|c]
pyridine-2(3H)-carboxamide 38 (30 mg, yield 23.8%) as a
white solid.

[0358] MS m/z (ESI): 429.3 [M+1]

[0359] 'H NMR (400 MHz, DMSO-dy): § 11.63 (s, 1H),
11.61 (s, 1H), 8.08 (s, 1H), 7.12 (d, 1H), 6.58 (d, 1H),
5.26-4.30 (m, 1H), 3.84 (s, 3H), 3.69-3.73 (m, 1H), 3.59-3.
64 (m, 1H), 3.38-3.40 (m, 2H), 3.17 (s, 3H), 2.20-2.23 (m,
2H), 1.82-1.92 (m, 3H), 1.60-1.65 (m, 2H), 1.40-1.48 (m,
1H)

Example 39

3-(4a8S,7aR)-6-(Methyl(7H-pyrrolo[2,3-d|pyrimidin-
4-yl)amino)hexahydro-1H-cyclopenta[c]pyridin-2
(3H,4H.,4aH,5H,6H,7H,7aH)-yl)-3-oxopropanenitrile

[0360]

Feb. 16, 2017

70
-continued
HCI
N \ \ —_—
L
NTR
35h

[0361] N-Methyl-N-((4aS,7R)octahydro-1H-cyclopenta
[c]pyridin-6-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
hydrochloride 35 (100 mg, 0.37 mmol) was dissolved in 5
mL of n-butanol, followed by addition of 2-ethyl cyanoac-
etate (83 mg, 0.74 mmol) and DBU (113 mg, 0.74 mmol).
After reacting for 15 hours at 50° C., the reaction mixture
was concentrated under reduced pressure, extracted with
ethyl acetate (20 mL.x2), and washed with saturated sodium
chloride solution (15 ml.x2). The organic phases were
combined, dried over anhydrous sodium sulfate, and filtered.
The filtrate was concentrated under reduced pressure, and
purified by preparative HPL.C to obtain the title product
3-((4aS,7aR)-6-(methyl(7H-pyrrolo[ 2,3-d]pyrimidin-4-y1)
amino) hexahydro-1H-cyclopenta[c]pyridin-2(3H,4H,4aH,
S5H,6H,7H,7aH)-yl)-3-oxopropanenitrile 39 (35 mg, yield
28.0%) as a light pink solid.

[0362] MS m/z (ESI): 339.3 [M+1]

[0363] 'H NMR (400 MHz, DMSO-d,): d 11.6 (s, 1H),
8.09 (s, 1H), 7.13 (s, 1H), 6.58 (s, 1H), 5.27-5.29 (m, 1H),
4.01-4.09 (m, 2H), 3.60-3.63 (m, 1H), 3.43-3.48 (m, 2H),
3.18 (s, 3H), 2.08-2.10 (m, 2H), 1.81-1.88 (m, 3H), 1.23-1.
43 (m, 4H)
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Examples 40 and 41

(4aR,6R,7aR)-6-(Methyl(7H-pyrrolo[2,3-d]pyrimi-
din-4-yl)amino) hexahydro-1H-cyclopenta[c|pyri-
din-3(2H)-one

(4aR,68,7aR)-6-(Methyl(7H-pyrrolo[2,3-d|pyrimi-
din-4-yl)amino) hexahydro-1H-cyclopenta[c|pyri-
din-3(2H)-one

[0364]

DB
(L
40

zm

DD
[
41
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Step 1

(4a8,7)-6-(Methylamino)hexahydro-1H-cyclopenta
[c]pyridin-3(2H)-one

[0365] (4aS,7aS)-Tetrahydro-1H-cyclopenta|c[pyridin-3,
6(2H,4H)-dione 35a (1 g, 6.54 mmol, prepared by well
known methods (Zetrahedron: Asymmetry, 1997, 8 (17),
2893-2904) and methylamine hydrochloride (200 mg, 6.54
mmol) were dissolved in 20 mL of methanol, followed by
addition of two drops of acetic acid. After stirring and
reacting for 1 hour, sodium cyanoborohydride (600 mg, 9.68
mmol) was added to the reaction mixture. After reacting for
12 hours, the reaction mixture was filtered, and concentrated
under reduced pressure to obtain the title product (4aS,7aS)-
6-(methylamino)hexahydro-1H-cyclopenta[ c]pyridin-3
(2H)-one 40a (1 g) as a brown grease, which was used
directly in the next step without further purification.

[0366] MS mv/z (ESI): 169.2 [M+1]
Step 2

(4aR,6R,7aR)-6-(Methyl(7H-pyrrolo[2,3-d]pyrimi-
din-4-yl)amino) hexahydro-1H-cyclopenta[c]|pyri-
din-3(2H-one

(4aR,68,7aR)-6-(Methyl(7H-pyrrolo[2,3-d|pyrimi-
din-4-yl)amino) hexahydro-1H-cyclopenta[c]|pyri-
din-3(2H)-one

[0367] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (910 g,
5.95 mmol) was dissolved in 30 mL of H,O, followed by
addition of (4aS,7aS)-6-(methylamino)hexahydro-1H-cy-
clopenta[c]pyridin-3(2H)-one 40a (1 g, 5.95 mmol) and
potassium carbonate (1.6 g, 11.59 mmol). After reacting for
12 hours at 100° C., the reaction mixture was concentrated
under reduced pressure, mixed with 50 mL of H,O, and
extracted with ethyl acetate (30 mL.x3). The organic phases
were combined, dried over anhydrous sodium sulfate, and
filtered. The filtrate was concentrated under reduced pres-
sure, and purified by chiral preparative HPL.C to obtain the
title products (4aR,6R,7aR)-6-(methyl (7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydro-1H-cyclopenta[c|pyridin-
3(2H)-one 40 (15 mg, yield 0.9%) as a white solid and
(4aR,68,7aR)-6-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)
amino)hexahydro-1H-cyclopentac]pyridin-3(2H)-one 41
(15 mg, yield 0.9%) as a white solid.

[0368] MS m/z (ESI): 286.4 [M+1]

[0369] 'HNMR (400 MHz, CDCL,): 8 11.37 (s, 1H), 8.28
(s, 1H), 7.06 (s, 1H), 6.98 (s, 1H), 6.53 (s, 1H), 5.24-5.27 (m,
1H), 3.41-3.44 (m, 1H), 3.21 (s, 3H), 3.10-3.13 (m, 1H),
2.56-2.58 (m, 1H), 2.50-2.52 (m, 2H), 2.30-2.31 (m, 1H),
2.07-2.09 (m, 2H), 1.50-1.64 (m, 2H)

[0370] H NMR (400 MHz, CDCL,): d 11.37 (s, 1H), 8.28
(s, 1H), 7.06 (s, 1H), 6.98 (s, 1H), 6.53 (s, 1H), 5.24-5.27 (m,
1H), 3.41-3.44 (m, 1H), 3.21 (s, 3H), 3.10-3.13 (m, 1H),
2.56-2.58 (m, 1H), 2.50-2.52 (m, 2H), 2.30-2.31 (m, 1H),
2.07-2.09 (m, 2H), 1.50-1.64 (m, 2H)
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Example 42

(4aR,6R,7aR)-2-Methyl-6-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)hexahydro-1H-cyclopenta
[c]pyridin-3(2H)-one

[0371]

Conni g

o
N X

42
Step 1

(4a8,7aS)-6-(Benzyl(methyl)amino)-2-methylhexa-
hydro-1H-cyclopenta[c]pyridin-3(2H)-one

[0372] In an ice bath, (4aS,7aS)-6-(benzyl(methyl)amino)
hexahydro-1H-cyclopenta[c|pyridin-3(2H)-one 35¢ (400
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mg, 1.55 mmol) was dissolved in 10 mL of tetrahydrofuran,
followed by addition of sodium hydride (56 mg, 2.33 mmol).
After stirring for 30 minutes, the reaction mixture was mixed
with methyl iodide (241 mg, 1.71 mmol). After reacting for
12 hours, the reaction mixture was mixed with 50 mL of
H,O and extracted with ethyl acetate (20 mLx2). The
organic phases were combined, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure to obtain the crude title product
(4a8,7aS)-6-(benzyl(methyl))amino)-2-methylhexahydro-
1H-cyclopenta|c|pyridin-3(2H)-one 42a (500 mg) as a
colourless liquid, which was used directly in the next step
without further purification.

[0373] MS mv/z (ESI): 273.2 [M+1]
Step 2

(4a8,7aS)-2-Methyl-6-(methylamino)hexahydro-1H-
cyclopenta[c]pyridin-3(2H)-one

[0374] (4aS,7aS)-6-(Benzyl(methyl)amino)-2-methyl-
hexahydro-1H-cyclopenta|c|pyridin-3(2H)-one 42a (500 g,
1.84 mmol) was dissolved in 10 mL of methanol, followed
by addition of palladium hydroxide on carbon (125 mg,
25%). After the reactor was purged with hydrogen for three
times, the reaction mixture was stirred for 6 hours, and then
filtered, washed with methanol (10 mL), and concentrated
under reduced pressure to obtain the crude title product
(4a8,7aS)-2-methyl-6-(methylamino)hexahydro-1H-cyclo-
penta[c]pyridin-3(2H)-one 42b (300 mg) as a colourless
grease, which was used directly in the next step without
further purification.

[0375] MS mv/z (ESI): 183.2 [M+1]
Step 3

(4aR,6R,7aR)-2-Methyl-6-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino )hexahydro-1 H-cyclopenta
[c]pyridin-3(2H)-one

[0376] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (168
mg, 1.10 mmol) was dissolved in 20 mL of H,O, followed
by addition of (4aS,7aS)-2-methyl-6-(methylamino)hexa-
hydro-1H-cyclopenta[c]pyridin-3(2H)-one 42b (200 mg,
1.10 mmol) and potassium carbonate (303 mg, 2.20 mmol).
After reacting for 48 hours at 100° C., the reaction mixture
was mixed with 30 mL of H,O, and extracted with ethyl
acetate (20 mLx3). The organic phases were combined,
dried over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated under reduced pressure and purified
by preparative HPLC to obtain the title product (4aR,6R,
7aR)-2-methyl-6-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-y1)
amino)hexahydro-1H-cyclopenta[c|pyridin-3(2H)-one 42 (8
mg, yield 5%) as a white solid.

[0377] MS m/z (ESI): 300.3 [M+1]

[0378] HNMR (400 MHz, CDCL,): § 11.61 (s, 1H), 8.09
(s, 1H), 7.12 (s, 1H), 6.56 (s, 1H), 5.10-5.15 (m, 1H),
3.40-3.44 (m, 1H), 3.15-3.16 (m, 1H), 3.11 (s, 3H), 2.89 (s,
3H), 2.40-2.44 (m, 3H), 2.14-2.16 (m, 1H), 1.90-1.92 (m,
2H), 1.35-1.47 (m, 2H)
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Examples 43 and 45 -continued
H

2-Hydroxy-1-((3aS,5R,7aR)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydro-1H-isoin-
dol-2(3H,3aH,4H,5H,6H,7H,7aH)-yl)ethanone
2-Hydroxy-1-((3a8S,58,7aR)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydro-1H-isoin-
dol-2(3H,3aH,4H,5H,6H,7H,7aH)-yl)ethanone

HCl
NH

step 4

[0379]

45

Step 1

(3aR,7aS)-tert-Butyl 5-(methylamino)hexahydro-
1H-isoindole-2(3H)-carboxylate
+ [0380] (3aR,7aS)-tert-Butyl  5-oxohexahydro-1H-isoin-
dole-2(3H)-carboxylate 43a (3.77 g, 15.75 mmol, prepared
by a well known method (Journal of the American Chemical
Society, 2000, 122(44), 10743-10753) and methylamine
43b alcohol solution (0.73 g, 23.63 mmol) were dissolved in 50
Cl mL of methanol. After stirring for 2 hours at 70° C., sodium
cyanoborohydride (2 g, 31.51 mmol) was added to the
reaction mixture. After reacting for 1 hour at 70° C., the
reaction mixture was mixed with 100 mL of H,O and
extracted with dichloromethane (30 ml.x3). The organic
phases were combined, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated under
reduced pressure to obtain the title product (3aR,7aS)-tert-
butyl 5-(methylamino)hexahydro-1H-isoindole-2(3H)-car-
boxylate 43b (3.2 g, brown grease), which was used directly
in the next step without further purification.
[0381] MS m/z (ESI): 255.2 [M+1]

Step 2
(3a8S,7aR)-tert-Butyl 5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino )hexahydro-1H-isoindole-2
(3H)-carboxylate
[0382] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (1.93 g,
12.58 mmol) was dissolved in 50 mL of n-butanol, followed
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by addition of (3aR,7aS)-tert-butyl 5-(methylamino)hexa-
hydro-1H-isoindole-2(3H)-carboxylate 43b (3.20 g, 12.58
mmol) and potassium carbonate (3.47 g, 25.16 mmol). After
reacting for 12 hours at 110° C., the reaction mixture was
mixed with 100 mL of H,O, and extracted with ethyl acetate
(100 mL.x2). The organic phases were combined, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and purified by silica
gel column chromatography with elution system A to obtain
the title product (3aS,7aR)-tert-butyl 5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydro-1H-isoindole-2
(3H)-carboxylate 43¢ (2.5 g, yield 53.2%) as a white solid.
[0383] MS m/z (ESI): 372.2 [M+1]

Step 3

N-Methyl-N-((3aS,7aR)-octahydro-1H-isoindol-5-
y1)-7H-pyrrolo[2,3-d|pyrimidin-4-amine hydrochlo-
ride
[0384] (3aS,7aR)-tert-Butyl 5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino) hexahydro-1H-isoindole-2(3H)-car-
boxylate 43 (2 g, 5.38 mmol) was dissolved in 15 mL of a
solution of 6 M hydrogen chloride in methanol. After
reacting for 12 hours, the reaction mixture was concentrated
under reduced pressure to obtain the title product N-methyl-
N-((3a8,7aR)-octahydro-1H-isoindol-5-y1)-7H-pyrrolo[ 2,3-
d]pyrimidin-4-amine hydrochloride 43d (1.1 g, white solid),
which was used directly in the next step without further

purification.
[0385] MS m/z (ESI): 272.3 [M+1]

Step 4

2-Hydroxy-1-((3S,5R,7aR)-5-(methyl(7H-pyrrolo[ 2,
3-d]pyrimidin-4-yl)amino)hexahydro-1H-isoindol-2
(3H,3aH,4H,5H,6H,7H,7aH)-yl)ethanone 2-Hy-
droxy-1-((3a,58S,7aR)-5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)hexahydro-1H-isoindol-2(3H,
3aH,4H,5H,6H,7H,7aH)-yl)ethanone

[0386] N-Methyl-N-((3aS,7aR)-octahydro-1H-isoindol-5-
y)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydrochloride 43d
(100 mg, 0.37 mmol) was dissolved in 10 mL of N,N-
dimethylfomamide, followed by addition of 2-glycolic acid
(33 mg, 0.44 mmol), triethylamine (120 mg, 1.11 mmol) and
O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethylformami-
dinium hexafluorophosphate (0.21 g, 0.55 mmol). After
reacting for 12 hours, the reaction mixture was added with
30 mL of H,O, and extracted with ethyl acetate (20 m[.x3).
The organic phases were combined, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concentrated
under reduced pressure, and purified by silica gel column
chromatography with elution system A to obtain the title
products 2-hydroxy-1-((3aS,5R,7aR)-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)hexahydro-1H-isoindol-2(3H,
3aH,4H,5H,6H,7H,7aH)-yl)ethanone 43 (10 mg, yield
8.3%) as a white solid and 2-hydroxy-1-((3aS,5S,7aR)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino )hexa-
hydro-1H-isoindol-2(3H,3aH.4H,5H,6H,7H,7aH)-yl)etha-
none 45 (5 mg, yield 4.2%) as a white solid.

[0387] MS m/z (ESI): 330.3 [M+1]

[0388] 'H NMR (400 MHz, CD,0D-d,): 8 8.12 (s, 1H),
7.06 (d, 1H), 6.58 (d, 1H), 4.96-4.99 (m, 1H), 4.60-4.64 (m,
1H), 4.18-4.24 (m, 2H), 3.52-3.57 (m, 1H), 3.48 (s, 3H),
3.26 (d, 2H), 2.72-2.74 (m, 1H), 2.16-2.26 (m, 1H), 1.96-
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1.98 (m, 1H), 1.83-1.87 (m, 2H), 1.69-1.72 (m, 1H), 1.44-
1.52 (m, 1H), 1.23-1.33 (m, 3H)

[0389] 'H NMR (400 MHz, CD,OD-d,): & 8.10 (s, 1H),
7.11 (d, 1H), 6.66 (d, 1H), 4.71-4.75 (m, 1H), 4.58-4.62 (m,
1H), 4.10-4.22 (m, 2H), 3.43-3.57 (m, 1H), 3.48 (s, 3H),
3.26 (d, 2H), 2.50-2.54 (m, 1H), 2.44-2.48 (m, 1H), 1.96-
1.98 (m, 2H), 1.58-1.68 (m, 2H), 1.28-1.33 (m, 4H)

Example 44

3-((3aS,7aR)-5-(Methyl(7H-pyrrolo[ 2,3-d]pyrimi-
din-4-yl)amino)hexahydro-1H-isoindol-2(3H,3aH,
4H,5H,6H,7H,7aH)-yl)-3-oxopropanenitrile

[0390]

as] I TR

[0391] N-Methyl-N-((3aS,7aR)-octahydro-1H-isoindol-5-
y)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydrochloride 43d
(110 mg, 0.41 mmol) was dissolved in 15 mL of N,N-
dimethylformamide, followed by addition of 2-cyanoacetic
acid (42 mg, 0.49 mmol), triethylamine (82 mg, 0.82 mmol)
and O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethylfor-
mamidinium hexafluorophosphate (231 mg, 0.61 mmol).
After stirring for 12 hours, the reaction mixture was mixed
with 15 mL of H,O, and extracted with ethyl acetate (20
ml.x3). The organic phases were combined, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and purified by silica
gel column chromatography with elution system A to obtain
the title product 3-((3aS,7aR)-5-(methyl(7H-pyrrolo[2,3-d]



US 2017/0044171 Al

pyrimidin-4-yl)amino)hexahydro-1H-isoindol-2(3H,3aH,
4H,5H,6H,7H,7a)-yl)-3-oxopropanenitrile 44 (13 mg, yield
9.5%) as a white solid.

