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INHIBITORS OF CYCLIN-DEPENDENT KINASE 7 (CDKT)

CLAIM OF PRIORITY
1] 'The present application claims priority to U.S. Provisional Application No. 62/361,852,

filed July 13, 2016, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
2] The members of the cyclin-dependent kinase (CDK) family play critical regulatory roles
in proliferation. Unique among the mammalian CDKs, CDK7 has consolidated kinase activities,
regulating both the cell cycle and transcription. In the cytosol, CDKT7 cexists as a heterotrimeric
complex and is believed to function as a CDK1/2-activating kinase (CAK)., whereby
phosphorylation of conserved residues in CDK1/2 by CDK7 is required for full catalytic CDK
activity and cell cycle progression. In the nucleus, CDK7 {orms the kinase core of the RNA
polymerase (RNAP) I general transcription factor complex and is charged with phosphorylating
the C-terminal domain (CTD) of RNAP I, a requisite step in gene transcriptional initiation.
Together, the two functions of CDK7, i.e., CAK and CTD phosphorylation, support critical
facets of cellular proliferation, cell cycling, and transcription.
i3] Disruption of RNAP I CTD phosphorylation has been shown to preferentially affect
proteins with short half-lives, including those of the anti-apoptotic BCL-Z family. Cancer cells
have demonstrated ability to circumvent pro-cell death signaling through upregulation of BCL-2
family members. Therefore, inhibition of human CDK7 kinase activity is likely to result in
anti-proliferative activity.
4] The discovery of selective inhibitors of CIDK7 has been hampered by the high sequence
and structural similaritics of the kinase domain of CDK family members. Therefore, there is a
need for the discovery and development of selective CDK7 inhibitors. Such CKIDY7 inhibitors

hold promise as a therapeutic agent for the treatment of CLL and other cancers.

BRIEY DESCRIPTION OF THE DRAWINGS

5] Fig. 1 is a table of exemplary compounds of formula (I).



SUMMARY
[6] The present disclosure provides inhibitors of one or more families of kinases, e.g.,
serine/threonine kinases, such as one or more of the family of CDK proteins. The present
disclosure further provides CDK?7 inhibitors, in particular selective CDK?7 inhibitors of Formula
(I) and pharmaceutically acceptable salts, solvates, hydrates, tautomers, stereoisomers,
isotopically labeled derivatives, and compositions thereof. The present disclosure additionally
provides methods of using the compounds of the present disclosure, and pharmaceutically
acceptable salts, solvates, hydrates, tautomers, stereoisomers, and compositions thereof as
therapeutics for the prevention and/or treatment of diseases associated with overexpression
and/or aberrant activity of one or more of the kinases such as serine/threonine kinase family
members, e.g., one or more CDK family members, e.g., CDK7 and/or CDK12 and/or CDK13. In
certain embodiments, the inventive compounds are used for the prevention and/or treatment of
proliferative diseases (e.g., cancers (e.9., leukemia, melanoma, multiple myeloma), benign
neoplasms, angiogenesis, inflammatory diseases, autoinflammatory diseases, and autoimmune
diseases) in a subject.

[6a] In one aspect of the present disclosure, there is provided a compound of formula I:

(R%)n
, or a pharmaceutically acceptable salt

ring A is ;

X is C(R®);

each Y is, independently, C(R7);
Z is C(RY);



R' is selected from hydrogen, -C;-Cy alkyl, -O-(C;-Cg-alkylene)-O-(C-Cy-
alkyl), -(Cy-Cs alkylene)-carbocyclyl, -C(0)-O-(C;-Cs alkylene), -(C,-C¢ alkylene)-
NR'-S(0),-(C-C4 alkyl), -(C;-Cs alkylene)-NR"-SO, N(R"),, -(C1-Cs alkylene)-
S(0),-(C1-C4 alkyl), and -(C,-Cg alkylene)-S(0),-N(R"),, wherein any carbocyclyl
portion of R' is optionally substituted, and wherein any alkyl or alkylene portion of
R' is optionally substituted with one or more independently selected monovalent
substituents;

each R" is independently selected from hydrogen and optionally substituted C;-Cg
alkyl, or

two R' are optionally taken together with the nitrogen atom to which they are
bound to form a 4-6 membered, optionally substituted heterocyclyl or heteroaryl ring,
wherein:

each R?, if present, is independently selected from =0, halo, -OH, -CN, -C;-C¢
alkyl, -(Cy-C¢ alkylene)-carbocyclyl, -(Co-Cg alkylene)-heterocyclyl, -(Co-Cs
alkylene)-heteroaryl, -(Co-Cs alkylene)-aryl, -(Co-Cs alkylene)-C(O)-heterocyclyl, -
(Co-Cp alkylene)-C(O)-heteroaryl, -O-(C;-Cg-alkyl), -O-(C;-C¢-alkylene)-O-(C;-Cs-
alkyl), -O-(C,-C4-alkylene)-carbocyclyl, -O-(C,-Cg-alkylene)-heterocyclyl, -O-(C;-
Cs-alkylene)-heteroaryl, -O-(C;-Cs-alkylene)-aryl, -NH-C(O)-C,-C4 alkyl, and -C(O)-
NH-(unsubstituted C,-C4 alkyl), or

R' and any R? are taken together with the atoms to which they are bound to form
an optionally substituted heterocyclyl or heteroaryl ring fused, spirofused or bridged
to the piperidine ring, or

two R” are taken together with the atom or atoms to which they are bound and any
intervening ring atoms to form an optionally substituted aryl, carbocyclyl,

heterocyclyl or heteroaryl ring fused, spirofused or bridged to the piperidine ring,
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wherein any carbocyclyl, heterocyclyl, or heteroaryl portion of R%, any ring
formed by taking R' together with R?, or any ring formed by taking two R together is
optionally substituted, and wherein any alkyl or alkylene portion of R” is optionally
substituted with one or more independently selected monovalent substituents unless
otherwise specified;

R’ is selected from hydrogen, halo, -CN, optionally substituted -C;-Cg alkyl, or
optionally substituted carbocyclyl;

R* is selected from halo, -CN, -C;-Cs alkyl, -C,-C¢ alkenyl, C,-C¢ alkynyl, -O-C;-
Cs alkyl, -S-C;-Cg alkyl, and carbocyclyl, wherein any alkyl, alkenyl, alkynyl, or
carbocyclyl portion of R* is optionally substituted;

each R’ is independently selected from halo, -OH, -C;-Cs alkyl, -CN, -(Cy-Cs
alkylene)-C(O)OH, -(Cy-Cs alkylene)-C(O)-(C,-C4 alkyl), -(Co-Cs alkylene)-
C(0)-N(R"),, <(Co-Cs alkylene)-S(0)-(C;-Cy alkyl), -(Co-Cs alkylene)-S(0).N(R' ),
-(Co-Cs alkylene)-P(0)-O-(C;-Cy alkyl),, -(Co-Cs alkylene)-P(O)-(C;-C4 alkyl)(O-C;-
C, alkyl), -(Cy-Cs alkylene)-P(O)(C;-Cy4 alkyl),, -(Co-Cg alkylene)-carbocyclyl, -(Co-
Cs alkylene)-heterocyclyl, -(Cy-Cs alkylene)-heteroaryl, -(Co-Cs alkylene)-
C(O)-heterocyclyl, -(Cy-Cs alkylene)-C(O)-heteroaryl, -O-(C,-Cg-alkyl), -O-(C;-Cs-
alkylene)-O-(C,-Cs-alkyl), -O-(Cy-Cs-alkylene)-carbocyclyl, -O-(C;-Cs-alkylene)-
heterocyclyl, -O-(C,-Cg-alkylene)-heteroaryl, phenyl, -(C,-C4 alkenylene)-phenyl, -
S(0)-(C;-Cy4 alkyl), -S-(C-C4 alkyl), -S(O)-OH, and -S(0O),-OH, wherein any alkyl,
alkylene, alkenylene, carbocyclyl, heterocyclyl, phenyl, and heteroaryl portion of R’
is optionally substituted; or

two vicinal R’ are taken together with the ring atoms to which they are bound to
form an optionally substituted carbocyclyl or optionally substituted heterocyclyl,

wherein each carbocyclyl or heterocyclyl is fused to ring A;
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R is selected from hydrogen, -CN, -C;-Cs alkyl, -(Co-Cs alkylene)-S(O), N(R")a,
-(Co-Cs alkylene)-carbocyclyl, -(Co-Cg alkylene)-C(O)-N(R"),, -(Co-Cg alkylene)-aryl,
-(Co-Cs alkylene)-heterocyclyl, -(Cy-Cg alkylene)-heteroaryl, -(Co-Cs alkylene)-S(O),-
(C1-Cyalkyl), -(C,-Cg alkylene)-O-(C;-Cs alkylene)-C(0)-N(R"),, -(C1-Cs alkylene)-
0-(C,-C4alkylene)-P(O)(C;-Cs4 alkyl),, -(C1-Cs alkylene)-O-(C;-Cy4 alkylene)-
P(O)(C;-C4alkyl)-O-(C;-Cs alkyl), -(C;-Cg alkylene)-O-(C,-C4 alkylene)-P(O)-(O-C; -
Cs alkyl),, -(C;-Cg alkylene)-O-(C;-Cy4 alkylene)-S(O),-(C-Cq4 alkyl), -(C;-Cs
alkylene)-O-(C,-Cy4 alkylene)-S(0),.N(R"),, -(C1-Cyg alkylene)-O-(C;-Cy alkyl), -(C)-
Cs alkylene)-O-carbocyclyl, -(C;-Ce alkylene)-O-heteroaryl, -(C;-Cg alkylene)-O-
heterocyclyl, -(C;-Cg alkylene)-P(O)(C;-Cs4 alkyl),, -(C;-Cg alkylene)-P(O)(C;-Cy4
alkyl)-O-(C;-C,4 alkyl), -(C;-Cg alkylene)-P(O)-(O-C,;-C4 alkyl),, -(C1-Cg alkylene)-
C(0)-(Cy-C4alkyl), and -(C;-Cg alkylene)-C(O)OH, wherein any alkyl, alkylene,
carbocyclyl, heterocyclyl and heteroaryl portion of R®” is optionally substituted;

R” and any R’ are taken together with the ring atoms to which they are bound to
form an optionally substituted heterocyclyl, wherein each heterocyclyl is fused to ring
A;

R is selected from hydrogen, -CN, -CHj3, -CH,F, -CHF; and -CFs;

each R’ is independently selected from hydrogen and R”;

R is selected from hydrogen and fluoro; and

nis 0, 1, 2, 3, or 4, wherein the compound is other than

a stereoisomer or pharmaceutical salt thereof.
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[6b] In another aspect of the present disclosure, there is provided a pharmaceutically acceptable

solvate, hydrate, tautomer, or isotopically labeled derivative of a compound of formula I

R1
N/
(R®)n
(I), wherein
Rs'
Yoo N
VT
Yo A~
ring A is ;
X is C(R®);
each Y is, independently, C(R7);
Z is C(RY);

R' is selected from hydrogen, -C-Cs alkyl, -O-(C;-Cg-alkylene)-O-(C-Cy-
alkyl), -(Co-Cs alkylene)-carbocyclyl, -C(0)-O-(C;-Cs alkylene), -(C;-Cg alkylene)-
NR"-S(0),-(C1-Cy4 alkyl), -(C;-Cs alkylene)-NR'"-SO, N(R"),, -(C,-Cs alkylene)-
S(0),-(C1-Cy alkyl), and -(C;-Cs alkylene)-S(0),-N(R" ). wherein any carbocyclyl
portion of R' is optionally substituted, and wherein any alkyl or alkylene portion of
R' is optionally substituted with one or more independently selected monovalent
substituents;

each R" is independently selected from hydrogen and optionally substituted C;-Cg
alkyl, or

two R' are optionally taken together with the nitrogen atom to which they are
bound to form a 4-6 membered, optionally substituted heterocyclyl or heteroaryl ring,

wherein:
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each R?, if present, is independently selected from =O, halo, -OH, -CN, -C;-Cs
alkyl, -(Cy-C¢ alkylene)-carbocyclyl, -(Co-C¢ alkylene)-heterocyclyl, -(Co-Cs
alkylene)-heteroaryl, -(Co-C¢ alkylene)-aryl, -(Co-C¢ alkylene)-C(O)-heterocyclyl, -
(Co-Cs alkylene)-C(O)-heteroaryl, -O-(C,-Ce-alkyl), -O-(C;-Cs-alkylene)-O-(C;-Cs-
alkyl), -O-(C,-C4-alkylene)-carbocyclyl, -O-(C,-Ce-alkylene)-heterocyclyl, -O-(C;-
Cs-alkylene)-heteroaryl, -O-(C;-Cs-alkylene)-aryl, -NH-C(O)-C;-C4 alkyl, and -C(O)-
NH-(unsubstituted C;-C4 alkyl), or

R' and any R? are taken together with the atoms to which they are bound to form
an optionally substituted heterocyclyl or heteroaryl ring fused, spirofused or bridged
to the piperidine ring, or

two R” are taken together with the atom or atoms to which they are bound and any
intervening ring atoms to form an optionally substituted aryl, carbocyclyl,
heterocyclyl or heteroaryl ring fused, spirofused or bridged to the piperidine ring,

wherein any carbocyclyl, heterocyclyl, or heteroaryl portion of R%, any ring
formed by taking R' together with R% or any ring formed by taking two R* together is
optionally substituted, and wherein any alkyl or alkylene portion of R? is optionally
substituted with one or more independently selected monovalent substituents unless
otherwise specified;

R’ is selected from hydrogen, halo, -CN, optionally substituted -C,-C alkyl, or
optionally substituted carbocyclyl;

R* is selected from halo, -CN, -C;-Cs alkyl, -C,-C¢ alkenyl, C,-C¢ alkynyl, -O-C;-
Cs alkyl, -S-C,-Cg alkyl, and carbocyclyl, wherein any alkyl, alkenyl, alkynyl, or
carbocyclyl portion of R* is optionally substituted;

2e



each R’ is independently selected from halo, -OH, -C;-Cs alkyl, -CN, -(Cy-Cs
alkylene)-C(O)OH, -(Cy-C¢ alkylene)-C(O)-(C,-C4 alkyl), -(Co-Cg alkylene)-
C(0)-N(R"),, <(Co-Cs alkylene)-S(0),-(C;-Cy alkyl), -(Co-Cs alkylene)-S(0)N(R' ),
-(Co-Cs alkylene)-P(0)-O-(C;-Cy4 alkyl),, -(Co-Cs alkylene)-P(O)-(C;-C4 alkyl)(O-C;-
C4 alkyl), -(Co-Cs alkylene)-P(O)(C;-Cy alkyl)s, -(Co-Ce alkylene)-carbocyclyl, -(Co-
Cs alkylene)-heterocyclyl, -(Co-Cs alkylene)-heteroaryl, -(Co-Ce alkylene)-
C(O)-heterocyclyl, -(Cy-Cg alkylene)-C(O)-heteroaryl, -O-(C,-Cs-alkyl), -O-(C;-Cs-
alkylene)-O-(C;-Cs-alkyl), -O-(Cy-Cs-alkylene)-carbocyclyl, -O-(C,-Cs-alkylene)-
heterocyclyl, -O-(C,-Cg-alkylene)-heteroaryl, phenyl, -(C,-C4 alkenylene)-phenyl, -
S(0)-(C;-Cy4 alkyl), -S-(C;-Cy alkyl), -S(O)-OH, and -S(0O),-OH, wherein any alkyl,
alkylene, alkenylene, carbocyclyl, heterocyclyl, phenyl, and heteroaryl portion of R’
is optionally substituted; or

two vicinal R’ are taken together with the ring atoms to which they are bound to
form an optionally substituted carbocyclyl or optionally substituted heterocyclyl,
wherein each carbocyclyl or heterocyclyl is fused to ring A;

R is selected from hydrogen, -CN, -C;-Cs alkyl, -(Co-Cs alkylene)-S(O), N(R")s,
~(Co-Cs alkylene)-carbocyclyl, -(Co-Cg alkylene)-C(O)-N(R"),, -(Co-Cs alkylene)-aryl,
-(Co-Cs alkylene)-heterocyclyl, -(Cy-Cg alkylene)-heteroaryl, -(Co-Cs alkylene)-S(O),-
(C1-Cyalkyl), -(C,-Cg alkylene)-O-(C;-Cs alkylene)-C(0)-N(R"),, -(C;-Cs alkylene)-
0-(C;-C4alkylene)-P(O)(C;-Cs4 alkyl),, -(C1-Cs alkylene)-O-(C;-Cy4 alkylene)-
P(O)(C,-C4alkyl)-O-(C;-C4 alkyl), -(C1-Cg alkylene)-O-(C,-Cq4 alkylene)-P(O)-(O-C;-
C, alkyl),, -(C;-Cg alkylene)-O-(C;-Cy4 alkylene)-S(O),-(C-Cq4 alkyl), -(C;-Cs
alkylene)-O-(C,-Cy4 alkylene)-S(0),.N(R"),, -(C;-Cyg alkylene)-O-(C;-Cy alkyl), -(C;-
Cs alkylene)-O-carbocyclyl, -(C;-Ce alkylene)-O-heteroaryl, -(C;-Cg alkylene)-O-
heterocyclyl, -(C;-Cs alkylene)-P(O)(C;-C,4 alkyl),, -(C;-Cg alkylene)-P(O)(C;-Cy4
alkyl)-O-(C;-C,4 alkyl), -(C;-Cg alkylene)-P(O)-(O-C,;-C4 alkyl),, -(C1-Cg alkylene)-
C(0)-(C4-Cyalkyl), and -(C;-Cg alkylene)-C(O)OH, wherein any alkyl, alkylene,
carbocyclyl, heterocyclyl and heteroaryl portion of R” is optionally substituted;
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R’ and any R® are taken together with the ring atoms to which they are bound to
form an optionally substituted heterocyclyl, wherein each heterocyclyl is fused to ring
A

RS is selected from hydrogen, -CN, -CHj3, -CH,F, -CHF; and -CFs;

each R’ is independently selected from hydrogen and R’;

NN
Sol®
N\ N

N
H .

[6¢] In a further aspect of the present disclosure, there is provided a pharmaceutical composition

R is selected from hydrogen and fluoro; and

nis 0, 1, 2, 3, or 4, wherein the compound is other than

comprising the compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative disclosed herein and a pharmaceutically acceptable excipient.

[6d] In another aspect of the present disclosure, there is provided a compound, salt, stereoisomer,
solvate, hydrate, tautomer, or isotopically labeled derivative disclosed herein or a pharmaceutical
composition disclosed herein for use in treating a subject suffering from cancer, a benign
neoplasm, angiogenesis, an inflammatory disease, an autoinflammatory disease, an autoimmune
disease, or an infectious disease.

[6€] In a further aspect of the present disclosure, there is provided a use of the compound, salt,
stereoisomer, solvate, hydrate, tautomer, or isotopically labeled derivative disclosed herein or
the pharmaceutical composition disclosed herein in the manufacture of a medicament for treating
a subject suffering from cancer, a benign neoplasm, angiogenesis, an inflammatory disease, an
autoinflammatory disease, an autoimmune disease, or an infectious disease.

[7] The present disclosure further provides compounds of formula (I) and pharmaceutically
acceptable salts, solvates, hydrates, tautomers, stereoisomers, and isotopically labeled derivatives
thereof, wherein Ring A, L, R, R% R’ R*, R°, R®, m, n, and subvariables thereof are as defined

herein.
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[8] The present disclosure also provides pharmaceutical compositions comprising a
compound of Formula (I) or a pharmaceutically acceptable salt, solvate, hydrate, tautomer,
stereoisomer, or isotopically labeled derivative thereof, and optionally a pharmaceutically
acceptable excipient. In certain embodiments, the pharmaceutical compositions described herein
include a therapeutically effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt, solvate, hydrate, tautomer, stereoisomer, or isotopically labeled derivative
thereof. The pharmaceutical composition may be useful for treating and/or preventing a
proliferative or infectious disease.

[9] The present disclosure further provides methods for treating and/or preventing
proliferative diseases. Exemplary proliferative diseases include cancer (e.g., leukemia,
melanoma, multiple myeloma), benign neoplasm, angiogenesis, inflammatory diseases,

autoinflammatory diseases, and autoimmune diseases. In other embodiments, the present
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disclosure provides methods for treating and/or preventing an infectious disease (e.g., a viral
infection).

[10] The present disclosure also provides methods of down-regulating the expression of
certain serine/threonine kinases, e.g., certain CDK family members, e.g., CDK7 in a biological
sample or subject.

[11] The present disclosure further relates to methods of inhibiting the activity of certain
serine/threonine kinases, e.g., certain CDK family members, e.g., CDK7 in a biological sample
or subject.

[12] The present disclosure also provides methods of inhibiting cell growth in a biological
sample or subject.

[13] The present disclosure also provides methods of inducing apoptosis of a cell in a
biological sample or a subject.

[14] The present disclosure further provides compounds of formula (I) and pharmaceutically
acceptable salts, tautomers, stereoisomers, isotopically labeled derivatives, and compositions
thereof, for use in the treatment of a proliferative disease in a subject.

[15] The present disclosure also provides compounds of formula (I) and pharmaceutically
acceptable salts, solvates, hydrates, tautomers, stereoisomers, isotopically labeled derivatives,
and compositions thereof, for use in the treatment or prevention of an infectious disease in a
subject. In certain embodiments, the infectious disease is a viral infection.

[16] The present disclosure also relates to kits comprising a container with a compound of
formula (I) or a pharmaceutically acceptable salt, solvate, hydrate, tautomer, stereoisomer, or
isotopically labeled derivative thereof, or a pharmaceutical composition thereof. In certain
embodiments, the kits described herein further include instructions for administering the
compound of formula (I) or the pharmaceutically acceptable salt, solvate, hydrate, tautomer,
stereoisomer, or isotopically labeled derivative thereof, or the pharmaceutical composition
thereof.

[17] The details of one or more embodiments of the present disclosure are set forth herein.
Other features, objects, and advantages of the present disclosure will be apparent from the

Detailed Description, the Figures, the Examples, and the Claims.
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DEFINITIONS

(18] Definitions of specific functional groups and chemical terms are described in more detail
below. The chemical elements are identified in accordance with the Periodic Table of the
Elements, CAS version, Handbook of Chemistry and Physics, 75" Ed.. inside cover, and specific
functional groups are generally defined as described therein. Additionally, general principles of
organic chemistry, as well as specific functional moieties and reactivity, are described in Thomas
Sorrell, Organic Chemistry, University Science Books, Sausalito, 1999; Smith and March,
March's Advanced Organic Chemistry, 5t Edition, John Wiley & Sons, Inc., New York, 2001;
Larock, Comprehensive Organic Transformations, VCH Publishers, Inc., New York, 1989; and
Carruthers, Some Modern Methods of Organic Synthesis, 3 Edition, Cambridge Untversity
Press, Cambridge, 1987.

(18] Unless otherwise stated, structores depicted herein are also meant to include all isomeric
{c.g., enantiomeric, diastereomeric, and geometric {or conformational)) forms of the structure;
for example, the R and S confligurations for each asymmetric center, 7 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 tantomeric forms
of the compounds of the invention are within the scope of the invention. Additionally, unless
otherwise stated, structares 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 deuteriom or tritiuim, or the
replacement of a carbon by a B or MC-enriched carbon are within the scope of this invention.
Such compounds are useful, for example, as analytical tools, as probes 1o biological assays, or as
therapeutic agents in accordance with the present invention.

[26] Where a particular enantiomer is preferred, it may, in some embodiments be provided
substantially free of the corresponding enantiomer, and may also be referred to as “optically
enriched.” “Optically-enriched,” as used herein, means that the compound is made up of a
significantly greater proportion of one enantiomer. In certain embodiments the compound is
made up of at least about 90% by weight of a preferred cnantiomer. In other embodiments the

compound is made up of at least about 95%, 98%, or 99% by weight of a preferred enantiomer.
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Preferred enantiomers may be isolated from racemic mixtures by any method known to those
skilled in the art, including chiral high pressure liguid chromatography (HPLC) and the
formation and crystallization of chiral salts or prepared by asymmetric syntheses. See, for
example, Jacques et al., Enantiomers, Racemates and Resolutions (Wiley Interscience, New
York, 1981); Wilen, et al., Tetrahedron 33:2725 (1977); Eliel, E.L. Stereochemistry of Carbon
Compounds (McGraw-Hill, NY, 1962); Wilen, S.H. Tables of Resolving Agents and Optical
Resolutions p. 268 (EL. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972).

[21]  The term “aliphatic” or “aliphatic group”, as used herein, denotes a hydrocarbon moiety
that may be straight-chain (i.e., unbranched), branched, or cyclic (including fused, bridging, and
spiro-fused polycychic) and may be completely saturated or may contain one or more units of
unsaturation, but which is not aromatic. Unless otherwise specified, aliphatic groups contain 1-6
carbon atoms. In some embodiments, aliphatic groups contain 1-4 carbon atoms, and in yet other
embodiments aliphatic groups contain 1-3 carbon atoms. Suitable aliphatic groups include, but
are not limited to, linear or branched, alkyl, alkenyl, and alkynyl groups, and hybrids thereof
such as {cycloalkybalkyl, {(cycloalkenylalkyl or (cycloalkylalkenyl.

{221  The term “alkyl,” as used herein, refers to a monovalent saturated, straight- or
branched-chain hydrocarbon such as a straight or branched group of 1-12, 1-10, or 1-6 carbon
atoms, referred to herein as C-Cyp alkyl, C-Cipalkyl, and C1-Ce alkyl, respectively. Examples
of alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl,
iso-butyl, sec-butyl, sec-pentyl, 1so-pentyl, tert-butyl, n-pentyl, ncopentyl, n-hexyl, sec-hexyl,
and the like.

[23] The terms “alkenyl” and “alkynyl” are art-recognized and refer to unsaturated aliphatic
groups analogous in length and possible substitution to the alkyls described above, but that
contain at least one double or triple bond, respectively. Exemplary alkenyl groups include, but
are not limited to, -CH=CH, and -CH,CH=CH,.

[24] The term “alkylene” refers to the diradical of an alkyl group.

{251  The termos “alkenylene” and “alkynylene” refer to the diradicals of an alkenyl and an
alkynyl group, respectively.

126]  The term “carbocyclic ring system”, as used herein, means a monocyclic, or {fused, spiro-

fused, and/or bridged bicyclic or polycyclic hydrocarbon ring system, wherein each ring is either
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completely saturated or contains one or more units of unsaturation, but where no ring is

aromatic.

[27] The term “carbocyclyl” refers to a radical of a carbocyclic ring system. Representative
carbocyclyl groups inclhude cycloalkyl groups (e.g., cyclopentyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like), and cycloalkenyl groups {e.g., cyclopentenyl, cyclohexenyl,
cyclopentadienyl, and the like).

i28]  The term “aromatic ring system” is art-recognized and refers to a monocyelic, bicychic or
polycyclic hydrocarbon ring system, wherein at least one ring is aromatic.

(291  The term “aryl” refers to a radical of an aromatic ring system. Representative aryl groups
incluade fully aromatic ring systems, such as phenyl, naphthyl, and anthracenyl, and ring systems
where an aromatic carbon ring is fused to one or more non-aromatic carbon rings. such as
indanyl, phthalimidyl, naphthimidyl, or tetrahydronaphthyl, and the like.

[3¢] The term “heteroaromatic ring system” 1s art-recognized and refers to monocyclic,
bicyclic or polycyclic ring system wherein at least one ring is both aromatic and comprises a
heteroatom; and wherein no other rings arc heterocyclyl (as defined below). In certain instances,
a ring which is aromatic and comprises a heteroatom contains 1, 2, 3, or 4 independently selected
ring heteroatoms in such ring.

{311 The term “heteroaryl” vefers to a radical of a heteroaromatic ring system. Representative
heteroaryl groups include ring systems where (i) each ring comprises a heteroatom and is
aromaltic, e.g., imidazolyl, oxazolyl, thiazolyl, triazolyl, pyrrolyl, furanyl, thiophenyl, pyrazolyl,
pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, indolizinyl, purinyl, naphthyridinyl, and
pteridinyl; (it) one ring is aromatic and comprises a heteroatom, and cach additional ring is cither
aromatic or carbocyclyl, e.g., indolyl, isoindolyl, benzothienyl, benzofuranyl, dibenzofuranyl,
indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl,
pyrido[2,3-b]-1,4-oxazin-3(4H)-one, 5.6,7,8-tetrahydroquinolinyl and
5,6,7.8-tetrahydroisoquinolinyl; and (i11) one ring is aromatic and is fused, spirofused or bridged
to a carbocyclyl, and the aromatic ring shares a bridgehead hetercatom with the carbocyclic ring,
e.g.. 5,6.7,8-tetrahydroindolizinyl. In certain embodiments, the heteroaryl is a monocyclic or
bicyclic ring, wherein each of said rings contains 5 or 0 ring atoms where 1, 2, 3, or 4 of said

ring atoms are a heteroatom independently selected from N, O, and S.
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(32} 'The term “heterocyclic ring system’ refers to monocyclic, or fused, spiro-fused, and/or
bridged bicyclic and polycychic ring systems where at least one ring 1s saturated or partially
unsaturated (but not aromatic) and comprises a heteroatom. A heterocyclic ring system 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.

{331 The term “heterocycelyl” refers to a radical of a heterocyclic ring system. Representative
heterocyclyls include ring systems n which (1) every ring is non-aromatic and at least one ring
comprises a heteroatom, ¢.g., tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, pyrrolinyl, decahydroguinohinyl. oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl,
diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl; (ii) at lcast one ring is
non-aromatic and comprises a heteroatom and at least one other ring 1S an aromalic carbon ring,
e.g., 1.2,3,4-tetrahvdroguinolinyl, 1,2,3,4-tetrahydroisoquinolinyl; and (iii) at least one ring is
non-aromatic and compriscs a heteroatom and at least one other ring is aromatic and compriscs a
heteroatom, e.g., 3,4-dihydro-1H-pyrano{4,3-clpyridine, and

1,2.3 4-tetrahydro-2,6-naphthyridine. In certain embodiments, the heterocyclyl is a monoeyclic
or bicyclic ring, wherein each of said rings contains 3-7 ring atoms where 1, 2, 3, or 4 of said
ring atoms are a heteroatom independently selected from N, O, and S.

[34] The term “saturated heterocyclyl” refers to a radical of heterocyclic ring system wherein
every ring is saturated, e.g., tetrahydrofuran, tetrahydro-2H-pyran, pyrrolidine, piperidine and
piperazine.

{35]  “Partially unsaturated” refers to a group that includes at least one double or triple bond.
A “partially unsaturated” ring system is further intended to encompass rings having multiple
sites of unsaturation, but is not intended to include aromatic groups {(e.g., aryl or heteroaryl
groups) as herein defined. Likewise, “saturated” refers to a group that does not contain a double
or triple bond, i.e., contains all single bonds.

[36] As described herein, compounds of the invention may 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
substitoent. 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 sclected from a specified
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group, the substituent may be either the same or different at each position. Combinations of
substitoents envisioned under 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.

{371  Suitable monovalent substituents on a substitutable carbon atom of an “optionally
substituted” group (such as an alkyl, alkenyl, alkynyl, alkylene, alkenylene, alkynylene or the
carbon atom of a carbocyclyl, aryl, heterocyclyl or heteroaryl) are independently selected from
deuterium; halo; -NO;; -CN; -Ni. -(CH;)0.4R®; -(CH2 )04 OR; -O-(CH )0 aC(OYOR®; -(CHy )
4SR®; -(CHo)paN(R )1 -(CHzJos CIOIN(R®)2: -(CH)oaN(R™HC(O)R; -(CH2 )04 N{R)C(OINR
~(CH2)p4NER7C(O)OR ™ -NRONERHC(O) R™,

- NRONRC(OINR®:; (CH2)oaCOIR®; (CH)oaCIOYOR?; -(CH2)o4-C(O)-N(R®)-S(0)-R”;
~(CH2)040CIO)R: -(CH2)osC(OINR 2 -(CH)o4OC(OINR®; -C({O)N(OR®)R®; -C(NOR®)R®;
-C(NORINR % - CINCNINR %5 «(CH2)0.45(0 R -S{O)1NR;; (CHo)osS(OIRT;
-NR®IS(O)NR®; -NRIS(OIR; -CNR®INR ; -PIO}OR®); -PIONORTIR: -P(O)R;
-OP(OYOR%); -OP(O)OR™R®; -OP(O)Ry; -SiR°%3; wherein each R is optionally substituted as
defined below and is independently hydrogen, deuterium, Cy¢ aliphatic, 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), may form a 3-7-membered
heterocyclic ring having 1-3 heteroatoms independently selected from nitrogen, oxygen, sulfur or
phosphorous.

{381  Suitable monovalent substituents on R (or the ring formed by taking two independent
occurrences of R” together with their intervening atoms), are independently selected {rom halo, -
CN, -NOa, -N3, -R®, (CHz)p20H, -(CHa)o20R®, -(CH2)02C(OR®, -(CH)0C(OH0H, -(CHado.
2C(OYOR®, -(CHy)oaNHa, -(CH2)o2NHR?, and -(CHj)ooNR®,, wherein each R® is independently
selected {rom €4 aliphatic or a 5-6-ruembered saturated, partially unsatorated, or aryl ring
having 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein

cach R® is optionally substituted with one or more independently selected halogens.

oo
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{38}  Suitable divalent substituenis on a saturated carbon atom of an “optionally substituted”
group inclade the following: =0, =NN( R,$)z, :NNR*S(O)ZR*, _T\R, =NOR", and =NCN;
wherein each independent occurrence of R’ is selected from hydrogen, deuterium, (4 aliphatic
or a 5-6-membered saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from unitrogen, oxygen or sulfur; and, notwithstanding the above, two
independent occurrences of R, taken to gether with their infervening atom(s), may form a
3-7-membered heterocyclic ring having 1-2 heteroatoms independently selected from nitrogen or
sulfur, wherein cach R is optionally substituted with one or more substituents selected from
deunterium, halo, -R®, -OH, -OR®, -CN, -C(O)OH, -C(OYOR®, -NH:, -NHR®, -NR®,, and NO,.
[46] Suitable substituents on a substitutable nitrogen of an “optionally substituted” group
inclade R, -N(R )y -CORT, -CIOHORT, -COINR Ny -S(01R T, -S(0)1NR Y, -NRHS(OLRT, -
C(NRT)N(R*)Z - NOR?)N(\ R%)z, or --C(NCN)N)R?); wherein each R is independently
hydrogen, a Ci.¢ aliphatic group, or a 5-7-membered saturated, partially unsaturated, or aryl ring
having (-4 heteroatoms independently selected {rom nitrogen, oxvygen, or sulfur; or
notwithstanding the definition above, two independent occurrences of R, taken together with
their intervening atom(s), may form a 3-7-membered saturated, partially unsatarated, or aryl
heterocyclyl having 1-3 heteroams independently selected from nitrogen, oxygen or sulfur,
wherein each R is optionally and independently substituted with one or more substituents
independently selected from deuterium, halo, -R®, -OH, -OR®, -CN, -NH,, -NHR?, -NR?,, and -
NO».

{41] “Halo” or “halogen™ refers to fluorine (fluoro, -F), chlorine (chloro, -1}, bromine
{bromo, -Br), or iodine {(indo, -I).

{42] These and other exemplary substituents are described in more detail in the Detailed
Description, Figures, Examples, and Claims. The invention is not intended to be limited in any

manner by the above exemplary listing of substituents.

Other definitions

1431 'The following detinitions are more geperal terms used throughout the present application:
i44]  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
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are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are
well known 1o the art. For example, Berge ef al., describe pharmaceutically acceptable salts 1o
detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein by reference.
Pharmaceutically acceptable salts of the compounds of this invention inclade those derived from
suitable inorganic and organic acids and bases. Examples of pharmaceutically acceptable,
nontoxic acid addition salts are salts of an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid, and perchloric acid or with
organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid,
or malonic acid or by using other methods known in the art such as oo exchange. Other
pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsaifonate, citrate,
cyclopentanepropionate, digluconate, dodecyisulfate, ethanesulfonate, formate, fumarate,
glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide,
2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate,
palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate,
propionate, stearate, succinate, sulifate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate,
valerale salts, and the like. Salts derived from appropriate bases include alkali metal, alkaline
earth metal, ammonium and N™(Cy,; alkyl)y salts. Representative alkali or alkaline earth metal
salts include sodium, lithium, potassium, calcium, magnesium, and the like. Further
pharmaceuntically acceptable salts inclade, when appropriate, nontoxic ammonium, guaternary
ammonium, and amine cations formed using counterions such as halide, hydroxide, carboxylate,
sulfate, phosphate, nitrate, lower alkyl sulfonate, and aryl] sulfonate.

[45] The term “solvate” refers to forms of the compound that arc associated with a solvent,
usually by a solvolysis reaction. This physical association may include hydrogen bonding.
Conventional solvents include water, methanol, cthanol, acetic acid, DMSO, THF, dicthyl ether,
and the like. The compounds of formula (1) may be prepared. e.g., in crystalline form, and may
be solvated. Suitable solvates include pharmaceutically acceptable solvates and further include
both stoichiometric solvates and non-stoichiometric solvates. In certain instances, the solvate
will be capable of isolation, for example, when one or more solvent molecules are incorporated

in the crystal lattice of a crystalline solid. “Solvate” encompasses both solution-phase and
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isolable soivates. Representative solvates include hydrates, ethanolates, and methanoclates.

146] The term “hydrate” refers to a compound which is associated with water. Typically, the
number of the water molecules contained in a hydrate of a compound is in a definite ratio to the
number of the compound molecules in the hydrate. Theretore, a hydrate of a compound may be
represented, for example, by the general formula R-x H;O, wherein R is the compound and
wherein x is a number greater than 0. A given compound may form more than oune type of
hydrates, including, e.g., monohydrates (x is 1), lower hydrates (x is a number greater than 0 and
sinaller than 1, e.g., hemihydrates (R-0.5 H20)), and polyhydrates (x is a nurmber greater than 1,
e.g., dihydrates (R-2 H,(O) and hexahydrates (R-6 H,0O)).

{471 The term “tautomers” refer to compounds that are interchangeable forms of a particular
compound structure, and that vary in the displacement of hydrogen atoms and electrons. Thus,
two structures may be in equilibrium through the movement of n electrons and an atom (usually
H). For example, enols and ketones are tautomers because they are rapidly interconverted by
treatment with either acid or base. Another example of tautomerism is the aci- and nitro- forms
of phenylnitromethane that are likewise formed by treatment with acid or base.

(48] Tautomeric forms may be relevant to the attainroent of the optimal chemical reactivity
and biological activity of a compound of interest.

{491 It is also to be understood that compounds that have the same molecular formula but
differ in the nature or sequence of bonding of their atoms or the arrangement of their atoms in
space are termed “isomers”. Isomers that differ in the arrangement of their atoms in space are
termed “stereoisomers”.

[5¢] Sterecisomers that are not mirror timages of one another are termed “diastercomers” and
those that are non-superimnposable mirror images of each other are termed “enantiomers”. When
a compound has an asymmetric center, for example, it is bonded to four different groups, a pair
of enantiomers is possible. An enantiomer can be characterized by the absolute configuration of
its asymmetric center and is described by the R- and S-sequencing rules of Cahn and Prelog, or
by the manner in which the molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory (1.e., as (+) or {-)-isomers respectively). A chiral compound can
cxist as cither individual enantiomer or as a mixture thercof. A mixture containing cqual
proportions of the enantiomers is called a “racemic mixture”.

(51} A “subject” to which administration is contemplated includes, but is not limited to,

8
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humans (i.e., a male or female of any age group, e.g.. a pediatric subject {e.g., infant, child,
adolescent) or adult subject (e.g., young aduolt, middle-aged adult, or senior adult)) and/or other
non-human antmals, for example, mammals {e.g., primates {e.g., cynomolgus monkeys, rhesus
monkeys); commercially relevant mammals such as cattle, pigs. horses, sheep, goats, cats, and/or
dogs) and birds (e.g., commercially relevant birds such as chickens, ducks, geese, and/or
turkeys). In certain embodiments, the animal 1s 2 mammal. The animal may be a male or female

and at any stage of development. A non-human animal may be a transgenic animal.

39 4k 5

{52} The terms “administer,” “administering,” or “administration.” as used herein refers to
implanting, absorbing, ingesting, injecting, inhaling, or otherwise introducing an inventive
compound, or a pharmaceutical composition thereof.

1531  As used herein, the terms “treatment,” “treat,” and “treating” refer to reversing,
alleviating, delaying the onset of, or inhibiting the progress of a “pathological condition” {e.g., a
discase, disorder, or condition, or one or more signs or symptoms thereof) described herein. In

% <6

some embodiments, “treatment,” “treat,” and “treating” require that signs or symptoms of the
discase disorder or condition have developed or have been observed. In other embodiments,
treatment may be administered in the absence of signs or symptoms of the disease or condition.
For example, treatment may be administered to a susceptible individual prior to the onset of
syraptoms {e.g.. in light of a history of symptoms and/or 1o light of genetic or other susceptibility
factors). Treatment may also be continued after symptoms have resolved, for example, to delay
or prevent recurrence.

I541  As used herein, the terms “condition,” “disease,” and “disorder” are used
interchangeably.

(551 An “effective amount” of a compound of formula (I) refers to an amount sufficient to
elicit the desired bioclogical response, i.e., treating the condition. As will be appreciated by those
of ordinary skill in this art, the effective amount of a compound of formula (1) may vary
depending on such factors as the desired biological endpoint, the pharmacokinetics of the
compound, the condition being treated, the muode of administration, and the age and health of the
subject. An effective amount encompasses therapeutic and prophylactic treatment. For example,
in freating cancer, an elfective ammount of an inventive compound may reduce the tumor burden
or stop the growth or spread of a tumor.

[56] A “therapeutically effective amount” of a compound of formula (I} 1s an amount

12
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sufficient to provide a therapeutic benefit in the treatment of a condition or to delay or minimize
one or more symptoms associated with the condition. In some embodiments, a therapeutically
effective amount 1s an amount sufficient to provide a therapeutic benefit in the treatment of a
condition or to minimize one or more symptoms associated with the condition. A therapeutically
effective amount of a compound means an amount of therapeutic agent, alone or in combination
with other therapies, which provides a therapeutic benefit in the treatment of the condition. The
term “therapeutically effective amount” can encompass an amount that timproves overall therapy,
reduces or avoids symptoms or causcs of the condition, or enhances the therapeutic efficacy of
another therapeutic agent.

[571 A “prophylacticaily effective amount” of a compound of formula (I} is an amount
sufficient to prevent a condition, or one or more symptoms associated with the condition or
prevent its recurrence. A prophylactically effective amount of a compound means an amount of a
therapeutic agent, alone or in combination with other agents, which provides a prophylactic
benefit in the prevention of the condition. The term “prophylactically effective amount” can
encompass an amount that improves overall prophylaxis or enhances the prophylactic efficacy of
another prophylactic agent.

1381 A “proliferative discase” refers to a disease that occurs due to abnormal growth or
extension by the multiplication of cells (Walker, Cambridge Dictionary of Biology;, Cambridge
University Press: Cambridge, UK, 1990). A proliferative disease may be associated with: 1) the
pathological proliferation of normally quiescent cells; 2) the pathological migration of cells from
their normal location (e.g., metastasis of neoplastic cells); 3) the pathological expression of
proteolytic enzymes such as the matrix metalloproteinases (e.g., collagenases, gelatinases, and
elastases); or 4) the pathological angiogenesis as in proliferative retinopathy and timor
metastasis. Exemplary proliferative diseases include cancers {(i.e., “malignant neoplasms™),
benign neoplasms, angiogenesis, inflammatory diseases, autoinflammmatory diseases, and
autoimmune diseases.

{591 The termos “neoplasm” and “tumor” are used herein interchangeably and refer to an
abnormal mass of tissue wherein the growth of the mass surpasses and is not coordinated with
the growth of a normal tissue. A neoplasm or tumor may be “benign” or “malignant,” depending
on the following characteristics: degree of cellular differentiation {(including morphology and

functionality), rate of growth, local invasion, and metastasis. A “benign neoplasm” is generally
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well differentiated, has characteristically slower growth than a malignant neoplasm, and remains
localized to the site of origin. In addition, a benign neoplasm does not have the capacitly to
infiltrate, invade, or metastasize to distant sites. Exemplary benign neoplasms include, but are
not limited to, lpoma, chondroma, adenomas, acrochordon, senile angiomas, seborrheic
keratoses, lentigos, and sebaceous hyperplasias. In some cases, certain “benign” tumors may
later give rise to malignant neoplasms, which may result from additional genetic changes ina
subpopulation of the tumor’s neoplastic cells, and these tumors are referred to as “pre-malignant
neoplasms.” An cxemplary pre-malignant neoplasm is a teratoma. In contrast, a “malignant
neoplasm” is generally poorly differentiated (anaplasia) and has characteristically rapid growth
accompanied by progressive infiltration, invasion, and destruction of the surrounding tissue.
Furthermore, a malignant neoplasm generally has the capacity to metastasize to distant sites.
{681 As used herein, the term “cancer” refers to a malignant neoplasm {(Stedman’s Medical
Dictionary, 25th ed.; Hensyl ed.; Williams & Wilkins: Philadelphia, 1990). Exemplary cancers
inchade, but are not limited to, acoustic nearoma; adenocarcinoma; adrenal gland cancer; anal
cancer; angiosarcoma {e.g., lymphangiosarcoma, lymphangioendotheliosarcoma,
hemangiosarcoma); appendix cancer; benign monocional gammopathy; biliary cancer {(e.g.,
cholangiocarcinomay); bladder cancer; breast cancer {(e.g., adenocarcinoma of the breast, papillary
carcinoma of the breast, mammary cancer, medullary carcinoma of the breast); brain cancer (e.g.,
meningioma, glioblastomas, glioma {e.g., astrocytoma, oligodendroglioma), medulloblastoma);
bronchus cancer; carcinoid tumor; cervical cancer (e.g., cervical adenocarcinomay;
choriocarcinoma; chordoma; craniopharyngioma; colorectal cancer {e.g., colon cancer, rectal
cancer, colorectal adenocarcinoma); connective tissue cancer; epithelial carcinoma;
ependymoma; endotheliosarcoma (e.g., Kaposi’s sarcoma, multiple idiopathic hemorrhagic
sarcoma); endometrial cancer (e.g., uterine cancer, utering sarcoma); esophageal cancer (e.g.,
adenocarcinoma of the esophagus, Barrett’s adenocarcinoma); Ewing’s sarcoma; eye cancer
(e.g., intraocular melanoma, retinoblastoma); familiar hypercosinophilia; gall bladder cancer;
gastric cancer {e.g., stomach adenocarcinoma); gastrointestinal stromal tumor (GIST); germ cell
cancer; head and neck cancer {e.g., head and neck squamous cell carcinoma, oral cancer {e.g.,
oral squamous cell carcinoma), throat cancer (e.g., laryngeal cancer, pharyngeal cancer,
nasopharyngeal cancer, oropharyngeal cancer}}; hematopoietic cancers {e.g., leukemia such as

acute lymphocytic leukemia (ALL) (e.g., B-cell ALL, T-cell ALL), acute myelocytic leukemia
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{AML) (e.g., B-cell AML, T-cell AML), chronic myelocytic leukemia (CML) {(e.g., B-cell CML,
T-cell CML), and chronic lymphocytic leskemia (CLL) (e.g., B-cell CLL, T-cell CLL));
lymphoma such as Hodgkin lymphoma (HL} (e.g., B-cell HL, T-cell HL} and non-Hodgkin
lymphoma (NHL) (e.g., B-cell NHL such as diffuse large cell lyrophoma (DLCL) (e.g., diffuse
large B-cell lymphoma), follicular lymphoma, chronic bvmphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL), mantle cell lymphoma (MCL), marginal zone B-cell lymphomas (e.g.,
mucosa-associated lymphoid tissae {(MALT) lymphomas, nodal marginal zone B-cell lymphoma,
splenic marginal zone B-cell lymphoma), primary mediastinal B-cell lymphoma, Burkitt
lymphoma, lyraphoplasmacytic lymphoma (i e, Waldenstrm’s macroglobulinemia), hairy cell
leukemia (HCL), immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma and
primary central nervous system (CNS) lymphoma; and T-cell NHL such as precursor
T-lymphoblastic lymphoma/leukemia, peripheral T-cell lymphoma (PTCL) (e.g., cutaneous
T-cell lymphoma (CTCL) {(e.g., mycosis fungoides, Sezary syndrome), angicimmunoblastic
T-cell lymphoma, extranodal natural killer T-cell lvmphoma, enteropathy type T-cell lymphoma,
subcutancous panniculitis-like T-cell lymphoma, and anaplastic large cell lymphoma); a mixture
of one or more leukemia/lymphoma as described above; and multiple myeloma (MM)), heavy
chain disease (e.g., alpha chain disecase, gamma chain disease, mu chain discase};
hemangioblastoma; hypopharynx cancer; inflammatory myofibroblastic tumors; immunocytic
amyloidosis; kidney cancer {e.g., nephroblastoma a.k.a. Wilms’ tumor, renal cell carcinoma);
liver cancer {e.g., hepatocellular cancer (HCCO), malignant hepatoma); lung cancer (e.g,,
bronchogenic carcinoma, small cell lung cancer (SCLC), von-small cell lung cancer (NSCLO),
adenocarcinoma of the lung); leiomyosarcoma (LMS); mastocytosis (e.g., systemic
mastocytosis); muscle cancer; myelodysplastic syndrome (MDS); mesothelioma;
myeloproliferative disorder (MPD) (e.g., polycythemia vera (PV), essential thrombocytosis (ET),
agnogenic myeloid metaplasia (AMM) a.k.a. myelofibrosis (MF), chronic idiopathic
myelofibrosis, chronic myelocytic leukemia (CML), chronic neutrophilic leukemia (CNL),
hypereosinophilic syndrome (HES)); neuroblastoma; neurolibroma (e.g., neurofibromatosis (NF)
type 1 or type 2, schwannomatosis); neuroendocrine cancer (e.g., gastroenteropancreatic
neuroendocrine tumor (GEP-NET), carcinoid tumor); osteosarcoma {e.g., bone cancer); ovarian
cancer {e.g., cystadenocarcinoma, ovarian embryonal carcinoma, ovarian adenocarcinomal;

papillary adenocarcinoma; pancreatic cancer {e.g., pancreatic adenocarcinoma, intraductal
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papiliary mucinous neoplasm (IPMN), Isiet cell tumors); penile cancer {(e.g., Paget’s discase of
the penis and scrotum); pinealoma; primitive neuroectodermal tumor (PNT); plasma cell
neoplasia; paraneoplastic syndromes; intraepithelial neoplasms; prostate cancer {e.g., prostate
adenocarcinoma); rectal cancer; thabdomyosarcoma; salivary gland cancer; skin cancer (e.g.,

squamous cell carcinoma (SCC), keratoacanthoma (KA), melanoma, basal cell carcinoma

(BCC)); small bowel cancer (e.g., appendix cancer); soft tissue sarcoma {e.g., malignant fibrous
histiocytoma {MFH), liposarcoma, malignant peripheral nerve sheath tumor (MPNST),
chondrosarcoma, fibrosarcoma, myxosarcoma); scbaceous gland carcinoma; small intestine
cancer; sweal gland carcinoma; synovioma; testicular cancer (e.g., seminorna, lesticular
embryonal carcinoma); thyroid cancer {e.g., papillary carcinoma of the thyroid, papiliary thyroid
carcinoma (PTC), medullary thyroid cancer); urethral cancer; vaginal cancer; and vulvar cancer
{e.g., Paget’s diseasce of the vulva).

[61] The term “angiogenesis” refers to the formation and the growth of new blood vessels.,
Normal angiogenesis occurs in the healthy body of a subject for healing wounds and for
restoring blood flow to tissues after injury. The healthy body controls angiogenesis through a
number of means, e.g., angiogenesis-stimulating growth factors and angiogenesis inhibitors.
Many disease states, such as cancer, diabetic blindness, age-related macular degeneration,
rheumatoid arthritis, and psoriasis, are characterized by abnormal (i.e., increased or excessive)
angiogencsis. Abnormal angiogenesis refers to angiogenesis greater than that in a normal body,
especially angiogenesis in an adult not related to normal angiogenesis {e.g., mensiruation or
wound healing). Abnormal angiogenesis can provide new blood vessels that feed diseased tissues
and/or destroy normal tissues, and in the case of cancer, the new vessels can allow tumor cells to
escape into the circulation and lodge in other organs (tumor metastases).

(621  As used herein, an “inflammatory discase” refers to a discase caused by, resulting from,
or resulting 1u inflammation. The term “inflammatory disease” may also refer to a dysregulated
inflammatory reaction that causes an exaggerated response by macrophages, granulocytes, and/or
T-lymphocytes leading to abnormal tissue damage and/or cell death. An inflammatory disease
can be either an acute or chronic inflammatory condition and can result from infections or
non-infectious causes. Inflammmatory diseases include, without limitation, atherosclerosis,
arteriosclerosis, autoimmune disorders, multiple sclerosis, systemic lupus erythematosus,

polymyalgia rheumatica (PMR), gouty arthritis, degenerative arthritis, tendonitis, bursitis,
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psoriasis, cystic {ibrosis, arthrosteitis, rheumatoid arthritis, inflammatory arthritis, Sjogren’s
syndrome, giant cell arteritis, progressive systemic sclerosis (scleroderma), ankylosing
spondylitis, polymyositis, dermatomyositis, pemphigus, pemphigoid, diabetes {e.g., Type 1),
myasthenia gravis, Hashimoto’s thyroiditis, Graves’ disease, Goodpasture’s disease, mixed
connective tissue disease, sclerosing cholangitis, inflammatory bowel disease, Crohn’s disease,
ulcerative colitis, pernicious ancmia, inflammatory dermatoses, usual interstitial pneumonitis
(UIP}, asbestosis, silicosis, bronchiectasis, berylliosis, talcosis, pneumoconiosis, sarcoidosis,
desquamative interstitial pneumonia, lyraphoid interstitial pncumonia, giant cell interstitial
pneumonia, celuolar interstitial pneumonia, extrinsic allergic alveolitis, Wegener’s
granulomatosis and related forms of angiitis {temporal arteritis and polyarteritis nodosa),
inflammatory dermatoses, hepatitis, delayed-type hypersensitivity reactions {e.g., poison ivy
dermatitis), pneumonia, respiratory tract inflammation, Adult Respiratory Distress Syndrome
(ARDS), encephalitis, immediate hypersensitivity reactions, asthma, hayfever, allergies, acute
anaphylaxis, rheumatic fever, glomerulonephritis, pyelonephritis, celtulitis, cystitis, chronic
cholecystitis, ischemia (ischemic injury), reperfusion injury, allograft rejection, host-versus-graft
rejection, appendicitis, arteritis, blepharitis, bronchiolitis, bronchitis, cervicitis, cholangitis,
choricamnionitis, conjunctivitis, dacryoadenitis, dermatomyositis, endocarditis, endometritis,
enteritis, enlerocolitis, epicondylitis, epididymitis, fasciitis, fibrositis, gastritis, gastroenieritis,
gingivitis, ileitis, iritis, laryngitis, myelitis, myocarditis, nephritis, omphalitis, oophoritis,
orchitis, osteilis, otitis, pancreatitis, parotitis, pericarditis, pharyngitis, pleuritis, phlebits,
pneumonitis, proctitis, prostatitis, rhinitis, salpingitis, sinusitis, stomatifis, synovitis, testitis,
tonsillitis, urcthritis, urocystitis, uveitis, vaginitis, vasculitis, vulvitis, vulvovaginitis, angitis,
chronic bronchitis, osteomyelitis, optlic neuritis, temporal arterifis, transverse myelitis,
necrotizing fasciitis, and necrotizing enterocolitis.

{631 As used herein, an “autoimmune disease” refers to a discase arising from an inappropriate
immune response of the body of a subject against substances and tissues normally present in the
body. In other words, the immune system mistakes some part of the body as a pathogen and
attacks its own cells. This may be restricted to certain organs {e.g., in autoimmune thyroiditis) or
involve a particular tissue in different places (e.g., Goodpasture’s disease which may affect the
basement membrane in both the lung and kidney). The treatment of autoimmune discases is

typically with immunosuppression, e.g., medications which decrease the immune response.
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Exemplary autoimmune diseases include, but are not limited to, glomerulonephritis,
Goodpasture’s syndrome, necrotizing vasculitis, lymphadenitis, pert-arteritis nodosa, systemic
lupus erythematosis, rheumatoid, arthritis, psoriatic arthritis, systemic lupus erythematosis,
psoriasis, ulcerative colitis, systemic sclerosis, dermatomyositis/polymyositis, anti-phospholipid
antibody syndrome, scleroderma, pemphigus vuigaris, ANCA-associated vasculitis (e.g.,
Wegener’s granulomatosis, microscopic polyangiitis), uveitis, Sjogren’s syndrome, Crohn’s
disease, Reiter’s syndrome, ankylosing spondylitis, Lyme arthritis, Guillain-Barre syndrome,
Hashimoto’s thyroiditis, and cardiomyopathy.

[64] The term “autointlammatory disease” refers to a category of diseases that are similar but
different from autoimmune discases. Autoinflammatory and autoimmune diseases share common
charactenistics in that both groups of disorders resolt from the immune system attacking a
subject’s own tissues and result in increased inflammation. In avtoinflammatory diseases, a
subject’s innate immunce system causes inflammation for unknown rcasons, The innate immune
system reacts even though it has never encountered autoantibodies or antigens in the subject.
Auntoinflammatory disorders are characterized by intense episodes of inflaramation that result in
such symptoms as fever, rash, or joint swelling. These diseases also carry the risk of
amyloidosis, a potentially fatal buildup of a blood protein in vital organs. Autoinflammatory
diseases include, but are not limuled to, familial Mediterranean fever (FMF), neonatal onset
multisystem inflammatory disease (NOMID), tumor necrosis factor (TNF) receptor-associated
pertodic syndroroe (TRAPS), deficiency of the interlenkin-1 receptlor antagonist (DIRA), and
Behget's disease.

[65] The term “biological sample” refers to any sample including tissue samples (such as
tissue sections and needle biopsies of a tissue); cell samples (e.g., cytological smears (such as
Pap or blood smears) or samples of cells obtained by microdissection); samples of whole
organisms (such as samples of yeasts or bacteria); or cell {ractions, {ragments or organelles (such
as obtained by lysing cells and separating the components thereof by centrifugation or
otherwise). Other examples of biological samples inclode blood, seram, urine, semen, fecal
matter, cerebrospinal fluid, interstitial fluid, mucus, tears, sweat, pus, biopsied tissue {e.g.,
obtained by a surgical biopsy or needle biopsy), nipple aspirates, milk, vaginal fluid, saliva,
swabs (such as buccal swabs), or any material containing biomolecules that is derived from a

first biological sample. Biological samples also include those biological samples that are
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transgenic, such as transgenic oocyte, sperm cell, blastocyst, embryo, fetus, donor cell, or cell

nuclens.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE INVENTION

Compounds

[66] In one aspect of the present invention, provided are compounds of formula (I):

N’”R1
(R,
, or a pharmaceutically acceptable salt thereof, wherein
R ¥
AN
o R Al \N“”\i\\\
I L X
ring A is a bicyclic 6,5-ring system selected {rom: , , and
Y.
Vadl \[//**Y\
| X
Yo

Z/N\iy
and comprises no more than four ring nitrogen atoms;

X is selected from N, and C(R®), wherein R® is selected from hydrogen, -CN, -CH;, -
CHLF, -CHF, and -CFs;

cach Y is independently selected from N and C(R”), wherein R is selected from
hydrogen and R

7 is selected from N and C(R®), wherein R® is selected from hydrogen and fluoro;

R!is selected from hydrogen, -C;-Cg alloyl, -O-(C-Ce-alkylene}-0-(C-Cy-alkyl), -(Co-Co
alkylene)-{Cs-Cy cycloalkyl), -(Cy-Cs alkylene)-heterocyelyl, -(C-Cy alkylene)-heteroaryl, -(Cy-
Cg alkylene)-N(R' ;. -(C-Cs alkylene)-NR' -S(0),-(C-Cy alkyl), -(C1-C atkylene)-NR' -850,
N{R‘"L, ~{C1-Cq alkylene)-S{O)-(C-Cy alkyl}, and -(C1-Ce aikyiene~5(())Z-N(Rl’)g, wherein any
alkyl, alkylene, cycloalkyl, heterocyclyl or heteroaryl portion of R'is optionally substituted:

each R' is independently selected from hydrogen, and optionally substituted C-Cy alkyl,
or

IR . . . .
two R are optionally taken together with the nitrogen atorn to which they are bound {o
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form a 4-6 membered, optionally substituted heterocyclyl or heteroaryl ring comprising up to 2
additional hetervatoms selected from N, O, and 5, wherein:

each }{2, if present, is independently selected from =0, halo, -OH, -CN, -C;-Cq alkyl, -
(Co-Cg alleylene)-(Cs-Cy cycloalkyl), -(Cyp-Cs alloylene)-heterocyclyl, -(Co-Co alkylene)-
heteroaryl, -«(Co-Ce alkylene}-aryl, -{(Co-Cy alkylene-C(O)-heterocyclyl, -(Co-Cs alkylene)-
C(O)-heteroaryl, -O-(C-Ce-alkyl); -O-(C-Cg-alkylene}-O-(C-Cy-alkyly; -O-(C-Cy-alkylene)-
(C3-Cy cycloalkyl), -O-(C-Ce-alkylene)-heterocycelyl, -O-(C-Ce-alkylene)-heteroaryl, and -O-
(Cy-Cg-alkylenej-aryl, or

R' and any R? are taken together with the atoms to which they are bouund to form an
optionally substituted heterocyclyl or hetercaryl ring fused, spirofused or bridged to the
piperidine ring, or

two R? are taken together with the atom or atoms to which they are bound and any
intervening ring atoms to form an optionally substituted aryl, cycloalkyl, heterocyclyl or
heteroaryl ring fused, spirofused or bridged to the piperidine ring,

wherein any alkyl, alkylene, cycloalkyl, heterocyelyl or heteroaryl portion of RY, any ring
formed by taking R together with R?, or any ring formed by taking two R’ together is optionally
substituted:

R’ is selected from hydrogen, halo, -CN, optionally substituted -C-Csg alkyl, or optionally
substituted C;-C5 cycloalkyl;

R* is selected from halo, -CN, -C-Cqg alkyl, -Cy-Cq alkenyl, Cr-Cs alkynyl, -G-Cy-Cq
alkyl, -5-C-Cs alkyl, and a Cs5-Cy cycloalkyl, wherin any alkyl, alkenyl, or alkynyl portion of R?
is optionally substituted;

each R® is independently selected from halo, -OH, -C-Cs alkyl, -CN, -(Cy-Cs alkylene)-
COWOH, ~(Cy-Cy alkylene)-C(OH-(C1-Cy alkyhy, «(Co-Co alkylene)-C{O-NR )y, (Co-Co
alkylene)-$(0)-(C1-Cy alkyl), «(Co-Cg alkylene)-S(O)NR 12, ~(Co-Cs alkylene)-PO0)-0-(C-Cy
alkyl),, -(Co-Cg alkylene)-P(O)-(C-Cy alkylO-C-Cy alkyl), -(Co-Co alkylene)-PLONC-Cy
alkylh, -(Co-Cg alkylene)-(C3-Cy cycloalioyl), -(Co-Cs alkylene)-heterocyclyl, -(Co-Ce alkylene)-
heteroaryl, -(Co-Cg alkylene}-C(O)-heterocyelyl, -(Co-Cs alkylene)-C{O)-heteroaryl, -O-(C-Ce-
alkyl), -O-(C-Cg-alkylene)-0-(C-Cy-alkyl), -O-(Co-Co-alkylene)-(Cs-Cy cycloalkyly, -O-(C-Ce-
alkylene)-heterocyclyl, and -O-{(C-Cg-alkylene)-heteroaryl, wherein any alkyl, alkylene,

cycloalkyl, heterocyclyl and heteroaryl portion of R is optionally substituted; or
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two vicinal R’ are taken together with the ring atoms to which they are bound to form an
optionally substituted cycloalkyl or optionally substituted heterocyclyl, wherein each cycloalkyl
or heterocyclyl is fused to ring A;

R is selected from hydrogen, -CN, -Cy-Cg alkyl, -(Cy-Cs ﬂlk}’l@l’lfﬁ)—S(O)g_N(Rl’)2, ~(Co-Cs
atkylene)-{Cs-Cy cycloalkoyl), (Co-Cs alkylene)—(l(()}N(Rl.)2, {Co-Cralkylene}-aryl, -(Co-Cs
alkylene)-heterocyclyl, -(Co-Cs alkylene)-heteroaryl, -(Co-Co alkylene)}-S(O)-(C-Cy alkyl), (C-
Cealkylene)-O-(C-C5 alkylan@)-(f(()j)—N(RJ 3)2, -{C-Cg alkylene)-0-(T-Cy alkylene }-P{OYC-Cy
alkyl),, -(C-Cg alkylene)-O-(C-Cy alkylene)-P(O)C-Cs alkyl)-O-(C-Cy alkyl)y, -(C-Co
alkylene)-O-(C-Cy alloylene)-P(O)-(O-C-Cy alkyl), -(C-Cs alkylene)-0O-(C1-Cy alloylene)-
S(O-{C-Caalkyl), -(C-Cs alkylene}-O-(C-Ca alkylene -5 ())Z,N(Rl’);‘_, -((C-Cg alkylene)-O-
(C-Cyalkyly, (C-Cqalkylene)-0-(Cs-Cg cycloalloyl), -(C-Cs alkylene)-O-heteroaryl, -(C-Cs
alkylene}-O-heterocyelyl, -(C-Cq alkylene )-P(OYWC-Cy alkyl)s, (C1-Cy alkylene -P{ONC-Cy
altkyl}-O-(C-Cy alkyl), (C1-Cys alkylene)-P(O)-(0-C-Cy alkylys, -(C-Cg alkylene)-C{Oy-(C-Cy
alkyly, and -(C-Ce alkylene)-C(O)OH, wherein any alkyl, alkylene, cycloalkyl, heterocyclyl and
heteroaryl portion of R is optionally substituted; and

nis, 1,2, 3, or4.
i67] In some embodiments, R'is additionally selected from -C{0)-0-(C-Cg alkyl).

[68] Insome embodiments, R’ is additionally selected from -(Cy-Cs alkylene)-carbocyelyl,
wherein carbocyclyl is optionally substituted.

(691 In some embodiments, each Rz, if present, is additionally selected from -NH-C(0O)-C,-Cy
abikoyl, -C(O)-NH-(unsobstituted £1-Cy alkyl).

{761 In some embodiments, each RZ, if present, is additionally selected from -(Co-Ce alkylene)-
carbocyclyl or -O-(C1-Cy-alkylene)-carbocycelyl, wherein each alkvlene or carbocyclyl is
optionally substituted.

[71]  In some embodiments, R’ is additionally selected from optionally substituted carbocyelyl
[72] In some embodiments, R is additionally sclected from optionally substituted carbocyclyl
[73] Insome embodiments, each R is additionally selected from -(Co-Ce alkylene)-
carbocyclyl, -0-{Co-Cs-alkylene)-carbocyclyl, phenyl, -(C,-Cy alkenylene)-phenyl, -S(0O)-(Cy-Cy
alkyl), -S-(C-Cy4 alkyl), -S(O)-0OH, and -S(0),-0OH. wherein any alkyl, alkylene, alkenylene,
carbocyclyl, or phenyl is optionally substituted.

. 5’ ) ) o . .
[74] In some embodiments, R™ and any R’ are taken together with the ring atoms to which
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they are bound to form an optionally substituted heterocyelyl, wherein each heterocyclyl is fused
to ring A.

{75] In some embodiments, the compound of formula (I} is not:

ot a pharmaceutical salt of the foregoing.

[76] In some embodiments, the compound of formula (1} is not:

pharmaceutical salt of any of the foregoing.

{771 In some embodiments, ring A is selected from:
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[78] In some embodiments, ring A is selected from indol-3-yl, indazol-3-yl. In some
embodiments, ring A is indol-3-vl. In some embodiments, ring A is indazol-3-v1.

{791 In some embodiments, any alkyl or alkylene portion of R'is optionally substituted with
one or more independently selected monovalent substituents {e.g., such substituents do not
include =0).

[86] In somec embodiments, any heterocyclyl or heteroaryl portion of R’ is optionally and
independently substituted with one or more substituents independently selected from halo, C-Cy
alkyl, C1-Cs cycloalkyl, -OH, =0, -CN, -C(OIN(R ' )y, -${0)~(C1-Cy-alkyly, and

-S{O)N(R )z and any ablkyl, alkvlene, or cycloalloyl portion of R or a substituent thereon is
optionally substituted with one or more substituents independently selected from fluorine, OH
and CN.

i81] In some embodiments, R!is selected from hydrogen, -C-Cq
alkyl, -O-(C-Cg-atkylene)-O-(C-Ca-atkyl), -(C1-Cs atkylene)-N(R' ), (C-Cs alkylene)-NR' -
S(0)-(C1-Cy alkyl), «(C-Ce alkylene)-NR' -SO,NR ), «(C1-C alkylene)-S(0):-(C1-Cy alkyl),
-{C1-Cy alkylene-S({ O)Z—N(Ri’)g, and -(Co-Cs alkylene)-(Cs-Cy cycloalkyly, wherein any alkyl, or
alkylene portion of R'is optionally substituted with one or more independently selected
monovalent substitutents, any cycloalkyl portion of R'is optionally substituted with one or more
independently selected substitulents; and wherein each R is independently selected from
hydrogen, and optionally substituted C;-Cy alkyl (i.e., two R' cannot be taken together to form a
rng).

1821 o some embodiments, R’ is selected from hydrogen, cyclopropyl, -CHs, -

CHCH;, -CHyCHLOCH,, -CH(CH3 ), or -CHRCH(CH;3),, or wherein R'is taken together with

one R” and the ring atoms to which each are bound to form a ring which, taken together with the

ring to which R! and R? are bound, 1s I\N . In some embodiments, R'is selected from
hydrogen, -CH3, or -CHCHL,OCH;. In some embodiments, RYis hydrogen.

831 Insome embodiments, each alkyl in any RY is optionally substituted with one or more
substituents independently selected from fluorine, OH and CN.

{841 In some embodiments, any heterocyclyl and hetercaryt rings formed from two RY are
optionally substituted with one or more substituents independently selected from halo; Ci-Cy
alkyl; Cs5-Co cycloalkyl optionally substituted with one or more substituents independently
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selected from fluorine, OH and CN; -OH; =0, -CN; -C(O)NHz; -C{ONB(C-Cy alkyl);
-C{IOWN(C1-Cy alkyl)a; -S{0)-Ci-Cy-alkyl; -S(O)-NHy; -S(O):-NH(C-Cy alkyl); and
=S{O)-N(C,-Cy alkyl),, wherein any alkyl portion of a substituent on any heterocyclyl and
heteroaryl ring formed {rom two RY is optionally substituted with one or more further
substituents independently selected from fluorine, OH and CN.
[85] In some cmbodiments, any alkyl, alkylene, or aryl portion of R%is optionally substituted
with one or more independently selected monovalent substituents. In one aspect of these
embodiments, any alkyl, alkylene, aryl, cycloalkyl, heterocyelyl or heteroaryl portion of R any
ring formed by taking rR! together with R’ ot any ring formed by taking two R? together 1s
optionally substituted with one or more independently selected monovalent substituents.
186]  In some erobodiruents, any heterocyclyl and heteroaryl portion of R is optionally
substituted with one or more substituents independently selected from halo, -C;-Cy alkyl, -OH,
=0, -CN, -C{ON(R ), -C{OIOR" -C(O)OH, -S(0)-(C-Cyalkyd), -S(O)N(R" )2; and any
alkyl, alkylene and cycloalkyl portion of R? or a substituent thereon is optionally substituted with
one or more substituents independently selected from {luorine, OH and CN.
1871  lIn some embodiments, when two R* are taken together to form a ring, or R!and R are
taken together to form a ring, the resulting ring is optionally substituted with one or more
substituents independently selected from halo, C-Cy alkyl, -OH, =0, CN, —C(O)NRlﬁz,
-S{(0),-C-Ca-alkyl, -S{O); N{ Rli)g; and any alkyl portion of a substituent on a ring formed when
two R are taken together to form a ring, or R' and R are taken together is optionallys
substituted with one or more substituents independently selected from {loorine, OH and CN.in
some embodiments, each Rz.} if present, is independently selected from =0, halo, -OH, -C-Cq
atkyl, -NHC(O)-(C-Cy alkyly, -C{OYNH-C;-C, alkyl, -C{O)-(optionally substituted
heterocyelyl), optionally substituted aryl, and optionally substituted heteroaryl; or

&' and any R are taken together with the atoms to which they are bound to form an
optionally substituted heterocycelyl or heteroaryl ring fused, spirofused or bridged to the
piperidine ring, or

two R” are taken together with the atom or atoms to which they are bound and any
intervening ring atoms to form an optionally substituted aryl, cycloalkyl, heterocyclyl or
heteroaryl ring fused, spirofused or bridged to the piperidine ring,

wherein any alkyl or alkylene portion of R any ring formed by taking R! together with
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R or any ring formed by taking two R’ together is optionally substituted with one or more
independently selected monovalent substituents.

[88] In some embodiments, each Rl, if present, is independently selected from halo, =0, -OH,
optionally substituted -C1-Cy alkyl, optionally substituted phenyl and an optionally substituted
heteroaryl. In some embodiments, each R that is -C-Cy alkyl or phenyl is optionally substituted
with onc or more independently selected monovalent substituents. In some embodiments, each
R, if present, is independently selected from halo or optionally substituted -C-Cy alkyl. In
some embodiments, cach R?, if present, 1s independently sclected from halo or -C-Cj alkyl
optionally substituted with one or more independently selected monovalent substituents. In
some embodiments, each Rl, if present, is halo. In some embodiments, each Rz, if present, is
optionally substituted -Cy-Cy alkyl. In some embodiments, each R2 if present, is -C;-Cy alkyl
optionally substituted with one or more independently selected monovalent substituents.

[89] Insome ecmbodimenis, nis 0, 1, 2 or 3. In some embodiments, nis 0, 1 or 2. In some
embodiments, nis Q0 or 1. In some embodiments, nis 0. In some embodiments, nis 1. In some
embodiments, n is 2. In some embodiments, n is 3.

1281 Ion some embodiments, nis 8, 1, 2 or 3, and each Rz, if present, is independently selected
from fluoro, =0, -CH;, -CH,CH;, -OH, and unsubstituted phenyl.

(i1 Insome embodimenis, nis 0, 1, 2 or 3, and each Rz, if present, 1s independently selected
from -CH{CHa),, -C{O)NHCH;, -NHC(OC)YCH,CH;, 3-methyl-1,2.4-oxadiazol-5-y1, 1,2.4-
triazolol4,3-alpyridio-3-vl, 8-(methylsulfonyl)-1,2 4-triazolo[4,3-alpyridin-3-yl, pyrrohidin-1-
ylcarbonyl, and 3-hydroxypyrrolidin-1-ylcarbonyl; or two R? on different atoms are taken

together with the atoms to which they are bound and any intervening ring atoms to form a ring

which, taken together with the piperdine ring to which both R? are bound, is HN

g

I/ I
NS

= H . or two R bound to the same ring atom are taken together with the atom to which

they are bound to form a ring which, taken together with the piperdine ring to which both R arc
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O A

1921 In some embodiments, each alkyl or cycloalkyl portion of RYis optionally and

bound, is:

independently substituted with one or more {lnorine.

831 In some embodiments, R’ is hydrogen.

194] In some erobodirnents, any alkyl, alkenyl, alkynyl, or cycloalkyl portion of R is
optionally and independently substituted with one or more substituents independently selected
from -OH and fluorine.

{851 In some embodiments, R* is selected from halo, -CN, optionally substituted C;-Cy alkyl,
optionally substituted C,-Cy4 alkynyl, optionally substituted -O-C,-Cs alkyl, and optionally
substituted C3-Ce cycloalkyl. In some embodiments, R*is selected from balo, -CN, optionally
substituted C1-Cy alkyl, and optionally substituted C;-C4 haloalkyl. In some embodiments, RYis
selected from halo, C-Cy alkyl, and C;-C, haloalkyl. In some embodiments, R is C-Cy alkyl.
In some embodiments, R is (C-C, haloalkyl. In some embodiments, R* is halo.

[96] In some embodiments, R* is hydrogen or -C(O)-(optionally substituted C-Cy alkyl).

[971  In some embodiments, R* is selected from chloro, fluoro, bromo, iodo, cyclopropyl, -CN,

embodiments, R* is selected from chloro, fluoro, -CF,, -CH.CFs, -CH;, -CH,CH;, and -C=CH.
In some embodiments, R*is selected from chioro, -CFs, -CHs, and -CH,CH;. In some
embodiments, R* is selected from chioro, and -C¥F;. In some embodiments, R*is chloro. In
some embodiments, R is -CFs.

(981 In some embodiments, R* is selected from CHCHLE, -CHCHLCH,, -CH(OHICH,, -
CH=CH,, -C(O)CH;, -OCHF,, -5-CHs, -5-CHF;, and -S-CFa.

19891  In some erobodirnents, any heterocyclyl or heteroaryl portion of each R ora ring formed
when two vicinal R’ are taken to gether is optionally and independently substituted with one or
two substituents independently selected from halo, -CN, C-Cq alkyl, -OH, =0, CN, ‘C(O)NRE,Q,
or -SO,.NR',; and any alkyl, alkylene and cycloalkyl portions of R”, a substituent on R, ora
substituent on a ring formed by taking together two R is optionally substituted with one or more

substituents mdependently selected {rom {lnorine, OH and CN.
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[106] In some embodiments, one R” is an optionally substituted heteroaryl or an optionally
substitoied heterocyclyl. In one aspect of these embodiments, the heteroaryl or heterocyclyl 1s
selected from pyrazol-4-yl, imidazol-1-yl, morpholin-4-vi, pyridin-4-yl, pyridazin-4-yl, 1H-
pyrrol-3-yl, pyridazin-4-yl, 1,2,4-triazol-3-yl, and 1,2,4-oxadiazol-3-yl; and is optionally
substifitted with one or two substituents selected from halo, -CN, C-Cy alkyl, -OH, CN, -
COINR" ), 0or -SO2NR" ).

1831 lIo some embodiments, each R’ is independently selected from hydrogen, halo, -C-Cq
alkyl, -CN, -C{OYOH, -C{O)-(C-Cy atkyl, -CO-NR )5, -5(0)-(C-Cy alkyl), -PIONC-Cy
altkyD-0-C-Cy alkyl, -P(OYO-(C-Cy alkyl))z, heterocyelyl, and heteroaryl, wherein any alkyl,
heterocyclyl or heteroaryl is optionally substituted.

[162] In some embodiments, each R’ is independently selected from -C(O)-heterocyelyl, -
SIORNR" ), «(C1-Cy atkylene)-$(0)-(C-Cy atkyl), carbocyelyl, -0-(Co-Ce-alkylene)-
carbocyclyl, phenyl, -(C»-Cy alkenylene}-phenyl, -S(O)-(C-Cy alkyl), -S-(Cy-Cy alkyl), -S(O)-
(H, and -S(0).-OH, wherein any alkyl, alkvlene, alkenylene, carbocyelyl, phenyl, or
heterocyclyl is optionally substituted.

1831 o some embodiments, each R’ is independently selected from hydrogen, fluoro, chioro,
bromo, -CN, -CH3, -CH,CHC(CH;3),CH, -C{(O)-CHs, -C{O)YOH, -C(O)-NH-CH;, -
P(=0)OCH:CHs)s, -P(=0)}0OCHCH;)CH;, -S(O)CH;, 1H-pyrazol-4-yl, 1-methylpyrazol-4-yl,
1,3-dimethyl-pyrazol-4-vi, 5-methyl-1H-pyrazol-4-yl, I-methyl-2-oxocimidazolidin-3-vl, 4-
methylirmidazol-1-yl, morpholin-4-yi, pyridin-4-vl, 4-hydroxycyclohexyl, 4-hydroxy-4-
methyleyclohexyl, S-methyl-1,2,4-triazol-3-y1, 5-methyl-1,2.4-oxadiazol-3-y1, 1,3-
dimethylpyridazin-4-yl, 1.5-dimethylpyridazin-4-yl, 3-methyl-1H-pyridazin-4-yl, 1-(Z-methy}-2-
hydroxypropybpyridazin-4-yl, imidazol-1-yl, 1-methyl-5-cyanopyrrol-3-yl, S-cyano-1H-pyrrol-
3-vl, and pyridazin-4-yl.

F1841 o some embodiments, each R’ is independently selected from -P(O}-(CHj),, -P(O)-
(CH,CHahy, -S{O3N(CHa),, -S(ORCH(CHa ), -S(O),CH,F, -S(O)CHE,, -SCHE,, -S(OYCHE,, -
S(OYOH, -S(0»0H, -S(ORNHCH;, -(CH2)4CH;, -CHRS(0):CH;, -S(0),-CHLCH;, 1H-pyrazol-
3-vi, 1-difluoromethyl-pyrazol-3-yl, 1-difluoromethyl-pyrazol-4-yl, 1-methyipyrazol-3-yl, 3-
methyl-1H-pyrazol-d-vl, 3-methyl-3-hydroxypyrrolidin- 1-vlcarbonyl, 3-hydroxypyrrolidin-1-
yicarbonyl, 4-hydroxycyclohexyl, 4-hydroxycyclohex-1-enyl, 1,1-dioxothiomorpholin-4-yi, 4-

cyano-1H-imidazol-1-yl, 2,3-dimethyl-1,2,4-triazol-5-y1, 1,5-dimethyl-pyrazol-4-yl, pyridin-3-
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vi, 1-(Z-methyl-2-hydroxypropan-1-ylipyrazol-4-yl, pyrrolidin-1-vl, pyrrolidin-1-ylcarbonyl, 1H-
pyrazol-2-yl, 3-hydroxy-3-trifluoromethylpyrrolidin- I-ylcarbonyl, 3-methoxypyrrolidin-i-
ylcarbonyl, 3-cyanopyrrolidin-1-ylcarbonyl, 4-hydroxy-4-methyipiperindin-1-ylcarbonyl, 3-
oxopyrrolidin-1-ylcarbonyl, 3-(pyrrolidin-1-ylcarbonylphenyl, 3-phenoxyphenyl, thiazol-2-yl,
pyrazin-2-yl, 2,4-dioxo-1H,3H-pyrnmidin-53-y1, 3-methyl-3-hydroxypyrrolidin-1-ylsulfonyl, 5-
flluoropyridin-3-yl, 2-hydroxpyridin-3-vyl, 3,3-difluoro-4-hydroxy, 3,5-dimethyloxazol-4-yi, 3-
fluorophenyl, 4-methylpyridin-3-vl, 2-hyvdroxymethylpyridin-3-yl, 6-hydroxymethylpyridin-2-vi,
5-hydroxymethylpyridin-3-yl, 1-methyl-6-oxopyridin-3-yl, 4-aminosulfonylphenyl, 3-
aminosulfonylphenyl, 3-hydroxy-3-ethylpyrrolidin-1-ylcarbonyl, 3-cyano-4-hydroxyphenyl,
benzo[d]thiazol-6-yi, 2H-indazol-6-yl, 1H-benzoimidazol-5-yl, 2-oxo-3-cyano-4-methylpyridin-
S-yl, 2-aminobenzo| d]thiazol-2-yl, 3-aminocarbonylphenyl, 6-trifluoromethyl- 1H-pyrrolof 3,2-
clpyridin-3-yl, 2-aminoquinazolin-8-vi, styryl, 1-methyl-1H-indazol-6-yl, 2,3~
dihydrobenzolbli1,4}dioxin-7-yl, 2-ethoxyphenyl, 3-(2-hydroxyethylphenyl, 3-
(methylcarbonylaminomethylphenyl, 1-methyl-6-triflaoromethyl-1H-pyrrolo 3,2-clpyridin-3-vi,
quinolin-4-yl, isoguinolin-5-vyl, isoquinolin-7-yi, and 2-oxo-3,4-dihydroguinolin-7-yl.

{1851 In some embodiments, each heterocyclyl and heteroaryl portion of R” is optionally
substituted with one or more substituents independently selected from halo, C-Cy alkyl, -OH,
=0, UN, - G)NRI’Q, or “SO?‘.NRE,Q, and each alkyl, alkylene and cycloalkyl portion of R ora
substituent of R is optionally substituted with one or more substituents independently selected
from fluorine, OH and CN.

1061  In some embodiments, R is selected from hydrogen, C1-Cy alkyl, (Co-Cs alkylene)-aryl
and -(C1-Cs alkylene)-O-(C-Cy alkyl). In one aspect of these embodiments, R is selected from
hydrogen, methyl, isopropyl, -CHo-O-CHa, -(CH;),-0O-CH;, and phenyl.

[107] In some embodiments, R® is selected from hydrogen and methyl. In one aspect of these
embodiments, R® is hydrogen. In another aspect of these embodiments, RS is methyl.

[108] In some embodiments, the compound of formula (1) 1s a compound of formula (I-a):

(I-a} or a pharmaceutically acceptable salt thereof, wherein each of

ring A, Rl, R,Z, R , R4, and n 15 defined as for formula (3.
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[109] In some embodiments, the compound of formula (I} is a compound of formula (I-b):

@\[/’NYQ Qtw
R (R?),
R ' (I-b) or a pharmaceutically acceptable salt thereof, wherein each of
ring A, R,l, Rz, R? ) R‘q', and n is defined as for formala (3).

[118] In some embodiments, the compound of formula (1) is a compound of formula (I-c):

22
(R {I-c), or a pharmaceutically acceptable salt thereof,

wherein each of X, RZ, R/i R57, R’ Rg, and n is defined as for formula (I); Y is selected from N
and C(Rﬁla); Y is selected from N and C(R"vb); and no more than one of X, Y'or ¥2is N, wherein
cach of R R™and R™ is independently selected from R’as defined as for formula (D).

{111} In some erobodiroents, the compound of formula (I-¢) is a compound of formula (I-¢ci):

2 .
(R {(I-c1), or a pharmaceutically acceptable salt thereof,

wherein R” 1s also as defined as for formula (3).

[112] In some emnbodiments, the compound of formula (I-¢) is a compound of formula (I-¢2):

R
A\
R?a N\N
N t‘ N ﬁ =3
S \\//\ -
R?b / I i N
R4 = P
R7¢ (R%)

M {I-c2), or a pharmaceutically acceptable salt thereof.

(113} In some embodiments, the compound of formula (I) 1s a compound of formula (II):
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(II), or a pharmaccutically acceptable salt thercof,
wherein:

Y? is selected from N and C( R®):

each of R and R™ is independently selected from hydrogen and C-Cs alkyl; or

R* and R™ are taken together to form a cycloalkyl or a heterocyele spirofused to the
piperidine ring, wherein said cycloalky! or heterocycle is optionally substituted with one or more
independently selected Cy-Cy alkyl or C-C haloalkyl;

R is selected from hydrogen, -C(0)-(C-Cy alkyl), -CN, and heteroaryl optionally
substitated with one or more independently selected C1-Cy alkyl or C1-Cy haloalkyl;

R if present, 1s selected from hydrogen, halo, -S{O)~(C-C; alkyl), -P(ONC-Cy alkyl)a,
~CONH-(C-Cy alkyl), -CON(C-Cy alkiybys, -SORNH-(C-Cy alkyl), -S(O)N-(C-Cy alkylh,
and hetercaryl optionally substituted with one or more independently selected C-Cy alkyl or Cs-
C4 haloalkyl; and

R is selected from 1-C5 alkyl and C4-C5 haloalkyl.

[114] In some embodiments, the compound of formula (II) is a compound of {formula (Ifa):

RZb

(Ha), or a pharmaceutically acceptable salt
, ot w3 pla plb p7d e 14 I .
thereof, wherein Y, R™, R, R, R, and R™ are as defined in Formula 1L

{113} In some embodiments, the compound of formula (If) is a compound of formula (Iib):

(I}, or a pharmaceutically acceptable salt
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b

thereof, wherein Y‘g, R%, R™, Rm, Rk, and R'* are as defined in Formula IL
{116] In some ernbodirnents, the compound of formula (I) 1s a compound of formula (I1):

HN
J

3. N

R}?a sz

(HI), or a pharmaceutically acceptable salt thereof,
wherein Y° , R*, Rr’b, R R%, and R are as defined in Formula 11

1117} In some erobodirmoents, the compound of formula (II1) 15 a compound of formula (1Ha):

R:Za R‘?b

(f1a), or a pharmaceuntically acceptable salt thereof,
wherein Y, Rzﬁ, R®, R7d, R739 and R are as defined in Formula I

[118] In some embodiments, the compound of formula (I1) is a compound of formula (1Hb):

R%2 n2b
(HIb), or a pharmaceuntically acceptable salt thereof,
wherein Y° , R*, Rr’b, R™ R and R arc as defined in Formula IL
(118} In some embodiments, in a compound of any one of Formulae 11, Ha, b, HI, Ha, or [Iib:

R™ is selected from hydrogen and -CHs;

R? is selected from hydrogen, -CHas, -CHoCHa, and -CH(CHs); or

R* and R™ are taken together to from oxetan-3-yl;

R is selected from hydrogen, -C(O)YCHa, -CN, pyridin-3-yl, pyridin-4-yl, l-methyl-5-
cyanopyrrol-3-yl, 1-methylpyrazoi-4-yl, 1-methyipyrazol-3-yi, 1H-pyrazol-4-yl, 1H-pyrazol-3-
yi, 1H-imidazol-2-vl, 1,3-dimethylpyrazol-4-yl, 1,5-dimethylpyrazol-4-yl, 1.5-dimethyl-1.2,4-
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triazol-3-vl, imidazol-1-yi, 1-difluoromethylpyrazol-3-yi, 1-difluoromethylpyrazol-4-yl, and
thiazol-2-vl;

R’ °, if present, is selected from hydrogen, fluoro, chloro, bromo, -CN, -P(OXCH3),, -
SO CH{CHa),, -S{O),CHCH;, -S(O)LN(CHz), -CIONHCH,;, pyridin-4-yl, pyridazin-4-vyl, 5-
methyi-1H-pyrazol-4-vl, I-methylpyrazol-4-yl, 4-methyl-1H-imidazol-1-yl, 1H-
benzo[dlimidazol-5-yl, 6-(trifluoromethyl}-1H-pyrrolo{3,2-clpyridin-3-vl, 1-methyl-6-
(triftaoromethyl)- 1H-pyrrolof3.2-c]pyridin-3-vi, isoquinolin-7-yl, 1soquinolin-5-vl, pyrazin-2-yl,
2H-indazol-6-vyl, 3,5-dimethylisoxazol-4-yl, thiazol-2-yl, 4-methylpyridin-3-yl, I-methylindazol-
6-vl, quinolin-4-vyl, benzo{djthiazol-6-vl, and 1,3-dimethylpyrazol-4-yl; and

R is selected from -CHs, -CF,, -CHyCHs, -CHCFs, -CHCHGF, and -CH(CH;3),.
1120} In some erobodiroents, in a compound of formula (If)

R™ is selected from hydrogen and -CHs;

R” is selected from hydrogen, and -CHj;

R™ is selected from hydrogen, -CN, pyrazin-2-yl, thiazol-2-vl, and 3,5-dimethylisoxazol-
4-vl;

R’ if present, is selected from hydrogen, fluoro, -C(OYNHCH;, -P(OYCHa),, -S(OCH;,
=S{ON(CHa), 1.3-dimethylpyrazol-4-yl, and pyridazin-4-yi; and

R is selected from -CHoCH;, and -CF5.
[121] In some embodiments, the compound of formula (I} is selected from the group consisting
of any one of the compounds in the table in Figure 1 and pharmaceutically acceptable salts,

tautomers, stereoisomers, and isotopically labeled derivatives thereof.

