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PYRIMIDINE AND TRIAZINE DERIVATIVESAND THEIR USE AS AXL INHIBITORS

FIELD OF THE INVENTION

This invention relates to compounds of general formula (1):

R3\Z
RZ—N/
( F|< ) ©
R\ _\ —
Y N4<\>< / N
) Ve g

in which m,X,Y,z, R", R2, R3, R*and RS have
the meanings indicated below, and to processes for the preparation of, compositions containing
and the uses of such compounds.

BACKGROUND

AXL is a membrane bound receptor tyrosine kinase and is the founding member of the
TAM (Tyro3, AXL, Mer) family that is characterized both by their two immunoglobulin-like
domains and the dual fibronectin repeats found in their extracellular domain and by their related
tyrosine kinase domains found in their cytoplasmic domain. (Linger, R. M. et al., TAM receptor
tyrosine kinases: biologic functions, signaling, and potential therapeutic targeting in human
cancer. Advances in cancer research 2008, 100, 35-83.) Extracellular signaling mediated by
TAM receptor tyrosine kinases has been implicated in a variety of normal cell functions such as
cell survival, migration and adhesion. There are two known ligands for the TAM family, GAS6
(growth arrest specific-6) and protein S. Gas 6 binding to AXL results in receptor dimerization
and AXL auto-phosphorylation . (Stitt, T. N. et al., The anticoagulation factor protein S and its

relative, Gas6, are ligands for the Tyro 3/Axl family of receptor tyrosine kinases. Cell 1995, 80
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(4), 661-70.) Also, the extracellular domain can be shed, though the function of the soluble TAM
extracellular domains is unknown. Mouse knockouts of TAM family members have confirmed
that they play roles in innate immunity, inflammation, phagocytosis and cell differentiation.
(Cohen, P. L. et al., Delayed apoptotic cell clearance and lupus-like autoimmunity in mice
lacking the c-mer membrane tyrosine kinase. The Journal of experimental medicine 2002, 196
(1), 135-40; and Lemke, G. et al., Macrophage regulation by Tyro 3 family receptors. Current
opinion in immunology 2003, 15 (1), 31-6.) AXL is ubiquitously expressed, having been
detected in a wide variety of organs and cells, including cell lines of epithelia, mesenchymal and
hematopoietic origins, as well as non-transformed cells. (O'Bryan, J. P. et al., Axl, a
transforming gene isolated from primary human myeloid leukemia cells, encodes a novel
receptor tyrosine kinase. Molecular and cellular biology 1991, 11 (10), 501 6-31 )

There is extensive literature implicating the dysregulation of AXL and other TAM family
members in the development of cancer. AXL (short for "anexelekto" which means uncontrolled)
was first discovered as the transforming oncogene in two chronic myelogenous leukemia (CML)
patients. (Liu, E. et al., Transforming genes in chronic myelogenous leukemia. Proceedings of
the National Academy of Sciences of the United States of America 1988, 85 (6), 1952-6.) AXL
has been implicated in a wide range of cellular functions potentially important in cancer
development, ranging from cell survival, angiogenesis, metastasis and immunity. (Li, Y. et al.,
Axl as a potential therapeutic target in cancer: role of Axl in tumor growth, metastasis and
angiogenesis. Oncogene 2009, 28 (39), 3442-55; and Linger, R. M. et al., Taking aim at Mer
and Axl receptor tyrosine kinases as novel therapeutic targets in solid tumors. Expert opinion on
therapeutic targets 201 0, 14 (10), 1073-90.)

Overexpression of AXL is associated with poor prognosis and increased invasiveness of
human cancers and has been reported in breast (Berclaz, G. et al., Estrogen dependent
expression of the receptor tyrosine kinase axl in normal and malignant human breast. Annals of
oncology : official journal of the European Society for Medical Oncology/ ESMO 2001 , 12 (6),
819-24; and Zhang, Y. X. et al., AXL is a potential target for therapeutic intervention in breast
cancer progression. Cancer research 2008, 68 (6), 1905-15), colon (Craven, R. J. et al.,
Receptor tyrosine kinases expressed in metastatic colon cancer. Internationaljournal of cancer.
Journal international du cancer 1995, 60 (6), 791-7), esophageal ( Nemoto, T. et al,
Overexpression of protein tyrosine kinases in human esophageal cancer. Pathobiology :journal
of immunopathology, molecular and cellular biology 1997, 65 (4), 195-203), thyroid (lto, T. et al,
Expression of the Axl receptor tyrosine kinase in human thyroid carcinoma. Thyroid : official
journal of the American Thyroid Association 1999, 9 (6), 563-7), ovarian (Sun, W. et al.,
Coexpression of Gas6/Axl in human ovarian cancers. Oncology 2004, 66 (6), 450-7), gastric
(Wu, C. W. et al., Clinical significance of AXL kinase family in gastric cancer. Anticancer

research 2002, 22 (2B), 1071-8), renal (Chung, B. I. et al., Expression of the proto-oncogene
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Axl in renal cell carcinoma. DNA and cell biology 2003, 22 (8), 533-40), glioma (Hutterer, M. et
al., Axl and growth arrest-specific gene 6 are frequently overexpressed in human gliomas and
predict poor prognosis in patients with glioblastoma multiforme. Clinical cancer research : an
official journal of the American Association for Cancer Research 2008, 14 (1), 130-8) and lung
cancers (Shieh, Y. S. et al., Expression of axl in lung adenocarcinoma and correlation with
tumor progression . Neoplasia 2005, 7 (12), 1058-64.)

AXL over-expression is closely associated with epithelial-mesenchymal transition (EMT)
which is the process by which epithelial cells become motile and invasive and that often is a key
characteristic of late stage metastatic tumors. (Byers, L. A. et al., An epithelial-mesenchymal
transition gene signature predicts resistance to EGFR and PI3K inhibitors and identifies AXL as
a therapeutic target for overcoming EGFR inhibitor resistance. Clinical cancer research : an
official journal of the American Association for Cancer Research 2013, 19 (1), 279-90.) EMT
also confers resistance to oncogene mediated senescence which is a key step in tumor
development. (Smit, M. A. et al., Epithelial-mesenchymal transition and senescence: two
cancer-related processes are crossing paths. Aging 2010, 2 (10), 735-41 ; and Thiery, J. P. et
al., Epithelial-mesenchymal transitions in development and disease. Cell 2009, 139 (5), 871 -90.
Furthermore, AXL has also been implicated in playing a role in resistance to both chemotherapy
and targeted therapies. (Neel, D. S. et al, Secrets of drug resistance in NSCLC exposed by new
molecular definition of EMT. Clinical cancer research : an official journal of the American
Association for Cancer Research 2013, 19 (1), 3-5; and Zhang, Z. et al., Activation of the AXL
kinase causes resistance to EGFR-targeted therapy in lung cancer. Nature genetics 2012, 44
(8), 852-60.)

AXL potentially plays an important role in many diverse key tumorigenic mechanisms
but as a result it has not been clear how to genetically select patients or when to treat during the
development of cancer with an AXL inhibitor, for instance when during their tumor development
is AXL function is actually required, and in which patients should an AXL-based therapeutic be
used. These two fundamental unanswered questions have held up the development of AXL
inhibitors for the treatment of cancer. Indeed finding a key AXL dependent functions and

relevant preclinical models where AXL drives tumor cell survival has been a major challenge.

SUMMARY

The recent finding of the up-regulation of the AXL protein and the resulting activation of
AXL kinase activity causing resistance to EGFR inhibitor-based therapy in NSCLC has provided
a potential patient population to use AXL-based therapeutics. In this invention we disclose the
discovery of potent, selective small molecule inhibitors of AXL. Each of the embodiments of the
compounds of the present invention described below can be combined with any other

embodiment of the compounds of the present invention described herein not inconsistent with
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the embodiment with which it is combined. Furthermore, each of the embodiments below
describing the invention envisions within its scope pharmaceutically acceptable salts of the
compounds of the invention. Accordingly, the phrase "or a pharmaceutically acceptable salt
thereof is implicit in the description of all compounds described herein.

In one embodiment of the invention there is provided a compound of formula (1):

0 /

wherein :

each X is N or CR®, where at least one X is N, where each R®is independently selected from
the group consisting of hydrogen, halogen, (C;-Cgalkyl, (Cs-Cghaloalkyl, -(Ci-C ,alkylene-R7, -
OR’, -CN, -NO, and -NR'R?, where each R’ is independently selected from the group
consisting of hydrogen and (C;-Cgalkyl, and where each said (CrC “alkyl in R®is optionally
substituted by one or more substituents independently selected from the group consisting of
halogen, hydroxyl and (C4-Cgalkoxy;,

Y is Y'-Y2 or Y2Y' where Y' is absent or is selected from the group consisting of (C-
Cgalkylene, (C,-Cgalkenylene, (C-Cghaloalkylene, (Cs-C”heteroalkylene, and (C,
Cgheteroalkenylene, where Y' is optionally substituted with one or more R8 where each R8 is
independently selected from the group consisting of halogen, (Ci-Cio)alkyl, -CN, =0, -R%-OR 9,
-SR? and -NO,, and where each R° is independently selected from the group consisting of
hydrogen, (C4-Calkyl, (C5-Cy)cycloalkyl, 3-12 membered heterocyclyl, (Cs-Cy,)aryl and 5-12
membered heteroaryl, and where Y2 is absent or oxygen;

Z is Z2'-72, where each of Z' and Z2 is independently absent or selected from the group

consisting of (C4-Cgalkylene, (C,-Cgalkenylene, (C5Cy)cycloalkyl, 3-12 membered
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heterocyclyl and (C4-Cgheteroalkylene, where Z is optionally independently substituted with
one or more R' where each R' is independently selected from the group consisting of
halogen, (Ci-Cgjalkyl, -CN, =0, -OR! and -NO ,, and where each R'' is independently selected
from the group consisting of hydrogen, (C;-Chalkyl, (C4-Cy)cycloalkyl, 3-12 membered
heterocyclyl, (CxCyjaryl and 5-12 membered heteroaryl;

each R' is independently selected from the group consisting of hydrogen, halogen, (C4-Cyalkyl,
(C,-Cglalkenyl, (C4-Cgalkynyl, (d-C*haloalkyl, -(C4-Cjalky)R7, -OR7, -CN, -C(O)R 7, -CO ,RY, -
C(O)NR "R7, -SR7, -SOR7, -S0 ,R7, -S0 ,NR’R7, -NO ,, -NR’R?, -NR’C(0)R 7, -NR’C(O)NR "R7, -
NR’C(0)OR 7 ,
-NR’S0,R’, -NR’S0,NR’R?, -OC(0)R 7 and -OC(0)NR 'R’; where any set of two R' on the
same or different piperidine carbons optionally join to form a spirocyclic, fused or bridged ring
system comprising 1-4 non-piperadine members and 1-2 heteroatoms selected from N, O and
S, and where any set of two R' on adjacent piperidine carbons optionally join to form a carbon-
carbon bond; RZ and R3 are each independently selected from the group consisting of
hydrogen, halogen, (C;-Cralkyl, (C4-Cghaloalkyl, (C4Cy )cycloalkyl, 3-12 membered
heterocyclyl, -OR*, -NR™R, -C(O)NR R, -S0 ,NR'“R*, -NR'*S0,R, -S0 ,R%, (C4-C,,)aryl
and 5-12 membered heteroaryl, where each R' is independently selected from the group
consisting of hydrogen, (C+-Cpalkyl, (Ci-Crhaloalkyl, (C4Cy,)cycloalkyl, 3-12 membered
heterocyclyl, (Ce-Cy,)aryl and 5-12 membered heteroaryl, where each R is independently
selected from the group consisting of hydrogen, (C4-Cgalkyl, (C4-Cy)cycloalkyl, 3-12
membered heterocyclyl, (C,-Ciyaryl and 5-12 membered heteroaryl, or two R' together with
the N atom to which they are attached to form a 3-12 membered heterocyclyl or 5-12
membered heteroaryl, each optionally containing 1, 2 or 3 additional heteroatoms selected from
O, N and S, and where R2, R3 or both RZ and R3 is optionally substituted with one or more
substituents independently selected from halogen, (C4-Cgalkyl, hydroxyl, (Cs-Cjalkoxy, -CN,
NH,, NH(C,-C,alkyl), N(C,-C,alkyl),, (C5-C,)cycloalkyl, 3-12 membered heterocyclyl, (Cs-
Cyyaryl and 5-12 membered heteroaryl,

or R? and R3join to form a heterocyclic ring selected from azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, piperadinonyl, piperazinonyl and morpholinyl, optionally substituted with one or
more substituents independently selected from the group consisting of R'S and (C4-Cpalkylene-
R's, where R's is independently selected from the group consisting of halogen, (C,-C*alkyl, (C;-
Cphaloalkyl, hydroxyl, (C+-Cpalkoxy, CN, NH,, NH(C4-C,alkyl), N(C4-C,alkyl),, (Cs-
Ciocycloalkyl, 3-12 membered heterocyclyl, (C-Cqyaryl and 5-12 membered heteroaryl;

R%is selected from the group consisting of (C;-Cralkyl, (Cs-Cghaloalkyl, (C4-Cy,)cycloalkyl, 3-
12 membered heterocyclyl and -C(0)NR '“R%4, where R* is optionally substituted with one or
more R'2 independently selected from halogen, hydroxyl, (C;-C,)alkoxy, -CN, NH,, NH(Ci-
Csalkyl), N(C4-Cqalkyl),, (C4Cio)cycloalkyl, 3-12 membered heterocyclyl, (C4Cijaryl and 5-12
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membered heteroaryl, and where, when R'2 is (C4-Cpalkoxy, NH(Ci-C jalkyl), N(Ci-C jalkyl),,
(C5-Cy,)cycloalkyl, 3-12 membered heterocyclyl, (Cs-Cy,)aryl or 5-12 membered heteroaryl, it is
optionally substituted by one or more substituents independently selected from halogen,
hydroxyl, (C;-Cpalkoxy, -CN, NH,, NH(C;-C,alkyl), N(C-C,alkyl),, (C5C, cycloalkyl, 3-12
membered heterocyclyl, (C4-Cyj)aryl and 5-1 2 membered heteroaryl;

R® is a mono- or bi-cyclic aryl or a mono- or bi-cyclic heteroaryl, optionally substituted with one
or more substituents independently selected from the group consisting of (CrCalkyl, (C;-
Cghaloalkyl, (C5-C,)cycloalkyl, 3-12 membered heterocyclyl, -OR®, -NR'R*, -C(O)NR "*R*, -
SO,NR™R™, -SO,R*, -NR'S0,R*, CN, mono- or bi-cyclic aryl and mono- or bi-cyclic
heteroaryl, said one or more optional substituents being further optionally substituted with one
or more substituents selected from the group consisting of (CrChalkyl, halogen, (C;-
Cgalkylene-OH, (C;-Cghaloalkyl, (C4-Csgpcycloalkyl, 3-12 membered heterocyclyl, -OR?*, -
NR'*R, -C(O)NR "“R™, -S0 ,NR"*R, -S0 ,R*, -NR'4S0 ,R* and CN; and

mis 1-9, or a pharmaceutically acceptable salt thereof.

In another embodiment of the invention there is provided a compound of formula (11):

R3\Z
RZ—N/
(T ) ©
R\ —\ —
Y4<7_/N4<\X / N
0 V4 g

wherein :

each X is N or CR®, where at least one X is N, and where each R® is independently selected
from the group consisting of hydrogen, halogen and (Ci-C galkyl;

Y is Y'-Y2 or Y2-Y1 where Y' is absent or is selected from the group consisting of (C-
Cgalkylene and (C-Cg)haloalkylene, where Y' is optionally substituted with one or more R8

where each R8is independently selected from the group consisting of halogen, (C4-C )alkyl
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and -CN, and where Y2 is absent or oxygen; Z is Z'-Z2, where each of Z' and Z2 is
independently absent or selected from the group consisting of (C4-Cgalkylene, (Cgs
Cy,)cycloalkyl and 3-12 membered heterocyclyl, where Z is optionally substituted with one or
more R'® where each R' is independently selected from the group consisting of halogen, (C;-
Cgalkyl and -CN; each R! is independently selected from the group consisting of hydrogen,
halogen, (Cs-Cgalkyl, (Ci-Cghaloalkyl, -(C4-Cjalkyl)R7, -OR” and -CN ; R? and R® are each
independently selected from the group consisting of hydrogen, (CrCralkyl, (C,-Cghaloalkyl,
(C4Cy )cycloalkyl, 3-12 membered heterocyclyl, -OR® and -SO,R', where each R" is
independently selected from the group consisting of hydrogen, (C4-Cpalkyl and (Ci-
Cyhaloalkyl, where each R' is independently selected from the group consisting of hydrogen
and (C4-Cgalkyl, and where R?, R3or both R2and R3 is optionally substituted with one or more
substituents independently selected from halogen, (C4-Cgalkyl, hydroxyl, (C,-Cjalkoxy, -CN,
NH,, NH(Ci-C,alkyl), N(C4-C,alkyl),;

or R? and R3join to form a heterocyclic ring selected from azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, piperadinonyl, piperazinonyl and morpholinyl, optionally substituted with one or
more substituents independently selected from the group consisting of R's and (C4-Cpalkylene-
R's, where R's is independently selected from the group consisting of halogen, (C4-C,)alkyl, (Ci-
Cyhaloalkyl, hydroxyl, (C;-Cpalkoxy, CN, NH,, NH"-Calky!), N(C4-Cjalkyl), and (C4
Cy,)cycloalkyl;

R* is selected from the group consisting of (C;-Cglalkyl and (CrC”haloalkyl, where R#* is
optionally substituted with one or more R'? independently selected from halogen, hydroxyl, (Ci-
Cpalkoxy, -CN, NH,, NH(C,-C,alkyl), N(C,-Calkyl),, (C4C,)cycloalkyl, and 3-12 membered
heterocyclyl, and where, when R'2 is (CrC*alkoxy, NH(C,-C alkyl), N(C4-C,alkyl),, (C4
Cy,)cycloalkyl or 3-12 membered heterocyclyl, it is optionally substituted by one or more
substituents independently selected from halogen, hydroxyl, (Cs-Cgalkoxy, -CN, NH,, NH(Ci-
C,alkyl) and N(C4-C,alkyl),;

R® is a mono- or bi-cyclic aryl or a mono- or bi-cyclic heteroaryl, optionally substituted with one
or more substituents independently selected from the group consisting of (Ci-Cgalkyl, C4-C,
haloalkyl, -OR®, -NR"™R, -C(0)NR "R*, CN, mono- or bi-cyclic aryl and mono- or bi-cyclic
heteroaryl, said one or more optional substituents being further optionally substituted with one
or more substituents selected from the group consisting of (C4-Cgalkyl, (C4-Cgalkylene-OH,
(C4-Cg)haloalkyl, -OR®, -NR"*R* and -SO ,R*; and

m is 1-9; or a pharmaceutically acceptable salt thereof.

In yet another embodiment of the invention there is provided a compound of formula

(1hy:
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R?’\Z
HN/
R5\ =
~« 7
(I R4/ ’

wherein :

X is N or CR®, where RS is selected from the group consisting of hydrogen, halogen and (C;-
Cyalkyl;

Y is absent or (C4-Cgalkylene,

Z is Z'-Z2, where each of Z' and Z2 is independently absent or (CrC*alkylene, where Z is
optionally substituted with one or more R'® where each R' is independently selected from the
group consisting of halogen and (C4-Cgalkyl,

R3 is selected from the group consisting of hydrogen, (C4-Cgalkyl and -OR %3, where R' is
selected from the group consisting of hydrogen and (CrC~alkyl;

R* is (Ci-Cgalkyl optionally substituted by one or more R'2 independently selected from
halogen, hydroxyl, (C4-Cjalkoxy, -(C5-Cqo)cycloalkyl, and 3-12 membered heterocyclyl, where
one or more carbons on R'2, if present, are optionally substituted by one or more substituents
independently selected from halogen, hydroxyl and (C4-C,alkoxy; and

R> is a mono- or bi-cyclic heteroaryl, optionally substituted with one or more substituents
independently selected from the group consisting of (Ci-C galkyl and -OR *3;

or a pharmaceutically acceptable salt thereof.

Additional embodiments of the invention include those wherein -Z-R 3 is straight or
branched (C4-Cgalkylene-OH, or straight or branched (Ci-C galkylene-0-(Ci-C palkyl.

Additional embodiments of the invention include those wherein -R* is straight or
branched C"Cs alkyl substituted with hydroxyl, (C4-Cjalkoxy, (C4Cy,)cycloalkyl or 3-12
membered heterocyclyl.

Additional embodiments of the invention include those wherein
Y is absent or (C;-Cgalkylene, and R® is selected from pyrrolopyrimidine, pyrazolopyrimidine

and pyridine, optionally substituted with one or more substituents independently selected from
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the group consisting of (C-Cgalkyl, (C4-Cg)haloalkyl, -OR?, -NR"R", mono- or bi-cyclic aryl
and mono- or bi-cyclic heteroaryl, said aryl or heteroaryl being further optionally substituted with
one or more substituents selected from the group consisting of (C4-Cgalkyl.

Additional embodiments of the invention include one of more of the compounds:

o
]
Nx
07 NH,
H OH
Os N Ne N2 L
= \_/~o

T
2
e
=
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and

or a pharmaceutically acceptable salt or salts thereof.

Additional embodiments of the invention include pharmaceutical composition comprising
of a compound described herein or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

Additional embodiments of the invention include methods of treating abnormal cell
growth in a mammal, the method comprising administering to the mammal a therapeutically
effective amount of a compound described herein or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier.

Additional embodiments of the invention include such methods of treatment as are
described herein, wherein the abnormal cell growth is cancer. In particular, such methods
wherein the cancer is lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the
head or neck, cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal

cancer, cancer of the anal region, stomach cancer, colon cancer, breast cancer, uterine cancer,
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carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix,
carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus,
cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of
the urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma, or pituitary adenoma.

There is also provided an embodiment of the invention which is the use of a compound
described herein, or a pharmaceutically acceptable salt thereof for the preparation of a
medicament useful in the treatment of abnormal cell growth in a mammal, particulatly wherein
the abnormal cell growth is cancer, and more particularly wherein the cancer is lung cancer,
bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma of
the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small intestine, cancer of
the endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland, cancer of
the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the penis, prostate
cancer, chronic or acute leukemia, lymphocytic lymphomas, cancer of the bladder, cancer of the
kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis, neoplasms of the central
nervous system (CNS), primary CNS lymphoma, spinal axis tumors, brain stem glioma, or
pituitary adenoma.

In another embodiment, the invention provides a pharmaceutical composition
comprising a compound of the invention or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

In another embodiment, the invention provides a method of treating abnormal cell
growth in a mammal, including a human, the method comprising administering to the mammal a
therapeutically effective amount of a compound of the invention or a pharmaceutically
acceptable salt thereof. In another embodiment, the abnormal cell growth is cancer. In another
embodiment, the cancer is lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of
the head or neck, cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal
cancer, cancer of the anal region, stomach cancer, colon cancer, breast cancer, uterine cancer,
carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix,
carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus,
cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid gland,

cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of
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the urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma, or pituitary adenoma.

In another embodiment, the invention provides a use of a compound according to to the
invention or a pharmaceutically acceptable salt thereof for the preparation of a medicament
useful in the treatment of abnormal cell growth in a mammal, including a human. In another
embodiment, the abnormal cell growth is cancer. In another embodiment, the cancer is lung
cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomach cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma of
the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small intestine, cancer of
the endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland, cancer of
the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the penis, prostate
cancer, chronic or acute leukemia, lymphocytic lymphomas, cancer of the bladder, cancer of the
kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis, neoplasms of the central
nervous system (CNS), primary CNS lymphoma, spinal axis tumors, brain stem glioma, or
pituitary adenoma.

In further specific embodiments of any of the inventive methods described herein, the
method further comprises administering to the mammal an amount of one or more substances
selected from anti-tumor agents, anti-angiogenesis agents, signal transduction inhibitors, and
antiproliferative agents, which amounts are together effective in treating said abnormal cell
growth. Such substances include those disclosed in PCT Publication Nos. WO 00/38715, WO
00/38716, WO 00/38717, WO 00/38718, WO 00/38719, WO 00/38730, WO 00/38665, WO
00/371 07 and WO 00/38786, the disclosures of which are incorporated herein by reference in
their entireties.

Examples of anti-tumor agents include mitotic inhibitors, for example vinca alkaloid
derivatives such as vinblastine vinorelbine, vindescine and vincristine; colchines allochochine,
halichondrine, N-benzoyltrimethyl-methyl ether colchicinic acid, dolastatin 10, maystansine,
rhizoxine, taxanes such as taxol (paclitaxel),  docetaxel (Taxotere), 2'-N-[3-
(dimethylamino)propyl]glutaramate (taxol derivative), thiocholchicine, trityl cysteine, teniposide,
methotrexate, azathioprine, fluorouricil, cytocine arabinoside, 2'2'-difluorodeoxycytidine
(gemcitabine), adriamycin and mitamycin. Alkylating agents, for example cis-platin, carboplatin
oxiplatin, iproplatin, Ethyl ester of N-acetyl-DL-sarcosyl-L-leucine (Asaley or Asalex), 1,4-
cyclohexadiene-1 ,4-dicarbamic acid, 2,5 -bis(1 -azirdinyl)-3,6-dioxo-, diethyl ester (diaziquone),

1,4-bis(methanesulfonyloxy)butane  (bisulfan or leucosulfan) chlorozotocin, clomesone,
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cyanomorpholinodoxorubicin, cyclodisone, dianhydroglactitol, fluorodopan, hepsulfam, mitomycin
C, hycantheonemitomycin C, mitozolamide, 1-(2-chloroethyl)-4-(3-chloropropyl)-piperazine
dihydrochloride, piperazinedione, pipobroman, porfiromycin, spirohydantoin mustard, teroxirone,
tetraplatin, thiotepa, triethylenemelamine, uracil nitrogen mustard, bis(3-mesyloxypropyl)amine
hydrochloride, mitomycin, nitrosoureas agents such as cyclohexyl-chloroethylnitrosourea,
methylcyclohexyl-chloroethylnitrosourea  1-(2-chloroethyl)-3-(2 ,6-dioxo-3-piperidyl)-1 -nitroso-urea,
bis(2-chloroethyl)nitrosourea, procarbazine, dacarbazine, nitrogen mustard-related compounds
such as mechloroethamine, cyclophosphamide, ifosamide, melphalan, chlorambucil, estramustine
sodium phosphate, strptozoin, and temozolamide. DNA anti-metabolites, for example 5-
fluorouracil, cytosine  arabinoside, hydroxyurea,  2-[(3hydroxy-2-pyrinodinyl)methylene]-
hydrazinecarbothioamide, deoxyfluorouridine, 5-hydroxy-2-formylpyridine thiosemicarbazone,
alpha-2'-deoxy-6-thioguanosine, aphidicolin glycinate, 5-azadeoxycytidine, beta-thioguanine
deoxyriboside, cyclocytidine, guanazole, inosine glycodialdehyde, macbecin 11, pyrazolimidazole,
cladribine, pentostatin, thioguanine, mercaptopurine, bleomycin, 2-chlorodeoxyadenosine,
inhibitors of thymidylate synthase such as raltitrexed and pemetrexed disodium, clofarabine,
floxuridine and fludarabine. DNA/RNA antimetabolites, for example, L-alanosine, 5-azacytidine,
acivicin, aminopterin and derivatives thereof such as N-[2-chloro-5-[[(2, 4-diamino-5-methyl-6-
guinazolinyl)methyllamino]benzoyl]-L-aspartic acid, N-[4-[[(2, 4-diamino-5-ethyl-6-
guinazolinyl)methyllamino]benzoyl]-L-aspartic acid, N -[2-chloro-4-[[(2, 4-
diaminopteridinyl)methyllJamino]lbenzoyl]-L-aspartic  acid, soluble Baker's antifol, dichloroallyl
lawsone, brequinar, ftoraf, dihydro-5-azacytidine, methotrexate, N-(phosphonoacetyl)-L-aspartic
acid tetrasodium salt, pyrazofuran, trimetrexate, plicamycin, actinomycin D, cryptophycin, and
analogs such as cryptophycin-52 or, for example, one of the preferred anti-metabolites disclosed
in European Patent Application No. 239362 such as N-(5-[N-(3,4-dihydro-2-methyl-4-
oxoquinazolin-6-ylmethyl)-N-methylamino]-2-thenoyl)-L-glutamic  acid; growth factor inhibitors; cell
cycle inhibitors; intercalating antibiotics, for example adriamycin and bleomycin; proteins, for
example interferon; and anti-hormones, for example anti-estrogens such as Nolvadex™
(tamoxifen) or, for example anti-androgens such as Casodex™ (4'-cyano-3-(4-
fluorophenylsulphonyl)-2-hydroxy-2-methyl-3'-(trifluoromethyl) propionanilide). Such  conjoint
treatment may be achieved by way of the simultaneous, sequential or separate dosing of the
individual components of the treatment.

Anti-angiogenesis agents include MMP-2 (matrix-metalloprotienase 2) inhibitors, MMP-9
(matrix-metalloprotienase 9) inhibitors, and COX-Il (cyclooxygenase iy inhibitors. Examples of
useful COX-II inhibitors include CELEBREX™ (alecoxib) , valdecoxib, and rofecoxib. Examples
of useful matrix metalloproteinase inhibitors are described in WO 96/331 72 (published October
24, 1996), WO 96/27583 (published March 7, 1996), European Patent Application No.
97304971 .1 (filed July 8, 1997), European Patent Application No. 9930861 7.2 (filed October 29,
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1999), WO 98/07697 (published February 26, 1998), WO 98/0351 6 (published January 29, 1998),
WO 98/3491 8 (published August 13, 1998), WO 98/3491 5 (published August 13, 1998), WO
98/33768 (published August 6, 1998), WO 98/30566 (published July 16, 1998), European Patent
Publication 606,046 (published July 13, 1994), European Patent Publication 931,788 (published
July 28, 1999), WO 90/0571 9 (published May 331, 1990), WO 99/5291 0 (published October 21,
1999), WO 99/52889 (published October 21, 1999), WO 99/29667 (published June 17, 1999),
PCT International Application No. PCT/IB98/01 113 (filed July 21, 1998), European Patent
Application No. 99302232.1 (fled March 25, 1999), Great Britain patent application number
9912961 .1 (filed June 3, 1999), United States Provisional Application No. 60/148,464 (filed
August 12, 1999), United States Patent 5,863,949 (issued January 26, 1999), United States
Patent 5,861,510 (issued January 19, 1999), and European Patent Publication 780,386
(published June 25, 1997), all of which are herein incorporated by reference in their entirety.
Preferred MMP-2 and MMP-9 inhibitors are those that have little or no activity inhibiting MMP-1 .
More preferred, are those that selectively inhibit MMP-2 and/or MMP-9 relative to the other
matrix-metalloproteinases  (i.e. MMP-1, MMP-3, MMP-4, MMP-5, MMP-6, MMP-7, MMP-8, MMP-
10, MMP-1 1, MMP-1 2, and MMP-1 3).

Examples of MMP inhibitors include AG-3340, RO 32-3555, RS 13-0830, and the following
compounds: 3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-cyclopentyl)-amino]-propionic
acid;3-exo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-oxa-bicyclo[3.2. 1Joctane-3-carboxylic acid
hydroxyamide; (2R, 3R) 1-[4-(2-chloro-4-fluoro-benzyloxy)-benzenesulfonyl]-3-hydroxy-3-methyl-
piperidine-2-carboxylic acid hydroxyamide; 4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahydro-
pyran-4-carboxylic acid hydroxyamide;3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-
cyclobutyl)-amino]-propionic  acid;  4-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-4-
carboxylic acid hydroxyamide;  3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-3-
carboxylic acid hydroxyamide; (2R, 3R) 1-[4-(4-fluoro-2-methyl-benzyloxy)-benzenesulfonyl]-3-hydroxy-3-
methyl-piperidine-2-carboxylic acid hydroxyamide; 3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-
hydroxycarbamoyl-1-methyl-ethyl)-amino]-propionic  acid;  3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(4-
hydroxycarbamoyl-tetrahydro-pyran-4-yl)-amino]-propionic acid; 3-ex0-3-[4-(4-chloro-phenoxy)-
benzenesulfonylamino]-8-oxa-bicyclo[3.2. 1jJoctane-3-carboxylic acid hydroxyamide;3-endo-3-[4-(4-fluoro-
phenoxy)-benzenesulfonylamino]-8-oxa-bicyclo[3.2. 1Joctane-3-carboxylic acid hydroxyamide; 3-[4-(4-
fluoro-phenoxy)-benzenesulfonylamino]-tetrahydro-furan-3-carboxylic acid hydroxyamide; and

pharmaceutically acceptable salts, solvates and hydrates thereof.

Examples of signal transduction inhibitors include agents that can inhibit EGFR
(epidermal growth factor receptor) responses, such as EGFR antibodies, EGF antibodies, and
molecules that are EGFR inhibitors; VEGF (vascular endothelial growth factor) inhibitors; and

erbB2 receptor inhibitors, such as organic molecules or antibodies that bind to the erbB2
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receptor, for example, HERCEPTIN ™ (Genentech, Inc. of South San Francisco, California,
USA).

EGFR inhibitors are described in, for example in WO 95/1 9970 (published July 27,
1995), WO 98/14451 (published April 9, 1998), WO 98/02434 (published January 22, 1998),
and United States Patent 5,747,498 (issued May 5, 1998). EGFR-inhibiting agents include, but
are not limited to, the monoclonal antibodies C225 and anti-EGFR 22Mab (ImClone Systems
Incorporated of New York, New York, USA), the compounds ZD-1839 (AstraZeneca), BIBX-
1382 (Boehringer Ingelheim), MDX-447 (Medarex Inc. of Annandale, New Jersey, USA), and
OLX-103 (Merck & Co. of Whitehouse Station, New Jersey, USA), VRCTC-31 0 (Ventech
Research) and EGF fusion toxin (Seragen Inc. of Hopkinton, Massachusetts).

VEGF inhibitors, for example SU-5416 and SU-6668 (Sugen Inc. of South San
Francisco, California, USA), can also be combined or co-administered with the composition.
VEGF inhibitors are described in, for example in WO 99/24440 (published May 20, 1999), PCT
International Application PCT/IB99/00797 (fled May 3, 1999), in WO 95/21613 (published
August 17, 1995), WO 99/61 422 (published December 2, 1999), United States Patent 5,834,504
(issued November 10, 1998), WO 98/50356 (published November 12, 1998), United States
Patent 5,883,113 (issued March 16, 1999), United States Patent 5,886,020 (issued March 23,
1999), United States Patent 5,792,783 (issued August 11, 1998), WO 99/1 0349 (published March
4, 1999), WO 97/32856 (published September 12, 1997), WO 97/22596 (published June 26,
1997), WO 98/54093 (published December 3, 1998), WO 98/02438 (published January 22, 1998),
WO 99/16755 (published April 8, 1999), and WO 98/02437 (published January 22, 1998), all of
which are herein incorporated by reference in their entirety. Other examples of some specific
VEGF inhibitors are IM862 (Cytran Inc. of Kirkland , Washington , USA); anti-VEGF monoclonal
antibody bevacizumab (Genentech , Inc. of South San Francisco, California); and angiozyme, a
synthetic ribozyme from Ribozyme (Boulder, Colorado) and Chiron (Emeryville, California).

ErbB2 receptor inhibitors, such as GW-282974 (Glaxo Wellcome pic), and the
monoclonal antibodies AR-209 (Aronex Pharmaceuticals Inc. of The Woodlands, Texas, USA)
and 2B-1 (Chiron), may be administered in combination with the composition. Such erbB2
inhibitors include those described in WO 98/02434 (published January 22, 1998), WO 99/351 46
(published July 15, 1999), WO 99/351 32 (published July 15, 1999), WO 98/02437 (published
January 22, 1998), WO 97/1 3760 (published April 17, 1997), WO 95/1 9970 (published July 27,
1995), United States Patent 5,587,458 (issued December 24, 1996), and United States Patent
5,877,305 (issued March 2, 1999), each of which is herein incorporated by reference in its
entirety. ErbB2 receptor inhibitors useful in the present invention are also described in United
States Provisional Application No. 60/1 17,341, filed January 27, 1999, and in United States
Provisional Application No. 60/1 17,346, filed January 27, 1999, both of which are herein

incorporated by reference in their entirety.
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Other antiproliferative agents that may be used include inhibitors of the enzyme farnesyl
protein transferase and inhibitors of the receptor tyrosine kinase PDGFr, including the
compounds disclosed and claimed in the following United States patent applications: 09/221 946
(filed December 28, 1998); 09/454058 (filed December 2, 1999); 09/501 163 (filed February 9,
2000); 09/539930 (filed March 31, 2000); 09/202796 (filed May 22, 1997); 09/384339 (filed
August 26, 1999); and 09/383755 (filed August 26, 1999); and the compounds disclosed and
claimed in the following United States provisional patent applications: 60/168207 (filed
November 30, 1999); 60/1701 19 (filed December 10, 1999); 60/1 77718 (filed January 21,
2000) ; 60/1 6821 7 (filed November 30, 1999), and 60/200834 (filed May 1, 2000) . Each of the
foregoing patent applications and provisional patent applications is herein incorporated by
reference in their entirety.

Compositions of the invention can also be used with other agents useful in treating
abnormal cell growth or cancer, including, but not limited to, agents capable of enhancing
antitumor immune responses, such as CTLA4 (cytotoxic lymphocite antigen 4) antibodies, and
other agents capable of blocking CTLA4; and anti-proliferative agents such as other farnesyl
protein transferase inhibitors. Specific CTLA4 antibodies that can be used in the present
invention include those described in United States Patent Number 6,682,736 which is herein
incorporated by reference in its entirety.

Definitions

Unless otherwise stated, the following terms used in the specification and claims have
the meanings discussed below. Variables defined in this section, such as R, X, n and the like,
are for reference within this section only, and are not meant to have the save meaning as may
be used outside of this definitions section. Further, many of the groups defined herein can be
optionally substituted. The listing in this definitions section of typical substituents is exemplary
and is not intended to limit the substituents defined elsewhere within this specification and

claims.

"Alkenyl" refers to an alkyl group, as defined herein, consisting of at least two carbon
atoms and at least one carbon-carbon double bond. Representative examples include, but are
not limited to, ethenyl, 1-propenyl, 2-propenyl, 1-, 2-, or 3-butenyl, and the like. "Alkenylene"
refers to a di-valent form of alkenyl.

"Alkoxy" refers to -O-alkyl where alkyl is preferably Ci-Cg, Ci-C,, Ci-C 4, C4-Cg, Cy-Cy,
C4-C;, C-C, or Ci alkyl.

"Alkyl" refers to a saturated aliphatic hydrocarbon radical including straight chain and
branched chain groups of 1 to 20 carbon atoms ("(Ci-C,0)alkyl"), preferably 1 to 12 carbon
atoms ("(Ci-Ci y)alkyl"), more preferably 1 to 8 carbon atoms ("(Ci-Cgalkyl”), or 1 to 6 carbon
atoms ("(C4-Cg)alkyl™), or 1to 4 carbon atoms ("(CrC*alkyl") .Examples of alkyl groups include
methyl, ethyl, propyl, 2-propyl, n-butyl, /so-butyl, tert-butyl, pentyl, neopentyl, and the like. Alkyl
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may be substituted or unsubstituted. Typical substituent groups include cycloalkyl, aryl,
heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy, mercapto, alkylthio, arylthio, cyano,
halogen, carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-
amido, N-amido, C-carboxy, O-carboxy, nitro, silyl, amino and -NR *RY, where R* and RY are for
example hydrogen, alkyl, cycloalkyl, aryl, carbonyl, acetyl, sulfonyl, trifluoromethanesulfonyl
and, combined, a five- or six-member heteroalicyclic ring. "Haloalkyl" for instance (Ci-
Cghaoalkyl, refers to an alkyl having one or more, halogen substituents. "Alkylene" refers to a
di-valent form of alkyl.

"Alkynyl" refers to an alkyl group, as defined herein, consisting of at least two carbon
atoms and at least one carbon-carbon triple bond. Representative examples include, but are not
limited to, ethynyl, 1-propynyl, 2-propynyl, 1-, 2-, or 3-butynyl, and the like. "Alkynylene" refers
to a di-valent form of alkynyl.

"Amino" refers to an -NR *RY group, wherein R*and RY are both hydrogen.

"(Cs-Cy )aryl" refers to an all-carbon monocyclic or fused-ring polycyclic groups of 6 to
12 carbon atoms having a completely conjugated pi-electron system. Examples, without
limitation, of aryl groups are phenyl, naphthalenyl and anthracenyl. The aryl group may be
substituted or unsubstituted. Typical substituents include halo, trihalomethyl, alkyl, hydroxy,
alkoxy, aryloxy, mercapto, alkylthio, arylthio, cyano, nitro, carbonyl, thiocarbonyl, C-carboxy, O-
carboxy, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, sulfinyl,
sulfonyl, amino and -NR *RY, with R* and RY as defined above.

"Contacting" refers to bringing a compound of this invention and atarget PK together in
such a manner that the compound can affect the catalytic activity of the PK, either directly, i.e.,
by interacting with the kinase itself, or indirectly, i.e., by interacting with another molecule on
which the catalytic activity of the kinase is dependent. Such "contacting” can be accomplished
"in vitro," i.e., in atest tube, a petri dish orthe like. In a test tube, contacting may involve only a
compound and a PK of interest or it may involve whole cells. Cells may also be maintained or
grown in cell culture dishes and contacted with a compound in that environment. In this
context, the ability of a particular compound to affect a PK related disorder, i.e., the IC;0 of the
compound , defined below, can be determined before use of the compounds in vivo with more
complex living organisms is attempted . For cells outside the organism, multiple methods exist,
and are well-known to those skilled in the art, to get the PKs in contact with the compounds
including, but not limited to, direct cell microinjection and numerous transmembrane carrier
techniques.

"Cyano" refers to a -C=N group. Cyano may be expressed as CN.

"(C4-Cy )cycloalkyl” refers to a 3 to 10 member all-carbon monocyclic ring, a 3 to 10

member all-carbon bicyclic ring, an all-carbon 5-member/6-member or 6-member/6-member
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fused bicyclic ring, a multicyclic fused ring (a "fused" ring system means that each ring in the
system shares an adjacent pair of carbon atoms with each other ring in the system) group
wherein one or more of the rings may contain one or more double bonds but none of the rings
has a completely conjugated pi-electron system, and a bridged all-carbon ring system.
Examples, without limitation, of cycloalkyl groups are cyclopropane, cyclobutane, cyclopentane,
cyclopentene, cyclohexane, cyclohexadiene, adamantane, cycloheptane, cycloheptatriene, and
the like. A cycloalkyl group may be substituted or unsubstituted. Typical substituent groups
include alkyl, aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy, mercapto, alkylthio,
arylthio, cyano, halo, carbonyl, thiocarbonyl, C-carboxy, O-carboxy, O-carbamyl, N-carbamyl,
C-amido, N-amido, nitro, amino and -NR*RY, with R* and R’ as defined above. lllustrative

examples of cycloalkyl are derived from, but not limited to, the following:

>0 N A
OO a0 000 A,

"Enantiomerically pure" as used herein, describes a compound that is present as a
single enentiomer and which is described in terms of enantiomeric excess. Preferably, wherein
the compound is present as an enantiomer, the enantiomer is present at an enantiomeric
excess of greater than or equal to about 80%, more preferably, at an enantiomeric excess of
greater than or equal to about 90%, more preferably still, at an enantiomeric excess of greater
than or equal to about 95%, more preferably still, at an enantiomeric excess of greater than or
equal to about 98%, most preferably, at an enantiomeric excess of greater than or equal to
about 99%. Similalry, "diastereomerically pure" as used herein, describes a compound that is
present as a diastereomers and which is described in terms of enantiomeric excess. Preferably,
wherein the compound is present as a diastereomer, the diastereomer is present at an
diastereomeric excess of greater than or equal to about 80%, more preferably, at an
diastereomeric excess of greater than or equal to about 90%, more preferably still, at an
diastereomeric excess of greater than or equal to about 95%, more preferably still, at an
diastereomeric excess of greater than or equal to about 98%, most preferably, at an
diastereomeric excess of greater than or equal to about 99%.

"Halogen" or the prefix "halo" refers to fluoro, chloro, bromo and iodo. Preferably

halogen refers to fluoro or chloro.
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"Heteroalkyl" refers to a straight chain or branched chain alkyl group of 1 to 20 carbon
atoms, preferably 1to 12 carbon atoms, more preferably 1to 8 carbon atoms, or 1to 6 carbon
atoms, or 1to 4 carbon atoms, wherein one, two or three of which carbon atoms are replaced
by a heteroatom selected from from NR*, O, and S(0), (where n is 0, 1 or 2). Exemplary
heteroalkyls include alkyl ethers, secondary and tertiary alkyl amines, amides, alkyl sulfides,
and the like. The group may be a terminal group or a bridging group. As used herein, reference
to the normal chain when used in the context of a bridging group refers to the direct chain of
atoms linking the two terminal positions of the bridging group. As with "alkyl", typical substituent
groups on "heteroalkyl" include cycloalkyl, aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy,
aryloxy, mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, O-carbamyl, N-
carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, C-carboxy, O-carboxy, nitro,
silyl, amino and - NR'RY, where R* and R’ are for example hydrogen, alkyl, cycloalkyl, aryl,
carbonyl, acetyl, sulfonyl, trifluoromethanesulfonyl and, combined, a five- or six-member
heteroalicyclic ring. "Heteroalkenyl" refers to a heteroalkyl possessing one or more carbon-
carbon double bonds. "Heteroalkylene" refers to a di-valent form of heteroalkyl.
"Heteroalkenylene" refers to a di-valent form of heteroalkenyl.

"Heteroaryl" refers to a monocyclic or fused ring group of 5 to 12 carbon ring atoms
containing one, two, three or four ring heteroatoms selected from from NR*, O, and S(0),
(where nis 0, 1 or 2) and, in addition, having a completely conjugated pi-electron system.
Preferred heteroaryl groups include (C,-Cpheteroaryl in accordance with the definition above.
Examples, without limitation, of unsubstituted heteroaryl groups are pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, pyrazole, pyridine, pyrimidine, quinoline, isoquinoline, purine,
tetrazole, triazine, and carbazole. The heteroaryl group may be substituted or unsubstituted.
Typical substituents include alkyl, cycloalkyl, halo, trihalomethyl, hydroxy, alkoxy, aryloxy,
mercapto, alkylthio, arylthio, cyano, nitro, carbonyl, thiocarbonyl, sulfonamido, C-carboxy, O-
carboxy, sulfinyl, sulfonyl, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido,
N-amido, amino and -NR*RY with R* and RY as defined above. A pharmaceutically acceptable
heteroaryl is one that is sufficiently stable to be attached to a compound of the invention,
formulated into a pharmaceutical composition and subsequently administered to a patient in

need thereof. Examples of typical monocyclic heteroaryl groups include, but are not limited to:
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(oxazolyl) (isothiazolyl) (thiazolyl)

»

1-oxa-2,3-diazole
(1-oxa-2,3-diazolyl)

s
Y
N

1-thia-2,3-diazole
(1-thia-2,3-diazolyl)

H
N

N
~N
¢ N @
N—N =

pyridine
(tetrazolyl)

(pyridinyl)

O\
v

1-oxa-2,4-diazole
(1-oxa-2,4-diazolyl)

S ~
§

1-thia-2,4-diazole
(1-thia-2,4-diazolyl)

)
=

pyridazine
(pyridazinyl)
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imidazole
(imidazolyl)

H
N

(7

1,2,3-triazole
(1,2,3-triazolyl)

1-oxa-2,5-diazole
(1-oxa-2,5-diazolyl)

1-thia-2,5-diazole
(1-thia-2,5-diazolyl)

pyrimidine
(pyrimidinyl)
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Examples of suitable fused ring heteroaryl groups include, but are not limited to:

benzofuran benzothiophene indole benzimidazole indazole
(benzofuranyl)  (benzothiophenyl) (indolyl) (benzimidazolyl) (indazolyl)
N X AN A
\ N
o o o o
N N, N F N Z N
H H H H
benzotriazole pyrrolo[2,3-b]pyridine pyrrolo[2,3-c]pyridine pyrrolo[3,2-c]pyridine

(benzotriazolyl) (pyrrolo[2,3-b]pyridinyl) (pyrrolo[2,3-c]pyridinyl)  (pyrrolo[3,2-c]pyridinyl)

H
N N N N
AN A A
oy oy O G
~N N/ N N A ~N N/ Y
H H H

pyrrolo[3,2-b]pyridine imidazo[4,5-b]pyridine imidazo[4,5-c]pyridine pyrazolo[4,3-d]pyridine
(pyrrolo[3,2-b]pyridinyl)  (imidazo[4,5-b]pyridinyl) (imidazo[4,5-c]pyridinyl) (pyrazolo[4,3-d]pyidinyl)

H H N, H
B N\N N N\N | > N\N ~ N
N s P P <

pyrazolo[4,3-c]pyridine  pyrazolo[3,4-c]pyridine  pyrazolo[3,4-b]pyridine isoindole
(pyrazolo[4,3-c]pyidinyl)  (pyrazolo[3,4-c]pyidinyl) (pyrazolo[3,4-b]pyidinyl) (isoindolyl)

N N N
N\ > \ T~ 2 Zar—
Coy U O O O
H

H
indazole purine indolizine imidazo[1 ,2-a]pyridine imidazo[1 ,5-a]pyridine
(indazolyl) (purinyl) (indolininyl)  (imidazo[1 ,2-a]pyridinyl) (imidazo[1 ,5-a]pyridinyl)
i i AN =N
y )
pyrazolo[1 ,5-a]pyridine pyrrolo[1 ,2-b]pyridazine imidazo[1 ,2-c]pyrimidine

(pyrazolo[1 ,5-a]pyridinyl) (pyrrolo[1 -2,b]pyridazinyl)  (imidazo[1 ,2-c]pyrimidinyl)

o (O 0 (D

5//-pyrrolo[3,2-6]pyrazine  lif-py ,azolo[4,3-6]pyrazine |/f-pyrazolo[3,4-d]pyrimidine  7ff-pyrrolo[2,3-rf]pyrimidine
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quinoline isoquinoline cinnoline quinazoline
(quinolinyl) (isoquinolinyl) (cinnolinyl) (azaquinazoline)
N
9 SN OONNSS
|
7 N 7 N —
N Z NN XN
quinoxaline phthalazine 1,6-naphthyridine 1,7-naphthyridine
(quinoxalinyl) (phthalazinyl) (1,6-naphthyridinyl) (1,7-naphthyridinyl)
= | AN /N | AN N~ | AN = | AN
X = — N N N
N N N N N ¥ X =
1,8-naphthyridine 1,5-naphthyridine 2,6-naphthyridine 2,7-naphthyridine
(1,8-naphthyridinyl) (1,5-naphthyridinyl) (2,6-naphthyridinyl) (2,7-naphthyridinyl)
N
NS I~ NS Z N =
J J A
pyrido[3,2-d]pyrimidine pyrido[4,3-d]pyrimidine pyrido[3,4-d]pyrimidine
(pyrido[3,2-d]pyrimidinyl) (pyrido[4,3-d]pyrimidinyl) (pyrido[3,4-d]pyrimidinyl)
0 1) 0
X = N 7 N 7
N N) N N
pyrido[2 ,3-d] pyrimid ine pyrido[2,3-b]pyrazine pyrido[3,4-b]pyrazine
(pyrido[2,3-d]pyrimidinyl) (pyrido[2,3-b]pyrazinyl) (pyrido[3,4-b]pyrazinyl)
0 0 e
N 7 X 7 X 7
X N) N7 N kN \N)
pyrimido[5,4-d]pyrimidine pyrazino[2,3-b]pyrazine pyrimido[4,5-d]pyrimidine
(pyrimido[5,4-d]pyrimidinyl) (pyrazino[2,3-b]pyrazinyl) (pyrimido[4,5-d]pyrimidinyl)

"Heterocyclyl" refers to a monocyclic or fused ring system having 3 to 12 ring atoms
containing one, two, three or four ring heteroatoms selected from N, O, and S(0) , (where nis 0,
1 or 2), and 1-9 carbon atoms The rings may also have one or more double bonds. However,
the rings do not have a completely conjugated pi-electron system. Preferred heterocycles
include (C,-Cg)heterocycles in accordance with the definition above. Examples of suitable

saturated heteroalicyclic groups include, but are not limited to:
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O

H
O S N O S N
A A A I (J
oxirane thiarane aziridine oxetane thiatane azetidine tetrahydrofuran
(oxiranyl) (thiaranyl) (aziridinyl) (oxetanyl) (thiatanyl) (azetidinyl)  (tetrahydrofuranyl)
H 0] S
O O g @
tetrahydrothiophene pyrrolidine tetrahydropyran tetrahydrothiopyran
(tetrahydrothiophenyl) (pyrrolidinyl) (tetrahydropyranyl)  (tetrahydrothiopyranyl)
H H
ENJ [O] on [Nj [Sj
o S o S
piperidine 1,4-dioxane 1,4-oxathiane morpholine 1,4-dithiane
(piperidinyl) (1,4-dioxanyl) (1,4-oxathianyl) (morpholinyl) (1,4-dithianyl)

O Q)

piperazine
(piperazinyl)

)

0
1,4-dioxepane
(1,4-dioxepanyl)

)

H

1,4-azathiane

1,4-thieazepane
(1,4-thieazepanyl)

(1,4-azathianyl)

O

S
1,4-oxathiepane
(1,4-oxathiepanyl)

1,4-diazepane
(1,4-diazepanyl)

H
thiepane
(thiepanyl)

@
N

H
1,4-0xaazepane
(1,4-oxaazepanyl)

oxepane
(oxepanyl)

azepane
(azepanyl)

)

S
1,4-dithiepane
(1,4-dithiepanyl)

Examples of suitable partially unsaturated heteroalicyclic groups include, but are not

limited to:



10

15

20

25

WO 2016/097918 PCT/IB2015/059360

- 24 -
o] o] o]
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3,4-dihydro-2H-pyran 5,6-dihydro-2H-pyran 2H-pyran
(3,4-dihydro-2H-pyranyl) (5,6-dihydro-2H-pyranyl) (2H-pyranyl)
H H
N N
[ 9
1,2,3,4-tetrahydropyridine 1,2,5,6-tetrahydropyridine

(1,2,3,4-tetrahydropyridinyl) (1,2,5,6-tetrahydropyridinyl)

The heterocyclyl group is optionally substituted with one or two substituents
independently selected from halo, lower alkyl, lower alkyl substituted with carboxy, ester
hydroxy, or mono or dialkylamino. Moreover, the heterocycle may contain bridging, including
bridging between non-adjacent carbons on the heterocycle, with the bridge containing 1-2
carbons and 0-1 heteroatoms selected from selected from NR*, O, and S(0) , (where nis 0, 1 or
2).

"Hydroxy" or "hydroxyl" refers to an -OH group.

“In vitro" refers to procedures performed in an artificial environment such as, e.g.,

without limitation, in a test tube or culture medium.

“In vivo" refers to procedures performed within a living organism such as, without

limitation , a mouse, rat or rabbit.

"Optional" or "optionally" means that the subsequently described event or circumstance
may but need not occur, and that the description includes instances where the event or
circumstance occurs and instances in which it does not. For example, "heterocycle group
optionally substituted with an alkyl group” means that the alkyl may but need not be present,
and the description includes situations where the heterocycle group is substituted with an alkyl

group and situations where the heterocycle group is not substituted with the alkyl group.

"Organism" refers to any living entity comprised of at least one cell. A living organism
can be as simple as, for example, a single eukariotic cell or as complex as a mammal, including

a human being.

A "pharmaceutically acceptable excipient" refers to an inert substance added to a
pharmaceutical composition to further facilitate administration of a compound. Examples,
without limitation, of excipients include calcium carbonate, calcium phosphate, various sugars

and types of starch, cellulose derivatives, gelatin, vegetable oils and polyethylene glycols.



10

15

20

25

30

WO 2016/097918 PCT/IB2015/059360

-25-

As used herein, the term "pharmaceutically acceptable salt" refers to those salts which

retain the biological effectiveness and properties of the parent compound . Such salts include:

(i) acid addition salts, which can be obtained by reaction of the free base of the parent
compound with inorganic acids such as hydrochloric acid, hydrobromic acid, nitric acid,
phosphoric acid, sulfuric acid, and perchloric acid and the like, or with organic acids such as
acetic acid, oxalic acid, (D) or (L) malic acid, maleic acid, methanesulfonic acid, ethanesulfonic
acid, p-toluenesulfonic acid, salicylic acid, tartaric acid, citric acid, succinic acid or malonic acid

and the like; or

(i) salts formed when an acidic proton present in the parent compound either is replaced by
a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates
with an organic base such as ethanolamine, diethanolamine, triethanolamine, tromethamine, N-

methylglucamine, and the like.

A "pharmaceutical composition" refers to a mixture of one or more of the compounds
described herein, or physiologically/pharmaceutically acceptable salts, solvates, hydrates or
prodrugs thereof, with other chemical components, such as physiologically/pharmaceutically
acceptable carriers and excipients. The purpose of a pharmaceutical composition is to facilitate

administration of a compound to an organism.

As used herein, a "physiologically/pharmaceutically acceptable carrier" refers to a carrier
or diluent that does not cause significant irritation to an organism and does not abrogate the

biological activity and properties of the administered compound.

"PK" refers to receptor protein tyrosine kinase (RTKs), non-receptor or "cellular" tyrosine

kinase (CTKs) and serine-threonine kinases (STKs).

"Therapeutically effective amount" refers to that amount of the compound being
administered which will relieve to some extent one or more of the symptoms of the disorder
being treated. In reference to the treatment of cancer, a therapeutically effective amount refers

to that amount which has at least one of the following effects:

(1) reducing the size of the tumor;
@) inhibiting (that is, slowing to some extent, preferably stopping) tumor metastasis;
€)) inhibiting to some extent (that is, slowing to some extent, preferably stopping)

tumor growth, and

4 relieving to some extent (or, preferably, eliminating) one or more symptoms
associated with the cancer.

"Treat", "treating” and "treatment" refer to a method of alleviating or abrogating a PK

mediated cellular disorder and/or its attendant symptoms. With regard particularly to cancer,
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these terms simply mean that the life expectancy of an individual affected with a cancer will be

increased or that one or more of the symptoms of the disease will be reduced.

DETAILED DESCRIPTION

General schemes for synthesizing the compounds of the invention can be found in the
Examples section herein.

Unless indicated otherwise, all references herein to the inventive compounds include
references to salts, solvates, hydrates and complexes thereof, and to solvates, hydrates and
complexes of salts thereof, including polymorphs, stereoisomers, and isotopically labeled
versions thereof.

Pharmaceutically acceptable salts include acid addition and base salts (including
disalts).

Suitable acid addition salts are formed from acids which form non-toxic salts. Examples
include the acetate, aspartate, benzoate, besylate, bicarbonate/carbonate, bisulphate/sulfate,
borate, camsylate, citrate, edisylate, esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate, methylsulfate,
naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen  phosphate/dihydrogen phosphate, saccharate, stearate, succinate,
tartrate, tosylate and trifluoroacetate salts.

Suitable base salts are formed from bases which form non-toxic salts. Examples include
the aluminum, arginine, benzathine, calcium, choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium, tromethamine and zinc salts.

For a review on suitable salts, see "Handbook of Pharmaceutical Salts: Properties,
Selection, and Use" by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002), the
disclosure of which is incorporated herein by reference in its entirety.

A pharmaceutically acceptable salt of the inventive compounds can be readily prepared
by mixing together solutions of the compound and the desired acid or base, as appropriate. The
salt may precipitate from solution and be collected by filtration or may be recovered by
evaporation of the solvent. The degree of ionization in the salt may vary from completely ionized
to almost non-ionized.

The compounds of the invention may exist in both unsolvated and solvated forms. The
term 'solvate’ is used herein to describe a molecular complex comprising the compound of the
invention and one or more pharmaceutically acceptable solvent molecules, for example,
ethanol. The term ‘hydrate' is employed when the solvent is water.  Pharmaceutically
acceptable solvates in accordance with the invention include hydrates and solvates wherein the

solvent of crystallization may be isotopically substituted, e.g. D,0 , dg-acetone, dg-DMSO.
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Also included within the scope of the invention are complexes such as clathrates, drug-
host inclusion complexes wherein, in contrast to the aforementioned solvates, the drug and host
are present in stoichiometric or non-stoichiometric amounts. Also included are complexes of the
drug containing two or more organic and/or inorganic components which may be in
stoichiometric or non-stoichiometric amounts. The resulting complexes may be ionized, partially
ionized, or non-ionized. For a review of such complexes, see J Pharm Sci, 64 (8), 1269-1 288 by
Haleblian (August 1975), the disclosure of which is incorporated herein by reference in its
entirety.

Also within the scope of the invention are polymorphs, prodrugs, and isomers (including
optical, geometric and tautomeric isomers) of the inventive compounds

Derivatives of compounds of the invention which may have little or no pharmacological
activity themselves but can, when administered to a patient, be converted into the inventive
compounds, for example, by hydrolytic cleavage. Such derivatives are referred to as 'prodrugs'.
Further information on the use of prodrugs may be found in 'Pro-drugs as Novel Delivery
Systems, Vol. 14, ACS Symposium Series (T Higuchi and W Stella) and 'Bioreversible Carriers
in Drug Design', Pergamon Press, 1987 (ed. E B Roche, American Pharmaceutical
Association), the disclosures of which are incorporated herein by reference in their entireties.

Prodrugs in accordance with the invention can, for example, be produced by replacing
appropriate functionalities present in the inventive compounds with certain moieties known to
those skilled in the art as 'pro-moieties’ as described , for example, in "Design of Prodrugs" by H
Bundgaard (Elsevier, 1985), the disclosure of which is incorporated herein by reference in its
entirety.

Some examples of prodrugs in accordance with the invention include:

(i) where the compound contains a carboxylic acid functionality -(COOH), an ester
thereof, for example, replacement of the hydrogen with (C-Cgalkyl;

(i) where the compound contains an alcohol functionality (-OH), an ether thereof, for
example, replacement of the hydrogen with (C4-Cg)alkanoyloxymethyl; and

(iii) where the compound contains a primary or secondary amino functionality (-NH, or -
NHR where R # H), an amide thereof, for example, replacement of one or both hydrogens with
(C-C,palkanoyl.

Further examples of replacement groups in accordance with the foregoing examples
and examples of other prodrug types may be found in the aforementioned references.

Finally, certain inventive compounds may themselves act as prodrugs of other of the
inventive compounds.

Compounds of the invention containing one or more asymmetric carbon atoms can exist
as two or more stereoisomers. Where the compounds according to this invention have at least

one chiral center, they may accordingly exist as enantiomers. Where the compounds possess
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two or more chiral centers, they may additionally exist as diastereomers. Similarly, where a
compound of the invention contains a cyclopropyl group or other cyclic group where chirality
exists, and alkenyl or alkenylene group, geometric cis/trans (or Z/E) isomers are possible.
Where the compound contains, for example, a keto or oxime group or an aromatic moiety,
tautomeric isomerism (‘tautomerism') can occur. A single compound may exhibit more than one
type of isomerism.

Included within the scope of the invention are all stereoisomers, geometric isomers and
tautomeric forms of the inventive compounds, including compounds exhibiting more than one
type of isomerism, and mixtures of one or more thereof. Also included are acid addition or base
salts wherein the counterion is optically active, for example, D-lactate or L-lysine, or racemic, for
example, DL-tartrate or DL-arginine.

Cis/trans isomers may be separated by conventional techniques well known to those
skilled in the art, for example, chromatography and fractional crystallization.

Conventional techniques for the preparation/isolation of individual enantiomers include
chiral synthesis from a suitable optically pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example, chiral high pressure liquid chromatography
(HPLC).

Alternatively, the racemate (or a racemic precursor) may be reacted with a suitable
optically active compound, for example, an alcohol, or, in the case where the compound
contains an acidic or basic moiety, an acid or base such as tartaric acid or 1-phenylethylamine.
The resulting diastereomeric mixture may be separated by chromatography and/or fractional
crystallization and one or both of the diastereoisomers converted to the corresponding pure
enantiomer(s) by means well known to one skilled in the art.

Chiral compounds of the invention (and chiral precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography, typically HPLC, on an asymmetric resin
with a mobile phase consisting of a hydrocarbon , typically heptane or hexane, containing from 0
to 50% isopropanol, typically from 2 to 20%, and from 0 to 5% of an alkylamine, typically 0.1%
diethylamine. Concentration of the eluate affords the enriched mixture.

Stereoisomeric conglomerates may be separated by conventional techniques known to
those skilled in the art; see, for example, "Stereochemistry of Organic Compounds" by E L Eliel
(Wiley, New York, 1994), the disclosure of which is incorporated herein by reference in its
entirety.

The invention also includes isotopically-labeled compounds of the invention, wherein
one or more atoms is replaced by an atom having the same atomic number, but an atomic
mass or mass number different from the atomic mass or mass number usually found in nature.
Examples of isotopes suitable for inclusion in the compounds of the invention include isotopes

of hydrogen, such as 2H and *H, carbon, such as ''C, '"*C and '4C, chlorine, such as *ci,
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23| and '2°1, nitrogen, such as "N and "°N, oxygen, such

fluorine, such as '®F, iodine, such as
as 0, 0 and 80, phosphorus, such as *2P, and sulfur, such as *S. Certain isotopically-
labeled compounds of the invention, for example, those incorporating a radioactive isotope, are
useful in drug and/or substrate tissue distribution studies. The radioactive isotopes tritium, °H,
and carbon-14, '“C, are particularly useful for this purpose in view of their ease of incorporation
and ready means of detection. Substitution with heavier isotopes such as deuterium, 2H, may
afford certain therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements, and hence may be preferred in
some circumstances. Substitution with positron emitting isotopes, such as ''C, '8F,"®0 and "N,
can be useful in Positron Emission Topography (PET) studies for examining substrate receptor
occupancy.

Isotopically-labeled compounds of the invention can generally be prepared by
conventional techniques known to those skilled in the art or by processes analogous to those
described herein, using an appropriate isotopically-labeled reagent in place of the non-labeled
reagent otherwise employed.

Pharmaceutically acceptable solvates in accordance with the invention include those
wherein the solvent of crystallization may be isotopically substituted , e.g. D,0, dg-acetone, dg-
DMSO.

Compounds of the invention intended for pharmaceutical use may be administered as
crystalline or amorphous products, or mixtures thereof. They may be obtained, for example, as
solid plugs, powders, or films by methods such as precipitation , crystallization, freeze drying,
spray drying, or evaporative drying. Microwave or radio frequency drying may be used for this
purpose.

The compounds can be administered alone or in combination with one or more other
compounds of the invention, or in combination with one or more other drugs (or as any
combination thereof). Generally, they will be administered as a formulation in association with
one or more pharmaceutically acceptable excipients. The term "excipient" is used herein to
describe any ingredient other than the compound(s) of the invention. The choice of excipient will
to a large extent depend on factors such as the particular mode of administration , the effect of
the excipient on solubility and stability, and the nature of the dosage form.

Pharmaceutical compositions suitable for the delivery of compounds of the invention and
methods for their preparation will be readily apparent to those skilled in the art. Such
compositions and methods for their preparation can be found, for example, in 'Remington's
Pharmaceutical Sciences', 19th Edition (Mack Publishing Company, 1995), the disclosure of

which is incorporated herein by reference in its entirety.
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Oral Administration

The compounds of the invention may be administered orally. Oral administration may
involve swallowing, so that the compound enters the gastrointestinal tract, or buccal or
sublingual administration may be employed by which the compound enters the blood stream
directly from the mouth.

Formulations suitable for oral administration include solid formulations such as tablets,
capsules containing particulates, liquids, or powders, lozenges (including liquid-filled), chews,
multi- and nano-particulates, gels, solid solution, liposome, films (including muco-adhesive),
ovules, sprays and liquid formulations.

Liquid formulations include suspensions, solutions, syrups and elixirs. Such formulations
may be used as fillers in soft or hard capsules and typically include a carrier, for example,
water, ethanol, polyethylene glycol, propylene glycol, methylcellulose, or a suitable oil, and one
or more emulsifying agents and/or suspending agents. Liquid formulations may also be
prepared by the reconstitution of a solid, for example, from a sachet.

The compounds of the invention may also be used in fast-dissolving , fast-disintegrating

dosage forms such as those described in Expert Opinion in Therapeutic Patents, 11 (6), 981 -
986 by Liang and Chen (2001), the disclosure of which is incorporated herein by reference in its
entirety.
For tablet dosage forms, depending on dose, the drug may make up from 1 wt% to 80 wt% of
the dosage form, more typically from 5 wt% to 60 wt% of the dosage form. In addition to the
drug, tablets generally contain a disintegrant. Examples of disintegrants include sodium starch
glycolate, sodium carboxymethyl cellulose, calcium carboxymethyl cellulose, croscarmellose
sodium, crospovidone, polyvinylpyrrolidone, methyl cellulose, microcrystalline cellulose, lower
alkyl-substituted hydroxypropyl cellulose, starch, pregelatinized starch and sodium alginate.
Generally, the disintegrant will comprise from 1 wt% to 25 wt%, preferably from 5 wt% to 20
wt% of the dosage form.

Binders are generally used to impart cohesive qualities to a tablet formulation. Suitable
binders include microcrystalline cellulose, gelatin, sugars, polyethylene glycol, natural and
synthetic gums, polyvinylpyrrolidone, pregelatinized starch, hydroxypropyl cellulose and
hydroxypropyl methylcellulose. Tablets may also contain diluents, such as lactose
(monohydrate, spray-dried monohydrate, anhydrous and the like), mannitol, xylitol, dextrose,
sucrose, sorbitol, microcrystalline cellulose, starch and dibasic calcium phosphate dihydrate.
Tablets may also optionally include surface active agents, such as sodium lauryl sulfate and
polysorbate 80, and glidants such as silicon dioxide and talc. When present, surface active
agents are typically in amounts of from 0.2 wt% to 5 wt% of the tablet, and glidants typically

from 0.2 wt% to 1 wt% of the tablet.
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Tablets also generally contain lubricants such as magnesium stearate, calcium stearate,
zinc stearate, sodium stearyl fumarate, and mixtures of magnesium stearate with sodium lauryl
sulphate. Lubricants generally are present in amounts from 0.25 wt% to 10 wt%, preferably
from 0.5 wt% to 3 wt% of the tablet.

Other conventional ingredients include anti-oxidants, colorants, flavoring agents,
preservatives and taste-masking agents.

Exemplary tablets contain up to about 80 wt% drug, from about 10 wt% to about 90 wt%
binder, from about 0 wt% to about 85 wt% diluent, from about 2 wt% to about 10 wt%
disintegrant, and from about 0.25 wt% to about 10 wt% lubricant.

Tablet blends may be compressed directly or by roller to form tablets. Tablet blends or
portions of blends may alternatively be wet-, dry-, or melt-granulated , melt congealed, or
extruded before tableting . The final formulation may include one or more layers and may be
coated or uncoated; or encapsulated.

The formulation of tablets is discussed in detail in "Pharmaceutical Dosage Forms:
Tablets, Vol. 1", by H. Lieberman and L. Lachman, Marcel Dekker, N.Y., N.Y., 1980 (ISBN O-
8247-691 8-X), the disclosure of which is incorporated herein by reference in its entirety.

Solid formulations for oral administration may be formulated to be immediate and/or modified
release. Modified release formulations include delayed-, sustained-, pulsed-, controlled-,
targeted and programmed release.

Suitable modified release formulations are described in U.S. Patent No. 6,106,864.
Details of other suitable release technologies such as high energy dispersions and osmotic and
coated particles can be found in Verma et al, Pharmaceutical Technology On-line, 25(2), 1-14
(2001). The use of chewing gum to achieve controlled release is described in WO 00/35298.
The disclosures of these references are incorporated herein by reference in their entireties.
Parenteral Administration

The compounds of the invention may also be administered directly into the blood
stream, into muscle, or into an internal organ. Suitable means for parenteral administration
include intravenous, intraarterial, intraperitoneal, intrathecal, intraventricular, intraurethral,
intrasternal, intracranial, intramuscular and subcutaneous. Suitable devices for parenteral
administration include needle (including micro needle) injectors, needle-free injectors and
infusion techniques.

Parenteral formulations are typically aqueous solutions which may contain excipients
such as salts, carbohydrates and buffering agents (preferably to a pH of from 3 to 9), but, for
some applications, they may be more suitably formulated as a sterile non-aqueous solution or
as a dried form to be used in conjunction with a suitable vehicle such as sterile, pyrogen-free

water.
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The preparation of parenteral formulations under sterile conditions, for example, by
lyophilization, may readily be accomplished using standard pharmaceutical techniques well
known to those skilled in the art.

The solubility of compounds of the invention used in the preparation of parenteral
solutions may be increased by the use of appropriate formulation techniques, such as the
incorporation of solubility-enhancing agents.

Formulations for parenteral administration may be formulated to be immediate and/or modified
release. Modified release formulations include delayed-, sustained-, pulsed-, controlled-,
targeted and programmed release. Thus compounds of the invention may be formulated as a
solid, semi-solid, or thixotropic liquid for administration as an implanted depot providing
modified release of the active compound. Examples of such formulations include drug-coated
stents and PGLA microspheres.

Topical Administration

The compounds of the invention may also be administered topically to the skin or
mucosa, that is, dermally or transdermally. Typical formulations for this purpose include gels,
hydrogels, lotions, solutions, creams, ointments, dusting powders, dressings, foams, films, skin
patches, wafers, implants, sponges, fibers, bandages and microemulsions. Liposomes may
also be used. Typical carriers include alcohol, water, mineral oil, liquid petrolatum, white
petrolatum, glycerin, polyethylene glycol and propylene glycol. Penetration enhancers may be
incorporated ; see, for example, J Pharm Sci, 88 (10), 955-958 by Finnin and Morgan (October
1999). Other means of topical administration include delivery by electroporation , iontophoresis,
phonophoresis, sonophoresis and micro needle or needle-free (e.g. Powderject™, Bioject™,
etc.) injection. The disclosures of these references are incorporated herein by reference in their
entireties.

Formulations for topical administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release.

Inhaled/Intranasal Administration

The compounds of the invention can also be administered intranasally or by inhalation,
typically in the form of a dry powder (either alone, as a mixture, for example, in a dry blend with
lactose, or as a mixed component particle, for example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler or as an aerosol spray from a pressurized
container, pump, spray, atomizer (preferably an atomizer using electrohydrodynamics to
produce a fine mist), or nebulizer, with or without the use of a suitable propellant, such as
1.1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane. For intranasal use, the powder

may include a bioadhesive agent, for example, chitosan or cyclodextrin.
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The pressurized container, pump, spray, atomizer, or nebulizer contains a solution or
suspension of the compound(s) of the invention comprising, for example, ethanol, aqueous
ethanol, or a suitable alternative agent for dispersing, solubilizing, or extending release of the
active, a propellant(s) as solvent and an optional surfactant, such as sorbitan trioleate, oleic
acid, or an oligolactic acid.

Prior to use in a dry powder or suspension formulation, the drug product is micronized to
a size suitable for delivery by inhalation (typically less than 5 microns). This may be achieved
by any appropriate comminuting method, such as spiral jet milling, fluid bed jet milling,
supercritical fluid processing to form nanoparticles, high pressure homogenization, or spray
drying .

Capsules (made, for example, from gelatin or HPMC), blisters and cartridges for use in
an inhaler or insufflator may be formulated to contain a powder mix of the compound of the
invention, a suitable powder base such as lactose or starch and a performance modifier such as
/-leucine, mannitol, or magnesium stearate. The lactose may be anhydrous or in the form of the
monohydrate, preferably the latter. Other suitable excipients include dextran, glucose, maltose,
sorbitol, xylitol, fructose, sucrose and trehalose.

A suitable solution formulation for use in an atomizer using electrohydrodynamics to
produce a fine mist may contain from 1ug to 20 mg of the compound of the invention per
actuation and the actuation volume may vary from 1 pl_ to 100 pl. A typical formulation
includes a compound of the invention, propylene glycol, sterile water, ethanol and sodium
chloride. Alternative solvents which may be used instead of propylene glycol include glycerol
and polyethylene glycol.

Suitable flavors, such as menthol and levomenthol, or sweeteners, such as saccharin or
saccharin sodium, may be added to those formulations of the invention intended for
inhaled/intranasal administration.

Formulations for inhaled/intranasal administration may be formulated to be immediate
and/or modified release using, for example, poly(DL-lactic-coglycolic acid (PGLA). Modified
release formulations include delayed-, sustained-, pulsed-, controlled-, targeted and
programmed release.

In the case of dry powder inhalers and aerosols, the dosage unit is determined by
means of a valve which delivers a metered amount. Units in accordance with the invention are
typically arranged to administer a metered dose or "puff' containing a desired mount of the
compound of the invention. The overall daily dose may be administered in a single dose or,
more usually, as divided doses throughout the day.

Rectal/lntravaginal Administration
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Compounds of the invention may be administered rectally or vaginally, for example, in the form
of a suppository, pessary, or enema. Cocoa butter is a traditional suppository base, but various
alternatives may be used as appropriate.

Formulations for rectal/vaginal administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release.

Ocular Administration

Compounds of the invention may also be administered directly to the eye or ear,
typically in the form of drops of a micronized suspension or solution in isotonic, pH-adjusted,
sterile saline. Other formulations suitable for ocular and aural administration include ointments,
biodeg radable (e.g. absorbable gel sponges, collagen) and non-biodegradable (e.g. silicone)
implants, wafers, lenses and particulate or vesicular systems, such as niosomes or liposomes.
A polymer such as crossed-linked polyacrylic acid, polyvinylalcohol, hyaluronic acid, a cellulosic
polymer, for example, hydroxypropylmethylcellulose, hydroxyethylcellulose, or methyl cellulose,
or a heteropolysaccharide polymer, for example, gelan gum, may be incorporated together with
a preservative, such as benzalkonium chloride. Such formulations may also be delivered by
iontophoresis.

Formulations for ocular/aural administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted, or programmed release.

Other Technologies

Compounds of the invention may be combined with soluble macromolecular entities,
such as cyclodextrin and suitable derivatives thereof or polyethylene glycol-containing
polymers, in order to improve their solubility, dissolution rate, taste-masking , bioavailability
and/or stability for use in any of the aforementioned modes of administration .

Drug-cyclodextrin complexes, for example, are found to be generally useful for most
dosage forms and administration routes. Both inclusion and non-inclusion complexes may be
used. As an alternative to direct complexation with the drug, the cyclodextrin may be used as
an auxiliary additive, i.e. as a carrier, diluent, or solubilizer. Most commonly used for these
purposes are alpha-, beta- and gamma-cyclodextrins, examples of which may be found in PCT
Publication Nos. WO 91/11172, WO 94/0251 8 and WO 98/551 48, the disclosures of which are
incorporated herein by reference in their entireties.

Dosage

The amount of the active compound administered will be dependent on the subject being
treated, the severity of the disorder or condition, the rate of administration, the disposition of the
compound and the discretion of the prescribing physician. However, an effective dosage is

typically in the range of about 0.001 to about 100 mg per kg body weight per day, preferably
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about 0.01 to about 35 mg/kg/day, in single or divided doses. For a 70 kg human, this would
amount to about 0.07 to about 7000 mg/day, preferably about 0.7 to about 2500 mg/day. In some
instances, dosage levels below the lower limit of the aforesaid range may be more than adequate,
while in other cases still larger doses may be used without causing any harmful side effect, with
such larger doses typically divided into several smaller doses for administration throughout the

day.

Kit-of-Parts

Inasmuch as it may desirable to administer a combination of active compounds, for
example, for the purpose of treating a particular disease or condition, it is within the scope of
the present invention that two or more pharmaceutical compositions, at least one of which
contains a compound in accordance with the invention, may conveniently be combined in the
form of a kit suitable for coadministration of the compositions. Thus the kit of the invention
includes two or more separate pharmaceutical compositions, at least one of which contains a
compound of the invention , and means for separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An example of such a kit is the familiar blister
pack used for the packaging of tablets, capsules and the like.

The kit of the invention is particularly suitable for administering different dosage forms,
for example, oral and parenteral, for administering the separate compositions at different
dosage intervals, or for titrating the separate compositions against one another. To assist
compliance, the kit typically includes directions for administration and may be provided with a

memory aid.

Examples

General Synthetic Schemes

Unless stated otherwise, the variables in Schemes A - lhave the same meanings as

defined herein.
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As exemplified in Scheme A, a functionalized piperidine is reacted with commercially
available methyl-2,6-dichloropyrimidine-4-carboxylate (A-1) in the presence of a suitable base
such as TEA or DIPEA in a reaction solvent such as MeOH to afford A-2. Typically, the reaction
is heated either under oil bath or microwave conditions at temperatures ranging between 60
and 100 °C. The desired 4-subsituted derivative A-2 is purified from minor amounts of the
corresponding regioisomer (5-10%) by silica gel chromatography or recrystallization. A-2 is
stirred with an amine in the presence of a catalytic amount of a solvent such as methanol to
effect amidation of the methyl ester to form the desired amide, A-3. Typically, the transformation
of A-2 to A-3 is carried out at ambient temperature to prevent concomitant displacement of the
2-chloro substituent of A-2. Reaction of A-3 with an alcohol at elevated temperature in the
presence of a base such as NaOMe, NaH, K;P0, (with or without addition of a crown ether
catalyst) or LIHMDS in a solvent such as MeOH or DMF affords A-4. The reaction is typically
carried out at temperatures ranging from 60 to 120 °C, and heating is provided either using a
conventional oil bath or by microwave irradiation. Purification of A-4 is carried out by standard
techniqgues such as column chromatography, crystallization or reverse phase HPLC.

Alternatively the sequence of reactions can be altered with A-2 reacted with an alcohol at
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elevated temperature in the presence of a base such as NaOMe, NaH, K;P0, (with or without
addition of a crown ether catalyst) or LIHMDS in a solvent such as MeOH or DMF to affords A-
5. The reaction is typically carried out at temperatures ranging from 60 to 120 °C, and heating is
provided either using a conventional oil bath or by microwave irradiation . Treatment of A-5 with
5 an amine either under thermal conditions (typically at temperatures ranging between ambient
and 60 °C), or in the presence of a catalytic amount of solvent such as methanol effects direct
amidation of the methyl ester to afford A-4, which can be purified by the standard techniques
described previously. Alternatively, hydrolysis of A-5 can be carried out under basic conditions
to afford A-6. Typically, a base such as NaOH, LiOH, or KOH is utilized in a solvent system
10  containing a combination of MeOH, THF and water. A-6 is condensed with an amine in the
presence of a suitable coupling agent (such as HBTU, T3P or HATU) and a base (such as TEA
or DIPEA) in a suitable solvent such as DMF to afford A-4, which can be purified by the
standard techniques described previously herein. If necessary, separation of the enantiomers of
A-4 may be carried out under standard methods known in the art such as chiral SFC or HPLC

15  to afford single enantiomers of A-4.
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As exemplified in Scheme B, treatment of commercially available 2,6-
dichloropyrimidine-4-carboxylic acid (B-1) with a suitable chlorinating agent such as POCI; or
SOCI, either in the presence or absence of a catalytic amount of DMF provides after work-up
and distillation the acid chloride B-2. Alternatively B-2 can be obtained from chlorination of
commercially available orotic acid using a combination of POCI; and PClg. Treatment of B-2
with a suitable amine in the presence of a base such as TEA or NaH in a solvent such as DCM
or DMF affords the amide B-3. Conversion of B-2 to B-3 is typically carried out at temperatures
ranging from 0 to 60 °C. Selection of the base and temperature used for this transformation is
dependent on the reactivity of the amine component. Treatment of B-3 with a functionalized
piperidine in the presence of a suitable base such as TEA or DIPEA in a reaction solvent such
as MeOH affords A-3. Typically, the reaction is heated either under oil bath or microwave
conditions at temperatures ranging between 60 and 100 °C. The desired 4-subsituted derivative
A-3 is purified from minor amounts of the corresponding regioisomer (5-10%) by silica gel
chromatography or recrystallization. Treatment of A-3 with an alcohol at elevated temperature
in the presence of a base such as NaOMe, NaH, K;P0, (with or without addition of a crown
ether catalyst) or LIHMDS in a solvent such as MeOH or DMF affords A-4. The reaction is
typically carried out at temperatures ranging from 60 to 120 °C, and heating is provided either
using a conventional oil bath or by microwave irradiation. Purification of A-4 is carried out by
standard techniques such as column chromatography, crystallization or reverse phase HPLC.
Alternatively the sequence of reactions can be altered with B-1 being reacted with a
functionalized piperidine in the presence of a suitable base such as TEA or DIPEA in a reaction
solvent such as MeOH to afford B-4. Typically, the reaction is heated either under oil bath or
microwave conditions at temperatures ranging between 60 and 100 °C. The desired 4-
subsituted derivative B-4 is purified from minor amounts of the corresponding regioisomer (5-
10%) by silica gel chromatography or recrystallization. B-4 is condensed with an amine in the
presence of a suitable coupling agent (such as HBTU, T3P or HATU) and a base (such as TEA
or DIPEA) in a suitable solvent such as DMF to afford A-3,which is treated with an alcohol in an
analogous manner to that described previously to afford A-4. If necessary, separation of the
enantiomers of A-4 may be carried out under standard methods known in the art such as chiral

SFC or HPLC to afford single enantiomers of A-4.
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As exemplified in Scheme C, treatment of commercially available 2,6-dichloropyrimidine-4-
carboxylic acid (B-1) with a suitable chlorinating agent such as POCI; or SOCI, either in the
presence or absence of a catalytic amount of DMF provides after work-up and distillation the
acid chloride B-2. Treatment of B-2 with a suitable amine in the presence of a base such as
TEA or NaH in a solvent such as DCM or DMF affords the amide B-3. Conversion of B-2 to B-3
is typically carried out at temperatures ranging from 0 to 60 °C. Selection of the base and
temperature used for this transformation is dependent on the reactivity of the amine component.
Treatment of B-3 with NaSMe (either obtained commercially, or derived in situ from MeSH and
a base such as NaH) in a solvent such as DMF or THF at temperatures ranging from 0 to 25 °C
provided C-1, which was either used directly in the next step or purified by silica gel
chromatography. Treatment of C-1 with an alcohol at elevated temperature in the presence of a
base such as NaOMe, NaH, K;P0, (with or without addition of a crown ether catalyst) or
LIHMDS in a solvent such as MeOH or DMF affords C-2. The reaction is typically carried out at
temperatures ranging from 60 to 120 °C, and heating is provided either using a conventional oil
bath or by microwave irradiation . Treatment of C-2 with an oxidizing agent such as oxone in a

solvent system typically comprising of MeOH, THF and water affords sulfone C-3. The reaction
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is typically conducted at ambient temperature with C-3 being used directly without purification .
Treatment of C-3 with a functionalized piperidine in the presence of a suitable base such as
TEA or DIPEA in a reaction solvent such as MeOH affords A-4. Typically, the reaction is heated
either under oil bath or microwave conditions at temperatures ranging between 60 and 100 °C.

5  Purification of A-4 is carried out by standard techniques such as column chromatography,
crystallization, salt formation or reverse phase HPLC. Alternatively treatment of C-2 under an
oxidative-halogenation type sequence using a reagent such as sulfuryl chloride in a solvent
such as DCM or MeCN affords C-4 (for example, see Tetrahedron Lett., 2010, 51, 4609).
Similar treatment of C-4 with a functionalized piperidine in the presence of a suitable base such

10 as TEA or DIPEA in a reaction solvent such as MeOH at temperatures typically ranging
between 60 and 100 °C affords A-4, which can be purified using the standard techniques
described above. If necessary, separation of the enantiomers of A-4 may be carried out under
standard methods known in the art such as chiral SFC or HPLC to afford single enantiomers of
A-4.

15 Scheme D:
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As exemplified in Scheme D, treatment of commercially available 4,6-dichloro-2-

(methylsulfonyl)pyrimidine (D-1) with an alcohol at ambient temperature in the presence of a
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base such as LIHMDS in a solvent such as THF affords D-2. Typically, D-2 is telescoped
directly into the next step, and treated with a functionalized piperidine in the presence of a
suitable base such as LIHMDS, TEA or DIPEA in a reaction solvent such as MeOH, THF or
MeCN to afford D-3. The conversion of D-2 to D-3 is typically carried out at temperatures
ranging between 25 and 80 °C. D-3 is treated with a suitable amine under standard
carboamidation conditions to afford A-4. Typically for the conversion of D-3 to A-4, a palladium
catalyst such as palladium acetate is used in combination with a ligand such as BINAP, DPE-
Phos or DPPP. In addition, either excess amine is used or an additional base such as DIPEA or
TEA is added to the system with the reaction typically being conducted in a solvent such as
MeOH, toluene or MeCN . The reaction is carried out under a suitable pressure of CO (usually 2
- 8 bar) in a sealed pressure vessel at elevated temperature, which ranges between 60 - 80
°C. Purification of A-4 is carried out by standard techniques such as column chromatography,
crystallization, salt formation or reverse phase HPLC. Alternatively, D-3 is converted to D-4
under carbonylation conditions using MeOH as the nucleophile. For the conversion of D-3 to D-
4, a palladium catalyst such as palladium acetate is used in combination with a ligand such as
BINAP, DPE-Phos or DPPP. In addition, a base such as DIPEA or TEA is added to the system
with the reaction typically being conducted in MeOH as the solvent, or MeOH in conjunction
with a co-solvent such toluene or MeCN. The reaction is carried out under a suitable pressure
of CO (usually 2 - 8 bar) in a sealed pressure vessel at elevated temperature, which ranges
between 60 - 80 °C (for a review on the carbonylation of aryl halides, see Angew. Chem. Int.
Ed., 2009, 48, 4114). Treatment of D-4 with an amine either under thermal conditions (typically
at temperatures ranging between ambient and 60 °C), or in the presence of a catalytic amount
of solvent such as methanol effects direct amidation of the methyl ester to afford A-4, which can
be purified by the standard techniques described previously. Alternatively, hydrolysis of D-4 can
be carried out under basic conditions to afford D-5. Typically, a base such as NaOH, LiOH, or
KOH is utilized in a solvent system containing a combination of MeOH, THF and water. D-5 is
condensed with an amine in the presence of a suitable coupling agent (such as HBTU, T3P or
HATU) and a base (such as TEA or DIPEA) in a suitable solvent such as DMF to afford A-4,
which can be purified by the standard techniques described previously herein. If necessary,
separation of the enantiomers of A-4 may be carried out under standard methods known in the

art such as chiral SFC or HPLC to afford single enantiomers of A-4.
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As exemplified in Scheme E, treatment of commercially available cyanuric chloride (E-1)
with an alcohol at ambient temperature (0 - 25 °C) in the presence of a base such as LIHMDS
in a solvent such as THF affords E-2. Typically, E-2 is telescoped directly into the next step, and
treated with a functionalized piperidine in the presence of a suitable base such as LIHMDS,
TEA or DIPEA in a reaction solvent such as MeOH, THF or MeCN to afford E-3. Treatment of
E-3 with malononitrile and a base such as K,CO 5 in a solvent such as MeCN affords E-4, which
is often telescoped directly into the next step. Treatment of E-4 with an amine in the presence of
an oxidant such as m-CPBA or peroxyacetic acid in a solvent such as MeCN (with or without
additional DMSO to facilitate solubility) affords E-5, which can be purified by standard
techniques such as column chromatography, crystallization, salt formation or reverse phase
HPLC (for example of the use of malonitrile as a carbonyl synthon, see Tetrahedron Lett., 2004,
45, 5909). If necessary, separation of the enantiomers of E-5 may be carried out under
standard methods known in the art such as chiral SFC or HPLC to afford single enantiomers of
E-5.
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As exemplified in Scheme F, treatment of commercially available cyanuric chloride (E-1)

5 with an alcohol at ambient temperature (0 - 25 °C) in the presence of a base such as LIHMDS
in a solvent such as THF affords E-2. Typically, E-2 is telescoped directly into the next step, and
treated with a functionalized piperidine in the presence of a suitable base such as LIHMDS,

TEA or DIPEA in a reaction solvent such as MeOH, THF or MeCN to afford E-3. Alternatively,

the order of these two steps can be reversed to afford E-3. In this manner, treatment of

10  commercially available cyanuric chloride (E-1) with a functionalized piperidine in the presence
of a suitable base such as LIHMDS, TEA or DIPEA in a reaction solvent such as MeOH, THF or
MeCN affords F-1. Typically, F-1 is telescoped directly into the next step, and treated with an
alcohol at ambient temperature (0 - 25 °C) in the presence of a base such as LIHMDS in a
solvent such as THF to affords E-3. E-3 is treated with a suitable amine under standard

15  carboamidation conditions to afford E-5. Typically for the conversion of E-3 to E-5, a palladium
catalyst such as palladium acetate is used in combination with a ligand such as BINAP, DPE-

Phos or DPPP. In addition, either excess amine is used or an additional base such as DIPEA or
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TEA is added to the system with the reaction typically being conducted in a solvent such as
MeOH, toluene or MeCN . The reaction is carried out under a suitable pressure of CO (usually 2
- 8 bar) in a sealed pressure vessel at elevated temperature, which ranges between 60 - 80
°C. Temperature control is critical for this transformation to maximize the ratio of the desired
product E-5 to that observed from direct SnAr displacement of the amine utilized. Purification of
E-5 is carried out by standard techniques such as column chromatography, crystallization, salt
formation or reverse phase HPLC. Alternatively, E-3 is converted to F-2 under carbonylation
conditions using MeOH as the nucleophile. For the conversion of E-3 to F-2, a palladium
catalyst such as palladium acetate is used in combination with a ligand such as BINAP, DPE-
Phos or DPPP. In addition, a base such as DIPEA or TEA is added to the system with the
reaction typically being conducted in MeOH as the solvent, or MeOH in conjunction with a co-
solvent such toluene or MeCN. The reaction is carried out under a suitable pressure of CO
(usually 2 - 8 bar) in a sealed pressure vessel at elevated temperature, which ranges between
60 - 80 °C. Again, temperature control is critical to minimize the amount of direct methanol
displacement observed (for a review on the carbonylation of aryl halides, see Angew. Chem.
Int. Ed., 2009, 48, 4114). Treatment of F-2 with an amine either under thermal conditions
(typically at temperatures ranging between ambient and 60 °C), or in the presence of a catalytic
amount of solvent such as methanol effects direct amidation of the methyl ester to afford E-5,
which can be purified by the standard techniques described previously. Alternatively, hydrolysis
of F-2 can be carried out under basic conditions to afford F-3. Typically, a base such as NaOH,
LiOH, or KOH is utilized in a solvent system containing a combination of MeOH, THF and water.
F-3 is condensed with an amine in the presence of a suitable coupling agent (such as HBTU,
T3P or HATU) and a base (such as TEA or DIPEA) in a suitable solvent such as DMF to afford
E-5, which can be purified by the standard techniques described previously herein. If
necessary, separation of the enantiomers of E-5 may be carried out under standard methods

known in the art such as chiral SFC or HPLC to afford single enantiomers of E-5.
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As exemplified in Scheme G, a functionalized piperidine is reacted with commercially
available 2,4,6-trich loropyrimidine (G-1) in the presence of a suitable base such as TEA or
DIPEA in a reaction solvent such as MeOH to afford G-2. Typically, the reaction is heated either
under oil bath or microwave conditions at temperatures ranging between 60 and 100 °C. The
desired 4-subsituted derivative G-2 is purified from minor amounts of the corresponding
regioisomer (5-10%) by silica gel chromatography or recrystallization. Treatment of G-2 with
malononitrile and a base such as K,CO 5 in a solvent such as MeCN affords G-3, which is often
telescoped directly into the next step. Treatment of G-3 with an amine in the presence of an
oxidant such as m-CPBA or peroxyacetic acid in a solvent such as MeCN (with or without
additional DMSO to facilitate solubility) affords G-4 (for example of the use of malonitrile as a
carbonyl synthon, see Tetrahedron Lett.,, 2004, 45, 5909). Reaction of G-4 with an alcohol at
elevated temperature in the presence of a base such as NaOMe, NaH, K;P0, (with or without
addition of a crown ether catalyst) or LIHMDS in a solvent such as MeOH or DMF affords G-5.
The reaction is typically carried out at temperatures ranging from 60 to 120 °C, and heating is
provided either using a conventional oil bath or by microwave irradiation. Purification of G-5 is
carried out by standard techniques such as column chromatography, crystallization, salt
formation or reverse phase HPLC. If necessary, separation of the enantiomers of G-5 may be
carried out under standard methods known in the art such as chiral SFC or HPLC to afford

single enantiomers of G-5.
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As exemplified in Scheme H, a functionalized piperidine is reacted with commercially
available 4,6-dichloro-2-(thiomethyl)-pyrimidine (H-1) in the presence of a suitable base such as
TEA or DIPEA in a reaction solvent such as MeOH to afford H-2. Typically, the reaction is
heated either under oil bath or microwave conditions at temperatures ranging between 60 and
100 °C. Reaction of H-2 with an alcohol at elevated temperature in the presence of a base such
as NaOMe, NaH, K;P0, (with or without addition of a crown ether catalyst) or LIHMDS in a
solvent such as MeOH or DMF affords H-3. The reaction is typically carried out at temperatures
ranging from 60 to 120 °C, and heating is provided either using a conventional oil bath or by
microwave irradiation. Treatment of H-3 with an oxidizing agent such as oxone in a solvent
system typically comprising of MeOH, THF and water affords sulfone H-4. The reaction is
typically conducted at ambient temperature with H-4 being used directly without purification.
Treatment of H-4 with malononitrile and a base such as K,CO, in a solvent such as MeCN
affords G-3, which is often telescoped directly into the next step. Treatment of H-5 with an
amine in the presence of an oxidant such as m-CPBA or peroxyacetic acid in a solvent such as
MeCN (with or without additional DMSO to facilitate solubility) affords G-5 (for example of the

use of malonitrile as a carbonyl synthon, see Tetrahedron Lett., 2004, 45, 5909). Purification of
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G-5 is carried out by standard techniques such as column chromatography, crystallization, salt
formation or reverse phase HPLC. If necessary, separation of the enantiomers of G-5 may be
carried out under standard methods known in the art such as chiral SFC or HPLC to afford

single enantiomers of G-5.
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As exemplified in Scheme 1, a functionalized piperidine is reacted with commercially

available 4,6-dichloro-2-(thiomethyl)-pyrimidine (1-1) in the presence of a suitable base such as

10  TEA or DIPEA in a reaction solvent such as MeOH to afford I-2. Typically, the reaction is heated
either under oil bath or microwave conditions at temperatures ranging between 60 and 100 °C.
Reaction of I-2 with an oxidizing agent such as oxone in a solvent system typically comprising

of MeOH, THF and water affords sulfone I-3. The reaction is typically conducted at ambient
temperature with 1-3 being used directly without purification. Reaction of I-3 with an alcohol at

15  elevated temperature in the presence of a base such as NaOMe, NaH, K;P0 , (with or without
addition of a crown ether catalyst) or LIHMDS in a solvent such as MeOH or DMF affords D-4.

The reaction is typically carried out at temperatures ranging from 60 to 120 °C, and heating is

provided either using a conventional oil bath or by microwave irradiation. Hydrolysis of D-4 can
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be carried out under basic conditions to afford D-5. Typically, a base such as NaOH, LiOH, or
KOH is utilized in a solvent system containing a combination of MeOH, THF and water. D-5 is
condensed with an amine in the presence of a suitable coupling agent (such as HBTU, T3P or
HATU) and a base (such as TEA or DIPEA) in a suitable solvent such as DMF to afford A-4,
which can be purified by standard techniques such as column chromatography, crystallization,
salt formation or reverse phase HPLC. If necessary, separation of the enantiomers of A-4 may
be carried out under standard methods known in the art such as chiral SFC or HPLC to afford
single enantiomers of A-4.

For some of the steps of the here above described process of preparation of the
compounds of the invention, it may be necessary to protect potential reactive functions that are
not wished to react, and to cleave said protecting groups in consequence. In such a case, any
compatible protecting radical may be used. In particular methods of protection and deprotection
such as those described by T.W. Greene (Protective Groups in Organic Synthesis, A. Wiley-
Interscience Publication, 1981) or by P. J. Kocienski (Protecting groups, Georg Thieme Verlag,
1994), may be used.

All of the above reactions and the preparations of novel starting materials used in the
preceding methods are conventional and appropriate reagents and reaction conditions for their
performance or preparation as well as procedures for isolating the desired products will be well-
known to those skilled in the art with reference to literature precedents and the examples and
preparations hereto.

In the following examples, "Et"' means ethyl, "Ac" means acetyl, "Me" means methyl,
"Ms" means methanesulfonyl (CH,S0.), "iPr" means isopropyl, "Ph" means phenyl, "Boc" or
"boc" means tert-butoxycarbonyl, "EtOAc" means ethyl acetate, "HOAcC" means acetic acid,
"TEA", "NEt;" or "EtyN" means triethylamine, "THF" means tetrahydrofuran, "DIC" means
diisopropylcarbodiimide, "HOBt" means hydroxy benzotriazole, "MeOH" means methanol, "i-
PrOAc" means isopropyl acetate, "KOAcC" means potassium acetate, "DMSO" means
dimethylsulfoxide, "AcCI" means acetyl chloride, "CDCI;" means deuterated chloroform, "TBME"
or "MTBE" means methyl t-butyl ether, "DMF" means dimethyl formamide, "Ac,0 " means acetic
anhydride, "MesSOI"  means  trimethylsulfoxonium iodide, "DMAP" means 4-
dimethylaminopyridine, "dppf means diphenylphosphino ferrocene, "DME" means ethylene
glycol dimethyl ether, "KHMDS" means potassium bis(trimethylsilyllamide, "HOBT" means 1-
hydroxybenzotriazole, "EDC" means 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide, "LiHMDS"
means lithium bis(trimethylsilyl)lamide, "TLC" means thin layer chromatography, "n-BuLi" means
n-butyl lithium, "h", "hr" or "hrs" means hours, "min.” or "mins." means minutes, "DCM" or
"CH,CI," means methylene chloride, "SEMCI" means 2-(Trimethylsilyl)ethoxymethyl chloride,
"SEM" means 2-(Trimethylsilyl)ethoxymethyl, "Et,0" means diethyl ether, "LC-MS" means liquid

chromatography-mass  spectrometry, “rt" means room temperature, "cone." means
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concentrated, "NBS" means N-bromosuccinimide, "MeCN" or "CH,;CN" means acetonitrile,
"brine" means saturated aqueous sodium chloride, "Bn" or "Bz" means benzyl, "Tos" means
tosyl (i.e. 4-toluenesulfonyl), "LAH" means lithium aluminum hydride, "PPTS" means pyridinium
p-toluenesulfonate, "PTSA" p-toluenesulfonic acid, means "DHP" means dihydropyran , "DMP"
means 2,2-dimethoxy-propane, "TMS" means trimethylsilyl, "NMP" means N-methyl-2-

pyrrolidone, "sat." means saturated, "HATU" means 2-(7-Aza-1 H-benzotriazole-1 -yl)-1,1,3,3-
tetramethyluronium hexafluoro-phosphate, "18-crown-6" means 1,4,7,10,13,16-

hexaoxacyclooctadecane, and "Si-thiol" means 3-mercaptopropyl silica gel.

EXAMPLES

The following abbreviations may be used herein: Ac (acetyl); AcOH (acetic acid); Ac,0
(acetic anhydride); aq. (aqueous); Boc (fe/f-butoxycarbonyl); ca. (about or approximately);
CH,CI, (dichloromethane); DAST (Diethylaminosulfur trifluoride); DEA (diethylamine); DIPEA or
Hunig's base (N,/V-diisopropylethylamine); DMA (dimethylacetamide) ; DMF
(dimethylformamide); DMSO (dimethylsulphoxide); Et (ethyl); Et;N or TEA (triethylamine); EtOH
(ethanol); EtOAc (ethyl acetate); Et,0 (diethyl ether); HATU (2-(7-aza-1 H-benzotriazole-1 -yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate); HBTU  (o-(benzotriazole-1 -yl)-1 ,1,3,3-
tetramethyluronium hexafluorophosphate); HPLC (high-performance liquid chromatography); hr
(hour or hours, as appropriate); IPA (iso-propyl alcohol); LCMS (liquid chromatography-mass
spectrometry); ; Me (methyl); MeOH (methanol); MeCN (acetonitrile); min (minute or minutes, as
appropriate); MsCI (methanesulfonyl chloride); N (normal); NMR (nuclear magnetic resonance);
Pd/C (palladium on carbon); Pd,(dba), (tris(dibenzylideneacetone)dipalladium(0)); Pd(dppf)Cl,
(11 .1'-bis(diphenylphosphino)ferrocene]dichloropalladium(l  1)); Ph (phenyl); Rt (retention time);
sec (second or seconds, as appropriate); SEM (2-Trimethylsilylethoxymethoxy); SFC
(supercritical fluid chromatography); Si-Thiol (silica 1-propanethiol); T3P (propylphosphonic
anhydride); TBME (ferf-butyl methyl ether); f-BuOH (2-methyl-2-propanol, terf-butanol or tert-
butyl alcohol); THF (tetrahydrofuran); TLC (thin layer chromatography); and TMSCI
(trimethylsilyl chloride).
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Synthesis of Intermediates

Synthesis of 3-(piperidin-4-yl)-1 H-pyrazolor3,4-blpyridine hydrochloride (1-11)

Q g

0-Bg-0
\\ No // Boc cl)
~ Boc«
ey ST O Q.
(:\l\ e f B0
O LiHMDS, THF o=g——F  Pd@ppnch o
o F KOAG, dppf
dioxane
11 -2 13
| |
@ LDA, DMF (Igo NH,NH, (jf\ 2, KOH (\I\(N NaH, SEMCI |\ N
oo THE EtOH, reflux DMF NN DMF NT N
H SEM
14 15 16 17 18

Boc— N/\:>f H
10% Pd/C conc.HCI
HCl

PdCl(dppf), Cs,CO3 Hz, MeOH XA
DME/H,0 80 °C LN

N N

H

1-9 1-10 1-11

Step 1 - Synthesis of tert-butyl 4-(trifluoromethylsulfonyloxy)-5,6-dihydropyridine-1  (2H)-
carboxylate (I-2)

A solution of fe/f-butyl 4-oxopiperidine-1 -carboxylate (1-1) (80 g, 0.402 mol) in THF (800 mL)
was added to a solution of LIHMDS (1 M in THF, 406 mL) at -78 °C. After the addition, the
reaction mixture was stimed at -78 °‘C for 1 hr. Then a soluton of N-
phenylbis(trifluoromethanesulfonimide) (156.4 g, 0.438 mol) in THF (400 mL) was added to the
mixture at -78 °C. After addition, the reaction was stirred at room temperature overnight. TLC
(petroleum ether/EtOAc, V/V = 1:1) showed the reaction was complete. The reaction mixture
was concentrated and the residue was purified by column chromatography on silica gel
(petroleum  ether/EtOAc  gradient from 1.0 to 20:1) to give feff-butyl 4-
(trifluoromethylsulfonyloxy)-5,6-dihydropyridine-1 (2H)-carboxylate (1-2) (120 g, 90%) as a yellow

oil and was used for the next step directly.
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Step 2 - Synthesis of ferf-butyl 4-(4,4,5,5-tetramethyl -1,3,2-dioxaborolan-2-yl)-5 ,6-
dihydropyridine-
1(2H)-carboxylate (I-3)

To a flask was added Jb/s(pinacolato)diboron (101.28 g, 0.399 mol), KOAc (106.56 g, 1.087
mol), Pd(dppf)Cl,.CH,CI, (8.88 g, 0.01 09 mol) and dppf (6 g, 0.0109 mol) in 1,4-dioxane (1 L)
and then degassed three times with N,. A solution of ferf-butyl 4-(trifluoromethylsulfonyloxy)-
5,6-dihydropyridine-1 (2H)-carboxylate (I-2) (120 g, 0.363 mol) in 1,4-dioxane (600 mL) was then
added to the above mixture. After the addition, the reaction mixture was stirred at 80 °C
overnight. TLC (petroleum ether/EtOAc = 30:1) indicated the complete consumption of starting
material. The reaction mixture was filtered and the filtrate was concentrated. The residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc 10:1) and re-
crystallized from EtOAc to give fert-butyl 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-5,6-
dihydropyridine -1(2H)-carboxylate (I-3) (95 g, 85%) as a white solid.

Step 3 - Synthesis of 2-chloronicotinaldehyde (I-5)

To a solution of diisopropylamine (35 g, 0.349 mol) in dry THF (300 mL) was added 2.5 M n-
BuLi in hexane (140 mL, 0.349 mol) dropwise at 0°C under N, atmosphere. After addition, the
resulting mixture was stirred at 0°C for 30 min and then cooled to -65 °C. 2-chloropyridine (1-4)
(36 g, 0.31 7 mol) was then added dropwise. The mixture was stirred at -65 °C for 2 hr at which
time dry DMF (46 g, 0.634 mol) was added dropwise to the mixture at -65 °C. After the addition ,
the reaction mixture was warmed to room temperature and stirred overnight. The mixture was
quenched with H,0 (200 mL). The aqueous layer was extracted with EtOAc (200 mL). The
combined organic layer was washed with brine (200 mL), dried over Na,SO0 , and concentrated
in vacuo to yield 2-chloronicotinaldehyde (I-5), which was used without further purification in the

next step directly.
Step 4 - Synthesis of 1H-pyrazolo[3,4-b]pyridine (I-6)

A stirred solution of 2-chloronicotinaldehyde (I-5) (5.1 g, 36 mmol) in EtOH (100 mL) and
NH,NH, (85 % in H,0, 50 mL) was heated to reflux for 24 hr. TLC (petroleum ether/ EtOAc =
1:1) showed the reaction was complete. The mixture was concentrated and separated between
H,0 (100 mL) and EtOAc (200 mL). The aqueous layer was extracted with EtOAc (100 mL x 2).
The combined organic layers were washed with brine (100 mL), dried over Na,S0, and

concentrated in vacuo to give 1H-pyrazolo[3,4-£>]pyridine (I-6) (4 g, 93%) as a yellow solid .
Step 5 - Synthesis of 3-iodo-1 H-pyrazolo[3,4-b]pyridine (I-7)

To a solution of 1H-pyrazolo[3,4-b]pyridine (I-6) (4 g, 34 mmol) in DMF (150 mL) was added

KOH (7.6 g, 136 mmol) at 0 °C. The mixture was stirred at room temperature for 30 min. To the
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resulting mixture was added iodine (15 g, 61 mmol) in portions at 0°C and the mixture was
stirred at room temperature overnight. TLC (petroleum ether/ EtOAc = 1:1) showed the reaction
was complete. The reaction mixture was poured into ice water and extracted with CH,CI, (300
mL x 2). The combined organic layers were washed with sat. aq.Na,SO 4 (300 mL x 2), brine
(200 mL x 3), dried over Na,S0, and concentrated in vacuo to give 3-iodo-1 H-pyrazolo[3,4-

Jb]pyridine (1-7) (7 g, 84%) as a yellow solid.

Step 6 - Synthesis of 3-iodo-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-
b]pyridine (I-8)

To a solution of 3-iodo-1 H-pyrazolo[3,4-Jb]pyridine (I-7) (7.2 g, 29 mmol) in DMF (250 mL) was
added NaH (60%, 1.76 g, 44 mmol) in portions at 0°C under N,. The mixture was stirred at
room temperature for 30 min. To the resulting mixture was added SEM-CI (5.9 g, 35 mmol)
dropwise at 0°C and the mixture was stirred at room temperature overnight. TLC (petroleum
ether/EtOAc = 5:1) showed the reaction was complete. The reaction mixture was poured into
water (300 mL) and extracted with Et,0 (400 mL x 3). The combined organic layers were
washed with brine (100 mL y 3), dried over Na,S0, and concentrated to give crude product,
which was purified by column chromatography (petroleum ether/EtOAc 50:1) to give 3-iodo-1 -
((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-Jb]pyridine (I-8) (7 g, 64%) as a white solid .

Step 7 - Synthesis of tert-butyl 4-(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-
£>]pyridin-3-yl)-5,6-dihydropyridine-1 (2H)-carboxylate (A-9)

To a mixture of 3-iodo-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-Jb]pyridine (I-8) (4.4
g, 11.56 mmol) and tert-butyl 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-5,6-
dihydropyridine-1 (2H)-carboxylate (I-3), (5 g, 16.18 mmol) in DME (100 mL) was added Cs,CO ,
(119, 34.67 mmol), water (25 mL) and PdCl,(dppf) (200 mg). The mixture was degassed by N,
for three times and stirred under N, atmosphere at 80°C overnight. TLC (petroleum ether/EtOAc
= 3:1) showed the reaction was complete. The mixture was cooled to room temperature, poured
into water (200 mL) and extracted with EtOAc (100 mL , 2). The combined organic layers were
washed with brine (100 mL), dried over Na,SO,, concentrated and purified by column
chromatography (petroleum ether/EtOAc 50:1) to give tert-butyl 4-(1 -((2-
(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)-5,6-dihydropyridine-1 (2H)-
carboxylate (I-9) (2 g, 40%) as a yellow solid .

Step 8 - Synthesis of ferf-butyl 4-(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-
fo]pyridin-3-yl)piperidine-1-carboxylate (1-10)

A mixture of tert-butyl 4-(1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)-5,6-
dihydropyridine-1 (2H)-carboxylate (1-9) (2 g, 4.65 mmol) and 10% Pd/C (0.5 g) in MeOH (100

mL) was stirred under a H, balloon at 55°C for 48 hr. LCMS showed starting material was
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consumed completely. The solution was filtered and concentrated in vacuo to a give crude oil,
which was purified by column chromatography (petroleum ether/EtOAc 20:1) to give fert-butyl 4-
(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidine-1 -carboxylate (I-

10) (1 g, 50%) as a colorless oil.
Step 9 - Synthesis of 3-(piperidin-4-yl)-1 H-pyrazolo[3,4-fo]pyridinehydrochloride (1-1 1)

A solution of ferf-butyl 4-(1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-Jb]pyridin-3-
yl)piperidine-1 -carboxylate (1-10) (1 g, 2.31 mmol) in cone. HCI (200 mL) was heated to reflux
for 96 hr. The mixture was concentrated in vacuo to give 3-(piperidin-4-yl)-1 H-pyrazolo[3,4-
Jb]pyridinehydrochloride (1-11) (480 mg, yield 78 %) as a yellow solid. '"H NMR (400 MHz,
DMSO-clg & ppm 9.10 (s, 2 H), 851 (d,1H),8.40 (d, 1H), 7.16 - 7.18 (m, 1 H), 3.38 (d,3 H),
3.06 (s, 2 H), 2.13 (m, 4 H).

Synthesis of 6-(piperidin-4-yl)picolinamide dihydrochloride (1-17)

N\
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X -3

Br B —
7 SOCl, | NHsH,0 B |
N A N A ——— N~ _
toluene PAClL(dppf), Cs,CO5 N N
HO o cr o H,N" Y0 DME/H,0 NH,
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\ 7
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16 O 117

Step 1- Synthesis of 6-bromopicolinoyl chloride (1-13)

The reaction was done in two batches (2 x 49 g). To a stirred solution of 6-bromopicolinic acid
1-12) (49 g, 0.24 mol) in dry toluene (300 mL) was added SOCI, (100 mL) dropwise at room
temperature. The mixture was heated to reflux for 2 hr. TLC (CH,Cl,: MeOH 10:1) showed the
reaction was complete. The mixture was concentrated in vacuo to give 6-bromopicolinoyl

chloride (1-13) as a yellow solid . Total yield for two batches 92 g (89%).
Step 2 - Synthesis of 6-bromopicolinamide (1-14)

The reaction was done in 2 batches (2 x 46 g). To a stirred NHy;H,0 (180 mL) was added a
solution of 6-bromopicolinoyl chloride (1-13) (46 g, 0.21 mol) in THF (250 mL) dropwise at 0°C.

After addition , the mixture was warmed to room temperature overnight. TLC (petroleum ether:
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EtOAc 2:1) showed the reaction was complete. The mixture was extracted with EtOAc (200 mL
X 3). The combined organic layers were washed with brine (400 mL), dried over Na,S0 , and
filtered . The filtrate was concentrated in vacuo to give 6-bromopicolinamide (1-14) as a yellow

solid . Total yield for two batches, 79 g (94%).

Step 3 - Synthesis of fert-butyl 4-(6-carbamoylpyridin-2-yl)-5,6-dihydropyridine-1  (2H)-

carboxylate (1-15)

The reaction was done in 2 batches (2 x 25 g). To a stirred solution of 6-bromopicolinamide (I-
14) (25 g, 0.124 mol) in a mixture of H,0 (124 mL) and dioxane (620 mL) was added ferf-butyl
4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-5,6-dihydropyridine-1 (2H)-carboxylate (I-3) (42
g, 0.136 mol), CsCO 4 (122 g, 0.6 mol) and Pd(dppf)Cl, (2.5 g, 3 mmol) under a N, atmosphere
at room temperature. After addition, the reaction was heated to reflux overnight. TLC (petroleum
ether: EtOAc 2:1) showed the reaction was complete. The mixture was extracted with EtOAc
(200 mL X 3). The combined organic layers were washed with brine (400 mL), dried over
Na,S0, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (from petroleum ether: EtOAc 5:1 to 2:1) to give fert-butyl 4-(6-carbamoylpyridin-2-yl)-
5,6-dihydropyridine-1 (2H)-carboxylate (1-15) as a white solid. Total yield for two batches, 74 g
(90%).

Step 4 - Synthesis of tert-butyl 4-(6-carbamoylpyridin-2-yl)piperidine-1  -carboxylate (1-16)

The reaction was done in two batches (2 x 37 g). To a stirred solution of tert-butyl 4-(6-
carbamoylpyridin-2-yl)-5,6-dihydropyridine-1  (2H)-carboxylate (1-15) (37 g, 0.12 mol) in MeOH
(500 mL) was added Pd/C (9.0 g, 10%) under H, balloon at room temperature. The mixture was
stirred overnight at room temperature. LCMS showed the reaction was completed. The mixture
was filtered , and the filtrate was concentrated in vacuo to give fert-butyl 4-(6-carbamoylpyridin-

2-yl)piperidine-1 -carboxylate (1-16) as a yellow oil. Total yield for two batches, 70 g (95%).
Step 5 - Synthesis of 6-(piperidin-4-yl)picolinamide dihydrochloride @@-17)

To a stirred solution of tert-butyl 4-(6-carbamoylpyridin-2-yl)piperidine-1 -carboxylate (1-16) (10
g, 0.033 mol) in EtOAc (300 mL) was added HCI (gas)/ EtOAc (=5 N, 400 mL) dropwise at room
temperature. After addition, the mixture was stirred for 1.5 hr. TLC (MeOH: CH,CIl, 1:10)
showed the reaction was complete. The reaction mixture was filtered to give 6-(piperidin-4-
yl)picolinamide dihydrochloride (1-17) (50.03 g, 83%) as a white solid. '"H NMR (400 MHz, D,0)
5 ppm 8.08 (t, 1 H), 7.97 (d, 1 H), 7.66 (d, 1 H), 3.55 (d, 2 H), 3.14 - 3.27 (m, 3 H), 3.21 (d, 2 H)
2.03 -2.10 (m, 2 H).
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Synthesis of 3-amino-6-(piperidin-4-yl)picolinamide hydrochloride (1-24)
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N
100 °C, Parr reactor, 18 hrs F dioxane, rt, 14 hr = | NH,
BocN A NH2
1-23 1-24

Step 1 - Synthesis of ethyl 3-aminopicolinate (C-2)

5 A suspension of 3-aminopicolinic acid (1-18) (28 g, 200 mmoL, 1.0 eq) in EtOH (800 mL) at
room temperature was bubbled with HCI (g) for 10 min. The reaction turned into a clear yellow
solution. After being stirred at 100°C for 1 day, LCMS indicated that about 50% of starting
material remained. The reaction mixture was cooled to rt and bubbled with HCI (g) for 10 min.
The mixture was then re-heated to 100 °C. After being stirred at 100 °C for 1 day, LCMS

10 indicated that about 50% of the starting material remained . The reaction mixture was cooled to
rt and all solvents were removed under reduced pressure. The residue was resolved in
EtOH (800 mL) and was bubbled with HCI (g) for 10 min. The resulting mixture was refluxed at
100°C oil bath for 1 day. LCMS indicated about 70-75 % conversion . The reaction mixture was
cooled to rt and all solvents were removed under reduced pressure. The solid was dissolved in

15 250 mL water and the solution was quenched to pH = 8-9 with saturated aq Na,CO ;. A gas was
generated and a white solid formed . The suspension was filtered, washed with water, and dried
under vacuum at 65°C to afford 22 g of ethyl 3-aminopicolinate (1-19) in 65% yield as a white
solid. LCMS (APCI, M* + 1) 167.0; "H NMR (300 MHz, DMSO-c/s) 8 ppm 7.84 (dd, J = 4.05, 1.60
Hz, 1 H), 7.23- 7.30 (m, 1 H), 7.16 - 7.23 (m, 1 H), 6.65 (br. s.,2 H), 4.27 (q,J = 7.10 Hz, 2 H),

20 1.30 (t, J = 7.06 Hz, 3 H).
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Step 2 - Synthesis of ethyl 3-amino-6-bromopicolinate (1-20)

A mixture of ethyl 3-aminopicolinate (1-19) (21.3 g, 128 mmol, 1.0 eq), NBS (23 g, 129 mmol,
1.01 eq) in CH;CN (300 ml) was stirred at room temperature for 1.5 hr to reach completion.
The reaction mixture was diluted with DCM (300 ml_) and washed with water and Na,S,0 5. The
organic layer was collected, dried over MgS0 , and Na,S0 ,, filtered , and concentrated in vacuo
to afford 29.5 g ethyl 3-amino-6-bromopicolinate (1-20) as a brown solid in 94% yield. LCMS
(APCI, M* +1) 245.0; "H NMR (300 MHz, DMSO-c/s) 8 ppm 7.44 (d,J = 8.67 Hz, 1 H), 7.21 (d,J
=8.85 Hz, 1 H), 6.87 (s, 2 H), 4.29 (q,J=7.03 Hz, 2 H), 1.31 (t, J=7.16 Hz, 3 H) .

Step 3 - Synthesis of ethyl 3-amino-6-(1 -(tert-butoxycarbonyl)-1 ,2,3,6-tetrahydropyridin-
4-yl)picolinate (1-21)

A mixture of ethyl 3-amino-6-bromopicolinate (1-20) (26 g, 110 mmol, 1.0 eq), 4-(4,4,5,5-
tetramethyl-[1 ,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-pyridine-1  -carboxylic acid tert-butyl ester
(-3) (37.7 g, 122 mmol, 1.15 eq), Pd(PPh;), (6.13 g, 5.30 mmol, 0.05 eq), K,CO, (44 g, 318
mmol, 3.0 eq), DMF (300 mi_) and water (50 ml_) was heated to 85°C under N,. The reaction
was stirred at 85°C for 2 hr at which time Si-thiol was added and the suspension was stirred for
30 min. The reaction mixture was diluted with EtOAc and filtered through a short silica gel
column. The filtrate was concentrated to afford crude product (1-21) used in the next step

without further purification. LCMS (APCI, M*+1) = 347.2.

Step 4 - Synthesis of ethyl 3-amino-6-(1 -(tert-butoxycarbonyl)piperidin-4-yl)picolinate (I-
22)

A mixture of ethyl 3-amino-6-(1 -(fe/?-butoxycarbonyl)-1 ,2,3,6-tetrahydropyridin-4-yl)picolinate  (I-
21) (25 g, 72 mmol, 1.0 eq) and Pd/C (10 % on carbon, 10 mol %) in MeOH (200 mL) was
hydrogenated under H, (50 psi) in Parr shaker. The reaction was stirred at 50-55 psi for 2 hr.
The mixture was diluted with Et,0, filtered through celite, and concentrated in vacuo to afford
ethyl 3-amino-6-(1 -(tert-butoxycarbonyl)piperidin-4-yl)picolinate ~ (I-22) in quantitative yield. The
crude product was taken to the next step without further purification. LCMS (APCI, M+1) 350.2.

Step 5 - Synthesis of tert-butyl 4-(5-amino-6-carbamoylpyridin-2-yl)piperidine-1 -
carboxylate (I-23)

A mixture of ethyl 3-amino-6-(1 -(fe/if-butoxycarbonyl)piperidin-4-yl)picolinate  (1-22) (25 g, 72
mmol) and NH; solution (7.0 M in MeOH, 300 mL) was reacted at 100°C in a Parr reactor for 18
hr. The reaction was cooled to rt and all solvent was removed in vacuo. The solid was triturated
with EtOAc/heptane to afford 18 g ferf-butyl 4-(5-amino-6-carbamoylpyridin-2-yl)piperidine-1 -
carboxylate (I-23) in 72% yield over three steps as a pale yellow solid. LCMS (APCI, M*+ 1)
321 .2; "H NMR (300 MHz, DMSO-dg) o ppm 7.82 (d,J =2.45 Hz, 1 H), 7.25 (d, J =2.64 Hz, 1
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H), 7.12- 7.19 (m, 1 H), 7.04 - 7.12 (m, 1 H), 6.66 (s, 2 H), 3.95 - 4.11 (m, 2 H), 2.60 - 2.89
(m, 3 H), 1.79 (d,J = 11.11 Hz, 2 H), 1.54 (dd, J = 12.53, 4.05 Hz, 2 H), 1.41 (s, 9 H).

Step 6 - Synthesis of 3-amino-6-(piperidin-4-yl)picolinamide  hydrochloride (I-24)

A mixture of tert-butyl 4-(5-amino-6-carbamoylpyridin-2-yl)piperidine-1  -carboxylate (I-23) (8.0 g,
5 20 mmol, 1.0 eq), 4.0 M HCI in dioxane (15.6 mL, 62.4 mmol, 2.5 eq), dioxane (20 mL) was
stirred at rt for 14 hr and a yellow suspension was obtained . The mixture was concentrated in
vacuo to afford 6.0 g of 3-amino-6-(piperidin-4-yl)picolinamide  hydrochloride (I-24) in 93% yield
as a yellow solid . LCMS (APCI, M+1):220.2; 'H NMR (300 MHz, DMSO-c/s) 5ppm 8.82 - 9.01
(m, 1 H), 849 - 8.76 (m, 1 H), 7.65- 7.90 (m, 1 H), 7.31 - 7.51 (m, 1 H), 7.16 (d,J = 3.58 Hz, 2
10 H), 323 - 341 (m, 2 H), 274 - 3.06 (m, 3 H), 1.77 - 2.11 (m, 4 H). One N-H proton was

missing due to deuterium exchange.

Synthesis of 4-methyl-3-(piperidin-4-yl)-1 H-pyrazolor3,4-blpyridine hydrochloride (1-34)

GHa
/B\
g
F | I -Bo ..B< CH3
a | LDA, THF, I, | N LDA, THF A\ CHO HsC™ 0" CHg A\ CHO NoH4 H20
N N“~g  Hcooet || Pd(dppfCl, KsPO, I EtOH, reflux
N F dioxane N F
1-25 1-26 1-27 1-28
0
THe | CHs BooN  )—8
X SEM S
N I, KOH I~ SEM-CI N Ny 13
NN —— e N | ) — . Ny
H DMF N™°N NaH/DMF Z Pd(dppf)Cly, KPOy,
| CH, dioxane, H,0O
1-29 1-30 1-31
SEM
NNy H
N\ | N N\
= N,
Ha, Pd-C CH conc.HCI \ =
MeOH 3 ———— N
3
N
Boc \ HC|
1-33 Ho s

15 Step 1 - Synthesis of 2-fluoro-3-iodopyridine (I-26)

To a solution of diisopropylamine (104 g, 1.03 mol) in dry THF (2.6 L) was added dropwise 2.5
M solution of n-BulLi in hexane (392 mL, 0.98 mol) at -30 to -40°C under N,. The resulting
mixture was stirred at 0°C for 35 min. The mixture was cooled to -70°C and a solution of 2-

fluoropyridine (1-25) (100 g, 1.03 mol) in dry THF (800 mL) was added. After stirring at -70°C for
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2 hr, the mixture was added to a solution of I, (261 .6 g, 1.03 mol) in dry THF (800 mL) at -20°C
under N,. After the reaction was complete, the mixture was quenched with ice water (4 L). The
mixture was diluted with EtOAc (4 L) and washed with ag. Na,S,04 (500 mL) and brine (500
mL). The organic layer was dried over Na,SO, and concentrated in vacuo. The residue was
purified by distillation in vacuum to afford 2-fluoro-3-iodopyridine (I-26) (140 g, 61%) as a yellow

solid .
Step 2 - Synthesis of 2-fluoro-4-iodonicotinaldehyde (1-27)

To a solution of diisopropylamine (174.4g, 1.73 mol) in dry THF (3 L) was added dropwise 2.5
M solution of n-BuLi in hexane (685 mL, 1.71 mol) at -10°C. The resulting mixture was stirred at
0°C for 35 min. The mixture was cooled to -70°C and a solution of 2-fluoro-3-iodopyridine (I-26)
(350 g, 1.57 mol) in dry THF (1 L) was added. The mixture was stirred at -70°C for 2 hr.
HCOOEt (128 g, 1.73 mol) was added dropwise at -70°C. After the addition, the mixture was
allowed to warm to room temperature and quenched with ice water (4 L). The mixture was
diluted with EtOAc (4 L) and washed with brine (500 mL). The organic layer was dried over
Na,S0 , and concentrated in vacuo. The residue was purified by silica gel chromatography
eluted with petroleum:EtOAc = 10:1 to afford 2-fluoro-4-iodonicotinaldehyde (I-27) (180 g, 46%)
as a yellow solid. "H NMR (400 MHz, CDCly) 3 ppm 10.08 (s, 1 H), 7.91 (d, 1 H), 7.81 (d, 1 H).

Step 3 - Synthesis of 2-fluoro-4-methylnicotinaldehyde (I-28)

A mixture of 2-fluoro-4-iodonicotinaldehyde (1-27) (75 g, 0.3 mol), 2,4,6-trimethyl-1 ,3,5,2,4,6-
trioxatriborinane (188.3 g, 1.5 mol), K;P0, (127.2 g, 0.6 mol) and Pd(dppf)Cl ;,CH,CI, (4.9 g, 6
mmol) in dry dioxane (1.2 L) was degassed with N, for 4 times and then heated at reflux for 2
hr. The mixture was cooled and filtered . The filtrate was concentrated in vacuo and the residue
was purified by silica gel chromatography eluted with petroleum ether:EtOAc = 10:1to afford 2-
fluoro-4-methylnicotinaldehyde  (1-28) (41 .5 g, 99%) as a slight yellow oil.

Step 4 - Synthesis of 4-methyl-1 H-pyrazolo[3,4-b]pyridine (1-29)

A mixture of 2-fluoro-4-methylnicotinaldehyde (I-28) (83 g, 0.59 mol) and N,H,.H,0 (85 % in
water, 810 mL) was heated at reflux for 6 hr. TLC (petroleum ether: EtOAc = 3:1) showed the
reaction was complete. The mixture was concentrated in vacuo to about 200 mL and poured
into ice water (1 L) and extracted with EtOAc (500 mL x 3). The extract was concentrated in
vacuo to afford 4-methyl-1 H-pyrazolo[3,4-b]pyridine (I-29) (70 g, 88%) as a white solid. "H NMR
(400 MHz, CDCIs) & ppm 12.45 (br. s., 1 H), 8.42 (d, 1 H), 8.07 (s, 1 H), 6.91 (d, 1 H), 2.59 (s, 3
H).

Step 5 - Synthesis of 3-iodo-4-methyl-1 H-pyrazolo[3,4-b]pyridine (I-30)

To a suspension of 4-methyl-1 H-pyrazolo[3,4-b]pyridine (I-29) (44 g, 0.33 mol) in DMF (1 L)
was added KOH (74 g, 1.32 mol) at 0°C. After addition, the mixture was stirred at room
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temperature for 30 min. |, (168 g, 0.66 mol) was added in portions at 0°C. The mixture was
stirred at room temperature overnight. The mixture was poured into ice water (2 L) and
extracted with EtOAc (1L x 6). The extract was washed with Na,S,0, aq (200 ml_) and
concentrated in vacuo to afford 3-iodo-4-methyl-1 H-pyrazolo[3,4-b]pyridine (1-30) (66 g, 77 %)
as a yellow solid. 'H NMR (400 MHz, CDCly) d ppm 10.14 (s, 1 H), 8.23 (d, 1 H), 7.12 (d, 1 H),
2.68 (s, 3 H).

Step 6 - Synthesis of 3-iodo-4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-
b]pyridine (1-31)

To a solution of 3-iodo-4-methyl-1 H-pyrazolo[3,4-b]pyridine (1-30) (45 g, 0.17 mol) in DMF (1.3
L) was added 60% NaH (10.5 g, 0.26 mol) in portions at 0°C. After stirring at 0°C for 30 min,
SEM-CI (34.8 g, 0.21 mol) was added to the mixture at 0°C. After the addition, the mixture was
warmed to room temperature and stirred for 2 hr. TLC (petroleum ether:EtOAc = 3:1) showed
the reaction was complete. The mixture was poured into ice water (1 L) and extracted with
EtOAc (3 x 1 L). The extract was washed with brine (500 mi_ x 2), dried over Na,S0, and
concentrated in vacuo. The residue was purified by silica gel chromatography eluted with
petroleum ether : EtOAc = 10:1to afford 3-iodo-4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-
pyrazolo[3,4-b]pyridine, (1-31) (45 g, 66%) as a slightly yellow solid."H NMR (400 MHz, CDCl s
ppm 8.42 (d, 1 H), 6.94 (d, 1 H), 5.81 (s, 2 H), 3.66 (t, 2 H), 2.84 (s, 3 H), 0.94 (t, 2 H), -0.05 (s,
9 H).