[0392] MS m/z (ESI): 339.3 [M+1]

[0393] 'H NMR (400 MHz, DMSO-d,): 8 10.68 (s, 1H),
9.01 (s, 1H), 7.79 (d, 1H), 7.30 (d, 1H), 5.65-4.69 (m, 1H),
4.17-4.43 (m, 6H), 4.02 (s, 3H), 3.31-3.34 (m, 1H), 3.25-3.
28 (m, 1H), 2.61-2.71 (m, 2H), 2.24-2.32 (m, 2H), 1.98-2.05
(m, 2H)

Example 46
2-Hydroxy-1-((4aS,8aR)-6-(methyl(7H-pyrrolo[2,3-

d]pyrimidin-4-yl)amino )octahydroisoquinolin-2
(1H)-yl)ethanone

[0394]

s

46b

i step 3

Feb. 16, 2017

-continued
] HCI
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H step 4
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N
N H
46d

OH

46

Step 1

(4aR,8aS)-tert-Butyl 6-(methylamino)octahydroiso-
quinoline-2(1H)-carboxylate

[0395] (4aR,8aS)-tert-Butyl 6-oxooctahydroisoquinoline-
2(1H)-carboxylate 46a (2.50 g, 9.87 mmol, prepared by a
well known method (Journal of the American Chemical
Society, Perkin Transactions 1: Organic and Bio-Organic
Chemistry (1972-1999), 1995, 20, 2535-2542) and methyl-
amine alcohol solution (0.92 g, 29.61 mmol) were dissolved
in 50 mL of methanol. After stirring for 2 hours at 70° C.,
sodium cyanoborohydride (1.24 g, 19.74 mmol) was added
to the reaction mixture. After reacting for 2 hours at 70° C.,
the reaction mixture was mixed with 50 mL of H,O, and
extracted with dichloromethane (50 ml.x3). The organic
phases were combined, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated under
reduced pressure to obtain the crude title product (4aR,8aS)-
tert-butyl  6-(methylamino)octahydroisoquinoline-2(1H)-
carboxylate 46b (2 g. brown grease), which was used
directly in the next step without further purification.

Step 2

(4a8,8aR)-tert-Butyl 6-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino) octahydroisoquinoline-2
(1H)-carboxylate

[0396] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (1.14 g,
7.45 mmol) was dissolved in 50 mL of 1,4-dioxane, fol-
lowed by addition of (4aR,8aS)-tert-butyl 6-(methylamino)
octahydroisoquinoline-2(1H)-carboxylate 46b (2 g, 7.45
mmol) and potassium carbonate (2 g, 14.90 mmol). After
reacting for 24 hours at 100° C., the reaction mixture was
mixed with 100 mL of H,O and extracted with ethyl acetate
(100 mLx3). The organic phases were combined, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
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76
concentrated under reduced pressure, and purified by silica Example 47
gel column chromatography with elution system A to obtain
the title pr.od.uc.t (4aS,8aR)-tert-butyl 6-(methyl(7H-pyHolo 1-((3aS.4R,58,6a8)-4-Methyl-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino) octahydroisoquinoline-2(1H)- [2,3-d]pyrimidin-4-yl)amino)-3,3a,4,5,6,6a-hexa-
carboxylate 46¢ (1.4 g, yield 48.3%) as an off-white solid. hydro-1H-cyclopental c]pyrrol-2-yl)-2-hydroxy-etha-
Y yclop py. Y ydroxy
[0397] MS m/z (ESI): 386.0 [M+1] none
Step 3 [0403]

(4a8S,8aR)—N-Methyl-N-(7H-pyrrolo[2,3-d]pyrimi-
din-4-yl) decahydroisoquinolin-6-amine hydrochlo-
ride

[0398] (4aS,8aR)-tert-Butyl 6-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)  octahydroisoquinoline-2(1H)-car-
boxylate 46¢ (300 mg, 0.78 mmol) was dissolved in 15 mL
of a solution of 6 M hydrogen chloride in methanol. After
reacting for 12 hours, the reaction mixture was concentrated
under reduced pressure to obtain the crude title product
(4a8S,8R)—N-methyl-N-(7H-pyrrolo[2,3-d]pyrimidin-4-y1)

decahydroisoquinolin-6-amine hydrochloride 46d (220 mg,

off-white solid), which was used directly in the next step
without further purification.

[0399] MS m/z (ESI): 286.2 [M+1]

ol —————-
step 1 step 2

Step 4

2-Hydroxy-1-((4aS,8aR)-6-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino )octahydroisoquinolin-2
(1H)-yl)ethanone

[0400] ((4aS,8aR)—N-Methyl-N-(7H-pyrrolo[2,3-d]py-
rimidin-4-yl)decahydroisoquinolin-6-amine hydrochloride 47b
46d (100 mg, 0.35 mmol) was dissolved in 10 mL of
dichloromethane, followed by addition of glycolic acid (32
mg, 0.42 mmol), triethylamine (106 mg, 1.05 mmol), o
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro-
chloride (100 mg, 0.53 mmol), and 1-hydroxybenzotrizole g

(69 mg, 0.53 mmol). After reacting for 12 hours, the reaction

mixture was mixed with 30 mL of H,O, and extracted with step 3
dichloromethane (30 mI.x2). The organic phases were com- )\
bined, dried over anhydrous sodium sulfate, and filtered. The o 0

filtrate was concentrated under reduced pressure, and puri-

fied by thin layer chromatography with elution system A to

obtain the title product 2-hydroxy-1-((4aS,8aR)-6-(methyl
(7H-pyrrolo|2,3-d]pyrimidin-4-yl)amino)octahydroisoqui-

nolin-2(1H)-yl)ethanone 46 (15 mg, yield 12.5%) as a white 47c 47d
solid. Cl

[0401] MS m/z (ESI): 344.2 [M+1]

[0402] 'H NMR (400 MHz, CDCL,): 8 10.87 (s, 1H), 8.28 L A —
(s, 1H), 7.06 (d, 1H), 6.55 (d, 1H), 4.90-4.95 (m, 1H), 4.18 F P

(s, 2H), 3.48-3.51 (m, 1H), 3.30 (s, 3H), 3.12-3.32 (m, 4H),
1.82-1.85 (m, 2H), 1.70-1.80 (m, 2H), 1.58-1.61 (m, 2H),
1.21-1.29 (m, 4H)

Tz

1d
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step 5

0
N

47
Step 1

(3aR,6aS)-Benzyl 5-oxohexahydrocyclopenta[c]
pyrrole-2(1H)-carboxylate

[0404] (3aR,6aS)-Hexahydrocyclopenta[c]pyrrol-5(1H)-

one e 47a (16.80 g, 0.13 mol, prepared by a well known
method, see European Patent EP2246347) was dissolved in
200 mL of dichloromethane in an ice bath, followed by
addition of triethylamine (16.2 mL, 0.16 mol) and dropwise
addition of benzyl chloroformate (25.22 g, 0.15 mol). The
reaction mixture was warmed up to room temperature. After
reacting for 3 hours, the reaction mixture was mixed with
200 mL of H,O, and extracted with dichloromethane (100
ml.x2). The organic phases were combined, washed with
saturated sodium bicarbonate (50 mL), saturated sodium
chloride solution (50 mL), dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure, and purified by silica gel column chro-
matography with elution system B to obtain the title product
(3aR,6a8)-benzyl  5-oxohexahydrocyclopenta[c]pyrrole-2
(1H)-carboxylate 47b (18.5 g, yield 54.9%) as a white solid.

[0405] MS m/z (ESI): 260.1 [M+1]
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Step 2

(3aS,4R,6aS)-Benzyl 4-methyl-5-oxohexahydrocy-
clopenta|c]|pyrrole-2(1H)-carboxylate

[0406] (3aR,6aS)-Benzyl 5-oxohexahydrocyclopenta|c]
pyrrole-2(1H)-carboxylate 47b (5 g, 19.28 mmol) was dis-
solved in 70 mL of tetrahydrofuran at -78° C., followed by
dropwise addition of lithium bis(trimethylsilyl)amide (19.7
ml, 19.67 mmol). After stirring for 1 hour at -78° C., the
reaction mixture was mixed with methyl iodide (3.01 g,
21.21 mmol). The reaction mixture was warmed up to room
temperature. After reacting for 2 hours, the reaction mixture
was mixed with 20 mL of saturated ammonium chloride, and
extracted with ethyl acetate (50 mL.x2). The organic phases
were combined, washed with saturated sodium chloride
solution (20 mlL.x2), dried over anhydrous sodium sulfate,
and filtered. The filtrate was concentrated under reduced
pressure, and purified by silica gel column chromatography
with elution system B to obtain the title product (3aS,4R,
6aS)-benzyl  4-methyl-5-oxohexahydrocyclopenta[c]pyr-
role-2(1H)-carboxylate 47¢ (1.08 g, yield 20.5%) as a bright
yellow slime.

[0407] MS m/z (ESI): 274.1 [M+1]

Step 3

(3aS,4R,5R,6aS)-Benzyl 4-methyl-5-(methylamino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate

[0408] (3aS.4R,6aS8)-Benzyl 4-methyl-5-oxohexahydro-
cyclopenta[c]|pyrrole-2(1H)-carboxylate 47¢ (1.08 g, 3.95
mmol) was dissolved in 30 mL of methylamine alcohol
solution. After stirring for 24 hours at 50° C., sodium
cyanoborohydride (500 mg, 7.90 mmol) was added to the
reaction mixture in batches. After reacting for 24 hours at
50° C., the reaction mixture was concentrated under reduced
pressure, followed by addition of 50 mL of H,O, and
extracted with dichloromethane (50 ml.x2). The organic
phases were combined, washed with saturated sodium chlo-
ride solution (20 mL.x2), dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure to obtain the crude title product (3aS,4R,
5R,6aS)-benzyl 4-methyl-5-(methylamino)hexahydrocyclo-
penta[c]pyrrole-2(1H)-carboxylate 47d (0.95 g, pole yellow
solid), which was used directly in the next step without
further purification.

[0409] MS m/z (ESI): 2892 [M+1]

Step 4

(3aS,4R,5S,6aS)-Benzyl 4-methyl-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino) hexahydrocy-
clopenta|c]|pyrrole-2(1H)-carboxylate

[0410] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 1d (176
mg, 1.14 mmol) was dissolved in 15 mL of H,O, followed
by addition of (3aS,4R,5R,6aS)-benzyl 4-methyl-5-(meth-
ylamino )hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate
47d (300 mg, 1.04 mmol) and potassium carbonate (287 mg,
2.08 mmol). After reacting for 24 hours at 100° C., the
reaction mixture was mixed with 10 mL of H,O and
extracted with dichloromethane (20 ml.x2). The organic
phases were combined, washed with saturated sodium chlo-
ride solution (10 mLx2), dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated under
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reduced pressure and purified by silica gel column chroma-
tography with elution system A to obtain the title product
(3aS,4R,58,6aS)-benzyl 4-methyl-5-(methyl(7H-pyrrolo[2,
3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta[c]pyrrole-
2(1H)-carboxylate 47¢ (0.21 g, yield 49.9%) as a bright
yellow solid.

[0411] MS nyz (ESI): 406.3 [M+1]

Step 5

N-Methyl-N-((3aS,4R,58,6aS)-4-methyloctahydro-
cyclopentalc]pyrrol-5-y1)-7H-pyrrolo[2,3-d]|pyrimi-
din-4-amine hydrochloride

[0412] (3aS.4R,5S,6a8)-Benzyl 4-methyl-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahydrocyclopenta
[c]pyrrole-2(1H)-carboxylate 47e (280 mg, 0.69 mmol) was
dissolved in 20 mL of methanol, followed by addition of
palladium hydroxide on carbon (10 mg, 4%). After the
reactor was purged with hydrogen three times, the reaction
mixture was stirred for 2 hours, and then filtered, washed
with methanol (10 mL), and concentrated under reduced
pressure to obtain the crude title product N-methyl-N-((3aS,
4R,58,6aS)-4-methyloctahydrocyclopenta|c|pyrrol-5-y1)-
hydrochloride 47f
(160 mg, right yellow solid), which was used directly in the
next step without further purification.

[0413] MS m/z (ESI): 272.3 [M+1]

7H-pyrrolo| 2,3-d]pyrimidin-4-amine

Step 6

1-((3aS,4R,58S,6aS)-4-Methyl-5-(methyl(7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)-3,3a,4,5,6,6a-hexa-
hydro-1H-cyclopenta[c]pyrrol-2-yl)-2-hydroxy-etha-
none

[0414] N-methyl-N-((3aS,4R,58,6aS)-4-methyloctahy-
drocyclopenta[c]pyrrol-5-yl)-7H-pyrrolo[2,3-d|pyrimidin-
4-amine hydrochloride 47f (160 mg, 0.59 mmol) was dis-
solved in 10 mL of N,N-dimethylformamide, followed by
addition of 2-glycolic acid (54 mg, 0.71 mmol), triethylam-
ine (19 mg, 1.18 mmol), 1-ethyl-3-(3-dimethylamino pro-
pyl) carbodiimide hydrochloride (169 mg, 0.88 mmol) and
1-hydroxybenzotriazole (119 mg, 0.88 mmol). After react-
ing for 15 hours, the reaction mixture was concentrated
under reduced pressure, added with 20 mL water, and then
extracted with dichloromethane (30 ml.x2). The organic
phases were combined, washed with saturated sodium chlo-
ride solution (10 mL.x2), dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated under
reduced pressure, and purified by chiral preparative HPLC
to obtain the title product 21-((3aS,4R,58S,6aS)-4-methyl-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-3,3a,4,5,
6,6a-hexahydro-1H-cyclopenta[c]pyrrol-2-yl)-2-hydroxy-
ethanone 47 (32 mg, yield 16.5%) as a white solid.

[0415] MS m/z (ESI): 330.2 [M+1]

[0416] 'H NMR (400 MHz, DMSO-dy): § 11.6 (s, 1H),
8.08 (s, 1H), 7.13 (s, 1H), 6.61 (s, 1H), 4.94-4.96 (m, 1H),
4.47-4.50 (m, 1H), 4.00-4.07 (m, 2H), 3.61-3.63 (m, 1H),

Feb. 16, 2017

3.41-3.51 (m, 2H), 3.37-3.39 (m, 1H), 3.13 (s, 3H), 2.60-2.
70 (m, 1H), 2.08-2.18 (m, 3H), 1.50-1.51 (m, 1F), 1.47-1.49
(m, 1H), 0.86-0.89 (m, 3H)

Example 48

(3aR,58,6aS8)—N-(3-Ethyl-1,2 4-thiadiazol-5-y1)-5-
(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydrocyclopenta[c|pyrrole-2(1H)-carboxamide

[0417]

0
N/g
6a
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Step 1

Phenyl (3-ethyl-1,2.4-thiadiazol-5-yl)carbamate

[0418] 3-Ethyl-1,2,4-thiadiazol-5-amine 48 (1.29 g, 9.98
mmol, prepared by a well known method, see Collection of
Czechoslovak Chemical Communications, 1971, 36, 4091-
4098) was dissolved in 50 mL of tetrahydrofuran in an ice
bath, followed by addition of anhydrous potassium carbon-
ate (1.79 g, 12.80 mmol), and dropwise addition of phenyl
carbonochloridate 34b (1.72 g, 10.98 mmol). The reaction
mixture was warmed up to room temperature. After reacting
for 12 hours, the reaction mixture was filtered and concen-
trated under reduced pressure to obtain the crude title
product phenyl (3-ethyl-1,2.4-thiadiazol-5-yl)carbamate
48b (2.14 g, yellow solid), which was used directly in the
next step without further purification.

[0419] MS m/z (ESI): 250.2 [M+1]

Step 2

(3aR,58S,6aS )—N-(3-Ethyl-1,2,4-thiadiazol-5-y1)-5-
(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxamide

[0420] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (120 mg, 0.47 mmol) was dissolved in 50 mL of
tetrahydrofuran, followed by addition of phenyl (3-ethyl-1,
2,4-thiadiazol-5-yl)carbamate 48b (2.14 g, 8.58 mmol) and
dropwise addition of triethylamine (2.4 mL, 17.17 mmol).
After reacting for 12 hours at 60° C., the reaction mixture
was mixed with 30 mL of H,O and extracted with dichlo-
romethane (50 mL.x3). The organic phases were combined,
washed with saturated sodium chloride solution (50x2 mL),
dried over anhydrous sodium sulfate and filtered. The filtrate
was concentrated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography
with elution system A to obtain the title product (3aR,5S,
6aS)—N-(3-ethyl-1,2.4-thiadiazol-5-y1)-5-(methyl(7H-pyr-
rolo[2,3-d]pyrimidin-4-yl)amino) hexahydrocyclopenta|c]
pyrrole-2(1H)-carboxamide 48 (1.25 g, yield 81.7%) as a
white solid.