Pharmaceutical Compositions, Kits, and Adminisiration

1122} The present invention provides pharmaceutical compositions comprising a compound of
formula (1), e.g., a compound of formula (I) or a pharmaceutically acceptable salt, solvate,
hydrate, tautomer, stereoisomer, or isotopically labeled denivative thereof, as described herein,
and optionally a pharmaceutically acceptable excipient. In certain embodiments, the
pharmaceutical composition of the invention comprises a compound of formula (D ora
pharmaceuntically acceptable salt thereof, and optionally a pharmaceutically acceptable excipient.
In certain embodiments, the compound of formula () or a pharmaceutically acceptable salt,

solvate, hydrate, tautomer, sterecisomer, or isotopically labeled derivative thereof, is provided in
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an effective amount in the pharmaceutical composition. In certain embodiments, the effective
amount 15 a therapeutically effective amount. In certain embodiments, the effective amount 15 a
prophylactically effective amount.

{123} Pharmaceutical compositions described herein can be prepared by any method known in
the art of pharmacology. In general, such preparatory methods include the steps of bringing the
compound of formula () (the “active ingredient”) into association with a carrier and/or one or
more other accessory ingredients, and then, if necessary and/or desirable, shaping and/or
packaging the product into a desired single- or multi-dose unit.

{124} Pharmaceutical compositions can be prepared, packaged, and/or sold in bulk, as a single
unit dose, and/or as a plurality of single unit doses. As used herein, a “unit dose” is a discrete
amount of the pharmaceutical composition comprising a predetermined amount of the active
ingredient. The amount of the active ingredient is generally equal to the dosage of the active
ingredient which would be administered to a subject and/or a convenient fraction of such a
dosage such as, for example, one-half or one-third of such a dosage.

[125] Rclative amounts of the active ingredicent, the pharmaceutically acceptable excipient,
and/or any additional ingredients in a pharmaceutical composition of the invention will vary,
depending upon the identity, size, and/or condition of the subject treated and further depending
upon the route by which the composition is to be administered. By way of example, the
composition may comprise between 0.1% and 100% (w/w) active ingredient.

[126] 'The term “pharmaceutically acceptable excipient” refers to a non-toxic carrier, adjuvant,
diluent, or vehicle that does not destroy the pharmacological activity of the compound with
which it is formulated. Pharmaccutically acceptable excipients useful in the manufacture of the
pharmaceutical compositions of the invention are any of those that are well known in the art of
pharmaceutical formulation and include inert diluents, dispersing and/or granulating agents,
surface active agents and/or emulsifiers, disintegrating agents, binding agents, preservatives,
buffering agents, lubricating agents, and/or oils. Pharmaceutically acceptable excipients useful in
the manufacture of the pharmaceutical corapositions of the iovention include, but are not limited
to, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serum
altbumin, butfer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as

protamine sulfate, disodinm hydrogen phosphate, potassium hydrogen phosphate, sodium
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chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxymethylcelHulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

(1271 Compositions of the present jnvention may be administered orally, parenterally
{(including subcutaneous, intramuscular, intravenous and intradermal}, by inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an implanted reservoir. In some
embodiments, provided compounds or compositions are administrable intravenously and/or
orally.

[128] The term "parenteral” as used herein 1ncludes subcutaneons, intravenous, inframuscular,
intraocular, intravitreal, intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic,
intraperitoneal intralesional and intracranial injection or infusion techniques. Preferably, the
compositions are administered orally, subcutaneously, intraperitoneally or intravenously. Sterile
injectable forms of the compositions of this invention may be agueous or oleaginous suspension.
These suspensions may be formulated according to techniques known in the art asing suitable
dispersing or wetting agents and suspending agents. The sterile injectable preparation may also
be a sterile injectable solution or suspension in a non-toxic parenterally acceptable diluent or
solvent, for example as a solution in 1.3-butanediol. Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium.
{128} Pharmaceutically acceptable compositions of this tnvention may be orally administered in
any orally acceptable dosage form including, but not himited to, capsules, tablets, agueous
suspensions or solutions. In the case of tablets for oral use, carriers commonly used include
lactose and corn starch. Lubricating agents, such as magnesium stearate, are also typically
added. For oral administration in a capsule form, useful diluents include lactose and dried
cornstarch. When agueous suspensions are required for oral use, the active ingredient is
combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring or
coloring agents may also be added. In some embodiments, a provided oral formulation is
formulated for immediate release or sustained/delayed release. In some embodiments, the
composition is suitable for buccal or sublingual admunistration, including tablets, lozenges and

pastilles. A provided compound can also be in micro-encapsulated form.

34



WO 2018/013867 PCT/US2017/042017

[130] Alternatively, pharmaceutically acceptable compositions of this invention may be
adrnistered in the form of suppositories for rectal administration. Pharmaceutically acceplable
compositions of this invention may alsc be administered topically, especially when the target of
treatment includes areas or organs readily accessible by topical application, including diseases of
the eye, the skin, or the lower intestinal tract. Suitable topical formulations are readily prepared
for cach of these areas or organs.

{131} Topical application {or the lower intestinal tract can be effected in a rectal suppository
formulation (sce above) or in a suitable encma formulation. Topically-transdermal patches may
also be used.

[132] For ophthalmic use, provided pharmaceutically acceptable compositions may be
formulated as micronized suspensions or in an ointment such as petrolatum.

1133] Pharmaceutically acceptable compositions of this invention may also be administered by
nasal acrosol or inhalation.

{1341 In order to prolong the effect of a drug, it is often desirable to slow the absorption of the
drug from subcutancous or intramuscular injection. This can be accomplished by the use of a
liquid suspension of crystalline or amorphous material with poor water solubility. The rate of
absorption of the drug then depends upon its rate of dissolution which, in turn, may depend upon
crystal size and crystalline form. Alternatively, delayed absorption of a parenterally administered
drug form is accomplished by dissolving or suspending the drug in an oil vehicle.

1135] Although the descriptions of pharmaceutical compositions provided herein are principally
directed to pharmaceutical compositions which are suitable for administration to humans, it will
be understood by the skilled artisan that such compositions are generally suitable for
administration to animals of all sorts. Modification of pharmacentical compositions suitable for
administration to humans in order to render the compositions suitable for administration to
various animals is well understood, and the ordinarily skilled veterinary pharmacologist can
design and/or perform such modification with ordinary experimentation.

[136] Compounds provided herein are typically formulated in dosage unit form, e.g., single unit
dosage form, for ease of administration and uniformity of dosage. It will be understood,
however, that the total daily usage of the compositions of the present invention will be decided
by the attending physician within the scope of sound medical judgment. The specific

therapeutically effective dose level for any particular subject or organism will depend upon a
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variety of factors including the disease being treated and the severity of the disorder; the activity
of the specific active ingredient eraployed; the specific composition employed; the age, body
weight, general health, sex and diet of the subject; the time of administration, route of
admunistration, and rate of excretion of the specific active ingredient employed; the doration of
the treatment; drugs used in combination or cotncidental with the specific active ingredient
employed; and like factors well known in the medical arts.

{1371 'The exact amount of a compound required to achieve an effective amount will vary from
subject to subject, depending, for example, on specics, age, and general condition of a subject,
severity of the side effects or disorder, identity of the particular coropound(s), mode of
administration, and the like. The desired dosage can be delivered three times a day, two times a
day, once a day, every other day, every third day, every week, every two weeks, every three
weeks, or every four weeks. In certain embodiments, the desired dosage can be delivered using
multiple administrations (e.g., two, three, four, five, six, seven, eight, nine, ten, cleven, twelve,
thirteen, {ourteen, or more administrations).

[138] In certain cmbodiments, an effective amount of a compound for administration onc or
more times a day to a 70 kg adult iman may comprise about (.0001 mg to about 3000 mg,
about 0.0001 mg to about 2000 mg, about 0.0001 mg to about 1000 mg, about 8.001 mg to about
1000 mg, about 0.01 mg to about 1000 mg, about 0.1 mg to about 1000 mg, about 1 mg to about
1000 mg, about I mg to about 100 mg, about 10 mg to about 1000 mg, or about 100 mg to about
1000 mg, of a compound per unit dosage form.

[13%] In certain embodiments, the compounds of formula (1) may be at dosage levels sufficient
to deliver from about 0.001 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 50
mg/kg, preferably from about 0.1 mg/kg to about 40 mg/kg, preferably from about .5 mg/kg to
about 30 mg/kg, from about 0.01 mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 10
mg/kg. and more preferably from about 1 mg/kg to about 25 mg/kg, of subject body weight per
day, one or more times a day, to obtain the desired therapeutic effect.

[146] It will be appreciated that dose ranges as described herein provide guidance {or the
administration of provided pharmaceutical compositions to an adult. The amount to be
administered to, for example, a child or an adolescent can be determined by a medical
practitioner or person skilled in the art and can be lower or the same as that administered to an

adult.
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[141] It will be also appreciated that a compound or composition, as described herein, can be
adrmnistered in combination with one or more additional pharmaceutical agents. The compounds
or compositions can be administered in combination with additional pharmaceutical agents that
improve their bioavailability, reduce and/or modily their metabolism, inhibit their excretion,
and/or modity their distribution within the body. It will also be appreciated that the therapy
employed may achieve a desired effect for the same disorder, and/or it may achieve different
effects.

[142] The compound or composition can be administered concurrently with, prior to, or
subsequent to, one or more additional pharmaceutical agents, which may be usctul as, e.g.,
combination therapies. Pharmaceutical agents include therapeutically active agents.
Pharmaceuntical agents also include prophylactically active agents. Each additional
pharmaceutical agent may be administered at a dose and/or on a time schedule determined for
that pharmaccutical agent. The additional pharmaceutical agents may also be administered
together with each other and/or with the compound or composition described herein in a single
dose or administered separately in different doses. The particular combination to employ in a
regimen will take into account compatibility of the inventive compound with the additional
pharmaceutical agents and/or the desired therapeutic and/or prophylactic effect to be achieved. In
general, il is expected that the additional pharmacentical agents wtilized in combination be
utilized at levels that do not exceed the levels at which they are utilized individually. In some
embodiments, the levels utilized in combination will be lower than those utilized individuoally.
{143} Exemplary additional pharmaceuntical agents include, but are not limited to,
anti-proliferative agents, anti-cancer agents, anti-diabetic agents, anti-inflammatory agents,
immunosuppressant agents, and a pain-relieving agent. Pharmaceutical agents include small
organic molecules such as drug compounds (e.g., compounds approved by the U.S. Food and
Drug Administration as provided in the Code of Federal Regulations (CFR)), peptides, proteins,
carbohydrates, monosaccharides, oligosaccharides, polysaccharides, nucleoproteins,
mucoproteins, lipoproteins, synthetic polypeptides or proteins, small molecules hinked to
proteins, glycoproteins, steroids, nucleic acids, DNAs, RNAs, nucleotides, nucleosides,
oligonucleotides, antisense oligonucleotides, hipids, hormones, vitamins, and cells.

1144] Also encompassed by the invention are kits (e.g., pharmaceutical packs). The inventive

kits may be useful for preventing and/or treating a proliferative discase {e.g., cancer {e.g.,
ford pe e} e}
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lenkemia, melanoma, multiple myeloma), benign neoplasm, angiogenesis, inflammatory disecase,
autoinflammatory disease, or autoimmune disease). The kits provided may comprise an inventive
pharmaceutical composition or compound and a container {e.g., a vial, ampule, bottle, syringe,
and/or dispenser package, or other suitable container). In some embodiments, provided kits may
optionally further inclnde a second container comprising a pharmaceuntical excipient for dilution
or suspension of an inventive pharmaceutical composition or compound. In some embodiments,
the inventive pharmaceutical composition or compound provided in the container and the second
container are combined to form one unit dosage form.

[143] Thus, 1o one aspect, provided are kits jncloding a lirst container comprising a coropound
described herein, or a pharmaceutically acceptable salt, solvate, hydrate, tautomer, steresisomer,
and isotopically labeled derivative, or a pharmacentical composition thereof. In certain
embodiments, the kit of the invention includes a first container comprising a compound
described hercin, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition
thereof. In certain embodiments, the kits are useful in preventing and/or treating a proliferative
discase in a subject. In certain embodiments, the kits further include instructions for
administering the compound, or a pharmaceutically acceptable salt, solvate, hydrate, tantomer,
stereotsomer, isotopically and labeled derivative thereof, or a pharmaceutical composition

thereof, to a subject to prevent and/or treat a proliferative disease.

Methods of Treatiment and Uses

[146] The present invention also provides methods for the treatment or prevention of a
proliferative disease {e.g., cancer, benign neoplasm, angiogenesis, inflammatory disease,
autoinflammatory disease, or autoimmune disease) or an infectious disease (e.g., a viral disease)
in a subject. Such methods comprise the step of administering to the subject in need thereof an
effective amount of a compound of formula (I) or a pharmaceutically acceptable salt, solvate,
hydrate, tautomer, stereoisomer, or isotopically labeled derivative thereof, or a pharmaceutical
composition thercof. In certain embodiments, the methods described herein include
administering to a subject an effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition thercof.

[147] In certain embodiments, the subject being treated is a mammal. In certain ernbodiments,

the subject is a human. In certain embodiments, the subject is a domesticated animal, such as a
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dog, cat, cow, pig, horse, sheep, or goat. In certain embodiments, the subject is a companion
animal such as a dog or cat. Tn certain embodiments, the subject is a livestock animal suchas a
cow, pig, horse, sheep, or goat. In certain embodiments, the subject is a zoo animal. In another
embodiment, the subject 15 a research animal such as a rodent, dog. or non-human primate. In
certain embodiments, the subject is a non-lumman transgenic animal such as a transgenic mouse
Or {ransgenic pig.

{148} The proliferative disease to be treated or prevented using the compounds of formula (I}
will typically be associated with aberrant activity of CDK7. Aberrant activity of CDK7 may be
an elevated and/or an inappropriate {e.g., abnormal) activity of CDK7. In certain embodiments,
CDK7 is not overexpressed, and the activity of CDK7 is elevated and/or inappropriate. In
certain other embodiments, CDK7 is overexpressed, and the activity of CDK7 1s elevated and/or
inappropriate. The compounds of formula (I} and pharmaceutically acceptable salts, solvates,
hydrates, tautomers, stereoisomers, isotopically labeled derivatives, and compositions thereof,
imay iinhibit the activity of CDK7 and be useful in treating and/or preventing proliferative
diseases.

{149} In other embodiments, the proliferative disease to be treated or prevented using the
compounds of formula (I) will typically be associated with aberrant activity of CDK12 and/or
CDK13. Aberrant activity of CDK 12 and/or CDK13 may be an elevated and/or an 1nappropriate
{c.g., abnormal) activity of CDKI12 and/or CDK13. In certain embodiments, CDKI12 and/or
CDE13 is not overexpressed, and the activity of CDE12 and/or CDK13 is elevated and/or
inappropriate. In certain other embodiments, CDK12 and/or CDK13 1s overexpressed, and the
activity of CDKI12 and/or CDK13 is elevated and/or inappropriate. The compounds of formula
(1) and pharmaceutically acceplable salis, solvates, hydrates, tautomers, sterecisomers,
isotopically labeled derivatives, and compositions thercof, may inhibit the activity of CDK12
and/or CDK13 and be useful in treating and/or preventing proliferative diseases.

[150] In embodiments, the discase to be treated or prevented using the compounds of formula
(1) 15 associated with aberrant kinase activity. Exemplary kivases include BRAF, CDKl1/cyclin
A2, CDKl1/eyclin B, CDK14 (PFTK1Yeyclin Y, CDK16 (PCTKD/eyclin Y, CDK17/cyclin Y,
CDE18/cyclin Y, CDK2/cyclin A, CDK2/cyclin E1, CDK3/cyclin E1. CDKS/p35, CDK7/cychin
H/MNATI, CDK9/cyclin T1, CDKLS, CLK1, CLK2, CLK3, CLK4, DYRKZ, DYRK3, ERN1,
GAK, GSG2 (Haspin), GSK3A (GSK3 alpha), GSK3B (GSK3 beta), HIPK4, MAP2K1

39



WO 2018/013867 PCT/US2017/042017

{(MEK1), MAP2KZ (MEKZ), MAPZK6 (MKKG6), MAP3KS (COT), MAPK1 (ERKZ), MAPKIQ
(INK3), MAPK12 (p38 gamma), MAPK13 (p38 delta), MAPK15 (ERK7), MAPK3 (ERK1),
MAPKS (JNK1), MAPKS (JNK2), PRKCA (PKC alpha), PRKCB2Z (PKC beta H), PRKD1
(PKC mu), PRKDZ (PKD2), RAF1 (cRAF) Y340D Y3410, TAOKL, TLK1, and TLKZ.

{1511 A proliferative disease may also be associated with inhibition of apoptosisofacellina
biclogical sample or subject. All types of biological samples described herein or known in the art
are contemplated as being within the scope of the invention. Inhibition of the activity of CBK7
is expected to cause cytotoxicity via induction of apoptosis. The compounds of formula (1) and
pharmaceutically acceptable salts, solvates, hydrates, tautomers, stereoisomers, isotopically
labeled derivatives, and compositions thereof, may induce apoptosis, and therefore, be useful in
treating and/or preventing proliferative diseases.

1152] In certain embodiments, the proliferative disease to be treated or prevented using the
compounds of formula (I) is cancer. All types of cancers disclosed herein or known in the art are
contemplated as being within the scope of the invention. In certain embodiments, the
proliferative disease is a cancer associated with dependence on BCL-2 anti-apoptotic proteins
{e.g., MCL-1 and/or XIAP). In certain embodiments, the proliferative disease is a cancer
associated with overexpression of MYC (a gene that codes for a transcription {actor). In certain
embodiments, the proliferative disease is a hematological maligonancy. In certain emnbodiroents,
the proliferative disease is a blood cancer. In certain embodiments, the proliferative disease is
lenkenua. In certain ernbodimuents, the proliferative disease 1s chronic lymphocytic leukemia
(CLL). In certain embodiments, the proliferative disease is acute lymphoblastic leakemia (ALL).
In certain embodiments, the proliferative disease is T-cell acute lymphoblastic leukemia
(T-ALL). In certain embodiments, the proliferative disease 13 chronic myelogenous leukemia
(CML). In certain embodiments, the proliferative diseasc 1s acute myelogenous leukemia (AML).
In certain embodiments, the proliferative disease is lymphoma. In certain embodiments, the
proliferative discase is melanoma. In certain embodiments, the proliferative discase is multiple
myeloma. In certain embodiments, the proliferative disease 1s a bone cancer. In cerfain
embodiments, the proliferative disease is osteosarcoma. In some embodiments, the proliferative
disease is Ewing’s sarcoma. In some embodiments, the proliferative disease is triple-negative
breast cancer {TNBC). In some embodiments, the proliferative disease is a brain cancer. In

some embodiments, the proliferative discase 1s neuroblastoma. In some cmbodiments, the
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proliferative disease is a lung cancer. In some embodiments, the proliferative disease is small
cell lung cancer (SCLC). In some embodiments, the proliferative disease 1s large cell lung
cancer. In some embodiments, the proliferative disease is a benign neoplasm. Al types of
benign neoplasms disclosed herein or known in the art are contemplated as being within the
scope of the invention.

[153] In some embodiments, the proliferative diseasc is associated with angiogencesis. Al types
of angiogenesis disclosed herein or known in the art are contemplated as being within the scope
of the invention.

[154] In certain embodiments, the proliferative disease is an in{lamratory disease. All types of
inflammatory diseases disclosed herein or known in the art are contemplated as being within the
scope of the invention. In certain embodiments, the inflammatory disease is theumatoid arthritis.
in some embodiments, the proliferative disease is an autoinflammatory disease. All types of
autoinflammatory diseases disclosed herein or known in the art are contemplated as being within
the scope of the invention. In some embodiments, the proliferative disease is an autoimmune
discase. All types of autoimmune diseases disclosed herein or known in the art are contemplated
as being within the scope of the invention.

1155] 'The cell described herein may be an abnormal cell. The cell may be in vitro or in vive. In
certain embodiments, the cell is a proliferative cell. In certain embodiments, the cell is a blood
cell. In certain embodiments, the cell is a lymphocyte. In certain embodiments, the cell is a
cancer cell. In certain ernbodiments, the cell is a lenkemia cell. In certain embodiments, the cell
15 a CLL cell. In certain embodiments, the cell is a melanoma cell. In certain embodiments, the
cell 1s a multiple myeloma cell. In certain embodiments, the cell is a benign neoplastic cell. In
certain embodiments, the cell is an endothelial cell. In certain embodiments, the cell is an
immune cell.

1156] In another aspect, the present invention provides methods of down-regulating the
expression of CDKY7 in a biological sample or subject.

(1587} In certain embodiments, the methods described herein comprise the additional step of
administering one or more additional pharmaceutical agents in combination with the compound
of formula (I) a pharmaceutically acceptable salt thereof, or compositions comprising such
compound or pharmaceutically acceptable salt thereof. Such additional pharmacentical agents

include, but are not limited to, anti-proliferative agents, anti-cancer agents, anti-diabetic agents,
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anti-inflammatory agents, immunosuppressant agents, and a pain-relieving agent. The additional
pharmaceutical ageni(s) may synergistically angment inhibition of CDK7 or CDK12 and/or
CDK13 induced by the inventive compounds or compositions of this invention in the biclogical
sample or subject. Thus, the combination of the inventive compounds or compositions and the
additional pharmaceutical agent(s) may be useful in treating proliferative diseases resistant to a
treatruent using the additional pharmaceutical agent(s) without the inventive compounds or
compositions.

[158] In yet another aspect, the present invention provides the compounds of formula (I) and
pharmaceutically acceptable salts, solvates, hydrates, tautomers, stereoisomers, isotopically
labeled derivatives, and compositions thereof, for use in the treatment of a proliferative disease
in a subject. In certain embodiments, provided by the invention are the cormpounds described
herein, and pharmaceutically acceptable salts and compositions thereof, for use in the treatment
of a proliferative discase in a subject. In certain embodiments, provided by the invention are the
compounds described herein, and pharmaceutically acceptable salts and compositions thereof,
for use in inhibiting cell growth. In certain embodiments, provided by the invention are the
compounds described herein, and pharmaceutically acceptable salts and compositions thereof,
for use in inducing apoptosis in a cell. In certain embodiments, provided by the invention are the
compounds described herein, and pharmaceutically accepiable salts and compositions thercof,

for use in inhibiting transcription.

EXAMPLES
[1539] In order that the invention described herein may be more fully understood, the following
cxamples arc set forth. The synthetic and biological examples described in this application are
offered to illustrate the compounds, pharmaceutical compositions, and methods provided herein
and are not to be construed in any way as limiting their scope.
{160} The compounds provided herein can be prepared from readily available starting materials
using modifications to the specific synthesis protocols set forth below that would be well known
to those of skill in the art. It will be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, pressures, efc.)
are given, other process conditions can also be used unless otherwise stated. Optimum reaction

conditions may vary with the particular reactants or solvents used, but such conditions can be
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determined by those skilled in the art by routine optimization procedures.

[161] Additionally, as will be apparent to those skilled in the art, conventional protecting
groups may be necessary to prevent certain functional groups from undergoing undesired
reactions. The choice of a suitable protecting group for a particular functional group as well as
suitable conditions for protection and deprotection are well known in the art. For example,
numerous protecting groups, and their introduction and removal, are described in Greene et al.,

Protecting Groups in Organic Synthesis, Second Edition, Wiley, New York, 1991, and

references cited therein.
[162] ABBREVIATIONS

Ac acetyl EtOAC Ethyl acetate

ACN acetonitrile Et Ethyl

ag. aqueous EtOH Ethanol

atm atmospheres EtsN Triethylamine

Boc tert-butoxy carbonyl g gram(s)

Boc20 Di-t-butyl dicarbonate h hour(s)

CAN Ceric ammonium nitrate (Dimethylamino)-N,N-

CDI 1,1’-Carbonyldiimidazole dimethyl(3H-
1-8- HATU [1,2,3_]t_riazo|o[4,5-

DBU Diazabicyclo[5.4.0]undec- b]pyridin-3-
7-ene yloxy)methaniminium
N,N'- hexafluorophosphate

DCC Dicyclohexylcarbodiimide O-Benzotriazole-

DCM Dichloromethane HBTU N,N,_N',N‘-tetramethyl-

Deoxo- Bis(2-methoxyethyl)- uronium-hexafluoro-

Fluor® | aminosulfur trifluoride phosphate

DIAD Diisopropyl Hex Hexanes _
azodicarboxylate HOBt 1-Hydroxybenzotriazole
N,N-Diisopropyl High pressure liquid

DIPEA ethylamine HPLC chromatography

DMA Dimethyl adipate IPA Isopropanol

DMF Dimethylformamide KOAC Potassium Acetate

DMSO Dimethylsulfoxide K- Potassium tri-sec-

DPPA Diphenoxyphosphoryl Selectride | butylborohydride
azide LCMS; liquid chromatography

EDCI 1-[3- LC-MS mass spectrometry
(dimethylamino)propyl]-3- LiHMDS Lithium _ _
ethylcarbodiimide bis(trimethylsilyl)amide
hydrochloride MeOH Methanol
Ethylenediamine mg milligram(s)

EDTA tetraacetic acid min Minute(s)

eq(s). equivalent(s) mL; ml milliliter(s)
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MS mass spectrometry fluoride

MTBE Methyl rerr-butyl ether TEA Triethylamine

mW megawait THA Trifluoroacetic acid

NBS N-Bromosuccinimide 1,0 Triflic anhydride

N N-methyl THF :I:etérahydrofuran _

NMP N-Methyl-2 pyrolidone TLO Thin layer chromatography

NMR Nuclear magnetic ™Ml | Trimethylsilyl iodide

resonance

Pddban "I’;ris(dib?nzy}?deneacaﬁma) Xantphos 4’;5', ' o
o dipalladium(() Bis(diphenylphosphino}-

Ph phenyl 9,9-dimethylxanthene

rtsrs Room temperature 2-Dicvelohexyiphosphino-

RT | - 4;;:':3 HCXYipAosphl

S., sat, saturated X-Phos S

I-(Trirmethylsiiyl)- tritsopropylbiphenyl

SEM-C1 ethoxymethyl chloride
TBAF Tetrabutylammoniom

[163] Example I, Synthesis of (5)-5-chlore-4-(§8,6-difluore-1H-indol-3-yD)-N-(piperidin-3-
yhpyrimidin-2-amine.
1164} Step 1 3-(2,5-dichioropyrimidin-4-yl)-5,6-diflucro-1H-indole
E
F. \ . <t X
SO S P B
o Rl VRS ad

F o DCE, 80°C ]
HN -

i

To a solution of 2,4,5-trichloropyrimidine (700 gL, 6.11 mmol) in dichloroethane (40 ml) was
added aluminum chloride (940 mg. 7.05 mmeol). The resulting suspension was stirred at 80 °C
for 30 min. The reaction mixture was then aliowed to cool to room temperature and 5,6-
difluoroindole (1.00 g, 6.534 mmol) was added and the resulting solution was stivred at 80 °C for
I8h. The reaction mixture was allowed to cool to room temperature and crushed ice (15 mL) was
added. The obtained slurry was vigorously stirred for 30 min and then further diluted with
EtOAc (200 mL) and water {60 ml}. The mixture was warmed to dissolve the suspended solid,
layers were separated and the aqueous layer was exiracted with warm EtOAc (150 mL). The
combined organic layers were dried over NapyS0y, filtered, and concentrated under reduced
pressure. The resulting crude product was triturated in Et,O to afford the title compound (1.49 g,

4 97 mmol, 81% vield) as a beige solid.
o
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[168]) Step 2: (§)-tert-butvi 3-((5-chioro-4-(5,6-difluoro-1 H-indol-3-yl jpyrimidin-2-

vl)amino jpiperidine-I-carboxylate

F
e NN , NMP, DIPEA \ N
P~ i\ A+ NBoc /J\ Nﬁoa
7 y N H,N ""\/
HWJ

Hi
A solution of 3-(2,5-dichioropyrimidin-4-yi)-5,6-diftuoro- 1H-indole (136 mg, 0.45 mmol), (5)-

tert-butyl 3-aminopiperidine-1-carboxylate (130 mg, 0.65 mmol), and diisopropylethylamine
{0.24 mL, 1.38 mmol) 1o NMP (3.0 mL) was heated for 4 hat 135 C in a microwave {(MW)
reactor. The mixture was diluted with EtOAc (150 mL), washed with water (50 mL) and brine
(50 mL), dried over Nay50y, filiered, and concentrated to dryness. The crude residue was
purified by 5i10; chromatography (EtOAc in DCM, 0 to 100% gradient) to afford the title
compound {100 mg, 0.216 mmol, 48% vield) as a light yellow solid.

Eiﬁﬁj Step 3: (S)-5-chloro-4-(5,6-difluoro-1 H-indol-3-y1)-N-(piperidin-3-yl )pyrimidin-2-amine

R
Cl.
Ff N e e I O
N{/\N NBoc o \/» . 'Né _N,«'\/NH
! H DCM < /ﬂ 4
HN— HN

A solution of (S)-tert-butyl 3-((5-chloro-4-(5,6-difluoro- I H-indol-3-yDpyrimidin-2-
yhamino)pipendine-1-carboxylate (100 mg, 0.216 mmoly DCM (2.0 mL) was treated with
trifluoroacetic acid (150 uL, 1.96 mmol) and stirred overnight at r.t. The mixture was
concentrated under reduced pressure and co-evaporated 3 times with DCM (20 mL). The
obtained residuc was neutralized with DIPEA (100 ul), purified by reverse phase

chromatography (C18, HoO/ACN +0.1% HCOH, 0 to 90% gradient) and atforded the title
compound {60 mg. 0.165 mmol, 77% yield) as a off white solid solid after lyophilisation.
[167] Example 2. Synthesis of (5)-N-(5-chloro-4-(1 H-indol-3-yDpyrimidin-2-

yhquinuclidin-3-amine (Compound 131).

ol al
pU SN gUS N
\ s NN N T
. H ; i H
N i

Dioxane, 70 °C

PRO,S
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A solution of (5)-N-(5-chloro-4-(1-(phenylsulfonyl)- I H-indol-3-yDpyrimidin-2-yhquinuclidin-
3-amine (50 mg, 0.101 mmol) and NaOH 5M (1 ml., 5.00 mmol) in dioxane (1.0 mL) was
heated 6h at 70°C. The cooled mixture was then concentrated under reduced pressure. The crude
residue was purified by reverse phase chromatography (C18, HoO/ACN +0.1% HCO:H, O to
100% gradient) and afforded the title compound (24 mg, 0.067 mmol, 67% yicld) as a white
solid after lyophilisation,

[168] Example 3. Synthesis of 3-(5-broms-2-chloropyrimidin-4-yi)-1-(phenylsulfonyl)- 1 H-
indole.

[16%] Step 1: 3-(2,5-dichloropyrimidin-4-yl}-5,6-diflucro-1H-indole

\ Bre_xy AICH, . Br\;!’“N
+ l | \ i = i
- o r—— \ 2N
N o R Vi DCE, 80°C Ly o

HN
To a solution of 5-bromo-2.4-dichloropyrimidine (500 mg, 2.194 munol) in dichloroethane (30
mbL) was added aluminum chloride (328 mg, 2.46 mmol). The resulting suspension was stirred at
80 °C for 30 ruan. The reaction moixture was then allowed to cool to room temperature and indole
{231 mg, 1.975 mmol) was added and the resulting solution was stirred at 80 °C for 18h. The
reaction mixture was cooled to room temperature and crushed ice (15 mL) was added. The
resulting sturry was vigorously stirred {or 30 min and then {urther diluted with MeTHF (200 mL)
and water (60 mL). The mixiure was warmed to dissolve the suspended solid, layers were
separated and the aqueous layer was extracted once more with MeTHF (150 mL.). The combined
organic layers were dried over Na;SQy, filtered, and concentrated under reduced pressure {o
aftord the title compound (666 mg, 2.16 mmol, 98% yield) as an orange solid.

(178} Step 2: 3-(5-bromo-2-chloropyrimidin-4-yl)-1-(phenyisulfonyl - 1 H-indole

Br.
8r SN
= \Ti’/*%i NaO(Bu, PhSO,Cl 1
V4 N C i
i THF, 0°C -

HN— PhO,S

NaOrBu (249 mg, 2.5% mmol) was added to a stirring solution of 3-(2,5-dichloropyrimidin-4-yi)-

5,6-difluoro-1H-indole (666 mg, 2.16 morool) in THF (10 wl) 0°C. The resulting solution was

46



WO 2018/013867 PCT/US2017/042017

stirred at 0°C for 30 min and then benzene sulfony! chloride (330 p L, 2.59 mmol) was added
dropwise. The resulting solution was stirred at 0°C for 30 min and then added dropwise to 50 mL
of water and stirred for 30 min. A brown solid precipitated from the reaction mixture and was
collected via filtration. The obtained solid was washed with hexanes (30 mL), minimal ether (3
ml) and dried under vaccum (o atford the tile compound (666 mg, .48 mmol, 69 % yield) as
brownish solid.

(1711 Example 4. Synthesis of (5)-tert-butyl 3-((8-cyclopropyl-4-(1-(phenyisulfonyl)-1H-
indel-3-yhipyrimidin-2-yhamine)piperidine- i-carboxylate,

(372} Step 1: (S)-teri-buivi 3-({5-chloro-4-( I -(phenylsulfony!)- 1 H-indol-3-vl)pyrimidin-2-

vlamino jpiperidine-1-carboxylate

Ci

(\ CE\/% ™ NMP, DIPEA O i
. L Mmes ————— L ,J\ \__NBoc
/\N HN™ 00 o A ’\f i ﬁf\/
N
PhCBgS PhQ,8

A solution of 3-(2,5-dichloropyrimidin-4-yi}-1-(phenylsulfonyl}- 1 H-indole (700 mg, 1.73
mmol), (8)-tert-butvi 3-aminopiperidine-i-carboxylate (382 mg, 1.91 mmol), and
diisopropylethylamine (0.60 mL, 3.46 mmol) in NMP (9.0 mL) was heated for 45 min at 135 ke
in a microwave (MW) reactor, The mixture was diluted with EtOAc (200 mb), washed with
water {50 mL) and brine (50 mL), dried over Na,50;,, filtered, and concentrated under reduced
pressure to a yellow oil. The residue was purified by 510, chromatography (EtOAc in DCM. O to
100% gradient) to afford the title compound (694 mg, 1.22 mmol, 64% yield) as a light pink
solid.

V3731 Step 2: (S)-teri-butvi 3-({5-cyclopropyl-4-(I-(phenvisulforyi}- 1 H-indol-3-yljpyrimidin-2-

vlamino jpiperidine-1-carboxylate

[>>-—BFgK
= e PO SataGXi = \N ’\'
( _\ | N ~ Pd{CAc), CataCXium
AY / ~
7 (”’I\NV\/ “Boc Boc

] 3,005 TolH,0
- 140 °C
140°C Ph
PhO,S OZS

Y

A degassed solution of (S)-tert-butyl 3-((5-chloro-4-(1-(phenylsulfonyl}-1H-indol-3-
yhpyrimidin-2-yhamino)piperidine-1-carboxylate (142 mg, 0.25 mmol), Cs:00; (244 mg, 8.75

mmol} and potassium cyclopropylirifiuoroborate (111 mg, .75 mmol) in 2/1 toluene/H,0 (6
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ml} was treated with a premixed solution of PA(OAC); (2.8 mg, 0.013 mmol) and butyidi-1-
adamantylphosphine (9.0 mg, 0.025 mmol) in degassed toluene (2 ml.). The resulting solation
was heated at 140°C for 2h. The cooled mixture was then diluted with EtOQAc¢ (50 mL) and
saturated NaHCO; (50 mL). The layers were separated and the aqueous layer was extracted with
EtOAc (2 x 50 mL). The combined organic layers were dried over NapSQy, filtered and
evaporated {o dryness. The residue was purified by S10, chromatography (EtOAc i DCM O o
50% gradient) and afforded the title compound (105 mg, 0.183 mmol, 73% yield) as a yellow
foam.

{174} Example 5. Synthesis of (S)-5-chlore-N-(1-methylpiperidin-3-yi)-4-(1-
(phenylsulfonyl)-1H-indol-3-yDpyrimidin-2-amine.

(175} Step i (S)-5-chioro-4-(I-(phenvisulfony -1 H-indol-3-y{}-N-(piperidin-3-yi)pyrimidin-2-

amine
1
LS \N’\ vf\/NB"c TFA, DCM ”‘N*”\/NH
\N-”"I' H [ ——— N—-I H
PhO,S Phe,s

A solution of (5)-fert-butyl 3-({5-chloro-4-(1-(phenylsulfonyl)-1H-indol-3-yDpyrimidin-2-
yhamino)piperidine- t-carboxylate (272 mg. 0.479 mmol) 10 DCM (4.8 mL) was treated with
trifluoroacetic acid (1.83 ml., 24.0 mmol) and stirred overnight at r.t. The mixture was
concentrated under reduced pressure and co-evaporated 3 times with DCM (20 mL). The
obtained residue was dissolved in MeTHF (20 mL), washed with NaHCO; (2X20 ml), the
phases were separated, dried over Na,SQy, filtered and concentrated under reduced pressure to
afford the title compound (224 mg, 0.479 mmol, 100%) as a yellow {oam, used without forther
purification.

(176} Step 2: (§5)-5-chioro-N-(I-methylpiperidin-3-vij-4-(1-{phenyisulfonyl)- 1 H-indol-3-

yipyrimidin-2-amine

Gl (03]
/~=:\ N L’\". H NaBH(OA O f\N /\7
| : A NaBH(OAw)s, |
LA AR A . SWEN

PhO,E PRO,S
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A solution of (8)-3-chloro-4-(1-(phenylsulfonyl)- 1H-indol-3-y1)-N-(piperidin-3-yUpyrimidin-2-
amine (112 mg, .24 mmol) in DCE (3.0 mL) was added acetic acid (7 uL, 0.12 mmol)} followed
by the addition of the paraformaldehyde (9 mg, 0.31 mmol). The reaction mixture was stirred at
r.t. for 10 minutes followed by the addition of NaBH(OAc); (91 mg, .43 mmol) in one portion
and the resulting mixture was stirred at room temperature for 24 hours. The mixture was diluted
with DCM (20 mL), washed with water (10 mL) and brine (10 mL), dried over Na:SO,, filiered,
and concentrated under reduced pressure to afford the title compound (111 mg, 0.23 mmol, 96%
yield) as an vellowish foam.

{1771 Example 6. Synthesis of (S)-tert-butyl 3-((5-ethyl-4-(7-fluoro-1H-indol-3-
yhpyrimidin-2-yljamine)piperidine-1-carbexylate.

(1781 Step I (S)-tert-butyl 3-((4-(7-flucro-TH-indol-3-yi)-5-vinvipyrimidin-2-

vl)amino jpiperidine-1-carboxylate

FUREK
Ci P CsCOy, PA(CAC): L

&\ » \/f\j\; L/\' Catacxium = . g /»\]
\ : \ { f
LA PRy N N e - f I\ u\ | b

N N B )

F b H °¢ Toene, HyO . “\/\/jlf N7 ﬁA/ Boc
Hn= 120°C HN-

To a mixture of (5)-tert-butyl 3-({(5-chloro-4-(7-fluoro-1H-indol-3-yhpyrinudin-2-
yhamino)piperidine-t-carboxylate (99 mg, 0.22 mmol), potassium vinyltri{luoroborate (91 mg,
0.67 mmol) and Cs,CO5 (217 mg, 0.67 mmol) in degassed toluene (4 mL) and H,O (3 mL) was
added Catacxium (8.0 mg, 8.022 mmol) and Pd{OAc) (2.5 mg, 0.011 mmol) under Nitrogen.
The resulting solution was heated at 120 °C for 4h. The cooled mixture was diluted with EtOAc
(50 mL) and water (50 ml). The layers were separated and the aqueous layer was extracted with
EtOAc (2 x 50 mbL). The combined organic layers were dried over Na;SQOy, filtered and
evaporated to dryness. The residue was puorified by Si0, chromatography (THF in DCM O to
60% gradient) and afforded the title compound (59 mg, 0.13 mmol, 61% yield) as a yellow foam.
[879) Step 2. (S)-tert-butyi 3-({5-ethyl-4-(7-fluoro- 1 H-indol-3-vi)pyrimidin-2-

vijamino Jpiperidine-1-carboxylate
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To a solution of {S)-tert-butyl 3-((4-(7-fluoro-1H-indol-3-yi)-5-vinylpyrimidin-2-
yhamino)pipenidine-1-carboxylate (39 mg, 0.133 mool) in EtOH (13 mL) was added Pd/C (10%
w/w on activated carbon). The reaction mixture was allowed to stir under a positive pressure of
hydrogen (1 atm) at room temperature for 16h. The resulting solution was degassed with Ns, then
filtered through celite and concentrated under reduced pressure to afford the title compound (59
mg, 0.13 mmol, 100 % yield) as a light yellow oil.

[180] Example 7. Synthesis of (8)-3-chloro-N-(1-isepropyipiperidin-3-yD)-4-(1-

{phenyisulfonyl)-1H-indol-3-yhpyrimidin-2-amine,

c‘:u\ ol
Z N
D TIGPIO),, (o j
= /,\ NH i P NAN N\(
DCE, NaBH, ‘N,_ﬁ H

Phﬁgs PhO,S

To a solution of (5)-5-chioro-4-(1-(phenylsulfonyl)-1H-indol-3-yi)-N-{piperidin-3-yDpyrimidin-
2-amine (100 mg, 0.21 mmol) and anhydrous acetone (24 yL, 0.32 mmol) in DCE (3.0 mL) was
added titanium isopropoxyde (.32 mb,, 1.07 mmol). The reaction mixture was allowed to stir
overnight at room temperature. NaBHy (24 mg, 0.64 mmol) was then added and the mixture was
stirred for 6h. The reaction mixture was then diluted with DCM (150 mL), a saturated agueous
solution of NaHCOs (30 mL) and filtered throught celite. The phases were then separated, dried
over NapSOy, filtered and concentrated under reduced pressure to afford the title compound (109
mg, 8.21 mmol, 100% yield) as a pale vellow oil.

[181] Example 8. Synthesis of (8)-5-chlore-N-(1-(2-methoxyethylpiperidin-3-yl}-4-(1-

{(phenylsulfonyh-1H-indol-3-yDhpyrimidin-2-amine.

o] _ ¢ o
] * By/"\/a\ e & NN TN g
“NJJ DMF ot H
PhO,S PhO,S
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To a solution of (5)-3-chioro-4-(I-(phenylsullonyD)- I H-indol-3-yh)-N-(piperidin-3-yDpyrimnidin-
Z-amine (100 mg, .21 mmol} and potassiam carbonate (37 mg, 0.27 mmol) in DMF (2.1 ml} at
0 °C was added 2-bromoethylmethylether (25 ul, 0.27 mmol). The reaction mixture was
allowed to stir overnight at room temperature. It was then quenched with saturated aqueous
solution of NaHCO4 (20 mL) and extracted with EtOAc (3X30 mL). The organic layers were
combined, washed with water (2X20 mL) dried over Na>S0Oy, filtered and concentrated under
reduced pressure to afford the title compound (92 mg, 0.18 mmol, 82% yield) as a yellow oil.
(1821 Example 9. Synthesis of (5)-tert-butyl-3-((5-cyano-4-(1-(phenylsulfonyl}- 1 H-indoi-3-

yE)pvrimidin-ZuyB)amino)piperidine—1ucarb{bxvi ate.

e ~
,k NB Pd0bag, XPhos, Zine ) ﬁi «O\?B
X
N‘y"\\/ el Vo N o

N
Za{CN),, DMA, 95 °C NJ H
PhOgS PhO,S

A premixed solution of Zn (2.5 mg, 0.04 mmol), Pdydbas (35 mg, (.04 mmol), X-Phos (36mg,
(.08 mmol) and Zn{CN}); (27 mg, (.23 mmol) in degassed DMA (3.6 mL), heated at 95 C for 10
min was added to a degassed solution of (5)-tert-buty] 3-({5-1odo-4-(1-(phenylisulfonyl}-1H-
indol-3-yDpyrimidin-2-ylDamino)piperidine- L -carboxylate (250 mg, 0.379 mmol} in DMA (4
mi.). The reaction mixtore was stirred at 95 'C for 18h. The cooled solution was diluted with
EtOAc (20 mi) and washed with HyO (3 x 5 mL), brine (§ mL), dried over Na;8(O,, filtered, and
concentrated to drypess. The residue was purified by 510; chromatography (EtOAc in DCM, O 1o
50% gradient) to afford the title compound (212 mg, 0.38 mmol, 100% yield) as a light yellow
solid.

11831 Example 10, Synthesis of (S)-tert-butyl 3-((4-(1-(phenyisulfonyl)- 1 H-indol-3-y1)-5-
(2,2,2-tritluoreethyljpyrimidin-2-yi)amino)piperidine-1-carboxylate,

(1841 Step I: (S)-tert-butyl-3-({4-(1-(phenylsulfonyl )- 1 H-indol-3-y{)-5-(4,4,5,5-tetramethyi-

1.3,2-dioxaborolan-2-vl)pyrimidin-2-vyl jamino jpiperidine- { -carboxylate
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FaCly(dpeh) CH.CI -~
Vs Bre o~y /\l 2(dpet) CHoCly 0
1 1 i { ! Bz(pm)z, KOAC G—E\//\ ~
SOy e OO
\ fa
N,ilr H Dioxane WN’ N N‘Boc
PhO,S 80°C w H
PhO,S

A stirred solution of (S)-tert-butyl 3-((5-bromo-4-(1-(phenylsulfonyl)-1H-1odol-3-yDpyrimidio-
2-yhamino)piperidine-1-carboxylate (900 mg, 1.47 mmol), bis{pinacolato)diboron (933 mg, 3.67
mmol) and potasstum acetate (721 mg, 7.35 mmol) in dioxane (11 mL) was degassed with
nitrogen for 10 minutes. 1, 1~ Bis(diphenylphosphino)ferrocene palladium{1) dichloride
dichloromethane complex (120 mg, 0.147 mmol) was then added and the reaction was heated at
80°C for 4 howurs. The cooled nuxture was then diluted with EtOAc (160 mi) and water (50 mL).
The layers were separated and the aqueous layer was extracted with EtOAc (2 x 100 mL). The
combined organic layers were dried over NapSOy, filtered and evaporated to dryness to afford the
title compound (969 mg, 1.47 mmol, 100% yield} as a brown solid.

[188] Step 2: (S)-teri-butyl 3-((4-(1-(phenvisulfonvi}- 1 H-indol-3-vi)-5-(2,2,2-

triftucroethyljpyrimidin-2-yl)amino jpiperidine- 1 -carboxylate

; F{C
0 Pd,{dba)y CHCL {Fs N
0By Xanthphos, Ce,C05 \ = é[/ N J:\}
\ y N ,L\ Q 7 \N/ILN N‘Bm:
) N ﬁ Boc  Dioxanesti,0 M- /i H
N 80°C

PhO,S PhO,S
A solution of Pda(dba); CHCL (76 mg, 0.074 mmol), XantPhos (145 mg, .250 mmol) and
Cs,C0O5 (1.92 g, 5.88 mmol) in dioxane {7 mL) were added to a stirring solution of (S)-tert-butyl-
3-((4-(1-(phenylsulfonyl}-1H-indol-3-y1}-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhpyrimidin-2-yl)amino)piperidine-1-carboxylate (96% mg, 1.47 mmol} and ICH,CF; (350 yL,
2.938 mimol) in degassed dioxane (8 ml) and water (0.98 mL, 54.4 mmol) under nitrogen. The
reaction was heated at 80°C for 18h. The cooled mixture was then diluted with EtOAc (100 mL)
and water (50 mL). The layers were separated and the aqueous layer was extracted with EiOAc
(2 x 50 mL). The combined organic layers were dried over Na;50,, filtered and evaporated to
dryness. The residue was purified by 510, chromatography (EtOAc in DCM 0 to 100% gradient)
2
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and afforded the title compound (304 mg, 0.49 mmol, 34% yield) as a light brown foam.
[186] Example 11, Synthesis of (5)-teri-butyl 3-((4-(7-(pyridin-4-yi)- 1 H-indol-3-y1}-5-
{triflueromethyl)pyrimidin-2-yl)amine)piperidine-1-carbexylate.

VEBTY Step 1: tert-butyl 7-bromo-1H-indole-I-carboxylate

O N B806,0, DMAP
ﬁ MaCN i Boc
Br Br

A solution of 7-bromoindole (10.0 g, 51.0 mmol), di-ferr-butyl dicarbonate (12.2 g, 56.1 mmol)
and DMAP (623 mg, 5.1 mmol) 1o acetonitrile (100 mL) was stirred at room temperature for 72
h. The reaction mixture was concentrated under reduced pressure, diluted with EtOAc (500 mL),
washed with waler (300 mL) and brive (2X300 ml.). The phases were separated and dried over
Na;S50., concenirated under reduced pressure to afford the title compound (15.1 g, 51.0 mmol,
100% yield) as a vellowish oil.

(188} Step 2: tert-buiyl 7-bromo-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vij-1 H-indole-1 -

carboxylate
HBpin, TEA,
THF, 80 °C, 10 min
N o
N s
Boe {ir{OMe)CODYL
Br 3,47 8-tetramethyi-1,10-phenanthroline

80°C, 4h

Under an inert atmosphere, to a solution of fert-butyl 7-bromo-1H-indole-1-carboxylate (5.0 g,
16.9 mmol) in previously degassed THF (17 mL) were added HBpin (4.9 mL, 33.8 mmol) and
EtN (2.4 mi, 16.9 mmol). The reaction vessel was scaled and heated at 80 °C for 10 minutes.
[ OMeYCOD}: (2.8 mg, 0.25 mol%) and 3,4,7 8-tetramethyl-1, 13-phenanthroline (4.0 mg, 1.0
mol%) were added and the reaction vessel was sealed and heated at 80 °C overnight. The
reaction mixture was allowed to retirn to room temperature, difated with EtOAc (300 mL) and
washed with brine (100 mL). The organic layer was dried over NapySO4 and concentrated under
reduced pressure (o afford the tile compound (5.6 g, 16.9 mmel, 100% yield) as a brown semu-

solid.

[
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[189) Step 3. (S)-tert-butyi 3-((4-(7-bromo-1 H-indol-3-vi)-5-(trifluoromethyl jpvrimidin-2-

vl)amino jpiperidine-I-carboxylate

{ 1
/
Qa)<f/ PA(PPHa),

~ - FiC
=, _<B o FiC._ oz N . C5,C05 = s N p
YA . L e —— N « M NBoe
N CFINTONT N E e e Be” ) NN
Br' ! H |- L Lv7 |2 A HN_J
Boo 95 °C

Pd(PPhs)s (376 mg, (.195 mmol) and Cs,CO5 (3.82 g, 11.7 mmol) were added to a stirring
solution of (8)-tert-buty] 3-((4-chloro-5-(irifluoromethyDpyrimidin-2-yDaminopiperidine- i -
carboxylate (PCT Int. Appl., 2014124230, 14 Aug 2014) (1.56 g, 4.10 mmol} and terr-butyl 7-
bromo-3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)- 1H-indole- I-carboxylate (1.65 g, 3.91
mmol) in Dioxane/HO previously degassed (65 ml, 2:1). The resulting mixture was heated at
95 °C under N, for Zh. The recaction mixture was allowed to cool to room temperature, water
(100 mL) and EtOAc (100 mL) were added. The phases were separated and the agueous
extracted with EtOAc (2X 1350 mL). The combined organic layers were dried over NapSQu,
filiered and evaporated to dryness to a orange oil. The residue was purified by reverse phase
chromatography (C18, HoO/ACN +0.1% HCO:H, 0 to 80% gradient) and afforded the title
compound (343 mg, 0.635 muol, 16% yield) as as a light yellow {oam.

[380) Step 4: (S)-tert-butyi 3-((4-(7-(pyridin-4-yl -1 H-indol-3-y{)-5-(triftuoromethyl jpyrimidin-

2-yljamino jpiperidine-1-carboxylate

o on  THPPRG EoC N
"B~ 05,00y \‘ = /fﬁ\ 7
)\ ------------ ----_P» \‘/ ‘i\lf \N Nf\/NNBQC
i DioxaneiH,0 /= A H
Koz o i HN—
N 100°C A

Pd{(PPhs)s (16 mg, (.014 mmol) and Cs:005 (91 mg, .28 mmol} were added to a stiring
solution of (8)-tert-buty] 3-((4-(7-bromo-1H-indol-3-y1}-5-(trifluoromethyDpyrimidin-2-
ylyamino)piperidine-1-carboxylate (80 mg, 0.14 mmol) and pyridin-4-ylboronic acid (20 mg,
0.15 mmel) in Dioxane/H,O previously degassed (1.5 mL., 2:1). The resulting mixture was then
heated at 100 °C under N- for 18h. The reaction mixture was allowed to cool to room
ternperature, water {500 mL) and EtOAc (500 mL) were added. The phases were separated and

the agqueous extracted twice more with EtOAc (50 mL). The combined organic layers were dried
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over Na;SO,, filtered and evaporated to dryness to a orange oil. The residoe was purified by 510,
chromatography (MeOH 1n DCM 0 to 20% gradient) and afforded the title compound (40 mg,
0.070 mmol, 50% yicld) as a yellow solid.

{1911 Example 12, Synthesis of (S)-tert-butyl 3-((4-(7-(1-methyl-1H-pyrazol-4-yD-1H-

indel-3-yi)-5-(triflusromethylpyrimidin-2-yl amino)piperidine-1 -carboxylate.

Pd(F’Pi’m
APy >?‘ 00 Y Y
!
N “Boc

\ /\\ //\ /\ \[\/\ y /\
N "Bos L./ DME/EIOH

i

HN— M == ~
Mo 12070 g o N
N
Pd(PPhsls (5.0 mg, 0.003 mmol) and CsxC05 (51 mg, 0.16 mmol) were added to a stitrring

solution of (5)-tert-buty] 3-({(4-(7-bromo-1H-indol-3-yl)-5-{trifluoromethyl )pyrimidin-2-
yllamino)piperidine- 1-carboxylate (28 mg, 0.052 mmol} and 1-methyl-4-(4.,4,5,5-tetramethyl-
1.3.2-dioxaborolan-2-yi)-1H-pyrazole (28 mg, 0.052 mmol) in DME/ELOH previously degassed
(1.8 mL; 2:1). The resulting mixture was then heated was heated for 30 min at 100 °Cin a
microwave (MW) reactor. The reaction muxture was allowed to cool to room filtered through
celite and evaporated to dryness. The residue was purified by 510, chromatography (EtOAc in
DCM 0 1o 85% gradient) and afforded the title compound (24.0 mg, 0.044 mamol, 85% yield) as a
yellow oil.
[192] Example 13, Synthesis of (5)-tert-butyl 3-((4-(7-(diethoxyphosphoryl)-1 H-indei-3-

yh-8~(triflueromethylpyrimidin-2-ylhamino)piperidine-1-carboxylate,

F3C
Fi0 Ry
== 3 \’/’/;\N /C\I o POPPhy), ({\/‘-... J\/ (i/?\i!\ yj\\‘/}d
¥ NBoc + & p Sy Soc
b\ Z}W/\N EtOIH\OEt CoCOn THE EtO ﬁ\ Y N
ar - 2 Eto~ \\ e
HN 3

To a mixture of (S)-rerr-butyl 3-({(4-(7-bromo-1H-indol-3-y)-5-(trifluoromethyDpyrimidin-2-
yhamino)piperidine- 1-carboxylate (81 mg, (.15 mmol), Cs005 (58 mg, 0.18 mmol) and
tetrakistriphenylphosphine palladium (16 mg, 0.014 mmol) in a microwave vial under an inert
atmosphere was added THF (1.2 mL) and diethyiphosphonate (36 ul., 0.28 mumol). The reaction
vessel was sealed and heated to 120 °C under microwave irradiation for 10 minutes. The reaction

mixture was cooled to room temperature, the solids were filtered off and washed with DCM (10
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mL). The combined filtrates and washings were concenirated evaporated to dryness. The residue
was purified by 510, chromatography (MeGH in DCM, 0 to 20% gradient) to afford the title
compound {54 mg. 0.090 mmol, 60% yicld) as a yellowish solid.

{1931 Example 14, Synthesis of (S)-tert-butyl 3-((4-(7-(4-methyl-1H-imidazol-1-yl}-1H-
indol-3-yl)-5-(triflusromethyDpyrimidin-2-yhamino)piperidine-1-carboxylate.

FSC\/\N N

FiCo_z~ Pd,{dba)s, Me,(tBuXPhos] Ty q ;
i Y \] H GG )3, 24 ) §) / \ /U\ | J
] i L N § y »\ ,ﬂ\ V,Noc
QW:LN/LN NBoc + /[ — - T ] H
Br A

’> KsP0O,, Toluene/Dioxane

H N Y i
| H N 4 ALY R
HiN Me 120 °C Mezén !

A solution of Pdy{dba)s (7.2 mg, (.008 mmol) and Mes{t-Bu); XPhos (7.6 mg, 0.016 mnol} in
degassed toluene (0.8 ml) and dioxane (0.2 mL) was stirred for 5 mun at 120 °C. To this solution
was added (5)-ters-butyl 3-({(4-(7-bromo-1H-indol-3-y1}-5-{trifluoromethyl)pyrimidin-2-
yllamino)piperidine- I-carboxylate (126 mg, 0.20 mmol), 4-methyl-1H-imidazole (25 mg. 0.30
mmol) and KsPOy (84 mg, 0.39 mmol). The reaction vessel was sealed and heated at 120 °C
overnight. The recaction mixture was filtered and concentrated to dryness. The reaction mixture
was purified by 510, chromatography (MeGH in DCM, 0 to 20% gradient) to afford the title
compound {35 mg, 0.065 mmol, 33% yield) as a beige solid.

[194] Example 15, Synthesis of (8)-tert-butyl 3-((4-(7-(3-methyl-2-oxoimidazolidin-1-yi)-
1H-indol-3-yl)-5-(trifluoromethyhpyrimidin-2-yhamino)piperidine-1-carbexylate.

Fs C\//\
F30. N ~ H /= i N J\
Yy IN ((/] N N, N'-dimethyiethylenediamine, \\ y NBoc
\ /\;Y/\N)\ NBoc - [:N>:::o jrand J
H 3 St K,CO iuene, 11 ol 4
Br HN,J \ Cul, K,CO,, Toluene, 110 % /\N)%O

{

To a mixture of {5)-reri-butyl 3-({(4-(7-bromo- 1 H-indol-3-y1)-5-(trifluoromethylpyrimidin-2-
yhamino)piperidine- I-carboxylate (150 mg, 0.28 mmol), 1-methylimidazohidin-2-one (56 mg,
(.56 mmol} in degassed toluene (1.3 mL) was added KoCO5 (77 mg, .56 mmol), Cul (5.3 mg,
0.03 mmol) and N,N’-dimethylethane-1,2-diamine (6 uL, 0.06 mmol). The reaction vessel was
sealed and heated at 110 °C overnight. The reaction mixture was cooled to room temperature,
diluted with EtOAc (20 mL), washed with water (30 mL) and brine (30 mL). The phases were
separated and the organic layer was dried over NayS(Oy and concentrated to dryness. The reaction
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mixture was purified by 510, chromatography (EtOAc in DCM, 0 to 100% gradient) to afford
the title compound (52 mg, 0.093 mmol, 33% vield) as a vellow solid.

[195] Example 16. Synthesis of (5)-tert-butyl 3-({(4-(7-(ethoxy(methyl)phosphoryi}-1H-
indol-3-y)-3-(trifluoromethylpyrimidin-2-yDaminopiperidine-1-carboxylate.

F3C\Y//\ N r//\‘\l

F,C
Y N C i PECL(dppf) CHyCly ( Iy -
\ \N'J\N NBoc + P £10, )\(\TAN Nv/\/ oc

< Bt “OEt .
Br HNI H Et;N, DMF ,,,;% HN—

To a degassed solution of (S)-fert-butyl 3-((4-(7-bromo-1H-indol-3-y1)-5-
(trifluoromethylpyrimidin-2-vlamino)piperidine- 1-carboxylate (51 mg, 0.09 mmol), Et:N (21
ul, 0.15 mmol} and 1, 1'- Bis{diphenylphosphino jfferrocene paladiom(1l) dichloride
dichloromethane complex (7.7 mg, 0.009 mmol) in DMF (8.4 mL), in a microwave vial was
added diethyl methylphosphonite (18 ul, 0.12 mmol). The vial was sealed and immediately
heated to 130 'C under microwave irradiation for 5 minutes. The reaction mixture was cooled 1o
room temperature and diluted with EtOAc (10 mL), washed with a saturated aqueous solution of
NaHCO53 (15 mL) and brine (15 mL). The phases were separated, dried over NapSQOy, filtered and
concentrated under reduced pressure. The reaction mixture was purified by 510 chromatography
(MeOH in DCM, 0 1o 20% gradient) to afford the title compound (53 mg, 0.093 mumol, 98%
yield) as a brown oil.

[196] Example 17. Synthesis of (8)-tert-butyl 3-((4-(7-(pyridazin-4-vi)-1H-indol-3-y1)-5-
(trifluoromethyDpyrimidin-2-yhamine)piperidine-1-carboxylate,

[897) Step 1. (S)-tert-butyl 3-((4-(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl}-1 H-indol-5-

vi)-5-(trifluoromethyljpyrimidin-2-vlJamino jpiperidine-1-carboxylate

FoCo oy
. FoC N /’\1 Bo(Pin),, KOAC ( j\ o M QBOC
PACly{dpply CH; c‘s “-\\/\ NN
\“\/f“ﬁ’/ N"\/NB“Q s ,Q\B/\ A i H
Br' e Dioxane, 100 °C >\<0

[ ~
To a degassed solution of (S)-fert-butyl 3-((4-(7-bromo-1H-indol-3-y1)-5-
(triftlaoromethylipyrimidin-2-vlyamino)piperidine- 1-carboxylate {100 mg, 0.19 mmol),

bis{pinacolato)diboron (117 mg, 0.46 mmol) and potassium acetate (91 mg, 0.93 mmol} in
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degassed dioxane (1.5 mL) was added 1, 1'- Bis(diphenylphosphino)ferrocene palladium(1I}
dichloride dichloromethane complex (15 mg, 0.019 mimol). The reaction vessel was sealed and
heated at 100 °C overnight. The reaction mixture was cooled to room temperature, diluted with
ethyl acetate (30 mbL) washed with water (20 mL) and brine (20 mL). The combined organic
layers were dried over Na»SO,, filtered and concentrated under reduced pressure to afford the
title compound (109 mg, 0.19 mumol) as a brown foam.

(3981 Step 2: (8)-tert-butyi 3-((4-(7-(pyridazin-4-yi j-1 H-indol-3-vi}-5-

{(trifluoromethyljpyrimidin-2-vl )Jamino jpiperidine-1-carboxylate

i"\c

} \V/\N
\ \/)\ /I\N,,»\VNBW NayCg, PACLEPRH CHLCL %\/& N J\ NBoo
O\‘ |/ HGH ) i i S if
\{X Ho0, DMIE N Hi—
) Nt

To a solution of (S)-terr-butyl 3-((4-(7-(4,4.5,5-tetramethyl-1,3.2-dioxaborolan-2-y1)- 1 H-indol-3-
yh-5-(trifiuoromethyDpyrimidin-2-ylamino)piperidine-1-carboxylate (109 mg, (.19 mmol) in
DMF (3.0 mL) was added 4-bromopyridazine hydrochloride (43 mg, (.22 mmol}, Na,CO; (53
mg, .50 mmol) and water (250 pl). Nitrogen was bubbled through the mixture for 15 minutes,
[1,1-bis(diphenyl-phosphino)errocene] palladium(l) chloride DCM complex (135 mg, 0.019
rmrnol) was added and the reaction mixture was heated at 80°C for Zh. To the reaction mixiure, 4-
bromopyridazine hydrochloride (50 mg, 0.26 mmol), Na»COs; (50 mg, 0.47 mmol) and {1,1"-
bis{diphenyl-phosphinoMerrocene] palladium(Il) chloride DCM complex (8 mg. 0.009 mmol)
were added and the reaction mixture was stirred at the same temperature for 3h. The reaction
mixture was cooled to room temperature, diluted with EtOAc (20 mL). washed with saturated
NaHCO3 (20 mb) and brine (20 mL). The phases were separated and dried over Na:SOy, filtered,
and concentrated under reduced pressure. The reaction mixture was purified by 510,
chromatography (EtOAc 1n DCM, 0 to 100% gradient) to afford the title compound (62 mg, 0.12
mmol, 57% yield) as a grey-beige solid.

[199] Example 18, Synthesis of (8)-tert-butyl 3-(2-((1-(tert-butoxycarbonyl)piperidin-3-
yhamine)-3-(trifiusromethylpyrimidin-4-yi)-5,6-difluoro-1H-indole-1-carboxylate.
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(200} Step 1: tert-butyl 5,6-diflicoro-3-(2-(methylsulfonyl)-5-(trifluoromethyl )pyrimidin-4-yi}-

{H-indole-1-carboxylate

R Br.
== 1} Boe,O \)::_-‘ \Ni
""""""""""" > F % \ ‘ ,}’\
\.\(\ 7T N Ts0Me

“SWe ) moPEA
HN— THF/DCM N

(2811 Di-tere-butyl dicarbonate (45 mg, 0.20 mmol) and BMAP (3.3 mg, 0.027 mimol) were
added to a stirring solution of 5,6-difluore-3-(2-(methyithio)-5-(trifluoromethy! jpyrimidin-4-yl)-
1H-indole (47 mg, 0.14 momol) in THF (I mL). The reaction mixture was stirred for 1h and was
diluted with EtOAc (50 mL), washed with a saturated agueous solution NaH{C O3 and the phases
were separated. The orgaoic layer was dried over Nao50Qy, filtered and evaporated to dryoess o a
orange oil. The oil was dissolved with dry THF/DCM (2 mb, 1:1), mCPBA (92 mg, (.41 mmol)
was added and to the reaction mixture was stured at room temperature for 16h. The reaction
mixture was evaporated to dryness and was purified by 510, chromatography (EtOAc in
Hexanes, 0 to 100% gradient) to afford the title compound (30 mg, 0.063 mmol, 46% vyicld) as a
yellowish solid.

[202] Step 2: (S)-teri-buivl 3-(2-((1-{tert-butoxycarbonvl Jpiperidin-3-vijamino }-5-

(trifluoromethyl )pyrimidin-4-yi )-5,6-difluoro-1 H-indole-1-carboxylate

HzNMN‘Bac -
{}\/ 50,Me DIPEA, THF
N""
Bod

{S)-tert-butyl 3-aminopiperidine- 1-carboxylate (14 mg, 0.069 mmol), and diisopropylethylamine
(12 uL, 0.069 mmol) were added to a stirring solution of feri-butyl 5,6-difluoro-3-(2-
(methylsulfonyl)-5-(triflucromethyhpyrimidin-4-y1)-1H-indole- 1 -carboxylate (30 mg, 0.063
mmol) in THF (1 mL). The reaction mixture was stirred for 1h at room temperature. The mixture
was diluted with EtOAc (50 mL), washed with a saturated solution of NaHCO; (50 mlL) and

brine (50 mL). The organic layer was dried over Na,SOy, filtered, and concentrated under

(]
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reduced pressure to a atford the title compound (38 g, 0.063 mmol, 100% yield) as a yellow
solid.

[203] Example 19. Synthesis of (5)-tert-butyl 3-((4-(7-((1r.45)-4-hydroexyeyclohexyl)-1H-
indol-3-y)-3-(trifluoromethylpyrimidin-2-yDaminopiperidine-1-carboxylate.

1204] Step 1. (S)-tert-buiyl 3-((4-(7-(1,4-dioxaspiro[4.5[decan-8-vi)-1H-indol-3-vi)-5-

(trifluoromethyl )pyrimidin-2-yi Jamino jpiperidine- 1 -carboxylate

F,c\/\N ~ F3C
“(/ L EN j\/“:'h PO,, H /O
i N H Boc 2 ] “Boc
y AN Taone ‘ HN J

O~ o\ )
(o (o
P2, (100 mg, 75 m‘/g) was added to a stirring solution of (8)-tert-butyl 3-({(4-(7-(1,4-
dioxaspirof4.5]dec-7-en-8-yi)- 1 H-indol-3-yI}-5-(trifluoromethyDpyrimidin-2-
yhamino)piperidine- I-carboxylate (260 mg. 0.434 mymol) 10 E1OAc (15 ml). The resulting
solution was stirred under hydrogen (1 atm) for 72h. The mixture was filtered thru celite which
was washed with EtOAc (30 mL) and MeOH (20 mL). The combined {iltrates were evaporated
to dryness to afford the title compound {162 mg, 0.26% mmol, 62% yield} as a brown foam.
[205) Step 2. (S)-tert-butyl 3-((4-(7-(4-oxocyclohexyl)-1H-indol-3-vi)-5-

{ zriﬂzmmmel’h vl jpyrimidin-2-ylJamino jpiperidine-I-carboxylate

F.C
- o 3 \//’m} (,/\I
\[ N U pTSOi ‘ I l
\ “Boc Acetons/ HQO

\ i
AY
\ \/\N’ \N"J\/ “Boc
HN g
80 °C

To a solution of (S)-tert-butyl 3-({(4-(7-(1.4-dioxaspirof4.5}decan-8-yl)-1H-indol-3-yi)-5-
(trifluoromethyDpyrimidin-2-yhamino)piperidine- I-carboxylate (162 mg. 0.27 mmol) in acetone
(5 mbL) were added water (0.5 mL) and p-toluenesulfonic acid monohydrate (26 mg, 0.135
mmol). The reaction mixtare was stirred at 60 °C for 3h. The reaction mixture was cooled to
room temperature; a saturated agueous solution of NaHCO; (50 mb.) and EtOAc (100 mL) were
added. The phases were scparated and the agueous layer was extracted with EtOAc (2X50 mL).

The combined organic layers were dried over NaxSQOy, filtered and evaporated to dryness. The
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restdue was puorified by Si10; chroroatography (EtOAc in DCM 0 1o 100% gradient) and afforded
the title compound (62 mg, 0.11 mmol, 41% yield) as a white foam.
[206]  Step 3: (S)-tert-butyl 3-((4-(7-{(1r,45 )-4-hvdroxyeyclohexyl )- 1 H-indol-3-yi)-5-

{(trifluoromethyljpyrimidin-2-y{ Jamino jpiperidine-i-carboxylate

~ FsCo vy,
(O L
N Boc  NaBH, P NN Moo
HN~
THF
HO'

To a solution of (S)-tert-butyl 3-((4-(7-(4-oxocyclohexyl)-1H-indol-3-yi)-5-

§=3«::

(trifluoromethyDpyrimidin-2-yhamino)piperidine- -carboxylate (50 mg, 0.09 mmol) in dry THF
(2 mL) was added sodium borohydride (5.0 mg, .14 mmeol}. The reaction mixture was stirved at
room temperature for 1 h. It was then gquenched with methanol (1 mL), water (1 mbL) and
concentrated to remove organic volatiles. A saturated aqueous solution of NaHCO3 (30 mL) and
EtOAc (100 mL) were added. The phases were separated and the agueous layer was extracted
with BtOAc (2X50 mL). The combined organic layers were dried over NayS5Qy, filtered and
evaporated to dryness to afford the title compound (50.0 mg, 0.09 mmol, 100% yield) as a off-
white solid.

12071 Example 20. Synthesis of (S)-tert-butyl 3-((8-methoxy-4-(1-(phenylsulfonyl)-1H-
indel-3-ylpyrimidin-2-yl)amino)piperidine-1-carboxylate.

[298} Step 1: 3-(2-chioro-5-methoxypyrimidin-4-yi)-I-(phenvisulfonyi)- 1 H-indole

'JGH M&Q
HPPh, Ll
/L\ Dioxane, H;0
SOZPh K3PG,, 90 °C
hOzﬁ

PACL(PPhs), (97 mg, (.083 mmol) was added to a stirring solution of (1-{phenylsulfonyl)-1H-
indol-3-yliboronic acid (500 mg, 1.66 mmol) and 2.4-dichloro-5-methoxypyrimidine (267 mg,
1.49 mmol) in Dioxane/HoO (6.6 mL, 10:1) previously degassed. The resalting reaction mixture
was heated at 110 °C for Sh. It was then allowed to cool at room teraperature and was evaporated

to dryness to yield a yellow brown oil. The reaction mixture was purified by 510,
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chromatography (EtOAc 10 DCM, 0 to 30% gradient) to afford the title compound (440 mg, 1.10
mmol, 66% vield) as a Hght yellow solid.

[209] Step 20 (S)-tert-butyi 3-((5-methoxy-4-(1-(phenylsulfonyl)- 1 H-indol-3-vi )pyrimidin-2-
vijamino Jpiperidine-1-carboxylate

WMel, Pd{OAC, MeD.

- o T N
o | i\f -~ rac-Binap, C5,00; a i | //\
4 g N % o -
\/\! NTCE 4 NBoS Jj N E Boc
W HaN Tcluens, 110 °C [ Y]
FhO,S PhO,S

Cs2C05 (367 mg, 1.13 mmol), Pd (OAc): (14.0 mg, 6.038 mmol) and rac-Binap (46.7 mg, 0.075
mmol) were added to a stirring solution of 3-(2-chloro-5-methoxypyrimidin-4-yi}-1-
{phenylsulfonyly-1H-indole (150 mg, 0.375 mmol) and (5)-tert-butyl 3-aminopiperidine-1-
carboxylate (113 mg, .56 mmol) in previously degassed toluene (4.2 mL). The resulting
solution was heated at 100 'C overnight. The resulting mixture was cooled to room temperature
and concentrated to dryness to a brownish oil. The reaction mixture was purified by 8i0;
chromatography (EtOAc in DCM, 0 to 50% gradient) to afford the title compound (10 mg, 0.018
mmol, 5% vield) as a light vellow solid.
(210} Example 21. Synthesis of (5)-N-(6,6-dimethylpiperidin-3-yl)-4-(1-{phenylsulfonyl)-
1H-indol-3-y1)-3-(triftucromethyhpyrimidin-2-amine,
(218} Step 1: (S)-teri-buivi {1-benzyl-6-oxopiperidin-3-yljcarbamate

o

O NaH, BnBr i
= Boc. g~ _N.
EQ’JS\N MH Nm Bn
H

AT 3
b DMF, 0 °C

NaH (221 mg. 5.52 mmol) was added to a stirring solution of (8)-S-arninopiperidin-2-one
{Tetrahedron Letters, 1995, 36, 8205-8) (789 mg, 3.68 mmol) in DMF (18 mL) at 0°C. The
resulting suspension was stirred for 30 min at which point benzyl bromide (701 ul., 5.89 mrmol)
was added dropwise and stirred for 30 min. The reaction was then diluted with water (50 mL)
and EtOAc (100 mL) and the resolting solution acidified to pH7 with 1M HCI. The phases were
separated and the aqueous layer was extracted twice more with EtOAc (100 mL). The combined
organic layers were dried over NapSQy, filtered and evaporated to dryness. The residue was

parified by 5i(3, chromatography (EtOAc 1n Hexanes O to 100% gradient) and afforded the title
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compound (690 mg, 2.27 romol, 62% yield) as a whie foam.

(2121 Step 2: (S)-tert-butyl (I-benzyl-6,6-dimethyipiperidin-3-yl)carbamate

2eCly /\\//

8] .
MeMgBr i
Bn th

N
ki THF

{S)-tert-butyl (1-benzyl-6-oxopiperidin-3-yl}carbamate (43 mg, (.14 mmol} was dissolved in
THF (1.4 mL) and cooled to -10 °C. ZrCls (39 mg, 0.17 mmol) was added and the reaction
stirred for 30 min. Then MeMgBr (0.30 mL, 3M, .91 mmol) was added to the reaction mixture,
the solution allowed to slowly warm up and stirred for 16h. The solution was quenched with
30% NaOH (30 mL) and extracted with DCM (3X50 mL). The combined organic layers were
dried over Na,SUy, filtered, evaporated o dryness and afforded the title compound (37 mg, 0.12
mmol, 83% vyield) as a orange oil.

(213} Step 3: (S)-1-benzyl-6,6-dimethyipiperidin-3-amine

G L
— N.
BGC\N N\Bn DCM H,N Bn

H
THA (2.10 mL, 27.3 romol) was added to a stirring solution of (S)-tert-buty] (1-benzyl-6,6-
dimethylpiperidin-3-yljcarbamate (87 mg, 0.27 mmol) at r.t. The resulting solution was stirred
for Zh, concentrated under reduced pressure, azeotroped with DCM (3X 25 mL) and afforded the
title compound (60 mg, .27 mmol, 100 % vyield) as an orange oil.
[214] Step 4. 3-(2-(methyithio)-5S-(trifluoromethyvl)pyrimidin-4-yt)- 1 -(phenylsulfonyl)-1 H-indole
X o Pd{PPhs}, s FRC\I&,«N
(\\/& é‘oa R \’/ \N B Q\ﬁ N /ikSMe
PhOQS!N ci N SMe raio:ggigzcv PhOZSINu
Pd{PPhs)s (1.01 g, 0.87 mmol) and Cs:005 (5.70 g, 17.5 mmol) were added to a stirring solution
of 4-chloro-2-(methylthio)-5-(irifluoromethyDpyrimidine 4-chloro-2-(methylthio)-5-
(trifluoromethyDpyrimidine (U.5. Pat. Appl. Publ,, 20130017194, 17 Jan 20133 (2.00 g, 8.73
mmol) and (1-(phenylsulfonyl)- 1H-indol-3-yDboronic acid (2.77 g, 9.19 mmol) in Dioxane/H,O

previously degassed (180 mL, 2:1). The resulting mixtare was then heated at 100 °C under N;
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for 1.5h. The reaction mixture was allowed to cool to room temperature, a saturated solution of
NaHCO35 (100 mL) and EtOAc (200 ml.) were added. The phases were separated and the
aqueous extracted with EtOAc (2X200 mL). The combined organic layers were dried over
NaxSQy, filtered and evaporated to dryness. The restdue was purified by Si0; chromatography
(EtOAc in Hexanes 0 to 100% gradient) and afforded the title compound (2.13 g, 4.73 mmol,
54% vyield) as a light green foam.

(215} Step 5: 3-(2-(methyisulfonyl)-5-(trifluoromethyl jpyrimidin-4-yi}-1-{phenyisulfonyl -1 H-

indole
FaC
@ @ mCPBA
. Xp s P Nmp g T 3o
) SMe  tuEpoM N
M PhO,S
PhO,S
3-(2-(methylthio)-3-(trifluoromethyDpyrimidin-4-y1}- 1-(phenylsulfonyl)- 1H-indole (2.13 g, 4.73

mmol) was dissolved with dry THE/DCM (50 mL, 1:1), mUPBA (2.45 g, 14.2 mmol}) was
added and to the reaction mixture was stirred at roor teroperature for 16h. The reaction mixture
was evaporated to dryness and was purified by 510, chromatography (EtOAc in Hexanes, 0 to
70% gradient) to afford the title compound (2.15 g, 4.47 ramol, 953% yield) as a light yellow
foam.

[216] Step 6: (S)-N-(1-bengyl-6,6-dimethylpiperidin-3-yi}-4-(1 -(phenylsulfonyl)-1H-indol-3-vi)-

S-(trifluoromethyl}pyrimidin-2-amine

/\4{ -----
i : Faloi_ o &F
N SOVS
HN" >8R S i ji L/N
\\ ~ D .
\_g N E Bn
DIPEA, THF N*’D
PhD,S

(5)-1-benzyl-6,6-dimethyipiperidin-3-amine (61 mg. 0.28 mmol), and diisopropylethylamine
(146 pL., 0.84 mmeol) were added to a stirring solution of 3-(2-(methylsulfonyl)-5-
{trifluoromethyl)pyrimidin-4-yi)-1-(phenylsulfonyi)-1H-indole (135 mg, 0.28 mmol) in THF (4.6

mL). The reaction mixture was cvaporated to dryness and was purified by 510, chromatography
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(E1tOAc in DCM, 0 to 50% gradient) to aftord the title compound (46 mg, 0.074 mmol, 27%
yield) as a light vellow oil.
(217} Step 7: (8)-N-(6,6-dimethvipiperidin-3-yl)-4-(I-(phenvisulfonyl -1 H-indol-3-yi}-5-

{(trifluoromethyljpyrimidin-2-amine

f oy ! N H g v Sy N .
L /\;L/ PAIC, PA(OH),/C L L i/js;
\\\ V4 I N/ ﬁm “Bn o \\_\ Y/ i‘ N gm
’N,J Hy, EtOH N i
PhO,S PhO,S

To a degassed solution of (S)-N-(1-benzyl-6,6-dimethyipiperidin-3-y)-4-(1-(phenylsulfonyi)-
H-indol-3-yD)-5-(triflucromethyDpyrimidin-2-amine (46 mg, 0.074 mmol) in EtOH (7 mbL) was
added a Pd/C (10% w/w on activated carbon)/Pd{OH}./C mix. The reaction mixture was then
allowed to stir under a positive pressure of hydrogen (1 atm) at room temperature for 16h. The
reaction mixture was degassed with No, filtered through celite and was concentrated under
reduced pressure to afford the title compound (27 mg, 0.052 mmol, 70% yield) as a light yellow
solid.

[218] Example 22. Syntheses of (8)-tert-butyl 3-({(4-(7-((1r45}-4-hydroxy-4-
methyleyclohexyl)-1H-indol-3-yh-5-(trifluoromethyDpyrimidin-2- vyl Jamino)piperidine-1-
carboxylate (A) and (S)-tert-butyl 3-((4-(7-({1s,4R)-4-hydroxy-4-methylcyclohexyi)-1H-

ind@i-=3-yl)-—5—(triﬂu@mmethyi}pyrimidin-2-=vE)amin0)piperidinen1—carbﬂxvlate B

N

e e e yosse
N J\Nr‘\/"-ﬂam MeMgBr \ /‘\ Moo ﬁ//T’/\ Aﬁ LN
HN" p et
.....
B

o HO

J H
/\f\}”\i THF, -78°C

kY

To a solution of (S)-tert-butyl 3-({ 4--(’7--(4--Oxocyclohexyl)--1H--indoi--f%~-yl)~-5 -
(trifluoromethyDpyrimidin-2-yhamino)piperidine- 1 -carboxylate (57 mg, 0.10 mmol) 1o THF (0.5
mb) at -78 °C was added MeMgBr (68 ul., 3M, 0.20 mmol). The reaction mixture was stirred at
-78 °C for 1h and allowed to slowly go up to room temperature over 3h. The reaction mixture
was guenched a saturated aqueous solution of NH4Cl (10 ml.) and extracted with BCM (3X30
mL). The combined organic layers were dried over Na,SOy, filtered and evaporated to dryness to

aftord the title compounds (39 mg, 0.10 ramol, 100% yield) as a yellow oil. The crude o1l was
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used as 1s in the next step.

(219} Example 23, Synthesis of (5)-teri-butyl 3-((4-(7-(3-hydroxy-3-methylbutyD-1H-
indel-3-vi}-5-(trifllucromethylpyrimidin-2-yl)amine)piperidine-1-carboxylate.

12281 Step 1: (S)-teri-butvi 3-({4-(7-bromo-1-((2-(trimethvisilyljethoxymethyl)-1 H-indol-3-vi)-

S-Griftuoromethyl)pyrimidin-2-yljamino Jpiperidine- I -carboxylate

NaOtBu, SEMCI
N MBog i

N DMF

To a solution of (S)-tert-butyl 3-({(4-(7-brome-1H-indol-3-yh)-5-(trifluoromethyDpyrimidin-2-
yhamino)piperidine- t-carboxylate (200 mg, 0.37 mmol) in DMF (2.0 mL) was added NaOtBu
(71 mg, 0.44 mmol). The solution was stirred for 1 h at room temperature then cooled to 0 Cand
(2-{chloromethoxyjethyDirimethylsilane (74 mg, .44 mmol) was added and the reaction muxture
was stirred at room temperature overnight. The reaction was diluted with water (25 mL),
extracted with EtOAc (3X50 mL), dried over Nap 504 and concentrated to dryness. The reaction
mixture was purified by S0, chromatography (EtOAc in Hexanes, 0 to 50% gradient) lo afford
the title compound (237 mg, (.35 mmol, 95% yield) as an off-white oil.

(228} Step 2: (S)-tert-butyl 3-((4-(7-(3-methoxy-3-oxoprop-i-en-i-yl)-1-({2-
(trimethylsilvl)ethoxy)methyl)-1H-indol-3-y1)-5-(trifluoromethvl )pyrimidin-2-

vi)amino jpiperidine-I-carboxylate

Fscvl\

F3C = ~ N

= o PA(OAC), Plo-MeCeHa)s NP VQ‘EBQ&
b Ay NBoo | : e A G JooN K

Br " Jf/ H \/‘LO/
sSEM

\\ N~
EtgN, 100 °C, 4 b Oy SEM

To a solution of (S)-tert-butyl 3-({(4-(7-bromo-1-{(2-(trimethylsilyDethoxyymethyl)- 1 H-1ndol-3-
yh)-5-(trifluoromethylpyrimidin-2-ylaminoypiperidine- 1 -carboxylate (237 mg, 0.35 mmol) and
methyl acrylate (95 L, 1.06 mmol) in EGN (1.01 mL), PA(OAC), (7.9 mg, 0.035 mmol) and
P{o-Me{sHa)z (32 mg, 0.11 mmol) were added. The reaction mixture was scaled and heated to
106 °C and stirred for 4 h. The reaction mixture was diluted with EtOAc (50 mL) and exiracted

with H,O (3X60 mbL). The organic layer was washed with brine (60 mL), dried over Na,504 and
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concentrated to drypess. The reaction muxiure was purified by 510, chromatography (EtOAc in
Hexanes, 0 to 100% gradient) to afford the title compound (148 mg, 0.219 mmol, 62% vield} as
a yellow oil.

12221 Step 3: (S)-teri-butyl 3-({4-(7-(3-methoxy-3-oxopropyl)-I-((2-

(trimethylsilylJethoxy ymethyl)- 1 H-indol-3-vi }-5-(trifluoromethyl) pyrimidin-2-

vl)amino jpiperidine-1-carboxylate

poeNe e O
A N . i | !
W » \N/J\NJVNB% Hy, PAIC \\‘. Y / N _NBoc
\ =/ H ,
\ N
o) SEM
e

———————
EtOH/THE )
o% SEM

To a degassed solution of (S)-fert-butlyl 3-((4-(7-(3-methoxy-3-oxoprop--en-1-yl)-1-({2-
{trimethylsilyDethoxyymethyl)-1H-indol-3-yh)-5-(trifluoromethyDpyrimidin-2-
yhamino)piperidine-t-carboxylate (83 mg, 0.15 mmol} in EtOH (10 mL) and THF (10 mL),
Pd/C ( 10% wiw on activated carbon) was added (3 mg, 0.023 mumol) and the reaction mixture
was stirred at room temperature overnight under Ha (1 atm). The reaction mixture was degassed
with Ny, filtered through celite and was concentrated under reduced pressure to afford the title
compound (148 mg. 0.219 mmol, 100% vield) as a yellow oil.

12231 Step 4: (S)-tert-butvi 3-{{4-(7-(3-hydroxy-3-methylbutylj-1-({2-

(trimethylsilyl Jethoxy ymethyl)- 1 H-indol-3-y{ }-5-(trifluoromethyl )pyrimidin-2-

vl)amino jpiperidine-I-carboxylate

- \N/’»’\N NHoc  MeMgPr ‘\\ PN A o~ NBoc
N —_—

o ) ;
THF, 0 °C \j‘l\(’)SEM
i \
G- OH

To a solution of (S8)-rert-butyl 3-{(4-(7-(3-methoxy-3-oxopropyh)-1-((2-
{trimethylsilyDethoxyymethyl)-1H-indol-3-yh)-5-(trifluoromethyDpyrimidin-2-
yhamino)piperidine-t-carboxylate (148 myg, 0.218 mmol) in THF (0.5 mbL) at § C was added
McMgBr (0.44 mL, 3M, 1.31 mmol). The reaction mixture was warmed to room temperature

and stirred overnight. The reaction was quenched with saturated agueous solution of NH,CI (10
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mL) and extracted with EtOAc (30 mL). The phases were separated and the organic layer was
washed with brine (20 mL), dried over Na2SO4 and concentrated to dryness. The reaction mixture
was purified by SiO2 chromatography (EtOAc in Hexanes, 0 to 100% gradient) to afford the title
compound (60 mg, 0.089 mmol, 41% yield) as an off-white solid.

[224] Step 5: (S)-tert-butyl 3-((4-(7-(3-hydroxy-3-methylbutyl)-1H-indol-3-yl)-5-

(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1-carboxylate

FiC NN
NBoc TBAF, THF N J\ NBoc
N ! N N

_ » H

HN

OH
To a solution of (S)-tert-butyl 3-((4-(7-(3-hydroxy-3-methylbutyl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-indol-3-yl)-5-(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1-
carboxylate (30 mg, 0.044 mmol) in THF (1.5 mL) at 0 ‘C was added tetrabutylammonium fluoride
1M in THF (0.18 mL, 0.18 mmol). The reaction mixture was stirred for 1 h at room temperature and
then heated to 70 °C and stirred overnight. The reaction mixture was quenched with a saturated
aqueous solution of NH4Cl (10 mL), extracted with EtOAc (3X30 mL). The combined organic layers
were dried over Na.SO4 and concentrated to dryness. The reaction mixture was purified by SiO2
chromatography (EtOAc in Hexanes, 0 to 100% gradient) to afford the title compound (20 mg, 0.037
mmol, 83% yield) as a yellowish oil.

[225] Example 24. Syntheses of (S)-5-ethynyl-4-(1H-indol-3-yl)-N-(piperidin-3-yl)pyrimidin-2-
amine (A) and (S)-5-ethynyl-4-(1-methyl-1H-indol-3-yl)-N-(piperidin-3-yl)pyrimidin-2-amine
(B).

[226] Step 1: (S)-tert-butyl 3-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-
((trimethylsilyDethynyl)pyrimidin-2-yl)amino)piperidine-1-carboxylate

™S

| ~N Ethynyltrimethylsil N\ Z "N
o J\ NBoc thynyltrimethylsilane, i
NN - s NBoc
’ J H N N

Cul, PdCly(PPh3),, DMF ) N
N

PhO,S

PhO,S
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A degassed solution of (S)-tert-butyl 3-((5-iodo-4-(1-(phenylsulfonyl)-1H-indol-3-yl)pyrimidin-2-
yl)amino)piperidine-1-carboxylate (150 mg, 0.23 mmol), ethynyltrimethylsilane (64 uL, 0.45 mmol),
Cul (3.4 mg, 0.018 mmol), PdCI2(PPhs)2 (13 mg, 0.018 mmol) and EtsN (0.316 mL, 2.27 mmol) in
DMF (2.7 mL) was stirred at room temperature overnight. The reaction mixture was concentrated
under reduced pressure and dissolved in EtOAc (50 mL), washed with NHsOH (50 mL), and brine
(50 mL). The phases were separated and the organic layer was dried over Na2SOs, filtered and
concentrated to dryness. The reaction mixture was purified by SiO2 chromatography (EtOAc in
Hexanes:DCM (1:1), 0 to 100% gradient) to afford the title compound (143 mg, 0.23 mmol, 100%
yield) as a beige foam.