Step 7 - Synthesis of tert-butyl 4-(4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-
pyrazolo[3,4-b]pyridin-3-yl)-5,6-dihydropyridine-1 (2H)-carboxylate (1-32)

A mixture of 3-iodo-4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-b]pyridine  (I-
31) (1 g, 53.8 mmol), telf-butyl 4-(4,4,55-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-5,6-
dihydropyridine-1 (2H)-carboxylate (I-3) (19 g, 61.5 mmol), K;P0,3H,0 (28.6 g, 107.6 mmol)
and Pd(dppf)Cl,CH,CI, (0.88 g, 1.1 mmol) in a mixture of dioxane (420 mL) and water (105 mL)
was degassed with N, for 4 times and heated at reflux for 2 hr. TLC (petroleum ether: EtOAc=
3:1) showed the reaction was complete. The mixture was diluted with EtOAc (1.5 L), washed
with water (50 mL) and brine (500mL x 2). The organic layer was dried over Na,S0, and
concentrated in vacuo. The residue was purified by silica gel chromatography eluted with
petroleum ether:EtOAc = 4:1 to afford tert-butyl 4-(4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-

1H-pyrazolo[3,4-b]pyridin-3-yl)-5,6-dihydropyridine-1  (2H)-carboxylate (1-32) (22.9 g, 95.8 %) as
a slight yellow oil. "H NMR (400 MHz, CDCl,) dppm 8.40 (d, 1 H), 6.92 (d, 1 H), 5.95 (br, 1 H),
5.82 (s, 2 H), 4.12 (m, 2 H), 3.69 (m, 4 H), 2.63 (m, 5 H), 1.50 (s, 9 H), 0.94 (t, 2 H), -0.07 (s, 9
H).
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Step 8 - Synthesis of tert-butyl 4-(4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-
pyrazolo[3,4-b]pyridin-3-yl)piperidine-1 -carboxylate (I-33)

A mixture of tert-butyl 4-(4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-
b]pyrindin-3-yl)-5,6-dihydropyridine-1 (2H)-carboxylate (I-32) (22 g, 49.5 mmol) and Pd/C (3 g) in
MeOH (400 mL) was degassed with H, for 4 times. The mixture was stirred at 50°C under H,
balloon for 3 hr. TLC (petroleum ether:EtOAc = 8:1) showed the reaction was complete. The
mixture was cooled to room temperature and filtered . The filtrate was concentrated in vacuo to
afford tert-butyl  4-(4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-b]pyridin-3-
yl)piperidine-1 -carboxylate (I-33) (22 g, 99%) as a slightly yellow oil. "H NMR (400 MHz, CDCly)
5ppm 8.36 (d, 1 H),6.88 (d, 1 H), 5.78 (s, 2 H), 4.24 (br. s.,2 H), 3.63 (t, 2 H), 3.48 (m, 1 H),
2.90 (br.s.,2 H), 2.69 (s, 3 H), 1.96 (br. s.,4 H), 1.47 (s, 9 H), 0.92 (t, 2 H), -0.08 (s, 9 H).

Step 9 - Synthesis of 4-methyl-3-(piperidin-4-yl)-1 H-pyrazolo[3,4-b]pyridine hydrochloride
(1-34)

A mixture of tert-butyl 4-(4-methyl-1 -((2-(trimethylsilyl)ethoxy)methyl)-1 H-pyrazolo[3,4-b]pyridin-
3-yl)piperidine-1 -carboxylate (I-33) (20 g, 45 mmol) and cone. HCI (300 mL) was heated to
reflux overnight. TLC (CH,CI,:MeOH = 10:1) showed the reaction was not complete. The
mixture was concentrated in vacuo to dryness. The residue was dissolved in concentrated HCI
(300 mL) and heated to reflux overnight. TLC (CH,CI,:MeOH = 10:1) showed the reaction was
not complete. The mixture was concentrated in vacuo to dryness. The residue was dissolved in
cone. HCI (500 mL) and heated to reflux overnight. TLC (CH,Cl,:MeOH = 10:1) showed the
reaction was complete. Concentrated HCI was evaporated in vacuo. The residue was trituted
with a mixture of CH,Cl, (100 mL) and MeOH (5 mL). The solid formed was collected and dried
in vacuo at 40°C to afford 4-methyl-3-(piperidin-4-yl)-1 H-pyrazolo[3,4-b]pyridine hydrochloride
(1-34) (10 g, 80%) as a white solid. "H NMR (400 MHz, D,0) 6 ppm 8.46 (d, 1 H), 7.35 (d, 1 H),
3.76 (m, 1 H), 3.60 (d,2H), 3.27 (t, 2 H), 2.89 (s, 3 H), 2.34 (d, 2 H), 2.15 (m, 2 H). MS: m/z
217.5 [M+H]*.

Synthesis of 3-piperidin-4-yl-1 /Y-pyrrolor2,3-folpyridine (1-37)

H H
O ¢ “
HN o)
m 7 H,/Pd/C
o
H N KOH, MeOH / | X AcOH /) | BN
N o N 2
H N H N

1-35 1-36 1-37
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Step 1 - Synthesis of 3-(1,2,3,6-tetrahydropyridin-4-yl)-1 H-pyrrolo[2,3-ft]pyridine (I-36)

A mixture of 7-azaindole (I-35) (1.5 g, 13 mmol) and 4-piperidone (3.12 g, 20.3 mmol) in
methanol (35.3 ml_) was treated with aqg KOH (2 M, 25.4 ml_). The resulting mixture was heated
at 80°C for 18 hr. The dark solution was concentrated to remove methanol, diluted with
brine then extracted 5 times with EtOAc. The combined organics were washed with brine, dried
over MgS0 , and reduced to minimum volume in vacuo. The residue was triturated with TBME
to obtain 1.9 g (75%) of 3-(1,2,3,6-tetrahydropyridin-4-yl)-1 H-pyrrolo[2,3-Jb]pyridine (I-36) as a
yellow solid."H NMR (400 MHz, CDCl,) d ppm 9.23 (br. s., 1 H), 8.32 (dd, J =4.80, 1.26 Hz, 1
H), 8.21 (dd,J = 7.96, 1.39 Hz, 1 H), 7.29 (s, 1 H), 7.12 (dd, J=7 .83, 4.80 Hz, 1 H),6.14 - 6.33
(m, 1 H), 3.60 (g,J =2.61 Hz, 2 H), 3.16 (t, J = 5.81 Hz, 2 H), 2.46 - 2.57 (m, 2 H).

Step 2 - Synthesis of 3-piperidin-4-yl-1 H-pyrrolo[2,3-E>]pyridine (I-37)

To a solution of 3-(1 ,2,3,6-tetrahydropyridin-4-yl)-1  /-/-pyrrolo[2,3-Jb]pyridine (I-36) (4 g, 20 mmol)
in EtOH (100 ml) and acetic acid (4 ml_) was added 20% Palladium hydroxide on carbon (1.6
g). The mixture was sealed in the Parr hydrogenation apparatus and evacuated and charged
with N, 3 times, evacuated and charged with H, 3 times. The apparatus was charged with H, to
100 psi and heated at 50°C with stirring for 28 hr. The mixture was filtered through Celite and
the filter cake rinsed with EtOH. The filtrate was reduced to minimum volume to give 5.7 g of
the acetate salt of 3-piperidin-4-yI-1H-pyrrolo[2,3-b]pyridine as a tan solid (I-37) '"H NMR (400
MHz, CDClIs) & ppm 10.17 (br. s., 1 H), 8.22 (d, J = 4.29 Hz, 1 H), 8.06 (dd, J =7.83, 1.01 Hz, 1
H), 7.15 (s, 1 H), 7.10 (dd,J = 7.83, 4.80 Hz, 1 H), 3.51 (d,J = 12.63 Hz, 2 H), 2.87 - 3.14 (m, 3
H), 2.09 - 2.18 (m, 4 H, partially obscured by acetic acid).
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Synthesis of 5-(2-(dimethylamino)ethoxy)-6-(piperidin-4-yl)picolinamide hydrochloride (I-
42)

Boc Boc

F
— — MeOH r.t.
\ /B . Q PdCl;(dppf) F 10 bar
N LB DME:water N H Cube
HoN o 0 Cs,CO3 2

o] ﬂ HoN

O
1-38 1-3 1-39
Boc
CHa BocN CHy HN CHa
AN N N
- HO CHs o~/ CHs, ;Z'X;f;' o CHa
— o —
—
N\ P 60% NaH N\ / MeOH N\ / Hol
NMP
H,N HoN H2N
e} @] O
1-40 1-41 1-42

Step 1 - Synthesis of tert-butyl 4-(6-carbamoyl-3-fluoropyridin-2-yl)-5,6-dihydropyridine-
1(2H)-carboxylate (I-39)

6-bromo-5-fluoropicolinamide  (I-38) (200 mg, 0.9 mmol) was combined with tert-butyl 4-(4,4,5,5-
tetramethyl-1 ,3,2-dioxaborolan-2-yl)-5,6-dihydropyridine-1  (2H)-carboxylate (I-3) (310 mg) and
Pd(dppf)Cl, (74.3 mg, 0.09 mmol) and cesium carbonate (892 mg, 2.74 mmol) and water (1 mL)
and 1,2-dimethoxyethane (10ml_). The reaction mixture was degassed three times. After the
reaction mixture was stirred at r.t. overnight and heated at 100°C for 45 mins, LCMS showed
complete consumption of starting material. The reaction mixture was passed through Chem
Elute and the column was washed with ethyl acetate. The eluent was concentrated and purified
via 40 g column eluted with 0-100% EtOAc:heptanes to give ferf-butyl 4-(6-carbamoyl-3-
fluoropyridin-2-yl)-5,6-dihydropyridine-1 ~ (2H)-carboxylate (1-39) (220 mg, 75%). 'H NMR (400
MHz, CDCls) & ppm 8.11 (dd, J = 8.34, 3.54 Hz, 1 H), 7.65 (br. s., 1 H), 7.49 - 7.59 (m, 1 H),
6.65 (br.s., 1 H), 557 (br. s., 1 H), 4.18 (d, J = 2.02 Hz, 2 H), 3.67 (t, J = 5.68 Hz, 2 H), 2.72
(br.s.,2 H), 1.52 (s, 9 H).

Step 2 - Synthesis of tert-butyl 4-(6-carbamoyl-3-fluoropyridin-2-yl)piperidine-1 -
carboxylate (I-40)

A solution of tfert-butyl 4-(6-carbamoyl-3-fluoropyridin-2-yl)-5,6-dihydropyridine-1 ~ (2H)-
carboxylate (I-39) (20 mg, 0.062 mmol) in 2.0 mL of MeOH was hydrogenated with the
ThalesNano H Cube at room temperature and 10 bar H, pressure using a 10% Pd(OH),

cartridge. After the first pass, LCMS showed the desired product. The reaction mixture was
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concentrated to give fe/f-butyl 4-(6-carbamoyl-3-fluoropyridin-2-yl)piperidine-1 -carboxylate; 20
mg (I-40) (quantitative yield).

Step 3 - Synthesis of ferf-butyl 4-(6-carbamoyl-3-(2-(dimethylamino)ethoxy)-pyridin-2-
yl)piperidine-1 -carboxylate (1-41)

To a dry flask was added 2-dimethylamino ethanol (110 mg, 0.31 mmol) and NMP 91.24 mL).
To the reaction was added 60% NaH in mineral oil (49.5 mg, 1.24 mmol). After the reaction
mixture was stirred at room temperature for 30 mins under nitrogen, tert-butyl 4-(6-carbamoyl-3-
fluoropyridin-2-yl)piperidine-1 -carboxylate (I-40) (100 mg, 0.31 mmol) was added . The reaction
mixture was stirred at room temperature overnight then heated in microwave at 80°C for 30
mins. LCMS showed completed conversion to the desired product. The crude reaction mixture
was purified via reversed phase HPLC eluted with 0.1% acetic acid in acetonitrile and 0.1 %
acetic acid in water to give fe/f-butyl 4-(6-carbamoyl-3-(2-(dimethylamino)ethoxy)pyridin-2-
yl)piperidine-1 -carboxylate (1-41) as a white solid (85 mg. 70%). '"H NMR (400 MHz, CDCly) 8
ppm 8.04 (d, J = 8.59 Hz, 1 H), 7.72 (br. s., 1 H), 7.21 (d,J =8.59 Hz, 1 H), 5.42 (br. s., 1 H),
4.19- 435 (m, 2 H), 4.15(t, J =5.81 Hz, 2 H), 3.28 (s, 1 H), 2.83 - 2.93 (m, 2 H),2.80 (t, J =
5.81 Hz, 2 H), 2.37 (s, 6 H), 1.75- 1.90 (m, 4 H), 1.49 (s, 9 H).

Step 4 - Synthesis of 5-(2-(dimethylamino)ethoxy)-6-(piperidin-4-yl)picolinamide
hydrochloride (1-42)

To a stirred solution of tert-butyl 4-(6-carbamoyl-3-(2-(dimethylamino)ethoxy)-pyridin-2-

yl)piperidine-1 -carboxylate (1-41) (75 mg, 0.19 mmol) in 10 mL of MeOH was added 1 mL of 4N
HCI in dioxane at room temperature. After the reaction mixture was stirred at 50°C for 2 hr,
LCMS showed complete reaction. The reaction mixture was concentrated in vacuo to give 5-(2-
(dimethylamino)ethoxy)-6-(piperidin-4-yl)picolinamide  hydrochloride 56 mg (I-42) (quantitative

yield) as a white solid .

Synthesis of 6-methoxy-4-(piperidin-4-yloxy)-1  H-indazol-3-amine (I-46)

° F Ii’:oc Ii’:oc H
N N N
I?oc CN
N F NH_NH,, HCl (g) |
<|> o) <l> o) o O
Cs,CO3, DMSO n-BuOH EtOAc
OH
CN Sy NH; N

/
F HN~N HN-N

Ha

1-43 1-44 1-45 1-46
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Step 1 - Synthesis of ferf-butyl 4-(2-cyano-3-fluoro-5-methoxyphenoxy)piperidine-1 -
carboxylate (1-44)

A solution of fe/f-butyl 4-hydroxypiperidine-1 -carboxylate (I-43) (10 g, 0.049 mol), 2,6-difluoro-4-
methoxybenzonitrile (8.4 g, 0.049 mol) and Cs,C0 5 (47 g, 0.147 mol) in DMSO (20 mL) was
stirred at 80 °C for 1 hr. TLC (petroleum ether/EtOAc = 3/1) indicated the reaction was done.
Brine (20 mL) was added and the reaction was extracted with EtOAc (2 x 100 mL). The
combined organic layers were washed with brine (20 mL X 3), dried over Na,SO, and
concentrated in vacuo. The residue was purified by silica gel chromatography (petroleum
ether/EtOAc = 3/1) to vyield fe/f-butyl 4-(2-cyano-3-fluoro-5-methoxyphenoxy)piperidine-1 -
carboxylate (I-44) (9.5 g, 55%) as a yellow solid.

Step 2 - Synthesis of fert-butyl 4-[(3-amino-6-methoxy-1 H-indazol-4-yl)oxy]piperidine-1 -
carboxylate (1-45)

A solution of fe/f-butyl 4-(2-cyano-3-fluoro-5-methoxyphenoxy)piperidine-1  -carboxylate (I-44)
(9.5 g, 0.027 mol) and NH,NH,*H,0 (2.71 g, 0.054 mol) in n-BuOH (50 mL) was heated at reflux
overnight. TLC (petroleum ether/EtOAc = 1/1) indicated the reaction was done. The mixture
was concentrated and purified by silica gel chromatography (EtOAc) to yield fe/f-butyl 4-[(3-
amino-6-methoxy-1 /-/-indazol-4-yl)oxy]piperidine-1 -carboxylate (I-45) (7 g, 72%) as a yellow

solid .
Step 3 - Synthesis of 6-methoxy-4-(piperidin-4-yloxy)-1 H-indazol-3-amine (1-46)

A mixture of fe/f-butyl 4-[(3-amino-6-methoxy-1 /-/-indazol-4-yl)oxy]piperidine-1 -carboxylate (I-
45) (7 g, 19.3 mmol) in HCI(g)/EtOAc (30 mL, ~ 4 N) was stirred at room temperature for 2 h.
TLC (petroleum ether/EtOAc = 1/2) indicated the reaction was complete. The precipitate was
filtered , and dried under vacuum to yield 6-methoxy-4-(piperidin-4-yloxy)-1 H-indazol-3-amine
hydrochloride (I-46) (3.9 g, 60%) as a white solid. LCMS (APCI, M+1): 263.2; 'H NMR (400
MHz, D,0) 5ppm 6.34 (s, 1 H), 6.18 (s, 1 H), 4.76 (s, 1 H), 3.77 (s, 3 H), 3.37 - 3.40 (m, 2 H),
3.16 - 3.20 (M, 2 H), 2.21 - 2.25 (m, 2 H), 1.97 - 2.06 (m, 2 H).

Synthesis of ferf-butyl 4-fr(methylsulfonyl)oxylmethyl)piperidine-1 -carboxylate (1-48)

HO \—CN%O VGl . /—OCN—(O Aé

O TEA/CH,Cl, o ,,‘si

1-47 1-48
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Step 1 - Synthesis of fert-butyl 4-{[(methylsulfonyl)oxy]methyl}piperidine-1 -carboxylate
(1-48)

To a mixture of fe/f-butyl 4-(hydroxymethyl)piperidine-1 -carboxylate (I-47) (100.0 g, 464 mmol)
and TEA (94.0 g, 929 mmol) in dry CH,CI, (600 mL) was added in a dropwise manner MsClI
(81.57 g,712.1 mmol) at 0 °C under N,. The resulting mixture was stirred at 0 °C for 3 hr. TLC
(petroleum ether/EtOAc = 1:1) showed the reaction was complete. The mixture was quenched
with 150 mL of water, and the separated organic layer was washed with brine (100 mL). The
organic layers were dried over Na,S0, and concentrated in vacuo to dryness to give fe/f-butyl
4-{[(methylsulfonyl)oxy]lmethyl}piperidine-1 -carboxylate (I-48) (143 g, > 100%) as a colorless

solid, which was used without further purification .

Synthesis of fert-butyl 4-({r2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyridin-

3-ylloxy)methyl)piperidine-1 -carboxylate (I-55)

oH OH H Ph,O
CICOOEt 2 O
NH S NBS, MeCN
I S 2 | B N\n/o\/ O=< | P
_N Et;N, DMAP, CH,Cl, _N o) reflux ” N
1-49 1-50 1-51

O
ata
g MsO o Br o
10% aq. NaOH N N—<
| 1-48 7\
o=( P o o
HoNT N N=

reflux Cs,CO4/DMF
NH,

1-52 1-53 1-54

o 0
IB_B\
i O
Pd(dppf)Cl,, KOAc, DMSO Q

I-55

Step 1 - Synthesis of ethyl (3-hydroxypyridin-2-yl)carbamate (I-50)

To a stirred solution of 3-hydroxy-2-aminopyridine (1-49) (100 g, 0.9 mol) in dry CH.CI, (1 L)
were added TEA (182 g, 1.8 mol) and DMAP (7.3 g, 0.06 mol) at 0 °C. Then CICOOEt (100.4 g,
0.93 mol) was added in a dropwise manner. After the addition , the reaction mixture was stirred
at room temperature overnight. TLC (EtOAc/hexane= 1:1) indicated the reaction was complete.
The reaction mixture was washed with water (3 x 100 m) and 3 N aqueous HCI (300 mL). The

separated aqueous layer was neutralized to a pH ~ 7 with NaHCO 5 powder and re-extracted
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with CH,CI, (3 x 1 L). The combined organic layers were washed with brine (0.8 L), dried over
Na,S0 , and concentrated in vacuo to afford ethyl (3-hydroxypyridin-2-yl)carbamate (1-50) (106

g, 64%) as a yellow solid, which was used without further purification .
Step 2 - Synthesis of [1,3]oxazolo[4,5-fo]pyridin-2(3H)-one (1-51)

A solution of ethyl (3-hydroxypyridin-2-yl)carbamate (I-50) (106 g, 0.58 mol) in diphenyl ether (1
L) was stirred at reflux for 2 hr. TLC (EtOAc/hexane= 1:1) indicated the reaction was complete.
The mixture was allowed to cool to room temperature, and the precipitate formed was collected
by filtration, washed with petroleum ether (0.5 L) and dried in vacuo to provide [1,3]oxazolo[4,5-
o]pyridin-2(3/-/)-one (1-51) (68 g, 86%) as a yellow-green solid, which was used without further

purification.
Step 3 - Synthesis of 6-bromo[1 ,3]Joxazolo[4,5-fo]pyridin-2(3H)-one  (I-52)

To a stirred suspension of [1,3]oxazolo[4,5-0]pyridin-2(3/-/)-one (1-51) (34 g, 0.25 mol) in MeCN
(0.35 L) was added NBS (47.6 g, 0.275 mol) in a portionwise manner at O °C. After addition, the
reaction mixture was stirred at room temperature for 3 h. TLC (EtOAc/hexane = 1:1) indicated
the reaction was complete. The precipitate was filtered , washed with cold MeCN (150 ml_) and
dried under vacuum to yield 6-bromo[1 ,3]oxazolo[4,5-0]pyridin-2(3/-/)-one (1-52) (45 g, 84%) as

a yellow solid, which was used directly in the next step.
Step 4 - Synthesis of 2-amino-5-bromopyridin-3-ol (1-53)

6-bromo[1 ,3]oxazolo[4,5-0]pyridin-2(3H)-one (I-52) (69 g, 0.3 mol) was added to 10% aqueous
sodium hydroxide (600 ml_) and the mixture was refluxed for 4 h. TLC (EtOAc/hexane= 1:2)
indicated the reaction was complete. The mixture was cooled to room temperature and acidified
to pH~7 by dropwise addition of 10% HCI (300 mL). The precipitate formed was filtered,
washed with water (100 mL) and dried undervacuum to afford 2-amino-5-bromopyridin-3-ol (I-

53) (58 g, 73%) as a yellow solid, which was used without further purification.

Step 5 - Synthesis of ferf-butyl 4-{[(2-amino-5-bromopyridin-3-yl)oxy]methyl}piperidine-1 -
carboxylate (I-54)

To a mixture of ferf-butyl 4-{[(methylsulfonyl)oxy]methyl}piperidine-1 -carboxylate (1-48) (54.6 g,
186 mmol) and Cs,CO5 (110 g, 339 mmol) in DMF (400 mL) was added 2-amino-5-
bromopyridin-3-ol (1-53) (32.0 g, 169.3 mol) at room temperature. The resulting mixture was
stirred at 80 °C for 2 h. TLC (petroleum ether/ EtOAc = 1/1) showed the reaction was complete.
The reaction mixture was cooled to room temperature and concentrated under high vacuum to
dryness. The residue was diluted with 200 mL of water and extracted with CH,CI, (3 x 200 mL).
The combined organic layers were washed with brine (100 mL), dried over Na,S0 ,. The mixture

was concentrated under vacuum to give the crude product, which was purified by silica gel
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chromatography (petroleum ether/ EtOAc = 3/1 to 1/2) to give ftert-butyl 4-{[(2-amino-5-
bromopyridin-3-yl)oxy]methyl}piperidine-1 -carboxylate (I-54) (59.0 g, 90%) as a white solid.

Step 6 - Synthesis of fert-butyl 4-({[2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-
yh)pyridin-3-ylJoxy}methyl)piperidine-1 -carboxylate (I-55)

To a mixture of tert-butyl 4-{[(2-amino-5-bromopyridin-3-yl)oxy]methyl}piperidine-1 -carboxylate
(I-54) (20.00 g, 51.78 mmol), bis(pinacolato)diboror) (13.1 g, 51.8 mmol), KOAc (12.7 g, 129
mmol) in anhydrous DMSO (200 mL) was added Pd(dppf)Cl, (5.68 g, 7.77 mmol). The mixture
was thoroughly degassed before heating under nitrogen at 80 °C for 14 h.TLC (petroleum ether/
EtOAc = 1/1) indicated the reaction was complete. The mixture was cooled to room temperature
and diluted with 300 mL of water and extracted with CH,Cl, (3 x 200 mL). The combined
organic layers were washed with brine (200 mL), dried over Na,S0, and concentrated under
vacuum to give crude compound, which was purified by silica gel chromatography (petroleum
ether: EtOAc = 1:1 to 0:1) to give te/f-butyl 4-({[2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-
dioxaborolan-2-yl)pyridin-3-ylJoxy}methyl)piperidine-1 -carboxylate (I-55) (10.13 g, 48%) as a
white solid. LCMS (APCI, M+1): 434.3; "H NMR (400 MHz, CDCl,) 5ppm 8.07 (s, 1 H), 7.18 (s,
1 H), 4.87 (s, 2 H), 417 (s, 2 H), 3.87 - 3.89 (d,2 H),2.76 (s, 2 H), 1.96 (s, 1 H), 1.83 - 1.88 (d,
2 H), 1.47 (s, 9 H), 1.34 (s, 12 H), 1.27 - 1.31 (m, 2 H).

Synthesis of 5-(1 -methyl-1 H-1,2,3-triazol-5-y1)-3-(piperidin-4-ylmethoxy)pyridin-2 -amine (I-

571

Toluene/EtOH N

%
O-B O
/ \ O/_CN%O /_CNBOC
= Cs,CO4/Pd(dppf)Cly /N @]
NH, -

1-55 1-56
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N “N—
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NH
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NH,
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Step 1 - Synthesis of fert-butyl 4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-5-yl)pyridin-3-
ylloxy}methyl)piperidine-1 -carboxylate (I-56)

To a solution of fert-butyl 4-({[2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyridin-3-
ylJoxy}methyl)piperidine-1 -carboxylate (I-55) (414 mg, 0.995 mmol), 5-iodo-1 -methyl-1 H-1,2,3-
triazole (200 mg, 0.995 mmol) and Cs,CO4 (2N, 1 mL) in EtOH (6 mL) and toluene (2 mL) was
added Pd(PPhg), (110 mg, 0.0995 mmol) under Ar. The reaction mixture was purged with Ar
three times and stirred at 80 °C for 3 hr. TLC (petroleum ether : EtOAc = 0: 1) showed the
reaction was complete. The reaction mixture was concentrated to give a crude product, which
was purified by silica gel chromatography (eluting with EtOAc : MeOH = 10:1) to give fert-butyl
4-({[2-amino-5-(1 -methyl-1 H- 1,2 ,3-triazol-5-yl)pyridin-3-ylJoxy}methyl)piperidine-1 -carboxylate

(I-56) (310 mg, 84%) as a yellow solid , which was used directly in the next step.

Step 2 - Synthesis of 5-(1-methyl-1 H-1,2,3-triazol-5-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-
amine (I-57)

To a solution of  tert-butyl  4-({[2-amino-5-(1 -methyl-1 -1,2,3-triazol-5-yl)pyridin-3-
ylloxy}methyl)piperidine-1 -carboxylate (I-56) (310 mg, 0.541 mmol) in CH,Cl, (5 mL) was added
HCI(g) /EtOAc (4N, 15 mL). The reaction mixture was stirred at room temperature for 3 hr. TLC
(CH,Cl,: MeOH = 10:1) showed the reaction was completed. The reaction mixture was
concentrated to give crude 5-(1-methyl-1 H-1,2,3-triazol-5-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-

amine (I-57), which was used directly for the next step without further purification .

Synthesis of 5-(1 -methyl-1 H-1,2,3-triazol-4-y|)-3-(piperidin-4-ylmethoxy)pyridin-2 -amine (I-
59)

~
/ \ 0 0 NBoc
= Cs,CO4/Pd(dppf)Cla / \
NH, Toluene/EtOH
1-55 1-58
N
~N N
HCI/EtOAc == /_<:/\
NH
7 N
-

NH,

1-59
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Step 1 - Synthesis of fert-butyl 4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylloxy}methyl)piperidine-1  -carboxylate (I-58)

A mixture of tert-butyl 4-({[2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyridin-3-

ylJoxy}methyl)piperidine-1 -carboxylate (I-55) (500 mg, 1.15 mmol), 4-bromo-1 ,5-dimethyl-1 H-
1,2,3-triazole (203 mg, 1.15 mmol), Cs,CO4 (2 M in water, 1.15 mL, 2.31 mmol) in toluene (1
mL) and EtOH (3mL) was added Pd(PPh,), (20.3 mg, 0.115mmol) . The mixture was thoroughly
degassed before heating under nitrogen at 90 °C for 14 hr. The mixture was concentrated under
vacuum to dryness, and the residue purified by silica gel chromatography (petroleum ether/
EtOAc = L1 to 0/1) to give the te/f-butyl 4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-
yl)pyridin-3-ylJoxy}methyl)piperidine-1 -carboxylate (I-58) (300 mg, 86%) as a yellow solid , which

was use in next step without further purification.

Step 2 - Synthesis of 5-(1-methyl-1 H-1,2,3-triazol-4-yl)-3-(piperidin-4-yImethoxy)pyridin-2-
amine (I-59)

To a mixture of fe/f-butyl 4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylloxy}methyl)piperidine-1 -carboxylate (I-58) (400 mg, 0.994 mmol) in CH,CI, (10 mL) was
added HCI (4 N, 3mL, 10 mmol, in dioxane ) at 0 °C, and the reaction was stirred at room
temperature for 18 hr. The reaction was concentrated under vacuum to dryness to give crude 5-
(1-methyl-1 H-1,2,3-triazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine (1-59) (330 mg, crude),

as a yellow solid, which was used directly in the next step.

Synthesis of 5-(1 -methyl-1 H-1,2,3-triazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine (I-

61)

N
O-B 0 _
N
/ \ O/_<:/\ _<O _ /_<:/\NBOC
- Cs,CO4/Pd(dppf)Cl, 7 N _g
NH, Toluene/EtOH N=

I-55 1-60

<N,

N

N
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1-61
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Step 1 - Synthesis of ferf-butyl 4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidine-1  -carboxylate (I-60)

A mixture of tert-butyl 4-({[2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyridin-3-
ylloxy}methyl)piperidine-1 -carboxylate (1-55) (580 mg, 1.34 mmol), 4-bromo-1 -methyl-1 H-1,2,3-
5 triazole (260 mg, 1.61 mmol), Cs,CO0 5 (2 N, 1.34 mL, 2.68 mmol) in toluene (2 mL) and EtOH (6
mL) was added Pd(PPh,), (30.9 mg, 0.0268 mmol). The mixture was thoroughly degassed
before heating under nitrogen at 80 ° C for 18 hr. TLC (EtOAc) indicated the reaction was
completed . The mixture was concentrated under vacuum to dryness, and the residue purified by
silica gel chromatography (petroleum ether/ EtOAc = 1/1 to 0/1) to give fert-butyl 4-({[2-amino-5-
10  (1-methyl-1 H-1,2, 3-triazol-4-yl)pyridin-3-yl]Joxy}methyl)piperidine-1 -carboxylate (I-60) (503 mg,

97%) as a white solid .

Step 2 - Synthesis of 5-(1-methyl-1 H-1,2,3-triazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-

amine (1-61)

To a  mixture of tert-butyl  4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
15 ylloxy}methyl)piperidine-1 -carboxylate (1-60) (569 mg, 1.46 mmol) in CH,Cl, (10 mL) was added
HCI (4 N, 10mL, 40 mmol, in dioxane) at 0 °C, and the reaction allowed to stir for 18 hr. LCMS
indicated the reaction was complete. The reaction was concentrated under vacuum to dryness
to give 5-(1-methyl-1H-1,2,3-triazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine  (1-61) (407

mg, 96%) as a white solid, which used directly in the next step without further purification.

20 Synthesis of 4-methoxy-3-(piperidin-4-yl)-1  H-pyrazolor3,4-folPyridine (1-69)

¢! c c
@N KOH, I, f\r\(’\l NaH, SEMCI fﬁ:\(
.
N ~ 4 o
NN DMF VN DMF
1-62 1-63
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Step 1 - Synthesis of 4-chloro-3-iodo-1 H-pyrazolo[3,4-£>]pyridine (I-63)

A mixture of 4-chloro-1 H-pyrazolo[3,4-Jb]pyridine (I-62) (9 g, 58.6 mmol), KOH (9.86 g, 176
mmol) and 1, (19.3 g, 76.2 mmol) in DMF (150 mL) was heated at 50 °C for 14 hr. TLC
(petroleum ether/EtOAc = 3:1) showed that 4-chloro-1 /-/-pyrazolo[3,4-Jb]pyridine still remained.
Then, |, (6.4 g, 25.2 mmol) was added to the mixture and the resulting mixture was heated at
50 °C for a further 15 hr. TLC (petroleum ether/EtOAc = 3:1) showed all 4-chloro-1 H-
pyrazolo[3,4-Jb]pyridine had been consumed. The mixture was poured into ice-water (500 mL),
extracted with EtOAc (900 mL). The organic extracts were washed with saturated Na,SO0 ; (500
mL), brine (500 mL), dried over Na,S0, and concentrated to yield 4-chloro-3-iodo-1 av-

pyrazolo[3,4-Jb]pyridine (1-63) (16.4 g, 100%) as a yellow solid .

Step 2 - Synthesis of -chloro-3-iodo-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 H-pyrazolo[3,4-
b]pyridine (1-64)

To a stirred solution of 4-chloro-3-iodo-1 /-/-pyrazolo[3,4-Jb]pyridine (I-63) (5 g, 17.89 mmol) in
DMF (100 mL) was added NaH (60% in oil, 2.15 g, 53.7 mmol) at 0 °C. The mixture was stirred
at 0 °C for 60 min, and then SEMCI (3.28 g, 19.7 mmol) was added in a dropwise manner to the
mixture. The resulting mixture was stirred at 0 °C for 2 hr. TLC (petroluem ether/EtOAc = 3:1)
showed the reaction was completed. The mixture was quenched by H,0 (150 mL) and
extracted by EtOAc (2 x 100 mL). The combined organic layers were washed with brine (100
mL x 5), dried over Na,S0, and concentrated . The residue was purified by silica
gelchromatography (petroleum ether/EtOAc = 100:1 ~50:1) to yield 4-chloro-3-iodo-1 -{[2-
(trimethylsilyl)ethoxy]methyl}-1 /-/-pyrazolo[3,4-Jb]pyridine (I-64) (5.1 1 g, 70%) as a white solid.

Step 3 - Synthesis of fert-butyl 4-(4-chloro-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 H-
pyrazolo[3,4-b]pyridin-3-yl)-3,6-dihydropyridine-1  (2H)-carboxylate (I-65)

To a stirred mixture of 4-chloro-3-iodo-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 /-/-pyrazolo[3,4-
Jb]pyridine (I-64) (5.11 g, 12.47 mmol), te/f-butyl 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-
3,6-dihydropyridine-1 (2H)-carboxylate (I-3) (4.24 g, 13.7 mmol) and Na,CO, (2.64 g, 24.9
mmol) in a mixture of MeCN (75 mL), THF (75 mL) and H,0 (15 mL) was added Pd(dppf)Cl,
(913 mg, 1.25 mmol) under N,. The mixture was heated at reflux for 10 hr. TLC (petroleum
ether/EtOAc=1 0:1) showed most of 4-chloro-3-iodo-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 H-
pyrazolo[3,4-Jb]pyridine had been consumed. The mixture was concentrated to remove THF and
MeCN. To the residue was added EtOAc (100 mL) and H,0 (100 mL). The aqueous layer was
extracted with EtOAc (100 mL). The combined organic layers were washed with brine (2 x 100
mL), dried over Na,SO0, and concentrated. The residue was purified by silica gel
nchromatography (petroleum ether/ EtOAc = 10:1 ~ 6:1) to yield ferf-butyl 4-(4-chloro-1 -{[2-
(trimethylsilyl)ethoxy]methyl}-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)-3,6-dihydropyridine-1 (2H)-

carboxylate (1-65) (3.9 g, 67%) as a yellow gum, and a second batch of crude ferf-butyl 4-(4-
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chloro-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)-3,6-dihydropyridine-
1(2H)-carboxylate (0.7 g, -70% purity) also as a yellow gum. "H NMR (400 MHz, CDCl,) 5 ppm
8.42 (d,J=4.8 Hz, 1 H), 7.17 (d, J =4.8 Hz, 1 H), 6.15 (br. s., 1 H), 5.83 (s, 2 H), 4.14 - 416
(m, 2 H), 3.64 - 3.69 (m, 4 H), 2.66 - 2.68 (m, 3H), 1.50 (s, 9 H), 0.93 (t, J = 8.2 Hz, 2 H), -0.03
(s, 9 H).

Step 4 - Synthesis of fert-butyl 4-(4-methoxy-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 H-
pyrazolo[3,4-b]pyridin-3-yl)-3,6-dihydropyridine-1 (2H)-carboxylate (I-66)

Na (282 mg, 12.3 mmol) was added to dry MeOH (30 mL) and stirred at room temperature until
the mixture turned clear. A solution of tert- butyl 4-(4-chloro-1 -{[2-(trimethylsilyl)ethoxy]methyl}-
1H-pyrazolo[3,4-Jb]pyridin-3-yl)-3,6-dihydropyridine-1 (2H)-carboxylate (I-65) (1.9 g, 4.085 mmol)
in MeOH (20 mL) was added to the solution. The mixture was heated at reflux for 3.5 hr. TLC
(petroleum ether/EtOAc = 3:1) showed the reaction was completed. The mixture was
concentrated to remove MeOH. To the residue were added EtOAc (50 mL) and H,0 (50 mL).
The organic layer was washed with brine (30 mL), dried over Na,SO, and concentrated. The
residue was purified by silica gel chromatography (petroleum ether / EtOAc = 3:1) to yield tert-
butyl 4-(4-methoxy-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)-3,6-
dihydropyridine-1 (2H)-carboxylate (1-66) (1.6 g, 85%) as a colorless syrup.

Step 5 - Synthesis of fert-butyl 4-(4-methoxy-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 H-
pyrazolo[3,4-fo]pyridin-3-yl)piperidine-1 -carboxylate (I-67)

A  mixture of tert-butyl 4-(4-methoxy-1 -{[2-(trimethylsilyl)ethoxy]methyl}-1 /-/-pyrazolo[3,4-
Jb]pyridin-3-yl)-3,6-dihydropyridine-1 (2H)-carboxylate (1-66) (0.58 g, 1.26 mmol) and 10% Pd/C
(174 mg) in EtOAc (20 mL) was hydrogenated under a H, balloon at room temperature
overnight. TLC (petroleum ether/EtOAc = 1:1) showed that fert-butyl 4-(4-methoxy-1-{[2-
(trimethylsilyl)ethoxy]methyl}-1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)-3,6-dihydropyridine-1 (2H)-
carboxylate still remained . The mixture was filtered , and 10% Pd/C (174 mg) was added to the
mixture and resulting mixture was hydrogenated under a H, balloon at 30 °C overnight. LCMS
showed the reaction was completed. The mixture was filtered and the filtrate was concentrated
to yield terf-butyl 4-(4-methoxy-1-{[2-(trimethylsilyl)ethoxy]methyl}-1 /-/-pyrazolo[3,4-Jb]pyridin-3-
yl)piperidine-1 -carboxylate (I-67) (0.52 g, 89%) as a yellow gum, which was used in the next
step directly.

Step 6 - Synthesis of [4-methoxy-3-(piperidin-4-yl)-1 H-pyrazolo[3,4-£)]pyridin-1-
yllmethanol (1-68)

To a stirred solution of fert-butyl 4-(4-methoxy-1-{[2-(trimethylsilyl)ethoxy]lmethyl}-1 H-
pyrazolo[3,4-Jb]pyridin-3-yl)piperidine-1 -carboxylate (1-67) (0.52 g, 1.12 mmol) in CH,CI, (5 mL)

was added TFA (5mL) at 5 °C. The mixture was stirred at room temperature overnight. TLC



10

15

20

WO 2016/097918 PCT/IB2015/059360

-73 -

(petroleum ether/EtOAc=1 :1,) showed the reaction was completed. The mixture was
concentrated to yield crude [4-methoxy-3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-Jb]pyridin-1-
yllmethanol (1-68) (~1.12 mmol, 100%) as yellow syrup, which was used in the next step

directly.
Step 7 - Synthesis of 4-methoxy-3-(piperidin-4-yl)-1  H-pyrazolo[3,4-£>]pyridine (I-69)

A mixture of [4-methoxy-3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-Jb]pyridin-1-yllmethanol (1-68) (295
mg, 1.12 mmol) in dioxane (5 ml_) and NH;.H,0 (5 ml_, 28%) was stirred at room temperature
for 4 hr. LCMS showed the reaction was completed . The mixture was concentrated and purified
by silice gel chromatography (CH2CI2 : MeOH = 5:1) to yield crude 4-methoxy-3-(piperidin-4-yl)-
1/-/-pyrazolo[3,4-Jb]pyridine (I-69) (260 mg, ~100%) as a yellow solid , which was used directly in

the next step.

Synthesis of 2-(1 -methyl-1 H-pyrazol-4-y|)-7-(piperidin-4-yl)quinoxaline (1-77)

cl
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Step 1 - Synthesis of 7-bromoquinoxalin-2(1 H)-one (1-71)

To a cooled 0 °C solution of quinoxalin-2(1 H)-one (1-70) (50 g, 342.2 mmol) in acetic acid (800
ml_) was added in a dropwise manner a solution of bromine (32 ml) in acetic acid (200 ml_)
over a period of 30 min. Solids formed within the reaction upon addition of bromine, and the
reaction was allowed to stir slowly for a further 90 min. The solid was filtered , washed with
MeOH and ether, and dried under high vacuum to afford 7-bromoquinoxalin-2(1 /-/)-one (1-71)
(45 g, 58%) as a white solid. LCMS (APCI), m/z 224.1 [M + H]*; "H NMR (400 MHz, DMSO-c/s) 8
ppm 12.46 (s, 1 H), 8.16- 8.18 (m, 1 H), 7.69- 7.72 (d, 1 H), 7.44 - 7.46 (m, 2 H).

Step 2 - Synthesis of 7-bromo-2-chloroquinoxaline (1-72)
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A stirred solution of 7-bromoquinoxalin-2(1 H)-one (1-71) (50 g, 222. 1 mmol) in POCI3 (500 mL)
was stirred and heated to reflux for 1 hr. The substrates took approximately 30 min to solubilize,
and a further 30 min for the reaction to reach completion. The reaction was allowed to cool, and
the excess POCI; removed under vacuum. The reaction residue was poured onto crushed ice,
and neutralized with solid NaHCO03. The aqueous was extracted with EtOAc (3 x 250 mL). The
organics were dried over Na,SO ,, filtered, and concentrated to afford a yellowish solid, which
was washed with 5% ether in hexanes to afford 7-bromo-2-chloroquinoxaline (1-72) (40 g, 70%)
as a brownish solid. LCMS (APCI), m/z 242.1 [M + H]*; '"H NMR (400 MHz, DMSO-c/s) 8 ppm
9.04 (s, 1 H), 8.33 (d, J=2.0 Hz, 1 H), 8.03- 8.11 (m, 2 H).

Step 3 - Synthesis of 7-bromo-2-(1 -methyl-1 H-pyrazol-4-yl)quinoxaline  (I-73)

To a mixture of 1-methyl-4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-1 H-pyrazole (8.54 g,
41.31 mmol), 7-bromo-2-chloroquinoxaline (I-72) (10 g, 41.31 mmol), and cesium carbonate (30
g, 103. 26 mmol) in DMF was added Pd(dppf)Cl, (1.7 g, 2.08 mmol). The reaction was heated
to 110 C for 16 hr before being allowed to cool. The reaction mixture was poured into water
(250 mL), and extracted with EtOAc (3 x 300 mL). The combined organics were dried over
Na2S04, filtered and concentrated in vacuo to afford a residue that was purified by
chromatography on silica gel (0 - 100 % EtOAc in heptanes). Washing the solids obtained with
ether afforded 7-bromo-2-(1 -methyl-1 /-/-pyrazol-4-yl)quinoxaline (I-73) (10 g, 84%) as a
colorless solid. LCMS (APCI), m/z 289/291 [M + H]*;"H NMR (400 MHz, DMSO-c/g) 8 ppm 9.33
(s, 1H), 8.63 (s, 1 H), 8.29 (s, 1 H), 8.18 - 8.19 (d, 1 H), 7.92 - 7.97 (m, 1 H),7.85 - 7.88 (d, 1
H), 3.96 (s, 3 H).

Step 4 - Synthesis of ferf-butyl 4-[3-(1 -methyl-1 H-pyrazol-4-yl)quinoxalin-6-yl]-3,6-
dihydropyridine-1 (2H)-carboxylate (I-74)

To a mixture of 7-bromo-2-(1 -methyl-1 /-/-pyrazol-4-yl)quinoxaline (I-73) (7 6, 24,2 mmol), tert-
butyl 4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1 (2H)-carboxylate (I-3)
(5 g, 24.2 mmol), and sodium carbonate (7.6 g, 72.64 mmol) in dioxane and water was added
Pd(PPh,), (690 mg, 0.59 mmol). The reaction was heated to 100 °C for 12 hr before being
allowed to cool. The reaction mixture was extracted with EtOAc (3 x 300 mL). The combined
organics were dried over Na2S04, filtered and concentrated in vacuo to afford a residue that
was purified by chromatography on silica gel (0- 5 % MeOH in CH,C\,) to afford fert-butyl 4-[3-
(1-methyl-1 H-pyrazol-4-yl)quinoxalin-6-yl]-3,6-dihydropyridine-1  (2H)-carboxylate  (I-74) (5 g,
53%) as a slightly yellow solid . LCMS (APCI), m/z 392.1 [M + H]*; "H NMR (400 MHz, DMSO-
de) 8 ppm 9.23 (s, 1H), 8.60 (s, 1 H), 8.26 (s, 1 H), 7.90 - 7.96 (m, 3 H), 6.51 (s, 1 H), 4,03 (s, 2
H), 3.95 (s, 3 H), 3.59 - 3.61 (m, 1 H), 2.63 (s, 2 H), 1.44 (s, 9 H).
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Step 5 - Synthesis of fert-butyl 4-[3-(1 -methyl-1 H-pyrazol-4-yl)-1 ,2,3,4-
tetrahydroquinoxalin-6-yl]piperidine-1 -carboxylate (I-75)

fe/f-Butyl  4-[3-(1 -methyl-1 /-/-pyrazol-4-yl)quinoxalin-6-yl]-3,6-dihydropyridine-1  (2/-/)-carboxylate
(I-74) (4.7 g, 12.02 mmol) was taken up in MeOH in a 500 mL Parr shaker vessel. The solution
was degassed for 5 min followed by addition of Pd/C (2.5 g, 10%) under a nitrogen atmosphere.
The reaction was agitated under 50 psi of hydrogen pressure for 16 hr. The reaction was filtered
through a pad of celite, and the filtrate evaporated to dryness to afford fe/f-butyl 4-[3-(1 -methyl-
1H-pyrazol-4-yl)-1 ,2,3,4-tetrahydroquinoxalin-6-yl]piperidine-1 -carboxylate (I-75) (4.6 g), which
was used in the next step without further purification. LCMS (APCI), m/z 396.1 [M + H]*; 'H
NMR (400 MHz, DMSO-cfg) 8ppm 7.39 - 7.57 (m, 1 H), 6.30 - 6.31 (d,2 H), 6.22 - 6.24 (d, 2
H), 5.39 (s, 1 H), 5.29 (s, 1 H), 4.24 - 4.25 (d, 1 H), 3.95 - 4.02 (m, 2 H), 3.78 (s, 3 H), 3.25 (s,
1H), 3.02- 3.06 (M, 1H), 2,73 (s, 2 H), 2.34 - 2.40 (m, 1 H), 1.63 - 1.66 (d, 2 H), 1.40 (s, 9 H).

Step 6 - Synthesis of iert-butyl 4-[3-(1-methyl-1 H-pyrazol-4-yl)quinoxalin-6-yl]piperidine-
1-carboxylate (I-76)

To a solution of fe/f-butyl 4-[3-(1-methyl-1H-pyrazol-4-yl)-1 ,2,3,4-tetrahydroquinoxalin-6-
yl]piperidine-1 -carboxylate (I-75) (4.6 g, 11.64 mmol) in MeCN (50 mL) was added activated
Mn0 , (10 g, 116.42 mmol). The reaction was allowed to stir for 3 hr before being filtered
through a plug of Celite. Removal of the solvent in vacuo afforded fe/f-butyl 4-[3-(1 -methyl-1 H-
pyrazol-4-yl)quinoxalin-6-yl]piperidine-1 -carboxylate (I-76) (4.5 g), which was used directly in
the next step without further purification . LCMS (APCI), m/z 394.2 [M + H]*: "H NMR (400 MHz,
DMSO-cfg) 5 ppm 9.23 (s, 1 H), 8.59 (s, 1 H),8.25 (s, 1 H), 7.94 - 7.96 (d, 1 H), 7.78 (s, 1 H),
7.66 - 7.67 (d, 1 H), 413 (s, 2 H), 3.95 (s, 3 H), 2.87 - 2.95 (m, 3 H), 1.87 - 1.91 (m, 2 H), 1.51
- 1.63 (M, 2 H), 1.43 (s, 9 H).

Step 7 - Synthesis of 2-(1 -methyl-1 H-pyrazol-4-yl)-7-(piperidin-4-yl)quinoxaline (I-77)

To a solution of fe/f-butyl 4-[3-(1 -methyl-1 /-/-pyrazol-4-yl)quinoxalin-6-yl]piperidine-1 -carboxylate
(I-76) (4.5 g, 11.45 mmol) in dioxane was added at ice-cold temperature a solution of 4N HCI in
dioxane (20 mL). The reaction was stirred for 4 hr. Excess dioxane was removed in vacuo, and
the yellow solids formed washed with ether, and dried under high vacuum to afford fe/f-butyl 4-
[3-(2 -methyl-1 /-/-pyrazol-4-yl)quinoxalin-6-yl]piperidine-1 -carboxylate (I-77) (4.1 g, 100 %) as the
hydrochloride salt, which was used without further purification. LCMS (APCI), m/z 294.4 [M +
HI*; "TH NMR (400 MHz, DMSO-cfs) 8 ppm 9.26 (s, 1 H), 8.82 (br. s., 2 H), 8.62 (s, 1 H), 8.01 (s,
1H), 7.78 (s, 1 H), 7.63 - 7.65 (d, 1 H), 3.95 (s, 3 H), 3.40 - 3.43 (m, 2 H), 3.06 - 3.11 (m, 3 H),
2.01 - 2.09 (m, 2 H), 1.92 - 1.98 (m, 2 H).
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Synthesis of 4-(dimethylamino)-6-(piperidin-4-yl)pyridine-2-carboxamide (1-84)

O
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Step 1 - Synthesis of ferf-butyl 4-amino-6-chloro-3',6 :-dihydro-2,4 -bipyridine-1 :(2:H)-
carboxylate (1-79)

To a mixture of 2,6-dichloropyridin-4-amine (1-78) (15 g, 92 mmol), tert-butyl 4-(4,4,5,5-
tetramethyl-1 ,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1 (2H)-carboxylate (1-3) (28.44 g, 92
mmol) and Cs,CO0 5 (89 g, 276 mmol) in DME (270 mL) and H,0 (90 mL) was added Pd(dppf)Cl,
(1.93 g, 2.76 mmol) at room temperature under N,. The resulting mixture was heated at 80 °C
for 12 hr. TLC (petroleum ether/EtOAc = 3:1) showed most of 2,6-dichloropyridin-4-amine had
been consumed. The mixture was partitioned between EtOAc (300 mL) and H,0 (50 mL). The
organic layer was separated, washed with brine (25 mL) dried over Na,SO,, filtered and
concentrated in vacuo to give the crude product, which was purified by silica gel
chromatography (petroleum ether/EtOAc = 5:1~2:1) to give ferf-butyl 4-amino-6-chloro-3',6'-
dihydro-2,4'-bipyridine-1 '(2'H)-carboxylate (1-79) (6 g, 21%) as a white solid .

Step 2 - Synthesis of T-ferf-butyl 6-methyl 4-amino-3',6 '-dihydro-2,4 :-bipyridine-1 :,6(2'H)-
dicarboxylate (I-80)

This reaction was run in three 2 g batches: To a solution of fert-butyl 4-amino-6-chloro-3',6'-
dihydro-2,4'-bipyridine-1 '(2'H)-carboxylate (I-79) (2 g, 6.48 mmol) in MeOH (30 mL) was added
TEA (1.308 g, 12.96 mmol) and Pd(dppf)Cl, (0.136 g, 0.168 mmol) at room temperature. The
resulting mixture was heated at 100 °C under CO pressure (2 MPa) for 12 hr. TLC (petroleum
ether/EtOAc = 1:1) showed most of fe/f-butyl 4-amino-6-chloro-3',6'-dihydro-2,4'-bipyridine-

1'(2'H)-carboxylate was consumed. The mixture was concentrated in vacuo to give the crude
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product, which was purified by silica gel chromatography (petroleum ether/EtOAc = 4:1to 2:1)
to give 1'-te/f-butyl 6-methyl 4-amino-3',6'-dihydro-2,4'-bipyridine-1 ',6(2'H)-dicarboxylate (1-80)
(7.5 g, 39%, three batches in total) as a white solid.

Step 3 - Synthesis of fert-butyl 4-amino-6-carbamoyl-3 .,6.-dihydro-2,4'-bipyridine-1 .(2.H)-

carboxylate (1-81)

To a solution of 1-te/f-butyl 6-methyl 4-amino-3',6'-dihydro-2,4'-bipyridine-1 ',6(2'H)-
dicarboxylate (I-80) (2.5 g, 7.51 mmol) in MeOH (25 mL) was added NH;-MeOH (4 M, 30 mL) at
room temperature. The resulting mixture was sealed and heated at 80 °C for 12 hr. LCMS
showed the reaction was complete. The mixture was concentrated in vacuo to give the crude
product, which was purified by silica gel chromatography (petroleum ether/EtOAc = 4:1 to
CH,CI/MeOH = 20:1) to give te/f-butyl 4-amino-6-carbamoyl-3',6'-dihydro-2,4'-bipyridine-
1'(2'H)-carboxylate (1-81) (2.4 g, 100%) as a white solid .

Step 4 - Synthesis of ferf-butyl  4-(4-amino-6-carbamoylpyridin-2-yl)piperidine-1 -
carboxylate (1-82)

To a solution of te/f-butyl 4-amino-6-carbamoyl-3',6'-dihydro-2,4"-bipyridine-1  '(2'/-/)-carboxylate
(1-81) (2.4 g, 7.55 mmol) in MeOH (300 mL) was added 10% Pd/C (800 mg) at room
temperature. The resulting mixture was stirred at room temperature under a balloon pressure of
H, (15 Psi) for 12 h. LCMS showed the reaction was complete. The mixture was filtered through
Celite, and washed with MeOH (100 mL). The filtrate was concentrated in vacuo to give tert-
butyl 4-(4-amino-6-carbamoylpyridin-2-yl)piperidine-1  -carboxylate (1-82) (2.2 g, 91%) as a white

solid .

Step 5 - Synthesis of ferf-butyl 4-[6-carbamoyl-4-(dimethylamino)pyridin-2-yl]piperidine-
1-carboxylate (I-83)

To a solution of te/f-butyl 4-(4-amino-6-carbamoylpyridin-2-yl)piperidine-1 -carboxylate (1-82)
(0.2 g, 0.625 mmol) in MeOH (10 mL) was added TEA (63 mg, 0.625 mmol), AcOH (37.5 mg,
0.625 mmol) and HCHO (152 mg, 1.875 mmol) at room temperature, and the reaction stirred for
15 min . After 15 min, NaBH,CN (114 mg, 1.875 mmol) was added to the mixture. The resulting
mixture was stirred at room temperature overnight. TLC (CH,CI/MeOH = 10:1) showed some of
te/f-butyl 4-(4-amino-6-carbamoylpyridin-2-yl)piperidine-1  -carboxylate still remained. Another
batch of HCHO (152 mg, 1.875 mmol) and NaBH,CN (114 mg, 1.875 mmol) were added into
the mixture. The resulting mixture was stirred at room temperature for 12 h. The mixture was
concentrated in vacuo to give the crude product, which was purified by silica gel
chromatography  (CH,CL/MeOH = 50:1~20:1) to give te/f-butyl 4-[6-carbamoyl-4-
(dimethylamino)pyridin-2-yl]piperidine-1 -carboxylate (I-83) (0.13 g, 59%) as a colorless olil,

which was used directly in the next step.
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Step 6 - Synthesis of 4-(dimethylamino)-6-(piperidin-4-yl)pyridine-2-carboxamide (1-84)

To a solution of fe/f-butyl 4-[6-cailDamoyl-4-(dimethylamino)pyridin-2-yl]piperidine-1 -carboxylate
(1-83) (0.13 g, 0.374 mmol) in EtOAc (20 mL) was added HCI-EtOAc (4 M, 10 mL) at room
temperature. The resulting mixture was stirred at room temperature overnight. The mixture was
concentrated in vacuo to give 4-(dimethylamino)-6-(piperidin-4-yl)pyridine-2-carboxamide  (1-84)

(0.075 g, 80%) as a white solid, which was used without further purification.

Synthesis of tert-butvl 4-((r(4-methylphenyl)sulfonylloxy)methylpiperidine-1  -carboxylate
(1-85)

>Loi N TsCl >‘\O)O]\ N

TEA, CH,Cl,

OH OTs
1-47 1-85
Step 1 - Synthesis of fert-butyl 4-({[(4-methylphenyl)sulfonylloxy}methyl) piperidine-1 -

carboxylate

To a stirred solution of fe/f-butyl 4-(hydroxymethyl)piperidine-1 -carboxylate (I1-47) (60 g, 46
mmol) and TEA (42.3 g, 418 mmol) in CH,CI, (300 mL) was added TsCI (55.8 g, 293 mmol) in
portions at 0~5 °C. The resulting mixture was stirred at 15 °C for 12 h. TLC (petroleum
ether/EtOAc=3: 1, Rf ~0.7) showed that the reaction was completed . The reaction mixture was
washed with saturated NaHCO ; (3 x 300 mL) and brine (3 x 300 mL).The organic phase was
dried over Na,SO,, filtered and concentrated in vacuo to give the crude product, which was
stirred in petroleum ether (50 mL) for 10 min and then filtered, dried in vacuo to obtain ferf-butyl
4-({[(4-methylphenyl)sulfonyl]Joxy}methyl)piperidine-1 -carboxylate (I-85) (80 g, 78%) as a white
solid. "H NMR (400 MHz, CDCI,) & ppm 7.77 (d,J = 8.0 Hz, 2 H), 7.34 (d, J = 8.0 Hz, 2 H), 4.08
(br.s.,2 H), 3.84 (d, J = 6.4 Hz, 2 H), 2.45 (s, 3 H), 1.81 - 1.83 (m, 1 H), 1.61 - 1.69 (m, 2 H),
1.43 (s, 9 H), 1.06 - 1.14 (m, 2 H).



WO 2016/097918 PCT/IB2015/059360

-79 -

Synthesis of 5-(piperidin-4-ylmethoxy)pyrimidin-4-amine  (1-93)

0
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Step 1 - Synthesis of methyl (2£)-2,3-dimethoxyprop-2-enoate (1-87)

5 Note, caution should be exercised due to the evolution of H, gas. To a mixture of methyl
methoxyacetate (I-86) (249.6 g, 2.40 mol) and methyl formate (173 g, 2.88 mol) in anhydrous
THF (3.5 L) was added NaH (134 g, 3.36 mol, 60% in oil) in portions over 1 hat 5~ 10 °C. The
resulting mixture was stirred at 15 ~ 20 °C for 12 h. The formation of a white solid was noted,
TBME (1.5 L) was added and the resulting suspension was filtered . The filter cake was dried in
10  air to give crude methyl (2£)-2,3-dimethoxyprop-2-enoate  (I-87) (2.4 mol, 100%) as a white

solid, which was used in the next step without further purification.
Step 2 - Synthesis of 5-methoxypyrimidin-4-ol (1-88)

A mixture of methyl (2£)-2,3-dimethoxyprop-2-enoate (I-87) (351 g, 2.4 mol) and formamidine

acetate (250 g, 2.4 mol) in EtOH (3 L) was stirred at room temperature for 12 h, and then
15 refluxed for 24 h with air cooling (note potential issues of sublimation of formamidine acetate

leading to condenser blockage) . Water (500 ml_) was added and the mixture was acidified with

AcOH (750 ml_) from pH = 10 to 5. The mixture was concentrated in vacuo to give the residue,

which was purified by silica gel chromatography (CH,Cl/MeOH = 50:1 ~ 10:1) to obtain 5-

methoxypyrimidin-4-ol (1-88) (80 g, 26%) as an off-white solid. "H NMR (400 MHz, DMSO-cf) &
20  ppm 12.47 (br. s, 1 H), 7.81 (s, 1 H), 7.52 (s, 1 H), 3.70 (s, 3 H).
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Step 3 - Synthesis of 4-chloro-5-methoxypyrimidine (1-89)

A suspension of 5-methoxypyrimidin-4-ol (1-88) (57 g, 0.452 mol) in POCI, (540 mL) was heated
at reflux for 6 hr. TLC (CH,CI/MeOH =10:1) showed the reaction was complete. Most of the
POCI,; was removed under reduced pressure, and the residue was poured into ice-water (2 L),
basified with K,CO0 5 (250 g) to pH ~ 7. The mixture was then extracted with EtOACTBME (3:1, 4
X 250 mL). The organic layers were combined, washed with brine (100 mL) and dried over
Na,SO0 ,, filtered and concentrated in vacuo to give 4-chloro-5-methoxypyrimidine (1-89) (38 g,
58%) as a yellow solid. "H NMR (400 MHz, DMSO-c/g) 8 ppm 8.63 (s, 1 H), 8.32 (s, 1 H), 4.02
(s, 3 H).

Step 4 - Synthesis of 4-amino-5-methoxypyrimidine (1-90)

A suspension of 4-chloro-5-methoxypyrimidine  (1-89) (40 g, 280 mmol) in NH; (g)/EtOH (4 M,
2000 mL) was poured into an autoclave at room temperature and stirred at 130 °C for 12 hr.
TLC (CH,CI/MeOH = 10:1) showed the reaction was complete. The mixture was cooled to
room temperature and concentrated in vacuo to give a residue, to which was added CH,CI,
(100 mL) and the resulting mixture was stirred at room temperature for 30 min. The resulting
suspension was filtered to remove NH,Clsalt, and the filtrate was concentrated in vacuo to give
the crude product. The crude product was stirred in a mixed solvent of EtOAc/CH ,Cl, (50 mL,
4:1) for 30 min, filtered and concentrated in vacuo to obtain 4-amino-5-methoxypyrimidine (1-90)
(30 g, 87%) as a yellow solid . "H NMR (400 MHz, DMSO-c/s) 8 ppm 8.01 (s, 1 H), 7.81 (s, 1 H),
6.75 (br.s.,2 H), 3.81 (s, 3 H).

Step 5 - Synthesis of 4-amino-5-hydroxypyrimidine (1-91)

To a solution of 4-amino-5-methoxypyrimidine  (1-90) (40 g, 319.67 mmol) in anhydrous DMF
(2500 mL) was added CH;SNa (40.3 g, 575 mmol, Aldrich 95% purity, powdered solid) at room
temperature. The resulting mixture was heated at 120 °C for 12 hr. TLC (CH,CI/MeOH = 10:1)
showed the reaction was complete. The mixture was concentrated in vacuo to give a residue, to
which was added AcOH (35 mL) and H,0 (100 mL). The mixture was then evaporated in vacuo
to give the crude product. The crude product was purified by silica gel chromatography
(CH,CI/MeOH = 50:1 to 5:1) to afford 4-amino-5-hydroxypyrimidine (1-91) (29 g, 82%) as a
brown solid . This may contain some inorganic solids, but was used directly in the next step
without further purification. "H NMR (400 MHz, DMSO-cfs) 3 ppm 7.90 (s,1 H), 7.62 (s, 1 H), 6.46
(br.s.,2 H).

Step 6 - Synthesis of fert-butyl 4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidine-1 -
carboxylate (1-92)

To a mixture of fe/f-butyl 4-({[(4-methylphenyl)sulfonyllJoxy}methyl)piperidine-1 -carboxylate (I-
85) (66.5 g, 180.01 mmol) and 4-amino-5-hydroxypyrimidine (1-91) (20 g, 180.01 mol) in
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anhydrous DMF (1000 mL) was added Cs,CO, (117 g, 360 mmol) at room temperature under a
N, atmosphere. The resulting mixture was heated at 60 °C for 12 hr. TLC (CH,CI/MeOH =
10:1) showed the reaction was complete. The mixture was cooled to 0 °C, and H,0 (350 mL)
and CH,CI, (300 mL) were added. The organic layer was separated and the aqueous layer was
extracted with CH,CI, (3 x 250 mL). The organic layers were combined, washed with H,0 (4 x
150 mL), brine (2 x 100 mL), dried over Na,SO, and concentrated in vacuo to give the crude
product, which was stirred in a mixed solvent of petroleum ether/EtOAc (1:1, 150 mL) for 10 min
and then filtered, dried in vacuo to give tert-butyl 4-{[(4-aminopyrimidin-5-

yl)oxy]methyl}piperidine-1 -carboxylate (I-92) (36 g, 65%) as a white solid .
Step 7 - Synthesis of 5-(piperidin-4-ylmethoxy)pyrimidin-4-amine (1-93)

To a stirred solution of fert-butyl 4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidine-1  -carboxylate
(1-92) (85 g, 275.64 mmol) in CH,CI, (1500 mL) and MeOH (200 mL) was added HCI (g)/EtOAc
(4 M, 1000 mL) at room temperature. The resulting mixture was stirred at room temperature for
12 hr. The mixture was concentrated in vacuo to give the HCI salt of 5-(piperidin-4-
ylmethoxy)pyrimidin-4-amine ~ (1-93) (77 g, 99%) as a yellow solid. "H NMR (400 MHz, CD,0D) 5
ppm 8.41 (s, 1 H), 7.93 (s, 1 H), 4.07 (d,J=6.4 Hz, 2 H), 3.46 - 3.49 (m, 2 H), 3.04 - 3.10 (m, 2
H), 2.19-2.31 (m, 1 H), 214 -2.17 (m, 2 H), 1.61 - 1.70 (m, 2 H).

Synthesis of 7-(piperidin-4-yl)-5H-pyrrolor2,3-folpyrazine (1-1 00)

sil
= gi— P
SUELTI
2 = Cul, Pd(PPhy); [ -
N el N” NH
2 THF, TEA N" NH,
1-94 1-95 1-96

Boc

O:CN—BOC N
£-BUOK, NMP [N\I\> B Pd/C
= H KOH,MeOH N Hy, MeOH

P
1-97 N 1-98
N"H
IBoc
H
N N
HCI
N CH,CI
N 2%l N HCI
L [\ \
N ~ N
H N N
1-99 1-100
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Step 1 - Synthesis of 2-amino-3-chloropyrazine (I-95)

A mixture of 2,3-dichloropyrazine (I-94) (45 g, 300 mmol) in NH3-H,0 (1000 mL) was stirred at
120 °C in a 2 L autoclave overnight. The mixture was filtered, and the filter cake was washed
with water (400 mL) and CH,CIl, (400 mL), and dried in vacuum to afford 2-amino-3-
chloropyrazine (1-95) (36.85 g, 94%) as a gray solid, which was used directly without further

purification.
Step 2 - Synthesis of 3-[(trimethylsilyl)ethynyl]pyrazin-2-amine (I-96)

To a solution of 2-amino-3-chloropyrazine (1-95) (30 g, 250 mmol) in a mixture of THF (200ml)
and TEA (200 mL) was added Cul (1 g, 5.2 mmol), Pd(PPh;), (2 g, 1.7 mmol) and TMS-
acetylene (30 mL, 480 mmol) at O °C under N,. The reaction mixture was stirred at room
temperature for two days. TLC (petroleum ether: EtOAc = 2: 1) showed the reaction was
complete. The mixture was concentrated under vacuum to give the crude product, which was
purified by silica gel chromatography (petroleum ether: EtOAc = 30:1) to give 3-
[(trimethylsilyl)ethynyl]pyrazin-2-amine (1-96) (14 g, 32%) as a faint yellow solid.

Step 3 - Synthesis of 5H-pyrrolo[2,3-b]pyrazine (I-97)

To a solution of f-BuOK (24 g, 230 mmol) in dry NMP (30 mL ) was added dropwise a solution
of 3-[(trimethylsilyl)ethynyl]pyrazin-2-amine (1-96) (15 g,78 mmol) in NMP (60 mL) over 10 min
at 80 °C. The mixture was stirred at 80 °C for 1.5 hr. TLC (petroleum ether: EtOAc = 2: 1)
showed the reaction was complete. The reaction mixture was cooled to room temperature, and
then diluted with EtOAc (500 mL) and water (100 mL). The EtOAc layer was washed with water
(6 x 50 mL). The combined organic layeres were dried (Na,SO0,), filtered and concentrated

under vacuum to give 5/-/-pyrrolo[2,3-Jb]pyrazine (I-97) (5 g, 54%) as a dark brown solid.

Step 4 - Synthesis of ferf-butyl 4-(5H-pyrrolo[2,3-E£>]pyrazin-7-yl)-3,6-dihydropyridine-
1(2H)-carboxylate (I-98)

To a solution of 5H-pyrrolo[2,3-Jb]pyrazine (1-97) (4.3 g, 36.1 mmol) in MeOH (100 mL) was
added fert-butyl 4-oxopiperidine-1 -carboxylate (8.7g,43.3 mmol) and KOH (8.1 g, 144.4 mmol).
The mixture was heated to 80 °C overnight. TLC (petroleum ether: EtOAc = 1: 1) showed the
reaction was complete. The mixture was concentrated to give the crude product, which was
purified by silica gel chromatography (petroleum ether: EtOAc = 1:1) to give fert-butyl 4-(5H-
pyrrolo[2,3-Jb]pyrazin-7-yl)-3,6-dihydropyridine-1 (2/-/)-carboxylate (1-98) (8 g, 74%) as a yellow

solid .



10

15

20

25

WO 2016/097918 PCT/IB2015/059360

-83 -

Step 5 - Synthesis of ferf-butyl 4-(5H-pyrrolo[2,3-b]pyrazin-7-yl)piperidine-1 -carboxylate
(1-99)

To a solution of terf-butyl 4-(5/-/-pyrrolo[2,3-Jb]pyrazin-7-yl)-3,6-dihydropyridine-1 (2/-/)-
carboxylate (1-98) (5 g, 16.7 mmol) in MeOH (150) was added 10% Pd/C (1.4 g) at room
temperature. Then the mixture was stirred at 50 °C for 8 hr under a H, balloon. LCMS showed
the reaction was complete. The mixture was filtered, and the filtrate was concentrated to give
the crude product, which was purified by silica gel chromatography (0 - 100% EtOAc/petroleum
ether) to give tert-butyl 4-(5/-/-pyrrolo[2,3-Jb]pyrazin-7-yl)piperidine-1 -carboxylate (I-99) (3.4 g,

70%) as a yellow solid.
Step 6 - Synthesis of 7-(piperidin-4-yl)-5H-pyrrolo[2,3-b]pyrazine  (1-1 00)

To a solution of fert-butyl 4-(5/-/-pyrrolo[2,3-Jb]pyrazin-7-yl)piperidine-1 -carboxylate (1-99) (3.4 g,
11.2 mmol) in CH,CI, (15 mL) was added HCI/EtOAc (4 N, 30 mL) at room temperature. Then
the mixture was stirred at room temperature for 2 hr. LCMS showed the reaction was complete.
The mixture was concentrated to give a crude product, which was washed with EtOAc (50 mL)
and CH,CI, (50 mL) to give 7-(piperidin-4-yl)-5H-pyrrolo[2,3-Jb]pyrazine (1-100) (2.4g, 90%) as a
yellow solid. LCMS (APCI), m/z 203.3 [M + H]*; 1H NMR (400 MHz, CD;OD) & ppm 8.73 - 8.74
(d, 1H), 855-8.56 (d, 1H),8.26 (s, 1 H), 3.58 - 3.59 (m, 2 H), 3.44 - 3.45 (m, 1 H), 3.25 - 3.27
(m, 2 H), 2.34 - 2.38 (m, 2 H), 2.07 - 2.11 (m, 2 H).

Synthesis of 5-amino-2-(piperidin-4-yl)pyrimidine-4-carboxamide (1-1 05)

)O]\ O\ _<:/\

B N—Boc
e ¢ \ Boc.
Cl O Os_NH, : :O 3

1. TEA/CH.CI
NH, 2l N7 NH, Pd(dppf)Cl, ~ |

NZ Na
)\\ | 2. MeOH/NH3 )\\ | Cs,CO;, dioxane, H,0 NH>
cl N “ N H5N (@]
2
1-101 1-102 1-103
Boc <
N HN
N N
H,, Pd/C z | 4 N HCI, MeOH - |
MeOH NS~ SNH, NS NH,
0% “NH, 07 NH,
1-104 1-105

Step 1- Synthesis of 5-amino-2-chloropyrimidine-4-carboxamide  (1-102)

To a cooled 0 °C solution of 5-amino-2-chloropyrimidine-4-carboxylic acid (1-101) (500 mg, 2.88
mmol) in CH,CI, (25 mL) was added TEA (1.2 mL, 8.64 mmol) followed by methyl chloroformate
(0.45 mmol, 5,76 mmol). The reaction mixture was stirred at 0 °C for 30 min. After this time,

NH; (20 mL, 7 N in MeOH, 140 mmol) was added, and the reaction stirred at room temperature
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for 5 days. The mixture was reduced to minimum volume, and the residue triturated with MeOH
to afford 5-amino-2-chloropyrimidine-4-carboxamide  (1-102) (334 mg, 67%) as a pale yellow
solid . "H NMR (400 MHz, CDCl,) d ppm 8.27 (s, 1 H), 7.66 (br. s., 1 H), 5.94 (br. s.,2 H), 5.53
(br.s., 1 H).

Step 2 - Synthesis of fert-butyl 4-(5-amino-4-carbamoylpyrimidin-2-yl)-3,6-
dihydropyridine-1(2H)-carboxylate (1-1 03)

A mixture of 5-amino-2-chloropyrimidine-4-carboxamide  (1-102) (330 mg, 1.91 mmol), fe/f-butyl
4-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1  (2H)-carboxylate (828 mg,
2.68 mmol), and cesium carbonate (1.87 g, 5.74 mmol) was taken up in dioxane (25 ml_) and
degassed with nitrogen for 5 min. Pd(dppf)Cl, (78.4 mg, 0.096 mmol) was added, and the
vessel sealed and heated to 80 °C for 18 hr. LCMS indicares complete conversion to the
desired product (mass ion shows 264, which is product minus t-butyl). The mixture was
partitioned between EtOAc (50 ml_) and brine (50 ml_). The aqueous layer was further extracted
with EtOAc (2 x 50 ml_). The combined organics were washed with brine, dried over MgS04,
filtered and concentrated to afford a residue, which was purified by chromatography over silica
gel eluting with 20 - 100% EtOAc in heptanes to afford fe/f-butyl 4-(5-amino-4-
carbamoylpyrimidin-2-yl)-3,6-dihydropyridine-1  (2/-/)-carboxylate (1-103) as a pale yellow solid.'H
NMR (400 MHz, CDCI_) 6 ppm 8.34 (s, 1 H), 7.83 (br. s., 1 H), 6.94 (br.s., 1 H), 5.85 (br. s., 2
H), 5.48 (br. s., 1 H), 3.97 - 4.25 (m, 2 H), 3.64 (t, J = 5.56 Hz, 2 H), 2.68 (br.s.,2 H), 1.50 (s, 9
H).

Step 3- Synthesis of fert-butyl 4-(5-amino-4-carbamoylpyrimidin-2-yl)piperidine-1 -

carboxylate (1-1 04)

To a solution of fe/f-butyl 4-(5-amino-4-carbamoylpyrimidin-2-yl)-3,6-dihydropyridine-1  (2/-/)-
carboxylate (1-103) (470 mg, 1.47 mmol) in MeOH (30 mL) was added Pd/C (100 mg, 10%).
The reaction was place on a Parr shaker at 30 psi hydrogen pressure for 18 hr. A slight uptake
in hydrogen was observed . Check LCMS and mass does not correlate either for product or
starting material. Filter through microfiber filter paper washing with MeOH (10 mL). Strip to
dryness to afford a foamy residue. Triturate with heptanes initially followed by ether to afford a
free-flowing powder. Filter washing with heptanes/ether.and a collect second crop. Combine the
solids to afford fe/f-butyl 4-(5-amino-4-carbamoylpyrimidin-2-yl)piperidine-1 -carboxylate (1-1 04)
(397 mg, 84%) as a colorless solid. LCMS (APCI), myz 222.2 [M - Boc]*; "H NMR (400 MHz,
DMSO-c/s) 6 ppm 8.38 (s, 1 H), 8.02 (br. s., 1 H), 7.61 (br.s., 1 H), 6.66 (br.s.,2 H), 4.00 d,J =
12.8 Hz, 3 H),2.75 - 2.93 (m, 2 H), 1.89 (d, J = 10.7 Hz, 2 H), 1.61 (dd, J = 12.3, 3.5 Hz, 2 H),
1.41 (s, 9 H).
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Step 4 - Synthesis of 5-amino-2-(piperidin-4-yl)pyrimidine-4-carboxamide (1-1 05)

To a solution of fe/f-butyl 4-(5-amino-4-carbamoylpyrimidin-2-yl)piperidine-1 -carboxylate (1-104)
(395 mg, 1.23 mmol) in MeOH (5 mL) was added HCI (5 mL, 4 N in dioxane, 20 mmol), and the
reaction allowed to stir at room temperature for 18 hr. LCMS indicated the reaction was
complete. The solvent was evaporated to minimum volume, and the residue dried under high
vacuum to afford 5-amino-2-(piperidin-4-yl)pyrimidine-4-carboxamide  (1-105) (364 mg, assume
quantitative for b/s-HCI salt) as the hydrochloride salt, which was used without further

purification.

Synthesis of 5-(1-methyl-1tf-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine  (I-

107)

N
)2(0 \j ~NY
O-§ o Br'&N\ NN
Cs,CO,/Pd(PPh3), 7 N\ O

N= _
NH, Toluene/EtOH N N,
1-55 1-108
\N/§N
HCI/EtOAc = /_C
NH
7 N
=
NH,

1-107

Step 1- Synthesis of fert-butyl 4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidine-1 -carboxylate (1-106)

To a suspension of fe/f-butyl 4-({[2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyridin-
3-ylJoxy}methyl)piperidine-1 -carboxylate (I-55) (11.08 g, 27.2 mmol), 4-bromo-1-methyl-1 H-
imidazole (5.26 g, 32.7 mmol), Cs,C05 (2 N in H,0, 27.2 mL, 54.5 mmol) in toluene (50 mL)
and EtOH (150 mL) was added Pd(PPh,), (4.72 g, 4.08 mmol). The mixture was thoroughly
degassed with N, three times and the brown suspension was then stirred at 85 °C for 16 hr
under N,. LCMS showed the desired product by mass had formed. The reaction mixture was
concentrated under vacuum to give a residue, which was diluted with CH,C1, (300 mL), washed
with water (50 mL), brine (30 mL), dried over Na,SO, and concentrated to give the crude
product which was purified twice by silica gel chromatography (0 to 5% MeOH in CH.CI,
followed by CH,CI/MeOH = 1/0 to 20/1) to give fe/f-butyl 4-({[2-amino-5-(1 -methyl-1 H-imidazol-
4-yl)pyridin-3-ylJoxy}methyl)piperidine-1 -carboxylate (~ 5.9 g as a brown solid. ~ 90% purity).
This material was diluted with EtOAc / CH,CI, (5:1, 60 mL) and heated to 60 °C until a clear

solution was obtained . Cooling the solution to 25 °C with concomitant reduction of the volume
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under reduced pressure (-1 0 mL) lead to the appearance of a precipitate. The suspension was
filtered, the filter cake was washed with EtOAc/petroleum ether (1:1, 10 mL) and dried under
vacuum to give tert-buty| 4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylloxy}methyl)piperidine-1 -carboxylate (1-106) (4.38 g, 42%) as a purple solid.

Step 2 - Synthesis of 5-(1-methyl-1H-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-

amine (1-107)

tert-Buty!| 4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidine-1 -
carboxylate (1-106) (10.6 g, 26.6 mmol) was dissolved in CH,CIl/Methanol (66 mL). The yellow
solution was cooled to 0 °C with an ice-bath and HCI(g) in EtOAC (50 mL, 4M) was slowly
added in a dropwise manner over 5 min. Almost immediately a yellow precipitate appeared.
After the addition was completed, the ice-bath was removed . The suspension was stirred at 25
°C for 20 hr. The light yellow suspension was then concentrated under vacuum to give the
hydrochloride salt of 5-(1 -methyl-1 /-/-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine  (I-
107) (11.69 g, > 100%) as a light yellow solid, which was used without further purification .
LCMS (APCI), m/z 288.2 [M + H]*; "H NMR (400 MHz, CD,0OD) & ppm 9.08 (s, 1 H), 8.12 (s, 1
H), 7.94 (s, 1 H), 7.84 (s, 1 H), 4.25 - 4.27 (d, 2 H), 4.03 (s, 3 H), 3.49 - 3.53 (d, 2 H), 3.12 (t, 2
H), 2.28 - 2.46 (m, 1 H), 214 - 2.27 (m, 2 H), 1.67 - 1.83 (m, 2 H).

Synthesis of 5-(1-methyl-1 H-imidazol-5-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine  (I-
109)

;)( )

N
O —
O-E 0 Br’@N )
/ \ O/_<:/\N o) /_<:/\N_BOC
= CsF/Pd(dppf)Cl, 7 N_g
NH,

[ >

MeOH N=
NH,
I-55 1-108
NAN/
HCI/CH,CI, — /_<:/\
NH
7 N—d
N=
NH,
1109
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Step 1 - Synthesis of fert-butyl 4-({[2-amino-5-(1-methyl-1 H-imidazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidine-1 -carboxylate (1-108)

To a suspension of tert-butyl 4-({[2-amino-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyridin-

3-ylloxy}methyl)piperidine-1 -carboxylate (I-55) (22 mg, 0.51 mmol), 5-bromo-1-methyl-1H-
imidazole (124 mg, 0.77 mmol), CsF (273 mg, 1.80 mmol) in MeOH (8 mL) was added
Pd(dppf)Cl, (21 .2 mg, 0.026 mmol). The mixture was thoroughly degassed with N, three times
and the brown suspension was then stirred at 85 °C for 16 hr under N,. LCMS showed the
desired product by mass had formed. The reaction mixture was concentrated under vacuum to
give a residue, which was diluted with partitioned between EtOAc (20 mL) and H20 (10 mL).
The aqueous was extracted with EtOAc (2 x 10 mL), and the combined organics dried over
Na2S04, filtered and concentrated to adfford a residue, which was purified by reverse phase
HPLC to afford fe/f-butyl 4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-5-yl)pyridin-3-ylJoxy}methyl)

piperidine-1 -carboxylate (1-1 08) (97 mg, 49%) as a colorless solid. LCMS (APCI), m/z 388.2 [M
+ HJ*; "TH NMR (400 MHz, DMSO-c/g) 8 ppm 7.62 (s, 1 H), 7.58 (d,J = 1.76 Hz, 1 H), 7.06 (d, J =
1.76 Hz, 1 H),6.90 (d, J = 1.01 Hz, 1 H), 5.82 (s, 2 H), 3.97 (d, J = 12.09 Hz, 3.87 (d,J = 6.55
Hz, 2 H), 3.60 (s, 3 H), 2.67 - 2.79 (m, 2 H), 1.89 - 2.00 (m, 1 H), 1.80 (d,J = 10.83 Hz, 2 H),
1.39 (s, 9 H), 1.17 (dd, J = 12.21, 3.90 Hz, 1 H).

Step 2 - Synthesis of 5-(1-methyl-1H-imidazol-5-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-

amine (1-109)

tert-butyl 4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-5-yl)pyridin-3-ylJoxy}methyl)piperidine-1 -
carboxylate (1-108) (95 mg, 0.24 mmol) was dissolved in CH,Cl, (3 mL). The yellow solution
was cooled to 0 °C with an ice-bath and HCI(g) in dioxane (0.61 mL, 4M, 2.45 mmol) was slowly
added in a dropwise manner. After the addition was completed , the ice-bath was removed . The
suspension was stirred at 25 °C for 20 hr. The light yellow suspension was then concentrated
under vacuum to give the hydrochloride salt of 5-(1-methyl-1 H-imidazol-5-yl)-3-(piperidin-4-

ylmethoxy)pyridin-2-amine  (1-109) (88 mg, > 100%) as a white solid, which was used without

further purification . LCMS (APCI), m/z 288.3 [M + H]".
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Synthesis of 3-(piperidin-4-yl)-1 H-pyrazolor3,4-c/lpyrimidine (1-1 16)

r/N| OH Br, r/NI OH POCI, r/Nl cl
Nx AcOH NJBr reflux NJBr
11110 1111 11112

X 0
PDC, CH,Cl, N7

FPrMgCl, THF N7 ~Cl Boc
1-114
H
N
N,H 4 H,O HCI (9)
THF EtOAC TN
N
N\/ | | N N/)
N N/) H
H
1115 1116

Step 1- Synthesis of 5-bromopyrimidin-4-ol (1-111)

To a solution of pyrimidin-4-ol (1-110) (50 g, 0.52 mol) in AcOH (800 mL) was added in a
dropwise manner a solution of Br, (88 g, 0.55 mol) in AcOH (100 mL) over a period of 30 min at
room temperature. Then the resulting mixture was stirred at room temperature overnight. The
reaction mixture was filtered, and the cake was washed with petroleum ether (200 mL), and
neutralized with saturated ag. NaHCO ; (500 mL) carefully. The suspension was filtered, the
cake was washed with H,0 (100 mL), dried under high vacuum to give 5-bromopyrimidin-4-ol (I-
111) (45 g, 50%) as a pale white solid.

Step 2 - Synthesis of 5-bromo-4-chloropyrimidine (1-1 12)

To a mixture of 5-bromopyrimidin-4-ol (1-111) (40 g, 0.22 mol) in POCI4 (300 mL) was added in
a dropwise manner DIPEA (29 g, 0.22 mol) at room temperature. Then the resulting mixture
was heated to reflux for 3 hr. TLC (petroleum ether/EtOAc 1:1) showed the reaction was
complete. Excess POCI;was removed through distillation under reduced pressure. The residue
was poured into ice-water (300 mL) slowly with stirring. The mixture was extracted with EtOAc
(2 x 300 mL), the combined organic layers were washed with water (300 mL), brine (300 mL),
dried over Na,S0, and concentrated under vacuum. The residue was purified by silica gel
chromatography (petroleum ether/EtOAc from 20:1 to 10:1) to give 5-bromo-4-chloropyrimidine
(1-112) (25 g, 60%) as a yellow oil.



10

15

20

25

30

35

WO 2016/097918 PCT/IB2015/059360

-89 -

Step 3 - Synthesis of ferf-butyl 4-[(4-chloropyrimidin-5-yl)(hydroxy)methyl]piperidine-1 -

carboxylate (1-1 13)

To a - 30 °C solution of 5-bromo-4-chloropyrimidine (1-1 12) (13 g, 0.07 mol) in anhydrous THF
(130 ml_) was added in a dropwise manner a solution of /-PrMgCl (50 ml_, 0.1 mol, 2M in THF) .
Then the resulting mixture was stirred at - 30 °C for 30 min. A solution of fe/f-butyl 4-
formylpiperidine-1 -carboxylate (15 g, 0.07 mol) in THF (20 ml_) was added to the above solution
at - 30 °C. After the addition, the mixture was allowed to room temperature, and stirred for a
further 4 hr. TLC (petroleum ether/EtOAc 3:1) showed the reaction was complete. Saturated aq.
NH,CI (200 ml_) was added to quench the reaction at 0 °C. The mixture was extracted with
EtOAc (2 x 200 ml). The organic layers were dried over Na,S0, and concentrated under
vacuum. The residue was purified by silica gel chromatography (petroleum ether/EtOAc from
10:1to 3:1) to give fe/f-butyl 4-[(4-chloropyrimidin-5-yl)(hydroxy)methyl]piperidine-1  -carboxylate
@-113) (13.7 g, 60%) as a pale white solid ."H NMR (400 MHz, CDCly) 5 ppm 891 (s, 1 H),8.83
(s, 1H), 485 - 493 (m, 1 H), 4.14 (br.s.,2 H), 255 - 2.62 (m, 3 H), 1.83 - 1.92 (m, 1 H), 1.41
- 1.46 (m, 15 H).

Step 4 - Synthesis of ferf-butyl 4-[(4-chloropyrimidin-5-yl)carbonyl]piperidine-1 -

carboxylate (1-1 14)

To a mixture of fe/f-butyl 4-[(4-chloropyrimidin-5-yl)(hydroxy)methyl]piperidine-1  -carboxylate (I-
113) (4 g, 0.012 mol) in CH,CI, (150 mL) was added PDC (5.9 g, 0.016 mol) in portions. Then
the mixture was stirred at room temperature for 14 hr. TLC (petroleum ether/EtOAc 2:1) showed
the reaction was complete. The reaction mixture was filtered , and the filtrate was concentrated
under vacuum at room temperature. The residue was purified by silica gel chromatography
(petroleum  ether/EtOAc from 6:1 to 3:1) to give fe/f-butyl 4-[(4-chloropyrimidin-5-
yl)carbonyl]piperidine-1 -carboxylate (1-114) (1.1 g, 28%) as a pale yellow oil.

Step 5 - Synthesis of ferf-butyl 4-(1 H-pyrazolo[3,4-c/]pyrimidin-3-yl)piperidine-1-

carboxylate (1-1 15)

To a mixture of fe/f-butyl 4-[(4-chloropyrimidin-5-yl)carbonyl]piperidine-1 -carboxylate (1-114)
(1.5 g, 46 mmol) in THF (10 mL) was added N,H,.H,0 (0.25 g, 5.1 mmol). The resulting
mixture was stirred at room temperature for 30 min. Then the reaction mixture was heated to 50
°C for another 30 min. TLC (petroleum ether/EtOAc 2:1) showed the reaction was complete.
The reaction mixture was concentrated under high vacuum. The residue was dissolved with
EtOAc (30 mL), and then washed with H,0 (10 mL), brine (10 mL), dried over Na,SO, and
concentrated under vacuum to give fe/f-butyl 4-(1 /-/-pyrazolo[3,4-d]pyrimidin-3-yl)piperidine-1 -
carboxylate (1-115) (1.1 g, 78%) as a yellow solid, which was used in the next step without

further purification .
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Step 6 - Synthesis of 3-(piperidin-4-yl)-1 H-pyrazolo[3,4-c/]pyrimidine (1-1 16)

To a ice-bath cooled solution of tert-butyl 4-(1/-/-pyrazolo[3,4-d]pyrimidin-3-yl)piperidine-1 -
carboxylate (1-115) (1.2 g, 3.9 mmol) in CH,Cl, (10 mL) was added 4 M HCI/EtOAc (20 mL).
Then the resulting mixture was stirred at room temperature overnight. The reaction mixture was
concentrated under vacuum, and the residue was dissolved in H,0 (20 mL). The solution was
washed with EtOAc (15 mL) and lyophilized under vacuum to give the hydrochloride salt 3-
(piperidin-4-yl)-1 H-pyrazolo[3,4-d]pyrimidine  (1-116) (0.7 g, 87%) as a yellow solid. LCMS
(APCI), m'z 204.1 [M + H]*; "H NMR (400 MHz, D,0) & ppm 9.55 (s, 1 H), 9.06 (s, 1 H), 3.50 -
3.54 (m, 2 H), 3.15- 3.22 (m, 2 H), 2.31 - 2.35 (m, 2 H), 2.03 - 2.14 (m, 3 H).

Synthesis of 3-(piperidin-4-ylmethoxy)pyridin-2-amine (1-1 18)

HO

l X Boc\N H’\O\
o
Boc HoN™ N 49 HCI(g)/EtOAc
N 'e) o ~
OMs  Cs,COs, DMF ™ CHACl |

1-48 1117 1118

Step 1 - Synthesis of fert-butyl 4-{[(2-aminopyridin-3-yl)oxy]methyl}piperidine-1 -

carboxylate (1-117)

A mixture of tert-butyl 4-{[(methylsulfonyl)oxy]methyl}piperidine-1 -carboxylate (I-48) (12.08 g,
41.2 mmol), 2-aminopyridin-3-ol (I-49) (4.32 g, 39.2 mmol) and Cs,C0 4 (25.5 g, 78.4 mmol) in
DMF (120 m:) was stirred at 80 °C for 2 hr. TLC (CH,CL/MeOH = 10/1) showed the reaction
was complete. The reaction mixture was cooled to room temperature, and concentrated under
vacuum to dryness. The residue was diluted with 100 mL of water and extracted with CH,CI, (3
x 100 mL). The combined organic layers were dried over Na,SO0,, filtered and concentrated
under vacuum to give the crude product. The crude product was washed with ethyl acetate (20
mL) to give fert-butyl 4-{[(2-aminopyridin-3-yl)oxy]methyl}piperidine-1 -carboxylate (1-117) (9.37
g, 78%) as a yellow solid. "H NMR (400 MHz, CDCly) & ppm 7.65 - 7.66 (m, 1 H), 6.81 (d, J =
6.8 Hz, 1 H),6.58 - 6.61 (m, 1 H), 4.62 (br. s.,2 H), 4.17 (br. s., 2 H), 3.82 (d,J = 6.0 Hz, 2 H),
2.65- 2.85 (m, 2 H), 1.97 - 2.01 (m, 1 H), 1.79 - 1.85 (m, 2 H), 1.46 (s, 9 H), 1.27 - 1.31 (m, 2
H).

Step 2 - Synthesis of 3-(piperidin-4-ylmethoxy)pyridin-2-amine (1-118)

A solution of 4N HCI in EtOAc (45 mL) was added to a mixture of tert-butyl 4-{[(2-aminopyridin-
3-yl)oxy]methyl}piperidine-1 -carboxylate (1-117) (9.37 g, 29.5 mmol) in CH,CI, (45 mL) at 0 °C.

The mixture was stirred at room temperature for 3 hr. LCMS showed the reaction was complete.
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The mixture was concentrated under vacuum, and the residue lyophilized to afford the
hydrochloride salt of 3-(piperidin-4-ylmethoxy)pyridin-2-amine  (1-118) (8.57 g, 95% yield) as a
grey solid. LCMS (APCI), m/z208.1 [M + H]*;"H NMR (400 MHz, CD,0D) & ppm 7.47 - 7.50 (m,
2 H), 6.88 -6.91 (m, 1H), 4.11(d, J=6.4 Hz, 2 H),3.49 (d,J = 12.4 Hz, 2 H), 3.07 -3.13 (m, 2
H), 2.25 - 2.35 (m, 1H), 2.18 (d, J = 14.0 Hz, 2 H), 1.67 - 1.77 (m, 2 H).

Synthesis of 4-methoxy-3-(piperidin-4-yl)-1 H-pyrrolor2,3-folpyridine (1-1 23)

!30(:
N
cl ~o O:CN—Boc <~ o
Z~N MeOH P MeONa, MeOH |
NTO N"TN 7N
H N" N
1119 1-120 1-121
Boc H
N N
Pd/C ~o0 HCI o
MeOH CHoCl,
DH DR
~ ~
N N
N H N H
1122 1123

Step 1- Synthesis of 4-methoxy-1 H-pyrrolo[2,3-£>]pyridine (1-1 20)

To MeOH (600 mL) was added Na (22.6 g, 983 mmol.) in portions over 1 hr, and the mixture
stirred to afford a clear solution. Then 4-chloro-1 /-/-pyrrolo[2,3-Jb]pyridine (1-119) (50 g, 327.69
mmol) was added . The reaction mixture was stirred at 140 °C for 44 hrin a 1 L autoclave. Some
yellow solids formed in the reaction mixture, and LCMS showed about 30% of starting material
remained . The reaction mixture was concentrated under vacuum to remove MeOH. The residue
was diluted into water (200 mL) and extracted with EtOAc/THF ( 2 x 300 mL/50 mL). The
extracts were washed with saturated NH,CI (150 mL) and brine (150 mL). The extract was dried
and concentrated to give a crude product, which was purified by silica gel chromatography
(petroleum ether: EtOAc: THF = 3:1:0.2 to 1:1: 0.2) and re-crystallized from petroleum
ether/CH ,CI,/EtOH (600 mL/100 mL/10 mL) to give 4-methoxy-1 H-pyrrolo[2,3-Jb]pyridine (1-120)
(22 g, 45%) as a white solid.

Step 2 - Synthesis of fert-butyl 4-(4-methoxy-1H-pyrrolo[2,3-b]pyridin-3-yl)-3,6-
dihydropyridine-1 (2H)-carboxylate (1-121)

To MeOH (1.5 L) was added Na (57 g, 2.48 mol) in portions over 2 h, and the mixture stirred to
afford a clear solution . 4-methoxy-1 /-/-pyrrolo[2,3-Jb]pyridine (1-120) (64.4 g, 410 mmol) and tert-
butyl 4-oxopiperidine-1 -carboxylate (165.0 g, 826 mmol) was added to the NaOMe solution (1.5
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L) at 25 °C. The reaction mixture was stirred at 80 °C for 3 days. LCMS showed about 30% of
starting material was remained. The reaction mixture was concentrated to remove MeOH. The
residue was diluted into water (1.5 L) and extracted with EtOAc/THF (2 x 1.5 L/150 ml). The
extracts were washed with brine (2 x 2 L ). The extract was dried over Na,SO,, and
concentrated to give a residue (300 g), which was purified by silica gel chromatography
(petroleum ether: EtOAc: THF = 3:1:0.15 to 1:1: 0.15) to give te/f-butyl 4-(4-methoxy-1 H-
pyrrolo[2,3-Jb]pyridin-3-yl)-3,6-dihydropyridine-1 (2H)-carboxylate (1-121) (49 g, 35%) as a yellow

solid .

Step 3 - Synthesis of fert-butyl 4-(4-methoxy-1H-pyrrolo[2,3-b]pyridin-3-yl)piperidine-1 -

carboxylate (1-122)

To a light yellow suspension of terf-butyl 4-(4-methoxy-1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)-3,6-
dihydropyridine-1 (2H)-carboxylate (1-121) (38 g, 110 mmol) in MeOH (800 ml_)/THF (50 mL)
was added 10% Pd/C (20 g, 50 % H,0) under an Ar atmosphere. The mixture was purged with
Ar (15 psi) three times and H, (15 psi) three times. Then the reaction mixture was stirred under
30 psi of H, pressure and heated to 60 °C for 40 hr. LCMS showed that the reaction was
complete. The mixture was filtered, and the filtrate was concentrated to give terf-butyl 4-(4-
methoxy-1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidine-1 -carboxylate (1-122) (37 g, 96%) as a grey

solid .
Step 4 - Synthesis of 4-methoxy-3-(piperidin-4-yl)-1 H-pyrrolo[2,3-b]pyridine (1-1 23)

To a yellow solution of terf-butyl 4-(4-methoxy-1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidine-1 -
carboxylate (1-122) (37 g, 110 mmol) in CH,CI, (200 mL) was added 4 N HCI (g) / EtOAc (200
mL) in a dropwise manner maintaining the temperature between 10 - 20 °C. A significant
amount of solids were formed. The mixture was stirred at 20 °C for 2 hr. TLC (petroleum ether :
EtOAc = 2:3) showed that the reaction was complete. The mixture was filtered and the solid
was dried under vacuum to give 4-methoxy-3-(piperidin-4-yl)-1 /-/-pyrrolo[2,3-Jb]pyridine (1-123)
(33.6 g, 100%) as a grey solid. LCMS (APCI), m/z 231 .8 [M + H]*; "H NMR (400 MHz, CD,0OD) &
ppm 8.34 - 8.35 (d, 1 H), 7.35 (s, 1 H), 7.20 - 7.21 (d, 1 H), 4.28 (s, 3 H), 3.51 - 3.54 (d, 2 H),
3.36 -3.42 (m, 1 H), 3.18-3.24 (1, 2 H), 2.27 - 2.31 (d,2 H), 1.88 - 1.98 (m, 2 H).
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Synthesis of A/-(bicvclon .1.11pent-1-yl)-2-chloro-6-f I(1S,2R)-2-

cvanocvclopropyllmethoxy>pyrimidine-4-carboxamide (1-126)

N N KHMDS, THF
Cl ( = H N
N~ JAN \\\»J
OH
Cl ) “no
NZ
1124 1125 1-126
Step 1 - Synthesis of W-(bicyclo[1.1.1]pent-1-yl)-2-chloro-6-{[(1 S,2R)-2-

5 cyanocyclopropyllmethoxy}pyrimidine-4-carboxamide  (1-126)

To a solution of /V-(bicyclo[1.1.1]pent-1 -yl)-2,6-dichloropyrimidine-4-carboxamide (1-124) (55
mg, 0.21 mmol) in THF (23 mL) was added dropwise KHMDS (0.42 mL, 0.42 mmol, 1 M in
THF) at -5 ~ 0 °C under a nitrogen atmosphere. After the addition , the mixture was stirred at -5
~ 0 °C for 30 min before a solution of (1R,2S)-2-(hydroxymethyl)cyclopropanecarbonitrile (I-

10 125) (41 mg, 0.42 mmol) in THF (2 mL) was then added in a dropwise manner to the reaction
mixture at -5 ~ 0 °C. After this addition, the mixture was warned to room temperature and stirred
at room temperature for 14 hr. LCMS indicated the reaction was complete. The mixture was
neutralized with AcOH (38 mg, 0.63 mmol) at room temperature. The resulting mixture was
diluted with brine (10 mL) and H,0 (2 mL). The mixture was stirred at room temperature for 15

15 min. The organic layer was separated from the mixture and the aqueous layer was re-extracted
with EtOAc (2 x 10 mL). The combined organic layers were dried over Na,SO,, filtered and
concentrated. The residue was purified by chromatography on silica gel (petroleum ether/EtOAc
= 3:1) to give [/V-(bicyclo[1l.1.1]pent-1-yl)-2-chloro-6-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}
pyrimidine-4-carboxamide (1-126) (30 mg, 44.8%) as a colorless oil. "H NMR (400 MHz, CDCly)

20 S5ppm 8.07 (br.s.1H),7.45 (s, L H), 465 - 471 (m, 1 H),4.37 - 442 (m, 1 H), 251 (s, 1 H),
1.87 - 2.19 (m, 6 H), 1.73- 1.87 (m, 1 H), 1.69 - 1.71 (m, 1 H), 1.36 - 1.38 (m, 1 H), 1.13 -
1.15 (m, 1 H).

Synthesis of 1-(hvdroxymethyl)cyclopropanecarbonitrile (1-128)

— 9
O—X}N NaBH, NC;)Q

DME/MeOH OH

1127 1128

25
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Step 1:Synthesis of 1-(hydroxymethyl)cyclopropanecarbonitrile (1-1 28)

To a solution of ethyl 1-cyanocyclopropanecarboxylate (1-127) (5 g, 36 mmol) in DME/MeOH
(80 mL/8 mL) was added NaBH, (10.65 g, 0.288 mol) in a portionwise manner at 0 ~ 5 °C. The
mixture was stirred at room temperature for 4 hr. TLC (petroleum ether: EtOAc=1 :1) showed the
reaction was complete. The reaction mixture was diluted with saturated aq. NaHCO 5 (60 mL)
and then extracted with 10% MeOH/CH.CI, (8 x 100 mL). The combined organic layers were
dried over Na,S0, and concentrated to give 1-(hydroxymethyl)cyclopropanecarbonitrile (1-128)

(3 g, 85%) as a light yellow oil, which was used without further purification.

Synthesis of (1R.2S)-2-(hvdroxymethyl)cvclopropanecarbonitrile (1-1 25)

cl
N n-BuLi, THF O  LiHMDS(1.3eq) /\

@)
\7 MeCN NC THF N

1129 1-130 1125
Step 1: Synthesis (S)-3-(oxiran-2-yl)propanenitrile (1-130)

To a mixture of (S)-2-(chloromethyl)oxirane (1-129) (100g, 1.11 mol) in CH,CN (340 mL) and
THF(500 mL) was added n-BuLi (500 mL, 1.3 mol) in hexane dropwise at -65°C. The mixture
was stirred at - 65 °C for 4 hr and allowed to warm to room temperature. After stirring at room
temperature overnight, NH,CI (150 mL) was added and the resulting mixture was extracted with
EtOAc (3 x 250 mL). The combined organic phase was washed with brine (250 mL), dried with
Na,S0, and concentrated in vacuo. The residue was purified with column chromatography on
silica gel (petroleum ether: EtOAc = 10:1 - 4:1) to give (S)-3-(oxiran-2-yl)propanenitrile (1-1 30)
(60 g, 56.2%) as a yellow oail.

Step 2 - Synthesis of (1R,2S)-2-(hydroxymethyl)cyclopropanecarbonitrile (1-125)

To a mixture of (S)-3-(oxiran-2-yl)propanenitrile (1-130) (50 g, 0.52 mol) in THF (1.0 L) was
added a solution of LIHMDS (1000 mL, 1.0 mol) in THF (1 M) under N, at -65 °C, the resulting
mixture was stirred at the same temperature for 2 hr, then warmed to room temperature. 200
mL of H,0 was added at 0°C to quench the reaction. The organic layer was separated and the
aqueous layer was re-extracted with EtOAc (3 x 500 mL). The combined organic phase was
concentrated and the residue was purified with column chromatography on silica gel (petroleum
ether: ethyl acetate = 4:1 - 1:1) to give (1R,2S)-2-(hydroxymethyl)-cyclopropanecarbonitrile  (I-
125) (6 g, 12%) as a yellow oil. "H NMR (400 MHz, DMSO-c/g) 8 ppm 4.76 - 4.78 (m, 1 H), 3.44 -
3.50 (m, 1 H), 3.22 -3.26 (m, 1 H),1.66 - 1.69 (m, 1 H), 1.33 - 1.39 (m, 1 H), 0.99 - 1.04 (m, 1
H), 0.75 - 0.77 (m, 1H).
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Synthesis of r(2/?)-5,5-dimethyltetrahydrofuran-2-vnmethanol (1-1 33)

, TsCl, TEA MeLi
0"y oH ° o:/\Oj' ~oTs ><Oj/\ OH
:<j CH,Cl, THF

1131 1-132 1-133

Step 1 - Synthesis of [(2S)-5-oxotetrahydrofuran-2-ylimethyl 4-methylbenzenesulfonate
(1-132)

To a light yellow solution of (5S)-5-(hydroxymethyl)dihydrofuran-2(3/-/)-one (@@-131) (4.0 g, 34.45
mmol) and TEA (9.6 mL, 68.9 mmol) in CH,Cl, (30 mL) was added TsCl (9850 mg, 51.7 mmol)
in CH,CI, (15 mL) at 0 °C. The solution turned to a gray suspension after stirring at 0 °C for 2 h.
TLC (petroleum ether: EtOAc = 1: 2) showed that the starting material had been consumed.
The reaction mixture was diluted with CH,Cl, (100 mL), washed with ag. NH,CI (3 x 100 mL),
brine (100 mL), dried over anhydrous Na,SO, and concentrated to give the crude product,
which was purified silica gel chromatography (EtOAc: petroleum ether = 0% - 50%) to give
[(2S)-5-oxotetrahydrofuran-2-yllmethyl  4-methylbenzenesulfonate (1-132) (7.5 g, 81%) as a

white solid, which was used without further purification .
Step 2 - Synthesis of [(2R)-5,5-dimethyltetrahydrofuran-2-yljmethanol (1-133)

To a solution of [(2S)-5-oxotetrahydrofuran-2-yllmethyl  4-methylbenzenesulfonate (1-132) (5.0 g,
18.5 mmol) in dry THF (90 mL) cooled to -90 °C was added dropwise a solution of methyllithium
in diethyl ether (23.1 mL, 37.0 mmol, 1.6 M). The reaction mixture was stirred at -90 °C for 2 h.
Then the reaction mixture was warmed up from -90 °C to 20 °C over 4 hr. TLC (petroleum
ether: EtOAc = 1: 2) indicated that the starting material had been completely consumed with a
new product formed. The reaction was quenched with saturated brine (100 mL). The reaction
mixture turned to a yellow suspension , which turned clear upon addition of 1M HCI (30 mL). The
reaction mixture was saturated with NaCl and extracted with EtOAc (4 x 80 mL). The combined
organic layers were dried over anhydrous Na,SO,, filtered and concentrated to give the crude
product, which was purified by silica gel chromatography (petroleum ether: EtOAc = 0% - 50%)
to give [(2f?)-5,5-dimethyltetrahydrofuran-2-yllmethanol (1-133) (620 mg, 25.7%) as a light
yellow oil. '"H NMR (400 MHz, CDCly) & ppm 4.08 - 4.11 (m, 1 H), 3.66 - 3.70 (m, 1 H), 3.47 -
3.50 (m, 1H), 1.95-2.01 (m, 1 H), 1.73 - 181 (m, 3 H), 1.25-1.27 (d, 6 H).
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Synthesis  of  r@f?)-2,2-difluorocvclopropyllmethanol  (1-141) and  11S)-2,2-

difluorocvclopropyllmethanol (1-142)

0
Os
>~ F F7A\ _0
F \ﬂfo NaF F @ NaOH _ F7A\(o
F

O~ F B EE—— 0
/\ﬂ/ + ~_.0 Toluene, reflux L/ reflux ol
Si
o - |
1134 1-136 1-136 1-137
i). PhCQOCI, TEA F F
LiAIH, FA CH-Ch F7 ‘ul -
-_— F . . +
Et,0 OH ii) SFC separation @) (o)
1138 1139 © 1-140 ©

Step 1: Synthesis butyl 2,2-difluorocyclopropanecarboxylate (1-1 36)

A solution of butyl prop-2-enoate (80 g, 6.24 mol) and a catalytic amount of NaF (1.57 g, 375
mmol) in anhydrous toluene (800 ml_) was degassed with nitrogen 3 times, and then refluxed
for 1 hr. Then, trimethylsilyl difluoro(fluorosulfonyl)acetate (250 g, 9.99 mol) was added
dropwise to the refluxing solution over a period of 40 mins. After the addition, the resulting pale
colorless solution was refluxed under N, for a further 8 hr. The reaction solution was cooled to
room temperature to afford a pale yellow solution . The solvent was removed under vacuum at
~45 °C, The combined residue (~130 ml) was firstly distilled at 130 °C under atmospheric
pressure to remove residual toluene, and then distilled under reduced pressure (~0.02 atm) at
the same temperature to give butyl 2,2-difluorocyclopropanecarboxylate (1-1 36) (65 g, 59%) as
a colorless oil. "H NMR (400 MHz, CDCIy) 5 ppm 4.09 - 4.21 (m, 2 H), 2.36 - 2.47 (m, 1 H), 2.04
- 207 (m, 1H), 1.60- 1.66 (m, 3 H), 1.36 - 1.42 (m, 2 H), 0.94 (t, J = 7.2 Hz, 3 H).

Step 2 - Synthesis 2,2-difluorocyclopropanecarboxylic acid (1-1 37)

A colorless solution of butyl 2,2-difluorocyclopropanecarboxylate (1-136) (65.0 g, 330 mmol) in
ag .NaOH (750 mi_ H,0, 52.5 g NaOH) was refluxed for ~14 hr. A pale yellow solution was
formed . The reaction solution was cooled to room temperature, and then concentrated in vacuo
to ~250 mL volume. In an ice bath (~0-5 °C), the residue was adjusted to pH ~3-4 using cone.

ag. HCI (=70 mL). The resulting solution was extracted with EtOAc (2 x 500 mL). The combined
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organic layers were dried over Na,SO, and concentrated under high vacuum to give 2,2-

difluorocyclopropanecarboxylic acid (1-137)

(30 g, 75%) as a yellow oil which gradually solidified on standing to give a pale yellow solid. 'H
NMR (400 MHz, CDCl;) 3 ppm 10.78 (s, 1 H),2.41 - 2.47 (m, 1 H), 2.05 - 2.08 (m, 1 H), 1.80 -
1.83 (m, 1 H).

Step 3 - Synthesis (2,2-difluorocyclopropyl)methanol (1-138)

To a solution of 2,2-difluorocyclopropanecarboxylic  acid (1-137) (1.00 g, 8.19 mmol) in
anhydrous Et,0 (30 mL) cooled with an ice-bath was added in a dropwise manner a solution of
LiAIH, (12.3 mL, 1M in THF) over 20 min. After the addition , the resulting colorless suspension
was allowed to warm to room temperature, and stirred for a further 18 hr. The reaction mixture
was then cooled in an ice-bath, and then 2M NaOH (~ 1 mL) was added in a dropwise manner
to quench the reaction followed by H,0 (1 mL). The mixture was filtered, and rinsed with Et,0
(2 x 10 mL). The filtrates was washed with brine (10 mL). The organic layer was dried over
Na,S0 , and concentrated under vacuum at 5-1 0 °C to give (2,2-difluorocyclopropyl)methanol (I-
138) (2.0 g, > 100%, contaminated with residual THF) as a colorless oil. "H NMR (400 MHz,
CDCl;) d ppm 3.67 - 3.81 (m, 2 H), 1.83-187 (m, 1H), 1.45-1.48 (m, 1 H), 1.14 - 1.18 (m, 1
H).

Step 4 - Synthesis [(1 R)-2,2-difluorocyclopropyllmethyl benzoate (1-139) and [(1 S)-2,2-
difluorocyclopropyllmethyl benzoate (1-140)

To a solution of (2,2-difluorocyclopropyl)methanol (1-138) (5.00 g, 46.3 mmol) in anhydrous
CH,CI, (20 mL) was added TEA (1.12 g, 11.1 mmol) at 0 °C followed by a solution of benzoyl
chloride (1.18mL, 10.2 mmol) in CH,CI, (10 mL). The reaction mixture was stirred for 16 hr at
room temperature. TLC (petroleum ether/EtOAc = 10/1) indicated the reaction was complete.
After quenching the reaction with saturated ag. NaHCO ; (15 mL), the reaction mixture was
extracted with CH,Cl, (2 x 25 mL). The combined organic layers were washed with brine (15
mL), dried over Na,SO, and concentrated under vacuum to dryness. The residue was purified
by chromatography on silica gel (EtOAc/petroleum ether = 0/1 00 to 1/24) to give racemic 2,2-
difluorocyclopropyllmethyl benzoate (8.2 g, 84%) as a colorless oil. "H NMR (400 MHz, DMSO-
dg) 8 ppm 7.99 (d, J = 8.0 Hz, 2 H), 7.70 (t, J = 6.0 Hz, 1 H), 7.56 (t, J = 8.0 Hz, 2 H), 4.46 -
450 (m, 1 H), 423 -4.28 (m, 1 H),2.25 -2.26 (m, 1 H), 1.73 - 1.77 (m, 1 H), 1.54 - 1.59 (m, 1
H).

2,2-difluorocyclopropyllmethyl benzoate (18 g) was subjected to chiral separation by SFC to

afford both enantiomers. The chiral separation by SFC was performed using a ChiralCel OJ-H

(4.6 mm x 250 mm column, 5 micron particle size), which was eluted with 1% IPA w. heptanes
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in CO, held at 100 bar. A flow rate of 1.0 mL/min gave Rtgeai) = 9.80 min and Rt ea2 = 10.32

min .

[(1 f?)-2,2-difluorocyclopropyllmethyl  benzoate (1-139) (Peak 1): 6.05 g, ~95% ee. (+). LCMS
(APCI), m/z 212.9 [M + H]*. [a],= + 8.6 ° (c = 0.6, MeOH, 22 °C).

[(1 S)-2,2-difluorocyclopropyllmethyl  benzoate (1-140) (Peak 2): 5.98 g, ~ 90% ee. (-). LCMS
(APCI), m/z212.9 [M + H]*; [a]p= - 8.4 ° (c = 0.5, MeOH, 22 °C).

Step 5: Synthesis [(1 R)-2,2-difluorocyclopropyl]methanol (1-141)

A light yellow solution of [(1 R)-2,2-difluorocyclopropyllmethyl benzoate (1-139) (2.45 g, 11.56
mmol) (-95% ee (+)) in 10% NaOH/H,0 (12.5 mL) was stirred at 80 °C for 2 hr. The reaction
mixture was allowed to cool, and then extracted with Et,0 (3 x 20 mL). The combined organic
layers were washed with brine (30 mL), dried over Na,S0, and concentrated in vacuo at 20 °C
to give [(1 R)-2,2-difluorocyclopropylimethanol  (1-141) (1.10 g, 88%) as a light yellow oil. 'H
NMR (400 MHz, CDCly) 5 ppm 3.76 - 3.78 (m, 1 H), 3.67 - 3.70 (m, 1 H), 1.89 - 1.92 (m, 1 H),
1.45-1.48 (m, 1 H), 1.14-1.18 (m, 1 H) ;[a]p= *+ 13.3 ° (c = 0.003, MeOH, 22 °C).

Step 6: Synthesis [(1 S)-2,2-difluorocyclopropyl]methanol (1-142)

A light yellow solution of [(1 S)-2,2-difluorocyclopropyllmethyl benzoate (1-140) (2.63 g, 12.39
mmol) (-90% ee, (-)) in 10% NaOH/H,0 (13 mL) was stirred at 80 °C for 2 hr. The reaction
mixture was allowed to cool, and then extracted with Et,0 (3 x 20 mL). The combined organic
layers were washed with brine (30 mL), dried over Na,S0, and concentrated in vacuo at 20 °C

to give [(1 S)-2,2-difluorocyclopropylmethanol  (1-142)

(1.15 g, 86%) as a yellow oil. "H NMR (400 MHz, CDCl,) 5 ppm 3.76 - 3.78 (m, 1 H), 3.65 - 3.69
(m, 1H),189-192(m, 1H), 1.45-1.48 (m, 1 H), 1.14 - 1.18 (m, 1 H) ; [a],= - 10.3 ° (Cc =
0.003, MeOH, 22 °C).

Synthesis of bicvcloH .1.1lpentan-1 -amine hydrochloride (1-146)

t-BUO,CN=NCO,t-Bu
Mn(TMHD)3 (2 mol%),

é PhSiH; (1 eq) HCI
EtOAc
Boc

i-PrOH, CH,Cl,

Newni
[1.1.1]Propellane Bod” H
1-143 1-144
Hs (3 bar),
PtO, (10 mol%)
HN j MeOH NH,
H,oN
1145 1-146
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Step 1 - Synthesis of di-fert-butyl 1-(bicyclo[1.1.1]pentan-1 -yl)hydrazine-1,2-dicarboxylate
(1-144)

A stirred solution of tris(2,2,6,6-tetramethyl-3,5-heptanedionato)-manganese(l 1) [Mn(TMHD) 4]
(533 mg, 0.873 mmol) in 2-propanol (200 mL) was cooled to 0°C. To the cooled solution was
added phenylsilane (4.87 g, 43.6 mmol), a solution of di-fe/f-butyl azodicarboxylate (15.40 g,
65.5 mmol) in CH,CI, (200 mL), and then [1.1.1] propellane (Org. Synth. 1998, 75, 98-1 05 and
J. Am. Chem. Soc. 2001, 3484) (1-143) (ether/pentane solution, 2.89 g, 43.6 mmol, 90.0 mL,
0.485 M). The reaction mixture was maintained at 0°C for 21 hr and then 20 mL of water was
added followed by 50 mL of brine solution. The reaction mixture was allowed to stir 5 min and
then an additional 100 mL of water and 100 mL of sat. brine solution (200 mL) was added . The
mixture was then diluted with EtOAc (~400 mL) and extracted (3 x 100 mL) with EtOAc. The
organic layers were combined , dried, and concentrated. The crude residue was subjected to
flash chromatography (silica gel, 0-25% EtOAc/heptane) to give 12.87 g (99%) of di-te/f-butyl 1-
(bicyclo[1 .1.1]Jpentan-1 -yl)hydrazine-1 ,2-dicarboxylate (1-144) as a white solid. '"H NMR (400
MHz, CDCls) & ppm 5.95 - 6.48 (m, 1 H), 2.38 (s, 1 H), 2.03 (s, 6 H), 1.46 (s, 18 H).

Step 2 - Synthesis of bicyclo[1.1.1]pentan-1-ylhydrazine dihydrochloride (1-145)

To a stirred solution of di-fe/f-butyl 1-(bicyclo[1 .1.1]pentan-1 -yl)hydrazine-1 ,2-dicarboxylate (I-
144) (11.03 g, 36.97 mmol) in ethyl acetate (200 mL) was added HCI (300 mL, 1.11 mol, 4M in
dioxane) at room temperature. The reaction was stirred at rt and monitored by LCMS. After 18
hr the reaction was complete and the mixture was concentrated to give 5.99 g (95%) of crude
bicyclo[1 .1.1]pentan-1 -ylhydrazine dihydrochloride (1-145) as a light yellow solid . "H NMR (300
MHz, DMSO-c/g) 5 ppm 8.57 (br. s., 5 H), 2.45 (s, 1 H), 1.83 (s, 6 H).

Step 3 - Synthesis of bicyclo[1.1.1]pentan-1-amine hydrochloride (1-146)

To a slurry of platinum (V) oxide (795 mg, 3.50 mmol) in MeOH (1 mL) was added a solution of
the bicyclo[1 .1.1]pentan-1 -ylhydrazine dihydrochloride (1-145) (5.99 g, 35.0 mmol) in methanol
(350 mL). The mixture was subjected to 3 bar of hydrogen at 25 °C for 24 hr. The mixture was
then filtered through Whatman 1 filter paper and the filtrate concentrated . The crude residue
was washed with ether and then triturated in 2-propanol:DCM (10:1). The mixture was filtered
and the filtrate concentrated to give 3.35 g (80%) of bicyclo[1 .1.1]pentan-1 -amine hydrochloride
(1-146) as an off-white solid. "H NMR (300 MHz, DMSO-c/g) & ppm 8.89 (br.s.,3 H), 2.58 (s, 1
H), 1.98 (s, 6 H) .
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Synthesis of 3,3-difluorobutan-2-amine (1-151)

Jo
N pe MeMgBr
Boc/N o Boc” \HJ\N ~ e Boc/N\Hk
HATU, TEA, DMF | THF
1147 1148 1149
F RF

DAST % TFA \%
CHQC'Q BOC/NH CHQC|2 NHQ

1-150 1151

Step 1 - Synthesis of N?-(iert-butoxycarbonyl)-W-methoxy-W-methylalaninamide (1-148)

To a colorless solution of /V-(fe/?-butoxycarbonyl)alanine (1-147) (5.0 g, 26.43 mmol) in DMF
(100 mL) was added HATU (1.51 g, 39.6 mmol) and TEA (8.02 g, 79.3 mmol). The color is
yellow. After stirring for 10 min at 25 oC, compound /V-methoxymethanamine hydrochloride
(3.23 g, 52.9 mmol) was added at O °C. The resulting yellow solution was stirred at 25 °C for 25
h. The reaction mixture turned to a yellow suspension . TLC (petroleum ether: EtOAc = 1: 1)
showed the starting material was consumed and there was a new major spot. Water (60 mL)
was added. The mixture was extracted with EtOAc (3 x 80 mL). The combined organic layers
were washed with water (80 mL), aq. NH,CI (80 mL), aq. NaHCO 5 (80 mL), brine (80 mL) and
then dried over anhydrous Na,S0, and concentrated to give the crude product, which was
purified by silica gel chromatography (petroleum ether: EtOAc = 30% to 80%) to give N2-(tert-
butoxycarbonyl)-/V-methoxy-/V-methylalaninamide (1-148) (5.0 g, 82%) as a white solid.

Step 2 - Synthesis of ferf-butyl (3-oxobutan-2-yl)carbamate (1-149)

To a colorless solution of N-(fe/f-butoxycarbonyl)-/V-methoxy-/V-methylalaninamide (1-148) (3.0
g, 12.92 mmol) in dry THF (100 mL) was added MeMgBr (12 mL, 36 mmol, 3 M in Et,0) in a
dropwise manner at -15 °C over 20 min. The colorless solution turned to a light yellow
suspension. After the addition, the reaction mixture was allowed to warm slowly to 25 °C and
stirred for 20 hr. The reaction mixture was cooled to 0 °C, quenched with ag. NH4CI (50 mL),
extracted with EtOAc (2 x 50 mL). The combined organic layers were washed with water (50
mL), brine (50 mL), dried over anhydrous Na,SO, and concentrated to give crude product,
which was purified by silica gel chromatography (EtOAc: petroleum ether = 0% ~ 20%) to give
tert-butyl (3-oxobutan-2-yl)carbamate (1-149) (2.0 g, 83%) as a light yellow oil, which solidified

within 30 min on standing .
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Step 3 - Synthesis of ferf-butyl (3,3-difluorobutan-2-yl)carbamate (1-150)

To a colorless solution of tert-butyl (3-oxobutan-2-yl)carbamate (1-149) (600 mg, 3.2 mmol) in
dry CH,CI, (30 mL) was added DAST (1.2 mL, 9.61 mmol, 1.2 g/mL) dropwise at 25 °C over 20
min. The colorless solution turned to a light yellow solution. After the addition, the reaction
mixture was stirred at 25 °C for 20 hr. Further DAST (1.2 mL, 9.61 mmol, 1.2 g/mL) was added
dropwise at 25 °C over 20 min, and the light brown solution was refluxed for 24 h. The reaction
mixture was cooled to 20~25 °C, quenched with saturated NaHCO ; (60 mL), extracted with
CH,CI, (50 mL x 2). The combined organic layers were washed with brine (50 mL), dried over
anhydrous Na,S0, and concentrated to give the crude product (800 mg). The residue was
purified by silica gel chromatography (EtOAc: petroleum ether = 0% ~ 5%) to give fert-butyl
(3,3-difluorobutan-2-yl)carbamate (1-150) (270 mg, 40%) as a light yellow solid .

Step 4 - Synthesis of 3,3-difluorobutan-2-amine (1-151)

To a clear solution of fert-butyl (3,3-difluorobutan-2-yl)carbamate (1-150) (100 mg, 0.478 mmol)
in dry CH,Cl, (3 mL) was added TFA (1.5 mL) at 0~5 °C. The color changed to light yellow. The
resulting light yellow solution was stirred at 25 °C for 2 hr. NMR showed that the starting
material had been consumed. The solvent was evaporated to give 3,3-difluorobutan-2-amine (I-
151) (170 mg, yield > 100%, TFA salt) as a viscous yellow gum, which was used without further

purification.
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Synthesis of Representative Examples

Example 1 (Scheme A) - Synthesis of A/-ethyl-2-(2-fluoropropoxy)-6-f4-r3-(1-methyl-1 tf-

pyrazol-4-vhquinoxalin-6-yllpiperidin-1 -yl)pyrimidine-4-carboxamide

/N\ /N\
/ N N
HN , N,
N\ /N N N7
ci » B B
NT 177 HoNT
o

NZ
PNy
Cl N ~ DIPEA, MeOH DIPEA, MeOH
o) N N
1-152 NZ NZ
Cl N ~ Cl N W
(0] O
1-163 1-154
|
N<
N

J\/ NH
F OH NaH, THF, rt- 55 °C o
— N
SFC separation N N/ NM
>N =N
O
F_<_ Example 1

Step 1 - Synthesis of methyl 2-chloro-6-{4-[7-(1-methyl-1H-pyrazol-4-yl)quinoxalin-2-

yl]piperidin-1 -yl}pyrimidine-4-carboxylate (1-153)

To a solution of 2-(1-methyl-1 H-pyrazol-4-yl)-7-(piperidin-4-yl)quinoxaline  hydrochloride (I-77)
(250 mg, 0.76 mmol) in MeOH (15 mL) was added methyl 2,6-dichloropyrimidine-4-carboxylate
(1-152) (176 mg, 0.83 mmol) followed by DIPEA (588 mg, 0.79 mL, 4.55 mmol) at 0 °C. The
resulting mixture was stirred at room temperature for 18 hr. TLC (CH,CI/MeOH = 10:1, R; =
0.5) showed the reaction was complete. The mixture was concentrated in vacuo to remove the
majority of the solvent. The residue was triturated with CH,CI, to afford methyl 2-chloro-6-{4-[7-
(1-methyl-1 /-/-pyrazol-4-yl)quinoxalin-2-yl]piperidin-1 -yl}pyrimidine-4-carboxylate (1-153) (183
mg, 52%) as a brownish solid . LCMS (APCI), m/z 464.2 [M + H]*; "H NMR (400 MHz, CDCl,)
ppm 9.02 (br. s., 1 H),8.19 (s, 1 H), 8.14 (s, 1 H), 8.02 (d, J = 8.7 Hz, 1 H), 7.84 (s, 1 H), 8.56
(d,J =8.5 Hz, 1 H), 4.02 (d, J =10.9 Hz, 6 H), 3.01 - 3.17 (m, 3 H), 217 (d, J = 14.9 Hz, 2 H),
1.86 (d, J = 12.8 Hz, 2 H), 1.56 (br. s., 10 H).

Step 2 - Synthesis of 2-chloro-W-ethyl-6-{4-[7-(1-methyl-1 H-pyrazol-4-yl)quinoxalin-2-
yl]piperidin-1 -yl}pyrimidine-4-carboxamide (1-154)

To a solution of methyl 2-chloro-6-{4-[7-(1 -methyl-1/-/-pyrazol-4-yl)quinoxalin-2-yl]piperidin-1 -
yl}pyrimidine-4-carboxylate (1-153) (183 mg, 0.39 mmol) in MeOH (5 mL) was added DIPEA
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(255 mg, 0.34 mL, 1.97 mmol) and ethylamine (89 mg, 0.99 mL, 1.97 mmol). The reaction was
allowed to stir at room temperature for 40 hr. LCMS showed complete conversion to desired
product. The solvent was removed in vacuo to afford 2-chloro-/V-ethyl-6-{4-[7-(1 -methyl-1 H-
pyrazol-4-yl)quinoxalin-2-yl]piperidin-1 -yl}pyrimidine-4-carboxamide (1-154) as a brown solid
(188 mg, 100%), which was used without further purification. LCMS (APCI), m/z All .2 [M +
HI*.

Step 3 - We-ethyl-2-(2-fluoropropoxy)-6-{4-[3-(1-methyl-1 H-pyrazol-4-yl)quinoxalin-6-
yl]piperidin-1 -yl}pyrimidine-4-carboxamide (Example 1)

To a solution of 2-fluoropropan-1 -ol (154 mg, 1.97 mmol) in THF (3 mL) was added NaH (78.8
mg, 60 % in mineral oil, 1.97 mmol). The mixture was allowed to stir at room temperature for 20
min . 2-chloro-/V-ethyl-6-{4-[7-(1 -methyl-1 /-/-pyrazol-4-yl)quinoxalin-2-yl]piperidin-1 -
yl}pyrimidine-4-carboxamide (1-154) (188 mg, 0.39 mmol) in THF (3 mL) was then added, and
the reaction mixture was heat at 55 °C for 30 min. LCMS indicated that the desired product had
been formed. The reaction was quenched with water (10 mL), and the aqueous layer extracted
with EtOAc (2 x 15 mL). The organic layers were washed with water (10 mL), dried over

MgSO0 , and concentrated to afford the crude product, which was submitted to chiral separation.

200 mg was subjected to chiral separation by SFC to afford both enantiomers. The analytical
chiral separation by SFC was performed using a Regis Whelk-01 (R, R) (4.6 mm x 250 mm
column, 3 micron particle size), which was eluted with 35% MeOH (with 0.1% DEA) in CO, held
at 140 bar. A flow rate of 2.5 mL/min gave Rtg,aki) = 15.77 min and Rt akz = 17.38 min.

IV-ethyl-2-(2-fluoropropoxy)-6-{4-[3-(1 -methyl-1 /-/-pyrazol-4-yl)quinoxalin-6-yl]piperidin-1 -
yl}pyrimidine-4-carboxamide (Example 1) (Peak 1): 35 mg, 99% ee. (-). LCMS (APCI), m/z
519.2 [M + H]*; "H NMR (400 MHz, CDCl,) © ppm 9.01 (s, 1 H), 8.18 (s, 1 H), 8.14 (s, 1 H),
8.01 (d,J =8.67 Hz, 1 H),7.88 (br.s., 1H), 7.83 (d, J = 1.88 Hz, 1 H), 7.56 (dd, J = 8.57, 1.98
Hz, 1 H), 7.18 (s, 1 H), 4.99 (td, J = 6.50, 3.58 Hz, 1 H), 4.71 (br. s., 1 H), 4.30 - 4.57 (m, 2 H),
4.03 (s, 3 H), 3.41 -3.55 (m, 2 H), 3.11(d,J = 12.81 Hz, 3 H), 2.12 (d,J = 12.81 Hz, 2 H), 1.81
-1.93 (m, 1 H), 1.77 (d, J =4.33 Hz, 1 H), 1.53 (d, J = 6.40 Hz, 2 H), 1.41 - 1.48 (m, 2 H), 1.20 -
1.31 (m, 4 H).
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Example 10 (Scheme A) - Synthesis of A/-(bicyclon.1.npent-1 -y|)-2-fr(1S,2R)-2-

cvanocvclopropynmethoxy)-6-r4-(1 /y-pyrazolor3,4-blpyridin-3-yl)piperidin-1 -

yllpyrimidine-4-carboxamide

H
N
N N
HN HN
M N\
N He Ny Na
al N
o N’
N7 | N tBUOK
Cl)\\N SN DIPEA,MeOH N NMP, H,0 N
o N7 | NZ |
Y Ny
1-152 Cl)\N N Cl)\N OH
0
1155 1-156
N
HN— \ H
NI Gy O N
HCI 3 A A
WA
H2N 4\\ (7 N*%
1146 NZ 1126 P
O NN
HATU,DMF N 18-crown-6 N
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N ow CH4CN
Cl)\\N N N
o Example 10
1157

Step 1 - Synthesis of methyl 2-chloro-6-[4-(1H-pyrazolo[3,4-b]pyridin-3-yl)piperidin-1 -
yl]pyrimidine-4-carboxylate (1-155)

To a solution of 3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-Jb]pyridine hydrochloride (1-11) (12 g, 45.11

mmol) in MeOH (340 mL) was added methyl 2,6-dichloropyrimidine-4-carboxylate (1-152) (9.33
10 g, 45.11 mmol) followed by DIPEA (29.10 g, 39 mL, 228 mmol) at 0 °C. The resulting mixture

was stirred at 0 °C for 1 hr. TLC (CH,CI/MeOH = 10:1, R; = 0.5) showed the reaction was

complete. The mixture was concentrated in vacuo to remove the majority of the solvent. The

residue was then filtered, washed with MeOH (20 mL) and TBME (50 mL), dried in air to afford

methyl 2-chloro-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxylate  (I-
15  155) (14 g, 83%) as a tan solid.