[0421] MS m/z (ESI): 413.4 [M+1]

[0422] 'H NMR (400 MHz, DMSO-dy): 8 11.60 (s, 1H),
11.52 (s, 1H), 8.08 (s, 1H), 7.07-7.02 (m, 1H), 6.55-6.5 (m,
1H), 5.56-5.38 (m, 1H), 3.78-3.60 (m, 2H), 3.48-3.36 (m,
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2H), 3.16 (s, 3H), 2.90 (m, 2H), 2.74 (q, 2H), 2.10-1.94 (m,
2H), 1.8-1.7 (m, 2H), 1.25 (1, 3H)

Example 49

(3aR,58,6aS)—N-(3-Cyclopropyl-1,2,4-thiadiazol-5-
y1)-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)
amino)hexahydrocyclopentalc]pyrrole-2(1H)-car-
boxamide

[0423]

NH HCI

LN N
7
H,N — y/ +
step S . N
49

a

34b
0 § N
\”/ \(/ / )
le] S—N
49b

N \
-
6a



US 2017/0044171 Al

-continued
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N
49

Step 1

3-Cyclopropyl-1,2,4-thiadiazol-5-anine

[0424] Sodium thiocyanate (527 mg, 6.50 mmol) was
dissolved in 20 mL of methanol and placed at -20° C.,
followed by addition of cyclopropylcarbamidine hydrochlo-
ride (603 mg, 5 mmol) and triethylamine (0.8 mL, 5.74
mmol). After stirring for 45 minutes, triethylamine (0.7 mL,,
5.02 mmol) and 8% sodium hypochlorite solution (4.2 mL,
5 mmol) were added dropwise to the reaction mixture. After
reacting for 2 hours at -20° C. the reaction mixture was
warmed up to room temperature. After reacting for 12 hours,
the reaction mixture was concentrated under reduced pres-
sure, followed by addition of 35 mL of H,O and extracted
with ethyl acetate (30 mLx3). The organic phases were
combined, washed with saturated sodium chloride solution
(50 mL), dried over anhydrous sodium sulfate, and filtered.
The filtrate was concentrated under reduced pressure to
obtain the crude title product 3-cyclopropyl-1,2,4-thiadi-
azol-5-amine 49a (243 mg, white solid), which was used
directly in the next step without further purification.

[0425] MS mv/z (ESI): 142.2 [M+1]
Step 2

Phenyl
(3-cyclopropyl-1,2,4-thiadiazol-5-yl)carbamate

[0426] 3-Cyclopropyl-1,2,4-thiadiazol-5-amine 49a (212
mg, 1.50 mmol) was dissolved in 5 mL of tetrahydrofuran in
an ice bath, followed by addition of anhydrous potassium
carbonate (270 mg 1.95 mmol) and dropwise addition of
phenyl carbonochloridate 34b (246 mg, 1.58 mmol), then
the reaction mixture was warmed up to room temperature.
After reacting for 12 hours, the reaction mixture was filtered,
and concentrated under reduced pressure to obtain the crude
title product phenyl (3-cyclopropyl-1,2.4-thiadiazol-5-yl)
carbamate 49b (350 mg, colourless grease), which was used
directly in the next step without further purification.

[0427] MS m/z (ESI): 262.3 [M+1]
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Step 3

(3aR,58,6aS)—N-(3-Cyclopropyl-1,2,4-thiadiazol-5-
y1)-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-yl)
amino)hexahydrocyclopentalc]pyrrole-2(1H)-car-
boxamide

[0428] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta
[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 6a (344 mg, 1.34 mmol) was dissolved in 6 mL of
tetrahydrofuran, followed by addition of phenyl (3-cyclo-
propyl-1,2.4-thiadiazol-5-yl)carbamate 49b (350 mg, 1.34
mmol) and dropwise addition of triethylamine (0.6 mL, 4.02
mmol). After reacting for 12 hours at 50° C., the reaction
mixture was mixed with 20 mL of H,O, and extracted with
dichloromethane (20 mL.x3). The organic phases were com-
bined, washed with saturated sodium chloride solution
(20x2 mlL.), dried over anhydrous sodium sulfate, and fil-
tered. The filtrate was concentrated under reduced pressure,
and the resulting residue was purified by thin layer chroma-
tography with elution system A to obtain the title product
(3aR,58,6aS)—N-(3-cyclopropyl-1,2,4-thiadiazol-5-y1)-5-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)hexahy-
drocyclopenta[c|pyrrole-2(1H)-carboxamide 49 (120 mg,
yield 21.1%) as a bright yellow solid.

[0429] MS m/z (ESI): 425.4 [M+1]

[0430] 'H NMR (400 MHz, DMSO-d,): & 11.53 (d, 2H),
8.07 (s, 1H), 7.05-7.03 (m, 1H), 6.53-6.52 (m, 1H), 5.47-5.
43 (m, 1H), 3.70-3.65 (m, 2H), 3.37-3.32 (m, 2H), 3.15 (s,
3H), 2.90-2.89 (m, 2H), 2.12-2.07 (m, 1H), 2.05-1.98 (m,
2H), 1.80-1.74 (m, 2H), 0.97-0.93 (m, 4H)

Example 50

(3aR,58,6aS)—N-(3-(Hydroxymethyl)-1,2,4-thiadi-
azol-5-y1)-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-
ylamino)hexahydrocyclopenta[c[pyrrole-2(1H)-
carboxamide

[0431]
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Step 1

Methyl 5-((3aR,58,6aS)-5-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino) octahydrocyclopenta[c]
pyrrol-2-carboxamido)-1,2,4-thiadiazole-3-carboxy-
late

[0432] N-Methyl-N-((3aR,58,6aS)-octahydrocyclopenta

[c]pyrrol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine hydro-
chloride 68 (90 mg, 0.35 mmol) was dissolved in 2 mL of
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N,N-dimethylformamide, followed by addition of methyl
5-((phenoxycarbonyl)amino)-1,2,4-thiadiazole-3-carboxy-
late 50a (97 mg, 0.35 mmol, prepared by a well known
method, see PCT Patent Application Publication
W02004103980) and dropwise addition of triethylamine
(105 mg, 1.04 mmol). After reacting for 12 hours at 100° C.,
10 mL of H,O were added to the reaction mixture, and the
reaction mixture was extracted with dichloromethane (10
ml.x3). The organic phases were combined, washed with
saturated sodium chloride solution (10x2 mlL), dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and the resulting resi-
due was purified by silica gel column chromatography with
elution system A to obtain the title product methyl 5-((3aR,
58S,6a8)-5-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)octahydrocyclopenta[c|pyrrol-2-carboxamido)-1,2,
4-thiadiazole-3-carboxylate 50b (99.5 mg, yield 65.0%) as a
white solid.

[0433] MS mv/z (ESI): 443.4 [M+1]
Step 2

(3aR,58,6aS)—N-(3-(Hydroxymethyl)-1,2,4-thiadi-
azol-5-y1)-5-(methyl(7H-pyrrolo[2,3-d|pyrimidin-4-
ylamino)hexahydrocyclopenta[c[pyrrole-2(1H)-
carboxamide

[0434] Methyl 5-((3aR,58,6aS)-5-(methyl(7H-pyrrolo[2,
3-d]pyrimidin-4-yl)amino) octahydrocyclopenta[c]|pyrrol-2-
carboxamido)-1,2.4-thiadiazole-3-carboxylate 50b (95 mg,
0.21 mmol) was dissolved in 3 mlL of ethanol, followed by
addition of sodium borohydride (49 mg, 1.29 mmol) in
batches. After reacting for 2 hours, the reaction mixture was
concentrated under reduced pressure, followed by addition
of 10 mL of H,O, and extracted with dichloromethane (10
ml.x2). The organic phases were combined, washed with
saturated sodium chloride solution (10x2 mlL), dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated under reduced pressure, and the resulting resi-
due was purified by thin layer chromatography with elution
system A to obtain the title product (3aR,5S,6aS)—N-(3-
(hydroxymethyl)-1,2,4-thiadiazol-5-y1)-5-(methyl(7H-pyr-
rolo[2,3-d|pyrimidin-4-yl)amino)hexahydrocyclopenta|c]
pyrrole-2(1H)-carboxamide 50 (10 mg, yield 11.2%) as a
white solid.

[0435] MS m/z (ESI): 415.4 [M+1]

[0436] 'H NMR (400 MHz, DMSO-d): & 11.56 (s, 1H),
8.08 (s, 1H), 6.99-7.04 (m, 1H), 6.50-6.54 (m, 11H), 5.37-
5.50 (m, 1H), 4.70 (br. s, 1H), 4.26-4.34 (m, 21H), 3.55-3.66
(m, 21H), 3.21-3.29 (m, 21H), 3.14 (s, 3H), 2.74-2.85 (m,
2H), 1.92-2.05 (m, 21H), 1.67-1.76 (m, 2H)

[0437] The compounds of Examples 51 to 156 were
synthesized by reference to the procedures of Example 1 and
Example 2, using appropriate reactants according to the
synthetic method of the compounds of the present invention.
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[0438] Their Example numbers, structures, and character-
istic data are provided as follows:
No Structure Properties MS !'HNMR
51 white 336.3 'H NMR (400 MHz,
solid  [M + 1] CDCLy) 8 9.48 (s, 1),
8.28 (s, 1), 7.05 (s, 1),
6.64 (s, 1H), 5.50-5.54 (m,
1H), 3.52-3.56 (m, 2H),
3.17-3.21 (m, SH), 2.80-
2.95 (m, SH), 1.88-1.90
(m, 2H), 1.85-1.87 (m,
2H)
N-methyl-N-((3aR,5S,6aS)-2-
(methylsulfonyl)octahydro
cyclopenta[c]pyrrol-5-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine
52 white 404.2 'H NMR (400 MHz,
solid  [M + 1] CDCly) & 10.48 (s, 1H),
8.23 (s, 1H), 7.08 (s, 1),
6.61 (s, 1H), 5.56-5.60 (m,
1H), 3.80-3.85 (m, 2H),
3.69-3.72 (m, 2H), 3.29 (s,
3H), 2.97-3.00 (m, 2H),
2.02-2.05 (m, 2H), 1.86-
1.91 (m, 4H)
Z
N | \
K
TR
N-methyl-N-((3aR,5S,6aS)-2-
((2,2,2-(trifluoroethyl)sulfonyl)
octahydrocyclopenta[c]pyrrol-
5-yl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine
53 white 380.9 'H NMR (400 MHz,

solid  [M + 1] CDCly) & 10.53 (s, 1H),
8.25 (s, 1H), 7.09 (s, 1),
6.58 (s, 1H), 5.62-5.64 (m,
1H), 3.85-3.86 (m, 2H),
3.69-3.72 (m, 2H), 3.27 (s,
3H), 2.80-2.82 (m, 2H),
2.06-2.07 (m, 2H), 1.91-
1.93 (m, 2H)

N-methyl-N-((3aR,5S,6aS)-2-
((trifluoromethyl)sulfonyl)

octahydrocyclopenta[c]pyrrol-
5-yl)-7H-pyrrolo[2,3-d]

pyrimidin-4-amine
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No Structure Properties

MS 'HNMR

54 gray
solid

N-((3aR,58,6a8)-2-benzyl
octahydrocyclopenta[c]pyrrol-
5-y1)-N-methyl-7H-pyrrolo
[2,3-d]pyrimidin-4-amine

white
solid

55

N-methyl-N-((3aR,5S,6aS)-2-

(pyridin-3-ylmethyl)octahydro

cyclopenta [¢]pyrrol-5-y1)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine

white
F solid

56 F

N-methyl-N-((3aR,5S,6aS)-2-
(2,2,2-(trifluoroethyl)octahydro
cyclopenta [¢]pyrrol-5-y1)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine

348 'H NMR (400 MHz, DMSO-
M + 1] dg) & 11.66 (s, 1H), 8.14 (s,
1H), 7.33-7.65 (m, S5H), 7.13-
7.14 (m, 1H), 6.61-6.62 (m,
1H), 5.48-5.50 (m, 1H), 3.28-
3.40 (m, 4H), 3.14 (s, 3H),
2.70-2.89 (m, 4H), 1.90-2.02
(m, 2H), 1.58-1.72 (m, 2H)

349 'H NMR (400 MHz, DMSO-

M + 1] dg) & 11.61 (s, 1H), 8.53-8.61
(m, 1H), 8.48-8.50 (m, 1H),
8.13 (s, 1H), 7.72-7.80 (m,
1H), 7.30-7.41 (m, 1H), 7.08-
7.13 (m, 1H), 6.58-6.63 (m,
1H), 5.31-5.42 (m, 1H), 3.50-
3.65 (m, 2H), 3.29-3.40 (m,
4H), 3.07 (s, 3H), 2.60-2.71
(m, 2H), 1.85-2.01 (m, 2H),
1.52-1.62 (m, 2H)

340.3 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.60 (s,
1H), 8.09 (s, 1H), 7.11-
7.13 (m, 1H), 6.55-6.56
(m, 1H), 5.06-5.12 (m,
1H), 3.34 (s, 3H), 3.21-
3.28 (m, 2H), 3.14 (s,
2H), 2.70-2.72 (m, 2H),
2.54-2.58 (m, 2H), 1.94-
2.01 (m, 2H), 1.46-1.53
(m, 2H)
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No Structure Properties MS 'HNMR

57 white  312.2 'H NMR (400 MHz,

solid  [M + 1] DMSO-dg) & 11.66 (s,
1H), 8.14 (s, 1H), 7.16 (s,
1H), 6.61 (s, 1), 5.50-
5.53 (m, 1H), 3.40-3.48
(m, 1H), 3.36-3.38 (m,
2H), 3.26 (s, 3H), 3.10-
3.19 (m, 2H), 2.75-2.88
(m, 2H), 1.96-1.98 (m,
2H), 1.70-1.72 (m, 2H),
1.24-1.28 (m, 1H), 1.08-
1.10 (m, 4H)

N-((3aR,58,6a8)-2-
(cyclopropylmethyl)octahydro
cyclopenta[c]pyrrol-5-yl)-N-
methyl-7H-pyrrolo[2,3-d]

pyrimidin-4-amine

58 OH white  332.3 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.54 (s,

1H), 8.08 (s, 1H), 7.07 (s,

oH 1H), 6.76 (s, 1H), 5.29
5.31 (m, 1H), 4.33-4.35
(m, 2H), 3.58-3.60 (m,
4H), 3.51 (s, 3H), 2.66-
2.71 (m, 2H), 2.13-2.15
(m, 1H), 1.92-1.93 (m,
2H), 1.57-1.60 (m, 2H)

2-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2-(1H)-yl)propane-1,3-diol

59 N white  365.3 'H NMR (400 MHz, CDCLy) &
solid  [M +1] 9.98 (s, 1H), 8.28 (s, 1H), 7.42
(s, 1H), 6.96 (s, 1H), 6.53 s,
Z P 1H), 5.98-6.05 (m, 2H), 5.55-
N O 5.58 (m, 1H), 3.90 (s, 3H),

3.71-3.73 (m, 2H), 3.39-3.41
(m, 2H), 3.26 (s, 3H), 2.98-
3.00 (m, 2H), 2.10-2.17 (m,
2H), 1.98-200 (m, 2H)

N-((3aR,58,6a8)-2-(6-methoxy
pyridin-2-yl)octahydro
cyclopenta[c]pyrrol-5-yl)-N-
methyl-7H-pyrrolo[2,3-d]

pyrimidin-4-amine
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60 white 258.2 'H NMR (400 MHz, DMSO-
solid [M + 1] dg) & 11.63 (s, 1H), 8.10 (s,
1H), 7.13 (s, 1H), 6.59 (s, 1H),
5.38-5.41 (m, 1H), 3.34-3.39
(m, 2H), 3.16 (s, 3H), 2.69-
2.77 (m, 4H), 1.91-1.98 (m,
2H), 1.67-1.72 (m, 2H)
N-methyl-N((3aR,5S,6aS)-
octahydrocyclopenta[c]pyrrol-
5-yl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine
61 white 340.2 'H NMR (400 MHz,
solid [M + 1] CDCl3) & 11.00 (s, 1H),

8.23 (s, 1H), 7.05 (s, 1H),
6.51 (s, 1H), 5.59-5.63 (m,
1H), 3.81-3.86 (m, 2H),
3.46-3.49 (m, 2H), 3.27 (s,
3H), 3.02-3.03 (m, 2H),
2.08 (s, 3H), 2.03-2.04 (m,
2H), 1.92-1.95 (m, 2H)

N-methyl-N-((3aR,5S,6aS)-2-

(3-methyl-1,2 4-oxadiazol-5-yl)

octahydrocyclopenta[c]pyrrol-

5-yl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine
62 white 272.3 'H NMR (400 MHz,

solid  [M + 1] DMSO-dg)  11.63 (s,
1H), 8.12 (s, 1H), 7.14 (s,
1H), 6.60 (s, 1), 5.46-
5.50 (m, 1H), 3.48-3.50
(m, 2H), 3.17 (s, 3H),
2.88-2.90 (m, 4H), 2.76 (s,
3H), 1.92-1.96 (m, 2H),
1.72-1.74 (m, 2H)

N-methyl-N-((3aR,5S,6aS)-2-
methyloctahydrocyclopenata[c]
pyrrol-5-yl)-7TH-pyrrolo[2,3-d]

pyrimidin-4-amine
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No Structure Properties MS 'HNMR