[227] Step 2: (S)-5-ethynyl-4-(1H-indol-3-yl)-N-(piperidin-3-yl)pyrimidin-2-amine (A) and (S)-5-
ethynyl-4-(1-methyl-1H-indol-3-yl)-N-(piperidin-3-yl)pyrimidin-2-amine (B)

™S
X 1) KoCO3, MeOH _ X
Z>N X N >N
I 2) NaOH, Dioxane Z "N J\
\NJ\N NBoc ——F———> X J\ NH * SNTON NH
J H 3) TFA, DCM 7 NN ’ J H
N HN /
A B

PhO,S

To a solution of (S)-tert-butyl 3-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-
((trimethylsilyl)ethynyl)pyrimidin-2-yl)amino)piperidine-1-carboxylate (143 mg, 0.23 mmol) in
degassed MeOH (2.3 mL) was added K2COs (31 mg, 0.23 mmol). The reaction mixture was stirred at
room temperature for 2 h. It was then concentrated to dryness, dissolved in dioxane (2.3 mL) and 5M
NaOH (1.4 mL, 6.8 mmol) was added and the reaction mixture was heated overnight at 75 "C. The
reaction mixture was concentrated under reduced pressure. and extracted with MeTHF (3X50 mL).
The combined organic layers were dried over Na2SOs, filtered and concentrated to dryness. The
reaction mixture was purified by SiO2 chromatography (MeOH in DCM, 0-20% gradient) to yield a
brown oil. The oil was dissolved in DCM (2.0 mL), TFA (0.87 mL, 11.4 mmol) was added and the
reaction mixture was stirred at room temperature for 30 min. The reaction mixture was concentrated
under reduced pressure, was dissolved in MeTHF (10 mL) and washed twice with saturated NaHCOs3
(20 mL). The phases were separated, the organic layer was dried over Na2SOg, filtered and
concentrated to dryness. The obtained residue was
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purified by reverse phase chromatography (C18, HyO/ACN [ 10mM ammonium formate in H,Ol,
(0 to 100% gradient) and afforded the title compound A (18 mg, 0.057 mmol, 25% yield) as a
yellowish solid after lyophilisation and title compound B (10 mg, 0.030 mmol, 13% vield) as a
yellowish solid after lyophilisation.

[228] Example 25, Synthesis of (8)-5-ethyl-4-(7-flucre-1H-indazel-3-y1)-N-(piperidin-3-
yhpyrimidin-2-amine (Compound 143).

(229} Step i: 2-[{3-(2-chloro-5-ethyl-pyrimidin-4-yl}-7-fluoro-indazol-1-yljmethoxy]ethyl-

N
//\Y/‘“\
/Cl:/’k (Y X

trimethylsilane

e
<

Bpin N7
i 7 ‘ - N/‘\
N-N PA(dppi);Cly K,COs, DME, N»N
SEM H,0, 20-80°C, 2 h SEM
To a mixtore of 2-[{7-fluoro-3-(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-2-yhindazol-1-v1]

methoxylethyl-trimethyl-silane (2 g, 3.57 mmol) and 2.4-dichloro-5-ethyl-pyrimidine (947.53
mg, 5.36 mmol) in DME (25 mL) and H,0 (5 mL) was added Pd{dppHCl; (261.09 mg, 357.00
umol) and K,CO5 (986.33 mg. 7.14 mmol) in one portion at 20 °C under N». The mixture was
stirred at 80 °C for 2 h. The mixture was poured into water (100 mL) and extracted with EA (50
mi*2). The combined organic phase was washed with brine (100 mL*2), dried with anhydrous
Na; 50, filtered and concentrated in vacuum. The residue was purificd by silica gel
chromatography (PE/EA=100/1, 40/1) to give 2-}{3-(2-chloro-3-ethyl-pyrimidin-4-yi}-7-{luoro-
indazol-1-yllmethoxylethyl-trimethyl-sifane (600 mg, crude) as coloriess oil. LCMS: M+H™:
407.1@ 1.087 min (5-95% ACN in Ho(3, 1.5 min).

(238} Step 2: tert-buiyl (38)-3-[{5-ethvi-4-{ 7-fluoro-1-(2-trimethylsilviethoxvmethyl jindazol-3 -

vifpyrimidin-2-yi]amino [piperidine- I -carboxylate

i \ /\%\N HzNQ‘Boc 7 //\%:fji

NN DIPEA, NMP, 15-140 °C, N—N
SEM 24 h SEM

g
2/
e
/
]
%
Z/
Iz
/Z

Boc
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To a mixture of 2-{{3-(2-chloro-53-cthyl-pyrimidin-4-v1)-7-fluoro-indazol- 1-yljmethox v} ethyl-
trimethyl-silane (500 mg, 1.23 mmol) and tert-butyl (35)-3-aminopiperidine-1- carboxylate
(369.52 mg. 1.84 mmol) in NMP (5 mL) was added DIPEA (794.83 mg, 6.15 mmol) in one
portion at 15 °C under N,. The mixture was stirred at 140 °C for 24 h, then poured into water (20
mL) and extracted with EA (10 mE*2). The combined organic phase was washed with brine (10
mL*2}, dried with anhydrous NaxSOy, filtered and concentrated in vacoum. The residue was
purified by silica gel chromatography (PE/EA=50/1, 20/1) to afford tert-butyl(38)-3-[{5-ethyl-4-
7-fluoro- 1-(2-trimethylsilylethox ymethyl) indazol-3-yl] pyrimidin-2-ylJaminojpiperidine- 1 -
carboxylate (350 mg, 49.85%) as yellow oil. TLC: Ry=0.11 (PE:EA=3:1)

1231} Step 3: 5-ethyl-4-(7-fluoro-1H-indazol-3-y1)-N-{{35}-3-piperidyljpyrimidin-2-amine

//\\]/;;'\
QA j‘i ™ HCIMeOH /Y"\JN 0
F TN NN - N /ki\i L

- - Boo  MeOH, 20°C 1 h
N N NH-N H

To a mixture of tert-butyl (35)-3-f{3-cthyl-4-{7-fluoro-1-(2-trimethylsilylethox ymethyl) indazol-
3-vlpyrimidin-2-ylfamino]piperidine-1-carboxylate (200 mg, 350.40 vmol} in MeOH (3

mi} was added HCUY/MeOH (50 mL) in onc portion at 20 °C under N,. The mixture was stirred
at 20 °C for 1 h. The mixture was concentrated under reduced pressure. The residue was purified
by prep-HPLC(FA) to afford 5-ethyl-4-(7-fluoro-1H-indazol-3-yl}-N- [{35)-3-
piperidylpyrimidin-2-amine (22 mg. 16.25%, FA) as a white solid. LCMS: M+H™: 341.3@
2.038 min (10-80% ACN in HO, 4.5 min). "HNMR: (MeOD, 400 MHz) § 8.53 (s, 1 H), 8.32
(s, 1 HL, 321 (d, /=778 Hz, 1 H), 7.25-7.13 (m, 2 H), 4.34-4.25 (m, 1 H), 3.57 {dd, /= 12,42,
339 He, T H), 3.13-2.98 (m, 4 H), 2.27-2.18 {m, 1 H), 2.16-2.06 (m, 1 H), 1.96-1.73 (m, 2 H),
1.26(t, /=7.40Hz, 3 H).

(232} Example 26, Synthesis of 3-(2-chioro-5-(2-fluoroethyhpyrimidin-4-yl)-1-
{phenyisulfonyl)-1H-indole intermediate usetul in synthesizing (Compound 206)

12331 Step 1 2-(2-Chiloro-4-{1-(phenyisulfonyi)-1H-indol-3-yl)pyrimidin-5-yljacetaldehyde
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B e=
N
Bro_ 7 SniBu); O~ oy
. o PACI{PPhy),. DMF /\’:‘ PN
I\ 24 P
LN o mn an, THE ¢y N e
Ph, SN~ PhO, SN~

PACH(PPhay, (78.2 mg, 0.111 mmol) was added to a solution of 3-(5-bromo-2-chloropyrimidin-
4-y)-1-(phenylsulfonyl)-1H-indole (300 mg, 1.114 mumol) and {£)-tributyl(2-
ethoxyvinyl}stannane (409 ul, 1.226 mmol} in dry DMF (2.3 mL). The vial was evacuated and
backfilled with nitrogen twice and then being sealed was heated at 80 °C {or 3 hours. The
reaction mixture was quenched with 2M KF (10 mlL) and extracted with EtQOAc. The combined
organic layers were washed with brine, dried over Na;SO4, and concentrated to providing crude
intermediate (1.0 g) as brown semi-solid. Obtained compound was diluted with THEF (9 mL) and
2N HCl ag. (1 mL) was added. The resulting brown solution was stirred at 70 °C for overnight,
and then the organic solvent was removed voder reduced pressure. The residue was diluted with
water, the pH neutralized with 5N NaOH, and product was extracted with MeTHF. The organic
phase was washed with brine, dried over NapSQy, and concentrated. The residue was purified by
510, chromatography (E1OAc in BCM/Hexane (1:1), 0 to 100% gradient) and afforded the title
compound (300 mg, 0.728 mmol, 65% vield over 2 steps) as a yellowish semi-solid.

12341 Step 2: 2-(2-Chioro-4-{I-(phenyisulfonyi}-1H-indol-3-yljpyrimidin-5-yljethanol

Dn vy NaBH RN
( = q I o NaBHy ﬁ Ll
P ] N7 el MeOH “\/(\”/\N ~o
PhOZSN’J PhO,8N—

To mcthanol (15 mL) solution of 2-(2-chloro-4-(1-(phenylsulfonyl)-1H-indol-3-yDpyrimidin-3-
yijacetaldehyde (300 mg, 0.728 mmol) at § °C, sodium borohydride (41 mg, 1.093 mumol) was
added. The reaction mixture was stirred at 0 °C for | h and then at room temperature for
overnight. Water (2 ml) was added and the mixture was concentrated. Crude was re-dissolved 1o
MeTHF (15 mL), washed with brine (15 mL), organic layer was then separated, dried over

NaySQy, filtered, and concentrated. The residue was purified by 510, chromatography (EtOAc in
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DCM, O to 100% gradient) and allorded the title compound (125 rog. 0.302 mmol, 42% yield) as
a yellowish solid.

[238) Step 3: 3-(2-Chloro-5-(2-fluorcethyl)pyrimidin-4-yi}-1-(phenyisulfonyl)-1 H-indole

/H%‘\/\E/\ N Daoxo-Fluor® AN N
\\ (\\K\N CHC‘g/DCE (

PhGZSE\r’J PhO,SN- A

To a suspension of 2-(2-chloro-4-(1-(phenylsulfonyl}-1H-indol-3-yDpyrimidin-5-ylethanol (125
mg, 0.302 mrool) in 2 mL of chloroformy/DCE (1:1) under inert atmosphere at 25°C, Deoxo-
Fluor® (170 ul, 0.906 mmol) was added. Reaction mixture instantly became homogeneous.
Reaction was then gquenched with a saturated aqueous solution of NaHCO3 (5 mL) and crude
product was extracted with chloroform (3x5 ml.). Combined organic phase was dried over
Na,5Qy, filtered, and concentrated providing the crude title commpound (148 mg) as a yellow gum
that was used without farther purification.

[236] Example 27. Synthesis of (8)-fert-butyl 3-({(4-(7-((I1s5,45)-4-hydroxycyclohexyi}-1H-
indel-3-y1)-5-(triflluceromethylpyrimidin-2-yDamine)piperidine-1-carboexylate intermediate

useful in synthesizing (Compound 267).

F;CT\
{Q/}‘\ /J\ BQC K-Selectride

THF

To a solution of (S)-fert-butyl 3-({4-(7-(4-oxocyclohexyl}-1H-indol-3-y1)-5-
(trifluoromethyDpyrimidin-2-yhamino)piperidine- -carboxylate {62 mg, 0.111 mmol) in dry
THF (1 mL) at -20 °C was added K-Selectride (1M in THF, 167 uL. 0.167 mmol). The reaction
mixture was stirred at room teraperature for 15 min at this temperature. I was then quenched
with water (1 ml.) and concentrated to remove organic volatiles. A saturated aqueous solution of
NaHCO; (5 mL) and MeTHF (10 mL) were added. The phases were separated and the aqueous
layer was extracted with MeTHF (2X10 mL). The combined organic layers were dried over

Na,S0,, filtered and evaporated to dryness to afford the title compound (62.0 mg, 0.11 mmol,
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quantitative yield) as a yellowish solid that was used without forther purification for final
deprotection.

{2371 Example 28. Synthesis of (5)-N-(4,4-dimethylpiperidin-3-yl)-4-(1H-indol-3-y1}-5-
{trifluoromethyDpyrimidin-2-amine (Compund 210) and (R)-N-(4.4-dimethylpiperidin-3-
yij-4-(1H-indol-3-y)-5-(triflucromethylpyrimidin-2-amine (Compound 209}

{238} Step 1. 1-Benzyl-4.4-dimethylpiperidine-2,6-dione

\ o \ o
_NH » _NBn

o Acetone, 50°C o

To a solution of 4,4-dimethyvipiperidine-2,6-dione (5.0 g, 35.42 mmol) in acetone (177 mb.) at 25
°C was added K (CO; (16.3 g, 70.84 mmol) and the resulting suspension was stirred while adding
BnBr (4.63 mL, 38.96 mmol) dropwise. The suspension was then placed in an oil bath set to S0
“C and stirred for & h. The reaction was cooled to 25°C and stirred for a further 48 h. The fine
white suspension was {iltered under vacuuro on a stoall-pore frit, and the colorless filtrate was
concentrated under reduced pressure. The residue was purified by flash chromatography on 5i0;
(EtOAc in Hexanes, 10 to 40% gradient) to afford the title compound as a white solid (7.19 g,
31.09 mmol, 88%).

[238) Step 2: (Z)-1-benzyl-3-(hydroxyimine )-4,4-dimeihyipiperidine-2,6-dione

4 \

o 0
W LHMDS, lsoarmylnitite  — ;
_NBn ~_-NBn

~.

h
THF, -78°C ’ T{

o OH O

To a flame-dried flask under nitrogen was added a solution of 1-benzyl-4,4-dimethylpiperidine-
2,6-dione (3.00 g, 12.97 mmol) in THF (60 mL) at 23 °C. This solution was cooled to -78°C
(internal temperature), then LiIHMDS, 1M in hexanes (13 ml., 12.97 mmol) was added dropwise
into this solution forming a milky white suspension. Stirred for 20 minutes at -78°C, then slowly
added isoamylnitrite {2.08 mL, 15.66 mmol) over 15 minutes forming a mango-yellow
suspension. Reaction mixture was stirred {or an additional 30 minutes before warming up to 25
°C over 1 h, then quenched with saturated solution of NH4Cl and stirred for 16 h. Added water
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and extracted with MeTHF (3x60 mL) Combined organic phase was washed with water (2x40
mlL}, brine (2x40 mlL), then dried over Na:SQOy, filtered, and concentrated under reduced

pressure. To the obtained oil, added 10% EtOAc in hexanes (10 mL), and a white solid slowly
precipitated from the solntion. Cooled in an ice bath, then filtered and washed with hexanes to

obtain the title compound as a white solid (526.1 mg, 2.02 mmol, 16%)

1240] Step 3. I-Benzyl-4.4-dimethylpiperidin-3-amine

/%/YG LiAIH, «b
NWNBn HN NBn

oK 6 THF, 0°C

A solution of (£)-1-benzyl-3-(hydroxyimino)-4,4-dimethylpipendine-2,6-dione (526 mg, 2.02
mmol} in dry THF (15 mL) was added a suspension of LiAlH, (383 mg, 10.10 mmol) in dry
THF (5 ml) under nitrogen at 0 °C. The suspension was gradually warmed up to 25 °C and
allowed to stir for 1 h at this temperature before being placed in an oil bath at 60°C for 48 h.
Cooled this mixture to 0 °C in an ice bath, then added NaySQO;4 (wetted with water) until no more
gas evolved and finally added EtOAc (30 mL.) and stirred for 1h at 25 °C. Filtered the sohd
material off via a Buchner funnel, washed with EtOAc and MeOH and dried the filirate with
NaxSO4. Filiered the solids and concentrated the filtrate to obtain the crude title compound (1 g)

as vellow oil that was used without further purification.

1241 Step 4: (S)-N-(1-bengyl-4,4-dimethylpiperidin-3-yi}-4-(1 -(phenylsulfonyl)-1H-indol-3-vi)-
S-(trifluoromethyl)pyrimidin-2-amine {A), (R)-N-(1-benzyl-4,4-dimethyipiperidin-3-yi)-4-(1-
(phenylsulfonyl)-1H-indol-3-vl)-5-(trifluoromethyljpvrimidin-2-amine { B}

,l/\
/\‘/ NB\
Fale_pn HaN Filo /A PN o~
=7 /T\ DIPEA . ( \ N ,A_/ 1
} i + |
\\/ 7AN sC.Me - } \ NBH /\N‘ S NB
$ R THF, 25°C
PhO,S PhOzS PhOZS
A 8

Crude 1-benzyl-4,4-dimethylpiperidin-3-amine (2.02 mmol) from the previous step, 3-(2-
(roethylsulfonyD-5-(trifluoromethyDpyrimidin-4-yl)-1-(phenylsulfonyl)- 1 H-indole (650 mg, 1.35
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mmel) and N, N-diisopropylethylarine (.96 ml, 6.06 romol) (dried over NapSQy) were
dissolved in dry THF (34 mL) (dried over NayS{(34). The mixture was stitred at 25 °C for 3 h, and
then concentrated under reduced pressure. Residue was purified by flash chromatography on
510, (FtOAc in DCM 0 1o 100% gradient) to obtain the title compound as a red foam (260 mg,
0.42 mmol, 21% yield over 2 steps). This material was separated into the corresponding (5)- and
{R)-enantiomers using a ChiralPak JA column with 5.000 ul injections and 0.5% EtOH, 0.1%
DCM in hexane for elution. Peak 1 (A, tentatively assigned as (S)-enantiomer): 109.1 mg (>96%
purity, 99.7% ee) as a pale yellow solid, and Peak 2 (B, tentatively assigned as (R)-enantiomer):

98.0 mg (>93% purity, 90.0% ee) as a pale yellow solid.

1242} Step 5: (S)-methyl 4, 4-dimethyl-3-({4-(I-(phenvisulfonyl)-1 H-indol-3-y1}-5-

(trifluoromethyl )pyrimidin-2-yi Jamino jpiperidine- 1 -carboxylate

1} Methylchioroformate

Tolucr'c 106°C
fx ,fx i/\ o

2) MeQH, 85°
PhDZS PhDZS
To a solution of (5)-N-(1-benzyl-4,4-dimethylpiperidin-3-yl)-4-(1-(phenylsulfonyl}- 1H-indol-3-
yh)-3-(trifluoromethypyrimidin-2-amine (A, stercochemistry tentatively assigned) (103.2 mg.
.167 mmol} in toluene (1.4 mb) at 25 °C was added methylchloroformate (0.90 miL., .53
mmol) and NV, N-diisopropylamine (1.15 mi. 8.15 mmol) and resulting mixture was heated to 100
°C under nitrogen for 16 h. The solution concentrated under reduced pressure, then added MeOH
{5 mL) and the resulting mixture was heated at 65 °C for 2 h, then stirred for 16 h at 25 °C, and
finally concentrated under reduced pressure. The residue was then purified by reverse-phase
chromatography on C18 (MeCN in aq. ammonium formate, 10 mM, pH 3.8, 0 to 100%

gradienty. Title compound was obtained as a yellow solid (50 mg, 0.085 mmol, 531% vield).

(2431 Step 6: (S)-N-(4,4-dimethvipiperidin-3-yi}-4-( 1 H-indol-3-y{)-5-

(trifluoromethvl jpyrimidin-2-amine
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i - N O H NH
Q, SN O _ - vl
NJJ H 0 1,4-Dioxane, 75°C H

! H—
PhO,S
To a solution of (5)-methyl 4,4-dimethyl-3-((4-(1-(phenylsulfonyl)- 1H-indol-3-y1)-5-
{trifluoromethyl)pyrimidin-2-yh)amino)piperidine-1-carboxylate (50 mg, 0.085 mmol) in 1,4~
dioxane (0.3 mL) was added 5M NaOH (2.65 mL), and reaction mixture was then stirred at 75°C
for 16 h. Reaction was cooled down to 25 °C and crude product was then extracted with MeTHE
(3x10 mL}. Combined organic extract was washed with brine (5 mL), dried over Na;SQOy,
filtered, and concentrated. The residue was purified by reverse-phase chromatography on CI8
{(MeCN in aq. ammonium formate, 10 mM, pH 3.8, 0 to 100% gradient). The title compound was

obtained as a white {Tuffy solid (6.79 mg, 0.017 mmol, 10% vield).

1244} Example 29. Synthesis of N-((35,6R)-6-ethylpiperidin-3-yD)-4-(1-(phenylsuifonyl)-
1H-indol-3-yl)-5-(triflusromethyhpyrimidin-2-amine (A) and N-((35,65)-6-ethyipiperidin-
3-yh-4-(1 -(phenylsuifonyl)- 1 H-indol-3-y1)-3-(trilluoromethylpyrimidin- 2-amine (B)
intermediates useful in the synthesis of Compound 211 and Compund 217

12481 Step 1. teri-Butyl ((35,6R}-1-benzyl-6-ethyilpiperidin-3-yljcarbamate (2R, 5R )-1-(tert-
butoxycarbonyl j-5-({tert-butyldimethylsilylJoxy Jpiperidine-2-carboxylic acid (A) and teri-buivi

((35,65)-1-benzyl-6-ethyipiperidin-3-vljcarbamate (B)

:/\fp 1) T0, DTBMP, DCM s e
BOC”N“':\/N‘BH 2y EthgBr Boc., ,CN\ : Boc. ,,,»\ N
) Mgt N
H 3 LiAiH, N Bn N Bn
A 8

To a solution of (S)-fert-butyl (1-benzyl-6-oxopiperidin-3-yhcarbamate (106 mg. 0.348 mmol)
and 2,6-di-rert-butyl-4-methylpyridine (DTBMP) (85.8 mg, 0.418 mmol} in DCM (3.5 mL) was
added TH,0 (71 vl 0.418 mmol) dropwise at -78 °C. The reaction mixture was stirred at -78 °C
for 45 runutes. A solution of EtMgBr (120 vk, 3.0 M 1n ether, 0.418 mmol) was added dropwise
to the to the reaction mixture and the mixture was allowed to warm slowly to room temperature
and stirred for 1 b at room temperature. Theo LiATH, (39.6 mg, 1.045 mmol) was added in one
portion. After stirring for 1 h, the reaction mixture was diluted with ether and quenched by
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carctul addition of 0.11 mbL H,0, 0.06 mL of 30% NaOH and 0.33 mL of H,O. The resulting
mixture was stirred for 20 minutes and MgSO; was added and stirred overnight. The reaction
mixture was filtered through celite and washed with DCM and ether. The filtrate was
concentrated under reduced pressure and purified by 510; chromatography (EtOAc in
DCM:Hexanes (1:1), 0 to 100% gradient) to afford the title compound (A} as a clear oil (35.9
mg, 0.113 mrool, 32% yield) and (B) as a white semu-solid (27.3 mg, 0.086 rwomol, 25% yield).

(2461 Step 20 (385.6R}-1-benzyl-G-ethylpiperidin-3-amine

N ~ Mg "~

To a solution of fert-butyl ((35,6R)-1-benzyl-6-ethylpiperidin-3-yhcarbamate (69 mg, 0.218
mmol) in DCM (4.4 mL) at 0 °C was added TFA (1.67 mL. 21.762 mmol) and the reaction
mixture was allowed to warm to room termnperature with stirring for 16 h. The reaction mixture
was concentrated under reduced pressure and azeotroped three times with DCM to afford the title
compound as a yellow oil (47 mg, 0.218 mmol, 100%) that was used without further purification.
12471 Step 3: N-({35,6R)-I-benzyl-6-ethylpiperidin-3-yl)-4-(1-(phenyisulfonyl }- 1 H-indol-3-vi}-

S-(riftuoromethyl)pyrimidin-2-amine

<\ j DIPEA, THE = j

Y g PN >

B - S vee Ve
N HoN M an ot \M__!, H
PhO,S PHO,S

{35.6R})-1-benzyl-6-ethyipiperidin-3-amine (47 mg, .218 mmol) and diisopropylethylamine
(0.19 mL, 1.088 mmol) were added to a stirring solution of 3-(2-(methylsulfonyl)-5-
(triftuoromethylipyrimidin-4-vi}- 1-(phenylsulfonyl}- 1H-indole (121 mg, 0.250 mmol) in THF
(3.6 mkL). The reaction mixture was stirred at roorn teraperature for overnight. The reaction
mixture was diluted with EtOAc, washed with brine, dried over Nay SOy, filtered, and
concentrated under reduced pressure. The residue was puritied by flash column chromatography
on 510, (EtOAc 1w DCM, O to 50% gradient) to obtain the title compound as a lght yellow oil
(106 mg, 0.171 mmol, 79% yield).
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[248] Step 4: N-((35,6R)-6-¢thyipiperidin-3-yl }-4-(1-(phenyisulfonyl)- 1 H-indol-3-vi)-5-
(triflucromethyvl )pyrimidin-2-amine

F'\C . \) Fgc /\/J
u / . " .
<:=\ i L 4 PA/C, PA{OH), (% i’ E‘i -
\\/ \N M L - \\ Pz \N" \Nv”’“\/
] H | H
N”J N_,'r

Hy, EICH

PhO,S PhO,S

To a degassed solution of N-({35,6R)-1-benzyl-6-ethylpipenidin-3-yh-4-(1-(phenvlsulfonyly- 1 H-
indol-3-y}-5-(trifluoromethylpyrimidin-2-amine (106 mg, 0.171 mmol) in EtOH (13 mL), was
added Pd/C (10% wiw on activated carbon)y/Pd(OH)/C (20% dispersion) mix and the reaction
mixture was stirred at room temperature overnight under H; (1 atm). The reaction mixture was
degassed with No, filiered through pad of Celite and then concentrated under reduced pressure to
afford the title compound as an off-white solid (34 mg, 0.063 mmol, 37% yield) that was used
without further purification.

{2491 Exampie 30, synthesis of (8)-4-azaspiro]2.5joctan-6-amine intermediate useful in
synthesizing (Compund 212)

(2501 Step I (S)-tert-butyl benzyi(I-benzyl-6-oxopiperidin-3-yljcarbamate

/YQ NaH, BrBr ﬁc
———=  Boc. N
oc !‘?i Bn
8n

Boc., i NH
ﬁm DMF, §°C

NaH (221 mg, 5.52 mmol)} was added to a stirring solution of (5)-5-aminopiperidin-2-one
(Tetrahedron Letters, 1995, 36, 8205-8) (789 myg, 3.68 mumol) in DMF (18 mL) at 0°C. The
resulting suspension was stiired for 30 min at which point benzyl bromide (701 oL, 5.89 mmol)
was added dropwise and stirred for 30 mun. The reaction was then diluted with water (50 mL)
and EtOAc (100 mL) and the resulting solution acidified to pH 7 with 1M HC1. The phases were
separated and the aqueous layer was extracied twice more with EtOAc (100 mL). The combined
organic layers were dried over NapSO,, filtered, and evaporated to dryness. The residue was
purified by $i10; chromatography (EtOAc in Hexanes, 0 to 100% gradient) and afforded the title
compound (384 mg, 0.973 mmol, 26% yield) as a yellow oil.

(258} Step 20 (S)-tert-butyi benzyi{4-benzyl-4-azaspiro[2.5]octan-6-yl jcarbamate
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((YQ THIPrO),, EthgBr /\,A
Boo. v,N - i

F}i Bn THF Bac\gﬁ"’\/mgn

Bn Bn

To a solution of ethylmagnesium bromide (831 ul, 2.5 mmol; 3.0 M in EO) in THF (10 mL)
was added titanium isopropoxide (325 ul, 1.097 mmol} at -78 °C and the solution was stirred for
10 min. Then, a solution of (S)-tert-butyl benzyl(1-benzyl-6-oxopiperidin-3-yhcarbamate (328
mg, .831 mmol) in THF (1 mL) was added dropwise at the same temperature, the mixture was
allowed to warm up {o room temperature over 2 b and was subsequently heated to 70 °C for
overnight. The reaction mixture was cooled to room temperature and was quenched with 10% agqg.
NaOH (0.5 mL) and diluted with MeTHF (20 mL), washed with brine (30 mL), dried over
NaxSQOy, {iltered, and concentrated under reduced pressure. The crude product was purified by
Si0; chromatography (EtOAc in Hexanes, 0 to 100% gradient) to afford the title compound as a
colorless oil (170 mg, 0.418 mnol, 50% yield).

[252) Step 3. {S)-4-azaspirof2.5]octan-6-amine

/\]A PG/C, HCI /\]Q
Bcc\?ﬁL/N B
8n

MeCH e

To a degassed solution of (8)-ferf-butyl benzyl(4-benzyl-4-azaspirof 2.5 Joctan-6-ylcarbamaie
{144 mg, (.352 mmol) in 5% HCLin MeOH (3.5 mL) was added Pd/C (10% w/w on activated
carbon). The reaction mixture was then allowed to stir under a positive pressure of hydrogen (1
atm) at room temperature for 16 h. The reaction was monitored by LCMS. The reaction mixture
was degassed with N, then filtered through a pad of Celite and concentrated under reduced
pressure to afford the title compound as a light vellow solid (44 mg, 0.352 mmol, guantitative
yield).

[253] Example 31, Synthesis of 2-benzyl-N-(4-(1-(phenylsulfonyl)- 1 H-indol-3-y1)-5-
(trifiuoromethylpyrimidin-2-y1)-1,2,3 4-tetrabhydroisoquinslin-4-amine intermediate useful
in the synthesis of Compound 215 and Compound 216

1254} Step I: N-(isoguinolin-4-vl)benzamide
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To a solution of soguinohin-4-arine (1.00 g, 6.94 munol) in pyridine (7 ml) at 25 °C vonder
nitrogen, was added benzoic anhydride (1.57 g, 6.94 mmol) in pyridine (1.5 mL)}. The resulting
solution was heated at 100 °C for 4 h, then cooled to 25°C and guenched vsing saturated solution
of NaHCO; (6 mL). Crude product was extracted with CHCl; (5x10 mL). Combined organic
phase was washed with water (2x15 mL) and brine (15 mL), then dried over NapS04 filtered,
and concentrated under reduced pressure to yield the title compound as a purple-red solid (1.66
g, 6.70 mmol, 97% yield) that was used without {urther purification.

{288} Step 2: N-(1,2,3,4-tetrahydroisoquinolin-4-yl jbenzamide

o 9
N PR HN PR
AN PO, NN

ACGH, 25°C

To a degassed solution of N-(isoquinolin-4-ylbenzamide (1.66 g, 6.70 mmol) in AcOH (134
ml} at 25 °C, was added Pt(); (240 mg, 1.074 mmol) and then reaction mixture was stirred
under hydrogen {1 atm) for 24 h. Mixture was filtered through a pad of Celite and concentrated
to 30 mL of residue remairung, then diluted with CHCl5 (50 ml) and basified to pH 9 using
wetted NaHCG3. Water (100 mL) was added and product was extracted with CHCl; (3x 100 mL).
Combined organic phase was then washed with water (2x50 mL), brine (2x50 ml)), dried over
Napy 5, filtered, and concentrated under reduced pressure to afford a dark yellow foam of the

title compound (1.36 g, 5.38 mmol, 80% yicld) that was used without further purification.

1256) Step 30 N-(2-benzyl-1,2,3,4-tetrahyvdroisoquinolin-4-vl)benzamide

Q o] o

i i H
HN” “Ph phfi HN” PR

//\/J\\ NaBH(OAC); C/\/\'
S — ) H
e

(A _nm
NN AcOH, 1,2-DCE, 25°C
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To a solution of N-(1,2.3 4-tetrahydroisoguinolin-4-yhbenzaroide (434.3 mg, 1.72 mmol) in 1,2-
dichloroethane (11.5 mlL), was added AcOH (0.05 mL., (.86 mmol) followed by the addition of
benzaldehyde (237 mg, 2.24 mmol). The milky mixture was stirred at 25°C for 10 minutes
under nitrogen, then NaBH(OAc); (657 mg, 3.10 mmol) was added in one portion and the
resulting mixture was stirred at room temperature for 16 h. Reaction mixture was diluted with
DCM (50 rol) and water was slowly added at 0°C following by basilication to pH 8 with
saturated NaHCO3. Crude product was extracted with DCM (2x30 mL). Combined organic phase
was then washed with water (2530 mL), brine (2x30 mL), dried over Na,8Qy, filtered, and
concentrated to afford the title compound as a white powder (565 mg, 1.65 mmol, 6% yield)

that was used without further purification.

(287} Step 4: 2-benzyl-1,2.3,4-tetrahydroisoquinolin-4-amine

Q
HN’iLPh NH,
! EEEEE—————— i
'\\{// NBn \{/\/NBn

HCIL 100°C

N-(2-benzyl-1,2,3 4-tetrahydroisoquinolin-4-yhbenzamide (430 mg, 1.256 mmol) in 6 M HCI
(30 mL) was heated at 100 °C under nitrogen for 40 h. The resulting solution was then
concentrated under reduced pressure. Residue was dissolved in DCM (10 mL) and MeOH (2
mi} and dried over Na,SO,, filtered, and concentrated to afford the title compound as a sticky
brown-orange solid (299 mg, 1.26 mmol, quantitative yield) which was used without further
purification.

[2588) Step 5: 2-benzyl-N-{4-(1-(phenylsulfonyl)-1H-indol-3-yi)-5-(trifluoromethyl jpyrimidin-2-
vi)-1,2,3,4-tetrahydroisoquinolin-4-amine

Pk,

N
@‘55” l o
= DIPEA s O Y
{Mj‘*sa;mﬁe Q\’\Y}\\N)k!\j ~-NBn
y THF, 25°C . H

N s
PhO,S8 PhO,S
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To a solution of 2-benzyl-1.2,3 4-tetrahydroisoquinolin-d-amine (299 mg, 1.26 mmol) in dry
THEF (12.5 mL) with N N-diisopropylethylamine (2.75 ml, 6.27 mmol, dried over Na,SOy) under
nitrogen, was added 3-(2-(methylsulfonyl)-5-(trifluoromethyhpyrimidin-4-yl)-1-
{phenylsulfonyl)-1H-indole (404 mg, 0.84 mmol) at 25 °C. Reaction mixture was stirred at room
ternperature for 16 h, concentrated under reduced pressure, and then crude was purified by
column chromatography on 510, (E1OAc in DCM, 0 to 100% gradient). The title compound was
obtained as a grey-green solid (484 mg, 0.757 mmol, 60% yield). 440 mg of this material was
separated 1nto the corresponding (8)- and (R)-enantiomers using a ChiralPak IA column with
5.000 ul injections and 10% MeOH, 10% DCM in hexane for elution. Peak 1 (A, tentatively
assigned as (S)-enantiomer): 161.8 mg (>99% purity, 99.3% e¢) as a pale yellow solid, and Peak
2 (B, tentatively assigned as (R)-enantiomer): 148.3 mg (>99% purity, 99.2% e¢) as a pale

yellow solid.

12591 Example 32, Synthesis of (ZR,55)-tert-butyl 5-amino-2-(pyrrolidine-1-
carbonybpiperidine-1-carboxylate intermediate useful to synthesize Compound 228,
1260} Step 1: (2R 5R)-1-(tert-butoxycarbonyl)-5-((tert-butyldimethylsilyl joxy)piperidine-2-
carboxylic acid

4 ﬁ"“cozme NaOH Cﬁ“‘co?ﬂ
850" 0 eon . TBSGY ~-NBOC
To a solution of (ZR.5R)-1-rerr-butyl Z-methyl 5-((tert-butyldimethylsilylloxy)piperidine-1.2-
dicarboxylate (270 mg, 0.72 mrool) in MeOH (0.50 mL) was added NaOH (0.54 ml, 2M) at O
°C. The reaction mixture was stirred at room temperature for 20 h. The reaction mixture was
concentrated under reduced pressure to remove the MeOH and 1M HCI was carefully added until
the reaction mixture had a pH of 2. The reaction mixture was extracted with MeTHF (3x10 mL}.
The organic phases were combined, dried over NaySQy, and concentrated under reduced pressure
to afford the title compound as a white solid (219 mg, 0.61 mmol, 84% yvield) which was used
without further purification.
(261} Step 2: (2RSSR )-tert-butyl S-{(tert-butyidimethyisiivijoxy)-2-(pyrrolidine-1 -

carbonyl jpiperidine-1-carboxylate
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HN- 0
COH T
G’ 2 Gl
® 08 e - 4
TBSO HOBEL EDC  tago B0 L.

To a solution of (2R, 3R)-1-(fert-butoxycarbonyly-3-((tert-butyldimethylsiltyhoxy)piperdine-2-
carboxylic acid (119 mg, .33 mmol) in DMF (1.0 mL) was added HOBt (54 mg, 0.40 mmol)
and EDC (95 mg, 0.50 mmol}. After stirring at room temperature for 1 h, pyrrolidine (31 mg,
.43 mmol) was added. The reaction was allowed to stir at room temperature for overnight. The
reaction mixture was then diluted with MeTHF (10 mL) and washed with saturated solution of
NaHCO5 (30 ml). The phases were separated and the organic was washed twice more with H,O
{50 mL) and brine {50 mL}. The organic phase was then dried over Na;S(O4 and concentrated
under reduced pressure. The residue was purified by S10, chromatography (EtOAc 1o Hexaoes, 0
to 100% gradient) to afford the title compound as an off-white solid (112 mg. 0.27 mmol, 82%
yield).

(2621 Step 3: (2R 5R j-tert-butyl 5-hydroxy-2-(pyrrolidine- I -carbonyijpiperidine-1-carboxylate
9
i

O
A L

N D TBAF, THF O N
NB ' - NB L\
TBRSQY N e HO" o¢

To a solution of (2R, 5R)-rerr-butyl 5-({fers-butyldimethylsilyhoxy)-2-(pyrrolidine-1-

carbonyl)piperidine-1-carboxylate (205 mg, .50 mmol) in THF (16.6 ml.} was added TBAF
(1.99 mL, 1M solution in THF) at 0 °C. The reaction mixture was warmed o room temperature
and stirred {or overnight. The reaction mixiure was quenched with saturated solution NH4Cl (50
mlL., added slowly at first) and extracted with EtOAc (3x100 mL}. The phases were separated,
dried over Na;SO4 and concentrated under reduced pressure. The residue was purified by reverse
phase chromatography (C18, MeCN in aq. 10mM ammonium formate pH 3.5, 0 to 100%
gradient) to afford the title compound as a white solid (112 mg, 0.375 mmol, 76% yield).

(2631 Step 4: (2R 5R j-tert-butyl 5-{(methylsulfonyl)oxy)-2-(pyrrolidine-1-carbonyvl)piperidine-

I-carboxylate

\ ”\ MsCl, DMAP a\

/ e —— ;

\/Naoc \\ Pyriding, rt. @Boc\ />
MsOY 7
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To a solution of (2R, 5R)-fert-butyl 5-hydroxy-2-(pyrrohidine-1-carbonybpiperidine- -
carboxylate (72 mg, 0.241 mmol) and 4-dimethylaminopyridine (2.9 mg, 0.024 mmol) in
pyridine (1.6 mL) at 0 °C, was added methanesulfonyl chloride {16 uL, 0.253 mmol) dropwise.
The reaction mixture was stirred at room temperature for 16 h and then concentrated under
reduced pressure to remove most of the solvent, Brine (50 mL) was added and the reaction
mixture was extracted with ethyl acetate (3x50ml.). The organic layers were combined, dried
over Nap,304 and concentrated under reduced pressure. The residue was purified by Si0;
chroroatography (EtOAc in Hexanes, 0 to 100% gradient) to afford the title compouund as clear
il (55 mg, 0.146 mmol, 61% yield).

[264] Sfcp (2R 58 )-tert-butyl 5-azido-2-(pyvrrolidine-1-carbonyl)piperidine-1-carboxylate

¢
NaN3 .‘\-ji\

O
CME i }
MO \/NBock} DMF NV\\/NBQGL
3

To a solution of (2R, 5R)-teri-butyl 5-({methylsulfonyhoxy-2-(pyrrolidine-1-
carbonyl)piperidine-1-carboxylate (55 mg, 0.146 mamol) in DMF (1.5 mL) was added NaN; (28.5
mg, 0.438 mmol) at room temperature. The reaction mixture was stirred at 60 °C for 2 days,
monitoring by LCMS. The reaction mixture was diluted with water (20 mL) and then crude
product was extracted with EtOAc (2x50 mL), dried over NaS04 and concentrated under
reduced pressure. The residue was purified by 510; chromatography (EtOAc in Hexanes, 0 to
100% gradient) to afford the ttle compound as pale oil (13 mg, 0.040 mumnol, 28% yield).

[268] Step 6: (2R, 55 )-tert-butyl 5-amino-2-{ pyrmlidine--,! ~carbonyl )piperidine-1-carboxylate
g
H,, PA/C

Boc | EtOH C
szNloc H,N NBoc

To a degassed solution of (2R, 35)-ferf-butyl 5-azido-2-(pyrrolidine- 1-carbouylpipenidine-1-

carboxylate (13 mg, 0.040 mmol) in EtOH (1.3 mL), Pd/C (10% w/w on activated carbon; I mg,
0.004 mmol) was added and the reaction mixture was stirred under H»> (1 atm) at room

temperature for overnight. The reaction mixture was degassed with Ny, filtered through a pad of
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Celite and then concentrated ander reduced pressure to afford the title compound (12 mg, 0.040
mmol, guantitative vield) as an off-white solid which was used without further purification.
[266] Example 33. Synthesis of (35)-fert-butyl 3-((5-(1-hydroxyethyi)-4-(1-
{(phenylsulfonyl)-1H-indol-3-yDpyrimidin-2-yhamino)piperidine-i-carboxylate
intermediate for use in the synthesis of Compeund 234 and its enantiomers Compound 238

and Compound 239,

OH
@ \N Y NaBH, r.ﬁ /[\ C
____________________________ -
N f\/ B yeoH “Bos
PhO, S PthS (rac)

To a solution of (S)-fert-butyl 3-((5-acetyl-4-(1-(phenylsulfonyl}- 1 H-indol-3-yDpyrimidin-2-
yhamino)piperidine- t-carboxylate (328 mg. 0.570 mamol) 1o MeOH (6 rol). was added sodium
borohydride (32.0 mg, 0.855 mmol). The reaction mixture was stirred at room temperature for |
h, after which another portion of sodium borohydride (32.0 mg, 0.855 mmol) was added.
Reaction mixture was stirred another 1 h at room temperature and was following by LOMS.
Reaction mixture was then concentrated, the residue was re-dissolved in MeTHF (20 mL),
washed with brine (20 mL), dried over NaS50,, filtered and concentrated to dryness. The crude
product was purified by Si(); chromatography (EtOAc in DCM, 0 to 100% gradient) to afford
the racemic title compound (230 mg, 0.398 mmol, 70% yield) as hight yellow solid. 166 mg of
racemic compound were separated by preparative chiral HPLC (Chiralpak 1A, Sum, 20x250 mm,
6:6:88 = MeOH/DCM/hexane+0.1 %DEA, 16-22 mgfinj) providing Peak 1 (79 mg) as a white
solid, 99.9% de, and Peak 2 (75 mg) as a white solid, 98.0% de.

(2671 Example 34, Synthesis of N-({35)-1-benzyl-6-pentyipiperidin-3-yi)-4-(1-
{(phenylsulfonyh-1H-indol-3-yD)-53-(trifluoromethyDpyrimidin-2-amine and (5)-1-benzyl-N-
{4-(1-(phenyisulfonyl)-1H-indel-3-y1)-5-(triflucremethyl pyrimidin-2-yi)-1-
azaspire] 5.5 undecan-3-amine intermediates for use in synthesis of Compound 240 and
Compound 241

[268]) Step 1: tert-butyl ({35)-1-benzyl-6-pentylpiperidin-3-vi)carbamate (A ) and (S)-tert-butyl

({-benzyl-i-azaspiro] 5.5 undecan-3-yljcarbamate (B )
86
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i) Tf,0, DTBMP /\'i
0 RCM, 78 ¢C oo i J
BchNL/““B” i) MoBr{CHo)sMgBr  DVCHN ~NE BocHn™ 1P
7T8C o RT
iy LiAIH,

A B

To a solution of (S)-tert-butyl (1-benzyl-6-oxopiperidin-3-yljcarbamate (300 mg, 0.986 mmol) in
DCM (10 mL), was added di-ferf-butyl methylpyridioe (242 mg, 1.183 mmol) and cooled to -78
°CLTHO (0.20 ml, 1183 mmol) was added dropwise to the miixture and the resulting orange
solution was stirred at -78 °C for 1 h, at which point the pentamethylene bis-(magnesium
bromide} (2.07 ml., 1.035 mmol) was added dropwise. The resulting solution stirred for 7 h at -
78 °C, and then slowly warmed to 25 °C over 16 h. Reaction mixture was then cooled down
again to -78 °C and additional THO (0.20 mL, 1.183 mmol) was added {ormiong a bright orange
suspension, which was stirred at this temperature for 2 h before adding additional
pentamethylene bis-(maguoesium bromide) (2.07 ml., 1.04 mmmol}). Reaction muxture was slowly
warmed to 25 °C over 16 h, and then quenched with water (2 mL)}, and concentrated under
reduced pressure. Water (10 mL) and EtOAc (10 mL) were added, and the agueous layer was
extracted with EtOAc (2x15 mbL). Collected organics was washed with water (2x15 mbL), (1:1)
water/brine (2x 10 mL), brine (10 mL), then dried over Na SOy, filtered and concentrated under
reduced pressure. The residue was re-dissolved in DCM (3 mL, dried over Na;S04), added di-
tert-butyl methylpyridine (243 mg, 1.183 mmol) and cooled to -78 “C. TH,0 (0.20 mL, 1.183
mmol) was added dropwise and allowed mixture {o stiv at -78 °C {or 1 h belore adding
pentamethylene bis-(magnesium bromide} (4.14 mL, 2.07 mmol) dropwise and stirring for 3 h
warming up to 25 °C, then stirred for 16 h. Reaction mixture was then cooled down to 0 °C and
LiAlH,; (135 mg, 3.55 mimol) was added followed by stisring for 1 b and warming up to room
temperature. Wetted NapSO4 (1530 mg) was added, and reaction mixture was stirred for 1 h
followed by {iltration under vacuum. After being concentrated under reduced pressure, a green-
brown oily residue was taken up in MeTHF (10 mL), washed with water (5 mL), and extracted
from agueous layer with MeTHF (2x15 ml.). Collected organics was washed with water (2x10
mbL}, brine (10 mL)}, dried over NaySQy, filtered, and concentrated to afford 780 mg of a mixture

of the title compounds (A} and (B).
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(269} Step 2: (35)-1-benzyl-6-pentyipiperidin-3-amine (C) and (§)-1-benzyi-1-

azaspiro{ 5.5 Jundecan-3-amine ()

- |
e /j /\i\j TFA/DCM . Jﬁ
i ! NEBEn Hl \/Nan

Lo ~
BQLHN‘“\’NB” BocHN™ " MR

A B c D
To a mixture of (A} and (B) from the previous experiment (473 mg, 0.985 mmol) in BCM (10
mi), TFA (3.35 mL, 49.23 mmol) was added, and the resulting solution was stirred at 25 °C for
48 h. Then, reaction mixture was concentrated under reduced pressure, azeotroped few times
with DCM to provide a mixture of the title compounds () and (I} as an orange otl (85 mg,
(.325 mimol, 33%) which was used without further porification.
(270} Step 3: N-((38)-1-benzyl-6-pentyipiperidin-3-vl)}-4-(1-{phenylsulfonyl }-1 H-indol-3-yl}-5-
(trifiuoromethyl)pyrimidin-2-amine (E) and (S )-1-benzyl-N-(4-(1-(phenvisulfonyl}- 1 H-indol-3-

vi)-S-(trifluoromethylpyrimidin-2-yl)-I-azaspiro[ 5.5 Jundecan-3-amine (¥)

F.C.
I = /\f
HZN,«\VNBn }\

NBn
F3<:
= E\N ¢ DIPEA (dry) F’thS
Lo, Ll ememmmmmmmmm——
¢ {\/ “5OMe T /\Q THF {dry) s N
7N
| /\\ j\/\ \\/
Ph()gS #~_-NBn N\ NEn
b M \\\(’\v N
D Ph czg F

To a mixture of amines () and (B) (85 mg, 0.325 mmol} in dry THF (4 mL), 3-(2-
(methylsulfonyl-5-(triflucromethyDpyrimidin-4-yh- 1-(phenylsuliony})- tH-indole (314 mg.
(.650 mmol) and dry N, N-diisopropylethylamine (1.42 mL, 3.25 mmol} were added. Resulting
reaction mixture was stirred at 25 °C for 16 h, then concentrated under reduced pressure. Residue
was re-dissolved in MeTHF (5 mbL) and water {10 mL}, aqueouns layer was extracted with
McTHF (2x5 mL). Combined organics was washed with water (3x10 mL) and brine (2x10 mL),
dried over NaySQy, fiitered and concentrated. The crude was purified by reverse-phase column
chromatography (C18, MeCN in aq. ammonium formate pH 3.8, 10 mM, 0 to 100% gradient) to
atford the title compound () (not pure, eoriched 1o (K), 76.0 mg, 0.115 mmol, 35% yield) as a
yellow solid, and pure (¥) (24.1 mg. 0.037 mmol, 11% yield} as an orange paste.
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1271} Example 35, Synthesis of (2R, 55)-fert-butyl S-amine-2-((5)-3-hydroxypyrrolidine-1-

carbonylpiperidine-t-carboxylate intermediate useful in the Synthesis of Compound 244

and Compound 250.
(272} Step 1: (2R 3R )-i-tert-butyl 2-methyl S-({methyisulfonyljoxypiperidine-1,2-dicarboxylate
9] S
1L MsCl, DMAP
Ny ome O “oMe
L y Pyridine, RT .
HOY VNBOC MsC™ NBoo

To a solution of (2R, 5R)-1-rerr-butyl 2-methyl 5-hydroxypiperidine-1,2-dicarboxylate (329 mg,
1.269 mmol) (WO 2006125974) and 4-dimethylaminopyridine (140 mg, 1.14 mmol) in pyridine
(12.7 mL) at 0 °C, was added methanesulfonyl chloride (89 uL, 1.396 mmol) dropwise. The
reaction mixture was stirred at room temperature for 12 h and then concentrated ander reduced
pressure. Brine (530 mL) was added and the reaction mixture was extracted with ethyl acetate
(3x50 mL). The organic layers were combined, dried over Na;SOy, and concentrated under
reduced pressure. The residue was purified by 510, chromatography (EtOAc 10 DCM:Hexanes
{(1:1), 0 to 60% gradient) to afford the title compound as a clear oil (182 mg, 0.539 mmol, 43%
yield).

12731 Step 2: (2R.58)-1-tert-butyl 2-methyl S-azidopiperidine-1,2-dicarboxylate

] Nal,

r/’*\\:m LGMG i,/"“\,]\\‘n\ome
L e DMF L NB

M&O“l\V’NOC st\,NlOC

To a solution of (2R, 5R)-1-terr-butyl 2-methyl 5-((methylsulfonyloxy)piperidine-1,2-
dicarboxylate (182 mg, (.539 mmol}) in DMF (5.4 mL), was added NalN5 (105 mg, 1.62 mmol) at
room femperature. The reaction mixture was stirred at 60 °C for 16 h, monitoring by LCMS. The
reaction mixture was diluted with water (20 mL) and extracted with EtOAc (Zx50 mL), dried
over NapS04 and concentrated under reduced pressure. The residue was purified by 510,
chromatography (EtOAc in Hexanes:DUM (1:1), 0 to 40% gradient) to afford the title compound
as a pale oil (95 mg, 0.330 mmol, 62% yield).

{274} Step 3: (2R, 58)-5-azido-I-(tert-butoxycarbonyl)piperidine-2-carboxylic acid

89
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3 MeOH
To a solution of (2R,58)-1-rert-butyl 2-methyl 5-azidopiperidine-1.2-dicarboxylate (95 mg,
.330 mmol) in MeOH (2.2 mL), was added NaOH (0.10 mL, 5M) at 0 °C. The reaction mixture
was stirred at room temperature for 20 h. The reaction mixture was concentrated under reduced
pressure {0 remove the MeOH and 1M HC was carefully added until the reaction roixture had a
pH of 2. The reaction mixture was extracted with MeTHF (3x10 mL). The organic phases were
combined, dried over NaySOy and concenirated under reduced pressure to afford the title
compound (90 mg, 0.330 mmol, quantitative yield) as a white solid which was used without
further purification.

(275} Step 4: (2R 5S)-tert-butvl S-azido-2-({S )-3-hvdroxypyrrolidine-1-carbonyl)piperidine-1 -

carboxylate
HN-—y o
CO,H |
p Z\)WOH {'/\\T‘\\LN OH
g N e L _MNBoc
g HOBL EDC Ny~

To a solution of (ZR,55)-5-azido-1-(seri-butoxycarbonylpiperidine-2-carboxylic acid (90 mg,
0.330 mmmol} and (S)-pyrrolidin-3-of (31 ul, 0.383 mmoL) in DMF (6.7 mL), was added HBTU
(189 mg, (.499 mmol) and DIPEA (290 ul, 1.66 mmol}. The reaction was allowed to stir at
room temperature for overnight. The reaction mixture was then diluted with MeTHF (10 mL)
and washed with saturated solution of NaHCGO; (50 mL). The phases were separated and the
organic was washed with H,0O (2x50 mL) and brine (50 mL). The organic phase was then dried
over Na:zSOy, and concentrated under reduced pressure. The residue was purified by 51O
chromatography (THF in DCM, 0 to 50% gradient) to afford the title compound as clear o1l (92
mg, 0.271 mmol, 81% yeld).

1276} Step 5: (2R 58 )-tert-butyl S-amino-2-({8)-3-hydroxypyrrolidine- 1 -carbornyl)piperidine-] -

carboxylate
\ﬁ\ i
H,, Pd/C i
K . ’ RN
YN Ny 7Y N on
NBoc EOH o~ _NBog '
N HoNT
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To a degassed solution of (2R, 55)-fert-butyl 5-azido-2-((5)-3-hydroxypyrrolidine-1-
carbonyl}piperidine-1-carboxylate (92 mg, 0.271 mmol) in EtOH (5.4 mL), Pd/C (10% w/w on
activated carbon; 4.3 mg, 0.041 mmol) was added and the reaction mixtore was stirred at room
temperature for overnight under hyvdrogen (1 atm). The reaction mixture was degassed with Ny,
filtered through a pad of Celite and then concentrated under reduced pressure to afford the title
compound (66 mg, 0.211 romol, 78% yield) as clear oil which was used without further
purification.

12771 Example 36. Synthesis of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborelan-2-y1)-1-((2-
{(trimethyisilylethoxymethyl)-1 H-indole-6-carbonitrile intermediate useful in the synthesis
of Compound 246.

(278 Step i: 3-iodo-1H-indole-6-carbonitrile

a
2 m
[ |
)
DMF NC N

To a suspendion of 6-cyanocindole (2.00 g, 14.1 mumol) in DMF (40 mL) at 0 °C, was added
KOH (1.5% g, 28.1 mmol) and 1odine (3.61 g, 14.2 mmol) and the reaction mixture was stirred
for 30 min. The reaction mixture was quenched with water (100 mL) and extracted with EtOAc
(100 mL). The organic layer was washed with a saturated solution of NaxS203: (100 mb.), water
(100 mL) and brine (100 mL)}, dried over Na»SO, and concentrated under reduced pressure to
afford the title compound (3.73 g, 13.9 mmol, 99% yield) as a light brown-orange solid.

(279} Step 2: 3-iodo-1-{(2-(trimethylsiivl jethoxy jmethyl)- 1 H-indole-6-carbonitrile

|
p NaH, THE A/%
Cry e T e XN
Ne N SEMCI :

To a suspension of 3-10do- 1 H-indole-6-carbonitrile (3.73 g, 13.9 mmol) in DMF (70 ml) at 0
°C, was added NaH, 60% suspension in mineral oil (668 mg, 16.7 mmol). The reaction was
stirred for 1 h at this temperature followed by addition of SEM-CI (2.96 ml., 16.7 mmol). The
reaction mixture was then allowed to stir for another 1 h. The reaction mixture was quenched
with water (100 mL), extracted with EtOAc¢ (3x150 mL). The organics were combined, dried
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over Na;SO,y, filtered, and concentrated under reduced pressure. The residoe was purified by
flash chromatography on Si10: (EtOAc in Hexanes, 0 to 30% gradient) to afford the title
compound {(4.05 g, 10.17 mmol, 73% yield) as a light yellow oil.

12881 Step 3: 3-iodo-1H-indole-6-carbonitrile

o \
B-0 V&%
! jr‘(s’ e b

0 ’
[ | T o
NS a8k

N~ N
SEM

To a solution of 3-iodo-1-((2-(irimethylsilyDethoxyimethyl)-1H-indole-6-carbonitrile (500 mg,
1.26 mmol} in THF (8.4 mbL) at -10 °C, was added isopropy! magnesium chloride lithium
chloride complex (Turbo Grignard) (1.06 mL, 1.3 M, 1.38 mmol) dropwise. The solution was
stirred for 10 min and then 2-isopropoxy-4,4,5,5-tetramethyl-1.3.2-dioxaborolane (.44 mL, 2.13
mmol) was added dropwise. The reaction mixture was stirred for 1 h. The reaction mixture was
then quenched with saturated ammonium chioride solution (100 mL} and extracted with EtOAc
(3x150 mL). The organics were then combined, dried over NapS0Qy, filtered, and concentrated
under reduced pressure to afford the title compound (500 mg, 1.26 mmol, quantitative yield) as a
light green oil which was used without further purification.

[281] Example 37. Synthesis of 5-(1-methoxyethyl}-4-(1-(phenylsulfonyl}- 1 H-indol-3-y1)-
N-{((S}-piperidin-3-ylpyrimidin-2-amine intermediate useful in the synthesis of Comopund
247,

OH Q/
- /%!\/‘QN Q CAN, MeOH .- /‘Y'QN ://\\.
R N | e o i 1 | |
Q/ N‘{J\E N\B% \t\\/ \H//\N(/\N“\VNH
3 H

100 °C, MW
N

‘ N‘J
PhO,S

(rac) PHO,S

{rac)
To methanol (1 mL) solation of (3S)-fers-butyl 3-{{5-(1-hydroxyethvi}-4-(1-(phenylsulfonyi)-
H-indol-3-yDpyrimidin-2-yhaminojpiperidine- { -carboxylate (32 mg, 0.055 mmol) in 2 0.5-2.5
mi MW tube, CAN (12 mg, 0.022 mmol} was added, and the reaction mixture was stirred at 100
°C under MW irradiation twice for 15 min. Reaction mixture was then concentrated, re-dissolved

in MeTHFE (5 mL), washed with saturated solution of NaHCOs (5 mL). Organic phase was dried
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over NaxSO,, filtered, and concentrated providing the title compound (25 mg, 0.051 mmol, 93%
yield) which was used without further purification.

12821 Example 38. Synthesis of (3R, 55)-tert-butyl 3-(methylcarbameyi)-5-((4-(1-
(phenylsulfonyl)-1H-indol-3-y)-5-(irifluoromethylpyrimidin-2-yhamino)piperidine-1-
carboxvlate (A), (38,5R)-fert-butyl 3-(methyicarbamoyl)-5-((4-(1 -(phenylsulfonyi)-1H-
indol-3-yl)-5-(triflusromethyDpyrimidin-2-yhamino)piperidine-1-carboxylate (B), GR,5K)-
tert-butyl 3-(methylcarbamoyl)-5-((4-(1-(phenyisuifonyl)- 1 H-indo}-3-y1}-5-
(trifluoromethylpyrimidin-2-yamino)piperidine-1-carboxylate (C), and (35,55)-tert-butyl
3-(methyicarbamoyl}-5-((4-(1-(phenylsulfonyl)-1H-indol-3-y1)-5-
(trifiuoromethyl)pyrimidin-2-ylamine)piperidine-1-carboxylate (D)), intermediates useful
in the syntheses of Compound 232, Compound 253, Compound 255, and Compound 256,

12831 Stepl. I-tert-butyl 3-methyl 5-({{benzyloxy jcarbonyl)amino jpiperidine-1,3-dicarboxylate

Boc E]Zeac
! N
| /QN/\; BnOH, DFPA [ O\
i T O bz
O\T] ’\.T/OH EtsN, Toluene \n/ ﬁ
o o 0

To a solution of 1-{rerr-butoxycarbonyl)-5-(methoxycarbonyli)piperidine-3-carboxylic acid (1.32
2, 4.59 mmol) (synthesized as in US 5817678A) in toluene (18.4 mL), was added tricthylamine
(2.26 mL, 16.08 mmol) and diphenyiphosphoryl azide (DPPA) (1.19 mkL, 5.51 mmol). The
resulting solution was stirred at 110 °C for 1 h. The mixture was then cooled down to 80 °C,
benzyl alcohol (2.38 mlL, 22.97 mmol) and triethylamine (2.26 ml, 16.08 mmol) were added,
and the resulting mixture was stirred at 80 °C for 18 h. The reaction mixture was then allowed to
cool down to room temperature, then diluted with water (30 mL) and extracted with EtOAc
{3x50 mL). The organic phase was combined and washed with brine (2x50 mL)}, dried over
NaxSOs, and concentrated under reduced pressure. The residue was purified by 510,
chromatography (EtOAc in DCM, 0 to 100% gradient) to afford the title compound (556 mg,
1.42 mmol, 31% yield) as a pale yellow oil.

(2841 Step 2: 5-(({benzyloxy)carbonyljamine )-1-(teri-butoxycarbonyl Jpiperidine-3-carboxylic

acid
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To a solution of 1-tert-butyl 3-methyl 5-(((benzyloxy)carbonylamino)piperidine-1.3-
dicarboxylate (556 mg, 1.42 mmol) in THF (14.2 mb}, was added a solution of LiOH (170 mg,
7.08 mmel) i distilled water (14.2 ml.), and the resulting suspeunsion was stirred at 23 °C for |
h. Mixture was then concentrated under reduced pressure, diluted with water (20 mL), carefully
acidilied to pH 4 using 2N HCI and extracted with EtOAc (3x20 mL). The combined organic
phase was washed with water at pH 4 (3x10mL}, brine (10 mL), and then dried over NaySQy,
filtered, concentrated under reduced pressure to afford the title compound (536 mg, 1.42 mmol,
quantitative yield) as a white foam which was used without further purification.

1283] Step 3: tert-butyl 3-(({benzyloxy jcarbonyl)amino }-5-(methylcarbamovl)piperidine-1 -

carboxylate
Boc Boc
\ N
N, MeNHy, HBTU | j\
HO o Gz T HN A A2
= M DIPEA, THF H
o H <

To a solution of 5-({{benzyloxy)carbonylyamino)- 1 -(tert-butoxycarbonylpipendine-3-carboxylic
acid (536 mg, 1.42 mmol) in DMF (7.3 mL) in a sealable tube, was added DIPEA (1.27 mL, 7.31
mmol), HBTU (832 mg, 2.19 mmol) and MeNH, (2M in THF, 14.6 ml,, 29.2 mmol). The tube
was sealed, and the reaction mixture was stirred at 23 "C for 1 h. Mixture was then concentrated.
diuted with water (20 mL) and carelully acidified with 1N HCI to pH 5. Water phase was
extracted with EtOAc (3x20 mL), and the combined organics was washed with brine (5x10mL)},
then dried over NapSQy, filtered, and concentrated. The residue was purified by flash
chromatography on Si0, (EtOAc in DCM, 0 to 100% gradient) to afford the title compound (514
mg, 1.31 mmol, 92% yield) as a white foam.

(2861 Step 4: tert-butyl 3-amino-5-{methylcarbamoyl jpiperidine-1-carboxylate
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Bog B«oc
i
E /@\ Hy, PiC j\
| [ HN
HN\” N,ﬁbz m//\\ NH.,
H

To a solution of feri-butyl 3-{{{benzyloxy)carbonyl)amino}-5-(methylcarbamoyl}piperidine-1-
carboxylate (514 mg, 1.31 mmol) in BtOH (13 mL), was added Pd/C (10% w/w: 70 mg, 0.066
mmol). The reaction mixture was stirred under hydrogen atmosphere (1 atm) for 15 h. The
suspension was filtered through a pad of Celite, rinsed with EtOH and MeTHF, then
concentrated under reduced pressure to afford the title compound (338 mg, 1.31 mmol,
quantitative yield) as a yellow oil which was used without further purification.

12871 Step 5: (3R 55 )-tert-buvl 3-(methyicarbamoyl)-5-((4-{ I -{(phenyisulfonyl)- 1 H-indol-3-vi)-
S-(triftuoromethyl)pyrimidin-2-vl jamine )piperidine-1-carboxylaie (A ), (38, 5K )-tert-butyl 3-
(methyicarbamoyi )-5-((4-(1-(phenylsulfonyi)- 1 H-indol-3-vi)-5-(trifluoromethyl jpyrimidin-2-
viamino jpiperidine-I-carboxylate (B), (3R 58 j-tert-butyl 3-(methylcarbamoyl)-5-((4-(1-
(phenylsulfonyl)-1H-indol-3-vi)-5-(trifluoromethyl jpvrimidin-2-yl jamino jpiperidine-1 -
carboxylate (C), (35,55 )-tert-butyl 3-(meihyicarbamoyl)-5-((4-(1-(phernyisulfonylj-1 H-indol-3-

vi)-5-{trifluoromethyl jpyrimidin-2-ylJamino jpiperidine-1-carboxylate (D).

E;oc Esoc
$QC £:0. v/»\\ /N ~ R /
/N\ (_\‘ j"\ | \/ \i
; P /\ 2N
/l\ \\ \/A‘N '\i \/ \\
Hi\e\] VA!\H; ~(\ r
O PR
Facx»./’i\N PMZE’ A e &
\\ DIPEA
\f/\ /\ SG,ie ST
THF Boc
F’ths - Fgc\Trf%N r,N ~ | i‘gC\‘/'k, i\i
(\%\v"\;\fkw’\/ ‘ur?“” \ N \J‘T N
i H i
- o}
RS Prozs
I o

To a solution of racemic tert-butyl 3-amino-5-(methylcarbamoylpiperidine-1-carboxylate (338
mg, 1.31 mmol) in dry THF (13 mL), was added DIPEA (2.88 mL, 6.57 mmol) and 3-(2-
(methylsulfonyl)-5-(triflucromethyhpyrimidin-4-y1)-1-(phenylsulfonyl}- 1 H-indole (632 mg, 1.31
mmol} and stirred at 23 °C for 48 h. The reaction mxtore was then concentrated under reduced
pressure, water (20 mL) was added. and crude product was extracted with MeTHF (3x20 mL).

The combined organics was washed with water (2x20mb), brine (10 mL), then dried over
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Na2SOq, filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography on SiO2 (EtOAc in DCM, 0 to 100% gradient). Obtained racemic material (566 mg,
0.859 mmol, 65% yield) was separated by preparative chiral HPLC (ChiralPak IA column, 10%
MeOH, 10% DCM in hexanes with 0.1% MeNH: for elution, 5.000ul inj.) providing four
stereoisomers A-D as white foams. Peak 1 (C, 70 mg, 0.107 mmol, 8% yield, 98.3% de), Peak 2 (A,
147 mg, 0.224 mmol, 17% yield, 98.1% de), Peak 3 (B, 151 mg, 0.229 mmol, 17% yield, 98.2% de),
Peak 4 (D, 64 mg, 0.096 mmol, 7% yield, 99.4% de); stereochemistry is tentatively assigned.

[288] Example 39. Synthesis of tert-butyl cis-3-([1,2,4]triazolo[4,3-a]pyridin-3-yl)-5-((4-(1-
(phenylsulfonyl)-1H-indol-3-yI)-5-(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1-
carboxylate intermediate useful in the synthesis of Compound 266.

[289] Stepl: cis-1-tert-butyl 3-methyl 5-aminopiperidine-1,3-dicarboxylate

?oc
N

N PdIC, H, |
I - = [o)
O\H/\)\N,Cbz MeOH NH,
o

cis-, racemic cis-, racemic

?oc

To a solution of cis-1-tert-butyl 3-methyl 5-(((benzyloxy)carbonyl)amino)piperidine-1,3-
dicarboxylate (860 mg, 2.191 mmol) in MeOH (22 mL) at 23 °C under inert atmosphere, was added
palladium on carbon (10% w/w; 233 mg, 0.219 mmol). The reaction mixture was stirred under
hydrogen atmosphere (1 atm) for 1 h. The suspension was then filtered through a pad of Celite and
concentrated under reduced pressure providing a title compound (566 mg, 2.191 mmol, quantitative
yield) as a beige solid which was used without further purification.

[290] Step 2: cis-1-tert-butyl 3-methyl 5-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-
(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1,3-dicarboxylate

Boc Boc
FiC.__ ] \
N F,C N
| R N DIPEA M /'Nk Q
N” s0,Me - > 0, O
ol 0 NH, THF . NN G
PhO,S 0 N °
2 cis-, racemic PhO,S cis-, racemic
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Cis-1-tert-butyl 3-methyl 5-aminopiperidine-1,3-dicarboxylate (566 mg, 2.191 mmol) and DIPEA (1.15
mL, 6.57 mmol) were added to a stirring solution of 3-(2-(methylsulfonyl)-5-(trifluoromethyl)pyrimidin-
4-yl)-1-(phenylsulfonyl)-1H-indole (1.05 g, 2.191 mmol) in dry THF (37 mL). The reaction mixture was
stirred at room temperature for overnight. The mixture was then diluted with EtOAc (30 mL), washed
with brine (30 mL), dried over Na;SOs, filtered, and concentrated under reduced pressure. The residue
was purified by SiO, chromatography (EtOAc in DCM, 0 to 100% gradient) to afford the title compound
(430 mg, 0.652 mmol, 30% yield) as a light yellow oil.

[291] Step 3: cis-1-(tert-butoxycarbonyl)-5-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-

(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-3-carboxylic acid

?oc ?oc
FiC._~ |N @ LioH FiC_~ N N
\NJ\N\" “ay 0\ - = \NJ\N\\‘Q',,/ OH
] N r H,0, THF , N r
N 0 N 0
PhO,S cis-, racemic PhO,S cis-, racemic

To a solution of cis-1-tert-butyl 3-methyl 5-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-
(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-1,3-dicarboxylate (414 mg, 0.627 mmol) in THF (5
mL), was added a solution of LiOH-H2O (26.3 mg, 0.627 mmol) in H,O (5 mL). The reaction mixture
was stirred at room temperature for 56 h. Another portion of LiOH-H20 (79 mg, 1.881 mmol) was added,
and the mixture was stirred for another 18 h. The reaction mixture was quenched by the addition of 1M
HCI until a pH 3, then concentrated from THF under reduced pressure. Aqueous layer was extracted with
EtOAc (2x30 mL), the organic phase was then washed with water (30 mL) and brine (30 mL), dried over
Na,SO., filtered, and concentrated under reduced pressure to afford the title compound (394 mg, 0.610
mmol, 97% yield) as a white solid which was used without further purification.

[292] Step 4: tert-butyl cis-3-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-(trifluoromethyl)pyrimidin-2-
yh)amino)-5-(2-(pyridin-2-yl)hydrazine-1-carbonyl)piperidine-1-carboxylate
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?oc Boc
FiC_y N HzN
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N o o]

/ DIPEA, DMF
PhO;S cis-, racemic hOZS cis-, racemic

To a solution of cis-1-(tert-butoxycarbonyl)-5-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-
(trifluoromethyl)pyrimidin-2-yl)amino)piperidine-3-carboxylic acid (394 mg, 0.610 mmol) in DMF (6
mL), was added HOBt (99 mg, 0.740 mmol), EDC (176 mg, 0.920 mmol) and DIPEA (214 uL, 1.230
mmol). After stirring at room temperature for 1 h, 2-hydrazinylpyridine (134 mg, 1.230 mmol) was
added. The reaction was allowed to stir at room temperature for overnight. The reaction mixture was then
diluted with EtOAc (50 mL), washed with saturated solution of NaHCO; (50 mL), water (2x50 mL), and
brine (50 mL), then dried over Na,SQq, filtered, and concentrated under reduced pressure. The residue
was purified by SiO, chromatography (THF in DCM, 0 to 100% gradient) to afford the title compound
(375 mg, 0.509 mmol, 83% yield) as a beige semi-solid.

[293] Step 5: cis-1-tert-butyl 3-methyl 5-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-(trifluoromethyl)
pyrimidin-2-yl)amino)piperidine-1,3-dicarboxylate

Boc
goc FsC_y N
PPhaCly BN | Q =
Q i, ) S NGN'y
I]/ MeCN | H \
N N-N
PhOZS , ' PhO,S ' '
cis-, racemic CIS-, racemic

To a solution of tert-butyl cis-3-((4-(1-(phenylsulfonyl)-1H-indol-3-yl)-5-(trifluoromethyl)pyrimidin-2-
ylhamino)-5-(2-(pyridin-2-yl)hydrazine-1-carbonyl)piperidine-1-carboxylate (375 mg, 0.509 mmol) in
acetonitrile (11 mL), was added triethylamine (0.20 mL, 1.43 mmol) and PPh3Cl; (339 mg, 1.02 mmol)
portion wise. The reaction mixture was stirred under heating at 80 °C for 1 hour. The mixture was the
cooled down to room temperature, diluted with EtOAc (30 mL) and washed with saturated aqg. solution of
NaHCO; (50 mL). The aqueous phase was extracted with EtOAc (30 mL), and the combined organic
phase was washed with brine (30 mL), dried over Na,SOQ, filtered, and concentrated under reduced

pressure. The residue was purified by reverse phase
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chromatography (C18, MeCN 1n aq. 10 oM ammonium format, pH 3.8, 0 to 100% gradient) to
afford the title racemic cis-compound (300 mg, 0.417 mmol, 82% yield) as a yellow solid.

12941 Example 40. 5-chloro-4-[7-(1, I-dioxo-1, 4-thiazinan-4-yl) -1H-indol-3-yi}-N-[(35)-3-
piperidylipyrimidin-2-amine (Compound 196},

1298) Step 1. 4-(1H-indol-7-vl) thiomorpholine

2
/\V\\ [sj -
G = J  tBuXPhos-Pa-G1, t+BuONa, (\\5\ HNJ
HN-" THF 15-85°C, 12h - 4

To a mixture of 7-bromo-1H-indole (2.00 g, 10.20 mmol, 1.00 cq) and thiomorpholine (1.05 g,
10.20 mmol, 965.82 ul., 1.00 eq) in THF (50.00 mL) was added NaOt-Bu (1.96 g, 20.40 mmol,
2.00 eq) and [2-(2-aminoethyl) phenyl]-chloro-palladium; ditert-butyl-{2-(2,4,6-
triisopropylphenyhphenyliphosphine (700.56 mg, 1.02 momol, 0.10 eq) in one portion at 15

°(C under N». The mixture was stirred at 85 °C for 12 h. The mixture {combined with another
batch) was poured into water (100 mL) and extracted with E1OAc (30 mLx2). The combined
organic phase was washed with brine (50 mLx2), dried with anhydrous Na;50;, {iltered and
concentrated in vacuum. The residue was purified by silica gel chromatography

(PE/EtOAC=20/1, 5/1} to afford the title compound (2.20 g, 10.08 mmol, 98.79% vield) as kelly

solid
(2961 Step 2: 4-[3-(2,5-dichloropyrimidin -4-yl)-1H-indol-7-vl]thiomorpholine
Gy G i
4 :‘i /L /jjtt’\ ’ } oy o
o N ol & e N
/\‘N” \ Be PN
(U HNT ack DeE sooc, 125 NN
G \ ’/"

A muxture of AlCH; (122,15 mg, 916.09 amol, 50.06 ul, 1.00 eq) and 2,4,5-trichloropyrimidine
(202 mg, 10.99 mmol, 1.20 eq) in DCE (50.00 mL) was stirred at 80 °C for 30 min, then 4-(1H-
indol-7-ylithiomorpholine (200.00 mg, 916.09 umol, 1.00 eq) was stured at 80 °C and stirred
for 12 h. The mixture {combined with another batch) was poured into water (200 mL) and
extracted with BtOAc (100 mIx2). The combined organic phase was washed with brine (100

mix2), dried with anhydrous NaxSOy, filtered and concentrated in vacoum. The residue was
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purified by silica gel chromatography (PE/EtOAc=10/1, 1/1) to afford the title compound (2.00
g, 5.48 mmol, 58.83% yield) as vellow solid.

12971 Step 3: 4-[1-(benzenesulfonyl)-3-(2,5-dichioro pyrimidin-4-yljindol-7-vi]thiomorpholine

Cl—y ?5
il
o =y C
\_/ T NaH, PhSO,Cl
(‘N N 0-20°C., 2 h
o/

To a solution of 4-[3-(2, 5-dichloropyrimidin-4-ylj-1H-indol-7-yl] thiomorpholine (500.00 mg.
1.37 omol, 1.00 eq) in DMF (10.00 mL) was added NaH (82.20 mg, 2.06 mmol, 60% purity,
1.50 eq). The mixture was stirred at 0 °C for 0.5 h, then benzenesulfonyl chloride (362.95 mg,
2.06 mmol, 263.01 ul., 1.50 eq) was added and the mixture was stitred at 20 °C for 1 h. The
residue was poured into water (100 mL}. The agueous phase was extracted with EtOAc (50
mLx3). The combined organic phase was washed with brine (100 ml.), dried with anhydrous
Nap S, filtered and concentrated in vacuum to afford the title compound (500.00 mg, crude) as
a yellow solid.

(2981 Step 4: 4-[i-(benzenesulfonyl)-3-(2,5- dichioropyrimidin-4-yljindol-7-vi]-1,4-thiazinane
1, 1-dioxide

N
7 ‘}—‘-Ci

-N
C‘{ e G NN
=N

/\‘" S L~ —\
N i'\g m-CPBA(Z 5 eq) - ©[N
N ¥

DCM, 15°C, 2 h o0
a : : s 50,.Ph
(‘F‘H 50,Ph N 2
s 57
oo

To a mixture of 4-[1-(benzenesulfonyl)-3-(2,5-dichloropyrimidin-4-yhindol-7-yl]
thiomorpholine (200.00 mg, 395.6% umol, 1.00 eq) in DCM (3.00 mL} was added m-CPBA
(243.88 mg, 989.22 umol, 70% purity, 2.50 eq) in one portion at 15 °C under N2. The mixture
was stirred at 15 °C for 2 h. The mixture {combined with another batch) was poured into water
(10 mL) and extracted with DCM (3 mLx2). The combined organic phase was washed
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with aqueous NaHCO; (10 mix2), dried with anhydrous Na;SO,, filtered and concentrated in
vacuum. The residue was purified by silica gel chromatography (PE/EtOAc=5/1, (/1) to afford
the title compound (250.00 mg, crude) as yellow solid.

12991 Step 5: tert-buiyl (35)-3-[{4-] ] -(benzenesulfornyl) -7-(1, I -dioxo-1,4-thiazinan-4-yl jindol-

3-vlj-S-chioro-pyrimidin-2-yijaminoJpiperidine-1-carboxylate

N
7 NGl
= N 3) 5{5

\ 50mph  DIPEA NMP, 18:120°C, 121
N -

N
23
sle’

“Boc

To a mixture of 4-{1-(benzenesulfonyl}-3-(2,5-dichloropyrimidin-4-ybindol -7-yl}-1,4-thiazinane
1,1-dioxide {(250.00 mg, 465.17 umol, 1.00 eq) and tert-butyl (35)-3-aminopiperidine-1-
carboxylate (139.75 mg, 697.76 umol, 1.50 cq) in NMP (5.00 mL) was added DIPEA (300.59
mg, 2.33 mmol, 406.20 ul, 5.00 eq) in one portion at 15 °C under Ny, The mixture was stirred
at 120 °C for 12 h. The mixture was poured into water {10 mL) and extracted with EtOAc (10
mLx2). The combined organic phase was washed with brine (20 mLx2), dried with ashydrous
NapS50,, filtered and concentrated in vacuum. The residue was purified by silica gel
chromatography (DCM/MeOH=100/1, 20/1) to afford the title compound (300.00 mg, crude) as
yellow solid.

130601 Step 6. tert-butyi (385)-3-[{S5-chioro-4-{7-(1, 1-dioxo-1,4-thiazinan-4-yi)-1H-indoi-3-

vifpyrimidin-2-vljamino [piperidine-i-carboxylate
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B 25~
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N
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To a mixture of tert-butyl (35)-3-[{4-{1-(benzenesulfonyl)-7-(1,1-dioxo- 1,4-thiazinan-4-
yhindol-3-yl]-5-chloro-pyrimidin-2-yl]amino]piperidine-1-carboxylate (300.00 mg, 427.81
umol, 1.00 eq) in dioxane (5.00 mL) and HO (1.00 mL) was added NaOH (34.22 mg, 855.62
umol, 2.00 eq) in one portion at 15 °C under N,. The mixture was stirred at 80 °C for 12 h. The
residue was poured into water (10 mb.) and extracted with EtOAc (10 mbx2). The combined
organic phase was washed with brine (10 mLx2), dried with anhydrous Na,50y, {iltered and
concentrated in vacuum to afford the ttle compound (200.00 mg, crude) as yellow solid.

(381} Step 7: 5-chioro-4-{7-(1,1-dioxo-1,4-thiazinan-4-yi{) -1 H-indol-3-y[]-N-[{38)-3-

piperidvi{pyrimidin-2-amine

™ < o,
\ U\ v’&/ SN V\/
“Boc DOMITFA=5:1 f/\

Hr" 159G, 1 h ) HN—
,9\/ o:b

To a mixture of tert-butyl(3S)-3-[[ 5-chloro-4-[ 7-(1, I -dioxo-1 4-thiazinan-4-y1)- I H-indol-3-
ylipyrimidin-2-vljamino]piperidine-1-carboxylate {150.00 mg, 267.34 umol, 1.00 eq) in DCM
(5.00 mL) was added TFA (1.00 mL) in portions at 15 °C under Ny, The mixture was stirred

at 15 °C for 1 h. The mixture {combined with another batch) was concentrated under reduced
pressure. The residue was purified by prep-HPLC(FA) to atford the title compound (50.00 mg,
98.62 umol, 36.89% vyield, FA) as white solid.

[302] Example 41. 5-fluoro-3-[2-{{(35)-3-piperidyl] amino|-5-(trifluoromethypyrimidin-
4-yil-1H-indole-6-carbonitrile (Compound 197).

(383} Step 1: (E}-2-{4-bromo-5-fluoro-2-nitro-phenyl }-N, N-dimethyl-ethenamine
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i/ DMFDRMA = SNy

. | o A I
5 NO, OMF,15:135°C.3h o AN\

To a mixture of 1-bromo-2-fluoro-4-methyl-5-nitro-benzene (6.00 g, 25.64 mmel, 1.00 eq) in
DMF (60.00 mL) was added DMFDMA (3.36 g, 28.20 mmol, 3.73 mL, 1.10 eq) in one portion
at 15 °C under Nj. The mixture was stirred at 135 °C for 3 hours. The mixiure was poured inlo
water (200 mL) and extracted with EtOAc (100 mLx2).The combined organic phase was washed
with brine (100 mLx2), dried with anhydrous Na;SQOy, fillered and concentrated in vacoum. The
residue was purified by silica gel chromatography (PE/EtOAc=50/1, 10/1) to afford the title
compound (6.00 g, crude) as brown solid.
1364] Step 2:6-bromo-5-flucro-1H-indole

o aia\ Fe, ACOH/EIOH=1.1 F

15-100 °C, 12 h g Br N

Br NOQ

To a mixture of (E)-2-(4-bromo-5-{luoro-2-nitro-phenyl)-N N-dimethyl-ethenamine (2.00 g, 6.92
mmol, 1.00 eq) in BtOH (30.00 mL) and AcOH (30.00 ml.) was added Fe (1.93 g, 34.60 mmol,
5.00 eq) in one portion at 15 “C under N,. The mixture was stirred at 100 °C for 12 h. The
reaction mixture was filtered and the f{ilter was concentrated. The residue was purified by silica
gel chromatography (PE/EtOAc=20/1, 5/1) to afford the title compound (700.00 mg, 3.27 mmol,
47.26% yield) as yellow solid,
[383]  Step 3. S-fluore-1H-indole-6-carbonitrile

Fe(CNJg, Pd(dppfiCiy CHoCly
B~ N NagCOy. DMA 154259, NG~ 7 E.\:i

3 h, MW

To a mixtare of 6-bromo-5-fluoro-1H-indole (350.00 mg, 1.64 mmol, 1.00 eq} and
tetrapotassiurn;hexacyanoiron (906.12 mg. 2.46 mmol, 1.50 eq) in DMA (10.00 mL) was added
Nay(CO3(347.65 mg, 3.28 mol, 2.00 eq) and Pd(dppHClL.CHXCl, (133.93 mg, 164.00 umol,
(.10 eq) in one portion at 15 °C under N,. The mixture was stirred at 125 °C under MW for 3 h.
The mixture was poured into water (30 ml) and extracted with EA (20 mLx2). The combined
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organic phase was washed with brine (30 mLx2), dried with anhydrous Na;SOy, liltered and
concentrated in vacuum. The residae was purified by column (PE/EICAc=20/1, 5/1) to afford
the title compound (600.00 mg, crude) as white solid.

13861 Step 4: 5-fluoro-1-(2-trimethylsilylethoxymeithyl jindole-6-carbonitrile

O \ SEMCINaH
T NG ~ N
SEM

NG N 0-15°C, 25 h

To a mixture of 5-fluoro-1H-indole-6-carbonitrile (350.00 mg, 2.19 mmol, 1.00 eq} in DMF
(10.00 mL) was added NaH (175.20 mg, 4.38 mmol, 60% purity, 2.00 eq} in portions at § °C
under N». The mixture was stitred at 15 °C for 30 min, then SEM-CI (438.14 mg, 2.63 mmol,
466.11 ul, 1.20 eq) was added and stirred at 15 °C for 2 h. The mixture was poured 1nto water
(50 mL) and exiracted with EtOAc (20 mLx2). The combined organic phase was washed with
brine (30 mLx2), dried with anhydrous Nap,SQOy, filtered and concentrated in vacuum. The
residue was purified by column (PE/EtOAc=20/1, 5/1) to afford the title compound (600.00 mg.
crude) as white solid.

(3671 Siep 5: 3-bromo-5-flucro-I-(2-trimethylsilylethoxymethyl) indole-6-carbonitrile

wll
F -
A e
NC N 0-20°C.2h NG N

SEM SEM

To a mixture of S-{luoro-1-(Z-trimethylsilylethox ymethyhindole-6-carbonitrile (500.00 mg, 1.72
mmol, 1.00 eq) in THEF (3.00 mL) was added NBS (337.07 mg, 1.89 mmol, 1.10 eq) in one

portion at 0 °C under N2. The mixtore was stirred at 20 °C for 2 h. The mixture was concentrated

5/1) to afford the title compound (450.00 mg, used directly) as white solid.
(3081 Step 6: 5-fluoro-3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vi)-1-(2-

trimethyisilylethoxymethyi jindole-6-carbonitrile

DN
BPD, Pd(dppfiCl, KOAC F N
dioxane, 15-100°C, 128 No N
SEM
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To a mixture of 3-bromo-5-fluoro-1-2-trimethylsilylethox ymethylindole-6 -carbonitrile (350.00
img, 947.74 umol, 1.00 eq) and BPD (361.00 mg, 1.42 mmol, 1.50 eq) in dioxane (10.00 mL)
was added KOAc (186.02 mg, 1.90 mmol, 2.00 eq) and Pd{dpp{iCl; (69.35 mg, 94.77 umol, 0.10
eq) in one portions at 15 °C under Ny. The mixture was stirred at 100 °C {or 12 h. The mixture
was poured into water (30 mL) and extracted with EtOAc (15 mLx2). The combined organic
phase was washed with brine (20 mELx2), dried with anhydrous NaySQy, filtered and
concentrated in vacuum. The residue was purified by silica gel chromatography
(PE/EtGACc=20/1, 5/1) to afford the title compound (250.00 mg, crude) as yellow oil.

[309) Step?: teri-butvi(38)-3-[{4-{6-cyano-5-fluoro-1-(2-trimeihyisilylethoxymethyl jindol -3-

vij-5-(trifluoromethyl jpyrimidin-2-ylJamino |piperidine-1-carboxylate

sy NBoc
(3} .
_N i~ ™
NG sy NBoc
e i > s
Bpin FaC NN N i
F\//\,(\\ o o [ \/?r‘"
PR ¢ o PO
NG NN PADTBREIC), dioxane! Rl
SEM  H,0, KyPO,, 15-110°C, 6 h Z\/E\
NGTTNFTN

SEM

To a mixture of 5-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1-(2-
trimethylsilylethoxymethy!indole-6-carbounitrile (250.00 mg, 600.43 umol, 1.00 eq) and tert-
butyi{35)-3-{{4-chloro-5-(trifluoromethyl jpyrimidin-2-yljamino] piperidine- 1 -carboxylate
(342.96 mg, 900.65 umol, 1.50 eq) in dioxane (10.00 mL) and H,O (2.00 mlL) was added K;P04
{254.91 mg. 1.20 mmol, 2.00 eq) and ditert-butyl{cyclopentyl)phosphane;dichloropaliadinm;iron
(39.13 mg, 60.04 umol, 0.10 eq) in one portion at 15 °C under N». The mixture was stivred at 110
°C for 6 h. The mixture was poured into water (20 mL) and extracted with BEtOQAc (10 mbx2).
The combined organic phase was washed with brine (10 mLx2), dried with anhydrous NaySQy,
filtered and concentrated in vacuum. The residue was purified by silica gel chromatography
(PE/EtOACc=30/1, 5/1) to afford the title compound (200.00 mg, 315.09 umol, 52.48% yicld) as
yellow oil.

