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BIARYL INHIBITORS OF BRUTON’S TYROSINE KINASE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. provisional patent application
serial no. 61/914,886, filed December 11, 2013, the entire contents of which are hereby

incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Protein kinases are a large multigene family consisting of more than 500 proteins which
play a critical role in the development and treatment of a number of human diseases in oncology,
neurology and immunology. The Tec kinases are non-receptor tyrosine kinases which consists
of five members (Tec (tyrosine kinase expressed in hepatocellular carcinoma), Btk (Bruton's
tyrosine kinase), Itk (interleukin-2 (IL-2)-inducible T-cell kinase; also known as Emt or Tsk),
Rlk (resting lymphocyte kinase; also known as Txk) and Bmx (bone-marrow tyrosine kinase
gene on chromosome X; also known as Etk)) and are primarily expressed in haematopoietic
cells, although expression of Bmx and Tec has been detected in endothelial and liver cells. Tec
kinases (Itk, Rlk and Tec) are expressed in T cell and are all activated downstream of the T-cell
receptor (TCR). Btk is a downstream mediator of B cell receptor (BCR) signaling which is
involved in regulating B cell activation, proliferation, and differentiation. More specifically, Btk
contains a PH domain that binds phosphatidylinositol (3,4,5)-trisphosphate (PIP3). PIP3 binding
induces Btk to phosphorylate phospholipase C (PLCy), which in turn hydrolyzes PIP2 to produce
two secondary messengers, inositol triphosphate (IP3) and diacylglycerol (DAG), which activate
protein kinase PKC, which then induces additional B-cell signaling. Mutations that disable Btk
enzymatic activity result in XLA syndrome (X-linked agammaglobulinemia), a primary
immunodeficiency. Given the critical roles which Tec kinases play in both B-cell and T-cell
signaling, Tec kinases are targets of interest for autoimmune disorders.

[0003] Consequently, there is a great need in the art for effective inhibitors of Btk. The

present invention fulfills these and other needs.
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SUMMARY OF THE INVENTION

[0004] In certain embodiments, the present invention provides a compound of formula I:

R2
R? NTW
4
R | N ©
|
Q1 /QZ
ﬂ1 \AZ
3 5
A\N/ N/R
H
1

or a pharmaceutically acceptable salt thereof, wherein each of R', R% R, RY, R, Ql, Qz, QS, Al

A?% and A’ is as defined and described in classes and subclasses herein.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0005] In some embodiments, the present invention provides a compound of formula I:
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or a pharmaceutically acceptable salt thereof, wherein:

onec of A' and A% is C-R®, and the other of A' and A* is C-R® or N;
A’ is selected from C-H or N, and is C-H when A' or A% is N;

Q' is selected from C-R” and N;

Q’ is selected from C-R” and N;

Q’ is selected from C-R” and N;

wherein at most one of Q', Q%, and Q* is N;

R' is —=N(R), or an optionally substituted group selected from phenyl, 3- to 7-membered saturated

or partially unsaturated monocyclic carbocyclyl, 3- to 7-membered saturated or partially

unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen,

or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen,

nitrogen, or sulfur, 7- to 10-membered saturated or partially unsaturated bicyclic carbocyclyl,

7- to 10-membered saturated or partially unsaturated bicyclic heterocyclyl having 1-4

heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic heteroaryl

having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, and 8- to 10-membered
bicyclic aryl;
R’ is H or optionally substituted C,_s aliphatic,
or R' and R? together with their intervening atoms, form an optionally substituted ring
selected from 3- to 7-membered saturated or partially unsaturated monocyclic

heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-
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membered bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen,
or sulfur, and 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected
from oxygen, nitrogen;

R’ is selected from H, halogen, -C(O)N(R),, -C(O)OR, -C(O)R, and optionally substituted C1.
aliphatic;

R* is selected from halogen, -NO,, -CN, —OR, SR, -N(R),, -C(O)R, -C(O)OR, —-S(O)R,
—S(0)2R, —C(O)N(R)2, -SO;N(R),, -OC(O)R, -N(R)C(O)R, -N(R)C(O)OR,

—N(R)SO2R, -OC(O)N(R),, and optionally substituted C,¢ aliphatic;
or R and R* together with their intervening atoms, form an optionally substituted fused
Ring A, wherein fused Ring A is selected from fused 5- to 7-membered monocyclic
carbocycle and fused 5- to 7-membered heterocycle having 1-2 heteroatoms selected
from oxygen, nitrogen, or sulfur;

R’ is selected from H, -C(O)R, -C(O)OR, —S(O)R, —S(0);R, —C(O)N(R),, or an optionally
substituted group selected from C, ¢ aliphatic, phenyl, 3- to 7-membered saturated or partially
unsaturated monocyclic carbocyclyl, 3- to 7-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 5-
to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur,
7-to 10-membered saturated or partially unsaturated bicyclic carbocyclyl, 7- to 10-
membered saturated or partially unsaturated bicyclic heterocyclyl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl;

cach of R® and R’ is independently selected from H, halogen, -NO,, —CN, —-OR, —SR,
—N(R),, -C(O)R, -C(O)OR, —S(O)R, —S(0):R, —C(O)N(R),, -SO,N(R),, -OC(O)R,
-N(R)C(O)R, -N(R)C(O)OR, —-N(R)SO;R, -OC(O)N(R),, or optionally substituted C;¢
aliphatic; and

cach R is independently hydrogen or an optionally substituted group selected from C; aliphatic,
phenyl, 3- to 8-membered saturated or partially unsaturated carbocyclyl ring, 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4

heteroatoms selected from oxygen, nitrogen, or sulfur, or:
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two R groups on the same nitrogen are taken together with their intervening atoms to form an
optionally substituted ring selected from 3- to 7-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or
5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or

sulfur.

Definitions

[0006] Compounds of this invention include those described generally above, and are further
illustrated by the classes, subclasses, and species disclosed herein. As used herein, the following
definitions shall apply unless otherwise indicated. For purposes of this invention, the chemical
elements are identified in accordance with the Periodic Table of the Elements, CAS version,
Handbook of Chemistry and Physics, 75" Ed. Additionally, general principles of organic
chemistry are described in “Organic Chemistry”, Thomas Sorrell, University Science Books,
Sausalito: 1999, and “March’s Advanced Organic Chemistry”, 5t Ed., Ed.: Smith, M.B. and
March, J., John Wiley & Sons, New York: 2001, the entire contents of which are hereby
incorporated by reference.

[0007] The abbreviations used herein have their conventional meaning within the chemical
and biological arts. The chemical structures and formulae set forth herein are constructed
according to the standard rules of chemical valency known in the chemical arts.

[0008] The term “aliphatic” or “aliphatic group”, as used herein, means a straight-chain
(i.e., unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is completely
saturated or that contains one or more units of unsaturation, or a monocyclic hydrocarbon or
bicyclic hydrocarbon that is completely saturated or that contains one or more units of
unsaturation, but which is not aromatic (also referred to herein as “carbocyclyl,” “cycloaliphatic”
or “cycloalkyl”), that has a single point of attachment to the rest of the molecule. Unless
otherwise specified, aliphatic groups contain 1-6 aliphatic carbon atoms. In some embodiments,
aliphatic groups contain 1-5 aliphatic carbon atoms. In some embodiments, aliphatic groups
contain 1-4 aliphatic carbon atoms. In some embodiments, aliphatic groups contain 1-3 aliphatic
carbon atoms, and in yet other embodiments, aliphatic groups contain 1-2 aliphatic carbon atoms.

In some embodiments, “cycloaliphatic” (or “carbocyclyl” or “cycloalkyl”) refers to a monocyclic
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Cs-C7 hydrocarbon that is completely saturated or that contains one or more units of
unsaturation, but which is not aromatic, that has a single point of attachment to the rest of the
molecule. Suitable aliphatic groups include, but are not limited to, linear or branched,
substituted or unsubstituted alkyl, alkenyl, alkynyl groups and hybrids thereof such as
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl.

[0009] The term “fused 5- to 7-membered monocyclic carbocycle” refers to a
monocyclic hydrocarbon that shares three carbon atoms with the core structure. By way of
illustration, the compound of Example I-90 possesses a S-membered fused monocyclic

carbocycle, as indicated by the dotted lines below:

1-90.

[0010] The term “heteroatom” means one or more of oxygen, sulfur, nitrogen, phosphorus,
or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR" (as in N-substituted
pyrrolidinyl)).

[0011] The term “unsaturated,” as used herein, means that a moiety has one or more units
of unsaturation.

[0012] The term “alkylene” refers to a bivalent alkyl group. An “alkylene chain” is a
polymethylene group, i.e., —(CH;),—, wherein n is a positive integer, preferably from 1 to 6, from
1 to 4, from 1 to 3, from 1 to 2, or from 2 to 3. A substituted alkylene chain is a polymethylene
group in which one or more methylene hydrogen atoms are replaced with a substituent. Suitable

substituents include those described below for a substituted aliphatic group.
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[0013] The term “halogen” means F, CI, Br, or L.

[0014] The term “aryl” used alone or as part of a larger moiety as in “aralkyl,”
“aralkoxy,” or “aryloxyalkyl,” refers to monocyclic and bicyclic ring systems having a total of
five to 10 ring members, wherein at least one ring in the system is aromatic and wherein each
ring in the system contains three to seven ring members. The term “aryl” may be used
interchangeably with the term “aryl ring”. In some embodiments, an 8-10 membered bicyclic
aryl group is an optionally substituted naphthyl ring. In certain embodiments of the present
invention, “aryl” refers to an aromatic ring system which includes, but not limited to, phenyl,
biphenyl, naphthyl, anthracyl and the like, which may bear one or more substituents. Also
included within the scope of the term “aryl,” as it is used herein, is a group in which an aromatic
ring is fused to one or more non—aromatic rings, such as indanyl, phthalimidyl, naphthimidyl,
phenanthridinyl, or tetrahydronaphthyl, and the like.

[0015] The terms “heteroaryl” and “heteroar—,” used alone or as part of a larger moiety,
e.g., “heteroaralkyl,” or “heteroaralkoxy,” refer to groups having 5 to 10 ring atoms, preferably
5, 6, or 9 ring atoms; having 6, 10, or 14 & electrons shared in a cyclic array; and having, in
addition to carbon atoms, from one to five heteroatoms. Heteroaryl groups include, without
limitation, thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and pteridinyl. The terms “heteroaryl” and
“heteroar—", as used herein, also include groups in which a heteroaromatic ring is fused to one or
more aryl, cycloaliphatic, or heterocyclyl rings, where the radical or point of attachment is on the
heteroaromatic ring. Nonlimiting examples include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4H—quinolizinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and
pyrido[2,3-b]-1,4—oxazin—3(4H)—one. A heteroaryl group may be mono— or bicyclic. The term
“heteroaryl” may be used interchangeably with the terms “heteroaryl ring,” “heteroaryl group,”
or “heteroaromatic,” any of which terms include rings that are optionally substituted. The term
“heteroaralkyl” refers to an alkyl group substituted by a heteroaryl, wherein the alkyl and
heteroaryl portions independently are optionally substituted.
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[0016] As used herein, the terms “heterocyclyl,” “heterocyclic radical,” and “heterocyclic
ring” are used interchangeably and refer to a stable 5— to 7-membered monocyclic or 7-10—
membered bicyclic heterocyclic moiety that is either saturated or partially unsaturated, and
having, in addition to carbon atoms, one or more, preferably one to four, heteroatoms, as defined
above. When used in this context in reference to a ring atom, the term "nitrogen" includes a
substituted nitrogen. As an example, in a saturated or partially unsaturated ring having 0-3
heteroatoms selected from oxygen, sulfur or nitrogen, the nitrogen may be N (as in 3,4—-dihydro—
2H-pyrrolyl), NH (as in pyrrolidinyl), or 'NR (as in N—substituted pyrrolidinyl).

[0017] A heterocyclic ring can be attached to its pendant group at any heteroatom or
carbon atom that results in a stable structure and any of the ring atoms can be optionally
substituted. Examples of such saturated or partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl, tetrahydrothiophenyl pyrrolidinyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl. The
terms “heterocyclyl,” “heterocyclyl ring,” “heterocyclic group,” “heterocyclic moiety,” and
“heterocyclic radical,” are used interchangeably herein, and also include groups in which a
heterocyclyl ring is fused to one or more aryl, heteroaryl, or cycloaliphatic rings, such as
indolinyl, 3H-indolyl, chromanyl, phenanthridinyl, or tetrahydroquinolinyl, where the radical or
point of attachment is on the heterocyclyl ring. A heterocyclyl group may be mono— or bicyclic.
The term “heterocyclylalkyl” refers to an alkyl group substituted by a heterocyclyl, wherein the
alkyl and heterocyclyl portions independently are optionally substituted.

[0018] The term “fused 5- to 7-membered monocyclic heterocycle” refers to a
monocyclic heterocyclic moiety that shares three carbon atoms with the core structure. By way
of illustration, the compound of Example I-98 possesses a 6-membered fused monocyclic

heterocycle, as indicated by the dotted lines below:
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[0019] As used herein, the term “partially unsaturated” refers to a ring moiety that
includes at least one double or triple bond. The term “partially unsaturated” is intended to
encompass rings having multiple sites of unsaturation, but is not intended to include aryl or
heteroaryl moieties, as herein defined.

[0020] As described herein, compounds of the invention may, when specified, contain
“optionally substituted” moieties. In general, the term “substituted,” whether preceded by the
term “optionally” or not, means that one or more hydrogens of the designated moiety are
replaced with a suitable substituent. Unless otherwise indicated, an “optionally substituted”
group may have a suitable substituent at each substitutable position of the group, and when more
than one position in any given structure may be substituted with more than one substituent
selected from a specified group, the substituent may be either the same or different at every
position. Combinations of substituents envisioned by this invention are preferably those that
result in the formation of stable or chemically feasible compounds. The term “stable,” as used
herein, refers to compounds that are not substantially altered when subjected to conditions to
allow for their production, detection, and, in certain embodiments, their recovery, purification,
and use for one or more of the purposes disclosed herein.

[0021] Suitable monovalent substituents on a substitutable carbon atom of an “optionally
substituted” group are independently halogen; —(CH,)o 4R°; —(CH,)o 4OR®; -O(CH,)o4R°, —O—
(CH2)0-4C(O)OR®; <(CH2)04CH(OR®),; (CH3)0-4SR°; —(CH3)9_4Ph, which may be substituted
with R°; —(CH3)04O(CH2)o_1Ph which may be substituted with R°; -CH=CHPh, which may be
substituted with R°; —(CH3)o 4O(CH;)o_1-pyridyl which may be substituted with R°; -NO;; —CN;
—N3; -(CH2)0-4N(R°)2; =(CH2)o-aN(R°)C(O)R®; -N(R°)C(S)R®;
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—(CH2)04N(R°)C(O)NR?;; -N(R°)C(S)NR®;; (CH3)0_4sN(R°)C(O)OR®;

—N(R°)N(R®)C(O)R°; -N(R°)N(R°)C(O)NR,; -N(R°)N(R°)C(O)OR°; —(CH2)0_4C(O)R®;
—C(S)R®; —(CH2)0-4C(O)OR®; -(CHz)0-4C(O)SR?; -(CH2)0 4C(O)OSiR°3; <(CH2)o 4OC(O)R®;
—OC(0)(CH2)0_4SR—, SC(S)SR®; -(CH2)p-sSC(O)R°; «(CHz)o 4C(O)NR°;; —C(S)NR°;;
—C(S)SR®; —SC(S)SR®, -(CH;)s 4OC(O)NR®;; -C(O)N(OR®)R?; —C(O)C(O)R®;
—C(O)CH,C(O)R?; —C(NOR®)R®; -(CH3)0_4SSR®; —=(CH,)¢-4S(0),R°; ((CH;)4-4S(0),0R®;
—(CH2)040S(0)2R°; —S(0)2NR°7; (CH2)0-4S(O)R?®; -N(R°)S(0),NR°; -N(R°)S(0).R°;
—N(OR°)R®; —C(NH)NR°;; —P(0),R°; -P(O)R°;; -OP(O)R°;; —OP(O)(OR?),; SiR°3; —(C;_4
straight or branched alkylene)O-N(R°),; or —(C;_4 straight or branched alkylene)C(O)O-N(R®),,
wherein each R° may be substituted as defined below and is independently hydrogen,

Cy¢ aliphatic, -CH,Ph, —O(CH,)o_1Ph, -CH,~(5-6 membered heteroaryl ring), or a 5—6—
membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or, notwithstanding the definition above, two
independent occurrences of R°, taken together with their intervening atom(s), form a 3—12—
membered saturated, partially unsaturated, or aryl mono— or bicyclic ring having 0—4
heteroatoms independently selected from nitrogen, oxygen, or sulfur, which may be substituted
as defined below.

[0022] Suitable monovalent substituents on R° (or the ring formed by taking two
independent occurrences of R° together with their intervening atoms), are independently
halogen, —(CH,)o »R®, —(haloR*®), (CH,)o ,OH, —(CH;); 2OR®, -(CH,),_

»CH(OR®),; -O(haloR®), -CN, —N3, -(CH,)¢ 2C(O)R*®, -(CH,)¢ 2C(O)OH, —(CHy)o_
»C(0)OR®, -(CH3)02SR*®, «(CH2)¢_2SH, —(CH,)¢2NH,, -(CH2)s,NHR®, -(CH;)¢_,NR*®,, -NO,,
—SiR*®;, —OSiR*®;, -C(O)SR® —(C, 4 straight or branched alkylene)C(O)OR®, or —SSR*® wherein
each R*® is unsubstituted or where preceded by “halo” is substituted only with one or more
halogens, and is independently selected from C, 4 aliphatic, -CH,Ph, —O(CH,), ;Ph, or a 5-6—
membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. Suitable divalent substituents on a saturated carbon
atom of R° include =0 and =S.

[0023] Suitable divalent substituents on a saturated carbon atom of an “optionally

substituted” group include the following: =0, =S, =NNR,, =NNHC(O)R’, =NNHC(O)OR”,

10
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=NNHS(0),R", =NR", =NOR", “O(C(R,)),_30—, or =S(C(R 1)), 3S—, wherein each independent
occurrence of R is selected from hydrogen, C; g aliphatic which may be substituted as defined
below, or an unsubstituted 5—6—membered saturated, partially unsaturated, or aryl ring having 0—
4 heteroatoms independently selected from nitrogen, oxygen, or sulfur. Suitable divalent
substituents that are bound to vicinal substitutable carbons of an “optionally substituted” group
include: —O(CR*Z)HO—, wherein each independent occurrence of R is selected from hydrogen,
C,_¢ aliphatic which may be substituted as defined below, or an unsubstituted 5—6—membered
saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur.

[0024] Suitable substituents on the aliphatic group of R” include halogen,

—R®, -(haloR®), -OH, —OR*®, —O(haloR*®), —-CN, —C(0)OH, —-C(O)OR®, -NH,, -NHR*®, -NR*,, or
—-NO,, wherein each R® is unsubstituted or where preceded by “halo” is substituted only with one
or more halogens, and is independently C; 4 aliphatic, -CH,Ph, —O(CH;)¢_1Ph, or a 5-6—
membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur.

[0025] Suitable substituents on a substitutable nitrogen of an “optionally substituted”
group include —R', -NR',, -C(O)R, -C(O)OR', -C(0)C(O)R', -C(0)CH,C(O)R,

—S(0),RY, -S(0),NRT,, —C(S)NR',, -C(NH)NR',, or -N(R")S(0),R"; wherein ecach R is
independently hydrogen, C, ¢ aliphatic which may be substituted as defined below, unsubstituted
—OPh, or an unsubstituted 5—6—membered saturated, partially unsaturated, or aryl ring having 0—
4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or, notwithstanding the
definition above, two independent occurrences of RY, taken together with their intervening
atom(s) form an unsubstituted 3—12—-membered saturated, partially unsaturated, or aryl mono— or
bicyclic ring having 0—4 heteroatoms independently selected from nitrogen, oxygen, or sulfur.
[0026] Suitable substituents on the aliphatic group of R” are independently

halogen, -R®, -(haloR*®), -OH, —OR®, —O(haloR*®), -CN, —C(O)OH, -C(O)OR®, -NH,, -NHR®,
—NR®,, or -NO,, wherein cach R® is unsubstituted or where preceded by “halo” is substituted
only with one or more halogens, and is independently C;_4 aliphatic, -CH,Ph, -O(CH;),-1Ph, or
a 5—-6-membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms

independently selected from nitrogen, oxygen, or sulfur.
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[0027] As used herein, the term “pharmaceutically acceptable salt” refers to those salts
which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic response and the
like, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable
salts are well known in the art. For example, S. M. Berge et al., describe pharmaceutically
acceptable salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein by
reference.

[0028] In certain embodiments, the neutral forms of the compounds are regenerated by
contacting the salt with a base or acid and isolating the parent compound in the conventional
manner. In some embodiments, the parent form of the compound differs from the various salt
forms in certain physical properties, such as solubility in polar solvents.

[0029] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, Z and E double
bond isomers, and Z and E conformational isomers. Therefore, single stereochemical isomers as
well as enantiomeric, diastereomeric, and geometric (or conformational) mixtures of the present
compounds are within the scope of the invention. Unless otherwise stated, all tautomeric forms
of the compounds of the invention are within the scope of the invention. Additionally, unless
otherwise stated, structures depicted herein are also meant to include compounds that differ only
in the presence of one or more isotopically enriched atoms. For example, compounds having the
present structures including the replacement of hydrogen by deuterium or tritium, or the
replacement of a carbon by a "*C- or "*C-enriched carbon are within the scope of this invention.
Such compounds are useful, for example, as analytical tools, as probes in biological assays, or as
therapeutic agents in accordance with the present invention.

[0030] The term “oxo0,” as used herein, means an oxygen that is double bonded to a
carbon atom, thereby forming a carbonyl.

[0031] One of ordinary skill in the art will appreciate that the synthetic methods, as
described herein, utilize a variety of protecting groups. By the term “protecting group,” as used
herein, it is meant that a particular functional moiety, e.g., O, S, or N, is masked or blocked,

permitting, if desired, a reaction to be carried out selectively at another reactive site in a
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multifunctional compound. Suitable protecting groups are well known in the art and include
those described in detail in Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M.
Wuts, 3H edition, John Wiley & Sons, 1999, the entirety of which is incorporated herein by
reference. In certain embodiments, a protecting group reacts selectively in good yield to give a
protected substrate that is stable to the projected reactions; the protecting group is preferably
selectively removable by readily available, preferably non-toxic reagents that do not attack the
other functional groups; the protecting group forms a separable derivative (more preferably
without the generation of new stereogenic centers); and the protecting group will preferably have
a minimum of additional functionality to avoid further sites of reaction. As detailed herein,
oxygen, sulfur, nitrogen, and carbon protecting groups may be utilized. Amino-protecting
groups include methyl carbamate, 9-fluorenylmethyl carbamate (Fmoc), 9-(2,7-
dibromo)fluoroenylmethyl carbamate, 4-methoxyphenacyl carbamate (Phenoc), 2,2,2-
trichloroethyl carbamate (Troc), 2-trimethylsilylethyl carbamate (Teoc), 1-methyl-1-(4-
biphenylyl)ethyl carbamate (Bpoc), 2-(2’- and 4’-pyridyl)ethyl carbamate (Pyoc), 2-(N, N-
dicyclohexylcarboxamido)ethyl carbamate, #-butyl carbamate (BOC), allyl carbamate (Alloc), 4-
nitrocinnamyl carbamate (Noc), N-hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl
carbamate (Cbz), p-nitobenzyl carbamate, p-chlorobenzyl carbamate, diphenylmethyl carbamate,
2-methylsulfonylethyl carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, 2,4-dimethylthiophenyl
carbamate (Bmpc), 2-triphenylphosphonioisopropyl carbamate (Ppoc), m-chloro-p-
acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl carbamate, m-nitrophenyl carbamate, 3,5-
dimethoxybenzyl carbamate, o-nitrobenzyl carbamate, phenyl(o-nitrophenyl)methyl carbamate,
N’-p-toluenesulfonylaminocarbonyl derivative, N '-phenylaminothiocarbonyl derivative, ~amyl
carbamate, p-cyanobenzyl carbamate, cyclohexyl carbamate, cyclopentyl carbamate, p-
decyloxybenzyl carbamate, 2,2-dimethoxycarbonylvinyl carbamate, 2-furanylmethyl carbamate,
isoborynl carbamate, isobutyl carbamate, 1-methyl-1-phenylethyl carbamate, 1-methyl-1-(4-
pyridyl)ethyl carbamate, phenyl carbamate, formamide, acetamide, chloroacetamide,
trichloroacetamide, trifluoroacetamide, phenylacetamide, 3-phenylpropanamide, picolinamide,
N-benzoylphenylalanyl derivative, benzamide, p-phenylbenzamide, o-nitrophenoxyacetamide,
acetoacetamide, 4-chlorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-

acetylmethionine derivative, o-nitrobenzamide, o-(benzoyloxymethyl)benzamide, 4,5-diphenyl-
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3-oxazolin-2-one, N-phthalimide, N-2,5-dimethylpyrrole, N-methylamine, N-allylamine, N-[2-
(trimethylsilyl)ethoxy]methylamine (SEM), N-3-acetoxypropylamine, N-benzylamine, N-
triphenylmethylamine (Tr), N-2-picolylamino N’-oxide, N-1,1-dimethylthiomethyleneamine, V-
benzylideneamine, N-p-methoxybenzylideneamine, N-(N’, N -dimethylaminomethylene)amine,
N,N’-isopropylidenediamine, N-p-nitrobenzylideneamine, N-(5-chloro-2-
hydroxyphenyl)phenylmethyleneamine, N-cyclohexylideneamine, N-(5,5-dimethyl-3-oxo-1-
cyclohexenyl)amine, N-borane derivative, N-diphenylborinic acid derivative, N-nitroamine, N-
nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp), dimethylthiophosphinamide (Mpt),
dialkyl phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,
benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide, 2-nitro-4-methoxybenzenesulfenamide,
triphenylmethylsulfenamide, p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,-trimethyl-
4-methoxybenzenesulfonamide (Mtr), 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-dimethyl-
4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl-4-methoxybenzenesulfonamide
(Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylbenzenesulfonamide (Mts),
methanesulfonamide (Ms), B-trimethylsilylethanesulfonamide (SES), benzylsulfonamide,
trifluoromethylsulfonamide, and phenacylsulfonamide Exemplary protecting groups are detailed
herein, however, it will be appreciated that the present invention is not intended to be limited to
these protecting groups; rather, a variety of additional equivalent protecting groups can be
readily identified using the above criteria and utilized in the method of the present invention.
Additionally, a variety of protecting groups are described by Greene and Wuts (supra).

[0032] The symbol “~n~”, except when used as a bond to depict unknown or mixed
sterecochemistry, denotes the point of attachment of a chemical moiety to the remainder of a

molecule or chemical formula.

Compounds
[0033] As described above, in certain embodiments provided compounds are of formula

I:
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or a pharmaceutically acceptable salt thereof, wherein each of R', R% R, RY R, Ql, Qz, Q3, Al
A?, and A’ is as defined above and described in classes and subclasses herein, both singly and in
combination.
[0034] As used herein, unless otherwise stated, references to formula I also include all
subgenera of formula I defined and described herein (e.g., formulae I’, I-a, II-a, I1-b, Il-c, I1I,
IV-a, IV-b, IV-¢, V-a, V-b, VI-a, VI-b, VII-a, VII-b, VII-c and VII-d).
[0035] In some embodiments, A’ and A% are C-R® and A* is C-H. In some embodiments,
A'is C-R®, A% is N, and A* is C-H. In some embodiments, A' is C-R®, A% is C-R®, and A* is N.
In some embodiments, A' is N, A? is C-R®, and A® is C-H.
[0036] In some embodiments, Q', Q%, and Q* are C-R’. In some embodiments, Q' is N,
and Q and Q* are C-R’. In some embodiments, Q* is N, and Q' and Q* are C-R’. In some
embodiments, Q° is N, and Q' and Q* are C-R’.
[0037] In certain embodiments, R' is an optionally substituted group selected from 5- to
6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur,
phenyl, or 3- to 7-membered saturated or partially unsaturated monocyclic heterocyclyl having
1-2 heteroatoms selected from oxygen, nitrogen, or sulfur.
[0038] In some embodiments, R' is optionally substituted phenyl. In some embodiments,
R' is phenyl substituted with halogen.
[0039] In some embodiments, R' is optionally substituted 5-membered heteroaryl having

1-4 heteroatoms selected from oxygen, nitrogen, or sulfur. In some embodiments, R is an
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optionally substituted group selected from thiazolyl, pyrazolyl, isoxazolyl, or thiophenyl. In
some embodiments, R' is thiazolyl, pyrazolyl, or isoxazolyl substituted with #-butyl or —CF;.
[0040] In some embodiments, R' is optionally substituted 6-membered heteroaryl having
1-4 heteroatoms selected from oxygen, nitrogen, or sulfur. In some embodiments, R' is
optionally substituted pyridyl. In some embodiments, R' is pyridyl substituted with z-butyl

or -CF;.

[0041] In other embodiments, R' is optionally substituted 3- to 7-membered saturated or
partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen,
nitrogen, or sulfur. In some embodiments, R' is an optionally substituted group selected from
piperidinyl or azetidinyl. In some embodiments, R' is piperidinyl substituted with z-butyl

or -CF3. In some embodiments, R' is azetidinyl substituted with —OC 4 alkyl.

[0042] In some embodiments, R' is optionally substituted 7- to 10-membered saturated or
partially unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur. In some embodiments, R' is optionally substituted 7- to 10-membered
bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur.

[0043] In some embodiments, R' is optionally substituted with one or more groups
selected from halogen, C; ¢ aliphatic optionally substituted with halogen, or -OR.

[0044] In some embodiments, R' is selected from:
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[0045] In certain embodiments, R' is s . In certain embodiments, R is

N\
O
'71L Y . . 1- ,'HLN . . 1-
- . In certain embodiments, R is . In certain embodiments, R is

O
NERN
[0046] In some embodiments, R' is —N(R),. In some embodiments, R'is -N(R); and R

is an optionally substituted group selected from phenyl, 3- to 8-membered saturated or partially

unsaturated carbocyclyl ring, 3- to 7- membered saturated or partially unsaturated monocyclic
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heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, and 5- to 6-
membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur. In some
embodiments, R' is -N(R), and R is a 3- to 8-membered saturated or partially unsaturated
carbocyclyl ring.

[0047] In some embodiments, R? is hydrogen. In some embodiments, R%is optionally
substituted C,_¢ aliphatic. In some embodiments, R’ is methyl.

[0048] In some embodiments, R' and R?, together with their intervening atoms, form an
optionally substituted ring selected from 3- to 7-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to
10-membered bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, or 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen,
nitrogen.

[0049] In some embodiments, when R' and R? are taken together they form a 7- to 10-
membered bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, optionally substituted with Cy.¢ aliphatic. In some embodiments, when R' and R? are
taken together they form a 7- to 10-membered bicyclic heterocyclyl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, optionally substituted with #-butyl or cyclopropyl. In
some embodiments, R' and R” are taken together to form a 7- to 10-membered bicyclic

heterocyclyl selected from:

—N
N\A< S \NA(
I O NS
RS N > S RS N > S RS N
X X X
| 0 |

(@) |

= 0
R3_N R3_N R N\)
X X X
| o) | 0 [ ‘
[0050] In some embodiments, R is hydrogen. In some embodiments, R’ is optionally

substituted C,¢ aliphatic. In some embodiments, R*is Cis alkyl. In some embodiments, R*is

methyl.
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[0051] In certain embodiments, R* is halogen, —OR, —SR, —N(R),, -C(O)R, -C(O)OR,
—S(O)R, —S(0),R, —C(O)N(R),, -SO,N(R),, -OC(O)R, -N(R)C(O)R, -N(R)C(O)OR,
~N(R)SO;R, -OC(O)N(R),, or optionally substituted Cy¢ aliphatic. In some embodiments, R* is
optionally substituted C)_s aliphatic. In some embodiments, R* is Cy_s alkyl. In some
embodiments, R* is methyl. In some embodiments, R” is trifluoromethyl.

[0052] In some embodiments, R? is halogen.

[0053] In certain embodiments, R and R*, together with their intervening atoms, form

optionally substituted fused Ring A (indicated by the dotted lines in the structure below):

Fused Ring A is selected from fused 5- to 7-membered monocyclic carbocycle and 5- to 7-
membered monocyclic heterocycle having 1-2 heteroatoms selected from oxygen, nitrogen, and
sulfur.

[0054] In some embodiments, fused Ring A is fused 5- to 7-membered monocyclic
carbocycle. In some embodiments, fused Ring A is fused 7-membered monocyclic carbocycle.
It is to be understood that in the context of “fused Ring A,” the carbon chain formed by R? and
R* is a saturated carbon chain. For example, in the compound of Example 90, fused Ring A
(indicated by dotted lines in the structure below) is a five-membered ring in which R* and R*

form a -CH,-CH,- chain:

19



WO 2015/089337 PCT/US2014/069853

1-90

[0055] In some embodiments, fused Ring A is fused 5- to 7-membered monocyclic

heterocycle having 1 heteroatom selected from oxygen or nitrogen. It is to be understood that in
the context of “fused Ring A,” the chain formed by R and R” is a saturated chain. For example,
in the compound of Example 98, fused Ring A (indicated by dotted lines in the structure below)

is a six-membered ring in which R? and R* form a -CH,-O-CH,- chain:

[0056] In some embodiments, fused Ring A is fused 5-membered monocyclic

heterocycle having 1 oxygen. In some embodiments, fused Ring A is fused 6-membered
monocyclic heterocycle having 1 oxygen. In some embodiments, fused Ring A is fused 7-
membered monocyclic heterocycle having 1 oxygen. In some embodiments, fused Ring A is
fused 5-membered monocyclic heterocycle having 1 nitrogen. In some embodiments, fused Ring
A is fused 6-membered monocyclic heterocycle having 1 nitrogen. In some embodiments, fused

Ring A is fused 7-membered monocyclic heterocycle having 1 nitrogen.
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[0057] In some embodiments, R’ is selected from hydrogen, -C(O)R, or optionally
substituted 5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen,
or sulfur. In some embodiments, R’ is hydrogen. In some embodiments, R’ is ~C(O)R, wherein
R is C16 aliphatic. In some embodiments, R’ is -C(O)Me.

[0058] In some embodiments, R’ is optionally substituted 5- to 6-membered heteroaryl
having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur. In some embodiments, R’ is an
optionally substituted group selected from pyrazolyl, imidazolyl, isoxazolyl, triazolyl, tetrazolyl,
thiadiazolyl, or pyridyl.

[0059] In some embodients, R’ is pyrazolyl optionally substituted with methyl, ethyl,
isopropyl, -(CH;),OH, -(CH;),0OMe, -(CH;),NH,, -CH,CHOHCH,NH,, -CH,CHNH,COOH,
-CH,CHNH,CH,0H, -CH;-morpholinyl, tetrahydropyranyl, azetidinyl, pyrrolidinyl, cyclobutyl,
piperidinyl, or cyclohexyl, any of which may be substituted with C,_s aliphatic, hydroxyl, or

carboxyl.

[0060] In some embodiments, R’ is pyridyl optionally substituted with piperazinyl.
[0061] In some embodiments, R’ is imidazolyl optionally substituted with C s aliphatic.
[0062] In some embodiments, R’ is triazolyl optionally substituted with Cy_s aliphatic.
[0063] In some embodiments, R’ is an optionally substituted group selected from:

Eﬁ\ MeE\ =N I(*NH Me N

NH NH /E(NH = ) E/

I \ Pl x 4 X /N O
e

H
N
= = N=\ =N NH N-NH
£ 0 s
5 \N,N N /E&/NH %LN,NH }{EN, %J’\/

0
§7° NH 0
o ,N >~ ,N Ny /N N ’
SN SN 2SN %&j N

In some embodiments, said groups are substituted with one or more moieties selected from

methyl, ethyl, isopropyl, -C(O)OC,ealkyl; -(CH,),OH, -(CH;),OMe, -(CH;),NH,,

21



WO 2015/089337 PCT/US2014/069853

-CH,CHOHCH;NH,, -CH,CHNH,COOH, -C(CH3),C(O)NH,, -CH,CHNH,CH,OH, -CH;-
morpholinyl, tetrahydropyranyl, azetidinyl, pyrrolidinyl, cyclobutyl, piperidinyl, piperizinyl, or
cyclohexyl, any of which may be substituted with C; aliphatic, halogen, hydroxyl, or carboxyl.

/N\ /N\ /N\
— N
}&L/N Me ;{Q/NH ALL/ \Q\COOH

[0064] In some embodiments, R° is
e )
f( _N) f(7 _N) N’N/_\OH =N
25 Y S , %J’\) or %J;/N\ONH '
[0065] In some embodiments, each R® is independently selected from hydrogen, halogen,

or Cysaliphatic. In some embodiments, each R® is independently selected from hydrogen,
fluoro, or methyl. In some embodiments, each R is hydrogen.

[0066] In certain embodiments, each R’ is independently selected from hydrogen or
halogen. In some embodiments, cach R’ is hydrogen. In some embodiments, when R” is

halogen, one R’ is halogen and other R” groups are hydrogen.

[0067] In some embodiments, provided compounds are of formula I”:
R2
R? NTW
4
R | Nge ©
|
1 2
Q. __=Q

or a pharmaceutically acceptable salt thereof, wherein:
one of A' and A% is C-R®, and the other of A' and A” is selected from C-R° or N;
A’ is selected from C-H or N, and is C-H when A' or A% is N;
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Q' is selected from C-R” and N;

Q’ is selected from C-R” and N;

Q’ is selected from C-R” and N;

wherein at most one of Q', Q% and Q* is N;

R' is selected from —N(R),, phenyl, 3- to 7-membered saturated or partially unsaturated
monocyclic carbocyclyl, 3- to 7-membered saturated or partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 5- to 6-
membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to
10-membered saturated or partially unsaturated bicyclic carbocyclyl, 7- to 10-membered
saturated or partially unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from
oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl, wherein said
phenyl, 3- to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or
partially unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially
unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl are optionally substituted with one or
more RIO;

R’ is H or C ¢ aliphatic;

or R' and R? together with their intervening atoms, form a ring selected from 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic
heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, or 7- to
10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen,
wherein said ring is optionally substituted with one or more R*’;

R? is selected from H, halogen, -C(O)N(R),, -C(O)OR, -C(O)R, and C, aliphatic, wherein the
Ci.6 aliphatic group is optionally substituted with hydroxyl;
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cach R*is independently selected from halogen, -NO,, —-CN, —OR, —SR,
—N(R),, -C(O)R, -C(O)OR, —S(O)R, —=S(0),R, —C(O)N(R),, -SO,;N(R),, -OC(O)R,
—-N(R)C(O)R, -N(R)C(O)OR, -N(R)SO;R, -OC(O)N(R),, or C;¢ aliphatic, wherein said C;
aliphatic is optionally substituted with one or more R*’;
or R* and R* together with their intervening atoms form fused Ring A selected from fused
5-to 7-membered monocyclic carbocycle, fused 5- to 7-membered monocyclic
heterocycle having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, wherein
said fused Ring A is optionally substituted with one or more R*’;

R’ is selected from H, -C(O)R, -C(O)OR, —S(O)R, —S(O),R, —C(O)N(R),, or C1 aliphatic,
phenyl, 3- to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or
partially unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially
unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl, wherein said C, aliphatic, phenyl, 3-
to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-membered
saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected
from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or partially
unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially unsaturated
bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to
10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, or 8- to 10-membered bicyclic aryl, are optionally substituted with one or more R’

cach of R® and R’ is independently selected from H, halogen, -NO,, —CN, —-OR, —SR,
—N(R),, -C(O)R, -C(O)OR, —S(O)R, —=S(0),R, —C(O)N(R),, -SO,;N(R),, -OC(O)R,
-N(R)C(O)R, -N(R)C(O)OR, -N(R)SO;R, -OC(O)N(R),, or C;s aliphatic;

cach R is independently hydrogen or C; aliphatic, phenyl, 3- to 8-membered saturated or

partially unsaturated carbocyclyl ring, 3- to 7- membered saturated or partially unsaturated
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monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or
5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, wherein said C,¢ aliphatic, phenyl, 3- to 7-membered saturated or partially
unsaturated carbocyclyl ring, 3- to 7- membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or
5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, are optionally substituted with one or more R*’; or
two R groups on the same nitrogen are taken together with their intervening atoms to form a
ring selected from 3- to 7-membered saturated or partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or 5- to 6-
membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur,
wherein said ring is optionally substituted with one or more R*’;
each R' is independently selected from halogen, -ORloa, Ciealiphatic, 3- to 5S-membered
saturated or partially unsaturated carbocyclyl, 3- to S-membered saturated or partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen,
or sulfur, wherein said Cj_saliphatic, 3- to 5-membered saturated or partially unsaturated
carbocyclyl, 3- to 5S-membered saturated or partially unsaturated monocyclic heterocyclyl
having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, are optionally substituted

with one or more R";

15a,

2

cach R" is independently selected from halogen and -OR

R'% is C\_salkyl optionally substituted with halogen;

R is Csalkyl;

cach R is independently selected from halogen, C\_saliphatic, 3- to 5-membered saturated or
partially unsaturated carbocyclyl, 3- to 5-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur,
wherein said C;saliphatic, 3- to 5-membered saturated or partially unsaturated carbocyclyl,
3- to 5-membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2

heteroatoms selected from oxygen, nitrogen, or sulfur, are optionally substituted with one or

more RIS;
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each R* is independently selected from halogen, C ¢ alkyl, 4- to 6-membered monocyclic
heterocyclyl having 1-2 heteroatoms selected from carbon, nitrogen, or
sulfur, -C(O)H, -N(R*™),, -NR™)C(O)R*™), -N(R"**)C(0)»(R*), -OR™, -SR** and -
C(0),R*™, wherein said C\ alkyl group is optionally substituted with halogen or —OR**;

cach R* is independently selected from H and C)salkyl; or two R*** groups on the same
nitrogen are taken together with their intervening atoms to form a ring selected from 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur;

each R™ is independently selected from C,galkenyl and 5- or 6-membered heterocyclyl having
1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, wherein said 5- or 6-membered
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, is optionally
substituted with one or more R*’;

R* is Cpealkyl;

ecach R is independently selected from
C¢aliphatic, -OR’®, -N(R**),, -C(O)N(R*™),, -C(0),R**, 0xo0, 3- to 6-membered saturated
or partially unsaturated monocyclic carbocyclyl, 3- to 6-membered saturated or partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen,
or sulfur, and 3- to 10-membered heterocyclyalkyl having 1-4 heteroatoms selected from
oxygen, nitrogen, or sulfur, wherein said C;.salkyl, 3- to 6-membered saturated or partially
unsaturated monocyclic carbocyclyl, 3- to 6-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur,
and 3- to 10-membered heterocyclyalkyl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, are optionally substituted with one or more R’’;

R>* is selected from H and Calkyl;

cach R” is independently selected from 5- to 6-membered heterocyclyl having 1-2 heteroatoms
selected from nitrogen, oxygen, or sulfur, Cy_galkyl, -OR>**, -C(O)N(R**),,
halogen, -N(R>*®),, -C(0);R**, -S(0),R*", and -S(0),(NR***),;

R>* is selected from H and Calkyl, wherein said C, alkyl is optionally substituted with

halogen; and
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R>*" is Cpgalkyl.

[0068] In some embodiments, provided compounds are of formula I’ or a

pharmaceutically acceptable salt thereof, wherein:

one of A' and A% is C-R®, and the other of A' and A” is selected from C-R° or N;

A’ is selected from C-H or N, and is C-H when A' or A% is N;

Q' is selected from C-R” and N;

Q’ is selected from C-R” and N;

Q’ is selected from C-R” and N;

wherein at most one of Q', Q% and Q* is N;

R' is selected from —N(R),, phenyl, 3- to 7-membered saturated or partially unsaturated
monocyclic carbocyclyl, 3- to 7-membered saturated or partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 5- to 6-
membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to
10-membered saturated or partially unsaturated bicyclic carbocyclyl, 7- to 10-membered
saturated or partially unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from
oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl, wherein said

phenyl, 3- to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-

membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms

selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or

partially unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially

unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl are optionally substituted with one or

more RIO;

R?isHor Ci aliphatic;

or R' and R? together with their intervening atoms, form a ring selected from 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2

heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic
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heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, or 7- to
10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen,
wherein said ring is optionally substituted with one or more R*’;

R? is selected from H, halogen, -C(O)N(R),, -C(O)OR, -C(O)R, and C, aliphatic, wherein the
Ci.6 aliphatic group is optionally substituted with hydroxyl;

cach R*is independently selected from halogen, -NO,, —-CN, —OR, —SR,

—N(R)z2, -C(O)R, -C(O)OR, —S(O)R, —=S(O),R, —C(O)N(R)2, -SO:N(R),, -OC(O)R,
—-N(R)C(O)R, -N(R)C(O)OR, -N(R)SO;R, -OC(O)N(R),, or C;¢ aliphatic, wherein said C;
aliphatic is optionally substituted with one or more R*’;
or R* and R* together with their intervening atoms form fused Ring A selected from fused
5-to 7-membered monocyclic carbocycle, fused 5- to 7-membered monocyclic
heterocycle having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, wherein
said fused Ring A is optionally substituted with one or more R*;

R’ is selected from H, -C(O)R, -C(O)OR, -S(O)R, —S(0);R, —C(O)N(R),, or C, aliphatic,
phenyl, 3- to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or
partially unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially
unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl, wherein said C;¢ aliphatic, phenyl, 3-
to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-membered
saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected
from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or partially
unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially unsaturated
bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to
10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or

sulfur, or 8- to 10-membered bicyclic aryl, are optionally substituted with one or more R’
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cach of R® and R’ is independently selected from H, halogen, -NO,, —CN, —-OR, —SR,
—N(R),, -C(O)R, -C(O)OR, —S(O)R, —=S(0),R, —C(O)N(R),, -SO,;N(R),, -OC(O)R,
-N(R)C(O)R, -N(R)C(O)OR, -N(R)SO;R, -OC(O)N(R),, or C;s aliphatic;
cach R is independently hydrogen or C, aliphatic, phenyl, 3- to 8-membered saturated or
partially unsaturated carbocyclyl ring, 3- to 7- membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or
5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, wherein said C,¢ aliphatic, phenyl, 3- to 7-membered saturated or partially
unsaturated carbocyclyl ring, 3- to 7- membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or
5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, are optionally substituted with one or more R*’; or
two R groups on the same nitrogen are taken together with their intervening atoms to form a
ring selected from 3- to 7-membered saturated or partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or 5- to 6-
membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur,
wherein said ring is optionally substituted with one or more R*’;
each R' is independently selected from halogen, -ORloa, C,aliphatic, 3- to 5S-membered
saturated or partially unsaturated carbocyclyl, 3- to S-membered saturated or partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen,
or sulfur, wherein said Cj_saliphatic, 3- to 5-membered saturated or partially unsaturated
carbocyclyl, 3- to 5S-membered saturated or partially unsaturated monocyclic heterocyclyl
having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, are optionally substituted

with one or more R";

15a,
b

cach R" is independently selected from halogen and -OR

R'% is Csalkyl;

R is Cealkyl;

cach R is independently selected from halogen, Cy_saliphatic, 3- to 5-membered saturated or
partially unsaturated carbocyclyl, 3- to 5-membered saturated or partially unsaturated

monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur,
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wherein said C;saliphatic, 3- to 5-membered saturated or partially unsaturated carbocyclyl,
3- to 5-membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2
heteroatoms selected from oxygen, nitrogen, or sulfur, are optionally substituted with one or
more RIS;

cach R* is independently selected from halogen, 4- to 6-membered monocyclic
heterocyclyl, -N(R*™),, -N(R*™)C(O)R*™), -N(R**)C(0),(R**), -OR™, -SR** and -
C(O),R™;

cach R* is independently selected from H and C)salkyl; or two R*** groups on the same
nitrogen are taken together with their intervening atoms to form a ring selected from 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur;

each R™ is independently selected from C,galkenyl and 5- or 6-membered heterocyclyl having
1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, wherein said 5- or 6-membered
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, is optionally
substituted with one or more R*’;

R* is Cealkyl;

each R™ is independently selected from C,galkyl, -OR®, -N(R*),, -C(O)N(R’™),; -C(0),R**;
3- to 6-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 6-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, and 3- to 10-membered heterocyclyalkyl having 1-
4 heteroatoms selected from oxygen, nitrogen, or sulfur, wherein said C,alkyl, 3- to 6-
membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 6-membered
saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected
from oxygen, nitrogen, or sulfur, and 3- to 10-membered heterocyclyalkyl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, are optionally substituted with one or
more RSS;

R>* is selected from H and C,alkyl;
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each R™ is independently selected from 5- to 6-membered heterocyclyl having 1-2 heteroatoms

selected from nitrogen, oxygen, or sulfur, C_alkyl, -OR™,
N(R™),, -C(0),R**, -S(0),R’*®, and -S(0)(NR¥),;

R’ is selected from H and Csalkyl; and

R is Ciealkyl.
[0069] In some embodiments, provided compounds are of formula II-a, I1-b, or Il-c:
R2 R2 R2
RY \"/
R4 T 4
| X ?3 X Q3
Q! /Q /Q
| \
/
N
II-a II-b II-¢

or a pharmaceutically acceptable salt thereof, wherein each of R', R% R, RY R, Ql, Qz, and Q3
is as defined above and described in classes and subclasses herein, both singly and in
combination.

[0070] In some embodiments, Q', Q?, and Q are each C-R” and R’ is hydrogen. In some

embodiments, provided compounds are of formula I1I:
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R2
RS N\H/R1
R4 o)
1 X A2
3
A )\ /
111

or a pharmaceutically acceptable salt thereof, wherein each of R, R%L R, R, R, A', A% and A®
is as defined above and described in classes and subclasses herein, both singly and in
combination.

[0071] In certain embodiments, one of Ql, Qz, and Q3 is N, the other two are C-R’, and

R’ is hydrogen. In some embodiments, provided compounds are of formula IV-a, IV-b, or IV-¢:

R2 R2 R2
R? N\”/R1 R? N\”/R1 R3 ILTW
4 4 4
R N O R N O R \N O
I P P
1 \Az 'W \Az 1 \Az
A3 )\ A2 )\ R® )\
/ \N H/ R
IV-a IV-b IV-

or a pharmaceutically acceptable salt thereof, wherein each of R, R%L R, R, R, A', A% and A®
is as defined above and described in classes and subclasses herein, both singly and in
combination.

[0072] In some embodiments, provided compounds are of formula V-a or V-b:
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V-a

PCT/US2014/069853
R2

R3 NTW
R4 o)

NI

M = R®

N N~
H

V-b

or a pharmaceutically acceptable salt thereof, wherein each of Rl, Rz, R3, R4, and R’ is as defined

above and described in classes and subclasses herein, both singly and in combination.

[0073]
VI-d:
R2
R3 NTW
Me O
B
yZ R®
N N~
VI-a

33
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...........

Vi-¢

or a pharmaceutically acceptable salt thereof, wherein each of fused Ring A, Rl, Rz, R3, and R’ is

as defined above and described in classes and subclasses herein, both singly and in combination.
[0074]

In certain embodiments, provided compounds are of formula VII-a, VII-b, VII-c,
or VII-d:
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N
R
N
S
O

X _—N
N \
NH
Z =
N N
H

Vil-¢ VII-d

or a pharmaceutically acceptable salt thereof, wherein:

_—=N
J:/\NH
}7_ S

groups selected from Cy6 aliphatic, pyrrolidinyl, piperidinyl, or cyclohexyl, any of which may be

R" is methyl or CF3; and the moiety is optionally substituted with one or more

optionally substituted with hydroxyl, C, aliphatic, or carboxyl.

[0075] In certain embodiments, provided compounds are of formula VIII-a, VIII-b, or

VII-c:

N OR'02

T AN U

N S N
R4 o)

NH
NT X — >

k N

Z . /
N N N

VIlI-a VIII-b
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x _—N
N \
NH
= =
N N
H

VIII-¢

or a pharmaceutically acceptable salt thereof, wherein:

NH

eI
NH N
}’- =~ and "15‘ v

optionally substituted with one or more C,¢ aliphatic groups.

R s C6 alkyl, RYis methyl or CF3, and the moieties are

[0076] In certain embodiments, provided compounds are of formula IX:

OR'lOa

H
AT

x _—N
N \
NH
= =
N N
H

IX

or a pharmaceutically acceptable salt thereof, wherein:
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N
~ NH
R s C6 alkyl and the }1 moiety is optionally substituted with one or more C,

—

aliphatic groups.

[0077] In some embodiments, a provided compound is a compound selected from the
following, or a pharmaceutically acceptable salt thereof: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-1), N-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-2-carboxamide (I-2), N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide (I-3), N-
(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-2-
(trifluoromethyl)thiazole-5-carboxamide (I-4), N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide (I-5), 5-
(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)picolinamide (I-6), 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)benzamide (I-7), 3,4-dichloro-N-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)benzamide (I-8), N-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-tetrahydrobenzo[d]thiazole-2-carboxamide
(I-9), N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-5,6-dihydro-
4H-cyclopenta[d]thiazole-2-carboxamide (I-10), trans-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)-4-(trifluoromethyl)cyclohexanecarboxamide (I-11), 2-(tert-
butyl)-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4H-
pyrrolo[3,4-d]thiazol-6(5H)-one (I-12), 2-cyclopropyl-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)-4H-thieno[2,3-c]pyrrol-6(5H)-one (I-13), 4-methyl-N-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-2-carboxamide (I-14), N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-5H-thieno[3,2-b]pyran-2-carboxamide (I-15), 1-
methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)piperidine-
4-carboxamide (I-16), cis-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-4-(trifluoromethyl)cyclohexanecarboxamide (I-17), 5-methyl-N-(2-methyl-4-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)isoxazole-4-carboxamide (I-18), N-(2-
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methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4-
(trifluoromethyl)piperidine-1-carboxamide (I-19), 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-
1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)piperidine-1-carboxamide (I-20), 3-isopropoxy-
N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino )pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide (I-21), 1-(bicyclo[2.2.2]octan-1-yl)-3-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)urea (1-22), 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)piperazine-1-carboxamide (I-23), 2-isopropyl-N-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)morpholine-4-
carboxamide (I-24), 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methylpiperidin-4-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide (I-25), 2-(tert-butyl)-N-(2-methyl-4-(2-((tetrahydro-2H-
pyran-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-26), (R)-2-(tert-butyl)-N-(4-
(2-((1-cyclohexylethyl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-27),
(S)-2-(tert-butyl)-N-(4-(2-((1-cyclohexylethyl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-
5-carboxamide (I-28), 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyridin-4-yl)ethyl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide (I-29), 2-(tert-butyl)-N-(4-(2-((1,1-dioxidotetrahydro-2H-
thiopyran-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-30), 2-(tert-
butyl)-N-(4-(2-(((1,1-dioxidotetrahydro-2H-thiopyran-4-yl)methyl)amino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-31), 2-(tert-butyl)-N-(2-methyl-4-(2-((pyridin-4-
ylmethyl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I1-32), 2-(tert-butyl)-N-(2-
methyl-4-(2-(methylamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-33), 2-(tert-butyl)-
N-(4-(2-(ethylamino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-34), 2-(tert-
butyl)-N-(4-(2-(isopropylamino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-35),
N-(4-(2-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl )thiazole-5-
carboxamide (I-36), 2-(tert-butyl)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-37), 2-(tert-butyl)-N-(2-
methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-38), 2-(tert-butyl)-N-(4-(2-((1-(2-methoxyethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-39), 2-(tert-
butyl)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-
carboxamide (I-40), 2-(tert-butyl)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
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yl)-2-methylbenzyl)thiazole-5-carboxamide (I-41), N-(4-(2-((1-(azetidin-3-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-42), 2-(tert-
butyl)-N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-43), 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclobutanecarboxylic acid (I-44), 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(piperidin-4-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-45), 2-(tert-butyl)-N-(2-
methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-46), 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-
(methylsulfonyl)piperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-47), cis-4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid (I-48), trans-
4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-
yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid (I-49), N-(4-(2-((1-(2-aminoethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-
50), 2-(tert-butyl)-N-(4-(2-((1,3-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-51), 2-(tert-butyl)-N-(4-(2-((1,5-dimethyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-52), 2-(tert-butyl)-N-(2-
methyl-4-(2-((1,3,5-trimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-53), 2-(tert-butyl)-N-(2-methyl-4-(2-((4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-
2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-54), 2-(tert-butyl)-N-(2-methyl-4-
(2-((5-methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-2-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-55), 2-(tert-butyl)-N-(4-(2-((5-ethyl-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-
carboxamide (I-56), 2-(tert-butyl)-N-(2-methyl-4-(2-((3-methylisoxazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-57), 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-1,2,3-
triazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-58), 2-(tert-butyl)-N-(2-
methyl-4-(2-((5-methyl-1,3,4-thiadiazol-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-59), 2-(tert-butyl)-N-(2-methyl-4-(2-(pyridin-2-ylamino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-60), 2-(tert-butyl)-N-(4-(2-((5-(dimethylamino)pyridin-2-

39



WO 2015/089337 PCT/US2014/069853

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-61), 2-(tert-butyl)-N-(2-
methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-62), 2-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (1-63), 2-(tert-butyl)-N-(2-
methyl-4-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide
(1-64), 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-imidazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-65), 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-
pyrazol-3-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-66), 2-(tert-butyl)-N-(2-
methyl-4-(6-((2-methyl-2H-1,2,3-triazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-67), 2-(tert-butyl)-N-(2-methyl-4-(6-((2-methyl-2H-tetrazol-5-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-68), 2-(tert-butyl)-N-(2-methyl-4-(6-
((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide
(1-69), 2-(tert-butyl)-N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyridin-
4-yl)benzyl)thiazole-5-carboxamide (I-70), 2-(tert-butyl)-N-(2-methyl-4-(2-(1-methylpiperidine-
4-carboxamido)pyridin-4-yl)benzyl)thiazole-5-carboxamide (I-71), N-(4-(2-aminopyrimidin-4-
yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-4H-pyrazolo[1,5-a][ 1,4]diazepine-2-carboxamide (I-72),
N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-4H-thiazolo[4,5-d]azepine-2-
carboxamide (I-73), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-

tetrahydroimidazo[ 1,2-a]pyrazine-2-carboxamide (I-74), N-(4-(2-aminopyrimidin-4-yl)-2-
methylbenzyl)-4,5,6,7-tetrahydrothiazolo[ 5,4-c]pyridine-2-carboxamide (I-75), N-(4-(2-
aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydro pyrazolo [1,5-a]pyrazine-2-
carboxamide (I-76), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-1,2,3,4-
tetrahydroisoquinoline-6-carboxamide (I-77), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-
5,6,7,8-tetrahydro-1,6-naphthyridine-2-carboxamide (I-78), (7R,9aR)-N-(4-(2-aminopyrimidin-
4-yl)-2-methylbenzyl)octahydro-1H-pyrido[1,2-a]pyrazine-7-carboxamide (I-79), N-(4-(2-
aminopyrimidin-4-yl)-2-methylbenzyl)-1-methyl-1H-pyrazole-4-carboxamide (I-80), N-(4-(2-
aminopyrimidin-4-yl)-2-methylbenzyl)octahydrocyclopenta[ c]pyrrole-5-carboxamide (I-81), N-
(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno[2,3-c]pyridine-2-
carboxamide (I-82), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(trifluoromethyl)thiazole-
5-carboxamide (I-83), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-
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84), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-cyclopropylthiazole-5-carboxamide (I-
85), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-isopropylthiazole-5-carboxamide (1-86),
N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(1-methoxyethyl)thiazole-5-carboxamide (I-
87), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(tetrahydrofuran-2-yl)thiazole-5-
carboxamide (I-88), 2-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)thiazole-5-carboxamide (I-89), 2-(tert-butyl)-N-(5-
(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2,3-dihydro-1H-inden-1-yl)thiazole-5-
carboxamide (I-90), 2-(tert-butyl)-N-(6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (I-91), 2-(tert-butyl)-N-(6-(6-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-
carboxamide (I-92), N-(6-(6-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)-2-(tert-butyl)thiazole-5-carboxamide (1-93), N-(6-(6-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)-6,7-dihydro-4H-
thieno[3,2-c]pyran-2-carboxamide (1-94), N-(6-(2-((1-methyl-1H-pyrazol-4-yl)amino )pyrimidin-
4-y1)-1,2,3 4-tetrahydronaphthalen-1-yl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide (I-
95), 2-(tert-butyl)-N-(6-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-yl)-
1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (1-96), 2-(tert-butyl)-N-(7-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)chroman-4-yl)thiazole-5-carboxamide (I-97), 2-
(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)isochroman-4-
yl)thiazole-5-carboxamide (I-98), 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydroquinolin-4-yl)thiazole-5-carboxamide (I-99), 2-(tert-
butyl)-N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-2-
yl)methyl)thiazole-5-carboxamide (I-100), N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)pyridin-2-yl)methyl)-6,7-dihydro-4H-thieno[ 3,2-c]pyran-2-
carboxamide (I-101), 2-(tert-butyl)-N-((6-methyl-2'-((1-methyl-1H-pyrazol-4-yl)amino)-[2,4'-
bipyridin]-5-yl)methyl)thiazole-5-carboxamide (I-102), 2-(tert-butyl)-N-((2-methyl-6-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-3-yl)methyl)thiazole-5-carboxamide (I-
103), N-((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-3-
yl)methyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide (I-104), N-(1-(2-methyl-4-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-
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c]pyran-2-carboxamide (I-105), 2-(tert-butyl)-N-(1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide (I-106), N-(1-(4-(2-
aminopyrimidin-4-yl)-2-methylphenyl)ethyl)-2-(trifluoromethyl)thiazole-5-carboxamide (I-107),
2-(tert-butyl)-N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)phenyl)ethyl)thiazole-5-carboxamide (I-108), N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-
carboxamide (I-109), N-(4-(2-amino-5-fluoropyrimidin-4-yl)-2-methylbenzyl)-2-(tert-
butyl)thiazole-5-carboxamide (I-110), 2-(tert-butyl)-N-(4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-111), 2-(tert-butyl)-N-(2-
methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-112), N-((5-(2-aminopyrimidin-4-yl)-3-fluoropyridin-2-yl)methyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (I-113), 2-(tert-butyl)-N-(2-methyl-4-(6-((1-
methyl-1H-pyrazol-4-yl)amino)pyridazin-4-yl)benzyl)thiazole-5-carboxamide (I-114), N-(4-(2-
((I-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-6,7-dihydro-4H-
thieno[3,2-c]pyran-2-carboxamide (I-115), 2-(tert-butyl)-N-(4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)thiazole-5-carboxamide. (I-116), N-(2-
fluoro-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-4H-
thieno[3,2-c]pyran-2-carboxamide (I-117), 2-(tert-butyl)-N-(2-chloro-5-fluoro-4-(2-((1-methyl-
1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-118), N-(2-methyl-4-
(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-2-carboxamide (I-119), N-(4-(2-((1-(2-hydroxyethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-thieno[3,2-c ]pyran-2-
carboxamide (I-120), 3-isopropoxy-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (I-121), (R)-2-(tert-butyl)-
N-(2-methyl-4-(2-((1-(pyrrolidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-122), (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpyrrolidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-123), (S)-2-(tert-butyl)-N-
(2-methyl-4-(2-((1-(pyrrolidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-124), (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpyrrolidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-125), (S)-2-(tert-butyl)-N-
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(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-126), (R)-N-(4-(2-((1-(3-amino-2-hydroxypropyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-
127), (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-128), (S)-N-(4-(2-((1-(3-amino-2-
hydroxypropyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-
5-carboxamide (I-129), (S)-2-amino-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-
3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid (I-130), (S)-N-(4-(2-((1-
(2-amino-3-hydroxypropyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-
butyl)thiazole-5-carboxamide (I-131), (R)-2-amino-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid
(I-132), (R)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-133), 2-(tert-butyl)-N-(6-(6-((5-methyl-
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (I-134), N-(4-(2-aminopyrimidin-4-yl)-2-
methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-135), N-(6-(2-aminopyrimidin-4-yl)-
1,2,3,4-tetrahydronaphthalen-1-yl)-2-(tert-butyl)thiazole-5-carboxamide (I-136), N-(6-(2-
aminopyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)-4,5,6,7-tetrahydrobenzo[b]thiophene-
2-carboxamide (I-137), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-
thieno[3,2-c]thiopyran-2-carboxamide 5,5-dioxide (I-138), N-(4-(2-aminopyrimidin-4-yl)-2-
methylbenzyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide (I-139), N-(4-(2-
aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxamide
(I-140), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5-methyl-4,5,6,7-tetrahydrothieno[ 3,2-
c]pyridine-2-carboxamide (I-141), N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (I-142), N-(4-(6-acetamidopyrimidin-4-yl)-2-
methylbenzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide (I-143), tert-butyl 5-(2-
aminopyrimidin-4-yl)-2-((4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamido)methyl)benzyl(methyl)carbamate (I-144), N-(4-(2-aminopyrimidin-4-yl)-2-
((methylamino)methyl)benzyl)-4,5,6,7-tetrahydrobenzo[ b]thiophene-2-carboxamide (I-145), N-
(4-(2-aminopyrimidin-4-yl)-2-((N-methylacrylamido)methyl)benzyl)-4,5,6,7-
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tetrahydrobenzo[b]thiophene-2-carboxamide (I-146), 2-(tert-butyl)-N-(2-methyl-4-(6-((5-
methyl-5,6,7,8-tetrahydro-4H-pyrazolo[ 1,5-a][ 1,4]diazepin-2-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (I-147), 2-(tert-butyl)-N-(2-methyl-4-(6-((5,6,7,8-tetrahydro-
4H-pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-
148), tert-butyl 2-((6-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-4-yl)amino)-7,8-dihydro-4H-pyrazolo[1,5-a][ 1,4]diazepine-5(6H)-
carboxylate (I-149), 1-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-150), 2-(tert-butyl)-
N-(4-(6-((1-(2-hydroxyethyl)-1H-pyrazol-3-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-
5-carboxamide (I-151), 3-(tert-butoxy)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (I-152), 5-(tert-butyl)-N-(2-methyl-4-
(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide (I-153),
1-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl- 1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-1H-
pyrazole-4-carboxamide (I-154), 1-Methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrrole-3-carboxamide (I-155), N-(2-Methyl-4-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-5,6,7,8-tetrahydroimidazo[1,2-
a]pyridine-2-carboxamide (I-156), 1-Methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-157), 1-Methyl-N-(2-methyl-4-
(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)- 1H-pyrrole-2-carboxamide (I-
158), N-(2-Methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyridine-2-carboxamide (I-159), 3-isopropoxy-N-(2-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7Jannulen-5-yl)azetidine-1-
carboxamide (I-160), (R)-3-isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
y)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (I-161), (5)-3-
1sopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (I-162), 3-(tert-butoxy)-N-(2-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7Jannulen-5-yl)azetidine-1-
carboxamide (I-163), (R)-3-(tert-butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-y1)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (I-164), (S)-3-(tert-
butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
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benzo[7]annulen-5-yl)azetidine-1-carboxamide (I-165), N-(2-(2-((1-ethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)-3-isopropoxyazetidine-
1-carboxamide (I-166), 3-isopropoxy-N-(2-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
y)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (I-167), N-(2-(2-((1-
(2-hydroxyethyl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide (I-168), (R)-N-(2-(2-((1-(2-
hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-yl)-3-isopropoxyazetidine-1-carboxamide (I-169), (S)-N-(2-(2-((1-(2-hydroxyethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7 Jannulen-5-yl)-3-
isopropoxyazetidine-1-carboxamide (I-170), 3-isopropoxy-N-(2-(2-((1-(2-methoxyethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7Jannulen-5-yl)azetidine-1-
carboxamide (I-171), 3-isopropoxy-N-(2-(2-((1-(tetrahydro-2H-pyran-4-yl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
(I-172), 3-(tert-butoxy)-N-(2-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (I-173), 3-(zert-butoxy)-N-(2-(2-
((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-y1)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]Jannulen-5-
yl)azetidine-1-carboxamide (I-174), 3-(tert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-
carboxamide (I-175), (R)-3-(tert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
(I-176), (S)-3-(tert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)azetidine-1-carboxamide (I-177), 3-(tert-
butoxy)-N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino )pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[ 7]Jannulen-5-yl)azetidine-1-carboxamide (I-178), 3-(zert-butoxy)-N-(2-(2-
((1-(tetrahydro-2 H-pyran-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-yl)azetidine-1-carboxamide (I-179), 3-(tert-butoxy)-N-(2-(2-((1-(1-
methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-yl)azetidine-1-carboxamide (I-180), N-(2-(2-((1-(2-hydroxyethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7 Jannulen-5-yl)-3-
isopropylpyrrolidine-1-carboxamide (I-181), 3-(tert-butoxy)-N-(2-(2-((5,6-dihydro-4 H-
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pyrrolo[1,2-b]pyrazol-3-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-5-
yl)azetidine-1-carboxamide (I-182), 3-Isopropyl-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)pyrrolidine-1-
carboxamide (I-183), 3-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)pyrrolidine-1-carboxamide (I-184), 3-(tert-butyl)-
N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl)pyrrolidine-1-carboxamide (I-185), 3-(tert-butyl)-N-(2-(2-((1-(2-
methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-yD)pyrrolidine-1-carboxamide (I-186), 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(2,2,2-trifluoroethyl)-2,3,4,5-tetrahydro-1H-benzo[ c]lazepin-5-
yl)azetidine-1-carboxamide (I-187), 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(oxetan-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-yl)azetidine-
1-carboxamide (I-188), 3-(tert-butoxy)-N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-2,3,4,5-tetrahydrobenzo[h]oxepin-5-yl)azetidine-1-carboxamide (I-189), 3-(tert-butoxy)-N-
(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide (I-190), 1-(tert-butyl)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-191), 1-(zert-butyl)-5-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-1H-
pyrazolo[4,3-c]pyridin-4(5H)-one (I-192), 1-(tert-butyl)-N-(4-(6-((5,6-dihydro-4H-pyrrolo[1,2-
blpyrazol-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide (I-193), 3-
(tert-butyl)-N-(4-(2-((5,6-dihydro-4H-pyrrolo[ 1,2-b]pyrazol-3-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)pyrrolidine-1-carboxamide (I-194), cis-4-(4-((4-(4-((1-(tert-butyl)-1H-pyrazole-4-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclohexanecarboxylic acid (I-195), 5-(fert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-
yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide (I-196), 1-(zert-
butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-1H-pyrazole-4-carboxamide (I-197), 3-(tert-butoxy)-N-(4-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide (1-198), 3-(tert-
butoxy)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide (I-199), 3-(fert-butoxy)-N-(4-(2-((1-(1-
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methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide (I-200), 1-(tert-butyl)-N-(4-(2-((1-(1-
methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-1H-
pyrazole-4-carboxamide (I-201), 1-(tert-butyl)-N-(4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-1 H-pyrazole-4-carboxamide (1-202), 3-
(tert-butoxy)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide (1-203), 3-(fert-butoxy)-N-(4-(2-((1-(2-
methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-
carboxamide (I-204), 3-(tert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide (I-205), 3-(tert-
butoxy)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide (I-206), 3-(tert-butyl)-N-(4-(2-((1-((S)-1-
methylpyrrolidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide (I1-207), 3-(tert-butyl)-N-(4-(2-((1-((R)-1-
methylpyrrolidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide (I-208), 3-(fert-butyl)-N-(4-(2-((1-(2-
hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-
carboxamide (I-209), 3-(zert-butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)pyrrolidine-1-carboxamide (I-210), 1-(tert-butyl)-N-(2-cyano-4-
(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-1 H-pyrazole-4-carboxamide (I-
211), 3-isopropoxy-N-(2-methyl-4-(2-((1-(2-methyl-1-(methylamino)-1-oxopropan-2-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (I-212), 3-isopropoxy-N-(4-
(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-
carboxamide (I-213), 3-(tert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide (I-214), 3-(¢ert-butoxy)-N-
(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)azetidine-1-carboxamide (I-215), 3-(tert-butoxy)-N-(4-(2-((1-ethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide (I-216), N-(4-(2-((1-(2-
hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-
1-carboxamide (I-217), 3-isopropoxy-N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-
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4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (I-218), 3-isopropoxy-N-(2-methyl-
4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide (I-219), trans-N-(4-(2-((1-((3-fluoropiperidin-4-yl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide (I-220), 3-
isopropoxy-N-(2-methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)azetidine-1-carboxamide (I-221), N-(4-(2-((1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide (I-222), 3-(tert-butoxy)-N-(4-(2-((1,5-
dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide (I-
223), 3-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)pyrrolidine-1-carboxamide (I-224), 1-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-
methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-
225), 1-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-
4-yl)benzyl)-1H-pyrazole-3-carboxamide (I-226), (R)-3-isopropoxy-N-(2-(2-((1-(2-
methoxyethyl)-1H-pyrazol-4-yl)amino)-pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-yl)azetidine-1-carboxamide (I-227), (.S)-3-isopropoxy-N-(2-(2-((1-(2-methoxyethyl)-1H-
pyrazol-4-yl)amino)-pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-
carboxamide (I-228), (R)-3-(tert-butoxy)-N-(2-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-yl)amino)-
pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (I-229),
(8)-3-(tert-butoxy)-N-(2-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-yl)amino)-pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (I-230), 1-(zert-butyl)-N-
(2-methyl-4-(6-((4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-2-yl)amino)-pyrimidin-4-yl)benzyl)-
1H-pyrazole-4-carboxamide (I-231), 1-(tert-butyl)-N-(4-(6-((5-cthyl-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-
carboxamide (I-232), 1-(tert-butyl)-N-(4-(6-((5-(2-hydroxyethyl)-4,5,6,7-tetrahydropyrazolo[ 1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide (I-233), 1-
(tert-butyl)-N-(2-methyl-4-(6-((5,6,7,8-tetrahydro-4 H-pyrazolo[1,5-a][ 1,4]diazepin-2-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-234), 1-(zert-butyl)-N-(4-(6-((5-
(2-hydroxyethyl)-5,6,7,8-tetrahydro-4H-pyrazolo[ 1,5-a][ 1,4]diazepin-2-yl)amino)pyrimidin-4-
yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide (I-235), 1-(tert-butyl)-N-(2-methyl-4-(6-((5-
methyl-5,6,7,8-tetrahydro-4 H-pyrazolo[ 1,5-a][ 1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)-
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1H-pyrazole-4-carboxamide (I-236), 1-(tert-butyl)-N-(4-(6-((6,7-dihydro-4H-pyrazolo[5,1-
c][1,4]oxazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide (I-237),
3-Ethyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide (I-238), 3-(tert-butoxy)-N-(2-methyl-4-(6-((5-methyl-6-0x0-4,5,6,7-
tetrahydropyrazolo-[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine- 1 -carboxamide
(1-239), 1-(tert-butyl)-N-(2-chloro-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-a]-pyrazin-2-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-240), 1-(zert-butyl)-N-(4-(6-((5-
methyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)-1H-pyrazole-4-carboxamide (I-241), 1-(tert-butyl)-N-(4-(6-((5,5-
dioxido-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazin-2-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-1H-pyrazole-4-carboxamide (I-242), 3-isopropoxy-N-(2-methyl-4-(6-((1-ds-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (I-243), (.S)-3-
(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-2-
yl)amino)pyrimidin-4-yl)benzyl)pyrrolidine-1-carboxamide (I-244), (R)-3-(tert-butyl)-N-(2-
methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-
yl)benzyl)pyrrolidine-1-carboxamide (I-245), 3-(1,1,1,3,3,3-d6)isopropoxy-N-(2-methyl-4-(2-
((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (1-246), 1-
(tert-butyl)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-
pyrazole-4-carboxamide (1-247), 3-(tert-butoxy)-N-(7-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-yl)azetidine- 1 -carboxamide
(1-248), 4-isobutyl-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)piperazin-2-one (I-249), 1-tert-butyl-N-[[4-[2-[[ 1-(2-hydroxyethyl)pyrazol-4-
yl]amino]pyrimidin-4-yl]-2-methyl-phenylJmethyl]pyrazole-4-carboxamide (I-250), 3-tert-
butoxy-N-[[2-methyl-4-[6-[[5-(4-methylpiperazin-1-yl)-2-pyridyl Jamino]pyrimidin-4-
yl]phenyl]methyl]azetidine-1-carboxamide (I-251), 1-tert-butyl-N-[[2-methyl-4-[2-[(1-
methylpyrazol-4-yl)amino]pyrimidin-4-yl]phenyljmethyl]pyrazole-3-carboxamide (I-252), (3R)-
3-tert-butyl-N-[[2-methyl-4-[2-[(1-methylpyrazol-4-yl)amino]pyrimidin-4-
yl]phenyl]methyl]pyrrolidine-1-carboxamide (I-253), (3S)-3-tert-butyl-N-[[2-methyl-4-[2-[(1-
methylpyrazol-4-yl)aminoJpyrimidin-4-yl]phenylJmethyl]pyrrolidine-1-carboxamide (I-254),
(35)-3-isopropyl-N-[[2-methyl-4-[2-[(1-methylpyrazol-4-yl)amino|pyrimidin-4-
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yl]phenyl]methyl]pyrrolidine-1-carboxamide (I-255), 3-tert-butoxy-N-[[2-methyl-4-[6-[(5-
methyl-6,7-dihydro-4H-pyrazolo[1,5-a]pyrazin-2-yl)amino|pyrimidin-4-
yl]phenyl]methyl]azetidine-1-carboxamide (I-256), 1-tert-butyl-N-[2-[2-[(1-methylpyrazol-4-
yl)amino]pyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl|pyrazole-4-carboxamide
(1-257), 1-tert-butyl-N-[[4-[2-[(1-isopropylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]pyrazole-4-carboxamide (I-258), 3-isopropoxy-N-[[4-[2-[(1-isopropylpyrazol-4-
yl)amino]pyrimidin-4-yl]-2-methyl-phenylJmethyl]azetidine-1-carboxamide (I-259), 1-tert-
butyl-N-[[4-[2-[(1-cyclopropylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]pyrazole-4-carboxamide (I-260), N-[[4-[2-[(1-ethylpyrazol-4-
yl)amino]pyrimidin-4-yl]-2-methyl-phenyl jmethyl]-3-(1,1,1,3,3,3-d6)isopropoxy-azetidine-1-
carboxamide (I-262), N-[[2-methyl-4-[2-[(1-methylpyrazol-4-yl)amino]pyrimidin-4-
yl]phenyl]methyl]-3-propyl-azetidine-1-carboxamide (1-263), 5-tert-butyl-N-[[2-methyl-4-[2-[(1-
methylpyrazol-4-yl)aminoJpyrimidin-4-yl]phenyljmethyl]-1,2,4-oxadiazole-3-carboxamide (I-
264), 5-tert-butyl-N-[[2-methyl-4-[ 6-[(5-methyl-6,7-dihydro-4H-pyrazolo[1,5-a]pyrazin-2-
yl)amino]pyrimidin-4-yl]phenylJmethyl]isoxazole-3-carboxamide (I-265), 2-tert-butyl-N-[[2-
methyl-4-[6-(5,6,7,8-tetrahydro-1,6-naphthyridin-2-ylamino)pyrimidin-4-
yl]phenyl|methyl]thiazole-5-carboxamide (I-266), 2-tert-butyl-N-[[2-methyl-4-[6-(5,6,7,8-
tetrahydro-2,7-naphthyridin-3-ylamino)pyrimidin-4-ylJphenylJmethyl]thiazole-5-carboxamide
(1-267), 2-tert-butyl-N-[[4-[6-[[7-(2-hydroxyethyl)-6,8-dihydro-5H-2,7-naphthyridin-3-
yl]amino Jpyrimidin-4-yl]-2-methyl-phenyljmethyl]thiazole-5-carboxamide (I-268), 2-tert-butyl-
N-[[2-methyl-4-[6-[(7-methyl-6,8-dihydro-5H-2,7-naphthyridin-3-yl)amino]pyrimidin-4-
yl]phenyl]methyl]thiazole-5-carboxamide (I-269), 2-tert-butyl-N-[[2-methyl-4-[6-(4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-ylamino)pyrimidin-4-yl]phenyl Jmethyl]thiazole-5-
carboxamide (I-270), 2-tert-butyl-N-[[4-[6-[[ 5-(2-hydroxyethyl)-6,7-dihydro-4H-pyrazolo[1,5-
a]pyrazin-2-yl]amino]pyrimidin-4-yl]-2-methyl-phenyl Jmethyl]thiazole-5-carboxamide (I-271),
3-isopropoxy-N-[[2-methyl-4-[6-(4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
ylamino)pyrimidin-4-yl]phenyl|methyl]azetidine-1-carboxamide (I-272), 3-isopropoxy-N-[[2-
methyl-4-[6-(5,6,7,8-tetrahydro-4H-pyrazolo[1,5-a][ 1,4]diazepin-2-ylamino)pyrimidin-4-
yl]phenyl]methyl]azetidine-1-carboxamide (I-273), N-[[4-[6-[[5-(2-hydroxyethyl)-4,6,7,8-
tetrahydropyrazolo[1,5-a][1,4]diazepin-2-yl]Jamino]pyrimidin-4-yl]-2-methyl-phenylJmethyl]-3-
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isopropoxy-azetidine-1-carboxamide (1-274), 3-tert-butyl-N-[[2-methyl-4-[ 6-[(5-methyl-6,7-
dihydro-4H-pyrazolo[1,5-a]pyrazin-2-yl)amino]pyrimidin-4-yl]phenyl]methyl]pyrrolidine-1-
carboxamide (I-275), 2-tert-butyl-N-[[4-[6-(6,7-dihydro-4H-pyrazolo[5,1-c][ 1,4 ]oxazin-2-
ylamino)pyrimidin-4-yl]-2-methyl-phenylmethyl]thiazole-5-carboxamide (I-276), N-[[4-[6-(6,7-
dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-ylamino)pyrimidin-4-yl]-2-methyl-phenyl|methyl]-3-
isopropoxy-azetidine-1-carboxamide (I-277), 2-tert-butyl-N-[[2-methyl-4-[ 6-[(5-methyl-4-0xo0-
6,7-dihydropyrazolo[1,5-a]pyrazin-2-yl)amino|pyrimidin-4-yl]phenyljmethyl]thiazole-5-
carboxamide (I-278), 2-tert-butyl-N-[[4-[6-[(5,6-dimethyl-6,7-dihydro-4H-pyrazolo[1,5-
a]pyrazin-2-yl)amino]pyrimidin-4-yl]-2-methyl-phenyl Jmethyl]thiazole-5-carboxamide (I-279),
1-tert-butyl-N-[[4-[6-[(5,6-dimethyl-6,7-dihydro-4H-pyrazolo[ 1,5-a]pyrazin-2-
yl)amino]pyrimidin-4-yl]-2-methyl-phenylJmethyl]pyrazole-4-carboxamide (I-280), 3-tert-butyl-
N-[[2-methyl-4-[6-[(5-methyl-6-0x0-4,7-dihydropyrazolo[1,5-a]pyrazin-2-yl)amino |pyrimidin-
4-yl]phenyl]methyl]pyrrolidine-1-carboxamide (I-281), 1-tert-butyl-N-[[4-[6-[(4,5-dimethyl-6,7-
dihydro-4H-pyrazolo[1,5-a]pyrazin-2-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]pyrazole-4-carboxamide (1-282), 2-tert-butyl-N-[[4-[6-[(4,5-dimethyl-6,7-
dihydro-4H-pyrazolo[1,5-a]pyrazin-2-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]thiazole-5-carboxamide (I-283), 3-tert-butyl-N-[[4-[6-[(4,5-dimethyl-6,7-
dihydro-4H-pyrazolo[1,5-a]pyrazin-2-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]pyrrolidine-1-carboxamide (I-284), 2-tert-butyl-N-[[4-[6-[[ 5-(2-hydroxyethyl)-
4,6,7,8-tetrahydropyrazolo[1,5-a][ 1,4]diazepin-2-ylJamino Jpyrimidin-4-yl]-2-methyl-
phenyl]methyl]thiazole-5-carboxamide (I-285), 2-tert-butyl-N-[[2-methyl-4-[6-[(5-methyl-6-
ox0-4,7-dihydropyrazolo[ 1,5-a]pyrazin-2-yl)amino |pyrimidin-4-yl]phenyl Jmethyl]thiazole-5-
carboxamide (I-286), 3-tert-butoxy-N-[[4-[6-(6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-
ylamino)pyrimidin-4-yl]-2-methyl-phenylmethyl]azetidine-1-carboxamide (I-287), 3-tert-butyl-
N-[[4-[6-(6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-ylamino)pyrimidin-4-yl]-2-methyl-
phenyl]methyl]pyrrolidine-1-carboxamide (I-288), 2-tert-butyl-5-[[2-methyl-4-[2-[[ 1-(1-methyl-
4-piperidyl)pyrazol-4-yl]Jamino]pyrimidin-4-yl]phenyl Jmethyl]-4H-pyrrolo[3,4-d]thiazol-6-one
(1-289), 3-isopropoxy-N-[[4-[2-[(1-methylpyrazol-4-yl)amino |pyrimidin-4-yl]-2-
(trifluoromethyl)phenylmethyl]azetidine-1-carboxamide (I-290), 1-tert-butyl-N-[[2-chloro-4-[2-
[(1-methylpyrazol-4-yl)amino]pyrimidin-4-yl]phenyl]methyl]pyrazole-4-carboxamide (I-291), 4-

51



WO 2015/089337 PCT/US2014/069853

[4-[[4-[4-[[(1-tert-butylpyrazole-4-carbonyl)amino]methyl]-3-methyl-phenyl|pyrimidin-2-
yl]amino]pyrazol-1-yl]cyclohexanecarboxylic acid (I-292), 3-tert-butyl-N-[[4-[2-[(1-
isopropylpyrazol-4-yl)aminopyrimidin-4-yl]-2-(trifluoromethyl)phenyl Jmethyl]pyrrolidine-1-
carboxamide (I-293), 3-tert-butoxy-N-[[4-[2-[(1-cyclopropylpyrazol-4-yl)amino]pyrimidin-4-
yl]-2-(trifluoromethyl)phenyl]methyl]azetidine-1-carboxamide (1-294), 3-tert-butyl-N-[[4-[2-[[1-
(2-methoxyethyl)pyrazol-4-yl]Jamino]pyrimidin-4-yl]-2-
(trifluoromethyl)phenylJmethyl]pyrrolidine-1-carboxamide (I-295), 3-tert-butyl-N-[[4-[2-[(1-
cyclopropylpyrazol-4-yl)amino Jpyrimidin-4-yl]-2-(trifluoromethyl)phenyl methylpyrrolidine-1-
carboxamide (I-296), 3-tert-butyl-N-[[4-[2-[(1-cthylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-
(trifluoromethyl)phenylJmethyl]pyrrolidine-1-carboxamide (I-297), 3-tert-butyl-N-[[4-[2-[[1-(1-
methyl-4-piperidyl)pyrazol-4-yl]Jamino]pyrimidin-4-yl]-2-
(trifluoromethyl)phenylmethyl]pyrrolidine-1-carboxamide (I-298), 3-isopropoxy-N-[[4-[2-[(1-
isopropylpyrazol-4-yl)amino |pyrimidin-4-yl]-2-(trifluoromethyl)phenyl jmethyl]azetidine-1-
carboxamide (I-299), 3-methoxy-N-[[2-methyl-4-[2-[(1-methylpyrazol-4-yl)amino]pyrimidin-4-
yl]phenyl]methyl]azetidine-1-carboxamideacid (I-300), N-[[4-[2-[[1-(2-hydroxyethyl)pyrazol-4-
yl]amino Jpyrimidin-4-yl]-2-(trifluoromethyl)phenylJmethyl]-3-isopropoxy-azetidine-1-
carboxamide (I-301), 3-tert-butoxy-N-[[2-methyl-4-[2-[[1-(1-methyl-4-piperidyl)pyrazol-4-
yl]aminoJpyrimidin-4-yl]phenylmethyl]azetidine-1-carboxamide (I-302), 3-tert-butyl-N-[[4-[2-
[[1-(2-methoxyethyl)pyrazol-4-yl]amino]pyrimidin-4-yl]-2-methyl-phenyl|methyl]pyrrolidine-1-
carboxamide (I-303), 3-tert-butoxy-N-[[4-[2-[[ 1-(2-methoxyethyl)pyrazol-4-ylJamino]pyrimidin-
4-yl]-2-methyl-phenylmethyl]azetidine-1-carboxamide (I-304), 3-tert-butyl-N-[[4-[2-[(1-
ethylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-methyl-phenylJmethyl]pyrrolidine-1-carboxamide (I-
305), 3-tert-butoxy-N-[[4-[2-[(1-isopropylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]azetidine-1-carboxamide (I-306), 3-(2-fluoroethoxy)-N-[[2-methyl-4-[2-[(1-
methylpyrazol-4-yl)aminoJpyrimidin-4-yl]phenyljmethyl]azetidine-1-carboxamide (I-307), 3-
tert-butyl-N-[[4-[2-[(1-cyclopropylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]pyrrolidine-1-carboxamide (I-308), 1-tert-butyl-5-[[2-methyl-4-[6-[(5-methyl-
6,7-dihydro-4H-pyrazolo[1,5-a]pyrazin-2-yl)amino Jpyrimidin-4-yl]phenyl|methyl]-6,7-
dihydropyrazolo[4,3-c]pyridin-4-one (I-309), 1-[[4-[2-[[1-(2-hydroxyethyl)pyrazol-4-
yl]amino]pyrimidin-4-yl]-2-(trifluoromethyl)phenyl methyl]-4-isobutyl-piperazin-2-one (I-310),
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3-tert-butyl-N-[[4-[2-[[ 1-(1-methylazetidin-3-yl)pyrazol-4-ylJamino]pyrimidin-4-yl]-2-
(trifluoromethyl)phenylmethyl]pyrrolidine-1-carboxamide (I-311), N-[[4-[2-[[1-[1,1-dimethyl-
2-0x0-2-(2,2,2-trifluoroethylamino)ethyl]pyrazol-4-ylJamino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]-3-isopropoxy-azetidine-1-carboxamide (I-312), 3-isopropoxy-N-[[4-[2-[[1-[(3S)-
tetrahydrofuran-3-yl|pyrazol-4-yl]Jamino]pyrimidin-4-yl]-2-
(trifluoromethyl)phenylmethyl]azetidine-1-carboxamide (I-313), 3-isopropoxy-N-[[4-[2-[[1-
[(3R)-tetrahydrofuran-3-yl]pyrazol-4-ylJamino]pyrimidin-4-yl]-2-
(trifluoromethyl)phenylmethyl]azetidine-1-carboxamide (I-314), 2-tert-butyl-N-[[4-[2-(5,6-
dihydro-4H-pyrrolo[1,2-b]pyrazol-3-ylamino)pyrimidin-4-yl]-2-methyl-phenylJmethyl]thiazole-
5-carboxamide (I-315), 3-tert-butyl-N-[[4-[2-[[1-[(3S)-pyrrolidin-3-yl]pyrazol-4-
yl]amino]pyrimidin-4-yl]-2-(trifluoromethyl)phenylmethyl]pyrrolidine-1-carboxamide (I-316),
3-isopropyl-N-[[4-[2-[[1-(2-methoxyethyl)pyrazol-4-yl]Jamino |pyrimidin-4-yl]-2-
(trifluoromethyl)phenylJmethyl]pyrrolidine-1-carboxamide (I-317), 3-tert-butyl-N-[[4-[2-[[1-
[(3R)-pyrrolidin-3-yl]pyrazol-4-yl]amino |pyrimidin-4-yl]-2-
(trifluoromethyl)phenylmethyl]pyrrolidine-1-carboxamide (I-318), 3-tert-butoxy-N-[[2-(2-
methoxyethyl)-4-[2-[(1-methylpyrazol-4-yl)amino|pyrimidin-4-yl]phenylJmethyl]azetidine-1-
carboxamide (I-319), 3-tert-butyl-N-[[2-(2-methoxyethyl)-4-[2-[ (1-methylpyrazol-4-
yl)amino]pyrimidin-4-yl]phenyl]methyl]pyrrolidine-1-carboxamide (I-320), 3-tert-butyl-N-[[4-
[2-[(1,5-dimethylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-(2-
hydroxyethyl)phenyljmethyl]pyrrolidine-1-carboxamide (I-321), 3-tert-butoxy-N-[[4-[2-(5,6-
dihydro-4H-pyrrolo[1,2-b]pyrazol-3-ylamino)pyrimidin-4-yl]-2-methyl-
phenyl]methyl]azetidine-1-carboxamide (I-322), 3-tert-butoxy-N-[[4-[2-(5,6-dihydro-4H-
pyrrolo[ 1,2-b]pyrazol-3-ylamino)pyrimidin-4-yl]-2-(2-methoxyethyl)phenyl Jmethyl]azetidine-1-
carboxamide (I-323), 3-tert-butyl-N-[[4-[2-(5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-
ylamino)pyrimidin-4-yl]-2-(2-hydroxyethyl)phenylJmethyl]pyrrolidine-1-carboxamide (1-324),
(35)-3-tert-butyl-N-[[4-[2-(5,6-dihydro-4H-pyrrolo[ 1,2-b]pyrazol-3-ylamino)pyrimidin-4-yl]-2-
(2-methoxyethyl)phenyl]methyl]pyrrolidine-1-carboxamide (I-325), 3-isopropoxy-N-[6-[2-[[1-
(1-methyl-4-piperidyl)pyrazol-4-ylJamino]pyrimidin-4-ylJtetralin-1-yl]azetidine-1-carboxamide
(I-326), 3-tert-butyl-N-[6-[2-[[ 1-(2-hydroxyethyl)pyrazol-4-yl]amino]pyrimidin-4-yl]tetralin-1-
yl]pyrrolidine-1-carboxamide (1-327), 3-tert-butyl-N-[2-[2-[(1-ethylpyrazol-4-
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yl)amino]pyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl|pyrrolidine-1-
carboxamide (I-328), N-[2-formyl-8-[2-[(1-methylpyrazol-4-yl)amino]pyrimidin-4-yl]-1,3,4,5-
tetrahydro-2-benzazepin-5-yl]-3-isopropoxy-azetidine-1-carboxamide (I-329), 3-tert-butyl-N-[2-
[2-[(1-tetrahydropyran-4-ylpyrazol-4-yl)amino]pyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl]pyrrolidine-1-carboxamide (I-330), 3-ethoxy-N-[2-[2-[(1-methylpyrazol-
4-yl)aminoJpyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl]azetidine-1-
carboxamide (I-331), 3-tert-butoxy-N-[2-[6-(6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-
ylamino)pyrimidin-4-yl]-6,7,8,9-tetrahydro-5SH-benzo[ 7]annulen-5-yl]azetidine-1-carboxamide
(1-332), 3-isopropoxy-N-[2-[2-[[1-[(3R)-tetrahydrofuran-3-yl]pyrazol-4-yl]|amino]pyrimidin-4-
yl]-6,7,8,9-tetrahydro-5H-benzo[ 7 Jannulen-5-yl]azetidine-1-carboxamide (1-333), 3-tert-butoxy-
N-[2-[2-[[1-[(3S)-tetrahydrofuran-3-yl]pyrazol-4-yl]amino |pyrimidin-4-yl]-6,7,8,9-tetrahydro-
5H-benzo[7]annulen-5-yl]azetidine-1-carboxamide (I-334), 3-isopropoxy-N-[8-[2-[(1-
methylpyrazol-4-yl)aminoJpyrimidin-4-yl]-2,3,4,5-tetrahydro-1-benzoxepin-5-ylJazetidine-1-
carboxamide (I-335), N-[2-[2-[[1-(2-hydroxy-2-methyl-propyl)pyrazol-4-yl]lamino]pyrimidin-4-
yl]-6,7,8,9-tetrahydro-5SH-benzo[ 7]annulen-5-yl]-3-isopropoxy-azetidine- 1 -carboxamide (I-336),
3-tert-butoxy-N-[2-[2-[[1-(2-hydroxy-2-methyl-propyl)pyrazol-4-yl]amino]pyrimidin-4-yl]-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-ylJazetidine-1-carboxamide (I-337), 3-isopropoxy-N-
[2-[2-[[1-[(3S)-tetrahydrofuran-3-yl]pyrazol-4-yl]Jamino]pyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl]azetidine-1-carboxamide (I-338), 3-methoxy-N-[2-[2-[(1-methylpyrazol-
4-yl)aminoJpyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl]azetidine-1-
carboxamide (I-339), 3-isopropyl-N-[2-[2-[(1-methylpyrazol-4-yl)amino]pyrimidin-4-yl]-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl]pyrrolidine-1-carboxamide (I-340), N-[2-[2-[(1-
ethylpyrazol-4-yl)amino]pyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl]-3-
isopropyl-pyrrolidine-1-carboxamide (I-341), 3-isopropyl-N-[2-[2-[(1-tetrahydropyran-4-
ylpyrazol-4-yl)amino]pyrimidin-4-yl]-6,7,8,9-tetrahydro-5SH-benzo[ 7 ]Jannulen-5-yl |pyrrolidine-
1-carboxamide (I-342), 3-tert-butoxy-N-[2-[2-[[ 1-(4-piperidyl)pyrazol-4-yl]amino]pyrimidin-4-
yl]-6,7,8,9-tetrahydro-5H-benzo[ 7 Jannulen-5-yl]azetidine-1-carboxamide (1-343), 3-isopropyl-
N-[2-[2-[[1-[(3R)-tetrahydrofuran-3-yl|pyrazol-4-ylJamino Jpyrimidin-4-yl]-6,7,8,9-tetrahydro-
5H-benzo[7]annulen-5-yl]pyrrolidine-1-carboxamide (I-344), 3-isopropyl-N-[2-[2-[[1-[(3S)-
tetrahydrofuran-3-yl|pyrazol-4-ylJamino]pyrimidin-4-yl]-6,7,8,9-tetrahydro-5H-
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benzo[7]annulen-5-yl]pyrrolidine-1-carboxamide (I-345), N-[2-(2-hydroxyethyl)-8-[2-[(1-
methylpyrazol-4-yl)amino]pyrimidin-4-yl]-1,3,4,5-tetrahydro-2-benzazepin-5-yl]-3-isopropoxy-
azetidine-1-carboxamide (I-346), 3-tert-butoxy-N-[2-[2-[(1,5-dimethylpyrazol-4-
yl)amino]pyrimidin-4-yl1]-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-ylJazetidine-1-carboxamide
(1-347), N-[2-[2-[[1-(3-fluoro-1-methyl-4-piperidyl )pyrazol-4-ylJamino]pyrimidin-4-yl]-6,7,8,9-
tetrahydro-5H-benzo[ 7]annulen-5-yl]-3-isopropoxy-azetidine-1-carboxamide (I-348), 4-isobutyl-
1-[[2-methyl-4-[2-[[1-(1-methylazetidin-3-yl)pyrazol-4-yl]Jamino]pyrimidin-4-
yl]phenyl]methyl]piperazin-2-oneacid (1-349), 4-(2,2-dimethylpropyl)-1-[[4-[2-[[1-(2-
hydroxyethyl)pyrazol-4-yl]lamino]pyrimidin-4-yl]-2-(trifluoromethyl)phenyl|methyl]piperazin-2-
oneacid (I-350), 3-isopropoxy-N-[[4-[2-[[1-(2-methoxyethyl)pyrazol-4-yl]Jamino |pyrimidin-4-
yl]-2-(trifluoromethyl)phenyl |methyl]azetidine-1-carboxamide (I-351), 3-isopropoxy-N-[7-[2-
[(1-methylpyrazol-4-yl)amino]pyrimidin-4-yl]-2,3,4,5-tetrahydro-1H-3-benzazepin-1-
yl]azetidine-1-carboxamide (I-352), N-[[2-chloro-4-[2-[[1-(1-methylazetidin-3-yl)pyrazol-4-
yl]amino]pyrimidin-4-yl]phenylmethyl]-3-isopropoxy-azetidine-1-carboxamide (I-353), 5-tert-
butyl-N-[[2-chloro-4-[2-[[ 1-(1-methylazetidin-3-yl)pyrazol-4-yl]amino]pyrimidin-4-
yl]phenyl]methyl]isoxazole-3-carboxamide (I-354), 5-tert-butyl-N-[[4-[2-[[1-(1-methylazetidin-
3-yl)pyrazol-4-yl]amino |pyrimidin-4-yl]-2-(trifluoromethyl)phenyl Jmethyl]isoxazole-3-
carboxamide (I-355), 1-tert-butyl-N-[[2-chloro-4-[2-[[ 1-(1-methylazetidin-3-yl)pyrazol-4-
yl]amino]pyrimidin-4-yl]phenyl]methyl]pyrazole-4-carboxamide (I-356), 2-tert-butyl-N-[[2-
methyl-4-[6-[[1-[(3R)-tetrahydrofuran-3-yl]pyrazol-3-ylJamino]pyrimidin-4-
yl]phenyl]methyl]thiazole-5-carboxamide (I-357), 2-tert-butyl-N-[[2-methyl-4-[6-[[1-(1-methyl-
4-piperidyl)pyrazol-3-yl]amino]pyrimidin-4-yl]phenylmethyl]thiazole-5-carboxamide (I-358),
3-tert-butoxy-N-[6-[2-[(1-methylpyrazol-4-yl)amino pyrimidin-4-ylJtetralin-1-yl]azetidine-1-
carboxamide (I-359), and N-[[4-[2-[(1-ethylpyrazol-4-yl)amino]pyrimidin-4-yl]-2-methyl-
phenyl]methyl]-3-isopropoxy-azetidine-1-carboxamideacid (I-360).

General Methods of Providing the Present Compounds
[0078] Compounds of the invention are synthesized by an appropriate combination of
generally well known synthetic methods. Techniques useful in synthesizing the compounds of

the invention are both readily apparent and accessible to those of skill in the relevant art. The
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discussion below is offered to illustrate certain of the diverse methods available for use in
assembling the compounds of the invention. However, the discussion is not intended to define
the scope of reactions or reaction sequences that are useful in preparing the compounds of the
present invention.

[0079] In certain embodiments, the present compounds are generally prepared according

to Scheme A set forth below:

Scheme A
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[0080] In one aspect, the present invention provides methods for preparing compounds of
formula I, according to the steps depicted in Scheme A above wherein each variable is as defined
and described herein and each PG' is a suitable protecting group. For compounds having an X*
or X" group, X* and X" are defined as a moiety suitable for biaryl coupling with an aryl group of
formula E, or a group capable of being converted to such a moiety. In some embodiments, X*
and X® are the same. In some embodiments, X" is a group that is converted to X" in order to
facilitate coupling with a compound of formula E. In some embodiments, X* is halogen. In
some embodiments, XPis halogen, a boronic acid, or a boronic ester. In some embodiments, X°
is halogen, a boronic acid, or a boronic ester. It will be appreciated that the reacting partners in a
biaryl coupling will be complimentary, and therefore the identity of X® will depend upon the
choice of X° in formula E. For example, in some embodiments, X® is a boronic acid or ester, and
X° is halogen. In other embodiments, X° is a boronic acid or ester, and X" is halogen.

[0081] At step S-1, nitrile A is reduced under suitable conditions to form amine B.
Suitable nitrile reduction conditions are well known in the art. In some embodiments, the
conditions comprise borane.

[0082] At step S-2, amine B is protected using a suitable amino protecting group.
Suitable amino protecting groups are well known in the art and include those described in detail
in Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3" edition, John
Wiley & Sons, 1999, the entirety of which is incorporated herein by reference. Suitable mono-
protected amines include those defined herein. In some embodiments, PG' is a Boc protecting
group.

[0083] At step S-3, protected amine C is optionally converted to protected amine D,
depending upon the choice of biaryl couple chemistry as described above. In some
embodiments, X" is halogen and is converted to a boronic ester in step S-3 in order to couple
with a compound of formula E. Suitable conditions for the preparation of aryl boronic esters and
acids are known in the art. In some embodiments, step S-3 comprises bis(pinacolato) diboron
and catalytic palladium. In some embodiments, such as when formula E comprises a boronic
ester, X* is halogen and step S-3 is omitted.

[0084] At step S-4, protected amine D is coupled with a compound of formula E to

produce biaryl formula F. In some embodiments, step S-4 comprises a Suzuki coupling and X"
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and X are selected accordingly. In some embodiments, X is the same as X°. It will be
appreciated that X will be selected as a moiety capable of undergoing amination in step S-5. In
some embodiments, X* is halogen. Methods of carrying out Suzuki couplings are well known in
the art and include those described by March (supra). Suitable conditions for the Suzuki reaction
employ a palladium catalyst. In some embodiments, a palladium catalyst is PdClL.dppf. Step S-4
typically employs a base. In some embodiments, the base is K,COs.

[0085] At step S-5, formula F undergoes amination to form a compound of formula G.
Suitable amination conditions are known in the art and include those described by March
(supra). In certain embodiments, step S-5 comprises a palladium catalyst. In some
embodiments, the palladium catalyst is Pdy(dba);. In some embodiments, step S-5 comprises a
base. In some embodiments, the base is t-BuONa.

[0086] At step S-6, the amine group of formula G is deprotected to provide amine H.
Suitable conditions for the removal of an amino protecting group are known in the art and
include those described by Greene (supra).

[0087] At step S-7, amine H is coupled with a carboxylic acid to provide a compound of
formula I’. Suitable peptide coupling conditions are known in the art. In some embodiments,
step S-7 comprises a peptide coupling reagent selected from a carbodiimide or triazole activating
reagent, in the presence of a base such as DIEA or other bases familiar to one skilled in the art.
[0088] In certain embodiments, each of the aforementioned synthetic steps may be
performed sequentially with isolation of each intermediate performed after each step.
Alternatively, each of steps S-1, S-2, S-3, S-4, S-5, S-6, and S-7 as depicted in Scheme A above,
may be performed in a manner whereby no isolation of one or more intermediates B, C, D, F, G,
or H is performed.

[0089] In certain embodiments, all the steps of the aforementioned synthesis may be
performed to prepare the desired final product. In other embodiments, two, three, four, five, or
more sequential steps may be performed to prepare an intermediate or the desired final product.
[0090] In other embodiments, the present compounds are generally prepared according to

Scheme B set forth below.
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Scheme B
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[0091] In one aspect, the present invention provides methods for preparing compounds of

formula I, according to the steps depicted in Scheme B above wherein each variable is as defined
and described herein.

[0092] At step S-8, amine B is coupled with a carboxylic acid to provide a compound of
formula K. Suitable peptide coupling conditions are known in the art. In some embodiments,
step S-8 comprises a peptide coupling reagent selected from a carbodiimide or triazole activating
reagent, in the presence of a base such as DIPEA or other bases familiar to one skilled in the art.
[0093] At step S-9, formula K is optionally converted to formula L, depending upon the
choice of biaryl couple chemistry to be performed in step S-10, as described above for Scheme A
and step S-3.

[0094] At step S-10, formula L is coupled with amine E to provide formula M in a
manner similar to that of step S-4 described above in Scheme A.

[0095] At step S-11, formula M undergoes amination to form a compound of formula I’.
Suitable amination chemistries are known in the art and include those described in step S-5,

above.
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[0096] In certain embodiments, each of the aforementioned synthetic steps may be
performed sequentially with isolation of each intermediate performed after each step.
Alternatively, each of steps S-8, S-9, S-10, and S-11 as depicted in Scheme B above, may be
performed in a manner whereby no isolation of one or more intermediates K, L, or M is
performed.

[0097] In certain embodiments, all the steps of the aforementioned synthesis may be
performed to prepare the desired final product. In other embodiments, two, three, or four
sequential steps may be performed to prepare an intermediate or the desired final product.
[0098] Compounds of formula I may also be prepared according to Schemes 1-11 in the
ensuing examples.

Methods of Use

[0099] In certain embodiments, compounds of the present invention are for use in
medicine. In some embodiments, compounds of the present invention are useful as kinase
inhibitors. In certain embodiments, compounds of the present invention are selective inhibitors
of Btk. In some embodiments, the present invention provides methods of decreasing Btk
enzymatic activity. Such methods include contacting a Btk with an effective amount of a Btk
inhibitor. Therefore, the present invention further provides methods of inhibiting Btk enzymatic
activity by contacting a Btk with a Btk inhibitor of the present invention.

[0100] In some embodiments, the present invention provides methods of decreasing Btk
enzymatic activity. In some embodiments, such methods include contacting a Btk with an
effective amount of a Btk inhibitor. Therefore, the present invention further provides methods of
inhibiting Btk enzymatic activity by contacting a Btk with a Btk inhibitor of the present
invention.

[0101] Btk enzymatic activity, as used herein, refers to Btk kinase enzymatic activity.
For example, where Btk enzymatic activity is decreased, PIP3 binding and/or phosphorylation of
PLCy is decreased. In some embodiments, the half maximal inhibitory concentration (ICsq) of
the Btk inhibitor against Btk is less than 1 uM. In some embodiments, the 1Cs of the Btk
inhibitor against Btk is less than 500 nM. In some embodiments, the ICsy of the Btk inhibitor
against Btk is less than 100 nM. In some embodiments, the ICsy of the Btk inhibitor against Btk

is less than 10 nM. In some embodiments, the ICsy of the Btk inhibitor against Btk is less than 1
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nM. In some embodiments, the ICsy of the Btk inhibitor against Btk is from 0.1 nM to 10 uM.
In some embodiments, the 1Csy of the Btk inhibitor against Btk is from 0.1 nM to 1 uM. In some
embodiments, the 1Csy of the Btk inhibitor against Btk is from 0.1 nM to 100 nM. In some
embodiments, the I1Csq of the Btk inhibitor against Btk is from 0.1 nM to 10 nM.

[0102] In some embodiments, Btk inhibitors are useful for the treatment of diseases and
disorders that may be alleviated by inhibiting (i.c., decreasing) Btk enzymatic activity. By
“disecases” is meant diseases or disease symptoms. Thus, the present invention provides methods
of treating autoimmune disorders, inflammatory disorders, and cancers in a subject in need
thereof. Such methods include administering to the subject a therapeutically effective amount of
a Btk inhibitor.

[0103] The term "autoimmune disorders"” includes diseases or disorders involving
inappropriate immune response against native antigens, such as acute disseminated
encephalomyelitis (ADEM), Addison's disease, alopecia areata, antiphospholipid antibody
syndrome (APS), autoimmune hemolytic anemia, autoimmune hepatitis, bullous pemphigoid
(BP), Cocliac disease, dermatomyositis, diabetes mellitus type 1, Goodpasture's syndrome,
Graves' disease, Guillain-Barré syndrome (GBS), Hashimoto's disease, idiopathic
thrombocytopenic purpura, lupus erythematosus, mixed connective tissue disease, multiple
sclerosis, myasthenia gravis, pemphigus vulgaris, pernicious anacmia, polymyositis, primary
biliary cirrhosis, Sjogren's syndrome, temporal arteritis, and Wegener's granulomatosis. The
term "inflammatory disorders” includes diseases or disorders involving acute or chronic
inflammation such as allergies, asthma, prostatitis, glomerulonephritis, pelvic inflammatory
disease (PID), inflammatory bowel disease (IBD, ¢.g., Crohn's disease, ulcerative colitis),
reperfusion injury, rheumatoid arthritis, transplant rejection, and vasculitis. In some
embodiments, the present invention provides a method of treating rheumatoid arthritis or lupus.
[0104] The term “cancer” includes diseases or disorders involving abnormal cell growth
and/or proliferation, such as glioma, thyroid carcinoma, breast carcinoma, lung cancer (e.g.
small-cell lung carcinoma, non-small-cell lung carcinoma), gastric carcinoma, gastrointestinal
stromal tumors, pancreatic carcinoma, bile duct carcinoma, ovarian carcinoma, endometrial
carcinoma, prostate carcinoma, renal cell carcinoma, lymphoma (e.g., anaplastic large-cell

lymphoma), leukemia (e.g. acute myeloid leukemia, T-cell leukemia, chronic lymphocytic
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leukemia), multiple myeloma, malignant mesothelioma, malignant melanoma, and colon cancer
(c.g. microsatellite instability-high colorectal cancer). In some embodiments, the present
invention provides a method of treating leukemia or lymphoma.

[0105] The term “subject,” as used herein, refers to a mammal to whom a pharmaceutical
composition is administered. Exemplary subjects include humans, as well as veterinary and
laboratory animals such as horses, pigs, cattle, dogs, cats, rabbits, rats, mice, and aquatic
mammals.

Assays

[0106] To develop useful Tec kinase family inhibitors, candidate inhibitors capable of
decreasing Tec kinase family enzymatic activity may be identified in vitro. The activity of the
inhibitor compounds can be assayed utilizing methods known in the art and/or those methods
presented herein.

[0107] Compounds that decrease Tec kinase family members’ enzymatic activity may be
identified and tested using a biologically active Tec kinase family member, either recombinant or
naturally occurring. Tec kinases can be found in native cells, isolated in vitro, or co-expressed or
expressed in a cell. Measuring the reduction in the Tec kinase family member enzymatic activity
in the presence of an inhibitor relative to the activity in the absence of the inhibitor may be
performed using a variety of methods known in the art, such as the POLYGAT-LS assays
described below in the Examples. Other methods for assaying the activity of Btk and other Tec
kinases are known in the art. The selection of appropriate assay methods is well within the
capabilities of those of skill in the art.

[0108] Once compounds are identified that are capable of reducing Tec kinase family
members’ enzymatic activity, the compounds may be further tested for their ability to selectively
inhibit a Tec kinase family member relative to other enzymes. Inhibition by a compound of the
invention is measured using standard in vitro or in vivo assays such as those well known in the
art or as otherwise described herein.

[0109] Compounds may be further tested in cell models or animal models for their ability
to cause a detectable changes in phenotype related to a Tec kinase family member activity. In

addition to cell cultures, animal models may be used to test Tec kinase family member inhibitors
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for their ability to treat autoimmune disorders, inflammatory disorders, or cancer in an animal
model.

Pharmaceutical Compositions

[0110] In another aspect, the present invention provides pharmaceutical compositions
comprising a compound of formula I or a compound of formula I in combination with a
pharmaceutically acceptable excipient (e.g., carrier).

[0111] The pharmaceutical compositions include optical isomers, diastercomers, or
pharmaceutically acceptable salts of the inhibitors disclosed herein. The compound of formula I
included in the pharmaceutical composition may be covalently attached to a carrier moiety, as
described above. Alternatively, the compound of formula I included in the pharmaceutical
composition is not covalently linked to a carrier moiety.

[0112] A “pharmaceutically acceptable carrier,” as used herein refers to pharmaceutical
excipients, for example, pharmaceutically, physiologically, acceptable organic or inorganic
carrier substances suitable for enteral or parenteral application that do not deleteriously react
with the active agent. Suitable pharmaceutically acceptable carriers include water, salt solutions
(such as Ringer's solution), alcohols, oils, gelatins, and carbohydrates such as lactose, amylose or
starch, fatty acid esters, hydroxymethycellulose, and polyvinyl pyrrolidine. Such preparations
can be sterilized and, if desired, mixed with auxiliary agents such as lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, coloring,
and/or aromatic substances and the like that do not deleteriously react with the compounds of the
invention.

[0113] The compounds of the invention can be administered alone or can be
coadministered to the subject. Coadministration is meant to include simultancous or sequential
administration of the compounds individually or in combination (more than one compound).
The preparations can also be combined, when desired, with other active substances (e.g. to
reduce metabolic degradation).

Formulations

[0114] Compounds of the present invention can be prepared and administered in a wide
variety of oral, parenteral, and topical dosage forms. Thus, the compounds of the present

invention can be administered by injection (e.g. intravenously, intramuscularly, intracutaneously,
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subcutaneously, intraduodenally, or intraperitoneally). Also, the compounds described herein
can be administered by inhalation, for example, intranasally. Additionally, the compounds of the
present invention can be administered transdermally. It is also envisioned that multiple routes of
administration (e.g., intramuscular, oral, transdermal) can be used to administer the compounds
of the invention. Accordingly, the present invention also provides pharmaceutical compositions
comprising a pharmaceutically acceptable carrier or excipient and one or more compounds of the
invention.

[0115] For preparing pharmaceutical compositions from the compounds of the present
invention, pharmaceutically acceptable carriers can be either solid or liquid. Solid form
preparations include powders, tablets, pills, capsules, cachets, suppositories, and dispersible
granules. A solid carrier can be one or more substance that may also act as diluents, flavoring
agents, binders, preservatives, tablet disintegrating agents, or an encapsulating material.

[0116] In powders, the carrier is a finely divided solid in a mixture with the finely
divided active component. In tablets, the active component is mixed with the carrier having the
necessary binding properties in suitable proportions and compacted in the shape and size desired.
[0117] The powders and tablets preferably contain from 5% to 70% of the active
compound. Suitable carriers are magnesium carbonate, magnesium stearate, talc, sugar, lactose,
pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a
low melting wax, cocoa butter, and the like. The term “preparation” is intended to include the
formulation of the active compound with encapsulating material as a carrier providing a capsule
in which the active component with or without other carriers, is surrounded by a carrier, which is
thus in association with it. Similarly, cachets and lozenges are included. Tablets, powders,
capsules, pills, cachets, and lozenges can be used as solid dosage forms suitable for oral
administration.