Step 2 - Synthesis of 2-chloro-6-[4-(1H-pyrazolo[3,4-b]pyridin-3-yl)piperidin-1 -
yl]pyrimidine-4-carboxylic acid (1-156)

To a solution of methyl 2-chloro-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-
carboxylate (1-155) (28 g, 75.10 mmol) in NMP (390 mL) was added H,0 (2.7 g,2.7 mL, 150.2
20 mmol) followed by a suspension of f-BuOK (16.8 g, 150.2 mmol) in THF (150 mL). The resulting
mixture was stirred at room temperature for 30 min. TLC (CH,CI/MeOH = 10:1, R; = 0.1)

showed the reaction was complete. The mixture was filtered, and the filter cake was then



10

15

20

25

30

35

WO 2016/097918 PCT/IB2015/059360

-105 -

dissolved in H,0 (500 mL). The suspension was then acidified with ag. HCI (2 N, 200 mL) to pH
~ 4. The resulting suspension , was then filtered and dried in the vacuum oven to obtain 2-
chloro-6-[4-(1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxylic acid (1-156) (24
g, 89%) as atan solid . "H NMR (400 MHz, CD,0D/CDCI ;) 5 ppm 8.46 (d, J =4.0 Hz, 1 H), 819
(d,J=7.6Hz, 1 H), 755 (s, 1 H), 7.13- 7.16 (m, 1 H), 451 - 4.61 (m, 2 H), 3.39 - 3.50 (m, 1
H), 3.31 (s, 2 H), 2.19 (d, J = 12.4 Hz, 2 H), 1.99 - 2.02 (m, 2 H).

Step 3 - Synthesis of W-(bicyclo[1.1.1]pent-1-yl)-2-chloro-6-[4-(1 H-pyrazolo[3,4-£)]pyridin-
3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (1-157)

To a mixture of 2-chloro-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-
carboxylic acid (1-156) (24 g, 67.04 mmol), bicyclo[1 .1.1]pentan-1 -amine hydrochloride (1-146)
(8.82 g, 73.74 mmol) and HATU (30.57 g, 80.45 mmol) in DMF (360 mL) was added TEA
(22.34 g, 30.77 mL, 221.23 mmol) at room temperature. The resulting mixture was stirred at
room temperature for 12 hr. LCMS showed the reaction was complete. The mixture was then
poured into aq. HCI (2 N, 2 L). The resulting suspension was filtered and the filter cake taken up
and stirred in CH,Cl, (400 mL) for 1 h. The suspension was filtered and dried in vacuo to afford
IV-(bicyclo[1 .1.1]pent-1 -yl)-2-chloro-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -
yllpyrimidine-4-carboxamide (1-157) (18 g, 63%) as a brown solid. LCMS (ESI), m/z 424.0 [M +
H]*; "H NMR (400 MHz, CDCl,) d ppm 8.58 - 8.59 (m, 1 H), 8.11- 8.13 (m, 2 H), 7.34 (s, 1 H),
7.16 (dd, J = 8.0, 4.4 Hz, 1 H), 4.57 (br. s., 2 H), 3.40 - 3.45 (m, 1 H), 3.30 - 3.31 (m, 2 H), 2.52
(s, 1H), 2.20 - 2.23 (m, 8 H), 2.02 - 2.07 (m, 2 H).

Step 4 - Synthesis of W-(bicyclo[1.1.1]pent-1-y)-2-{[(1 S,2R)-2-
cyanocyclopropyllmethoxy}-6-[4-(1 H-pyrazolo[3,4-£)]pyridin-3-yl)piperidin-1 -

yllpyrimidine-4-carboxamide (Example 10)

To a solution of  /V-(bicyclo[1.1.1]pent-1 -yl)-2-chloro-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-
yl)piperidin-1 -yl]pyrimidine-4-carboxamide (1-157) (11 g, 2595 mmol) and (1R,2S)-2-
(hydroxymethyl)cyclopropanecarbonitrile  (1-125) (5.04 g, 51.90 mmol) in DMAc (64 mL) and
MeCN (198 mL) was added 18-crown-6 (6.85 g, 25.95 mmol) at room temperature. The
resulting mixture was then cooled in an ice-water bath (15 - 20 °C), while KHMDS (20.5 g,
0.1 04 mol) was added in several batches over 30 min. The resulting mixture was stirred at room
temperature for 5 hr. TLC (petroleum ether/EtOAc = 1:2, R; = 0.4) showed most of A-
(bicyclo[1 .1.1]pent-1 -yl)-2-chloro-6-[4-(1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-
carboxamide was consumed . The mixture was slowly poured into ag. HCI (1 N, 2 L). The
resulting suspension was extracted with EtOAc (3 x 500 mL). The organic layers were
combined, washed with sat. NaHCO; (200 mL), H,0 (2 x 200 mL) and brine (100 mL), dried
over Na,SO, and concentrated in vacuo to give the crude product. The crude product was

purified by column chromatography (petroleum ether/EtOAc = 1:4 to neat EtOAc), and then re-
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purified by chiral SFC (Column: AD(300mm x 5omim, oum, mobile phase: 50% MeOH (w.
NHz,H,0 200 mL/min, wavelength : 220 nm ) to afford /V-(bicyclo[1.1.1]pent-1 -yl)-2-{[(1 S,2f?)-2-
cyanocyclopropyllmethoxy}-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-
carboxamide (Example 10) (3.06 g, 24%) as an off-white solid and the corresponding trans
diastereomer (6.5 g). LCMS (ESI), m/z 485.2 [M + H]*; 1H NMR (400 MHz, CDCl) 6 ppm 12.15
(br. s., 1 H), 8.47 -8.48 (m, 1 H), 8.60 - 8.61 (m, 1 H), 8.21 (s, 1 H),8.11-8.13 (m, 1 H), 7.13 -
716 (m, 2 H), 4.43 - 453 (m, 4 H), 3.40 - 3.45 (m, 1 H), 3.24 (t, J = 11.4 Hz, 2 H), 2.49 (s, 1 H),
2.05 - 2.22 (m, 8 H),2.00 -2.10 (m, 2 H), 1.86 - 1.88 (m, 1 H), 1.67 -1.69 (m, 1 H), 1.33 - 1.34
(m, 1H), 1.13- 1.15 (m, 1 H).

Example 26 (Scheme C) - Synthesis of 6-{4-r(3-amino-1 ,6-dimethyl-1  H-indazol-4-

ylDoxylpiperidin-1 -y [}-A-ethy[-2-{[(2 R)-1-methoxypropan-2-vnoxy)pyrimidine-4-

carboxamide
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Example 26
Step 1 - Synthesis of 2,6-dichloro-W-ethylpyrimidine-4-carboxamide (1-159)

To a stirred solution of 2,6-dichloropyrimidine-4-carbonyl chloride (1-158) (3.19g, 14.76 mmol) in
dry THF (30 mL) was added NaH (60% in oil, 1.18 g, 29.52 mmol) followed by dropwise
addition of ethylamine (0.66 g,2 M in THF, 14.76 mmol) at O °C under a nitrogen atmosphere.
After the addition was complete, the mixture was stirred at 0 °C for 1.5 hr. TLC (petroleum
ether/EtOAc = 8/1) indicated the reaction was complete. To the mixture acetic acid (1 mL) was
added in a dropwise manner, and the reaction was quenched with H,0 (50 mL). The mixture
was extracted with EtOAc (50 mL x 2), and the combined organic layers washed with brine (100
mL), dried over Na,S0 , and concentrated . The residue was purified by column chromatography
over silica gel eluting with petroleum ether/EtOAc (100% to 50/50) to yield 2,6-dichloro-/V-
ethylpyrimidine-4-carboxamide (1-159) (2.0 g, 62%) as yellow oil, which was used without

further purification .
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Step 2 - Synthesis of 2-chloro-W-ethyl-6-(methylsulfanyl)pyrimidine-4-carboxamide (1-160)

To a stirred solution of 2,6-dichloro-/V-ethylpyrimidine-4-carboxamide  (1-159) (2.0 g, 9.1 3 mmol)
in dry THF (50 mL) was added MeSNa (17% in solvent, 3.76 g, 9.13 mmol) at -20 °C under a
nitrogen atmosphere. After the addition was complete, the mixture was allowed to warm to room
temperature and stirred overnight. HPLC showed that the 2,6-dichloro-/V-ethylpyrimidine-4-
carboxamide had been consumed . H,0 (50 mL) was added to the mixture, which was extracted
with EtOAc (50 mL). The organic layer was washed with brine (50 mL), dried over Na,S0 , and
concentrated to yield crude 2-chloro-/V-ethyl-6-(methylsulfanyl)pyrimidine-4-carboxamide  (1-1 60)

(1.7 g, 81%) as a yellow oil, which was used in the next step without further purification.

Step 3 - Synthesis of W-ethyl-2-{[(2R)-1 -methoxypropan-2-yl]Joxy}-6-

(methylsulfanyl)pyrimidine-4-carboxamide (1-161)

To a stirred solution of compound (2R)-1-methoxypropan-2-ol (0.9 g, 11.0 mmol) in anhydrous
THF (30 mL) was added NaH (60% in oil, 0.88 g, 22.0 mmol) at 5 °C ~10 °C under a nitrogen
atmosphere. After being stirred at room temperature for 30 min, a solution of 2-chloro-/V-ethyl-6-
(methylsulfanyl)pyrimidine-4-carboxamide (1-160) (1.7 g, 7.36 mmol) in THF (10 mL) was added
to the mixture. The resulting mixture was stirred at room temperature overnight. TLC (petroleum
ether/EtOAc = 3/1) indicated the reaction was complete. The mixture was quenched with H,0
(50 mL) and extracted with EtOAc (2 x 30 mL). The combined organic layers were washed with
brine (100 mL), dried over Na,SO, and concentrated . The residue was purified by column
chromatography over silica gel eluting with petroleum ether/EtOAc (3/1) to yield /V-ethyl-2-
{[(2R)-1 -methoxypropan-2-ylloxy}-6-(methylsulfanyl)pyrimidine-4-carboxamide (1-161) (1.65 g,

78.6%) as yellow oil, which was used in the next step without further purification.

Step 4 - Synthesis of W-ethyl-2-{[(2R)-1 -methoxypropan-2-yl]loxy}-6-

(methylsulfonyl)pyrimidine-4-carboxamide (1-162)

A mixture of /V-ethyl-2-{[(2R)-1-methoxypropan-2-ylloxy}-6-(methylsulfanyl)pyrimidine-4-

carboxamide (1-161) (1.65 g, 5.79 mmol) and oxone (9.96 g, 16.2 mmol) in THF/MeOH/H ,0
(1/1/1, 60 mL) was stirred at room temperature overnight. TLC (petroleum ether/EtOAc = 3/1)
indicated the reaction was complete. H,0 (50 mL) was added to the mixture, which was then
extracted with EtOAc (50 mL x 2). The combined organic layers were washed with brine (100
mL), dried over Na,S0, and concentrated to yield crude /V-ethyl-2-{[(2R)-1-methoxypropan-2-
ylJoxy}-6-(methylsulfonyl)pyrimidine-4-carboxamide  (1-162) (1.7 g, 92.6%) as a colorless all,

which was used directly in next step without further purification.
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Step 5 - Synthesis of 6"4-[(3-amino-1 ,6-dimethyl-1 H-indazol-4-yl)oxy]piperidin-1 -yl}-W-
ethyl-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidine-4-carboxamide (Example 26)

A mixture of /V-ethyl-2-{[(2R)-1-methoxypropan-2-ylloxy}-6-(methylsulfonyl)pyrimidine-4-
carboxamide (1-162) (0.35 g, 1.1 mmol) , 6-methoxy-4-(piperidin-4-yloxy)-1 /-/-indazol-3-amine (I-

5 46) (0.25 g, 0.75 mmol) and K,C0, (0.3 g, 2.2 mmol) in dry DMF (3 mL) was stirred at room
temperature overnight. LCMS indicated that the reaction was complete. H,0 (5 mL) was added
to the mixture, which was extracted with EtOAc (2 x 10 mL). The combined organic layers were
washed with brine (10 mL), dried over Na,S0, and concentrated in vacuo. The residue was
purified by preparative HPLC to give 6-{4-[(3-amino-1 ,6-dimethyl-1 /-/-indazol-4-yl)oxy]piperidin-

10 1-yl}-/V-ethyl-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine-4-carboxamide =~ (Example 26) (0.16
g, 42%) as a white solid. LCMS (ESI), m/z 484.4 [M + H]*; "H NMR (400 MHz, CD;0D) 3 ppm
7.10 (s, 1 H),6.65 (s, 1 H), 6.35 (s, 1 H), 5.40 - 5.44 (m, 1 H), 4.07 (s, 2 H), 3.78 (s, 2 H), 3.50 -
3.68 (m, 2 H), 3.41 -3.46 (m, 5 H), 2.41 (s, 3 H), 2.46 (s, 2 H), 1.97 (s, 2 H), 1.36 (d,J =6.4 Hz,
3 H), 1.25 (t, J = 7.6 Hz, 3 H).

15 Example 27 (Scheme C) - Synthesis of 6-{4-r6-carbamoyl-4-(dimethylamino)pyridin-2-

vnpiperidin-1 y1}-2-f[(2R)-1-methoxypropan-2-yl1oxy)-AM2,2 2-trifluoroethy)pyrimidine-4-

carboxamide
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Example 27
~d

20  Step 1- Synthesis of 2,6-dichloro-W-(2,2,2-trifluoroethyl)pyrimidine-4-carboxamide (1-163)

To a solution of 2,6-dichloropyrimidine-4-carbonyl chloride (1-158) (13 g, 61.5 mmol) and NaH
(4.4 g, 60% dispersion in mineral oil, 110 mmol) in THF (100 mL) was added dropwise 2,2,2-



10

15

20

25

30

35

WO 2016/097918 PCT/IB2015/059360

-109 -

trifluoroethanamine (5.5 g, 55 mmol) at 0 °C. After the addition, the mixture was stirred at O °C
for 1 hr. TLC (petroleum ether: EtOAc = 5:1) indicated the complete consumption of the starting
material. The reaction mixture was quenched with HOAc (3.5 g) and water (75 mL), extracted
with EtOAc (3 x 50 mL). The combined organic layers were washed with brine (50 mL), dried
over Na,S0, and concentrated in vacuo to give the crude product, which was purified by silica
gel chromatography (petroleum ether : EtOAc = 10:1) to give 2,6-dichloro-/V-(2,2,2-

trifluoroethyl)pyrimidine-4-carboxamide (1-163) (13 g, 80%) as a yellow gum.

Step 2 - Synthesis of 2-chloro-6-(methylthio)-N-(2,2,2-trifluoroethyl)-pyrimidine-4-

carboxamide (1-164)

To a solution of 2,6-dichloro-N-(2,2,2-trifluoroethyl)pyrimidine-4-carboxamide  (1-163) (13 g, 47.6
mmol) in THF (150 mL) was added dropwise aq. NaSMe (22 mL, 49 mmol) at -10 °C. After
addition , the reaction was stirred at -10 °C for 1 hr. HPLC indicated the complete consumption
of starting material. The solution was concentrated in vacuo. The residue was extracted with
TBME (3 x 100 mL). The combined organic layers were washed with brine (100 mL), dried over
Na,S0, and concentrated in vacuo to give the crude product, which was re-crystallized from
petroleum ether to give 2-chloro-6-(methylthio)-/V-(2,2,2-trifluoroethyl)pyrimidine-4-carboxamide
(1-164) (8.8 g, 65%) as a white solid .

Step 3 - Synthesis of (R)-2-(1-methoxypropan-2-yloxy)-6-(methylthio)-N-(2,2,2-

trifluoroethyl)pyrimidine-4-carboxamide (1-165)

To a solution of R-(-)-1-methoxy-2-propanol (3.3 g, 36.8 mmol) in THF (100 mL) was added
NaH (1.96 g, 60% dispersion in mineral oil, 49 mmol) at 0 °C. 2-Chloro-6-(methylthio)-/V-(2,2,2-
trifluoroethyl)pyrimidine-4-carboxamide (1-164) (7 g, 24.5 mmol) was added to the solution. After
addition, the reaction was heated to reflux overnight. TLC (petroleum ether : EtOAc = 5:1)
indicated complete consumption of the starting material. The solution was concentrated in
vacuo. The residue was extracted with EtOAc (3 x 30 mL). The combined organic layers were
washed with brine (50 mL), dried over Na,SO, and concentrated in vacuo to give the crude
product, which was purified by silica gel chromatography (petroleum ether: EtOAc = 40:1~10:1)
to give (R)-2-(1 -methoxypropan-2-yloxy)-6-(methylthio)-/V-(2,2,2-trifluoroethyl)pyrimidine-4-
carboxamide (1-165) (5.0 g, 60.2%) as a light yellow gum.

Step 4 - Synthesis of (R)-2-(1-methoxypropan-2-yloxy)-6-(methylsulfonyl)-N-(2,2,2-

trifluoroethyl)pyrimidine-4-carboxamide (1-166)

To a solution of (R)-2-(1 -methoxypropan-2-yloxy)-6-(methylthio)-/V-(2,2,2-
trifluoroethyl)pyrimidine-4-carboxamide  (1-165) (3.6 g, 10.5 mmol) in THF (60 mL), MeOH (60
mL) and H,0 (60 mL) was added oxone (18.1g, 29.4 mmol) at 0 °C. After addition, the mixture

was stirred at room temperature for 3 hr. TLC (petroleum ether: EtOAc = 1:1) indicated the
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complete consumption of starting material. The reaction mixture was extracted with CH,CI, (3 x
50 mL). The combined organic layers were washed with brine (75 mL), dried over Na,S0 ,and
concentrated in vacuo to give the crude product, which was purified by silica gel
chromatography (petroleum ether: EtOAc = 5:1) to give (R)-2-(1-methoxypropan-2-yloxy)-6-

(methylsulfonyl)-/V-(2,2,2-trifluoroethyl)pyrimidine-4-carboxamide  (1-166) (3.4 g, 87%) as a white
solid. "H NMR (400 MHz, CDCl ) 38.39 (s, 1 H), 8.08 (s, 1 H), 5.48 - 5.52 (m, 1 H), 4.09 - 4.18
(m, 2 H), 3.60 - 3.72 (m, 2 H), 3.42 (s, 3 H), 3.27 (s, 3 H), 1.48 (d, J = 8.0 Hz, 3 H).

Step 5 - Synthesis of (6-{4-[6-carbamoyl-4-(dimethylamino)pyridin-2-yl]piperidin-1 -yl}-2-
{[(2R)-1 -methoxypropan-2-ylloxy}-W-(2,2,2-trifluoroethyl)pyrimidine-4-carboxamide
(Example 27)

To a stirred solution of 3-amino-6-(piperidin-4-yl)picolinamide  (I-84) (75 mg, 0.34 mmol), and
(R)-2-(1 -methoxypropan-2-yloxy)-6-(methylsulfonyl)-N-(2,2,2-trifluoroethyl) pyrimidine-4-
carboxamide (1-166) (86 mg, 0.34 mmol) in DMF (3 mL) was added potassium carbonate (129
mg, 9.36 mmol). The reaction mixture was stirred at room temperature for 2 hr. LCMS
indicated the reaction was complete. Solids were filtered off, and the filtrate concentrated in
vacuo. The residue was purified by reverse phase HPLC to give 6-{4-[6-carbamoyl-4-
(dimethylamino)pyridin-2-yl]piperidin-1 -yI}-2-{[(2R)-1 -methoxypropan-2-ylJoxy}-/V-(2,2,2-
trifluoroethyl) pyrimidine-4-carboxamide as a white solid (Example 27) (23 mg, 18%). LCMS
(APCI), m/z 540.3 [M + H]*; "H NMR (400 MHz, CD,0D) & ppm 7.21 - 7.29 (m, 1 H), 7.12 (s, 1
H), 6.62 - 6.65 (m, 1 H), 5.35 - 5.45 (m, 1 H), 4.10 (q, J = 6.6 Hz, 2 H), 3.45 - 3.65 (m, 3 H),
3.39 (s, 3 H), 3.15- 3.20 (m, 2 H), 3.06 (s, 3 H), 2.95 - 3.02 (m, 1 H), 1.95 - 2.05 (m, 2 H), 1.82 -
1.97 (m, 2 H), 1.35 (d, J = 6.4 Hz, 3 H).
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Example 29 (Scheme B) - Synthesis of 6-(4 fr(4-aminopyrimidin-5-

yDoxylmethyDpiperidin-1 -vP-JV-fbicycloH .1.11pent-1 -v])-2-{l(1 S,2R)-2-

cvanocvclopropyllmethoxy>pyrimidine-4-carboxamide
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1-168 Example 29

Step 1 - Synthesis of 2,6-dichloropyrimidine-4-carbonyl chloride (1-158)

To stired POCI; (300 ml) was added in portions 2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-
carboxylic acid (1-167) (60 g, 308 mmol) at room temperature. After the addition, PCl5 (264 g,
1.27 mol) was added in portions to the mixture at room temperature. After this addition was
complete, the reaction mixture was heated to reflux and stirred for 19 hr. LCMS indicated the
reaction was complete (a sample was quenched with MeOH before LCMS analysis). The
majority of the excess POCI; was removed by distillation, and the residue distilled under
reduced pressure to give 2,6-dichloropyrimidine-4-carbonyl chloride (1-158) (b.p: 158 ~ 160
°C/1 mm/Hg, 53 g, 45.5 %, with ~70% of purity determined by TLC) as a yellow oil, which was

used without further purification .

Step 2 - Synthesis of yV-(bicyclo[1.1.1]pent-1 -yl)-2,6-dichloropyrimidine-4-carboxamide (I-
124)

To a solution of bicyclo[1 .1.1]pentan-1 -amine (1-146) (4 g, 48.2 mmol) in dry THF (300 mL) was
added in portions NaH (60% in oil, 5.8 g, 145 mmol) at O °C under a nitrogen atmosphere. After
the addition was completed , the mixture was stirred at 0 °C for 30 min. 2,6-dichloropyrimidine-4-
carbonyl chloride (1-158) (70% of purity, 21.8 g, 72.3 mmol) was added dropwise into the
reaction mixture. Upon completion of the addition, the reaction mixture was stirred at room
temperature for 2 hr. TLC (petroleum ether/EtOAc = 10:1, R; ~ 0.6) indicated the reaction was
complete. The mixture was quenched by adding AcOH (~40 mL) dropwise at 10 °C. The
reaction mixture was then filtered off, and washed with EtOAc (100 mL). The filtrate was

concentrated. The residue was first neutralized (until no more bubbles formed) with saturated
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NaHCOs, and then filtered off. The filtrate was extracted with EtOAc (3 x 200 mL). The
combined organic layers were washed with brine (2 x 200 mL), dried over Na,SO,, and
concentrated. The residue was purified by column chromatography on silica gel (petroleum
ether to petroleum ether/EtOAc = 300:1, R; ~ 0.6 in 10 : 1 petroleum ether/EtOAc) to give N-
(bicyclo[1 .1.1]pent-1 -yl)-2,6-dichloropyrimidine-4-carboxamide (1-124) (6.5 g, 47%) as a yellow

gum, which was used without further purification.

Step 3 - Synthesis of6-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-W-
(bicyclo[1 .1.1]pent-1 -yl)-2-chloropyrimidine-4-carboxamide (1-1 68)

To a mixture of 5-(piperidin-4-ylmethoxy)pyrimidin-4-amine  (1-93) (7.98 g, 28.30 mmoal,
containing 2.04 eq HCI) and /V-(bicyclo[1 .1.1]pent-1 -yl)-2,6-dich loropyrimidine-4-carboxamide (I-
124) (7.3 g, 28.30 mmol) in MeOH (120 ml) was added Et;N (14.29 g, 141.5 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 12 hr. TLC
(CH,CI/MeOH = 10:1, R; = 0.5) showed the reaction was complete. The mixture was
concentrated in vacuo to give a residue, which was dissolved in CH,Cl, (150 mL), and washed
with H,0 (20 mL), brine (10 mL) and dried over Na,SO0 ,, filtered and concentrated in vacuo to
give the crude product. The crude product was stirred in EtOAc (50 mL) for 30 min and then
filtered, dried in vacuo to give 6-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-/V-
(bicyclo[1 .1.1]pent-1 -yl)-2-chloropyrimidine-4-carboxamide (1-168) (10 g, 82%) as a yellow solid,

which was used without further purification.

Step 4 - Synthesis of 6-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-W-
(bicyclo[1 .1.1]pent-1 -yl)-2{[(1 S,2R)-2-cyanocyclopropyllmethoxy}pyrimidine-4-

carboxamide (Example 29)

This reaction was carried out in four batches with the batches being combined together for
work-up and purification (2.6 g x 4): To a mixture of 6-(4-{[(4-aminopyrimidin-5-
yl)oxy]methyl}piperidin-1 -yl)-/V-(bicyclo[1 .1.1]pent-1 -yl)-2-chloropyrimidine-4-carboxamide (I-
168) (2.6 g, 6.06 mmol) and (1f?,2S)-2-(hydroxymethyl)cyclopropanecarbonitrile (1.2 g, 12.12
mmol) in anhydrous dioxane (50 mL) was added K;P0, (3.85 g, 18.18 mmol) at room
temperature under an argon atmosphere. The resulting mixture was stirred at 120 °C for 18 h.
LCMS showed most of the 6-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-/V-
(bicyclo[1 .1.1]pent-1 -yl)-2-chloropyrimidine-4-carboxamide had been consumed. The mixture
was cooled to room temperature, and EtOAc (100 mL) and H,0 (30 mL) were added. The
organic layer was separated and the aqueous layer was extracted with EtOAc (2 x 30 mL). The
organic layers were combined and washed with brine (20 mL), dried over Na,S0 ,, filtered and
concentrated in vacuo to give the crude product. The crude product was purified by column
chromatography (on silica gel, CH,CI,/MeOH = 50:1to 10:1, R; = 0.6 in 10 : 1 CH,CIl/MeOH)
and then re-purified by preparative HPLC under TFA-mediated condition (SYNERGI 250 x 50
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10unt, from 15% MeCN in water (0.1 % TFA) to 45% MeCN in water (0.1% TFA) at a flow rate of
80 miL/min) with the material obtained being basified with aq. NaHCO ; and extracted with
EtOAc to obtain 6-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1  -yl)-/V-(bicyclo[1 .1 .1]pent-1 -
yh)-2-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}pyrimidine-4-carboxamide (Example 29) (4.56 g,
38%) as a white solid. LCMS (ESI), m/z 491 .0 [M + H]*; (400 MHz, CDCl;) 6 ppm 8.24 (s, 1 H),
8.18 (s, 1 H), 7.81 (s, 1 H),7.11 (s, 1 H), 5.13 (s, 2 H), 4.40 - 4.52 (m, 4 H), 3.92 (d,J = 6.0 Hz,
2 H), 3.00 (m, 2 H), 2.49 (s, 1 H), 218 (s, 7 H), 1.93 - 1.96 (m, 2 H), 1.84 - 1.86 (m, 1 H), 1.68 -
1.75 (m, 2H), 1.32 -1.40 (m, 3H), 1.12 - 1.17 (m, 1 H).

Example 30 (Scheme B) - Synthesis of JV-(bicvclori.l.llpent-1-yl)-2-fr(1S,2R)-2-

cvanocvclopropynmethoxy>-6-r4-(5tf-pyrrolor2,3-blpyrazin-7-yl)piperidin-1 -vnpyrimidine-

4-carboxamide
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Example 30

Step 1 - Synthesis of W-(bicyclo[1.1.1]pent-1-yl)-2-chloro-6-[4-(5H-pyrrolo[2,3-£)]pyrazin-7-
ylpiperidin-1 -yl]pyrimidine-4-carboxamide (1-156)

To a mixture of 7-(piperidin-4-yl)-5/-/-pyrrolo[2,3-Jb]pyrazine hydrochloride (1-100) (138 mg, 0.58
mmol) and /V-(bicyclo[1.1.1]pent-1-yl)-2,6-dichloropyrimidine-4-carboxamide  (1-122) (149 mg,
0.58 mmol) in MeOH (5 ml) was added DIEPA (374 mg, 0.574 ml_, 2.9 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 18 hr. LCMS showed
the reaction was complete. The mixture was concentrated in vacuo to ~ 1 ml_ to give a
suspension, which was filtered and washed with MeOH to afford 143 mg of a tan solid. NMR
indicated the presence of DIEPA.HCI. The solids were triturated with MeOH to give AN-
(bicyclo[1 .1.1]pent-1 -yl)-2-chloro-6-[4-(5H-pyrrolo[2,3-Jb]pyrazin-7-yl)piperidin-1  -yl]pyrimidine-4-
carboxamide (1-156) (88 mg, 36%) as a tan solid, which was used without further purification.
LCMS (APCI), m/z 424.0 [M + H]*; (400 MHz, CDCl,) 6 ppm 8.67 (br. s., 1 H), 8.44 (d,J =2.53
Hz, 1 H), 8.26 (d,J =2.53 Hz, 1 H), 8.12 (s, 1 H), 7.34 (d, J =2.78 Hz, 1 H), 7.32 (s, 1 H), 3.81
- 5.62 (br. m., 2 H), 3.38 (tt, J = 11.84, 3.95 Hz, 1 H), 3.19 (br. s.,2 H),2.51 (s, 1 H), 2.30 (d, J
= 12.88 Hz, 2 H), 2.20 (s, 6 H), 1.81 (qd, J = 12.63, 4.04 Hz, 2 H).
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Step 2 - Synthesis of 6-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1  -yl)-W-
(bicyclo[1 .1.1]pent-1 -yl)-2-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}pyrimidine-4-

carboxamide (Example 30)

To a mixture of A/-(bicyclo[1 .1.1]pent-1 -yl)-2-chloro-6-[4-(5H-pyrrolo[2,3-Jb]pyrazin-7-yl)piperidin-
1-yllpyrimidine-4-carboxamide (1-156) (84 mg, 0.2 mmol) and (11?,2S5)-2-
(hydroxymethyl)cyclopropanecarbonitrile  (1-123) (79 mg, 0.79 mmol) in anhydrous dioxane (50
ml_) was added K;P0, (168 mg, 0.79 mmol) at room temperature under an argon atmosphere.
The resulting mixture was stirred at 120 °C for 36 hr. LCMS showed most of the N-
(bicyclo[1 .1.1]pent-1 -yl)-2-chloro-6-[4-(5/-/-pyrrolo[2,3-Jb]pyrazin-7-yl)piperidin-1  -yl]pyrimidine-4-
carboxamide had been consumed . The mixture was dropped into dilute HCI (1 mL of 1 N HCI in
15 mL of H,0), and the resulting precipitate collected by filtration . The precipitate was taken up
in MeOH and purified by reverse phase preparative HPLC to afford /V-(bicyclo[1.1.1]pent-1 -yl)-
2-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-6-[4-(5/-/-pyrrolo[2,3-Jb]pyrazin-7-yl)piperidin-1 -
yllpyrimidine-4-carboxamide (Example 30) (4.56 g, 38.4%) as a white solid. LCMS (APCI), m/z
485.2 [M + HJ*; (400 MHz, CDCl,) 5ppm 8.49 (br. s., 1 H), 8.44 (d,J =2.78 Hz, 1 H), 8.25 (d, J
=253 Hz, 1H), 819 (s, 1 H), 7.33 (d,J =2.78 Hz, 1 H), 7.14 (s, 1 H), 4.28 - 5.13 (m, 4 H), 3.31
-3.45 (m, 1 H),3.18 (t, J = 12.88 Hz, 2 H), 2.50 (s, 1 H),2.28 (d, J = 13.39 Hz, 2 H), 2.19 (s, 6
H), 1.73 - 1.94 (m, 3 H), 1.68 (td, J = 8.34, 5.56 Hz, 1 H), 1.34 (td, J = 8.53, 5.68 Hz, 1 H), 1.09
-1.18 (m, 1 H).

Example 32 (Scheme B) - Synthesis of /V-6-r4-(5-amino-4-carbamoylpyrimidin-2-

vnpiperidin-1 -vn-A/-(bicvclon .1.11pent-1 -vh-2-f {1S.2R)-2-

cvanocvclopropyllmethoxy)pyrimidine-4 -carboxamide

7N O N O
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PN | N N o)“N N Q
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)\\N 29 N

1124 170 © Example 32

Step 1 - Synthesis of 6-[4-(5-amino-4-carbamoylpyrimidin-2-yl)piperidin-1  -yl]-W-
(bicyclo[1 .1.1]pent-1 -yl)-2-chloropyrimidine-4-carboxamide (1-1 70)

To a mixture of 5-amino-2-(piperidin-4-yl)pyrimidine-4-carboxamide  hydrochloride (1-105) (350
mg, 1.19 mmol) and /V-(bicyclo[1.1.1]pent-1 -yl)-2,6-dichloropyrimidine-4-carboxamide  (1-124)
(307 mg, 1.19 mmol) in MeOH (10 ml) was added DIEPA (769 mg, 1.04 mL, 2.9 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 18 hr. LCMS showed

the reaction was complete. The mixture was concentrated in vacuo to ~ 2 mL to give a
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suspension, which was filtered and washed with TBME to give 6-[4-(5-amino-4-
carbamoylpyrimidin-2-yl)piperidin-1 -yl]-/V-(bicyclo[1 .1.1]pent-1 -yl)-2-chloropyrimidine-4-
carboxamide (1-170) (309 mg, 57%) as a slightly brown solid, which was used without further
purification . LCMS (APCI), m/z 443.0 [M + H]*; (400 MHz, CDCI) 5 ppm 8.32 (s, 1 H), 8.12 (br.
s.,1H), 7.78 (br.s., 1 H), 7.31 (s, 1 H), 5.78 (br. s.,2 H), 5.46 (br. s., 1 H), 3.86 - 5.24 (m, 2 H),
3.01 -3.26 (m, 3 H), 2.51 (s, 1 H), 2.06 - 2.24 (m, 8 H), 1.75 - 1.91 (m, 2 H).

Step 2 - Synthesis of W-6-[4-(5-amino-4-carbamoylpyrimidin-2-yl)piperidin-1 -yl]-W-
(bicyclo[1 .1.1]pent-1 -y)-2{[(1 S,2R)-2-cyanocyclopropyl]lmethoxy}pyrimidine-4-

carboxamide (Example 32)

A solution of the chloropyrimidine (1-170) (200 mg, 0.45 mmol) in DMAc (1.5 mL) was diluted
with MeCN (3 mL). To the resulting tan suspension was added 18-crown-6 (120 mg, 0.45
mmol). KMDS (475 mg, 2.25 mmol) was added in a single portion. (1R,2S)-2-
(hydroxymethyl)cyclopropanecarbonitrile  (1-1 25) (88 mg, 0.91 mmol) was added and the mixture
was sonicated until the mixture became a freely stirring suspension. The mixture was allowed
to stir at ambient temp for 26 hr. After this time, LCMS indicated that the reaction was ~95%
complete. The mixture was dropped into ag HClI (4 mL 1 N HCI in 50 mL water) and the
resulting solids were collected by filtration. The solids were taken up in CH,Cl, and initially
purified by silica gel chromatography using a gradient of 20%-1 00% EtOAc/heptanes as eluent.
The desired fractions were combined and reduced to minimum volume. The residue was
dissolved in the minimal amount of acetonitrile and sonicated until the desired product
crystallized out. The solids were collected by filtration to give /V-6-[4-(5-amino-4-
carbamoylpyrimidin-2-yl)piperidin-1  -yl]-/V-(bicyclo[1 .1.1]pent-1 -yI)-2-{[(1 S,2R)-2-

cyanocyclopropyllmethoxy}pyrimidine-4-carboxamide (Example 32) (78 mg, 34%) as a white
solid. LCMS (APCI), m'z 504.2 [M + H]*; (400 MHz, CDCl,;) & ppm 8.32 (s, 1 H), 8.19 (s, 1 H),
7.80 (br.s., 1 H), 7.13 (s, 1 H), 5.77 (s, 2 H), 5.46 (br. s., 1 H), 4.30 - 5.04 (m, 4 H),2.91 - 3.28
(m, 3H),250 (s, 1 H), 219 (s, 6 H), 2.07 - 2.15 (m, 2 H), 1.74 - 1.93 (m, 3 H), 1.68 (td, J =
8.21,5.56 Hz, 1 H), 1.34 (td,J = 8.53, 5.68 Hz, 1 H), 1.14 (q,J = 5.81 Hz, 1 H).
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Example 35 (Scheme A) - Synthesis of 6-r4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -

vn-2-(cvclopropylmethoxy)-A/-r(2/?)-1  -hvdroxypropan-2-yllpyrimidine-4-carboxamide
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Step 1 - Synthesis of  6-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-2-

5 chloropyrimidine-4-carboxylic acid (1-171)

To a solution of 3-amino-6-(piperidin-4-yl)pyridine-2-carboxamide  (I-24) (735 mg, 2.35 mmol) in
MeOH (24.2 mL) was added methyl 2,6-dichloropyrimidine-4-carboxylate (1-152) (500 mg, 2.42
mmol) followed by TEA (1.22 g, 1.68 mL, 12.1 mmol) at O °C. The resulting mixture was
allowed to warm, and stirred at room temperature for 18 hr. To the mixture was added KOH
10 (678 mg, 12.1 mmol) and water (12 mL). The reaction was allowed to stir for 2 hr. LCMS
indicated the reaction was complete. The reaction was acidified to pH ~ 4 with 1 N HCI, and the
MeOH removed in vacuo. The solids were collected by filtration, and dried in the vacuum oven
to afford 6-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylic
acid 1-171) (575 mg, 63%) as a tan solid, which was used without further purification. LCMS
15  (APCI), m/z 377.1 [M + H]*.

Step 2 - Synthesis of 6-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-2-chloro-W-
[(2R)-1 -hydroxypropan-2-yl]pyrimidine-4-carboxamide (1-1 72)

To a flask containing 6-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-2-chloropyrimidine-4-
carboxylic acid (1-171) (700 mg, 1.86 mmol) and (2R)-2-aminopropan-1 -ol (279 mg, 3.72 mmol)
20 was added DMF (12.4 mL) followed by T3P (2.21 mL, 50% in DMF, 3.72 mmol) and TEA (940
mg, 1.30 mL, 9.29 mmol). The reaction was allowed to stir for 18 hr at room temperature. LCMS
indicated the reaction was complete. The solids were removed by filtration, and the mother

liquor concentrated. The residue was purified by silica gel chromatography eluting with 0- 10 %
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MeOH/CH ,C1, to afford 6-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1  -yl]-2-chloro-N-[(2f?)-1 -
hydroxypropan-2-yl]pyrimidine-4-carboxamide  (1-172) (206 mg, 26%) as a white solid. LCMS
(APCI), m/z 434.2 [M + H]*.

Step 3 - Synthesis of 6-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-2-
(cyclopropylmethoxy)-W-[(2R)-1-hydroxypropan-2-yl]pyrimidine-4-carboxamide (Example
35)

To a mixture of 6-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-2-chloro-N-[(2R)-1 -
hydroxypropan-2-yl]pyrimidine-4-carboxamide  (1-172) (205 mg, 0.47 mmol) in THF (5 mL) was
added in a portionwise manner solid KHMDS (753 mg, 3.78 mmol) to result in an orange
suspension. To this was added, a solution of cyclopropylmethanol (102 mg, 1.42 mmol) in THF
(2 mL), and the resulting solution heated to 50 °C for 18 hr. The reaction was allowed to cool,
and neutralized with 1 N HCI. The mixture was diluted with EtOAc (25 mL), washed with water
(10 mL), brine (10 mL), dried over MgS04, filtered and concentrated in vacuo. The residue was
initially purified by silica gel chromatography eluting with 0 - 5 % MeOH/CH ,CI,to give 84 mg of
material, which was further purified by reverse phase HPLC to afford 6-[4-(5-amino-6-
carbamoylpyridin-2-yl)piperidin-1 -yl]-2-(cyclopropylmethoxy)-/V-[(2R)-1 -hydroxypropan-2-
yllpyrimidine-4-carboxamide (Example 35) (37 mg, 17%) as a white solid. LCMS (APCI), m/z
470.2 [M + H]*; (400 MHz, DMSO-c/s) 8 ppm 8.14 (d, J = 8.6 Hz, 1 H), 7.82 (d,J = 2.8 Hz, 1 H),
7.21 (d,J =2.8 Hz, 1 H), 7.15 - 7.20 (m, 1 H), 7.09 (d, J = 8.6 Hz, 1 H), 6.98 (s, 1 H), 6.65 (s, 2
H), 4.84 (t J = 5.3 Hz, 1 H), 4.50 (br. s.,2 H), 4.11 (d,J = 7.3 Hz, 2 H), 3.89 - 4.02 (m, 1 H),
3.43 (qd,J = 5.5, 11.2 Hz, 2 H), 3.06 (t, J = 12.2 Hz, 2 H), 2.88 (t, J = 11.8 Hz, 1 H), 1.92 (dd, J
=2.1,12.7 Hz, 2H), 1.66 (dq, J = 4.2, 12.5 Hz, 2 H), 1.17 - 1.27 (m, 1 H), 1.13 (d, J = 6.8 Hz,
3H), 0.48 - 0.64 (m, 2 H), 0.27 - 0.38 (m, 2H).
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Example 38 (Scheme D) - Synthesis of 6-(4-f6-carbamoyl-3-r2-

(dimethylamino)ethoxylpyridin-2-yl)piperidin-1 -yl)-N-cvclobutyl-2-{r(2/?)-1 -

methoxypropan-2-vnoxy)pyrimidine-4-carboxamide
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Example 38 07 “NH,

Step 1 - Synthesis of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-yl]Joxy}pyrimidine (1-175)

A solution of 4,6-dichloro-2-(methylsulfonyl)pyrimidine  (1-1 74) (200 mg, 0.881 mmol) and (2R)-
1-methoxypropan-2-ol (79.4 mg, 0.881 mmol) in THF (5 mL) was cooled to 0 °C (5 min), and
LIHMDS (0.969 mL, 1M, THF) was added in a dropwise manner. The resultant suspension was
allowed to stir at 0 °C for an additional 20 min. The ice-bath was removed and the mixture was
allowed to warm to room temperature over 30 min. TLC (pPetroleum ether : EtOAc = 1 : 1)
indicated the reaction was complete. The mixture was concentrated and taken up in EtOAc (8
mL), washed with saturated ag. NH,CI (4 mL), and brine (4 mL). The organic layer was dried
over Na,SO,, fitered and concentrated to give the crude 4,6-dichloro-2-{[(2R)-1 -
methoxypropan-2-ylJoxy}pyrimidine (1-175) (210 mg, 100 %) as a yellow oil, which was used

directly in the next step.

Step 2 - Synthesis of 6-[1-(6-chloro-2-{[(2R)-1-methoxypropan-2-ylloxy}pyrimidin-4-
yhpiperidin-4-yl]-5-[2-(dimethylamino)ethoxy]pyridine-2-carboxamide (1-176)

To a solution of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine (1-175) (209 mg,
0.882 mmol) and 5-[2-(dimethylamino)ethoxy]-6-(piperidin-4-yl)pyridine-2-carboxamide

hydrochloride (I-42) (290 mg, 0.882 mmol) in MeOH (5 mL) was added slowly DIPEA (342 mg,
2.64 mmol). Then, the reaction mixture was stirred at room temperature for 2 hr. TLC
(petroleum ether : EtOAc = 1 : 1) showed the starting material was consumed. The mixture was
concentrated in vacuo and diluted with EtOAc (10 mL) and washed with saturated aq. NH,CI (2

x 10 mL), H,0 (10 mL) and brine (10 mL), dried over Na,S0, and concentrated. The residue
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was purified by silica gel chromatography (DCM : MeOH =1 :0to 10 : 1) to give 6-[1-(6-chloro-
2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidin-4-yl)piperidin-4-yl]-5-[2-(dimethylamino)ethoxy]
pyridine-2-carboxamide (1-1 76) (300 mg, 69%) as a light yellow oil.

Step 3 - Synthesis of 6-(4-{6-carbamoyl-3-[2-(dimethylamino)ethoxy]pyridin-2-
yl}piperidin-1 -yl)-N-cyclobutyl-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine-4-

carboxamide (Example 38)

A solution of 6-[1-(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidin-4-yl)piperidin-4-yl]-5-
[2-(dimethylamino)ethoxy]pyridine-2-carboxamide (1-176) (310 mg, 0.629 mmol),
cyclobutylamine (134 mg, 1.89 mmol), DIPEA (244 mg, 1.89 mmol) in MeOH (10 mL) was
placed in a 50 mL stainless steel vessel, then Pd(OAc), (14.1 mg, 0.0629 mmol) and DPPP
(51 .9 mg, 0.126 mmol) were added. Stirring was initiated (900 rpm) and the mixture was purged
with Argon (2 Bar) three times and CO (1 MPa) three times. Then the reaction mixture was
stirred under 1.5 MPa of CO pressure and heated to 100 °C for 18 hr. LCMS showed the
starting material was consumed and 43 % of the desired product was detected (220 nm). The
mixture was filtered through a plug of celite and concentrated. The residue was purified with by
silica gel chromatography (12 g HP Biotage column, 10% MeOH in CH,CI,) to provide the crude
product (300 mg, purity 79 % by LCMS) as a light red oil, which was further purified by
preparative HPLC. After preparative HPLC purification, the eluent was concentrated to remove
the organic solvents. The residual aqueous solution was lyophilized to give 6-(4-{6-carbamoyl-
3-[2-(dimethylamino)ethoxy]pyridin-2-yl}piperidin-1  -yl)-N-cyclobutyl-2-{[(2R)-1 -methoxypropan-
2-ylJoxy}pyrimidine-4-carboxamide (Example 38) (125 mg, 36%) as a white solid . LCMS (ESI),
miz 556.3 [M + H]*; "H NMR (400 MHz, CD,0D) & ppm 8.01 - 8.05 (m, 2 H), 7.63 (d,J = 4.0 Hz,
1H), 7.22 (d, 3 =8.0 Hz, 1 H), 7.09 (s, 1 H), 5.48 (d,J = 4.0 Hz, 1 H), 5.31 -5.35 (m, 1 H), 5.51
-553 (m, 3 H),4.13 (t, J = 5.6 Hz, 2 H), 3.66 - 3.69 (m, 1 H),3.42 - 3.52 (m, 5 H), 3.09 -311
(m, 2 H), 2.80 (t, J =5.6 Hz, 2 H),2.36 - 2.38 (m, 8 H), 1.93 - 2.00 (m, 8 H, partially obscured
by water), 1.40-1.38 (d, J = 6.4 Hz, 3 H).
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Example 55 (Scheme E) - Synthesis of 4-r4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -

v -6-{[{2R)-1-methoxypropan-2-vnoxy)-A/-(2,2,2-trifluoroethyl-1 ,3,5-triazine-2-

carboxamide
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Step 1 - Synthesis of 3-amino-6-[1 -(4,6-dichloro-1,3,5-triazin-2-yl)piperidin-4-yl]pyridine-2-

carboxamide (1-178)

To a solution of cyanuric chloride (1-177) (500 mg, 2.71 mmol) in THF (27 mL) cooled with an
ice bath was added in a portionwise manner 3-amino-6-(piperidin-4-yl)pyridine-2-carboxamide
(I-24) (786 mg, 2.71 mmol) followed by DIPEA (1.4 g, 1.89 mL, 10.8 mmol). MeOH (2.5 mL)
was added to aid solubilization resulting in a yellow reaction mixture. After 20 min at ice bath
temperature, LCMS showed a mixture of the desired and bis- and tri-substituted products. The
reaction was concentrated in vacuo, and purified by silica gel chromatography (0 - 100 %
EtOAc/heptanes) to afford 3-amino-6-[1 -(4,6-dichloro-1 ,3,5-triazin-2-yl)piperidin-4-yl]pyridine-2-
carboxamide (1-178) (620 mg, 62%) as a slightly yellow solid . LCMS (APCI), m/z 368.1 [M + H]*;
(400 MHz, DMSO-c/s) 8 ppm 7.87 (br. s., 1 H), 7.25 (br. s., 1 H), 7.18 (d, J = 8.56 Hz, 1 H), 7.10
(d,J =8.44 Hz, 1 H), 6.67 (s, 2 H), 461 (d,J =13.33 Hz, 2 H), 3.09 - 3.22 (m, 2 H), 2.90 (s, 1
H), 1.93 (d,J = 10.76 Hz, 2 H), 1.74 (dd, J = 12.53, 3.61 Hz, 2 H).

Step 2 - Synthesis of 3-amino-6-[1-(4-chloro-6-{[(2R)-1-methoxypropan-2-ylJoxy}-1,3,5-
triazin-2-yl)piperidin-4-yl]pyridine-2-carboxamide (1-179)

To a round bottom flask submerged in an ice bath was added the (2R)-1-methoxypropan-2-ol
(98 mg, 1.1 mmol) followed by THF (12ml) and NaH (92 mg, 60% in mineral oil, 2.17 mmol)
under nitrogen. After being allowed to stir at ice bath temperature for 20 min, a suspension of 3-
amino-6-[1 -(4,6-dichloro-1 ,3,5-triazin-2-yl)piperidin-4-yl]pyridine-2-carboxamide  (1-1 78) (400 mg,
1.09 mmol) in THF (12 mL) was added. After 10 min, LCMS indicated the reaction was

complete. The reaction was quenched with saturated NaHCO ; solution (0.5 mL), and
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concentrated in vacuo. The residue was purified by silica gel chromatography (0 - 100 %
EtOAc/heptanes) to afford 3-amino-6-[1 -(4-chloro-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-
triazin-2-yl)piperidin-4-yl]pyridine-2-carboxamide  (1-179) (340 mg, 74%) as a white solid . LCMS
(APCI), m/z 422.2 [M + H]*.

Step 3 - Synthesis of 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-6-{[(2R)-1 -
methoxypropan-2-ylloxy}-W-(2,2,2-trifluoroethyl)-1 ,3,5-triazine-2-carboxamide  (Example
55)

3-amino-6-[1 -(4-chloro-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-triazin-2-yl)piperidin-4-
yl]pyridine-2-carboxamide (1-179) (71 mg, 0.17 mmol), 2,2,2-trifluoroethylamine (46 mg, 0.34
mmol), DIPEA (0.11 g, 0.15 mL, 0.84 mmol) and DMA (2.5 mL) were combined in a 10 mL
pressure vessel. To this solution was added DPE-Phos (18.3 mg, 0.034 mmol) and Pd(OAc),
(3.8 mg, 0.01 7 mmol). The vessel was sealed , and purged three times with nitrogen followed by
CO. The vessel was then placed under 8 bar CO pressure, and heated to 100 °C for 4 hr. The
reaction was allowed to cool, and the vessel opened. LCMS indicated a 3 : 1 mixture of the
desired product to that resulting from direct displacement of the amine. The reaction was
concentrated, and purified by SFC (4-Pyr-AXP column, 5 - 50% MeOH @ 18% min, 5.6 mL/min,
140 bar) to afford 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1  -yl]-6-{[(2R)-1 -
methoxypropan-2-ylJoxy}-/V-(2,2,2-trifluoroethyl)-1 ,3,5-triazine-2-carboxamide (Example 55)
(7.8 mg, 9%) as a white solid. LCMS (APCI), m/z 513.1 [M + H]*; (700 MHz, DMSO-c/s) 8 ppm
9.31 (t, J=6.66 Hz, 1 H), 7.87 - 7.96 (m, 1 H), 7.19 (d,J = 8.54 Hz, 1 H), 7.06 - 7.12 (m, 2 H),
6.55 (br. s., 2 H), 5.37 (td, J = 6.15, 4.10 Hz, 1 H), 4.92 (d, J = 12.81 Hz, 1 H), 470 (d, J =
12.13 Hz, 1 H), 3.42 - 3.53 (m, 2 H), 3.25 (s, 3 H), 3.05 (t, J=12.81 Hz, 2 H), 2.89 (t, J = 11.70
Hz, 1 H), 1.86 - 1.95 (m, 2 H), 1.57 - 1.69 (m, 2 H), 1.23 (dd, J = 6.41, 1.11 Hz, 3 H).
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Example 64 (Scheme D) : Synthesis of N-[(2R)-1-hvdroxypropan-2-vn-2-fr(2R)-1 -

methoxvpropan-2-viloxv}-6-14-(1H-pvrrolol2.3-blpyridin-3-yl)piperidin-1-yllpyrimidine-4-

carboxamide

OH
Cl \0/\5/ | cl

c
Oxone RS O
- Nl >
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~ 0
Y w07 N el
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i
= i) Salt formation NH
\ N =~
\ N
1-181 Example 64

Step 1 - Synthesis of 4,6-dichloro-2-(methylsulfonyl)pyrimidine (1-174)

A mixture of 4,6-dichloro-2-(methylsulfanyl)pyrimidine (1-180) (20.0 g, 102.53 mmol) and oxone
(189.0 g, 308 mmol) in THF (450 mL) and H,0 (150 mL) was stirred at room temperature for 16
hr. TLC (Petroluem ether : EtOAc = 1: 1) showed the starting material had been consumed. The
reaction mixture was filtered and washed with THF (100 mL). The combined filtrate was
concentrated , dissolved in EtOAc (500 mL) and washed with H,0 (2 x 300 mL) and brine (300
mL). The organic layer was dried over Na,SO, and concentrated. The residue was purified by
silica gel chromatography (petroleum ether : EtOAc = 10 : 1to pure EtOAc) to give 4,6-dichloro-
2-(methylsulfonyl)pyrimidine  (1-174) (20 g, 86 %) as a white solid.

Step 2 - Synthesis of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidine (1-175)

A solution of 4,6-dichloro-2-(methylsulfonyl)pyrimidine (1-174) (20.0 g, 88.08 mmol) and (2f?)-1-
methoxypropan-2-ol  (7.94 g, 88.1 mmol) in THF (680 mL) was cooled to 0 °C (10 min), and
LIHMDS (96.9 mL, 1M in THF) was added in a dropwise manner over 30 min via an addition
funnel. The resultant suspension was allowed to stir at 0 °C for an additional 20 min. The ice-
bath was removed and the mixture was allowed to warm to room temperature over 30 min. TLC
(petroleum ether : EtOAc = 1 : 1) indicated the reaction was complete. The mixture was
concentrated, taken up in EtOAc (800 mL), and washed with saturated aq.NH,CI (400 mL), and
brine (400 mL). The organic layer was dried over Na,SO, filtered and concentrated to give

crude 3-[1 -(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidin-4-yl)piperidin-4-yl]-1 H-
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pyrrolo[2,3-Jb]pyridine (1-175) (23 g, 100 %) as a yellow oil, which was used in the next step
directly.

Step 3 - Synthesis of 3-[1-(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidin-4-
ylpiperidin-4-yl]-1 H-pyrrolo[2,3-£>]pyridine (1-181)

To a solution of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine  (1-175) (20.9 g,
88.155 mmol) and 3-(piperidin-4-yl)-1 H-pyrrolo[2,3-Jb]pyridine hydrochloride (I-37) (21 .4 g, 79.3
mmol) in MeOH (900 mL) was added slowly DIPEA (39.9 g, 309 mmol). The reaction mixture
was stirred at room temperature for 2 hr. TLC (petroleum ether : EtOAc = 1 : 1) showed the
starting material had been consumed . The mixture was concentrated in vacuo, diluted with
EtOAc (700 mL) and washed with saturated aq.NH,CI (2 x 700 mL), H,0 (700 mL) and brine
(700 mL), dried over Na,SO, and concentrated. The residue was purified by silica gel
chromatography (petroleum ether : EtOAc =2 : 1to 0 : 1) to give 3-[1-(6-chloro-2-{[(2R)-1 -
methoxypropan-2-ylJoxy}pyrimidin-4-yl)piperidin-4-yl]-1  /-/-pyrrolo[2,3-Jb]pyridine (1-181) (23.0 g,

65%) as a light yellow solid, which was used without further purification .

Step 4 - Synthesis of W-[(2R)-1-hydroxypropan-2-yl]-2-{[(2R)-1 -methoxypropan-2-ylloxy}-
6-[4-(1 H-pyrrolo[2,3-fo]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (Example 64)

A yellow solution of 3-[1-(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidin-4-yl)piperidin-4-
yl]-1 H-pyrrolo[2,3-Jb]pyridine (1-181) (10.0 g, 24.88 mmol), (2f?)-2-aminopropan-1 -ol (5.61 gg,
74.6 mmol), DIPEA (9.65 g, 74.6 mmol) in MeOH (180 mL) was placed in a 250 mL stainless
steel vessel, and then Pd(OAc), (559 mg, 2.49 mmol) and DPPP (2050 mg, 4.98 mmol) was
added . Stirring was initiated (900 rpm) and the mixture was purged with argon (2 Bar) three
times and CO (1 MPa) three times. The reaction mixture was the stirred under 1 MPa of CO
pressure and heated to 100 °C for 18 hr. The vessel was opened to sample, and showed that
there were some yellow solids present in the reaction mixture. TLC (EtOAc, R; =0 .2) showed
the starting material was consumed and ~93 % of the desired product was detected by LCMS.
The mixture was filtered through a plug of celite and concentrated. The residue was initially
purified by silica gel chromatography (10% MeOH in CH,CI,) to provide the crude /V-[(2R)-1-
hydroxypropan-2-yl]-2-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-
yl)piperidin-1 -yl]pyrimidine-4-carboxamide (10.0 g, purity 90.22 %) as a light red solid, which
was further purified by preparative HPLC. After preparative HPLC purification , the eluent was
concentrated to remove the organic solvents. The residual aqueous solution was lyophilized to
give IV-[(2f?)-1 -hydroxypropan-2-yl]-2-{[(2f?)-1 -methoxypropan-2-ylloxy}-6-[4-(1 H-pyrrolo[2,3-
Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide  (Example 64) (5.56 g, 48 %) as a light
yellow solid . LCMS (ESI), m/z 469. 1 [M + H]*; (400 MHz, CDCl,) & ppm 9.69 (s, 1 H), 8.30 (d, J
=4.4 Hz, 1H), 7.93-7.98 (m, 2 H), 7.06 -7.1 1 (m, 3 H), 5.30 - 5.35 (m, 1 H), 4.58 (br.s.,2 H),
421 -423 (m, 1 H), 3.65 - 3.72 (m, 3 H), 3.49 -3.52 (m, 2 H),3.41 (s, 3 H),3.13-3.15(m, 4
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H), 2.14 d,J =116 Hz, 2 H),1.68 - 1.77 (m, 2 H),1.38 (d,J =6.4 Hz, 3 H), 1.27 (d,J =6.4
Hz, 3 H).

Step 5 - Synthesis of W-[(2R)-1-hydroxypropan-2-yl]-2-{[(2R)-1 -methoxypropan-2-ylloxy}-
6-[4-(1 H-pyrrolo[2,3-*]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide

benzenesulfonate (Example 64)

Alternatively, after the carboamidation, the crude material can be precipitated from solution by
precipitation from water after filtration through celite, and purified by salt formation as described

herein.

Crude A/-[(2R)-1 -hydroxypropan-2-yl]-2-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-[4-(1 H-pyrrolo[2,3-
Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (25.5 g, 54.4 mmol) was dissolved in IPA
(110 ml_) and benzenesulfonic acid (8.78 g, 54.4 mmol) was added . The solution was heated to
65 °C before being allowed to cool slowly to room temperature overnight without stirring. The
solids formed were slurried for 30 min, then filtered and rinsed with IPA (20 ml_). The solids
were collected by filtration, and dried under vacuum overnight to give /V-[(2R)-1-hydroxypropan-
2-yl-2-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-[4-(1 H-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -
yl]pyrimidine-4-carboxamide  benzenesulfonate (Example 64) (29 g, 85%) as a light yellow
solid. (400 MHz, DMSO-c/g) 8 ppm 11.99 (br. s., 1 H), 8.42 (d,J =7.70 Hz, 1 H), 8.31 - 8.37 (m,
1 H), 8.22 (d, J=8.56 Hz, 1 H), 7.57 - 7.64 (m, 2 H), 7.44 (d,J =2.08 Hz, 1 H), 7.24 - 7.37 (m,
4 H), 7.05 (s, 1 H), 5.30 (td,J = 6.24, 4.16 Hz, 1 H), 4.57 (br. s., 1 H), 3.38 - 3.57 (m, 4 H), 3.30
(s, 3H), 3.11- 3.28 (m, 4 H), 2.09 (d, J = 11.86 Hz, 2 H), 1.67 (qd, J = 12.45, 3.61 Hz, 2 H),
1.27 (d, J = 6.36 Hz, 3 H), 1.15 (d,J = 6.72 Hz, 3 H).
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Example 80 (Scheme B) - Synthesis of A-r(2R)-1-hvdroxypropan-2-vn-6-r4-(1 tf-

Pyrazolor3,4-blpyridin-3-yl)piperidin-1  -vn-2-r(2/?)-tetrahydrofuran-2-

yimethoxylpyrimidine-4-carboxamide
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1-183

Step 1 - Synthesis of (2R)-2-{[(2,6-dichloropyrimidin-4-yl)carbonyl]lamino}propyl benzoate
(1-1 82)

To a solution of 2,6-dichloropyrimidine-4-carbonyl chloride (1-158) (500 mg, 2.37 mmol), and
TEA (718 mg, 7.11 mmol) in CH,CI, (30 m_) was added (2R)-2-aminopropyl benzoate
10 hydrochloride (354 mg, 1.98 mmol) in portions at 0 °C under a nitrogen atmosphere, and the
mixture was stirred at 0 ~ 10 °C for 1 hr. TLC (EtOAc) showed the reaction was completed. The
mixture was quenched with H,0 (20 ml) and extracted with CH,CI, (2 x 50 ml_). The combined
organic layers were washed with brine (3 x 30 ml), dried over Na,SO, and concentrated. The
residue was purified by silica gel chromatography (petroleum ether/EtOAc = 6/1, Rf = 0.4) to
15 give (2R)-2-{[(2,6-dichloropyrimidin-4-yl)carbonyllamino}propyl  benzoate (1-182) (385 mg, 46%)

as an oil, which was used without further purification .

Step 2 - Synthesis of (2R)-2-[({2-chloro-6-[4-(1 H-pyrazolo[3,4-ft]pyridin-3-yl)piperidin-1 -
yl]pyrimidin-4-yl}carbonyl)amino]propyl benzoate (1-183)

To a solution of (2R)-2-{[(2,6-dichloropyrimidin-4-yl)carbonyl]lamino}propyl benzoate (1-182)
20 (342 mg, 0.97 mmol) and 3-(piperidin-4-yl)-1 H-pyrazolo[3,4-Jb]pyridine hydrochloride (1-11) (232
mg, 0.97 mmol) in MeOH (10 ml_) was added TEA (294 g, 2.91 mmol), and the mixture was

stirred at room temperature for 1 hr. TLC (EtOAc) showed the reaction was completed. The
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mixture was concentrated to give ta residue, which was purified by silica gel chromatography
(petroleum ether / EtOAc U1, Rf ~ 0.2) to give (2f?)-2-[({2-ch loro-6-[4-(1 H-pyrazolo[3,4-
Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidin-4-yl}carbonyl)amino]propyl benzoate (1-183) (370 mg,

73%) as a white solid, which was used directly in the next step.

Step 3 - Synthesis of W-[(2R)-1-hydroxypropan-2-yl]-6-[4-(1 H-pyrazolo[3,4-ft]pyridin-3-
yDpiperidin-1 -yl]-2-[(2R)4etrahydrofuran-2-yImethoxy]pyrimidine-4-carboxamide
(Example 80)

To a solution of (2R)-tetrahydrofuran-2-ylmethanol (58 mg, 0.57 mmol) in dry DMF (5 mL) was
added NaH (23 mg, 60% in mineral oil, 0.57 mmol) under a N, atmosphere. After the addition,
the reaction mixture was stirred at room temperature for 1 hr. Then, to the mixture was added
(2R)-2-[({2-chloro-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidin-4-
yl}carbonyl)amino]propyl benzoate (1-183) (100 mg, 0.19 mmol). After the addition, the resulting
mixture was heated at 50 °C for 4 hr. LCMS showed the reaction was completed. The mixture
was cooled to room temperature and quenched with H,0 (20 mL). The mixture was extracted
with EtOAc (3 x 50 mL). The combined organic layers were washed with brine (4 x 50 mL),
dried over Na,S0, and concentrated to give the residue, which was purified by silica gel
chromatography (CH,CI,/MeOH = 10/1, Rf ~ 0.6) to give the crude product, which was further
purified with preparative HPLC(Column : Phenomenex Gemini €18 250 x 21.2 mm, duni. Mobile
phase: from 20% MeCN (0.225% HCOOH) in water to 40% MeCN (0.225% HCOOH) in water.
Wavelength : 220 nm) Lyophilization afforded /V-[(2f?)-1-hydroxypropan-2-yl]-6-[4-(1 H-
pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-2-[(2R)-tetrahydrofuran-2-ylmethoxy]pyrimidine-4-
carboxamide (Example 80) (20.1 mg, 22%) as a white solid. LCMS (APCI), m/z 482.2 [M + H]*;
(400 MHz, DMSO-c/s) 8 ppm 13.29 (br. s., 1 H), 8.48 - 8.49 (m, 1 H),8.31 (d,J = 8.0 Hz, 1 H),
8.18 (d, J = 8.8 Hz, 1 H), 7.13-7.16 (m, 1 H), 7.04 (s, 1 H), 4.89 (t, J = 5.5 Hz, 1 H), 4.50 (br. s.,
1 H), 426 (d,J =55 Hz, 2 H),4.12 - 4.18 (m, 1 H), 4.03 - 4.04 (m, 1 H), 3.77 - 3.82 (m, 1 H),
3.65 -3.70 (m, 1 H), 3.42 - 3.47 (m, 3 H), 3.16 - 3.23 (m, 2 H), 3.00 (br.s.,1H),2.12 (d, J = 11
Hz, 2 H), 1.96 - 2.04 (m, 1 H), 1.81-1.88 (m, 4 H), 1.62 - 1.71 (m, 1 H), 1.15 (d, J = 6.5 Hz, 3
H).
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Example 92 (Scheme F) - Synthesis of 4-r4-(fr2-amino-5-(1 -methyl-1 tf-imidazol-4-

yDpyridin-3-vnoxy)methyDpiperidin-1 -vI1-6-{r(1S,2/?)-2-cvanocyclopropynmethoxy)-A/-

ethyl-1,3,5-triazine-2-carboxamide
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1-186 N Example 92 N
Step 1 - Synthesis of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropane

carbonitrile (1-184)

A mixture of (1R,2S)-2-(hydroxymethyl)cyclopropanecarbonitrile (1-125) (1.06 g, 0.011 mol),
cyanuric chloride (1-164) (2 g, 0.01 1 mol) and DIPEA (2.82 g, 0.022 mol) in THF (50 mL) was
stired at 0 °C for 1 hr, and then stirred at room temperature overnight. The solvent was
evaporated and then purified by silica gel chromatography (Biotage. Petroleum ether : EtOAc =
1:4) to give (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropane carbonitrile (I-
184) (400 mg, 15%) as white solid.

Step 2 - Synthesis of (1R,2S)-2-[({4-[4-({[2-amino0-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-chloro-1,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile (1-185)

To a solution of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropane carbonitrile
(1-1 84) (300 mg, 1.23 mmol) and 5-(1 -methyl-1 /-/-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-

2-amine hydrochloride (1-107) (467 mg, 1.23 mmol) in THF (15 mL) and MeOH (5 mL) at 0 °C
was added TEA (745 mg, 7.38 mmol). The mixture was stirred at 0 °C for 30 min. TLC (CH,Cl,:
MeOH = 15:1) showed the reaction was complete. The solvent was evaporated . The residue
was purified by silica gel chromatography (CH,Cl,: MeOH = 25 : 2) to give (11?,2S)-2-[({4-[4-
({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-6-chloro-1 ,3,5-

triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile  (1-185) (560 mg, 92%) as gray solid , which was

used without further purification .
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Step 3 - Synthesis of methyl 4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-1 ,3,5-triazine-2-

carboxylate (1-186)

A mixture of (1?,2S9)-2-[({4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-chloro-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (I-
185) (300 mg, 0.6 mmol), DPPP (50 mg, 0.12 mmol), Pd(OAc), (13.5 mg, 0.06 mmol) and TEA
(121 mg, 1.2 mmol) in MeOH (30 ml_) was stirred in a sealed tube under CO atmosphere (2
MPa) at 90-1 00 °C for 20 hr. TLC (CH,Cl, : MeOH = 15:1) showed that the reaction was
complete. The mixture was filtered and concentrated. The residue was purified by silica gel
chromatography (MeOH : CH,CI, = 5% to 8%) to give methyl 4-[4-({[2-amino-5-(1 -methyl-1 H-
imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -yl]-6-{[(1 S,2R)-2-cyanocyclopropyl] methoxy}-
1,3,5-triazine-2-carboxylate (1-186) (180 mg, 57%) as gray solid.

Step 4 -  Synthesis of  4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-W-ethyl-1 ,3,5-

triazine-2-carboxamide (Example 92)

A mixture of methyl 4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-1 ,3,5-triazine-2-
carboxylate (I-86) (50 mg, 0.096 mmol), ethylamine hydrochloride (34 mg, 0.289 mmol) and
TEA (145 mg, 1.44 mmol) in DMF (1 mL) was stirred at 100 °C overnight. TLC (CH,CI, : MeOH
= 15:1) showed that most of the starting material had been consumed. The solvent was
evaporated. The residue was dissolved in CH,CI, (20 mL), washed with aq. NH,CI, brine, dried
over Na,S0, and concentrated . The residue was purified by silica gel chromatography (CH,Cl,:
MeOH = 10:1) to give 4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-/V-ethyl-1 ,3,5-triazine-2-
carboxamide (Example 92) (7.6 mg, 15%) as yellow solid. LCMS (ESI), m/z 533.1 [M + H]*;
(400 MHz, CDCl,) & ppm 7.95 (s, 1 H), 7.61 - 7.72 (m, 1 H), 7.45 (s, 2 H), 7.10 (s, 1 H), 5.04 -
513 (m, 1 H), 4.81 - 4.90 (m, 1 H), 4.71 (s, 1 H), 4.56 - 4.61 (m, 1 H), 4.45 - 450 (m, 1 H), 3.96
-3.97 (m, 2 H), 3.45 - 3.49 (m, 2 H), 2.96 - 3.06 (m, 1 H), 2.18 - 2.20 (m, 1 H), 1.80 - 1.97 (m, 2
H), 1.40 - 1.45 (m, 2 H), 1.20 - 1.35 (m, 6 H), 0.80 - 0.88 (m, 1 H).
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Example 93 (Scheme F) - Synthesis of 4-r4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -

vNn-6-fr(1 S,2/?)-2-cvanocvclopropynmethoxy)-A  /-r(2S)-1 ,1,1-trifluoropropan-2 -vn-1,3,5-

triazine-2-carboxamide

ol HN— NH N_<C|
AR =N N N
al HO \ 1-125 CI—</ N HoN 2! =\ =
\ W= 1-24

© H,N

N—
o— N 0 Y °
= THF/MeOH, DIPEA
THF/ DIPEA
cl N
N

Q 4?—
0 N
/ \ _<N—\?g A = N—¢ _\<N
HoN N—¢ N LIOH, MeCH =N N=
Pd(OAC),, DPPP '
(OAC), N= HoN 0
o)
TEA, MeQH 1185
1188 N

F
F>{F e
—

HN
HoN / \ N—</
HATUITEA/DMF

Step 1 - Synthesis of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropane

carbonitrile (1-184)

To a solution of cyanuric chloride (1-167) (4.2 g, 0.022 mol) and DIPEA (3.3 g, 0.026 mol) in dry
THF (30 mL) was added (1f?,2S)-2-(hydroxymethyl)cyclopropanecarbonitrile (1-125) (2 g, 0.022
mol) at 0 °C. The reaction was stirred at room temperature for 14 hr. TLC (petroleum ether:
EtOAc = 1:1) showed two new spots. The mixture was concentrated under vacuum to give a
residue, which was purified by silica gel chromatography (petroleum ether : EtOAc = 1:1 R; ~
0.5) to give (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropane carbonitrile (I-

184) (2 g, 38%) as a white solid, which was used directly in the next step.

Step 2 - Synthesis of 3-amino-6-[1 -(4-chloro-6-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-
1,3,5-triazin-2-yl)piperidin-4-yl]pyridine-2-carboxamide (1-187)

To a solution of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropane carbonitrile
(1-184) (160.7 mg, 0.6557 mmol) and 3-amino-6-(piperidin-4-yl)pyridine-2-carboxamide  (1-24)
(144 mg, 0.656 mmol) in THF (30 mL) and MeOH (10 mL) was added DIPEA (339 mg, 2.62
mmol) at 0 °C. The reaction was stirred at 0 °C for 30 min. TLC (EtOAc) indicated the reaction
was completed. The mixture was concentrated and purified by silica gel chromatography
(petroleum ether: EtOAc = 1.1 to 0:1) to give 3-amino-6-[1-(4-chloro-6-{[(1 S,2f?)-2-
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cyanocyclopropyllmethoxy}-1 ,3,5-triazin-2-yl)piperidin-4-yl]pyridine-2-carboxamide (1-1 87)

(255.5 mg, 91%) as a white solid, which was used directly in the next step.

Step 3 - Synthesis of methyl 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-6-
{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-1 ,3,5-triazine-2-carboxylate (1-188)

A mixture of 3-amino-6-[1 -(4-chloro-6-{[(1 S,2R)-2-cyanocyclopropyl]lmethoxy}-1 ,3,5-triazin-2-
yl)piperidin-4-yl|pyridine-2-carboxamide  (1-187) (255.5 mg, 0.5957 mmol), DPPP (24.6 mg,
0.0596 mmol), Pd(OAc), (13.4 mg, 0.0596) and TEA ( 121 mg, 1.19 mmol) in MeOH (15 mL)
saturated with CO was stirred under 2 MPa at 90 °C for 12 hr. TLC (EtOAc) indicated the
reaction was completed . The reaction mixture was filtered and washed with MeOH (5 mL). The
organic layer was concentrated in vacuo to dryness to give a residue, which was purified by
silica gel chromatography (EtOAc) to give the methyl 4-[4-(5-amino-6-carbamoylpyridin-2-

yl)piperidin-1 -yl]-6-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-1 ,3,5-triazine-2-carboxylate (1-1 88)

(21 0 mg, 78%) as a white solid, which was used directly in the next step.

Step 4 - Synthesis of 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-6-{[(1 S,2R)-2-

cyanocyclopropyllmethoxy}-1 ,3,5-triazine-2-carboxylic acid (1-1 89)

To a solution of methyl 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-6-{[(1 S,2R)-2-
cyanocyclopropyllmethoxy}-1 ,3,5-triazine-2-carboxylate (1-188) (100 mg, 0.22 mmol) in MeOH
(10 mL) was added aqueous LiOH (0.22 mL, 2 N, 0.44 mmol). The mixture was stirred at room
temperature for 2.5 hr. LCMS showed the reaction was completed . The reaction mixture was
then adjusted to pH =5 with 1N aqueous HCI. The solvent was evaporated to give crude 4-[4-
(5-amino-6-carbamoylpyridin-2-yl)piperidin-1  -yl]-6-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-

1,3,5-triazine-2-carboxylic acid (1-1 89), which was used in the next step directly without further

purification.

Step 5 - Synthesis of 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1 -yl]-6-{[(1 S,2R)-2-
cyanocyclopropyllmethoxy}-W-[(2S)-1 ,1,1-trifluoropropan-2-yl]-1 ,3,5-triazine-2-

carboxamide (Example 93)

To a  solution of 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1  -yl]-6-{[(1 S,2R)-2-
cyanocyclopropyllmethoxy}-1 ,3,5-triazine-2-carboxylic acid (-189) (97 mg, 0.22mmol) in
anhydrous DMF (2 mL) was added HATU (84.1 mmg, 0.221 mmol) and Et;N (56 mg, 0.553
mmol) at 0 °C. (2S)-1 ,1,1-trifluoropropan-2-amine (50 mmg, 0.442 mmol) was added . After the
addition , the mixture was stirred at room temperature for 16 hr. TLC showed the reaction was
completed . The reaction mixture was poured into water (10 mL) and extracted with EtOAc (3 x
20 mL). The combined organic layers were washed with brine (10 mL) dried over Na,SO0, and
purified by preparative HPLC to afford 4-[4-(5-amino-6-carbamoylpyridin-2-yl)piperidin-1  -yl]-6-
{1 S,2f?)-2-cyanocyclopropyllmethoxy}-/V-[(2S)-1 ,1,1-trifluoropropan-2-yl]-1 ,3,5-triazine-2-
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carboxamide (Example 93) (15.4 mg, 13%) as a white solid. LCMS (APCI), m/z 534.1 [M + H]*;
(400 MHz, DMSO-clg & ppm 9.06 (d, J = 9.2 Hz, 1 H), 7.88 (s, 1 H), 7.21 - 7.25 (m, 2 H), 7.1 0
(d,J =84 Hz, 1 H), 6.68 (s, 2 H), 495 (d, J = 13.6 Hz, 1 H), 4.69 - 480 (m, 3 H), 411-4.16
(m, 1H), 3.09 (t, J = 12.8 Hz, 2 H), 291 (t, J = 10.7 Hz, 1 H), 1.81 - 2.01 (m, 4 H), 1.70 - 1.72

(M, 2 H), 1.38 (d,J = 7.2 Hz, 3 H), 1.28 - 1.30 (m, 1 H), 1.17 - 1.19 (m, 1 H).

Example 98 (Scheme F) - Synthesis of 4-{[(1S,2/?)-2-cvanocvclopropyllmethoxy)-A/-r(2/?)-

1-hvdroxypropan-2 -vn-6-r4-(1 H-pyrrolor2,3-folpyridin-3-yl)piperidin-1 -yll-1 ,3,5-triazine-2-

carboxamide

HN \ HCI H
N \
c— N NH \_7 DPPP, Pd(QAG),
=

N N O\/K
-
DIPEA, MeOH/THF N | N MeOH, CO, TEA

N=_ |

N—/ | Ho\/LNH2 \ /
X N NYN O\/&
KN,,\‘ O\/&\N dioxane NI"\‘ >

- Example 98 N

1191 o5
Step 1 - Synthesis of (1R,2S)-2-[({4-chloro-6-[4-(1 H-pyrrolo[2,3-ft]pyridin-3-yl)piperidin-1 -
yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-190)

To a solution of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile

(1-184) (150 mg, 0.612 mmol) and 3-(piperidin-4-yl)-1 H-pyrrolo[2,3-Jb]pyridine hydrochloride (I-
37) (123 mg, 0.612 mmol) in THF (20 mL) and MeOH (5 mL) was added DIPEA (316 mg, 2.45
mmol) at 0 °C. The reaction was stirred at 0 °C for 30 min. TLC (EtOAc) indicated the reaction
was complete. The mixture was concentrated and purified by silica gel chromatography
(petroleum ether: EtOAc = 1:1 to 0:1) to give (1f?,2S)-2-[({4-chloro-6-[4-(1 H-pyrrolo[2,3-
£>]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl}oxy)methyl] cyclopropane carbonitrile (1-190) (140

mg, 56%) as a white solid , which was used directly in the next step.

Step 2 - Synthesis of Step 5: Synthesis of (1R,2S)-2-[({4-chloro-6-[4-(1 H-pyrrolo[2,3-
£>]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-191)

A mixture of (1f?,2S)-2-[({4-chloro-6-[4-(1 H-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-
2-yl}oxy)methyl]cyclopropanecarbonitrile  (1-1 90) (100 mg, 0.244 mmol), DPPP (10.1 mg, 0.0244
mmol), Pd (OAc)2 (5.48 mg, 0.0244) and TEA (49.4 mg, 0.488 mmol) in MeOH (15 mL) was
stirred under CO (2 MPa) at 90 °C for 12 hr. TLC (EtOAc) indicated the reaction was complete.
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The reaction mixture was filtered and washed with MeOH (5 mL). The organic layer was
concentrated under vacuum to dryness to give a residue, which was purified by silica gel
chromatography (EtOAc) to give the methyl 4-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-6-[4-(1 H-
pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxylate (1-191) (83 mg, 78%) as a

white solid , which was used directly in the next step.

Step 3 - Synthesis of 4-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-W-[(2R)-1 -hydroxypropan-
2-yl]-6-[4-(1 H-pyrrolo[2,3-£>]pyridin-3-yl)piperidin-1-yl]-1,3,5-triazine-2-carboxamide
(Example 98)

A mixture of methyl 4-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-
yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxylate  (1-191) (83 mg, 0.19 mmol) and (2f?)-2-
aminopropan-1 -ol (43.1 mg, 0.574 mmol) in dioxane (1 mL) was stirred at 100 °C for 16 hr. TLC
(EtOAc) showed the reaction was complete. The mixture was concentrated, and purified by
preparative TLC (EtOAc) to give 4-{[(1 S,2f?)-2-cyanocyclopropyllmethoxy}-/V-[(2f?)-1 -
hydroxypropan-2-yl]-6-[4-(1 H-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-
carboxamide (Example 98) (7.4 mg, 8%) as a white solid. LCMS (APCI), m/z 477.1 [M + H]*;
(400 MHz, CD,OD) & ppm 8.17 (d, J = 4.8 Hz, 1 H), 811 (d,J = 6.4 Hz, 1 H), 7.21 (s, 1 H), 7.09
-7.12 (m, 1 H), 5.16 (d,J = 10.8 Hz, 1 H), 4.97 (d, J = 12.8 Hz, 1 H),4.76 - 4.79 (m, 1 H), 4.32
(t, 3 =10.7 Hz, 1 H), 416 (d,J =6.8 Hz, 1 H),3.64 (d, J =5.2 Hz, 2 H), 3.22 (t, J = 12.8 Hz, 2
H), 2.20 (d,J = 13.6 Hz, 2 H), 1.90 - 1.93 (m, 2 H), 1.79 (d,J = 12.4 Hz, 2 H), 1.36 (d, J = 6.8
Hz, 3 H), 1.27 (d,J = 6.8 Hz, 3 H).
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Example 101 (Scheme F) - Synthesis of N-[(2R)-1-hvdroxypropan-2-yl1-4 -rr(2R)-1 -

methoxvpropan-2-viloxv}-6-14-(1 H-pvrrolol2.3-blpyridin-3-yl)piperidin-1-yl]-1,3,5-triazine-

2-carboxamide

H
N

n=( J HC H
\ 7 N=_ |
N Cl HOY\O/ Cl /N 0 \O/ 137 NH N /
< T
c—¢ N N N N _N_ o
_<N=< Y THF/MeCH. DIPEA - o
NaH/THF al Ny N
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1177 1192 193 Cl
H
N H
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\_7
DPPP, Pd(OAc) 2 N MeOH, H,S0,4 \ 7/

DIPEA, dioxane, CO, H,O

Y
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1194 OH 1195 o); _

\)\ ¢
HO NHs N== |

dioxane N N

N" o
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Step 1 - Synthesis of 4-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-W-[(2R)-1 -hydroxypropan-
2-yl]-6-[4-(1 H-pyrrolo[2,3-b]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxamide (1-192)

To a mixture of (2R)-1-methoxypropan-2-ol (3 g, 33.29 mmol) in THF (20 mL) was added NaH
(2.66 g, 60% in mineral oil, 66.6 mmol) in portions over a period of 10 min. After addition, the
10 mixture was stirred at 0 °C for 1 hr. Then, cyanuric chloride (1-177) (6.14 g, 33.3 mmol) was
added . After the addition, the reaction mixture was stirred at 0 °C for a further hr. TLC
(petroleum ether/EtOAc = 10/1) indicated the reaction was complete. The reaction mixture was
poured into water (10 mL) and extracted with EtOAc (3 x 50 mL).The combined organic layers
were washed with water (2 x 10 mL), brine (20 mL), dried over Na,S0 , and concentrated under
15  vacuum to dryness to give a residue, which was purified by silica gel chromatography
(petroleum ether/EtOAc = 10/1 to /1) to give 2,4-dichloro-6-{[(2R)-1 -methoxypropan-2-ylloxy}-

1,3,5-triazine (1-192) (1.1 g, 14%) as a colorless oil, which was used directly in the next step.

Step 2 - Synthesis of 3-[1 -(4-chloro-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-triazin-2-

yhpiperidin-4-yl]-1 H-pyrrolo[2,3-b]pyridine (1-193)

20 To a solution of 2,4-dichloro-6-{[(2f?)-1 -methoxypropan-2-ylloxy}-1 ,3,5-triazine (1-192) (500 mg,
2.1 mmol) and 3-(piperidin-4-yl)-1 H-pyrrolo[2,3-£>]pyridine hydrochloride (1-37) (549 mg, 2.31
mmol) in THF (10 mL) and MeOH (2 mL) was added DIPEA (1090 mg, 8.40 mmol) at O °C. The

reaction was stirred at 0 °C for 30 min. LCMS showed the reaction was completed . The mixture
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was concentrated and purified, by silica gel chromatography (petroleum ether/ EtOAc = 1:1to
0:1) to give 3-[1-(4-chloro-6-{[(2R)-1 -methoxypropan-2-ylloxy}-1 ,3,5-triazin-2-yl)piperidin-4-yl]-
1/-/-pyrrolo[2,3-Jb]pyridine (1-193) (600 mg, 71%) as a solid, which was used directly in the next
step.

Step 3 - Synthesis of 4-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-[4-(1 H-pyrrolo[2,3-b]pyridin-3-
yDpiperidin-1 -yl]-1,3,5-triazine-2-carboxylic acid (1-194)

A mixture of 3-[1-(4-chloro-6-{[(2R)-1 -methoxypropan-2-ylloxy}-1 ,3,5-triazin-2-yl)piperidin-4-yl]-

1H-pyrrolo[2,3-Jb]pyridine (1-193) (100 mg, 0.248 mmol), DPPP (15.4 mg, 0.0372 mmol),
Pd(OAc), (8.36 mg, 0.0372) and DIPEA (160 mg, 1.24 mmol) in dioxane (20 mL) and H,0 (4
mL) was stirred under CO (2 MPa) at 90 °C for 12 hr. LCMS indicated the reaction was
completed . The reaction mixture was filtered, and washed with MeOH (5 mL). The organic layer
was concentrated under vacuum to dryness to afford a residues, which was purified by silica gel
chromatography (CH,CI/MeOH = 15/1 to 10/1) to give 4-{[(2f?)-1 -methoxypropan-2-ylJoxy}-6-[4-

(1/-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxylic  acid (1-194) (85 mg,

83%) as a white solid, which was used directly in the next step. .

Step 4 - Synthesis of 4 methyl 4-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-[4-(1 H-pyrrolo[2,3-
£>]pyridin-3-yl)piperidin-1-yl]-1,3,5-triazine-2-carboxylate (1-195)

To a solution of 4-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-
1-yl]-1 ,3,5-triazine-2-carboxylic acid (1-194) (85 mg, 0.21 mmol) in MeOH (2 mL) was added
H,S0, (4.04 mg, 0.0412 mmol). The mixture was stirred at 65 °C for 1.5 hr. LCMS indicated
that only 6 % of starting material remained. The solvent was evaporated, and the residue was
diluted with water (1 mL), adjusted to pH = 8 with saturated sodium carbonate solution. The
mixture was extracted with CH,CI/MeOH=10:1 (3 x 10 mL). The combined organic layers dried
over Na,S0,, and concentrated to give methyl 4-{[(2R)-1 -methoxypropan-2-yljoxy}-6-[4-(1 H-
pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxylate (1-195) (61 mg), which was

used in the next step directly without purification .

Step 5 - Synthesis of W-[(2R)-1-hydroxypropan-2-yl]-4-{[(2R)-1 -methoxypropan-2-ylJoxy}-
6-[4-(1 H-pyrrolo[2,3-fo]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazine-2-carboxamide (Example
101)

A  mixture of methyl 4-{[(2R)-1-methoxypropan-2-ylJoxy}-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-
yDpiperidin-1 -yl]-1 ,3,5-triazine-2-carboxylate ~ (1-195) (61 mg, 0.14 mmol) and (2R)-2-
aminopropan-1 -ol (26.9 mg, 0.358 mmol) in dioxane (1 mL) was stirred at 100 °C for 16 hr.
LCMS showed the reaction was complete. The mixture was concentrated , and purified by
preparative HPLC to give /V-[(2R)-1-hydroxypropan-2-yl]-4-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-

[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxamide (Example  101)



10

15

20

25

WO 2016/097918 PCT/IB2015/059360

-135 -

(15.5 mg, 23%) as a white solid. LCMS (ESI), m/z 470.1 [M + H]*; (400 MHz, CD;0D) 3 ppm
8.18 (d,J =48 Hz, 1 H), 811 (d,J =6.4 Hz, 1 H), 7.22 (s, 1 H), 7.09 - 7.12 (m, 1 H), 5.46 -
5.50 (m, 1 H), 5.15 (d, J = 10.8 Hz, 1 H), 4.92 - 496 (m, 1 H), 4.15 - 4.16 (m, 1 H), 3.57 - 3.65
(m, 4 H), 3.40 (s, 3 H), 3.19-3.25 (m, 3 H), 2.21 (d,J = 13.6 Hz, 2 H), 1.76 -1.79 (m, 2 H), 1.37
(d,J =6.8 Hz 3 H), 1.7 (d, J = 6.8 Hz, 3 H).

Example 102 (Scheme D) - Synthesis of 2-r(1-cvanocvclopropyl)methoxyl-AH '(2R)-1-

hvdroxypropan-2 -vn-6-r4-(1 tf-pyrrolor2,3-blpyridin-3-yl)piperidin-1 -vnpyrimidine-4-

carboxamide
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Example 102

Step 1 - Synthesis of 1-{[(4,6-dichloropyrimidin-2-yl)oxy]methyl}cyclopropanecarbonitrile

T

T

(1-1 96)

To a solution of 4,6-dichloro-2-(methylsulfonyl)pyrimidine  (1-174) (15.9 g, 70 mmol) and 1-
(hydroxymethyl)cyclopropanecarbonitrile  (1-128)(7.0 g, 70 mmol,) in THF (450 mL) was added
LIHMDS (77 mL, 1 N, 1.1 eq) in a dropwise manner while keeping the internal temperature
between -5 ~ 0 °C. After stirring for 1 hr, the reaction mixture was allowed to warm to room
temperature (20 °C) over 30 min. TLC (petroleum ether : EtOAc = 1:1, R; ~ 0.6) showed the
reaction was complete. The reaction mixture was concentrated , re-suspended in EtOAc (300
mL) and washed with saturated aqueous NH,CI solution (150 mL), brine(150 mL), dried over
Na,S0 ,, and concentrated to give crude 1-{[(4,6-dichloropyrimidin-2-
yl)oxy]methyl}cyclopropanecarbonitrile  (1-1 96) (16.0 g), which was used directly in the next step

without further purification .

Step 2 - Synthesis of  1-[({4-chloro-6-[4-(1 H-pyrrolo[2,3-ft]pyridin-3-yl)piperidin-1

yl]pyrimidin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-197)

To a suspension of 1-{[(4,6-dichloropyrimidin-2-yl)oxy]methyl}cyclopropanecarbonitrile (1-196)
(16 g, 66 mmol) and 3-(piperidin-4-yl)-1 H-pyrrolo[2,3-Jb]pyridine hydrochloride (1-37) (17.7g, 65.6
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mmol) in MeOH (525 mL) was added DIPEA (42.4 g, 328 mmol) at room temperature (20
°C).After the addition of DIPEA, the reaction mixture became a clear yellow solution. The
reaction mixture was stirred at room temperature (20 °C) for 3 hr while solid was generated
slowly. TLC (EtOAc, R;~ 0.2) showed the reaction was completes. The reaction mixture was
concentrated to leave ~ 40 mL of MeOH. The reaction mixture was filtered and the filter cake
washed with MeOH (30 mL) to give crude product (14.3 g, crude, 93.89% pure by HPLC) The
crude product was re-crystallized from MeOH (50 mL) to give 1-[({4-chloro-6-[4-(1 /-/-pyrrolo[2,3-
Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-197) (13.3 g,
50%) as a pale white solid. LCMS (APCI), m/iz 408.1 [M + H]*; (400 MHz, DMSO-dg) & ppm
11.36 (br.s.,1H),8.19 (d,J = 3.2 Hz, 1 H), 8.02 (d, J = 8.0 Hz, 1 H), 7.24 (s, 1 H), 7.01 - 7.04
(m, 1 H), 6.73 (s, 1 H), 451 (br.s.,2 H), 4.26 (s, 2 H), 3.11-3.18 (m, 3 H), 2.04 (d, J = 12.8 Hz
2H), 161 -21.63 (M, 2 H),1.34-1.37 (m, 2 H),1.20 - 1.22 (m, 2 H).

Step 3 - Synthesis of 2-[(1-cyanocyclopropyl)methoxy]-W-[(2R)-1-hydroxypropan-2-yl]-6-
[4-(1 H-pyrrolo[2,3-fo]pyridin-3-yl)piperidin-1-yl]pyrimidine-4-carboxamide (Example 102)

A yellow suspension of 1-[({4-chloro-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidin-
2-yltoxy)methyl]cyclopropanecarbonitrile  (1-197) (3.5 g, 8.6 mmol), (2R)-2-aminopropan-1 -ol
(1.61 g, 21.4 mmol) ,DIPEA(3.32 ¢, 25.7 mmol) in dioxane (50 mL) was placed in a 100 mL
stainless steel vessel. To the vessel was added Pd(OAc), (120 mg, 0.535 mmol) and BINAP
(666 mg, 1.07 mmol). Stirring was initiated, and the mixture was purged three times with Ar (2
bar) followed by three times with CO (1 MPa). Then, the reaction mixture was stirred under 18
Bar of CO pressure at 100 °C for 17 hr. The reaction mixture became an orange color, and
showed some dark precipitate on being allowed to settle. TLC (EtOAc : MeOH = 10:1, Rr0.3)
showed ~25% of the starting material still remained .Then the reaction mixture was filtered, and
the filtrate concentrated to give crude product (3.6 g). The The crude product was purified by
silica gel chromatography eluting with EtOAc to give 5 g of crude material (86.8% pure by
HPLC). This material was further purified by preparative HPLC (from 20 % MeCN in water with
0.05% NH,OH to 50% MeCN in water with 0.05% NH,OH). After HPLC purification, the solution
was concentrated to remove organic solvents. The residual aqueous solution was lyophilized to
give 2-[(1 -cyanocyclopropyl)methoxy]-/V-[(2R)-1 -hydroxypropan-2-yl]-6-[4-(1 H-pyrrolo[2,3-
Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide ~ (Example 102) (3.5 g, 50%) as a white
solid. LCMS (APCI), m/z 476.2 [M + H]*; (400 MHz, DMSO-c/g) 8 ppm 11.36 (s, 1 H), 8.18 - 8.22
(m, 2 H), 8.01 - 8.03 (m, 1 H), 7.24 (d, J = 5.6 Hz, 1 H), 7.03 - 7.06(m, 2 H),4.86 - 4.89(m, 1
H),4.70 (br. s., 1 H), 4.36 (s, 2 H), 3.98 - 4.00 (m, 1 H), 3.43 - 3.47 (m, 3 H),3.13 - 3.40 (m, 3
H),2.05 - 2.09 (m, 2 H), 1.62 - 1.65 (m, 2 H),1.37 - 1.39 (m, 2 H) , 1.22 - 1.24 (m, 2 H), 1.14 -
1.16 (m, 3 H).
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Example 107 (Scheme F) - Synthesis of 4-(cvclopropylmethoxy)-AH (2R)-1-

hvdroxypropan-2-vn-6-r4-(1 H-pyrazolor3,4-blpyridin-3-yl)piperidin-1 -yll-1,3,5-triazine-2-

carboxamide
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1-200 Example 107

Step 1 - Synthesis of 2,4-dichloro-6-(cyclopropylmethoxy)-1 ,3,5-triazine (1-1 98)

To a solution of cyclopropylmethanol (0.4 g, 5.55 mmol) in anhydrous THF (30 ml) was added
NaH (0.266 g, 60% in mineral oil, 6.66 mmol) at 0 °C. The resulting mixture was stirred at room
temperature for 30 min. The mixture was then cooled to 0 °C and cyanuric chloride (1-177) (0.93
g, 5.05 mmol) was added. The resulting mixture was stirred at room temperature for 12 hr. The
mixture was quenched with ice-water (5 ml_) and then extracted with EtOAc (3 x 10 ml). The
organic layers were combined , washed with H,0 (5 ml), brine (5 mL), dried over Na,SO0, and
concentrated in vacuo to give the crude product. The crude product was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 10:1, R; = 0.7) to afford 2,4-dichloro-6-
(cyclopropylmethoxy)-l ,3,5-triazine (1-198) (0.5 g, 45%) as colorless oil, which was used without

further purification .

Step 2 - Synthesis of 3-{1-[4-chloro-6-(cyclopropylmethoxy)-1 ,3,5-triazin-2-yl]piperidin-4-
yl}-1 H-pyrazolo[3,4-b]pyridine (1-199)

To a mixture of 2 ,4-dichloro-6-(cyclopropylmethoxy)-1 ,3,5-triazine (1-198) (0.9 g, 4.091 mmol)
and 3-(piperidin-4-yl)-1 H-pyrazolo[3,4-b]pyridine hydrochloride (1-11) (0.906 g, 3.409 mmol) in
acetone (60 ml_) was added DIPEA (1.266 g, 1.72 mmol) at -20 °C. The resulting mixture was
stirred at -20 °C for 1 hr. TLC (petroleum ether/EtOAc =2:1, R; = 0.7) showed the reaction was
complete. The mixture was concentrated in vacuo to give the crude product, which was purified
by column chromatography on silica gel, (petroleum ether/EtOAc = 2:1) to obtain 3-{1 -[4-chloro-
6-(cyclopropylmethoxy)-1 ,3,5-triazin-2-yl]piperidin-4-yl}-1 /-/-pyrazolo[3,4-b]pyridine (1-199) (0.9

g, 68%) as a yellow solid, which was used without further purification .
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Step 3 - Synthesis of 4-(cyclopropylmethoxy )-6-[4-(1 H-pyrazolo[3 ,4-b]pyridin-3-
yDpiperidin-1 -yl]-1,3,5-triazine-2-carboxylic acid (I-200)

To a mixture of 3-{1-[4-chloro-6-(cyclopropylmethoxy)-1 ,3,5-triazin-2-yl|piperidin-4-yl}-1 H-
pyrazolo[3,4-Jb]pyridine (1-199) (0.3 g, 0.779 mmol), DPPP (64 mg, 0.156 mmol) and Et;N (0.393
g, 0.5 ml) in dioxane (45 mL) and H,0 (15 mL) was added Pd(OAc), (17.5 mg, 0.0779 mmol) at
room temperature. The resulting mixture was purged with CO three times and then heated at 80
°C under CO pressure (2.5 MPa) for 24 hr. TLC (petroleum ether/EtOAc = 2:1) showed the
reaction was complete. The mixture was diluted with EtOAc (50 mL). The organic layer was
separated and the aqueous layer was extracted with EtOAc (2 x 10 mL). The organic layers
were combined , washed with brine (10 mL), dried over Na,SO0,, filtered and concentrated in
vacuo to give the crude product. The crude product was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 2:1 to CH,CI/MeOH = 10:1, R; =0.1 in CH,CI/MeOH =
10:1) to obtain 4-(cyclopropylmethoxy)-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-
triazine-2-carboxylic acid (I-200) (0.28 g, 91%) as a yellow solid . "H NMR (400 MHz, DMSO-cf;)
o ppm 13.28 (br. s., 1 H), 843 (s, 1 H), 831 - 832 (m, 1 H), 7.08 - 710 (m, 1 H),4.61 - 4.72
(m, 2 H), 4.03 - 4.05 (m, 2 H), 2.93 - 2.96 (m, 4 H), 2.02 - 211 (m, 2 H), 1.71 - 1.80 (m, 2 H),
0.51 - 0.55 (m, 2 H), 0.31 - 0.33 (m, 2 H).

Step 4 - Synthesis of 4-(cyclopropylmethoxy)-W-[(2R)-1 -hydroxypropan-2-yl| ]-6-[4-(1 H-
pyrazolo[3 ,4-b]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazine-2-carboxamide (Example 107)

To a mixture of 4-(cyclopropylmethoxy)-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-
triazine-2-carboxylic acid (I-200) (0.25 g, 0.634 mmol), (2f?)-2-aminopropan-1 -ol (0.057 g, 0.76
mmol) and HATU (0.28 g, 0.75 mmol) in DMF (10 mL) was added TEA (0.192 g, 0.26 mL) at 10
°C. The resulting mixture was stirred at room temperature for 12 hr. LCMS showed the reaction
was complete. The mixture was diluted with EtOAc (30 mL) and H,0 (20 mL). The organic layer
was separated and the aqueous layer was extracted with EtOAc (2 x 10 mL). The organic
layers were combined, washed with H,0 (3 x 8 mL), brine (8 mL), dried over Na,S0 ,, filtered
and concentrated in vacuo to give the crude product. The crude product was purified by
preparative TLC (CH,CI/MeOH = 10:1, R; = 0.4) to afford 4-(cyclopropylmethoxy)-/V-[(2{?)-1 -
hydroxypropan-2-yl]-6-[4-(1 H-pyrazolo[3,4-£>]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-
carboxamide (Example 107) (25.5 mg, 9%) as a white solid. LCMS (APCI), m/z 453.1 [M + H]*;
'"H NMR (400 MHz, DMSO-c/g) & ppm 13.35 (s, 1 H), 8.47 - 8.48 (m, 1 H), 8.30 - 8.34 (m, 2 H),
7.12 -7.15 (m, 1 H), 4.86 - 4.90 (m, 2 H), 4.72 - 4.75(m, 1 H), 4.18 - 4.19 (m, 2 H), 3.85 -3.95
(m, 2 H), 3.40 - 3.44 (m, 2 H), 3.21 - 3.23 (m, 2 H), 2.10 - 2.14 (m, 2 H), 1.80 - 1.83 (m, 2 H),
1.23-125(m, 2 H), 1.11- 1.13 (m, 3 H), 0.54 - 0.57 (m, 2 H), 0.33 - 0.37 (m, 2 H).
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Example 108 (Scheme G) - Synthesis of A/-cvclobutyl-4-tT(2/?)-1 -methoxypropan-2-

vnoxy)-6-r4-(1 tf-pyrazolor3,4-blpyridin-3-yl)piperidin-1 -vnpyrimidine-2-carboxamide
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N
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, |
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| cl N == B .
N._=N W i) Cyclobutylamine, AcOOH
h TEA, MeOH N| !
° Y
1-201 c 1-202
,\;—NH N,’NH
N = N
¢ ) /:\/O\ 4 \
= HO =
CIY\rN ~, /\/O N
x O x
| YO
NN KHMDS, THF = NIN
O“ N 0“™N
H H
1-203 Example 108

Step 1 - Synthesis of 3-[1-(2,6-dichloropyrimidin-4-yl)piperidin-4-yl]-1 H-pyrazolo[3,4-
b]pyridine (I-202)

To a mixture of 2,4,6-trichloropyrimidine (1-201) (750 mg, 4.09 mmol) and 3-(piperidin-4-yl)-1 H-
pyrazolo[3,4-Jb]pyridine hydrochloride (1-11) (1.12 g, 4.70 mmol) in MeOH (40.9 mL) was added
TEA (2.07 g, 2.85 mL, 20.4 mmol). The reaction mixture was allowed to stir at room
temperature for 4 hr. The solvents were removed in vacuo, and the residue slurried in 25%
MeOH/H,0 . The solids were collected by filtration, and allowed to dry in the vacuum oven
overnight to afford 3-[1-(2,6-dichloropyrimidin-4-yl)piperidin-4-yl]-1 /-/-pyrazolo[3,4-Jb]pyridine (I-
202) (1.28 g, 90%) as a brown solid . NMR indicated that this was a 3.2 : 1 ratio of regioisomers
in favor of the desired material, and this was used in the next step without further purification .
LCMS (APCI), m/z 349.1 [M + HJ*,

Step 2 - Synthesis of 4-chloro-W-cyclobutyl-6-[4-(1 H-pyrazolo[3,4-£)]pyridin-3-yl)piperidin-
1-yl]pyrimidine-2-carboxamide  (I-203)

To a solution of malononitrile (170 mg, 2.58 mmol) in MeCN (4.3 mL) was added K,CO 5 (712
mg, 5.15 mmol). Then, a mixture of the 3-[1-(2,6-dichloropyrimidin-4-yl)piperidin-4-yl]-1 H-
pyrazolo[3,4-Jb]pyridine (1-202) (3: 1 mixture of regioisomers, 300 mg, 0.86 mmol) was added as
solution in DMSO (2.0 mL). The reaction mixture was heated to 50 °C for 18 hr. LCMS showed
3 peaks with the desired mass, and some starting material still remained . Malononitrile (57 mg,
0.86 mmol) and K,CO 5 (237 mg, 1.72 mmol) was added, and the reaction heated to 60 °C for a

further 4 hr. The reaction was a pretty thick mixture, and although the starting material had
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decreased , it could still be observed. MeCN (4 mL) and DMSO (4 ML) were added prior to
adding cyclobutylamine hydrochloride (495 mg, 3.44 mmol) followed by the dropwise addition of
peracetic acid (4.62 mL, 30% in AcOH, 6.87 mmol). Gas was evolved, and an exotherm was
observed After ~ 30 min, LCMS showed the desired mass corresponding to the amide. The
mixture was diluted with EtOAc (25 mL), washed with saturated NaHCO , (2 x 10 mL), saturated
Na,S0; (2 x 10 mL) and brine (10 mL). The organics were dried over MgSO ,, filtered and
concentrated before being purified by silica gel chromatography (EtOAc/heptanes 0 - 100%) to
afford 4-chloro-A/-cyclobutyl-6-[4-(1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-2-
carboxamide (I-203) (155 mg, 44%) as a colorless solid, and a single regioisomer. LCMS
(APCI), m/z 412.1 [M + H]*; "H NMR (400 MHz, DMSO-c/s) 8 ppm 13.26 (br. s., 1 H), 8.65 (d,J =
7.6 Hz, 1 H), 8.48 (d,J =4.3 Hz, 1 H), 832 (d, J =7.8 Hz, 1 H), 7.14 (dd,J =8.1,4.5 Hz, 1 H),
7.10 (s, 1 H), 4.56 (br. s.,2 H), 4.30 - 4.43 (m, 1 H), 3.44 (t, J = 11.0 Hz, 1 H), 3.13 -3.25 (m, 2
H), 2.05 - 2.24 (m, 6 H), 1.84 (dg, J = 12.3, 3.3 Hz, 2 H), 1.57 - 1.71 (m, 2 H).

Step 3 - Synthesis of W-cyclobutyl-4-{[(2R)-1-methoxypropan-2-yl]Joxy}-6-[4-(1 H-
pyrazolo[3,4-b]pyridin-3-yl)piperidin-1 -yl]pyrimidine-2-carboxamide (Example 108)

To a solution of  4-chloro-/V-cyclobutyl-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -
yl]pyrimidine-2-carboxamide  (I-203) (50 mg, 0.12 mmol) in THF (3 mL) was added (2f?)-1-
methoxypropan-2-ol (32.7 mg, 0.36 mmol) in THF (1 mL) followed by the portionwise addition of
solid KHMDS (121 mg, 0.61 mmol) over 5 min. Upon completion of the addition, the reaction
was heated to 50 °C for 18 hr. The reaction was diluted with EtOAc (10 mL), washed with
saturated NH,CI solution (2 x 5 mL), brine (5 mL), and dried over MgS0O ,. The reaction was
filtered , concentrated , and the residue purified by SFC (ZymorSPHER HADP column 150 x 4.6
mm, 10 - 50% MeOH, 160 bar, 4.5 mL/min) to afford /V-cyclobutyl-4-{[(2f?)-1 -methoxypropan-2-
ylJoxy}-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-2-carboxamide (Example
108) (5 mg, 9%) as a white solid. LCMS (APCI), m/z 466.3 [M + H]*; "H NMR (600 MHz, DMSO-
dg 8 ppm 8.56 (d, J = 8.2 Hz, 1 H), 8.47 (dd, J = 4.5, 1.0 Hz, 1 H), 8.30 (dd,J =8.0, 1.0 Hz, 1
H), 7.13 (dd,J = 8.0, 4.5 Hz, 1 H), 6.17 (s, 1H),5.42 - 551 (m, 1 H), 4.53 (br. s., 2 H), 4.37 (sxt,
J =83 Hz, 1H), 3.46 - 3.52 (m, 1 H), 3.34 - 3.46 (m, 2 H), 3.11 (t, J = 11.9 Hz, 2 H), 2.55 - 2.52
(m, 3H), 2.22 - 2.16 (m, 2 H), 2.13 (t, J = 9.4 Hz, 2 H), 2.07 (d,J=11.4 Hz, 2 H), 1.74 - 1.86 (m,
2 H), 161 - 1.69 (m, 2 H), 1.23 (d,J = 6.4 Hz, 3 H).
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Example 110 (Scheme H) - Synthesis of A/-(bicyclon.1.npent-1 -yl)-4-fr(18,2R)-2-

cvanocvclopropynmethoxy)-6-r4-(1 /y-pyrazolor3,4-blpyridin-3-yl)piperidin-1 -

yllpyrimidine-2-carboxamide
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5 1-206 Example 110

Step 1 - Synthesis of 3-{1-[6-chloro-2-(methylsulfanyl)pyrimidin-4-yl]piperidin-4-yl}-1 H-
pyrazolo[3,4-b]pyridine (I-204)

To a mixture of 4,6-dichloro-2-(methylsulfanyl)pyrimidine  (1-180) (1.0 g, 5.1 mmol) and 3-

10  (piperidin-4-yl)-1 H-pyrazolo[3,4-£>]pyridine hydrochloride @-11) (1.41 g, 5.90 mmol, ground in a
mortar and pestle) in MeOH (50.3 mL) was added TEA (3.57 mL, 25.6 mmol) to give a brown
solution . The reaction was stirred for 18 h during which time a tan precipitate was observed to
form. The reaction was diluted with EtOAc (200 mL), washed with water (100 mL), and
saturated brine (100 mL). The combined aqueous extracts were washed with EtOAc (2 x 100

15 mL). The organics were dried over MgSO0 ,, filtered and concentrated to afford a tan solid , which
was triturated with Et,0/EtOAc. The solids were collected by filtration, and dried in a vaccum
oven to afford 3-{1-[6-chloro-2-(methylsulfanyl)pyrimidin-4-yl]piperidin-4-yl}-1  H-pyrazolo[3,4-
Jb]pyridine (1-204) (1.59 g, 86%) as a tan solid . LCMS (APCI), m/z 361 .2 [M + H]*; "H NMR (400
MHz, DMSO-clg) 3 ppm 13.25 (s, 1 H), 8.48 (dd, J = 4.5, 1.5 Hz, 1 H), 8.31 (dd, J = 8.1, 1.0 Hz,

20 1H),7.13(dd, J=8.1,4.3 Hz, 1 H), 6.73 (s, 1 H), 4.48 (br. s., 2 H), 3.35 - 3.47 (m, 1 H), 3.19 ,
J =115 Hz, 2 H), 2.44 (s, 3 H), 2.01 - 2.13 (m, 2 H), 1.70 - 1.88 (m, 2 H).
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Step 2 - Synthesis of (1R,2S)-2-[({2-(methylsulfanyl)-6-[4-(1 H-pyrazolo[3,4-ft]pyridin-3-
ylhpiperidin-1 -yl]pyrimidin-4-yl}oxy)methyl]cyclopropanecarbonitrile (1-205)

To a mixture of 3-{1-[6-chloro-2-(methylsulfanyl)pyrimidin-4-yl]piperidin-4-yl}-1  /-/-pyrazolo[3,4-
Jb]pyridine (I-204) (750 mg, 2.08 mmol) in THF (20.8 mL) was added in a portionwise manner
over 20 min sold KHMDS (145 g, 7.27 mmol) followed by (1f?,2S)-2-
(hydroxymethyl)cyclopropanecarbonitrile  (1-1 25) (303 mg, 3.12 mmol). The reaction was heated
to 50 °C for 18 hr. Analysis of the reaction proved difficult due to co-elution of the starting
material and product on LCMS. The reaction mixture was neutralized with 1 N HCI, diluted with
EtOAc (150 mL), and washed with brine (75 mL). The organic extracts were dried over MgS0 ,,
filtered and concentrated to afford a residue, which was purified by chromatography over silica
gel eluting with 0 - 100% EtOAc/heptanes to afford recovered starting material (204 mg), and
(1R,2S)-2-[({2-(methylsulfanyl)-6-[4-(1 H”yrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidi n-4-
yl}oxy)methyl]cyclopropane carbonitrile (I1-205) (383 mg, 44%) as a colorless solid. LCMS
(APCI), m/z 422.1 [M + H]*; "H NMR (400 MHz, DMSO-c/g) 8 ppm 13.25 (s, 1 H), 8.48 (dd, J =
45, 1.3 Hz, 1 H), 8.30 (dd, J = 8.1, 1.3 Hz, 1 H), 7.14 (dd, J = 8.1, 4.3 Hz, 1 H), 5.93 (s,1 H),
458 (dd, J = 11.8, 55 Hz, 1 H), 4.44 (d, J = 13.1 Hz, 2 H), 4.04 (dd, J= 11.7, 8.9 Hz, 1 H),
3.39 (tdd, J = 11.6, 7.7, 3.8 Hz, 1 H),3.12 (t, J = 11.6 Hz, 2 H), 2.45 (s, 3 H), 2.06 (d,J = 10.8
Hz, 2 H), 1.96 (dt, J = 8.2, 5.5 Hz, 1 H), 1.70 - 1.90 (m, 3 H), 1.27 (dt, J = 8.5, 4.9 Hz, 1 H), 1.07
-1.17 (m, 1 H).

Step 3 - Synthesis of (1R,2S)-2-[({2-(methylsulfonyl)-6-[4-(1 H-pyrazolo[3,4-ft]pyridin-3-
ylhpiperidin-1 -yl]pyrimidin-4-yl}oxy)methyl]cyclopropanecarbonitrile (1-206)

To a cooled solution of (1f?,2S)-2-[({2-(methylsulfanyl)-6-[4-(1 H-pyrazolo[3,4-Jb]pyridin-3-
yl)piperidin-1 -yl]pyrimidin-4-yl}oxy)methyl]cyclopropane carbonitrile  (I-205) (200 mg, 0.474
mmol) in THF (3.2 mL) was added cone. HCI (45.6 pL, 0.474 mmol) followed by a mixture of
oxone (589 mg, 0.948 mmol) in water (3.2 mL). The reaction was stirred for 30 min at 0 °C after
which LCMS indicated that the main peak was the sulfoxide. The reaction was stirred for a
further hr at 0 °C, and then allowed to warm to room temperature over 30 min. LCMS indicated
that the desired sulfone was the major product though impurities such as the N-oxide and the
chlorinated version of the product were forming . The reaction was diluted with EtOAc (50 mL),
washed with water (25 mL), saturated Na,SO5 (25 mL), and brine (25 mL), dried (MgSO0 ,),
fitered and concentrated to afford a residue, which was purified purified by chromatography
over silica gel eluting with 0 - 100% EtOAc/heptanes to afford (1f?,2S)-2-[({2-(methylsulfonyl)-6-

[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidin-4-yl}oxy)methyl]cyclopropane

carbonitrile (1-206) (92 mg, 43%) as a colorless solid. LCMS (APCI), m/z 454.1 [M + H]*; 'H
NMR (400 MHz, DMSO-c/g) 8 ppm 13.26 (s, 1 H), 8.48 (dd, J = 4.5, 1.5 Hz, 1 H), 8.32 (dd, J =
8.0, 1.4 Hz, 1 H), 7.14 (dd,J = 8.0, 4.5 Hz, 1 H), 6.42 (s,1 H),4.65 (dd, J = 11.8, 5.6 Hz, 1 H),
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449 d,J =12.7 Hz, 2 H), 4.11 (dd, J= 117, 8.9 Hz, 1 H), 3.37 - 3.50 (m, 1 H), 3.31 (s, 3 H),
3.22 (t, J = 11.9 Hz, 2 H), 2.10 (d, J = 10.8 Hz, 2 H), 1.95 - 2.03 (m, 1 H), 1.73 - 1.93 (m, 3 H),
1.29 (dt, J = 8.4, 5.0 Hz, 1 H), 1.13- 1.19 (m, 1 H).

Step 4 - Synthesis of W-(bicyclo[1.1.1]pent-1-y)-4-{[(1 S,2R)-2-
cyanocyclopropyllmethoxy}-6-[4-(1 H-pyrazolo [3,4-fo]pyridin-3-yl)piperidin-1 -
yllpyrimidine-2-carboxamide (Example 110)

A  mixture of (1R,2S)-2-[({2-(methylsulfonyl)-6-[4-(1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -
yl]pyrimidin-4-yl}oxy)methyl]cyclopropane  carbonitrile (1-206) (48 mg, 0.11 mmol), malononitrile
(21 mg, 0.318 mmol), K,CO0 5 (87.9 mg, 0.636 mmol) in MeCN (0.707 mL) was heated to 50 °C
for 14 hr. LCMS indicated formation of the desired intermediate (M+H = 440) as the major
product. The reaction was allowed to cool to room temperature, and bicyclo[l .1.1]pentan-1 -
amine hydrochloride (1-146) (25.7 mg, 0.212 mmol) was added followed by the dropwise
addition of peracetic acid (89.2 ul, 30% in acetic acid, 0.424 mmol) at room temperature. Gas
evolution was observed , and the reaction allowed to stir for 4 hr. LCMS showed consumption of
the intermediate, and appearance of the desired amide (M+H = 485) as the major peak. The
reaction was diluted with EtOAc (10 mL), washed with saturated NaHCO ; (2 x 5 mL) and brine
(5 mL), dried over MgS0 ,, and concentrated to afford a residue which was purified by reverse
phase HPLC to afford /V-(bicyclo[1.1.1]pent-1 -yl)-4-{[(1 S,2f?)-2-cyanocyclopropyl]methoxy}-6-[4-
(1/-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-2-carboxamide ~ (Example 110) (12.8
mg, 25%) as a colorless solid. LCMS (APCI), m/z 485.1 [M + H]*;"H NMR (600 MHz, DMSO-c/s)
& ppm 8.47 (dd,J = 4.4, 1.5 Hz, 1 H), 8.30 (dd,J = 8.0, 1.5 Hz, 1 H), 7.13 (dd, J = 8.0, 4.4 Hz, 1
H), 6.27 (s, 1 H), 4.68 (dd, J = 11.8, 5.5 Hz, 1 H), 4.55 (br. s.,2 H), 4.08 (dd,J = 11.7, 9.1 Hz, 1
H), 3.12 (t, J = 11.9 Hz, 2 H), 2.45 (s, 1 H), 2.07 (br. s., 9 H), 1.93 - 2.01 (m, 1 H),1.74 - 1.89
(m, 3 H), 1.28 (dt, J =85, 5.0 Hz, 1 H), 1.13 (g, J = 5.5 Hz, 1 H).
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Example 117 (Scheme E) - Synthesis of 4-r4-(fr2-amino-5-(1 -methyl-1tf-imidazol-4-

yDpyridin-3-vnoxy)methyl)piperidin-1 -vn-A/-(bicyclori.1.1lpent-1 -y)-6-r(1 -

cvanocvclopropyl)methoxyl1-1 ,3,5-triazine-2-carboxamide
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Example 117
Step 1 - Synthesis of 1{[(4,6-dichloro-1 ,3,5-triazin-2-

yhoxy]methyl}cyclopropanecarbonitrile (1-207)

To a solution of cyanuric chloride (1-177) (7.43 g, 46.40 mmol), DIPEA (26.47 mL, 37.12 mmol)
in THF (120 mL) at 0 °C was added over 2 hr in a dropwise manner a solution of 1-
(hydroxymethyl)cyclopropanecarbonitrile  (1-128) (3.0 g, 30.93 mmol) in THF (30 mL). The
mixture was stirred at room temperature overnight. TLC (petroleum ether : EtOAc = 1:1)
showed the reaction was complete. The mixture was filtered and concentrated . The residue was
purified by silica gel chromatography (petroleum ether: EtOAc = 4:1to 2:1) to give ~ 72% pure
1-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropane carbonitrile (1-207) (4.16 g, 55%) as

white solid , which was used without further purification .

Step 2 - Synthesis of 1-[({4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylloxy}methyl)piperidin-1 -yl]-6-chloro-1 ,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile (1-208)

To a solution of 1-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile  (1-207)
(420 mg, 72% of purity, 1.24 mmol) and 5-(1-methyl-1 H-imidazol-4-yl)-3-(piperidin-4-
ylmethoxy)pyridin-2-amine hydrochloride (1-107) (496 mg, 1.24 mmol) in THF (15 mL) and
MeOH (5 mL) at 0 °C was added DIPEA (959 mg, 7.44 mmol). The mixture was stirred at 0 °C
for 30 min. TLC (CH,CI,: methanol = 15:1) showed the reaction was complete. The solvent was
evaporated. The residue was purified by silica gel chromatography (CH,CI,: MeOH = 25 : 2) to
give  1-[({4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -yl]-6-
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chloro-1 ,3, 5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile ~ (I1-208) (400 mg, 65%) as a gray

solid .

Step 3 - Synthesis of  4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylloxy}methyl)piperidin-1 -yl]-W-(bicyclo[1.1.1]pent-1 -yl)-6-[(1 -cyanocyclopropyl)methoxy]-

1,3,5-triazine-2-carboxamide (Example 117)

To a solution of malononitrile (27 mg 0.4 mmol) in MeCN (6 mL) was added K,CO 4 (167 mg, 1.2
mmol), and the resulting mixture was stirred at room temperature for one hr. 1-[({4-[4-({[2-
amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -yl]-6-chloro-1 ,3,5-triazin-
2-yl}oxy) methyl] cyclopropanecarbonitrile (I-208) (100 mg, 0.2 mmol) in DMSO (3 mL) was
added, and the resulting mixture was stirred at room temperature for 16 hr. LCMS showed the
starting material had been converted into the intermediate resulting from malononitrile
displacement of the chloride. The mixture was cooled with an ice bath, and
bicyclo[1 .1.1]pentan-1 -amine hydrochloride (1-146) (97.2 mg, 0.8 mmol) was added followed by
m-CPBA (345 mg, 2 mmol) and MeCN (2 mL). The resulting mixture was stirred at room
temperature for 2 hr. LCMS showed the reaction was complete. The reaction mixture was
filtered and concentrated . The residue was purified by preparative HPLC to give after
lyophilization  4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -
yl]-/V-(bicyclo[1 .1.1]pent-1 -yl)-6-[(1 -cyanocyclopropyl) methoxy]-1 ,3,5-triazine-2-carboxamide
(Example 117) (17.3 mg, 15%) as a yellow solid. LCMS (ESI), m/z 533.1 [M + H]*; (400 MHz,
CD,0D) & ppm 7.88 (s, 1 H), 7.74 (s, 1 H), 7.50 (s, 1 H), 7.44 (s, 1 H), 5.10 - 5.11 (br. s., 1 H),
4.44 - 450 (m, 2 H), 4.03 - 4.05 (m, 2 H), 3.78 (s, 3 H), 3.10-3.12 (m, 2 H), 2.50 (s, 1 H), 2.00 -
2.30 (m, 10 H), 1.35 - 1.45 (m, 4 H), 1.24 (s, 2 H).
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Example 119 (Scheme E) - Synthesis of A/-(bicyclori .1.npent-1 -yl)-4 -r(1 -

cvanocvclopropyl)methoxyl1-6  -r4-(1 /y-pyrazolor3,4-c/lpyrimidin-3-yl)piperidin-1 -vn-1,3,5-

triazine-2-carboxamide

HN
/N\
NH
NC J )
ol ¢ NN
Pe HO 1128 )\
N“ "N N IN -
|
)\\ )\ DIPEA/THF ’\O)\\N)\CI DIPEA, THF
Cl N™ CI CN
1177 1-207
cl o

A

N

N )\\ /,k i) Malononitrile, K,CO3, MeCN (/ l N

¢\ N™ °N” ™o ii) m-CPBA N NN
HN—N =
— HoN 4
HN-N 2N 1146 Z/

1-209 Example 119
5

Step 1 - Synthesis of 1-{[(4,6-dichloro-1 ,3,5-triazin-2-

yl)oxy]methyl}cyclopropanecarbonitrile (1-207)

To a solution of cyanuric chloride (1-177) (1 g, 5.5 mmol) and DIPEA (0.8 g, 6 mmol) in dry THF
(20 ml) was added 1-(hydroxymethyl)cyclopropanecarbonitrile (1-128) (0.5 g, 5.5 mmol) at ice-
10 bath temperature. The resulting mixture was stirred at room temperature for 14 hr. Two main
spots were detected by TLC (petroleum ether/EtOAc 1:1). The reaction mixture was
concentrated in vacuo. The residue was purified by silica gel chromatography (petroleum ether
/EtOAC 1 : 1 R¢ ~ 0.4) to give 1-{[(4,6-dichloro-1 ,3,5-triazin-2-
yl)oxy]methyl}cyclopropanecarbonitrile  (1-207) (0.5 g, 40%) as colorless oil, which was used

15  without further purification .

Step 2 - Synthesis of 1-[({4-chloro-6-[4-(1 H-pyrazolo[3,4-c/|pyrimidin-3-yl)piperidin-1 -yl]-
1,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-209)

To a solution of 1-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile  (1-207)
(0.2 g, 0. 82 mmol), 3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-c/]pyrimidine hydrochloride (0.2 g, 0.84
20  mmol. commercial Matrix Chemical) and DIPEA (0.4 ml_, 2.3 mmol) in THF (15 ml_) cooled in
an ice-bath was added MeOH (5 ml ). After addition, the reaction mixture was stirred at the
room temperature for ~ 30 min. TLC (EtOAc) showed the reaction was complete. The reaction
mixture was concentrated in vacuo to give a residue, which was purified by silica gel

chromatography (EtOAc R; ~ 0.5) to give 1-[({4-chloro-6-[4-(1 /-/-pyrazolo[3,4-c/]pyrimidin-3-
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yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropane carbonitrile (I-209) (0.3 g, 90%) as a

white solid, which was used without further purification .

Step 3 - Synthesis of W-(bicyclo[1l.1.1]pent-1-yl)-4-[(1 -cyanocyclopropyl)methoxy]-6-[4-
(1H-pyrazolo[3,4-c/]pyrimidin-3-yl)piperidin-1 -yl]-1,3,5-triazine-2-carboxamide (Example
119)

To a solution of malononitrile (30 mg, 0.45 mmol) in MeCN (5 mL) was added K,CO,; (0.19
g, 1.4 mmol) and the reaction was then stirred at room temperature for 1 hr. Then 1-[({4-chloro-
6-[4-(1 H-pyrazolo[3,4-tf|pyrimidin-3-yl)piperidin-1  -yl]-1 ,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile  (1-209) (80 mg, 0.19 mmol) was added to the above
mixture, which was stirred at room temperature for a further 2 hr. The resulting mixture was
cooled to 0 - 5 °C, and bicyclo[1 .1.1]pentan-1 -amine (1-146) (100 mg, 0.84 mmol) and m-CPBA
(0.2 g, 85%, 1 mmol) were added . After the addition , the resulting mixture was stirred at room
temperature for 3 hr. The mixture was diluted with H,0 (10 mL), and extracted with EtOAc (20
mL). The organic layer was dried over Na,S0, and concentrated in vacuo to give a residue,
which  was  purified preparative HPLC to give /V-(bicyclo[1.1.1]pent-1-yl)-4-[(1 -
cyanocyclopropyl)methoxy]-6-[4-(1 H”"yrazolo[3,4-d]pyrimidin-3-yl)piperidin-1  -yl]-1 ,3,5-triazine-
2-carboxamide (Example 119) (20 mg, 21%) as an off-white solid . LCMS (APCI), m/z 487.2 [M
+ H]*; "H NMR (400 MHz, CD;0D) & ppm 9.38 (s, 1 H), 8.93 (s, 1 H), 5.13-5.16 (m, 1 H), 4.45 -
4.63 (m, 3 H), 3.57 - 3.60 (m, 1 H), 3.20 - 3.23 (m, 1 H), 2.50 (s, 1 H), 2.21 - 2.28 (m, 8 H), 2.00
-2.03 (m, 2 H), 1.38-1.41 (m, 2 H), 1.25 - 1.28 (m, 3 H).
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Example 121 (Scheme E) - Synthesis of A/-(bicyclon .1.npent-1 -yl)-4-fr(1 S,2R)-2-

cvanocvclopropynmethoxy)-6-r4-(5/y-pyrrolor2,3-blpyrazin-7-yl)piperidin-1 -vn-1,3,5-

triazine-2-carboxamide
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-N HoN
HN 7 146

NC Example 121
1-210 NC
5
Step 1 - Synthesis of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-
yl)oxy]methyl}cyclopropanecarbonitrile (1-1 84)

To a solution of cyanuric chloride @177) (5.3 g, 29 mmol) and (1R,2S)-2-
(hydroxymethyl)cyclopropanecarbonitrile  (1-125) (2.8 g, 29 mmol) in dry THF (40 ml) cooled in
10  an ice-bath was added DIPEA (5 g, 36 mmol. The resulting mixture was stirred at room
temperature for 14 hr. Two main spots were detected by TLC (petroleum ether/EtOAc 3:1). The
reaction mixture was concentrated in vacuum. The residue was purified by silica gel
chromatography (petroleum ether /EtOAc 3:1 Rr0.3) to give (1f?,2S)-2-{[(4,6-dichloro-1 ,3,5-
triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile  (1-184) (4.8 g, 68%) as colorless oil, which was

15  used without further purification .

Step 2 - Synthesis of (1R,2S)-2-[({4-chloro-6-[4-(1 H-pyrazolo[3,4-ft]pyrazin-3-yl)piperidin-
1-yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-210)

To a solution of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile
(1-184) (0.2 g, 0.92 mmol), 3-(piperidin-4-yl)-1 H-pyrazolo[3,4-Jb]pyrazine hydrochloride (1-1 00)
20 (0.2 g, 0.84 mmol) and DIPEA (0.5 ml_, 2.3 mmol) in THF (15 mL) cooled in an ice-bath was
added MeOH (5 mL). After addition the reaction mixture was stirred at the temperature for ~ 30
min. TLC (EtOAc) showed the reaction was complete. The reaction mixture was concentrated in

vacuo to give residue, which was purified by silica gel chromatography (EtOAc Rf ~ 0.6) to give
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(11?,2S)-2-[({4-chloro-6-[4-(1 H-pyrazolo[3,4-Jb]pyrazin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile  (1-210) (0.2 g, 58%) as a white solid, which was used

without further purification .

Step 3 - Synthesis of W-(bicyclo[1 .1.1]pent-1 -yI)-4-{[(1 S,2R)-2-
cyanocyclopropyl]lmethoxy}-6-[4-(5H-pyrrolo[2,3-£)]pyrazin-7-yl)piperidin-1 -yl]-1 ,3,5-

triazine-2-carboxamide  (Example 121)

To a solution of malononitrile (30 mg, 0.45 mmol) in MeCN (5 ml_) was added K,CO, (0.19 g,
1.4 mmol), and the reaction then stirred at room temperature for 1 hr. Then, (1R,2S)-2-[({4-
chloro-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyrazin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile  (1-210) (80 mg, 0.19 mmol) and DMSO (1 ml) was
added to the mixture, which was then stirred at room temperature for a further 2 hr. The
resulting mixture was cooled to 0-5 °C and bicyclo[1 .1.1]pentan-1 -amine (1-146) (100 mg, 0.84
mmol) and m-CPBA (0.3 g, 85%, 1.5 mmol) were added. After the addition, the resulting
mixture was stirred at room temperature for ~ 3 hr. The mixture was diluted with H,0 (10 ml)
and extracted with EtOAc (20 ml). The organic layer was dried over Na,S0 , and concentrated
in vacuo to give a residue, which was purified by preparative HPLC to give N-
(bicyclo[1 .1.1]pent-1 -y)-4-{[(1 S,2f?)-2-cyanocyclopropyl]methoxy}-6-[4-(5H-pyrrolo[2,3-
£>]pyrazin-7-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxamide (Example 121) (25 mg, 27%) as an
off-white solid. LCMS (APCI), m/z 486.2 [M + H]*; "H NMR (400 MHz, CD;0D) & ppm 8.35 (s, 1
H), 8.24 (s, 1 H), 7.61 (s, 1 H), 5.16 - 5.20 (m, 1 H), 4.56 - 4.62 (m, 2 H),4.29 - 4.36 (m, 1 H),
3.19-3.25 (m, 1 H), 2.49 (s, 1 H), 1.95-2.21 (m, 8 H), 1.87 -1.92 (m, 4 H), 1.34 - 1.37 (m, 2 H),
1.14 - 1.15 (m, 1 H).