1318) Step 8: 5-fluoro-3-[2-[[(35)-3-piperidyl]amino]-5-(irifluoromethyl Jpyrimidin-4-yij- 1 H-

indole-6-carbonitrile
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- Mesos ‘Y
S s >(b) H
/5 IR o nif
\ ¥ HClidioxane ey A}'

20-80°9C, 1 h

FsC
I\j\\ Y
NC F \;‘ N.:y/'“\\f;}\;{

SEM
To a mixture of tert-butyl (35)-3-[[4-[6-cyano-5-fluoro-1-(Z2-trimethylsilylethoxy methyl) indol-
3-yl}-5-(trifluoromethyl) pyrimidin-2-yl] amino} piperidine-1-carboxylate (150.00 mg, 236.32
umol, 1.00 eq) in dioxane (5.00 mL) was added HC1 (500.00 uL) in portions at 20 °C under No.
The mixtare was stirred at 80 °C for 1 h. The mixture was concentrated under reduced pressure.
The residue {combined with another batch) was purified by prep-HPLC (FA) to afford the title
compound (20.00 mg, 44.41 umol, 18.79% vield, FA) as white solid.
[311] Example 42, 4-(6-methylsulfonyl-1H-indel-3-v1}-N-[(35)-3-piperidyi]-5-
{trifluoromethyl) pyrimidin- 2- amine (Compound 199).
{312} Step I: 6-methylsulfonyl-1H-indole

O

\S/'Q
DO S ~ R
3 Na O~ ‘D
oo RN
he,
HN~%

Cul, L-profineg, DMSO
30°C,12h

A mixture of 6-bromo-1H-indole (2.00 g, 10.20 mmol, 1.00 eq), BLAHsodiom (1.35 g, 13.26
mmol, 1.30 eq), Cul (388.59 g, 2.04 mmol, 0.20 eq) and L-PROLINE (469.82 mg, 4.08 munol,
(.40 eq) in DMSO (20.00 mL) was degassed and purged with N, for 3 times, and then the
mixture was stirred at 80 °C for 12 h under N, atmosphere. The reaction mixture was quenched
by addition saturated aqueous NH4Cl 200 mL at 20 °C, and then extracted with EtOAc (100
mix3). The combined organic layers were washed with brine (300 mLx2), dried over Na)oSOy,
filtered and concentrated under reduced pressure to give a residue. The residue was punified by
column chromatography (Si0,, PE/EtOAc=10:1 to 1:1) to afford the title compound (700 mg) as
an off-white solid.

{313} Step 2: 3-[2-cliloro-5 -(trifluoromethyl jpyrimidin-4-vi] -6-methvisulfonyl- 1H-indole
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o~ ,f/k ~d \,/\N
o N e 5 f
w O : ' fod\
AlCl;, DCE, 90 °C, 18 h \ Cl
\3) H i) HNA’!I!I

To a solution of 2, 4- dichloro-5-(irifluoromethyl) pyrimidine (1.17 g, 5.39 mmol, 1.50 eq) in
DCE (20.00 mL) was added AlICL; (765.90 mg, 5.74 mmol, 313.90 ul., 1.60 eqg). After addition,
the mixture was stirred at 90 °C for 30 min, and then 6-methylsulfonyl-1H-indole (700.00 mg.
3.59 mmol, 1.00 eq) was added at 90 °C. The resulting mixture was stirred at 90 °C for 155 h.
The reaction was stopped. The reaction mixture was diluted with water 30 mL and extracted with
DCM (20 mLx3). The combined organic layers were washed with brine (100 mLx2), dried over
Na,SQq, filtered and concentrated under reduced pressure o give a residue (500 mg). The
residue was purified by prep-HPLC (TFA condition) to give desired compound. The pH of the
eluent solution was adjusted to 8 with saturated aqueous NaHCO5, and the solution was extracted
with EtOAc (20 mLx3). The combined organic layers were washed with brine (50 mbx2), dried
over NapSQy, filtered and concentrated under reduced pressure to afford the title compound
(300.00 mg, 758.48 umol, 21.13% yield, 95% purity) as a yellow solid.

(3141 Step 3: tert-butvl (35 )-3-[[4-(6-methylsulfonyl- 1 H-indol-3-yi)-5-(trifluoromethyi)

pyrimidin-2-vlj amino] piperidii'ze—ﬂ carboxylate

O
\S/.l \F?}CWN HNVK\-’/\E r\
SO \/ Y «C
N DIEA, NMP, 1400” ‘

I
HN-—"

38.30%

A mixture of 3-[2-chloro-5-(triflucromethylpyrimidin-4-vl}-6-methylsulfonyl-1H-indole
(320.00 mg, 851.63 umol, 1.00 eq), mri'—butyl (3S5)-3-aminopiperidine- I -carboxylate (255.85 mg,
1.28 mmol, 1.50 eq) and DIEA (330,19 mg, 2.55 mmol, 446.21 ul, 3.00 eq) in NMP (5.00 mL)
was stirred at 140 °C for 1h. The reaction was stopped. The reaction mixture was diluted with
water 50 ml. and extracted with EtOAc (20 mLx3). The combned organic layers were washed

with brine (100 m1x2), dried over Na SOy, filtered and concentrated under reduced pressure to
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give a residue. The residue was purified by column chromatography (S10,, PE/EIOAc =10:1 to
2:1) to afford the title compound (200.00 mg, 326.19 umol, 38.30% yield, 88% purity) as a
yellow oil.

(3181 Step 4. 4-(G-methylsulfonyl-1H-indol-3-yl}-N-[(35}-3-piperidyl]-5-(trifluoromethyl)

pyrimidin- 2- amine

O 2 FaC
o y, FsC i MOVEA, 20°C, 1h 8./ 2 Ny,
4 \‘\\/;\ m !/\7 """"""""""""""""""" B O \{ S \If 2 f:\:
\\(\l,/\N/ N”’L{\S)/N i N ™ - NH
HN"I/ = Boc HN"J H

A mxture of tert-butyl (35)-3-[{4-(6-methylsulfonyl-1H- indol-3-y)-5-(trifluoromethyl)
pyrimidin-2-yl] amino] piperidine-1-carboxylate (200.00 mg, 370.67 umol, 1.00 eq) and
HCVELOAC (4 M, 2.00 mL) was stirred at 20 °C for 1h. The reaction was stopped. The reaction
mixture was concentrated under reduced pressure to give desired compound as a yellow solid,
the residue was adjusted pH to 8 with saturated agueouns NaHCO;3, and extracted with EtOAc (20
mix3). The combined organic layers were washed with brine (100 mL x2), dried over Na)SQOy,
filtered and concenirated under reduced pressure to give a residue (120 mg). The residue was
purified by prep-HPLC (FA condition) to afford the title compound (52.70 mg, 107.47 umol,
28.99% vyield, 99% purity, FA} as a white solid.

1316] Example 43. N-methyl-3-[2-1[(35)-3- piperidyl] amine] - 5- (irifluoromethyl)
pyrimidin-4-yi}-1H-indole-6-sulfonamide (Compound 260).

(3171 Step i IH-indole-6-sulfonyl chioride

1) NaH, THF, t-Bulli

/\\\\/L\ % S0, -78°C20°C, 160 @y %

: N P N

Br H o 2)NCS, THF, E0, CE/S\(/\/\ N
8!

ACOH, 0°C, 18 h
To a solution of 6-bromo-1H-indole (2.00 g, 10.20 mruol, 1.00 eq) 10 THF (20 mL) was added
batchwise NaH (408.00 mg, 10.20 mmol, 60% purity, 1.00 eq) at O °C. After addition, the
mixture was stirred at this temperature for 30 min. the mixture was cooled to -78 °C and then t-
Buli (1.3 M, 15.69 mL, 2.00 eq) was added dropwise. The resulting mixture was stirred at -78
“C for 30 min, then 50, (3.1 M in THF, 6.58 mL, 19% purity, 2.00 eq) was added dropwise, the
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mixture was stirred at 20 °C for 16 h. (To the resulting sohid was added 30 mL of Et;0 and 0.76
mlL of glacial acetic acid. The mixture was stirred for 30 mun at 0 °C, and {iltered). The solids
were then suspended in 30 mL of ELO, chilled to 0 °C, and 1.36 g of NCS was carefully added.
The resulting suspension was stivred rapidly for 30 min. The reaction was stopped. The reaction
mixture was filtered and the filtrate was concentrated to afford the title compound (1.22 gy as a
black brown solid. It was used 1o the next step directly.

[318] Step 20 N-methyl-1H-indole-6-sulfonamide

N L :\E-J N

57 N TR 20°C12n N H

Cl/\\o g O

A mixture of 1H-indole-6-sulfonyl chioride (1.22 g, 5.66 mmol, 1.00 eq), methanamine (2 M in
THF, 14.15 mL, 5.00 cq) in THF (5.00 mL) was stirred at 20 °C for 12 h. The reaction mixture
was diluted with water 30 mL and extracted with EtOAc (15 mbx3). The combined organic
layers were washed with brine (50 mLx2), dried over NaySQy, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography (510;,
PE/EtCAc =5:1 to 2:1) to afford the title compound (520 mg} as a black brown oil.

[319] Step 3: 3-[2-chioro-5- {trifluoromethyl) pyrimidin-4-yl] -N-methyi-1H-indole-6-

sulfonamide
R
o T o N
37
NS Ho Alcl, 90°C, DOE, 18 h

To a solution of 2, 4-dichloro-5 - {triflucromethyl) pyrimidine (866.89 mg, 4.00 mmol, 2.00 eq)
in DCE (6.00 mL) was added AlCH; (559.36 mg. 4.20 mmol, 229.25 ul, 2.10 eq). The mixture
was stirred at 90 °C for 30 min, and then N-methyl-1H-indole-6-sulfonarmide (420.00 mg, 2.00
mmol, 1.00 eq) was added. The resulting mixture was stirred at 90 °C for 15.5 h. The reaction
was stopped. The reaction mixture was filtered. The filtrate was diluted with water (50 mL) and
extracted with EtOAc (30 mLx3). The combined organic layers were washed with brine (100

mix2}, dried over NaxSOy, filtered and concentrated under reduced pressure to give a residue.
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The residue was purilied by colomn chromatography (5102, PE/EIOAc =10:1 to 1:1) to get
desired product as a red solid (330 mg) which was then purified by prep-HPLC (TFA condition).
The pH of the solution after prep-HPLC was adjusted to 8 by saturated aqueouns NaHCO; and
extracted with EtOAc (20 mLx3). The combined organic layers were washed with brine (100
mLx2}, dried over Na,SQy, filtered and concentrated under reduced pressure to afford the title
compound (140 mg) as a yellow solid. (Note: corobined purification with other two batches in
50 mg scale in the same condition).

13281 Step 4: Tert-butyl (35)-3-[{4-[6-{methyisulfamoyl) - 1 H-indol-3-yl]-S-(trifluoromethyl)

pyrimidin -2 -ylj amino] piperidine-1-carboxylate

-\

n—-E0C
-
=N FUN
e - FCN ]
NN H?NVJ\\/N\BO
/ - eled - A
//4‘\\_,,\’ o fe) ; !i S
f TN e B i
PN ) \, DIEA, NMP, 140 °C, 1 h N
S \//\\N ’ ’ g N
SNy H q G
o U

A mixture of 3-[2-chloro-3- (rifluoromethyDpyrimidin-4-yi}- N-roethyl-1H- indole-6-
sulfonamide (120.00 mg, 307.09 umol, 1.00 eq), tert-butyl (35)-3- aminopiperidine-1-
carboxylate (92.26 mg, 460.63 umol, 1.50 eq) and DIEA (119.06 mg, 921.27 umol, 160.89 ul,
3.00 eq) in NMP (2.00 mL) was stirred at 140 °C {or 1 h. The reaction was stopped. The reaction
mixture was diluted with water 20 mL and extracted with EtQAc (10 mEx3). The combined
organic layers were washed with brine (30 mix2}, dried over Nap5Q,, filtered and concentrated
under reduced pressure o afford the title compound (540.00 mg, crude) as a black brown oil. It
was used in the next step directly.

[328] Step 6: N-methyl-3-[2-[{(38})-3- piperidyl] amino]- 5- (trifluoromethyl jpyrimidin-4-yij-

1 H-indole-6-sulfonamide

AN
N N i
[yesee ; I
N \Egﬂ =N
=1 ;?,,-NH . F’, }?_,-I\H
Fae {1 Lo WY
’ HCVEA, 20°C, 1h ~
. //\1/&/ = 9 L ¥
8. { } W i
e ey N
i\‘:’ x‘o H i?:: ko] '

A mixtare of tert-butyl (35)-3-{[4-{6-(methylsulfamoyl} - 1H-indo}-3-y1}-5- (trifluoromethvl)
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pyrimidin-2-yl] amino] piperidine-1-carboxylate (540.00 mg, 973.69 umol, 1.00 eq) and
HCVELOAC (4 M, 5.00 mL) was stirred at 20 °C for 1 h. The reaction was stopped. The reaction
mixture was concentrated under reduced pressure to give desired compound as a yellow solid,
the residue was adjusted pH to 8 by saturated aqueous NaHCO,, and extracted with BtOAc (10
mLx3). The combined organic layers were washed with brine (50 mLx2), dried over NaySOy,
filtered and concenirated under reduced pressure to give a residue The residue was purified by
prep-HPLC (FA condition) to afford the title compound (20.30 mg, 40.56 umol. 4.17% yield,
100% puarity, FA) as a yellow solid.

13221 Example 44. 5-chioro-4-(1 H-indol-3-y)-N-{(3S, 5R)-5-methyl-3-piperidyl]
pyrimidin-2-amine (Compound 201},

{3231 Step I: Methyl (25)-5-oxopyrrolidine-2-carboxylate

o j?\
HN% SOC,, MeOH HN
B
e

o=Af(9 20°C, ih &
o
OH }

To a solution of (25)-5-oxopyrrolidine-2-carboxylic acid (20.00 g, 154.91 mmol, 1.00 eq) in
MeQH (100.00 mL) was added SOCI; (36.86 g, 309.82 mumol, 22.48 mL, 2.00 eq). The mixture
was stirred at 20 °C for 1 h. The reaction mixture was concentrated. The residue was diluted with
HIOAc (250 mL) and TEA (20 mL), the solid formed and filiered. The {iltrate was concentrated
to afford the title compound (27.90 g, crude) as a yellow oil. The crude product was used to next
step without further purification.

1324} Step 2: Ql-teri-butyl O2-methyl (25)-5-oxopyrrolidine-1, 2-dicarboxylate

O

o
Y \
HNC 7 (Booy,0, TEA BOC~N)\

e o
<)
DMARP, EA, 20°C O==f!

/ 161 F

o (S)

To a solution of methyl (28)-5-oxopyrrolidine-2-carboxylate (27.90 g, 194.91 mmol, 1.00 eq)
and DMAP (2.86 g, 23.39 mmnol, 0.12 eq) 10 BtOAc (150.00 L) was added dropwise tert-

butoxycarbonyl tert-butyl carbonate (55.30 g, 253.39 mmol, 58.21 mlL, 1.30 eq}. The mixture
i
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was stirred at 20 °C for 16 h. The reaction mixture was washed with HCI (1M, 50 mL), Sat.
NaHCOs (150 ml), brine (500 ml), dried over Na2S(04, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by re-crystallization from MTBE (250 mL)
to afford the title compound (21.75 g, §8.52 mumol, 45.41% yield, 99% purity) as a yellow solid.
13281 Step 3: Oj-tert-butyl Oy-methyl (25)-4-meihyl-5-oxo-pyrrolidine-1, 2-dicarboxylate

IS Q

|1
B0y lﬁ LIHMDS, CHy/ BG%N)}\W

B

OJ; 'j':i; -78-20 °C o=419
Q

/

To a solution of Gl-tert-butyl O2-methyl (25)-5-oxopyrrolidine-1, 2-dicarboxylate (21.75 g,
89.41 mmol, 1.00 eq) in THF (400.00 mL) was added dropwise LiHMDS (1 M, 98.35 mL, 1.10
eq) at -78 °C under N; atmosphere. Afler addition, the mixture was stitred at this temperature {or
(.5 h, and then iodomethane (31.73 g, 223.53 mmol. 13.92 mkL, 2.50 eq) was added dropwise at -
78 °C under Ny atmosphere. The resulting mixture was stivved at 20 °C for 15.5 h. Glacial HOAc¢
(10 mb) 1 THF (50 mb.) was uvsed to quench the reaction. The solvent was removed on the
rotary cvaporator and treated with water (300 mL) and EtOAc (150 mL) and stirred for 10 min.
The aqueous layer was removed and extracted with EtOAc (200 mLx3), and the organic phase
was dricd over Na;SQy, and evaporated under reduced pressure. The residue was purified by
column chromatography (510;, PE/EtOAc =10:1 to 5:1) to afford the title compound (17.57 g,
used directly) as a yellow oil.

(326} Step 4: Tert-butyl N-[{15)-4-hydroxy-1-thvdroxymethyi)-3-methyi-butyl] carbamate

O

I3 HQ

BGC~N)\V .
/ NaBH,, EiOH _ S)
o HO A NP
oE= (& THF, 0-20°C, 16 h ) N

O
/

To a solution of Ol-tert-butyl O2-methyl (25}-4-methyl-5-oxo-pyrrolidine-1,2-dicarbox ylate
(17.57 g, 68.29 mamol, 1.00 ¢q) in THF (200.00 mL) was added batchwisc NaBH4(7.75 g, 204.87
mmol, 3.00 eq) at & °C under Ny atmosphere. After addition, EtOH (34.70 g, 753.24 mmol, 43.93

ml., 11.03 eq) was added dropwise at 0 °C. The resuiting mixture was stirred at 20 °C for 16 h.
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The reaction mixture was adjust pH to 5 by AcOH, and then HaO (200 ml) was added and
extracted with HtOAc (100 mix3). The combined organic layers were washed with Sat.
NaHCO;, dried over NapSQy, filtered and concentrated under reduced pressure to afford the title
compound (11.00 g, crude) as a yellow oil.

13271 Step 5: [{2R 45 )-4-(tert-butoxycarbonylamino j-2-methyl-5-methylsulfonvioxy-penivi}
methanesulfonate and [(25,45)-4-(tert-butoxycarbonylamino ) -2-methyi-5-methylsulfonyloxy-

pentyl] methanesulfonate

HO
- i QL B TEA, MsCl, EA
HJ\/(S)\ {:‘E'B‘—'C --------------------------- B —< |

0-20 °C, 1 h O=8=0

To a solution of tert-butyl N-[(15)-4-hydroxy-i-(hydroxymethyl)-3-methyl-butyljcarbamate
(11.00 g, 47.15 mmol, 1.00 eq) and TEA (19.08 g, 188.60 mmol, 26.14d mi., 4.00 eq) in EA
(110.00 mL) was added dropwise MsCl (16.20 g, 141.45 yomol, 10.95 mlL, 3.00 eq) at 0 °C, the
resulting mixtare was stirred at 20 °C for 1 h. The reaction mixture was poured into water 200
ml, and then extracted with EtOAc (50 mLx3). The combined organic layers were washed with
brine (200 mL), dried over Na;50,y, filtered and concentrated under reduced pressure to give a
residue to provide [{(2R.485)-4-(tert-butoxycarbonylamino)-2-methyl-5-methylsulfonyloxy-
pentyl] methanesolfonate and [(25.45)-4-(tert-butoxycarbonylamino) -2-methyl-5-
methylsulfonyloxy-pentyl} methanesulfonate (17.70 g, crude) as a yellow solid. (Note: isomer
(25, 45) was detected at this step. It is minor and should be from step3)

{328} Step 6: Tert - butyi N-{(38, 5R)-1-benzyl-5-methyl-3-piperidyl] carbamate
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BrNH,, DME
e B0,
~< | 70°C, 16 h
07870
; )
(s "
O 7S s N,Bou
H
S

A mixture of [(25,48)-4-(tert-butoxycarbonylamino)}-2-methyl-S-methylsulfonyloxy-pentyl]
methanesulfonate; [(ZR.45)-4-(tert-butoxycarbonylamino) -2-methyl-5-methylsulfonyloxy-
pentyl] methanesulfonate (13.70 g, 35.18 mmol, 1.00 eq), phenylmethanamine (12.06 g, 112.56
mmol, 12.31 ml, 3.20 eq) in DME (30.00 mL) was stirred at 70 °C for 16 h. The reaction
mixture was diluted with water 300 mL and extracted with EtOAc (150 mi x3). The combined
organic layers were washed with brine (500 mbx2), dried over Na; SOy, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(5103, PE/E1OAc=40:1 to 20:1) to afford the title compound (850.00 mg, 1.95 mmol, 5.54%
yield, 70% purity) as a white solid.

1328} Step 7: (38, 5R}-1-benzyl-5-methyl-piperidin-3-amine

7RIN HCWEA, 20°C. 1 h ] Sf’{"’) :
Boc., A B NP
’\-!&/NE HZNN “Bn
" B HC

A mixture of tert-butyl N-[(3S, 5R)-1-benzyl-5-methyl-3-piperidyl} carbamate (1.15 g, 3.7%
mmol, 1.00 eq) and HCVEtOAc (4 M, 10.00 mL) was stirred at 20 °C for 1 h. The reaction
mixture was concentrated under reduced pressure to give a residue to afford the title compound
(860.00 mg, crude, HCY) as a white solid. It was used in the next step directly.

1338} Step 8: 4-[i-(benzenesulfonyl) indol-3-ylj-N- [(38, SR} -I-benzyl-5-methyl-3- piperidvi]-

5- chioro -pyrimidin-2-amine
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Het tol THF, 100 °C. 121 PRGS
A mixture of (35,5R)-1-benzyl-5-methyl-piperidin-3-amine (395.00 mg, 2.47 mmol, 1.20 eq,
HCD, 1-(benzenesulfonyl)-3-(2,5-dichloropyrimidin-4-y1) indole (832.54 mg, 2.06 mmol, 1.00
eq), Cs2005 (1.34 g, 4.12 mmol, 2.00 eq), PA(OAC), (46.23 mg, 205.83 umol, .10 eg) and 2.2'"-
Bis(diphenylphosphino)-1,1-Binaphthalene (128.23 mg, 205.83 umol, 0.10 eq) in toluene (6.00
mL) and THF (3.00 mL) was degassed and purged with N2 for 3 times, and then the mixture was
stirred at 100 °C for 12 h under N; atmosphere. The reaction mixture was diluted with water 60
mL and extracted with EtOAc (30 mix3). The combined organic layers were washed with brine
(100 mLx2), dried over NaoSOy, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by colump chromatography (510, PE/EtOAc =10:1 to 5:1) to
afford the title compound (310 mg) as a yellow solid.

1331} Step 9: N-[{38, 5R)-1-benzyl- 5-methyl-3- piperidyi]-5- chioro-4-(1H- indol-3- yi}
pyrimidin- 2- amine

ci e
< N )/(‘izk ag. NaOH (5 M}, dioxane (\\ O /!;)\,
WA A ]

\‘;\ /\ A ,iik s B /\,/ s d
< j N HN’N\Bn 90°C, 12 h S N/I\ﬁ"*\/f‘t

A mixture of 4-[1-(benzenesulfonyljindol-3-y1}-N-{(35, 5R}-1-benzyl-5-methyl- 3-piperidyl}-5-
chloro-pyrivoidin-2-amine (310.00 mg, 541.84 umol, 1.00 eq) and NaOH (5 M, 1.08 ml,, 10.00
eq) in dioxane (5.00 mlb.) was stirred at 90 °C for 12 h. The reaction mixture was diluted with
water 10 mL and extracted with EtOAc (5 mLx3). The combined organic layers were washed
with brine (15 mlx2), dried over Napy5Q,, filtered and concentrated vunder reduced pressure to
give a residue to afford the title compound (260.00 mg, crude) as a yellow solid.

1332} Step 10: S-chioro-4-(1 H-indol-3-yI)-N-{(38, SR)-5-methyl-3-piperidvi] pyrimidin-2-

amine
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/{\ (P‘ PU/C, Hy, 50 psi i\ ,R,
/<; e v)

“’\/"5 MeOH, AcOH, 16 h Nh
E"‘\"N ,_- HN- ""

20°C
To a solution of N-[(35,5R)-1-benzyl-5- methyl-3-piperidylj-5-chloro- 4-(1H-indol-3-yl)
pyrimidin-2Z-amine (160.00 mg, 370.40 umol, 1.00 eq} and AcOH (66.73 mg, 1.11 mmol, 63.55
ul,, 3.00 eq) in MeOH (2.00 mL} was added Pd/C (10%, wet, 10 mg} under N,. The suspension
was degassed under vacuum and purged with H; three times. The mixture was stirred under H»
(50 psi) at 20 °C for 16 h. The reaction mixture was filtered and the {iltrate was concentrated (o
give desired compound (100 mg). The residue was purified by prep-HPLC (FA condition) to
afford the title compound (10.30 mg, 25.76 umol, 6.95% yield, 97% purity, FA) as a yvellow
solid.
[333] Example 45. 4-[6-(1H-imidazel-2-yi}-1H-indol-3-y1}-N-[(35)-3-piperidyl]-5-
{(trifluoromethyl) pyrimidin-2-amine (Compound 202).
1334] Step 1: Tert- buivl (35)-3-[[4-[ I-(benzenesulfonyl )-6-(4, 4, 5, S-tetramethyl-1, 3, 2-

dioxaborolan-2-yi) indoi-3-yI]-S-(triflucromethyl) pyrimidin-2-yl] amino] piperidine-1-

carboxylate
o o/ .
5 . FaC N —_,)i_ ‘;B"B\m_,j‘____ 0
r\{\\ w N !//\\) (¢] O\ — ‘B\ﬁFSCv%
. o B¢

A mixture of tert-butyl (35)-3-{{4-{1-(benzenesuifonyl}-6-bromo-indol-3-yi]-5-
(trilluoromethyhpyrimudin-2-vljamino]piperidine-1-carbox ylate (1,.23 g, 1.81 mmol, 1.00 eq),
4.4,5,5-tetramethyl-2-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1, 3. 2-dioxaborolane
(689.45 mg, 2.72 mmol, 1.50 eq), Pd(dppiClL.CH,Cl, (147.81 mg, 181.00 umel, 0.10 eq) and
AcOK {355.27 mg, 3.62 mmol, 2.00 eq) in DME (10.00 mL) was degassed and purged with N
for 3 times, and then the mixture was stirred at 65°C for 12 h under N» almasphcre, The reaction
mixture was diluted with water 100 mL and extracted with EtOAc (50 mix3). The combined
organic layers were washed with brine (100 mEx2), dried over Na,SQy, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
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(S103;, PE/EIOAC =10/1 to 3:1) to afford the title compounnd (700 mg) as a yellow solid (Note:
combined purification with another batch. Scale: 100 mg).
1338} Step 20 2-[(2-bromoimidazol-1-yi) methoxy] ethyi-trimethyl-silane

Br
i’ ’ [ N’/‘é

Br

N - .
LN 0-rt., 16 h S

To a solution of 2-bromo-1H-imidazole (300.00 mg, 2.04 mmol, 1.00 eq) in THF (5.00 mlb.) was
added batchwise NaH (106.00 mg, 2.65 mmol, 60% purity, 1.30 eq) at 0°C. After addition, the
mixture was stirred at this temperature (.5 h, and then 2- (chloromethoxy) ethyl-trimethyl-silane
(44214 mg, 2.65 mmol, 470.36 ul, 1.30 eq) was added dropwise at 0°C. The resulting mixture
was stirred at 20°C for 15.5 h. It was quenched by addition water 50 mL, and extracted with
FtOAc (20 mLx3)}, dried over NapSQy, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (S10,, PE/EtOAC =20/1 to 5: 1) to
afford the title compound (500.00 mg, 1.80 mmol, §8.41% yield) as a colorless oil.
13361 Step 3: Tert- buivl (35)-3-[[ S-(triflucromethyl)-4-{6- 1-(2-trimethylsilviethoxymethvi)
imidazol-2-yl]-1H-indol-3-yl] pyrimidin-2-yl] amino] piperidine-1-carboxylate

"C\V/\\
sem. o
e u /\\ x\H

b

RS >
— N
7/~ s \9"\. N PAPPh NaCOs )

BOC DI, H,0, 130°C, 16h  OF

A mixtuare of tert-butyl (35)-3-{{4-{1-(benzenesuifonyl}-6-(4, 4, 5, S-tetramethyl-1, 3, 2-
dioxaborolan-2-y1y indol-3-y1}-5- (rifluoromethyl) pyrimidin-2-yljamino]piperidine-1-
carboxylate (300.00 mg, 412.31 umol, 1.00 eq), 2-[(2-bromotmidazol-1-yDmethoxylethyl-
trimethyl-silane (137.17 mg, 494.77 umol, 1.20 eq), Pd(PPhs)s (47.65 mg, 41.23 umol, 0.10 eqg),
NaCOs (5 M, 164.92 ul., 2.00 eq) in DMF (3.00 ml.) was degassed and purged with N, three
times, and then the mixture was stirred at 130°C for 3 h under N, atmosphere. The reaction
mixture was poured into water 50 mL, and theo extracted with EtOAc (20 mlLx3), dried over
Na,S0q, filtered and concentrated under reduced pressure to give a residue. The residue was

purified by column chroratography (Si0,, PE/EIOAc =10/1 to 1:2) to afford the title compound
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(150 mg) as a yellow oil. (Note: combined purification with another batch. Scale: 100 mg).
(337} Step 4: 4-]6-(1 H-imidazol-2-yi)-1H-indol-3-yl]-N-{(38)-3-piperidyi]-5-(trifluoromethyi)

pyrimidin-2-amine

FJTK@ F4C. | N
. N
== ) if% HCVEA, rt, 1h HN\); N/J\IV
sem Bac z’

-
A mixture of tert-butyl (35)-3-{[5-(trifluoromethyl}-4-[6-f I -(2-trimethylsilylethoxymethyl)
imidazol-2-yi}-1H-indol-3-yl] pyrimidin-2-yl] amino] piperidine-1-carboxylate (200.00 mg,
304.04 umol, 1.00 eq) in HCVEWOAC (4 M, 2.28 mL, 30.00 eq) was stirred at 20°C for 1 h. The
reaction mixture was concentrated and adjusted pH to 8 by Sat. NaHCO;, and then extracted
with EtOAc (50 mLx3), dried over NapSQy, filtered and concentrated under reduced pressure o
give a residue The residue was purified by prep-HPLC (FA condition) to atford the title
compound (5.30 myg, 10.52 umol, 3.46% yield, 94% purity, FA) as a white solid.
[338] Example 46. 5-chloro-4-[7-(1, I-dioxo-1, 4-thiazinan-4-yl) -1H-indol-3-yi}-N-[(35)-3-
piperidyl} pyrimidin-2-amine (Compound 203).
1339] Step 1: (2R AR})-4-hydroxypyrrolidine-2-carboxylic acid
OH

OH .
{11 B 4
(S) (R) N~
H

HO ﬁ HCL 120°C, 858 HO

A muxture of AcOH (628.70 g, 10.47 mol) and Ac,O (203.45 g, 1.99 mol} was heated to 50 °C,
then (25, 4R)-4-hydroxypyrrolidine-2-carboxylic acid (47.00 g, 358.42 mmol} was added in one
portion. The mixtore was heated to 120 °C and stirred for 5.5 h. After cooling to t.t., the solvent
was removed. The residue was dissalved in HCL (650 mL), and then the mixture was heated to
120 °C and stirred for 3 h. Then activated charcoal (2.5 g) was added, the hot mixture was
filtered immediately through a Celite layer and the cake was washed with hot water. The
colorless solution was neutralized with {riethylamine and evaporated (o dryness. The crude
product was refluxed in ethanol (2500 mL) and water was added carefully to the botling mixture
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until the sohid disappeared (but the solution remained still a little turbid). The solution was then
left to stand overnight at -20 °C to give white crystals, which were filtered off and washed with
cold ethanol afford the title compound (22.00 g, 44.5%) as a white solid.

13481 Step 2: methvl (2R, 4R )-4-hyvdroxypyreolidine-2-carboxylate

® > Ry

Ho TN MeOH, 0-60°C, 160 MeO Ny

To a solution of (2R, 4R}-4-hydroxypyrrolidine-2-carboxylic acid (22.00 g, 167.77 mmol) in
MeOH (500 ml.) was added SOC1, (23.95 g, 201.32 mmol) at 0 °C . The mixture was stirred at
60 °C for 16 h under N> The mixture was concentrated to afford the title compound (16.00 g,
crude).

(3411 Step 3: methyl (ZR, 4R )-1-benzyl-4-hydroxy-pyrrolidine-2-carboxylate

0 (O BrEr OWOH
M ow o > Med N
e N Her  TEA, DCM,60°C, 16 h o

The mixture of methyl (2R 4R)-4-hydroxypyrrolidine-2-carboxylate (16.00 g, 88.10 mmol),
BnBr (18.08 g, 105.72 mmol), TEA (26.74 g, 264.29 mmol} in BCM (200 mL) was degassed
and purged with N2 for 3 times, and theo it was stivred at 60 °C for 16 h under N, atmosphere.
The residue was poured into water (500 mL). The agueous phase was extracted with EtOAc (300
mbx3). The combined organic phase was washed with brine (300 mL), dried with anhydrous
Nap5Q;, filtered and concentrated in vacuum. The residue was purified by silica gel
chromatography (510, PE/EIOAc=20/1, 10/1) to alford the title compound (18.00 g, 78.2%).
13421 Step 4: Methyi (2R, 4R )-1-benzyil-4-[tert-butyi{dimethyljsilyi]oxy-pyrrolidine-2-
carboxylate.

2, OTBOMS

C?S ?\?’OH TROMSCI 0}@{,\]}4

(R} HA
A Ve Uil N
MeQ) ;\i TEA, DCM, 0-80°C, 16 h MeQ !

Bn Bn

To a solution of methyl (2R 4R)-1-benzyl-4-hydroxy-pyrrolidine-2-carboxylate (18.60 g, 76.50
mmol) andimidazole (15.63 g, 229.50 mmol} in BCM (300 mL) was added TBDMSCI (17.30 ¢,

114.75 mmol) at 0°C . The mixtore was stirred at 60 °C for 16 h. The residue was poured into
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water (1000 rol.). The agueous phase was extracted with EtOAc¢ (500 mLx3). The combined
organic phase was washed with brine (1000 mL), dried with anhydrous Na:SO4, {iltered and
concentrated in vacuum. The residue was purified by silica gel chromatography (510,
PE/EtOAc=10/1, 5/1) to afford the title compound (25.00 g, 79.46%).

13431 Step 5: [(2R 4R )-1-benzyl-4-{tert-butyl{dimethyl jsilylJoxy-pyrrolidin-2-vljmethanol

0 RO TBDMS _ 0 TBDMS
W LiBH4 /’"""d
® = ®
med N THF,030°C, 16 HO N
Bn B

To a solution of methyl (2R, 4R)-1-benzyl-4-{tert-butyl{dimethylsilyljoxy- pyrrolidine-2-
carboxylate (25.00 g, 71.52 mmol} in THF (300 mL) was added LiBH4 (3.12 g, 143.04 mmol) at
3 °C under N,. The mixture was stivred at 30 °C {or 16 h. The residue was poured into water
(1000 mL). The aqueous phase was extracted with EtOAc (500 mLx3). The combined organic
phase was washed with brine (1000 mL), dried with anhydrous NaySQy, filtered and
concentrated. The residue was purified by column chromatography (5i0,, PE /EtOAc=5/1 to 3:1}
to afford the title compound (22.00 g, 86.1%).

{344} Step 6: [(3R,55)-5-azido-1-benzyl-3-piperidyljoxy-teri-butvl-dimethyl-silane

- fr&OTBDMS XtalFiuor E, nBu4NN~
/ (R<

DCM, -78°C. 45N

OTBDMS

To a solution of [{ZR, 4R}-1-benzyl-4-[tert-butyl {dimethyD)sityljoxy-pyrrolidin-2-vl] methanol
(5.00 g, 15.55 mmol) in CH,Cly (20 mL) was added drop-wise (difluoro-sulfanylidene)-diethyl-
ammoniumtetrativoroborate (3.92 g, 17.11 mmol) and tetrabutylammonium;azide (4.42 g, 15.55
mmol} at -78 “C by 10 min/hr. After addition, the mixture was stirred at this temperature for 4.5
h, and then concentrated. The residue was puorified by colummn chromatography (510,
PE/EtOAc=20/1) to afford the tile compound (6 g, crude).

134531 Step 7: (35,5R)-1-benzyl-5-{tert-butyi{dimethvl)silyljoxy-piperidin-3-amine

. _  HpN CTBDMS
N3WGTBDMS Raney Ni, H (16 psi) 2 W

N MeOH, 2 h, 20°C i
Bn 2n
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To a solution of [(3R, 55)-5-azido-1-benzyi-3-pipenidyljoxy-tert-butyl-dimethyl-silane (6.00 g,
17.31 mmol) in MeOH (20 ml.) was added Ra-Ni (1 g} under No. The suspension was degassed
under vacuum and purged with Hy several times. The mixture was stirred under H; (40 psi) at 20
°C for 2 h. The mixture was {iltered and concentrated. The mixture was purified by prep-HPLC
(TFA) to afford the title compound (1.50 g, 33.9%).

(346 Step 8: N-[(38,3R)-1-benzyl-5-[tert-buryl{dimethyljsilvijoxy-3-piperidvi]-4-(1 H-indol-3-

yvi)-S-{triftuoromethyl jpyrimidin-2-amine

HolN OTBDMS

‘i
O Fa C’Q, ‘7%01 BOMS

[ N
N/
DIPEA, NMP, 140 °C, oh
E N Bn

H

To a solution of {35,5R)-1-benzyl-5-[tert-butyl{dimethyl)silyljoxy-piperidin-3-amine (500 mg,
1.56 ramol) in NMP (5 mL) was added DIPEA (403 mg, 3.12 mmol) and 3-{2-chloro-5-
(trifluoromethyhpyriomdin-4-yij-1H-indole (511 mg, 1.72 mmol). The mixture was stirred at 140
“C for 5 h. The residue was poured into water {100 mL). The aqueous phase was extracted with
EtOAC (50 mLX3). The combined organic phase was washed with brine (100 mlL), dried with
anhydrous NapSOy, filtered and concentrated. The residue was purified by coluran
chromatography (510,, PE/EtOAc =10/1 to 5/1) to afford the title compound (600 mg, 60.69%).
(3471 Step 9: N-[{3S,5R)-5-[tert-butyl{dimeihyl)silyljoxy-3-piperidyl {-4-(1 H-indol-3-yl}-5-

{(trifluoromethyl jpyrimidin-2-amine

N H
Jy-N .
FaC ”’\, N 2(;‘ OTEDNS P, 1, (15 ps) z'sap OTBOMS
e 30 S
g N\ MeOH, 20 °C, 4 h ;J
A f‘n H

To a mixtare of N-[(35,5R)-1-benzyl-5-[tert-butyl{dimethylsilylfoxy-3-piperidyl}-4- (1H-indol-
3-yl3-5-(trifluoromethyl)pyrimidin-2-amine (450 mg, 773.53 umol) and NHa.H,O (81 mg, 2.32
mmel) in MeOH (5 mL) was added Pd-C (10%, 0.05 g) under N». The suspension was degassed

under vacuum and purged with H; several times. The mixture was stirred under H, (15 psi} at 20
i21
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°C for 4 h. The mixture was concentrated (o afford the title compound (200 mg, crude).
[348] Step 10: (3R 58)-5-[{4-(IH-indol-3-yi}-5-(triflucromethyl )pyrimidin-2-

vijaminolpiperidin-3-ol

N H N H
A [N
FaC oy ’/,'a;;.G%,AOTBDMS TARF RN \o,,q\/f—«sOH
) [ A - / \N/' b
TN H 20°C, 21 || \] 3 H
LN N
H H

To a solution of N-[(35, 3R)-5-[tert-butyl (dimethyl) silyl} oxy-3-piperidyl}-4- (1H-indol-3-yb-
S-(triftuoromethyl) pyrimidin-2Z-amine (200 mg, 406.82 umol) in THF (5 mL) was added TBAF
(0.5 mL, I M). The mixture was stirred at 20 °C for 2 h. The mixture was concentrated. The
residue was purified by prep-HPLC (FA) to afford the title compound (87 mg, 36.10%).

13491 Example 47. [(35)-3-hydroxypyrrolidin-1-yl]-[3-[2-[[(35)-3-piperidyl]amine]-5-
(trifluoromethyl)pyrimidin-4-yi}-1H-indol-6-ylimethanone (Compound 2064).

(388} Step 1: Methyl 3-{2-chloro-5-(trifluoromeihyl) pyrimidin-4-yi]-1H-indole-6-carboxylate

FZSC~ , \‘:‘N

/ax |
HN ) o HN X N’)\cs
N PR \
/>) o N )=
o) -
i"‘ AICl,, DCE, 90 °C, 16h 2\,4/
o~ o]
;oo 40

To a solution of 2, 4-dichloro -5- (trilluoromethyl) pyrimidine (24.77 g, 114.16 mmol, 2.00 eq)
in DCE (200.00 mL) was added AICH; (15.98 g, 119.87 mmol, 6.55 mL, 2.10 eq). The mixture
was stirred at 90 °C for 30 min, and then methyl 1H-indole- 6-carboxylate (10.00 g, 57.08 mumol,
1.00 eq) was added at 90 °C. The resulting mixture was stivred at 90 °C {or 15.5 h. The reaction
mixture was filtered. The filtrate was diluted with water (200 mL) and extracted with DCM (80
mix3). The combined organic layers were washed with brine (200 mLx2), dried over NapS(,,
filtered and concentrated under reduced pressure to give a residue. The residue was washed with
MeOH (50 mL) and filtered to afford the title compounnd (4.00 g, 10.57 mmol, 18.52% yield,
94% purity) as a yellow solid.

1358} Step 20 Methyl 3-[2-[[(35)-1-tert-butoxycarbonyl-3-piperidyl] amino]-5-{triflucromethyi)

pyrimidin-4-ylj-1H-indole-6-carboxylaie
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F3CTI\/\\N E\iig FSC\(,‘/’\\‘N
HNA}[’/ N{/L\CE P[;(S)E HN/i\\ I!NN&‘.\NH
»-ﬁ Boc” ~ t — 7T
/ ; E 1)
\;’/ DIAE, NMP, 140°C, 1 h AN
Boc
o~ o4
A ¢! A S

A mixture of methyl 3-[2-chloro-3-(trifluoromethyl)pyrimidin-4-vyi}-1H-indole-6-carboxylate
(2.50 g, 7.03 mmol, 1.00 eq), tert-butyl (35)-3-aminopiperidine-1-carboxylate (1.83 g, 9.14
mmol, 1.30 eq), DIEA (4.54 g, 35,15 mmol., 6.14 mL, 5.00 eq) in NMP (10.00 mL) was stirred at
140 °C for 1 h. The reaction mixtare was poured into water 200 ml., and then extracted with
EtOAc (70 mLx3). The combined organic layers were washed with brine (300 mL), dried over
Nap50y, filiered and concentrated vnder reduced pressure to give a residue. The residue was
purified by column chromatography (S10,, PE/EtOAc =5:1 to 1:1) to afford the title compound
(2.20 g, 3.39 muruol, 48.19% yield, 80% purity) as a yellow solid.

{382} Step 3: 3-[2-[[(35)-1-tert-buioxycarbonyl-3-piperidyl] amino]-5-(trifluoromethyi)

pyrimidin-4-yl]-1H-indole-6-carboxylic acid

Falu = Fa Y
’ | N ~ ﬁ\
P ==X NN

HN/\\\T/ N)\NH HN B
Ve Kk ag.NaOH, MeOH = S
(S oo / I
&‘L-} N \//: rt,3h )= Boc’N\/
Bos” T .
o- < Ho««’\\n
AN

A mxture of methyl 3-[2-[[(38)-1-tert-butoxycarbonyl-3-piperidyl} amino}-5-(trifluoromethyl)
pyrimidin-4-yl}-1H-indole-6-carboxylate (2.20 g, 4.23 mmol, 1.00 eg), LIOH (5 M, 1.69 mL,
2.00 eq) in MeOH (20.00 ml) was stirred at 25 °C for 3 h. The reaction mixture was
concentrated, and then diluted with water 100 mL and extracted with EtOAc (50 mLx3). The
organic layers was removed, and the aqueous phase was adjusted pH to 1 by HCI (1M), extracted
with EtOAc (50 mLx3). The combined organic layers were washed with brine (300 mL), dried
over Na;SO,, filtered and concentrated under reduced pressure to afford the title compound (1.80
g, 3.20 mmol, 75.57% yield, 90% purity} as a yellow solid.

13531 Step 4: Tert- butvi (38)-3-{[4-[6-{(38)-3-hvdroxypyrrolidine-1-carbonyi -1 H-indol-3-vi]-

S-(trifluoromethyl) pyrimidin-2-yl] amino] piperidine-I-carboxylate
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A *‘f’
Ry RZaN
HN N RH H,I\/ HN
S A S
N / = HATU, DIEA, | i U
. BOC,N rt., 16 h, Roc”
HO—Y, )\J o)

HETY
A moixture of 3-[2-[[(38)-1-tert-butoxycarbonyl-3-piperidyljamino]-3-
(triflaoromethylipyrimidin-4-vi}- iH-indole-6-carboxylic acid (106.00 mg, 197.83 umol, 1.00
eq), (35)-pyrrolidin-3-ol (24.45 mg, 197.83 umol, 22.64 ul., 1.00 eq. HCl), HATU (75.22 mg,
197.83 umol, 1.00 eq), DIEA (25.57 mg, 197.83 umol, 34.55 ul,, 1.00 eq) in DMF (3.00 mL}
was stirred at 20 °C for 16 h. The reaction mixture was concentrated. The residue was purified
by prep-HPLC (TFA condition) and concentrated. The residue was treated with water (30 mL)
and adjusted to pH =8 by NaHCO; and extracted with EtOAc (30 mLx3), dried over NaySO,,
concentrated to afford the title compound (80.00 mg, 125.31 umol, 63.34% vield, 90% purity) as
a white solid
13841 Step 5. [(358)-3-hydroxypyrrolidin-1-yi]-[3-[2-][{38}-3-piperidyijamino]-5-
{(trifluoromethyi jpyrimidin-4-y{]-1 H-indol-6-yljmethanone

E. ("\//\N F’aC\//\N
HN/\)’//\ s NA*A ”J\
}~\> 5 HCIEA, 11, g{) HSE
- GCIN\’ /’\
j! MY B ’ﬁ

MO

A mixture of tert-butyl (35)-3-{[4-{6-[(35)-3-hydroxypyrrolidine-1-carbonyl}- I H-indol-3-y1]-5-
{trifluoromethyl)pyrimidin-2-yl} amino]piperidine- 1-carboxylate (90.00 mg, 156.63 umol, 1.00
eq) in HCVEWOAC (4 M, 1.17 mk, 30.00 eq) was stirred at 20 °C for | h. The reaction mixiure
was concentrated. The residue was purified by prep-HPLC (FA condition) to afford the title
compound (14.10 mg, 26.55 umol. 16.95% yield, 98% purity, FA} as a white solid.

[358] Example 48, [GR)-3-hydroxypyrrolidin-1-yl}-{3-[2-[[(38}-3-piperidyl] amino}-5-
{triflueromethyl)pyrimidin-4-yi}-1 H-indol-6-yl imethanone (Compound 205).
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(386} Step 1: Tert- butyl (35)-3-[[4-[6-[(3R)-3-hyvdroxypyrrolidine-1-carbonyl]-1 H-indol-3-yl -

S-(trifluoromethyl) pyrimidin-2-vi] aminof piperidine-i-carboxylate

| i) '
A AN HN S Ay N
HM N NH e
Sas QU SN SO ¢
787 R
7 h&" HATU, DIEA, DMF \/\,‘Jj NS
7 goe £, 18h - Bos
HO— LN,
>, R ¢
v HCHY

A mixture of 3-[2-[[{35)-1-tert-butoxycarbonyl-3-piperidyljamino]-5-
(trifluoromethyDpyrimidin-4-yl}- IH-indole-6-carboxylic acid (100.00 mg, 197.83 umol, 1.00
eq), (3R)-pyrrolidin-3-0l (24.45 mg, 197.83 umol, 22.64 ul, 1.00 eq, HCH, HATU (75.22 mg,
197.83 umol, 1.00 eq), DIEA (25.57 mg, 197.83 umol, 34.55 uL, 1.00 eq) in DMF (3.00 mL)
was stirred at 20 °C for 16 h. The reaction mixture was poured into water 30 mL., and extracted
with BtOAc (20 mELx3). The combined organic layers were washed with brine 100 mL, dried
over Na;S0;, filtered and concentrated under reduced pressure to afford the title compound
200.00 mg, crude) as a yellow oil.

13871 Step 2: [{3R)-3-hydroxypyrrolidin-1-yl]-[3-]2-[ {(35)-3-piperidyl] amino]-5-
{(trifluoromethyi) pyrimidin-4-ylj- 1 H-indol-6-vl] methanone

F3C\ﬁ/f§N %C,YA?EE
HN/\YNN%NH HN/“\\r/\[\;4 “NH
Y orcd HCIEA, rt, 05h -
= A et o . e ) &
\ Ny W
N Y BOC/N\/ ~ ‘\\}' HN\,/
B 0 a4 s
HOYR HOYR

A mixture of tert-butyl (35)-3-{{4-{6-[(3R}-3-hydroxypyrrolidine-1-carbonyl}-1 H-indol-3-y1]-5-
(trifluoromethyl) pyrimidin-2-yl} amino} pipendine-1-carboxylate (200.00 mg, 348.07 umol,
1.00 eq) in HCV/EIOAC (4 M, 4.35 mL, 50.00 eq) was stirred at 20 °C for 0.5 h. The reaction
mixture was concentrated. The residue was purified by prep-HPLC (FA condition) to afford the
title compound (10.50 mg, 19.77 umol, 5.68% yield, 98% purity, FA) as a yellow solid.

[358] Example 49, N-[(35)-3-piperidyl}-4-(6-pyrrolidin-1-yvi-1H-indol-3-y1)-5-
{trifluoromethyl) pyrimidin-2Z-amine (Compound 213).

13591 Step 1. teri-burvl (35)-3-[[4-(6-pyrrolidin-1-yi-1H-indol-3-y1)-5-(trifluoromethyl)
pyrimidin-2-yif amino] piperidine-I-carboxylate
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B’EN:N . Q (f? 1’\/\5 \{}Fa(; /Lﬁ&/\
® Buxpho

N H s-Pd- c1 +-BuONa,

_‘—’
THE, 85°C, 18 HN

PhO»S

A mixture of tert-butyl (35)-3-{{4-[1-(benzenesulfonyl)-6-bromo-indol-3-yl]-5-(trifluoromethyi)
pyrimidin-2-yl] amino] piperidine-1-carboxylate (200.00 mg, 293.89 umol, 1.00 eq), pyrrolidine
(313.52 mg, 4.41 momol, 368.85 vl., 15.00 eqg), t-BuONa (56.49 mg, 587.78 umo}, 2.00 eq), [2-
(Z-aminocthylyphenyl}-chloro-palladivmditert-butyl-[2-(2,4 6-triisopropylphenyl) phenyl]
phosphane (20.18 mg, 29.39 umol, 0.10 eq} in THF (5.00 mL) was degassed and purged with Ny
for 3 times, and then the mixture was stirred at 80°C for 16 h under N, atmosphere. The reaction
mixture was poured into water 50 mL, and then extracted with EtOAc (30 mix3). The combined
organic layers were washed with brine (150 mL). dried over Na,S50O,, filtered and concentrated
under reduced pressure {0 give a residue. The residue was purified by column chromatography
(510,, PE/EtOAc =101 to 2:1) to afford the title compound (160 mg) as a yellow solid. (Note:
combined purification with another batch. SM scale: 100 mg,)

(3601 Step 2: N-[{3S)-3-piperidyvi]-4-(6-pyrrolidin-1-vi-1H-indol-3-y{}-5-(triflucromethyi)}

pyrimidin-2-amine

k}i FiC \/\N TN HOUEArt.05h CN
(8 _
\ 7 \FK’\N”[\NWN Bos

- HN-

A mixtuare of tert-butyl (35)-3-{{4-(6-pyrrolidin-1-yl-1H-indol-3-y)-5-(trifluoromethyl)
pyrivnidin-2-yl] amioo] piperidine-1-carboxylate (160.00 mg, 301.55 vmol, 1.00 eq) in
HCVEIOAc (4 M, 2.26 mL, 30.00 eq) was stirred at 20°C for 0.5 h. It was concentrated, and the
residue was purified by prep-HPLC (FA condition) to afford the title compound (51.50 mg,
106.89 amol, 35.45% yield, 98.9% purity, FA) as a yellow solid.

[361] Example 56. 2-methyl-1-[4-[3-[2-[[(35)-3-piperidyl] amino}-5-(irifluoremethyl)
pyrimidin-4-yi}-1H-indel-6-y1] pyrazel-1-yl] propan-2-ol (Compound 214),

13621 Step 1: 2-methvl-1-{4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vljpyrazol-1-yipropan-
2-0l
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To a solution of 4-(4, 4, 5, S-tetramethyl-1, 3, 2-dioxaborolan-2-yl}-1H-pyrazole (800 mg, 4.12
mmol) in 2.2-dimethyloxirane (3.86 g, 33.60 mumol) was added CsxCO5 (2.01 g, 6.18 mmol) at
20 °C. The mixture was heated at 120° C for 30 min using microwave irradiation under No. The
reaction mixture was filtered and washed by DCM. The filtrate was concentrated under reduced
pressure to afford the title compound (970 mg, 79.62%) as a white solid.

13631 Step 20 tert-butvl (35)-3-[[4-[ 1-(benzenesulfonvi)-6-[ I-(2-hvdroxy-2-methyi-
propylipyrazol -4-vljindol-3-yi]-5-(trifluoromethyl jpyrimidin-2-vijamino Jpiperidine-1 -

carboxylate

PhO,S—N

& Bpin
HOON @ Pa{dopfiCly, K3POy,
dioxane, 100 °C, 5 h

OH
2-moethyl-1-[4-(4,4,5, 5-tetramethyl- 1,3.2-dioxaborolan-2-yhpyrazol-1-yljpropan-2-ol (117 mg,
440.82 umol) and tert-butyl (38)-3-{{4-[ 1-(benzenesulfonyl}-6-bromo- indol-3-yH-5-
(trifluoromethyDpyrimidin-2-yHamino]piperidine- I-carboxylate (200 mg, 293.88 umol) were
dissolved in dioxane (6 mL}, then Pd{dppDHCly (21 myg, 29.39 umol) and KsPO4 (124 mg, 587.76
umol) were added into the mixture at 20 “C. The suspension was degassed under vacuum and
purged with N, three times. The mixtare was stirred under Np at 100°C for 5 h. The reaction
mixture was filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chroroatography (510, PE/EIOAC =10/1-5/1) to atford the title compound
{200 mg, 73.59%) as a yellow solid.
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Step 3. tert-butyl (35 )-3-[[4-]6-] 1-(2-hyvdroxy-2-methyl-propyljpyrazol-4-yi]- 1 H-indol-3-yl] -5-

(trifluoromethyvl )pyrimidin-2-vl]aminopiperidine-1-carboxylate

Fal NN
N iow
PN SN
PROS N T N nm HN 7 N e
3 / ) X\ P
7N ey NaCH (5 N) ey
Ve N T - o Bos™
</ Bog o dioxane, 100 °C, 1 h A
== 7N
77N N
> 7
//N‘\ I.\5/ ¢ N\N
A
o Ot

1364} To a solution of tert-butyl (35)-3-[{4-] I-(tbenzenesulfonyl)-6-f 1-(2-hydroxy-2- methyl-
propylipyrazol-4-yljindol-3-ylj-5-(trifluoromethylpyrimidin-2-yl]amino]piperidine-1-
carboxylate (150 mg, 202.75 umol) in dioxane (5 mL) was added a solution of NaOH (40 mg,
1.01 mmol) in H20O (1 ml) at 20 °C. The mixture was heated to 100 °C and stirved for 1 h. The
reaction mixture was poured into water (50 mL) and extracted with EtOAc (50 mbLx3}. The
combined organic layers were dried over NapSy, filtered and concentrated under reduced
pressure to afford the title compound (120 mg, crude) as a yellow oil.

Step 4: 2-methyi-1-[4-[3-[2-[[(35}-3-piperidyljamino ]-5-(trifluoromethyl) pyrimidin-4-vi]-1H-
indol-6-yljpyrazol-1-yljpropan-2-ol

i =N N
Ty Pl
[row if
N iy SN
AN NT A HN | N” NH
-
7 \\\ /TE\ . JN S
o/ @5 HCMeOH S ren
= N e - = NH_
A o 20°C,05h =
[ \ N
ARY Y
~ /;r\\ -~ A%\ ~
OH OH

[363] To asolution of tert-butyl (35)-3-[[4-[6-1 1-(2-hydroxy-2-methyl-propylpyrazol-4-ylj -
1H-indol-3-v1}-5-(trifluoromethylpyrimidin-2-ylamino|piperidine- I -carboxylate (100 mg,
166.76 umol) in McOH (2 mL) was added HCY/MeOH (4 M, 20 mL). The mixture was stirred at
20 °C for 0.5 h. Then the mixture was concentrated under reduced pressure to give a residue. The
residue was purified by prep-HPLC (FA) to afford the title compound (51.20 mg, 55.15%) as a

light yellow solid.
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[366] Example 51, 4-[6-(methylsulfonyimethyl)-1H-indol-3-y1] -N-[(35}-3-piperidyi] -3-
(trifiuoromethyl) pyrimidin-2- amine (Compound 219).
(3671 Step i: Methyl 3-{2-chloro-5-(trifluoromethyl) pyrimidin-4-ylj -1-(2-

trimethyisilylethoxymethyl) indole-6-carboxylate

F3 ~ I Q\N FSC\\ET‘/% N
A SN
= N Cl SE:’\!’!»N&MN Ci

NaH, SEMCI
T

THF, 0-20°C, 1.5 1 N J

7o 7%

To a solution of methyl 3-[2-chloro-5- (trifluoromethyDpyrimidin-4-yi] -1H-indole-6-
carboxylate (1.00 g, 2.81 mmol, 1.00 eg} in THF (10.00 mL) was added NaH (168.68 mg, 4.22
mmol, 60% purity, 1.50 eq) at 0 °C. After addition, the mixture was stirred at this temperature
for 30 mun, and then 2-(chloromethoxy) ethyl-trimethyl-silane (703.06 mg, 4.22 mmol, 747.94
ul., 1.50 eq) was added dropwise at 0 °C. The resulting mixture was stirred at 20 °C for 1 h. The
reaction mixture was quenched with water 20 mL and extracted with EtOAc (10 mLx3). The
combined organic layers were washed with brine (30 mbx2), dried over NaySOy, filtered and
concentrated under reduced pressure Lo give a residue. The residue was purified by column
chromatography (5102, PE/EtOAc=20:1 to 10:1) to afford the title compound (860.00 mg, 1.63
mmol, 37.94% yield, 92% purity) as a white solid.

{368) Step 2: Methyi 3-[2-][(35}-1-tert-butoxycarbonyl-3-piperidyl] amino]-5-{triflucromethyi)

pyrimidin-4-yl]-1-(2-trimethyisilylethoxymethyl) indole-6-carboxvylate

A mixture of methyl 3-{2-chloro-5-(trifluoromethyl}pyrimidin-4- yi}- 1-(2-
trimethylsilylethoxymethyl) indole- 6-carboxylate (860.00 mg, 1.77 mmol, 1.00 eq), tert-butyl
(35)-3-aminopiperidine-t-carboxylate (531.65 mg, 2.66 mmol, 1.50 eq) and DIEA (686.15 mg,
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5.31 ramol, 927.23 ul, 3.00 eq) in NMP (8.00 mL) was stirred at 140 °C for 1 h. The reaction
mixture was diluted with water 50 mL and extracted with EtCGAc (30 mELx3). The combined
organic layers were washed with brine (100 mELx2), dried over NaZS04, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (510, PE/EtCAc =10:1 to 3:1) to afford the title compound (1.07 g, 1.43 mmol,
80.94% vyield) as a yellow o1l

(3691 Step 3. Tert-butyl (35)-3-[{4-]16-(hydroxymethyl)-1 - (2-trimethylsilylethoxymethyl indol-
3-vI] -S-(trifluovomethyl jpyrimidin-2-vl]amino|piperidine-1-carboxyiate

Fs i \/Nk Faq (A\//\N
senen ST N H “E-;N\Nf\}/\ l

DIBAL-H, toluene

S T )
k, goc -50 °C, 30 min \ C”N\/’/
O § _.J
) o HO

To a solution of methyl 3-[2-[[(35)-1-tert-butoxycarbonyl- 3-pipenidyljamino]- 5-
{trifluoromethylpyrimidin-4-yi}-1-(2-trimethylsilylethoxymethyl}indole-6-carboxylate (1.07 g,
1.65 mmeol, 1.00 eq) in toluene (10.00 mL) was added dropwise DIBAL-H (1 M, 3.96 mL, 2.40
eq) at -30 °C. The mixture was stirred at -50 °C for 30 min. The reaction mixture was quenched
by addition McOH (2 mL) and H,0 (2 mL) at 0 °C and filtered, the filtrate was concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(510, PE/EtOAC =5:1 to 1:1) to afford the title compound (600.00 mg, §78.15 umol, 53.22%
yield, 91% purity) as a vellow oil,

(370} Step 4: Tert-butyl (35 )-3-1{4-[6-(chloromethyi}-1 -(2-trimethyisilylethoxymethyl )indol-3-
Vi -5-{trifluoromethyl jpyrimidin-2-yl Jamino[piperidine- I -carboxylate and tert-buivl (35)-3 -[[4-
{6-(methylsulfonyloxymethyl)- I-(2-trimethylsilylethoxymethyl) indol -3-y{]- 5-(trifluoromethyl}

pyrimidin-2-vljaminojpiperidine-1-carboxylate
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product 2

To a solution of tert-butyl (38)-3-{{4-[6-(hydroxymethyl)-1- (2-
trimethylsitylethoxymethyl)indol-3 -y1-3 -(trifluoromethyDpyrimidin-2-yHamino} piperidine -
I-carboxylate (600.00 mg, 965.00 umol, 1.00 eq) in DCM (6.00 mL) was added TEA (14647
mg, 1.45 mmol, 200.64 uL, 1.50 eq) and methanesulfonyl chloride (331.62 mg, 2.90 mmol,
224.07 uL, 3.00 eq). The mixture was stirred at 20 °C for 16 h. The reaction mixture was diluted
with water 20 mL and extracted with DCM (10 mLx3). The combined organic layers were
washed with brine (30 mlx2), dried over Nas5Qy, fillered and concentrated under reduced
pressure to afford 740 mg of the title compounds as a crude mixture. It was used in the next step
directly without further purification.

(3781 Step 5: Tert-buiyl (35)-3-[{4-]6-{methyisulfonylmethyl) - 1-(2-trimethyisilylethoxymethyl)

indol-3-yl]-5- (trifluoromethyl) pyrimidin-2-yi] aminof piperidine-1-carboxylate

Fgcrw " Fgcj PN )\/ML

i { i g

e P - e N

SEMW/\\‘? AN‘/\ﬁ SEMNTY SN g NaSO,Me, KI SEM~N - N H
,\"'9, p - :,/ p DMF, 80 °C, 16 h \:> FE
g A Sy o 3 gt

Boc™ ™™ Boc™ ™ ‘31 Bo
Cl MO~ 3

To a solution of tert-butyl (35)-3-[{4-[6-(chloromethyD-1- (2-trimethylsilylethoxymethylindol-
3-vij-3-(irifluoromethylypyrimidin-2-yljamino] piperidine-1-carboxylate and tert-butyl (35)-3-
[{4- [0-(methylsulfonyloxymethyl} - 1-(2-trimethylsilylethoxymethyhindol-3-yi} -5 -
(trifluoromethylpyrimidin-2-vl} amine] piperidine-1- carboxylate (340.00 mg, 531.08 umol,
1.00 eq) in DMF (5.00 mL) was added methylsulfonylsodium (108.44 mg, 1.06 mmol, 2.00 eq)
and K (105.79 mg, 637.29 urnol, 1.20 eq). The mixtore was stirred at 60 °C for 16 h. The
reaction mixture was diluted with water 50 mL and extracted with ethyl acetate (30 mIx3). The

combined organic layers were washed with brine (100 mLx2), dried over Na5Qy, filtered and
131
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concentrated under reduced pressure Lo give a residue. The residue was purified by column
chromatography (510,, PE/EtOAc =10:1 to 1:1) to afford the title compound (210.00 mg, 251.81
umol, 47.41% yield, 82% purity} as a yellow solid.

1372} Step 6: 4-[6-(methylsulfonyimethyl )-1 H-indol-3-yi [-N-[(35)}-3-piperidyl{-5-

(trifluoromethyl) pyrimidin-2-amine
P-.SI A

Xy
SL.M«N -~ H o H 804 dioxane
> % 80 °C, 16 h 5
5 4
o) o]

To a solution of tert-butyl (35)-3- {{4-{6-(methylsulfonylmethyl}-1- (2-
trimethylsitylethoxymethyl) indol-3-y1] - 3-(trifluoromethyl) pyrimidin-2-yl] amino] piperidine-
[-carboxylate (210.00 mg, 307.08 umol, 1.00 eq) in dioxane (5.00 ml) was added H.50;
(301.18 mg, 3.07 mmol, 163.69 ul, 10.00 eq). The mixture was stirred at 60 °C for 16 h. The
reaction mixture was poured into water (20 mL) at 0 °C, then the mixture was adjusted pH to 8
by aqueous NaOH, and extracted with dichloromethane (10 mLx3), The combined organic layers
were washed with brine (30 mlx2), dried over Na;SQy, filiered and concentrated ander reduced
pressure to give a residue (200 mg). The residue was purified by prep-HPLC (FA condition) to
afford the title compound (8.80 mg, 16.91 umol, 5.51% yield, 96% purity, FA) as a while solid
{Note: combined purification with another baich. SM scale: 50 mg).

13731 Example 52. {(35)-3-hydroxy-3-methyl-pyrrolidin-1-yi]-[3-[2-[]{35})-3-
piperidyllamino}-S-(irifluoromethyl)pyrimidin-4-yl}- 1 Hindol-6-yljmethanone (Compound
220) and [(3R)-3-hydroxy-3-methyl-pyrrolidin- i -y1}-[3-[2-[1(35)-3-piperidyl jamineo]-5-
(trifluoromethyDpyrimidin-4-yl}- 1 Hindol-6-ylmethanone (Compound 221).

1374} Step i: Tert-butyl (35)-3-{{4-{6-(3-hydroxy-3-methyl-pvrrolidine-1-carbonyl)-1 H-indol-

3-vl]-5-(trifluoromethyl) pyrimidin-2-vl] amino] piperidine-1-carboxylate
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A mixtare of 3-[2-[[(35)-1-tert-butoxycarbonyi-3-piperidyliamino}-5-
{(trifluoromethylypyrimidin-4-yl}-1H-indole-6-carboxylic acid (300.00 mg, 393.48 vmol, 1.00
eq), 3-methylpyrrolidin-3-0l (60.03 mg, 593.48 umol, 1.00 eq), HATU (225.66 mg, 593.48 umol,
1.00 eq), DIEA (230.10 mg, 1.78 mmol, 310.95 ulL, 3.00 eq) in DMF (5.00 mL) was degassed
and purged with N, for three times, and then the mixture was stirred at 25 °C for 16 h under N,
atmosphere. The reaction mixture was poured into water 50 mL, and extracted with EtOAc (20
mix3). The combined organic layers were washed with brine 100 mL, dried over Na;S0,4.
filtered and concentrated under reduced pressure to afford the title compound (500.00 mg, crude)
as a yellow oil. It was wsed {or next step directly.
[375) Step 2: (3-hydroxy-3-methyl-pyrrolidin-1-yij- [ 3-]2-[[(35)-3-piperidyl] aminof-5-
(trifiuoromethyl) pyrimidin-4-yl]-1H-indol-6-yl] methanone
FaCul
AN SN T RH HN/\/ "
>~,~:4> % HCVEA, 20 °C, 0.5 h .
Y 1/ F‘i‘. - /)\:> |
Boc” 7 HN
o oS
HO-Y~ O \,JT/
HG O

A mixture of tert-butyl-(353-3 A mixture of tert-butyl (35)-3-[[4-[6-(3-hydroxy-3-methyl-

pyrrolidine-1-carbonyl)-1H-indo}-3-y1]-5-(trifluoromethyl) pyrimidin-2-yl]

amino] piperidine-1-carboxylate (500.00 mg, 849.44 umol, 1.00 eq) in HCVEtOAc (4 M, 6.37
ml, 30.00 eq) was stirred at 20 °C for 0.5 h. It was concentrated and the residue was purified by
prep-HPLC (TFA condition) to afford the title compound (80.00 mg, 163.77 umol, 19.28%
yield) as a yellow solid.

13761 Step 3. [(35)-3-hydroxy-3-methyl-pyrrolidin-1 -yl {-[3-{2-][{38)-3-piperidvl jamino |-5-

(trifluoromethvljpyrimidin-4-vij-1 Hindol-6-vl]methanone &{ (3R )-3-hvdroxy-3-methyi-
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pyvrrolidin-1-yl]-[3-[2-[[(35)-3-piperidyi]amino[-5-(trifluoromerhyljpyrimidin-4-yi]-1 Hindol-6-

vijmethanone
£ C N Ffj/\”*rl\ TNy
HN/\" ’}kNH . e N T HN/%(/\N/)\NH
SFC \ §
- i B + g
~ N \/“J// HN /\ \_/ HN\J
e - N-‘{
- N
HO"\ O\ ° HO™ T 0

P4 P2
(3-hydroxy-3-methyl-pyrrolidin-1-yD)-{3-[ 2-[{ (35)-3-piperidyl] amino]-S-(trifluoromethyl)
pyrimidin-4-yi}-1H-indol-6-vlimethanone (80 mg) was separated by SFC. P1 (20 mg) was
{further purified by prep-HPLC (TFA condition) and concentrated. The residue was treated with
Sat. NaHCO, and extracted with DCM (2x10 mi), dried over Na»830, and concentrated. It was
then repurified by prep-HPLC (FA condition) and concentrated to give [{35)-3-hydroxy-3-
methyl-pyrrolidin-1-yi}-{3-[2-{[{3S}-3-piperidyl} amino}-5-(trifluoromethyl) pyrimidin-4-yi}-
1Hindol-6-yl] methanone (3.00 mg, 6.02 umol, 3.68% yield, 98% purity) as a white solid (P1,
tentatively assigned) and [(3R)-3-hydroxy-3-methyl-pyrrolidin-1-yli- [3-{2-[{(3S)-3-piperidyl]
amino}-3-(trifluoromethyl) pyrimidin-4-yij- 1Hindol-6-yl] methanone (18.00 mg, 35.37 umol,
21.60% yield, 96% purity) (P2, tentatively assigned).
13771 Example 53, N-[4-(1H-indol-3-y1)-5-(trifluoromethyl)pyrimidin-2-yl]-3-azabicyclo
[2.2.1}heptan-7-amine (Compound 222).
{378} Step I:5-[(15)-1-phenylethvi]-5-azabicyclo [2.2.1 [hepi-2-ene

HN TN

%VL (R&
> - NEE

CHL0, H,0, 096, 22 h PhEY N

To a solution of (15)-I-phenylethanamine (5.00 g, 41.26 mmol) in HyO (56 mL) was added
AcOH (2.48 g, 41.26 mmol) in HoO (29 ml) at 0 °C followed by the addition of cyclopenta-1,3-
diene (5.45 g, 82.52 mmol) and formaldehyde (5.02 g, 61.89 mmol) at the sample temperature.
The mixture was stired at 0 °C for 22 h. The mixture was poured into water (300 mL). The

aqueous phase was extracted with EA (150 mLx3). The combined organic phase was washed
134



WO 2018/013867 PCT/US2017/042017

with brine (150 mL), dried with anhydrous Na;SO4, filtered and councentrated to afford the title
compound (5.20 g, 37.94%) as a yellow oil.

1379} Step 2: (128)-14-BLAH-12-bromo-14-[(18}-1-phenylethyl]-14azatricycloheptane

o Br
(f‘f}& /I; §
Br,. DCM (3
s N‘{S) M f+N\f\/\\’>.
phis :: 0°C. 4h )

- Br
To a solution of 5-[(15)-1-phenylethyl]-5-azabicyclo{2.2.1}hept-2-ene (1.00 g, 5.02 mmol} in
DCM (20 mL) was added a solution of Brz (882.47 mg. 5.52 mmol) at § °C. The mixture was
stirred at O °C for 4 h. The mixture was concentrated. The residue was washed with
DUM/PE=1/30 to alford the tile compound (1.60 g, crude) as a light yellow solid.

{3861 Step 3: [3-[(18)-I-phenyiethyl]-3-azabicyclo [2.2.1 [heptan-7-vl]isoindoline-1,3-dione

}Br
f\,ﬁar
+N)§ Red-Al, THF
e e
- (S}, \/‘L ..1(:‘-0C‘ 9 h . N‘
Ph B Vo, e phlél(

To a solution of (125)-14-BLAH-12-bromo-14-{(1S)-1-phenylethyl}- 14azatricycloheptane
(800.00 mg. 2.23 mmol) in THF (20.00 mL) was added sodium;bis(2-
methoxyethoxylalumanuide (1.28 g, 4.46 romol) at -10°C . The mixtore was stirred at -10 °C for
2 hour under N,. The mixture was poured into water (100 mL}. The aqueous phase was extracted
with BtOAc (50 mlx3). The combined organic phase was washed with brine (100 mL), dried
over anhydrous NaySOy, filtered and concentrated. The product was purified by prep-TLC
(PE/EtCAc= 3/1) to afford the title compound (300 mg. 20.40%).
(381} Step 4: 2-[3-[(1S)-1-phenviethyl]-3-azabicyclo[2.2.1] hepian-7-yl{isvindoline-1,3-dione
73
L 9D
/\w o oL L

-

= 40090 2 5
F’h’{% DMF, 100°C, 251

Ph\ﬂN’
A mixture of (75)-7-bromo-3-{(15)-1-phenylethyl]-3-azabicyclo{2.2.1 Jheptane (250 mg, 892.22
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umoly and (1.3-dioxoisoindolin-2-yhpotassium (181.78 mg, 981.44 umol) in DMV (5.00 mL)
was degassed and purged with Ny for 3 times, and then the mixture was stirred at 100 °C for 2.5
h under N, atmosphere. The mixture was poured into water {100 mL). The mixture was extracted
with EtOAc (50 mLx3), and then the combined organic phase was washed with brine (100 mL),
dried with anhydrous Na,SQOy, filtered and concentrated in vacuum to afford the title compound
(350.00 mg, crude).

{382} Step 5: 3-[(15)-1-phenylethvi]-3-azabicyclof2.2.1] hepian-7-amine

a
}:\/ NH,
oA A

MO
k/( MeOH, 70 °C, 2 h Ph\{\i

F’h\ﬁ

To a solution of 2-{3-[(15)-1-phenylethyl]-3-azabicyclo[2.2.1 theptan-7-yliiscindoline -1,3-dione
(1.40 g, 4.04 mumol) in MeOH (15.00 mL) was added NoH4. H,0 (412.74 mg, .08 mmol). The
mixture was stirred at 70 °C for 2 h. The mixture was filtered and concentrated to afford the title
compound (600.00 mg, 65.22%)

(3831 Step 6: N-[4-(I1H-indol-3-yi}-5-(trifluoromethyl) pyrimidin-2-yI]-3-[{ 18- 1 -phenylethyl]-

3-azabicyclof2.2.1 ] heptan-7-amine

Ph\<\j DIEA, NMP, 130 °C, 4 h ) \?\E‘Cj
R
To a solution of 3-[(15)-1-phenylethyl]-3-azabicyclo]2.2. 1 theptan-7-amine (200.00 mg, 924.56
umol) in NMP (5.00 mL) was added DIEA (358.47 mg, 2.77 mmol). The mixture was stirred at
130 °C for 4 h. The mixture was poured into water (100 mL). The mixture was extracted with
EtOAc (50 mLx3), and then the combined organic phase was washed with brine (100 mL), dried
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with anhydrous NapSQy, filtered and concentrated in vacuum to afford the title compound
(300.00 mg, crude).
[384] Step 7: N-[4-(1H-indol-3-vi)-5-(trifluoromethyl jpyrimidin-2-yl]-3-azabicyclof2.2.1]

heptan-7-amine

FiC
N ™ FiC
M 2N
I N P Y N
HN‘J | Hz(SU pely, PdiC \\ jl N/ NH
W """""""""""""" - ]
(7 MeOH, 40°C, 4 n Wj
N o
Ph\(‘ HN-

To a solution of N-[4-(1H-indol-3-y)-5-(trilluoromethyDpyrimidin-2-y1}-3-[(18)-1-
phenylethyl}-3-azabicyclo{2.2.1Jheptan-7-amine (150.00 mg, 314.12 umol) and in MeOH (5.00
mi} was added Pd-C (10%, 50 mg) under Ny. The suspension was degassed under vacuum and
purged with Hs several times. The mixture was stirred under Hy (530 psi) at 40 °C for 4 h. The
mixture was concentrated. The residue was purified by prep-HPLC (FA) to afford the title
compound (50.00 mg, 18.43%).

[385] Example 54, N-[(38}-3-piperidyl}-4-[6-(3-pyridyl}- 1 H-indeol-3-v1}-5-(irifluoromethyl)
pyrimidin-Z-amine (Compound 223),

[386] Step 1: tert-butyl (35)-3-[{4-{ I -{(benzenesulfonyi}-6 -(3-pyridyijindol-3-vif-5-

(trifluoromethyl )pyrimidin-2-yi]amino]piperidine-1-carboxylate

HO
FoC I N _ B8-0OH
A ) PhO,S~N
PhO,s—N ] N NH Ny
\ o
/ pd(dppf)cizDCM, K;3P04,
= Boé dioxane, 100 °C, 12 h
Br

Tert-butyl (35)-3-[{4-{1-(benzenesulfonyl)-6-bromo-indol-3-yl|-5-(trifluoromethyl) pyrimidin-2-
yilamino]piperidine-1-carboxylate (100 mg, 146.94 umol} and 3-pyridylboronic acid (18 mg,
146.94 umol} were dissolved in dioxane (5 mbL) and HaO (1 mL}. Pd(dpphHChL.CHLChL (12 mg,
14.69 umol) and K53PO, (93 mg. 440.83 umol) were added into the mixture. The mixture was
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heated to 100 °C and stirred for 12 h under N»,. The reaction mixture was filtered and
concentrated under reduced pressure to give a residue. The residne was purified by column
chromatography (5103, PE/EtOAc=10/1-5/1) to afford the title compound (80 mg. 72.19%) as a
yellow solid

13871 Step 2: tert-butyl (38)-3-[{4-[6-(3-pyridyl)-1 H-indoi-3-vi]-5-(trifluoromethyl jpyrimidin-
2-vijaminoJpiperidine-1-carboxylate

FC

RN
PhO, s---r\ o
\ NaOH (5 M)

dioxane,i@() °C.1h

To a solution of tert-butyl (35)-3-{{4-[ 1-(benzenesulfonyl)-6-(3-pyridylyindol-3-yl} -5-
{(triftuoromethyljpyrimidin-2-vyljamine]piperidine-1-carboxylate (80 mg, 117.87 umol) in
dioxane {2 mL} was added NaOH (23 mg, 589.34 umol) and Hz0 (500 vl)) at 20 °C. The mixture
was heated to 100 °C and stirred for 1 h under N,. The reaction mixture was poured into water
(20 mL) and extracted with EtOAc (20 mLx3). The combined organic layers were dried over
Na;S0., filtered and concentrated under reduced pressure to afford the title compound (60 mg,
crude) as a yellow oil.

[388] Step 3: N-[(385)-3-piperidyl]-4-[6-(3-pyridyi)-1 H-indol-3-vi]-5-(trifluoromethyl)

pyrimidin-2-amine

FaC

N

L

N7 NH

HCVEA
e

8oc~~  20°C 1h

A solution of tert-butyl {35)-3-[{4-]6-(3-pyridyl)- 1 H-indol-3-yi]-5- (riflnoromethylpyrimidin-2-
yljamino}piperidine- l-carboxylate (60 mg. 111.41 umol} in HCVEtOAc (4 M, 10 mL) was
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stirred for 1 h at 20 °C. Then the mixture was concentrated under reduced pressure (o give a
residue. The residue was purified by prep-HPLC (FA) to afford the title compound (11.10 mg,
20.06%) as a white solid.

13891 Example 55, N-{(35)-3-piperidyl}-4-[6-(4-pyridyl)- 1 H-indol-3-yl}-5-(trifluoromethyl)
pyrimidin-2-amine (Compound 224},

(3908} Step 1: 6-bromo-3-[2-chloro-5-(trifluoromethyl) pyrimidin-4-vi]-1 H-indole

Fi0
FC
J@N ho - Oy
« i o i i
Br N c - 4 N’?\Q
H AICl;, DCE, 80°C, 18 h i

HN—
To a solution of 2, 4-dichloro-5-(trifluoromethyl} pyrimidine (16.60 g, 76.52 mmol, 1.50 eg) in
DCE (50 mL} was added AICH (7.48 g, 56.11 mmol, 3.07 mL, 1.10 eg). After addition, the
mixture was stirred at 80 °C for 0.5 h, and then 6-bromo-1H-indole (10.00 g, 51.01 mmol, 1.00
eq)in DCE (50 mL) was added. The resulting mixture was stirred at 80 °C for 15.5 h. The
reaction mixture was quenched by addition Sat. NaHCOs, and then extracted with EtOAc (150
mlx3}, dried over NapSOy, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (510,, PE/EtCAc=10:1 to ') to give a
crude product. The crude product was washed with MeOH (100 mL), and filtered to collect the
cake to afford the title compound (6.00 g, 15.62 mmol, 30.61% yield, 98 % purity) as a yellow
solid.

(381} Step2: I-{benzenesulfonyl)-6-bromo-3-{2 -chioro-5-(trifluoromethyl) pyrimidin-4-vi]

indole
FsC B = 0N
r 3 ™ N
L‘Ef\{\‘\ \j‘;’%?’ﬁ NaH, PhSO,CY, L [
Y £ it i N7
/ NT o DMF, THF, 1.5 h N
HN-—

0-20 °C PhO,S
To a solution of 6-bromo-3-[2-chloro-5-(trifluoromethylpyrimidin-4-vylj- 1 H-indole (6.00 g,
15.93 mmol, 1.00 eg) in THF (54.00 mL) and DMF (6.00 mL) was added bathwise NaH (956.02
mg, 23.90 mmol. 60% purity, 1.50 eg) at 0 °C. After addition, the mixture was stirred at this

temperature for 30 min, and then benzenesulfonyl chloride (4.22 g, 23.90 mmol, 3.06 mL, 1.50
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eq} was added dropwise at  °C. The resulting mixture was stirred at 20 °C for 1 h. The reaction
mixture was gquenched by addition water 200 ol at 0 °C and extracted with BtOAc (100 mLx2).
The combined organic layers were washed with brine (200 mLx2), dried over NaySOy, filtered
and concentrated under reduced pressure to give a residue. The residue was purilied by column
chromatography (5102, PE/EtOAc=10:1 to 5:1) to aiford the title product (5.3 g) as a yellow
solid.

13921 Step 3: tert-butyl (35)-3-[[4-[ I-(benzenesulfonyl }-6-(4-pyridyl Jindoi-3-yi]-5-
(trifluoromethyl jpyrimidin-2-yl]amino]piperidine-1-carboxylate

HO,
Fa0 B—OH

-
N __,
\ PhO,S— NAT/\N N
PhO,S—-N
3o
@ Pd(dppfiCl, DOM, KyPO,,
dioxane, 100 °C, 12 h

tert-butyl (35)-3-[[4-{1-(benzenesulfonyl}-6-bromo-indol-3-yi]-5-{trifluoromethyl) pyrimidin-2-

F3C\«‘AN

yljamino}piperidine- I-carboxylate (200 mg. 293.89 umol) and 4-pyridylboronic acid (72 mg,
587.78 umol) were dissolved in dioxane (5 mL) and H;O (1 mL). Pd{dpphHCL.CHCl: (24 mg,
29.39 umol) and KsPOs (187 mg, 881.67 umol) were added into the mixture. The mixture was
heated to 100 °C and stirred for 12 h under N,. The reaction mixture was filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (S10,, PE/EIOAc=10/1-5/1) to afford the title compound (200 g, 90.24%) as a
yellow solid.

[393) Step 4: tert-butyl (35 )-3-[[4-[6-(4-pyridyl)- 1 H-indol-3-vi]-5-(trifluoromethyl jpyrimidin-

2-yljamingjpiperidine-1-carboxylate
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. NaH, H0
I E— -

7 dioxane,100°C, 1 h

To a solution of tert-butyl (35)-3-{{4-[ 1-(benzenesulfonyl)-6-(4-pyridylyindol- 3-yHj-5-
(trifluoromethylpyrimidin-2-vljaminojpiperidine- 1-carboxylate (150 mg, 221.00 umol) in
dioxane {2 ml) was added NaOH (44.20 mg, 1.11 mmol) and H,O (500 ul) at 20 °C. The
mixture was heated to 100 “C and stirred for 1 h under Ny. The reaction mixture was poured into
water (20 mL) and extracted with EtOAc (20 mL * 3}. The combined organic layers were dried
over NapySQOy, filtered and concentrated under reduced pressure to afford the title compound (120
mg, crude) as a white solid.

1394} Step 5: N-[{38)-3-piperidyl]-4-[6-(4-pyridyi)-1 H-indol-3-vi]-5-

(trifluoromethyl )pyrimidin-2-amine

/ i
h /

N
N

To a solution of tert-butyl (35)-3-[{4-[6-(4-pyridyl}- 1 H-indol-3-y1}-5- (triflucromethyl)
pyrimidin-2-yljamino}piperidine-1-carboxylate (120 mg, 222.82 umol) in HCVEIOAc (4 M, 10
mi) was stirred for 0.5 h at 20 °C. Then the mixture was concentrated under reduced pressure (o
give a residue. The residue was purified by prep-HPLC (FA) to afford the title compound (67.70
mg, 60.76%) as a yellow solid.

[395] Example 56, I-methyl-4-[3-{2-[[(35)-3-piperidyl] amino}-5-(trifluoromethyl)
pyrimidin-4-yi|-1H-indel-6-y1} pyrrole-2-carbonitrile (Compound 225},

13961 Step I I-methylpyrrole-2-carbonitrile
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Noon 0-20°C, 16 h ;
To a solution of 1H-pyrrole-2-carbonitrile (300.00 mg, 3.26 mmol, 1.00 eq) in THF (5.00 mL)
was added batchwise NaH (156.40 mg, 3.91 mmol, 60% purity, 1.20 eq) at 0 °C. After addition,
the mixture was stirred at this temperature for 0.5 h, and then iodomethane (601.54 mg, 4.24
mmol, 263.83 ul., 1.30 eq) was added dropwise at 0°C. The resolting mixture was stirred at 20
°C for 15.5 h. The reaction mixture was quenched by addition water 50 mL, and then extracted
with EtOAc (20 mL * 3). The combined organic layers were washed with brine 100 mL, dried
over Na50,, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by columun chromatography (510, PE/EtOAc=530/1 to 20: 1) to afford the title compound
(200.00 mg, 1.88 mumol, 57.81% yield) as a yvellw ol

13971 Step 2: 4-bromo-1-methyl-pyrrole-2-carbonitrile

Br
,7\\7 |
< NBS, DMF p.
- —h" - H
/N “ON o - <
/ 20°C, 16 h N on

To a solution of 1-methyipyrrole-2-carbonitrile (200.00 mg, 1.88 mmol, 1.00 eq} in DMF {(5.00
ml) was added NBS (335.40 g, 1.88 mmol, 1.00 eq). The mixture was stured at 20 °C for 16
h. The reaction mixture was poured into water 30 mlL, and then extracted with EtOAc (20 mL *
3). The combined organic layers were washed with brine (100 mL), dried over NapSQy, filtered
and concentrated under reduced pressure to give a residue. The residae was purified by column
chromatography (510, PEr/EtOAc=50:1 to 20: 1) to afford the title compound (190.00 mg, 1.03
mmel, 54.62% yield) as a brown solid.

{398} Step 3: Tert-butyl (35)-3-[{4-[6-(5-cyano-1-methyl-pyrrol-3-yij-1H-indol-3-yl]-5-

{(triftuoromethyi) pyrimidin-2-y{] amino] piperidine-1-carboxylate
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e ~y Br Fgc\?&\
PRO,S-N N”L?\s-i ﬁ PhO SN N&K N
[y ™ LT . (J% &
7 Bocr " Pd(PPhyy, Na,COs, DNF Y N
R ?’Bb H,0. 130 °C, 18 h N{ﬁf/

>\<\ . N

A mixture of 4-[ 1-(benzenesulfonyl}-6-(4,4,5,5-tetramethyl-1.3.2-dioxaborolan-2-yljindol-3-yi}-

N-[(35)-3-piperidyl]-5-(trifluoromethyDpyrivoidin-2-amine (300.00 mg, 478.10 umol, 1.00 eq).
4-bromo-1-methyl-pyrrole-2-carbonitrile (132.69 mg, 717.15 umol, 1.50 eq), Pd(PPhs)4 (55.25
mg, 47.81 umol, 0.10 eq), Na)COs (5 M, 191.24 ok, 2.00 eq) in DMF (3.00 mL) was degassed
and purged with N2 for 3 times, and then the mixture was stirred at 130°C for 16 h under Na
atmosphere. The reaction mixture was poured into water 100mL, and then extracted with EtOGAc
(50 mL * 3). The combined organic layer were washed with brine (200 ml), dried over NaxSOy,
filtered and concentrated under reduced pressure to afford the title compound (500.00 mg, crude)
as a brown oil (Combined treatroent with another batch, the SM scale: 100 mg). It was used for
next step directly
[399) Step 4. Tert-butyl (35)-3-[{4-{6-(5-cyano-1-methyl-pyrrol-3-yi )- 1 H-indol-3-vi]-5-
{ U‘Q‘?zmmmelhyl J pyrimidin-2-yl] amino] piperidine-1-carboxylate

ey
PHOLS -1y NPy

aa.NaDH. dioxane
/ 4\} rf#k aq.NaQH, dioxans o
]
===t N J 100 °C, 16 h

Boc N
»
2
EN
To a solution of tert-butyl (38}-3-[{4-] 1 -(benzenesulfonyl}-6-(5-cyano- T-methyl-pyrrol-3-y1)

indol-3-yi}-5-(triftuoromethylpyrimidin-2-yllamino]piperidine- I -carboxylate (500.00 mg,
708.47 wmol, 1.00 eq) in dioxane (10.00 mL) was added NaOH (5 M, 708.47 ul., 5.00 eq). The
niixture was stirred at 100°C for 16 h. The reaction mixture was poured into water 50 mL, and
then extracted with EtOAc (25 ml * 3). The combined organic layers were washed with brine

(100 mL), dried over NaySQy, filtered and concentrated under reduced pressure to give a residue.
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The residue was purilied by colomn chromatography (510;, PE/EIOAc=5:1 to 1:1) to afford the
title compound (160 mg) as a yellow solid.

14061 Step 5: 1-methyl-4-[3-[2-1[(38}-3-piperidyl] amino]-5-(irifluoromethyl) pyvrimidin-4-vij-
I H-indol-6-yl] pyrrole-2-carbonitrile

Falo _
3 \T// \N f SC\*K’/Q‘ :
l/‘\\“ //’"\ »;;L‘ “ //Q //
A HN TN e
N i HCVEIOAC, 20 °C05h ) —{ :
/\/ // / “ \( 7777777777777777777777777 - <f/ ‘/ ’,/’/ (3)‘\’
7 Boe M = oEN
/ Boc™ e bs N
(:7 b y’if;:<\
Ay N
i - {
en GN

A mixtare of tert-butyl (38)-3-{{4-{6-(5-cyano-1-methyl-pyrrol-3-vi}- 1 H-indol-3-y1}-5-
{(trifluoromethyl)pyrimidin-2- yljamino]piperidine- 1-carboxylate (160.00 mg, 282.8% umol, 1.00
eq) in HCVEWOAC (4 M, 2.12 L, 30.00 eq) was stirred at 20 °C for 0.5 h. It was concentrated.
The residue was purified by prep-HPLC (FA condition} to afford the title compound (24.90 mg,
48.68 umol, 17.21% yield, 100% purity, FA) as a yellow oil.