63 white 3024 'H NMR (400 MHz, CDCly) &
solid [M + 1] 10.31 (s, 1H), 8,31 (s, 1H),
7.05 (s, 1H), 6.66 (s, 1H),
5.53-5.56 (m, 1H), 3.68-
3.71 (m, 2H), 3.19 (s, 3H),
2.70-2.75 (m, 2H), 2.64-2.68
(m, 4H), 2.58-2.60 (m, 2H),
1.94-2.00 (m, 2H), 1.72-1.77
(m, 2H)
2-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)ethanol
64 white  316.3 'H NMR (400 MHz, CDCL,) &
solid  [M + 1] 10.53 (s, 1H), 8.27 (s, 1),
O 7.05 (s, 1H), 6.64 (s, 11),
5.52-5.60 (m, 1H), 3.78-3.81
(m, 2H), 3.60-3.62 (m, 2H),
3.40 (s, 3H), 3.26 (s, 3H),
3.08-3.11 (m, 4H), 2.65-2.68
(m, 2H), 1.89-1.94 (m, 2H),
1.76-1.81 (m, 2H)
N-((3aR,58,6a8)-2-(2-methoxy
ethyl)octahydrocyclopenta[c]
pyrrol-5-y1)-N-methyl-7H-
pytrolo[2,3-d]pyrimidin-4-
amine
65 white 356.2 'H NMR (400 MHz,

solid  [M + 1] CDCly) & 10.84 (s, 1H),
8.22 (s, 1H), 7.03 (s, 1H),
6.51 (s, 1H), 5.59-5.63 (m,
1H), 3.74-3.76 (m, 2H),
3.36-3.38 (m, 2H), 3.27 (s,
3H), 3.06-3.09 (m, 2H),
2.45 (s, 3H), 2.06-2.08 (m,
2H), 1.95-1.97 (m, 2H)

N-methyl-N-((3aR,5S,6aS)-2-
(3-methyl-1,2 4-thiadiazol-5-yl)
octahydrocyclopenta[c]pyrrol-
5-yl)-7H-pyrrolo[2,3-d]

pyrimidin-4-amine
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66 white 356.2 'H NMR (400 MHz,
solid [M + 1] DMSO-dg) 6 11.39 (s,
1H), 8.08 (s, 1H), 7.08 (s,
1H), 6.51 (s, 1H), 5.44-
5.46 (m, 1H), 3.60-3.64
(m, 2H), 3.31 (s, 3H),
3.24-3.26 (m, 2H), 3.16 (s,
3H), 2.97-2.99 (m, 2H),
2.01-2.03 (m, 2H), 1.77-
1.82 (m, 2H)
N-methyl-N-((3aR,5S,6aS)-2-
(5-methyl-1,3 4-thiadiazol-2-yl)
octahydrocyclopenta[c]pyrrol-
5-yl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine
67 r white 340.3 'H NMR (400 MHz,
F solid [M + 1] DMSO-dg) 6 11.39 (s,
1H), 8.08 (s, 1H), 7.11 (s,
1H), 6.54 (s, 1H), 5.08 (m,
F 1H), 3.22-3.25 (m, 2H),
3.13 (s, 3H), 2.70-2.72 (m,
2H), 2.54 (s, 3H), 1.94-
2.00 (m, 2H), 1.47-1.53
(m, 2H), 1.20-1.23 (m,
2H)
N-methyl-N-((3aR,5R,6aS)-2-
(2,2,2-trifluoroethyl)
octahydrocyclopenta[c]pyrrol-
5-yl)-7H-pyrrolo[2,3-d]
pyrimidin-4-amine
68 white 311.4 'H NMR (400 MHz, CDCl3) &
solid [M + 1] 10.72 (s, 1H), 8.32 (s, 1H),

3-((3aR,5R,6aS)-5-methyl(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)propanenitrile

7.05 (s, 1H), 6.57 (s, 1H),
5.28-5.32 (m, 1H), 3.74-3.82
(m, 2H), 3.27 (s, 3H), 3.16-
3.21 (m, 1H), 2.72-2.76 (m,
3H), 2.54-2.59 (m, 3H),
2.29-2.31 (m, 1H), 1.76-1.79
(m, 2H), 1.21-1.26 (m, 2H)
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69 N white 297.4 'HNMR (400 MHz,
N N\Z solid  [M + 1] CDCLy) & 10.72 (s, 1H),
8.32 (s, 1), 7.06 (s, 1),
6.57 (s, 1H), 5.14-5.17 (m,
1H), 3.69-3.71 (m, 2H),
3.27 (s, 3H), 3.59-3.67 (m,
SH), 2.13-2.15 (m, 2H),
1.76-1.78 (m, 1H), 1.58-
1.62 2H
NZ | \ (m, 2H)
A
N
N H
2-((3aR,5R,6aS)-5-methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino) hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)acetonitrile
70 O white 358.2 'HNMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.61 (s,
1H), 8.08 (s, 1H), 7.12 (s,
0 1H), 6.57 (s, 1H), 5.27-
5.28 (m, 1H), 3.24-3.47
(m, 2H), 4.16-4.21 (m,
SH), 2.61-2.64 (m, 2H),
1.97-2.00 (m, 2H), 1.51-
1.53 (m, 2H), 1.40 (s, OH)
ya
N | \
K
N
N H
(3aR,5R,6a8)-tert-butyl 5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-
2(1H)carboxylate
71 (0] white 330.1 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.61 (s,
OH 1H), 8.09 (s, 1H), 7.13 (s,

(S)-2-hydroxyl-1-((3aR,5R,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)propan-1-one

1H), 6.58 (s, 1), 5.29-
5.30 (m, 1H), 4.83-4.86
(m, 1H), 4.29-4.32 (m,
1H), 3.59-3.60 (m, 2H),
3.42-3.45 (m, 2H), 3.16 (s,
3H), 2.65-2.73 (m, 2H),
2.01-2.04 (m, 2H), 1.51-
1.56 (m, 2H), 1.17-1.20
(m, 3H)
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72 (€] white 3302 'H NMR (400 MHz,

solid  [M + 1] DMSO-dg) & 11.61 (s,
1H), 8.09 (s, 1H), 7.13 (s,
1H), 6.58 (s, 1), 5.28-
5.30 (m, 1H), 4.84-4.87

oH (m, 1H), 4.27-4.31 (m,

1H), 3.38-3.46 (m, 3H),
3.16 (s, 3H), 2.73-2.75 (m,
2H), 1.98-2.00 (m, 2H),
1.53-1.56 (m, 2H), 1.07-
1.10 (m, 3H)

(R)-2-hydroxyl-1-((3aR,5R,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)propan-1-one

white 385.2 'H NMR (400 MHz, DMSO-

73 _N
O NN solid  [M + 1] dg) 8 11.63 (s, 1H), 11.09 (bs,
)j\ )|\ 383.2 1H), 9.00 (s, 1H), 8.10 (s, 1),
N g M- 1] 7.13 (s, 1H), 6.59 (s, 1H),
q 5.30-5.34 (m, 1H), 3.62-3.67
(m, 2H), 3.46-3.52 (m, 2H),
3.17 (s, 3H), 2.72-2.75 (m,
2H), 2.02-2.07 (m, 2H), 1.57-
1.60 (m, 2H)
(3aR,5R,6a8S)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(1,3,4-thiadiazol-2-
yhhexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
74 white  415.2 'H NMR (400 MHz,

solid  [M + 1] DMSO-dg) & 11.60 (s,
413.1 1H), 11.58 (s, 1H), 8.09 (s,
M - 1] 1H), 7.13 (s, 1H), 6.58 (s,
1H), 5.30-5.34 (m, 1),
3.89 (s, 3H), 3.62-3.65 (m,
2H), 3.34-3.38 (m, 2H),
3.17 (s, 3H), 2.73-2.77 (m,
2H), 1.99-2.03 (m, 2H),
1.57-1.60 (m, 2H)

(3aR,5R,6a8)-N-(5-methoxy-
1,2 4-thiadiazol-5-yl)-5-
(methyl(7H-pyrrolo[2,3-

d]pyrimidin-4-

yl)amino)hexahydrocyclopenta
[c]pyrrole-2(1H)-carboxamide
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75 white 339.2 'H NMR (400 MHz,
solid [M + 1] CDCl3) & 10.65 (s, 1H),
8.26 (s, 1H), 7.09 (s, 1H),
6.58 (s, 1H), 5.44-5.50 (m,
1H), 3.67-3.72 (m, 2H),
3.42-3.49 (m, 2H), 3.28 (s,
3H), 2.67-2.77 (m, 6H),
2.19-2.22 (m, 2H), 1.56-
1.62 (m, 2H)
Va
N | \
K
N
N H
4-((3aR,5R,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino) hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)-4-
oxobutanenitrile
76 white 300.5 'H NMR (400 MHz,
solid [M + 1] CDCl3) & 10.83 (s, 1H),
8.28 (s, 1H), 7.07 (s, 1H),
6.58 (s, 1H), 5.42-5.48 (m,
1H), 3.67-3.70 (m, 2H),
3.44-3.55 (m, 2H), 3.27 (s,
3H), 2.74-2.81 (m, 2H),
2.21-2.22 (m, 2H), 2.16-
2.17 (m, 3H), 1.53-1.60
(m, 2H)
1-((3aR,5R,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino) hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)ethanone
77 white 316.5 'H NMR (400 MHz,
solid [M + 1] CDCl3) & 11.16 (s, 1H),

o)

(3aR,5R,6aS)-methyl 5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-
2(1H)-carboxylate

8.27 (s, 1H), 7.07 (s, 1H),
6.57 (s, 1H), 5.38-5.41 (m,
1H), 3.72 (s, 3H), 3.40-
3.56 (m, 4H), 3.27 (s, 3H),
2.70-2.72 (m, 2H), 2.16-
2.18 (m, 2H), 1.56-1.57
(m, 2H)
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78 (@] white 325.5 'H NMR (400 MHz,
solid  [M +1] CDCLy) 8 9.55 (s, 1),
SN 8.30 (s, 1H), 7.05 (s, 1),
N 6.59 (s, 1H), 5.49-5.51 (m,
1H), 3.62-3.77 (m, 2H),
3.61-3.62 (m, 1H), 3.46-
3.51 (m, 3H), 3.28 (s, 3H),
2.80-2.89 (m, 2H), 2.23-
2.26 (m, 2H), 1.61-1.69
(m, 2H).
3-((3aR,5R,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta
[c]pyrrol-2(1H)-yl)-3-
oxopropanenitrile
79 (@] white 3514 'H NMR (400 MHz,
N solid  [M + 1] CDCly) & 11.65 (s, 1H),
z 8.32 (s, 1H), 7.05-7.12 (m,
1H), 6.55-6.64 (m, 1),
5.62-5.68 (m, 1H), 4.14-
425 (m, 1H), 3.75-3.87
(m, 2H), 3.53-3.62 (m,
1H), 3.30 (s, 3H), 3.02-
3.12 (m, 1H), 2.88-2.97
(m, 1H), 2.04-2.17 (m,
Z 2H), 1.92-2.02 (m, 2H),
N \ 1.55-1.63 (m, 2H), 1.22-
k | 1.35 (m, 2H)
x
TR
1-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino) octahydrocyclopenta
[c]pyrrol-2-carbonyl)
cyclopropanecarbonitrile
80 O white 315.2 'HNMR (400 MHz,
solid  [M + 1] DMSO-dg) & 8.19 (s, 1H),
I - 7.26 (s, 1H), 6.78 (s, 1),
2 N N 5.35-5.38 (m, 1H), 3.71-

3.75 (m, 2H), 3.52-3.54

(m, 2H), 3.20-3.24 (m,

- 2H), 2.96-2.98 (m, 2H),

N ”H 2.73 (s, 3H), 2.17-2.19 (m,
N 2H), 1.94-1.96 (m, 2H),

(3aR,58,6a8)-N-methyl-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrole-
2(1H)-carboxamide
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81 white 392.3 'H NMR (400 MHz,
O solid  [M + 1] CDCly) & 10.96 (s, 1H),

8.23 (s, 1H), 7.35-7.37 (m,
5T), 7.12 (s, 1H), 6.48 (s,
1H), 5.50-5.55 (m, 1H),
5.07-5.11 (m, 1H), 3.60-
OH 3.74 (m, 1H), 3.48-3.59
(m, 2H), 3.17-3.27 (m,
4T0), 2.83-2.89 (m, 2H),
1.82-1.96 (m, 4H),

(R)-2-hydroxy-1-((3aR,5S,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)-2-phenylethanone

82 0 white 339.2 'H NMR (400 MHz,
N solid  [M + 1] DMSO-dg) & 11.60 (s,
= 1H), 8.08 (s, 1H), 7.11 (s,

1H), 6.53 (s, 1H), 5.43-
5.46 (m, 1H), 4.16-4.19
(m, 1H), 3.73-3.75 (m,
1H), 3.59 3.62 (m, 1H),
3.35-3.38 (m, 1H), 3.25-
3.27 (m, 1H), 3.17 (s, 3H),
3.15-3.17 (m, 1H), 3.14-
3.15 (m, 1H), 1.97-2.02
(m, 2H), 1.78-1.80 (m,
2H), 1.39-1.43 (m, 3H),

2-methyl-3-((3aR,5S,6aS)-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)-3-oxopropanenitrile

83 (¢] white 3442 'H NMR (400 MHz,
solid [M + 1] DMSO-dg) 6 11.39 (s,

1H), 8.07 (s, 1H), 7.11 (s,
1H), 6.54 (s, 1H), 5.42-

OH 5.46 (m, 1H), 5.20 (s, 1H),
3.91-3.94 (m, 1H), 3.61-
3.67 (m, 2H), 3.26-3.28
(m, 1H), 3.14 (s, 3H),
2.72-2.82 (m, 2H), 1.93-
1.96 (m, 2H), 1.70-1.75

N/ (m, 2H), 1.30 (s, 6H)

2-hydroxy-2-methyl-1-
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)propan-1-one
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white
solid

84

1-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)propan-1-one

white
0 solid

85

1-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)-2-(2H-
tetrazol-5-yl)ethanone

D

white
solid

86

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(1,3,4-thiadiazol-2-

yhhexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

314.1 'H NMR (400 MHz,

[M + 1] CDCLy) & 8.30 (s, 1H),
7.07 (s, 1H), 6.53 (s, 1),
5.60-5.64 (m, 1H), 3.74-
3.0-79 (m, 2H) 3.32-3.46
(m, 2H), 3.25 (s, 3H),
2.71-2.80 (m, 2H), 2.30-
2.33 (m, 2H), 2.05-2.06
(m, 4H), 1.90-1.93 (m,
2H), 1.06-1.21 (m, 3H).

368.0 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.61 (s,
1H), 8.10 (s, 1H), 7.12 (s,
1H), 6.55 (s, 1H), 5.51-
5.53 (m, 1H), 3.99-4.00
(m, 2H), 3.80-3.82 (m,
1H), 3.58-3.61 (m, 2H),
3.46-3.47 (m, 1H), 3.16 (s,
3H), 2.65-2.70 (m, 2H),
1.96-1.99 (m, 2H), 1.75-
1.79 (m, 2H),

385.4 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.60 (s,

383.2 1H), 11.06 (s, 1), 8.96 (s,

M - 1] 1H), 8.19 (s, 1H), 7.11 (s,
1H), 6.68 (s, 1), 5.30-
5.34 (m, 1H), 3.86-3.91
(m, 2H), 3.50-3.54 (m,
2H), 3.27 (s, 3H), 3.09-
3.12 (m, 2H), 2.21-2.26
(m, 2H), 2.01-2.07 (m,
2H)
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87 (¢] white 3424 'HNMR (400 MHz,
solid [M + 1] CD;0D) 8 8.20 (s, 1H),
OH 340.2 7.06 (s, 1H), 6.78-6.86 (m,
[M - 1] 1H), 5.35-5.52 (m, 1H),
3.80-4.11 (m, 2H), 3.46-
3.60 (m, 2H), 3.00 (s, 3H),
2.98-3.13 (m, 2H), 2.26-
2.22 (m, 2H), 1.97-2.01
(m, 2H), 1.13-1.29 (t, 2H),
0.88-0.93 (t, 2H)
(1-hydroxycyclopropyl)
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)methanone
88 (¢] white 3444 'HNMR (400 MHz,
solid [M + 1] CDCl3) & 9.70 (s, 1H),
8.28 (s, 1H), 7.04 (s, 1H),
6.56 (s, 1H), 6.56 (s, 1H),
5.60-5.66 (m, 1H), 4.21 (s,
OH 1H), 3.95-3.98 (m, 1H),
3.65-3.75 (m, 3H), 3.42 (s,
1H), 3.25-3.30 (m, 4H),
2.99 (s, 2H)
=
¥ A\
NP
(R)-2-hydroxy-1-((3aR,5S,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)-butan-1-one
89 O white 407.4 'H NMR (400 MHz,
solid [M + 1] CDCl3) & 11.63 (s, 1H),

N-((R)-1-((3aR,58,6a8)-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)

hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)-oxopropan-2-yl)

methanesulfonamide

8,27 (s, 1H), 7.08-7.15 (m,
1H), 6.57-6.63 (m, 1),
5.58-6.05 (m, 1H), 4.32-
4.42 (m, 1H), 3.88-3.97
(m, 1H), 3.71-3.78 (m,
1H), 3.57-3.64 (m, 1H),
3.38 (s, 3H), 3.02-3.09 (m,
1H), 2.98 (s, 3H), 2.06-
2.17 (m, SH), 1.90-2.02
(m, 2H), 1.50-1.52 (m,
1H), 1.41-1.44 (m, 1),
1.29 (s, 1H)
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90 light 346.3 'H NMR (400 MHz,
yellow  [M + 1] CDCl3) 8 11.65 (s, 1H),
solid 8.27 (s, 1H), 7.07-7.14 (m,
1H), 6.57-6.65 (m, 1H),
5.58-5.75 (m, 1H), 3.77-
3.88 (m, 2H), 3.42-3.54
(m, 2H), 3.30 (s, 3H),
3.22-3.24 (m, 2H), 2.96-
3.07 (m, 1H), 2.86-2.97
(m, 1H), 2.27 (s, 3H),
2.05-2.08 (m, 2H), 1.92-
2.01 (m, 2H)
1-((3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)-2-
(methylthio)ethanone
91 (¢] light 362.4 'HNMR (400 MHz,
yellow  [M + 1] CDCly) & 11.65 (s, 1H),
solid 8.31 (s, 1H), 7.55-7.61 (m,
2H), 7.44-7.48 (m, 3H),
7.07-7.14 (m, 1H), 6.56-
6.67 (m, 1H), 5.58-5.75
(m, 1H), 3.97-4.12 (m,
1H), 3.62-3.83 (m, 2H),
3.34-3.45 (m, 1H), 3.30 (s,
3H), 2.85-3.07 (m, 2H),
1.92-2.04 (m, 4H)
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)(phenyl)
methanone
92 white 346.3 'H NMR (400 MHz,

solid  [M + 1] DMSO-dg) & 11.60 (s,

OH 1H), 8.09 (s, 1H), 7.11 (s,
1H), 6.54 (s, 1), 5.44-
5.48 (m, 1H), 4.84-4.88
(m, 1H), 4.69-4.74 (m,