Example 135 (Scheme E) - Synthesis of N-(bicvclon .1.npent-1 -yD)-4-fr(1 S.2R)-2-

cvanocvclopropynmethoxy>-6-r4-(4-methyl-1 H-pyrazolor3,4-blpyridin-3-yl)piperidin-1 -vn-

1,3,5-triazine-2-carboxamide

/Ckl
N i\‘
~ N/k\N/KO
Cl =
N)\N N HN,,I\I W Malononitrile, KoCO 3, MeCN
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ch\o/l\\N’l\m e

0 )
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Step 1 - Synthesis of (1R,2S)-2-[({4-chloro-6-[4-(4-methyl-1 H-pyrazolo[3,4-ft]pyridin-3-
ylhpiperidin-1 -yl]-1 ,3,5-triazin-2-yl}oxy)methyl] cyclopropanecarbonitrile (1-211)

To a mixture of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile

(1-184) (424 mg, 1.73 mmol) and 4-methyl-3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-Jb]pyridine
hydrochloride (1-34) (500 mg, 1.73 mmol, 2 eq HCI)) in acetone (40 mL) was added DIPEA
(1.12 g, 8.64 mmol) at -30 °C. The resulting mixture was stirred at -30 °C for 2 hr. TLC (EtOAc,
R; = 0.3) showed the reaction was complete. The mixture was concentrated in vacuo to give the
crude product, which was purified by column chromatography (on silica gel, EtOAc/CH ,Cl, =
1:1) to give (1f?,2S)-2-[({4-chloro-6-[4-(4-methyl-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-
1,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-211) (0.7 g, 95%) as a white solid,

which was used without further purification .

Step 2 - Synthesis of (4-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-6-[4-(4-methyl-1 H-
pyrazolo[3,4-fo]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile (1-212)

To a suspension of malononitrile (21 8 mg, 3.29 mmol) in MeCN (35 ml) was added K,CO 5 (1.37
g, 9.88 mmol). The resulting mixture was stirred at room temperature for 1 hr. After 1 hr,
(11?,2S)-2-[({4-chloro-6-[4-(4-methyl-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile  (1-211) (700 mg, 1.65 mmol) was added to the reaction.
The resulting mixture was stirred at room temperature for 12 hr. LCMS showed ~ 55% amount
of (11?,2S)-2-[({4-chloro-6-[4-(4-methyl-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-
triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile  still remained . DMSO (10 mL) was added, and
the reaction stirred at room temperature for a further 5 hr. TLC (CH,CI/MeOH = 10:1, R; = 0.3)
showed most of (1R,2S)-2-[({4-chloro-6-[4-(4-methyl-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -
yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile  had been consumed. The mixture was
filtered and washed with EtOAc (100 mL). The filtrate was concentrated in vacuo to give the
crude product. The crude product was purified by column chromatography (on silica gel,
CH,CI/MeOH = 50:1~10:1) to give (4-{[(1 S,2f?)-2-cyanocyclopropyl]methoxy}-6-[4-(4-methyl-

1H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile  (1-212) (710 mg,
93.5%) as a white solid, which was used without further purification . LCMS (APCI), m/z 455.1

[M + H]*.
Step 3 - Synthesis of N-(bicyclo[1 .1.1]pent-1 -y)-4-{[(2 S,2R)-2-
cyanocyclopropyl]methoxy}-6-[4-(4-methyl-1 H-pyrazolo[3,4-b]pyridin-3-yl)piperidin-1 -yl]-

1,3,5-triazine-2-carboxamide (Example 135)

To a solution of (4-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-6-[4-(4-methyl-1  /-/-pyrazolo[3,4-
£>]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile  (1-212) (400 mg, 1.54 mmol) in
MeCN (25 mL) and DMSO (5 mL) was added m-CPBA (536 mg, 85%, 2.64 mmol) at O °C. The

resulting mixture was stirred at room temperature for 30 min. The mixture was then cooled to 0
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°C and added bicyclo[1 .1.1]pentan-1 -amine hydrochloride (421 mg, 3.52 mmol) was added. The
resulting mixture was stirred at room temperature for 18 hr .LCMS showed ~30% of (4-
{1 S,2R)-2-cyanocyclopropyllmethoxy}-6-[4-(4-methyl-1  H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-
1-yl]-1 ,3,5-triazin-2-yl)propanedinitrile  remained and m-CPBA (268 mg, 85%, 1.32 mmol) was

5 added to the reaction mixture. The mixture was then stirred at room temperature for 4 hr. LCMS
showed that the reaction was complete. To the mixture was added aqueous saturated NaHCO ,
(15 mL), and the reaction was then extracted with EtOAc (3 x 20 mL). The organic layer was
separated , washed with brine (10 mL), dried over Na,S0 , and concentrated in vacuo to give the
crude product, which was purified by preparative TLC (CH,CI,/MeOH = 10:1, R; = 0.5) to give

10 N-(bicyclo[1 .1.1]pent-1 -yl)-4-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-6-[4-(4-methyl-1  H-
pyrazolo[3,4-b]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxamide (Example 135) (46.6 mg
11%) as a white solid. LCMS (APCI), m/z 500.1 [M + H]*; "H NMR (400 MHz, CD4OD) & ppm
831 (d, J=4.8 Hz, 1 H), 6.98 (d, J =4.8 Hz, 1 H), 5.13-516 (m, 1 H),4.88 - 4.93 (m, 1 H),
4.77 - 4.88 (m, 1 H), 4.28 - 431 (m, 1 H), 3.60 - 3.63 (m, 1 H), 3.24 - 3.31 (m, 2 H), 2.80 (s, 3

15 H), 2.48 (s, 1 H), 2.16 - 2.20 (m, 8 H), 1.85 - 1.94 (m, 4 H), 1.34 - 1.36 (m, 1 H), 1.12 - 1.13 (m,
1 H).

Example 136/137 (Scheme C) - Synthesis of 6-r(3R4/?)-4-fr(4-aminopyrimidin-5-

yDoxylmethyl>-3-fluoropiperidin-1 .vn -A/-(bicvclon .1.npent-1 -y)-2-fr(1 §,2R)-2-

cvanocvclopropyllmethoxy)pyrimidine-4-carboxamide

F
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Step 1 - Synthesis of ferf-butyl 3-fluoro-4-(hydroxymethyl)piperidine-1 -carboxylate (1-214)

To a solution of fe/f-butyl 3-fluoro-4-methylidenepiperidine-1 -carboxylate (1-213) (430 mg, 2
mmol) in dry THF (10 mL) at 0 °C was added BH;.Me,S (0.3 ml_, 10 M) in a dropwise manner.
The mixture was stirred at 0 °C for 1 hr, and then stirred at room temperature overnight. The
reaction mixture was cooled to 0 °C and then 1 N NaOH (3.4 mL, 3.4 mmol) and H,0, (3 mL,
30%) were added in a dropwise manner. The mixture was stirred at 0 °C for 30 min. TLC
(CH,CI, : MeOH = 20: 1) showed there was two new spots. The mixture was stirred at room
temperature for 2 hr. TLC (CH,CI, : MeOH=20: 1) was unchanged . H,0 (30 mL) was added.
The mixture was extracted with EtOAc (2 x 30 mL). The combined organic layers were washed
with H,0 (15 mL), brine (15 mL) dried over anhydrous Na,S0, and concentrated to give the
crude product. The residue was purified by silica gel chromatography (CH,CI,: MeOH = 100:1
to 50:1) to give a cisArans mixture of fe/f-butyl 3-fluoro-4-(hydroxymethyl)piperidine-1 -

carboxylate (1-214) (320 mg, 69%) as a light yellow oil, which was used directly in the next step.

Step 2 - Synthesis of ferf-butyl 3-fluoro-4-{[(methylsulfonyl)oxy]methyl}piperidine-1 -

carboxylate (1-215)

To a solution of the cis/trans mixture of fe/f-butyl 3-fluoro-4-(hydroxymethyl)piperidine-1 -
carboxylate (1-214) (320 mg, 1.37 mmol) and TEA (278 mg, 2.74 mmol) in CH,CI, (10 mL) at 0
°C was added dropwise methanesulfonyl chloride (236 mg, 2.06 mmol). The mixture was stirred
at 0 °C for 1 hr. TLC (CH,CI,: MeOH= 20: 1) showed the reaction was complete. The mixture
was diluted with CH,Cl, (15 mL), washed with saturated aq. NH,CI (15 mL), saturated aq.
NaHCO 5 (15 mL), brine (10 mL), dried over anhydrous Na,SO, and concentrated to give the
cis/trans mixture of fe/f-butyl 3-fluoro-4-{[(methylsulfonyl)oxy]lmethyl}piperidine-1 -carboxylate (I-

215) (380 mg, 94%) as a light yellow oil, which was used without further purification.

Step 3 - Synthesis of ferf-butyl (frans)-4-{[(4-aminopyrimidin-5-yl)oxy]methyl}-3-

fluoropiperidine-1  -carboxylate (1-216)

A cis/trans mixture of fe/f-butyl 3-fluoro-4-{[(methylsulfonyl)oxy]methyl}piperidine-1 -carboxylate
(1-215) (320 mg, 1.03 mmol), 2-amino-3-hydroxypyrimidine (1-91) (114 mg, 1.03 mmol) and
Cs,C04 (670 mg, 2.06 mmol) in DMF (3 mL) was stirred at 100 °C for one hr. TLC (CH.Cl,:
MeOH = 10: 1) showed the reaction was complete. The reaction mixture was filtered and
concentrated to give the crude product. The residue was purified by silica gel chromatography
(CH,Cl, : MeOH = 50: 1to 10: 1) to give a mixture of the trans and cis products. Then, the
mixture was separated by preparative TLC (CH,Cl,: MeOH = 10: 1) to give fe/f-butyl (trans)-4-
{[(4-aminopyrimidin-5-yl)oxy]methyl}-3-fluoropiperidine-1 -carboxylate (1-216) (60 mg, 18%) as a

white solid, and a single diastereomer.
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Step 4 - Synthesis of 5-{[(irans)-3-fluoropiperidin-4-ylmethoxy}pyrimidin-4-amine (1-217)

To a solution of fert-butyl (frans)-4-{[(4-aminopyrimidin-5-yl)oxylmethyl}-3-fluoropiperidine-1 -
carboxylate (1-216) (60 mg, 0.18 mmol) in CH,CI, (6 mL) at 0 °C was added TFA (2 ml_). The
mixture was stirred at room temperature for 2 hr. TLC (CH,Cl,: MeOH=10: 1) showed the
starting material had been consumed. The reaction mixture was concentrated to give 5-
{[(frar)s)-3-fluoropiperidin-4-ylJmethoxy}pyrimidin-4-amine (1-217) (60 mg, TFA salt) as a light

yellow oil, which was used directly in the next step.

Step 5 - Synthesis of 6-[(3R,4R)-4-{[(4-aminopyrimidin-5-yl)oxy]methyl}-3-fluoropiperidin-
1-yl]-W-(bicyclo[1 .1.1]pent-1 -yl)-2-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}pyrimidine-4-
carboxamide (Examples 136/1 37)

A mixture of 5-{[(frar)s)-3-fluoropiperidin-4-yllmethoxy}pyrimidin-4-amine (1-217) (60 mg, TFA
salt, 0.18 mmol), IV/-(bicyclo[1 .1.1]pent-1 -yl)-6-chloro-2-{[(1 S,2f?)-2-
cyanocyclopropyllmethoxy}pyrimidine-4-carboxamide (1-126) (63.5 mg, 0.199 mmol) and TEA
(91 .7 mg, 0.906 mmol) in THF (5 mL) was stirred at 40 °C for 2 hr. TLC (CH,Cl, : MeOH = 10:
1) showed the reaction was complete. The mixture was diluted with EtOAc (50 mL), washed
with saturated ag. NH,CI (25 mL), brine (25 mL), dried over anhydrous Na,SO, and
concentrated to give the crude product, which was purified by preparative TLC (CH,CI, : MeOH
= 10: 1) to give racemic 6-[(frar)s)-4-{[(4-aminopyrimidin-5-yl)oxy]methyl}-3-fluoropiperidin-1 -yl]-
IV-(bicyclo[1 .1 .1]pent-1 -yl)-2-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}pyrimidine-4-carboxamide

(42 mg, 92% purity by HPLC) as a white solid.

This material was separated by SFC to afford both enantiomers. The analytical separation by
SFC was performed using a Chiralpak 0J-3 column (4.6 mm x 150 mm column, 5 micron
particle size), which was eluted with 5 - 40% MeOH (w. 0.05% DEA) in CO, held at 120 bar. A

flow rate of 4 mL/min gave Rt,, akiy = 1-62 min and Rtg, ak,) = 1-94 min.

6-[(3R,4R)-4-{[(4-aminopyrimidin-5-yl)oxy]methyl}-3-fluoropiperidin-1 -yl]-/V-(bicyclo[1 .1.1]pent-1 -
y)-2-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}pyrimidine-4-carboxamide (Example 136) > 99%
ee (10.5 mg, 11%) as a white powder. LCMS (APCI), m/z 531 .0 [M + Na]*; "H NMR (400 MHz,
CDCl,) d ppm 8.26 (s, 1 H), 8.16 (s, 1 H), 7.90 (s, 1 H), 7.13 (s, 1 H), 5.13 (s, 2 H), 4.85 - 4.90
(m, 0.5 H), 452 - 457 (m, 1.5 H), 4.38 - 4.43 (m, 2 H), 4.18 (s, 2 H), 3.02 - 3.07 (m, 2 H), 2.49
(s, 2 H),2.28 -2.32 (m, 1H),218 (s, 6 H), 2.05 -2.08 (m, 1 H), 1.84 - 1.86 (m, 1 H), 1.68 - 1.70
(m, 2 H), 1.57 -1.59 (m, 1 H), 1.33-1.35 (m, 1 H), 1.13 - 1.15 (m, 1H).

6-[(3R,4R)-4-{[(4-aminopyrimidin-5-yl)oxy]methyl}-3-fluoropiperidin-1 -yl]-/V-(bicyclo[1 .1.1]pent-1 -
y)-2-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}pyrimidine-4-carboxamide (Example 137) > 99%
ee (9.7 mg, 10%) as a white powder. LCMS (APCI), m/z 509.2 [M + H]*; '"H NMR (400 MHz,
CDCly) 5 ppm 8.26 (s, 1 H), 8.16 (s, 1 H), 7.90 (s, 1 H), 7.13 (s, 1 H), 5.13 (s, 2 H), 4.85 - 4.90
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(m, 0.5 H), 452 - 457 (m, 1.5 H), 4.38 - 4.43 (m, 2 H), 4.18 (s, 2 H), 3.02 - 3.07 (m, 2 H), 2.49
(s, 2 H), 2.28 - 2.32 (m, 1 H), 2.1 8 (s, 6 H), 2.05 - 2.08 (m, 1 H), 1.84 - 1.86 (m, 1 H), 1.68 - 1.70
(m, 2 H), 1.57 -1.59 (m, 1 H), 1.33 - 1.35 (m, 1 H), 1.13 - 1.15 (m, 1H).

Example 138 (Scheme A) - Synthesis of 6-r4-((r2-amino-5-(1 -methyl-1 H-1,2 3-triazol-4-

ylpyridin-3 _-vnoxy)methylpiperidin-1 -vn-A/-ethyl-2{r(2R)-1-methoxypropan-2-

ylloxy)pyrimidine-4-carboxamide

CIY\HI\O
~p N I\lI =N I
b Y /
= al 1152 Q EtNH, HCI
O 0
0 THF/MeOH, DIPEA NH; = DIPEA, EtOH
N= N= NN
NH, Was N—{
ol
161 N 1218
N
|
—
HN s N
O HO—\
NH, — AN " ©
\ 2 —
N= /_CN NN N /—CN N
o N—{ = N\
\ 7 \ /)—©° N s
Cl NaH/DMF O_i_
N \ N O\
Ney 1-219 N Example 138

N
‘ |

Step 1 - Synthesis of methyl-6-[4-({[2-amino-5-(1  -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1  -yl]-2-chloropyrimidine-4-carboxylate (1-21 8)

To a mixture of 5-(1 -methyl-1 H-1,2,3-triazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine  (1-61)
(407 mg, 1.13 mmol) and methyl 2,6-dichloropyrimidine-4-carboxylate (1-152) (233 mg, 1.13
mmol) in anhydrous THF (10 mL) and MeOH (20 mL) was added DIPEA (582 mg, 4.52 mml) at
0 °C. After the addition was complete, the mixture was stirred at 0 °C for 30 min. LCMS showed
the reaction was completed . The mixture was concentrated in vacuo to give the crude product,
which was purified by silica gel chromatography (CH,Cl/MeOH = 20/1 to 10/1) to give the
methyl 6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -yl]-2-
chloropyrimidine-4-carboxylate (1-218) (41 0 mg, 79%) as a white solid , which was used without

further purification .

Step 2 - Synthesis of  6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1  -yl]-2-chloro-W-ethylpyrimidine-4-carboxamide (1-219)

To a  mixture of  methyl  6-[4-({[2-amino-5-(1 -methyl-1 H-1 ,2, 3-triazol-4-yl)pyridin-3-
ylJoxytmethyl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylate (1-218) (360 mg, 0.784 mmol),
ethylamine hydrochloride (640 mg, 7.84mmol) in anhydrous EtOH (5 mL) was added Et;N (794

mg, 7.84 mmol). The mixture was stirred at 60 °C for 18 hr. LCMS showed the reaction was
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complete. The mixture was filtered , and the organic layer was concentrated to dryness to give
the product, which was purified by silica gel chromatography (CH,CI/MeOH = 20/1 to 10/1) to
give 6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-2-
chloro-/V-ethylpyrimidine-4-carboxamide  (1-219) (329 mg, 89%) as a white solid, which was

used without further purification .

Step 3 - Synthesis of  6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
yllJoxy}methyl)piperidin-1  -yl]-W-ethyl-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidine-4-

carboxamide (Example 138)

To a solution of (2R)-1 -methoxypropan-2-ol (43.0 mg, 0.477 mmol) in DMF (3 mL) was added
NaH (50.8 mg, 60% in mineral oil, 1.27 mmol) at 0 °C. The mixture was stirred at 0 °C for 30
min, and then 6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-
1-yl]-2-chloro-/V-ethyl pyrimidine-4-carboxamide (1-219) (150 mg, 0.31 8 mmol) was added . The
mixture was stirred at room temperature for 1 hr, and then stirred at 50 °C for 3 hr. LCMS
showed the reaction was completed. The mixture was poured into water (10 mL) and extracted
with CH,CI1,/MeOH = 10/1 (3 x 10 mL). The combined organic layers were washed with brine
(10 mL), dried over Na,SO, and concentrated in vacuo to give the crude product, which was
purified by preparativeHPLC to give 6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-/V-ethyl-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine-4-

carboxamide (Example 138) (6.8 mg, 4%) as a white solid. LCMS (APCI), m/z 548.1 [M + H]*;
'"H NMR (400 MHz, CDCl,) 3 ppm 7.96 (s, 1 H), 7.86 - 7.94 (m, 1 H), 7.71 (s, 1 H), 7.59 (s, 1
H), 7.09 (s, 1 H), 5.33 - 5.38 (m, 1 H), 4.78 (s, 2 H), 4.44 - 4.68 (m, 2 H), 4.15 (s, 3 H), 3.98 (d, J
=6.4 Hz, 2 H),3.66 -3.70 (m, 1 H), 3.42 - 3.52 (m, 6 H), 2.92 - 3.09 (m, 2 H), 2.18-2.31 (m, 1
H), 1.99 (d,J = 13.2 Hz, 2 H), 1.34 - 1.46 (m, 5 H), 1.23 (t, J = 7.6 Hz, 3 H).

Example 139 (Scheme C) - Synthesis of 6-(4-fr(2-aminopyridin-3-yl)oxylmethyl)piperidin-

1-yl)-A/-(bicvclori .1.npent-1 -yl)-2-fr(1 S,2/?)-2-cvanocvclopropynmethoxy>pyrimidine-4-

carboxamide

1-118

NH, 0
N™™ o N N
NSy - SO
YO N — N 5

THF, TEA

1-126 Example 139
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Step 1 - Synthesis of  6-(4-{[(2-aminopyridin-3-yl)oxy]methyl}piperidin-1  -yl)-W-
(bicyclo[1 .1.1]pent-1 -yl)-2-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}pyrimidine-4-

carboxamide (Example 139)

A mixture of 3-(piperidin-4-ylmethoxy)pyridin-2-amine  hydrochloride (1-118) (50 mg, 0.21 mmol),

5  IV-(bicyclo[1 .1.1]pent-1 -yl)-6-chloro-2-{[(1 S,2R)-2-cyanocyclopropylmethoxy} pyrimidine-4-
carboxamide (1-126) (50 mg, 0.1 6 mmol) and TEA (95 mg, 0.94 mmol) in dry THF (4 mL) was
stirred at 35 °C for 3 hr. TLC (petroleum ether/EtOAc = 3/1, R; ~ 0.65) showed 20% of the N-
(bicyclo[1 .1.1]pent-1 -yl)-6-chloro-2-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}pyrimidine-4-
carboxamide still remained and TLC (CH,CI, : MeOH= 10: 1. R; ~ 0.55) confirmed formation of

10  the product. The mixture was quenched with H,0 (10 mL), and extracted with EtOAc (2 x 20
mL). The combined organic layers were washed with brine (2 x 20 mL), dried over Na,SO0, and
concentrated to give a residue, which was purified by preparative. TLC (CH,CI, : MeOH= 10: 1.
R; ~ 0.55) to give 6-(4-{[(2-aminopyridin-3-yl)oxy]methyl}piperidin-1  -yl)-/V-(bicyclo[1 .1.1]pent-1 -
yN)-2-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}pyrimidine-4-carboxamide (Example 139) (25.3

15  mg, 33%) as a white solid. LCMS (APCI), m/z 490.1 [M + H]*; "H NMR (400 MHz, DMSO-c/s) 8
ppm 8.93 (s, 1 H), 7.49 (d, J = 4.4 Hz, 1 H), 6.98 - 7.00 (m, 2 H), 6.48 (d, J = 7.6 Hz, 1 H), 5.65
(s, 2 H), 4.30 - 4.70 (m, 3 H),4.05 (d, J= 12.0 Hz, 1 H), 3.84 (d, J = 6.4 Hz, 2 H), 3.01 (br. s.,2
H), 2.46 (s, 1 H), 2.10 (s, 6 H), 1.92 - 2.02 (m, 3 H), 1.76 - 1.87 (m, 1 H), 1.24 - 1.31 (m, 4 H),
1.12 -1.14 (m, 1 H).

20 Example 141 (Scheme A) - Synthesis of 6-r4-(fr2-amino-5-(1 -methyl-1 tf-imidazol-5-

yDpyridin-3-vnoxy>methyl)piperidin-1 -vn-A/-ethyl-2-<T(2/?)-1 -methoxypropan-2-

vnoxy)pyrimidine-4 -carboxamide

ClNO HO
NAN/ N\fN [ 0
—_ NH, —
al 1152 N \ \ EtNH HCI
a vt 3 N~
o i) TEA, MeOH \ 7 HATU, DMF, TEA
— cl
N ii) NaOH N {
NH2
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1109 1220
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HN s HN
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W/ © N_< N\ / O N—/< S
\ cl KHMDS, THF N
) N .
L\N ) \
1-221 N Example 141

25



10

15

20

25

30

WO 2016/097918 PCT/IB2015/059360

-157 -

Step 1 - Synthesis of 6-[4-({[2-amino0-5-(1 -methyl-1 H-imidazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylic acid (1-220)

To a stirring mixture of 5-(1-methyl-1 /-/-imidazol-5-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine

(1-109) (88 mg, 0.24 mmol) and methyl 2,6-dichloropyrimidine-4-carboxylate (1-152) (55 mg,
0.26 mmol) in MeOH (3 mL) was added TEA (0.17 mL, 1.22 mmol) at O °C. The reaction was
stirred for 16 hr. LCMS indicated ~ 35% of the starting material was left, and ~10% of the
regioisomer had been formed . A further portion of methyl 2,6-dichloropyrimidine-4-carboxylate

(21 mg, 0.1 mmol) was added, and the reaction stirred for 3 hr. LCMS still showed ~ 10%
starting material, and so a further portion of methyl 2,6-dichloropyrimidine-4-carboxylate (12
mg, 0.06 mmol) ) was added, and the reaction stirred for 1 hr. LCMS showed the reaction to be
complete. NaOH (1.22 mL, 1 M, 1.22 mmol) was added at 0 °C, and the reaction stirred at room
temperature for 18 hr. A further aliquot of NaOH (0.2 mL, 1M, 0.2 mmol) was added, and the
reaction stirred for 6 hr. LCMS indicated the reaction was complete. The volatiles were removed
in vacuo, and the remaining crude solid 6-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylic acid (I-220) dried in the vacuum

oven at 60 °C for 24 hr prior to being used directly in the next step.

Step 2 - Synthesis of 6-[4-({[2-amino0-5-(1 -methyl-1 H-imidazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-2-chloro-W-ethylpyrimidine-4-carboxamide (1-221)

To a solution of 6-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-5-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -
yl]-2-chloropyrimidine-4-carboxylic acid (I-220) (110 mg, 0.25 mmol) in DMF (2 mL) was added
ethylamine hydrochloride (27 mg, 0.32 mmol), TEA (0.1 73 mL, 1.22 mmol) followed by HATU
(113 mg, 0.29 mmol). The resultant mixture was stirred at room temperature for 4 hr. H,0 (5
mL) was added, and the reaction extracted with EtOAc (2 x 10 mL). The organic extracts were
dried over Na,SO0 ,, filtered and concentrated in vacuo to afford the crude 6-[4-({[2-amino-5-(1 -
methyl-1 H-imidazol-5-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -yl]-2-chloro-/V-ethylpyrimidine-4-

carboxamide (1-221) (110 mg, 94%) as a yellow oil, which was used directly in the next step

without further purification .

Step 3 - 6-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-5-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -
yl]-W-ethyl-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine-4-carboxamide (Example 141)

To a mixture of 6-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-5-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -
yl]-2-chloro-/V-ethylpyrimidine-4-carboxamide (1-221) (55 mg, 0.12 mmol) and (2R)-1-
methoxypropan-2-ol (42 mg, 0.47 mmol) in THF (2 mL) was added KHMDS (93 mg, 0.47
mmol), and the resulting suspension was stirred at room temperature for 18 hr. LCMS showed

the reaction was predominantly starting material, and additional aliquots of both KHMDS (93
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mg, 0.47 mmol) and (2R)-1 -methoxypropan-2-ol (22 mg, 0.23 mmol) were added . The reaction
was stirred for a further 24 hr, before again additional KHMDS (200 mg, 1.01 mmol) and (2R)-1 -
methoxypropan-2-ol (95 mg, 0.94 mmol) were added . After being stirred for a further 60 hr,
LCMS indicated the reaction was complete. H,0 (5 ml_) was added, and the reaction extracted
with EtOAc (3 x 10 mL). The organic extracts were dried over Na,SO0 4, filtered and concentrated
in vacuo to afford the crude product, which was purified by preparative HPLC to afford 6-[4-({]2-
amino-5-(1 -methyl-1 /-/-imidazol-5-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-/V-ethyl-2-{[(2R)-1 -
methoxypropan-2-ylloxy}pyrimidine-4-carboxamide  (Example 141) (61 mg, 33%) as a white
solid. LCMS (APCI), m/z 525.2 [M + H]*; "H NMR (600 MHz, DMSO-c/s) 8 ppm 8.58 (t, J =6.15
Hz, 1 H), 7.63 (s, 1 H), 7.58 (d,J = 1.90 Hz, 1 H), 7.07 (d,J = 1.76 Hz, 1 H), 6.95 (s, 1 H), 6.91
(s, 1 H), 5.87 (s, 2 H), 5.33 (quind, J =6.31,4.17 Hz, 1 H),3.90 (d,J =6.29 Hz, 3 H), 3.60 (s, 3
H), 3.42 - 3.52 (m, 1 H), 3.24 - 3.30 (m, 3 H), 3.01 (br.s.,1H), 2.07 -2.18 (m, 1 H), 1.93 (d,J =
12.29 Hz, 3 H), 1.87 (s, 2 H), 1.26 - 1.32 (m, 2 H), 1.21 - 1.26 (m, 4 H), 1.04 - 1.11 (m, 4 H).

Example 161 (Scheme A) - Synthesis of 6-r4-(fr2-amino-5-(1 -methyl-1 H-1,2,3-triazol-5-

yDpyridin-3-vnoxy>methyl)piperidin-1 -vn-A/-ethyl-2-<T(2/?)-1 -methoxypropan-2-

vlloxvipvrimidine-4-carboxamide

o
cl
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Step 1 - Synthesis of methyl 6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-5-yl)pyridin-3-
ylloxy}methyl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylate (1-222)

To a solution of 5-(1-methyl-1 H-1 ,2,3-triazol-5-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine (I-
57) (31 0 mg, 1.08 mmol) and methyl 2,6-dichloropyrimidine-4-carboxylate (1-152) (223 mg, 1.08
mmol) in MeOH (4 ml) and THF (4 mL) was added DIPEA (417 mg, 3.23 mmol) at 0 °C. Then,
the reaction mixture was stirred at 0 °C for 20 min. TLC (EtOAc : MeOH = 10:1) showed the
reaction was complete. The reaction mixture was concentrated to give the crude product, which

was purified by silica gel chromatography (EtOAc : CH,Cl,: MeOH = 10:10:1) to give methyl 6-
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[4-({[2-amino-5-(1 -methyl-1 H-1 ,2,3-triazol-5-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-2-
chloropyrimidine-4-carboxylate  (1-222) (290 mg, 59%) as a white solid , which was used without

further purification .

Step 2 - Synthesis of 6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-2-chloro-W-ethylpyrimidine-4-carboxamide (1-223)

To a solution of  methyl 6-[4-({[2-amino-5-(1 -methyl-1 H-1 ,2, 3-triazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylate  (1-222) (290 mg, 0.632 mmol) and
TEA (639 mg, 6.32 mmol) in EtOH (8 ml) was added ethylamine hydrochloride (515 mg, 6.32
mmol). The reaction mixture was stirred at 50 °C overnight. LCMS showed ~ 50% of the starting
ester still remained, and the reaction mixture was stirred at 50 °C for a further 24 hr. LCMS
showed ~ 20% of the ester still remained. The reaction mixture was concentrated to give the
crude product, which was washed with H,0 (20 ml), brine (20 ml), dried over Na,SO, and
concentrated to give a residue, which was purified by silica gel chromatography (EtOAc :
CH,Cl,: MeOH = 10:10:1) to give 6-[4-({[2-amino-5-(1 -methyl-1 H-1,2,3-triazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-2-chloro-/V-ethylpyrimidine-4-carboxamide  (1-223), which was used

directly without further purification .

Step 3 - Synthesis of 6-[4-({[2-amino-5-(1 -methyl-1 H-1 ,2,3-triazol-5-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-W-ethyl-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine-4-

carboxamide (Example 161)

To a solution of (2R)-1-methoxypropan-2-ol (84 mg, 0.932 mmol) in DMF (8 mL) was added
NaH (67.1 mg, 60% in mineral oil, 2.80 mmol) at 0 °C. Then the reaction mixture was stirred at
0 °Cc for 30 min. Then 6-[4-({[2-amino-5-(1 -methyl-1 H-1 ,2,3-triazol-5-yl)pyridin-3-

ylJoxy}methyl)piperidin-1 -yl]-2-chloro-/V-ethylpyrimidine-4-carboxamide  (I-223) (220 mg, 0.466
mmol) was added . The reaction mixture was stirred at room temperature for 30 min and then at
50 °C for 2 hr. LCMS showed the reaction was completed. The mixture was poured into water
(10 mL) and extracted with CH,CI, (3 x 20 ml). The combined organic layers were washed with
brine (10 mL), dried over Na,S0 , and concentrated in vacuo to give the crude product, which
was purified by preparative HPLC to give 6-[4-({[2-amino-5-(1 -methyl-1 H-1 ,2,3-triazol-5-
yl)pyridin-3-ylloxy}methyl)piperidin-1  -yl]-/V-ethyl-2-{[(2R)-1 -methoxypropan-2-ylloxy}  pyrimidine-
4-carboxamide (Example 161) (20 mg, 8%) as a white solid. LCMS (APCI), m/z 526.1 [M +
NH]*; '"H NMR (400 MHz, CDCl) & ppm 7.88 (t, J = 5.6 Hz, 1 H), 7.73 (d, J = 2.0 Hz, 1 H), 7.68
(s, 1H), 7.10 (s, 1 H), 6.86 (d,J = 1.6 Hz, 1 H), 5.30 - 5.35 (m, 1 H), 4.96 (s, 2 H), 4.60 (br. s.,2
H), 4.05 (s, 3 H), 3.89 - 3.91 (m, 2 H), 3.52 - 3.67 (m, 1 H), 3.47 - 3.51 (m, 6 H), 3.30 - 3.42 (m,
2 H), 2.22 (br.s. 1 H), 1.96 - 1.99 (m, 2 H), 1.38 - 1.42 (m, 5 H), 1.21-1.23 (m, 3 H).
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Example 162 (Scheme A) - Synthesis of 6-r4-(fr2-amino-5-(1 ,5-dimethyl-1 tf-1 ,2,3-triazol-4-

yDpyridin-3-vhnoxy)methyl)piperidin-1 -vn-A/-ethyl-2-fr(2/?)-1 -methoxypropan-2-

ylloxy)pyrimidine-4-carboxamide
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Step 1 - Synthesis of methyl 6-[4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-

ylloxy}methyl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylate (1-224)

To a solution of 5-(1,5-dimethyl-1 H-1,2,3-triazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine
(1-59) (310 mg, 1.09 mmol) and methyl 2,6-dichloropyrimidine-4-carboxylate (1-152) (226 mg,
10  1.09 mmol) in THF (10 mL) and MeOH (2 mL) was added DIPEA (423 mg, 3.27mmol) at O °C.
The reaction was stirred at 0 °C for 30 min. The mixture was concentrated and purified by silica
gel chromatography (petroleum Ether: EtOAc = 1:1to 0:1) to give methyl 6-[4-({[2-amino-5-(1 ,5-
dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -yl]-2-chloropyrimidine-4-
carboxylate (I-224) (320 mg, 62%) as a yellow solid, which was used in next step without further

15  purification.

Step 2 -
ylloxy}methyl)piperidin-1 -yl]-2-chloro-W-ethylpyrimidine-4-carboxamide (I-225)

Synthesis of 6-[4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-

A mixture of 6-[4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylloxy}methyl)piperidin-1 -yl]-2-chloropyrimidine-4-carboxylate  (1-224) (320 mg, 0.68 mmol),

20  ethylamine hydrochloride (552 mg, 6.77 mmol) in anhydrous EtOH (10 mL) was added TEA

methyl

(685 mg, 6.77 mmol). The mixture was stirred at 60 °C for 24 hr. The mixture was filtered, and
the organic layer was concentrated to dryness to give the 6-[4-({[2-amino-5-(1 ,5-dimethyl-1 H-
1,2,3-triazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -yl]-2-chloro-/V-ethylpyrimidine-4-

carboxamide (I-225) (300 mg, 91%) as a yellow solid, which was used directly in the next step.
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Step 3 - Synthesis of 6-[4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylloxy}methyl)piperidin-1 -yl]-W~thyl-27[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine-4-

carboxamide (Example 162)

To a suspension of (2R)-1-methoxypropan-2-ol (90.12 mg, 55.6 mmol) in DMF (10 mL) was

5 added NaH (30.9 mg, 60% in mineral oil, 0.77 mmol), the mixture was stirred at room
temperature for 30 min, and then 6-[4-({[2-amino-5-(1 ,5-dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-2-chloro-/V-ethylpyrimidine-4-carboxamide (I-225) (150 mg, 0.31
mmol) was added at room temperature. The mixture was stirred at room temperature for 1 hr.
The reaction was quenched with agueous NH,CI (1 mL), and concentrated to remove DMF. The

10 residue was purified by preparative TLC (CH,CI/MeOH = 10/1) to give 6-[4-({[2-amino-5-(1 ,5-
dimethyl-1 H-1,2,3-triazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-/V-ethyl-2-{[(2f?)-1 -
methoxypropan-2-ylJoxy}pyrimidine-4-carboxamide (Example 162) (7 mg, 4%) as a white solid.
LCMS (APCI), m/z 562.1 [M + Na]*; "H NMR (400 MHz, CDCl,) & ppm 7.82 - 7.88 (m, 1 H), 7.82
(s, 1H), 7.47 (s, 1 H), 7.08 (s, 1 H), 5.30 - 5.34 (m, 1 H), 4.90 (br. s.,2 H), 4.46 - 4.76( m, 1 H),

15  4.01 (s, 3H), 3.96 (d, J =6.0 Hz, 2 H),3.65 - 3.69 (m, 1 H), 3.41 - 351 (m, 2 H), 3.41 (s 3 H),
2.95 -2.99 (m, 2 H), 2.53 (s, 3 H), 215-2.25 (m, 1 H), 1.95 - 1.97 (m, 2 H), 1.30 - 1.40 (m, 5
H), 1.19 - 1.20 (m, 3 H).

Example 167 (Scheme E) - Synthesis of 4-fr(1/?)-2,2-difluorocyclopropynmethoxy>-6-r4-

(1H-pyrazolor3,4-folpyridin-3-yDpiperidin-1 -yl1-JV-r(2S)-1,1,1-trifluoropropan-2- vIi-1,3,5-

N
HIN\\
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Step 1 - Synthesis of 2,4-dichloro-6-{[(1 R)-2,2-difluorocyclopropyllmethoxy}-1 ,3,5-triazine
(1-226)

To a suspension of cyanuric chloride (1-177) (2.20 g, 11.93 mmol) in anhydrous THF (20 mL)
was added [(1 f?)-2,2-difluorocyclopropyllmethanol (1-141) (1.17 g, 10.8 mmol) at 0 °C followed
by the dropwise addition of DIPEA (2.10 g, 16.3 mmol). The resulting colorless mixture was
stirred at room temperature (25 °C) for 16 hr. TLC (hexanes : EtOAc = 5:1) indicated the
starting material had been completely consumed . The resulting white suspension was
concentrated and the residue was purified by silica gel chromatography (EtOAc/petroleum ether
= 0-1 0%) to give 2,4-dichloro-6-{[(1 f?)-2,2-difluorocyclopropyllmethoxy}-1 ,3,5-triazine (I-226)

(1.31 g, 43%) as colorless oil, which was used without further purification .

Step 2 - Synthesis of 3-[1-(4-chloro-6-{[(1 R)-2,2-difluorocyclopropyllmethoxy}-1 ,3,5-
triazin-2-yl)piperidin-4-yl]-1 H-pyrazolo[3,4-b]pyridine (1-227)

To a 0 °C cooled suspension of 2,4-dichloro-6-{[(1 R)-2,2-difluorocyclopropyllmethoxy}-1 ,3,5-
triazine (I-226) (1.30 g, 5.08 mmol) and 3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-Jb]pyridine
hydrochloride (1-11) (1.21 g, 5.08 mmol) in anhydrous THF (20 mL) and MeOH (10 mL) was
slowly added in a dropwise manner DIPEA (2.62 g, 3.12 mmol). After the addition, the mixture
was stirred at 0~20 °C for 2 hr. TLC (petroleum ether/EtOAc = 1/1) showed the starting material
was consumed completely and a single new spot was formed . The brown reaction mixture was
concentrated and the residue was diluted with EtOAc (100 mL). The mixture was washed with
water (10 mL), brine (10 mL), dried over Na,S0 , and concentrated . The residue was purified by
silica gel chromatography (MeOH/CH,Cl, = 0-5%) to give 3-[1-(4-chloro-6-{[(1 {?)-2,2-
difluorocyclopropyl]methoxy}-1 ,3,5-triazin-2-yl)piperidin-4-yl]-1 /-/-pyrazolo[3,4-Jb]pyridine (1-227)

(1.80 g, 84%) as a light yellow solid , which was used without further purification.

Step 3- Synthesis of (4-{[(1 R)-2,2-difluorocyclopropyl]lmethoxy}-6-[4-(1 H-pyrazolo[3,4-
fo]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazin-2-yl)propanedinitrile (1-228)

A suspension of malononitrile (203 mg, 3.07 mmol) and K,CO 5 (424 mg, 3.07 mmol) in MeCN
(10 mL) was stirred at room temperature (25 °C) for 10 min. 3-[1-(4-chloro-6-{[(1 f?)-2,2-
difluorocyclopropylmethoxy}-1 ,3,5-triazin-2-yl)piperidin-4-yl]-1 /-/-pyrazolo[3,4-Jb]pyridine (1-227)
(300 mg, 0.61 mmol) in MeCN (5 mL) was added in a dropwise manner at room temperature
(25 °C) with stirring. The orange suspension obtained was stirred at room temperature (25 °C)
for 16 hr. TLC (CH,Cl,:MeOH = 10:1) indicated the start material was consumed, and a single
new spot was observed . LCMS also indicated that the reaction was clean and main peak shows
the desired product mass (451.9). The obtained light yellow solution of (4-{[(1R)-2,2-
difluorocyclopropyl]methoxy}-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-

yl)propanedinitrile  (1-228) (193 mg, 100%, 38.5 mg/mL in MeCN) was used directly in the next

reaction.
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Step 4 - Synthesis of 4-{[(1 R)-2,2-difluorocyclopropyllmethoxy}-6-[4-(1 H-pyrazolo[3,4-
fo]pyridin-3-yl)piperidin-1 -yl]-W-[(2S)-1,1,1-trifluoropropan-2-yl]-1 ,3,5-triazine-2-

carboxamide (Example 167)

To a solution of (4-{[(1 R)-2,2-difluorocyclopropyllmethoxy}-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-
yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile  (1-228) (1.50 g, 3.4 mmol in 40 mL MeCN)
was added (2S)-1,1,1-trifluoropropan-2-amine (1.54 g, 13.6 mmol) at 0 °C followed by the
portionwise addition of m-CPBA (5.89 g, 85%, 34.1 mmol). The white suspension obtained was
stirred at room temperature (25 °C) for 40 hr. LCMS showed the starting material had been
consumed, and the observed main peak shows the mass of the desired product. The light
yellow suspension was concentrated and the residue was diluted with EtOAc (100 mL), washed
with water (50 mL), saturated NaHCO ; (20 mL) and dried over Na,S0,. The solvent was
evaporated to give a light yellow solid. The crude product was purified by silica gel
chromatography (EtOAc/petroleum ether = 20-80%) to give 4-{[(1 ?)-2,2-
difluorocyclopropyl]methoxy}-6-[4-(1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-/V-[(2S)-1,1,1-
trifluoropropan-2-yl]-1 ,3,5-triazine-2-carboxamide (1.40 g, 75%) as a light yellow solid, which
was further purified by preparative HPLC to give 4-{[(1 R)-2,2-difluorocyclopropyl]methoxy}-6-[4-
(1/-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-/V-[(2S)-1 .1, 1-trifluoropropan-2-yl]-1 ,3,5-triazine-2-
carboxamide (Example 167) (1.06 g, 59% over two steps) as a light yellow solid. LCMS (APCI),
miz 527.2 [M + H]*; "H NMR (400 MHz, CDCl,) & ppm 11.87 (br. s., 1 H),8.59 (d,J = 3.2 Hz, 1
H), 8.11 (d, J = 8.0 Hz, 1 H), 7.91 (d,J = 10.0 Hz, 1 H), 7.13-7.16 (m, 1 H), 5.03 (t, J = 3.8 Hz,
1 H), 4.83 -4.89 (m, 2 H), 451 - 453 (m, 1 H), 4.44 - 4.46 (m, 1 H), 3.40 - 3.43 (m, 1 H), 3.25 -
3.28 (m, 2 H), 2.02 - 2.21 (m, 5 H), 1.59 - 1.72 (m, 1 H), 1.43 (d, J = 6.8 Hz, 3 H), 1.32 - 1.34
(m, 1H). Chiral analysis. Rt (Peak 1) = 8.08 min Chiralcel OJ-H 4.6 x 250 mm column 5 - 40%
EtOH (w. 0.05% DEA) @ 120 bar CO,, 2.4 mL/min. Retention time of enantiomer (Peak 2 -
Example 166) is 8.69 min.
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Example 173 (Scheme E) - Synthesis of A/-(bicyclon .1.npent-1 -yD)-4-fr(1 S,2R)-2-

cvanocvclopropynmethoxy)-6-r4-(4-methoxy-1 ly-pyrazolor3,4-blpyridin-3-y)piperidin-1 -

yl1-1 ,3,5-triazine-2-carboxamide

HN ¢l
/N\NH o " N
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1-230 NC Example 173

Step 1 - Synthesis of (1R,2S)-2-[({4-chloro-6-[4-(4-methoxy-1  H-pyrazolo[3,4-ft]pyridin-3-
yDpiperidin-1 -yl]-1,3,5-triazin-2-yl}oxy)methyl] cyclopropanecarbonitrile (I-229)

To a stirred mixture of 4-methoxy-3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-Jb]pyridine (I-69) (261 mg,
1.12 mmol) and DIPEA (435 mg, 3.37 mmol) in acetone (10 mL) was added (1f?,2S)-2-{[(4,6-
dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile (1-184) (275 mg, 1.12 mmol) at -
30 °C under a nitrogen atmosphere. The mixture was stirred at -30 °C for 1 hr. TLC (petroleum
ether/EtOAc = 1:1) showed that the reaction was completed . The mixture was concentrated at
room temperature and purified by silica gel chromatography (CH,CI/MeOH = 10:1, R; = 0.42) to
yield (1f?,2S)-2-[({4-chloro-6-[4-(4-methoxy-1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-
triazin-2-yl}oxy)methyl] cyclopropanecarbonitrile  (1-229) (490 mg, 99%) as yellow syrup, which

was used without further purification.

Step 2 - Synthesis of (4-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-6-[4-(4-methoxy-1 H-
pyrazolo[3,4-fo]pyridin-3-yl)piperidin-1  -yl]-1,3,5-triazin-2-yl)propanedinitrile  (1-230)

A mixture of malononitrile (65.9 mg, 0.998 mmol) and K,CO0 ; (276 mg, 2.0 mmol) in MeCN (10
mL) was stirred at room temperature for 1 hr. Then (1R,2S)-2-[({4-chloro-6-[4-(4-methoxy-1 H-
pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile
(I-229) (220 mg, 0.499 mmol) was added to the mixture. The resulting mixture was stirred at
room temperature for 1 hr. LCMS showed that (1R,2S)-2-[({4-chloro-6-[4-(4-methoxy-1 H-
pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile

still remained, and DMSO (1 mL) was added to the mixture. The mixture was stirred at room
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temperature for 24 hr. The mixture was concentrated and purified by silica gel chromatography
(CH,CI/MeOH, R; = 0.42) to yield (4-{[(1 S,2f?)-2-cyanocyclopropyl]methoxy}-6-[4-(4-methoxy-
1/-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile (1-230) (80 mg,

34%) as a light yellow solid, which was used directly in the next step.

Step 3 - Synthesis of W-(bicyclo[1.1.1]pent-1-yD)-4-{[(1 S,2R)-2-
cyanocyclopropyllmethoxy}-6-[4-(4-methoxy-1 H-pyrazolo[3,4-ft]pyridin-3-yl)piperidin-1 -
yl]-1,3,5-triazine-2-carboxamide (Example 173)

To a stired mixture of (4-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-6-[4-(4-methoxy-1  H-
pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile  (1-230) (80 mg, 0.17
mmol) in MeCN (5 mL) and THF (5 mL) were added m-CPBA (88 mg, 85%, 0.51 mmol) and
bicyclo[1 .1.1]pentan-1 -amine (1-146) (81 .4 mg, 0.68 mmol) at 0 °C. The mixture was stirred at
room temperature for 18 hr. LCMS showed that (4-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-6-[4-
(4-methoxy-1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile had
almost been consumed. The mixture was quenched by addition of aqueous saturated NaHCO ,
(1 mL), and the mixture was dried over Na,SO,, filtered and concentrated. The residue was
purified by preparative HPLC (Phenomenex Gemini C-18 column 250 x 21.2mm X 10um.eluting
from 33% MeCN/water w. NH,OH to 53% MeCN/water w. NH,OH. Detection wavelength
220nm). Lyophilization afforded IV-(bicyclo[1 .1.1]pent-1 -yI)-4-{[(1 S,2R)-2-
cyanocyclopropylimethoxyd -e-"-"-methoxy-| H-pyrazolo[3,4-b]pyridin-3-yl)piperidin-1-yl]-1,3,5-
triazine-2-carboxamide (Example 173) (15 mg, 17%) as a white solid. LCMS (APCI), m/z 538.5
[M + HJ*; "H NMR (400 MHz, DMSO-c/s) & ppm 13.15 (s, 1 H), 9.17 (s, 1 H), 8.32 (d, J = 5.2 Hz,
1H), 7.17 (d,J = 6.4 Hz, 1 H),4.92 - 495 (m, 1 H), 4.68 - 4.72 (m, 2 H), 4.04 - 4.06 (m, 1 H),
3.95 (s, 3 H), 3.32 - 3.34 (m, 2 H), 3.16 - 3.20 (m, 2 H), 2.45 (s, 1 H), 2.09 (s, 6 H), 1.99 - 2.05
(M, 2 H), 1.81 - 1.83 (m, 3 H), 1.27 - 1.28 (m, 1 H), 1.16 - 1.17 (m, 1 H).
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Example 189 (Scheme E) - Synthesis of 4-(4 -fr(4-aminopyrimidin-5-

yloxylmethylpiperidin-1 -yl)-6 -r(1 -cvanocvclopropyl)methoxy1-A/-(2,2-dimethylpropyl)-

1,3,5-triazine-2-carboxamide
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Step 1 - Synthesis of 1-({[4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-6-

chloro-1 ,3,5-triazin-2-ylJoxy}methyl)cyclopropanecarbonitrile (1-231)

To a solution of 5-(piperidin-4-ylmethoxy)pyrimidin-4-amine  hydrochloride (1-93) (8.0 g, 28.44
mmol, 2eq HCI) and 1-{[(4,6-dichloro-1 ,3,5-triazin-2-yl)oxy]methyl}cyclopropanecarbonitrile  (I-
207) (9.06 g, 37 mmol) in THF (120 mL) and MeOH (30 mL) at O °C was added DIPEA (25.3
mL, 142 mmol). The mixture was stirred at 0 °C for 30 min. LCMS indicated that the reaction
was complete. The solvent was evaporated, and the residue diluted with EtOAc (100 mL),
washed with saturated ag. NH,CI (3 x 60 mL), brine (60 mL), dried with anhydrous Na,SO , and
concentrated to give the crude product, which was purified by silica gel chromatography
(MeOH: CH.CIl, = 8%) to give 1-({[4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1  -yl)-6-
chloro-1 ,3,5-triazin-2-ylJoxy}methyl)cyclopropanecarbonitrile  (1-231) (4.66 g, 39%) as a gray
solid. LCMS (APCI), m/z 417.0 [M + H]*; "H NMR (400 MHz, DMSO-c/g) 8 ppm 7.96 (s, 1 H),
7.77 (s, 1 H), 6.67 (br.s., 2 H), 4.56 - 4.66 (m, 2 H), 4.31 - 4.38 (m, 2 H), 3.89 (d,J = 6.0 Hz, 2
H), 2.97 - 3.04 (m, 2 H), 2.08 - 2.09 (m, 1 H), 1.88 - 1.91 (m, 2 H), 1.31 - 1.37 (m, 4 H), 1.19 -
1.22 (m, 2 H).

Step 2 - Synthesis of {4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yD-6-[(1 -
cyanocyclopropyl)methoxy]-1  ,3,5-triazin-2-yl}propanedinitrile  (1-232)
To a solution of malononitrile (31.7 mg 0.48 mmol) in MeCN (5 mL) was added K,CO , (133 mg,

0.96 mmol). The mixture was stirred at room temperature. (15 °C) for one hr. 1-({[4-(4-{[(4-
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aminopyrimidin-5-yl)oxy]methyl}piperidin-1  -yl)-6-chloro-1 ,3,5-triazi n-2-
ylJoxy}methyl)cyclopropanecarbonitrile  (1-231) (100 mg, 0.24 mmol) in DMSO (2 mL) was
added , and the resulting mixture stirred at room temperature (15 °C) for 16 hr. LCMS showed
the reaction was complete. The reaction mixture containing {4-(4-{[(4-aminopyrimidin-5-
yl)oxy]methyl}piperidin-1 -yl)-6-[(1 -cyanocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile

(1-232) was used directly in the next step without further purification .

Step 3 - Synthesis of 4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1  -yI)-6-[(1 -
cyanocyclopropyl)methoxy]-yV-(2,2-dimethylpropyl)-1 ,3,5-triazine-2-carboxamide
(Example 189)

To the solution containing {4-(4-{[(4-aminopyrimidin-5-yl)oxy]lmethyl}piperidin-1  -yl)-6-[(1 -
cyanocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile (1-232) was added 2,2-
dimethylpropan-1 -amine (83.7 mg, 0.96 mmol) and m-CPBA (331 mg, 85%, 1.92 mmol) at 0 °C.
MeCN (5 mL) was added, and the resulting mixture was stirred at room temperature (15 °C) for
20 hr. TLC (CH.Cl,: MeOH =12: 1) showed the reaction was complete. The reaction mixture
was diluted with EtOAc (50 mL), washed with water (40 mL), saturated aq. Na,SO, (40 mL),
saturated ag. NaHCO 5 (40 mL), saturated ag. NH,Cl (40 mL), brine (40 mL), dried with
anhydrous Na,S0, and concentrated to give the crude product, which was purified by
preparatve = HPLC to give 4-(4-{[(4-aminopyrimidin-5-yl)oxy]lmethyl}piperidin-1  -yI)-6-[(1 -
cyanocyclopropyl)methoxy]-/V-(2,2-dimethylpropyl)-1 ,3,5-triazine-2-carboxamide (Example 189)
(10.9 mg, 9%) as a white solid. LCMS (APCI), m/z 518.1 [M + Na]*; "H NMR (400 MHz, CDCly)
& ppm 8.16 (s, 1 H), 7.84 (t, J = 6.4 Hz, 1H), 7.74 (s, 1 H), 4.96 - 5.01 (m, 1 H), 4.81 - 4.85 (m, 1
H), 4.40 (d,J = 12.0 Hz, 1 H), 4.30 (d,J = 11.6 Hz, 1 H), 3.86 (d,J = 6.4 Hz, 2 H), 3.17 - 3.19
(M, 2 H), 2.89 - 2.99 (m, 2 H), 2.10 - 2.11 (m, 1 H), 1.88 - 1.91 (m, 2 H), 1.33 - 1.37 (m, 4 H),
1.11- 1.14 (m, 2 H), 0.90 (s, 9 H).



10

15

20

25

WO 2016/097918 PCT/IB2015/059360

- 168 -

Example 205 (Scheme E) - Synthesis of 4-(4-fr(4-aminopyrimidin-5-

yNoxylmethyl)piperidin-1-yl)-A/-(3,3-difluorocvclobutyl)-6-r(2,2-

difluorocvclopropvlimethoxvi-1.3.5-triazine-2-carboxamide

HO Y @

1138 _<C| J/\(N O/\o ZN
l N o) CIn NN NH
Cl -z 2
N F C|_< _ N HI\O/IQIE NH» Y |

a— N F N—<O N§rN
N=<CI THE, DIEPA ‘\><F THF/MeOH, DIPEA
F
1177 1233 . 1234

F ¥
N
| \j F | =N
2N F ?
CN O HzN NH»
NN NH; HN
CH2(CN)2, K2CO3 NC Z | Ne
O “ I

m-CPBA N YN
O.

Ng N
MeCN/DMSO Y
0

1-235 Example 205
F
5 F

F
Step 1 - Synthesis of 2,4-dichloro-6-[(2,2-difluorocyclopropyl)methoxy]-1 ,3,5-triazine (I-
233)

To a mixture of (2,2-difluorocyclopropyl)methanol (1-138) (1.0 g, 9.25 mmol) and cyanuric
chloride (1-177) (1.71 g, 9.25 mmol) in anhydrous THF (10 mL) was added slowly in a dropwise
manner DIPEA (1.79 g, 13.9 mmol) at 0 °C over 30 min. The mixture was allowed to warm to
room temperature and stirred for 16 hr. TLC (petroleum ether/ethyl acetate = 10/1, R; = 0.7)
showed two new spots. The suspension was filtered and the residue concentrated to provide a
residue, which was purified by silica gel chromatography (petroleum ether/ ethyl acetate =
100/0 to 97/3) to give 2,4-dichloro-6-[(2,2-difluorocyclopropyl)methoxy]-1 ,3,5-triazine (I-233)

(1.42 g, 60 %) as a colorless oil, which was used without further purification.

Step 2 - Synthesis of 5-[(1-{4-chloro-6-[(2,2-difluorocyclopropyl)methoxy]-1 ,3,5-triazin-2-
yl}piperidin-4-yl)methoxy]pyrimidin-4-amine (1-234)

To a suspension of 5-(piperidin-4-ylmethoxy)pyrimidin-4-amine  (1-93) (1.16 g, 5.55 mmol) and
2 4-dichloro-6-[(2,2-difluorocyclopropyl)methoxy]-1  ,3,5-triazine (I-233) (1.42 g, 5.55 mmol) in
THF (30 mL) was added slowly in a dropwise manner DIPEA (2.87 g, 22.2 mmol) at O °C over
20 min. The suspension was stirred at 0 °C for 30 min. TLC (CH,CI/MeOH = 10/1, R; = 0.65)
showed the starting material was completely consumed . MeOH (10 mL) was added, and the
reaction became clear. The mixture was concentrated and purified by silica gel chromatography
(CH,CI/MeOH = 100/1 to 50/1) to give 5-[(1-{4-chloro-6-[(2,2-difluorocyclopropyl)methoxy]-

1,3,5-triazin-2-yl}piperidin-4-yl)methoxy]pyrimidin-4-amine (1-234) (1.01 g, 42 %) as a white

solid, which was used without further purification.
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Step 3 - Synthesis of {4-(4-{[(4"minopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-6-[(2,2-
difluorocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile (I-235)

To a solution of malononitrile (309 mg 4.67 mmol) in MeCN (20 mL) was added K,C0; (1.29 g,
9.35 mmol). The mixture was stired at 15 °C for one hr. 5-[(1-{4-chloro-6-[(2,2-
difluorocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}piperidin-4-yl)ymethoxy]pyrimidin-4-amine (1-234)
(1.01 g, 2.34 mmol) in MeCN (20 mL) and DMSO (5 mL) was added. The resulting mixture was
stirred at 15 °C for 60 hr. LCMS showed the reaction was complete. The reaction mixture was
filtered , and the filter cake was washed with MeCN (2 x 10 mL). The residue was concentrated
in vacuo to dryness to give {4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-6-[(2,2-
difluorocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile  (1-235), which was used directly

in the next step without further purification.

Step 4 - Synthesis of 4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-W-(3,3-
difluorocyclobutyl)-6-[(2,2-difluorocyclopropyl)methoxy]-1 ,3,5-triazine-2-carboxamide
(Example 205)

To a solution of {4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1  -yl)-6-[(2,2-
difluorocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile  (I-235) (200 mg, 0.44 mmol) in
MeCN (20 mL) was added 3,3-difluorocyclobutanamine (140 mg, 1.31 mmol), followed by a
single portion of m-CPBA (453 mg, 85%, 2.62 mmol) at 0 °C with stirring . After the addition was
completed , the mixture was stirred at ~15 °C for 16 hr. LCMS showed that {4-(4-{[(4-
aminopyrimidin-5-yl)oxy]methyl}piperidin-1 -yl)-6-[(2,2-difluorocyclopropyl)methoxy]-1 ,3,5-triazin-
2-yl}propanedinitrile  was completely consumed . The mixture was poured into water (50 mL),
and extracted with EtOAc (3 x 50 mL). The organic extracts were washed with ag. NaHCO ; (20
mL), ag.Na,S0; (20 mL), dried over Na,SO, and concentrated. The residue was purified by
silica gel chromatography (CH,CIlL/MeOH = 10:1) followed by preparative HPLC (Phenomenex
Gemini C18 250 x 21.2mm x 8unt eluting with 31% MeCN/water w. NH,OH to 51% MeCN/water
w. NH,OH) to give 4-(4-{[(4-aminopyrimidin-5-yl)oxy]methyl}piperidin-1  -yl)-/V-(3,3-
difluorocyclobutyl)-6-[(2,2-difluorocyclopropyl)methoxy]-1  ,3,5-triazine-2-carboxamide (Example
205) (53.96 mg, 23%) as a colorless solid. LCMS (APCI), m/z 527.2 [M + H]*; '"H NMR (400
MHz, DMSO-c/s) & ppm 9.12 (d,J = 7.6 Hz, 1 H), 7.99 (s, 1 H), 7.79 (s, 1 H), 6.69 (br. s., 2 H),
4.88 (d, J =12.0 Hz, 1 H), 4.69 (d,J = 13.6 Hz, 1 H), 4.53 - 458 (m, 1 H), 4.24 - 429 (m, 2 H),
3.91 (d,J =6.0 Hz, 2 H), 2.97 - 3.03 (m, 2 H), 2.87 - 2.92 (m, 4 H) 2.23 - 2.26 (m, 1 H), 2.08 -
2.13(m, 1 H), 1.94 (d, J = 12.8 Hz, 2 H), 1.73 - 1.78 (m, 1 H), 1.52 - 1.57 (m, 1 H), 1.31 - 1.34
(m, 2 H).
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Example 223 (Scheme E) - Synthesis of 4-r4-(fr2-amino-5-(1 -methyl-1tf-imidazol-4-

yDpyridin-3-vnoxy)methyl)piperidin-1 -vn-6-r(1 -cvanocvclopropyl)methoxy1-A/-(2,2-

difluoropropyl)-1 ,3,5-triazine-2-carboxamide

A(G N 1-107 0 _ CH,(CN),
C|—{N N ’ N Q/’N

N b oN THF/MeOH, DIPEA LN MeCN/DMSO, KoCOs
|
1-207 _X 1-236
F
F
RF
H
N ij%N \)k }O
\/ o N\«N‘ NH 1-151 " NH, N_<N_
= N\ N
é\‘\ N\(N MeCN/DMSO, m-CPBA N/ 0/_<:/\ N4
O —
I OA\\ 8 I
1-237 =N Lr\\j Example 223
5
Step 1 - Synthesis of 1-[{4-[4-({[2-amino -5-(1 -methyl-1 H-imidazol -4-yl)pyridin-3-

ylloxy}methyl)piperidin-1 -yl]-6-chloro-1 ,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile (1-236)

To a solution of 5-(1-methyl-1 H-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine

10  hydrochloride (1-107) (2.20 g, 5.54 mmol, 3 x HCI salt) and 1-{[(4,6-dichloro-1 ,3,5-triazin-2-
yl)oxy]methyl}cyclopropanecarbonitrile  (1-207) (2.04 g, 6.65 mmol) in THF (80 mL) and MeOH
(20 mL) at 0 °C was added DIPEA (4.93 mL, 27.7 mmol). The mixture was stirred at O °C for 30
min. TLC (CH,CI/MeOH = 10: 1) showed the reaction was complete. The solvent was
evaporated. The reaction mixture was diluted with EtOAc (100 mL), washed with saturated aq.

15  NH,CI (60 mL x 3), brine (60 mL), dried over anhydrous Na,SO,, and concentrated to give the
crude product, which was purified by silica gel chromatography (CH,CI/MeOH = 92 : 8) to give
1-[({4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-6-chloro-
1,3,5-triazin-2-yl}oxy)methyllcyclopropanecarbonitrile  (1-236) (2.01 g, 73.%) as a gray solid.
LCMS (APCI), m/z 518.2 [M + Na]*; "H NMR (400 MHz, DMSO-c/g) 8 ppm 7.90 (s, 1 H), 7.55 (s,

20 1H), 742 (s, 1H), 7.30 (s, 1 H),5.61 (s, 2 H),4.58 - 4.67 (m, 2 H), 4.31 - 4.38 (m, 2 H), 3.88
(d,J =6.0 Hz, 2 H), 3.64 (s, 3 H), 3.00 - 3.06 (m, 2 H), 2.12 - 2.13 (m, 1 H),1.93 - 1.95 (m, 2 H),
1.32-1.37 (m, 4 H), 1.20 - 1.23 (m, 2 H).
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Step 2 - Synthesis of {4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-[(1 -cyanocyclopropyl)methoxy]-1 ,3,5-triazin-2-
yl}propanedinitrile (1-237)

To a colorless solution of malononitrile (320 mg, 4.84 mmol) in MeCN (25 ml_) was added
K,C0 5 (1.34 g, 9.68 mmol) at 25 °C. The white reaction suspension was stirred at 25 °C for one
hr. 1-[({4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-yl]Joxy}methyl)piperidin-1  -yl]-6-
chloro-1 ,3,5-triazin-2-yl}joxy)methyl]  cyclopropanecarbonitrile  (1-236) (1.20 g, 2.42 mmol) in
DMSO (40 ml) was added. The resulting brown suspension was stirred at 25 °C for 20 hr.
LCMS showed that the 1-[({4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-chloro-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile had
been consumed , and the major peak displayed the desired mass of the product. The brown
suspension was filtered and concentrated. The residue was purified by silica gel
chromatography (MeOH : CH,CI, = 0% to 15%) to give {4-[4-({[2-amino-5-(1 -methyl-1 H-
imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-6-[(1 -cyanocyclopropyl)methoxy]-1 ,3,5-

triazin-2-yl}propanedinitrile  (1-237) (1.20 g, 94.%) as a yellow solid, which was used without

further purification .

Step 3 - Synthesis of  4-[4-({[2-amino0-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-[(1 -cyanocyclopropyl)methoxy]-W-(3,3-difluorobutan-2-yl)-

1,3,5-triazine-2-carboxamide (Example 223)

To a brown suspension of  {4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-[(1 -cyanocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile
(1-237) (180 mg, 0.342 mmol) in MeCN (10 mL) and DMSO (1 mL) was added 3,3-
difluorobutan-2-amine (1-151) (173 mg, 0.514 mmol) at 25 °C. Then m-CPBA (695 mg, 85%,
3.04 mmol) was added at 0 °C. The suspension changed to brown solution. The resulting brown
solution was stirred at 25 °C for 20 hr. LCMS showed that {4-[4-({[2-amino-5-(1 -methyl-1 H-
imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-6-[(1 -cyanocyclopropyl)methoxy]-1 ,3,5-
triazin-2-yl}propanedinitrile  had been consumed and the major peak displayed the desired mass
of the product. The reaction mixture was diluted with EtOAc (50 mL), washed with water (40
mL), saturated aq. Na,SO 4 (40 mL), saturated aq. NaHCOs (40 mL), saturated aq. NH,CI (40
mL), brine (40 mL), dried over anhydrous Na,SO, and concentrated to give the crude product
(200 mg, 56% purity in LCMS), which was further purified by preparative HPLC (Agella
Durashell C-18 250 x 21.2 mm x 5uni, eluting with from 24% MeCN/ H,0 @ pH=10 to 44%
MeCN/H,0 @ pH=10) to give 4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-[(1 -cyanocyclopropyl)methoxy]-/V-(3,3-difluorobutan-2-yl)-1  ,3,5-
triazine-2-carboxamide (Example 223) (30.28 mg, 15%) as a white solid. LCMS (APCI), m/z
583.3 [M + H]*; "H NMR (400 MHz, DMSO-c/s) 8 ppm 9.05 (t, J = 6.8 Hz, 1 H),7.90 (d,J = 1.2



10

15

20

25

30

WO 2016/097918 PCT/IB2015/059360

-172 -

Hz, 1 H), 7.57 (s, 1 H), 7.43 (s, 1 H), 7.32 (s, 1 H), 5.64 (br. s.,2 H), 491 (d, J = 12.4 Hz, 1 H),
472 (d,J = 112 Hz, 1 H), 4.38 - 441 (m, 2 H), 3.90 (d,J = 5.6 Hz, 2 H), 3.67 - 3.69 (m, 1 H),
3.64 (s, 3 H), 3.00 - 3.05 (m, 2 H), 2.14 - 2.18 (m, 1 H),1 .97 (d, J = 12.0 Hz, 2 H), 1.60 (¢, J =
18.8 Hz, 3 H), 1.35 - 1.38 (m, 4 H), 1.21 - 1.24 (m, 2 H).

Example 234 (Scheme E) - Synthesis of 4-r4-({r2-amino-5-(1 -methyl-1 tf-imidazol-4-

yDpyridin-3-vnoxy)methyl)piperidin-1 -vn-6-r(1-cvanocyclopropyl)methoxy1-A/-r(2S)-1,1,1-

trifluoropropan-2-yl1-1 ,3,5-triazine-2-carboxamide

R F
F
HN
New NH NG HZN&F o
\ N N= N F NH; N=
¢\ \g MeCN/DMSO, m-CPBA Wa N—(o N
N =
| A= s I
1-237 = k,\\, Example 234
Step 1 - Synthesis of  4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-

ylloxy}methyl)piperidin-1 -yl]-6-[(1 -cyanocyclopropyl)methoxy]-/v-[(2S)-1 ,1,1-

trifluoropropan-2-yl]-1 ,3,5-triazine-2-carboxamide (Example 234)

To a brown solution of {4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-[(1 -cyanocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile
(1-237) (160 mg, 0.30 mmol) in MeCN (10 mL) and DMSO (1 mL) was added (2S)-1,1,1-
trifluoropropan-2-amine (170 mg, 0.913 mmol) at 25 °C. Then m-CPBA (618 mg, 85%, 3.04
mmol) was added at 0 °C. The solution turned to a brown suspension , which was stirred at 25
°C for 20 hr. LCMS showed that {4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-[(1 -cyanocyclopropyl)methoxy]-1 ,3,5-triazin-2-yl}propanedinitrile
had been consumed and the major peak displayed the desired mass of the product. The
reaction mixture was diluted with EtOAc (50 mL), washed with water (40 mL), saturated aq.
Na,S0 ; (40 mL), saturated aq. NaHCO; (40 mL), saturated aq. NH,CI (40 mL), brine (40 mL),
dried over anhydrous Na,SO0, and concentrated to give the crude product, which was purified
by silica gel chromatography (MeOH : CH,Cl, = 0% ~ 10% O to give the desired product (90
mg, 57% purity by LCMS), which was further purified by preparative HPLC ((Agella Durashell C-
18 250 x 21.2 mm x 5unt, eluting with from 32% MeCN/ H,0 @ pH=10 to 52% MeCN/H,0 @
pH=10) to give 4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -
yl]-6-[(1 -cyanocyclopropyl)methoxy]-/V-[(2S)-1 ,1,1-trifluoropropan-2-yl]-1 ,3,5-triazine-2-
carboxamide (Example 234) (29.23 mg, 16%) as a white solid. LCMS (APCI), m/z 601 .1 [M +
H]*: '"H NMR (400 MHz, DMSO-c/g) 8 ppm 9.09 (d, J = 9.2 Hz, 1 H), 7.92 (s, 1 H), 7.56 (s, 1 H),
7.44 (s, 1H), 7.32 (s, 1 H), 5.63 (s, 2 H), 4.86 (d,J = 10.8 Hz, 1 H),4.73 (d, J = 13.6 Hz, 2 H),
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4.42 - 4.46 (m, 2 H), 3.90 - 3.92 (m, 2 H), 3.65 (s, 3 H), 3.01 - 3.09 (m, 2 H), 2.14 - 2.17 (m, 1
H), 1.99 (d,J = 11.6 Hz, 2 H), 1.63 (t, J = 19.2 Hz, 3 H), 1.33 - 1.39 (m, 7 H), 1.23 - 1.25 (m, 2
H).

Example 244 (Scheme E) - Synthesis of 4-iT(2/?)-5,5-dimethyltetrahydrofuran-2-

vnmethoxy)-A/-r(2/?)-1 -hvdroxypropan-2-vn-6-r4-(1 /y-pyrazolor3,4-blpyridin-3-yl)piperidin-

1-yll-1,3,5-triazine-2-carboxamide

HN-N, cl
o . NH HN-N, _<N=<
cl ><_7/\ 11133 N™ N N
A or ~7 N N
2N ™ O

LiHMDS, 2-MeTHF, 0 °C DIPEA, MeOH, 0 °C 1-238

NC )—NH
HO _2:0

N \e‘CN HN-N N

HN- N= H,N -

R 3 N N 2 ]/\OH y > N—(, N

NC”CN N7 N~ N N~
S ol m-CPBA, MeCN/DMSO ~ °

K2CO3, MeCN

1-239 Example 244 o

Step 1 - Synthesis 3-[1-(4-chloro-6-{[(2R)-5,5-dimethyltetrahydrofuran-2-yljmethoxy}-
1,3,5-triazin-2-yl)piperidin-4-yl]-1 H-pyrazolo[3,4-b]pyridine (I-238)

To a colorless solution of [(2R)-5,5-dimethyltetrahydrofuran-2-yljmethanol  (1-133) (150 mg, 1.15
mmol) and cyanuric chloride (1-177) (212 mg, 1.15 mmol) in dry 2-MeTHF (5 ml) was added in
a dropwise manner LIHMDS (1.09 ml_, 1 M in THF, 1.09 mmol) at 0 °C. The reaction mixture
turned to give a light yellow solution . The mixture was stirred at 0 °C for one hr. 3-(piperidin-4-
yl)-1 /-/-pyrazolo[3,4-Jb]pyridine dihydrochloride (1-11) (285 mg, 1.04 mmol) was added followed
by DIPEA (0.602 mi_, 3.46 mmol) and MeOH (2 ml_). The reaction mixture turned to a brown
suspension.  3-(piperidin-4-yl)-1 /-/-pyrazolo[3,4-Jb]pyridine dihydrochloride  doesn't dissolve
completely. After stirring for another hr at 25 °C, LCMS showed the major peak to have the
desired mass of the product. The solvent was evaporated. The residue was purified by silica gel
chromatography (MeOH : CH,CIl, = 0% -~ 5%) to give 3-[1-(4-chloro-6-{[(2{?)-5,5-
dimethyltetrahydrofuran-2-ylJmethoxy}-1 ,3,5-triazin-2-yl)piperidin-4-yl]-1 H-pyrazolo[3,4-
Jbjpyridine (1-238) (180 mg, 35%) as a white solid, which was used without further purification.

Step 2 - Synthesis of (4-{[(2R)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-6-[4-(1 H-
pyrazolo[3,4-fo]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazin-2-yl)propanedinitrile (I-239)

To a colorless solution of malononitrile (53.6 mg, 0.81 mmol) in MeCN (3 ml_) was added K,CO ,

(224 mg, 1.62 mmol) at 25 °C. The white suspension was stirred at 25 °C for one hr. 3-[1-(4-
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chloro-6-{[(2R)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-1  ,3,5-triazin-2-yl)piperidin-4-yl]-1 H-
pyrazolo[3,4-Jb]pyridine (I-238) (180 mg, 0.41 mmol) in DMSO (5 mL) was added. The resulting
brown suspension was stirred at 25 °C for 28 hr. LCMS showed the starting material had been
consumed with the major peak displaying the mass of the desired product. The brown
suspension was filtered and concentrated to give crude (4-{[(2R)-5,5-dimethyltetrahydrofuran-2-
ylJmethoxy}-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile

(1-239) (220 mg) as a brown gum, which was used in the next step without further purification.

Step 3 - Synthesis of 4-{[(2R)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-W-[(2R)-1 -
hydroxypropan-2-yl]-6-[4-(1 H-pyrazolo[3,4-fo]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazine-2-

carboxamide

To a yellow suspension of (4-{[(2R)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-6-[4-(1 H-
pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile (1-239) (192 mg,
0.405 mmol) in MeCN (10 mL) and DMSO (1 mL) was added (2f?)-2-aminopropan-1 -ol (91 .4
mg, 1.22 mmol) at 25 °C. The reaction mixture turned to give a light yellow solution . m-CPBA
(823 mg, 85%, 4.05 mmol) was added at 0 °C. The resulting light yellow solution was stirred at
25 °C for 20 hr. LCMS showed the starting material had been consumed with the major peak
displaying the mass of the desired product. The reaction mixture was diluted with EtOAc (50
mL), washed with water (40 mL), saturated ag. Na,SO, (40 mL), saturated ag. NaHCO , (40
mL), saturated aq. NH,CI (40 mL), brine (40 mL), dried with anhydrous Na,S0, and
concentrated to give the crude product (21 0 mg, 86%), which was further purified by preparative
HPLC (Agella Durashell C-18 250 x 21.2mm x 5unt, eluting with 20% MeCN/H,0 @ pH 10 to
40% MeCN/H,0 @ pH 10) to give 4-{[(2f?)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-/V-[(2f?)-
1-hydroxypropan-2-yl]-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-
carboxamide (Example 244) (90.72 mg, 44%) as a white solid. LCMS (APCI), m/z 511.3 [M +
H]*: "H NMR (400 MHz, DMSO-c/s) 8 ppm 13.29 (s, 1 H), 8.48 (d, J = 4.4 Hz, 1H), 8.30 -8.35 (m,
2 H),7.14 (t J =44 Hz, 1H), 4.84 - 491 (m, 2 H), 472 - 473 (m, 1 H), 4.23 - 431 (m, 3 H),
3.93-3.95 (m, 1 H), 3.37 - 345 (m, 3 H), 3.12-3.15(m, 2 H),2.10-2.14 (m, 3 H), 1.71 - 1.77
(m, 5H), 1.18 (d,J =9.6 Hz, 6 H), 1.13 (d, J = 6.8 Hz, 3 H).
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Example 245  (Scheme E) - Synthesis of 4-fr(2/?)-5,5-dimethyltetrahydrofuran-2-

vnmethoxy)-A  /-r(2R)-1-hvdroxypropan-2-vn-6-r4-(1/y-pyrrolor2,3-blpyridin-3-yl)piperidin-1-

yl1-1 ,3,5-triazine-2-carboxamide

HN=Y) cl
N=
. v NH HN=\ < =
c > o M1 | % NN
e = 137 N7 N—<
NZ N ™ O
Cl)\\NJ\CI LiHMDS, 2-MeTHF, 0 °C DIPEA, MeOH, 0°C 1240
S
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HO ‘ezo
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K2CO3, MeCN

1-241 Example 245 o}

Step 1 - Synthesis of 3-[1-(4-chloro-6-{[(2R)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-
1,3,5-triazin-2-yl)piperidin-4-yl]-1  H-pyrrolo[2,3-b]pyridine (1-240)

To a colorless solution of [(2R)-5,5-dimethyltetrahydrofuran-2-yljmethanol  (1-133) (150 mg, 1.15
mmol) and cyanuric chloride (1-177) (212 mg, 1.15 mmol) in anhydrous 2-MeTHF (5 mL) was
added in a dropwise fashion LIHMDS (1.09 mL, 1.0M in THF, 1.09 mmol) at 0 °C. The reaction
mixture turned to give a light yellow solution. The mixture was stirred at 0 °C for one hr. 3-
(piperidin-4-y1)- 14-pyrrolo[2,3-b]pyridine dihydrochloride (1-37) (280 mg, 1.04 mmol) was added
followed by DIPEA (0.602 mL, 3.46 mmol) and MeOH (2 mL). The reaction mixture turned to a
yellow suspension, and it was observed that the 3-(piperidin-4-yl)-1 H-pyrrolo[2,3-£>]pyridine
dihydrochloride didn't dissolve completely. The reaction mixture was stirred at 0 °C for a further
hr. LCMS showed the starting material had been consumed with the major peak displaying the
mass of the desired product. The solvent was evaporated. The residue was purified by silica gel
chromatography (MeOH : CH,CI, = 0% ~ 5%) to give 3-[1-(4-chloro-6-{[(2f?)-5,5-
dimethyltetrahydrofuran-2-yllmethoxy}-1 ,3,5-triazin-2-yl)piperidin-4-yl]-1 /-/-pyrrolo[2,3-Jb]pyridine
(I-240) (150 mg, 29%) as a white solid.

Step 2 - Synthesis of (4-{[(2R)-5,5-dimethyltetrahydrofuran-2-yljmethoxy}-6-[4-(1H-
pyrrolo[2,3-fo]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile (1-241)

To a colorless solution of malononitrile (44.7 mg, 0.61 mmol) in MeCN (3 mL) was added K,CO
(187 mg, 1.21 mmol) at 25 °C. The resulting white suspension was stirred at 25 °C for one hr. 3-
[1-(4-chloro-6-{[(2R)-5,5-dimethyltetrahydrofuran-2-yljmethoxy}-1  ,3,5-triazin-2-yl)piperidin-4-yl]-

1H-pyrrolo[2,3-Jb]pyridine (1-240) (150 mg, 0.34 mmol) in DMSO (5 mL) was added. The

resulting brown suspension was stirred at 25 °C for 28 hr. LCMS showed the starting material
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had been consumed with the major peak displaying the mass of the desired product. The brown
suspension was filtered and concentrated to give the crude (4-{[(2R)-5,5-
dimethyltetrahydrofuran-2-yljmethoxy}-6-[4-(1  H”yrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-

triazin-2-yl)propanedinitrile  (1-241) (180 mg) as brown gum, which was used in the next step

without further purification .

Step 3 - Synthesis of 4-{[(2R)-5,5-dimethyltetrahydrofuran-2-yljmethoxy}-W-[(2R)-1 -
hydroxypropan-2-yl]-6-[4-(1 H-pyrrolo[2,3-£>]pyridin-3-yl)piperidin-1  -yl]-1,3,5-triazine-2-

carboxamide (Example 245)

To a brown suspension of (4-{[(2R)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-6-[4-(1 H-
pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile  (1-241) (160 mg, 0.34
mmol) in MeCN (10 mL) and DMSO (1 mL) was added (2f?)-2-aminopropan-1 -ol (76.3 mg, 1.02
mmol) at 25 °C. The reaction mixture turned to give a brown solution . Then m-CPBA (687 mg,
85%, 3.39 mmol) was added at 0 °C. The resulting light yellow solution was stirred at 25 °C for
20 hr. LCMS showed the starting material had been consumed with the major peak displaying
the mass of the desired product. The reaction mixture was diluted with EtOAc (50 mL), washed
with water (40 mL), saturated ag. Na,SO 5 (40 mL), saturated ag. NaHCO ; (40 mL), saturated
ag. NH,CI (40 mL), brine (40 mL), dried over anhydrous Na,S0 , and concentrated to give crude
product (152 mg, 55% purity in LCMS), which was purified by preparativeHPLC (Agella
Durashell C-18 250 x 21.2mm x 5unt, eluting with 26% MeCN/H,0 @ pH 10 to 46% MeCN/H ,0
@ pH 10) to give 4-{[(2R)-5,5-dimethyltetrahydrofuran-2-yllmethoxy}-/V-[(2R)-1  -hydroxypropan-
2-yl]-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazine-2-carboxamide (Example
245) (41 .55 mg, 24%) as a white solid . LCMS (APCI), m/iz 532.2 [M + Na]*; "H NMR (400 MHz,
DMSO-c/s) & ppm 11.38 (s, 1 H),8.31 (d,J = 8.4 Hz, 1 H), 819 (d, J = 3.6 Hz, 1 H), 8.04 (d,J =
7.6 Hz,1 H), 7.26 (s, L H), 7.03 (t, J = 4.8 Hz, 1 H), 490 - 493 (m, 1 H), 4.83 - 4.86 (m, 2 H),
4.24 - 431 (m, 3 H), 3.93 -3.95 (m, 1 H), 3.37 - 3.45 (m, 2 H), 3.12 - 3.15 (m, 3 H), 2.07 - 2.09
(m, 3H), 1.66 - 1.77 (m, 5 H), 1.19 (d,J = 10.0 Hz, 6 H), 1.13 (d, J = 6.8 Hz, 3 H).
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Example 272 (Scheme D) - Synthesis of 6-r4-(fr2-amino-5-(1 -methyl-1 H-imidazol-4-

yDpyridin-3 -vnoxy)methyl)piperidin-1-vn-A/-r(2/?)-1 -hydroxypropan-2 -vn-2-r(2/?)-

tetrahvdrofuran-2-ylmethoxylpyrimidine-4-carboxamide
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1-243 Example 272
5 Step 1 - Synthesis of 4,6-dichloro-2-[(2R)-tetrahydrofuran-2-ylmethoxy]pyrimidine (1-242)

To an ice-bath cooled clear solution of 2,4-dichloro-6-(methylsulfonyl)pyrimidine (1-174) (200
mg, 0.88 mmol) and (2R)-tetrahydrofuran-2-ylmethanol (90 mg, 0.88 mmol) in THF (5 mL) was
added in a dropwise fashion LIHMDS (0.969 mL, 1M in THF, 0.97 mmol) over 1 minute. The
resultant light yellow suspension was allowed to stir at 0 °C for an additional 10 min. The ice-
10 bath was removed and the mixture was allowed to warm to room temperature (25 °C), and
stirred for 2 hr. TLC (hexanes : EtOAc = 5 : 1) indicated the starting material had been
completely consumed. The mixture was concentrated and taken up in EtOAc (20 mL), washed
with sat ag. NH,CI (10 mL), and brine (10 mL). The organic layer was dried over Na,SO,,
filtered and concentrated to give 4,6-dichloro-2-[(2R)-tetrahydrofuran-2-ylmethoxy]pyrimidine  (I-
15  242) (120 mg, 55%) as light yellow oil, which was used without further purification.

Step 2 - Synthesis of 3-[(1-{6-chloro-2-[(2R)-tetrahydrofuran-2-ylmethoxy]pyrimidin-4-
yl}piperidin-4-yl)methoxy]-5-(1  -methyl-1 H-imidazol-4-yl)pyridin-2 -amine (I-243)

To a light yellow suspension of 4,6-dichloro-2-[(2R)-tetrahydrofuran-2-ylmethoxy]pyrimidine  (I-
242) (120 mg, 0.48 mmol) and 5-(1 -methyl-1 /-/-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-
20  amine dihydrochloride (1-107) (176 mg, 0.484 mmol) in MeOH (5 mL) was added slowly DIPEA
(217 mg, 1.68 mmol) at 0 °C. The clear light yellow reaction mixture was stirred at room
temperature (25 °C) for 16 hr. TLC (hexanes : EtOAc =5 : 1) showed the starting material had
been consumed completely. The mixture was concentrated in vacuo and diluted with 20 mL

EtOAc. The organic extract was washed with sat.aq .NH,C1 (10 mL), H,0 (10 mL) and brine (10
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ml_), dried over Na,SO, and concentrated. The light yellow residue was purified by silica gel
chromatography (MeOH / CH,CI, = 0-10%, 20 CV) to give 3-[(1-{6-chloro-2-[(2f?)-
tetrahydrofuran-2-ylmethoxy]pyrimidin-4-yl}piperidin-4-yl)methoxy]-5-(1  -methyl-1 /-/-imidazol-4-
yl)pyridin-2-amine (1-243) (140 mg, 58%) as a light yellow solid .

Step 3 - Synthesis of 6-[4-({[2-amino0-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylloxy}methyl)piperidin-1 -yl]-W-[(2R)-1 -hydroxypropan-2-yl]-2-[(2R)-tetrahydrofuran-2-

ylmethoxy]pyrimidine-4-carboxamide (Example 272)

To a solution of 3-[(1-{6-chloro-2-[(2R)-tetrahydrofuran-2-ylmethoxy]pyrimidin-4-yl}piperidin-4-
yl)methoxy]-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-2-amine  (I-243) (160 mg, 0.32 mmol), (2f?)-2-
aminopropan-1 -ol (179 mg, 1.6 mmol), DIPEA (207 mg, 1.6 mmol) in MeOH (10 mL placed in a
50 mL stainless steel vessel was added Pd(OAc), (3.6 mg, 0.016 mmol) and BINAP (19.9 mg,
0.0320 mmol). Stirring was initiated (900 rpm), and the mixture was purged with Ar (2 Bar) three
times followed by CO (1 MPa) three times. The reaction mixture was stirred under 2 MPa of CO
pressure and heated to 100 °C for 18 hr. Yellow solids were observed in the reaction mixture,
and LCMS indicated that ca. 10% of the starting material was remained and 64% of a product
with the desired mass had been formed. The reaction mixture was filtered through a plug of
Celite and the filtrate was concentrated. The light yellow crude residue was purified by
preparative HPLC to give 6-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-/V-[(2R)-1-hydroxypropan-2-yl]-2-[(2R)-tetrahydrofuran-2-
ylmethoxy]pyrimidine-4-carboxamide  (Example 272) (82 mg, 45%) as a white solid. LCMS
(APCI), m/z 567.1 [M + H]*; "H NMR (400 MHz, DMSO-c/e) & ppm 8.15 (d, J = 8.4 Hz, 1 H), 7.92
(d,J=12Hz 1H), 755 (s, 1H), 7.43 (s, 1 H), 7.32 (s, 1 H),6.99 (s,1 H), 5.57 (br. s., 2 H),
4.86(t, J = 5.6 Hz, 1 H),4.35 - 4.65 (m, 1 H), 4.25 - 4.38 (m, 2 H), 4.11 - 4.18 (m, 1 H), 3.92 -
4.05 (m, 1 H), 3.90 (d,J = 6.4 Hz, 2 H), 3.72 - 3.85 (m, 1 H), 3.60 - 3.72 (m, 4 H), 3.35 - 3.48
(m, 2 H), 2.98 - 3.06 (m, 3 H), 2.08 - 2.18 (m, 1 H), 1.91 - 2.05 (m, 2 H), 1.73 - 1.901 (m, 3 H),
1.62 - 1.72 (m, 1 H), 1.20 - 1.38 (m, 2 H), 1.12 (d,J = 6.8 Hz, 3 H).
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Example 286 (Scheme D) - Synthesis of 6-r4-(fr2-amino-5-(1 -methyl-1 H-imidazol-4-

yDpyridin-3-vnoxy)methylpiperidin-1 -v-N-M2R)-1-hydroxypropan-2-yl1-2-f[2R)-1-

methoxypropan-2-vnoxy)pyrimidine-4-carboxamide
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Step 1 - Synthesis of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine (1-175)

To a clear solution of 2,4-dichloro-6-(methylsulfonyl)pyrimidine (1-174) (200 mg, 0.88 mmol) and
(2R)-1 -methoxypropan-2-ol (79.4 mg, 0.88 mmol) in THF (5 mL) cooled to O °C using an ice
bath was added in a dropwise manner LIHMDS (0.97 mL, 1M in THF, 0.97 mmol) over 1
10 minute. The resultant light yellow suspension was allowed to stir at 0 °C for an additional 10
min. The ice-bath was removed and the mixture was allowed to warm to room temperature (25
°C), and stirred for 2 hr. TLC (hexane : EtOAc = 5 : 1) indicated that the 2,4-dichloro-6-
(methylsulfonyl)pyrimidine had been completely consumed . The mixture was concentrated, and
taken up in EtOAc (20 mL), washed with sat aq. NH,C1 (10 mL) and brine (10 mL). The organic
15 layer was dried over Na,SO,, filtered and concentrated to give 4,6-dichloro-2-{[(2R)-1 -
methoxypropan-2-ylloxy}pyrimidine (1-175) (110 mg, 53%) as a light yellow oil, which was used

without further purification .

Step 2 - Synthesis of 3-{[1-(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidin-4-
yhpiperidin-4-ylimethoxy}-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-2 -amine (I-244)

20 To a light yellow suspension of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine (I-
175) (110 mg, 0.46 mmol) and 5-(1 -methyl-1 /-/-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-
amine dihydrochloride (1-107) (171 mg, 0.46 mmol) in MeOH (5 mL) was slowly added DIPEA
(247 mg, 1.91 mmol) at 0 °C. Then, the clean light yellow reaction mixture was stirred at room
temperature (25 °C) for 16 hr. TLC (hexane : EtOAc = 10 : 1) showed the 4,6-dichloro-2-{[(2f?)-
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1-methoxypropan-2-ylloxy}pyrimidine had been consumed completely. The mixture was
concentrated in vacuo and diluted with EtOAc (20 ml_), washed with sat. aq. NH,CI (10 mL),
H,0 (10 ml_) and brine (10 ml_), dried over Na,S0, and concentrated. The light yellow residue
was purified by silica gel chromatography (MeOH/CH ,Cl, = 0 - 10%) to give 3-{[1-(6-chloro-2-
{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidin-4-yl)piperidin-4-yljmethoxy}-5-(1 -methyl-1 H-
imidazol-4-yl)pyridin-2-amine  (I-244) (150 mg, 66%) as a light yellow solid.

Step 3 - Synthesis of 4-{[(2R)-5,5-dimethyltetrahydrofuran-2-ylijmethoxy}-W-[(2R)-1 -
hydroxypropan-2-yl]-6-[4-(1 H-pyrrolo[2,3-£>]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazine-2-

carboxamide (Example 286)

To a solution of 3-{[1-(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidin-4-yl)piperidin-4-
ylImethoxy}-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-2-amine  (I-244) (80 mg, 0.16 mmol), (2f?)-2-
aminopropan-1 -ol (61 .6 mg, 0.82 mmol), DIPEA (102 mg, 0.164 mmol) in MeOH (10 mL) placed
in a 50 mL stainless steel vessel was added Pd(OAc), (3.68 mg, 0.0164 mmol) and BINAP
(20.4 mg, 0.0328 mmol). Stirring was initiated (900 rpm), and the mixture was purged with Ar (2
Bar) three times followed by CO (1 MPa) three times. The reaction mixture was stirred under 2
MPa of CO pressure and heated to 100 °C for 18 hr. Upon opening the vessel, some yellow
solids were observed in the reaction mixture. The reaction mixture was filtered through a plug of
Celite and the filtrate was concentrated. The light yellow residue was purified by preparative
HPLC to give 6-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1 -
yl-/V-[(2R)-1 -hydroxypropan-2-yl]-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidine-4-carboxamide
(Example 286)(10 mg, 11%) as a white solid . LCMS (APCI), m/z 555.1 [M + H]*; "H NMR (400
MHz, CDCly) & ppm 7.94 - 7.96 (m, 2 H), 7.45 (s, 1 H), 7.09 (s, 1 H), 7.06 (s, 1 H), 5.28 - 5.34
(m, 1 H), 4.48 -4.88 (br. s.,4 H), 4.18 - 421 (m, 1 H), 3.95 (d, J = 6.4 Hz, 2 H), 3.55 - 3.74 (m,
6 H), 3.45 - 3.55 (m, 1 H), 3.41 (s, 1 H), 2.96 - 3.03 (m, 2 H), 2.16 - 2.23 (m, 1 H), 1.93 - 1.98
(m, 2 H), 1.34 - 1.41 (m, 5 H), 1.26 (d,J = 6.8 Hz, 3 H).
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Example 293 (Scheme E) - Synthesis of (1R.2S)-2-r(f4-r(3,3-difluoroazetidin-1 -
yl)carbonvn-6 -r4-(1tf-pyrazolor3,4-blpyridin”-ylpiperidin-1 -vI1-1,3,5-triazin-2-

yloxy)methyllcvclopropanecarbonitrile

HNN, ol
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Step 1 - Synthesis of (1R,2S)-2-[({4-chloro-6-[4-(1 H-pyrazolo[3,4-ft]pyridin-3-yl)piperidin-
1-yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (1-245)

To a light yellow ice-bath cooled suspension of (1R,2S)-2-{[(4,6-dichloro-1 ,3,5-triazin-2-
yl)oxy]methyl}cyclopropanecarbonitrile  (1-184) (1 g, 85% purity, 3.0 mmol) and 3-(piperidin-4-
yl)-1 /-/-pyrazolo[3,4-Jb]pyridine dihydrochloride (1-11) (955 mg, 3.47 mmol) in THF (10 mL) was
added DIPEA (2.24 g, 17.3 mmol). Then MeOH (1 mL) was added, and the reaction mixture
was stirred in an ice-water bath for 3 hr. The reaction mixture became a yellow color. TLC
(EtOAc/MeOH = 10:1, R; ~ 0.5) showed the reaction was complete. The reaction mixture was
concentrated, diluted with CH,CI, (300 mL), washed with ag NH,CI (100 mL), brine(1 00 mL),
dried over Na,S04, and concentrated to give the crude product, which was purified by silica gel
chromatography  (EtOAc) to give compound (1R,2S)-2-[({4-chloro-6-[4-(1 H-pyrazolo[3,4-
£>]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl}oxy)methyl]cyclopropanecarbonitrile (I-245) (1.1
g, 80%) as a white solid.

Step 2 - Synthesis of (4-{[(1 S,2R)-2-cyanocyclopropyl]methoxy}-6-[4-(1 H-pyrazolo[3,4-
fo]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-yl)propanedinitrile (I-246)

To a solution of malononitrile (322 mg, 4.87 mmol) in MeCN (10 mL) was added K,CO 4 (1.35 g,
9.74 mmol) at room temperature (25 °C). The white suspension was stirred at room
temperature (25 °C) for 1 hr. (1?,2S)-2-[({4-chloro-6-[4-(1 H-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-
1-yl]-1 ,3,5-triazin-2-yl}oxy) methyl]cyclopropanecarbonitrile  (1-245) (1 g, 2 mmol) in DMSO (1.5
mL) was added to the reaction mixture. Upon addition ,the reaction mixture immediately gave a

pink solution. The reaction mixture was stirred at room temperature (22-26 °C) for 20 hr leading
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to a pink suspension. TLC (EtOAc/MeOH = 10:1, Rr0. 1) showed the reaction was completed .
The reaction mixture was filtered , and the filtrate was concentrated under high vacuum to give
the crude product, which was purified by silica gel chromatography (EtOAc/MeOH = 1.0 to 10:1)
to give (4-{[(1 S,2R)-2-cyanocyclopropyllmethoxy}-6-[4-(1 H-pyrazolo[3,4-£>]pyridin-3-yl)piperidin-
1-yl]-1 ,3,5-triazin-2-yl)propanedinitrile  (1-246) (670 mg, 60%) as a pink solid, which was used

without further purification .

Step 3 - Synthesis of (1R,2S)-2-[({4-[(3,3-difluoroazetidin-1 -yl)carbonyl]-6-[4-(1 H-
pyrazolo[3,4-£)]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazin-2-yl}oxy)methyl]

cyclopropanecarbonitrile (Example 293)

To a cooled (ice-EtOH bath) light vyellow suspension of  (4-{[(1S,2R)-2-
cyanocyclopropyllmethoxyJ-e-*-O  H-pyrazolo[3,4-b]pyridin-3-yl)piperidin-1-yl]-1,3,5-triazin-2-
yl)propanedinitrile (I-246) (100 mg, 0.23 mmol) and 3,3-difluoroazetidine (63.4 mg, 0.68 mmol)
in MeCN (7 mL) and DMSO (1 mL) was added m-CPPA(392 mg, 85%, 2.27 mmol). The
reaction mixture was slowly warmed to room temperature (25 °C), and stirred for 20 hr leading
to a slightly yellow suspension . LCMS indicated that the starting material had been completely
consumed. The reaction mixture was diluted with EtOAc (60 mL) and washed with ag Na,S0 5 (2
X 20 mL), brine (20 mL), dried over Na,S0, and concentrated to give the crude product. The
residue was purified by silica gel chromatography (EtOAc) to give a yellow solid, which was
further purified by preparative HPLC (Agella Durashell C-18 250 x 21.2mm X 5unti, eluting with
26% MeCN/H,0 @ pH 10 to 46% MeCN/H,0 @ pH 10). After concentration in vacuo to remove
organic solvents, the residual solution was Iyophilized to give (1R,2S)-2-[({4-[(3,3-
difluoroazetidin-1 -yl)carbonyl]-6-[4-(1 /-/-pyrazolo[3,4-Jb]pyridin-3-yl)piperidin-1 -yl]-1 ,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile  (Example 293) (16 mg, 14%) as a white solid. LCMS
(APCI), m/z 496.0 [M + H]*; "H NMR (400 MHz, CD,0OD) & ppm 8.50 (d, J = 3.6 Hz, 1 H), 8.34
(d,J=72Hz, 1H),7.18-7.21 (m, 1 H), 5.04 (t, J = 8.4 Hz, 2 H), 4.89 - 4.93 (m, 2 H), 4.73 -
4.76 (m, 1 H), 4.54 (t, J = 12.0 Hz, 2 H), 4.32 - 4.33 (m, 1 H), 3.48 - 3.54 (m, 1 H), 3.37 (s, 1 H),
3.29 (s, 1 H), 2.19 - 2.22 (m, 2 H), 1.88 - 2.00 (m, 4 H), 1.36 - 1.38 (m, 1 H), 1.14 - 1.16 (m, 1
H).
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Example 326 (Scheme D) - Synthesis of 2-{r(2R)-1-methoxypropan-2-vnoxy>-A/-methyl-6-

r4-(1 H-pyrazolor3.4-blpyridin-3-yl)piperidin-1 -yllpyrimidine-4-carboxamide

| o |o o} Io NH
o)
N7 o) o)
g ot C }1 C }1
N7 NT N o P MeNH: . P
w7 NT N —— 07 N7 N

A\ CO: PU(OAC), BINAP

DIPEA, MeQOH N\ “NH
I-181 1 1-247 b Example 326 =~
N
\__N \ N

Step 1 - Synthesis of methyl 2-{[(2R)-1-methoxypropan-2-ylloxy}-6-[4-(1 H-pyrrolo[2,3-
fo]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxylate (1-247)

To 3-[1 -(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidin-4-yl)piperidin-4-yl]-1  H-

pyrrolo[2,3-Jb]pyridine (1-181) (5.02 g, 12.5 mmol) in a 100 mL stainless steel vessel was added
MeOH (50 mL), DIPEA (4.85 g, 37. 5mmol), racemic BINAP (234 mg, 0.375 mmol) and
Pd(OAc), trimer (84.2 mg, 0.375 mmol). The vessel was sealed, stirring was initiated
(900rpm) and after three 1.5 to 4 bar purges of nitrogen, the reaction was pressurized under 8
Bar of CO and was left for 18 h at 100 °C. After 18h, the chamber was de-pressurized and
purged with three 1.5 to 4 bar purges of nitrogen the reaction was filtered through celite,
concentrated and purified by chromatography on silica gel (2% EtOH in EtOAc) to give methyl
2-{[(2R)-1 -methoxypropan-2-ylloxy}-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-

4-carboxylate (I-247) (2.84 g, 54%) as a yellow foam. LCMS (APCI), m/z 425.8 [M + H]*; 'H

NMR (400 MHz, DMSO-c/¢) 8 ppm 11.34 (br. s., 1 H), 8.18 (dd, J = 4.52, 1.34 Hz, 1 H), 8.02 (d,

J=7.70 Hz, 1H), 7.25 (d,J = 2.32 Hz, 1 H), 6.97 - 7.08 (m, 2 H), 5.19 - 5.30 (m, 1 H), 4.53 (br.
s.,2 H), 3.85 (s, 3 H), 3.41 - 3.55 (m, 2 H), 3.29 (s, 3 H), 3.08 - 3.21 (m, 3 H), 2.06 (d, J = 11.49

Hz, 2 H), 1.64 (qd,J = 12.43, 3.55 Hz, 2 H), 1.25 (d, J = 6.36 Hz, 3 H).

Step 2 - Synthesis of 2-{[(2R)-1 -methoxypropan-2-ylJoxy}-W-methyl-6-[4-(1 H-pyrazolo[3,4-
fo]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (Example 326)

Methylamine (5.59 mL, 0.5 M in MeOH, 11.2 mmol) was added to methyl 2-{[(2f?)-1-
methoxypropan-2-ylJoxy}-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-

carboxylate (1-247) (476 mg, 1.12 mmol) and the vial sealed and heated to 65 °C for 18 h.
The reaction was concentrated and the residue purified by chromatography on silica gel (0 -
10% EtOH/EtOAc) to give 2-{[(2f?)-1 -methoxypropan-2-ylloxy}-/V-methyl-6-[4-(1 H-pyrazolo[3,4-
Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (Example 326) (340 mg, 72%) as a white
solid 340mg . LCMS (APCI), m/z 425.3 [M + H]*; "H NMR (400 MHz, DMSO-c/s) 8 ppm 11.33 (br.
s.,1H),857 (d, J =4.77 Hz, 1 H), 8.18 (d, J = 4.52 Hz, 1 H),8.02 (d, J = 7 .58 Hz, 1 H), 7.25
(d,J =2.08 Hz, 1 H), 6.94 - 7.06 (m, 2 H), 5.32 - 5.44 (m, 1 H), 4.53 (br. s.,2 H), 3.42 - 3.56 (m,
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2 H), 3.29 (s, 3 H), 3.08 - 3.21 (m, 3 H), 2.79 (d, J = 4.77 Hz, 3 H), 2.07 (d,J = 12.96 Hz, 2 H),
1.56 - 1.70 (m, 2 H), 1.25 (d, J = 6.36 Hz, 3 H).

Example 345 (Scheme E) - Synthesis of 4-r4-(fr2-amino-5-(1 -methyl-1 tf-imidazol-4-

yDpyridin-3-vnoxy)methylpiperidin-1 -vn-A/-r(2/?)-3-hvdroxy-3-methylbutan-2-vn-6-{r(2/?)-

1-methoxypropan-2-vnoxy)-1 ,3,5-triazine-2-carboxamide

NH;
s \ / Oﬂ Ha
HO— H N= Cl
N
D {3 Wan ~
N_<o| d cl N 1-107 NN
o —/ ! \ N)\N ] | E { N—(O B
N NeH, THF C‘)%NJ\O/\ DIPEA, THE/MeOH N
o ! g
1177 1-192 o~ 1-247 \
OH

HN

.
Ne= CN
NH
O, N=2_ 2
NeghaeN \ 7/ - N HoN N= 0
y N \ /2 =
K2CO3 MeCN 1§ 3 — m-CPBA, MeGN/DMSO \_CN_<\N _,(N
N =
\ Z} € o=
1-248 \ ’\{ Example 345 _>
A

Step 1 - Synthesis of 2,4-dichloro-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-triazine (I-
192)

To a solution of (2R)-1 -methoxypropan-2-ol (489 mg, 5.42 mmol) in dry THF (10 mL) under a
nitrogen atmosphere was added NaH (260 mg, 60% in mineral oil, 6.51 mmol) in portions at 0 ~
10 °C. After stirred at room temperature (25 °C) for 10 min, the grey suspension was cooled to
0 °C and cyanuric chloride (1-177) (1.00 g, 5.42 mmol) was added in portions over 10 min while
maintaining the temperature below 10 °C. The obtained grey suspension was stirred at room
temperature (25 °C) for 2 hr. TLC (hexanes : EtOAc = 5:1) indicated the that two new main
spots had been formed. The light yellow suspension was cooled to 0 °C, and diluted with water
(20 mL). The mixture was extracted with EtOAc (3 x 20 mL). The combined organic layers were
dried over Na,S0, and concentrated. The residue was purified by silica gel chromatography
(EtOAc/petroleum ether = 0 ~ 15%) to give 2,4-dichloro-6-{[(2R)-1 -methoxypropan-2-yl]oxy}-

1,3,5-triazine (1-192) (500 mg, 39%) as colorless oil, which was used without further purification.
Step 2 - Synthesis of 3-{[1-(4-chloro-6-{[(2R)-1 -methoxypropan-2-ylloxy}-1 ,3,5-triazin-2-
yhpiperidin-4-yllmethoxy}-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-2 -amine (1-247)

To a suspension of 2,4-dichloro-6-{[(2R)-1 -methoxypropan-2-ylloxy}-1 ,3,5-triazine (1-192) (200
mg, 0.84 mmol) and 5-(1-methyl-1/-/-imidazol-4-yl)-3-(piperidin-4-ylmethoxy)pyridin-2-amine
dihydrochloride (1-1 07) (303 mg, 0.84 mmol) in dry THF (10 mL) was added DIPEA (380 mg,
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2.94 mmol) in a dropwise manner at 0 °C. The light yellow suspension was stirred at 0 °C for 5
min before dropwise addition of MeOH (2 ml). The cloudy yellow mixture was stirred at room
temperature (25 °C) for 2 hr. TLC (CH,CI/MeOH = 10:1) indicated a new spot had been
formed , and LCMS showed that the major peak had the mass of the desired product. The light
yellow mixture was concentrated and the residue was purified by silica gel chromatography
(MeOH/CH ,C1, = 0-8%) to give 3-{[1 -(4-chloro-6-{[(2f?)-1 -methoxypropan-2-ylloxy}-1 ,3,5-triazin-
2-yl)piperidin-4-yllmethoxy}-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-2-amine (1-247) (300 mg, 73%)

as a light yellow solid .

Step 3 - Synthesis of  (4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-triazin-2-
yl)propanedinitrile (1-248)

A suspension of malononitrile (203 mg, 3.07 mmol) and K,CO 5 (424 mg, 3.07 mmol) in MeCN
(10 mL) was stirred at room temperature (25 °C) for 10 min. 3-{[1 -(4-chloro-6-{[(2f?)-1 -
methoxypropan-2-ylloxy}-1 ,3,5-triazin-2-yl)piperidin-4-yllmethoxy}-5-(1 -methyl-1 /-/-imidazol-4-
yl)pyridin-2-amine  (I-247) (300 mg, 0.61 mmol) in MeCN (5 mL) was added in a dropwise
manner at room temperature (25 °C) with stirring . The orange suspension was stirred at room
temperature (25 °C) for 16 hr. TLC (CH,Cl, : MeOH = 10:1) indicated the starting material had
been consumed, and a new spot formed. The light yellow mixture was filtered and the filtrate
was concentrated . The light yellow residue was purified by silca gel chromatography (MeOH /
CH.CI, =0-1 0%) to give (4-[4-({[2-amino-5-(1 -methyl-1 H-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-triazin-2-
yl)propanedinitrile (1-248) (200 mg, 63%) as a light yellow solid , which was used directly in the

next step.

Step 4 - Synthesis of (1R,2S)-2-[({4-[(3,3-difluoroazetidin-1 -yl)carbonyl]-6-[4-(1 H-
pyrazolo[3,4-fo]pyridin-3-yl)piperidin-1 -yl]-1,3,5-triazin-2-
yl}oxy)methyl]cyclopropanecarbonitrile (Example 345)

To a light yellow suspension of (4-[4-({[2-amino-5-(1 -methyl-1 /-/-imidazol-4-yl)pyridin-3-
ylJoxy}methyl)piperidin-1 -yl]-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-triazin-2-

yl)propanedinitrile  (1-248) (70 mg, 0.13 mmol) and (3R)-3-amino-2-methylbutan-2-ol (151 mg,
1.08 mmol) in MeCN (5 mL) and DMSO (0.2 mL) was added DIPEA (87.2 mg, 0.675 mmol) at
room tempearature (25 °C). After the addition, m-CPBA (274 mg, 85%, 1.35 mmol) was added
to the light brown solution in portions at 0-1 0 °C with stirring (note - exothermic). The red brown
clear solution was stirred at room temperature (25 °C) for 2 hr. LCMS showed that the starting
material was consumed completely, and that the major peak had the mass of the desired
product. The red brown mixture was concentrated and the residue was purified by silica gel

chromatography (MeOH/CH ,Cl, = 0-1 0%) to give the product with - 80% purity as a light brown
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solid . This crude product was further purified by preparative HPLC to give 4-[4-({[2-amino-5-(1 -
methyl-1 H-imidazol-4-yl)pyridin-3-ylJoxy}methyl)piperidin-1  -yl]-A/-[(2R)-3-hydroxy-3-
methylbutan-2-yl]-6-{[(2R)-1 -methoxypropan-2-ylJoxy}-1 ,3,5-triazine-2-carboxamide (Example
345) (18 mg, 23%) as a white solid. LCMS (APCI), m/z 583.9 [M + H]*; "H NMR (400 MHz,
CDCIs) & ppm 8.30 (d, J = 9.6 Hz, 1 H), 7.96 (s, 1 H), 7.43 - 7.47 (m, 2 H), 7.10 (s, 1 H), 5.38 -
5.46 (m, 1 H), 5.06 (d, J = 12.8 Hz, 1 H), 4.85 (d,J = 10.8 Hz, 1 H), 4.70 (br. S., 2 H), 4.02 -
4.08 (m, 1 H), 3.93- 4.02 (m, 2 H), 3.72 (s, 3 H), 3.66 - 3.71 (m, 1 H), 3.48 - 3.55 (m, 1 H), 3.41
(s, 3H), 295 - 3.08 (m, 1H),2.15-2.25 (m, 1 H), 1.92 - 2.02 (m, 2 H), 1.32 - 1.43 (m, 5 H),
1.18 - 1.25 (m, 9 H).

Example 348/349 (Scheme 1) - Synthesis of 2-r(1-cvanocyclopropyl)methoxy1-A/-(3-

hvdroxy-3-methylbutan-2-y)-6-r4-(1 /y-pyrrolor2.3-blpyridin-3-yl)piperidin-1 -yllpyrimidine-

4-carboxamide

H
N
N\ N\
HN—( N
N Hel P A
A\
cl |
NZN 137
N= | H Na2W04.2H20
x> N
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N/
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| \ S
. - OM
1-249 \S)\N Ohte o= N ©
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o) (@]
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07NNy o N

LiHMDS, THF i) SFC separation
—
= NH WA
1-252 == Examples 348/349 \
N
\ N Y,

Step 1 - Synthesis of methyl 2-(methylsulfanyl)-6-[4-(1 H-pyrrolo[2,3-E>]pyridin-3-
yDpiperidin-1 -yl]pyrimidine-4-carboxylate (I-250)

Methyl 6-chloro-2-(methylsulfanyl)pyrimidine-4-carboxylate  (1-249) (193 mg, 0.883 mmol) and 3-
(piperidin-4-y I)- 14-pyrrolo[2,3-b]1pyridine hydrochloride (I-37) (238 mg, 0.883 mmol) were
combined in MeOH (10 mL), and DIPEA (0.538 mL, 3.09 mmol) was added. The reaction was
then allowed to stir at room temperature for 14 hr. The solvent was removed to afford methyl 2-
(methylsulfanyl)-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxylate (I-
250) as a tan solid, which was used directly in the next step without further purification. LCMS
(APCI), m/z 384.2 [M + H]*
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Step 2 - Synthesis of methyl 2-(methylsulfonyl)-6-[4-(1 H-pyrrolo[2,3-b]pyridin-3-
yhpiperidin-1 -yl]pyrimidine-4-carboxylate  (1-251)

To a solution of methyl 2-(methylsulfanyl)-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -
yl]pyrimidine-4-carboxylate (I-250) (338 mg, 0.881 mmol) and Na,W04.2H ,0 (29.1 mg, 0.0881
mmol) in EtOAc (12.8 mL) and water (0.5 mL) was added hydrogen peroxide (0.254 mL, 30%,
2.64 mmol), and the reaction was allowed to stir at room temperature for 2 h. LCMS indicated
no reaction, and a further aliquot of hydrogen peroxide (0.4 mL) was added and the reaction
stirred for 14 hr. LCMS indicated that ~ 20% of the desired product had been former, and a
further 0,3 mL of hydrogen peroxide was added, and the reaction stirred for 3 h. The reaction
was now shown by LCMS to be ~ 50% complete. 0.6 mL of hydrogen peroxide wad added, and
the reaction stirred for 14 h. LCMS now showed only the desired product with no over-oxidation
to the N-oxide. The reaction was diluted with saturated Na,S0 4 (10 mL) at 0 °C, and extracted
with EtOAc (25 mL). The organic extracts were dried over MgS0 ,, filtered and concentrated to
afford methyl 2-(methylsulfonyl)-6-[4-(1 H-pyrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-
carboxylate (1-251) (297 mg, 81%) as an off-white solid, which was used directly in the next
step. LCMS (APCI), miz 416.2 [M + H]*

Step 3 - Synthesis of 2-[(1-cyanocyclopropyl)methoxy]-6-[4-(1  H-pyrrolo[2,3-£)]pyridin-3-
ylpiperidin-1 -yl]pyrimidine-4-carboxylic  acid (I-252)

To a cooled 0 °C solution of methyl 2-(methylsulfonyl)-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-
yl)piperidin-1 -yl]pyrimidine-4-carboxylate (-151) (234 mg, 0563 mmol) and 1-
(hydroxymethyl)cyclopropanecarbonitrile  (1-128) (82 mg, 0.845 mmol) in THF (10 mL) was
added in a dropwise manner LIHMDS (1.18 mL, 1 M in THF, 1.18 mmol) over 20 min. The
reaction was allowed to stir at 0 °C for 30 min before being allowed to warm to room
temperature and stirred for 12 hr. LCMS indicated that only the acid product had been formed
(M+H = 419) with ~ 25% starting material remaining. A further aliquot of LIHMDS (0.5 mL) was
added, and 0 °C, and the reaction allowed to warm back to room temperature and stirred for 3
hr. The reaction was concentrated , and the residue re-suspended in EtOAc. The organic layer
was washed with saturated NHA4CI, saturated brine, dried over Na2S04, filtered and
concentrated to afford the product as a yellow oil. LCMS indicated that product was till in the
agueous layer, which was acidified to pH ~ 6 with 1 N HCI, extracted with EtOAc (3 x 25 mL).
The organics were dried over Na2S04, filtered, concentrated and combined with the oail
obtained previously to afford 2-[(1-cyanocyclopropyl)methoxy]-6-[4-(1 /-/-pyrrolo[2,3-Jb]pyridin-3-
yl)piperidin-1 -yl]pyrimidine-4-carboxylic acid (1-252) (69 mg, 29%) as a yellow solid, which was
used in the next step. Some solid residues still remained which contained both product, and an
unidentified product of higher MW (652/653). LCMS (APCI), m/z 419.2 [M + H]*
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Step 4 - Synthesis of 2-[(1 -cyanocyclopropyl)methoxy]-W-(3-hydroxy-3-methylbutan-2-yl)-
6-[4-(1 H-pyrrolo[2,3-*]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide

To a solution of 2-[(1 -cyanocyclopropyl)methoxy]-6-[4-(1 H*yrrolo[2,3-Jb]pyridin-3-yl)piperidin-1 -
yl]pyrimidine-4-carboxylic acid (I-252) (69 mg, 0.16 mmol) and 3-amino-2-methylbutan-2-ol

(23.8 mg, 0.231 mmol) in DMF (3.5 mL) was added DIPEA (0.09 mL, 0.495 mmol) followed by
a solution of HATU (87.8 mg, 0.231 mmol) in DMF (2 mL). The reaction was allowed to stir for
15 hr at room temperature. Removal of the solvent afforded the crude residue, which was
subjected to chiral separation by SFC to afford both enantiomers. The analytical chiral
separation by SFC was performed using a ChiralCel 0J-3 (4.6 mm x 1000 mm column, 3
micron particle size), which was eluted with 10% MeOH in CO, held at 120 bar. A flow rate of

4.0 mL/min gave Rtgeak i) = 1-80 min and Rt ea 2 = 2.48 min.

2-[(1 -Cyanocyclopropyl)methoxy]-/V-(3-hydroxy-3-methylbutan-2-yl)-6-[4-(1  /-/-pyrrolo[2,3-
b]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (Example 348) (Peak 1): 10.62 mg, ~
99% ee. (+). LCMS (APCI), m/z 504.0 [M + H]*; "H NMR (700 MHz, DMSO-c/s) 8 ppm 11.31 (br.
s., 1 H), 8.09 - 822 (m, 2 H), 8.01 (br.s.,1H),7.22 (br.s., 1H),6.96 - 7.07 (m, 2 H), 4.78 (s, 1
H), 4.29 - 4.39 (m, 2 H), 3.84 (d,J = 2.73 Hz, 1 H), 3.45 - 3.57 (m, 3 H), 3.15 (br. s., 1 H), 2.05
(d,J =11.61 Hz, 2 H), 1.62 (d,J = 11.27 Hz, 2 H), 1.35 (br. s., 3 H), 1.03 - 1.16 (m, 11 H).

2-[(1 -Cyanocyclopropyl)methoxy]-/V-(3-hydroxy-3-methylbutan-2-yl)-6-[4-(1  /-/-pyrrolo[2,3-
b]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (Example 349) (Peak 2): 9.57 mg, ~
98% ee. (-). LCMS (APCI), m/z 504.0 [M + H]*; "H NMR (700 MHz, DMSO-c/s) 8 ppm 11.30 (br.
s., 1H), 8.08 -8.22 (m, 2 H), 8.01 (d,J =6.49 Hz, 1 H), 7.21 (br. s., 1 H), 6.96 - 7.07 (m, 2 H),
4.78 (d,J = 10.25 Hz, 1 H),4.26 - 4.38 (m, 2 H), 3.84 (dd, J = 9.31,6.58 Hz, 1 H), 3.47 (d, J =
4.27 Hz, 3 H), 3.15 (br. s., 1 H), 2.05 (d,J = 11.96 Hz, 2 H), 1.61 (d,J = 12.1 3 Hz, 2 H), 1.30 -
1.39 (m, 3 H), 1.03 - 1.15 (m, 11 H).
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Example 375 (Scheme D) - Synthesis of AM2-methoxyethyl)-2-tT(2/?)-1-methoxypropan-2-

vnoxy)-6-r4-(4-methoxy-1 tf-pyrrolor2,3-blpyridin-3-yDpiperidin-1 -vnpyrimidine-4-

carboxamide
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1-253 o\ Example 375 ;}

Step 1 - Synthesis of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidine (1-175)

To a clear solution of 2,4-dichloro-6-(methylsulfonyl)pyrimidine (1-174) (13.0 g, 57.3 mmol) and
(2R)-1 -methoxypropan-2-ol (5.16 g, 57.3 mmol) in THF (5 mL) cooled to 0 °C using an ice bath
was added in a dropwise manner LIHMDS (63 mL, 1M in THF, 63 mmol) over 10 min. The
resultant light yellow suspension was allowed to stir at 0 °C for an additional 30 min. The ice-
bath was removed and the mixture was allowed to warm to room temperature (25 °C), and
stirred for 2 hr. TLC (hexane EtOAc = 5 : 1) indicated that the  2,4-dichloro-6-
(methylsulfonyl)pyrimidine had been completely consumed . The mixture was concentrated , and
taken up in EtOAc (20 mL), washed with sat aq. NH,C1 (10 mL) and brine (10 mL). The organic
layer was dried over Na,SO,, filtered and concentrated to give 4,6-dichloro-2-{[(2R)-1 -
methoxypropan-2-ylloxy}pyrimidine (1-175) (13.0 g, 96%) as a light yellow oil, which was used

without further purification .

Step 2 - Synthesis of 3-[1-(6-chloro-2-{[(2R)-1-methoxypropan-2-ylJoxy}pyrimidin-4-

ylhpiperidin-4-yl]-4-methoxy-1 H-pyrrolo[2,3-£>]pyridine (I-253)
To a light yellow suspension of 4,6-dichloro-2-{[(2R)-1 -methoxypropan-2-ylloxy}pyrimidine (I-

175) (300 mg, 1.27 mmol) and
dihydrochloride (1-123) (565 mg, 1.27 mmol) in THF/MeOH (10 mL/5 mL) was slowly added

4-methoxy-3-(piperidin-4-yl)-1 /-/-pyrrolo[2,3-Jb]pyridine

DIPEA (2.18 g, 16.9 mmol) at 0 °C. Then, the clean light yellow reaction mixture was stirred at

room temperature (25 °C) for 30 min. LCMS showed the 4,6-dichloro-2-{[(2f?)-1 -
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methoxypropan-2-ylJoxy}pyrimidine had been consumed completely. The mixture was
concentrated in vacuo and the light yellow residue was purified by silica gel chromatography
(EtOAc/petroleum ether 0 - 80%) to give 3-[1-(6-chloro-2-{[(2f?)-1 -methoxypropan-2-
ylJoxy}pyrimidin-4-yl)piperidin-4-yl]-4-methoxy-1  /-/-pyrrolo[2,3-Jb]pyridine (I-253) (410 mg, 75%)

as a light yellow solid .

Step 3 - Synthesis of W-(2-methoxyethyl)-2-{[(2R)-1-methoxypropan-2-ylJoxy}-6-[4-(4-
methoxy-1H-pyrrolo[2,3-*]pyridin-3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (Example
375)

To a solution of 3-[1 -(6-chloro-2-{[(2R)-1 -methoxypropan-2-ylJoxy}pyrimidin-4-yl)piperidin-4-yl]-
4-methoxy-1 H-pyrrolo[2,3-Jb]pyridine (I-253) (100 mg, 0.23 mmol), 2-methoxyethanamine (34.4
mg, 0.46 mmol), DIPEA (104 mg, 0..82 mmol) in dioxane (5 ml_) placed in a 50 ml_ stainless
steel vessel was added Pd(OAc), (7.72 mg, 0.0344 mmol) and BINAP (28.5 mg, 0.0458 mmol).
Stirring was initiated (900 rpm), and the mixture was purged with Ar (2 Bar) three times followed
by CO (1 MPa) three times. The reaction mixture was stirred under 2 MPa of CO pressure and
heated to 120 °C for 16 hr. The reaction mixture was filtered through a plug of Celite and the
filtrate was concentrated. The light yellow residue was purified by preparative HPLC to give N-
(2-methoxyethyl)-2-{[(2R)-1 -methoxypropan-2-ylJoxy}-6-[4-(4-methoxy-1 /-/-pyrrolo[2,3-Jb]pyridin-
3-yl)piperidin-1 -yl]pyrimidine-4-carboxamide (Example 375) (36 mg, 32%) as a white solid.
LCMS (APCI), m/z 499. 1 [M + H]*; (400 MHz, DMSO-c/g) 8 ppm 11.25 (s, 1 H), 8.52 (d, J = 5.6
Hz, 1 H), 8.07 (d,J =5.6 Hz, 1 H), 7.03 (d, J=2.0 Hz, 1 H) 6.99 (s, 1 H), 6.60 (d,J =5.6 Hz, 1
H), 5.31 - 5.35 (m, 1 H), 4.28 - 4.72 (m, 2 H), 3.88 - 3.93 (m, 3 H), 3.43 - 3.57 (m, 6 H), 3.21 -
3.32 (m, 6 H), 3.04 - 3.17 (m, 2 H), 2.42 - 2.47 (m, 1 H), 2.03 (d,J = 13.2 Hz, 2 H), 1.56 - 1.64
(M,2 H), 1.27 (d,J = 6.4 Hz, 3 H).

Synthetic examples of compounds of the invention are summarized in Table 1 below by
showing compound number (which includes the method/scheme of preparation and numbered

example for that method, the chemical structure, the chemical name, and "H NMR data.
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Table 1

Ex. Structure Compound |} pyis iz (M+H)*; and 'H NMR

# Name

519.2; (400 MHz, CDCly) 5ppm 9.01 (s, 1

H), 8.18 (s, 1 H). 8.14 (5. 1 H), 8.01 (d, J =

s N-ethyl-2-(2- | 8.67 Hz, 1 H), 7.88 (br. 5., 1 H), 7.83 (d, J

1**

@ | )

fluoropropoxy)-6-
{4-[3-(1-methyl-
1H-pyrazol-4-
yhquinoxalin-6-
yl]piperidin-1-
yl}pyrimidine-4-
carboxamide

=1.88 Hz, 1 H), 7.56 (dd, J = 8.57, 1.98
Hz, 1 H), 7.18 (s, 1 H), 4.99 (td, J = 6.50,
3.58 Hz, 1 H), 4.71 (br. s., 1 H), 4.30 -
4.57 (m, 2 H), 4.03 (s, 3 H), 3.41 - 3.55
(M, 2 H), 3.11 (d, J = 12.81 Hz, 3 H), 2.12
(d, J=12.81 Hz, 2 H), 1.81-1.93 (m, 1
H), 1.77 (d, J=4.33 Hz, 1 H), 1.53 (d, J =
6.40 Hz, 2 H), 1.41 - 1.48 (m, 2 H), 1.20 -
1.31 (m, 4 H).

HN
\\ N\
2 O—(
(A) N~
N
N
\
HoN
o)

6-(4-{6-
carbamoyl-3-[2-
(dimethylamino)et
hoxy]pyridin-2-
yl}piperidin-1-yl)-
N-cyclobutyl-2-
ethoxypyrimidine-
4-carboxamide

512.2; (400 MHz, DMSO-d6) Sppm
8.57 (d, J=8.59 Hz, 1 H), 7.85 (d, J=8.34
Hz, 1 H), 7.79 - 7.83 (m, 1 H), 7.51 (d, J =
8.84 Hz, 1 H), 7.35 - 7.39 (m, 1 H), 6.95
(s,1H),4.38-4.45(m, 1H),4.34 (q, J =
6.99 Hz, 3 H), 4.18 (t, J= 5.68 Hz, 2 H),
3.39 - 3.44 (m, 2 H), 3.01 - 3.13 (m, 2 H),
268 (t, J = 5.68 Hz, 2 H), 2.24 (s, 6 H),
2.10-2.20 (m, 4 H), 1.81 - 1.89 (m, 4 H),
1.59 -1.70 (m, 2 H), 1.31 (t, J = 7.07 Hz,
3 H).

N-ethyl-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
2.

(tetrahydrofuran-
2.
ylmethoxy)pyrimid
ine-4-
carboxamide

452.0; (400 MHz, CDCl3) & ppm 10.35 (br.
s.,1H), 8.55 (dd, J = 4.67, 1.39 Hz, 1 H),
8.09 (dd, J = 8.08, 1.52 Hz, 1 H), 7.91 (t, J
= 5.94 Hz, 1 H), 7.08 - 7.20 (m, 2 H), 4.62
(or. s., 2 H), 4.37 - 4.45 (m, 1 H), 4.21 -
4.36 (M, 2 H), 3.89 - 4.02 (m, 1 H), 3.75 -
3.88 (m, 1 H), 3.32-3.52 (m, 3 H), 3.11 -
3.29 (m, 2 H), 1.88-2.35(m, 7 H), 1.71 -
1.86 (m, 1 H), 1.25 (t, J = 7.33 Hz, 3 H).