[401] Example 57, 4-[6-(1, 3-dimethylpyrazol-4-yD)- 1 H-indol-3-y1]-N-[(35}-3-piperidyl}-5-
{triflueromethyl) pyrimidin-2-amine (Compound 226).

(4821 Step 1: tert-butyl (35)-3-[[4-] 1-(benzenesulfonyl }-6-(1,3-dimethyipyrazol-4-vl)indol-3-vi]

-S-{trifluoromethyl jpyrimidin-2-yljamino [ piperidine- I -carboxylate

Fgc o o
\H \N jBr ! "C\T;‘/%N
i S /\\5:\//& .C:;\ ZE — . 2 /J"’ /;‘
PhO,S N,\ ] N NH .1\\ Vs PhCIS- Sy \N;/\ N
pa—y ¥ NN \
/ N N AN -
N / / Yoo I \/ SN
7 Boe N Pd(dpohiCly, Cs,C04 N= N
/ Boc” T GUpPhilig, LSallly, ) Boc N
o B dioxane, Ha0, 100 °C, 4 h /;;/\
,,,,, e 7N
yane NPT
[N N

To a solution of tert-butyl (38})-3-[{4-[ 1 -(benzenesulfonyl}-6-(4,4,5 5-tetramethyl -1,3,2-
dioxaborolan-2-yhindol-3-yl}-5-(triflucromethylDpyrimidin-2-yljamino}piperidine- 1 -carbox ylate
(150.00 mg, 206.16 umol) and 4-bromo-1,3-dimethyl-pyrazole (54.13 mg, 309.24 umol) in
dioxane (5.00 mL) and H,0 (1.00 mL} was added Pd{PPhs}4 (23.82 mg, 20.62 umol) and Cs,C04
(134.34 mg, 412.32 umol). The mixture was stirred at 100 °C for 4 h under No. The mixture was
poured into water {100 mL). The aqueous phase was extracted with EtOAc (50 mL*3). The
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combined organic phase was washed with brine (100 mlL), dried with anhydrous NazSOy, liltered
and concentrated. The residue was purified by column chromatography (5i(3,, Petroleum
cther/BEthyl acctate=5/1 to 2/1) to afford the title compound (150 mg, crude).

[403] Srep 2: The product of Step 1 was then converted to the title compound following Steps 4
and 5 of Example 56.

[404] Example 58, 4-[6-(1, 5-dimethylpyrazel-4-yl)-1H-indol-3-y11-N-[(35)-3-piperidyl}-5-
(trifluoromethyl) pyrimidin-2-amine (Compound 227},

18081 Step 1. Tert-butyl (35)-3-[{4-[ I-{benzenesulfonyl )-6-( 1, 5-dimethylpyrazol-4-yl)indol-3-

vij -S-(trifluoromethyl jpvrimidin-2-yl jamino[piperidine- I -carboxylate

N i & 7
’ ! | !
PnOgS\N/\\\I,/\N/ e \\f\%\/‘? PthSNN/%*\fAN’?K. "
st NN Py ,? '
gJ { " Y Y
Boe- e Pd(dppfCly, CspC0s, = e N
o-8 dioxane, Ho0, 100 °C, 4 h \,‘,

""/?!\7{\ A
To a solution of tert-butyl (33)-3-[{4-[ 1-(benzenesulfonyl)-6-(4.4,5 5-tetramethyl -1,3.2-
dioxaborolan-2-yhindol-3-ylj-5-(triflaoromethylpyrimidin-2-vljamino]piperidine- 1 -carbox ylate
(120.00 mg, 164.93 umol) and 4-bromo-1,5-dimethyl-pyrazole (31.75 mg, 181.42 umol) in
dioxane {5 mbL} and H,O (500 ul) was added Pd{PPhs)4 (19.06 mg, 16.49 umol) and Cs,C04
(107.47 mg, 329.85 umol). The mixture was stirred at 100 °C for 4 h under N». The mixture was
poured into water (100 mL). The aqueous phase was extracted with EA (50 mL*3). The
combined organic phase was washed with brine (100 mL), dried with anhydrous Na,50y, filtered
and concentrated. The residue was purified by column chromatography (510;, Petroleum
ether/Ethyl acetate=5/1 to 2:1} to give to afford the title compound (150 mg, crude).

[4G6] Srep 2: The product of Step 1 was then converted to the title compound following Steps
4 and 5 of Example 56.
(4071 Example 539, Synthesis of 4-[6-(3-methyl-1H-pyrazol-4-yl}-1H-indol-3-y1}-N-[{35)-3-

piperidyl|-S-(trifluoromethyl) pyrimidin-2-amine (Compound 229),
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[408) Step 1. 2-[(4-bromo-3-methyi-pyrazol-1-vi)methoxy]ethyl-trimethyi-silane
Br

Br - 3
| SEM-CI, NaH A
\(g} - 0N
I

N—NH  0-25°C,45h N-N

SEM
To a solution of 4-bromo-3-methyl-1H-pyrazole (50.00 mg, 310.56 umol, 1.00 eq) in THF (5.00
mlL) was added Nal (13.66 mg, 341.61 umol, 1.10 eq). The mixture was stirred at 0°C for 0.5 h.
2-(chloromethoxy)ethyl-trimethyl-silane (54.37 mg, 326.09 umol, 57.84 uL, 1.05 eq) was added,
and then the moixture was stirred at 25 °C for 4 h. The residue was poured into water (100 mL).
The aqueous phase was extracted with EtOAc (50 mL*3). The combined organic phase was
washed with brine (100 mL), dried with anhydrous Na;5Q,, filtered and concentrated in vacuum
to afford the title compound (50.00 mg, 44.22%).
1409] Step 20 Starting with tert-butyl (35)-3-[[4-[ I-(benzenesulfonyD)-6-(4,4,5.5-tetramethyi-
1.3.2-dioxaborolan-2-yhindol-3-yi]-5-(inflaoromethyDpyrimidin-2-yl jamino]piperidine-1-
carboxylate and the product from Step 1, the title compound was produced following steps 3.4
and 5 of Example 56.
[410] Example 6. N-[(35)-3-piperidyl]-4-(6-pyridazin-4-yl-1 H-indol-3-v1}-5-
{trifluoromethyl) pyrimidin-2-amine (Compound 230).
(411} Step 1: Tert-butyl (38 )-3-1{4-(6-pyridazin-4-yi-1H-indol-3-y1}-5-(triflucromethyl)
pyrimidin-2-yl] amino] piperidine-1-carboxylate
F3Cu l\/\ e
PROZS~ h}f\f E\ !< /E\»/Hc POz )_

= Pd(PPha)s, NayCQ4, dioxane,

o8 100°C, 16 h

A mixture of 4-[ I-(benzenesulfonyl}-6-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-ylindol-3-yi]-
N-[{38)-3-piperidyl]-5-(trifluoromethylpyrimidin-2-amine (400.00 mg, 637.47 umol, 1.00 eq),
4-bromopyridazine (124.59 mg, 637.47 umol, 1.00 eq, HCD), Pd(PPha), (73.66 mg, 63.75 umol,
.10 eq), NapyCOs (5 M, 254.99 ul., 2.00 eq) in dioxane (10.00 mL) was degassed and purged
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with N; for 3 times, and then the mixture was stirred at 100°C for 16 h under N; atmosphere. The
reaction mixture was poured into water 50 ml., and then extracted with EtOAc (25 mL * 3),
dried over Na;SO,, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (510;, PE/EtOAc=5/1 to 1:3) to afford the title
compound (100 mg) as a yellow solid which was used directly in the next step.

(412} Step 2: The product of Step 1 was then converted to the title compound following Steps
4 and 5 of Example 56.

[413] Example 61, 5-ethyl-2-(5-fluore-1H- pyrrolo [2, 3-b] pyridin-3-yI)-N-[(35)-3-
piperidyl] pyrimidin-4-amine (Compound 231).

1414} Step 1: 5-fluoro-3-(2-trimethylsilylethynyi) pyridine -2-amine

- Si\ Si;i/
F S =1} {//f//,/ .z -
| o PP
z - T
NT THH,  Pd{PPhg),, Cul, TEA _
toluene, 20-60°C,12 h N NH,

To a solution of 3-bromo-5-{luoro-pyridin-2-amine (8.00 g, 41.88 mmol, 1.00 eq), PA(PPhs)4
{484.00 mg, 418.80 umol, 0.01 eq), Cul (79.77 mg, 418.80 umol, 0.01 eq) in toluene (40.00 mL)
was added dropwise TEA (5.93 g, 58.63 mumel, 8.12 ml, 1.40 eq) at 20 °C under N; atroosphere.
Adter addition, the mixture was stirred at this temperature for 30 mun, and then ethynyl
(trimethyl) silane (4.94 g, 50.26 mmol, 6.96 mL, 1.20 eq) was added at 20 °C. The resulting
mixture was stirred at 60 °C for 11.5 h. The reaction mixture was filtered. The f{iltrate was
diluted with water 250 mL and extracted with EtOAc (150 mE*3). The combined organic layers
were washed with brine (500 mL*2), dried over Na 50, filiered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (510,, Petroleum
ether/Eihyl acetate=30:1 to 5:1) to afford the title compound (6.40 g, 27.65 mmol, 66.02% vyield,
90% purity) as a yellow solid.

[415) Step 2. S-fluoro-1H- pyrrolo [2, 3-b] pyridine

|
si” .
Feo i t-BuOK, NMP, 130 °C, 12 h m
| - \N/:\N
“ H

N™ T NH,
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A mixture of 5-{lporo-3-(2-trimethylsiylethyoyl) pyridin-2-amine (6.40 g, 30.72 yomol, 1.00 eq)
and t-BuOK (5.72 g, 51.00 mmol, 1.66 eq) in NMP (60.00 mL) was stirred at 130 °C for 12 h.
The reaction mixture was diluted with water 200 mL and extracted with ethyl acetate (100
mi*3). The combined organic layers were washed with brine (300 mL*2), dried over Na,S50,,
filtered and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (510, Petroleumm ether/Ethyl acetate=10:1 to 5:1) to alford the title
compound (3.20 g, 23.04 mmol, 74.99% yield, 98% purity) as a yellow solid.

(4161 Step 3. [-(benzenesulfonyl)-S-fluoro- pyrrolo [2, 3-b] pyridine

F ~ NaH, PhsO,0l Pz
T eowas G
N N THF, DMF, 0-20°C Sy~ N

1.5h 50,Ph

To a solutiorn of 5-{luoro-1H-pyrrolof2,3-blpyridine (3.20 g, 23.51 mmol, 1.00 eq) in THF (36.00
ml) and DMF (4.00 mL) was added bathwise Nal (1.41 g, 35.26 mmiol, 60% purity, 1.50 eq) at
O °C. After addition, the mixture was stirred at this temperature for 30 min, and then
benzenesulfonyl chloride (6.23 g, 35.26 mmol, 4.51 mlL, 1.50 eq) was added dropwise at § °C.
The resulting mixture was stirred at 20 °C for 1 h. The reaction mixture was quenched by
addition H,0 20 mL. The solid was formed and filiered to afford the title compound (6.20 g,
21.99 mmol, 93.55% vield, 98% purity) as a white solid.

14171 Step 4. I-(benzenesulfonyl)-3-bromo-5-fluoro- pyrrolo {2, 3-b] pyridine

Br
F F
Y NBS, DCM P\
NN 20°C, 36 h NN
50,Ph 50,Ph

To a solution of 1-bromopyrrolidine-2,5-dione (4.43 g, 49.78 mmol, 1.11 eq) in DCM (20 mL)
was added dropwise 1-(benzenesulfonyl)-5-fluoro-pyrrolof2,3-blpyridine (6.20 g, 22.44 mmol,
1.00 eq) in DCM (40 mL) at 20 °C. After addition, the mixture was stirred at this temperature for
12 b. After 12 h, I-bromopyrrolidine-2, 5-dione (4.43 g, 49.78 mmel, 1.11 eq) was added to the
mixture again, and stirred at 20 °C for 24 h. The reaction mixture was diluted with water 100 mL

and extracted with DCM (50 mbL*2). The combined organic layers were washed with brine (200
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mL*2}, dried over NapSQy, filtered and concentrated under reduced pressure to give a residue.

The residue was purified by colamn chromatography (510:, PE/EIOAc=20:1 to 10:1) to afford
the title compound (6.24 g, 14.23 mmol, 63.41% yield, 81% purity) as a yellow solid.

{4181 Step 5 I-(benzenesulfonyi)-5-fluoro-3-(4, 4, 5, S-tetramethyi-i, 3, 2-dioxaborolan-2-yl}

pyrrolo [2, 3-B] pyridine

e O
Br j\ B B :ﬁ Bpin
o

" N
N I ~N F’d!dppf‘Cz KOAc,DME NN

N . SQ,Ph
so,pn  90°C3 250

A mixture of 1-(benzenesulfonyl)-3-bromo-5-fluoro-pyrrole{2,3-blpyridine (2.00 g, 5.63 mmol,
1.00 eq). 4, 4, 5, 5-tetramethyl-2-(4, 4, 5, 5- tetramethyl-1, 3, 2- dioxaborolan-2-yl)-1, 3, 2
dioxaborolane (1.86 g, 7.32 mmol, 1.30 eq), Pd(dppHCl: (412.02 mg, 563.09 umol, 0.10 eq),
AcOK (1.11 g, 11.26 mmol, 2.00 eq) in DME (10.00 mL} was degassed and purged with Nafor 3
times, and then the mixtare was stirred at 90 °C for 3 h under N, atmosphere. The reaction
mixture was diluted with water 100 mL and extracted with EtOAc (50 mL*3). The combined
organic layers were washed with brine (200 mL*2), dried over NapSQy, filtered and concentrated
under reduced pressure {o give a residue. The residue was purified by column chromatography
(510, PE/EtOAC=30:1 to 3:1) to atford the title compound (1.04 g) as a yellow solid,

[419] Step 6: Tert-butyl (35)-3-1{2-] I-{(benzenesulfonyl j-5- fluoro- pyrrolo {2, 3-b] pyridin-3-

vlj - 5-chioro-pyrimidin-4-yl] amino] piperidine-{-carboxylate

N/ W !m o) ix
OB,: Ci/l%N N®

‘\_,;/"\ g

'\I ,N
S-S N Boc Y C\ r-Boc
)\g KaPOy, ditert-butyl{cyclopentyl)
\\N/'\N 3, OuUEyRCyClopaniyl) N

:S‘"* Bh phesphane;dichioropalizdium;iron
2 THFE, Ho0, 80 °C, 16 h SO Ph

A muixture of 1-(benzenesulfonyl)-5-fluoro-3- (4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y}}
pyrrolof[2,3-blpyridine (1.04 g, 2.59 mmol, 1.00 eq), tert-butyl (35)-3-[(2,5-dichloropyrimidin -
4-yhamino] piperidine- 1-carboxylate (899.35 mg, 2.59 mmol. 1.00 eq), K3P0O4 (1.10 g, 5.18
mmol, 2.00 eq), and ditert butyl{cyclopentyl}phosphane:dichloropalladium;iron (168.80 mg,

259.00 umol, 0.10 eqg) in THF (10.00 mb) and HyO (2.00 mlL) was degassed and purged with N,
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for 3 times, and then the mixture was stirred at 80 °C for 16 h under N; atmosphere. The reaction
mixture was diluted with water 50 mL and extracted with EtOGAc (30 mL*3). The combined
organic layers were washed with brine (100 mb*2), dried over NaxSOy, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by column chromatography
(S10,, PE/E1OAc=10:1 to 5:1) to give desired product as a yellow oil (970 mg), then the residue
was purified by prep-HPLC (TFA coundition) to give desived product as a solution. The pH of the
eluent solution was adjusted to 8 by saturated aqueous NaH(CO; and extracted with EtOAc (20
mk.*3). The combined organic layers were washed with brine (100 mL*2), dried over NayS0y,
filtered and concentrated under reduced pressure to afford the title compound (400.00 mg,
681.35 umol, 26.31% yield, 100% purity) as a yellow solid.

(4201 Step 7: Tert-butyl (35)-3-[[2-[1-(benzenesulfonyl) - 5-fluoro-pyrrolo [2, 3-b] pyridin-3-
vij - S-vinyi-pyrimidin-4-yl] amino] piperidine-1-carboxylate

el ~

=N ]f;\N»BGc FB K @ nN-50s
F. M \\,/Jl
\L i Pd{OAL),, Ts,C0O;4, Tol- HZO

gy N
N : catacium, 120 °C, 12 h
30,Ph 507"'1

A mixture of trifluoro-potassio-vinyl-boron{1-) (342.26 mg, 2.56 mmol, 5.00 eqg), tert-butyl (35)-
3-112-{ I-(benzenesulfonyD-5-fluoro-pyrrolol 2,3-blpyridin-3-yl}-5-chloro-pyrimidin-4-
yljaminojpiperidine-1-carboxylate (300.00 mg, 511.01 umol, 1.00 eq). bis{1-adamantyl}-butyl-
phosphane (36.64 mg, 102.20 umol, 0.20 eq). Cs2C05(333.00 mg, 1.02 mmol, 2.00 eq) and
Pd(OAc), (11.47 mg, 51.10 umol, .10 eq) in toluene (5.00 mL}, H O (1.00 mL) was degassed
and purged with N2 for 3 times, and then the mixture was stitred at 120 °C for 12 h under N;
atmosphere. The reaction mixture was diluted with water 20 mlL and extracted with EtOAc (10
mL*3}. The combined organic layers were washed with brine (50 mL*2), dried over Na;SOy,
filtered and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (510, PE/EtOAc=10:1 to 3:1) to atford the title compound (190 mg) as

a vellow solid.
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(428} Siep 8 Tert-butyl (35)-3-[[2-[ I-(benzenesulfonyl)- 5-fluoro-pyrrolo{2.3-b]pyridin-3-yi]-

S-ethyl-pyvrimidin-4-yljamino] piperidine-1-carboxylate

.

—=
- 4 H
N /7 .Y
N .
i\{r N e 10, H, { P ANGY & n-Boc
o \s: N-Boo  PUC.Ho (18ps) (/
F.. ) - AN
NN TEA, MeOH, 20 °C, \( X
M / 2 . NN
[y N 30 min N \
A =}
SOZPh SOQPh

To a solution of tert-butyl (35)-3-[{2-[ 1 -(benzenesullony])-5- fluoro-pyrrolof2.3-b] pyridin-3-vyl}-
S-vinyl-pyrimidin-4-yljaminojpiperidine-1-carboxylate (190.00 mg, 328.34 umol, 1.00 eq) and
TEA (99.68 mg, 985.03 umol, 136.534 oL, 3.00 e¢q) in McOH (2.00 mL) was added Pd-C (10%,
wet, 10 mg) under Na. The suspension was degassed under vacuum and purged with Ho 3 times.
The mixture was stirred under Hy (15 psi) at 20 °C for 30 min. The reaction mixture was diluted
with water 20 ml and extracted with EtOAc¢ (10 mL*3). The combined organic layers were
washed with brine (30 mL*2), dried over Na;SO,, filtered and concenirated under reduced
pressure to give a residue. The residue was purified by colurmn chromatography (510,
PE/EtCAc=5:1 to 2:1) to afford the title compound (150.00 mg, 255.74 umol, 77.89% yield,
99% purity) as a yelow solid.

14221 Step 9: Tert-butyl (35)-3-1{5-ethyl-2-(5-fluoro-1H-pyrrolo [2, 3-b] pyridin-3-yi)

pyrimidin-4-yl] amino] piperidine-1-carboxylate

—— o
I e
N R 7NN
N T % N "N Boe
== N fisy N-BOC  ag. NaOH, dioxane ==N [E N-BeD
£ AN, w F N
N P - 7 U
T 90°C, 12 h |
o U
N7 N N7
5C,Ph

A mixture of tert-butyl (35)-3-{{2-{1-(benzencsulfonyl}-5-fluoro-pyrrolof{2,3-b} pyridin-3-yi}-5-
ethyl-pyrinndin-4-ylJaminojpiperidine-t-carboxylate (150.00 mg, 258.32 umol, 1.00 eqg) and
NaOH (5 M, 516.64 ul, 10.00 cq) in dioxane (2.00 mL) was stirred at 90 °C for 12 h. The
reaction mixiure was diluted with water 20 mlL and exiracted with E{OAc (10 mL*3). The

combined organic layers were washed with brine (30 mbL*2), dried over NaySOy, filtered and
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concentrated under reduced pressure Lo alford the tile compound (110.00 mg, crude) as a yellow
solid.
14231 Step 10: 5-ethyl-2-(5-fluoro-1H- pyrrolo {2, 3-b] pyridin-3-yi}-N- [(38)-3-piperidyl]

pyrimidin-4-amine

- H
/f/‘g—m f[i = "N'..
N =y T"E\N/BOC HCIEA, 20°C, 1 h =N 6\;\&1
FM - o P -
E EA ! i
\N/ “N !{'\N/}\N:
H '

A mixture of tert-butyl (35)-3-[{5-ethyl-2-(5-fluoro-1H- pyrrolo {2, 3-b] pyridin-3-y1} pyrimidin-
4-vl} amino] piperidine- l-carboxylate (110.00 mg, 249.71 umol, 1.00 eq) and HCVEtOAc (4 M,
2.00 mb) in EA (2.00 mL) was stirred at 20 °C for | h. The reaction mixtwre was concentrated
under reduced pressure {o give a residue (80 mg HCI salt). The residue was purified by prep-
HPLC (FA condition) to afford the title compound (9.40 mg, 24.08 umol, 9.64% yield, 99%
purity, FA} as a yellow solid. {Combined purification with another batch. Scale: 30 mg).

[424] Example 62. 7-methylsulfonyl-3-{2-[1(35)-3-piperidyljamino|-5-(trilfluoromethyl}
pyrimidin-4-yi| -1H-indsle-6-carbonitrile (Compound 232).

14281 Step 1. I-bromo-2-methyisulfanyi-3-nitro-benzene

NaSMe
Br = ND, = Br NO,

E DMF, 0-15 °C, 2 h

S

An agueous solution of NaSMe (10.35 g, 29.55 mmol, 20% purity) was added to a solution of 1-
bromo-2-fluoro-3-nitro-benzene (5.00 g, 22.73 mmeol) in DMF (50 mL) at 0 °C within 10 min.
The mixture was stirred for 1 b 50 min at 15 °C. The reaction mixture was dropwisely added nto
water (200 mL) and stirred for 30 min, filtered and the solid was dried under reduced pressure to
afford the title compound (5.00 g, 79.81%) as a white solid.

14261 Step 20 I-bromo-2-methylsulfonvi-3-nitro-benzene

X
| P mMCPBA, DCM
Br NO? 20 OC, I h Br N02
SN 50,Me
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To a mixture of 1-bromo-2-methylsulfanyl-3-nitro-benzene (6.00 g, 24.18 romol, 1.00 eq) in
DCM (100.00 mL) was added m-CPBA (14.90 g, 60.45 mmol, 70% purity, 2.50 eq) in one
portion at 20 °C under Na. The mixture was stirred at 20 °C for 2 h. The mixture was poured into
water (300 mL) and extracted with EtOAc (150 mL*2). The combined organic phase was
washed with aqueous Na,SO4 (200 mL*3), brine (200 m1L*2), dried with anhydrous Na,SO.,
filtered and concenirated in vacuom. The residue was purified by silica gel chromatography
{(PE/DCM=20/1, O/1) to afford the title compound (4.40 g, crude) as a yellow solid.

14271 Step 3. 6-bromo-7-methyisulfonyi-1H-indole

{;‘/”\Mgsr _
B NGO, Ll "
f 2 THF.789C. 2R 2

50,Me SO,Me

To a mixture of 1-bromo-Z-methylsulfonyl-3-nitro-benzene (4.40 g, 15.71 mmol, 1.00 eq) in
THF (100.060 mL) was added bromo(vinyUmagnesiom (1 M, 78.55 mL, 5.00 eq) in portions at -
78 °C under N,. The mixture was stirred at -78 °C for 2 h. The mixture was poured into water
(300 ml) and extracted with BE1tOAc (150 mIL*2}). The combined organic phase was washed with
brine (200 mbL*2), dried with anhydrous Na,SQy, filtered and concentrated in vacuum. The
residue was purified by silica gel chromatography (PE/EtOAc=20/1, 0/1) to afford the title
compound (1.80 g, 6.57 mmol, 41.80% yield) as vellow solid.

Step 4 7-methyisulfonyl-1H-indole-6-carbonitrile

l\\ CuCN
B N > NCT N

DMF, 15-140 °C, 1 h ,
SO.Me ' SO.Me

To a mixture of 6-bromo-7-methylsulfonyl-1H-indole (700.00 mg, 2.55 mmol, 1.00 eq) in DMF
(20.00 mL) was added CuCN (685.13 mg, 7.65 mmol, 1.67 mL, 3.00 eq) in one portion at 15 °C
under N2. The mixture was stirred at 140 °C for 1 h. The residue was poured into water {100 mL)
and extracted with EtOAc (50 mL*2). The combined organic phase was washed with brine (100
mi*2}, dried with anhydrous NapSQOy, filtered and concentrated in vacoum. The residoe was
purified by silica gel chromatography (PE/EtOAc=10/1, 3/1) to afford the title compound
(450.00 mg, crude) as vellow solid.
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[428) Step 5: 3-bromo-7-methylsulfonyi-1H-indole-6-carbonitrile

Lo yh DWF.20°C.2h
2Me SO,Me

To a mixture of 7-methylsulfonyl-1H-indole-6-carbonitrile (450.00 mg, 2.04 mmol, 1.00 eq) in
DME (20.00 mL) was added NBS (399.39 mg. 2.24 mmel, 1.10 eq) in ove portion at 20 °C
under N, The mixture was stirred at 20 °C for 2 h. The mixture was poured into water (100 mL)
and extracted with EtOQAc (50 mL*2). The combined organic phasc was washed with brine (50
mi*2), dried with anhydrous NaxSQy, filtered and concentrated in vacnum. The residue was
purified by silica gel chromatography (PE/EtCAc=10/1, 2/1) to afford the title compound
(400.00 mg, 1.34 mamol, 65.55% yield) as white solid.

14291 Step 6:Tert-butyl 3-bromo-6-cvano-7-methylsulfonyl-indole-1-carboxylate

Boc,O, DMAP, DIPEA

THF, 20-80°C, 4 h

To a mixture of 3-bromo-7-methylsulfonyl-1H-indole-6-carbonitrile (400.00 mg, 1.34 mmol,
1.00 eq) and BocaO (437.75 mg, 2.01 munol, 460,79 ul., 1.50 eq) in THF (20.00 ml.) was added
DMAP (32.67 mg, 267.43 umol, .20 eq) and DIPEA (345.63 mg, 2.67 mmol, 467.07 uL, 2.00
eq) 1o one portion at 20 °C under No. The mixture was stitved at 80 °C {or 4 h. The residue was
poured into water {50 mL) and extracted with EtOAc (30 mL*2). The combined organic phase
was washed with brine (50 mL*2), dried with anhydrous Na;SQOy. filiered and concentrated in
vacuum. The residoe was purified by silica gel chromatography (PE/EtOAc=10/1, 2/1) to afford
the title compound (400.00 mg, crude) as white solid.

(4301 Step 7: Tert-butyl 6-cyano-7-methylsulfonyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

vi) indole-1-carboxylate
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i BPD, Pd(dppfiClo, KOAS
NC

N dioxane, 15-80°C, 41 NC”
sogsweBOf‘

To a mixtore of tert-butyl 3-bromo-6-cyano-7-methylsulfonyl-indele- 1 -carboxylate (350.00 mg.
876.62 umol, 1.00 eg) and BPD (267.13 mg, 1.05 mmol, 1.20 eq) in dioxane (10.00 mL) was
added Pd(dppD)Cl, (64.14 mg, 8§7.66 umol, 0.10 eq) and KOAc (172.06 mg, 1.75 ramol, 2.00 eq)
in one portion at 15 °C under Ni. The mixture was stirred at 80 °C for 4 h. The residue was
poured into water (20 mL) and extracted with EtOAc (10 mE*2). The combined organic phase
was washed with brine (10 mL*2), dried with anhydrous NaSQOy, filtered and concentrated in
vacuum. The residue was purified by prep-HPLC (TFA) to afford the title compound (100.00
mg, 178.46 umol, 20.36% yield, TFA salt) as a yellow oil.

14311 Step 8: Tert-butyl (35}-3-{[4-(6-cyano-7-methylsulfonyl- 1 H-indol-3-vi)}-5-
{(triftuoromethyi) pyrimidin-2-yl]amino [piperidine-1-carboxylate

\‘N
E ;

N
Boc™ >~ 4p

PA(PPhs)s, NayCOs,
Dioxane/H;0, 4 h, 15-100 “C

To a mixture of tert-butyl 6-cyano-7-methylsulfonyl-3-(4.4,5,5-tetramethyl-1,3,2- dioxaborolan-
2-yhindole-1-carboxylate (95.00 mg, 212.85 umol, 1.00 eq) and tert-butyl (35)-3-[{{4-chloro-5-
(trifluoromethyDpyrimidin-2-yljamino|piperidine- I -carboxylate (121.58 mg, 319.27 umol, 1.50
eq) in dioxane (10.00 mL) and H,O (2.00 mL) was added Pd(PPh3), (24.60 mg, 21.29 umol,
.10 eq) and NayCO5 (45.12 mg, 425.70 umol, 2.00 eq) in one portion at 15 °C under Ny The
niixture was stirred at 100 °C for 4 h. The residue was poured into water (30 mL} and extracted
with BtOAc (20 mL*2). The combined organic phase was washed with brine (20 mL*2), dried

with anhydrous Na,SOy, filtered and concentrated in vacuum. The residue was purified by silica
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gel chromatography ( PE/EtOAc=10/1. 2/1) to alford the title compound (80.00 rug, crude) as
yellow solid.
14321 Step 90 7-methylsulfonyl-3-{2-{[(358)-3-piperidyi]amino]-5-(trifluoromethyl jpyrimidin-4-

vij -TH-indole-6-carbonitrile

J== }/ _’N“y—"
/ - - /i
N RZfs) L Qr\ %s;
N TFA/DCM / .
Boc 20°C,05h O N
NG N

SO,Me

To a mixture of tert-butyl(35)-3-[[4-{6-cyano-7-methylsulfonyl-1H-indol-3-y1)-5-
(trifluoromethyDpyrimidin-2-yljamino]piperidine- I -carboxylate (60.00 mg, 106.27 vmol, 1.00
eq) in DCM (2.00 mL) was added TFA (400.00 uL.) in portions at 20 °C ander N, The mixture
was stirred at 20 °C for 30 min. The mixture was concentrated under reduced pressure. The
residue was purified by prep-HPLC(FA) to afford the title compound (14.00 mg, 27.42 umol,
25.80% yield, FA) as white sohid (Note: Combined purification with another batch. Scale: 60
mg)

[433] Example 63, 4-[3-[2-[{(35)-3-piperidyl] aminol-5-(trifluoromethyl) pyrimidin-4-yi}-
1H-indol- 6-yl}-1H- pyrrole-2-carbonitrile (Compound 233},

14341 Step 1: I-(2-trimethyisilylethoxymetityl) pyrrole-2-carbonitrile

Q semoinar, i ¢ ]
N

; -
H  ON 0-20°C 1.5h SEM

To a solution of 1H-pyrrole-2-carbonitrile (300.00 rog, 3.26 mmol, 1.00 eq) in THF (2.00 mL)
was added batchwise NaH (195.44 mg, 4.89 mmol, 60% purity, 1.50 eq) at 0 °C. After addition,
the mixture was stirred at this temperature for 30 min, and then 2-(chloromethoxy) ethyl-
trimethyl-silane (814.59 mg, 4.89 mmol, 866.59 ul, 1.50 eq) was added dropwise at 0 °C. The
resulting mixture was stitred at 20 °C for 1 h. The reaction mixture was quenched with H,O (20
mlL}, and extracted with BtOAc (10 mL*3). The combined organic layers were washed with

brine (50 mL.*2), dried over anhydrous NaySOy, filtered and concentrated under reduced pressure

156



WO 2018/013867 PCT/US2017/042017

to give a residue, The residue was purified by column chromatography (510, PE/EtOAc=20:1 to
10:1) to afford the title compound (550 mg) as a yellow oil.
14351 Step 2: 4-bromo-1-(2-trimethylsiiviethoxymethvl) pyrrole-2-carbonitrile
Br
@\ NBS, DCM 2/\|
N B N~
SEM

sevi OV 20°C. 18k CN

To a solution of 1-(2-trimethylsilylethoxymethyl) pyrrole-2-carbonitrile (550.00 mg, 2.47 mmol,
1.00 eq) in DCM (8.00 mL) was added 1-bromopyrrolidine-2, 5-dione (483.57 mg, 2.72 mmol,
1.10 eq). The mixture was stitred at 20 °C for 16 h. The reaction mixture was concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography (510;,
PE/ELOAc=90:1 to 80:1) to afford the title compound (200.00 mg, 597.51 amol, 24.19% vield.
90% purnity) as a vellow o1l

[436] Step 3. Tert-butyl (35)-3-[{4-[1-{(benzenesulfonyl)-6- [ 5-cyano-1-(2-
trimethyisilylethoxymethyl) pyreol-3-yif indol-3-yl]- 5-(trifluoromethyl) pyrimidin-2-yl] amino]

piperidine- I-carboxylate

@ KS)\ seM  CN %ﬁ”‘% r/sx

e M
Boc” ™" PA(PPha)s, NapGOs, DMF
-B H>0, 130°C, 2h =
O AON , i
o N._ &
v SEM’ \>

A mixture of tert-butyl (35)-3-{{4-[1-(benzenesulfonyl)-6- (4,45 5-tetramethyl-1,3,2-
dioxaborolan-2-yhindol-3-yl}-5-(trifluoromethylpyrimidin-2-yljamino}piperidine- 1 -carbox ylate
(399.22 mg, 548.68 umol, 1.00 eq), 4-bromo- 1-(2-trimethylsilylethoxymethylpyrrole-2-
carbonitrile (200.00 mg, 663.90 umol, 1.21 eq), Pd(PPh3)4 (63.40 mg, 54.87 umol, 0.10 eq) and
NayCO4 (5 M, 219.47 ul, 2.00 eq) in DMF (10.00 mL) was degassed and purged with N, for 3
times, and then the mixture was stirred at 130 °C for 2 h under N, atmosphere. The reaction
mixture was diluted with water 50 mL and extracled with EtCAc (30 mL*3). The combined

organic layers were washed with bring (100 mL*2), dried over NaySQy, filtered and concentrated
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under reduced pressure to afford the title compound (500.00 mg, crude) as a black brown oil. It
was used in the next step directly and without further purification.
14371 Step 4: Tert-butyl (35)-3-{[4-[6-[5-cyano-1-(2-trimethvisilylethoxymethyl} pyrrol-3-yij -

FH-indol-3-yI] -5-(trifluoromethyl ) pyrimidin-2-yl] amino| piperidine-i-carboxylate

\]/\\N T Y
QhU?S‘\! S /l\;r- HN/\/‘/\\A\
agq.NaOH, dioxane 7
N = J
CTNA 90 °C, 16 Boc” N~
=g =
e )
SEM™ SEZ.’\/‘I'N\()
CN ON

A mixture of tert-butyl (35)-3-{{4-{1-(benzenesulfonyl}-6- [3-cyano-1-(2-
trimethylsilylethoxymethyl) pyrrol-3-yiiindol-3-yl}-5- (irifluoromethyl) pyrimidin-2-yljamino]
piperidine- l-carboxylate (500.00 mg, 608.29 umol, 1.00 eq) and NaOH (3 M, 1.22 mL, 10.00
eq) in dioxane {5.00 mL) was stirred at 90 °C for 16 h. The reaction mixture was diluied with
water 50 ml and extracted with EtOAc (30 rol*3). The combined orgaunic layers were washed
with brine (100 mL*2), dried over Na,SO,, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (S10,, PE/EtOAc=10:1 to
3:1) to afford the title compound (200.00 mg, 222.93 umol, 36.65% vield, 76% purity) as a
yellow solid.

{4381 Step 5: 4-[3-[2-[[(3S)-3-piperidvl] aminof-5-(trifluoromethyl} pyrimidin-4-yl]- 1 H-indol-
6-yif-1H- pyrrole-2-carbonitrile

§ FaC
FBC\H/%N \ji
' 3 i/\ - =
}1Nf\\f/\N§J\‘Nki N N
A 1) TEA, 20°C, 1 h 7N o
4 'S e H{;\”/;
oo M 200, CHCN, _ h
= 20°C, 1n Iz P
sem ™ 4 " )
3 CN
CN

A mxture of tert-butyl (35)-3-[[4-16-[5-cyano-1- (2-trimethylsilylethoxymethyl) pyrrol-3-yi]-
[H-indol-3-yi}-5-(triflucromethyl} pyrimidin-2-yl]amino} piperidine- 1-carboxylate (170.00 mg,
249.33 umol, 1.00 eq) in TFA (3.00 mL) was stirred at 20 °C for 1 h, the mixtore was
concentrated under reduced pressure to give a residue. To a solution of the residue in CH3CN
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(3.00 mL) was added K»,CO3 (103.38 mg, 747.99 umol, 3.00 eq). The mixture was stirred at 20 °C for 1 h.
The reaction was stopped. The reaction mixture was filtered. The filtrate was concentrated under reduced
pressure to give a residue as a yellow oil. The residue was purified by prep-HPLC (FA condition) to
afford the title compound (10.12 mg, 19.33 umol, 7.75% yield, 95% purity, FA) as a yellow solid.

[439] Example 64. N-[(3S)-3-piperidyl]-4-[6-(1H-1, 2, 4-triazol-3-yl)-1H-indol-3-yl]-5-
(trifluoromethyl) pyrimidin-2-amine (Compound 235).

[440] Step 1: 2-[(3-bromo-5-methyl-1,2,4-triazol-1-yl)methoxy]ethyl-trimethyl-silane

r r
N:f SEM-CI, NaH N;f
> N

HN.__N gy

\( THF,25°C,2h  SEM’ \<

To a mixture of 3-bromo-5-methyl-1H-1,2,4-triazole (100.00 mg, 617.32 umol) and EtsN (484.74 mg,
4.79 mmol) in THF (5.00 mL) was added SEM-CI (123.50 mg, 740.79 umol). The mixture was stirred at
25 °C for 2 h N atmosphere. The residue was poured into water (100 mL). The aqueous phase was

extracted with EtOAc (50 mL*3). The combined organic phase was washed with brine (100 mL), dried
with anhydrous Na,SO., filtered and concentrated in vacuum to afford the title compound (150.00 mg,
crude).

[441] Step 2: tert-butyl (3S)-3-[[4-[1-(benzenesulfonyl)-6-[5-methyl-1-(2-trimethylsilylethoxymethyl)-
1,2,4-triazol-3-yl]indol-3-yl]-5-(trifluoromethyl)pyrimidin-2-ylJamino] piperidine-1-carboxylate

I
M=
N -

SEM” Pd(PPh,),, K,CO4, dioxane,
H,0, 100 °C, 12 h

To a solution of tert-butyl (3S)-3-[[4-[1-(benzenesulfonyl)-6-(4,4,5,5- tetramethyl-1,3,2-
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dioxaborolan-2-yhindol-3-y1-53-(trilleoromethyDpyrimidin-2-vijamino}pipenidine- 1 -carbox ylate
(210.00 mg, 288.62 umol) and 2-{(3-bromo-5-methyl- 1,2, 4-triazol-1-yhimethoxylethyl-
trimethyl-silane (95.00 mg. 325.06 umol) in dioxane (5.00 mL) and H,O (500.00 ul) was added
KoC05 (80.00 mg, 578.83 umol) and PA(PPhs),; (167.00 mg, 144.52 umol). The mixture was
stirred at 100 °C for 12 h under N». The residue was purified by prep-HPLC (TFA condition},
and then the product was adjpust PH=8 with NaHCO; (aq). The aqueous phase was extracted with
EtOAc (30 mL*3). The combined organic phase was washed with brine (80 mL), dried with
anhydrous NapSQy, filtered and concentrated in vacuum to afford the tile compound (70.00 rog,
28.34%).

14421 Step 3: tert-butyl (38)-3-[{ S-(trifluoromethyl )-4-{6-{ 1 -(2-trimethylsilylethoxymethyl}-

1.2, 4-triazol-3-yi]-1H-indol-3-yl[pyrimidin-2-yl]amino | piperidine-1-carboxylate

I il
PhO LS AR N //L S =
22 ~N I N ! H N H
)_' / NaQOH
7 —‘\\/ 78 - 7 N (s
- BOC,NVJ dioxoane/k:EQQ =S BGC’N\/J
N 70°C, 21 Nz
AN ()

N N.
sem” Y sem \f
\

To a solution of tert-butyl (35)-3-[{4-[1-(benzenesulfonyl)-6-[5-methyl-1-(2-
trimethylsilylethoxyrethyl)-1.2,4-triazol-3-yljindol-3-yl}-5-(trilluoromethypyrimidin-2-
yljamino]piperidine-1-carboxylate (70.00 mg, 86.10 umol) in dioxane (8.00 mL) was added
NaQOH (5 M, 500.07 ul). The mixture was stirred at 70 °C {or 2 h. The residue was poured into
water (100 mL). The aqueous phase was extracted with EtOAc (50 m1.*3). The combined
organic phase was washed with brine (100 mL), dried with anhydrous Na»>SOy, filtered and
concentrated to afford the title compound (50.00 mg, crude)}.

1443]1 Step 4: N-[(35)-3-piperidyl]-4-{6-(1H-1,2,4-triazol-3-yI)- 1 H-indoi-3-v]-5-

{(trifluoromethyl jpyrimidin-2-amine
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: ’C\]{’t Fa : ?,“
“\{ NZ H AN’;&
/ \ i HClidioxane /?
" 100°C, 1h S’ HN
N N==
N HN\//'

A mixtare of tert-butyl (35)-3-{[5-(trifluoromethyly-4-]6- 1-(2- trimethyistlylethoxymethyl)-
1,2.4-triazol-3-y1}- 1H-indol-3-yljpyrimidin-2-yljamino]piperidine- I -carboxylate (50.00 mg,
75.90 umol) 1n HCY (600.00 ol.) and dioxane (3.00 ml.) was degassed and purged with N, for 3
times, and then the mixture was stirred at 100 °C for 1 h under N, atmosphere. The residue was
purified by prep-HPLC (FA acid) to afford the title compound (15.00 mg, 41.07%).

[444] Example 65. N-[(38}-5, 5-difluore-3-piperidyl}-4-(1H-indol-3-y1}-8-(irilluoromethyl)
pyrimidin-Z-amine (Compound 236),

{4451 Step 1: tert-butyi N-{{38,5R})-1-benzyl-5-[tert-butvi{dimethyl)silyljoxy-3-piperidvl]

carbamate
H2NN/ ~ },OTBDMS BocHN /,»\}OTBDMS
(b”R {Boc)s0, EtsN T‘\S)(Rﬂ
N DM, 20°C, 16 h N
Bn i ' Bri

To a solution of (35,5R)-1-benzyl-5-[tert-butyl(dimethylsilyljoxy-piperidin-3- amine;{ (2R ,4R)-
I-benzyl-d-[tert-butyl{dimethyDsilyljoxy-pyrrolidin-2-yl]methanamine (15.00 g, crude) in DCM
(60.00 mL) was added Et:;:N (4.74 g, 46.80 mmol, 6.49 mL, 2.00 eq) and tert-butoxycarbonyl
tert-butyl carbonate (7.66 g, 35.10 mmol, 8.06 mL, 1.50 eq). The mixture was stirred at 20 °C for
16 h. The residue was poured into water (300 mL). The agueous phase was extracted with EtOAc
(150 mLx3). The combined organic phase was washed with brine (300 mL), dried with
anhydrous NapSQy, filtered and concentrated in vacuum. The residue was purified by column
chromatography (510, PE/EICAc=10(/1 to 80/1) to afford the title compound (17.00 g, used
directly).

(4461 Step 2. tert-butvi N-{{38,5R)-5-[tert-butyl{dimethyl )silyl]oxy-3-piperidyl|carbamate
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BocHN TEDMS BocHN TBOMS
(SHR) Pd/C, H- (50 psi) (SHR)
e e G
N
i 8, =
1 THE 25°C, 4.5 h N

To a solution of tert-butyl N-{(38, 5R)-1-benzyl-5-{tert-butyl {dimethyl) silvl}] oxy- 3-
piperidyljcarbamate (5.00 g, 11.89 mmol, 1.00 eq) in THF (30.00 mL} was added Pd/C (wet: 10
%, 4 gy under No. The suspension was degassed under vacaum and purged with Hj several times.
The mixture was stitred under Hy (50 psi) at 25 °C for 4.5 h. The mixture was {iltered and
concentrated to afford the title compound (3.80 g, crude).

14471 Step 3: benzyl (38,5R)-3-(teri-buioxycarbonylamino )-5-{tert butyl{dimethyi}silyl] oxy-

piperidine-i-carboxylate

BocHN TEDMS BocHN TBDMS
SR ChzCli, Ei5N {BHR)
-

N DCM, 25 °C, 3 h iy
Chz

To a mixture of tert-butyl N-{(35, 3R)-5-[tert-butyl{dimethyl)silyljoxy-3-piperidyl] carbamate
(4.00 g, 12.10 mmol, 1.00 eq) and Et:N (3.67 g, 36.30 mmol, 5.03 mL, 3.00 eq) in DCM (10.00
mb) was added CbzC1 (2.48 g, 14.52 mmol, 2.06 mL, 1.20 eq). The mixture was stirred at 25 °C
for 3 h. The residue was poured into water (500 ml.). The agueous phase was extracted with
FtOAc (200 mLx3). The combined organic phase was washed with brine (500 mL), dried with
anhydrous NaxSQy, filtered and concentrated tn vacuum. The residue was purified by column

chromatography (5102, PE/EtCAc=1(/1) to afford the title compound (4.00 g, 67.59%).

[448] Step 4: benzyl (38)-3-(tert-butoxycarbonylaminoe j-5-oxo-piperidine-1-carboxylate

BocHN H BocHN
(SR Dess-Martin (S)
.

N DCM, 25 °C, 12 h N
Cbz Chr

To a solution of benzyl (35,5R)-3-(tert-butoxycarbonylamino)-5-hydroxy-piperidine -1-
carboxylate (200.00 mg, 570.76 umol, 1.00 eq) in DCM (5.00 mL) was added Dess-Martin
reagent (484.16 mg, 1.14 mmol, 353.40 ul, 2.00 eq}. The mixture was stirred at 25 °C for 12 h.

The reaction mixture was filtered and concentrated. The residue was purified by column
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chromatography (510, PE/EtOAc=10/1 to 3/1) to afford the title comapound (150.00 mg,
60.35%).

14491 Step 5: Bengyl (58)-5-(tert-butoxycarbonylamino )-3,3-difluoro-piperidine-1-carboxylate

i’:
BocHN e BocHN F
®) DAST )
N DCM, 0-25°C, 12 h N
Chz Cbz

To a solution of benzyl (35)-3-(tert-butoxycarbonylamino)-S-oxo-piperidine- 1- carboxylate
(130.00 mg, 373.15 umol, 1.00 eq) in DCM (5.00 mL) was added DAST (483.58 mg, 3.00
mmol, 396.38 ul, 8.04 eq) at 0°C., and then the mixture was warmed to 25 °C and stirred at this
teroperature for 12 h under Na. The residue was poured into water (100 mL). The agueous phase
was extracted with EtOAc (50 mLx3). The combined organic phase was washed with brine (100
ml), dried with anhydrous NapSQy, filtered and concentrated in vacuum. The residue was
purified by column chromatography (510,, PE/EtOAc=10/1 to 3/1) to afford the title compound
(100.00 mg, crude).

(4501 Step 6: tert-butvl (35 )-3-[[4-[6-] 3-methyl-1-(2-trimethyisilviethoxvmethvl )pyrazol-4-ylj-

1H-indol-3-yi]-5-(triflucromethvl Jpyrimidin-2-yljamino [piperidine-1-carboxylate

BocHN /,/A\\FT/F HQN@.\/’\E/F
“"1@) r HOVEIOAC I
I = S
N 25°C, 1 h N
Chz Cbz

To a solution of benzyl (55)-5-(tert-butoxycarbonylaminoe)-3,3-difluoro-piperidine-1-
carboxylate (100.00 mg, 269.99 umol, 1.00 cq) in EtOAc (2.00 mL) was added HCI/EtOAc (2.00
mi). The mixture was stirred at 25 °C for 1 h. The mixture was concentrated, the residue was
adjusted pH=8 with AMBERLYST(R) A21 to afford the title compound (80.00 mg, crude).
(431} Step 7: Benzyl (55)-3,3-difluoro-5-[[4-(I H-indol-3-yl)-S-(trifluoromethyl )pyrimidin-2-vi]

aminojpiperidine- I -carboxviate
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/ N\'{?“ O

©) - o
N DIPEA, EICH/DMF, 100 Cﬁg o
Cbz °C, 16 h = N ‘

A mixture of benzyl (58)-5-amino-3,3-difluoro-piperidine-1-carboxylate (70.00 mg, 259.00

umol, 1.00 eq), 3-[2-chloro-5-(influoromethylpyrimidin-4-yi}- 1H-indole (92.51 mg, 310.80
umol, 1.20 eq), DIEA (66.95 mg, 518.00 umol, 90.47 uL, 2.00 e¢g) in EtOH (3.00 mL) and DMF
(1.00 ml) was degassed and purged with N3 for 3 times, and then the mixture was stirred at 100
“C for 16 hour under N; atmosphere. The residue was poured into water (100 mL). The aqueous
phase was extracted with EtOAc (50 mL*3). The combined organic phase was washed with
brine {100 mL), dried with anhydrous Na,SQy, filtered and concentrated in vacuum. The residue
was purified by column chromatography (510;, PE/EtOAc=5/1 to 2:1) to afford the title
compound (150.00 mg, 78.46%).

1452} Step 8: N-[(35)-5,5-difluoro-3-piperidvl]-4-(1 H-indol-3-vI)-5-(trifluoromethyl jpvrimidin-
2-amine

~N

%C&,:ﬁ

£ PU/C, MeOH/NH; HO
i
25°C, 2.5 h

To a solution of benzyl (58)-3,3-difluoro-5-{{4-(1 H-indol-3-yl)-5-(trifluoromethyl) pyrimidin-2-
yilamino]pipendine-1-carboxylate (100.00 mg, 188.15 umol, 1.00 eq) and NH;.H,O (13.19 mg,
376.31 umol, 14.49 ul,, 2.00 eq) in MeOH (5.00 mL) was added Pd-C (10%, 0.1 g) under No.
The suspension was degassed under vacuum and purged with H; several times. The mixture was
stirred under Hy (15 psi) at 25°C for 2.5 h. The mixture was filtered and concentrated. The
residue was purified by prep-HPLC (FA condition) to afford the title compound (9.00 mg,

10.59%).
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[453] Example 66. 2-methyl-4-[3-{2-[[(35)-3-piperidyl] amino}-5-(trifluoromethyl)
pyrimidin-4-yij-1H-indol-6-yl} butan-2-ol (Compound 242).
1454) Step i tert-butvl (35)-3-[[4-[ I-(benzenesulfonyl}-6-[{E}-3-hydroxy-3-methyl-but-1-envi}

indol-3-yl]-5-(triflucromethyl jpyrimidin-2-ylJamino [piperidine- I -carboxylate

F;%CE\,//\\\ . \)@ \ .. FaC
. : N H . R -~y
(L e S F O M
\S - oc HO Y «A !
\ //J N [j oo / N NV’J\\/’NBOC
= PA(PPhs)Cly, EtoN, N
PHO,LS DMF, 100 °C, § h, MW PhO,8

To a solution of tert-butyl (35)-3-{14-[1-(benzenesulfonyl)-6-bromo-indol-3-yij- 5-
(trifluoromethyDpyrimidin-2-yljamino]piperidine- -carboxylate (500.00 mg, 734.72 umol) and
Z2-methylbut-3-en-2-0f (316.41 mg, 3.67 mmol) in DMF (10 mL) was added EN (148.69 mg,
1.47 mmol) and Pd{PPhs}Cly (51.57 mg, 73.47 umol) at 20 °C. The suspension was degassed
under vacoum and purged with No several timnes. The mixture was heated to 100 °C and stirred
for 8 h under N; under microwave. The reaction mixture was quenched by water (50 mL) and
extracted with EtOAc (50 mL * 3). The combined organic layers were dried over Na,SQy,
filtered and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (510,, PE/E1OAc=10/1 1o 3:1) to alford the title compound (320.00 mg,
57.16%} as a yellow solid.

[458) Step 2: tert-butyi (385)-3-[{4-] I -(benzenesulfonyl )-6-(3-hydroxy-3-methyl-buivljindol- 53-

vij- S-{trifluoromethyl)pyrimidin-2-vl]Jamino| piperidine- I -carboxylate

o -

~ 7 (1) o 50 o NN

HO i / j\N"d\MVOJBGC Pdic, R, 40 psz; HO \ ¢ N% NBoc
N.

o0, THF, 20°C, 1.5 h Phogs’N
To a solution of tert-butyl (35)-3-[{4-[ 1 -(benzenesulfonyl)-6-[{E)-3-hydroxy- 3-methyl-but-1-
enyllindol-3-yl}-5-(influoromethyDpyrimidin-2-yljamino]piperidine-1-carboxylate (2530.00 mg,
364.56 umol) in THF (10 mL) was added wet Pd-C (10 %, 0.25 g) under Ny. The suspension was
degassed under vacuum and purged with Hs several times. The mixture was stured under Hs (40
psi) at 20 °C for 1.5 h. The mixture was f{iltered and concentrated under reduced pressure {o give
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the residue. The residue was purified by column chromatography (510, PE/EtGAc=12/1 0 4:1)
to afford the title compound (250.00 mg, crude) as a white solid.
[456] Step 3. tert-buivl(38)-3-[[4-[6-(3-hydroxy-3-methyi-butyi)-1 H-indol-3-yl]-5-

{ zriﬂzmmmel’h yi J pyrimidin-2-yljaminojpiperidine-1-carboxylate

'\}‘\f \f/\ N r"} NaOH (5 M)

HQ Y/\NA wkvwaw --------------------------------- - HO/\;\ } \/ Iji @
PhOAS dioxane, 100 °C. 1 h Y N N
Tert-butyl (35)-3-{14-[1-(benzenesulfonyl)-6-(3-hydroxy-3-methyl-butyDindol-3-yi}- 5-
(trifluoromethylpyrimidin-2-yljamino]piperidine- 1-carboxylate (250.00 mg, 363.49 umol} was
dissolved in dioxane (5 mL} and a solution of NaOH (72.70 mg, 1.82 mmol} in H,O (1 mL) was
added into the mixture at 20 °C. The mixture was heated to 100 °C and stirred for 1 h. The
reaction mixture was quenched by water (50 mL) and extracted with EtOAc (40 mL * 3). The
combined organic layers were dried over NaySOy, filtered and concentrated under reduced
pressure to afford the title compound (170.00 mg, 76.01%) as a yellow solid.
(487} Step 4: 2-methyl-4-[3-{2-[[(35)- 3-piperidvi]amino]-S-(trifluoromethyl)pyrimidin-4-yi]-
{H-indol-6-yi]butan-2-o0l

\ = Fgc\y/“‘:\s TFADCM Y
\ |
- | H/; ) AHQBGC 20 °C, 1h W\Q\I\ QH
To a solution of tert-butyl (35)-3-[{4-[6-(3-hydroxy-3-methyl-butyl}- 1 H-indol-3-y1]- 5-
{(trifluoromethylpyrimidin-2-yljamino|piperidine-1-carboxylate (150.00 mg, 273.92 umol} in
DCM (10 mL) was drop added TFA (1 mbL) at 20 °C. The mixture was stirred for 1 h. The
mixture was adjusted to pH~7 with saturated NaHCO;. The organic phase was separated and
dried by Na,SOy, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by prep-HPLC (FA) to afford the title compound (38.90 mg, 25.60%) as a white
solid.
1458] Example 67. Beneyl (85)-3-{[4-(1H-indol-3-y1}-5-(irifluoromethyl) pyrimidin-2-yi]
amino -3, 3-dimethyl-piperidine-1-carboxylate (Compound 243)
[439) Step 1 methyi (25)-5-oxopyrrolidine-2-carboxylate
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o
HN SOCl;, MeOH HN
ed L.
o=l 20°C, th o={""
OH /Q

To a solution of (28 )-5-oxopyrrolidine-2-carboxylic acid (10.00 g, 77.45 mmol, 1.00 eq) in
MeOH (100.00 mL) was added SOCL,; (18.43 g, 154.91 mmol, 11.24 mL, 2.00 eq). The mixture
was stirred at 20 °C for 1 h. The reaction mixture was concentrated. The residue was diluted with
EtOAc (250 ml) and TEA (20 mL). The solid formed and filtered. The filtrate was concentrated
to afford the title compound (13.00 g, crude) as a vellow oil. The crude product was used to next
step without further purification.

1460] Step 2: Ol-tert-butyl O2-methyl (28)-5-oxopyrrolidine-1, 2-dicarboxylate

HN)S {Bock,O
e -
6]

DMAP, EA, 20°C

O
/ 6 h

To a solution of methyl (28)-5-oxopyrrolidine-2-carboxylate (13.00 g, 90.82 mmol, 1.00 eg) and
DMAP (1.33 g, 10.90 mmol, 0.12 eq) in EtOAc (150.00 mL) was added dropwise tert-
butoxycarbonyl tert-butyl carbonate (25.77 g, 118.07 mmol, 27.12 wl., 1.30 eq). The mixture
was stirred at 20 °C for 16 h. The reaction mixture was washed with HCI (0.5 M, 30 mL), Sat.
NaHCO; (150 ml), brine (500 ml.), dried over Na,S{y, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by re-crystallization from MTBE (250 mL)
to afford the title compound (11.00 g, 45.22 ramol, 49.79% yield, 100% purity) as a red solid
(461} Step 3: Of-tert-butyl O2-methyl (28 )-4,4-dimethyl-5-oxo-pyrrolidine-1,2-dicarboxviate

Boc o
Bog ¢ LIHMDS, CHyl N P
N - g ()3 O
O= O -
THF, -78-20°C, 1.5 h
{

To a solution of O1-tert-butyl O2-methyl (25)-5-oxopyrrolidine-1, 2-dicarboxylate (14.00 g,

57.55 momol, 1.00 eq) in THF (400.00 mL) was added dropwise LiHMDS (1 M, 120.86 mL, 2.10
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eq) at -78 °C under N, atmosphere. After addition, the mixture was stirred at this temperature for
(1.5 h, and then iodomethane (24.51 g, 172.65 mmol, 10.75 mL, 3.00 eq) was added dropwise at -
78 °C under N, atmosphere. The resuiting mixture was stirred at 20 °C for 1 h. The reaction
mixture was diluted with saturated aqueous NH4Cl (400 mL) and extracted with EtQAc (200
mix3). The combined organic layers were washed with brine (600 mL*2), dried over NaySOy,
filtered and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (S10,, PE/E1OAc=20:1 to 10:1) to afford the title compound (6.00 g,
16.37 mmol, 28.44% vield, 74% purity) as a yellow solid.

14621 Step 4 tert-butvl N-{{15)-4-hydroxy-1-(hydroxymethyi)-3, 3-dimethyl-butyl ] carbamate
Boc.,

. NH
Nxffimj/ NaBH,, EtOH HO\VxL\

B

Oz g
ji%’J THF, 0-20°C, 16 h N

OH

To a solution of Ol-tert-butyl O2-methyl (25)-4, 4-dimethyl-5-oxo-pyrrolidine-1, 2-
dicarboxylate (5.24 g, 19.31 mmol, 1.00 eq) in THF (10.00 mL) was added batchwise NaBH;,
(2.19 g, 57.94 mmol, 3.00 eq) at O °C under N, atmosphere. After addition, EtOH (8.81 g,
213.02 mmol, 12.42 mL, 11.03 eq) was added dropwise at 0 °C. The resulting mixture was
stirred at 20 °C for 16 h. The reaction mixture was diluted with saturated aqueous NH4Cl (150
ml) and extracted with EtOAc (80 mL*3). The combined organic layers were washed with brine
{250 mLx2), dried over Nap,SOy, filtered and concentrated under reduced pressure to afford the
title compound (6.46 g, crude) as a yellow oil.

14631 Step 5: [(285)-2-(tert-butoxycarbonviamine )-4, 4-dimethyl-5-methyisulfonyloxy-pentyl]

methanesulfonate

Boc.
HO MsCL TEA EA
0-20°C, 1h
OH

To a solution of tert-butyl N-[{18)-4-hydroxy-1-Chydroxymethy!)-3,3 -dimethyl-butyljcarbamate
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(6.46 g, 26.12 mmol, 1.00 eq) and TEA (10.57 g, 104.48 mmol, 14.48 mL, 4.00 eq) in EtOAc
{60.00 mL) was added dropwise MsCH (8.98 g, 78.36 mmol, 6.07 mL, 3.00 eq) at  °C. The
resulting mixtare was stirred at 20 °C for 1 h. The reaction mixture was poured into water 130
ml., and then extracted with EtOAc (20 mL*3). The combined organic layers were washed with
brine (200 mL), dried over Na304, filiered and concentrated under reduced pressure to afford
the title compound (10.41 g, crude} as vellow oil.

[464] Step 6. tert-butyl N-[{38)-1-benzyl-5, S-dimethyi-3-piperidyl] carbamate

5 BOC~ H
Boc.
\\‘3/0 NH
A BrNH,, DME, év
o 70°C, 16 h N
N O ’ Bn/
A
o

A mixture of [(25)-2-(tert-butoxycarbonylamino)}-4, 4-dimethyl-5-methylsulfonyloxy-pentyl]
methanesulfonate (10.41 g, 25.80 mmol, 1.00 eq), phenylmethanamine (8.85 g, 82.56 mmol,
9.03 mL, 3.20 eq) in DME (100.00 mL) was stirred at 70 °C for 16 h. The reaction mixture was
diluted with water 5300 mL and extracted with EtOAc (200 mLx3). The combined organic layers
were washed with brine (500 mL*2), dried over Na;SQy, filtered and concentrated under reduced
pressure to give a residue, The residue was purified by column chromatography (510;,
PE/EtOAc=40:1 to 30:1) to afford the title compound (1.00 g, 2.67 mmol, 10.35% yield, 85%
purity) as a yellow oil.

(4651 Step 7: tert-butvl N-[(38)-5, 5-dimethyi-3-piperidyl] carbamate

Boc. N Boc., NH

)\ PA/C, H,, 30 psi @
N EtOH. 16 h N
Bn” W

To a solution of tert-butyl N-[(35)-1-benzyl-5, 5-dimethyl-3-piperidyl} carbamate (1.00 g, 3.14

mmol, 1.00 eq) in ELtOH (10.00 mL) was added Pd-C (10%, 1 g) under Nz. The suspension was
degassed under vacuum and purged with H, 3 times. The mixture was stirred under Hy (30 psi) at
20 °C for 16 h. The reaction mixture was filtered and the filtrate was concentrated to afford the

title compound (500.00 mg, crude) as yeliow oil.
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[466] Step 8: benzyl (58)-5-(tert-butoxycarbonylaminoe )-3, 3-dimethyi-piperidine-1-carboxylate

B - BA\
QC NH oC NiH

H\ ChzCl, NaHCO; (k

THF, Ho0, 0-20°C,

HN_ A N
~N 30 min Coz” N
To a solution of tert-butyl N-{(35)-5, 5-dimethyl-3-piperidyl] carbamate (500.00 mg, 2.19 mmol,
1.00 eq) and NaHCO3 (1.29 g, 15.33 mmol, 396.24 uL, 7.00 eq) in THF (5.00 mL} and H,O

(5.00 mL)} was added dropwise and benzyl carbonochloridate (560.34 mg, 3.29 mmol, 466.95
ul., 1.50 eq). The mixture was stirred at 20 °C for 30 min. The reaction mixture was diluted with
water 100 mL and extracted with EtOAc (50 ml.*3). The combined organic layers were washed
with brine (200 mL*2), dried over NaaSQO,, filtered and concentrated under redoced pressure to
give a residue. The residue was purified by column chromatography (S10,, PE/EtOAc=20:1 to
5:1) to afford the title compound {740.00 mg, 1.37 mmol, 62.56% yield, 67% purity) as a yellow
oil. {Note: Combined purification with another bacth, scale: 60 mg).
14671 Step 9. benzyl (35)-5-amino-3, 3-dimethyl-piperidine-1-carboxylate

BoC 1y NH, HCI

HCIEA, 20°C, 1h

e
oo

Chz”

Chz

A mixture of benzyl (5S)-5-(tert-butoxycarbonylamino)-3, 3-dimethyl-piperidine-1-carboxylate

(740.00 mg, 2.04 mmol, 1.00 eq) and HCVEtOAc (4 M, 5.00 mL) was stirred at 20 °C for 1 h.

The reaction mixture was concentrated directly to afford the title compound (525 mg) as a

yellow solid.

1468] Srep 10: beazyl (58)-5-[[4-(1H-indol-3-yi}-5-(trifluoromethyl) pyrimidin-2-yi] amino}-3,

3-dimethyl-piperidine-1-carboxylate
=N

NH, HCI ./ ] | N/)\C‘
HN—

Cbz"?@v DIEA, NMP, 140 °C, 30 min @
Cbz”

A mixtare of 3-[2-chloro-5-(trifluoromethyl}pyrimidin-4-yl}- 1 H-indole (497.09 mg, 1.67 mmol,
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1.00 eq), benzyl (558)-5-amino-3,3-dimethyl-piperidine- 1-carboxylate (500.00 mg, 1.67 mmol,
1.00 eq, HCl) and DIEA (647 .49 mg, 5.01 mmol, 874.99 ul, 3.00 eq) in NMP (5.00 mL) was
stirred at 140 °C for 30 win. The reaction mixtare was diluted with water 100 mL and extracted
with EtOAc (50 mLx3). The combined organic layers were washed with brine (200 mL*2), dried
over NapSOy, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (S10,, PE/EtOAc=10:1 to 5:1) to afford the title compound
(300.00 mg, 561.55 umol, 33.63% yield, 98% purity) as a vellow sohid. (Note; Combined
purification with another batch. Scale: 20 mg).

1469] Step 11: N-[(35)-5, 5-dimeihyl-3-piperidyl]-4-(1H-indol-3-vi)-5-(trifluoromethyi)

pyrimidin-2-amine

@\Fs@ I %E‘.‘i . FSC\Q’/%N
Ly N R HEACOH ;N
i e B0 i
HN . HN-
4 DCM,20 °C, 1h ;
Chz™ ™~ HiN

To a solution of benzyl (38)-5-[{4-(1 H-indol-3-yD)-5- (riflucromethyly pyrimidin-2-ylfamino}-3,
3-dimethyl- piperidine-1-carboxylate (200.00 mg, 382.01 umol, 1.00 eqg) in DCM (3.00 mL) was
added hydrogen bromide (883.09 mg, 3.82 mmol, 592.68 ul, 35% purity, 10.00 eq). The
mixture was stirred at 20 °C for 1 h. The reaction mixture was poured into MTBE (10 mL), the
solid formed and filtered to collect cake as a yellow solid (200 mg). The residue was purified by
prep-HPLC (FA condition) to afford the title compound (110.43 mg, 253.61 umol, 66.39% yield,
FA) as a white solid. (Note: Combined purification with another batch. Scale: 100 mg).

[47¢] Example 68. 4-[6-(1, 5-dimethyl-1, 2, 4-triazol-3-y1)-1H-indol-3-y1}-N-[(35)-3-
piperidyl}-5-(irifluoromethyl) pyrimidin-2-amine (Compound 245).

[471) Step 1. tert-buiyl (35)-3-[[4-{ I-(benzenesulfonvi)-6-(1,5-dimethvi-1,2,4-triazol-3-

vi)indol-3- yi]-5-(trifluoromethyl )pyrimidin-2-yl]amino [ piperidine-1-carboxylate
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F. PN

N
;h07\\ /\7/‘L\ _,I\ -
) j /\} Pd(PPhy),, Cs,CO0s,
N\/J dioxane, H,0, 20-80 °C,

12h

¥

To a mixture of tert-butyl (35)-3-[{4-{1-(benzenecsulfonyl)-6-(4.4,5,5-tetramethyl- 1,3.2-
dioxaborolan-2-yvhindol-3-vi]-5-(irifluoromethyDpyrimidin-2-yllaminopiperidine- 1 -carboxylate
(200.00 mg, 274.88 umol, 1.00 eqg) and 3-bromo-1,5- dimethyl-1,2,4-triazole (53.22 mg, 302.36
umol, 1.10 eq) in dioxane (5.00 mL) and H,O (1.00 L) was added PA(PPhs), (63.53 mg, 54.98
umol, (.20 eq) and Cs2C03 (17912 mg, 549.75 uwmol, 2.00 eq) in one portion at 20 °C under No.
The mixture was stirred at 80 °C for 12 h. The residue was poured into water (10 mL) and
extracted with EtOAc (10 mlx2). The combined organic phase was washed with brine (10
mLx2}, dried with anhydrous Na;SQy, filtered and concentrated in vacoum. The residue was
purified by prep-HPLC (TFA) to afford the title compound (130.00 mg, 58.33%, TFA)as a
yellow solid.

14721 Step 2: tert-buivl (35)-3-f[4-{6-(1,5-dimethyi-1,2 4- triazol-3-yl)-1 H-indol-3-yi]-5-

{(trifluoromethyl jpyrimidin-2-yljamino]piperidine- I -carboxvlate

Fa F
be e
{
Phﬂzsw/x\ﬁ”'\mé’\. H S P H
7N NaOH, dioxane/H,0=5/1 ‘/‘7”\1\
[ . g Vi 7S
Boe-M 90°C, 1h S
N=A Y
fN (N
- \{ /N\?
\

To a solution of tert-butyl (35)-3-{14-[ 1-(benzenesulfonyl)-6-(1,5-dimethyl-1,2,4- triazol-3-
yhindol-3-yl}-5-(trifluoromethylpyrimidin-2-yljamino}piperidine- I -carbox ylate (150.00 mg,
215.29 amol, 1.00 eq) in dioxane (5.00 mL) was added a solation of NaOH (43.06 mg, 1.08
mmol, 53.00 eq) in H,O (1.00 mL) at 20 °C. The mixture was heated to 90 “C and stirred for 1 h.
The reaction mixture was quenched by water (20 mL) and extracted with EtOAc (40 mL x3).

The combined organic layers were dried over NapSQy, filtered and concentrated under reduced
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pressure to give a residue. The residue was purified by colurmn chromatography (510,
DCM/MeOH=100% to 60:1) to afford the title compound (110.00 mg, 73.44%) as a yellow
solid.

{4731 Step 3: 4-[6-(1, S5-dimethyl-1,2 4-triazol-3-yi)-1 H-indol-3-y{]-N-{(38)-3-piperidyl]-5-
(trifluoromethyl jpyrimidin-2-amine

FaC

s ot .
N RN

. I Fr\i
1 /E:\\”/r\ ./5>;\ "/':‘\\‘Y//‘\‘\ FNy
NS N E!H HN 77 N i‘
7N Py TEA DICM TN _
({:/ ’)) [ (S)\f ,,,,,,, ]H\J[\'» & <; [ ;
7 Bee N 20°C, 1h ST EN
[f\j =\ N =
;N g N
Ny AN-{
\
|

To a solution of tert-butyl (35)-3-{14-[6-(1,5-dimethyl-1,2 4-triazol-3-y1)-1H- indol-3-yl]-5-
(trifluoromethyDpyrimidin-2-yljamino]piperidine- { -carboxylate (90.00 mg, 129.36 umol, 1.00
eq) in DCM (8 mL) was drop added TFA (1 mL) for 1 hat 20 °C. The mixture was concentrated
under reduced pressure {o give a residue. The residue was purified by prep-HPLC (FA) to afford
the title compound (31.40 mg, 47.42%, FA) as a white solid.

{474] Example 69, 4-(6-imidazol-1-yl-1H-indol-3-y1)-N-[(38}-3-piperidyl]-5-
{trifluoromethyl) pyrimidin-2-amine (Compound 248).

(475} Step 1: tert-butyl 6-bromoindole-I-carboxyiate

HN N BOC\N >
I Piadiind 8

B}ﬂ THF, 0-20°C, 12 h o =/
To a solution of 6-bromo-1H-1odole (5.00 g, 25.50 mmol, 1.00 eq). DMAP (373.84 mg, 3.06
mmol, 0.12 eq) in THF (50.00 mL) was added dropwise tert-butoxycarbonyl tert-butyl carbonate
(7.23 g,33.15 mumol, 7.61 mL, 1.30 eq) at 0°C. The resulting mixture was stured at 20°C {or 12
h. The reaction mixture was poured into ag. HCY (200 ml, 0.5 M), and extracted with EtOAc (75
mL x3). The combined organic layers were washed with Sat. NaHCO; (200 mL) and brine (300
mix3}, dried over NapS{y, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (510,, PE/EtCAc=100:1 to 10:1) to afford

the title compound (6.50 g, 21.95 mmol, 86.07% yicld) as a white solid.
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(476} Step 2: 6-imidazol-1-yl-1H-indole

Xy
Boc—p Xy s HN
R
/X N o
3":"'/ Cul, L-proiine, N
Br C5,C0,, DMSO \

80°C, 16 1
A mixtare of tert-butyl 6-bromoindole-1-carboxylate (6.50 g, 21.95 mmol, 1.00 eq), imidazole
(2.99 g, 43.90 mmol, 2.00 eq), Cs:C02 (14.30 g, 43.90 mmol, 2.00 eq), Cul (417.99 mg, 2.20
mmol, 0.10 eq) L-PROLINE (3.79 g, 32.93 mmol, 1.50 eq} in BDMSO (50.00 mlL) was degassed
and purged with N, for 3 times, and then the mixture was stirred at 90 °C for 16 h under N,
atmosphere. The reaction mixture was poured into water 500 mL, and then extracted with EtOAc
{150 mL x3). The combined organic layers were washed with brine (700 mL), dried over
NaxSOy, filtered and concentrated under reduced pressure to give a residue. The residoe was
purified by column chromatography (510;, PE/EtOAc=5:1 to 1:3) to afford the title compound
(700.00 mg, 3.82 mmol, 17.40% yield) as an off-white solid.
(4771 Step 3: 3-[2-chloro-5-(trifiuoromethvl )pyrimidin-4-yl {-6-imidazol-1-yl-1 H-indole

FaC FsC N
3 \Tf \N
HN’\\K\N’/J\
o= 7\
ACH; DCE, 80°C, -
16 h -
N E\B
[ 4
N

To a solution of 2, 4-dichloro-5-(trifluoromethyl) pyrimidine (1.42 g, 6.55 mmwol, 2.00 eq} in
DCE (5.00 mL) was added AICL (873.36 mg. 6.55 mumol, 357.93 ul., 2.00 eq) at 30 °C. After
addition, the mixture was stirred at this temperature for 0.5 h, and then 6-imidazol-1-yI-1H-
indole (600.00 mg, 3.27 mmol, 1.00 eq) was added. The resulting mixture was stirred at 80 °C
for 15.5 h. The reaction mixture was quenched by addition Sat. NaHCOs, and then extracted with
EtOAc (50 mL x3), dried over NapSOy, filtered and concentrated under reduced pressure to give
a residue. The residoe was purified by prep-HPLC (TFA condition). It was concentrated. the
residue was treated with Sat. NaHCO, (30 mL) and extracted with EtOAc (30 mi_x3), dried over
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Nay 50y, filtered and concentrated to atford the title compound (100.00 mg, 263.94 umol, 8.07%
yield, 96% purity) as a yellow solid.
1478) Step 4. tert - butyl (38)-3-{[4-(6-imidazol-1-vi-1H-indol-3-yI)-5-(trifluoromethyl)

pyrimidin-2-yif amino| piperidine-1- carboxyiatee

Fal NH, B

| TAN é P3\,\T‘/%N
"EN/\\[A“%C' Boc " i A\,r/“\N.ANH
N 1h b w\/j
H\N? »

N
A mixture of 3-[2-chloro-5-(tri{lluoromethyl) pyriroidin-4-y1]-6-imidazol-1-yi- 1 H-indole (80.00
mg, 219.95 umol, 1.00 eq), tert butyl (35)-3-aminopiperidine-1-carboxylate (57.27 mg, 285.93
umol, 1.30 eq), DIEA (142.13 mg. 1.10 mmol, 192.07 ul, 5.00 eq) 10 NMP (2.00 mL) was
stirred at 140 °C for 1 h. The reaction mixture was poured into water 50 mL, and then extracted
with BtOAc (25 mL x3). The combined organic layers were washed with brine (100 mL). dried
over Na:S50;, filtered and concentrated to afford the title compound (200.00 mg, crude) as brown
oil. It was used for next step directly.

14781 Step 5: 4-(6-inudazol-1-yl- T H-indoi-3-y{}-N-[{3S)-3-piperidyi]-5-(trifluoromethyl)

pyrimidin-2-amine
FaC

\”/ \N S \ﬁ/\;N
I | I i
e R N PO Y
HNG TN e HN 7 N7 e
VL HCVEIOAG, rt., O‘%h =
A ) N ] VY TSN
e e V=
[ BocT T / ST
N J/N»
2 P
Ly -

A mixtuare of tert-butyl (35)-3-{{4-(6-1imidazol-1-yl-1H-indol-3-yI)-5-(trifluoromethyl)
pyrimnidin-2-yljamino} piperidine-1- carboxylate (80.00 mg, 151.65 umol, 1.00 eq) in
HCVEOAc (4 M, 1.90 mL, 50.00 eq) was stirred at 20 °C for 0.5 h. It was concentrated. The
residue was purified by prep-HPLC (FA condition) to afford the title compound (8.40 mg,
15.97umol, 10.53% yield, 90% purity, FA) as a yellow solid.
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[480] Example 70. 3-[2-[[(3S)-3-piperidyl] amino]-5-(trifluoromethyl) pyrimidin-4-yl]-1H-
pyrrolo [2, 3-b] pyridine-6-carbonitrile (Compound 251).
[481] Step 1:1H-pyrrolo [2, 3-b] pyridine-6-carbonitrile

Zn, ZnCN,, Pd(dppf)Cl,
DMF, 140°C, 5 h

A mixture of 6-bromo-1H-pyrrolo[2,3-b]pyridine (4.00 g, 20.30 mmol, 1.00 eq), Zn (132.75 mg, 2.03
mmol, 0.10 eq), Zn(CN)2(1.67 g, 14.21 mmol, 902.05 uL, 0.70 eq) and Pd(dppf)Cl2.CHzCl2 (828.95
mg, 1.02 mmol, 0.05 eq) in DMF (10.00 mL) was degassed and purged with N2 for 3 times, and then
the mixture was stirred at 140°C for 5 h under N2 atmosphere. The reaction mixture was diluted with
EtOAc (50 mL) and washed with ag. saturated bicarbonate solution (100 mL) and brine (100 mL*2),
dried over sodium sulfate, filtered and evaporated. The residue was purified by column
chromatography (SiOz, PE/EtOAc=10:1 to 3:1) to afford the title compound (1.50 g, 8.91 mmol,
43.88% yield, 85% purity) as a white solid.

[482] Step 2: 3-bromo-1H-pyrrolo [2, 3-b] pyridine-6-carbonitrile

NBS, THF

rt, 16 h

To a solution of 1H-pyrrolo [2, 3-b] pyridine-6-carbonitrile (1.50 g, 10.48 mmol, 1.00 eq) in DCM
(3.00 mL) was added NBS (2.24 g, 12.57 mmol, 1.20 eq) at 0°C . The mixture was stirred at 20°C
for 16 h. It was concentrated. The residue was washed with PE (50 mL) and filtered to afford the title
compound (3.00 g, 6.76 mmol, 64.46% yield, 50% purity) as a yellow solid. It was used for next step
directly.

[483] Step 3: 1-(benzenesulfonyl)-3-bromo-pyrrolo[2,3-b]pyridine-6-carbonitrile

~ Br
PhO,S~N
NaH, PhSO,CI =
- N
THF, 0-20°C, 3 h N\ J

N
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To a solution of 3-bromo-1H-pyrrolo[2,3-blpyridine-6-carbonitrile (3.50 g, 15.76 mmol, 1.00 eq)
in THF (10.00 mL) was added NaH (630.40 mg, 15.76 mmol, 60% purity, 1.00 eq) at 0°C. After
addition, the mixture was stirred at this temperature for 0.5 h, and then benzenesulfonyl chloride
(3.62 g, 20.49 mmol, 2.62 ml,, 1.30 eq) was added dropwise at 0°C. The resulting mixture was
stirred at 20°C for 2.5 h. The reaction mixture was quenched by addition water 50 mL, and then
extracted with EtOAc (20 mL * 3). The combined organic layers were washed with brine (100
mi}, dried over NaySOy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (510;, PE/E1OAc=10:1 1o 3:1) to alford the tile
compound (2.00 g, 5.52 mmol, 35.04% yield) as a yellow solid.

1484] Step 4: I-(benzenesulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolof2,3-

blpyridine-6-carbonitrile

Br
e o /\\zT/ Bni
PhO,S~ pin
o N’;’ 8PD PhOES\NfQ’;]/
N, / » =
N Pd{dppfiCl,, KOAG, Ny 7
NE: dioxane, 2 h, reflux \Eg"

A mixture of 1-(benzenesulfonyl)-3-bromo-pyrrolo{2,3-blpyridine-6-carbonitrile (200.00 mg,
552.18 umol, 1.00 cq), 4,4,5.5- tetramethyl-2-(4,4.5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-
1,3.2-dioxaborolane (210.33 mg, 828.27 umol, 1.50 eq), Pd{dpp)Cl; (40.40 mg, 55.22 amol,
0.10 eq), KOAc (108.38 mg, 1.10 mmol, 2.00 eq) in dioxane (5.00 mL) was degassed and purged
with Ny for 3 times, and then the mixtare was stirred at 80 °C for 2 h under N, atmosphere. The
reaction mixture was poured into water 50 mkb, and then extracted with EtOAc (20 mL * 3). The
combined organic layers were washed with brine (150 mL), dried over NaxSOy4, filtered and
concentrated under reduced pressure to afford the title compound (200 mg, crude). It was used
for next step directly.

(4851 Step 5: tert-butvl (35)-3-[{4-[ I-(benzenesulfonvi }-6-cyano-pyrrolo [2, 3-b] pyridin-3-yi]-

S-{trifluoromethyl pyrimidin-2-yl] amino] piperidine-1-carboxylate
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E}oc E;Soc
F.C FaC
Sy )]
CE/A\N/J\N\ Bh SN \l N/ g\‘
Pd{dtbpfiCl,, K;PO,, THFH,C, N\ i
5h, 80°C \2"
NC

A mixtare of 1-(benzenesulfonyl)-3-(4,4.5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolof2,3-
blpyridine-6-carbonitrile (200.00 mg, 488.67 umol, 1.00 eq). tert-butyl (35)-3-[{4-chloro-5-
(trifluoromethylpyrimidin-2-vljaminopipenidine- 1-carbox ylate( 186.08 mg, 488.67 umol, 1.00
eq), KaPOy (207.46 mg, 977.35 umol, 2.00 eq), ditert- butyl (cyclopentyl)
phosphane;dichloropalladiumsiron (31.85 mg, 43.87 umol, 0.10 eq) in THF (5.00 mL) and HO
(1.00 ml) was degassed and purged with N2 for 3 times,and then the mixture was stirred at 80
“C for 5 h under N, atmosphere. The reaction mixture was poured into water 50 mL, and then
extracted with EtOAc (20 mL * 3). The combined organic layers were washed with brine (130

mL), dried over Na;SQy, filtered and concentrated under reduced pressure to give a residue. The

compound {150.00 mg, 215.09 umol, 44.02% yield, 90% purity) as a brown solid.
14861 Step 6. tert-butvl (35)-3-[[4-(6-cvano-1H-pyrrolo [2, 3-bpyridin-3-yi)-5-{triflucromethyi)

pyrimidin-2-ylj amino] piperidine-I-carboxylate

F’.%o(;
FaC. N
Y &)
A g e L
S f N
PhQ,S N} ! H TEA, MeOH HN o
N\/> rt, 16 h N
¥ ),
NG ?\zg

A mixture of tert-butyl (38)-3-{{4-{1-(benzenesuifonyl)-6-cyano-pyrrolo {2, 3-b] pyridin-3-yl]-5-
{(trifluoromethyl) pyrimidin-2-yl} amino] piperidine- l-carboxylate (120.00 mg, 191.19 umol,
1.00 eq), TEA (96.73 mg, 955.96 umol, 132.51 vk, 5.00 eq) in MeOH (2.00 ml.) was stirred at
26 °C for 16 h. It was concentrated to afford the title compound (150 mg, crude) as a yellow
solid (Note: Corbined purification with another batch. SM scale: 10 mg). It was used for next

step directly.
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1487) Step 7: 3-[2-[[{38)-3-piperidyl] amina]-5-(trifluoromethyvi )pyvrimidin-4-vi]-1H-pyrrolo
{2, 3-b] pyridine-6-carbonitrile

?00 H

FSC-.\‘ET/%N @ FSC\!(%;F / N\I

> g AN e
TFA,DCM HN/\T’/\N N ~

HN ﬁ o H
3’*’\ 20°C, 1h %3
N // No
N A
NC/ NC

To a solution of tert-butyl (35)-3-[[4-(6-cyano-1H-pyrrolo |2, 3-b] pynidin-3-y1)-5-
(triftuoromethyl) pyrimidin-2-yl} amino} piperidine-1-carboxylate (140.00 mg, 287.19 umol,
1.00 eq) in DCM (2.00 mL) was added TFA (327.46 mg, 2.87 mmmol. 212.64 uL, 10.00 eq). The
mixture was stirred at 20 °C for 1 h. It was concentrated. The residue was purified by prep-
HPLC (FA condition) to afford the title compound (22.7 mg, FA salt, 99% purity) was obtained
as a white solid (Note: Combined purification with another batch. SM scale: 10 mg).

{4881 Example 71. N-[(3R,55)-5-[{4-(7-methylsulfonyl- 1H-indeol-3-y})-5-
{trifluoromethylipyrimidin-2-yljamino]-3-piperidylipropanamide (Comopund 254) and N-
[(38,5R)-5-{{4-(7-methylsulfonyl- 1 H-indol-3-y1)-5-(trifluoromethyl)pyrimidin-2-yijamino|-
3-piperidyi]propanamide (Compound 259).

[489] Step 1: 2-[[3-{2-chioro-5-{trifluoromethyl} pvrimidin-4-yl]j-7-meihvisulfonyl-indol-1-

vijmethoxy]ethyl-trimethyl-silane

Fal._ Co~
TN T
- . //‘\1\ {;-‘\ m-GPE . N /D\ /;-3\
SEM-y T N Tal nrGPBA SEM- T N o
\\/;:k 77777777777777777777777777777777777 - \X /“‘i
- DCM, 20 °C, 1h 2
e S '/‘\;\ //// - \p /‘<~ ‘///
P R \x/ -

N

To a stirred solution of 3-(2-Chloro-5-trifluoromethyl-pyrimidin-4-yl)-7-methylsulfanyl-1-(2-
trimethylisilanyl-ethoxymethyl)-1H-indole (250.00 mg, 527.42 umol, 1.00 eq) in BCM (8 mL)
was added m-CPBA (213.17 mg, 1.05 romol, 85% purity, 1.99 eq). The mixture was stitred for 1
h at 20 °C. The reaction mixture was washed by NaHCO; (20 mL* 2}, H,0 and extracted with
EtOAc (30 mL * 3). The combined organic layers were dried over NapSQy, filtered and

concentrated under reduced pressure to give a residue. The residne was purified by column
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chromatography (5102, PE: EtOAc = 15:1) to alford the title compound (260.00 mg. 87.68%
yield) as a light vellow oil.
14901 Step 20 tert-butvl (3R, 58)-3-amino-5-{[4-[7- methylsulfonyi-1-{2-

trimethyisilylethoxymethyljindol-3-yl|-5-(irifluoromethyl )pyrimidin-2-vi]amino [ piperidine- i -

carboxylate
Boc 5
N oe
Pl N 3
1L, WU @
SEMm”\ NT ol HN™" ", .
B NH.,
? >— DIEA, NMP, 204130 °C,
“’SM\, 3h

To a stirred solution of 2-{{3-[2-chloro-5-(trifluoromethyDpyrimidin-4-yi}-7- methylsulfonyl-
indol-1-yljmethoxylethyl-trimethyl-silane (150.00 mg, 296.44 umol, 1.00 eq) and 2-{[3-{2-
chloro-S-(trifluoromethyDpyrimidin-4-yij-7-methyisulfonyl- indol-1-yvlimethoxylethyl-
trimethyl-silane (150.00 mg, 296.44 umol, 1.00 eq) in NMP (1.50 mL) was added DIPEA
(319.26 mg, 1.48 mmol, 431.44 al,, 5.00 eq) at 20 °C. Then the mixtore was heated to 130 °C
and stirred for 3 h under N». The reaction mixture was quenched by water (50 mL) and extracted
with EtOAc (40 mL * 3). The combined organic layers were dried over Na)SOy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (510, DCM: MeOH = 100:1-30:1) to afford the title compound (110.00 mg,
43.35% vield) as a white solid.

14911 Step 3. tert-buivl (35,5R )-3-[ [4-[7-methvisulfonyl-1- (2-trimethylsilviethoxymethvl)indol-

3-vli-5-(triflucromethyl)pyrimidin-2-vijamino ] -5-{propanoyiamino jpiperidine-1-carboxylate

Eec - Ffoc
erFCHP Se r TS
SEM- ;\,/\ = o = SEM»,\/\/ ~ A\u "»N/L'\m/
9 t:i DIEA, DCM, 8 °C, 20 min 9 />~~> H
__—\?é"‘ \’J/ .-—-S"\\

To a solution of tert-butyl (3R,58)-3-amino-5-{{4-]7-methylsulfonyl-1- (2-
trimethylsilylethoxymethylindol-3-yl}-5-(trifluoromethyljpyrimidin-2-ytHamino]piperidine- 1 -

carboxylate (110.00 myg, 128.50 umol, 1.00 eq) and DIPEA (33.21 mg, 257.00 umol, 44.88 ul.
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2.00 eq) in DCM (5.00 mL) was slowly drop added propavoyl chloride (10.70 mg, 115.65 umol,
10.70 ul, 8.90 eq) at 0 °C. The mixture was stirred for 20 min. The reaction mixture was
quenched by water (10 mL) and extracted with DCM (20 mL * 2). The combined organic layers
were dried over Na,SQy, filtered and concentrated under reduced pressure to give a residue. The
restdue was purified by prep-TLC (510,, DCM: MeOH = 10:1) to afford the title compound
(90.00 mg, 71.84% yield) as a yellow solid.