[0118] For preparing suppositories, a low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter, is first melted and the active component is dispersed homogeneously
therein, as by stirring. The molten homogeneous mixture is then poured into convenient sized

molds, allowed to cool, and thereby to solidify.
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[0119] Liquid form preparations include solutions, suspensions, and emulsions, for
example, water or water/propylene glycol solutions. For parenteral injection, liquid preparations
can be formulated in solution in aqueous polyethylene glycol solution.

[0120] When parenteral application is needed or desired, particularly suitable admixtures
for the compounds of the invention are injectable, sterile solutions, preferably oily or aqueous
solutions, as well as suspensions, emulsions, or implants, including suppositories. In particular,
carriers for parenteral administration include aqueous solutions of dextrose, saline, pure water,
ethanol, glycerol, propylene glycol, peanut oil, sesame oil, polyoxyethylene-block polymers, and
the like. Ampoules are convenient unit dosages. The compounds of the invention can also be
incorporated into liposomes or administered via transdermal pumps or patches. Pharmaceutical
admixtures suitable for use in the present invention include those described, for example, in
Pharmaceutical Sciences (17th Ed., Mack Pub. Co., Easton, PA) and WO 96/05309, the
teachings of both of which are hereby incorporated by reference.

[0121] Aqueous solutions suitable for oral use can be prepared by dissolving the active
component in water and adding suitable colorants, flavors, stabilizers, and thickening agents as
desired. Aqueous suspensions suitable for oral use can be made by dispersing the finely divided
active component in water with viscous material, such as natural or synthetic gums, resins,
methylcellulose, sodium carboxymethylcellulose, and other well-known suspending agents.
[0122] Also included are solid form preparations that are intended to be converted,
shortly before use, to liquid form preparations for oral administration. Such liquid forms include
solutions, suspensions, and emulsions. These preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,
thickeners, solubilizing agents, and the like.

[0123] The pharmaceutical preparation is preferably in unit dosage form. In such form
the preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can

be the appropriate number of any of these in packaged form.
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[0124] The quantity of active component in a unit dose preparation may be varied or
adjusted from 0.1 mg to 10000 mg, more typically 1.0 mg to 1000 mg, most typically 10 mg to
500 mg, according to the particular application and the potency of the active component. The
composition can, if desired, also contain other compatible therapeutic agents.

[0125] Some compounds may have limited solubility in water and therefore may require
a surfactant or other appropriate co-solvent in the composition. Such co-solvents include:
Polysorbate 20, 60, and 80; Pluronic F-68, F-84, and P-103; cyclodextrin; and polyoxyl 35 castor
oil. Such co-solvents are typically employed at a level between about 0.01 % and about 2% by
weight.

[0126] Viscosity greater than that of simple aqueous solutions may be desirable to
decrease variability in dispensing the formulations, to decrease physical separation of
components of a suspension or emulsion of formulation, and/or otherwise to improve the
formulation. Such viscosity building agents include, for example, polyvinyl alcohol, polyvinyl
pyrrolidone, methyl cellulose, hydroxy propyl methylcellulose, hydroxyethyl cellulose,
carboxymethyl cellulose, hydroxy propyl cellulose, chondroitin sulfate and salts thereof,
hyaluronic acid and salts thereof, and combinations of the foregoing. Such agents are typically
employed at a level between about 0.01% and about 2% by weight.

[0127] The compositions of the present invention may additionally include components
to provide sustained release and/or comfort. Such components include high molecular weight,
anionic mucomimetic polymers, gelling polysaccharides, and finely-divided drug carrier
substrates. These components are discussed in greater detail in U.S. Pat. Nos. 4,911,920;
5,403,841; 5,212,162; and 4,861,760. The entire contents of these patents are incorporated
herein by reference in their entirety for all purposes.

Effective Dosages

[0128] Pharmaceutical compositions provided by the present invention include
compositions wherein the active ingredient is contained in a therapeutically effective amount,
i.e., in an amount effective to achieve its intended purpose. The actual amount effective for a
particular application will depend, inter alia, on the condition being treated. For example, when

administered in methods to treat cancer, such compositions will contain an amount of active
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ingredient effective to achieve the desired result (e.g. decreasing the number of cancer cells in a
subject).

[0129] The dosage and frequency (single or multiple doses) of compound administered
can vary depending upon a variety of factors, including route of administration; size, age, sex,
health, body weight, body mass index, and diet of the recipient; nature and extent of symptoms
of the disease being treated (e.g., the disease responsive to Btk inhibition); presence of other
diseases or other health-related problems; kind of concurrent treatment; and complications from
any disease or treatment regimen. Other therapeutic regimens or agents can be used in
conjunction with the methods and compounds of the invention.

[0130] For any compound described herein, the therapeutically effective amount can be
initially determined from cell culture assays. Target concentrations will be those concentrations
of active compound(s) that are capable of decreasing kinase enzymatic activity as measured, for
example, using the methods described.

[0131] Therapeutically effective amounts for use in humans may be determined from
animal models. For example, a dose for humans can be formulated to achieve a concentration
that has been found to be effective in animals. The dosage in humans can be adjusted by
monitoring kinase inhibition and adjusting the dosage upwards or downwards, as described
above.

[0132] Dosages may be varied depending upon the requirements of the patient and the
compound being employed. The dose administered to a patient, in the context of the present
invention, should be sufficient to effect a beneficial therapeutic response in the patient over time.
The size of the dose also will be determined by the existence, nature, and extent of any adverse
side effects. Generally, treatment is initiated with smaller dosages, which are less than the
optimum dose of the compound. Thereafter, the dosage is increased by small increments until
the optimum effect under circumstances is reached. In some embodiments, the dosage range is
0.001% to 10% w/v. In some embodiments, the dosage range is 0.1% to 5% w/v.

[0133] Dosage amounts and intervals can be adjusted individually to provide levels of the
administered compound effective for the particular clinical indication being treated. This will
provide a therapeutic regimen that is commensurate with the severity of the individual's disease

state.
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[0134]

Examples

and not to limit the scope of the invention.

[0135]

PCT/US2014/069853

The examples below are meant to illustrate certain embodiments of the invention,

It will be appreciated that where an Example refers to another Example by

referring to “Example I-XX”, the reference is to the synthesis of the respective Compound 1-XX,

or the relevant portion of the synthesis.

[0136]

yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-1)

Example 1: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
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L 5
O

I-1
Preparation of (4-bromo-2-methylphenyl)methanamine

NH
CN 2
BH; (3.0 eq)
~ HCI
THF, 0 °C-80°C, 16 h
Br Br
[0137] To a solution of 4-bromo-2-methylbenzonitrile (3 g, 15 mmol) in THF (20 mL),

BH; - THF (45 mL, 45 mmol) was added. The solution was stirred at 0 °C for 1 h and heated to 80
°C for 16 h. Then the mixture was quenched with MeOH. After concentrated, the residue was
stirred with saturated HCI/EtOAc solution and filtered. The filter cake was rinsed with ether (20
mL x3) and dried under vacuum to afford (4-bromo-2-methylphenyl)methanamine (3.2 g, yield:
90%) as white solid. ESI-MS (M+H) ": 200.1
Preparation of tert-butyl 4-bromo-2-methylbenzylcarbamate

NH, NHBoc

Boc,O (1.1 eq)
_—

EtsN (3.0 eq),
Br THF, rt, 1 h Br

[0138] To a solution of (4-bromo-2-methylphenyl)methanamine (1.2 g, 6 mmol) in DCM
(30 mL) were added TEA (1.82 g, 18 mmol) and Boc,0 (1.43 g, 6.6 mmol). The mixture was
stirred at rt for 1 h. After diluted with water (50 mL), the mixture was extracted with DCM (50
mL x2). The combined organics were washed with brine (50 mL), dried (Na,SO,), filtered and
concentrated to give crude title product (1.7 g, yield 95%) as a white solid, which was used

directly in the next step without further purification. ESI-MS (M+H)": 300.1.
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Preparation of tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)benzylcarbamate
NHBoc
NHBoc )3 B (1.2 eq)
Pd(dppf)Cl, (0.01 eq)
KOAc (3.0 eq)
1,4-dioxane, 100 °C, 2 h
[0139] To a solution of tert-butyl 4-bromo-2-methylbenzylcarbamate (1.5 g, 5.0 mmol)

in 1,4-dioxane (15 mL) were added 4,4,4',4',5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane)
(1.52 g, 6.0 mmol), KOAc (1.75 g, 18 mmol) and Pd(dppf)C1,DCM (407 mg, 0.5 mmol) under
nitrogen. The mixture was stirred at 100 °C for 2 h. After cooling down to rt, the mixture was
diluted with water (50 mL) and extracted with ethyl acetate (100 mL x3). The combined organic
layer was washed with brine, dried, concentrated and purified by silica gel column (petroleum
ether/EtOAc =10:1) to give tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzylcarbamate (1.2 g, yield 69%) as white solid. ESI-MS (M+H): 348.2. '"H NMR (400
MHz, CDCls) d: 7.61-7.59 (m, 2H), 7.26 (s, 1H), 4.68 (br, 1H), 4.33 (d, /= 5.6 Hz, 2H), 2.32 (s,
3H), 1.45 (s, 9H), 1.34 (s, 12H).

Preparation of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate

NHBoc ¢ NHBoc
=N
P .
N” ~Cl

PdCldppf (0.1 eq), K2CO3 (2.0 eq) AN
1,4-dioxane:H,0=4:1,90 °C, 2 h J\
NS

N Cl

[0140] To a solution of tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzylcarbamate (3.47 g, 10 mmol) and 2,4-dichloropyrimidine (1.79 g, 12 mmol) in 1,4-
dioxane (28 mL) and H,O (7 mL), Pd(dppf)Cl, DCM (815 mg, 1.0 mmol) and K,CO;(2.76 g, 20
mmol) were added under N,. The mixture was stirred at 90 °C for 2 h. After cooling to rt, the
mixture was diluted with H,O (80 mL) and extracted with EA (80 mL x2). The organic layers

were dried and concentrated. The residue was purified by column chromatography (silica,
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petroleum ether/EtOAc = 5:1 to 2:1) to give tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate (2.67 g, yicld 80%) as white solid ESI-MS (M+H) : 334.1. '"H NMR
(400 MHz, CDCls) ¢: 8.12 (d, J = 5.2 Hz, 1H), 7.92 (s, 1H), 7.87 (d, J/ = 8.0 Hz, 1H), 7.63 (d, J
= 5.6 Hz, 1H), 7.40 (d, J = 7.6 Hz, 1H), 4.84 (br, 1H), 4.38(d, / = 5.2 Hz, 1H), 2.41 (s, 3H), 1.47
(s, 9H).

Preparation of tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

yl)benzylcarbamate
NHBoc NHBoc
N‘éj/NHz
N
/ (1.3 eq)
N Pd,(dba); (0.1 eq), S-Phos (0.2 eq) N _N
| Py Cs,CO5 (2.0 eq), | Y L/N\
N™ ~Cl 1,4-dioxane, 120 °C, 2 h N""N
[0141] To a solution of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate

(333 mg, 1.0 mmol) and 1-methyl-pyrazol-4-amine (126 mg, 1.3 mmol) in 1,4-dioxane (5 mL),
Pd,(dba); (92 mg, 0.1 mmol), S-Phos (82 mg, 0.2 mmol) and Cs,CO; (650 mg, 2.0 mmol) were
added under N,. The mixture was stirred at 120 °C for 2 h. After cooling to rt, the mixture was
diluted with H,O (40 mL) and extracted with EA (60 mLx2). The organic layers were dried and
concentrated. The residue was purified by column chromatography (silica, petroleum
ether/EtOAc = 3:1 to 1:1) to give tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzylcarbamate (248 mg, yield 63%) as white solid ESI-MS (M+H) "
395.1. "H NMR (400 MHz, CD;0D) §: 8.38 (d, J = 5.2 Hz, 1H), 7.97-7.93 (m, 3H), 7.65 (s, 1H),
7.38 (d,/=8.0 Hz, 1H), 7.20 (d, /= 9.2 Hz, 1H), 4.30 (s, 2H), 3.85 (s, 3H), 2.42 (s, 3H), 1.48 (s,
9H).

Preparation of 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-

2-amine
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NHBoc NH,
— =
rt, 6 h
(AL Ve
- S
N/)\N x N/)\N X
H H
[0142] A mixture of tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzylcarbamate (3.94 g, 10.0 mmol) in a solution of HCI in methanol
(30 mL, prepared from gas HCI) was stirred at rt for 6 h. The solvent was removed and the solid
was rinsed with cold diethyl ether (100 mL). The solid was dried under vacuum to give 4-(4-
(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine (2.97 g, yield
90%) as a yellow solid ESI-MS (M+H) : 295.1. '"H NMR (400 MHz, D,0) J: 7.98-7.96 (m,
1H), 7.66-7.22 (m, 6H), 4.10 (s, 2H), 3.68 (s, 3H), 2.20 (s, 3H).

Preparation of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhbenzylthiazole-5-carboxamide

N
N HC PR
S
O

| N\: { HATU, DIPEA, DMF
*  HO S
SN E rt, 16 h N \
N\ O -\
N/)\N = LA /L/N\
N N" N
H
[0143] To a mixture of 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-

yl)pyrimidin-2-amine (200 mg, 0.7 mmol), 2-(tert-butyl)thiazole-5-carboxylic acid (139 mg,
0.752 mmol), and N,N,N',N'-Tetramethyl-O-(7-azabenzotriazol-1-yl)uronium
Hexafluorophosphate (0.32 g, 0.84 mmol) in N,N-Dimethylformamide (1.58 mL, 20.4 mmol)
was added N,N-Diisopropylethylamine (0.355 mL, 2.04 mmol) slowly and stirred at room
temperature overnight. The mixture was filtrate through celite and washed with DMF and
purified by prep HPLC to give product, 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a solid (217.5 mg, yield 70%).
LCMS: Rt = 1.28 min, m/z 462.20. "H NMR (300 MHz, DMSO-d6) J: 9.57 (s, 1H), 9.10 (t, ] =
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5.48 Hz, 1H), 8.46 (d, J =5.29 Hz, 1H), 8.33 (s, 1H), 7.95 (d, J = 11.33 Hz, 3H), 7.56 (s, 1H),
7.40 (d, J =7.93 Hz, 1H), 7.28 (d, J = 5.29 Hz, 1H), 4.50 (d, J = 5.29 Hz, 2H), 3.65 (s, 3H),2.42
(s, 3H), 1.39 (s, 9H).

Example 2: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
4,5,6,7-tetrahydrothieno|3,2-c|pyridine-2-carboxamide (I-2)

NH
Ho 77N
N S
O
AL
N—
A
H
1-2
Synthesis of ethyl thieno[2,3-c[pyridine-2-carboxylate
O
O
A o HSJJ\O/\ (1.05 eq) 7T
N Np K,COs (1.1 eq), DMF, 0 °C-rt, 12 h o\
[0144] To a mixture of 3-fluoroisonicotinaldehyde (500 mg, 4.0 mmol) and ethyl 2-

mercaptoacetate (504 mg, 4.2 mmol) in DMF (7 ml), K,CO; (605 mg, 4.4 mmol) was added at 0
°C. The mixture was stirred at rt for 12 h. The mixture was poured into water (30 mL), the
precipitate was collected and dried to give ethyl thieno[2,3-c]pyridine-2-carboxylate (290 mg,
yield: 35%) as a white solid. "H NMR (400 MHz, DMSO-ds) &: 9.37 (s, 1H), 8.56 (d, J=5.6
Hz, 1H), 8.26 (s, 1H), 7.98 (dd, /= 5.2, 0.8 Hz, 1H), 4.39 (q, /= 6.8 Hz, 2H), 1.35 (t, /= 7.2 Hz,
3H).

Synthesis of ethyl 4,5,6,7-tetrahydrothieno[2,3-c[pyridine-2-carboxylate
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O
Z | N\ Pt,O (10%wt), H, %o
N »
Y778 O\ AcOH,50°C, 12h AN S
[0145] A mixture of ethyl thieno[2,3-c]pyridine-2-carboxylate (290 mg, 1.4 mmol, 1.0
eq) and Pt,0 (30 mg) in AcOH (5 mL) was stirred at 60 °C for 12 h under H, atmosphere. After
cooling down, the catalyst was filtered out. The resulting filtrate was concentrated under reduced

pressure to give ethyl 4,5,6,7-tetrahydrothieno[2,3-c]pyridine-2-carboxylate (290 mg, yield:
98%) as a yellow oil. ESI-MS (M+1)": 212.1.

Synthesis of 6-tert-butyl 2-ethyl 4,5-dihydrothieno[2,3-c[pyridine-2,6(7H)-dicarboxylate

o) A Y
| A Boc,0 (1.5 eq), DIPEA (2.0 eq) |
HN > N S
Boc

0
S o\ DCM, i, 2 h A\

[0146] To a mixture of ethyl 4,5,6,7-tetrahydrothieno[2,3-c]pyridine-2-carboxylate (290
mg, 1.4 mmol, 1.0 equiv), DIPEA (361 mg, 2.8 mmol, 2.0 equiv) in DCM (10 mL), Boc,O (460
mg, 2.1 mmol, 1.5 equiv) was added. The mixture was stirred at rt for 2 h. After diluted with
DCM (50 mL), the mixture was washed with water (30 mL), brine (30 mL), dried over sodium
sulfate and concentrated under reduced pressure. The residue was purified by silica gel column
(PE:EA =10:1) to give 6-tert-butyl 2-ethyl 4,5-dihydrothieno[2,3-c]pyridine-2,6(7H)-
dicarboxylate (350 mg, yield: 80%) as a colorless oil. ESI-MS (M+H-56) ": 256.1. "H NMR (400
MHz, CDCls) d: 9.49 (s, 1H), 4.63 (s, 2H), 4.32 (q, J =7.2 Hz, 2H), 3.67 (t, J= 5.2 Hz, 2H),
2.70 (t,J=5.2 Hz, 2H), 1.48 (s, 9H), 1.35 (t, /= 6.8 Hz, 3H).

Synthesis of 6-(tert-butoxycarbonyl)-4,5,6,7-tetrahydrothieno2,3-c[pyridine-2-carboxylic acid

O o)
OL/\>_( NaOH (4.0 eq), EtOH, H,0 m_/(
Boc” S O B N S OH

\ 50 °C, 2 h Boc

[0147] To a solution of 6-tert-butyl 2-ethyl 4,5-dihydrothieno[2,3-c]pyridine-2,6(7H)-
dicarboxylate (350 mg, 1.12 mmol, 1.0 equiv) in EtOH (5 mL) and H,O (5 mL) was added
NaOH (180 mg, 4.5 mmol, 4.0 equiv). The reaction mixture was stirred at 50 °C for 2 h. Then
the reaction was cooled to 0 °C, and adjusted pH = 5 with AcOH. The precipitate was collected
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and dried to give 6-(tert-butoxycarbonyl)-4,5,6,7-tetrahydrothieno[2,3-c]pyridine-2-carboxylic
acid as a white solid (250 mg, yicld: 78%). ESI-MS (M-55) ": 228.0

Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
4,5,6,7-tetrahydrothieno3,2-c[pyridine-2-carboxamide

NH
NH, § L
Boc\N =
%COZH 5
S
1) HBTU (1.2 eq), DIEA (2.0 eq)
[N B\N\ DMF, rt, 1h SN =N
N/)\N x 2) TFA, DCM, 1t, 2 h | P J;/N\
N NN
H
[0148] Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
Y Y Y Py Y

yl)benzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxamide was similar to that of
Example I-73 , except 6-(tert-butoxycarbonyl)-4,5,6,7-tetrahydrothieno[2,3-c]pyridine-2-
carboxylic acid was substituted for 2-(tert-butyl)thiazole-5-carboxylic acid. The crude was
purified by prep-HPLC (CH3CN/H,0 with 0.05% TFA as mobile phase) to get product N-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-2-carboxamide as yellow solid (28 mg, yield 41%). ESI-MS
(M+H) "1 459.9. HPLC: (214 nm: 100%, 254 nm: 100%). 'H NMR (400 MHz, CD;OD) ¢: 8.38
(d,J = 6.4 Hz, 1H), 7.98-7.93 (m, 3H), 7.66 (s, 1H), 7.54 (s, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.22
(d,J=6.4 Hz, 1H), 4.61 (s, 2H), 4.31 (s, 2H), 3.89 (s, 3H), 3.58 (t, / = 6.0 Hz, 2H), 3.21 (t,J =
6.0 Hz, 2H), 2.47 (s, 3H).

Example 3: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
6,7-dihydro-4H-thieno|[3,2-c]pyran-2-carboxamide (I-3)
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AN
ZT

I-3
Preparation of ethyl 6,7-dihydro-4H-thieno[3,2-c[pyran-2-carboxylate

O 1. DMF (1.0 eq), POCI; (1.0 eq)

0°Ctort,2h o
- m—coza
0 OEt S

2.
HS/\H/ (1.0eq)

0]
DCM, reflux, 18 h

[0149] DMF (1.46 g, 20.0 mmol) was cooled at 0 °C and treated with POCl; (1.46 g, 20.0
mmol) dropwise over 30 min. After addition, 10 mL DCM was added and stirred for another 1 h.
Then dihydro-2H-pyran-4(3H)-one was added at 0 °C and the solution was allowed to warm up
to room temperature for 2 h. After neutralized with potassium acetate, the mixture was extracted
with DCM (60 mL x 2), dried (Na,SOs), filtered and concentrated to give a yellow liquid. The
liquid was dissolved in DCM (30 mL) and followed by addition of ethyl 2-mercaptoacetate (2.40
g, 20.0 mmol) and TEA (4.04 g, 40 mmol). Then the solution was heated at reflux for 16 h. The
mixture was concentrated and purified by silica gel column chromatography (petroleum
ether/EtOAc = 1/4) to give ethyl 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylate as yellow oil
(1.95g, yield 46%). ESI-MS (M+H) ": 213.0.

Preparation of 6,7-dihydro-4H-thieno[3,2-c[pyran-2-carboxylic acid

6]
mcozEt NaOH (5.0 GQ) - mCOZH
S S

MeOH-H,0,1t, 3 h
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[0150] A mixture of ethyl 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylate (1.06 g, 5.0
mmol) and sodium hydroxide (1.0 g, 25 mmol) in methanol (15 mL) and water (5 mL) was
stirred at room temperature for 3 h. After removal of methanol, the residue was diluted with
water (15 ml) and the aqueous phase was adjusted to pH = 5-6 with 1 N HCI. The mixture was
extracted with EtOAc (80 mL x 2). The organic phase was dried (Na;SOy), filtered and
concentrated to give product 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid as a white
solid (760mg, yield 85%). ESI-MS (M+H) ": 185.0. '"H NMR (400 MHz, CD;0D) §: 7.45 (s,
1H), 4.68 (s, 2H), 3.97 (t,J = 5.6 Hz, 2H), 2.90 (t, J = 5.6 Hz, 2H).

Preparation of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
6, 7-dihydro-4H-thieno[3,2-c[pyran-2-carboxamide

O
HzN 0 / H
S
O
(1.0eq)
SN =N HBTU (1.2 eq), DIEA (2.0 eq)
< L/N\CHg, DMF, rt., 1h SN =N
N Sl Ao
H
[0151] Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

yl)benzyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to that of Example 1,
except 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The crude was purified by prep-HPLC (CH3;CN/H,0O with
0.05% TFA as mobile phase) to give product N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide as pale
yellow solid (21 mg, yield 43%). ESI-MS (M+H) ": 461.0. HPLC: (214 nm: 97%, 254 nm: 92%)).
'H NMR (400 MHz, CD;0D) 6: 8.39 (d, J = 5.2 Hz, 1H), 7.98-7.94 (m, 3H), 7.64 (s, 1H), 7.44-
7.42 (m, 2H), 7.20 (d, J = 5.2 Hz, 1H), 4.68 (s, 2H), 4.61 (s, 2H), 3.98 (d, / = 5.6 Hz,, 2H), 3.89
(s, 3H), 2.90 (d, J = 5.6 Hz, 2H), 2.47 (s, 3H).

Example 4: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-2-
(trifluoromethyl)thiazole-5-carboxamide (I-4)
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N
Ao
S

O

1-4

[0152] Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-2-(trifluoromethyl)thiazole-5-carboxamide was similar to that of Example 1 except 2-
(trifluoromethyl)thiazole-5-carboxylic acid was substituted for 2-(tert-butyl)thiazole-5-
carboxylic acid. The residue was purified by prep-HPLC (CH;CN/H,0 with 0.05% TFA as
mobile phase) to give N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-2-(trifluoromethyl)thiazole-5-carboxamide as a white solid (25 mg, yield 22%). ESI-
MS (M+H) : 474.1. HPLC: (214 nm: 100%, 254 nm: 100%). 'H NMR (400 MHz, CD;0D) §:
8.41 (s, 1H), 8.26 (d, J= 5.6 Hz, 1H), 7.94 (s, 1H), 7.92 (d, /= 8.0 Hz, 1H), 7.86 (s, 1H), 7.56 (s,
1H), 7.40 (d, J=8.0 Hz, 1H), 7.27 (d, J = 6.0 Hz, 1H), 4.56 (s, 2H), 3.81 (s, 3H), 2.39 (s, 3H).

Example S: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide (I-5)

ZT
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[0153] Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-4,5,6,7-tetrahydrobenzo[ b]thiophene-2-carboxamide was similar to that of Example 1
except 4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The residue was purified by prep-HPLC (CH3:CN/H,0O with
0.05% NH;3H,0 as mobile phase) to give N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide as a white
solid (17 mg, yield 15%). ESI-MS (M+H) ": 459.1. HPLC: (214 nm: 99%, 254 nm: 100%). 'H
NMR (400 MHz, CD;0OD) ¢: 8.25 (d, J= 5.6 Hz, 1H), 7.89-7.86 (m, 3H), 7.55 (s, 1H), 7.35 (d, J
= 8.0 Hz, 1H), 7.30 (s, 1H), 7.20 (d, J = 6.0 Hz, 1H), 4.48 (s, 2H), 3.80 (s, 3H), 2.69 (t, /= 6.0
Hz, 2H), 2.53 (t, J = 6.0 Hz, 2H), 2.36 (s, 3H), 1.77-1.70 (m, 4H).

Example 6: 5-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
y)benzyl)picolinamide (I-6)

ZT

I-6
[0154] Synthesis of 5-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)picolinamide was similar to that of Example 1 except 5-(tert-
butyl)picolinic acid was substituted for 2-(tert-butyl)thiazole-5-carboxylic acid. The crude
product was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to
give 5-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)picolinamide as a yellow solid (35 mg, yield 32%). ESI-MS (M+H) : 456.1. "H NMR
(400 MHz, CDCls) 6: 8.58 (d, J = 2.4 Hz, 1H), 8.41 (d, /= 5.2 Hz, 1H), 8.27 (s, 1H), 8.16-8.14
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(m, 1H), 7.89-7.84 (m, 4H), 7.54 (s, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 5.2 Hz, 1H), 6.84
(s, 1H), 4.72 (d, J = 5.6 Hz, 2H), 3.91 (s, 3H), 2.47 (s, 3H), 1.37 (s, 9H).

Example 7: 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yD)benzyl)benzamide (I-7)

ZT

1-7
[0155] To a solution of 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-
yl)pyrimidin-2-amine (60 mg, 0.2 mmol) and DIPEA (52 mg, 0.4 mmol) in DCM (5 mL) was
added 4-tert-butylbenzoyl chloride (47 mg, 0.24 mmol). The mixture was stirred at rt for 2 h.
After concentrated, the residue was purified by column chromatography (petroleum ether/EtOAc
1:1 to 1:4) to give compound 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)benzamide (60 mg, yield: 66%) as a light yellow liquid. ESI-MS
(M+H) "1 455.1. '"H NMR (400 MHz, CD;0D) ¢: 8.36 (d, J = 5.2 Hz, 1H), 7.93-7.92 (m, 2H),
7.90 (d, /= 8.0 Hz, 1H), 7.82 (d, J = 8.6 Hz, 2H), 7.63 (s, 1H), 7.50 (d, /= 8.6 Hz, 2H), 7.42 (d,
J=8.0Hz, 1H), 7.15 (d, /= 5.2 Hz, 1H), 4.64 (s, 2H), 3.88 (s, 3H), 2.47(s, 3H), 1.34 (s, 9H).

Example 8: 3,4-dichloro-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yD)benzyl)benzamide (I-8)
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Cl
Cl

ZT

I-8
[0156] Synthesis of 3,4-dichloro-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)benzamide was similar to that of Example 1, except 3,4-
dichlorobenzoic acid was substituted for 2-(tert-butyl)thiazole-5-carboxylic acid. The residue
was purified by prep-HPLC (MeCN/H,O with 0.05% NH3-H,O as mobile phase) to give the
compound 3,4-dichloro-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)benzamide (39 mg, yield: 35%) as a straw yellow solid. ESI-MS (M+H) ": 467.1. 'H
NMR (400 MHz, DMSO-ds) 0: 9.48 (s, 1H), 9.17 (t, /= 5.6 Hz, 1H), 8.46 (d, /= 5.2 Hz, 1H),
8.17 (d,J=2.0 Hz, 1H), 7.97 (s, 1H), 7.96-7.88 (m, 3H), 7.79 (d, J = 8.4 Hz, 1H), 7.55 (s, 1H),
7.41 (d, J=8.0 Hz, 1H), 7.25 (d, /= 5.2 Hz, 1H), 4.53 (d, /= 5.6 Hz, 2H), 3.82 (s, 3H), 2.43 (s,
3H).

Example 9: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
4,5,6,7-tetrahydrobenzo[d]thiazole-2-carboxamide (I-9)

N
0O
=z =N
- | ~ N—
N” N
H
I-9
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[0157] Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-4,5,6,7-tetrahydrobenzo[d]thiazole-2-carboxamide was similar to that of Example 1
except 4,5,6,7-tetrahydrobenzo[d]thiazole-2-carboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The crude was purified by prep-HPLC (CH3;CN/H,0O with
0.05% NH3.H,O as mobile phase) to give compound N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-tetrahydrobenzo[d]thiazole-2-carboxamide (82 mg,
yield: 89%) as a straw yellow solid. ESI-MS (M+H)": 460.0. '"H NMR (400 MHz, DMSO-dj) o:
9.47 (s, 1H), 9.25 (t, /= 5.6 Hz, 1H), 8.45 (d, /= 5.2 Hz, 1H), 7.94-7.92 (m, 3H), 7.54 (s, 1H),
7.37(d,J=8.0 Hz, 1H), 7.24 (d, /= 5.2 Hz, 1H), 4.48 (d, J= 6.0 Hz, 2H), 3.82 (s, 3H), 2.84 (t,
J=5.6 Hz, 2H), 2.78 (t,J = 5.6 Hz, 2H), 2.42 (s, 3H), 1.83-1.80 (m, 4H).

Example 10: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
5,6-dihydro-4H-cyclopenta[d]thiazole-2-carboxamide (I-10)

1-10
[0158] Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-5,6-dihydro-4H-cyclopenta[d]thiazole-2-carboxamide was similar to that of Example
1, except 5,6-dihydro-4H-cyclopenta[d]thiazole-2-carboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC (CH3;CN/H,O
with 0.05% NH3;.H,O as mobile phase) to give N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-5,6-dihydro-4H-cyclopenta[d]thiazole-2-carboxamide as a
yellow solid (58 mg, yield 54%). ESI-MS (M+H) ": 446.1. HPLC: (214 nm: 97%, 254 nm: 99%)).
'H NMR (400 MHz, CDCls) J: 8.42 (d, J = 5.2 Hz, 1H), 7.89 (s, 1H), 7.86 (s, 1H), 7.84 (d, J =
7.6 Hz, 1H), 7.55 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.35 (s, 1H), 7.07 (d, J = 5.2 Hz, 1H), 6.86
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(s, 1H), 4.69 (d, J = 5.6 Hz, 2H), 3.91 (s, 3H), 2.98 (t, J = 6.8 Hz, 2H), 2.85 (t, J = 7.6 Hz, 2H),
2.57-2.51 (m, 2H), 2.46 (s, 3H).

Example 11: trans-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yD)benzyl)-4-(trifluoromethyl)cyclohexanecarboxamide (I-11)

TF
Yi)k

ZT

I-11
[0159] Synthesis trans-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)-4-(trifluoromethyl)cyclohexanecarboxamide was similar to that of Example 1,
except trans-4-(trifluoromethyl)cyclohexanecarboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC to give product
as a solid (17 mg, yield 10%). LCMS: Rt = 1.33 min, m/z 473.2. 1H NMR (400 MHz,
METHANOL-d4) d 8.34 (d, J = 5.77 Hz, 1H), 7.99 - 8.08 (m, 2H), 7.97 (s, 1H), 7.69 (s, 1H),
7.42 (d,J=7.78 Hz, 2H), 4.41 - 4.51 (m, 2H), 3.94 (s, 3H), 2.45 (s, 3H), 1.24 - 2.39 (m, 10H).

Example 12: 2-(tert-butyl)-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)-4H-pyrrolo|3,4-d|thiazol-6(SH)-one (1-12)

83



WO 2015/089337 PCT/US2014/069853

6]
/
\N N\
LA M
H
I-12

Synthesis of methyl 4-(bromomethyl)-2-(tert-butyl)thiazole-5-carboxylate

Q NBS (1.1 eq)
%—5]% 0~ BPO (0.05eq) +< ﬁ

\

N CCly4, 85°C, 3N
[0160] A mixture of methyl 2-(tert-butyl)-4-methylthiazole-5-carboxylate (90 mg, 0.42
mmol), N-bromosuccinimide (83 g, 0.46 mmol) and benzoyl peroxide (10 mg, 0.04 mmol) in
CCl, (10 mL) was stirred at 85 °C for 3 h. After concentrated, the residue was diluted with
EtOAc (60 mL), washed by saturated aqueous Na,S,03 (20 mL) and brine (20 mL). The organic
phase was dried over MgSO, and concentrated to give methyl 4-(bromomethyl)-2-(tert-
butyl)thiazole-5-carboxylate (89 mg, yield: 72%) as a light yellow liquid. ESI-MS (M+H)":
291.9.

Synthesis of methyl 2-(tert-butyl)-4-(((2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)amino)methyl)thiazole-5-carboxylate
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NH, H
N\ﬁ/s
o K,CO3 (3.0 eq) O

~ MeCN / DMF (5:1) /
\ ﬁo + N/ > /
SN

N Br | I N 50 °C, 16 h N N,

| AL Y Ow
H N N
H

[0161] To a mixture of methyl 4-(bromomethyl)-2-(tert-butyl)thiazole-5-carboxylate (89

mg, 0.30 mmol) and 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-
yl)pyrimidin-2-amine (202 mg, 0.61 mmol) in MeCN/DMF (12 mL, 5:1) was added K,CO; (126
mg, 0.91 mmol). The reaction was kept at 50 °C for 16 h. After filtration, the filtrate was
concentrated to give a crude residue which was purified by prep-HPLC (MeCN/H,O with 10
mmol/L. NH4sHCOj3 as mobile phase) to give compound methyl 2-(tert-butyl)-4-(((2-methyl-4-(2-
((I-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)amino)methyl)thiazole-5-carboxylate
(98 mg, yicld: 64%) as a brown solid. ESI-MS (M+H) ': 506.1.

Synthesis of 2-(tert-butyl)-4-(((2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhbenzyl)amino)methyl)thiazole-5-carboxylic acid

/O NaOH (5.0 eq) OH

/" EtOH, 80°C, 2 h

[0162] A mixture of methyl 2-(tert-butyl)-4-(((2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)amino)methyl)thiazole-5-carboxylate (86 mg, 0.17 mmol) and
NaOH (34 mg, 0.85 mmol) in EtOH (10 mL) was stirred at 80 °C for 4 h. The resulting solution
was concentrated and diluted with water (6 mL), adjusted to pH = 5.0~6.0 with 3N HCI and
extracted with EtOAc (30 mLx3). The combined organic phase was dried over MgSO,4 and
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concentrated to give 2-(tert-butyl)-4-(((2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)amino)methyl)thiazole-5-carboxylic acid (82 mg, yield: 98%)
as a straw yellow solid. ESI-MS (M+H) ": 492 3.

Synthesis of 2-(tert-butyl)-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhbenzyl)-4H-pyrrolo[3,4-d[thiazol-6(5H)-one

\?s
© HATU (1.2 eq) ©

OH
TEA (5.0 eq)

/

SN N DMF/DCM (3:1) § N/

| | N rt., 16 h N \

Ao (L

H H
[0163] To a well-stirred solution of 2-(tert-butyl)-4-(((2-methyl-4-(2-((1-methyl-1H-

pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)amino)methyl)thiazole-5-carboxylic acid (82 mg,
0.17 mmol) and TEA (116 uL, 0.84 mmol) in DMF/DCM (8 mL, 3:1) was added HATU (76 mg,
0.2 mmol) at 0 °C. The reaction was kept at 0 °C for 2 h and stirred at rt for another 14 h. After
diluted with EtOAc (80 mL), the mixture was washed with brine (20 mL x 2). The organic phase
was dried and concentrated to give a crude residue which was purified by prep-HPLC
(MeOH/H,0 with 0.05% NH3-H,O as mobile phase) to give the compound 2-(tert-butyl)-5-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4H-pyrrolo[3,4-
d]thiazol-6(5H)-one (40 mg, yield: 51%) as a straw yellow solid. ESI-MS (M+H) ": 474.1. 'H
NMR (400 MHz, CDCls) o: 8.42 (d, /= 5.2 Hz, 1H), 7.89-7.86 (m, 2H), 7.84 (d, /= 7.6 Hz,
1H), 7.54 (s, 1H), 7.30 (d, /= 7.6 Hz, 1H), 7.16 (br, 1H), 7.06 (d, /= 5.2 Hz, 1H), 4.84 (s, 2H),
4.25 (s, 2H), 3.91 (s, 3H), 2.44 (s, 3H), 1.47 (s, 9H).

Example 13: 2-cyclopropyl-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)-4H-thieno[2,3-c|pyrrol-6(SH)-one (I-13)
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\ |

Z N =N
l J:/N\
N
\N)\N

H
I-13

Synthesis of methyl 3-(bromomethyl)thiophene-2-carboxylate

NBS (1.1 eq)
BPO(005eq) 4 Br
| D—coome > SI
s

CCl,, 85°C, 4 h COOMe

[0164] Synthesis of methyl 3-(bromomethyl)thiophene-2-carboxylate was similar to that
of methyl 4-(bromomethyl)-2-(tert-butyl)thiazole-5-carboxylate in Example 12, except methyl
3-methylthiophene-2-carboxylate was substituted for methyl 2-(tert-butyl)-4-methylthiazole-5-
carboxylate. The organic phase was dried and concentrated to give a crude residue which was
purified by column chromatography (petroleum ether/EtOAc, 80:1 to 30:1) to give compound
methyl 3-(bromomethyl)thiophene-2-carboxylate (3.6 g, yield: 59%) as a light yellow liquid.
ESI-MS (M+H) ': 234.9.

Synthesis of methyl 3-(aminomethyl)thiophene-2-carboxylate

J ] Br 7N NHs/ MeOH J ] NH,
STNCOOMe  MeOH, 1, 2 h ST NcooMe
[0165] A mixture of methyl 3-(bromomethyl)thiophene-2-carboxylate (1.9 g, 8.1 mmol)

in 7N NH3/MeOH (23 mL) and MeOH (20 mL) was stirred at rt for 2 h. After concentrated, the
residue was purified by silica gel column chromatography (DCM/MeOH, 40:1 to 10:1) to give
compound methyl 3-(aminomethyl)thiophene-2-carboxylate (1.3 g, yield: 94%) as a white solid.
ESI-MS (M+H) ": 172.1.

Synthesis of 4H-thieno[2,3-c[pyrrol-6(5H)-one
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ads K2CO;3 (1.0 eq) MH
S N s

COOMe  MeOH/EtOH (1:1) o)
70°C, 16 h
[0166] A mixture of methyl 3-(aminomethyl)thiophene-2-carboxylate (1.3 mg, 7.6

mmol) and K3COs (1.1 g, 7.6 mmol) in EtOH/MeOH (20 mL, 1:1) was stirred at 70 °C for 16 h.
After concentrated, the residue was purified by silica gel column chromatography (DCM/MeOH,
100:1 to 60:1) to give compound 4H-thieno[2,3-c]pyrrol-6(5H)-one (580 g, yield: 55%) as a
white solid. ESI-MS (M+H) ": 140.1.

Synthesis of 2-bromo-4H-thieno[2,3-c[pyrrol-6(5H)-one

MIH Br2(2.0eq)> BrMH
s

S O  AcOH/MeOH (3:2) O
rt, 40 h

[0167] Br; (1.3 g, 8.4 mmol) was added dropwise to the solution of 4H-thieno[2,3-
c]pyrrol-6(5H)-one (580 mg, 4.2 mmol) in AcOH/MeOH (10 mL, 3:2) at 0 °C. The mixture was
stirred at rt for 40 h. After concentrated, the residue was diluted with EtOAc (160 mL), washed
with brine (60 mL). The organic phase was dried and concentrated to give a crude residue which
was purified by column chromatography (DCM/MeOH, 100:1 to 80:1) to give the compound 2-
bromo-4H-thieno[2,3-c]pyrrol-6(5H)-one (616 mg, yield: 68%) as a white solid. ESI-MS (M+H)
"217.8.

Synthesis of 2-cyclopropyl-4H-thieno[2,3-c[pyrrol-6(5H)-one
OH
>—E P%( >>
OH 3
NH (1.5 eq) (0.1 eq) NH
33 -
Br S S 0

O KsPO, (2.0 eq); Pd(OAC), (0.05 eq)
Toluene / H,O (10:1); 100°C, 6 h

[0168] A mixture of 2-bromo-4H-thieno[2,3-c]pyrrol-6(5H)-one (202 mg, 0.9 mmol),
cyclopropyl boronic acid (120 mg, 1.4 mmol), tricyclohexyl phosphine (25 mg, 0.1 mmol) and
K3PO4 (393 mg, 1.9 mmol) in toluene/H,O (17 mL, 16:1) was stirred at 100 °C for 5 min,
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followed by addition of Pd(OAc), (11 mg, 0.05 mmol). The reaction was kept at 100 °C for 6 h.
After concentrated, the residue was purified by silica gel column chromatography (DCM/MeOH,
100:1 to 80:1) to give the compound 2-cyclopropyl-4H-thieno[2,3-c]pyrrol-6(5H)-one (205 mg,
yield: 65%) as a light yellow solid. ESI-MS (M+H) ": 180.1.

Synthesis of 5-(4-bromo-2-methylbenzyl)-2-cyclopropyl-4H-thieno[2,3-c[pyrrol-6(5H)-one

/—:E >—Br
Br (1.2 eq)

NH
/ \ - O
S 0 NaH (1.5 eq)
DMF, 0 °C-RT, 2 h
Br
[0169] To a mixture of 2-cyclopropyl-4H-thieno[2,3-c]pyrrol-6(5H)-one (150 mg, 0.8

mmol) in dry DMF (6 ml) was added 60% NaH (50 mg, 1.3 mmol) at 0 °C. The mixture was
stirred at rt for 10 min after which 4-bromo-1-(bromomethyl)-2-methylbenzene (264 mg, 1.0
mmol) was added. The mixture was stirred at rt for 1 h. Then the reaction was quenched by water
(5 mL) and diluted EtOAc (100 mL), washed by brine (40 mL). The organic phase was dried and
concentrated to give a crude residue which was purified by silica gel column chromatography
(petroleum ether/EtOAc, 8:1 to 5:1) to give the compound 5-(4-bromo-2-methylbenzyl)-2-
cyclopropyl-4H-thieno[2,3-c]pyrrol-6(5H)-one (35 mg, yield: 12%) as a light yellow solid. ESI-
MS (M+H) *: 362.1.

The preparation of 2-chloro-4-methoxypyrimidine.

Cl OMe
EgN CH3ONa (1.0 eq) EKN
N’)\q CH3OH, rt, 18 h N/)\q
[0170] To a solution of 2,4-dichloropyrimidine (41.8 g, 280 mmol) in methanol (900 mL)

was added a solution of CH;ONa (15.2 g, 280 mmol) in 100 mL methanol at 0 °C. The mixture
was stirred at rt for overnight. The mixture was concentrated under reduce pressure to give a
white solid, which was diluted with water (400mL) and extracted with ethyl acetate (500 mL x

3). The combined organic layer was washed with brine, dried, concentrated to give 2-chloro-4-
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methoxypyrimidine (40 g, yield: 98%) as white solid. ESI-MS (M+H)": 145.0. '"H NMR (400
MHz, CDCls) 6: 8.30 (d, /= 5.6 Hz ,1H), 6.68 (s, /= 5.6 Hz ,1H), 4.02 (s, 3H).

The preparation of 4-methoxy-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine

N— (1.3 eq)
H N OMe

OMe » NN =
Ny Pda(doa)s (002 eq), S-Phos (0.04 eq) | N Y L/N\

| )\ Cs,C0; (3.0 eq)
N/ cl dioxane, 120°C, 4 h

[0171] To a solution of 2-chloro-4-methoxypyrimidine (36.0 g, 250 mmol), 1-methyl-
1H-pyrazol-4-amine (32 g, 325 mmol) in 1, 4-dioxane (1000 mL) were added Cs,CO;3 (244 g,
750 mmol), S-phos (4.0 g, 10.0 mmol) and Pd,(dba); (5.0 g, 5.0 mmol) under N,. The mixture
was stirred at 120 °C for 4 h. After cooling down to rt, the mixture was filtered to remove the
insoluble matter by silica gel and washed with EA (500 mL). The organic phase was
concentrated and purified by silica gel column (PE: EA=5:1 to 1:1) to give 4-methoxy-N-(1-
methyl-1H-pyrazol-4-yl)pyrimidin-2-amine (25.0 g, yield: 44 %) as gray powder. ESI-MS
(M+H) ": 206.1. "H NMR (400 MHz, CDCls) ¢: 8.06 (d, J= 5.6 Hz ,1H), 7.89 (s, 1H), 7.57 (s,
1H), 6.15 (d, J= 5.6 Hz ,1H), 3.97 (s, 3H), 3.88 (s, 3H).

The preparation of 4-chloro-N-(1-methyl-1H-pyrazol-4-y)pyrimidin-2-amine

OMe Cl
SN =N POCI N N
Q Lo, ﬁ LN\ —— (1 O
N 100°. 2 h 100°C, 18 N7 N
[0172] A mixture of 4-methoxy-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine (25.0

g, 122 mmol) in HBr (200 mL, 48%) was stirred at 100 °C for 2 h. The mixture was concentrated
under reduced pressure to give crude 2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-ol as
gray solid. The solid was dissolved in POCI; (200 mL) and stirred at 100 °C for 16 h. The

mixture was concentrated under reduced pressure to remove excess POCl; and the residue was

90



WO 2015/089337 PCT/US2014/069853

purified by silica gel column (PE: EA=5:1 to 2:1) and crystallized from EtOAc to give 4-chloro-
N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine (18.0 g, yield: 68 % for 2 steps) as white
powder. ESI-MS (M+H) : 210.1. '"H NMR (400 MHz, CDCl3) §: 8.29 (d, J = 5.2 Hz ,1H), 7.94
(s, 1H), 7.56 (s, 1H), 6.75 (d, /= 5.2 Hz ,1H), 3.89 (s, 3H).

Synthesis of 2-cyclopropyl-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhbenzyl)-4H-thieno[2,3-c[pyrrol-6(5H)-one

1. Bis(pinacolato)diboron (1.2 eq) o) S
_ Pd(dppf)Cl, (0.1 eq), KOAc (3.0 eq) \ I
/ 1,4-Dioxane, 110°C, 3 h N
S .
N -
Cl
O 2

(1.5 eq)

ﬁ” g
P
\N)\N = Z N

=N
Br H o | L\/N\
N)\N

Pd(dppf)Cl, (0.1 eq), K,CO3 (2.0 eq)

Dioxane/H,0 (4:1), 110°C, 2 h
[0173] Synthesis of 2-cyclopropyl-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-4H-thieno[2,3-c]pyrrol-6(5H)-one was similar to that of tert-
butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate in Example 1. The residue was
purified by prep-HPLC (MeCN/H,0 with 10 mmol/L NH4HCOj3 as mobile phase) to give the
compound 2-cyclopropyl-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-4H-thieno[2,3-c]pyrrol-6(5H)-one (4 mg, yield: 9%) as a light yellow solid. ESI-MS
(M+H) ": 457.1. "H NMR (400 MHz, CDCl3) 0: 8.42 (d, J= 4.8 Hz, 1H), 7.88 (s, 1H), 7.85 (s,
1H), 7.82 (d, J=7.6 Hz, 1H), 7.55 (s, 1H), 7.28 (d, /= 8.0 Hz, 1H), 7.06 (d, / = 4.8 Hz, 1H),
6.90 (s, 1H), 6.66 (s, 1H), 4.79 (s, 2H), 4.07 (s, 2H), 3.91 (s, 3H), 2.42 (s, 3H), 2.16-2.10 (m,
1H), 1.11-1.06 (m, 2H), 0.82-0.78 (m, 2H).

Example 14: 4-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-4,5,6,7-tetrahydrothieno[3,2-¢|pyridine-2-carboxamide (I-14)
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Synthesis of 5-tert-butyl 2-ethyl 4-methyl-6,7-dihydrothieno[3,2-c[pyridine-2,5(4H)-

dicarboxylate
o 1. DMF (1.1 eq), POCl; (1.1 eq)
b DCM,0°Ctort, 2h _ /@—Boc . S NBec
OEt
N 2 Hs N Et0,C7 X EtO,C7 X
Boc O (15eq)
TEA (3.0 eq), 1,2-DCE, reflux,
18 h
[0174] Synthesis of 5-tert-butyl 2-ethyl 4-methyl-6,7-dihydrothieno[3,2-c]pyridine-

2,5(4H)-dicarboxylate was similar to that of ethyl 6,7-dihydro-4H-thieno[3,2-c]pyran-2-
carboxylate in Example 3, except tert-butyl 2-methyl-4-oxopiperidine-1-carboxylate was
substituted for dihydro-2H-pyran-4(3H)-one. The mixture was purified by column
chromatography (silica, petroleum ether/EtOAc = 8:1) to give product (336 mg, yield: 44%) as a
white liquid. ESI-MS (M+H-56)": 270.1.

Synthesis of 5-(tert-butoxycarbonyl)-4-methyl-4,5,6,7-tetrahydrothieno[3,2-c[pyridine-2-

carboxylic acid

SN 2>
EtO,C EtO,C MeOH rt,2h

[0175] Synthesis of 5-(tert-butoxycarbonyl)-4-rnethyl-4,5 ,6,7-tetrahydrothieno[3 ,2-
c]pyridine-2-carboxylic acid was similar to that of 6,7-dihydro-4H-thieno[3,2-c]pyran-2-
carboxylic acid in Example 3. The crude product (240 mg, yield: 55%, white solid) was used in
next step without further purification. ESI-MS (M+H-56)": 242.0. "H NMR (400 MHz, CDCl5)
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0:7.37 (s, 1H), 4.72-4.67 (m, 1H), 3.95-3.91 (m, 0.5H), 3.73-3.66 (m, 0.5H), 2.99-2.93 (m, 1H),
2.78-2.49 (m, 2H), 1.40-1.39 (m, 9H), 1.35 (d, /= 6.8 Hz, 1.5H), 1.26 (d, /= 6.8 Hz, 1.5H).
Synthesis of 4-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yh)benzyl)-4,5,6,7-tetrahydrothieno[3,2-c[pyridine-2-carboxamide

NBoc NB NH
NH, PN N *h s UM g N
O \ o =~ N . N N
OH OH I o
+

(1.2eq)
SN =N 1) HATU (1.5 eq), DIPEA (2.0 eq) /
L J;/‘N\ DMF, t, 2 h / SN N
7 SN N, \
NN 2) TFAIDCM, tt, 1 h lN/)\NLN IN/)\NLN
H
H
[0176] Synthesis of 4-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxamide was
similar to that of Example 1-73, except 5-(tert-butoxycarbonyl)-4-methyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-2-carboxylic acid was substituted for 2-(tert-butyl)thiazole-5-
carboxylic acid. The residue was purified by prep-HPLC (CH3CN/H,O with 0.05% NH3.H,O as
mobile phase) to give 4-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)-4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine-2-carboxamide as a white solid (58 mg,
yield: 77%). ESI-MS (M+H) *: 474.1. HPLC: (214 nm: 97%, 254 nm: 100%). "H NMR (400
MHz, DMSO-dys) : 9.48 (s, 1H), 8.84-8.78 (m, 1H), 8.46-8.44 (m, 1H), 7.95-7.92 (m, 3H), 7.64
(s, 0.5), 7.54-7.53 (m, 1H), 7.52 (s, 0.5 H), 7.39-7.36 (m, 1H), 7.25 (d, J = 5.2 Hz, 1H), 4.48-4.46
(m, 2H), 3.82 (s, 3H), 3.81-3.71 (m, 1H), 3.23-3.09 (m, 1H), 2.92-2.61 (m, 2H), 2.41 (s, 3H),
2.39-2.31 (m, 1H), 1.28 (d, /= 6.8 Hz, 1.5H), 1.15 (d, /= 6.4 Hz, 1.5H).

Example 15: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
6,7-dihydro-5SH-thieno|[3,2-b]|pyran-2-carboxamide (I-15)
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ZT
Z

Synthesis of ethyl 6,7-dihydro-5H-thieno[3,2-b[pyran-2-carboxylate

0 1. DMF (1.1 eq), POCl5 (1.1 eq)

é DCM, 0°Ctort, 2 h %
OE j
O (15e€q)

TEA (3.0 eq), 1,2-DCE, reflux,
18 h

[0177] Synthesis of ethyl 6,7-dihydro-5H-thieno[3,2-b]pyran-2-carboxylatewas similar to
that of ethyl 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylate in Example 3, except dihydro-2H-
pyran-3(4H)-one was substituted for dihydro-2H-pyran-4(3H)-one. The residue was purified by
column chromatography (silica, petroleum ether/EtOAc = 8:1) to give product ethyl 6,7-dihydro-
5H-thieno[3,2-b]pyran-2-carboxylate (319 mg, yield: 30%) as a white liquid. ESI-MS (M+H)":
213.1. '"H NMR (400 MHz, CDCl3) d: 7.26 (s, 1H), 4.31 (q,J = 7.2 Hz, 2H), 4.17 (t,J = 5.2 Hz,
2H), 2.79 (t, J = 6.8 Hz, 2H), 2.08-2.02 (m, 2 H), 1.35 (t, J/ = 6.8 Hz, 3H).

Synthesis of 6,7-dihydro-5H-thieno[3,2-b]pyran-2-carboxylic acid

MeOH r,2h

[0178] Synthesis of 6,7-dihydro-5H-thieno[3,2-b]pyran-2-carboxylic acid was similar to
that of 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid in Example 3. Crude product 6,7-
dihydro-5H-thieno[3,2-b]pyran-2-carboxylic acid (225 mg, yield: 82%, white solid), which was
used in next step without further purification. ESI-MS (M+H)": 185.0.
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Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-6,7-
dihydro-5H-thieno[3,2-b[pyran-2-carboxamide

O
H [ N\
NH, ’ o N s
510 !
O S
(12eq)
| SN B BQTFUr?.Zs heq), DIPEA (2.0 eq) | SN =N
_— -
N/)\N \ N/)\N S
H H
[0179] Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

yl)benzyl)-6,7-dihydro-5H-thieno[3,2-b]pyran-2-carboxamide was similar to that of Example 1,
except 6,7-dihydro-5H-thieno[3,2-b]pyran-2-carboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The residue was purified by prep-HPLC (CH3;CN/H,0 with
0.05% NH3.H,0 as mobile phase) to give N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-5H-thieno[3,2-b]pyran-2-carboxamide as a white
solid (44 mg, yield: 46%). ESI-MS (M+H) : 461.1. HPLC: (214 nm: 100%, 254 nm: 100%). 'H
NMR (400 MHz, DMSO-ds) 6: 9.47 (s, 1H), 8.86-8.83 (m, 1H), 8.45 (d, /= 5.2 Hz, 1H), 7.95-
7.92 (m, 3H), 7.54 (s, 1H), 7.40-7.36 (m, 2H), 7.25 (d, /= 5.2 Hz, 1H), 4.47 (d, /= 5.2 Hz, 2H),
4.13-4.11 (m, 2H), 3.82 (s, 3H), 2.74-2.71 (m, 2H), 2.41 (s, 3H), 1.98-1.93 (m, 2H).

Example 16: 1-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yvD)benzyl)piperidine-4-carboxamide (I-16)

0]
/
Z N ’ N\
| LN
Sy )\N p
H
1-16
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[0180] Synthesis of 1-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)piperidine-4-carboxamide was similar to that of Example 1,
except 1-methylpiperidine-4-carboxylic acid was substituted for 2-(tert-butyl)thiazole-5-
carboxylic acid. The crude was filtrate through celite and washed with DMF and purified by prep
HPLC to give product as a solid (118 mg, yield: 83%). LCMS: Rt =0.75, m/z 420.3. 1H NMR
(400 MHz, DMSO-d6) &:9.49 (s, 1H), 8.32 - 8.57 (m, 2H), 7.78 - 8.11 (m, 3H), 7.58 (br. s.,
1H), 7.11 - 7.42 (m, 2H), 4.32 (d, J = 5.52 Hz, 2H), 3.82 (s, 3H), 2.61 - 3.71 (m, 6H), 2.54 (s,
3H), 2.37 (s, 3H), 1.56 - 2.14 (m, 3H).

Example 17: cis-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yD)benzyl)-4-(trifluoromethyl)cyclohexanecarboxamide (I-17)

FE
’ F
N
o)
/
ZY ’ N
| N
A
H
1-17

Synthesis of cis-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4-
(trifluoromethyl)cyclohexanecarboxamide was similar to that of Example 1, except cis-4-
(trifluoromethyl)cyclohexanecarboxylic acid was substituted for 2-(tert-butyl)thiazole-5-
carboxylic acid. The crude was purified by prep HPLC to give product as a solid (154 mg,
yield:96%). LCMS: Rt = 1.32 min, m/z 473.3. IH NMR (400 MHz, DMSO-d6) d 9.48 (s, 1H),
8.45(d, J=5.27 Hz, 1H), 8.24 (s, 1H), 7.82 - 8.00 (m, 3H), 7.55 (br. s., 1H), 7.32 (d, J = 7.78
Hz, 1H), 7.26 (d, J = 5.27 Hz, 1H), 4.31 (d, J = 5.52 Hz, 2H), 3.80 (s, 3 H), 2.54 - 2.74 (m, 1H),
2.37 (s, 3H), 1.11 - 2.29 (m, 9H).
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Example 18. 5-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)isoxazole-4-carboxamide (I-18)

I-18
[0181] Synthesis of 5-methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)isoxazole-4-carboxamide was similar to that of Example 1,
except S-methylisoxazole-4-carboxylic acid was substituted for 2-(tert-butyl)thiazole-5-
carboxylic acid. The crude was purified by prep HPLC to give product as a solid (62.1 mg, yield:
40%). LCMS: Rt = 1.24 min, m/z 404.20. 1H NMR (300 MHz, DMSO-d6) J: 9.49 (s, 1H), 8.46
(d, J=5.29 Hz, 1H), 7.94 (d, J = 7.55 Hz, 3H), 7.55 (s, 1H), 7.33 (d, J = 8.31 Hz, 1H), 7.25 (d, J
=5.29 Hz, 1H), 4.43 (s, 2H), 3.83 (s, 3H), 2.40 (s, 3H), 2.26 (s, 3H).

Example 19: N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4-
(trifluoromethyl)piperidine-1-carboxamide (I-19)

Scheme 2

TR
2

HqC o 0

L Ri
NTONTONTY HN

/' = \s/(10eq R (1.0eq) /
~ N N‘ - \N N\
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NTN NN
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Synthesis of N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4-

(trifluoromethyl)piperidine-1-carboxamide

K N
2 F
HN (1.1 eq) \g/
>
/ TEA (2.0 eq), CDI (1.0 eq) /
N /[T DMF, tt, 12 h | SN N
N A
N/)\N % N//kN 4
H H
[0182] To a solution of 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-

yl)pyrimidin-2-amine (80 mg, 0.24 mmol, 1.0 equiv) in DMF (2 mL) was added TEA (48 mg,
0.48 mmol, 2.0 equiv), the mixture was stirred at rt for 10 min. Then CDI (39 mg, 0.24 mmol,
1.0 eq) was added and the reaction mixture was stirred at rt for 1 h before 4-
(trifluoromethyl)piperidine (48 mg, 0.48 mmol, 2.0 eq) was added. The mixture was stirred at
room temperature for another 12 h. The mixture was purified by prep-HPLC (Gradient: 5% B
increase to 95% B, A: 0.5% NH; in water, B: CH3CN) to give N-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-4-(trifluoromethyl)piperidine-1-carboxamide (68

mg, yield: 52%) as a yellow solid. ESI-MS (M+H)":474.2. "H NMR (400 MHz, CDCl;) §: 8.41
(d,J=5.2 Hz, 1H), 7.86-7.82 (m, 3H), 7.53 (s, 1H), 7.36 (d, /= 7.6 Hz, 1H), 7.06-7.05 (m, 2H),
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4.67 (t,J=5.2 Hz, 1H), 4.47 (d,J = 5.6 Hz, 2H), 4.10-4.06 (m, 2H), 3.90 (s, 3H), 2.85-2.78 (m,
2H), 2.43 (s, 3H), 2.22-2.16 (m, 1H), 1.91-1.88 (m, 2H), 1.61-1.51 (m, 2H).

Example 20: 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)piperidine-1-carboxamide (1-20)

)
O

/
L
N
N/)\N 7
H
1-20

Synthesis of 4-(tert-butyl)piperidine

PtO, (10%, wiw)
= >
Nao | AcOH, 50 °C, 12 h HN

[0183] To a mixture of 4-(tert-butyl)pyridine (270 mg, 2 mmol, 1.0 equiv) in AcOH (5

mL) was added PtO, (27 mg, 10%). The mixture was stirred at 50 °C for 12 h under hydrogen
atmosphere. The catalyst was filtered out and the resulting filtrate was concentrated to give 4-
(tert-butyl)piperidine (130 mg, yield: 48%) as a yellow oil. ESI-MS (M+H): 142.2.

Synthesis of 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhbenzyl)piperidine-1-carboxamide
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[0184] Synthesis of 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzyl)piperidine-1-carboxamide was similar to that of Example 19,
except 4-(tert-butyl)-piperidine was substituted for 4-(trifluoromethyl)piperidine. The mixture
was purified by prep-HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NHj3 in water, B:
CH;CN) to give 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)piperidine-1-carboxamide (73 mg, yield: 65%) as a white solid. ESI-MS
(M+H)":462.3. '"H NMR (400 MHz, CDCl;) J: 8.41 (d, J=5.2 Hz, 1H), 7.88 (s, 1H), 7.84-7.82
(m, 2H), 7.55 (s, 1H), 7.38 (d, J= 7.6 Hz, 1H), 7.06 (d, /= 5.2 Hz, 1H), 6.87 (s, 1H), 4.61 (t, /=
4.4 Hz, 1H), 4.48 (d, /= 5.2 Hz, 2H), 4.03-4.00 (m, 2H), 3.91 (s, 3H), 2.76-2.71 (m, 2H), 2.43

(s, 3H), 1.71-1.68 (m, 2H), 1.24-1.14 (m, 3H), 0.86 (s, 9H).

Example 21: 3-isopropoxy-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)azetidine-1-carboxamide (I-21)

O
N\g/N/D/ Y

/
~ N N\
LA A
H
1-21
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[0185] 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-
amine hydrochloride (prepared in Example 1) (200 mg, 0.7 mmol), 3-isopropoxy azetidine (113
mg, 0.747mmol), and N,N-carbonyldiimidazole (0.110 g, 0.679 mmol) in N,N-
dimethylformamide (1.58 mL, 20.4 mmol) was added N,N-diisopropylethylamine (0.473 mL,
2.72 mmol) slowly and stirred at room temperature overnight. The mixture was filtrate through
celite and washed with DMF and purified by prep HPLC to give product as a solid (82 mg, yield:
30%). LCMS: Rt = 1.05 min, m/z 436.3. 1H NMR (400 MHz, DMSO-d6) o: 9.48 (s, 1H), 8.45
(d, J=5.02 Hz, 1H), 7.92 (s, 3H), 7.55 (br. s., 1H), 7.35 (d, J = 8.53 Hz, 1H), 7.25 (d, ] = 5.27
Hz, 1H), 6.84 (s, 1H), 4.15 - 4.48 (m, 3H), 3.90 - 4.13 (m, 2H), 3.83 (s, 3H), 3.46 - 3.69 (m, 3H),
2.36 (s, 3H), 1.08 (d, J=6.27 Hz, 6H).

Example 21a: 3-((2-d-propan-2-yl)oxy)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yD)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

[0186] To a solution of N,N-carbonyldiimidazole (66.1 mg, 0.4077 mmol) in
tetrahydrofuran (5 mL, 60 mmol) was added 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-
1H-pyrazol-4-yl)pyrimidin-2-amine (120.0 mg, 0.4077 mmol) and triethylamine (0.17 mL, 1.223
mmol) . The mixture was stirred at RT for 2h. 3-((2-d-propan-2-yl)oxy)azetidine hydrochloride
(124.4 mg, 0.8153 mmol) was then added. The reaction mixture was stirred at rt overnight. The
reaction mixture was diluted with EtOAc, washed with water. The organic phase was separated,
dried and concentrated. The crude was purified by HPLC to give 3-((2-D-propan-2-yl)oxy)-N-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
as a yellow powder (155 mg, TFA salt, yield: 87%). LCMS: RT 1.06 min.; MH+ 437.2; '"H NMR
(400 MHz, DMSO-d6) d 9.53 (s, 1H), 8.45 (d, J = 5.27 Hz, 1H), 7.93 (s, 3H), 7.56 (br. s., 1H),
7.36 (d, J =8.28 Hz, 1H), 7.26 (d, J = 5.27 Hz, 1H), 6.85 (t, J = 5.27 Hz, 1H), 4.27 - 4.38 (m,
1H), 4.23 (d, J =4.77 Hz, 2H), 3.98 - 4.09 (m, 2H), 3.83 (s, 3H), 3.62 (dd, J = 4.64, 8.66 Hz,
2H), 2.37 (s, 3H), 1.07 (s, 6H).

Example 21b: 3-isopropoxy-N-(2-methyl-4-(2-((1-d;-methyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

1. Synthesis of 1-(ds>-methyl-1H-pyrazol-4-amine
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NH N D
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[0187] A mixture of 4-nitro-1H-pyrazole (5.0 g, 44 mmol) and d6-dimethyl sulfate (10.0
g, 75.7 mmol) in 1 M solution of NaOH in water (50.0 mL) was heated at 35 °C overnight. The
solid formed was filtered, washed with water, and dried (Na,SQO,) to give 1-d;-methyl-4-nitro-
1H-pyrazole as a white crystal (3.9 g, yield: 68%). LCMS: RT 0.36 min.; MH+ 131.1; '"H NMR
(400 MHz, DMSO-d6) o: 8.84 (s, 1H), 8.23 (s, 1H).

N D —_— NA<
= =
O:N D HzN D

[0188] A solution of 1-ds;-methyl-4-nitro-1H-pyrazole (3.9 g, 30 mmol) in EtOH (50.0
mL) was degassed with nitrogen, followed by the addition of 10% palladium on carbon (0.32 g,
0.30 mmol). The mixture was placed under an atmosphere of H, and stirred at rt for 2 h. The
mixture was filtered and the filtrate was concentrated in vacuo to give 1-(ds-methyl-1H-pyrazol-

4-amine as an oil (2.9g, yield: 96%) which was used in the next step without further purification.

2. Synthesis of N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-

carboxamide
0.
H
NHii-ICI NTN/j Y
(o]
N7 Y A
I
kN/ cl 'N\N/ cl
[0189] To solution of N,N-carbonyldiimidazole (1.20 g, 7.40 mmol) in THF (100 mL)

was added a solution of (4-(2-chloropyrimidin-4-yl)-2-methylphenyl)methanamine
hydrochloride (2.0 g, 7.40 mmol) and Et;N (1.0 mL, 7.40 mmol). The mixture was stirred at rt
for 12 h, followed by the addition of 3-isopropoxyazetidine hydrochloride (1.12 g, 7.40 mmol)
and Et;N (2.1 mL, 14.8 mmol), and then stirred at rt for 12 h. The solvent was removed in vacuo
to afford the crude which was purified by silica gel chromatography (EtOAc/heptane gradient) to
give N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide as a
white powder (1.68 g, yield: 60%). LCMS: RT 1.40 min.; MH+ 375.1; "H NMR (400 MHz,
DMSO-d6) 6: 9.06 (d, J = 0.75 Hz, 1H), 8.28 (s, 1H), 7.99 - 8.13 (m, 2H), 7.36 (d, J = 8.53 Hz,
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1H), 6.87 (t, J = 5.77 Hz, 1H), 4.16 - 4.41 (m, 3H), 4.04 (dd, ] = 6.78, 8.53 Hz, 2H), 3.51 - 3.69
(m, 3H), 2.36 (s, 3H), 1.08 (d, J = 6.27 Hz, 6H).

[0190] A mixture of N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)-3-
isopropoxyazetidine-1-carboxamide (150 mg, 0.40 mmol) and 1-methyl-d3-1H-pyrazol-4-amine
(52 mg, 0.52 mmol) in PhCHj3 (4 mL) was degassed with nitrogen for 5 min, then 2-
dicyclohexylphosphino-2',6'-dimethoxybiphenyl (16 mg, 0.04 mmol) and
tris(dibenzylideneacetone)dipalladium(0) (18 mg, 0.02 mmol) and sodium tert-butoxide (77 mg,
0.80 mmol) were added and degassed for another 5 min, and the reaction was heated in a sealed
tube at 100 °C for 1 h. The reaction was then cooled to rt, diluted with EtOAc, and washed with
water and the organic phase was separated, dried (Na,SO,), and concentrated in vacuo to afford
the crude which was purified by HPLC to give 3-isopropoxy-N-(2-methyl-4-(2-((1-ds;-methyl-
1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide as a light yellow powder
(78 mg, yield: 43%). LCMS: RT 1.05 min.; MH+ 439.1; 'H NMR (400 MHz, DMSO-d6) J: 9.48
(s, 1H), 8.45 (d, J = 5.02 Hz, 1H), 7.92 (s, 3H), 7.55 (br. s., 1H), 7.35 (d, J = 8.28 Hz, 1H), 7.25
(d,J=5.27Hz, 1H), 6.84 (t, J = 5.65 Hz, 1H), 4.27 - 4.37 (m, 1H), 4.23 (d, J = 5.52 Hz, 2H),
3.99 - 4.09 (m, 2H), 3.51 - 3.68 (m, 3H), 2.37 (s, 3H), 1.08 (d, J = 6.02 Hz, 6H).

Example 21¢: 3-(1,1,1,3,3,3-d6)isopropoxy-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

1. Synthesis of 3-(1,1,1,3,3,3-d6)isopropoxyazetidine hydrochloride

Br
D D HN
O DWD LA
)(O)J\N fNaH D D _ HC 0
D D
\j\OH 2. HCI DWD

[0191] Sodium hydride (1.4 g, 35 mmol) was added to a solution of zert-butyl 3-

hydroxyazetidine-1-carboxylate (2.0 g, 12 mmol) in DMF (50 mL, 600 mmol) and stirred at rt
for 3 h before 2-bromopropane-1,1,1,3,3,3-d6 (1.6 mL, 2.2 g, 17 mmol) was added and heated at
80 °C for 12 h. LC-MS showed the formation of the desired product (1.45min, very weak at 214
nM and no absorption at 254 nM, ES+/166.2(M-Boc), 244.1(M+Na), 267.2(M+2Na), and
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465.4(2M+Na)) and remaining starting material (0.84 min, ES+/369.2(2M+Na)). Another
portion of 2-bromopropane-1,1,1,3,3,3-d6 (1.6 mL, 2.2 g, 17 mmol) was added and the reaction
was heated for 3 h until reaction was shown to be completed by LCMS. The reaction was cooled
down to rt, and diluted with diethyl ether and water. The organic phase was separated, dried
(MgS0s), concentrated in vacuo and purified by silica gel chromatography (EtOAc/Heptane) to
give the product as a colorless liquid. TH NMR (400 MHz, CDCl;) J: 1.43 (s, 9 H), 3.80 (d,
J=4.52 Hz, 2 H), 3.88 - 3.97 (m, 1 H), 4.12 (s, 2 H), 4.46 - 4.62 (m, 1 H).

[0192] To a solution of 3-(1,1,1,3,3,3-d6)isopropoxyazetidine-1 (2.5 g, 11 mmol) in 1,4-
dioxane (50 mL, 600 mmol) was added a solution of 4 M of HCI in 1,4-Dioxane (12 mL, 46
mmol) and stirred for 12 h. The solvent was removed and the residue was triturated with diethyl
cther to afford a solid which was filtered,washed with diethyl ether and dried to give the product
as a white solid (1.5g, yield: 84% as HCl salt). 1H NMR (400 MHz, DMSO-d6) 6: 3.60 (s, 1 H)
3.66 - 3.82 (m, 2 H) 4.09 (dd, J=11.55, 6.78 Hz, 2 H) 4.40 (quin, J=6.46 Hz, 1 H) 9.17 (br. s., 1
H).

2. Synthesis of 3-(1,1,1,3,3,3-d6)isopropoxy-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

To a solution of 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-
yl)pyrimidin-2-amine hydrochloride (0.2 g, 0.6 mmol) and DIEA (0.53 mL, 3.0 mmol) in DMF
(10 mL, 100 mmol) was added dropwise to a solution of CDI (0.11 g, 0.66 mmol) in DMF (2
mL, 20 mmol) at rt. To the solution was added 3-(/,/,1,3,3,3-d6)isopropoxyazetidine (0.081 g,
0.66 mmol) HCl salt and stirred at rt for 48 h. The reaction was diluted with water and extracted
with EtOAc, dried (MgSOs), and concentrated in vacuo to afford the crude which was purified
with prep HPLC (CH;CN/H,0 with 0.05% TFA as mobile phase) to give the desired product as
a yellow solid (80mg, yield: 30% as TFA salt). MS ES+/442.1; 1H NMR (400 MHz, DMSO-d6)
0:9.46 (s, 1 H) 8.45(d, J=5.02 Hz, 1 H) 7.92 (s, 3 H) 7.55 (br. s., 1 H) 7.35 (d, J=8.03 Hz, 1 H)
7.24 (d,J=5.02 Hz, 1 H) 6.84 (t, J=5.77 Hz, 1 H) 4.27 - 4.38 (m, 1 H) 4.23 (d, J=5.52 Hz, 2 H)
4.00 -4.09 (m, 2 H) 3.83 (s, 3 H) 3.62 (dd, J=8.78, 4.52 Hz, 2 H) 3.56 (s, 1 H) 2.37 (s, 3 H).

Example 22: 1-(bicyclo[2.2.2]octan-1-y])-3-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)benzyl)urea (1-22)
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[0193] Synthesis of 1-(bicyclo[2.2.2]octan-1-yl)-3-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)urea was similar to that of Example 19, except
bicyclo[2.2.2]octan-1-amine was substituted for 4-(trifluoromethyl)piperidine. The mixture was
filtrate through celite and washed with DMF and purified by prep HPLC to give product as a
solid (17 mg, yield: 6%). LCMS: Rt = 1.32min, m/z 446.2. 1H NMR (400 MHz, DMSO-d6) J:
9.49 (s, 1H), 8.45 (d, J = 5.27 Hz, 1H), 7.93 (br. s., 3H), 7.55 (br. s., 1H), 7.33 (d, J = 8.03 Hz,
1H), 7.25 (d, J = 5.27 Hz, 1H), 4.19 (br. s., 2H), 3.82 (s, 3H), 2.35 (s, 3H), 1.73 (d, J = 11.55 Hz,
6H), 1.58 (d, J = 7.28 Hz, 6H), 1.49 (br. s., 1H).

Example 23: 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

O

4-yl)benzyl)piperazine-1-carboxamide (I-23)

N
bl

o)

1-23

[0194] Synthesis of 4-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzyl)piperazine-1-carboxamide was similar to that of Example 19,
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except 1-(tert-butyl)piperazine was substituted for 4-(trifluoromethyl)piperidine. The mixture
was filtrate through celite and washed with DMF and purified by prep HPLC to give product as a
solid (39.7 mg, yield: 10%). LCMS: Rt = 0.8 min, m/z 463.3. 1H NMR (400 MHz, DMSO-d6)
0: 9.47 (s, 1H), 8.46 (d, J = 5.27 Hz, 1H), 7.81 - 8.02 (m, 3H), 7.03 - 7.51 (m, 3H), 4.30 (d, J =
5.27 Hz, 2H), 4.21 (d, J = 13.80 Hz, 2H), 3.38 - 3.73 (m, 2H), 2.81 - 3.24 (m, 4H), 2.26 - 2.44
(m, 3H), 1.09 - 1.43 (m, 9H).

Example 24: 2-isopropyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)morpholine-4-carboxamide (I-24)

[0195] Synthesis of 2-isopropyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)morpholine-4-carboxamide was similar to that of Example 19,
except 2-isopropylmorpholine was substituted for 4-(trifluoromethyl)piperidine. The mixture
was filtrate through celite and washed with DMF and purified by prep HPLC to give product as a
solid (69 mg, yield: 20%). LCMS: Rt = 1.17 min, m/z 450.3. 1H NMR (400 MHz, DMSO-d6)

0: 9.48 (s, 1H), 8.45 (d, J = 5.27 Hz, 1H), 7.92 (s, 3H), 7.56 (br. 5., 1H), 7.35 (d, J = 8.28 Hz,
1H), 7.25 (d, J =5.27 Hz, 1H), 7.08 (t, J = 5.27 Hz, 1H), 4.29 (d, J = 5.02 Hz, 2H), 3.70 - 4.03
(m, 6H), 3.41 (d, J =2.51 Hz, 1H), 2.90 - 3.08 (m, 1H), 2.69 - 2.88 (m, 1H), 2.52 - 2.62 (m, 1H),
2.38 (s, 3H), 1.64 (qd, J = 6.78, 13.55 Hz, 1H), 0.91 (dd, J = 6.78, 10.54 Hz, 6H).

Example 25: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methylpiperidin-4-yl)amino)pyrimidin-4-
y)benzyl)thiazole-5-carboxamide (I-25)
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I-25

Synthesis of N-(4-bromo-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide
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NH2

N
N S
CO2H
=T °
(1.5 eq)

>
HBTU (1.2 eq), DIPEA (3 eq)
DMF, rt, 16 h Br
[0196] A mixture of 2-(tert-butyl)thiazole-5-carboxylic acid (185 mg, 1.0 mmol), HBTU

(455 mg, 1.2 mmol) and DIPEA (387 mg, 3.0 mmol) in DMF (5 mL) was stirred at rt for 15 min.
Then (4-bromo-2-methylphenyl)methanamine (300 mg, 1.5 mmol) was added. The resulting
mixture was stirred at rt for 16 h. After diluted with water (40 mL), the mixture was extracted
with EtOAc (80 mL x 2). The organic phase was concentrated and the residue was purified by
silica gel column chromatography (petroleum ether/EtOAc = 10:1~4:1) to give N-(4-bromo-2-
methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (220 mg, yield: 60%) as a yellow solid. ESI-
MS (M+H) "1 367.1. "H NMR (400 MHz, CDCls) 6: 8.20 (s, 1H), 7.35 (d, J = 1.6 Hz, 1H), 7.32
(dd, J=18.0, 1.6 Hz, 1H), 7.17 (d, /= 8.4 Hz, 1H), 4.55 (d, /= 5.6 Hz, 2H), 2.34 (s, 3H), 1.47 (s,
9H).

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhbenzylthiazole-5-carboxamide

I T é#%

Pd(dppf)Cl, (0.1 eq), KOAC (3 eq)
dioxane, 100 °C, 16 h

Br

[0197] A mixture of N-(4-bromo-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide
(220 mg, 0.6 mmol), KOAc (176 mg, 1.8 mmol) and Pd(dppf)C1,DCM (130 mg, 0.06 mmol),
bis(pinacolato)diboron (168 mg, 0.66 mmol) in dry 1,4-dioxane (6 mL) was stirred at 100 °C for
16 h under nitrogen. After cooling down to rt, the mixture was diluted with water (20 mL) and
extracted with ethyl acetate (50 mL x 2). The combined organic layer was washed with brine,

dried, concentrated and purified by silica gel column (petroleum ether/EtOAc =4:1) to give 2-
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(tert-butyl)-N-(2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)thiazole-5-
carboxamide (188 mg, yield: 75%) as a white solid. ESI-MS (M+H) : 415.0. "H NMR (400
MHz, CDCls) J: 8.02 (s, 1H), 7.66 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.29 (d, J= 8.0, 1H), 6.00
(br, 1H), 4.62 (d, J= 5.6 Hz, 2H), 2.36 (s, 3H), 1.44 (s, 9H), 1.35 (s, 12H).

Synthesis of 2-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)thiazole-5-

carboxamide
B B
H \ H
N\H/CS>\/\ | N\H/E SH\
o | \)N\ 1.2 eq ©
N cl
JB. Pd(dppfIClz (0.1 €q), KaCO3 20€q) A\
o © dioxane/H,0 (10/1), 100 °C, 16 h | )N\
] N el
[0198] To a solution of 2-(tert-butyl)-N-(2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)benzyl)thiazole-5-carboxamide (188 mg, 0.45 mmol) in dioxane/H,0 (4:1) (5
mL) was added 2,4-dichloropyrimidine (80 mg, 0.54 mmol) followed by Pd(dppf)Cl, DCM (44
mg, 0.045 mmol) and K,CO; (124 mg, 0.9 mmol) under nitrogen. The mixture was stirred at 100
°C for 16 h. After cooling to rt, the mixture was diluted with water and extracted with EtOAc (60
mL x 2). The organic layer was washed with brine (40 mL), dried (Na,SOy), filtered and
concentrated. The residue was purified by column chromatography (silica, petroleum
ether/EtOAc = 3:1) to give 2-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide as a light yellow solid (144 mg, yield: 80%). ESI-MS
(M+H) ": 401.2

The preparation of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methylpiperidin-4-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide
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I

N
H [ \
) NYE@L
N
] 3 ]
H2N

NaHCO; (2.0 eq) _
i SN DMSO, 100°C,4h \)N\ /Ol
N/)\CI NTN
[0199] A mixture of 2-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-

methylbenzyl)thiazole-5-carboxamide (60 mg, 0.15 mmol), 1-methylpiperidin-4-amine (0.3
mmol) and sodium bicarbonate (26 mg, 0.3 mmol) in DMSO (2 mL) was stirred at 100 °C for 4
h. The solid was filtered off and the filtrate was purified by prep-HPLC (CH3CN/H,O with
0.05% NH3.H,O as mobile phase) to give 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methylpiperidin-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (40 mg, yield: 56%) as a yellow solid.
ESI-MS (M+H) ": 479.3. 'TH NMR (400 MHz, CD;0D) ¢: 8.16 (d, J = 5.2 Hz, 1H), 8.13 (s, 1H),
7.82 (s, 1H), 7.79 (d, /= 7.6 Hz, 1H), 7.29 (d, /= 8.0 Hz, 1H), 6.98 (d, J= 5.6 Hz, 1H), 4.50 (s,
2H), 3.81-3.79 (m, 1H), 2.82-2.79 (m, 2H), 2.35 (s, 3H), 2.22 (s, 3H), 2.19-2.13 (m, 2H), 1.99-
1.96 (m, 2H), 1.58-1.50 (m, 2H), 1.35 (s, 9H).

Example 26: 2-(tert-butyl)-N-(2-methyl-4-(2-((tetrahydro-2H-pyran-4-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide (I-26)

N
Ho [N
o)

I-26
[0200] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((tetrahydro-2H-pyran-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 25,

except tetrahydro-2H-pyran-4-amine was substituted for 1-methylpiperidin-4-amine. The crude
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was purified by prep-HPLC (MeOH/H,O with 0.05% NH3.H,O as mobile phase) to give the
compound 2-(tert-butyl)-N-(2-methyl-4-(2-((tetrahydro-2H-pyran-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (80 mg, yield: 63%) as a yellow solid. ESI-MS (M+H) ":
466.2. '"H NMR (400 MHz, CD;0D) 6: 8.27 (d, J = 5.2 Hz, 1H), 8.24 (s, 1H), 7.92-7.89 (m, 2H),
7.40 (d, /= 8.0 Hz, 1H), 7.09 (d, J= 5.6 Hz, 1H), 4.61 (s, 2H), 4.10-4.01 (m, 1H), 4.01-3.98 (m,
2H), 3.60-3.56 (m, 2H), 2.45 (s, 3H), 2.04-2.01 (m, 2H), 1.65-1.61 (m, 2H), 1.46 (s, 9H).

Example 27: (R)-2-(tert-butyl)-N-(4-(2-((1-cyclohexylethyl)amino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-27)

N
H | N
1A
O

1-27
[0201] Synthesis of (R)-2-(tert-butyl)-N-(4-(2-((1-cyclohexylethyl)amino)pyrimidin-4-
yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of Example 25, except (R)-1-
cyclohexylethyl)amine was substituted for 1-methylpiperidin-4-amine. The crude was purified
by prep-HPLC (MeOH/H,0 with 0.05% NH3.H,O as mobile phase) to give the compound (R)-2-
(tert-butyl)-N-(4-(2-((1-cyclohexylethyl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-
carboxamide (35 mg, yield: 52%) as a yellow solid. ESI-MS (M+H) : 492.1. "H NMR (400
MHz, CD;0D) ¢: 8.13-8.12 (m, 2H), 7.82 (s, 1H), 7.78 (d, /= 8.0 Hz, 1H), 7.29 (d, /= 8.0 Hz,
1H), 6.93 (d, J= 5.6 Hz, 1H), 4.50 (s, 2H), 3.95-3.87 (m, 1H), 2.35 (s, 3H), 1.80-1.41 (m, 6H),
1.36 (s, 9H), 1.22-0.93 (m, 8H).

Example 28: (S)-2-(tert-butyl)-N-(4-(2-((1-cyclohexylethyl)amino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-28)
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1-28
[0202] Synthesis of (S)-2-(tert-butyl)-N-(4-(2-((1-cyclohexylethyl)amino)pyrimidin-4-
yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of Example 25, except (S)-1-
cyclohexylethyl)amine was substituted for 1-methylpiperidin-4-amine. The residue was purified
by prep-HPLC (CH;CN/H,0 with 0.05% NH;3.H,0 as mobile phase) to give (S)-2-(tert-butyl)-N-
(4-(2-((1-cyclohexylethyl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide as a
yellow solid (73 mg, yield: 63%). ESI-MS (M+H) : 491.9. '"H NMR (400 MHz, DMSO-ds) 5
9.09 (t,J = 4.8 Hz, 1H), 8.34-8.28 (m, 2H), 7.90-7.86 (m, 2H), 7.35 (d, /= 8.0 Hz, 1H), 7.04 (d,
J=4.8Hz, 1H), 6.95 (d, /= 8.4 Hz, 1H), 4.48 (d, /= 5.6 Hz, 2H), 3.95-3.93 (m, 1H), 2.38 (s,
3H), 1.75-1.46 (m, 6H), 1.39 (s, 9H), 1.23-0.97 (m, 8H).

Example 29: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyridin-4-yl)ethyl)amino)pyrimidin-4-

N
H | N
1A
O

y)benzyl)thiazole-5-carboxamide (I-29)

~N
| N /)\H ~
~-N
1-29
[0203] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyridin-4-

yl)ethyl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example
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25, except 1-(pyridin-4-yl)ethanamine was substituted for 1-methylpiperidin-4-amine. The crude
was purified by prep-HPLC (MeOH/H,O with 0.05% NH;.H,O as mobile phase) to give the
compound 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyridin-4-yl)ethyl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (40 mg, yield: 45%) as a yellow solid. ESI-MS (M+H) ":
487.2. '"H NMR (400 MHz, CD;0D) ¢: 8.46-8.45 (m, 2H), 8.25 (d, /= 5.2 Hz, 1H), 8.23 (s, 1H),
7.76-7.75 (m, 2H), 7.52-7.50 (m, 2H), 7.35 (d, J = 8.8 Hz, 1H), 7.09 (d, /= 5.2 Hz, 1H), 5.18-
5.15 (m, 1H), 4.58 (s, 2H), 2.41 (s, 3H), 1.58 (d, /= 6.8 Hz, 3H), 1.47 (s, 9H).

Example 30: 2-(tert-butyl)-N-(4-(2-((1,1-dioxidotetrahydro-2H-thiopyran-4-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (1-30)

L I

1-30
[0204] Synthesis of 2-(tert-butyl)-N-(4-(2-((1,1-dioxidotetrahydro-2H-thiopyran-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 32, except 4-aminotetrahydro-2H-thiopyran 1,1-dioxidewas substituted for 1-
methylpiperidin-4-amine. The crude was purified by prep-HPLC (MeOH/H,O with 0.05%
NH;.H,0 as mobile phase) to give the compound 2-(tert-butyl)-N-(4-(2-((1,1-dioxidotetrahydro-
2H-thiopyran-4-yl)amino )pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (40 mg,
yield: 45%) as a yellow solid. ESI-MS (M+H) ": 514.2. "H NMR (400 MHz, CD:0D) ¢: 8.31 (d,
J=15.6Hz, 1H), 8.24 (s, 1H), 7.96-7.92 (m, 2H), 7.41 (d, /= 8.0 Hz, 1H), 7.14 (d, /= 5.2 Hz,
1H), 4.61 (s, 2H), 4.25-4.23 (m, 1H), 3.26-3.14 (m, 4H), 2.46 (s, 3H), 2.45-2.16 (m, 4H), 2.16 (s,
9H).

Example 31: 2-(tert-butyl)-N-(4-(2-(((1,1-dioxidotetrahydro-2H-thiopyran-4-
y)methyl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-31)
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N
H | N
AL
O

I-31
[0205] Synthesis of 2-(tert-butyl)-N-(4-(2-(((1,1-dioxidotetrahydro-2H-thiopyran-4-
yl)methyl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 25, except 4-(aminomethyl)tetrahydro-2H-thiopyran 1,1-dioxide was substituted for 1-
methylpiperidin-4-amine. The crude was purified by prep-HPLC (MeOH/H,0 with 0.05%
NH3.H,0 as mobile phase) to give the compound 2-(tert-butyl)-N-(4-(2-(((1,1-dioxidotetrahydro-
2H-thiopyran-4-yl)methyl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (37
mg, yield: 42%) as a yellow solid. ESI-MS (M+H) *: 528.2. '"HNMR (400 MHz, CDCl) ¢: 8.30
(d,J=5.2 Hz, 1H), 8.05 (s, 1H), 7.82-7.80 (m, 2H), 7.03 (d, /= 8.0 Hz, 1H), 6.98 (d, /= 4.8 Hz,
1H), 6.19-6.18 (m, 1H), 5.42 (t,J = 5.2 Hz, 1H), 4.66 (d, J = 5.2 Hz, 2H), 3.52-3.50 (m, 2H),
3.10-3.07 (m, 2H), 3.00-2.93 (m, 2H), 2.44 (s, 3H), 2.24-2.21 (m, 2H), 1.94-1.91 (m, 3H), 1.45
(s, 9H).
Example 32: 2-(tert-butyl)-N-(2-methyl-4-(2-((pyridin-4-ylmethyl)amino)pyrimidin-4-

N
O

yl)benzyl)thiazole-5-carboxamide (I-32)
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[0206] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((pyridin-4-
ylmethyl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example
25, except pyridin-4-ylmethanamine was substituted for 1-methylpiperidin-4-amine. The residue
was purified by prep-HPLC (CH3CN/H,O with 0.05% NH3.H,O as mobile phase) to give 2-(tert-
butyl)-N-(2-methyl-4-(2-((pyridin-4-ylmethyl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide as a pale yellow solid (40 mg, yield: 72%). ESI-MS (M+H) ": 473.1. '"H NMR (400
MHz, CD;0OD) ¢: 8.49 (d, J = 5.2 Hz, 1H), 8.27 (d,J = 5.2 Hz, 1H), 8.22 (s, 1H), 7.81-7.73 (m,
3H), 7.46 (d, J = 7.6 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.28 (dd, J = 5.6, 1.6 Hz, 1H), 7.10 (d, J
= 5.2 Hz, 1H), 4.76 (s, 2H), 4.57 (s, 2H), 2.40 (s, 3H), 1.45 (s, 9H).

Example 33: Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-(methylamino)pyrimidin-4-
y)benzyl)thiazole-5-carboxamide (I-33)

H | N\ H | N\
O O

CH3NH/THF (2M)

60°C,24 h
) )
N/)\CI N/)\N/
H
1-33
[0207] A solution of 2-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-

methylbenzyl)thiazole-5-carboxamide (65 mg, 0.16 mmol) in methylamine/THF (2M, 4 mL) was
placed in a sealed tube which was heated at 60 °C for 24 h. Then the solvent was removed. The
crude was purified through silica gel column chromatography (petroleum ether/EtOAc =1/1) to
give 2-(tert-butyl)-N-(2-methyl-4-(2-(methylamino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide as a white solid (30 mg, yield: 47%). ESI-MS (M+H) ": 395.9. HPLC: (214 nm:
96.80%, 254 nm: 98.36%). 'H NMR (400 MHz, CD;0D) 6: 8.16 (d, J = 5.6 Hz, 1H), 8.15 (s,
1H), 7.84 (s, 1H), 7.80 (d, /= 7.6 Hz, 1H), 7.30 (d, /= 7.6 Hz, 1H), 6.97 (d, /= 5.6 Hz, 1H),
4.51 (s, 2H), 2.91 (s, 3H), 2.35 (s, 3H), 1.37 (s, 9H).
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Example 34: Synthesis of 2-(tert-butyl)-N-(4-(2-(ethylamino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-34)

H | N\ H | N\
O O

CH3CHaNHL/THF (2M)

60°C, 16 h
SN SN
| N/)\CI | N/)\H/\
1-34
[0208] Synthesis of 2-(tert-butyl)-N-(4-(2-(ethylamino)pyrimidin-4-yl)-2-

methylbenzyl)thiazole-5-carboxamide was similar to that of Example 33, except ecthylamine was
substituted for methyl amine. Obtained 2-(tert-butyl)-N-(4-(2-(ethylamino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (51 mg, yield: 75%) as a white solid. ESI-MS (M+H) "
409.9. HPLC: (214 nm: 98.10%, 254 nm: 98.67%). 'H NMR (400 MHz, CD;0D) §: 8.27 (d, J =
4.4 Hz, 1H), 8.24 (s, 1H), 7.95 (s, 1H), 7.92 (d, /= 8.0 Hz, 1H), 7.41 (d, /= 8.4 Hz, 1H), 7.09 (d,
J=4.4Hz, 1H), 4.62 (s, 2H), 3.49 (q, J = 5.6 Hz, 2H), 2.47 (s, 3H), 1.48 (s, 9H), 1.27 (t,J=5.6
Hz, 3H).

Example 35: Synthesis of 2-(tert-butyl)-N-(4-(2-(isopropylamino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-35)

H | N\ H | N\
O O

(CH3)2CHNH; (>10 eq)

DMSO, 60 °C, 6 h
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[0209] Synthesis of 2-(tert-butyl)-N-(4-(2-(isopropylamino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide was similar to that of Example 33, except isopropylamine
was substituted for methyl amine. 2-(tert-butyl)-N-(4-(2-(isopropylamino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (53 mg, yield: 76%) was obtained as a white solid. ESI-
MS (M+H) "1 423.9. HPLC: (214 nm: 95.52%, 254 nm: 95.83%). '"H NMR (400 MHz, CD;0D)
0:8.16 (d, J=5.2 Hz, 1H), 8.15 (s, 1H), 7.83 (s, 1H), 7.79 (d, /= 7.6 Hz, 1H), 7.30 (d, J = 8.0
Hz, 1H), 6.95 (d, /= 5.2 Hz, 1H), 4.51 (s, 2H), 4.14-4.10 (m, 1H), 2.37 (s, 3H), 1.37 (s, 9H),
1.18 (d, /= 6.4 Hz, 6H).

Example 36: N-(4-(2-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-
butyl)thiazole-5-carboxamide (I-36)

Scheme 4
NHBoe NHBoc NH2
RNH, (1.0eq) TFA/DCM (1:1)
> _—
>N Pdy(dba);(0.1 eq), X-Phos (0.2 eq) rt,2h 2
“ J\ Base, dioxane, 100°C, 2 h = IN J\
N” cl > )\ R N R
NN N

(1.0eq)

HBTU (1.2 eq), DIEA (2.0eq)
DMF, r.t, 2 h
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Z>N =N
I S
>~
WK

1-36

Preparation of tert-butyl 4-nitro-1H-pyrazole-1-carboxylate

O,N
O,N
J\  BocO (1.1, eq), DIEA (1.0 eq) 2/ hY
N > N’
N DMAP (0.1 eq), THF, .t 2 h Boc
[0210] A solution of 4-nitro-1H-pyrazole (1.13 g, 10.00 mmol) and Boc,0 (2.39 g, 11.00

mmol) in 20 mL THF was cooled at 0 °C and then DIEA (1.29 g, 10.00 mmol) and DMAP (122
mg, 1.0 mmol) was added. The mixture was stirred at rt for 2 h. After diluted with EtOAc (120
mL), the mixture was washed with 0.5 N HCI (30 mL) and water (50 mL). The organic phase
was dried (Na,SOy), filtered and concentrated to give crude product tert-butyl 4-nitro-1H-
pyrazole-1-carboxylate as a yellow solid (2.4 g, yield: 100%) which was used directly in the next
step. ESI-MS (M+H-56) *: 158.0.

Preparation of tert-butyl 4-amino-1H-pyrazole-1-carboxylate

02N H2N
\
Z/\\\N Pd-C, H, R z\’\N
N~ > N
Boc EtOH, r.t, 18 h Boc
[0211] A mixture of tert-butyl 4-nitro-1H-pyrazole-1-carboxylate (3.00 g, 14.08 mmol)
Y

and palladium on charcoal (300 mg, 10%wt) in ethanol (30 mL) was stirred at rt under H;

atmosphere (balloon pressure) for 16 h. The catalyst was filtered off and the filtrate was
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concentrated. The residue was purified by silica gel column chromatography (petroleum
ether/EtOAc = 1/1 with 0.01% TEA) to give product tert-butyl 4-amino-1H-pyrazole-1-
carboxylate as a white solid (2.30 g, yield: 89%). ESI-MS (M+H) ": 129.0. '"H NMR (400 MHz,
CDCls) 6: 7.59 (s, 1H), 7.43 (s, 1H), 1.63 (s, 9H).

Preparation of tert-butyl 4-((4-(4-(((tert-butoxycarbonyl)amino)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazole-1-carboxylate

H2N

BocHN BocHN
D,

N’ (1.0eq)
Boc

2SN Pd,(dba); (0.1 eq), X-Phos (0.2 eq) Z>N =N

< Cs,CO05 (3.0 eq), o L/N—Boc

Nl 1,4-dioxane, 110°C, 2 h N- N
[0212] Synthesis of tert-butyl 4-((4-(4-(((tert-butoxycarbonyl)amino)methyl)-3-

methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazole-1-carboxylate was similar to that of tert-butyl
4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude was purified by silica gel
column chromatography (petroleum ether/EtOAc = 1/2 to 1/1) to give product tert-butyl 4-((4-(4-
(((tert-butoxycarbonyl)amino)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazole-1-
carboxylate as pale yellow solid (90 mg, yield: 31%). ESI-MS (M+H) ": 481.0.

Preparation of N-(4-(2-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-

butyl)thiazole-5-carboxamide

N
BocHN ’\,« ] A
S
0

1) TFA/DCM (1:1), 1t, 1 h

P

2) HBTU (1.2 eq), DIEA (4.0 eq)

Z>N =N DMF, rt., 1 h
| LN—BOC o Z>N =N
< Mo s N | /[/NH
N ><[\>\C02H SNS
S H
[0213] Synthesis of N-(4-(2-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-

2-(tert-butyl)thiazole-5-carboxamide was similar to that of Example 1. The crude product was
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purified by silica gel column chromatography (petroleum ether/EtOAc = 2/1) to give product N-
(4-(2-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-
carboxamide as a pale yellow solid (37 mg, yield: 46%). ESI-MS (M+H) ": 447.9. HPLC: (214
nm: 93%, 254 nm: 98%). 'H NMR (400 MHz, DMSO-d6) o: 12.47 (s, 1H), 9.48 (s, 1H), 9.10 (t,
J=5.2Hz, 1H), 8.46 (d,J = 5.2 Hz, 1H), 8.33 (s, 1H), 7.96-7.93 (m, 3H), 7.60 (s, 1H), 7.39 (d,
J=8.4Hz, 1H), 7.24 (d,J = 5.2 Hz, 1H), 4.50 (d, J = 5.2 Hz, 2H), 2.41 (s, 3H), 1.39 (s, 9H).

Example 37: 2-(tert-butyl)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-37)

Q HN
X
>N =N __/—OH
| N
B

1-37
Preparation of 2-(4-nitro-1H-pyrazol-1-yl)ethanol
O,N

O,N \
2 2/ ,\N
N

s

NN BrCH2CHOH (1.0 eq), KxCOs (1.2 €q) H
; CH3CN, reflux, 16 h OH
[0214] A mixture of 2-bromoethanol (3.75 g, 30.00 mmol), 4-nitropyrazzole (3.39 g,

30.00 mmol) and K,CO; (4.97 g, 36.00 mmol) in acetonitrile (30 mL) was refluxed for 16 h.
Then the mixture was filtered and the filtrate was concentrated to dryness to give crude product
2-(4-nitro-1H-pyrazol-1-yl)ethanol as a white solid (4.70 g, yield: 100%), which was used
directly in the next step. ESI-MS (M+H) ": 158.0.

Preparation of 4-nitro-1-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethyl)-1H-pyrazole
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O,N

O,N
R @ (1.5 eq), PPTS (0.02 eq) )
N 0 /N
N > N
H THF, r.t., 16 h

OH OTHP

[0215] A solution of 2-(4-nitro-1H-pyrazol-1-yl)ethanol (2.00 g, 12.73 mmol), 3,4-
dihydro-2H-pyran (1.60 g, 19.10 mmol) and p-toluenesulfonic acid (87 mg, 0.51 mmol) in THF
(20 mL) was stirred at room temperature for 2 h. Then the mixture was diluted with EtOAc (150
mL), washed with sat. aqueous sodium carbonate (50 mL) and water 60 mL. The organic phase
was dried (Na;SOy), filtered and concentrated to give crude product 4-nitro-1-(2-((tetrahydro-
2H-pyran-2-yl)oxy)ethyl)-1H-pyrazole as colorless oil (2.00 g, yield: 67%). ESI-MS (M+H) ":
242.0.

Preparation of 1-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethyl)-1H-pyrazol-4-amine

O:N HoN

2/ A Z/ \
N Pd-C, H, a
EtOH, rt., 18 h H

OTHP OTHP

[0216] Synthesis of 1-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethyl)-1H-pyrazol-4-amine was
similar to that of tert-butyl 4-amino-1H-pyrazole-1-carboxylate. The crude was purified by silica
gel column chromatography (petroleum ether/EtOAc = 1/8 to 1/4) to give product 1-(2-
((tetrahydro-2H-pyran-2-yl)oxy)ethyl)-1H-pyrazol-4-amine as a red oil (1.20 g, yield: 69%).
ESI-MS (M+H) ": 212.0. '"H NMR (400 MHz, CDCls) 6: 7.15 (s, 1H), 7.13 (s, 1H), 4.54-4.52 (m,
1H), 4.22-4.19 (m, 2H), 4.04-3.99 (m, 1H), 3.75-3.68 (m, 2H), 3.49-3.44 (m, 1H), 2.87 (br, 2H),
1.81-1.76 (m, 1H), 1.71-1.65 (m, 1H), 1.58-1.49 (m, 4H).

Preparation of tert-butyl 2-methyl-4-(2-((1-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethyl)-1 H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate
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BocHN BocHN
N OTHP
jord
H,N
(1.0eq)
2N Pd,(dba); (0.1 eq), X-Phos (0.2 eq) Z >N =N OTHP
< M Cs,CO; (3.0 eq), < M ,L,N‘/\
N““Cl 1 4-dioxane, 120°C, 2 h N" N

[0217] Synthesis of tert-butyl 2-methyl-4-(2-((1-(2-((tetrahydro-2H-pyran-2-

yl)oxy)ethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate was similar to that of tert-
butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude was purified by silica gel
column chromatography (petroleum ether/EtOAc = 1/2 to 1/1) to give product tert-butyl 2-
methyl-4-(2-((1-(2-((tetrahydro-2H-pyran-2-yl)oxy)ethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate as a pale yellow solid (105 mg, yield: 28%). ESI-MS (M+H) ": 508.9.
Preparation of 2-(tert-butyl)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yh)-2-methylbenzyl)thiazole-5-carboxamide

H,N

Q HN

1) TFA/DCM (1:1), rt, 1 h STN

o \N

2) HBTU (1.2 eq), DIEA (4.0 eq) ><\

y N DMF,rt.,1h y N
N =% fOH N N '\ fOH

LN oo Ve,

NTN S N“TN

[0218] Synthesis of 2-(tert-butyl)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 1. The crude was purified by prep-HPLC (CH3CN/H;O with 0.01% ammonia as
mobile phase) to give product 2-(tert-butyl)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide as a yellow solid (56 mg,
yield: 56%). ESI-MS (M+H) *: 492.0. HPLC: (214 nm: 100%, 254 nm: 94%). 'H NMR (400
MHz, DMSO-d6) é: 9.50 (s, 1H), 9.11 (t, J = 5.2 Hz, 1H), 8.46 (d, J = 5.2 Hz, 1H), 8.34 (s, 1H),
8.01 (s, 1H), 7.99 (s, 1H), 7.94 (d, J = 7.6 Hz, 1H), 7.57 (s, 1H), 7.39 (d, J = 7.6 Hz, 1H), 7.26
(d,J =5.2 Hz, 1H), 4.92 (br, 1H), 4.50 (d, J = 5.2 Hz, 2H), 4.12 (t,J = 5.2 Hz, 2H), 3.75-3.70
(m, 2H), 2.42 (s, 3H), 1.39 (s, 9H).
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Example 38: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(tetrahydro-2 H-pyran-4-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-38)

H
o

o)

N N /N\
| N/)\HL/N\CO

1-38
Preparation of 4-nitro-1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazole

HO O,N
O2N \Q) (1.0 eq) Z/'\\\N
N

/A -
Z_N\/\N DIAD (1.3 eq), PPh; (1.5 eq)
H THF, rt, 18 h

O

[0219] To a solution of 4-nitro-1H-pyrazole (1.00 g, 9.80 mmol), tetrahydro-2H-pyran-4-
ol (1.10 g, 9.80 mmol), triphenyl phosphine (3.34 g, 12.74 mmol) in 20 mL dry THF was added
DIAD (2.57 g, 12.74 mmol) in one portion under N,. After addition, the solution was stirred at rt
for 16 h. Then the mixture was concentrated and purified by silica gel column chromatography
(EA/PE = 1/4) to give product 4-nitro-1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazole as a white solid
(950 mg, yield: 54%). ESI-MS (M+H) ": 198.0.

Preparation of 1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-amine

/A &
NN Pd-C, H, NN
fj EtOH, rt, 16 h fj
O O
[0220] Synthesis of 1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-amine was similar to that

of tert-butyl 4-amino-1H-pyrazole-1-carboxylate. The crude product 1-(tetrahydro-2H-pyran-4-
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yl)-1H-pyrazol-4-amine as a pink solid (614 mg, yield: 76%) which was used directly in the next
step. ESI-MS (M+H) *: 168.0. '"H NMR (400 MHz, CD;0D) §: 7.28 (s, 1H), 7.16 (s, 1H), 4.29-
4.21 (m, 1H), 4.06-4.02 (m, 2H), 3.58-3.52 (m, 2H), 2.02-1.96 (m, 4H).

Preparation of tert-butyl 2-methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzylcarbamate

BocHN
BocHN _N,
LN@O
S
HoN
(1.0eq)
/ N /N\
AN Pd,(dba)s (0.1 eq), X-Phos (0.2 eq) | LNC
< M Cs,CO;5 (3.0 eq), \NJ\H = 0
N™ ~CI 1,4-dioxane, 120°C, 2 h
[0221] Synthesis of tert-butyl 2-methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-

4-yl)amino)pyrimidin-4-yl)benzylcarbamate was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude was purified by silica gel column
chromatography (petroleum ether/EtOAc = 1/2 to 1/1) to give product tert-butyl 2-methyl-4-(2-
((1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate as a
pale yellow solid (75 mg, yield: 33%). ESI-MS (M+H) ": 468.1.

Preparation of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1 H-pyrazol-4-

BocHN H SI\N4
e

o)

yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

1) TFA/DCM ( 1:1),rt, 1 h

A N =N 2) HBTU (1.2 eq), DIEA (4.0 eq)
L B )
. S O
H S Loy

[0222] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of

Example 1. The crude was purified by prep-HPLC (CH3;CN/H,0 with 0.05% TFA as mobile

phase) to give product 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1H-
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pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a pale yellow solid (32
mg, yield: 36%). ESI-MS (M+H) : 532.0. HPLC: (214 nm: 97%, 254 nm: 98%). 'H NMR (400
MHz, DMSO-d6) J: 9.52 (s, 1H), 9.11 (t,J = 5.2 Hz, 1H), 8.46 (d, J = 4.8 Hz, 1H), 8.33 (s, I1H),
8.04 (s, 1H), 7.99 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.59 (s, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.26
(d,J =4.8 Hz, 1H), 4.50 (d, J = 6.0 Hz, 2H), 4.39-4.37 (m, 1H), 3.97-3.94 (m, 2H), 3.48-3.46
(m, 2H), 2.42 (s, 3H), 2.00-1.90 (m, 4H), 1.39 (s, 9H).

Example 39: 2-(tert-butyl)-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-39)

L 54
0

X N 7/
| N =\,_/0
AN

1-39
Synthesis of 1-(2-methoxyethyl)-4-nitro-1H-pyrazole

BN (15¢eq)

/
=N =N, 0
<1 > L/N\/\
O,N K,CO3 (2.0 eq), CHsCN, 80°C, 4 h  O2N
[0223] To a mixture of 4-nitro-1H-pyrazole (113 mg, 1 mmol, 1.0 eq) in CH3CN (5 mL),

I-bromo-2-methoxyethane (138 mg, 1 mmol, 1.0 equiv) and K,CO3 (276 mg, 2 mmol, 2.0 equiv)
was added. The mixture was stirred at 80 °C for 4 h. After diluted with EtOAc (100 mL), the
mixture was washed with water (50 mL x 2). The organic layer was concentrated and purified by
silica gel column (petroleum ether/EtOAc = 10 : 1) to give 1-(2-methoxyethyl)-4-nitro-1H-
pyrazole (170 mg, yield: 100%) as a colorless oil. ESI-MS (M+H) ": 172.1. '"H NMR (400 MHz,
CDCly) 0: 8.23 (s, 1H), 8.07 (s, 1H), 4.31 (t, /= 5.2 Hz, 2H), 3.74 (t, /= 5.2 Hz, 2H), 3.35 (s,
3H).

Synthesis of 1-(2-methoxyethyl)-1H-pyrazol-4-amine
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/
=N 4 N 0
LN\/\O Pd/C, H, D_/_
O.N S - S
2 MeOH, tt, 12 h HzN
[0224] Synthesis of 1-(2-methoxyethyl)-1H-pyrazol-4-amine was similar to that of tert-

butyl 4-amino-1H-pyrazole-1-carboxylate. Compound 1-(2-methoxyethyl)-1H-pyrazol-4-amine
(140 mg, yield: 100%) was obtained as a red oil. ESI-MS (M+H)": 142.1.

Synthesis of tert-butyl 4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzylcarbamate

NHBoc NHBoc

=N o’
o o ~
SN
HoN 7/

NN Pdy(dba); (0.1 eq), S-Phos (0.2 eq) NN =N e
| Cs,CO; (2.0 eq), dioxane, sealed, 120°C, 12 h | N\/\
N/)\CI e N/)\ L/
[0225] Synthesis of tert-butyl 4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-methylbenzylcarbamate was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The mixture was concentrated and purified by
prep-HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NHj3 in water, B: CH3CN) to give tert-
butyl 4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzylcarbamate (160 mg, yield: 90%) as a yellow solid. ESI-MS (M+H) *: 439.3. 'H
NMR (400 MHz, CDCl) ¢: 8.41 (d, J= 5.2 Hz, 1H), 7.98 (s, 1H), 7.85-7.83 (m, 2H), 7.60 (s,
1H), 7.36 (d, J= 8.4 Hz, 1H), 7.05 (d, /= 5.2 Hz, 1H), 7.03 (s, 1H), 4.87 (br, 1H), 4.37 (d, J =
5.6 Hz, 2H), 4.29 (t,J = 5.2 Hz, 2H), 3.78 (t, J = 5.2 Hz, 2H), 3.35 (s, 3H), 2.41 (s, 3H), 1.47 (s,
9H).

Synthesis of 2-(tert-butyl)-N-(4-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-
yh)-2-methylbenzyl)thiazole-5-carboxamide
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NHBoc N j([}—é
0

1) TFA\DCM, rt, 1 h

-
[ s

/ 2)HATU (1.2 eq), DIPEA (4.0 eq)

X N
| N /0 DMF, it, 12h _ SN =N o’
N/)\HL j([ W | N /)\H "

HO s
o) (1.0 eq)

[0226] Synthesis of 2-(tert-butyl)-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 1. The mixture was purified by prep-HPLC (Gradient: 5% B increase to 95% B, A:
0.5% NH3 in water, B: CH3CN) to give 2-(tert-butyl)-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (55 mg, yield: 27%) as a
yellow solid. ESI-MS (M+H)": 506.1. "H NMR (400 MHz, CDCl3) J: 8.42 (d,J=5.2 Hz, 1H),
8.04 (s, 1H), 7.97 (s, 1H), 7.89 (s, 1H), 7.86 (d, J = 8.4 Hz, 1H), 7.61 (s, 1H), 7.40 (d, /= 8.0 Hz,
1H), 7.06 (d, J= 5.2 Hz, 1H), 6.93 (s, 1H), 6.09 (t, J= 7.2 Hz, 1H), 4.67 (d, J= 5.6 Hz, 2H),
4.28 (t,J=5.6 Hz, 2H), 3.78 (t,J = 5.6 Hz, 2H), 3.35 (s, 3H), 2.45 (s, 3H), 1.45 (s, 9H).

Example 40: 2-(tert-butyl)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-40)

HoN
2 (1 eq)
XN S-phose (0.2 eq), Pdy(dba); (0.1 eq) N N
| NaO'Bu (3.0 eq), dioxane, MW, 100 °C, 1 h A
= )\ N
e Z X

1-40
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[0227] A mixture of 2-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (100 mg, 0.25 mmol), 1-ethyl-1H-pyrazol-4-amine (28
mg, 0.25 mmol), t-BuONa (72 mg, 0.75 mmol), Pd,(dba); (27 mg, 0.03 mmol), S-Phos (25 mg,
0.06 mmol) in 5 mL 1,4-dioxane was heated at 100 °C for 1 h under microwave and nitrogen.
After cooling to rt and diluted with EtOAc (120 mL), the mixture was washed with water (60
mL). The organic phase was dried and concentrated. The residue was purified by pre-TLC
(MeOH/DCM = 1/20) to give product 2-(tert-butyl)-N-(4-(2-((1-ethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide as a yellow solid (50 mg,
yield: 44%). ESI-MS (M+H) ™: 476.2. "H NMR (400 MHz, CDCl5) : 8.43 (d, J = 4.4 Hz, 1H),
8.05 (s, 1H), 7.92-7.84 (m, 3H), 7.56 (s, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H),
6.99 (m, 1H), 6.05 (br, 1H), 4.68 (d, J = 5.6 Hz, 2H), 4.17 (¢, J = 7.2 Hz, 2H), 2.45 (s, 3H), 1.52
(t,J =72 Hz, 3H), 1.45 (s, 9H).

Example 41: 2-(tert-butyl)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (I-41)

Ve
A
I-41
[0228] Synthesis of 2-(tert-butyl)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 37, except 1-isopropyl-1H-pyrazol-4-amine was substituted for 1-ethyl-1H-pyrazol-4-
amine. The residue was purified by prep-HPLC (CH3CN/H,O with 0.05% ammonia as mobile
phase) to give product 2-(tert-butyl)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-2-methylbenzyl)thiazole-5-carboxamide as a pale yellow solid (45 mg, yield: 55%). ESI-MS
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(M+H) *: 490.2. "H NMR (400 MHz, CD:0D) §: 8.39 (d, J = 4.8 Hz, 1H), 8.24 (s, 1H), 8.06 (s,
1H), 7.99 (s, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.66 (s, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.20 (d, J =
5.2 Hz, 1H), 4.62 (s, 2H), 4.52-4.48 (m, 1H), 2.47 (s, 3H), 1.52 (d, J = 6.8 Hz, 6H), 1.46 (s, 9H).