3**
4* N/
s
O N
O\

07 NH,

6-[4-(5-amino-6-
carbamoylpyridin-

2-yl)piperidin-1-
yl]-N-cyclobutyl-2-

{{(2R)-1-

methoxypropan-2-
ylloxy}pyrimidine-

4-carboxamide

484.2; (400 MHz, CDCl3) 8 ppm 8.02 (d, J
=7.83Hz, 1 H), 7.85 (s, 1 H), 7.04 - 7.14
(m, 2 H), 6.98 (d, J = 8.59 Hz, 1 H), 5.85
(s, 2 H), 5.21 - 5.42 (m, 2 H), 4.56 - 4.89
(m, 2 H), 4.50 - 4.57 (m, 1 H), 3.69 (dd, J
= 9.85, 6.32 Hz, 1 H), 3.53 (dd, J = 9.98,
4.67 Hz, 1 H), 3.43 (s, 3 H), 2.96 - 3.18
(m, 2 H), 2.83 - 2.95 (m, 1 H), 2.30 - 2.45
(m, 2 H), 1.93 -2.08 (m, 4 H), 1.70 - 1.83
(m, 4 H), 1.40 (d, J = 6.32 Hz, 3 H).
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F
F : 530.2; (400 MHz, CDCl5) 8 ppm 8.16 (¢, J
H<F Cir[ga(rioayrg;‘r‘i’d?n_ =6.57 Hz, 1 H), 7.84 (br. s., 1 H), 7.16 (s,
O NH oy bopardnt. | 1H). 7.09 (@, J=7.0Hz, 1H),6.99 (d, J =
B o2 8.59 Hz, 1 H), 5.85 (br. s., 2 H), 5.30 (br.
NZ : ' s., 1 H), 4.46 - 4.53 (m, 1 H), 4.31 - 4.38
pNy AiIOTOYCIOPTORY | (m, 1 H), 4.24 - 4.96 (m, 2 H), 4.03 - 4.12
o~ >N )methoxy]-N-
229 (m, 2 H), 3.00 - 3.%i(r1n, 2 H), 2.86 - 2.97
AN : . y
N t”ﬂ“"irgiitg}ﬂ?py”m H), 2.08 - 2.20 (m, 1 H), 2.00 - 2.08 (m, 2
F NH, carboxamide H), 1.70 - 1.83 (m, |2_|H), 1.22-1.41 (m, 2
0% NH, ).
F
H<F 512.2; (400 MHz, CDCl3) 8 ppm 8.21 (¢, J
6-[4-(5-amino-6- | =5.81Hz, 1H), 7.85 (s, 1 H), 7.11 (s, 1
OgyNH carbamoylpyridin- | H), 7.08 (d, J = 8.59 Hz, 1 H), 6.99 (d, J =
& 2-ypiperidin-1- | 8.34 Hz, 1 H), 5.85 (s, 2 H), 5.27 - 5.39
N yl-2-{[2R)-1- (m, 2 H), 4.64 (s, 2 H), 4.00 -
)% methoxypropan-2- | 4.10 (m, 2 H), 3.68 (dd, J = 9.85, 6.32 Hz,
N" N ylloxy-N-(2,2.2- | 1 H),3.51(dd, J=9.98, 4.42 Hz, 1 H),
/\ N trifluoroethyl)pyrim | 3.42(s, 3 H), 3.08 (t, J = 11.87 Hz, 2 H),
i b idine-4- 2.90 (t, J= 11.75 Hz, 1 H), 1.96 - 2.06 (m,
~ NH, carboxamide 2H), 1.68-1.83 (m, 2 H), 1.39 (d, J =
6.32 Hz, 3 H).
H,.N" YO
v
H 488.2; (400 MHz, CDCls) § ppm 8.13 (t, J
6-[4-(5-amino-6- | =5.43Hz, 1H), 7.86 (s, 1 H), 7.11 (s, 1
Os_NH carbamoylpyridin- | H), 7.08 (d, J = 5.62 Hz, 1 H), 6.99 (d, J =
2-ylpiperidin-1- | 5.41 Hz, 1 H), 5.84 (s, 2 H), 5.31- 5.38
7* N7 yI-N-(2- (m, 1H), 5.28 (s, 1 H), 4.63 (br. s., 2 H),
Ny methoxyethyl)-2- | 3.68 (dd, J = 9.98, 6.19 Hz, 1 H), 3.62 (g,
N7ON {[(2R)-1- J = 5.22 Hz, 2 H), 3.48 - 3.56 (m, 3 H),
)\ S methoxypropan-2- |  3.42 (s, 3 H), 3.38 (s, 3 H), 3.06 (¢, J =
| ylloxy}pyrimidine- | 13.39 Hz, 2 H), 2.89 (t, J = 13.40 Hz, 1 H),
o< NP Suh, 4-carboxamide 2.00 (d, J = 12.63 Hz, 2 H), 1.68 - 1.81
(m, 2 H), 1.39 (d, J = 6.32 Hz, 3 H).
H.NT Y0
OH
502.2; (400 MHz, CDCl;) & ppm 8.27 (¢, J
=6.32Hz, 1H),7.85(s, 1H), 7.12 (s, 1
0w NH 6-[4-(5-amino-6- | H), 7.08 (d, J = 6.32 Hz, 1 H), 6.99 (d,
carbamoylpyridin- | J=8.34 Hz, 1 H), 5.85 (s, 2 H), 5.26 - 5.40
7 2-yl)piperidin-1- (m, 2 H), 463 (br. s., 2 H), 3.68 (dd,
8* JY | yI-N-(2-hydroxy- | J=10.11,6.32 Hz, 1 H), 3.51 (dd, J =
oSN 2-methylpropyl)-2- | 10.11, 4.80 Hz, 1 H), 3.42 - 3.45 (m, 2 H),
{[2R)-1- 3.42 (s, 3 H), 3.07 (t, J = 11.62 Hz, 2 H),
)\ X methoxypropan-2- 2.90 (tt, J=11.78, 3.60, 3.41 Hz, 1 H),
0 Nl _ ylloxy}pyrimidine- 2.70 (br.s., 1
~ NH, 4-carboxamide | H), 2.00 (d, J = 12.13 Hz, 2 H), 1.68 - 1.81
(m, 2 H), 1.39 (d, J = 6.57 Hz, 3 H), 1.27
HoN™ O (s, 6 H).
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o H N- 478.2; (400 MHz, CDCl3) & ppm 10.35 (br.
\g (bicyclo[1.1.1]pent | S- 1 H), 8.55(dd, J=4.55,1.52 Hz, 1 H),
g* CH; NZ -1-y)-2-{[(2R)-1- 8.25 (s, 1 H), 8.09 (dd, J = 8.08, 1.52 Hz,
H\ N methoxypropan-2- 1H),7.14 (dd, J=8.08, 4.55 Hz, 1 H),
O "N ylJoxy}-6-[4-(1H- 711 (s, 1 H), 518 -5.57 (m, 1 H), 4.58
ch’o = pyrazolo[3,4- (bor.s., 2 H), 3.68 (dd, J=10.11, 6.32 Hz,
i \ ,\1 blpyridin-3- 1 H), 3.50 (dd, J=9.85, 480 Hz, 1 H),
N~y yl)piperidin-1- 3.34-346 (m, 4 H), 3.07-3.31 (m, 2 H),
H yllpyrimidine-4- 2.49(s,1H),210-2.26 (m, 8 H), 1.83 -
carboxamide 2.10 (m, 2 H), 1.39 (d, J = 6.57 Hz, 3H).
N-
o. H (bicyclo[1.1.1]pent | 485.2; (400 MHz, CDCl;) 3ppm 12.15 (br.
N -1-y)-2-{[(1S2R)- | S 1H), 8.47-8.48 (m, 1 H), 8.60 -8.61
Y NP E 0. (m, 1H),821(s,1H),811-813(m, 1
10 N A cyanocyclopropyl] | H), 7.13-7.16 (m, 2 H), 4.43 - 4.53 (m, 4
0" "N methoxy}-6-[4- H), 340-345(m,1H),324 t J=114
) (1H-pyrazolo[3,4- Hz, 2H), 249 (s, 1H),2.05-222(m, 8
NN blpyridin-3- H), 2.00-2.10(m, 2 H), 1.86 - 1.88 (m, 1
N*H yl)piperidin-1- H), 1.67 -1.69 (m, 1 H), 1.33-1.34 (m, 1
yllpyrimidine-4- H), 1.13-1.15(m, 1 H).
carboxamide
@) NH» .
469.2; (400 MHz, CDClI3) 3ppm 8.04 -
8.11 (m, 1 H), 8.02 d, J=8.34 Hz, 1 H),
Z IN 6-[4-(6- 7.77-7.88(m,2H),730-7.38(m, 1H),
11+ . carbamoylpyridin- 711 (s, 1H), 554 (d,J=2.02Hz, 1H),
o /D 2-yl)piperidin-1- 5.34 (td, J = 6.32, 4.80 Hz, 1 H), 4.72 (br.
NNN yl]-N-cyclobutyl-2- s.,2H),4.48-4.59 (m, 1 H), 3.69 (dd,
I H {[(2R)-1- J=10.11,6.32Hz, 1 H), 3.52 (dd, J =
NQr methoxypropan-2- | 9.98, 4.67 Hz, 1 H), 3.36 - 3.45 (m, 3 H),
o ylloxy}pyrimidine- | 3.01-3.19 (m, 3 H), 2.32-2.50 (m, 2 H),
4-carboxamide 1.97-213(m, 4
H), 1.69-1.91(m,4H), 140, J=6.32
? Hz, 3 H).
o N N- 488.2; (400 MHz, CDCl3) 8 ppm 8.19 (s, 1
\@ (bicyclo[1.1.1]pent | H), 8.07 (dd, J=7.71, 0.88 Hz, 1 H), 7.74
N NZ | -1-yl)-6-[4-(6- -7.98(m,2H),731-7.39(m, 1H),7.15
x idin-
12 V\O)\\N N carbamoylpyridin (s,1H),553(r.s.,1H), 465 (br.s., 2

2-yl)piperidin-1-
yl-2-{[(1S5,2R)-2-
cyanocyclopropyl]
methoxy}pyrimidin
e-4-carboxamide

H), 4.27 - 4.56 (m, 2 H), 2.95 - 3.25 (m, 3
H), 2.50 (s, 1 H), 2.20 (s, 6 H), 2.07 (d, J =
15.16 Hz, 2 H), 1.77 - 1.93 (m, 3 H), 1.69
(td, J = 8.34, 5.56 Hz, 1 H), 1.35 (td, J =
8.46, 5.56 Hz, 1H), 1.10 - 1.19 (m, 1H).
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N
1]
] (@]
O__N &F 6-14-(6- 518.2; (400 MHz, CDCl3) & ppm 8.08 (d, J
P 2, , 3 . )
YN F Cgrbg‘”:"g:md;” = 6.82 Hz, 1 H), 8.00 (d, J = 10.11 Hz, 1
13 Z F yyﬁ’]_"’z_[“_ H), 7.82 (t, J = 7.71 Hz, 2 H), 7.34 (d, J =
7.07 Hz, 1 H), 7.19 (s, 1 H), 5.52 (br. s., 1
N f%’:trr‘]%cy‘]"%p[r&pg)') H), 4.69 - 4.90 (m, 1 H), 5.05 (br. s., 2 H),
;‘y1 1 446 (d, J=12.13Hz, 1 H),4.32(d, J =
oo | 11.87 Hz, 1 H), 3.01 - 3.23 (m, 3 H), 2.04
t';‘;']‘;‘)’,';i"rg;’i"r’fer_‘f -2.14 (m, 2 H), 1.80 - 1.95 (M, 2 H), 1.38 -
N7 | carboxamide 1.48 (m, 5 H), 1.17 - 1.24 (m, 2 H).
Os
NH,
N
N NH7 N-(1- 491.2; (400 MHz, CDCl3) & ppm 10.40 (br.
O~ \ cyanocyclobutyl)- | s., 1H), 8.56 (d, J = 4.29 Hz, 1 H), 8.21
N= 2-{[(2R)-1- (s, 1H), 8.10 (d, J = 8.08 Hz, 1 H), 7.06 -
14* methoxypropan-2- 719 (m, 2 H),520-541(m, 1H),4.59
N ylloxy}-6-[4-(1H- | (br. s., 2 H), 3.68 (dd, J = 9.98, 6.44 Hz, 1
pyrazolo[3,4- | H), 3.52 (dd, J = 9.98, 4.42 Hz, 1 H), 3.34
blpyridin-3- -3.47 (m, 4 H), 3.26 (t, J = 12.00 Hz, 2 H),
N yhpiperidin-1- | 2.81 - 2.92 (m, 2 H), 2.39 - 2.61 (m, 2 H),
N ]| ylJpyrimidine-4- | 1.86-2.37 (m, 6 H), 1.40 (d, J = 6.32 Hz,
N = carboxamide 3 H).
NTN
534.2; (400 MHz, CDCl3) 5 ppm 8.02 (d, J
F e 6-[4-(5-amino-6- | =9.09 Hz, 1H), 7.85 (br. s., 1 H), 7.16 (s,
carbamoylpyridin- 1H),7.09(d, J=834Hz 1H), 6.94 -
2-yl)piperidin-1- | 7.03 (m, 1 H), 5.85 (br. s., 2 H), 5.34 (br.
154 P yl-2-[(2,2- s., 1H), 4.64 (or. s., 1 H), 4.43 - 4.54 (m,
N difluorocyclopropy | 1 H), 4.29 -4.42 (m, 1 H), 4.00 - 4.13 (m,
N NN 7/ Nnh, | )methoxyl-N- 1 H), 3.00-3.19 (M, 2 H), 2.91 (tt, J =
e N= [(2R)-3-hydroxy-3- | 11.84, 3.69 Hz, 1 H), 2.49 (br. s., 1 H),
o methylbutan-2- 2.11-2.25 (m, 1 H), 2.02 (d, J = 11.12
HO> ., O HaN yllpyrimidine-4- | Hz, 2 H), 1.75 (dd, J= 12.51, 3.41 Hz, 2
carboxamide H),1.30-1.39(m,1H),123-129(m, 9
H).
534.2; (400 MHz, CDCl3) 5 ppm 8.02 (d, J
e | =9.09 Hz, 1H), 7.85 (br. ., 1 H), 7.16 (s,
LF Czr[ga(rioarp'”r‘i’d?n_ 1H), 7.09 (d, J = 8.34 Hz, 1 H), 6.94 -
2y é’r%n_1_ 7.03 (m, 1 H), 5.85 (br. s., 2 H), 5.34 (br.
16+ y |]F.’2p.[(2 o s., 1H), 4.64 (or.s., 1 H), 4.43 - 4.54 (m,
d diﬂui’,roc b 1H), 4.29 - 4.42 (m, 1 H), 4.00 - 4.13 (m,
N 7N\ Yelopropy | 44y '3.00-3.19 (m, 2 H), 2.91 (tt, J =
N DN NH, lmethoxy]-N-
_ _ 11.84, 3.69 Hz, 1 H), 2.49 (br. s., 1 H),
N [(2R)-3-hydroxy-3- >
N o e btancs. 2.11-2.25 (m, 1 H), 2.02 (d, J = 11.12
Ho>—g o HN yl]pyr}’midme_“_ Hz, 2 H), 1.75 (dd, J = 12.51, 3.41 Hz, 2
catboxamide H), 1.30 - 1.39 (m, |1_|)H), 1.23-1.29 (m, 9
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Carbaem[:yl(syridm_ 519.2; (400 MHz, CDCl3) 3 ppm 8.08 (d, J
/_<|\ o-yhpiperidint- | = 7:58Hz 1H).8.02(s, 1H), 782t J =
17 At V22 | e 6T .
N . ' . S . r.s. . r.
NN NC:>—(/_ \ d,f:)urz;c;%clcaplr\?py s., 2 |S|) 4,44)1,- 4.56((m, 1 H), Z1,.31 - 4(.44
" . [(2R)-3-hy)c(i)|l'oxy-3- (m, 1 H), 4.01 - 4.14 (m, 1 H), 2.99 - 3.23
Ho% y HoN methyloutan-2. | (M3 H),2.11-2.24 (m, 1 H),2.02- 2.11
Jllpyrimidine.4. | (M 2H). 185 (d, J=8.84 Hz, 2H),1.28 -
catboxamide 1.40 (m, 2 H), 1.20 - 1.28 (m, 9 H).
563.2; (400 MHz, DMSO-d5) & ppm
H 6-(4-{6- 8.62 (d, J=8.34 Hz, 1 H), 7.86 (d, J =
© N\D | carbamoyl-3-[2- | 8.34 Hz, 1 H), 7.83 (d, J = 2.27 Hz, 1 H),
v No | (dimethylamino)et | 7.52(d, J=8.59 Hz, 1 H), 7.38 (d, J =
18* | Ng gy j hoxylpyridin-2- | 2.27 Hz, 1 H), 7.00 (s, 1 H), 4.68 (dd, J =
\V/\O NN o yl}piperidin-1-yl)- | 11.87, 5.31 Hz, 1 H), 4.37 - 4.46 (m, 1 H),
N 2-{[(1S,2R)-2- 423 (t, J =543 Hz, 2 H), 4.07 (dd, J =
N cyanocyclopropyl] | 11.87,9.35Hz, 1 H), 3.04 - 3.17 (m, 3 H),
methoxy}-N- 2.81-2.89 (M, 2 H), 2.36 (s, 6 H), 2.14 -
07 N, cyclobutylpyrimidi | 2.22 (m, 5 H), 1.95- 2.03 (m, 1 H), 1.81 -
ne-4-carboxamide | 1.90 (m, 5H),1.62-1.71(m, 2 H), 1.23 -
1.33 (m, 1 H), 1.09 - 1.16 (m, 1 H).
o % O-LHIG-amino | 515.2; (400 MHz, CDCIy) 5 ppm 8.22 (s, 1
Jhoxylpiperidin1- | 7 7-15(s.1H),6.92(d, J=8.08 Hz, 1
19 P A H), 6.42 (d, J = 7.07 Hz, 1 H), 4.81 (s, 1
)N\ | (bic c|Z[1 tAjpent | ) 437(5.2H),391-4.10(m, 2 H),
07 Sy N _y1_ |)-'2-'[(1E’ 3.67 - 3.87 (M, 2 H), 3.06 - 3.18 (m, 2 H),
Ny O\ . anoz clopropyl) | 250 (s, 1H), 220 (5, 6 H), 2.11- 2.16 (m,
Z/’ 0 N | SYAnocyCloprobyl) | 5 1y "4 95 12 03 (m, 2 H), 1.40 - 1.46 (m,
.y methoxy]pyrimidin 4H) 1.16-1.21 (m 2 H)
HON N e-4-carboxamide o 1 : ’ :
2!
Q 6-d-{](2- 490.2; (400 MHz, CDCl3) & ppm 8.21 (s, 1
o NH aminopyridina. | ). 7:64(d, J=4.55Hz, 1H),7.12(s, 1
yhoxylmethylpipe | H:8:90 @, J=7.58 Hz, 1 H). 6.61 (dd, J
20 y A =7.58,5.31 Hz, 1 H), 4.91 (s, 2 H), 4.46
N” bicvelol 34 toent | 62 H), 4.36 (br. s, 2 H), 3.87 (d, J=6.32
d= N (bicyclo[1.1.1]pent | 4}, 511y "> 96 - 3.10 (m, 2 H), 2.50 (s, 1
o '1'y')'|2'[(1' | H), 2.20 (s, 6
O~ g;ﬂgcy‘f °"|f.rr‘r’1'5’g.r)] H), 2.12 - 2.18 (m, 1 H), 1.97 (d, J = 12.63
Y XYIPYNMIAIN | 5 1), 1.32-1.46 (m, 4 H), 1.16 - 1.22
N e-4-carboxamide
I\ HoN (m, 2 H).
N 2
Oy NH 6-(4-{[(2-amino-5- | 470.2; (400 MHz, CDCls) 8 ppm 8.00 (br.
N cyanopyridin-3- s.,,2H),717 (br.s., 1 H), 7.00 (s, 1 H),
o1 g yl)oxylmethyl}pipe | 5.29 —5.42 (m, 3 H), 4.63 (br. 5., 2 H),
0" SN N ridin-1-yl)-N-ethyl- | 3.91 (d, J = 5.8 Hz, 2 H), 3.68 (dd, J = 9.9,
)\ Q 2-{[(2R)-1- 6.3, 1 H), 3.39 —3.52 (m, 6 H), 3.02 (t, J =
_N methoxypropan-2- 11.7Hz, 2 H),222 (br.s., 1H), 1.74 -
SN N ylloxy}pyrimidine- | 2.04 (m, 5 H), 1.32 - 1.46 (m, 5 H), 1.24
| 4-carboxamide (t, J=7.2 Hz, 3 H).
HoN N
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\ 6-(4-{[(2- 490.2; (400 MHz, CDCls) & ppm 8.18 (s, 1
N aminopyridin-3- | ) 7:63(d, J=5.05Hz, 1H),7.11 (s, 1
yhoxylmethyhpipe | :6:91 (. J=7.58 Hz, 1 H), 6.61 (dd, J
- idin--yoA- = 7.58, 5.31 Hz, 1 H), 5.03 (br. s., 2H),
5 (bicyclo[1.1.1]pent | 441~ 4-53 (. 2H), 4.48 (br. s, 2 H), 3.87
[ oy)2q(1R2S)- | (@ J=832Hz 2H) 301t J=11.87
N=N 5 Hz, 2 H), 2.50 (s, 1 H), 2.19 (s, 6 H), 1.97
o) N H d,
[ \/C /K/SfN cyanocyclopropyll | -, _ 45 431, 2 H). 1.83-1.91 (m, 1 H),
NN, d memnoXyIpYIMIA | 165~ 1.71 (m, 2 H), 1.33 - 1.43 (m, 3 H)
1.14 (g, J = 5.64 Hz, 1 H).
o E 452.2; (400 MHz, CDCl3) & ppm
6-(4-{[(2- 7.86 (t, J = 5.68 Hz, 1 H), 7.65 (d, J = 4.04
aminopyridin-3- | Hz, 1H), 7.14 (s, 1 H), 6.91 (d, J = 7.83
NZ | yloxylmethyl}pipe | Hz, 1 H), 6.62 (dd, J = 7.58, 5.31 Hz, 1 H),
23* Js ridlin-1-yl)-2- 4.87 (s, 2 H), 4.44 - 4.53 (m, 2 H), 4.49
o N° N {[(1R,25)-2- (br.s., 2 H), 3.87 (d, J = 6.32 Hz, 2 H),
cyanocyclopropyl] | 3.41-3.53(m, 2 H), 2.90 -3.15 (m, 2 H),
5 methoxy}-/N- 2.12-2.29(m, 1H),1.98 (d, J=12.38
X ethylpyrimidine-4- | Hz, 2 H), 1.82- 1.93 (m, 1 H), 1.70 - 1.76
Il | P carboxamide (m, 1H), 1.31-1.46 (m, 3 H), 1.24 (t, J =
N HoN™ °N 7.33 Hz, 3 H), 1.10 - 1.19 (m, 1 H).
Q 498.2; (400 MHz, CDCl3) & ppm 8.23 (s, 1
6-(4-{[(3-amino-6- | H), 7.40 (s, 1 H), 7.06 (s, 1 H), 5.25 - 5.41
o=H methylpyrazin-2- | (m, 1 H), 4.57 (s, 2 H), 4.24 (d, J = 6.32
yl)oxylmethyl}pipe | Hz, 2 H), 4.35 (br. s., 2 H), 3.67 (dd, J =
ridin-1-yl)-N- 9.85, 6.32 Hz, 1 H), 3.49 (dd, J= 10.11,
o4+ (bicyclo[1.1.1]pent | 4.80 Hz, 1 H), 3.41 (s, 3 H), 2.99 (t, J =

-1-yh-2-{[(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-

4-carboxamide

12.25 Hz, 2 H), 2.49 (s, 1 H), 2.29 (s, 3
H), 2.19 (s, 6 H), 2.07 - 2.23 (m, 1 H),
1.93 (d, J=12.88 Hz, 2 H), 1.38 (d, J=
6.32 Hz, 3 H), 1.29 - 1.43 (m, 2 H).

C
OgyNH
N%\
25" o)\\

6-[4-({[2-amino-5-
(1-methyl-1H-
pyrazol-4-
ylpyridin-3-
ylJoxy}methyl)pipe
ridin-1-yl]-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}- V-
ethylpyrimidine-4-
carboxamide

532.2; (400 MHz, CDCl3) 5 ppm 7.86 (t, J
=556 Hz, 1 H), 7.72 (s, 1 H), 7.65 (s, 1
H), 7.53 (s, 1 H), 7.15 (s, 1 H), 6.99 (s, 1

H), 5.37 (s, 2 H), 4.42 - 4.57 (m, 2 H),
4.49 (br. s., 2 H), 3.95 (s, 3 H), 3.92 (d, J
= 6.32 Hz, 2 H), 3.43 - 3.51 (m, 2 H), 3.03
(t, J=12.63 Hz, 2 H), 2.11 - 2.37 (m, 1 H),

2.00 (d,
J=13.89Hz, 2 H), 1.84 - 1.91 (m, 1 H),
1.30 - 1.49 (m, 4 H), 1.25 (t, J = 7.20 Hz,
3 H), 1.15 (g, J = 5.64 Hz, 1 H).

X
L.
HoN N
N/
o
26* N/ \ g l,\l/
} D=N 0 =N
\ o
o) HoN

6-{4-[(3-amino-
1,6-dimethyl-1H-
indazol-4-
yh)oxy]piperidin-1-
yl}-N-ethyl-2-
{{(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

484.4; (400 MHz, CD;0D) & ppm 7.10 (s,
1H), 6.65 (s, 1 H), .35 (s, 1 H), 5.40 -
5.44 (m, 1 H), 4.07 (s, 2 H), 3.78 (s, 2 H),
3.50 - 3.68 (M, 2 H), 3.41 -3.46 (m, 5 H),
2.41 (s, 3H), 2.46 (s, 2 H), 1.97 (s, 2 H),
1.36 (d, J=6.4Hz, 3H),1.25¢, J=76
Hz, 3 H).
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6-{4-[6-carbamoyl-
(dimethylamino)py
ridin-2-yl]piperidin-
1-yl}-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-N-(2,2,2-
trifluoroethyl)pyrim
idine-4-
carboxamide

540.3; (400 MHz, CD;0D) & ppm 7.21 -
7.29 (m, 1 H), 7.12 (s, 1 H), 6.62 - 6.65
(m, 1H), 5.35-5.45 (m, 1 H), 4.10 (q, J =
6.6 Hz, 2 H), 3.45 - 3.65 (m, 3 H), 3.39 (s,
3 H), 3.15-3.20 (m, 2 H), 3.06 (s, 3 H),
2.95-3.02 (m, 1 H), 1.95 - 2.05 (m, 2 H),
1.82-1.97 (m, 2 H), 1.35 (d, J= 6.4 Hz, 3
H).

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-N-
(bicyclo[1.1.1]pent
-1-yh-2-[(1-
cyanocyclopropyl)
methoxy]pyrimidin
e-4-carboxamide

491.2; (400 MHz, CDCl3) 5 ppm 8.23 (d,
J=11.87 Hz, 2 H), 7.82 (s, 1 H), 7.13 (s,
1H), 5.13 (s, 2 H), 4.36 (s, 2 H), 4.46 (br.
s., 2 H),3.93 (d, J = 6.06 Hz, 2 H), 3.02 (t,
J=13.01 Hz, 2 H), 2.50 (s, 1 H), 2.19 (s,
6 H), 2.13-2.20 (m, 1 H), 1.95 (d, J =

11.87 Hz, 2 H), 1.35 - 1.47 (m, 4 H), 1.14

-1.22(m, 2 H).

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-N-
(bicyclo[1.1.1]pent
-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}pyrimidin
e-4-carboxamide

491.0; (400 MHz, CDCl3) & ppm 8.24 (s, 1
H), 8.18 (s, 1 H), 7.81 (s, 1 H), 7.11 (s, 1
H), 5.13 (s, 2 H), 4.40 - 4.52 (m, 4 H),
3.92 (d, J=6.0 Hz, 2 H), 3.00 (m, 2 H),
2.49 (s, 1 H), 2.18 (s, 7 H), 1.93 - 1.96 (m,
2 H), 1.84 —1.86 (m, 1 H), 1.68 - 1.75 (m,
2H), 1.32 -1.40 (m, 3H), 1.12 = 1.17 (m, 1
H).

N-

(bicyclo[1.1.1]pent

-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-6-[4-
(5H-pyrrolo[2,3-
b]pyrazin-7-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

485.2; (400 MHz, CDCl3) § ppm 8.49 (br.
s., 1H), 8.44 (d, J=2.78 Hz, 1 H), 8.25
(d, J=253Hz, 1H),8.19 (s, 1 H), 7.33
(d, J=2.78 Hz, 1 H), 7.14 (s, 1 H), 4.28 -

513 (m, 4 H), 3.31 -3.45 (m, 1 H), 3.18 ¢,
J=12.88 Hz, 2 H), 2.50 (s, 1 H), 2.28 (d,
J=13.39Hz, 2 H), 2.19 (s, 6 H), 1.73 -
1.94 (m, 3 H), 1.68 (td, J = 8.34, 5.56 Hz,

1 H), 1.34 (td, J = 8.53, 5.68 Hz, 1 H),
1.09 - 1.18 (m, 1 H).

E F
F
NH \
27* O N_
y —
N \ N \ /)
>=N N
0o o— 0
)—/ H,N
H
NN
I N
[e) N\ /
28 N
QO
o)
D
H,N N/J
o) H
N
W N
N\ 1:)/<\N/
O,
Ty
HoN N/J
o
Na N*=
S J
30* N N
N=
| \’N>
N
H
F
H LF
O N -
N/

31 |
0L
B B

o
A\ H,N” N

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-2-[(1-
cyanocyclopropyl)
methoxy]-/V-
(2,2,2-
trifluoroethyl)pyrim
idine-4-
carboxamide

507.2; (400 MHz, CD;0D) & ppm
8.04 (s, 1 H), 7.79 (s, 1 H), 7.16 (s, 1 H),
4.59 (br. s., 2 H), 4.45 (s, 2 H), 4.10 (q, J
=9.09 Hz, 2 H), 4.00 (d, J = 6.06 Hz, 2
H), 3.11 (t, J = 11.62 Hz, 2 H), 2.19 - 2.35
(m, 1H), 2.04 (d, J = 12.38 Hz, 2 H), 1.36
-1.52(m, 4 H), 1.19 - 1.29 (m, 2 H).
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32*

6-[4-(5-amino-4-
carbamoylpyrimidi
n-2-yl)piperidin-1-
yll-N-
(bicyclo[1.1.1]pent
-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}pyrimidin
e-4-carboxamide

504.2 (400 MHz, CDCls) Sppm 8.32 (s, 1

H), 8.19 (s, 1 H), 7.80 (br. s., 1 H), 7.13 (s,

1H), 5.77 (s, 2 H), 5.46 (br. s., 1 H), 4.30

-5.04 (m, 4 H), 2.91 - 3.28 (m, 3 H), 2.50
(s, 1 H), 2.19 (s, 6 H), 2.07 - 2.15 (m, 2

H), 1.74 - 1.93 (m, 3 H), 1.68 (td, J = 8.21,

5.56 Hz, 1 H), 1.34 (td,
J=853,568Hz, 1H),1.14 (q, J = 5.81
Hz, 1 H).

(o] H\)<E
N/
33+ < J

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}- V-
(2,2,2-
trifluoroethyl)pyrim
idine-4-
carboxamide

507.2; (400 MHz, CDCls) Sppm 8.24 (s, 1
H), 8.18 (t, J = 6.44 Hz, 1 H), 7.82 (s, 1
H), 7.14 (s, 1 H), 5.12 (s, 2 H), 4.43 - 4.56
(m, 2 H), 4.49 (br. s., 2 H), 4.02 - 4.12 (m,
2 H), 3.94 (d, J=6.06 Hz, 2 H), 3.03 (t, J
=10.99 Hz, 2 H), 2.13 - 2.28 (m, 1 H),
1.97 (d, J=12.38 Hz, 2 H), 1.83 - 1.91
(m, 1 H), 1.69 - 1.72 (m, 1 H), 1.32- 1.45
(m, 3H), 1.15 (q, J = 5.64 Hz, 1 H).

34***

6-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-2-
(cyclopropylmetho
xy)-N-[1-
(dimethylamino)pr
opan-2-
yl]pyrimidine-4-
carboxamide

497.2; (400 MHz, CD;OD) & ppm 8.31 (s,

1H),7.09 (d, J=8.8Hz, 1H),7.02(d, J =
8.8 Hz, 1 H), 6.94 (s, 1 H), 4.40 -4.42 (m,
3 H),4.10 (d, J = 7.2 Hz, 2 H), 3.06-3.07
(m, 3 H), 3.02-3.03 (m, 1 H), 2.76 (s, 6

H), 1.91-1.94 (m, 2 H), 1.64 - 1.68 (m, 2
H), 1.20 (d, J=6.4 Hz, 4 H), 0.49 - 0.51

(m, 2 H), 0.25 - 0.27 (m, 2 H).

35*

6-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-2-
(cyclopropylmetho
xy)-N-[(2R)-1-
hydroxypropan-2-
yl]pyrimidine-4-
carboxamide

470.2; (400MHz, DMSO-d6) Sppm 8.14
d,J=86Hz 1H),7.82(d, J=28Hz, 1
H), 7.21 (d, J=2.8 Hz, 1 H), 7.15 - 7.20
(m, 1 H), 7.09 (d, J = 8.6 Hz,1 H), 6.98 (s,
1H), 6.65 (s, 2 H), 4.84 (t, J = 5.3 Hz, 1
H), 4.50 (br. s., 2 H), 4.11 (d, J= 7.3 Hz, 2
H), 3.89 - 4.02 (m, 1 H), 3.43 (qd, J = 5.5,
11.2 Hz, 2 H), 3.06 (t, J = 12.2 Hz, 2 H),
2.88 (t, J=11.8Hz, 1 H), 1.92 (dd, J =
2.1,12.7 Hz, 2H), 1.66 (dq, J= 4.2, 12.5
Hz, 2 H), 1.17 - 1.27 (m, 1 H), 1.13 (d, J =
6.8 Hz, 3H), 0.48 - 0.64 (m, 2 H), 0.27 -
0.38 (m, 2H).
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6-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yI-N-[(2R)-1-
(dimethylamino)pr
opan-2-yl]-2-
{{(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

515.3; (400 MHz, CD;0D) & ppm 8.53 (s,

1H),7.19(d, J=8.4 Hz, 1 H), 7.12(d, J =

8.4 Hz, 1 H), 7.04 (s, 1 H), 5.37 - 5.38 (m,
1 H), 4.40 - 4.42 (m, 2 H), 4.39 - 4.40 (m,
1H), 3.51-3.62(m, 2 H), 3.38 (s, 3 H),

3.10 - 3.16 (M, 2 H), 2.92 — 3.00 (M, 2 H),

2.75-2.80 (m, 1 H), 2.59 (s, 6 H), 2.03 (d,
J=12.0Hz, 2 H),1.74-1.77 (m, 2 H),
1.34(d, J=72Hz,3H),1.28 (d, J=6.8

Hz, 3 H).

6-(4-{6-
carbamoyl-3-[2-
(dimethylamino)et
hoxy]pyridin-2-
yl}piperidin-1-yl)-
24{[(1R,25)-2-
cyanocyclopropyl]
methoxy}- V-
cyclobutylpyrimidi
ne-4-carboxamide

563.2; (400 MHz, CDCl;) 8ppm 8.05 (d, J
=859Hz,1H),798(,J=834Hz, 1
H),7.64(d, J=4.04Hz, 1H), 724, J=
8.59Hz, 1H),715(s,1H),545, J=
429Hz, 1H),434-511(m, 5H),4.19
(t, J=5.68 Hz, 2 H), 3.47 (t, J = 11.40,
3.88Hz, 1H),3.12( J=1048Hz, 2 H),
285(t J=568Hz 2H),232-252(m, 8
H), 1.68 - 2.11 (m, 10 H, partially
obscured by water), 1.35 (td, J = 8.46,
556 Hz, 1H),1.13-1.19 (m, 1 H).

6-(4-{6-
carbamoyl-3-[2-
(dimethylamino)et
hoxy]pyridin-2-
yl}piperidin-1-yl)-
N-cyclobutyl-2-
{{(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

556.3; (400 MHz, CDCl3) 8 ppm 8.01 -
8.05(m,2H),7.63(,J=4.0Hz, 1H),
7.22(d,J=8.0Hz, 1H),7.09(s, 1H),
548 (d, J=4.0Hz, 1 H), 531-535(m, 1
H), 5.51-553(m,3H),413(t J=56
Hz, 2 H), 3.66 —3.69 (m, 1 H), 3.42- 3.52
(m,5H),3.09-3.11(m,2H),280(¢ J=
56 Hz, 2H),2.36-2.38 (m, 8 H), 1.93 —
2.00 (m, 8 H, partially obscured by water),
1.40-1.38 (d, J=6.4 Hz, 3 H).

\N/
O NH
36 N7
PN
O N N
)\ | X
(e} N
~ 7 SNH,
HNT YO
H
Os_N. ‘
N/l |
37+ o)'\\N N O/\/N\
I\
I '
N
07 NH,
H
O%N\
N/
| |
38* \/LO*N N o/\/N\
]
Na
0% “NH,
H
OsN. ,
39*** N%\ |
R |
FAV/\O)\\N N o™~
~ ]
Na
0% “NH,

6-(4-{6-
carbamoyl-3-[2-
(dimethylamino)et
hoxy]pyridin-2-
yl}piperidin-1-yl)-
N-cyclobutyl-2-
[(2,2-
difluorocyclopropy
lYmethoxy]pyrimidi
ne-4-carboxamide

574.2; (400 MHz, CDCl3) 6 ppm8.05 (d, J
=8.08 Hz 1 H), 7.98 (d, J=8.08 Hz, 1 H),
763d,J=429Hz,1H),724d,J=
859Hz 1H),715(s, 1 H),544 (d, J=
4.04Hz, 1H),443-497(m,4H),428-
440 (m, 1 H),4.17 (t, J=5.68 Hz, 2 H),
3.46 (tt, J=11.49,366 Hz, 1H),3.12 (¢, J
=1251Hz,2H),2.82( J=568Hz, 2
H),2.32-249(m,8H),1.93-225(m, 5
H),1.72-1.93(m,4H), 1.53-160(m, 1
H, partially obscured by water), 1.34 (m, 1
H).
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485.2; (400 MHz, CDCl3) 5 ppm 7.94 (d, J

H , =7.8 Hz, 1 H), 7.86 (br.s., 1 H), 7.04 -
OIN\@ 4-[4-(5-amino-6- | 7 15 (m, 1 H), 6.93 - 7.05 (m, 1 H), 5.84
. carbamoylpyridin- | (g 2 H), 5.36 - 5.50 (m, 1 H), 5.30 (br. s.,
o\/L s 2-yl)piperidin-1- - 1 H), 515 (d, J=12.13 Hz, 1 H), 4.90 (d,
a0 | - 0" NN yll-N-cyclobutyl-6- | ;= 1238 Hz, 1 H), 4.44 - 4.62 (m, 1 H),
P {[(2R)-1- 3.65 (dd, J=10.36, 6.57 Hz, 1 H), 3.52
T methoxypropan-2- | (dd, J = 10.36, 4.29 Hz, 1 H), 3.42 (s, 3
Y NH, ylloxy}-1,3,5- H), 2.99 - 3.17 (m, 2 H), 2.89 (it, J =
PN, triazine-2- 11.87, 3.66 Hz, 1 H), 2.34 - 2.51 (m, 2 H),
carboxamide 1.94 - 2.07 (m, 4 H), 1.68 - 1.86 (m, 4 H),
1.39 (d, J= 6.32 Hz, 3 H).
) \ N
O N .
)\ (bicyclo[1.1.1]pent | 524.2; (400 MHz, DMSO-d) & ppm 8.85
NZ N -1-yl)-6-(4-{6- (s,1H),7.81-7.85(m,2H),7.50(d, J=
Ho el ) \ 0 carbamoyl-3-[2- | 8,4 Hz, 1 H), 7.37 - 7.38 (m, 1 H), 6.94 (s,
M N < (dimethylamino)et | 1 H),4.33 (0, J=6.8 Hz, 2H), 416 -4.19
@ N q hoxylpyridin-2- | (M, 2H), 3.32-3.40 (m, 3 H), 3.07 (br. .,
N ylpiperidin-1-yl)- 2H),267-269(m,2H), 243 (s, 1H),
o 2.23 (s, 6 H), 2.07 (s, 6 H), 1.84 (s, 4 H),
H,N" O | ethoxypyrimidine- 129 (t, J=72Hz 3H).
4-carboxamide
505.1; (600 MHz, DMSO-de) ppm 8.47
2-{[(1S,2R)-2- (dd,J=4.39,1.17 Hz, 1 H), 8.31 (d, J =
o H OH cyanocyclopropyl] | 8.05Hz, 1 H), 8.14 (d, J = 9.51 Hz, 1 H),
methoxy}-N-[(2R)- | 7.14 (dd, J= 8.05, 4.54 Hz, 1 H), 7.06 (s,
42 [N N7 3-hydroxy-3- 1H), 4.75 (s, 1 H), 4.60 (dd,
N/\OAN J methylbutan-2-yl- | J=11.78, 5.63 Hz, 1 H), 4.08 (dd, J =
_ 6-[4-(1H- 11.78,9.15 Hz, 1 H), 3.84 (dd, J = 9.29,
N pyrazolo[3,4- 6.81 Hz, 2 H), 2.11 (d, J = 10.83 Hz, 3 H),
Jo N blpyridin-3- 1.98 (td, J = 8.09, 5.78 Hz, 1 H), 1.77 -
N yl)piperidin-1- 1.89
yllpyrimidine-4- | (m, 4 H), 1.28 (td, J = 8.45, 5.05 Hz, 1 H),
carboxamide 1.13-115(m,5H),1.12 (s, 2 H), 1.11 (s,
2 H), 1.07 (s, 4 H).
477.1; (600 MHz, DMSO-ds) 5ppm
o Cyiﬂgiigiy” 8.47 (dd, J = 4.39, 1.46 Hz, 1 H), 8.31 (dd,
methoxybNL2R)- | 2= 812, 1:39 Hz, 1 H), 8.19 (d, J = 8.49
. NZ I-hydroxypropan. | HZ 1H).7.13(dd, J=8.05, 454 Hz, 1 H),
Az oA I oy -614-(1H | 705 (s 1H), 465 (dd, J=11.85 5.41 Hz,
NN _ oyrazolo[3.4. 1 H), 4.06 (dd, J = 11.85, 9.22 Hz, 1 H),
@ Blpyridin.s- 3.94 - 4.00 (m, 1 H), 3.33 - 3.48 (M, 5 H),
R ypiperidin-1- 2.11(d, J=10.68 Hz, 2 H), 1.98 (td, J =
N pyrimidine-4- | 812 571 Hz, 1H),1.77-1.88 (m, 5 H),
ycg?’boxamide 1.28 (td, J= 8.52, 4.90 Hz, 1 H), 1.23 (s, 2
H), 1.10 - 1.16 (m, 4 H).
H 2-[(1-
O N OH cyanocyclopropyl) | 505.1; (700 MHz, DMSO-d6) 8ppm 8.46 -
methoxy]-N-[(2R)- | 8.51 (m, 1 H), 8.28 - 8.34 (m, 1 H), 8.10 -
N7 ) 3-hydroxy-3- 8.16 (M, 1 H), 7.11 - 7.18 (m, 1 H), 7.05 -
44 o/k\ methylbutan-2-yll- | 7.10 (m, 1 H), 4.67 - 476 (m, 1 H), 4.27 -
\ N™ N _ 6-[4-(1H- 4.41 (m, 3 H), 3.81-3.91 (m, 1 H), 3.45
\N ) pyrazolo[3,4- (d, J=3.93 Hz, 1 H), 2.11(br. s., 2 H), 1.83
N\ blpyridin-3- (br.s., 2 H), 1.36 (d, J = 3.25 Hz, 2 H),
N\N y)piperidin-1- 1.19-1.27 (m, 3 H), 1.09 - 1.18 (m, 8 H),

yl]pyrimidine-4-
carboxamide

1.02 - 1.1 (m, 4 H).
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6-[4-({[2-amino-5-

511.2; (700 MHz, DMSO-d;) 5 ppm 8.56
(t,J=6.06 Hz, 1 H), 7.99 (s, 1 H), 7.72 -
7.77 (M, 2 H), 7.18 (d, J=1.71 Hz, 1 H),

OH (1-methyl-1H- 6.98 (s, 1 H), 5.58 (s, 2 H),
j/ pyrazol-4- 4.29-497 (m,1H), 417 (dd, J=10.76,
)O\ ylpyridin-3- 6.15Hz, 1 H), 410 (dd, J =, 10.76, 5.12
45+ NS , | Yloxy}methybpipe | Hz, 1 H), 3.62- 3.7 (m, 1 H), 3.01 (d, J =
\/NNN N ridin-1-yl]-N-ethyl- 6.49 Hz, 2 H), 3.82 (s, 3 H), 3.28
o O\/O [N 2-(2- (quin, J=6.88 Hz, 1 H), 3.02 (br. s., 1 H),
| \ hydroxypropoxy)p 210-219(m,1H),1.95(,J=11.44
HN” N yrimidine-4- Hz, 2 H), 1.29 (dq, J = 4.01, 12.33 Hz, 2
carboxamide H), 1.20-1.25 (m, 1 H), 1.14 (d,
J=632Hz,3H),110¢ J=717Hz 3
H)
2-[(2,2-
2 OH | difluorocyclopro 488.5; (400 MHz, CDs;0D) 6 ppm 8.31 -
N < Nf/ |)meth3c',xyf,v_py 8.32(m, 1 H) 8.29 - 8.30 (m, 1 H) 7.31 -
\ — [(2R)-1- 732(m,1H) 718 (s,1H)4.10(d, J=8.0
46+ HN\N N \ /N hydroxypropan-2- Hz, 2H)4.52-463(m,1H)4.19-4.28
N VI-6-[4-(1H- (m, 1 H) 3.60 - 3.65 (M, 2 H) 3.40 (s, 1 H)
Y pyrazolo[3 4- 3.30-3.31(m, 4 H) 2.15- 2.18 (m, 3 H)
blpyridin-3- 1.79 - 2.00 (m, 2 H) 1.58 = 1.71 (m, 1 H)
Jhpiperidin-1- | 1:31-1.42(m, 1H)1.30 (d, J=7.2Hz, 3
Pl yllpyrimidine-4- H).
carboxamide
23,3 502.1; (400 MHz, CDgOD_) 3 ppm 8.49 -
difluorocyclobutyl) 850(m,1H), 833, J=64Hz, 1H),

% OH
e NH
a7+ | HN CN ¢

methoxy]-N-[(2R)-
1-hydroxypropan-
2-yl]-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

7.18-7.21(m, 1 H), 7.12 (s, 1 H), 4.43 (s,

1H),4.42 (d, J=6.4 Hz, 2 H), 4.10 — 4.14

(m, 1 H), 3.33 - 3.63 (m, 1 H), 3.27 - 3.32

(m, 1 H), 2.71 = 3.01 (m, 4 H), 2.68 - 2.69

(m, 3 H), 2.49 — 2.53 (m, 2 H), 2.20 - 2.21

(m, 2 H), 1.93 —2.03 (m, 2 H), 1.25 (d, J =
6.8 Hz, 4 H).

H
Do
I N
NN~
N
48*
7\
— @]
Ne /=N 1
7< 0 q

N-tert-butyl-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}-6-[4-
(1H-pyrazolo[3,4-
dlpyrimidin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

476.1; (400 MHz, CDCl3) & ppm 11.21 (br.
s.,1H),9.23 (s, 1H),9.05(s, 1H),7.76
(s, 1H), 7.18 (s, 1 H), 4.53 - 4.70 (m, 1
H), 4.43 - 4.53 (m, 2 H), 3.42 - 3.49 (m, 1
H), 3.24 (t, J = 12.3 Hz, 2 H), 2.22 - 2.25
(M, 2 H), 1.95 —2.04 (m, 2 H), 1.83 - 1.91
(m, 1H), 1.68-1.71 (m, 2 H), 1.47 (s, 9
H), 1.31-1.37 (m, 1 H), 1.13 - 1.17 (m,
1H).
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I a N‘N
/
N~ N
(bicyclo[1.1.1]pent | 486 2: (400MHz, CD,0OD) Sppm 9.37 (s, 1
-1-yD-2-{[(1S.2R)- | 1) 8.92 (s, 1 H), 7.10 (s, 1 H), 4.71 - 4.75
N 2- (M, 1 H), 4.25 -4.30 (m, 1 H), 3.54 - 3.61
49* cyanocyclopropyl] | (m, 1 H), 3.32 - 3.33 (m, 2 H), 2.50 (s, 1
7N methoxy}-6-[4- H), 2.25-2.28 (m, 2 H), 2.21 (s, 7 H),
o )= ~o (1H-pyrazolo[3,4- | 184 .204 (m, 5H),1.33-1.39 (m, 1 H),
N N dpyrimidin-3- 1.11-1.15(m, 1 H).
yl)piperidin-1-
o yllpyrimidine-4-
L carboxamide
W
N
H
NN
\ / 489.1; (400 MHz, CDCls) & ppm 8.96 (s, 1
Y
N-[(2R)-1- H), 8.22 (s, 1 H), 7.99 (d, J = 7.6Hz 1 H),
hydroxypropan_z_ 7.90 (d, J=8.0 HZ, 1 H), 7.06 (S, 1 H),
yil-2-[2R)-oxetan- | 7.01 - 7.04 (m, 2 H), 5.09 - 5.1 (m, 1 H),
507 N o | 2yimethoxyl-6-14- 4.59 - 4,65 (m, 3 H), 4.50 - 4.53 (m, 1 H),
> N (1H-pyrrolo[2,3- | 4.41-4.49(m, 1H),4.12-4.22 (m, 1H),
N7\ blpyridin-3- 3.66 - 3.69 (M, 1 H), 3.57 - 3.59 (m, 1 H),
= yhpiperidin-1- | 3.07 - 3.1 (m, 3 H), 2.71 - 2.74 (m, 1 H),
o) yllpyrimidine-4- | 2.60-2.62 (m, 1 H), 2.08 (d, J = 11.6 Hz,
\ carboxamide | 2 H), 1.66 - 1.73 (m, 3H), 1.22 (d, J= 6.4
E\ Hz, 3 H).
o)
HQ 2-{[(1S.2R)-2- 476.3; (400 MHz, CDCl5) & ppm 8.82 (s,
8 cyanocyclopropyl] | 14y 8.30 (d, J=5.2Hz 1 H), 7.95 (d, J =
N methoxy}-N-[2R)- | 3.6 Hz, 2 H), 7.17 (s, 1 H), 7.07 - 7.10 (m,
o 1-hydroxypropan- | o Hy 451 -4.53 (m, 2 H), 4.23 - 4.24 (m,
51* — d I, 2-yl]-6-[4-(1H- 1H),3.74-3.77 (m, 1 H), 3.62 -3.67 (m,
N>L N N pyrrolo[2,3- 1H), 3.12-3.18 (m, 3 H), 2.17 (d, J =
g N \_NH blpyridin-3- 13.2Hz, 2 H), 1.67-1.87 (m, 7 H), 1.34 -
N:\<{‘ yhpiperidin-1- 1.35 (m, 1 H), 1.15 (d, J= 6.4 Hz, 3 H),
yllpyrimidine-4- 1.13-1.18 (m, 1 H).
carboxamide
H\N 2-{[(1S,2R)-2- 503.1; (400 MHz, CDCl3) & ppm 10.90 (br.
N/ A methoxyl-N-[1- | 1H),8.11(d, J=6.8Hz, 1H), 7.13-7.16
- von, J Ny | (hydroxymethyley | (M, 2H), 4.45 - 460 (m, 3 H), 3.89 (s, 2
i Y clobutyl]-6-[4-(1H- | H),3.41-3.42(m,1H),3.26 (, J=11.6
_N pyrazolo[3,4- Hz, 2 H), 2.15 - 2.40 (m, 6 H), 1.80 - 2.10
blpyridin-3- (m, 5 H), 1.63 - 1.70 (m, 1 H), 1.25 - 1.40
HN" o yDpiperidin-1- (m, 2 H), 1.15 - 1.17 (m, 1 H), 0.85 - 0.89
HO ..
/b yllpyrimidine-4- (m, 1H).
carboxamide
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7
53¢ @ N\|<\l

N-

(bicyclo[1.1.1]pent

-1-yD)-4-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-6-[4-
(1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

486.2; (600 MHz, DMSO-d8) Sppm
9.07 (s, 1 H), 7.93 (s, 1 H), 7.72 (br. 5., 1
H), 6.60 (br. s., 1 H), 4.82 (d, J= 12.73
Hz, 1 H), 4.63 (dd, J = 5.27, 11.27 Hz, 2
H), 4.04 (dd, J= 9.37, 11.71 Hz, 1 H),
3.85 (d, J = 4.98 Hz, 2 H), 3.42 (br. s., 1
H), 2.94 (t, J = 12.07 Hz, 2 H), 2.49 (s, 2
H), 2.03 (s, 6 H), 1.89 - 1.94 (m, 1 H),
1.86 (br. s., 2 H), 1.74 - 1.80 (m, 1 H),
1.20- 1.29 (m, 3 H), 1.09 (br. s., 1 H).

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yll-N-
(bicyclo[1.1.1]pent
-1-y)-6-{[(2R)-1-
methoxypropan-2-
ylloxy}-1,3,5-
triazine-2-
carboxamide

497.1; (700 MHz, DMSO-ds) 8 ppm
9.11 (br. s., 1 H), 7.89 (br. s., 1 H), 7.17
(d, J=8.54 Hz, 1 H), 7.03 - 7.12 (m, 2 H),
6.53 (br. s., 1 H), 5.34 (td, J = 6.28, 3.67
Hz, 1 H), 4.89 (d, J = 12.98 Hz, 1 H), 4.67
(d, J=12.13 Hz, 1 H), 3.40 - 3.50 (m, 2
H). 3.23 (s, 3 H), 3.01 (t, J = 12.73 Hz, 2
H), 2.86 (t, J = 11.79 Hz, 1 H), 2.42 (s, 1
H), 2.05 (s, 6 H), 1.88 (br. s., 2 H), 1.51 -
1.63 (m, 2 H), 1.20 (d, J = 6.49 Hz, 3 H).

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yll-6-{[(2R)-1-
methoxypropan-2-
ylloxy}-N-(2,2,2-
trifluoroethyl)-
1,3,5-triazine-2-
carboxamide

513.1; (700 MHz, DMSO-d6) 5ppm 9.31
¢, J=6.66 Hz, 1 H), 7.87 - 7.96 (m, 1 H),
7.19 (d, J=8.54 Hz, 1 H), 7.06 - 7.12 (m,

2 H), 6.55 (br. s.,

2 H), 5.37 (td, J = 6.15, 4.10 Hz, 1 H),
4.92(d, J=12.81 Hz, 1 H), 470 (d, J
=12.13 Hz, 1 H), 3.42 - 3.53 (m, 2 H), 3.25
(s, 3H), 3.05 (t, J=12.81 Hz, 2 H), 2.89 (,
J=11.70Hz, 1 H), 1.86 - 1.95 (m, 2 H),
1.57 - 1.69 (m, 2 H), 1.23 (dd, J = 6.41,
1.11 Hz, 3 H).

7 X
Nl _
N
NN
=N % ow
N
54* \RZ o/\/
Na
Q N
HN N
H,N
F
F
<
oj:NH
> S
o NN o SO
N
HNT S
HoN™ ~F
L F
K
OINH
° QS
o NN SO
HoN |N\
HoN™

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yll-6-{[(2R)-1-
methoxypropan-2-
ylloxy}-N-[(2S)-
1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

527.1; (600 MHz, DMSO-d6) 3ppm
8.98 (d, J=9.22 Hz, 1 H), 7.84 - 7.95 (m,
1H),7.16 (d, J=8.34 Hz, 1 H), 7.07 (d, J
= 8.63 Hz, 1 H), 7.03 (br. s., 1 H), 6.48
(or.s., 1 H), 5.33 (d, J = 4.54 Hz, 1 H),
4.82-4.89 (m, 1H), 4.63-4.73 (m, 2 H),
3.39-3.49 (m, 2 H), 3.22 (s, 3 H), 3.02 (1,
J=1251Hz, 2 H), 2.86 (¢, J = 3.37 Hz, 1
H), 1.83-1.92 (m, 2 H), 1.59 ¢, J= 12.07
Hz, 2 H), 1.32 (d, J= 7.17 Hz, 3 H), 1.20
(dd, J = 6.44, 1.02 Hz, 3 H).
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57* NN/\OA

2-{[(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-[(2R)-
3-methylbutan-2-
yl1-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

489.1; (600 MHz, DMSO-d6) sppm
8.41 - 8.46 (m, 1 H), 8.23 - 8.30 (m, 1 H),
8.10 (d, J=9.37 Hz, 1 H), 7.14 (dd, J =
8.05, 4.54 Hz, 1 H), 7.00 (s, 1 H), 4.62
(dd, J = 11.93, 5.34 Hz, 1 H), 4.06 - 4.10
(m, 6 H), 3.68 - 3.76 (m, 1 H), 3.42 (br. s.,
1H), 3.21(d, J=0.88 Hz, 1 H), 2.07 (d, J
=12.00 Hz, 2 H), 1.84 - 1.88 (m, 1 H),
1.82 (d,
J=8.05Hz, 1H), 1.69-1.76 (m, 3 H),
1.26 (dd, J = 8.49, 3.37 Hz, 1 H), 1.08 (d,
J=6.73 Hz, 3H), 0.79 - 0.84 (m, 6 H).

58 N

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yll-N-
(cyclopropylmethy
N-6-{[(2R)-1-
methoxypropan-2-
ylloxy}-1,3,5-
triazine-2-
carboxamide

485.1; (600 MHz, DMSO-d,) 5 ppm 8.83
(t, J=6.15Hz, 1 H), 7.90 (br. s., 1 H),
7.16 (d, J=8.63 Hz, 1 H), 7.07 (d, J =
8.63 Hz, 1 H), 7.02 (br. s., 1 H), 6.47

(or. s., 2 H), 5.34 (dt, J = 6.37, 3.66 Hz, 1

H), 4.89 (d, J= 12.59 Hz, 1 H), 4.67 (d, J
=12.15 Hz, 1 H), 3.38 - 3.50 (m, 2 H),

3.22 (s, 3 H), 2.97 - 3.10 (m, 4 H), 2.82 -

2.90 (m, 1 H), 1.87 (d, J=12.15 Hz, 2 H),

1.51-1.64 (m, 2 H), 1.19 (d, J = 6.29 Hz,

3H), 0.91-1.01 (m, 1 H), 0.33 -0.41 (m,

2 H), 0.14 - 0.22 (m, 2 H).

JI

N-
(bicyclo[1.1.1]pent
-1-yh-4-[(1-
cyanocyclopropyl)
methoxy]-6-[4-
(1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

486.2; (600 MHz, DMSO-ds) Sppm
8.47 (dd, J = 4.54, 1.46 Hz, 1 H), 8.32 (dd,
J=8.05,1.46 Hz, 1 H), 7.13 (dd, J = 8.05,
4.54 Hz, 1 H), 4.91 (d, J = 13.02 Hz, 1 H),
4.74 (d, J=13.17 Hz, 1 H), 4.35 - 4.44
(M, 2 H), 3.43 (tt, J = 11.45, 3.55 Hz, 1 H),
3.17 -3.27 (m, 1 H), 2.45 (s, 1 H), 2.05 -
2.15 (m, 9 H), 1.78 - 1.87 (m, 2 H), 1.34 -
1.40 (m, 2 H), 1.20 - 1.27 (m, 3 H).

60* o]

6-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}- V-
ethylpyrimidine-4-
carboxamide

532.1; (400 MHz, CDCl3) 8 ppm 7.96 (s, 1
H), 7.84 - 7.87 (m, 1 H), 7.45 (s, 1 H),
713 (s, 1 H), 7.10 (s, 1 H), 4.68 (s, 2 H),
4.43- 452 (m, 2 H), 3.96 (d, J= 6.0 Hz, 2
H), 3.72 (s, 3 H), 3.42 - 3.49 (m, 2 H),
3.01-3.04 (M, 2 H), 2.19- 2.21 (m, 1 H),
1.96 - 1.99 (m, 2 H), 1.86 - 1.88 (m, 1 H),
1.32-1.36 (m, 3 H), 1.22 - 1.25 (m, 4 H),
1.13-1.15 (m, 1H).
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502.1; (600 MHz, DMSO-08) sppm
o WP . ;fgg%é’?f' g | 8:48dd J=4.46 139 Hz 1H) 8.20-
)\( =( Toethoxy 614, | &:36 (. 1H).7.13 (dd, J = 8.05, 4.39 Hz,
- NV N ah rgom[s 4 | 1H),495(d J=13.17Hz, 1H), 4.68-
61* {H N~ b]’"y e | 4.80 (m, 2 H), 4.15 (dt, J = 11.78, 8.74 Hz,
F F N ) g g | 1H) 3.98-4.08 (m, 2 H), 3.40 -3.47 (m,
y p/ﬁ’/_(zzz- y 1 H), 3.38 (br. s., 1 H), 3.26 (d, J = 8.63
wifluoroethyl- | HZ 1 H).2.13 (d,J=11.56 Hz, 2 H), 1.93
\ 1.3 Btriagingeo. | ~2:01(m.1H), 1.80-1.88 (m, 3 H), 1.29
a o oxamide (td, J = 8.49, 4.32 I-1|z|,_|)1 H), 1.13-1.19
N N/ ' '
H
GG
aminopyrimidin-5- | 557 1. (400 MHz, CDCls) & ppm 8.26 (s, 1
yhoxylmethyl}-3,3- | H) 8,16 (s, 1 H), 7.86 (s, 1 H), 7.15 (s, 1
difluoropiperidin- H), 5.13 (s, 2 H), 4.39 - 5.13 (m, 3 H),
v+ o 1-yD-N- 4.05-4.09 (m, 1 H), 3.07 - 3.28 (m, 2 H),
(bicyclo[1.1.1]pent | 5 50.2.61 (m, 1H), 2.49 (s, 1 H), 2.10 -
-1-yD-2-{[(1S.2R)- | 219 (m, 1H), 2.18 (s, 6 H), 1.78 - 1.85
2- (m, 1H),1.32-1.36 (m, 2 H), 1.14 - 1.17
cyanocyclopropyl] (m, 1 H), 0.84 - 0.88 (m, 3 H).
p methoxy}pyrimidin
N e-4-carboxamide
F “ 6-(4-{[4- .
e AN | aminopyrimidin-5- | 551.1; (400 MHz, DMSO-dj) 8 ppm 8.88
/\j: yloxylmethylipipe | (@, J=7.6Hz, 1H), 7.99 (s, 1 H), 7.78 (s,
HO NH NH: ridin-1-yl)-2- 1H),7.02 (s, 1H),662-6.74 (m, 2 H),
| {(1S.2R)-2- 4.83-4.85(m, 1H),4.65-4.69 (m, 2 H),
63 NS cyanocyclopropyl] | 4:25 - 4.50 (m, 2 H), 4.04 - 4.06 (m, 1H),
NW?N methoxyl-\- 3.88 (d, J= 6.0 Hz, 2 H), 3.50 - 3.53 (m, 2
P (11 A-trifluoro-4- | H),2.99-3.02 (m, 2 H),2.08 - 2.11 (m, 2
: hydroxybutan-2- | H). 1.84-1.98 (m, 5 H), 1.26 - 1.30 (m, 3
yDpyrimidine-4- H),1.12-1.14 (m, 1 H).
"'\\N carboxamide
H
(1)
4 N-[(2R)-1- 469.1; (400 MHz, CDCl;) & ppm 9.69 (s, 1
hydroxypropan-2- | Wy 830 (d, J=4.4 Hz, 1H), 7.93-7.98
yll-2-{[(2R)-1- (m, 2 H), 7.06 -7.11 (m, 3 H), 5.30 - 5.35
) N o methoxypropan-2- | (m 1 H), 4.58 (br. s., 2 H), 4.21 - 4.23 (m,
64 ) HN{ ylloxy}-6-[4-(1H- | 1 1) 3.65-3.72 (m, 3 H), 3.49 - 3.52 (m,
N7\ pyrrolo[2,3- 2 H), 3.41 (s, 3 H), 3.13 - 3.15 (m, 4 H),
>=N % blpyridin-3- 214 (d,J=116Hz, 2H), 1.68-1.77 (m,
o) y)piperidin-1- 2H),1.38(d, J=6.4Hz, 3H),1.27(,J
8 yllpyrimidine-4- = 6.4 Hz, 3 H).
carboxamide
o
/
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R

N-

(bicyclo[1.1.1]pent

-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-6-{4-[4-
(2-
hydroxyethoxy)-
1H-pyrazolo[3,4-
b]pyridin-3-
yl]piperidin-1-
yl}pyrimidine-4-
carboxamide

545.1; (400 MHz, CDCl3) & ppm 11.65 (br.
s, 1H),8.37(d, J=4.8Hz, 1H), 820 (s,
1H),7.14 (s, 1 H), 6.51 -6.52 (d, J = 5.2
Hz, 1 H), 4.51 - 4.56 (m, 2 H), 4.40 - 4.42
(m, 1 H), 4.22 - 4.24 (m, 2 H), 3.84 - 3.85
(m, 2 H), 3.44 - 3.45 (m, 1 H), 3.15- 3.17
(m, 2 H), 2.50 (s, 1 H), 2.07 - 2.49 (m, 11
H), 1.86-1.88 (m, 1 H), 1.64 - 1.68 (m, 1
H), 1.35-1.37 (m, 1 H), 1.10- 1.12 (m, 1
H).

66* Q

(bicyclo[1.1.1]pent
-1-y))-6-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-1,3,5-
triazine-2-
carboxamide

N
N
k\:N
0 O 4-(4-{[(4-
@\ )X\(Né( aminopyrimidin-5- | 492.1; (600 MHz, DMSO-dg) 3 ppm 9.07
N \ N yhoxy]methyl}pipe (s,1H),7.93 (s,1H),7.72 (br.s., 1 H),
H N\( ridin-1-yl)-/\- 6.60 (br.s., 1 H),4.82(d, J=1273 Hz, 1

H), 4.63 (dd, J = 11.27, 5.27 Hz, 2 H),
4.04 (dd, J=11.71,9.37 Hz, 1 H), 3.85 (d,
J=4.98 Hz, 2 H), 3.42 (br. 5., 1 H), 2.94
(t, J = 12.07 Hz, 2 H), 2.49 (s, 2 H), 2.03
(s, 6 H), 1.89 - 1.94 (m, 1 H), 1.86 (br. s.,
2H), 1.74 - 1.80 (m, 1 H), 1.20 - 1.29 (m,
3 H), 1.09 (br. s., 1 H).

67* m
No /7 o

N-

(bicyclo[1.1.1]pent

-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-6-(4-{4-
[(methylsulfonyl)m
ethoxy]-1H-
pyrazolo[3,4-
b]pyridin-3-
yl}piperidin-1-
yl)pyrimidine-4-
carboxamide

615.2 [M+Na]"; (400 MHz, CDCl;) § ppm
11.65 (br. s., 1 H), 8.48 (br. s., 1 H), 8.19
(s, 1H), 7.26 (s, 1 H), 6.61 - 6.62 (m, 1
H), 5.14 (s, 2 H), 4.51 - 4.56 (m, 3 H),
3.49-3.51 (m, 1 H), 3.20 - 3.22 (m, 2 H),
3.02 - 3.05 (m, 3 H), 2.49 (s, 1 H), 2.15 -
2.18 (m, 8 H), 1.98 - 2.05 (m, 3 H), 1.60 -
1.82 (m, 2 H), 1.20 - 1.40 (m, 2 H).
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6-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-ethyl-
2{[(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

525.1; (400 MHz, CDCl;) 8 ppm 7.94 (s, 1
H), 7.89 (br. s., 1 H), 7.46 (s, 2 H), 7.09
(d, J=6.8 Hz, 1 H), 5.30 - 5.34 (m, 1 H),

4.56 - 4.89 (m, 4 H), 3.96 (d, J= 6.4 Hz, 2

H), 3.72 (s, 3 H), 3.65 - 3.67 (m, 1 H),
3.41-3.52 (m, 6 H), 2.97 — 3.41 (m, H),

2.19-2.20 (m, 1 H), 1.95 - 1.98 (m, 2 H),
1.33-1.39 (m, 5 H), 1.22 (t, J = 7.2 Hz,

3H).

N-
(bicyclo[1.1.1]pent
-1-yh-2-{[(2R)-1-
hydroxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

464.3; (400 MHz, CDCl3) § ppm 8.57 (br.
s., 1H), 840 (br.s., 1H),8.12(d, J=
7.95Hz, 1 H), 7.12 - 7.23 (m, 2 H), 5.30
(d, J=3.79 Hz, 1 H), 4.38 - 4.81 (m, 2 H),
3.77 - 3.88 (m, 2 H), 3.44 (br. s., 1 H),
3.29 (t, J=12.10 Hz, 2 H), 2.50 (s, 1 H),
2.20 (s, 8 H), 2.04 (d, J = 10.27 Hz, 2 H),
1.39 (d, J = 6.36 Hz, 3 H).

N-
(bicyclo[1.1.1]pent
-1-yD-2-[(2R)-2-
hydroxypropoxy]-
6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

464.3; (400 MHz, CDCl3) § ppm 8.57 (br.
s, 1H),827 (br.s., 1 H), 8.11(d, J=
8.07 Hz, 1 H), 7.10 - 7.20 (m, 2 H), 4.40 -
4.83 (M, 2 H), 4.34
(d, J=7.70 Hz, 1 H), 4.20 -4.27 (m, 2 H),
3.43 (br.s., 1 H), 3.27 (t, J = 12.04 Hz, 2
H), 2.51 (s, 1 H), 2.21 (s, 8 H), 2.04 (d, J =
13.08 Hz, 2 H), 1.31 (d, J = 5.87 Hz, 3 H).

NN
N)\IN
68 N O 0
l P
Z "N
N—
/
HO™\_o .9
N \7//\
N __ NH
N
69*
A
DR
N
N™ 4
HO/\/O N (o)
VA
N NH
70* N @
AN
DR
N
N" R
H
Ho / AN
o|et
/
N

6-[(3R,45)-4-{[(4-
aminopyrimidin-5-
yl)oxy]methyl}-3-
fluoropiperidin-1-
yll-N-
(bicyclo[1.1.1]pent
-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}pyrimidin
e-4-carboxamide

509.1; (400 MHz, CDCl3) 8 ppm 8.27 (s, 1
H), 8.17 (s, 1 H), 7.88 (s, 1 H), 7.15 (s, 1
H), 5.29 (s, 2 H), 4.90 — 5.05 (m, 1 H),
4.46 - 449 (m, 2 H), 4.13 - 4.18 (m, 1 H),
3.97 - 4.00 (m, 1 H), 3.06 - 3.19 (m, 2 H),
2.49 (s, 1 H), 2.10 - 2.19 (m, 1 H), 2.18 (s,
6 H), 1.74 - 1.87 (m, 5 H), 1.35 - 1.36 (m,
3 H).
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E OH > 452.5; (400 MHz, CD;0D) & 8.50 (d

cyclopropylmetho -9 z, CDs ppm 8. ,

N A\and ( YNGR | J=32Hz, 1H)8.33 (d, J= 6.8 Hz, 1 H)

P == hydroxypropan-2- 719-722(mMm,1H) 711 (s, 1H) 4.22 (d,
72+ | HN~y N yI]-6-[4-(1H- J=72Hz 2H),413-4.15(m, 1 H) 3.63

pyrazolo[3,4- (d,J=52Hz, 3H)3.28-3.32(m,4H)
blpyridin-3- 2.20 (d, J=10.8 Hz, 2 H) 1.96 — 2.00 (m,

yDpiperidin-1- | 2H) 1.27 (d, J=6.8 Hz, 4 H) 0.61 - 0.63

yl]pyrimidine-4-
carboxamide

(m, 2 H) 0.39 (d, J = 5.6 Hz, 2 H).

6-[(3S,4R)-4-{[(4-
aminopyrimidin-5-
yl)oxy]methyl}-3-
fluoropiperidin-1-
yll-N-
(bicyclo[1.1.1]pent
-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}pyrimidin
e-4-carboxamide

509.1 (400 MHz, DMSO-dg) & ppm 8.94
(s, 1H), 8.07 (s, 1 H), 7.85 (s, 1 H), 7.03
(s,1H), 5.18 - 5.29 (s, 1 H), 4.66 - 4.71
(m, 1 H), 3.95 — 4.09 (m, 3 H), 3.06 - 3.08
(M, 2 H), 2.40 - 2.45 (m, 4 H), 2.10 (s, 6
H), 1.96-1.99 (m, 1 H), 1.79 - 1.81 (m, 2
H), 1.46 - 1.48 (m, 1 H), 1.26 - 1.29 (m, 1
H), 1.12 - 1.26 (m, 1 H).

73* NH, /\\‘.C/N N’ko
N/
/
N
N

%

/8

74 M

N-

(bicyclo[1.1.1]pent

-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-6-[3-
fluoro-4-(1H-
pyrazolo[3,4-
b]pyridin-3-

yl)piperidin-1-

yl]pyrimidine-4-
carboxamide

525.1 [M+Na]*; (400 MHz, DMSO-d¢) §
ppm 13.42 (s, 1 H), 8.97 (s, 1 H), 8.49 (d,
J=4.4Hz 1H), 831, J=80Hz1H),
714 -717 (m, 1 H), 7.07 (s, 1 H), 5.17 -
529 (m, 1 H), 4.69-4.73 (m, 1 H), 4.04 -
411 (m, 1 H), 3.66 - 3.78 (m, 1 H), 2.46
(s, 1H), 2.28 - 2.38 (m, 2 H), 2.11 (s, 6
H), 1.96 — 2.06 (m, 3 H), 1.81 - 1.88 (m, 1
H), 1.21 - 1.32 (m, 3 H), 1.12-1.17 (m, 1

H).

75**

2-[(2,2-
difluorocyclopropy
[Ymethoxy]-/N-
[(2R)-1-
hydroxypropan-2-
yl1-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

488.3; (600 MHz, DMSO-d;) 5ppm 8.46
(dd, J = 4.54, 0.88 Hz, 1 H), 8.29 (dd, J =
8.05,1.17 Hz, 1 H), 8.17 (d, J = 8.63 Hz,
1H), 7.12 (dd, J = 8.05, 4.54 Hz, 1 H),
7.03(s, 1 H), 4.43 - 4.50 (m, 1 H), 4.18 -
4.25 (m, 1 H), 3.92 - 4.00 (m, 1 H), 3.39 -
3.46 (m, 1 H), 3.16 - 3.25 (m, 1 H), 2.87 -
2.92(m, 1H), 2.21 (d, J=7.02 Hz, 1 H),
2.09 (d, J= 12.88 Hz, 2 H), 1.74 - 1.84
(m, 2 H), 1.64 - 1.72 (m, 2 H), 1.49 (dd, J
=13.24,3.88 Hz, 2 H), 1.19 - 1.25 (m, 2
H),1.13 (d, J = 6.73 Hz, 5 H).
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488.3; (600 MHz, DMSO-ds) 5ppm 8.73
y 2-[(2,2- (dd, J = 4.54, 1.46 Hz, 1 H), 8.56 (dd, J =
Os N difluorocyclopropy | 8.05, 1.46 Hz, 1 H), 8.44 (d, J = 8.49 Hz,
Y\OH Ymethoxy]-N- 1 H), 7.39 (dd, J = 8.05, 4.54 Hz, 1 H),
E NZ [(2R)-1- 7.28-7.34 (m, 1 H), 5.11
76+ FJV/\O/k\N | hydroxypropan-2- | (t, J=5.49Hz, 1 H), 469-4.78 (m, 2 H),
N _ yl]-6-[4-(1H- 4.45-4.53 (m, 1 H), 4.18 - 4.28 (m, 1 H),
@ pyrazolo[3,4- 3.65-3.74 (m, 3 H), 3.44 - 3.52 (M, 2 H),
=Y blpyridin-3- 2.44-2.52 (m, 1 H), 2.37 (d,
N\ﬁ yl)piperidin-1- J=1068Hz, 2 H), 2.01 - 2.13 (m, 2 H),
yllpyrimidine-4- | 1.91-2.01 (m, 1 H), 1.70 - 1.81 (m, 1 H),
carboxamide 1.49 (s, 1 H), 1.36-1.44 (m, 4
H).
N-
(bicyclo[1.1.1]pent
-1-yD)-2-{[(1S,2R)- | 593.3; (400 MHz, CDCls) & ppm 10.71 (br.
2- s., 1H), 8.45 (s, 1 H), 8.20 (s, 1 H), 7.81
cyanocyclopropyl] (s, 1TH),715-727 (m, 1 H), 5.06 (s, 2
- methoxy}-6-(4-{5- | H), 4.38 - 4.48 (m, 3 H), 3.09 - 3.36 (M, 6
[(methylsulfonyym | H), 2.49 (s, 1 H), 2.19 (s, 8 H), 1.89 - 1.97
ethoxy]-1H- (m, 3H), 1.34 — 1.45 (m, 2 H), 1.14 - 1.19
pyrazolo[3,4- (m, 2 H).
b]pyridin-3-
yl}piperidin-1-
yl)pyrimidine-4-
carboxamide
N\\\ N-
(bicyclo[1.1.1]pent | 503.3; (600 MHz, DMSO-dg) & ppm 8.94
V4 A-y)-2-{[(1S 2R)- | (5. 1H), 8.49 (dd, J=4.54,1.32 Hz, 1 H),
o 8.30 (d, J=8.20 Hz, 1 H), 7.15 (dd, J =
\O Cyanocyc|opropy|] 805, 4.39 HZ, 1 H), 7.06 (S, 1 H), 5.16 -
" L methoxy}-6- 5.30 (m, 1 H), 4.70 (dd, J = 11.85, 5.27
78 B NNy [(BR.4S)-3-fluoro- | Hz, 1 H), 4.07 (dd, J = 11.63, 9.59 Hz, 1
9/ N 4-(1H- H), 3.64 - 3.81 (m, 1 H), 2.45 (s, 1 H),
3 pyrazolo[3,4- 2.35 (br. s., 1 H), 2.10 (s,
blpyridin-3- 7 H), 1.95-2.06 (M, 2 H), 1.84 (d, J =
yhpiperidin-1- 8.34 Hz, 1 H), 1.21-1.32 (m, 2 H), 1.13
yllpyrimidine-4- (@, J=5.41Hz, 1 H).
carboxamide
Ny N-
"-v (bicyclo[1.1.1]pent | 503 3. (600 MHz, DMSO-d¢) & ppm 8.94
\ -1-yD-2-{[(1S.2R)- | (5,1 H), 8.44 -8 .51 (m, 1H), 8.29 (d, J =
N 2- 8.05 Hz, 1 H), 7.15 (dd, J = 8.05, 4.54
) cyanocyclopropyl] | Hz 1 H), 7.06 (s, 1 H), 5.13 - 5.29 (m, 1
7w Ho A methoxy}-6- H), 4.70 (dd, J = 11.93, 5.34 Hz, 1 H),
NM [(3S,4R)-3-fluoro- | 403-4.13 (m, 1 H), 3.64 - 3.80 (m, 1 H),
= 4-(1H- 2.45 (s, 1 H), 2.27 - 2.39 (m, 1 H), 2.10 (s,
o D pyrazolo[3 4- 7 H), 1.95 - 2.06 (m, 2 H),
= blpyridin-3- 1.83 (d, J=7.61Hz, 1 H), 1.20 - 1.32 (m,
E T\ 4 yhpiperidin-1- 2H),1.13(q, J= 5.32 Hz, 1 H).
N N yl]pyrimidine-4-
N carboxamide
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482.2; (400 MHz, DMSO-dg) & ppm 13.29
o N-[2R)-1- (br.s., 1 H), 8.48 - 8.49 (m, 1 H), 8.31 (d,
e ] hydroxypropan-2- | J =8.0Hz, 1 H), 8.18 (d, J = 8.8 Hz, 1 H),
« J L on VI]-6-[4-(1H- 7.13-7.16 (m, 1 H), 7.04 (s, 1 H), 4.89 (¢,
HN N~ pyrazolo[3 4- | J=5.5Hz, 1H), 4.50 (br. s., 1H), 4.26 (d,
80* NN blpyridin-3- J=55Hz, 2 H),4.12-4.18 (m, 1 H), 4.03
N ypiperidin-1-yll- | - 4.04 (M, 1 H), 3.77 - 3.82 (m, 1 H), 3.65 -
Y 2-[2R)- 3.70 (m, 1 H), 3.42 - 3.47 (m, 3 H), 3.16 -
o tetrahydrofuran-2- | 3-23 (M, 2 H),3.00 (br.s., 1H),2.12 (d, J
5 yimethoxylpyrimidi | =11 Hz, 2 H), 1.96 - 2.04 (m, 1 H), 1.81-
Q ne-4-carboxamide | 1.88 (m, 4 H), 1.62-1.71 (m, 1H), 1.15
(d, J=6.5Hz, 3 H).
N-
(bicyclo[1.1.1]pent .
y)-2-{[(1S.2R)- | 567.3; [M+Na]"; (400 MHz, CDCIy) 8 ppm
o 10.31 (br. s., 1 H), 8.36 (s, 1 H), 8.20 (s, 1
cyanocyclopropyl] | H). 7:45 (d, J= 2.8 Hz, 1 H), 7.15 (s, 1 H),
. methoxy}-6-{4-[5- | 4.46 - 4.53 (m, 2 H), 4.16 - 4.18 (m, 2 H),
81 - 4.04 (5,2 H), 3.23 - 3.35 (m, 4 H), 2.52 (s,
hydroxyethoxy)- | 1H), 2.10-2.19 (m, 8 H), 1.89 - 2.10 (m,
1H-pyrazolo[34- | 2H), 1.80-1.89 (m, 1 H), 1.59 - 1.71 (m,
blpyridin-3- 2H), 1.33 - 1.35 (m, 1 H),1.25-1.34 (m, 1
yllpiperidin-1- H).
yl}pyrimidine-4-
. carboxamide
N
SN
) 492.1; (600 MHz, DMSO-d6) 3ppm?7.84
C‘; r[ga(rﬁoaymr‘i’d?n_ (d, J=3.22 Hz, 1 H), 7.23 (br. 5., 1 H),
o i oyhpiperdint. | 717 .1 H), 7.05-7.11 (m, 1H), 665
82 I B (br.s., 1 H), 6.30 (br. s., 1 H), 4.93 (d, J =
N 13.46 Hz, 1 H), 4.75 (d, J = 12.88 Hz, 1
)NI\ /)N\ M Cyarggfgg"”]"f/?/f’y') H), 4.20 - 4.43 (m, 3 H), 3.04 -3.08 (m, 2
Q NN O/X ovelob tx|y1 a5 | H),285-291(m, 1H),210-218(m,2
N Yo ragines. | H). 202 (s, 2H), 1.91 (brs., 2 H), 1.66 -
o ' carboxarmide 1.71 (m, 3 H), 1.30 - 1.38 (m, 2 H), 1.15 -
i 1.26 (m, 3 H).
504.2 [M+Na]; (600 MHz, DMSO-d5) &
H N-[2R)-1- ppm 13.29 (br. s., 1 H), 8.48 - 8.49 (m, 1
e _ hydroxypropan-2- | H), 8.31(d, J=8.2Hz, 1H),8.18 d, J =
\ : oH yl]-6-[4-(1H- 84Hz, 1H),713-7.16 (m, 1 H), 7.04 (s,
. HNN—~ pyrazolo[3 4- | 1H), 4.90 (t, J=5.6 Hz, 1 H), 4.50 (br. s,
83 N blpyridin-3- 1H), 4.26 (d, J = 5.5 Hz, 2 H), 4.12 - 4.18
BN ypiperidin-1-yl- | (M, 1 H), 3.95-4.01 (m, 1 H), 3.76 - 3.81
Y 2-[(25)- (m, 1 H), 3.64 - 3.70 (m, 1 H), 3.44 - 3.49
N tetrahydrofuran-2- | (M, 3H),3.18-3.25(m, 3 H), 212(d, J=
: yimethoxylpyrimidi | 8.4 Hz, 2 H), 1.96 - 2.02 (m, 1 H), 1.78 -

ne-4-carboxamide

1.89 (m, 4 H), 1.64 - 1.70 (m, 1 H), 1.15
(d, J=6.8 Hz, 3 H).
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4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yll-N-
(bicyclo[1.1.1]pent
-1-y))-6-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-1,3,5-
triazine-2-
carboxamide

504.2; (600 MHz, DMSO-d;) 5 ppm 7.86
(d, J=3.07 Hz, 1 H), 7.20 - 7.26 (m, 1 H),
7.18 (d, J=8.63 Hz, 1 H), 7.09 (d, J =
8.63 Hz, 1 H), 6.66 (br. s., 2 H),
4.95(d, J=12.88Hz, 1 H),4.75(d, J =
12.73 Hz, 1 H), 4.68 (dd, J = 11.85, 5.56,
Hz, 1 H), 4.11 (dd, J= 11.78, 9.29 Hz, 1
H), 3.05 (t, J = 13.02 Hz, 2 H),
2.82-2.92 (m, 1 H), 2.45 (s, 1 H), 2.08 (s,
6 H), 1.99 (dt, J = 8.12, 5.56 Hz, 1 H),
1.91 (d, J=11.41 Hz, 2 H), 1.79 - 1.87
(m, 1 H), 1.64-1.72 (m, 2 H), 1.27 (dt, J =
8.49, 4.98 Hz, 1 H), 1.11-1.20 (m, 1 H).

4-(4-{[(2-
aminopyridin-3-
yhoxy]methyl}pipe
ridin-1-yl)-6-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}- V-
(2,2,2-
trifluoroethyl)-
1,3,5-triazine-2-
carboxamide

507.1; (600 MHz, DMSO-d;) & ppm 7.48
(d, J=4.98 Hz, 1 H), 6.98 (d, J = 7.76 Hz,
1H), 6.47 (dd, J= 7.68, 5.05 Hz, 1 H),
561 (s, 2 H), 4.91 (d, J= 13.32
Hz, 1 H), 4.65-4.75 (m, 2 H), 4.13 (t, J =
10.46 Hz, 1 H), 4.03 (d, J = 7.76 Hz, 2 H),
3.84 (dd, J = 5.93, 3.15 Hz, 2 H), 2.12
(or. s., 1 H), 1.96 - 2.03 (m, 1 H),
1.91-1.96 (m, 2 H), 1.84 (d, J = 8.34 Hz,
1H),1.27 - 1.36 (M, 3 H), 1.13 - 1.21 (m,
1H).

6-{4-[({2-amino-5-
[1-(2-
hydroxyethyl)-1H-
pyrazol-4-
yl]pyridin-3-
yl}oxy)methyl]pipe
ridin-1-yl}-N-ethyl-
2{[(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

555.3: (400 MHz, DMSO-de) & ppm 8.61
(t,J=6.0Hz, 1H), 8.02 (s, 1 H), 7.77 (d,
J=36Hz, 1H),7.20 (s, 1H), 697, 1
H), 5.60 (s, 2 H), 5.30 - 5.35 (m, 1 H),
4.91-4.94 (m, 2 H), 4.25 - 460 (m, 2 H),
4.10 - 414 (m, 2 H), 3.71 - 3.75 (m, 2 H),
3.26 - 3.37 (M, 5 H), 2.95 - 3.1 (m, 2 H),
2.09-222(m, 1H), 1.94 - 1.97 (m, 2 H),
1.24 - 1.34 (m, 5 H), 1.09 (t, J = 7.2 Hz, 3
H).

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-6-{[(1S5,2R)-2-
cyanocyclopropyl]
methoxy}- V-
(cyclopropylmethy
1)-1,3,5-triazine-2-
carboxamide

49.2; (400 MHz, CD;0D) & ppm 7.22 (d, J
= 8.8 Hz, 1 H), 7.14 (d, J = 8.4 Hz,1 H),
516 (d, J= 14.4 Hz, 1 H), 4.76 - 4.84 (m,
2 H), 3.30-3.35(m, 1 H), 3.27 (d, J= 7.2
Hz, 2 H), 3.16 (¢, J = 12.4 Hz, 2 H), 2.96 -
2.99 (M, 1 H), 2.04 (d, J=7.2 Hz, 2 H),
1.80 - 1.92 (m, 4 H), 1.31 - 1.38 (m, 1 H),
1.13-1.16 (m, 2 H), 0.54 (d, J= 4.4 Hz,
2 H), 0.33 (d, J = 5.2 Hz, 2 H).
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<
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4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-6-{[(1S5,2R)-2-
cyanocyclopropyl]
methoxy}- V-
cyclobutyl-1,3,5-
triazine-2-
carboxamide

492.2; (400 MHz, DMSO-d;) 5 ppm8.80
(d, J = 8.07 Hz, 1 H), 7.85 (br. s.,1 H),
7.18-7.26 (m, 2 H), 7.09 (d, J = 8.56 Hz,
1H), 6.67 (br. s., 2 H), 6.26 (br. s., 1 H),
4.95(d,J=1272Hz, 1 H), 476 (d, J =
14.06 Hz, 1 H), 4.69 (dd, J = 5.38, 11.98
Hz, 1 H), 4.31 - 4.42 (m, 1 H), 4.08 -4.17
(m, 1 H), 3.03 - 3.10 (m,
2H),2.88 (t, J=11.86 Hz, 1 H), 2.11 -
2.21 (m, 4 H), 1.89 - 2.04 (m, 3 H), 1.61 -
1.71 (M, 4 H), 1.21-1.32(m, 2 H), 1.12 -
1.21 (m, 1 H).
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4-[4-(5-amino-6-
carbamoylpyridin-

2-yl)piperidin-1-
yl-6-{[(1S5,2R)-2-

520.1; (400 MHz, DMSO-d¢) § ppm 9.34
t, J=6.8Hz 1H), 7.89 (s, 1 H), 7.26 (s,
1H),7.21(d, J=8.8Hz, 1H), 7.10(d, J =

89 cyanocyclopropyl] | 84 Hz, 1H), 6.68 (br.s., 2 H), 5.00 (d, J =
NQrN methoxy)}-NV- 14.8 Hz, 1 H), 4.70 - 4.80 (m, 2 H), 4.02 -
S 2.2.2- 4.16 (m, 3 H), 3.09 (t, J = 13.2 Hz, 2 H),
/l trifluoroethyl)- | 2.89-2.92 (m, 1 H), 1.81 - 2.01 (m, 3 H),
1.3 5-triazine-2- | 1.70-1.73 (m, 2 H), 1.17 - 1.30 (m, 3 H).
N7 carboxamide
@ 4-(4-{[(2- 491.2; (600 MHz, DMSO-dy) & ppm 9.13
O _thi aminopyridin-3- (s, 1H),7.48 (d, J = 5.27 Hz, 1 H), 7.05
yl)oxylmethylipipe | (d, J=7.61Hz, 1 H), 6.52 (dd, J = 7.61,
NI ridin-1-yl)-N- 5.27 Hz, 1 H), 4.88 (d, J = 12.88 Hz, 1 H),
90 A N (bicyclo[1.1.1]pent | 4.68 (t, J = 11.34 Hz, 2 H), 4.35 - 4.44 (m,
NN -1-yl)-6-[(1- 2 H), 4.33 (d, J=6.15 Hz, 1 H), 3.81 -
//C/ 0 _N cyanocyclopropyl) 3.93(m,2H),291-3.04(m, 2H), 245
d Z methoxyl-1,3,5- (s, 1H), 2.04 -2.16 (m,
(1/ triazine-2- 6 H), 1.87 - 1.98 (M, 2 H), 1.26 - 1.40 (m,
NT carboxamide 5H).
NH,
iz
F 4-(4-{[(2- 507.1; (600 MHz, DMSO-dg) & ppm 7.48
Ox-NH aminopyridin-3- | (d, J=4.98 Hz, 1 H), 6.98 (d, J = 7.61 Hz,
I yl)oxy]methyl}pipe | 1 H), 6.47 (dd, J = 7.68, 5.05 Hz, 1 H),
NTSN ridin-1-yl)-6-[(1- 5.56 - 5.65 (m, 2 H), 4.90 (d,
91 N cyanocyclopropyl) | J=13.02 Hz, 1 H), 4.71 (d, J= 13.02 Hz,
N"NT O N methoxyl-N- 1H), 4.38 - 4.45 (m, 2 H), 3.98 - 4.07 (m,
2 (2,2,2- 2 H), 3.80 - 3.86 (M, 2 H), 2.98 - 3.08 (m,
trifluoroethyl)- 2 H), 2.08 - 2.16 (m, 1H), 1.93
O 1,3,5-triazine-2- d,J=1215Hz, 2 H),1.29 -1.37 (M, 5
| _ carboxamide H),1.12-1.20 (m, 1 H).
N”" NH,
4-[4-({[2-amino-5-
> (1-methyl-1H- 533.1; (400 MHz, CDCl3) 8ppm 7.95 (s, 1
NHy HN imidazol-d- H), 7.61 = 7.72 (m, 1 H), 7.45 (s, 2 H),
= Wa s T Th 471 6 1) 456 481
N\ / = i .90 (m, ,4.71 (s, , 4.56 - 4,
92 \_CN—% N y”"ﬁgﬁ;??f'y’”y_'é‘_""e (m, 1 H), 4.45 - 4.50 (m, 1 H), 3.96 - 3.97
Z \ o {[(18,2R)-2- (m, 2 H), 3.45-3.49 (m, 2 H), 2.96 - 3.06
N cyanocyclopropyl] | (M. 1H),2.18-2.20 (m, 1 H), 1.80- 1.97
methoxy}-N-ethyl- | (M, 2H), 1.40 - 1.45 (m, 2 H), 1.20- 1.35
y 1.3,5-triazine-2- (m, 6 H), 0.80 - 0.88 (m, 1 H).
N carboxamide
R F .
F 4-[4-(5-amino-6- | 534 1: (400 MHz, DMSO-dy) & ppm 9.06
carbamoylpyridin- | (4 J=92Hz 1H),7.88 (s, 1 H), 7.21 -
"N 2-yhpiperidin-1- | 7 25 m 2 H), 7.10 (d, J = 8.4 Hz, 1 H),
. Nf y1-6-{[(1S.2R)-2- | 6.68 (s, 2 H), 4.95 (d, J = 13.6 Hz, 1 H),
93 HN— N N— N cyanocyclopropyl] | 469 -4.80 (m, 3 H), 4.11 - 4.16 (m, 1 H),
—N N=( methoxy}-N-[(2S)- | 3,00 (t, J=12.8 Hz, 2 H), 2.91 ¢, J=10.7
HoN o) 1.1.1- Hz, 1 H), 1.81-2.01 (m, 4 H), 1.70 - 1.72

XN

trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

(m, 2 H), 1.38 (d, J= 7.2 Hz, 3 H), 1.28 -
1.30 (m, 1 H), 1.17 - 1.19 (m, 1 H).
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4-(4-{[(2- 491.2; (600 MHz, DMSO-d,) 5ppm 7.48
@ aminopyridin-3- | (d, J=4.98 Hz, 1 H), 6.98 (d, J = 7.76 Hz,
Oy -NH yl)oxylmethylipipe | 1 H), 6.47 (dd, J = 7.68, 5.05 Hz, 1 H),
ridin-1-yl)-N- 5.60 (s, 2 H), 4.88 (d, J= 12.88
g NS (bicyclo[1.1.1]pent | Hz, 1 H), 4.63-4.73 (m, 2 H), 412 (d, J =
NN -1-y)-6-{[(1S.2R)- | 10.10 Hz, 1 H), 3.84 (dd, J = 6.07, 3.00
o 2- Hz, 2 H), 2.98 - 3.05 (m, 2 H), 2.45 (s, 1
cyanocyclopropyl] H),2.05-216 (m, 6 H), 1.89 - 2.02
Y o i methoxy}-1,3,5- | (m, 3H), 1.83 (d, J = 8.63 Hz, 1 H), 1.25 -
\ N triazine-2- 1.35 (m, 3 H), 1.16 (dd, J = 5.56, 3.22 Hz,
NH; carboxamide 1 H).
H
(N\ N 222 488.2; (400 MHz, CDCls) & ppm 9.48 (br.
h};\\/ difluorocyclopropy | 5. 1 H), 9.03 (s, 1 H), 9.05 (s, 1 H), 8.88
ymethoxy]-/V- (s, 1H),7.93(d, J=7.8Hz, 1H),7.16 (s,
[(2R)-1- 1H),7.00(d,J=2.0Hz, 1H),4.56-4.82
g5+ N hydroxypropan-2- | (m 1 H), 4.44 —4.53 (m, 1H), 4.33-4.37
N yll-6-[4-(7H- (m, 1 H), 419 - 4.26 (m, 1 H), 3.75 - 3.77
4 \>§o/*<]\ pyrrolo[2,3- (m, 1 H), 3.64 -3.68 (m, 1 H), 3.12 - 3.22
N F dlpyrimidin-3- | (m '3 H), 2.30 (br. s., 1 H), 2.10 - 2.20 (m,
0 y)piperidin-1- 3H), 1.73-1.81 (m, 2 H), 1.54 - 1.61 (m,
NH yllpyrimidine-4- 1 H), 1.25-1.36 (m, 5 H).
s~ carboxamide
HO B
Ne N 22,2
> , ' 488.2; (400 MHz, CDCl3) & ppm 9.48 (br.
EJL/ d'q)“r%g;%c"’]f’/r\/‘fpy 5. 1H), 9.03 (s, 1H), 9.05 (s, 1 H), 8.88
[(2R))f)1l- (s, 1H),7.93(,J=7.8Hz 1H),7.16 (s,
hydroxypropan-- | 1 M. 7.09(d, J=2.0Hz 1H), 456 - 4.82
96** N -6.04-(TH- (m, 1H), 4.44 — 4.53 (m, 1H), 4.33-4.37
)N y rolo[2.3. (m, 1 H), 4.19 - 4.26 (m, 1 H), 3.75- 3.77
Yo’ <I\ d]py iy (m, 1 H), 3.64 -3.68 (M, 1 H), 3.12 - 3.22
e FF yl)%peridin-1- (m, 3 H), 2.30 (br. s., 1 H), 2.10 - 2.20 (m,
i Jllpyrimidine-4- | 3. 1.73-1.81(m, 2H), 1.54 - 1.61 (m,
— carboxamde 1H), 1.25- 1.36 (m, 5 H).
HO %
4-(4-{[(2- 479.2; (600 MHz, DMSO-d,) & ppm 8.76
0w .NH aminopyridin-3- | (d, J=8.05 Hz, 1 H), 7.43 (d, J = 4.54 Hz,
I yhoxylmethyl}pipe | 1 H), 6.93 (d, J=7.61 Hz, 1 H), 6.42 (dd,
NN ridin-1-yl)-6- J=7.68,5.05Hz, 1 H), 5.55 (s, 2 H), 4.83
97* Y {[(1S,2R)-2- (d, J=12.59 Hz, 1 H), 4.60 - 4.68 (m, 2
N~ N7 o cyanocyclopropyl] | H), 4.25-4.35(m, 1 H), 4.03-4.09 (m, 1
(O methoxy}-N- H), 3.76 - 3.84 (m, 2 H), 2.96 (¢, J = 12.73
i cyclobutyl-1,3,5- Hz, 2 H), 2.04 - 2.15
-0 N triazine-2- (m, 5H), 1.73 - 1.81 (m, 3 H), 1.59 - 1.65
| P carboxamide (m,2H),1.19-1.31 (m, 3 H).
N~ “NH,
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H
N
[ "} 477.1; (400MHz, CD,0D) & ppm 8.17 (d, J
> 4-{[(15,2R)-2- =4.8Hz, 1H), 811(d,J=6.4Hz, 1H),
cyanocyclopropyl] | 721 (s, 1 H), 7.09 - 7.12 (m, 1 H), 5.16 (d,
methoxy}-N-[2R)- | J=10.8 Hz, 1 H), 4.97 (d, J= 12.8 Hz, 1
. N 1-hydroxypropan- | 1y 4.76-4.79 (m, 1 H), 4.32 (t, J= 10.7
98 ). 2-yll-6-[4-(1H- Hz, 1 H), 4.16 (d, J= 6.8 Hz, 1 H), 3.64
N \“L pyrrolo[2,3- d,J=52Hz, 2H), 322 J=128Hz,
7 blpyridin-3- 2 H),2.20 (d, J=13.6 Hz, 2 H), 1.90 -
o) yhpiperidin-1-yll- 4 93 (m, 2 H), 1.79 (d, J = 12.4 Hz, 2 H),
NH 1,3,5-triazine-2- | 136 (d, J=6.8 Hz, 3H), 1.27 (d, J= 6.8
\ carboxamide Hz, 3 H).
N
HO
4-[4-({[2-amino-5-
p (1-methyl-1H- 581.3; (400MHz, CD;0D) 8 ppm 7.88 (s, 1
imidazol-4- H), 7.64 (s, 1 H), 7.37 (s, 1 H), 7.30 (s, 1
e H4N2:o ypyridin-3- H), 5.06 - 5.13 (m, 1 H), 4.75- 4.78 (m, 1
= Noxyimethvhoioe | H). 4.71 (s, 1 H), 447 - 4.51 (m, 1 H),
99+ \ /4 N_<N— . 2 r’fgi}n_1_y|¥_2§ e 431 (t, J=7.20 Hz, 1 H), 4.02 (d, J = 6.4
N }\1_/< {{(1S,2R)-2- Hz,2H),3.76 (s, 3H),3.09( J=7.2Hz,
| \ O Cyanocyc'opropy'] 2 H), 2.30-2.35 (m, 2 H), 2.18-2.20 (m,
\ methoxy)-NV- 2 H), 2.06 - 2.08 (m, 2 H), 1.80 -1.90 (m, 4
cyclobutyl-1.3,5- | H), 1.30 - 1.45 (m, 5 H),1.10 - 1.15 (m, 1
7 triazine-2- H), 0.88 — 0.90 (m, 1 H).
carboxamide
4-[4-(5-amino-6- | 492.2; (400MHz, DMSO-dp) & ppm 8.89 (t,
- o carbamoylpyridin- | J=8.2Hz, 1 H), 7.87 (s, 1 H), 7.09 - 7.27

o>_ NH;

=\| N=

100 N, )N Wall
N

2-yl)piperidin-1-
yll-6-[(1-
cyanocyclopropyl)
methoxy]-/V-
(cyclopropylmethy
1)-1,3,5-triazine-2-
carboxamide

(m, 3H), 6.69 (s, 2 H),4.97(d, J=118
Hz, 1 H), 4.78 (d, J= 11.6 Hz 1 H), 4.42
(s, 2 H), 3.11 - 3.21 (m, 4 H), 2.90 (s, 1
H), 1.93 (d, J=15.6 Hz, 2 H), 1.66 - 1.72

(m, 2 H), 1.38 (s, 2 H), 1.26 (s, 2 H), 1.04

(s, 1H),0.42(d, J=7.8 Hz, 2 H), 0.24 (d,

J=3.6Hz, 2 H).

Nao-N

101*

N-[(2R)-1-
hydroxypropan-2-
yll-4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

470.1; (400MHz, CD;0D) & ppm 8.18 (d, J
=4.8Hz, 1H), 811(d, J=6.4Hz, 1H),
7.22(s,1H), 7.09-7.12 (m, 1 H), 5.46 -
5.50 (m, 1 H), 5.15 (d, J=10.8 Hz, 1 H),
4.92-4.96 (m, 1H),4.15-4.16 (m, 1 H),
3.57 - 3.65 (m, 4 H), 3.40 (s, 3 H), 3.19 -
3.25 (m, 3 H), 2.21 (d, J=13.6 Hz, 2 H),
1.76 -1.79 (m, 2 H), 1.37 (d, J= 6.8 Hz 3

H), 1.7 (d, J= 6.8 Hz, 3 H).
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OH 2-[(1- 476.2: (400 MHz, DMSO-ds) & ppm 11.36
g_ cyanocyclopropyl) (s 1 H), 8.18 - 8.22 (m, 2 H), 8.01 - 8.03
N methoxyl-N-[2R)- | (m, 1 H), 7.24 (d, J = 5.6 Hz, 1 H), 7.03 -
X o 1-hydroxypropan- | 7 oe(m, 2 H),4.86 - 4.89(m, 1 H),4.70 (br.
102* | HN— — 2-yl-6-[4-(1H- | 5. 1 H), 4.36 (s, 2 H), 3.98 - 4.00 (m, 1 H),
% N~ N pyrrolo[2,3- 3.43 -3.47 (m, 3 H), 3.13 - 3.40(m, 3
| N~4 blpyridin-3- H),2.05 - 2.09(m, 2 H), 1.62 - 1.65(m, 2
= o y)piperidin-1- H),1.37 - 1.39 (m, 2 H) , 1.22 - 1.24(m, 2
%/:N yllpyrimidine-4- H), 1.14 - 1.16(m, 3 H).
carboxamide
o
0 N O\<\ N- 478.2; (400MHz, DMSO-d6) &ppm 13.25
@\ = (bicyclo[1.1.1]pent | (br. s., 1 H), 8.85 (s, 1 H), 8.47 (dd, J =
N &l Y --yh)-4-{{(2R)-1- | 4.5,1.5Hz, 1 H), 8.30 (dd, J=8.1, 1.5,
H methoxypropan-2- | Hz, 1 H), 7.13 (dd, J=8.1, 4.5 Hz, 1 H),
103" N ylloxy}-6-[4-(1H- | 6.17 (s, 1 H), 5.42 - 5.52 (m, 1 H), 4.53 (d,
pyrazolo[3,4- J=10.8 Hz, 2 H), 3.42 - 3.52 (m, 2H),
blpyridin-3- 3.37 (d, J= 116 Hz, 1 H), 3.28 (br. s., 3
yhpiperidin-1- | H), 3.11 ¢, J = 11.6 Hz, 2 H), 2.45 (s, 1H),
N X yllpyrimidine-2- | 2.02-2.17 (m, 8 H), 1.71 - 1.92 (m, 2H),
N — carboxamide 1.23 (d, J=6.3 Hz, 3H).
NTN
N\\
\>q N- 485.2; (400 MHz, DMSO-d8) 3ppm
o P (bicyclo[1.1.1]pent | 13.25 (s, 1 H), 8.89 (s, 1 H), 8.48 (dd, J =
@\ >\\< = -1-yl)-4-[(1- 4.53,1.51 Hz, 1 H), 8.31 (d, J = 6.80 Hz,
N lil Y/ cyanocyclopropyl) 1H), 714 (dd, J=8.06, 4.53 Hz, 1 H),
104 H methoxy]-6-[4- | 6.32 (s, 1 H), 4.56 (br. s., 2 H), 4.40 (s, 2
N (1H-pyrazolo[3,4- | H), 3.36 - 3.48 (m, 2 H), 3.09 - 3.21 (m, 2
blpyridin-3- H), 2.46 (s, 1 H), 2.10 (s, 7 H), 1.75 - 1.88
yl)piperidin-1- (m, 2 H), 1.33 - 1.39 (m, 2 H), 1.21- 1.28
yl]pyrimidine-2- (m, 2 H).
carboxamide
Ci'r[g;(rifyrg;‘r‘i’é?r;_ 520.1; (400 MHz, DMSO-d6) ppm 9.35
o-yhpiperidini- | &J=8.0Hz 1H) 788 (s, 1H),7.27 s,
Vel 1 H), 7.08 - 7.20 (m, 2 H), 6.88 (s, 2 H),
497 (d,J=12.4Hz1H), 477 (d, J=124
105 Cyarggfgggmf’y') Hz, 1 H), 4.38 — 4.44 (m, 2 H), 4.01 t, J =
22.2. 9.6 Hz, 2 H), 3.08 (s, 2 H), 2.89 (s, 1 H),
trifluoroethyl)- 1.90 (d, J=13.6 Hz, 2 H), 1.71 - 1.74 (m,
13 5-triagine-2. | 2H)1:36-1 .39(m,5| H), 1.22 - 1.25 (m, 2
carboxamide ).
cE 4-[4-(5-amino-6- 534.1; (400 MHz, DMSO-d8) 3ppm
F carbamoylpyridin- | 9 08 (d, J= 9.6 Hz, 1 H), 7.86 (s, 1 H),
2-yhpiperidin-1- | 7 57 (5 1 H), 7.20 (d, J = 8.8 Hz, 1H) 7.08
HN yll-6-[(1- (d, J=8.8Hz, 1H), 668 (s, 2 H), 4.93 (d,
106* Nfo cyanocyclopropyl) | j=13.6 Hz, 1 H), 4.78 (d, J = 14.4 Hz, 2
AN N N methoxy]-N-[2S)- | H) 4.37-4.45 (m, 2 H), 3.08 (s, 2 H),
=N M~ N 11 2.89 (s, 1H),1.92 (d, J=11.6 Hz, 2 H),
HoN O\ __n | triflucropropan-2- | 16g.1.71(m, 2 H), 1.37- 1.38 (m, 5 H),
o} Q/ yi-1 ,3,5-tr|az.|ne- 1.22 -1.25 (m, 2 H).
2-carboxamide
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o 4- 453.1; (400 MHz, DMSO-d6) ppm
S_ (cyclopropylmetho | 13 35 (s, 1 H), 8.47 - 8.48 (m, 1 H), 8.30 -
HN xy)-N-[(2R)-1- 8.34 (M, 2 H), 7.12 -7.15 (m, 1 H), 4.86 -
107* \ o hydroxypropan-2- | 490 (m, 2 H), 4.72 - 4.75(m, 1 H), 4.18 -
HN-T N yll-6-[4-(1H- 419 (m, 2 H), 3.85-3.95 (m, 2 H), 3.40 -
J N—( pyrazolo[3,4- 3.44 (m, 2 H), 3.21-3.23 (m, 2 H), 2.10 -
N N blpyridin-3-
N~ Jpyridi 2.14 (m, 2 H), 1.80- 1.83 (m, 2 H), 1.23 -
x 5 yhpiperidin-1-yll- | 1 25 (m 2 H), 1.11 -1.13 (m, 3 H), 0.54 -
‘B 1,3,5-triazine-2- 0.57 (m, 2 H), 0.33 - 0.37 (m, 2 H).
carboxamide
5 s 5 466.3; (600MHz, DMSO-d6) Sppm 8.56
(d,J=8.2Hz, 1H),847(dd, J=4.5 1.0
O\ }\\<\N\ { N'C?’[‘("Z‘,’g‘ﬂ‘f"“' Hz, 1 H), 8.30 (dd, J = 8.0, 1.0 Hz, 1 H),
N 7.13 (dd, J = 8.0, 4.5 Hz, 1 H), 6.17 (s,
Ho N~ mﬁg“”;}’é’_r[‘;"_’a”,jf' 1H), 5.42 - 5.51 (m, 1 H), 4.53 (br. s., 2
108* N y )?;zolo[S . H), 4.37 (sxt, J = 8.3 Hz, 1 H), 3.46 - 3.52
pg]pyridm_é_ (m, 1H),3.34-3.46 (m, 2 H), 311 (t, J =
JDpiperidin.i- 11.9 Hz, 2 H), 2.52 - 2.55 (m, 3 H), 2.16 -
Jlipyrimidine-2- 222 (m, 2 H), 213 (t, J = 9.4 Hz, 2 H),
T X catboxamide | 207 (@, J=11.4 Hz, 2 H), 1.74 - 1.86 (m, 2
\ _ H), 1.61-1.69 (m, 2 H), 1.23 (d, J = 6.4
N™ N Hz, 3 H).
4-[4-({[2-amino-5-
> (1-methyl-1H- 1 533 2: (400 MHz, CD,0D) 5 ppm 7.55 (s,
Ak ™ imidazol-4- 1H), 7.43 (s, 1 H), 7.38 (s, 1 H), 7.32 (s, 1
N 5 N=2= yhpyridin-3- H), 5.05 — 5.11 (m, 1 H), 4.38 - 4.49 (m, 2
109 N7 NN ylloxy}methypipe | H)'3.97 (d, J = 6.0 Hz, 2 H), 3.74 (s, 3 H),
N~ N ridin-1-yll-6-[(1- [ 342 (g, J=7.2Hz, 2 H), 3.09-3.11 (m, 2
L, O\ _—n | cyanocyclopropyl) | Hy 221.2.23 (m, 1 H), 1.98 — 2.11 (m, 2
\ _a/ methoxy]-N-ethyl- H), 1.19-1.35 (m, 11 H).
1,3,5-triazine-2-
carboxamide
N
1l N- .
[ | ovsotl s spon | 455 00Uz oUs000 oo
— -1-y)-4-{[(1S,2R)- ' 4 1oz, 1H), ©. '
N 2 T 625 (61 1. 468 (@
N z, , 6.27 (s, , 4. ,
110* 0 N N Cyrﬂgﬁh?d?-%r.c[)f}”] J=11.8,55Hz, 1 H), 4.55 (br. s., 2 H),
W AH. rgom[s 4 | 408(dd, J=117,01Hz, 1H), 312 J
N N b]F:Jyyridin-S-, =11.9 Hz, 2 H), 2.45 (s, 1 H), 2.07 (br. s.,
JDpiperidin.i- 9 H), 1.93-2.01 (m, 1 H),
0% NH pyrimidine-2. | 1-74=1.89 (m, 3H), 1.28 (dt, J=8.5,5.0
! ycarboxamide Hz, 1 H), 1.13 (9, J = 5.5 Hz, 1 H).
H 4-{[(1S,2R)-2- 474 .1; (400 MHz, CD;OD) 8ppm 8.47 -
I Al methoxy}-N- 7.22 (m, 1H), 5.13-5.16 (m, 1 H), 4.89 -
R N cyclobutyl-6-[4- | 4.96 (M, 2H), 4.75-4.77 (m, 1 H), 4.50 -
M et (ARorazasa | 452 (m 1404 o
= pyridin-3- - ; 1 9.£9 - 0. : 1 £:99 -
O\& yl)piperidin-1-yl]- 237(m,2H),219-222(m, 4 H), 1.80-
Ney 1.3 5-triazine-2. | 1.88 (M, 6 H), 1.38 - 1.39 (m, 1 H), 1.14 -
H carboxamide 1.15 (m, 1 H).
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4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl-6-[(1-
cyanocyclopropyl)
methoxy]-/V-
cyclobutyl-1,3,5-
triazine-2-
carboxamide

581.4 [M+Na]’; (400 MHz, CD;OD) 8ppm
7.88 (s, 1 H), 7.64 (s, 1 H), 7.37 (s, 1 H),
7.30 (s, 1 H), 5.10 = 5.13 (m, 1 H), 4.46 -
4.49 (m, 4 H), 4.02 (d, J = 6.0 Hz, 2 H),
3.76 (s, 3 H), 3.10 - 3.16 (m, 2 H), 2.30 -
2.38 (M, 3 H), 2.20 - 2.24 (m, 2 H), 2.06 -
2.10 (m, 2 H), 1.76 - 1.80 (m, 2 H), 1.38 -
1.46 (M, 4 H), 1.28 -1.30 (m, 2 H)

113*

("
HN
HN\ Ntezo
N
N7 \<\ /N
g v~

4-
(cyclopropylmetho
xy)-N-[(2R)-1-
hydroxypropan-2-
yl1-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

452.2; (400 MHz, CD,0D) Sppm 8.18 (d, J
= 4.0 Hz, 1 H), 8.02 (dd, J=7.6, 1.2 Hz, 1
H), 7.21 (s, 1 H), 7.09 - 7.12 (m, 1 H),
515 (d, J = 14.0 Hz, 1 H), 4.96 (s, 1 H),
4.27 (d, J=6.8Hz, 2 H), 4.14 - 4.18 (m, 1
H), 3.64 (d, J=4.0 Hz, 2 H), 3.17 - 3.26
(m, 3 H), 217 - 2.20 (m, 2 H), 1.74 -1.78
(m, 2 H), 1.27 - 1.33 (m, 4 H), 0.65 (d, J =
4.8 Hz, 2 H), 0.40 (d, J = 4.4 Hz, 2 H).

114*

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]- V-
(bicyclo[1.1.1]pent
-1-y))-6-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-1,3,5-
triazine-2-
carboxamide

571.3; (400 MHz, CD,OD) 5ppm 7.88 (s, 1
H), 7.64 (s, 1 H), 7.42 (s, 1 H), 7.37 (s, 1
H), 5.07 — 5.15 (m, 1 H), 4.75 (d, J = 3.2
Hz, 2 H), 4.28 - 4.31 (m, 1 H), 4.02 (d, J =

6.4 Hz, 2 H), 3.76 (s, 3 H), 3.05- 3.11 (m,
2 H), 2.49 (s, 1 H), 2.28 - 2.30 (m, 1 H),
221 (s, 6 H), 2.05-2.10(d, 2 H), 1.86 -
1.92 (m, 2 H), 1.35-1.45 (m, 3 H), 1.12 -

1.15 (m, 1 H).

115*

\ /~o HN
(’N\ \\C\N N$O
! r\u(N
O
N7
B
A

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl]-6-
(cyclopropylmetho
xy)-N-[(2R)-1-
hydroxypropan-2-
yl]-1,3,5-triazine-
2-carboxamide

471.2; (400 MHz, DMSO-dg)ppm 8.29 -
8.31(m, 1 H), 7.87 (s, 1 H), 7.26 (s, 1 H),
7.19(d, J= 8.6 Hz, 1 H), 7.09 (d, J = 8.6
Hz, 1 H), 6.68 (s, 2 H), 4.85-4.90 (m, 2
H), 4.74-4.77 (m, 1 H), 4.16 - 418 (m, 2
H), 3.88 -3.95 (m, 1 H), 3.40 - 3.44 (m, 1
H), 3.02 - 3.05 (m, 2 H), 2.87 -2.90 (m, 1
H), 1.90 - 1.93 (m, 2 H), 1.66 - 1.69 (m, 2
H), 1.23 -1.25 (m, 1 H), 1.11 - 1.13 (m, 3
H), 0.55 - 0.58 (m, 2 H), 0.34 - 0.36 (m, 2
H).

116*

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-ethyl-
6-{[(2R)-1-
methoxypropan-2-
ylloxy}-1,3,5-
triazine-2-
carboxamide

526.2; (400 MHz, CDCl;) 8 ppm 7.97 (s, 1
H), 7.80 - 7.82 (m, 1 H), 7.45 (s, 2 H),
7.10 (s, 1 H), 5.43 - 5.48 (m, 1 H), 5.08 -
5.10 (m, 1 H), 4.83 - 4.85 (m, 1 H), 4.62
(s, 2 H),3.95 (t, J= 4.8 Hz, 2 H), 3.71 (s,
3 H), 3.61-3.64 (m, 1 H), 3.44 - 3.47 (m, 3
H), 3.40 (s, 3 H), 2.95 - 3.05 (m, 2 H),
2.19-2.21 (m, 1 H), 1.95 -1.98 (m, 2 H),
1.28-1.38 (m, 5H), 1.22 (t, J= 7.2 Hz, 3
H).
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4-[4-({[2-amino-5-

(1-methyl-1H-
N N2 i midazol-d- 571.2; (400 MHz, CD;0OD)s ppm 7.88 (s, 1
( yDpyridin-3- H), 7.74 (s, 1 H), 7.50 (s, 1 H), 7.44 (s, 1
N 7Q HN yiloxyymethypipe | H), 5.10 - 5.11 (br. s., 1 H), 4.44 - 4.50 (m,
17 | ¢ | PLE ridin-1-yl}-N- 2H),4.03-4.05(m, 2H),3.78 (s, 3 H),
N \(l}l N (bicyclo[1.1.1]pent 310-3.12(m, 2H), 2.50 (s, 1 H), 2.00 -
! “1oyl)-6-[(1- 2.30 (m, 10 H), 1.35 - 1.45 (m, 4 H), 1.24
© | cyanocyclopropyl) (s,2H).
=N methoxy]-1,3,5-
triazine-2-
carboxamide
R 4-[4-(5-amino-6- | 507.2; (400 MHz, DMSO-dg)5 ppm 8.31 -
F carbamoylpyridin- | 8.33(m, 1H), 7.87 (s, 1 H), 7.26 (s, 1 H),
2-ypiperidin-1- | 7.19(d, J=8.8 Hz, 1H),7.09 (d, J= 8.8
. o VI]-6-[(2,2- Hz, 1 H), 6.69 (s, 2 H), 4.85-4.86 (m, 2
118 L difluorocyclopropy | H), 4.74-4.79 (m, 1 H), 4.22 - 4.30 (m, 1
NTSN methoxy]-N- H), 3.90 - 3.95 (m, 1 H), 3.85 — 3.90 (m,
[(2R)-1- 1H), 3.22-3.44 (m, 5 H), 3.05-3.10 (m, 2
hydroxypropan-2- | H). 1.91-1.93 (m, 2H), 1.65-1.75 (m, 2
yI-1.3 5triazine- | H). 123 =127 (m, 2H), 1.11-1.13 (m, 3
2-carboxamide H).
N
~
¢ :
0 (bicyclo[1.1.1]pent
/k -1-yl)-4-[(1- 487.2; (400 MHz, CD;0D) 6 ppm 9.38 (s,
H N= N Cyanocyc'opropy') 1 H), 893 (S, 1 H), 513 '516 (m, 1 H),
119 N ~ /Ik methoxy]-6-[4- 445-463 (M, 3H),3.57-360(m,1H),
N N (1H-pyrazolo[3,4- 3.20-323(m, 1H),2.50 (s, 1H),221-
@] d]pyrimidin-3- 228 (m,8H),2.00-203(m,2H),1.38-
_N yl)piperidin-1-yl]- 1.41 (m, 2H), 1.25-1.28 (m, 3 H).
NH | 1,3,5-triazine-2-
Zn carboxamide
NN
< X N-
(bicyclo[1.1.1]pent
HN -1-yl)-4-{[(1S,2R)- | 487.2; (400 MHz, CD;0D) & ppm 9.41 (s,
2. 1H), 895(s, 1H),513-516 (m, 1 H),
. cvanocvclopropyl 476-484 (m,2H),4.29-436 (m,1H),
120 ymethgxy}_%_[fy 'l 558361 (m, 1 H), 3.20- 3.28 (m, 1 H),
(1H-pyrazolo[3.4- | 2.49 (s, 1 H), 2.21-2.28 (m, 8 H), 1.87 -
dlpyrimidin-3- 1.91 (m, 4 H), 1.31 -1.37 (m, 2 H), 1.12 -
yl)piperidin-1-yl]- 1.14 (m, 1 H).
1,3,5-triazine-2-
N// carboxamide
N-
H (bicyclo[1.1.1]pent
Ox-N -1-y)-4-{[(15,2R)- 486.2; (400 MHz, CD;0D) & ppm 8.35 (s,
ﬁ 5. 1H), 8.24 (s, 1 H),7.61 (s, 1H),5.16 -
N NN c 5.20 (m, 1 H), 4.56 - 4.62 (m, 2 H), 4.29 -
* yanocyclopropyl] , ) ; )
121 Nf\o \NAN methoxy}-6-[4- 4.36 (M, 1 H),3.19-3.25 (m, 1 H), 2.49

(5H-pyrrolo[2,3-
b]pyrazin-7-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

(s, 1H), 1.95-2.21 (m, 8 H), 1.87 -1.92
(m, 4 H), 1.34 - 1.37 (m, 2 H), 1.14 - 1.15
(m, 1 H).
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122

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yll-N-
(bicyclo[1.1.1]pent
-1-yh)-6-[(1-
cyanocyclopropyl)
methoxy]-1,3,5-
triazine-2-
carboxamide

504.2; (400 MHz, CD;0D) & ppm 7.17 (d,

J=8.4Hz 1H),7.09(d, J=84Hz 1H),
512 (d, J=9.6 Hz, 1 H), 4.82 (d, J = 4.0
Hz, 1 H), 4.39-4.46 (m, 2 H), 3.11 (t, J =
12.8 Hz, 2 H), 2.91 - 2.94 (m, 1 H), 2.46

(s, 1H),2.17 (s, 6 H), 1.97 —2.00 (m, 2

H), 1.75-1.81 (m, 2 H), 1.34 - 1.37 (m, 2

H), 1.20 - 1.23 (m, 2 H).

123*

N-[(2R)-1-
hydroxypropan-2-
yll-4-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
6-[(25)-
tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-
carboxamide

482.2; (400 MHz, CDCl3) & ppm 9.55 (s, 1
H), 8.29 (d, J=4.4 Hz, 1 H), 7.93 - 8.00
(m, 2 H), 7.06 -7.09 (m, 2 H), 5.09 (d, J =
12.4 Hz, 1 H), 4.92 (d, J = 12.4 Hz, 1H),
4.28 - 439 (m, 4 H), 3.92 - 3.94 (m, 1 H),
3.79 - 3.83 (M, 2 H), 3.69 - 3.76 (m, 1 H),
3.08 - 3.14 (m, 3 H), 2.08 - 2.13 (m, 4 H),
1.95 - 2.07 (m, 2 H), 1.70 - 1.76 (m, 3 H),

1.29 (d, J= 6.8 Hz, 3 H).

134*

6-[4-({[2-amino-5-
(1-methyl-1H-
1,2,3-triazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}- V-
ethylpyrimidine-4-
carboxamide

533.2; (400MHz, CDCly) & ppm 7.96 (s, 1
H), 7.83-7.93 (m, 1 H), 7.71 (s, 1 H),
7.60 (s, 1 H), 7.14 (s, 1 H), 4.88 - 5.02 (m,
2H), 449 (t, J=6.4Hz, 2 H), 4.15 (s, 3
H), 3.99 (d, J=6.0 Hz, 2 H), 3.44 - 3.49
(m, 2 H), 2.94 - 3.09 (m, 2 H), 2.14 — 2.28
(m, 1 H), 1.98 -2.01 (m, 2 H), 1.85 - 1.87
(m, 1 H), 1.68 - 1.70 (m, 2 H), 1.34 - 1.36
(M, 3H),1.24 (t, J=7.2Hz, 4 H), 1.14 -
1.16 (m, 1H).

135*

N-

(bicyclo[1.1.1]pent

-1-yD)-4-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}-6-[4-(4-
methyl-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

500.1; (400 MHz, CD,OD) sppm 8.31 (d, J
=4.8Hz, 1H), 6.98(d,J=48Hz, 1H),
513-5.16 (m, 1 H), 4.88 - 4.93 (m, 1 H),
4.77-4.88 (m, 1 H), 4.28 -4.31 (m, 1 H),
3.60 - 3.63 (M, 1 H), 3.24 - 3.31 (m, 2 H),
2.80 (s, 3 H), 2.48 (s, 1 H), 2.16 -2.20 (m,
8 H), 1.85-1.94 (m, 4 H), 1.34 - 1.36 (m,

1H), 1.12-1.13 (m, 1 H).

136

6-[(3R,4R)-4-{[(4-
aminopyrimidin-5-
yl)oxy]methyl}-3-
fluoropiperidin-1-
yll-N-
(bicyclo[1.1.1]pent
-1-yD)-2-{[(1S,2R)-
2.

cyanocyclopropyl]
methoxy}pyrimidin
e-4-carboxamide

531.0[M+Na]’; (400 MHz, CDCls) & ppm
8.26 (s, 1 H), 8.16 (s, 1 H), 7.90 (s, 1 H),
7.13 (s, 1 H), 5.13 (s, 2 H), 4.85 - 4.90 (m,
0.5 H), 4.52 - 4.57 (m, 1.5 H), 4.38 - 4.43
(M, 2 H), 4.18 (s, 2 H), 3.02 - 3.07 (M, 2
H), 2.49 (s, 2 H), 2.28 - 2.32 (m, 1 H),
218 (s, 6 H), 2.05- 2.08 (m, 1 H), 1.84 -
1.86 (m, 1 H), 1.68 - 1.70 (m, 2 H), 1.57 -
1.59 (m, 1 H), 1.33-1.35 (m, 1 H), 1.13 -
1.15 (m, 1H).
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6-[(3R,4R)-4-{[(4-
aminopyrimidin-5-
yl)oxy]methyl}-3-

fluoropiperidin-1-

509.2; (400 MHz, CDCl;) 8 ppm 8.26 (s, 1
H), 8.16 (s, 1 H), 7.90 (s, 1 H), 7.13 (s, 1
H), 5.13 (s, 2 H), 4.85 - 4.90 (m, 0.5 H),
4.52 - 4.57 (m, 1.5 H), 4.38 - 4.43 (m, 2

137 (bicyclg|[]1/\1l tpent | . ). 4.18(s,2H), 3.02-3.07 (m, 2 H),
oy)-2-{[(1S.2R)- | 249 (5,2H),2.28-2.32 (m, 1H), 218 (s,
5 6 H), 2.05 - 2.08 (m, 1 H), 1.84 - 1.86 (m,
1 H), 1.68 - 1.70 (m, 2 H), 1.57 -1.59 (m, 1
cyanocyclopropyll | © " f's’ 435 "1 H) 113 - 1.15 (m,
methoxy}pyrimidin 1H)
;{1 I e-4-carboxamide .
6-[4-({[2-amino-5- | 548 1: (400 MHz, CDCls) & ppm 7.96 (s, 1
(1-methyl-1H- H), 7.86 - 7.94 (m, 1 H), 7.71 (s, 1 H),
NH, N 1.2,3-triazol-4- | 7 59 (s, 1 H), 7.09 (s, 1 H), 5.33 - 5.38 (m,
N= o yDpyridin-3- 1H), 4.78 (s, 2 H), 4.44 - 4.68 (m, 2 H),
138* Wa: — ylloxy}methylpipe | 415 (s, 3 H), 3.98 (d, J = 6.4 Hz, 2 H),
" M\ ridin-1-yll-N-ethyl- | 3 66 -3.70 (m, 1 H), 3.42 - 3.52 (m, 6 H),
o o= 2-{[(2R)-1- 2.92-3.00 (M, 2H), 2.18 - 2.31 (m, 1 H),
N d | methoxypropan-2- | 199 (d, J=13.2 Hz, 2 H), 1.34 - 1.46 (m,
ylloxy}pyrimidine- 5H), 1.23 (t, J =7.6 Hz, 3 H).
4-carboxamide
o Sﬁ 6-(4-{[(2- 490.1; (400 MHz, DMSO-de) & ppm 8.93
NH NH aminopyridin-3- | (s 1 H), 7.49 (d, J = 4.4 Hz, 1 H), 6.98 -
2 yhoxylmethylipipe | 700 (m, 2 H), 6.48 (d, J= 7.6 Hz, 1 H),
i e AN ridin-1-y))-N- 5.65 (s, 2 H), 4.30 - 4.70 (m, 3 H), 4.05 (d,
139 _ \/CN = (bicyclo[1.1.1]pent | j= 12.0 Hz, 1 H), 3.84 (d, J = 6.4 Hz, 2 H),
-1-yD-2-{[(1S.2R)- | 3.01 (br. s., 2 H), 2.46 (s, 1 H), 2.10 (5, 6
2- H), 1.92-2.02 (m, 3 H), 1.76 - 1.87 (m, 1
cyanocyclopropyl] | H) 1.24-1.31 (m, 4 H), 1.12-1.14 (m, 1
methoxy}pyrimidin H).
y e-4-carboxamide
N
6-[4-({[2-amino-5- 532.2; (700 MHz, DMSO-d6) 3ppm
(1-methyl-1H- 8.56 (t, J = 6.06 Hz, 1 H), 7.57 (s, 1 H),
o imidazol-5- 7.51 (d, J=1.88 Hz, 1 H), 7.00 (d, J =
~ yDpyridin-3- 1.54 Hz, 1 H), 6.93 (s, 1 H), 6.85 (s, 1
140* | N ylloxy}methyl)pipe | H), 5.81 (s, 2 H), 4.59 (dd, J = 11.96, 5.30
VOJ\\N " N ridin-1-yl]-2- Hz, 1 H), 3.99 (dd, J = 11.87, 9.48 Hz, 1
O\/o L {{(18,2R)-2- H), 3.83 (d, J=6.32 Hz, 3 H), 3.17 - 3.23
| | '\ | cyanocyclopropyl] | (m, 1H), 2.96 (br.s., 1H), 2.04-2.12 (m,
HaNT N methoxy}-N- 1H), 1.81-1.93 (m, 4 H), 1.73 - 1.78 (m,
ethylpyrimidine-4- | 1 H), 1.19 - 1.27 (m, 4 H), 1.00 - 1.06 (m,
carboxamide 6 H).
. 525.2; (600 MHz, DMSO-d6) 3ppm 8.58
G'Eﬁgg{ﬁﬁ'{‘fis‘ (t, J=6.15Hz, 1 H), 7.63 (s, 1 H), 7.58 (d,
oMl idazol5 J=1.90Hz, 1H), 7.07 (d, J=1.76 Hz, 1
X v | B 685l 1 681 L 572
. NZ . , 5. quind, J=6.31, 4. z, ,
14 (LO)\\N L, . }’I'gjcl’:yfr;ﬁt,r{,ygﬁ:sf 3.90 (d, J = 6.29 Hz, 3 H), 3.60 (s, 3 H),
P O\/O - IN> 5{{(2R)1- 3.42-3.52 (m, 1 H), 3.24 - 3.30 (m, 3 H),

methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

3.01 (br. s., 1 H), 2.07 - 2.18 (m, 1 H),
1.93 (d, J=12.29 Hz, 3 H), 1.87 (s, 2 H),
1.26 - 1.32 (m, 2 H), 1.21 - 1.26 (m, 4 H),

1.04 - 1.11 (m, 4 H).
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6-[4-({[2-amino-5-
(1,5-dimethyl-1H-

569.0 [M+Na]"; (400 MHz, CDCl5) & ppm
7.82-7.88 (m, 1 H), 7.80 (s, 1 H), 7.47 (s,

Wk o 1,2,3-triazol-4- | 1 H) 713 (s, 1 H), 4.93 (br. s., 2 H), 4.43
N 5 _ yhpyridin-3- -4.52 (m, 2 H),4.00 (s, 3H),3.98(d, J=
142* 7 \_CN T\ ylloxyymethypipe | 64 Hz, 2 H), 3.43 - 3.50 (m, 2 H), 2.93 -
N~ N—4{ ridin-1-yl]-2- 3.25 (M, 2 H), 2.45 (s, 3 H), 2.19 - 2.20
N, o) {[(1S,2R)-2- (m, 1H),1.97 (d, J=11.2Hz, 2 H), 1.91 -
\ cyanocyclopropyl] | 195 (m, 1 H), 1.65-1.69 (m, 1 H), 1.30 -
, methoxy}-N- 1.34 (M, 4 H), 1.24 (t, J=7.2 Hz, 3 H)
i ethylpyrlmldllne-4- 1.14 - 1.15 (m, 2 H).
carboxamide
% OH .
— 6-[4-(5-amino-6- | 506 2; (400 MHz, CD;0D) & ppm 7.20 -
HN carbamoylpyridin- 7 22 (m, 1 H), 7.12-7.14 (m, 2 H), 4.54 -
o) 2-yhpiperidin-1- | 4 56 (m, 2 H), 4.31 - 4.36 (m, 1 H), 4.14 -
143 — — - Yl-2-[(2,2- 4.15(m, 1H), 3.62 (d, J= 4.8 Hz, 2 H),
. HaN—\ 4 _jN N difluorocyclopropy | 314-317 (m, 2 H), 2.97 - 3.00 (M, 1 H),
N N_<o ymethoxy]-/V- 220 -2.21 (m, 1 H), 2.02 - 2.05 (m, 2 H),
N [(2R)-1- 1.81-1.84 (m, 2 H), 1.62 -1.64 (m, 1 H),
hydroxypropan-2- | 136 - 1.39 (m, 2 H), 1.26 (d, J=6.4 Hz, 3
E yl]pyrimidine-4- H).
F carboxamide
481.3; (700 MHz, DMSO-d6) 3ppm
o o} N-[(2R)-1- 11.33 (br. s., 1 H), 11.29 - 11.36 (m, 1 H),
Q N:( hydroxypropan-2- | 8.11-8.20 (m, 2 H), 8.01 (d, J = 7.86 Hz,
)\ (N yl]-6-[4-(1H- 1H),7.23(d, J=1.02 Hz, 1 H), 6.96 -
HO N Y pyrrolo[2,3- 7.04 (m, 2 H), 4.24 (d, J= 5.64 Hz, 3 H),
160* \ blpyridin-3- 4.10-4.18 (m, 1 H), 3.90 - 3.99 (m, 1 H),
yhpiperidin-1-yll- | 3.77 (g, J= 7.00 Hz, 1 H), 3.61 - 3.69 (m,
2-[(2R)- 1H), 3.33-3.52 (m, 1 H), 3.09 - 3.17 (m,
tetrahydrofuran-2- | 1 H), 1.99-2.10 (m, 3 H), 1.94 - 2.00 (m,
I~ ylmethoxylpyrimidi [ 1 H), 1.85 - 1.90 (m, 1 H), 1.79 - 1.85 (m,
| _ ne-4-carboxamide 1 H), 1.56-1.69 (m, 4 H), 1.23 (s, 1 H),
NN 1.13 (d, J=6.83 Hz, 4 H).
6-[4-({[2-amino-5- | 526 1; (400 MHz, CDCl,) & ppm 7.88 (t, J
(1-methyl-1H- =56Hz 1H),7.73(d, J=2.0Hz, 1H),
NH i 1,2,3-triazol-5- 7.68 (s, 1H),7.10(s,1H),6.86 (d, J =
2
N 0 yDpyridin-3- 1.6 Hz, 1 H), 5.30 - 5.35 (m, 1 H), 4.96 (s,
161* Wt = ylloxyymethyl)pipe | 2 1) 460 (br. s., 2 H), 4.05 (s, 3 H), 3.89
\y "ML . ridin-1-yll-N-ethyl- | _'3 91 (m, 2 H), 3.52 - 3.67 (m, 1 H), 3.47 -
d °_§_ 2-{[(2R)-1- 3.51 (m, 6 H), 3.30 - 3.42 (m, 2 H), 2.22
N o | methoxypropan-2- | (br s 1 H), 1.96- 1.99 (m, 2 H), 1.38 -
| ylloxy}pyrimidine- 1.42 (m, 5 H), 1.21-1.23 (m, 3 H).
4-carboxamide
6-[4-({{2-amino-5- | 562.1 [M+Na]"; (400 MHz, CDCl;) 5 ppm
(1,5-dimethyl-1H- | 7.82-7.88 (m, 1 H), 7.82 (s, 1H), 7.47 (s,
1234riazok4- | 1H).7.08 (s, 1H),530-5.34 (m, 1H),
* i . s , 9. s = 0. Z, s
162 AT }','2,??;??2,"2&'5? 3.65-3.69 (m, 1 H), 3.41-3.51 (m, 2 H),
— N ’O 2-[(2R)-1- 3.41 (s 3 H), 2.95 - 2.99 (m, 2 H), 2.53 (s,
/N\N"N _\_o methoxypropan_z_ 3 H), 215 - 225 (m, 1 H), 195 - 197 (m,
\ 2 H), 1.30-1.40 (M, 5 H), 1.19 - 1.20 (m,

ylloxy}pyrimidine-
4-carboxamide

3 H).
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163*

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-/N-
[(25)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

545.0; (400 MHz, CDCl3) & ppm 7.86 -

7.91 (m, 2 H), 7.09 (d, J = 8.4 Hz, 1 H),

7.01 (d, J= 8.4 Hz, 1 H), 5.86 (br. s., 2
H), 5.32 (s, 1 H),5.09- 5.12 (m, 1 H), 4.85
-4.92 (m, 2 H), 4.45 - 4.53 (m, 2 H), 3.05 -
3.15 (m, 2 H), 2.90 - 2.92 (m, 1 H), 2.10 -
2.20 (m, 1 H), 2.02 - 2.05 (m, 2 H), 1.76 -
1.81 (m, 2 H), 1.59 - 1.63 (m, 1 H), 1.42 -

1.44 (m, 3 H), 1.34 - 1.39 (m, 1 H).