14921 Step 4: N-{(3R.58)-5-[[4-(7-methylsulfonyl-1 H- indol-3-vI}-5-(trifluoromethy jpyrimidin-
2-vljamino]-3-piperidyljpropanamide & N-[{38,5R}-5-{[4-(7-methyisulfonyl-1H-indol-3-yi)-5-
(trifluoromethyi) pyrimidin-2-yljamino]-3-piperidyi]propanamide

-~

Fali F

N AC ¥ Filo ¥
/J N ['e'\- 0 ) r‘}' E\: o) [N o)
S i | Ui A ! ‘ | i
SEM <y ‘NAE“ "'N/L\/ _HCldicxane IV N/\ﬁ“ /"q\rﬂ\/ . oSy ‘N‘J\ﬁ” N~
2 7: :K i 60°C,1h o = i H 0 fg H
5 e Vi =~To) k /s p
,% AW/ SFC ,,\?%M ,ﬂ% W/
L J

To a solution of tert-butyl (38, 5R)-3-{{4-[7-methylsulfonyl-1- (2-trimethylsilylethoxymethyl)

X
e

.,

indol-3-yi}-5-(trifluoromethyl) pyrimidin-2-yl} amino]-5-(propanoylamino)piperidine-1-
carboxylate (90.00 mg, §8.67 umol, 1.00 eq) in dioxane (3 mlL) was added HCI (300 ul). The
mixture was heated to 90 °C and stirred for 1 h under N,. The reaction mixture was filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC
{FA) to give racemic product (25 mg, FA). The racemic product was separated by SFC [column:
AD (250mm*30mm, Sum); mobile phase: [0.1%NH;H,O ETOH}; B%: 40%-40%, min]
{Combined purification with another batch. Scale: 25 mg).
Product 1: possible configuration N-{(3R, 55)-5-[[4-(7-methylsulfonyi- 1 H-indol-3-y1)-5-
(trifluoromethyl) pyrimidin-2-y1} amino}-3-piperidyljpropanamide (8.40 mg, 18.22% vield) was
obtained as a white solid, designated Compound 254.
Product 2: possible confligoration N-[(35, 5R)-3-{{4-(7-methylsulfonyl-1H-indol-3-v1)-5-
(triftuoromethyl) pyrimidin-2-yl} amino}-3-piperidylpropanamide (6.00 mg, 12.75% yield} was
obtained as a white solid, designated Compound 259,
[493] Example 72. 3-[2-1[(35}-3-piperidyl] amino]-5-(irifluoromethyl) pyrimidin-4-yl} -1H-
indole-6, 7-dicarbonitrile (Compound 258).
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1494] Step 1. 2-bromo-3-nitro-benzonitrile

Q _NH,
AN
v 0 © X
| e v |
HOL,C™ ™ NO, B NG N,
¢}
B PCls, 205 °C, 3 h B

A mixture of 2-bromo-3-nitro-benzoic acid (10.00 g, 40.65 mmol, 1.00 eq) 4-
methylbenzenesulfonamide (11.00 g, 64.23 mmol, 1.58 eq), PCls (26.16 g, 125.60 mmol, 3.09
eq) in a 50 mL single-necked round bottom flask was warmed to 205 °C for 0.5 h, and then
maintained 205 °C for 2.5 h. Cooling the mixture gave a solid, which was dissolved in warm
pyridine (120 ml). Water (500 ml) was added cautiously to the stirred solution, then the resulting
suspenston was cooled to give a residue. The residue was purified by column chromatography
(510, PE/EtOAc=10/1 to 2:1, plate 1) to atford the title compound (6.00 g, 26.43 mmol) as an
off-white solid.

[493] Step 2: 7-bromo-1H-indole-6-carbonitrile

X ™ MaBr

NG NO,

Br

THE, 2 h, -78°C

To a solution of 2-bromo-3-nitro-benzoniirile (4.00 g, 17.62 mmol, 1.00 eq) in THF (40.00 mL)
was added dropwise bromo(vinylymagnesiuvm (1 M, 88.10 mL, 5.00 eq) at -78 °C. The resulting
mixture was stivred at -78 °C for 2 h. The reaction mixture was quenched by addition water 200
mlL, and extracted with EtOAc (75mbL*3). The combined organic layers were washed with brine
(500 mL), dried over NaySQy, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (510,, PE/Ethyl acetate=3:1 1o 1:1) to
afford the title compound (1.30 g, 5.29 mmol, 30.04% yield, 90% purity) as an yellow solid.
14961 Step 3: 7-bromo-3-[2-chioro-5-{trifluoromethyl) pyrimidin-4-vi]-1H-indole-6-

carbonitrile
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AICl;, DCE, 80°C
18 h

To a solution of 2, 4-dichloro-5-(trifluoromethyl) pyrimidine (2.65 g, 12.21 mmol, 3.00 eq) in
DCE (5.00 mL) was added dropwise AlCI; (5.43 g, 40.70 mmol, 2.23 mL, 10.00 eq) at 80 °C.
After addition, the mixture was stirred at this temperature for (0.5 h, and then 7-bromo-1H-
indole-6-carbonitrile (900.00 mg, 4.07 mmol, 1.00 eq) was added dropwise at 80 °C. The
resulting mixture was stirred at 80 °C for 15.5 h. The reaction mixture was quenched by addition
water 200ml, and extracted with EA (75 mL*3). The combined organic layers were washed
with brine (200mL}, dried over Na,504, filtered and concentrated under reduced pressure to give
a residue. The residue was purified by column chromatography (510;, PE/HICAc=10/1 to 3:1).
The residue was purified by prep-HPLC (TFA condition) to afford the title compound (600.00
mg, 382.71 umel, 14.32% yield, 39% purity) as a yellow solid.

14971 Step 4: 7-bromo-3-[2-chloro-5-(trifluoromethyl) pyrimidin-4-y{j-1- (2-

trimethylsilviethoxy methyl) indole-6-carbonitrile

=N =N
Cl I Gl

F3C \ N FBC \ N

/ SEMCH, NaH, THF
e "

G-20°C, 3 h
NeTY TN

Br

To a solution of 7-bromo-3-[2-chloro-5- (triflnoromethylipyrimidin-4-yi}- 1H-indole-6 -
carbonitrile (280.00 mg, 697.26 umol, 1.00 eq) in THF (5.00 mL) was added NaH (27.89 mg,
697.26 umol, 60% purity, 1.00 eq) at 0 °C. After addition, the mixture was stirred at this
temperature for 0.5 h, and then 2-(chloromethoxy) ethyl-trimethyl-silane (116.25 mg, 697.26
umol, 123.67 ul., 1.00 eq) was added dropwise at 0 °C. The resulting mixture was stirred at 20
“C for 2.5 h. The reaction mixture was quenched by addition water 20 mL, and extracted with
EtOAc (10 mL*3), dried over NaxSOy, filtered and concentrated under reduced pressure to give a

residue. The residue was purified by column chromatography (5i10,, PE/E1OAc=20:1 to 3:1) to
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afford the title compound (100 mg) as a yellow oil.
(4981 Step S:tert - butyl (35)-3-[[4-[7-bromo-6-cyano-1 -(2-trimethyisilylethoxymethyl jindol-3-

vij-S-(trifluoromethyl) pyrimidin-2-vljamino] piperidine-1- carboxylate
N,

Ci o) J
Boc;‘N\/

DIEA, NMP, 140°C, 2 h

NC

& SEM
A mixture of 7-bromo-3-{2-chioro-5-(trifluoromethyl) pyrimidin-4-yl}-1- (2-
trimethylsilylethoxymethylyindole-6-carbonitrile (100.00 mg, 188.03 umol, 1.00 eq), tert-butyl
(35)-3-aminopiperidine- I -carboxylate (48.96 mg, 244.44 umol, 1.30 eq), DIEA (121.50 mg,
940.15 umol, 164.20 ul, 5.00 eq) in NMP (2.00 mL) was stirred at 140 °C for 2 h. The reaction
mixture was poured into water 50 mL, and extracted with EtOAc (20 mL*3). The combined
organic layers were washed with brine (100 mL), dried over Nay5Q,, filtered and concentrated
under reduced pressure {o give a residue. The residue was purified by column chromatography
(510, PE/EtOAc=13:1 to 1:1) to afford the title compound (100.00 mg, 143.75 umol, 76.45%
yield) as a yellow solid.
(499 Step 6 tert- buryl (35)-3-[{4-[6, 7-dicyano-1- (2-trimethylsilylethoxymethyl} indol- 3-vi]-
S5- {triftuoromethyl) pvrimidin-2-ylj amino] piperidine-1-carboxvlate

N M
Ty TN
e e
- CUCN, DMF / {

7
7

N N~
f/ \\ - _..............................b. —S -
P Y Bl 140°C, 16h Y Bt
NC N NCT YT TR

B SEM cne SEM
A mixture of tert-butyl (35)-3-{{4-{7-bromo-6-cyano-1- (2-trimethylsilylethoxymethyl) indol-3-
yi]-5-(trifluoromethyDpyrimidin-2-yljamino]piperidine-1-carboxylate {100.00 mg, 143.75 umol,
1.00 eq), CaCN (38.62 mg, 431.26 umol, 94.20 ul, 3.00 eq) in DMF (2.00 mL} was degassed
and purged with N; for 3 times, and then the mixture was stirred at 140 °C for 16 h under N3
atmosphere. The mixture was {iltered and concentrated. The residue was purified by column
chromatography (510, PE/EtCAc=10:1 to 1:1) to afford the title compound (70.00 mg, 109.08
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umol, 75.88% yield) as a yellow solid.
(301 Srep 7: 3-[2-[{(3S)-3-piperidyl] amino]-5-(trifluoromethvi) pyrimidin-4-yl] -1H-indole-6,
7-dicarbonitrile

-N
N
Pﬁ %//\ 1) Hp80,, dioxane

{ 80°C. 8 h
N/j

Boc 2} K00, CHRCN
20°C, 2 h

To a solution of tert-butyl (35)-3-[[4-[6, 7-dicyano-1-(2-trimethylsilylethoxymethyl) indol-3-vl}-
S-(trifluoromethyl) pyrimidin-2-yl} amino} piperidine-1-carboxylate (80.00 mg, 124.66 umol,
1.00 eq) in dioxane (2.00 mL) was added H,50, (122.26 mg, 1.25 mmol, 66.45 oL, 10.00 eq).
Then, the mixture was heated to 60 °C for 8§ h. The mixture was poured into water (20 mL)} and
adjusted pH to 8 by aq. NaOH (IM), extracted with EtOAc (10 * 3mL), dried over Napy50; and
concentrated. Then, the residue was diduted with MeCN (1 mL)} and X,CO5 (20 mg) was added
and the mixture was stitred at 20 °C for 2 h. The mixture was poured into water (10 mL), and
extracted with DCM (3 mL*3), dried over NaxSO4 and concentrated. The residue was purified by
prep-HPLC (FA condition) to afford the title compound (7.10 mg, 15.21 umol, 12.20% yield,
98% purity, FA) as a white solid.

(5011 Example 73, 3-[2-[1(35)-3-piperidyl] amino]-5-(irifluoromethyl) pyrimidin-4-yi} -7-
pyridazin-4 -yl-1H- indele- 6-car benitrile (Compound 261).

15621 Step 1: Tert-butyl (35)-3-1[4-]6-cyano-7-pyridazin-4- yl-1-(Z2-trimethyisilylethoxymethyl)

indol- 3-yl]-5- (triflucromethvl) pyrimidin-2-yl] amino ] piperidine-] -carboxylate

P . _
Falm™\ 4\';’ ,(S)'} !\iN ’\j\/y,gpm
PN - Nz N
T AN .
ch\;«’/\i\i Boc ditert-butyl{cyclopentyliphos phane;
ér SEM dichloropalladium;iron, KaFCy, THF

Ho0, 2 h, 80 °C

A mixtare of 4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1) pyridazine (35.54 mg, 172.50

umol, 1.00 eq), tert-butyl (35)-3-[[4-{7-bromo-6-cyano-1 -(2-trimethylsilylethoxymethyl) indol-

3-y1}-5-(trifluoromethypyrimidin-2-vijamino]piperidine- 1 -carboxylate (120.00 mg, 172.50
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umol, 1.00 eq). KaPO4 (73.23 vog. 345.00 umol, 2.00 eq), ditert-butyl{cyclopentyl)
phosphane;dichloropalladivsivon (11.24 wg, 17.25 umol, .10 eq) in THF (2.00 mL) and H:O
(500.00 ul) was degassed and purged with N» for 3 times, and then the mixture was stirred at 80
°C for 2 b under Nj atmosphere. The reaction mixtire was poured into water 50 mL, and then
extracted with EtOAc (20 mL*3). The combined organic layers were washed with brine (100
mL), dried over Nax5Qy, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography {(Si0;, PE/EtOAc=10:1 to 0:1) to afford the title
compound (50 mg) as a yeHow solid.

(583} Step 2: 3-[2-{{(38)-3-piperidyl] amino]-S-(irifluoromethyl) pyrimidin-4-ylj -7-pyridazin-

4 -yl-1H- indole- 6-car bonitrile

=0, H
i H»SQ,, dioxane

P :
¢y N 40°C, 31

To a solution of tert-butyl (35)-3-[{4-[6-cyano-7-pyridazin-4-yi -1 -(2-

trimethylsilylethox ymethyliodol-3-y1}-5-(trifluoromethyDpyrionidin-2-yl jamine piperidine- 1-
carboxylate (50.00 mg, 71.96 umol, 1.00 eq) in dioxane (1.00 mL) was added H,SO4 (70.58 mg,
719.61 umel, 38.36 ul., 10.00 eq). The mixture was stirred at 40 °C for 3 h. The mixture was
treated with NaOH (2 M) and adjusted pH to 9, extracted with EtOAc (5 mL*3}, dried over
Na»S04 and concentrated to give a residue. To a solution of the crude product in CHRCN (1 mL)
was added K>C(Os (15 mg). The mixture was stirred at 20 °C for 1 h. The reaction mixture was
pourcd into water 10 mb, and then extracted with EtOAc (5 mL*3). The combined organic
layers were washed with brine (30 mL), dried over NaxSOy, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by prep-HPLC (FA condition) to
afford the title compound (6 rog, FA salt) as a yellow solid. (Combined with ET5361-706, SM
scale: 9 mg).

[564] Example 74. S-ethyl-N-{(35}-3-piperidyl}-4-(1H-pyrazelo[3.4-blpyridin-3-
yhpyrimidin-2-amine (Compound 262},
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(805} Step 1: IH-pyrazolo[3.4-b]pyridine

N 130°C, 160 NT N

Ci ; ! -

To a solution of 2-chloropyridine-3-carbaldehyde (3.00 g, 21.19 mmol, 1.00 eqg) in hydrazine;
hydrate (6.36 g, 127.14 mmol, 6.18 mL, 6.00 eq) was added PTSA (1.82 g, 10.60 mmol, 0.50
eq). The mixture was stirred at 130 °C for 16 h. It was concentrated. The residue was purified by
column chromatography to afford the title compound (1.50 g, 11.33 mmol, 53.48% yield, 90%
purity) as a white solid.

[586] Step 2: 3-bromo-1H-pyrazolo |3, 4-b] pyridine

(O oo, (I’f
/ 2
N
NT

50°C 16 h

To a solution of 1H-pyrazolo {3, 4-b] pyridine (1.10 g, 9.23 mmol, 1.00 eq) in DMF (2.00 mL)
was added NBS (2.46 g, 13.85 mmol, 1.50 eq). The mixture was stirred at 50 °C for 16 h. The
reaction mixture was poured into water 100 mL, and then extracted with EtOAc (30 mL * 3).
The combined organic layers were washed with brine (200 mL), dried over Na,SOy, filtered and
concentrated under reduced pressure Lo give a residue. The residue was purified by column
chromatography (510,, PE/EtOAc=10:1 to 3:1) to afford the title compound (1.2 g) as a white
solid. (Note: Combined purification with another batch: SM scale: 200 mg).

15671 Step 3: 3-bromo-I-trityl- pyrazolo [3, 4-b] pyridine

Br r

o THrCH N
lN/ N NaH, DMF,0-20 N,;i\N:N
H °C, 16 h et

To a solution of 3-bromo-1H-pyrazolo[3 4-bipyridine (1.20 g, 6.06 mmol, 1.00 eq) in DMF
(10.00 mL) was added NaH (290.88 mg, 7.27 mmol, 60% purity, 1.20 eq) at 0 °C. After
addition, the mixture was stisred at this temperature for 0.5 h, and then [chloro (diphenyl}
methyl] benzene (1.86 g, 6.67 mmol, 1.10 eq) was added dropwise at 0 °C. The resulting mixture
was stirred at 20 °C for 15.5 h. The reaction mixiure was quenched by addition water 100 ml,
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and then extracted with EtOAc (50 mL * 3). The combined organic layers were washed with
brine (200 ml.), dried over Na,;S0y, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (510, PE/EIOAc=100:1 to 10:1)
to afford the title compound (1.60 g, 3.27 mmol, 53.96% vield, 90% purity) as a white solid.
[S08]  Step 4: 3-(4, 4, 5, S-teiramethyl-1, 3, 2-dioxaborolan-2-yl)-1-trityl-pyrazolo {3, 4-b]

pyridine

pin

A BPD, KOAG . (\\5/\5;
LN PAEPNCLCHCl,  SNT TN
.

N
et dioxane, 100 °C, 1h rt

A mixture of 3-brome-1-trityl-pyrazolo{3,4-blpyridine (600.00 mg, 1.36 mmol, 1.00 eq), 4,4.5,5-
tetramethyl-2-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1,3,2-dioxaborolane {690.72 mg,
2.72 mol, 2.00 eq), Pd(dppHHClL.CHCl, (111.06 mg, 136.00 umol, 0.10 eq), KOAc (400.41
mg, 4.08 mmol, 3.00 eg) in dioxane (12.00 mL) was degassed and purged with N; for 3 times,
and then the mixture was stirred at 100 °C for 1 h under N, atmosphere. The reaction mixture
was poured 1nto water 100 ml., and then extracted with EtOAc (50 mL * 3). The combined
organic layers were washed with brine (200 mb), dried over Na; SOy, filtered and concentrated
under reduced pressure to afford the title compound (600.00 mg, crude) as brown oil.

(5091 Step 5: 3-(5-ethyl-2-methyisulfanyl-pyrimidin-4-yi}-1-triivi- pyrazolo [3, 4-b] pyridine

>
W N

I N s \,/ \/L\
7N N, b= p
[ N L Ty ST ONTTsT
SN . ‘

N Pd{dppfiCly, Na,COy -

Trt N, /

dioxane, H0, 100 °C w

1h

A mixture of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- I -trityl-pyrazolo[3,4-b]pyridine
(600.00 mg, 1.23 munol, 1.00 eq), 4-chloro-5-ethyl-2-methylsul{anyl-pyrimidine (139.25 mg,
738.00 umol, 0.60 eq), Pd{dppHiCl, (90.08 mg, 123.00 umol, 0.10 eqg). NaxCO5; (2 M, 1.23 mL,
2.00 eq) in dioxane (10.00 ml) was degassed and purged with N; for 3 timnes, and then the
mixture was stirred at 100 °C for 1 h under N, atmosphere. The reaction mixture was poured into
water 100 ml., and then extracted with EtOAc (50 oL * 3). The combined organic layers were
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washed with brine (200 ml), dried over Na» SOy, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (510,
PE/EtOAc=30:1 to 5:1) to afford the title compound (250 mg} as a white solid.

(5181 Step 6 3-(5-ethyl-2-methyvisulfonyi-pyrimidin-4-vi)-I-trityi- pyrazolo {3, 4-b] pyridine

N N E ~ N
P ] ﬁ) -
Ty \J’ N/L - m-CPBA, DCM TS Nf«l\ﬁ/
20°C, 18 h = o
Ny ,/ Ny 4

To a solution of 3-(5-ethyl-2-methylsulfanyl-pyrimidin-4-yl)-1-trityl-pyrazolo [ 3, 4-b] pyridine
(250.00 mg, 486.70 umol, 1.00 eq) in DCM (5.00 mL} was added m-CPBA (217.39 mg, 1.07
mmol, 85% purity, 2.20 eq). The mixture was stirred at 20 °C for 16 h. To a solution were added
20 mL of Sat. Napx505 and 20 mb of Sat. NaHCO;. The mixtore was stirred at 20 °C for 1 h. The
mixture was extracted with DCM (20 mL * 3). The combined organic layers were washed with
brine (100 ml.), dried over NaySQOy, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography ($10,, PE/EtOAc=20/1 to 5:1) to
afford the title compound (200 mg) was obtained as a white solid.

(5181 Step 7: Tert-buiyl (35)-3-[{ S-ethyl-4-(1-iritvipyrazolo {3, 4-b] pyridin-3-yi) pyrimidin-2-

vij aminof piperidine-1-carboxylate

i‘%t,c
7 N\
N X
P N
ST [ @
T”“N> i oA e, TN
B 3 DA, i, >_
Ny 180°C, 3 h w/\

A mixture of 3-(5-ethyl-2-methylsulfonyl-pyrimidin-4-yi)- t-trityl-pyrazolo[ 3,4-blpyridine
(180.00 mg, 329.88 umol, 1.00 eq), tert-butyl (35)-3-aminopiperidine- I-carboxylate (132.14 mg.
659.76 umol, 2.00 eq), DIEA (213.17 mg, 1.65 mmol, 288.07 ul, 5.00 eq} in NMP (2.00 mL)
was stirred at 180 °C for 3 h. The reaction mixture was poured into water 20 mL, and then
extracted with EtOAc (10 mL * 3). The combined organic layers were washed with brine, dried

over NapSOy, filtered and concentrated under reduced pressure to give a residue. The residue was
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purified by column chromatography (SiO2, PE/EtOAc=10:1 to 1:1) to afford the title compound
(100 mg) as a yellow oil.

[512] Step 8: 5-ethyl-N-[(3S)-3-piperidyl]-4-(1H-pyrazolo [3, 4-b] pyridin-3-yl) pyrimidin-2-
amine

lIzoc

e

Et;SiH, TFA, DCM

I

:

0°C,0.5h

To a solution of tert-butyl (3S)-3-[[5-ethyl-4-(1-tritylpyrazolo[3,4-b]pyridin-3-yl)pyrimidin-2-
yllamino]piperidine-1-carboxylate (80.00 mg, 120.15 umol, 1.00 eq) in DCM (1.00 mL) was
added EtsSiH (558.85 mg, 4.81 mmol, 765.55 uL, 40.00 eq) and TFA (1.10 g, 9.61 mmol, 711.68
uL, 80.00 eq) at 0 °C. The mixture was stirred at 0 °C for 0.5 h. It was concentrated. The residue
was purified by prep-HPLC to afford the title compound (10.55 mg, FA salt) as a yellow solid.
(Note: Combined purification with another batch. SM scale: 20 mg).

[513] Example 75. 3-[5-ethyl-2-[[(3S)-3-piperidyl] amino] pyrimidin-4-yl] -7-
methylsulfonyl-1H-indole-6-carbonitrile (Compound 263).

[514] Step 1: 1-bromo-2-methylsulfanyl-3-nitro benzene

O,N O,N
NaSMe (20% in H,0)
F > MeS
DMF, 0-20 °C, 2 h
Br Br

To a mixture of 1-bromo-2-fluoro-3-nitro-benzene (25.00 g, 113.64 mmol, 1.00 eq) in DMF
(250.00 mL) was added NaSMe (51.77 g, 147.73 mmol, 47.06 mL, 20% purity, 1.30 eq) in
portions at 0 °C under N2. The mixture was stirred at 20 °C for 2 h. Ice-water (w/w = 1/1) (500
mL) was added and stirred for 30 min. The mixture was filtered and washed with water, dried
under reduced pressure to afford the title compound (20.00 g, 80.61 mmol, 70.94% yield) as
yellow solid.

[515] Step 2: 6-bromo-7-methylsulfanyl-1H-indole
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O:N HN

ZMgBr
MeS > MeS
THF, -78~0°C, 2 h

Br Br

To a mixture of 1-bromo-2-methylsulfanyl-3-nitro-benzene (10.00 g, 40.31 mmol, 1.00 eq) in THF
(200.00 mL) was added bromo(vinyl)magnesium (1 M, 201.55 mL, 5.00 eq) in one portion at -78 °C
under N2. The mixture was stirred at 0 °C for 2 h. The mixture was poured into ice-water (w/w =
1/1) (500 mL) and extracted with EtOAc (300 mL*2). The combined organic phase was washed
with brine (300 mL*2), dried with anhydrous Na2SOs, filtered and concentrated in vacuum. The
residue was purified by silica gel chromatography (PE/EtOAc=50/1, 20/1) to afford the title
compound (6.00 g, 24.78 mmol, 61.47% yield) as yellow oil.

[516] Step 3: 6-bromo-3-(2,5-dichloropyrimidin-4-yl)-7-methylsulfanyl-1H-indole

X |
. Cl N/)\CI

MeS

-
¥

AICl5, DCE, 80°C, 12.5h MeS

Br

Br

To a mixture of 2,4,5-trichloropyrimidine (2.73 g, 14.87 mmol, 1.20 eq) in DCE (30.00 mL) was
AIClIz (826.04 mg, 6.20mmol, 338.54 uL, 1.50 eq) in one portion at 80 °C under N2. The mixture
was stirred at 80 °C for 30 min, then 6-bromo-7-methylsulfanyl-1H-indole (3.00 g, 12.39 mmol, 1.00
eq) was added and stirred at 80 °C for 12 h. The mixture was poured into ice-water (w/w = 1/1) (200
mL) and extracted with EtOAc (200 mL*2). The combined organic phase was washed with brine
(200 mL*2), dried with anhydrous NazSQu, filtered and concentrated in vacuum. The residue was
purified by silica gel chromatography (PE/EtOAc=20/1, 2/1)) to afford the title compound (1.50 g,
crude) as brown solid.

[517] Step 4: 2-[[6-bromo-3-(2,5-dichloropyrimidin-4-yl)-7- methylsulfanyl-indol-1-
ylJmethoxy]ethyl-trimethyl-silane
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cl
™
\\Ii/\ N \}f“-{:\N
HN NN = NaH, SEMCI SEMy A
= “ - N" Ny
MeS N/ DMF, 0~20°C, 1.5h MeS
Br B

To a mixture of 6-bromo-3-(2,5-dichloropyrimidin-4-y1})-7-methylsulfanyl-1H-indole (2.00 g,
5.14 mmol, 1.00 eq) in DME(50.00 mL) was added NaH (411.20 mg, 10.28 mmol, 60% purity,
2.00 eq) in portions at 0 °C under Ny, The mixture was stirred at 0 °C for 30 min, then SEM-C1
(1.29 g, 7.71 mmol, 1.37 mlL., 1.50 eq} was added into the mixture and stirred at 20 °C for 1 h.
The mixture was poured into ice-water (w/w = 1/1) (100 mL) and extracted with EtOAc (50
mL*2). The combined organic phase was washed with brine (50 mL*2), dried with anhydrous

NapS50,, filtered and concentrated in vacuum. The residue was purified by silica gel

52.449% yield) as vellow solid.
IS18] Step 5: 2-[{6-bromo-3-(2,5-dichloropyrimidin-4-vi)-7- methvisulfonyl-indol-I -

vijmethoxy]ethyl-trimethvi-silane
Cl O

TN Yy
SEMy A L -CPBA. DCM SEM- "y i‘N—”’Z\
— O 5o _ Cl
MeS Gt ,
TN 4 g200c, 2n  MELSTY g
Br B’

To a mixture of 2-[[6-bromo-3-(2,5-dichloropyrimidin-4-yl)-7-methylsulfanyl-indol-1-yij
methoxylethyl-trimethyl-silane (1.20g, 2.31 mmol, 1.00 eq) in DCM (50.00 mL) was added m-
CPBA (1.66 g, 5.78 mmol, 60% purity, 2.50 eq) in one portion at { °C under N». The mixture
was stirred at 20 °C for 2 h. The mixture was poured into 1ce-water (w/w = 1/1) (200 mL) and
extracted with EtOAc (100 mL*2}. The combined organic phase was washed with agueous of
Ky CO3 solution (30 mL*2), brine (100 mL*2), dried with anhydrous Na,SOy, filtered and
concentrated in vacuum to afford the title compound (1.00 g, crude) as white solid.

(519} Step 6: 3-(2,5-dichloropyrimidin-4-yi}-7-methylsulfonyl-1-(2 -

trimethyisilylethoxymethyi jindole-6-carbonitrile
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ci
\7]/%-&@
SEM.. I
CuCN N 5\"/[\
e Cl
DMF, 20~80 °C, 3 h MeOQS----

NC

To a mixture of 2-{[6-bromo-3-(2,5-dichloropyrimidin-4-yl)-7-methylsulfonyl-indol-1-yl]
methoxylethyl-trimethyl-silane(700.00 mg, 1.27 mmol, 1.00 eqg) in DMF (20.00 ml.) was added
CuCN (170.61 mg, 1.91 mmol, 416.12 ul, 1.50 eq) in one portion at 20 “C under N,. The
mixture was stirred at 80 °C for 3 h. The mixture was poured into ice-water (w/w = 1/1) (50 mL)
and extracted with EtOAc (50 mL*2). The combined organic phase was washed with brine (100
mL*2}, dried with anhydrous Na;SQy, filtered and concentrated in vacoum. The residue was
purified by silica gel chromatography (PE/EtOAc=5/1, 1/1} to afford the title compound (400.00
mg, 804.07umol, 63.31% yicld) as yellow solid.

{5281 Step 7:teri-butvl (35)-3-[[5-chloro-4-[6-cyano-7- methvisulfonyi-1-(2-

trimethylsilylethoxymethyljindol-3-vljpyrimidin-2-yl]Jamino [piperidine- I -carboxylate

HaN
%T’/\‘)
L J -
N ]‘j’ N
; ot SEM. g NN
=l Bot N N N/[\NH
MEOQS"‘U DIPEA, NVP, 90 °C, 1 h Me@zs""@ /(x
/ N
N RC Bog~ [\\,J

To a solution of 3-(2,5-dichloropyrinmdin-4-y)-7-methylsulfonyl- 1-(2-
trimethylsilylethoxymethylyindole-6-carbonitrile (200.00 mg, 402.03 umol, 1.00 eq) in NMP
(1.00 mL) was added tert-butyl (35)-3-aminopiperidine-1-carboxylate (322.08 mg, 1.61 mmol,
4.00 eq) and DIPEA (155.88 mg, 1.21 mmol, 210.64 ul, 3.00 eq). The mixture was stirred at 90
°C for 1 h. The reaction mixture was poured into HoO (10 mly), while yellow solid formed. The
solid was filtered, and the solid was washed with H,O (2 mi*2) and dried to afford the title
compound (130.00 mg, crude). It was used into the next step without further porification.

{528} Step S:tert-butyl (35)-3-[[4-[6-cyano-7-methvisulforyi-1-(2-

trimethyisilylethoxymethyl jindol-3-vlj-S-vinvi-pyrimidin-2-yl jamino | piperidine-1-carboxylate
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Gl N\
\N - . ) /&AN
SEM. FB ™ K SEM-NX ={

2“4 - e{ NH
MeG,S- \ xphos, indolin pracat, KsPG,,  MeGS— Y K&
/ - N \/, THF, H,0, 80°C, 12 1 N c} Bog-MN__{

To a solution of tert-butyl (35)-3-[{5-chloro-4-{6-cyano-7-methylsulfonyl-1- (2-
trimethylsilylethoxyroethyDindol-3-yljpyrimidin-2-yljaminopiperidive- 1 -carbox ylate (140.00
mg, 211.71 umol, 1.00 eq) in THF (1.00 mL) and H,0 (0.2 mL) was added
potassiumirifluoro{vinylyboranuide (141.79 mg, 1.06 mmol, 5.00 eq), KsPO4 (89.88 mg, 423 41
umol, 2.00 eq) and {2-(2-aminoethyl)phenylj-chloro-palladium;dicyclohexyl -[2-(2,4,6-
triisopropylphenyl)phenyljphosphane (23.46 mg, 31.76 umol, 0.15 eq) under N,. The mixture
was stirred under No at 80 °C for 12 h. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was diluted with H»O 10 mL and extracted with EtOAc
(10 mL * 2). The combined organic layers were washed with brine (5 ml * 2), dried over

Na,SQq, filtered and concentrated under reduced pressure o give a residue. The residue was

(100.00 mg, 91.90 umol, 43.41% yield, 60% purity) as yellow solid.
1522} Step 9: Tert-butyl (35)-3-[{4-{6-cvano-7-methylsulfonyl-1-(2-

trimethyisilylethoxymethyl jindol-3-yl{-5-ethvi-pyrimidin-2-yljamino [piperidine-]-carboxylate

— T/,\ \N
sem /\,,/ N SEPVLNf’Q/.:l\
EM-N Sy = POiC, Hy(15 spiy. TEA ;N
NT Mm -
MeO,5—4 i MEOZS f/(!;\
S 4 e MeOH, rt.1h o

NG BOC"N\,/ NG Boo™

To a solution of tert-butyl (35)-3-[[4-[6-cyano-7-methylsulfonyl-1-(2-

trimethylsitylethoxymethylindol-3-yli-5-vinyl-pyrimidin-2-yljamino|piperidine-1-carboxylate
{100.00 mg, 153.17 umol, 1.00 eq) in MeOH (5.00 mL) was added Pd-C{(10%, 0.05 g) and TEA
(31.00 mg, 306.34 vmol, 42.46 ul, 2.00 eq) under N,. The suspension was degassed under
vacuum and purged with H, several times. The mixture was stirred under Hy (15 psi) at 15 °C for
1 h. The reaction muxture was [iltered and the filtrate was concentrated to afford the title

compound (60.00 mg, crude). It was used into the next step without further purification.
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[523] Step 10: 3-[5-ethyl-2-[[(3S)-3-piperidylJamino]pyrimidin-4-yl] -7-methylsulfonyl-1H-

indole-6-carbonitrile

N 1. H,S0,, dioxane,
Né( 40°C, 3 h;
NH -

MeO,S é 2. K,CO3, CH3CN
0,
W& BocN 15°C, 1 h

To a solution of tert-butyl (3S)-3-[[4-[6-cyano-7-methylsulfonyl-1-(2-

trimethylsilylethoxymethyl) indol-3-yl]-5-ethyl-pyrimidin-2-ylJamino]piperidine-1-carboxylate
(60.00 mg, 91.62 umol, 1.00 eq) in dioxane (500.00 uL) was added H2SO4 (89.86 mg, 916.18
umol, 48.84 uL, 10.00 eq). The mixture was stirred at 40 °C for 3 h. The reaction mixture was
concentrated under reduced pressure to remove dioxane. The residue was diluted with CH3sCN 1
mL. Then K2COs (0.2 g, powder) was added. The mixture was stirred at 15 °C for another 1 h.
Then the mixture was poured into H20 (10 mL), and extracted with EtOAc (10 mL*2). The
combined organic layers were washed with brine (10 mL * 2), dried over Na2SQg, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC
(FA condition) to afford the title compound (4.20 mg, 8.73 umol, 9.53% vyield, 97.83% purity,
FA) as a white solid.
[524] Example 76. 1-[4-[[(3R, 5S)-5-[[4-(7-methylsulfonyl-1H-indol-3-yI)-5-
(trifluoromethylpyrimidin-2-yl] amino]-3-piperidyl] oxymethyl]-1-piperidyl]prop-2-en-1-
one (Comopund 264).
[525] Step 1: 4-piperidylmethanol
HOKO HCVEtOAC HO/\O

NBoc 10 °C,2h NH
A mixture of tert-butyl 4-(hydroxymethyl) piperidine-1-carboxylate (5.00 g, 23.22 mmol, 1.00
eq) in HCI/EtOAc (40.00mL) was stirred at 10 °C for 2 h. The mixture was concentrated in

vacuum to afford the title compound (3.20 g, crude, HCI) as white solid.

[526] Step 2: allyl 4-(hydroxymethyl) piperidine-1-carboxylate
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HO AllocCl, TEA,
/% . HO/\T/\’,

\\/‘NH o N\
DCM, 0°C. 1h A Alloc

To a solution of 4-piperidylmethanol (2.70 g, 17.81 mumol, 1.00 eq, HCH in DCM (30.00 mL)
was added TEA (5.41 g, 53.43mmol, 7.41 mL, 3.00 eq)}, followed by addition of

allylcarbonochloridate (2.36 g, 19.59 mmol, 2.07 mL, 1.10 eq). The mixture was stirred at 0 °C
for 1 h. The residue was poured into water (50 mL) and the aqueous phase was extracted with
DCM (530 mL*3). The combined organic phasc was dried with anhydrous Na,5Qy, filtered and
concentrated in vacoum. The residue was purified by silica gel chromatography (PE:
EtOAc=10:1-5:1-2:1) to afford the title compound (1.48 g, 7.43 mmol, 41.71% vield) as
colorless oil.

(527} Step 3: allyl 4-(irifluoromethylsulfonyloxymethyl) piperidine-1-carboxylate

_ TR0 Py g
Ho% _________________________________ - ;

: N
L\‘/E\L’i&dloc DCM.0°C, 1h N “Allos

3

To a solution of allyl 4-ChydroxymethyDpiperidine- 1-carboxylate (1.48 g, 7.43 mmol, 1.00eqg) in
DCM (10.00 mL} was added Py (881.31 mg, 11.15 mmol, 899.30 ul., 1.50 eq), followed by
addition of T£,0 (2.52 g, 8.92 mmol, 1.47 mL, 1.20 e¢q). The mixture was stirred at 0 “C for 1 h.
The residue was poured into water (20 mL). The aqueous phase was extracted with DCM (20
mi*3}. The combined organic phase was dried with anhydrous Na,SQ0y, filtered and
concentrated in vacoum. The residue was purified by column (PE: EA=10:1-5:1) to afford the
title compound (1.20 g, crude) as brown oil.

(828) Step 4: benzyl (3R)-3-[{1-allyioxycarbonyi-4-piperidyiimethoxy]-5-(tert-

butoxycarbonylamino) piperidine-1-carboxylate

- BocHN™ oM ™
O NN lew
i SeHNY

N
“Alloc

To a solution of benzyl (3R)-3-(tert-butoxycarbonylamino)-3-hydroxy-piperidine-1-carboxylate
(520.00 mg, 1.48 munol, 1.00 eq) in THF (5 mL) was added NaH (89.04 mg. 2.23 mmel, 60%
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purity, 1.50 eq). The mixture was stirred at 0 °C for 0.5 h. Then allyl 4-
(trifluoromethylsulfonvloxymethyl) piperidine-t-carboxylate (983.31 mg, 2.97 mmol, 2.00 eq)
was dissolved in THF (5 mL) was added to the above mixture, and the reaction was stirred at 12
°C for 11.5 h. The residue was poured into water (30 mL). The agueous phase was extracted with
EtOAc (30 mL*3). The combined organic phase was washed with brine (50 mL*2), dried with
anhydrous Na:SOy, {iltered and concentrated in vacuum. The residue was purified by silica gel
chromatography (PE: EA = 10:1-5:1-3:1-2:1) to afford the title compound (550.00 mg, crude) as
colorless oil.

(529} Step 5: benzyl (3R, 585)-3-{(1-allyloxycarbonyl-4-piperidyl} methoxy]-5-amino-

piperidine-1-carboxylate

i‘lbz (‘Zlbz
N HOVEIOAS AN
; ;LS)(RJ L - t‘s)(RJ N
o 0T ey PN O
o lioe 7 Allec

A solution of beneyl (3R, 55)-3-[(1-allvloxycarbonyl-4-piperidyl) methoxy]-5-(tert-
Butoxycarbonylamino) piperidine-1-carboxylate (500.00 mg, 940.4% umol, 1.00 eq) in
HCVEOAC (10.00 mL) was stirred at 10 °C for 2 h. The mixture was concentrated in vacuum (o
afford the title compound (600.00 mg, crude, HCL) as yeliow oil.

(8308} Step 6: Benzyl (3R, 55)-3-[(1-allvioxycarbonyi-4-piperidyl) methoxy]-5-[{4-(7-

methyisulfonyi-1H -indol-3-y{)-5-(triflucromethyl) pyrimidin-2-yi] amino| piperidine-1-

carboxylate
F3C\'.‘AN
i
H /\\\lr/\ Nfi\ca -
Co . o o
;,i z (% i-gC,j/»\\‘N N
LA 5N/ P N
) o /\\\T(/I\I\N{J\ RGN
N 07 - e HN N o !
N NMP, DIEA, 140 °C, 1 h o )= N
" alloc Gy, Jf;' Alloc

To a solution of 3-[2-chloro-5-(trifluoromethylpyrimidin-4-yi]-7-methylsulfonyl- 1 H-indole
(350.00 mg, 931.47 umol, 1.00eq) and benzyl (3R,55)-3-{(1-allyloxycarbonyl-4-

piperidylimethoxy]-5-amino-piperidine-1-carboxylate (501.30 mg, 1.07 mmeol, 1.15eq, BCH in
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NMP (5.00 mL) was added DIEA (601.92 mg, 4.66 mmol, 813.41 ul,, 5.00 eq). The mixture was
stirred at 140 °C for 1 h. The residue was poured 1nto water (30 mL). The agueous phase was
extracted with EtOAc (50 mL*3). The combined organic phase was washed with brine (50
mi*2), dried with anhydrous Na,SQOy, filtered and concentrated in vacnum. The residue was
purified by silica gel chromatography (DCM: MeOH = 100:1-50: 1) to afford the title compound
(500.00 mg, 648.66 umol, 69.64% yield) as yellow sohid.

(531} Step 7: Allyi 4-[{(3R, 58)-5-[{4-(7-methyisulfonyl-1 H-indol-3-y{)-5-(irifluoromethyl)

pyrimidin-2-vl] amina]-3-piperidvijoxymethyl] piperidine-1-carboxylate

e

) Y\\s
&9 BBr3 /\\/\h AN NN

/U DCM,0°C.1h Q)= d /\f !
B ,<,> Moo o /s~<’\> S

To a solution of benzyl (3R, 55)-3-[(1-allyloxycarbonyl-4-piperidyl) methoxy]-5-{{4-(7-

methylsulfonyl-1H-indol-3-yD)-5-(trifluoromethyl) pyrimidin-2-yl] amino] piperidine-1-
carboxylate (390.00 mg, 505.95 umol, 1.00 eq) in DCM (10.00 mL) was added BBr; (380.26
mg, 1.52 mmol, 146.25 ul, 3.00 eg) at 0 °C dropwise. The mixture was stirred at 0 “C for 1 h.
The mixture was concentrated in vacuum. The residue was washed with PE: EiQAc=1:1, the
mixture was filtered and the {ilter cake was concentrated in vacuum to afford the title compound
(0.5 g crude, HBr salt) as yellow solid.

(5321 Step &8 teri-butvl (3R, 55)-3-{{1-allvioxycarbonyvil-4-piperidvl) methoxy]-5-{ {4-(7-

methylsulfonyi-1H-indol-3-yi}-5-(trifluoromethyl) pyrimidin-2-yl] amino] piperidine-1-

carboxylate
i i l’ffi’(}
.v‘\,//\ Fj PN .'\E /N \
f\ﬁ/L /\ ls,/’a Boc,C, TEA, /j\ (SHR)
HN /\O ----------- f -------------- o H *\j\ L\/’ /O/‘\
Q N DOM. 12°C. 28 O ,:’\ 9
N oo - “Alloc
% &J’ ~5\ 4§
° s

To a solution of allyl 4-{{(3R, 558)-5-{{4-(7-methylsulfonyl- 1H-indol-3-y1}-5-
(trifluoromethyDpyrimidin-2-yl} amino}-3-piperidyl] oxymethyl] piperidine-1-carboxylate

{400.00 mg, 628.26 umol, 1.00 eq) in DCM (15.00 mL) was added Boc,(3 (164.54 mg, 753.91
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umol, 173.20 ul, 1.20 eq) and TEA (190.72 mg, 1.88 mmol, 261.26 ul., 3.00 ¢qg). The mixture
was stirred at 12 °C for 2 h. The mixture was poured into water (20 mL). The aqueous phase was
extracted with DCM (20 mL*3). The combined organic phase was dried with anhydrous Na,SQy,
filtered and concentrated in vacuum. The residue was purified by silica gel chromatography
(DCM: MeOH=100:1-80:1) to afford the title compound (220.00 mg, crude) as yellow oil.

(833} Step 9: tert-butyl (35,5R)-3-{ [4-(7-methylsulfonyi-1 H-indol-3-yi)-5-

(trifluoromethvl jpyrimidin-2-vljamino|-5-(4-piperidyvimethoxy)piperidine-1-carboxylate

¥0V i?i)(}
NN E N )
r ;i\ N Pd{PPhy),, dimedone Cm\/ Y 750
PN/\T/ {)\ L\”) . HNA\\Y/ Nﬁ"/’\N\.- Q.G ey
N . THE, 40 °C, 1h e i |
Q ”‘% L\/ M-atoc (\3“ / k\/ "
—5 A B
Q

To a solution of tert-butyl (3R, 58)-3-{(1-allyloxycarbonyl-4-piperidyl) methoxy}-5-{{4-(7-
methyisulfonyl-1H-indol-3-y1)-5-(trifluoromethyl) pyrimidin-2-yl} amino} piperidine -1-
carboxylate (220.00 mg, 209.01 umol, 1.00 cq) in THF (5.00 mL) was added Pd (PPhs), (24.15
mg, 20.90 umol, .10 eq) and dimedone (222.67 mg, 1.59 mmol, 7.60 eq). The muxiure was
stirred at 10 °C under Ny protection for 1 h. The mixture was concentrated in vacoum. The
restdue was purified by silica gel chromatography (DCM: MeOH=30:1-20:1-10:1-5:1-1: D) to
afford the title compound (120.00 mg, crude) as yellow oil.

15341 Step 10: rert-butyi (35, 5R)-3-{ [4-(7-methyilsulfonyl- 1 H-indol-3-yl)-5-(triflucrometiyi)

pyrimidin-2-yif amino[-5-[{1-prop-2-enoyl-4d-piperidyl) methoxy[piperidine-i-carboxylate

5 Hoc
P O Fal N
F N g
PR Ne] i RO NN
(SR o NT “NH /\r/‘\}
o N O/\}/\} DCM, TEA, 0°C, 1 h 9 )= (N
- SUNH B / i
@/ i °
0]

To a solution of tert-butyl (35, 5R)-3-[{4-(7-methylsulfonyl-1H-indol-3-yD)-5-(triflucromethyl)
pyrivnidin-2-yl] amino}-5-(4-piperidylmethoxy) piperidine-1-carboxylate (110.00 g, 168.52

umol, 1.00 eq) in DCM (3.00 mL) was added TEA (51.16 mg.505.57 umol, 70.08 uL, 3.00 eq),
followed by addition of prop-2-enoyl chloride (15.25 mg, 168.52 umol, 13.74 ul, 1.00eq) at O

°C. The mixture was stirred at 0 °C for 1 h. The mixture was concentrated in vacuum to afford
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the title compound (200.00 mg, crude) as yellow oil.
(8358} Step 11:7-[4-[{(3R.55)-5-][4-(7-methylsulfonyl-I1 H-indoi-3-y{}-5-
(trifluoromethvipyrimidin-2-vlj amino]-3-piperidvl] oxymethyl]-1-piperidyl]prop-2-en-i-one

c foe FaC H

NS N TN )

! iisvri N Y \\_I(S)(R)"

HNX\T”\N“"\}@\“WLQO ~ TFA, 10°C, 1 h a7 N @i :,O/\O
D | M P 3 >:J> S

A I 5\ ]

o}

§

o
A solution of tert-butyl (38, S5R)-3-{{4-(7-methylsulfonyl-1H-indol-3-y1)-5-(trifluoromethyl)
pyrinndin-2-yljamino}-5-{(1-prop-2-enoyi-4-piperidyl)methoxypiperidine- i -carboxylate
(200.00 mg, 282.98 umol, 1.00 eq) in DCM (5.00 mL) and TFA (1.00 mL) was stirred at 10 °C
for 1 h. The mixture was concentrated in vacuum. The residue was purified by prep-HPLC (FA)
to afford the title compound (9.17 mg, 12.84 umol, 4.54% vyield, 91.4% purity, FA) as white
solid (Note: Combined purification with another batch: SM scale: 20 mg).
1536] Example 77. 4-(1H-indol-3-yD)-N-[(1R, 35)-3-(8-methylsulfenyl-[1, 2, 4] triazolo |4,
3-a} pyridin-3-yb) cyclohexyl]-5-(trifluoromethyl) pyrimidin-2-amin (Compound 265).

15371 Step i: (3-methylsulfonyl-2-pyridyl) hydrazine

- NoH, HoO “""“
2
[eTa RY
o SO.Me EtOH 80°C 4h HN S0, Me
NH.

A solution of 2-chloro-3-methylsulfonyl-pyridine (200.00 mg, 1.04 mmol, 1.00 eq) in NoH, H,O
(2.00 mL) and BtOH (2.00mL) was stirred at 90 °C for 4 h. The mixture was concentrated in
vacuum. The residue was purified by silica gel chromatography (DCM: MeOH = 100:1) to

aftord the title compound (150 mg) as yvellow solid.
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(838} Step 2: (15,3R)-3-[[4-(1H-indol-3-vI)-5-(trifluoromethyl jpyrimidin-2-yiJamino ]-N'-(3-

methyisulfonyi-2-pyridyljcyclohexanecarbohydrazide

N/::\)

Y 50,Me O
= NH, YL
C>\/\[ //L \/ v o ‘. R NS
et

HOBt, rvu TEA, D\'EF rn\,,J T ‘N""Y/’{
1090 121 o H
16 °C, 12 h Me0,8

To a solution of (158,3R}-3-[{4-(1H-indol-3-y1}-5-(trifluoromethylypyrintidin-
2yljaminojcyclohexanecarboxylic acid (150.00 mg, 370.93 umol, 1.00 eg) and (3-
methylsulfonyl-2-pyridyhhydrazine (83.33 mg, 445.12 umol, 1.20 eg) in DMF (3.00 mL)

was added HOBt (60.14 mg, 445.12 umol, 1.20 eg), EDCI (85.33 mg, 445.12 umol, 1.20 ¢g),
followed by addition of TEA (112.60 mg, 1.11 mmol, 154.25 ul, 3.00 eg). The mixture was
stirred at 10 °C for 12 hours. The mixture was concentrated in vacuum. The residue was purified
by silica gel chromatography (BCM: MeOH=100:1-80:1-10:1) to afford the title compound (120
mg) as yellow solid.

15381 Step 3: 4-(1H-indol-3-y1)-N-{{(IR, 35}-3-(8-methyisulfonyl-[1, 2, 4] triazolo [4, 3-af

pyridin-3-yl) cyclohexyl]-5-(trifluoromethyl) pyrimidin-2-amine

}
w P HoONTY PPOC, TEA N
“(\ij\l’/)\N/'\i\\ L\//’!n,’ N, i/:7 """""""""""""" - 5
N~ H o Viech, 900, « 7
Y Meo,s 121 N
Nopl  SO.Me

To a solution of (15, 3R)-3-[[4-(1H-indol-3-y1}-5

-{trifluoromethyl) pyrimidin-2-yl} amino]-

N'-(3-methyisulfonyl-2-pyridyl) cyclohexanecarbohydrazide (100.00 mg, 174.34 umol, 1.00 eq)
in CHRCON (20.00 mL) was added TEA (705.66 mg, 6.97 mmol, 966.66 ul., 40.00 eq) and

dichloro {triphenyl)-phosphane (232.35 mg, 697.36 umol, 4.00 eq). The mixture was stirred at 90

°C for 12 h. The mixture was concentrated in vacuum. The residue was purified by prep-TLC

(DCM: MeOH=20:1) and prep-HPLC (FA)} to afford the title compound (15.35 mg, 25.52 umol,
14.64% yield, 100% purity, FA) as yellow solid.
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(540} Example 78, Synthesis of (5)-3-(5-ethyl-2-(piperidin-3-ylamino)pyrimidin-4-yi)-1H-
pyrroio]2,.3-blpyridine-6-carboniirile (Compound 287)
1541} Step I: 3-bromo-1H-pyrrolo[2,3-b]pvridine-6-carbonitrile

Br

—
HN
}:5 NBS -
N},_ / DCM/0-25 °C N /f/
d

To a mixture of 1H-pyrrolol2,3-blpyridine-6-carbonitrile (4.0 g, 28 mmol, 1.0 eg) 10 DCM (20

—~

z
-

mi} was added NBS (5.5 g, 31 mmol, 1.1 eg) in portions at 0°C under N». The mixture was
stivred at 25°C for 3 hrs. TLC (Petrolenm ether: EtQAc = 311, Ry=0.3) showed a new spot. The
niixture was concentrated in reduced pressure at 45°C to afford 3-bromo- 1H-pyrrolo{2,3-
bipyridine-6-carbonitrile (6.0 g, crude) as a yellow solid.

15421 Step 2: 3-bromo-i-(phenvisulfonyl}-1H-pyrrolof2,3-b]pvyridine-6-carbonitrile

Br

HN , ?~N/\!/
= NaH/PhS0,Ci o) /\
H H »
Nyt THF/0-20 °C
i
NC NC

To a mixture of 3-bromo-1H-pyrrolo{2,3-blpyridine-6-carbonitrile (6.0 g, 27.02 mmol, 1.0 eg) in
THEF (40 ml) was added NaH (4.32 g, 108.09 mumnol, 60% purity, 4.0 eqg) 10 portions at 0°C
under N». The mixture was stirred at G°C for 30 mins. Then PhSO,CH (15 g, 84.93 mmol, 3.1
eq) was added to the mixture at 0°C. And the mixture was stirred at 25°C for 12 hrs. TLC
{(Petroleum ether: EtOAc = 311, Ry=(1.35) shows a new spot. HyO (20 mL) was added to the
mixture. The mixture concentrated in reduced pressure at 45°C. The aqucous phase was
extracted with EtOAc (30 ml x 3). The combined organic phase was washed with brine (50
mb), dried with anhydrous Na,SOy, filtered and concentrated in vacuum to afford 3-bromo-1-
{phenylsulfonyl)- 1H-pyrrolof2,3-blpynidine-6-carbonitrile (4.0 g, crude) as brown oil.

15431 Step 3: I-(phenylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi}- 1 H-

pyrrolof2,.3-b]pyridine-6-carbonitrile
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O —
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=SN B 7"C 0
PR P -
Ny&' Pd{dppfiCl/KOAG/
/ dioxane/100 °C
NC

3-bromo-1-(phenylsul{onyD- tH-pyrrolo[2,3-b]pynidine-6-carbonitrile (4.0 g, 11.04 mmol, 1.0
eq), bis{pinacolato)diboron (3.37 g, 13.25 mmol, 1.2 eg), KOAc (2.17 g, 22.0Y mmol, 2.0 eg)
and Pd{dpp0iCl, (808.07 mg, 1.10 mmol, 0.1 eq) in dioxane (50 mL) was degassed and then
heated to 100°C for 2 hrs under Ny, TLC (Petroleum ether: EtOAc =311, Ry=0.3) showed a
new spot. The mixture was cooled to 25°C and concentrated in reduced pressure at 50°C. H,O
(30 mL) was added to the mixture. The aqueous phase was extracted with EtOAc (530 mL x 3).
The combined organic phase was washed with brine (100 mL), dried with anhydrous Na,SO.,
filiered and concentrated in vacuurm. H was purified by silica gel chromatography {Petroleum
ether: EtOAc = 20:1~ 1:1) to afford 1-(phenylsulfonyl)-3-(4.4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-y1)- IH-pyrrolof2,3-blpyridine-6-carbonitrile (1.8 g, crude) as a yellow solid.
15441 Step 4: 3-(2-chioro-5-ethvipyrimidin-4-yi)-1-(phenylsulfonyl)- 1 H-pyrrolo{2,3-b ] pyridine-

G-carbonitrile

N
~s\ EN B O=d A
N: ; ““N> N e

_ PAdpphCl/KPOy/ N
}-’// H,OITHE/00 °C }Jﬁ/
NG

NC
I-{(phenylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3.2-dioxaborolan-2-yh)- 1 H-pyrrolof 2,3-b]pyridine-6-
carbonitrile (1.8 g, 4,40 mamol, 1.0 ey), 2,4-dichloro-5-ethylpyrimidine (778.60 mg, 4.40 mmol,
1.0 eg), K3PO, (1.87 g, 8.80 mmol, 2 eg) and Pd{dppfiCl; (321.81 mg, 439.81 umol, (.10 eg) in
H,0 (0.5 mL) and THF (5 mL) was degassed and then heated to 100°C for 4 hrs under N;. TLC
(Petroleum ether: EtOAc = 3.1, Rr=0.24) shows a new spot. The mixtoare was cooled to 25°C
and concentrated in reduced pressure at 50°C. HoO (20 mL) was added to the mixture. The
aqueous phase was exiracted with E1OQAc (20 mL x 3). The combined organic phase was washed

with brine (30 mL)}, dried with anhydrous Na;SQO,, filtered and concentrated in vacuum. The
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residue was purified by silica gel chromatography: (Petroleum ether: EtOAc= 20:1~1:1) to alford
3-(2-chloro-S-ethylpyrimidin-4-yh-1-(phenylsulfonyl)-1 H-pyrrolo] 2,3-blpyridine-6-carbonitrile
(1.1 g, crude) as yellow solid.

1548} Step 5: Tert-butvi (S)-3-((4-(6-cyano-1-{phenyisulfonyl)-1 H-pyrrolo] 2, 3-b {pyridin-3-yi}-
S-ethylpyrimidin-2-vl Jamino )piperidine-1-carboxylate and tert-buiyl (8)-3-({4-(6-cyvano-1 H-

pyrrolo{2,3-b]pyridin-3-yl)-5-ethylpyrimidin-2-yl Jamino Jpiperidine-1-carboxylate

//\Y/\ BPZ’C Boc Bgc
. 3 / H
- X / RPN N p |+ (3)
’b N('\f HoN N o\}g N/\\\i '\E’AMQ/’! HNKA\\\\///L\N’;&N\" (3
/ > DIPEANMP/40°C D \"“"% A >=” H
)\H’ }x_ﬂ,// A
NC NG NG

To a mixture of tert-butyl (5)-3-aminopiperidine-1-carboxylate (708 mg, 3.54 mmol, 3.0 eg) in
NMP (1 mL) was added DIPEA (762 mg, 5.90 mmol, 1.03 mL, 5.0 ¢g) and 3-(2-chloro-5-
ethylpyrimidin-4-yi)- 1-(phenylsulfonyl}- 1H-pyrrolo{2,3-b]pyridine-6-carbonitrile {500 mg, 1.18
mmel, 1.0 eq) at 25°C under No. The moixtore was stirred at 140°C for 12 hrs ontil complete by
LO/MS. The mixture was cooled to 25°C. H,O (15 mL) was added to the mixture. The aqueous
phase was extracted with EtOAc (10 mL x 3). The combined organic phase was washed with
brine (30 mL), dried with anhydrous Na,SOy, filtered and concentrated in vacuum to afford a
mixture of tert-butyl (8)-3-((4-(6-cyano- I -(phenylsulfonyl}-1 H-pyrrolo{2,3-b]pyridin-3-y})-5-
ethylpyrimidin-2-yamino)piperidine-1-carboxylate and tert-butyl {(§)-3-({(4-(6-cyano-1H-
pyrrolo{2,3-blpyridin-3-yi)-5-ethylpyrimidin-2-ylamino)piperidine- i -carboxylate (0.7 g, crude)
as an orange oil which was used divectly in the next step.

[546] Step 6: (8)-3-(5-ethyl-2-(piperidin-3-viamino pyrimidin-4-yl}- 1 H-pyrrolof2,3-

bipyridine-6-carbonitrile

H
- i ! TN
o '\wg//\\? r’N\\Ii /’A\ﬁ/’«,\i\i j/’N\j /\\ﬁ \F‘\E !r,,N\7
] s - ; RIG
O“?\Nﬁ/k‘wf’m O SN WG omons | T e
Ph /,_gx H >$ H 5 50 }:—}
M/ Ny N/
/ >‘ CN
NC NC
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To a mixture of tert-butyl (5)-3-((4-(b-cyano-1-(phenylsulfonyl)-1H-pyrrolo{2.3-b]pyndin-3-y1)-
5-ethylpyrimidin-2-yhamino)piperidine-1-carboxylate and tert-butyl (8)-3-({4-(6-cyano-1H-
pyrrolof2.3-blpyridin-3-y1)-S-cthylpyrimidin-2-yljamino)piperidine- I -carboxylate (0.7 g, 1.56
mmol, 1.0 eg, crude) in EtOAc (5§ mL) was added HCV EtOAc (4 M, 7.82 mL, 20 eg). The
mixture was stirred at 25°C for 3 hrs. It was concentrated in reduced pressure at 45°C and
purified by prep-HPLC: (columu: Phenomenex luna (2) C18 250%350 10u; mobile phase: {water
{(0.225%FA-ACN]; B%: 0%-30%, 20min} and prep-HPLC: (column: Waters Xbridge Prep
OBD C18 1530%30 Su; mobile phase: [water (0.225%FA)-ACNY; B%:5%-25%, 12min) to afford
(5)-3-(5-ethyl-2-(piperidin-3-ylamino)pyrimidin-4-vl}- 1H-pyrrolo{2,3-b]pyridine-6-carbonitrile
(48 mg, 132.64umol, §.48% vyicld, 96% purity) as a yellow solid.

(547} Example 79, Synthesis of (5)-5-ethyl-4-(3-fluore-1H-pyrrelo[2,3-blpyridin-3-yh-N-
{piperidin-3-y)pyrimidin-2-amine (Compound 270}

{548} Step 1: 3-(2-chloro-5-ethylpyrimidin-4-yl}-5-fluoro-1-tosvi-IH-pyrrolo{2,3-b]pyridine

D__% BY Ty

'\
Ci N Gl
O ’Y\ L,
= PUdppHCLNG,COy
N, / dioxane/H,0/100 °CG/1 h N\ Y
\':::"—_. / T lz i i
. F

To a mixture of 5-fluoro-3-(4,4.5,5-tetramethyl- 1,3, 2-dioxaborolan-2-yl}- I -tosyl- 1 H-pyrrolo{2,3-
bipyridine (850 mg, 2.04 mmol, 1.00 eg) and 2,4-dichloro-5-ethylpyrimidine (361 mg, 2.04
mmol, 1.00 eg) in dioxane (15 mL) and H,0O (2 mL) was added Pd{dppDHCl, (149 mg, 204 umol,
.10 eg) and NayCO3 (432 mg, 4.08 mmol, 2.00 eg} in one portion at 25°C under N,. The
mixture was stirred at 100°C for 1 h. TLC (Petroleum ether: EtOQAc = 111, Ry = (.64) showed the
reaction was completed. The mixture was cooled to 25°C and concentrated in reduced pressure
at 45°C. The residue was poured into water (10 mL) and stirred for 1 min. The aqueous phase
was extracted with EtOAc (5 mIx3). The combined organic phase was washed with brine (5
mbx1), dried with anhydrous NaxSOy, filtered and concentrated in vacoum. The residue was

purified by silica gel chromatography (Petroleum ether: Ethyl acetate = 10:1, 1:1), to afford 3-(2-
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chioro-3-ethylpyrimidin-4-v1)-5-fluoro- I-tosyl-1H-pyrrolo]2,3-blpynidine (450 mg. 1.04 mmol,
51.19% vield) as white solid.

15491 Step 20 tert-butyl (8)-3-({5-ethyl-4-(5-fluoro-1H-pyrrolof2,3-b]pyridin-3-yi )pyrimidin-2-
vijamino Jpiperidine-1-carboxylate

Boc
K Boc

N i

P ’§\\ E/ i
) /:I!/\/E;*j HZN\'E\"J - I RN (;Nj
Tos—N SN % T

Y= = HN N
DIPEA/140 °C/1 h et

N 8
S N\
F.'

To a mixture of 3-(Z2-chloro-5-ethylpyrimidin-4-v1)-5-fluoro-1-tosyl- 1H-pyrrolof2,3-blpyridine
(600 mg, 1.39 mmol, 1.00 eg) in 2-methoxyethanol (10 mL) was added tert-butyl (5)-3-
aminopiperidine- l-carboxylate (835 mg, 4.17 mmel, 3.00 ¢g) in one portion at 25°C under Ny,
The mixture was stirred at 130°C for 36 hrs. LCMS showed the reaction was completed. The
mixture was cooled to 25°C and added K,CO5 (500 mg) at 25°C and stirred for 3 hrs. The
mixture was poured into water (30 mL) and stirred for 2 mins. The aqueous phase was extracted
with EtOAc (10 mLx3). The combined organic phase was washed with brine (10 mEx 1}, dried
with anhydrous Na:SO,y, filtered and concentrated in vacuum. The single product concentrated
in vacuum to afford tert-butyl (S)-3-((5-ethyl-4-(5-{luoro- 1 H-pyrrolo{2,3-b]pyridin-3-
yhpyrimidin-2-yhamino)piperidine-1-carboxylate (600 mg, 585.68 umol, 42.14% vyield, 43%
purity) as yellow sohid.

15501 Step 30 General procedure for preparation of (S )-5-ethyl-4-(5-fluoro-1H-pyrrolof2,3-
bjpyridin-3-vi)-N-{piperidin-3-vljpyrimidin-2-amine

E’%c:-c

H.\;MN&J\N‘"D HOVEIOAC
i H >—/
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The sohution of tert-butyl (5)-3-((5-ethyl-4-(5-fluoro- IH-pyrrolo{ 2,3-blpyridin-3-yDpyrumudin-2-
yhamino)pipendine-1-carboxylate (600 mg, 1.36 mmol, 1.00 eg) in HCVEIOAc (30.00 mlL, 4M)
at 25°C under Ny was stirred for 1 h. LCMS and HPLC showed the reaction was completed.
The mixture was cooled to 25°C and concentrated in reduced pressure at 40°C. The residue was
purified by prep-HPLC (column: Agela Durashell C18 150%25 Su;mobile phase: [water(10mM
NHHCO-ACNLB%: 5%-35%,12min and coluron: YMOC-Actus Triart €18

100%30mm* Sum;mobile phase: [water(10mM NHHCO3-ACNEB%: 25%-45%,12min) to
afford (8)-5-ethyl-4-(5-fluoro- 1H-pyrrolof 2,3-blpyridin-3-yD)-N-{piperidin-3-ylpyrimidin-2-
amine {S)-5-ethyl-4-(5-fluoro- 1 H-pyrrolo{ 2,3-b]pyridin-3-y1)-N-(piperidin-3-ylpyrimidin-2-
amine {30 mg, 88.1 umol, 6.5%).

(551} Example 80, Synthesis of (8)-8-ethyl-4-(7-(methylsuifonyl}-1H-indol-3-y1)-N-
{piperidin-3-y)pyrimidin-2-amine (Compound 269}

{8821 Step 1: 7-(methylthio)-1H-indole

— e
i S HN
po=es

<TG
BT’O t-Buli, THF g

To a solution of 7-bromo-1H-indole (5.00 g, 25.5 mmol, 1.00 e¢g) in THF (100 mL) was added a

solution of t-Buli (6.13 g, 95.6 mmol, 73.5 mL, 3.75 eg) drop-wise at -78°C over a period of 30
mins under N» during which the temperature was maintained below -78°C. The reaction mixture
was stirred at -78°C for 1 h. Then (methyldisulfanylmethane (3.60 g, 38.2 mmol, 3.43 mL, 1.50
eq) in THF (30 mL) was added to the reaction mixture at -78°C. The reaction mixture was
stirred at 25°C for another 4 hrs. TLC (Petroleurn etherEIOAC = 501, Ry = .55) showed the
starting material was remained. The reaction was quenched by sat. NH4C1 (100 mbL) slowly and
then extracied with BtOAc (50 mL x 3). The combined organic phase was washed with brine (23
mkb x 2), dried over anhydrous Na,SOy, filtered and concentrated in vacuo. The residue was
purified by column chromatography (Petroleum ether:EtOAc = 10:1 to 3:1) to give the pure 7-
(methylthio)-1H-indole (3.52 g, 84% vield) as a light-yellow solid.

15531 Step 2: 7-(methylsulfonyl)-1 H-indole

)
=
~d
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To a mixture of 7-(methylthio)-1H-indole (1.30 g, 7.96 mmol, 1.00 eg) in DCM (20 mL) was
added m-CPBA (3.93 g, 15.9 mmol, 70% purity, 2.00 eg) by portions at 0°C. Then the mixture
was stirred at 15°C for 12 hrs. The colour of the soluble mixture turned from white to

purple. TLC (Petroleum ether: BEtOAc = 1:1, Ry = 0.51) showed 7-(methylthio)- 1 H-indole was
consumed and a blue-fluorescence new spot was {ormed. The mixture was quenched with

sat. NaHCQO3 (25 mL), and extracted with EtOAc (25 mL x 3). The combined organic layers
were washed with brine (25 mlL), dried over Na,SO4 and concentrated to dryness to give a purple
residue. The residue was purified by column chromatography (S10;, Petroleum ether:EtOAc=
50:1 to 3:1) to give 7-(methylsulfonyl)-1H-indole (1.10 g, 5.63 mmol, 71% vyicld) as a light-
purple solid.

15541 Step 30 3-(2-chloro-5-ethylpyrimidin-4-yl}-7-{methylsulfonyl)- 1 H-indole

N
N
e E
W . kN")\Ca s N’)\Ci

HN

s\ [ AlCiy1 2-dichiorosthane
e} ! S
0O i
Si¥e!
Two reactions were carried out in parallel. To a mixture of 2,4-dichloro-53-cthyl-pyrimidine
(1.00 g, 5.65 mmol, 1.00 eq) in 1,2-dichloroethane (8.0 mL) was added AICE; (791 mg, 5.93
mmol, 324 ul, 1.05 eg) by portions at 10°C under N,. The mixture was stirred at 80°C for 1.5
hrs. Then 7-(methylsulfonyl)- 1H-indole (805 mg. 4.12 mmol, 0.73 ¢¢) in 1.2-dichloroethane
(8.0 mL) was added drop-wise at 80°C. The reaction mixture was stirred for 15 hrs at 84°C.
TLC showed 7-(methylsulfonyl)- IH-indole (Petroleum ether:EtOAc = 11, Ry = 0.51) rernained
and a new major spot {Petroleum ether: EtOAc = 1/1, Ry = 0.61) was detected. The two reactions

were combined to work up.  The mixture was purified by silica gel chromatography (100-200
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mesh siica gel, Petroleum ether:EtOAc = 10:1, 1:1) to afford 3-(2-chloro-3-ethylpyrimidin-4-
yi)-7-(methyisulfonyh)-1H-indole (600 mg, 14% yield, 92% purity) as a yellow solid
1555 Step 4. tert-butyl (S)-3-((5-ethyl-4-(7-(methylsulfonyi)-1H-indol-3-vi)pyrimidin-2-

vijamino Jpiperidine-1-carboxylate

Boc E—?oc
TR Fii ]
O P @ SN
N i\t
~ DIEA/MNMP HIN, H
(VS“ .. o
IZENY
OO

A mixture of 3-(2-chloro-5-ethylpyrimndin-d-y1)-7-(methylsulfonyl)-1H-indole (200 mg, 595
umol, 1.00 eqg), tert-butyl (5)-3-aminopiperidine-1-carboxylate (119 mg, 595 umol, 1.00 eg},
DIEA (385 mg, 2.98 mmol 520 ul, 53.00 eg) in NMP (3.00 mL) was stirred at 140°C for 1 h
under N». TLC showed most of 3-(2-chloro-5-ethylpyrimidin-4-yD-7-(methylsulfonyl-1H-
indole remained. Then the reaction was stirred at 140°C for another 10 hrs under MW . under
Nj. TLC showed the reaction was complete and a new major spot (Petroleam ether:EtOAc =
1:1, Ry=0.32) was detected. The reaction was dituted with 50 mL H>O and extracted with
EtOAc (10 mL x 3). The combined organic layers were washed with brine (10 mL x 3), dried
over NaxSOy, filtered and concentrated to dryness to give tert-butyl (8)-3-((5-ethyl-4-(7-
{methylsulfonyl-1H-indol-3-yhpyrimidin-2-yhaminopipendine-1-carboxylate (150 mg, 35%
yield, 70% purity) as a brown oil which was used directly without further purification.

[556] Step 5. (5)-S-ethyl-4-(7-(methvisulforyl -1 H-indol-3-vl }-N-(piperidin-3-yi)pyrimidin-2-

amine
Boc H
N N
s¥e 2,0
- ; HCI AN
A N/kN\ —_— HN Y NT TN
HN A H
’ MeQOH/EIOAC e
-
~ ) A
& W/ r/zsi:; \
C 0 3 O

To a mixture of tert-butyl (5)-3-((5-ethyl-4-(7-(methyisulfonyl}- 1 H-indol-3-yDipyrimidin-2-

yllamino)piperidine- 1 -carboxylate (200 mg, 400 umol, 1.00 eg) in McOH (2 mL) and EtOCAc (5
209
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ml) was added HCVELOAC (5 mL, 4 M) drop-wise. Then the mixture was stirred at 15°C for
(0.5 b, TLC (Petroleum ether:EtQOAc = 111, Ry = 0.0} showed the reaction was completed. The
reaction was concentrated to dryness. The residue was purified by prep-HBPLC {(column: Waters
Xbridge 150 x 25 5u; mobile phase: [water(10mM NHHCO:)-ACN]; B%: 10%-40%,1 Imin) to
give (5)-5-ethyl-4-(7-(methylsulfonyl)-1 H-indol-3-yl)-N-(piperidin-3-yDhpyrimidin-2-amine
(25.0 rog, 18% yield, 98% purity) as a white solid.

(5571 Example 81. Synthesis of (8)-3-(5-ethyl-2-(piperidin-3-ylamino)pyrimidin-4-y)-1H-
indazole-6-carbonitrile (Compound 275)

(558} Step 1: 3-iodo-IH-indazole-6-carbonitrile

Vi = p O A e \
N i i 1(2.5eq)/KOH{4eq)
S P > N/
ﬁ CN DMF/0-15°C N N

H
To a solution of 1H-indazole-6-carbonitrile (8.00 g, 55.9 mimol, 1.00 eq) and 1L, (35.5 g, 140
mmol, 28 mL, 2.50 eq) in DMF (56 mL) was added KOH (12.5 g, 224 mmol, 4.00 eq) at 0°C.
The mixture was stirred at 15°C for 6 hrs under No. TLC (Petroleum ether: EtQAc =51, By=
{3.43) indicated one major new spot with larger polarity was detected. The reaction mixture was
quenched with saturated Na»S:20s solution (80 mbL), and filtered to give a residue. The residue
was purified by column chromatography (510,, Petroleum ether: EtOAc = 3:1). 3-iodo-1H-
indazole-6-carbonitrile (2.70 g, 18% yield) was obtained as a white solid.

{588} Step 20 3-iodo-I-(tetrahvdro-2H-pyran-2-vi)- 1 H-indazole-6-carbonitrile

M DHP(1 2eqyp-TSOH( 1eq) N,};\h/ s
NTO# e i
\EL\E{/E\{;J\CN DCM/50°C NN e
! THP

A moixture of 3-10do-1H-indazole-6-carbonitrile (2.70 g, 10.0 mmol, 1.00 eg), DHP (1.01 g, 12.0
mmol, 1.10 mb, 1.20 eq), p-TsOH (173 mg, 1.00 mmol, 0.10 eq) in DCM (25 mL) was degassed
and purged with N, for 3 times, and then the mixture was stirred at S0°C for 5 hrs under Ny
atmosphere. TLC (Petroleum ether: EtOAc = 3:1, Ry= 0.43) indicated one major new spotl with
larger polarity was detected. The reaction mixture was quenched by addition of NaHCO; (20

ml) at 0°C, and then extracted with EtOAc (25 mL x 2). The combined organic layers were
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washed with brine (10 mL)}, dried over Na,SQy, filtered and concentrated under reduced pressure
to give a restdue. The residue was purified by column chromatography (5105, Petroleum ether:
EtOAc = 3:1). 3-iodo-1-(tetrahydro-ZH-pyran-2-yl}-1H-indazole-6-carbonitrile (2.00 g, 56%
yield) was obtained as a white solid.

1568} Step 3: 3-(2-chioro-S-ethylpyrimidin-4-ylj-1-(ietrahydro-2H-pyran-2-yi }-1 H-indazole-6-

carbonitrile
[y
i A
o N e
N{}\m (1.280})‘_
NNy PA(PPRy)(0.15eq)toluene
! 7 - 0
THR 1100°C

A mixture of 3-iodo-1-(tetrahydro-2H-pyran-2-yi)- 1 H-indazole-6-carbonitrile (1.00 g, 2.83
mmol, 1.00 eq), 2,4-dichloro-S-ethylpyrimidine (602 mg. 3.40 mmol, 1.2 eq),
trimethyl{trimethylstannyl)stannane (928 mg, 2.83 mmol, 587 ul,, 1.00 eq), Pd(PPha)s (491 mg,
425 wmol, 0.15 eq) in toluene (10 mL) was degassed and purged with Ar for 3 times, and then
the mixture was stirred at 100°C for 12 hrs under Ar atmosphere. TLC (Petroleum ether; EtOAc
=3: 1, Ry=0.43) indicated one major new spot with larger polarity was detected. The reaction
mixture was filtered and concentrated under reduced pressure (o give a residue. The residue was
purified by column chromatography (510;, Petroleum ether: EtOAc = 3: 1), 3-(2-chloro-5-
ethylpyrimidin-4-yl)- I -(tetrahydro-2 H-pyran-2-v1)-1H-indazole-6-carbonitrile (0.5 g, 34%
yield) was obtained as a yellow solid.

15611 Step 4 tert-butvl (35)-3-({4-{6-cyano-1 -(tetrahydro-2H-pyran-2-yl -1 H-indazol-3-vI)-5-

ethyipyrimidin-2-yljamino jpiperidine- I -carboxylate

S
o
Q
[y

F.‘%o‘
S

'l r
N | h ﬁ“’é\w\
(N @ A S
. HoN® {(1.28q) N
\ o N Pdz(dba)s(0. 1oa)/BINAP(D. 1eg)
Ny C52C04/120°C N
THP N CN
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A mixture of 3-(2-chloro-5-ethylpyrimidin-4-yi)-1-(tetrahydro-2H-pyran-2-yl)- 1 H-indazole-6-
carbonitrile (0.26 g, 707 umol, 1.00 eq), tert-butyl (§)-3-aminopiperidine-1-carboxylate (170 mg,
848 umol, 1.20 eq), Pda(dba)s (64.7 mg, 70.7 umol, 0.10 eq), BINAP (44.0 mg, 70.7 umol, 0.10
eq) and CsxCO5 (401 mg, 1.41 mmol, 2.00 eq) in dioxane (10 mL) was degassed and purged with
N, for 3 times, and then the mixture was stitred at 120°C for § hrs under N, atmosphere. TLC
{(Petroleum ether: EtOAc = 11 1, Rr=0.24) and HPLC indicated one major new spot with

larger polarity was detected. The reaction mixture was added silicone to remove Pda{dba); (64.7
mg, 70.7 umol, 0.10 eq), the mixture was stirred 30 roins then was filtered and the solvent was
concentrated under reduced pressure to give a residue. The residue was purified by prep-TLC
(Petroleum ether: EOAc = 11 1), Tert-butyl (35)-3-({4-(6-cyano- 1 -(tetrahydro-2H-pyran-2-yi)-
TH-1indazol-3-yi)-5-ethylpyrimidin-2-vDamino)piperidine-1-carboxylate (0.15 g, 282 umol, 40%
yield) was obtained as red oil.

15621 Step 5: (S)-3-(5-ethyl-2-(piperidin-3-ylamino )pyrimidin-4-ylj-1 H-indazole-6-carbonitrile

Boc
H ~Nj
N, (s) A
N\< i
7\
- N TFA
~=7 T Bb*
DCM
N/
N
N CN
THP

To a solution of tert-butyl (35)-3-({(4-(6-cyano-1-(tetrahydro-2H-pyran-2-yl}- 1H-indazol-3-y1)-5-
ethylpyrimnidin-2-ylhamino)piperidine- 1-carboxylate (0.15 g, 282 umol, 1 eq) in DCM (&

mi} was added TFA (3.08 g, 27.0 mmol, 2 mL, 95.7 eq) at 0°C. The mixture was stitred at
10°C for 48 hrs. LCMS showed desired compound was detected. The reaction mixture was
quenched by addition of NaHCO3 (20 ml} at 0°C, and then extracted with EtOAc (20 ;b x 2).
The combined organic layers were washed with brine (10 mbL) and concentrated under reduced
pressure to give a residue. The residue was purified by prep-HPLC (colamn: YMC-Actus ODS-
AQ 100 x 30 5u; mobile phase: {water (3.225%FA»-ACN]; B%: 18%-48%, 12min). {8}-3-(5-
ethyl-2-(piperidin-3-ylamino)pyrimidin-4-y1)- 1 H-1ndazole-6-carbonitrile (0.025 g, 26% yield,

100% purity) was obtained as a white solid.
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15631 Example 82, Synthesis of (8)-3-(5-isopropyl-2-(piperidin-3-ylamine)pyrimidin-4-yl)-
1H-pyrazolol3.4-bipyridine-6-carbonitrile (Compound 276)
1564) Step 1: Methyl 2-formyl-3-methylbutanoaie

o 0?0 o
O LDATHF
S0

To a solution of methyl 3-methylbutanoate (30.0 g, 258 mmol, 34.1 mL, 1.00 eq} in THF (300
mi) was added LDA (2 M, 129 ml, 1.00 eq) drop-wise at -40°C. The mixture was stirred for 30
nins at -40°C. Then ethyl formate (76.5 g, 1.03 mol, 83.2 mL., 4.00 eq) was added drop-wise at
-60°C. The mixture was stirred for 12 hrs at 15°C. The reaction mixture was quenched by
addition sat. NH4CI (300 mL) at 0°C, and then extracted with Et{OAc (300 mbl x 3). The
combined organic layers were washed with brine (300 mL), dried over NapSUy, filtered and the
filirate was concentrated under reduced pressure to give methyl 2-formyl-3-methylbutanocate
(37.2 g, crude) as a yeliow oil.

(868} Step 2: 5-isopropyi-2-thioxo-2,5-dikydropyrimidin-4(3H j-one

8
O A O
HoNT TNH,
i (&) i !
MeOH ke
*\\O \N/gS

To a mixtare of methyl 2-forrayl-3-methylbutanoate (37.0 g, 257 womol, 1.00 eq) and thiourea
(19.5 g, 257 mmol, 1.00 eq) in MeOH (150 mL) with the exclusion of moisture was stirred at
65°C for 6 hrs. LCMS showed one main peak with desived M5 was detecied. The reaction
mixture was cooled in an ice/salt bath under vigorous stiring, acidified {drop-wise} with 20%
aqueous HCl to pH =3, The acidified reaction mixtuore was left in the ice/salt bath for another
{3.5-1 h, then a yellow solid which separated, was collected with suction and dried under reduced
pressure to give S-isopropyl-2-thioxo-2,5-dihydropyrimidin-4(3H)-one (30.0 g, 176 mmol, 68%
yield) as a yellow solid.

(5661 Step 3: 2. 4-dichloro-5-isopropylpyrimidine
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O Cl
i OCH
w __POCL /K/&N

. HPOSDIEA j\ Y

N 5 POCH N Ci
S-isopropyi-2-thioxo-2,5-dihydropyrimidin-4(3H}-one (15.0 g, 88.1 mmol, 1.00 eq) was
suspended 1o POCL; (60.0 mL) and HaPOy (949,89 mg, 9.69 mmol, 365.41 ok, 0.11 eq) was
added, followed by DIEA (12.53 g, 96.93 mimol, 16.93 ml., 1.10 eq) dropwise. The reaction

mixture was slowly heated to 100°C and stirred for 12 hrs. TLC (Petroleum ether:EtOAc= 111,

Then the mixture was added drop-wise to a mixture of heptane (200 mL} and warm water (200
mL) below 453°C. Then separated and the agueons phase was extracted with heptane (100 mlb x
3). The combined organic layers were washed with brine (100 mL x 1), dried over NaxSQq,
filtered and concentrated under reduced pressure to give 2,4-dichloro-5-isopropylpyrimidine
{(15.0 g, 78.5 mmol, 89.1% yield} as a yellow oil.

15671 Step 4: 6-chloro-1-(tetrahydro-2H-pyran-2-yl}-1 H-pyrazolof3,4-bjpyridine
N
\ {/\\T/'\\\\ THP N\/ P

L i oo
N o p-TsOHIDCM NN e
H THP

To a solution of 6-chloro-1H-pyrazolo]3,4-bipyridine (10 g, 65.1 mmol, 1.00 eq) in DCM (200
mb) was added 3,4-dihydro-2H-pyran (6.57 g, 78.1 mmol, 7.14 mL, 1.20 eg) followed by p-
toluenesulfonic acid monohydrate (1.24 g, 6.51 mmol, 8.10 eq) and the reaction mixture was
then stirred at 30°C for 3 hrs. TLC (Petrolenm cther: EtOAc = 11}, Ry=0.43) showed one new
spot formed. The mixture was washed with sat. NaHCO; (100 mL x2) and brine (100 mL), dried
over NaxS{y, filtered and the {iltrate was evaporated to give 6-chloro-1-{tetrahydro-2H-pyran-2-
yi3-1H-pyrazolo]3,4-blpyridine (15 g, crude) as a yellow oil.

(568} Step 5: I-(tetrahydro-2H-pyran-2-ylj-1H-pyrazolof3,4-b]pyridine-6-carbonitrile
a9 e an

N NZ NG ZrPa{dpph Gl DNF N N NeN
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To a mixture of 6-chloro-1-(letrahydro-2H-pyran-2-yl}- 1 H-pyrazolo{3,4-bipyridine (15 g, 63.1
mmol, 1.00 eq), Zn (413 mg, 6.31 mmol, 0.10 eq), Zn{CN); (5.19 g, 44.2 mmol, 2.80 mL, .70
eq) and Pdidpp{CL.CH,Ch (2.58 g, 3.16 mmol, 0.05 eq) in DMF (105 ml.) was degassed under
vacuum and purged with N three times. The mixture was stirred at 140°C for 5 hrs. TLC
(Petroleum cther:EtOAc = 111, Ry = 0.61) showed one new spot formed. The reaction mixture
was diloted with HO (300 ml) and filtered, the filtrate was extracted with EtOAc (200 ml x 3).
The combined organic layers were washed with brine (100 mb), dried over Na;SQy, filtered and
the filtrate was concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (8510;, Petroleum ethertEtOAc = 100:1 1o 1:1) to give 1-{tetrahydro-
2H-pyran-2-yb-1H-pyrazolo[3 4-blpyridine-6-carbonitrile (12 g, 52.6 mmol, 83% vieldyas a
yellow solid.

[569) Step 6: 1H-pyrazolo[3,4-bpyridine-6-carbonitrile

7 =
N HCVEtOAG
NTONT N
THP

To a solution of 1-(tetrahydro-2H-pyran-2-y1)-1H-pyrazolo{3,4-blpyridine-6-carbonitrile (12 g,
52.6 mmeol, 1.00 cq) in EtOAc (120 mL) was added HCV EtOAc (100 mL, 4M) drop-wisc at
15°C over a period of 10 mins. The reaction mixture was stirred at 15°C for 2 hrs. TLC
(Petroleum ether:EtOAc = 111, Ry = 0.44) showed one new spot formed. The reaction mixture
was {iliered and the filtered cake was concentrated under reduced pressure to give 1H-
pyrazolof3,4-bipyridine-6-carbonitrile (5.1 g, 35.4 mmol, 67% yield) as a white solid.
15701 Step 7: 3-iodo-1H-pyrazolo{3.4-b]pyridine-6-carbonitrile

!

H ————————3e
\ Lo N
ﬁ NT TeN KOH/DMF N l P

N
H N° CN

H-pyrazolo{3.4-bipynidine-6-carbonitrile (5.1 g, 35.4 mmol, 1.00 eq) was dissolved in DMF (60
mi). L (I8.0 g 70.8 mmol, 14.3 ml, 2 eq) and KOH (7.94 g, 141 mmol, 4 eq) were added. The
reaction mixture was stirred at 140°C for 3 hrs. TLC (Petroleum ether: EtOAc = 111, Ry =0.53)

showed one new spot {orroed. The reaction muxture was quenched by addition 10% Na:SO5 180
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mL at 15°C, then a sohid formed. The suspension was filtered and the filiered cake was
concentrated under reduced pressure to give 3-iodo-1H-pyrazolo3,4-bjpyridine-6-carbonitrile
(7.1 g, 26.3 mamol, 74% yicld) as a brown solid.

8781 Step 8: 3-iodo-1-{tetrabydro-2H-pyran-2-yi}-1 H-pyrazolof 3,4-b]pvridine-6-carbonitrile

|
|
THP AN
N [\ 'TQH’DCM% \3\@
NS e NTNTTCN
H o THP

To a solution of 3-iodo-1H-pyrazolo]3,4-bpyndine-6-carbonitrile (7.1 g, 26.3 mmol, 1.00 eq) in
DCM (70 L) was added 3,4-dihydro-2H-pyran (2.65 g, 31.6 mmel, 2.88 mL, 1.20 eq) followed
by p-toluenesulfonic acid monohydrate (500 mg, 2.63 mmol, 0.10 eq) and the reaction mixture
was stirred at 25°C for 3 hrs. TLC (Petroleum cther: EtOAc = 2:1, Ry = 0.43) showed one new
spot formed. The mixture was washed with sat. NaHCO; (30 mL x 2) and brine (20 mb.), dried
over NaxS{y, filtered and the {iltrate was evaporated to give a residue. The residue was purified
by column chromatography (510, Petroleum ethen:BtOAc=100:1 to 1:1) to give 3-iodo-1-
{tetrahydro-2H-pyran-2-yi}-1H-pyrazolo| 3,4-b]pyridine-6-carbonitrile (5.9 g, 16.7 mmol, 63%
yield} as a yellow solid.
1872} Step 9: 3-(2-chioro-5-isopropyipyrimidin-4-yl}- 1 -{(tetrahydro-2H-pyran-2-yl)- 1 H-
pyrazolof 3,4-b]pvridine-6-carbonitrile
i
ZN
! /\C\/‘k

N™ Ci
N
I/
N

11,1222 B
- CN hexamethyldistannane/
FHP Pd(PPhy)Aoluene

A mixture of 3-iodo-1-(tetrahydro-ZH-pyran-2-y)- 1 H-pyrazolo[3.4-bipyridine-6-carbonitrile (2
g, 5.65 mmol, 1 eq), 2,4-dichloro-5-isopropylpyrimidine {1.29 g, 6.78 mmol. 1.2 eqg), 1,1,1,2,2,2-
hexamethyldistannane (1.85 g, 5.65 mmol, 1.17 rul, 1 eq), PA{PPhs)4 (653 mg, 565 umol, 0.1 eqg)

< B

in toluene (20 mL} was degassed and purged with N; for 3 times, and then the mixture was
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stirred at 100°C {or 12 hrs under N, atroosphere. LCMS showed desired MS was detected. The
reaction mixture was concentrated under reduced pressure to remove toluene. The residue was
purified by column chromatography (510,. Petroleum etherEtOAc = 1001 to L Re=038) to
give 3-(2-chloro-S-isopropylpyrimidin-4-yi}-1-{tetrahydro-2H-pyran-2-y}- 1 H-pyrazolof[3.4-
bipyridine-6-carbonitrile (310 mg, 810 umol, 14% vield) as a yellow solid.
(873} Step 10: Tert-butyl (38 )-3-((4-{6-cyano-1-(tetrahydro-2H-pyran-2-yi}-1H-pyrazolo{3,4-
bipyridin-3-yi}-5-isopropyipyvrimidin-2-y{ Jamino Jpiperidine- I -carboxylate

Boc

f

H JBo
E@J N Nm@N
HaNY 7 K\C \)
N
S,

o0

Cs,COx/BINAPI ™

o~

(93

Pd,(dba)s/dioxane 4 | =
* S
N7 NT N
THP

A mixture of 3-(2-chloro-5-1sopropylpyrimidin-4-yl}-1-(tetrahvdro-2H-pyran-2-y1)- 1 H-
pyrazolof3,4-bipynidine-6-carbonitrile (310 mg, 310 umol, 1 eq), tert-butyl (35)-3-
aminopiperidine-1-carboxylate (195 mg, 972 umol, 1.2 eq}, Pda(dba); (74.2 mg, $1.0 umol, 0.1
eq), BINAP (50.4 mg, 81.0 umol, 0.1 eq) and Cs,CO5 (528 mg, 1.62 mmol, 2 eq) in dioxane (10
mb) was degassed and purged with N, for 3 times at 20°C, and then the mixture was stirred at
100°C for 12 hrs under Ny atmosphere. TLC (Petroleum ether:EtOAc = 211, Ry = 0.19) indicated
3-(2-chloro-5-isopropylpyrimidin-4-yi)-1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazolo{3.4-
blpyridine-6-carbonitrile was consumed completely. The reaction mixture was {iltered and the
filtrate was diluted with HoO (20 ml)} and extracted with EtCGAc (20 mL x 3). The combined
organic layers were washed with brine (20 mL), dried over Nay SOy, filtered and the filtrate was
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (5102, Petroleum cther:EtOAc=100:1 to 1:1) to give tert-butyl (3S5)-3-({(4-(6-
cyano-1-(tetrahydro-2H-pyran-2-yl1)-1H-pyrazolof3,4-blpyridin-3-y1)-5-isopropylpyrimidin-2-

ylyamino)piperidine-1-carboxylate (250 mg, 208 umol, 25.6% yield} as a yellow solid.