OH 1H), 4.20-4.22 (m, 1),
3.53-3.56 (m, 6H), 3.45-
3.48 (m, 1H), 3.26 (s, 3H),
2.79-2.87 (m, 2H), 1.96-
2.00 (m, 2H), 1.76-1.77
(m, 2H)

(R)-2,3-dihydroxy-1-
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)

amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)propan-1-one
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93 (¢] white 344.2 'H NMR({400 MHz,
solid [M + 1] DMSO-dg) 6 11.39 (s,
OH 1H), 8.07 (s, 1H), 7.10 (s,
1H), 6.53 (s, 1H), 5.42-
5.46 (m, 1H), 4.67-4.73
(m, 1H), 4.06-4.09 (m,
1H), 3.64-3.66 (m, 3H),
3.28-3.29 (m, 1H), 3.23 (s,
3H), 2.79-2.88 (m, 2H),
1.95-2.00 (m, 2H), 1.51-
1.73 (m, 4H), 0.85-0.92
(m, 3H)
(S)-2-hydroxy-1-((3aR,5R,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)butan-1-one
94 O r white 340.3 'H NMR (400 MHz,
F solid [M + 1] CDCly) & 10.62 (s, 1H),
8.21 (s, 1H), 7.04 (s, 1H),
F 6.80 (s, 1H), 5.37-5.39 (m,
1H), 3.06 (s, 3H), 3.01-
OH 3.03 (m, 2H), 2.75-2.76
(m, 6H), 1.94-1.99 (m,
4H).
(8)-3,3,3-trifluoro-2-hydroxy-1-
((3aR,5R,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)propan-1-one
95 (¢] white 386.0 'HNMR (400 MHz,
solid [M + 1] CDCl3) & 11.17 (s, 1H),

N)k/\o/\/\

TR

3-butoxy-1-((3aR,5S,6aS)-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)propan-1-one

8.25 (s, 1H), 7.07 (s, 1H),
6.65 (s, 1H), 5.44-5.47 (m,
1H), 4.05-4.11 (m, 2H),
3.20 (s, 3H), 3.00-3.02 (m,
2H), 2.90-2.93 (m, 6H),
2.71-2.75 (m, 2H), 2.58-
2.59 (m, 2H), 1.90-1.92
(m, 2H), 1.72-1.77 (m,
2H), 1.56-1.59 (m, 2H),
1.33-1.37 (m, 2H), 0.88-
0.91 (m, 3H)
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96 (€]

OH

(R)-2-hydroxy-3-methyl-1-
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)butan-1-one

97 (€] F

OH

3,3,3-trifluoro-2-hydroxy-1-
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)propan-1-one

98

(3aR,58,6a8)-phenyl 5-(methyl
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)
yl)amino)hexahydrocyclopenta[c]

pyrrole-2(1H)-carboxylate

white
solid

white
solid

white
solid

358.4 'H NMR (400 MHz,

[M + 1] CDCLy) & 11.56 (s, 1H),
8.08 (s, 1), 7.10 (s, 1),
6.52 (s, 1H), 5.43-5.45 (m,
1H), 4.58-4.64 (m, 1),
3.89-3.92 (m, 1H), 3.46-
3.66 (m, 4H), 3.15-3.23
(m, 4H), 2.79-2.87 (m,
2H), 1.35 (m, 1H), 0.83-
0.91 (m, 6H)

384.6 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.60 (s,
1H), 8.07-8.13 (m, 1H),
7.08-7.13 (m, 1H), 6.66-
6.73 (m, 1H), 6.52-6.57
(m, 1H), 5.45-5.53 (m,
1H), 4.90-4.98 (m, 1),
3.83-3.92 (m, 1H), 3.62-
3.78 (m, 2H), 3.52-3.60
(m, 1H), 3.16 (s, 3H),
2.87-2.95 (m, 1H), 2.77-
2.84 (m, 1H), 1.95-2.06
(m, 2H), 1.74-1.83 (m,
2H)

378.3 'H NMR (400 MHz, DMSO-
M + 1] dg) & 11.64 (s, 1H), 8.11 (s,
376.3 1H), 7.38-7.42 (m, 2H), 7.12-
M - 1] 7.24 (m, 4H), 6.57-6.59 (m,
1H), 5.51-5.56 (m, 1H), 3.78-
3.82 (m, 1H), 3.62-3.68 (m,
1H), 3.39-3.42 (m, 1H), 3.24-
3.26 (m, 1H), 3.17 (s, 3H),
2.90-2.94 (m, 2H), 1.99-2.07
(m, 2H), 1.82-1.87 (m, 2H)
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OH  white 4734 'HNMR (400 MHz,
solid [M + 1] DMSO-dg) 8 8.29 (s, 1H),
N 7.32-7.40 (m, 1H), 6.72-
- > >
Q 8 N d 6.82 (m, 1H), 5.15-5.27
J]\ )\ (m, 1H), 4.14 (s, 2H),
N N 3.53-3.78 (m, 2H), 3.30-
o 3.47 (m, 2H), 3.24 (s, 3H),
2.85-2.96 (m, 2H), 2.00-
2.14 (m, 2H), 1.82-1.93
(m, 2H), 1.04 (s, 6H)
3aR,58,6aS)-N-(3-(2-hydroxy-
2-methylpropxy)-1,2,4-
thiadiazol-5-yl)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
O white 358.2 'HNMR (400 MHz,
solid  [M +1] CDCly) & 11.18 (s, 1H),
8.30 (s, 1), 7.08 (s, 1),
OH 6.53 (s, 1H), 5.53-5.57 (m,
1H), 3.75-3.80 (m, 2H),
3.58-3.62 (m, 4H), 3.24 (s,
2.01-2.07 (m, 2H), 1.87-
1.92 (m, 2H), 1.23 (s, 6H)
3-hydroxy-2,2-dimethyl-1-
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)propan-1-one
white 368.5 'HNMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.60 (s,

3,3,3-trifluoro-1-((3aR,58,6aS)-
5-(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)

hexahydrocyclopenta[c]pyrrol-
2(1H)-yl)propan-1-one

1H), 8.10 (s, 1), 7.05-
7.20 (m, 1H), 6.50-6.65
(m, 1H), 5.40-5.61 (m,
1H), 3.65-3.75 (m, 1),
3.47-3.59 (m, 2H), 3.49 (s,
3H), 3.31-3.21 (m, 3H),
2.73-2.96 (m, 2H), 1.93-
2.08 (m, 2H), 1.72-1.86
(m, 2H)
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MS 'HNMR

white
solid

102 (€]

N )K/\OH

//_
mz/

3-hydroxy-1-((3aR,58S,6aS)-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]pyrrol-

2(1H)-yl)propan-1-one

white
solid

103

1-((3aR,58,6a8)-5-(methyl(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)

amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)prop-2-en-1-one

white
solid

104

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(1-methyl-1H-
pyrazol-3-yl)hexahydro

cyclopenta[c]pyrrole-2(1H)-

carboxamide

330.3 'H NMR (400 MHz,

[M + 1] CDCLy) & 10.44 (s, 1H),
8.29 (s, 1), 7.06 (s, 1),
6.53 (s, 1H), 5.57-5.61 (m,
1H), 3.70-3.72 (m, 2H),
3.46-3.52 (m, 4H), 3.25 (s,
3H), 2.96-3.02 (m, 2H),
2.51-2.59 (m, 2H), 2.01-
2.06 (m, 2H), 1.91-1.93
(m, 2H)

312.2 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.60 (s,
1H), 8.08 (s, 1H), 7.10 (s,
1H), 6.58-6.65 (m, 1),
6.52 (s, 1H), 6.12-6.16 (m,
1H), 5.65-5.68 (m, 1),
5.44-5.46 (m, 1H), 4.00-
4.05 (m, 1H), 3.76-3.78
(m, 1H), 3.61-3.63 (m,
1H), 3.44-3.45 (m, 1),
3.27 (s, 3H), 2.81-2.90 (m,
2H), 1.96-1.99 (m, 2H),
1.74-1.76 (m, 2H)

381.2 'H NMR (400 MHz,

[M + 1] CD0D) & 8.09 (s, 1H),
7.43 (d, 1H), 7.05 (d, 1),
6.62 (d, 1H), 6.31 (d, 1H),
5.52-5.56 (m, 1H), 3.78 (s,
3H), 3.68-3.72 (m, 2H),
3.40-3.44 (m, 2H), 3.25 (s,
3H), 2.27-2.31 (m, 2H),
2.10-2.16 (m, 2H), 1.89-
1.93 (m, 2H)
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105 / white 3813 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.61 (s,
\ 1H), 8.24 (s, 1H), 8.09 (s,
| N 1H), 7.66 (s, 1H), 7.33 (s,
Y/ 1H), 7.10 (s, 1H), 6.56 (s,

1H), 5.30-5.47 (m, 1H),
3.75 (s, 3H), 3.49-3.58 (m,
2H), 3.21-3.23 (m, 2H),
3.15 (s, 3H), 2.71-2.85 (m,
2H), 2.01-2.04 (m, 2H),
1.56-1.76 (m, 2H)

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(1-methyl-1H-
pyrazol-4-yl)hexahydro-
cyclopenta[c]pyrrole-2(1H)-
carboxamide

106 | white  408.2 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.59 (s,
N\ O 1H), 8.23 (s, 1H), 8.20 (s,
1H), 7.82 (s, 1H), 7.07 (s,
| 1H), 6.73 (s, 1H), 6.56 (s,
S 1H), 5.51-5.53 (m, 1H),
3.76 (s, 3H), 3.60-3.62 (m,
2M), 3.27-3.30 (m, 2H),
3.18 (s, 3H), 2.88-2.89 (m,
2M), 2.00-2.05 (m, 2H),
1.74-1.79 (m, 2H)

(3aR,58,6aS)-N-(6-methoxy
pyridin-3-yl)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

white  367.3 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.62 (s,
365.2 1H), 8.08 (s, 1), 7.93 (s,
M - 1] 1H), 7.09 (s, 1H), 6.54 (s,
1H), 5.73 (s, 1H), 5.49-
5.52 (m, 1H), 5.26 (s, 1H),
5.25 (s, 1H), 3.92-3.96 (m,
2H), 3.63-3.67 (m, 2H),
3.15 (s, 3H), 2.83-2.87 (m,
2H), 1.98-2.22 (m, 2H),
1.76-1.80 (m, 2H)

107

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(1H-pyrazol-3-yl)
hexahydrocyclopenta[c]pyrrole-
2(1H)-carboxamide



US 2017/0044171 Al
101

-continued

Feb. 16, 2017

No Structure

Properties

MS 'HNMR

white
solid

108

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(5-methyl-1H-
pyrazol-3-yl)hexahydro

cyclopenta[c]pyrrole-2(1H)-
carboxamide

N
| Lj\
H,’ NJJ\g F o

white
solid

109

(3aR,58,6aS)-N-(5-methoxy
pyridin-3-yl)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

white
solid

110 (€]

6-methoxypyridin-2-yl)
((3aR,58,6aS)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)methanone

381.3 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.60 (s,

379.3 1H), 8.10 (s, 1), 7.09 (s,

[M - 1] 1H), 6.55 (s, 1H), 6.09 (m,
2H), 5.49-5.52 (m, 1H),
5.17 (s, 1H), 3.82-3.98 (m,
2H), 3.62-3.68 (m, 2H),
3.15 (s, 3H), 2.83-2.87 (m,
2H), 2.03 (s, 3H), 1.96-
2.02 (m, 2H), 1.76-1.80
(m, 2H)

4082 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.61 (s,
1H), 8.34 (s, 2H), 8.08 (s,
1H), 7.88 (s, 1H), 7.66 (s,
1H), 7.06 (s, 1H), 6.55 (s,
1H), 5.51-5.53 (m, 1),
3.78 (s, 3H), 3.62-3.67 (m,
2H), 3.31-3.33 (m, 2H),
3.16 (s, 3H), 2.88-2.89 (m,
2H), 2.01-2.06 (m, 2H),
1.77-1.79 (m, 2H)

365.3 'H NMR (400 MHz,

[M + 1] CDCLy) & 9.98 (s, 1H),
8.28 (s, 1H), 7.41 (s, 1),
6.96 (s, 1H), 6.53 (s, 110),
6.04 (s, 1H), 5.97 (s, 1),
5.56-5.58 (m, 1H), 3.90 (s,
3H), 3.71-3.73 (m, 2H),
3.39-3.41 (m, 2H), 3.26 (s,
3H), 2.96-2.99 (m, 2H),
2.06-2.09 (m, 2H), 1.97-
1.99 (m, 2H)
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111 O white 384.1 'HNMR (400 MHz,

solid  [M + 1] CDCly) & 10.78 (s, 1H),
F 8.28 (s, 1), 7.06 (s, 1),
N 0 6.53 (s, 1H), 5.60-5.64 (m,

F 1H), 4.48-4.55 (m, 2H),

F 3.72-3.74 (m, 2H), 3.30-
3.35 (m, 2H), 3.26 (s, 3H),

2.90-2.93 (m, 2H), 2.02-

2.03 (m, 2H), 1.89-1.92

(m, 2H)

(3aR,58,6a8)-2,2,2-
trifluoroethy! 5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]

pyrrole-2(1H)-carboxylate

112 (€] white 315.3 'H NMR (400 MHz, DMSO-

solid  [M +1]dg) & 1141 (s, 1H), 7.83 (d,
oH 313.2 1H), 7.14 (d, 1H), 6.45 (d,
N [M - 1] 1H), 6.29 (d, 1H), 4.72-4.76

(m, 1H), 4.00 (d, 2H), 3.54-
3.62 (m, 2H), 3.22-3.26 (m,
2H), 3.15 (s, 1H), 2.96 (s, 3H),
2.70-2.90 (m, 2H), 1.98-2.02
(m, 2H), 1.78-1.82 (m, 2H)

2-hydroxy-1-((3aR,58S,6aS)-5-
(methyl(1H-pyrrolo[2,3-b]
pyridin-4-yl)amino)hexahydro
cyclopenta[c]pyrrole-2(1H)-yl)
ethanone

white  414.3 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.60 (s,
4122 1H), 11.40 (s, 1H), 7.83
M - 1] (d, 1H), 7.06 (d, 1H), 6.50
(d, 1H), 6.34 (d, 1),
4.77-4.82 (m, 1H), 3.90 (s,
3H), 3.62-3.66 (m, 2H),
3.37-3.41 (m, 2H), 3.0 (s,
3H), 2.88-2.92 (m, 2H),
2.00-2.06 (m, 2H), 1.80-
1.86 (m, 2H)

113

7\
jusva /

(3aR,58,6a8)-N-(3-methoxy-
1,2 4-thiadiozol-5-yl)-5-
(methyl(1H-pyrrolo[2,3-b]
pyridin-4-yl)amino)
hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
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white  399.3 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.60 (s,
397.3 1H), 10.40 (s, 1H), 8.04 (s,
M - 1] 1H), 7.03-7.05 (m, 1H),
6.51-6.52 (m, 1), 5.42-
5.54 (m, 1H), 3.62-
3.75 (m, 2H), 3.27-3.42
(m, 2H), 3.14 (s, 3H),
2.84-2.96 (m, 2H), 2.39 (s,
3H), 1.95-2.08 (m, 2H),
1.72-1.82 (m, 2H)

114

X N
H

(3aR,58,6a8)-5-methyl(1H-
pyrrolo[2,3-blpyridin-4-yl)
amino)-N-(3-methyl-1,2,4-
thiadiazol-5-yl)hexahydro-
cyclopenta[c]pyrrole-2(1H)-
carboxamide

white 395.4 'H NMR (400 MHz,

115 N
O =\ / solid  [M + 1] DMSO-dg) & 11.60 s,
)j\ N 1H), 8.25 (s, 1H), 8.09 (s,
H = 1H), 7.70 (s, 1H), 7.36 (s,
%, N N

1H), 7.08-7.06 (m, 1),
6.55-6.54 (m, 1H), 5.48 (s,
1H), 4.07-4.02 (m, 1),
% 3.59-3.54 (m, 2H), 3.25-
il 3.16 (m, SH), 2.86 (s, 2H),
2.05-1.99 (m, 2H), 1.76-
1.71 (m, 2H), 1.34-1.17 (s,
3H)

/=
\
=z

(3aR,58,6a8)-N-(1-ethyl-1H-
pyrazol-4-yl)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

white 3974 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.60 (s,
395.3 1H), 9.34 (s, 1H), 8.10 (s,
M - 1] 1H), 7.07-7.14 (m, 1H),
6.52-6.58 (m, 1), 5.41-
5.57 (m, 1H), 4.61 (q, 2H),
3.58-3.71 (m, 2H), 3.20-
3.35 (m, 2H), 3.16 (s, 3H),
2.81-2.92 (m, 2H), 1.97-
2.02 (m, 2H), 1.73-1.78
(m, 2H), 1.50 (t, 3H)

116

N
N\

N
H

(3aR,58,6a8)-N-(2-ethyl-2H-
tetrazol-5-yl)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
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white 3983 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.62 (s,
396.3 1H), 8.09 (s, 1H), 7.06-
[M - 1] 7.08 (m, 1H), 7.01 (s, 1H),
6.53-6.54 (m, 1), 5.44-
5.48 (m, 1H), 3.61-3.66
(m, 2H), 3.31-3.34 (m,
2H), 3.15 (5, 3H), 2.87 (s,
2H), 2.29 (s, 3H), 1.97-
2.01 (m, 2H), 1.73-1.78
(m, 2H).