Example 42: N-(4-(2-((1-(azetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-2-(tert-butyl)thiazole-S-carboxamide (1-42)

N
S
(@]

\/)N\N/EE\N\CNH

1-42

Synthesis of tert-butyl 3-(4-nitro-1H-pyrazol-1-yl)azetidine-1-carboxylate

HO@N Boc (1 eq)

=N

02N~<\:| L {>N Boc
NH  plAD (1.5 eq), PhsP 15eq)

O,N
THF, 0°C-rt, 16 h

[0229] DIAD (3.92 mL, 19.9 mmmol, 1.5 equiv) was added dropwise to a stirred solution
of 4-nitro-1H-pyrazole (1.5 g, 13.27 mmol), 1-Boc-3-Hydroxyazetidine (2.3 g, 13.27 mmol, 1
equiv) and triphenylphosphine (5.22 g, 19.9 mmol, 1.5 equiv) in THF (30 mL) placed an ice-bath
under Nj. The mixture was stirred at 0 °C for 10 min and allowed to warm to rt and stirred for 16
h. After diluted with EA (100 mL), the mixture was washed with water (40 mL), brine (30 mL x
2). The combined organic layer was dried, concentrated. The crude was purified through silica
gel column chromatography (petroleum ether/EtOAc =1/10) to give tert-butyl 3-(4-nitro-1H-
pyrazol-1-yl)azetidine-1-carboxylate as light yellow solid (3 g, yield: 85%). ESI-MS (M+H-56)
“:213.1. "H NMR (400 MHz, CDCls) J: 8.28 (s, 1H), 8.16 (s, 1H), 5.07-5.04 (m, 1H), 4.44-4.40
(m, 2H), 4.34-4.30 (m, 2H), 1.47 (s, 9H).

Synthesis of tert-butyl 3-(4-amino-1H-pyrazol-1-yl)azetidine-1-carboxylate
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~Boc

/C{N Pd/C (10% wt), Hp /C/N\N

\ \
oA S
2 N~Boc  EtOH, rt, 16 h 2 N

[0230] Synthesis of tert-butyl 3-(4-amino-1H-pyrazol-1-yl)azetidine-1-carboxylate was
similar to that of tert-butyl 4-amino-1H-pyrazole-1-carboxylate. Obtained tert-butyl 3-(4-amino-
1H-pyrazol-1-yl)azetidine-1-carboxylate (1 g, yield: 95%) as purple red oil. ESI-MS (M+H-56)
:183.1. "H NMR (400 MHz, CDCl3) d: 7.22 (s, 1H), 7.14 (s, 1H), 4.93-4.89 (m, 1H), 4.35-4.31
(m, 2H), 4.25-4.22 (m, 2H), 2.94 (br, 2H), 1.45 (s, 9H).

Synthesis of tert-butyl 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)azetidine-1-carboxylate

o

HoN
2 ~Boc

(1eq) ‘

o

S-phose (0.2 eq), Pdy(dba); (0.1 eq)

. NN —N
| NaO'Bu(3.0 eq), dioxane, MW, 100 °C, 1 h L/\
N/)\CI | N/)\H x N\CN\BOC

[0231] Synthesis of tert-butyl 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)azetidine-1-
carboxylate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. Purified through silica gel column chromatography with
(MeOH/DCM=1/20) to give tert-butyl 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)azetidine-1-
carboxylate (150 mg, yield: 69%) as a yellow solid. ESI-MS (M+H) : 603.2. '"H NMR (400
MHz, CDCls) J: 8.45 (d, J= 5.2 Hz, 1H), 8.12 (s, 1H), 8.05 (s, 1H), 7.88 (s, 1H), 7.85 (d, /= 8.0
Hz, 1H), 7.64 (s, 1H), 7.42 (d, /= 8.0 Hz, 1H), 7.10 (d, /= 5.6 Hz, 1H), 6.94 (s, 1H), 6.11-6.09
(m, 1H), 5.08-5.01 (m, 1H), 4.68 (d, J=5.2 Hz, 2H), 4.42-4.33 (m, 4H), 2.46 (s, 3H), 1.56 (s,
9H), 1.45 (s, 9H).

Synthesis of N-(4-(2-((1-(azetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide
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- L -
0 0

TFA/DCM (1/1),1t,1 h

\N /N\ | \N /N\
| N/)\ /L/N‘CN\BOC N/)\ /L/N‘CNH
N N

[0232] To a solution of tert-butyl 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)azetidine-1-
carboxylate (150 mg, 0.25 mmol) in DCM (2 mL) was added TFA (2 mL). The mixture was
stirred at rt for 1 h. The solvent was removed. The crude was purified through prep-HPLC
(CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give N-(4-(2-((1-(azetidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide as a
yellow solid (125 mg, yield: 100%). ESI-MS (M+H) ": 503.1. HPLC: (214 nm: 97.49%, 254 nm:
98.23%). 'H NMR (400 MHz, CD;0D) ¢: 8.41 (d, J= 5.2 Hz, 1H), 8.24 (s, 1H), 8.12 (s, 1H),
7.97 (s, 1H), 7.96 (d, /= 8.0 Hz, 1H), 7.85 (s, 1H), 7.44 (d, /= 8.0 Hz, 1H), 7.24 (d, /= 5.6 Hz,
1H), 5.45-5.37 (m, 1H), 4.63 (s, 2H), 4.57-4.54 (m, 4H), 2.48 (s, 3H), 1.47 (s, 9H).

Example 43: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-43)

N N
0 0

(HCHO)n (4 eq), NaBH3CN (2 eq)

MeOH, AcOH (cat.), rt, 16 h
| NN /N\ | NN /N\
A AN PN LN‘CN\
NN NN
1-43

[0233] To a solution of N-(4-(2-((1-(azetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (95 mg, 0.189 mmol) in MeOH (4 mL)
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were added paraformaldehyde (24 mg, 0.757 mmol, 4 equiv), NaBH3;CN (24 mg, 0.378 mmol, 2
equiv) and AcOH (cat.). The mixture was stirred at rt for 16 h. After diluted with EtOAc (80
mL), the mixture was washed with water (20 mL), dried and concentrated. The crude was
purified through prep-TLC (MeOH/DCM=1/15) to give 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-
methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a
yellow solid (42 mg, yield: 43%). ESI-MS (M+H) ": 517.3. HPLC: (214 nm: 97.38%, 254 nm:
97.27%). "H NMR (400 MHz, CD;0D) ¢: 8.41 (d, J = 5.6 Hz, 1H), 8.25 (s, 1H), 8.20 (s, 1H),
7.98 (s, 1H), 7.96 (d, J= 8.0 Hz, 1H), 7.73 (s, 1H), 7.43 (d, /= 8.0 Hz, 1H), 7.21 (d,J= 5.2 Hz,
1H), 5.02-4.95 (m, 1H), 4.63 (s, 2H), 3.89-3.85 (m, 2H), 3.61-3.57 (m, 2H), 2.48 (s, 3H), 2.47 (s,
3H), 1.47 (s, 9H).

Example 44: The preparation of 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-
3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclobutanecarboxylic acid (I-44)

1-44
[0234] Synthesis of 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclobutanecarboxylic acid was similar to
that of Example 37 starting from methyl 3-hydroxycyclobutanecarboxylate. The residue was
purified by prep-HPLC (CH3CN/H;O with 0.05% ammonia as mobile phase) to give product 3-
(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-
yl)amino)-1H-pyrazol-1-yl)cyclobutanecarboxylic acid as a pale yellow solid (25 mg, yield:
12%). ESI-MS (M+H) ": 546.1. "H NMR (400 MHz, CD;0D) §: 8.35 (d,J = 5.2 Hz, 1H), 8.25
(s, 1H), 8.09 (s, 1H), 8.04 (s, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.75 (s, 1H), 7.46 (d, J = 8.0 Hz,
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1H), 7.37 (d, J = 5.6 Hz, 1H), 5.52-5.47 (m, 1H), 4.62 (s, 2H), 3.20-3.16 (m, 1H), 2.91-2.75 (m,
4H), 2.48 (s, 3H), 1.46 (s, 9H).

Example 45: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(piperidin-4-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-45)

N
S
0

XN =N
| N/)\N/Q/N\OH

1-45
Synthesis of tert-butyl 4-(4-nitro-1H-pyrazol-1-yl)piperidine-1-carboxylate

HO N—Boc (1 eq)

\N /N\
ON—\ ,\IIH - J;/N N—Boc
DIAD (1.5 eq), PhsP (1.5 eq) Q,N

THF, 0°C-rt, 16 h

[0235] Synthesis of tert-butyl 4-(4-nitro-1H-pyrazol-1-yl)piperidine-1-carboxylate was
similar to that of tert-butyl 3-(4-nitro-1H-pyrazol-1-yl)azetidine-1-carboxylate. The crude
product was purified through silica gel column chromatography with (petroleum ether/EtOAc
=1/10) to give tert-butyl 4-(4-nitro-1H-pyrazol-1-yl)piperidine-1-carboxylate as light yellow
solid (3.2 g, yield: 84%). ESI-MS (M+H-56) : 241.1. '"H NMR (400 MHz, CDCl;) 0: 8.17 (s,
1H), 8.08 (s, 1H), 5.00-4.94 (m, 1H), 4.33-4.26 (m, 2H), 2.93-2.87 (m, 2H), 2.18-2.15 (m, 2H),
1.96-1.86 (m, 2H), 1.48 (s, 9H).

Synthesis of tert-butyl 4-(4-amino-1H-pyrazol-1-yl)piperidine-1-carboxylate

=N —N
Pd/C (10% wt), Hp /C\
N - N
OZN/Q/ \ N \
~Boc

~Boc EtOH, rt, 16 h
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[0236] Synthesis of tert-butyl 4-(4-amino-1H-pyrazol-1-yl)piperidine-1-carboxylate was
similar to that of tert-butyl 4-amino-1H-pyrazole-1-carboxylate. Obtained tert-butyl 4-(4-amino-
1H-pyrazol-1-yl)piperidine-1-carboxylate (1.6 g, yield: 95%) as purple oil. ESI-MS (M+H) ":
267.2. '"H NMR (400 MHz, CDCl3) 6: 7.16 (s, 1H), 7.03 (s, 1H), 5.00-4.94 (m, 1H), 4.23-4.14
(m, 2H), 2.89-2.83 (m, 2H), 2.08-2.04 (m, 2H), 1.88-1.78 (m, 2H), 1.47 (s, 9H).

Synthesis of tert-butyl 4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-

methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-carboxylate

YE ﬁLL YE -

N \CN‘BOC
(1eq) .
N S-phtose (0.2 eq), Pdz(dba)s (0.1 eq)o Y _N
| /)\ NaO'Bu(3.0 eq), dioxane, MW, 100°C, 1h || N/)\H/Q/\N\CN\BOC

[0237] Synthesis of tert-butyl 4-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-
carboxylate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The crude product was purified through silica gel column
chromatography with (MeOH/DCM=1/25) to give tert-butyl 4-(4-((4-(4-((2-(tert-butyl)thiazole-

5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-
carboxylate (270 mg, yield: 84%) as a yellow solid. ESI-MS (M+H) ": 631.2.

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(piperidin-4-yl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

¥ L O
O O

TFA/DCM (1/1), it, 1 h

\/)N\N/ET\N\CN\BOC | N\/)N\NEN\OH
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[0238] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(piperidin-4-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 42.
Purified through prep-HPLC (CH3CN/H,O with 0.05% NH;3.H,O as mobile phase) to give 2-
(tert-butyl)-N-(2-methyl-4-(2-((1-(piperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (220 mg, yield: 95%) as a yellow solid. ESI-MS (M+H) ":
531.0. HPLC: (214 nm: 99.77%, 254 nm: 100%). 'H NMR (400 MHz, CD;0D) §: 8.37 (d, J =
5.6 Hz, 1H), 8.25 (s, 1H), 8.08 (s, 1H), 7.99 (s, 1H), 7.96 (d, /= 8.4 Hz, 1H), 7.75 (s, 1H), 7.44
(d,/=8.0Hz, 1H), 7.29 (d, J = 6.0 Hz, 1H), 4.61 (s, 2H), 4.57-4.50 (m, 1H), 3.59-3.56 (m, 2H),
3.26-3.19 (m, 2H), 2.47 (s, 3H), 2.38-2.23 (m, 4H), 1.46 (s, 9H).

Example 46: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-
yD)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-46)

N
O

~ N /N\
| N/)\H/Q/N\CN\
1-46

[0239] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of
Example 43. Purified through prep-TLC (MeOH/DCM=1/15) to give 2-(tert-butyl)-N-(2-
methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (20 mg, yield: 55%) as a yellow solid. ESI-MS (M+H) ":
545.2. HPLC: (214 nm: 99.51%, 254 nm: 98.97%). "H NMR (400 MHz, CD;0D) ¢: 8.40 (d, J =
5.2 Hz, 1H), 8.24 (s, 1H), 8.10 (s, 1H), 7.99 (s, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.67 (s, 1H), 7.44
(d, /=8.0Hz, 1H), 7.21 (d, /= 5.6 Hz, 1H), 4.63 (s, 2H), 4.20-4.15 (m, 1H), 3.04-3.01 (m, 2H),
2.48 (s, 3H), 2.35 (s, 3H), 2.31-2.26 (m, 2H), 2.19-2.07 (m, 4H), 1.47 (s, 9H).
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Example 47: Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-(methylsulfonyl)piperidin-
4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-47)

N N
1 - 1 -
0] 0]

Mso0 (1.05 eq), TEA (2 eq)

DCM, rt, 1 h
| ~N N /N\ | AN N /N\ /
& O 2 DO
O
1-47
[0240] To a solution of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(piperidin-4-yl)-1H-pyrazol-

4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (63 mg, 0.119 mmol) in DCM (5 mL)
were added Ms,O (22 mg, 0.125 mmol, 1.05 equiv) and TEA (24 mg, 0.238 mmol, 2 equiv). The
mixture was stirred at rt for 1 h. After diluted with DCM (80 mL), the mixture was washed with
brine (30 mL), dried and concentrated. The crude was purified through silica gel column
chromatography (MeOH/DCM=1/20) to give 2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-
(methylsulfonyl)piperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide as a yellow solid (30 mg, yield: 40%). ESI-MS (M+H) ": 609.2. HPLC: (214 nm:
100%, 254 nm: 100%). '"H NMR (400 MHz, CDCl;) J: 8.44 (d, J= 5.2 Hz, 1H), 8.05 (s, 1H),
8.02 (s, 1H), 7.88 (s, 1H), 7.85 (d, /= 8.0 Hz, 1H), 7.57 (s, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.09
(d, J=5.2Hz, 1H), 6.95 (s, 1H), 6.12 (br, 1H), 4.68 (d, /= 5.6 Hz, 2H), 4.30-4.23 (m, 1H), 3.93-
3.89 (m, 2H), 2.99-2.93 (m, 2H), 2.84 (s, 3H), 2.46 (s, 3H), 2.32-2.27 (m, 2H), 2.23-2.13 (m,
2H), 1.45 (s, 9H).

Example 48: cis-4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid (I1-48)
and trans-4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid (I-49)
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0 0O

=\ Ni:.
|N/)\NL/N‘©-COOH N/)\N = QCOOH
N H

1-48 1-49

Synthesis of methyl 4-(tosyloxy)cyclohexanecarboxylate

O— TsCI (1.5 eq), pyridine, rt, 12 h O—
HO‘<:>—< » 15O
o}

)

[0241] To a mixture of methyl 4-hydroxycyclohexanecarboxylate (172 mg, 1 mmol, 1.0
equiv) in pyridine (2 mL), TsCI (285 mg, 1.5 mmol, 1.5 equiv) was added. The mixture was
stirred rt for 12 h. After diluted with EtOAc (100 mL), the mixture was washed with HCI (1 N,
50 mL), water (50 mL). The organic layer was dried and concentrated to give methyl 4-
(tosyloxy)cyclohexanecarboxylate (326 mg, yield: 100%) as a colorless oil and used for next step
without further purification. ESI-MS (M+Na) ': 355.1.

Synthesis of methyl 4-(4-nitro-1H-pyrazol-1-yl)cyclohexanecarboxylate

_N
LNH (1.0 eq) _N, o—
o— of LN{>_<
N
Tso{>—\< > O,N o

O  Cs,CO; (2.0 eq), NMP, 90 °C, 12 h

[0242] Synthesis of methyl 4-(4-nitro-1H-pyrazol-1-yl)cyclohexanecarboxylate was
similar to that of 2-(4-nitro-1H-pyrazol-1-yl)ethanol. The organic layer was concentrated and
purified by silica gel column (petroleum ether/EtOAc =3 : 1) to give methyl 4-(4-nitro-1H-
pyrazol-1-yl)cyclohexanecarboxylate (110 mg, yield: 49%) as a colorless oil. ESI-MS (M+H) ":
254.1.

Synthesis of methyl 4-(4-amino-1H-pyrazol-1-yl)cyclohexanecarboxylate

_N, O—  Pd/C, Hy, MeOH, rt, 12 h =N, Oo—
J;/N < > \< > J;/N
0 0

HoN

O,N
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[0243] Synthesis of methyl 4-(4-amino-1H-pyrazol-1-yl)cyclohexanecarboxylate was
similar to that of tert-butyl 4-amino-1H-pyrazole-1-carboxylate. The catalyst was filtered out and
the resulting filtrate was concentrated to give target compound methyl 4-(4-amino-1H-pyrazol-1-

yl)cyclohexanecarboxylate (93 mg, yield: 97%) as a yellow oil. ESI-MS (M+H)": 224.1.

Synthesis of methyl 4-(4-((4-(4-(((tert-butoxycarbonyl)amino)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylate

NHBoc NHBoc
/N\ O_
SO
H,N o

| Pd,(dba); (0.1 eq), S-Phos (0.2 eq) | L/\N
/)\ Cs,CO; (2.0 eq), dioxane, sealed, 120 °C, 12 h N/)\N \
H O

N™ Cl

[0244] Synthesis of methyl 4-(4-((4-(4-(((tert-butoxycarbonyl)amino)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylate was similar to
that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The residue was purified
by prep-HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NHj in water, B: CH3CN) to give
methyl 4-(4-((4-(4-(((tert-butoxycarbonyl)amino)methyl)-3-methylphenyl)pyrimidin-2-
yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylate (94 mg, yield: 50%) as a yellow solid. ESI-
MS (M+H) ": 521.2. 'TH NMR (400 MHz, CDCl;) 6: 8.41 (d, J = 4.8 Hz, 1H), 7.98 (s, 1H), 7.88-
7.83 (m, 2H), 7.58 (s, 1H), 7.38-7.31 (m, 1H), 7.07-7.06 (m, 1H), 6.96-6.95 (m, 1H), 4.79 (br,
1H), 4.37 (d, J= 5.2 Hz, 2H), 4.18-4.09 (m, 1H), 3.71 (s, 3H), 2.41 (s, 3H), 2.32-2.17 (m, 3H),
2.10-1.99 (m, 3H), 1.76-1.69 (m, 3H), 1.47 (s, 9H).

Synthesis of methyl 4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylate

N
R
NHBoc N S
o)

1) TFAADCM, rt, 1 h

.

| ; iy [ L
N/)\N/g/ m Ho M W NS
H S ; °

O (1.0 eq)

138



WO 2015/089337 PCT/US2014/069853

[0245] Synthesis of methyl 4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylate was similar to
that of Example 1. The mixture was purified by prep-HPLC (Gradient: 5% B increase to 95% B
A: 0.5% NH3 in water, B: CH3CN) to give methyl 4-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclohexanecarboxylate (40 mg, yield: 38%) as a yellow solid. ESI-MS (M+H)": 588.3.

Synthesis of cis-4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid and trans-4-
(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-
yhamino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid

e 1 1

A\ \ \
A YE - m/E p
o)
NaOH (4.0 eq)
MeOH, H,0, 1t 12h
N _ \N / <N =N
/[/ ‘Q\( COOH L/N“'Q*COOH

[0246] To a mixture of methyl 4-(4-((4-(4-((2-(tert-butyl)thiazole-5-

carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclohexanecarboxylate (40 mg, 0.07 mmol, 1.0 equiv) in MeOH (3 mL)/H,0O (1 mL), NaOH
(11 mg, 0.28 mmol, 4.0 equiv) was added. The mixture was stirred at rt for 12 h. After
concentrated and diluted with water (5 mL), the mixture was acidified to pH = 5 with HCI (1 N),
the precipitate was collected and purified by prep-HPLC (Gradient: 5% B increase to 95% B, A:
0.5% NHj3 in water, B: CH;CN) to give cis-4-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclohexanecarboxylic acid (9 mg, yield: 23%) and trans-4-(4-((4-(4-((2-(tert-butyl)thiazole-
5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclohexanecarboxylic acid (13 mg, yield: 33%) as yellow solid. ESI-MS (M+H)": 574.2.
[0247] cis-4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid: "H NMR
(400 MHz, CDs;0OD) J: 8.29 (d, /= 5.2 Hz, 1H), 8.07 (s, 1H), 8.04 (s, 1H), 7.80-7.78 (m, 2H),
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7.50 (s, 1H), 7.41 (d, /= 7.6 Hz, 1H), 7.01 (d, J= 5.2 Hz, 1H), 4.56 (s, 2H), 4.14-4.05 (m, 1H),
2.64-2.61 (m, 1H), 2.41 (s, 3H), 2.24-2.19 (m, 2H), 2.04-1.91 (m, 4H), 1.70-1.62 (m, 2H), 1.39
(s, 9H).

[0248] trans-4-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid: "H NMR
(400 MHz, CD;0D) 6: 8.31 (d, /= 5.2 Hz, 1H), 8.02 (s, 1H), 7.91 (s, 1H), 7.81 (s, 1H), 7.76 (d,
J=28.0Hz, 1H), 7.56 (s, 1H), 7.35 (d, /= 8.0 Hz, 1H), 7.00 (d, J = 5.2 Hz, 1H), 4.56 (s, 2H),
4.07-4.00 (m, 1H), 2.39 (s, 3H), 2.33-2.26 (m, 1H), 2.23-2.11 (m, 4H), 1.81-1.71 (m, 2H), 1.63-
1.53 (m, 2H), 1.39 (s, 9H).

Example 49: N-(4-(2-((1-(2-aminoethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-50)

N
H | N
O

Vs

A

N N \\\NHZ
I-50

Preparation of tert-butyl (2-(4-amino-1H-pyrazol-1-yl)ethyl)carbamate

O2N\f\}\l Pd/C (10%) H2N\If\N
S SN \—NHBoc

NHBoc MeOH, rt, 16 h

[0249] Synthesis of tert-butyl (2-(4-amino-1H-pyrazol-1-yl)ethyl)carbamate was similar
to that of tert-butyl 4-amino-1H-pyrazole-1-carboxylate. The crude product (470 mg. yield: 98%)
was used in the next step without further purification. ESI-MS (M+H) : 227.1.

Preparation of tert-butyl (2-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)ethyl)carbamate
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\ N
Ho [ Nl \}~f\
NY[3>\<\ HN NTON/ES

0 \f\N
SN \—NHBoc
(1.0eq) -
N sz(db?)3 (0.1 eq), S-phos (0.2 eq). | ~N =N
NaOBul(3.0 eq) /E/N
| N/)\CI 1,4-dioxane, MW, 100 °C, 1 h N/)\” = \\\NHBOC
[0250] Synthesis of tert-butyl (2-(4-((4-(4-((2-(tert-butyl)thiazole-5-

carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)ethyl)carbamate
was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The
residue was purified by prep-HPLC (CH;CN/H,0 with 0.05% NH;3.H,0 as mobile phase) to give
tert-butyl (2-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)ethyl)carbamate as a white solid (62 mg,
yield: 53%). ESI-MS (M+H) ": 591.2.

Preparation of N-(4-(2-((1-(2-aminoethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide

H IN\ Hj([N\
NE([SH\ NO s>\/\

TFA:DCM (1: 1)

rt,1h
XN —N BN N
LA L s
N ” \\\ N/ ” =~ \\\

[0251] A mixture of tert-butyl (2-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)ethyl)carbamate
(78 mg, 0.13 mmol) in TFA/DCM (10 mL, 1:1) was stirred at rt for 1 h. Then the solvent was
removed. The crude product was purified by prep-HPLC (CH3;CN/H,0 with 0.05% TFA as
mobile phase) to give N-(4-(2-((1-(2-aminoethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-

NHBoc NH,

methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide as a yellow solid (36 mg, yield: 56%). ESI-
MS (M+H) ": 491.1. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400 MHz, CD;0D) §:
8.39(d, J =5.2 Hz, 1H), 8.23 (s, 1H), 8.07 (s, 1H), 7.98-7.95 (m, 2H), 7.74 (s, 1H), 7.44 (d, J =
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8.4 Hz, 1H), 7.28-7.26 (m, 1H), 4.61 (s, 2H), 4.4 (t, J = 5.6 Hz, 2H), 3.4 (t, J = 5.6 Hz, 2H),
2.48 (s, 3H), 1.46 (s, 9H).

Example 50: 2-(tert-butyl)-N-(4-(2-((1,3-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2-methylbenzyl)thiazole-5-carboxamide (I-51)

N
H | N
A
0]

I-51
Preparation of tert-butyl 4-(2-((1,3-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzylcarbamate and tert-butyl 4-(2-((1,5-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-2-methylbenzylcarbamate

NHBoc ‘ NHBoc NHBoc
— + H2

HoN
(1.1 eq)

S-phose (0.2 eq), Pdx(dba); (0.1 eq)

Cs,C03(3.0 eq), dioxane, MW, 100°C, 1h [~ |N =N = |N =N
\J\ \N)\N N \N)\N NV

H H
[0252] Synthesis of tert-butyl 4-(2-((1,3-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-2-methylbenzylcarbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The resulting product was purified by column chromatography
(petroleum ether/EtOAc =5:1 to 1:2) to give tert-butyl 4-(2-((1,3-dimethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzylcarbamate (116 mg) and tert-butyl 4-(2-((1,5-dimethyl-
1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzylcarbamate as a yellow solid (218 mg,
yield: 86%). ESI-MS (M+H) ": 409.3.
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[0253] tert-butyl 4-(2-((1,3-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzylcarbamate: '"H NMR (400 MHz, CDCl3) &: 8.41 (d, J = 5.2 Hz, 1H), 7.87 (s, 1H),
7.83 (s, 1H), 7.81 (s, 1H), 7.37 (d, /= 7.6 Hz, 1H), 7.05 (d, /= 5.6 Hz, 1H), 6.59 (s, 1H), 4.38
(d, J=5.2 Hz, 2H), 3.85 (s, 3H), 2.41 (s, 3H), 2.27 (s, 3H), 1.47 (s, 9H).

[0254] tert-butyl 4-(2-((1,5-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzylcarbamate: '"H NMR (400 MHz, CDCls) d: 8.37 (d, J = 5.2 Hz, 1H), 7.83 (s, 1H),
7.81 (s, 1H), 7.69 (s, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.05 (d, J = 5.2 Hz, 1H), 6.42 (s, 1H), 4.36
(d,J =5.2 Hz, 2H), 3.81 (s, 3H), 2.40 (s, 3H), 2.27 (s, 3H), 1.47 (s, 9H).

Preparation of 2-(tert-butyl)-N-(4-(2-((1,3-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-

methylbenzyl)thiazole-5-carboxamide

N
NHBoc 1) TFA/DCM (1/1), rt, 1 h H\’([S»\]L
0

2) 2-(tert-butylthiazole-

5-carboxylic acid

(1.1 eq), HATU (1.1 eq)
TEA (3 eq), DMF, rt, 3 h

Y

AN E 2N N
| N— T
NN N M N=
N N“N
H
[0255] Synthesis of 2-(tert-butyl)-N-(4-(2-((1,3-dimethyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 1. The resulting product was purified by prep-HPLC (CH3;CN/H,O with 0.05%
NH3.H,O as mobile phase) to give 2-(tert-butyl)-N-(4-(2-((1,3-dimethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (88 mg, yield: 45%) as a
yellow solid. ESI-MS (M+H) ": 476.3. "H NMR (400 MHz, DMSO-d6) J: 8.76 (t, J = 6.4 Hz,
1H), 8.40 (d, J = 4.8 Hz, 1H), 8.30 (s, 1H), 7.88-7.83 (m, 3H), 7.72-7.69 (m, 1H), 7.43 (d, J =
7.6 Hz, 1H), 7.07 (d, J = 4.8 Hz, 1H), 4.57 (d, J = 5.2 Hz, 2H), 3.84 (s, 3H), 2.59 (s, 3H), 2.26
(s, 3H), 1.45 (s, 9H).

Example 51: The preparation of 2-(tert-butyl)-N-(4-(2-((1,5-dimethyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-52)
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N
H [ N
o)

1-52
[0256] Synthesis of 2-(tert-butyl)-N-(4-(2-((1,5-dimethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 50. The resulting product was purified by prep-HPLC (CH3CN/H,0 with 0.05%
NH3.H,O as mobile phase) to give 2-(tert-butyl)-N-(4-(2-((1,5-dimethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (135 mg, yield: 50%) as a
yellow solid. ESI-MS (M+H) ": 476.3. "TH NMR (400 MHz, CDCl;) ¢: 8.35 (d, J = 5.2 Hz, 1H),
8.16 (s, 1H), 7.78 (s, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.57 (s, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.11
(br, 1H), 6.99 (d, J = 5.2 Hz, 1H), 6.80 (br, 1H), 4.61 (d, J = 5.2 Hz, 2H), 3.73 (s, 3H), 2.39 (s,
3H), 2.13 (s, 3H), 1.44 (s, 9H).

Example 52: 2-(tert-butyl)-N-(2-methyl-4-(2-((1,3,5-trimethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-53)

N
H [ \
NYE@L
(@)

I-53
[0257] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1,3,5-trimethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 50

starting from 1,3,5-trimethyl-1H-pyrazol-4-amine. The residue was purified by prep-HPLC
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(CH3CN/H;0 with 0.05% NH3.H,O as mobile phase) to give a yellow solid (15 mg, yield: 25%).
ESI-MS (M+H) : 490.2. HPLC: (214 nm: 98.13%, 254 nm: 97.13%). '"H NMR (400 MHz,
CDs0D) o: 8.14-8.12 (m, 2H), 7.81-7.75 (m, 2H), 7.27 (d, /= 7.6 Hz, 1H), 7.07 (d, J =5.6 Hz,
1H), 4.48 (s, 2H), 3.62 (s, 3H), 2.32 (s, 3H), 2.03 (s, 3H), 1.98 (s, 3H), 1.34 (s, 9H).

Example 53: 2-(tert-butyl)-N-(2-methyl-4-(2-((4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-54)

W
(0]

1-54

Synthesis of 2-nitro-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazine

~N Br  NH3/MeOH (20.0 eq)

- N
50°C, 2 h A

[0258] A mixture of 1-(2-bromoethyl)-5-(bromomethyl)-3-nitro-1H-pyrazole (625 mg, 2

Br

mmol) and ammonia in methanol (5.73 mL, 40 mmol, 20 eq) in a sealed tube was stirred at 50 °C
for 2 h. Then the solvent was removed. The crude was purified through silica gel column
chromatography(MeOH/DCM=1/20) to give 2-nitro-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazine
as a white solid (270 mg, yield: 80%).

Synthesis of tert-butyl 2-nitro-6,7-dihydropyrazolo[1,5-a[pyrazine-5(4H)-carboxylate
O2N

m\\ W\\
N \\/\‘H Boc20 (1.05 eq), TEA (2 eq). N

N ‘N\\/\lBoc

DCM, rt, 16 h
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[0259] To a solution of 2-nitro-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazine (270 mg, 1.61
mmol) in DCM (20 mL) was added Boc,0 (368 mg, 1.69 mmol, 1.05 equiv) and TEA (324 mg,
3.2 mmol, 2 equiv). The mixture was stirred at rt for 16 h. After diluted with DCM (20 mL), the
mixture was washed with water (40 mL) and brine (20 mL). The organic layer was dried and
concentrated. The crude was purified through silica gel column chromatography (petroleum
ether/EtOAc =1/3) to give tert-butyl 2-nitro-6,7-dihydropyrazolo[1,5-a]pyrazine-5(4H)-
carboxylate as a white solid (380 mg, yield: 88%).

Synthesis of tert-butyl 2-amino-6,7-dihydropyrazolo[1,5-a[pyrazine-5(4H)-carboxylate
O,N H,N

m\\ Pd/C (10%) m
N N

S~ » ~—
N\\/\‘BOC MeOH, rt, 4 h NL/\'BOC

[0260] To a solution of tert-butyl 2-nitro-6,7-dihydropyrazolo[1,5-a]pyrazine-5(4H)-
carboxylate (380 mg, 1.42 mmol) in methanol (20 mL) was added Pd/C (38 mg, 10% wt). The
mixture was stirred at rt for 16 h under H, atmosphere (balloon pressure). The mixture was
filtered through Celite. The filtrate was concentrated to give tert-butyl 2-amino-6,7-
dihydropyrazolo[1,5-a]pyrazine-5(4H)-carboxylate as a white solid (330 mg, yield: 90%). 'H
NMR (400 MHz, CDCls) J: 5.41 (s, 1H), 4.53 (s, 2H), 3.95 (t,/=5.2 Hz, 2H), 3.83 (t, /= 5.2
Hz, 2H), 3.60 (s, 2H), 1.48 (s, 9H).

Synthesis of tert-butyl 2-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-6,7-dihydropyrazolo[1,5-a]pyrazine-5(4H)-carboxylate

-N
N
ol K\ N NH,
BocN S
(1eq)

- / \
| XN S-ph:)se (0.2 eq), Pdy(dba); (0.1 eq) | N N—N NBoc

NaO'Bu(3.0 eq), dioxane, MW, 100 °C, 1 h UJ

NACI N/)\ s
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[0261] Synthesis of tert-butyl 2-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-6,7-dihydropyrazolo[1,5-a]pyrazine-5(4H)-carboxylate

was similar to that of tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate. Obtained tert-butyl 2-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-
3-methylphenyl)pyrimidin-2-yl)amino)-6,7-dihydropyrazolo[ 1,5-a]pyrazine-5(4H)-carboxylate
(140 mg, yield: 60%) as a yellow solid. "H NMR (400 MHz, DMSO-d,) J: 9.77 (s, 1H), 9.11 (t, J
= 5.2 Hz, 1H), 8.47 (d, J= 5.2 Hz, 1H), 8.34 (s, 1H), 7.97 (s, 1H), 7.96 (d, /= 8.0 Hz, 1H), 7.39
(d,/=8.0Hz, 1H), 7.33 (d, J = 5.6 Hz, 1H), 6.60 (s, 1H), 4.61 (s, 2H), 4.50 (d, /= 5.2 Hz, 2H),
3.98 (t,J=5.2 Hz, 2H), 3.82 (t, /= 5.2 Hz, 2H), 2.41 (s, 3H), 1.44 (s, 9H), 1.39 (s, 9H).

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((4,5,6, 7-tetrahydropyrazolo[1,5-alpyrazin-2-
yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

N N

Ho ) H [] N

NWKESH\ N\H/ES%{"
o] o]

TFA/DCM (1/1)

/ N\ / N\
| XN  N-N NHBoc rt1h | XN N-N NH
/ /
N/)\H/k/)_/ N/)\HM_/
[0262] To a solution of tert-butyl 2-((4-(4-((2-(tert-butyl)thiazole-5-

carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-6,7-dihydropyrazolo[ 1,5-
a]pyrazine-5(4H)-carboxylate (120 mg, 0.2 mmol) in DCM (1.5 mL) was added TFA (1.5 mL).
The mixture was stirred at rt for 1 h. The solvent was removed. The crude was dissolved in water
and adjusted pH to 7-8 with NH3H,O. Then the formed solid was filtered to give 2-(tert-butyl)-
N-(2-methyl-4-(2-((4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-2-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (70 mg, yield: 70%) as a light yellow solid. ESI-MS (M+H) ":
502.8. HPLC: (214 nm: 97.70%, 254 nm: 96.52%). "H NMR (400 MHz, DMSO-dj) J: 9.66 (s,
1H), 9.11 (t,J = 5.2 Hz, 1H), 8.44-8.33 (m, 2H), 7.97-7.96 (m, 2H), 7.39-7.31 (m, 2H), 6.46 (s,
1H), 4.50 (s, 2H), 3.89-3.87 (m, 4H), 3.10-3.08 (s, 2H), 2.36 (s, 3H), 1.39 (s, 9H).
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Example 54: 2-(tert-butyl)-N-(2-methyl-4-(2-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-55)

(0]
/
3. 25

I-55

Preparation of tert-butyl 2-methyl-4-(2-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-ajpyrazin-2-

yhamino)pyrimidin-4-yl)benzylcarbamate
BocHN

BocHN
CH3 S N/
e d
2 \N’ \) (1.0eq)
ZZN Pd,(dba);(0.1 eq), X-Phos (0.2 eq)
\NJ\CI t-BuONa (3.0 eq), 1,4-dioxane, 100°C, 2 h J
[0263] Synthesis of tert-butyl 2-methyl-4-(2-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-

a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzylcarbamate was similar to that of tert-butyl 2-methyl-
4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The crude was
purified by pre-TLC (MeOH/DCM = 1/20) to give product tert-butyl 2-methyl-4-(2-((5-methyl-
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzylcarbamate as a
yellow solid (50 mg, yield: 37 %). ESI-MS (M+H) ": 449.9.

Preparation of 2-(tert-butyl)-N-(2-methyl-4-(2-((5-methyl-4,5,6,7-tetrahydropyrazolof1,5-
alpyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide
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N
NHBoc . THIN% Nl/[s}jl\

S
O
/ 1) TFA/IDCM (1:1), rt, 1 h N/
Z JN\ = N} 2)HBTU (1.2 eq), DIEA (5.0 eq) Z )'N\ f(’“:)
\N H =N DMF, rt., 2 h \N H =N
[0264] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((5-methyl-4,5,6,7-

tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was
similar to that of Example 1. The crude was purified by prep-HPLC (CH3CN/H,O with 0.05%
ammonia as mobile phase) to give product 2-(tert-butyl)-N-(2-methyl-4-(2-((5-methyl-4,5,6,7-
tetrahydropyrazolo[ 1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a
white solid (31 mg, yield: 54%). ESI-MS (M+H) ": 516.9. HPLC: (214 nm: 100%, 254 nm:
96%). '"H NMR (400 MHz, DMSO-d6) d: 9.69 (s, 1H), 9.11 (t,J = 5.6 Hz, 1H), 8.46 (d,J = 5.2
Hz, 1H), 8.34 (s, 1H), 7.97 (s, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 7.32 (d, J
= 5.2 Hz, 1H), 6.50 (s, 1H), 4.49 (d, J = 5.6 Hz, 2H), 3.96 (t, J/ = 5.6 Hz, 2H), 3.57 (s, 2H), 2.82
(t,J = 5.6 Hz, 2H), 2.41 (s, 3H), 2.38 (s, 3H), 1.39 (s, 9H).

Example 55: 2-(tert-butyl)-N-(4-(2-((5-ethyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-56)

ysu
O
B
s W%

I-56
Preparation of tert-butyl 4-(2-((5-ethyl-4,5,6,7-tetrahydropyrazolo[1,5-a[pyrazin-2-
yh)amino)pyrimidin-4-yl)-2-methylbenzylcarbamate
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NHBoc

NHBoc J
H NNN
’ \N’N\)
(1.0eq)
= Pdx(dba);(0.1 eq), X-Phos (0.2 eq)
|N t-BuONa (3.0 eq), 1,4-dioxane, 100°C, 2 h
\N)\ ~ /

Cl

[0265] A mixture of tert-butyl 4-(2-chloropyrirnidin-4-yl)-2-rnethylbenzylcarbarnate (100
mg, 0.30 mmol), 5-ethyl-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-2-amine (50 mg, 0.30 mmol),
t-BuONa (86 mg, 0.90 mmol), Pd,(dba); (27 mg, 0.03 mmol), X-Phos (28 mg, 0.06 mmol) in 5
mL 1,4-dioxane was heated at 100 °C for 2 h under nitrogen. After cooling to rt and diluted with
EtOAc (120 mL), the mixture was washed with water (60 mL).The organic phase was dried and
concentrated. The residue was purified by pre-TLC (MeOH/DCM = 1/20) to give title product as
a yellow solid (40 mg, yield: 29 %). ESI-MS (M+H) : 464.0.

Preparation of 2-(tert-butyl)-N-(4-(2-((5-ethyl-4,5,6,7-tetrahydropyrazolo[1,5-alpyrazin-2-
yhamino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide

N
NHBoc N H\(E \>*'/\
o L .-

2 1) TEA/DCM (1:1), 1, 1 h N
ZON = > 2) HBTU (1.2 eq), DIEA (5.0 eq) Z N f(:)
| N , | =~ N
\N)\H Sy DMF, rt., 2 h \NJ\H '
[0266] Synthesis of 2-(tert-butyl)-N-(4-(2-((5-ethyl-4,5,6,7-tetrahydropyrazolo[1,5-

a]pyrazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to
that of Example 1. The residue was purified by prep-HPLC (CH3CN/H,0O with 0.05% ammonia
as mobile phase) to give product 2-(tert-butyl)-N-(4-(2-((5-cthyl-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide as a pale yellow
solid (15 mg, yield: 36%). ESI-MS (M+H) *: 530.9. HPLC: (214 nm: 100%, 254 nm: 100%). 'H
NMR (400 MHz, DMSO-d6) é: 9.69 (s, 1H), 9.10 (t,J = 5.6 Hz, 1H), 8.46 (d, J/ = 5.2 Hz, 1H),
8.34 (s, 1H), 7.96-7.94 (m, 2H), 7.39 (d, J = 8.0 Hz, 1H), 7.31 (d, J/ = 5.2 Hz, 1H), 6.50 (s, 1H),
4.50 (d, J = 6.0 Hz, 2H), 3.96 (t, J = 5.6 Hz, 2H), 3.62 (s, 2H), 2.87 (t, J/ = 5.6 Hz, 2H), 2.56 (q,
J =72 Hz, 2H), 2.41 (s, 3H), 1.39 (s, 9H), 1.07 (t,J = 7.2 Hz, 3H).
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Example 56: 2-(tert-butyl)-N-(2-methyl-4-(2-((3-methylisoxazol-4-yl)amino)pyrimidin-4-

D¢
NH

y)benzyl)thiazole-5-carboxamide (I-57)

Preparation of tert-butyl (3-methylisoxazol-4-yl)carbamate

O
DPPA (1.0 eq), TEA (1.0 eq) NHBoc
b t-BuOH, 50 °C-90 °C, 16 h ‘O

[0267] Diphenyl phosphorazidate (642 mg, 2.34 mmol) and TEA (236 mg, 2.34 mmol)

were added to a solution of 3-methylisoxazole-4-carboxylic acid (300 mg, 2.34 mmol) in tert-
butanol (10 mL) at 50 °C. The mixture was stirred at 90 °C for 16 h. After concentrated, the
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =1:4) to give
tert-butyl (3-methylisoxazol-4-yl)carbamate (412 mg, yield: 66%) as a yellow solid. ESI-MS
(M+H) ": 199.1.

Preparation of 3-methylisoxazol-4-amine

TFA: DCM (1 : 1
N )/]/NHBOC a:1) N }TNHZ
o t, 1h o

[0268] A mixture of tert-butyl (3-methylisoxazol-4-yl)carbamate (150 mg, 0.75 mmol) in

TFA/DCM (10 mL, 1:1) was stirred at rt for 1 h. After concentrated, the residue was dissolved in
DCM (20 mL) and solid K,COs (1 g) was added. The solid was filtered off and the filtrate was
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concentrated to give crude title product (96 mg, yield: 93%), which was used in nest step without

further purification.
Preparation of tert-butyl 2-methyl-4-(2-((3-methylisoxazol-4-yl)amino)pyrimidin-4-

yl)benzylcarbamate
NHBoc NHBoc
N\)]/N H,
O
(1.0eq)

Pd,(dba)s (0.1 eq), S-Phos (0.2 eq) o

~N ~N \
| /)\ CSZCF)3 (3.0 eq), . | /)\ , N
N” ¢ 1.4-dioxane, 120 °C, 2 h N H
[0269] Synthesis of tert-butyl 2-methyl-4-(2-((3-methylisoxazol-4-yl)amino)pyrimidin-4-

yl)benzylcarbamate was similar to that of tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzylcarbamate. The residue was purified by silica gel
chromatography column (petroleum ether/EtOAc = 1:2) to give tert-butyl 2-methyl-4-(2-((3-
methylisoxazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate as a yellow solid (234 mg, yield:
59%). ESI-MS (M+H) *: 396.1.

Preparation of 2-(tert-butyl)-N-(2-methyl-4-(2-((3-methylisoxazol-4-yl)amino)pyrimidin-4-

yhbenzylthiazole-5-carboxamide

N
NHBoc | A\ NH
HO S: {
0]

1) TFA/DCM (1:1), 1t, 1 h

oy

SN Q  2)HBTU (12 cq), DIEA (5.0 ) SN 0
N , .1, N
/

H
[0270] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((3-methylisoxazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 1. The
residue was purified by prep-HPLC (CH3CN/H,0 with 0.05% NHzH,O as mobile phase) to give
2-(tert-butyl)-N-(2-methyl-4-(2-((3-methylisoxazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-
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5-carboxamide as a white solid (54 mg, yield: 59%). ESI-MS: (M+H) ":463.0. HPLC: (214 nm:
100%, 254 nm: 100%). '"H NMR (400 MHz, CD;0D) &: 8.95 (s, 1H), 8.36 (d, J = 5.6 Hz, 1H),
8.13 (s, 1H), 7.85 (s, 1H), 7.83 (d, /= 8.0 Hz, 1H), 7.33 (d, /= 8.0 Hz, 1H), 7.19 (d, J = 5.6 Hz,
1H), 4.50 (s, 2H), 2.36 (s, 3H), 2.26 (s, 3H), 1.35 (s, 9H).

Example 57: 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-1,2,3-triazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-58)

I
0

Z>N N=N

\NJ\HA/N\

I-58
[0271] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-1,2,3-triazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 56,
starting from 1-methyl-1H-1,2,3-triazol-4-amine. The residue was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH3.H,O as mobile phase) to give a yellow solid (35 mg, yield: 25%).
ESI-MS (M+H) *: 463.2. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400 MHz, DMSO-
d6) 0: 10.25 (s, 1H), 9.11-9.08 (m, 1H), 8.54 (d, J = 5.2 Hz, 1H), 8.33 (s, 1H), 8.04 (s, 1H), 7.98-
7.95 (m, 2H), 7.42-7.39 (m, 2H), 4.50 (d, J= 5.2 Hz, 1H), 4.06 (s, 3H), 2.42 (s, 3H), 1.39 (s,
9H).

Example 58: 2-(tert-butyl)-N-(2-methyl-4-(2-((S5-methyl-1,3,4-thiadiazol-2-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-59)
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1-59
[0272] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((5-methyl-1,3,4-thiadiazol-2-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 56,
starting from 5-methyl-1,3,4-thiadiazol-2-amine. The crude was purified by prep-HPLC
(CH3CN/H;0 with 0.05% ammonia as mobile phase) to give product 2-(tert-butyl)-N-(2-methyl-
4-(2-((5-methyl-1,3,4-thiadiazol-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a
white solid (100 mg, yield: 54%). ESI-MS (M+H) ": 479.9. HPLC: (214 nm: 93%, 254 nm:
96%). '"H NMR (400 MHz, DMSO-d6) J: 9.16 (t,J = 5.6 Hz, 1H), 8.63 (d, J = 4.4 Hz, 1H), 8.35
(s, 1H), 8.09 (s, 1H), 8.08 (d, J = 8.0 Hz, 1H), 7.51 (s, 1H), 7.43 (d, J = 8.0 Hz, 1H), 6.51 (d, J =
5.2 Hz, 1H), 4.51 (d, J = 5.6 Hz, 2H), 2.61 (s, 3H), 2.44 (s, 3H), 1.38 (s, 9H).

Example 59: 2-(tert-butyl)-N-(2-methyl-4-(2-(pyridin-2-ylamino)pyrimidin-4-
yv)benzyl)thiazole-5-carboxamide. (I1-60)

T3¢
@]

AL
N/)\H SN
1-60
[0273] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-(pyridin-2-ylamino)pyrimidin-4-

yl)benzyl)thiazole-5-carboxamide was similar to that of Example 56, starting from pyridin-2-
amine. The residue was purified by prep-HPLC (CH3CN/H,0O with 0.05% NH3.H,O as mobile
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phase) to give 2-(tert-butyl)-N-(2-methyl-4-(2-(pyridin-2-ylamino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide as a pale yellow solid (17 mg, yield: 53%). ESI-MS (M+H) "
459.3. HPLC: (214 nm: 100%, 254 nm: 100%). 'H NMR (400 MHz, DMS0-d6) J: 9.76 (s, 1H),
9.12 (t,J = 5.6 Hz, 1H), 8.60 (d, J = 4.2 Hz, 1H), 8.36 (d, J = 8.4 Hz, 1H), 8.34 (s, 1H), 8.29
(dd,J =84, 1.2 Hz, 1H), 8.02 (s, 1H), 7.99 (s, 1H), 7.83-7.78 (m, 1H), 7.50 (d, J = 4.2 Hz, 1H),
7.40 (d,J = 8.4 Hz, 1H), 7.00 (dd, J = 4.2, 1.2 Hz, 1H), 4.50 (d, J = 5.6 Hz, 2H), 2.42 (s, 3H),
1.39 (s, 9H).

Example 60: 2-(tert-butyl)-N-(4-(2-((5-(dimethylamino)pyridin-2-yl)amino)pyrimidin-4-
yl)-2-methylbenzyl)thiazole-5-carboxamide (I-61)

1
O C

H3

LU
\NJ\H SN
I-61
[0274] Synthesis of 2-(tert-butyl)-N-(4-(2-((5-(dimethylamino)pyridin-2-

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 56. The residue was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as
mobile phase) to give 2-(tert-butyl)-N-(4-(2-((5-(dimethylamino)pyridin-2-yl)amino)pyrimidin-
4-yl)-2-methylbenzyl)thiazole-5-carboxamide as a pale yellow solid (39 mg, yield: 78%). ESI-
MS (M+H) *: 502.2. HPLC: (214 nm: 100%, 254 nm: 98%). 'H NMR (400 MHz, CD;0D) ¢:
8.45(d,J = 5.6 Hz, 1H), 8.25 (s, 1H), 8.15 (d, J = 9.2 Hz, 1H), 7.99 (s, 1H), 7.91 (s, 1H), 7.82
(d,J =28 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.37 (dd, J = 9.2, 3.2 Hz, 1H), 7.33 (d, J/ = 5.6 Hz,
1H), 4.62 (s, 2H), 2.96 (s, 6H), 2.48 (s, 3H), 1.47 (s, 9H).

Example 61: 2-(tert-butyl)-N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-62)
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[0275] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-
2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 56,
starting from 5-(4-methylpiperazin-1-yl)pyridin-2-amine. The residue was purified by prep-
HPLC (CH3CN/H,0 with 0.05% NH3H,O as mobile phase) to give 2-(tert-butyl)-N-(2-methyl-4-
(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide as a white solid (18 mg, yield: 17%). ESI-MS: (M+H) ":557.0. HPLC: (214 nm:
89%, 254 nm: 96%). 'H NMR (400 MHz, CDCls) J: 8.40 (d, J = 4.8 Hz, 1H), 8.29 (d,/ =9.2
Hz, 1H), 8.21 (s, 1H), 8.01-7.97 (m, 2H), 7.78 (s, 1H), 7.76 (d, J = 5.6 Hz, 1H), 7.33-7.26 (m,
2H), 7.05 (d, J = 5.2 Hz, 1H), 6.41 (br, 1H), 4.57 (d, J = 5.6 Hz, 2H), 3.10 (t, J/ = 4.0 Hz, 4H),
2.54 (t,J = 4.4 Hz, 4H), 2.36 (s, 3H), 2.29 (s, 3H), 1.37 (s, 9H).

Example 62: 2-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-63)

Scheme 5
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NHBoc

NHBoc NH;
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1-63

Synthesis of tert-butyl 4-(6-chloropyrimidin-4-yl)-2-methylbenzylcarbamate
NHBoc

NHBoc

B

/N

o)

L
(0.95 eq)

filN - )

o \N) Pd(dppf)Cl, (0.1 eq), K,CO3 (2.0 eq) o \NJ

dioxane/H,O (10/1), 100 °C, 16 h

]
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[0276] Synthesis of tert-butyl 4-(6-chloropyrimidin-4-yl)-2-methylbenzylcarbamate was
similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate in Example 1,
except that 4,6-dichloropyrimidine was substituted for 2,4-dichloropyrimidine. Obtained tert-
butyl 4-(6-chloropyrimidin-4-yl)-2-methylbenzylcarbamate (327 mg, yield: 48%) as a white
solid. ESI-MS (M+H) ": 333.9. '"H NMR (400 MHz, CDCl3) J: 9.02 (s, 1H), 7.89 (s, 1H), 7.86 (d,
J=17.6 Hz, 1H), 7.73 (s, 1H), 7.40 (d, /= 8.4 Hz, 1H), 4.81 (br, 1H), 4.38 (d, /= 5.6 Hz, 2H),
2.42 (s, 3H), 1.47 (s, 9H).

Synthesis of tert-butyl 2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
yhamino)pyrimidin-4-yl)benzylcarbamate

NHBoc —
-N
- = (1eq)
- > N/ \N
N S-phose (0.2 eq), Pdz(dba)s (0.1 eq) - N AN
Cl \NJ NaO'Bu(3.0 eq), dioxane, MW, 100 °C, 1 h \MH \NJ
[0277] Synthesis of tert-butyl 2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-

a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzylcarbamate was similar to that of tert-butyl 2-methyl-
4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate in Example 1, except
that the bicyclic amine shown above was substituted for 1-methyl-pyrazol-4-amine, and tert-
butyl 4-(6-chloropyrimidin-4-yl)-2-methylbenzylcarbamate was substituted for tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. Obtained tert-butyl 2-methyl-4-(6-((5-methyl-
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzylcarbamate (40 mg,
yield: 15%) as a yellow solid. ESI-MS (M+H) ": 450.1.

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo/1,5-
alpyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide
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N
R LD
NHBoc S

1) TFAIDCM (1/1), rt, 1 h

/\ 2) (1.1 eq), HATU (1.1 eq) 7\
—N  N-y z DIPEA (3 eq), DMF, rt, 3 h —N  N-j N
=L L] SOGA
N N
[0278] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-

tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was
similar to that of 2-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide in Example 1, except that tert-butyl 2-methyl-4-(6-((5-
methyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzylcarbamate
was substituted for tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate. Obtained 2-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (20
mg, yield: 43%) as a yellow solid. ESI-MS (M+H) : 516.8. HPLC: (214 nm: 99.33%, 254 nm:
97.39%). '"H NMR (400 MHz, CD;0D) ¢: 8.48 (s, 1H), 8.13 (s, 1H), 7.68 (s, 1H), 7.64 (d, J =
8.0 Hz, 1H), 7.42 (s, 1H), 7.30 (d, J= 8.0 Hz, 1H), 6.15 (s, 1H), 4.49 (s, 2H), 4.01 (t, /= 5.6 Hz,
2H), 3.57 (s, 2H), 2.87 (t,J = 5.6 Hz, 2H), 2.40 (s, 3H), 2.34 (s, 3H), 1.35 (s, 9H).

Example 63: 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide (I-64)

N
O

1-64
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[0279] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 62.
Obtained 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (50 mg, yield: 48%) as a white solid. ESI-MS (M+H) ": 461.9.
HPLC: (214 nm: 99.47%, 254 nm: 99.16%). 'H NMR (400 MHz, CD;0D) : 8.60 (s, 1H), 8.24
(s, 1H), 8.05 (s, 1H), 7.77 (s, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.42 (d, /= 8.0 Hz, 1H),
6.99 (s, 1H), 4.61 (s, 2H), 3.90 (s, 3H), 2.46 (s, 3H), 1.47 (s, 9H).

Example 64: 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-imidazol-4-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide (I-65)

N
H [ \
NYESF,L
(@)

N N=
N

Leb s

1-65
Preparation of 1-methyl-1H-imidazol-4-amine
N=\ Pd/C (10%) N=\
S N~ — ~ N—
O,N MeOH, rt, 16 h  HoN
[0280] To a solution of 1-methyl-4-nitro-1H-imidazole (500 mg, 3.94 mmol) in MecOH

(10 mL) was added Pd/C (50 mg). The mixture was stirred at rt for 16 h under hydrogen
atmosphere. Then the mixture was filtered and the filtrate was concentrated in vacuo. The crude
product (340 mg. yield: 89%) was used in the next step without further purification. ESI-MS
(M+H) ": 98.1.

Preparation of 6-chloro-N-(1-methyl-1H-imidazol-4-yl)pyrimidin-4-amine
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~ N I
N
N=\ Cl N (1.2 eq) N N=\
 N— o L I N—
HN DIPEA (2.0 eq), n-BuOH N" N
MW, 130 °C, 1 h
[0281] To a solution of 1-methyl-1H-imidazol-4-amine (80 mg, 0.80 mmol) in n-BuOH

(4 mL) were added 4,6-dichloropyrimidine (140 mg, 0.96 mmol) and DIPEA (205 mg, 1.60
mmol). The mixture was stirred at 130 °C for 1 h under microwave. After removal of solution,
the residue was purified by silica gel column chromatography (petroleum ether/EtOAc = 2:1) to
give compound 6-chloro-N-(1-methyl-1H-imidazol-4-yl)pyrimidin-4-amine (70 mg, yield: 41%)
as a white solid. ESI-MS (M+H) : 210.2. '"H NMR (400 MHz, CDCls) 6: 8.51 (s, 1H), 7.30 (s,
1H), 7.26 (s, 1H), 6.71 (s, 1H), 3.73 (s, 3H).

Preparation of 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-imidazol-4-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide

N s
0]
! ;‘ '< (0.8 eq)

DS - Y1 O
kN/ H/l\/ Pd(dppf)Cl, (0.01 eq) kN/ H/g/

K2CO3 (30 GQ),
Dioxane/H,0, 100 °C, 16 h

[0282] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-imidazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude product was purified by prep-HPLC
(CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give 2-(tert-butyl)-N-(2-methyl-4-(6-
((1-methyl-1H-imidazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a yellow
solid (40 mg, yield: 26%). ESI-MS (M+H) ": 462.1. HPLC: (214 nm: 100%, 254 nm: 100%). 'H
NMR (400 MHz, CD;0OD) ¢: 8.50 (s, 1H), 8.12 (s, 1H), 7.68 (s, 1H), 7.64 (d, /= 8.0 Hz, 1H),
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7.35 (s, 1H), 7.32 (d, /= 8.4 Hz, 1H), 7.25 (s, 1H), 7.06 (s, 1H), 4.60 (s, 2H), 3.74 (s, 3H), 2.45
(s, 3H), 1.46 (s, 9H).

Example 65: 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-3-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide (I-66)

N
H H‘
N S

o)

1-66

[0283] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-3-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 62,
starting from 1-methyl-1H-pyrazol-3-amine. The crude product was purified by column
chromatography on silica gel column eluting with petroleum ether/EtOAc (1/4) to give 2-(tert-
butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-3-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (48 mg, yield: 52%) as a yellow solid. ESI-MS (M+1)": 462.2. "H NMR (400 MHz,
CD;0D) ¢: 8.56 (s, 1H), 8.21 (s, 1H), 7.75 (s, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.48-7.37 (m, 3H),
6.37 (s, 1H), 4.57(s, 2H), 3.82 (s, 3H), 2.42 (s, 3H), 1.43 (s, 9H).

Example 66: 2-(tert-butyl)-N-(2-methyl-4-(6-((2-methyl-2H-1,2,3-triazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-67)
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N
H | N
1L
O

0, S
N H N
1-67

[0284] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((2-methyl-2H-1,2,3-triazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 62,
starting from 2-methyl-2H-1,2,3-triazol-4-amine. The residue was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH3.H,O as mobile phase) to give a yellow solid (47 mg, yield: 41%).
ESI-MS (M+H) *: 463.2. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400 MHz, DMSO-
d6) 0: 10.36 (s, 1H), 9.09 (t,J = 5.2 Hz, 1H), 8.74 (s, 1H), 8.34 (s, 1H), 7.97 (s, 1H), 7.87 (s,
1H), 7.82 (d, J= 7.6 Hz, 1H), 7.41-7.39 (m, 2H), 4.50 (d, /= 5.2 Hz, 2H), 4.10 (s, 3H), 2.41 (s,
3H), 1.40 (s, 9H).

Example 67: 2-(tert-butyl)-N-(2-methyl-4-(6-((2-methyl-2H-tetrazol-5-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide (I-68)

[0285] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((2-methyl-2H-tetrazol-5-

yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 62,
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starting from 2-methyl-2H-tetrazol-5-amine. The residue was purified by prep-HPLC
(CH;CN/H,0 with 0.05% NH;.H,O as mobile phase) to give a yellow solid (7 mg, yield: 11%).
ESI-MS (M+H) *: 464.2. "HNMR (400 MHz, DMSO-d6) J: 11.01 (s, 1H), 9.10 (t, /= 5.6 Hz,
1H), 8.78 (s, 1H), 8.32 (s, 1H), 8.05 (s, 1H), 7.89 (s, 1H), 7.86 (d, /= 8.0 Hz, 1H), 7.40 (d, J =
8.0 Hz, 1H), 4.49 (d, J= 5.2 Hz, 2H), 4.34 (s, 3H), 2.41 (s, 3H), 1.38 (s, 9H).

Example 68: 2-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-69)

N
1A~
(0]
N7
N
Y [
LN/ N/(Nj/
H
1-69

Synthesis of tert-butyl 4-(6-aminopyrimidin-4-yl)-2-methylbenzylcarbamate

NHBoc
NHBoc
/B\
O
(0.95 eq)
Pd(dppf)Cl» (0.1 eq), KoCO35 (2.0 eq) N| N
k dioxane/H,0 (10/1), 100 °C, 16 h k ~
NH,
[0286] Synthesis of tert-butyl 4-(6-aminopyrimidin-4-yl)-2-methylbenzylcarbamate was

similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. Obtained tert-
butyl 4-(6-aminopyrimidin-4-yl)-2-methylbenzylcarbamate (170 mg, yield: 52%) as a white
solid. ESI-MS (M+H) ": 315.1. '"H NMR (400 MHz, CDCl;) J: 8.66 (s, 1H), 7.81 (s, 1H), 7.74 (d,
J=28.0Hz, 1H), 7.34 (d, /= 8.4 Hz, 1H), 6.81 (s, 1H), 4.95 (br, 2H), 4.78 (br, 1H), 4.36 (d, J =
5.2 Hz, 2H), 2.39 (s, 3H), 1.47 (s, 9H).
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Synthesis of tert-butyl 2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-
yhamino)pyrimidin-4-yl)benzylcarbamate
NHBoc NHBoc

\—7
1 (1eq)
S-phose (0.2 eq), Pdy(dba); (0.1 eq)
NaO'Bu(3.0 eq), dioxane, MW, 100 °C, 1 h /Ej/

[0287] Synthesis of tert-butyl 2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-

yl)amino)pyrimidin-4-yl)benzylcarbamate was similar to that of tert-butyl 2-methyl-4-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. Obtained tert-butyl 2-methyl-4-
(6-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzylcarbamate (30 mg,
yield: 21%) as a yellow solid. ESI-MS (M+H) ": 490.1.

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-
yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

N
yue asa
o) W (1.0 eq) S
N 0
/ N/

1) TFA/DCM, 1t, 1 h

- N
2) HATU (1.2 eq), DIPEA (2.0 eq) le\ ﬁ
DMF, rt, 16 h
, 1, 16 NG ” N

[0288] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-
2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 1.
The residue was purified by prep-HPLC (CH3CN/H,0O with 0.05% NH3H,O as mobile phase) to
give 2-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-
4-yl)benzyl)thiazole-5-carboxamide as a white solid (28 mg, yield: 39%). ESI-MS (M+H)
556.9. HPLC: (214 nm: 93%, 254 nm: 93%). 'H NMR (400 MHz, CD;0D) §: 8.53 (s, 1H), 8.13
(s, 1H), 7.95 (d, J=2.8 Hz, 1H), 7.77 (s, 1H), 7.72 (s, 1H), 7.69 (d, /= 8.0 Hz, 1H), 7.55 (d, J =
8.8 Hz, 1H), 7.37 (dd, J= 8.8, 3.2 Hz, 1H), 7.33 (d, /= 8.0 Hz, 1H), 4.50 (s, 2H), 3.12 (t, /= 4.8
Hz, 4H), 3.55 (t, /= 5.2 Hz, 4H), 2.36 (s, 3H), 2.27 (s, 3H), 1.36 (s, 9H).
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Example 69: 2-(tert-butyl)-N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-
yl)amino)pyridin-4-yl)benzyl)thiazole-S-carboxamide (I-70)

HYE >
N S
o)
(\N/
|
Nig H/ENj/

1-70

Synthesis of tert-butyl 4-(2-aminopyridin-4-yl)-2-methylbenzylcarbamate

NHBoc NHBoc

Pd(dppf)Cl» (0.1 eq), K2CO3 (2.0 eq) E i

dioxane/H,0 (10/1), 100 °C, 16 h

[0289] To a solution of tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzylcarbamate (347 mg, 1.0 mmol) in 1,4-dioxane (4 mL) and H,O (1 mL), 4-
bromopyridin-2-amine (172 mg, 1.0 mmol), Pd(dppf)CL, DCM (81 mg, 0.1 mmol) and K,CO3
(276 mg, 2.0 mmol) were added under N,. The mixture was stirred at 110 °C for 16 h. After
cooling to rt, the mixture was diluted with H,O (20 mL) and extracted with EA (60 mL x 2). The
organic layers were collected, concentrated. The residue was purified by column
chromatography (silica, petroleum ether/EtOAc =4:1 to 2:1) to give tert-butyl 4-(2-
aminopyridin-4-yl)-2-methylbenzylcarbamate (210 mg, yield: 65%) as a yellow solid. ESI-MS
(M+H) ": 314.1. "H NMR (400 MHz, CDCl3) 0: 8.09 (d, J = 6.0 Hz, 1H), 7.40-7.38 (m, 2H), 7.32
(d, /=8.4Hz, 1H), 6.87 (dd, J= 5.6, 1.2 Hz, 1H), 6.70 (s, 1H), 4.76 (br, 1H), 4.62 (br, 2H), 4.36
(d,J=5.6 Hz, 2H), 2.38 (s, 3H), 1.47 (s, 9H).
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Synthesis of tert-butyl 2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyridin-4-

yl)benzylcarbamate
NHBoc ClGN NHBoc
\
N7
(1.1eq)
= S-phose (0.2 eq), Pdy(dba); (0.1 eq)
| NaO'Bu(3.0 eq), dioxane, MW, 100 °C, 1 h /(j/
SN NH,
[0290] Synthesis of tert-butyl 2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-
p1p YOPY

yl)amino)pyridin-4-yl)benzylcarbamate was similar to that of tert-butyl 2-methyl-4-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. Obtained tert-butyl 2-methyl-4-
(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyridin-4-yl)benzylcarbamate (75 mg, yield:
51%) as a yellow solid. ESI-MS (M+H) ": 489.1.

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-
yhamino)pyridin-4-yl)benzyl)thiazole-5-carboxamide

N
NHBoc HB\(_SK Hm/[s%
o \ l{l (1.0 eq) 5

(\N/ 1) TFA/DCM, rt, 1 h

B N N 2) HATU (1.2 eq), DIPEA (2.0 eq) B ﬁ
N/ N N/ DMF, rt, 16 h N/ N \N
H
[0291] A mixture of tert-butyl 2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-

yl)amino)pyridin-4-yl)benzylcarbamate (123 mg, 0.25 mmol) in TFA/DCM (4 mL, 1:1) was
stirred at rt for 1 h. After concentration, the residue was dissolved in 4 mL DMF and 2-(tert-
butyl)thiazole-5-carboxylic acid (46 mg, 0.25 mmol), HATU (114 mg, 0.30 mmol) and DIPEA
(65 mg, 0.50 mmol) were added. After stirring at rt for 16 h, the mixture was diluted with water
(20 mL) and extracted with EtOAc (50 mL x 2). The combined organic layer was washed with
H,0 (20 mL x 2), dried (Na,SO,), filtered and concentrated. The residue was purified by prep-
HPLC (CH3CN/H,0 with 0.05% NH3H,O as mobile phase) to give 2-(tert-butyl)-N-(2-methyl-4-
(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyridin-4-yl)benzyl)thiazole-5-carboxamide
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as a white solid (61 mg, yield: 43%). ESI-MS (M+H) ": 556.3. HPLC: (214 nm: 99%, 254 nm:
96%). '"H NMR (400 MHz, CD;0D) 6: 8.12 (s, 1H), 8.05 (d, /= 5.2 Hz, 1H), 7.82 (s, 1H), 7.59
(s, 1H), 7.43-7.39 (m, 3H), 7.32-7.27 (m, 2H), 6.97-6.96 (m, 1H), 4.48 (s, 2H), 3.05 (t, /= 4.8
Hz, 4H), 2.51 (t, J = 4.8 Hz, 4H), 2.33 (s, 3H), 2.24 (s, 3H), 1.34 (s, 9H).

Example 70: 2-(tert-butyl)-N-(2-methyl-4-(2-(1-methylpiperidine-4-carboxamido)pyridin-4-
yl)benzyl)thiazole-5-carboxamide. (I-71)

N
H | N
1L
O

I-71
Synthesis of N-(4-bromopyridin-2-yl)-1 -methylpiperidine-4—carboxamide

H, 1)(c:oc:|)2(12eq) DMF J\G

DCM, 0°C~rt,2 h
2) Pyridine, rt, 16h

[0292] To a solution of 1-methylpiperidine-4-carboxylic acid (207 mg, 1.45 mmol) and
DMEF (cat) in DCM (5 mL) was added (COCI), (182 mg, 1.45 mmol) at 0 °C. The mixture was
stirred at rt for 2 h, then the solvent was removed. The residue was dissolved in pyridine (5 mL),
4-bromopyridin-2-amine (207 mg, 1.2 mmol) was added. The mixture was stirred at rt for
another 16 h. After the solvent was removed, the residue was purified by prep-HPLC
(CH3CN/H0 with 0.05% NH;H,0O as mobile phase) to give N-(4-bromopyridin-2-yl)-1-
methylpiperidine-4-carboxamide (270 mg, yield: 75%) as a white solid. ESI-MS (M+H)": 297.9.
Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-(1-methylpiperidine-4-carboxamido)pyridin-4-
yhbenzylthiazole-5-carboxamide
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A e )\_IL

| (1.0 eq) .
~
N N N 'e)
H N Pa@ppfICL (0.1 eq). KzCO3 (2 eq) |
™ dioxane/H,0 (4/1), 110°C, 3 h N
N\

[0293] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(2-(1-methylpiperidine-4-
carboxamido)pyridin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude product was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH3.H,O as mobile phase) to give 2-(tert-butyl)-N-(2-methyl-4-(2-(1-
methylpiperidine-4-carboxamido)pyridin-4-yl)benzyl)thiazole-5-carboxamide as a white solid
(40 mg, yield: 26%). ESI-MS (M+H) *: 506.3. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR
(400 MHz, CDs;0D) J: 8.26 (s, 1H), 8.19 (d, J = 5.2 Hz, 1H), 8.13 (s, 1H), 7.44-7.40 (m, 2H),
7.30(d,J =7.6 Hz, 1H), 7.24 (dd, /= 5.2, 1.6 Hz, 1H), 4.48 (s, 2H), 2.87-2.82 (m, 2H), 2.39-
2.35 (m, 1H), 2.32 (s, 3H), 2.17 (s, 3H), 2.02-1.96 (m, 2H), 1.82-1.74 (m, 4H), 1.34 (s, 9H).

Example 71: The preparation of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-
tetrahydro-4H-pyrazolo[1,5-a][1,4]diazepine-2-carboxamide (I-72)

Scheme 6
NH, Ox-R
JO]\ NH
HO R
| =N HATU (1.2 eq), DIPEA (1.3 eq)
/)\ DMF, rt, 4 h NN
N~ "NH, | Y
N~ “NH,

169



WO 2015/089337 PCT/US2014/069853

0
N
HO™ N’NK\NH
NH, — /j (1.0 eq) o\\‘//’\/\’

1) HATU (1.2 eq%olglPEA (1.3 eq)

DMF, rt, 4 h
| ~N 2) TFA/DCM, 1t, 1 h
~
N~ >NH,
[
NZ “NH,
1-72
[0294] A mixture of 4-(4-(aminomethyl)-3-methylphenyl)pyrimidin-2-amine (56 mg, 0.2

mmol 5-(tert-butoxycarbonyl)-5,6,7,8-tetrahydro-4H-pyrazolo[1,5-a][ 1,4]diazepine-2-carboxylic
acid (44 mg, 0.2 mmol), HATU (81 mg, 0.24 mmol) and TEA (34 mg, 2.6 mmol) in DMF (3
mL) was stirred at rt for 4 h. After diluted with EtOAc (60 mL), the mixture was washed with
water (30 mL) and brine (30 mL). The organic phase was dried and concentrated. The residue
was dissolved in DCM/TFA (4 mL, 1:1) and the mixture was stirred at rt for 1 h. After
concentrated, the residue was purified by prep-HPLC (MeOH/H,0O with 0.05% NH3.H,O as
mobile phase) to give the compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-
tetrahydro-4H-pyrazolo[1,5-a][1,4]diazepine-2-carboxamide (40 mg, yield: 54%) as a white
solid. ESI-MS (M+H) ": 378.2. '"H NMR (400 MHz, CD;0D) ¢: 8.25 (d, J = 5.2 Hz, 1H), 7.90 (s,
1H), 7.85 (d, J= 8.4 Hz, 1H), 7.39 (d, /= 8.0 Hz, 1H), 7.12 (d, /= 5.6 Hz, 1H), 6.63 (s, 1H),
4.60 (s, 2H), 4.47-4.45 (m, 2H), 3.94 (s, 2H), 3.18 (t, /= 5.2 Hz, 2H), 2.45 (s, 3H), 1.90-1.88 (m,
2H).

Example 72: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-4H-
thiazolo[4,5-d]azepine-2-carboxamide (I-73)
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| ~N
N//I\NHZ
I-73

[0295] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-
4H-thiazolo[4,5-d]azepine-2-carboxamide was similar to that of Example 71, starting from 6-
(tert-butoxycarbonyl)-5,6,7,8-tetrahydro-4H-thiazolo[4,5-d]azepine-2-carboxylic. The crude was
purified by prep-HPLC (MeOH/H,0 with 0.05% NH3.H,O as mobile phase) to give the
compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-4H-thiazolo[4,5-
d]azepine-2-carboxamide (40 mg, yield: 55%) as a white solid. ESI-MS (M+H) : 395.2. 'H
NMR (400 MHz, CD;0D) é: 8.26 (d, J = 5.6 Hz, 1H), 7.91-7.84 (m, 2H), 7.40 (d, /= 8.0 Hz,
1H), 7.12 (d, J= 5.2 Hz, 1H), 4.61 (s, 2H), 3.14-2.98 (m, 8H), 2.46 (s, 3H).

Example 73: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydroimidazo[1,2-

a|pyrazine-2-carboxamide (I-74)

1-74
[0296] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-

tetrahydroimidazo[ 1,2-a]pyrazine-2-carboxamide was similar to that of Example 71, starting
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from 7-(tert-butoxycarbonyl)-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine-2-carboxylic acid. The
crude was purified by prep-HPLC (CH;CN/H,0 with 0.05% NH;3.H,O as mobile phase) to give
compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydroimidazo| 1,2-
a]pyrazine-2-carboxamide (18 mg, yield:51%) as a white solid. ESI-MS (M+H)": 364.1. 'H
NMR (400 MHz, CD;0D) 6: 8.16 (d, J = 5.6 Hz, 1H), 7.08 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H),
7.50 (s, 1H), 7.30 (d, / = 7.6 Hz, 1H), 7.02 (d, J = 5.2 Hz, 1H), 4.50 (s, 2H), 3.97 (t,J = 5.6 Hz,
2H), 3.88 (s, 2H), 3.11 (t,J = 5.6 Hz, 2H), 2.34 (s, 3H).

Example 74: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothiazolo[5,4-
c|pyridine-2-carboxamide (I-75)

I-75
[0297] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-
tetrahydrothiazolo[5,4-c]pyridine-2-carboxamide was similar to that of Example 71, starting
from 5-(tert-butoxycarbonyl)-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridine-2-carboxylic acid. The
crude was purified by prep-HPLC (MeOH/H,0O with 0.05% NH3.H,O as mobile phase) to give
the compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothiazolo[5,4-
c]pyridine-2-carboxamide (36 mg, yield: 42%) as a white solid. ESI-MS (M+H) : 381.1. 'H
NMR (400 MHz, CD;OD) é: 8.25 (d, J= 5.2 Hz, 1H), 7.91 (s, 1H), 7.86 (d, /= 8.0 Hz, 1H),
7.40 (d,/=8.0 Hz, 1H), 7.12 (d, /= 6.0 Hz, 1H), 4.33 (s, 2H), 4.09 (s, 2H), 3.16 (t, /= 5.6 Hz,
2H), 2.89 (t, /= 6.0 Hz, 2H), 2.46 (s, 3H).

Example 75: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydro pyrazolo
[1,5-a]pyrazine-2-carboxamide (I-76)
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PN

N NH,
1-76

[0298] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazine-2-carboxamide was similar to that of Example 71, starting
from 5-(tert-butoxycarbonyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazine-2-carboxylic acid. The
crude was purified by prep-HPLC (MeOH/H,0O with 0.05% NH3.H,O as mobile phase) to give
the compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydropyrazolo[ 1,5-
a]pyrazine-2-carboxamide (28 mg, yield: 45%) as a white solid. ESI-MS (M+H) ": 364.2. 'H
NMR (400 MHz, CD;0D) ¢: 8.25 (d, J= 5.6 Hz, 1H), 7.90-7.84 (m, 2H), 7.39 (d, J= 8.0 Hz,
1H), 7.12 (d, J= 5.2 Hz, 1H), 6.54 (s, 1H), 4.61 (s, 2H), 4.19 (t, /= 5.2 Hz, 2H), 4.09 (s, 2H),
3.34-3.33 (m, 2H), 2.45 (s, 3H).

Example 76: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-1,2,3,4-tetrahydroisoquinoline-
6-carboxamide (I-77)

ZT

1-77

173



WO 2015/089337 PCT/US2014/069853

[0299] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-1,2,3,4-
tetrahydroisoquinoline-6-carboxamide was similar to that of Example 71, starting from 2-(tert-
butoxycarbonyl)-1,2,3,4-tetrahydroisoquinoline-6-carboxylic acid. The crude was purified by
prep-HPLC (MeOH/H,0O with 0.05% NH3.H,O as mobile phase) to give the compound N-(4-(2-
aminopyrimidin-4-yl)-2-methylbenzyl)-1,2,3,4-tetrahydroisoquinoline-6-carboxamide (38 mg,
yield: 47%) as a white solid. ESI-MS (M+H) : 374.2. "H NMR (400 MHz, DMSO-d6) ¢: 8.86 (t,
J=5.6Hz, 1H), 8.27 (d, /= 5.2 Hz, 1H), 7.90 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.65-7.64 (m,
2H), 7.32 (d, J= 8.0 Hz, 1H), 7.11-7.09 (m, 2H), 6.64 (s, 2H), 4.48 (d, J = 5.2 Hz, 2H), 3.87 (s,
2H), 2.95 (t,J= 5.6 Hz, 2H), 2.73 (t, J = 5.6 Hz, 2H), 2.40 (s, 3H).

Example 77: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-1,6-
naphthyridine-2-carboxamide (I-78)

NH
N ’d
U
NH
B
N/)\ NH,
1-78
[0300] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-

1,6-naphthyridine-2-carboxamide was similar to that of Example 71, starting from 6-(tert-
butoxycarbonyl)-5,6,7,8-tetrahydro-1,6-naphthyridine-2-carboxylic acid. The crude was purified
by prep-HPLC (MeOH/H,0 with 0.05% NH3.H,O as mobile phase) to give the compound N-(4-
(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5,6,7,8-tetrahydro-1,6-naphthyridine-2-carboxamide
(15 mg, yield: 23%) as a white solid. ESI-MS (M+H) *: 375.1. '"H NMR (400 MHz, CD;0D) §:
8.14 (d,J = 5.6 Hz, 1H), 7.81-7.78 (m, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H),
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7.27 (d, J = 8.0 Hz, 1H), 7.00 (d, J = 6.0 Hz, 1H), 4.55 (s, 2H), 3.97 (s, 2H), 3.12 (t, J = 6.0 Hz,
2H), 2.91 (t, J = 6.0 Hz, 2H), 2.33 (s, 3H).

Example 78: (7R,9aR)-N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)octahydro-1H-
pyrido[1,2-a]pyrazine-7-carboxamide (I-79)

" ONH

N

| ~N
N/)\NHZ
1-79
[0301] Synthesis of (7R,9aR)-N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)octahydro-
1H-pyrido[ 1,2-a]pyrazine-7-carboxamide was similar to that of Example 71, starting from
(7R,9aR)-2-(tert-butoxycarbonyl)octahydro-1H-pyrido[ 1,2-a]pyrazine-7-carboxylic acid. The
crude was purified by prep-HPLC (MeOH/H,0O with 0.05% NH3.H,O as mobile phase) to give
the compound (7R,9aR )-N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)octahydro-1H-
pyrido[1,2-a]pyrazine-7-carboxamide (43 mg, yield: 52%) as a white solid. ESI-MS (M+H) "
381.3. '"H NMR (400 MHz, CD;0D) §: 8.27 (d, J = 5.2 Hz, 1H), 7.93-7.88 (m, 2H), 7.43 (d, J =
8.0 Hz, 1H), 7.14 (d, /= 5.2 Hz, 1H), 4.50 (ABq, J = 80.0, 15.2 Hz, 2H), 3.11-2.79 (m, 5H),
2.58-2.57 (m, 1H), 2.47 (s, 3H), 2.41-2.08 (m, 5H), 1.79-1.22 (m, 3H).

Example 79: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-1-methyl-1H-pyrazole-4-
carboxamide (I-80)
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1-80
[0302] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-1-methyl-1H-
pyrazole-4-carboxamide was similar to that of Example 71, starting from 1-methyl-1H-pyrazole-
4-carboxylic acid. The residue was purified by prep-HPLC (CH3;CN/H,O with 0.05% NH3H,0
as mobile phase) to give N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-1-methyl-1H-pyrazole-
4-carboxamide as a white solid (30 mg, yield: 58%). ESI-MS (M+H) ": 323.3. HPLC: (214 nm:
100%, 254 nm: 100%). '"H NMR (400 MHz, CD;0D) §: 8.15 (d, /= 5.2 Hz, 1H), 7.97 (s, 1H),
7.82 (s, 1H), 7.79 (s, 1H), 7.75 (dd, J = 8.0, 1.2 Hz, 1H), 7.28 (d, /= 8.0 Hz, 1H), 7.01 (d, /=5.2
Hz, 1H), 4.47 (s, 2H), 3.81 (s, 3H), 2.33 (s, 3H).

Example 80: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)octahydrocyclopenta[c|pyrrole-
S-carboxamide (I-81)

LA

I-81
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[0303] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-
methylbenzyl)octahydrocyclopenta[c]pyrrole-5-carboxamide was similar to that of Example 71,
starting from 2-(tert-butoxycarbonyl)octahydrocyclopenta[c]pyrrole-5-carboxylic acid. The
crude was purified by prep-HPLC (CH3CN/H,O with 0.05% NH3.H,O as mobile phase) to give
compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)octahydrocyclopenta[c]pyrrole-5-
carboxamide (20 mg, yield: 43%) as a white solid. ESI-MS (M+H)": 352.1. '"HNMR (400 MHz,
CD;0D) ¢: 8.26 (d, J= 5.6 Hz, 1H), 7.90 (s, 1H), 7.85 (d, J= 8.0 Hz, 1H), 7.33 (d, /= 8.0 Hz,
1H), 7.11 (d, J= 5.6 Hz, 1H), 4.43 (s, 2H), 3.31-3.19 (m, 1H), 2.94-2.85 (m, 2H), 2.74-2.73 m,
3H), 2.52-2.47 (m, 1H), 2.41 (s, 3H), 2.24-2.21 (m, 1H), 2.05-1.94 (m, 1H), 1.74-1.71 (m, 1H),
1.60-1.55 (m, 1H).

Example 81: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno[2,3-
c|pyridine-2-carboxamide (I-82)

H
Py
O
~N
| N/)\NHZ
1-82
[0304] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-

tetrahydrothieno[2,3-c]pyridine-2-carboxamide was similar to that of Example 71, starting from
6-(tert-butoxycarbonyl)-4,5,6,7-tetrahydrothieno[ 2,3-c]pyridine-2-carboxylic acid. The crude
was purified by prep-HPLC (CH3CN/H,O with 0.05% NH3.H,O as mobile phase) to give
compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno[2,3-
c]pyridine-2-carboxamide (40 mg, yield: 50%) as a white solid. ESI-MS (M+H)": 379.9. 'H
NMR (400 MHz, CD;OD) é: 8.25 (d, /= 5.2 Hz, 1H), 7.90 (s, 1H), 7.85 (d, /= 9.2 Hz, 1H),
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7.45 (s, 1H), 7.39 (d, J= 8.0 Hz, 1H), 7.12 (d, /= 5.6 Hz, 1H), 4.58 (s, 2H), 4.01 (s, 2H), 3.08 (t,
J=5.6Hz, 2H), 2.71 (t, J = 6.0 Hz, 2H), 2.44 (s, 3H).

Example 82: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(trifluoromethyl)thiazole-5-

carboxamide (I-83)
y N F
S F
O

1-83
[0305] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-
(trifluoromethyl)thiazole-5-carboxamide was similar to that of Example 71, starting from 2-
(trifluoromethyl)thiazole-5-carboxylic acid. The crude was purified by prep-HPLC (CH3CN/H,O
with 0.05% NH3.H,O as mobile phase) to give compound N-(4-(2-aminopyrimidin-4-yl)-2-
methylbenzyl)-2-(trifluoromethyl)thiazole-5-carboxamide (15 mg, yield: 33%) as a white solid.
ESI-MS (M+H)": 394.0. '"H NMR (400 MHz, CD;0D) ¢: 8.41 (s, 1H), 8.16 (d, J = 5.6 Hz, 1H),
7.82 (s, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.33 (d, / = 8.0 Hz, 1H), 7.02 (d, J/ = 5.2 Hz, 1H), 4.54 (s,
2H), 2.36 (s, 3H).
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Example 83: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (1-84)

N
LA

o)

| ~N
N/)\NHZ
1-84
[0306] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)thiazole-5-
carboxamide was similar to that of Example 71, starting from thiazole-5-carboxylic acid. The
crude was purified by prep-HPLC (CH3CN/H,O with 0.05% NH3.H,O as mobile phase) to give
compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (51 mg, yield:
53%) as a white solid. ESI-MS (M+H)": 326.0. '"H NMR (400 MHz, DMSO-d6) 6: 9.24 (s, 1H),
9.21(t,J = 5.6 Hz, 1H), 8.56 (s, 1H), 8.28 (d,/ = 5.2 Hz, 1H), 7.91 (s, 1H), 7.86 (d, J = 7.6 Hz,
1H), 7.36 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 5.2 Hz, 1H), 6.67 (s, 2H), 4.50 (d, J = 5.2 Hz, 2H),
2.39 (s, 3H).

Example 84: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-cyclopropylthiazole-5-
carboxamide (I-85)

1-85
[0307] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-
cyclopropylthiazole-5-carboxamide was similar to that of Example 71, starting from 2-

cyclopropylthiazole-5-carboxylic acid. A white solid (62 mg, yield: 53 %) was obtained. ESI-MS
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(M+H) *: 366.0. HPLC: (214 nm: 100%, 254 nm: 94%). "H NMR (400 MHz, CD:0OD) 6: 8.26
(d,J = 5.6 Hz, 1H), 8.14 (s, 1H), 7.92 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H),
7.12(d,J = 5.6 Hz, 1H), 4.59 (s, 2H), 2.45-2.41 (m, 4H), 1.25-1.21 (m, 2H), 1.11-1.09 (m, 2H).

Example 85: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-isopropylthiazole-5-
carboxamide (I-86)

1-86
[0308] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-isopropylthiazole-
5-carboxamide was similar to that of Example 71, starting from 2-isopropylthiazole-5-
carboxylic acid. Obtained N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-isopropylthiazole-5-
carboxamide (70 mg, yield: 63%) as a light yellow solid. ESI-MS (M+H) ': 368.0. HPLC: (214
nm: 100%, 254 nm: 99.60%). 'H NMR (400 MHz, CD;0D) §: 8.26 (d, /= 5.2 Hz, 1H), 8.23 (s,
1H), 7.91 (s, 1H), 7.87 (d, /= 8.4 Hz, 1H), 7.40 (d, /= 8.0 Hz, 1H), 7.12 (d, J = 5.2 Hz, 1H),
4.61 (s, 2H), 3.38-3.32 (m, 1H), 2.45 (s, 3H), 1.42 (d, /= 6.8 Hz, 6H).

Example 86: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(1-methoxyethyl)thiazole-5-
carboxamide (I-87)
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1-87
[0309] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(1-
methoxyethyl)thiazole-5-carboxamide was similar to that of Example 71, starting from 2-(1-
methoxyethyl)thiazole-5-carboxylic acid. Obtained N-(4-(2-aminopyrimidin-4-yl)-2-
methylbenzyl)-2-(1-methoxyethyl)thiazole-5-carboxamide (75 mg, yield: 65%) as a light yellow
solid. ESI-MS (M+H) ": 384.0. HPLC: (214 nm: 100%, 254 nm: 100%). "H NMR (400 MHz,
CD;0D) o: 8.27 (s, 1H), 8.26 (d, J= 5.6 Hz, 1H), 7.92 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.41 (d,
J=8.0Hz, 1H), 7.13 (d, /= 5.6 Hz, 1H), 4.67 (q, /= 6.4 Hz, 1H), 4.62 (s, 2H), 3.44 (s, 3H),
2.46 (s, 3H), 1.54 (d, /= 6.0 Hz, 3H).

Example 87: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(tetrahydrofuran-2-

T N
N\[([SFG
o

yDthiazole-5-carboxamide (I-88)

1-88
[0310] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(tetrahydrofuran-
2-yl)thiazole-5-carboxamide was similar to that of Example 71, starting from 2-
(tetrahydrofuran-2-yl)thiazole-5-carboxylic acid. A white solid (56 mg, yield: 44 %) was
obtained. ESI-MS (M+H) *: 396.1. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400 MHz,
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CD;0D) §: 8.28 (s, 1H), 8.25 (d, J = 6.4 Hz, 1H), 7.91 (s, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.39 (d,
J=8.0 Hz, 1H), 7.12 (d, J = 6.4 Hz, 1H), 5.21-5.17 (m, 1H), 4.60 (s, 2H), 4.12-4.08 (m, 1H),
3.98-3.93 (m, 1H), 2.49-2.44 (m, 4H), 2.12-1.99 (m, 3H) .

Example 88: 2-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5SH-benzo|7]annulen-5-yl)thiazole-5-carboxamide (I-89)

OF
\_;:'0 &) 0 0
o " 0 ©/on PtO, (10%), EtOH, 1t, 1 h OH
NaH (2.5 eg), DMSO, tt, 2 h

Scheme 7

Br Br Br
O NaBH,(15eq) OH pppA (3.0 eq), DBU (3.0 eq) N3
PPA, 130°C,1h MeOH, rt, 1 h toluene, rt, 12 h
7 - -
Br Br Br
NHBoc
PPh; (2.0 eq) NH> Boc,O (1.2 eq), TEA (2.0 eq) NHBoc
THF, H,0, 1t, 12 h DCM, 1, 2 h Suzuki coupling
R E— L. - e
Br SN
Br |
N/)\CI
N

has

NHBoc

1) TFA/DCM, 1t, 1 h

T

=N,
J;/Ns (2.0eq)
HoN

Pd,(dba)s (0.1 eq), S-phos (0.2 & 2y HATU (1.2 eq), DIPEA (4.0 eq)
2(dba)s ( q), S-phos ( q) DMF, rt, 12 h N

Cs,CO3 (2.0 eq),;iioxane, | \)N\ EN\ B | \)N\ E\N\
) =z SN
sealed tube, 120 °C, 12 h N/ N ~ HO S N H

H 3 (10eq

1-89

Synthesis of (E)-5-(3-bromophenyl)pent-4-enoic acid
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Q

B
P (1.0 eq)
o o)
~N
© HO \ OH
ot
NaH (2.5 eq), DMSO, rt, 2 h
Br

Br

[0311] To a solution of (3-carboxypropyl)triphenylphosphonium bromide (12.87 g, 30
mmol, 1.0 equiv) in dry DMSO (50 mL) was added NaH (3 g, 75 mmol, 2.5 equiv) by portions at
0 °C. The reaction was stirred at room temperature for 30 min before 3-bromobenzaldehyde (5.5
g, 30 mmol, 1.0 equiv) was dropwise added. The mixture was stirred at room temperature for
another 2 h and then poured into water (200 mL) and extracted with EA (100 mL). The aqueous
solution was acidified with concentrated HCI and extracted with EA (200 mL x 3). The
combined organic layer was washed with brine (100 mL x 3). The organic layer was dried over
sodium sulfate and concentrated under reduced pressure. The residue was purified by silica gel
column (petroleum ether/EtOAc =2 : 1) to give (E)-5-(3-bromophenyl)pent-4-enoic acid (4.4 g,
yield: 58%) as a yellow oil. ESI-MS (M+1)": 254.9. '"H NMR (400 MHz, CDCLs) &: 7.48 (s,
1H), 7.33 (d, J=7.6 Hz, 1H), 7.23 (d, /= 8.0 Hz, 1H), 7.15 (t,J = 8.0 Hz, 1H), 6.39-6.35 (m,
1H), 6.23-6.19 (m, 1H), 2.55-2.53 (m, 4H).

Synthesis of 5-(3-bromophenyl)pentanoic acid

O
PtO, (10%), EtOH, rt,
= OH 1h OH
»
Br Br
[0312] To a solution of (E)-5-(3-bromophenyl)pent-4-enoic acid (2.4 g, 9.4 mmol, 1.0

equiv) in ethanol (20 mL) was added PtO, (200 mg, 10%). The mixture was stirred for 1 h under
hydrogen atmosphere. The catalyst was filtered out and the resulting filtrate was concentrated to
give target compound 5-(3-bromophenyl)pentanoic acid (2.1 g, yield: 87%) as a yellow solid,
which was used to next step without further purification. ESI-MS (M+1)": 256.9. "H NMR (400
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MHz, CD;OD) 6: 7.24 (s, 1H), 7.21-7.18 (m, 1H), 7.06-7.03 (m, 2H), 2.50 (t, J = 6.8 Hz, 2H),
2.20 (t,J = 6.8 Hz, 2H), 1.53-1.51 (m, 4H).

Synthesis of 2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one

PPA, 130 °C, 1 h
OH -

Br Br

[0313] A mixture of 5-(3-bromophenyl)pentanoic acid (2.1 g, 8.2 mmol, 1.0 equiv) in
PPA (5 ml) was stirred at 130 °C for 1 h. After cooling down, the mixture was basified to pH =
7~8 with NaOH (1 N). The mixture was extracted with EtOAc (200 mL x 2). The combined
organic layers was concentrated and purified by prep-HPLC (Gradient: 5% B increase to 95% B,
A: 0.5% NH; in water, B: CH3CN) to give 2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-
one (1.1 g, yield: 56%) as a colorless oil. ESI-MS (M+H) : 239.0. '"H NMR (400 MHz, CDCls)
o: 7.59(d,J=8.4 Hz, 1H), 7.43 (dd, /= 8.4, 2.0 Hz, 1H), 7.38 (s, 1H), 2.89 (t, /= 6.8 Hz, 2H),
2.72 (t,J = 6.0 Hz, 2H), 1.90-1.79 (m, 4H).

Synthesis of 2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-ol

O NaBH, (1.5 eq) OH
MeOH, rt, 1 h
S

Br Br

[0314] To a solution of 2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (600 mg,
2.5 mmol, 1.0 equiv) in MeOH (10 mL) was added NaBH4 (144 mg, 3.8 mmol, 1.5 equiv) and
then stirred at room temperature for 1 h. After evaporation of the solvent, the residue was
purified by silica gel column (EtOAc/hexane=1:5) to give 2-bromo-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-0l (600 mg, yield: 99%) as a white solid. ESI-MS (M+H-17) ": 222.9. 'H
NMR (400 MHz, CDCls) d: 7.34-7.30 (m, 2H), 7.24 (s, 1H), 4.88-4.86 (m, 1H), 2.88-8.82 (m,
1H), 2.70-2.63 (m, 1H), 2.08-2.00 (m, 2H), 1.81-1.72 (m, 4H).

Synthesis of 5-azido-2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulene

184



WO 2015/089337 PCT/US2014/069853

OH DppA (3.0 eq), DBU (3.0 eq) Na
toluene, rt, 12 h
»
Br Br
[0315] A solution of 2-bromo-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-0l (600 mg, 2.5

mmol, 1.0 equiv) in toluene (10 mL) was cooled in an ice bath under N, and treated with DPPA
(2.06 g, 7.5 mmol, 3.0 equiv) in one portion followed by DBU (1.14 g, 7.5 mmol, 3.0 equiv).
The reaction temperature was kept at 0 °C for 1 h and then was warmed to room temperature for
12 h. The mixture was diluted with EtOAc (100 mL), washed with 2N HCI (2 x 50 mL), brine
and the organic layer was dried over Na,SQy, filtered then concentrated. The crude product was
purified by silica gel column (eluted with PE) to give 5-azido-2-bromo-6,7,8,9-tetrahydro-5H-
benzo[7]annulene (350 mg, yield: 45%) as a yellow oil. ESI-MS (M+H-N3) : 223.0. '"H NMR
(400 MHz, CDCls) ¢: 7.31-7.29 (m, 2H), 7.15 (d, J=8.0 Hz, 1H), 4.72 (t, J = 5.2 Hz, 1H), 2.99-
2.92 (m, 1H), 2.70-2.64 (m, 1H), 2.08-2.00 (m, 1H), 1.90-1.59 (m, 5H).

Synthesis of 2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-amine

N;  PPh; (2.0 eq) NH;
THF, Ho0, rt, 12y

Br Br

[0316] To a mixture of 5-azido-2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulene (375
mg, 1.4 mmol, 1.0 equiv) in THF (5 mL) and H,O (0.5 mL) was added PPh; (741 mg, 2.8 mmol,
2.0 equiv). The mixture was stirred at room temperature for 12 h. The mixture was acidified to
pH =1 with HCI (1 N) and extracted with EA (100 mL). The separated aqueous layer was
basified to pH = 10 with NaOH (1 N). The resulting precipitate was collected and dried to give
2-bromo-6,7,8,9-tetrahydro-5SH-benzo[ 7]Jannulen-5-amine (360 mg, yield: 100%) as a white
solid. ESI-MS (M+H-17)": 222.9.

Synthesis of tert-butyl (2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)carbamate
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NH2  Boe,0 (1.2 eq), TEA (2.0 eq) NHBoc
DCM, rt, 2 h
»
Br Br
[0317] To a mixture of tert-butyl (2-bromo-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-

yl)carbamate (360 mg, 1.5 mmol, 1.0 equiv) in DCM (5 mL) and TEA (303 mg, 3.0 mmol, 2.0
equiv) was added Boc,0 (394 mg, 1.8 mmol, 1.2 equiv). The mixture was stirred at room
temperature for 2 h. After diluted with EtOAc (100 mL), the mixture was washed with water
(100 mL x 2). The organic layer was concentrated and purified by silica gel column (PE : EA =
30 : 1) to give tert-butyl (2-bromo-6,7,8,9-tetrahydro-5SH-benzo[ 7]annulen-5-yl)carbamate (310
mg, yield: 61%) as a white solid. ESI-MS (M-55): 284.0. "H NMR (400 MHz, CDCls) §: 7.29-
7.23 (m, 2H), 7.10 (d, J = 8.0 Hz, 1H), 4.92-4.82 (m, 2H), 2.84-2.75 (m, 2H), 1.88-1.83 (m, 5H),
1.44 (s, 9H).

Synthesis of tert-butyl (2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-

yl)carbamate
0. B,O NHBoc
O/B’ 0 (1.0 eq)
NHBoc

1) KOAc (3.0 eq), Pd(dppf)ClI, (0.05 eq)

dioxane, 100 °C, 12 h -

2) K,COs (2.0 eq), Pd(dppf)Cl, (0.05 eq) | =N

dioxane, H,0, 100 °C, 12 h P

N Cl
Br

[0318] Synthesis of tert-butyl (2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-

benzo[ 7]annulen-5-yl)carbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The mixture was concentrated and purified by silica gel column (PE :
EA =4:1) to give tert-butyl (2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl)carbamate (200 mg, yield: 66%) as a white solid. ESI-MS (M+H) ": 374.1.

Synthesis of tert-butyl (2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl)carbamate
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N
N NHBoc
NHBoc L,N\ (2.0 6q)

HoN

Pdx(dba); (0.1 eq), S-phos (0.2 eq)
Cs,CO3 (2.0 eq), dioxane, sealed tube, 120 °C, 12 h

B B B\N
N/)\CI N/)\N \
[0319] Synthesis of tert-butyl (2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-

6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)carbamate was similar to that of tert-butyl 2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The mixture
was concentrated and purified by silica gel column (DCM : MeOH = 30 : 1) to give tert-butyl (2-
(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-
yl)carbamate (80 mg, yield: 34%) as a yellow solid. ESI-MS (M+H) ": 435.2.

Synthesis of 2-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl)thiazole-5-carboxamide
N
e
NHBoc S
NH

1) TFA/DCM, rt, 1 h
>

2) HATU (1.2 eq), DIPEA (4.0 eq)

DMF, it 12h N
B E\N | \>_~7 SN N
N/)\N = HO S E/‘N\

|
H 5 (1.0eq) N/)\N
H
[0320] Synthesis of 2-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-y1)-6,7,8,9-tetrahydro-5SH-benzo[ 7]annulen-5-yl)thiazole-5-carboxamide was similar to that of
Example 1. The mixture was purified by prep-HPLC (Gradient: 5% B increase to 95% B, A:
0.5% NH; in water, B: CH3CN) to give 2-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)thiazole-5-carboxamide
(32 mg, yield: 69%) as a yellow solid. ESI-MS (M+1)": 502.2. 'H NMR (400 MHz, CD;0D) ¢:
8.39 (s, 1H), 8.37 (d, J= 5.6 Hz, 1H), 7.95 (s, 1H), 7.92-7.91 (m, 2H), 7.64 (s, 1H), 7.36 (d, J =
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8.4 Hz, 1H), 7.18 (d, J = 5.2 Hz, 1H), 5.38-5.35 (m, 1H), 3.87 (s, 3H), 3.10-2.95 (m, 2H), 2.10-
1.77 (m, SH), 1.48 (s, 9H), 1.43-1.38 (m, 1H).

Example 89: 2-(tert-butyl)-N-(5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2,3-
dihydro-1H-inden-1-yl)thiazole-5-carboxamide (I-90)

N
“ T(ES
(0]

Synthesis of tert-butyl (5-(2-chloropyrimidin-4-yl)-2,3-dihydro-1H-inden-1-yl)carbamate

NHBoc
NHBoc 1) Bis(pinacolato)diboron (1.2 eq), Pd(dppf)Cl, (0.01 eq)
KOACc (3.0 eq), dioxane, 80°C, 2 h
Br 2) (1.0 eq), K,CO; (2.0 eq)
ﬁ\ H,O, dioxane, 100 °C, 12 h SN
|
)\ N/)\CI
[0321] Synthesis of tert-butyl (5-(2-chloropyrimidin-4-yl)-2,3-dihydro-1H-inden-1-

yl)carbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The mixture was concentrated and purified by silica gel column
(petroleum ether/EtOAc =4 : 1) to give tert-butyl (5-(2-chloropyrimidin-4-yl)-2,3-dihydro-1H-
inden-1-yl)carbamate (790 mg, yield: 49%) as a yellow solid. ESI-MS (M+H) *: 346.0. '"H NMR
(400 MHz, CDCls) ¢: 8.62 (d, J=5.6 Hz, 1H), 7.98 (s, 1H), 7.91 (d, /= 7.6 Hz, 1H), 7.62 (d, J
=52 Hz, 1H), 7.45 (d, /= 8.0 Hz, 1H), 5.27-5.21 (m, 1H), 4.81-4.79 (m, 1H), 3.07-3.00 (m,
1H), 2.95-2.87 (m, 1H), 2.66-2.63 (m, 1H), 1.90-1.85 (m, 1H), 1.50 (s, 9H).
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Synthesis of tert-butyl (5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2,3-dihydro-
1H-inden-1-yl)carbamate

NHBoc =N
L/N\ (2.0 eq)

H,N

NHBoc

L

Pd,(dba); (0.05 eq), S-phos (0.1 eq)

Cs,C03 (2.0 eq), dioxane, 120°C, 12 h | SN =N
SN LN\
| J N/)\N =
N7 ~Cl H
[0322] Synthesis of tert-butyl (5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-

2,3-dihydro-1H-inden-1-yl)carbamate was similar to that of tert-butyl 2-methyl-4-(2-((1-methyl-
1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The mixture was purified by silica gel
column (petroleum ether/EtOAc =1 : 1) to give tert-butyl (5-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2,3-dihydro-1H-inden-1-yl)carbamate (80 mg, yield: 45%) as a yellow
solid. ESI-MS (M+H) ": 406.9. '"H NMR (400 MHz, CDCl;) J: 8.42(d,J=5.2 Hz, 1H), 7.88-
7.87 (m, 3H), 7.54 (s, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.06-7.05 (m, 2H), 5.27-5.21 (m, 1H), 4.81-
4.78 (m, 1H), 3.07-2.88 (m, 2H), 2.65-2.59 (m, 1H), 1.95-1.80 (m, 1H), 1.50 (s, 9H).

Synthesis of 2-(tert-butyl)-N-(5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2,3-
dihydro-1H-inden-1-yl)thiazole-5-carboxamide

N
NHBoc \
H
H s
o)

1) TFA/DCM, rt, 1 h

»
2) HATU (1.2 eq), DIPEA (4 0 eq)
N _N  DMF, 1t 12h
PN L SN =N
) Ho# Syss

(1.0e N“ N

H
[0323] Synthesis of 2-(tert-butyl)-N-(5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)-2,3-dihydro-1H-inden-1-yl)thiazole-5-carboxamide was similar to that of Example 1. The
mixture was purified by prep-HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NH3 in water,
B: CH3CN) to give 2-(tert-butyl)-N-(5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
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2,3-dihydro-1H-inden-1-yl)thiazole-5-carboxamide (48 mg, yield: 43%) as a yellow solid. ESI-
MS (M+H)": 474.0. '"H NMR (400 MHz, CDCl3) d: 8.42 (d, J = 5.6 Hz, 1H), 8.06 (s, 1H), 7.93
(s, 1H), 7.89 (d, J= 8.0 Hz, 1H), 7.86 (s, 1H), 7.50 (s, 1H), 7.45 (d, /= 8.0 Hz, 1H), 7.07-7.06
(m, 2H), 6.21 (d, J=8.0 Hz, 1H), 5.75-5.68 (m, 1H), 3.90 (s, 3H), 3.13-2.95 (m, 2H), 2.79-2.70
(m, 1H), 2.00-1.95 (m, 1H), 1.45 (s, 9H).

Example 90: 2-(tert-butyl)-N-(6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (I-91)

(5
O

1-91
[0324] Synthesis of 2-(tert-butyl)-N-(6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-y1)-1,2,3 4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide was similar to that of Example
89. The residue was purified by prep-HPLC (CH3CN/H,0O with 0.05% NH;.H,O as mobile
phase) to give 2-(tert-butyl)-N-(6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)thiazole-5-carboxamide as yellow solid (90 mg, yield: 76%). ESI-MS
(M+H) *: 488.2. "TH NMR (400 MHz, DMSO-dj) 8: 9.53 (s, 1H), 9.01 (d, J = 8.4 Hz, 1H), 8.46
(d, J=5.2Hz, 1H), 8.33 (s, 1H), 7.93-7.92 (m, 3H), 7.53 (s, 1H), 7.36 (d, /= 8.4 Hz, 1H), 7.26
(d, J=5.2Hz, 1H), 5.24-5.22 (m, 1H), 3.82 (s, 3H), 2.89-2.88 (m, 2H), 2.02-2.00 (m, 2H), 1.83-
1.81 (m, 2H), 1.39 (s, 9H).

Example 91: 2-(tert-butyl)-N-(6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (1-92)
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L T

Synthesis of tert-butyl (6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)carbamate

NHBoc
NHBoc
/B\
I 0] 0]
N7 =N, ‘ ’ (0.95 eq) NTX =N
(L L= - L -
N H Pd(dppf)Cl, (0.05 eq), K.CO3 (2.0 eq) N H
dioxane/H,O (5/1), 100 °C, 3 h
[0325] Synthesis of tert-butyl (6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-

1,2,3,4-tetrahydronaphthalen-1-yl)carbamate was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. Obtained tert-butyl (6-(6-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)carbamate (170 mg,
yield: 47%) as a white solid. ESI-MS (M+H) ": 421.1. "H NMR (400 MHz, CDCls) &: 8.71 (s,
1H), 7.71 (s, 1H), 7.68-7.65 (m, 2H), 7.50 (s, 1H), 7.42 (d, J= 8.0 Hz, 1H), 6.82 (s, 1H), 6.45 (s,
1H), 4.91-4.87 (m, 1H), 4.80-4.77 (m, 1H), 3.94 (s, 3H), 2.85-2.80 (m, 2H), 2.12-2.07 (m, 1H),
1.86-1.77 (m, 3H), 1.48 (s, 9H).

Synthesis of 2-(tert-butyl)-N-(6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)thiazole-5-carboxamide
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N
[ H ] \
NHBoc HO S N s
© 0

1) TFA/IDCM (1/1), 1, 1 h

2) acid (1.1 eq), HATU (1.1 eq)

le X BN\ DIPEA (3 eq), DMF, 1t, 3h le A /@\N\
N7 N = N N =
[0326] Synthesis of 2-(tert-butyl)-N-(6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-y1)-1,2,3 4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide was similar to that of Example
1. Obtained 2-(tert-butyl)-N-(6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (55 mg, yield: 50%) as a white solid. ESI-MS
(M+H) ": 488.1. "H NMR (400 MHz, CD;0D) J: 8.43 (s, 1H), 8.12 (s, 1H), 7.90 (s, 1H), 7.58 (s,
1H), 7.57 (d, J= 8.0 Hz, 1H), 7.44 (s, 1H), 7.23 (d, /= 8.0 Hz, 1H), 6.82 (s, 1H), 5.18-5.16 (m,
1H), 3.71 (s, 3H), 2.80-2.77 (m, 2H), 2.00-1.77 (m, 4H), 1.35 (s, 9H).

Example 92: N-(6-(6-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)-2-(tert-butyl)thiazole-5-carboxamide (I-93)

NHBoc HO\H/[S% Hj([ :\>\<\
o o)

1) TFA/DCM (1/1), it, 1 h

-
-

2) acid (1.1 eq), HATU (1.1 eq)
NT =N DIPEA (3 eq), DMF, rt, 3 h NTX =N
L v L A A
N N N N
H H
1-93
[0327] Synthesis of N-(6-(6-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)-2-(tert-butyl)thiazole-5-carboxamide was similar to that of Example
89. Obtained N-(6-(6-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-
yl)-2-(tert-butyl)thiazole-5-carboxamide (32 mg, yield: 26%) as a white solid. ESI-MS (M+H) ":
474.1. "H NMR (400 MHz, CD;0D) §: 8.84 (s, 1H), 8.23 (s, 1H), 8.06-8.04 (m, 2H), 7.66-7.63
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(m, 2H), 7.51 (d, J = 8.4 Hz, 1H), 7.14 (s, 1H), 5.34-5.32 (m, 1H), 3.00-2.90 (m, 2H), 2.17-1.93
(m, 4H), 1.46 (s, 9H).

Example 93: Synthesis of N-(6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
1,2,3,4-tetrahydronaphthalen-1-yl)-6,7-dihydro-4H-thieno|[3,2-¢]|pyran-2-carboxamide (I-
94)

HO I\

NHBoc S
(0]

ZT

1) TFA/DCM (1/1), 11, 1 h

2) acid (1.1 eq), HATU (1.1 eq)
DIPEA (3 eq), DMF, rt, 3 h

N =N, N =N,
LA - PWO
N N N N

H H
1-94
[0328] Synthesis of N-(6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-

tetrahydronaphthalen-1-yl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to
that of Example 89, starting from 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid.
Obtained N-(6-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide (45 mg, yield:
43%) as a white solid. ESI-MS (M+H) ": 486.8. HPLC: (214 nm: 100%, 254 nm: 100%). 'H
NMR (400 MHz, DMSO-ds) 6: 9.56 (br, 1H), 8.76 (d, J= 8.8 Hz, 1H), 8.63 (s, 1H), 8.00 (s, 1H),
7.80 (s, 1H), 7.57 (d, /= 8.0 Hz, 1H), 7.54 (s, 1H), 7.50 (s, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.04 (s,
1H), 5.22-5.17 (m, 1H), 4.58 (s, 2H), 3.87 (t,J = 5.6 Hz, 2H), 3.83 (s, 3H), 2.86-2.82 (m, 4H),
2.03-1.98 (m, 2H), 1.86-1.79 (m, 2H).

Example 94: N-(6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)-6,7-dihydro-4H-thieno[3,2-c]|pyran-2-carboxamide (I-95)
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ZT

\N /N\
LA L=

1-95
[0329] Synthesis of N-(6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to
that of Example 89 starting from 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid. The
residue was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give
title product as a yellow solid (23 mg, yield: 24%). ESI-MS (M+H) ": 487.2. HPLC: (214 nm:
100%, 254 nm: 100%). '"H NMR (400 MHz, CD;0D) &: 8.44 (d, J = 4.8 Hz, 1H), 7.98-7.93 (m,
3H), 7.60 (s, 1H), 7.46 (s, 1H), 7.38 (d, /= 8.0 Hz, 1H), 7.22 (d, /= 5.2 Hz, 1H), 5.30-5.26 (m,
1H), 4.62 (s, 2H), 3.94-3.91 (m, 2H), 3.86 (s, 3H), 2.94-2.86 (m, 4H), 2.10-1.84 (m, 4H), 1.28-
1.27 (m, 2H).

Example 95: 2-(tert-butyl)-N-(6-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-
y)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (1-96)

L 5
O

s
SN fj/NJ
| N /)\H W |
1-96
[0330] Synthesis of 2-(tert-butyl)-N-(6-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-

yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide was similar
to that of Example 89. The residue was purified by prep-HPLC (CH3CN/H,0 with 0.05%
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NH:H,0 as mobile phase) to give 2-(tert-butyl)-N-(6-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-
yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide as a white
solid (10 mg, yield: 18%). ESI-MS (M+H) ": 582.9. HPLC: (214 nm: 100%, 254 nm: 100%). 'H
NMR (400 MHz, CD;0D) d: 9.50 (s, 1H), 9.00 (d, /= 6.8 Hz, 1H), 8.53 (d, /= 4.4 Hz, 1H),
8.33 (s, 1H), 8.17 (d, J= 7.2 Hz, 1H), 8.00 (d, J= 2.0 Hz, 1H), 7.97-7.95 (m, 2H), 7.48 (dd, J =
7.6,2.4 Hz, 1H), 7.41 (d,/=4.0 Hz, 1H), 7.36 (d, /= 6.0 Hz, 1H), 5.24-5.21 (m, 1H), 3.12 (t,J
= 3.2 Hz, 4H), 2.89 (s, 2H), 2.46 (t, /= 4.0 Hz, 4H), 2.22 (s, 3H), 2.02-1.97 (m, 2H), 1.86-1.83
(m, 2H), 1.37 (s, 9H).

Example 96: 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)chroman-4-yl)thiazole-5-carboxamide (I-97)
Scheme 8

N3

H
NaBH, (2.0 eq) /@& DPPA (2.2 eq), DBU (2.2 &q) /@\)j PPh; (2.0 eq)
_— " —_—
B o Br 0

MeOH, rt, 30 min Toluene, 1t, 16 h THF, H,0, t, 16 h

Boc,0 (1.1 eq) ) o
Et;N (1.5 eq) KOACc, dioxane, 80°C, 2 h

—_—

DCM.r,2h B o 7' Pd(dppnCL,  KoCOs

o)
00

NHz NHBoc 1) Bis(pinacolato)diboron, Pd(dppf)Cl,
OO

XN dioxane, H,O, 100°C, 12 h
J@
N cl (1.0eq)

NHBoc

O

N—
HNT (2.0 eq)

Pd,(dba);, S-phos (0.2 eq) 2) HATU (1.2 eq), DIPEA (4.0 eq)

(@)
X N
Cs,CO,, dioxane, sealed tube, 120°C, 12 h | =N ’N‘N DMF. 1t 121 N\ | N E/\N\
N H S N H

1) TFA\DCM, rt, 1 h

HO
) (1.0 eq)
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Synthesis of 7-bromochroman-4-ol
O H

NaBH, (2.0 eq), THF, MeOH, rt, 30 min
>

B O B O

[0331] To a solution of 7-bromochroman-4-one (1.63 g, 7.2 mmol, 1.0 equiv) in MeOH
(10 mL) was added NaBH4 (545 mg, 14.4 mmol, 2.0 equiv) and then stirred at room temperature
for 30 minutes. After evaporation of the solvent, the residue was purified by silica gel column
(EtOAc/hexane=1:2) to give 7-bromochroman-4-ol (1.61 g, yield: 98%) as a white solid. ESI-
MS (M+H-18) : 211.0. '"H NMR (400 MHz, CDCl3) d: 7.17 (d, J = 8.0 Hz, 1H), 7.05-7.01 (m,
2H), 4.76-4.73 (m, 1H), 4.27-4.24 (m, 2H) 2.14-1.99 (m, 2H).