£
.
4
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(874} Step 11: (5)-3-(S-isopropyi-2-(piperidin-3-viamino jpyrimidin-4-yl - 1 H-pyrazolof 3,4-

blpyridine-6-carbonitrile

" ;Bac
NH; . N
N Y
Z2A\
. N

—_—
TEA/DCM
g/\vif”“‘\
N
A A /'
NN
THP

To a solution of tert-butyl (35}-3-({4-(6-cyano- 1 -{tetrahydro-2H-pyran-2-y})-1H-pyrazolo{3,4-
blpyridin-3-y1}-3-isopropylpyrimidin-2-vhamino)piperidine-1-carboxylate (250 mg, 457 amol, 1
eq) in BCM (9 ml) was added TFA (3 mL) drop-wise at 15°C. The mixture was stirred at 15°C
for 12 hrs. LCMS showed desired MS was detected. The reaction mixture was concentrated
under reduced pressure to remove DCM. The residue was purified by prep-HPLC (newtral
condition, column: YMC-Actus Triart C18 150%30 Su;mobile phase: [water(10mM NHHCO;)-
ACNLB%: 153%-55%,10min) to give (S)-3-(3-1sopropyl-2-(piperidin-3-vlaminopyrimidin-4-yi)-
IH-pyrazolo{3,4-b]pyridine-6-carbonitrile (38 mg, 102 umol, 22% yield, 97.024% purity) as a
white solid.

(5751 Example 83, Synthesis of (8)-3-(5-ethyl-2-(piperidin-3-ylamino)pyrimidin-4-y)-1H-
pyrazolo]3.4-bipyridine-6-carbenitrile (Compound 277)

(5761 Step 1: 3-(2-chioro-5-ethyipyrimidin-4-yi)-1-(tetrahydro-2H-pyran-2-vi}-1 H-

pyrazolof 3,4-b]pyridine-6-carbonitrile

S S
| T !

N/ o .

NPy 1222 ,
i ' ol hexamethyldistannane/ i
FHP Pd(PPhy)gitoluene NN

THP

A mixture of 3-iodo-i-{tetrahydro-2H-pyran-2-yl}-1H-pyrazolo[3,4-bpyridine-6-carbonitrile

(1.93 g, 545 mmol, 1 eg), 2,4-dichloro-5-ethylpyrimmdine (1.16 g, 6.54 womol, 1.2 eg),
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1,1,1,2,2,2-hexamethyldistannane (1.79 g, 5.45 wmol, 1 eg), PA(PPha)s (630 rog, 545 umol, 0.1
eq) in toluene (20 mb) was degassed and purged with Ny for 3 times, and then the mixtnre was
stirred at 100°C for 12 hrs under N, atmosphere. LCMS showed desired MS was detected. The
reaction mixture was concentrated under reduced pressure to remove loluene. The residue was
purified by column chromatography (510,, Petroleum ctherEtOAc= 10011 to 1'1) to give 3-(2-
chioro-3-ethylpyrimidin-4-yh)-I-(tetrahydro-2H-pyran-2-yi}- 1 H-pyrazolo| 3,4-blpyridine-6-
carbonitrile (730 mg, 1.98 mmol, 36% vield) as a yellow solid.

1877V Step 20 Tert-buiyl (38)-3-((4-(6-cyano-1-(tetrahydro-2H-pyran-2-yi)- 1 H-pyrazolo[ 3,4-

bipyridin-3-vi}-5-ethyipvrimidin-2-yl)amino jpiperidine-1-carboxylate

%OC Boc
Ci N H ~n
&
; HoNY
o N 2

¥

()

Cs,COL/BINAF/
Pds{dba)/dioxane

A mixture of 3-(2-chloro-5-ethylpyrimidin-4-yl}-1-{tetrahydro-2H-pyran-2-y1}- 1 H-pyrazolof 3,4~
bipyridine-6-carbonitrile (730 mg, 1.98 mmol, 1 eq), tert-butyl (5)-3-aminopiperidine-1-
carboxylate (476 mg, 2.38 mmol, 1.2 eq), Pda(dba); (181 mg, 197 umol, .1 eq), BINAP (123
mg, 197 umol, 0.1 eq) and Cs2CO5 (1.29 g, 3.96 mmol, 2 eq) in dioxane (15 mL) was degassed
and purged with N for 3 times at 20°C, and then the mixtare was stivred at 100°C for 12 hrs
under N, atmosphere. LCMS showed desired MS was detected. The reaction mixture was
filtered and the filtrate was diluted with Hz0O (20 mL) and extracted with H{OAc 20 mL x 3).
The combined organic layers were washed with brine (20 mL), dried over NaySQOy, filtered and
the filtrate was concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography (510;, Petroleum ether:EtOAc = 100:1 1o 1:1) to give tert-butyl (35)-
3-({4-(6-cyano-1-(tetrahydro-2H-pyran-2-yl}- 1 H-pyrazolo[3,4-b]pyridin-3-y1)-5-cthylpyrimidin-
2-yhamino)piperidine-1-carboxylate (700 mg, 665 umol, 33% yield, 50.6% purity) as a yellow

solid.
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(878} Step 3: (S§)-3-(S-ethyl-2-(piperidin-3-ylamino Jpyrimidin-4-yi}- 1 H-pyrazolo{ 3,4-
blpyridine-6-carbonitrile

{Boc

TFA/DCM

To a solution of tert-butyl (35)-3-({4-(6-cyano-1-(tetrahydro-2H-pyran-2-yi)- 1H-pyrazolo} 3,4~
bipyridin-3-y1}-5-ethylpyrimidin-2-vDamino)piperidine-1-carboxylate (700 mg, 1.31 mmol, 1
eq) in DCM (12 mL) was added TFA (4 mL) dropwise at 0°C. The mixture was stirred at 15°C
for 12 hrs. LCMS showed desired MS was detected. The reaction mixture was concentrated
under reduced pressure to remove DCM. The residue was purified by prep-HPLC (neutral
condition, column: Phenomenex luna(2} C18 250%50 10u; mobile phase: [water{0.1%TFA)-
ACNLB%: 15%-45%,20min) to give (S)-3-(5-ethyl-2-(piperidin-3-ylamioo)pyrimmdin-4-y)- 1H-
pyrazolof3.4-blpyridine-6-carbonitrile (50 mg, 137.00 umol, 10% yield, 95.4% purity) as a light
yellow solid.

(8791 Example 84, Synthesis of (3R, 58)-fert-butyl 3-({1,2.4ltriazolo}4,3-alpyridin-3-yi)-5-
{{4-(1-(phenylsuifonyl)-1H-indel-3-yi)-5-(triflucremethyl)pyrimidin-2-ylJamino piperidine-
1-carboxylate (A) and (35,3K)-fert-buiyvl 3-(11,2.41triazolol4,3-alpyridin-3-y1}-5-((4-(1-
(phenylsulfonyl)-1H-indol-3-y1}-5-(triflucremethyl)pyrimidin-2-yl)aminopiperidine- §-
carboxylate (B) Intermediates Useful in the Synthesis of Compounds 267 and 268.

Boc B;ac Boc
Ey?™ N r’N‘ FaC. \/\ ./ = SR N T
( | j F’\ chiral separation ) (\/\ o M L . >
)\-’/\'\E N > N \, / ‘..\/" \; NN //\"x/ N

i H ;‘@ 7

!N"" ~N
PhQZS PhOls PhQ,S
cis-, raceinic A B

[580] C(is-rerr-butyl 3-(11,2 4]triazolof4,3-ajpyridin-3-yD)-5-((4-(1-(phenylsulfonyl- I H-indol-
3-yD)-5-(trifluoromethyl}pyrimidin-2-yhamino)piperidine- 1 -carboxylate (250 mg, 0.348 mmol)

was separated using a ChiralPak IB with 5.000 ul injections and 15:15:70 McOH:DCM:Hexane
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for elution to give Peak 1 (A, tentatively assigned as (3R,55)): 85 mg, pale yellow solid, 99.9%
e.e., and Peak 2 (B, lentatively assigned as (33,5R)): 56 mg, pale vellow solid, 97.1% e.e.

(5811 Example 85. Synthesis of (§)-fert-butyl 3-((5-ethyl-4-(6-(methylsulfonyl}- 1 H-indol-3-
yhpyrimidin-2-yhamino)piperidine-1-carboxylate Intermediate Useful in the Synthesis of
Compound 271.

(882} Step 1: (S)-tert-butyi 3-({4-(6-bromo-1 H-indol-3-vi)-5-ethyipyrimidin-2-

yvl)amino jpiperidine-I-carboxylate

— 2 \! 1) DIPEA, NMP o = TN
B . : * «O o~ | «G
! ! NBoc \ :
\<:/ \'N’J\CE H N ‘\5\/ !_ \N/Lﬁ NBoc

i 2) 5M NaOH, dioxane
N HN
7
PhO,S8

.
-

[583] In asealed vial, a solution of 6-bromo-3-(2-chloro-5-ethylpyrimidin-4-yi)-1-
{phenylsulfonyl)-1H-indole (370 mg, 0.776 mmol), (S)-fert-butyl 3-aminopiperidine-1-
carboxylate (223 mg, 1.164 mmol}, and BDIPEA (0.54 mL, 3.10 mmol} in NMP (0.8 mb., 1 M)
was heated for 16 h at 130 C in an oil bath. The mixture was then diluted with MeTHF (20 mL),
washed with water (2x20 mL) and brine (20 mL), dried over Na;SQ,, filtered, and concentrated
under reduced pressure. The residue was dissolved in 1,4-dioxane (2 mL), and 5 M NaOH (3
ml) was added. The reaction mixture was then stirred at 50 °C for 3 h until full conversion. The
reaction mixture was cooled down to RT, and crude product was then extracted with MeTHF
(3x15 mL}. Combined organic extract was washed with brine (10 mL), dried over NaS50.,
filtered, and concentrated under reduced pressure. The residue was purified by 510,
chromatography (EtOAc in a (1:1) mixture of DCM and Hexanes, 0 to 30% gradient}. The title
compound (250 mg, 0.50 mmol, 64% vield) was obtained as a pale brown solid.

1584] Step 2: (S)-teri-buivi 3-({5-ethyl-4-(6-(methylsulfonylj-1 H-indol-3-yl jpyrimidin-2-

vi)amino jpiperidine-1-carboxylate

o Cul, CH3S0,Na 8 “ N
Br— ! T, MeOsS s NB
X /L\ NBoo \ N7 N ~MB00
g N N ] H
i H M

NMP, 140°C

HN—
{5851 'To a solution of (S)-fert-butyl 3-((4-(6-bromo- 1 H-indol-3-y1)-5-ethylpyrimidin-2-
yhamino)piperidine-t-carboxylate (160 myg, 0.32 mmol) in NMP (2 mL), Col (237 myg, 1.247

)
Lok d.
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mmel) and sodium methanesullinate (131 mg, 1.279 munol) were added. Nitrogen was bubbled
through the reaction mixture for approximately one minute and then the mixture, in a sealed vial,
was heated at 140 °C. After 5 h, heating was stopped (longer hearting causc decomposition). The
reaction mixture was purified directly by reverse phase chromatography (C18, MeCN in aq.10
mM ammonium {ormate, pH 3.8, 0 to 100% gradient) to afford the title compound (35 mg, 0.070
mmel, 22% yield) as a brown solid.

[586] Example 86. Synthesis of 3-bromo-1-methyl-1H-pyrrolo]2,3-blipyridine-6-
carboenitrile Intermediate Useful in the Synthesis of Compound 273, For compound 231
(8Y-4464).

15871 Step 1: 1-methyl-1H-pyrrolof2,3-b]pyridine-6-carbonitrile

NaH, Mel
< ﬁ THF ~ g N

NC™ N NC™ N |

i588] 'To a solution of 1H-pyrrolof2,3-b]pyridine-6-carbonitrite (WO2011128455) (100 mg,
0.70 mmol) in THF (3.5 mL) at 0°C, was added NaH (60% in mineral oil, 31 mg, 0.77 mmol),
and the reaction mixture was stirred for 30 minutes, warming to RT. Methyl iodide (46 oL, 0.73
mmol) was added, and the reaction mixture was stirred at RT for 1h, then concentrated under
reduced pressure, diluted with MeTHF (10 mL) and water (5 mL) and extracted with McTHF (2
x 5 mL). The organics were combined and washed with brine (2 x 5 mL), dried over Na,SO.,
filtered, and concentrated under reduced pressure to give the tithe compound (114 mg, 0.70
mmol, quantitative vield) as a pale orange solid, which was used without further purification.

[589) Step 20 3-bromo-I-methyl-1H-pyrrolo{2,3-b]pvridine-6-carbonitrile

Br
NBS, DCM
NCT TN N\ NG N ﬂ;\

[5%6]1 'To asolution of 1-methyl-1H-pyrrolo{2,3-b]pyridine-6-carbonitrile (189 mg, .93 mmol}
in DCM (3.5 mL) at 0 °C, was added NBS (180 mg, 1.01 mmol), and the reaction mixture was
stirred for 2h at RT. The reaction was quenched by the addition of saturated Na;5,0; (5 mbL) and

diluted with water (5 mL), then extracted with DCM (3 x 10 ml). The organics were combined

222
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and washed with Na;S,05 (1 x 5 mL), water (2 x 10 mbL) and brine (2 x 5 mL), dried over
Nap5Qy, filtered, and concentrated under reduced pressure to give the title compound (219 mg,
82.8 mmol, 82% vield) as a pale yellow solid.

15811 Example 87. Synthesis of 1-(methoxymethyl)-1H-pyrrolo[2,3-bipyridine-6-
carbonitrile Intermediate Useful in the Synthesis of Compound 283.

NaH, MOM-CI -
Gy e
TN THF, 0-25°C NQ/\N%N\

~G
4

13921 'To a solution of 1H-pyrrolo{2,3-bpyridine-6-carbonitrile (WO2011128455) (150 mg,
1.05 romob) in THF (5.2 mL) at 0 °C, was added NaH (60% in mineral otl, 46 mg, 1.15 mmol),
and the reaction mixture was stirred for 30 minutes, warming to RT. Chloromethyl methyl ether
(MOM-C (80 uL, 1.05 mmol) was added, and the reaction mixture was stirred at RT for 1 h,
then quenched with sal. NaHCG5 (0.1 mL) and concentrated under reduced pressure. The residue
was diluted with water (10 mL}, extracted with DCM (3 x 10 mL), and the collected organics
were washed with (1: 1) water/NaHCO5 (2 x 10 mb) and brine (2 x 5 mL), dried over NaySQO4,
filtered, and concentrated under reduced pressure to give the title compound (189 mg, (.93
mmol, 87% vield) as a dark brown solid, which was used without further purification.

{5831 Example 88, Synthesis of (§)-4-(6-bromo-1-{phenylsulfonyl)-1 H-indol-3-y1)-N-(1-
ethylpiperidin-3-yl)-S-(trifluoromethyl)pyrimidin-2-amine Intermediate Useful in the

Synthesis of Compounds 284 and 283,

PNy ™S - oy ™
B N I\” 1 e Br— I\ E\ /‘L V[/i‘:}
w ST NH ] N D/\N N ~
-~ ” H DCM, DIPEA N"U ]
M~ ]
PhO,S PhO,S
(584} To a solution of {5)-4-(6-bromo-1-(phenylsulfonyl)-1H-indol-3-yl}-N-(piperidin-3-y1)-5-
(trifluoromethylypyrimidin-2-amine (315 mg, 0.54 mmol) in DCM (2.5 mL), were added DIPEA
(190 ul, 1.09 mmol} and iodoethane (48 ul,, 0.6 mmol). The solution was stirred at RT for 72 h.
The solvent was removed in vacuo, and the residue was re-dissolved in EtOAc¢ and washed with

brine (twice). Organic phase was separated, dried over NaxSOy. filiered, and concentrated. The

223
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crude product was purified by reverse phase chromatography (C18, MeCN 10 ag. 10 mM
ammonium {ormate, pH 3.8, 0 to 100% gradient) to afford the title compound (219 mg, (.36
mmol, 66% yield) as a white foam.

1585] Example 89, synthesis of 3-brome-N-methyl-1H-pyrrolo{2,3-blpyridine-6-

carboxamide Intermediate Useful in the Synthesis of Compound 297.

iar Br
EDC, HOB ,
7T DIPEA H /\\‘rg
HO A Ay _— N A
H DMF I H
o o

{586} To a solution of 3-bromo-1H-pyrrolo{2,3-blpyridine-6-carboxylic acid (260 mg, 1.08
mmol), HOBt (262 mg, 1.94 mmol) and methylamine (1.29 mmol, 2 M in THF) in DMF (21
mL) at 0 °C, were added EDCI x HCL (310 mg, 1.62 mmol) and DIPEA (570 ul., 3.24 mmol).
The reaction mixture was stirred at RT for 20 h. After full conversion, the reaction mixture was
diluted with EtOAc and washed with brine. The organic phase was separated, dried over Nax5Q,,
filtered, and concentrated under reduced pressure. The crude residue was purified by reverse
phase chromatography (C18, MeCN 1o ag. 10 ;mM ammonium formate, pH 3.8, 30 to 60%
gradient) to afford the title compound (35 mg, 0.14 mmol, 13% yield).

15971 Example 90. Synthesis of (§)-ferf-butyl 3-((4-(1-(methoxymethyl)-7-
(methylcarbameyl)-1H-indol-3-yD-5-(tritflueromethylpyrimidin-2-yamino}piperidine-1-
carboxylate Infermediate Useful in the Synthesis of Compound 304.

(8981 Step I (S)-3-(2-({I-(tert-butoxycarbonyl)piperidin-3-yljamino j-5-

(trifluoromethvl jpyrimidin-4-vi)- I -(methoxymethivl)-1 H-indole-7-carboxylic acid

Fal o
F%Cv’{\ S N
S M EE i
T\ 28 NaOH \ P NBoc

\ Y, A NBoc . N N

ﬂ/l\N ﬁ ——— 0 ” 3l

NC ‘N_,_’j H,O. 1009 E\E“—‘
H My, TuUTL MO

MOM

[599]1 'To a solution of (8)-fert-butyl 3-({4-(7-cyano-1-(methoxymethyl)-1H-indol-3-y1}-5-
(trifluoromethyDpyrimidin-2-vhamino)piperidine- 1-carboxylate (138 mg, 0.26 mmol) in dioxane
(1.3 mL), was added NaOH (2 M, 2 mL, 4 mmol}, and the reaction mixture was heated at 100 °C

for 16 h. The reaction mixture was cooled to RT and concentrated under reduced pressure, then

224
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diluted with water (10 mL) and MeTHF (10 mb.), acidified with 1M HCl to pH 3, and extracted
with MeTHF (2 x 10 mL). The organics were combined and washed with water (2 x 10 mL) and
brine (2 x 10 mL), dried over NapSQy, filtered, and concentrated under reduced pressure. The
residue was purified by reverse phase chromatography (C18, MeCN in ag. 10 mM ammoniom
formate, pH 3.8, 0 to 100% gradient) to obtain the title compound (54 mg, 0.10 mmol. 37%
yield) as a white solid.

[600] Step 20 (S)-1-(methoxymethvl )-N-metfivi-3-(2-(piperidin-3-ylamino }-5-

{(triftuoromethyljpyrimidin-4-vi)-1 H-indole-7-carboxamide

Ty 1) S0, NS
WN4LN NBoc Pyridine, DOM__ \ L Py N
| X 2 - - H
HO,LC i 2) MehiH, MeHNOG B
z N 3) TFAVDCM N
MO MOM

[661] To a solution of (8)-3-(2-((1-(fert-butoxycarbonylypiperidin-3-yljamino}-3-
(trifluoromethyl}pyrimidin-4-yl}-1-(methoxymethyl)-1H-indole-7-carboxylic acid (54 mg, (.10
mmol) in DCM (2 mL), were added pyridine (32 uk, (.39 mmol) and SOCI, (22 ul, 0.30 mmol),
and the reaction mixture was stirred at RT for 15 minutes. Methylamine (2 M in THF, 0.49 mL,
(0.9% mmol) was then added and stirred for another 1.5 h. The reaction mixture was diluted with
MeQOH and concentrated under reduced pressure, then diluted with water (3 mL) and MeTHF (3
mL}, basified to pH 8 with sat. ag. NaHCO;, extracted with MeTHF (2 x 5 mL), and the
collected organics were washed with sat. ag. NaHCO; (3 mlL), water (3mL), and brine (2 x
3mL), dried over NapSQy, filtered, and concentrated under reduced pressure. The residue was
dissolved in DCM (2 mL), treated with TFA (0.15 mL, 1.96 mmol) and stirred for 20 minutes.
The mixture was then concentrated under reduced pressure. The residue was purified by reverse
phase chromatography (C18, MeCN in ag. 10 mM ammonium formate, pH 3.8, 0 to 100%
gradient) to obtain the title compound (10.1 mg, 0.018 romol, 18% vield) as an off-white sohid.
[602] Example 91. Synthesis of 4-(1H-indol-3-y1}-N-(piperidin-3-yi)-5-
{((trifluoromethyDthio)pyrimidin-2-amine Intermediate Useful in the Synthesis of

Compound 3035,

-
.
wh
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(6031 Step 1. (35)-tert-buivl 3-({5-((3-((2-ethylhexyljoxy)-3-oxopropyljthio }-4-( 1 -

2

(phenyisulfonyl)-1H-indol-3-vl jpyrimidin-2-yljamino )piperidine-1-carboxylate

o G\//(/v \/(
SN
| o \/0 ~N

i HS\//I Pd, dha;

G //\ Xantphos
Q Sy gy N0 DIPEA
H

N Dioxane, 110°C. 1 b ( Naz)c
PhO,S NA

F‘h@zs
[6G4] To a solution of (S)-tert-butyl 3-((5-1odo-4-(1-{phenylsulfonyl)-1 H-indol-3-yDpyrimidin-

2-yvhamino)piperidine-1-carboxylate (400 mg, 0.606 mmol) in previously degassed dioxane (1.6
ml), were added Xantphos (36.2 mg, 10 mol %) and Pdydbay (5 mol %) under nitrogen,
followed by 2-ethylhexyl-3-mercaptopropionate (156 ul, 0.667 mmol) and DIPEA (213 ul,, 1.21
mmol). The reaction mixture was stirred at 110 °C under MW irradiation for 1 h. cooled to RT,
and filtered through Celite. The filirate was concentrated under reduced pressure, and the
resulting crude product was purified by Si), chromatography (EtOAc in Hexanes, § to 100%
gradient) to afford the title compound (286 mg, 0.38 mumol, 63% yield) as a yellow ol
[683] Step 2: (S)-teri-buivi 3-({5-mercapto-4-(1-(phenyisulfonyl}- 1 H-indol-3-yljpyrimidin-2-
vlamino jpiperidine-1-carboxylate
(
OTC’«V’\W’

. N
7 i
-BuOK X - NBoc

/ @ THE, -78°C, 1 h pw
NBoc e N
PRO,S

PhOZS
[686] To a solation of (35)-tert-butyl 3-((5-((3-((2-ethylhexyhox v)-3-oxopropyljthio)-4-(1-

{phenyisulfonyl)-1H-indol-3-yDpyrimidin-2-yhamino)piperidine- I -carboxylate (286 mg, 0.381
mmol) in anhydrous THF (1 mL), was added potassium ferz-butoxide solution (1 M, 1.14 mL.

1.14 mmol} at -78 °C. The resulting mixture was stirred at -78 °C for 1 h. The reaction mixture
was cooled to -78 °C and guenched by the addition of K,CO5 (2 M, 0.5 mL). The solution was

concentrated under reduced pressure, and the residue was dilated with KoCO3 (2 M, 20 mL) and



WO 2018/013867 PCT/US2017/042017

E6O (20 ml). The layers were separated, and aqueous layer was back-extracted with B0 (10
mlL). The agueous layer was acidified to pH 4-5 with 6 M HCI and extracted with
CHCls/isopropanol (9:1). The organic layer was separated and dried over NapSQy, filtered, and
concentrated under reduced pressure to afford the crude title compound as a yellow solid, which
was used in the next step without further purification.

1607] Step 3: (S)-teri-butyl 3-((4-(1H-indol-3-y1)-5-({(trifluoromethyljthio )pyrimidin-2-

yvl)amino jpiperidine-I-carboxylate

4 \HS 490 S ?Fa SN Y
o s NaH P
N \NJ\EMNB% CoT 7 \N"E“L‘N"'L\’”NBM
N Q THF, 010 25°C, 16 h HN_j H

PhO,S
(6081 'To a solution of crude (§)-rerr-butyl 3-((5-mercapto-4-(1-(phenylsulfonyl)- 1 H-indol-3-
yhpyrimidin-2-vlamino)piperidine-1-carboxylate {0.371 mmol) in dry THF (1.5 mL}, was
added sodium hydride (60% suspension in mineral oil, 38.6 mg, 0.965 mmol) at § °C and stirred
for 10 min. 5-(Trifluoromethyldibenzothiophenium trifluoromethanesoifonate (494 mg, 1.19
mmol) was then added in one drop. The resulting mixture was stirred at RT for 16 h. The
reaction was diluted with water and CHCl,, the organic layer was washed with sat. aq. NaHCO;
and water, dried over Na,50,, filtered, and concentrated under reduced pressure. The crude
residue was purified by 5i0, chromatography (EtOAc in Hexanes, 0 to 80% gradient) o afford
the title compound (64 mg, 0.132 mmol, 35% yield) as a yellowish oil.

[60%] Example 92. Synthesis of (3)-3-(2-({(6,6-dimethylpiperidin-3-yl}amino)-5-
(trifluoromethyDpyrimidin-4-y)- 1 H-indole-6-carbonitrile Intermediate Uselul in the

Synthesis of Compound 35,

FSC\V/"‘QN %
NC-. TBAF
NC
/ \,/\ > NH

N,,
PhOgS

(618} To a solution of (S)-3-(2-((6.6-dimethylpiperidin-3-ylamino)-5-
(trifluoromethyDpyrionidin-4-yh- 1-(phenylsulfony)- I H-indole-6-carbonitrile (9 mg, 0.016

Ny
Lok !
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mmol) in THF (0.5 mL) at 0 °C, was added TBAF (1 M in THF, 0.07 mL, 0.07 mmol). The
reaction mixture was stirred for 1 h at 70 °C. The reaction mixture was then quenched with
saturated agq. NH4Cl (30 mL) and exiracted with MeTHF (3 x 50 mL). The organic extracts were
combined and washed twice more with sat. aq. NH4Cl (30 wl.) and water (30 mL), dried over
Na; 504, and concentrated under reduced pressure. The residue was purified by reverse phase
chromatography (C18, MeCN 1n aq. 10 mM ammonium formate, pH 3.8, 0 to 100% gradient) to
afford the title compound (0.51 mg, 0.001 mmol, 7% yield) as a white sohid.

[611] Example 93. Synthesis of (3R 4R)-fert-butyl 3-({(4-(6-cyano-1-(phenyisulfonyl}- 1 H-
indol-3-yl)-5-(riffusromethyl)pyrimidin-2-yDamino)-4-fluoropiperidine- 1 -carboxylate

Intermediate Useful in the Synthesis of Compound 351.

Fal
. M £, __FC s-'-’,;
NC—( PN . DIPEA  ne ’ \/A\N
F N7 s0,Me NBog — NBoc
| HN 4
L THE
’ N "j
PhO,S PrO,S

16121 To asolution of 3-(2-(methylsulfonyD)-5-(trifluoromethyDpyrimidin-4-yh-1-
{phenylsulfonyl)-1H-indole-6-carbonitrile (103 mg, 0.204 mmol) in dry THF (2 mL), were added
(B3RAR)-tert-butyl 3-amino-4-fluoropiperidine- I-carboxylate (50 mg, 0.224 mumoly and DIPEA
(108 ul, 0.612 mmol). The reaction mixture was stirred at RT for 16 h, diluted with EtOAc,
washed with brine, dried over Nay5Qy, filtered, and concentrated under reduced pressure. The
residue was purified by 510, chromatography (EtOAc in Hexanes, 0 to 40% gradient} to afford
the title compound (57 mg, 0.088 mmol, 43% yield) as a thick colourless oil.

16131 Example 94. Synthesis of ($)-dimethyi(3-C-(piperidin-3-ylamino)-5-
(trifiuoromethylpyrimidin-4-yi)- 1 H-indol-7-vl)phosphine oxide (Compound 352).

Fsﬁf\N 1) Pd{OAC),, Xantphos - Folo N D
= ; O K4PCy, DMF G |
§»/ \N./'LNQBOC . PH " \NJ\N NH
Br _.—;j H :

HN

VAR ~
2) TFA/DCM \P:)\ ,ﬂ
/ '\Q HN

[614] (S)-rert-Butyl 3-((4-(7-bromo- 1 H-indol-3-yi)-5-(trifluoromethylpyrimidin-2-
yhamino)piperidine- I-carboxylate (50 mg. 0.093 mmol), Xantphos (5.4 mg, 0.0093 mrool),
palladium (I} acetate (1.0 mg, 0.0047 mmol} and KP4 (22 mg, .1023 mmol) were combined

)
Lok
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in a microwave tube under nitrogen. Dimethylphosphine oxide (9 mg, 0.11 mmol) was dissolved
in anhydrous DMFE (0.3 mL) and the mixture degassed before combining with the other reactants.
The reaction mixture was heated at 150 °C in a microwave for 45 min. The mixture was then
cooled down to ambient temperature, re-dissolved in MeTHF (10 ml.), washed with sat.
NaHCO; (10 mL) and brine (10 mL). Organic phase was separated, dried over Na,SQOy, filtered,
and concentrated under reduced pressure. The crude was re-dissolved in DCM (1 mbL) and TFA
{(.214 mL, 2.79 mmol) was added. After 1 h of stirring at room temperature, reaction mixture
was concentrated and the residue was purified by reverse phase chromatography (C18, MeCN in
aq.10 mM ammonium formate, pH 3.8, 0 to 180% gradient) to afford the title compound (28 mg,
0.064 mmol, 69% yicld) as a white solid.

[615] Example 95, Synthesis of (2R 58)-fert-butyl 5-({(4-(6-cyano-1H-indeol-3-y1}-5-
{trifluoromethyljpyrimidin-2-yhamine)-2-(3-methyi-1,2 4-oxadiazol-5-yl)piperidine-1-

carboxylate Intermediate Useful in the Synthesis of Compound 358,

“SpNH N
F G COOH M-on F.C ?\; >
3 S 3 o
ch\ \”/;\;N 1) HOBY, EDCI, DMF/DCM g/~ YN N
\_ S N. W NN N,
d N7 NS O~ Boo . . 7 NN Boc
< N 2) Cs,00, THF :g}}/\ N

[616] A mixture of (2R,58)-1-(fert-butoxycarbonyl)-3-({4-(6-cyano-1H-indol-3-y1)-5-
(trifluoromethyDpyrimidin-2-yhamino)piperidine-2-carboxylic acid (135 mg, 8.254 mmol)},
HOBt (58 mg, 0.43 mmol} and EDCI (50 mg, .26 mmol) in dry DMF/DCM (0.3/1.2 mL) was
stirred at room femperature for 5 mun. Theo, N'-hydroxyacetirmidamide (20 mg, 0.25 mrool) was
added, and the reaction mixture was stirred at RT for 48 h. The reaction mixture was then diluted
with water and extracted with DCM. The organic phase was washed with sat. ag. NaHCO; and
brine, dried over Nax5Qy, filtered. Evaporation of the solvent provided yellow solid of crude
intermediate which was dissolved in dry THF (2.5 mL), and Cs;COs (182 mg, 0.56 mmol) was
added. The reaction mixture was heated at 50 °C for 3 h unti} {ull conversion. The reaction was
diluted with brine and extracted with MeTHF. The organic phase was dried over NaySOy,

filtered, and concentrated. Residue was purified by reverse phase chromatography (C18, MeCUN
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in aq. 10 oM ammounivm formate, pH 3.8, § to 100% gradient) to afford the title compound (30
mg, .053 mmol, 21% yield) as a vellow oil.

(6171 Example 96. Synthesis of N,N-dimethyl-1H-indole-7-sulfonamide Intermediate
Useful in the Synthesis of Compound 371

1618] Step 1: N N-dimethyl-2-nitrobenzenesulfonamide

e
| Xy, Me,NH | =
i [R——, 2
e NO
NO;  MeOH 0.8 2
50,01 G Ve

[619] To a solution of nitrobenzenesulfonyl chloride (5.0 g, 22.561 mmol) in MeOH (9.6 mL)
at 0 °C, was added dimethylamine (2 M, 24.8 mL) dropwise via dropping {unnel. The reaction
mixture was stirred at RT for overnight. The reaction mixture was concenirated under reduced
pressure and diluted with water (50 mL) and EtOAc (50 mL), then extracted with EtOAc (3 x 50
mL). The organic phase was combined, washed with sat. ag. NaHCG5 (50 mL) and brine (50
mL), dried over Na,SQq, filtered, and concentrated under reduced pressure to give the title
compound (4.72 g, 20.50 mmol, 91% vield} as a pale solid, which was used in the next step
without further purification.

16201 Step 20 N N-dimerhyl-1H-indole-7-sulfonamide

Pz ) 2 MgBr
i
S NO, THE N
502 5%

|
16211 To a solution of N, N-dimethyl-2-nitrobenzenesulfonamide (2.36 g, 10.25 mmol) in THF
(82 mL) at © °C, was added vinylmagnesium bromide (30.75 mL, 1 M in THF). The reaction
mixture was stirred at RT for overnight. The reaction mixture was quenched with sat. ag. NH4Cl
(100 mL} and extracted with EtOAc (3 x 150 mlL). The organics were combined, dried over
Na,S0,, filtered, and concentrated under reduced pressure to give the title compound (2.30 g,
10.25 mmol, quantitative yield), which was used in the next step without {urther purification.
(6221 Exampie 97, synthesis of (35,48 )-tert-butyl 4-methyi-3-((4-(1-(phenyisulfonyl)- 1 H-
indol-3-yl-5-(triflusromethyDpyrimidin-2-yhamine)piperidine-1-carboxylate (A) and

230



WO 2018/013867 PCT/US2017/042017

(3R, 45 -fert-butyl 4-methyi-3-((4-(1-(phenylsulfonyl)-1 H-indeol-3-y1}-5-
{trifluoromethyl)pyrimidin-2-yhamino)piperidine-1-carboxylate (B) Intermediates Useful

in the Synthesis of Compounds 372 and 373.

50
e, 1, F3C
™ - Ty NN
(:\\‘ K/\\’I "80 Me : Q!m: D . ,/[ Nloc + < I . \ij\iﬂoc
TRY \ 87N

i H
i

FhGZS Ph{)zs PhO,S B

(6231 'To a solution of 3-(2-(methylsulfonyl)-5-(trifluoromethylpyrimidin-4-yl)-1-
(phenylsulfonyh)-1H-indole (160 mg, 0.331 mmol) in dry THF (3 mL) ander nitrogen, were
added frans-racemic ferf-butyl 3-amino-4-methylpiperidine-1-carboxylate (prepared following
CN103664743A) (78 mg, 0.364 mmol) and DIPEA (0.175 mL, 1 mmol}. The reaction mixture
was stirred at RT for 16 b, then diluted with EtOAc, washed with brine, dried over NasS5QOy,
filtered, and concentrated under reduced pressure. The residue was purified by reverse phase
chroroatography (C18, MeCN i aq.10 mM armroonium formate, pH 3.8, 30 to 100% gradient) to
afford the title compounds (124 mg, 0.201 mmol, 61% yield) as a thick colourless oil. The
mixture of enantiomers was separated by SFC: ChiralPak 1A, 10 x 250 vnm 5 um, 15% IPA, 10
mi/min, 150 bar. Peak 1 {(A) (Rr = 11.67 min): white solid, 50 mg; Peak 2 (B) (R¢ = 14.04 min}:
white solid, 50 mg; stereochemistry for A and B tentatively assigned.

16241 Example 98. Synthesis of (B)-3-(2-(8-azaspiro|3.51nonan-7-ylaming)-5-
(triflusromethyDpyrimidin-4-yl)-1H-indele-6-carbenitrile (A; Compound 377) and (5)-3-
(2~(5-azaspirve[3.5nonan-7-ylamino)-5-(irifluoromethyDpyrimidin-4-yh-1 H-indole-6-
carbonitrile (8; Compound 378).

16281 Step 1. S-tosyl-5-azaspivo{3.5 nonan-7-one

-—NTs RUC‘S, Na!O4 NTs
< =X
ﬁ CCl/MeCN/water

{626] Sodiom pertodate (735 mg, 3.44 mmol) and ruthenivm(1l) chloride (10.4 mg, 0.05

mmol) were added to the solution of 7-methylene-5-tosyl-5-azaspiro[3.5 [nonane (prepared as in

J. Org. Chem. 2003, 68(11), 4286) (247 mg. 0.856 mmol) in CCl; (2 mb), acetonitrile (2 ml),
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and water (3 mL). After being stirred at room temperatare for 1.5 h, the reaction mixture was

diduted with water {10 mL), extracted with CHoCl, (20 ml x 4), dried over sodium sulfate,

filtered, and concentrated. The crude ketone was purified by 510, column chromatography

(hexanes tn BtOAc, 0 to 100% gradient) to provide the title compound (175 mg, (.596 mmol,
70% vield) as a white semi-solid.

(627} Step 20 (R)-2-methyl-N-{{5)-5-tosyi-5-azaspiro[ 3.5 [nonan-7-yi )propane-2-sulfinamide

and (R j-2-methyl-N-({R)-5-tosyl-5-azaspiro{ 3.5 [nonan-7-yl jpropane-2-sulfinamide

o z )

i o iy = «_}
/LL\. Il )] T!\O[Pf)4, THS S-"O . S":O
’: NT@

-~ 8, —_— .
N,

2) NaBH,, MeOH N Y
H,N“'kﬂ/ 3 HN ’< )

0=3 0’/’3
_.)—— ;x,_.

[628] (R)-(+)-2-Methylpropane-2-sulfinamide (80 mg, 0.66 mmol) and titanium{iV}
isopropoxide (0.353 ml, 1.2 mmel) were added to a stirring solution of 5-tosyl-5-
azaspiro{3.5|nonan-7-one (175 mg, 0.596 mmol} in THF (5 mL) at room temperature. The
reaction mixture was heated at 70 °C for 3 h. EtOAc (20 mL) and sat. aq. solution of NH,C1 (5
ml) were added. The mixture was {iltered through Celite. Organic layer was separated, washed
with sat. NH4Cl and brine, dried over Na;SQy, filtered, and concentrated under reduced pressure.
The residue was dissolved in MeOH (5 mL) and NaBH, (45 mg, 1.2 mmol) was then added
portion wise. Reaction mixture was stirred at RT for 5 h. The reaction was guenched with sat. aq.
solution of NaHCQs5, organic phase was separated, washed with brine, dried over NaxSQOu,
filtered, and concentrated under reduced pressure. The residue was purified by Si(); column
chromatography (EtOAc 10 DCM/hexanes (1:1), 0 to 100% gradient) to provide the mixture of
diastereomers {100 mg, 0.25 mmol, 42% yield) as a white foam.

16281 Step 3. S-tosyl-5-azaspirof 3.5 [nonan-7-amine hydrochioride

~—§NTg 40 HOI HCE ~-NTs
HN-— — . HZN{)Q
0=8§ MeOH
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[636] To a solution of (R)-2-methyl-N-(3-tosyl-5-azaspiro[ 3.5 nonan-7-yUpropane-2-
sulfinamide (100 mg, .25 mmol) in anhydrous MeOH (1.5 mL), was added HC1 (4 M in

dioxane, 1.5 mL, 6 mmol). After stirring at RT for 10 min, reaction mixture was concentrated

under reduced pressure. Crude product {(white foam) used in the next step without further

purification.

[631) Step 4: I-(phenyisulfonyi}-3-(2-((5-t0syl-5-azaspiro{ 3.5 [nonan-7-yl jamino )-5-

(trifiuoromethvl jpyrimidin-4-vi)-1 H-indole-6-carbonitrile

F:EC\,/‘?:'
HCI NTs DIPEA, THF NGy 1 i ~/
Hz”"‘m """""""""""""""""" - \_s ! NN Nrs
] H
,N’J
PhO,S

1632] The mixture of 3-(Z2-(methylsulfonyD)-3-(trifluoromethyDpyrimidin-4-vi)-1-
{phenylsulfonyl)-1H-indole-6-carbonitrile (140 mg, 0.275 mmol), 5-tosyl-5-azaspiro{3.5]nonan-
7-amine hydrochloride (0.25 mmol), and DIPEA (.131 mL, 0.75 mmol} tn dry THF (2.5 mL)
was stirred at RT for 3 h. Reaction mixture was then diluted with EtQAc, washed with sat.
solution of NaHCO; and brine. OUrgangc phase was dried over Nap5(,, filtered, and concentrated.
The residue was purified by reverse phase chromatography (C18, MeCN in aq.10 mM
ammonium formate, pH 3.8, 0 to 100% gradient) to afford the title compound (70 mg, 0.097
mmol, 39% vield over 2 steps) as a beige solid.

16331 Step 5: (R}-3-(2-(5-azaspiro{ 3.5 nonan-7-viaminoe }-5-(trifiuoromethyl jpyrimidin-4-vi)-
{H-indole-6-carbonitrile (A ) and (8 )-3-(2-(53-azaspiro{ 3.5 [nonan-7-yiamino j-5-

(trifluoromethyvl )pyrimidin—#w! )-1 H-indole-6-carbonitrile (B)

F’C\/A‘M 1) Na, naphthalens RE NN /‘ ~' Fy C\/\N
\< ___BME NQ{“ | NC { i j
/ \‘/\N Mg \_/ ] N{/\ﬁw N f/ .

2y Chirat separation i
P E HN— HN—

PhE}gS

(6341 To l-(phenylsulfonyl)-3-(2-((5-tosyl-5-azaspiro{ 3.5 Jnonan-7-yhamino)-5-
(trifluoromethylypyrimidin-4-yl)-1H-indole-6-carbonitrile (60 mg, 0.083 mmol) in DME (4 mL)
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was added Na/naphthalene [which was prepared by stirring fresh sodium (27 mg. 1.162 mmol)
and naphthalene (160 mg, 1.245 mmol} in DME (1 mL} for 30 min at room temperaturef at —78
“C, and the mixture was stirred for 20 min at this temperature. The reaction was quenched with
sat. aq. NH4Ch and stirred at RT for a while. The aq. layer was extracted with MeTHF (3 x 10
mL). The combined organic phase was washed with brine and dried over Na, 50y, filtered, and
concentrated. The residue was purified by reverse phase chromatography (C18, MeCN 10 ag. 10
mM ammonium formate, pH 3.8, 0 to 100% gradient) to afford the title racemic compound (25
rog, 3.059 mmol, 71% vield) as a pale vellow solid. Enantiomers were separated by chiral semi-
prep SFC: AS 10 x 250 mm, 5 um, Isocratic 35% ACN+E(OH 1:1, 10 mL/min, 100 Bar, 35 °C,
10 min. Peak 1 (A) (Rr = 4.54 min): 7 mg, whitc solid, ee = 99.937%; Peak 2 (B) (Rt =6.39
min}: 8§ mg, white solid, ee = 99.872%; stercochemistry for A and B tentatively assigned.

[635] Example 99. 3-[S-methylsulfanyl-2-{{{38)-3-piperidyl] amino] pyrimidin-4-yi]-1H-
indole-6-carbonitrile (Compound 272).

1636] Step 1: 3-(2-chioro-5-methylsulfanyl-pyrimidin-4-vl)-1H-indole-6-carbonitrile

MeS ~y MeS
i 2
AN o N e /l\Cl
HN
N AICl, DCE,

20-80°C, 16 h

NC NG

To a solution of 2, 4-dichloro-5-methylsulfanyl-pyrinidine (494.00 mg, 2.53 mmol, 1.2 eg) in
DCE (10 mkL) was added dropwise AlCK (422.09 mg, 3.17 mmol, 172.99 ul,, 1.5 eq) at 20 °C.
After addition, the mixture was stirred at 80 °C for 0.5 h, and then 1H-indole-6-carbonitrile (0.3
g, 2.11 mmol, 1 eq) was added. The resulting mixture was stirred at 80 °C for 15.5 h. The
mixture was poured into Sat. NaHCO; (100 mL) and the vellow solid {ormed. The solution was
filtered and collected the cake to afford the title compound (0.3 g, 947.58 umol, 44.90% vield,
95% purity) as a vellow solid.

16371 Step 2: Tert-butyl (35)-3-[{4-(6-cyano-1 H-indol-3-yl}-5-methylsulfanyil-pyrimidin-2-

vijamino] piperidine-1-carboxylate
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NH

DiFA NMP /jj
140°C, 1 h Boc”

A mixture of 3-(2-chloro-5-methylsulfanyl-pyrimidin-4-yi)- 1H-indole-6-carbonitrile (0.2 g

664.97 umol, 1 eq), tert-butyl (3S)-3-aminopipernidine-1-carboxylate (133.18 mg, 664.97 um@i, i
eq), DIEA (429.70 mg, 3.32 mmol, 579.11 ul, 5 eq) in NMP (2ml) was stirred at 140 °C for 1
h. The reaction mixture was poured into water 20 mL, and then extracted with EtOAc (10mL x
3). The combined organic layers were washed with brine (50 mL), dried over Na;5Q4, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (5102, PE/EtOAc=5/1 to 1:1) to afford the title compound (60 mg) as a brown
solid. (Note: Combined with another reaction in 20 mg scale)
[638] Step 3: 3-] S-methylsulfanyl-2-[[(35)-3-piperidyl| amino] pyrimidin-4-yl{-1H-indole-6-

carbonitrile

To a solution of tert-butyl (38}-3-[{4-(6-cyano- 1H-indol-3-y1)-5-methylsulfanyl -pyrimidin-2-yi]
amino] piperidine-1-carboxylate (60 mg, 129.15 umol, 1 eq) in DCM (2 mL) was added TFA
(770.00 mg, 6.75 mmol, 0.5 mL, 52.29 eq). The mixture was stirred at 15 °C for 4 h. The
reaction mixture was concentrated under reduced pressure to give a residue. The residue was
purified by prep-HPLC (FA condition) o afford the title compound (8 mg, 18.90 umol, 14.64%
yield, 97% purity, FA) as a white solid
[639] Example 168, [3-[2-[[(35)-3-piperidyl] amino]-S-(friflucromethyl) pyrimidin-4-
yi}-iH-indol-6-yl}-Pyrrolidin-1-yl-methanone (Compound 278).
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[640) Step I Tert-butyl (35)-3-[{4-[6-{pyrrolidine-1-carbonyl)-1H-indol-3-vi]-5-
(trifluoromethyvl )pyrimidin-2-vl] amino] piperidine-1-carboxylate

Fsr\ E g 36\(‘/—\\(‘?\5

} (/\
! H
NG N"L\ H L
HN h& H
/ ) E HATU, DIEA, DMF,

iZérJ:}Boc"N\//: 0-15°C. 12
HO™Y, LN”

To a solution of carboxylic acid (50 mg, 98.91 umol, 1 eq) in DMF (0.5 mL) was added
pyrrolidine (8.44 mg, 118.70 umol, 9.91 ul., 1.2 eq), HATU (45.13 mg, 118.70 umel, 1.2 eq) and
DIEA (38.35 mg. 296.74 umol, 51.69 ul, 3 eq) at 0 °C. The mixture was stirred at 15 °C for 12

h. The residue was poured into water (20 mL). The agueous phase was extracted with E1OAc
{20 mL x 3). The combined organic phase was washed with brine (10 mL x 2}, dried with
anhydrous NapS04, filtered and concentrated in vacuum. The residue was purified by silica gel
chromatography DCM: MeOH = 100:1-80:1-50:1 to afford the title compound (35 mg) as vellow
solid (Combined purification with another baich with 20 mg scale).

{641} Step 2: [3-{2-[[(38)-3-piperidyl] amino]-5-(irifluoromethyl) pyrimidin-4-yl -1 H-indol-
6-yt]-Pyrrolidin-1-vi-methanon

HCVEA
e E it

10°C, 0.5 h

A solution of tert-butyl (35)-3-[{4-[6-(pyrrolidine-1-carbonyl}- I H-indol-3-y1}-5-(trifluoromethyl)
pyrimidin-2-yl] amino] piperidine-1-carboxylate (30 mg, 53.71 umol, 1 eq) in HCVEtOAc (3
mL) was stirred at 10 °C for 0.5 h. The mixtore was concentrated in vacuum. The residue was
purified by prep-HPLC (neutral condition) to afford the title compound (7.03 mg, 15.33umol,

28.55% vield, 100 % purity) as white solid.
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[642] Example 101, (35)-3-methoxypyrrolidin-i-yi]-[3-12-[{(35)-3-piperidyl] amineo]-5-
(trifiuoromethyl) pyrimidin-4-yi]- 1H-indol-6-ylimethanone (Compound 280) and {(3R)-3-
methoxypyrrelidin-1-yi}-[3-[2-[{(35)-3-piperidyl] amino}-5-(triflusremethyl} pyrimidin-4-
yi}-iH-indol-6-yllmethanone (Compound 281),

16431 Step 1: tert-butyl(35)-3-{[4-]6-(3-methoxypyrrolidine-1-carbonyl - 1 H-indol-3-yi]-5-

(trifluoromethyl )pyrimidin-2-yi]amino]piperidine-1-carboxylate

E \j“ /r\w m
~ P ~/ Ve P
HN\\j NTTTNH MeC . Hi : N7 NH
,l/> r HATU, DIEA, DVF, @ /R
N_¥ N 0-15°0, 12 ¢ :
Boc ' ! A\ Boc."N\,/[
HO [N
0 A ¢!
Me

To a solution of 3-[2-[[(35)-1-tert-butoxycarbonyl-3-piperidyl} amino]-5-
(triftaoromethylpyrimidin-4-vl}- 1H-indole-6-carboxylic acid {0.16 g, 316.53 amol, 1 eqg) in
DMF (2 mL) was added DIEA (122.73 mg. 949.58 umol, 165.40 ul, 3 eq), HATU (144.42 mg,
379.83 amol, 1.2 eq) and 3-methoxypyrrolidine (56.62 mg, 411.48 umol, 1.3 eq, HCH at 6 °C.
The mixture was stirred at 15 °C for 12 h. The residue was poured into water (20 mL). The
agueous phase was extracted with EtOAc (20 mEx3). The combined organic phase was washed
with brine (30 mbLx2), dried with anhydrous NaySOy, filtered and concentrated in vacuum. The
restdue was purified by prep-HPLC (TFA). The residue was adjusted to pH = 9 with sat.
NaHCO; and extracted with EtOAc (30 mLx3). The combined organic phase was dried with
anhydrous NapSQy, filtered and concentrated in vacuum to afford the title compound (30 mg,
95% purity) as vellow solid.

1644] Step 2: [(35)-3-methoxypvrrolidin-1-yi]-[53-{2-{[(38)-3-piperidyl] aminoj-5-
(trifluoromethvi) pyrimidin-4-yl]-1H-indoi-6-yl[methanone & [{3R)-3-methoxypyrrolidin-1-ylf-

{3-12-[[(38)-3-piperidyl] amino]-5-(Ctriftuoromethyl) pyrimidin-4-yl]-1H-indoi-6-y{ Jmethanone

b2
2
~
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A soluation of tert-butyl (35)-3-[{4-{6-(3-methoxypyrrolidine-T-carbonyl}- 1 H-indol-3-y1}-5-
(triftaoromethyl) pyrimidin-2-yl} amino] piperidine-1-carboxylate (20 mg, 33.98 umol, 1 eg} in
HCVEWOAC (5 mL) was stirred at 15 °C for 1 h. The residue was concentrated in vacuwm. The
residue was separated by SFC (column: AD (250mm*30mm, 5um}; mobile phase:

(0. 19 NH:H,0 IPAY; B%: 45%-45%, roin) afford the title compound 1 (5.64 mg, 10.73 umol,
31.57% yield, 92.9% purity, temporarily assigned) as white solid and the title compound 2 (7.07
mg, 13.82 umol, 40.68% yield, 95.5% purity, temporarily assigned)) as white solid.

[645] Example 102. (4d-hydroxy-4-methyl-1-piperidyl)- [3-[2-[1(35)-3-piperidyl] amino}-3-
{iriflueromethyl) pyrimidin-4-yi]-1H-indol-6-yl] methanone (Compound 282).

16461 Step 1. Tert-butyl (35)-3-[{4-[6-{4-hydroxy-4-methyl-piperidine- I -carbonyl)- 1 H-indol3-
vij-S-(triftuoromethyl) pvrimidin-2-ylj amino] piperidine-I-carboxylate

FaC S

i ™,
N 2 N%“NH \/C N
AN /1 HO J

O N\j HATU, DIEA, DMF
Boc” D15°C, 3h -\
o, O

To a solution of 3-[2-[[{35)-1-tert-butoxycarbonyl-3-piperidyl] amino|-5-(irifluoromethyl)

pyrimidin-4-yl}-1H-indole-6-carboxylic acid (80 mg, 158.26 umol, 1 cq) in DMF (2 mL) was
added HATU (72.21 mg, 189.92 umol, 1.2 eq) and DIEA (40.91 mg, 316.53 umol, 55.13 ul., 2
eq) at 0 °C. Then 4-methylpiperidin-4-ol (21.87 mg, 189.92 umol, 1.2 eq) was added to the
mixture. The mixture was stisred at 15 °C for 3 h. The residue was poured into water (20 mlL.).
The aqueous phase was extracted with ethyl acetate (20 mL x 3). The combined organic phase
was washed with brine (20 mL x 2), dried with anhydrous NaySQy, filtered and concentrated in

vacuum. The residue was purified by silica gel chromatography DCM: MeOH = 100:2-100:3-
238
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100:4 to afford the ttle compound as vellow solid (Combined purification with another 20 mg
scale batch).
1647] Step 2. (4-hydroxy-d-methyl-1-piperidvl)- [ 3-{2-[{(38)-3-piperidyl] amino]-5-
{(trifluoromethyl) pyrimidin-4-vlj-1H-indol-6-vi] methanone

FiC

i Y
H\‘\;%I\L’\N __HoiEA HN/\T\N *NH
&
O #5/ D c \_/
HO &
A solution of tert-butyl (3S)-3-[[4-[6-(4-hydroxy-4-methyl-piperidine- I-carbonyl) -1 H-indol-3-
yi]-5-(trifluoromethyl) pyrimidin-2-yl} amino] piperidine-1-carboxylate (0.04 g, 66.37 umol, 1
eq) in HCI/EtOAc (10 mL) was stirred at 15 °C for 1 h. The residue was purified by prep-HPLC
(FA) to afford the title compound (12.86 mg, 23.44 umol, 35.32% yield, 100% purity, FA) as
white solid.
1648] Example 103, [Intentionally Omitted]
{649] Example 184, 4-[6-]1-(difluoromethyl} pyrazol-3-yij-1H-indol-3-yH-N-{(35)-3-
piperidyl}-5-(trifluoromethyl) pyrimidin-2-amine (Compound 289).
[650) Step I I-(difluoromethvl}-3-(4,4,5, 5-tetrametfivi-1,3,2-dioxaborolan-2-yl jpvrazole

o
FW/J\Q/\\ e /
- i)
L S
=/ ’\‘“ K,CO, DMF = 0%
60°C, 16 h

To a solution of 3-(4,4.5,5-tetramethyl- 1,3,2-dioxaborolan-2-yl}- 1H-pyrazole (0.5 g, 2.58 mmol,
I eqg) in DMF (5 ml) was added ethyl 2-chloro-2,2-difluoro-acetate (490.20 mg, 3.09 mmol,
392.16 ul, 1.2 eq) and KbCO (712.26 mg, 5.15 mmol, 2 eq). The mixture was stirred at 60 °C for
16 h. The reaction roixture was poured into HoO 10 wl., and extracted with BE1OAc (10 mb x 3}.
The combined organic layers were washed with brine (10 mL x 2}, dried over NaySOy, filtered

and concentrated under reduced pressure to afford the title compound (0.3 g, crude) as yellow
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solid, which was used into the next step without further punification. The structure was
confirmed by 'H NMR and HOSEY.
16511 Step 2. Tert-butyl (35)-3-[{4-[6-] I-(difluoromethyi) pyrazol-3-yi]-1H-indol-3-yi]-5-

{(trifluoromethyl) pyrimidin-2-yl] aminoe] piperidine-1-carboxylate

y

PA(PPha),, Na,COs, H0,
DMF, 130°C, 12 h

To a solution of tert-butyl (35)-3-{{4-[1-(benzenesulfonyl)-6-bromo-indol-3-yl} -3-
(trifluoromethyDpyrimidin-2-yHamino]piperidine- I-carboxylate (0.2 g, 293.89 umol, 1 eq) in
DMF (1 mL) and HO (0.1 mL) was added 1-(diflucromethyl}-3-(4,4,5,5- tetramethyl-1,3,2-
dioxaborolan-2-vhpyrazole (143.44 mg, 587.77 umol, 2 eq), Pd{PPh3)4 (101.88 mg, 88.17 umol,
(.3 eq) and Nay,CO; (62.30 mg, 587.77 umol, 2 eq). The mixture was stirred under Nj at 130 °C
for 12 h. The mixture was poured into HyO (10 mL), extracted with EtOAc (30 mL x 3). The
combined organic layers were washed with brine (20 ml. x 2), dried over NaySOy, filtered and
concentrated under reduced pressure to give the crude product. The residue was purified by
column chromatography (510,, PE/EtOAc = 10:1) to afford the title compound (0.1 g, crude) as
yellow solid.
(632} Step 3: 4-[6-[1-(difluoromethyl} pyrazol-3-yi]-1H-indol-3-y{]-N-{(38}-3-piperidvi]-5-
(trifluoromethvi) pyrimidin-2-amine

FaC = SN Fgc\(&N

| l
HNKY N"J\NH &L\

~ AN
- HN 27 TN NH
O i/L\' TFA, DCM 6 KL
Bca-::"N\«/ 15°C, 1 h \, HN.
N= N
N NS
FoHC FoHC

To a solution of tert-butyl (35)-3-{{4-[6-[1-(diflnoromethyl) pyrazol-3-yi}-1H-indol-3-y1}-5-
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(trifluoromethyl) pyrimidin-2-vl] amino] piperidine- I-carboxylate (0.1 g, 173.15 vinol, 1 eg) in
DCM (1 mL) was added TFA (592.31 mg, 5.19 mmol, 384.62 ul., 30.60 eq). The mixture was
stirred at 15 °C for 1 h. The reaction mixture was concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC (FA condition) to afford the title compound (7.9
mg, 15.09 umol, 8.72% yicld, 100% purity, FA) as white solid.

16531 Example 105, 4-[6-]1-(difluoromethyl) pyrazol-4-yl}-1H-indeol-3-y1}-N-[(35)-3-
piperidyl}-5-(frifluoromethyl) pyrimidin-2-amine (Compound 29{).

(6541 Step 1. I-(difluoromethyl)-4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-vljpyrazole

Ses 0 N

) = ' O/\\ q%/{i}
[T Cl ¢
B Joo- ==
Hi\ii ) K,COs, DMF N‘N/
PN 60°C, 16 h FoHC

To a solution of 4-{4, 4, 5, 5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (0.5 g, 2.58
mmel, 1 eq) in DMF (6 mb) was added K CO; (712.26 mg, 5.15 morool, 2 eq) and ethyl 2-chloro-
2,2-difluoro-acetate (490.21 mg, 3.09 mmol, 392.16 ul., 1.2 eq). The mixture was stirred at 60
“C for 16 h. The reaction mixture was poured into HyO 10 mL., and extracted with EtOAc (10
mbx3). The combined organic layers were washed with brine (10 mLx2), dried over NayS(Oy,
filtered and concentrated under reduced pressure to afford the title compound (0.4 g, crude) as
yeliow oil, which was used into the next step without further purification.

16551 Step 20 Tert-butyl (38)-3-{{4-{6-] I-(difluoromethyl} pyrazol-4-yij- 1 H-indol-3-y{]-5-

{(triftuoromethyi) pyrimidin-2-y{] amino] piperidine-1-carboxylate

Fa
3 l \E}E
PhOys-N ) N i Faliray
/ g LA
{7 - (s A P
;?\J»« b Soct) SN TN
N /O o S
Er /l r\ !
'/ > 3 Bac“N
Mo PA(PPh,)4, Na,COs, M0, /
FoHCT T DMF, 130 °C, 12 h >
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(trifluoromethyDpyrimidin-2-yHamino]piperidine- I-carboxylate (0.2 g, 293.89 umol, 1 eq) in
DMF (1 mL) and HO (8.1 mL) was added 1-(difluoromethyl}-4-(4.4,5,5-tetramethyl -1,3,2-
dioxaborolan-2-yhpyrazole (143.45 mg, 587.78 umol, 2 eq), Pd(PPh3)4 (101.88 mg, 88.17 umol,
3.3 eq) and NayCO; (62.30 mg, 587.78 umol, 2 eq). The mixture was stirred under Ny at 130 °C
for 12 h. The mixture was poured into H,O 10 mL, extracted with EtOAc (30 mLx3). The
combined organic layers were washed with brine (20 mLx2), dried over NapSQy, filtered and
concentrated under reduced pressure to give the crude product. The residue was purified by
column chromatography (510,, PE/E1OAc=10:1) to afford the ttle compound (0.1 g, crude) as
yellow solid.
[656] Step 3: 4-{6-[ 1-{diftuoromethyl} pyrazol-4-vl]-1H-indol-3-yl]-N-{( 38 }-3-piperidyl]-5-
(triflucromethvi) pyrimidin-2-amine
Fgc\ﬁ/«%N
i_iM/%r"ﬁ‘N{;i\Ni-l

= (S™N
UL TFA T, 1h
w ; T,
BOC"\E\// e -l

l’—=‘=’
Y
N~
F,HC N

To a solution of tert-butyl (35)-3-{{4-[6-{1-(difluoromethyl) pyrazol-4-yi}-1H-indol-3-y1}-5-
(trifluoromethyl) pyrimidin-2-vl] amino] piperidine- I-carboxylate (0.1 g, 173.15 vinol, 1 eg) in
DCM (1 mL) was added TFA (770.00 mg, 6.75 vomol, 0.5 mL, 39.00 eq). The mixture was
stirred at 15 °C for 1 h. The reaction mixture was concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC (HCI condition) to afford the title compound
(19.4 mg, 37.75 umel, 100% purity, HCl} as whitc solid.

16571 Example 106, N-[(35)-3-piperidyi}-4-[6-(1H-pyrazol-3-y)-1H-indol-3-yi]-5-
(trifluoromethyl) pyrimidin-2-amine (Compound 291).

16581 Step 1! trimethyi-{2-[[5-(4.4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl)pyrazol-1-

vijmethoxvjethvi]silane
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AL0°C, 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazole (0.3 g, 1.55 mmol, 1 eq)

was added to NaH (123.68 mg, 3.09 mmol, 60% purity, 2 eq) in THF (15 mL). After stirring at
15 °C for 30 min, the mixture was cooled to 0 °C and 2-(chloromethoxyjethyl-trimethyl-silane
{515.53 mg, 3.09 mmol, 547.27 ul, 2 eq) was added. The mixture was stirred at 15 °C for 12 h.
The reaction mixture was quenched by addition HoO 20 mL, and then extracted with EtOAc (20
mix3}. The combined organic layers were washed with brine (20 mLx2), dried over Na,SOy,
filtered and concenirated under reduced pressure to afford the title compound (0.3 g, crude) as
yellow oil, which was used for the next step without further purification.

1658] Step 2. Tert-butyl (35)-3-[{ 5-(trifluoromethvl)-4-{6-[2-(2-

trimethyisilylethoxymethyljpyrazol-3- yij-1H-indol-3-yljpyrimidin-2-vl]amino [piperidine-] -

7.
carboxylate
Fal SN
~ '
PROS-N ] N A FiCu
- 5N f
Q; ¥ Boen SN N
SEM ] -
-N o\/ B ) (S)
N 4R > :

e B | \ L
N e

To a solution of tert-butyl (35)-3-{{4-[ 1-(benzenesullonyl)-6-bromo-indol-3-yl}-3-
(triftuoromethylipyrimidin-2-vljamino]piperidine- 1-carboxylate {150 mg, 220.41 umol, 1 eg) in
DMF (1 mL) and HO (0.1 mL) was added triroethyl-[2-[{5-(4,4,5,5-tetramethyl- 1,3,2-
dioxaborolan-2-yhpyrazol-1-yljmethoxylethylsilane {142.96 mg, 440.82 umol, 2 eq), Pd(PPha}y
(76.41 mg, 66.12 amol, 0.3 eq) and Na,COs (46.72 mg, 440.82 umol, 2 eq). The mixture was
stivred under Ny at 130 °C for 12 h. The mixtare was poured into HoO 10 ml, extracted with
EtOAc (30 mLx3). The combined organic layers were washed with brine (20 mbx2). dried over
Nay5Qy, filtered and concentrated under reduced pressure to give the crude product. The residue

was purified by column chromatography (510,, PE/EtOAc=10:1} to afford the title compound
243
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(0.1 g, crude) as yellow solid. (The reaction was combined with another reaction in 50 mg scale
for purification).
[660] Step 3: N-{(35)-3-piperidvl]-4-{6-(1H-pyrazol-3-yl)-1 H-indol-3-vl]-5-

{(trifluoromethyl) pyrimidin-2-amine

O
}"éu\ﬁ/’%N
MN'J\NH
HN i
H,80,, dioxane = ) @
Dt .
40°C, 3 h p "/ riN
F‘\’/
HN-

To a solution of tert-butyl (35)-3-{{5-(trifluoromethyl}-4-{6-[ 2-2-trimethylsilylethoxymethyl)
pyrazol-3-yij-1H-indol-3-yl} pyrimidin-2-yl] amino] piperidine-1-carboxylate (80 mg, 121.62
umol, 1 eq) in dioxane (0.5 mL) was added HoSO4 (119.28 mg, 1.22 mmol, 64.83 al, 10 eq).
The mixture was stirred at 40 °C for 3 h. The mixture was concentrated under reduced pressure
o remove dioxane. The residue was diluted with ACN 1 mL. Then K,COs; (0.2 g, powder) was
added. The mixture was stirred at 15°C for another 1 h. Then the mixture was poured intc H,O
(10 mL), and extracted with EtOAc (10 mix2), the combined organic layers were washed with
brine (10 mLx2}, dried over Na;50,, filtered and concentrated under reduced pressure to give a
residue. The residue was purified by prep-HPLC (HCI condition) to afford the title compound
(18.8 mg, HCH salt, 99% purity) as a white solid.

(6611 Example 107. GR)-1-[3-[2-[[(35)-3-piperidyl] amino}-5-(trifluoremethyl} pyrimidin-
4-vi}-1H-indole -6-carbonyl] pyrrolidine-3-carbonitrile (Compound 292},

16621 Step 1: Tert-butyl (35})-3-1{4-{6-[{3R}-3-cyanopyrrolidine-1-carbonyl]-I1H-indol-3-yl]-5-

(trifluoromethyi) pyrimidin-2-vi] amino] piperidine-1-carboxylate
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A mixture of 3-[2-[[{35)-1-tert-butoxycarbonyl-3-piperidyl] amino{-5-(trifluoromethyl)
pyrimidin-4-yl}-1H-indole-6-carboxylicacid (0.06 g, 118.70 wmol. 1 eq), (3R)-pyrrolidine-3-
carbonitrile (18.89 mg, 142.44 umol, 1.2 eq, HCI), HATU (45.13 mg, 118.70 umol, 1 eq), DIEA
(46.02 mg, 356.09 umol, 62.02 uL, 3 eq) in DMF (1 mL} was stirred at 20°C for 2 h. The
reaction mixture was poured into water 10 mL. The solid was {ormed and filtered to collect the
cake to afford the title compound (50 mg, crude) as a yellow solid, which was used for next step
directly.

16631 Step 2: (3R)-1-[3-[2-{[(35)-3-piperidyl] amino[-5-(trifluoromethyil) pyrimidin-4-yi]-1H-

indole -6-carbonyl] pyrrolidine-3-carbonitrile

c\(/’Q\\N \N
!
HN\/\T/& ,,-l\ HCVEA, 20°C, 05k H /“\:\('\N&k "
. /A
3 / /i‘li J -, Y — HN\/
N Boc” I 7 -
L_/N 0 A v
\EC\ NC

A moixture of tert-butyl (35)-3-[{4-[6-[(3R)-3-cyanopyrrolidine-1-carbonyl] - 1H-indol-3-y1} -5-
(triftaoromethyl) pyrimidin-2-yt} amino] piperidine-1-carboxylate (0.05 g, 85.67 umol, 1 eqg) in
HCI/EIQAc (4 M, 642.56 ul., 30 eq) was stirred at 20 °C for 0.5 h. It was concentrated. The
residue was purified by prep-HPLC (FA condition) to afford the title compound (10 mg, 18.70
umol, 99% purity, FA) as an off-white solid.

[664] Example 108, (35)-1-13-12-[[(35)-3-piperidyl] amino]-5-(trifluoromethyl) pyrimidin-
4-vi]-1H-indole -6-carbonyl] pyrrolidine-3-carbonitrile (Compound 293).

[668] Step 1. Tert-butyl (38)-3-[[4-[6-{(35)-3-cyanopvrrolidine-1-carbonyl]-1H-indol-3-yl]-5-

(trifluoromethvi) pyrimidin-2-yl] amino] piperidine-1-carboxylate
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A mixtare of 3-[2-[[(35)- I-tert-butoxyearbonyl-3-piperidyl} amino}-S-(trifluoromethyl}
pyrimidin-4-ylj- 1 H-indole-6-carboxylicacid (0.06 g, 118.70 umol, 1 eq), (35)-pyrrolidine-3-
carbonitrile (18.89 myg, 142.44 wmol, 1.2 eq, HCI), HATU (45.13 mg, 118.70 umol, 1 eg), BIEA
(46.02 mg, 356.09 umol, 62.02 oL, 3 eq) in DMF (I mL) was stirred at 20°C for 2 h. The
reaction mixture was poured into water 10 ml.. The solid was formed and filtered to collect the
cake to afford the title compound (60 mg, crude) as a yellow solid, which was used for next step
directly.

1666] Step 2: (38)-1-13-{2-[[(38)-3-piperidyl] amino]-5-(trifluoromethyl} pyrimidin-4-y{j-1 H-

indole -6-carbonyl] pyrrolidine-3-carbonitrile

F-C.
= HOYEA, 20 °C. { ./\i/L\ (2
NS HC/EA, 20°C, 0.5 Hh}:?’ N g
) NS
N 2 Boa "~ N ~
/o -/ 0
A~/ 0 NC

A mixture of tert-butyl (35)-3-{{4-[6-[(35)-3-cyanopyrrolidine- 1-carbonyl} -1H-indol-3-yli] -5-
(trifluoromethyl) pyrimidin-2-vl] amino] piperidine-1-carboxylate (0.06 g, 102.81 umol, 1 eq) in
HCVEIOAC (4 M, 771.07 ul,, 30 eq) was stirred at 20°C for (.5h. It was concentrated. The
residue was purified by prep-HBPLC (FA condition) to afford the title compound (8.2 mg, 15.49
umol, H0% purity, FA) as off-white solid.

(6671 Example 109, 3-[5-chlore-2-[1(35)-3-piperidyl] amine] pyrimidin-4-yi] -7-
methyisulfonyl -1H-indole -6-carbenitrile (Compound 294).

[668) Step I 3-[5-cliloro-2-[[(35)-3-piperidyl] amino] pyrimidin-4-yl] -7-methyisulfonyl -1H-

indole -6-carbonirrile
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To a solution of tert-butyl (35)-3-[[5-chloro-4-[6-cyane-7-methylsulfonyl-1- (2-
trimethylisilylethoxymethyl) indol-3-yl] pyrimidin-2-yl} amino] piperidine-1-carboxylate (0.1 g,
151.22 umol, 1 eq) in dioxane (1 mL) was added H,SO4 (14831 mg, 1.51 mumol, 80.61 ul,, 10
eq). The mixture was stirred at 40 °C for 3 h. The reaction mixture was concentrated under
reduced pressure to remove dioxane. The residue was diluted with ACN 2 mL. Then KoCO, (0.2
g, powder) was added. The mixture was stirred at 15 °C {or another 1 h. Then the mixture was
poured into HyO (10 mbL), and extracted with EtOAc (10 mLx2), the combined organic layers
were washed with brine (10 mLx2), dried over Na;SQy, filiered and concentrated ander reduced
pressure to give the crude product. The residue was purified by prep-HPLC (HCI condition) to
afford the title compound (23 mg, 47.49 umol, 31.40% vield, 96.5% purity romol, 98.79% yield)
{HCI) as yellow solid.

[669] Example 110, [(3R}-3-hydroxy-3-(iriflucremethyl) pyrrolidin-1-yl}-[3-[2-{[(35}-3-
piperidyllamino}-S-(irifluoromethyl) pyrimidin-4-yl}-1 Hindol-6-yl] methanone (Compound
299) and [(35)-3-hydroxy-3-(triflueromethylpyrrolidin-1-yi}-[3-[2-[[(35)-3-
piperidyljamine|-3-(trilluoromethyDpyrimidin-4-yl}- 1 Hindol-6-yljmethanone (Compound
364).

16701 Step 1. Tert-butyl{38)-3-[[4-{6-[ (3R }-3-hydroxy-3-(trifluoromethyl jpyrrolidine-1 -
carbonyl]-1H-indol-3-y1]-5-(trifluoromethyljpvrimidin-2-yljaminofpiperidine- 1 -carboxylatec
(compound 1} & Tert-butyvi(35)-3-[[{E)-N'-[{E)-3,3,3-trifluoro-1-[6-[{35)-3-hydroxy-3
(triflucromethivi) pyrrolidine-1-carbonyl{-1H-indol-3-vl] prop-1-enylj

carbamimidoyl]aminopiperidine-1-carboxylat{compound 2 )

2o
=
~d
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To a solution of 3-[2-[[{3S}-1-tert-butoxycarbonyl-3-piperidyljamino]-5-
{triftuoromethyljpyrimidin-4-vyi}-1H-indole-6-carboxylic acid (0.2 g, 395.66 umol, 1 eq) and 3-
(triftaoromethylpyrrolidin-3-ol (98.54 mg, 514.35 umol, 1.3 eq, HCY) in DMFE(S ml) was added
HATU (180.53 mg, 474.79 umol, 1.2 eq) and DIEA (153.40 mg, 1.19 mmol, 206.74 ul, 3 eq) at
0°C. The mixture was stitred at 153°C for 12 h. The residoe was poured 1nto water (30 mL). The
aqueous phase was extracted with EtOAc (30 mLx3). The combined organic phase was washed
with brine (30 mLx2), dried with anhydrous NapSQy, filtered and concentrated 1n vacuum. The
restdue was purified by prep-HPLC (TFA). The agueous phase was adjusted pH to 9 with sat.
NaHCO; and extracted with EtOAc (30 mLx3). The combined organic phase was dried with
anhydrous Na:S0s, filtered and concentrated in vacoum to give .1 g prodaoct. Then the residue
was separated by (SFC (column: AD(250mm*30mm.5um); mobile phase: [0.1%NH;H,O
ETOH|B%:35%-35%,min) to afford the title compound 1 as (30 mg, 46.69 umol, 11.80% yield,
peak 1:RT=2.48 min, 30 mg) as white solid and the title compound 2 (35 mg, 55.33 umol,
13.98% vield, peak 2, RT=2.78 min, 35 mg) as white solid (The reaction was combined with
another reaction in 20 mg scale for purification}.

1678} Step 20 [(3R)-3-hydroxy-3-(triflucromethyl) pyrrolidin-1-yl]-{3-{2-[[(35)-3-

piperidyl]amino {-5-(trifluoromethyi) pyrimidin-4-ylj-i Hindol-6-yl] methanone

Pl FC
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A moixture of tert-butyl (35)-3-[{4-]6-[(3R)-3-hydroxy-3-(trifluoromethyl) pyrrolidine-1-

carbonyl]-1H-indol-3-yi}-5-(triflucromethyl} pyrimidin-2-yl] amino} piperidine-i-carboxylate
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(30 mg, 46.69 umol. 1 eq) in HCVELOAC (0.5 mL) was stivred at 15 °C for 0.5 b. The mixture
was concentrated in vacuum. The residue was purified by prep-HPLC (FA) to afford the title
compound {11.1 mg, 18.86 umol, 40.40% yicld, 100% purity, FA, temporarily assigned
structure)} as white sohid.

[672] Step 3: {(35)-3-hyvdroxy-3-(trifluoromethvljpyrrolidin-1-vlj-{ 3-{2-{ [{35)-3-
piperidvl]amino[-5-(trifluoromethyljpyrimidin-4-yl]-1 Hindol-6-ylJmethanoine
F’f(”\!,f/m,d F3‘\r/§

HN S I rn\\/\/\i\s"”\
KE HCUEA, 1t JR!« %
\§ N }J ’
Ny

% Boc™ N/
\Y

?

F«c )\;

A mixture of tert-butyl (35)-3-{{4-[6-[(35)-3-hydroxy-3-(trifluoromethyl) pyrrolidine-1-

F3&_,:&;\/ O

carbonyl]-1H-indol-3-y1}-5-(trifluoromethyl) pynimidin-2-yl] amino} piperidine-i-carboxylate
{30 mg, 46.69 umol, 1 eq) in HCVEtOAc (0.5 mL} was stirred at 15 °C for 0.5 h. The mixture
was concentrated in vacuum. The residue was purified by prep-HPLC (FA) to afford the title
compound (15.14 mg, 25.67 umol, 54.98% vyield, 99.77% purity, FA, temporarily assigned
structure) as white solid.

[673] Example 111, 3-[5-(difluoromethoxy)-2-1{(35}-3-piperidyl] amino] pyrimidin-4-yl}-
1H-indole-6-carbonitrile (Compound 341},

1674} Step 1 3-(2-chioro-5-methoxy-pyrimidin-4-yi)-1H-indole-6-carbonitrile

MeO

2 o
Q Ci N/\(,i . HN/;%;\

AlCl;, DCE, 20 to
80°C, 25

A flask was fitted with 2, 4-dichloro-5-methoxy-pyrimidine (3.78 g, 21.10 mmol, 1 eq) in DCE
(15 mL). Then AlCEH (2.81 g, 21.10 mumol, 1.15 mL, 1 eq) was added by portion. Then the
reaction mixture was stirred at 20 °C for 0.5 h. 1H-indole-6-carbonitrile (3 g, 21.10 mmol, 1 eq)
was added. The reaction mixiure continues to react at 80 °C {or 2 h. The reaction mixture was
poured into saturated Na,(CO; solution (200 mL) and some precipitate emerged. The reaction
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mixture was filtered and the cake was collected. The cake was recrystallized from MeOH (15
ml.} The mixture was filiered and the cake was collected to afford two batches of the title
compound. Batch 1 (2.3 g, 81% purity) was obtained as yellow solid. Batch 2 (1.2 g, 66% purity)
was obtained as yellow solid.

16731 Step 2: I-(benzenesulfonyl)-3-(2-chloro-5-hydroxy-pyrimidin-4-yl)indole-6-carbonitrile

MeO ‘AGO\/\N
«)\
Sy PHSOLCH PhOoSmN/\Y/\ N
J SST—— . -
) NaH, DMF, THF, )
N 0°C t0 20 °C, N
15n NG

To a solution of 3-(2-chloro-5-methoxy-pyrimidin-4-yl}-1H-indole-6-carbonitrile (1.3 g, 4.57
mmol, 1 eq) in DMF (27 mL) and THF (3 mL) was added NaH (200.89 mg. 5.02 mmol, 60%
purity, 1.1 eq) at O °C. Then the reaction mixture was stirred at 0 °C {or 30 min before
benzenesuifonyl chloride (887.13 mg. 5.02 mmol, 642.85 ul, 1.1 eq) was added. After that the
reaction mixture was stirred at 20 °C for 1 h. The reaction mixtore was poured into H20 (30 mL)
and large amount of precipitate emerged. The reaction mixture was filtered and the cake was
washed by MeOH (8 ml.). The cake was collected and dried under vacuur to alford the tile
compound (1.3 g, 2.81 mmol, 61.532% yield, 91.8% purity) as grey solid.

[676] Step 3: 1-{(benzenesulfonyl)-3-(2-chloro-5-hydroxy-pyrimidin-4-vl jindole-6-

HO i Sy
o
Cl Blrg, DCE PhD,S~N NT O

R
0°Ct80° 4n

carbonitrile

PhO,3~N

A flask was fitted with 1-(benzenesulfonyl}-3-(2-chloro-5-methoxy-pyrimidin-4-ylj indole-6-
carbonitrile (100 mg, 235.37 umol, 1 eq) and DCE (10 mL). At 0 °C, BBr; (589.66 mg, 2.35
mmol, 226.79 ul, 10 eq) was added. Then the reaction mixture was heated to 80 °C and reacted
for 4 h. The reaction mixture was poured into HO (30 mL) and DCM (50 mEx2) was used to
extract the product. The organic layer was washed by brine (40 mL), dried over Na,SOy, filtered
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and evaporated to afford the title compound (250 mg, 480.73 umol, 68.08% vield, 79% purity) as
brown solid.

1677} Step 4 {1-(benzenesulfonyl)-3-{2-chloro-5-(difluoromethoxypyrimidin-4-yl jindole-6-

carbonitrile
HO ! oy FgHCO\ﬁ/Q.!,?i
s « SN
PRO, SN =y N7 TGl CF,BrCONa Pro,s-n” Y NG
== B B ==
) DME, 100 °C, 4 h W
NG NC

A solution of 1-(benzenesulfonyl)-3-(2-chloro-5-hydroxy-pyrimidin-4-yl) indole-6-carbonitrile
(120 mg, 292.09 umol, 1 eq) and sodium chlorodifluoroacetate (44.53 mg, 292.09 umol, 1 eq) in
DMF (8 mL). The mixture was heated to 100 °C and stirred for 4 hr under No. Hy(O (20 mL) was
poured o the mixture and EtOAc (40 mLx3) was used to exiract the product. The organic
extract was washed by brine (30 mL), dried over Na,SOy, filtered and evaporated to afford the
crude product (300 rug). The crude product (200 mg) was purilied by prep-TLL (PE: EtOAc
=1:1) to afford the title compound (90 mg, 42.5% purity) as light brown solid.

[678] Step 5. tert-butyl (35)-3-{ {4-(6-cyano-1 H-indol-3-y1)-5-(diffuoromethoxy )pyrimidin-2-

vijaminofpiperidine-I-carboxylate

N,
FoHCO. A - e
2 J \i FZH(J(JWb‘i
Z i
PhOyS~1 7 N O et HNW\N”’L\NH
2 e
Y NMP, DIPEA, ) [

\:‘—“' 140°C, 1 h \ /’BOC/N

NC NG

A {lask was fitted with 1-(benzencsulfonyl)-3-[2-chlore-5-{diflucromethoxy) pyrimidin-4-
yljindole-6-carbonitrile (50 mg, 108.50 umol, 1 eq), tert-butyl (3S)-3-aminopiperidine-1-
carboxylate (21.73 mg, 108.50 umol, 1 eq) and DIPEA (70.11 mg. 542.49 umol, 94.49 ul, Seq)
in NMP (1 mL). The reaction mixture was heated to 140 °C for 1 h. The reaction mixture was
poured into H,O (20 mL) and EtOAc (35 mL) was used to extract the product. The organic layer
was washed by brine (25 mL), dried over Na;SO,, filtered and evaporated to afford the title

compound {60 mg, crude) as red solid. It will be used directly in next step.
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[679] Step 6: 3-{5-(difluoromethoxyj-2-{[(35)-3-piperidyl] amino] pyrimidin-4-yi]-1H-

indole-6-carbonitrile

FoHCO FoHCO S
Hm/\]/ /k TFA, DCM
305 =P
g c, 1h
\) Bcc’N\’/
NC

A flask was fitted with tert-butyl (35)-3-[[4-(6-cyano- 1H-indol-3-y1}-3-(difluoromethoxy)
pyrimidin-2-yl] amino] piperidine-I-carboxylate (110 mg, 227.04 umol, 1 eq) 1o TFA (0.8 mL)
and DCM (3 mL). The rcaction mixture was stirred at 20 °C for 1 h. The reaction mixture was
evaporated to afford the crude product. The crude product was purified by acidic prep-HPLC to
afford the title compound (2.92 mg, 6.94 umol, 3.06% yield, 100% purity, HCl) as yellow solid.
(6801 Example 112, 1-[3-12-[1(35)-3-piperidyl] amine]-5-(trifluoromethyl) pyrimidin-4-yi}-
1H-indole-6-carbonyl] pyrrolidin-3-one (Compound 362).

[681) Step 1. tert-butyl (35)-3-[[4-[6-(3-oxopyrrolidine-1-carbonyl)-1 H-indol-3-vi]-5-

(trifluoromethyvl )pyrimidin-2-vl]aminopiperidine-1-carboxylate

Falomy, "A‘ H Pl
| 2 /}J I /’l ll\!
N \; N Y . H RNy
N [C Y HATU, DIEA, DMF, J\ i
NS NS oetizh (:\ 4 kr ]
< Boe r/'\N Eoc™ N
HO"'\O Py N

To a solution of 3-[2-[[(35)-1-tert-butoxycarbonyl-3-piperidyljamino]-5-
(trifluoromethyhpyriomdin-4-yij-1H-indole-6-carboxylic acid (0.08 g, 158.26 umol, 1 eq) in
DMF (5 mL) was added HATU (72.21 mg, 189.92 umol, 1.2 eq), DIEA (61.36 mg, 474.79 umol,
32.70 ul., 3 eq) and pyrrolidin-3-one (16.16 mg, 189.92 urnol, 1.2 eq) at §°C. The mixture was
warmed to 20°C and stirred for 12 h. The reaction mixture was guenched by addition water 50
mL and extracted with EtOAc (15 mL x 3). The combined organic layers were washed with
brine (15 ml x 3}, dried over NaxSQy, filtered and concentrated under reduced pressure to give a

residue. The residue was purified by column chromatography (510, DCM: MeOH = 20: D to
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afford the title compound (45 mg) as a white solid. {The reaction was combined with another
reaction 1n 20 mg scale for purification).
[682] Step 2: 1-{3-[2-{[(35)-3-piperidyl] amino]-5-(trifluoromethyl} pyvrimidin-4-ylj-1H-

indole-G-carbonylf pyrrolidin-3-one

oy e
H /\/i\ ,l\ HC/“ HN;:\:\//\N&L\E H
,/2 EtOAc. rt, 2h ,\}/ 2’ ~,
S
,}\ ’<\ O,;;L\x o}

To a solution of tert-butyl (35)-3-{{4-[6-(3-oxopyrrolidine-1-carbonyl}-1 H-indol-3-y1}-5-
(triftuoromethyl) pyrimidin-2-yt} amino] piperidine-1-carboxylate (0.04 g, 69.86 umol, 1 eqg) in
EtOAc (1 mL) was added HCYEtOAc (4 M, 1 mL). The mixture was stirred at 20 °C for 2 h. The
reaction mixture was concentrated under reduced pressure to give a residue. The residue was
purified by prep-HPLC (HCI condition} to afford the title compound (5.88 mg, 10.40 umol,
14.88% yield, 90% purity, HCI) as a yellow solid.

(6831 Example 113, 4-[6-(1-methyipyrazol-3-yi)- 1 H-indol-3-yI]-N-[(38)-3-piperidyi]-5-
(trifiuoromethyl) pyrimidin-2-amine (Compound 343).

(6841 Step 1. I-methyi-3-(4, 4, 5, S-tetramethyi-1, 3, 2-dioxaborolan-2-yl} pyrazole

@ ______ B’O\?é' Met, tBuOK . @-B’O\?Zﬂ
HN\N Y ; L i N 4 ) ;

O~ DMF, 15°C, 3h10min N~y o

To a solution of 3-(4,4.5,5-tetramethyl-1,3,2-dioxaborolan-2-y)- I H-pyrazole (0.5 g, 2.58 mmol,

1 eg)in DMF (5 ml) was added -BuOK (1 M, 5.15 mL, 2 eg)}. The mixture was stirred at 15 °C
for 10 min. Then Mel (1.10 g, 7.73 mmol, 481.25 uL, 3 eg) was added. The resulting mixture

was stirred at 15 °C for another 3 h. The reaction mixture was poured into HyO (10 mL), and
extracted with EtOAc (10 mLx3). The combined organic layers were washed with brine (10
mLx2}, dried over NapSQy, filtered and concentrated under reduced pressure o afford the title
compound (1.3 g, crude) as yellow oil, which was used into the next step without further

purification.
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[685]) Step 2: Tert-buryl (35)-3-{{4-[6-(1-methyipyrazol-3-yl)-1H-indol-3-yI]-5-

(trifluorometiivi) pyrimidin-2-yl] amino] piperidine-1-carboxylate

F3C\Y{"\EN

aho,s-\f\\ﬁ/\ “N"/J\NH

Y 4 BocN
/
o P Br

7 B\ i gl
AN o7 i\ T Pd(PPhjly, Na,COs4, Hy0,
DMF, 130 °C, 12 h

To a solution of tert-butyl (35)-3-{{4-[ 1 -(benzenesulfonyl)-6-bromo-indol-3-yl}-3-
(trifluoromethyl}pyrimidin-2-ylamino]piperidine- 1-carboxylate (0.15 g, 220.41 umol, 1 eg) in
DMF (I mL) and H;O (0.5 mL) was added 1-methyl-3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-ybpyrazole (91.72 mg, 440.83 umol, 2 eq), Na:COsz (70.09 mg, 661.24 umol, 3 eg) and
Pd(PPhs)s (25.47 mg, 22.04 umol, (.1 eg). The mixture was stirred under Ny at 130 °C for 12 h
The reaction mixture was poured into H,O (10 ml), and extracted with EtOAc (10 mLx3). The
combined organic layers were washed with brine (10 mbx3), dried over Na;SO,y, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-TLC
(PE: EtQAc= 1:1) to afford the title compound (0.06 g, crude) as a white solid.