164

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-/N-
[(25)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

545.0; (400 MHz, CDCl3) & ppm 7.89 -
7.91 (m, 2 H), 7.09 - 7.11 (d, J = 8.4 Hz, 1
H), 7.01 (d, J = 8.4 Hz, 1 H), 5.66 (br. s., 1
H), 5.09-5.12 (m, 1 H), 4.85 - 4.92 (m, 2
H), 4.43 - 4.53 (m, 2 H), 3.08 - 3.12 (m, 2
H), 2.85-2.90 (m, 1 H), 2.10 - 2.20 (m, 1
H), 2.02-2.05 (m, 2 H), 1.74 - 1.80 (m, 2
H), 1.61 -1.63 (m, 1 H), 1.42 - 1.44 (m, 3

H), 1.33 - 1.35 (m, 1H).

165*

0
gy
o N
HoN N | HNI
NS P
F
YLF
0
g
0 N7ON
o /Nl HN
HoN S FIF
F
&
o
N)§N
ONN o
NH,

6-[4-(5-amino-6-
carbamoylpyridin-

2-yl)piperidin-1-

yl]-2-[(frans-3-

fluorocyclobutyl)m
ethoxy]-N-[(2R)-1-
hydroxypropan-2-

yl]pyrimidine-4-

carboxamide

524.2 [M+Na]"; (400 MHz, DMSO-d¢) 8
ppm 8.16 (d, J = 8.4 Hz, 1 H), 7.85 (s, 1
H), 7.28 (s, 1 H), 7.19 (d, J = 8.8 Hz, 1 H),
7.00 (d, J= 8.8 Hz, 1 H), 7.00 (s, 1 H),
6.69 (br. s., 1 H), 5.16 - 5.33 (m, 1 H),
4.89 (br.s., 1H), 4.48 (br.s., 1 H), 4.28
(d, J=7.2Hz, 2 H), 3.93 - 4.02 (m, 1 H),
3.41 - 3.46 (M, 2 H), 2.98 - 3.12 (m, 2 H),
2.82-2.95(m, 1H), 2.66 - 2.70 (m, 2 H),
2.32-236 (m, 2 H), 2.24 - 2.32 (m, 3 H),
1.92(d, J=12.0 Hz, 2 H), 1.62 - 1.74 (m,
2 H), 1.14 (d, J=6.8 Hz, 3 H).

166*

: >\N /N\VH

“ny,
I
s
\_/

4-{[(15)-2,2-
difluorocyclopropy
IJmethoxy}-6-[4-
(1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2S)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

527.0; (400 MHz, CDCl;) & ppm 11.59 (br.
s.,1H), 8.59 (d, J= 4.0 Hz, 1 H), 8.10 -
8.12 (m, 1 H), 7.90 (d, J = 9.6 Hz, 1 H),

7.13-7.16 (m, 1 H), 5.03 (d, J = 3.8 Hz, 1
H), 4.85 - 4.89 (m, 2 H), 4.51 - 453 (m, 1
H), 4.44 - 4.46 (m, 1 H), 3.43 (d, J= 3.6
Hz, 1 H), 3.22 - 3.32 (m, 2 H), 2.03 - 2.21

(m, 5H), 1.60-1.63 (m, 1 H), 1.42(d, J =

6.8 Hz, 3 H), 1.33 - 1.36 (m, 1 H).

167*

4-{[(1R)-2,2-
difluorocyclopropy
IJmethoxy}-6-[4-
(1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2S)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

527.2; (400 MHz, CDCl3) & ppm 11.87 (br.
s., 1H),8.59 (d, J=3.2 Hz, 1 H), 8.11 (d,
J=8.0Hz, 1H),7.91(d, J=10.0 Hz, 1
H), 7.13 -7.16 (m, 1 H), 5.03 (t, J= 3.8
Hz, 1 H), 4.83 - 4.89 (m, 2 H), 4.51 - 4.53
(m, 1 H), 4.44 - 4.46 (m, 1 H), 3.40 - 3.43
(m, 1 H), 3.25 - 3.28 (m, 2 H), 2.02 - 2.21
(m, 5H), 1.59 - 1.72 (m, 1 H), 1.43 (d, J =
6.8 Hz, 3 H), 1.32 - 1.34 (m, 1H).
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6-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-

528.2 [M+Na]'; (400 MHz, CD;OD) & ppm
7.20-7.22(m, 1 H), 7.12 - 7.14 (m, 2 H),
4.54 - 456 (m, 2 H), 4.31 - 4.36 (m, 1 H),

(0]
168* — ‘(=2: o YI-2-[(2,2- 414-415(m, 1H), 3.62 (d, J=4.8Hz, 2
« | HNT 4 NN difluorocyclopropy | H) 3.14-3.17 (m, 2 H), 2.97 - 3.00 (m, 1
N N N_<o )methoxy]-- H), 2.20 - 2.21 (m, 1 H), 2.02 - 2.05 (m, 2
N [(2R)-1- H), 1.77 - 1.81 (m, 2 H), 1.62 - 1.64 (m, 1
hydroxypropan-2- | ) 1.36-1.39 (m, 2 H), 1.27 (d, J = 6.4
F yI]pyr|m|d|n§-4- Hz, 3 H).
carboxamide
4-[4-(5-amino-6- 535.1; (400 MHz, CDCl5) & ppm 8.01 -
HOX__ carbamoylpyridin- | g 03 (m, 1 H), 7.86 (br. s., 1 H), 7.09 (d, J
N 2-yhpiperidin-1- | = 8.4 Hz, 1 H), 6.99 (d, J = 8.4 Hz, 1 H),
169* o _ YI-6-[(2,2- 5.86 (br.s., 2 H), 5.33 - 5.35 (m, 1 H),
ak Nf difluorocyclopropy [ 509 - 513 (m, 1 H), 4.89 - 4.93 (m, 1 H),
HN—( N— N hmethoxyl-N- | 4.44 - 4.54 (m, 2 H), 4.06 - 4.10 (m, 1 H),
N N— [(2R)-3-hydroxy-3- | 3.07-3.11 (m, 2 H), 2.90 - 2.92 (m, 1 H),
HeN ° methylbutan-2-yll- | 2 02.- 222 (m, 4 H), 1.74 - 1.80 (m, 2 H),
© & 1,3,5-triazine-2- | 1.33.1.35(m, 1H), 1.26 - 1.28 (m, 9 H).
carboxamide
WoF e 4-[4-(5-amino-6- | 531.1; (400 MHz, CDCl3) & ppm 8.07 -
O N K carbamoylpyridin- | g o8 (m, 1 H), 7.85 (br. s., 1 H), 7.09 (d, J
2-yl)piperidin-1- | =84 Hz, 1 H), 6.99 (d, J = 8.4 Hz, 1 H),
- N N yi-6-{[(15)-2,2- 5.86 (br. s., 2 H), 5.33 - 5.35 (m, 1 H),
170 FAv““\O)\N/)\N difluorocyclopropy | 508-5.11 (m, 1 H), 4.89 - 4.92 (m, 1 H),
< [Imethoxy}-N- 4.44 - 451 (m, 2 H), 4.07-4.12 (m, 2 H),
| (222 3.08-3.14 (m, 2 H), 2.91-2.92 (m, 1 H),
N trifluoroethyl)- | 202220 (m, 3 H), 1.74 - 1.80 (m, 2 H),
A, 1,3,5-triazine-2- | 160-1.62 (m, 1 H), 1.32- 1.34 (m, 1 H).
carboxamide
HoF e 4-[4-(5-amino-6- 531.1; (400 MHz, CDCly) & ppm 8.07 -
O N KL carbamoylpyridin- | g 10 (m, 1 H), 7.85 (br. s., 1 H), 7.09 (d, J
I 2-yhpiperidin-1- | =8 4 Hz, 1 H), 6.99 (d, J = 8.4 Hz, 1 H),
| s N N yl-6-{[(1R)-2,2- 5.86 (br. s., 2 H), 5.33 - 5.35 (m, 1 H),
171 FAV/\O)\N/)\N difluorocyclopropy 5.09-5.12(m, 1 H), 4.89 - 4.93 (m, 1 H),
< [Imethoxy}-N- 4.45-453(m, 2 H), 4.04-4.12 (m, 2 H),
| @22 3.08-3.15(m, 2 H), 2.91-2.95 (m, 1 H),
N# trifluoroethyl)- | 2.03-2.20 (m, 3H), 1.75- 1.81 (m, 2 H),
P, 1,3,5-triazine-2- | 161-1.63 (m, 1H),1.33-1.36 (m, 1H).
carboxamide
y 4-[4-(1H-
N= | F pyrrolo[2,3-
blpyridin-3- 520.1; (400 MHz, CD;0OD) & ppm 8.65 -
\_7/ HN yhpiperidin-1-yl- | 867 (m, 1 H), 8.35-8.36 (m, 1 H), 7.44-
. N /NV/& 6-[(2R)- 7.47 (m, 2 H), 518 - 522 (m, 1 H), 4.97 -
172 I T o tetrahydrofuran-2- | 5.00 (M, 1H), 4.84 - 4.87 (m, 1 H), 4.43 -
YN yimethoxy]-N- | 445 (m, 2H), 4.28-4.30 (m, 1 H),3.81-
o [(25)-1,1,1- 392(m,2H),3.20-3.26(m, 3 H),1.87-
trifluoropropan-2- | 2.22(m, 8 H), 1.47 (d, J=7.2Hz, 3H).
o yl]-1,3,5-triazine-

2-carboxamide




WO 2016/097918

- 224 -

PCT/IB2015/059360

173*

N-

(bicyclo[1.1.1]pent

-1-yD)-4-{[(1S,2R)-
2.

cyanocyclopropyl]

methoxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-

b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-

carboxamide

538.5; (400 MHz, DMSO-dg) & ppm 13.15
(s,1H),9.17 (s, 1 H), 8.32 (d, J= 5.2 Hz,
1H),7.17 (d, J= 6.4 Hz, 1 H), 4.92 - 4.95
(m, 1 H), 4.68 - 4.72 (m, 2 H), 4.04 - 4.06
(m, 1 H), 3.95 (s, 3 H), 3.32 - 3.34 (m, 2
H), 3.16 -3.20 (m, 2 H), 2.45 (s, 1 H),
2.09 (s, 6 H), 1.99 - 2.05 (m, 2 H), 1.81 -
1.83 (m, 3 H), 1.27-1.28 (m, 1 H), 1.16 -
117 (m, 1 H).

174

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl]-6-[(frans-3-
fluorocyclobutyl)m
ethoxy]-N-[(2R)-3-
hydroxy-3-
methylbutan-2-yl]-
1,3,5-triazine-2-
carboxamide

541.1; (400 MHz, CD;0D) & ppm 7.21 (d,
J=84Hz 1H),7.15(d,J=8.4Hz 1H),
5.00- 528 (m, 3 H), 4.43 (d, J=6.8 Hz, 2
H), 4.01-4.05 (m, 1 H), 3.11 - 3.15 (m, 2
H), 2.98 - 3.10 (m, 1 H), 2.78 - 2.80 (m, 1
H), 2.42 - 2.46 (m, 4 H), 2.02 - 2.05 (m, 2
H), 1.80-1.83 (m, 2 H), 1.22- 1.27 (m, 9
H).

175*

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl]-6-[(frans-3-
fluorocyclobutyl)m
ethoxy]-N-[(2S)-
1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

541.1; (400 MHz, CD;0D) & ppm 7.21 (d,

J=84Hz 1H),7.14 (d,J=8.8Hz 1H),

514-528 (m, 3H), 444 (d, J=5.2 Hz, 2

H), 3.11-3.14 (m, 2 H), 2.98 - 3.11 (m, 1

H), 2.78 -2.80 (m, 1 H), 2.42 - 2.46 (m, 5

H), 2.02-2.05 (m, 2 H), 1.80 - 1.83 (m, 2
H), 1.47 (d, J = 7.6 Hz, 3 H).

176*

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-/N-
[(2R)-3-hydroxy-3-
methylbutan-2-yl]-
1,3,5-triazine-2-
carboxamide

535.3; (700 MHz DMSO-dg) & ppm 8.16
(d, J=9.6Hz 1H),7.86(d,J=26Hz, 1
H), 7.17-7.19 (m, 2 H), 7.09 (d, J = 8.5 Hz,

1H), 663 (br.s., 2 H), 4.86 (d, J=12.7
Hz, 1 H), 4.73 - 4.78 (m, 1 H), 4.50 — 4.54

(m, 1H),4.26 (t, J=10.2 Hz, 1 H), 3.8
(dd, J=9.2,6.7 Hz, 1 H), 3.04 - 3.09 (m,

2 H), 2.85-2.89 (m, 1 H), 2.23 (td, J =
12.2,7.8Hz, 1 H), 1.91 (d, J=11.9 Hz, 2
H), 1.61—1.74 (m, 3 H), 1.47 = 1.54 (m, 1
H), 1.12 (s, 3 H), 1.09 (d, J = 6.5 Hz, 3 H),

1.07 (s, 3 H).

177*

HO
HN
o
HN—C N N—<N_N
2 _ N\ /)
N N
HoN o
) ‘\><F
F
HO
HN
o

4-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yl-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-/N-
[(2R)-3-hydroxy-3-
methylbutan-2-yl]-
1,3,5-triazine-2-
carboxamide

535.3; (700 MHz DMSO-d¢) & ppm 8.16
(d, J=9.2Hz, 1 H), 7.86 (br.s., 1 H), 7.17
-7.19 (m, 2 H), 7.09 (d, J = 8.5 Hz, 1 H),
6.63 (br. s., 2 H), 4.86 (d, J= 12.1 Hz, 1
H), 4.72 - 4.78 (m, 1 H), 4.50 — 4.56 (m, 1
H), 4.25 (t, J = 10.2 Hz, 1 H), 3.52 — 3.90
(m, 1H), 3.07 (q, J = 11.5 Hz, 2 H), 2.88
t J=11.5Hz, 1 H), 221 -2.25 (m, 1 H),
1.91(d, J=11.9 Hz, 2 H), 1.62 - 1.74 (m,
3 H), 1.48 —1.55 (m, 1 H), 1.12 (s, 3 H),
1.09 (d, J=6.6 Hz, 3 H), 1.08 (s, 3 H).
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4-[4-({[2-amino-5-

N 1(12'2?:;?3’:01'1'_ 572.2; (700 MHz, DMSO-dy) & ppm 8.29
O’X/ S Doyridin.5- (s, 1H), 7.95 (s, 1 H), 7.39 (s, 1 H), 5.79
oo Jloxomethyhpipe | (&2 H. 4.86 (d,J = 12.98 Hz, 1 H), 467
178 & A ity (d, J=12.47 Hz, 1 H), 4.37 (q, J = 11.84
S N (bioyclo1 1.1Jpent |  HZ:2H).4.03 (s, 3 H),3.91 (d, J=6.15
o | e R 104 @ = 1250 1y,
\ , 2.06 (s, 1. L J=12. z,
rhat Cya”t‘r’]cyc"’ﬁ’rg%y') 2H), 1.32-1.37 (m, 3 H), 129 (d, J =
N met 10xy]-1,3,5- 6.15 Hz, 1 H), 1.16 - 1.21 (m, 3 H).
riazine-2-
carboxamide
4-[4-({[2-amino-5-
1(122‘?:"3’2';"1 572.3: (700 MHz, DMSO-dy) 5 ppm
oy STpyridina- 9.14 (s, 1 H), 8.28 (s, 1 H), 7.94 (br. s., 1
bl = Joxymethybpipe | M 7:39 (br. 5., 1H), 5.78 (5, 3 H), 4.86 (@,
&y A f iy LA J=12.47 Hz, 1 H), 4.67 (t, J = 13.07 Hz,
179* I (bioyclo1 1.1Jpent | . 3 ). 4.01-4.08 (m, 5 H), 3.01 (br. ., 1
o | S e(1S 2R | T 299 (. J=1273 Hz, 3H), 243 (d, J =
L = 2.39 Hz,
N 1 H), 214 (br.s., 2 H), 1.93 (d, J = 7.17
R cyanocyclopropyl] | ) "5y "1 82 (d, J=5.81 Hz, 1 H), 1.23 -
methoxy}-1,3,5- 1.35 (m, 4 H)
triazine-2- ' ' '
carboxamide
k\:N A-
(bicyclo[1.1.1]pent 502.2: (400 MHz, DMSO-d6) Sppm
QP -1-y)-4-{[(1S,2R)- | 13.32 (br. 5., 1 H), 9.11 (br. 5., 1 H), 8.36 -
= 2- 8.54 (m, 2 H), 7.09 - 7.24 (m, 1 H), 5.75
wN \ N cyanocyclopropyl] | (s, 1 H), 563 (br. s., 1 H), 4.61 - 4.77 (m,
180* H N methoxy}-6-[4- | 1 H), 4.56 (d, J = 12.23 Hz, 1 H), 4.40 (d,
N hydroxy-4-(1H- | J=13.20 Hz, 1 H), 4.13 (d, J = 8.56 Hz, 1
pyrazolo[3,4- H), 3.63 (d, J = 11.00 Hz, 2
blpyridin-3- H), 1.92-2.18 (m, 11 H), 1.84 (d, J = 7.34
OH ypiperidin-1-yll- | Hz, 1 H), 1.21-1.33 (m, 1 H), 1.16 (br. s.,
N/ | 1,3,5-triazine-2- 1 H).
\N carboxamide
H
) 533.2: (700 MHz, DMSO-d6) 5ppm
4-?11:%[;}?;:2'1”/3:5- 8.83 (t, J = 6.06 Hz, 1 H), 7.91 (5, 1 H),
N oyrazol4. 7.71 (s, 1 H), 7.66 (s, 1 H), 7.16 (d, J =
R JDpyridin.a- 1.02 Hz, 1 H), 5.46 (s, 2 H), 4.84 (d, J =
Y Jiomethyhpipe 12.81 Hz, 1 H), 4.66 - 4.73 (m, 1
181 | o | / ey H), 4.63 (d, J = 12.47 Hz, 1 H), 3.88 (d, J
r TH\N N N (1 5.22)2. =6.15Hz, 1 H), 3.78 (s, 3 H), 3.23 (t, J =
v 1 —
o o ~ oyanocyalopropyl] | 709 Hz. 2 H), 2.9; g%{- 12.64 Hz, 2 H),
HN" N7 methoxy}-N-ethyl- ;

1,3,5-triazine-2-
carboxamide

2.15 (m, 1 H), 1.88 (dd, J = 14.60, 7.09
Hz, 3 H), 1.82(d, J=7.86 Hz, 1 H), 1.19 -
1.30 (m, 4 H), 0.98 - 1.10 (m, 5 H).




WO 2016/097918

-226 -

PCT/IB2015/059360

182*

Kk

4-[4-({[2-amino-5-
(1-methyl-1H-
pyrazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-/N-
ethyl-1,3,5-
triazine-2-
carboxamide

544.2; (700 MHz, DMSO-d6) 3ppm
7.99 (s, 1 H), 7.71 - 7.77 (m, 2 H), 7.18 (d,
J=1.37Hz, 1 H), 5.60 (s, 2 H), 4.90 (d, J
=12.81 Hz, 1 H), 4.69 (d, J = 12.81 Hz, 1
H), 4.50 - 4.57 (m, 1 H), 4.23 - 431 (m, 1
H), 3.88 - 3.95 (m, 3 H), 3.25 (t, J = 7.17
Hz, 1 H), 2.95 - 3.07 (m, 3 H), 2.23 (td, J =
12.26, 7.60 Hz, 2 H), 2.11 - 2.16 (m, 1 H),
1.96 (br. s., 3 H), 1.70 - 1.75 (m, 1 H),
1.54 (d, J = 8.03 Hz, 1 H), 1.27 - 1.34 (m,
3 H), 109, J=7.17 Hz, 3 H).

N-[(2R)-1- 482.2; (700 MHz, DMSO-d6) 3ppm
o) hydroxypropan-2- | 7.99 (s, 1 H), 7.71 -7.77 (m, 2 H), 7.18 (d,
N yl]-4-[4-(1 H- J=1.37Hz, 1 H), 5.60 (s, 2 H), 4.90 (d, J
)\N \ N pyrrolo[2,3- =12.81 Hz, 1 H), 469 (d, J = 12.81 Hz, 1
183" HO H N blpyridin-3- H), 4.50 - 4.57 (m, 1 H), 4.23 - 4.31 (m, 1
N yhpiperidin-1-yll- | H), 3.88-3.95(m, 3 H), 3.25 (t, J=7.17
8-[(2R)- Hz, 1 H), 2.95 - 3.07 (m, 3 H), 2.23 (td, J =
tetrahydrofuran-2- | 12.26, 7.60 Hz, 2 H), 2.11 -2.16 (m, 1 H),
ylmethoxyl-1,3,5- 1.96 (br. s., 3 H), 1.70 - 1.75 (m, 1 H),
a A triazine-2- 154 (d, J=8.03 Hz, 1 H), 1.27 - 1.34 (m,
N~ 7 carboxamide 3 H), 1.09 (t, J = 7.17 Hz, 3 H).
H
H e | oo i ol e
. T . ,J=0. Z, , . S, s
© N\g ;;’;')r(‘y"]f%’gtm}'gi's(; 7.78 (s, 1 H), 6.97 (5. 1 H), 6.66 (br. 5., 2
N ridin1-yl)-2- H), 4.66 (dd, J = 11.92, 5.44 Hz, 1 H),
184* e 1(1S.2R).2. 4.35-4.45(m, 1H), 4.01-4.12 (m, 1 H),
v-" So7N I\O\/ cvanbovelonro I 3.89 (d, J=6.24 Hz, 2 H), 3.00 (t, J =
Y O Ay y methyoxy?-Nf)y 12.10 Hz, 2 H), 2.06 - 2.22 (m, 5 H), 1.89
i ]O eyclobutylpyrimidi | ~ 202 (m, 4 H),1.78 - 1.89 (m, 1 H), 1.59 -
N HaN" N rodcarbosamide | 171 (M. 2 H), 1.22-1.35 (m, 4 H), 1.13
(@, J=5.42 Hz, 1 H).
526.7; (600 MHz, DMSO-d6) 3ppm
. 7.86 (d, J=2.93 Hz, 1 H), 7.24 (d, J =
4-[4-(5-amino-6- _
o - 2.78 Hz, 1 H), 7.19 (d, J = 8.49 Hz, 1 H),
. NJ\/N\D"/F Cgrsg‘ggg:md;” 7.09 (d, J=8.63 Hz, 1 H), 6.67 (br. s., 2
F H?H\\ L yil-6-[trans-3- | H): 5:13-531(m, 1H),4.97(d, J=13.02
185 | F NTON fluorocyclobutyhm | HZ: 1 H). 476 (d, J = 12.88 Hz, 1 H), 4.36
0 N siho )]’-/v-(z %’2_ (d, J=7.17 Hz, 2 H), 3.97 - 4.06 (m, 2 H),
N triﬂﬁ%roeth'b’_ 3.33-3.44 (m, 1 H), 3.00 - 3.11 (m, 2 H),
NH; 13 5-triazini-2- 2.88 (tt, J = 11.74, 3.40 Hz, 1 H), 2.66 -
NS0 e hoxamide 2.73(m, 1H),2.22-2.36 (m, 4 H), 1.92
(d, J=11.85Hz, 2 H), 1.64 - 1.74 (m, 2
H).
499.3; (700 MHz, DMSO-d6) 3ppm 8.77
O/\Q 4-[4-(5-amino-6- | (d, J = 8.20 Hz, 1 H), 7.86 (d, J = 2.05 Hz,
)\ g carbamoylpyridin- 1H), 725 (r.s.,1H),7.19(d, J=8.54
wo NN 2-ylpiperidin-1- | Hz, 1 H), 7.09 (d, J = 8.54 Hz, 1 H), 6.67
t0s | 7y N ansa | s is e 0 475 e 1268 He 1
rans-3- =13. z, , 4. ,J=12. z,
© 7 fluorocyclobutyl)m | H), 4.30 - 4.37 (m, 3 H), 3.05 (t, J=12.90
N A, ethoxyl-1,3,5- | Hz, 2 H), 2.87 (tt, J = 11.74, 3.29 Hz, 1 H),
triazine-2- 2.68 (ddt, J=9.86, 6.45, 3.20Hz, 1 H),
HN™ ~0 carboxamide 223-237(m,5H),2.09-218 (m, 5H),

1.62-1.71 (m, 4 H).
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H
NN N-[2R)-1- 411.1; (400 MHz,CDClI3) 8 ppm 8.78 (s, 1
\ P / hydroxypropan_z_ H), 8.30 (d, J=44 HZ, 1 H), 7.94 -7.96
yll-2-methoxy-6- | (M, 2H),7.14 (s, 1 H), 7.06 - 7.13 (m, 2
187+ [4-(1H-pyrrolo[2,3- | H), 4.23-4.24 (m, 1 H), 3.98 (s, 3 H),
blpyridin-3- 3.74-3.77 (m, 1 H), 3.63 - 3.67 (m, 1 H),
N oH yhpiperidin-1- | 3.13-3.47 (m, 3 H), 2.16 (d, J = 12.8 Hz,
Van\ HN\( ylpyrimidine-4- | 2 H), 1.73-1.75 (m, 4 H), 1.20 (d, J= 6.8
_ carboxamide Hz, 3 H).
_ J=N o}
0
(3.3 500.1; (700 MHz, DMSO-d6) 3ppm 8.41
o o : . | (d,J=4.18Hz, 1H), 823, J=7.92Hz,
V=N d'ﬂ“f)’{rgif(tﬁ_',r_‘ 11 4 H), 707 (@d, J = 7.92, 4.40 Hz, 1 H),
Ne / N y razolo[3 4- 6.95 (s, 1 H), 4.94 (t, J = 12.43 Hz, 2 H),
188* q\ pg] Y 4.41 (t, J=12.43 Hz, 2 H), 4.03 - 4.17 (m,
N L F y|)pi§gridin-1-y|]- 3H),3.71(q, J=7.19 Hz, 1 H), 3.60 (q, J
o [2R)- =7.41 Hz, 1 H), 3.34 - 3.39 (m, 2 H), 3.20
| -322(m, 1H),313 (br.s, 2H),2.03 @,
tfrtgzthhy:"’]f“rﬂrr‘mzdi J=11.66 Hz, 2 H), 1.91 (td, J = 12,65,
3;]_4_ l}m"gﬂﬁ’;’none 7.70Hz, 1 H), 1.78 - 1.85 (m, 1 H), 1.68 -
y 1.78 (m, 3 H), 1.57 - 1.63 (m, 1 H).
4-(4-{[(4- 518.1 [M+Na]’; (400 MHz, CDCl5) & ppm
aminopyrimidin-5- | 8.16 (s, 1 H), 7.84 (t, J = 6.4 Hz, 1H), 7.74
yloxylmethylpipe | (5. 1H), 4.96 - 5.01 (m, 1 H), 4.81 - 4.85
ridin-1-yl)-6-[(1- (m, 1H), 440 (d, J=12.0Hz, 1 H), 4.30
189 cyanocyclopropyl) | (@ J=11.6 Hz, 1H), 3.86 (d, J= 6.4 Hz,
methoxy]-N-2.2- | 2H), 3.17 - 3.19 (m, 2 H), 2.89 - 2.99 (m,
dimethylpropyl)- | 2H), 2.10-2.11 (m, 1 H), 1.88 - 1.91 (m,
1.3 5-triazine-2- | 2H), 1.33-1.37 (m, 4 H), 1.11 - 1.14 (m,
carboxamide 2H),0.90 (s, 9H).
=N
N
)
B
O A4-(4-{[(4- 482.1; (400 MHz, CDCl;) & ppm 8.20 (s, 1
><NH NH, | @minopyrimidin-5- | ) 782 (s, 1 H), 7.63 (s, 1 H), 5.46 (s, 2
yhoxylmethylipipe | H) 504 (d, J=13.6 Hz, 1 H), 4.82(d, J=
190 o _N ridin-1-yl)-N-tert- | 14.0 Hz, 1 H), 4.42 (d, J = 12.0 Hz, 1 H),
g butyl-6-[(1- 4.26 (d, J=11.6Hz, 1 H),3.89 (d, J=5.6
N§rN cyanocyclopropyl) | Hz 2 H), 2.88 - 2.98 (m, 2 H), 2.10 - 2.11
methoxyl-1,3,5- | (m 1 H),1.86-1.89 (m, 2 H), 1.35-1.39
O triazine-2- (m, 13 H), 1.11 - 1.12 (m, 2 H).
Q/\ carboxamide
=N
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N
N
| )N 4-(4-{[(4- 494.1; (400 MHz, DMSO-d,) & ppm 8.58
NH M | yDometny e | R 75 = 122 Ha. 1 H, 441
191* ridin-1-yl)-6-[(1- z,1H),4.72(d, J=132Hz, 1 H), 4.
o O)\(/N I N eyanocyclopropy) 3(%,52(H),23:)1 ©.J=80 I?z, 21H|_)|,)21.9;32.
methoxy]-N-(1- . m, ,2.10-2. m, ,1.92-
Nﬁ/N cyclopr;(g]yletrsyl)- 1.95 (M, 2 H), 1.35-1.40 (m, 7 H), 1.24
5 1.3 5-triazine-2- | (@ J=7.6Hz, 3H), 1.04-1.06 (m, 1H),
carboxamide 0.38 - 0.46 (M, 2 H), 0.21 - 0.25 (M, 2 H).
=N
B
j o N A4-(4-{[(4- 516.2; (400 MHz, DMSO-ds) & ppm 9.15
F NH, | @minopyrimidin-5- | (4, j=6.8 Hz, 1 H), 7.99 (s, 1 H), 7.79 (s,
NH yhoxylmethylipipe | "1 H) 6.70 (br. s., 2 H), 4.89 (d, J = 13.2
192 AN N r'd'ﬂ-1-y||)-6-[(1-l) Hz, 1 H), 4.71 (d, J= 14.0 Hz, 1 H), 4.37 -
| cyanocyclopropyl) | 4.44 (m, 2 H), 3.91 (d, J = 6.0 Hz, 2 H),
SN methoxy]-N-(3,3- | 2 98— 3.06 (m, 2 H), 2.89 - 2.92 (m, 3 H),
0 difluorocyclobutyl) | 2 10.2.11 (m, 1 H), 1.92-1.95 (m, 2 H),
-1,3,5-triazir)e-2- 1.24 -1.38 (m, 8 H).
= carboxamide
N
N
J/\;N 4-(4-{[(4- 494.1; (400 MHz, DMSO-dg) 8 ppm 8.79
o - i idin5. | (¢, J=6.0Hz, 1H),7.99 (s, 1 H), 7.79 (s,
aminopyrimidin-5
NH NH2 | yhoxyImethylipipe | 1 H). 6.71 (br.s., 2 H), 4.90 (d, J=13.2
N N ridin-1-yl)-6-[(1- Hz, 1H),4.70(d, J=13.2Hz, 1 H),4.37 -
193 g cyanocyclopropyl) | 4.43 (m, 2 H), 3.91 (d, J= 6.0 Hz, 2 H),
Na N methoxy]-N-(2- 3.27-3.32(m, 2H),3.00-3.02 (m, 2 H),
T cyclopropylethyl)- | 2.10-2.12(m, 1 H), 1.91 - 1.94 (m, 2 H),
@ 1,3 5-triazine-2- | 1.21-1.43(m, 8 H), 0.67-0.69 (m, 1 H),
VL\ carboxamide 0.39 - 0.41 (m, 2 H), 0.04 - 0.05 (M, 2 H).
=N
FF N
~
| jN A4-(4-{[(4- 530.0; (400 MHz, DMSO-ds, 80 °C) &
0 aminopyrimidin-5- | p5m 8.80 (t, J = 5.6 Hz, 1 H), 8.02 (s, 1
NH, yhoxylmethylipipe | H) 7.82 (s, 1 H), 6.48 (br. s., 2 H), 4.91
NH ridin-1-y)-6-[(1- | (d, J=12.0 Hz, 1 H), 4.71 (d, J = 12.0 Hz,
194 N. _N cyanocyclopropyl) | 1 H) 4.43-4.44 (m, 2 H),3.95(d, J=56
S methoxy]-N-[(3,3- | Hz, 2 H), 3.35 —3.41 (m, 2 H), 3.04 - 3.06
NN difluorocyclobutyl) [ (m 2 H), 2.59 - 2.63 (m, 2 H), 2.26 - 2.41
Y methyl]-1,3,5- (m, 4 H), 1.93 - 1.96 (M, 2 H), 1.25 - 1.37
o) triazine-2- (m, 6 H).
e/\ carboxamide
=N
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N

| 3 482.2; (400 MHz, DMSO-d,) & ppm 8.37
o~ 4-(4-{[(4- d,J=84Hz 1H), 799 (s, 1H), 7.79 (s,

\L aminopyrimidin-5- | " H) 6.70 (br. s., 2 H), 4.87 (d, J= 13.2
S NH NHy | yhoxylmethylipipe | Hz 1 H), 4.71 (d, J= 14.0 Hz, 1 H), 4.36 -

195 N. N ridin-1-y)-N-[2R)- | 4.44 (m, 2 H), 3.91 (d, J= 6.0 Hz, 2 H),
IV butan-2-yl]-6-[(1- | 3 83 -3.86 (m, 1 H), 2.97 - 3.01 (m, 2 H),

NIRAN cyanocyclopropyl) [ 210.2.12 (m, 1 H), 1.92 - 1.95 (m, 2 H),

h methoxy]-1.3,5- | 1.48-1.53 (m, 2 H), 1.24 - 1.37 (m, 6 H),

o triazine-2- 113(d, J=4.4Hz 3H),084(t J=76

carboxamide Hz, 3 H).
=N

196

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-6-
{l(1R,25)-2-
cyanocyclopropyl]
methoxy}- V-
cyclopentyl-1,3,5-
triazine-2-
carboxamide

516.1 [M+Na]'; (400 MHz, CDCl5) & ppm
8.24 (s, 1H),7.82 (s, 1H), 771 (d, J =
7.6 Hz, 1 H), 5.06 - 5.16 (m, 3 H), 4.85 -

4.92 (m, 1 H), 4.56 - 4.59 (m, 1 H), 4.46 -
4.51 (m, 1 H), 4.32-4.36 (m, 1 H), 3.94
(d, J=6.0 Hz, 2 H), 2.95- 3.03 (m, 2 H),

2.15-2.20 (m, 1 H), 2.06 - 2.15 (m, 2 H),

1.95 - 2.06 (m, 2 H), 1.87 - 1.95 (m, 1 H),

1.62-1.85(m, 4 H), 1.48 - 1.57 (m, 3 H),

1.27-1.48 (m, 3H), 1.13 - 1.16 (m, 1 H).

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-6-
{l(1R,25)-2-
cyanocyclopropyl]
methoxy}-N-(2,2-
dimethylpropyl)-
1,3,5-triazine-2-
carboxamide

518.2 [M+Na]"; (400 MHz, CDCl5) & ppm
8.24 (s, 1 H), 7.89 - 7.95 (m, 1 H), 7.82 (s,
1 H), 5.06 - 5.13 (m, 3 H), 4.85 - 4.92 (m,
1 H), 4.55 - 4.62 (m, 1 H), 4.46 - 4.51 (m,
1H),3.94 (d, J= 6.0 Hz, 2 H), 3.22 - 3.27
(m, 2 H), 2.93 - 3.06 (M, 2 H), 2.15- 2.19
(m, 1 H), 1.94 - 1.99 (m, 2 H), 1.82 - 1.94
(m, 1 H), 1.66 - 1.75 (m, 1 H), 1.26 - 1.44
(m, 3H), 1.13-1.16 (m, 1 H), 0.97 (s, 9
H).

197* |
NYN
O
N
H
e
P,
198*
N

N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2S)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yhpiperidin-1-
yl]pyrimidine-4-
carboxamide

469.2; (400 MHz, CDCl;)  ppm 9.30 (br.
s.,1H),8.30 (s, 1 H), 7.93 - 7.98 (m, 2 H),
7.07-7.12 (m, 3 H), 5.31 - 5.32 (m, 1 H),
4.64 (br.s., 1 H), 4.21 -4.22 (m, 1 H),
3.64 -3.72 (m, 3 H), 3.49 - 3.52 (m, 1 H),
3.42 (d, J=4.0Hz, 3 H), 3.13-3.15 (m, 4
H), 214 (d, J= 12.4 Hz, 2 H), 1.69 - 1.75
(m, 2 H), 1.38 - 1.40 (m, 3 H), 1.26 - 1.28
(m, 3 H).
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199*

Kk

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-N-
cyclobutyl-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-1,3,5-
triazine-2-
carboxamide

491.1; (400 MHz, CDCl3) & ppm 8.25 (s, 1
H), 7.89 (d, J= 8.4 Hz, 1 H), 7.83 (s, 1 H),
509 -5.14 (m, 3 H), 4.88 (d, J = 14.8 Hz,
1H), 4.44-4.56 (m, 3 H), 3.94 (d, J= 5.6
Hz, 2 H), 2.99 - 3.02 (m, 2 H), 2.41 - 2.44
(m, 2 H), 2.14 - 2.18 (m, 2 H), 1.96 - 2.04
(m, 4 H), 1.75 - 1.80 (m, 2 H), 1.56 - 1.58
(m, 1 H), 1.32 - 1.40 (m, 3 H).

200"

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-N-(2-
methylpropyl)-
1,3,5-triazine-2-
carboxamide

493.1; (400 MHz, CDCl3) & ppm 8.25 (s, 1
H), 7.83-7.86 (m, 2 H), 5.07 - 5.13 (m, 3
H), 4.89 (d, J= 13.2 Hz, 1 H), 4.44 - 4.52
(m, 2 H), 3.95 (d, J = 6.4 Hz, 2 H), 3.27 ¢,
J=6.8Hz, 2 H), 2.99 - 3.03 (M, 2 H), 2.12
-2.19 (m, 2 H), 1.89 - 2.00 (m, 3 H), 1.61
(s,1H), 1.32-1.44 (m, 3H),0.97 (d, J=
6.8 Hz, 6 H).

201*

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-6-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-[(1R)-
1-
cyclopropylethyl]-
1,3,5-triazine-2-
carboxamide

494.0; (400 MHz, CDCl5) & ppm 8.30 (s, 1
H), 7.88 (s, 1 H), 7.85 (s, 1 H), 5.17 - 5.22
(m, 1 H), 5.12 (br. s., 2 H), 4.92 - 4.97 (m,
1H), 4.62 - 4.68 (m, 1 H), 4.53 - 4.58 (m,
1 H), 3.95 (d, J= 6.0 Hz, 2 H), 3.53 - 3.62
(m, 1 H), 3.02 -3.12 (m, 1 H), 2.15 - 2.31
(m, 1 H), 1.98 - 2.06 (m, 1 H), 1.88 - 1.98
(m, 1 H), 1.74 - 1.78 (m, 1 H), 1.42 - 1.53
(m, 3H), 1.40 (d, J= 5.6 Hz, 3 H), 1.18 -
1.25 (m, 1H), 0.95 — 1.04 (m, 1 H), 0.43 -
0.62 (m, 3 H), 0.28 - 0.36 (M, 1 H).

202*

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-6-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-[(1S5)-
1-
cyclopropylethyl]-
1,3,5-triazine-2-
carboxamide

516.0 [M+Na]"; (400 MHz, CDCl;) & ppm
8.30 (s, 1 H), 7.88 (s, 1 H), 7.85 (s, 1 H),
520 (d, J=12.0Hz, 1 H), 5.12 (br. 5., 2
H), 4.95 (m, d, J= 12.0 Hz, 1 H), 4.62 -
4.68 (m, 1 H), 4.53 - 4.58 (m, 1 H), 4.00
(d, d, J=6.0 Hz, 2 H), 3.53 - 3.62 (m, 1
H), 3.02-3.12 (m, 1 H), 2.15- 2.31 (m, 1
H), 1.98-2.06 (m, 1 H), 1.88 - 1.98 (m, 1
H), 1.74-1.78 (m, 1 H), 1.42- 153 (m, 3
H), 1.40(d, d, J=56Hz 3 H),1.18-1.25
(m, 1 H), 0.95 - 1.04 (m, 1 H), 0.43 - 0.62
(m, 3 H), 0.28 - 0.36 (M, 1 H).
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H
o
P 4-[(1- 527.1[M+Na]"; (400 MHz, DMSO-dp) &
cyanocyclopropyl) | ppm 11.37 (s, 1 H), 8.17 - 8.20 (m, 2 H),
methoxy]-N-(3- 8.04 (d, J=8.0Hz, 1 H), 7.26 (s, 1 H),
. hydroxy-3- 7.02( J=3.2Hz, 1H), 4.90(, J=12.0
293’ N methylbutan-2-yl)- | 1z 1H), 4.80 (d, J=10.8 Hz, 1 H), 4.68
=N 6-[4-(1H- (s, 1H), 4.37 - 4.44 (m, 2 H), 3.81-3.85
N )\ pyrrolo[2,3- (m, 1 H),3.12-3.21 (m, 3 H), 2.07 - 2.19
bpyridin-3- (m, 2 H),1.66 - 1.67 (m, 2 H), 1.36 - 1.38

yl)piperidin-1-yl]-

(m, 2 H), 1.23 - 1.26 (m, 2 H), 1.08 - 1.14

1,3,5-triazine-2- (m, 9 H).
carboxamide
HO
H
o
A4 44(2,2-
difluorocyclopropy | 489.1; (400 MHz, CDCls) & ppm 8.57 (s, 1
[ymethoxy]-N- H), 8.10 (d, J=6.8 Hz, 1 H), 7.94 (s, 1 H),
204* [(2R)-1- 7.15(s,1H),5.06 (d, J=14.4Hz, 1H),
o N hydroxypropan-2- | 4.89 (d, J=12.8 Hz, 1 H), 4.45- 4.53 (m,
)tN yl]-6-[4-(1H- 2H),423 (s, 1H),369-3.77 (m, 2 H),
)\ pyrazolo[3,4- 3.24-341(m,3H),202-220(m,5H),
70 blpyridin-3- 1.30 - 1.32 (m, 4 H).

yl)piperidin-1-yl]-
1,3,5-triazine-2-

F F carboxamide
HO
B

R o ZN 4-(4-{[(4- 527.2; (400 MHz, DMSO-dg) 3 ppm 9.12
Fﬂ Nk aminopyrimidin-5- | (d,J=7.6Hz, 1H),7.99 (s, 1H), 7.79 (s,

NH 2 | yhoxy]methyhpipe | 1H) 6.69 (br.s.,2H),4.88(d, J=12.0
. )\/N N ridin-1-yl)-N-(3,3- | Hz, 1 H), 4.69 (d, J=13.6 Hz, 1 H), 4.53 -

28*5 Y difluorocyclobutyl) [ 4.98 (m, 1 H), 4.24 - 4.29 (m, 2 H), 3.91
NN 6-[(2,2- (d, J=6.0Hz, 2 H),2.97-3.03 (m, 2 H),

difluorocyclopropy
[Ymethoxy]-1,3,5-
triazine-2-
carboxamide

2.87 -2.92 (m, 4 H) 2.23 - 2.26 (m, 1 H),

2.08-2.13(m, 1H), 1.94 (d, J= 12.8 Hz,

2H), 1.73-1.78 (m, 1 H), 1.52 - 1.57 (m,
1H), 1.31-1.34 (m, 2 H).

206"

Kk

difluorocyclopropy
[Ymethoxy]-/N-
(2,2,2-
trifluoroethyl)-
1,3,5-triazine-2-
carboxamide

F
r/N NH, N 4-(4-{[(4- 519.2; (400 MHz, DMSO-d¢) & ppm 9.32
NJi aminopyrimidin-5- | (t,J=6.0 Hz, 1 H), 7.99 (s, 1 H), 7.79 (s,
0 yhoxyImethyhipipe | 1H), 6.69 (s, 2 H), 4.91 (d, J = 12.4 Hz, 1
N. _N. .O ridin-1-yl)-6-[(2,2- | H). 4.68-4.71 (m, 1 H), 4.53-4.56 (m, 1

H), 4.27 (t, J=9.2 Hz, 1 H),4.03 (t, J= 8.4
Hz, 2 H), 3.91 (d, J= 5.2 Hz, 2 H), 2.98 —
3.06 (m, 2 H), 2.23-2.27 (m, 1 H), 2.11 -
217 (m, 1H), 1.92 d, J=11.2 Hz, 2 H),
1.73-1.78 (m, 1 H), 1.54 - 1.57 (m, 1 H),
1.32-1.41 (m, 2H).
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207*

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-N-
cyclopropyl-6-
[(2,2-
difluorocyclopropy
[Ymethoxy]-1,3,5-
triazine-2-
carboxamide

477.1; (400 MHz, DMSO-d,) 5 ppm 8.67
(d, J=4.8Hz, 1 H), 8.00 (s, 1 H), 7.79 (s,
1H), 6,69 (br.s., 2 H), 4.87 (d, J=12.8
Hz, 1 H), 4.69 (d, J = 11.2 Hz, 1 H), 4.52 —
454 (m, 1H), 428t J=10.4 Hz, 1 H),
3.90 (d, J= 5.2 Hz, 2 H), 3.00 ¢, J= 12.0
Hz, 2 H), 2.80 (d, J = 4.4 Hz, 1 H), 2.11 -
2.24 (m, 2 H), 1.93 (d, J = 12.8 Hz, 2 H),
1.72-1.75(m, 1 H), 1.52 - 1.57 (m, 1 H),
1.30 - 1.33 (m, 2 H), 0.63 - 0.71 (m, 4 H).

208*

4-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-N-[(3,3-
difluorocyclobutyl)

methyl]-6-[(2,2-
difluorocyclopropy
[Ymethoxy]-1,3,5-
triazine-2-
carboxamide

541.2; (400 MHz, DMSO-d¢) & ppm 8.96 -
8.97 (m, 1 H), 8.00 (s, 1 H), 7.79 (s, 1 H),
6.70 (br. s., 2 H), 4.90 (d, J = 12.0 Hz, 1

H), 4.68 -4.71 (m, 1 H), 4.53 - 4.58 (m, 1
H), 4.28 (t, J = 12.0 Hz, 1 H), 3.91 (d, J =
6.4 Hz, 2 H), 2.98 — 3.01 (m, 2 H), 2.61 -
2.63 (M, 2 H), 2.12-2.39 (m, 7 H), 1.94

(d,J=12.0Hz, 2 H), 1.73-1.78 (m, 1 H),
1.54 - 1.62 (m, 1 H), 1.32 - 1.36 (m, 2H).

209"

Kk

4-(@-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yD)-N-[(2R)-

butan-2-yl]-6-
[(2,2-
difluorocyclopropy
lYmethoxy]-1,3,5-
triazine-2-
carboxamide

493.1; (400 MHz, CDCl3) & ppm 8.25 (s, 1
H), 7.83 (s, 1 H), 7.60 (d, J = 8.8 Hz, 1 H),
5.03-5.14 (m, 3 H), 4.88 (d, J = 13.2 Hz,
1 H), 4.43 - 4.52 (m, 2 H), 4.06 - 4.12 (m,
1H), 3.95 (d, J= 6.4 Hz, 2 H), 2.96 — 3.02
(m, 2 H), 2.13 - 2.24 (m, 2 H), 1.96 - 1.99
(m, 2 H), 1.59 - 1.64 (m, 2 H), 1.36 - 1.44
(m, 3 H), 1.23-1.27 (M, 4 H), 0.95 t, J =
7.6 Hz, 3 H).

210*

N-[(2R)-1-
hydroxypropan-2-
yll-4-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
6-[(2R)-
tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-
carboxamide

483.2; (600 MHz, DMSO-d; ) & ppm 8.45
- 8.49 (m, 1 H), 8.26 — 8.35 (M, 2 H), 7.16
(td, J=4.5,7.6 Hz, 1 H), 4.88 (br. s., 1 H),

4.73 (br. s., 1 H), 4.28 — 4.32 (m, 2 H),

415(d, J=51Hz 1H),3.94(d J=65

Hz, 1 H), 3.77 ¢, J= 6.9 Hz, 1 H), 3.62 —

3.69 (m, 1 H), 3.44 (br. s., 1 H), 3.23 (br.
s, 1H),2.12 (br. s., 2 H), 1.95 - 2.01 (m,
1H),1.77-1.91 (m, 5 H), 1.58 — 1.68 (m,

2H), 113 (t, J=7.0 Hz, 3 H).

211

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-(2,2-
difluoropropyl)pyri
midine-4-
carboxamide

525.1 [M+Na]'; (400 MHz, CD;0D) & ppm
8.08 (br.s., 1H), 7.80 (br. s., 1 H), 7.13
(s, 1 H), 4.70 - 4.75 (m, 3 H), 4.24 - 4.29

(m, 1H), 3.99 (d, J = 6.4 Hz, 2 H), 3.81 (¢,
J=14.0Hz, 2 H), 3.11-3.12 (m, 2 H),
2.56 (br. s., 1H), 2.04 (d, J = 12.4 Hz, 2
H), 1.86 - 1.88 (m, 2 H), 1.65 (t, J = 14.4
Hz, 3 H), 1.36 - 1.44 (m, 3 H), 1.12 - 1.14

(m, 1 H).
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N NH 6-(-{(4- .
P j aminopyrimidin-5- | 537.1 [M+Na]"; (400 MHz, CD;0D) § ppm
NG o P | yhoxylmethylpipe | 8.05 (br. s, 1H), 7.78 (br. 5., 1 H), 7.07
A L1 idinAyh-2. | (s 1H),472-4.76 (m, 3 H), 4.24 - 4.36
212* NI N N {[(18,2R)-2- (m 2H),3.99(,J=6.0Hz,2H),2.95-
\f cyanocyclopropyl] 3.09(m,4H),279-281(m, 2H),2.04
o methoxy}-N-(3,3- | (br.s., 1H), 1.91 (d, J=8.0 Hz, 2H), 1.86
difluorocyclobutyl) [ - 1.89 (m, 2H), 1.36 - 1.44 (m, 3 H), 1.12 -
pyrimidine-4- 1.14 (m, 1 H).
NZ carboxamide
N
N 6-(4-{[@4- 479.0; (400 MHz, CD;0D) & ppm 8.03 (s,
_ aminopyrimidin-5- | 4 1) '7.78 (s, 1 H), 7.10 (s, 1 H), 4.62 -
i yhoxylmethylipipe | 4 74 (m, 3 H), 4.24 - 4.29 (m, 1 H), 3.99
© ridin-1-y)-2- (d,J=6.0 Hz, 2 H), 3.27-3.26 (d, J=6.4
23 Ny {{(1S,2R)-2- Hz, 2 H), 3.10 (t, J = 12.4 Hz, 2 H), 2.26
L J_ o cyanocyclopropyl] | - (pr. s., 1 H), 2.03 (d, J = 11.2 Hz, 2 H),
NJ\)Y methoxy}-/V- 1.87- 1.90 (m, 2 H), 1.36 - 1.44 (m, 3 H),
N © HN (cyclopropylmethy |4 111,14 (m, 2 H), 0.57 (d, J = 5.6 Hz,
(I l hpyrimidine-4- 2H), 0.31 (d, J = 4.4 Hz, 2 H).
N NH, carboxamide
Ny -NH2 4-(4-{[(4-
Nﬁv\[ aminopyrimidin-5- | 493.2; (400 MHz, CDCIy) & ppm 8.25 (s, 1
o yloxylmethyhpipe | H). 7.83 (s, 1 H), 7.71 (s, 1 H), 5.07 - 5.11
214 /\Ql N O~ /AvF ridin-1-yl)-N-tert- | (M, 3H), 4.88 (d, J=12.0Hz, 1 H), 4.44 -
** g butyl-6-[(2,2- 450 (m,2H),3.94 (d, J=6.0Hz, 2 H),
NIN difluorocyclopropy | 2.95-3.05 (m, 2 H), 2.13 - 2.24 (m, 2 H),
N hmethoxy]-1,3.5- 1.96 - 1.99 (m, 2 H), 1.58 (br. s., 1 H),
/’\ triazine-2- 1.27 - 1.47 (m, 12 H).
carboxamide
HoN 6-[4-(5-amino-6- 498.2 [M+Na]"; (400 MHz, DMSO-ds) &
7 E carbamoylpyridin- | PPm8.17 - 8.19 (m, 1 H), 7.85 (s, 1 H),
HaNL Ay i ~OH | 2.yhpiperidin-1- | 7:27 (s, 1H), 7.18-7.20 (m, 1 H), 7.08 -
. 3 ! YI-2-(2- 7.10 (m, 1 H), 7.02 (s, 1 H), 6.68 (s, 2 H),
215 ZN o fluoropropoxy)-N- | 4.88—5.08 (m, 2 H), 4.30 - 4.49 (m, 3 H),
NQrN [(2R)-1- 3.96-3.99(m, 1 H),3.42-3.48 (m, 3 H),
O hydroxypropan-2- 3.00-316(m,2H),2.86-291(m, 1H),
j\ yilpyrimidine-4- | 1.90-1.94 (m, 2 H) , 1.66 - 1.71 (m, 2 H),
F carboxamide 1.33-1.41 (m, 3 H), 1.13 - 1.24 (m, 3 H).
OH 6-[4-(5-amino-6- | 488.1; (400 MHz, CDCI;) 3 ppm 7.92 (d, J
carbamoylpyridin- | =8.0Hz, 1H), 7.84 (s,1 H), 7.12 (s, 1H),
" 2-ylpiperidin-1- | 7.08 (d, J=8.8Hz, 1H),6.98 (d, J= 8.8
216* o yi-2-{[(1R,2S)-2- | Hz, 1H), 5.85 (s, 2 H), 5.35(s, 1 H), 4.52
bkl — ﬂuorocyc'opropy'] —4.67 (m, 3 H), 410-4.20 (m, 3 H), 3.62
HoN /N NN methoxy}-N-[2R)- | - 3.76 (M, 2 H), 3.02 - 3.07 (m, 2 H), 2.82 -
=N N—4 1-hydroxypropan- | 2.92 (m, 2 H), 1.98 - 2.02 (m, 2 H), 1.62 -
HoN o— 2-yilpyrimidine-4- | 1.82 (m, 3 H), 1.20 - 1.29 (m, 4 H), 0.73 -
© [>—=F carboxamide 0.78 (m, 1 H).
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l/lLNH 1-[({4-[G- 502.2; (700 MHz, DMSO-dg) 5 ppm 8.47

On-N oxopiperazin-1- | (4, J=4.4Hz, 1H),828-832(m,1H),
yhcarbonyl]-6-[4- | 8 13 (br. s, 1 H), 7.14 (dd, J= 7.9, 4.5 Hz,
217+ N7 (1H-pyrazolo[3,4- | 1 H), 6.69 —6.74 (m, 1 H), 4.24 - 4.26 (m,
- Py blpyridin-3- 2H),4.07 (s,1H),4.00 (s, 1 H),3.74 (¢, J

Nee, ¢ N yhpiperidin-1- =5.4Hz, 1H), 358t J=52Hz 1H),
N yllpyrimidin-2- [ 3 19— 3 26 (m, 2 H), 2.08 (d, J = 12.0 Hz,
yltoxy)methylleycl | 2 H) 1.75-1.84 (m, 2H), 1.32 = 1.34 (m,

opropanecarbonitr
ile

2H), 1.17 = 1.19 (m, 2H).

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl-6-[(1-
cyanocyclopropyl)
methoxy]-N-(2-
methylpropyl)-
1,3,5-triazine-2-
carboxamide

561.2; (400 MHz, DMSO-d¢) & ppm 8.73 -
8.76 (m, 1 H), 7.90 (s, 1 H), 7.56 (s, 1 H),
7.43 (s, 1 H), 7.32 (s, 1 H), 5.62 (s, 2 H),
4.88-4.91(m, 1H), 4.69 -4.72 (m, 1 H),
4.40 (s, 2 H), 3.89 - 3.90 (m, 2 H), 3.64

(s, 3 H), 3.03 - 3.06 (m, 4 H), 2.32 - 2.33
(m, 1 H), 1.94 - 1.97 (m, 2 H), 1.82- 1.87
(m, 1 H), 1.35 - 1.38 (m, 4 H), 1.21 - 1.24

(m, 2 H), 0.86 (d, J = 6.8 Hz, 6H).

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl-6-[(1-
cyanocyclopropyl)
methoxy]-/V-
(2,2,2-
trifluoroethyl)-
1,3,5-triazine-2-
carboxamide

587.1; (400 MHz, DMSO-d¢) & ppm 9.33 -
9.36 (m, 1 H), 7.91 (s, 1 H), 7.56 (s, 1 H),
7.43 (s, 1 H), 7.32 (s, 1 H), 5.62 (s, 2 H),
4.91-4.94 (m, 1H),4.71-4.74 (m, 1 H),
4.38 -4.45 (m, 2 H), 4.02 - 4.06 (m, 2 H),
3.90 - 3.91 (m, 2 H), 3.65 (s, 3 H), 3.01 -
3.09 (m, 2 H), 2.14-2.16 (m, 1 H), 1.91 -
1.99 (m, 2 H), 1.22 - 1.37 (m, 6 H).

N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

470.1; (400 MHz, CDCl3) 5 ppm 11.86
(or. s., 1 H), 8.58 (s, 1 H), 8.10 (d, J = 8.0
Hz, 1 H),7.98 (d, J= 7.6 Hz, 1H), 7.13 -
7.15 (m, 2 H), 5.29 - 5.35 (m, 1 H), 4.58
(or. s., 2 H), 4.22 - 4.23 (m, 1 H), 3.65 -
3.72 (m, 3 H), 3.51 -3.52 (m, 1 H), 3.41 -
3.49 (m, 4 H), 3.22 - 3.25 (m, 3 H), 2.19
(d, J=12.4 Hz, 2 H), 1.97 = 2.05 (m, 2H),
1.38 (d, J=6.4 Hz, 3H), 1.28 (d, J=6.8
Hz, 3 H).

NH,
218 s—/ ° N
N
i \
N
|
R F
F
NH, HN
219 . —2= °
Q N—
\_/ LCN Dt
) =
g, OQ/-'EN
\
H
N~y
\_/ HN"\-OH
N
220* N
OI.\\
0]
I
NH, HN>7
N= o]
221 N=2=

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl-6-[(1-
cyanocyclopropyl)
methoxy]-/V-
(propan-2-yl)-
1,3,5-triazine-2-
carboxamide

569.1 [M+Na]"; (400 MHz, DMSO-d¢) §

ppm 8.41 (d, J = 8.4 Hz, 1 H), 7.90 (s, 1

H), 7.56 (s, 1 H), 7.43 (s, 1 H), 7.31 (s, 1
H), 561 (d, J= 5.2 Hz, 2 H), 4.87 (d, J =
12.8 Hz, 1 H), 472 (d, J = 12.4 Hz, 1 H),
4.36 - 4.42 (m, 2 H), 4.00 - 4.05 (m, 1 H),
3.89 - 3.90 (m, 2 H), 3.64 (s, 3 H), 3.01 -
3.03 (m, 2 H), 2.14-2.18 (m, 1 H), 1.95 -
1.98 (m, 2 H), 1.28 - 1.36 (m, 4 H), 1.21 -
1.24 (m, 2 H), 1.16 (d, J = 6.8 Hz, 6 H).
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4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
yhpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-[(1-
cyanocyclopropyl)
methoxy]- V-
(cyclopropylmethy
1)-1,3,5-triazine-2-
carboxamide

581.1 [M+Nal"; (400 MHz, DMSO-d¢) 5
ppm 8.86 (t, J = 5.6 Hz, 1 H), 7.90 (s, 1
H), 7.59 (s, 1 H), 7.45 (s, 1 H), 7.33 (s, 1
H), 5.66 (s, 2 H), 4.89 (d, J = 12.4 Hz, 1
H), 4.72 (d, J=12.0 Hz, 1 H), 4.38 - 4.44
(m, 2 H), 3.91 (d, J = 6.0 Hz, 2 H), 3.66 (s,
3H),3.03-3.13 (m, 4 H), 2.14 - 2.08 (m,
1 H),1.96 - 1.99 (m, 2 H), 1.29 - 1.38 (m, 4
H), 1.22 - 1.25 (m, 2 H), 1.03 - 1.04 (m, 1
H), 0.41 - 0.43 (m, 2 H), 0.22 - 0.24 (m,
2H).

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
yhpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-[(1-
cyanocyclopropyl)
methoxy]-N-(2,2-
difluoropropyl)-
1,3,5-triazine-2-
carboxamide

583.3; (400 MHz, DMSO-ds) 5 ppm 9.05
t, J=6.8Hz, 1H),7.90(d, J=12Hz 1
H), 7.57 (s, 1 H), 7.43 (s, 1 H), 7.32 (s, 1
H), 5.64 (br. s., 2 H), 4.91 (d, J= 12.4 Hz,

1H),4.72(d, J=11.2 Hz, 1 H), 4.38 -
4.41 (m, 2 H), 3.90 (d, J = 5.6 Hz, 2 H),
3.67 -3.69 (M, 1 H), 3.64 (s, 3 H), 3.00 -

3.05 (m, 2 H), 2.14 - 2.18 (m, 1 H),1.97 (d,
J=12.0Hz,2H), 1.60 (t, J= 18.8 Hz, 3
H), 1.35-1.38 (m, 4 H), 1.21 - 1.24 (m, 2

H).

4-({6-[4-(1H-
pyrazolo[3,4-
blpyridin-3-
yl)piperidin-1-yl]-
2-[(2R)-
tetrahydrofuran-2-
yimethoxy]pyrimidi
n-4-
yl}carbanyl)pipera
zin-2-one

506.2; (700 MHz, DMSO-d5) & ppm 8.43
(d, J=4.4 Hz, 1H), 8.25-8.28 (m, 1 H),
8.05-8.11 (m, 1 H), 7.0 (dd, J= 4.5,7.9
Hz, 1 H), 6.65 - 6.67 (m, 1 H), 4.12 — 417
(m, 2H), 4.05-4.10 (m, 1 H), 4.03 (s, 1
H), 3.97 (s, 1 H), 3.68 = 3.75 (m, 2 H),
3.61(q, J= 7.5 Hz, 1 H), 3.08 - 3.42 (m,
8 H), 2.05(d, J= 11.6 Hz, 2 H), 1.90 —
1.96 (m, 1 H), 1.71 = 1.86 (m, 5H), 1.56 —
1.62 (m, 1 H).

6-[4-(5-amino-6-
carbamoylpyridin-
2-ylpiperidin-1-
yl]-N-methyl-/V-
(propan-2-yl)-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

498.1; (700 MHz, DMSO-dg) & ppm 7.84
(or.s.,1H), 724 (br.s.,1H),718d, J=
8.7Hz,1H),7.09d,J=85Hz 1H),
6.66 (br.s., 2 H), 6.52 - 6.54 (m, 1 H),
4.63-467(m,1H),4.09-417 (m, 3 H),
3.83 (dt, J=13.2,6.6 Hz, 1 H), 3.74 -
3.76 (m, 1 H), 3.65 (q, J=7.3Hz, 1 H),
2.99 (br.s., 1 H), 2.83 -2.87 (m, 1 H),
278 (s,2H),2.71 (s, 1H),1.93-1.98
(m, 1H),1.79-1.88 (m, 4 H), 1.60 — 1.66
(m,3H),1.11-1.13 (m, 6 H).

NH, }
222 g —2= °
(O] N=
\ 7/ W
B =
O
g, Q/;N
\
F
F
223
224
225
H2N O
0
HLNH
O N
226* NS
*k )\N/ N
N\\XJ Ql S
N~
H.N" 0

3-amino-6-(1-{2-
(-
cyanocyclopropyl)
methoxy]-6-[(3-
oxopiperazin-1-
yl)carbonyl]pyrimi
din-4-yl}piperidin-
4-yl)pyridine-2-
carboxamide

520.2; (700 MHz, DMSO-dy) & ppm 8.12
(or.s., 1H),7.82 =7.86 (m, 1 H), 7.21 —
7.25 (m, 1 H), 7.17 (d, J= 6.7 Hz, 1 H),
7.09 (br. s., 1 H), 6.63 —6.72 (m, 3 H),
4.24 (br. s., 2 H), 4.05 - 4.06 (m, 1 H),

3.98 (d, J= 3.1 Hz, 1 H), 3.71 = 3.74 (m, 1

H), 3.57 (br. s., 1 H), 3.35 (d, J= 10.8 Hz,

1H), 3.19 - 3.25 (m, 1 H), 2.85 — 2.87 (m,
1 H), 2.53 — 2.55 (m, 1 H), 1.88 (br. s., 4

H), 1.66 (br. s., 4 H), 1.34 (d, J = 3.8 Hz, 4

H), 1.16 = 1.24 (m, 6 H).
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529.1; (700 MHz, DMSO-d ) 6 ppm 8.48
(d, J =3.2 Hz, 1H), 831 (J = 8.0 Hz, 1 H),
//\O 1-[({4-[(2- 7.14 (dd, J = 8.0, 4.4 Hz, 1 H), 6.69 (d, J =
Q N cyclopropylmorph 1.5 Hz, 1 H), 4.15- 4.34 (m, 3 H), 3.90 (d,
olin-4-yl)carbonyl]- J =113 Hz, 0.5 H), 3.77 (d, J = 11.8 Hz,
6-[4-(1 H- 0.5 H), 3.63 (d,J = 13.0 Hz, 0.5 H), 3.53
227+ pyrazolo[3,4- (d, J = 13.8 Hz, 0.5 H), 3.39 - 3.44 (m, 0.5
£5]pyridin-3- H), 3.17 (d, J = 11.3 Hz, 1 H), 3.02 - 3.05
yl)piperidin-1 - (m, 0.5 H), 2.90 - 2.93 (m, 0.5 H), 2.74 -
yllpyrimidin-2- 2.81 (m, 2 H), 2.09 (d, J = 12 Hz, 2 H),
yl}oxy)methyl]cycl 1.79- 184 (m, 2 H), 1.34 (d, J =4.6 Hz, 2
opropanecarbonitr H), 1.19 3 = 1.4 Hz, 2 H), 0.90 (d, J = 5.0
ile Hz, 0.5 H), 0.80 (d, J = 5.3 Hz, 0.5 H),
0.49 (d,J = 8.0 Hz, 1 H), 0.26 - 0.43 (m, 3
H), 0.10 (d, J = 4.4 Hz, 0.5 H).
6-(4-{[(4- 479.1; (400 MHz, CDCl,) & ppm 8.24 (s, 1
aminopyrimidin-5- H), 8.00 (t, J = 5.6 Hz, 1 H), 7.81 (s, 1 H),
)O\ yl)oxy]methyl}pipe 7)1453(;, (l H2), 5)0;)9(;, 2 H), 46645 (br. 25.,2)
NN ridin-1 -vD-2-[(1- H), 4. s, 2 H), 3. (d,J =6.4 Hz, 2 H),
228 ) L H\/A Cyanocygic),pro[éyb 3,29 (t, J = 6.0 Hz, 2 H), 2.95 - 3.01 (m, 2
VQ methoxy]-/V- H), 217 - 2.19 (m, 1 H), 1.96 (d, J = 12.4
N O © (cyclopropyimethy | Hz, 2 H), 1.39 - 1.44 (m, 4 H), 1.17 - 1.20
l )pyrimidine-4- (m, 2 H), 1.02 - 1.06 (m, 1 H), 0.52 - 0.55
N' NH, carboxamide (m, 2 H), 0.27 - 0.30 (m, 2 H).
Os //O
“Sw 2-{[(2R)-1- 553.3 [M+Na]+; (400 MHz, CDCI ) & ppm
methoxypropan-2- 8.87 (s, 1H), 8.29 (d, J = 4.4 Hz, 1 H),
ylloxy}-N-[1- 8.13(d, J=5.2Hz, 1H), 795 (d, J=7.6
. HN (methylsulfonyl)pr Hz, 1 H), 7.06 - 7.10 (m, 3 H), 5.29 - 5.35
229 o opan-2-yl-6-[4- | (m, 1H), 456 (br.s.,2 H), 3.65 - 3.67 (m,
HN 7 (1H-pyrrolo[2,3- 1 H), 3.49 - 3.53 (m, 3 H), 3.41 (s, 3 H),
N N b]pyridin-3- 3.11-3.15 (m, 4 H), 3.03 (s, 3 H), 2.16 (d,
N7 N= & y)piperidin-1 - J= 12.8 Hz, 2 H), 1.75 - 1.76 (m, 2 H),
~— O—\_ yllpyrimidine-4- 153 (d,J =6.8 Hz, 3H), 1.39 (d, J = 6.8
9 carboxamide Hz, 3 H).
0]
. 525.2; (700 MHz, DMSO-d ) d ppm 8.13
HLNH 3'3am'”°T6'(1 6 | br.s. 1H) 7.83 - 7.86 (m,6)1 H;p7.25 (or.
O N [igﬁgfg%iral‘]z'zn s, 1H), 7.18 (d,J = 85 Hz, 1 H), 7.09 (d,
030" Y [(ZR)_V J =85 Hz, 1H), 6.64 - 6.67 (m, 2 H),
S )Nl\ tetrahydrofuran-2- 4.09 - 4.17 (m, 3 H), 4.07 (s, 1 H), 4.00
o NN | (s, 1H), 3.73 - 3.76 (m, 2 H), 3.65 (g, J =
ylmethoxy]pyrimidi
o N n-aypiperiding. | 7-1Hz 1H), 358 (br.s, 1H), 3.21 - 3.26
| Dpyridine-2- (m, 1 H), 3.00 (br.s., 1 H), 2.86 (t, J =
N A yhpyridine 11.2 Hz, 1 H), 1.60 - 1.98 (m, 11 H), 1.23
2 carboxamide
(br. s., 1 H).
H,;N
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533.8; (600 MHz, DMSO-d;) 5 ppm 8.46 —
8.48 (m, 1 H), 8.30 (dd, J= 8.0, 1.5 Hz, 1
@ H), 7.13 (dd, J = 8.0, 4.5 Hz, 1 H), 6.64 —

231*

cyclopropylmorph
olin-4-yl){6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
2-[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
n-4-yl}methanone

6.66 (M, 1 H), 4.32 (d, J = 10.2 Hz, 0.5 H),
4.09-4.21(m, 4 H),3.90 (d, J=11.4 Hz,
0.5H), 3.74 - 3.78 (m, 2 H), 3.63 — 3.67
(m, 2 H), 3.53 (d, J = 13.3 Hz, 0.5 H), 3.13
-3.17 (m, 1 H), 3.02 (dd, J=13.0, 10.3
Hz, 0.5 H), 2.89 — 2.94 (m, 0.5 H), 2.71 -
2.79 (m, 2 H), 2.05 — 2.09 (m, 2 H), 1.95 —
1.97 (m, 1 H), 1.76 - 1.88 (m, 5 H), 1.62 —
1.65 (m, 1 H), 1.22 (br. s., 1 H), 0.88 —
0.91 (m, 0.5 H), 0.78 - 0.81 (m, 0.5 H),
0.25 - 0.49 (m, 5 H), 0.06 —0.10 (m, 0.5
H).

232

N™ X
O)l\N/ N
NS
| X
N
ZNH,
HN" Y0

6-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-
yll-2-[(1-
cyanocyclopropyl)
methoxy]-/V-
methyl-N-(propan-
2-yl)pyrimidine-4-
carboxamide

493.2; (600 MHz, DMSO-de) & ppm 7.82
d, J=3.1Hz, 1H),7.22 (brs, 1 H), 7.17
(d, J=8.6Hz 1H), 7.08(d,J=8.5Hz, 1
H), 6.64 (br. s., 2 H), 6.55 - 6.57 (m, 1 H),
4.64 - 467 (m, 1H),4.22-4.23 (m, 2 H),
3.81 (quin, J = 6.6 Hz, 1 H), 3.36 — 3.51
(m, 4 H), 2.99 (br. s., 1 H), 2.85 (tt, J =
11.5, 3.5 Hz, 1 H), 2.77 (s, 2 H), 2.48 —
2.49 (m, 2 H), 1.87 (d, J= 12.4 Hz, 2 H),
1.63 (qd, J=12.5,3.9 Hz, 2 H), 1.31 —
1.33 (M, 2 H), 1.16 = 1.18 (m, 2 H), 1.09 —
1.11 (m, 6 H).

233*

Kk

(2-
cyclopropylmorph
olin-4-yl){6-[4-(1H-

pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
2-[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
n-4-yl}methanone

533.8; (600 MHz, DMSO-de) 5 ppm 8.47
(d, J=4.4,15Hz, 1H),8.29—-8.31(m, 1
H), 7.13 (dd, J = 8.0, 4.5 Hz, 1H), 6.64 —
6.65 (m, 1H), 4.32 (d, J = 10.5 Hz, 0.5 H),
410 —4.21 (m, 4 H), 3.89 —3.91 (m, 0.5
H), 3.74 —3.78 (m, 2 H), 3.63 — 3.66 (M, 2
H), 3.53 (d, J= 13.0 Hz, 0.5 H), 3.13 —
3.17 (m, 1 H), 3.02 (dd, J = 13.0, 10.2 Hz,
0.5H), 2.89 —2.94 (m, 0.5 H), 2.72 — 2.80
(m, 2 H), 2.08 (d, J = 13.0 Hz, 2 H), 1.93 —
1.98 (m, 1 H), 1.76 — 1.88 (m, 5 H), 1.60 —
1.66 (m, 1 H), 1.23 (s, 1 H), 0.88 — 0.91
(m, 0.5 H), 0.77 - 0.81 (m, 0.5 H), 0.25 —
0.49 (m, 5 H), 0.09 (dd, J=9.1, 4.1 Hz,
0.5 H).

234*

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl-6-[(1-
cyanocyclopropyl)
methoxy]-N-[(2 S)-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

601.1; (400 MHz, DMSO-d)  ppm 9.09
(d, J=9.2Hz, 1 H), 7.92 (s, 1 H), 7.56 (s,
1H), 7.44 (s, 1H), 7.32 (s, 1 H), 5.63 (s, 2
H), 4.86 (d, J=10.8 Hz, 1 H), 4.73 (d, J =
13.6 Hz, 2 H), 4.42 - 4.46 (m, 2 H), 3.90 -
3.92 (m, 2 H), 3.65 (s, 3 H), 3.01 - 3.09
(m, 2H), 214 -2.17 (m, 1 H), 1.99 (d, J =
11.6 Hz, 2 H), 163 (t, J= 19.2 Hz, 3 H),
1.33-1.39 (m, 7 H), 1.23 - 1.25 (m, 2 H).
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235*

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-(1-
cyclopropylethyl)p
yrimidine-4-
carboxamide

493.1; (400 MHz, CDCl3) 8 ppm 8.24 (s, 1
H), 7.81-7.86 (m, 2 H), 7.14 (s, 1 H),
5.10 (s, 2 H), 4.43 - 4.54 (m, 4 H), 3.93 (d,
J=6.4Hz, 2 H), 3.46 - 3.54 (m, 1 H), 3.01
-3.04 (M, 2H),2.19 (br. s, 1 H), 1.87 -
1.97 (m, 3 H), 1.35-1.40 (m, 7 H), 1.30 -
1.34 (m, 1 H), 0.92 - 0.94 (m, 1 H), 0.38 -
0.47 (m, 2 H), 0.26 - 0.28 (M, 2 H).

236*

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-2-
{l(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-(1-
cyclopropylethyl)p
yrimidine-4-
carboxamide

515.1 [M+Na]"; (400 MHz, CDCl3) & ppm
8.24 (s, 1 H), 7.81-7.86 (m, 2 H), 7.14 (s,
1H), 5.10 (s, 2 H), 4.43 - 4.54 (m, 4 H),
3.93 (d, J=6.4 Hz, 2 H), 3.46 - 3.54 (m, 1
H), 3.01 - 3.04 (m, 2 H), 2.19 (br. s., 1 H),
1.87 - 1.97 (m, 3 H), 1.35 - 1.40 (m, 7 H),
1.30 - 1.34 (m, 1 H), 0.92 - 0.94 (m, 1 H),
0.38 - 0.47 (m, 2 H), 0.26 - 0.28 (m, 2 H).

237

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-2-[(1-
cyanocyclopropyl)
methoxy]-N-(3,3-
difluorocyclobutyl)
pyrimidine-4-
carboxamide

537.1
[M+Na]’; (400 MHz, CD;OD) & ppm 8.03
(s, 1H),7.76 (s, 1 H), 7.08 (s, 1 H), 4.61
(br.s., 2 H), 4.42 (s, 2 H), 4.33 - 4.35 (m,
1H), 3.97 (d, J= 6.0 Hz, 2 H), 2.96 — 3.08
(m, 4 H), 2.78 - 2.82 (m, 2 H), 2.24 — 2.28
(m, 1 H), 2.03 (d, J= 8.8 Hz, 2 H), 1.36 -
1.45 (m, 4 H), 1.23 - 1.24 (m, 2 H).

238

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe

ridin-1-yl)-2-[(1-
cyanocyclopropyl)
methoxy]-/V-
propylpyrimidine-
4-carboxamide

489.1
[M+Na]'; (400 MHz, CDCl5) & ppm 8.25 (s,
1H),7.93 ¢ J=4.0Hz, 1H),7.82 (s, 1
H), 7.16 (s, 1 H), 5.07 (s, 2 H), 4.58 (br. s.
2 H),4.37 (s, 2 H), 3.94 (d, J= 6.4 Hz, 2
H), 3.37 - 3.39 (q, J= 6.8 Hz, 2 H), 2.94 -
3.02 (m, 2 H), 2.09 - 2.19 (m, 1 H), 1.96
(d, J=116Hz, 2 H), 1.62 - 1.67 (m, 2 H),
1.41-1.43(m, 4 H), 119 (t, J= 2.0 Hz, 2
H), 0.98 (t, J = 11.6 Hz, 3 H).

239*

1-{[(4-{{3R)-3-
methoxypyrrolidin-
1-yllcarbonyl}-6-
[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidin-2-
yl)oxy]methyl}cycl
opropanecarbonitr
ile

503.2; (700 MHz, DMSO-d;) & ppm 8.47
(dd, J = 3.8, 2.1 Hz, 1 H), 8.29 - 8.31 (m,
1H),7.13 (ddd, J= 7.8, 4.7, 2.6 Hz, 1 H),
6.73 —6.76 (M, 1 H), 4.22 — 4.29 (m, 2 H),
3.95-4.00 (m, 1 H), 3.61—3.68 (m, 1 H),
3.52 —3.58 (m, 1 H), 3.24 —3.26 (m, 1 H),
3.16—3.20 (m, 2 H), 2.08 (d, J = 12.0 Hz,
2 H), 1.96 —2.03 (m, 2 H), 1.91 (br. s., 1

H), 1.75 - 1.83 (m, 3 H), 1.67 (br. s., 9 H),
1.34 (d, J=26Hz, 2H), 1.19 (d, J= 2.0

Hz, 2 H).
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1-[({4-[(3,3-
difluoroazetidin-1-
yl)carbonyl]-6-[4-
(1H-pyrazolo[3,4-

495.1; (700 MHz, DMSO-d6) ppm
8.48 (dd, J=4.18, 2.82 Hz, 1 H), 8.30 (br.
s, 1H),7.11-717(m, 1 H), 7.06 (d, J =
8.88 Hz, 1 H), 5.03 (d, J = 9.91 Hz, 2 H),

240 ﬁ]ﬁ’ygﬂ'd”i;f_’]_ 4.48 (d, J=9.91 Hz, 2 H), 427 (d, J =
zl]gyp:imidin-z- 8.71 Hz, 2 H), 3.37 - 3.47 (m, 4 H), 2.47 -
Jhoxymetnylioyel | 2:56 (M. 2 H), 2.10 (br.s., 2 H), 181 (d, J
ooropancaronir | = 854 Hz 2H),1.36 (d, J=427Hz,2
o H), 1.16 - 1.25 (m, 2 H).
(1R,25)-2-[({4-
3,3-
diﬂuorc[,(azeﬁdin_1_ 495.1; (700 MHz, DMSO-d6) Sppm
Wcarbony(-6.[4- | 8427852 (m, 1H) 8.31 (br.s, 1H),
(H-pyrazoloa 4. | 7:09-7.19 (m, 1 H), 6.97 -7.00 (m, 1 H)
241* bfy i ag 5.02 (d, J=11.10 Hz, 2 H), 4.40 - 4.59
) 1. | (m. 5H), 406 (d, J=9.05Hz, 1H) 331
;ll]gyeimidin-z- - 3.46 (M, 1 H), 2.10 (br. s, 3 H), 1.91 -
Jhoxymethylieyel | 2:03 (M. 1 H), 1.81 (d, J=8.03 Hz, 4 H),
opropanecarbonir | 1217 131 (M 2H), 1.11-1.19(m, 1 H).
ile
N-[1-
(rgeg;]’ff_“'l‘;‘_’g}{"{f’r 544.3; (400 MHz, CDCly) 5 ppm 8.12 -
R ,‘E’I—pyraZolo[S o | 817(m 2H),7.15-7.19 (m, 1 H),7.09
242" Dlpyridines. | (. 1H), 453 4.56 (m, 2 H), 4.27 - 4.37
* Mpperidinty. | (M3 H), 3.93-3.95(m, 1H), 3.81-3.83
o [(2R)- (m, 1 H), 3.43 - 3.49 (m, 2 H), 3.13- 3.17
| (m,3H),303(s,3H),1.75-220 (m, 9
e tetrahydrofuran-2- | | 1" 4 54" = 6.8 Hz, 3 H).
ylmethoxy]pyrimidi
ne-4-carboxamide
o
"/N\ NH2 _6-(4-{[(4- 503.0; (400 MHz, CD;OD) & ppm 8.42 (s, 1
NaAg ° aminopyrimidin-5- | 1y 7.91 (s,1 H), 7.28 (s,1 H), 464 (br. s.,
/\GN yhoxylmethylipipe | 2'H) 4,52 (s, 2 H), 4.08 (d, J = 6.4 Hz, 2
243 NN/\(F ridin-1-y)-2-[(1- | H), 3.86 ¢t, J = 13.6 Hz, 2 H), 3.22 - 3.32
NN " F T [ cyanocyclopropyl) | (m 2H), 2.32-2.36 (m, 1 H),2.08(d,J=
I methoxy]-N-(2,2- | '11.6 Hz, 2 H), 1.66 (¢, J = 18.8 Hz, 3 H),
d'ﬂUOF%PFOPX')Py” 1.41-1.52 (m, 2 H),1.29 - 1.30 (M, 2 H),
midaine-4-

carboxamide

1.28 - 1.29 (m, 2 H).
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OH 4-{[(2R)-5,5-
§~ dimethyltetrahydro 511.3; (400 MHz, DMSO-d6) 3ppm
N furan-2- 13.29 (s, 1 H), 8.48 (d, J = 4.4 Hz, 1H),
o yllmethoxy}-N- - | 8 30.8.35(m, 2 H), 7.14 (t, J=4.4 Hz, 1
244+ | HN"N N=2: [(2R)-1- H), 4.84 - 4.91 (m, 2 H), 4.72- 473 (m, 1
y. N N hydroxypropan-2- | H) 4.23-4.31 (m, 3 H), 3.93-3.95 (m, 1
N" NJ( yll-6-[4-(1H- H), 3.37 - 3.45 (m, 3 H), 3.12- 3.15 (m, 2
x 5 pyrazolo[34- | ) 510-214 (m,3H),1.71-1.77 (m, 5
blpyridin-3- H), 1.18 (d, J=9.6 Hz, 6 H), 1.13 (d, J =
yl)piperidin-1-yl]- 6.8 Hz, 3 H).
O 1,3,5-triazine-2-
carboxamide
OH 4-{[(2R)-5,5- 532.2 [M+Nal": (400 MHz, DMSO-d6)
dimethyltetrahydro Sppm
HN furan-2- 11.38 (s, 1 H), 8.31 (d, J = 8.4 Hz, 1 H),
o yllmethoxy}-NV- 8.19(d, J=36Hz, 1 H),8.04 (d, J=76
HIN R N:XQ [(2R)-1- Hz,1 H), 7.26 (s, 1 H), 7.03 (t, J = 4.8 Hz,
245" | N N hydroxypropan-2- | 1 H) 4.90 - 4.93 (m, 1 H), 4.83 - 4.86 (m,
N7 N\/< yll-6-[4-(1H- 2 H), 4.24 - 4.31 (m, 3 H), 3.93 - 3.95 (m,
x~ 5 pyrrolo[2,3- 1H), 3.37 - 3.45 (m, 2 H), 3.12 - 3.15 (m,
blpyridin-3- 3 H), 2.07 - 2.09 (M, 3 H), 1.66 - 1.77 (m,
g yhpiperidin-1-yll- | 5H) 119 (d, J=10.0 Hz, 6 H), 1.13 (d, J
1,3,5-tr|azm.e-2- = 6.8 Hz, 3 H).
carboxamide
4-[4-({[2-amino-5-
F>§7 (1-methyl-1H- 597.0; (400 MHz, DMSO-d6) sppm
F imidazol-4- 8.67 (d,J=9.2 Hz, 1 H), 7.91 (s, 1H),
NH HN yl)pyridin-3- 7.56 (s, 1 H),7.44 (s, 1 H),7.32 (s, 1H),
246+ _2= yiloxytmethylpipe | 562 (s, 2 H), 4.86 (d, J=10.8 Hz, 1H),
o \ P \_CN_< ridin-1-y-6-[(1- | 473 (d,J=13.6 Hz, 1 H), 4.41-4.43 (m,
\ Cyanocyc|opropy|) 3 H), 3.91 (d, J=6.0 HZ, 2 H), 3.65 (s, 3
L o _n | methoxy]-N-(3,3- | H),3.01-3.04(m, 2H), 2.14-216 (m, 1
N Q// difluorobutan-2- | H), 1.98 =2.01 (m, 2 H), 1.65 (¢, J = 19.6
yl)-1,3 ,5-triazine- Hz, 3 H), 1.23-1.40 (m, 9 H).
2-carboxamide
o 1-[({4-(azetidin-1-
7 NG o \/K ylcarbonyl)-6-[4- | 459.1; (700 MHz, DMSO-d6) & ppm 8.47
7/ (1H-pyrazolo[3,4- | (br.s.,1H), 829 (br.s.,1H),7.13 (br. s.,
47t =N X blpyridin-3- 1H), 6.96 (br.s., 1 H), 439 —4.62 (m, 2
N N yl)piperidin-1- H), 4.26 (br. s., 1 H), 4.03 (br. s., 2 H),
yl]pyrimidin-2- 225 (br.s.,2H),2.09 (br.s.,2H), 1.79
yljoxy)methyllcycl | (br. s., 2 H), 1.35 (br. s., 2 H), 1.20 (br. s.,
opropanecarbonitr 3 H).
=z | ile
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F F
1-[({4-[(3,3-
N diflucropyrrolidin-

1-yl)carbonyl]-6-

509.2; (700 MHz, DMSO-d6) 3ppm 8.47
(d, J=4.6Hz, 1H),8.30(d, J=8.0Hz, 1

© 7 Ne_o [4-(1H- H), 7.13 (dd, J= 7.9, 4.5 Hz, 1 H), 6.84 (d,
248 - pyrazolo[3,4- J=17.4Hz,1H), 427 (d, J=9.4Hz, 2
=N N blpyridin-3- H), 4.1 ¢, J = 12.8 Hz, 1 H), 3.85 — 3.98
N N y)piperidin-1- (m, 2H), 369 (t, J= 7.6 Hz, 1 H), 2.42 -
yllpyrimidin-2- | 2.47 (m, 2 H), 2.09 (d, J = 11.6 Hz, 2 H),
yl}oxy)methyllcycl | 1.80 (q, J = 12.4 Hz, 2 H), 1.34 — 1.36 (m,
opropanecarbonitr 2H),1.19-1.20 (m, 2 H).
2 N\ ile
AN
N"H
F
F%-@ 1-{[(4-[4-(1H-
F 5 pg]':;r‘i’('j‘i’r[f_”é‘f' 541.2; (700 MHz, DMSO-d6) sppm 8.46 —
N Dpiperidiniyl- | &30 (m 1H).8.30 (d. J=67Hz 1H),
J \\ro\/z yhp B2, 7.14 (br.s., 1 H), 6.76 — 6.84 (m, 1 H),
249" _ , 5.65 (br. s., 1 H), 4.95 (br. s., 1 H), 4.21 —
o N Y (t”ﬂ“rfc:fi’é?r‘f_tr}")py 4.38 (m, 3 H), 3.70 (br. 5., 1 H), 3.37 —
N Jcarbonylpyrimi | 338 (M 1H), 3.20 (br. s, 1H), 2.35 (br.
yicamany by s., 1H), 2.10 (br. 5., 3 H), 1.75 — 2.05 (m,
Jhoxylmethylieyel | 6 H): 134 (br.s. 2HH), 117 -1.27(m, 3
= N opropanecarbonitr )-
o | 3 ile
N™ 4
N NH-»
M v\\[ _6-(4-{[(4- 464.2; (400 MHz, CD;0D) 8ppm 8.03 (s,1
N o aminopyrimidin-5- | Hy 7 78 (s, 1 H), 7.11 (s,1 H), 4.62 (br. s.,
/\Q AN yhoxylmethylipipe | 2H) 4.40 (s, 2 H), 3.99 (d, J=6.0 Hz, 2
250 NN ridin-1-y)-2-[(1- | H) 3.05-3.09 (M, 2 H), 2.86 - 2.90 (M, 1
NeoN M cyanocyclopropyl) | 1) 2.23. 2.26 (m, 1 H), 2.03 (d, J = 12.0
Y methoxy}-N- Hz, 2 H), 1.37-1.38 (m, 4 H), 1.23 -
cycloprr?gsgpyrlmld 1.25(m, 2 H), 0.83 - 0.85 (m, 2 H), 0.69 -
| -l -

carboxamide

0.70 (m, 2 H).

251*

_<

6-(4-{[(4-
aminopyrimidin-5-
yhoxy]methyl}pipe
ridin-1-yl)-2-[(2,2-
difluorocyclopropy
[Ymethoxy]-/N-
[(1R,55,6n)-3-
oxabicyclo[3.1.0]h
ex-6-yl]pyrimidine-
4-carboxamide

518.1; (400 MHz, DMSO-ds) & ppm 8.57
(d, J=3.6 Hz, 1 H), 8.00 (s, 1 H), 7.79 (s,
1H), 6.98 (s, 1 H), 6.63 - 6.74 (m, 2 H),
4.18 - 468 (m, 4 H), 3.84 - 3.91 (m, 4 H),
3.63 (d, J = 8.4 Hz, 2 H), 2.93 — 3.08 (m, 2
H), 2.58 - 2.63 (m, 1 H), 2.06 - 2.24 (m, 2
H), 1.87 —2.02 (m, 4 H), 1.66 - 1.77 (m, 1
H), 1.46 - 1.54 (m, 1 H), 1.23 - 1.36 (m, 2
H).




WO 2016/097918 PCT/IB2015/059360
-242 -
E
s ,F
1-((4-(4-(1H-
pyrazolo[3,4-
N blpyridin-3- 509.1; (700 MHz, DMSO-ds) 3ppm 8.46 —

8.48 (m, 1 H), 8.30 (dd, J=8.0. 1.4 Hz, 1

l)piperidin-1-yl)-
© 7 N\\],o yg_‘z(fi,s,‘ts)_sﬁ? H), 7.13 (dd, J = 8.0. 4.4 Hz, 1 H), 6.87 (s,
252 difluoropyrrolidine- | 1 H), 5.41-543(m,1H),535(, J=
=N N\ 1- 15.4 Hz, 1 H), 4.27 — 4.31 (m, 2 H), 3.98 -
N N | carbonylypyrimidin | 4.06 (m, 2 H), 3.75 - 3.89 (m, 2 H), 2.09
2. (d, J=12.8 Hz, 2 H), 1.78 — 1.83 (m, 2 H),
yloxy)methyl)cyclo | 1.34 = 1.36 (m, 2 H), 1.19 = 1.21 (m, 2 H).
propanecarbonitril
~d | \N e
Os i
~ N-[1- 544.1; (400 MHz, CDCls) & ppm 10.86 (br.
37 (methylsulfonylpr | s 1 H), 8.56 (s, 1 H), 8.16 (d, J = 7.2 Hz,
N opan-2-yl|-6-[4- [ 1 H) 810 (d, J=8.0Hz, 1 H), 7.13- 7.16
253+ o (1H-pyrazolo[3,4- | (m 1 H), 7.09 (s, 1 H), 4.53 - 4.56 (m, 2
. blpyridin-3- H), 4.31-4.37 (m, 3 H), 3.93 - 3.95 (m, 1
Y yhpiperidin-1-yll- | 1y 3.81-3.83 (m, 1 H), 3.48-3.50 (m, 2
N4 2-[(2R)- H), 3.15 - 3.23 (m, 3 H), 3.02 (s, 3 H),
= tetrahydrofuran-2- | 1 75 _ 220 (m, 9 H), 1.54 (d, J= 7.2 Hz, 3
O yimethoxy]pyrimidi H).
ne-4-carboxamide
@)
2-{[(2R)-1- 553.3; [M+Na]"; (400 MHz, CDCls) & ppm
@] methoxypropan-2- 8.99 (s,1H),831(d,J=44Hz 1H),
NH ylloxy}-N-[1- 8.11(d, J=84Hz 1H),7.94(d, J=76
254 | n < (methylsulfonyl)pr | Hz, 1 H), 7.07 - 7.10 (m, 3 H), 5.31 - 5.35
> N\ N— N opan-2-yl-6-[4- | (m, 1 H), 4.50 - 4.56 (m, 3 H), 3.65 - 3.67
N N=( s~ | (1H-pymolo[23- | (m, 1H) 349-352(m, 2H) 3413
\ o0 vy blpyridin-3- H), 3.09 - 3.15 (m, 4 H), 3.03 (s, 3 H),
= N yhpiperidin-1- | 2.15(d, J=12.8 Hz, 2 H), 1.75 - 1.76 (m,
% yllpyrimidine-4- | 2 H), 1.53 (d, J=6.8 Hz, 3H), 1.39 (d, J =
carboxamide 6.0 Hz, 3 H).
553.3
o 2-{[2R)-1- [M+Na]*; (400 MHz, CDCl;) & ppm 9.08 (s,
N | methoxypropan-2- | 41y 831 (d, J = 4.4 Hz, 1 H), 8.1 (d, J =
ylloxy}-N-[1- 8.4 Hz, 1 H),7.96 (d, J = 7.6 Hz, 1 H),
255+ | HNTN v N\ 8; (methylsulfonypr | 707 -7.10 (m, 3 H), 5.31- 5.35 (m, 1 H),
* y = 5~ opan-2-yl]-6-[4- | 454-4.59 (m, 3 H), 3.65-3.67 (m, 1H),
N\ o Oy (1H-pyrrolo[2,3- | 3.50.3.53 (m, 2 H), 3.41 (s, 3 H), 3.11 -
=~ A, blpyridin-3- 3.16 (m, 4 H), 3.02 (s, 3 H), 2.16 (d, J =
g y)piperidin-1- 12.8 Hz, 2 H), 1.75 - 1.78 (m, 2 H), 1.53

yl]pyrimidine-4-
carboxamide

d, J=6.8Hz 3 H),1.39 (d, J=6.0Hz, 3
H).
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A
N Cuor GHIG- 1 477.1; (700 MHz, DMSO-aB) sppm 8.46 -
o N J)carbonyl-6.4. | 8:48(m. 1 H),8.29 (dd,J=7.9,1.3 Hz, 1
N0 (H-pyrazolofs 4. | . 718 (dd, J=8.0,44 Hz, 1H), 7.0 s,
256 . . Dlpyridin.s. 1H), 5.45 - 5.48 (m, 0.5 H), 5.37 — 5.39
N boiberidin.1- (m, 0.5 H), 4.87 — 4.93 (m, 1 H), 4.60 —
N ;ll]pyrimidin-Z- 466 (M, 1 H), 4.34 — 4.40 (m, 1 H), 4.26
(s, 2 H), 4.04 — 4.10 (m, 1 H), 2.09 (d, J =
g'}fg‘y)methygcy.‘i' 11.6 Hz, 2 H), 1.79 (9, J = 12.0 Hz, 2 H),
Propanecarboniir | 4 a5 _ 4 36 (m, 2 H), 1.19 - 1.22 (m, 2 H).
2 A ile
Ny | N’N
N~ H
oY
N 1-[({4-[(3-
o fluoropyrrolidin-1- | 491.1; (700 MHz, DMSO-d6) 8ppm 8.47
N o yl)carbonyl-6-[4- | (dd, J=4.5,1.5Hz, 1H), 8.30 (dd, J =
I N \/K (1H-pyrazolo[3,4- | 8.0, 1.4 Hz, 1 H), 7.13 (dd, J = 8.0, 4.4
257 =N N blpyridin-3- Hz, 1 H), 6.8 (d, J= 12 Hz, 1 H), 5.29 -
N N yhpiperidin-1- | 5.40 (m, 1 H), 4.23 — 4.36 (m, 2 H), 4.60 —
yllpyrimidin-2- | 4.66 (m, 1 H), 3.62 — 3.88 (m, 3 H), 2.02 —
yl}oxy)methyllcycl | 2.20 (m, 4 H), 1.77 = 1.82 (m, 2 H), 1.33 —
opropanecarbonitr 1.35(m,2H),1.18 = 1.21 (m, 2 H).
a ile
AN
N" H
Os /p
S\ N-1- 544.1; (400 MHz, CDCls) & ppm 10.68 (br.
§7 (methylsulfonylpr | s 1 H), 8.56 (s, 1 H), 8.15 (d, J = 7.2 Hz,
N opan-2-yl|-6-[4- [ 1 H) 8.09 (d, J=8.0Hz, 1H), 7.12-7.16
258+ o (1H-pyrazolo[3,4- | (m 1 H), 7.09 (s, 1 H), 4.53 - 4.56 (m, 2
. blpyridin-3- H), 4.27 - 4.37 (m, 3 H), 3.93 - 3.95 (m, 1
yhpiperidin-1-yll- | H) 3.81-3.83 (m, 1 H), 3.47-3.51 (m, 2
2-[(2R)- H), 3.15-3.27 (m, 3 H), 3.02 (s, 3 H),
tetrahydrofuran-2- | 1 75 _ 2,20 (m, 9 H), 1.54 (d, J = 7.2 Hz, 3
ylmethoxy]pyrimidi H).
ne-4-carboxamide
1-[({4-[4-({[2-
amino-5-(1-
L F methyl-1H- 581.3; (400 MHz, DMSO-ds) ppm 7.91
\b imidazol-4- (s, 1H), 7.56 (s, 1 H), 7.44 (s, 1 H),7.32
NH, N yDpyridin-3- (s, 1 H), 5.60 (s, 2 H), 4.88 —4.95 (m, 2
259 N= _2=o ylloxy}methylpipe | H) 4.71-4.73 (m, 2 H), 4.46 - 4.52 (m, 2
\ 7 O\_CN_<N— Y ridin-1-yl-6-[(3,3- | H) 4.37 (d, J=2.8 Hz, 2 H), 3.89 - 3.91
N \N_/< difluoroazetidin-1- [y 2 H) 3.65 (s, 3 H), 3.01 - 3.04 (M, 2
) o— _, | YDcarbonyll-1.3,5- | 1) 2.14-2.16 (m, 1 H), 1.97 - 1.99 (m, 2
y _%// triazin-2- H), 1.24 - 1.37 (m, 6 H).
yl}oxy)methyl]cycl
opropanecarbonitr
ile
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260

N

kN

NH>
N=
\ / Q, N
N N
) \_C_<\N_/<
o]

|

HN

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
yl)pyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-[(1-
cyanocyclopropyl)
methoxy]-N-(2,2-
dimethylpropyl)-
1,3,5-triazine-2-
carboxamide

575.1; (400 MHz, CDCl3) 8 ppm 7.98 (s, 1
H), 7.91 (d, J= 1.6 Hz, 1 H), 7.45 (s, 2 H),
7.10 (s, 1 H), 5.04 (d, J = 10.0 Hz, 1 H),
4.87(d, J=12.8Hz, 1H), 461 (s, 2H),
4.42 (s, 2 H), 3.97 (d, J=6.4 Hz, 2 H),
3.72 (s, 3H),3.26 (1, J= 4.8 Hz, 2 H),
2.97-3.08 (M, 2 H), 219 -2.21 (m, 1 H),
2.00 (d, J = 13.6 Hz, 2 H), 1.38 - 1.44 (m,
4H),1.18-1.21 (m, 2 H), 0.98 (s, 9 H).

261*

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
yl)pyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-[(2R)-
butan-2-yl]-6-[(1-
cyanocyclopropyl)
methoxy]-1,3,5-
triazine-2-
carboxamide

561.0; (400 MHz, CDCl3) 8 ppm 7.90 (s, 1
H), 7.53 (d, J= 8.8 Hz, 1 H), 7.38 (s, 2 H),
7.03 (s, 1H), 4.99 (d, J = 14.0 Hz, 1 H),
4.78 (d, J= 14.0 Hz, 1 H), 460 (s, 2 H),
4.34 (s, 2 H), 3.96 — 4.04 (m, 1 H), 3.90
(d, J=6.8Hz, 2 H), 3.65 (s, 3 H), 2.90 —
3.00 (M, 1 H), 210 - 2.12 (m, 1 H), 1.92
(d, J=12.0 Hz, 2 H), 1.50-1.53 (m, 2 H),
1.34-1.36 (m, 4 H), 1.12-1.16 (m, 5 H),
0.88 (t, J = 7.2 Hz, 3 H).

262*

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
yl)pyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-[(1-
cyanocyclopropyl)
methoxy]-N-[(1S)-
1-
cyclopropylethyl]-
1,3,5-triazine-2-
carboxamide

573.2; (400 MHz, CDCls) 8 ppm 7.97 (s, 1
H), 7.81 (d, J=8.8 Hz, 1 H), 7.45 (s, 2 H),
711(s,1H),508(d, J=13.2Hz, 1 H),
486 (d, J=132Hz 1H),4.68 (s, 2H),
442 (s,2H),3.98(d,J=6.4Hz, 2 H),
3.72(s,3H),3.48-3.54 (m, 1 H),2.97 -
3.08 (m,2H),2.18-2.20 (m, 1 H), 2.00
(d,J=124Hz,2H),1.39-143 (m, 4 H),
1.31(d,J=6.8Hz,3H),120-1.21(m, 2
H), 0.90-0.92 (m, 1 H),0.40-0.53 (m, 3
H), 0.27 - 0.29 (m, 1 H).

263*

4-[4-({[2-amino-5-
(1-methyl-1H-

imidazol-4-
yl)pyridin-3-

ylloxy}methyl)pipe

ridin-1-yl]-6-[(1-
cyanocyclopropyl)
methoxy}-N-[{(1R)-
1-

cyclopropylethyl]-
1,3,5-triazine-2-
carboxamide

573.0; (400 MHz, CDCls) 8 ppm 7.97 (s, 1
H), 7.80 (d, J=8.8 Hz, 1 H), 7.45 (s, 2 H),
711(s,1H),507d,J=13.2Hz, 1 H),
486 (d, J=132Hz 1H),4.63 (s, 2H),
4.41(s,2H),3.98(d,J=6.4Hz 2H),
3.72(s,3H),3.48-3.54 (m, 1 H),2.97 -
3.08(m,2H),2.18-2.20 (m, 1 H), 2.00
(d,J=124Hz,2H),1.39-145(m, 4 H),
1.31(d,J=6.8Hz,3H),120-1.21(m, 2
H),0.90-0.92 (m, 1 H),0.40-0.53(m, 3
H), 0.27 - 0.29 (m, 1 H).
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264

3-amino-6-(1-{6-
(azetidin-1-
ylcarbonyl)-2-[(1-
cyanocyclopropyl)
methoxy]pyrimidin
-4-yl}piperidin-4-
yl)pyridine-2-
carboxamide

477.1; (700 MHz, DMSO-d6) ppm 7.83
(r.s., 1H),7.22(d, J=2.9Hz, 1H),7.17
(d, J=8.5Hz, 1 H),7.09 (d, J=8.5Hz, 1
H), 6.92 (s, 1 H), 6.65 (br. s., 2 H), 4.55 (t,
J=7.7Hz 2 H), 4.24 (s, 2 H), 4.02 ¢, J =
7.8 Hz, 2 H), 3.42 — 3.46 (m, 2 H), 3.03
(or.s., 1 H), 287 (t, J=11.7 Hz, 1 H),
2.25 (quin, J= 7.8 Hz, 2 H), 1.90 (d, J =
12.0 Hz, 2 H), 1.58 — 1.66 (m, 3 H), 1.33 —
1.35 (m, 2 H), 1.18 = 1.19 (m, 2 H).

265

3-amino-6-(1-{2-
(-
cyanocyclopropyl)
methoxy]-6-[(3,3-
difluoropyrrolidin-
1-

yl)carbonyl]pyrimi
din-4-yl}piperidin-

4-yl)pyridine-2-

carboxamide

527.2; (700 MHz, DMSO-d6) sppm 7.84
(or.s., 1 H), 7.24 (br.s., 1 H), 7.16 = 7.19
(m, 1 H), 7.08 = 7.11 (m, 1 H), 6.77 - 6.84
(m, 1H), 6.66 (br. s., 2 H), 4.25 — 4.27 (m,
2 H), 4.06 —4.12 (m, 1 H), 3.44 — 3.48 (m,
2 H), 3.69 (d, J= 7.3 Hz, 1 H), 3.36 — 3.46
(m, 1 H), 3.03 (br. s., 1 H), 2.83 = 2,92 (m,
1H), 2.39 -2.48 (m, 2 H), 1.90 (br. s., 2
H), 1.60 —1.69 (m, 2 H), 1.34 (dd, J = 4.8,
2.4 Hz, 2 H), 1.19 (d, J = 3.4 Hz, 2 H).

3-amino-6-[1-(2-
(-

cyanocyclopropyl)

methoxy]-6-{[2-
(trifluoromethyl)py

rrolidin-1-

yl]lcarbonyl}pyrimi
din-4-yl)piperidin-

4-ylpyridine-2-

carboxamide

559.2; (700 MHz, DMSO-d6) sppm 7.84
(or.s., 1H), 7.23 (br.s., 1 H), 7.18 (d, J =
8.5 Hz, 1 H), 7.09 (d, J = 8.7 Hz, 1 H),
6.79 (br. s., 0.3 H), 6.71 (br. s., 0.7 H),
6.65 (br. s., 2 H), 5.61 — 567 (m, 0.3 H),
494, J=7.4Hz, 0.7 H), 4.28 -4.34 (m,
1H),4.18 —4.24 (m, 1 H), 3.65 - 3. 72
(m, 1H), 3.43 —3.57 (m, 2 H), 3.03 (br. s.,
1H),2.87 (t, J=11.7 Hz, 1 H), 2.09 -
217 (m, 1 H), 1.86 —2.03 (m, 5 H), 1.61 —
1.69 (m, 2 H), 1.34 (br. 5., 2 H), 1.16 —
1.21 (m, 2 H).
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OH
N-[(2R)-1-
hydroxypropan-2- .
HN yll-2-{[(2R,5R)-5- | 518.2 [M+Na]’; (400 MHz, CDs;OD) sppm
HN-N o methyltetrahydrof | 8.47-8.48 (m, 1H),8.30-8.33 (m, 1H),
267* \ — uran-2- 717-7.20(m, 1 H), 7.11 (s, 1H), 4.59 (s,
* NG N—\ N yllmethoxy}-6-[4- | 1H),4.11-4.37 (m, 5H),3.60(d, J=52
| N~/< (1H-pyrazolo[3,4- | Hz, 2H),3.43-3.51 (m, 1 H), 3.26 - 3.30
= o blpyridin-3- (Mm 3H),1.94-219 (M, 7H), 1.49-1.54
yl)piperidin-1- (m, 1H),1.21-1.28 (m, 6 H).
g yl]pyrimidine-4-
carboxamide
OH
N-[(2R)-1- .
hydroxypropan-2- 518.2 [M+Na]"; (400 MHz, CD5;0D) éppm
HN yll-2-{[(2R,5R)-5- | 8.47-849 (m, 1H), 8.31-833(m, 1H),
HN-N o methyltetrahydrof | 7.17-7.20 (m, 1 H), 7.11 (s, 1 H), 4.61 (s,
268* \ — uran-2- 1H),4.34- 4.37 (m, 2 H), 4.25- 4.26 (m,
* N7 N—\ N yljmethoxy}-6-[4- | 1H),4.13-4.14(m, 1 H), 4.04 - 4.06 (m,
~ \ N\/< (1H-pyrazolo[3,4- | 1H),3.61(d, J=52Hz 2H),349-3.51
o blpyridin-3- (m,1 H), 3.26 - 3.31 (m, 3 H), 2.25 - 2.31
yl)piperidin-1- (m, 2H),1.88-2.07 (m,5H), 1.50-1.62
3 yllpyrimidine-4- (m, 1H), 1.24 - 1.26 (m, 6 H).
carboxamide
F
Nd 495.1; (700 MHz, DMSO-ds) & ppm 7.83
0 3-amino-6-(1-{2- | (br.s., 1H), 7.22 (br.s., 1H), 7.18 (dt, J =
N N [(1- 8.5,2.0Hz, 1H),7.09 (d5,J=8.5,22
/ \>_O // Cyanocyc'opropy') HZ, 1 H), 6.96 —6.98 (m, 1 H), 6.65 (br S.,
methoxy]-6-[(3- 2H), 546 (d,J=29Hz 0.5H),5.36 -
269 fluoroazetidin-1- 5.38 (m, 0.5 H), 4.86 - 4. 92 (m, 1 H),
ylcarbonyl]pyrimi | 4.59 —4.64 (m, 1 H), 4.34 —-4.39 (m, 1 H),
din-4-yl}piperidin- | 4.24 —4.25(m, 2 H), 4.04 - 4.09 (m, 1 H),
4-yl)pyridine-2- 3.04 (br.s.,1H),1.90(,J=126 Hz, 2
carboxamide H),1.59-167(m,2H),1.35(,J=1.9
Hz, 2 H), 1.20 (d, J= 1.7 Hz, 2 H),
T[40
amino-5-(1- .
methyl-1H- 567.2 [M+Na]"; (400 MHz, CDCl;) 3 ppm
D imidazol-4- 7.94 (s, 1H),7.47 (d, J=8.0Hz, 2 H),
NH, N yhpyridin-3- 7.12(s,1H), 4.83-4.97 (m, 4 H), 4.51 -
N= _2=0 o | 4.55(m, 2H), 4.39-4.40 (m, 2 H), 4.20 -
[Joxy}methyl)pipe , , ) ,
270 \ 7/ O\_CN_{I_ N 2 r’fgi}n_1_y|¥_§_’ P 424 (m,2H),3.97-3.98 (m, 2H),3.72
N N—’( (azetidin-1- (s,3H),296-3.03(m,2H),231-2.39
§ ) o =N | ylcarbonyl)-1,3,5- | (M, 2H),219-2.21 (m, 1H),1.97-1.99
N - i97in-2- (m2H),1.36-142(m,4H),1.15-1.19
| triazin-2
ylloxy)methylcycl (m, 2 H).
opropanecarbonitr
ile
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4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-tert-
butyl-6-{[(1S,2R)-
2.
cyanocyclopropyl]
methoxy}-1,3,5-
triazine-2-
carboxamide

561.3; (400 MHz, CDCl3) 8 ppm 7.95 (s, 1
H), 7.70 (s, 1 H), 7.45 (s, 2 H), 7.10 (s, 1
H), 5.04 (d, J=12.4 Hz, 1 H), 4.85 (d, J =
12.4 Hz, 1 H), 4.73 (s, 2 H), 4.56 - 4.58
(m, 1 H), 4.45 - 4.47 (m, 1 H), 3.95 - 3.97
(m, 2H), 3.71 (s, 3 H), 2.94 — 3.05 (m, 2
H),2.17-2.18 (m, 1 H), 1.85- 1.89 (m, 2
H), 1.70 - 1.72 (m, 1 H), 1.33 - 1.45 (m, 13
H), 1.12 - 1.14 (m, 2 H).

6-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-[(2R)-
1-hydroxypropan-
2-yll-2-[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

567.1; (400 MHz, DMSO-d;) 5ppm 8.15
d,J=84Hz 1H),7.92(d, J=12Hz, 1
H), 7.55 (s, 1 H), 7.43 (s, 1 H), 7.32 (s, 1
H),6.99 (s,1 H), 5.57 (br. s., 2 H), 4.86(t, J
=56 Hz, 1 H), 4.35-4.65 (m, 1 H), 4.25 -
4.38 (M, 2 H), 4.11-4.18 (m, 1 H), 3.92 -
4.05 (m, 1 H), 3.90 (d, J = 6.4 Hz, 2 H),
3.72-3.85(m, 1 H), 3.60 - 3.72 (m, 4 H),
3.35- 3.48 (M, 2 H), 2.98 — 3.06 (M, 3 H),
2.08-2.18 (m, 1 H), 1.91 =2.05 (m, 2 H),
1.73-1.91 (m, 3H), 1.62-1.72 (m, 1 H),
1.20-1.38 (m, 2 H), 1.12(d, J=6.8 Hz, 3
H).

(3,3-
difluoropyrrolidin-
1-yl){6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
2-[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
n-4-yl}methanone

514.1; (700 MHz, DMSO-d6) 3ppm 8.45
(dd, J=4.4,1.5Hz, 1 H), 8.30 (dd, J =
8.0, 1.5 Hz, 1 H), 7.13 (dd, J=8.0, 1.5

Hz, 1 H), 6.79 —6.83 (m, 1 H), 4.18 — 4.22

(m, 2H), 4.11 —4.15 (m, 2 H), 3.86 — 3.89

(m, 2H), 3.75-3.78 (m, 1 H), 3.64 - 3.71

(m, 2 H), 2.42 —2.46 (m, 2 H), 2.09 (d, J =

10.8 Hz, 2 H), 1.95 - 1.98 (m, 1 H), 1.77 -

1.89 (m, 4 H), 1.61 - 1.66 (m, 1 H).

NH, HN>L
N= _2=o
. \ / Q N=
e | O
€ o
N
|
/
N
OH
NH, HN
272+ N °
O
\_,<N
N N
L) o
N
| bs
: O
F \\C
5
N N k(
273* © N
N
~
N P
N
NT N
e
Fr, .
b
N Q(
274* © N
N
~
N
N
NT N

[(35,495)-3 4-
difluoropyrrolidin-
1-yl{6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
2-[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
n-4-yl}methanone

514.2; (700 MHz, DMSO-d;) & ppm 8.47
(d,J=4.4Hz, 1 H),831(d, J=8.0Hz, 1
H), 7.13 (dd, J = 8.0, 4.4 Hz, 1 H), 6.83 (s,
1 H), 5.43 (br. s., 1 H), 5.36 (br. s., 1 H),
4.16 —4.23 (M, 2 H), 4.13 = 4.15 (m, 1 H),
3.96 — 4.09 (m, 2 H), 3.76 — 3.89 (M, 3 H),
3.66 (q, J= 7.4 Hz, 1 H), 2.09 (d, J = 12.3
Hz, 2 H), 1.95 - 1.99 (m, 1 H), 1.77 — 1.89
(m, 5 H), 1.62 —1.67 (m, 1 H).
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- (3,3- 488.1; (700 MHz, DMSO-d6) ppm
0 NDL difluoroazetidin-1- |  8.47 (d, J = 1.20 Hz, 1 H), 8.30 (d, J =
yD@-{[2R)-1- | 6.49Hz 1H),7.10-7.16 (m, 1 H), 6.96 -
vL N7 methoxypropan-2- | 7.03 (m, 1 H), 5.13 -5.22 (m, 1 H), 4.98 (,
275+ | —© o/l - ylloxy}-6-[4-(1H- | J=12.21 Hz, 2 H), 447 (t, J = 11.96 Hz,
pyrazolo[3,4- 3 H), 3.47 - 3.54 (m, 1 H), 3.44 (d, J =
blpyridin-3- 10.42 Hz, 1 H), 3.25 - 3.30 (m, 1 H), 2.46
y)piperidin-1- -2.52 (m, 6 H), 2.09 (d, J=12.81 Hz, 2
yllpyrimidin-4- | H), 1.73-1.81 (m, 2 H), 1.20 - 1.28 (m, 4
yl)methanone H).
F
N - 482.2; (700 MHz, DMSO-d6) sppm 8.47
2? \o ﬁi‘fﬁg"?j‘?ﬁ'ﬂ” (td, J=3.9, 1.3 Hz, 1 H), 8.28 — 8.30 (m, 1
N=( oyrazolofd.4. | M) 712=7.14(m, 1 H), 6.97 - 6.98 (m, 1
7 \ N Dlpyridin.s. H), 5.47 (br. s., 0.5 H), 5.39 (br. s., 0.5 H),
276" Dpiperidin- 1yl | 4-87=4.93 (. 1H),4.59—4.64 (m, 1 H),
N yop 2R Y1 434 439 (m, 1 H), 4.05-4.21 (m, 4 H),
3.76 — 3.79 (m, 1 H), 3.64 — 3.67 (m, 1 H),
tfrtgzthhy:m]f“rfirr:izd'i 316318 (m 1 H), 2,00 (d. J=128 Hz.
3;]4 l}m"é’”ﬁ’;’none 2 H), 1.96 = 1.99 (m, 1 H), 1.75 - 1.91 (m,
Y 4 H), 1.62 —1.66 (m, 1 H).
NSl
H N
0,
O \ . 464.1; (700 MHz, DMSO-ds) & ppm 8.46 -
N P Azetidin-1-yl{6-[4- | g 48 (m, 1 H), 8.29 — 8.30 (m, 1 H), 7.13
:( (1H-pyrazolo[3,4- | (dd, J=8.0,4.4 Hz, 1 H), 6.93 (s, 1 H),
o) \ N blpyridin-3- 457 (t,J=7.7Hz,2H), 413 -420(m, 3
277 yhpiperidin-1-yll- | 1) 403 ¢, y=7.7Hz, 2H),3.77(q, J=
N 2-[(2R)- 7.1 Hz, 2 H), 3.66 (9, J = 7.3 Hz, 1 H),
tetrahydrofuran-2- | 2 26 (quin, J = 7.7 Hz, 2 H), 2.08 (d, J =
ylmethoxylpyrimidi | 11 4 Hz, 2 H), 1.95 - 1.98 (m, 1 H), 1.75 -
n-4-yl}methanone 1.87 (m, 5 H), 1.59 — 1.64 (m, 2 H).
4 X
N\N | _
NTON
(3
hydroxyazetidin-1- | 480.0; (400 MHz, CD;OD) 5ppm 8.50 (d, J
y){6-[4-(1H- =44Hz 1H), 833, J=80Hz, 1H),
pyrazolo[3 4- 7.19-7.22(m, 1H), 7.01 (5, 1 H), 4.47 -
278* blpyridin-3- 464 (m,3H),428-4.39(m,5H),3.91-
_N \/E} ylpiperidin-1-yl]- | 3.95(m, 2H), 3.81-3.82(m, 1 H), 3.33-
I 0 2-[(2R)- 3.50 (m, 2 H), 3.26 - 3.29 (m, 2 H), 2.09 -
N tetrahydrofuran-2- | 2.20 (m, 3 H), 1.97 —2.02 (m, 4 H), 1.81 -
/C/N ylmethoxy]pyrimidi 1.94 (m, 1 H).
(0]
HO n-4-yl}methanone
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4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-[(2R)-
tetrahydrofuran-2-
ylmethoxy]-N-
[(25)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

606.1; (400 MHz, CD;OD) Sppm 7.88 (s, 1
H), 7.63 (s, 1 H), 7.44 (s, 1 H), 7.36 (s, 1
H), 5.10 (d, J = 15.2 Hz, 2 H), 4.44 - 4.57
(m, 1 H), 4.41 - 4.43 (m, 2 H), 4.28 - 4.29
(m, 1 H), 4.02 (d, J = 8.0 Hz, 2 H), 3.90 -

3.92 (m, 2 H), 3.76 (s, 3 H), 3.10 - 3.13

(m, 2 H), 2.23 - 2.29 (m, 1 H), 1.96 —2.11

(m, 5 H), 1.70 - 1.82 (m, 1 H), 1.44 - 1.47
(m, 5 H).

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-[(2R)-
1-hydroxypropan-
2-yll-6-[(2R)-
tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-
carboxamide

568.1; (400 MHz, CD;OD) sppm 7.88 (s, 1
H), 7.63 (s, 1 H), 7.44 (s, 1 H), 7.36 (s, 1
H), 5.07 - 5.10 (m, 2 H), 4.41 - 443 (m, 2
H), 4.14 - 4.26 (m, 2 H), 4.01 - 4.03 (m, 2
H), 3.91 (d, J= 8.0 Hz, 2 H), 3.76 (s, 3 H),
3.63 (d, J= 5.2 Hz, 2 H), 3.06 - 3.09 (m, 2
H), 2.23-2.28 (m, 1 H), 1.82 =211 (m, 6
H), 1.42-1.45 (m, 2 H), 1.27 (d, J=6.6
Hz, 3 H).

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-[(2R)-
3-hydroxy-3-
methylbutan-2-yl]-
6-[(2R)-
tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-
carboxamide

596.1; (400 MHz, CD;OD) sppm 7.88 (s, 1
H), 7.63 (s, 1 H), 7.44 (s, 1 H), 7.36 (s, 1
H), 5.09 (d, J= 12.4 Hz, 2 H), 4.54 - 4.57
(m, 1 H), 4.41- 4.43 (m, 2 H), 4.28 - 4.29
(m, 1 H), 4.02 (d, J = 6.8 Hz, 2 H), 3.90 -

3.92 (m, 1 H), 3.80 - 3.81 (s, 1 H), 3.76 (s,
3H), 3.08 -3.13 (M, 2 H), 2.23 - 2.28 (m,
H), 1.96 —2.11 (m, 5 H), 1,77 - 1.83 (m,

H), 1.43-1.46 (M, 2 H) 1.22 - 1.27 (m, 8

H).

-

R F
F
NH, HN
N= o]
279* f
N\ / Q N=
N N
Bave™y
€ o
| bs
-
NH> HN,
280 {“— o Nf °
/ \_CN_<}\,_/<N
(> o
| bs
X"
NH, HN,
281* Q‘— P NI °
\—CN—<}\‘ _/<N
| bs!
:ON
N (O
o) | N\\ro\\\“
=N
282*
E’\P
)
N0
NH, NH,

3-amino-6-[1-(6-
{[(39)-3-
methoxypyrrolidin-
1-yllcarbonyl}-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
n-4-yl)piperidin-4-
yl]pyridine-2-
carboxamide

526.2; (700 MHz, DMSO-de) & ppm 7.84
(or.s., 1 H), 7.24 (br. s., 1 H), 7.18 (dd, J
=86, 2.3 Hz, 1 H), 7.09 (dt, J= 8.5, 2.2

Hz, 1 H), 6.63 —6.69 (m, 3 H), 4.09 — 4.20

(m, 3H), 3.94 —4.00 (m, 1 H), 3.74 - 3.77

(m, 1 H), 3,48 —3.66 (m, 4 H), 3.08 — 3.22

(m, 2 H), 3.00 (br. s., 1 H), 2.84 — 2.87 (m,

1H),1.76 =2.03 (m, 7H), 1.64 (d, J= 8.7

Hz, 3 H).
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O

~N
N
O:S—>;
. — —
283 Ny AN y ) NH
>N N
6! NH,

3

3-amino-6-[1-(6-
{{(3R)-3-
methoxypyrrolidin-
1-yllcarbonyl}-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
n-4-yl)piperidin-4-
yl]pyridine-2-
carboxamide

526.2; (700 MHz, DMSO-d;) 5 ppm 7.84
d, J=2.9Hz 1H),7.24 (d, J= 3.1 Hz, 1
H), 7.18 (d, J= 8.5 Hz, 1 H), 7.09 (d, J =
8.5 Hz, 1 H), 6.63 —6.70 (m, 3 H), 4.16 —
4.19 (m, 2 H), 4.09 — 4.14 (m, 1 H), 3.95 —
3.99 (M, 1 H), 3.76 (q, J= 7.1 Hz, 1 H),
3,48 — 3.67 (M, 4 H), 3.24 —3.25 (m, 1 H),

3.18 -3.19 (m, 1 H), 3.00 (br. s., 1 H),

2.86 (tt, J= 11.7, 3.7 Hz, 1 H), 1.78 - 2.01

(m, 7 H), 1.60 — 1.67 (m, 3 H).

3-amino-6-(1-{6-

483.1; (700 MHz, DMSO-d) & ppm 7.83
(or.s., 1 H), 7.24 (br.s., 1 H), 717 (d, J =

| _N (azetidin-1- 8.5 Hz, 1 H), 7.09 (d, J = 8.5 Hz, 1 H),
ylcarbonyl)-2- 6.90 (s, 1 H), 6.67 (br. s., 2 H), 4.56 (t, J
284* N [(@R)- =7.6 Hz, 2 H), 4.10 - 4.19 (m, 3 H), 4.02
tetrahydrofuran-2- |t j=78 Hz 2 H), 3.75 - 3.78 (m, 1 H),
ylmethoxylpyrimidi | "3 64 — 3.67 (m, 1 H), 3.01 (br. 5., 1 H),
n-4-yl}piperidin-4- [ 282 _ 288 (m, 1 H), 2.26 (quin, J=7.7
N y)pyridine-2- Hz, 2 H), 1.97 (td, J = 12.7, 7.7 Hz, 1 H),
p\ carboxamide 1.81 =1.90 (M, 5 H), 1.59 — 1.66 (m, 4 H).
A0
NH, NH,
WD
o/ N ‘O 3-amino-6-[1-(6-
= 5 N O {[(25)-2- 540.2; (700 MHz, DMSO-dg) & ppm 7.81 —
| Nl (methoxymethyp | 7-84 (m, 1H), 7.25 (br.s., 1 H), 7.17 -
~N yrrolidin-1- 7.19 (m, 1 H), 7.09 (d, J = 8.5 Hz, 1 H),
. Jiicarbonyl}-2- | 6.63-6.68 (m, 3 H),4.44 (d, J=4.4Hz,
285 N [2R)- 1H), 410 -4.19 (m, 4 H), 3.76 (@, J= 7.2
tetrahydrofuran_z_ HZ, 1 H), 3.64 - 3.67 (m, 1 H), 3.46 — 3.56
ylmethoxy]pyrimidi | (M, 2H), 3.11 = 3.13 (m, 1 H), 3.00 (br. s,
n-4-yhpiperidin-4- | 1 H), 2.84 —2.87 (m, 1 H), 1.75 - 1.98 (m,
— 0 carboxamide
NH, NH,
OH 6-[4-({[2-amino-5-
(1-methyl-1H- 555.1; (400 MHz, CDCls) 3ppm 7.94 -
imidazol-4- 7.96 (m, 2 H), 7.45 (s, 1 H), 7.09 (s, 1 H),
NH, HN ypyridin-3- 7.06 (s, 1 H), 5.28 - 5.34 (m, 1 H), 4.48 -
286+ N= O ylloxy}methyl)pipe 4.88 (br.s.,4H),4.18 -4.21 (m, 1 H),

ridin-1-yl]-N-[(2R)-
1-hydroxypropan-
2-yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

3.95 (d, J= 6.4 Hz, 2 H), 3.55 - 3.74 (m, 6
H), 3.45-3.55 (m, 1 H), 3.41 (s, 1 H),
2.96 - 3.03 (M, 2 H), 2.16 - 2.23 (m, 1 H),
1.93-1.98 (m, 2 H), 1.34 - 1.41 (m, 5 H),
1.26 (d, J = 6.8 Hz, 3H).
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4-[4-({[2-amino-5-

;L (1-methyl-1H- 561.1; (400 MHz, CDCl3) 3ppm 7.95 (s, 1
NH, HN imidazol-4- H), 7.70 (s, 1 H), 7.46 (s, 2 H), 7.10 (s, 1
N= _2=o yhpyridin-3- H), 5.05(d, J=14.0 Hz, 1 H),4.85(d, J=
287 \ /" N= ylloxy}methyl)pipe | 128 Hz, 1 H), 4.75 (s, 2 H), 4.40 (d, J =
y \_CN*}Q_(N ridin-1-yll-N-terf- | 4.4 Hz, 2 H), 3.96 - 3.97 (m, 2 H), 3.72 (s,
0 Y N butyl-6-[(1- 3 H), 2.99 -3.03(m, 2 H), 2.17 - 2.19 (m,
N _a/‘-’ cyanocyclopropyl) | 1 H) 1.98 —2.00 (m, 2 H), 1.39 - 1.46 (m,
methoxy]-1,3,5- 13 H), 1.18 - 1.20 (m, 2 H).
triazine-2-
carboxamide
F,F
N @) 3-amino-6-[1-(6- 532.2; (700 MHz, DMSO-dg) 6 ppm 7.77
Na O {[(35,45)-3,4- (br.s.,1H), 718 (d, J=22Hz, 1 H),
o | N difluoropyrrolidin- | 7.11(dd, J=8.6,2.1 Hz, 1 H), 7.02 (dd, J
_N 1-yljcarbonyl}-2- | =8.5,2.4 Hz, 1H),6.73 (d, J=1.9 Hz, 1
288" [(2R)- H), 6.60 (br. s., 2 H), 5.36 (br. s., 1 H),
yimethoxylpyrimidi | 3:67 = 3.82 (m, 3 H), 3.58 = 3.61 (m, 1 H),
n-4-yl)piperidin-4- 295(r.s.,1H),280( J=11.8Hz, 1
yilpyridine-2- H), 1.73 = 1.93 (m, 6 H), 1.55 — 1.62 (m, 4
| =N carboxamide H).
N0
NH, NH,
F
N o] 3-amino-6-(1-{6- 532.2; (700 MHz, DMSO-dg) 8 ppm 7.84
N. O Q (3.3 (d,J=31Hz, 1H),725(d,J=29Hz 1
> | ST difluoropyrrolidin- | H), 7.18 (d, J=8.7Hz, 1H),7.09(d,J=
_N 1-ylcarbonyll-2- | 8.5Hz, 1H),6.79 (s, 0.5H,6.75 (s, 0.5
289* [(2R)- H), 6.67 (br. s., 2 H), 4.16 — 4.20 (m, 2 H),
N tetrahydrofuran-2- | 4.10-4.14 (m, 2 H), 3.85-3.89 (m, 2 H),
yimethoxylpyrimidi | 3.75 = 3.78 (m, 1 H), 3.64 - 3.70 (m, 2 H),
n-4-yl}piperidin-4- 3.02 (br.s.,1H),2.85-288(m,1H),
yDpyridine-2- | 242248 (m, 2 H), 1.93 - 1.98 (m, 1 H),
N carboxamide 1.80 — 1.91 (m, 4 H), 1.62 — 1.68 (m, 3 H).
| N0
NH, NH,
4-[4-({[2-amino-5-
(1-methyl-1H- 580.1; [M+Na]"; (400 MHz, CDCl3) ppm
>— imidazol-4- 8.38 (s, 1H), 7.85(s, 1 H), 7.63 (d, J =
\ NH HN ° yl)pyridin-3- 8.8 Hz, 1 H), 7.50 (d, J = 5.6 Hz, 2 H),
=\ o Nf ylloxy}methyl)pipe | 7.11 (s, 1 H), 5.67 (s, 2 H), 5.10 (d, J =
290* \ 7 VAR ridin-1-yl-6-{[(1S)- | 14.0 Hz, 1 H), 4.86 (d, J = 12.0 Hz, 1 H),
N N—¢ 2,2- 4.40 - 455 (m, 2 H), 4.22 - 4.26 (m, 1 H),
£ \ Oo— diflucrocyclopropy | 3.95-4.05(m, 2 H), 3.74 (s, 3 H), 2.97 -
\ Imethoxy}-N- 3.08 (m, 2 H), 2.05 (d, J=11.2 Hz, 4 H),

(propan-2-yl)-
1,3,5-triazine-2-
carboxamide

1.55-1.65 (m, 1 H), 1.32-1.41 (m, 3 H),
1.26 (d, d, J = 10.0 Hz, 6 H).
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291*

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
yhpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-{[(15)-
2,2-
diflucrocyclopropy
[lmethoxy}- V-
[(2R)-1-
hydroxypropan-2-
yl1-1,3,5-triazine-
2-carboxamide

596.2 [M+Nal*; (400 MHz, CDCly) 8ppm
7.96 (5, 1H),7.90 (d, J = 11.6 Hz, 1 H),
7.48 (d, J=5.2Hz, 2 H), 7.12 (s, 1 H),
5.05 (d, J = 12.8 Hz, 1 H), 4.83 - 4.87 (m,
1 H), 4.80 (br. s., 2 H), 4.40 — 4.55 (m, 2
H), 4.15 - 4.25 (m, 1 H), 3.99 (t, J = 3.2
Hz, 2 H), 3.75-3.77 (m, 1 H), 3.73 (s, 3
H), 3.64 - 3.69 (m, 1 H), 2.95 — 3.05 (m, 2
H), 2.10 - 2.25 (m, 2 H), 1.98 — 2.02 (m, 2
H), 1.59 - 1.62 (m, 2 H), 1.34 - 1.45 (m, 3
H), 1.30 (d, J = 6.8 Hz, 6 H).