117

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(5-methylthiazol-2-

yhhexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

118 yellow  382.3 'H NMR (400 MHz, DMSO-
solid  [M + 1] dg) 8 11.60 (s, 1H), 9.97 (s,
N\ 380.2 1H), 8.09 (s, 1H), 7.04-7.09
| N M - 1] (m, 1H), 6.50-6.56 (m, 1H),
/ 5.93 (s, 1H), 5.40-5.54 (m,

Y 1H), 3.55-3.70 (m, 2H), 3.25-
3.42 (m, 2H), 3.15 (s, 3H),
2.79-2.91 (m, 2H), 2.15 (s,

3H), 1.92-2.06 (m, 2H), 1.69-

1.80 (m, 2H)

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(3-methylisoxazol-5-
yhhexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

119 white 3984 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.60 (s,
N\ 396.3 1), 10.4 (s, 1H), 8.07 (s,
| N M - 1] 1H), 7.03-7.05 (m, 1H),
/ 6.68 (s, 1H), 6.50-6.55 (m,
s 1H), 5.42-5.54 (m, 1H),
3.61-3.71 (m, 2H), 3.27-
3.42 (m, 2H), 3.15 (s, 3H),
2.84-2.96 (m, 2H), 2.26 (s,
3M), 1.95-2.08 (m, 2H),
1.72-1.82 (m, 2H)

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(3-methylisothiazol-5-
yhhexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
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120 light 382.4 'H NMR (400 MHz,
yellow  [M + 1] DMSO-dg) & 12.46 (s,
solid 1H), 8.69 (s, 1H), 8.31-
8.30 (d, 1H), 7.36 (s, 1H),
6.80 (s, 1H), 5.31 (s, 1H),
3.78 (s, 3H), 3.59-3.57 (d,
2H), 3.17 (5, 1H), 2.89 (s,
2H), 2.40-2.36 (s, 3H),
2.10-2.04 (m, 2H), 1.88-
1.83 (m, 2H)
(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(1-methyl-1H-1,2,4-
triazol-3-yl)hexahydro
cyclopenta[c]pyrrole-2(1H)-
carboxamide
121 N white 411.3 'H NMR (400 MHz,
O 7N solid  [M - 1] DMSO-dg) & 11.60 (s,
JI\ )\ 1H), 11.52 (s, 1H), 8.08 (5,
N N 1H), 7.10-7.00 (m, 1H),
o 6.58-6.48 (m, 1), 5.55-
5.38 (m, 1H), 3.78-3.60
(m, 2H), 3.49-3.36 (m,
2H), 3.15 (s, 3H), 2.96-
2.84 (m, 2H), 2.74 (q, 2H),
2.10-1.94 (m, 2H), 1.85-
1.72 (m, 2H), 1.25 (t, 3H)
NZ | \
K
N
N H
(3aR,5S,6aS)-N-(3-ethyl-1,2,4-
thiadiazol-5-yl)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
122 light 383.4

_0
0 N yellow [M +1]
)j\ )l\ Y/ solid 3813
N N M-1]
H

(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(5-methyl-1,2,4-
oxadiazol-3-yl)hexahydro-
cyclopenta[c]pyrrole-2(1H)-
carboxamide
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123 yellow 3954
solid M +1]
3933
N M -1]
e} | >
. W,
NT N
3 H
NZ | \
K
N
N H
(3aR,58,6a8)-N-(1-ethyl-1H-
imidiazol-4-yl)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
124 light 398.3 'H NMR (400 MHz,
yellow  [M + 1] DMSO-dg) 8 11.60 (s,
solid 396.3 1H), 9.47 (s, 1H), 8.09 (s,
[M - 1] 1H), 7.22 (s, 1H), 7.06-
7.08 (m, 1H), 6.54-6.55
(m, 1H), 5.47-5.51 (m,
1H), 3.59-3.64 (m, 2H),
3.27-3.31 (m, 2H), 3.16 (s,
3H), 2.89-2.90 (m, 2H),
2.49 (s, 3H), 2.06-1.98 (m,
2H), 1.74-1.79 (m, 2H)
0
L
N
N H
(3aR,58,6a8)-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(2-methylthiazol-5-
yhhexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide
125 light 4254 'H NMR (400 MHz,
yellow  [M + 1] DMSO-dy) 6 11.53 (d,
solid 423.3 2H), 8.07 (s, 1H), 7.03-

NJ&AM

/=
Z,

\
=z

(3aR,58,6a8)-N-(3-cyclopropyl-
1,2 4-thiadiazol-5-yl)-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

M - 1] 7.05 (m, 1H), 6.52-6.53
(m, 1H), 5.43-5.47 (m,
1H), 3.65-3.70 (m, 2H),
3.32-3.37 (m, 2H), 3.15 (s,
3H), 2.89-2.90 (m, 2H),
2.07-2.12 (m, 1H), 1.98-
2.05 (m, 2H), 1.74-1.80
(m, 2H), 0.93-0.97 (m,
4m)



US 2017/0044171 Al

Feb. 16, 2017

-continued
No Structure Properties MS 'HNMR
126 white 406.3 'H NMR (400 MHz,
solid [M + 1] DMSO-dg) 6 11.61 (s,
1H), 8.08 (s, 1H), 7.36-
7.38 (m, 5H), 7.12 (s, 1H),
6.60 (s, 1H), 5.10 (s, 3H),
4.94-4.96 (m, 1H), 3.60-
3.62 (m, 1H), 3.27-3.32
(m, 2H), 3.18-3.20 (m,
1H), 3.11 (s, 3H), 2.10-
2.12 (m, 2H), 2.07-2.09
(m, 1H), 1.77-1.80 (m,
1H), 1.47-1.48 (m, 1H)
0.86-0.87 (m, 3H)
(3aS,4R,58,6aS)-benzyl 4-
methyl-5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta
[c]pyrrole-2(1H)-carboxylate
127 e} white 346.1
solid M +1]
H OH
N
HO
\N\““‘ H
=
N | \
K
N
N H
2-hydroxy-1-((3aR,4S,58,6aR)-
4-(hydroxymethyl)-5-(methyl
(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)hexahydrocyclopenta[c]
pyrrol-2(1H)-yl)ethanone
128 (¢] white 3342 'HNMR (400 MHz,
solid [M + 1] CDCl3) & 11.25 (s, 1H),
H OH 8.24 (s, 1H), 6.88 (s, 1H),
Z, N 5.32-5.36 (m, 1H), 4.12-

\N\\\‘ . "’/H
NZ | \
g8

1-((3aR,58,6a8)-5-((5-fluoro-
TH-pyrrolo[2,3-d]pyrimidin-4-
yl) (methyl)amino)hexahydro
cyclopenta[c]pyrrol-2(1H)-yl)-
2-hydroxyethanone

4.18 (m, 2H), 3.80-3.84
(m, 1H), 3.59-3.61 (m,
1H), 3.46-3.49 (m, 2H),
3.18-3.20 (m, 1H), 3.17 (s,
3H), 2.89-2.98 (m, 2H),
2.07-2.10 (m, 2H), 1.89-
1.94 (m, 2H)
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No Structure Properties MS 'HNMR
129 white 334.2
solid M +1]
1-((3aR,58,6a8)-5-((6-fluoro-
TH-pyrrolo[2,3-d]pyrimidin-4-
yl)(methyl)amino)hexahydro
cyclopenta[c]pyrrol-2(1H)-yl)-
2-hydroxyethanone
130 (¢] white 3444 'HNMR (400 MHz,
solid [M + 1] DMSO-dg) 6 11.45 (s,
1H), 8.08 (s, 1H), 7.24 (s,
O 1H), 7.04 (s, 1H), 6.56 (s,
1H), 4.63-4.67 (m, 1H),
3.45-3.50 (m, 2H), 3.38-
3.39 (m, 1H), 3.06-3.09
(m, 2H), 2.76-2.78 (m,
2H), 1.82-1.86 (m, 4H),
1.40 (s, 9H)
NZ | \
K
N
N H
(3aR,58,6a8)-tert-butyl 5-((7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxylate
131 white 3724 'H NMR (400 MHz,
solid [M + 1] CDCl3) & 1045 (s, 1H),

(3aR,5R,6a8)-tert-butyl 5-
(ethyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)

hexahydrocyclopenta[c]pyrrole-
2(1H)-carboxylate

8.31 (s, 1H), 7.05 (s, 1),
6.47 (s, 1H), 5.28-5.34 (m,
1H), 3.66-3.73 (m, 2H),
3.37-3.53 (m, 4H), 2.70-
2.71 (m, 2H), 2.23-2.28
(m, 2H), 1.90-2.00 (m,
2H), 1.49 (s, 9H), 1.34-
1.37 (m, 3H)
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No Structure Properties MS 'HNMR
132 white 3304 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.66 (s,
1H), 8.10 (s, 1H), 7.16 (s,
1H), 6.48 (s, 1H), 5.15 (s,
1H), 4.52 (s, 1), 3.96-
4.08 (m, 2H), 3.63-3.66
(m, 2H), 3.49-3.53 (m,
2H), 3.42-3.44 (m, 2H),
2.63-2.73 (m, 2H), 2.02-
2.10 (m, 2H), 1.46-1.57
(m, 2H), 1.20-1.23 (m,
3H)
1-((3aR,5R,6a8S)-5-(ethyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydrocyclopenta[c]
pyrrole-2(1H)-yl)-2-
hydroxyethanone
133 white 344.2 'HNMR (400 MHz,
solid  [M + 1] CDCly) & 10.35 (s, 1H),
8.27 (s, 1H), 7.06 (s, 1),
6.59 (s, 1H), 3.76-3.80 (m,
O O 2H), 3.60-3.62 (m, 2H),
Y 3.51 (s, 3H), 3.34-3.41 (m,
2H), 1.56-1.57 (m, 2H),
N 11.43 (s, 9H), 1.24-1.26
(m, 2H), 1.01-1.02 (m,
1H)
™ Ty
\N/
V3
N | \
K
NTOH

(1R,58,68)-tert-butyl 6-
((methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)methyl)-
3-azabicyclo[3.1.0]hexane-3-

carboxylate
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No Structure Properties MS 'HNMR
134 ~ white 316.2 'HNMR (400 MHz,
O solid  [M +1] CDCly) & 10.31 (s, 1H),
8.27 (s, 1H), 7.04 (s, 1),
6.60 (s, 1H), 3.66-3.68 (m,
O SH), 3.42 (s, 3H), 3.30-
3.34 (m, 2H), 3.11-3.14
N, (m, 2H), 1.48-1.56 (m
2H), 0.82-0.90 (m, 1H)
o "y
\N/
Z
N | \
K
TR
methyl 2-(1R,5S,6R)-6-
((methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)methyl)-
3-azabicyclo[3.1.0]hexane-3-
yl)acetate
135 white 3122 'HNMR (400 MHz,
o solid  [M + 1] CDCly) & 10.32 (s, 1H),
8.29 (s, 1), 7.06 (s, 1),

6.60 (s, 1H), 3.82-3.86 (s,
X 4H), 3.72-3.73 (m, 1H),
3.45 (s, 3H), 3.40-3.43 (m,
1H), 1.75-1.77 (m, 1),
1.60-1.64 (m, 1H), 0.94-

_ "y 0.95 (m, 1H), 0.72-0.74
v (m, 2H), 0.69-0.70 (m,
é 2H)
N7 | \
K
N
N H

cyclopropyl((1R,58S,6S)-6-
((methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)methyl)-
3-azabicyclo[3.1.0]hexane-3-

yl)methanone
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136 OH white 316.2 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.60 (s,
o) 1H), 8.05-8.15 (m, 1),
7.06-7.18 (m, 1H), 6.49-
6.58 (m, 1H), 5.38-5.55
(m, 1H), 4.76-4.91 (m,
1H), 4.22-4.38 (m, 1),
3.55-3.71 (m, 2H), 3.19-
s 3.30 (m, 1H), 3.18 (s, 3H),
2.70-2.81 (m, 1H), 1.92-
2.05 (m, 2H), 1.68-1.82
(m, 2H), 1.15-1.25 (m,
3H)
N
H
(S)-2-hydroxy-1-((1R,5S,6R)-6-
((methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)methyl)-
3-azabicyclo[3.1.0]hexane-3-
yl)propan-1-one
137 o white 336.1 'H NMR (400 MHz,
solid  [M + 1] CDCLy) 8 10.61 (s, 1H),
Y 3
g 8.20 (s, 1H), 7.07 (s, 1),
==
| 6.60 (s, 1H), 3.79-3.80 (m,
N 2H), 3.57-3.59 (m, 2H),
3.46 (s, 3H), 3.35-3.37 (m,
2H), 2.89-2.99 (m, 2H),
\ / 1.34-1.36 (m 2H), 1.27-
=~ "0y 1.30 (m, 2H), 1.19-1.21
v (m, 1H)
\N/
=
N | \
K
N R
N-(((1R,58,6S)-3-
(ethylsulfonyl)-3-
azabicyclo[3.1.0Thexane-6-
yl)methyl)-N-methyl-7H-
pytrolo[2,3-d]pyrimidin-4-
amine
138 H white 258.2 'H NMR (400 MHz,
N solid  [M + 1] DMSO-dg) & 11.61 (s,
1H), 8.04 (s, 1H), 7.10 (s,
1H), 6.58 (s, 1H), 4.52-
- oy 454 (m, 1H), 3.38-3.29
H (m, 6H), 3.11-3.14 (m,
2H), 1.89-1.90 (m, 2H),
z 1.51-1.57 (m, 2H), 1.19-
\N/\ 1.21 (m, 3H)
NZ | \
K
N

N-((R)-1-((1R,5S,6R)-3-
azabicyclo[3.1.0]Thexane-6-yl)
ethyl)-N-methyl-7H-pyrrolo
[2,3-d]pyrimidin-4-amine
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139 white 244.5 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 8.38 (s, 1H),
7.07 (s, 1H), 6.61 (s, 1),
3.74-3.76 (m, 2H), 3.48 (s,
3H), 3.08-3.15 (m, 4H),
1.29-1.33 (m, 2H), 0.98-
0.99 (m, 1H)
N-((1R,5S,6R)-3-
azabicyclo[3.1.0Thexane-6-
ylmethyl)-N-methyl-7H-
pytrolo[2,3-d]pyrimidin-4-
amine
140 0 vellow 3162 'H NMR (400 MHz,
HO solid  [M + 1] CDCly) & 11.60 (s, 1H),
8.33 (s, 1H), 7.08-7.15 (m,
N 1H), 6.55-6.65 (m, 1),
5.90-6.04 (m, 1H), 4.30-
4.47 (m, 1H), 3.86-3.97
B (m, 1H), 3.71-3.79 (m,
w “r 1H), 3.57-3.65 (m, 1H),
Y 3.30-3.32 (m, 3H), 3.01-
H 3.09 (m, 1H), 2.98 (s, 3H),
~ 1.90-1.99 (m, 2H), 1.51-
NN 1.56 (m, 1H), 1.42-1.46
(m, 1H), 1.28-1.32 (m,
1H)
NZ | \
K
N N
2-hydroxy-1-((1R,58,6R)-6-
((R)-1-(methyl(7H-pyrrolo[2,3-
d] pyrimidin-4-yl)amino )ethyl)-
3-azabicyclo[3.1.0]hexan-3-yl)
ethanone
141 white 350.2 'HNMR (400 MHz,
0 solid  [M +1] CDCly) & 10.51 (s, 1H),
N\ 8.24 (s, 1H), 7.06 (s, 1H),
O0==s 6.53 (s, 1H), 3.97-4.03 (m,
| 4T), 3.84-3.87 (m, 2H),
N 3.54-3.59 (s, 2H), 3.44-
3.46 (m, 1H), 2.04-2.10
(m, 3H), 1.84-1.91 (m,
o g 2H), 1.21-1.26 (m, 1H),
H 0.85-0.87 (m, 3H)
SN
NZ | \
K
N N

N-((R)-1-((1R,5S,6R)-3-
(ethylsulfonyl)-3-azabicyclo
[3.1.0]hexane-6-yl)ethyl)-N-

methyl-7H-pyrrolo[2,3-d]

pyrimidin-4-amine
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142 white 348.3 'HNMR (400 MHz,

solid  [M + 1] CDCly) & 10.33 (s, 1H),

8.28 (s, 1H), 7.39-7.42 (m,

0, 5T), 7.05 (s, 1H), 6.57 (s,
1H), 4.19-4.22 (m, 1),
3.77-3.80 (m, 2H), 3.50-

N 3.64 (m, 3H), 3.42 (s, 3H),
1.65-1.68 (m, 2H), 1.00-
1.02 (m, 1H)
H\\‘"‘ g

\N/

NZ \

K

N

((1R,58,68)-5-((methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)methyl)-3-azabicyclo
[3.1.0]hexan-3-yl)(phenyl)

methanone

143 white  330.5 'H NMR (400 MHz,

solid  [M + 1] CDCly) 5 10.49 (s, 1H),
8.22 (s, 1), 7.06 (s, 1),
6.59 (s, 1H), 4.82-4.88 (m,
1H), 3.76-3.78 (m, 2H),
3.54-3.63 (m, 2H), 3.4 (s,
3H), 1.26-1.29 (m, 2H),
1.20-1.21 (m, 6H), 0.97-
0.99 (m, 1H)