Synthesis of 4-azido-7-bromochroman
H N3

DPPA (2.2 eq), DBU (2.2 eq) m
B 0" toluene, rt, 16 h Br O
[0332] A solution of 7-bromochroman-4-ol (200 mg, 0.88 mmol, 1.0 equiv) in toluene (5

mL) was cooled in an ice bath under N, and treated with DPPA (532 mg, 1.93 mmol, 2.2 equiv)
in one portion followed by DBU (293 mg, 1.93 mmol, 2.2 equiv). The reaction temperature was
kept at 0 °C for 1 h and then was warmed to room temperature for 16 h. The mixture was diluted
with EtOAc (50 mL), washed with 2N HCI (2 x 30 mL), brine and the organic layer was dried
over Na,SQy, filtered then concentrated. The crude product was purified by silica gel column
(cluted with PE). 4-azido-7-bromochroman (188 mg, yield: 90%) was obtained as a white solid.
'H NMR (400 MHz, CDCl3) d: 7.07-7.06 (m, 3H), 4.56 (t, J = 3.6 Hz, 1H), 4.30-4.17 (m, 2H),
2.19-1.99 (m, 2H).
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Synthesis of 7-bromochroman-4-amine

N3 NH2
PPh; (2.0 eq) /Ej\)j
B O THF, H>0O, rt, 16 h B Br O
[0333] A solution of 4-azido-7-bromochroman (2.2 g, 8.7 mmol, 1.0 equiv) in THF (50

mL) and H,O (10 mL) was treated with PPh; (4.5 g, 17 mmol, 2.0 equiv). The mixture was
stirred at room temperature for 16 h. After concentrated to dryness, the residue was diluted with
IN HCI (100 mL), extracted with EA (100 mL). The aqueous was basified to pH = 10 with 2N
NaOH, extracted with EtOAc (50 mL x 2). The combined organic extracts were dried over
NaySQy, filtered then concentrated. 7-bromochroman-4-amine (1.4 g, yield: 71%) was obtained
as a colorless oil. ESI-MS (M+H-17) ": 210.9.

Synthesis of tert-butyl (7-bromochroman-4-yl)carbamate

NH»> NHBoc
Boc,O (1.1 eq)
EtsN (1.5 eq) _
B O DCM, rt, 2 h Br O
[0334] To a solution of 7-bromochroman-4-amine (1.4 g, 6.16 mmol, 1.0 equiv) in

dichloromethane (30 mL) were added Et;N (933 mg, 9.24 mmol, 1.5 equiv) and Boc,0 (1.5 g,
6.8 mmol, 1.1 equiv). The reaction solution was stirred at room temperature for 2 h. The mixture
was concentrated and purified by silica gel column (petroleum ether/EtOAc =30:1). tert-butyl (7-
bromochroman-4-yl)carbamate (1.5 g, yield: 74%) was obtained as a white solid. ESI-MS
(M+H-56) ": 272.0. "H NMR (400 MHz, CDCls) J: 7.14-7.12 (m, 1H), 7.03-6.98 (m, 2H), 4.78-
4.77 (m, 1H), 4.27-4.11 (m, 2H) 2.19-1.99 (m, 2H), 1.48 (s, 9H).

Synthesis of tert-butyl (7-(2-chloropyrimidin-4-yl)chroman-4-yl)carbamate

NHBoc
1) Bis(pinacolato)diboron (1.2 eq), Pd(dppf)Cl, (0.01 eq)
KOAc (3.0 eq), dioxane, 80 °C, 2 h
B O Cl B

Pd(dppf)Cl, (0.01 eq) , K,CO3 (3.0 eq)
XN dioxane, H,O, 100 °C, 12 h

2| | (1.0eq)
N)\CI
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[0335] The synthesis of tert-butyl (7-(2-chloropyrimidin-4-yl)chroman-4-yl)carbamate
was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The
residue was purified by silica gel column column (petroleum ether/EtOAc =4 : 1) to give tert-
butyl (7-(2-chloropyrimidin-4-yl)chroman-4-yl)carbamate (500 mg, yield: 70%) as a white solid.
ESI-MS (M+H) ": 362.0. '"H NMR (400 MHz, CDCls) 6:8.62 (d, J= 5.2 Hz, 1H), 7.78 (d, /= 5.2
Hz, 1H), 7.65-7.63 (m, 1H), 7.56 (s, 1H), 7.42 (d, /= 7.6 Hz, 1H), 4.86 (t, /= 5.2 Hz, 1H), 4.31-
4.27 (m, 2H), 2.24-2.05 (m, 2H), 1.21 (s, 9H).

Synthesis of tert-butyl (7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)chroman-4-

yl)carbamate
NHBoc
NHBoc
NS (2.0 eq)
N Pd,(dba); (0.1 eq), S-phos (0.2 eq) N N
Cs,CO4 (3.0 eq), dioxane, sealed tube, 120 °C, 12 h | N - N
Cl /)\ ~/
N™ °N
H
[0336] To a mixture of tert-butyl (7-(2-chloropyrimidin-4-yl)chroman-4-yl)carbamate

(180 mg, 0.5 mmol) and 1-methyl-pyrazol-4-amine (97 mg, 1.0 mmol, 2.0 equiv) in dioxane (5
mL), Cs,CO;3 (489 mg, 1.5 mmol), Pdy(dba); (46 mg, 0.05 mmol) and S-Phos (41 mg, 0.1
mmol) were added under N,. The mixture was stirred at 120 °C for 12 h. After diluted with
EtOAc (150 mL), the mixture was washed with brine and the organic layer was dried over
NaySQy, filtered then concentrated. The residue was purified by silica gel column (petroleum
ether/EtOAc =1 : 1) to give tert-butyl (7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)chroman-4-yl)carbamate (120 mg, yield: 57%) as a yellow solid. ESI-MS (M+H) ": 423.1. 'H
NMR (400 MHz, DMSO-ds) o: 9.46 (s, 1H), 8.45-8.44 (m, 1H), 7.89 (s, 1H), 7.65 (d, /= 8.0
Hz, 1H), 7.57 (s, 1H), 7.50 (s, 1H), 7.43 (d, /= 8.8 Hz, 1H), 7.32-7.30 (m, 1H), 7.23-7.21 (m,
1H), 4.83-4.74 (m, 1H), 4.31-4.21 (m, 2H), 3.82 (s, 3H), 2.11-1.87 (m, 2H), 1.44 (s, 9H).
Synthesis of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)chroman-

4-ylthiazole-5-carboxamide
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N
NHBoc H I \> <
S

© 1) TFADCM, tt, 1 h o o

'
2) HATU (1.2 eq), DIPEA (4.0 eq)

DMF, rt,12h N
Y O Hoﬂ% ) e
NN S NN
H O (1.0eq) H
[0337] Synthesis of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)chroman-4-yl)thiazole-5-carboxamide was similar to that of Example 1. The mixture was
purified by prep-HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NH; in water, B: CH3;CN)
to give 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)chroman-4-
yl)thiazole-5-carboxamide (48 mg, yield: 43%) as a yellow solid. ESI-MS (M+H)": 490.0. 'H
NMR (400 MHz, DMSO-ds) J: 9.49 (s, 1H), 9.06 (d, J = 8.0 Hz, 1H), 8.45 (d, /= 5.2 Hz, 1H),
8.32-8.31 (m, 1H), 7.88 (s, 1H), 7.67 (d, /= 8.0 Hz, 1H), 7.58-7.57 (m, 2H), 7.34 (d, /= 8.0 Hz,
1H), 7.24 (d, J= 5.2 Hz, 1H), 5.28-5.26 (m, 1H), 4.33-4.31 (m, 2H), 3.82 (s, 3H), 2.19-1.99 (m,

2H), 1.39 (s, 9H).

Example 97: 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yDisochroman-4-yl)thiazole-5-carboxamide (I-98)
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Scheme 9

O, O, H O, H
H

- Br
THF, MeOH, H,O (2:1:1) , OH e} (1.1 eq) O/W(OH 1) KOAc (4.3 eq) , Ac,0, reflux, 2 h
2) EtOH, NaOH (4.0 eq), 1t, 2 h

LIOH (3.0 eqg), rt, 16 h
NaH (4.0 eq), Nal (0.1 eq)
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N3 o H,N o
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1-98
Synthesis of 4-bromo-2-(hydroxymethyl)benzoic acid
Q Oy OH
THF, MeOH, H,0 (2:1:1),
> OH
LiOH (3.0eq), rt, 16 h
Br Br
[0338] Lithium hydroxide (3.45 g, 70.42 mmol, 3.0 equiv) was added at room

temperature over several minutes to a solution of 5-bromophthalide (5.0 g, 23.47 mmol, 1.0
equiv) in a 2:1:1 solution of THF/MeOH/ H,O (80 mL) and the reaction mixture was stirred at

room temperature for 16 h. After removal of the solvent, the residue was diluted with water (100
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mL), adjusted to pH = 3 with HCI (2 N) and extracted with EtOAc (100 mL x 3). The organic
layers were collected, dried (Na,SO,), filtered, and concentrated via rotary evaporator to give
title product (3.47 g, yield: 94%) as a white solid, which was used in the next step without
further purification. ESI-MS (M+H) ": 231.1. "H NMR (400 MHz, CD;0D) ¢: 7.88-7.86 (m,
2H), 7.45 (dd, J=8.4,2.0 Hz, 1H), 4.90 (s, 2H).

Synthesis of 4-bromo-2-((carboxymethoxy)methyl)benzoic acid

H H O H
B H
OH 0 (11eq) o/}(o
o 6]
NaH (4.0 eq), Nal (0.1 eq)
Br THF, reflux, 16 h Br
[0339] Sodium hydride (3.46 g, 86.56 mmol, 4.0 equiv) was added in small portions over

the course of 0.5 h at room temperature to a mixture of 4-bromo-2-(hydroxymethyl)benzoic acid
(5.0 g, 21.64 mmol, 1.0 equiv) and bromoacetic acid (2.99 g, 21.64 mmol) in THF (60 mL), then
sodium iodide (324.6 mg, 2.164 mmol, 0.1 equiv) was added. The reaction mixture was heated at
reflux for 16 h. The reaction mixture was cooled to room temperature and poured into water (150
mL) and then extracted with diethyl ether (100 mL x 3). The aqueous phase was acidified with
10% hydrochloric acid to pH = 3-4 and extracted with ethyl acetate (200 mL x 3). The combined
ethyl acetate phases were washed with water (150 mL) and brine, dried (sodium sulfate), filtered,
and concentrated to yield 4-bromo-2-((carboxymethoxy)methyl)benzoic acid as a white solid
(4.37 g, yield: 70%), which was used for next step without further purification."H NMR (400
MHz, CD;0OD) ¢: 7.93-7.87 (m, 2H), 7.55-7.52 (m, 1H), 4.98 (s, 2 H), 4.23 (s, 2H).

Synthesis of 7-bromoisochroman-4-one

O H O

O
O/ﬁ]/OH 1) KOAG (4.3 eq) , Ac,0, reflux, 2 i;
o] 2) EtOH, NaOH (4.0 eq), 1t, 2 h
Br Br
[0340] A solution of 4-bromo-2-((carboxymethoxy)methyl)benzoic acid (5.2 g, 18.06

mmol, 1.0 equiv) in acetic anhydride (100 mL) containing potassium acetate (7.61g, 77.64
mmol, 4.3 equiv) was heated at reflux for 2 h. The reaction mixture was cooled to room

temperature and concentrated under reduced pressure and the residue partitioned between ethyl
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acetate (200 mL) and water (100 mL). The phases were separated and the aqueous phase was
extracted with ethyl acetate (100 mL x 3). The combined ethyl acetate phases were then washed
with brine, dried (sodium sulfate), filtered and concentrated. The residue was dissolved in EtOH
(50 mL), NaOH (2.89 g, 72.24 mmol, 4.0 eq) was added. The reaction mixture was stirred at rt
for 2 h. After concentration, the residue was portioned between ethyl acetate (200 mL) and water
(100 mL), washed with saturated brine, dried (sodium sulfate), filtered and concentrated. The
residue was purified by column chromatography (silica, petroleum ether/EtOAc = 1:1) to give 7-
bromoisochroman-4-one (725 mg, yield: 18%) as a slight yellow solid. ESI-MS (M+H) ': 227.0.
'H NMR (400 MHz, CDCl3) d: 7.90 (d, J = 8.4 Hz, 1H), 7.56 (dd, J = 8.4, 2.0 Hz, 1H), 7.42 (s,
1H), 4.86 (s, 2H), 4.36 (s, 2H).

Synthesis of 7-bromoisochroman-4-ol

O H 0
NaBH,4 (2.0 eq)
MeOH, rt, 1 h
Br Br
[0341] Synthesis of 7-bromoisochroman-4-ol was similar to that of 7-bromochroman-4-

ol. The crude (1.3 g, yield: 89%) was used directly in the next step without further purification.
ESI-MS (M+H) *: 229.0. "H NMR (400 MHz, CDCls) §: 7.42-7.40 (m, 1H), 7.34-7.32 (m, 1H),
7.17 (s, 1H), 4.66 (ABq, J = 20.4, 15.2 Hz, 2H), 4.51-4.50 (m, 1H), 4.12-4.10 (m, 1H), 3.84-3.80
(m, 1H).

Synthesis of 4-azido-7-bromoisochroman

H N3 0
DPPA (1.2 eq), DBU (1.2eq)
THF, rt, 16 h
Br Br
[0342] Synthesis of 4-azido-7-bromoisochroman was similar to that of 4-azido-7-

bromochroman. The residue was purified by column chromatography (silica, petroleum

ether/EtOAc = 50:1) to give 4-azido-7-bromoisochroman (568 mg, yield: 39%) as a white solid.
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ESI-MS (M+H-28) *: 226.0. "H NMR (400 MHz, CDCL) &: 7.47-7.44 (m, 1H), 7.28-7.24 (m,
2H), 4.77 (ABq, J = 20.4, 15.6 Hz, 2H), 4.22-4.16 (m, 2 H), 3.96-3.92 (m, 1H).

Synthesis of 7-bromoisochroman-4-amine
N3 H2N

O
LiAlH, (1.0 eq)
THF, reflux, 1 h )
Yield: 82%
Br Br
[0343] To a solution of 4-azido-7-bromoisochroman (207 mg, 0.82 mmol, 1.0 eq) in THF

(5 mL), IN LiAlH,4 (0.82 mL , 0.82 mmol, 1.0 equiv) was added at 0 °C. Then the mixture was
refluxed for 1 h. After cooling down to rt, Na;S04.10 H,O was added and the mixture was stirred
for another 0.5 h. The solid was filtered off and the filtrate was concentrated to give title product
(153 mg, yield: 82%), which was used directly for next step without further purification. ESI-MS
(M+H) ": 228.0.

Synthesis of tert-butyl (7-bromoisochroman-4-yl)carbamate

HoN BocHN 0
Boc,O (1.1 eq)
Et;N (3.0 eq), DCM, rt, 2h
Br Br
[0344] Synthesis of tert-butyl (7-bromoisochroman-4-yl)carbamate was similar to that of

tert-butyl (7-bromochroman-4-yl)carbamate. The crude was purified by prep-HPLC (MeOH/H,O
with 0.05% NH3.H,O as mobile phase) to give compound tert-butyl (7-bromoisochroman-4-
yl)carbamate (332 mg, yield: 55%) as a white solid. ESI-MS (M+H-56) ": 272.05. '"H NMR (400
MHz, CDCls) d: 7.38-7.30 (m, 2H), 7.15 (s, 1H), 5.11-5.09 (m, 1H), 4.75-4.63 (m, 3H), 4.04-
4.00 (m, 1H), 3.86-3.82 (m, 1H), 1.45 (s, 9H).

Synthesis of tert-butyl (7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isochroman-4-

yl)carbamate
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BocHN 4
j: B—B, :@(1 2 eq)
O
Pd(dppf)Cl, (0.01 eq) BocHNE Z:> ° :@

Br KOAc (3.0 eq),
DMF, 100°C, 1.5 h

[0345] Synthesis of tert-butyl (7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)isochroman-4-yl)carbamate was similar to that of tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzylcarbamate. The residue was purified by column chromatography
(silica, petroleum ether/EtOAc = 10:1) to give tert-butyl (7-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)isochroman-4-yl)carbamate (310 mg, yield: 81%) as a white solid. ESI-MS
(M+H-56) ": 320.2.

Preparation of tert-butyl (7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)isochroman-

C
\
L

€ >: O
R r
BocHN 0] XN

4-yl)carbamate

N
Pd(dppf)Cl, (0.01 eq), K,CO3 (3.0 eq) | L /E/\N\
Dioxane/H,0O (4:1), MW, 130°C, 2 h NZONT X
H
[0346] Synthesis of tert-butyl (7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

yl)isochroman-4-yl)carbamate was similar to that of tert-butyl 2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The residue was purified by column
chromatography (silica, petroleum ether/EtOAc = 1:2) to give title compound as a yellow solid
(272 mg, yield: 79%). ESI-MS (M+H-56) : 367.2.

Preparation of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

yhisochroman-4-yl)thiazole-5-carboxamide
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N
NHBoc N H I \/\ <
o) | \> o) S
HO S 6]
O

1) TFAADCM, rt, 1 h

ot
| \)N\ /@N 2) HATU (1.2 eq), DIPEA (4.0 eq) | SN E
- DMF, rt, 12 h N—
N/ N S N/)\N S
H H
[0347] Synthesis of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)isochroman-4-yl)thiazole-5-carboxamide was similar to that of Example 1. The residue was
purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give a yellow
solid (105 mg, yield: 61%). ESI-MS (M+H) ": 490.2. HPLC: (214 nm: 100%, 254 nm: 100%).
'H NMR (400 MHz, DMSO-d6) d: 9.52 (s, 1H), 9.07 (d, J= 8.4 Hz, 1H), 8.48 (d, /= 5.2 Hz,
1H), 8.35 (s, 1H), 8.03 (d, /= 8.0 Hz, 1H), 7.92-7.91 (m, 2H), 7.54 (s, 1H), 7.47 (d, J = 8.8 Hz,
1H), 7.26 (d, J= 5.2 Hz, 1H), 5.25-5.21 (m, 1H), 4.92-4.83 (m, 2H), 4.09-4.01 (m, 1H), 3.85-
3.80 (m, 4H), 1.39 (s, 9H).

Example 98: 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
1,2,3,4-tetrahydroquinolin-4-yl)thiazole-5-carboxamide (I-99)

O

NH

1-99
Preparation of methyl 3-((3-bromophenyl)amino)propanoate

N

>O,Me
NH, :)“ 2
(1.0eq) I
HOAC, reflux, 24 h CO,Me

Br Br
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[0348] A mixture of 3-bromoaniline (10.00 g, 58.14 mmol) and methyl acrylate (5.30
mL, 58.14 mmol) in acetic acid (0.4 mL) was refluxed for 16 h. Then the solution was
concentrated, and the residue was purified by silica gel column chromatography (petroleum
ether/EtOAc = 1/10 to 1/6) to give product methyl 3-((3-bromophenyl)amino)propanoate (11.92
g, yield: 80%) as red liquid. ESI-MS (M+H) ': 257.8

Preparation of methyl 3-(N-(3-br0mophenyl)—4—methylphenylsulfonamido)propanoate

N TsCl (1.1 eq)
I pyrldme r.t., 2h 1
CO,Me CO,Me
ir i
[0349] To a solution of methyl 3-((3-bromophenyl)amino)propanoate (11.90 g, 46.30

mmol) in pyridine (10 mL) was added p-tosyl chloride (10.58 g, 55.56 mmol) portionwise at
room temperature. The mixture was stirred for another 2 h. The mixture was concentrated and
the residue was diluted with EtOAc (20 mL). The organic phase was washed with 1N HCI (60
mL) and brine (60 mLx2). After drying over Na,;SOs, filtered and concentrated, the residue was
purified by silica gel column chromatography (petroleum ether/EtOAc = 1/10 to 1/4) to give
product methyl 3-(N-(3-bromophenyl)-4-methylphenylsulfonamido)propanoate (15.30 g, yield:
80%) as brown sticky oil. ESI-MS (M+H) : 411.9.

Preparation of 3-(N-(3-bromophenyl)-4-methylphenylsulfonamido)propanoic acid

Ts
| 1,4-dioxane/H,O/conc. HCI

1
N\L (9:3:1), reflux, 5h NI
CO,Me COoH
r r

[0350] A solution of methyl 3-(N-(3-bromophenyl)-4-
methylphenylsulfonamido)propanoate (15.23 g, 37.06 mmol) in concentrated HCI (21.80 mL),

water (68.6 mL) and 1,4-dioxane (192.6 mL) was heated at reflux for 5 h. Then the solution was
concentrated to half volume (~130 mL), neutralized with saturated NaHCO; solution to pH =
8~9 and extracted with EtOAc (80 mL x 3). The combined organic phase was back-extracted
with water (80 mL). The combined aqueous phase was acidified by conc. HCI solution (pH = 3),
extracted with EtOAc (80 mLx3). The organic phase was combined and dried over Na;SOy,
filtered and concentrated to dryness to give 3-(N-(3-bromophenyl)-4-
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methylphenylsulfonamido)propanoic acid (7.00 g, yield: 48%) as brown oil. ESI-MS (M+H) ":
397.9.
Preparation of 7-bromo-2,3-dihydroquinolin-4(1H)-one

| 1. SOCI, (5.0eq), DMF (cat.) q
NI DCM, reflux, 1 h Br
©/ CO,H 2. AICI; (1.1 eq) \C[nj
Br 0°Ctort,3h o)
[0351] A solution of 3-(N-(3-bromophenyl)-4-methylphenylsulfonamido)propanoic acid

(5.00 g, 12.59 mmol) , SOCI; (4.60 mL , 62.97 mmol) and one drop of DMF in DCM (20 mL)
was refluxed for 2 h. Then the solution was concentrated to dryness to give carboxylic chloride
which was used for next step. A mixture of AICl; (3.40 g, 25.18 mmol) in DCM (20 mL) was
cooled at 5 °C, and then a solution of carboxylic chloride prepared above in DCM (10 mL) was
added dropwise over 30 min. After addition, the solution was stirred at room temperature for 3 h.
Then the solution was quenched with ice water, neutralized with NaOH solution, and extracted
with EtOAc (50 mL x 3). The combined organic phase was dried (Na,SO,) and concentrated.
The residue was purified by silica gel column chromatography (petroleum ether/EtOAc = 1/4) to
give product 7-bromo-2,3-dihydroquinolin-4(1H)-one as a yellow solid (1.86 g, yield: 54%).
ESI-MS (M+H) ': 226.0

Preparation of 7-bromo-1-tosyl-2,3-dihydroquinolin-4(1H)-one

TsCI (1.1 eq) |s
Br\@(f“g pyridine, r.t., 2 h Br\(;vk’:g
O O
[0352] Synthesis of 7-bromo-1-tosyl-2,3-dihydroquinolin-4(1H)-one was similar to that

of methyl 3-(N-(3-bromophenyl)-4-methylphenylsulfonamido)propanoate. The residue was
purified by silica gel column chromatography (petroleum ether/EtOAc = 1/6) to give product 7-
bromo-1-tosyl-2,3-dihydroquinolin-4(1H)-one as a yellow solid (2.57 g, yield: 85%). ESI-MS
(M+H) ": 380.0. '"H NMR (400 MHz, CD;0D) &: 8.02 (d, J = 1.6 Hz, 1H), 7.78 (d, J = 8.4 Hz,
1H), 7.63 (d, J = 8.4 Hz, 2H), 7.47 (dd, J = 8.4, 1.6 Hz, 1H), 7.37 (d, J = 8.4 Hz, 2H), 4.25 (t, J
= 6.4 Hz, 2H), 2.42 (s, 3H), 2.38 (t, J = 6.4 Hz, 2H).
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Preparation of (E)-N-(7-bromo-1-tosyl-2,3-dihydroquinolin-4(1H)-ylidene)-2-methylpropane-

2-sulfinamide

i

~ 1.0e TS
Ts \i/s NH, (1.0eq) B N
Br. N o
\Q;‘J titanium ethoxide (2.0 eq) | o

THF, 65°C, 16 h N~g”
0 pe
[0353] A solution of 7-bromo-1-tosyl-2,3-dihydroquinolin-4(1H)-one (700 mg, 1.84

mmol), t-butylsulfinamide (245 mg, 2.02 mmol) and titanium ethoxide (890 mg, 3.68 mmol) in
dry THF (10 mL) was heated at reflux for 16 h. Then the mixture was diluted with EA (150 mL)
and washed with brine (60 mL), water (60 mL). The organic phase was dried (Na;SO4) and
concentrated to give crude product (E)-N-(7-bromo-1-tosyl-2,3-dihydroquinolin-4(1H)-ylidene)-
2-methylpropane-2-sulfinamide as a white solid (740 mg, yield: 83%) which was used directly in
the next step. ESI-MS (M+H) : 482.9.

Preparation of 7-bromo-1-tosyl-1,2,3,4-tetrahydroquinolin-4-amine

5 I

1. NaBH4 (2.0 eq)

Br N
Br\CQNJ MeOH, r.t, 2 h \O;J
2. HCI-EtOAc
e NH,

Nj< rt,16 h

[0354] To a solution of (E)-N-(7-bromo-1-tosyl-2,3-dihydroquinolin-4(1H)-ylidene)-2-

methylpropane-2-sulfinamide (740 mg, 1.53 mmol) in methanol (7 mL) was added sodium
borohydride (117 mg, 3.07 mmol) portionwise at 0 °C. Then the mixture was stirred at room
temperature for 2 h. The organic solvent was removed under reduced pressure, and the residue
was dissolved in EtOAc (7 mL) and treated with conc. HC1 (3 mL). The mixture was stirred at
room temperature for 16 h. Then the mixture was adjusted to pH = 8 with solid sodium
bicarbonate and extracted with EtOAc (10 mL). The organic phase was washed with water (40
mL), dried (Na,SO4) and concentrated to give crude product 7-bromo-1-tosyl-1,2,3,4-
tetrahydroquinolin-4-amine as a white solid (400 mg crude) which was used directly in the next

step. ESI-MS (M+H) *: 381.0
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Preparation of tert-butyl (7-bromo-1-tosyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate

Ts Boc,O (1.1 eq) S
Br N DIEA (2.0 eq) Br N
THF, rt., 2h
NH, NHBoc
[0355] Synthesis of tert-butyl (7-bromo-1-tosyl-1,2,3,4-tetrahydroquinolin-4-

yl)carbamate was similar to that of tert-butyl (7-bromochroman-4-yl)carbamate. The residue was
purified by silica gel column chromatography (petroleum ether/EtOAc = 1/6) to give product
tert-butyl (7-bromo-1-tosyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate as a white foam (438 mg,
yield: 60% for two steps). ESI-MS (M+H) : 480.9. '"H NMR (400 MHz, CD;OD) J: 7.96 (d, J =
1.6 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.28 (dd, J = 8.4, 1.6 Hz, 1H),
7.14 (d,J = 8.4 Hz, 1H), 4.35-4.31 (m, 1H), 4.03-3.97 (m, 1H), 3.79-3.72 (m, 1H), 2.40 (s, 3H),
1.78-1.61 (m, 2H), 1.40 (s, 9H).

Preparation of tert-butyl (7-(2-chloropyrimidin-4-yl)-1-tosyl-1,2,3,4-tetrahydroquinolin-4-

yl)carbamate
BocHN
NHBoc 1) Bis(pinacolato)diboron, Pd(dppf)Cl, N\Ts
KOAc, dioxane, 80 °C, 2 h
5 Cl Pd(dppfiCl, , K,CO4
! XN dioxane, H,O, 100°C, 12 h |
Ts 2 L NP,
N Cl (1.0 eq) C

[0356] Synthesis of tert-butyl (7-(2-chloropyrimidin-4-yl)-1-tosyl-1,2,3,4-

tetrahydroquinolin-4-yl)carbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc = 1/6 to 1/4) to give product tert-butyl (7-(2-chloropyrimidin-4-yl)-1-
tosyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate as a white solid (208 mg, yield: 61%). ESI-MS
(M+H) " 515.1.

Preparation of tert-butyl (7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1-tosyl-
1,2,3,4-tetrahydroquinolin-4-yl)carbamate
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BocHN BocHN
/N\
N LN— N
T
Ts H,N = (1.0eq) S
2N Pd,(dba); (0.1 eq), X-Phos (0.2 eq) Z >N =N
< M Cs,CO5 (3.0 eq), < L/N\
N~ ~Cl 1,4-dioxane, 120°C, 2 h N ﬁ
[0357] Synthesis of tert-butyl (7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-

1-tosyl-1,2,3,4-tetrahydroquinolin-4-yl)carbamate was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The residue was purified by silica gel column
chromatography (petroleum ether/EtOAc = 1/2 to 2/1) to give product tert-butyl (7-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1-tosyl-1,2,3,4-tetrahydroquinolin-4-
yl)carbamate as a green solid (92 mg, yield: 40 %). ESI-MS (M+H) ": 576.2.

Preparation of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1-
tosyl-1,2,3,4-tetrahydroquinolin-4-yl)thiazole-5-carboxamide

N N
BocHN HO. ﬁ\)zs\; Wslﬁ(“
O o) N

1) TFA/DCM, rt, 1 h

ey

2) HBTU (1.2eq), DIEA (2.0 eq)

Z N =N DMF, r.t., 1h Z°N =N
| LN\ e | LN\
NN NP NN
H H
[0358] Synthesis of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)-1-tosyl-1,2,3,4-tetrahydroquinolin-4-yl)thiazole-5-carboxamide was similar to that of
Example 1. The residue was purified silica gel column chromatography (petroleum ether/EtOAc
= 2/1) to give product 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
1-tosyl-1,2,3,4-tetrahydroquinolin-4-yl)thiazole-5-carboxamide as a yellow solid (70 mg, yield:
73%). ESI-MS (M+H) : 643.2.

Synthesis of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-

tetrahydroquinolin-4-yl)thiazole-5-carboxamide
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O N 0 NH
Ts conc. HCI
—_—
50°C,3h
~ N =N ZN =N
Sl A= S A=
H H
[0359] A solution of 2-(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-1-tosyl-1,2,3,4-tetrahydroquinolin-4-yl)thiazole-5-carboxamide (60
mg, 0.09 mmol) in conc. HCI solution (1.5 mL) was heated at 50 °C for 3 h. Then the mixture
was concentrated and the residue was dissolved in EtOAc (50 mL). The organic phase was
washed with saturated Na,COs, dried (Na,SO,), filtered and concentrated. The residue was
purified by prep-HPLC (MeCN/H,0 with 0.05% NH3.H,O as mobile phase) to give product 2-
(tert-butyl)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-1,2,3,4-
tetrahydroquinolin-4-yl)thiazole-5-carboxamide as a pale yellow solid (12 mg, yield: 27%). ESI-
MS (M+H) ": 489.0. HPLC: (214 nm: 100%, 254 nm: 100%). 'H NMR (400 MHz, CD;0D) ¢:
8.35(d,J =5.6 Hz, 1H), 8.25 (s, 1H), 7.98 (s, 1H), 7.63 (s, 1H), 7.35 (d, J = 1.6 Hz, 1H), 7.32
(dd,J =8.0,1.6 Hz, 1H), 7.20 (d, J = 8.0 Hz, 1H), 7.11 (d, J = 5.6 Hz, 1H), 5.30 (t,/ = 5.6 Hz,
1H), 3.89 (s, 3H), 3.40 (t,J = 5.6 Hz, 2H), 2.14-2.09 (m, 2H), 1.46 (s, 9H).

Example 99: 2-(tert-butyl)-N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-y)pyridin-2-yl)methyl)thiazole-5-carboxamide (I-100)
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Scheme 10
NHBoc NHBoc
cl
R Ng? Ris N2 =N
» N » L/N~ (2.0 q)
,)\ HoN
5 N7 cl _

Pd(dppfCl, (0.1 eq), KoCOs (3.0 eq) | \)N\ Pda(dba)s (0.1 eq), S-phos (0.2 eq)
)r/\ dioxane, H,0, sealed tube, 100 °C, 12 h N/ ¢ ©52C03 (2.0 eq), dioxane, sealed tube, 120 °C,12h

NHBoc H
R a2 1) TFADCM, t, 1 h Rine N3
l/ - | )
Z
2) R'CO,H, HATU (1.2 eq),
XN —N DIPEA (4.0 eq)
| /[/\N~ DMF, 1t, 12 h R
N/)\N = o | P L/N‘
H NTON
N
P
S
Sy
=
oW
N—
~ T
N N
H
1-100

Synthesis of tert-butyl ((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhpyridin-2-yl)methyl)carbamate
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o o
NHBoc (1.05 eq)

1) Pd(dppf)Cl> (0.1 eq), KOAc (3 eq)
SN dioxane, 110°C, 1 h

o

2) Pd(dppf)Cl, (0.05 eq), K,CO3 (2 eq)
Br dioxane/H,0 (5/1), 100 °C, 2 h

L, O

[0360] To a solution of tert-butyl ((5-bromo-3-methylpyridin-2-yl)methyl)carbamate
(150 mg, 0.5 mmmol) in dioxane (2 mL) were added 4,4,4',4',5,5,5',5"-octamethyl-2,2'-bi(1,3,2-
dioxaborolane) (140 mg, 0.55 mmol, 1.1 equiv), Pd(dppf)Cl,.DCM (20 mg, 0.025 mmol, 0.05

equiv) and KOAc (147 mg, 1.5 mmol, 3 equiv). The mixture was heated to 110 °C for 1 h under
N,. After cooled to rt, 4-chloro-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine (100 mg, 0.5
mmol, 1 equiv), Pd(dppf)Cl,.DCM (20 mg, 0.025 mmol, 0.05 equiv) and K,CO; (138 mg, 1
mmol, 2 equiv) were added. The mixture was heated to 100 °C for another 2 h. After diluted with
EA (150 mL), the mixture was washed with water (50 mL x 2). The organic phase was
concentrated and the crude was purified through silica gel column chromatography (petroleum
ether/EtOAc =2/1) to give tert-butyl ((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)pyridin-2-yl)methyl)carbamate as a yellow solid (145 mg, yield: 70%).
ESI-MS (M+H) *: 396.1. '"H NMR (400 MHz, CDCls) : 8.99 (s, 1H), 8.45 (d, J= 4.8 Hz, 1H),
8.07 (s, 1H), 7.88 (s, 1H), 7.55 (s, 1H), 7.45 (br, 1H), 7.06 (d, /= 5.2 Hz, 1H), 6.24 (s, 1H), 4.48
(d, /J=4.0 Hz, 2H), 3.91 (s, 3H), 2.37 (s, 3H), 1.49 (s, 9H).

Synthesis of 2-(tert-butyl)-N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhpyridin-2-yl)methyl)thiazole-5-carboxamide
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N

H | N

NHBoc N S
Sy

~N
| 1) TFA/DCM (1/1),rt, 1 h
4 > =
2) 2-(tert-butyl)thiazole-
| XN =N 5-carboxylic acid (1.1 eq), | XN =N
N~HATU (1.1 eq), DIPEA (3 eq), /E/N\
N/)\NL/ DMF, t, 2 h N/)\N =
H
[0361] Synthesis of 2-(tert-butyl)-N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)pyridin-2-yl)methyl)thiazole-5-carboxamide was similar to that of
Example 1. The crude was purified through prep-TLC (MeOH/DCM=1/25) to give 2-(tert-
butyl)-N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-2-
yl)methyl)thiazole-5-carboxamide as a yellow solid (50 mg, yield: 65%). ESI-MS (M+H) ":
463.2. HPLC: (214 nm: 98.74%, 254 nm: 98.43%). "H NMR (400 MHz, CDCl3) J: 9.04 (s, 1H),
8.48 (d, /= 5.2 Hz, 1H), 8.19 (s, 1H), 8.13 (s, 1H), 8.00 (br, 1H), 7.85 (s, 1H), 7.58 (s, 1H), 7.14
(s, 1H), 7.09 (d, /= 5.2 Hz, 1H), 4.72 (d, J= 4.0 Hz, 2H), 3.93 (s, 3H), 2.42 (s, 3H), 1.48 (s, 9H).

Example 100: N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-
2-yl)methyl)-6,7-dihydro-4H-thieno[3,2-c|pyran-2-carboxamide (I-101)
O

ZT

1-101

[0362] Synthesis of N-((3-methyl-5-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)pyridin-2-yl)methyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to that of
Example 99. Purified through prep-TLC (MeOH/DCM=1/20) to give N-((3-methyl-5-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-2-yl)methyl)-6,7-dihydro-4H-thieno[ 3,2-
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c]pyran-2-carboxamide (40 mg, yield: 45%) as a yellow solid. ESI-MS (M+H) ": 462.1. HPLC:
(214 nm: 94.50%, 254 nm: 95.27%). '"H NMR (400 MHz, CDCls) : 9.04 (s, 1H), 8.47 (d, J =
4.8 Hz, 1H), 8.12 (s, 1H), 7.96 (br, 1H), 7.83 (s, 1H), 7.61 (s, 1H), 7.33 (s, 1H), 7.09 (d, /= 5.2
Hz, 1H), 6.99 (s, 1H), 4.73 (s, 2H), 4.72 (d, /= 4.0 Hz, 2H), 4.00 (t, / = 5.2 Hz, 2H), 3.93 (s,
3H), 2.92 (t, /= 5.2 Hz, 2H), 2.43 (s, 3H).

Example 101: 2-(tert-butyl)-N-((6-methyl-2'-((1-methyl-1H-pyrazol-4-yl)amino)-|2,4'-
bipyridin]-5-yl)methyl)thiazole-5-carboxamide (I-102)

N
e
N °

N. =

X =N
PWer
N~ 'N

1-102

Synthesis of N-((6-bromo-2-methylpyridin-3-yl)methyl)-2-(tert-butyl)thiazole-5-carboxamide

NH, HO S H N
. O
N o N ©
N  HATU(15eq), DIPEA(2.0eq) N~
DMF, rt, 12 h
Br Br
[0363] Synthesis of N-((6-bromo-2-methylpyridin-3-yl)methyl)-2-(tert-butyl)thiazole-5-

carboxamide was similar to that of Example 1. The residue was purified by silica gel column
(petroleum ether/EtOAc = 2 : 1) to give N-((6-bromo-2-methylpyridin-3-yl)methyl)-2-(tert-
butyl)thiazole-5-carboxamide (140 mg, yield: 38%) as a yellow solid. ESI-MS (M+1)": 368.0. 'H
NMR (400 MHz, CDs0OD) ¢: 8.21 (s, 1H), 7.59 (d, /= 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H),
4.52 (s, 2H), 2.55 (s, 3H), 1.45 (s, 9H).
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Synthesis of 2-(tert-butyl)-N-((2'-chloro-6-methyl-[2,4'-bipyridin]-5-yl)methyl)thiazole-5-

HO. _OH sf
ST S
H
Nm/g/"‘ @\(1_5%) A o
4

carboxamide

N Cl
o) > N
N Pd(dppf)Cl, (0.1 eq), K»CO3 (2.0 eq)
N__~ dioxane, H,O, 100 °C, 2 h | e
Br NZ el
[0364] Synthesis of 2-(tert-butyl)-N-((2'-chloro-6-methyl-[2,4'-bipyridin]-5-

yl)methyl)thiazole-5-carboxamide was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The mixture was purified by silica gel column (petroleum ether/EtOAc
=1:1) to give 2-(tert-butyl)-N-((2'-chloro-6-methyl-[2,4'-bipyridin]-5-yl)methyl)thiazole-5-
carboxamide (80 mg, yield: 52%) as a yellow solid. ESI-MS (M+H) : 400.9. '"H NMR (400
MHz, CDCls) J: 8.43 (d, J= 4.8 Hz, 1H), 8.09 (s, 1H), 7.95 (s, 1H), 7.78 (dd, J= 5.2, 0.8 Hz,
1H), 7.21 (d, J=8.0 Hz, 1H), 7.59 (d, J=7.6 Hz, 1H), 6.36 (t,J = 5.6 Hz, 1H), 4.67 (d, J=5.6
Hz, 2H), 2.67 (s, 3H), 1.45 (s, 9H).

Synthesis of 2-(tert-butyl)-N-((6-methyl-2'-((1-methyl-1H-pyrazol-4-yl)amino)-[2,4'-bipyridin]-
S-yl)methyl)thiazole-5-carboxamide

H H
N P =N N g
L/N\ (2.0eq)
| X

o) H,N X ©

N~ Pd,(dbay); (0.05 eq), S-phos (0.1 eq) N~
Cs,C0O4 (2.0 eq), dioxane, 120°C, 12 h

A A =N,
| 7 | _ /L/N\
N N” °N

Cl
H

[0365] Synthesis of 2-(tert-butyl)-N-((6-methyl-2'-((1-methyl-1H-pyrazol-4-yl)amino)-
[2,4'-bipyridin]-5-yl)methyl)thiazole-5-carboxamide was similar to that of 4-(4-(aminomethyl)-
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3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine. The mixture was purified by
prep-HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NHj in water, B: CH3;CN) to give 2-
(tert-butyl)-N-((6-methyl-2'-((1-methyl-1H-pyrazol-4-yl)amino)-[ 2,4'-bipyridin]-5-
yl)methyl)thiazole-5-carboxamide (20 mg, yield: 22%) as a brown solid. ESI-MS (M+H) "
462.1. "H NMR (400 MHz, CDCl3) ¢: 8.20 (d, J = 6.4 Hz, 1H), 8.10 (s, 1H), 7.67 (s, 1H), 7.69
(d, /= 0.8 Hz, 1H), 7.45-7.43 (m, 2H), 7.16 (dd, /= 5.2, 0.8 Hz, 1H), 7.13 (s, 1H), 6.78 (t,J =
5.6 Hz, 1H), 6.38 (s, 1H), 4.60 (d, /= 5.6 Hz, 2H), 3.87 (s, 3H), 2.59 (s, 3H), 1.45 (s, 9H).

Example 102: 2-(tert-butyl)-N-((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)pyridin-3-yl)methyl)thiazole-5-carboxamide (I-103)

Y

o)

1-103

Synthesis of 1-(1-methyl-1H-pyrazol-4-yl)guanidine

=N NH, =N
\ i o 2 ‘N ® NHCI
L/N\ NCNH; (1.3 eq), con.HCI, dioxane, 100 °C, 12 h A\ L)\l\

HN H

H>N

[0366] To a solution of 1-methyl-1H-pyrazol-4-amine (500 mg, 5 mmol, 1.0 equiv) in
dioxane (10 mL) was added NCNH, (273 g, 6.5 mmol, 1.3 equiv) and conc. HCI (1 mL). The
reaction was stirred at 100 °C for 12 h. The solvent was removed under reduced pressure. The
residue was recrystallized from the co-solvent of MeOH and Et,0. 1-(1-methyl-1H-pyrazol-4-
yl)guanidine (600 mg, yield: 55%) was obtained as a yellow solid. ESI-MS (M+H)": 140.1. 'H
NMR (400 MHz, CD;0D) ¢: 7.78 (s, 1H), 7.48 (s, 1H), 3.91 (s, 3H).

Synthesis of tert-butyl ((6-bromo-2-methylpyridin-3-yl)methyl)carbamate
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NH, NHBoc
o Boc,O (1.5 eq), TEA (3.0 eq)
7 At DCM, rt, 12 h o N
N~ N~z
Br Br
[0367] To a mixture of 1-(1-methyl-1H-pyrazol-4-yl)guanidine (709 mg, 3 mmol, 1.0

equiv) in DCM (10 mL) and TEA (909 mg, 9.0 mmol, 3.0 equiv) was added Boc,0O (981 mg, 4.5
mmol, 1.5 equiv). The mixture was stirred at room temperature for 12 h. After concentrated, the
residue was purified by silica gel column (petroleum ether/EtOAc =8 : 1) to give tert-butyl ((6-
bromo-2-methylpyridin-3-yl)methyl)carbamate (728 mg, yield: 82%) as a white solid. ESI-MS
(M+H)": 301.2. "H NMR (400 MHz, CDCl3) §: 7.41 (d, J = 8.0 Hz, 1H), 7.30 (d, /= 8.0 Hz,
1H), 4.26 (d, J= 5.6 Hz, 2H), 2.52 (s, 3H), 1.45 (s, 9H).

Synthesis of tert-butyl ((6-acetyl-2-methylpyridin-3-yl)methyl)carbamate

WS”BU:S
(2.0 eq)
NHBoc NHBoc

1) Pd(PPh3)4 (0. 05 eq), toluene | AN

P sealed, 100°C, 2 h |
Ne 5 _ > =
) HCI/THF, rt, 5 min
Br O
[0368] To a mixture of tert-butyl ((6-bromo-2-methylpyridin-3-yl)methyl)carbamate

(1.49 g, 5 mmol, 1.0 equiv) and tributyl(1-ethoxyvinyl)stannane (2.7 g, 7.5 mmol, 2.0 equiv) in
toluene (20 ml), Pd(PPhs)4 (288 mg, 0.25 mmol, 0.05 equiv) was added quickly under N,. The
mixture was stirred at 120 °C for 2 h. After cooling down, the mixture was concentrated and
purified by silica gel column (petroleum ether/EtOAc =4 : 1) to give the intermediate, which
was dissolved in 5 mL THF and followed by addition of a solution of HC1 (0.6 N, 1 mL, 6 mmol,
1.2 equiv). After stirred at rt for 5 m and basified to pH = 8 with sat. sodium bicarbonate, the
mixture was extracted with EA (100 mL), washed with water (50 mL), brine (50 mL) and the
organic layer was dried over Na;SQy, filtered then concentrated to give tert-butyl ((6-acetyl-2-
methylpyridin-3-yl)methyl)carbamate (550 mg, yield: 42%) as a yellow solid. ESI-MS (M+H) ":
265.0. '"H NMR (400 MHz, CDCls) d: 7.85 (d, J = 7.2 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 4.93
(br, 1H), 4.36 (d, J = 5.6 Hz, 2H), 2.70 (s, 3H), 2.59 (s, 3H), 1.46 (s, 9H).
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Synthesis of (E)-tert-butyl ((6-(3-(dimethylamino)acryloyl)-2-methylpyridin-3-

yh)methyl)carbamate
NHBoc —0 / NHBoc
>N
X —0 X
| |
N~ N
110°C, 12 h
0 07N N7
|
[0369] A solution of tert-butyl ((6-acetyl-2-methylpyridin-3-yl)methyl)carbamate (550

mg, 2.1 mmol, 1.0 equiv) in DMF-DMA (5 mL) was stirred at 110 °C for 12 h. After evaporation
of the solvent, the residue was purified by silica gel column (DCM : MeOH = 20 : 1) to give (E)-
tert-butyl ((6-(3-(dimethylamino)acryloyl)-2-methylpyridin-3-yl)methyl)carbamate (600 mg,
yield: 90%) as a yellow oil. ESI-MS (M+H) : 320.2. '"H NMR (400 MHz, CDCls) 8:7.94 (d, J =
8.0 Hz, 1H), 7.90-7.86 (m, 1H), 7.62 (d, /= 8.0 Hz, 1H), 6.47 (d, J = 12.0 Hz, 1H), 4.85 (br,
1H), 4.36 (d, J= 5.2 Hz, 2H), 3.16 (s, 3H), 2.99 (s, 3H), 2.59 (s, 3H), 1.46 (s, 9H).

Synthesis of tert-butyl ((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhpyridin-3-yl)methyl)carbamate

NH, =N NHBoc
NHBoc )\ /L/N\. nHCI
HNZN

N (2.0 eq) |

K,COj3 (3.0 eq), EtOH, 80 °C, 12 h

[0370] A solution of (E)-tert-butyl ((6-(3-(dimethylamino)acryloyl)-2-methylpyridin-3-
yl)methyl)carbamate (300 mg, 0.95 mmol, 1.0 equiv) in EtOH (10 mL) was treated with 1-(1-
methyl-1H-pyrazol-4-yl)guanidine (400 mg, 1.89 mmol, 2.0 equiv) and K,CO; (393 g, 2.85
mmol, 3.0 equiv). The reaction was stirred at 80 °C for 12 h. After cooling down, the crude
product was purified by prep-HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NH; in water,
B: CH3CN) to give tert-butyl ((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)pyridin-3-yl)methyl)carbamate (120 mg, yield: 32%) as a yellow solid. ESI-MS (M+H) ":
396.1. '"H NMR (400 MHz, CDCls) : 8.50 (d, J= 5.2 Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H), 7.86 (s,
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1H), 7.72-7.68 (m, 2H), 7.57 (s, 1H), 6.91 (s, 1H), 4.85 (br, 1H), 4.38 (d, /= 5.2 Hz, 2H), 3.92
(s, 3H), 2.62 (s, 3H), 1.47 (s, 9H).

Synthesis of 2-(tert-butyl)-N-((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhpyridin-3-yl)methyl)thiazole-5-carboxamide

N
\
NHBoc HY[SW
N ©

| N 1) TFA/DCM, rt, 1 h

Nz > N~
2) HATU (1.2 eq), DIPEA (4.0 eq)

- -+ -
A K 0 %S s

N
H O (1.0eq)

[0371] Synthesis of 2-(tert-butyl)-N-((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)pyridin-3-yl)methyl)thiazole-5-carboxamide was similar to that of
Example 1. The mixture was purified by prep-HPLC (Gradient: 5% B increase to 95% B, A:
0.5% NH3 in water, B: CH3CN) to give 2-(tert-butyl)-N-((2-methyl-6-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)pyridin-3-yl)methyl)thiazole-5-carboxamide (35 mg, yield: 54%) as a
yellow solid. ESI-MS (M+H)":463.1. '"H NMR (400 MHz, CD;0D) 6: 8.49 (d, J = 5.2 Hz, 1H),
8.25-8.23 (m, 2H), 7.99 (s, 1H), 7.83 (d, J= 8.0 Hz, 1H), 7.66 (d, /= 5.2 Hz, 1H), 7.62 (s, 1H),
4.64 (s, 2H), 3.89 (s, 3H), 2.67 (s, 3H), 1.47 (s, 9H).

Example 103: N-((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-
3-y)methyl)-6,7-dihydro-4H-thieno[3,2-c|pyran-2-carboxamide (I-104)
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1-104

[0372] Synthesis of N-((2-methyl-6-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)pyridin-3-yl)methyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to that of
Example 102 starting from 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid. The mixture
was stirred at room temperature for 12 h. The mixture was purified by prep-HPLC (Gradient: 5%
B increase to 95% B, A: 0.5% NHj in water, B: CH3;CN) to give N-((2-methyl-6-(2-((1-methyl-
1H-pyrazol-4-yl)amino)pyrimidin-4-yl)pyridin-3-yl)methyl)-6,7-dihydro-4H-thieno[ 3,2-c]pyran-
2-carboxamide (20 mg, yicld: 29%) as a yellow solid. ESI-MS (M+H)":462.1. "H NMR (400
MHz, CDCls) 6: 8.51 (d,/J=5.2 Hz, 1H), 8.16 (d, /= 7.6 Hz, 1H), 7.85 (s, 1H), 7.72-7.70 (m,
2H), 7.55 (s, 1H), 7.22 (s, 1H), 6.95 (s, 1H), 6.21 (t,J = 5.6 Hz, 1H), 4.67-4.66 (m, 4H), 3.98 (t,
J=5.6 Hz, 2H), 3.91(s, 3H), 2.90 (t, J = 5.6 Hz, 2H), 2.66 (s, 3H).

Example 104: N-(1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

y)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide (I-105)
O

ZT
4

I-105
Preparation of tert-butyl (1-(4-(2-chloropyrimidin-4-yl)-2-methylphenyl)ethyl)carbamate
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WO 2015/089337
[ BocHN__ _CH3;
BocHN CH;
&N
(1.2 eq)
N/)\CI
Pd(dppf)Cl, (0.1 eq),
o5% 2M aq. K,COs (3.0 eq) 7N
1,4-dioxane, 90 °C, 2 h \N)\CI
[0373] Synthesis of tert-butyl (1-(4-(2-chloropyrimidin-4-yl)-2-

methylphenyl)ethyl)carbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The crude was purified by silica gel column chromatography
(petroleum ether/EtOAc = 1/4) to give product tert-butyl (1-(4-(2-chloropyrimidin-4-yl)-2-
methylphenyl)ethyl)carbamate as green oil (460 mg, yield: 60%). ESI-MS (M+H) ": 347.9.
Preparation of tert-butyl (1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhphenyl)ethyl)carbamate

BocHN.__CHj _N BocHN___CHj;
\N_
S
H2N (1.0 eq)
Pd,(dba); (0.1 eq), X-Phos (0.2 eq)
= {v Cs,CO;5 (3.0 eq), Z N =N
N 1,4-dioxane, 120°C, 2 h L /E/N\
N Cl N H
[0374] Synthesis of tert-butyl (1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)phenyl)ethyl)carbamate was similar to that of tert-butyl 2-methyl-4-(2-
((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The crude was purified by
silica gel column chromatography (petroleum ether/EtOAc = 4/1 to 1/2) to give product tert-
butyl (1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)phenyl)ethyl)carbamate as green oil (165 mg, yield: 30%). ESI-MS (M+H) ": 408.9.
Preparation of N-(1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c[pyran-2-carboxamide
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0
H 1 N\
NHB
oc N s
S (1.0eq)
= )'N\ EN 1) TFA/DCM, rt, 1 h } Z N =N
~ — 2) HATU (1.2 eq), DIPEA (2.0 eq) | LN\
NN DMF, rt, 16 h \NJ\N =
H H
[0375] Synthesis of N-(1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to that of
Example 1. The crude was purified by prep-HPLC (CH3CN/H;O with 0.01% ammonia as
mobile phase) to give product N-(1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide as a
white solid (77 mg, yield: 81%). ESI-MS (M+H) ": 475.0. HPLC: (214 nm: 93%, 254 nm: 94%)).
'H NMR (400 MHz, CD;0D) ¢: 8.34 (d, J = 4.8 Hz, 1H), 7.94-7.89 (m, 3H), 7.63 (s, 1H), 7.50
(d,J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.13 (d, J = 5.2 Hz, 1H), 5.40-5.37 (m, 1H), 4.64 (s, 2H), 3.93
(t,J = 5.6 Hz, 2H), 3.86 (s, 3H), 2.84 (t,J = 5.6 Hz, 2H), 2.49 (s, 3H), 1.53 (d, J = 6.8 Hz, 3H).

Example 105: 2-(tert-butyl)-N-(1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide (I-106)

1-106
[0376] Synthesis of 2-(tert-butyl)-N-(1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide was similar to that of Example 1.
ESI-MS (M+H) ": 476.0. '"H NMR (400 MHz, CD:0D) ¢: 8.32 (d, / = 5.2 Hz, 1H), 8.28 (s, 1H),
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7.93-7.88 (m, 3H), 7.62 (s, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 5.2 Hz, 1H), 5.39-5.37 (m,
1H), 3.85 (s, 3H), 2.48 (s, 3H), 1.53 (d, J = 7.2 Hz, 3H), 1.42 (s, 9H).

Example 106: N-(1-(4-(2-aminopyrimidin-4-yl)-2-methylphenyl)ethyl)-2-
(trifluoromethyl)thiazole-5-carboxamide (I-107)

N F
N P =
NH; N F
HO# D—CFs \H/ES F
S o

0
(1.0 eq)

HATU (2.0 eq), DIPEA (3.0 eq)
| SN DMF, rt, 4 h | SN
P PN

N” NH;, N” NH,

1-107
[0377] Synthesis of N-(1-(4-(2-aminopyrimidin-4-yl)-2-methylphenyl)ethyl)-2-
(trifluoromethyl)thiazole-5-carboxamide was similar to that of Example 1. The crude product
was purified by prep-HPLC (CH3CN/H,O with 0.05% NH;3.H,O as mobile phase) to give N-(1-
(4-(2-aminopyrimidin-4-yl)-2-methylphenyl)ethyl)-2-(trifluoromethyl)thiazole-5-carboxamide as
a white solid (20 mg, yield: 57%). ESI-MS (M+H) ": 408.0. HPLC: (214 nm: 96%, 254 nm:
100%). 'H NMR (400 MHz, CD;0D) J: 8.46 (s, 1H), 8.15 (d, J = 5.2 Hz, 1H), 7.79-7.78 (m,
2H), 7.47 (d, J = 8.8 Hz, 1H), 7.47 (d, J = 5.2 Hz, 1H), 5.36-5.31 (m, 1H), 2.41 (s, 3H), 1.48 (d,
J=7.2Hz, 3H).

Example 107: 2-(tert-butyl)-N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide (I-108)

224



WO 2015/089337 PCT/US2014/069853

N
H ’H‘
o s
O

~Z\| /N\
NS NS
L,

1-108
Preparation of 2-(tert-butyl)-N-(2-((tert-butyldimethylsilyl)oxy)-1-(2-methyl-4-(2-((1-methyl-
1H-pyrazol-4-yl)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide

N 7 N
HY[ L i \>7L
=N\ N
TBSO S I J;/N\ TBSO S
O
N H e}

(1.0 eq)

B Pd,(dba); (0.1 eq), X-Phos (0.2 eq)
P Cs,CO5 (3.0 eq), Z N /ET\N\
A\_[L 1,4-dioxane, 120°C, 2 h \NJ\N ~
H
[0378] Synthesis of 2-(tert-butyl)-N-(2-((tert-butyldimethylsilyl)oxy)-1-(2-methyl-4-(2-

((I-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide was
similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude was
purified by silica gel column chromatography (EtOAc/petroleum ether = 1/2 to 2/1) to give
product 2-(tert-butyl)-N-(2-((tert-butyldimethylsilyl)oxy)-1-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide as a yellow solid (64
mg, yield: 50%). ESI-MS (M+H) ": 606.2.

Preparation of 2-(tert-butyl)-N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide
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N N
4] >7L 4] \>7L
N N
TBSO S HO S
O O

HCI-MeOH
rt,1h
Z N =N Z N =N
| D | D
\NJ\N = SN
H H
[0379] A mixture of 2-(tert-butyl)-N-(2-((tert-butyldimethylsilyl)oxy)-1-(2-methyl-4-(2-

((I-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide (64 mg,
0.10 mmol) in HC1 (3M solution in methanol) was stirred at room temperature for 1 h. Then the
solution was concentrated and the residue was purified by prep-HPLC (CH3;CN/water as mobile
phase) to give product 2-(tert-butyl)-N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)phenyl)ethyl)thiazole-5-carboxamide as a yellow solid (27 mg, yield:
55%). ESI-MS (M+H) *: 492.0. HPLC: (214 nm: 97%, 254 nm: 97%). 'H NMR (400 MHz,
CD;0D) ¢: 8.37 (d, J = 5.6 Hz, 1H), 8.33 (s, 1H), 7.94-7.93 (m, 3H), 7.64 (s, 1H), 7.51 (d, J =
8.0 Hz, 1H), 7.16 (d, J = 5.6 Hz, 1H), 5.47-5.44 (m, 1H), 3.88 (s, 3H), 3.86-3.83 (m, 2H), 2.57
(s, 3H), 1.45 (s, 9H).

Example 108: N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c|pyran-2-carboxamide (I-109)
O
1N
HO S

ZT

Z >N =N
S

1-109
[0380] Synthesis of N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was
similar to that of Example 107, except 6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid was
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substituted for 2-(tert-butyl)thiazole-5-carboxylic acid. The crude was purified by prep-HPLC
(CH;CN/water as mobile phase) to give product N-(2-hydroxy-1-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)phenyl)ethyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-
carboxamide as a yellow solid (40 mg, yield: 51%). ESI-MS (M+H) ": 491.0. HPLC: (214 nm:
98%, 254 nm: 98%). '"H NMR (400 MHz, CD:0D) ¢: 8.38 (d, J = 5.2 Hz, 1H), 7.96-7.93 (m,
3H), 7.64 (s, 1H), 7.52 (d,J = 7.6 Hz, 1H), 7.49 (s, 1H), 7.19 (d, J = 5.2 Hz, 1H), 5.44 (t,J = 6.8
Hz, 1H), 4.69 (s, 2H), 3.96 (t, J = 5.6 Hz, 2H), 3.89 (s, 3H), 3.84 (d, / = 6.8 Hz, 2H), 2.88 (t,J =
5.6 Hz, 2H), 2.58 (s, 3H).

Scheme 11
BocHN
=N,
X NHBoc L/N~ (2.0 eq)
H,N
AT (1.0 eq) _
| AT
kN/ o Pd(dppCly (01 eq), KGO, (3.0 ea) L Pd.(dba)s (0.1 eq), S-phos (0.2 eq)

o H o}
dioxane, H,0, sealed tube, 100 °C, 12 h NN Cs,C0O;3 (2.0 eq), dioxane, sealed tube, 120 °C, 12 h

1) TFAADCM, rt, 1 h

N
NHBoc H l >\é
S
0

Y

2) HATU (1.2 eq), DIPEA (4.0 eq)
DMF, rt, 12 h

AT =N,
L - L/N‘ >—¢> Ay =N
N L -
N
H

N
(1.0 eq)

Example 109: N-(4-(2-amino-5-fluoropyrimidin-4-yl)-2-methylbenzyl)-2-(tert-
butyl)thiazole-5-carboxamide (I-110)
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1.2 eq)

I
N F N
o S \NJ\NHZ ( S

Pd(dppf)Cl, (0.1 eq), K;CO3 (2.0 eq)
dioxane/H,O (10/1), 100 °C, 16 h

B
7N — N
o O
NN
aee
I-110
[0381] Synthesis of N-(4-(2-amino-5-fluoropyrimidin-4-yl)-2-methylbenzyl)-2-(tert-

butyl)thiazole-5-carboxamide was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate, starting from 4-chloro-5-fluoropyrimidin-2-amine. Purified through
silica gel column chromatography with (MeOH/DCM=1/20) to give N-(4-(2-amino-5-
fluoropyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (45 mg, yield: 59%)
as a white solid. ESI-MS (M+H) ": 400.1. HPLC: (214 nm: 98.20%, 254 nm: 97.80%). '"H NMR
(400 MHz, CD;0D) 6: 8.24 (s, 1H), 8.23 (d, /= 4.0 Hz, 1H), 7.88 (s, 1H), 7.85 (d, J = 8.4 Hz,
1H), 7.42 (d, J= 8.0 Hz, 1H), 4.61 (s, 2H), 2.45 (s, 3H), 1.46 (s, 9H).

Example 110: 2-(tert-butyl)-N-(4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-111)

N
H [ \
NYESﬁL
(@)

I-111

Synthesis of tert-butyl 4-(2-chloro-5-fluoropyrimidin-4-yl)-2-methylbenzylcarbamate
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Cl
NHBoc F\ﬁQN
| (2.0 eq)
N/)\CI
Pd(dppf)Cl, (0.1 eq), NaHCO; (3.0 eq)
B.
Q" 0

dioxane, H,0, 80 °C, 6 h

[0382] To a mixture of tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzylcarbamate (220 mg, 0.63 mmol, 1.0 equiv) and 2, 4-dichloro-5-fluoropyrimidine (209
mg, 1.26 mmol, 2.0 equiv) in dioxane (5 ml) and H,O (0.5 mL), NaHCO; (159 mg, 1.89 mmol,
3.0 equiv), Pd(dppf)Cl,.DCM (46 mg, 0.06 mmol, 0.1 equiv) were added quickly under N,. The
mixture was stirred at 80 °C for 6 h. After cooling down and diluted with water (20 mL), the
mixture was extracted with EtOAc (80 mL x 2). The organic phase was concentrated and
purified by silica gel column (petroleum ether/EtOAc =4 : 1) to give tert-butyl 4-(2-chloro-5-
fluoropyrimidin-4-yl)-2-methylbenzylcarbamate (180 mg, yield: 71%) as a white solid. ESI-MS
(M+H) "1 352.0. "H NMR (400 MHz, CDCl;) 0: 8.49 (d, J = 3.2 Hz, 1H), 7.95-7.93 (m, 2H),
7.40 (d,/=8.4 Hz, 1H), 4.81 (br, 1H), 4.38 (d, /= 4.8 Hz, 2H), 2.41 (s, 3H), 1.47 (s, 9H).

Synthesis of tert-butyl 4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzylcarbamate

NHBoc NHBoc

N\
Ho N (2.0 eq)

Pd,(dba); (0.1 eq), S-phos (0.2 eq)
N Cs,CO; (3.0 eq), dioxane, sealed tube, 120 °C, 12 h F <N —N
L

N

Py

[0383] Synthesis of tert-butyl 4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzylcarbamate was similar to that of tert-butyl 2-methyl-4-
(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate, starting from 1-methyl-
1H-pyrazol-4-amine. The mixture was purified by silica gel column (DCM : MeOH =40 : 1) to
give tert-butyl 4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
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methylbenzylcarbamate (200 mg, yield: 94%) as a yellow solid. ESI-MS (M+H) : 413.1. 'H
NMR (400 MHz, CDCly) ¢: 8.29 (d, J=3.2 Hz, 1H), 7.91-7.87 (m, 2H), 7.82 (s, 1H), 7.52 (s,
1H), 7.39-7.37 (m, 1H), 6.88 (s, 1H), 4.83-4.76 (m, 1H), 4.38 (d, /= 4.8 Hz, 2H), 3.90 (s, 3H),
2.41 (s, 3H), 1.47 (s, 9H).

Synthesis of 2-(tert-butyl)-N-(4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2-methylbenzyl)thiazole-5-carboxamide

N
Ho] H\
NHBoc s
O

1) TFA/DCM, rt, 1 h

-
2) HATU (1.2 eq), DIPEA (4.0 eq)

DMF, rt, 12 h N
~N =N HO S N =N
N S < N

| |
N/)\ N (1.0 eq) N/)\N
H H
[0384] Synthesis of 2-(tert-butyl)-N-(4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide was similar to that of
Example 1. The mixture was purified by prep-HPLC (Gradient: 5% B increase to 95% B, A:
0.5% NH3 in water, B: CH3CN) to give 2-(tert-butyl)-N-(4-(5-fluoro-2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (38 mg, yield: 45%) as a
yellow solid. ESI-MS (M+H)": 480.0. "H NMR (400 MHz, CDCl5) J: 8.30 (d, /= 2.8 Hz, 1H),
8.06 (s, 1H), 7.90-7.87 (m, 2H), 7.81 (s, 1H), 7.48 (s, 1H), 7.41 (d, /= 8.0 Hz, 1H), 6.94 (s, 1H),
6.18 (t,/=5.6 Hz, 1H), 4.67 (d, J = 5.6 Hz, 2H), 3.89 (s, 3H), 2.45 (s, 3H), 1.45 (s, 9H).

Example 111: 2-(tert-butyl)-N-(2-methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-112)
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N
]
0

I-112

Synthesis of tert-butyl 4-(2-chloro-5-methylpyrimidin-4-yl)-2-methylbenzylcarbamate
NHBoc NHBoc

\é \g\)\ (0.9 eq) R

Pd(dppf)Cl» (0.05 eq), KoCO3 (2.0 eq)
dioxane/H,0 (5/1), 100 °C, 2 h - )\
N

[0385] Synthesis of tert-butyl 4-(2-chloro-5-methylpyrimidin-4-yl)-2-
methylbenzylcarbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate, starting from 2,4-dichloro-5-methylpyrimidine. Purified through silica
gel column chromatography with (petroleum ether/EtOAc =6/1) to give tert-butyl 4-(2-chloro-5-
methylpyrimidin-4-yl)-2-methylbenzylcarbamate (200 mg, yield: 44%) as a white solid. ESI-MS
(M+H) ": 348.2.

Synthesis of tert-butyl 2-methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)benzylcarbamate
NHBoc /N\ NHBoc
A
2 (1 eq) -
S-phose (0.2 eq), Pdy(dba); (0.1 eq)
Z N NaOtBu(3.0 eq), dioxane, MW, 100 °C, 1 h Z N /N\
| I A
\N)\CI \N)\N =
H
[0386] Synthesis of tert-butyl 2-methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzylcarbamate was similar to that of tert-butyl 2-methyl-4-(2-((1-
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methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate, starting from 1-methyl-1H-
pyrazol-4-amine. Purified through silica gel column chromatography with (petroleum
cther/EtOAc =1/1) to give tert-butyl 2-methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzylcarbamate (230 mg, yield: 78%) as a yellow solid. ESI-MS
(M+H) "1 409.1. "H NMR (400 MHz, DMSO-dj) 6: 9.30 (s, 1H), 8.31 (s, 1H), 7.83 (s, 1H), 7.47-
7.45 (m, 3H), 7.38 (t, /= 6.0 Hz, 1H), 7.30 (d, /= 7.2 Hz, 1H), 4.18 (d, /= 5.6 Hz, 2H), 3.77 (s,
3H), 2.33 (s, 3H), 2.18 (s, 3H), 1.41 (s, 9H).

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

N
Hoo TN
NHBoc N S
0]
1) TFA/DCM (1/1), rt, 1 h
Zan N 2) 2-(tert-butyl)thiazole N N
J\ E/\N\ -5-carboxylic acid(1.1 eq), | )\ E/\N\
AR N HATU (1.1 eq), DIPEA (3 eq), NE SN
H DMF, rt, 3 h H
[0387] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 1.
Purified through silica gel column chromatography with (petroleum ether/EtOAc =2/1) to give 2-
(tert-butyl)-N-(2-methyl-4-(5-methyl-2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (60 mg, yield: 52%) as a yellow solid. ESI-MS (M+H) ":
476.1. HPLC: (214 nm: 97.05%, 254 nm: 97.87%). 'H NMR (400 MHz, CD;0D) &: 8.27 (s,
1H), 8.24 (s, 1H), 7.90 (s, 1H), 7.57 (s, 1H), 7.49-7.46 (m, 2H), 7.43 (d, J= 7.6 Hz, 1H), 4.63 (s,
2H), 3.84 (s, 3H), 2.46 (s, 3H), 2.22 (s, 3H), 1.46 (s, 9H).

Example 112: N-((5-(2-aminopyrimidin-4-yl)-3-fluoropyridin-2-yl)methyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (I-113)
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I-113

Synthesis of N-((5-bromo-3-fluoropyridin-2-yl)methyl)-4,5,6,7-tetrahydrobenzo[bJthiophene-2-

carboxamide
HCI I\ Ho 77N
NH, HO N N
S (1.0eq)
NNV o FuSy ©
| HBTU (1.2 eq), DIPEA (2.0 eq) |
= > s
DMF, rt, 2 h

Br Br

[0388] To a solution of (5-bromo-3-fluoropyridin-2-yl)methanamine (480 mg, 2 mmol)

in DMF (10 mL) were added 4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxylic acid (364 mg, 2
mmol), HBTU (909 mg, 2.4 mmol) and TEA (606 mg, 6 mmol). The mixture was stirred at rt for
16 h. After diluted with EtOAc (180 mL), the mixture was washed with HO (60 mL x 2) and
brine (60 mL), dried (Na,SO,), filtered and concentrated. The residue was purified by silica gel
column chromatography (petroleum ether/EtOAc = 2:1) to give N-((5-bromo-3-fluoropyridin-2-
yl)methyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide as a white solid (496 mg, yield:
77%). ESI-MS (M+H)": 369.0. '"H NMR (400 MHz, DMSO-d;) J: 8.85 (t,J = 5.6 Hz, 1H), 8.54
(s, 1H), 8.16 (dd, /=9.6, 1.6 Hz, 1H), 7.47 (s, 1H), 4.52 (d, /= 4.8 Hz, 2H), 2.71 (t, /= 5.6 Hz,
2H), 2.55 (t, /= 5.6 Hz, 2H), 1.76-1.70 (m, 4H).

Synthesis of (5-fluoro-6-((4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamido)methyl)pyridin-3-yl)boronic acid
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(o} pﬁ
S B-B S
H \ S H \
N SN Y O N =
(1.2 eq)
o)

NZNY > R Ay ©
| KOAc (2.0 eq), Pd(dppf)Cl, DCM (0.1 eq) |
Z dry dioxane, 90°C, 2 h =
Br B,
HO" OH
[0389] To a solution of N-((5-bromo-3-fluoropyridin-2-yl)methyl)-4,5,6,7-

tetrahydrobenzo[b]thiophene-2-carboxamide (147 mg, 0.4 mmol) in dry dioxane (5 mL,) were
added 4,4,4',4',5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (116 mg, 0.48 mmol), KOAc (78
mg, 0.8 mmol) and Pd(dppf)CLLDCM (33 mg, 0.04 mmol) under nitrogen. The mixture was
stirred at 90 °C for 2 h. After cooling down to rt, the mixture was filtered through Celite pad and
the filtrate was purified by prep-HPLC (CH3CN/H,0 with 0.05% TFA as mobile phase) to give
compound (5-fluoro-6-((4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamido)methyl)pyridin-3-
yl)boronic acid (115 mg, yield: 86%) as light yellow solid ESI-MS (M+H)": 335.1. '"H NMR
(400 MHz, DMSO-dps) o: 8.83 (t,J = 5.6 Hz, 1H), 8.64 (s, 1H), 7.84 (d, /= 10.4 Hz, 1H), 7.60 (s,
1H), 4.57 (d, J= 5.2 Hz, 2H), 2.71 (t,J = 5.6 Hz, 2H), 2.55 (t, /= 5.6 Hz, 2H), 1.76-1.72 (m,
4H).

Synthesis of N-((5-(2-aminopyrimidin-4-yl)-3-fluoropyridin-2-yl)methyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide

Br
~N
S
H \ |
N A~ N/)\NHZ
F | sy © (1.1 eq) F
= Pd(dppf)Cl, DCM (0.1 eq), K,CO3 (2.0 eq)
B dioxane/H,0 (4: 1), 90 °C, 2 h
HO” ~OH
[0390] Synthesis of N-((5-(2-aminopyrimidin-4-yl)-3-fluoropyridin-2-yl)methyl)-4,5,6,7-

tetrahydrobenzo[b]thiophene-2-carboxamide was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude product was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH3.H,O as mobile phase) to give compound N-((5-(2-
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aminopyrimidin-4-yl)-3-fluoropyridin-2-yl)methyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamide (23 mg, yield: 12%) as light yellow solid. ESI-MS (M+H)": 384.2. HPLC: (214
nm: 95.06%, 254 nm: 99.27%). 'H NMR (400 MHz, DMSO-dy) J: 9.05 (s, 1H), 8.89 (t, /= 4.8
Hz, 1H), 8.37 (d, /= 4.8 Hz, 1H), 8.26-8.23 (m, 1H), 7.50 (s, 1H), 7.25 (d, /= 4.8 Hz, 1H), 6.84
(s, 2H), 4.62 (d, /= 5.2 Hz, 2H), 2.72 (t, /= 5.6 Hz, 2H), 2.57 (t, J= 5.6 Hz, 2H), 1.78-1.72 (m,
4H).

Example 113: 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyridazin-
4-yl)benzyl)thiazole-5-carboxamide (I-114)

I-114

Synthesis of 2-(tert-butyl)-N-(4-(6-hydroxypyridazin-4-yl)-2-methylbenzyl)thiazole-5-

carboxamide

0 5-chloropyridazin-3-ol (1.0 eq)
K,CO3 (3.0 eq), Pd(dppf)CI, (0.05 eq)

B Dioxane/H,O (10:1), 100 °C, 2 h

[0391] Synthesis of 2-(tert-butyl)-N-(4-(6-hydroxypyridazin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide was similar to that of tert-butyl 4-(2-chloropyrimidin-4-
yl)-2-methylbenzylcarbamate, starting from 5-chloropyridazin-3-ol. The residue was purified by
prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give compound 2-(tert-
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butyl)-N-(4-(6-hydroxypyridazin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (200 mg, yield:
87%) as a white solid. ESI-MS (M+H)": 383.2.

Synthesis of 2-(tert-butyl)-N-(4-(6-chloropyridazin-4-yl)-2-methylbenzyl)thiazole-5-

N N
H | N H [ N
e L
o) o)

carboxamide

POCI3, 80 °C, 1 h

[0392] A mixture of 2-(tert-butyl)-N-(4-(6-chloropyridazin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (200 mg, 0.52 mmol) in POCl; (10 mL) was stirred at 80
°C for 1 h. The mixture was evaporated and the residue was purified by pre-TLC (petroleum
ether/EtOAc =1:1) to give 2-(tert-butyl)-N-(4-(6-chloropyridazin-4-yl)-2-methylbenzyl)thiazole-
5-carboxamide (90 mg, yield: 43%) as a white solid. ESI-MS (M+H)": 401.1.

Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-4-yl)amino)pyridazin-4-

L O
0O

yhbenzylthiazole-5-carboxamide

N
H H\
S
o .
1-methyl-pyrozole-4-amine (1.1 eq), Pdy(dba); (0.05 eq)
S-Phos (0.1 eq), -BuONa (3.0 eq)

> /
1,4-dioxane, 110°C, 2 h N
' ' ’ | N
N7l N NL
H
[0393] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-1H-pyrazol-4-

yl)amino)pyridazin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of tert-butyl 2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate, starting from
I-methyl-1H-pyrazol-4-amine. The residue was purified by prep-HPLC (CH3;CN/H,O with
0.05% NH3.H,O as mobile phase) to give compound 2-(tert-butyl)-N-(2-methyl-4-(6-((1-methyl-
1H-pyrazol-4-yl)amino)pyridazin-4-yl)benzyl)thiazole-5-carboxamide (7 mg, yield: 7%) as a
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yellow solid. ESI-MS (M+H)": 462.2. '"HNMR (400 MHz, CD;0OD) 6:8.72 (d, J = 2.0 Hz, 1H),
8.13 (s, 1H), 7.96 (s, 1H), 7.47-7.45 (m, 3H), 7.34 (d, J = 7.6 Hz, 1H), 7.06 (d, J= 2.0 Hz, 1H),
451 (s, 2H), 3.79 (s, 3H), 2.37 (s, 3H), 1.36 (s, 9H).

Example 114: N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)-6,7-dihydro-4H-thieno|[3,2-c|pyran-2-carboxamide (I-115)

o)

ZT

I-115

Synthesis of tert-butyl 4-bromo-2-(trifluoromethyl)benzylcarbamate

CN 1) BHy/THF (1M, 3 eq) NHBoc
FsC THF, 0°C-80°C, 16 h o FsC
2) Bocy,O (1.1 eq), TEA (3 eq)
DCM, rt, 2 h
Br Br
[0394] To a solution of 4-bromo-2-(trifluoromethyl)benzonitrile (2.5 g, 10 mmol) in THF

(10 mL) in an ice/water bath was added BH3/THF (1M, 30 mL, 30 mmol, 3 equiv) slowly under
nitrogen. After addition, the mixture was heated to 80 °C for 16 h. The mixture was cooled to rt
and quenched with methanol, acidized with a solution of HCI (conc.) in EA. The formed
precipitate was collected through filtering to give a white solid. The solid was dissolved in DCM
(20 mL) followed by addition of Boc,0O (2.38 g, 11 mmol) and TEA (3.03 g, 30 mmol, 3 equiv).
The mixture was stirred at rt for 2 h. The solvent was diluted with DCM (80 mL), washed with
brine (20 mL x 2). The organic layer was dried, concentrated. The crude was purified through
silica gel column chromatography (EtOAc/petroleum ether =1/10) to give tert-butyl 4-bromo-2-
(trifluoromethyl)benzylcarbamate as a white solid (1.76 g, yield: 50%). ESI-MS (M+H-56) '
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298.0. "H NMR (400 MHz, CDCls) &: 7.76 (s, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.47 (d, /= 7.6 Hz,
1H), 4.91 (br, 1H), 4.44 (d, J = 6.4 Hz, 2H), 1.45 (s, 9H).

Synthesis of tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-

(trifluoromethyl)benzylcarbamate
NHBoc

S 2

Pd(dppf)Cly (0.1 eq), KOAC (3 eq)
dioxane, 110°C, 2 h

[0395] Synthesis of tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-
(trifluoromethyl)benzylcarbamate was similar to that of tert-butyl 2-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzylcarbamate. Purified through silica gel column
chromatography with (EtOAc/petroleum ether =1/10) to give tert-butyl 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-2-(trifluoromethyl)benzylcarbamate (268 mg, yield: 45%) as a while
solid. ESI-MS (M+Na) : 424.1.

Synthesis of tert-butyl 4—(2—chlor0pyrimidin-4—yl)-2—(triﬂuoromethyl)benzylcarbamate

NHBoc NHBoc

FsC
(1.2 eq)

-

Pd(dppf)Cl, (0.05 eq), K»,CO3 (2 eq)
dioxane/H,O (5/1), 100 °C, 2 h

[0396] Synthesis of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
(trifluoromethyl)benzylcarbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. Purified through silica gel column chromatography with
(EtOAc/petroleum ether =1/5) to give tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
(trifluoromethyl)benzylcarbamate (175 mg, yield: 70%) as a while solid. ESI-MS (M+H) ":
388.1.'H NMR (400 MHz, CDCl3) d: 8.70 (d, J = 5.2 Hz, 1H), 8.37 (s, 1H), 8.25 (d, /= 8.4 Hz,
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1H), 7.75 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 5.2 Hz, 1H), 5.00 (br, 1H), 4.57 (d, J = 6.0 Hz, 2H),
1.47 (s, 9H).

Synthesis of tert-butyl 4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzylcarbamate

NHBoc NHBoc
FsC —-N\ FsC
HZN/Q/N\ (1 eq)

N S-phose (0.2 eq), Pdy(dba); (0.1 eq) N N

t H 0, \
| /J\ NaO'Bu(3.0 eq), dioxane, MW, 100 °C, 1 h | /)\ L/N\
N Cl N N
[0397] Synthesis of tert-butyl 4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-

(trifluoromethyl)benzylcarbamate was similar to that of tert-butyl 2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The crude was purified through silica gel
column chromatography (EtOAc/petroleum ether =3/2) to give tert-butyl 4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzylcarbamate as a yellow solid (105
mg, yield: 60%). ESI-MS (M+H) : 449.1. "H NMR (400 MHz, DMSO-ds) J: 9.58 (s, 1H), 8.53
(d,/=5.2Hz, 1H), 8.47 (s, 1H), 8.41 (d, /= 8.0 Hz, 1H), 7.92 (s, 1H), 7.66 (d, J= 8.4 Hz, 1H),
7.59 (t,J = 6.0 Hz, 1H), 7.55 (s, 1H), 7.38 (d, J= 5.2 Hz, 1H), 4.39 (d, /= 5.2 Hz, 2H), 3.82 (s,
3H), 1.46 (s, 9H).

Synthesis of N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)-6,7-dihydro-4H-thieno[3,2-c[pyran-2-carboxamide

0
NHB § I >
oc N S
FaC 1) TEAIDCM (1/1), 1t, 1 h F3 ©
2) HATU (1.1 eq)
DIPEA (3 eq), DMF, rt, 2 h
XN XN /N\
/E/N\ % (1.1 eq) | N/)\N/L/N\
H
[0398] Synthesis of N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-

(trifluoromethyl)benzyl)-6,7-dihydro-4H-thieno[ 3,2-c]pyran-2-carboxamide was similar to that
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of Example 1. Purified through prep-TLC (MeOH/DCM=1/25) to give N-(4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-6,7-dihydro-4H-thieno| 3,2-
c]pyran-2-carboxamide (45 mg, yield: 75%) as a yellow solid. ESI-MS (M+H) ": 515.0. HPLC:
(214 nm: 100%, 254 nm: 99.25%). 'H NMR (400 MHz, CDCl) J: 8.47 (d, /= 5.2 Hz, 1H), 8.41
(s, 1H), 8.15 (d, /= 8.0 Hz, 1H), 7.90 (s, 1H), 7.77 (d, /= 8.0 Hz, 1H), 7.52 (s, 1H), 7.18 (s, 1H),
7.09 (d,/=5.2 Hz, 1H), 7.00 (s, 1H), 6.31 (t, /= 6.0 Hz, 1H), 4.84 (d, /= 5.6 Hz, 2H), 4.67 (s,
2H), 3.97 (t,J = 5.6 Hz, 2H), 3.92 (s, 3H), 2.89 (t, /= 5.6 Hz, 2H).

Example 115: 2-(tert-butyl)-N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)thiazole-5-carboxamide. (I-116)

¥
C 0

Fs

I-116

[0399] Synthesis of 2-(tert-butyl)-N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-(trifluoromethyl)benzyl)thiazole-5-carboxamide was similar to that of Example 1.
Purified through prep-TLC (MeOH/DCM=1/20) to give 2-(tert-butyl)-N-(4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)thiazole-5-carboxamide (30 mg,
yield: 57%) as a yellow solid. ESI-MS (M+H) ": 516.2. HPLC: (214 nm: 100%, 254 nm:
98.40%). '"H NMR (400 MHz, DMSO-dy) 6: 9.59 (s, 1H), 9.30 (t, /= 6.0 Hz, 1H), 8.54 (d, J =
5.2 Hz, 1H), 8.50 (s, 1H), 8.39 (d, /= 8.0 Hz, 1H), 8.36 (s, 1H), 7.92 (s, 1H), 7.70 (d, J = 8.4 Hz,
1H), 7.55 (s, 1H), 7.38 (d, /= 5.2 Hz, 1H), 4.70 (d, /= 5.6 Hz, 2H), 3.81 (s, 3H), 1.40 (s, 9H).

Example 116: N-(2-fluoro-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
6,7-dihydro-4H-thieno|[3,2-c]pyran-2-carboxamide (I-117)
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O O
I N H ] N
NH, HO s N s
F O F O
(1.0 eq)
HATU(1.2 eq), TEA(0.5 ml)
Z>N =N DMF, rt, 16h i SN =N
Py Ju s
\N)\N = N/)\N =
H H
I-117
[0400] Synthesis of N-(2-fluoro-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

yl)benzyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to that of Example
115, starting from (4-bromo-2-fluorophenyl)methanamine. The resulting product is purified by
column chromatography on silica gel (PE/EA = 2:1-1:2) to give N-(2-fluoro-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-4H-thieno[ 3,2-c]pyran-2-carboxamide
(22 mg, yield: 24%) as a white solid. ESI-MS (M+H)": 465.2. '"H NMR (400 MHz, CDCls) 6:
8.44 (d,J=5.2 Hz, 1H), 7.85 (s, 1H), 7.77-7.74 (m, 2H), 7.53-7.50 (m, 2H), 7.20 (s, 1H), 7.05-
7.02 (m, 2H), 6.40 (t,J= 5.2 Hz, 1H), 4.69 (d, J = 5.6 Hz, 2H), 4.67 (s, 2H), 3.97 (t, J = 5.6 Hz,
2H), 3.92 (s, 3H), 2.89 (t, J = 5.6 Hz, 2H).

Example 117: 2-(tert-butyl)-N-(2-chloro-5-fluoro-4-(2-((1-methyl-1H-pyrazol-4-
yD)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-118)

L D
O

Cl

I-118
Preparation of N-(4-bromo-2-chloro-5-fluorobenzyl)-2-(tert-butyl)thiazole-5-carboxamide

241



WO 2015/089337 PCT/US2014/069853

| \ H [N
NH, HO s (1.0eq) N S

cl o _ cl o}
HBTU (1.2 eq), DIEA (2.0 eq)
F DMF,rt., 2 h F
[0401] To a solution of (4-bromo-2-chloro-5-fluorophenyl)methanamine (427 mg, 2.31

mmol) in 4 mL DMF were added 2-(tert-butyl)thiazole-5-carboxylic acid (500 mg, 2.10 mmol),
HBTU (955 mg, 2.52 mmol) and DIEA (542 mg, 4.20 mmol). The mixture was stirred at rt for
1.5 h. After diluted with water (30 mL), the mixture was extracted with EtOAc (60 mL x 2). The
combined organic layer was dried (Na;SQOj), filtered and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/petroleum ether = 1/4) to give product N-(4-
bromo-2-chloro-5-fluorobenzyl)-2-(tert-butyl)thiazole-5-carboxamide as a pale yellow solid (540
mg, yield: 72%). ESI-MS (M+H) ": 405.0.

Synthesis of 2-(tert-butyl)-N-(2-chloro-5-fluoro-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4—yl)benzyl)thiazole—5—carb0xamide

N
5: N—
\IKE’B_Q 4 B 10eq) L']Oeq) ; ’

cl F
Pd(dppfICl,, CH,Cl, (0.05 eq), K,CO5 (3.0 eq), \y N
F DMF/ H,O (4:1), MW, 100°C, 2 h | = N
Br N/)\NL/
H
[0402] A mixture of N-(4-bromo-2-chloro-5-fluorobenzyl)-2-(tert-butyl)thiazole-5-

carboxamide (240 mg, 0.60 mmol), Bis(pinacolato)diboron (156 mg, 0.60 mmol), 4-chloro-N-(1-
methyl-1H-pyrazol-4-yl)pyrimidin-2-amine (136 mg, 0.60 mmol), Pd(dppf)Cl,.CH,Cl, (48 mg,
0.06 mmol), K,CO; (246 mg, 1.80 mmol) in DMF (8 mL) and water (2 mL) was heated at 100
°C by microwave for 2 h under nitrogen. The mixture was diluted with water (20 mL) and
extracted with EtOAc (60 mL x 2). The organic layer was dried (Na,;SOy), filtered and
concentrated. The residue was purified by prep-HPLC(CH3CN/H,O with 0.05% NH3H,O as
mobile phase) to give product 2-(tert-butyl)-N-(2-chloro-5-fluoro-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a pale yellow solid (26 mg, yield:
9%). ESI-MS (M+H) " 500.1. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400 MHz,
DMSO0-d6) §: 9.61 (s, 1H), 9.25 (t, J = 6.0 Hz, 1H), 8.51 (d, J = 4.8 Hz, 1H), 8.34 (s, 1H), 8.10
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(d,J = 7.2 Hz, 1H), 7.87 (s, 1H), 7.53 (s, 1H), 7.36-7.34 (m, 1H), 7.13-7.10 (m, 1H), 5.54 (d, J =
5.6 Hz, 2H), 3.82 (s, 3H), 1.39 (s, 9H).

Example 118: N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-
4-yl)benzyl)-4,5,6,7-tetrahydrothieno[3,2-c|pyridine-2-carboxamide (I-119)

NH
N-Boc Ho SN
NH; ST\ N S
H S
O
o) (1.0eq)
(\N/ 1) HATU (1.2 eq), DIPEA (2.0 =) (\N/
.2 eq), .Oeq
= IN = | N\) DMF, rt, 16 h | ~N = | N\)
2) TFA/DCM, rt, 1 h
\NJ\H \N N/)\N \N
H
I-119
[0403] Synthesis of N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-yl)pyridin-2-

yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxamide was
similar to that of Example I-72. The residue was purified by prep-HPLC (CH3CN/H,0 with
0.05% TFA as mobile phase) to get product N-(2-methyl-4-(2-((5-(4-methylpiperazin-1-
yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-
carboxamide as pale yellow oil (12 mg, yield: 27%). ESI-MS (M+H) ": 555.2. HPLC: (214 nm:
100%, 254 nm: 100%). '"H NMR (400 MHz, CD;0D) &: 8.61 (d, J = 5.6 Hz, 1H), 8.07-7.94 (m,
3H), 7.96 (d, J = 5.6 Hz, 1H), 7.88 (d, J = 2.8 Hz, 1H), 7.45-7.36 (m, 3H), 4.52 (s, 2H), 4.21 (s,
2H), 3.95-3.49 (m, 2H), 3.47 (t,J = 6.0 Hz, 4H), 3.45-3.35 (m, 2H), 3.10 (t, / = 6.0 Hz, 4H),
2.90 (s, 3H), 2.39 (s, 3H).

Example 119: N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide (I-120)
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0
\
H,N N s
S
(1.0eq)
Z N =N OH - Z N =N OH
i LNJ‘ HBTU (1.2 eq), DIEA (2.0 eq) | LN\/\
\NJ\N X DMF, rt, 1h \NJ\N =
H H
1-120
[0404] Synthesis of N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-

yl)-2-methylbenzyl)-6,7-dihydro-4H-thieno[3,2-c]pyran-2-carboxamide was similar to that of
Example 1. The crude product was purified by silica gel column chromatography
(EtOAc/petroleum ether = 1/2 then EA) to give product N-(4-(2-((1-(2-hydroxyethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-thieno[3,2-c ]pyran-2-
carboxamide as a yellow solid (70 mg, yield: 56%). ESI-MS (M+H) ": 491.1. HPLC: (214 nm:
94%, 254 nm: 96%). "H NMR (400 MHz, DMSO-d6) 6: 9.48 (s, 1H), 8.89 (t,J = 5.2 Hz, 1H),
8.45(d,J = 4.4 Hz, 1H), 8.01-7.92 (m, 3H), 7.55 (d, J = 8.0 Hz, 1H), 7.54 (s, 1H), 7.37 (d, J =
8.0 Hz, 1H), 7.25 (d,J = 4.4 Hz, 1H), 4.90 (s, 1H), 4.61 (s, 2H), 4.47 (d, J = 5.6 Hz, 2H), 4.11 (t,
J=5.6 Hz, 2H), 3.88 (t,J = 5.6 Hz, 2H), 3.75-3.71 (m, 2H), 2.84 (t,J = 5.2 Hz, 2H), 2.41 (s,
3H).

Example 120: 3-isopropoxy-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (I-121)

N\[O]/N/j 7/

AN N—N N
~
N

[

U

N
H

I-121
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Synthesis of N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-

carboxamide
0) (0]
H
T T | W NTT
hil SN T
0 | J 0
Cl N
(1.1eq)
O/B\O P.d(dppf)Clz (0.05 eq), K02C03 (2eq) N
dioxane/H,0 (5/1), 100 °C, 2 h l _
‘ ’ N Cl
[0405] Synthesis of N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-3-

isopropoxyazetidine-1-carboxamide was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-
2-methylbenzylcarbamate. The crude was purified through silica gel column chromatography
(MeOH/DCM=1/30) to give N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-3-
isopropoxyazetidine-1-carboxamide (130 mg, yield: 77%) as yellow oil. ESI-MS (M+H) "
375.0.

Synthesis of 3-isopropoxy-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolof1,5-
alpyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

NTINT T NTINT T

N~N/\\N
HZN% -
(1.0 eq)

S-phose (0.2 eq), Pda(dba)s (0.1 /N
'\1 N Napo?;lf(é.Oe:()q,)dioxza(n: I)\Z\§V,1§g)°0,1h N™™S N-NGNT
L - LA A

N~ NTN
[04006] Synthesis of 3-isopropoxy-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-

tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
was similar to that of tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate. The crude was purified through silica gel column chromatography
(MeOH/DCM=1/20) to give 3-isopropoxy-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
(30 mg, yicld: 18%) as a yellow solid. ESI-MS (M+H) ": 491.2. HPLC: (214 nm: 95.69%, 254
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nm: 97.57%). "H NMR (400 MHz, CD;OD) 6: 8.48 (s, 1H), 7.64 (s, 1H), 7.63 (d, /= 7.6 Hz,
1H), 7.41 (s, 1H), 7.26 (d,J= 7.6 Hz, 1H), 6.14 (s, 1H), 4.32-4.29 (m, 1H), 4.26 (s, 2H), 4.08-
4.01 (m, 4H), 3.71-3.67 (m, 2H), 3.57 (s, 2H), 3.56-3.52 (m, 1H), 2.87 (t, J = 6.0 Hz, 2H), 2.40
(s, 3H), 2.30 (s, 3H), 1.05 (d, J = 6.0 Hz, 6H).

Example 121: (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyrrolidin-3-yl)-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-122)

H#S%é
6]

SN =N
LA G

1-122

Synthesis of (S)-tert-butyl 3-(tosyloxy)pyrrolidine-1-carboxylate

TsCI (1.5 eq), pyridine, rt, 12 h J:)N—Boc
—Boc >
Q TsO

HO

[0407] To a mixture of (S)-tert-butyl 3-hydroxypyrrolidine-1-carboxylate (1 g, 5.3 mmol,
1.0 equiv) in pyridine (20 mL), TsCl (1.53 g, 7.95 mmol, 1.5 equiv) was added. The mixture was
stirred at rt for 12 h. After concentrated, the residue was diluted with EtOAc (200 mL) and
washed with water (50 mL), HCI (1 N, 50 mL), brine (50 mL). The organic layer was dried and
concentrated to give (S)-tert-butyl 3-(tosyloxy)pyrrolidine-1-carboxylate (1.3 g, yield: 71%) as a
colorless oil, which was used for next step without further purification. ESI-MS (M+Na) "

364.0.

Synthesis of (R)-tert-butyl 3-(4-nitro-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate
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N

A}

H N
= 109) =
_ O,N (1.0eq N
Q Boc 2 J;/NI G\l
N Boc

e
TsO Cs,CO5 (2.0 eq), NMP, 90°C, 12h 2

g

[0408] To a mixture of (S)-tert-butyl 3-(tosyloxy)pyrrolidine-1-carboxylate (1.3 g, 3.8
mmol, 1.0 equiv) in NMP (10 mL), 4-nitro-1H-pyrazole (429 mg, 3.8 mmol, 1.0 equiv) and
Cs,CO; (2.47 g, 7.6 mmol, 2.0 equiv) were added. The mixture was stirred at 90 °C for 12 h.
After cooling down to rt, the mixture was diluted with EtOAc (150 mL) and washed with water
(50 mL x 4). The organic layer was concentrated and purified by silica gel column (PE : EA=3:
1) to give (R)-tert-butyl 3-(4-nitro-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate (500 mg, yield:
47%) as a yellow solid. ESI-MS (M+Na) ":305.1. '"H NMR (400 MHz, CDCLs) &: 8.17 (s, 1H),
8.09 (s, 1H), 4.91-4.89 (m, 1H), 3.89-3.85 (m, 2H), 3.56-3.50 (m, 2H), 2.43-2.41 (m, 2H), 1.48
(s, 9H).

Synthesis of (R)-tert-butyl 3-(4-amino-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate

=N, . Pd/C, Hp, MeOH, rt, 12 h /N‘N...
S N, — N
O2N Boc Boc

>
H2N

[0409] A mixture of Pd/C (29 mg, 10%wt) and (R)-tert-butyl 3-(4-nitro-1H-pyrazol-1-
yl)pyrrolidine-1-carboxylate (290 mg, 1.1 mmol, 1.0 equiv) in MeOH (5 mL) was stirred for at rt
12 h under hydrogen atmosphere (balloon pressure). The catalyst was filtered out and the
resulting filtrate was concentrated to give target compound (R)-tert-butyl 3-(4-amino-1H-
pyrazol-1-yl)pyrrolidine-1-carboxylate (260 mg, yield: 100%) as a yellow oil. ESI-MS (M+H) "
253.2.

Synthesis of (R)-tert-butyl 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate

N N
=N, |

H,N “Boc o]
(1.2eq)
Pdy(dba); (0.1 eq), S-Phos (0.2 eq) N
| =N Cs,CO; (2.0 eq), dioxane, sealed, 120 °C, 12 h | =N =N
/)\ /)\ S~ Nt
N Cl N N

"Boc
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[0410] To a mixture of 2-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (250 mg, 0.625 mmol, 1.0 equiv) and (R)-tert-butyl 3-(4-
amino-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate (189 mg, 0.75 mmol, 1.2 equiv) in 1,4-dioxane
(10 mL), Cs,CO; (407 mg, 1.25 mmol, 2.0 equiv), Pdy(dba); (57 mg, 0.063 mmol, 0.1 eq) and S-
Phos (51 mg, 0.13 mmol, 0.2 equiv) were added quickly under N;. The mixture was stirred at
120 °C for 12 h. After cooling down, the mixture was concentrated and diluted with EtOAc (150
mL). The organic phase was washed with brine, dried and purified by prep-HPLC (Gradient: 5%
B increase to 95% B, A: 0.5% NHj in water, B: CH3CN) to give (R)-tert-butyl 3-(4-((4-(4-((2-
(tert-butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-
1-yl)pyrrolidine-1-carboxylate (200 mg, yield: 53%) as a yellow solid. ESI-MS (M+H) ": 617.3

Synthesis of (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyrrolidin-3-yl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

1 L~ 1 Lo~
O O

TFA/DCM, 1 h
-

\N /N‘ \N /N\
I N/)\ J;/NON | N/)\ LN:..GH
i "Boc N

[0411] A solution of (R)-tert-butyl 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-

carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)pyrrolidine-1-
carboxylate (200 mg, 0.32 mmol, 1.0 equiv) in TFA/DCM (0.5 mL / 2 mL) was stirred at rt for 1
h. The mixture was concentrated and purified by prep-HPLC (Gradient: 5% B increase to 95%
B, A: 0.5% NHj; in water, B: CH3CN) to give (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-
(pyrrolidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (130
mg, yield: 77%) as a yellow solid. ESI-MS (M+H): 517.2. "H NMR (400 MHz, CDCls) ¢: 8.42
(d, /=52 Hz, 1H), 8.06 (s, 1H), 7.96 (s, 1H), 7.86 (s, 1H), 7.83 (d, J= 7.6 Hz, 1H), 7.54 (s, 1H),
7.39(d,J=8.4 Hz, 1H), 7.18 (s, 1H), 7.06 (d, /= 5.2 Hz, 1H), 6.34 (t, /= 4.4 Hz, 1H), 4.82-
4.79 (m, 1H), 4.66 (d, /= 5.2 Hz, 2H), 3.32-3.26 (m, 2H), 3.19-3.16 (m, 1H), 3.02-2.95 (m, 1H),
2.44 (s, 3H), 2.35-2.15 (m, 2H), 1.45 (s, 9H).
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Example 122: (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpyrrolidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-123)

O O

(AL AL
Nll. LN‘IIO
N/J\H = CI’\IH N/)\ﬁ = NS

1-123

HCHO (2.0 eq), NaBH;CN (2.0 eq)
MeOH, rt, 12 h

[0412] To a solution of (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyrrolidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (170 mg, 0.32 mmol, 1.0
equiv) in MeOH (5 mL) was added (HCHO), (20 mg, 0.64 mmol, 2.0 equiv) and NaBH;CN (41
mg, 0.64 mmol, 2.0 equiv). The mixture was stirred at room temperature for 12 h. After
concentrated, the residue was purified by pre-TLC (DCM : MeOH = 10 : 1) to give (R)-2-(tert-
butyl)-N-(2-methyl-4-(2-((1-(1-methylpyrrolidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide (53 mg, yield: 30%) as a yellow solid. ESI-MS (M+H)":
531.2. "H NMR (400 MHz, CD;0D) §: 8.40 (d, /= 5.2 Hz, 1H), 8.24 (s, 1H), 8.17 (s, 1H), 7.97-
7.95 (m, 2H), 7.65 (s, 1H), 7.43 (d, /= 8.0 Hz, 1H), 7.20 (d, /= 5.2 Hz, 1H), 4.96-4.89 (m, 1H),
4.62 (s, 2H), 3.07-3.02 (m, 1H), 2.91-2.85 (m, 2H), 2.71-2.65 (m, 1H), 2.65-2.54 (m, 4H), 2.41
(s, 3H), 2.25-2.19 (m, 1H), 1.46 (s, 9H).

Example 123: (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyrrolidin-3-yl)-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-124)

249



WO 2015/089337 PCT/US2014/069853

N
H [ A\
NYES»,L
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N
N/)\N X ~©NH
H

1-124

[0413] Synthesis of (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyrrolidin-3-yl)-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of Example 121.
The mixture was concentrated and purified by prep-HPLC (Gradient: 5% B increase to 95% B,
A: 0.5% TFA in water, B: CH3CN) to give (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(pyrrolidin-3-
yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (51 mg, yield: 64%)
as a yellow solid. ESI-MS (M+H)": 517.2. '"H NMR (400 MHz, CD;0D) J: 8.37 (d, J=6.0 Hz,
1H), 8.25 (s, 1H), 8.11 (s, 1H), 8.01-7.99 (m, 2H), 7.79 (s, 1H), 7.46 (d, /= 7.6 Hz, 1H), 7.39 (d,
J=6.0Hz, 1H), 5.26-5.23 (m, 1H), 4.62 (s, 2H), 3.81-3.78 (m, 1H), 3.73-3.64 (m, 2H), 3.55-
3.49 (m, 1H), 2.61-2.51 (m, 1H), 2.48 (s, 3H), 2.44-2.37 (m, 1H), 1.46 (s, 9H).

Example 124: (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpyrrolidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-125)

N
H | N
LA
O

e
N
A SN
H AN
I-125

[0414] Synthesis of (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpyrrolidin-3-yl)-

1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of
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Example 122. The mixture was concentrated and purified by silica gel column chromatography
(DCM : MeOH =25 : 1 to 10:1) to give (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-
methylpyrrolidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide
(76 mg, yield: 69%) as a yellow solid. ESI-MS (M+H)": 531.2. 'H NMR (400 MHz, CD;OD) ¢:
8.38 (d,/=5.2 Hz, 1H), 8.25 (s, 1H), 8.11 (s, 1H), 7.94-7.91 (m, 2H), 7.74 (s, 1H), 7.41 (d, J =
8.0 Hz, 1H), 7.18 (d, /= 5.2 Hz, 1H), 5.21-5.16 (m, 1H), 4.60 (s, 2H), 3.66-3.61 (m, 3H), 3.34-
3.33 (m, 1H), 2.92 (s, 3H), 2.71-2.61 (m, 1H), 2.45 (s, 3H), 2.39-2.32 (m, 1H), 1.45 (s, 9H).

Example 125: (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-126)

W

(0]
o/\\,_,
PWs;
N" N
1I-126

Preparation of (S)-tert-butyl 2-((4-nitro-1H-pyrazol-1-yl)methyl)morpholine-4-carboxylate

7\

0 Boc 7\ Boc
/N\ HO (1.0 eq) R ,N\ p
. NH L/N

PPh; (1.5 eq), DIAD(1.5€q)  O,N

O,N
THF, rt, 16 h
[0415] To a solution of 4-nitro-1H-pyrazole (1.0 g, 8.85 mmol) in THF (dry, 25 mL),

(S)-4-Boc-2-(hydroxymethyl)morpholine (1.9 g, 8.85 mmol, 1 equiv) and PPh; (3.5 g, 13.3
mmol, 1.5 equiv) were added respectively. DIAD (2.69 g, 13.3 mmol, 1.5 equiv) was added at 0
°C under nitrogen. The mixture was stirred at rt for 16 h. Then the solvent was removed. The
residue was purified by silica gel chromatography column (EtOAc/petroleum ether = 1:3) to give
(S)-tert-butyl 2-((4-nitro-1H-pyrazol-1-yl)methyl)morpholine-4-carboxylate as yellow oil (1.0 g,
yield: 69%). ESI-MS (M+H-56) ": 257.1. "H NMR (400 MHz, CD;0D) J: 8.54 (s, 1H), 8.13 (s,
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1H), 4.58-4.56 (m, 1H), 4.38-4.25 (m, 2H), 4.13-4.08 (m, 1H), 3.99-3.77 (m, 4H), 3.50-3.44 (m,

1H), 1.47 (s, 9H).
Preparation of (S)-tert-butyl 2-((4-amino-1H-pyrazol-1-yl)methyl)morpholine-4-carboxylate

4 O/\\ Boc
LN

Boc
=N Pd/C (10%), H,
s’ :
[0416] Synthesis of (S)-tert-butyl 2-((4-amino-1H-pyrazol-1-yl)methyl)morpholine-4-

O2N EtOH, rt, 16 h H2N
carboxylate was similar to that of (R)-tert-butyl 3-(4-amino-1H-pyrazol-1-yl)pyrrolidine-1-

carboxylate. After the catalyst was removed, the filtrate was concentrated and the crude title
product (870 mg, yield: 96%) was used to next step without further purification. ESI-MS (M+H)
1283.2.

Preparation of (S)-tert-butyl 2-((4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)methyl)morpholine-4-carboxylate

H [ Y Q Boc H >
S E ﬂ S
N
o)
© H N

Q S-phose (0.2 eq), Pd(dba)s (0.1 q) q \ Q Boc
| N Cs,C03(3.0 eq), dioxane, 120 °C, 2 h | N = N
/)\N N

P

N
N~ Cl N

[0417] Synthesis of (S)-tert-butyl 2-((4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)methyl)morpholine-4-carboxylate was similar to that of (R)-tert-butyl 3-(4-((4-(4-((2-(tert-
butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)pyrrolidine-1-carboxylate. The residue was purified by prep-HPLC (CH3CN/H,O with 0.05%
NHj3.H,0 as mobile phase) to give title product as a yellow solid (73 mg, yield: 73%). ESI-MS
(M+H) ": 647.3.

Preparation of (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide
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B B
kl\n/[s>+ NY[ S}~{\
(0] (0]
TFA/DCM (1:2)
/\\ > /\\

\ pBoc rt, 1h \ Q H
N =N RN N =N ﬂ
LA N W
NN NN
[0418] Synthesis of (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-

pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of
Example 121. The residue was purified by prep-HPLC (CH3;CN/H,0O with 0.05% NH3.H,O as
mobile phase) to give (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a yellow solid (58 mg,
yield: 93%). ESI-MS (M+H) *: 547.3. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400
MHz, CD;0D) J: 8.34 (d, /= 5.6 Hz, 1H), 8.26 (s, 1H), 8.06 (s, 1H), 7.99-7.97 (m, 2H), 7.75 (s,
1H), 7.45 (d, J=7.6 Hz, 1H), 7.39 (d, /= 6.0 Hz, 1H), 4.61 (s, 2H), 4.38-4.29 (m, 2H), 4.15-
4.07 (m, 2H), 3.86-3.79 (m, 1H), 3.40-3.37 (m, 1H), 3.27-3.24 (m, 1H), 3.14-3.10 (m, 1H), 2.89
(t,J=12.0 Hz, 1H), 2.46 (s, 3H), 1.46 (s, 9H).

Example 126: (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (I-128)

B
kl S
O
Jd ) H
~N N /N\ A
A L
N
1-128
[0419] Synthesis of (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-

pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide was similar to that of
Example 121. The residue was purified by prep-HPLC (CH3;CN/H,0O with 0.05% NH3.H,O as
mobile phase) to give (R)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(morpholin-2-ylmethyl)-1H-
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pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a yellow solid (103 mg,
yield: 82%). ESI-MS (M+H) *: 547.3. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400
MHz, CD;0D) d: 8.39 (d, J= 5.6 Hz, 1H), 8.25 (s, 1H), 8.09 (s, 1H), 8.02-7.99 (m, 2H), 7.73 (s,
1H), 7.46 (d, J=8.0 Hz, 1H), 7.35 (d, /= 6.0 Hz, 1H), 4.63 (s, 2H), 4.36-4.33 (m, 2H), 4.12-
4.08 (m, 2H), 3.83-3.81 (m, 1H), 3.39-3.35 (m, 1H), 3.29-3.24 (m, 1H), 3.12-3.10 (m, 1H), 2.88
(t,J=11.6 Hz, 1H), 2.49 (s, 3H), 1.47 (s, 9H).

Example 127: (R)-N-(4-(2-((1-(3-amino-2-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-127)

NYESN\%,L
O

| N N /N\
N/)\NL/N\Bi\
HO  NH,

I-127
Synthesis of (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(oxiran-2-ylmethyl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

i LS W L
S SN S
O

Ve

N

N/)\H\\ﬁ
o)

[0420] A mixture of N-(4-(2-((1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-
2-(tert-butyl)thiazole-5-carboxamide (223 mg, 0.5 mmol) and Cs,CO3 (487 mg, 1.5 mmol, 3
equiv) in DMF (5 mL) was stirred at rt for 1 h. Then (R)-oxiran-2-ylmethyl 4-

methylbenzenesulfonate (171 mg, 0.75 mmol, 1.5 equiv) was added. The mixture was stirred at
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rt for 30 min, then 80 °C for 2 h. After cooling down to rt, the mixture was diluted with EA (80
mL), washed with brine, dried, concentrated. The crude was purified through prep-TLC
(MeOH/DCM = 1/20) to give (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(oxiran-2-ylmethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide as a yellow solid (65 mg,
yield: 26%). ESI-MS (M+H) *: 504.1. 'TH NMR (400 MHz, DMSO-dy) : 9.54 (s, 1H), 9.10 (t, J
=5.6 Hz, 1H), 8.47 (d, /= 5.2 Hz, 1H), 8.33 (s, 1H), 8.04 (s, 1H), 7.99 (s, 1H), 7.95 (d, J = 7.6
Hz, 1H), 7.60 (s, 1H), 7.39 (d, /= 7.6 Hz, 1H), 7.27 (d, /= 5.2 Hz, 1H), 4.50 (d, J= 5.6 Hz, 2H),
4.45(d,J=15.6 Hz, 1H), 4.10 (dd, /= 14.8, 6.4 Hz, 1H), 2.81 (t, J= 4.8 Hz, 1H), 2.58-2.56 (m,
1H), 2.42-2.41 (m, 4H), 1.39 (s, 9H).

Synthesis of (R)-N-(4-(2-((1-(3-amino-2-hydroxypropyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yh)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide

e yu
0] 0]

NH/MeOH (7N)

65°C,2h

| \N /@ | \N /EE\
N N
N/)\H ~ \ﬁ N/)\H X \}i\
o) HO NH,

[0421] A solution of (S)-2-(tert-butyl)-N-(2-methyl-4-(2-((1-(oxiran-2-ylmethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (80 mg, 0.16 mmol) in 7N
NH3/MeOH (4 mL) was heated to 65 °C for 2 h in a sealed tube. Then the mixture was cooled to
rt and the solvent was removed. The crude was purified through prep-HPLC (TFA/MeCN/Water
as a mobile phase) to give (R)-N-(4-(2-((1-(3-amino-2-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (62 mg, yield:
75%) as a yellow solid. ESI-MS (M+H) : 521.2. HPLC: (214 nm: 100%, 254 nm: 100%). 'H
NMR (400 MHz, CD;0D) d: 8.35 (d, J= 5.6 Hz, 1H), 8.26 (s, 1H), 8.08 (s, 1H), 8.04-8.01 (m,
2H), 7.77 (s, 1H), 7.48-7.43 (m, 2H), 4.62 (s, 2H), 4.29-4.22 (m, 3H), 3.12-3.10 (m, 1H), 2.88-
2.83 (m, 1H), 2.48 (s, 3H), 1.46 (s, 9H).
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Example 128: (S)-N-(4-(2-((1-(3-amino-2-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-129)

N
H [ N
O

\Hj\/NHz
N N /N\
e~

1-129

[0422] Synthesis of (S)-N-(4-(2-((1-(3-amino-2-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide was similar to
that of Example 127. After concentrated, the residue was purified by prep-HPLC (MeOH/H,0
with 0.05% TFA as mobile phase) to give compound (S)-N-(4-(2-((1-(3-amino-2-
hydroxypropyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-
5-carboxamide (140 mg, yield: 92%) as a yellow solid. ESI-MS (M+H)": 521.2. 'H NMR (400
MHz, CD;0D) ¢: 8.40 (d, /= 5.6 Hz, 1H), 8.25 (s, 1H), 8.10 (s, 1H), 8.01 (s, 1H), 7.99 (d, J =
8.0 Hz, 1H), 7.72 (s, 1H), 7.45 (d, /= 8.0 Hz, 1H), 7.29 (d, /= 5.6 Hz, 1H), 4.63 (s, 2H), 4.28-
4.17 (m, 3H), 3.09-3.07 (m, 1H), 2.85-2.81 (m, 1H), 2.49 (s, 3H), 1.47 (s, 9H).

Example 129: (S)-2-amino-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid (I-130)
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1-130
Preparation of (S)-methyl 2-((tert-butoxycarbonyl)amino)-3-(4-nitro-1H-pyrazol-1-

yhpropanoate
O/
I O
NHBoc
O,N
’ \C,N (1.0 eq) OZNf,N 1
NH e
K,COs5 (2.0 eq)
MeCN, rt, 16 h NHBoc
[0423] To a solution of 4-nitro-1H-pyrazole (1.5 g, 13.2 mmol) in MeCN (30 mL) were

added (R)-methyl 2-((tert-butoxycarbonyl)amino)-3-iodopropanoate (2.7 g, 13.2 mmol) and
K,CO; (2.2 g, 15.8 mmol). The mixture was stirred at rt for16 h. The solid was filtered off and
the filtrate was concentrated and purified by column chromatography (silica, petroleum
ether/EtOAc = 4:1) to give product (S)-methyl 2-((tert-butoxycarbonyl)amino)-3-(4-nitro-1H-
pyrazol-1-yl)propanoate (1.44 g, yield: 21%) as a yellow liquid. ESI-MS (M+H-56)": 259.0. 'H
NMR (400 MHz, CD;0D) J: 8.49 (s, 1H), 8.12 (s, 1H), 4.68-4.64 (m, 2H), 4.49-4.43 (m, 1H),
3.77 (s, 3H), 1.40 (s, 9H).