6-[4-({[2-amino-5-

3 (1-methyl-1H-
imidazol-4- 5952 [M+Nal"; (400 MHz, CDCl;) 8ppm
NH, N oH yhpyridin-3- (Formate salt) 7.89 - 7.93 (m, 2 H), 7.49
N= o} ylloxy}methylpipe | (d, J=52Hz,2H),7.12(d, J=52Hz, 2
292+ \ /© — ridin-1-yl]-2{[(1S)- H), 5.32 (s, 2H), 4.46 - 460 (m, 2 H),
\—CN NN 2,2- 4.35-438(m, 1 H), 4.15-4.25(m, 1 H),
E N N_<o—, difluorocyclopropy | 3.98 (d, J=6.4 Hz, 2 H), 3.74- 3.77 (m, 1
N = [Imethoxy}-N- H), 3.73 (s, 3H), 3.64 -3.67 (m, 1 H),
| [2R)-1- 2.95-3.10(m, 2 H),1.98 -2.05(m, 4 H),
Fe hydroxypropan-2- | 1.58 - 1.60 (m, 1 H), 1.28 - 1.40 (m, 7 H).
yl]pyrimidine-4-
carboxamide
N;\\"Q,'
7 (1R,25)-2-[({4- 496.0; (400 MHz, CD,0D) 8ppm 8.50 (d, J
o o [(3,3- =36Hz 1H),8.34(d, J=7.2Hz, 1H),
\7/N difluoroazetidin-1- | 7.18-7.21 (m, 1 H), 5.04 (t, J=8.4Hz, 2
N/ \7/Z<N yh)carbonyl]-6-[4- | H),4.89-4.93(m,2H),4.73-476 (m, 1
293+ \];N (1H-pyrazolo[3,4- | H),4.54 (t, J=12.0Hz, 2 H), 4.32-4.33
N F blpyridin-3- (m,1H),3.48-3.54(m, 1H),3.37(,1
F yl)piperidin-1-yl]- H),3.29 (s, 1 H),2.19-222 (m, 2 H),
1,3,5-triazin-2- 1.88-2.00 (M, 4H),1.36-1.38 (m, 1H),
yl}oxy)methyl]cycl 1.14-1.16 (m, 1 H).
opropanecarbonitr
ile
3-amino-6-(1-{6- 500.2; (700 MHz, DMSO-dg) 3 ppm 7.83
[(3-fluoroazetidin- | (or.s., 1H), 7.24 (br.s, 1 H), 7.16 - 7.18
1-yl)carbonyl]-2- | (M, 1H),7.08 =7.10 (m, 1 H), 6.94 - 6.95
294* [(2R)- (m, 1H), 6.66 (br.s.,2H), 547 (br.s., 0.5

tetrahydrofuran-2-

ylmethoxy]pyrimidi

n-4-yl}piperidin-4-
yhpyridine-2-
carboxamide

H), 5.39 (br. s., 0.5 H), 4.87 —4.93 (m, 1
H), 4.57 — 4.63 (m, 1 H), 4.04 — 4.20 (m, 4
H), 3.75 - 3.79 (m, 1 H), 3.65 — 3.68 (m, 1

H), 3.03 (br. s., 1 H), 2.87 (br. s., 1 H),
1.79 - 1.99 (m, 5 H), 1.58 — 1.65 (m, 3 H).
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295+ N \$
N

4-{[(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-[(1S5)-
1-
cyclopropylethyl]-
6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

488.0; (400 MHz, CDCl5) sppm 12.39 (s, 1
H), 8.59 (d, J= 4.0 Hz, 1 H), 8.09 (d, J =
8.0 Hz, 1 H), 7.85 (d, J = 8.4 Hz,1 H), 7.10
-7.13(m, 1 H), 5.05 (s, 1 H), 4.87 (d, J =
11.6 Hz, 1 H), 4.60 - 4.62 (m, 1 H), 4.46 -
4.50 (m, 1 H), 3.51-3.53 (m, 1 H), 3.37 -
3.39 (m, 1 H), 3.20 - 3.22 (m, 2 H), 2.05 -
217 (m, 4 H), 1.86 - 1.88 (m, 1 H) ,1.68 -
1.70 (m, 1 H), 1.31 - 1.35 (m, 4 H), 1.29 -
1.30 (m, 1 H), 1.13-1.15 (m, 1 H), 0.40 -
0.52 (m, 3 H), 0.26 - 0.27 (m, 1 H).

(1R,25)-2-[({4-
(azetidin-1-
ylcarbonyl)-6-[4-
(1H-pyrazolo[3,4-

460.1; (400 MHz, CDCl;) Sppm 12.23 (br.
s., 1H),8.59 (d, J= 4.4 Hz, 1 H), 8.1 (d,
J=8.0Hz 1H),7.11-7.15(m, 1 H), 4.85
-4.94 (M, 2 H), 4.52 - 4.56 (m, 3 H), 4.44 -

296+ VN L] blpyridin-3- 447 (m, 1H), 4.21-4.25(m, 2 H), 3.39 -

N ypiperidin-1-yl]- | 3.42 (m, 1H), 3.19-3.21 (m, 2 H), 2.32 -

1.3 5riazin-2- | 2:36 (m, 2H), 213 -2.17 (m, 2 H), 2.00 -

yloxy)methyllcycl | 2.04 (m, 2 H), 1.67-1.85(m, 1 H), 1.65-

opropanecarbonitr | 1.66 (m, 1 H), 1.31-1.32(m, 1 H), 1.10 -

j N N il 1.12 (m, 1 H).

P
N" R

N;\"'A.,, 488.0; (400 MHz, CDCl3) ppm 12.74 (s, 1

i 4-{[(1S,2R)-2- H), 8.59 (d, J=4.0 Hz, 1 H), 8.08 (d, J =

o) o cyanocyclopropyl] | 8.0 Hz, 1 H), 7.87 (d, J = 8.4 Hz, 1 H),

207 N %
N

methoxy}-N-[(1R)-
1-
cyclopropylethyl]-
6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-

yl)piperidin-1-yl]-
1,3,5-triazine-2-

7.09-7.12 (m, 1 H), 5.05 (s, 1 H), 4.88 (d,
J=116Hz, 1H), 4.58-4.61 (m, 1 H),
4.44 - 447 (m, 1 H), 3.50 - 3.52 (m, 1 H),
3.38-3.39 (m, 1 H), 3.19 - 3.21 (m, 2 H),
2.16 - 2.35 (m, 4 H), 1.69 - 1.85 (m, 1
H),1.68 - 1.70 (m, 1 H), 1.32 - 1.33 (m, 4
H), 1.28-1.30 (m, 1 H), 1.11-1.13 (m, 1

208" PN $
N

methoxy}- V-
(cyclopropylmethy
1)-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

X . H), 0.45-0.52 (m, 3 H), 0.26 - 0.39 (m, 1
| N carboxamide H)
~ 4 .
N
N H
)
/ 4-{[(1S,2R)-2- 496.0 [M+Na]"; (400 MHz, CDCls3) ppm
0 O cyanocyclopropyl] | 11.60 (br.s., 1 H), 8.57 (s, 1 H), 8.11 d, J

=8.0Hz, 1H), 7.94 (d, J=6.0 Hz, 1 H),
7.12-7.15 (m, 1 H),5.08 (d, J = 9.2 Hz, 1
H), 4.89 (d, J= 11.2 Hz, 1 H), 4.49 - 4.62
(M, 2 H),3.23-3.42 (m, 5 H), 1.69 —2.18
(m, 4 H), 1.14 - 1.36 (m, 5 H), 0.55 (d, J =
8.0 Hz, 2 H), 0.29 (t, J = 5.2 Hz, 2 H).
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<

-

HN OH
4_2:0
N N
N

6-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-2-{[(1R)-
2,2-
difluorocyclopropy
[J[methoxy}-N-
[(2R)-1-
hydroxypropan-2-
yl]pyrimidine-4-
carboxamide

573.0; (400 MHz, CDCl;) 5ppm 7.96 (s, 1
H), 7.93 (d, J= 7.6 Hz, 1 H), 7.45 (s, 2 H),
7.08 - 7.13 (m, 2H), 4.73 (br. s., 2 H), 4.42
-4.52 (m, 2 H), 4.28 - 4.38 (m, 1 H), 4.15 -
4.25 (m, 1 H), 3.96 (d, J=6.0 Hz, 2 H),
3.68 - 3.78 (M, 4 H), 3.58 - 3.68 (m, 1 H),
2.95-3.08 (m, 2 H), 2.08 - 2.20 (m, 2 H),
1.95 - 2.02 (m, 2 H), 1.55 - 1.65 (M, 2 H),
1.25 - 1.45 (m, 7 H).

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-{[(1R)-
2,2-
difluorocyclopropy
[J[methoxy}-N-
[(2R)-1-
hydroxypropan-2-
yl]-1,3,5-triazine-
2-carboxamide

574.2; (400 MHz, CDCl;) 8ppm 7.97 (d, J
=2.0Hz, 1H),7.89 (d, J=7.6 Hz, 1H),
7.47 (d, J=1.6 Hz, 2 H), 7.11 (s, 1 H),
506 (d, J=12.4 Hz, 1 H), 4.84 (d,J =
14.4 Hz, 1 H), 4.68 (br. s., 2 H), 4.38 -
4.55 (m, 2 H), 4.12- 4.25 (m, 1 H), 3.95 -
4.05(m, 2 H), 3.74-3.77 (m, 1 H), 3.71
(s, 3 H), 3.62 - 3.68 (m, 1 H), 2.95 - 3.07
(m, 2 H), 2.05 - 2.22 (m, 2 H), 1.96 - 2.05
(m, 2H), 1.35-1.42 (m, 4 H), 1.31 (d, J =
6.8 Hz, 3 H).

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-6-{[(1R)-
2,2-
difluorocyclopropy
[J[methoxy}-N-
(propan-2-yl)-
1,3,5-triazine-2-
carboxamide

558.2; (400 MHz, CDCl;) Sppm 7.97 (s, 1
H), 7.60 (d, J=2.0Hz, 1 H), 7.46 @,J =
4.0Hz, 2H),7.11 (s, 1 H), 5.07 (d, J =
13.2 Hz, 1 H), 4.86 (d, J = 12.8 Hz, 1 H),
4.69 (br. s., 2 H), 4.38 - 4.57 (m, 2 H),
4.15-428 (m, 1H),3.98 (t, J = 4.4 Hz, 2
H), 3.72 (s, 3 H), 2.95 — 3.08 (m, 2 H),
2.08-2.22 (m, 2 H), 1.96 = 2.05 (m, 2 H),
1.27 - 1.42(m, 4 H), 1.26 (d, J = 6.4 Hz,
6 H).

N 0
\p\l/ ]/\O/

NH,
N=
" (@]
299 \ 7 \_CN
N
i\
LN
\
NH,
N=—
" Q
300 \ 7 \_CN
N
)
LN
\
301*
302*
Lo
HO

(3-
hydroxyazetidin-1-
yh(@2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yhpiperidin-1-
yl]pyrimidin-4-
yl)methanone

468.2; (400 MHz, CD,0D) Sppm 8.48 (d, J
=3.2Hz, 1 H),832(d, J=8.4 Hz, 1H),
7.17-7.20 (m, 1 H), 6.98 (s,1 H), 5.29 -
532 (m, 1 H), 4.59 - 463 (m, 3 H), 4.40 -
4.44 (m, 2 H), 3.87-3.93 (m, 1 H), 3.54 -
3.61 (m, 1 H), 3.51 - 3.53 (m, 2 H), 3.38
(s, 3H), 3.24 -3.31 (m, 3 H), 2.14 - 2.18
(m, 2 H), 1.93 -2.00 (m, 2 H), 1.34 (d, J =

6.0 Hz, 3 H).
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6-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-

538.2; (700 MHz, DMSO-d) & ppm 7.84
(or.s., 1 H), 7.24 (br.s., 1 H), 7.17 = 7.19

yil-N-methyl-2- (m, 1 H), 7.09 (dd, J = 8.5, 2.1 Hz, 1 H),
. [(2R)- 6.67 (br.s.,2H),6.60(d,J=19Hz, 1H),
303 N tetrahydrofuran-2- | 4.52(d, J=9.1Hz, 1H),431(d,J=92
yimethoxy]-N- Hz, 1 H), 4.11-4.37 (m, 3 H), 3.75 (t, J =
(2,2,2- 6.7Hz,1H),365(t J=72Hz,1H), 298
trifluoroethyl)pyrim | —3.06 (m, 3 H), 2.86 (br.s., 1 H), 1.78 -
Y idine-d- 1.97 (m, 5 H), 1.58 — 1.68 (m, 3 H).
| N carboxamide
= o)
NH, NH,
4-[4-({[2-amino-5- .
OH (1-methyl-1H- 578.3 [M+Na]"; (400 MHz, CDCl;) 8ppm
g__ imidazol-4- 796 (s,1H), 793, J=80Hz, 1H),
ypyridin-3- 7.45 (s, 2 H), 7.10 (s, 1 H), 5.38 - 5.46 (m,
N NH; HN o | viloxyimethyhpipe | 1H).5.04 (d, J=14.0 Hz, 1 H), 4.83 (d, J
344 o N:?z ridin-1-yll-N-[2R)- | = 124 Hz, 1 H), 4.69 (br.s.,2H), 4.15 -
\ 7 \_CN_<\ \ 1-hydroxypropan- | 4.23 (m, 1 H), 3.85-4.02 (m, 2 H), 3.58 -
N N—/< s 2-ylI-6-{[(2R)-1- 3.75(m, 6 H), 3.48 - 3.55 (m, 1 H), 3.40
N _> Jiloxy>-1,3,5- | (M, 1H), 1.92-2.02(m, 2 H),1.37 (d, J =
Q Hiazine.- 6.0 Hz, 5 H), 1.27 (d, J = 6.4 Hz, 3 H).
carboxamide
4-[4-({[2-amino-5-
on (1-methyl-1H- | 583.9; (400 MHz, CDCl;) Sppm 8.30 (d, J
imidazol-4- = 9.6 Hz, 1 H), 7.96 (s, 1 H), 7.43 - 7.47
>§_ ypyridin-3- (m, 2 H), 7.10 (s, 1 H), 5.38 - 5.46 (M, 1
NH, HN yiloxylmethylpipe | H). 5.06 (d, J=12.8 Hz, 1 H), 4.85 (d, J =
N= o] idin-1-vI1-N- - 10.8 Hz, 1 H), 4.70 (br. s., 2 H), 4.02 -
. ridin-1-yl]-N-[2R)
345 \ /) N= 3-hydroxy-3- 4.08 (M, 1 H), 3.93 - 4.02 (m, 2 H), 3.72
NN methylbutan-2-yl]- | (5.3 H),3.66-3.71 (m, 1 H), 3.48 - 3.55
'\I‘ 2 N_<o s 6-{[(2R)-1- (m, 1H),3.41(s,3H),2.95-3.08(m, 1
LN _> methoxypropan_z_ H), 215-2.25 (m, 1 H), 1.92-2.02 (m, 2
| d ylloxy}-1,3,5- H), 1.32-1.43 (m, 5 H), 1.18 - 1.25 (m, 9
\ triazine-2- H).
carboxamide
HoN N

346

4-[4-({[2-amino-5-
(1-methyl-1H-
imidazol-4-
ylpyridin-3-
ylloxy}methyl)pipe
ridin-1-yl-6-[(1-
cyanocyclopropyl)
methoxy]-N-(1-
methylcyclobutyl)-
1,3,5-triazine-2-
carboxamide

573.1; (400 MHz, CDCl;) 5ppm 7.96 (s, 1
H), 7.88 (s, 1 H), 7.44 (s, 2 H), 7.10 (s, 1
H), 5.06 (d, J= 13.2 Hz, 1 H), 4.84 (d, J =
12.8 Hz, 1 H), 4.65 (s, 2 H), 4.40 (m, 2 H),
3.96 - 3.97 (m, 2 H), 3.71 (s, 3 H), 2.99 -
3.06 (m, 2 H), 2.41-2.46 (m, 2 H), 1.96 -
2.01 (m, 3 H), 1.79 - 1.89 (m, 6 H), 1.41 -
1.43 (m, 4 H), 1.18 - 1.20 (M, 2 H).
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N= 498.2 [M+Na]"; (400 MHz, CDCl;) ppm
o/ o N-tert-butyl-4- 11.75 (br. 5., 1H), 859 (d, J= 3.2 Hz, 1
YN {[(1S,2R)-2- H),8.11(d, J=8.0Hz, 1 H), 7.73 (s, 1 H),
N/ »—/(N/% Cyanocyc'opropy'] 712-715 (m, 1 H), 5.09 (d, J=116 HZ,
. =N N methoxyl-6-[4- | 1H), 4.89 (d, J= 13.6 Hz,1 H), 4.59 - 4.62
347 (1H-pyrazolo[3.4- | (m.1H), 4.48-4.51 (m, 1H), 3.38-3.44
N blpyridin-3- (m, 1 H), 3.19 - 3.29 (m, 2 H), 2.16 - 2.19
yl)piperidin-1-yl]- (m, 2H),202-205(m,2H),1.78-1.87
1,3,5-triazine-2- | (M, 1H),1.69-1.70(m, 1H),1.47(s,9
N carboxamide H), 1.34-1.36 (m, 1 H), 1.14 - 1.26 (m,
| N 1H).
N7 N
H 2-(1-
Ox-N COH cyanocyclopropyl) 504.0; (700 MHz, DMSO-dg) 3 ppm
methoxy]-N-(3- 11.31 (br. s., 1 H), 8.09 - 8.22
N NN hydroxy-3- (m, 2 H), 8.01 (br. s., 1 H), 7.22 (br. s., 1
348+ O/k _ methylbutan-2-yl)- | H), 6.96 - 7.07 (m, 2 H), 4.78 (s, 1 H),
* N™ N 6-[4-(1H- 429 -4.39(m, 2 H), 3.84 (d, J=2.73 Hz,
pyrrolo[2,3- 1H), 3.45- 3.57 (m, 3 H), 3.15 (br. s., 1
N blpyridin-3- H), 2.05 (d, J= 11.81 Hz, 2 H), 1.62 (d, J
L yl)piperidin-1- =11.27 Hz, 2 H), 1.35 (br. s., 3 H), 1.03 -
VN yllpyrimidine-4- 1.16 (m, 11 H).
7 carboxamide
H 21(1- .
o ooy 2042, 1000z oo
metioxy]-N-(3- ' A '
N NES FvrOe5 (m, 2 H), 8.01 (d, J = 6.49 Hz, 1 H), 7.21
s | N B methylbatan2-yD- | ©F S TH), 6.86 - 7.07 (m, 2 H), 478 (,
) 07INENY 8-[4-(1 1 J=10.25Hz, 1 H), 4.26 - 4.38 (m, 2 H),
Tolo[2.- 3.84 (dd, J= 9.31, 6.58 Hz, 1 H), 3.47 (d,
_ 2}’ i, J=427Hz, 3H), 3.15 (br. s., 1 H), 2.05
NH ) "i’yeridin_1_ d,J=11.96 Hz, 2 H), 1.61 (d, J = 12.13
= 3{""‘.’ \a Hz, 2 H), 1.30 - 1.39 (m, 3 H), 1.03 - 1.15
\ N y ]pykl;lmldln%-4- (m. 11 H)
carpoxamide ! '
_N , 528.3; [M+Na]’; (400 MHz, CDCl,) ppm
z 4-[4-(5-amino-6- | 787 (br. s, 2 H), 7.07 (d, J = 8.4 Hz, 1 H),
carbamoylpyridin- | 6 98 (d, J = 8.4 Hz, 1 H), 5.84 (s, 2H),
/cl)\ 2-yl)ﬁ>]l%e[rgm-1- 533 (s, 1H),512(d, J=13.2Hz, 1 H),
yl-6-[(1- 4.90 d, J=12.0 Hz, 1 H), 4.37 - 4.46 (m
350 S\ : 1 H), :
) o | eyanocyclopropyl) | 214 302312 (m, 2 H), 2.67 - 2.89 (m,
0 N7 N methoxyl-N-(1- | 1 H), 2.41 -2.46 (m, 2 H), 2.10 - 2.11 (m,
N HN methylcyclobutyl)- | 2 H) 1.99 - 2.02 (m, 2 H), 1.87 - 1.90 (m,
HN™ 7 1,3,5-triazine-2- | 4 H) 1.55 (s, 3H), 1.42-1.42 (m, 2 H),
HoN X carboxamide 1.19 - 1.20 (m, 2 H).
2
Ny, , 528.3; [M+Na]’; (400 MHz, CDCl3) ppm
g 4-[4-(5-amino-6- | 7.87 (br. s, 2 H), 7.09 (d, J = 8.4 Hz, 1 H),
carbamoylpyridin- g 98 (d, J= 8.8 Hz, 1 H), 5.87 (s, 2 H),
2-yhpiperidin-1- | 531 (s, 1 H), 5.12- 5.16 (m, 1 H), 4.88 -
351 VI-6-{[(1S.2R)-2- | 4,92 (m, 1 H), 4.57 - 4.59 (m, 1 H), 4.45 -
cyant%cyclf%czgyll 448 (m, 1 H), 3.02-3.12(m, 2 H), 2.87 -
methoxy}-N-(1- | 2.89 (m, 1 H), 2.43-2.46 (m, 2 H), 2.10 -
methylcyclobutyl)- | 2 12 (m, 2 H), 1.99 - 2.03 (m, 2 H), 1.85 -
HsN 1,3,5-triazine-2- 1.89 (m, 6 H), 1.55 (s, 3 H), 1.32- 1.34
N carboxamide (m, 1 H), 1.13 - 1.15 (m, 1 H).
2
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N~y N-[(2R)-3- 498.3; (400 MHz, DMSO-d) ppm 13.29
N= | hydroxy-3- (s,1H),849(d,J=16Hz 1H) 832,
\ methylbutan-2-yll- | ;=84 Hz, 1 H), 8.14 (d, J= 8.4 Hz, 1 H),
N N 2-{[(2R)-1- 7.13-7.16 (M, 1 H), 7.03 (s, 1 H), 5.23 -
352+ = \r/O methoxypropan-2- | 527 (m, 1 H), 4.74 (s, 1 H), 4.39 - 4.68
S }\l \L ylloxy}-6-[4-(1H- | (m 1 H), 3.82-3.84 (m, 1 H), 3.53 - 3.54
o pyrazolo[3,4- (m, 1 H), 3.42 - 3.48 (M, 2 H), 3.24 - 3.29
o i blpyridin-3- (m, 5 H), 2.44 - 2.47 (m, 1 H), 2.10 - 2.13
NH y)piperidin-1- (m, 2H),1.81-1.83(m,2H), 1.28 (d, J =
yllpyrimidine-4- 6.4 Hz, 3 H); 1.08 - 1.15 (m, 9 H).
carboxamide
OH
482.2; (700 MHz, DMSO-d,) 3ppm 8.41
. (d, J=4.83Hz, 1 H), 7.83 (d, J = 2.93 Hz,
Ci'r[g;(rifyrg;‘r‘i’é?r;_ 1 H), 7.20 (d, J= 2.63 Hz, 1 H), 7.17 (d, J
o-yhpiperidin-1- | = 849Hz 1H) 7.08 (dd, J=18.63, 0.88
353+ yl-Neeyclopropyl- | HZ 1H).6.95 (s, 1H), 6.64 (br.s., 1H),
. 21CR)- 4.22 (d, J= 5.41 Hz, 2 H), 4.09 (quin, J =
Y tetrafvdrofuran.z. | 618 Hz, 1H), 3.71-3.77 (m, 1 H), 3.64
o Imethyo Joyrimidi | (@ =7.07Hz 1H), 3.56 (br. 5. 1 H),
\5 }’]e_4_cafg0§’(3;mide 3.03 (br. s., 2 H), 2.78 - 2.89 (m, 2 H),
Q9 1.80 - 1.99 (m, 6 H), 1.57 — 1.68 (m, 3 H),
0.65 —0.70 (m, 2 H), 0.60 — 0.64 (2 H).
491.2; (700 MHz, DMSO-ds) 5ppm 7.85
. d,J=2.9Hz, 1 H),7.17 (d, J= 8.5 Hz, 1
3'am'”[‘(’f'(1'{2' H), 7.3 (br. s., 1 H), 7.08 (d, J = 8.5 Hz,
1H), 6.88 (s, 1 H), 6.58 (br. s., 1 H), 4.50
354* C’;ﬁ;‘t‘r’;@]‘fgﬁg’_") — 454 (m, 1 H), 4.44 —4.47 (m, 1 H), 4.35
b methylazetidint- | ~4:38 (M. 1 H), 4.20 -4.25 (m, 2 H), 3.02
ycarbonyllpyrimi | . ©F-S-1H), 2.86 (¢, J=11.7 Hz, 1H),
din-d-ylpiperidin. | 239=243 (m, 1H), 1.89(d, J=125Hz,
4yhpyridine.2. | 2H) 1.76=1.82(m, 3 H), 1.56 — 1.64 (m,
catboxamide | 2 ), 140 (d, J=6.3 Hz, 2 H), 1.31 - 1.33
(m, 2H), 1.27 (d, J=6.1 Hz, 1 H), 1.15 -
1.17 (m, 2 H).
3'am'”[‘(’f'(1'{2' 505.2: (700 MHz, DMSO-d5) Sppm 7.85
(or. s., 1 H), 7.17 (dd, J = 8.54, 3.07 Hz, 1
%ZPh"oc)z’y‘j'_%‘_’[répgl_) H), 7.3 (br. s., 1 H), 7.08 (dd, J = 8.63,
355 dimethylazetidin- | 3:18 Hz, 1H), 6.90 (d, J=3.25 Hz, 1 H),
. 6.58 (br. s., 1 H), 4.21 (dd, J = 16.65, 1.96
| Hz, 4H), 3.75(s, 5 H), 3.68 (br. s., 1 H),
ﬁ'i)rf_jr_b?}g?’gg}i’gir:_' 3.02 (br. s., 1 H), 2.83 - 2.90 (m, 1 H),
4_yl)gyridme_2_ 1.89 (d, J=12.47 Hz, 2 H), 1.60 (q, J =
At 12.41 Hz, 2 H),1.15 - 1.35 (m, 10 H).
HoNo A 6-[4-(5-amino-6- 523.2; (700 MHz, DMSO-ds) 3ppm 8.48
| carbamoylpyridin- | (d, J=8.2Hz, 1H),7.85(, J=2.7Hz, 1
NP o 2-yl)piperidin-1- | H), 7.17 (d, J = 8.4 Hz, 1 H), 7.13 (br. s., 1
356+ e NNLND F yll-2-[(1- H), 7.08 (d, J = 8.5 Hz, 1 H), 6.99 (s, 1 H),
o N' _n H cyanocyclopropyl) | 6.58 (br. s., 2 H), 5.23-5.25(m, 0.5 H),
b methoxy]-N- 5.14 —5.16 (m, 0.5 H), 4.40 — 4.45 (m, 1
© [(1S,35)-3- H), 4.32 (s, 2 H), 3.06 (br. s., 1 H), 2.85 —
/)V fluorocyclopentyl] | 2.89 (m, 1 H), 2.01 =217 (m, 4 H), 1.76 —
NZ pyrimidine-4- | 1.93 (m, 4 H), 1.58 — 1.66 (m, 4 H), 1.32 —
carboxamide 1.34 (m, 2 H),1.16 —1.20 (m, 3 H).
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6-[4-(5-amino-6-

| S carbamoylpyridin- 523.2; (700 MHz, DMSO-dg) éppm 7.17
RN 0 D‘ 2-yl)piperidin-1- | (d, J=8.5Hz, 1 H), 7.08 (d, J = 8.5 Hz, 1
257+ o N\“/\)J\N F yll-2-[(1- H), 7.00 (s, 1 H), 6.57 (br. s., 2 H), 5.20 —
o Non M cyanocyclopropyl) 5.24 (m, 0.5 H), 5.13 = 5.16 (m, 0.5 H),
T methoxy]-N- 4.26 — 434 (m, 3 H), 3.05 (br. s., 1 H),
© [(1S,3R)-3- 2.85-2.91(m, 1H),2.18 -=2.27 (m, 1 H),
/)v fluorocyclopentyl] | 1.72 -=2.00 (m, 8 H), 1.57 = 1.65 (m, 3 H),
N pyrimidine-4- | 1.32=1.34 (m, 2 H), 1.16 — 1.20 (m, 3 H).
carboxamide
_AH{[(1R)-2,2- 517.3; (400 MHz, DMSO-d¢) 5ppm 13.30
difluorocyclopropy | (s 1 H), 8.49 (d, J = 2.8 Hz, 1 H), 8.35 (d,
[Imethoxy}-N- J=56Hz 1H),818(d,J=6.4Hz 1H),
[(2R)-3-hydroxy-3- | 7.13.7.16 (m, 1 H), 4.84 - 4.87 (m, 1 H),
358 methylbutan-2-yll- | 4.75.4.78 (m, 1 H), 468 (s, 1 H), 4.53 -
6-[4-(1H- 458 (m, 1 H), 4.26 - 4.33 (m, 1 H), 3.84 -
pyrazolo(3,4- 3.88 (M, 1 H), 3.44-3.45 (m, 1 H), 3.24 -
blpyridin-3- 3.26 (m, 1 H), 2.24 - 2.29 (M1 H), 2.13 -
yhpiperidin-1-yll- - 518 (m, 2 H), 1.72- 1.88 (m, 3 H), 1.52 -
1,3,5-triazine-2- 1.59 (m, 1 H), 1.09 - 1.14 (m, 10 H).
carboxamide
4-{[(1S,2R)-2- | 518.0; (400 MHz, CDCls) Sppm 11.35 (br.
cyanocyclopropyl] | s, 1 H), 8.42 (s, 2 H), 7.90 (s, 1 H), 6.51
methoxy}-6-[4-(4- | (4 J=52Hz 1H),5.06(d, J= 152 Hz,
methoxy-1H- 1H),4.86(d, J=12.4 Hz, 1 H), 4.47 -
359 pyrazolo[3 4- 4.61(m, 2H), 4.01 (s, 3 H), 3.47 - 3.49
blpyridin-3- (m, 1 H), 3.24 -3.27 (m, 2 H), 2.43 - 2.46
yhpiperidin-1-yll- | 2 H) 2.10-2.17 (m, 4 H), 1.85-1.99
N-(1- (m, 5H), 1.69-1.71 (m, 1 H), 1.55 (s, 3
methylcyclobutyl)- | Hy 1.32-1.34 (m, 1 H), 1.13- 1.15 (m, 1
1,3,5-triazine-2- H).
carboxamide
4-[(1-
cyanocyclopropyl) | 546.0; (400 MHz, CDsOD) Sppm 8.33 (d, J
methoxy]-6-[4-(4- | =56 Hz, 1H),6.71(d,J=6.0Hz, 1H),
methoxy-1H- 513 (d, J=14.0Hz, 2 H), 4.82 - 4.84 (m,
360* pyrazolo[3,4- | 1 1y 4.48 (s, 2 H), 4.03 (s, 3 H), 3.55 (s, 1
blpyridin-3- H), 3.24 - 3.28 (m, 2 H), 2.15 (d, J= 136
yhpiperidin-1-yll- [ Hz 2 H) 1.94-2.00 (m, 2 H), 1.46 (d, J =
N-[(29)-1,1.1- 7.2 Hz, 3 H), 1.39 - 1.40 (m, 2 H), 1.25 -
trifluoropropan-2- 1.27 (m, 2H).
yl]-1,3,5-triazine-
2-carboxamide
N-[2R)-3-amino- 518.3 [M+NaJ; (700 MHz, DMSO-dy)
3-methyloutan-2- | 5ppm 11.41 (br.s., 1 H), 8.35(d, J= 9.6
yll-2-{[(2R)-1- Hz, 1 H),8.19(d, J=4.4Hz, 1 H), 8.02
methoxypropan-2- | (d.J=8.0Hz, 1H),7.26 d, J=2.0Hz, 1
361* — ylloxy}-6-[4-(1H- H),7.01-7.05(m,2H), 522-526 (m, 1
HN~/ N—C N oyolo[2.3- H). 4.48 - 4.65 (m, 2 H), 3.74 - 3.76 (m, 1
N G blpyridin-3- H), 3.45 - 3.56 (m, 2 H), 3.30 (s, 3 H),
o-L yhpiperidin-1- 3.18 - 3.23 (m, 3 H), 2.05 - 2.08 (M, 2 H),
o yilpyrimidine-4- | 1.53-1.65(m, 4H),1.27 (d, J=6.4 Hz, 3

carboxamide

H), 1.09 (s, 6 H), 0.98 (s, 3 H).
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T N
N = 0
362" | N Y
N~
o—"
‘\‘O

N-[(2S)-3-amino-
3-methylbutan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

518.3 [M*NaJ ; (400 MHz, DMSO-dp)
Sppm 11.36 (br. s., 1 H), 8.33 (d, J = 9.6
Hz, 1 H), 8.20 (d, J = 4.4 Hz, 1 H), 8.02

(d, J=8.0Hz, 1 H),7.26 (d, J= 2.0 Hz, 1
H), 7.01-7.04 (m, 2 H), 5.22 - 5.26 (m, 1
H), 4.48 - 4.65 (m, 2 H), 3.74 - 3.76 (m, 1

H), 3.45 - 3.55 (m, 2 H), 3.30 (s, 3 H),

3.16 - 3.23 (M, 3 H), 2.05 - 2.08 (m, 2 H),
1.53- 1,65 (m, 4 H), 1.26 — 1.28 (m, 3 H),
1.09 (s, 6 H), 0.98 (s, 3 H).

363*

4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2S)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

539.1; (400 MHz, CD,OD) sppm 8.35 (d, J
=6.0 Hz, 1 H), 6.73 (d, J = 5.6 Hz,1 H),
548-551(m, 1H),4.95-514 (m, 1 H),
4.61-463 (m,2H), 4.06 (s, 3 H), 3.58 -
3.63 (M, 3 H), 3.41 (d, J= 2.8 Hz, 3 H),
3.22-333(m, 2 H), 2.15-2.18 (m, 2 H),
1.97-2.03(m, 2H), 1.47(d, J=7.2Hz, 3
H), 1.38 (d, J = 6.0 Hz, 3H).

364* | N CN_« N
N
2 0
N
\\ Q
\

Zan

4-{[(18,2R)-2-
cyanocyclopropyl]
methoxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2S)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

568.0 [M+Na]"; (400 MHz, CDCls) Sppm
10.59 (br. s., 1 H), 8.39 (d, J = 5.2 Hz, 1
H), 7.90 (d, J= 7.6 Hz, 1 H), 6.52 (d, J =
5.6 Hz, 1 H), 5.03 (d, J = 12.8 Hz,1 H),
4.83 - 4.95 (m, 2 H), 4.47 - 462 (m, 2 H),
4.02 (s, 3 H), 3.46 - 3.55 (m, 1 H), 3.19 -
3.28 (m, 2 H), 2.15-2.24 (m, 1 H), 1.95 -
2.08 (m, 2 H), 1.83-1.95 (m, 1 H), 1.68 -
1.75(m, 1 H), 1.43 (d, J= 7.2 Hz, 3 H),
1.33-1.41 (m, 1 H), 1.11 - 1.20 (m, 1H).

(3-aminoazetidin-
1-yh(2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-

465.9; (400 MHz, CD,0D) Sppm 8.17 (d, J
= 4.0 Hz, 1 H), 8.08 (d, J = 8.0 Hz, 1 H),
7.20 (s, 1 H), 7.08 = 7.11 (m, 1 H), 6.97

365+ N_N. o (s, 1H), 529 -534 (m, 1 H), 4.34 - 4.41
= W/ ro/ pyrrolo[2,3- (m, 2H), 3.85-3.87 (m, 2 H), 3.60 - 3.63
NN blpyridin-3- (m, 1H), 3.53 - 3.54 (m, 1 H), 3.40 (s, 3
yl)piperidin-1- H), 3.18 = 3.33 (m, 3 H), 2.16 (d, J = 12.0
o N\l yllpyrimidin-4- | Hz, 2 H), 1.72-1.78 (m, 2 H), 1.35 (d, J =
NH, yl)methanone 6.0 Hz, 3 H).
E 4-[(1-
KF cyanocyclopropyl) 531.1; (400 MHz, DMSO-d;) éppm 11.27
methoxyl-6-[4-(4- | (br.s., 1H), 9.32-9.36 (m, 1 H), 8.06 (d,
HN F xy]-6-[4-( - _
o methoxy-1H- J=56Hz, 1H),7.03(s,1H),662(d, J=
f pyrrolo[2,3- 5.6 Hz, 1 H), 5.00 (d, J = 13.2 Hz, 1 H),
366 N= blovridin-3- 4.80 (d, J=12.0 Hz, 1 H), 4.42 - 4.46 (m,
__< N pyridin
HNTX N N4 y)piperidin-1-yl]- | 2 H),4.04-4.06 (m, 2 H), 3.92 (s, 3 H),
Y 3 X 3.24-3.26 (m, 1 H), 3.09-3.14 (m, 2 H),
N o) ZN N-(2,2,2
0 'a/ trifluoroethyl)- 2.07-2.10 (m, 2 H), 1.57 - 1.60 (m, 1 H),
\ 1.36 - 1.37 (m, 2 H), 1.23 - 1.26 (m, 2H).

1,3,5-triazine-2-
carboxamide
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F cyanocyclopropyl) | 567.1 [M+Nal’; (400 MHz, CDCIy) sppm
RF methoxy]-6-[4-(4- | 9.00 (br. s, 1H), 817 (d, J=5.6 Hz, 1 H),
N, F methoxy-1H- 7.91(d, J=9.6 Hz, 1 H), 6.88 (s, 1 H),
§ 0 pyrrolo[2,3- 6.53 (d, J= 5.6 Hz, 1 H), 5.08 (d, J=12.0
367 N= bloyridin-a- | Hz, 1H), 4.82-4.92(m, 2 H), 4.41- 443
N Noioeridin-1-vll- | (M, 2 H), 3.98 (s, 3 H), 3.29 - 3.35 (m, 1
S N’<\N-‘/< 7 yﬁ[p(’zs)_1,1 ,1y_] H), 3.07 - 3.16 (m, 2 H), 2.19 - 2.22 (m, 2
N7\ o’>< trifluoropropan-2- | H), 1.42-1.44 (m, 5H), 1.18 - 1.21 (m,
=/ ] yi]-1,3,5-triazine- 2H).
2-carboxamide
/_4 4-{[(1S,2R)-2- 504.3; (400 MHz, CDCls;) 3ppm 10.84 (br.
o methoxy}-N- J=2.9Hz, 1H),6.52(d, J=56Hz, 1H),
’Z: (Cyc|opropy|methy 5.06 (d, J=13.2 HZ, 1 H), 4.86 (d, J=
. N= 1)-6-[4-(4- 12.8 Hz, 1 H), 4.46 - 4.65 (m, 2 H), 4.02
368 methoxy-1H- (s, 3H), 3.46 - 3.57 (m, 1 H), 3.14 - 3.34
pyrazolo[3 4- (m, 4H), 2.16 (d, J= 13.2 Hz, 1 H), 1.92 -
blpyridin-3- 2.08 (m, 2 H), 1.81-1.92(m, 1 H), 1.65-
yl)piperidin-1-yl]- 1.73 (M, 1H),1.30-143 (M, 1 H), 1.11 -
1.3 5-triazine-2- | 1.18 (m, 1H), 1.01-1.11 (m, 1 H), 0.48 -
’\{/ carboxamide 0.57 (m, 2 H), 0.25-0.32 (m, 2 H)
 on N-[(2R)-1-
hydroxypropan-2- | 512 1; (400 MHz, CD,OD) 3ppm 8.34 (d, J
N yl]-6-[4-(4- =6.0Hz, 1H),7.12(s, 1H),6.71(d, J=
o methoxy-1H- | 56 Hz, 1 H), 5.18 (m, 1 H), 4.62 - 4.83 (m,
369+ pyrazolo[3,4- 2H), 4.32-4.38 (M, 3H), 4.14 - 4.15 (m,
- blpyridin-3- 1 H), 4.00 (s, 3 H), 3.91 -3.93 (m, 1 H),
yhpiperidin-1-yll- | 382.3.83 (m, 1 H), 3.62- 3.63 (m, 3 H),
2-[(2R)- 3.21-3.24 (m, 2 H), 1.79 - 2.13 (m, 8 H),
tetrahydrofura.n-IZ-. 1.27 (d, J = 6.8 Hz, 3 H).
ylmethoxy]pyrimidi
ne-4-carboxamide
4- 491.1; (400 MHz, DMSO-d,) Sppm 13.29
(cyclopropylmetho | (pr. s, 1 H), 9.02-9.06 (m, 1 H), 8.48 (d,
xy)-6-[4-(1H- J=28Hz, 1H),831-834(m, 1H), 7.13
X pyrazolo[3,4- | _7.16 (m, 1 H), 4.89 - 4.91 (m, 1 H), 4.74 -
370 blpyridin-3- 4.75 (M, 2 H), 4.19 - 422 (m, 2 H), 3.39 -
yhpiperidin-1-yll- | 3 43 (m, 1 H), 3.23-3.25 (m, 2 H), 2.11 -
N-[(295)-1,1,1- 213 (m, 2 H), 1.83-1.84 (m, 2 H), 1.37 -
trifluoropropan-2- | 1 39 (m, 3 H), 1.23 - 1.25 (m, 1 H), 0.55 -
yl]-1,3,5-triazine- 0.56 (m, 2 H), 0.33 - 0.35 (m, 2 H).
2-carboxamide
4-[4-(4-methoxy-
1H-pyrazolo[3,4- | 555.1; (400 MHz, CDCls) sppm 8.41 (d, J
blpyridin-3- =36 Hz, 1H),7.95(d, J=9.2 Hz, 1H),
yl)piperidin-1-yl]- | 6-92 (d, J=5.6 Hz, 1 H), 4.89 - 5.00 (m, 1
374 6-[(2R)- H), 4.86 - 4.87 (m, 2 H), 4.38 - 4.41 (m, 2
tetrahydrofuran-2- H), 429 -4.31 (m, 1 H),4.02 (s, 3 H),
yimethoxy]-N- | 3.93-3.95(m, 1 H), 3.82-3.83 (m, 1 H),
[(25)-1,1,1- 348 (m,1H),3.19-3.24 (m, 2 H), 2.03 -

trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

2.18 (m, 3 H), 1.94 — 2.01 (m, 4 H), 1.61 -
1.79 (m, 1 H), 1.41 (d, J= 7.2 Hz, 3 H).
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N-[(2S)-3-amino-
3-methylbutan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

497.0; (400 MHz, DMSO-dg) Sppm 13.41
(or.s., 1 H), 8.48 (d, J = 4.4 Hz, 1 H), 8.30
-8.35 (m, 2 H), 7.10 - 7.15 (m, 1 H), 7.02
(s, 1H), 5.22-5.26 (m, 1 H), 4.48 - 4.65
(m, 2 H), 3.74 - 3.75 (m, 1 H), 3.45 - 3.56
(m, 3 H), 3.30 (s, 3 H), 3.18 - 3.23 (m, 2
H), 2.05 - 2.08 (m, 2 H), 1.53 - 1.65 (m, 2
H), 1.47 (s, 2 H), 1.27 (d, J =6.0 Hz, 3 H),
1.09 (s, 6 H), 0.98 (s, 3 H).

N-(2-
methoxyethyl)-4-
{{(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

500.1; (400 MHz, DMSO-de) Sppm 11.28
(or.s., 1 H), 8.74 (d, J = 6.0 Hz, 1 H), 8.06
(d, J=52Hz, 1H),7.04(s, 1H) 662 (@,

J=56Hz, 1H), 537-541(m, 1H),
4.97(d,J=124Hz, 1H),4.75(d, J=
12.0 Hz, 1 H), 3.91 (s, 3 H), 3.38 - 3.48

(m, 6 H), 3.26 - 3.29 (m, 7 H), 3.08 - 3.09

(m, 2 H), 2.05 - 2.08 (m, 2 H), 1.56 - 1.59
(m, 1H), 1.27 (d, J=6.4 Hz, 3 H).

N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yhpiperidin-1-
yl]pyrimidine-4-
carboxamide

499.1; (400 MHz, DMSO-dy) Sppm 11.24
(s,1H),8.17 (d, J = 8.8 Hz, 1 H), 8.05 (d,
J=4.8Hz, 1H),7.01(d, J=12.4 Hz, 2
H), 6.60 (d, J= 5.2 Hz, 1 H), 5.27 (s, 1 H),
4.89 (s, 1H), 4.33-4.68 (m, 2 H), 3.93 -
3.97 (m, 2 H), 3.86 (s, 3 H), 3.50 - 3.52
(m, 2 H), 3.10 - 3.28 (m, 8 H), 2.03 (d, J =
12.0 Hz, 2 H), 1.58 - 1.61 (m, 2 H), 1.26
d,J=6.0Hz, 3H),1.14 (d, J=6.4 Hz, 3
H).

N-(2-
methoxyethyl)-2-
{{(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yhpiperidin-1-
yl]pyrimidine-4-
carboxamide

499.1; (400 MHz, DMSO-dg) Sppm 11.25
(s, 1H), 8.52(d, J= 5.6 Hz, 1 H), 8.07 (d,
J=56Hz 1H),7.03(d,J=20Hz 1H)
6.99 (s, 1 H), 6.60 (d, J = 5.6 Hz, 1 H),
5.31-535(m, 1 H), 4.28 - 4.72 (m, 2 H),
3.88 - 3.93 (M, 3 H), 3.43 - 3.57 (m, 6 H),
3.21-3.32(m, 6 H), 3.04 - 3.17 (m, 2 H),
2.42-247 (m, 1H),2.03 d, J=13.2 Hz,
2 H), 1.56 - 1.64 (m,2 H), 1.27 (d, J = 6.4
Hz, 3 H).
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N-[(2R)-3-amino-
3-methylbutan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

497.1; (400 MHz, DMSO-de) Sppm 8.48
d, J=4.4 Hz, 1 H), 8.31- 8.33 (m, 2 H),
7.12-7.16 (m, 1 H), 7.02 (s, 1 H), 5.22 -
526 (m, 1 H), 4.48 - 465 (m, 2 H), 3.74 -
3.75 (m, 1 H), 3.45 - 3.56 (m, 3 H), 3.30
(s,3H), 3.18-3.23 (m, 2 H),2.11 (d, J=
10.4 Hz, 2 H), 1.81 - 1.86 (m, 2 H), 1.47
(s,2H), 1.27 (d, J=6.0 Hz, 3 H), 1.10 (s,
6 H), 0.99 (s, 3 H).
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2-{[(1S.2R)-2- 506.3; (400 MHz, DMSO-d,) 3ppm 11.26
cyanocyclopropyl] | (s 1 H), 8.20 (d, J = 8.4 Hz, 1 H), 8.05 (d,
HN methoxy}-N-[2R)- | y=56Hz, 1H), 7.04 (d, J= 4.8 Hz, 2 H),
| 1-hydroxypropan- | 660 (d, J=5.6 Hz, 1 H), 4.90 t, J= 5.6
377+ - C _ 2-yl]-6-{4-(4- Hz, 1 H), 4.26 - 4.67 (m, 2 H), 3.98 - 4.08
o P LN methoxy-1H- (m, 2 H), 3.87 (s, 3 H), 3.44-3.52 (m, 3
N, pyrrolo[2,3- H), 3.04 - 3.28 (m, 3 H), 2.02 - 2.06 (m, 3
HN—Y 0 blpyridin-3- H), 1.82-1.88 (m, 1 H), 1.58 - 1.61 (m, 2
y)piperidin-1- H), 1.27-1.30 (m, 1 H), 1.13-1.16 (m, 4
yl]pyrimidine-4- H).
carboxamide
4_{[(1 S,2R)-2- 539.0 [M+Na]+; (400 MHZ, DMSO-de)
cyanocyclopropyl] | dppm 11.26 (s, 1 H), 8.52 (s, 1 H), 8.06 (d,
methoxy)-6-[4-@4- | J=5.6Hz 1H),7.03(s,1),662(d,J=
methoxy-1 H- 56 Hz, 1H), 4.96(d,J=11.6Hz, 1H),
X pyrrolo[2,3- 475 (d, J=14.8 Hz, 1 H), 4.66 - 4.69 (m,
378 blpyridin-3- 1H), 4.11-4.16 (m, 1 H), 3.91 (5, 3 H),
yl)piperidin-1-yl]- | 3.24-3.26 (m, 1 H), 3.08 - 3.12 (m, 2 H),
N-(1- 2.33-2.36(m, 2 H), 2.07 - 2.10 (m, 2 H),
methylcyclobutyl)- [ 1.97 -2.01 (m, 3H), 1.80 - 1.83 (m, 3H),
1.3 5-triazine-2- | 1.56-1.59 (m, 1H), 1.45 (s, 3 H), 1.28 -
carboxamide 1.29(m, 1H),1.17-1.18 (m, 1 H).
4-{[(1S,2R)-2- 567.1 [M+Na]"; (400 MHz, DMSO-dy)
Cyanocyc'opropy'] 6ppm 11.26 (S, 1 H), 9.06 (d, J=9.2 HZ, 1
methoxy)-6-[4-@4- | H), 8.06 (d, J = 5.6 Hz, 1 H), 7.03 (s, 1 H),
methoxy-1H- 6.62 (d, J=6.0 Hz, 1 H), 4.85 — 4.95 (m,
X pyrrolo[2,3- 1H), 4.69 - 4.80 (m, 2 H), 4.12 - 4.17 (m,
379 blpyridin-3- 1 H), 3.91 (s, 3 H), 3.24 - 3.26 (m, 1 H),
y)piperidin-1-yl]- 3.08-312(m,2H),2.08-211 (m, 2H),
N-[(2S)-1,1,1- 200-201(m,1H),1.80-183(m,1H),
triﬂuoropropan_z_ 1.56 - 1.59 (m, 1 H), 1.38 (d, J=7.2 HZ, 3
yl]-1,3,5-triazine- H), 1.28 - 1.30 (m, 1H), 1.17 - 1.18 (m,
2-carboxamide 1H).
4-{[(1S,2R)-2- 531.0; (400 MHz, DMSO-dg) 8ppm 11.27
Cyanocyc'opropy'] (br S, 1 H), 9.31-9.34 (m, 1 H), 8.06 (d,
methoxy}-6-[4-(4- | J = 5.6 Hz, 1H),7.03 (s, 1 H), 6.62(d, J =
methoxy-1H- 5.6 Hz, 1 H), 4.99 (d, J = 11.6 Hz, 1 H),
pyrrolo[2,3- 478 (d, J=14.8 Hz, 1 H), 4.69 - 4.73 (m,
380* ol<,
blpyridin-3- 1H),4.12 - 4.18 (m, 1 H), 4.01 - 4.04 (m,
y)piperidin-1-yl]- 2H),3.91(s,3H),3.24-3.26(m, 1H),
N-(2,2,2- 3.09 - 3.14 (m, 2 H), 2.07 - 2.14 (m, 2 H),
trifluoroethyl)- | 2.00-2.01(m, 1 H), 1.84 - 1.86 (m, 1 H),
1.3 5-triazine-2- | 1.58-1.60 (m, 2 H), 1.28 - 1.30 (m, 1 H),
carboxamide 1.17-1.18 (m, 1H).
6-[4-(4-methoxy-
1H-pyrazolo[3,4- | 536 1; (400 MHz, CD;0D) sppm 8.34 (d, J
blpyridin-3- =56Hz, 1H),7.16 (s, 1H), 6.71 (d, J =
yhpiperidin-1-yll- | 56 Hz, 1 H), 5.14 - 5.18 (m, 1 H), 4.81 -
381 2-[(2R)-oxetan-2- | 4 54 (m, 8 H), 4.01 (s, 3 H), 3.53 - 3.56
ylmethoxy]-N- (m, 1 H), 3.23 - 3.26 (M, 2 H), 2.71 - 2.79
[@28)-1.1,1- (m, 2H), 1.98 —2.14 (m, 4 H), 1.46 (d, J =
trifluoropropan-2- 7.2 Hz, 3 H).
yl]pyrimidine-4-
carboxamide
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N-[(2R)-1- 482.1; (400 MHz, CD,0D) 5ppm 8.48 (dd,
hydroxypropan-2- | ¥ =3.2,1.2Hz, 1H),832(d, J=6.8Hz,
HN VI1-6-[4-(1H- 1H),7.18-7.21 (m, 1 H), 7.12 (s, 1 H),
N o pyrazolo[3,4- 4.54 - 460 (M, 2 H), 4.29 - 4.36 (M, 2 H),
3g2¢ | HNT'\ — blpyridin-3- 412-415(m, 1 H), 3.89-3.93 (m, 2 H),
N N~ N yl)piperidin-1-yl]- | 3.71-3.79 (m, 2H), 362 (d, J= 5.2 Hz, 2
| NJ< 2-[3R)- H), 3.50 - 3.52 (m, 1 H) , 3.20 - 3.27 (m, 2
= O—, tetrahydrofuran-3- | _H),2.77 (m, 1 H), 2.15-2.21 (m, 3 H),
g yimethoxylpyrimidi | 200 - 2.03 (m, 2 H), 1.73 - 1.80 (m, 1 H),
G ne-4-carboxamide 127(d, J=6.8Hz 3 H).
@]
OH
N-[(2R)-1- 482.1; (400 MHz, CD,0D) 5ppm 8.49 (d, J
hydroxypropan-2- | =32 Hz, 1H),8.32 (dd, J=6.8,12Hz, 1
HN yI]-6-[4-(1H- H), 718-7.21 (m, 1 H), 712 (s, 1 H),
N o pyrazolo[3,4- 4.54 - 460 (M, 2 H), 4.29 - 4.36 (M, 2 H),
383 | MNT\ — blpyridin-3- 4.12-4.15(m, 1 H), 3.89 - 3.93 (m, 2 H),
N7 N~ N yhpiperidin-1-yl- | 3.71-3.79 (m, 2 H), 3.62 (d, J=5.2 Hz, 2
| NJ< 2-[(35)- H), 3.50 - 3.52 (m, 1 H) , 3.20 - 3.27 (m, 2
= o tetrahydrofuran-3- | H), 2.73-2.77 (m, 1 H), 2.15-2.21 (m, 3
yimethoxylpyrimidi | H) 2.00 - 2.03 (m, 2 H), 1. 76 - 1.80 (m, 1
ne-4-carboxamide H), 129 (d, J=6.8 Hz, 3 H).

6-[4-({[2-amino-5-

437.3; (400 MHz, DMSO-d;) 5ppm 8.17

s (1-methyl-1H- (d,J=8.8Hz, 1H),7.92(s,1H), 7.56 (s,
N A oH imidazol-d- 1H), 7.43 (s, 1 H), 7.32 (s, 1 H), 6.98 (s, 1
¢ j\ ypyridin-3- H), 5.60 (s, 2 H), 4.90 (t, J = 5.6 Hz, 1 H),
SN \G HN yiloxyhmethylpipe | 4.45-4.56 (br.s., 1H),4.12(d, J=7.2
384 N N ridlin-1-y[]-2- Hz, 2 H), 3.94-3.97 (m, 1 H), 3.89 (d, J =
Y xy)-N-[(2R)-1- 2H),210-225(m,1H),1.95-1.98 (m,
o hydroxypropan-2- | 2 H), 1.23-1.35 (m, 3 H),1.14 (d, J=6.8
l yilpyrimidine-4- | Hz, 3H), 0.54 - 0.57 (m, 2 H), 0.33 - 0.36
carboxamide (m, 2 H).
>L 506.2; (400 MHz, CDCl3) & ppm 10.76 (br
HN N-tert-butyl-4- s,1H),8.39(d, J=52Hz 1H),7.73 (s,
0 {[(1S,2R)-2- 1H),6.51(, J=56Hz 1H),5.06(d, J=
HN-N N= cyanocyclopropyl] | 13.2 Hz, 1 H), 4.85 (d, J = 14.4 Hz, 1 H),
385* N—Q N methoxy}-6-[4-(4- | 4.45.462 (m, 2H), 4.01 (s, 3 H), 3.42-
® | N7 \ N methoxy-1H- 3.53 (m, 1 H), 3.13 -3.29 (m, 2 H), 2.11 -
<0 pyrazolo[3,4- 2.20 (m, 1 H), 1.93 = 2.05 (m, 2 H), 1.83 -
bpyridin-3- 1.93 (M, 1 H), 1.65-1.75 (m, 1 H), 1.46 (s,

yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

9 H), 1.28-1.41 (m, 1 H), 1.11 - 1.20 (m,
1 H).
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481.1; (400 MHz, DMSO-d5) 8 ppm
HN=N 4- 13.29 (s, 1 H), 8.48 (d, J = 4.4 Hz, 1 H),
\ (cyclopropylmetho | g 34 (d, J=8.0 Hz, 1 H), 8.17 (d, J = 9.2
N= xy)-N-[(2R)-3- Hz, 1H),7.14 (dd, J=4.8,3.6 Hz, 1H),
\ N_ _N o\/l hydroxy-3- 485(d, J=116Hz, 1H),473(, J=
386" R methylbutan-2-yll- | 116 Hz, 1H), 4.72(d, J=52Hz, 1H),
(E) Nx N 6-[4-(1H- 467 (s, 1H),4.19(d, J=7.2 Hz, 1 H),
1 pyrazolo(3,4- 3.80 - 3.84 (M, 2 H), 3.42 - 3.43 (m, 1 H),
0” "NH blpyridin-3- 3.24-3.26 (M, 2 H), 2.11 -2.13 (m, 2 H),
yhpiperidin-1-yll- | 1 81-1.84 (m, 2H), 1.23-1.27 (m, 1 H),
OH 1,3,5-triazine-2- | 1.08-1.14 (m, 9 H), 0.55 - 0.58 (m, 2 H),
carboxamide 0.35- 0.37 (m, 2 H).
2-((1- 506.3; (400 MHz, DMSO-dy) & ppm 11.27
OH I¢
cyanocyclopropyl) | (s, 1H), 8.22 (d, J = 8.4 Hz, 1 H), 8.05 (d,
g_ methoxy]-N-[(2R)- J=52,Hz1H),704(d,J=104,Hz2
H), 6.61 (d, J=6.0, Hz, 1 H), 4.89 (t, J =

/
) | N __ —
N—\ /N

1-hydroxypropan-
2-yl]-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

56 Hz 1 H), 4.54 - 4.74 (m, 1 H), 4.36 (s,
2 H), 3.96 - 4.03 (m, 1 H), 3.89 (s, 3 H),
3.44 - 3.49 (m, 3 H), 3.24 - 3.37 (m, 3 H),
2.03 - 2.06 (m, 2 H), 1.54 - 1.63 (m, 2 H),
1.36 - 1.38 (m, 2 H), 1.20 - 1.23 (m, 2 H),
1.15 (d, J= 6.4 Hz, 3 H).

(trans)-N-[(2R)-1-
hydroxypropan-2-
yll-2-[(5-
methyltetrahydrofu
ran-2-yl)methoxy]-
6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

495.9; (400 MHz, CD;OD) & ppm 8.50 (d,
J=32Hz 1H), 834 (d,J=6.4Hz1H),
7.21(dd, J= 4.4, 3.6 Hz, 1 H), 7.13 (s,1
H), 4.59 - 4.63 (m, 3 H), 4.36 - 4.44 (m, 3
H), 4.14-4.21 (m, 2 H), 3.63 (d, J= 5.2
Hz, 2 H), 3.51 - 3.52 (m, 1 H), 3.24 - 3.31
(m,1 H), 2.15-2.21 (m, 4 H), 1.87 - 2.00
(m, 3 H), 1.52-1.61 (m, 1 H), 1.23-1.28
(m, 6 H).

OH
HN
388* HN-N o
* ) N -
‘4
o | N7 AN
X =
0
o!
OH
HN
389* -
Y HN-N /0
©) | N7 NN
N N\<
o
of

(trans)-N-[(2R)-1-
hydroxypropan-2-
yll-2-[(5-
methyltetrahydrofu
ran-2-yl)methoxy]-
6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

495.9; (400 MHz, CD;OD) & ppm 8.50 (d,
J=32Hz 1H), 834 (d,J=6.4Hz1H),
7.21(dd, J= 4.4, 3.6 Hz, 1 H), 7.13 (s,1
H), 4.59 - 4.63 (m, 3 H), 4.36 - 4.44 (m, 3
H), 4.14-4.21 (m, 2 H), 3.63 (d, J= 5.2
Hz, 2 H), 3.51 - 3.52 (m, 1 H), 3.24 - 3.31
(m,1 H), 2.15-2.21 (m, 4 H), 1.87 - 2.00
(m, 3 H), 1.52-1.61 (m, 1 H), 1.23-1.28
(m, 6 H).
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-, OH N-[2R)-1- 500.0 ; (400 MHz, CDCl) & ppm 11.77 (br
hydroxypropan-2- | s {1 H), 8.41 (d, J= 5.6 Hz, 1 H), 7.98 (d, J
HN yll-2-{[(2R)-1- =7.6Hz 1H), 713 (s, 1H), 6.51 (d,J =
390 * o methoxypropan-2- | 56 Hz, 1 H), 5.30 - 5.37 (m, 1 H), 4.56 (br
(D) _ ylloxy}-6-[4-(4- | 5 2 H), 4.21-4.23 (m, 1 H), 3.97 (s, 3 H),
an-N v~ N methoxy-1H- 3.50 - 3.70 (M, 5 H), 3.49 (s, 3 H), 3.17 -
R N’/< S pyrazolo[3 4- 3.41(m,2H),1.76 =213 (m, 4 H), 1.38
y 0—. blpyridin-3- (d,J=64Hz, 3H),1.28 (d,J=6.8Hz, 3
N7\ ’> ylpiperidin-1- H).
— 0\ yllpyrimidine-4-
O\ carboxamide
4-[4-({[2-amino-5- | 576 1; (400 MHz, DMSO-d5) & ppm 9.02
i (1-methyl-1H- | (4, J=8.8Hz, 1H), 7.91 (s, 1 H), 7.56 (s,
. imidazol-4- 1H), 7.43 (s, 1 H), 7.32 (s, 1 H), 5.60 (s, 2
391* NH, HN yhpyridin-3- H), 4.87 (d, J=14.4 Hz, 1 H), 4.69 - 4.77
() N= fo ylloxyimethypipe | (m 2 H), 4.19 (d, J = 7.6 Hz, 2 H), 3.91 (d,
\ /)—° N ridin-1-yl]-6- J=56Hz, 2 H),3.65(s, 3 H), 3.03-3.06
\—CN—<N=<N (cyclopropylmetho | (m 2 H), 2.15-2.16 (m, 1 H), 1.96 - 2.00
N& { 5 xy)-N-[(29)-1,1.1- | (m, 2 H), 1.24 - 1.38 (m, 6 H), 0.57 (d, J =
N x trifluoropropan-2- | 6.4 Hz, 2 H), 0.36 (d, J = 4.8 Hz, 2 H).
| > yl]-1,3,5-triazine-
2-carboxamide
\
O
N-(2-
g methoxyethyl)-6- | 511.0; (400 MHz, DMSO-dy) & ppm 11.26
PN HN [4-(4-methoxy-1H- | 6. 1H),8.53 (s, 1 H), 8.05 (d, J= 5.2 Hz,
302+ | [ ) o pyrrolo[2,3- 1 H), 7.02 (s, 2 H), 6.60 (d, J = 5.2 Hz, 1
(D) N blpyridin-3- H), 4.26 - 4.58 (m, 4 H), 4.13 - 418 (m, 1
\ DIPYTK
) N— N yipiperidin-1-yi-2- | H), 3.88 (s, 3 H), 3.64 - 3.78 (m, 2 H),
N=( [(2R)- 3.44 (s, 4 H), 3.08-3.27 (m, 6 H), 1.84 -
5 tetrahydrofuran-2- 2.05 (m, 5H), 1.57 - 1.62 (m, 3 H).
ylmethoxy]pyrimidi
o ne-4-carboxamide
oH 496.3; (400 MHz, DMSO-d,) & ppm 13.29
N-[(1S,2S)-2- (s, 1H), 849 (d, J=1.6Hz, 1H), 8.31(d,
NH hydroxycyclopenty | ;=68 Hz, 1 H), 8.21 (d, J = 8.0 Hz, 1 H),
. -2-{[(2R)-1- 7.13-7.16 (m, 1 H), 7.03 (s, 1 H), 5.31 -
393 methoxypropan-2- | 533 (m, 1 H), 4.84 (d, J = 4.4 Hz, 1 H),
(D) ylloxy}-6-[4-(1H- | 439.468 (m, 1H), 3.92-4.02 (m, 2 H),
pyrazolo[3,4- 3.44 - 352 (m, 3 H); 3.23 - 3.29 (M, 5 H);
blpyridin-3- 212 (d, J=136 Hz, 2H), 1.94 - 1.98
yhpiperidin-1- (m,1H), 1.79 - 1.86 (m, 3 H), 1.63 - 1.72
yllpyrimidine-4- | (m 2 H), 1.44 - 1.58 (m, 2 H), 1.25 (d, J =
carboxamide 6.0 Hz, 3 H).
496.3; (400 MHz, DMSO-d,) & ppm 13.29
N-[(1R,2R)-2- (s,1H), 849 (d, J=1.6Hz, 1H) 8.31(d,
hydroxycyclopenty | ;=68 Hz, 1 H), 8.21 (d, J = 8.0 Hz, 1 H),
]-2-{[(2R)-1- 7.13-7.16 (m, 1 H), 7.03 (s, 1 H), 5.31 -
394* methoxypropan-2-

(D)

ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

533 (m, 1 H), 4.84 (d, J = 4.4 Hz, 1 H),
4.39 - 468 (m, 1 H), 3.92 - 4.02 (m, 2 H),
3.44 - 3.52 (m, 3 H); 3.23 - 3.29 (m, 5 H);
212(d, J=136 Hz, 2 H), 1.94 - 1.98
(m,1 H), 1.79 - 1.86 (m, 3 H), 1.63 - 1.72
(m, 2 H), 1.44 - 1.58 (m, 2 H), 1.25 (d, J =
6.0 Hz, 3 H).
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OH
(Cis)-N-{(2R)-1- | 496.3: (400 MHz, CD;0OD) & ppm 8.50 (d,
hydroxypropan-2- | j=4.4 Hz, 1 H), 8.34 (d, J = 6.8 Hz, 1 H),
. HN yll-2-[(5- 7.19-7.22 (m, 1 H), 7.13 (s, 1 H), 4.55 -
395 HN-N o | methyltetrahydrofu | 461 (m, 1 H), 4.37 - 4.40 (m, 2 H), 4.26 -
> N ran-2-y)methoxyl- | 4.29 (m, 1 H), 4.13 - 4.15 (m,1 H),4.02 -
(D) | N7 \ \ N 6-[4-(1H- 4.08 (m, 1 H), 3.64 (d, J=5.2 Hz, 2 H),
~ N~ pyrazolo[3 4- 3.49-3.51 (m,1H), 3.26 - 3.31 (m, 3 H),
o blpyridin-3- 1.91-2.22 (m, 7 H), 1.50 - 1.61 (m, 1 H),
3\ yDpiperidin-1- 1.26 - 1.28 (m, 6 H).
O>) yllpyrimidine-4-
carboxamide
OH
(Cis)-N-[(2R)-1-
hydroxypropan-2- | 496.3; (400 MHz, CD;OD) & ppm 8.50 (d,
HN YI-2-[(5 J=44Hz, 1H), 834, J=68Hz 1H),
396* HN’N o methy|tetrahydrofu 719-7.22 (m, 1 H), 713 (S, 1 H), 455 -
* \ — ran-2-yhmethoxy]- | 4.61 (M, 1 H), 4.37 - 4.40 (m, 2 H), 4.26 -
© | N7 N— ) 6-[4-(1H- 4.29 (m, 1 H), 4.13 - 4.15 (m,1 H),4.02 -
- \ NJ( pyrazolo[3,4- 4.08 (m, 1 H), 3.64 (d, J= 5.2 Hz, 2 H),
5 blpyridin-3- 3.49-3.51 (m,1 H), 3.26 - 3.31 (m, 3 H),
yhpiperidin-1- | 191 =2.22 (m, 7 H), 1.50 - 1.61 (m, 1 H),
g yllpyrimidine-4- 1.26-1.28 (m, 6 H).
carboxamide
Q—OH N-[(18,2R)-2- 518.2 [M+Nal’; (400 MHz, DMSO-dj) &
hydroxycyc'openty ppm 13.28 (S, 1 H), 8.48 (d, J=1.2 HZ, 1
NH 1-2-{2R)-1- H), 8.28 (t, J = 8.4 Hz, 2 H), 7.11 - 7.16
397* (m, 1 H), 7.03 (s, 1 H), 5.21 - 5.25 (m, 1

(D) NI
|
o AL

methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

H), 5.17 (d, J = 6.4 Hz, 1 H), 4.40 (br s, 2

H), 3.91 — 4.07 (m, 2 H), 3.35 - 3.62 (m, 2

H), 3.12 - 3.25 (m, 5 H), 2.03 - 2.15 (m, 2

H), 1.65 - 1.96 (m, 5 H), 1.42 -1.65 (m, 3
H), 1.26 (d, J = 6.4 Hz, 3 H).

398*

(D) /OVLO

N-[(1R,25)-2-
hydroxycyclopenty
I-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

518.2 [M+Na]"; (400 MHz, DMSO-d¢) 5
ppm 13.28 (s, 1 H), 8.48 (d, J = 4.0 Hz, 1
H), 8.28 (t, J = 8.8 Hz, 2 H), 7.11 - 7.16
(m, 1 H), 7.03 (s, 1 H), 5.21 - 5.25 (m, 1
H), 517 (d, J = 4.4 Hz, 1 H), 4.40 (br s, 2
H), 3.91 — 4.07 (m, 2 H), 3.35 - 3.62 (m, 2
H), 3.12 - 3.25 (m, 5 H), 2.03 - 2.15 (m, 2
H), 1.65 - 1.96 (m, 5 H), 1.42 -1.65 (m, 3
H), 1.26 (d, J = 6.4 Hz, 3 H).
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N H 491.1 [M+Na]"; (400 MHz, DMSO-de) &
S N-[(25)-1- ppm 11.36 (br s, 1 H), 8.16 - 8.19 (m, 2
P hydroxypropan-2- | H) 8.02 (d, J=6.8 Hz, 1 H), 7.25 (5, 1 H),
i yll-2-{[(2R)-1- 7.01-7.04 (m, 2 H), 527 -5.31 (m, 1 H),
399 methoxypropan-2- | 489 (t, J = 5.6 Hz, 1 H), 4.54 (brs, 2 H),
(D) ylloxy}-6-[4-(1H- | 3 96-3.99 (m, 1 H), 3.51 -3.52 (m, 1 H),
pyrrolo[2,3- 3.43 - 3.47 (m, 3 H), 3.29 (s, 3 H), 3.13 -
blpyridin-3- 3.16 (m, 3 H), 2.06 (d, J = 10.8 Hz, 2 H),
yhpiperidin-1- | 1 591,68 (m, 2 H), 1.27 (d, J=6.4 Hz, 3
yllpyrimidine-4- H), 1.14 (d, J = 6.8 Hz, 3 H).
carboxamide
424.1; (600 MHz DMSO-d5) & ppm 13.27
6-[4-(1H- (s, 1H), 8.48 (dd, J = 4.52, 1.59 Hz, 1 H),
oyrazolo[3.4- 8.31 (dd, J = 8.07, 1.47 Hz, 1 H), 7.96 (d,
100* Dlpyridin.s. J=220Hz, 1H), 766 (br.s., 1H),7.14
D) JDpiperidin--yil-o- | @ J=8.07,4.52Hz, 1H), 7.04 (s, 1H),
[2R)- 445210(? S'12H|-)|) '34%312 -34é%3( (m'12H|-)|)'34é140
-4, m, , 3. -3. m, , 3. -
tetrahydrofuran-2- | 4 25 "4 11y "3"ag . 350 (m, 1 H), 3.22 (
ylmethoxy]pyrimidi -
Y Acarbonamide | ¥= 12.17 Hz, 2 H), 2.06 - 2.16 (m, 2 H),
1.94 - 2.04 (m, 1 H), 1.75 - 1.93 (m, 4 H),
1.60 - 1.71 (m, 1 H).
2- 521.0; (400 MHz, CDCls) & ppm 12.37 (s,
(cyclopropylmetho | 1 H), 8.42-8.43 (m, 1H), 8.24-8.25(m,
xy)-6-[4-(4- 1H), 7.12 (s, 1 H), 6.48 - 6.49 (m, 1 H),
401* methoxy-1H- 4.58 (brs, 2 H), 4.14 (d, J= 6.4 Hz, 2 H),
(D) pyrazolo[3,4- 3.96 (s, 3 H), 3.53 - 3.56 (m, 3 H), 3.10 -
blpyridin-3- 3.16 (M, 2 H), 2.58 - 2.70 (m, 6 H), 1.99 —
ypiperidin-1-yll- | 2.28 (m, 6 H), 1.24 - 1.33 (m, 2 H), 0.60
N-[2-(pyrrolidin-1- | (d, J=6.0 Hz, 2 H), 0.34 - 0.35 (m, 2 H).
yhethyl]pyrimidine
-4-carboxamide
2-
(cyclopropylmetho 494 4; (400 MHz, CDCls) & ppm
xy)-N-[2- 8.40 (d, J=5.6 Hz, 1 H), 8.18 - 8.21 (m, 1
a02* (dimethylamino)et | H), 7.12 (s, 1 H), 6.50 (d, J = 5.6 Hz, 1 H),
D) hyl]-6-[4-(4- 458 (brs, 2 H), 4.16 (d, J= 7.2 Hz, 2 H),
methoxy-1H- | 3.96 (s, 3 H), 3.47 - 3.54 (m, 3 H), 3.17 (t,
pyrazolo[3,4- | J=11.2Hz, 2 H), 2.51 (t, J = 6.4 Hz, 2 H),
blpyridin-3- 228 (s, 6 H), 2.09-2.12 (m, 4 H), 1.34 -
Ne y)piperidin-1- 1.36 (m, 1 H), 0.59 - 0.64 (m, 2 H), 0.34 -
yl]pyrimidine-4- 0.38 (m, 2 H).
carboxamide
2-[(1-
HN=N Cyrﬂgfhcgg?_‘,’\;f’[g}") 520.0: (400 MHz, CD;OD) & ppm 8.34 (d,
N—"""\\ | dimethylaminaet | ¢ =5:6Hz, 1 H), 7.15 (5, 1H),6.70 d, J =
403* N 0 |]-é-[4-<4- 6.0 Hz, 1 H), 4.63 (brs, 2 H), 4.44 (s, 2
(D) mZthoxy-1H- H), 4.01 (s, 3 H), 3.67 (t, J = 6.0 Hz, 1H),
oyrazolo[3 4- 3.55-3.66 (M, 2 H), 3.21 - 3.25 (m, 2 H),
Dloyridin.3. 2.95 (t, J = 6.4 Hz, 2 H), 2.61 (s, 6 H),
deieriding. | 1:95=2.13(m, 4 H), 1.37-1.39 (m, 2 H),
N— | YDpiperidin 123 -1.26 (m, 2 H).
/ yllpyrimidine-4- '
carboxamide
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N-[2R)-3- 540.0; (400 MHz, CDCl3) & ppm 11.3 (br
hydroxy-3- s, 1H), 8.41(d, J=56Hz, 1H),8.09 @,

404*
(D)

methylbutan-2-yl]-
6-[4-(4-methoxy-
1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

J=88Hz 1H),7.14 (s,1 H), 6.51 (d, J =
5.2 Hz, 2 H), 4.54 (brs, 2 H), 4.37 - 4.39
(m, 3 H), 4.04 - 4.08 (M, 1 H), 3.83 (s, 3

H), 3.94 (s, 3 H), 3.79 - 3.83 (m, 1 H),
3.44 - 3.50 (m, 1 H), 3.19 =3.25 (m,1 H),
2.79 (brs, 1 H), 1.95 —=2.14 (m, 7 H), 1.75

-1.77 (m, 1 H), 1.24 - 1.26 (m, 9 H).

405*
(D)

2.
(cyclopropylmetho
xy)-N-[2-
(dimethylamino)et
hyl]-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

464.3; (400 MHz, DMSO-d;) 5 ppm 11.36
(s, 1H), 8.49 (¢, J=6.0 Hz, 1 H), 8.18 (d,

J=36Hz, 1H),802(, J=72Hz 1H),

7.24 (d, J= 4.8 Hz, 1 H), 7.01 - 7.05 (m, 2
H), 4.38 - 4.42 (m, 2 H), 4.14 (d, J= 7.2

Hz, 2 H), 3.08 - 3.31 (m, 5 H), 2.45 (¢, J =
6.0 Hz, 2 H), 2.22 (s, 6 H), 2.05 (d, J =

11.6 Hz, 2 H), 1.61 - 1.67 (m, 2 H), 1.22 -
1.28 (m, 1 H), 0.56 (d, J = 6.4 Hz, 2 H),

0.34 (d, J = 5.2 Hz, 2 H).

2.
(cyclopropylmetho
xy)-N-[(2R)-1-
(pyrrolidin-1-
yl)propan-2-yl]-6-
[4-(1H-pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

504.3; (400 MHz, DMSO-d¢) & ppm 11.34
(s, 1H), 8.25 (d, J = 8.0 Hz, 1 H), 8.18 (d,
J=4.4Hz, 1 H),8.02(d, J=80Hz 1H),
7.24 (s, 1 H), 7.00 - 7.04 (m, 2 H), 4.42 -
4.68 (m, 2 H), 4.03 -4.14 (m, 3 H), 3.12 -
3.23 (m, 3 H), 2.62 - 2.68 (m, 1 H), 2.29 -
2.47 (m, 5 H), 2.08 (d, J = 8.8 Hz, 2 H),
1.58 - 1.74 (m, 6 H), 1.14 - 1.29 (m, 4 H),
0.60 (d, J = 8.0 Hz, 2 H), 0.35 (d, J = 5.2
Hz, 2 H).

2-[(1-
cyanocyclopropyl)
methoxy]-N-[2-
(dimethylamino)et
hyl]-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

511.2 [M+Na]"; (400 MHz, CDCls) 8 ppm
917 (s, 1H),8.30(d, J=4.0Hz, 1H),
815( J=52Hz,1H),794(d,J=6.8
Hz,1H),7.16 (s, 1 H),7.04-7.10 (m, 2
H),4.21-510(m,4H),3.53(q, J=6.4

Hz 2H),3.06-322(m,3H),253(¢ J=

6.4 Hz, 2H),2.29 (s,6 H), 2.11-2.20 (m,
2 H), 1.67-1.80 (m, 2 H, overlapped by
H,O peak), 1.37 - 1.44 (m, 2 H), 1.15 -

1.22 (m, 2H).

HN—\
N/
406* ~ |
(D)
HN—
/
407* hL\ |
(D)
’—;.__r__/NH2
7N HN
aos* | "\ ©
(D) HN -/ N— N
N4 .
o—"
—W\_CK

N-[(2R)-1-
aminopropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

468.1; (400 MHz, CD,0D) & ppm 11.36 (s,
1H), 8.25(d, J=36Hz, 1H),8.09 (d, J =
4.2Hz 1 H), 7.21 (s, 1 H), 7.05 - 7.18 (m,
2 H), 5.31-5.45 (m, 1 H), 4.55 (br s, 2 H),
4.35 - 4.45 (m, 1 H), 3.55 - 3.65 (m, 2 H),
3.41 (s, 3 H); 3.02 - 3.33 (m, 5 H), 2.21 (d,
J=12.0Hz, 2 H), 1.70 - 1.84 (m, 2 H),
1.32-1.38 (m, 6 H).
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6-[4-(4-ethoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

514.0; (400 MHz, CD;0D) & ppm 8.30 (d,
J=56Hz 1H),7.11 (s, 1 H), 6.66 (d, J =
56 Hz, 1H),5.36-540(m, 1H), 4.29 -
4.46 (m, 2 H), 4.24 - 4.29 (m, 2 H), 4.13 -
4.15 (m, 1 H), 3.52 - 3.63 (m, 5 H), 3.40
(s, 3 H), 3.22 (brs, 2 H), 2.07 (brs, 4 H),
1.34-1.37 (m, 6 H), 1.26 (d, J= 6.8 Hz, 3
H).

6-[4-(5-amino-6-
carbamoylpyridin-
2-yl)piperidin-1-yl]-
N-[(2R)-3-
hydroxy-3-
methylbutan-2-yl]-
2-{[(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

538.3 [M+Na]"; (400 MHz, DMSO-d¢) &
ppm 8.12 (d, J = 8.4 Hz, 1 H), 7.87 (s, 1
H), 7.28 (brs, 1 H), 7.20 (d, J = 8.4 Hz, , 1
HO,7.10 (d, J = 8.4 Hz, , 1 H), 7.04 (s, 1
H), 6.69 (s, 2 H), 5.23 (s, 1 H), 4.75 (s, 1
H), 3.82 - 3.88 (m, 1 H), 3.44 - 3.57 (m, 2
H), 3.27 - 3.29 (m, 3 H), 3.07 - 3.12 (m, 3
H), 2.87 -2.93 (m, 1 H), 1.92 - 1.97 (m, 2
H), 1.64 -1.73 (m, 2 H), 1.29 (d, J = 6.0
Hz, 3 H), 1.04 - 1.17 (m, 9 H).

WO 2016/097918
HN-N
a09* | N7
(D) Z ok
OgNH2
HaN A~
)
a10*
(D)
o
a11*

(D)

(trans)-N-(2-
hydroxycyclobutyl)
-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

493.9; (600 MHz, DMSO-dg) 5 ppm 13.21
(ors, 1 H), 859 (d, J=8.4Hz, 1H), 841
(d,J=3.5Hz,1H),829(W, J=79Hz 1
H), 7.07 (dd, J=7.4, 4.5 Hz, 1 H), 6.94 (br
s,1H),522d,J=6.4Hz, 1H), 421,
J=51Hz, 2H),4.02-4.15(m, 3 H),
371(q,J=73Hz,1H),3.60(q,J=7.0
Hz, 1 H), 3.34 —3.41 (m, 1 H, partially
obscured by H,O peak), 3.11-3.21(m, 3
H),2.04 d,J=123Hz,2H),1.71 -1.95
(m, 7H), 1.57 =162 (m, 1 H), 1.32 - 1.43
(m, 2 H).

(trans)-N-(2-

493.9; (600 MHz, DMSO-d;) & ppm 13.24

o hydroxycyclobutyl) | (brs, 1 H), 8.68 (d, J = 8.4 Hz, 1 H), 8.48
a2+ -6-[4-(1H- (d, J=3.5Hz, 1 H),8.31(d, J=79Hz, 1
* N pyrazolo[3,4- H), 712 -7.15(m, 1 H), 7.01 (br s, 1 H),
) blpyridin-3- 529 (d, J=6.5Hz, 1 H), 4.26 —4.32 (m, 2
z ylpiperidin-1-yl]-2- | H), 4.10 — 4.17 (m, 4 H), 3.76 — 3.81 (m, 1
[(2R)- H), 3.65 - 3.69 (m, 1 H), 3.11 =321 (m,
tetrahydrofuran-2- | 3 H), 2.09 -2.14 (m, 2 H), 1.77 — 2.03 (m,
ylmethoxylpyrimidi | 7 H), 1.64 —1.70 (m, 1 H), 1.40 — 1.49 (m,
ne-4-carboxamide 2 H).
N-[2R)-1-
hydroxypropan-2- | 528 3; (400 MHz, CD;OD) & ppm 8.28 (d,
yI-2{[@R)-1- | y=56Hz,1H), 7.10 (s, 1H), 667 (d, J=
a3 | I \ N methoxypropan-2- | 56 Hz, 1 H), 5.35- 5.39 (m, 1 H), 4.95 -
(D) o) ylloxy}-6-{4-[4- | 4.96 (m, 1 H), 4.52-4.73 (m, 2 H), 4.10 -
P{ O (propan-2-yloxy)- | 4.15 (m. 1 H), 3.62 - 3.64 (m, 3 H), 3.56 -
\.. 1H-pyrazolo[3,4- | 360 (m, 2 H), 3.40 (s, 3 H), 3.10 - 3.30
- blpyridin-3- (m, 2 H), 2.06 - 2.08 (m, 4 H), 1.35 (d, J =
b yllpiperidin-1- 6.0 Hz, 9 H), 1.25 (d, J = 6.8 Hz, 3 H).

yl}pyrimidine-4-
carboxamide
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478.2; (400 MHz, DMSO-d¢) & ppm 11.37
N f 2- (s, 1 H), 8.25 (d, J = 8.4 Hz, 1 H), 8.19 (d,
3 0 (cyclopropylmetho | 3 - 4.4 1z, 1 H), 8.05 (d,J = 7.6 Hz, 1 H),
NZ xy)-IV-[(2R)-1 - 7.27 (s, 1 H), 7.01 - 7.07 (m, 2 H), 4.32 -
a4 || (dimethylamino)pr | 4,81 (m, 2 H), 4.03 - 4.41 (m, 3 H), 3.01 -
(D) opan-2-yl]-6-[4- 3.21 (m, 3 H), 2.44 - 2.48 (m, 1 H), 2.14 -
(1H-pyrrolo[2,3- 2.26 (m, 7 H), 2.05 (d, J = 15.2 Hz, 2 H),
£>]pyridin-3- 1.56 - 1.66 (M, 2 H), 1.21 - 1.31 (m, 2 H),
yhpiperidin-1 - 1.31 (d, J = 5.6 Hz, 2 H), 0.58 (d, J = 8.0
yllpyrimidine-4- Hz, 2 H), 0.35 (d, J = 5.2 Hz, 2 H).
carboxamide
2-(benzyloxy)-/V- 538.3; (400 MHz, DMSO-cfe) & ppm
[(2R)-1- 1313 (s, 1 H), 8.36 (d, J = 5.2 Hz, 1 H),
hydroxypropan-2- | 818 (d, J =84 Hz, 1H), 7.50 (d, J = 7.6
415+ yi]-6-[4-(4- Hz, 2 H), 7.26 - 7.39 (m, 3 H), 7.03 (s, 1
©) methoxy-1 H- H), 6.65 (d, J = 5.6 Hz, 1 H), 5.38 (s, 2 H),
pyrazolo[3 4- 4.88 - 4.92 (m, 1H), 4.26 - 4.48 (m, 2 H);
£>]pyridin-3- 3.94 - 4.02 (m, 1H), 3.88 (s, 3 H), 3.42 -
ypiperidin-1 - | 348 (m, 3 H), 312-321 (m, 2 H), 1.97 -
ylpyrimidine-4- 201 (m, 2 H), 1.73-1.82 (m, 2 H), 1.14
carboxamide (d,J =6.8 Hz, 3 H).
2-
HN-N f (cyclopropylmetho 509.2 (400 MHz, CD,0OD) 3 ppm 8.33 (d, J
0 xy)-/V-[(2R)-1 - =5.6 Hz, 1H), 7.11(s, 1 H), 6.71 (d,J =
416+ (dimethylamino)pr 5.6 Hz, 1 H), 461 (brs,2 H), 4.18 - 4.28
©) opan-2-yl]-6-[4-(4- (m, 3 H), 4.01 (s, 3 H), 3.55 - 3.58 (m, 1
methoxy-1 H- H), 3.24 - 3.27 (m, 2 H), 2.60 - 2.63 (m, 1
pyrazolo[3,4- H), 2.37 - 2.39 (m, 1H), 2.30 (s, 6 H), 1.97
jb]pyridin-3- -2.13 (m, 4 H), 1.29 - 1.32 (m, 2 H), 1.28
yl)piperidin-1 - (d,J=6.8Hz, 2 H), 062 (d,J=8.0Hz 2
yl]pyrimidine-4- H), 0.39 (d,J = 4.8 Hz, 2 H).
carboxamide
2-(1 R)-1- 466. 1; (400 MHz, CD,OD) & ppm 8.49 (d,
cyclopropylethoxy] J=3.2Hz, 1H), 833 (d, J =8.0Hz, 1H),
-A-[(2R)-1 - 7.19-7.20 (m, 1H), 7.08 (s, 1 H), 4.58 -
217 hydroxypropan-2- 471 (m, 3 H),4.11-4.16 (m, 1H), 3.62 (d,
o) yl]-6-[4-(1 H- J =52 Hz, 2 H), 3.48 - 351 (m, 1 H), 3.21
pyrazolo[3,4- -3.24 (m, 1H), 2.18-2.21 (m, 2 H), 1.97
£ilpyridin-3- - 2.02 (m, 2 H), 1.44 d,J = 6.4 Hz, 3 H),
yl)piperidin-1 - 1.27 d,J=6.8 Hz, 3 H), 1.15-1.17 (m, 1
SN yllpyrimidine-4- H), 0.46 - 0.58 (m, 3 H), 0.36 - 0.37 (m, 1
| N carboxamide H).
P
N R
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0
A s
a18* NS N
(D) = N\ —oH
N

2-[(15)-1-
cyclopropylethoxy]
-N-[(2R)-1-
hydroxypropan-2-
yl1-6-[4-(1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

466.1; (400 MHz, CD,OD) & ppm 8.49 (d,
J=32Hz, 1H), 833(d, J=80Hz 1H),
7.19-7.20 (m, 1 H), 7.08 (s, 1 H), 4.58 -
4.71 (M, 3 H), 4.11 - 4.16 (m, 1H), 3.62 (d,
J=52Hz, 2 H), 3.48 - 3.51 (m, 1 H), 3.21
-3.24 (m, 1 H), 2.18 - 2.21 (m, 2 H), 1.97
-2.02(m, 2 H), 1.44 (d, J = 6.4 Hz, 3 H),
1.27(d, J=6.8 Hz, 3 H), 1.15-1.17 (m, 1
H), 0.46 - 0.58 (m, 3 H), 0.36 - 0.37 (m, 1
H).

N-[(1R,2R)-2-
aminocyclopentyl]-
2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

494.1; (400MHz, CD;0D) & ppm 8.17 (d,
J=4.8Hz, 1H),8.09(d,J=80Hz 1H),
7.21 (s, 1 H), 7.09 = 7.10 (m, 2 H), 5.37 —
5.41 (m, 1 H), 4.75 (br s, 2 H), 3.97 — 3.99
(m, 1 H), 3.56 — 3.63 (m, 2 H), 3.56 (s, 3
H), 3.41 (s, 3 H), 3.19 — 3.32 (m, 4 H),
219 (d, J= 13.2 Hz, 1 H), 2.07 = 2.16 (m,
2 H), 1.74 —1.82 (m, 5 H), 1.65 - 1.67 (m,
1H), 1.36 (d, J= 6.4 Hz, 3 H).

2-[(1-
cyanocyclopropyl)
methoxy]-N-[(2R)-

1-(pyrrolidin-1-
yl)propan-2-yl]-6-
[4-(1H-pyrrolo[2,3-
b]pyridin-3-
yhpiperidin-1-
yl]pyrimidine-4-
carboxamide

529.1; (400 MHz, CD;0D) & ppm 8.17 (br
s, 1H),8.07(d, J=84Hz, 1H), 7.19 (s,
1H), 7.12 (s, 1 H), 7.07 = 7.08 (m, 1 H),

4.54 (brs, 1H), 4.49 (1, J= 12.0 Hz, 2 H),

,3.35-3.50 (m, 3 H), 3.13 - 3.28 (m, 4 H),
218 (d, J=12.0 Hz, 2 H), 1.97 - 2.1 (m,
4 H), 1.67-1.82 (m, 2 H), 1.20-1.41 (m,

11 H).

2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
N-

methylpyrimidine-
4-carboxamide

456.1; (400 MHz, CDCl5) 8 ppm 10.98 (br
s, 1H), 8.40 (d, J=5.6 Hz, 1 H), 7.90 (d,
J=56Hz 1H),7.13 (s, 1 H), 6.51 (d, J =
5.6 Hz, 1 H), 5.33 - 5.42 (m, 1 H), 4.56 (br
s, 2 H), 3.97 (s, 3 H), 3.66 - 3.72 (m, 1 H),
3.48 - 3.54 (m, 2 H), 3.42 (s, 3 H), 3.00 -
3.27 (m, 2 H), 2.95 (d, J = 5.2 Hz, 3 H),
211 (d, J=12.4 Hz, 2 H), 1.96 — 2.11 (m,
2 H); 1.38 (d, J = 8.4 Hz, 3 H).

D

1

N

N~ H

7N
419*
(D)
420*
(D)
421*
(D)
422%

(D)

(3,3-
difluoroazetidin-1-
yh2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidin-4-
yl)methanone

456.1; (400 MHz, DMSO-d¢) & ppm 13.14
(s,1H),8.32(d, J=56Hz, 1 H), 7.01 (s,
1H), 6.66 (d, J= 5.6 Hz, 1 H), 5.18 - 5.27
(m, 1H), 502 J=12.4 Hz, 2 H), 4.78
(brs, 2 H), 4.48 (t, J = 12.4 Hz, 2 H), 3.91
(s, 3 H), 3.44 - 3.58 (m, 2 H), 3.24 - 3.26
(m, 3 H), 3.12-3.18 (m, 3 H), 2.00 (d, J =
10.8 Hz, 2 H), 1.77 - 1.79 (m, 2 H), 1.26
(d, J=6.8Hz, 3 H).
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N-[(1R,2R)-2- 526.2; (400 MHz, DMSO-dy) 5 ppm13.14
hydroxycyclopenty | (s, 1 H), 8.32(d, J=5.2Hz, 1 H), 8.23 (d,
-2-{[(2R)-1- J=8.0Hz, 1H),7.00(s,1H),667(d, J=
23+ methoxypropan-2- | 5.2 Hz, 1 H), 5.29 - 5.33 (m, 1 H), 4.83 (d,
(D) ylloxy}-6-[4-(4- | J=6.0Hz, 1 H)4.31-4.69 (m, 2H), 3.91
methoxy-1H- —4.01 (M, 5H), 3.44-3.52 (m, 2 H), 3.20
pyrazolo[3,4- -3.31 (m, 6 H), 1.99 —2.03 (m, 3 H), 1.83
blpyridin-3- -1.86 (M, 3 H), 1.62 - 1.69 (M, 2 H), 1.43 -
yl)piperidin-1- 1.52 (m, 2 H), 1.26 (d, J = 6.4 Hz, 3 H).
yl]pyrimidine-4-
carboxamide
N-[(1R,25)-2-
1-2-{2R)-1- s, 1H), 8.40 (d, J= 5.6 Hz, 1 H), 8.16 (d,
i methoxypropan-2- | J=7.6 Hz, 1 H), 7.12 (s, 1 H), 6.49 (d, J =
424 yljoxy}-6-[4-(4- | 5.6Hz, 2 H),5.30 - 5.36 (m, 1 H), 4.62 (br
(D) methoxy-1H- | S, 4 H), 3.96 (s, 3 H), 3.65-3.72 (m, 1 H),
pyrazolo[3 4- 3.41-3.52 (m, 2 H), 3.40 (s, 3 H), 3.15 -
blpyridin-3- 3.25 (m, 2 H), 2.08 (brs, 1 H), 1.85-2.12
yDpiperidin-1- | (M, 7 H), 1.65 - 1.78 (m, 2 H), 1.38 (d, J =
yllpyrimidine-4- 6.4 Hz, 3 H).
carboxamide
2-[(1- 525.1 [M+Na]"; (400 MHz, CDCls) & ppm
cyanocyclopropyl) | 9 15 (s, 1 H), 8.31 (s, 1 H), 7.92 (t, J = 8.0
methoxyl-N-[2R)- | Hz, 2 H), 7.17 (s, 1 H), 7.04 - 7.12 (m, 2
425+ , 1- H), 4.51-4.64 (m, 2H)4.41(q,J=12.0
(D) (dimethylamino)pr | {7 2 H) 4.19 -4.22 (m, 1 H), 3.12 ¢, J =
opan-2-yl]-6-[4- 124 Hz, 3 H), 2.45-2.55 (m, 1 H), 2.27
(1H-pyrrolof2,3- | (s, 6 H), 2.15 (d, J = 11.6 Hz, 2 H), 1.67 -
blpyridin-3- 1.80 (M, 2 H, overlapped by H,O peak),
yhpiperidin-1-— | 137144 (m, 2H),1.27 (d, J=4.8 Hz, 3
yllpyrimidine-4- H), 1.13 - 1.22 (m, 2 H).
carboxamide
2-
HN—N (cyclopropylmetho
A Xy)-6-[4-(4- 535.2; (400 MHz, CD,0D) & ppm 8.33 (d,
N7 methoxy-1H- J=56Hz, 1H),7.11 (s, 1H),6.70 (d, J =
a26* | NN pyrazolo[3,4- 52 Hz, 1H),4.65 (brs, 2 H), 4.21 - 4.28
(D) , blpyridin-3- (m, 3 H), 4.00 (s, 3 H), 3.52 - 3.58 (m, 1
yhpiperidin-1-yll- | H), 3.23 - 3.26 (m, 2 H), 2.54 - 2.79 (m, 6
N-[(2R)-1- H), 1.97 -2.12 (m, 4 H), 1.79 - 1.81 (m, 4
(pyrrolidin-1- H), 1.28 - 1.32 (m, 4 H), 0.62 - 0.64 (m, 2
yl)propan-2- H), 0.39 (d, J = 5.2 Hz, 2 H).
yl]pyrimidine-4-
carboxamide
477.1 [M+Na]’; (400 MHz, CDCl3) & ppm
o N 2-{[2R)-1- 8.92 (brs, 1 H), 8.17 (d, J= 5.2 Hz, 1 H),
~ methoxypropan-2- | 7.91(d, J=5.2Hz, 1 H), 7.12 (s, 1 H),
ylloxy}-6-[4-(4- 6.87 (s, 1H),6.54 (d, J =56 Hz, 1 H),
427* methoxy-1H- 5.32-5.36(m, 1H),4.25-4.85 (brs, 2
(D) pyrrolo[2,3- H), 3.95 (s, 3 H), 3.64 - 3.84 (m, 1 H),
blpyridin-3- 3.46 - 3.52 (M, 1 H), 3.41 (s, 3 H), 3.33 -
yl)piperidin-1-yl]- 3.40 (m, 1 H),3.02-3.15(m, 2 H), 2.96
N- (d, J=5.2 Hz, 3H), 2.14 (d, J = 12.8 Hz,
methylpyrimidine- | 2 H), 1.65-1.71 (m, 2 H), 1.37 (d, J=6.0
4-carboxamide Hz, 3 H).
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2-{[2R)-1- 524.1; (400 MHz, CDCls) 3 ppm 11.03 (s,
ylJoxy}-6-[4-(1H- 9.6 Hz, 1 H), 8.11 (d, J = 8.0 Hz, 1 H),
a28* pyrazolo[3,4- 7.14-717 (m, 2 H), 5.30 - 5.34 (m,1 H),
blpyridin-3- 4.20-4.83 (m,3H), 3.99-4.01(m, 2H),
(D) N/kao yDpiperidin-1-yl- | 3.66 -3.70 (M1 H), 3.51 - 3.53 (m, 1 H),
N-[(2R)-1,1,1- 3.42-350(m,4H),325( J=52Hz2
. trifluoro-3- H), 2.47 (s, 1 H),2.20 (d, J=10.8 Hz, 2

hydroxypropan-2-
yl]pyrimidine-4-
carboxamide

H), 1.98 —2.06 (m, 2 H), 1.41 (d, J = 6.0
Hz, 3H).

429*
(D)

(3,3-
difluoroazetidin-1-
yh2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidin-4-
yl)methanone

539.1 [M+Na]"; (400 MHz, CDCl5) 8 ppm
9.45 (br, 1 H), 8.17 (d, J = 5.6 Hz, 1 H),
7.07 (s, 1 H), 6.88 (s, 1 H), 6.52 (d, J =
5.6 Hz, 1 H), 5.20 - 5.25 (m, 1 H), 5.03

(dt, J=12.0, 4.0 Hz, 2 H), 4.25 - 4.75 (m,
4 H), 3.96 (s, 3 H), 3.64 - 3.68 (m, 1 H),

3.46 - 3.51 (m, 1 H), 3.46 (s, 3 H), 3.32 (t,

J=52Hz 1H),3.02-3.15(m, 2 H), 2.13

(d, J=12.4 Hz, 2 H), 1.58 - 1.65 (m, 2 H),

1.36 (d, J= 6.0 Hz, 3 H).

430*

(D)

(3,3-
difluoropyrrolidin-
1-yN(2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidin-4-
yl)methanone

531.1; (400 MHz, CD;0D) & ppm 9.03 (br,
1H), 817 (d, J= 5.6 Hz, 1 H), 6.77 - 6.87
(m, 1 H), 6.53 (d, J = 5.6 Hz, 1H), 5.28 -
5.30 (m, 1 H), 4.25 - 4.75 (m, 2 H), 4.25 (¢,
J=12.4 Hz, 1 H), 4.11-4.15(m, 1 H),
3.96 (s, 3 H), 3.83 - 3.90 (m, 1 H), 3.63 -
3.67 (m, 1 H), 3.48 - 3.52 (m, 1 H), 3.47
(s, 3H), 3.35 (t, J= 5.6 Hz, 1 H), 3.02 -
3.15 (m, 2 H), 2.35 - 2.48 (m, 2 H), 2.14
(d, J=12.8 Hz, 2 H), 1.68 - 1.75 (m, 2 H),
1.36 — 1.38 (m, 3 H).

431*
(D)

2{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
N, N-
dimethylpyrimidine
-4-carboxamide

469.1; (400 MHz, CDCl5) 8 ppm 8.16 (d J

= 4.8 Hz, 1 H), 6.90 (s, 1 H), 6.46 - 6.51

(m, 2 H), 5.27 - 5.32 (m, 1 H), 4.25 - 4.85

(brs, 2 H), 3.93 (s, 3 H), 3.59 - 3.66 (m, 1
H), 3.85 -3.95 (m, 1 H), 3.37 (s, 3 H),

3.18 - 3.35 (M, 1 H), 2.95—3.15 (m, 8 H),

2.09 (d, J= 12.0 Hz, 2 H), 1.57 - 1.65 (m,

2 H), 1.32 (d, J= 6.0 Hz, 3 H).

432*

(D)

(3,3-
difluoropyrrolidin-
1-yN(2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidin-4-
yl)methanone

532.1; (400 MHz, CDCl3) 8 ppm 11.22 (s,
1H), 8.40 (d, J=5.2 Hz, 1 H), 6.77 - 6.87
(m, 1H), 6.51 (d, J = 5.6 Hz, 1 H), 5.28 -
5.30 (m, 1 H), 4.37 - 4.75 (m, 2 H), 4.29 ¢,
J=84Hz 1H), 416 (, J=56Hz, 1H),
3.96 —4.03 (m, 4 H), 3.83 - 3.88 (m, 1 H),
3.62 - 3.67 (M, 1 H), 3.44 - 3.54 (m, 5 H),
319 ¢, J= 4.4 Hz, 2 H), 2.36 - 2.42 (m, 2
H), 1.93-2.15 (m, 4 H), 1.35 (d, J = 4.0
Hz, 3 H).
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OH
K( 2-[(1-
cyanocyclopropyl) | 507 1: (400MHz, CD,OD) 8ppm , 8.34 (d,

433*
(D)

methoxy]-N-[(2R)-
1-hydroxypropan-
2-yl]-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

J=56Hz 1H),7.16 (s, 1 H), 6.71 (d, J =
56 Hz, 1 H), 4.77-4.83 (m, 2 H), 4.43 (s,
2 H),4.15-4.17 (m, 1 H), 4.00 (s, 3 H),
3.63 (d, J= 5.2 Hz, 2 H), 3.55 - 3.58 (m, 1
H), 3.25-3.27 (m, 2 H), 212 (d, J = 11.2
Hz, 2 H), 1.98 - 2.00 (m, 2 H), 1.37 - 1.41
(m, 2H), 1.24 - 1.28 (m, 5 H).

OH

434*

(D) I
<:T/A\o N
Il

2-[(1-
cyanocyclopropyl)
methoxy]-N-[(2R)-

3-hydroxy-3-
methylbutan-2-yl]-
6-[4-(4-methoxy-
1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

535.1; (400 MHz, CD;0D) & ppm 8.34 (d,
J=56Hz 1H),7.16 (s, 1 H), 6.70 (d, J =
56 Hz, 1 H), 462 (brs, 2 H), 4.42 (s, 2
H), 4.04 - 4.06 (m, 1 H), 4.00 (s, 3 H),
3.55-3.57 (m, 1H),2.12 (d. J=10.8 Hz,
2 H), 1.97 = 2.08 (m, 2 H), 1.37 - 1.40 (m,
2 H), 1.23-1.27 (m, 10 H).

435*

(D) [
<‘/\O NN
Il
N

2-[(1-
cyanocyclopropyl)
methoxy]-N-[(2R)-

1-
(dimethylamino)pr
opan-2-yl]-6-[4-(4-

methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

534.1; (400 MHz, CD;0D) & ppm 8.34 (d,
J=52Hz, 1H),7.16 (s, 1 H), 6.71 (d, J =
5.6 Hz, 1 H), 463 (brs, 2 H), 4.44 (s, 2
H), 4.28 - 4.30 (m, 1 H), 4.00 (s, 3 H),
3.53 - 3.55 (m, 1 H), 3.18 - 3.24 (m, 2 H),
265-268(t, J=120Hz, 1H),2.21-
2.31(m, 7 H), 1.97 - 2.13 (m, 4 H), 1.38
(or's, 2 H), 1.25 - 1.27 (m, 5 H).

436*

* NTX

N-(3-amino-3-
methylbutan-2-yl)-
2{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

526.1; (400 MHz, CD;0D) & ppm 8.06 (d,
J=56Hz, 1H),7.09 (s, 1 H),6.99 (s, 1
H), 6.67 (d, J= 5.6 Hz, 1 H), 5.36 - 5.40

(m, 1H), 461 (brs, 2 H), 4.24 - 4.25 (m, 1

H), 3.97 (s, 3 H), 3.61 - 3.65 (m, 2 H),

3.40 (s, 3 H), 3.19-3.22 (m, 3 H), 2.17 (d,

J=12.8Hz, 2 H), 1.70 - 1.77 (m, 2 H),
1.30 - 1.39 (m, 12 H).
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NH, N-(3-amino-3- | 526 1; (400 MHz, CD,0OD) & ppm 8.06 (d,
oe NH methylbutan-2-yl)- | ;=56 Hz, 1 H), 7.09 (s, 1 H), 6.99 (s, 1
X 2-{[(2R)-1- H), 6.67 (d, J= 6.0 Hz, 1 H), 5.36 - 5.40
437 methoxypropan-2-

* N

ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

(m, 1H), 461 (brs, 2 H), 4.24 - 4.25 (m, 1
H), 3.97 (s, 3 H), 3.61 - 3.65 (m, 2 H),
3.40 (s, 3 H), 3.19-3.22 (m, 3 H), 2.17 (d,
J=12.8Hz, 2 H), 1.70 - 1.77 (m, 2 H),
1.29 (d, J=2.4 Hz, 3 H) 1.27 - 1.29 (m, 9
H).

4-[4-({[2-amino-5-
(methylcarbamoyl)
pyridin-3-
ylloxy}methyl)pipe
ridin-1-yl]-N-[(2R)-
butan-2-yl1-6-[(1-
cyanocyclopropyl)
methoxy]-1,3,5-
triazine-2-
carboxamide

538.2; (400 MHz, CDCls) 3 ppm
8.00 (s, 1 H), 7.61 (d, J = 8.4 Hz, 1 H),
7.44 (s, 1 H),6.10 (brs, 1 H), 5.07 (d, J =
13.6 Hz, 1 H), 4.98 (s, 2 H), 4.87 (d, J =
12.8 Hz, 1 H), 4.42 (g, J = 10.4 Hz, 2 H),
4.05-4.09 (m, 1 H), 3.94 (d, J = 6.4 Hz,
2H), 2.95 - 3.05 (m, 5 H), 2.18 (brs, 1 H),
1.96 (d, J= 12.8 Hz, 2 H), 1.52 - 1.58 (m,
2 H), 1.41-1.43 (m, 4 H), 1.19 - 1.23 (m,
5H), 0.94 (t, J = 7.6 Hz, 3H).

4-
(cyclopropylmetho
xy)-N-[(2R)-3-
hydroxy-3-
methylbutan-2-yl]-
6-[4-(4-methoxy-
1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

511.1; (400 MHz, CDCl) & ppm 11.89 (br
s, 1H), 8.42 (d, J=56 Hz, 1 H), 8.06 (d,
J=52Hz 1H),6.51(d,J=56Hz 1H),
503 (d,J=12.8Hz, 1H),4.87 (d,J=
12.8 Hz, 1 H), 4.23 (d, J = 7.2 Hz, 2 H),
4.05 - 4.09 (m, 1 H), 4.00 (s, 3 H), 3.46 -
3.48 (m, 1 H), 3.12 - 3.20 (m, 2H), 2.42 (br
s, 1H),2.13 (d, J=13.2 Hz, 2 H), 1.96 —
2.00 (m, 2 H), 1.24 - 1.33 (m, 10 H), 0.63
@, J=56Hz, 2H),0.38 (q, J= 4.8 Hz, 2
H).

438* NH,
E N=
(E) 9
(o]
NH
/
@]
7/N
N/ )
439* —N
(E) >/
440* N
” @/CN
/

2-[(1-
cyanocyclopropyl)
methoxy]-6-[4-
(1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2R)-1,1,1-
trifluoro-3-
hydroxypropan-2-
yl]pyrimidine-4-
carboxamide

531.1; (400 MHz, CDCl;) 8 ppm
11.48 (s,1 H), 8.59 (d, J = 4.4 Hz, 1 H),
8.32(d, J=52Hz 1H),812(d, J=7.6
Hz, 1 H), 7.26 (d, J= 9.6 Hz, 1 H), 7.14 -
7.17 (m, 1 H), 4.20 - 4.94 (m, 4 H), 3.91 —

4.05 (m, 3 H), 3.41 - 3.47 (m, 1 H),3.27 (br
s, 2H),3.12 (brs, 1 H), 2.22(d, J = 11.6
Hz, 2 H), 2.03 - 2.05 (m, 2 H),1.41 - 1.45
(m, 2 H), 1.29 - 1.31 (m, 1 H), 1.21-1.22

(m, 1 H).
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\KkNHQ N-(3-amino-3- 533.1; (400 MHz, CD;0OD) 8ppm
O _NH methylbutan-2-yl)- | 806 (d, J=5.6 Hz, 1 H), 7.14 (s, 1 H),
aa1s 2-[(1- 6.99 (s, 1H), 6.65 (d, J= 5.2 Hz, 1 H),
! N NN cyanocyclopropyl) | 471 (ors, 2 H), 4.43 (g, J= 11.2 Hz, 2 H),
L\ methoxy]-6-[4-(4- | 4.05 - 4.10 (m, 1 H), 3.97 (s, 3 H), 3.38 (br
(D) 0" N methoxy-1H- s, 1H), 3.17 (brs, 2 H), 2.16 (d, J = 12.0
pyrrolo[2,3- Hz, 2 H), 1.70- 1.71 (m, 2 H), 1.38 - 1.41
blpyridin-3- (m, 2H),1.25-1.27 (M, 5H),1.16 (d, J =
yl)piperidin-1- 8.8 Hz, 6 H).

yl]pyrimidine-4-
carboxamide

442*

N
* \\ N
(D) é/\o

N-(3-amino-3-
methylbutan-2-yl)-
2-[(1-
cyanocyclopropyl)
methoxy]-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

533.1; (400 MHz, CD;0D) dppm

8.06 (d, J= 5.6 Hz, 1 H), 7.14 (s, 1 H),

6.99 (s, 1 H), 6.65 (d, J = 5.6 Hz, 1 H),
4.71 (brs, 2 H), 4.43 (q, J = 12.0 Hz, 2 H),
4.05-4.10 (m, 1 H), 3.97 (s, 3 H), 3.38 (br
s, 1H),3.17 (brs, 2 H), 2.16 (d, J = 12.0
Hz, 2 H), 1.70 - 1.71 (m, 2 H), 1.38 - 1.41
(m, 2 H), 1.25 - 1.27 (m, 5 H), 1.16 (d, J =

9.2 Hz, 6 H).

443*

(E) N
HN N N——<\
_/

N-[(2R)-3-
hydroxy-3-
methylbutan-2-yl]-
4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-

528.1; (400 MHz, CDCl3) 5 ppm

9.26 (s, 1 H), 8.17 (d, J = 5.6 Hz, 1 H),

8.06 (d, J= 8.8 Hz, 1 H), 6.88 (s, 1 H),
6.53 (d, J= 5.2 Hz, 1 H), 5.40 - 5.45 (m, 1
H), 5.11 (d, J=12.8 Hz, 1 H), 4.91 (d, J =
12.8 Hz, 1 H), 4.07- 4.09 (m, 1 H), 3.97 (s,
3 H), 3.62-3.66 (m, 1 H), 3.50 - 3.53 (m,

1H), 3.40 (s, 3 H), 3.32 - 3.35 (m, 1 H),
3.06 - 3.09 (M, 2 H), 2.15 (d, J = 10.4 Hz,
2 H), 1.59-1.66 (m, 2 H), 1.39 (d, J = 4.4

444+
(E)

\ 1,3,5-triazine-2- Hz, 3 H), 1.24-1.26 (m, 9 H).
carboxamide
oH 500.1; (400 MHz, CDCls) § ppm 9.75 (s, 1
N-[2R)-1- H), 8.16 (d, J=5.6 Hz, 1 H), 7.97 (d, J =
/—-J hydroxypropan-2- | 7.6 Hz, 1H), 6.88 (s, 1 H), 6.51 (d, J=56
HN Hz, 1 H), 5.40 - 5.44 (m, 1 H), 5.09 (d, J =

yll-4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

13.6 Hz, 1 H), 4.88 (d, J = 13.6 Hz, 1 H),

4.20-4.21 (m, 1 H), 3.96 (d, J =56 Hz, 3
H), 3.72 - 3.74 (m, 1 H), 3.61 - 3.66 (m, 2

H), 3.50 - 3.52 (m, 1 H), 3.40 (s, 3 H),
3.34 (t, J=6.0 Hz, 1 H), 3.08 (q, J= 7.6
Hz, 2 H), 2.1 ¢, J = 13.2 Hz, 2 H), 1.58 -
1.64 (m, 2 H), 1.36 - 1.38 (m, 3 H), 1.27
(d, J=6.8Hz, 3 H).
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(trans)-N-(2- 512.1; (400 MHz, CDCl3) & ppm
hydroxycyclobutyl) | 1142 (s, 1 H), 8.41(d, J=5.6 Hz, 1H),
-2-{[(2R)-1- 8.15(d, J=8.4 Hz, 1 H), 7.11 (s, 1 H),
445* methoxypropan-z- 6.51 (d, J=52 HZ, 1 H), 532-5236 (m, 1
* ylloxy}-6-[4-(4- H),3.72-482(m,1H),3.94-417(m, 5
(D) methoxy-1 H- H), 3.64 - 3.78 (M, 2 H),3.48 - 3.54 (m, 2
pyrazolo[3 4- H), 3.42 (s, 3 H), 3.14 - 3.24 (m, 2 H),
blpyridin-3- 2.01-2.18(m, 6 H), 1.66 - 1.75 (m, 1 H),
yDpiperidin-1- | 1.38-1.40(m, 1H), 139 (d, J=7.2Hz, 3
yllpyrimidine-4- H).
carboxamide
(trans)-N-(2-
hydroxycyclobutyl) | 512.1; (400 MHz, CDCls) § ppm 11.05 (s,
-2-{[(2R)-1- 1H),8.41(d,J=52Hz, 1H),815(,J
446* methoxypropan-z- =84 HZ, 1 H), 7.11 (S, 1 H), 6.51 (d, J=
* ylloxy}-6-[4-(4- 56Hz, 1H),532-536(m, 1H),3.72-
(D) methoxy-1H- 4.82 (m, 1H), 3.94-4.17 (m, 5H), 3.64 -
pyrazolo[3.4- | 3.78 (M, 2H)3.48 - 3.54 (m, 2 H), 3.42 (s,
blpyridin-3- 3 H), 3.14 - 3.24 (m, 2 H), 2.01 - 2.18 (m,
yDpiperidin-1- 6 H), 1.66-1.75(m, 1 H), 1.38 - 1.40 (m,
yllpyrimidine-4- 1H), 139, J=6.4Hz 3 H).
carboxamide
N-[(1R,2R)-2-
N O | aminocyclopentyll- | 506 2; (400 MHz, CDCl5) & ppm 9.27 (br
oo 0 6-[4-(1H- s,1H), 8.32 (brs, 1 H),7.94 (d, J=8.0
447 = /N—\< pyrrolo[2,3- Hz, 1 H), 7.88 (brs, 1 H), 7.07 = 7.13 (m,
@ | L/ NN blpyridin-3- 3 H), 4.66 (brs, 1 H), 4.32-4.39 (m, 4
yhpiperidin-1-yl}-2- | 1y 427 —4.31 (m, 3 H), 3.81 —3.95 (m, 1
o (2R)- H), 3.02 —3.13 (m, 4 H), 1.47 = 2.17 (m,
HN tetrahydrofuran-2- 14 H).
; ylmethoxy]pyrimidi
HzN‘O ne-4-carboxamide
7N\ g | [3-(Aminomethyl)- | 498 1; (400 MHz, CDCls) & ppm 8.90 (br
N o{ 3-fluoroazetidin-1- | 5 1 H), 8.38 (brs, 1 H),7.94 (d,J=7.6
o \ ,N‘\( yl2-{[2R)-1- Hz, 1 H), 7.06 — 7.07 (m, 2 H), 5.26 (brs,
a48* _N methoxypropan-2- | 1 Hy, 4.76 (d, J = 19.6 Hz, 2 H), 4.52 (brs,
(D) ylloxy}-6-[4-(1H- | 1 H), 419 - 4.24 (m, 2 H), 3.67- 3.68 (m,
0 pyrrolo[2,3- 1 H), 3.47 —3.48 (M, 1 H), 3.46 (s, 3 H),
N blpyridin-3- 3.09-3.12(m, 4 H), 213 (d, J = 13.2 Hz,
HszP yDpiperidin-1- - | 514y 139 -1.74 (m, 2H), 1.37 (d, J=2.0
F yl]pyrimidin-4- Hz, 3 H).
yl)methanone
6-[4-(1H-
9\0 pg]razr‘i’('j‘i’r[fé‘f' 536.01; (400 MHz, CDCl5) 5 ppm 11.77
o yI)pipg%din-1-yI]-2- (ors, 1H), 8.57 (d, J=7.6 Hz, 1 H), 8.40
449+ L (2R)- (d,J=76Hz 1H),811(d,J=76Hz 1
pue NS tetrahydrofuran-g | H).711-716 (m, 2H), 4.84 (brs, 1 H),
~ NWO yimethoxyl N~ | 450 (ors, 1H), 4.29-4.33 (m, 3 H), 3.95
\ o (2RI1.1.1- —4.04 (M, 3H), 3.82-3.93 (M, 1 H), 3.23
HN_,Q RN Cforo-8. -3.42 (m, 4 H), 1.86 — 2.20 (m, 9 H).
FTNe hydroxypropan-2-
F yl]pyrimidine-4-
carboxamide
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OH N-[(2R)-3-

>§_ hydroxy-3- 540.1; (400 MHz, CDCls) & ppm 9.27 (br

methyloutan-2-yll- | s, 1 H), 8.17 (d, J = 5.6 Hz, 1 H), 8.07 (d,
/ HN 4-[4-(4-methoxy- | J=8.8 Hz, 1 H), 6.87 (s, 1 H), 6.52 (d, J =

a50* | [0 ‘2=O 1H-pyrrolo[2,3- 5.6 Hz, 1H), 5.0 (d, J = 13.6 Hz, 1 H),
| | N N= blpyridin-3- 4.89 (d, J=13.6 Hz, 1 H), 4.29 - 4.40 (m,
) NN yl)piperidin-1-yl-6- | 3 H), 4.06 - 4.08 (m, 1 H), 3.92 - 3.97 (m,
HN N—< [(2R)- 4H),3.81-3.82(m, 1H),3.28(t, J=12.8
o tetrahydrofuran-2- | Hz, 1 H), 3.05 (q, J= 13.2 Hz, 2 H), 2.07 -

b ylmethoxy]-1,3,5- | 2.17 (m, 3 H), 1.93 - 1.98 (m, 2 H), 1.76 -

S triazine-2- 1.79 (m, 1 H), 1.60 - 1.63 (m, 2 H), 1.24 -

carboxamide 1.27 (m, 9 H).
oH N-[(2R)-1-

hydroxypropan-2- 512.0; (400 MHz, CDCls) & ppm 9.55 (br

S, yl]-4-[4-(4- s,1H), 816 (d, J=56Hz, 1H),7.99 (d,
N methoxy-1H- J=76Hz 1H),688(s,1H), 652(d, J=

451* | o pyrrolo[2,3- 52 Hz, 1 H), 5.07 (d, J= 12.8 Hz, 1 H),
(E) O NI blpyridin-3- 4.91(d, J=12.4 Hz, 1 H), 4.28 - 4.38 (m,
> N yhpiperidin-1-yl-6- | 4 H), 3.92 - 3.96 (m, 4 H), 3.74 - 3.82 (m,
N [(2R)- 2 H), 3.66 - 3.68 (m, 1 H), 3.27 (t, J = 12.8
HN / o tetrahydrofuran-2- | Hz, 1 H), 3.06 (q, J= 12.4 Hz, 2 H), 2.07 -
3 ylmethoxyl-1,3,5- | 2.18 (m, 3 H), 1.94 - 1.98 (m, 2 H), 1.75 -

triazine-2- 1.78 (M, 1 H), 1.59 - 1.61 (m, 2 H), 1.28

carboxamide (d, J=6.8 Hz, 3 H).
H
NN

\ A4 N-[(2R)-1- 491.2 [M+Na]*; (400 MHz, CDCl;) & ppm
hydroxypropan-2- | g og (brs, 1H), 8.31 (d, J = 4.4 Hz, 1 H),

i yll-2-[(2R)-2- 7.93-7.98 (m, 2H), 7.13 (s, 1 H), 7.07 -
452 N methoxypropoxyl- | 7.08 (m, 2 H), 4.61 (brs, 2 H), 4.34 - 4.36
(D) OH 6-[4-(1H- (m, 1H), 4.22-4.26 (m, 2 H), 3.73-3.78
NMN{ pyrrolo[2,3- (m, 2 H), 3.66 - 3.67 (m, 1 H), 3.45 (s, 3

>:N blpyridin-3- H), 3.10-3.14(m, 4 H), 216 d, J=12.6
o] yl)piperidin-1- Hz, 2 H), 1.73-1.79 (m, 2 H), 1.29 (d, J =

yl]pyrimidine-4-
carboxamide

5.2 Hz, 6 H).

453*
(D)

N

IOH
N/ \ HN ’
)=N o)

N-[(2S)-1-
hydroxypropan-2-
yl]-2-[(2R)-2-
methoxypropoxy]-
6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

491.2 [M+Na]"; (400 MHz, CDCl) 8 ppm
9.01 (brs, 1 H), 8.31 (d, J= 4.8 Hz, 1 H),
7.93-7.98 (m, 2 H), 7.13 (s, 1 H), 7.06 -

7.09 (m, 2 H), 4.61 (brs, 2 H), 4.35 - 4.36
(m, 1 H), 4.22 - 4.26 (M, 2 H),3.73 - 3.78
(m, 2 H), 3.66 - 3.67 (M, 1 H), 3.45 (s, 3

H), 3.10-3.14 (m, 4 H), 2.15 (d, J = 8.8

Hz, 2 H), 1.70 - 1.79 (m, 2 H), 1.29 (d, J =

5.2 Hz, 6 H).
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ﬁ) N-[(18,25)-2-
B o aminocyclopentyl]- | 528.3 [M+Na]"; (400 MHz, CD;0D) & ppm
N N—( 6-[4-(1H- 8.17 (d, J=4.4Hz, 1H), 8.09(d,J=8.0
454+ N \N pyrro!o{2,3- Hz,1H),720(s,1H),7.08-7.11(m, 2
s HN - _ blpyridin-3- H), 4.41 (br s, 2 H), 4.37 (d, J= 4.8 Hz, 2
o yhpiperidin-1-yl]-2- | H), 4.27 -4.29 (m, 1 H), 3.91 — 3.99 (m, 2
N [(2R)- H), 3.82 — 3.89 (m, 1 H), 3.21 —=3.25 (m, 4
tetrahydrofuran-2- | H), 2.18 (d, J= 13.2 Hz, 2 H), 1.51 - 2.09
HN - ylmethoxy]pyrimidi (m, 12 H).
2 .
ne-4-carboxamide
7\ ﬂ [3-(aminomethyl)- | 532 2 (M+Na]*; (400 MHz, CDCls) & ppm
N o 3-fluoroazetidin-1- | g 74 (brs, 1 H), 8.30 (d, J= 4.0 Hz, 1 H),
N—( yl|{6-[4-(1H- 7.94 (d, J=7.6Hz 1 H),7.06 -7.09 (m, 3
ass* | HN-Z N— N pyrrolo[2,3- H),4.78 (d, J= 12.4 Hz, 2 H), 4.65 (br s,
(D) = blpyridin-3- 2 H), 4.27 - 4.44 (m, 5 H), 3.87 - 3.92 (m,
o yhpiperidin-1-yll-2- | 1 14) 3 76 —3.84 (m, 1 H), 3.51 (brs, 1
N [(2R)- H), 3.01 = 3.09 (m, 5 H), 2.09-2.15 (m, 3
HszP tetrahydrofuran-2- | Hy 4,72 -1.98 (m, 2 H), 1.63-1.71 (m, 3
ylmethoxy]pyrimidi H).

n-4-yl}methanone

456*
(D)

-0

N-[(2R,35)-3-
hydroxybutan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

513.2; (400 MHz, CD;0D) & ppm 8.32 (d,
J=56Hz 1H),7.10(s,1 H),6.70 (d, J =
7.2 Hz,1 H), 5.34 - 5.38 (m,1 H), 4.60 (br
s, 2 H), 3.98 — 4.01 (m, 4 H), 3.75 - 3.90
(m,1 H),3.55 - 3.61 (m, 3 H), 3.39 (s, 3 H),
3.21-3.31(m, 2 H),2.10 (d, J= 10.4 Hz,
2 H), 1.94-2.05 (m, 4 H), 1.35 (d, J= 6.0
Hz, 3 H),1.19 - 1.29 (m, 6 H).

457*

O NH
; NH
(D) (7

N-(3-amino-3-
methylbutan-2-yl)-
(cyclopropylmetho

xy)-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

508.1 (400 MHz, CD;0D) & ppm 8.05 (d, J
=56 Hz, 1H),7.09(s, 1H),6.99 (s, 1H),
6.66 (d, J= 5.6 Hz, 1 H), 4.82 (brs, 2 H),
421(d, J=92Hz 2H),4.05(q, J=8.0
Hz, 1 H), 3.97 (s, 3 H), 3.38 (brs, 1 H),
3.15-317(m, 2 H), 2.16 (d, J = 12.8 Hz,
2 H),1.70-1.72 (m, 2 H), 1.31 - 1.34 (m,
2H),1.30(d, J=8.8Hz, 3H),1.21(d, J=
8.0 Hz, 6 H), 0.61 - 0.63 (m, 2 H), 0.39 -
0.40 (m, 2 H).

458*

(D)

N-(3-amino-3-
methylbutan-2-yl)-
2.

(cyclopropylmetho
xy)-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

508.1; (400 MHz, CD;0D) & ppm 8.05 (d,
J=56Hz, 1H),7.09 (s, 1H),6.99 (s, 1

H), 6.66 (d, J= 5.6 Hz, 1 H), 4.82 (br s, 2
H), 4.23 (d, J= 8.4 Hz, 2 H), 4.06 (q, J =

6.8 Hz, 1 H), 3.97 (s, 3 H), 3.38 (s, 1 H),

3.17 (brs, 2 H), 2.15 (d, J = 12.8 Hz, 2 H),
1.70-1.72 (m, 2 H), 1.31 - 1.34 (m, 2 H),
130 (d, J=6.8 Hz, 3H), 1.21(d, J=6.8
Hz, 6 H), 0.61 - 0.63 (m, 2 H), 0.39 - 0.40

(m, 2 H).
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459*
(D)

N-[(2R)-1-
hydroxypropan-2-
yl]-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

511.1; (400 MHz, DMSO-d5) 5ppm 11.26
(s,1H),8.17 (d, J = 8.4 Hz, 1 H), 8.05 (d,
J=52Hz, 1H),7.02(d, J=52Hz 2 H),
6.60 (d, J=52Hz, 1 H), 486 (t, J= 5.2
Hz, 1 H), 4.34 - 478 (m, 2 H), 4.25 (d, J =
56 Hz, 2 H), 413 - 4.18 (m, 1 H), 3.93 -
3.98 (m, 1 H), 3.87 (s, 3H), 3.74 - 3.78
(m, 1 H), 3.63-3.67 (M, 1 H), 3.42 - 3.47
(m, 2 H), 3.20 - 3.27 (m, 1 H), 3.03 - 3.18
(m, 2 H), 2.02 - 2.07 (m, 3 H), 1.83 - 1.86
(m, 2 H), 1.54 - 1.66 (m, 3 H), 1.14 (d, J =
6.8 Hz, 3 H).

460*
(D)

N-[(2R,3R)-3- 513.0; (400 MHz, CDCI3) ppm 11.31 (br
hydroxybutan-2- | ¢ 1 H) 8.41 (d, J= 56 Hz, 1 H), 8.02 (d,
YI-2-{[CR)-1- | y=8.4Hz 1H),7.14 (s, 1H), 652, J=

methoxypropan-2-

ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-

b]pyridin-3-

yl)piperidin-1-

yl]pyrimidine-4-
carboxamide

5.6 Hz, 1 H), 5.31 - 5.36 (m, 1 H), 4.58 (br
s, 2 H), 4.02 - 4.14 (m, 4 H), 3.83 - 3.98
(m, 1 H), 3.67 - 3.68 (M, 1 H), 3.51 - 3.53
(m, 2 H), 3.42 (s, 3 H), 3.19 (brs, 2 H),
1.99-226 (m, 5H), 1.41 (d, J=6.4 Hz, 3
H),1.29 (d, J=6.8 Hz, 3 H), 1.21 (d, J =
6.4 Hz, 3 H).

461*
(D)

N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(5-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

499.1; (400 MHz, CDCl3) 8 ppm 8.78 (br
s, 1H),8.09(d,J=24Hz 1H),7.98(d,
J=6.8Hz, 1H),7.40 (d, J=24 Hz, 1 H),
7.11 (s, 1 H), 7.05 (s, 1 H),5.31 - 5.35 (m,
1H), 4.44 - 4.96 (m, 2 H), 4.20 - 4.21 (m,
1H),3.91 (s, 3 H), 3.66 - 3.72 (m, 3 H),
3.50 - 3.52 (m, 1 H), 3.42 (s, 3 H), 3.00 -
3.14 (M, 4 H), 2.14 (d, J = 12.4 Hz, 2 H),
1.70-1.73 (m, 2 H), 1.39 (d, J=6.4 Hz, 3
H), 1.28 (d, J = 6.8 Hz, 3 H).