(1R,58,68)-isopropyl 6-
((methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)methyl)-
3-azabicyclo[3.1.0]hexan-3-

carboxylate
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No Structure Properties MS 'HNMR
144 N white 311.5 'H NMR (400 MHz,

solid  [M + 1] CDCly) & 11.62 (s, 1H),
8.07 (s, 1H), 7.12 (s, 1H),
6.60 (s, 1H), 3.76-3.87 (m,
o) 3H), 3.58-3.63 (m, 2H),
3.46-3.48 (s, 2H), 3.34 (s,
3H), 3.31-3.33 (m, 1H),

N 1.71-1.74 (m, 1H), 1.61-
1.65 (m, 1H), 0.85-0.90
(m, 1H)
H\\\\“ I,I/H
\N/
NZ | \
K
N
N i1

3-((1R,58,68)-6-((methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)methyl)-3-azabicyclo
[3.1.0]hexan-3-yl)-3-

oxopropanenitrile

145 yellow 3444 ‘H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.64 (s,
1H), 7.92-7.99 (m, 1H),
7.55-7.62 (m, 1H), 7.36-
7.42 (m, 1H), 7.22-7.29
(m, 3H), 7.09-7.15 (m,
N 1H), 6.55-6.62 (m, 1H),
3.75-4.05 (m, 2H), 3.58-
3.67 (m, 2H), 3.16 (s, 3H),
2.97-3.12 (m, 2H), 2.68-

i “n 2.88 (m, 1H), 1.50-1.76
(m, 3H), 1.18-1.27 (m,
E 1H)
\ /
N
NZ | \
K
N
N H

N-(((1R,5S,6R)-3-benzyl-3-
azabicyclo[3.1.0]hexan-6-yl)
methyl)-N-methyl-7H-pyrrolo
[2,3-d]pyrimidin-4-amine
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No Structure Properties MS 'HNMR
146 N white 3254 'H NMR (400 MHz,
S 0 solid  [M + 1] DMSO-dg) & 11.63 (s,

1H), 8.08 (s, 1H), 7.06-
7.18 (m, 1H), 6.56-6.65
N (m, 1H), 3.75-3.81 (m,
1H), 3.62-3.70 (m, 1),
3.52-3.60 (m, 2H), 3.47-
3.50 (m, 1H), 3.35 (s, 3H),

W K
3.25-3.32 (m, 1H), 2.62-
Y 2.71 (m, 1H), 2.48-2.52
H (m, 2H), 1.70-1.79 (m,
~. .~ 1H), 1.55-1.65 (m, 1H),
N 1.19-1.29 (m, 1), 0.82-
0.95 (m, 1H)
=
N | \
N
N it

4-((1R,58,68)-6-((methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)

amino)methyl)-3-azabicyclo
[3.1.0]hexan-3-yl)-4-

oxobutanenitrile

147 white 286.0 'H NMR (400 MHz,

solid  [M + 1] CDCl3) & 10.29 (s, 1H),
8.30 (s, 1H), 7.05 (s, 1H),
6.56 (s, 1H), 6.30 (s, 1H),
5.26-5.30 (m, 1H), 3.43-
3.49 (m, 1H), 3.24 (s, 3H),
3.11-3.14 (m, 1H), 2.53-
2.55 (m, 1H), 2.49-2.51
(m, 2H), 2.29-2.33 (m,

N \ 1H), 2.09-2.12 (m, 2H),

1.52-1.66 (m, 2H)

(4aR,6R,7aR)-6-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydro-1H-
cyclopenta[c]pyridin-3(2H)-one

148 white 286.0 'HNMR (400 MHz,

H
N solid  [M + 1] CDCly) & 10.29 (s, 1H),
o 8.30 (s, 1H), 7.05 (s, 1H),
6.56 (s, 1H), 6.30 (s, 1H),
5.26-5.30 (m, 1H), 3.43-
3.49 (m, 1H), 3.24 (s, 3H),
e 3.11-3.14 (m, 1H), 2.53-
2.55 (m, 1H), 2.49-2.51
(m, 2H), 2.29-2.33 (m,
N \ 1H), 2.09-2.12 (m, 2H),

k | 1.52-1.66 (m, 2H)
\ N
H

(6S)-6-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)
hexahydro-1H-cyclopenta[c]
pyridin-3(2H)-one
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149 N white 324.9 'H NMR (400 MHz,
// solid  [M + 1] CDCLy) 6 9.49 (s, 1H),
8.28 (s, 1), 7.02 (s, 1),
6.58 (s, 1H), 5.30-5.37 (m,
1H), 4.72-4.77 (m, 1H),
4.10-4.14 (m, 1H), 3.65-
3.69 (m, 1H), 3.30-3.31
(m, 1H), 3.27 (s, 3H),
2.53-2.59 (m, 2H), 2.43-
2.44 (m, 1H), 2.13-2.18
(m, 3H), 1.63-1.66 (m,
1H), 1.43-1.45 (m, 1H)
2-((4a8,68,7a8)-6-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-3-oxohexahydro-1H-
cyclopenta[c]pyridin-2(3H)-
ylacetonitrile
150 white 397.2 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 11.59 (s,
1H), 8.96 (s, 1H), 8.08 (s,
1H), 7.12 (s, 1H), 6.57 (s,
1H), 5.27-5.31 (m, 1),
3.60-3.72 (m, 2H), 3.36-
3.41 (m, 2H), 3.17 (s, 3H),
2.18-2.21 (m, 2H), 1.88-
1.91 (m, 3H), 1.61-1.65
(m, 2H), 1.05-1.08 (m,
1H)
(4aS,6R,7aR)-6-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-N-(1,3,4-thiadiazol-2-
ylhexahydro-1H-
cyclopenta[c]pyridine-2(3H)-
carboxamide
151 0 white  342.3 'H NMR (400 MHz,

solid  [M + 1] CDCly) & 10.25 (s, 1H),
8.26 (s, 1), 7.05 (s, 1H),
6.58 (s, 1H), 5.31-5.48 (m,
1H), 3.81-3.84 (m, 1),
3.58-3.60 (m, 1H), 3.30-
3.42 (m, 2H), 3.27 (s, 3H),
2.79-2.81 (m, 1H), 2.27-
2.30 (m, 2H), 1.91-2 09
(m, 4H), 1.55-1.59 (m,
2H), 1.13-1.17 (m, 6H),

2-methyl-1-((4aS,6R,7aR)-6-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydro-1H-cyclopenta[c]
pyridin-2(3H)-yl)propan-1-one
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Structure Properties

No

MS 'HNMR

white
solid

152

TR

cyclopropyl((4aS,6R,7aR)-6-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydro-1H-cyclopenta[c]
pyridin-2(3H)-yl)methanone

white
solid

153

2-((4aR,68,7a8)-6-(methyl(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydro-1H-
cyclopenta[c]pyridin-2(3H)-

ylacetonitrile

white
solid

154 (0]

~

| N\

x N
i

tert-butyl 5-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)
amino)hexahydro-1H-
isoindole-2(3H)-carboxylate

340.2 'H NMR (400 MHz,

[M + 1] CDCLy) & 10.68 (s, 1H),
8.23 (s, 1H), 7.04 (s, 1),
6.56 (s, 1H), 5.35-5.44 (m,
1H), 3.81-3.91 (m, 2H),
3.65-3.71 (m, 1H), 3.37-
3.51 (m, 2H), 3.27 (s, 3H),
2.28-2.30 (m, 2H), 1.97-
2.18 (m, 3H), 1.55-1.60
(m, 3H), 0.99-1.03 (m,
2H), 0.75-0.86 (m, 2H),

311.5 'H NMR (400 MHz,

[M + 1] DMSO-dg) & 11.60 (s,

309.5 1H), 8.08 (s, 1H), 7.12 (d,

M - 1] 1H), 6.58 (d, 1), 5.37-
5.42 (m, 1H), 3.73 (m,
2H), 3.20 (s, 3H), 2.46-
2.52 (m, 2H), 2.32-2.34
(m, 1H), 2.14 -2.18 (m,
1H), 1.69-2.00 (m, 7H),
1.52-1.56 (m, 1H)

372.4 'H NMR (400 MHz,

[M + 1] CDCLy) & 10.30 (s, 1H),

370.3 8.30 (s, 1H), 7.04 (d, 1H),

M - 1] 6.55 (d, 1H), 4.78-4.82 (m,
1H), 3.18-3.45 (m, 4H),
3.28 (s, 3H), 2.38-2.42 (m,
2H), 1.90-1.94 (m, 2H),
1.66-1.78 (m, 4H), 1.49 (d,
9H)
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Properties MS

'H NMR

155

NZ | \
P
H
(3aR,58,6a8)-N-(5-methoxy-
1,3 ,4-thiadiazol-2-yl)-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

N
0 s 3\
A Lo
H =
2 N N N
~ H

156

7\
jusva /

(3aR,58,6a8)-N-(3-hydroxy-
1,2 4-thiadiazol-5-yl)-5-
(methyl(7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)
hexahydrocyclopenta[c]
pyrrole-2(1H)-carboxamide

white 4154 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) 8 11.60 (br. s.,

1H), 8.08 (s, 1), 6.93-
7.18 (m, 1H), 6.36-6.61
(m, 1H), 5.33-5.56 (m,
1H), 4.02 (s, 3H), 3.55-
3.72 (m, 2H), 3.14 (s, 3H),
2.78-2.95 (m, 2H), 1.91-
2.09 (m, 2H), 1.68-1.84
(m, 2H)

white 4013 'H NMR (400 MHz,
solid  [M + 1] DMSO-dg) & 12.80 (s,

1H), 8.37 (s, 1H), 7.41-
7.50 (m, 1H), 6.87-6.93
(m, 1H), 5.07-5.21 (m,
1H), 4.34 (s, 1H), 3.50-
3.70 (m, 2H), 3.29 (s, 3H),
3.08-3.11 (m, 1H), 2.95-
2.88 (m, 2H), 2.05-2.15
(m, 2H), 1.86-1.96 (m,
2H), 1.16-1.20 (m, 2H)

TEST EXAMPLES
Biological Assays
Test Example 1

Assay for Determining the Activity of Compounds
of the Present Invention for Inhibiting JAK1
Kinase

[0439] In vitro activity of compounds of the present inven-
tion for inhibiting JAK1 kinase was determined by the
following method.

[0440] In vitro kinase assays described below can be used
to determine the activity of a test compound for inhibiting
the activity of JAK1 kinase. The test compounds were
dissolved in dimethyl sulfoxide and diluted with water to a
serial concentration gradient as required in the experiment.
JAK1 substrates (Cell Signaling Technology, Catalog Num-
ber: 1305s) and ATP (2 mM) solution were diluted with
water to obtain a final concentration of 20 uM ATP and 1.2
UM substrate solution. The appropriate amount of JAK1

kinase (Invitrogen, Catalog Number pv4774) was mixed
with 4x buffer (prepared by user, and comprising 50 mM
HEPES, pH 7.3, 125 mM NaCl, 24 mM MgCl,, 1.25 mM
DTT) to a final concentration of 8 ng/ul. To each well of a
microplate [DELFIA® Streptavidin-coated clear plate (Per-
kin Elmer, Catalog Number: AAAND-0005)] 17.5 uL. of
ATP/substrate mixture, 5 ul. of an aqueous solution of a test
compound (5 pl. of pure water only were added to the
control and blank), and 7.5 pl. of the kinase solution
prepared above (4x buffer only was added to the control)
were added. Each well was mixed sufficiently, then incu-
bated at room temperature (27° C.) for 50 minutes, washed
with wash buffer, and dried three times, then HRP conju-
gated antibody was added [Phospho-Tyrosine Mouse mAb
(P-Tyr-100) (HRP Conjugate, Cell Signaling Technology,
Catalog Number: 5465)], and incubated for 1 hour. The
microplate was washed with wash buffer and dried three
times, and then TMB (Sigma, Catalog Number: T4444) was
added, and incubated for 5 to 15 minutes to allow for color
change. Stop solution (1 N sulfuric acid solution) was added
to stop the reaction. Absorbance was measured on a Novo-
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star microplate reader at a wavelength of 450 nm. ICs,
values of test compounds was calculated from the data of the
test compounds in inhibiting the activity of JAK1 kinase at
different concentrations.

[0441] The Activity of the Compounds of the Present
Invention.

[0442] Biochemical activity of the compounds of the
present invention was determined by the above assay, and
1C5, values are shown in the following table 1.

TABLE 1

ICsq values of the compounds of the present invention
for inhibiting the activity of JAK1 kinase.

Example No IC50 (JAK1/Bio) (nM)
5 30
6 5
8 32
11 33
13 30
14 30
15 80
17 0.2
18 49
19 48
21 17
22 16
23 21
24 13
26 46
27 30
34 2
35 3
36 25
37 50
39 34
40 98
41 80
48 1
49 0.2
50 0.5
51 100
56 11
61 128
65 50
68 17
69 5
71 36
72 42
73 75
74 4
75 46
80 127
81 113
82 49
83 50
84 73
85 80
86 10
92 131
93 70
94 45
99 0.3
104 109
109 15
111 96
112 96
113 23
114 2
117 95
119 48
121 1
124 119
125 0.2
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TABLE 1-continued

ICs, values of the compounds of the present invention
for inhibiting the activity of JAK1 kinase.

Example No IC50 (JAK1/Bio) (nM)
128 13
129 36
147 1
148 8
150 40
151 106
155 4
156 171
CONCLUSION

[0443] The compounds of the present invention had sig-
nificant activity for inhibiting the proliferation of JAKI1
kinase.

Test Example 2

Assay for Determining the Activity of Compounds
of the Present Invention for Inhibiting JAK2
Kinase

[0444] In vitro activity of compounds of the present inven-
tion for inhibiting JAK2 kinase was determined by the
following method.

[0445] In vitro kinase assays described below can be used
to determine the activity of a test compound for inhibiting
the activity of JAK2 kinase. The test compounds were
dissolved in dimethyl sulfoxide and diluted with water to a
serial concentration gradient as required in the experiment.
JAK?2 substrates (Cell Signaling Technology, Catalog Num-
ber: 1305s) and ATP (2 mM) solution were diluted with
water to obtain a final concentration of 20 uM ATP and 1.2
UM substrate solution. The appropriate amount of JAK2
kinase (Invitrogen, Catalog Number: pv4210) was mixed
with 4x buffer (prepared by user, and comprising 50 mM
HEPES, pH 7.3, 125 mM NaCl, 24 mM MgCl,, 1.25 mM
DTT) to a final concentration of 8 ng/ul. To each well of a
microplate [DELFIA® Streptavidin-coated clear plate (Per-
kin Elmer, Catalog Number: AAAND-0005)] 17.5 uL. of
ATP/substrate mixture, 5 ulL of aqueous solution of a test
compound (5 pL. of pure water only were added to control
and blank), and 7.5 pLL of the kinase solution prepared above
(4x buffer only was added to control) were added. Each well
was mixed sufficiently, then incubated at room temperature
(27° C.) for 50 minutes, washed with wash buffer, and dried
three times, then HRP conjugated antibody [Phospho-Tyro-
sine Mouse mAb (P-Tyr-100) (HRP Conjugate, Cell signal-
ing Technology, Catalog Number: 5465)] was added, and
incubated for 1 hour. The microplate was washed with wash
buffer and dried three times, and then TMB (Sigma, Catalog
Number: T4444) was added and incubated for 5 to 15
minutes to allow for color change. Stop solution (1 N
sulfuric acid solution) was added to stop the reaction.
Absorbance was measured on a Novostar microplate reader
at a wavelength of 450 nm. IC,, values of test compounds
were calculated from the data of the test compounds for
inhibiting the activity of JAK2 kinase at different concen-
trations.
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[0446] The Activity of the Compounds of the Present
Invention
[0447] Biochemical activity of the compounds of the

present invention was determined by the above assay, and
1C,, values are shown in the following table 2

TABLE 2

ICsq values of the compounds of the present invention
for inhibiting the activity of JAK?2 kinase.

Example No IC50 (JAK2/Bio) (nM)

6 45
17 3
22 54
24 77
34 5
35 16
36 75
37 72
38 7
39 113
40 23
48 31
49 14
50 7
56 32
61 25
65 179
68 18
69 4
73 47
74 56
75 156
86 52
92 203
99 5
111 146
113 178
114 140
121 31
125 14
128 196
134 60
135 2
147 5
148 23
150 23
151 127
155 41

CONCLUSION

[0448] The compounds of the present invention had sig-
nificant activity for inhibiting the proliferation of JAK2
kinase.

Test Example 3

Assay for Determining the Activity of Compounds
of the Present Invention for Inhibiting JAK3
Kinase

[0449] In vitro activity of compounds of the present inven-
tion for inhibiting JAK3 kinase was determined by the
following method.

[0450] In vitro kinase assays described below can be used
to determine the activity of a test compound for inhibiting
the activity of JAK3 kinase. The test compounds were
dissolved in dimethyl sulfoxide and diluted with water to a
serial concentration gradient as required by the experiment.
JAK3 substrates (Cell Signaling Technology, Catalog Num-

120
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ber 1305s) and ATP (2 mM) solution were diluted with water
to obtain a final concentration of 20 uM ATP and 1.2 uM
substrate solution. The appropriate amount of JAK3 kinase
(Invitrogen. Catalog Number pv3855) was mixed with 4x
buffer (prepared by user, and comprising 50 mM HEPES,
pH 7.3, 125 mM NaCl, 24 mM MgCl,, 1.25 mM DTT) to
a final concentration of 8 ng/ul.. To each well of a microplate
[DELFIA® Streptavidin-coated clear plate (Perkin Elmer,
Ttem: AAAND-0005)] 17.5 uLL of ATP/substrate mixture, 5
uL of aqueous solution of a test compound (uL. of pure water
only were added to the control and blank), and 7.5 pulL of the
kinase solution prepared above (4x buffer only was added to
the control) were added. Each well was mixed sufficiently,
then incubated at room temperature (27° C.) for 50 minutes,
washed with wash buffer, and dried three times, then HRP
conjugated antibody [Phospho-Tyrosine Mouse mAb
(P-Tyr-100) (HRP Conjugate, Cell signaling Technology,
Catalog Number: 5465)] was added, and incubated for 1
hour. The microplate was washed with wash buffer and dried
three times, and then TMB (Sigma, Catalog Number:
T4444) was added and incubated for 5 to 15 minutes to
allow for color change. Stop solution (1 N sulfuric acid
solution) was added to stop the reaction. Absorbance was
measured on a Novostar microplate reader at a wavelength
of 450 nm. IC,, values of test compounds were calculated
from the data of the test compounds for inhibiting the
activity of JAK3 kinase at different concentrations.