Preparation of (S)-methyl 3-(4-amino-1H-pyrazol-1-yl)-2-((tert-

butoxycarbonyl)amino)propanoate

02N N / H2N N /
\(\,N PA/C/H2 \(\,N Q
N O — > N O
E{OH, rt, 16 h \—2:
NHBoc NHBoc
[0424] To a solution of (S)-methyl 2-((tert-butoxycarbonyl)amino)-3-(4-nitro-1H-

pyrazol-1-yl)propanoate (1.44 g, 4.6 mmol) in MeOH (20 mL) was added Pd/C (144 mg,
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10%wt). The mixture was stirred at rt for 16 h under hydrogen atmosphere (balloon pressure).

Then the mixture was filtered and the filtrate was concentrated in vacuo. The crude product (1.29

g. yield: 99%) was used in the next step without further purification. ESI-MS (M+H) ': 285.1.
Preparation of (S)-2-((tert-butoxycarbonyl)amino)-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid

S 2 ™y S
o} \(\N’\_Oe:o O

NHBoc (1.0 eq) - NaOH (3.0 eql

| N Pd,(dba)s (0.1 eq), S-phos (0.2 eq). l\ileﬂi-l/ H20 | N =N,
Cs,C03 (3.0 eq) rt, N
N/)\C, 1 d-dioxane, MW, 100 °C, 1 h N/)\NL/ o
H
BocHN OH
[0425] Synthesis of (S)-2-((tert-butoxycarbonyl)amino)-3-(4-((4-(4-((2-(tert-

butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)propanoic acid was similar to that of (R)-tert-butyl 3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)pyrrolidine-1-
carboxylate. The residue was purified by prep-HPLC (CH3;CN/H,0 with 0.05% NH3.H,O as
mobile phase) to give (S)-2-((tert-butoxycarbonyl)amino)-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-

carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid as

a yellow solid (62 mg, yield: 56%). ESI-MS (M+H) ': 635.2.
Preparation of (S)-2-amino-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid

N N
H [ \ H [ \
NYES%/\ NYES%,L
(@) (@)

TFA:DCM (1 ; 1)

rt, 1h

|\N =N, SN =N
N4kN/£;N\>\<9 |N4kN/E;N\>*<p
BocHN OH H HoN OH
[0426] Synthesis of (S)-2-amino-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid
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was similar to that of Example 129. The crude product was purified by prep-HPLC
(CH3CN/H,0 with 0.05% TFA as mobile phase) to give (S)-2-amino-3-(4-((4-(4-((2-(tert-
butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)propanoic acid as a yellow solid (90 mg, yicld: 54%). ESI-MS (M+H) : 535.2. HPLC: (214
nm: 100%, 254 nm: 100%). 'H NMR (400 MHz, DMSO-dy) : 9.55 (s, 1H), 9.13 (t, J = 5.6 Hz,
1H), 8.47 (d, J = 5.2 Hz, 1H), 8.34 (s, 1H), 8.00-7.95 (m, 3H), 7.67 (br, 1H), 7.41 (d, J = 8.0 Hz,
1H), 7.27 (d, J = 5.2 Hz, 1H), 4.55-4.94 (m, 3H), 4.35-4.27 (m, 1H), 3.64-3.61 (m, 1H), 2.42 (s,
3H), 1.39 (s, 9H).

Example 130: (S)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-131)

N
H [ A\
(@)

N N /N‘
S~

HoN- oH
I-131
Preparation of (S)-tert-butyl (1-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)-3-hydroxypropan-2-yl)carbamate

N N
N
S 1) NMM (1.0 eq), S
o o

isobutyl carbonochloridate (1.1 eq)
1,2-DME, -15°C, 1 h

2) NaBH, (2.0 eq), -15°C, 1 h

Y O SN =N
N/)\NL/NMO | N/)\N/E/N
H

H

BocHN OH BocHN OH
[0427] To a solution of (S)-2-((tert-butoxycarbonyl)amino)-3-(4-((4-(4-((2-(tert-
butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
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yl)propanoic acid (224 mg, 0.35 mmol) in 15 mL DME were added NMM (35 mg, 0.35 mmol),
isobutyl carbonochloridate (53 mg, 0.39 mmol) at -15 °C. The mixture was stirred at -15 °C for
20 min. The solid was filtered off and NaBH4 (27 mg, 0.70 mmol) was added to the filtrate at -15
°C. Then the mixture was stirred at -15 °C for another 1 h. After diluted with water (4 mL), the
mixture was extracted with EtOAc (50 mL x 2). The combined organic layer was washed with
H,0 (40 mL), dried (Na,SO,), filtered and concentrated. The crude product (300 mg, yield: 80%)
was used in the next step without further purification.

Preparation of (S)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide

N N
H | N H | N
NT}/ES%-]L Nm/[s}#
6] 0]

TFA: DCM (1 :1)

rt, 1 h

| SN =N SN =N

N/)\N/L/ N\>\\ | N/)\N’/;/ "

BocHN'  on Ho unN® by

[0428] Synthesis of (S)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide was similar to
that of Example 121. The crude product was purified by prep-HPLC (CH;CN/H,0O with 0.05%
NH3.H,O as mobile phase) to give (S)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide as a yellow
solid (64 mg, yield: 25%). ESI-MS (M+H) ™ 521.2. HPLC: (214 nm: 97%, 254 nm: 97%). 'H
NMR (400 MHz, DMSO-ds) 9: 9.49 (s, 1H), 9.11 (t,J = 5.6 Hz, 1H), 8.45 (d, J = 5.2 Hz, 1H),
8.31 (s, 1H), 7.98-7.92 (m, 3H), 7.56 (br, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.25 (d, J = 5.2 Hz, 1H),
4.72-4.71 (m, 1H), 4.92 (d, J = 5.6 Hz, 2H), 4.11-4.07 (m, 1H), 3.92-3.87 (m, 1H), 3.26-3.23 (m,
2H), 3.06-3.00 (m, 1H), 2.40 (s, 3H), 1.38 (s, 9H).

Example 131: (R)-2-amino-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid (I-132)
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[0429] Synthesis of (R)-2-amino-3-(4-((4-(4-((2-(tert-butyl)thiazole-5-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)propanoic acid
was similar to that of Example 129. The crude product was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH3 as mobile phase) to give (R)-2-amino-3-(4-((4-(4-((2-(tert-
butyl)thiazole-5-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)propanoic acid as a yellow solid (55 mg, yield: 54%). ESI-MS (M+H) ": 535.2. HPLC: (214
nm: 100%, 254 nm: 100%). 'H NMR (400 MHz, DMSO-d;) 8: 9.54 (s, 1H), 9.13 (br, 1H), 8.47
(d,J =4.4Hz, 1H), 8.34 (s, 1H), 8.00-7.95 (m, 3H), 7.64 (s, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.26
(d,J =5.2 Hz, 1H), 4.51-4.47 (m, 3H), 4.35-4.27 (m, 1H), 3.51-3.49 (m, 1H), 2.42 (s, 3H), 1.39
(s, 9H).

Example 132: (R)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (I-133)

N
H | N
i Lo
O

e
N
N/)\H\

HN' OH
1-133
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[0430] Synthesis of (R)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide was similar to
that of Example 130. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05%
NH3.H,0 as mobile phase) to give (R)-N-(4-(2-((1-(2-amino-3-hydroxypropyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide as a yellow
solid (15 mg, yield: 8%). ESI-MS (M+H) ": 521.2. HPLC: (214 nm: 100%, 254 nm: 98%). 'H
NMR (400 MHz, DMSO-ds) 9: 9.49 (s, 1H), 9.10 (t, J = 5.6 Hz, 1H), 8.45 (d, J = 4.8 Hz, 1H),
8.32 (s, 1H), 7.98-7.92 (m, 3H), 7.57 (br, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.25 (d, J = 5.2 Hz, 1H),
4.72-4.71 (m, 1H), 4.49 (d, J = 5.2 Hz, 2H), 4.12-4.07 (m, 1H), 3.92-3.87 (m, 1H), 3.28-3.20 (m,
2H), 3.06-3.02 (m, 1H), 2.40 (s, 3H), 1.38 (s, 9H).

Example 133: 2-(tert-butyl)-N-(6-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
y)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide (I-134)

N
HYE -
N S
O
/~\
Y o
\—MH \N)
1-134

Synthesis of tert-butyl (6-(6-chloropyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-
yl)carbamate

NHBoc

NHBoc

B
0" o
|
/\_ﬁ (0.95 eq)

- = !\1
Pd(dppf)Cl (0.1 eq), K2COj3 (2.0 eq) S J
dioxane/H,0 (10/1), 100 °C, 3 h c” N

/4
\=7

Cl N
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[0431] Synthesis of tert-butyl (6-(6-chloropyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-
I-yl)carbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. Obtained tert-butyl (6-(6-chloropyrimidin-4-yl)-1,2,3,4-
tetrahydronaphthalen-1-yl)carbamate (260 mg, yield: 68%) as a white solid. ESI-MS (M+H) "
359.9. 'H NMR (400 MHz, CDCl3) 6: 9.01 (s, 1H), 7.84-7.82 (m, 2H), 7.72 (s, 1H), 7.50 (d, J =
8.4 Hz, 1H), 4.94-4.90 (m, 1H), 4.81-4.79 (m, 1H), 2.92-2.81 (m, 2H), 2.11-2.04 (m, 1H), 1.88-
1.74 (m, 3H), 1.49 (s, 9H).

Synthesis of tert-butyl (6-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-alpyrazin-2-
yhamino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)carbamate

NHBoc NHBoc
~N
N
" N
= _ ~N Z N
S-phose (0.2 eq), Pdx(dba); (0.1 eq)
C| \NJ\‘ NaOBu(3.0 eq), dioxane, MW, 100 °C, 1 h \MH \NJ
[0432] Synthesis of tert-butyl (6-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-

2-yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)carbamate was similar to that of
tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate.
Obtained tert-butyl (6-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-2-
yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)carbamate (100 mg, yield: 28%) as
a yellow solid. ESI-MS (M+H) ": 476.1. "H NMR (400 MHz, CDCls) : 8.74 (s, 1H), 8.15 (s,
1H), 7.77 (s, 1H), 7.74 (d, /= 8.4 Hz, 1H), 7.49 (s, 1H), 7.44 (d, J= 8.0 Hz, 1H), 6.09 (s, 1H),
4.89-4.87 (m, 2H), 4.13 (t, /= 6.0 Hz, 2H), 3.64 (s, 2H), 2.92 (t, /= 5.6 Hz, 2H), 2.85-2.82 (m,
2H), 2.50 (s, 3H), 2.08-2.05 (m, 1H), 1.84-1.80 (m, 3H), 1.49 (s, 9H).

Synthesis of 2-(tert-butyl)-N-(6-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-alpyrazin-2-
yhamino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide
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N
il >~)L
NHBoc S

0O
1) TFA/DCM (1/1), rt, 1 h

/\ 2) (1.1 eq), HATU (1.1 eq) /\
— N~y >N  DIPEA(3eq), DMF, 1t 3 h —N.  N-N AN
L L L
NN NN
[0433] Synthesis of 2-(tert-butyl)-N-(6-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[ 1,5-

a]pyrazin-2-yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)thiazole-5-carboxamide
was similar to that of Example 1. Obtained 2-(tert-butyl)-N-(6-(6-((5-methyl-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-
yl)thiazole-5-carboxamide (80 mg, yield: 70%) as a yellow solid. ESI-MS (M+H) ": 542.8.
HPLC: (214 nm: 99.33%, 254 nm: 97.39%). 'H NMR (400 MHz, CD;0D) : 8.60 (s, 1H), 8.23
(s, 1H), 7.76-7.73 (m, 2H), 7.54 (s, 1H), 7.39 (d, /= 8.0 Hz, 1H), 6.26 (s, 1H), 5.35-5.32 (m,
1H), 4.13 (t,J = 5.6 Hz, 2H), 3.69 (s, 2H), 3.00-2.89 (m, 4H), 2.51 (s, 3H), 2.17-2.13 (m, 1H),
2.08-2.04 (m, 1H), 1.96-1.91 (m, 2H), 1.46 (s, 9H).

Example 134: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-
carboxamide (I-135)

I-135
Synthesis of tert-butyl 4-(2-aminopyrimidin-4-yl)-2-methylbenzylcarbamate
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NHBoc ¢! NHBoc
) Y
Me e
Z
N)\NHZ
B.
o0 Pd(dppf)Cl, (0.01 eq) Z N
K;CO3 (3.0 eq) ~ J\
1,4-dioxane/water, sealed tube, 100 °C, 2 h N NH,
[0434] To a solution of tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)benzylcarbamate (347 mg, 1.0 mmol) in dioxane (8§ mL) and H,O (2 mL), 4-chloropyrimidin-
2-amine (129 mg, 1.0 mmol), Pd(dppf)Cl; (7.5 mg, 0.01 mmol) and K,CO; (414 mg, 3.0 mmol)
were added under N,. The mixture was stirred at 100 °C for 2 h. Then the mixture was quenched
with H,O (60 mL) and extracted with EA (60 mLx3). The organic layers were collected,
concentrated. The residue was purified by column chromatography (silica, petroleum
ether/EtOAc = 1:1 to 1:2) to give tert-butyl 4-(2-aminopyrimidin-4-yl)-2-methylbenzylcarbamate
(257 mg, yield: 82%) as yellow solid ESI-MS (M+H) ": 315.2. '"H NMR (400 MHz, CDCls) 6:
8.30 (d,/=4.8 Hz, 1H), 7.82 (s, 1H), 7.78 (d, J= 8.0 Hz, 1H), 7.34 (d, /= 7.6 Hz, 1H), 7.03 (d,
J=5.6 Hz, 1H), 5.13 (br, 2H), 4.77 (br, 1H), 4.36 (d, /= 6.0 Hz, 2H), 2.40 (s, 3H), 1.48 (s, 9H).

Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-

carboxamide
N
N S
NHBoc OY[ % NH
S
Me OH
1) TFA/DCM, 1t, 1 h
SN 2) HBTU (1.5 eq), DIPEA (5.0 eq), DMF, | N
| rt,2h
\N)\NHz N/)\NHZ
[0435] A mixture of tert-butyl 4-(2-aminopyrimidin-4-yl)-2-methylbenzylcarbamate (79

mg, 0.25 mmol) in TFA/DCM (6 mL, 1:1) was stirred at rt for 1 h. After removal of solvents, the
residue was dissolved in DMF (4 mL), 2-(tert-butyl)thiazole-5-carboxylic acid (47 mg, 0.25
mmol), HBTU (143 mg, 0.38 mmol) and DIPEA (167 mg, 1.30 mmol) were added. The mixture
was stirred at rt for further 16 h. After diluted with water (60 mL), the mixture was extracted
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with ethyl acetate (80 mLx2). The combined extracts were evaporated and the residue was
purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give compound
N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-2-(tert-butyl)thiazole-5-carboxamide (62 mg,
yield: 65%) as a white solid. ESI-MS (M+H) *: 382.2. "H NMR (400 MHz, CD:0D) &: 8.28 (s,
1H), 8.27 (d, J=5.6 Hz, 1H), 7.93 (s, 1H), 7.87 (d, /= 8.0 Hz, 1H), 7.38 (d, /= 8.0 Hz, 1H),
7.10 (d, J=5.2 Hz, 1H), 4.55 (s, 2H), 2.42 (s, 3H), 1.42 (s, 9H).

Example 135: N-(6-(2-aminopyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)-2-(tert-

o L~
NH

butyl)thiazole-5-carboxamide (I-136)

| ~N
N/)\NHZ
I-136

[0436] Synthesis of N-(6-(2-aminopyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)-2-
(tert-butyl)thiazole-5-carboxamide was similar to that of Example 134. The residue was purified
by prep-HPLC (MeCN/H,0O with 0.05% NH3.H,0 as mobile phase) to give N-(6-(2-
aminopyrimidin-4-yl)-1,2,3 4-tetrahydronaphthalen-1-yl)-2-(tert-butyl)thiazole-5-carboxamide
as a white solid (42 mg, yield: 26%). ESI-MS (M+H) : 408.2. '"H NMR (400 MHz, DMSO-ds)
0: 898 (d, J=8.4 Hz, 1H), 8.32 (s, 1H), 8.28 (d, /= 5.2 Hz, 1H), 7.88 (s, 1H), 7.85 (dd, J = 8.4,
1.6 Hz, 1H), 7.30 (d, /= 8.0 Hz, 1H), 7.10 (d, /= 5.2 Hz, 1H), 6.66 (s, 2H), 5.22-5.20 (m, 1H),
2.86-2.84 (m, 2H), 2.02-1.95 (m, 2H), 1.82-1.79 (m, 2H), 1.39 (s, 9H).

Example 136: N-(6-(2-aminopyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (I-137)
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Z "N
\NJ\NHZ
1-137

[0437] Synthesis of N-(6-(2-aminopyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)-
4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide was similar to that of Example 134. The
residue was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3H,O as mobile phase) to give
N-(6-(2-aminopyrimidin-4-yl)-1,2,3,4-tetrahydronaphthalen-1-yl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (50 mg, yield: 30%) as a white solid. ESI-MS
(M+H)": 405.1. HPLC: (214 nm: 100.00%, 254 nm: 100.00%). 'H NMR (400 MHz, CDCl;) ¢:
8.32(d,J=5.2Hz 1H), 7.79 (s, 1H), 7.77 (d, /= 8.4 Hz, 1H), 7.45 (d, /= 7.6 Hz, 1H), 7.18 (s,
1H), 7.05 (d, J= 5.6 Hz, 1H), 6.03 (d, J = 8.8 Hz, 1H), 5.40-5.38 (m, 1H), 5.29 (br, 2H), 2.91-
2.88 (m, 2H), 2.77 (t, J = 5.6 Hz, 2H), 2.59 (t,/ = 5.6 Hz, 2H), 2.20-2.14 (m, 1H),1.94-1.77 (m,
7H).

Example 137: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-thieno[3,2-
c]thiopyran-2-carboxamide 5,5-dioxide (I-138)

s”o
SN/ ™0
O S
NH
B
N/)\NHZ
1-138
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Synthesis of ethyl 6,7-dihydro-4H-thieno/3,2-c[thiopyran-2-carboxylate

(®) Vamm
1. POCl; (1.6 eq), DMF (2.0 eq) O
DCM,0°C, 2h S \
s 2. ethylmercaptoacetate (1.6 eq) - ~
EtsN (1.6 eq), DCM, reflux, 16 h
[0438] POCI; (2.12 g, 13.79 mmol) was dropwise added to DMF (1.13 g, 15.52 mmol) in

ice bath. DCM (20 mL) was added and the bath was removed when the reaction media appeared
to be pasty. The reaction was kept at room temperature for 2 h. Then it was cooled to 0 °C again.
Tetrahydro-thiopyran-4-one (1.0 g, 8.62 mmol) in 10 mL DCM was then dropwise added within
3 minutes. The reaction was kept at 0 °C for 2 h, dilute with DCM (250 ml) and then wash with
ice cold saturated aqueous sodium acetate solution (100 mL). The organic layer was dried
filtered, concentrated. The crude compound was dissolved in DCM (30 mL) then added ethyl 2-
mercapto-acetate (1.66 g, 13.79 mmol) and 1 mL TEA. The mixture was refluxed for 16 h. Then
it was washed with water and dried over magnesium sulfate. After filtered and concentrated, the
residue was purified by silica gel column chromatography (EtOAc/petroleum ether = 1:10) to
give ethyl 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylate (900 mg, yield: 46%). ESI-MS
(M+H) "1 229.0. "H NMR (400 MHz, CDCls) 8: 7.47 (s, 1H), 4.32 (q, J= 7.2 Hz, 2H), 3.72 (s,
2H), 3.10 (t, /= 5.6 Hz, 2H), 2.93 (t, J = 5.6 Hz, 2H), 1.36 (t, /= 7.2 Hz, 3H).

Synthesis of ethyl 6,7-dihydro-4H-thieno/[3,2-c[thiopyran-2-carboxylate 5,5-dioxide

a S
O O
S \ m-CPBA (2.2 eq) _ S N
N DCM, rt, 2 h =
S ’/S\\
[0439] To a solution of ethyl 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylate (300

mg, 1.32 mmol) in DCM (30 mL) was added m-CPBA (500 mg, 2.89 mmol) in portions. The
mixture was stirred at room temperature for 2 h. After washing with saturated aqueous sodium
sulfite (40 mL), the organic phase was evaporated and the residue was purified by pre-TLC
(EtOAc/petroleum ether = 1:5) to give ethyl 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-
carboxylate 5,5-dioxide as a brown oil. ESI-MS (M+H)": 261.0. "H NMR (400 MHz, CDCl) J:
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7.42 (s, 1H), 4.34 (q, J= 7.2 Hz, 2H), 4.24 (s, 2H), 3.48 (t, J = 6.4 Hz, 2H), 3.30 (t, J = 6.4 Hz,
2H), 1.35 (t,J = 7.2 Hz, 3H).

Synthesis of 6,7-dihydro-4H-thieno[3,2-c[thiopyran-2-carboxylic acid 5,5-dioxide

@) S O
O OH
S NaOH (3.0 eq) SN
N > NN
EtOH/H,0 (4:1), reflux, 2 h
/,S\\
O O O//&\O
[0440] To a solution ethyl 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylate 5,5-

dioxide (180 mg, 0.692 mmol) in EtOH/H,0 (4:1, 20 mL) was added sodium hydroxide (83 mg,
2.08 mmol). The mixture was refluxed for 2 h. After concentrated, the residue was diluted with
water (10 mL), acidified with 1 N HCl to pH = 4-5. The precipitate was collected by filtration
and dried to give 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylic acid 5,5-dioxide (150 mg,
yield: 93%) as a white solid. ESI-MS (M+H)": 233.0.

Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-thieno/3,2-

c/thiopyran-2-carboxamide 5,5-dioxide

O
o
S S3
Hz 0) \\ ©
H,N N—
7 N
OH —
2
~ (1.0 eq), HBTU (1.5 eq)
DIPEA (2.0 eq), DMF, rt, 16 h
R
O O
[0441] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-

thieno[3,2-c]Jthiopyran-2-carboxamide 5,5-dioxide was similar to that of Example 134, starting
from 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylic acid 5,5-dioxide. The residue was
purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give compound
N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-
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carboxamide 5,5-dioxide (80 mg, yield: 29%) as a white solid. ESI-MS (M+H) ": 429.2. 'H
NMR (400 MHz, DMSO-d6) ¢: 8.99 (t, /= 6.0 Hz, 1H), 8.28 (d, /= 5.6 Hz, 1H), 7.90 (s, 1H),
7.84 (d, J=8.0 Hz, 1H), 7.52 (s, 1H), 7.32 (d, /= 8.0 Hz, 1H), 7.09 (d, J= 5.2 Hz, 1H), 6.64 (s,
2H), 4.44 (d, J= 5.6 Hz, 2H), 4.43 (s, 2H), 3.46 (t, J= 5.6 Hz, 2H), 3.35 (t, /= 5.6 Hz, 2H), 2.37
(s, 3H).

Example 138: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-thieno[3,2-
c]pyran-2-carboxamide (I-139)

S \ O
O S
NH
)
N/)\ NH,
1-139
[0442] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-6,7-dihydro-4H-

thieno[3,2-c]pyran-2-carboxamide was similar to that of Example 134, starting from 6,7-
dihydro-4H-thieno[3,2-c]pyran-2-carboxylic acid. The residue was purified by prep-HPLC
(MeCN/H,0 with 0.05% NH3.H,O as mobile phase) to give title product as a white solid (40 mg,
yield: 44%). ESI-MS (M+H) *: 381.1. '"H NMR (400 MHz, CD;0D) §: 8.27 (d, /= 7.2 Hz, 1H),
8.08 (s, 1H), 8.04 (dd, /= 9.2, 1.6 Hz, 1H), 7.49-7.46 (m, 2H), 7.41 (s, 1H), 4.68 (s, 2H), 4.61 (s,
2H), 3.98 (t,J=5.6 Hz, 2H), 2.91 (t, J= 5.6 Hz, 2H), 2.48 (s, 3H).

Example 139: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno|3,2-
c|pyridine-2-carboxamide (I-140)
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S N\ H
@) S
NH
)
N/)\NHZ
1-140
Synthesis of 5-tert-butyl 2-ethyl 6,7-dihydrothieno3,2-c[pyridine-2,5(4H)-dicarboxylate
O Vamm
O
1. POCl; (1.6 eq), DMF (2.0 eq) {
DCM,0°C,2h
- X
2. ethylmercaptoacetate (1.6 eq)
N Et;N (1.6 eq), DCM, reflux, 16 h N
Boc Boc
[0443] Synthesis of 5-tert-butyl 2-ethyl 6,7-dihydrothieno[3,2-c]pyridine-2,5(4H)-

dicarboxylate was similar to that of ethyl 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylate,
starting from tert-butyl 4-oxopiperidine-1-carboxylate. The crude product was purified by silica
gel column chromatography (EtOAc/petroleum ether = 1:10) to give 5-tert-butyl 2-ethyl 6,7-
dihydrothieno[3,2-c]pyridine-2,5(4H)-dicarboxylate (4.1 g, yield: 52%) as an yellow oil. ESI-MS
(M+H)": 312.1. "H NMR (400 MHz, CDCls) 6: 7.49 (s, 1H), 4.48 (s, 2H), 4.33 (q, /= 7.2 Hz,
2H), 3.72 (t,J= 5.6 Hz, 2H), 2.86 (t,J = 5.6 Hz, 2H), 1.49 (s, 9H) 1.36 (t, /= 7.2 Hz, 3H).

Synthesis of 5-(tert-butoxycarbonyl)-4,5,6,7-tetrahydrothieno[3,2-c[pyridine-2-carboxylic acid

0O Vam 0]
o OH

\ NaOH (3.0 eq) 2

AN > N
EtOH/H,O (4:1), reflux, 2 h
) N
Boc Boc
[0444] Synthesis of 5-(tert-butoxycarbonyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-

carboxylic acid was similar to that of 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylic acid
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5,5-dioxide. The crude product (500 mg, yield: 55%) was used in the next step without further
purification. ESI-MS (M+H)": 284.1.

Synthesis of tert-butyl 2-((4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)carbamoyl)-6,7-
dihydrothieno[3,2-c[pyridine-5(4H)-carboxylate

S N N—Boc
O S
NH,
OH
. \\ HBTU (1.5 eq)
DIPEA (2.0 eq), DMF, rt, 16 h
S
Boc
N/)\NHZ
[0445] Synthesis of tert-butyl 2-((4-(2-aminopyrimidin-4-yl)-2-

methylbenzyl)carbamoyl)-6,7-dihydrothieno[ 3,2-c]pyridine-5(4H)-carboxylate was similar to
that of Example 134. The crude tert-butyl 2-((4-(2-aminopyrimidin-4-yl)-2-
methylbenzyl)carbamoyl)-6,7-dihydrothieno[ 3,2-c]pyridine-5(4H)-carboxylate (200 mg, yield:
66%) was used in the next step without further purification. ESI-MS (M+H): 480.2. '"H NMR
(400 MHz, CDCls) ¢: 8.34 (d, J= 5.2 Hz, 1H), 8.01 (s, 1H), 7.85 (s, 1H), 7.78 (d, J= 8.0 Hz,
1H), 7.37 (d, J=8.0 Hz, 1H), 7.23 (s, 1H), 7.03 (d, /= 5.2 Hz, 1H), 6.07 (br, 1H), 5.09 (br, 2H),
4.65 (d, J=5.6 Hz, 2H), 4.46 (s, 2H), 3.72 (t, J= 5.6 Hz, 2H), 2.85 (t, /= 5.6 Hz, 2H), 2.43 (s,
3H), 1.48 (s, 9H).

Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno/3,2-

c/pyridine-2-carboxamide
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. S\\ N—Boc . S\\ H
NH NH
TFA/DCM (1:1)
rt, 1 h i
| ~N | ~N
N/)\NHZ N/)\NHZ
[0446] A mixture of tert-butyl 2-((4-(2-aminopyrimidin-4-yl)-2-

methylbenzyl)carbamoyl)-6,7-dihydrothieno[ 3,2-c]pyridine-5(4H)-carboxylate (200 mg, 0.418
mmol) in TFA/DCM (1:1, 20 mL) was stirred at room temperature for 1 h. After removal of
solvent, the residue was adjusted to pH = 8 with saturated aqueous sodium bicarbonate and
purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give compound
N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-
carboxamide (100 mg, yicld: 63%) as yellow solid. ESI-MS (M+H): 380.2. HPLC: (214 nm:
100%, 254 nm: 100%). '"H NMR (400 MHz, DMSO-d6) J: 8.81 (t, /= 6.0 Hz, 1H), 8.28 (d, J =
5.6 Hz, 1H), 7.90 (s, 1H), 7.84 (d, J= 8.0 Hz, 1H), 7.51 (s, 1H), 7.32 (d, /= 8.0 Hz, 1H), 7.09 (d,
J=5.6 Hz, 1H), 6.63 (s, 2H), 4.44 (d, /= 5.6 Hz, 2H), 3.72 (s, 2H), 2.94 (t, /= 5.6 Hz, 2H), 2.69
(t,J=5.6 Hz, 2H), 2.38 (s, 3H).

Example 140: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5-methyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-2-carboxamide (I-141)

S\ N—

O =~

NH

I-141
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Synthesis of ethyl 4,5,6,7-tetrahydrothieno[3,2-c[pyridine-2-carboxylate

O, Ve O, Vo
O O
S

\ _ \

N TFA/DCM (1 .1)= N
rt, 1h
\ N
Boc
[0447] Synthesis of ethyl 4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxylate was

similar to that of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrothieno[ 3,2-
c]pyridine-2-carboxamide. Crude ethyl 4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxylate
(678 mg, yield: 100%) was used in the next step without further purification. ESI-MS (M+H)":
212.1.

Synthesis of ethyl 5-methyl-4,5,6,7-tetrahydrothieno/3,2-c[pyridine-2-carboxylate

O, Y am
O/_ O
N HCHO (37% aq., 7.0 eq) S N
™ -
formic acid, reflux, 16 h
i |
[0448] To a solution of ethyl 4,5,6,7-tetrahydrothieno[ 3,2-c]pyridine-2-carboxylate (678

mg, 3.22 mmol) in formic acid (30 mL) was added formalin (37%, 1.8 mL). The mixture was
refluxed for 16 h. After cooling to rt, the mixture was concentrated under reduced pressure. The
residue was adjusted to pH = 8 with 1 N NaOH and extracted with EtOAc (80 mLx2). The
combined extracts were washed with brine, dried, purified with pre-TLC (EtOAc/petroleum
ether = 1:1) to give ethyl 5-methyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxylate (130
mg, yield: 18%) as an yellow oil. ESI-MS (M+H)": 226.1. '"H NMR (400 MHz, CDCls) J: 7.44
(s, 1H), 432 (q, J=7.2 Hz, 2H), 3.51 (s, 2H), 2.95 (t, /= 5.6 Hz, 2H), 2.76 (t,J = 5.6 Hz, 2H),
2.49 (s, 3H), 1.35 (t, J= 7.2 Hz, 3H).

Synthesis of 5-methyl-4,5,6,7-tetrahydrothieno[3,2-c[pyridine-2-carboxylic acid
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O, Vo
O OH
S NaOH (3.0 eq) N
> > X
EtOH/H,0 (4:1), reflux, 2 h
N N
| |
[0449] Synthesis of 5-methyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine-2-carboxylic acid

was similar to that of 6,7-dihydro-4H-thieno[3,2-c]thiopyran-2-carboxylic acid 5,5-dioxide. The
crude product (100 mg, yield: 88%) was used in the next step without further purification. ESI-
MS (M+H)": 198.1.

Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5-methyl-4,5,6,7-
tetrahydrothieno[3,2-c[pyridine-2-carboxamide

S N\ N—
O S
NH,
OH
. \\ HBTU (1.5 eq)
DIPEA (2.0 eq), DMF, rt, 16 h
S
N/)\NHZ
[0450] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5-methyl-4,5,6,7-

tetrahydrothieno[3,2-c]pyridine-2-carboxamide was similar to that of Example 134. The crude
product was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to
give compound N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-5-methyl-4,5,6,7-
tetrahydrothieno[3,2-c]pyridine-2-carboxamide (53 mg, yield: 43%) as yellow solid. ESI-MS
(M+H)": 394.2. HPLC: (214 nm: 100%, 254 nm: 100%). '"H NMR (400 MHz, DMSO-d6)
8.83 (t,J=5.2Hz, 1H), 8.28 (d, /= 5.2 Hz, 1H), 7.90 (s, 1H), 7.84 (d, /= 8.0 Hz, 1H), 7.51 (s,
1H), 7.32 (d, J= 8.0 Hz, 1H), 7.09 (d, /= 5.2 Hz, 1H), 6.63 (s, 2H), 4.45 (d, J= 5.2 Hz, 2H),
3.38 (s, 2H), 2.82 (t, /= 5.2 Hz, 2H), 2.64 (t, /= 5.2 Hz, 2H), 2.38 (s, 3H), 2.35 (s, 3H).

Example 141: N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (I-142)
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~N

SPN
1-142
[0451] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-

NH»

tetrahydrobenzo[b]thiophene-2-carboxamide was similar to that of Example 134. The residue
was purified by prep-HPLC (CH;CN/H,0 with 0.05% NH;3.H,0 as mobile phase) to give N-(4-
(2-aminopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide
as a white solid (120 mg, yield: 55%). ESI-MS (M+H) ": 379.1. HPLC: (214 nm: 98%, 254 nm:
99%). '"H NMR (400 MHz, CDCl3) J: 8.34 (d, J = 5.2 Hz, 1H), 7.85 (s, 1H), 7.79 (d, J = 8.0 Hz,
1H), 7.39 (d, J = 8.0 Hz, 1H), 7.20 (s, 1H), 7.04 (d, J = 5.6 Hz, 1H), 5.97 (br, 1H), 5.13 (br, 2H),
4.65(d,J =5.2 Hz, 2H), 2.79 (t,J = 6.0 Hz, 2H), 2.61 (t, J = 6.4 Hz, 2H), 2.43 (s, 3H), 1.86-
1.71 (m, 4H).

Example 142: N-(4-(6-acetamidopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (I-143)

H SN
N. A

o)

N

.

AcHN™ N
1-143

Synthesis of N-(4-bromo-2-methylbenzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide

276



WO 2015/089337 PCT/US2014/069853

S OH N I N
% (10eq) s
O . 5

HBTU (1.2 eq)
TEA (3 eq), rt, 16 h

Br Br

[0452] To a solution of 4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxylic acid (2.1 g, 12
mmol) in 30 mL DMF were added (4-bromo-2-methylphenyl)methanamine (2.4 g, 12 mmol),
HBTU (5.4 g, 14.4 mmol) and TEA (3.6 g, 36 mmol). The mixture was stirred at rt for 16 h.
After diluted with water (100 ml), the mixture was extracted with EtOAc (100 mLx2). The
combined organic layer was washed with H,O (80 mLx2), dried (Na,SO,), filtered and
concentrated. The residue was purified by silica gel chromatography column (EtOAc/petroleum
ether = 1:5) to give N-(4-bromo-2-methylbenzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamide as a white solid (3.8 g, yield: 86%). ESI-MS: 364.1 (M+H) "

Synthesis of N-(2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide

i jém 2eq) \é
Pd(dppf)CIzDCM (0.1 eq),

Br KOAc (2.0 eq)
DMF, 100 °C 16 h

[0453] To a solution of N-(4-bromo-2-methylbenzyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (1 g, 2.7 mmol) and bis(pinacolato)diboron (740
mg, 3.2 mmol) in DMF (15 mL) were added KOAc (544 mg, 5.4 mmol) and Pd(dppf)Cl,DCM
(112 mg, 0.14 mmol) respectively. The mixture was stirred at 100 °C for 16 h under N,. After
cooling to rt, the mixture was diluted with water (80 mL) and extracted with EtOAc (80 mLx2).
The organic layer was washed with brine (80 mL), dried (Na,S0O,), filtered and concentrated.
The residue was purified by silica gel chromatography column (EtOAc/petroleum ether = 1:4) to
give N-(2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-4,5,6,7-
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tetrahydrobenzo[b]thiophene-2-carboxamide as a white solid (883 mg, yield: 76%). ESI-MS
(M+H) ": 412.2. "TH NMR (400 MHz, CDCls) 6: 7.65 (s, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.29 (d,
J=72Hz, 1H), 7.16 (s, 1H), 5.88 (br, 1H), 4.61 (d, J = 5.2 Hz, 2H), 2.77 (t, J = 6.0 Hz, 2H),
2.56 (t,J = 6.4 Hz, 2H), 2.35 (s, 3H), 1.86-1.76 (m, 4H), 1.34 (s, 12H).

Synthesis of N-(4-(6-acetamidopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide

HJQOEN 13
L

N” (1.0 eq) 0

Pd(dppf)Cl; (0.1 eq)
K2003 (20 eq)

B :
Y dioxane/H,O (4: 1) S
P 100 °C, 16h | /)N
/\\_[L AcHN” N
[0454] Synthesis of N-(4-(6-acetamidopyrimidin-4-yl)-2-methylbenzyl)-4,5,6,7-

tetrahydrobenzo[b]thiophene-2-carboxamide was similar to that of tert-butyl 4-(2-
chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude product was purified by prep-HPLC
(CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to give N-(4-(6-acetamidopyrimidin-4-yl)-
2-methylbenzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide as a yellow solid (60 mg,
yield: 41%). ESI-MS (M+H) ": 421.1. HPLC: (214 nm: 99%, 254 nm: 97%). '"H NMR (400
MHz, CDCls) d: 8.82 (s, 1H), 8.52 (s, 1H), 8.08 (br, 1H), 7.87 (s, 1H), 7.85 (d, J = 7.6 Hz, 1H),
7.35(d,J =7.6 Hz, 1H), 7.15 (s, 1H), 5.94 (br, 1H), 4.59 (d, J = 5.6 Hz, 2H), 2.72 (t,J = 5.2 Hz,
2H), 2.54 (t,J = 6.0 Hz, 2H), 2.37 (s, 3H) 2.21 (s, 3H), 1.79-1.71 (m, 4H).

Example 143: tert-butyl 5-(2-aminopyrimidin-4-yl)-2-((4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamido)methyl)benzyl(methyl)carbamate (1-144)
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1-144
Synthesis of 4-bromo-2-(bromomethyl)benzonitrile

CN CN
NBS (1.0 eq), AIBN (0.2 eq) Br
CCly, 80°C, 16 h
Br Br
[0455] To a solution of 4-bromo-2-methylbenzonitrile (2 g, 10.2 mmol) in 15 mL CCly

were added NBS (1.8 g, 10.2 mmol) and AIBN (340 mg, 2.08 mmol). The mixture was stirred at
80 °C for 16 h. After diluted with water (30 mL), the mixture was extracted with DCM (50 mL x
2). The combined organic layer was washed with H,O (30 mL x 2), dried (Na,SOy), filtered and
concentrated. The crude product was used in the next step without further purification.

Synthesis of tert-butyl 5-bromo-2-cyanobenzyl(methyl)carbamate

CN N
Br 7 Boc (12eq) N-20°
NaH (1.2 eq), THF= |
Br 0°Ctort, 16 h Br
[0456] To a solution of tert-butyl methylcarbamate (3.5 g, 26.4 mmol) in dry DMF (15

mL) was added NaH (0.64 g, 26.4 mmol) in ice bath. The mixture was stirred at rt for 30 min,
then a solution of 4-bromo-2-(bromomethyl)benzonitrile (6.0 g, 22 mmol) in DMF (15 mL) was
added. The mixture was stirred at rt for another 16 h. After diluted with water (50 mL), the
mixture was extracted with EtOAc (80 mL x 2). The combined organic layer was washed with
H,0 (60 mL x 2), dried (Na,SO.), filtered and concentrated. The residue was purified by silica
gel column chromatography (EA/PE = 1:10) to give tert-butyl 5-bromo-2-
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cyanobenzyl(methyl)carbamate as yellow solid (900 mg, yield: 13%). ESI-MS (M+Na) ": 347.0.
'H NMR (400 MHz, CDCls) d: 7.54-7.51 (m, 3H). 4.60-4.58 (m, 2H), 2.95-2.89 (m, 3H), 1.50-

1.43 (m, 9H).
Synthesis of tert-butyl 5-(2-aminopyrimidin-4-yl)-2-cyanobenzyl(methyl)carbamate

(1.2 eq) N-BOC

Pd(dppf)Cl, (0.1 eq) KOAc (2.0 eq) |
Dioxane, 108 °C, 1

oy

Br Pd(dppf)Cl, (0.1 €q) || L
2) N K,COj3 (2.0 eq) NZ N
- dioxane/H,0 (4: 1) 2
N >NH, 100°C, 16 h
(1.0 eq)
[0457] Synthesis of tert-butyl 5-(2-aminopyrimidin-4-yl)-2-

cyanobenzyl(methyl)carbamate was similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-
methylbenzylcarbamate. The residue was purified by silica gel column chromatography
(EtOAc/petroleum ether = 1:5) to give tert-butyl 5-(2-aminopyrimidin-4-yl)-2-
cyanobenzyl(methyl)carbamate as a yellow solid (1.6 g, yield: 64%). ESI-MS (M+H) ": 340.2.
'H NMR (400 MHz, CDCLs) d: 8.33 (d,J = 4.0 Hz, 1H), 7.98 (s, 1H), 7.94 (d, J = 6.4 Hz, 1H),
7.70 (d,J = 8.0 Hz, 1H), 6.99 (d, J = 5.2 Hz, 1H), 4.64 (s, 2H), 2.91-2.89 (m, 3H), 1.17-1.15 (m,

9H).
Synthesis of tert-butyl 2-(aminomethyl)-5-(2-aminopyrimidin-4-yl)benzyl(methyl)carbamate
N NH,
N/Boc .Boc
| Raney-Ni, NHs.H,0 |
H, (20 atm), MeOH
| \)N\ rt, 16 h | \)N\
N7 > NH, N “NH,

[0458] To a solution of tert-butyl 5-(2-aminopyrimidin-4-yl)-2-

cyanobenzyl(methyl)carbamate (1.6 g, 4.7 mmol) in 30 mL MeOH were added Raney-Ni (160
mg) and NH3.H,O (3 mL). The mixture was stirred at rt for 16 h under hydrogen atmosphere.
The catalyst was filtered off and the filtrate was concentrated to give tert-butyl 2-(aminomethyl)-
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5-(2-aminopyrimidin-4-yl)benzyl(methyl)carbamate as colorless oil (1.04 g, yield: 65%), which
was used to next step without further purification. ESI-MS (M+H) ": 344.1.

Synthesis of tert-butyl 5-(2-aminopyrimidin-4-yl)-2-((4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamido)methyl)benzyl(methyl)carbamate

NH, | I i\
N-BOC | A\ S
| S © (1.2 eq) NH
> Boc
| N TEA (3 eq), DCM, rt, 4 h ’i‘
N/)\NHZ
1
N” > NH,
[0459] Synthesis of tert-butyl 5-(2-aminopyrimidin-4-yl)-2-((4,5,6,7-

tetrahydrobenzo[b]thiophene-2-carboxamido)methyl)benzyl(methyl)carbamate was similar to
that of Example I-7. The residue was purified by silica gel chromatography column
(EtOAc/petroleum ether = 1:4) to give tert-butyl 5-(2-aminopyrimidin-4-yl)-2-((4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamido)methyl)benzyl(methyl)carbamate as a yellow solid
(600 mg, yield: 51%). ESI-MS (M+H) ": 508.2. '"H NMR (400 MHz, CD;0D) §: 8.28 (d, J = 5.2
Hz, 1H), 7.97 (d, J = 6.8 Hz, 1H), 7.90 (s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.39 (s, 1H), 7.11 (d, J
= 5.2 Hz, 1H), 4.65 (s, 2H), 4.60 (s, 2H), 2.90 (s, 3H), 2.76 (t, J = 5.2 Hz, 2H), 2.58 (t,J = 5.6
Hz, 2H), 1.87-1.82 (m, 4H), 1.47 (s, 9H).

Example 144: N-(4-(2-aminopyrimidin-4-yl)-2-((methylamino)methyl)benzyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (I-145)
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7N 7\
O S @) SN

NH NH

~N HCUMeOH (5N)
Boc H HCI
rt,1h

@ @

N/)\NHZ N/)\NHZ
1-145
[0460] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-((methylamino)methyl)benzyl)-

4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide was similar to that of Example 139. The
crude product was purified by prep-HPLC (CH3;CN/H,O as mobile phase) to give N-(4-(2-
aminopyrimidin-4-yl)-2-((methylamino)methyl)benzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamide as a white solid (21 mg, yield: 58%). ESI-MS (M+H) *: 408.2. "H NMR (400 MHz,
DMSO-ds) d: 9.47-9.45 (m, 2H), 9.29 (s, 1H), 8.51 (d,J = 5.2 Hz, 1H), 8.39 (s, 1H), 8.16 (d, J =
8.0 Hz, 1H), 7.95 (br, 1H), 7.60 (s, 2H), 7.50-7.49 (m, 1H), 4.60 (d, J = 5.2 Hz, 2H), 4.37 (s,
2H), 2.72-2.67 (m, 5H) 2.56-2.55 (m, 2H), 1.75-1.73 (m, 4H).

Example 145: N-(4-(2-aminopyrimidin-4-yl)-2-((N-methylacrylamido)methyl)benzyl)-
4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide (I-146)

S I\ S N\
@) SN O =~
NH /ﬁ(c
7
NN o (1. Oeq) \)J\
H TEA (2.0 eq), DM

rt, 2h

)

N/)\NHZ
1-146
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[0461] Synthesis of N-(4-(2-aminopyrimidin-4-yl)-2-((N-
methylacrylamido)methyl)benzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide was
similar to that of Example 143. The crude product was purified by prep-HPLC (CH3CN/H,O
with 0.05% NH3.H,O as mobile phase) to give N-(4-(2-aminopyrimidin-4-yl)-2-((N-
methylacrylamido)methyl)benzyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide as a
white solid (10 mg, yield: 28%). ESI-MS (M+H) : 462.2. "H NMR (400 MHz, DMSO-ds) J:
8.91-8.89 (m, 1H), 8.30 (d, J/ = 5.2 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.79-7.63 (m, 1H), 7.53-
7.52 (m, 1H), 7.44-7.38 (m, 1H), 7.05-6.97 (m, 1H), 6.91-6.70 (m, 2H), 6.22-6.19 (m, 1H), 5.78-
5.63 (m, 1H), 4.87-4.76 (m, 2H), 4.47-4.46 (m, 2H), 3.02-2.97 (m, 3H), 2.73 (t,/ = 5.2 Hz, 2H),
2.58 (t,J = 4.8 Hz, 2H), 1.78-1.72 (m, 4H).

Example 146: 2-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-5,6,7,8-tetrahydro-4H-
pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide

(0]

N7 | N/NK\L
KN N//I\)\/
H
1-147
N Cl N
Ho \>_€ H o \>—é
N s N( | N s
0 SN el 0
Pd(dppf)Cly, KoCOs3,
B 1,4-dioxane
0" o N( |
ﬁ_% SN el
10462} Synthesis of 2-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-

methylbenzyl)thiazole-5-carboxamide. A mixture of 2-(tert-butyl)-N-(2-methyl-4-(4,4,5,5-
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tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)thiazole-5-carboxamide (2.5 g, 6.0 mmol) and
pyrimidine, 4,6-dichloro- (1.08 g, 7.24 mmol) in 1,4-dioxane (25 mL) was degassed for 5 min.
water (2.0 mL, 110 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(Il),complex with dichloromethane (1:1)
(493 mg, 0.60 mmol) and potassium carbonate (1.67 g, 12.07mmol) were then added, degassed
for another 5 min, and the reaction was heated at 110°C for 2 h. After the reaction, the mixture
was cooled down, diluted with EtOAc, washed with water. The organic phase was dried,
concentrated. The crude was purified on Si gel (EtOAc/heptane gradient from 10/90 to 100/0) to
give the title compound as a light yellow powder (1.82g). LCMS: RT 1.75 min.; MH+ 401.1; 'H
NMR (400 MHz, DMSO-d6) 6: 9.02 - 9.17 (m, 2H), 8.31 (d, J = 12.80 Hz, 2H), 8.02 - 8.15 (m,
2H), 7.40 (d, J = 8.03 Hz, 1H), 4.50 (d, J = 5.52 Hz, 2H), 2.41 (s, 3H), 1.39 (s, 9H).

N N
(L~ . Ao
N s N S S
) Pd(dba)2, S-Phos, o) (o}

NaOBu!, PhMe TFA
N7 N/NK\N o N7 N’NK\N o N~ NN M
| | L P,
e W LD G
1-149 1-148
[0463] Synthesis of tert-butyl 2-((6-(4-((2-(tert-butyl)thiazole-5-

carboxamido)methyl)-3-methylphenyl)pyrimidin-4-yl)amino)-7,8-dihydro-4H-pyrazolo[1,5-
a|[1,4]diazepine-5(6H)-carboxylate (I-149) and 2-(tert-butyl)-N-(2-methyl-4-(6-((5,6,7,8-
tetrahydro-4H-pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-
carboxamide (I-148) A mixture of 2-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-
methylbenzyl)thiazole-5-carboxamide (200 mg, 0.50 mmol) and 2-amino-7,8-dihydro-4H,6H-
1,5,8a-triaza-azulene-5-carboxylic acid tert-butyl ester (164 mg, 0.65 mmol) in toluene (6.0 mL,
56 mmol) was degassed for Smin, 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (41 mg,
0.1 mmol) and tris(dibenzylideneacetone)dipalladium(0) (46 mg, 0.05 mmol) and sodium tert-
butoxide (144 mg, 1.5 mmol) were then added, degassed for another 5 min, and the reaction was
heated in microwave at 100 °C for 1h. The reaction was then cooled down, diluted with EtOAc,
washed with water. The organics was dried, concentrated. The crude was purified by ISCO

(gradient DCM + 1% to 10%2M NH3/MeOH) to give tert-butyl 2-((6-(4-((2-(tert-butyl)thiazole-
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5-carboxamido)methyl)-3-methylphenyl)pyrimidin-4-yl)amino)-7,8-dihydro-4H-pyrazolo[1,5-
a][1,4]diazepine-5(6H)-carboxylate (I-149) as a light yellow powder (LCMS: RT 1.37 min.;
MH+ 617.3) which was then dissolved in methylene chloride (4.0 mL, 62 mmol), treated with
trifluoroacetic acid (0.4 mL, 5 mmol). The reaction was stirred at RT for 1h. Remove the
solvent. The crude was purified by ISCO (reverse phase ACN/Water w/0.1%TFA gradient) to
give 2-(tert-butyl)-N-(2-methyl-4-(6-((5,6,7,8-tetrahydro-4H-pyrazolo[1,5-a][1,4]diazepin-2-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (1-148) as a yellow powder (48 mg,
TFA salt). LCMS: RT 0.97min.; MH+ 517.3; '"H NMR (400 MHz, DMSO-d6) &: 10.27 (br. s.,
1H), 8.98 - 9.18 (m, 3H), 8.70 (s, 1H), 8.33 (s, 1H), 7.72 - 7.87 (m, 2H), 7.40 (d, J = 8.03 Hz,
1H), 6.70 (br. s., 1H), 4.31 - 4.60 (m, 6H), 3.41 (br. s., 2H), 2.41 (s, 3H), 2.02 (br. s., 2H), 1.39

(s, 9H).
N
S Formaldehyde, S
NaBH(OAc)s, 0
MeOH
w | N’NK\NH v | N/Nq\
KN N/U\/ KN NU\/
H H
1-147
[0464] Synthesis of 2-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-5,6,7,8-tetrahydro-

4H-pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide
(I-147). 2-(tert-butyl)-N-(2-methyl-4-(6-((5,6,7,8-tetrahydro-4H-pyrazolo[ 1,5-a][ 1,4]diazepin-2-
yl)amino)pyrimidin-4-yl)benzyl)thiazole-5-carboxamide (30.0 mg, 0.06 mmol) was dissolved in
methanol (1.0 mL) and formaldehyde (0.5 mL, 20 mmol). Sodium triacetoxyborohydride (62
mg, 0.29 mmol) was then added. The mixture was heated in microwave at 100 °C for 10min.
LCMS showed the complete of the reaction. The crude was purified by HPLC to give the title
compound as a light yellow powder (16 mg, TFA salt). LCMS: RT 0.96 min.; MH+ 531.3; 'H
NMR (400 MHz, DMSO-d6) d: 10.36 (br. s., 1H), 9.12 (t, J = 5.65 Hz, 1H), 8.72 (s, 1H), 8.33 (s,
1H), 7.70 - 7.89 (m, 2H), 7.40 (d, J = 8.03 Hz, 1H), 6.75 (br. 5., 1H), 4.27 - 4.76 (m, 6H), 3.36 -
3.71 (m, 2H), 2.82 (s, 3H), 2.41 (s, 3H), 1.85 - 2.28 (m, 2H), 1.39 (s, 9H).
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Example 147: 1-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide

N7 N-N - N—
g ' [/
I-150
[0465] The synthesis of 1-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-

tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-
carboxamide (I-150) was similar to that of Example 62, except 1-tert-butyl-1H-pyrazole-4-
carboxylic acid was substituted for 2-(tert-butyl)thiazole-5-carboxylic acid to give the title
compound as a yellow solid powder (45mg). ESI-MS (M+H) +: 500.3. "H NMR (400 MHz,
METHANOL-d4) ¢: 8.80 (s, 1H), 8.68 (t, J = 5.65 Hz, 1H), 8.29 (s, 1H), 7.98 (s, 1H), 7.67 - 7.81
(m, 2H), 7.53 (d, J =7.78 Hz, 1H), 6.61 (br. s., 1H), 4.61 (d, J = 15.56 Hz, 4H), 4.47 (t, ) =5.77
Hz, 2H), 3.87 (t, J = 5.77 Hz, 2H), 3.12 (s, 3H), 2.52 (s, 3H), 1.63 (s, 9H).

Example 148: 3-(tert-butoxy)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-

y)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
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I-152

[0466] Synthesis of the 3-(tert-butoxy)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (I-152) was the similar that of
Example 19, except 3-(tert-butoxy)azetidine was substituted for 4-(trifluoromethyl)piperidine to
give product as a solid (70 mg, yield: 20%). ESI-MS (M+H) +: 450.3. "H NMR (400 MHz,
DMSO0-d6) 6: 9.48 (s, 1H), 8.45 (d, J = 5.02 Hz, 1H), 7.92 (s, 3H), 7.55 (br. s., 1H), 7.35 (d, J =
8.28 Hz, 1H), 7.25 (d, J = 5.02 Hz, 1H), 6.83 (t, J = 5.65 Hz, 1H), 4.38 - 4.55 (m, 1H), 4.22 (d, J
=5.27 Hz, 2H), 4.03 (t, ] = 7.65 Hz, 2H), 3.83 (s, 3H), 3.53 - 3.68 (m, 2H), 2.37 (s, 3H), 1.04 -
1.14 (m, 9H).

Example 149: 2-(tert-butyl)-N-(4-(6-((1-(2-hydroxyethyl)-1H-pyrazol-3-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide

L I

I-151

[0467] Synthesis of 2-(tert-butyl)-N-(4-(6-((1-(2-hydroxyethyl)-1H-pyrazol-3-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)thiazole-5-carboxamide (I-151) was the similar to that
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of Example 62, starting from 2-(3-amino-1H-pyrazol-1-yl)ethanol. ESI-MS (M+H) +: 492.2. 'H
NMR (400 MHz, DMSO-d6) d: 9.99 (s, 1H), 9.14 (m, 1H), 8.65 (s, 1H), 8.35 (s., 1H), 7.85 (m,
2H), 7.62 (d, J = 2.4 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 6.40 (brd, 1H), 4.92 (brd, 1H), 4.49 (d, J
=5.2 Hz, 2H), 4.09 (t, J = 7.65 Hz, 2H), 3.75 (m, 2H), 2.40 (s, 3H), 1.39 (s, 9H).

Example 150: 5-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide

N—C,

W

ZT

=z ——N
N \
| N—
™ A
N N
H

I-153

[0468] Synthesis of 5-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide (I-153) was similar to that of
Example 1, except 5-(tert-butyl)isoxazole-3-carboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC to give product
as a solid (39 mg, yicld 50%). ESI-MS (M+H) : 446. '"H NMR (400 MHz, CDCls) 6: 7.86 - 7.97
(m, 3H), 7.72 - 7.81 (m, 1H), 7.42 - 7.54 (m, 1H), 7.15 - 7.24 (m, 2H), 6.46 (s, 1H), 4.67 - 4.74
(m, 2H), 3.94 (s, 3H), 2.49 (s, 3H), 1.38 (s, 9H).

Example 151: 1-(zert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)-1H-pyrazole-4-carboxamide
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I-154

[0469] Synthesis of 1-(fert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-154) was similar to that of
Example 1, except 1-(tert-butyl)-1H-pyrazole-4-carboxylic acid was substituted for 2-(tert-
butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC to give product
as a solid (30 mg, yield 23%). ESI-MS (M+H) : 446. '"H NMR (400 MHz, METHANOL-d,) J:
7.97 (s, 1H), 7.94 (d, J=8.53 Hz, 1H), 7.86 (d, /= 5.77 Hz, 2H), 7.59 (br. s., 1H), 7.34 - 7.41
(m, 2H), 4.51 (s, 2H), 3.84 (s, 3H), 2.56 (s, 3H), 2.38 (s, 3H), 1.48 - 1.52 (m, 9H).

Example 152: 1-Methyl-NV-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yvD)benzyl)-1H-pyrrole-3-carboxamide
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| N—
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[0470] Synthesis of 1-Methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrrole-3-carboxamide (I-155) was similar to that of
Example 1, except 1-methyl-1H-pyrrole-3-carboxylic acid was substituted for 2-(zert-
butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC to give product
as a solid (35 mg, yield 50%). ESI-MS (M+H) : 402. '"H NMR (400 MHz, CD;OD) J: 8.21 (d, J
=5.77 Hz, 1H), 7.79 (br. m, 4H), 7.67 (s, 1H), 7.40 (d, J = 8.28 Hz, 1H), 7.14 (d, /= 5.77 Hz,
1H), 4.55 (s, 2H), 4.06 (s, 3H), 3.83 (s, 3H), 2.39 (s, 3H).

Example 153: N-(2-Methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
5,6,7,8-tetrahydroimidazo|1,2-a]pyridine-2-carboxamide

Yed

| N—
N N
H

I-156
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[0471] Synthesis of N-(2-Methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-5,6,7,8-tetrahydroimidazo[1,2-a]pyridine-2-carboxamide (I-156) was similar to that of
Example 1, except 5,6,7,8-tetrahydroimidazo[1,2-a]pyridine-2-carboxylic acid was substituted
for 2-(tert-butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC to
give product as a solid (20 mg, yield 27%). ESI-MS (M+H) ": 443. "H NMR (400 MHz,
METHANOL-d4) J: 8.21 (d, J=5.77 Hz, 1H), 7.79 (d, J = 4.02 Hz, 3H), 7.67 (s, 2H), 7.40 (d, J
=8.28 Hz, 1H), 7.14 (d, J= 5.77 Hz, 1H), 4.55 (s, 2H), 4.05 (t, / = 5.52 Hz, 2H), 3.83 (s, 3H),
3.28 (d, /J=1.51 Hz, 2H), 2.84 - 2.96 (m, 3H), 2.56 (s, 2H), 2.39 (s, 3H), 1.90 - 2.06 (m, 4H).

Example 154: 1-Methyl-V-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

v)benzyl)-1H-pyrazole-4-carboxamide
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[0472] Synthesis of 1-Methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (I-157) was similar to that of
Example 1, except 1-methyl-1H-pyrazole-4-carboxylic acid was substituted for 2-(fert-
butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC to give product
as a solid (90 mg, yield 60%). ESI-MS (M+H) ": 403. '"H NMR (400 MHz, METHANOL-d,) 6:
8.21(d,J=6.27 Hz, 1H), 7.90 (s,1H), 7.79 - 7.86 (m, 2H), 7.77 (s, 1H), 7.71 (br. s., 1H), 7.40
(d, /=8.28 Hz, 1H), 7.19 (d, J = 6.02 Hz, 1H), 4.56 (s, 2H), 3.87 (br,s 6H), 2.41 (s, 3H).
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Example 155: 1-Methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
y)benzyl)-1H-pyrrole-2-carboxamide

[\

ZT

/ N /N\
| N—
N N
H

I-158

[0473] Synthesis of 1-Methyl-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrrole-2-carboxamide (I-158) was similar to that of
Example 1, except 1-methyl-1H-pyrrole-2-carboxylic acid was substituted for 2-(zert-
butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-HPLC to give product
as a solid (40 mg, yield 30%). ESI-MS (M+H) : 402. '"H NMR (400 MHz, CDCls) J: 8.13 (br. s.,
1H), 8.01 (s, 1H), 7.90 - 7.95 (m, 4H), 7.76 (s, 1H), 7.50 (d, /= 7.78 Hz, 1H), 7.23 (d, /= 6.53
Hz, 1H), 6.77 (s, 1H), 6.63 (dd, /= 1.38, 3.89 Hz, 1H), 6.24 (br. s., 1H), 6.12 (dd, J = 2.76, 3.76
Hz, 1H), 4.65 (d, /= 5.77 Hz, 2H), 3.97 (s, 3H), 3.95 (s, 3H).

Example 156: N-(2-Methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
4,5,6,7-tetrahydropyrazolo[1,5-a]pyridine-2-carboxamide
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[0474] Synthesis of N-(2-Methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyridine-2-carboxamide (I-159) was similar to that
of Example 1, except 4,5,6,7-tetrahydropyrazolo[1,5-a]pyridine-2-carboxylic acid was
substituted for 2-(fert-butyl)thiazole-5-carboxylic acid. The crude product was purified by prep-
HPLC to give product as a solid (50 mg, yield 50%). ESI-MS (M+H) ": 443. "H NMR (400
MHz, METHANOL-dy) J: 8.35 (d, J=5.77 Hz, 1H), 7.95 - 8.09 (m, 3H), 7.68 (s, 1H), 7.48 (d, J
=8.03 Hz, 1H), 7.40 (d, J=5.77 Hz, 1H), 6.50 (s, 1H), 4.64 (s, 2H), 4.18 (t, /= 6.02 Hz, 2H),
3.94 (s, 3H), 2.87 (t, /= 6.27 Hz, 2H), 2.50 (s,3H), 2.09 (d, /= 5.52 Hz, 2H), 1.85 - 1.98 (m,
2H).

Example 157: 3-isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo|7]annulen-5-yl)azetidine-1-carboxamide

¥
TN N
QG
I-160
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1. Synthesis of N-(2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)-3-
isopropoxyazetidine-1-carboxamide

NH, HCI oHN/jO\( N\H/NW

(1.0 eq) O
»
CDI (1.0 eq), TEA (3.0 eq)
DMF, rt, 12 h
Br Br
[0475] To a mixture of 2-bromo-6,7,8,9-tetrahydro-5H-benzo[ 7]Jannulen-5-amine (200

mg, 0.84 mmol) in DMF (5 mL), CDI (118 mg, 0.84 mmol) and TEA (340 mg, 3.40 mmol) was
added. The mixture was stirred at room temperature for 1 h followed by addition of 3-
isopropoxyazetidine hydrochloride (127 mg, 0.84 mmol). The resulting mixture was stirred at rt
for another 12 h. After diluting with CH,Cl, (150 mL), the mixture was washed with brine (50
mL x 2). The organic phase was concentrated in vacuo and the residue was purified by prep-
HPLC (Gradient: 5% B increase to 95% B, A: 0.5% NHj; in water, B: CH3;CN) to give N-(2-
bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide (290
mg, yield: 74%) as a white solid. ESI-MS (M+1)": 381.1. 'H NMR (400 MHz, CDCl:) &: 7.27-
7.23 (m, 2H), 7.08 (d, J = 8.0 Hz, 1H), 4.98-4.97 (m, 1H), 4.41-4.32 (m, 2H), 4.16-4.11(m, 2H),
3.89-3.84 (m, 2H), 3.64-3.58 (m, 1H), 2.87-2.70 (m, 2H), 1.89-1.74 (m, 5H), 1.54-1.49 (m, 1H),
1.16 (d, /= 5.6 Hz, 6H).

2. Synthesis of 3-isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-carboxamide

1) PinB-BPin (1.0 eq) e}
NN Pd(dppf)Cl,.DCM (0.1 eq), KOAc (3.0 eq) K N/j/ \r
\ﬂ/ dioxane, 100 °C, 12 h \ﬂ/
0 0

T

2) Pd(dppf)Cl,.DCM (0.1 eq), K,CO; (1.5 eq)
dioxane, H,0, 100 °C, 12 h

Br \ % \N NN
N N 1
1.2 N |
N\\lHJI\N/ tzew J\HJ\N
[0476] To a mixture of N-(2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)-3-

isopropoxyazetidine-1-carboxamide (200 mg, 0.53 mmol) and bis(pinacolato)diboron (135 mg,
0.53 mmol) in dry 1,4-dioxane (10 mL), KOAc (97 mg, 1.0 mmol), Pd(dppf)Cl,.DCM (37 mg,
0.05 mmol) was added. The mixture was stirred at 100 °C for 12 h under N,. After cooling down,
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4-chloro-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine (133 mg, 0.63 mmol), K,CO; (110
mg, 0.8 mmol) and water (1 mL) was added. The resulting mixture was stirred at 100 °C for 12 h
under N,. After diluting with EtOAc (150 mL), the mixture was washed with water (50 mL x 2).
The organic phase was dried and concentrated in vacuo to afford a residue was purified by silica
gel column (CH,Cl, : MeOH = 50 : 1) to give 3-isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide
(60 mg, yield: 24%) as a yellow solid. ESI-MS (M+H) ": 476.3. '"H NMR (400 MHz, CDCl;) &
8.41 (d,J=5.2 Hz, 1H), 7.89 (s, 1H), 7.81-7.78 (m, 2H), 7.54 (s, 1H), 7.35 (d, /= 8.4 Hz, 1H),
7.05 (d,J=5.2 Hz, 1H), 6.90 (s, 1H), 5.10 (t, /= 8.4 Hz, 1H), 4.47 (d, J = 8.0 Hz, 1H), 4.40-
4.34 (m, 1H), 4.18-4.17 (m, 2H), 3.93-3.87 (m, 5H), 3.65-3.59 (m, 1H), 3.01-2.86 (m, 2H), 1.90-
1.79 (m, 5H), 1.60-1.50 (m, 1H), 1.17 (d, J= 6.4 Hz, 6H).

Example 158: (R)-3-isopropoxy-/N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-carboxamide and ($)-3-
isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-
SH-benzo|7]annulen-5-yl)azetidine-1-carboxamide

) )
N\g/NW N\g/N/j/ j/ .\\N\([)]/N/j/ Y
Chiral separation *
}N ) §N
a0 Q0 AL

I-161 I-162

[0477] 3-isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-carboxamide (160 mg) was subjected to the
following SFC separation (AS-H (2 x 25 cm) , 20% methanol/CO2, 100 bar, 70 mL/min, 220
nm. inj vol.: 1 mL, 4 mg/mL methanol ) yielded 53.5 mg of peak-1 (chemical purity 95%, ee
>99%) and 69.4 mg of peak-2 (chemical purity 95%, ee >99%). Peak 1 was assigned as (S)-3-
isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-yl)azetidine- 1-carboxamide: LCMS: Rt 1.20 min, m/z 476.30. "H NMR (300
MHz, CD;0D) ¢: 8.39 (d, J=5.29 Hz, 1H), 7.91 - 8.02 (m, 2H), 7.89 (s, 1H), 7.66 (s, 1H), 7.38
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(d, 7=7.93 Hz, 1H), 7.20 (d, J = 5.29 Hz, 1H), 6.87 (d, J = 7.93 Hz, 1H), 5.06 (¢, ] = 8.88 Hz,
1H), 4.38 - 4.55 (m, 1H), 4.13 - 4.32 (m, 2H), 3.90 (s, 3H), 3.84 (d, J = 8.69 Hz, 2H), 3.70 (td, J
= 6.09, 12.37 Hz, 1H),3.39 (s, 3H), 2.80 - 3.19 (m, 2H), 1.26 - 2.19 (m, 6H), 1.18 (s, 6H).

[0478] Peak 2 was assigned as (R)-3-isopropoxy-N-(2-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)azetidine- 1 -carboxamide:
LCMS: Rt 1.20 min, m/z 476.20. "H NMR (300 MHz, CD:0D) &: 8.39 (d, ] = 5.29 Hz, 1H),
7.91 - 8.02 (m, 2H), 7.89 (s, 1H), 7.66 (s, 1H), 7.38 (d, J = 7.93 Hz, 1H), 7.20 (d, J = 5.29 Hz,
1H), 6.87 (d, J =7.93 Hz, 1H), 5.06 (t, J = 8.88 Hz, 1H), 4.38 - 4.55 (m, 1H), 4.13 - 4.32 (m,
2H), 3.90 (s, 3H), 3.84 (d, J = 8.69 Hz, 2H), 3.70 (td, J = 6.09, 12.37 Hz, 1H),3.39 (s, 3H), 2.80 -
3.19 (m, 2H), 1.26 - 2.19 (m, 6H), 1.18 (s, 6H).

Example 159: 3-(tert-butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo|7]annulen-5-yl)azetidine-1-carboxamide

I-163

[0479] Synthesis of 3-(fert-butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
was similar to that of Example 157, except starting from 3-tert-butoxyazetidine hydrochloride
instead of 3-isopropoxyazetidine hydrochloride. The crude product was purified by silica gel
column (CH,Cl, : MeOH =40 : 1) to give 3-(fert-butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
(60 mg, yield: 35%) as a yellow solid. ESI-MS (M+H) ": 490.4. '"H NMR (400 MHz, CDCl) &
8.41 (d,J=5.2 Hz, 1H), 7.89 (s, 1H), 7.81-7.78 (m, 2H), 7.54 (s, 1H), 7.36 (d, /= 8.0 Hz, 1H),
7.05 (d, J=5.2 Hz, 1H), 7.02 (s, 1H), 5.09 (t, /= 8.0 Hz, 1H), 4.53-4.48 (m, 2H), 4.18-4.16 (m,
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2H), 3.91 (s, 3H), 3.90-3.86 (m, 2H), 3.00-2.86 (m, 2H), 1.90-1.73 (m, 5H), 1.58-1.51 (m, 1H),
1.19 (s, 9H).

Example 160: (R)-3-(fert-butoxy)-N-(2-(2-((1-methyl-1 H-pyrazol-4-yl)amino)pyrimidin-4-
y1)-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)azetidine-1-carboxamide and (5)-3-(zert-
butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5S H-
benzo[7]annulen-5-yl)azetidine-1-carboxamide

N\H/N@/O\{/ N\[Or N/D/O\{/ _\\N\[Or NU/O\~/

o}
Chiral separation
—_—

\ \ \
N NTX N N ,N N
Nl N Il N L L
\\J\HJ\N &N)\N/ &H*N
I-164 I-165
[0480] 3-(tert-butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-

6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (90 mg) was subjected to
the following SFC separation: (IA (2 x 25 cm), 35% MecOH(0.1 DEA)/CO2, 100 bar, 70
mL/min, 220 nm. inj vol.: 1 mL, 9 mg/mL methanol ) and yielded 42 mg of peak-1 (chemical
purity 99%, ee >99%) and 42 mg of peak-2 (chemical purity 99%, ce >99%). Peak 1 was
assigned as (R)-3-(tert-butoxy)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide: LCMS: Rt 1.27 min, m/z
490.30. "H NMR (400 MHz,CD;0D-d4) & 8.40 (d, ] = 5.27 Hz, 1H), 7.94 - 8.05 (m, 2H), 7.90
(s, 1H), 7.67 (s, 1H), 7.39 (d, J = 8.03 Hz, 1H), 7.22 (d, J = 5.27 Hz, 1H), 4.95 - 5.20 (m, 1H),
4.54-4.71 (m, 1H), 4.14 - 4.33 (m, 2H), 3.91 (s, 3H), 3.82 (d, J = 13.30 Hz, 2H), 2.79 - 3.12 (m,
2H), 1.27 - 2.16 (m, 6H), 1.24 (s, 9H) .

[0481] Peak 2 was assigned as (S)-3-(fert-butoxy)-N-(2-(2-((1-methyl-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)azetidine- 1 -carboxamide:
LCMS: Rt 1.27 min, m/z 490.2. "H NMR (400 MHz, CD;0D) & 8.40 (d, J = 5.27 Hz, 1H), 7.92
- 8.07 (m, 2H), 7.89 (s, 1H), 7.67 (s, 1H), 7.39 (d, J = 8.03 Hz, 1H), 7.21 (d, J = 5.27 Hz, 1H),

297



WO 2015/089337 PCT/US2014/069853

6.85 (d, ] = 8.03 Hz, 0H), 4.94 - 5.17 (m, 1H), 4.52 - 4.69 (m, 1H), 4.16 - 4.32 (m, 2H), 3.89 (br.
s., 3H), 3.83 (dd, J = 5.02, 13.80 Hz, 2H), 2.78 - 3.13 (m, 2H), 1.29 - 2.14 (m, 6H), 1.24 (s, 9H).

Example 161: N-(2-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-
SH-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide

N\n/N/j/ \(

\N /N\
| /)\N/E/N\/

N
H
I-166

1. The preparation of N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-

5-yl)-3-isopropoxyazetidine-1-carboxamide

BB O
0 f/)\ ﬁ H N/j/ \‘/
N\n/N/j \‘/ |Dc|(c|ppf)C|2(O1 (;seeq) \([)]/

O

KOAc (2.0 eq)
dioxane, 100°C,2h

Z N
Br Z "N |
| (1.0eq) <
o N= i
Pd(dppf)Cl, (0.05 eq)

K,CO3 (2.0 eq)
dioxane/H,0, 100 °C, 2 h

[0482] A mixture of N-(2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)-3-
isopropoxyazetidine-1-carboxamide (1.6 g, 4.2 mmol), bis(pinacolato)diboron (1.2 g, 4.6 mmol),
KOAc (848 mg, 8.4 mmol) and Pd(dppf)Cl,.DCM (171 mg, 0.21 mmol) in 1,4-dioxane (20 mL)
was stirred at 100 °C for 2 h under nitrogen. After the mixture was cooled to rt, 2,4-

dichloropyrimidine (626 mg, 4.2 mmol), Pd(dppf)Cl,.DCM (171 mg, 0.21 mmol), K,CO3(1.16 g,
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8.4 mmol) and H,O (5 mL) were added and the resulting mixture was stirred at 100 °C for
another 2 h. The mixture was diluted with EtOAc (200 mL), washed with water (80 mLx2), dried
with Na,SO,4 and concentrated in vacuo to afford a residue which was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH4OH as mobile phase) to give N-(2-(2-chloropyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide as a white
solid (1.1 g, yield: 57%). ESI-MS (M+H) ": 415.1. "H NMR (400 MHz, CDCls) §: 8.61 (d, J =
5.6 Hz, 1H), 7.87 (s, 1H), 7.83 (d, /= 8.0 Hz, 1H), 7.62 (d, /= 5.2 Hz, 1H), 7.38 (d, /= 8.0 Hz,
1H), 5.09 (t, /= 8.4 Hz, 1H), 4.49-4.46 (m, 1H), 4.39-4.36 (m, 1H), 3.93-3.87 (m, 2H), 3.66-3.60
(m, 1H), 3.50-3.48 (m, 1H), 3.03-2.89 (m, 2H), 1.93-1.84 (m, 4H), 1.76-1.73 (m, 1H), 1.57-1.48
(m, 1H), 1.18 (d, /= 6.4 Hz, 6H).

2. The preparation of N-(2-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-

tetrahydro-5H-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide
@) @)
H H
T AT
¥ s T
0 N\ 0

(1.0 e(i)
Pd,(dba); (0.1 eq)

H,N

S-phos (0.2 eq) X N
~Z —
JN\ Cs,C04(3.0 eq) | )N\ LN\/
X dioxane, 100 °C, 2 h “ S
N™ °CI N H
[0483] To a solution of N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-

benzo[ 7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide (130 mg, 0.32 mmol) in 1,4-
dioxane (5 mL) were added 1-ethyl-1H-pyrazol-4-amine (36 mg, 0.32 mmol), Pd,(dba); (29 mg,
0.032 mmol), S-Phos (26 mg, 0.064 mmol) and Cs,COj; (312 mg, 0.96 mmol). The mixture was
stirred at 100 °C for 2 h. After diluted with water (50 mL), the mixture was extracted with EtOAc
(60 mL x 2). The combined organic layers were dried (Na,SQO,), filtered and concentrated. The
crude product was purified by prep-HPLC (CH3;CN/H,O with 0.05% NH4OH as mobile phase) to
give N-(2-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide as a yellow solid (129 mg, yield:
73%). ESI-MS (M+H) *: 490.0. '"H NMR (400 MHz, CD;0D) §: 8.27 (d, J = 4.8 Hz, 1H), 7.91
(s, 1H), 7.82 (d, /= 8.0 Hz, 1H), 7.77 (s, 1H), 7.55 (s, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.09 (d, J =
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4.8 Hz, 1H), 6.81 (d,J= 8.0 Hz, 1H), 4.94 (t, J = 8.4 Hz, 1H), 4.35-4.32 (m, 1H), 4.16-4.04 (m,
4H), 3.79-3.71 (m, 2H), 3.60-3.55 (m, 1H), 2.95-2.81 (m, 2H), 1.87-1.74 (m, 4H), 1.60-1.52 (m,
1H), 1.37 (t, J= 7.2 Hz, 3H), 1.29-1.18 (m, 1H), 1.07 (d, /= 6.0 Hz, 6H).

Example 162: 3-isopropoxy-N-(2-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo|7]annulen-5-yl)azetidine-1-carboxamide

HI@/ e

N N /N‘
| N/)\HL/N{

I-167

[0484] Synthesis of 3-isopropoxy-N-(2-(2-((1-isopropyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
was similar to that of Example 161. The crude product was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH4OH as mobile phase) to give 3-isopropoxy-N-(2-(2-((1-isopropyl-
1 H-pyrazol-4-yl)amino)pyrimidin-4-yl1)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-5-yl)azetidine-
1-carboxamide as a yellow solid (128 mg, yield: 71%). ESI-MS (M+H) *: 504.3. "H NMR (400
MHz, CD;0OD) ¢: 8.28 (d, /= 5.2 Hz, 1H), 7.97 (s, 1H), 7.82-7.79 (m, 2H), 7.55 (s, 1H), 7.27 (d,
J=8.4Hz, 1H), 7.10-7.07 (m, 1H), 6.81 (d, /= 8.0 Hz, 1H), 4.97-4.93 (m, 1H), 4.43-4.31 (m,
2H), 4.16-4.08 (m, 2H), 3.79-3.71 (m, 2H), 3.61-3.55 (m, 1H), 2.96-2.81 (m, 2H), 1.87-1.77 (m,
4H), 1.60-1.52 (m, 1H), 1.42 (d, /= 6.8 Hz, 6H), 1.30-1.22 (m, 1H), 1.08 (d, /= 6.0 Hz, 6H).

Example 163: N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide
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AT

O
\N /N\
| PR L/N\/\OH
N N
H
1-168

1. The preparation of N-(2-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-
1-carboxamide

H © =N, H °
N\g/N/j/ \( HZNL/N\\\OTBS N\([)]/N/j \r

(1.0 eq)

Pdx(dba); (0.1 eq)
S-phos (0.2 eq)

C32CO3(3.0 GQ) 8 N
a : N =N
_ )'N\ dioxane, 100 °C, 2 h | L L/N\/\OTBS
N Cl N N
H
[0485] Synthesis of N-(2-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)-3-isopropoxyazetidine-
I-carboxamide was similar to that of Example 161. The residue was purified by silica gel
column chromatography (EtOAc/MeOH = 15:1) to give product as a yellow solid (150 mg,
yield: 50%). ESI-MS (M+H) ": 620.0.

2. The preparation of N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide
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N7 T %UY

O
HCl/Dioxane
rt, 1h
SN =N OTBS SN =N OH
Y D CY S
N/)\N x N/)\N ~
H H
[0486] A mixture of N-(2-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)-3-isopropoxyazetidine-
I-carboxamide (150 mg, 0.24 mmol) in HCl/Dioxane (10 mL) was stirred at rt for 1 h. After
concentration in vacuo, the crude product was purified by prep-HPLC (CH;CN/H,0 with 0.05%
NH4OH as mobile phase) to give N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)-3-isopropoxyazetidine-
1-carboxamide as a yellow solid (46 mg, yield: 38%). ESI-MS (M+H) *: 506.0. "H NMR (400
MHz, CD;0D) d: 8.27 (d, /= 4.8 Hz, 1H), 7.98 (s, 1H), 7.84 (d, /= 8.0 Hz, 1H), 7.79 (s, 1H),
7.58 (s, 1H), 7.27 (d, /= 8.0 Hz, 1H), 7.09 (d, /= 4.8 Hz, 1H), 6.81 (d, /= 8.0 Hz, 1H), 4.94 (4,
J=8.8 Hz, 1H), 4.37-4.31 (m, 1H), 4.16-4.08 (m, 4H), 3.81-3.71 (m, 4H), 3.61-3.55 (m, 1H),
2.95-2.83 (m, 2H), 1.89-1.74 (m, 4H), 1.60-1.52 (m, 1H), 1.30-1.18 (m, 1H), 1.08 (d, /= 6.0 Hz,
6H).

Example 164: (R)-NV-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide and
(8)-NV-(2-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-
SH-benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide

0 o 0
H H H
N\[OrN/j/ 7/ N\[O]/N/j Y “\N\[O]/N/j Y

Chiral separation -
—_—.
SN =N OH SN =N OH SN =N OH
| A //;/NJ\ | P L/N\/\ PR LN\/\
N~ °N N™ °N N™ °N
H H H
1-169 1-170
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[0487] N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-y1)-6,7,8,9-
tetrahydro-5H-benzo[ 7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide (40 mg) was
subjected to the following SFC separation (IA (2 x 25 cm), 30% methanol(0.1 DEA)/CO2, 100
bar, 60 mL/min, 280 nm. inj vol.: 0.75 mL, 4 mg/mL methanol ) yielded 16 mg of peak-1
(chemical purity 99%, ee >99%) and 14 mg of peak-2 (chemical purity 99%, ece >99%). Peak 1
was assigned as (5)-N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide: LCMS: Rt
1.09 min, m/z 506.1. "H NMR (400 MHz, CD;0D) &: 8.38 (d, /= 5.27 Hz, 1H), 8.08 (s, 1H),
7.83 -7.99 (m, 2H), 7.69 (s, 1H), 7.38 (d, /= 8.09 Hz, 1H), 7.20 (d, /= 5.33 Hz, 1H), 5.06 (d, J
=10.04 Hz, 1H), 4.38 - 4.52 (m, 1H), 4.14 - 4.31 (m, 4H), 3.79 - 3.97 (m, 4H), 3.60 - 3.76 (m,
1H), 2.82 - 3.10 (m, 2H), 1.27 - 2.16 (m, 6H), 1.18 (s, 6H). Peak 2 was assigned as (R)-N-(2-(2-
((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide: LCMS: Rt 1.09 min, m/z 506.1.
'H NMR (400 MHz, CD;0D) &: 8.37 (br. s., 1H), 8.07 (s, 1H), 7.82 - 7.99 (m, 2H), 7.69 (s, 1H),
7.37(d, J=8.03 Hz, 1H), 7.19 (br. s., 1H), 5.05 (d, /= 10.23 Hz, 1H), 4.46 (br. s., 1H), 4.13 -
4.32 (m, 4H), 3.79 - 3.99 (m, 4H), 3.69 (dd, /= 6.09, 8.53 Hz, 1H), 2.79 - 3.13 (m, 2H), 1.30 -
2.13 (m, 6H), 1.18 (d, J= 6.09 Hz, 6H).

Example 165: 3-isopropoxy-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-

carboxamide
O
T T
T
N
NJ;/ o

(1.0 eq) \=
Pd,(dba); (0.1 eq)

= N
2\ S-phos (0.2 eq) N =N, OMe
R Cs,C04(3.0 eq) L e N—"
\N Cl dioxane, 100 °C, 2 h N

HEU g

H,
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[0488] Synthesis of 3-isopropoxy-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-carboxamide
was similar to that of Example 161. The crude product was purified by prep-HPLC
(CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give 3-isopropoxy-N-(2-(2-((1-(2-
methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-yl)azetidine-1-carboxamide as a yellow solid (47 mg, yield: 31%). ESI-MS (M+H) *: 520.0. 'H
NMR (400 MHz, CD;OD) 6: 8.28 (d, J= 5.2 Hz, 1H), 7.98 (s, 1H), 7.86 (d, /= 8.0 Hz, 1H),
7.79 (s, 1H), 7.56 (s, 1H), 7.27 (d, /= 8.4 Hz, 1H), 7.10 (d, J = 5.2 Hz, 1H), 4.96-4.94 (m, 1H),
4.37-4.31 (m, 1H), 4.19-4.08 (m, 4H), 3.79-3.70 (m, 2H), 3.65 (t, /= 5.2 Hz, 2H), 3.59-3.55 (m,
1H), 3.25 (s, 3H), 2.96-2.87 (m, 2H), 1.89-1.76 (m, 4H), 1.60-1.52 (m, 1H), 1.30-1.23 (m, 1H),
1.08 (d, /= 6.0 Hz, 6H).

Example 166: 3-isopropoxy-N-(2-(2-((1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-

carboxamide
0 0
H H j/
T T
T L/N\Co T
¢ H,N ©
(1.0 eq):
Pd,(dba)s (0.1 eq)
S-phos (0.2 eq) BN N
Z N N =N
Cs,C0,(3.0 €q) | LN
\NJ\CI dioxane, 100 °C, 2 h N/)\N X O
H
1-172
[0489] Synthesis of 3-isopropoxy-N-(2-(2-((1-(tetrahydro-2 H-pyran-4-yl)-1H-pyrazol-

4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-
carboxamide was similar to that of Example 161. The crude product was purified by prep-HPLC
(CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give 3-isopropoxy-N-(2-(2-((1-
(tetrahydro-2 H-pyran-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-yl)azetidine-1-carboxamide as a yellow solid (75 mg, yield: 58%). ESI-MS
(M+H) *: 546.0. "H NMR (400 MHz, CD;0D) J: 8.28 (d, /= 5.6 Hz, 1H), 8.03 (s, 1H), 7.83-
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7.80 (m, 2H), 7.57 (s, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 5.2 Hz, 1H), 4.97-4.93 (m, 1H),
4.37-4.25 (m, 2H), 4.17-4.09 (m, 2H), 3.99-3.95 (m, 2H), 3.79-3.71 (m, 2H), 3.61-3.55 (m, 1H),
3.52-3.46 (m, 2H), 2.96-2.82 (m, 2H), 2.00-1.75 (m, 8H), 1.60-1.53 (m, 1H), 1.31-1.23 (m, 1H),
1.08 (d, J = 6.8 Hz, 6H).

Example 167: 3-(tert-butoxy)-N-(2-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)azetidine-1-carboxamide

! o)
7Y
N\[(])/N

1-173

[0490] Synthesis of 3-(fert-butoxy)-N-(2-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-y1)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide was similar to that of
Example 161. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05% NH4,OH
as mobile phase) to give 3-(tert-butoxy)-N-(2-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-carboxamide as a yellow solid (42
mg, yield: 40%). ESI-MS (M+H) ": 504.0. "H NMR (400 MHz, CD:0D) ¢: 8.27 (d, J = 5.2 Hz,
1H), 7.91 (s, 1H), 7.82 (d, /= 8.0 Hz, 1H), 7.78 (s, 1H), 7.55 (s, 1H), 7.27 (d, /= 8.0 Hz, 1H),
7.08 (d,/=5.6 Hz, 1H), 6.78 (d, /= 8.4 Hz, 1H), 4.94 (t, /= 8.4 Hz, 1H), 4.52-4.46 (m, 1H),
4.15-4.04 (m, 4H), 3.76-3.68 (m, 2H), 2.94-2.80 (m, 2H), 1.88-1.76 (m, 4H), 1.58-1.55 (m, 1H),
1.37 (t,J=7.2 Hz, 3H), 1.27-1.18 (m, 1H), 1.11 (s, 9H).

Example 168: 3-(tert-butoxy)-N-(2-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo|7]annulen-5-yl)azetidine-1-carboxamide
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Wag Y

O

N N /N\
| N/)\NL/N{

1-174

[0491] Synthesis of 3-(fert-butoxy)-N-(2-(2-((1-isopropyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
was similar to that of Example 161. The crude product was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH4OH as mobile phase) to give 3-(fert-butoxy)-N-(2-(2-((1-
isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-
yl)azetidine-1-carboxamide as a yellow solid (11 mg, yield: 10%). ESI-MS (M+H) ": 518.3. 'H
NMR (400 MHz, CD;OD) é: 8.28 (d, J= 5.2 Hz, 1H), 7.97 (s, 1H), 7.83-7.80 (m, 2H), 7.55 (s,
1H), 7.27 (d, J= 7.6 Hz, 1H), 7.10 (d, /= 5.6 Hz, 1H), 6.79 (d, /= 8.0 Hz, 1H), 4.95-4.93 (m,
1H), 4.52-4.49 (m, 1H), 4.43-4.37 (m, 1H), 4.16-4.08 (m, 2H), 3.77-3.69 (m, 2H), 2.93-2.85 (m,
2H), 1.88-1.76 (m, 4H), 1.59-1.55 (m, 1H), 1.43 (d, J = 6.8 Hz, 6H), 1.28-1.18 (m, 1H), 1.12 (s,
9H).

Example 169: 3-(tert-butoxy)-/N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-

carboxamide
O
LT
T

\N /N\
| P /E/N\/\Olwe

I-175
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[0492] Synthesis of 3-(fert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]Jannulen-5-yl)azetidine-1-carboxamide
was similar to that of Example 161. The crude product was purified by prep-HPLC
(CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give 3-(tert-butoxy)-N-(2-(2-((1-(2-
methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-yl)azetidine-1-carboxamide as a yellow solid (41 mg, yield: 37%). ESI-MS (M+H) : 534.1. 'H
NMR (400 MHz, CD;OD) 6: 8.28 (d, J= 5.2 Hz, 1H), 7.98 (s, 1H), 7.86 (d, /=9.2 Hz, 1H),
7.79 (s, 1H), 7.56 (s, 1H), 7.28 (d, /= 8.4 Hz, 1H), 7.11 (d, J = 5.2 Hz, 1H), 4.96-4.93 (m, 1H),
4.54-4.48 (m, 1H), 4.19 (t, J = 5.2 Hz, 2H), 4.16-4.08 (m, 2H), 3.79-3.68 (m, 2H), 3.65 (t,J=5.2
Hz, 2H), 3.25 (s, 3H), 2.96-2.83 (m, 1H), 1.92-1.77 (m, 4H), 1.60-1.56 (m, 1H), 1.28-1.18 (m,
1H), 1.10 (s, 9H).

Example 170: (R)-3-(fert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-
carboxamide and (8)-3-(fert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-
carboxamide

HENTOK HEMK A\HEMK

Chiral separation -
|\N Ji’;{NJ\o/ l\N EN\/\O/ SN /ET\N\/\O/
S NS S
H H H
I-176 1-177
[0493] 3-(tert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-yl)amino)pyrimidin-

4-y1)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide (100 mg) was
subjected to the following SFC separation (AS-H (2 x 15 cm), 30% methanol(0.1 DEA)/CO2,
100 bar, 55 mL/min, 280 nm. inj vol.: 1.0 mL, 5 mg/mL methanol ) yielded 34.4 mg of peak-1
(chemical purity 99%, ee >99%) and 28.8 mg of peak-2 (chemical purity 99%, ee >99%). Peak 1
was assigned as (S5)-3-(tert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)azetidine- 1 -carboxamide:
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LCMS: Rt 1.27 min, m/z 534.3. '"H NMR (400 MHz, CD;0D) ¢:.37 (d, J=5.21 Hz, 1H), 8.07
(s, 1H), 7.93 (d, J=8.09 Hz, 1H), 7.88 (s, 1H), 7.67 (s, 1H), 7.37 (d, J = 8.09 Hz, 1H), 7.18 (d, J
=5.33 Hz, 1H), 5.05 (d, J=10.16 Hz, 1H), 4.58 (br. s., 1H), 4.10 - 4.32 (m, 4H), 3.80 (s, 2H),
3.76 (d, J=5.40 Hz, 2H), 3.32 (s, 3H), 2.80 - 3.10 (m, 2H), 1.26 - 2.09 (m, 6H), 1.22 (s, 9H).
Peak 2 was assigned as (R)-3-(tert-butoxy)-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]annulen-5-yl)azetidine- 1 -carboxamide:
LCMS: Rt 1.27 min, m/z 534.2. '"H NMR (400 MHz, CD;0D) ¢: 8.38 (d, /= 5.15 Hz, 1H), 8.08
(s, 1H), 7.95 (d, J=8.03 Hz, 1H), 7.89 (s, 1H), 7.68 (s, 1H), 7.38 (d, J=8.09 Hz, 1H), 7.20 (d, J
=5.21 Hz, 1H), 5.05 (d, J=10.16 Hz, 1H), 4.59 (br. s., 2H), 4.08 - 4.35 (m, 4H), 3.79 - 3.92 (m,
2H), 3.69 - 3.76 (m, 2H), 3.36 (s, 3H), 2.78 - 3.12 (m, 2H), 1.26 - 2.09 (m, 6H), 1.23 (s, 9H).

Example 171: 3-(tert-butoxy)-/N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-

carboxamide
O
LT
T

1-178

1. Synthesis of N-(2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)-3-(tert-
butoxy)azetidine-1-carboxamide

o\~/
NH, /3/0\{/ H\H/N/j
HCI e HN (1.0 eq) o)
=

CDI (1.0 eq), TEA (2.0 eq), DMF, rt, 12 h

Br Br
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[0494] Synthesis of N-(2-bromo-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)-3-(tert-
butoxy)azetidine-1-carboxamide was similar to that of N-(2-bromo-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide. The residue was purified by silica
gel column (petroleum ether/ EtOAc =1:3) to give N-(2-bromo-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl)-3-(tert-butoxy )azetidine-1-carboxamide (2.9 g, yield: 50%) as a white
solid. ESI-MS (M+1)": 395.1. '"H NMR (400 MHz, CDCl;) J: 7.27-7.23 (m, 2H), 7.09 (d, J = 8.4
Hz, 1H), 4.96 (t, /= 7.6 Hz, 1H), 4.51-4.45 (m, 1H), 4.38-4.36 (m, 1H), 4.15-4.10 (m, 2H), 3.88-
3.82 (m, 2H), 2.87-2.70 (m, 2H), 1.88-1.74 (m, 5H), 1.56-1.44 (m, 1H), 1.18 (s, 9H).

2. The preparation of 3-(tert-butoxy)-N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-

benzo[7]annulen-5-yl)azetidine-1-carboxamide
0]
T

w%ﬁ“

Pd(dppf)Cl, (o 05 eq)
KOAC (2.0 eq)
dioxane, 100°C,2h
2.Cl ~N
Br Y | /)\
Pd(dppf)CI2 (0. 05 eq)
K,COj3 (2.0 eq)
dioxane/H,0, 100 °C, 2 h

[0495] Synthesis of 3-(tert-butoxy)-N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-
5H-benzo[7]annulen-5-yl)azetidine-1-carboxamide was similar to that of N-(2-(2-
chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7Jannulen-5-yl)-3-isopropoxyazetidine-1-
carboxamide. The residue was purified by prep-HPLC (CH3CN/H,O with 0.05% NH4OH as
mobile phase) to give 3-(tert-butoxy)-N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-
benzo[ 7]annulen-5-yl)azetidine-1-carboxamide as a yellow solid (720 mg, yield: 70%). ESI-MS
(M+H) *: 429.1."H NMR (400 MHz, CDCl) d: 8.61 (d, /= 5.2 Hz, 1H), 7.87 (s, 1H), 7.83 (d, J
=8.0 Hz, 1H), 7.61 (d, /= 5.2 Hz, 1H), 7.38 (d, /= 8.0 Hz, 1H), 5.09 (t, /= 8.0 Hz, 1H), 4.50-
4.47 (m, 2H), 4.16-4.13 (m, 1H), 3.91-3.87 (m, 2H), 3.02-2.88 (m, 2H), 1.93-1.85 (m, 4H), 1.83-
1.80 (m, 1H), 1.53-1.51 (m, 1H), 1.19 (s, 9H).
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3. The preparation of 3-(tert-butoxy)-N-(2-(2-((1-(2-((tert-butyldimethylsilyl) oxy)ethyl)-1 H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)azetidine-1-
carboxamide

AT v AT v
7 HZNL/N\\\OTBS ©

(1.0 eq)
Pds(dba); (0.1 eq)
= S-phos (0.2 eq) _N
N/ Cl dioxane, 100 °C, 2 h N/ N S
H
[0496] Synthesis of 3-(tert-butoxy)-N-(2-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-

1 H-pyrazol-4-yl)amino)pyrimidin-4-yl1)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-5-yl)azetidine-
I-carboxamide was similar to that of Example 161. The residue was purified by silica gel
column chromatography (EtOAc /MeOH = 10:1) to give 3-(tert-butoxy)-N-(2-(2-((1-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[ 7]annulen-5-yl)azetidine-1-carboxamide as a yellow solid (160 mg, yield: 51%). ESI-MS
(M+H) ": 634.0.

4. The preparation of 3-(tert-butoxy)-N-(2-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-

yhamino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-
carboxamide

HENTOJ( HEM%

SOCl, (1.0 eq)

MeOH, 70 °C, 1 h

SN =N OTBS SN =N OH
[ A SN SWeTa
N N N N
H H
[0497] A mixture of 3-(tert-butoxy)-N-(2-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-

1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]Jannulen-5-yl)azetidine-
1-carboxamide (140 mg, 0.22 mmol) and SOCI; (26 mg, 0.22 mmol) in MeOH (10 mL) was
stirred at 70 °C for 1 h. After concentration, the crude product was purified by prep-HPLC

310



WO 2015/089337 PCT/US2014/069853

(CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give 3-(tert-butoxy)-N-(2-(2-((1-(2-
hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-yl)azetidine-1-carboxamide as a yellow solid (48 mg, yield: 37%). ESI-MS (M+H) *: 520.0. 'H
NMR (400 MHz, CD;OD) 6: 8.27 (d, J= 5.2 Hz, 1H), 7.97 (s, 1H), 7.84 (d, /= 8.4 Hz, 1H),
7.79 (s, 1H), 7.58 (s, 1H), 7.27 (d, /= 8.0 Hz, 1H), 7.09 (d, J = 5.2 Hz, 1H), 4.96-4.94 (m, 1H),
4.53-4.47 (m, 1H), 4.16-4.08 (m, 4H), 3.80 (t, /= 5.2 Hz, 2H), 3.77-3.68 (m, 2H), 2.95-2.83 (m,
2H), 1.89-1.74 (m, 4H), 1.60-1.52 (m, 1H), 1.27-1.18 (m, 1H), 1.12 (s, 9H).

Example 172: 3-(tert-butoxy)-N-(2-(2-((1-(tetrahydro-2 H-pyran-4-yl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-

carboxamide
0]
A T
H _N N_ _N
T SO OO
6]
5 H,N
(1.0 eq)=
Pd,(dba)s (0.1 eq)
SN S-phos (0.2 eq) | SN =N
| Cs,C04(3.0 eq) FUPN N\CO
N/)\ dioxane, 100 °C, 2 h N™ N
cl N
1-179
[0498] Synthesis of 3-(fert-butoxy)-N-(2-(2-((1-(tetrahydro-2H-pyran-4-yl)-1H-

pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7Jannulen-5-yl)azetidine-1-
carboxamide was similar to that of Example 161. The crude product was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH4OH as mobile phase) to give 3-(fert-butoxy)-N-(2-(2-((1-
(tetrahydro-2 H-pyran-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-yl)azetidine-1-carboxamide as a yellow solid (57 mg, yield: 55%). ESI-MS
(M+H) *: 560.0."H NMR (400 MHz, CD;0D) ¢: 8.28 (d, J = 4.8 Hz, 1H), 8.03 (s, 1H), 7.83-7.81
(m, 2H), 7.57 (s, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.10-7.09 (m, 1H), 4.97-4.95 (m, 1H), 4.53-4.48
(m, 1H), 4.30-4.27 (m, 1H), 4.16-4.08 (m, 2H), 3.99-3.96 (m, 2H), 3.77-3.69 (m, 2H), 3.52-3.46
(m, 2H), 2.97-2.82 (m, 2H), 1.98-1.77 (m, 8H), 1.60-1.53 (m, 1H), 1.28-1.23 (m, 1H), 1.12 (s,
9H).
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Example 173: 3-(tert-butoxy)-N-(2-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-
carboxamide

O
TR o LT K
¥ T 2O Oy

(1.5eq)
S-phos (0.2 eq), Pdx(dba); (0.1 eq)

-
-

N Cs,C05(3.0 eq), dioxane, 110 °C, 1 h i SN =N
LA L L0~ -

1-180

[0499] Synthesis of 3-(fert-butoxy)-N-(2-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
was similar to that of Example 161. The residue was purified by prep-TLC (DCM/MeOH=10/1)
to give 3-(fert-butoxy)-N-(2-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-
4-y1)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide (33 mg, yield: 41%)
as a yellow solid. ESI-MS (M+H) : 573.3. '"H NMR (400 MHz, CD;0D) &: 8.26 (d, J = 5.2 Hz,
1H), 7.97 (s, 1H), 7.53 (d, / = 7.6 Hz, 1H), 7.77 (s, 1H), 7.57 (s, 1H), 7.26 (d, J = 8.0 Hz, 1H),
7.07 (d,J =52 Hz, 1H), 4.94 (d, / = 10.0 Hz, 1H), 4.52-4.46 (m, 1H), 4.15-4.00 (m, 3H), 3.77-
3.69 (m, 2H), 2.94-2.79 (m, 4H), 2.23 (s, 3H), 2.17-2.11 (m, 2H), 2.06-1.85 (m, 7H), 1.82-1.72
(m, 1H), 1.61-1.52 (m, 1H), 1.30-1.24 (m, 1H), 1.11 (s, 9H).

Example 174: N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl)-3-isopropylpyrrolidine-1-carboxamide

A

O
\N /N\
| PR /Q/N\/\OH
N N
H
1-181
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1. The preparation of N-(2-bromo-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)-3-
isopropylpyrrolidine-1-carboxamide

H
NH, HCI >_OIH N D_<

(1.2 eq) O
CDI (1.2 eq), DIPEA (3.0 eq)
DMF, rt,2h
Br Br
[0500] A mixture of 2-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-amine

hydrochloride (1.5 g, 5.5 mmol), DIPEA (2.1 g, 16.5 mmol) and CDI (1.1 g, 6.6 mmol) in DMF
(20 mL) was stirred at rt for 0.5 h before addition of 3-isopropylpyrrolidine (746 mg, 6.6 mmol).
The mixture was stirred at rt for 2 h, water (60 mL) was added and the mixture was extracted
with EtOAc (100 mL x 2) The combine organics were concentrated in vacuo and purified by
prep-HPLC (CH3CN/H,0O with 0.05% NH4OH as mobile phase) to give N-(2-bromo-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl)-3-isopropylpyrrolidine-1-carboxamide as a while solid
(760 mg, yield: 35%). ESI-MS (M+H) ": 379.1.

2. The preparation of N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-
5-yl)-3-isopropylpyrrolidine-1-carboxamide

N
i (1.1 eq) H\H/D\<

H D—< Pd(dppf)Cl, (0.05 eq) O

\n’ KOAG (2.0 eq)
o) dioxane, 100°C,2h

2.Cl
e s

=N (1.0 eq) |
Br Pd(dppf)Cl, (0.05 eq) N/)\CI

K,CO5 (2.0 eq)
dioxane/H,0, 100 °C, 2 h

[0501] Synthesis of N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-

benzo[ 7]annulen-5-yl)-3-isopropylpyrrolidine-1-carboxamide was similar to that of N-(2-(2-
chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo[ 7 Jannulen-5-yl)-3-isopropoxyazetidine-1-
carboxamide. The crude product was purified by silica gel column chromatography (petroleum

ether / EtOAc = 1:4) to give N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-
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benzo[ 7]annulen-5-yl)-3-isopropylpyrrolidine-1-carboxamide as a yellow solid (480 mg, yield:
58%). ESI-MS (M+H) ": 413.2. "H NMR (400 MHz, CD;0D) §: 8.65 (d, J = 5.2 Hz, 1H), 7.99-
7.92 (m, 3H), 7.43-7.40 (m, 1H), 5.16-5.11 (m, 1H), 3.73-3.56 (m, 2H), 3.05-3.00 (m, 4H), 2.14-
2.10 (m, 4H), 2.02-1.86 (m, 6H), 1.75-1.53 (m, 2H), 1.39-1.33 (m, 1H), 1.02-0.99 (m, 6H).

3. The preparation of N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)-3-isopropylpyrrolidine-1-carboxamide

0 A 0
i (1.0 eq) OTBE
TFA (cat), 1-butanol
N 100°C, 3 h SN =N
| P{ | PR L/N\/\OH
N Cl N N
H
[0502] To a solution of N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-

benzo[ 7]annulen-5-yl)-3-isopropylpyrrolidine-1-carboxamide (80 mg, 0.2 mmol) in 1-butanol (5
mL) were added 1-(2-((fert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-amine (48 mg, 0.2
mmol) and TFA (cat). The mixture was stirred at 100 °C for 3 h. After concentration, the crude
product was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give
N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-
benzo[ 7]annulen-5-yl)-3-isopropylpyrrolidine-1-carboxamide as a yellow solid (35 mg, yield:
29%). ESI-MS (M+H) ": 504.0. '"H NMR (400 MHz, CD;OD) ¢: 8.27 (d, J = 5.2 Hz, 1H), 7.97
(s, 1H), 7.84 (d, J= 8.0 Hz, 1H), 7.79 (s, 1H), 7.58 (s, 1H), 7.29-7.26 (m, 1H), 7.09 (d, J=5.2
Hz, 1H), 6.44-6.39 (m, 1H), 5.04-5.01 (m, 1H), 4.11 (t, /= 5.2 Hz, 2H), 3.80 (t, /= 5.2 Hz, 2H),
3.63-3.46 (m, 2H), 3.28-3.21 (m, 1H), 2.94-2.87 (m, 3H), 2.04-1.99 (m, 1H), 1.91-1.85 (m, 6H),
1.62-1.44 (m, 2H), 1.29-1.27 (m, 1H), 0.91-0.89 (m, 6H).

Example 175: 3-(tert-butoxy)-N-(2-(2-((5,6-dihydro-4H-pyrrolo[1,2-b] pyrazol-3-
y)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-
carboxamide
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1 TN 1 TN

O
(1.0eq)
TFA (cat), 1-butanol
| XN 100°C, 3 h | SN /N\N
N/)\CI N/)\H h
1-182
[0503] Synthesis of 3-(tert-butoxy)-N-(2-(2-((5,6-dihydro-4 H-pyrrolo[ 1,2-b]pyrazol-3-

yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-5-yl)azetidine-1-carboxamide
was similar to that of Example 174. After concentration, the crude product was purified by prep-
HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give 3-(tert-butoxy)-N-(2-(2-((5,6-
dihydro-4H-pyrrolo[1,2-b]pyrazol-3-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-

benzo[ 7]annulen-5-yl)azetidine-1-carboxamide as a yellow solid (70 mg, yield: 29%). ESI-MS
(M+H) ": 516.3. "TH NMR (400 MHz, CD;0D) §: 8.22 (d, J = 5.2 Hz, 1H), 7.79 (d, J = 8.0 Hz,
1H), 7.75 (s, 1H), 7.57 (s, 1H), 7.25 (d, J = 8.0 Hz, 1H), 7.09 (d, J = 5.2 Hz, 1H), 4.94 (d, J =
10.4 Hz, 1H), 4.51-4.48 (m, 1H), 4.16-4.09 (m, 2H), 4.05-4.01 (m, 2H), 3.76-3.68 (m, 2H), 2.90-
2.82 (m, 4H), 2.54-2.50 (m, 2H), 1.87-1.76 (m, 4H), 1.57-1.54 (m, 1H), 1.27-1.23 (m, 1H), 1.11
(s, 9H).

Example 176: 3-Isopropyl-/V-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-
4-y1)-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)pyrrolidine-1-carboxamide
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[0504] Synthesis of 3-isopropyl-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)pyrrolidine-1-
carboxamide was similar to that of Example 161. The crude product was purified by prep-HPLC
(CH3CN/H;0 with 0.05% NH4OH as mobile phase) to give 3-isopropyl-N-(2-(2-((1-(2-
methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-yl)pyrrolidine-1-carboxamide as a yellow solid (17 mg, yield: 17%). ESI-MS (M+H) ": 518.1.
'H NMR (400 MHz, CD;0D) ¢: 8.28 (d, J = 5.2 Hz, 1H), 7.98 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H),
7.79 (s, 1H), 7.57 (s, 1H), 7.29-7.26 (m, 1H), 7.10 (d, /= 5.2 Hz, 1H), 5.06-5.00 (m, 1H), 4.18 (t,
J=5.2Hz, 2H), 3.65 (t, /= 5.2 Hz, 2H), 3.58-3.46 (m, 2H), 3.30-3.24 (m, 1H), 3.24 (s, 3H),
2.98-2.84 (m, 3H), 2.06-1.99 (m, 1H), 1.92-1.79 (m, 5H), 1.65-1.43 (m, 3H), 1.33-1.24 (m, 1H),
0.92-0.89 (m, 6H).

Example 177: 3-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)pyrrolidine-1-carboxamide

1-184

1. The preparation of N-(2-bromo-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)-3-(tert-
butyl)pyrrolidine-1-carboxamide

H
NH, HCI N M
A g
(1.2 eq)

)

-

CDI (1.2 eq), DIPEA (3.0 eq)

DMF, rt, 2 h
Br Br

[0505] Synthesis of N-(2-bromo-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)-3-(tert-
butyl)pyrrolidine-1-carboxamide was similar to that of N-(2-bromo-6,7,8,9-tetrahydro-5H-
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benzo[7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide. The residue was purified by prep-
HPLC (MeCN/H,0 with 0.05% NH,;OH as mobile phase from 5% to 95%) to give N-(2-bromo-
6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)-3-(tert-butyl)pyrrolidine-1-carboxamide (1.0 g,
yield: 47%) as yellow solid. ESI-MS (M+H) ":393.1.

2. The preparation of 3-(tert-butyl)-N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-yl)pyrrolidine-1-carboxamide

o X

(1.1 eq), O
H W 1) AcOK 2.0 eq),1,4-dioxane
N\H/N Pd(dppf)Cl,.DMC(0.05 eq)

0 reflux, 2 h

SN
2) Pd(dppf)Cl, (0.05 eq), K,CO3 (2.0 eq) || )\
dioxane/H,0 (5/1), 100 °C, 2 h N

Br |
/lN (1.2 eq)

X
N Cl

[0506] Synthesis of 3-(tert-butyl)-N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-
5H-benzo[7]annulen-5-yl)pyrrolidine-1-carboxamide was similar to that of N-(2-(2-
chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7 ]Jannulen-5-yl)-3-isopropoxyazetidine-1-
carboxamide. The crude was purified by prep-HPLC (MeCN/H,O with 0.05% NH4OH as mobile
phase from 5% to 95%) to give 3-(tert-butyl)-N-(2-(2-chloropyrimidin-4-yl)-6,7,8,9-tetrahydro-
5H-benzo[7]annulen-5-yl)pyrrolidine-1-carboxamide (780 mg, yield: 72%) as yellow solid. ESI-
MS (M+H) ": 427.2.

3. The preparation of 3-(tert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)pyrrolidine-1-carboxamide

\
— (1.0
e S w—aoe Y
0 HaN

Pd,(dba); (0.1 eq)
S-phos (0.2 eq)

NN 082003(30 eq) NN N\
H [¢]
| //k dioxane, 100 °C, 2 h | /)\ /Q/N\
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[0507] Synthesis of 3-(fert-butyl)-N-(2-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)pyrrolidine-1-
carboxamide was similar to that of Example 161. The residue was purified by prep-HPLC
(MeCN/H,0 with 0.05% NH4OH as mobile phase from 5% to 95%) to give 3-(tert-butyl)-N-(2-
(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-
yl)pyrrolidine-1-carboxamide (48 mg, yield: 42%) as yellow solid. ESI-MS (M+H) ":488.3. 'H
NMR (400 MHz, CD;0OD) 6: 8.36 (d, J = 5.6 Hz, 1H), 7.95-7.86 (m, 3H), 7.65 (s, 1H), 7.39-7.36
(m, 1H), 7.17 (d, /= 5.2 Hz, 1H), 5.15-5.10 (m, 1H), 3.87 (s, 3H), 3.68-3.48 (m, 2H), 3.36-3.35
(m, 1H), 3.20-2.90 (m, 3H), 2.15-1.85 (m, 6H), 1.75-1.67 (m, 2H), 1.38-1.33 (m, 1H), 0.98 (s,
9H).

Example 178: 3-(tert-butyl)-N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)pyrrolidine-1-
carboxamide

I-185

1.The preparation of 3-(tert-butyl)-N-(2-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1 H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)pyrrolidine-1-

carboxamide
=N H
H \ N M
A L
g HN \\\OTBS \g/
o (1.0 eq)
Pd,(dba); (0.1 eq)
S-phos (0.2 eq) N N
N Cs,C05(3.0 eq) =\ OTBS
L dioxane, 100 °C, 2 h PN N~
N/ Cl N H
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[0508] Synthesis of 3-(tert-butyl)-N-(2-(2-((1-(2~((tert-butyldimethylsilyl)oxy)ethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7Jannulen-5-yl)pyrrolidine-1-
carboxamide was similar to that of Example 161. The residue was purified by prep-HPLC
(MeCN/H,0 with 0.05% NH4OH as mobile phase from 5% to 95%) to give 3-(tert-butyl)-N-(2-
(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[ 7 ]Jannulen-5-yl)pyrrolidine-1-carboxamide (144 mg, yield: 65%) as yellow
solid. ESI-MS (M+H) ":632.4.

2. The preparation of 3-(tert-butyl)-N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-

yhamino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-yl)pyrrolidine-1-
carboxamide

LA A

© 0O
TFA/DCM (1:4)
SN =N OTBS t1h N N
BN OH
| N/)\NJ;/N\/\ | Py /L/N\/\

H N N

H

[0509] Synthesis of 3-(fert-butyl)-N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)pyrrolidine-1-
carboxamide was similar to that of N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)-3-isopropoxyazetidine-
I-carboxamide. The crude was purified through prep-HPLC (MeCN/H,O with 0.05% NH4OH as
mobile phase from 5% to 95%) to give 3-(tert-butyl)-N-(2-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-
4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)pyrrolidine-1-
carboxamide (90 mg, yield: 76%) as a yellow solid. ESI-MS (M+H) ":518.3. '"H NMR (400 MHz,
CD;0D) ¢: 8.25 (d, J= 5.6 Hz, 1H), 7.96 (s, 1H), 7.83-7.77 (m, 2H), 7.59 (s, 1H), 7.28 (d, J =
8.0 Hz, 1H), 7.06 (d, /= 5.2 Hz, 1H), 5.04 (t, /= 10.4 Hz, 1H), 4.11 (t, /= 5.2 Hz, 2H), 3.80 (t,
J=5.2 Hz, 2H), 3.58-3.38 (m, 2H), 3.22-3.20 (m, 1H), 3.10-2.81 (m, 3H), 2.02-1.77 (m, 6H),
1.65-1.60 (m, 2H), 1.28-1.25 (m, 1H), 0.88 (s, 9H).
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Example 179: 3-(tert-butyl)-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo[7]annulen-5-yl)pyrrolidine-1-

carboxamide
H
(O
0
~ N /N\
| PR /L/N\/\OMe
N~ N
H
1-186
[0510] Synthesis of 3-(fert-butyl)-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-yl)pyrrolidine-1-
carboxamide was similar to that of Example 161 The residue was purified by prep-HPLC
(MeCN/H,0 with 0.05% NH4OH as mobile phase from 5% to 95%) to give 3-(fert-butyl)-N-(2-
(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-

benzo[ 7]annulen-5-yl)pyrrolidine-1-carboxamide (70 mg, yield: 47%) as a yellow solid. ESI-MS
(M+H) :532.3. 'H NMR (400 MHz, CD;0D) §: 8.28 (d, J= 5.2 Hz, 1H), 7.99 (s, 1H), 7.85 (d, J
=8.0 Hz, 1H), 7.79 (d, /= 1.6 Hz, 1H), 7.58 (s, 1H), 7.32-7.28 (m, 1H), 7.09 (d, /= 5.2 Hz, 1H),
5.09-5.02 (m, 1H), 4.19 (t, /= 5.2 Hz, 2H), 3.66 (t, J = 5.2 Hz, 2H), 3.59-3.40 (m, 2H), 3.25 (s,
3H), 3.12-2.84 (m, 3H), 2.06-1.80 (m, 6H), 1.67-1.59 (m, 2H), 1.30-1.20 (m, 1H), 0.90 (s, 9H).