462*
(D)

N-(2,2-
difluoroethyl)-2-
{{(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

528.2 [M+Na]"; (400 MHz, CDCls) § ppm
8.40—8.41 (m, 1 H), 8.14 — 8.15 (m, 1 H),
7.12 (s, 1 H), 6.52 (d, J = 6.0 Hz, 1 H),
5.91 (¢, J = 56.0 Hz, 1 H), 5.33 — 5.37 (m,
1 H), 4.52 (brs, 2 H), 3.98 (s, 3 H), 3.66 —
3.79,m, 2 H), 3.59 - 3.63 (m, 1 H), 3.51 —
3.54 (m, 2 H), 3.41 (s, 3 H), 3.11 = 3.22
(m, 2H), 1.99 —2.17 (m, 4 H), 1.39 (d, J =
10.8 Hz, 2 H).
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2-[(1-
A | o | S S oo e
[2- 6.73 (d( =52 He 1 H) )ai 78 féz (rﬁ’ 2
463* HN (d'mﬁ;hy']f‘;”,_',r_“’)et H), 4.32 - 4.50 (m. 5 H), 3.52 - 3.58 (m, 1
(D) N/ ra)?cl)Io[S " H), 3.12 - 3.25 (m, 2 H), 2.22 - 2.28 (m, 1
N~ \ pg] e H), 2.34 (s, 6 H), 1.98 — 2.15 (m, 4 H),
Ipyridin-o- 1.48 (d, J= 4.4 Hz, 3 H), 1.35- 1.45 (m, 2
ylipiperidin-1-yl)- H), 1.15 - 1.25 (m. 2 H)
N N-[(2S)-1,1,1- A : e
N k/ trifluoropropan-2-
/D yllpyrimidine-4-
carboxamide
/ NS NH N-[(2R)-1- 521.3 [M+Na]"; (400 MHz, DMSO-dy) 5
hydroxypropan_z_ ppm 11.26 (S, 1 H), 8.16 (d, J=8.0 HZ, 1
=N yl-2-{[(25)-1- H),8.04 (d,J=52Hz, 1H),7.01({d,J=
a64* _0 methoxypropan_z_ 13.2 HZ, 2 H), 6.60 (d, J=52 HZ, 1 H),
ylloxy}-6-[4-(4- 528, J=4.4Hz, 1H),4.87-4.89 (m,
(D) methoxy-1H- | 1H), 4.56 (br's, 2 H), 3.96 (br s, 1 H), 3.86
N pyrolo[2,3- (s, 3 H), 3.50 - 3.54 (m, 1 H), 3.43 - 3.45
| blpyridin-3- (m, 3H), 3.27 - 3.33 (M, 4 H), 3.22 (br s, 2
o N” A yDpiperidin-1- H), 2.02 (d, J = 12.4 Hz, 2 H), 1.54 - 1.63
J\ )§ N\(\OH y|]pyr|m|d|ne_4_ (m, 2 H), 1.25 (d, J=6.0 HZ, 3 H), 113 (d,
o” N A carboxamide J=6.8Hz, 3H).
N 521.2; [M+Na]'; (400 MHz, DMSO-de) &
7 N—NH N-[(2S)-1- ppm 11.26 (s, 1 H), 8.16 (d, J = 5.2 Hz, 1
L, hydroxypropan-2- | H), 8.04 (d, J=5.6Hz, 1 H), 7.01 (d, J =
yl1-2-{[(2R)-1- 13.2 Hz, 2 H), 6.59 (d, J = 5.6 Hz, 1 H),
465* _0 methoxypropan-2- | 527 =528 (m, 1 H), 4.87 - 4.88 (m, 1 H),
D) ylloxy}-6-[4-(4- | 4.54 (brs, 2 H), 3.96 (brs, 1 H), 3.86 (s, 3
methoxy-1H- H), 3.50 - 3.53 (m, 1 H), 3.44 - 3.45 (m, 3
pyrrolo[2,3- H), 3.27 - 3.33 (m, 4 H), 3.22 (br s, 2 H),
| blpyridin-3- 2.02 (d, J= 116 Hz, 2 H), 1.57 - 1.63 (m,
o N7 IH yhpiperidin-1- | 2 H), 1.26 (d, J=6.4 Hz, 3H), 1.13(d, J =
1 PN N-~™0H yllpyrimidine-4- 6.4 Hz, 3 H).
o N H carboxamide
o)
[ SN 499.2;
2; (400 MHz, CDCl5) & ppm 9.21 (br s,
=\ J N-[(2S)-1- 1H),8.18 (d, J=56 Hz, 1 H), 7.98 (d, J =
e hydroxypropan-2- | 7.6 Hz 1 H), 7.12 (s, 1 H), 6.88 (s, 1 H),
i yll-2-[(2R)-2- 6.53 (d, J= 5.6 Hz, 1 H), 5.02 (br s, 2 H),
466 methoxypropoxyl- | 4.35-4.38 (m, 1 H), 4.22 - 4.26 (m, 2 H),
(D) 6-[4-(4-methoxy- | 396 (s, 3 H), 3.73 - 3.78 (m, 2 H), 3.66 (t,
1H-pyrrolo[2,3- | j=8.8Hz, 1 H), 3.45 (s, 3 H), 3.30 - 3.31
N7 1 H blpyridin-3- (m, 1H), 3.09-3.10 (m, 2 H), 2.16 (d, J =
s N"oH y)piperidin-1- 12.8 Hz, 2 H), 1.65 (q, J = 3.6 Hz, 2 H),
o” N : yllpyrimidine-4- 1.29 (d, J= 4.4 Hz, 6 H).
- carboxamide




WO 2016/097918 PCT/IB2015/059360
-282 -
N-[(1R,2R)-2-
hydroxycyclobutyl] | 524.1; (400 MHz, CDCls) & ppm 11.65 (br
167+ 6-[4-(4-methoxy- | S 1H),8.49(d, J=56Hz, 1H), 8.16 (d,
1H-pyrazolo[3,4- | J=4.4Hz, 1 H), 7.12 (s, 1 H), 6.51 (d, J =
(D) blpyridin-3- 56 Hz, 1 H), 4.31 - 4.39 (m, 3 H), 4.10 -
H yl)piperidin-1-yl]-2- 4.25(m, 2H), 3.98 (s, 3 H), 3.89-3.96
N\ N [(2R)- (m, 1H), 3.76 — 3.88 (m, 1 H), 3.19 — 3.25
)QN tetrahydrofuran-2- | (m,2H), 1.98 —2.10 (m, 10 H), 1.69 -
o o .4 ylmethoxy]pyrimidi 1.78 (m, 2 H), 1.51 = 1.54 (m, 1 H).
ne-4-carboxamide
0
N-[(1S,2S)-2-
hydroxycyclobutyl] | 524.1; (400 MHz, CDCls) & ppm 11.34 (br
-6-[4-(4-methoxy- | s, 1H),8.41(d,J=4.4Hz 1H), 8.16 (d,
458* 1H-pyrazolo[3,4- | J=4.8Hz, 1 H), 7.12 (s, 1 H), 6.51 (d, J =
(D) blpyridin-3- 52 Hz, 1 H), 4.31 —4.39 (m, 3 H), 4.10 —
H y)piperidin-1-yl]-2- | 4.25 (m, 2 H), 3.98 (s, 3 H), 3.89 — 3.96
N~O [(2R)- (m, 1H), 3.76 —3.88 (m, 1 H), 3.19 - 3.25
\ tetrahydrofuran-2- (m,2H),198-2.10(m, 10 H), 1.69 —
(0] H(j ylmethoxy]pyrimidi 1.78 (m, 2 H), 1.51 = 1.54 (m, 1 H).
ne-4-carboxamide
o)
NS—NH
.0; Z, 3) 0 ppm 9. r
/ 499.0; (400 MHz, CDCl3) 9.39 (b
Y% N-[(2R)-1- s, 1H),8.17 (d, J=56Hz, 1H),7.98 (d,
hydroxypropan-2- | ;=76 Hz, 1H),7.12(s, 1 H), 6.88 (s, 1
~0 -2-[(2R)-2-

X y H), 6.53 (d, J= 5.6 Hz, 1 H), 5.02 (br s, 2
469 methoxypropoxyl- | H), 4.35-4.38 (m, 1 H), 4.22 - 4.26 (m, 2
(D) 6-[4-(4-methoxy- H), 3.96 (s, 3 H), 3.73 - 3.78 (m, 2 H),

1H-pyrrolo[2,3- | 366-3.68 (m, 1H), 3.45 (s, 3 H), 3.31 (t,
N? | blpyridin-3- J=7.2Hz, 1H),3.09-3.10 (m, 2H), 2.16
s N OH y)piperidin-1- (d,J=12.8 Hz, 2 H), 1.65 (g, J= 5.2 Hz,
o N yllpyrimidine-4- 2H),1.29(d, J=6.4 Hz, 6 H).
(0] carboxamide
e
| N—NH 499.1; (400 MHz, CDCl,) & ppm 10.36 (br,
P N-[(2S)-1- 1H), 8.17 (d, J= 4.8 Hz, 1 H), 7.98 (d, J =
hydroxypropan-2- | 8.0Hz, 1H),7.11(s, 1H),6.91(s, 1H),
—~0 yl-2-[(29)-2- 6.51 (d, J= 5.6 Hz, 1H), 5.02 (brs, 2 H),
470* methoxypropoxyl- | 4.35-4.38 (m, 1 H),4.22-4.26 (m, 2 H),

(D)

N
N” \ H
PN N~"oH
o~ N :
I

6-[4-(4-methoxy-
1H-pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

3.96 (s, 3 H), 3.73 - 3.83 (M, 2 H), 3.66 -
3.68 (m, 1 H), 3.45 (s, 3 H), 3.31 (q, J =
6.2 Hz, 1 H), 3.09 - 3.10 (m, 2 H), 2.16 (d,
J=11.6 Hz, 2 H), 1.62- 1.71 (m, 2 H),
1.28 - 1.29 (m, 6 H).
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N
/ Ny—NH
=z N-[2R)-1- 499.1; (400 MHz, CDCl;) 8 ppm 9.85 (br
hydroxypropan_z_ S, 1 H), 8.17 (d, J=56 HZ, 1 H), 7.98 (d,
~0 yl-2-[(25)-2- J=76Hz, 1H),712(s,1H),6.88 (s, 1
471* methoxypropoxy]- | H). 6.52(d, J=5.6 Hz, 1 H), 5.02 (brs, 2
(D) N 6-[4-(4-methoxy- H),435-438(m,1H),422-426(m, 2
1H-pyrrolo[2,3- H), 3.96 (s, 3 H), 3.73 - 3.78 (m, 2 H),
blpyridin-3- 3.66-3.68 (m, 1H),345(s, 3H), 3.31
yl)piperidin-1- J=72Hz, 1H), 3.09-310(m, 2H),
yllpyrimidine-4- | 2.16 (d,J=13.4Hz, 2H), 165(q, J=3.2
Carboxamide HZ, 2 H), 128 - 129 (m, 6 H)
N-[(3R,45)-4- 527.3; (400 MHz, CDCl5) 8 ppm 11.03 (br
hydroxytetrahydrof | s, 1 H), 8.39 (s, 1 H), 8.05 (d, J=6.8 Hz,
uran-3-yl]-2- 1H),7.09 (s, 1H),6.93(s,1H),658(,J
{[(2R)-1- =4.8Hz, 1H),529-533(m, 1H), 4.89
472* methoxypropan-2- (brs,2H),4.34-4.37 (m, 1H),4.21-
(D) ylloxy}-6-[4-(4- 422(m,1H),4.21-4.21(m, 1H),4.00
methoxy-1H- (s,3H),3.80-3.81(m,2H),3.75-3.77
pyrrolo[2,3- (m, 1H),3.51-3.53(m, 1H),3.41(,3
blpyridin-3- H), 3.26 — 3.27 (m, 1 H), 3.09 (br s, 2 H),
yl)piperidin-1- 213(d,J=126Hz,2H), 1.66(d, J=8.0
yllpyrimidine-4- Hz, 2H),1.38(d, J=6.0Hz, 3H).
carboxamide
N-[(cis)-2-
7N o | aminocyclopentyl]-
473+ N __ 0 6-[4-(1H- 506.1; (400 MHz, CD;0OD) & ppm 8.17 (d,
Z* N—\< pyrrolo[2,3- J=3.6Hz 1H), 809, J=64Hz 1H),
HN-/ N—7 blpyridin-3- 7.21(s,1H),7.07-7.12 (m, 2 H), 4.38
(D) = y)piperidin-1-ylJ-2- | (ors, 1H), 427 -4.39 (m, 4 H), 3.81 -
o [(2R)- 3.95(m, 2 H), 3.45-3.46 (m, 1 H), 3.24
HN tetrahydrofuran-2- (brs, 3 H), 1.31-2.21 (m, 14 H).
ylmethoxy]pyrimidi
HoN ne-4-carboxamide
H
N N
~
\ o 4 N- 478.1; (400 MHz, CDCIl3) 8 ppm 8.84 (s, 1
(bicyclo[1.1.1]pent | ), 8.31 (d, J=4.4 Hz, 1 H), 8.7 (s, 1 H),
-1-y)-4-{[(2R)-1- | 7.95(, J=7.2Hz, 1 H),7.06-7.09 (m, 2
474% methoxypropan_z_ H), 542 -544 (m, 1 H), 5.16 (d, J=13.8
(E) N ylloxy}-6-[4-(1H- Hz, 1 H),4.92(d, J=14.0Hz, 1 H), 3.61 -
/N HN@ pyrrolo[2,3- 3.66 (m, 1 H), 3.49-3.52 (m, 1 H), 3.40
N H blpyridin-3- (s,3H), 3.09-3.12(m,3H), 248 (s, 1
=N o yl)piperidin-1-yl]- H),213-217(m,8H),1.70-1.74 (m, 2
o) 1,3,5-triazine-2- H), 1.38 (d, J=6.4 Hz, 3H).
<>-.... carboxamide
o)
/
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N-cyclobutyl-4-
{{(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

488.1 [M+Na]"; (400 MHz, CDCl) 8 ppm
9.28 (s, 1 H), 8.31 (d, J = 4.4 Hz, 1 H),
7.94 (d, J=7.2 Hz, 1 H), 7.06 - 7.09 (m, 2
H), 5.42 (d, J= 4.8 Hz, 1 H), 5.15 (d, J =
13.2 Hz, 1 H), 4.92 (d, J = 12.2 Hz, 1 H),
4.51-4.57 (m, 1 H), 3.63 -3.65 (m, 1 H),
3.50 - 3.53 (m, 1 H), 3.41 (s, 3 H), 3.09 -
3.12 (m, 3 H), 2.38 (brs, 2 H), 2.12-2.17
(m, 2 H), 1.97 —2.00 (m, 2 H), 1.70 - 1.78
(m, 4 H), 1.39 (d, J = 6.4 Hz, 3 H).

4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2S)-1,1,1-
trifluoropropan-2-
yl]-1,3,5-triazine-
2-carboxamide

508.0; (400 MHz, CDCls) & ppm 9.48 (s, 1
H), 8.32 (d, J=3.6 Hz, 1 H), 7.95 (d, J =
5.6 Hz, 2 H), 7.06 - 7.09 (m, 2 H), 5.42 -
543 (m, 1 H), 512 (d, J = 12.8 Hz, 1 H),
4.84 - 4.93 (m, 2 H), 3.62 -3.67 (M, 1 H),
3.52-3.54 (m, 1 H), 3.41 (s, 3 H), 3.11 -
3.17 (m, 3 H), 2.14 (brs, 2 H), 1.72-1.77
(m, 2 H), 1.41 (d, J = 7.2 Hz, 6 H).

N-(2-
methoxyethyl)-4-
[4-(4-methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-6-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-
carboxamide

512.0; (400 MHz, CDCl3) & ppm 8.90 (br s,
1H), 8.18 (d, J= 5.2 Hz, 1 H), 8.10 — 8.11

(m, 1H), 6.88 (s, 1 H), 6.53 (d, J = 5.6 Hz,
1H),5.10 (d, J=13.6 Hz, 1 H), 4.92 (d, J

=13.2 Hz, 1 H), 4.36 — 4.41 (m, 3 H), 3.97
(s, 3 H), 3.61 —3.82 (m, 3 H), 3.53 — 3.58
(m, 2 H), 3.38 (s, 3 H), 3.25 — 3.31 (m, 1

H), 3.09 (g, J = 8.0 Hz, 2 H), 1.95 — 2.19

(m, 5 H), 1.61 —1.79 (m, 3 H).
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N-[(2R)-1-
hydroxypropan-2-
yl]-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-2-
(pyridin-2-
ylmethoxy)pyrimidi
ne-4-carboxamide

519.1; (400 MHz, CDCls) 5 ppm 12.01 (br
s, 1H), 8.56 (d, J= 4.0 Hz, 1 H), 8.43 (br
s, 1H),8.01(d, J=36Hz, 1H),7.70 ¢, J
=36 Hz, 1H),7.65(d, J=3.6 Hz, 1 H),
7.18=7.19 (m, 1 H), 7.12 (s, 1 H), 6.49
(d, J=52Hz, 1 H), 551 (s, 2 H), 4.51 (br
s, 1H),4.18-4.0 (m, 1 H), 3.96 (s, 3 H),
3.67 - 3.75 (M, 3 H), 3.36 — 3.45 (m, 1 H),
3.09 - 3.17 (m, 2 H), 1.92 — 2.09 (m, 4 H),
127 (t, J = 6.4 Hz, 3 H).
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4-{[(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-[(2R)-
1-hydroxypropan-
2-yl]-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

507.1; (400 MHz, CDCl3) 3 ppm 9.19 (br s,
1H),817(d, J=52Hz, 1H),7.93(d, J =
8.0 Hz, 1 H), 6.38 (s, 1 H), 6.53 (d, J = 5.6
Hz, 1 H), 5.10 (d, J= 11.6 Hz, 1 H), 4.89
(d, J=12.8 Hz, 1 H), 4.50 —4.58 (m, 2 H),
419 -4.22 (m, 1 H), 3.97 (s, 3 H), 3.76 —
3.78 (m, 1 H), 3.67 - 3.69 (m, 1 H), 3.29 —
3.38 (m, 1 H), 3.07 (q, J = 12.8 Hz, 2 H),
2.09-2.18 (m, 2 H), 1.85 — 1.89 (m, 1 H),
1.55-1.73 (m, 3 H), 1.32 = 1.34 (m, 1 H),
1.31(d, J=6.8 Hz, 3 H), 1.13=1.15 (m, 1
H).

4-{[(18,2R)-2-
cyanocyclopropyl]
methoxy}-N-[(2R)-
3-hydroxy-3-
methylbutan-2-yl]-
6-[4-(4-methoxy-
1H-pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

535.1; (400 MHz, CDCls) 8 ppm 9.10 (s, 1
H), 8.17 (d, J=5.2Hz, 1 H), 8.03 (d, J =
8.8 Hz, 1 H), 6.88 (s, 1 H), 6.56 (d, J = 5.6
Hz, 1 H), 5.11 (d, J= 12.4 Hz, 1 H), 4.93
(d, J=14.0 Hz, 1 H), 4.52 - 4.61 (m, 2 H),
4.10-4.14 (m, 1 H), 3.98 (s, 3 H), 3.30 (t,
J=11.2Hz, 1H),3.12(q, J= 14.0 Hz, 2
H), 2.18 —2.23 (m, 2 H), 1.65 — 1.83 (m, 4
H), 1.34 —1.35 (m, 1 H), 1.26 (t, J = 6.4
Hz, 9 H), 1.13 = 1.15 (m, 1 H).

N-[(2R)-1-
hydroxypropan-2-
yl]-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-2-
(pyridin-3-
ylmethoxy)pyrimidi
ne-4-carboxamide

519.2; (400 MHz, CDCly) & ppm 11.82 (br
s, 1H),8.75(d, J=2.0Hz 1H), 8.54 (d,
J=56Hz 1H), 841(d, J=52Hz 1H),
7.90 (d, J=7.6 Hz, 1 H), 7.84 (d, J = 8.0
Hz, 1 H), 7.28 = 7.33 (m, 1 H), 7.14 (s, 1

H), 6.49 (d, J = 5.6 Hz, 1 H), 5.40 (s, 2 H),
4.48 (br s, 1 H), 4.20 — 4.22 (m, 1 H), 3.96
(s, 3 H), 3.50 —3.73 (m, 4 H), 3.15 — 3.26
(m, 2H), 1.94 —2.13 (m, 4 H), 1.29 (d, J =

6.8 Hz, 3 H).

4-(benzyloxy)-/V-
[(2R)-1-
hydroxypropan-2-
yl]-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

519.2; (400MHz, DMSO-ds) & ppm 13.18
(s, 1H),8.32(d, J= 4.8 Hz, 1 H), 7.35 -
7.61 (m, 5 H), 6.68 (d, J= 4.8 Hz, 1 H),
544 (s, 2 H), 4.74 — 4.85 (m, 3 H), 3.42 —
3.46 (M, 3 H), 3.23 — 3.41 (m, 2 H), 2.07
d, J=116Hz, 2 H), 1.74 -1.83 (m, 2 H),
1.13 (d, J=6.8 Hz, 3 H).
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4-[(1-
cyanocyclopropyl)
methoxy]-N-[(2R)-

3-hydroxy-3-
methylbutan-2-yl]-
6-[4-(4-methoxy-
1H-pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

535 1, (400MHz, CDClg) 5 ppm 8.99 (br s,
1H),8.17(d, J=56 Hz, 1 H), 8.03 (d, J =
8.4 Hz, 1 H), 6.88 (s, 1 H), 6.53 (d, J = 5.6
Hz, 1 H), 5.10 (d, J= 11.6 Hz, 1 H), 4.75
d, J=11.4Hz, 1H), 4.51 (d, J= 3.2 Hz,
1H), 4.48 (d, J= 2.8 Hz, 1 H), 4.09 - 4.10
(m, 1 H), 3.98 (s, 3 H), 3.29 — 3.35 (m, 1
H), 3.06 — 3.16 (m, 2 H), 2.20 (d, J = 12.8
Hz, 2 H), 1.42 = 1.67 (m, 2 H), 1.41 — 1.42
(m, 2H), 1.27 = 1.28 (m, 9 H), 1.19 — 1.21
(m, 2 H).
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4-[(1- 507.0; (400MHz, CDCl3) & ppm 9.40 (brs,
OH cyanocyclopropyl) | 1 H) 8.16 (d, J=5.6 Hz, 1 H), 7.95(d, J =
S, methoxy]-N-[(2R)- | 6.8 Hz, 1 H), 6.88 (s, 1 H), 6.52 (d, J = 5.6
asa* i~ 1-hydroxypropan- | Hz 1H), 510 (d, J = 12.8 Hz, 1 H, 4.90
() o 2-yl}-6-[4-(4- (d,J=12.8 Hz, 1 H), 4.46 — 4.49 (m, 1 H),
e NI methoxy-1H- | 435 (d, J= 11,6 Hz, 1 H), 4.28 (brs, 1 H),
- N pyrrolo[2,3- 3.97(s,3H,3.69-3.76 (m, 2 H), 3.31 -
) N blpyridin-3- 3.34 (m, 1 H), 3.05-3.14 (m, 2 H), 2.18 -
HN

yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

221 (m, 2 H), 1.63 — 1.66 (m, 2 H), 1.30
(d, J=6.8Hz, 3H), 1.19-1.21 (m, 2 H).

OH

4-(benzyloxy)-/V-

518.2; (400MHz, DMSO-d5) & ppm 11.28

S, [(2R)-1- (5,1 H), 8.31 (d, J = 8.4 Hz, 1 H), 8.05 (d,
) " hydroxypropan-2- J=56Hz 1H),7.34—-7.48 (M, 5 H),
485 5 yl]-6-[4-(4- 7.03 (s, 1H), 560 (d, J= 5.6 Hz, 1 H),
(E) O Nf methoxy-1H- 5.42 (s, 2 H), 4.82 - 4.88 (m, 3 H), 3.89 —
| ) N pyrrolo[2,3- 3.95 (M, 1 H), 3.45 (s, 3 H), 3.34 — 3.45
N N N= blpyridin-3- (m, 3 H),3.13 (t, J = 12.0 Hz, 2 H), 2.06 —
HN—7 o yhpiperidin-1-yll- | 2 09 (m, 2 H), 1.52 - 1.60 (m, 2 H), 1.12
1,3,5-tnazme-2- (d, J = 6.4 Hz, 3 H).
carboxamide
N-[(cis)-2-
o] aminocyclobutyl]-
ager | T o 6-[4-(1H- 491.9; (400 MHz, CD;0D) & ppm (HCI
> | N N—( pyrrolo[2,3- salt) 8.90 (d, J=7.6 Hz, 1 H), 8.45(d, J =
2N blpyridin-3- 5.6 Hz, 1 H),7.77 (brs, 1 H), 7.61 (br s, 2
O) | HN-Z — yh)piperidin-1-ylj-2- | H), 4.53 —4.62 (m, 2 H), 4.33 (br s, 1 H),
o [(2R)- 4.07 (brs, 1 H), 3.91 = 3.93 (m, 2 H), 3.50
HN tetrahydrofuran-2- (brs, 2H), 1.80 —2.51 (m, 13 H).
ylmethoxy]pyrimidi
HoN ne-4-carboxamide
\ N-[(cis)-2-
N ot ° am'rg‘f‘[’j’_"('1°,3f*ty']' 492.0; (400 MHz, CD;0D) & ppm (HCI
487* N—( rolo[2.3- salt) 8.93 (brs, 1 H), 8.44 (d, J = 5.6 Hz, 1
* | HN/ N— N z}’ i, H), 7.90 (br s, 1 H), 7.62 (br s, 2 H), 5.21
(D) — )pi g%din-ﬁ g2 | (brs. 1H), 456 ~4.59 (m, 2H),4.33 (br
o yipip (2R)- y s, 1H), 4.06 (brs, 1H), 3.82 -3.91 (m, 2
HN tetrahydrofuran-2. | 352~ 3.63 (rr11,23HH), 1.79 - 2.39 (m,
0y yimethoxy]pyrimidi )-
HoN™ ne-4-carboxamide
N-[(1R,25)-2-
hydroxycyclobutyl] | 524.1; (400MHz, CDCl3) 5 ppm 11.22 (br
-6-[4-(4-methoxy- | s, 1 H), 8.36 — 8.40 (m, 2 H), 7.12 (s, 1 H),
488* 1H-pyrazolo[3,4- | 6.50 (d, J= 5.6 Hz, 1 H), 4.41 —4.59 (m, 2

(D)

b]pyridin-3-
yl)piperidin-1-yl]-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

H), 4.27 — 4.40 (m, 3 H), 3.97 (s, 3 H),
3.93-3.96 (m, 1 H), 3.81 — 3.84 (m, 1 H),
3.42-3.48 (m, 1 H), 3.08 —3.19 (m, 1 H),

1.63 —2.23 (m, 12 H).
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N-[(1S 2R)-2- _
hydroxyorclobutyl] | 524:1; (400MHz, CDCIy) 8 ppm 11.39 (br

489*
(D)

-6-[4-(4-methoxy-
1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-2-
[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

s, 1H), 8.35-841(m, 2H), 7.12 (s, 1 H),
6.49 (d, J= 5.6 Hz, 1 H), 4.51 —4.59 (m, 1
H), 4.38 — 4.41 (m, 1 H), 4,30 — 4.37 (m, 2
H), 3.96 (s, 3 H), 3.94 — 3.96 (m, 1 H),
3.81-3.82 (m, 1 H), 3.43 — 3.47 (m, 1 H),
3.16-3.18 (m, 1 H), 2.92 (br s, 1 H), 1.67
-2.28 (m, 13 H).

490*
(D)

N
\=\ o O
o
o
S
Oy
0
A
N :
N/ NN\ on
N
(3
o
N
N°

6-[4-(5-fluoro-1H+-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}pyrimidine-
4-carboxamide

487.1; (400MHz, CDCl;) 8 ppm 8.85 (br s
1 H),8.19 (s, 1H),7.97 (d, J=7.2 Hz, 1
H), 7.62 (d, J= 6.4 Hz, 1 H), 7.14 (s, 2 H),
5.31-5.35(m, 1 H), 4.71 (brs, 1 H), 4.20
—4.22 (m, 1 H), 3.66 —3.70 (m, 3 H), 3.51
~3.55(m, 1 H), 3.50 (s, 3 H), 3.08 — 3.42
(m, 4 H), 213 (d, J = 12.8 Hz, 2 H), 1.55 —
1.76 (m, 2 H), 1.39 (d, J= 6.4 Hz, 3 H),
1.27 (d, J= 7.2 Hz, 3 H).

491*
(D)

N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(6-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

499.2; (400MHz, CDCl3) 5 ppm 8.36 (br s,
1H),7.96(d, J=4.0Hz, 1H),7.79 (d, J =
8.4 Hz, 1 H), 7.10 (s, 1 H), 6.81 (d, J= 1.6
Hz, 1 H), 6.56 (d, J = 8.8 Hz, 1 H), 5.29 —
5.35 (m, 1 H), 4.63 (brs, 2 H), 4.21 — 4.23
(m, 1H), 3.95 (s, 3 H), 3.64 = 3.72 (m, 3
H), 3.51 —3.52 (m, 1 H), 3.42 (s, 3 H),
3.07-3.10 (M, 3 H), 2.92 (br s, 1 H), 2.12
(d, J=12.8 Hz, 2 H), 1.69 - 1.75 (m, 2 H),
1.38 (d, J=6.4 Hz, 3H), 1.27 (d, J= 6.4
Hz, 3 H).

492*
(D)

N-[(1R,25)-2-
hydroxycyclobutyl]
-6-[4-(4-methoxy-

1H-pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-2-
[(25)-
tetrahydrofuran-2-
ylmethoxy]pyrimidi
ne-4-carboxamide

524.1; (400MHz, CDCls) 5 ppm 10.76 (br
s, 1H), 8.35 -840 (m, 2 H), 7.12 (s, 1 H),
6.50 (d, J = 5.6 Hz, 1 H), 4.29 — 4.58 (m, 4
H), 3.97 (s, 3 H), 3.81 — 3.95 (m, 2 H),
3.46 —3.49 (m, 1 H), 3.17 = 3.22 (m, 2 H),
1.59 — 2.43 (m, 11 H).




WO 2016/097918 PCT/IB2015/059360
- 288 -
N-[(1S,2R)-2-
hydroxycyclobutyl]
-6-[4-(4-methoxy- | 524.1; (400MHz, CDCl;) & ppm 10.82 (br
493+ 1H-pyrazolo[3.4- | S, 1H), 8.37 —8.40 (m, 2 H), 7.10 (s, 1 H),
(D) HN—Q blpyridin-3- 6.48 (d, J=5.6 Hz, 1 H), 428 —4.58 (M, 4
Nm yhpiperidin-1-yll-2- | H), 3.98 (s, 3 H), 3.81 - 3.3 (m, 2 H),
\=N o OH [2S)- 3.46 — 3.49 (m, 1 H), 3.17 = 3.22 (m, 2 H),
4 tetrahydrofuran-2- 1.26 -2.26 (m, 11 H).
\ ylmethoxy]pyrimidi
@ ne-4-carboxamide
N
o)
S/ 6-[4-(4-fluoro-1H- | 487.1; (400MHz, CDCls) & ppm 8.82 (br s,
o o pyrrolo[2,3- 1H),822-8.23(m,1H),7.96(d,J=8.4
>/N s blpyridin-3- Hz, 1 H), 7.11 (s, 1 H), 7.00 (s, 1 H), 6.76
494* N/ N N N yl)piperidin-1-yl]- | —=6.78 (m, 1 H), 5.31 =5.35(m, 1 H), 4.62
(D) — N™\—oH N-[(2R)-1- (brs, 2 H), 417 = 4.19 (m, 1 H), 3.66 —
N hydroxypropan-2- 3.72(m, 3 H), 3.52-3.53 (m, 1 H), 3.49
yl-2-{[(2R)-1- (s, 3 H), 3.22 — 3.49 (m, 3 H), 2.88 — 289
F methoxypropan-2- | (m, 1H), 217 (d, J=13.2 Hz, 2 H), 1.66 —
ylloxy}pyrimidine- | 1.69 (m, 2 H), 1.38 (d, J = 6.4 Hz, 3 H),
| N N 4-carboxamide 1.26 (d, J=6.2 Hz, 3 H).
v
N
N™ |
N-(3-amino-3-
NH; methylbutan-2-yl)- | 526 1; (400MHz, CD;0OD) & ppm 8.66 (d, J
X Og,~NH 2-{[(2R)-1- =6.0Hz, 1 H),7.10 (s, 1 H), 6.99 (s, 1 H),
425 methoxypropan-2- | § 66 (d, J = 6.0 Hz, 1 H), 5.36 — 5.40 (m, 1
ylJoxy}-6-[4-(4- H), 4.61 (brs, 2 H), 4.12 — 4.14 (m, 1 H),
(D) methoxy-1H- 3.96 (s, 3 H), 3.58 — 3.64 (m, 3 H), 3.41
pyrrolo[2,3- (s,3H),3.17-3.23 (M, 2 H), 2.16 (d, J =
blpyridin-3- 11.2Hz, 2 H), 1.72-1.78 (m, 2 H), 1.26
yhpiperidin-1- (d, J=6.8Hz, 3 H), 1.21-1.25 (m, 6 H).
yl]pyrimidine-4-
carboxamide
N-[(2R)-1- 514.1; (400MHz, DMSO-ds) & ppm 13.17
hydroxypropan-2- | (prs, 1 H), 8.31 (d, J= 5.6 Hz, 1 H), 8.19
206+ yl-2-{[2R)-1- (d, J=8.8Hz, 1H), 7.04 (s, 1 H), 6.63 (d,

(D)

methoxypropan-2-
ylloxy}-6-[(3R 4S)-
4-(4-methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-yl)-3-
methylpiperidin-1-
yl]pyrimidine-4-
carboxamide

J=56Hz, 1H),526-531(m,1H),
4.87 - 4.89 (m, 1 H), 3.96 — 3.98 (m, 1H),
3.78 (s, 3 H), 3.47 — 3.54 (m, 5 H), 3.43
(s, 3H),2.81-3.11 (m, 3 H), 2.13 — 2.14
(m, 1H), 1.89 —1.92 (m, 2 H), 1.26 (d, J =
6.4 Hz, 1 H), 1.14 (d, J = 6.8 Hz, 1 H),
0.74 (d, J = 6.4 Hz, 1 H).
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497*

(D)

N-[(2R)-1-
hydroxypropan-2-
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[(3S 4R)-
4-(4-methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-yl)-3-
methylpiperidin-1-
yl]pyrimidine-4-
carboxamide

514.1; (400MHz, DMSO-ds) & ppm 13.18

(brs, 1 H),8.31(d, J=56 Hz, 1 H), 8.18

(d, J=8.8Hz, 1 H), 7.04 (s, 1 H), 6.63 (d,
J=56Hz 1H),526-529 (m, 1H),

4.87 - 4.90 (m, 1 H), 3.97 — 3.99 (m, 1H),
3.78 (s, 3 H), 3.47 — 3.54 (m, 5 H), 3.46

(s, 3H),2.81-3.11 (m, 3H), 2.13 = 2.15

(m, 1H), 1.89 —1.92 (m, 2 H), 1.26 (d, J =
6.4 Hz, 1 H), 1.14 (d, J = 6.8 Hz, 1 H),

0.74 (d, J = 6.4 Hz, 1 H).

498*

(D)

N-(3-amino-3-
methylbutan-2-yl)-
2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

526.3; (400MHz, CD,0D) & ppm 8.05 (d, J

=6.0 Hz, 1 H), 7.10 (s, 1 H), 6.99 (s, 1 H),

6.65 (d, J= 5.6 Hz, 1 H), 5.36 — 5.42 (m, 1
H), 4.66 (br's, 2 H), 4.04 — 4.06 (m, 1 H),
3.96 (s, 3 H), 3.62 —3.70 (m, 3 H), 3.41
(s, 3H),3.18-3.23 (m, 2 H), 2.15(d, J =
12.0 Hz, 2 H), 1.71 (g, J = 8.8 Hz, 2 H),
137 (d, J=6.4Hz, 3H), 1.24 (d, J=6.8

Hz, 3 H), 1.15 (d, J= 7.2 Hz, 3 H).

499*

(D)

N-(3-amino-3-
methylbutan-2-yl)-
2{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

526.3; (400MHz, CD,0D) & ppm 8.05 (d, J
=56 Hz, 1H),7.10 (s, 1 H), 6.99 (s, 1 H),
6.66 (d, J= 6.0 Hz, 1 H), 5.36 — 5.42 (m, 1
H), 4.66 (br's, 2 H), 4.04 — 4.06 (m, 1 H),
3.96 (s, 3 H), 3.62 —3.70 (m, 3 H), 3.41
(s,3H),3.18-3.23 (m, 2 H), 2.15(d, J =
13.4 Hz, 2 H), 1.68 — 1.77 (m, 2 H), 1.38
(d, J=6.4 Hz, 3 H), 1.28 —1.32 (m, 6 H).

500*

(D)

(Trans)-N-(2-
hydroxycyclobutyl)
-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-
yl]pyrimidine-4-
carboxamide

512.3; (400 MHz, CDCl;) & ppm 11.94 (br
s, 1H),8.42(d, J=52Hz 1H),8.15(d,
J=4.4Hz, 1H), 7.11 (s, 1 H), 6.51 (d, J =
4.8 Hz, 1 H), 5.29 - 5.37 (m, 1 H), 4.42
(brs, 2 H), 3.99 — 4.05 (m, 1 H), 3.97 (s, 3
H), 3.66 — 3.67 (M, 1 H) 3.51 = 3.53 (m, 2
H), 3.49 (s, 3 H), 3.21 — 3.24 (m, 2 H),
1.99 - 2.14 (m, 6 H) 1.72 = 1.74 (m, 1 H),
1.44 —1.48 (m, 1 H), 1.39 (d, J= 6.4 Hz, 3
H).
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501*
(E)

4-{[(18,2R)-2-
cyanocyclopropyl]
methoxy}- V-
cyclobutyl-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

503.0; (400 MHz, CDCls) 5 ppm 8.40 (d, J
=52Hz, 1H),7.79(d, J= 7.6 Hz, 1 H),
6.51 (d, J=5.2 Hz, 1 H), 5.05 (d, J = 15.2
Hz, 1 H), 4.85 (d, J = 14.0 Hz, 1 H), 4.50 —
4.61 (m, 3 H), 4.02 (s, 3 H), 3.48 - 3.51
(m, 1 H), 3.24 (q, J = 9.6 Hz, 2 H), 2.39 —
2.41 (m, 2 H), 1.71 - 2.14 (m, 10 H), 1.32
-1.34(M1H), 1.13=1.15(m, 1 H).

502*

e
(E) N=

N-cyclobutyl-4-
{{(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

496.2; (400 MHz, CDCl3) 5 ppm 9.09 (br
s, 1H),8.18 (d, J= 5.6 Hz, 1 H), 7.95 (d,
J=8.0Hz, 1H), 6.88(s, 1 H),6.53 (d, J =
56 Hz, 1 H), 5.42 — 5.45 (m, 1 H), 5.13 (,
J=12.4Hz, 1 H), 491 (d, J=12.8 Hz, 1
H), 4.51 — 4.58 (m, 1 H), 3.98 (s, 3 H),
3.61-3.63 (M, 1 H), 3.52 — 3.54 (m, 1 H),
3.42(s, 3H),3.32( J=7.6Hz 1H),
3.14 (q, J= 9.6 Hz, 2 H), 2.45 — 2.49 (m, 2
H), 2.23 (d, J= 11.6 Hz, 2 H), 1.98 — 2.03
(m, 2H), 1.67 —1.75 (m, 4 H), 1.38 (d, J =
5.2 Hz, 3 H).

N
LA
N\\ o\ />

RN
HN@

503*

e
(E) -~ N=

N-
(bicyclo[1.1.1]pent
-1-yh)-4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(4-
methoxy-1H-
pyrazolo[3,4-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

509.2; (400 MHz, CDCls) 5 ppm 8.40 (d, J
=56 Hz, 1H), 818 (s, 1 H), 6.51 (d, J =
6.4 Hz, 1 H), 5.42 — 5.46 (m, 1 H), 5.05 (d,
J=14.0Hz, 1H), 4.85(d, J=13.4 Hz, 1
H), 4.02 (s, 3 H), 3.64 — 3.66 (m, 1H),
3.41 -3.60 (m, 2 H), 3.50 (s, 3 H), 3.17 -
3.21 (m, 2 H), 2.48 (s, 1 H), 2.12 (s, 8 H),
1.6 - 1.99 (M, 2 H), 1.42 — 1.43 (m, 3 H).

HN
O
*
HN™N NN
N—<
74 (@]
N
0
\

N-
(bicyclo[1.1.1]pent
-1-yD)-4-{[(1S,2R)-
2.
cyanocyclopropyl]
methoxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

515.2; (400 MHz, CDCl3) & ppm 9.02 (br
s,1H),8.18(d, J=5.6Hz, 1 H), 8.13 (s,
1H), 6.88 (s, 1 H), 6.53 (d, J = 5.6 Hz, 1

H), 515 (d, J= 14.0 Hz, 1 H), 4.87 (d, J =
13.2 Hz, 1 H), 4.47 — 4.58 (m, 2 H), 3.98
(s, 3H),3.28-3.34 (m, 1H),3.14(q, J =
9.6 Hz, 2 H), 2.49 (s, 1 H), 2.19 (s, 8 H),

1.71-1.76 (m, 1 H), 1.62 = 1.70 (m, 3 H),
1.34-1.36 (m, 1 H), 1.13 = 1.15 (m, 1 H).
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, N- 508.2; (400 MHz, CDCl3) & ppm 9.04 (br

(bicyclo[1.1.1]pent | s 1 H) 8.18 (d, J= 5.6 Hz, 1 H), 6.88 (s,

HN -1-y)-4-{[2R)-1- | 1 H), 6.53 (d, J= 5.6 Hz, 1 H), 5,43 - 5.45

505+ methoxypropan-2- | (m {1 H), 515 (d, J = 12,8 Hz, 1 H), 4.90

(E)

ylloxy}-6-[4-(4-
methoxy-1H-
pyrrolo[2,3-
b]pyridin-3-
yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

(d, J=12.8 Hz, 1 H), 3.98 (s, 3 H), 3.65 —
3.66 (M, 1 H), 3.53 — 3.54 (m, 1 H), 3.41
(s, 3 H), 3.38—3.40 (m, 1H), 3.09 (q, J =
9.6 Hz, 2 H), 2.48 (s, 1 H), 2.18 (s, 8 H),
1.61-1.66 (m, 2 H), 1.38 (d, J= 6.4 Hz, 3
H).

N-cyclobutyl-4-
{{((2R)-1-

497.2; (400 MHz, CDCl3) 8 ppm 8.40 (d, J
=56 Hz, 1H),7.95(d, J = 8.8 Hz, 1 H),

HN methoxypropan_z_ 6.51 (d, J=56 HZ, 1 H), 542 -5.46 (m,
506* o ylJoxy}-6-[4-(4- 1H),505d,J=14.0Hz, 1H),487(d, J
(E N= methoxy-1H- | = 14.0 Hz, 1 H), 4.51 - 4,55 (m, 1 H), 4.01
NN N N pyrazolo[3,4- (s, 3H), 3.65—13.66 (m, 1 H), 3.53 — 3.54

\ s blpyridin-3- (m, 2 H), 3.42 (s, 3 H), 3.21 - 3.30 (m, 2
N 9— yDpiperidin-1-yll- | H). 2.38 = 2.40 (m, 2 H), 1.98 =212 (m, 5
_ 0 /} 1.3 5-triazine-2- | H), 1.75 = 1.78 (m, 2 H), 1.38 — 1.39 (m, 3

\ o\ carboxamide H).
(Cis)-N-(2- )

HO hydroxycyclobutyl) 534.1 [M+Na]"; (400 MHz, CDCl3) 8 ppm
\Q -2-{[(2R)-1- 12.02 (brs, 1 H), 8.41 (d, J=5.6 Hz, 1 H),

so7+ " methoxypropan-2- | 8.15 (d, J=4.8Hz, 1 H), 7.11 (s, 1 H),
% o yljoxy}-6-[4-(4- | 6.49 (d, J= 56 Hz, 1H), 5.29 —5.37 (m, 1
5 methoxy-1H- H), 4.61 (br's, 2 H), 4.07 — 4.09 (m, 2 H),
@ | > =\ pyrazolo[3 4- 3.97 (s, 3 H), 3.64 —3.67 (m, 1 H), 3.40 —

N~ NN s blpyridin-3- 3.51 (m, 2 H), 3.40 (s, 3 H), 3.10 — 3.21
HN—[\G 0 \_o yl)piperidin-1- (m,2H),141-214(m,9H), 137, J=

N | yllpyrimidine-4- 6.0 Hz, 3 H).
carboxamide
(Cis)-N-(2-

HO hydroxycyclobutyl) | 534.1 [M+Na]"; (400 MHz, CDCls) 8 ppm
\Q -2-{[(2R)-1- 11.43 (brs, 1 H), 8.41 (d, J=56 Hz, 1 H),

508* N methoxypropan-2- 815, J=4.8Hz, 1 H), 711 (s, 1 H),
(D) o) ylloxy}-6-[4-(4- 6.49(d,J=56Hz 1H),529-537(m, 1
N _ methoxy-1H- H), 4.55 (brs, 2 H), 4.07 -4.11 (m, 2 H),
| N pyrazolo[3,4- 3.97 (s,3H),3.64-367(m,1H),3.40-

N NN F blpyridin-3- 3.51 (m, 2 H), 3.40 (s, 3 H), 3.10 - 3.21

Nt 0o y)piperidin-1- (m, 2H),1.82-2.14 (m, 6 H), 1.41 —

yl]pyrimidine-4-
carboxamide

1.75 (m, 3 H), 1.38 (d, J= 6.0 Hz, 3 H).




10
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2-1(1-
N cyanocyclopropyl)
FF%/\ 7 methoxy]-6-(4-{5- 602.2; (400 MHz, DMSO-dg) & ppm 8.32
e N N o [2- d,J=6.4Hz 1H),7.79 (d, J= 6.8 Hz, 1
s00* I \/K (dimethylaminojet | ). 7.19.(s, 1 H), 4.64 — 4.86 (m, 4 H),
=N N hoxy]-1H- 449 (q, J=8.4Hz, 2 H), 421 -4.23 (m, 2
(D) N pyrazolo[3 4- H), 3.47 — 3.48 (m, 1H), 3.26 — 3.29 (m, 1
blpyridin-3- H), 2.84 — 2.86 (m, 2 H), 2.39 (s, 6 H),
yi}piperidin-1-yl)- | 2.17 =219 (m, 2H), 2.00 — 2.04 (m, 2 H),
N-[(2S)-1,1,1- 1.39(d,J=44Hz, 3H),126-127(m, 2
trifluoropropan-2- H), 1.24 —1.25 (m, 2 H).
yl]pyrimidine-4-
carboxamide

* Compounds are single enantiomers with known absolute stereochemistry is unknown.

** Compounds are single enantiomers with unknown absolute stereochemistry.

*** Compounds are racemates, or known mixtures of diastereomers.

Additional examples of compounds of the invention are summarized in Table 2 below (Schemes

indicated in parentheses).

Table 2
Ex Observerd
#' Structure Compound Name MW; and Method
RT (min)
Xbridge C18 2.1 x
woF e 4-[4-(6- 50mm (5um). 40°C.
O N\*F carbamoylpyridin-2- Mobile phase A : Water
124 NIN yhpiperidin-1-y[]-6- (w. 0.375% TFA). B :
* Ny {[(18,2R)-2- ) MeCN (w. 0.1875%
(E) v"‘\ \OJ\NJ\N cyanocyclopropyllmeth 505;2.953 TFA). 1to 5% B over
: S oxy}-N-(2,2,2- 0.6 mins to 100% B
L'l‘ Na# trifluoroethyl)-1,3,5- after 4 mins. Flow rate
triazine-2-carboxamide 0.8 mL/min. API-ES
0" NH; positive
0 H Xbridge C18 2.1 x
7/\OH 4-[(1- 50mm (5um). 40°C.
N cyanocyclopropyl)meth Mobile phase A : Water
125 NN oxy]-N-[2R)-1- (w. 0.375% TFA). B :
* 0 NAN hydroxypropan-2-yl]-6- 478 2 567 MeCN (w. 0.1875%
(E) 1\ N A [4-(5H-pyrrolo[2,3- T TFA). 1to 5% B over
N / /5 blpyrazin-7-yl)piperidin- 0.6 mins to 100% B
| =N|[  1-yl]-1,3,5-triazine-2- after 4 mins. Flow rate
” carboxamide 0.8 mL/min. API-ES
positive




WO 2016/097918 PCT/IB2015/059360
- 293 -
ON Xbridge C18 2.1 x
I h 4[4 50mm (5um). 40°C.
N

carbamoylpyridin-2-

Mobile phase A : Water

0, .
A yhpiperidin-1-yll-6- reen o 0 18r5s.
AVARRIER {[(1S.2R)-2- 451;2.732 vy o
(E) : X cyanocyclopropylmeth TFA). 110 5% B over
|=| | oxyh-N-ethyl-1,3 5 0.6 mins to 100% B
N N | triazine-2-carboxamide after 4 mins. Flow rate
0.8 mL/min. API-ES
0" 'NH; positive
o H\Q . Xbridge C18 2.1 x
i N-(bicyclo[1.1.1]pent-1- 50mm (5um). 40°C.
NN yl)-4-[4-(6- Mobile phase A : Water
127 j N PN ~ carbamoylpyridin-2- (w. 0.375% TFA). B :
* o~ N 4 yl)piperidin-1-yl]-6- 489° 3 004 MeCN (w. 0.1875%
€ | < N~ {[(1S,2R)-2- 3 TFA). 1 to 5% B over
z NH cyanocyclopropyllmeth 0.6 mins to 100% B
\\h o ? oxy}-1,3,5-triazine-2- after 4 mins. Flow rate
carboxamide 0.8 mL/min. API-ES
positive
128 o H Xbridge C18 2.1 x
50mm (5um). 40°C.
* Q \D carbarﬁ-cE“I-(e;idin-Z- Mobile phase A : Water
(E) NN amoypyridin- (w. 0.375% TFA). B
A P yl)piperidin-1-yl]-6 MeGN (. 0.1875%
V N {[(1S,2R)-2- 477,2918 | TEAY 1 to 5% B over
: B cyanocyclopropyllmeth 0.6 mins to 100% B
'N" J [ oopntiss
0.8 mL/min. API-ES
07 "NH, positive
H OH Xbridge C18 2.1 x
Ox-N 4-{[(18,2R)-2- 50mm (5um). 40°C.
129 7/‘< cyanocyclopropyllmeth Mobile phase A : Water
* '\; \/Nk oxy}-N-[(2R)-3-hydroxy- (w. 0.375% TFA). B :
SN = 3-methylbutan-2-yl]-6- ) MeCN (w. 0.1875%
(E) v O NN [4-(1H-pyrazolo[3 4- 506; 2.671 TFA). 1to 5% B over
i /N blpyridin-3-yl)piperidin- 0.6 mins to 100% B
N N| —N 1-yl]-1,3,5-triazine-2- after 4 mins. Flow rate
\H carboxamide 0.8 mL/min. API-ES
positive
H
R Ox-N Xbridge C18 2.1 x
F i W 50mm (5um). 40°C.
N™ N 4-[4-(6- Mobile phase A : Water
130 PPN carbamoylpyridin-2- (w. 0.375% TFA). B :
ek o N N yhpiperidin-1-yl-6-[(2.2- | 4o 5 oz MeCN (w. 0.1875%
(E) e difluorocyclopropylymet T TFA). 1to 5% B over
| hoxy]-N-ethyl-1,3,5- 0.6 mins to 100% B
N triazine-2-carboxamide after 4 mins. Flow rate
0.8 mL/min. API-ES
O~ "NH, positive




PCT/IB2015/059360

WO 2016/097918
-294 -
H F ,
1) F Xbridge C18 2.1 x
N\/l<,: 4-[(1- 50mm (5um). 40°C.
NTX cyanocyclopropyl)meth Mobile phase A : Water
131 | N oxy]-6-[4-(7 H- (w. 0.375% TFA). B :
(E) 0O N%N pyrrolo[2,3-d]pyrimidin- 502 2 581 MeCN (w. 0.1875%
I\ N 5-yl)piperidin-1-yl]- /- T TFA). 1to 5% B over
N / \> (2,2, 2-trifluoroethyl)- 0.6 mins to 100% B
| —N 1,3,5-triazine-2- after 4 mins. Flow rate
N carboxamide 0.8 mL/min. API-ES
H positive
H F Xbridge C18 2.1
Os _N \/kp ridge . ox
L% | sepmoes SO e
132 I 2L el (w. 0.375% TFA). B
~ 0,
() 0" "NT cyanocyclopropyl)meth | 502; 2.910 MeCN (w. 0.1875%
0,
I\ N A oxy)-N-(2.2.2- TFA). 1to 5% B over
N //} , < 0.6 mins to 100% B
_ trifluoroethyl)-1,3,5- ;
| N triazine-2-carboxamide after 4 mins. Flow rate
N 0.8 mL/min. API-ES
H positive
H .
O« _N Xbridge C18 2.1 x
7 50mm (5um). 40°C.
N7 4-(4-(1H-pyrazolo[3,4- Mobile phase A : Water
133 [ _ blpyridin-3-yl)piperidin- (w. 0.375% TFA). B :
(E) 07 "N"y 1-yl)-6-((1- 448 2 723 MeCN (w. 0.1875%
! 7 N\ cyanocyclopropyl)meth T TFA). 1to 5% B over
N _ oxy)-N-ethyl-1,3,5- 0.6 mins to 100% B
Nl N1 triazine-2-carboxamide after 4 mins. Flow rate
‘H 0.8 mL/min. API-ES
positive
OH !
o H 4-[4-(5-amino-6- Xbridge C18 2.1 x
144 carbamoylpyridin-2- SRnrgEu(asgr:?s':i C
N“N yl)piperidin-1-yl]-6-[(1- -
* | 0.05% NH4CH in
0P cyanocyclopropy)meth | go4. 5 535 | \yater. B : MeCN. 5% B
(E) oxy]-N-[(2R)-3-hydroxy- - Y
W N 3methylbutan-2-ylJ- over 0.5 mins to 100%
N | ylbutan-c-y B after 3.4 mins. Flow
N~z 1,3,5-triazine-2- .
NH2 carboxamide rate 0.8 mL/min. API-
P NH ES positive
2
Xbridge C18 2.1 x
<? 4-[4-(6- 50mm (5um). 40°C.
OxNH .- Mobile phase A : Water
145 j\: carbamoylpyridin-2- (w. 0.375% TFA). B -
X lpiperidin-1-yl]-/N- - o/
* NN y _ MeCN (w. 0.1875%
| | o LA A, 5 Cﬁgg‘xpﬁo{gjﬁ; 470:2.457 | TEA). 1 to 5% B over
H 0,
N ylloxy}-1,3,5-triazine-2- 0.6 mins to 100% B
| NH; carboxamide after 4 mins. Flow rate
x 0.8 mL/min. API-ES
positive
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| 7/‘< methylbutan-2-yl]-4- . umy. 4% ~.
0 {(2R)-1- Mobile phase A : Water
146 \L '\f NN methorypropan-2 (w. 0.375% TFA). B :
* " TeT o,
o [ ow et | asn zazr | MeCNw 9307
pyrazolo[3,4-b]pyridin- 06 | t0 100% B
/N 3-yl)piperidin-1-yl]- .6 mins 6
I —N 13 5-triazine-o- after 4 mins. Flow rate
N~y ,cellrboxamide 0.8 mL/mlln.. API-ES
H positive
H Xbridge C18 2.1 x
O N 50mm (5um). 40°C.
I 7 4-{[(1S,2R)-2- Mobile phase A : Water
147 N \i cyanocyclopropylJmeth (w. 0.375% TFA). B :
* AN - oxy}-N-ethyl-6-[4-(1H- ) MeCN (w. 0.1875%
| |V O N pyrrolo[2,3-blpyridin-3- | 4472211 | TEA) 1 to 5% B over
”:/ /N ylpiperidin-1-yl]-1,3,5- 0.6 mins to 100% B
N | >»=N triazine-2-carboxamide after 4 mins. Flow rate
N 0.8 mL/min. API-ES
H positive
H Xbridge C18 2.1 x
| O N N-[(2R)-1- 50mm (5um). 40°C.
148 | © ]/\OH hydroxypropan-2-yl]-4- Mobile phase A : Water
N {[2R)-1- (w. 0.375% TFA). B :
* e | //k methoxypropan-2- _ MeCN (w. 0.1875%
(E) 07NN yloxy}-6-[4-(1H- | 4712313 | 1Ay 40 '5% B over
N\ pyrazolo[3,4-b]pyridin- 0.6 mins to 100% B
_ 3-ylpiperidin-1-yl- after 4 mins. Flow rate
N 1,3 5-triazine-2- 0.8 mL/min. API-ES
H carboxamide positive
OH Xbridge C18 2.1 x
o} H 4-{[(18,2R)-2- 50mm (5um). 40°C.
j: cyanocyclopropyllmeth Mobile phase A : Water
oy Ty ety Ay MeGN (u 0.1875%
RN = - ylbutan-2-yl]-6- . w. 0. o
€ |V 9N y [4-(1H-pyrazolo[3 4- | 2072418 | TEA) 1 10 5% B over
”5’ / \> d]pyrimidin-3- 0.6 mins to 100% B
N | =N yhpiperidin-1-yl]-1,3,5- after 4 mins. Flow rate
N~ triazine-2-carboxamide 0.8 mL/min. API-ES
H positive
H OH Xbridge C18 2.1 x
| Ox-N N-[(2R)-3-hydroxy-3- 50mm (5um). 40°C.
@] methylbutan-2-yl]-4- Mobile phase A : Water
150 \L r\; N {[2R)-1- (w. 0.375% TFA). B :
* . 0,
o [ oA, evosoRa | ass 252 | MeGN (v 91875
/i AN pyrrolo[2,3-b]pyridin-3- 0.6 mins to 100% B
[ =N yhpiperidin-1-yl]-1,3,5- after 4 mins. Flow rate
N triazine-2-carboxamide 0.8 mL/min. API-ES
H positive




WO 2016/097918

- 296 -

PCT/IB2015/059360

151

(E)

4-{[(18,2R)-2-
cyanocyclopropyllmeth
oxy}-N-[(2R)-3-hydroxy-
3-methylbutan-2-yl]-6-
[4-(1H-pyrrolo[2,3-
blpyridin-3-yl)piperidin-
1-yl]-1,3,5-triazine-2-
carboxamide

505;2.218

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

152

(E)

4-(4-{[(2-aminopyridin-
3-

yl)oxy]methyl}piperidin-
1-yl)-6-[(1-
cyanocyclopropyl)meth
oxy]-N-[(2R)-1-
hydroxypropan-2-yl]-
1,3,5-triazine-2-
carboxamide

483; 2.094

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

153

(E)

4-[4-(5-amino-6-
carbamoylpyridin-2-
yl)piperidin-1-yl]-/N-
(bicyclo[1.1.1]pent-1-
yN)-6-{[(1S,2R)-2-
cyanocyclopropyllmeth
oxy}-1,3,5-triazine-2-
carboxamide

504;2.725

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

154

(E)

4-(4-{[(2-aminopyridin-
3-
yl)oxy]methyl}piperidin-
1-yl)-6-[(1-
cyanocyclopropyl)meth
oxy]-N-[(2R)-3-hydroxy-
3-methylbutan-2-yl]-
1,3,5-triazine-2-
carboxamide

511;2.190

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

155

(E)

4-(4-{[(2-aminopyridin-
3-

yl)oxy]methyl}piperidin-
1-y1)-6-{[(1S,2R)-2-
cyanocyclopropyllmeth
oxy}-N-(2,2,2-
trifluoroethyl)-1,3,5-
triazine-2-carboxamide

507; 2.603

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive
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F Xbridge C18 2.1 x
o] H\/I<F 4-{[(18,2R)-2- 50mm (5um). 40°C.
j: F cyanocyclopropyllmeth Mobile phase A : Water
156 N NN oxy}-6-[4-(1H- (w. 0.375% TFA). B :
x S
RN _ pyrrolo[2,3-b]pyridin-3- . MeCN (w. 0.1875%
| |V © o yhpiperidin-1-y-N- | 2012389 | 7EA) 1 10 59% B over
= /N (2,2, 2-trifluoroethyl)- 0.6 mins to 100% B
w | )=N 1,3,5-triazine-2- after 4 mins. Flow rate
N carboxamide 0.8 mL/min. API-ES
H positive
OH . Xbridge C18 2.1 x
H -[4-(5- -6-
o Nj)< C:rg:n(f; ;Ln;ﬂgir?-z- 50mm (5um). 40°C.
157 I yhpiperidin-1-yl-6 Mobile phase A : Water
NN INEa R w. 0.375% TFA). B :
* A {[(1S,2R)-2- (I\/IeCN w. 0 18;5%
v" 0”7 N7 N cyanocyclopropyllmeth | 524; 2.433 oy
(E) v N-1(2R)-3-hvd ) TFA). 1 to 5% B over
: N o Lo lb)utan}’z_“l’]’fy 0.6 mins to 100% B
|N| N A \h 13 5yt L y after 4 mins. Flow rate
2 ,3,5-triazine-2- 0.8 mL/min. API-ES
0P NH, carboxamide positive
H Xbridge C18 2.1 x
O N 50mm (5um). 40°C.
\D 4-{[(15 2R)-2- Mobile phase A ; Water
158 Ny cyanocyclopropyllmeth (w. 0.375% TFA). B -
* RN oxy}-N-cyclobutyl-6-[4- MeCN (w. 0.1875%
E YV 07NN (5H-pyrrolo[2,3- 474; 2.558 TFA). 1 to '50/' B over
(E) | ! N blpyrazin-7-yl)piperidin- - | o
fi DNk 11, 5-triazine-2- 0.6 mins to 100% B
N | »>=N y carboxamide after 4 mins. Flow rate
N 0.8 mL/min. API-ES
H positive
O N Xbridge C18 2.1 x
E a(1- 50mm (5um). 40°C.
NE Mobile phase A : Water
| N cyanocyclopropyl)meth (. 0.375% TFA). B -
159 By oxy]-N-cyclobutyl-6-[4- N to
0" "Ny . MeCN (w. 0.1875%
(E) W \ (1H-pyrazolo[3,4- | 474,2.623 | ypa) 11559 B over
N / blpyridin-3-ypiperidin- 0.6 mins to 100% B
Nl =N y ](-:a,rbb);ar;r?izdlge- : after 4 mins. Flow rate
\N 0.8 mL/min. API-ES
positive
(@]
N/WQ Xbridge C18 2.1 x
0 /N { H HO N-[(1- 50mm (5um). 40°C.
\( N hydroxycyclobutyl)meth Mobile phase A : Water
304 |
* o i N:( yl-4-{{(2R)-1- (w. 0.375% TFA). B :
(E) N methoxypropan-2- 496 2. 465 MeCN (w. 0.1875%
ylloxy}-6-[4-(1H- T TFA). 1 to 5% B over
pyrrolo[2,3-b]pyridin-3- 0.6 mins to 100% B
yhpiperidin-1-yl]-1,3,5- after 4 mins. Flow rate
74 | = triazine-2-carboxamide 0.8 mL/min. API-ES
N N/ positive
H
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305 N

(E)

N-(2,2-difluoropropyl)-
4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-b]pyridin-
3-yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

491, 2.873

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

4-{[(2R)-1-
methoxypropan-2-
ylloxy}-N-[(3-
methyloxetan-3-
yl)methyl]-6-[4-(1H-
pyrrolo[2,3-b]pyridin-3-
yhpiperidin-1-yl]-1,3,5-
triazine-2-carboxamide

496, 2.464

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

4-{[(2R)-1-
methoxypropan-2-
ylloxy}-N-(oxetan-3-yl)-
6-[4-(1H-pyrrolo[2,3-
blpyridin-3-yl)piperidin-
1-yl]-1,3,5-triazine-2-
carboxamide

468, 2.374

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 minsto 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

306
* ’\; N
(E) o N¢AN
fJ” )
o] | ) N
N
H
<
OgNH
307
* [\; \N
€ r? N4kN
:,/, ’/
0 | \ N
N
H
F
AT
O -NH
308

(E)

N-[(3,3-
difluorocyclobutyl)meth
yll-4-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-b]pyridin-
3-yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

517, 2.978

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive
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,/k Xbridge C18 2.1 x
Os. _NH 4-{[2R)-1- 50mm (5um). 40°C.
methoxypropan-2- Mobile phase A : Water
399 NNy ylloxy}-6-[4-(1H- (w. 0.375% TFA). B :
| /k pyrazolo[3,4-b]pyridin- 495 2 918 MeCN (w. 0.1875%
(E) N/ 3-yl)piperidin-1-yl]-/V- T TFA). 1to 5% B over
(2,2, 2-trifluoroethyl)- 0.6 mins to 100% B
1,3,5-triazine-2- after 4 mins. Flow rate
carboxamide 0.8 mL/min. API-ES
positive
Xbridge C18 2.1 x
4-{[2R)-1- 50mm (5um). 40°C.
methoxypropan-2- Mobile phase A : Water
310 SN ylJoxy}-6-[4-(1H- (w. 0.375% TFA). B :
* | pyrazolo[3,4-b]pyridin- . MeCN (w. 0.1875%
(E) T 3-yhpiperidin-1-yl-A- | 4972737 | TEA). 1 to 5% B over
//’ [(2R)-tetrahydrofuran-2- 0.6 mins to 100% B
" ylmethyl]-1,3,5-triazine- after 4 mins. Flow rate
-0 2-carboxamide 0.8 mL/min. API-ES
positive
H Xbridge C18 2.1 x
4-{[2R)-1- 50mm (5um). 40°C.
Os_ _NH methoxypropan-2- Mobile phase A : Water
311 ylloxy»-N-[(1R,5S,6r)-3- (w. 0.375% TFA). B :
* oxabicyclo[3.1.0]hex-6- . MeCN (w. 0.1875%
(E) NN VI-6-[4-(1H-pyrrolo2,3- | 4942458 | TEAY 10 5% B over
07 N7 N blpyridin-3-yl)piperidin- 0.6 mins to 100% B
’/’ = 1-yl]-1,3,5-triazine-2- after 4 mins. Flow rate
“ \ /) carboxamide 0.8 mL/min. API-ES
-0 | N positive
N
H
o I\IIH Xbridge C18 2.1 x
50mm (5um). 40°C.
metﬁé{[(ZR)'L Py Mobile phase A : Water
312 N Xypropan (w. 0.375% TFA). B :
* M ylJoxy}-Nemethy|-6-[4- MeCN (w. 0.1875%
(D) 07 NTN (1H-pyrrolo[2,3- 425; 2.362 TEA). 1 to 5% B over
’/l., — blpyridin-3-yl)piperidin- -
., T 0.6 mins to 100% B
\_/ 1-yl]pyrimidine-4- after 4 mins. Flow rate
-0 | N carboxamide o
N 0.8 mL/min. API-ES
H positive
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ON
/S\\
N O Xbridge C18 2.1 x
4-{[2R)-1- 50mm (5um). 40°C.
o methoxypropan-2- Mobile phase A : Water
313 NH ylloxy}-N-[(3S)-1- (w. 0.375% TFA). B :
* (methylsulfonyl)pyrrolidi 559 2 471 MeCN (w. 0.1875%
(E) w SN n-3-yl]-6-[4-(1H- T TFA). 1 to 5% B over
o N//k pyrrolo[2,3-b]pyridin-3- 0.6 mins to 100% B
N __ yhpiperidin-1-yl]-1,3,5- after 4 mins. Flow rate
) triazine-2-carboxamide 0.8 mL/min. API-ES
_0 \ N positive
N
H
N= 0\7"\' o Xbridge C18 2.1 x
) 4-[(1- 50mm (5um). 40°C.
Ny N H F| cyanocyclopropyl)meth Mobile phase A : Water
314 FF oxy]-6-[4-(1H- (w. 0.375% TFA). B :
whk N pyrazolo[3,4-b]pyridin- 516: 3.023 MeCN (w. 0.1875%
(E) 3-yl)piperidin-1-yl]-/V- t TFA). 1to 5% B over
(1,1,1-trifluoropropan-2- 0.6 mins to 100% B
yh)-1,3,5-triazine-2- after 4 mins. Flow rate
| N carboxamide 0.8 mL/min. API-ES
X N positive
N"
jo)
<
Xbridge C18 2.1 x
Os _NH 50mm (5um). 40°C.
metﬁé{[(zfc)>4a-n 5 Mobile phase A : Water
315 NN Xypropan-z- (w. 0.375% TFA). B :
* ylloxy}-N-(oxetan-3-yl)- o
/iL 6 . MeCN (w. 0.1875%
-[4-(1H-pyrazolo[3,4- | 468;2.528 o
(D) o blpyridin-3-ylpiperidin- TFA). 110 5% B over
i 0.6 mins to 100% B
1'g;$gg)g$%eé4' after 4 mins. Flow rate
0.8 mL/min. API-ES
positive
Xbridge C18 2.1 x
24{[(2R)-1- 50mm (5um). 40°C.
O« _NH methoxypropan-2- Mobile phase A : Water
316 ylloxy}-N-[2- (w. 0.375% TFA). B :
* N7 (methylsulfonyl)ethyl]-6- 517 2392 MeCN (w. 0.1875%
(D) /Q [4-(1H-pyrrolo[2,3- e TFA). 1to 5% B over
N pyridin-3-yl)piperidin- .6 mins to o
o i N blpyridin-3-yl)piperidi 0.6 mins to 100% B
’/' — 1-yl]pyrimidine-4- after 4 mins. Flow rate
‘ \ carboxamide 0.8 mL/min. API-ES
-0 N

positive
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317

(E)

N-[(1R,55,6n)-3-
oxabicyclo[3.1.0]hex-6-
yl]-4-[4-(1H-pyrrolo[2,3-
blpyridin-3-yl)piperidin-

1-yl]-6-[(2R)-
tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-carboxamide

506; 2.440

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

318

(D)

N-[(1-
hydroxycyclobutyl)meth
yll-2-{[(2R)-1-
methoxypropan-2-
ylloxy}-6-[4-(1H-
pyrazolo[3,4-b]pyridin-
3-yl)piperidin-1-
yllpyrimidine-4-
carboxamide

496, 2.653

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

319 Oj:NH
* N

(E)

N-[(35)-1-
(methylsulfonyl)pyrrolidi
n-3-yl]-4-[4-(1H-
pyrrolo[2,3-b]pyridin-3-
ylpiperidin-1-yl]-6-
[(2R)-tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-carboxamide

571;2.468

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

320

(D)

N-(2-methoxyethyl)-2-
{[(2R)-1-
methoxypropan-2-
ylJoxy}-6-[4-(1H-
pyrazolo[3,4-b]pyridin-
3-yl)piperidin-1-
yllpyrimidine-4-
carboxamide

470, 2.622

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive
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H .
H Xbridge C18 2.1 x
2-{[(2R)-1- )
O~ NH methoxypropan-2- 50mm (5um). 40°C.

Mobile phase A : Water

321 ylloxy}-N-[(1R,58,6)-3- o .
N oxabicyclo[3.1.0]hex-6- (w. 0.375% TFA). B
[1-6-[4-(1H 4942610 | MeCN (w. 0.1875%
(D) yIGa-(H e TFA). 1 to 5% B over
pyrazolo[3,4-b]pyridin- 0.6 mins to 100% B
3-yl)piperidin-1- ﬂ' 4 mins. Fl A
lpyrimidine-4- aner s mns. oW rate
y \ 0.8 mL/min. API-ES
carboxamide -
positive
Xbridge C18 2.1 x
4-[(1- 50mm (5um). 40°C.
322 cyanocyclopropyl)meth Mobile phase A : Water
oxy]-6-[4-(1H- (w. 0.375% TFA). B :
rkk pyrazolo[3,4-b]pyridin- 504° 2 650 MeCN (w. 0.1875%
(E) 3-ylpiperidin-1-yl]- /- e TFA). 1t0 5% B over
(tetrahydrofuran-2- 0.6 mins to 100% B
ylmethyl)-1,3,5-triazine- after 4 mins. Flow rate
2-carboxamide 0.8 mL/min. API-ES
positive
Xbridge C18 2.1 x
24{[(2R)-1- 50mm (5um). 40°C.
323 OxNH methoxypropan-2- Mobile phase A : Water
ylloxy}-N-[2- (w. 0.375% TFA). B :
* N (methylsulfonyl)ethyl]-6- 518: 2 557 MeCN (w. 0.1875%
(D) /l _ [4-(1H-pyrazolo[3 4- T TFA). 1to 5% B over
0" N 'N blpyridin-3-yl)piperidin- 0.6 mins to 100% B
. N 1-yl]pyrimidine-4- after 4 mins. Flow rate
“ “ “NH carboxamide 0.8 mL/min. API-ES
_0 . positive
\ N
|
0=8=0 Xbridge C18 2.1 x
//’ N-[2- 50mm (5um). 40°C.
Os _NH (methylsulfonyl)ethyl]-4- Mobile phase A : Water
334 [4-(1H-pyrrolo[2,3- (w. 0.375% TFA). B :
N7 blpyridin-3-yl)piperidin- . MeCN (w. 0.1875%
(E) l i 1-yI-6-[(2R)- 530:2.374 | TFA). 1 to 5% B over
07 "N tetrahydrofuran-2- 0.6 mins to 100% B
O - ylmethoxy]-1,3,5- after 4 mins. Flow rate
| N\ ,\1 triazine-2-carboxamide 0.8 mL/min. API-ES

positive
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,“"Q Xbridge C18 2.1 x
OgNH 4-{[(2R)-1- 50mm (5um). 40°C.
I methoxypropan-2- Mobile phase A : Water
335 ,\; Sy ylloxy}-6-[4-(1H- (w. 0.375% TFA). B :
pyrazolo[3,4-b]pyridin- . MeCN (w. 0.1875%
(E) o ZN 3-yhpiperidin-1-y-N- | 4972737 | TEA) 1 t0 5% B over
’/’ [(2S)-tetrahydrofuran-2- 0.6 mins to 100% B
“ ylmethyl]-1,3,5-triazine- after 4 mins. Flow rate
~0 2-carboxamide 0.8 mL/min. API-ES
positive
o ,LH Xbridge C18 2.1 x
50mm (5um). 40°C.
2-{[(2R)-1- Mobile phase A : Water
326 NN methoxypropan-2- (w. 0.375% TFA). B -
* A yloxy}-N-methyl-6-[4- MeCN (w. 0.1875%
o) N N (1H-pyrazolo[3,4- 426; 2.524 ro
(D) L L TFA). 1 to 5% B over
H , N b]p%’r"l"]'”':”.'y'.)d"."pe2'0"”' 0.6 mins to 100% B
N ~ NH -yllpyrimiaine-4- after 4 mins. Flow rate
= = carboxamide 0.8 mL/min. API-ES
\ N positive
O .
o />C Xbridge C18 2.1 x
NH 50mm (5um). 40°C.
N'l[)(f;g?ﬁ trliyl‘oaetar}f Mobile pr(na:e?k : Water
327 NE\N y y L (w. 0.375% TFA). B :
* | /k pyraquo[3l,4.-b]pyr|d|n- MeCN (w. 0.1875%
O W 3-yl)piperidin-1-yl]-6- | 509: 2.643 vy
B 5 [(2R)-tetrahydrofuran-2- TFA). 1 to 5% B over
0.6 mins to 100% B
o 13
0.8 mL/min. API-ES
positive
H H Xbridge C18 2.1 x
N-[(1R,5S,6r)-3- 50mm (5um). 40°C.
Ox-NH oxabicyclo[3.1.0]hex-6- Mobile phase A : Water
328
[]-4-[4-(1H- w. 0.375% TFA). B :
* N™SN pyraz)g}o[S[A-s)]pyridin- . (I\/IeCN (w.00.18;5%
| 495; 2.610

(E)

3-yl)piperidin-1-yl]-6-
[(2R)-tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-carboxamide

TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive
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329

(E)

4-(4-(1H-pyrazolo[3,4-
b]pyridin-3-yl)piperidin-
1-yh)-N-((1R,58,6r)-3-
oxabicyclo[3.1.0]hexan-
6-yl)-6-((R)-1-
methoxypropan-2-
yloxy)-1,3,5-triazine-2-
carboxamide

507; 2.637

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

330

(D)

4-{[(2R)-1-
methoxypropan-2-
ylloxy}-N-[(1R,58,6r)-3-
oxabicyclo[3.1.0]hex-6-
yl-6-[4-(1H-
pyrazolo[3,4-b]pyridin-
3-yl)piperidin-1-yl]-
1,3,5-triazine-2-
carboxamide

506; 2.620

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

331

(D)

N-(2-methoxyethyl)-6-
[4-(1H-pyrazolo[3 4-
blpyridin-3-yl)piperidin-
1-yl]-2-[(2R)-
tetrahydrofuran-2-
ylmethoxy]pyrimidine-4-
carboxamide

482;2.619

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive

332

(D)

N-(oxetan-3-yl)-4-[4-
(1H-pyrazolo[3,4-
blpyridin-3-yl)piperidin-
1-yl]-6-[(2R)-
tetrahydrofuran-2-
ylmethoxy]-1,3,5-
triazine-2-carboxamide

481, 2.551

Xbridge C18 2.1 x
50mm (5um). 40°C.
Mobile phase A : Water
(w. 0.375% TFA). B :
MeCN (w. 0.1875%
TFA). 1to 5% B over
0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES
positive
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OJ
=$=0 Xbridge C18 2.1 x
N-[2- 50mm (5um). 40°C.
O _NH (methylsulfonyl)ethyl]-6- Mobile phase A : Water
333 [4-(1H-pyrrolo[2,3- (w. 0.375% TFA). B :
* NTX blpyridin-3-yl)piperidin- 530 2 374 MeCN (w. 0.1875%
(D) JL/ 1-yl]-2-[(2R)- T TFA). 1 to 5% B over
07 "NTN tetrahydrofuran-2- 0.6 mins to 100% B
o = ylmethoxy]pyrimidine-4- after 4 mins. Flow rate
N\ |/ carboxamide 0.8 mL/min. API-ES
| N N positive
H
Xbridge C18 2.1 x
Oxn~NH Nocvel LAT2R 50mm (5um). 40°C.
1—cyc ?r?ropy -4-{I( 5 )- Mobile phase A : Water
334 X -methoxypropan-c- (w. 0.375% TFA). B :
* ylJoxy}-6-[4-(14- MeCN (w. 0.1875%
pyrazolo[3,4-b]pyridin- | 453; 2.677 ' o/ B
(E) 3-yNpiperidin-1-yl]- TFA). 110 5% B over
1,3,5-triazine-2- 0.6 mins to 100% B
carboxamide after 4 mins. Flow rate
0.8 mL/min. API-ES
positive
Xbridge C18 2.1 x
4-[(1- 50mm (5um). 40°C.
j: cyanocyclopropyl)meth Mobile phase A : Water
335 NN oxy]-6-[4-(1 H- (w. 0.375% TFA). B :
whk pyrazolo[3,4-b]pyridin- 504° 2 650 MeCN (w. 0.1875%
(E) 3-yl)piperidin-1-yl]-/V- T TFA). 1to 5% B over
(tetrahydrofuran-3- 0.6 mins to 100% B
ylmethyl)-1,3,5-triazine- after 4 mins. Flow rate
2-carboxamide 0.8 mL/min. API-ES
positive
Xbridge C18 2.1 x
N-[(3R)-1- 50mm (5um). 40°C.
N (methylsulfonyl)pyrrolidi Mobile phase A : Water
336 Oj:NH n-3-yl]-4-[4-(1H- (w. 0.375% TFA). B :
* pyrrolo[2,3-b]pyridin-3- . MeCN (w. 0.1875%
(E) NN yhpiperidin-1-yl-6- | 2712488 | TEAY 110 5% B over
0O N%N [(2R)-tetrahydrofuran-2- 0.6 mins to 100% B
0 — ylmethoxy]-1,3,5- after 4 mins. Flow rate
Q) | N ,\1 triazine-2-carboxamide 0.8 mL/min. API-ES

positive
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CN
\'S‘{ Xbridge C18 2.1
N O ridge A x
O A Chn
H Mobile phase A : Water
337 Oy -NH YIoxyl-N-[BR)-1- (w. 0.375% TFA). B -
* (methylsulfonyl)pyrrolidi MeCN (w. 0.1875%
(E) NTX n-3-yl]-6-[4-(1H- 558; 2.544 TFA). 1 to 5% B over
M pyrrolo[2,3-b]pyridin-3- - 0
07NN yhpiperidin-1- 0.6 mins to 100% B
- L after 4 mins. Flow rate
) yllpyrimidine-4- 0.8 mL/min. API-ES
0 | N\ N carboxamide positive
N
H
l>Co Xbridge C18 2.1 x
Og~NH 4-{[(2R)-1- 50mm (5um). 40°C.
methoxypropan-2- .
loxy}-N-[(3- Mobile phase A : Water
338 NN yloxy (w. 0.375% TFA). B :
* | methyloxetan-3- MeCN (w. 0.1875%
(E) N yI)methyI]-6-[4-(1./-I.- 497; 2.666 TFA). 1 to 5% B over
,/’ F’)g_azl)"'?[z'r?&iﬂ%”ﬂ[”' 0.6 mins to 100% B
0 1y3p5ptriazine 2y after 4 mins. Flow rate
-~ 3y T —L= . _
carboxamide 038 mlblczr;li?i.véPl ES
Xbridge C18 2.1 x
Oy ~NH | xypr 3 Mobile phase A : Water
339 mﬁﬁ;?g;(et-g(n A (w. 0.375% TFA). B -
* N7 Py MeCN (w. 0.1875%
(D) _ yI)methyI]-6-[4-(1./-I.- 530; 2.552 TFA). 1 S[‘g' 5% B ov;r
D o 0.6 mins to 100% B
1y3p5?triazine-2y- after 4 mins. Flow rate
"~ . 0.8 mL/min. API-ES
carboxamide positive
Xbridge C18 2.1 x
N-(2-methoxyethyl)-4- 50mm (5um). 40°C.
OxNH {{2R)-1- Mobile phase A : Water
340 j: methoxypropan-2- (w. 0.375% TFA). B :
* NT ylloxy}-6-[4-(1H- 471 2.647 MeCN (w. 0.1875%
(E) pyrazolo[3,4-b]pyridin- T TFA). 1to 5% B over
3-yh)piperidin-1-yl]- 0.6 mins to 100% B
1,3,5-triazine-2- after 4 mins. Flow rate
carboxamide 0.8 mL/min. API-ES
positive
Xbridge C18 2.1 x
50mm (5um). 40°C.
o N—(;)Zetan-?:l-yl)z-i-[m Mobile phase A : Water
3H b¢ b] (ridixgircl))og eridin- (w. 0.375% TFA). B
* Ny Py yopip _ MeCN (w. 0.1875%
(D) ' PN 1-yl]-6-[2R)- 480;2.385 TFA). 1 to 5% B over
o7 N tetrahydrofuran-2- .

ylmethoxy]-1,3,5-
triazine-2-carboxamide

0.6 mins to 100% B
after 4 mins. Flow rate
0.8 mL/min. API-ES

positive
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’/'I:<F Xbridge C18 2.1 x
342 ol S (1Hpyraz0il3 4 Mobi phase A - Waier
(E) P ™ (w. 0.375% TFA). B
0,
tetrahydrofuran-2- | 507, 2.032 | JAoCN - 0.1875%
yimethoxyl-N-(2,2,2- )- 110 5% B over
! o 0.6 mins to 100% B
trifluoroethyl)-1,3,5- after 4 mins. Flow rate
triazine-2-carboxamide 0.8 mL/min. AP-ES
positive
Xbridge C18 2.1 x
4-{[2R)-1- 50mm (5um). 40°C.
methoxypropan-2- Mobile phase A : Water
343 ylloxy}-N-[(3R)-1- (w. 0.375% TFA). B :
* (methylsulfonyl)pyrrolidi 559 2 471 MeCN (w. 0.1875%
(E) ’\; SN n-3-yl]-6-[4-(1H- re TFA). 1 to 5% B over
O NékN pyrrolo[2,3-b]pyridin-3- 0.6 mins to 100% B
'/’ yhpiperidin-1-yl]-1,3,5- after 4 mins. Flow rate
d ! triazine-2-carboxamide 0.8 mL/min. API-ES
- positive

* Compounds are single enantiomers with known absolute stereochemistry is unknown.

** Compounds are single enantiomers with unknown absolute stereochemistry.

*** Compounds are racemates, or known mixtures of diastereomers.

Chiral Separation Conditions

General Method for chiral purification

Chiral method development was performed using a Berger Analytical SFC/MS system (Waters
SFC, Inc., Milford, MA, USA) equipped with analytical scale supercritical fluid chromatograph
coupled to a single quadrupole LC/MSD VL mass spectrometer with a multimode source
(Agilent, Palo Alto, CA, USA). A 1 mg/mL solution of sample was prepared in MeOH, and 15ul_
was injected onto a selection of chiral stationary phases. Separation of the enantiomers was
achieved for the relevant examples utilizing the conditions specified in Table 3. For purification ,
a Berger Multigram Il semi-preparative SFC system was used, with UV-triggered fraction
collection capability.  Approximately 10 mg/mL of the sample was dissolved in MeOH. If
complete solvation was not achieved, a co-solvent such as dichloromethane or DMSO was
then added to the solution to give a final concentration of the solution of ~ 11 mg/mL. Injection
volume of the sample solution was 0.3 mL, and semi-preparative chiral columns were utilized as
described in Table 3 with typical flow rates of 50-70 mL/min with UV detection of peaks enabled
at 240 nm. If full resolution of the enantiomers did not occur, a subsequent purification attempt
was carried out under the same SFC conditions. All purified fractions were checked by
analytical SFC-MS,

evaporated and lyopholized.
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Chiral separation of the compounds disclosed herein are summarized in Table 3:

Table 3
Example No. Chiral Separation Conditions (SFC)
(Scheme)
1 Rt(Peak 1) = 15.77 minutes Regis Whelk-01 (R, R) 4.6 x 250 mm
(Scheme A) column 35% MeOH (w 0.1% DEA) @ 140 bar CO,, 2.5 mL/min .
3** Rt(Peak 2) = 9.63 minutes Chiralcel OJ-H 4.6 x 250 mm column 15%
(Scheme A) MeOH @ 140 bar CO,, 3.0 mL/min.
15** Rt(Peak 1) = 4.24 minutes Chiralcel AD-H 4.6 x 250 mm column 60%
(Scheme A) MeOH @ 100 bar CO,, 3.0 mL/min.
16** Rt(Peak 2) = 6.51 minutes Chiralcel AD-H 4.6 x 250 mm column 60%
(Scheme A) MeOH @ 100 bar CO,, 3.0 mL/min.
36** Rt(Peak 2) = 10.85 minutes Chiralcel OD-H 4.6 x 250 mm column 5 -
(Scheme A) 40% EtOH (w. 0.05% DEA) @ 120 bar CO ,, 2.35 mL/min.
*
(Schﬁne A) Rt(Peak 2) = 8.71 minutes Chiralcel OJ-H 4.6 x 250 mm column 15%
MeOH @ 140 bar CO,, 3.0 mL/min.
44* Rt(Peak 2) = 8.58 minutes Chiralcel OJ-H 4.6 x 250 mm column 15%
(Scheme A) MeOH (w. 0.1 % DEA) @ 140 bar C0,, 3.0 mL/min.
62** Rt(Peak 2) = 4.1 0 minutes Chiralcel AS-H 4.6 x 150 mm column 5 -
(Scheme C) 40% MeOH (w. 0.05% DEA) @ 120 bar CO ,, 3.0 mL/min.
69* Rt(Peak 1) =2.91 minutes Chiralcel OD-H 4.6 x 150 mm column 5 -
(Scheme B) 20% MeOH (w. 0.1 % DEA) @ 120 bar C0 ,, 4.0 mL/min.
70* Rt(Peak 2) = 3.53 minutes Chiralcel OD-H 4.6 x 150 mm column 5 -
(Scheme B) 20% MeOH (w. 0.1 % DEA) @ 120 bar C0 ,, 4.0 mL/min.
75%* Rt(Peak 2) = 6.04 minutes Regis Whelk-01 (S,S) 4.6 x 100 mm
(Scheme A) column 20% MeOH (w. 0.1% DEA) @ 120 bar CO ,, 4.0 mL/min.
76** Rt(Peak 1) = 5.74 minutes Regis Whelk-01 (S,S) 4.6 x 100 mm
(Scheme A) column 20% MeOH (w. 0.1% DEA) @ 120 bar C0O ,, 4.0 mL/min .
78** Rt(Peak 1) = 1.20 minutes Chiralcel OJ-H 4.6 x 150 mm column 40%
(Scheme C) MeOH @ 120 bar CO,, 4.0 mL/min.
79** Rt(Peak 2) = 2.34 minutes Chiralcel OJ-H 4.6 x 150 mm column 40%
(Scheme C) MeOH @ 120 bar CO,, 4.0 mL/min.
95** Rt(Peak 2) = 8.78 minutes Regis-Whelk 0 1 (S,S) 4.6 x 100 mm
(Scheme B) column 20% MeOH @ 120 bar CO,, 4.0 mL/min.
96** Rt(Peak 1) = 8.41 minutes Regis-Whelk 0 1 (S,S) 4.6 x 100 mm
(Scheme B) column 20% MeOH @ 120 bar CO,, 4.0 mL/min.
136** Rt(Peak 1) = 1.62 minutes Chiralcel OJ-3 4.6 x 50 mm column 5 -
(Scheme C) 40% MeOH (w. 0.05% DEA) @ 120 bar CO0,, 4.0 mL/min.
137** Rt(Peak 2) = 1.94 minutes Chiralcel OJ-3 4.6 x 50 mm column 5 -
Scheme C 40% MeOH (w. 0.05% DEA) @ 120 bar C0 ., 4.0 mL/min.
2
143** Rt(Peak 1) = 4.94 minutes Chiralcel AD-3 4.6 x 150 mm column 50%
Scheme A MeOH (w. 0.05% DEA) @ 120 bar C0,, 2.0 mL/min.
2
163+ Rt(Peak 2) = 8.39 minutes Chiralcel AD-3 4.6 x 150 mm column 40%

(Scheme E)

IPA (w. 0.05% DEA) @ 120 bar CO,, 2.5 mL/min.
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164%* Rt(Peak 1) = 7.68 minutes Chiralcel AD-3 4.6 x 150 mm column 40%
(Scheme E) IPA (w. 0.05% DEA) @ 120 bar CO,, 2.5 mL/min.

166* Rt(Peak 2) = 8.69 minutes Chiralcel OJ-H 4.6 x 250 mm column 5 -
(Scheme E) 40% EtOH (w. 0.05% DEA) @ 120 bar C0O ,, 2.4 mL/min .

167* Rt(Peak 1) = 8.08 minutes Chiralcel OJ-H 4.6 x 250 mm column 5 -
(Scheme E) 40% EtOH (w. 0.05% DEA) @ 120 bar C0O ,, 2.4 mL/min .

168** Rt(Peak 2) = 6.76 minutes Chiralcel AD-3 4.6 x 150 mm column 50%
(Scheme A) MeOH (w. 0.05% DEA) @ 120 bar C0O,, 2.0 mL/min .

170* Rt(Peak 1) = 11.50 minutes Chiralcel AS-H 4.6 x 250 mm column
(Scheme E) 20% EtOH (w. 0.05% DEA) @ 120 bar C0,, 2.35 mL/min.

171* Rt(Peak 2) = 13.15 minutes Chiralcel AS-H 4.6 x 250 mm column
(Scheme E) 20% EtOH (w. 0.05% DEA) @ 120 bar C0 ,, 2.35 mL/min.

176** Rt(Peak 2) = 11.10 minutes Lux Cellulose-4 4.6 x 100 mm column
(Scheme E) 25% MeOH @ 120 bar CO0,, 4.0 mL/min.

177** Rt(Peak 1) = 9.87 minutes Lux Cellulose-4 4.6 x 100 mm column
(Scheme E) 25% MeOH @ 120 bar CO0,, 4.0 mL/min.

198* Rt(Peak 2) = 6.08 minutes ChiralCel AD-H 4.6 x 250 mm column 40%
(Scheme A) EtOH (w. 0.05% DEA) @ 120 bar C0,, 2.35 mL/min.

231 ** Rt(Peak 1) = 4.10 minutes Lux Cellulose 4.6 x 100 mm column 25%
(Scheme D) MeOH @ 120 bar CO0 ,, 4 mL/min.

233** Rt(Peak 2) = 4.61 minutes Lux Cellulose 4.6 x 100 mm column 25%
(Scheme D) MeOH @ 120 bar CO0 ,, 4 mL/min.

235** Rt(Peak 2) = 6.18 minutes ChiralCel AD-H 4.6 x 250 mm column 40%
(Scheme D) IPA (w. 0.05% DEA) @ 120 bar CO,, 2.5 mL/min.

236** Rt(Peak 1) = 5.58 minutes ChiralCel AD-H 4.6 x 250 mm column 40%
(Scheme D) IPA (w. 0.05% DEA) @ 120 bar CO,, 2.5 mL/min.

253** Rt(Peak 2) = 6.50 minutes Chiralcel OJ-3 4.6 x 150 mm column 5 -
(Scheme D) 40% MeOH (w. 0.05% DEA) @ 120 bar CO0,, 2.5 mL/min.

254** Rt(Peak 1) = 8.60 minutes IC 4.6 x 250 mm column 60% IPA (w.
(Scheme D) 0.05% DEA) @ 120 bar CO0 ,, 2.0 mL/min.

255** Rt(Peak 2) = 10.1 9 minutes IC 4.6 x 250 mm column 60% IPA (w.
(Scheme D) 0.05% DEA) @ 120 bar CO0 ,, 2.0 mL/min.

258** Rt(Peak 1) = 6.22 minutes Chiralcel OJ-3 4.6 x 150 mm column 5 -
(Scheme D) 40% MeOH (w. 0.05% DEA) @ 120 bar C0,, 2.5 mL/min.

267 Rt(Peak 2) = 12.34 minutes ChiralCel AD-H 4.6 x 250 mm column
(Scheme D) 40% EtOH (w. 0.05% DEA) @ 120 bar C0O ,, 2.35 mL/min.

268** Rt(Peak 1) = 10.66 minutes ChiralCel AD-H 4.6 x 250 mm column
(Scheme D) 40% EtOH (w. 0.05% DEA) @ 120 bar CO ,, 2.35 mL/min.

348** Rt(Peak 1) = 1.80 minutes ChiralCel OJ-3 4.6 x 100 mm column 10%
(Scheme 1) MeOH @ 120 bar CO,, 4.00 mL/min.

349** Rt(Peak 2) = 2.48 minutes ChiralCel 0J-3 4.6 x 100 mm column 10%
(Scheme 1) MeOH @ 120 bar CO ,, 4.00 mL/min.

361* Rt(Peak 1) = 6.46 minutes ChiralCel OJ-H 4.6 x 250 mm column 5 -
(Scheme D) 40% MeOH (w. 0.05% DEA) @ 120 bar CO ,, 2.35 mL/min.

362* Rt(Peak 2) = 7.09 minutes ChiralCel OJ-H 4.6 x 250 mm column 5 -
(Scheme D) 40% MeOH (w. 0.05% DEA) @ 120 bar CO ,, 2.35 mL/min.
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372 Rt(Peak 1) = 5.58 minutes ChiralCel OJ-H 4.6 x 250 mm column 5 -
(Scheme D) 40% MeOH (w. 0.05% DEA) @ 120 bar C0,, 2.5 mL/min.
376** Rt(Peak 2) = 5.70 minutes ChiralCel OJ-H 4.6 x 250 mm column 5 -
(Scheme D) 40% MeOH (w. 0.05% DEA) @ 120 bar C0,, 2.5 mL/min.
*%
(Scs;l?me D) Rt(Peak 1) = 3.57 minutes ChiralCel AD-3, 4.6 x 250 mm column
40% EtOH (w. 0.05% DEA) @ 120 bar C0,, 2.5 mL/min.
389** _ . .
(Scheme D) Rt(Peak 2) = 3.88 minutes ChiralCel AD-3, 4.6 x 250 mm column
40% EtOH (w. 0.05% DEA) @ 120 bar C0,, 2.5 mL/min.
395** _ . .
(Scheme D) Rt(Peak 1) = 10.29 minutes Chiralcel AD-H 4.6 x 250 mm column
40% EtOH @ 100 bar C0,, 2.35 mL/min.
396** _ . .
(Scheme D) Rt(Peak 2) = 11.94 minutes ChiralCel AD-H 4.6 x 250 mm column
40% EtOH @ 100 bar C0,, 2.35 mL/min.
4 x%x
(Sch1e:ne D) Rt(Peak 1) = 3.28 minutes Lux Cellulose-4 4.6 x 100 mm column
50% MeOH @ 120 bar CO0,, 4 mL/min.
(Sc‘rlléfne D Rt(Peak 2) = 4.43 minutes Lux Cellulose-4 4.6 x 100 mm column
) 50% MeOH @ 120 bar CO0,, 4 mL/min.
430** _ . .
(Scheme D) Rt(Peak 2) = 1.09 minutes ChiralCel 0J-3 4.6 x 50 mm column 5 -
40% MeOH (w. 0.05% DEA) @ 100 bar C0,, 4 mL/min.
432** _ . .
(Scheme D) Rt(Peak 1) = 0.98 minutes ChiralCel 0J-3 4.6 x 50 mm column 5 -
40% MeOH (w. 0.05% DEA) @ 100 bar C0,, 4 mL/min.
436** . .
(Scheme D) Rt(Peak 2) = 17.90 minutes ChiralCel IC 4.6 x 250 mm column 40%
EtOH (w. 0.05% DEA) @ 100 bar C0,, 2.35 mL/min.
437** . .
(Scheme D) Rt(Peak 1) = 14.80 minutes ChiralCel IC 4.6 x 250 mm column 40%
EtOH (w. 0.05% DEA) @ 100 bar C0,, 2.35 mL/min.
a7 ] ]
(Scheme D) Rt(Peak 2) = 31.10 minutes ChiralCel IC-3 4.6 x 150 mm column 40%
MeOH (w. 0.05% DEA) @ 100 bar C0,, 2.5 mL/min.
442** _ : :
(Scheme D) Rt(Peak 1) = 24.89 minutes ChiralCel IC-3 4.6 x 150 mm column 40%
MeOH (w. 0.05% DEA) @ 100 bar CO0,, 2.5 mL/min.
445** _ : :
(Scheme D) Rt(Peak 1) = 0.83 minutes ChiralCel AD-3 4.6 x 50 mm column 40%
IPA (w. 0.05% DEA) @ 100 bar CO ,, 4 mL/min.
446** _ ; :
(Scheme D) Rt(Peak 2) = 1.51 minutes ChiralCel AD-3 4.6 x 50 mm column 40%
EtOH (w. 0.05% DEA) @ 100 bar CO,, 4 mL/min.
457** _ . .
(Scheme D) Rt(Peak 1) = 1.46 minutes ChiralCel AD-3 4.6 x 50 mm column 40%
IPA (w. 0.05% DEA) @ 100 bar CO,, 4 mL/min.
458** . .
(Scheme D) Rt(Peak 2) = 1.98 minutes ChiralCel AD-3 4.6 x 50 mm column 40%
EtOH (w. 0.05% DEA) @ 100 bar CO,, 4 mL/min.
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*%
(Scﬁz?ne D) Rt(Peak 1) = 3.64 minutes ChiralCel OJ-3 4.6 x 50 mm column 5 -
40% MeOH (w. 0.05% DEA) @ 100 bar CO,, 2.8 mL/min.
487** _ . .
(Scheme D) Rt(Peak 2) = 3.85 minutes ChiralCel 0J-3 4.6 x 50 mm column 5 -
40% MeOH (w. 0.05% DEA) @ 100 bar CO,, 2.8 mL/min.
497** _ . . o
(Scheme D) Rt(Peak 1) = 1.97 minutes Chiralcel AD-3 4.6 x 100 mm column 40%
IPA (w. 0.05% DEA) @ 100 bar CO ,, 2.8 mL/min.
497** _ . . o
(Scheme D) Rt(Peak 2) = 2.46 minutes Chiralcel AD-3 4.6 x 100 mm column 40%
IPA (w. 0.05% DEA) @ 100 bar CO ,, 2.8 mL/min.
498** _ . . o
(Scheme D) Rt(Peak 1) =21.98 minutes Chiralcel IC-3 4.6 x 150 mm column 40%
EtOH (w. 0.05% DEA) @ 120 bar C0,, 2.5 mL/min.
499* Rt(Peak 1) = 32.92 minutes Chiralcel IC-3 4.6 x 150 mm column 40%
(Scheme D) EtOH (w. 0.05% DEA) @ 120 bar C0 ., 2.5 mL/min.
500** _ : ; 9
(Scheme D) Rt(Peak 2) = 3.09 minutes Chiralcel AD-3 4.6 x 50 mm column 40%
IPA (w. 0.05% DEA) @ 100 bar CO ,, 4 mL/min.
507** Rt(Peak 1) = 1.65 minutes Chiralcel AD-3 4.6 x 50 mm column 40%
(Scheme D) IPA (w. 0.05% DEA) @ 100 bar CO ,, 4 mL/min.
o t(Pea = 3.09 minutes Chiralce -3 4.6 x 50 mm column )
508 Rt(Peak 2) = 3.09 mi Chiralcel AD-3 4.6 x 50 I 40%
(Scheme D) IPA (w. 0.05% DEA) @ 100 bar CO ,, 4 mL/min.

* Compounds are single enantiomers with known absolute stereochemistry is unknown.
** Compounds are single enantiomers with unknown absolute stereochemistry.

*** Compounds are racemates, or known mixtures of diastereomers.

Biological Examples
Results for biological examples are summarized in Table 4 and shown as Kl and/or IC,
values in uM.

Recombinant AXL enzyme assay

AXL enzyme inhibition (% inhibition, K_pp and K, values) by small molecule inhibitors was
evaluated using a fluorescence-based microfluidic mobility shift assay. AXL catalyzes the
production of ADP from ATP that accompanies the phosphoryl transfer to the substrate peptide
FL-Peptide-30 (5-FAM-KKKKEEIYFFF-CONH ,, CPC Scientific, Sunnyvale, CA). The mobility
shift assay electrophoretically separates the fluorescently labeled peptides (substrate and
phosphorylated product) following the kinase reaction. Both substrate and product are
measured and the ratio of these values is used to generate %conversion of substrate to product
by the LabChip EZ Reader. Human wild-type receptor tyrosine kinase protein Axl comprising
residues 505 - 811 was produced in-house using the baculoviral expression vector system that
incorporated a hexahistidine affinity tag into the protein (LJIC-1916B1.1). The enzyme was

preactivated by auto-phosphorylation of 34 uM non-activated enzyme in the presence of 2 mM
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ATP, 4 mM MgCl,, 50mM NaCl and 1 mM TCEP in 20 mM HEPES, pH 7.3 at 4°C for 30
minutes. Typical reaction solutions (50 ul_final reaction volume) contained 2% DMSO (x
inhibitor), 10 mM MgCl,, 1 mM DTT, 120 puM ATP (ATP K, = 70.4 pM), 0.01 % Tween-20, 3 uM
FL-Peptide-30, and 0.5 nM phosphorylated AXL enzyme in 100 mM HEPES buffer at pH 7.3.
The assay was initiated with the addition of ATP, following a fifteen minutes pre-incubation of
enzyme and inhibitor at room temperature in the reaction mixture. The reaction was stopped
after 30 minutes at 25°C by the addition of 50 ul_of 200 mM EDTA, pH 7.5. The K; values were
determined from the fit of the data to the Morrison tight-binding competitive inhibition equation
with the enzyme concentration as a variable. (See, Morrison, J. F. (1969) Kinetics of the
reversible inhibition of enzyme-catalysed reactions by tight-binding inhibitors, Biochimica et
biophysics acta 185, 269-286; and Murphy, D.J. (2004) Determination of accurate Kl values for
tight-binding enzyme inhibitors: an in silico study of experimental error and assay design,

Analytical biochemistry 327, 61-67.)

Cellular Axl Phosphorylation ELISA Assay

293MSR-AXIWT6 cells were seeded at density 40,000 cells/well in 96-well plates, in DMEM
medium supplemented with 1% penicilin and streptomycin, 0.5 mg/mL G418, 10 pg/mL
blasticidin and 10% fetal bovine serum (FBS). After 6-7 hrs in tissue culture incubator at 37° C
5% CO,, medium was removed, serum-free medium was added (with 0.04% bovine serum
albumin) and plates were returned to incubator where they remained overnight. After 20 hrs in
the tissue culture incubator, the medium was removed and cells were cultured in serum-free
medium at 37 °C in the presence of a compound of the invention at designated compound
concentrations ranging from 0.0024 uM to 10 uM or controls for 1 h. After incubation with a
compound of the invention, cells were stimulated with 200ng/ml human recombinant Gas6
(R&D Systems) and 0.5X Phosphatase Inhibitor Cocktail in starvation media for 20 min at 37° C
5% CO0,. Media was then removed and lysis buffer was added to wells and shaken at 4° C for
30 min to generate protein lysates. Subsequently, phosphorylation of Axl was assessed by a
sandwich ELISA method using a DuoSet IC Human Phospho-Axl ELISA assay kit (R&D
System), an immobilized mouse anti-human Axl antibody and an anti-phospho-tyrosine-HRP

antibody as a detection antibody. Antibody-coated plates were (a) incubated in presence of
protein lysates at room temperature for 2 hrs, (b) washed seven times in 0.1 % Tween 20 in
PBS, (c) incubated with secondary antibody (a horseradish peroxidase-conjugated

antiphospho-Axl antibody) for 2 hrs, (d) washed seven times again, (e) TMB peroxidase
substrate (Bio-Rad) was added to initiate a colorimetric reaction and stopped by adding 0.2 N
H2S04, and (f) measured at OD 450 nm using a spectrophotometer. IC., values were
calculated by concentration-response curve fitting using a four-parameter analytic method and

reported in uM.
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Table 4A
(uM)

1 0.00009 0.00101
2 0.24566
3 0.003138 0.02191
4 0.00283
5 0.01245
6 0.02915
7 0.01486
8 0.07785
9 0.000126 0.0011
10 0.000063 0.00031
11 0.01015
12 0.002485 0.00996
13 0.05903
14 0.01241
15 0.00836
16 0.0126
17 0.03987
18 0.06494
19 0.02473
20 0.000075 0.00165
21 0.03701
22 0.000131 0.00358
23 0.003982 0.0578
24 0.00192
25 0.00178
26 0.001136 0.0279
27 0.000219 0.0089
28 0.000367 0.01052

-313-

PCT/1B2015/059360
29 0.000311 0.00495
30 0.000125 0.00253
31 0.01263
32 0.002429 0.01985
33 0.02342
34 0.03052
35 0.000909 0.01037
36 0.08737
37 0.24167
38 0.009583 0.01054
39 0.08385
40 0.00577
41 0.12416
42 0.000337 0.01334
43 0.13127
44 0.000276 0.00629
45 0.23542
46 0.000504 0.00397
47 0.00384
48 0.03812
49 0.000953 0.01235
50 0.01555
51 0.00789
52 0.001425 0.0313
53 0.000316 0.0034
54 0.00527
55 0.001813 0.01697
56 0.000518 0.01079
57 0.000215 0.00461
58 0.02381
59 0.00274
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60 0.00665
61 0.003256 0.08593
62 0.03868
63 0.45539
64 0.000173 0.00101
65 0.00186
66 0.06176
67 0.01875
68 0.00294
69 0.22823
70 0.04078
71 0.01203
72 0.00431
73 0.22842
74 0.01549
75 0.00854
76 0.01916
77 0.04282
78 0.00842
79 0.0564

80 0.00032 0.00766
81 0.00521
82 0.001502 0.01103
83 0.03329
84 0.02943
85 0.1895

86 0.0167

87 0.06604
88 0.001526 0.0158

89 0.13375
90 0.00698
91 0.06489
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92 0.000807 0.46129
93 0.001735 0.01223
94 0.000104 0.00377
95 0.000726 0.0284
96 0.003086 0.08639
97 0.013152
98 0.002403 0.31442
99 0.000053 0.01853
100 0.001878 0.0406
101 0.000936 0.02676
102 0.00014 0.00079
103 0.026548 0.1369
104 0.002347 0.01862
105 0.00463 0.05399
106 0.00107 0.01281
107 0.002355 0.05975
108 0.022478 0.18998
109 0.000172 0.07394
110 0.01492 0.13966
111 0.000823 0.00906
112 0.000016 0.00338
113 0.000438 0.007
114 0.000028 0.00136
115 0.003995 0.11638
116 0.000487 0.03805
117 0.00001 0.00059
118 0.007941 0.35112
119 0.00529 0.10708
120 0.005573 0.17034
121 0.00097 0.0066
122 0.000319 0.00358
123 0.001005 0.11083
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124 0.04523 1.15388
125 0.010664 5.1323

126 0.208601 7.80667
127 0.002512 0.05451
128 0.013868 0.34261
129 0.003338 1.38513
130 0.066775 1.0325

131 0.010469 0.70056
132 0.23077
133 0.28486
134 0.000264 0.00626
135 0.000415 0.00426
136 0.007081 0.06711
137 0.000247 0.0029

138 0.000372 0.0056

139 0.000079 0.00232
140 0.001951 0.20876
141 0.003032 0.03456
142 0.000168 0.02479
143 0.000607 0.00339
144 0.002415 0.50494
145 0.003012 0.01877
146 0.003848 0.13832
147 0.002444 0.01163
148 0.003293 0.45803
149 0.010719 9.78842
150 0.001416 0.00988
151 0.000986 0.02623
152 0.00507 1.51236
153 0.000587 0.0022

154 0.003355 0.25518
155 0.010438 0.02813
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156 0.001495 0.0046

157 0.004819 0.84062
158 0.003155 0.02712
159 0.000663 0.00609
160 0.00009 0.00064
161 0.003464 0.07118
162 0.0003 0.01285
163 0.000453 0.00171
164 0.001786 0.00348
165 0.001143 0.0051

166 0.000838 0.0034

167 0.00021 0.00052
168 0.003111 0.01478
169 0.001413 0.02318
170 0.005729 0.0262

171 0.001256 0.00526
172 0.000097 0.00054
173 0.00003 0.00026
174 0.001496 0.01916
175 0.000742 0.00203
176 0.001026 0.02525
177 0.00344 0.08604
178 0.000098 0.00067
179 0.000085 0.00119
180 0.037935 0.32664
181 0.000369 0.02508
182 0.000211 0.00102
183 0.000351 0.01554
184 0.001911 0.01289
185 0.002375 0.00669
186 0.000543 0.00227
187 0.052695 0.36206
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188 0.001665 0.0038
189 0.004825 0.08484
190 0.005214 0.03868
191 0.005493 0.07417
192 0.028389 1.33598
193 0.022188 0.29525
194 0.052695 2.00576
195 0.010816 0.22819
196 0.009244 0.15938
197 0.010657 0.16406
198 0.002208 0.02577
199 0.00205 0.0163
200 0.006253 0.03494
201 0.007559 0.23587
202 0.011089 0.31465
203 0.000526 0.01305
204 0.00148 0.05674
205 0.015449 0.0848
206 0.009318 0.06699
207 0.015211 0.1941
208 0.022234 0.12057
209 0.009029 0.02302
210 0.004129 1.46178
211 0.011046 0.08632
212 0.023777 0.14147
213 0.006005 0.03014
214 0.0042 0.01369
215 0.012533 0.07593
216 0.001631 0.00948
217 0.052695 10
218 0.000056 0.00275
219 0.000039 0.00395
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220 0.000712 0.00703
221 0.000042 0.00354
222 0.000032 0.00223
223 0.000091 0.00732
224 0.052695 10
225 0.052695 1.4926
226 0.052695 3.73402
227 0.052695 0.23582
228 0.003585 0.01747
229 0.003028 0.01032
230 0.040546 10
231 0.033862 0.22799
232 0.052695 3.73097
233 0.02633 0.10142
234 0.000083 0.00053
235 0.004953 0.01491
236 0.003805 0.00852
237 0.0239 0.09042
238 0.006285 0.03744
239 0.052695 0.65742
240 0.003832 0.04887
241 0.004851 0.02019
242 0.002403 0.07139
243 0.009341 0.05285
244 0.006865 0.4862
245 0.000823 0.01338
246 0.00004 0.00137
247 0.023456
248 0.006464 0.03347
249 0.008307 0.03659
250 0.003026 0.04093
251 0.052695 0.41771
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252 0.014442

253 0.001951 0.02161
254 0.001913 0.00971
255 0.030176 0.10005
256 0.006436 0.03683
257 0.019371

258 0.052695 1.40385
259 0.000876 0.13543
260 0.000028 0.00085
261 0.000026 0.00134
262 0.000068 0.00127
263 0.000019 0.0011
264 0.003842 0.78046
265 0.022308

266 0.03151

267 0.000635 0.00541
268 0.004067 0.03383
269 0.044671

270 0.003647 1.32072
271 0.000021 0.00151
272 0.000012 0.00267
273 0.004014 0.0118
274 0.01231

275 0.00185 0.00575
276 0.002733 0.0104
277 0.014467

278 0.034389 0.44515
279 0.000016 0.00026
280 0.000068 0.03545
281 0.000034 0.01284
282 0.052695 0.9114
283 0.052695 0.93049
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284 0.047786 0.09752
285 0.052695 0.27692
286 0.000089 0.00329
287 0.00002 0.00083
288 0.028547 0.08467
289 0.012077 0.03453
290 0.000086 0.00119
291 0.000157 0.00383
292 0.000033 0.00086
293 0.017649 0.30299
294 0.012828 0.06198
295 0.002003 0.01111
296 0.052695 4.33031
297 0.000938 0.00426
298 0.002147 0.01641
299 0.000093

300 0.000029 0.01591
301 0.000015 0.00026
302 0.018592 0.94532
303 0.052695 0.45963
304 0.00184 0.01182
305 0.003054 0.01285
306 0.005748 0.01779
307 0.011385

308 0.00781 0.01983
309 0.002575 0.00883
310 0.01123 0.06854
311 0.008774 0.02971
312 0.002113 0.00658
313 0.04725

314 0.000995 0.00419
315 0.009907
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316 0.007682 0.06768
317 0.004109 0.01786
318 0.003273 0.01409
319 0.018814

320 0.006341 0.02038
321 0.012517

322 0.012211

323 0.03239

324 0.008661 1.24263
325 0.010357 0.05992
326 0.007962 0.02265
327 0.00696 0.16597
328 0.023395

329 0.031246

330 0.008378 0.02427
331 0.002355 0.00891
332 0.014953

333 0.002817 0.02375
334 0.005902 0.01902
335 0.02011

336 0.006059 0.26784
337 0.002761 0.00996
338 0.019733

339 0.030394

340 0.022174

341 0.006845 0.05064
342 0.00171 0.01069
343 0.008632 0.19354
344 0.000157 0.10231
345 0.000142 0.02819
346 0.000012 0.00028
347 0.001317 0.00653
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348 0.0006 0.00362
349 0.000078 0.00074
350 0.000788 0.00287
351 0.000835 0.00573
352 0.001104 0.008
353 0.001589 0.01402
354 0.025264 0.23599
355 0.00613 0.05669
356 0.005621 0.04458
357 0.003695 0.02169
358 0.000952 0.0073
359 0.000083 0.00074
360 0.000056 0.00044
361 0.052695 0.11787
362 0.002055 0.01346
363 0.000075 0.00023
364 0.000078 0.00067
365 0.021181 0.25109
366 0.000048 0.0005
367 0.000021 0.00071
368 0.000088 0.00322
369 0.000015 0.00097
370 0.000254 0.00133
37 0.000057 0.00022
372 0.052695 0.77712
373 0.000138 0.00142
374 0.00018
375 0.000088 0.001
376 0.004582 0.12254
377 0.0004
378 0.00024
379 0.0002
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380 0.00072 383 0.11958

381 0.00077 384 0.00036

382 0.154

For Table 4B, IC, values were calculated by concentration-response curve fitting using a four-

parameter analytic method and reported in nM.

Table 4B
Ex # ENZYME CELL AXL 404 0.05 0.248
AXL KI (nM) IC50 (nM)

405 6.514 11.458
385 0.109 1.461

406 1.027 8.791
386 0.824 4.15

407 18.543 32.266
387 <0.018 0.152

408 0.979 31.9
388 0.711 4.08

409 0.054 0.744
389 4.392 67.024

410 3.639 37.656
390 0.056 0.755

411 0.098 0.999
391 <0.01 3 0.143

412 4.246 38.304
392 0.016 0.137

413 0.223 1.79
393 18.654 69.686

414 0.717 7.403
394 0.087 0.937

415 <0.013 0.052
395 2.809 33.992

416 0.293 1.396
396 0.401 4.079

417 0.507 2.132
397 4728 16.963

418 0.103 0.634
398 0.144 0.615

419 0.056 1.622
399 9.414 36.122

420 3.65 30.029
400 6.238 70.752

421 0.435 2.796
401 11.115 24.754

422 0.105 0.364
402 4.086 7.305

423 0.08 0.071
403 21.974 59.395

424 0.109 0.138
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425 1.075 9.282 453 4.008 20.807
426 0.476 1.951 454 0.97 99.975
427 0.081 0.495 455 0.474 19.401
428 6.906 32.324 456 0.111 0.725
429 0.018 0.161 457 <0.013 1.185
430 0.07 0.523 458 0.75 14.103
431 15.482 49.629 459 <0.013 0.272
432 0.389 3.114 460 0.08 0.98
433 0.049 5.057 461 0.083 0.41
434 0.055 0.865 462 0.093 0.694
435 1.397 39.811 463 5.93 33.073
436 2.798 40.541 464 0.239 4.631
437 0.034 1.256 465 0.61 4.143
438 0.17 76.695 466 0.244 1.669
439 0.053 0.685 467 0.034 0.19
440 3.229 33.267 468 0.334 3.757
441 1.931 22.065 469 0.014 0.078
442 0.04 2.974 470 0.765 3.759
443 0.038 0.584 471 0.02 0.196
444 0.028 1.883 472 0.048 1.576
445 0.049 0.403 473 0.164 6.736
446 0.879 15.498 474 0.119 0.863
447 0.058 4.209 475 0.068 0.5
448 0.48 11.149 476 0.158 0.958
449 4.224 22.202 477 0.051 0.499
450 0.02 0.441 478 0.162 4.629
451 0.03 1.003 479 0.035 4,941
452 0.181 1.808 480 0.032 1.892
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481 0.187 11.47
482 0.037 0.868
483 0.038 0.981
484 0.03 3.449
485 0.025 0.287
486 4.876 5.693
487 0.111 0.493
488 0.042 0.354
489 0.319 2.892
490 0.534 1.973
491 3.363 5.783
492 <0.206 0.461
493 1.219 6.721
494 0.119 0.602
495 1.593 14.693
496 4.995 4.326
497 >52.695 90.785
498 0.088 0.927
499 8.42 6.631
500 3.021 20.864
501 <0.412 1.066
502 <0.082 0.132
503 0.227 0.186
504 <0.082 0.125
505 <0.082 0.409
506 0.021 0.299
507 0.041 0.389
508 1.396 8.8

PCT/IB2015/059360

509

0.658

9.754
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We Claim:
1. A compound of formula (1):
R3
\
/Z
RZ—N
@]
5 (T )
R X—=
\_/
O
() Ve

wherein :

each X is N or CR®, where at least one X is N, where each R®is independently selected from the
group consisting of hydrogen, halogen, (Cs-Cgalkyl, (C,-Cgalkenyl, (C,-Cgalkynyl, (Ci-
Cghaloalkyl, -(C4-C,alkylene-R7, -OR7,-CN, -NO , and -NR "R’, where each R’ is independently
selected from the group consisting of hydrogen and (Ci-Cgalkyl, and where each said (Ci-
Cgalkyl in R8is optionally substituted by one or more substituents independently selected from
the group consisting of halogen, hydroxyl and (C4-Cgalkoxy;,

Y is Y'-Y2 or Y2Y', where Y' is absent or is selected from the group consisting of (Ci-
Cgalkylene, (C,Cgalkenylene, (Ci-Cghaloalkylene, (Ci-Cg)heteroalkylene, and (C,
Cgheteroalkenylene, and where Y' is optionally substituted with one or more R8 where each R8
is independently selected from the group consisting of halogen, (C4-Cy )alkyl, -CN, =0, -R® -
OR?, -SR? and -NO ,, and where each R is independently selected from the group consisting of
hydrogen, (Ci-Cg)alkyl, (C5-Cio)cycloalkyl, 3-12 membered heterocyclyl, (C4-Cqaryl and 5-12
membered heteroaryl, and where Y2 is absent or oxygen;
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Z is Z'-72, where each of Z' and Z2 is independently absent or selected from the group
consisting of (d-C galkylene, (C,-Cgalkenylene, (C5-C, )cycloalkyl, 3-12 membered heterocyclyl
and (C4-Cgpheteroalkylene, where Z is optionally independently substituted with one or more R'o
where each R'" is independently selected from the group consisting of halogen, (C4-Cyalkyl, -
CN, =0, -OR* and -NO,, and where each R'" is independently selected from the group
consisting of hydrogen, (C4-Cgalkyl, (C4Cy )cycloalkyl, 3-12 membered heterocyclyl, (Cs-

Cy,)aryl and 5-12 membered heteroaryl;

each R'is independently selected from the group consisting of hydrogen , halogen , (d-C galkyl,
(d-C ghaloalkyl, -(d-C alkyhR7, -OR7, -CN, -C(0)R7, -COR?, -C(0)NR'R?, -SR”, -SOR7, -
SO,R’, -SONR'R’, -NO,, -NR'R7, -NR'C(0)R7, -NR'C(O)NR’R’, -NR’C(0)OR’

-NR’S0 R, -NR’S0 ,NR’R?, -OC(0)R” and -OC(0)NR’R’; where any set of two R' on the same

or different piperidine carbons optionally join to form a spirocyclic, fused or bridged ring system

comprising 1-4 non-piperadine members and 1-2 heteroatoms selected from N, O and S, and
where any set of two R' on adjacent piperidine carbons optionally join to form a carbon-carbon
bond ;

R2and R3 are each independently selected from the group consisting of hydrogen , halogen,
(Ci-Cgalkyl, (Ci-Cg)haloalkyl, (C4Cigcycloalkyl, 3-12 membered heterocyclyl, -OR%, -NR"RY,
-C(O)NR™R*, -SO,NR™R*, -NR™SO,R*, -SO,R*, (Ce-C)aryl and 5-12 membered
heteroaryl, where each R'3 is independently selected from the group consisting of hydrogen,
(d-C palkyl, (d-C pHhaloalkyl, (C,Cyy)cycloalkyl, 3-12 membered heterocyclyl, (Cs-C,,)aryl and
5-12 membered heteroaryl, where each R' is independently selected from the group consisting
of hydrogen , (C4-Cgalkyl, (C4Cyp)cycloalkyl, 3-12 membered heterocyclyl, (Cs-Cq,)aryl and 5-12
membered heteroaryl, ortwo R' together with the N atom to which they are attached to form a
3-12 membered heterocyclyl or 5-12 membered heteroaryl, each optionally containing 1,2 or 3
additional heteroatoms selected from O, N and S, and where R2, R3 or both RZ and R3 is
optionally substituted with one or more substituents independently selected from halogen, (d-
Cyalkyl , hydroxyl, (d-C jpalkoxy, -CN, NH,, NH(C,-C,alkyl), N(Cl-C4aIkyI)2, (C4C pcycloalkyl, 3-

12 membered heterocyclyl, (CG-C12)aryI and 5-12 membered heteroaryl;

or R?2 and R3join to form a heterocyclic ring selected from azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, piperadinonyl, piperazinonyl and morpholinyl, optionally substituted with one or
more substituents independently selected from the group consisting of R's and (Ci-d)alkylene-
R's, where R'S is independently selected from the group consisting of halogen , (C4+-Cpalkyl, (d-
Cphaloalkyl,  hydroxyl, (Cs-Cpalkoxy, CN, NH,, NH(d-C jalkyl), N(d-C jalkyl),, (Cs
Cio)cycloalkyl, 3-12 membered heterocyclyl, (Cs-d Laryl and 5-12 membered heteroaryl
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R%is selected from the group consisting of (C4-Cgalkyl, (C;-Cghaloalkyl, (C5-Cyo)cycloalkyl, 3-12
membered heterocyclyl and -C(O)NR "“R'4, where R4 is optionally substituted with one or more
R'2 independently selected from halogen, hydroxyl, (CrC*alkoxy, -CN, NH,, NH(C;-C alkyl),
N(C4-C,alkyl),, (C4-Cy)cycloalkyl, 3-12 membered heterocyclyl, (Cs-Cyaryl and 5-12
membered heteroaryl, and where, when R' is (C+-Cjalkoxy, NH(C,-C,alkyl), N(C4-Csalkyl),,
(C5-Cy,)cycloalkyl, 3-12 membered heterocyclyl, (Cs-Cy,)aryl or 5-12 membered heteroaryl, it is
optionally substituted by one or more substituents independently selected from halogen,
hydroxyl, (C4-Cpalkoxy, -CN, NH,, NH(C;-Csalkyl), N(C;-Csalkyl);, (C4C, )cycloalkyl, 3-12

membered heterocyclyl, (C,-Cqj)aryl and 5-1 2 membered heteroaryl;

R is a mono- or bi-cyclic aryl or a mono- or bi-cyclic heteroaryl, optionally substituted with one
or more substituents independently selected from the group consisting of (C4-Cgalkyl, halogen,
(CrCeJhaloalkyl, (C4-C,)cycloalkyl, 3-12 membered heterocyclyl, -OR®, -NR™R4,
C(O)NR "R, -S0 ,NR'*R%, -S0 ,R*, -NR"S0,R*, CN, mono- or bi-cyclic aryl and mono- or bi-
cyclic heteroaryl, said one or more optional substituents being further optionally substituted with
one or more substituents selected from the group consisting of (C4-Cgalkyl, (C4-Cgalkylene-OH,
(CrC”haloalkyl, (C4C,cycloalkyl, 3-12 membered heterocyclyl, -OR?®, -NR"R#4, -
C(O)NR R, -S0 ,NR"*R™, -S0 ,R*, -NR"*S0 ,R* and CN;

and mis 1-9,

or a pharmaceutically acceptable salt thereof.
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2. A compound of formula (ll):
R3
\
Z
RZ—N/
(1) °
R® | =
\ \ %
Y N \ /N
X
O
0 Ve

wherein :

each X is N or CRS, where at least one X is N, and where each RS is independently selected

from the group consisting of hydrogen, halogen and (Ci-Cgalkyl;

Y is Y'-Y2 or Y2-Y' where Y' is absent or is selected from the group consisting of (Ci-
Cgalkylene and (Ci-Cg)haloalkylene, and where Y' is optionally substituted with one or more R8
where each R®is independently selected from the group consisting of halogen, (C;-C, )alkyl and

-CN, and where Y2 is absent or oxygen;

Z is Z2'-Z2, where each of Z' and Z2 is independently absent or selected from the group
consisting of (C,-Cgalkylene, (C4Cy)cycloalkyl and 3-12 membered heterocyclyl, where Z is
optionally substituted with one or more R where each R' is independently selected from the

group consisting of halogen, (C;-Cgalkyl and -CN;

each R' is independently selected from the group consisting of hydrogen, halogen, (Ci-Cgalkyl,
(C4-Cghaloalkyl, -(C-C alkyl)R7, -OR” and -CN;

R?and R3 are each independently selected from the group consisting of hydrogen, (Ci-Cgalkyl,
(Cy4-Chaloalkyl, (C4Cy )cycloalkyl, 3-12 membered heterocyclyl, -OR* and -SO 2R”, where
each R'@ is independently selected from the group consisting of hydrogen, (C+-Cpalkyl and (C4-
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Cyhaloalkyl, where each R' is independently selected from the group consisting of hydrogen
and (C4-Cgalkyl, and where R?, R3or both R?and R? is optionally substituted with one or more
substituents independently selected from halogen, (Ci-Cgjalkyl, hydroxyl, (CrC”alkoxy, -CN,
NH,, NH(C-C,alkyl), N(C,-C,alkyl),;

or RZ2 and R3join to form a heterocyclic ring selected from azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, piperadinonyl, piperazinonyl and morpholinyl, optionally substituted with one or
more substituents independently selected from the group consisting of R'S and (Ci-C 4)alkylene-
R's, where R'S is independently selected from the group consisting of halogen, (C4-Cpalkyl, (Cy-
Cphaloalkyl, hydroxyl, (Cs-Cjpalkoxy, CN, NH,, NH(C-C,alkyl), N(C-Csalkyl), and (Cs-
Cy,)cycloalkyl;

R* is selected from the group consisting of (C4-Cgalkyl and (CrC*haloalkyl, where R* is
optionally substituted with one or more R'2 independently selected from halogen, hydroxyl, (C;-
Cpalkoxy, -CN, NH,, NH(Ci-C jalkyl), N(Ci-C jalkyl),, (C5-Cyp)cycloalkyl, and 3-12 membered
heterocyclyl, and where, when R" is (Ci-C,)alkoxy, NH(Ci-C salkyl), N(Ci-C salkyl),, (Cs-
Cio)cycloalkyl or 3-12 membered heterocyclyl, it is optionally substituted by one or more
substituents independently selected from halogen, hydroxyl, (C,-Cjalkoxy, -CN, NH,, NH(C,-
C,alkyl) and N(Ci-C ,alkyl),;

R® is a mono- or bi-cyclic aryl or a mono- or bi-cyclic heteroaryl, optionally substituted with one
or more substituents independently selected from the group consisting of (Ci-Cgalkyl, (Ci-
Cghaloalkyl, -OR*, -NR"*R*, -C(O)NR "#R*4, CN, mono- or bi-cyclic aryl and mono- or bi-cyclic
heteroaryl, said one or more optional substituents being further optionally substituted with one or
more substituents selected from the group consisting of (Ci-Cgalkyl, (Ci-Cg)alkylene-OH, (Ci-
Cghaloalkyl, -OR™, -NR'R* and -S0 ,R*;

and mis 1-9

or a pharmaceutically acceptable salt thereof.
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3. A compound of formula (i11):
R3
\
Z
/
HN
(@]
RS X —=
\Y N4< N
\_/
O

(i R4/

wherein :

X is N or CRS, where RS is selected from the group consisting of hydrogen, halogen and (C;-
Cgalkyl;

Y is absent, (CrC alkylene, 0-(C;-Cgalkylene or (C,-Cralkylene -O;

Z is Z'-72, where each of Z' and Z2 is independently absent or C;-Cgalkylene, where Z is
optionally substituted with one or more R'® where each R' is independently selected from the

group consisting of halogen and (C4-Cgalkyl,

R3 is selected from the group consisting of hydrogen, (C;-C’alkyl and -OR 2, where R'® is

selected from the group consisting of hydrogen and (Ci-C palkyl,

R4is (C,-Cralkyl optionally substituted by one or more R'? independently selected from halogen,
hydroxyl, (C;-Cpalkoxy, -(CsCyo)cycloalkyl, and 3-12 membered heterocyclyl, where one or
more carbons on R'2, if present, are optionally substituted by one or more substituents

independently selected from halogen, hydroxyl and (C4-C,alkoxy; and

R5 is a mono- or bi-cyclic heteroaryl, optionally substituted with one or more substituents

independently selected from the group consisting of (CVC”alkyl and -OR ?3;

or a pharmaceutically acceptable salt thereof.
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4. The compound or pharmaceutically acceptable salt of claims 1 or 2, wherein -Z-R 3 is
straight or branched (CrC"alkylene-OH , or straight or branched (C;-C*alkylene -O-(C;-Cralkyl.

5. The compound or pharmaceutically acceptable salt of claims 1 or 2, wherein -R? is
straight or branched (CrCalkyl substituted with hydroxyl, (Cs-Cjalkoxy, (C4C,/)cycloalkyl or
5  3-12 membered heterocyclyl.

6. The compound or pharmaceutically acceptable salt of claims 1 or 2, wherein

Y is absent or (CrC alkylene, and RS is selected from pyrrolopyrimidine, pyrazolopyrimidine

and pyridine, optionally substituted with one or more substituents independently selected from

the group consisting of (C-Cgalkyl, (C4-Cghaloalkyl, -OR?, -NR™R", mono- or bi-cyclic aryl

10  and mono- or bi-cyclic heteroaryl, said aryl or heteroaryl being further optionally substituted with

one or more substituents selected from the group consisting of (C4-Cgalkyl.

7. The compound or pharmaceutically acceptable salt of any of claims 1, 2 or 3, wherein

RS is selected from:

,N\ N / "\ NH NS fN\j
/W;’(\/) | /I/\yN | "‘E/\) and ‘}‘I'{LV/N

, wherein R5 is
15  optionally substituted with one or more substituents independently selected from the group
consisting of (Ci-Cgalkyl and -OR *.

8. The compound or pharmaceutically acceptable salt of any of claims 1, 2 or 3, wherein
Y is
-CH ,-0- or-0-CH ,-.
20

9. The compound or pharmaceutically acceptable salt of claim 3, wherein X is N.

10. The compound or pharmaceutically acceptable salt of claim 3, wherein X is CH.

11. A compound selected from:
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A/
N/
PG
07 N Z\
o ..
- \/l . O OH
H
Os _N.
J X -
A0 O)\\N N o
]
Na
0% “NH,
O N N N2 SiH
N : = /o HN
/4
N O)\\N N <N \\C\N O~ o)
\\\V) O / N\(N
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H,N” N }
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and

or a pharmaceutically acceptable salt thereof.

12. A pharmaceutical composition comprising a compound according to any one of
claims 1-7 and 11, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.
13. A method of treating abnormal cell growth in a mammal, the method comprising
administering to the mammal a therapeutically effective amount of a compound according to any

one of claims 1-7 or 11, or a pharmaceutically acceptable salt thereof.

14. The method of claim 13, wherein the abnormal cell growth is cancer.
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15. The method of claim 14, wherein the cancer is lung cancer, bone cancer, pancreatic
cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular melanoma, uterine
cancer, ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease,
cancer of the esophagus, cancer of the small intestine, cancer of the endocrine system, cancer
of the thyroid gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of
soft tissue, cancer of the urethra, cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal
cell carcinoma, carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS),

primary CNS lymphoma, spinal axis tumors, brain stem glioma, or pituitary adenoma.

16. Use of a compound according to any one of claims 1-11 or a pharmaceutically
acceptable salt thereof for the preparation of a medicament useful in the treatment of abnormal

cell growth in a mammal.

17. The use of claim 16, wherein the abnormal cell growth is cancer.

18. The use of claim 17, wherein the cancer is lung cancer, bone cancer, pancreatic
cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular melanoma, uterine
cancer, ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease,
cancer of the esophagus, cancer of the small intestine, cancer of the endocrine system, cancer
of the thyroid gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of
soft tissue, cancer of the urethra, cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal
cell carcinoma, carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS),

primary CNS lymphoma, spinal axis tumors, brain stem glioma, or pituitary adenoma.
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