[0451] The Activity of the Compounds of the Present
Invention
[0452] Biochemical activity of the compounds of the

present invention was determined by the above assay, and
1C,, values are shown in the following Table 3.

TABLE 3

ICsq values of the compounds of the present invention
for inhibiting the activity of JAK3 kinase.

Example No IC50 (JAK3/Bio) (nM)
6 11
8 67
17 0.3
31 93
38 40
40 71
49 39
50 201
56 75
68 43
69 20
73 191
84 70
97 110
99 110
111 101
125 39
128 4
129 17
133 90
134 164
147 31
148 71
150 148
151 203

CONCLUSION

[0453] The compounds of the present invention had sig-
nificant activity for inhibiting the proliferation of JAK3
kinase.
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Test Example 4

Proliferation Inhibition Assay of the Compounds of
the Present Invention on Human Erythroid
Leukemia Cell Line TF-1

[0454] The following in vitro assay is to determine the
activity of the compounds of the present invention for
inhibiting the proliferation of human erythroid leukemia cell
line TF-1.

[0455] The following in vitro cell assay can be used to
determine the activity of a test compound for inhibiting the
proliferation mediated by IL-4 (said IL.-4 can mediate JAK3
pathway). The activity is represented by the ICj, value,
which can not only reflect the activity of a test compound for
inhibiting JAK2 and JAK3 kinase, but can also reflect the
selectivity of a test compound for JAK2 and JAK3 kinase.

[0456] The general procedures of the assay are given as
follows: first, the TF-1 cells (purchased from ATCC, Catalog
number: CRL 2003) were seeded in a 96-well cell culture
plate at a suitable cell concentration (8000 cells/mL
medium), and 10 ng/ml IL.-4 (Invitrogen, Catalog Number:
PHC0044) were added to each well. Then 10x serial con-
centration gradient of test compounds solutions (10000,
1000, 100, 10, 1 and 0.1 nM) were prepared, and then the
10x compound solutions prepared above were added to the
96-well cell culture plate containing 1[-4. After the cell
plates were cultured continuously for 72 hours, the activity
of the test compounds for inhibiting the cell proliferation
was determined by using a Cell Counting Kit-8 (purchased
from Dojindo, Catalog Number: CK04). IC;, values were
calculated from the data of the inhibition rates at various
concentrations of the test compounds.

[0457] The biological activity of the compounds of the
present invention was tested by using the assay described

above. IC,, values were measured, and are shown in Table
4 below:

TABLE 4

ICsq values of the compounds of the present invention
for inhibiting TF-1 cell proliferation.

Example No ICs0 (TF-1/IL-4)/nM

1 196

5 133

6 457

8 530
11 507
17 165
19 711
34 44
37 123
38 160
39 419
40 399
48 27
61 507
73 476
74 546
86 691
94 152
99 44
114 138
121 27
125 14
128 252
129 539

121
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TABLE 4-continued

ICs, values of the compounds of the present invention
for inhibiting TF-1 cell proliferation

Example No ICs¢ (TF-1/IL-4)/nM
147 15
148 399

CONCLUSION

[0458] The compounds of the present invention had sig-
nificant activity for inhibiting the proliferation of TF-1 cell
mediated by IL-4 pathway of JAK3/JAK2.

Test Example 5

Proliferation Inhibition Assay of the Compounds of
the Present Invention on T Cells

[0459] The following in vitro assay is to determine the
activity of the compounds of the present invention for
inhibiting the proliferation of T cells.

[0460] The following in vitro cell assay can be used to
determine the activity of a test compound for inhibiting the
proliferation of T cells. The activity is represented by the
1C, value.

[0461] The general procedures of the assay are given as
follows: first, the PBMC cell line (purchased from Shanghai
Blood Center) was centrifuged, the supernatant was
removed, and the cells counted. The cells were then incu-
bated in medium [RPMI-1640 (Hyclone, Catalog Number:
SH30809.01B)+10% Fetal Bovine Serum (GIBCO, Catalog
Number: 10099)+1% Pen Strep (GIBCO, Catalog Number:
15140)] with 200 pg of Anti-Human CD3 functional Grade
purified (eBioscience, Catalog Number: 16-0037-81) in a
5% carbon dioxide (CO,) incubator at 37° C. for 3 days until
they reached a cell concentration of 2x10/mL. Then, the
cells were washed 3 times, resuspended, diluted to 2x10%/
ml, and then mixed with recombinant human IL-2 (pur-
chased from Peprotech, Catalog Number: 200-02) to a
concentration of 10 ng/mlL., and cultured for another 3 days.
The cells were washed again 3 times, and diluted to 5x10%/
ml, 80 uL. of the cells were seeded in each well of a 96-well
cell culture plate. The drug had an initial concentration of 1
mM. Then the drug was diluted with culture medium to
10000, 2500, 625, 156, 39, 9.8, 2.4, or 0.6 uM, and 10 pL
of diluted drug was added to the corresponding well. To the
control wells, 10 pL. culture medium were added. The plate
was placed in an incubator. After incubating for 1 hr,
negative control wells were mixed with 10 ulL of culture
medium, and the rest of the wells were mixed with IL-2 to
a concentration of 10 ng/mL., and incubated continuously for
72 hours. 3 Days later, the activity of the test compounds for
inhibiting the cell proliferation was determined by using
ATPlite™ Luminescence Assay System kit (PerkinElmer,
Catalog Number: 6016947). IC,, values were calculated
from the data of inhibition rates at various concentrations of
the test compounds.

[0462] The biological activity of the compounds of the
present invention was tested by using the assay described
above. 1C,, values were measured and are shown in Table 5
below:
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TABLE 5

ICs, values of the compounds of the present invention
for inhibiting T cell proliferation

Example No IC5¢(T cell)/nM

6 414

8 460
11 705
13 754
14 712
15 853
17 29
19 724
21 892
22 281
23 543
24 851
27 253
34 54
37 453
38 71
40 48
41 70
48 23
56 119
68 824
73 518
74 68
84 509
86 130
94 127
99 54
109 762
114 40
121 24
128 167
147 79
148 48
150 221

CONCLUSION

[0463] The compounds of the present invention had sig-
nificant activity for inhibiting the proliferation of T cells.

Pharmacokinetics Assay
Test Example 6
The Pharmacokinetics Assay of the Compounds of

the Present Invention

[0464] 1. Abstract

[0465] Rats were used as test animals. The compounds of
Example 6, Example 17, Example 22, Example 34, Example
35, Example 40, Example 48, Example 49, Example 99,

Example 114, Example 121, Example 125, Example 128 and
Example 148 were administered intragastrically to rats to
determine the drug concentration in plasma at different time
points by LC/MS/MS method. The pharmacokinetic behav-
ior of the compounds of the present invention was studied
and evaluated in rats.

[0466] 2. Protocol
[0467] 2.1 Samples
[0468] Compounds of Example 6, Example 17, Example

22, Example 34, Example 35, Example 40, Example 48,
Example 49, Example 99, Example 114, Example 121,
Example 125, Example 128, and Example 148.

[0469] 2.2 Test Animals

[0470] 56 Healthy adult Sprague-Dawley (SD) rats, half
male and half female, purchased from SINO-BRITSH
SIPPR/BK LAB. ANIMAL LTD., CO, Certificate No.:
SCXK (Shanghai) 2003-0002, were divided into 14 groups,
with 4 rats in each group.

[0471] 2.3 Preparation of the Test Compounds

[0472] The appropriate amount of test compounds were
weighed and mixed with 1.0 mL of dimethyl sulfoxide to
prepare a 1.0 mg/mL suspension.

[0473] 2.4 Administration

[0474] After an overnight fast, SD rats were administered
intragastrically at a dose of 10.0 mg/kg and an administra-
tion volume of 10 mL/kg.

[0475] 3. Process

[0476] Compounds of Example 6, Example 17, Example
22, Example 34, Example 35, Example 40, Example 48,
Example 49, Example 99, Example 114, Example 121,
Example 125, Example 128, and Example 148 were admin-
istered intragastrically to rats. Blood samples (0.2 mL) were
taken from orbital sinus before administration and at 0.5 h,
1.0h,2.0h,3.0h,4.0h,6.0h,80h,12.0h,24.0h, and 36.0
h after administration, stored in heparinized tubes, and
centrifuged for 10 minutes at 10,000 rpm, 4° C. to separate
blood plasma. The plasma samples were stored at —20° C.
The rats were fed 2 hours after administration.

[0477] Content determination of the test compounds in rat
plasma after intragastrically administering at different con-
centrations: 50 pl, of rat plasmas taken at various time points
after administration were mixed with 50 pl. of internal
standard solution and 100 uL. of methanol and mixed for 3
minutes by a vortexer. The mixture was centrifuged for 10
minutes at 13,500 rpm. 10 pL of the supernatant was taken
from the plasma sample and analyzed by LC-MS/MS.
[0478] 4. Results of Pharmacokinetic Parameters

[0479] Pharmacokinetic Parameters of the compounds of
the present invention were shown as follows:

Pharmacokinetics Assay (10 mg/kg)

Apparent

Plasma Area Under Mean Distribution

Cone. Curve Residence Clearance Volume

Cmax AUC Half-Life Time CL/F Vz/F
Example No (ng/mL) (ng/mL*h) i (h) MRT (h) (ml/min/kg) (ml/kg)
Example 6 1227 = 549 2210 £ 1472 401 £1.52 219 +0.60 110 =71 34475 + 20986
Example 17 1482 = 177 4762 = 1684  2.03 £0.82 3.10 + 1.04 38.7 = 13.7 6200 = 1690
Example 22 2965 £ 2113 6986 £ 4559  2.87 £0.70 2.60 = 0.10 34.6 +22.7 9394 x 8062
Example 34 2668 + 1449 14881 = 10395 2.10 £ 0.73 3.81 + 0.82 183 +14.2 2760 + 1530
Example 35 1220 = 244 3075 £ 1336 2.11 £ 0.67 3.02 =133 63.3 £28.0 10418 + 2040
Example 40 1521 = 317 5228 £ 1169  2.72 +1.82 3.27 £ 0.68/ 33.2x7.7 6990 = 3390
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Pharmacokinetics Assay (10 mg/kg)

Apparent
Plasma Area Under Mean Distribution
Cone. Curve Residence Clearance Volume
Cmax AUC Half-Life Time CL/F Vz/F
Example No (ng/mL) (ng/mL*h) ti (h) MRT (h) (ml/min/kg) (ml/kg)
Example 48 2071 = 1473 9617 + 7909 243 £0.75 340 £091 319269 7203 = 8113
Example 49 1061 = 677 5997 £ 4741 353 £1.72 532096 46.1 £35.6 18063 = 20748
Example 99 2668 = 1449 14881 + 10395 2.10 £ 0.73 3.81 £0.82 183 x14.2 2760 = 1530
Example 114 1226 + 829 2935 £ 2217 238 £0.67 239 +0.43 104 = 88 19115 = 15952
Example 121 2071 = 1473 9617 + 7909 243 £0.75 340 £091 319269 7203 = 8113
Example 125 1061 = 677 5997 £ 4741 353 £1.72 532096 46.1 £35.6 18063 = 20748
Example 128 1423 = 150 2322 £ 1029 1.62 £0.28 1.73 £0.50 84.3 £37.8 11378 = 4148
Example 148 1521 = 317) 5228 = 1169 2.72 £1.82 327 +0.68 33277 6990 £ 3390
CONCLUSION each of R', R*? R'?, and R'* is independently selected
[0480] The compounds of the present invention had better from the group consisting of hydrogen, alkyl and

pharmacokinetic data and significant advantage of pharma-
cokinetic properties.

What is claimed is:

1. A compound of formula (IB), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof:

)

wherein:

L is a bond or alkyl;

R! is selected from the group consisting of hydrogen,
alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl,
—(CH,),C(O)OR"®,  —OC(O)R">, —C(OR",
—C(O)NR'®R!7, —NHC(O)R">, —NR'®R'7, —OC
(O)NR'R', —NHC(O)NR'’R'7, and —S(O)mR",
wherein the alkyl, cycloalkyl, heterocyclyl, aryl or
heteroaryl is optionally substituted with one or more
groups selected from the group consisting of halogen,
hydroxy, cyano, nitro, alkyl, alkoxy, cycloalkyl, het-
erocyclyl, aryl, heteroaryl, —(CH,),C(O)OR">, —OC
(O)R'?, —C(O)R?>, —C(O)NR'®R'7, —NHC(O)R*>,
—NR'R', —OC(O)NR'°R'7, —NHC(O)NR'*R"’,
—S(0),,R*?, —NHC(O)(O)R'?, and —NHS(0), R'?;

R? is selected from the group consisting of hydrogen and
alkyl;

R® and R are each independently selected from the group
consisting of hydrogen, alkyl, and aryl, wherein the
alkyl or aryl is optionally substituted with one or more
groups selected from the group consisting of alkyl and
halogen;

each of R7, R® R’ and R'° are independently selected
from the group consisting of hydrogen, alkyl, hydroxy-
alkyl, and halogen,

or R7 and R® or R® and R'° are taken together to form an
0X0 group;

halogen,
or R* and R'? or R'? and R** are taken together to form
an 0xo group;
R'® is selected from the group consisting of hydrogen,
alkyl, cycloalkyl, heterocyclyl, alkenyl, alkynyl, aryl,
and heteroaryl, wherein the alkyl, cycloalkyl, hetero-
cyclyl, aryl or heteroaryl is optionally substituted with
one or more groups selected from the group consisting
of alkyl, halogen, hydroxy, cyano, amino, nitro, alkoxy,
cycloalkyl, heterocyclyl, aryl, heteroaryl, —(CH,),C
(O)OR'™®, —OC(O)R'®, —C(O)R'®, —C(O)NR'’R*°,
—NHC(O)R'®, —NR¥R*, —OC(O)NR¥R*,
—NHC(O)NR'"R*°, —8(0),R'®, —NHC(O)OR'®,
and —NHS(0), R'?;
R'® and R'7 are each independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, het-
erocyclyl, aryl and heteroaryl, wherein the alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is option-
ally substituted with one or more groups selected from
the group consisting of alkyl, halogen, hydroxy, cyano,
amino, alkoxy, cycloalkyl, heterocyclyl, hydroxyalkyl,
alkynyl, aryl, heteroaryl, carboxyl, alkoxycarbonyl,
and —OR'®;
R'® is selected from the group consisting of hydrogen,
alkyl, cycloalkyl, heterocyclyl, hydroxyalkyl, aryl, and
heteroaryl;
R' and R* are each independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, het-
erocyclyl, aryl, and heteroaryl;
mis 0, 1, or 2;
nis 0, 1, or 2;
pis 0,1, or2;
qis 0, 1, or 2;
sis 0, 1, or 2; and
tis 0, 1, or 2.
2. The compound of claim 1, wherein R' is —(CH,),C
(O)OR'>.

3. The compound of claim 1, wherein R? is alkyl.

4. The compound of claim 1, wherein s and t are both 0;
and p and q are both 1.

5. The compound of claim 1, wherein s, t, p, and q are
each 1.

6. The compound of claim 1, wherein p and q are both 1;
and one of s and t is 1 and the other of s and t is 0.
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7. The compound of claim 1, wherein one of p and q is 1
and the other of p and q is 2; and one of s and t is 1 and the
other of s and t is 2.

8. The compound of formula (IB) of claim 1, wherein R®
and R are each independently selected from the group
consisting of hydrogen and alkyl.

9. The compound of formula (IB) of claim 1, wherein
each of R” to R'* is hydrogen.

10. The compound of formula (IB) of claim 1, wherein n
is 0; and R' is alkyl, wherein the alkyl is optionally
substituted with aryl.

11. A compound of formula (IB), or a tautomer, mesomer,
racemate, enantiomer, diastereomer, or mixture thereof:

)

wherein

L is a bond or alkyl;

R' is —(CH,),C(O)OR"?;

R? is selected from the group consisting of hydrogen and
alkyl;

R to R'* are each independently selected from the group
consisting of hydrogen and alkyl;

R'* is selected from the group consisting of hydrogen and
alkyl, wherein the alkyl is optionally substituted with

aryl;

nis 0, 1, or 2;

pis 0, 1, or 2;

qis 0, 1, or 2;

sis 0, 1, or 2; and

tis 0, 1, or 2.

12. The compound of claim 11, wherein R' is tert-
butoxycarbonyl.

13. The compound of claim 11, wherein R? is methyl.

14. The compound of claim 11, wherein s, t, p, and q are
each 1.

15. The compound of claim 11, wherein p and q are both
1; and one of s and t is 1 and the other of s and t is O.

16. The compound of claim 11, wherein one of p and q is
1 and the other of p and q is 2; and one of s and tis 1 and
the other of s and t is 2.

17. The compound of claim 11, wherein R? is methyl.
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18. A compound selected from the group consisting of:

™

or a tautomer, mesomer, racemate, enantiomer, diaste-
reomer, or mixture thereof.

#* #* #* #* #*