Example 180: 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(2,2,2-trifluoroethyl)-2,3,4,5-tetrahydro-1H-benzo|c]azepin-5-yl)azetidine-1-carboxamide

H 0]
Wags
/N )i
FsC 0]

1-187
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1. Preparation of 3-(3-Bromo-benzylamino)-propionic acid ethyl ester

Br O_/ 7
A NaBH,CN
\@/\O + HzNﬂO Br N/\)]\O/\
MeOH H
[0511] To a solution of ethyl 3-aminopropanoate (46.0 g, 0.3 mol) and 3-

bromobenzaldehyde (55.5 g, 0.3 mol) in MeOH (1.2 L) were added Et;N (60.7 g, 0.6 mol) and
NaCNBH; (56.5 g, 0.9 mol) portion-wise. The resulting mixture was stirred at rt for 4h. The
reaction mixture was concentrated in vacuo and the residue was diluted with water (600 mL).
The mixture was extracted with EtOAc (3 x 500 mL). The combined organic layer was washed
with brine (100 mL), dried over anhydrous Na,SQy, filtered and concentrated in vacuo to give 3-
(3-bromo-benzylamino)-propionic acid ethyl ester (46.5 g, yield: 54%) as a light yellow oil. 'H
NMR (DMSO-dg, 300 MHz): 6 7.52 (s, 1H), 7.40 (d, /= 7.5 Hz, 1H), 7.31-7.25 (m, 2H), 4.04 (q,
J=7.2Hz, 2H), 3.67 (s, 2H), 2.69 (t, /= 7.2 Hz, 2H), 2.42 (t,J = 6.9 Hz, 2H), 1.17 (t, /= 6.9
Hz, 3H).

2. Preparation of 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino[-propionic acid ethyl ester
3)

O O
TosCl
Br s N/vko/\ L» Br N/\)J\O/\
\ H pyridine !
— Tos
2 3
[0512] To a solution of 3-(3-bromo-benzylamino)-propionic acid ethyl ester (45.6 g, 0.16

mol) in pyridine (500 mL) was added TosCI (61.0 g, 0.32 mol) at rt. The reaction mixture was
stirred at 120 °C for 16 h. The solvent was removed in vacuo to give the crude product. The
crude product was purified by column chromatography on silica gel (petroleum ether: EtOAc =
10:1 to 5:1) to afford 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino]-propionic acid ethyl
ester (61 g, yield: 88%) as a light yellow oil. '"H NMR (DMSO-ds, 300 MHz): J 7.74 (d, J = 8.4
Hz, 2H), 7.49-7.41 (m, 4H), 7.31 (d, /= 5.1 Hz, 2H), 4.33 (s, 2H), 3.93 (q, /= 7.2 Hz, 2H), 3.32
(t,J=7.2Hz, 2H), 2.41 (s, 3H), 2.36 (t, /= 6.9 Hz, 2H), 1.10 (t, /= 6.9 Hz, 3H).

3. Preparation of 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino]-propionic acid
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0 O

NaOH
Br N/\)]\O/\ _eon Br N/\)J\OH
-i_OS EtOH Tos
[0513] To a solution of 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino]-propionic acid

ethyl ester (60.0 g, 0.14 mol) in a mixed solvent of EtOH (600 mL) and H,O (60 mL) was added
NaOH (11.2 g, 0.28 mol) portion-wise, the reaction solution was stirred at 60 °C for 4 h. The
reaction solution was cooled to 0 °C and acidified to pH = 5 with concentrated HCI. The solvent
was concentrated in vacuo to give a residue which was extracted with EtOAc (3 x150 mL). The
organic layer was dried with Na;SQy, filtered and concentrated in vacuo to give 3-[(3-Bromo-
benzyl)-(toluene-4-sulfonyl)-amino]-propionic acid (45.2 g, yield: 78.6%) as a white solid. 'H
NMR (DMSO-dg, 300 MHz): 6 12.28 (br, 1H), 7.74 (d, J = 8.1 Hz, 2H), 7.49-7.41 (m, 4H), 7.32
(d,J=5.1Hz, 2H), 4.33 (s, 2H), 3.29 (t,/ = 6.9 Hz, 2H), 2.41 (s, 3H), 2.27 (t, /= 7.5 Hz, 2H).

4. Preparation of 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino]-propionyl chloride

O (COCl), 0
4 N~ Aoy OMFLOOM e N
Tos Tos
[0514] To a solution of 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino]-propionic acid

(452 g, 0.11 mol) in DCM (1000 mL) were added dropwise DMF (1 mL) and oxalyl chloride
(27.9 g, 0.22 mol) portion-wise. The reaction solution was stirred at 55 °C for 2 h. The mixture
was concentrated in vacuo to give the crude 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino]-
propionyl chloride (47.2 g, yield: 99%) as a black oil which was used in the next step without

further purification.

5. Preparation of 8-Bromo-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydro-benzo[c]azepin-5-one

@]
Br N
B AICl;, DCM
r l}l/\)J\CI e
Tos

o)

Tos

[0515] To a solution of 3-[(3-Bromo-benzyl)-(toluene-4-sulfonyl)-amino]-propionyl
chloride (47.0 g, 0.11 mol) in anhydrous DCM (1200 mL) was added AlCl5(29.3 g, 0.22 mol)
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portion-wise at rt. The reaction mixture was stirred at 55 °C for 2 h. The reaction mixture was
poured into ice water (1.2 L) and extracted with DCM (500 mL). The organic layer was
concentrated in vacuo to give the crude product. The crude product was purified by column
chromatography on silica gel (petroleum ether: EtOAc = 5:1 to 2:1) to afford 8-bromo-2-
(toluene-4-sulfonyl)-1,2,3,4-tetrahydro-benzo[clazepin-5-one (35 g, yield: 81%) as a white solid.
'H NMR (DMSO-ds, 300 MHz): § 7.65 (d, J = 8.4 Hz, 3H), 7.60-7.51 (m, 2H), 7.36 (d, /= 8.1
Hz, 2H), 4.68 (s, 2H), 3.42 (t, /= 9.2 Hz, 2H), 2.96 (t, J= 6.3 Hz, 2H), 2.37 (s, 3H).

6. Preparation of [8-Bromo-2-(toluene-4-sulfonyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-
yl]-carbamic acid tert-butyl ester

Tos 1. NH4OAC/EtOH Tos
Br N’ Br N
NaBH;CN
—
2. Boc,O
0O DCM, Etz3N HN_
Boc
[0516] To a solution of 8-bromo-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydro-

benzo[cJazepin-5-one (32.0 g, 0.08 mol) in EtOH (600 mL) were added NH4OAc (18.5 g, 0.24
mol) and NaCNBH3; (14.9 g, 0.24 mol) portion-wise at rt. Then the reaction mixture was stirred
at 95 °C for 16 h. The mixture was poured into ice water (500 mL) and then EtOH was removed
in vacuo. The residue was extracted with DCM (3 x 500 mL). The combined solvent was
concentrated. The residue was redissolved in DCM (300 mL) and were added EtsN (12.2 g, 0.12
mol) and (Boc),0 (34.6 g, 0.12 mol) at rt. The mixture was stirred at rt for 4 h and then
concentrated in vacuo to give the crude product. The crude product was purified by column
chromatography on silica gel (peteroleum ether: EtOAc = 8:1 to 2:1) to afford [8-bromo-2-
(toluene-4-sulfonyl)-2,3,4,5-tetrahydro-1H-benzo[clazepin-5-yl]-carbamic acid tert-butyl ester
(16.7 g, yield: 42%) as a white solid. '"H NMR (DMSO_ds, 300 MHz): 6 7.62-7.51 (m, 2H), 7.47
(d,/=9.9 Hz, 1H), 7.41-7.34 (m, 3H), 7.10 (d, /= 8.4 Hz, 1H), 4.81-4.74 (m, 1H), 4.53 (d, J =
15.0 Hz, 1H), 4.28 (d, J = 15.3 Hz, 1H), 3.64-3.57 (m, 1H), 3.41-3.30 (m, 1H), 2.35 (s, 3H),
1.85-1.77 (m, 1H), 1.69-1.63 (m, 1H), 1.36 (s, 9H).

7. Preparation of 8-Bromo-2-(toluene-4-sulfonyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-
ylamine
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Tos ,Tos
Br N Br N
EA/HCI
 —
HN_ H>N
Boc
[0517] A solution of [8-bromo-2-(toluene-4-sulfonyl)-2,3,4,5-tetrahydro-1H-

benzo[clazepin-5-yl]-carbamic acid tert-butyl ester (14.8 g, 0.03 mol) in HCI/EtOAc (150 mL)
was stirred at 25 °C for 4 h. The resulting solid was filtered and washed with MeOH and Et,0 to
give the product 8-bromo-2-(toluene-4-sulfonyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-
ylamine (10.5 g, yield: 89%) as a white solid. 'H NMR (DMSO-ds, 300 MHz): J 8.79 (br, 3H),
7.64-7.58 (m, 3H), 7.53 (s, 1H), 7.36 (d, /= 8.4 Hz, 2H), 7.15 (d, /= 8.4 Hz, 1H), 4.71-4.61 (m,
2H), 4.31 (d, /=153 Hz, 1H), 3.82 (d, /= 18.3 Hz, 1H), 2.38 (s, 3H), 2.14-2.07 (m, 1H), 1.77-
1.71 (m, 1H). LC-MS: m/z 395.0/397.0 [M+H]".

8. Synthesis of 8-bromo-2,3,4,5-tetrahydro-1H-benzo[clazepin-5-amine

O
//
O3S~ NH; NH,
\ 33% HBr/ HOAC HN SHBr
50°C,12h
Br Br
[0518] A solution of 8-bromo-2-(toluene-4-sulfonyl)-2,3,4,5-tetrahydro-1H-

benzo[cJazepin-5-ylamine (2.00 g, 5.06 mmol) in HBr (33% solution in acetic acid, 20 mL) was
heated at 50 °C for 12 h. After cooling to rt, the mixture was diluted EtOAc (50 mL). The white
solid was collected by filtration and dried in vacuo to afford crude product 8-bromo-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-5-amine (1.66 g, yield: 82%), which was used directly in the next
step. ESI-MS (M+H) “241.1. "H NMR (400 MHz, CD:0D) ¢: 7.72-7.55 (m, 2H), 7.18 (d, J = 8.4
Hz, 1H), 4.99-4.98 (m, 1H), 4.51 (d, /= 14.4 Hz, 1H), 4.39 (d, /= 14.4 Hz, 1H), 3.62-3.49 (m,
2H), 2.38-2.24 (m, 1H), 2.16-2.00 (m, 1H).

9. Synthesis of tert-butyl 5-amino-8-bromo-4,5-dihydro-1H-benzo[clazepine-2(3H)-
carboxylate
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NH Boc~ NH;
HN N
SHBr (Boc),0 (0.9 eq), TEA (3.0 eq):
DCM, rt,1h
Br Br
[0519] To a solution of 8-bromo-2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-amine (640

mg, 1.60 mmol) and TEA (490 mg, 4.8 mmol) in DCM (20 mL) was added (Boc),0O (314 mg,
1.44 mmol). The mixture was stirred at rt for 1 h. After diluting with DCM (100 mL), the
mixture was washed with brine (20 mL x 2). The organic phase was concentrated in vacuo and
the residue was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH3.H,O as mobile phase) to
give tert-butyl 5-amino-8-bromo-4,5-dihydro-1H-benzo[clazepine-2(3 H)-carboxylate as a
colorless oil (364 mg, yield: 67%). ESI-MS (M+H) ":341.1.

10. Synthesis of tert-butyl 8-bromo-5-(3-isopropoxyazetidine-1-carboxamido)-4,5-dihydro-
1H-benzo[clazepine-2(3H)-carboxylate

O
OY N/D/ 7/
Boc~N NHz O~<>NH HCI (1.5 eq) NH
- Boc~N
CDI (1.5 eq), TEA (1.5 eq)
DMF, rt.,2h
Br
Br
[0520] To a solution of tert-butyl 5-amino-8-bromo-4,5-dihydro-1H-benzo[clazepine-

2(3H)-carboxylate (300 mg, 0.90 mmol) in DMF (4 mL) was added TEA (138 mg, 1.35 mmol)
and CDI (219 mg, 1.35 mmol). After stirring at rt for 1 h, 3-isopropoxyazetidine (204 mg, 1.35
mmol) was added to the solution. The resulting solution was stirred for another 1 h. The mixture
was purified by prep-HPLC (CH3;CN/H,0 with 0.05% NH;.H,O as mobile phase) to give tert-
butyl 8-bromo-5-(3-isopropoxyazetidine-1-carboxamido)-4,5-dihydro-1H-benzo[c]azepine-2-
(3H)-carboxylate as white solid. (178 mg, yield: 42%). ESI-MS (M+H) "482.2.

11. Synthesis of tert-butyl 5-(3-isopropoxyazetidine-1-carboxamido)-8-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-4,5-dihydro-1H-benzo[c]azepine-2(3H)-carboxylate
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O
iﬁ‘ﬁ'ii e Y
OyNg/OW/ Boc~N NH

- Pd(dppf)Cl, (0.1 eq), KOAG (2.0 eq)
Boc~N 1,4-dioxane, 100°C, 2 h
|
(1.1 eq) y _N
o¥s 1
b SWEr S S
N™ N H

H
Pd(dppf)Cl, (0.1 eq), 2M aqg. K,CO3 (2.0 eq)
1,4-dioxane, 100°C, 2 h

[0521] Synthesis of fert-butyl 5-(3-isopropoxyazetidine-1-carboxamido)-8-(2-((1-methyl-
1H pyrazol-4-yl)amino)pyrimidin-4-yl)-4,5-dihydro-1H-benzo[ clazepine-2(3 H)-carboxylate was
similar to that of Example 157. The residue was purified by prep-HPLC (CH3CN/H,O with
0.05% NH3.H,0O as mobile phase) to give tert-butyl 5-(3-isopropoxyazetidine-1-carboxamido)-8-
(2-((1-methyl-1H pyrazol-4-yl)amino)pyrimidin-4-yl)-4,5-dihydro-1H-benzo[clazepine-2(3 H)-
carboxylate (120 mg, yield: 60%) as white solid. ESI-MS (M+H) “577.3. "H NMR (400 MHz,
CD;0D) 6: 8.43 (d,J=5.2 Hz, 1H), 8.11-7.98 (m, 3H), 7.67-7.64 (m, 1H), 7.49-7.45 (m, 1 H),
7.25(d,J=5.2 Hz, 1H), 5.27-5.24 (m, 1H), 4.78-4.74 (m, 1H), 4.50-4.45 (m, 2H), 4.29-4.22 (m,
2H), 3.96-3.85 (m, 6H), 3.74-3.68 (m, 1H), 3.38-3.33 (m, 1H), 2.00-1.91 (m, 2H), 1.44-1.31 (m,
9H), 1.20 (d, J= 6.4 Hz, 6H).

12. Synthesis of 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-yl)azetidine-1-carboxamide

OE:ND/%/ OE: ND/()?/

Boc~N HN

TFA
DCM, rt,1h

~Z "N =N Z>N N

P
\N )\ N =X \N J\ N L/N
H H
[0522] tert-Butyl 5-(3-isopropoxyazetidine-1-carboxamido)-8-(2-((1-methyl-1H pyrazol-

4-yl)amino)pyrimidin-4-yl)-4,5-dihydro-1H-benzo[ clazepine-2(3 H)-carboxylate (120 mg, 0.21
mmol) was dissolved in TFA/DCM solution (1/1, 10 mL). The mixture was stirred at rt for 1 h.
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After concentration in vacuo, the residue was purified by prep-HPLC (CH3CN/H,O with 0.05%
NH;.H,0 as mobile phase) to give 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydro-1 H-benzo[cJazepin-5-yl)azetidine-1-carboxamide as
brown solid (70 mg, yield: 71%). ESI-MS (M+H) ":477.3. '"H NMR (400 MHz, CD;OD) ¢: 8.27
(d,/J=52Hz, 1H), 7.88 (dd, J= 8.0, 1.4 Hz, 1H), 7.85 (s, 1H), 7.81 (s, 1H), 7.53 (s, 1H), 7.32
(d,/=8.0Hz, 1H), 7.06 (d, J = 5.6 Hz, 1H), 5.12 (d, /= 9.2 Hz, 1H), 4.39-4.27 (m, 1H), 4.21-
4.08 (m, 2H), 3.99-3.87 (m, 2H), 3.85-3.71 (m, 5H), 3.63-3.50 (m, 1H), 3.21-3.15 (m, 1H), 3.13-
3.00 (m, 1H), 1.93-1.74 (m, 2H), 1.08 (d, /= 6.0 Hz, 6H).

13. Synthesis of 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(2,2,2-trifluoroethyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-yl)azetidine-1-carboxamide

%UY NI Y

HN /N W/

DIPEA (3 eq), F3CCH,OTf (1eq)  FsC o
DMF, 60°C, 1 h

R N /N\ N N /N\

LA A= PWes
N~ N N
H H
[0523] To a solution of 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydro-1H-benzo[clazepin-5-yl)azetidine-1-carboxamide
(140 mg, 0.29 mmol) in DMF (6 mL) was added DIPEA (114 mg, 0.88 mmol) and 2,2,2-
trifluoroethyl trifluoromethanesulfonate (69 mg, 0.29 mmol). The mixture was stirred at 60 °C
for 1 h. After diluting with water (20 mL), the mixture was extracted with EtOAc (20 mL x 3).
The combined organic layers were washed with brine (20 mL x 2), dried and concentrated in
vacuo. The residue was purified by prep-HPLC (MeCN/Water with 0.05% NH4OH) to give 3-
isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(2,2,2-trifluoroethyl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-yl)azetidine-1-carboxamide as a yellow solid (15 mg,
yield: 9%). ESI-MS (M+H) ": 559.3. '"H NMR (400 MHz, CD;0D) ¢: 8.30 (d, J = 5.2 Hz, 1H),
7.92 (d,J=8.4 Hz, 1H), 7.88 (s, 1H), 7.82 (s, 1H), 7.50 (s, 1H), 7.33 (d, /= 8.0 Hz, 1H), 7.10
(d, J=5.2 Hz, 1H), 5.09-5.07 (m, 1H), 4.37-4.32 (m, 1H), 4.20-4.08 (m, 3H), 3.96-3.93 (m, 1H),
3.78 (s, 3H), 3.76-3.71 (m, 2H), 3.59-3.56 (m, 1H), 3.28-3.25 (m, 1H), 3.17-3.15 (m, 1H), 2.98-
2.90 (m, 2H), 1.96-1.87 (m, 1H), 1.72-1.69 (m, 1H), 1.07 (d, /= 6.0 Hz, 6H).
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Example 181: 3-isopropoxy-/NV-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(oxetan-3-yl)-2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-yl)azetidine-1-carboxamide

ATY YT

HN

© 0:<>0 (5 eq)
NaBH3CN (3 eq), ZnCl, (5 eq) -
MeOH, rt, 4 h

NN /N\ NN /N\
| N/)\ /g/ " | N/)\ /L/N\
H H
1-188
[0524] To a mixture of 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydro-1H-benzo[clazepin-5-yl)azetidine-1-carboxamide
(80 mg, 0.16 mmol) and oxetan-3-one (60 mg, 0.81 mmol) in MeOH (5 mL) was added zinc
chloride (114 mg, 0.81 mmol) and NaBH;CN (30 mg, 0.5 mmol). The mixture was stirred at rt
for 4 h before addition of water (5 mL). After concentration, the residue was extracted with
EtOAc (40 mL x 2). The combined organic layers were washed with brine (120 mL x 2), dried
and concentrated in vacuo. The crude product was purified by prep-TLC (MeOH/EA = 1/8) to
give 3-isopropoxy-N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(oxetan-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-yl)azetidine-1-carboxamide as a yellow solid (45 mg,
yield: 45%). ESI-MS (M+H) *: 533.2. '"H NMR (400 MHz, CD;OD) ¢: 8.35 (d, J= 5.2 Hz, 1H),
7.97(d,J= 8.0 Hz, 1H), 7.92 (s, 1H), 7.86 (s, 1H), 7.56 (s, 1H), 7.36 (d, /= 8.0 Hz, 1H), 7.16
(d, /=52 Hz, 1H), 5.13-5.10 (m, 1H), 4.69-4.66 (m, 1H), 4.61-4.54 (m, 3H), 4.42-4.37 (m, 1H),
4.21-4.13 (m, 2H), 3.83 (s, 3H), 3.82-3.76 (m, 3H), 3.73-3.68 (m, 2H), 3.64-3.61 (m, 1H), 2.97-
2.94 (m, 1H), 2.80-2.74 (m, 1H), 1.98-1.93 (m, 1H), 1.89-1.83 (m, 1H), 1.12 (d, /= 6.0 Hz, 6H).

Example 182: 3-(tert-butoxy)-/N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2,3,4,5-tetrahydrobenzo[b]oxepin-5-yl)azetidine-1-carboxamide

328



WO 2015/089337 PCT/US2014/069853

AT <

0 O

AL
N—
N/)\N S

H
1-189

1. The preparation of methyl 4-(3-bromophenoxy)butanoate

r / r |
Br O

O
O (1.2eq) f\ﬂ/
. O

OH K>COs3 (2.0 eq) O
DMF, rtto 95°C, 1.5 h

[0525] To a solution of 3-bromophenol (3.44 g, 20.0 mmol) and methyl 4-
bromobutanoate (4.32 g, 24.0 mmol) in DMF (20 mL) was added K,COs (5.52 g, 40.0 mmol).
The mixture was stirred at rt for 0.5 h and then heated with stirring at 90 °C for 1 h. After
diluting with ethyl acetate (200 mL), the mixture was washed with water (50 mL x 3), dried and
concentrated in vacuo. The crude product was purified by silica gel column chromatography
(petroleum ether: EtOAc /EA = 10:1) to give methyl 4-(3-bromophenoxy)butanoate as a white
liquid (5.2 g, yield: 96%). ESI-MS (M+H) ": 273.1.

2. The preparation of 4-(3-bromophenoxy)butanoic acid

r | r
é\ J/\ﬂ/o NaOH (3.0 eq) J/\H/OH
0 P (I l o
o MeOH, 65 °C, 1 h o

[0526] Synthesis of 4-(3-bromophenoxy)butanoic acid was similar to that of 3-[(3-

bromo-benzyl)-(toluene-4-sulfonyl)-amino]-propionic acid. The crude product (4.8 g, yield:
98%) was used in next step without further purification. ESI-MS (M+H)": 259.1. "H NMR (400
MHz, CDCls) d: 7.24-7.20 (m, 1H), 7.10-7.08 (m, 2H), 6.93 (d, / =9.6 Hz, 1H), 3.97 (t,/ = 6.4
Hz, 2H), 2.35 (t,J = 7.2 Hz, 2H), 1.92-1.88 (m, 2H).
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3. The preparation of 8-bromo-3,4-dihydrobenzo[bJoxepin-5(2H)-one

O

i
H 1.S0Cl, (2.0eq), DMF (cat.)
N DCM, rt, 1 h
o °© 2.AICl5 (1.1 eq). DCM o Br

0°Ctort,1h

[0527] Synthesis of 8-bromo-3,4-dihydrobenzo[bJoxepin-5(2H)-one was similar to that
of 8-bromo-2-(toluene-4-sulfonyl)-1,2,3,4-tetrahydro-benzo[clazepin-5-one. The crude product
was purified by silica gel column chromatography (petroleum ether: EtOAc = 4:1) to give 8-
bromo-3,4-dihydrobenzo[bhloxepin-5(2H)-one as a white solid (1.2 g, yield: 71%). ESI-MS
(M+H) ": 241.1. "TH NMR (400 MHz, CDCl3) 8: 7.64 (d, J = 8.8 Hz, 1H), 7.27-7.23 (m, 2H),
425 (t,J = 6.8 Hz, 2H), 2.89 (t,J = 7.2 Hz, 2H), 2.25-2.18 (m, 2H).

4. The preparation of 8-bromo-2,3,4,5-tetrahydrobenzo[b]oxepin-5-amine

o) NH,
o AcONH,4(20.0 eq), NaBH;CN(10.0) 5
IPA,80°C,4h
Br Br
[0528] Synthesis of 8-bromo-2,3,4,5-tetrahydrobenzo[bJoxepin-5-amine was similar to

that of [8-Bromo-2-(toluene-4-sulfonyl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-yl]-carbamic
acid fert-butyl ester. The crude product was purified by silica gel column chromatography to

give the desired product as a white solid (900 mg, yield: 75%). ESI-MS (M+H) ': 225.1.

5. The preparation of N-(8-bromo-2,3,4,5-tetrahydrobenzo[bJoxepin-5-yl)-3-(tert-

butoxy)azetidine-1-carboxamide
o7<
H
NT@/
O

N

Hz
O HN<>O é (1.2eq) 0

poy

CDI (1.2 eq), DIPEA (3.0 eq)

DMF, rt, 16 h

[0529] Synthesis of N-(8-bromo-2,3,4,5-tetrahydrobenzo[bJoxepin-5-yl)-3-(tert-
butoxy)azetidine-1-carboxamide was similar to that of N-(2-bromo-6,7,8,9-tetrahydro-5H-
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benzo[ 7]annulen-5-yl)-3-isopropoxyazetidine-1-carboxamide. The crude product was purified by
prep-HPLC (CH3;CN/H,0 with 0.05% NH4OH as mobile phase) to give N-(8-bromo-2,3,4,5-
tetrahydrobenzo[bJoxepin-5-yl)-3-(tert-butoxy)azetidine-1-carboxamide as a white solid (224
mg, yield: 50%). ESI-MS (M+H) ": 397.0. '"H NMR (400 MHz, CDCl;) 0: 7.15-7.12 (m, 3H),
5.06-5.03 (m, 1H), 4.77-4.74 (m, 1H), 4.44-4.41 (m, 1H), 4.34-4.31 (m, 1H), 4.09-4.04 (m, 2H),
3.81-3.69 (m, 3H), 2.22-2.11 (m, 2H), 1.84-1.61 (m, 2H), 1.16 (s, 9H).

6. The preparation of 3-(tert-butoxy)-N-(8-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yh-2,3,4,5-tetrahydrobenzo[bJoxepin-5-yl)azetidine-1-carboxamide

BB 0
o) i ﬁ H N/j \’<
N/j/ \’< Pd(dppf)Cl, (01 015€eq) \[(])/

\ﬂ/ KOAC (2.0 eq)
0 O dioxane, 100°C, 2h _

2 Cl

/N\
' LN\ P Wer

(1.0 eq)
Pd(dppf)CI2 (0. 05 eq)
K2003 (20 GQ)
dioxane/H,0, 100 °C, 2 h

[0530] Synthesis of 3-(fert-butoxy)-N-(8-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydrobenzo[bJoxepin-5-yl)azetidine-1-carboxamide was
similar to that of Example 157. The residue was purified by prep-HPLC (CH3CN/H,O with
0.05% NH4OH as mobile phase) to give 3-(tert-butoxy)-N-(8-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydrobenzo[bJoxepin-5-yl)azetidine-1-carboxamide as a
white solid (192 mg, yield: 69%). ESI-MS (M+H) *: 492.0. '"H NMR (400 MHz, CD;0D) ¢:
8.29-8.28 (m, 1H), 7.85 (s, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.63 (s, 1H), 7.53 (s, 1H), 7.28 (d, J =
8.4 Hz, 1H), 7.07-7.05 (m, 1H), 5.00 (d, /= 8.0 Hz, 1H), 4.51-4.46 (m, 1H), 4.18-4.06 (m, 3H),
3.78 (s, 3H), 3.74-3.68 (m, 3H), 2.00-1.87 (m, 3H), 1.81-1.72 (m, 1H), 1.10 (s, 9H).

Example 183: 3-(tert-butoxy)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-4-
yD)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
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1-190
1. Synthesis of (E)-4-bromo-2-(2-(dimethylamino)vinyl)benzonitrile
|

CN /N7/O7L | CN
N
—N 7N
\ (2.0 eq)‘
Br 140°C, 4 h Br
[0531] A solution of 4-bromo-2-methylbenzonitrile (3.92 g, 20.00 mmol) in 1-tert-

butoxy-N,N,N',N'-tetramethylmethanediamine (8.2 mL, 40.00 mmol) was heated at 140 °C for 4
h. Then the reaction mixture was cooled down to rt and a yellow crystal precipitated. The solid
was filtered off and washed with petroleum ether, then dried to give (E)-4-bromo-2-(2-
(dimethylamino)vinyl)benzonitrile (4.16 g, yield: 83%) as a yellow solid. ESI-MS (M+H) "
251.0. '"H NMR (400 MHz, CD;0D) 6: 7.69 (d, J = 1.6 Hz, 1H), 7.33-7.28 (m, 2H), 7.05 (dd, J
=8.4,1.6 Hz, 1H), 5.22 (d, J = 13.2 Hz, 1H), 2.94 (s, 6H).

2. Synthesis of 4-bromo-2-(2-oxoethyl)benzonitrile

| CN CN
N = 4N HOAc in water
r.t., 4h
Br Br
[0532] A mixture of (£)-4-bromo-2-(2-(dimethylamino)vinyl)benzonitrile (4.00 g, 0.10

mmol) in 4N acetic acid aqueous solution (30 mL) was stirred at rt for 4 h. Then the reaction
mixture was filtered, and the cake was washed with water and dried to give compound 4-bromo-

2-(2-oxoethyl)benzonitrile (3.30 g, yield: 92%) as a white solid. ESI-MS (M+H)": 223.9.
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3. Synthesis of 2-(2-(aminomethyl)-5-bromophenyl)ethanol

NH,
CN
BH;-THF (6.0 eq) H
THF, r.t., 16 h
Br Br
[0533] Synthesis of 2-(2-(aminomethyl)-5-bromophenyl)ethanol was similar to that of

(4-bromo-2-methylphenyl)methanamine. Crude product 2-(2-(aminomethyl)-5-
bromophenyl)ethanol (2.05 g, yield: 100%) was obtained as as a white solid. ESI-MS (M+H)":
230.0.

4. Synthesis of tert-butyl 4-bromo-2-(2-((tert-butyldimethylsilyl)oxy)ethyl)benzylcarbamate

NH> NHBoc

1) BocyO (1.5 eq), TEA (3 eq)
H DCM, 1t, 1 h TBS

Py

2) TBSCI (1.5 eq), DIPEA (1.5 eq)

DMAP (0.1 eq), THF, 1t, 16 h

Br Br

[0534] To a solution of 2-(2-(aminomethyl)-5-bromophenyl)ethanol (2.56 g, 11.2
mmmol) in DCM (30 mL) were added Boc,0 (3.66 g, 16.8 mmol, 1.5 equiv) and TEA (3.4 g,
33.6 mmol, 3 equiv). The mixture was stirred at rt for 1 h. The solvent was removed in vacuo.
The crude was dissolved in EtOAc (60 mL), washed with water (30 mL x 2), and brine (30 mL x
2). The organic layer was dried and concentrated in vacuo. The residue was dissolved in THF (50
mL) and treated with TBSCI (2.38 g, 16 mmol, 1.5 equiv), DIPEA (4 g, 31.8 mmol, 2 equiv) and
DMAP (129 mg, 1 mmol, 0.1 equiv). The mixture was stirred at rt for 16 h, diluted with EtOAc
(100 mL), and washed with water (60 mL x 2) and brine (60 mL x 2). The organic layer was
dried and concentrated in vacuo to give tert-butyl 4-bromo-2-(2-((tert-
butyldimethylsilyl)oxy)ethyl)benzylcarbamate as a yellow oil (4.5 g, 85% purity, and total yield:
80%). ESI-MS (M+H) ": 444.1. '"H NMR (400 MHz, CDCl;) d: 7.70 (s, 1H), 7.68 (d, J= 7.6 Hz,
1H), 7.34 (d, J= 7.6 Hz, 1H), 5.16 (br, 1H), 4.41 (d, /= 5.2 Hz, 2H), 3.91 (t, /= 6.4 Hz, 2H),
2.93 (t,J= 6.4 Hz, 2H), 1.51 (s, 9H), 0.87 (s, 9H), 0.001 (s, 6H).

5. Synthesis of tert-butyl 2-(2-((tert-butyldimethylsilyl)oxy)ethyl)-4-(2-((1-methyl-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzylcarbamate
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o} /o NHBoc
NHBoc ,B—B\
c O TBS
TBSO.

1) Pd(dppf)Cl,.DCM (0.051 eq), KOAC (3 eq)
dioxane, 110°C, 1 h

Br 2) Pd(dppf)Cl2.DCM (0.05 eq), K2CO; (2 eq) | =N EN
dioxane/H,0 (5/1), 100 °C, 2 h N/)\N ~/
' H
SN =N e
1 e
N/)\N =
H
[0535] To a solution of tert-butyl 4-bromo-2-(2-((tert-butyldimethylsilyl)oxy)ethyl)

benzylcarbamate (1 g, 2.26 mmmol) in dioxane (15 mL) was added 4,4,4',4',5,5,5',5"-octamethyl-
2,2'-bi(1,3,2-dioxaborolane) (635 mg, 2.5 mmol, 1.1 equiv), Pd(dppf)CLLDCM (92 mg, 0.11
mmol, 0.05 equiv) and KOAc (664 mg, 6.78 mmol, 3 equiv). The mixture was heated to 110 °C
for 1 h under an atmosphere of nitrogen. After cooling to rt, 4-chloro-N-(1-methyl-1H-pyrazol-4-
yl)pyrimidin-2-amine (472 mg, 2.26 mmol, 1.0 equiv), Pd(dppf)Cl,DCM (92 mg, 0.11 mmol,
0.05 equiv), K,CO3 (623 mg, 4.52 mmol, 2 equiv) and water (4 mL) were added. The mixture
was heated to 100 °C for 2 h. The mixture was cooled to rt and filtered through a Celite pad. The
filtrate was concentrated in vacuo and the residue was purified by silica gel column
chromatography (EtOAc; petroleum ether=1/1) to give fert-butyl 2-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate as a yellow solid (320 mg, total yield: 26%). ESI-MS (M+H) ": 539.1.

6. Synthesis of 4-(4-(aminomethyl)-3-(2-((tert-butyldimethylsilyl)oxy)ethyl)phenyl)-N-(1-

methyl-1H-pyrazol-4-yl)pyrimidin-2-amine
NHBoc

NH;
HCl/di 1t,3h
TBS oxane, r N 8BS
TBSCI (1.5 eq), DMAP (0.1 eq)
DIPEA (3 eq), THF, 1t, 16 h
= N /N\ ~N N /N
LA S¥ss
N N7 N
H
[0536] Synthesis of 2-(2-(aminomethyl)-5-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)phenyl)ethanol was similar to 4-(4-(aminomethyl)-3-methylphenyl)-N-
(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine and synthesis of 4-(4-(aminomethyl)-3-(2-((tert-

334



WO 2015/089337 PCT/US2014/069853

butyldimethylsilyl)oxy)ethyl)phenyl)-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-amine was
similar to that of tert-butyl 4-bromo-2-(2-((tert-butyldimethylsilyl)oxy)ethyl)benzylcarbamate.
The crude was purified by prep-(MeCN/Water with 0.05% NH4OH as mobile phase) to give 4-
(4-(aminomethyl)-3-(2-((tert-butyldimethylsilyl)oxy)ethyl)phenyl)-N-(1-methyl-1H-pyrazol-4-
yl)pyrimidin-2-amine as a yellow solid (77 mg, total yield: 29%). ESI-MS (M+H) ": 439.2.

7. Synthesis of 3-(tert-butoxy)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

o
NH, HFNT 7<

(1.0 eq)
CDI (1.0 eq), TEA (2.0 eq)
(L D et ()
H H
[0537] Synthesis of 3-(fert-butoxy)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-

4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide was similar to that of Example 19.
The reaction product was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile
phase) to give 3-(tert-butoxy)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide as a yellow solid (75 mg, yield: 42%).
ESI-MS (M+H) ": 480.3. 'TH NMR (400 MHz, CD;0D) : 8.40 (d, J = 5.2 Hz, 1H), 8.04 (d, J =
1.2 Hz, 1H), 8.02 (s, 1H), 7.94 (dd, J= 8.0 Hz, 1.2 Hz, 1H), 7.63 (s, 1H), 7.43 (d, /= 8.0 Hz,
1H), 7.21 (d, J= 5.2 Hz, 1H), 4.60-4.54 (m, 1H), 4.45 (s, 2H), 4.17-4.13 (m, 2H), 3.90 (s, 3H),
3.87 (t,J = 6.8 Hz, 2H), 3.78-3.75 (m, 2H), 3.00 (t, /= 6.4 Hz, 2H), 1.19 (s, 9H).

Example 184: 1-(tert-butyl)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-4-
yD)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide
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1 Ot
o

H H

HATU (1.1 eq), DIPEA (3 eq)

acid (1 eq), DMF, rt, 2 h

| \N /N\ \N /N\
J | /)\NLN\

N H N
I-191
[0538] Synthesis of 1-(fert-butyl)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1 H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide was similar to that of Example 1.
The reaction product was purified through silica gel column chromatography (MeOH/EA=1/10)
to give 1-(fert-butyl)-N-(2-(2-hydroxyethyl)-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)-1H-pyrazole-4-carboxamide as a yellow solid (40 mg, yield: 40%). ESI-MS (M+H)
“:475.2. "TH NMR (400 MHz, CD;0D) ¢: 8.40 (d, J= 5.2 Hz, 1H), 8.26 (s, 1H), 8.08 (s, 1H),
8.01 (s, 1H), 7.96-7.94 (m, 2H), 7.63 (s, 1H), 7.46 (d, /= 8.0 Hz, 1H), 7.22 (d, /= 5.2 Hz, 1H),
4.67 (s, 2H), 3.92-3.88 (m, 5H), 3.06 (t, /= 6.8 Hz, 2H), 1.60 (s, 9H).

Example 185: 1-(zert-butyl)-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)benzyl)-6,7-dihydro-1H-pyrazolo[4,3-c|pyridin-4(SH)-one

1-192

1. Synthesis of methyl 5-(2-((tert-butoxycarbonyl)amino)ethyl)-1-(tert-butyl)-1H-pyrazole-4-
carboxylate
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1) CDI (1.2 eq), THF, rt, 1 h
o 2) potassium hydrogen methyl malonate (2 eq)

/\)J\ MgCl, (1 eq), rt, 16 h _
BocHN OH

3) DMFDMA (1.3 eq), DCM, rt, 8 h
4) 'butylhydrazine (1.1 eq), ‘propanol, reflux, 3 h

NHBoc

[0539] To a solution of CDI (972 mg, 6.0 mmol) in THF (18 mL) was added N-Boc-3-
aminylpropanoic acid (945 mg, 5 mmol). The mixture was stirred at rt for 1 h. Then a well
homogenized and powdered solid mixture of MgCl, (475 mg, 5 mmol) and potassium hydrogen
methyl malonate (1.56 g, 10 mmol) were added. The mixture was stirred at rt for 16 h. The
solvent was removed and the crude was dissolved in EtOAc (80 mL), washed with KHSO, (1M,
20 mL x 2) and brine (20 mL). The organic layer was dried and concentrated in vacuo. The crude
product was dissolved in DCM (16 mL) and DMF-DMA (773 mg, 6.5 mmol) was added. The
mixture was stirred at rt for 6 h. The solvent was removed and the crude material was dissolved
in isopropanol (10 mL) and treated with tertbutylhydrazine (682 mg, 5.5 mmol). The mixture
was stirred at reflux for 3 h. After cooling to rt, the solvent was removed. The crude was
dissolved in EtOAc (60 mL), washed with brine (20 mL x 2). The organic layer was dried and
concentrated in vacuo. The crude was purified by silica gel column chromatography
(EtOAc/petroleum ether = 1/4) to give methyl 5-(2-((zert-butoxycarbonyl) amino)ethyl)-1-(zert-
butyl)-1H-pyrazole-4-carboxylate as yellow oil (250 mg, three steps yield: 15%). ESI-MS
(M+H) ": 326.2.

2. Synthesis of 5-(4-bromo-2-methylbenzyl)-1-(tert-butyl)-6, 7-dihydro-1H-pyrazolo[4,3-
c/pyridin-4(5H)-one

=N
7L 1) TEA/DCM (1/1), t, 1 h
> N

2) NaBH(OAc); (5 eq), aldehyde (1.2 eq)

DCM, rt, 16 h
NHBoc 3)100°C,2h
Br
[0540] To a solution of methyl 5-(2-((tert-butoxycarbonyl) amino)ethyl)-1-(fert-butyl)-

1 H-pyrazole-4-carboxylate (500 mg, 1.54 mmol) in DCM (4 mL) was added TFA (4 mL). The

mixture was stirred at rt for 1 h. The mixture was concentrated, the crude was dissolved in
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CH,Cl; (10 mL) and 4-bromo-2-methylbenzaldehyde (370 mg, 1.87 mmol) was added. The
mixture was stirred at rt for 10 min, then sodium triacetoxyborohydride (1.63 g, 7.7 mmol) was
added. The mixture was stirred at rt for 16 h, diluted with DCM (60 mL), washed with brine and
dried over Na,SQy, filtered and concentrated in vacuo to afford a crude residue which was was
heated to 100 °C for 2 h. The residue was purified by prep-HPLC (CH;CN/H,0 with 0.05%
NH4OH as mobile phase) to give 5-(4-bromo-2-methylbenzyl)-1-(tert-butyl)-6,7-dihydro-1H-
pyrazolo[4,3-c]pyridin-4(5H)-one as a white solid (116 mg, yield: 20%). ESI-MS (M+H) ":
376.1.

3. Synthesis of 1-(tert-butyl)-5-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yhbenzyl)-6,7-dihydro-1H-pyrazolo[4,3-c[pyridin-4(5H)-one

e} 0
=N ¢
N o o (1.05 eq)

1) Pd(dppf)Cl,.DCM (0.051 eq), KOAc (3 eq)
dioxane, 110°C, 1 h

2) Pd(dppf)Cl,.DCM (0.05 eq), K,CO3 (2 eq)
dioxane/H,0 (5/1), 100 °C, 2 h
|

B | SN AN
r —

&)N\ ENS1 * o /g/ "

NN

[0541] Synthesis of 1-(fert-butyl)-5-(2-methyl-4-(2-((1-methyl-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-1H-pyrazolo[4,3-c]pyridin-4(5H)-one was similar
to that of Example 13. The reaction produce was purified through silica gel column
chromatography (MeOH/DCM=1/15) to give 1-(tert-butyl)-5-(2-methyl-4-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-6,7-dihydro-1H-pyrazolo[4,3-c]pyridin-4(5H)-one as
a yellow solid (80 mg, yield: 55%). ESI-MS (M+H) ": 471.3. '"H NMR (400 MHz, CD;0D) :
8.41(d,J=5.2 Hz, 1H), 7.99-7.95 (m, 3H), 7.80 (s, 1H), 7.64 (s, 1H), 7.36 (d, /= 8.0 Hz, 1H),
7.21(d,J=5.2 Hz, 1H), 4.80 (s, 2H), 3.89 (s, 3H), 3.60 (t, J= 6.8 Hz, 2H), 3.25 (t, /= 6.8 Hz,
2H), 2.44 (s, 3H), 1.64 (s, 9H).

Example 186: 1-(zert-butyl)-N-(4-(6-((5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-2-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide
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H =N
Njog/'\“/\
e

1-193
1. The preparation of (4-(6-chloropyrimidin-4-yl)-2-methylphenyl)methanamine

NHBoc NH-

TFA/DCM (1 : 1)

——

N rt, 2 h SN
L L
N™ CI N Cl
[0542] A mixture of tert-butyl 4-(6-chloropyrimidin-4-yl)-2-methylbenzylcarbamate

(240 mg, 0.72 mmol) in TFA/DCM (8 mL, 1:1) was stirred at rt for 1 h. Then the solvent was
removed in vacuo and the crude product (150 mg, yield: 89%) was used in the next step without

further purification.

2. The preparation of 1-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-1H-

pyrazole-4-carboxamide
H =N
AT
O

NH»
: =N
i
O (1.1eq)
HATU (1.2 eq), DIPEA (3.0 eq)
le \ DMF, rt, 2 h "i \
~ o
N Cl N Cl
[0543] To a solution of (4-(6-chloropyrimidin-4-yl)-2-methylphenyl)methanamine (150

mg, 0.64 mmol) and acid (118 mg, 0.70 mmol) in DMF (5 mL) were added HATU (292 mg,
0.77 mmol) and DIPEA (247 mg, 1.92 mmol). The mixture was stirred at rt for 2 h. After
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diluting with water (60 mL), the mixture was extracted with EtOAc (80 mL x 2). The combined
organic layers were dried and concentrated in vacuo to afford a crude product which was purified
by silica gel column chromatography (petroleum ether: EtOAc= 1:2) to give 1-(tert-butyl)-N-(4-
(6-chloropyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide as a white solid (230 mg,
yield:: 93%). ESI-MS (M+H) ": 384.1.

3. The preparation of 5,6-dihydro-4H-pyrrolo[1,2-c][1,2,3]oxadiazol-7-ium-3-olate

H 1.NaNO; (1.4 eq), HCI (1.3 eq)
water, 0°Ctort, 16 h
= O ﬁ\j

N O 2 TFAA(1.5eq), PhCH, O-N
0°Ctort,16 h

[0544] To a solution of pyrrolidine-2-carboxylic acid (17.2 g, 150 mmol) and sodium
nitrite (14.5 g, 210 mmol) in water (100 mL) was slowly added HCI (7.6 g, 200 mmol) at 0 °C.
The mixture was stirred at rt for 16 h, diluted with water (100 mL), and extracted with diethyl
ether (100 mL x 2). The combined organic phase was dried and concentrated in vacuo to afford a
residue which was taken up in PhCHj; (50 mL). The solution was treated with trifluoroacetic
anhydride (47.3 g, 230 mmol) and stirred at rt for 16 h. The mixture was concentrated and the
crude product was purified by silica gel column chromatography (DCM/MeOH = 10:1) to give
5,6-dihydro-4H-pyrrolo[1,2-c][1,2,3]Joxadiazol-7-ium-3-olate as a brown liquid (17.0 g, yield:
90%). ESI-MS (M+H) ": 127.1.

4. The preparation of methyl 5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-2-carboxylate and methyl
5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-3-carboxylate

methyl propiolate (3.0eq) O AN
O / ﬁl > ~ / N _ |
xylene, 125°C, 16 h 0 Nt N

O-N 0

[0545] To a solution of 5,6-dihydro-4H-pyrrolo[1,2-c][1,2,3]oxadiazol-7-ium-3-olate
(9.4 g, 75 mmol) in xylene (150 mL) was added methyl propiolate (18.9 g, 225 mmol). The
mixture was stirred at 125 °C for 16 h. After concentration, the crude product was purified by

silica gel column chromatography (petroleum ether: EtOAc = 5:1) to give a mixture of methyl
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5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-2-carboxylate and methyl 5,6-dihydro-4H-pyrrolo[1,2-
b]pyrazole-3-carboxylate as a yellow liquid (7.9 g, yield: 35%). ESI-MS (M+H) ": 167.1.

5. The preparation of 5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-2-carboxylic acid and 5,6-
dihydro-4H-pyrrolo[1,2-b[pyrazole-3-carboxylic acid

/>N NaOH (3.0eq) H Z N
74 N ! > I
O ey Y N MeoH s0°c.5hn 07 O Nt N
N 0 eOH, , _N/ 0
o— OH

[0546] To a solution of methyl 5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole-2-carboxylate

and methyl 5,6-dihydro-4H-pyrrolo[ 1,2-b]pyrazole-3-carboxylate (3.5 g, 21.0 mmol) in MeOH
(50 mL) was added NaOH (2.5 g, 63.0 mmol) and stirred at 50 °C for 5 h. Water (50 mL) was
added, the mixture was adjusted to pH = 6 with concentrated HCI, extracted with EtOAc (100
mL x 2), dried and concentrated in vacuo to afford the crude product (2.2 g, yield: 69%) which
was used in the next step without further purification. 'H NMR (400 MHz, CDCls) : 7.90 (s,
1H), 3.09 (t,/=7.2 Hz, 2H), 2.47 (t,J= 7.2 Hz, 2H), 2.22-2.15 (m, 2H).

6. The preparation of ethyl (5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-yl)carbamate and ethyl
(5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-2-yl)carbamate

N__o N
o)
H Z N N\/ | Y. 77 g
y . o DPPA (1.0 eq), DIPEA (3.0 eq) N o N-N O
o N N ~ b h

EtOH/dioxane, rt to 110 °C, 4 h
OH

[0547] To a solution of the above mixture (1.0 g, 6.6 mmol) in dioxane (20 mL) was
added DIPEA (2.5 g, 19.8 mmol) and DPPA (1.8 g, 6.6 mmol) and stirred at rt for 2 h. EtOH (10
mL) was added and the mixture was heated to 110 °C for 2 h. The solvent was removed in vacuo,
the crude product was purified by silica gel column chromatography (petroleum ether: EtOAc =
1:3) to give a white solid. The solid was suspended in MeOH (15 mL), filtered, and the filtrate
was concentrated in vacuo to give (5,6-dihydro-4H-pyrrolo[ 1,2-b]pyrazol-3-yl)carbamate (300
mg, yield: 23%) as a white solid. The white precipitate is ethyl (5,6-dihydro-4H-pyrrolo[1,2-
b]pyrazol-2-yl)carbamate (120 mg, yield: 9%). ESI-MS (M+H) ": 196.1.

7. The preparation of 5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-amine
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N._o
& ¥ NaOH (aq, 50 eq)
AN > HN— AN
Oﬁ EtOH, 90 °C, 16 h —
[0548] To a solution of ethyl (5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-yl)carbamate (130

mg, 0.67 mmol) in EtOH (20 mL) was added NaOH (1.3 g, 33.3 mmol). The mixture was stirred
at 90 °C for 16 h. After concentration, the mixture was dissolved in water (50 mL) and extracted
with DCM (50 mL x 2). The combined organic layers were dried, concentrated in vacuo to
afford the crude product (31 mg, yield: 33%) which was used in the next step without further
purification. '"H NMR (400 MHz, CDCls) 6: 7.18 (s, 1H), 4.06 (t, /= 7.2 Hz, 2H), 2.80 (t,J=7.2
Hz, 2H), 2.60-2.53 (m, 2H).

8. The preparation of 5,6-dihydro-4H-pyrrolo[1,2-bJpyrazol-2-amine

NH
/7 N\fo NaOH (aq, 50 eq) 7 2
N oW o N-N
EtOH, 90 °C, 16 h
[0549] Synthesis of 5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-2-amine was similar to that of

5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-amine. The crude product (85 mg, yield: 90%) was used

in the next step without further purification.

9. The preparation of 1-(tert-butyl)-N-(4-(6-((5,6-dihydro-4H-pyrrolo[1,2-b[pyrazol-2-
yhamino)pyrimidin-4-yl)-2-methylbenzyl)-1 H-pyrazole-4-carboxamide

=N H =N
N AN e
N\[(Q/ \/_\ y NH, Nj‘/g/
/
(1.0 eq)

N7 TFA (cat), 1-butanol NTX N-N
l _ 100°C, 3 h m _ | P
N" N

N~ Cl

[0550] Synthesis of 1-(tert-butyl)-N-(4-(6-((5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-2-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1 H-pyrazole-4-carboxamide was similar to that of
Example 171. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05% NH4,OH
as mobile phase) to give 1-(tert-butyl)-N-(4-(6-((5,6-dihydro-4H-pyrrolo[ 1,2-b]pyrazol-2-
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yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide as a white solid (30 mg,
yield: 41%). ESI-MS (M+H) ": 471.2. "TH NMR (400 MHz, CD;0D) J: 8.47 (s, 1H), 8.17 (s, 1H),
7.87 (s, 1H), 7.69 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.38 (s, 1H), 7.31 (d, J = 8.0 Hz, 1H), 6.04
(s, 1H), 4.48 (s, 2H), 3.99 (t,J = 7.2 Hz, 2H), 2.83 (t, J = 7.2 Hz, 2H), 2.50-2.46 (m, 2H), 2.35
(s, 3H), 1.50 (s, 9H).

Example 187: 3-(tert-butyl)-N-(4-(2-((5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)pyrrolidine-1-carboxamide

At e AT

6] 6]
(1.0 eql
TFA (cat), 1-butanol "
| SN 100°C, 3 h | \)N\ =N
N/)\CI NZONTS
H
1-194
[0551] Synthesis of 3-(tert-butyl)-N-(4-(2-((5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)pyrrolidine-1-carboxamide was similar to that of
Example 174. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05% NH4,OH
as mobile phase) to give 3-(tert-butyl)-N-(4-(2-((5,6-dihydro-4 H-pyrrolo[ 1,2-b]pyrazol-3-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)pyrrolidine-1-carboxamide as a yellow solid (27 mg,
yield: 31%). ESI-MS (M+H) *: 474.1. "H NMR (400 MHz, CD;0D) ¢: 8.22 (d, J = 5.2 Hz, 1H),
7.79-7.78 (m, 2H), 7.57 (s, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.08 (d, J = 5.2 Hz, 1H), 4.36-4.26 (m,
2H), 4.03 (t,J = 7.2 Hz, 2H), 3.67 (t,J = 8.8 Hz, 1H), 3.47 (t,J = 8.8 Hz, 1H), 3.18-3.15 (m,
1H), 2.83 (t,J = 7.2 Hz, 2H), 2.56-2.49 (m, 2H), 2.31 (s, 3H), 2.04-2.00 (m, 1H), 1.84-1.79 (m,
1H), 1.64-1.59 (m, 1H), 0.80 (s, 9H).

Example 188: cis-4-(4-((4-(4-((1-(tert-butyl)-1H-pyrazole-4-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid
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1. Synthesis of methyl 4-(4-((4-(4-((1-(tert-butyl)-1 H-pyrazole-4-carboxamido)methyl)-3-

methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylate

H
NH; /N\ NWN/L/N\/_\
HO\[(Q/N\/[\ 0

0 (1.0 eq)

[
r

HATU (1.2 eq), DIPEA (4.0 eq)

\N /N \ > N
| L/‘N DMF, tt, 12 h N =N o
N/)\N = LA L/N\Q\/(
H 0 NN
H /O

[0552] Synthesis of methyl 4-(4-((4-(4-((1-(tert-butyl)-1H-pyrazole-4-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-

yl)cyclohexanecarboxylate was similar to that of Example 1. Methyl 4-(4-((4-(4-((1-(tert-butyl)-

1H-pyrazole-4-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-

yl)cyclohexanecarboxylate (160 mg, yield: 73%) was obtained as a yellow solid. ESI-MS (M+H)

*:571.3. '"H NMR (400 MHz, CDCLy) &: 8.42 (d, J= 5.2 Hz, 1H), 8.05 (s, 1H), 7.99 (s, 1H),
7.89-7.78 (m, 3H), 7.53 (s, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.14 (s, 1H), 7.06 (d, J = 5.2 Hz, 1H),

6.08 (t, J = 5.2 Hz, 1H), 4.65 (d, J= 5.6 Hz, 2H), 4.18-4.16 (m, 1H), 3.70 (s, 3H), 2.68-2.67 (m,

1H), 2.44 (s, 3H), 2.26-2.22 (m, 2H), 2.09-2.06 (m, 2H), 1.84-1.67 (m, 4H), 1.60 (s, 9H).

2. Synthesis of trans-4-(4-((4-(4-((1-(tert-butyl)-1H-pyrazole-4-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)cyclohexanecarboxylic acid
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/N\ H /N\ H /N\
H#N\/\ N >~ N ~"
8 o} o}

NaOH (2.0 eq) +

fra
'

MeOH/H,0, 65°C, 1 h XN N N N
L OO LA L~ (L OO
N/)\N = \Q\< NN e NSNS
N » H OH H OH

trans-A cis-B

[0553] To a mixture of methyl 4-(4-((4-(4-((1-(tert-butyl)-1H-pyrazole-4-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclohexanecarboxylate (160 mg, 0.28 mmol) in MeOH (5 mL) and H,O (3 mL), NaOH (22
mg, 0.56 mmol) was added. The mixture was stirred at 65 °C for 1 h. After removal of MecOH,
the mixture was diluted with water (5 mL) and acidified to pH = 5 with HCI (1 N), the precipitate
was collected by filtration and purified by prep-HPLC (Gradient: 5% B increase to 95% B, A:
0.5% TFA in water, B: CH;CN) to give trans-4-(4-((4-(4-((1-(tert-butyl)-1H-pyrazole-4-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)cyclohexanecarboxylic acid (30 mg, yield: 19%) as a yellow solid and cis-4-(4-((4-(4-((1-
(tert-butyl)-1H-pyrazole-4-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-
pyrazol-1-yl)cyclohexanecarboxylic acid (77 mg, yield: 49%) as a yellow solid. ESI-MS
(M+H)":557.3. trans-A 'H NMR (400 MHz, CD;0D) J: 8.36-8.34 (m, 1H), 8.21 (s, 1H), 7.98 (s,
1H), 7.93 (d, J= 8.0 Hz, 1H), 7.79 (s, 1H), 7.57-7.56 (m, 2H), 7.48 (d, /= 8.0 Hz, 1H), 7.31 (d, J
= 5.2 Hz, 1H), 4.62 (s, 2H), 4.19-4.13 (m, 1H), 2.49 (s, 3H), 2.43-2.35 (m, 1H), 2.30-2.20 (m,
4H), 1.91-1.78 (m, 2H), 1.72-1.66 (m, 2H), 1.62 (s, 9H). cis-B 'H NMR (400 MHz, CD;0D) :
8.36-8.34 (m, 1H), 8.21 (s, 1H), 8.09 (s, 1H), 8.00-7.99 (m, 1H), 7.95-7.93 (m, 2H), 7.69 (s, 1H),
7.54-7.50 (m, 1H), 7.26 (d, J = 6.0 Hz, 1H), 4.62 (s, 2H), 4.24-4.18 (m, 1H), 2.72-2.71 (m, 1H),
2.50 (s, 3H), 2.31-2.27 (m, 2H), 2.10-2.02 (m, 4H), 1.81-1.73 (m, 2H), 1.63 (s, 9H).

Example 189: 5-(zert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide

345



WO 2015/089337 PCT/US2014/069853

N-O

ZT
N\

AL
N
N/)\H = CN

1-196

1. Synthesis of tert-butyl 4-(4-((4-methoxypyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-
carboxylate

Boc
NH, N
Boc—NofN/j/
Me N Me
N (1.0 eq) i SN l N
| /)\ > N/)\ /i//N

N~ Cl S-phos (0.2 eq)

Pd,(dba)s (0.1 eq)
NaO'Bu(3.0 eq)

1,4-Dioxane, 115 °C, 2 h
[0554] A mixture of 2-chloro-4-methoxypyrimidine (970 mg, 6.7 mmol), fert-butyl 4-(4-

amino- 1 H-pyrazol-1-yl)piperidine-1-carboxylate (1.8 g, 6.77 mmol), S-phos (548 mg, 1.35
mmol), Pd,(dba); (577 mg, 0.63 mmol) and NaO'Bu (1.9 g, 20.2 mmol) in 1,4-dioxane (18 mL)
was stirred at 115 °C for 2 h under nitrogen. After dilution with EtOAc (200 mL), the mixture
was washed with water and brine. The organic phase was concentrated and the residue was
purified by silica gel column (petroleum ether: EtOAc , 4:1 to 2:1) to give the compound fert-
butyl 4-(4-((4-methoxypyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-carboxylate (1.15 g,
yield: 48%) as a gray solid. ESI-MS (M+H)": 375.2.

2. Synthesis of 4-methoxy-N-(1-(piperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-2-amine
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,Boc
QH
=N \ TFA/DCM(11) ~N
/
[0555] Compound tert-butyl 4-(4-((4-methoxypyrimidin-2-yl)amino)-1H-pyrazol-1-

yl)piperidine-1-carboxylate (1.14 g, 3.0 mmol) was dissolved in TFA/DCM (10 mL, 1:1). The
solution was stirred at rt for 1 h and concentrated in vacuo to afford a residue, which was diluted
with saturated aqueous Na,CO; solution (50 mL) and extracted with EtOAc¢ (60 mL x 3). The
combined organic layers were dried over MgSO4 and concentrated in vacuo to give crude 4-
methoxy-N-(1-(piperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-2-amine (0.9g, yield:: 100%) as a
light yellow solid, which was used to next step without further purification. ESI-MS (M+H) "
275.1.

3. Synthesis of 4-methoxy-N-(1-(I-methylpiperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-2-amine

/
(CH20), (4.0 eq)
X NaBH3CN (2.0 eq) N
AcOH (cat.)
MeOH, rt, 1 h
[0556] A mixture of 4-methoxy-N-(1-(piperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-2-

amine (0.9 g, 3.28 mmol), paraformaldehyde (594 mg, 19.8 mmol), NaBH3CN (623 mg, 9.9
mmol) and AcOH (0.1 mL) in MeOH (35 mL) was stirred at rt for 16 h. After concentration, the
residue was diluted with DCM (150 mL) and washed with brine (50 mL x 2). The organic phase
was concentrated in vacuo to afford a residue which was purified by silica gel column
(DCM/MeOH, 20:1 with 0.5% NH;3H,0) to give 4-methoxy-N-(1-(1-methylpiperidin-4-yl)-1H-
pyrazol-4-yl)pyrimidin-2-amine (895 mg, yield: 94%) as a light yellow solid. ESI-MS (M+H) "
545.2. "H NMR (400 MHz, CDCl;) 0: 8.07 (d, J = 5.6 Hz, 1H), 7.85 (s, 1H), 7.52 (s, 1H), 6.10
(d, J=5.6 Hz, 1H), 4.22-4.07 (m, 1H), 3.92 (s, 3H), 3.09-3.05 (m, 1H), 2.41 (s, 3H), 2.36-2.31
(m, 2H), 2.24-2.16 (m, 2H), 2.15-2.03 (m, 3H).
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4. Synthesis of 2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-ol
/ /

\ \
‘ 100°C 2h
/

[0557] 4-Methoxy-N-(1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-2-amine
(890 mg, 3.1 mmol) was dissolved in 40% HBr (aq. 12 mL). The solution was stirred at 100 °C
for 2 h. The resulting mixture was concentrated in vacuo to give product 2-((1-(1-
methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-ol (crude 900 mg, yield: 100%) as a
white solid which was used in the next step without further purification. ESI-MS (M+H) ': 275.1.

5. Synthesis of 4-chloro-N-(1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-2-amine
/ /

H POCI3
\N N\ o
(A L e J\J;

[0558] 2-((1-(1-Methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-ol (0.9 g, 3.1
mmol) was suspended in POCl; (10 mL). The mixture was stirred at 100 °C for 4 h. After
removal of excess POCls, the residue was poured over ice cold water (10 mL). The pH value was
adjusted to 7.0-8.0 with saturated NaHCOj (aq.). The resulting solution was extracted with
EtOAc (50 mL x 4). The combined organic layers were dried over MgSO,4 and concentrated in
vacuo to give a crude residue which was purified by silica gel chromatography (EA/MeOH, 20:1
with 0.5% NH4OH) to give 4-chloro-N-(1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-
2-amine (560 mg, yield: 77%) as a light yellow solid. ESI-MS (M+H) : 293.2. '"H NMR (400
MHz, CD;0D) d: 8.28 (d, /= 5.2 Hz, 1H), 8.01 (s, 1H), 7.59 (s, 1H), 6.75 (d, /= 5.2 Hz, 1H),
4.20-4.12 (m, 1H), 3.02-2.99 (m, 2H), 2.34 (s, 3H), 2.29-2.22 (m, 2H), 2.16-2.01 (m, 4H).

6. Synthesis of tert-butyl 2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzylcarbamate
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[0559] A mixture of 4-chloro-N-(1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)pyrimidin-

2-amine (518 mg, 1.77 mmol), tert-butyl 2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzylcarbamate (640 mg, 1.84 mmol), Pd(dppf)Cl,-DCM (120 mg, 0.15 mmol) and K,CO;
(488 mg, 3.5 mmol) in 1,4-dioxane/H,0 (20 mL, 4:1) was stirred at 115 °C for 2 h under
nitrogen. After dilution with EtOAc (150 mL), the mixture was washed with water and dried
over Na,SO4. The organic phase was concentrated in vacuo and the residue was purified by silica
gel column chromatography (DCM/MeOH, 80:1 to 50:1) to give the compound fert-butyl 2-
methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate (720 mg, yield: 85%) as a light yellow solid. ESI-MS (M+H) ": 478 3. 'H
NMR (400 MHz, CDCls) o: 8.41 (d,/=5.2 Hz, 1H), 7.94 (s, 1H), 7.86 (s, 1H), 7.83 (d, /= 8.0
Hz, 1H), 7.57 (s, 1H), 7.46-7.28 (m, 2H), 7.06 (d, /= 5.2 Hz, 1H), 4.91 (br, 1H), 437 (d, /=54
Hz, 2H), 4.14-4.09 (m, 1H), 2.99-2.97 (m, 2H), 2.40 (s, 3H), 2.34 (s, 3H), 2.23- 2.02 (m, 6H),
1.48 (s, 9H).

7. Synthesis of 4-(4-(aminomethyl)-3-methylp henyl)-N-(1-(1-methylpiperidin-4-yl)-1H-

pyrazol-4-yl)pyrimidin-2-amine.
NHBoc NH,

/ /
N N
TFA / DCM
—_—
rt,1h N\
| N

Ses [
N L
N/)\” / N/)\” /

[0560] tert-Butyl 2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzylcarbamate (0.2 g, 0.42 mmol) was dissolved in TFA/DCM (4

mL, 1:1). The solution was stirred at rt for 1 h. The mixture was concentrated in vacuo to give
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crude product 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-(1-methylpiperidin-4-yl)-1 H-pyrazol-
4-yl)pyrimidin-2-amine (160 mg, yield: 100%) as a light yellow foam, which was used in the
next step without further purification. ESI-MS (M+H) ": 378.3.
8. Synthesis of 5-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide

N-O
P

o)

N-O
H [y

/
N 6]
Q (1.3 eq)
N\
N

Sy L (COCI), (2.0 eq) o _N
DMF (cat), TEA (5.0 eq) /E/‘N
N/)\N 7 DCM, rt, 2 h N/)\N =X N—
H

H

NH

[0561] Synthesis of 5-(fert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide was similar to that of
Example 71. The residue was purified by prep-HPLC (MeCN/H,0 with 0.05% TFA as mobile
phase) to afford 5-(tert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)isoxazole-3-carboxamide (23 mg, yield: 24%) as a light yellow
solid. ESI-MS (M+H) ": 529.2. '"H NMR (400 MHz, CD;0D) ¢: 8.27 (d, J = 5.2 Hz, 1H), 7.99 (s,
1H), 7.85 (s, 1H), 7.81 (dd, J= 8.0, 1.6 Hz, 1H), 7.55 (s, 1H), 7.31 (d, /= 8.0 Hz, 1H), 7.08 (d, J
= 5.2 Hz, 1H), 6.39 (s, 1H), 4.52 (s, 2H), 4.11-4.00 (m, 1H), 2.93-2.90 (m, 2H), 2.35 (s, 3H),
2.25 (s, 3H), 2.22-2.15 (m, 2H), 2.07-2.04 (m, 2H), 2.02-1.92 (m, 2H), 1.28 (s, 9H).

Example 190: 1-(zert-butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-
yD)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide

H =N
NH, N T(l;/N\f\
o}

N
\
N

<
o >< (1.1eq)

HATU (1.2 eq), DIPEA (3.0 eq)

() E DMF, 1,2 h N AN
N 1, LN _
/)\N = CN\ N/)\H = \CN

N
H

1-197
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[0562] A mixture of 1-tert-butyl-1H-pyrazole-4-carboxylic acid (252 mg, 0.15 mmol), 4-
(4-(aminomethyl)-3-methylphenyl)-N-(1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-yl)pyrimidin-2-
amine (58 mg, 0.15 mmol), HATU (69 mg, 0.18 mmol) and DIPEA (60 mg, 0.45 mmol) in DMF
(5 mL) was stirred at rt for 2 h. The reaction mixture was diluted with water (20 ml) and the
mixture was extracted with EtOAc (60 mL x 2). The combined organic layers were washed with
H,0 (40 mL x 2), dried (Na,SO,), filtered and concentrated in vacuo to afford a residue which
was purified by prep-HPLC (CH3CN/H,O with 0.05% NH3.H,O as mobile phase) to give 1-(tert-
butyl)-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)-1H-pyrazole-4-carboxamide as a yellow solid (82 mg, yield: 75%). ESI-MS (M+H) "
528.3. '"H NMR (400 MHz, CD;0D) §: 8.26 (d, J = 5.6 Hz, 1H), 8.17 (s, 1H), 7.97 (s, 1H), 7.87
(s, 1H), 7.84 (s, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.55 (s, 1H), 7.30 (d, /= 8.0 Hz, 1H), 7.07 (d, J =
5.2 Hz, 1H), 4.48 (s, 2H), 4.05-3.99 (m, 1H), 2.90-2.88 (m, 2H), 2.34 (s, 3H), 2.22 (s, 3H), 2.14-
2.12 (m, 2H), 2.05-1.90 (m, 4H), 1.49 (s, 9H).

Example 191: 3-(tert-butoxy)-N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide
o><
H
NTNT
O

O7< |
H /j
e SN

O | N/)\HL/N\ Fa

Fs
(1.0 eq)
B Pd(dppf)Cl, (0.05 eq) N _N
0 K,CO3 (2.0 eq) g LN\
dioxane/H,0, 100 °C, 2 h \N N B
H
1-198
[0563] Synthesis of 3-(fert-butoxy)-N-(4-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide was similar to that
of Example 157. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05%
NH4OH as mobile phase) to give 3-(fert-butoxy)-N-(4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide as a yellow solid

(34 mg, yield: 26%). ESI-MS (M+H) *: 504.2. '"H NMR (400 MHz, CD;0OD) 6: 8.41 (s, 1H),
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8.37 (d,J= 5.6 Hz, 1H), 8.23 (d, J= 4.4 Hz, 1H), 7.88 (s, 1H), 7.59 (d, J= 8.4 Hz, 1H), 7.52 (br,
1H), 7.18 (d, J = 5.2 Hz, 1H), 4.54-4.49 (m, 1H), 4.49 (s, 2H), 4.11-4.08 (m, 2H), 3.79 (s, 3H),
3.73-3.69 (m, 2H), 1.10 (s, 9H).

Example 192: 3-(fert-butoxy)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yD)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide
O
H
T
O

0
N\g/N/j 7< EN{ ‘.

Fs HoN
(1.0 eqL
Pd,(dba); (0.1 eq) N _N
Z >N S-phos (0.2 eq) J\ L\N
I} Cs,C04(3.0 eq) S
SN el dioxane, 110 °C, 2 h N
1-199
[0564] Synthesis of 3-(tert-butoxy)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide was similar to that
of Example 161. The crude product was purified by prep-HPLC (CH;CN/H,0 with 0.05%
NH4OH as mobile phase) to give 3-(tert-butoxy)-N-(4-(2-((1-isopropyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide as a yellow solid
(67 mg, yield: 37%). ESI-MS (M+H) *: 532.3. "TH NMR (400 MHz, CD;OD) §: 8.42 (s, 1H),
8.37 (d,J=4.8 Hz, 1H), 8.21 (d, /= 8.0 Hz, 1H), 7.95 (s, 1H), 7.60 (d, /= 8.4 Hz, 1H), 7.53 (s,
1H), 7.17 (d, J=4.8 Hz, 1H), 4.53-4.47 (m, 1H), 4.49 (s, 2H), 4.44-4.37 (m, 1H), 4.11-4.08 (m,
2H), 3.73-3.69 (m, 2H), 1.42 (d, /= 6.4 Hz, 6H), 1.10 (s, 9H).

Example 193: 3-(tert-butoxy)-N-(4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide
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N™ ~Cl dioxane, 110 °C, 2 h NTON
1-200
[0565] Synthesis of 3-(fert-butoxy)-N-(4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide was similar to that
of Example 161. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05%
NH4OH as mobile phase) to give 3-(tert-butoxy)-N-(4-(2-((1-(1-methylpiperidin-4-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide as a
yellow solid (65 mg, yield: 33%). ESI-MS (M+H) *: 587.3. '"H NMR (400 MHz, CD;OD) J: 8.39
(s, 1H), 8.36 (d, /= 5.2 Hz, 1H), 8.21 (d, J= 8.0 Hz, 1H), 7.96 (s, 1H), 7.59 (d, J = 8.0 Hz, 1H),
7.55 (s, 1H), 7.17 (d, J= 5.2 Hz, 1H), 4.53-4.47 (m, 1H), 4.49 (s, 2H), 4.11-4.05 (m, 3H), 3.73-
3.69 (m, 2H), 2.94-2.91 (m, 2H), 2.24 (s, 3H), 2.19-2.13 (m, 2H), 2.04-1.96 (m, 4H), 1.10 (s,
9H).

Example 194: 1-(tert-butyl)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-1 H-pyrazole-4-carboxamide

Hm/@‘ﬁt
0]

~N N /N\
| N/)\NL/N\CN\

1-201
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1. The preparation of 1-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-(trifluoromethyl) benzyl)-
1H-pyrazole-4-carboxamide

=N
NHBoc H ﬁ(Q/N\/l.\
F4C o)

1) TFA/DCM (1/1), rt, 1h

2) (1.1 eq), HATU (1.1 eq)
| ~N TEA (3 eq), DMF, rt, 1 h | N
=~ O
N Cl _ /% N/)\CI
HO N
=N
[0566] Synthesis of 1-(fert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-

(trifluoromethyl)benzyl)-1H-pyrazole-4-carboxamide was similar to that of Example 1. The
crude was purified by silica gel chromatography (petroleum ether: EtOAc = 1:1) to give 1-(tert-
butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-1H-pyrazole-4-carboxamide as
a white solid (215 mg, yield: 78%). ESI-MS (M+H) ": 438.1.

2. The preparation of 1-(tert-butyl)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)-2-(trifluoromethyl) benzyl)-1 H-pyrazole-4-carboxamide

H\(E/ \}\ N\CN\ H\IOKET\N\/\

Fs Fs
(1 2 eq)
SN S-phos (0.2 eq), Pdy(dba); (0.1 eq) XN _N
| Cs,C03(3.0 eq), dioxane, MW, 100 °C, 1 h | /E/\N Ne
o N/)\N N
[0567] Synthesis of 1-(tert-butyl)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-1 H-pyrazole-4-carboxamide was similar to
that of Example 161. The crude was purified prep-HPLC (MeOH/H,0 with 0.05% NH3.H,O as
mobile phase) to give 1-(tert-butyl)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-1H-pyrazole-4-carboxamide as a yellow
solid (50 mg, yield: 35%). ESI-MS (M+H) *: 554.1. "H NMR (400 MHz, CDCl:) J: 8.47 (d, J =
4.8 Hz, 1H), 8.40 (s, 1H), 8.13 (d, J = 8.4 Hz, 1H), 8.09 (s, 1H), 8.05 (s, 1H), 7.78 (s, 1H), 7.75
(d,J =8.0 Hz, 1H), 7.58 (s, 1H), 7.23 (s, 1H), 7.09 (d, J = 4.8 Hz, 1H), 6.30 (t,J = 6.0 Hz, 1H),
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4.92-4.89 (m, 1H), 4.84 (d, J = 6.0 Hz, 2H), 3.86-3.82 (m, 2H), 3.54-3.50 (m, 2H), 2.45 (s, 3H),
1.60 (s, 9H).

Example 195: 1-(tert-butyl)-N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)-1H-pyrazole-4-carboxamide

o e

F O
s H,N °
(1.2 eq)
X S-phose (0.2 eq), Pdy(dba); (0.1 eq) N _N
| /)N\ Cs2C03(3.0 eq), dioxane, MW, 100 °C, 1 h | L J;/\N\
N Cl N N
H
1-202
[0568] Synthesis of 1-(fert-butyl)-N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)-2-(trifluoromethyl)benzyl)-1 H-pyrazole-4-carboxamide was similar to that of Example
161. The crude was purified by prep-HPLC (CH3;CN/H,0 with 0.05% NH; H,O as mobile phase)
to give -(tert-butyl)-N-(4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)-1H-pyrazole-4-carboxamide as a yellow solid (85 mg, yield: 69%).
ESI-MS (M+H) ": 499.2. "H NMR (400 MHz, CDCls) J: 8.48 (d, J = 4.8 Hz, 1H), 8.41 (s, 1H),
8.14 (d,J = 7.2 Hz, 1H), 8.03 (s, 1H), 7.91 (s, 1H), 7.78-7.76 (m, 2H), 7.52 (s, 1H), 7.09 (d, J =
5.2 Hz, 1H), 6.96 (s, 1H), 6.18 (t,J = 5.6 Hz, 1H), 4.85 (d, J = 6.0 Hz, 2H), 3.92 (s, 3H), 1.60 (s,
9H).

Example 196: 3-(tert-butoxy)-N-(4-(2-((1-ethyl-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide
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AT A

Fs 0

¥s
N
\NJ\H\\\

1-203

1. Synthesis of N-(4-bromo-2-(trifluoromethyl)benzyl)-3-(tert-butoxy)azetidine-1-
carboxamide

BTC (0.33eq), rt.,1h

0
NH2 1. sat. NaHCO, / DCM (1:1), H\H/N/:// 7<
0

» [
2. >(
NH .HCI
oI
Br (1.0 eq) 5
DCM, r.t., 2 h r
[0569] Synthesis of N-(4-bromo-2-(trifluoromethyl)benzyl)-3-(fert-butoxy)azetidine-1-

carboxamide was similar to that of 3-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide in Example 200 except the 3-(fert-
butyl)pyrrolidine was substituted with 3-(fert-butoxy)azetidine hydrochloride. The crude
product was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give
N-(4-bromo-2-(trifluoromethyl)benzyl)-3-(fert-butoxy)azetidine-1-carboxamide as a white solid
(1.1 g, yield: 54%). ESI-MS (M+H) *: 409.1. "H NMR (400 MHz, CD;0D) ¢: 7.80 (s, 1H), 7.77
(d, /=8.4Hz, 1H),7.47 (d,J= 8.4 Hz, 1H), 4.61-4.57 (m, 1H), 4.47 (s, 2H), 3.81-3.77 (m, 2H),
3.32-3.31 (m, 2H), 1.19 (s, 9H).

2. Synthesis of 3-(tert-butoxy)-N-(4-(2-chloropyrimidin-4-yl)-2-(trifluoromethyl)benzyl)
azetidine-1-carboxamide

356



WO 2015/089337 PCT/US2014/069853

7"74 i ﬁ e “worﬂ oA

E 1) Pd(dppf)Clo.DCM (0.1 eq), KOAC (3 eq) Fs
3 dioxane, 110°C, 1 h

2) Pd(dppf)Clo.DCM (0.1 eq), K,CO3 (2 €q)

Br dioxane/H;0 (5/1), 100 °C,2h A N
o
N/)\CI
[0570] Synthesis of 3-(fert-butoxy)-N-(4-(2-chloropyrimidin-4-yl)-2-

(trifluoromethyl)benzyl) azetidine-1-carboxamide was similar to that of 3-(zerz-butyl)-N-(4-(2-
chloropyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide. The residue was
purified by silica gel chromatography column (EtOAc: petroleum ether = 1:1) to give 3-(tert-
butoxy)-N-(4-(2-chloropyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide as a
yellow solid (830 mg, yield: 86%). ESI-MS (M+H) *: 442.2. "H NMR (400 MHz, CDCl;) ¢: 8.70
(d,/=5.6 Hz, 1H), 8.38 (s, 1H), 8.20 (d, /= 8.0 Hz, 1H), 7.80 (d, /= 7.6 Hz, 1H), 7.68 (d, J =
5.6 Hz, 1H), 4.64 (d, /= 6.4 Hz, 2H), 4.54-4.46 (m, 2H), 4.11-4.08 (m, 2H), 3.85-3.83 (m, 2H),
1.17 (s, 9H).

3. Synthesis of 3-(tert-butoxy)-N-(4-(2-((1-ethyl-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2-(trifluoromethyl)benzyl)azetidine-1-carboxamide

T K LTS
Fs N HZNL \\ Fa \ﬂ/N
(1.0 eqL

Pd,(dba); (0.1 eq)
S-phos (0.2 eq)

Z N —=N
Cs,C0O4(3.0 eq) /E/
N dioxane, 110 °C. 2 h \NJ\N ~ N\\
H

N™ “CI

[0571] Synthesis of 3-(fert-butoxy)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide was similar to that of Example 161.
The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05% NH4OH as mobile
phase) to give 3-(tert-butoxy)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide as a yellow solid (73 mg, yield: 41%). ESI-MS
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(M+H) *: 518.3. '"H NMR (400 MHz, CD;0D) §: 8.41 (s, 1H), 8.36 (d, J = 4.8 Hz, 1H), 8.22 (d,
J=1.6Hz, 1H), 7.92 (s, 1H), 7.59 (d, J= 8.4 Hz, 1H), 7.53 (s, 1H), 7.17 (d, J= 5.2 Hz, 1H),
4.52-4.49 (m, 1H), 4.51 (s, 2H), 4.11-4.04 (m, 4H), 3.73-3.69 (m, 2H), 1.38 (t, /= 7.2 Hz, 3H),
1.10 (s, 9H).

Example 197: 3-(tert-butoxy)-/N-(4-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-
yDamino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide

i O7< q H\H/N/j/O\K
\([)1/ L/‘N—\_O FsC O

Fs
N (10eq) N,
Pd,(dba)s (0.1 eq)
Z N S-phos (0.2 eq) | XN =N
Cs,C04(2.0 eq) LN
\NJ\CI dioxane, 100 °C, 2 h N/)\H =X \\\O
\
1-204
[0572] Synthesis of 3-(fert-butoxy)-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide was similar to that
of Example 161. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05%
NH4OH as mobile phase) to give 3-(tert-butoxy)-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide as a yellow solid
(75 mg, yield: 40%). ESI-MS (M+H) *: 548.2. '"H NMR (400 MHz, CD;0D) §: 8.37 (s, 1H),
8.36 (d,J=5.2 Hz, 1H), 8.22 (d, J= 8.4 Hz, 1H), 7.94 (s, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.55 (s,
1H), 7.16 (d, J= 5.2 Hz, 1H), 4.53-4.47 (m, 1H), 4.49 (s, 2H), 4.18 (t, /= 5.2 Hz, 2H), 4.11-4.07
(m, 2H), 3.73-3.69 (m, 2H), 3.64 (t, /= 5.2 Hz, 2H), 3.23 (s, 3H), 1.10 (s, 9H).

Example 198: 3-(tert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
yDamino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide
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N\ (1.0 eq) o)
N/j/ >< H2N \ \\\OTBS H\H/N/j \’<

Fs o Pdy(dba); (0.1 eq) F3C O
S-phos (0.2 eq)
Cs,C05(3.0 eq)
dioxane, 110°C,2h

Z )'N\ HCl/Dioxane, rt, 2 h | \/)N\ E‘N
SN el N" N Non
1-205
[0573] Synthesis of 3-(tert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide was similar to that
of 3-(tert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)azetidine-1-carboxamide. After concentration in vacuo, the crude product was
purified by prep-HPLC (CH3CN/H,O with 0.05% NH4OH as mobile phase) to give 3-(tert-
butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide as a yellow solid (64 mg, yield: 58%). ESI-MS
(M+H) *: 534.2. "TH NMR (400 MHz, CD;0D) J: 8.39 (s, 1H), 8.36 (d, /= 5.2 Hz, 1H), 8.24 (d,
J=28.0Hz, 1H), 7.96 (s, 1H), 7.59-7.57 (m, 2H), 7.18 (d, /= 4.8 Hz, 1H), 4.54-4.47 (m, 1H),
4.50 (s, 2H), 4.12-4.07 (m, 4H), 3.80 (t, /= 5.2 Hz, 2H), 3.73-3.70 (m, 2H), 1.10 (s, 9H).

Example 199: 3-(tert-butoxy)-/N-(4-(2-((1-(1-methylazetidin-3-yl)-1 H-pyrazol-4-
yDamino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide

F5C 0
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1. Synthesis of tert-butyl 3-(4-((4-(4-((3-(tert-butoxy)azetidine-1-carboxamido)methyl)-3-
(trifluoromethyl)p henyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)azetidine-1-

carboxylate
O O
TS 1T A
Y Y

Eﬁ\

N\C FsC
\ - 3
H,N N~Boc

F3
(1.0eq)
Pd,(dba)s (0.1 eq)

Z N S-phos (0.2 eq) ~N =N
| | ‘

s A Cs,C04(2.0 eq) P /Q/N N~

N" dioxane, 100 °C, 16 h NTON \C Boc

[0574] Synthesis of tert-butyl 3-(4-((4-(4-((3-(tert-butoxy)azetidine-1-

carboxamido)methyl)-3-(trifluoromethyl)phenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)azetidine-1-carboxylate was similar to that of Example 161. The residue was purified by
silica gel chromatography column (EtOAc: petroleum ether = 10:1) to give fert-butyl 3-(4-((4-(4-
((3-(tert-butoxy)azetidine-1-carboxamido)methyl)-3-(trifluoromethyl)phenyl)pyrimidin-2-
yl)amino)-1H-pyrazol-1-yl)azetidine-1-carboxylate as a yellow solid (230 mg, yield: 46%). ESI-
MS (M+H) : 645.2.

2. Synthesis of 3-(tert-butoxy)-N-(4-(2-((1-(I-methylazetidin-3-yl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)-2-(trifluoromethyl) benzyl)azetidine-1-carboxamide

o) o)
H /3/ H /3/
N N
SOCl, (1.0 eq),

© MeOH, rt, 1 h FsC ©

—_—
NaBH3CN (5.0 eq),
(CHO), (5.0 eq)
| SN =N MeOH, rt, 2 h | SN =N
L o . Jg oo

N
H

FiC

[0575] The synthesis of 3-(tert-butoxy)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine-1-carboxamide. A mixture of
tert-butyl 3-(4-((4-(4-((3-(tert-butoxy)azetidine-1-carboxamido )methyl)-3-
(trifluoromethyl)phenyl) pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)azetidine-1-carboxylate (230
mg, 0.36 mmol) and SOCl; (43 mg, 0.36 mmol) in MeOH (10 mL) was stirred at rt for 1 h. After
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concentration, the crude material (80 mg, 0.16 mmol) was dissolved in MeOH (5 mL), treated
with NaBH3;CN (41 mg, 0.64 mmol) and (CHO), (24 mg, 0.64 mmol). The mixture was stirred at
rt for 2 h. After concentration in vacuo, the crude product was purified by silica gel
chromatography (EtOAc/MeOH = 10:1) to give 3-(tert-butoxy)-N-(4-(2-((1-(1-methylazetidin-3-
yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)azetidine- 1 -carboxamide
as a yellow solid (11 mg, yield: 11%). ESI-MS (M+H) *: 559.2. '"H NMR (400 MHz, CD;OD) ¢:
8.40 (s, 1H), 8.38 (d, /= 5.2 Hz, 1H), 8.23 (d, /= 8.0 Hz, 1H), 8.06 (s, 1H), 7.63 (s, 1H), 7.60
(d,/=8.0Hz, 1H), 7.19 (d, /= 5.2 Hz, 1H), 4.95-4.91 (m, 1H), 4.52-4.48 (m, 1H), 4.49 (s, 2H),
4.11-4.08 (m, 2H), 3.89-3.85 (m, 2H), 3.73-3.69 (m, 2H), 3.65-3.60 (m, 2H), 2.46 (s, 3H), 1.10
(s, 9H).

Example 200: 3-(tert-butyl)-N-(4-(2-((1-((S)-1-methylpyrrolidin-3-yl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide

FsC O

1-207

1. The synthesis of N-(4-bromo-2-(trifluoromethyl)benzyl)-3-(tert-butyl)pyrrolidine-1-

carboxamide
NH, O)(

Fs 1. NaHCO; (sat.y DCM (1 : 1) NHj(V

BTC (0.4eq), rt,3h 0
» F3
B 2. 3-(tert-butyl)pyrrolidine (1 eq)
"
DIPEA (3.0 eq), DCM, rt, 2h Br
[0576] To a solution of 4-bromo-2-(trifluoromethyl)phenyl)methanamine (1.46 g, 5.8

mmol) in saturated aqueous NaHCO3;/ DCM (30 mL, 1:1) was added BTC (690 mg, 2.3 mmol)
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at 0 °C. The mixture was stirred at rt for 1 h. After diluting with DCM (120 mL), the mixture was
washed with brine (50 mL). The organic phase was dried (Na,S0O,), filtered and the solvent was
reduced to about 20 mL. Then DIPEA (2.24 g, 17.4 mmol) and 3-(tert-butyl)pyrrolidine (737
mg, 5.8 mmol) was added and the mixture was stirred at rt for 2 h, diluted with CH,ClI, (100
mL) and washed with brine (50 mL). The organic phase was concentrated in vacuo and the
residue was purified by prep-HPLC (MeCN/water with 0.05%NH,OHas mobile phase) to give
N-(4-bromo-2-(trifluoromethyl)benzyl)-3-(tert-butyl)pyrrolidine-1-carboxamide (1.5 g, yield:
64%) as yellow solid. ESI-MS (M+H) *: 407.1. "H NMR (400 MHz, CD;0D): §: 7.72-7.67 (m,
2H), 7.40 (d, J= 8.4 Hz, 1H), 4.45-4.42 (m, 2H), 3.50-3.48 (m, 1H), 3.41-3.38 (m, 1H), 3.20-
3.18 (m, 1H), 3.04-2.99 (m, 1H), 2.03-2.02 (m, 1H), 1.88-1.82 (m, 1H), 1.66-1.61 (m, 1H), 0.88
(s, 9H).

2. The synthesis of 3-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-(trifluoromethyl)benzyl)
pyrrolidine-1-carboxamide.

A

1) PinB-BPin (1.0 eq)
H Pd(dppf)Cl,.DCM (0.1 eq), KOAc (3.0 eq) Fs o)
N\H/N dioxane, 100 °C, 12 h _
Fs O 2) Pd(dppf)Cl,.DCM (0.1 eq), K,CO3 (1.5 eq)
dioxane, H,O, 100 °C, 4 h
N\
I |
Br o
0 02ew
| .
\N)\CI
[0577] To a mixture of N-(4-bromo-2-(trifluoromethyl)benzyl)-3-(fert-butyl)pyrrolidine-

1-carboxamide (1.5 g, 3.7 mmol) and PinB-BPin (940 mg, 3.7 mmol) in 1,4-dioxane (20 mL),
KOAc (718 mg, 7.4 mmol), Pd(dppf)Cl,.CH,Cl, (300 mg, 0.37 mmol) was added. The mixture
was stirred at 100 °C for 12 h under N,. After cooling to rt, 2,4-dichloropyrimidine (658 mg, 4.44
mmol), K,CO3 (766 mg, 5.55 mmol) and H,O (5 mL) were added. The resulting mixture was
stirred at 100 °C for 4 h under N,. After diluting with EtOAc (200 mL), the mixture was washed
with water (50 mL x 2). The organic phase was dried and concentrated in vacuo to afford a
residue which was purified by prep-HPLC (MeCN/water with 0.05%NH4OH as mobile phase) to
give 3-(tert-butyl)-N-(4-(2-chloropyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-
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carboxamide (750 mg, yield: 50%) as yellow solid. ESI-MS (M+H) ": 441.2. '"H NMR (400

MHz, CD;0D): §: 8.76-8.74 (m, 1H), 8.50 (d, /= 1.2 Hz, 1H), 8.41-8.38 (m, 1H), 8.06-8.03 (m,

1H), 7.75 (d, J = 8.0 Hz, 1H), 4.66 (s, 2H), 3.63-3.59 (m, 1H), 3.53-3.49 (m, 1H), 3.36-3.34 (m,

1H), 3.15-3.11 (m, 1H), 2.18-2.15 (m, 1H), 1.98-1.93 (m, 1H), 1.77-1.72 (m, 1H), 0.98 (s, 9H).
3. Synthesis of (38)-tert-butyl 3-(4-((4-(4-((3-(tert-butyl)pyrrolidine-1-

carboxamido)methyl)-3-(trifluoromethyl)phenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yhpyrrolidine-1-carboxylate

Ny M hif
il _N
LT B O
S NBoc

H,N
Z>N S-phos (0.2 eq), Pdx(dba)z (0.1 eq) 2N\ /N~
< M Cs,C04(3.0 eq), dioxane, 110 °C, 1 h NN /Q/N‘O
H Boc
[0578] Synthesis of (35)-tert-butyl 3-(4-((4-(4-((3-(tert-butyl)pyrrolidine-1-

carboxamido)methyl)-3-(trifluoromethyl)phenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)pyrrolidine-1-carboxylate was similar to that of Example 161. The residue was purified by
prep-TLC (PE:EA=1/3) to give (35)-tert-butyl 3-(4-((4-(4-((3-(tert-butyl)pyrrolidine-1-
carboxamido)methyl)-3-(trifluoromethyl)phenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yl)pyrrolidine-1-carboxylate (280 mg, yield: 63%) as a yellow solid. ESI-MS (M+H) ": 657.3.

4. Synthesis of 3-(tert-butyl)-N-(4-(2-((1-((S)-pyrrolidin-3-yl)-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide

FaC 0
TFA/DCM (1/1),rt, 1 h
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[0579] Synthesis of 3-(fert-butyl)-N-(4-(2-((1-((S)-pyrrolidin-3-yl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide was similar to
that of Example 121. The crude product was purified by prep-HPLC (MeCN/water with
0.05%NH4OHas mobile phase) to give 3-(tert-butyl)-N-(4-(2-((1-((S)-pyrrolidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide (144
mg, yield: 68%) as yellow solid. ESI-MS (M+H) :557.3.  '"H NMR (400 MHz, CD;0D) ¢: 8.36
(s, 1H), 8.32 (d, J = 5.2 Hz, 1H), 8.15 (d, J = 8.4 Hz, 1H), 7.94 (s, 1H), 7.58-7.56 (m, 2H), 7.11
(d,J = 4.8 Hz, 1H), 4.87-4.82 (m, 1H), 4.56-4.52 (m, 2H), 3.51-3.49 (m, 2H), 3.40-3.38 (m, 1H),
3.31-3.17 (m, 3H), 3.07-2.99 (m, 2H), 2.34-2.25 (m, 1H), 2.18-2.10 (m, 1H), 2.05-1.97 (m, 1H),
1.85-1.79 (m, 1H), 1.67-1.56 (m, 1H), 0.85 (s, 9H).

5. Synthesis of 3-(tert-butyl)-N-(4-(2-((1-((S)-1-methylpyrrolidin-3-yl)-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)-2-(trifluoromethyl) benzyl)pyrrolidine-1-carboxamide

H
H\H/D*}L NTM
F3C O F3C O
NaBH3(CN)(2.0 eq), (CH20)n(10.0 eq),

oy

AcOH(cat.), MeOH, rt, 2 h

Z N =N Z N =N
We e Wele
\NJ\N N NH \NJ\N AN N
H H N

[0580] To a solution of 3-(tert-butyl)-N-(4-(2-((1-((S)-1-methylpyrrolidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide (86
mg, 0.155 mmol) in MeOH (10 mL) was added NaBH3CN (20 mg, 0.74 mmol), (CH,0), (47
mg, 1.55 mmol) and AcOH (cat.) in MeOH (10 mL). The mixture was stirred at rt for 16 h.
After filtration through a Celite pad, the filtrate was concentrated in vacuo to afford a residue
which was purified by prep-HPLC (MeCN/water with 0.05% NH4HCO3 as mobile phase) to give
3-(tert-butyl)-N-(4-(2-((1-((S)-1-methylpyrrolidin-3-yl)- 1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2-(trifluoromethyl) benzyl)pyrrolidine-1-carboxamide as a yellow solid (53 mg, yield: 40%).
ESI-MS (M+H) ": 571.3. '"HNMR (400 MHz, CDCls) J: 8.46 (d, J = 5.2 Hz, 1H), 8.36 (s, 1H),
8.14 (d, J = 8.0 Hz, 1H), 8.06 (s, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.55 (s, 1H), 7.06 (d, J = 5.2 Hz,
1H), 4.91-4.87 (m, 1H), 4.78-4.76 (m, 1H), 4.67-4.65 (m, 2H), 3.54-3.45 (m, 2H), 3.30-3.24 (m,
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1H), 3.07-2.86 (m, 4H), 2.65-2.59 (m, 1H), 2.53-2.45 (m, 1H), 2.42 (s, 3H), 2.29-2.21 (m, 1H),
2.10-2.09 (m, 1H), 1.91-1.85 (m, 1H), 1.73-1.65 (m, 1H), 0.92 (s, 9H).

Example 201: 3-(tert-butyl)-N-(4-(2-((1-((R)-1-methylpyrrolidin-3-yl)-1 H-pyrazol-4-
y)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide

A

FsC o)

/ N E‘
| NO
\NJ\N = N
H AN

1-208

[0581] Synthesis of 3-(tert-butyl)-N-(4-(2-((1-((R)-1-methylpyrrolidin-3-yl)-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide was similar to
that of Example 200. The residue was purified by column chromatography (silica, DCM/MeOH
= 10:1) to give 3-(tert-butyl)-N-(4-(2-((1-((R)-1-methylpyrrolidin-3-yl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide (36 mg, yield:
35%) as a slight yellow solid. ESI-MS (M+H) ": 571.3. "H NMR (400 MHz, CD:0D) &: 8.36-
8.33 (m, 2H), 8.19 (d, J = 8.4 Hz, 1H), 8.03 (s, 1H), 7.60-7.55 (m, 2H), 7.14 (d, /= 5.2 Hz, 1H),
4.89-4.85 (m, 1H), 4.57-4.50 (m, 2H), 3.52-3.47 (m, 1H), 3.42-3.37 (m, 1H), 3.21-3.15 (m, 1H),
3.07-2.93 (m, 4H), 2.74-2.68 (m, 1H), 2.43 (s, 3H), 2.41-2.39 (m, 1H), 2.16-2.10 (m, 1H), 2.02-
2.01 (m, 1H), 1.87-1.80 (m, 1H), 1.65-1.60 (m, 1H), 0.86 (s, 9H).

Example 202: 3-(tert-butyl)-N-(4-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide
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[0582] Synthesis of 3-(fert-butyl)-N-(4-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-carboxamide was similar to
Example 198. The crude material was purified by prep-HPLC (MeCN/water with 0.05%NH4,OH
as mobile phase) to give N-(4-(2-((1-(2-((rert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide (68 mg, yield:
59%) as a yellow solid. ESI-MS (M+H) *: 532.3. "H NMR (400 MHz, CD;0D) ¢: 8.45 (s, 1H),
8.40 (d, /= 5.2 Hz, 1H), 8.26 (d, /= 7.6 Hz, 1H), 8.03 (s, 1H), 7.68-7.66 (m, 2H), 7.21 (d, J =
5.6 Hz, 1H), 4.64-4.63 (m, 2H), 4.21 (t,J = 5.2 Hz, 2H), 3.91 (t, /= 5.6 Hz, 2H), 3.62-3.57 (m,
1H), 3.52-3.48 (m, 1H), 3.30-3.28 (m, 1H), 3.15-3.10 (m, 1H), 2.13-2.11 (m, 1H), 1.93-1.91 (m,
1H), 1.73-1.70 (m, 1H), 0.96 (s, 9H).

Example 203: 3-(tert-butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)benzyl)pyrrolidine-1-carboxamide
H
N\H/M

NC O

Z >N /N‘N
L N
\N)\N
H

1-210

1. The preparation of tert-butyl 2-chloro-4-(2-chloropyrimidin-4-yl)benzylcarbamate
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Cl
NHBoc ﬁN NHBoc
Cl N/)\CI (1.0 eq) Cl

oo Pd(dppf)Cl, CH,Cl, (0.1 eq) N
)\_IL K,COs (3.0 eq), | L
1,4-Dioxane-H,0 (4:1), 100 °C, 1.5 h N~ ~Cl
[0583] Synthesis of fert-butyl 2-chloro-4-(2-chloropyrimidin-4-yl)benzylcarbamate was

similar to that of tert-butyl 4-(2-chloropyrimidin-4-yl)-2-methylbenzylcarbamate. The crude was
purified by silica gel column (petroleum ether: EtOAc = 5:1-3:1) to give fert-butyl 2-chloro-4-(2-
chloropyrimidin-4-yl)benzylcarbamate as a white solid (1.3 g, yield: 78%). ESI-MS (M+H) "
354.1. "H NMR (400 MHz, CD;0D) §: 8.73 (d, /= 5.2 Hz, 1H), 824 (,J = 1.6 Hz, 1H), 8.12
(dd, J=18.0, 1.6 Hz, 1H), 7.98 (d, /= 5.6 Hz, 1H), 7.55 (d, /= 8.4 Hz, 1H), 4.42 (s, 2H), 1.26 (s,
9H).

2. The preparation of tert-butyl 2-chloro-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-

yl)benzylcarbamate
NHBoc NHBoc
=N Cl
Cl N P
2 (1.1 eq)
Pd,(dba); (0.1 eq)
Z N S-pzhos (8.2 eq) Z IN =N,
| Cs,C04(3.0 eq) /E/N\
\N)\g dioxane, 100 °C, 2 h \NJ\” =
[0584] Synthesis of fert-butyl 2-chloro-4-(2-((1-methyl-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)benzylcarbamate was similar to that of fers-butyl 2-methyl-4-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The residue was purified by
column chromatography (silica, petroleum ether/EtOAc = 1:4) to give tert-butyl 2-chloro-4-(2-
((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate as a yellow solid (143 mg,
yield: 41%). ESI-MS (M+H) ": 415.2.

3. Synthesis of 3-(tert-butyl)-N-(2-chloro-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)pyrrolidine-1-carboxamide
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NH>Boc H
1) TFA/DCM (1/1), rt, 2 h N\n/N

2) CDI (1.2 eq), DIPEA (3.0 eq), DMF ClI @]
rt, 30 min

Cl

fo

SN =N Y g (1.2 eq), DMF, 1t, 2 h
| N—  HN
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Z >N /N'N
N" N l J;/_
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[0585] To a solution of 4-(4-(aminomethyl)-3-chlorophenyl)-N-(1-methyl-1H-pyrazol-4-
yl)pyrimidin-2-amine (200 mg, 0.64 mmol) in DMF (5 mL) was added DIPEA (248 mg, 1.92

mmol) and CDI (125 mg, 0.77 mmol). After stirring at rt for 30 min, 3-(fert-butyl)pyrrolidine
(126 mg, 0.77 mmol) was added to the solution. The resulting solution was stirred for another 2
h, and then purified by prep-HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give
3-(tert-butyl)-N-(2-chloro-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)pyrrolidine-1-carboxamide as a yellow solid (120 mg, yield:: 53%). ESI-MS (M+H) ":
468.2. '"H NMR (400 MHz, CDCl:) 0: 8.44 (d, J = 5.2 Hz, 1H), 8.06 (d, /= 1.2 Hz, 1H), 7.88-
7.86 (m, 2H), 7.60 (d, J = 8.4 Hz, 1H), 7.54 (s, 1H), 7.04 (d, /= 5.2 Hz, 1H), 6.94 (s, 1H), 4.78-
4.76 (m, 1H), 4.57-4.55 (m, 2H), 3.93 (s, 3H), 3.59-3.40 (m, 2H), 3.28-3.25 (m, 1H), 3.04 (t,
10.0 Hz, 1H), 2.15-2.01 (m, 1H), 1.87-1.85 (m, 1H), 1.67-1.63 (m, 1H), 0.92 (s, 9H).

4. Synthesis of 3-(tert-butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)pyrrolidine-1-carboxamide

H H w
e he
cl o) NC o
Pd(OAc), (0.1 eq), X-phos (0.2 eq)

Py

K,[Fe(CN)g] (0.25 eq). K,COs (1.0 eq)

N _N_ dioxane/H,0 =2/1,100°C, 10 h /JN\ ﬁN_
N_
\NJ\NJ;/ SN
N H

[0586] An oven-dried pressure tube, which was equipped with a magnetic stir bar, was
charged with Pd(OAc), (6 mg, 0.026 mmol), X-phos (25 mg, 0.052), K4[Fe(CN)s]-3H,0 (27 mg,
0.065 mmol), K,CO; (36 mg, 0.26 mmol). The tube was evacuated and backfilled with N, for 3
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times and then 3-(tert-butyl)-N-(2-chloro-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)pyrrolidine-1-carboxamide (120 mg, 0.26 mmol) and 1,4-dioxane/water (4:1, 2.0 mL)
were added. The pressure tube was sealed and the mixture was stirred at 100 °C for 10 h and then
cooled to rt. The mixture was filtered and the filtrate was concentrated in vacuo to give a residue
that was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give 3-
(tert-butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)pyrrolidine-1-carboxamide as a yellow solid (54 mg, yield: 46%). ESI-MS (M+H) ":
459.3. '"H NMR (400 MHz, CDCl;) J: 8.47 (d, J= 5.2 Hz, 1H), 8.29 (s, 1H), 8.16 (d, /= 8.0 Hz,
1H), 7.86 (s, 1H), 7.74 (d, /= 8.4 Hz, 1H), 7.53 (s, 1H), 7.21 (s, 1H), 7.03 (d, /= 5.2 Hz, 1H),
5.06 (t,J=5.6 Hz, 1H), 4.70-4.54 (m, 2H), 3.93 (s, 3H), 3.64-3.39 (m, 2H), 3.35-3.20 (m, 1H),
3.05(t,J=10.0 Hz, 1H), 2.13-1.98 (m, 1H), 1.94-1.83 (m, 1H), 1.73-1.58 (m, 1H), 0.92 (s, 9H).

Example 204: 1-(tert-butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)benzyl)-1H-pyrazole-4-carboxamide
N
H =%
Y
O

Z N /N.N
| L -
" Sy
N)\N
H

I-211

NC

1. The preparation of 1-(tert-butyl)-N-(2-chloro-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide

=N,
NHBoc =N N \N/Q,N+
HO\N/L/N\/\
o o)
o)

1) TFA/DCM (1/1), 1t, 2 h

Cl

A SN =N 2)HATU(12eq) DIPEA(30eq) A N =N
« J\NL\/N\ DMF, 1t, 2 h - J\NL\/N\

H N
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[0587] Synthesis of 1-(fert-butyl)-N-(2-chloro-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide was similar to that of Example 1.
The residue was purified by prep-HPLC (CH3;CN/H,0 with 0.05% NH3.H,O as mobile phase) to
give 1-(tert-butyl)-N-(2-chloro-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-
1H-pyrazole-4-carboxamide as a yellow solid (58 mg, yield: 62%). ESI-MS (M+H) *: 465.2. 'H
NMR (400 MHz, CD;0D) 4: 8.61 (t,J= 5.6 Hz, 1H), 8.31-8.29 (m, 1H), 8.18 (s, 1H), 8.07 (s,
1H), 7.91-7.88 (m, 2H), 7.83 (s, 1H), 7.51 (s, 1H), 7.41 (d, /= 8.0 Hz, 1H), 7.08-7.06 (m, 1H),
4.56 (s, 2H), 3.77 (s, 3H), 1.49 (s, 9H).

2. The preparation of 1-(tert-butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide

H - H P
At At
O O

K4[Fe(CN)g-3H,0(0.25 eq),  NC
Pd(OAc), (0.1 eq),

Cl

oy

X-phos (0.2 eq), K,CO5(1.0 eq),
Z>N =N, dioxane/H20(2:1), 100 °C, 12 h Z N =N
N YWy
NN
H

A
[0588] Synthesis of 1-(tert-butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide was similar to that of Example
203. The crude product was purified by prep-TLC (petroleum ether: EtOAc =1/3) to give 1-(tert-
butyl)-N-(2-cyano-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-
4-carboxamide as a yellow solid (6 mg, yield: 4%). ESI-MS (M+H) : 456.2. 'H NMR (400
MHz, CDCl;) d: 8.47 (d, J = 4.8 Hz, 1H), 8.31 (d,J = 1.2 Hz, 1H), 8.18 (dd, / = 6.8, 1.2 Hz,
1H), 8.05 (s, 1H), 7.85-7.84 (m, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.52 (s, 1H), 7.27 (s, 1H), 7.03 (d,
J =5.6 Hz, 1H), 6.59 (br, 1H), 4.82 (d, J/ = 6.4 Hz, 2H), 3.92 (s, 3H), 1.60 (s, 9H).

Example 205: 3-isopropoxy-N-(2-methyl-4-(2-((1-(2-methyl-1-(methylamino)-1-oxopropan-
2-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
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1. Synthesis of N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-
carboxamide

AT | %UY

Cl N
(1.1eq) N
O’B\ o Pd(dppf)Cl2 (0.05 eq), K2CO3 (2 eq) N
dioxane/H,0 (5/1), 100 °C, 2 h | I
~
‘ } N Cl
[0589] Synthesis of N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)-3-

isopropoxyazetidine-1-carboxamide was similar to that of N-(4-(6-chloropyrimidin-4-yl)-2-
methylbenzyl)-3-isopropoxyazetidine-1-carboxamide. The crude was purified through silica gel
column chromatography (MeOH/DCM=1/30) to give N-(4-(6-chloropyrimidin-4-yl)-2-
methylbenzyl)-3-isopropoxyazetidine-1-carboxamide (130 mg, yield: 77%) as yellow oil. ESI-

MS (M+H) ": 375.0.
2. Synthesis of 3-isopropoxy-N-(2-methyl-4-(2-((1-(2-methyl-1-(methylamino)-1-

oxopropan-2-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide
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[0590] Synthesis of 3-isopropoxy-N-(2-methyl-4-(2-((1-(2-methyl-1-(methylamino)-1-

oxopropan-2-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide was
similar to that of tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05%
NH4OH as mobile phase) to give 3-isopropoxy-N-(2-methyl-4-(2-((1-(2-methyl-1-
(methylamino)-1-oxopropan-2-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide as a yellow solid (112 mg, yield: 54%). ESI-MS (M+H) ": 521.3. '"H NMR (400
MHz, CD;0D) J: 8.40 (d, /= 5.2 Hz, 1H), 8.26 (s, 1H), 7.96 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H),
7.75 (s, 1H), 7.40 (d, J= 8.0 Hz, 1H), 7.23 (d, /= 5.2 Hz, 1H), 4.46-4.40 (m, 1H), 4.39 (s, 2H),
4.19-4.16 (m, 2H), 3.82-3.79 (m, 2H), 3.69-3.64 (m, 1H), 2.71 (s, 3H), 2.43 (s, 3H), 1.83 (s, 6H),
1.17 (d, J= 5.6 Hz, 6H).

Example 206: 3-isopropoxy-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide

H\H/N/j T H\H/N/TOY

© N—"© o)
NN
H2N (0.7 eq)
r
XN Pdx(dba); (0.1 eq), S-Phos (0.2 eq) N N
| A Cs,CO5 (2.0 eq) | N =N
N“>cl 1.4-dioxane, 120 °C, 2 h /)\H ~ N‘\\
N
o)
\

1-213
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[0591] Synthesis of 3-isopropoxy-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide was similar to that of ferz-
butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The
residue was purified by silica gel column chromatography (EtOAc: petroleum ether = 2:1) to
give 3-isopropoxy-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)azetidine-1-carboxamide as a yellow solid (85 mg, yield: 25%). ESI-MS (M+H)
480.2. '"H NMR (400 MHz, CD;0D) ¢: 8.28 (d, J = 5.2 Hz, 1H), 7.98 (s, 1H), 7.85-7.83 (m, 2H),
7.56 (s, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.09 (d, J = 5.2 Hz, 1H), 4.33-4.30 (m, 1H), 4.28 (s, 2H),
419 (t,,J = 5.2 Hz, 2H), 4.09-4.05 (m, 2H), 3.72-3.68 (m, 2H), 3.65 (t,J = 5.2 Hz, 2H), 3.59-
3.53 (m, 1H), 3.25 (s, 3H), 2.33 (s, 3H), 1.05 (d, J = 6.4 Hz, 6H).

Example 207: 3-(tert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide

—N
‘N—"""0TBS
o S A
HoN (1eq)
TN s
\[(l/ Pds(dba)s (0.1 eq), S-phos (0.2 eq) \[(l/
Cs»CO3 (2.0 eq), dioxane, 100 °C, 3 h‘
HCl/dioxane, rt, 0.5 h
N ) /@ \/\
N OH
N/)\CI N/)\N N
H
1-214
[0592] Synthesis of 3-(fert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide was similar to that of N-(4-
(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-3-isopropoxyazetidine-1-carboxamide except the 3-isopropoxyazetidine was
substituted for the 3-(tert-butoxy)azetidine. The crude was purified by prep-HPLC (MeCN/H,0O
with 0.05% NH4OH as mobile phase) to give 3-(fert-butoxy)-N-(4-(2-((1-(2-hydroxyethyl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamide as a yellow solid
(80 mg, yield: 54%). ESI-MS (M+H) : 480.3. "H NMR (400 MHz, CD;0D) J: 8.38 (d, J=5.2
Hz, 1H), 8.10 (s, 1H), 7.95-7.93 (m, 2H), 7.68 (s, 1H), 7.39 (d, /= 8.8 Hz, 1H), 7.20 (d, J=5.2
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Hz, 1H), 4.61-4.55 (m, 1H), 4.38 (s, 2H), 4.23 (t, J = 5.2 Hz, 2H), 4.19-4.15 (m, 2H), 3.91 (t, J =
5.2 Hz, 2H), 3.80-3.77 (m, 2H), 2.43 (s, 3H), 1.20 (s, 9H).

Example 208: 3-(tert-butoxy)-/N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

N/j 74 HzN/(/ \CNBOC (1.3 eq H\H/N/j/o><

S-phos (0.2 eq), Pdy(dba); (0.1 eq)
Cs,C0;3 (2.0 eq), dioxane, 100 °C, 3 h

SOCI; (10 eq), MeOH, rt, 30 min.
CH,0 (37% aq, 10 eq), NaCNBHj3 (7 eq)

N MeOH, rt, 2 h =N =N
| " PWS
N/)\CI N/)\H X \CN\
1-215
[0593] Synthesis of 3-(fert-butoxy)-N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-

pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide was similar to that of 3-
(tert-butoxy)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide. The crude product was purified by silica gel
column chromatography (MeOH/DCM = 1/8) to give 3-(tert-butoxy)-N-(2-methyl-4-(2-((1-(1-
methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide as
a yellow solid (95 mg, yield: 40%). ESI-MS (M+H) ": 505.3. '"H NMR (400 MHz, CD;0D) :
8.28 (d, /= 5.2 Hz, 1H), 8.08 (s, 1H), 7.83-7.82 (m, 2H), 7.63 (s, 1H), 7.27 (d, /= 8.4 Hz, 1H),
7.09 (d, /= 5.2 Hz, 1H), 4.93-4.85 (m, 1H), 4.50-4.44 (m, 1H), 4.27 (s, 2H), 4.07-4.03 (m, 2H),
3.81-3.77 (m, 2H), 3.69-3.66 ( m, 2H), 3.54-3.50 (m, 2H), 2.40 (s, 3H), 2.31 (s, 3H), 1.09 (s,
9H).

Example 209: 3-(tert-butoxy)-N-(4-(2-((1-ethyl-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)azetidine-1-carboxamide
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nerT A

HaN

nerT A

5%

Pd(dppf)Cl.DCM (0.05 eq), K,CO; (2 eq)
dioxane/H,0 (5/1), 100 °C, 4 h

) YO
N
N/)\CI N//kN/L/
H
I-216
[0594] Synthesis of 3-(fert-butoxy)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-

4-yl)-2-methylbenzyl)azetidine-1-carboxamide was similar to that of 3-(ferz-butyl)-N-(4-(2-((1-
ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)pyrrolidine-1-
carboxamide. The crude product was purified by silica gel column chromatography (EtOAc:
petroleum ether =4/1) to give 3-(tert-butoxy)-N-(4-(2-((1-ethyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)azetidine-1-carboxamideas as a yellow solid (100 mg,
yield: 57%). ESI-MS (M+H) *: 464.2. '"H NMR (400 MHz, CD;0D) §: 8.39 (d, /= 5.2 Hz, 1H),
8.03 (s, 1H), 7.94-7.92 (m, 2H), 7.66 (s, 1H), 7.38 (d, /= 8.0 Hz, 1H), 7.20 (d, /= 5.2 Hz, 1H),
4.61-4.55 (m, 1H), 4.38 (s, 2H), 4.21-4.15 (m, 4H), 3.80-3.77 (m, 2H), 2.43 (s, 3H), 1.49 (t, J =
7.2 Hz, 3H), 1.20 (s, 9H).

Example 210: N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-3-isopropoxyazetidine-1-carboxamide

0)
NTT
T

Bl

A LN

N" N \\\OH
1-217

1. Synthesis of N-(4-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide
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0
AT I G AT
O HzN/Q/N\\\OTBS ©

| XN S-phose (0.2 eq), Pdx(dba)s (0.1 eq) | \)N\ E\N

Cs,C03(3.0 eq), dioxane, 110°C, 1 h P S
N/)\CI N" N \\\OTBS
(0591 Synthesis of N-(4-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1 H-pyrazol-4-

yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide was similar to
that of tert-butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzylcarbamate. The crude product was purified by silica gel column chromatography
(EA/PE = 3/1) to give N-(4-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide as a yellow
solid (70 mg, yield: 53%). ESI-MS (M+H) ": 580.4.

2. Synthesis of N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-3-isopropoxyazetidine-1-carboxamide

H@/O\( Ho °
T @TY

3 N HCI in methanol

1 h
ALC
N

OTBS N/)\H = \\OH

[0596] A mixture of N-(4-(2-((1-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide (70 mg, 0.12
m mol) in 3 N HCI in methanol (4 mL) was stirred at rt for 1 h. The solvent was removed irn
vacuo and the residue was purified by prep-HPLC (MeCN/H,0 with 0.05% NH;H,0 as mobile
phase) to give N-(4-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-3-isopropoxyazetidine-1-carboxamide as a yellow solid (32 mg, yield: 57%). ESI-
MS (M+H) *: 466.2. "H NMR (400 MHz, CDCl;) 6: 8.36 (d, J = 4.8 Hz, 1H), 7.90 (s, 1H), 7.78
(s, 1H), 7.77 (s, 1H), 7.54 (s, 1H), 7.51 (s, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.02 (d, J = 5.6 Hz,
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1H), 4.54 (t,J = 5.6 Hz, 1H), 4.40 (d, J = 5.2 Hz, 2H), 4.37-4.31 (m, 1H), 4.21 (t,J = 4.8 Hz,
2H), 4.14-4.12 (m, 2H), 3.98 (t, J = 5.2 Hz, 2H), 3.88-3.85 (m, 2H), 3.63-3.57 (m, 1H), 2.37 (s,
3H), 1.50 (d, J = 5.6 Hz, 6H).

Example 211: 3-isopropoxy-/N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

H\H/ND/ YHZN/E/\N\CN(\ N\g/N/j j/

2 eq)

S-phose (0.2 eq), Pdy(dba); (0.1 eq)
NaOBu (3.0 eq), dioxane, 100 °C, MW, 1 h

X ~ =N,
| /)N\ | N/)N\H/I;/N\CN\

N Cl

1-218

[0597] Synthesis of 3-isopropoxy-N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide was similar to that of rert-
butyl 2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzylcarbamate. The
residue was purified by silica gel column chromatography (EtOAc/petroleum ether = 2:1) to give
3-isopropoxy-N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)azetidine-1-carboxamide as yellow solid (48 mg, yield: 30%). ESI-MS (M+H) "
491.2. '"H NMR (400 MHz, CD;0D) 6: 8.29 (d, J = 5.6 Hz, 1H), 8.09 (s, 1H), 7.84-7.83 (m, 2H),
7.63 (s, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.10 (d, / = 5.2 Hz, 1H), 4.93-4.85 (m, 1H), 4.35-4.30 (m,
1H), 4.28 (s, 2H), 4.09-4.05 (m, 2H), 3.79-3.68 (m, 4H), 3.59-3.48 (m, 3H), 2.38 (s, 3H), 2.32 (s,
3H), 1.05 (d, J = 6.4 Hz, 6H).

Example 212: 3-isopropoxy-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-pyrazol-4-
yD)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
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NTNT T

0O

SN /N\
LA A
1219

1. Synthesis of tert-butyl 4-(4-((4-(4-((3-isopropoxyazetidine-1-carboxamido)methyl)-3-
methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-carboxylate

H\c[)]/ND/ \( HZNENCNBOC H\c[)]/N/j/ \(

S-phose (0.2 eq), Pdy(dba); (0.1 eq)
NaOBu (3.0 eq), dioxane, 100 °C, 3 h

| | N
il LD

[0598] Synthesis of tert-butyl 4-(4-((4-(4-((3-isopropoxyazetidine-1-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-
carboxylate was similar to that of 3-isopropoxy-N-(2-methyl-4-(2-((1-(1-methylazetidin-3-yl)-

1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide. The crude product was
purified through silica gel column chromatography (MeOH/CH,Cl1,=1/20) to give fert-butyl 4-
(4-((4-(4-((3-1sopropoxyazetidine-1-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-
yl)amino)-1H-pyrazol-1-yl)piperidine-1-carboxylate as a yellow oil (105 mg, yield: 32%). ESI-
MS (M+H) "1 605.3. '"H NMR (400 MHz, CDCl;) 6: 8.42 (d, J= 5.2 Hz, 1H), 7.99 (s, 1H), 7.86
(s, 1H), 7.82 (d, J= 8.0 Hz, 1H), 7.59 (s, 1H), 7.38 (d, /= 8.0 Hz, 1H), 7.07 (d, /= 5.2 Hz, 1H),
6.89 (s, 1H), 4.45 (d, J= 5.6 Hz, 2H), 4.38-4.33 (m, 1H), 4.30-4.22 (m, 3H), 4.16-4.11 (m, 2H),
3.88-3.85 (m, 2H), 3.64-3.58 (m, 1H), 2.94-2.86 (m, 2H), 2.42 (s, 3H), 2.18-2.16 (m, 2H), 2.00-
1.91 (m, 2H), 1.48 (s, 9H), 1.16 (d, J = 6.4 Hz, 6H).

2. Synthesis of 3-isopropoxy-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide
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HT@’ T HT@/ T

© 1) TFA/IDCM (1/1), 1t, 1 h ©

2) NaCNBH;3 (2 eq), (CHO)n (5 eq)

MeOH, it, 16 h
N /E’j\ N =N,
N NBoc LN\CN‘
N/)\H = C N/)\H =
[0599] Synthesis of 3-isopropoxy-N-(2-methyl-4-(2-((1-(1-methylpiperidin-4-yl)-1H-

pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide was similar to that of 3-
(tert-butoxy)-N-(4-(2-((1-(1-methylazetidin-3-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
(trifluoromethyl)benzyl)azetidine-1-carboxamide in Example 199. The crude product was
purified through prep-TLC (silica gel, MeOH/CH,Cl, =1/9) to give 3-isopropoxy-N-(2-methyl-4-
(2-((1-(1-methylpiperidin-4-yl)-1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide as a white solid (30 mg, yield: 33%). ESI-MS (M+H) ": 519.2. "H NMR (400 MHz,
CD;0D) ¢: 8.32 (d, /= 5.2 Hz, 1H), 8.04 (s, 1H), 7.87 (s, 1H), 7.86 (d, /= 8.0 Hz, 1H), 7.62 (s,
1H), 7.32 (d, J= 7.6 Hz, 1H), 7.14 (d, J = 5.6 Hz, 1H), 4.38-4.34 (m, 1H), 4.31 (s, 2H), 4.26-
4.21 (m, 1H), 4.12-4.08 (m, 2H), 3.75-3.71 (m, 2H), 3.62-3.56 (m, 1H), 3.21-3.18 (m, 2H), 2.63-
2.58 (m, 2H), 2.51 (s, 3H), 2.36 (s, 3H), 2.20-2.06 (m, 4H), 1.09 (d, J = 6.4 Hz, 6H).

Example 213: trans-N-(4-(2-((1-((3-fluoropiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide

HIU g

F
Dl
Nl-
N/)\H/g/ ! N—

1-220

1. Synthesis of tert-butyl 3-fluoro-4-hydroxypiperidine-1-carboxylate
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K R
O{\NBOC NaBH, (1.5 eq) HO\C\NB
MeOH, t, 4 h oc

[0600] To the solution of tert-butyl 3-fluoro-4-oxopiperidine-1-carboxylate (2.0 g, 9.2
mmol, 1.0 equiv) in MeOH (15 mL), NaBH4(525 mg, 13.8 mmol, 1.5 equiv) was slowly added at
0 °C. The reaction mixture was stirred at rt for 4 h. After diluting with water (80 mL), the
mixture was extracted with ethyl acetate (100 mL x 2). The combined organic layers were
washed with brine, dried, concentrated and purified by silica gel column chromatography

(petroleum ether: EtOAc = 5:1) to give fert-butyl 3-fluoro-4-hydroxypiperidine-1-carboxylate
(1.8 g, yield: 90%) as a yellow solid. ESI-MS (M+H-56) " 164.1.

2. Synthesis of tert-butyl 3-fluoro-4-(4-nitro-1H-pyrazol-1-yl)piperidine-1-carboxylate

R =N

\ F
ONT " /N\N
HO 2 1.0e L
NBoc ( q)‘ O,N = NBoc

PhsP (1.1 eq), DIAD (1.2 eq)
THF, rt, 2 h

[0601] To a solution of 4-nitro-1H-pyrazole (1.13 g, 10 mmol), tert-butyl 3-fluoro-4-
hydroxypiperidine-1-carboxylate (2.19 g, 10 mmol) and PPh3 (2.88 g, 11 mmol) in THF (25 mL)
was added DIAD (2.22 g, 11 mmol) under nitrogen. The mixture was stirred at rt for 2 h. The
mixture was diluted with EtOAc (150 mL) and washed with water (50 mL x 2). The organic
phase was concentrated in vacuo and the residue was purified by column chromatography (silica
gel, petroleum ether: EtOAc =3:1) to give the title product tert-butyl 3-fluoro-4-(4-nitro-1H-
pyrazol-1-yl)piperidine-1-carboxylate (1.3 g, yield: 91%) as a yellow solid. ESI-MS (M+H) ":
315.1. "H NMR (400 MHz, CDCls) : 8.70 (s, 1H), 8.19 (s, 1H), 4.91-4.88 (m, 2H), 4.72-4.61
(m, 1H), 4.48-4.47 (m, 2H), 4.11-4.10 (m, 1H), 2.10-2.09 (m, 2H), 1.49 (s, 9H).

3. Synthesis of tert-butyl 3-fluoro-4-(4-nitro-1H-pyrazol-1-yl)piperidine-1-carboxylate
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K F
\ > SN
NBoc NBoc
O2N MeOH, Ha, rt, N

4h

[0602] Synthesis of fert-butyl 3-fluoro-4-(4-nitro-1H-pyrazol-1-yl)piperidine-1-
carboxylate was similar to that of (R)-tert-butyl 3-(4-amino-1H-pyrazol-1-yl)pyrrolidine-1-
carboxylate in Example 121. After the catalyst was removed, the solvent was removed and the

crude product (410 mg, yield: 91%) was used to next step without further purification. ESI-MS
(M+H) " 285.2.

4. Synthesis of N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-

carboxamide
(@]
o AT
N N/j \( /E/\N o)
\[O]/ H,N S NBoc

(1.3 eq) _ F
Pd,(dba)s; (0.1 eq), S-Phos (0.2 eq) | oN /@
2 3\Y. )y 97 . N
| N Cs,C03 (2.0 eq), N/)\N =X NBoc
N/)\m 1,4-dioxane, 120 °C, 2 h H
[0603] Synthesis of N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)-3-

isopropoxyazetidine-1-carboxamide was similar to that of Example 205. The crude was purified
through prep-HPLC (NH3H,0(0.05%)/MeCN as a mobile phase) to give trans-tert-butyl 3-
fluoro-4-(4-((4-(4-((3-isopropoxyazetidine-1-carboxamido)methyl)-3-methylphenyl)pyrimidin-2-
yl)amino)-1H-pyrazol-1-yl)piperidine-1-carboxylate (88 mg, yield: 26%) as a yellow solid. ESI-
MS (M+H) ":623.3.

5. Synthesis of trans-tert-butyl 3-fluoro-4-(4-((4-(4-((3-isopropoxyazetidine-1-

carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-
yhpiperidine-1-carboxylate
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HTU T HT@/ T

o) o)
TFA/DCM (1: 4)

S F i, 1h S F

| N/)\NL/N“'CNBOC | N/)\N/L/N“'C\NH

H H

[0604] Synthesis of trans-ters-butyl 3-fluoro-4-(4-((4-(4-((3-isopropoxyazetidine-1-
carboxamido)methyl)-3-methylphenyl)pyrimidin-2-yl)amino)-1H-pyrazol-1-yl)piperidine-1-
carboxylate was similar to that of trans-N-(4-(2-((1-(3-fluoropiperidin-4-yl)-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide. The crude
product was purified by prep-HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give
trans-N-(4-(2-((1-(3-fluoropiperidin-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-3-isopropoxyazetidine-1-carboxamide (72 mg, yield: 97%) as a yellow solid. ESI-
MS (M+H) ":523.3.

6. Synthesis of trans-N-(4-(2-((1-((-3-fluoropiperidin-4-yl)-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide

o}
“\H/N/j/o\( H\g/@/ Y
o}

HCHO (5.0 eq)

-

NaBH5CN (4.0 eq)

F
Sy N HOAC (cat.), MeOH, 11, 16 h | N E
-\ Nll.
. ~ N
SEs’ C A N
N H

[0605] Synthesis of trans-N-(4-(2-((1-((-3-fluoropiperidin-4-yl)-1 H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide was similar to
that of Example 199. The crude product was purified by prep-HPLC (CH3CN/H,O with 0.05%
NH4OH as mobile phase) to give trans-N-(4-(2-((1-(-3-fluoro-1-methylpiperidin-4-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide (28
mg, yield: 38%) as yellow solid. ESI-MS (M+H) ":537.3. "H NMR (400 MHz, CD;0D) ¢: 8.28
(d,J=5.2 Hz, 1H), 8.00 (s, 1H), 7.81-7.79 (m, 2H), 7.60 (s, 1H), 7.26 (d, /= 7.6 Hz, 1H), 7.06
(d, /J=52Hz, 1H), 4.71-4.65 (m, 1H), 4.31-4.26 (m, 3H), 4.13-4.03 (m, 3H), 3.71-3.67 (m, 2H),
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3.56-3.50 (m, 1H), 3.18-3.14 (m, 1H), 2.82-2.80 (m, 1H), 2.29 (s, 3H), 2.27 (s, 3H), 2.15-2.00
(m, 4H), 1.04 (d, J = 6.4 Hz, 6H).

Example 214: 3-isopropoxy-N-(2-methyl-4-(2-((1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-
4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

O
N Nlj/O\( N T \(
il N T
0 o /Q/NCO (12 eq)

S-phos (0.2 eq), Pdy(dba)z (0.1 eq)

N Cs,C05(2.0 eq), di oecan [ ) E
Sy 3(<.U €q), dioxane, s N
SN N/)\N h CO

N™ CI

1-221

[0606] Synthesis of 3-isopropoxy-N-(2-methyl-4-(2-((1-(tetrahydro-2 H-pyran-4-yl)-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide was similar to that of 3-
isopropoxy-N-(4-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)azetidine-1-carboxamide. The residue was purified by prep-HPLC (MeCN/water
with 0.05%NH4OH as mobile phase) to give 3-isopropoxy-N-(2-methyl-4-(2-((1-(tetrahydro-2H-
pyran-4-yl)-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide (63 mg,
yield: 39%) as a yellow solid. ESI-MS (M+H) *: 506.2. "H NMR (400 MHz, CDCls) J: 8.42 (d,
J=52Hz 1H), 7.97 (s, 1H), 7.85 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.65 (s, 1H), 7.55 (s, 1H),
7.36 (d,J =8.0 Hz, 1H), 7.06 (d, J = 5.2 Hz, 1H), 4.50-4.47 (m, 1H), 4.43 (d, J = 5.2 Hz, 2H),
4.38-4.29 (m, 2H), 4.16-4.10 (m, 4H), 3.89-3.85 (m, 2H), 3.64-3.52 (m, 3H), 2.39 (s, 3H), 2.15-
2.04 (m, 4H), 1.15 (d, J = 6.4 Hz, 6H).

Example 215: N-(4-(2-((1 H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-
isopropoxyazetidine-1-carboxamide
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§ N/j/O\( H N’j/ O\(
T T
L/N\Boc 0

HoN
1) Pdy(dba); (0.1 eq), S-Phos (0.2 eq;
Z~ IN Cs,CO5 (2.0 eq), SN =N
\N)\ - 1,4-dioxane, 120 °C, 4 h | PR L/NH
2) HCI/MeOH, rt, 1 h N" N
1-222
[0607] To a solution of N-(4-(2-chloropyrimidin-4-yl)-2-methylbenzyl)-3-

isopropoxyazetidine-1-carboxamide (220 mg, 0.60 mmol) and tert-butyl 4-amino-1H-pyrazole-
I-carboxylate (132 mg, 0.72 m mol) in dry 1,4-dioxane (8 mL) was added Pd,(dba); (55 mg,
0.06 mmol), S-phos (49 mg, 0.12 mmol) and Cs,CO5 (390 mg, 1.2 mmol). The mixture was
stirred at 120 °C for 4 h under N,. After cooling to rt, the mixture was diluted with EtOAc (150
mL) and washed with water (60 mL x 2). The organic phase was dried over Na,SQO,, filtered and
concentrated in vacuo. The residue was dissolved in 3 N HCl in MeOH (10 mL) and the resulting
mixture was stirred at rt for 1 h. After concentration in vacuo, the residue was purified by prep-
HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give N-(4-(2-((1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-3-isopropoxyazetidine-1-carboxamide as a white
solid (88 mg, yield: 35%). ESI-MS (M+H) *: 544.2. "H NMR (400 MHz, CD;OD) ¢: 8.38 (d, J =
4.8 Hz, 1H), 8.05 (s, 1H), 7.91-7.90 (m, 2H), 7.75 (s, 1H), 7.37 (d, /= 8.4 Hz, 1H), 7.16 (d, J =
5.2 Hz, 1H), 4.42-4.36 (m, 3H), 4.18-4.14 (m, 2H), 3.81-3.78 (m, 2H), 3.67-3.61 (m, 1H), 2.41
(s, 3H), 1.14 (d, /= 6.0 Hz, 6H).

Example 216: 3-(tert-butoxy)-N-(4-(2-((1,5-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)-2-methylbenzyl)azetidine-1-carboxamide
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1. Synthesis of N-(1,5-dimethyl-1H-pyrazol-4-yl)-4-methoxypyrimidin-2-amine

HoN
Me Me
/

| N/J\CI S-phos (0.2 eq), Pdy(dba); (0.1 eq) N/)\H / N

Cs,CO3 (2.0 eq), dioxane, 100 °C, 3 h

[0608] To a solution of 2-chloro-4-methoxypyrimidine (1.44 g, 10 mmol) in 1,4-dioxane
(25 mL) were added 1,5-dimethyl-1H-pyrazol-4-amine (1.21 g, 11 mmol), Pd,(dba); (915 mg,
1.0 mmol), S-Phos (822 mg, 2.0 mmol) and Cs,COs (6.5 g, 20 mmol). The mixture was stirred at
100 °C for 3 h. After cooling to rt, the mixture was filtered through a Celite pad. The filtrate was
concentrated in vacuo and the crude was purified by silica gel column chromatography
(petroleum ether: EtOAc =2/1) to give N-(1,5-dimethyl-1H-pyrazol-4-yl)-4-methoxypyrimidin-
2-amine as a yellow solid (1.75 g, yield: 80%). ESI-MS (M+H) ": 220.1.

2. Synthesis of 2-((1,5-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-ol

Me H
/ /
SN IT HBr, 100 °C, 2 h SN If
N . N
A A A A
H H
[0609] A solution of N-(1,5-dimethyl-1H-pyrazol-4-yl)-4-methoxypyrimidin-2-amine

(1.0 g, 4.57 mmol) in HBr (15 mL) was stirred at 100 °C for 2 h. The mixture was concentrated
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and the crude product (930 mg) was used to next step without further purification. ESI-MS
(M+H) ": 206.1
3. Synthesis of 4-chloro-N-(1,5-dimethyl-1H-pyrazol-4-yl))pyrimidin-2-amine

H |

/ 0
XN ‘Iﬁ\ POCI3, 100 °C, 16 h SN IT/
N - ‘
N/)\N y | N /)\N [ N
H H
[0610] A solution of 2-((1,5-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-ol (930 mg,

4.51 mmol) in POCI; (20 mL) was stirred at 100 °C for 16 h. After cooling to rt, the mixture was
poured onto ice-water and adjusted to pH = 8 with Na,COj (sat). The mixture was extracted with
ethyl acetate (200 mL x 2). The combined organic layers were washed with brine, dried,
concentrated in vacuo to afford a residue which was purified by silica gel column
chromatography (petroleum ether: EtOAc = 1:1) to give 4-chloro-N-(1,5-dimethyl-1H-pyrazol-4-
yl)pyrimidin-2-amine (680 mg, yield: 67%) as a yellow solid. ESI-MS (M+H) ': 224.1.

4. Synthesis of 3-(tert-butoxy)-N-(4-(2-((1,5-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-
4-yl)-2-methylbenzyl)azetidine-1-carboxamide

0T L TS

1) Pd(dppf)Cl,.DCM (0.051 eq), KOAC (3 eq)
dioxane, 110°C, 2 h

po

Br 2) Pd(dppf)Cl,.DCM (0.05 eq), K,CO; (2 eq) N N/
dioxane/H,0 (5/1), 100 °C, 2 h | N N
| /)\ Y/
/ N N
N N N\ H
| J_ AN (1.2 eq)
NN
[0611] A mixture of N-(4-bromo-2-methylbenzyl)-3-(fert-butoxy)azetidine-1-

carboxamide (193 mg, 0.5 mmol), bis(pinacolato)diboron (134 mg, 0.55 mmol), KOAc (98 mg,
1.0 mmol) and Pd(dppf)Cl,.DCM (41 mg, 0.05 mmol) in 5 mL dry 1,4-dioxane was stirred at
100 °C for 2 h under nitrogen. After cooling to rt, 4-chloro-N-(1,5-dimethyl-1H-pyrazol-4-
yl)pyrimidin-2-amine (134 mg, 0.6 mmol), K,CO3 (138 mg, 1.0 mmol) and H,O (2 mL) were
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added. The resulting mixture was stirred at 100 °C for another 2 h. The mixture was dilute with
EtOAc (200 mL), washed with water (80 mLx2), dried with Na,SO,4 and concentrated. The
residue was purified by prep-HPLC (MeCN/H,0O with 0.05% NH4OH as mobile phase from 5%
to 95%) to give 3-(tert-butoxy)-N-(4-(2-((1,5-dimethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2-methylbenzyl)azetidine-1-carboxamide (43 mg, yield: 22%) as yellow solid. ESI-MS (M+H)
“:464.3. '"H NMR (400 MHz, CD;0D): 8.26 (d, J = 5.2 Hz, 1H), 7.88-7.86 (m, 2H), 7.60 (s, 1H),
7.34 (d, /= 8.0 Hz, 1H), 7.16 (d, J= 5.6 Hz, 1H), 4.55-4.53 (m, 1H), 4.35 (s, 2H), 4.16-4.12 (m,
2H), 3.79 (s, 3H), 3.78-3.75 (m, 2H), 2.38 (s, 3H), 2.21 (s, 3H), 1.18 (s, 9H).

Example 217: 3-(tert-butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
y)amino)pyrimidin-4-yl)benzyl)pyrrolidine-1-carboxamide

H
NH; N N: > <
HNOA( (1.0 eq) \g/

HCI .

CDI (1.5 eq), TEA (3.0 eq) /

| SN =N DMF, r.t., 16 h SN N

N\ A

N/)\NL/ | N/)\N LN
H H
1-224

[0612] A solution of 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-

yl)pyrimidin-2-amine hydrochloride (165 mg, 0.50 mmol), CDI (123 mg, 0.75 mmol) and TEA
(151 mg, 1.5 mmol) in DMF (4 mL) was stirred at rt for 1 h, then 3-(fert-butyl)pyrrolidine (65
mg, 0.50 mmol) was added. The resulting solution was stirred for another 16 h. After diluting
with water (15 mL), the mixture was extracted with CH,Cl, (40 mL x 3). The combined organic
phases were washed with brine, dried (Na,SO4) and concentrated in vacuo. The residue was
purified by prep-HPLC (MeCN/water with 0.05% ammonia as mobile phase) to give 3-(tert-
butyl)-N-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)pyrrolidine-
1-carboxamide (89 mg, yield: 41%) as a yellow solid. ESI-MS (M+H) ": 448.1. "H NMR (400
MHz, CD;0OD) ¢: 8.38 (d, /= 5.2 Hz, 1H), 7.97 (s, 1H), 7.94-7.92 (m, 2H), 7.65 (s, 1H), 7.39 (d,
J=84Hz 1H), 7.19 (d, /=52 Hz, 1H), 4.42 (ABq, J=23.2, 16.0 Hz, 2H), 3.89 (s, 3H), 3.61-
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3.56 (m, 1H), 3.50-3.46 (m, 1H), 3.28-3.26 (m, 1H), 3.12-3.10 (m, 1H), 2.44 (s, 3H), 2.12-2.08
(m, 1H), 1.97-1.90 (m, 1H), 1.78-1.67 (m, 1H), 0.97 (s, 9H).

Example 218: 1-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-
yD)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide

NHBocC
H /N‘
“YQNTL
1) TFA/DCM, rt, 1 h
-~ »> (@]

2) HATU (1.2 eq), DIPEA (2.0 eq)

N
I\1L\ /mN\) DMF, 1, 16 h
P ~
NSNON

N/
HE\C [ KTU
|
v NA( I\ P >
) 1. N“ NN
o} — (1.0 eq) N

1-225

[0613] Synthesis of 1-(fert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-
2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide was similar to that of 2-(zert-
butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide. The residue was purified by prep-HPLC (CH3CN/H,0O with
0.05% TFA as mobile phase) to give 1-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-
yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide as a white solid (10
mg, yield: 30%). ESI-MS (M+H) ": 540.2."H NMR (400 MHz, DMSO-ds) J ppm 1.54 (d, J=2.51
Hz, 11 H)2.42 (s,2 H)2.86-2.89 (m, 2 H) 2.95 -3.04 (m, 1 H) 3.15-3.25 (m, 1 H) 3.52-3.57
(m, 1 H)3.80-3.88 (m, 1H)4.45-4.49(m, 1 H) 7.39-7.42 (m, 1 H) 7.55-7.59 (m, 1 H) 7.77 -
7.81 (m, 1 H)7.81-7.83 (m, 1 H) 7.83 - 7.86 (m, 1 H) 7.93 (d, /=0.50 Hz, 1 H) 8.04 - 8.09 (m, 1
H) 8.12-8.16 (m, 1 H) 8.25 (s, 1 H) 8.33 (d, J/=0.75 Hz, 1 H) 8.48 - 8.53 (m, 1 H) 8.76 - 8.80
(m, 1 H).

Example 219: 1-(zert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-
yDamino)pyrimidin-4-yl)benzyl)-1H-pyrazole-3-carboxamide
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[0614] Synthesis 1-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-

yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-3-carboxamide was similar to that of 2-(zert-
butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-yl)pyridin-2-yl)amino)pyrimidin-4-
yl)benzyl)thiazole-5-carboxamide. The residue was purified by prep-HPLC (CH3CN/H,O with
0.05% TFA as mobile phase) to give 1-(tert-butyl)-N-(2-methyl-4-(6-((5-(4-methylpiperazin-1-
yl)pyridin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-3-carboxamide as a white solid (56
mg, yield: 56%). ESI-MS (M+H) ": 540.2 'H NMR (400 MHz, DMSO-ds) : ppm 1.54 (d,
J=2.51Hz, 11 H)2.42 (s,2 H) 2.86 - 2.89 (m, 2 H) 2.95-3.04 (m, 1 H) 3.15-3.25 (m, 1 H)
3.52-3.57(m, 1 H)3.80-3.88 (m, 1 H)4.45-4.49 (m, 1 H) 7.39-7.42 (m, 1 H) 7.55 - 7.59 (m,
1H)7.77-7.79 (m, 1 H) 7.83 - 7.86 (m, 1 H) 7.93 (d, /=0.50 Hz, 1 H) 8.04 - 8.09 (m, 1 H) 8.12
-8.16 (m, 1 H) 8.25 (s, 1 H) 8.33 (d, /=0.75 Hz, 1 H) 8.48 - 8.53 (m, 1 H) 8.76 - 8.80 (m, 1 H).

Example 220: (R)-3-isopropoxy-/N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-yl)amino)-
pyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo|7|annulen-5-yl)azetidine-1-carboxamide and
(8)-3-isopropoxy-N-(2-(2-((1-(2-methoxyethyl)-1 H-pyrazol-4-yl)amino)-pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo|7]annulen-5-yl)azetidine-1-carboxamide
(o)
N AT T
Y

NIND/ Y NT]D/N/D/ \( I

>N /N\ 0 >N /N\ 0] SN /N\ 0
Ay Ay Ay
1-227 1-228
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[0615] 3-isopropoxy-azetidine-1-carboxylic acid (2-{2-[1-(2-methoxy-ethyl)-1H-
pyrazol-4-ylamino]-pyrimidin-4-yl}-6,7,8,9-tetrahydro-5 H-benzocyclohepten-5-yl)-amide (20
mg, 0.04 mmol) was separated by chiral column. The following SFC method was used: OZ-H (2
x 25 ¢m) 40% methanol (0.1%DEA)/CO,, 100 bar; 50 mL/min, 220 nm.; inj vol.: ImL, 2 mg/mL
methanol. Two isomers were obtained: 9 mg of (R)-3-isopropoxy-N-(2-(2-((1-(2-
methoxyethyl)-1H-pyrazol-4-yl)amino)-pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-
5-ylazetidine-1-carboxamide (chemical purity >99%, ee >99%). LCMS: RT 1.21 min.; MH+
520.2; '"H NMR (400 MHz, CD;0D) 6: 8.38 (d, J = 3.51 Hz, 1H), 8.08 (s, 1H), 7.83 - 7.99 (m,
2H), 7.58 - 7.76 (m, 1H), 7.37 (d, J =8.03 Hz, 1H), 7.19 (d, J = 5.27 Hz, 1H), 6.86 (d, J = 8.03
Hz, 1H), 4.98 - 5.10 (m, 1H), 4.39 - 4.51 (m, 1H), 4.15 - 4.35 (m, 4H), 3.75 (t, J = 5.15 Hz, 5H),
3.35 (s, 3H), 2.89 - 3.10 (m, 2H), 1.80 - 2.09 (m, 3H), 1.57 - 1.75 (m, 1H), 1.31 - 1.49 (m, 2H),
1.11 - 1.23 (m, 6H); and 8 mg of (S)-3-isopropoxy-N-(2-(2-((1-(2-methoxyethyl)-1H-pyrazol-4-
yl)amino)-pyrimidin-4-yl)-6,7,8,9-tetrahydro-5 H-benzo[ 7]annulen-5-yl)azetidine- 1 -carboxamide
(chemical purity >99%, ee >99%). LCMS: RT 1.21 min.; MH+ 520.2; '"H NMR (400 MHz,
CD;0D) 6. 8.38 (d, J =4.52 Hz, 1H), 8.08 (s, 1H), 7.84 - 7.99 (m, 2H), 7.58 - 7.76 (m, 1H), 7.37
(d, J=8.03 Hz, 1H), 7.19 (d, J = 5.27 Hz, 1H), 6.86 (d, J = 8.03 Hz, 1H), 5.04 (d, J = 10.04 Hz,
1H), 4.39 - 4.51 (m, 1H), 4.14 - 4.34 (m, 4H), 3.60 - 3.94 (m, 5H), 3.35 (s, 3H), 2.90 - 3.09 (m,
2H), 1.84 - 2.06 (m, 3H), 1.59 - 1.75 (m, 1H), 1.31 - 1.50 (m, 2H), 1.13 - 1.23 (m, 6H).

Example 221: (R)-3-(tert-butoxy)-N-(2-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-yl)amino)-
pyrimidin-4-yl)-6,7,8,9-tetrahydro-5SH-benzo|7|annulen-5-yl)azetidine-1-carboxamide and
(8)-3-(tert-butoxy)-N-(2-(2-((1-(2-hydroxyethyl)-1 H-pyrazol-4-yl)amino)-pyrimidin-4-yl)-
6,7,8,9-tetrahydro-5H-benzo|7]annulen-5-yl)azetidine-1-carboxamide

HTU * T HT@/ *
. ® .

N /N\ OH SN /N\ OH
A LT PWwe e
H H
1-229 1-230
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[0616] 3-tert-Butoxy-azetidine-1-carboxylic acid (2-{2-[1-(2-hydroxy-ethyl)-1H-
pyrazol-4-ylamino]-pyrimidin-4-yl}-6,7,8,9-tetrahydro-5 H-benzocyclohepten-5-yl)-amide (40
mg, 0.08 mmol) was separated by chiral column. The following SFC method was used: 1A (2 x
15 cm), 35% methanol (0.1%DEA)/CO,, 100 bar; 60 mL/min, 220 nm.; inj vol.: 1 mL, 4 mg/mL
methanol. Two isomers were obtained: 11 mg of (R)-3-(¢ert-butoxy)-N-(2-(2-((1-(2-
hydroxyethyl)-1H-pyrazol-4-yl)amino)-pyrimidin-4-y1)-6,7,8,9-tetrahydro-5 H-benzo[ 7Jannulen-
5-ylazetidine-1-carboxamide (chemical purity >99%, ee >99%). LCMS: RT 1.16 min.; MH+
520.2; '"H NMR (400 MHz, CD;0D) 6: 8.37 (d, J = 4.52 Hz, 1H), 8.07 (s, 1H), 7.84 - 7.99 (m,
2H), 7.59 - 7.75 (m, 1H), 7.37 (d, J =8.03 Hz, 1H), 7.19 (d, J = 5.02 Hz, 1H), 5.04 (d, J = 10.04
Hz, 1H), 4.53 - 4.67 (m, 1H), 4.13 - 4.29 (m, 4H), 3.73 - 3.98 (m, 4H), 2.87 - 3.09 (m, 2H), 1.79
-2.06 (m, 4H), 1.55 - 1.75 (m, 1H), 1.31 - 1.47 (m, 2H), 1.22 (s, 9H); and 9 mg of (S5)-3-(tert-
butoxy)-N-(2-(2-((1-(2-hydroxyethyl)-1H-pyrazol-4-yl)amino)-pyrimidin-4-yl)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-yl)azetidine-1-carboxamide (chemical purity >99%, ee
>99%). LCMS: RT 1.16 min.; MH+ 520.2; 'H NMR (400 MHz, CD;0D) : 8.37 (d, J = 4.52
Hz, 1H), 8.07 (s, 1H), 7.84 - 7.99 (m, 2H), 7.60 - 7.76 (m, 1H), 7.37 (d, J = 8.03 Hz, 1H), 7.19
(d, J=5.27 Hz, 1H), 5.04 (d, J = 10.29 Hz, 1H), 4.55 - 4.66 (m, 1H), 4.12 - 4.32 (m, 4H), 3.74 -
3.98 (m, 4H), 2.89 - 3.09 (m, 2H), 1.78 - 2.06 (m, 4H), 1.55 - 1.75 (m, 1H), 1.30 - 1.49 (m, 2H),
1.22 (s, 9H).

Scheme 12
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Example 222: 1-(tert-butyl)-N-(2-methyl-4-(6-((4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
y)amino)-pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide

=N
EYQ‘L
(o]
/\
N/ N/N NH
LA
H
1-231

1. Synthesis of (4-bromo-2-methylphenyl)methanamine hydrochloride



WO 2015/089337 PCT/US2014/069853

CN NH,

HCI
 ——
Br Br

[0617] To a solution of 4-bromo-2-methylbenzonitrile (3.0 g, 15 mmol) in anhydrous
THF (20 mL) under nitrogen at 0 °C was added 1.0 M solution of borane in THF (46 mL). The
reaction mixture was stirred at 0 °C for 1 h, and heated at 80 °C overnight. The reaction mixture
was cooled to 0 °C and slowly quenched with MeOH, concentrated in vacuo. The crude product
was treated with EtOAc (20 mL) and 4 M of HCl in 1,4-dioxane (8.0 mL, 32 mmol) for 5 min.
The solid was filtered, rinsed with diethyl ether, dried to give the title compound as a white
powder (3.24 g, yield: 100%). LCMS: RT 0.75 min.; MH+ 200.0. 'H NMR (300 MHz, DMSO-
d6) o: 8.28 (br. s., 2H), 7.42 - 7.54 (m, 2H), 7.34 (d, J =7.93 Hz, 1H), 3.99 (d, J = 4.15 Hz, 2H),
2.35 (s, 3H).

2. Synthesis of N-(4-bromo-2-methylbenzyl)-1-(tert-butyl)-1H-pyrazole-4-carboxamide

N
NH, H \
HCI NW\/L/ N%
o
Br
Br
[0618] To a solution of 1-tert-Butyl-1H-pyrazole-4-carboxylic acid (1.4 g, 8.4 mmol) in

DMF (20 mL) was added HATU (3.5 g, 9.2 mmol) and DIEA (4.4 mL, 25 mmol). The mixture
was stirred at rt for 5 min, followed by the addition of (4-bromo-2-methylphenyl)methanamine
hydrochloride (2.0 g, 8.4 mmol). The reation was stirred at rt overnight, diluted with EtOAc,
washed with water, and the organic phase was then dried (Na,SO,) and concentrated in vacuo to
afford the crude product, which was purified by silica gel chromatography (EtOAc/heptane
gradient) to give the title compound as a white powder (2.21 g, yield: 92%). LCMS: RT 1.59
min.; MH+ 350.0; "H NMR (400 MHz, DMSO-d6) : 8.41 (t, J = 5.65 Hz, 1H), 8.29 (s, 1H),
7.89 (s, 1H), 7.28 - 7.44 (m, 2H), 7.16 (d, J = 8.03 Hz, 1H), 4.34 (d, J = 5.52 Hz, 2H), 2.30 (s,
3H), 1.52 (s, 9H).

3. Synthesis of 1-(tert-butyl)-N-(2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
benzyl)-1H-pyrazole-4-carboxamide
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[0619] To a degassed solution of N-(4-bromo-2-methylbenzyl)-1-(tert-butyl)-1H-
pyrazole-4-carboxamide (2.0 g, 5.7 mmol) and KOAc (1.68 g, 17.1 mmol) in 1,4-dioxane (50
mL) was added Pd(dppf)Cl,.CH,Cl, (1:1) (0.23 g, 0.28 mmol) and bis(pinacolato)diboron (1.6 g,
6.3 mmol). The solution was heated to reflux for 2 h, cooled to rt, diluted with EtOAc¢ and
filtered. The filtrate was concentrated in vacuo, and purified by silica gel chromatography
(EtOAc/Heptane gradient) to give the title compound as an off white powder (2.1g, yield: 95%)).
LCMS: RT 1.71 min.; MH+ 398.3; 'H NMR (400 MHz, DMSO-d6) J: 8.41 (t, J = 5.65 Hz, 1H),
8.30 (s, 1H), 7.90 (s, 1H), 7.42 - 7.50 (m, 2H), 7.23 (d, J = 7.53 Hz, 1H), 4.40 (d, ] = 5.77 Hz,
2H), 2.30 (s, 3H), 1.45 - 1.59 (m, 9H), 1.28 (s, 12H).

4. Synthesis of 1-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-1 H-pyrazole-

4-carboxamide
N =N
LSO LS
o’ °

™o NZ
ﬁ_% KN | cl
[0620] A mixture of 1-(tert-butyl)-N-(2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)benzyl)-1H-pyrazole-4-carboxamide (1.33 g, 3.35 mmol) and 4,6-
dichloropyrimidine (0.60 g, 4.0 mmol) in 1,4-dioxane (20.0 mL) was degassed with nitrogen,
follow by the addition of. [Pd(dppf)Cl,.CH,Cl, (273 mg, 0.33 mmol) and a solution of K,CO;
(0.92 g, 6.7 mmol) in water (1.0 mL). The reaction was heated at 110°C for 2 h, cooled down to
rt, diluted with EtOAc and washed with water. The organic layer was dried (Na,SO,),
concentrated in vacuo, and purified by silica gel chromatography (EtOAc/heptane) to give the
title compound as a white powder (0.74g, yield: 55%). LCMS: RT 1.52 min.; MH+ 384.0; 'H
NMR (400 MHz, DMSO-d6) ¢: 9.07 (d, J = 0.50 Hz, 1H), 8.50 (t, J = 5.65 Hz, 1H), 8.31 (d,J =

394



WO 2015/089337 PCT/US2014/069853

13.05 Hz, 2H), 8.00 - 8.15 (m, 2H), 7.92 (s, 1H), 7.39 (d, J = 8.03 Hz, 1H), 4.46 (d, J = 5.77 Hz,
2H), 2.41 (s, 3H), 1.53 (s, 9H).

5. Synthesis of 1-(tert-butyl)-N-(2-methyl-4-(6-((4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-
2-yh)amino)-pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide

N N
N c—a \ ==l \
=N : H H
H\’(Q/N Nj‘/Q/N\é NYQ/N\é
(o} o (o}
—_—

N NZ N/N/_\N%o N7 N/N/_\NH
gy A o Gl A
H H
[0621] A mixture of 1-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-1H-

pyrazole-4-carboxamide (350.0 mg, 0.912 mmol) and 2-amino-6,7-dihydro-4 H-pyrazolo[1,5-
a]pyrazine-5-carboxylic acid tert-butyl ester (282.4 mg, 1.18 mmol) in PhCH; (10.0 mL) was
degassed. To the solution was added 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (75 mg,
0.18 mmol) and Pd,(dba); (83 mg, 0.09 mmol) and sodium zerz-butoxide (263 mg, 2.7 mmol).
The mixture was degassed, and then heated in a microwave to 100°C for 1 h. The reaction was
cooled to rt, diluted with EtOAc, washed with water, and the organic phase was separated, dried
(Na,S04), concentrated in vacuo, and purified by reverse phase chromatography (C18-gradient
10 to 90% ACN/water with 0.1%TFA). The product was extracted with EtOAc to give an oil
(LCMS: RT 1.29 min.; MH+ 586.3) which was then dissolved in 1,4-dioxane (2.0 mL, 26 mmol)
and treated with 4 M solution of HCl in 1,4-dioxane (2.0 mL, 8.0 mmol). The reaction was
stirred overnight and concentrated in vacuo to afford a residue which was then precipitated from
dietheyl ether to afford a solid, which was used without further purification (320 mg, yield: 67%
as HCl salt). LCMS: RT 0.85 min.; MH+ 486.3; 'H NMR (400 MHz, DMSO-d6) : 10.00 (br. s.,
2H), 8.85 (s, 1H), 8.60 (t, J = 5.65 Hz, 1H), 8.36 (s, 1H), 7.93 (s, 1H), 7.68 - 7.84 (m, 2H), 7.44
(d, J=8.03 Hz, 1H), 4.36 - 4.53 (m, 4H), 4.30 (t, J = 5.52 Hz, 2H), 3.66 (br. s., 2H), 2.42 (s, 3H),
1.53 (s, 9H).

Example 223: 1-(tert-butyl)-N-(4-(6-((5-ethyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
y)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide
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1-232
[0622] To a solution of 1-(tert-butyl)-N-(2-methyl-4-(6-((4,5,6,7-tetrahydropyrazolo[1,5-

a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)-1 H-pyrazole-4-carboxamide 1-(fert-butyl)-N-(2-
methyl-4-(6-((4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)-1 H-
pyrazole-4-carboxamide (100 mg, 0.20 mmol), tricthylamine (0.03 mL, 0.20 mmol), and 5.0 M
of acetaldehyde in water (2 mL, 9 mmol) was added sodium triacetoxyborohydride (87 mg, 0.41
mmol) and heated heated in a microwave at 90 °C for 20 min. The reaction mixture was then
diluted with EtOAc, washed with brine, dried and concentrated in vacuo to afford a residue
which was purified by silica gel chromatography (DCM + 10% to 100% 2M NH3/MeOH) to give
the title compound as a white powder (86 mg, yield: 84%). LCMS: RT 0.82 min.; MH+ 514.2;
'H NMR (400 MHz, CD;0D) 6: 8.59 (d, J = 0.75 Hz, 1H), 8.27 (s, 1H), 7.96 (s, 1H), 7.69 - 7.83
(m, 2H), 7.52 (br. s., 1H), 7.40 (d, J = 8.03 Hz, 1H), 6.25 (br. s., 1H), 4.59 (s, 2H), 4.12 (t,J =
5.52 Hz, 2H), 3.72 (s, 2H), 3.01 (t, J = 5.65 Hz, 2H), 2.67 (q, J = 7.19 Hz, 2H), 2.45 (s, 3H), 1.60
(s, 9H), 1.20 (t, J = 7.28 Hz, 3H).

Example 224: 1-(tert-butyl)-N-(4-(6-((5-(2-hydroxyethyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide

/N\ /N\
H H
N\'(Q/N\é N\'(Q/N\é
(0] (0]

& N NH & N N
N N— N N—
. | ] o
\N N / KN N /
H H
1-233
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[0623] To a solution of 1-(tert-butyl)-N-(2-methyl-4-(6-((4,5,6,7-tetrahydropyrazolo[1,5-
alpyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide (240 mg, 0.49 mmol)
and Et;N (69 uL, 0.49 mmol) in 1,2-dichloroethane (4.0 mL), was added AcOH (28 uL, 0.49
mmol), [1,4]dioxane-2,5-diol (89 mg, 0.74 mmol) and sodium triacetoxyborohydride (200mg,
0.99 mmol). The reaction mixture was stirred at rt for 1 h, extracted with EtOAc, and washed
with aqueous NaHCOj; and brine. The organic layer was separated, dried (MgSQO,), filtered and
concentrated in vacuo to afford a residue which was purified by reverse phase chromatography
(CH3CN/H;0 with 0.05% TFA as mobile phase) to give the title compound as a white powder
(178 mg, yield: 51% as TFA salt). LCMS: RT 0.85 min.; MH+ 530.3; '"H NMR (400 MHz,
DMSO0-d6) 6: 10.41 (br. s., 1H), 8.73 (d, J = 1.00 Hz, 1H), 8.51 (t, J = 5.77 Hz, 1H), 8.32 (d, J =
0.75 Hz, 1H), 7.92 (d, J = 0.50 Hz, 1H), 7.71 - 7.87 (m, 1H), 7.63 (br. s., 1H), 7.39 (d, J = 8.03
Hz, 1H), 6.52 (br. s., 1H), 4.17 - 4.76 (m, 6H), 3.65 - 3.97 (m, 4H), 3.38 (br. s., 2H), 2.41 (s, 3H),
1.53 (s, 9H).

Example 225: 1-(tert-butyl)-N-(2-methyl-4-(6-((5,6,7,8-tetrahydro-4H-pyrazolo[1,5-
a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)-1 H-pyrazole-4-carboxamide

=N PR PR
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p 0 0
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1-234
[0624] A solution of 1-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-1H-

pyrazole-4-carboxamide (350 mg, 0.91 mmol) and fert-butyl 2-amino-7,8-dihydro-4H-
pyrazolo[1,5-a][1,4]diazepine-5(6H)-carboxylate (406 mg, 1.2 mmol) in PhCH; (10 mL, 94
mmol) was degassed for 5 min, followed by the addition of 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl (75 mg, 0.18 mmol) and tris(dibenzylideneacetone)dipalladium(0) (83 mg,
0.09 mmol) and sodium tert-butoxide (263 mg, 2.7 mmol), and degassed for another 5 min. The
mixture was heated in a microwave at 100 °C for 1 h, cooled to rt and diluted with EtOAc. The
organic phase was washed with water, separated, dried (Na,SO,), and concentrated in vacuo to

afford a residue. The crude material was purified by prep HPLC (C18-gradient 10 to 90%
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ACN/water with 0.1%TFA), followed by extraction with EtOAc and concentrating in vacuo to
give a light yellow oil (LCMS: RT 1.27 min.; MH+ 600.3). The Boc protected intermediate was
dissolved in 1,4-dioxane (2.0 mL) and treated with a 4 M solution of HCl in 1,4-dioxane (2.0
mL, 8.0 mmol).. The reaction was stirred at rt overnight, concentrated in vacuo to afford a
residue which was then precipitated from dithyl ether, filtered and washed with ether (3 x 5 mL )
to give the title compound as a light yellow solid (289 mg, yield: 59% as HCI salt). LCMS: RT
0.88 min.; MH+ 500.3; 'H NMR (400 MHz, DMSO-d6) : 9.35 (br. s., 2H), 8.74 (s, 1H), 8.51 (t,
J=5.65 Hz, 1H), 8.28 (s, 1H), 7.86 (s, 1H), 7.62 - 7.80 (m, 2H), 7.30 - 7.41 (m, 1H), 4.26 - 4.49
(m, 6H), 3.32 (br. s., 2H), 2.36 (s, 3H), 1.97 (br. s., 2H), 1.47 (s, 9H).

Example 226: 1-(tert-butyl)-N-(4-(6-((5-(2-hydroxyethyl)-5,6,7,8-tetrahydro-4H-
pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-

carboxamide
- -
N . N =~
o] o]
N” N’NqH N” N’NK\N —OH
LAy A Sy A~
H H

1-235

[0625] To a solution of 1-(zert-butyl)-N-(2-methyl-4-(6-((5,6,7,8-tetrahydro-4 H-
pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide
(100 mg, 0.20 mmol) and Et;N (28 uL, 0.20mmol) in 1,2-dichloroethane (2 mL), was added
AcOH (11 uL, 0.20 mmol), [1,4]dioxane-2,5-diol (36 mg, 0.30 mmol) and then sodium
triacetoxyborohydride (84.8 mg, 0.40 mmol). The reaction mixture was stirred at rt for 1 h,
diluted with EtOAc, and washed with saturated aqueous NaHCQOj3 and brine. The organic phase
was dried (MgSQO,), filtered, and concentrated in vacuo to afford the crude product which was
purified by prep HPLC (CH3CN/H,0 with 0.05% TFA as mobile phase) to give the title
compound as a white powder (48 mg, yield: 37% as TFA salt). LCMS: RT 0.87 min.; MH+
544.2; '"H NMR (400 MHz, DMSO-d6) d: 10.38 (br. s., 1H), 10.10 (br. s., 1H), 8.66 - 8.79 (m,
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1H), 8.51 (t, J = 5.65 Hz, 1H), 8.32 (s, 1H), 7.92 (s, 1H), 7.72 - 7.86 (m, 2H), 7.58 (br. 5., 1H),
7.39 (d, ] = 8.03 Hz, 1H), 6.77 (br. ., 1H), 4.26 - 4.83 (m, 6H), 3.40 - 3.86 (m, 4H), 2.98 - 3.22
(m, 2H), 2.41 (s, 3H), 1.97 - 2.24 (m, 2H), 1.42 - 1.65 (m, 9H).

Example 227: 1-(tert-butyl)-N-(2-methyl-4-(6-((S-methyl-5,6,7,8-tetrahydro-4 H-
pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-

carboxamide
T TR
NYQ/N\% Nw/g/”\é
o o
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[0626] To a mixture of 1-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-5,6,7,8-tetrahydro-

4H-pyrazolo[1,5-a][1,4]diazepin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-
carboxamide hydrochloride (150 mg, 0.28 mmol) and Et;N (39 uL, 0.28 mmol) in 1,2-
dichloroethane (4.0 mL) was added formaldehyde (0.75 mL, 27 mmol) and AcOH (16 uL, 0.28
mmol). The mixture was stirred at rt for 10 min, followed by the addition of sodium
triacetoxyborohydride (119 mg, 0.56 mmol). The mixture was stirred at rt for 1 h, and
concentrated in vacuo to afford the crude material which was purified by prep HPLC
(CH3CN/H;0 with 0.05% TFA as mobile phase) to give desired product as a light yellow
powder (98 mg, yield: 57% as TFA salt). LCMS: RT 0.80 min.; MH+ 514.2; "H NMR (400
MHz, DMSO-d6) é: 10.40 (br. s., 1H), 10.27 (br. s., 1H), 8.73 (s, 1H), 8.51 (t, J = 5.65 Hz, 1H),
8.32 (s, 1H), 7.92 (s, 1H), 7.72 - 7.85 (m, 2H), 7.39 (d, J = 8.03 Hz, 1H), 6.75 (br. s., 1H), 4.29 -
4.76 (m, 6H), 3.39 - 3.72 (m, 2H), 2.82 (s, 3H), 2.41 (s, 3H), 2.16 (br. s., 1H), 1.99 (br. s., 1H),
1.53 (s, 9H).

Example 228: 1-(tert-butyl)-N-(4-(6-((6,7-dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-
yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide
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[0627] To a solution of 1-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-

1H-pyrazole-4-carboxamide ¢ (85 mg, 0.22 mmol) and 6,7-dihydro-4H-pyrazolo[5,1-
c][1,4]oxazin-2-amine (62 mg, 0.44 mmol) in 2-butanol (5.0 mL) was added a solution of 4 M
HCl in 1,4-dioxane (0.10 mL, 0.40 mmol) and heated at 50 °C overnight. The reaction was
cooled to rt, diluted with EtOAc, and washed with water. The organic layer was separated, dried
(Na,S04), and concentrated in vacuo to afford a residue which was purified by prep HPLC
(CH3CN/H,0 with 0.05% TFA as mobile phase) to give the title compound as light yellow
powder (36 mg, yield: 28% as TFA salt). RT 1.04 min.; MH+ 487.2; '"H NMR (400 MHz,
DMSO-d6) 6: 10.59 (br. s., 1H), 8.76 (s, 1H), 8.50 (t, J = 5.65 Hz, 1H), 8.32 (d, J = 0.75 Hz,
1H), 7.92 (d, J = 0.50 Hz, 1H), 7.58 - 7.81 (m, 3H), 7.40 (d, J = 8.03 Hz, 1H), 6.29 (br. s., 1H),
4.68 - 4.86 (m, 2H), 4.46 (d, J = 5.52 Hz, 2H), 3.97 - 4.12 (m, 4H), 2.41 (s, 3H), 1.42 - 1.62 (m,
9H).

Example 229: 3-Ethyl-/V-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
y)benzyl)azetidine-1-carboxamide
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[0628] To a solution of N,N-carbonyldiimidazole (49 mg, 0.30 mmol) in DMF (4.0 mL)
was added 4-(4-(aminomethyl)-3-methylphenyl)-N-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-
amine hydrochloride (100 mg, 0.30 mmol) and Et;N (0.13 mL, 0.91 mmol). The mixture was
stirred at 35 °C for 2 h, followed by the addition of 3-cthylazetidine hydrochloride (55 mg, 0.45
mmol), and then stirred at rt overnight. The mixture was diluted with EtOAc and washed with
brine. The organic phase was separated, dried and concentrated in vacuo to afford the crude
which was purified by prep HPLC (CH3CN/H,O with 0.05% TFA as mobile phase) to give the
title compound as a yellow powder (114 mg, yield: 76% as TFA salt). LCMS: RT 1.12 min.;
MH+ 406.2; '"H NMR (400 MHz, DMSO-d6) : 9.54 (s, 1H), 8.45 (d, J = 5.27 Hz, 1H), 7.93 (d,
J=2.01 Hz, 3H), 7.56 (br. s., 1H), 7.36 (d, J = 8.03 Hz, 1H), 7.27 (d, J = 5.27 Hz, 1H), 6.75 (br.
s., 1H), 4.23 (d, J =4.02 Hz, 2H), 3.91 (t, J = 7.91 Hz, 2H), 3.83 (s, 3H), 3.45 (dd, J = 5.65, 7.91
Hz, 2H), 2.28 - 2.46 (m, 4H), 1.54 (quin, J = 7.34 Hz, 2H), 0.83 (t, J = 7.28 Hz, 3H).

Example 230: 3-(tert-butoxy)-/N-(2-methyl-4-(6-((5-methyl-6-0x0-4,5,6,7-
tetrahydropyrazolo-[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-
carboxamide

NHBoc NH»
HCI
—_— O
I /
kN/ cl KN N
H
1-239

1. Synthesis of 2-((6-(4-(aminomethyl)-3-methylphenyl)pyrimidin-4-yl)amino)-5-methyl-4,5-
dihydro-pyrazolo[1,5-a]pyrazin-6(7H)-one hydrochloride

[0629] To a solution of tert-butyl 4-(6-chloropyrimidin-4-yl)-2-methylbenzylcarbamate
(200 mg, 0.60 mmol) and 2-amino-5-methyl-4,5-dihydro-pyrazolo[1,5-a]pyrazin-6-one (149 mg,
0.9 mmol) in 2-butanol (6.0 mL) was added a solution of 4 M HCl in 1,4-dioxane (0.4 mL, 1.5
mmol) and water (1.0 mL). The mixture was heated at 50 °C for 12 h, cooled to rt and
concentrated in vacuo to afford a residue which was dissolved in EtOAc and washed with

aqueous NaHCOj; and water. The organic phase was separated, dried (Na,SO4) and concentrated
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in vacuo. The crude material was diluted with diethyl ether and treated with a 4 M solution of
HCl in 1,4-dioxane (2.0 mL, 8.0 mmol). The reaction was stirred at rt for 4 h to afford a solid
which was filtered and washed with diethyl ether to give the title compound as a light yellow
powder (145mg, 60% yield: as HCI salt), which was used in the next step without further
purifications. LCMS: RT 0.33 min.; MH+ 364.1.

2.8ynthesis of 3-(tert-butoxy)-N-(2-methyl-4-(6-((5-methyl-6-0x0-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)azetidine-1-carboxamide

o

NHZHC| H\”/N/j/ \’<
o) . ° 5

N | Di/{N_ NZ N/N/_<N—
KN / N | U_/

N
H

[0630] To a solution of CDI (14 mg, 0.08 mmol) in DMF (2.0 mLI) was added 2-[6-(4-
aminomethyl-3-methyl-phenyl)-pyrimidin-4-ylamino]-5-methyl-6,7-dihydro-5H-pyrazolo[1,5-
a]pyrazin-4-one (30 mg, 0.08 mmoll) and triecthylamine (0.03 mL, 0.24 mmol). The mixture was
stirred at 35 °C for 1 h, followed by the addition of 3-(zert-butoxy)azetidine hydrochloride (20
mg, 0.12 mmol). The reaction mixture was stirred at rt for 12 h, diluted with MeOH, and
filtered. The filtrate was concentrated in vacuo to afford the crude produce which was purified
by prep HPLC (CH3CN/H,0 with 0.05% TFA as mobile phase) to give the title compound as an
off white powder (12 mg, 25% yield:). LCMS: RT 1.00 min.; MH+ 519.2; "H NMR (400 MHz,
CD;0OD) 6. 8.84 (s, 1H), 7.60 - 8.01 (m, 3H), 7.51 (d, J = 7.78 Hz, 1H), 7.10 (br. s., 1H), 4.52 -
4.65 (m, 1H), 4.40 (s, 4H), 4.10 - 4.26 (m, 2H), 3.84 - 3.94 (m, 2H), 3.72 - 3.83 (m, 2H), 3.15 (s,
3H), 2.46 (s, 3H), 1.20 (s, 9H).

Example 231: 1-(fert-butyl)-N-(2-chloro-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-a|-
pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)-1H-pyrazole-4-carboxamide
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[0631] A mixture of 1-tert-butyl-1H-pyrazole-4-carboxylic acid (45 mg, 0.27 mmol)

HATU (113 mg, 0.30 mmol), and DIEA (0.10 mL, 0.54 mmol) in DMF (4.0 mL) was stirred at rt
for 5 min, followed by the addition of [6-(4-aminomethyl-3-chloro-phenyl)-pyrimidin-4-yl]-(5-
methyl-4,5,6,7-tetrahydro-pyrazolo[1,5-a]pyrazin-2-yl)-amine (100 mg, 0.27 mmol), and the
mixture was stirred at rt overnight. The reaction mixture was then diluted with EtOAc
andwashed with water. The organic phase was separated, dried (Na,SO,) and concentrated in
vacuo. The crude was purified by silica gel chromatography (EtOAc/heptane gradient) to give
the title compound as a white powder (32 mg, yield: 22%). LCMS: RT 0.87 min.; MH+ 520.2;
'H NMR (400 MHz, DMSO-d6/CD;0D) d: 9.97 (s, 1H), 8.56 - 8.74 (m, 2H), 8.31 (s, 1H), 8.05
(d,J=1.51Hz, 1H), 7.84 - 7.97 (m, 2H), 7.61 (br. s., 1H), 7.48 (d, J = 8.03 Hz, 1H), 6.23 (br. s.,
1H), 4.47 - 4.59 (m, 2H), 3.99 (t, ] = 5.27 Hz, 2H), 3.65 - 3.72 (m, 2H), 2.82 (t, ] = 5.52 Hz, 2H),
2.36 (s, 3H), 1.52 (s, 9H).

Example 232: 1-(tert-butyl)-N-(4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrazin-2-
y)amino)pyrimidin-4-yl)-2-(trifluoromethyl)benzyl)-1 H-pyrazole-4-carboxamide
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F
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[0632] A mixture of 1-tert-butyl-1H-pyrazole-4-carboxylic acid (63 mg, 0.37 mmol),

HATU (156 mg, 0.41 mmol) and DIEA (0.13 mL, 0.74 mmol) in DMF (6.0 mL) was stirred at rt
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for 5 min, followed by the addition of [6-(4-aminomethyl-3-trifluoromethyl-phenyl)-pyrimidin-
4-yl]-(5-methyl-4,5,6,7-tetrahydro-pyrazolo[1,5-a]pyrazin-2-yl)-amine (150 mg, 0.37 mmol).
The solution was stirred at rt overnight, diluted with EtOAc, washed with water, and the organic
phase was separated, dried (Na,SO4) and concentrated in vacuo to afford the crude material
which was purified by silica gel chromatography(EtOAc/heptane gradient) to give the title
compound as a white powder (106 mg, 52% yield:). LCMS: RT 0.96 min.; MH+ 554.2; 'H
NMR (400 MHz, CD;0D) é: 8.61 - 8.70 (m, 1H), 8.36 (s, 1H), 8.29 (s, 1H), 8.18 (d, J = 8.28
Hz, 1H), 7.99 (s, 1H), 7.58 - 7.74 (m, 2H), 6.25 (br. s., 1H), 4.80 (s, 2H), 4.12 (t, J = 5.65 Hz,
2H), 3.68 (s, 2H), 2.98 (t, J = 5.65 Hz, 2H), 2.51 (s, 3H), 1.62 (s, 9H).

Example 233: 1-(tert-butyl)-N-(4-(6-((5,5-dioxido-6,7-dihydro-4 H-pyrazolo|5,1-
c][1,4]thiazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1H-pyrazole-4-carboxamide

H =N
A=
O

NZ N—N S\fo
KN | N/L)_/ °
H
1-242

1. Synthesis of (3-nitropyrazol-5-yl)methanol

H H
OZNQ ON— Ny
\ - \
CO,H \<_<CH20H
[0633] To a solution of 3-nitropyrazol-5-carboxylic acid (17 g, 110 mmol) in THF (200

mL) was slowly added a solution of borane-THF complex (1.0M in THF, 200 mL) at 0 °C under
an atmosphere of nitrogen. The mixture was then stirred at rt for 20 hrs, cooled to 0 °C, and
water (40 mL) and 4N HCI (40 mL) was slowly added and the mixture was stirred at reflux for 1

h. The mixture was cooled, was concentrated in vacuo, and extracted with ethyl acetate (4 X 100
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mL). The organic phase washed with aqueous NaHCOj; and brine, separated, dried (MgSQ.),
filtered, and concentrated in vacuo to afford (3-nitropyrazol-5-yl)methanol (10 g, yield: 64%).

2. Synthesis of (1-(2-bromoethyl)-3-nitro-1H-pyrazol-5-yl)methanol

J

CH,OH

Br

ZT

OzNM e OZN\</N_‘Z]
CH,OH

[0634] A mixture of (3-nitropyrazol-5-yl) MeOH (10 g, 0.07 mol) and cesium carbonate
(35 g, 0.11mol) in DMF (100 m)l was heated at 100 °C for 5 min and cooled to rt, followed by
the addition of dibromoethane (13 g, 0.07 mol). The mixture was stirred at rt for 6 h, poured into
ice water, to which aqueous citric acid was added to adjust the pH = 7. The product was
extracted with EtOAc, washed with water and brine, and the organic layer was separated, dried
(MgS0y), filtered and concentrated in vacuo. The crude was purified by column chromatography

to afford (1-(2-bromoethyl)-3-nitro-1H-pyrazol-5-yl)methanol (6 g, yield: 34%).

3. Synthesis of S-(2-(5-(hydroxymethyl)-3-nitro-1H-pyrazol-1-yl)ethyl) ethanethioate
Br SAc

-l wl
OzN\d ozNﬁ

CH,OH CH,OH

[0635] To a solution of (1-bromoethyl-3-nitropyrazol-5-yl) methanol (5.5 g, 22 mmol) in
DMF (50 ml) was added potassium thioacetate (5.0 g, 44 mmol). The resulting mixture was
stirred at 60 °C for 4 hr. The solvent was reduced to afford a residue which was diluted with
DCM and water. The organic layer was separated, washed with brine, dried (MgS0O,), filtered
and concentrated in vacuo. The crude was purified by column (DCM/CH3;0H=98/2 as eluent) to
afford S-(2-(5-(hydroxymethyl)-3-nitro-1H-pyrazol-1-yl)ethyl) ethanethioate (4 g, yield: 74%).

4. Synthesis of S-(2-(5-(hydroxymethyl)-3-nitro-1H-pyrazol-1-yl)ethyl) ethanethioate
SAc SAc

o )
ozN\</NL 02N\</Z

CHon CH20MS

[0636] A solution of S-(2-(5-(hydroxymethyl)-3-nitro-1H-pyrazol-1-yl)ethyl)
ethanethioate (4.0 g, 16.4 mmol) in CH,Cl, (50 mL) was cooled to 0 °C. Et:N (2.5 g, 25 mmol)
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was added, follow by methanesulfonic chloride (2.2 g, 19.2 mmol). The mixture was stirred at 0
°C for 3 hours and washed with aqueous NaHCQ;. The organic layer was separated, dried over
MgSQs,, filtered and concentrated. The crude was purified by column (DCM/CH3;OH=99/1 as
cluent) to give S-(2-(5-(((methylsulfonyl)oxy)methyl)-3-nitro-1H-pyrazol-1-yl)ethyl) ethane-
thioate (4.2g, yield: 79%).

5. Synthesis of 2-nitro-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine

SAc

N-N
CH,OMs
[0637] To a solution of S-(2-(5-(((methylsulfonyl)oxy)methyl)-3-nitro-1H-pyrazol-1-

yl)ethyl) ethanethiolate (4.2 g, 13 mmol) in CH30H (60 mL) was added LiOH (0.62 g, 26
mmol). The mixture was stirred at rt for 6 hr. The solvent was reduced and the residue was
diluted with CH,Cl, and water. The organic layer was separated, washed with brine, then dried
(MgSO0,), filtered and concentrated in vacuo to afford the crude which was purified by column
(CH,Cl, as eluent) to give 2-nitro-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine (2.0 g, yield:
83%).

6. Synthesis of 2-nitro-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine 5,5-dioxide

N
N~ N
N ON ; /\
o

[0638] To a solution of 2-nitro-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine (1.3 g, 7
mmol) in CH30H (150 mL) was added a solution of oxone (12 g) in water (150 mL). The
reaction was stirred at rt for 8 hr.  The solvent was reduced and the resulting aqueous mixture
was extracted with CH,Cl,. The organic layer was separated, dried (MgSO,), filtered and
concentrated in vacuo to afford the crude 2-nitro-6,7-dihydro-4 H-pyrazolo[5,1-c][ 1,4 ]thiazine

5,5-dioxide (1.5 g) which was used in the next step without further purifications.

7. Synthesis of 2-amino-6,7-dihydro-4H-pyrazolo[5,1-c][1,4]thiazine

N N
N/\ N/\
O,N— H,N—
2 _%s\\:o —_— 2 _ka/s\\zo
o o}
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[0639] A 500 ml hydrogenation flask was charged with 2-nitro-6,7-dihydro-4H-
pyrazolo[5,1-c][1,4]thiazine 5,5-dioxide (1.2 g, 5.5 mmol), CH3;0H (200 ml) and 10% palladium
on carbon (50% wet, 400 mg). The flask was placed under an atmosphere of hydrogen to
pressure 35 psi and stirred at rt for 1 h. The mixture was filtrated through a pad of celite and
washed with MeOH. The filtrate was concentrated in vacuo to afford 2-amino-6,7-dihydro-4 H-
pyrazolo[5,1-c][1,4]thiazine 5,5-dioxide (700 mg, yield: 68%). MH+ 188.0; 'H NMR (400 MHz,
DMSO-ds) 6: 5.44 (s, 1H), 4.53 (s, 2H), 4.24 (t,J = 6.02 Hz, 2H), 3.70 (t, /= 5.90 Hz, 2H).

8. Synthesis of 1-(tert-butyl)-N-(4-(6-((5,5-dioxido-6,7-dihydro-4H-pyrazolo[5,1-
c/[1,4]thiazin-2-yl)amino)pyrimidin-4-yl)-2-methylbenzyl)-1 H-pyrazole-4-carboxamide

X
° N7 NN s
NZ - Yo
L] LA™
N~ Cl N
[0640] A mixture of 1-(tert-butyl)-N-(4-(6-chloropyrimidin-4-yl)-2-methylbenzyl)-1H-

pyrazole-4-carboxamide (100 mg, 0.26 mmol), 2-amino-6,7-dihydro-4H-pyrazolo[5,1-
c][1,4]thiazine 5,5-dioxide (98 mg, 0.52 mmol) and 4 M solution of HCl in 1,4-dioxane (0.07
mL, 0.26 mmol) in 2-butanol (2.0 mL) and water (2.0 mL) was heated at 50 °C for 12 h. The
reaction was then cooled to rt, diluted with EtOAc and washed with water. The organic layer
was separated, dried (Na,S0O4), and concentrated in vacuo to afford the crude which was purified
by silica gel chromatography (DCM + 1% to 10% 2M NH3;/MeOH) to give the title compound as
yellow powder (88 mg, yield: 62%). LCMS: RT 0.99 min.; MH+ 535.2; 'H NMR (400 MHz,
DMSO-d6) 6: 10.11 (s, 1H), 8.67 (d, J = 0.50 Hz, 1H), 8.46 (t, J = 5.65 Hz, 1H), 8.32 (s, 1H),
7.92 (s, 1H), 7.73 - 7.88 (m, 2H), 7.62 (br. s., 1H), 7.37 (d, J = 8.03 Hz, 1H), 6.45 (br. s., 1H),
4.72 (s, 2H), 4.37 - 4.58 (m, 4H), 3.82 (t, J = 5.65 Hz, 2H), 2.40 (s, 3H), 1.53 (s, 9H).

Example 234: (S)-3-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)pyrrolidine-1-
carboxamide and (R)-3-(fert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-
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tetrahydropyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)pyrrolidine-1-
carboxamide

HTM A HTD ---- X

0 0 0
| | |
KN N~ KN N~ KN N~
H H H
1-244 1-245
[0641] 3-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydropyrazolo[1,5-

alpyrazin-2-yl)amino)-pyrimidin-4-yl)benzyl)pyrrolidine-1-carboxamide) (6.7 g, 9.2 mmol) was
separated by chiral column. The following SFC method was used: AS-H (2 x 25 cm) 30%
ACN:ethanol/CO;, 100 bar; 60 mL/min, 220 nm.; inj vol.: 2 mL, 20 mg/mL DCM:CH;OH (1%
DEA). Two isomers were obtained: 2.7 g of (S)-3-(tert-butyl)-N-(2-methyl-4-(6-((5-methyl-
4,5,6,7-tetrahydropyrazolo[1,5-a]-pyrazin-2-yl)amino)pyrimidin-4-yl)benzyl)pyrrolidine-1-
carboxamide (chemical purity >99%, ee >99%). LCMS: RT 1.04 min.; MH+ 503.2; 'H NMR
(400 MHz, CDs0D) J: 8.85 (br. s., 1H), 8.36 (s, 1H), 7.63 - 7.75 (m, 2H), 7.54 (d, J = 8.03 Hz,
1H), 7.24 (s, 1H), 6.96 (s, 1H), 6.15 - 6.37 (m, 1H), 4.36 - 4.77 (m, 6H), 3.95 (br. s., 2H), 3.53 -
3.63 (m, 1H), 3.43 - 3.52 (m, 1H), 3.06 - 3.19 (m, 4H), 2.41 - 2.53 (m, 3H), 2.06 - 2.20 (m, 1H),
1.88 -2.00 (m, 1H), 1.63 - 1.80 (m, 2H), 0.77 - 1.08 (m, 9H); and 2.3 g of (R)-3-(tert-butyl)-N-
(2-methyl-4-(6-((5-methyl-4,5,6,7-tetrahydro-pyrazolo[1,5-a]pyrazin-2-yl)amino)pyrimidin-4-
yl)benzyl)pyrrolidine-1-carboxamide (chemical purity >99%, ee >99%). LCMS: RT 1.03 min.;
MH+ 503.2; 'H NMR (400 MHz, METHANOL-d4) J: 8.85 (br. s., 1H), 8.36 (s, 1H), 7.62 - 7.77
(m, 2H), 7.54 (d, J =7.78 Hz, 1H), 7.25 (br. s., 1H), 6.98 (br. s., 1H), 6.26 (s, 1H), 4.44 (d, J =
5.77 Hz, 5H), 3.83 - 4.05 (m, 2H), 3.53 - 3.64 (m, 1H), 3.43 - 3.53 (m, 1H), 3.16 (s, 4H), 2.48 (s,
3H), 2.23 - 2.40 (m, 1H), 2.06 - 2.19 (m, 1H), 1.88 - 2.01 (m, 1H), 1.63 - 1.80 (m, 2H), 0.76 -
1.09 (m, 9H). The chiral center was confirmed by VCD study.

Example 235: 1-(tert-butyl)-N-(4-(2-((1-ethyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-2-
methylbenzyl)-1H-pyrazole-4-carboxamide
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N H =N
s o
N =

O N ©
S~
SN

HoN

> = N /N\
S SWS
N NTN
N® °CI H
1-247
[0642] A mixture of 1-tert-Butyl-1H-pyrazole-4-carboxylic acid 4-(6-chloro-pyrimidin-

4-yl)-2-methyl-benzylamide (215 mg, 0.560 mmol) and 1-Ethyl-1H-pyrazol-4-ylamine (80.9 mg,
0.73 mmol) in PhCH3 (6.7 mL, 63 mmol) was degassed for 5 min, 2-Dicyclohexylphosphino-
2',6'-dimethoxybiphenyl (45.98 mg, 0.112 mmol) and tris(dibenzylideneacetone)dipalladium(0)
(51.3 mg, 0.056 mmol) and sodium tert-butoxide (161.5 mg, 1.68 mmol) were then added,
degassed for another 5 min, and the reaction was heated in a microwave at 100 °C overnight. The
reaction was then cooled to rt, diluted with EtOAc, and washed with water. The organic layer
was separated, dried (Na,S0O4), and concentrated in vacuo to afford the crude which was purified
by prep HPLC (CH3CN/H,0 with 0.05% TFA as mobile phase) to give the desired product as
yellow powder. 'H NMR (400 MHz, CD;0D) ¢: ppm 8.21 - 8.34 (m, 2 H) 7.97 (m, J=6.80 Hz, 4
H) 7.69 (s, 1 H) 7.42 (t, J=7.80 Hz, 2 H) 4.58 (s, 2 H) 4.19 (dd, J=8.03, 7.28 Hz, 2 H) 3.35 (s, 2
H) 2.43 (s,3 H) 1.60 (s, 9 H) 1.48 (t, J=7.28 Hz, 3 H).

Example 236: 3-(tert-butoxy)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-yl)azetidine-1-carboxamide

O
HN H\[.!/N/j/ \¢/
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1-248

1. Synthesis of N-(3-bromophenethyl)-4-methylbenzenesulfonamide

HoN TsCl (1.15eq) HN
> TS/
TEA (2.0 eq)

Br DCM,rt,2h B

[0643] To a mixture of 2-(3-bromophenyl)ethanamine (2 g, 10 mmol) in CH,Cl, (10
mL), TEA (2.02 g, 20 mmol) and TsCI (2.18 g, 11.5 mmol) were added at 0 °C. The mixture was
stirred at rt for 2 h, diluted with NaOH (1IN, 100 mL) and extracted with CH,Cl; (100 mL). The
organic layer was washed with water (100 mL), brine (100 mL), dried (Na,SO,) and
concentrated in vacuo to give N-(3-bromophenethyl)-4-methylbenzenesulfonamide (3.5 g, yield:
100%) as a yellow oil. ESI-MS (M+H) *: 354.0. '"H NMR (400 MHz, CDCl3) d: 7.69 (d, J= 8.0
Hz, 2H), 7.34 (d, /= 8.4 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.17 (t, /= 1.6 Hz, 1H), 7.13 (t, J =
8.0 Hz, 1H), 7.03-7.02 (m, 1H), 4.52 (t,J = 6.0 Hz, 1H), 3.22-3.17 (m, 2H), 2.73 (t,J= 6.8 Hz,
2H), 2.45 (s, 3H).

2. Synthesis of ethyl 2-(N-(3-bromophenethyl)-4-methylphenylsulfonamido)acetate

0O

A O
Hko ?—OE’(
Br
HN (1.1eq)
TS/ - /N
K,CO; (7.0 eq) Ts
acetone, reflux, 12 h

Br Br

[0644] To a mixture of N-(3-bromophenethyl)-4-methylbenzenesulfonamide (7.2 g, 20
mmol) in (CH3),CO (80 mL), K,COs (19.3 g, 140 mmol) and ethyl 2-bromoacetate (3.67 g, 22
mmol) were added. The mixture was stirred at 60 °C for 12 h, cooled to rt and the salt was
filtered out. The resulting filtrate was concentrated in vacuo to give ethyl 2-(N-(3-
bromophenethyl)-4-methylphenylsulfonamido)acetate (8.78 g, yield: 100%) as a yellow oil. ESI-
MS (M+H) *: 440.0. '"H NMR (400 MHz, CDCls) 6: 7.70 (d, J = 8.4 Hz, 2H), 7.34 (d, /= 8.4 Hz,
1H), 7.28 (d, J= 8.0 Hz, 2H), 7.14 (t,J = 7.6 Hz, 1H), 7.10-7.08 (m, 2H), 4.08 (q, /= 7.6 Hz,
2H), 3.98 (s, 2H), 3.44 (t,J = 7.6 Hz, 2H), 2.85 (t, /= 7.2 Hz, 2H), 2.42 (s, 3H), 1.19 (t,/=7.2
Hz, 3H).
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3. Synthesis of 2-(N-(3-bromophenethyl)-4-methylphenylsulfonamido)acetic acid

0

zloa Q
OH
N NaOH (2.0 eq) ?;
/ > N
Ts 1@ EtOH/H,O T
i, 12 h

Br
Br

[0645] To a solution of ethyl 2-(N-(3-bromophenethyl)-4-
methylphenylsulfonamido)acetate (8.78 mg, 20 mmol) in EtOH (40 mL) and H,O (40 mL) was
added NaOH (1.6 g, 40 mmol). The reaction mixture was stirred at rt for 12 h. Then the solvent
was reduced and the residue was adjusted to pH = 3 with HCI (1 N). The mixture was extracted
with EtOAc (100 mL x 3). The organic layers were dried over (Na;SO4) and concentrated in
vacuo to give 2-(N-(3-bromophenethyl)-4-methylphenylsulfonamido)acetic acid as a yellow
solid (8.2 g, yield: 100%). ESI-MS (M+H) ": 412.0. "H NMR (400 MHz, CDCL3) : 7.69 (d, J =
8.0 Hz, 2H), 7.34 (d,J=7.6 Hz, 1H), 7.29 (d, /= 8.4 Hz, 2H), 7.22 (s, 1H), 7.14 (t,J = 8.0 Hz,
1H), 7.08-7.06 (m, 1H), 4.00 (s, 2H), 3.45 (t,.J = 7.6 Hz, 2H), 2.83 (t, /= 7.6 Hz, 2H), 2.42 (s,
3H).

4. Synthesis of 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-one
O
OH O
1) SOCI, (5.0 eq), DMF(cat.), DCM, 40 °C, 1 h
N ~ Ts—N
.y 1@ 2) AlCI; (4.0 eq), DCM, 0 °C, 1 h ar

Br

[0646] To a solution of 2-(N-(3-bromophencthyl)-4-methylphenylsulfonamido)acetic
acid (8.2 g, 20 mmol) in CH,Cl; (100 mL) was added SOCI; (11.9 g, 100 mmol) and DMF (cat.).
The reaction mixture was stirred at 40 °C for 1 h. Then the solvent was removed under reduced
pressure and dried in vacuo for 2 h. The residue was dissolved in CH,Cl, (100 mL) and cooled in
an ice bath. AICl; (10.56 g, 80 mmol) was added and the mixture was stirred at 0 °C-rt for 12 h.
The mixture was poured into conc. HCI (20 mL) and extracted with EtOAc (100 mL x 2). The
organic layers were washed with water (100 mL), brine (100 mL), dried (Na,SOy4), and

concentrated in vacuo to afford a residue which was purified by silica gel column (petroleum
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ether : EtOAc =4 : 1) to give 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-one as a
yellow solid (1.88 g, yield: 24%). ESI-MS (M+H) : 394.1. "H NMR (400 MHz, CDCl3) §: 7.42
(d,J=8.4 Hz, 2H), 7.38 (dd, /= 8.4, 1.6 Hz, 1H), 7.31-7.29 (m, 2H), 7.14 (d, J = 8.0 Hz, 2H),
4.21 (s, 2H), 3.68 (t, J= 6.8 Hz, 2H), 2.93 (t, /= 7.2 Hz, 2H), 2.39 (s, 3H).

5. Synthesis of 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo/d]azepin-1-amine

Ts,
o NH,OAc (20.0 eq), N NH;
NaBH3CN (5.0 eq)
Ts—N o
Br i-PrOH, 80°C, 12 h
Br
[0647] Synthesis of 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-amine was

similar to that of Example 180. The residue was purified by silica gel column (CH,Cl, : MeOH
=20 : 1) to give 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-amine as a yellow
solid (154 mg, yield: 64%). ESI-MS (M+H) ": 395.1. "H NMR (400 MHz, CDCls) d: 7.66 (d, J =
8.4 Hz, 2H), 7.37 (d, J=8.4 Hz, 2H), 7.31 (dd, /= 8.4, 1.6 Hz, 1H), 7.27 (d, /= 1.6 Hz, 1H),
7.18 (d,J=8.4 Hz, 1H), 4.12-4.40 (m, 1H), 3.42-3.36 (m, 2H), 3.19-3.12 (m, 2H), 2.96-2.89 (m,
2H), 2.41 (s, 3H).

6. Synthesis of 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-amine

Ts,
N NH, HN NH,
33% HBr/HOAc ® 2HBr
70°C,12h
Br Br
[0648] A mixture of 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-amine (1.2

g, 3.04 mmol) in HBr/HOAc (33%, 20 mL) was stirred at 70 °C for 12 h. After cooling down, the
mixture was diluted with EtOAc (60 mL) and the resulting precipitate was filtered and dried
under vacuum to give 7-bromo-3-tosyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-amine (870 mg,
yield: 71%) as a white solid. ESI-MS (M+H)": 241.1. "H NMR (400 MHz, CDCls) 6: 7.65-7.63
(m, 2H), 7.25 (d, /= 8.8 Hz, 1H), 5.17-5.14 (m, 1H), 3.84-3.80 (m, 1H), 3.69-3.65 (m, 1H),
3.44-3.40 (m, 2H), 3.27-3.14 (m, 2H).
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7. Synthesis of tert-butyl 1-amino-7-bromo-4,5-dihydro-1H-benzo[d]azepine-3(2H)-
carboxylate

Boc,
NH N NH,
HN 2 Boc,O (1.0 eq), TEA (3.0 eq)
® 2HBr DCM, rt, 2 h
Br
Br
[0649] To a mixture of 7-bromo-3-tosyl-2,3.4,5-tetrahydro-1H-benzo[d]azepin-1-amine

(680 mg, 1.7 mmol) and TEA (515 mg, 5.1 mmol) in CH,Cl; (10 mL), Boc,O (333 mg, 1.0
mmol) was added. The mixture was stirred at rt for 2 h. After diluting with CH,Cl, (100 mL), the
organic layer was washed with water (30 mL) and brine (30 mL), dried (Na,SOy), filtered and
concentrated in vacuo to give tert-butyl 1-amino-7-bromo-4,5-dihydro-1H-benzo[d]azepine-
3(2H)-carboxylate (450 mg, yield: 77%) as a yellow oil. ESI-MS (M+H) ": 341.0. "H NMR (400
MHz, CDCls) é: 7.31 (d, J = 8.0 Hz, 1H), 7.26 (s, 1H), 7.19-7.11 (m, 1H), 4.17-4.10 (m, 1H),
3.83-3.66 (m, 2H), 3.48-3.45 (m, 1H), 3.37-3.14 (m, 2H), 2.78-2.73 (m, 1H), 1.47 (s, 9H).

8. Synthesis of tert-butyl 7-bromo-1-(3-(tert-butoxy)azetidine-1-carboxamido)-4,5-dihydro-
1H-benzo[d]azepine-3(2H)-carboxylate

o
Boc, HCI o HN/j \~/ Boc, H /j O\~/
N—~_N.__N
L

(1.0 eq)

-
-

CDI (1.0 eq), DIPEA (2.0 eq)
DMF, rt, 2 h

Br Br
[0650] To a mixture of fert-butyl 1-amino-7-bromo-4,5-dihydro-1H-benzo[d]azepine-
3(2H)-carboxylate (300 mg, 0.88 mmol) in DMF (4 mL), CDI (142 mg, 0.88 mmol) and DIPEA
(227 mg, 1.76 mmol) was added. The mixture was stirred at rt for 1 h before 3-(tert-
butoxy)azetidine HCI (145 mg, 0.88 mmol) was added and the solution was stirred at rt for
another 4 h. The mixture was purified by prep-HPLC (MeCN/water with 0.05% NH4sHCO;
mobile phase) to give tert-butyl 7-bromo-1-(3-(tert-butoxy)azetidine-1-carboxamido)-4,5-
dihydro-1H-benzo[d]azepine-3(2H)-carboxylate (300 mg, yield: 69%) as a white solid. ESI-MS
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(M+H)': 496.2. '"H NMR (400 MHz, CD;0D) §: 7.37-7.34 (m, 2H), 7.19 (d, J = 8.0 Hz, 1H),
5.04 (t,J= 6.4 Hz, 1H), 4.60-4.51 (m, 1H), 4.18-4.12 (m, 2H), 3.78-3.75 (m, 2H), 3.67-3.55 (m,
4H), 3.17-2.91 (m, 2H), 1.42-1.36 (m, 9H), 1.19 (s, 9H).

9. Synthesis of tert-butyl 1-(3-(tert-butoxy)azetidine-1-carboxamido)-7-(2-((1-methyl-1H-
pyrazol-4-yl)amino)pyrimidin-4-yl)-4,5-dihydro-1H-benzo[d]azepine-3(2H)-carboxylate

O\{/
Boc
H
\
Boc, /j \</ N N\n/N/j
N N 1) PinB-BPin (1.0 eq), Pd(dppf)Cl, (0.1 eq) 0
KOAc (3.0 eq), dioxane, 100 °C, 2 h

2) Pd(dppf)Cl, (0.1 eq)
K,COs (1.5 eq), dioxane, 100 °C, 12 h N

5eq), : : =N
) ciN =N | N/)\H/L/N\
@k Lo~
N N (1.0 eq)

[0651] Synthesis of fert-butyl 1-(3-(tert-butoxy)azetidine-1-carboxamido)-7-(2-((1-
methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-4,5-dihydro-1H-benzo[d]azepine-3(2H)-
carboxylate was similar to that of Example 157. The mixture was concentrated and purified by
silica gel column (CH,Cl, : MeOH =40 : 1) to give fert-butyl 1-(3-(tert-butoxy)azetidine-1-
carboxamido)-7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-4,5-dihydro-1H-
benzo[d]azepine-3(2H)-carboxylate (200 mg, yield: 56%) as a yellow solid. ESI-MS (M+H) '
591.3. '"H NMR (400 MHz, CD;0D) §: 8.40 (d, /= 5.2 Hz, 1H), 7.99-7.97 (m, 2H), 7.94 (s,
1H), 7.64 (s, 1H), 7.43 (d, /= 8.0 Hz, 1H), 7.21 (d, /= 5.2 Hz, 1H), 5.16 (t, / =5.6 Hz, 1H),
4.61-4.54 (m, 1H), 4.21-4.15 (m, 2H), 3.89 (s, 3H), 3.81-3.62 (m, 6H), 3.28-3.03 (m, 2H), 1.43-
1.34 (m, 9H), 1.20 (s, 9H).

10. Synthesis of 3-(tert-butoxy)-N-(7-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)-
2,3,4,5-tetrahydro-1H-benzold]azepin-1-yl)azetidine-1-carboxamide
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T

o

@] (@]
BOC‘N § N/j \{/ HN § N/j \{/
(@]
SOCl, (10.0 eq), MeOH, rt, 1 h
~N /N\ <N /N\
| N/)\NL/N\ | /)\NL/N\

N
H H

[0652] Synthesis of 3-(fert-butoxy)-N-(7-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-yl)azetidine- 1 -carboxamide
was similar to that of Example 180. The residue was purified by silica gel chromatography
(CH,CI; : MeOH =10 : 1) to give 3-(tert-butoxy)-N-(7-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)-2,3,4,5-tetrahydro-1H-benzo[d]azepin-1-yl)azetidine-1-carboxamide
(53 mg, yield: 49%). ESI-MS (M+H)": 491.2. '"H NMR (400 MHz, CD;0D) 6: 8.40 (d, /=52
Hz, 1H), 7.96-7.94 (m, 2H), 7.90 (s, 1H), 7.65 (s, 1H), 7.40 (d, J= 8.0 Hz, 1H), 7.20 (d, J=5.2
Hz, 1H), 5.06 (d, J=7.2 Hz, 1H), 4.62-4.56 (m, 1H), 4.21-4.19 (m, 2H), 3.89 (s, 3H), 3.84-3.79
(m, 2H), 3.13-2.84 (m, 6H), 1.12 (s, 9H).

Example 237: 4-isobutyl-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-
yl)benzyl)piperazin-2-one

1-249

1. The preparation of tert-butyl 4-(4-bromo-2-methylbenzyl)-3-oxopiperazine-1-carboxylate
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PBrs(2.0eq) (1.1 eq) _
DCM, rt,1h NaH (1.5 eq)
THF, rt, 2 h
Br Br
Br
[0653] To a solution of (4-bromo-2-methylphenyl)methanol (1.3 g, 6.7 mmol) in CH,Cl,

(50 mL) was added PBr; (0.95 mL, 10 mmol) at 0 °C. The mixture was stirred at rt for 1 h,
quenched with ice-water (50 mL) and the pH value was adjusted to 7.0 with 50% aqueous NaOH
solution. The mixture was extracted with EtOAc (100 mL x 2) and the combined organic layers
were washed with water (50 mL), dried (Na,SO4) and concentrated in vacuo to give 4-bromo-1-
(bromomethyl)-2-methylbenzene (1.56 g, yield: 89%) as a white solid which was used in next

step without further purification.

[0654] To a solution of tert-butyl 3-oxopiperazine-1-carboxylate (1.2 g, 6.0 mmol) in
THF (200 mL) was added NaH (320 mg, 8.1 mmol) with ice-bath cooling. After stirring at 0 °C
for 1 h, a solution of 4-bromo-1-(bromomethyl)-2-methylbenzene (1.42 g, 5.4 mmol) in THF (5
mL) was added dropwise over a period of 10 min, the ice-bath was removed and the mixture was
stirred at rt for 2 h. The mixture was diluted with ice-water (50 mL) and extracted with EtOAc
(100 mL x 2) and the combined organic phases were washed with brine (50 mL), dried (Na,SO4)
and concentrated in vacuo to afford a residue which was purified by silica gel column (petroleum
ether/EtOAc = 5:1) to give fert-butyl 4-(4-bromo-2-methylbenzyl)-3-oxopiperazine-1-
carboxylate (1.6 g, yield: 77%) as white solid. ESI-MS (M+H-56) ": 327.0. "H NMR (400 MHz,
CDCls) 6: 7.34 (s, 1H), 7.30 (d, /= 8.4 Hz, 1H), 6.99 (d, J= 8.4 Hz, 1H), 4.61 (s, 2H), 4.16 (s,
2H), 3.60 (t,/=5.2 Hz, 2H), 3.24 (t, J= 5.2 Hz, 2H), 2.27 (s, 3H), 1.47 (s, 9H).

2. The preparation of 1-(4-bromo-2-methylbenzyl)-4-isobutylpiperazin-2-one

6] Boc (ﬁ/\ A(
N N
Tl/\\) 1) HCl/dioxane, rt, 1 h N\)

Py

2) NaBH3(CN)(2.0 eq), 78-84-2 (5.0 eq)

AcOH(cat.), MeOH, rt, 16 h O/w/

Br Br
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[0655] Synthesis of 1-(4-bromo-2-methylbenzyl)-4-isobutylpiperazin-2-one was
similar to that of Example 199. The organic phase was concentrated and the crude was purified
by prep-HPLC (CH3CN/H,0 with 0.05% NH4OH as mobile phase) to give 1-(4-bromo-2-
methylbenzyl)-4-isobutylpiperazin-2-one as a yellow oil (120 mg, yield: 79%). ESI-MS (M+H)
:339.1. '"H NMR (400 MHz, CDCls) d: 7.31 (d, J = 2.0 Hz, 1H), 7.29 (dd, J = 8.0, 2.0 Hz, 1H),
6.99 (d, J = 8.0 Hz, 1H), 4.57 (s, 2H), 3.18 (s, 2H), 3.14 (t,J = 5.2 Hz, 2H), 2.60 (t, J/ = 5.6 Hz,
2H), 2.27 (s, 3H), 2.14 (d, J = 7.2 Hz, 2H), 1.80-1.73 (m, 1H), 0.90 (d, J = 6.8 Hz, 6H).

3. The preparation of 4-isobutyl-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yhamino)pyrimidin-4-yl)benzyl)piperazin-2-one

OYN 1) PinB-BPin (1.0 eq) N\)
N\) /\( Pd(dppf)Cl,.DCM (0.1 eq), KOAc (3.0 eq)

dioxane, 100°C, 12 h

>

2) Pd(dppf)Cl,.DCM (0.1 eq), K,CO5 (1.5 eq)
dioxane, H,O, 100 °C 12h

N /N\
Br g | N/)N\NL/N\
I L "

[0656] Synthesis of 4-isobutyl-1-(2-methyl-4-(2-((1-methyl-1H-pyrazol-4-
yl)amino)pyrimidin-4-yl)benzyl)piperazin-2-one was similar to that of Example 157. The crude
was purified by silica gel column (petroleum ether/EtOAc= 1:1=1:4) to give 4-isobutyl-1-(2-
methyl-4-(2-((1-methyl-1H-pyrazol-4-yl)amino)pyrimidin-4-yl)benzyl)piperazin-2-one as a
yellow solid (180 mg, yield: 69%). ESI-MS (M+H) *: 434.2. '"H NMR (400 MHz, CDCl;) J: 8.43
(d,J=4.8 Hz, 1H), 7.88 (s, 1H), 7.85-7.83 (m, 2H), 7.55 (s, 1H), 7.24 (d, J = 8.0 Hz, 1H), 7.09
(br, 1H), 7.07 (d, J = 5.6 Hz, 1H), 4.69 (s, 2H), 3.92 (s, 3H), 3.22 (s, 2H), 3.20 (t, / = 5.6 Hz,
2H), 2.62 (t,J = 5.6 Hz, 2H), 2.39 (s, 3H), 2.16 (d, J = 7.6 Hz, 2H), 1.81-1.74 (m, 1H), 0.91 (d, J
= 6.8 Hz, 6H).
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The following compounds I-250 through I-360 can be synthesized according to

Chemical name Compound# | H-NMR MH+
1-tert-buty|-N-[[4-[2-[[1-(2- "H NMR (400 MHz, METHANOL -d.)
hydroxyethyl)pyrazol-4- 0 ppm 8.68 (s, 1 H) 8.19 (s, 1 H) 7.97
yl]amino]pyrimidin-4-yl1]-2- 1250 (s, LH) 7.71 (s, 1 H) 7.63 (br. s., 1 H) 475 1
methyl- 7.48 (s, 1 H) 7.03 (s, 1 H) 4.59 (s, 2 H) ’
phenyljmethyl]pyrazole-4- 426 (s,1 H)3.91-3.98 (m, 1 H) 2.48
carboxamide (s, 1 H) 1.62 (s, 4 H).
'H NMR (400 MHz, METHANOL-d,)
3-tert-butoxy-N-[[2-methy-4- o ppm 8.85 (br. s., 1 H) 8.72 (br. s., 1
[6-[[5-(4-methylpiperazin- - H) 7.98 (br.s., 2 H) 7.91 (br. s., 1 H)
y1)-2- 7.76 - 7.88 (m, 3 H) 7.81 (br. s., 1 H)
dylJamino]pyrimidin-4- 1-251 7.42 (br.s., 1 H) 4.51 (br. s., 1 H) 4.41
pf’“hy , hp-‘f e (br. s., 2 H) 4.16 (d, J=7.03 Hz, 2 H)
yllphenyl]methyljazetidine-1- 3.87 (br. s., 2 H) 2.99 (d. /=2.01 Hz, 3
carboxamide H) 2.91 (dd, J=15.44, 1.88 Hz, 4H) 2.42
(br. s., 3 H) 1.20 (d, J=2.26 Hz, 9 H).
1H NMR (400 MHz, METHANOL-d4)
1-tert-butyl-N-[[2-methyl-4- o ppm 8.34 (d, J = 6.02 Hz, 1H), 8.00 -
[2-[(1-methylpyrazol-4- 8.12 (m, 2H), 7.98 (s, 1H), 7.83 (s, 1H),
yD)amino]pyrimidin-4- 1252 7.68 (s, 1H), 7.48 (d, J = 8.03 Hz, 1H), 4452
yl]phenyljmethyl|pyrazole-3- 7.41 (br. s., 1H), 6.76 (d, J =2.51 Hz,
carboxamide 1H), 4.67 (s, 2H), 3.94 (s, 3H), 2.51 (s,
3H), 1.65 (s, 9H).
1H NMR (400 MHz, METHANOL-d4)
o ppm 8.40 (d, J =5.27 Hz, 1H), 7.98
Siﬁ;‘jffg;fﬁti‘/_l'l\]'[[z' (s, 1H), 7.94 (br. s., 2H), 7.66 (s, 1H),
methylpyrazol-4- 7.42(d, J=8.53 Hz, 1H), 7.21 (d, J =
Daminolpyrimidin4- 1-253 5.27 Hz, 1H), 4.59 (br. 5., 1H), 4.32 - 448.2
yl] b l]pnﬁlth lpyrrolidine. 4.52 (m, 2H), 3.91 (s, 3H), 3.59 (t, ] =
flf_cf;rbozami dey pyIt 8.91 Hz, 1H), 3.44 - 3.53 (m, 1H), 3.04
-3.19 (m, 1H), 2.45 (s, 3H), 1.59 - 2.26
(m, 2H), 0.98 (s, 9H).
1H NMR (400 MHz, METHANOL-d4)
o ppm 8.40 (d, J =5.27 Hz, 1H), 7.98
Sest)};;'jft['zb_‘[lg}'N'[[z' (s, 1H), 7.94 (br. s., 2H), 7.66 (s, 1H),
7.42(d, J=8.53 Hz, 1H), 7.21 (d, J =
methylpyrazol-4-
yl)amino]pyrimidin-4- 1-254 5.27 Hz, 1H), 4.59 (br. s., 1H), 4.33 - 448.2
[phenyl]methyllpyrrolidine- 4.52 (m, 2H), 3.91 (s, 3H), 3.59 (1, J =
Ty o P 8.91 Hz, 1H), 3.43 - 3.53 (m, 1H), 3.03
-3.19 (m, 1H), 2.45 (s, 3H), 1.63 - 2.25
(m, 2H), 0.98 (s, 9H).
(3S)-3-isopropyl-N-[[2- 1H NMR (400 MHz, METHANOL-d4)
methyl-4-[2-[(1- 1-255 o ppm 8.40 (d, J =5.27 Hz, 1H), 7.99 434.2

methylpyrazol-4-

(s, 1H), 7.94 (br. s., 2H), 7.66 (s, 1H),
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yD)amino]pyrimidin-4-
yl]phenyljmethyl]pyrrolidine-
1-carboxamide

7.42(d,J=8.53 Hz, 1H), 7.21 (d,J =
5.27 Hz, 1H), 6.52 - 6.72 (m, 1H), 4.31
- 4.52 (m, 2H), 3.91 (s, 3H), 3.45 - 3.73
(m, 2H), 3.38 (br. s., 1H), 2.99 (t, ] =
9.79 Hz, 1H), 2.45 (s, 3H), 1.38 - 2.23
(m, 4H), 1.01 (d, J = 8.03 Hz, 6H).

3-tert-butoxy-N-[[2-methyl-4-
[6-[(5-methyl-6,7-dihydro-
4H-pyrazolo[1,5-a]pyrazin-2-

1H NMR (300 MHz, METHANOL.-d4)
o ppm 8.81 (s, 1H), 7.63 - 7.88 (m, 3H),
7.51(d, J=7.93 Hz, 1H), 6.61 (br. s.,
1H), 4.60 (s, 3H), 4.47 (t, ] = 5.85 Hz,

yl)aminopyrimidin-4- 1-256 2H), 4.40 (s, 2H), 4.1 - 4.24 (m, 2H), 2063
yl]phenyllmethyl]azetidine-1- 3.88 (br. s., 2H), 3.79 (dd, ] = 4.91, 9.06
carboxamide Hz, 2H), 3.12 (s, 3H), 2.46 (s, 3H), 1.21

(s, 9H).

1H NMR (400 MHz, METHANOL-d4)
1-tert-butyl-N-[2-[2-[(1- J ppm 8.66 (d, T = 7.78 Hz, 1H), 8.27 -
methylpyrazol-4- 8.47 (m, 2H), 8.08 (s, 1H), 7.98 (d, J =
yhamino|pyrimidin-4-yl]- 1257 12.55 Hz, 3H), 7.68 (s, 1H), 7.31 - 7.46 435 1
6,7,8,9-tetrahydro-5H- (m, 2H), 5.38 (d, J = 10.54 Hz, 1H), )
benzo[7]annulen-5- 3.93 (s, 3H), 2.91 - 3.23 (m, 2H), 1.76 -
yl]pyrazole-4-carboxamide 2.21 (m, SH), 1.65 (s, 9H), 1.26 - 1.55

(m, 1H)

1H NMR (400 MHz, DMSO-d6) 6 ppm
ils'é;rrt(;gggly'gi[ﬂ;‘[_z'[(l' 9.49 (s, 1H), 8.41 - 8.54 (m, 2H), 8.32
yDamino]pyrimidin-4-yl]-2- (s, 1H), 7.86 - 8.09 (m, 4H), 7.56 (s,
methyl- 1-258 1H), 7.39 (d, J = 8.03 Hz, 1H), 7.25 (d, 473.2

hemylimthy [[pyrazolo-4- J=5.27 Hz, 1H), 4.39 - 4.54 (m, 3H),

E’arngami de-‘/ Py 2.41 (s, 3H), 1.53 (s, 9H), 1.42 (d, T =

6.53 Hz, 6H).

1H NMR (400 MHz, DMSO-d6) 6 ppm

9.48 (s, 1H), 8.45 (d, J = 5.27 Hz, 1H),
3-isopropoxy-N-[[4-[2-[(1- 7.83 - 8.06 (m, 3H), 7.56 (s, 1H), 7.35
isopropylpyrazol-4- (d, J=8.03 Hz, 1H), 7.25(d, ] =5.27
yl)amino]pyrimidin-4-yl1]-2- 1259 Hz, 1H), 6.85 (t, J = 5.52 Hz, 1H), 4.47 4642
methyl- (quin, J = 6.65 Hz, 1H), 4.28 - 4.37 (m, ’
phenyl|methyl]azetidine-1- 1H), 4.23 (d, ] = 5.52 Hz, 2H), 3.96 -
carboxamide 4.12 (m, 2H), 3.50 - 3.68 (m, 3H), 2.37

(s, 3H), 1.43 (d, T = 6.78 Hz, 6H), 1.08

(d, J=6.02 Hz, 6H).

1H NMR (400 MHz, DMSO-d6) 6 ppm
é'tfg'l;‘;tyll'N'[g(;ﬁ(l' 9.50 (s, 1H), 8.41 - 8.52 (m, 2H), 8.33
-‘1/ propy’pyra el (s, 1H), 7.86 - 8.06 (m, 4H), 7.53 (br. s.,
y )alTlfO]pY“ml in-4-yl}-2- 1-260 1H), 7.39 (d, J = 8.03 Hz, 1H), 7.26 (d., 471
n}ft bl o J=5.02 Hz, 1H), 4.47 (d, ] = 5.52 Hz,
phenyl]methyl]pyrazole-4- 2H), 3.65 - 3.76 (m, 1H), 2.42 (s, 3H),
carboxamide 1.53 (s, 9H), 0.88 - 1.08 (m, 4H).
N-[[4-[2-[(1-cthylpyrazol-4- 1H NMR (400 MHz, DMSO-d6) é ppm
yhamino]pyrimidin-4-yl1]-2- 1-262 9.48 (s, 1H), 8.45 (d, J = 5.02 Hz, 1H), 456.2

methyl-phenyl]methyl]-3-

7.85 - 8.02 (m, 3H), 7.56 (br. s., 1H),
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(1,1,1,3,3,3-d6)isopropoxy-
azetidine-1-carboxamide

7.35(d,J=8.28 Hz, 1H), 7.25 (d,J =
5.27 Hz, 1H), 6.84 (t, J = 5.65 Hz, 1H),
4.27-4.37 (m, 1H), 4.23 (d,J = 5.52
Hz, 2H), 4.00 - 4.17 (m, 4H), 3.62 (dd, J
=4.64, 8.91 Hz, 2H), 3.55 (s, 1H), 2.36
(s, 3H), 1.38 (t, J = 7.15 Hz, 3H).

N-[[2-methyl-4-[2-[(1-
methylpyrazol-4-

1H NMR (400 MHz, DMSO-d6) ¢ ppm
9.50 (s, 1H), 8.45 (d, T = 5.27 Hz, 1H),
7.92 (d, T = 2.26 Hz, 3H), 7.55 (br. s.,
1H), 7.35 (d, ] = 8.28 Hz, 1H), 7.25 (d,
J=5.02 Hz, 1H), 6.74 (t, ] =5.52 Hz,

y})a‘ﬁnn"l]py“t‘;“‘lhlg“' | 1-263 1H),4.22 (4, J = 5.27 Hz, 2H), 391 1,5 | +?01
Zz]ef;i(;lz_]l‘f‘:argoi'm;ﬁg’epy ) —7.91 Hz, 2H), 3.83 (s, 3H), 3.45 (dd. J

=5.77,7.78 Hz, 2H), 2.36 (s, 3H), 1.52

(q, J=7.53 Hz, 2H), 1.24 (sxt, J =7.43

Hz, 2H), 0.88 (t, J = 7.28 Hz, 3H).
5-tort-buty - N-[[2-methyl-4- IH NMR (400 MHz, METHANOL-d4)

o ppm 9.37 (br. s., 1H), 8.33 (d, ] =5.77
[2-[(1-methylpyrazol-4-
yl)amino]pyrimidin-4- 1-264 Hz, 1H), 7.91 - 8.10 (m, 3H), 7.67 (s, 4472

[Jphenyl]methyl]-1,2.4- 1H), 7.48 (d, J = 8.03 Hz, 1H), 7.40 (d, '
fodiazzl)le—}ca};box’ar’nide J=6.02 Hz, 1H), 4.63 - 4.71 (m, 2H),

3.92 (s, 3H), 2.50 (s, 3H), 1.49 (s, 9H).
5-tort-buty-N-[[2-methyl-4- IH NMR (400 MHz, METHANOL-d4)
[6-[(5-mothyl-6,7-dihydro- oppm 9.16 (t,J = 5.65 Hz, 1H), 8.7§ (s,
4H-pyrazolo[1,5-a]pyrazin-2- 1H), 7.62 - 7.83 (m, 2H), 7.52 (d, J =
yl)amino]pyrirr’lidin—4— 1-265 8.03 Hz, 1H), 6.43 - 6.67 (m, 2H), 4.52 501.3

1]Jphenylmethyl]isoxazole- -4.74 (m, 4H), 4.44 (1, ] = 5.77 Hz,
g_cf;rbozami de-‘/ 2H), 3.76 - 3.92 (m, 2H), 3.09 (s, 3H),

2.51 (s, 3H), 1.39 (s, 9H).

1H NMR (400 MHz, METHANOL-d4)
2-tert-butyl-N-[[2-methyl-4- Jppm 9.11 (t,J=5.65 Hz, 1H), 8.88 (s,
[6-(5,6,7,8-tetrahydro-1,6- 1H), 8.42 (br. s., 1H), 8.24 (s, 1H), 7.76
naphthyridin-2- 1266 - 7.86 (m, 2H), 7.73 (d, ] = 8.53 Hz, 5142
ylamino)pyrimidin-4- 1H), 7.47 - 7.63 (m, 2H), 4.64 (s, 2H), '
yl]phenyljmethyl]thiazole-5- 4.41 (s, 2H), 3.65 (t, ] = 6.40 Hz, 2H),
carboxamide 3.23 - 3.28 (m, 2H), 2.52 (s, 3H), 1.47

(s, 9H).

1H NMR (400 MHz, METHANOL-d4)
2-tert-butyl-N-[[2-methyl-4- J ppm 9.09 (s, 1H), 8.89 (s, 1H), 8.35
[6-(5,6,7,8-tetrahydro-2,7- (s, 1H), 8.24 (s, 1H), 8.13 (br. s., 1H),
naphthyridin-3- 1267 7.75 - 7.85 (m, 2H), 7.61 (s, 1H), 7.53 514.3
ylamino)pyrimidin-4- (d, J=8.03 Hz, 1H), 4.64 (s, 2H), 4.44 ’
yl]phenylmethyl]thiazole-5- (s, 2H), 3.57 (t, ] = 6.40 Hz, 2H), 3.22
carboxamide (t, ] =6.40 Hz, 2H), 2.51 (s, 3H), 1.46

(s, 9H).
2-tert-butyl-N-[[4-[6-[[7-(2- ITH NMR (400 MHz, METHANOL-d4)
hydroxyethyl)-6,8-dihydro- 1-268 o ppm 9.08 (s, 1H), 8.87 (s, 1H), 8.33 553 3

SH-2,7-naphthyridin-3-
yl]amino]pyrimidin-4-yl]-2-

(s, 1H), 8.24 (s, 1H), 8.12 (s, 1H), 7.76 -
7.87 (m, 2H), 7.68 (s, 1H), 7.52 (d, ] =
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methyl-
phenyl]jmethyl]thiazole-5-
carboxamide

8.03 Hz, 1H), 4.50 - 4.70 (m, 3H), 3.94
- 4.04 (m, 2H), 3.42 - 3.51 (m, 2H),
2.66 (s, 6H), 2.51 (s, 3H), 146 (s, 9H).

2-tert-butyl-N-[[2-methyl-4-
[6-[(7-methyl-6,8-dihydro-
SH-2,7-naphthyridin-3-

1H NMR (400 MHz, METHANOL-d4)
o ppm 9.08 (br. s., 1H), 8.86 (d, ] = 1.00
Hz, 1H), 8.31 (s, 1H), 8.24 (s, 1H), 8.10
(s, 1H), 7.77 - 7.86 (m, 2H), 7.70 (s,

yhamino]pyrimidin-4- 1-269 1H), 7.51 (d, J = 8.03 Hz, 1H), 4.63 (s, 5283
yl]phenyljmethyl]thiazole-5- 2H), 4.51 (br. s., 2H), 3.52 - 3.78 (m,
carboxamide 4H), 3.10 (s, 3H), 2.50 (s, 3H), 1.46 (s,
9H).
1H NMR (400 MHz, METHANOL-d4)
f;ffsb‘gt;/}'N'[[Z'meth-‘/l“" 5ppm 9.11 (t, J = 5.77 Hz, 1H), 8.80 (d,
tetra};y’dr’opyrazolo[l 5. J=1.00 Hz, 1H), 8.23 (s, 1H), 7.63 -
a]pyrazin-2- ’ 1-270 7.79 (m, 3H), 7.54 (d, J = 8.03 Hz, 1H), 503.4
ylamino)pyrimidin-4- 6.61 (br. s., 1H), 4.61 - 4.67 (m, 2H), '
phenslfmethylJthiazole-5- 4.56 (s, 2H), 4.42 (t, T = 5.90 Hz, 2H),
yllphenyl]methy 3.78 - 3.88 (m, 2H), 2.51 (s, 3H), 1.46
carboxamide
(s, 9H).
ﬁ'tggfugﬁ'%_g‘;ﬁ'h[[fi'r(oz_' 1H NMR (400 MHz, METHANOL-d4)
4I}jl—pyr§zolg)][l 5’_a]py$/azin_2_ J ppm 8.82 (s, 1H), 8.24 (s, 1H), 7.67 -
yllamino]pyrimidin-4-yl]-2- 27 | 183 (m 3H), 7.52-7.57 (m, 1H), 6.56 115,
methyl- - 6.68 (m, 1H), 4.64 (s, 4H), 4.42 - 4.55 '
henyl]methyl]thiazole-5- (m, 2H), 3.89 - 4.06 (m, 4H), 3.44 -
phenylimetiy 3.56 (m, 2H), 2.51 (s, 3H), 1.46 (s, 9H).
carboxamide
3-isopropoxy-N-[[2-methyl-4- 1H NMR (400 MHz, DMSO-d6) 6 ppm
[6-(4,5,6,7- 9.55 (br. s., 2H), 8.73 (s, 1H), 7.70 -
tetrahydropyrazolo[1,5- 7.83 (m, 2H), 7.36 (d, J = 8.28 Hz, 1H),
a|pyrazin-2- 1-272 6.87 (t, ] =5.65 Hz, 1H), 4.43 (br. s., 477.2
ylamino)pyrimidin-4- 2H), 4.18 - 4.36 (m, SH), 3.98 - 4.10
yl]phenyllmethyl]azetidine-1- (m, 2H), 3.49 - 3.75 (m, SH), 2.36 (s,
carboxamide 3H), 1.08 (d, J = 6.02 Hz, 6H).
1H NMR (400 MHz, DMSO-d6) 6 ppm
. 10.13 (br. s., 1H), 8.99 (br. s., 1H), 8.67
E’;i‘s’pg‘;pg_’gt'gl;[[ﬁ;gfjﬁ-‘_/l"" (s, 1H), 7.71 - 7.83 (m, 2H), 7.34 (d, J =
byrasolol 5—a][1y 4diazepin- 7.78 Hz, 1H), 6.85 (t, ] = 5.77 Hz, 1H),
) lamino)’pyrimi’din—4— 1-273 4.28 - 4.50 (m, SH), 4.22 (d,J =5.52 491.2
yl]};)henyl]methyl]azetidine—1— Hz, 2H), 3.98 - 4.09 (m, 2H), 3.52 -
carboxamide 3.68 (m, 3H), 3.41 (br. s., 2H), 2.36 (s,
3H), 2.02 (br. s., 2H), 1.08 (d, J = 6.02
Hz, 6H).
N-[[4-[6-[[5-(2- 1H NMR (400 MHz, DMSO-d6) 6 ppm
hydroxyethyl)-4,6,7,8- 10.38 (br. s., 1H), 8.72 (s, 1H), 7.67 -
tetrahydropyrazolo[1,5- 7.85 (m, 2H), 7.36 (d, J = 8.28 Hz, 1H),
a][1,4]diazepin-2- 1-274 6.69 - 6.97 (m, 2H), 4.50 - 4.79 (m, 535.2

yl]amino]pyrimidin-4-yl1]-2-
methyl-phenyl]methyl]-3-
isopropoxy-azetidine-1-

2H), 4.27 - 447 (m, 3H), 4.22 (d, ] =
5.52 Hz, 2H), 3.99 - 4.09 (m, 2H), 3.75
(br. s., 2H), 3.52 - 3.68 (m, SH), 3.03 -
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carboxamide

3.22 (m, 2H), 2.36 (s, 3H), 1.99 - 2.25
(m, 2H), 1.08 (d, J = 6.27 Hz, 6H).

3-tert-butyl-N-[[2-methyl-4-
[6-[(5-methyl-6,7-dihydro-
4H-pyrazolo[1,5-a]pyrazin-2-

1H NMR (400 MHz, DMSO-d6) ¢ ppm
10.45 (br. s., 1H), 8.74 (s, 1H), 7.50 -
7.86 (m, 3H), 7.39 (d, T = 7.78 Hz, 1H),
6.42 - 6.70 (m, 2H), 4.14 - 4.42 (m,
4H), 3.80 (br. s., 2H), 3.29 - 3.54 (m,

yhamino]pyrimidin-4- 1275 1 oH). 3116 (dt, J = 6.53, 10.29 Hz, 2H), 5033
yl]phenylJmethyl]pyrrolidine- 2.88 - 3.05 (m, 4H), 2.54 (s, 1H), 2.37
1-carboxamide (s, 3H), 1.93 - 2.08 (m, 1H), 1.71 - 1.90

(m, 1H), 1.48 - 1.67 (m, 1H), 0.87 -

0.92 (m, 9H).
2-tert-butyl-N-[[4-[6-(6,7- IH NMR (400 MHz, DMSO-d6) ¢ ppm
dihydro-4H-pyrazolo[5,1- 10.74 (br. s., 1H), 9.13 (t, ] = 5.77 Hz,
c][1,4]oxazin-2- 1H), 8.79 (s, 1H), 8.33 (s, 1H), 7.53 -
ylamino)pyrimidin-4-yl1]-2- 1-276 7.84 (m, 3H), 7.43 (d, J = 8.03 Hz, 1H), 504.2
methyl- 6.31 (br. s., 1H), 4.79 (s, 2H), 4.50 (d, J
phenyl|methyl]thiazole-5- =5.77 Hz, 2H), 4.07 (s, 4H), 2.42 (s,
carboxamide 3H), 1.39 (s, 9H).

1H NMR (400 MHz, DMSO-d6) 6 ppm
N-[[4-[6-(6,7-dihydro-4H- 10.80 (br. s., 1H), 8.80 (s, 1H), 7.66 -
pyrazolo[5,1-c][1,4]oxazin-2- 7.80 (m, 2H), 7.39 (d, J = 8.53 Hz, 1H),
ylamino)pyrimidin-4-yl1]-2- 1277 6.88 (t, ] = 5.65 Hz, 1H), 6.31 (br. s., 4789
methyl-phenyl[methyl]-3- 1H), 4.79 (s, 2H), 4.28 - 4.37 (m, 1H), )
isopropoxy-azetidine-1- 4.23 (d, J=5.52 Hz, 2H), 3.99 - 4.13
carboxamide (m, 6H), 3.52 - 3.69 (m, 3H), 2.37 (s,

3H), 1.08 (d, J = 6.02 Hz, 6H).
2-tert-butyl-N-[[2-methyl-4- 1H NMR (400 MHz, METHANOL-d4)
[6-[(5-methyl-4-0x0-6,7- oppm 9.10 (t, J = 5.40 Hz, 1H), 8.83 (s,
dihydropyrazolo[1,5- 1H), 8.23 (s, 1H), 7.66 - 7.81 (m, 3H),
a|pyrazin-2- 1-278 7.54 (d, ] =8.03 Hz, 1H), 7.02 - 7.17 531.2
yD)amino]pyrimidin-4- (m, 1H), 4.64 (s, 2H), 4.41 (t, J = 6.27
yl]phenylmethyl]thiazole-5- Hz, 2H), 3.88 (t, ] = 6.27 Hz, 2H), 3.15
carboxamide (s, 3H), 2.51 (s, 3H), 1.46 (s, 9H).
2-tert-buty-N-[[4-[6-[(5.6- 51H NMR (400 MHz, METHANOL-d4)
dimethyl-6,7-dihydro-4H- ppm 9.11 (t, J = 5.65 Hz, 1H), 8.81 (s,

azolo[1.5-a]pyrazin-2- 1H), 8.23 (s, 1H), 7.66 - 7.82 (m, 2H),

Ply)ramino] e 12- 1279 7.54 (d,J = 8.03 Hz, 1H), 6.62 (br. 5., _—
fneth L Py Y 1H), 4.70 - 4.80 (m, 1H), 4.52 - 4.69 '
phen;/l]me thy[Jthiazole-5- (m, 4H), 4.03 - 4.30 (m, 2H), 3.05 (s,
carboxamide 3H), 2.51 (s, 3H), 1.56 (d, ] = 6.53 Hz,

3H), 1.46 (s, 9H).
1-tert-butyl-N-[[4-[6-[(5,6- ITH NMR (400 MHz, METHANOL-d4)
dimethyl-6,7-dihydro-4H- o ppm 8.80 (s, 1H), 8.27 (s, 1H), 7.96
pyrazolo[1,5-a]pyrazin-2- (s, 1H), 7.63 - 7.82 (m, 3H), 7.52 (d, J =
ylamino]pyrimidin-4-yl]-2- 1-280 8.03 Hz, 1H), 6.61 (br. s., 1H), 4.69 - 514.2

methyl-
phenyljmethyl]pyrazole-4-
carboxamide

4.79 (m, 1H), 4.51 - 4.64 (m, 4H), 4.03
- 4.26 (m, 2H), 3.04 (s, 3H), 2.51 (s,
3H), 1.61 (s, 9H), 1.56 (d, ] = 6.53 Hz,
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3H).

3-tert-butyl-N-[[2-methyl-4-
[6-[(5-methyl-6-0x0-4,7-

1H NMR (400 MHz, METHANOL-d4)
o ppm 8.69 (s, 1H), 7.53 - 7.75 (m, 3H),
7.43 (d,J =7.78 Hz, 1H), 4.71 (s, 3H),

g}ﬁﬁ;’ﬁf{;ﬁsz[L& 1281 4.60 (s, 2H), 4.25 - 442 (m, 2H), 3.4 - |
JDamino]pyrimidind- 3.52 (m, 1H), 3.34 - 3.42 (m, 1H), 3.04 '
Ipheny Jmethylpyrrolidine- -3.06 (m, 3H), 2.37 (s, 3H), 1.94 - 2.10
flf_cf;rbozami dey pyTh (m, 1H), 1.77 - 1.91 (m, 1H), 1.53 -
1.71 (m, 1H), 0.81 - 0.93 (m, 9H).
1H NMR (400 MHz, METHANOL-d4)
1-tert-butyl-N-[[4-[6-[(4,5- d ppm 8.81 (s, 1H), 8.27 (s, 1H), 7.96
dimethyl-6,7-dihydro-4H- (s, 1H), 7.57 - 7.84 (m, 3H), 7.52 (d, T =
pyrazolo[1,5-a]pyrazin-2- 8.03 Hz, 1H), 6.67 (br. s., 1H), 4.75 (q,
yl)amino]pyrimidin-4-yl1]-2- 1-282 J=6.53 Hz, 1H), 4.61 (s, 2H), 4.36 - 514.2
methyl- 4.58 (m, 2H), 4.01 (td, T = 4.08, 12.93
phenyl|methyl|pyrazole-4- Hz, 1H), 3.82 - 3.94 (m, 1H), 3.09 (s,
carboxamide 3H), 2.51 (s, 3H), 1.79 (d, ] = 6.78 Hz,
3H), 1.61 (s, 9H).
2-tert-buty-N-[[4-[6-[(4.5- ;H NMR (400 MHz, METHANOL-d4)
dimethyl-6,7-dihydro-4H- ppm 8.79 - 8.90 (m, 1H), 8.24 (s, 1H),
azolo[1.5-alpyrazin.2- 7.61 - 7.95 (m, 3H), 7.50 - 7.59 (m,
plyr DOL > Pg.r P 1283 1H), 6.55 - 6.78 (m, 1H), 4.71 - 4.83 310
fn);t‘llflllf"]py“ml in-4-yl}-2- - (m, 1H), 4.63 (s, 2H), 4.38 - 4.58 (m, :
phen;/l]me thylJthiazole-S- 2H), 3.97 - 4.09 (m, 1H), 3.80 - 3.97
oo 1 (m, 1H), 3.10 (s, 3H), 2.51 (s, 3H), 1.80
(d, J=6.78 Hz, 3H), 1.46 (s, 9H).
1H NMR (400 MHz, METHANOL-d4)
3-tort-butyl-N-[[4-[6-[(4.5- 0 ppm 8.8i (s, 1H), 7.62 - 8.45 (m, 3H),
dimethy1-6.7-dihydro-4EL. 7.53(d, ) =7.78 Hz, 1H), 6.70 (br. s,
azolol 1 5-alpyrazine2. 1H), 4.79 (q, I = 6.53 Hz, 1H), 4.43 (d,
ply)ramino] ’ .mfi’girn_ 4yl 2- 1284 J=5.77 Hz, 4H), 3.98 - 4.10 (m, 1H), 5173
fneth L byt y 3.80 - 3.98 (m, 1H), 3.42 - 3.65 (m, '
henyl]meth pyrrolidine-1- 2H), 3.11 (s, 4H), 2.34 - 2.53 (m, 3H),
phenylmetiy L pyrrolidine 2.04 - 2.22 (m, 1H), 1.94 (td, T = 6.18,
carboxamide 11.98 Hz, 1H), 1.60 - 1.86 (m, 5H),
0.94 (br. s., 9H).
ﬁ;ﬁﬁfﬁgﬁylﬁﬂ[‘é [76;3[_[5 -(2- 1H NMR (400 MHz, DMSO-d6) & ppm
totrahydropyrazolo[].5- 10.35 (br. s., 1H), 9.12 (t, J = 5.65 Hz,
]l A)diasepin.2- 1H), 8.67 - 8.77 (m, 1H), 8.33 (s, 1H),
JTaminolpytimidin-4-y1]-2- 1-285 7.70 - 7.87 (m, 2H), 7.40 (d, J =8.03 561.4
mothyl. Hz, 1H), 4.32 - 4.79 (m, 6H), 3.49 -
heny lmethy[]ihiazole-5- 3.84 (m, 3H), 3.01 - 3.20 (m, 2H), 2.41
phenylimetiy (s, 3H), 2.08 (br. s., 2H), 1.39 (s, 9H).
carboxamide
2-tert-butyl-N-[[2-methyl-4- 1H NMR (400 MHz, DMSO-d6) ¢ ppm
[6-[(5-methyl-6-0x0-4,7- 11.14 (br. s., 1H), 9.19 (t, ] = 5.40 Hz,
dihydropyrazolo[1,5- 1-286 1H), 8.85 (s, 1H), 8.36 (s, 1H), 7.69 - 531.1
a|pyrazin-2- 7.85 (m, 2H), 7.45 (d, J = 8.03 Hz, 1H),

yl)amino]pyrimidin-4-

6.46 (br. s., 1H), 4.75 (s, 2H), 4.64 (s,
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yl]phenyljmethyl]thiazole-5-
carboxamide

2H), 4.51 (d, J = 5.52 Hz, 2H), 3.01 (s,
3H), 2.43 (s, 3H), 1.39 (s, 9H).

3-tert-butoxy-N-[[4-[6-(6,7-
dihydro-4H-pyrazolo[5,1-
c][1,4]oxazin-2-

1H NMR (400 MHz, DMSO-d6) é ppm
10.70 (br. s., 1H), 8.78 (s, 1H), 7.48 -
8.01 (m, 3H), 7.38 (d, J = 8.53 Hz, 1H),
6.86 (1, ] = 5.77 Hz, 1H), 6.30 (br. s.,

ﬁ:ﬁlllrio)pyrlmldmA—yl]—Z— 1-287 1H), 4.79 (s, 2H), 443 - 4.53 (m, 1H), 492.2
henyl]me thylJazetidine1- 423 (d,J=5.52 Hz, 2H), 3.98 - 4.13

E’arngami de-‘/ (m, 6H), 3.60 (dd, J = 4.89, 8.66 Hz,

2H), 2.37 (s, 3H), 1.12 (s, 9H).

1H NMR (400 MHz, METHANOL-d4)
3-tert-butyl-N-[[4-[6-(6,7- o ppm 8.78 (s, 1H), 7.62 - 8.27 (m, 3H),
dihydro-4H-pyrazolo[5,1- 7.53 (d, J =8.03 Hz, 1H), 6.30 (br. s.,
c][1,4]oxazin-2- 1H), 4.84 (s, 2H), 4.34 - 4.53 (m, 2H),
ylamino)pyrimidin-4-yl1]-2- 1-288 4.15 (s, 4H), 3.42 - 3.64 (m, 2H), 3.11 490.1
methyl- (t, 1=10.16 Hz, 1H), 2.47 (s, 3H), 2.04
phenyljmethyl]pyrrolidine-1- -2.22 (m, 1H), 1.94 (td, J = 6.18, 11.98
carboxamide Hz, 1H), 1.58 - 1.82 (m, 1H), 0.97 (s,

9H).

'H NMR (400 MHz, CD;0D) 6 ppm:

8.25 (d, J=5.2 Hz, 1H), 7.98 (s, 1H),
%;?E'}Z‘llfﬁjl;[[lz_fethyl"" 7.88 (s, 1H), 7.82 (d, J = 8.0 Hz, 1H),

e Y . 7.55 (s, 1H), 7.21 (d, J = 7.6 Hz, 1H),
piperidy Jpyrazol- 1-289 7.08 (d, = 5.2 Hz, 1H), 4.75 (s, 2H), 557.2
ylJamino]pyrimidin-4- 4.24 (s, 2H), 4.09-4.01 (m, 1H), 2.92-
yllphenyljmethy1}-4H- 2.89 (m, 2H), 2.32 (s, 3H), 2.24 (s, 3H)
olo[3,4-d]thiazol-6-one ’ ’ > ’ e ’ ’
by 2.20-2.15 (m, 2H), 2.06-1.95 (m, 4H),

1.37 (s, 9H).

"H NMR (400 MHz, CDCl5) ¢: 8.48 (d,

J=5.2Hz, 1H), 8.38 (s, 1H), 8.14 (d, J
3-isopropoxy-N-[[4-[2-[(1- =8.0Hz, 1H), 7.93 (s, 1H), 7.76 (d, J =
methylpyrazol-4- 8.0 Hz, 1H), 7.53 (s, 1H), 7.10 (d, J =
ylyamino]pyrimidin-4-yl]-2- 1-290 5.2 Hz, 1H), 6.96 (s, 1H), 4.63 (d, J = 490.2
(trifluoromethyl)phenylmeth 5.6 Hz, 2H), 4.54-4.52 (m, 1H), 4.37-
yl]azetidine- 1-carboxamide 4.34 (m, 1H), 4.14-4.12 (m, 2H), 3.93

(s, 3H), 3.88-3.37 (m, 2H), 3.62-3.59

(m, 1H), 1.15 (d, J = 6.0 Hz, 6H).

"H NMR (400 MHz, CD;0D) J: 8.61 (t,
Lterebutyl LL[2-chloro-4- J= 5.6 Hz, 1H), 8.31-8.29 (m, 1H),
[2-[(1-methylpyrazo 8.18 (s, 1H), 8.07 (s, 1H), 7.91-7.88 (m,
yD)amino]pyrimidin-4- 1-291 465.2

IphenylJmethylpyrazole-4- 2H), 7.83 (s, 1H), 7.51 (s, 1H), 7.41 (d,
yipheny'l J= 8.0 Hz, 1H), 7.08-7.06 (m, 1H),
carboxamide 4.56 (s, 2H), 3.77 (s, 3H), 1.49 (s, OH).
4-[4-[[4-[4-[[(1-tert- 'H NMR (400 MHz, CD;0D) ¢: 8.36-
butylpyrazole-4- 8.34 (m, 1H), 8.21 (s, 1H), 8.09 (s, 1H),
carbonyl)amino|methyl]-3- 1292 8.00-7.99 (m, 1H), 7.95-7.93 (m, 2H), 5573

methyl-phenyl|pyrimidin-2-
yl]amino]pyrazol-1-
yl]eyclohexanecarboxylic

7.69 (s, 1H), 7.54-7.50 (m, 1H), 7.26 (d,
J=6.0 Hz, 1H), 4.62 (s, 2H), 4.24-4.18
(m, 1H), 2.72-2.71 (m, 1H), 2.50 (s,
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acid

3H), 2.31-2.27 (m, 2H), 2.10-2.02 (m,
4H), 1.81-1.73 (m, 2H), 1.63 (s, 9H).

3-tert-butyl-N-[[4-[2-[(1-
isopropylpyrazol-4-

'H NMR (400 MHz, CDs0D) 5: 8.49 (s,
1H), 8.42 (d, J= 5.2 Hz, 1H), 8.24 (d, J
= 8.4 Hz, 1H), 8.03 (s, 1H), 7.68 (d, J =
8.0 Hz, 1H), 7.62 (s, 1H), 7.23-7.21 (d,
J=15.2Hz, 1H), 4.65-4.64 (m, 2H),

Damino]pyrimidin-4-yl]-2- 1-293 530.3

e et Tnerhy ] 4.52-4.45 (m, TH), 3.62-3.47 (m, 2H),
pyrrolidine- 1 -carboxamide 3.29-3.27 (Il’l, lH), 3.13-3.10 (Il’l, lH),

2.11-2.10 (m, 1H), 1.95-1.89 (m, 1H),

1.74-1.69 (m, 1H), 1.50 (d, J= 6.4 Hz,

6H), 0.95 (s, 9H).

'H NMR (400 MHz, CDs0D) 4: 8.53 (s,

1H), 8.48 (d, J = 5.2 Hz, 1H), 8.31 (d, J
cxclopoipyrarol 4 =50 . 16, 8.0 11,769 /-
yl)amino]pyrimidin—4—yl]—2— 1-294 5:2 HE: ngz 4:64—515.’60 (1)1’1, éH),(4’.22— 530.2
(tﬁl%{‘lzl;(:f(i?eet ?fiféffﬁ?;?h 4.18 (m, 2H), 3.84-3.80 (m, 2H), 3.66-
y 3.60 (m, 1H), 1.21 (s, 9H), 1.10-1.05

(m, 4H).

'H NMR (400 MHz, CDs0D) J: 8.44 (s,

1H), 8.44 (d, J= 5.2 Hz, 1H), 8.25 (d, J

=8.0 Hz, 1H), 8.02 (s, 1H), 7.68-7.64
;;igozgzﬁng[;a[zzol[_[i_ (2 (m, 2H), 7.20 (d, J = 5.2 Hz, 1H), 4.65-

: /D) 4.63 (m, 2H), 4.26 (t, J=5.2 Hz, 2H),
yl]Jamino]pyrimidin-4-yl1]-2- 1-295 3.74 (t,J = 5.6 Hz, 2H), 3.68-3.57 (m 546.2
(trifluoromethyl)phenyljmeth : ’ ) ’ > ; ’ ’

pyrrolidine-1 -carboxamid 2H), 3.35 (s, 3H), 3.27-3.20 (m, 1H),

ylpyrrofidine-1-carboxamide 3.14-3.10 (m, 1H), 2.13-2.10 (m, 1H),

1.93-1.91 (m, 1H), 1.73-1.68 (m, 1H),

0.95 (s, 9H).

'H NMR (400 MHz, CDs0D) 5: 8.39 (s,

1H), 8.33 (d, J=4.8 Hz, 1H), 8.15 (d, J
3-tert-butyl-N-[[4-[2-[(1- =8.0 Hz, 1H), 7.94 (s, 1H), 7.59 (d, J =
cyclopropylpyrazol-4- 8.4 Hz, 1H), 7.50 (s, 1H), 7.13 (d, J =
yl)amino]pyrimidin-4-y1]-2- 1-296 5.2 Hz, 1H), 4.56-4.55 (m, 2H), 3.55- 5283
(trifluoromethyl)phenylmeth 3.49 (m, 2H), 3.43-3.39 (m, 1H), 3.06-
yl]pyrrolidine-1-carboxamide 3.01 (m, 1H), 2.04-2.03 (m, 1H), 1.85-

1.81 (m, 1H), 1.66-1.61 (m, 1H), 1.02-

0.92 (m, 5H), 0.87 (s, 9H).

'H NMR (400 MHz, CD;0D) d: 8.42 (s,

1H), 8.37 (d, J= 5.2 Hz, 1H), 8.21 (d, J

= 8.0 Hz, 1H), 7.93 (s, 1H), 7.60 (d, J =
zt'}tl;rlt};‘;‘;;-‘gﬂ_[[“'[z'[(l' 8.4 Hz, 1H), 7.53 (s, 1H), 7.18 (d, J =
yl)amino]pyrimidin-4-y1]-2- 1-297 5.2 Hz, 1H), 4.63-4.47 (m, 2H), 4.08 (q, 516.3

(trifluoromethyl)phenylmeth
yl]pyrrolidine- 1-carboxamide

J=7.4Hz, 2H), 3.54-3.44 (m, 1H),
3.44-3.34 (m, 1H), 3.27-3.22 (m, 1H),
3.04-3.02 (m, 1H), 2.12-1.98 (m, 1H),
1.91-1.77 (m, 1H), 1.71-1.58 (m, 1H),
1.38 (t,J = 7.4 Hz, 3H), 0.88 (s, 9H).
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3-tert-butyl-N-[[4-[2-[[1-(1-
methyl-4-piperidyl)pyrazol-4-

"H NMR (400 MHz, CD;0D) 4: 8.39 (s,
1H), 8.35 (d, J= 5.2 Hz, 1H), 8.18 (d, J
= 8.4 Hz, 1H), 7.96 (s, 1H), 7.62-7.57
(m, 2H), 7.14 (d, J= 5.2 Hz, 1H), 4.57-
4.52 (m, 2H), 4.07-4.01 (m, 1H), 3.54-

lJamino]pyrimidin-4-yl1]-2- 1-298 585.3
zftﬁ ﬂuoronfl’ztrlllyl)pheny-‘{]me 0 gi (1) (m, 1H), 3.43-3.40 (m, 1H), 3.22-
1] olidine-1-carboxamide 10 (m, 1H), 3.05-3.02 (m, 1H), 2.92-
yupyrt 2.89 (m, 2H), 2.25 (s, 3H), 2.18-1.82
(m, 8H), 1.67-1.62 (m, 1H), 0.88 (s,
9H).
'H NMR (400 MHz, CD;0D) J: 8.42 (s,

. 1H), 8.37 (d,J=5.2 Hz, 1H), 8.21 (d, J
somopyipyrolt - B4z B 795 (s 1) 7.9 (0=
yl)amino]pyrimidin-4-yl1]-2- 1-299 5'2 Hz’ ng’ 4'50 EZ’ ZH;’ 4‘46—51 ’30 (m 518.2
(triﬂuoromethyl)phenyl]meth 2'H) 4’1 3.4 ’02' (m 2’H) é 7'9_3 6‘7 (m ’
yl]azetidine- 1-carboxamide 2H): 3:65—3:49 (m: lH): 1:42 ((i,J= 6’.8

Hz, 6H), 1.07 (d, J= 6.2 Hz, 6H).

1H NMR (400 MHz, METHANOL-d4)
3-methoxy-N-[[2-methyl-4- 0: 8.33(d, J=6.02 Hz, 1H), 8.00 (d, J
[2-[(1-methylpyrazol-4- =17.88 Hz, 3H), 7.69 (s, 1H), 7.35 -
yD)amino]pyrimidin-4- 1-300 7.52 (m, 2H), 4.41 (s, 2H), 4.26 (s, 1H), 408
yl]phenyllmethyl]azetidine-1- 4.09 - 4.19 (m, 2H), 3.91 - 3.99 (m,
carboxamideacid 3H), 3.83 (dd, J =3.89, 9.73 Hz, 2H),

2.45 (s, 3H)

"H NMR (400 MHz, CD;0D) o: 8.43 (s,
N-[[4-[2-[[1-(2- 1H), 8.40 (d, J=5.2 Hz, 1H), 8.25 (d, J
hydroxyethyl)pyrazol-4- = 8.0 Hz, 1H), 8.02 (s, 1H), 7.65-7.63
yl]Jamino]pyrimidin-4-yl1]-2- 1301 (m, 2H), 7.19 (d, /=5.2 Hz, 1H), 4.58 5202
(trifluoromethyl)phenylmeth (s, 2H), 4.46-4.38 (m, 1H), 4.25-4.13 '
yl]-3-isopropoxy-azetidine-1- (m, 4H), 3.91 (t,J=5.4 Hz, 2H), 3.88-
carboxamide 3.81 (m, 2H), 3.70-3.60 (m, 1H), 1.16

(d, J=6.4 Hz, 6H).

'"H NMR (400 MHz, CD;0D) J: 8.39

(d, J=5.2 Hz, 1H), 8.10 (s, 1H), 7.95
g e (s, 1H), 7.93 (d,J = 8.0 Hz, 1H), 7.68
piperidyl)pyrazol-4- (s, 1H), 7.39 (d, J= 8.0 Hz, 1H), 7.20
mpyimins. | 1| @i i ssittom i, |
yllphenyl}methyljazetidine-1- 3.77 (rsﬁ, 2H), 3.04-3.01 (m, 2H), 2.43
carboxamide (s, 3H), 2.35 (s, 3H), 2.30-2.24 (m, 2H),

2.19-2.04 (m, 4H), 1.20 (s, 9H).

'H NMR (400 MHz, CD;0D) 4: 8.28
fngozgzﬁ)g;a[il[_[i_ (2 (d,J=4.8 Hz, 1H), 7.99 (s, 1H), 7.83
ylJamino]pyrimidin-4-yI]-2- (d, J=6.8 Hz, 1H), 7.58 (s, 1H), 7.30

1-303 (d, J=8.4 Hz, 1H), 7.08 (d, /= 5.2 Hz, 492.3

methyl-
phenyljmethyl]pyrrolidine-1-
carboxamide

1H), 6.56 (s, 1H), 4.38-4.28 (m, 2H),
4.19 (t,J = 4.8 Hz, 2H), 3.66 (1, J= 5.2
Hz, 2H), 3.51-3.46 (m, 1H), 3.40-3.36

426




WO 2015/089337

PCT/US2014/069853

(m, 1H), 3.25 (s, 3H), 3.20-3.18 (m,
1H), 3.02-2.99 (m, 1H), 2.34 (s, 3H),
2.01-2.00 (m, 1H), 1.84-1.81 (m, 1H),
1.64-1.59 (m, 1H), 0.87 (s, 9H).

3-tert-butoxy-N-[[4-[2-[[1-(2-
methoxyethyl)pyrazol-4-
yl]Jamino]pyrimidin-4-yl1]-2-

'H NMR (400 MHz, CD;0D) J: 8.39
(d, J=5.2 Hz, 1H), 8.09 (s, 1H), 7.96-
7.95 (m, 2H), 7.67 (s, 1H), 7.39 (d, J =
8.4 Hz, 1H), 7.22 (d, J= 4.8 Hz, 1H),

methyl- B304 | 4 61-4.56 (m, 1H), 439 (s, 2H), 430 (t, | +%3
phenyl]jmethyl]azetidine-1- J=5.2 Hz, 2H), 4.19-4.15 (m, 2H),
carboxamide 3.80-3.75 (m, 4H), 3.35 (s, 3H), 2.44 (s,

3H), 1.20 (s, 9H).

'"H NMR (400 MHz, CD;0D) 4: 8.28

(d,J=5.6 Hz, 1H), 7.92 (s, 1H), 7.82

(d,J=17.2 Hz, 1H), 7.56 (s, 1H), 7.30
2;;?};‘;1;-‘;};&_[[4'[2'[(1' (d.J=8.4 Hz, 1H). 7.09 (d, = 5.2 Hz,
Shamino]pyrimidin-d-y1]-2- 1H), 4.37-4.28 (m, 2H), 4.06 (q, J=7.2
methyl- 1-305 Hz, 2H), 3.49-3.47 (m, 1H), 3.39-3.37 4623
phenylJmethylJpyrrolidine- 1- (m, 1H), 3.19-3.16 (m, 1H), 3.04-2.98
carboxamide (m, 1H), 2.33 (s, 3H), 2.04-1.99 (m,

1H), 1.86-1.80 (m, 1H), 1.64-1.59 (m,

1H), 1.39 (t, J = 7.2 Hz, 3H), 0.87 (s,

9H).

'"H NMR (400 MHz, CD;0D) J: 8.42 (s,
3-tert-butoxy-N-[[4-[2-[(1- 1H), 8.37 (d, J= 4.8 Hz, 1H), 8.21 (d, J
isopropylpyrazol-4- =8.0 Hz, 1H), 7.95 (s, 1H), 7.60 (d, J =
yl)amino]pyrimidin-4-yl1]-2- 1306 8.4 Hz, 1H), 7.53 (s, 1H), 7.17 (d, J = 5323
methyl- 4.8 Hz, 1H), 4.53-4.47 (m, 1H), 4.49 (s, '
phenyl|methyl]azetidine-1- 2H), 4.44-4.37 (m, 1H), 4.11-4.08 (m,
carboxamide 2H), 3.73-3.69 (m, 2H), 1.42 (d, J= 6.4

Hz, 3H), 1.10 (s, 9H).

'H NMR (400 MHz, CD;0D) J: 8.28-

8.26 (m, 1H), 7.86 (s, 1H), 7.82-7.81
i;gfﬂgﬁfozefﬁ‘i’_‘Y)'N'[[z' (m, 2H). 7.53 (s, 1H), 7.28 (d, J = 8.0
methylpyrazol-4- Hz, 1H), 7.08-7.06 (m, 1H), 4.49 (t, J =

Damd i 1-307 4.0 Hz, 1H), 4.37 (1, J = 4.0 Hz, 1H), 440.2

yl)a‘ﬁnn"l]pynt‘;“l e 4.32-4.26 (m, 1H), 4.27 (s, 2H), 4.08-
Za]rfl’m?;-‘lfn]i?: ylazetidine-1- 4.05 (m, 2H), 3.78 (s, 3H), 3.76-3.74

(m, 2H), 3.62 (t,J = 4.0 Hz, 1H), 3.54

(t,J = 4.0 Hz, 1H), 2.31 (s, 3H).

'"H NMR (400 MHz, CD;0D) 4: 8.33

(d,J=5.2 Hz, 1H), 8.03 (s, 1H), 7.89-
2'?{5‘?‘?5/11'1\]'[&;%?(1' 7.85 (m, 2H), 7.61 (s, 1H), 7.37 (d, J =
-‘1/ propy p.yr.d. 1 8.0 Hz, 1H), 7.13 (d, J = 5.6 Hz, 1H),
ylamino]pyrimidin-4-yl]-2- 1-308 4.45-4.35 (m, 2H), 3.63-3.54 (m, 2H), 4743

methyl-
phenyljmethyl]pyrrolidine-1-
carboxamide

3.48-3.43 (m, 1H), 3.28-3.23 (m, 1H),
3.08 (t,J = 10.0 Hz, 1H), 2.40 (s, 3H),
2.07-2.05 (m, 1H), 1.92-1.85 (m, 1H),
1.71-1.65 (m, 1H), 1.10-1.02 (m, 4H),
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0.93 (s, 9H).

1-tert-butyl-5-[[2-methyl-4-
[6-[(5-methyl-6,7-dihydro-
4H-pyrazolo[1,5-a]pyrazin-2-

'"H NMR (400 MHz, CD;0D) J: 8.56
(d, J= 1.2 Hz, 1H), 7.77-7.72 (m, 3H),
7.51 (s, 1H), 7.31 (d, J= 7.6 Hz, 1H),
6.23 (s, 1H), 4.75 (s, 2H), 4.10 (t, J =

yga‘ﬁm"l]]py“t?“f]“g‘;' 1-309 5.2 Hz, 2H), 3.69 (s, 2H), 3.55 (t, J = 5263
Hihydron 22013[4_ 3 7.2 Hz, 2H), 3.21 (t, J = 6.8 Hz, 2H),
C]pzﬁ diﬁ-‘_f4_one ’ 2.99 (t,J = 5.6 Hz, 2H), 2.50 (s, 3H),

2.38 (s, 3H), 1.60 (s, 9H).

'H NMR (400 MHz, CDs0D) 4: 8.59 (s,

1H), 8.48 (d, J=5.6 Hz, 1H), 8.40 (d, J
lll[gofe[t[ﬁ% _— — 8.4 Hz, 1H), 8.05 (s, 1H), 7.71-7.64

ydaroxyethy’)pyrd (m, 2H), 7.36 (d, J = 5.2 Hz, 1H), 4.97
yl]amino]pyrimidin-4-yl1]-2- 1-310 _ 518.2
liifluoromethyphenyl]meth (s, 2H), 4.23 (t,.J = 5.6 Hz, 2H), 4.10 (s,

11-4-{sobutyl piperastu2.onc 2H), 3.91 (1, J = 5.6 Hz, 2H), 3.68 (brs,

y tyl-pip 4H), 3.16 (d, J = 7.6 Hz, 2H), 2.26-2.19

(m, 1H), 1.09 (d, J = 6.8 Hz, 6H).

'"H NMR (400 MHz, CD;0D) J: 8.36-

8.33 (m, 2H), 8.18 (d, J=8.4 Hz, 1H),

8.02 (s, 1H), 7.64 (s, 1H), 7.58 (d, J =
3-tert-butyl-N-[[4-[2-[[1-(1- 8.8 Hz, 1H), 7.14 (d, J = 4.8 Hz, 1H),
methylazetidin-3-yl)pyrazol- 5.00-4.95 (m, 1H), 4.58-4.49 (m, 2H),
4-yl]amino]pyrimidin-4-yl1]-2- I-311 4.07-4.03 (m, 2H), 3.84-3.80 (m, 2H), 557.3
(trifluoromethyl)phenyllmeth 3.51-3.47 (m, 1H), 3.41-3.37 (m, 1H),
yl]pyrrolidine- 1-carboxamide 3.24-3.22 (m, 1H), 3.03-3.00 (m, 1H),

2.58 (s, 3H), 2.05-2.00 (m, 1H), 1.84-

1.80 (m, 1H), 1.64-1.59 (m, 1H), 0.86

(s, 9H).

'H NMR (400 MHz, CD;0D) 4: 8.28
N-[[4-[2-[[1-[1,1-dimethyl-2- (d,J=4.8 Hz, 1H), 8.17 (br, 1H), 7.85
0X0-2-(2,2,2- (s, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.64
trifluoroethylamino)ethyl]pyr (s, 1H), 7.28 (d, /= 8.0 Hz, 1H), 7.10-
azol-4-yl]amino [pyrimidin-4- 1-312 7.09 (m, 1H), 4.32-4.29 (m, 1H), 4.29 589.3
yl]-2-methyl-phenyljmethyl]- (s, 2H), 4.08-4.05 (m, 2H), 3.77 (q, J =
3-isopropoxy-azetidine-1- 9.2 Hz, 2H), 3.71-3.68 (m, 2H), 3.58-
carboxamide 3.52 (m, 1H), 2.31 (s, 3H), 1.74 (s, 6H),

1.06 (d, J= 6.0 Hz, 6H).

'H NMR (400 MHz, CDsOD): 8.37 (d,

. J=52Hz, 1H), 8.23-8.21 (m, 2H),
?(gss(;ptreotrrfﬁ( e 8.01 (s, 1H), 7.61-7.56 (m, 2H), 7.17 (d,
yl]pyrazol_}_ J=5.2 Hz, 1H), 4.95-4.90 (m, 1H),

Noomino pyrimidined-yl]-2- 1-313 4.52 (s, 2H), 4.38-4.34 (m, 1H), 4.15- 546.2
ztri ﬂuoronfl’zgl Dphen f{]me 0 4.02 (m, 3H), 3.98-3.93 (m, 2H), 3.87-
yl]azetidine—lz:afboxgmide 3.75 (m, 3H), 3.62-3.56 (m, 1H), 2.45-

2.38 (m, 1H), 2.27-2.20 (m, 1H), 1.09

(d, J= 6.4 Hz, 1H).
3-isopropoxy-N-[[4-[2-[[1- 'H NMR (400 MHz, CDCl;) ¢: 8.48 (d,
[(3R)-tetrahydrofuran-3- 1-314 J=5.2Hz, 1H), 8.36 (s, 1H), 8.14 (d, J 546.2

yl]pyrazol-4-

=8.0 Hz, 1H), 8.04 (s, 1H), 7.75 (d, J =

428




WO 2015/089337

PCT/US2014/069853

yl]amino]pyrimidin-4-yl1]-2-
(trifluoromethyl)phenylmeth
yl]azetidine- 1-carboxamide

8.4 Hz, 1H), 7.57 (s, 1H), 7.13 (s, 1H),
7.10 (d, J = 5.2 Hz, 1H), 5.00-4.95 (m,
1H), 4.62 (d, J = 6.4 Hz, 2H), 4.55 (, J
= 6.0 Hz, 1H), 4.38-4.32 (m, 1H), 4.19-
4.07 (m, SH), 3.99-3.93 (m, 1H), 3.87-
3.85 (m, 2H), 3.63-3.57 (m, 1H), 2.53-
2.36 (m, 2H), 1.15 (d, J = 6.4 Hz, 6H).

2-tert-butyl-N-[[4-[2-(5,6-
dihydro-4H-pyrrolo[1,2-
b]pyrazol-3-

'H NMR (400 MHz, CD;0D) J: 8.23-
8.20 (m, 1H), 8.12 (s, 1H), 7.82 (s, 1H),
7.78 (d, J = 6.8 Hz, 1H), 7.56 (s, 1H),

ylamino)pyrimidin-4-yl]-2- 1-315 7.29 (d, J = 8.0 Hz, 1H), 7.08-7.05 (m, 488
methyl- 1H), 4.49 (s, 2H), 4.01-3.90 (m, 2H),
phenyl]jmethyl]thiazole-5- 2.82-2.79 (m, 2H), 2.51-2.48 (m, 2H),
carboxamide 2.33 (s, 3H), 1.35 (s, 9H).

"H NMR (400 MHz, CD;0D) 4: 8.36 (s,

1H), 8.32 (d, J = 5.2 Hz, 1H), 8.15 (d, J

= 8.4 Hz, 1H), 7.94 (s, 1H), 7.58-7.56
3'3tesrt_'butylfjii[[_‘;'_[21'[[l' . (m, 2H), 7.11 (d, J = 4.8 Hz, 1H), 4.87-
[(38)-pyrrolidin-3-yllpyrazo 4.82 (m, 1H), 4.56-4.52 (m, 2H), 3.51-
4-yl]Jamino Jpyrimidin-4-yl]-2- I-316 5573
(trifluoromethyl)phenylJmeth 3.49 (m, 2H), 3.40-3.38 (m, 1H), 3.31-

pyrrolidine- 1 carboxamide 3.17 (m, 3H), 3.07-2.99 (m, 2H), 2.34-

yupyrt 2.25 (m, 1H), 2.18-2.10 (m, 1H), 2.05-

1.97 (m, 1H), 1.85-1.79 (m, 1H), 1.67-

1.56 (m, 1H), 0.85 (s, 9H).

"H NMR (400 MHz, CDCl5) : 8.46 (d,

J=15.2Hz, 1H), 8.36 (s, 1H), 8.15(d, J

=8.0 Hz, 1H), 7.98 (s, 1H), 7.80 (d, J =
3-isopropyl-N-[[4-[2-[[1-(2- 8.0 Hz, 1H), 7.60 (s, 1H), 7.09 (d, J =
methoxyethyl)pyrazol-4- 5.2 Hz, 1H), 7.01 (s, 1H), 4.69-4.64 (m,
yl]amino]pyrimidin-4-yl1]-2- 1317 3H), 4.30 (t,J=5.2 Hz, 2H), 3.78 (t,J 5233
(trifluoromethyl)phenylmeth =5.2 Hz, 2H), 3.58-3.50 (m, 2H), 3.36
yl]pyrrolidine- 1-carboxamide (s, 3H), 2.94-2.89 (m, 1H), 2.92 (t,J =

9.6 Hz, 1H), 2.08-2.02 (m, 1H), 1.90-

1.82 (m, 1H), 2.15-1.45 (m, 2H), 0.93-

0.90 (m, 6H).

'H NMR (400 MHz, CDs0D) d: 8.39

(s, 1H), 8.35 (d, J= 5.2 Hz, 1H), 8.19

(d, J=8.4 Hz, 1H), 7.97 (s, 1H), 7.60-
3'3?;“:‘”-‘/1'11.‘51'.[[_43'_[21' [L1- . 7.57 (m, 2H), 7.16 (d, J = 5.6 Hz, 1H),
[(3R)-pyrrolidin-3-yllpyrazo 4.86-4.82 (m, 1H), 4.56-4.52 (m, 2H),
4-yl]Jamino Jpyrimidin-4-yl]-2- I-318 5573
(trifluoromethyl)phenyl]meth 3.52-3.48 (m, 1H), 3.42-3.38 (m, 1H),

Ipyrrolidine- 1-carboxamide 3.27-3.24 (m, 3H), 3.18-3.17 (m, 1H),

yipym 3.05-2.96 (m, 2H), 2.31-2.26 (m, 1H),

2.17-2.02 (m, 2H), 1.85-1.81 (m, 1H),

1.66-1.61 (m, 1H), 0.87 (s, 9H).
3-tert-butoxy-N-[[2-(2- 'H NMR (400 MHz, CD;0D) d: 8.40
methoxyethyl)-4-[2-[(1- 1319 (d,/=5.2Hz, 1H), 8.02 (d, J=1.6 Hz, 494 3

methylpyrazol-4-
yDamino]pyrimidin-4-

1H), 8.00 (s, 1H), 7.95 (dd, J = 8.0, 1.6
Hz, 1H), 7.64 (s, 1H), 7.42 (d, J = 8.0
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yl]phenyljmethyl]azetidine-1-
carboxamide

Hz, 1H), 7.21 (d, J = 5.2 Hz, 1H), 4.59-
4.56 (m, 1H), 4.44 (s, 2H), 4.17-4.13
(m, 2H), 3.90 (s, 3H), 3.79-3.76 (m,
2H), 3.70 (t, J = 6.8 Hz, 2H), 3.36 (s,
3H), 3.04 (t, J = 6.8 Hz, 2H), 1.19 (s,
9H).

3-tert-butyl-N-[[2-(2-
methoxyethyl)-4-[2-[(1-
methylpyrazol-4-

'"H NMR (400 MHz, CD;0D) J: 8.40
(d, J=5.2 Hz, 1H), 8.02 (s, 1H), 8.00
(s, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.64
(s, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.21
(d, J=5.2 Hz, 1H), 4.49 (s, 2H), 3.90

Damino]pyrimidin-4- 1-320 (s, 3H), 3.71 (t, J = 6.8 Hz, 2H), 3.59- 492.3
y pyrl L 3.54 (m, 1H), 3.48-3.44 (m, 1H), 3.36
yllphenylJmethyljpyrrolidine- (s, 3H), 3.29-3.25 (m, 1H), 3.12-3.07
I-carboxamide (m, 1H), 3.06 (t, J = 6.8 Hz, 2H), 2.16-

2.07 (m, 1H), 1.95-1.89 (m, 1H), 1.77-

1.69 (m, 1H), 0.96 (s, 9H).

'"H NMR (400 MHz, CD;0D) d: 8.27

(d, J=5.2 Hz, 1H), 7.96 (s, 1H), 7.89
3-tert-butyl-N-[[4-[2-[(1,5- (d, J=8.0 Hz, 1H), 7.59 (s, 1H), 7.41
dimethylpyrazol-4- (d, J=8.0 Hz, 1H), 7.17 (d, /= 5.6 Hz,
yl)amino]pyrimidin-4-yl1]-2- 1321 1H), 4.51-.4.43 (m, 2H), 3.85-3.82 (m, 499 3
(2- 2H), 3.79 (s, 3H), 3.56-3.51 (m, 1H), '
hydroxyethyl)phenyl]methyl] 3.45-3.41 (m, 1H), 3.28-3.21 (m, 1H),
pyrrolidine-1-carboxamide 3.08-2.97 (m, 3H), 2.21 (s, 3H), 2.06-

2.04 (m, 1H), 1.89-1.86 (m, 1H), 1.69-

11.64 (m, 1H), 0.93 (s, 9H).

H NMR (400 MHz, CD;0D) 4: 8.22
?155%?2%%%&1?;[[12 2(5 ’6_ (d,J = 5.2 Hz, 1H), 7.79-7.77 (m, 2H),
b]pirazol_} ’ 7.57 (s, 1H), 7.27 (d, J = 7.6 Hz, 1H),
ylamino)pyrimidin-4-y1]-2- 1-322 Z}%g Eﬁ’zg (5’52'%%" 3&.3'14?113'3%?1’ 4762
Bfetﬂyll]'me hylJazetidine. 1- 3.69-3.65 (m, 2H), 2.83 (1, J = 7.2 Hz,
Carngami dey ?%2) (2.5&12).49 (m, 2H), 2.30 (s, 3H),

. S, .

'H NMR (400 MHz, CD;0D) J: 8.24

(d,J =5.2 Hz, 1H), 7.87 (s, 1H), 7.81
3-tert-butoxy-N-[[4-[2-(5,6- (d,J =8.0 Hz, 1H), 7.57 (s, 1H), 7.30
dihydro-4H-pyrrolo[1,2- (d,J=7.6 Hz, 1H), 7.09 (d, J = 5.2 Hz,
b]pyrazol-3- 1323 1H), 4.48-4.45 (m, 1H), 4.33 (s, 2H), 520
ylamino)pyrimidin-4-y1]-2-(2- 4.06-4.01 (m, 4H), 3.68-3.65 (m, 2H),
methoxyethyl)phenylJmethyl] 3.57(t,J = 6.8 Hz, 2H), 3.25 (s, 3H),
azetidine-1-carboxamide 2.92 (t,J=6.8Hz, 2H),2.84 (t,J=7.2

Hz, 2H), 2.55-2.51 (m, 2H), 1.09 (s,

9H).
3-tert-butyl-N-[[4-[2-(5,6- 'H NMR (400 MHz, CD;0D) 4: 8.23
dihydro-4H-pyrrolo[1,2- 1324 (d,J=5.2 Hz, 1H), 7.87 (s, 1H), 7.81 504.2

b]pyrazol-3-
ylamino)pyrimidin-4-y1]-2-(2-

(d,J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.33
(d,J = 8.4 Hz, 1H), 7.09 (d, J = 5.6 Hz,
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hydroxyethyl)phenyl]methyl]
pyrrolidine- 1-carboxamide

1H), 4.23-4.33 (m, 2H), 4.03 (t,J = 7.2
Hz, 2H), 3.73 (,J = 7.2 Hz, 2H), 3.45
(t,J =9.2 Hz, 1H), 3.35 (t, /= 9.2 Hz,
1H), 3.18-3.13 (m, 1H), 2.92 (t, J =
10.4 Hz, 1H), 2.89 (t, J = 6.8 Hz, 2H),
2.83 (t,J = 7.2 Hz, 2H), 2.56-2.49 (m,
2H), 2.01-1.98 (m, 1H), 1.84-1.78 (m,
1H), 1.63-1.57 (m, 1H), 0.85 (s, 9H).

(3S)-3-tert-butyl-N-[[4-[2-
(5,6-dihydro-4H-pyrrolo[1,2-
b]pyrazol-3-

"H NMR (400 MHz, CD;0D) d: 8.20
(d,J=5.2 Hz, 1H), 7.85 (d,J= 1.6 Hz,
1H), 7.77 (dd, J = 8.0, 1.6 Hz, 1H), 7.57
(s, 1H), 7.30 (d, J= 8.0 Hz, 1H), 7.05
(d,J= 5.2 Hz, 1H), 4.37-4.35 (m, 2H),

Tamnino)pyrimidin-4-yl]-2-(2- 1-325 4.00 (t,J=7.2 Hz, 2H), 3.55 (t, /= 6.8 518.3

fne thoxyggfyl)phenyl]-‘ﬁn cthy] Hz, 2H), 3.46-3.31 (m, 2H), 3.23 (s,
o 3H), 3.18-3.12 (m, 1H), 2.99-2.89 (m,
pyit 3H), 2.82-2.79 (m, 2H), 2.53-2.45 (m,

2H), 1.97-1.95 (m, 1H), 1.80-1.75 (m,

1H), 1.60-1.55 (m, 1H), 0.83 (s, 9H).

1H NMR (400 MHz, CD30D) 5: 8.39

(d, 7=5.2 Hz, 1H), 8.10 (s, 1H), 7.94-

7.86 (m, 2H), 7.67 (s, 1H), 7.41 (d, ] =
3-isopropoxy-N-[6-[2-[[1-(1- 8.0Hz, 1H), 7.19 (d, J =5.2 Hz, 1H),
methyl-4-piperidyl)pyrazol-4- 4.99-4.94 (m, 1H), 4.45-4.34 (m, 1H),
ylJamino]pyrimidin-4- 1-326 4.20-4.11 (m, 3H), 3.82-3.75 (m, 2H), 5454
yl]tetralin-1-yl]azetidine-1- 3.71-3.63 (m, 1H), 3.03-3.00 (m, 2H),
carboxamide 2.95-2.83 (m, 2H), 2.35 (s, 3H), 2.30-

2.24 (m, 2H), 2.19-2.14 (m, 2H), 2.13-

1.98 (m, 4H), 1.88-1.76 (m, 2H), 1.16

(d,J=6.4 Hz, 6H).

1H NMR (400 MHz, CD30D) 3: 8.33

(d, 7=5.2 Hz, 1H), 8.07 (s, 1H), 7.89-

7.83 (m, 2H), 7.66 (s, 1H), 7.41 (d, ] =
ﬁ'tggfugﬁ'%[6'5(')[15:(2' 8.4 Hz, 1H), 7.13 (d, J = 5.6 Hz, 1H),

i’ xyethy .pY(ri. ) 1327 5.04-5.02 (m, 1H), 4.20 (t, J=5.2 Hz, 5043
yd:‘éltlrl;ﬂplymf]“ o dine L ” 2H), 3.90 (1, J = 5.6 Hz, 2H), 3.56-3.44 '
Zarboxami dey pyTH (m, 2H), 3.29-3.24 (m, 1H), 3.11-3.04

(m, 1H), 2.89-2.86 (m, 2H), 2.09-1.98

(m, 3H), 1.92-1.65 (m, 4H), 0.93 (s,

9H).

1H NMR (400 MHz, CD30D) &: 8.25

(d, 7=5.2 Hz, 1H), 7.89 (s, 1H), 7.81-
2;;1;?;;2;13(1)_&-[2_[2_[(1_ 7.76 (m, 2H), 7.55 (s, 1H), 7.29-7.25

Daminolpyrimidin-4-yl]- (m, 1H), 7.06 (d, T = 5.6Hz, 1H), 6.49-

y by Y 1-328 6.43 (m, 1H), 5.06-4.99 (m, 1H), 4.05 502.3

6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-
yl]pyrrolidine- 1-carboxamide

(q,J=7.2 Hz, 2H), 3.57-3.37 (m, 2H),
3.25-3.23 (m, 1H), 3.09-2.79 (m, 3H),
2.02-1.76 (m, 6H), 1.64-1.56 (m, 2H),
1.36 (t,J = 7.2 Hz, 3H), 1.27-1.17 (m,
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1H), 0.86 (s, 9H).

N-[2-formyl-8-[2-[(1-
methylpyrazol-4-
ylamino]pyrimidin-4-yl]-

1H NMR (400 MHz, CD30D) &: 8.42-
8.40 (m, 1H), 8.21-8.15 (m, 1H), 8.08-
7.98 (m, 3H), 7.64-7.59 (m, 1H), 7.48-
7.43 (m, 1H), 7.23 (d, ] = 5.6 Hz, 1H),

1,3,4,5-tetrahydro-2- 1-329 5.30-5.24 (m, 1H), 5.06-5.02 (m, 1H), 505.3
benzazepin-5-yl]-3- 4.49-4.32 (m, 2H), 4.29-4.20 (m, 2H),
isopropoxy-azetidine-1- 3.93-3.83 (m, 6H), 3.78-3.66 (m, 2H),
carboxamide 2.13-2.05 (m, 1H), 1.97-1.88 (m, 1H),

1.19-1.17 (m, 6H).

IH NMR (400 MHz, CD30D) 6: 8.27

(d, J=5.2 Hz, 1H), 8.02 (s, 1H), 7.81-
fettf;l;;tg;;jal[f 4[_§ lgylrml_ 7.79 (m, 2H), 7.58 (s, 1H), 7.31-7.27
4-yl)amino]pyrimidin-4-yl]- (m, 1H), 7.07 (d, J = 5.2 Hz, 1H), 5.07-
6.7.8.9-tetrahydro-5H- 1-330 5.02 (m, 1H), 4.27-4.21 (m, 1H), 3.97- 558.3
b’er;Z(’)[7]annulen—5— 3.94 (m, 2H), 3.59-3.40 (m, 4H), 3.28-

pyrrolidine- 1-carboxamide 3.26 (m, 1H), 3.11-2.80 (m, 3H), 2.07-
YUpYyTE 1.78 (m, 10H), 1.66-1.58 (m, 2H), 1.28-

1.24 (m, 1H), 0.88 (s, 9H).

IH NMR (400 MHz, CDCI3) ¢o: 8.39

(d, J=5.2 Hz, 1H), 7.87 (s, 1H), 7.81-
3-ethoxy-N-[2-[2-[(1- 7.77 (m, 2H), 7.55 (s, 1H), 7.36-7.30
methylpyrazol-4- (m, 2H), 7.05 (d, J = 5.2 Hz, 1H), 5.09
ylamino]pyrimidin-4-yl]- 1331 (t,J=8.0Hz, 1H), 4.53 (d, J = 8.4 Hz, 4622
6,7,8,9-tetrahydro-5H- 1H), 4.34-4.28 (m, 1H), 4.19-4.13 (m, '
benzo[7]annulen-5- 2H), 3.94-3.88 (m, SH), 3.46 (q,J=7.2
yl]azetidine- 1-carboxamide Hz, 2H), 3.01-2.85 (m, 2H), 1.91-1.74

(m, 5H), 1.58-1.51 (m, 1H), 1.23 (t, J =

7.2 Hz, 3H).

IH NMR (400 MHz, CDCI3) 6: 8.76 (d,
3-tert-butoxy-N-[2-[6-(6,7- J=0.8Hz, 1H), 7.80 (d, J = 1.6 Hz,
dihydro-4H-pyrazolo[5,1- 1H), 7.71 (dd, J =8.0, 1.6 Hz, 1H), 7.48
c][1,4]oxazin-2- (s, 1H), 7.40 (s, 1H), 7.33 (d, T =8.0
ylamino)pyrimidin-4-yl]- 1-332 Hz, 1H), 6.10 (s, 1H), 5.08 (t, J = 8.0 5323
6,7,8,9-tetrahydro-5H- Hz, 1H), 4.84 (s, 2H), 4.53-4.42 (m,
benzo[7]annulen-5- 2H), 4.20-4.05 (m, 6H), 3.94-3.80 (m,
yl]azetidine- 1-carboxamide 2H), 3.04-2.81 (m, 2H), 2.03-1.72 (m,

5H), 1.61-1.49 (m, 1H), 1.19 (s, 9H).

IH NMR (400 MHz, CD30D) 4: 8.28

(d, J=5.2 Hz, 1H), 8.08 (br, 1H), 7.84-
3-isopropoxy-N-[2-[2-[[1- 7.81 (m, 1H), 7.79 (s, 1H), 7.53 (d, J =
[(3R)-tetrahydrofuran-3- 2.0 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H),
yl]pyrazol-4- 7.11(d, J =4.8 Hz, 1H), 4.97-4.89 (m,
yl]amino]pyrimidin-4-yl]- 1-333 2H), 4.37-4.32 (m, 1H), 4.17-3.91 (m, 532

6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-
yl]azetidine- 1-carboxamide

5H), 3.86-3.71 (m, 3H), 3.61-3.55 (m,
1H), 2.96-2.89 (m, 2H), 2.46-2.37 (m,
1H), 2.23-2.17 (m, 1H), 1.89-1.78 (m,
4H), 1.61-1.56 (m, 1H), 1.28-1.23 (m,
1H), 1.08 (d, J = 6.0 Hz, 6H)
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3-tert-butoxy-N-[2-[2-[[1-
[(35)-tetrahydrofuran-3-
yl]pyrazol-4-

1H NMR (400 MHz, CD30D) : 8.27
(d,J=5.2 Hz, 1H), 8.07 (s, 1H), 7.84-
7.80 (m, 1H), 7.78 (s, 1H), 7.53 (d, ] =
2.4 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H),

7.09 (d, J = 5.6 Hz, 1H), 4.95-4.89 (m,

yl]amino]pyrimidin-4-yl]- 1-334 2H), 4.53-4.47 (m, 1H), 4.16-3.90 (m, 546.3
6,7,8,9-tetrahydro-5H- SH), 3.85-3.69 (m, 3H), 2.95-2.84 (m,
benzo[7]annulen-5- 2H), 2.45-2.36 (m, 1H), 2.22-2.16 (m,
yl]azetidine- 1-carboxamide 1H), 1.89-1.86 (m, 3H), 1.82-1.76 (m,

1H), 1.62-1.52 (m, 1H), 1.30-1.26 (m,

1H), 1.10 (s, 9H).

IH NMR (400 MHz, CDCI3) 6: 8.43 (d,

J=5.2Hz, 1H), 7.88 (s, 1H), 7.72-7.64
3-isopropoxy-N-[8-[2-[(1- (m, 2H), 7.53 (s, 1H), 7.39(d, J = 7.8
methylpyrazol-4- Hz, 1H), 7.19 (s, 1H), 7.03 (d, J =5.2
yhamino|pyrimidin-4-yl]- 1-335 Hz, 1H), 5.21-5.09 (m, 1H), 4.89 (d, J = 478
2,3,4,5-tetrahydro-1- 9.2 Hz, 1H), 4.46-4.26 (m, 2H), 4.15-
benzoxepin-5-yl]azetidine-1- 4.04 (m, 2H), 3.92 (s, 3H), 3.87-3.70
carboxamide (m, 3H), 3.64-3.51 (m, 1H), 2.32-2.13

(m, 2H), 1.88-1.69 (m, 2H), 1.14 (d, J =

5.6 Hz, 6H).

IH NMR (400 MHz, CDCI3) 6: 8.40 (d,

J=5.2Hz, 1H), 7.95 (s, 1H), 7.80 (d, J
N-[2-[2-[[1-(2-hydroxy-2- =8.0 Hz, 1H), 7.76 (s, 1H), 7.60 (s,
methyl-propyl)pyrazol-4- 1H), 7.35 (d, J =8.0 Hz, 1H), 7.05 (d,J
yl]amino]pyrimidin-4-yl]- =5.2 Hz, 1H), 5.09 (t, J = 8.4 Hz, 1H),
6,7,8,9-tetrahydro-5H- 1-336 4.54 (d,J =7.6 Hz, 1H), 4.48-4.30 (m, 5343
benzo[7]annulen-5-yl1]-3- 1H), 4.23-4.10 (m, 2H), 4.05 (s, 2H),
isopropoxy-azetidine-1- 3.99-3.83 (m, 3H), 3.68-3.55 (m, 1H),
carboxamide 3.03-2.80 (m, 2H), 1.88-1.69 (m, 5H),

1.64-1.43 (m, 1H), 1.21 (s, 6H), 1.17 (d,

J=5.2 Hz, 6H)

IH NMR (400 MHz, CDCI3) 6: 8.39 (d,

J=5.2Hz, 1H), 7.94 (s, 1H), 7.79 (d, J
ﬁ;ggf;tgf‘nzgﬁ'[z'[“'(2' — 8.0 Hz, 1H), 7.75 (s, 1H), 7.59 (s,
propyl)pyrazol-4- 1H), 7.53 (s, 1H), 7.34 (d, ] = 8.0 Hz,
ylJamino Jpyrimidin-4-yl]- 1-337 1H), 7.05(d, 7= 5.2 Hz, 1H), 5.09(t, J 5483
6.7.8.9-totrahydro-SH- =8.4 Hz, 1H), 4.57 (d, ] =7.8 Hz, 1H),
b’er;zz)[7]annulen—5— 4.54-4.43 (m, 1H), 4.23-4.09 (m, 2H),
yl]azetidine- 1-carboxamide 4.05 (s, 2H), 3.95-3.81 (m, 2H), 3.02-

2.81 (m, 2H), 1.94-1.68 (m, SH), 1.61-

1.43 (m, 1H), 1.20 (s, 6H), 1.19 (s, 9H).
3-isopropoxy-N-[2-[2-[[1- IH NMR (400 MHz, CD30D) 9: 8.27
[(3S)-tetrahydrofuran-3- (d, J=4.8 Hz, 1H), 8.06 (s, 1H), 7.83-
yl]pyrazol-4- 7.78 (m, 2H), 7.53 (s, 1H), 7.26 (d, J =
yl]Jamino|pyrimidin-4-yl]- 1-338 8.0 Hz, 1H), 7.09 (d, J =5.2 Hz, 1H), 532.3

6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-
yl]azetidine- 1 -carboxamide

4.95-4.89 (m, 2H), 4.37-4.31 (m, 1H),
4.16-4.02 (m, 5H), 3.90-3.71 (m, 3H),
4.61-3.55 (m, 1H), 2.94-2.88 (m, 2H),
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2.45-2.36 (m, 1H), 2.19-2.17 (m,
1H),1.89-1.76 (m, 4H), 1.60-1.52 (m,
1H), 1.31-1.18 (m, 1H), 1.07 (d, ] = 6.0
Hz, 6H)

3-methoxy-N-[2-[2-[(1-
methylpyrazol-4-
ylamino]pyrimidin-4-yl]-

1H NMR (400 MHz, CD30D) &: 8.27
(d,7=5.2 Hz, 1H), 7.85 (s, 1H), 7.82
(dd,J=6.4, 1.6 Hz, 1H), 7.77 (d, T =

1.2 Hz, 1H), 7.55 (s, 1H), 7.26 (d, T =

1-339 8.0 Hz, 1H), 7.08 (d, J = 5.2 Hz, 1H), 448

367112809[73?;11&‘{3;"5514 4.94 (d, J = 10.4 Hz, 1H), 4.18-4.06 (m,
yl]azetidine- 1-carboxamide 3H), 3.80-3.73 (m, SH), 3.23 (s, 3H),

2.95-2.81 (m, 2H), 1.89-1.73 (m, 4H),

1.62-1.53 (m, 1H), 1.31-1.19 (m, 1H).

IH NMR (400 MHz, CD30D) 4: 8.28

(d, J=5.2 Hz, 1H), 7.86 (s, 1H), 7.83
3-isopropyl-N-[2-[2-[(1- (d, J=8.0Hz, 1H), 7.77 (s, 1H), 7.55
methylpyrazol-4- (s, 1H), 7.29-7.26 (m, 1H), 7.09 (d, J =
yDamino]pyrimidin-4-yl]- 1-340 5.2 Hz, 1H), 6.46-6.40 (m, 1H), 5.06- 4743
6,7,8,9-tetrahydro-5H- 4.99 (m, 1H), 3.78 (s, 3H), 3.63-3.46 )
benzo[7]annulen-5- (m, 2H), 3.28-3.24 (m, 1H), 2.98-2.82
yl]pyrrolidine- 1-carboxamide (m, 3H), 2.05-1.99 (m, 1H), 1.91-1.76

(m, 5H), 1.65-1.43 (m, 3H), 1.32-1.24

(m, 1H), 0.91-0.89 (m, 6H)

IH NMR (400 MHz, CD30D) 4: 8.28

(d, J=5.2Hz, 1H), 7.91 (s, 1H), 7.83

(d, J=8.4 Hz, 1H), 7.79 (s, 1H), 7.56
I;Il)gzm [lio[](;yilt&‘ﬁﬁsz;’ll]“ (s, 1H), 7.29-7.26 (m, 1H), 7.09 (d, J =
6.7.8.9-tetrahydro-5H- 5.2 Hz, 1H), 5.02 (t,J = 8.8 Hz, 1H),
b’er;zz)[7]annulen—5—yl]—3— 1-341 4.08 (q, ] =7.2 Hz, 2H), 3.63-3.46 (m, 488.1
isopropyl-pyrrolidine-1- 2H), 3.26-3.24 (m, 1H), 2.98-2.82 (m,
carboxamide 3H), 2.04-1.99 (m, 1H), 1.91-1.78 (m,

5H), 1.63-1.43 (m, 3H), 1.38 (t,J=7.2

Hz, 3H), 1.29-1.27 (m, 1H), 0.92-0.89

(m, 6H).

1H NMR (400 MHz, CD30D) 6: 8.29

(d, J=5.2 Hz, 1H), 8.04 (s, 1H), 7.92-
3-isopropyl-N-[2-[2-[(1- 7.71 (m, 2H), 7.59 (s, 1H), 7.34-7.22
tetrahydropyran-4-ylpyrazol- (m, 1H), 7.10 (d, J = 5.2 Hz, 1H), 6.55-
4-yl)amino]pyrimidin-4-yl]- 1342 6.33 (m, 1H), 5.12-4.98 (m, 1H), 4.35- 5443
6,7,8,9-tetrahydro-5H- 4.19 (m, 1H), 3.99-3.97 (m, 2H), 3.69- )
benzo[7]annulen-5- 3.41 (m, 4H), 3.34-3.24 (m, 1H), 3.10-
yl]pyrrolidine-1-carboxamide 2.77 (m, 3H), 2.11-1.73 (m, 10H), 1.72-

1.36 (m, 3H), 1.35-1.22 (m, 1H), 0.98-

0.80 (m, 6H)
3-tert-butoxy-N-[2-[2-[[1-(4- 1H NMR (400 MHz, CD30D) 6: 8.40
piperidyl)pyrazol-4- (d, J=5.2 Hz, 1H), 8.10 (s, 1H), 7.92
yl]Jamino|pyrimidin-4-yl]- 1-343 (d, J=8.0Hz, 1H), 7.89 (s, 1H), 7.73 5594

6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-

(s, 1H), 7.38 (d, T = 8.0 Hz, 1H), 7.21
(d, 7=6.4 Hz, 1H), 5.05 (d, T = 10.4
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yl]azetidine- 1-carboxamide

Hz, 1H), 4.64-4.59 (m, 1H), 4.53-4.45
(m, 1H), 4.27-4.19 (m, 2H), 3.88-3.70
(m, 2H), 3.53-3.50 (m, 2H), 3.21-3.13
(m, 2H), 3.07-2.92 (m, 2H), 2.34-2.14
(m, 4H), 2.01-1.86 (m, 4H), 1.72-1.64
(m, 1H), 1.43-1.37 (m, 1H), 1.23 (s,
9H).

3-isopropyl-N-[2-[2-[[1-
[(3R)-tetrahydrofuran-3-
yl]pyrazol-4-

1H NMR (400 MHz, CD30D) &: 8.28
(d, 7=5.6 Hz, 1H), 8.07 (s, 1H), 7.83
(d, T=8.4 Hz, 1H), 7.79 (s, 1H), 7.54
(s, 1H), 7.29-7.26 (m, 1H), 7.10 (d, ] =
5.2 Hz, 1H), 6.46-6.40 (m, 1H), 5.04-
5.02 (m, 1H), 4.94-4.90 (m, 1H), 4.04-

zliagl;?fe]tfr’zgn;?gﬁ:yl]' I-344 3.93 (m. 3H), 3.82-3.80 (m, 1H), 3.61- 230
b’er;zz)[7]annu}1]en— - 3.49 (m, 2H), 3.28-3.26 (m, 1H), 2.95-
pyrrolidine. 1-carboxamide 2.90 (m, 3H), 2.41-2.39 (m, 3H), 2.04-
ypyTt 2.01 (m, 1H), 1.93-1.92 (m, 1H), 1.91-
1.82 (m, 5H), 1.63-1.50 (m, 3H), 1.30-
1.28 (m, 1H), 0.92-0.89 (m, 6H).
1H NMR (400 MHz, CD30D) 5: 8.28
(d,J=5.2 Hz, 1H), 8.08 (s, 1H), 7.86-
3-isopropyl-N-[2-12-[1- ;.34 l(rg, éH)l, 7.56 (s, 1H), 7.30 (dd, ] =
[(3S)-tetrahydrofuran-3- -0, 1.6 Hz, 1H), 7.10 (d, 1= 5.2 Hz,
Ypyrazol-d- 1H), 6.51-6.37 (m, 1H), 5.06-5.04 (m,
ylJaminolpyrimidin-4-yl]- 1-345 ;g) 4.93-4.91 (m, 1H), 4.10-3.87 (m, 530.3
5.7.8.9-totrahydro-5H- ), 3.86-3.77 (m, 1H), 3.65-3.43 (m,
b o 2H), 3.35-3.25 (m, 1H), 3.01-2.85 (m,
enzo[7]annulen-5 3H), 2.47-2.35 (m, 1H), 2.26-2.16
1] olidine-1-carboxamide ) 2. 35 (m, 1H), 2. -16 (m,
yupyrt 1H), 2.10-1.97 (m, 1H), 1.96-1.74 (m,
4H), 1.69-1.18 (m, 5H), 0.91 (d, ] =5.6
Hz, 6H).
'H NMR (500 MHz, CD;0D) J: 8.29
(d,J = 3.6 Hz, 1H), 7.91-7.87 (m, 3H),
N-[2-(2-hydroxyethyl)-8-[2- 7.53 (s, 1H), 7.31 (d, J = 6.4 Hz, 1H),
[(1-methylpyrazol-4- 7.11(d, J=4.0 Hz, 1H), 5.08 (d, J =
ylamino]pyrimidin-4-yl]- 8.0 Hz, 1H), 4.36-4.33 (m, 1H), 4.16-
1,3.,4,5-tetrahydro-2- 1-346 4.09 (m, 2H), 4.03-3.99 (m, 1H), 3.94- 521
benzazepin-5-yl]-3- 3.91 (m, 1H), 3.79 (s, 3H), 3.79-3.73
isopropoxy-azetidine-1- (m, 2H), 3.61-3.57 (m, 3H), 3.15-3.12
carboxamide (m, 1H), 3.06-3.04 (m, 1H), 2.54-2.46
(m, 2H), 1.99-1.96 (m, 1H), 1.76-1.73
(m, 1H), 1.08 (d, J = 4.8 Hz, 1H).
1H NMR (400 MHz, CDCI3) 5: 8.36 (d,
3{22‘11’;32;2{_[2_'[2'[(1’5' J=5.2 Hz, 1H), 7.79-7.78 (m, 2H), 7.70
Damino oyrimidin-4-y11- (s, 1H), 7.32 (d, ] = 8.4 Hz, 1H), 7.04
Y by Y 1-347 (d,J=5.2Hz, 1H), 6.41 (s, IH), 5.08 (t, | 5043

6,7,8,9-tetrahydro-5H-
benzo[7]annulen-5-
yl]azetidine- 1-carboxamide

J=8.0 Hz, 1H), 4.54-4.41 (m, 2H),
4.20-4.10 (m, 2H), 3.94-3.84 (m, 2H),
3.81 (s, 3H), 3.02-2.83 (m, 2H), 2.23 (s,
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3H), 1.98-1.69 (m, 6H), 1.20 (s, 9H).

N-[2-[2-[[1-(3-fluoro-1-
methyl-4-piperidyl)pyrazol-4-
yl]amino]pyrimidin-4-yl]-

'"H NMR (400 MHz, CD;0D) J: 8.39
(d,J = 6.4 Hz, 1H), 8.13 (s, 1H), 7.94-
7.90 (m, 2H), 7.72 (s, 1H), 7.38 (d, J =
10.8 Hz, 1H), 7.21 (d, J = 6.8 Hz, 1H),
5.06-5.03 (m, 1H), 4.99-4.95 (m, 1H),

3;71;2859[73?;1}1‘1-‘@;?52{1]_3_ 1348 | 4.46-4.43 (m, 1H), 428-4.18 (m, 3H), 3773
isopropoxy-azetidine. . 3.89-3.87 (m, 2H), 3.70-3.66 (m, 1H),
carboxamide 3.08-2.95 (m, 3H), 2.39 (s, 3H), 2.29-

1.65 (m, 9H), 1.39-1.35 (m, 2H), 1.19

(d,J = 7.6 Hz, 6H).

'H NMR (400 MHz, CD;0D) d: 8.31 (s,

1H), 8.00 (s, 1H), 7.95-7.87 (m, 2H),
4-isobutyl-1-[[2-methyl-4-[2- 7.80 (s, 1H), 7.29 (d, J = 8.0 Hz, 1H),
[[1-(1-methylazetidin-3- 7.25(d,J=5.6 Hz, 1H),5.30(d,/=6.8
yDpyrazol-4- 1-349 Hz, 1H), 4.81-4.73 (m, 1H), 4.69 (s, 488 3
yl]Jamino]pyrimidin-4- 2H), 4.66-4.54 (m, 1H), 4.51-4.28 (m, )
yl]phenylmethyl]piperazin-2- 2H), 4.00 (s, 2H), 3.63-3.43 (m, 4H),
oneacid 3.10-2.99 (m, 4H), 2.94 (s, 1H), 2.33 (s,

3H), 2.17-2.03 (m, 1H), 0.96 (d, J=6.4

Hz, 6H).

. "H NMR (400 MHz, CD;0D) d: 8.58 (s,
E‘z'ff[’lz_'(dzlfnethylpmpyl)'1'[[4' 1H), 8.49 (d, J = 5.6 Hz, 1H), 8.40 (d,J
hydroxyethyl)pyrazol-4- = 8.4 Hz, 1H), 8.05 (s, 1H), 7.70-7.63
ylamino]pyrimidin-4-y1]-2- 1-350 (m, 2H), 7.34 (d, /= 5.6 Hz, 1H), 4.96 532.3
(trifluoromethylypheny Jmeth (s, 2H), 4.23 (t,_J— 5.2 Hz, 2H), 4.10 (s,

piperazin-2-oncacid 2H), 3.91 (t, J = 5.6 Hz, 2H) 3.64 (brs,
y 4H), 3.13 (s, 2H), 1.14 (s, 9H).
'H NMR (400 MHz, CD;0D) J: 8.44-
. 8.31 (m, 2H), 8.22 (d, J = 8.0 Hz, 1H),
;éiﬁg;‘;i‘:ﬁglgy[gzglz e 7.95 (s, 1H), 7.62-7.50 (m, 2H), 7.16 (d,

: /D) J=15.2Hz, 1H), 450 (s, 2H), 4.38- 4.29
yl]amino]pyrimidin-4-yl1]-2- I-351 (m, 1H), 418 (t..J = 5.2 Hz, 2H), 4.13- 534.2
(trifluoromethyl)phenylmeth ’ > e ’ ’ ’ S
Jlazetidine. 1 -carboxamide 4.03 (m, 2H), 3.76-3.70 (m, 2H), 3.65

(t, J=5.2 Hz, 2H), 3.61- 3.51 (m, 1H),

3.24 (s, 3H), 1.07 (d, J = 6.0 Hz, 6H).

1H NMR (400 MHz, CD30D) 4: 8.29

. (d, T =5.2 Hz, 1H), 7.86-7.85 (m, 2H),
;gﬁgfgﬁ;’a"z{)ﬂw [2-1a 7.80 (s, 1H), 7.55 (s, 1H), 7.30 (d., J =
yDamino]pyrimidin4-y1]- 8.0 Hz, 1H), 7.10 (d, J = 5.2 Hz, 1H),
2,3,4,5-tetrahydro-1H-3- 1-352 Tﬁf E‘d’l i Z %'g (HZ’ 211?))’34 7395 '(4'331H()m 477
. . g ,4.14-4. m, , 3. S, .

Eg?gj}f;gﬁiel -ylJazetidine-1- 3.76-3.72 (m, 2H), 3.60-3.54 (m, 1H),

3.02-2.79 (m, 6H), 1.06 (d, J = 6.4 Hz,

6H).
N-[[2-chloro-4-[2-[[1-(1- 'H NMR (400 MHz, CD;0D) ¢: 8.34
methylazetidin-3-yl)pyrazol- 1-353 (d,J=5.2 Hz, 1H), 8.06 (s, 1H), 8.01 5112

4-yl]lamino Jpyrimidin-4-
yl]phenyljmethyl]-3-

(s, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.74
(s, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.13
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isopropoxy-azetidine-1-
carboxamide

(d,J= 5.2 Hz, 1H), 5.24-5.19 (m, 1H),
4.53-4.48 (m, 2H), 4.38-4.30 (m, 5H),
4.11-4.07 (m, 2H), 3.74-3.70 (m, 2H),
3.59-3.53 (m, 1H), 2.94 (s, 3H), 1.06 (d,
J=6.0 Hz, 6H).

S-tert-butyl-N-[[2-chloro-4-
[2-[[1-(1-methylazetidin-3-
yl)pyrazol-4-

'"H NMR (400 MHz, CD;0D) J: 8.34
(d,J=4.8 Hz, 1H), 8.13 (d, /= 2.0 Hz,
1H), 8.09 (s, 1H), 7.95 (dd, J= 8.0, 2.0
Hz, 1H), 7.59 (s, 1H), 7.44 (d, J= 8.4

ylJamino]pyrimidin-4- 1-354 Hz, 1H). 7.13 (d, . = 5.2 Hz, 1H), 6.39 5213
yl]phenylmethyl]isoxazole- (s, 1H), 4.90-4.78 (m, 1H), 4.62 (s, 2H),
3-carboxamide 3.78-3.74 (m, 2H), 3.52-3.47 (m, 2H),
2.36 (s, 3H), 1.29 (s, 9H).
'H NMR (400 MHz, CDs0D) J: 8.44 (s,
1H), 8.38 (d, J = 5.2 Hz, 1H), 8.24 (d, J
> ;f;ty}’a‘lztgtligng‘fy[ﬁp[y[rlagl_ — 7.6 Hz, 1H), 8.06 (s, 1H), 7.64 (s,
PR oy by e ) 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.19 (d, J
yl]amino Jpyrimidin-4-yl1]-2 I-355 _ 5553
(trifiuoromethy DphenyJmeth =5.2 Hz, 1H), 6.41 (s, 1H), 5.00-4.93
yl]isoxazole-3-carboxamide (m, 1H), 4.74 (s, 2H), 3.99-3.94 (m,
2H), 3.74-3.72 (m, 2H), 2.52 (s, 3H),
1.30 (s, 9H).
'H NMR (400 MHz, CD;0D) J: 8.46
1-tert-butyl-N-[[2-chloro-4- (d, J=5.2 Hz, 1H), 8.29 (s, 1H), 8.24
[2-[[1-(1-methylazetidin-3- (s, 1H), 8.20 (br, 1H), 8.06 (d, J=8.0
yDpyrazol-4- 1-356 Hz, 1H), 7.99 (s, 1H), 7.71 (s, 1H), 7.54 520.3
yl]Jamino]pyrimidin-4- (d, J=8.0 Hz, 1H), 7.25 (d, /=4.0 Hz, ’
yl]phenyljmethyl|pyrazole-4- 1H), 5.01-4.90 (m, 1H), 4.69 (s, 2H),
carboxamide 3.88 (t,J=28.0 Hz, 2H), 3.61 (t,J=8.0
Hz, 2H), 2.48 (s, 3H), 1.63 (s, 9H).
'H NMR (400 MHz, CDCl5) : 8.77 (s,
-tert-butyl-N-[[2-methyl-4- 1H), 8.04 (s, 1H), 7.91 (s, 1H), 7.82 (d,
[6-[[1-[3R -tetrahydrofuran- J=28.0Hz, 1H), 7.67 (s, 1H), 7.43 (d, J
Soylipyrazol 3. =2.4 Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H),
Jlamino]pyrimidin4- 1-357 7.24 (s, 1H), 6.26 (s, 1H), 6.08 (t,J = 518.2
pheny methyl]thiazole-5- 5.2 Hz, 1H), 4.92-4.88 (m, 1H), 4.67 (d,
yllphenyl]methyljthiazole J = 6.4 Hz, 2H), 4.20-4.07 (m, 3H),
carboxamide 4.01-3.95 (m, 1H), 2.49-2.36 (m, 5H),
1.45 (s, 9H).
'H NMR (400 MHz, CDs0D) J: 8.48 (s,
1H), 8.13 (s, 1H), 7.69 (s, 1H), 7.65 (d,
fgiﬁlz‘ftﬁeﬁl&zé‘methyl“ J=8.0 Hz, 1H), 7.53-7.50 (m, 1H),
iperidylpyrazol-3- 7.49 (d, J=2.4 Hz, 1H), 7.31 (d, J= 8.0
plp dylpyrazo i I-358 Hz, 1H), 6.26 (s, 1H), 4.50 (s, 2H), 545.2
yda‘ﬁng"l]]f’nzngll]ltl;a' s 4.05-3.97 (m, 1H), 2.89 (d,.J = 11.6 Hz,
Zarrl))of(a}rlni d: yithiazote 2H), 2.35 (s, 3H), 2.22 (s, 3H), 2.17-
2.09 (m, 2H), 2.04-1.99 (m, 4H), 1.35
(s, 9H).
3-tert-butoxy-N-[6-[2-[(1- 1359 '"H NMR (400 MHz, CD;0D) ¢: 8.36 4762

methylpyrazol-4-

(d,J=5.2 Hz, 1H), 7.95 (s, 1H), 7.89
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yhamino]pyrimidin-4- (d, J=8.2 Hz, 1H), 7.83 (s, 1H), 7.63
yl]tetralin-1-yl]azetidine-1- (s, 1H), 7.39 (d, J= 8.2 Hz, 1H), 7.15
carboxamide (d, J=5.2 Hz, 1H), 4.97-4.96 (m, 1H),

4.60-4.52 (m, 1H), 4.19-4.10 (m, 2H),
3.88 (s, 3H), 3.81-3.71 (m, 2H), 2.87-
2.85 (m, 2H), 2.11-1.95 (m, 2H), 1.90-
1.72 (m, 2H), 1.19 (s, 9H).

1H NMR (400 MHz, METHANOL-d4)
9:8.15 - 8.40 (m, 1 H) 7.92 - 8.11 (m, 3

N-[[4-[2-[(1-ethylpyrazol-4- H) 7.63 - 7.80 (m, 1 H) 7.53 (d, J=6.53
yl)amino]pyrimidin-4-yl1]-2- Hz, 1 H) 7.45 (d, J=8.53 Hz, 1 H) 4.35 -
methyl-phenyl[methyl]-3- 1-360 448 (m,3 H)4.12-4.29 (m, 4 H) 3.81 450.3
isopropoxy-azetidine-1- (dd, J=9.04, 4.52 Hz, 2 H) 3.57 - 3.72
carboxamideacid (m, 1 H) 2.43 (s, 3 H) 2.03 (s, 2 H) 1.51

(t, J=7.28 Hz, 3 H) 1.16 (d, J=6.02 Hz,

6 H)

Example 239: Protocol for human B cell stimulation.

[0658] Human B cells are purified from 150 ml of blood. Briefly, the blood is diluted 1/2
with PBS and centrifuged through a Ficoll density gradient. The B cells are isolated from the
mononuclear cells by negative selection using the B cell isolation kit II from Milenyi (Auburn,
CA). 50,000 B cells per well are then stimulated with 10 ug/ml of goat F(ab’)2 anti-human IgM
antibodies (Jackson ImmunoResearch Laboratories, West Grove, PA) in a 96-well plate.
Compounds are diluted in DMSO and added to the cells. Final concentration of DMSO is 0.5%.

Proliferation is measured after 3 days using Promega CellTiter-Glo (Madison, WI).

Example 240: In vitro BTK kinase assay: BTK-POLYGAT-LS ASSAY.

[0659] The purpose of the BTK in vitro assay is to determine compound potency against
BTK through the measurement of ICsy. Compound inhibition is measured after monitoring the
amount of phosphorylation of a fluorescein-labeled polyGAT peptide (Invitrogen PV3611) in the
presence of active BTK enzyme (Upstate 14-552), ATP, and inhibitor. The BTK kinase reaction
was done in a black 96 well plate (costar 3694). For a typical assay, a 24 uL aliquot of a
ATP/peptide master mix (final concentration; ATP 10 uM, polyGAT 100 nM) in kinase buffer
(10 mM Tris-HCI pH 7.5, 10 mM MgCl,, 200 uM Na;PO,4, 5 mM DTT, 0.01% Triton X-100,

438



WO 2015/089337 PCT/US2014/069853

and 0.2 mg/ml casein) is added to each well. Next, 1 uL of a 4-fold, 40X compound titration in
100% DMSO solvent is added, followed by adding 15 uL of BTK enzyme mix in 1X kinase
buffer (with a final concentration of 0.25 nM). The assay is incubated for 30 minutes before
being stopped with 28 uL of a 50 mM EDTA solution. Aliquots (5 uL) of the kinase reaction are
transferred to a low volume white 384 well plate (Corning 3674), and 5 uL. of a 2X detection
buffer (Invitrogen PV3574, with 4 nM Tb-PY20 antibody, Invitrogen PV3552) is added. The
plate is covered and incubated for 45 minutes at room temperature. Time resolved fluorescence
(TRF) on Molecular Devices M5 (332 nm excitation; 488 nm emission; 518 nm fluorescein
emission) is measured. ICsq values are calculated using a four parameter fit with 100% enzyme

activity determined from the DMSO control and 0% activity from the EDTA control.

[0660] Table 1 shows the activity of selected compounds of this invention in the in vitro
Btk kinase assay, wherein each compound number corresponds to the compound numbering set
forth in Examples 1-238 herein, supra. Compounds have an activity designated as “A” provided
an ICso < 10 nM; compounds having an activity designated as “B” provided an ICsy of 10-99
nM; compounds having an activity designated as “C” provided an ICsy of 100-999 nM;
compounds having an activity designated as “D” provided an ICsq of 1,000-10,000 nM; and
compounds having an activity designated as “E” provided an ICso of >10,000 nM. In some
instances where a compound tested has activity “E”, other structurally similar compounds

beyond the measurable limits of the assay are not included in Table 1.

Table 1. Inhibitory Data for Exemplary Compounds

Compound | 1csoqoumarte) | COmPOUN | 1es010umATP)
I-1 A 1-181 A
I-2 A 1-182 A
[-3 A 1-183 A
I-4 A 1-184 A
I-5 A 1-185 A
1-6 A 1-186 A
1-7 A 1-187 A
1-8 A 1-188 A
1-9 A 1-189 A
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1-10 A 1-190 A
I-11 B 1-191 A
1-12 A 1-192 A
1-13 A 1-193 A
1-14 B 1-194 A
1-15 A 1-195 A
I-16 E 1-196 A
1-17 C 1-197 A
1-18 C 1-198 A
1-19 A 1-199 A
1-20 A 1-200 A
1-21 A 1-201 A
1-22 B 1-202 A
1-23 C 1-203 A
1-24 B 1-204 A
1-25 D 1-205 A
1-26 D 1-206 A
1-27 E 1-207 A
1-28 E 1-208 A
1-29 D 1-209 A
1-30 D 1-210 A
1-31 C [-211 A
1-32 C 1-212 A
1-33 C 1-213 A
1-34 B 1-214 A
1-35 D 1-215 A
1-36 A 1-216 A
1-37 A 1-217 A
1-38 A [-218 A
1-39 A 1-219 A
1-40 A 1-220 A
1-41 A 1-221 A
1-42 A 1-222 A
1-43 A 1-223 A
1-44 A 1-224 A
1-45 A 1-225 A
1-46 A 1-226 A
1-47 A 1-227 A
1-48 A 1-229 A
1-49 A 1-231 A
1-50 A 1-232 A
I-51 A 1-233 A
1-52 A 1-234 A
1-53 C 1-235 A
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1-54 A 1-236 A
1-55 A 1-237 A
1-56 A 1-238 A
1-57 A 1-239 A
I-58 B 1-240 A
1-59 B 1-241 A
1-60 B 1-242 A
1-61 B 1-243 A
1-62 A 1-244 A
1-63 A 1-245 A
1-64 A 1-246 A
1-65 A 1-247 A
1-66 A 1-248 A
1-67 A 1-249 A
1-68 B 1-250 A
1-69 A 1-251 A
1-70 A 1-252 A
1-71 B 1-253 A
1-72 D 1-254 A
1-73 D 1-255 A
1-74 D 1-256 A
I-75 D 1-257

1-76 E 1-258 A
1-77 D 1-259 A
1-78 E 1-260 A
1-79 D 1-261 A
1-80 D 1-262

1-81 D 1-263 A
1-82 C 1-264 A
1-83 C 1-265 A
1-84 D 1-266 A
1-85 B 1-267 A
1-86 B 1-268 A
1-87 C 1-269 A
1-88 C 1-270 A
1-89 A 1-271 A
1-90 B 1-272 A
1-91 A 1-273 A
1-92 B 1-274 A
1-93 B 1-275 A
1-94 C 1-276 A
1-95 A 1-277 A
1-96 B 1-278 A
1-97 A 1-279 A

441



WO 2015/089337

PCT/US2014/069853

1-98 B 1-280 A
1-99 A 1-281 A
1-100 B 1-282 A
1-101 B 1-283 A
1-102 B 1-284 A
1-103 B 1-285 A
1-104 C 1-286 A
1-105 B 1-287 A
1-106 A 1-288 A
1-107 D 1-289 A
1-108 A 1-290 A
1-109 B 1-291 A
I-110 B 1-292 A
I-111 A 1-293 A
I-112 A 1-294 A
I-113 C 1-295 A
1-114 C 1-296 A
I-115 A 1-297 A
I-116 A 1-298 A
1-117 B 1-299 A
[-118 A 1-300 B
I-119 C 1-301 A
1-120 A 1-302 A
1-121 A 1-303 A
1-122 A 1-304 A
1-123 A 1-305 A
1-124 A 1-306 A
1-125 A 1-307 A
1-126 A 1-308 A
1-127 A 1-309 A
1-128 A 1-310 A
1-129 A [-311 A
1-130 A 1-312 A
1-131 A 1-313 A
1-132 A 1-314 A
1-133 A 1-315 A
1-134 A 1-316 A
1-135 A 1-317 A
1-136 B [-318 A
1-137 A 1-319 A
1-138 D 1-320 A
1-139 B 1-321 A
1-140 B 1-322 A
1-141 C 1-323 A
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1-142 A 1-324 A
1-143 A 1-325 A
1-144 B 1-326 A
1-145 C 1-327 A
1-146 C 1-328 A
1-147 A 1-329 A
1-148 A 1-330 A
1-149 A 1-331 A
1-150 A 1-332 A
1-151 A 1-333 A
1-152 A 1-334 A
1-153 A 1-335 A
1-154 A 1-336 A
1-155 B 1-337 A
1-156 C 1-338 A
1-157 B 1-339 B
I-158 C 1-340 A
1-159 A 1-341 A
1-160 A 1-342 A
I-161 A 1-343 A
1-163 A 1-344 A
1-164 A 1-345 A
1-166 A 1-346 A
1-167 A 1-347 A
1-168 A 1-348 A
1-169 A 1-349 A
1-171 A 1-350 A
1-172 A 1-351 A
1-173 A 1-352 B
1-174 A 1-353 A
1-175 A 1-354 A
1-176 A 1-355 A
1-178 A 1-356 A
1-179 A 1-357 A
1-180 A 1-358 A

1-359 A

1-360 A

Example 241: - In Vitro Inhibition of BTK Activity in Mouse Whole Blood
[0661] Anti-rabbit MSD plates (Meso Scale Discovery, Rockville, MD) are coated with
35 uL/well of rabbit anti-BTK C82B8 (Cell Signaling Technology, Danvers, MA) diluted 1:50 in
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PBS. Plates are incubated for 2 hours = 1 hour at room temp, shaking (setting 3-5) or ON at 4°C.
Plates are blocked with MSD Blocker A (Meso Scale Discovery, Rockville, MD) using 3% MSD
Blocker A in TBST. Coated plates are first washed 3x with 250 uL/well TBST followed by
addition of 200 uL/well 3% Blocker A/TBST. Plates are blocked for >2 hour at RT, shaking or
ON at 4°C.

[0662] Whole blood is collected from DBA/1 mice in 16 x 100 sodium heparin tubes
(Becton Dickinson, Cat No. 367874). Blood from multiple DBA/1 mice is pooled. 96 uL of
whole blood per well is aliquotted into a 96-round bottom plate changing tips each time. 4 uL

diluted test compound is added to each sample, mixed, and incubated for 30 min at 37°C.

[0663] For serial dilutions of test compound, 1000x plate is produced with serial
dilutions of test compound in 100% DMSO. Ten dilutions, done 1:3, starting at 10 mM are
created by: adding 15 uL of test compound at 10 mM in 100% DMSO to well Al; adding 10 uLL
100% DMSO to wells A2-A12; diluting 5 uLL from well A1 to well A2 and mixing; continuing
1:3 serial dilutions, changing tips between transfers, to well A10. Wells A11 and A12 contain
100% DMSO without test compound.

[0664] For dilution 1, a 1:40 plate is created. Using a 12-well multi-channel pipette, each
concentration of test compound or DMSO is diluted 1:40 by adding 2 uL from each well of
1000x stock plate to 78 uL water and mixing.

[0665] For dilution 2, test compound or DMSO are added to whole blood by diluting
1:25. Using a 12-well multi-channel pipette, 4 uL from 1:40 plate (B) is added to 96 uL. whole

blood and mixed.

[0666] The final concentration of test compounds are shown below. The concentration

of DMSO 15 0.1% final in each well.

{4PP) LR

/ o

€300 2o
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[0667] Lysing buffer used to lyse whole blood is prepared as follows. A 10X Lysis
buffer is prepared using 1500 mM NaCl; 200 mM Tris, pH 7.5; 10 mM EDTA; 10 mM EGTA;
and 10% Triton-X-100. The 10X Lysis buffer is diluted to 1X in dH,O, and complete lysing
buffer (+/- phosphatase inhibitors) is prepared as follows:

+PPi (mL) -PPi (mL)
1X Lysis buffer 10 10
500mM PMSF in DMSO 0.02 0.02
Phosphatase Inhibitor 3 0.1
Phosphatase Inhibitor 2 0.1
Protease Inhibitor (cOmplete) (1 tablet for 10 mL) | 1 tablet 1 tablet
PhosStop (1 tablet for 10 mL) 1 tablet
Sodium Orthovanadate (Na;VO4) (50uM final) 0.1
Sodium Fluoride (NaF) (10 mM final) 0.005
1% Deoxycholate (0.25% final) 2.5 2.5
[0668] 100 uL of complete lysing buffer (+/- phosphatase inhibitors) is added to each

well, and mixed well by pipetting up and down a few times. Wells 1-10 and 12 received 1X
Lysis buffer containing phosphatase inhibitors (+PPi) and well 11 receive 1x Lysis buffer
without phosphatase inhibitors (-PPi). Samples are incubated for 1 hour on ice or at 4°C.

Samples are mixed again at half time point for complete lysing.

[0669] Blocking buffer is washed off blocked MSD plates with 250 uL TBST per well 3
times. 100-150 uL of whole blood lysates is added to each well of the coated and blocked MSD

plates followed by incubation overnight in a cold room with shaking.

[0670] The plates are then washed 4 times with 250 uLL TBST per well. Biotinylated
phospho-tyrosine mouse mAb (pY 100, Cell Signaling Technology, Danvers, MA) was diluted
1:125 in 1% Blocker A. Mouse anti-BTK mAbD (Fitzgerald Industries International, Acton, MA)
is diluted 1:900 in 1% Blocker A. 35 uL of diluted pY 100 or diluted anti-BTK mAb is added to

cach well and incubated for 2 hours at room temperature, shaking.

[0671] Plates are then washed 3 times with 250 ulL TBST /well. 35 uL of 1:500
Streptavidin-Sulfo-Tag labeled antibody in 3% Blocker A is added to each well. For anti-BTK,
35 uL of 1:500 anti-mouse-Tag labeled antibody in 3% Blocker A is added to each well. Plates
are incubated for 1 hour at RT, shaking.
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[0672] To develop and read the plates, 1X Read Buffer in dH,0O is prepared from 4X
stock. Plates are washed 3 times with 250 uLL TBST /well. 150 uL of 1X MSD Read Buffer is
added to each well. Plates are read in a SECTOR Imager 6000 (Meso Scale Discovery,

Rockville, MD).

Materials

ITEM VENDOR CATALOG NO.
Anti-rabbit MSD plates MSD L45RA-1
Rabbit anti-BTK (C82B8) Cell Signaling 35338
PBS Media Prep
MSD Blocker A MSD R93BA-4
TBST (1xTBS/0.1%Tween20) Media Prep
10X Lysing Buffer Media Prep
PMSF in DMSO (500mM) Media Prep
Phosphatase Cocktail Inhibitor 3 Sigma Aldrich P0044-5ML
Phosphatase Cocktail Inhibitor 2 Sigma Aldrich P5726-1ML
cOmplete Mini Roche 11 836 153 001
PhogStop Inhibitor Roche 04 906 837 001
Sodium Orthovanadate 100 mM Media Prep
Sodium Fluoride 1M Media Prep
1% Deoxycholate Media Prep
pTyr 100 ms mAb biotinylated Cell Signaling 94178
Streptavidin Sulfo-Tag MSD R32AD-1
MSD Read Buffer 4X MSD R92TC-1
Costar 96-round bottom Costar/Fisher 3799
Mouse anti-BTK (7F12H4) Fitzgerald 10R-1929
Anti-mouse Sulfo-Tag MSD R32AC-5
Example 242 — PK/PD Correlation in DBA1 Mice
[0673] Mice are dosed orally (PO) with test compound in CMC-Tween and killed by

CO; asphyxiation at various times after dosing. Heparinized whole blood is immediately
collected by cardiac puncture and split into two samples. One sample is used to quantify the
amount of test compound present and the other is lysed in MSD lysis buffer in the presence of
phosphatase inhibitors. Heparinized whole blood from cardiac punctures of vehicle (CMC-
Tween) dosed mice are lysed either in the presence (high control) or absence (low control) of
phosphatase inhibitors. Lysed whole blood samples are analyzed for phospho-BTK as described
above. The percent inhibition of phospho-BTK in each whole blood sample from dosed mice is
calculated as follows: (1-((pBTK(x +PPi) - pBTK(vehicle -PP1))/(pBTK(vehicle +PP1))))*100,
where pBTK(x +PPi) is the ECL signal for whole blood from each test compound-treated mouse,
pBTK(vehicle —PPi) is the average ECL signal of whole blood from vehicle-treated mice lysed in
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the absence of phosphatase inhibitors (low control) and pBTK(vehicle +PP1i) is the average ECL
signal of whole blood from vehicle-treated mice lysed in the presence of phosphatase inhibitors

(high control).

Example 243: In Vitro PD Assay in Human Whole Blood

[0674] Human heparinized venous blood was purchased from Bioreclamation, Inc. or
SeraCare Life Sciences and shipped overnight. Whole blood was aliquoted into 96-well plate and
“spiked” with serial dilutions of test compound in DMSO or with DMSO without drug. The
final concentration of DMSQO in all wells was 0.1%. The plate was incubated at 37°C for 30 min.
Lysis buffer containing protease and phosphatase inhibitors was added to the drug-containing
samples and one of the DMSO-only samples (+PP1i, high control), while lysis buffer containing
protease inhibitors was added to the other DMSO-only samples (-PP1i, low control). All of the
lysed whole blood samples were subjected to the total BTK capture and phosphotyrosine
detection method described in Example 241. ECL values were graphed in Prism and a best-fit
curve with restrictions on the maximum and minimum defined by the +PPi high and —PPi low
controls was used to estimate the test compound concentration that results in 50% inhibition of

ECL signal by interpolation.

[0675] Table 2 shows the activity of selected compounds of this invention in the pBTK
assay, wherein each compound number corresponds to the compound numbering set forth in
Examples 1-238 herein, supra. Compounds have an activity designated as “A” provided an ICs
< 500 nM; compounds having an activity designated as “B” provided an I1Cso of 500-1499 nM;
compounds having an activity designated as “C” provided an I1Csy of 1500-10000 nM. In some
instances where a compound tested has activity “C”, other structurally similar compounds

beyond the measurable limits of the assay are not included in Table 2.

Table 2. pBTK Inhibitory Data for Exemplary Compounds

Compound I;lé];)( Compound I;lé];)(
Tested Tested
I-1 A 1-231 A
1-2 B 1-232 A
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I-3 C 1-233 A

1-4 C 1-234 A

I-5 B 1-235 A

1-6 B 1-236 A

1-7 B 1-237 A

1-9 B 1-238 A
1-10 A 1-239 A
1-12 A 1-240 A
1-13 C 1-241 A
1-15 A 1-242 A
1-19 B 1-243 A
1-20 B 1-244 A
1-21 A 1-245 A
1-23 C 1-246 A
1-24 C 1-247 A
1-36 A 1-248 A
1-37 A 1-249 A
1-38 B 1-250 A
1-39 A 1-251 A
1-40 A 1-252 A
1-41 A 1-253 A
1-42 A 1-254 A
1-43 A 1-255 A
1-44 A 1-256 A
1-45 A 1-257 A
1-46 A 1-258 A
1-47 B 1-259 A
1-49 A 1-260 A
1-48 A 1-261 A
1-50 A 1-262 A
I-51 B 1-263 A
1-52 A 1-264 A
1-54 B 1-265 A
1-55 C 1-266 A
1-56 B 1-267 A
1-62 C 1-268 A
1-63 A 1-269 A
1-64 C 1-270 A
1-65 B 1-271 A
1-66 B 1-272 A
1-67 B 1-273 A
1-69 A 1-274 A
1-70 A 1-275 A
1-89 B 1-276 A
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1-91 C 1-277 A
1-95 B 1-278 A
1-99 C 1-279 A
1-108 C 1-280 A
I-111 C 1-281 A
I-115 B 1-282 A
I-116 B 1-283 A
[-118 A 1-284 A
1-120 B 1-285 A
1-121 A 1-286 A
1-122 A 1-287 A
1-123 A 1-288 A
1-124 A 1-289 A
1-125 A 1-290 A
1-126 A 1-291 A
1-127 B 1-292 A
1-128 A 1-293 A
1-129 B 1-294 A
1-130 A 1-295 A
1-131 B 1-296 A
1-132 C 1-297 A
1-135 C 1-298 A
1-142 C 1-299 A
1-160 A 1-300 A
I-161 A 1-301 A
1-163 A 1-302 A
1-164 A 1-303 A
1-166 A 1-304 A
1-167 A 1-305 A
1-168 A 1-306 A
1-169 A 1-307 A
1-171 A 1-308 A
1-172 A 1-309 A
1-173 A 1-310 A
1-174 A 1-311 A
1-175 A 1-312 A
1-176 A 1-313 A
1-178 A 1-314 A
1-179 A 1-315 A
1-180 A 1-316 A
1-181 A 1-317 A
1-182 A [-318 A
1-183 A 1-319 A
1-184 A 1-320 A
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1-185 A 1-321 A
1-186 A 1-322 A
1-187 A 1-323 A
1-188 B 1-324 A
1-189 A 1-325 A
1-190 A 1-326 A
1-191 A 1-327 A
1-192 A 1-328 A
1-193 A 1-329 A
1-194 A 1-330 A
1-195 A 1-331 A
1-196 A 1-332 A
1-197 A 1-333 A
1-198 A 1-334 A
1-199 A 1-335 A
1-200 A 1-336 A
1-201 A 1-337 A
1-202 A 1-338 A
1-203 A 1-339 A
1-204 A 1-340 A
1-205 A 1-341 A
1-206 A 1-342 A
1-207 A 1-343 A
1-208 A 1-344 A
1-209 A 1-345 A
1-210 A 1-346 A
[-211 A 1-347 A
1-212 A 1-348 A
1-213 A 1-349 A
1-214 A 1-350 A
1-215 A 1-351 A
1-216 A 1-352 A
1-217 A 1-353 A
[-218 A 1-354 A
1-219 A 1-355 A
1-220 A 1-356 A
1-221 A 1-357 A
1-222 B 1-358 A
1-223 B 1-359 A
1-224 A 1-360 A
1-225 A

1-226 A

1-227 A

1-229 A
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EQUIVALENTS

[0676] It is to be understood that while the disclosure has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.

451



WO 2015/089337 PCT/US2014/069853

CLAIMS
What is claimed is:
1. A compound of Formula I’:
R2
R3 N\H/R1
4
R | \Q3 O
|
1 2
Q /Q
177 A2

or a pharmaceutically acceptable salt, wherein:

one of A' and A% is C-R®, and the other of A' and A” is selected from C-R° or N;

A’ is selected from C-H or N, and is C-H when A' or A% is N;

Q' is selected from C-R” and N;

Q’ is selected from C-R” and N;

Q’ is selected from C-R” and N;

wherein at most one of Q', Q% and Q” is N;

R' is selected from —N(R),, phenyl, 3- to 7-membered saturated or partially unsaturated
monocyclic carbocyclyl, 3- to 7-membered saturated or partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, 5- to 6-
membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to
10-membered saturated or partially unsaturated bicyclic carbocyclyl, 7- to 10-membered
saturated or partially unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from

oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms
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selected from oxygen, nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl, wherein said
phenyl, 3- to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or
partially unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially
unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl are optionally substituted with one or
more RIO;
R’ is H or C ¢ aliphatic;
or R' and R? together with their intervening atoms, form a ring selected from 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered bicyclic
heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, or 7- to
10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen,
wherein said ring is optionally substituted with one or more R*’;
R? is selected from H, halogen, -C(O)N(R),, -C(O)OR, -C(O)R, and C,_aliphatic, wherein the
C,_6 aliphatic group is optionally substituted with hydroxyl;
cach R*is independently selected from halogen, -NO,, —-CN, —OR, —SR,
—N(R)z2, -C(O)R, -C(O)OR, —S(O)R, —=S(O),R, —C(O)N(R)2, -SO:N(R),, -OC(O)R,
—-N(R)C(O)R, -N(R)C(O)OR, -N(R)SO;R, -OC(O)N(R),, or C;¢ aliphatic, wherein said C;
aliphatic is optionally substituted with one or more R*’;
or R* and R* together with their intervening atoms form fused Ring A selected from fused
5-to 7-membered monocyclic carbocycle, fused 5- to 7-membered monocyclic
heterocycle having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, wherein
said fused Ring A is optionally substituted with one or more R*;
R’ is selected from H, -C(O)R, -C(O)OR, —S(O)R, —S(O),R, —C(O)N(R),, or C1 aliphatic,
phenyl, 3- to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-

membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
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selected from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or
partially unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially
unsaturated bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, 7- to 10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, or 8- to 10-membered bicyclic aryl, wherein said C, ¢ aliphatic, phenyl, 3-
to 7-membered saturated or partially unsaturated monocyclic carbocyclyl, 3- to 7-membered
saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected
from oxygen, nitrogen, or sulfur, 5- to 6-membered heteroaryl having 1-4 heteroatoms
selected from oxygen, nitrogen, or sulfur, 7- to 10-membered saturated or partially
unsaturated bicyclic carbocyclyl, 7- to 10-membered saturated or partially unsaturated
bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, 7- to
10-membered bicyclic heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, or 8- to 10-membered bicyclic aryl, are optionally substituted with one or more R’

cach of R® and R’ is independently selected from H, halogen, -NO,, —CN, —-OR, —SR,
—N(R)z2, -C(O)R, -C(O)OR, —S(O)R, —=S(O),R, —C(O)N(R)2, -SO:N(R),, -OC(O)R,
-N(R)C(O)R, -N(R)C(O)OR, -N(R)SO;R, -OC(O)N(R),, or C;s aliphatic;

cach R is independently hydrogen or C, ¢ aliphatic, phenyl, 3- to 8-membered saturated or
partially unsaturated carbocyclyl ring, 3- to 7- membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or
5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, wherein said C,¢ aliphatic, phenyl, 3- to 7-membered saturated or partially
unsaturated carbocyclyl ring, 3- to 7- membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or
5- to 6-membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or
sulfur, are optionally substituted with one or more R*’; or
two R groups on the same nitrogen are taken together with their intervening atoms to form a

ring selected from 3- to 7-membered saturated or partially unsaturated monocyclic

heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or 5- to 6-
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membered heteroaryl having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur,
wherein said ring is optionally substituted with one or more R*’;
each R' is independently selected from halogen, -ORloa, Ciealiphatic, 3- to 5S-membered
saturated or partially unsaturated carbocyclyl, 3- to S-membered saturated or partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen,
or sulfur, wherein said C, saliphatic, 3- to 5S-membered saturated or partially unsaturated
carbocyclyl, 3- to 5S-membered saturated or partially unsaturated monocyclic heterocyclyl
having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, are optionally substituted

with one or more R";

15a,

2

cach R" is independently selected from halogen and -OR

R'% is C\_salkyl optionally substituted with halogen;

R is Csalkyl;

cach R is independently selected from halogen, Cy_saliphatic, 3- to 5-membered saturated or
partially unsaturated carbocyclyl, 3- to 5-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur,
wherein said C;saliphatic, 3- to 5-membered saturated or partially unsaturated carbocyclyl,
3- to 5-membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2
heteroatoms selected from oxygen, nitrogen, or sulfur, are optionally substituted with one or
more RIS;

each R* is independently selected from halogen, C ¢ alkyl, 4- to 6-membered monocyclic
heterocyclyl having 1-2 heteroatoms selected from carbon, nitrogen, or
sulfur, -C(O)H, -N(R*™),, -NR™)C(O)R*™), -N(R"**)C(0)»(R*), -OR™, -SR** and -
C(0),R*, wherein said C, alkyl group is optionally substituted with halogen or —OR*%*;

cach R* is independently selected from H and C)salkyl; or two R*** groups on the same
nitrogen are taken together with their intervening atoms to form a ring selected from 3- to 7-
membered saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms
selected from oxygen, nitrogen, or sulfur, or 5- to 6-membered heteroaryl having 1-4
heteroatoms selected from oxygen, nitrogen, or sulfur;

each R™ is independently selected from C,galkenyl and 5- or 6-membered heterocyclyl having

1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, wherein said 5- or 6-membered
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heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, is optionally
substituted with one or more R*’;

R* is Cealkyl;

ecach R is independently selected from
C¢aliphatic, -OR’®, -N(R**),, -C(O)N(R*™),, -C(0),R**, 0xo0, 3- to 6-membered saturated
or partially unsaturated monocyclic carbocyclyl, 3- to 6-membered saturated or partially
unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen,
or sulfur, and 3- to 10-membered heterocyclyalkyl having 1-4 heteroatoms selected from
oxygen, nitrogen, or sulfur, wherein said C;.salkyl, 3- to 6-membered saturated or partially
unsaturated monocyclic carbocyclyl, 3- to 6-membered saturated or partially unsaturated
monocyclic heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur,
and 3- to 10-membered heterocyclyalkyl having 1-4 heteroatoms selected from oxygen,
nitrogen, or sulfur, are optionally substituted with one or more R’’;

R>* is selected from H and C,galkyl;

cach R” is independently selected from 5- to 6-membered heterocyclyl having 1-2 heteroatoms
selected from nitrogen, oxygen, or sulfur, Ci_alkyl, -OR™*, -C(O)N(R>**),,
halogen, -N(R>*®),, -C(0);R**, -S(0),R*", and -S(0),(NR***),;

R>* is selected from H and Calkyl, wherein said C,. alkyl is optionally substituted with
halogen; and

R>*" is Cpgalkyl.

2. The compound of claim 1, wherein R' is selected from 5- to 6-membered heteroaryl
having 1-4 heteroatoms selected from oxygen, nitrogen, or sulfur, phenyl, or 3- to 7-membered
saturated or partially unsaturated monocyclic heterocyclyl having 1-2 heteroatoms selected from

oxygen, nitrogen, or sulfur, wherein R' is optionally substituted with one or more R'°.

3. The compound claim 2, wherein R' is selected from thiazolyl, pyrazolyl, isoxazolyl, or

thiophenyl, wherein R' is optionally substituted with one or more R'°.
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4. The compound of claim 3, wherein R'? is Cy_galiphatic optionally substituted with one or

more R, wherein R" is halogen.

5. The compound of claim 2, wherein R' is selected from pyridyl, piperidinyl, or azetidinyl,

wherein R' is optionally substituted with one or more R'°.

6. The compound of claim 5, wherein R'is -OR'"™ or Cisaliphatic, wherein the C,

saliphatic is optionally substituted with one or more R, wherein R' is halogen.

7. The compound of any one of the preceding claims, wherein R' is selected from:
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N N>L O
[~ I8 T
8. The compound of claim 6, wherein R'is 7% S , X , = , Or

WK

9. The compound of claim 1, wherein R' and R?, together with their intervening atoms,
form a ring selected from 3- to 7-membered saturated or partially unsaturated monocyclic
heterocyclyl having 1-2 heteroatoms selected from oxygen, nitrogen, or sulfur, or 7- to 10-
membered bicyclic heterocyclyl having 1-4 heteroatoms selected from oxygen, nitrogen, or

sulfur, wherein the ring is optionally substituted with one or more R*’,

10.  The compound of claim 9, wherein each R is independently selected from C,_¢ aliphatic

or 3- to 5-membered saturated or partially unsaturated carbocyclyl.

11.  The compound of any one of the preceding claims, wherein R? is hydrogen.
12.  The compound of any one of the preceding claims, wherein R” is halogen.
13.  The compound of any one claims 1-11, wherein R is Cy_¢ aliphatic optionally substituted

with one or more R*’, wherein R* is halogen.

14, The compound of any one claims 1-11 or 13, wherein R* is methyl.

15.  The compound of any one of claims 1-10, wherein R® and R* together with their
intervening atoms, form fused Ring A selected from fused 5- to 7-membered monocyclic

carbocycle, or fused 5- to 7-membered heterocyclyl having 1-2 heteroatoms selected from

oxygen, nitrogen, or sulfur.
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16.  The compound of any one of the preceding claims, wherein R’ is selected from
hydrogen, -C(O)R, or 5- to 6-membered heteroaryl having 1-4 heteroatoms selected from
oxygen, nitrogen, or sulfur, wherein the 5- to 6-membered heteroaryl having 1-4 heteroatoms

selected from oxygen, nitrogen, or sulfur is optionally substituted with one or more R™.
17.  The compound of claim 16, wherein R’ is hydrogen.

18.  The compound of claim 16, wherein R’ is selected from pyrazolyl, imidazolyl,
isoxazolyl, triazolyl, tetrazolyl, thiadiazolyl, or pyridyl, wherein R’ is optionally substituted with

one or more R,

19.  The compound of claim 1, wherein R’ is selected from:

NH NH NH = _) =

H

N
— \) = N=\ =N NH N-NH
AJ:N'Q Q s zlJ\:N'N” B{EN"N 37

%0

S NH 0]
— _) o O — _) /N\ N—N
S ,N >~ ,N NS /N Ny N ’/
SN PN Z{SN > 27

wherein each group is optionally substituted with one or more R™.

20.  The compound of claim 19, wherein each R* is independently selected from methyl,
ethyl, isopropyl, -C(0),R*", -C(CH3),C(O)N(R**),, -(CH,),OH, -(CH,),0Me, -(CH,),NH,, -
CH,CHOHCH,NH,, -CH,CHNH,COOH, -CH,CHNH,CH,OH, -CH;-morpholinyl,
tetrahydropyranyl, azetidinyl, pyrrolidinyl, cyclobutyl, piperidinyl, or cyclohexyl, wherein said
tetrahydropyranyl, azetidinyl, pyrrolidinyl, cyclobutyl, piperidinyl, piperizinyl, or cyclohexyl

55a

may be substituted with C,_salkyl, halogen, hydroxyl, or C(O),R™™".
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_N _N
%L/N\Me ;L,J;/NH

2

21.  The compound of claim 19, wherein R’ is

o B
=N —— — N—-N OH /N\
aL/NOCOOH,aJ:N'{ EJ\\/N{ P YRS oN

22.  The compound of any one of the preceding claims, wherein each R® is independently

selected from hydrogen, halogen, or C, ¢ aliphatic.

23.  The compound of claim 22, wherein each R® is independently selected from hydrogen,

fluoro, or methyl.
24. The compound of claim 22, wherein each R® is hydrogen.

25.  The compound of any one of the preceding claims, wherein each R’ is independently

selected from hydrogen or halogen.
26.  The compound of claim 25, wherein each R” is hydrogen.

27.  The compound of claim 25, wherein R* is halogen, one R” is halogen, and other R’

groups are hydrogen.

28.  The compound of any one of the preceding claims, wherein the compound is of formula

1I-a, II-b, or II-c:

460



WO 2015/089337 PCT/US2014/069853

| | |
R _N Rl RL _N R! R N TW
R \ﬂ/ R \ﬂ/ RY O
AN ?3 X Q3 X ?3
Q'l /Q2 /Q2
| XN :g\ %\
P R5 k = R5
N d N N~
H H

II-a 11-b II-c
or a pharmaceutically acceptable salt thereof.
29.  The compound of any one of claims 1-27, wherein the compound is of formula III:

R2
R3 N\H/R1
RY O
1 X2
3
A )\ /
11

or a pharmaceutically acceptable salt thereof.
30.  The compound of any one of claims 1-27, wherein the compound is of formula I'V-a, IV-

b, or IV-c:
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R2 R? R2
R3 N\[(W R3 NTW R3 ILTW
RY o] RY o] RY o]
AN | AN XN
N A N | P
172 172 172
)hs )\ ° )hs )\ ° ﬂs )\ °
N R N R A R
~N N ~N N SN SN
H H H
IV-a IV-b IV-c
or a pharmaceutically acceptable salt thereof.
31.  The compound of any one of claims 1-27, wherein the compound is of formula V-a or V-
b:
R? ||?2
R? ’LTW R NTW
R% O R? O
| Y N
7 R® t 7 R
N N N N~
H H
V-a V-b
or a pharmaceutically acceptable salt thereof.
32.  The compound of any one of claims 1-27, wherein the compound is of formula VI-a, VI-

b, VI-¢, or VI-d:
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T R
R3 N R 3 | 1
\’( R N\“/R
Me O Me O
B i
= R® pZ R®
N N~ N Nl
H H
VI-a VI-b

...........

Vi-¢

or a pharmaceutically acceptable salt thereof.

33.  The compound of any one of claims 1-27, wherein the compound is of formula VII-a,

VII-b, VII-c, or VII-d:
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Vil-¢ VII-d

or a pharmaceutically acceptable salt thereof, wherein the }7- moiety is optionally

substituted with one or more R*°.

34.  The compound of any one of claims 1-27, wherein the compound is of formula VIII-a,

VIII-b, or VIII-c:
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H
N\’(E/N\é
R4 o)

NH
N = >
K N
P S4
N H N

VIlI-a

VIII-¢

or a pharmaceutically acceptable salt thereof, wherein:

NH

IS NS
NH N
./7-9. = and .}‘L \N/

R'%is Cie alkyl, RYis methyl or CF3, and the moieties are

optionally substituted with one or more R*.
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35.  The compound of any one of the preceding claims, wherein the compound is selected

from compounds I-1 through I-360 as depicted in Examples 1-238.

36. A pharmaceutical composition comprising a compound of any one of claims 1-35 and a

pharmaceutically acceptable excipient.

37. A method of decreasing the enzymatic activity of Bruton's tyrosine kinase comprising
contacting Bruton's tyrosine kinase with an effective amount of a compound of any one of claims

1-35 or a composition thereof.

38. A method of treating a disorder responsive to inhibition of Bruton’s tyrosine kinase
comprising administering to a subject an effective amount of a compound of any one of claims 1-

35 or a composition thereof.

39. A method of treating a disorder selected from the group consisting of autoimmune
disorders, inflammatory disorders, and cancers comprising administering to a subject an effective

amount of a compound of any one of claims 1-35 of a composition thereof.

40. The method of claim 39, wherein the disorder is rheumatoid arthritis.

41.  The method of claim 39, wherein the disorder is systemic lupus erythematosus.
42. The method of claim 39, wherein the disorder is atopic dermatitis.

43.  The method of claim 39, wherein the disorder is leukemia or lymphoma.
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