[686] Step 30 4-[6-(1-methylpyrazol-3-yij-1H-indol-3-yI[-N-[(38}-3-piperidvi]-5-

{(trifluoromethyl) pyrimidin-2-amine

5—3C\T/~\\,\
P NE—N
Py N ORH
=3 ./{\\ HCVEICAC, rt, 1 h
7 i i B
N ¥ BoeN__/
E‘E\E"/
N/

To a solution of tert-butyl (38)-3-{{4-[6-(1-methylpyrazol-3-y1)- I H-indol-3-yl] -5-
{trifluoromethyl) pyrimidin-2-yl} amino} piperidine-1-carboxylate (0.06 g, 110.79 umol, 1 eg) in
EtOAc (1 mL) was added HCVEtOAC (4 M, 1 ml, 36.10 eqg). The mixture was stirred at 15 °C

for 1 h. The reaction mixture was concentrated under reduced pressure to give a residue. The
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restdue was purified by prep-HPLC (HCI condition) to afford the title compound (7.1 mg, 14.86
umol, 13.41% vield, 100% purity, HCU) as yellow solid.

16871 Example 114, 3-[2-[{(35)-3-piperidyl] amino}-5-({riflucremethyl) pyrimidin-4-vi}-
1H-indole-6-Carboxylic acid (Compound 306},

1688] Step 1: Methyl 3-{2-chioro-5-(triftuoromethyl) pyrimidin-4-yij-1H-indole-6-carboxylate

Fac\Tr/%N FaC
PES i
g Ci/\N/;l\CE

1

\ AICI, DCE, 90°C, 12 1

To a solution of 2, 4-dichloro-S-{trifluoromethyl) pyrimidine (12.39 g, 57.08 mmol,

2 eq) in DCE (120 mL) was added AICH (8 g, 60.00 mmol, 3.28 mL, 2.10 eq). The mixture was
stirred at 90 °C for 0.5 b. Then methyl 1H-indole-6-carboxylate (5 g, 28.54 mmol, 1 eq) was
added slowly at 90°C. The resulting mixture was stirred at 90 °C for 11.5 h. The mixture was
poured into water (200 mL) and filiered, the filter cake was washed with EtOAc¢ (100 mLx10).
The aqueous phase was extracted with EtOAc (100 mLx3). The combined organic phase was
dried with anhydrouns Na,SOy, filtered and concentrated in vacuum. The residue was purified by
silica gel chromatography (PE: EtOAc=5:1-3:1-1:1, contained 10% DCM) to give 6 g crude
product. The crude product was dissolved in MeOH (100 mL) and stirred for 0.5 h, and then
{iltered and washed with MeOH (30 mL). The solid was purified by prep-HPLC (TFA) and
concentrated. The residue was adjusted pH to 9 with sat. NaHCO; and extracted with EtOAc
(100 mlx2). The combined organic phase was dried with anhydrous NapSQy, filtered and
concentrated in vacuum to afford the title compound as white solid.

[689] Step 2: Methyi 3-[2-[[(35)-1-tert-butoxycarbonyi-3-piperidvi] amino]-5-(trifluoromerhyl)
Pyrimidin -4-yl]-1H-indole-6-carboxylate
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NH,
FTSC\.".& N wa g F\.

Ve o } A
H\>\:r/\N o] oo '\i\// Ht‘\ g\
2 J/ DIEA, NMP, 140°C, 11
\___' N\(/
7
20,0 Moo_,d

To a solution of methyl 3-[2-chloro-5-(triflucromethyl) pyrimidin-4-yi}-1H-indole-6
-carboxylate (1.5 g, 4.22 mmol, 1 eq) and test-butyl (35)-3-aminopiperidine-1-carboxylate (1.01
g, 5.06 mmol, 1.2 eq) in NMP (20 mL) was added DIEA (2.73 g, 21.09 mmol, 3.67 mL, 5 eq).
The mixture was stired at 140 °C for 1 h. The residue was poured into water (20mL). The
aqueous phase was extracted with EtOAc (30 mLx5). The combined organic phase was washed
with brine (50 mLx2), dried with anhydrous NaxSO,4, filtered and concentrated in vacuum. The
residue was purified by MPLC (PE: EtOAc=3:1-2:1-1:1) to afford the title compound (1.43 g,
270 mmel, 63.97% yield, 98% purity) as while solid.

16901 Step 3: 3-[2-[{(35)-1-teri-butoxycarbony{-3-piperidyl] amino]-5-(trifluoromethyl)
pyrimidin-4-yl]-1H-indole-6-carboxylic acid

F3C

NaOH

MeQH/M,C, 50 °C,12 h

To a solution of methyl 3-[2-{[(35)-1-tert-butoxycarbonyl-3-piperidyl} amino]-5
(trifluoromethyl) pyrimidin-4-y1j-1H-indole-6-carboxylate (1.43 g, 2.75 mmol, 1 eq) in McOH
(15 mL) /H20 (5 mL) was added NaOH (550.47 mg, 13.76 mmol, 5 eq). The mixture was
stirred at 50 °C for 12 h. The mixture was concentrated in vacuum to give a residue. The
residue was adjusted to pH to 3 with HCI (1N) and extracted with FtOAc (100 mLx3). The
combined organic phase was washed with brine (50 mL)}, dried with anhydrous Na,50;, filtered
and concentrated in vacuum to afford the title compound (1.3 g, crude) as yellow solid.

1691} Step 4: 3-[2-[[(3S)-3-piperidyl] amino]-5-(trifluoromethvl) pyrimidin-4-ylj-1H-indole-6-

Carboxylic acid
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FiCu - *‘:sil\f/”\\N

" /%T/ILN/)\?E

N
|
/\\/\N‘“L HCVELOAC, rt, 1 h
P e
30<:

HG

O

A solution of 3-{2-[{(35)-1-tert-butoxycarbonyl-3-piperidyl] amino}-3-(triflaoromethyl)
pyrimidin-4-ylj-1H-indole-6-carboxylicacid (50 mg, 98.91 umol, 1 eq) in HCVEtOAc (10 mL)
was stirred at 15 °C for 1 h. The mwixture was concentrated in vacuum. The residue was puorified
by prep-HPLC (HCl condition) to afford the title compound (12.55 mg, 28.12 umol, 25.43%
yield, 98.99% purity, HCY as yellow solid.

(6921 Example 115, [(45)-3,3-difluoro-4-hydroxy-pyrrolidin-1-yi-{3-{2-[{(38)-3-
piperidyllamine]-5-(trifluoromethylipyrimidin-4-yl}- 1 H-indol-6-yljmethanone (Compound
368) and [(4R)-3, 3-difluoroe-4-hydroxy-pyrrolidin-i-yi}- [3-[2-[[(35)-3-piperidyl] amino]-5-
(trifiuoromethyl) pyrimidin-4-yi]-1H-indol-6-yi] methanone (Compound 349).

(6931 Step i: 4, 4-difluoropvrrolidin-3-ol

i TFA R
P ™ o - F«:\r——*\ y
~Boc 20°C. 2 h /\/N

HO HO

A solution of tert-butyl 3, 3-difluoro-4-hydroxy-pyrrolidine-1-carboxylate (0.3 g, 1.34 mmol, 1
eq)in TEA (3 ml) was stirred at 20°C for 2 h. The reaction mixture was concentrated under
reduced pressure to afford the title compound (300 mg, TFA) as a white solid.

16941 Step 20 Tert-butyl (35)-3-[[4-(6-chiorocarbonyl-1H-indol-3-yl}-5

{(trifluoromethyl jpyrimidin-2-yl] amino] piperidine-i-carboxylate

Fal Ay L\,\N
e ; - \*/\
H '/pk N ;i (COCH,, DMF RN ) N j\

». T 1]
L | DCM, 0°C., 1h f !
2 N : ' i
Boc” ™~ Boc’N‘V/

HO’4 Ci

[¢] (6]
To a solution of 3-[2-[[(35)-1-tert-butoxycarbonyl-3-piperidyl] amino]-5-

(trifluoromethyhpyriomdin-4-yij-1H-indole-6-carboxylic acid (0.5 g, 989.14 umol, 1 eg) in DCM
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(5 mL) was added DMF (7.23 rog, 98.91 umol, 7.61 ul, 0.1 ¢¢) and (COCL), (150.66 mg, 1.19
mmol, 103.90 ul, 1.2 eg} at 0°C. The mixture was stirred at § °C for 1 h. The reaction mixture
was concentrated under reduced pressure to afford the title compound (550 mg) as oil which was
used in the next step dirvectly

16931 Step 3: Tert-butyl (35)-3-[{4-[6-(3, 3-difluoro-4-hydroxy-pyrrolidine-1-carbonyl)-1H-
indol-3-vI]-5-(trifluoromethyl) pyrimidin-2-ylJamino ] piperidine- I -carboxylate

Fi\i/ﬂs H FgC\T&N
A

e p i
%A &

TEA, DCM,0°C, 1 h

ot
H

To a solution of tert-butyl (35)-3-{{4-(6-chlorocarbonyl-1H-indol-3-y1}-5-
(trifluoromethyDpyrimidin-2-yljaminopiperidine- I -carboxylate (0.5 g, 954.32 umol, 1 e¢g) 1

DCM (5 mL) was added4 4-diflucropyrrolidin-3-01 (0.281 g, 1.19 mumol, 1.24 eq, TFA) and TEA
(349.69 mg, 3.46 mmol, 0.481 ml., 3.62 eg). The mixture was stirred at 0 °C for 1 h. The
reaction mixture was diluted with water 50 mL and extracted with BCM (15 mEx3). The
combined organic layers were washed with brine (15 mLx3), dried over NapSOy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by colunm
chrormatography (S10,, PE: BtOAc=1:1) to afford the title compounnd (0.3 g, 489.87 umol,
51.33% yield, 99.7% purity) as a white solid.

16961 Step 4: [{(45)-3.3-diflucro-4-hydroxy-pyrrolidin-1-vi]-{3-{2-[ [(35)-3-piperidvi]amino]-5-
(trifluoromethyvl )pyrimidin-4-vl] -1 H-indol-6-vi]methanone &

{{(4R}-3, 3-difluoro-4-hydroxy-pyrrolidin-1-vi]- [3-[2-[[(38)-3-piperidyi] amino]-5-

{(trifluoromethyi) pyrimidin-4-y{]-1H-indol-6-yl] methanone
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3 % /\ SN
[y '\] Ty N
RS C\]//’i \ = Ry i ’/’L\
Hi\{ ) N H N7 H H N H
Nz 1. HCHEA, rt, 11 i? =
i /
E N\ 4 [ 2. SFC separation y R "/ X
F:,l_}‘ N ér BGC’N\//{ P Hi\' FM . HNVJ
DY ~<\ T
P (o] HO - o]

HO
To a solution of tert-butyl (35)-3-{{4-[6-(3, 3-difluoro-4-hydroxy-pyrrolidine-1-carbonyl}- 1H-
indol-3-y1}-5-(trifluoromethypyrimidin-2-yljamino ] piperidine- T -carboxylate (0.12 g, 196.54
umol, 1 eg) in EtOAc (2 mL) was added HCVEtCAc (4 M, 3 mL). The mixture was stirred at 20
°C for 1 h. The reaction mixture was concenirated under reduced pressure to afford the title
compound 1 (33.5 mg, temporarily assigned structure) as a white sohid and the title compound 2
25.4 mg, temporarily assigned structure} as a white solid by SFC (Column: Chiralpak AD-H
250%30mm, 1.d. Su; Mobile phase: A for CO; and B for EtOH(0.1%NH;HO).

{697] Example 116, [(3R)-3-ethyl-3-hydroxy-pyrrolidin-1-yi]-{3-[2-][(35)-3-

piperidyliamine}-S-(trifluoromethylpyrimidin-4-yi}-1H-indol-6-yl jmethanone

{(Compound 309} and [(35)-3-ethyi-3-bydroxy-pyrrolidin-{-yi}-[3-[2-[{(3%)-3-

piperidyilamino|-5-(triflucromethylpyrimidin-4-yi]- 1H-indol-6-yl imethanone

{(Compound 347).

16981 Step 1. 1-bengyl-3-ethyl-pyrrolidin-3-of

QN_BH EtMgBr, LaCly-2LICI fQ\Bn
HO

C THF, 0°C, 25h

To a solution of LaClLaCl (2.07 g, 6.28 mmol, 1.97 mL, 1.1 eq) in THF (10 mL) was added
bromo(ethylmagnesium (3 M, 2.85 mL, 1.5 eq) dropwise at 0°C. The mixture was stirred at O
°C for .5 h. Then I-benzylpyrrolidin-3-one (1 g, 5.71 mmol, 934.58 ul, 1 eq) was added to the
above, and the mixture was stirred at 0 °C for 2 h. It was quenched with
ice-NH4Cl (50 rul), extracted with EtOAc (30 mLx5). The combined organic phases were
washed dried with anhydrous Na,SOy, filtered and concentrated in vacuum. The residue was
purified by silica gel chromatography (DCM: MeOH =100:1-30:1-40: 1) to atford the title
compound (0.72 g, 2.95 mmol, 51.62% yield, 84% purity) as brown oil.

16991 Step 2: 3-ethyipyrrolidin-3-ol
259
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/_Q\Bn PA/C, Hy, (50 psi /Q y
HO MeOH, rt.,32h HO
To a solution of 1-benzyl-3-cthyl-pyrrolidin-3-ol (0.25 g, 1.22 mmol, 1 eq) in MeOH (10 mL;}
was added Pd/C (10%, 50 mg) ander No. The suspension was degassed under vacuum and
purged with H several times. The mixture was stirred under H, (50 psi) at 15 °C for 32 h.
The reaction mixture was filtered and the filtrate was concentrated to af{ord the title compound
(0.11 g. crude) as yellow oil and used directly in next step.
{7001 Step 3 Tert-butyl (38)-3-f{4-]6-[(3R}-3-ethyi-3-kydroxy-pyrrolidine-1 -carbonyi]-1H-
indol-3-yl]-5-(trifluoromethyl} pyrimidin-2-vi] amino] piperidine-1-carboxylate {compound 1) &
Tert-butvi (38)-3-[[4-[6-[(35 )-3-ethyl-3-hydroxy-pyrrolidine- I -carbonyi |- 1H-indol-3-yI]-5-

{(trifluoromethyl) pyrimidin-2-yl] amine] piperidine-1-carboxylate{compound2 i)

SN
A : FC Fal
\9% ,Pfj C\:(*N SLI'/\\\TF
BoC
R = . o
HO- H \7 N i HN&\// N/L\ iH
L ow . ° = L D
H - .
HO 1) (COCH,, cal. DMF, DOM %\ﬂ.f - ,;ﬂ: /! %J e N
2) TEA, DCM, 0°C, 1.5 1 r ::)4_‘-{\ oo {/\N~§\ o
3) SFC . 0 wg—/ O
HO HO

To a solution of 3-[2-[[(3S)-1-tert-butoxycarbonyl-3-piperidyljamino]-5-
{trifluoromethyl)pyrimidin-4-yi}-1H-indole-6-carboxylic acid (0.2 g, 395.66 umol, 1 eq) in DCM
(2 mL) was added DMF (289.19 ug, 3.96 umol, 3.04e-1 ul, 0.01 eq) and (COCl), (60.26 mg,
474.79 wmol, 41.56 al., 1.2 eq) at 0 °C ander Na. The mixture was stirred at 0°C for .5 h. Then
the above mixture was added to a solution of 3-ethylpyrrolidin-3-ol (68.35 mg, 593.49 umol, 1.5
eq) and TEA (80.07 myg, 791.31 umol, 110.14 ul, 2 eq) in DCM (3mL)}, and the resualting
mixture was stirred at 0 °C for another 1 h. The reaction mixture was poured into water (20 mLj}.
The aqueous phase was extracted with DCM (20 mlx3). The combined organic phase was dried
with anhydrous Na,SOq, filtered and concentrated in vacuum. The residue was purified by silica
gel chromatography DCM: MeOH= (100:1-100:2-100:3), and then it was separated by SFC
{column: AD (250mm™*30mm,5um};mobile phase: [(.1%NH;H,O ETOREB%: 35%-35%,min}
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to alford the title coropound 1 (35 mg, 58.08 umol, 14.68% vield, peak 1, teroporarily assigned
structure} as white solid and title compound 2 (40 mg, 66.37 umol, 16.78% yield, peak 2,
temporarily assigned structure) as white solid.

{7811 Step 4. [(3R)-3-ethyl-3-hydroxy-pyrrolidin-1-yl{-[3-[2-]{(35)-3-piperidyljamino]-5-

(triflucromethyl)pyrimidin-4-yl]-1H-indol-6-yljmethanone

Fala
FSQW;” Ny \l/ \"
H 'f\/{«z”z\w f\
- HOVEA, rt, 1h S
) i e N i
AN ~ \3‘ A
N Boc” 7 <\(

A solution of tert-butyl (35)-3-[{4-[6-[(3R)-3-ethyl-3-hydroxy-pyrrolidine-1-carbonyl}- 1H-
indol-3-y1}-5-(trifluoromethyl) pyrimidin-2-yl} amino] piperidine-1-carboxylate (30.00 mg,
49.78 umol, 1 eq) in HCVEtOAC (5 mL) was stirred at 15 °C for 1 h. The mixture was
concentrated in vacuum. The residue was washed with hexane (5 mL), filtered and the filter cake
was collected to afford the title compound (8.83 mg, 98.59% purity, HCH) as yellow solid.
{7021 Step 5: [(3R)-3-ethyl-3-hydroxy-pyrrolidin-1-vi]-[{3-[2-[{(35)-3-piperidvljamino |-5-
(trifluoromethyl )pyrimidin-4-yl |- 1 H-indol-6-yl[methanone

FSMN

/\/U\ !
X Z, oy
H%. N j‘: HCHEXOAC, 11, 1 h 7\3 N
-~ R
\\ﬂ> g
Boc” N HN

Q<‘<O )\)‘1 Y

'HO
MG

A solation of tert-butyl (35)-3-{{4-[6-[(3S)-3-ethyl-3-hydroxy-pyrrolidine- 1 -carbonyl}- 1H-
indol-3-y1-5-(trifluoromethyl) pyrimidin-2-yl} amino} piperidine-1-carboxylate (35.00 mg,
58.08 umol, 1 eq) in HCVEtOAcC (5 mL) was stirred at 15 °C for 1 h. The mixture was
concentrated in vacunm. The residue was purified by prep-HPLC (FA) to afford the title

compound (18.26 mg, 100% purity, FA) as white solid.
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{703] Example 117, 4-(30, 30-dioxe-30thia-24-azatricyclododeca-, 2(12), 4(14), 11(15)-
tetraen-14-y1-N-{(35)-3-piperidyl}-53-(trifluoromethyl) pyrimidin-2-amine (Compound
348).
{784 Step 1 Ethyl 3-(2,3-dihydro-1,4-benzothiazin-4-yi)-2-oxo-propancate

G

s

[ 5/1 = 0 _N_

N THF. rt. 245 h [
g7

To a solution of 3, 4-dihydro-2H-1, 4-benzothiazine (10 g, 66.13 mmol, 1 ¢¢) in THF 30 mL)

was added ethyl 3-bromo-2-oxo-propanocate (12.90 g, 66.13 mmol, 8.27 mL, 1 eg) in small
portion for 0.5 h. The mixtare was stirred at 20 °C for 24 h. The reaction mixture was filtered
and concentrated under reduced pressure to afford the title compound (14.5 g) which was used in
the next step directly.
1703] Step 2: Ethyi-2,3-dihydro-{ 1 4]ihiazino[2,3,4-hi]indole-6-carboxylate

9
O, _~ MgCl,, THE

O N 2-methoxyethanc;iw
125°C, 7h
S

A solution of MgCl, (3.1 g. 32.56 mmel, 1.34 mi,, 5.96e-1 eg) in 2-methoxyethanol (72.38 g.

951.12 mmol, 75 mL, 17.40 eg) was stirred at 125 °C for 30 min, then a solution of ethyl 3-(2,3-
dihydro-1,4-benzothiazin-4-yl)-2-oxo-propanoate (14.5 g, 54.65 mamol, 1 eg) in 2-
methoxyethanol (14.48 g, 190.22 mmol, 15 mL, 3.48 eg) and THF (5 mL)} was added to the
above solution at 125°C for 1 h, then the reaction mixture was stirred for 5.5 h. The reaction
mixture was {iltered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (510, PE: EtOAc=2:1) to afford the title compound (2 g} as
a brown oil.

(7061 Step 3: 2,3-dihydro-{ 1. 4]thiazino{2,3,4-hifindole-6-carboxylic acid
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CO,Et COsH
= aqg. NaQH, EtOH =
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[ reflux, 2 h L
g R T

To a solution of ethyl 2,3-dihydro-{ 1,4 ]thiazino|2,3.4-hifindole-6-carboxylate (2 g, 8.09 mmol, 1

eqy in HoO (15 mL) and EtOH (22 mL)} was added NaOH (800.00 mg. 20.00 mmol, 2.47 eq).

The suspension was degassed and purged with No for 3 times. The rmoixture was stirred at 80 °C
for 2 h. To the reaction mixture was added DCM (10 mL) at 20 °C. The mixture was stirred for
several minutes, and the organic layer was discarded. The pH of the water layer was adjusted to
6 with HCH (2 M), and the solid formed and was {iltered to afford the title compound (1.1 g, 4.62
mmol, 57.07% yield, 92% purity) as a brown solid.

(7671 Step 4: 2,3-dilvdro-[ 1,4]thiazino]2,3,4-ki]indole

COzH
8 eq. copper chromite, N/::\
8
guinoling, 185°C, 3 h [8©

To a solution of 2,3-dihydro-{ 1, 4]thiazino[2,3.4-hi}indole-6-carboxylic acid (1.1 g, 5.02 mmol, 1

eq) in quinoline (5 mlb.) was added copper chromite (880.00 mg, 3.80 mmol, 7.58e-1 eg). The
suspension was degassed and purged with N, for 3 times. The mixture was stirred at 195 °C for 3
h. The reaction mixture was diluted with DCM (30 mL) and filtered. The filirate was washed
with HCH(2 M, 30 mL) twice and washed with aqueous of NaOH (2 M, 30 mL). The organic
layer was washed with brine (30 mLx3), dried over NaxSOy, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography (510;,
PE: BtOAc=10:1) to afford the title compound (500 mg) as a white solid.

(7081 Steps: 6-(2-chioro-5-{trifluoromethyljpyrimidin-4-y{)-2,3-dilvdro-{ 1,4 [ thiazinof2,3,4-

hilindole
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[N A
N AICl, DCE,

60 °C, 16 h

To a solution of 2,3-dihydro-{1,4]thiazinof2,3,4-hijindole (0.5 g, 2.85 mmol, 1 eq) in DCE (5
mL) was added A1CI; (570.65 mg, 4.28 mmol, 233.87 ul,, 1.5 ¢g) and 2, 4-dichloro-5-
{trifluoromethyl) pyrimidine (619.05 mg. 2.85 mmol, 1 eg). The mixture was stirred at 60 °C for
16 b under Ny, The reaction roixture was quenched by water (40 mlL) and then diluted with DCM
(50 mbL) and filtered. The filtrate was extracted with DCM (20 mlL.x3). The combined organic
layers were washed with brine (20 mLx3), dried over NaySO,, iltered and coucentrated under
reduced pressure to give a residue. The residue was purified by column chromatography (510;,
PE: EtOAc=20:1 to (:1) to afford the title compound (500 mg) as a white solid.

{7081 Step 6: 6-(2-chioro-5-(trifluoromethyljpyrimidin-4-yi{)-2,3-dilydro-{ 1,4 thiazino]2,3,4-
hilindole 1,1-dioxide

FaCo F:%C\{*\\N
| m-CPBA, DCM /\2\ b
N/\\IN:J\C! NTTS NJ\C?
(‘ {:5 rt, 16h (i@

_____ 25
AN/ o’

To a solution of 6-(2-chloro-5-(trifluoromethyl)pyrimidin-4-y1)-2,3-dihydro-{ 1,4 ]thiazino{2.3,4-
hilindole (0.4 g, 1.12 mmol, 1 eg) in DCM (5 mL) was added m-CPBA (456.52 mg, 2.25 mmol,
85% purity, 2 eq). The mixture was stirred at 20 °C {or 16 h. The reaction mixture was quenched
by addition saturated aqueous of NapSO; (100 mL) and NaHCO; (100 mb) for 0.5 h and
extracted with DCM (25 mLx3). The combined organic layers were washed with brine (25
mbX3), dried over Na;SO,, filtered and concentrated under reduced pressure to give a residue.
The residue was dissolved into Me(OH (8 mL) and stirred for 3.5 h, then filtered to afford the title
compound {380 mg) as a white solid.

{7381 Step 7: (S)-tert-butvi 3-({4-(1,1-dioxido-2,3-dihydro-{ 1 4][thiazing] 2,3,4-hi [ indol-6-y{)-5-

{(trifluoromethyl jpyrimidin-2-yl jamino jpiperidine- 1 -carboxylate
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Fgc\//\N

DIEA, NMP, 140 °C
1h

To a solution of 6-(2-chloro-5-(irifluoromethyDpyrimdin-4-y1)-2,3-dihydro-[ 1,4 Jthiazino[2.3,4-
hijindole 1,1-dioxide (0.38 g, 979.98 umol, 1 eq) in NMP (4 mL) was added DIEA (189.98 mg,

NH

147 mimel, 256.04 ul., 1.5 eg) and tert-butyl (35)-3-aminopiperidine-1-carboxylate (196.27 mg,
979.98 umol, 1 eg). The mixture was stitred at 140 °C for 1 h under N.. The reaction mixture
was diluted with water (30 mL) and extracted with EtOAc (30 mLx3) and washed with water (30
mix3}. The organic layers were washed with brine (30 ml x 3), dried over Na,SQy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (S10,, PE: EtOAc=1:1) to afford the title compound (400 mg) as a white solid
{718} Step 8: (S)-6-(2-(piperidin-3-viamino }-5-(trifluoromethvl jpyrimidin-4-vi)-2, 3-dikydro-
[l 4]thiazinof2,3,4-hi]indole 1, 1-dioxide

FaC

A HCI/EtOAC W
D NS
----- =\ (‘\ Et1OAC, 1t 1h (
o* \ / ' N HE\.\J

To a solution of (S)-tert-butyl 3-((4-(1, I-dioxido-2,3-dihydro-{ 1.4]thiazino{2.3.4-hi}indol-6-y})-

S-(trifluoromethylpyrimidin-2-ylamino)piperidine-t -carboxylate (3.2 g, 362.39 umol, 1 eqg) in
EtOAc (2 mL) was added HCY/EtOAc (4 M, 2.00 mL). The mixtare was stirred at 20 °C for | h.
The reaction mixture was filtered to collect the cake. It was washed with DCM again, and
purified by prep-HPLC (HCI condition) to afford the title compound (0.034 g, 75.31 umol,
20.77% vield, 100% purity) as a white solid.

{7121 Example 118, 4-(6-isopropylsulfonyl-1H-indol-3-y1}-N-{{(35)-3-piperidyl]-5-
{trifluoromethyl) pyrimidin-2-amine (Compound 346).

{7131 Step 1! 6-isopropyisulfanyi-1H-indole
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Y

s’e' HNT TR

LO TS -
%\:} o N/
Br

t-Buld, THF, -78 °C ’5

tor.t., 16 h, ~50% -
To a solution of 6-bromo-1H-indole (3 g, 15.30 mmol, 1 eq) in THF (100 mL) was added
dropwise t-Buli (1.3 M, 44.14 mL, 3.75 eq) at -78 °C. After addition, the mixture was stirred at
this temperature for 1 h, and then 2-(isopropyldisuifanyl)propane (3.45 g, 22.95 mmol, 3.66 mL,
1.5 eq) was added dropwise at -78 “C. The resulting mixture was stirred at 20 °C for 15 h. The
reaction mixture was quenched by addition NHLCU (300 mb) at 0 °C, and extracted with EtOAc
(100 mlx3), dried over NaS0,4. filiered and concentrated under reduced pressure to give a
residue. The residue was purified by column chromatography (510», PE: EtOAc =40:1 to 20:1)
to give a residue (4.6 g). The residue was purilied by reverse column (THA condition). The pH of
the eluent solution was adjusted to 8 with saturated agueous NaHCO; and extracted with EtOAc
(50 mlx3), dried over Na,50, filtered and concentrated under reduced pressure to afford the
title compound (1.5 g) was obtained as a yellow solid.

(794}  Step 2: 3-[2-chloro-5-(trifluoromethyl} pyrimidin-4-vl]-6-isopropylsulfanyl-1 H-indole

FalC
M 3 NN
FBC{\/\‘“CE A N
o g HN/\H\I/ N‘;&Ci

Y/
}},ﬂ

7 AiCl;, BCE, 80 °C, 16 h

N\ ~10%
To a solution of 2, 4-dichloro-3-{trifluoromethyl) pyrimidine (§16.67 mg, 3.76 mmol, 1.2 eq) in

&

DCE (50 mL) was added dropwise AlICl; (543.70 mg, 4.08 mmol, 222.83 ul, 1.3 eq). After
addition, the mixture was stirred for 30 min, and then 6-isopropylsulfanyl-1H-indole (0.6 g, 3.14
mmol, 1 eq) was added at 20 °C. The resulting mixture was stirred at 90 °C for 15.5 h. The
reaction mixture was quenched with HyO (150 mL) and filtered. The filtrate was extracted with

EtOAc (60 mLx3), dried over NapSQy, filtered and concentrated under reduced pressure to give a
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residue. The residue was purified by column chromatography (510;, PE: EtOAc=1:0t0 30:1) to
give a residae (800 mg). The residue was purified by prep-HPLC (TFA condition). The pH of the
eluent solution was adjusted to § with saturated aqueous NaHCO; and extracted with EtOAc (66
mix3), dried over Na,S50,, filtered and concentrated under reduced pressure to afford the title
compound (340 mg) as a yellow solid.

(718} Step 3: I-(benzenesulfonyl)-3-f 2-chioro-5-(trifluoromethyl) pyrimidin-4-yi] -6-
isopropyl sulfanvl -indole

F.C FiC
2 TN = R
. ..
X P PhO, S~y e A
H“/Y NT™CH nNaH, PRSOLCH Oa5-N N™" ¢
~> .............................. - =
\_/ THE, 0-rt, 1.5 S\”J
g 5

< <

To a solution of 3-[2-chloro-3-(triflaoromethyl) pyrimidin-4-yl] -6-isopropylsuifanyl- [H-indole
(0.32 g, 860.66 umol, 1 eq) in THF (5 mL) was added batchwise NaH (51.64 mg, 1.29 mmol,
60% purity, 1.5 eq) at 0 °C. After addition, the muxture was stirred at this temperature for 30
min, and then benzenesulfonyl chioride (228.02 mg, 1.29 mmol, 16523 ul, 1.5 eqg) was added
dropwise at 0 °C. The resulting mixture was stured at 20°C for 1 h. The reaction mixture was
quenched by addition HxO (50 mL) at © °C, and extracted with EtOAc (30 mLx3), dried over
NaxSQy, filtered and concentrated under reduced pressure to afford the title compound (0.49 g,
crude) as a yellow oil. It was used to the next step directly without further purification.

(716}  Siep 4: I-(benzenesulfonyi)-3-{2-chlovo-5-(trifluoromethyl) pyrimidin-4-yij - 6 —
isopropylsulfonyl - indole

Gy N P PO S, P
PhO,S N\:“ NNt wopen PO~ SN g
— /\—_:.:’}

%J/ DCHM, O-r.t, 16 h N

(f 80% OZS\\O

To a solution of 1-(benzenesulfonyl)-3-{2-chloro- 3-(trilluoromethypyrimidin-4-vij -6-

1sopropylsulfanyl-indole (0.44 g, 859.43 vmol, 1 eq) in DCM (5 mL) was added MCPBA
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(383.87 mg, 1.89 mmol, 85% purity, 2.2 eq) at § °C. The mixture was stirred at 20 °C for 16 h.
The reaction mixture was quenched by addition NaHCO; (30 ml) at 0 °C and stired for 30 min,
and exiracted with EtOAc (20 mLx3), dried over Na SOy, filtered and concentrated under
reduced pressure to give a residue. The residue was washed with solvents (PE: EtOAc=5:1. 5
mk.) and filiered to afford the title compound (0.3 g) as a yellow solid. (The reaction was
combined with another reaction in 25 mg scale for purification).

{717} Step5: Tert-butvi (38)-3-[{4-[ I-(benzenesulfonyl) -6-isopropyisulfonyl-indol-3-yij- 5-

(trifluorometiivi) pyrimidin-2-yl] amino] piperidine-1-carboxylate

. Bon Boc
F-C F,C
TN ey N rl"‘\e”i\ N
o N /& fi\ g 3 l I g \7
PRO;S-N NG e PROsS S L
- 2 N - H
. %y,./ DIEA, NMP, %\J
g 140°C, 1h Oad

,_«\O «\0

A mxture of 1-(benzenesulfonyl)-3-|2-chloro-5-(tri{luoromethyl) pyrimidin-4-yi}-6-
isopropylsulfonyl-indole ((.25 g, 459.59 umol, 1 eq), tert-butyl (35)-3-aminopiperidine-1-
carboxylate (110.45 myg, 551.51 umol, 1.2 eq), DIEA (178.19 mg, 1.38 mmol, 240.15 ul,, 3 eq}
in NMP (2 ;L) was stirred at 140 °C for 1 h. The reaction mixture was diluted by addition HyO
(50 mL) at 0 °C, and extracted with EtOAc (30 mLx3), dried over Na;SO,, filtered and
concentrated under reduced pressure to afford the title compound (0.6 g, crude} as a brown oil. It
was used to next step directly without {urther purification.

{7181  Siep 6: Tert-butyl (35)-3-[[4-(6-isopropyisulfonyi-1H-indol-3-v1) -5-(triflucromethyi)

pyrimidin-2-vlj amino] piperidine-1-carboxylate

£.C Boc Boc
3 l\'f/%i\i /.N 3 wf%N

L0 7 (L
RO Sen A 2
FPh(,5 I'\.'/\\\\'T/ N/l\;\j;\ o’ NaOH, MeGH HNMN/L”N\ k\)

- H
------------------------------ oo ”"\
\_7 H,O, 70°C, 1 b \_/
Osd, 0% Osd_

— © —( o

A mixture of tert-butyl (35)-3-{{4-{1-(benzenesuifonyl)-6-isopropylsulionyl-indol-3-yi}- 5-
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(trifluoromethyl)pyrimidin-2-ylJamino]piperidine-1-carboxylate (0.6 g, 847.72 umol, 1 eq) and
NaOH (5 M in H20, 1.70 mL, 10 eq) in MeOH (6 mL) was stirred at 70 °C for 1 h. The reaction
mixture was diluted by addition H20 (200 mL) at 0 °C, and extracted with EtOAc (100 mLx3), dried
over Naz2SOq, filtered and concentrated under reduced pressure to afford the title compound (300 mg)
as a yellow solid.

[719] Step 7: 4-(6-isopropylsulfonyl-1H-indol-3-yl)-N-[(3S)-3-piperidyl]-5-(trifluoromethyl)

pyrimidin-2-amine

Boc F H

Ty 3 S¥e

; Selle

HN S N/k” HCUEtOAC, rt 1h N NN
—_—

Os
Ox <S.
\S\\O S\o

A mixture of tert-butyl (3S)-3-[[4-(6-isopropylsulfonyl-1H-indol-3-yl) -5-(trifluoromethyl)
pyrimidin-2-yl] amino] piperidine-1-carboxylate (0.3 g, 528.52 umol, 1 eq) and HCI/EtOAc (4 M, 10
mL) was stirred at 20 °C for 1 h. The reaction mixture was filtered to collect cake. The cake was
washed with n-hexane (5 mL), filtered and concentrated under reduced pressure to afford the title
compound (158.8 mg, 311.95 umol, 59.02% yield, 99% purity, HCI) as a white solid.

[720] Example 119. 5-chloro-4-[7-(1, 1-dioxo-1, 4-thiazinan-4-yl) -1H-indol-3-yI]-N-[(3S)-3-
piperidyl]pyrimidin-2-amine (Compound 357).

[721]  Step 1: 1H-indole-6-sulfonyl chloride

/@ t-BuLi, THF, -78°C: /@m
0
Br N : W4 N

H S0Oy; CE/S\E)
NCS

T

SO2 was bubbled into THF (15 mL) at -78 °C for 30 minute to give an SOz solution (3.1 M in THF).
To a solution of 6-bromo-1Hindole (5 g, 25.50 mmol, 1 eq) in (THF, 50 mL) was added NaH (1.02 g,
25.50 mmol, 60% purity, 1 eq) at 0 °C. After addition, the mixture was stirred at this temperature for
30 min. It was cooled to -78 °C and then t-BuLi (1.3 M, 39.24 mL, 2 eq) was added dropwise. The

resulting mixture was stirred at -78 °C for 30 min, then SOz (3.1 M in THF,
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15 mL) was added dropwise. The mixture was stirred at 15 °C {or 12 h. To the resulting solution
was added 75 mb of MBTE and 2 mbL of AcOH (2.05 g, 34.18 mmol, 1.95 mk., 1.34 eq). It was
stirred for 30 min at § °C, and filtered. The solid was then suspended in 75 mL of THF, cooled to
3 °C, and NCS (3.41 g, 25.50 mmol, 1.0 eq) was carefully added. The resulting suspension was
stirred rapidly for 30 min. The reaction mixture was filtered and the filtrate was concentrated to
afford the title compound (4 g, crude) as brown ol and used directly,
{722} Siep 2: N, N-dimethyl-{H-indole-6-sulfonamide

H

o LT A o LT
DI P N = \‘S X, ﬁ

7 [N

ikt \b H OTEA THF, ri, 1h I‘Ew ke

To a solution of 1H-indole-6-sulfonyl chloride (4.4 g, 20.40 mmol, 1 eq) in THEF (20 mL)} was
added N-roethylmethanamine (2M, 20.40 ol 2 eq) at 15 °C. The mixture was stured at 15 °C
for 1 h. The residue was poured into water (30 mL). The aqueous phase was extracted with
EtOAc (30 mLx3). The combined organic phase was washed with brine (50 mLx2), dried with
anhydrous Na;SO;, filtered and concentrated in vacoum. The residue was purified by column
(PE: EtOAc=5:1-4:1-3:1) to afford the title compound (2 g} as yellow solid.

17231 Step 3: 3-(2-chloro-5-(trifluoromethyl Jpyrimidin-4-ylj-N, N-dimethyi-1 H-indole-6-

sulfonamide

7
o TN crr N//L\Cl
\é . N .
\Tf

- H Afe - o 0 P o] |
& AlCl;, DCE, 90°C, 12 h - \}5 N
N’ \b H

A solution of 2, 4-dichloro-5-(trilluoromethyl) pyrimidine (1.93 g, 8.92 munol, 2 eq) and AICh
(1.25 g, 9.36 mmol, 511.69 ul, 2.1 eq) in DCE (20 mL) was stirred at 90 °C for 0.5 h. Then N,
N-dimethyl-1H-indole-6-sulfonamide (1 g, 4.46 mmol, 1 eq) was added to the above and the
mixture was stirred at 90 °C for 11.5 h. The residue was poured into ice-water (150 mL) and
stirred for 30 min, the mixture was {iltered and the filter cake was coliected. The filter cake was

washed with MeOH (30 mL), filtered and the filter cake was collected afford the title compound
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(0.23 g, 82% purity, batch 1) as brown sohid. The filtrate was concendrated in vacuum to afford
the title compound (1 g crade, batch 2) as pink solid.
1724}  Step 4: Tert-butyl (35)-3-[{4-[6-(dimeihvisulfamoyi}-1H-indol-3-y1]-5-(irifluoromethyl)

pyrimidin-2-yif amino] piperidine-I-carboxylate

P / n-Boc
!(Q\ @“/
N
HZNVI\WNNBOC I pery
DIEA, NMP, 140°C, 1 h /
g
Sy
> N
AV
N \b H

To a solution of 3-[2-chloro-5-(trifluoromethyl) pyrimidin-4-yl}-N, N-dimethyl-1H-indole-6-
sulfonamide (0.1 g, 247.04 umol, leq), tert-butyl (35)-3-aminopiperidine-1-carboxylate (59.37
mg, 296.45 amol, 1.2 eq) in NMP (2 ml) was added DIEA (159.64 mg, 1.24 mmo}, 215.15ul, 5
eq). The mixture was stirred at 140 °C for 1 h. The residue was poured into water (20 mL). The
agueous phase was extracted with EtOAc (30 mix3). The combined Organic phase was washed
with brine (30 mbLx2), dried with anhydrous NaySOy, filtered and concentrated in vacuum. The
restdue was puorified by silica gel chromatography (PE: EtOAc=5:1-4:1-3:1) to alford the title
compound (40 mg. 61.20 umol, 24.77% yield, 7% purity) as yellow oil.

1725} Step 5: N, N-dimethyi-3-[2-[[(35)-3-piperidvi] amino]-5-(trifluoromethyl) pyrimidin-
4-ylf -1 H-indole-6-sulfonamide

—‘“\ "—‘\
N-Boo NH
sy f )/
N

N
—NH T yeNH
. i
r HCVEA FAC «Q/N
Ft, 1 h P
O\ m
YNy N
Ny oD H

o
A solution of tert-butyl (35)-3-[{4-[6-(dimethylsulfamoyl)- 1 H-indol-3-yi}-5-(triflucromethyl)
pyrivoidin-2-yl] amino] piperidine- [-carboxylate (40 mg. 70.35 vmol, 1 eq) 1o HCVEIOAC (&
mb) was stirred at 15 °C for 1 h. The mixture was concentrated in vacuum. The residue was

purified by prep-HPLC (FA condition) to afford the title compound (20.85 mg, 38.61umol,
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54.88% vield, 95.27% purity, FA) as white solid.

17261 Example 120. 1-[3-[2-[1(3%)-3-piperidyl] amine|-5-(trifluooromethyl) pyrimidin-4-yi}-
1H-indol-6-yljethanone (Compound 359),

{727V Step 1: Tert-butyl (35)-3-[[{4-[ I-(benzenesulfonyl j-6-( I-ethoxyvinyl} indoi-3-yi]-5-

(trifluoromethyl) pyrimidin-2-yl] amino] piperidine-1-carboxylate

E. Ef.()‘::
ot M
3 A ] {
! ) ii\E i\'\ A n(Bils PhOZS‘N»\\\I/LN//—kﬁ\”L\//i
PE]OQSNN/\T’A‘N‘AN\,.\/J — ‘

>"’“ i > \ //
Pd{FPPh:),Cls, tol.

110°C, 12 h =

%f p
To a solution of tert-butyl (35)-3-{{4-[1-(benzenesulfonyl)-6-bromo-indol-3-yi}j- 5-
(trifluoromethyl) pyrimidin-2-yl] amino] piperidine-1-carboxylate (0.5 g, 734.71 umol. 1 eq) and
tributyl (1-ethoxyvinyl) stannane (398.01 mg, 1.10 mmol, 371.98 uL, 1.5 eq) in toluene (10 mL)
was added Pd(PPh3),Cl; (25.78 mg, 36.74 umol, 0.05 eq). The mixture was stitred at 110 °C
under N; for 12 h. The residue was poured into water {20 mL). The aqueous phase was extracted
with BtOAc (30 mLx3). The combined organic phase was dried with anhydrous Na,S50;, filtered
and concentrated in vacuum. The residae was purified by MPLC (PE: EtOQAc=5:1-4:1-3: 1) to
afford the title compound (0.3 g) as vellow oil.
V7281 Step 20 I-[1-(benzenesulfonyi)-3-[2-[[(35}-3-piperidyl] amino]-5-(trifluoromethyl)
pyrimidin -4-yl] indol-6-yl] ethanone

NSy Fs
N 7N i/ﬁw

P
PhC,S~ /Wj\ P
TN TN ~ orea  PROSNT /U\N’;j\gfjw\/
;

N/
i rt.1h X
,.:j\O _

N

A solution of tert-butyl (35)-3-{[4-[1-(benzenesulfonyl)-6-(1-ethoxyvinyl) indol-3-y1}-5-
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(trifluoromethyl) pyrimidin-2-vl] amino] piperidine- 1-carboxylate (0.1 g, 148.87 uinol, 1 eq) in
HCUVELOAC (5 mL) was stirred at 15 °C for 1 h. The mixture was concentrated in vacoum o
afford the title compound (0.07 g, crude, HCl) as yellow oil.

17281 Step 3: 1-[3-[2-[[{3S)-3-piperidyvi] amino|-5-(trifluoromethyl) pyrimidin-4-yi]-1H-indol-

6-vljethanone

NaOH

MeOH, 50 °C, 1 h

25.3%

To a solution of 1-[I-(benzenesulfonyl)-3-{2-[{(35)-3-piperidyl] amino}-5-(trifluoromethyl)
pyrimidin-4-yl] indol-6-yl} ethanone (50 mg, 86.20 umol, 1 eq, HCI) in MeOH (3 mL) was
added NaOH (5 M, 172.41 ul., 10 eq}. The mixture was stirred at 50 °C for 1 h. The mixture was
concentrated in vacuum. The residue was purified by prep-HPLC (FA) to afford the title
compound (10.42 mg, 21.89 umol, 25.39%yield, 94.4% purity, FA) as white solid,

{7361 Example 121. S-chlors-4-{7-(1, 1-dioxe-1, 4-thiazinan-4-yi) -1 H-indol-3-v1]-N-{(3%)-
3-piperidyl] pyrimidin-2-amine (Compound 364).

{731} Step 1: 6-bromo-7-flucro-1H-indole

O,N 7y
,_:\> f//‘/’\MgBr HN -
PN\ TRy
THF, -78~0°C, 3 h
Br Br

To a solution of 1-bromo-2-{looro-3-nitro-benzene (10 g, 45.46 mmol, 1 eq) in THF (300 mL)
was dropwise added bromo(vinylymagnesivim (1 M, 227.28 mL, 5 eq) at -78 °C over 1 h. The
mixture was stirred at O °C for 2 h. The reaction mixture was poured into NH4Cl (aq., 500 mL).
The product was extracted with EtOAc (500 mLx3). The combined organic layers were washed
with brine (500 mLx2), dried over Na,SO,, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chroratography (S10., PE/EIOAc=20:1 to
5:1) to afford the title compound (2.8 g, crude) as brown solid.
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(732} Step 2: 6-bromo-3-(2, S-dichloropyrimidin-4-yl)-7-fluoro-1H-indole

Cl X Ci
T ™y
CI”7NT T Nﬁi\u

HNTTS
AICH;, DCE, -
80°C, 12 h Ffv
Br

To a solution of 2, 4, S-trichloropyrimidine (2.37 g, 12.90 mmol, 1.2 eq) in DCE (30 mL) was
added AICI; (1.86 g, 13.97 mmol, 763.42 ul,, 1.3 eq) at 80 °C. The mixture was stirred at 80 °C
for 0.5 h. Then 6-bromo-7-{luoro-1H-indole (2.3 g, 10.75 mmol, 1 eq) was added. The resulting
mixture was stirred at 80 °C for another 12 h. The reaction mixture was quenched by addition
H20 100 mL at 0 °C, and then filtered through the Celite. The cake was washed with FtOAc
(100 mLx2). The filtrate was extracted with EtOAc (100 mLx3). The combined organic layers
were washed with brine (100 mLx2), dried over NaxSOy, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (510,
PE/EtOAc =50/1 to 5/1) to afford the title compound (2 g, crude) as brown solid (The reaction
was combined with another reaction in 50 mg scale for purification).

{733} Step 3. 2-[[6-bromo-3-(2, S-dichkioropyrimidin-4-vi)-7-fluoro-indol-1-yijmethoxy]

ethyl-trimethyl-silane

LE\T%N - C!\w,/‘*“s;@
HNA\]‘/KN{;&CE NaH, SEMCH L sEMS ‘N’;&“Cl
== DME, 0~15°C, 21 =
F FN\ A
Br‘/ Br

To a solution of 6-bromo-3-(2,5-dichloropyrimidin-4-yh-7-fluoro-1H-indole (1.5 g, 4.16 mmol,

I eq) in DMF (15 mL) was added NaH (249.29 mg, 6.23 mmol., 60% purity, 1.5 eq). The mixture
was stirred at 0 °C for 0.5 h. Then the SEM-C1 (831.30 mg, 4.99 mmol. 882.49 uL, 1.2 eq) was
added. The resulting mixture was stirred at 15 °C for another 3 h. The reaction mixture was
quenched by addition H,O 30 mL at 0 °C, and then extracted with EtOAc (30 mLx3). The
combined organic layers were washed with brine (30 mlx2), dried over Na;SOy, filtered and

concentrated under reduced pressure to give a residue. The residue was purified by column
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L



WO 2018/013867 PCT/US2017/042017

chromatography (510,, PE: E{OAc =50:1 to 10:1) to afford the title compound (1.2 g, crude) as
red solid.
1734} Step 4. Tert-buivl (35)-3-[[4-]6-bromo-7-fluoro-1-(2-trimethyisilylethoxymethyl )

indol-3-yl]-5- chloro-pyrimidin-2-yl] amino] piperidine-i-carboxylate

D Bey
SEMMN/\V/J\ BOC/N SR’-M~NMN‘/

5 > DIPEA, NMP, 140°C, 1 h F“{}

To a solution of 2-[{6-bromo-3-(2,5-dichloropyrimidin-4-yl)-7-fluoro-indol- 1-yljmethoxylethyl-
trimethyl-silane (1.2 g, 2.44 muimol, 1 eq) in NMP (10 mL) was added DIPEA (947.11 mg, 7.33
mmol, 1.28 mL, 3 eq) and tert-butyl (35)-3-aminopiperidine-1-carboxylate (733.83 mg, 3.66
mmol, 1.5 eq). The mixture was stirred at 140 °C for 1 h. The reaction mixture was diluted with
H,O (20 mL) and cxtracted with EtOAc (20 mbx3). The combined organic layers were washed
with brine (20 mLx2), dried over NapyS50y, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (810, PE: EtOAc =20:1 to
2:1) to aftord the title compound (0.9 g. crude) as yellow solid.

{735} Step 5: Tert-butyl (35}-3-{{5-chloro-4-{6-cyano-7-fluoro-1-(2-

trimethyisilylethoxymethyl) indol-3-yl] pyrimidin-2-yl] amino] piperidine-1-carboxylate

Ci Cl
RPN
i Ff Zn(CN),, Pd,{dba),, \7_;/%”
SEM- N X /‘\ Xantphos, TMEDA SEM-p X N’;‘l\NH
- l, S DMF, 180 °C, 30 min, -""f“/ /g\
N/ microwave F U
<>‘ Boc™ - N~
NC

Tert-butyl (35)-3-{[4-[6-bromo-7-fluoro-1-(2-trimethylsilylethoxymethylindol-3-vi}-5-chloro -
pyrimidin-2-yljamino}piperidine-1-carboxylate (0.3 g, 457.96 umol, 1 eq), Zn(CN}, (107.55 mg,
915.93 umol, 58.14 ul, 2 eq), Pda(dba); (41.94 mg, 45.80 umol, 0.1 eqg), Xantphos (79.50 mg,
137.39 umol, .3 eq) and N.N.N'N'-tetramethylethane-1,2-diamine (138.37 mg, 1.19 mmol,
179.70 ul., 2.6 eq) were taken up into a microwave tube in DMF (0.5 mL). The sealed tube was

heated at 160 °C for 30 min under microwave. The combined mixture was poured into H,O (20
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mlL}, and extracted with BtOAc (20 mLx3). The combined organic layers were washed with
brine (20 mLx2), dried over NasSOy, {iliered and concentrated under reduced pressure o give a
residue. The residue was purified by column chromatography (5i0», PE: EtOAc =20:1 to 2:1) to
afford the title compound (640 mg, crude} as a white solid (The reaction was combined with
another reaction in 220 mg scale for purification).

(736} Step 6: Tert-butyl (35)-3-[[4-[6-cyano-7-fluoro-1-(2-trimethyisilylethoxymethyl) indol-

3-vlj-5- vinyl-pyrimidin-2-yl] amino] piperidine-1-carboxylate

Ny
f“\:{\ /L\ A K \ﬁi\
SFNL-?\E SEM“‘N/\{{KN{J\NH
] ;
£ ) xphos, indolin precal, K3PO,, _ "} ,/(5%
{’7 A THE. H,0,80°C, 12k NS
Boc”

To a solution of tert-butyl (33)-3-[{5-chloro-4-[6-cvano-7-fluoro-1-(2-
trimethylisilylethoxymethyl)indol-3-yljpyrimidin-2-yljamino]piperidine-1-carboxylate (.54 g,
898.22 umol, 1 eq) in THF (I mL) and H,0 (0.2 mL) was added potassium
trifluoro{vinyDboranuide (601.58 mg, 4.49 mmol, 5 eq), [2-(2-aminoethylphenyl}-chloro-
palladinm;dicyclohexyl-[2-(2,4.6-triisopropylphenyliphenyljphosphane (66.36 mg, 89.82 umol,
(.1 eq) and K5PO,4 (381.33 mg, 1.80 mmol, 2 eg). The mixture was stirred under Ny at 80 °C for
12 h. The reaction mixture was poured into H,O (10 mL), and extracted with EtOAc (10 mbLx3).
The combined organic layers were washed with brine (10 mix2), dried over Napy5Qy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (510,, PE: EtOAc =100: 1 to 5:1) to afford the title compound (200 mg, crude
product) as yellow solid. (The reaction was combined with another reaction in 100 mg scale for
purification).
{7371 Step 7: Teri-butyl (38 )-3-[[4-[{6-cyano-7-fluoro-1-(2-trimethylsilylethoxymethyl) indol-

3-vlf-5- ethyl-pyrimidin-2-yl] amino] piperidine-1-carboxylate
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f
i/%N \FQ‘N
S _IMN,/J\ H,(15 (psi), PA/C, TEA N

EM-n NH . SEMNN\ R N NH
) {”’ﬁ /g\ E{OAG, 15°C, 1 h {: , 4;7\7
F—4\ [t 4 4 @

A N | \\,,_//
Boc” ™~ Boc N
NC NC

To a solution of tert-butyl (35)-3-[{4-[6-cvano-7-fluoro-1-(2-trimethylsitylethoxymethyl) indol-
3-yl}-5-vinyl-pyrimidin-2-yljamino]piperidine- 1-carboxylate (0.2 g, 337.39 umol, 1 eq) in
MeOH (5 mL) was added Pd/C (0.1 g, 10% purity) and TEA (68.28 mg, 674.79 umol, 93.92 ul,
2 eq) under N, The suspension was degassed under vacuum and purged with H; several times.
The mixture was stirred under Ha (15 psi) at 15 °C for 1 h. The reaction mixture was filtered and
the filter was concentrated to afford the title compound (0.15 g, crude) as yellow oil, which was
used into the next step without further purification.

[738] Step 8: Tert-buivl (3S})-3-{ [4-(6-cyano-7-flucro-1 H-indol-3-yi)-5-ethvl-pyrimidin-2-y]

amino] piperidine-1-carboxylate

]
K’/% k'/Q N

f i TBAF, THF
SEM-~p” ™ N NH HN\ e

{

B reflux, 16 h
) ™ )

N
Boc” / Boc”
C

To a solution of tert-butyl (35})-3-[{4-[6-cyano-7-{luore-1-(2-trimethylsilylethoxymethyl) indol-
3-y1}-5-ethyl-pyrivoidin-2-yl] amino] piperidine- I-carboxylate (150 yog, 252.19 umol, L eg) in
THF (3 mL) was added TBAF (659.38 mg, 2.52 mmol, 10 eq). The mixture was stirred at 80 °C
for 16 h. The reaction mixture was concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (Si0,, PE: EtOAc=2:1 to 1:1) to afford the title
compound {40 mg. 86.11 umol, 34.14% vield) as a white solid.

{739} Step 9: 3-{5-ethyl-2-[[{3S)-3-piperidyvi] amino] pyrimidin-4-y{j-7-fluoro-1H-indole-6-

carbonitrile

2
~i
~
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To a solution of tert-butyl (35)-3-[{4-(6-cyano-7-{luoro-1H-indol-3-y)-5-ethyl-pyrimidin-2-ylj
amino] piperidine-1-carboxylate(0.05 g, 107.63 umol, 1 eq) in EtOAc (2 mbL) was added
HCVEOAc (4 M, 5.00 mL, 185.81 eq). The mixtare was stirred at 20 °C for 1 h and
concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC
(FA condition) to afford the title compound (6.9 mg, FA) was obtained as a white solid. (The
reaction was combined with another reaction in 20 mg scale for purification).

[746] Example 122, S-chloro-4-{7-(1, 1-dioxo-1, 4-thiazinan-4-y1)-1H-indel-3-yi}-N-{(35)-3-
piperidylipyrimidin-2-amine (Compound 361},

[741] Step 1: 3-(2—chlom-5-iada—pyrimidii'z~4-yl)~JH—ind@ie-6-mrbanitrile

e \f\ L
@ Acsd DCE, 80 % Z\D

NG 2h

To a solution of 2, 4-dichloro-5-iodo-pyrimidine (4.35 g, 15.83 mmol, 1.5 eq) 1 DCE (30 mL)
was added batchwise AICH (2.11 g, 15.83 mmol, §64.94 ul, 1.5 ¢q). After addition, the mixture
was stirred at 80 °C for (.5 h, and then 1H-indole-6-carbonitrile (1.5 g, 10.55 mmol, 1 eq) was
added. The resulting mixture was stirred at 80 °C for 11.5 h. It was quenched by addition water
300 ml, then the solid was formed and filtered to collect the cake. The residue was purified by
re-crystallization from MeOH (30 mL) to afford the title compound (4.3 g) as a yellow solid.
{The reaction was combined with another reaction in 1 g scale for purification).

{742} Step 2: 3-(2-chioro-5-iodo-pyrimidin-4-vi )- 1-(2-trimethylsilylethoxymethyl Jindole-

G-carbonitrile
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s . oA
M X N Ct NaH, SEMCI SEM«N'A\\ N C
e -
Ny oo
%\/’ DIF, 0-r.t, 2 h Y J/
NG NG

To a solution of 3-(2-chloro-53-1odo-pyrimidin-4-yl)-1H-1ndole-6-carbontirile (3 g, 7.88 mmol, 1
eq) in DMF (6 mL) was added dropwise NaH (630.63 mg, 15.77 mmol, 60% purity, 2 eq) at
0°C. After addition, the mixture was stirred at this temperature for 0.5 h, and then 2-
{chloromethoxy)ethyl-trimethyl-silane (1.97 g, 11.82 mmol, 2.09 mb., 1.5 eq) was added
dropwise at 0 “C. The resulting mixture was stitred at 20°C for 1.5 h. It was quenched by
addition water {100 mL)}, extracted with EtOAc (50 mbLx3). The combined organic layers were
washed with brine (200 mL), dried over Nax50,, filtered and concentrated under reduced
pressure {0 give a residue. The residue was purified by colurim chromatography (510,, PE:
EtOAc =20:1 to 3:1) to afford the title compound (0.78 g) as a yellow solid. (The reaction was
combined with another reaction in 200 mg scale for purification).

{743} Step 3: Tert-butyl (35)-3-[ [4-[6-cvano-i-(2-trimethyisilviethoxymethyl Jindol-3-yi-5-

iodo-pyrimidin-2-ylJamino [piperidine-carboxyiate

NH;
EWN EVA,\\N

| sy

$EM\NA‘<\N4\CE Ny SEM\N/\W/\ NP

= \ T—— e /%)\
N/ DIEA, NMP
: 140°C, 1 h Y J/ N
NE NC

A mixture of 3-(2-chlore-5-iodo-pyrimidin-4-yI)-1 -(2-trimethylsilylethoxymethyl} Indole-6-
carbonitrile (580 mg, 1.14 romol, 1 eq), tert-butyl (35)-3-arminopipenidine-1-carboxylate (341.09
mg, 1.70 mmol, 1.5 eq), DIEA (733.70 mg, 5.68 mmol, 988.81 ul., 5 eq) in NMP (5 mL) was
stirred at 140 °C for 1 h. The reaction mixture was poured into water 20 mL, and then extracted
with BtOAc (10 mEx3). The combined organic layers were washed with brine (50 mL), dried
over NapySQOy, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by columun chromatography (510, PE: EtOAc=10:1 to 1:1) to afford the title compound

(340 mg) as a brown solid.
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(744} Step 4: Tert-butyl (35)-3-[[5-acetylsulfanyl-4-{6-cyano-1-(2-

trimethylsilvlethoxymethvi) indol-3-yl] pyrimidin-2-yl| amino] piperidine-1-carboxylate
G

i
™~ Q
Q\V/\’\\‘N

B i
\N';’J\NH /U\Sw K+

Mt N
SN = semy Sy N
- ) (s Pd,{dba)s, xantphos Sz ‘S
Ny _N DIEA, dioxane / a
Boc” ™ v 16000 1 | NS B‘:)r‘/N\//
N microwave, 100°C, 1 h N(:l C

Tert-butyl (35)-3-{[4-[6-cyano-1-(2-trimethylsilylethoxyvmethyl) indol-3-y1] -5- iodo-pyrimidin-
2-yl} amino] piperidine-1- carboxylate (0.7 g, 1.04 mmol, 1 eq). Pdy(dba); (95.01 mg, 103.76
umol, 0.1 eq), Xantphos (120.07 mg, 207.52 umol, 0.2 eq), potassium ethanethioate (711.00 mg,
6.23 mmol, 6 eq) and DIEA (134.10 mg, 1.04 mmol, 180.72 ul, 1 eq) were taken up into a
microwave tube in dioxane {10 mL). The sealed tube was heated at 100 °C for | h ander
microwave. The reaction mixture was poured into water 50 mL, and then extracted with E1OAc
(20 mLx3). The combined organic layers were washed with brine (100 mb), dried over Na)SOq,
filtered and concentrated under reduced pressure to give a residue. The residue was purified by
column chromatography (510, PE: EtOAc=10:1 to 2:1) to afford the title compound (400 mg,
552.30 wmol, 33.23% yield, 86% purity) as a brown solid.

[745] Step 5: Tert-butyl (38}-3-[ [4-[6-cyano-1-(2-trimethyisiiviethoxymethyl iindol-3-y{]-5-

sulfanyl-pyrimidin-2-vi]amino]piperidine-1-carboxylate

\(Q

S\\Ii/a‘%N H3 E g
i LIOH.H,0, MeOH Py
LA o A,
SEM-N S N7 TN ———— sEM- ] N }i
1,/ /;H 15°C,05h ,#,./ ((S,‘- i
’ X N A
N Boc"N\/ S/‘ Boc” ™~
NC NC

To a solution of tert-butyl (35)-3-[{5-acetylsulfanyl- 4-[6-cyano-1-(2-
trimethylsilylethoxymethyl) indol-3-ylpyrimidin-2-yljamino]piperidine- 1 -carboxylate (0.25 g,
401.38 umol, 1 eq) in MeOH (0.5 mL) was added LAOH. H,O (5 M, 160.55 ul,, 2eq). The
mixture was stirred at 15°C for (.5 h. The mixture was concentrated to afford the title compound

(350 mg, crude) as a brown oil which was used in the next step directly.
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(746} Step 6: Tert-butyl (35)-3-[[4-[6-cyano-1-(2-trimethyisilviethoxymethyl) indol-3-vi]-5-

(diftuoromethyisulfanyl} pyrimidin-2-y{j amino] piperidine-1-carboxyviate

HS | Sy yp,oa F.HC”
SEM-y N”/'kNH .  SEM~
. KOH, CHSCN, H.0,0-rt, 16 h t‘”
(s) S
N
Boc”
NC

To a solution of tert-butyl (35)-3-[{4-|6-cvano-1-(2-trimethylsilylethoxymethyl) indol-3-y1}-5-
sulfanyl-pyrimidin-2-yl} amino] piperidine- l-carboxylate (0.3 g, 516.52 umol, 1 eq) in MeCN
(0.5 mL) and H;O (0.5 mL) was added KOH (579.63mg, 10.33 mmol, 20 eq) and 1-
[{bromo(difluoro)methyl]-ethoxy-phosphoryljoxyethane (137.91 mg, 516.52 umol, 1 eq) at §°C.
The mixture was stirred at 20 °C for 16 h. The mixture was concentrated and diluted with HyO
(20 mkL), extracted with EtOAc (10 mlLx3), dried over Na S50y and concentrated. The residue
was purified by column chromatography (510;, PE: EtOAc=5:1 to 1:1) to afford the tille
compound (0.1 g, 26% purity) as a white solid which was used in the next step without farther
purification.

17471 Step 7: 3-{5-(difluoromethyisulfanyi}-2-[[(35)-3-piperidyljamino [pyrimidin-4-vi]-1H-

indole-6-carbonitrile

- st ) .
ey oS
o T P i
SEM~N 7 N OTHNH K2CO3, Hp50, Ve NP NH
o ) & MeCN, dioxarie O ©
N g N 20-40°C- 3 h HN
NC o

To a solution of tert-butyl (35)-3-[{4-[6-cyano-1-(2-trimethylsilylethoxymethyl) indol-3-v1}-5-

(diftuoromethylsuifanyl) pyrimidin-2-yl] amino] piperidine-1-carboxylate (0.1 g, 158.52 umol, 1

eq) in dioxane {1 mL} was added HoSO4 (77.74 mg, 792.62 umol, 42.25 ul, 5 eq). The mixture

was stirred at 40 °C for 2 h. The mixture was adjusted pH to 9 by Sat. NaOH, and extracted with

DCM (10 mLx3), dried over NapS0Oy, and concentrated. The residue was diluted with MeCN (1

mL}, then the K;CO3 (43.82mg, 317.05 umol, 2 eq) was added. The solution was stirred at 20°C
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for 1 h. The mixture was concentrated. The residue was diluted with MeCN (10 mL) and filtered.
The filtrate was concentrated. The restdue was purified by prep-HPLC (FA condition) to afford
the title compound (3.9 mg, 8.3%mol. 5.29% vield, 96% purity, FA) as a white solid.

1748] Example 123, 3-[5-ethyl-2-[{(38)-3-piperidyl] amino] pyrimidin-4-yi}- 1 H-indole-7-
sulfonic acid (Compound 362) and 3-[5-ethyl-2-{{{35)-3-piperidyl] amino] pyrimidin-4-yi]-
1H-indole-7-sulfinic acid (Compound 363).

{7491 Step i: 7 -bromo- 3-(2-chloro-5-iodo-pyrimidin-4-vl) -1 H-indole

=N

! >
N c N /k \(///AJN\
% N
\/ X B HN Y N™ ~Ci
Br—t AICH, DCE, 80°C, 16 1 }”\
40.21% Br—L

To a solution of 2, 4-dichloro-5-iodo-pyrimidine (3.37 g, 12.24 mmol, 1.2 eq) in DCE (40 mL)
was added AlCI; (2.04 g, 15.30 mmol, 836.25 ul., 1.5 eq). After addition, the mixture was stirred
at this temperature for 30 min, and then 7-bromo-1H-indole (2 g, 10.20 mmol. 1 ¢q) was added
at 20 °C. The resulting mixtare was stirred at 90 °C for 15.5 h. The reaction mixture was
quenched with H,O (150 mL) and filtered. The filtrate was extracted with EtOAc (60 mLx3),
dried over Na:SO,, filtered and concentrated under reduced pressure to give a residue as a brown
solid. The residue was washed with MeOH (50 mL) and filtered to afford the title compound (1.8
g, 4.10 maool, 40.21% yield, 99% purity) as a brown solid.

(750} Step 2: 7-bromo-3-(2-chioro-5-iodo-pyrimidin-4-vl} indol-1-yl] methoxy] ethyl-

trimethyl -silane

. !
E\V//;\N \!‘/”5;\'\5

j SEMCI, NaH s
N : EN~
oo o 1
1{\% THF, 0-20 °C, 1.5 h BV(/
Br et =

To a solution of 7-bromo-3-(2-chloro-5-iodo-pyrimmdin-4-yi)- 1H-indole (1.77 g, 4.07 romol, |

eq) in THF (20 mL) was added batchwise NaH (244.44 mg, 6.11 mmol, 60% purity, 1.5eq) at 0
°C for 0.5 h. After addition, the mixture was stirred at this temperature for 30 min, and then 2-

{chloromethoxy) ethyl-trimethyl-silane (1.02 g, 6.11 mmol, 1.08 mL, 1.5 eq) was added
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dropwise at 0 °C. The resulting mixture was stured at 20 °C for [ h. The reaction mixtore was
quenched with H,O (100 mL) and filtered. The filtrate was extracted with EtOAc (60 mLx3),
dried over Na;SO,y, filtered and concentrated under reduced pressure to give a residue as a brown
solid. The residue was purified by column chromatography (510, PE/EOAc=20:1 to 10:1) to
afford the title compound (1.65 g) as a brown oil.

{7541 Step 3 Tert-butvi (38)-3-[[4-]7-bromo-1-(2-trimethyisilylethoxymethyl) indol -3-vi}-5-

iodo - pyrimidin- 2-vl] amino] piperidine-1-carboxylate

E-EBQC
N Boc
! / ]
|
\r’/’;\g\i ) h \y/”\i\i
Y, /I“!\ HN' 5 [ \}
SEM~N N Cl . SEM\N/\/\N RN
= H
ol DIEA, NMP, 140 °C, 1 h . <
e, | S

A mixture of 2-[{7-bromo-3-(2-chlorg-5-iodo-pyrimidin-4-yhindol-1-vljmethoxylethyl-
trimethyl-silane (1.65 g, 2.92 mmol, 1 eq), tert-butyl (35)-3-aminopiperidine- 1 -carboxylate
(702.21 mg, 3.51 mmol, 1.2 eq), DIEA (1.13 g, 8.77 mmol, 1.53 ml, 3 eqg) in NMP (16 mL) was
stirred at 140 °C for 1 h. The reaction mixture was guenched with H,O (150 mL) and filtered.
The filtrate was extracted with EtOAc (60 mix3), dried over Na,50,, filtered and concentrated
under reduced pressure {o give a residue as a brown solid. The residue was purified by column
chroroatography (S10., PE/EICAc=10:1 to 3:1) to afford the title compound (1.3 g} as a yellow
solid.

(752} Step 4: Tert-butyvl (38)-3-{[4-[7-bromo-1-(2-trimethylsilylethoxymethyl jindol-3-yi]-5-
vinyl-pyrimidin-2-yljamino piperidine-1-carboxylate

?eoc i ?oc
N

\ N Pt e
) ”7 - jz( DYNe
SEM~ " Sy - SEM~p 37 N ﬁ\/I

] . ~
NayCO,, Pd{dppfiCl,, 6
Br /6 dioxane, H,0, 80 °C BN

16 h

Ol

A mxture of tert-butyl (35)-3-[[4-]7-bromo-1-(2-trimethylsilylethoxymethybindol-3-y1] -5-iodo-

pyrinnidin-2-ylJaminojpiperidine-1-carboxylate (1.2 g, 1.65 mmol, 1 eq), 4,4,5.5-tetramethyl-2-
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vinyl-1,3,2-dioxaborolane (253.68 mg, 1.65 mmol, 279.39 uL, 1 eq), Na,COs3 (349.16 mg, 3.29 mmol, 2
eq), Pd(dppf)Cl, (120.52 mg, 164.71 umol, 0.1 eq) in dioxane (20 mL) and H2O (2 mL) was degassed and
purged with N for 3 times, and then the mixture was stirred at 80 °C for 16 h under N, atmosphere. The
reaction mixture was quenched with H,O (100 mL) and filtered. The filtrate was extracted with EtOAc
(50 mLx3), dried over Na,SQsq, filtered and concentrated under reduced pressure to give a residue. The
residue was purified by column chromatography (SiO,, PE/EtOAc=5:1 to 3:1) to afford the title
compound (600 mg) as a yellow solid.

[753] Step 5: Tert-butyl (3S)-3-[[4-[7-[3-(2-ethylhexoxy)-3-oxo-propyl]sulfanyl-1-(2-
trimethylsilylethoxymethyl)indol-3-yl]-5-vinyl-pyrimidin-2-ylJamino]piperidine-1-carboxylate

Pd,(dba)s, xantphos
DIEA, dioxane, 100 °C
32h

A mixture of tert-butyl (3S)-3-[[4-[7-bromo-1-(2-trimethylsilylethoxymethyl)indol-3-yl]- 5-vinyl-
pyrimidin-2-yl]Jamino]piperidine-1-carboxylate (0.35 g, 556.73 umol, 1 eq), 2-ethylpentyl 3-
sulfanylpropanoate (568.78 mg, 2.78 mmol, 5 eq), Pdz(dba); (50.98 mg, 55.67 umol, 0.1 eq), Xantphos
(64.43 mg, 111.35 umol, 0.2 eq) and DIEA (143.90 mg, 1.11 mmol, 193.94 uL, 2 eq) in dioxane (3 mL)
was degassed and purged with N for 3 times, and then the mixture was stirred at 100 °C for 32 h under
N> atmosphere. The reaction mixture was quenched with H,O (20 mL) and filtered. The filtrate was
extracted with EtOAc (10 mLx3), dried over Na;SQy, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography (SiO., PE/EtOAc=10:1 to 5:1) to
afford the title compound (0.14 g, 146.19 umol, 26.26% yield, 80% purity) as a yellow oil. (The reaction
was combined with another reaction in 20 mg scale for purification).

[754] Step 6: Tert-butyl (3S)-3-[[4-[7-[3-(2-ethylhexoxy)-3-oxo-propyl] sulfanyl- 1- (2-
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trimethyisilylethoxymethyi) indol-3-yl]-5-vinyl-pyrimidin-2-yl] amino] piperidine-1- carboxylate

fk( Bac ] Boc
i H

I;f"\N /N ~ ZZN r,N\]

il i i ]

SEM\.N/\\/I\\N‘J\N“‘ PA/C, Hp, MeOH  SEM~y Sy DN INVNGP,

- H B H
s {-‘g TEA, 20°C, 16 o/{§
g —-’.’J’ I;-> —
o= cr)

o O

N ’>,/
2 !

To a solution of tert-butyl (35)-3-[{4-[7-[3-(2-ethylhexoxy}-3-oxo-propyl]sulfanyl-1-(2-
trimethylsilylethoxymethyliodol-3-y1}-5-vinyl-pyrimidin-2-vijamino}piperidine-1-carbox yvlate
(0.14 g, 182.74 umol, 1 eg) in MeOH (3 mL) was added Pd/C (10%.wet, 300 mg), TEA (36.98
mg, 365.48 umol, 50.87 ul, 2 eg) under N,. The suspension was degassed under vacuum and
purged with Hy several times. The mixture was stirred under H, (15 psiy at 20 °C for 16 h. The
reaction mixture was filtered and the filtrated was concentrated to afford the title compound
(0.11 g, crude) as a yellow solid.

17558] Step 7: 3-{2-[[(35)-1-tert-butoxycarbonyl-3-piperidyljamino]-5-ethyl-pyrimidin-4-yi]-
1-{2-trimethyisilvieihoxymethyl Jindole-7-sulfinic acid and 3-{2-[{ (38 }-1-tert-butoxycarbonyi-3-

piperidvljamino]-5-ethyl-pyrimidin-4-vi]-1-(2-trimethylsilyiethoxymethyl)indole-7-sulfonic acid

i Boo
K/\ ; !lioc
=N N

N
I ZNY -

. { i f AN Y;:\NN N
SEM~ "'§§KL\N’L~,a SN +-BUONa, THF « M i
N ;\! . SEm\NX\\\f//\NA\N\ A N\‘_ 7

. ‘f\ " 78.20°C, 16 h 7 " -- /

O

8- cmzef i \_\\",— 94 {> . v \>
HO-5 \::'— HO",?"\.,-_
o & N
o
O
ix

To a solution of tert-butyl (35)-3-{]5-ethyl-4-[7-[3-(2-cthylhexoxy)-3 -oxo-propyl]sulfanyl-1-(2-

trimethylsilylethoxymethyljindol-3-ylpyrimidin-2-yljamino]piperidine-1-carboxylate (0.11 g,
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143.20 omol, 1 eq) in THF (2 mL) was added -BuONa (28.09 mg, 286.41 umol, 98% purity, 2

eq) at -78 °C. The mixture was stirred at 20 °C for 16 h. The reaction mixture was diluted with

PCT/US2017/042017

H>O (20 mL) and extracted with EtQAc (10 mLx3), dried over NapSQOy, filtered and concentrated

under reduced pressure to afford the title compound (0.1 g, crude) as a yellow solid. It was used

next step directly without further purification.

(756}

acid (compound 1) and 3-{5-ethvl-2-[[(38)-3-piperidyl] aminof pyrimidin-4-yl{-1H-indole-7-

sulfinic acid (compound 2)

k/ Boc
] AN

I
SEM\N&I SN N“"\/j
A
Hos—_J

G

A mixture of 3-[2-[[(35)-1-tert-butoxycarbonyl-3-piperidyl} amino]-5-ethyl-pyrimidin-4-yi}-1-

!

. fo
HO-5 /\-:—/
ER

| s

Ny N YN

) PN

A . + s Y N
HN/‘\wf/ -'\'/\N“ L\’/ .-€N\ /k
VA " HO- 3 D
qo_‘é, e 55 /\g./
e}

Step 8: 3-{5-ethyi-2-[[(35)-3-piperidyl] amino] pyrimidin-4-yi]-1H-indole-7-sulfonic

(2-trimethylsilylethoxymethybindole-7-sullinic acid; 3-[2-[[(35)- 1-tert-butoxycarbonyl-3-

piperidyljamino]-5-ethyl-pyrimidin-4-yl}- 1-(2-trimethylsilylethoxymethyljindole-7-sulfonic acid

(100 mg, 158.26 umol, 1 eq) and H;S04 (155.22 mg, 1.58 mmol, 84.36 ul, 10 eq) in dioxane (2

mi} was stirred at 40 °C for 2 h. The mixture was adjusted pH to 8 with Saturated agueous

NaOH and extracted with EtOAc (10 mLx3), the combined organic was washed with brine (30
mix3), dried over Na,SO., filtered and concentrated under reduced pressure to give a residue.

The residue was purified by prep-HPLC (FA condition) to afford the title compound 1 {(4.45 mg,

FA) as a yellow solid and the title compound 2 (2.35 mg, FA) as a vellow solid.

(757}

(trifluoromethyl)pyrimidin-2-amine (Compound 364).

1738}

pyrimidin-2-yl] amino] piperidine-1-carboxylate

286

Example 124, N-[(35}-1-methyl-3-piperidyi]-4-(6-methylsulfonyl- 1 H-indol-3-yi)-5-

Step 1: Tert-butyl (38 )-3-[[4-(6-methylsulfonyi-1H-indol-3-vi}-5-(irifluoromethyl ;
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¢ j N"/&Q; DIEA, NMP, 140 °0 oo
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A solution of 3-[2-chloro-5-(irifluoromethyl)pyrimidin-4-yl}-6-methylsulfonyl- 1 H-indole (300
mg, 798.40 umol, 1 eq), tert butyl (35)-3-aminopiperidine- L -carboxylate (159.90 mg. 798.40
umol, 1 eq), DIPEA (515.94 mg, 3.99 mmol, 695.33 ul, 5 eq) and NMP (4 mL) was heated to
140 °C for 1 h. The reaction mixture was poured into HoO (20 mL). EtOAc (30 mEix3) was used
fo extract the product. The organic layer was washed by brine (30 mL), dried over NazS80,,
filtered and evaporated to afford the crude product. The crude product was purified by MPLC
(510, PE/EtOAc=3/1-1/1) to afford the title compound (160 mg, 247.60 umol, 31.01% yield,
83.5% purity) as light brown solid.

(789} Step 2: 4-(6-methyisulfonyi-1H-indol-3-y1}-N-{(35}-3-piperidyl]-5-

(trifluoromethvl jpyrimidin-2-amine

0 ; O i
~&_, Falo Y HOV EtOAe ~d& == FaC i ™
it i
© W «@ - o ’ v’@
C NT Nigoe 20°C, 1h ¢ ; N NH
HN— H HN H

A solution of tert-butyl (35)-3-[[4-(6-methylsulfonyl-1H-indol-3-v1}-5-
{(trifluoromethylypyrimidin-2-yl} amino] piperidine-1-carboxylate (160 mg, 296.53 umol, 1 eq) in
HCVEWOAC (15 mL) was stured at 20 °C for 1 h. The reaction mixture was evaporated to afford
a residue. Then saturated Na,COs solution (40 mL) was added and EtOAc (20 mEx2) was used
to extract the product. The organic layer was washed by brine (30 mL), dried over Na;SQO.,
filtered and evaporated to afford the title compound {120 mg, 177.49 umol, 59.86% yield, 65%
purity) as hight vellow solid. It will be used directly in next step without any further purification.
(760} Step 3: N-[(35)-1-methyl-3-piperidyl|-4-(6-methvisulfonyl- 1 H-indol-3-vl}-5-

(trifluoromethyl )pyrimidin-2-amine

o ag. HCHO, o]
~& F3C S // g o F3C\’/\\" i
é’ \ ﬁ 20 P h; N
VZ /i\ NaBH,CN, AcOH, O : »\N,;i\ ) N
!l - O 4 N
it MeOH, 20 °C, 4 h g N

ok
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To a mixture of 4-(6-methylsaifonyl-1H-indol-3-y1)-N-{(35)-3-piperidyl]-5-
(trifluoromethyDpyrimidin-2-amine (40 mg, 91.02 amol, 1 eq) and HCHO (7.39 mg, 91.02 umol,
6.78 ul, 1 eq) in MeOH (4 mL), was added NaBH;CN (8.58 mg, 136.53 umol, 1.5 eq) and
HOAC (8.20 mg, 136.53 umol, 7.81 ul,, 1.5 eqg). The mixture was stirred at 20 °C and stirred for
4 hr. The reaction solution was purified by acidic prep-HPLC (HCI condition) to afford the title
compound (10.92 mg, 22.29 umol, 24.49% vield, 100% purity, HC1) as vellow solid.

(761} Example 125. 4-[6-(luoromethylsulfonyl)-1H-indel-3- v} |-N-[(35)-3-piperidyi]-5-
{trifluoromethyl)pyrimidin-2-amine (Compound 365).

{762} Step 1: Tert-butyl (38 -3-[{4-[6-acetyisulfanvi-1-(benzenesulfonyl jindol-3-vi]-5-

(trifluoromethyl jpyrimidin-2-yl]amino]piperidine-1-carboxylate

. Boc
By o, 1
N N o) i 7y
N N, Q ! Hi {
I r + P?‘.OqS»N/%”A\‘\N/L\ o
PhOzs"N/:\WAN/\NW\/J /Jks- K { E L\’/f

A e O

7 Pdo{dba}s, xantphos —y
z// DIEA, dioxane, MW, d
W3,
By 180°C, 0.5h =0
/

Tert-butyl (35)-3-[{4-{1-(benzenesulfonyl)-6-bromo-indol-3-yl|-5-(trifluoromethyl)pyrimidin- 2-
yllamino|piperidine- 1-carboxylate (250 mg, 367.36 umol, 1 eq), K'S(O)CH5 (62.93 mg, 551.04
umol, 1.5 eq}, Pdy(dba); (33.64 mg, 36.74 umol, 0.1 eq), Xantphos (42.51 mg, 73.47 umol, 0.2
eq) and DIEA (94.95 mg, 734.72 umol, 127.97 ul., 2 eq) were taken up into a microwave tabe 1n
dioxang {10 mL). The sealed tube was heated at 150 °C for 0.5 h under microwave. The reaction
mixture was diluted with water (100 mL) and extracted with EtOAc (30 mL x 5). The combined
organic layers were washed with brine (50 mL x 2}, dried over NayS{y, filtered and concentrated
under reduced pressure {o give a residue. The residue was purified by column chromatography
(510, PE/EWOAC = 10/1 to 5/1) to afford the title compound (100 mg crude) as a light yvellow
solid.

{763} Step 2: Tert-butyl (35)-3-[[4-[ I-(benzenesulfonyi)-6-sulfanyl-indol-3-yi]-5-

(trifluoromethvi) pyrimidin-2-yljamino [piperidine- | -carboxylate
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F?’Cﬁﬁ'\m ff; m Boc
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&F‘ MenH H,0,
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LAIOH . HLO (18.63 mg, 443.96 umol, 3 eq) was added to a solution of tert-butyl(35)-3-{{4- [6-
acetylsulfanyl-1-(benzenesulfonylhindol-3-yi}-5-(triflucromethyDpyrimidin-2-yl jamino]
piperidine- 1-carboxylate (100 mg, 147.99 umol, 1 eq) in MeOH (2 mL) and water (0.5 mL). The
mixture was stitred at 20 °C for 0.5 h under nitrogen. The reaction mixture was evaporated. The
aqueous residue was neutralized with 0.5 M HCI to pH = 6. The mixture was diluted with HoO
(10 mL) and solid was formed. The mixture was filtered and the cake was collected to afford the
title compound. (40 mg, 27.77 urnol, 18.77% vield, 44% purity) as light yellow solid.
it was used into the next step without further purification.

1764} Step 3. Tert-buivl (35)-3-[[4-] 1 -(benzenesuifonvi)-6-(fluoromethyisulfanyl Jindol-3-yi]-

S-(trifluor omethylpyrimidin-2-yijamino[piperidine-1-carboxylate

Boc ?oc

Fy F.

!l
NS P -

PhO,S- N”\/J\ J\H J FN PhO,Sp \AN/(\ﬁ‘“K/j

7N\ KGO, THF, )/' N

./ 20°C, 15 1 . ‘>_,4.

HS g

To a solution of tert-butyl (35)-3-{{4-[ 1-(benzenesulfonyl}-6-sulfanyl-indol-3-yl}-5-(trifluoro
methyDpyrimidin-2-yljamino]piperidine- 1-carboxylate (40 mg, 63.12 umol, L eq) in THF (1.5
mb) was added ¥K,CO; (13.09 mg, 94.68 umol, 1.5 eq) and fluoro(iodo)methane (12.11 mg,
75.75 umol, 1.02 o, 1.2 eq). The muxture was stirred at 20 °C for 15 h. The reaction muxture
was diluted with H,O (20 mL) and extracted with EtOAc (50 mL x §). The combined organic
layers were washed with brine (30 mL x 2), dried over NapSQy, filtered and concentrated under
reduced pressure to give a crude product (100 mg). The residue (90 mg) was further purified by
column chromatography (510, PE/EtOAC = 5/1 to 1/1) to afford the title compound (30 mg

crude) as yellow solid. {Note: Combined purification with another reaction in 5 mg scale)
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[765] Step 4: Tert-butyvl (38)-3-{[4-[1-(benzenesulfonyi)-6-(fluoromethylsulfonyl indol-3-vij-
S5-(tri fluoromethyl)pyrimidin-2-vi]Jamino]piperidine- 1 -carboxylate

F.C El3oc
3 e
Boc iﬁ:”\\# ”N\
- % ~
- N r”N\ m-CPBA PhQp8-pn" ™% N/]\N‘-"U
i j [ 3 \}__ H
7N

PhO.S~n \, NSNS DOM, 20°C, 44 h y
0'\

oo ”
- Hag
F\~~S

To a solution of tert-butyl (38}-3-[{4-] 1 -(benzenesulfonyl}-6-(fluoromethylsuifanybindol -3-vi}-
S-(trifluoromethylypyrimidin-2-yljamino}piperidine- I -carboxylate (30 mg, 45.06 umol, 1 eq) in
DCM (2 ml) was added m-CPBA (20.13 mg, 99.14 umol, 85% purity, 2.2 eq). The mixture was
stirred at 20 °C for 14 hr. The reaction mixture was guenched by addition a mixture solution of
saturated NaHCO, (10 mL) and Naz505 (10 mL) and extracted with EtOAc (20 mL x 3). The
combined organic layers were washed with brine (20 mL x 2), dried over Na; SOy, filtered and
concentrated under reduced pressuore to afford the title compound (25 mg, crade) as yellow solid.
it was used into the next step without further purification.

(766} Step 5. tert-butyl (35)-3-{ {4-{6-(fluoromethylsulfonyi)-1 H-indol-3-ylj-5-

(triflucromethvi) pyrimidin-2-yljamino [piperidine-{ -carboxylate

¢ oC
F Boc Fs 7
30\%'\;54 Y p C\Z//\f’b’& ™
D =X i/l\. w
EjhOZS“‘NMNAN“'v NROH(SM) HN\” N g v
- H ................................
4 A Dioxane, 90°C 1 h <_\
oy
0Q3¢ ] /S:O
Ft O F=

e
4
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To a solution of tert-butyl (35)-3-[14-[ 1 -(benzenesulfonyl)-6-(fluoromethylsulfonyl)indol3-y1}-5-
(trifluoromethyDpyrimidin-2-yljamino]piperidine- -carboxylate (25 mg, 35.83 vmol, 1 eq) in
dioxane (2 mL} was added NaQOH (5 M, 71.66 ulL., 10 eq). The mixture was stirred at 90 °C for 1
k. The residue was diluted with H,O (20 mL) and extracted with EtOAc (20 mL x 3). The
combined organic layers were washed with brine (20 ol x 2), dried over Nap5Q0y, filiered and

concentrated under reduced pressure to give a residue. The residue was purified by prep-TLC
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(S$10;, PE: EtOAc = 1:1) to atford the title compound (10 mg, 17.94 umol, 50.06% yicld) as a
white solid.
[767] Step 6: 4-{6-(fluoromethylsulfonyl)-1 H-indol-3-vi]-N-{(35 )-3-piperidyi]-5-

{(trifluoromethyljpyrimidin-2-amine

Q0
FaC ? F. H
Ny N TN NG
i
N

~
« A [ PSSO
"‘NMNAN“‘\/} HCI/EtOAC HN NN

N \
................................. e
'/4\§ 20°C, 15 min 4 :\

Oud Ozl

A solution of tert-butyl (35)-3-[{{4-[6-({lnoromethylsulfonyl)- 1 H-indol-3-y1]-5-(trilluoro
methyl}pyrimidin-2-yi]amino]piperidine- 1 -carboxylate (10 mg, 17.94 umol, 1 eq) in HCVEIOAc
(5 mL) was stirred at 20 °C for .25 h. the mixtore was concentrated to give the residue. The
restdue was purified by acidic prep-HPLC (HCI condition) to afford the title compound (1.2 mg,
2.43 umol, 13.55% yicld, HCI) as a white solid.
[768] Example 126. 3-methyl-1-{{3-[2-[[(38}-3-piperidyljamino}-5-
{triflueromethyl)pyrimidin-4-yl}-1 H-indol-6-yljsulfonyljpyrrelidin-3-ol (Compeund 196).
17681 Step 1: [H-indole-6-sulfonyl chioride
bl \ NaH, t-Buli "l )
50,, NCS, THF, g Q‘%\ O
O

78-20°C, 1850  CI7

Br

S5, was bubbled into THF (15 mb) at -78 °C for 30 minutes to give a solution (3.1 M, 19 %
purity) for use. To a solution of 6-bromo-1H-indole (5 g, 25.50 mmol, 1 eq) in THF (50 mL) was
added batchwise Nal (1.02 g, 25.50 mmol, 60% purity, 1 eq) at 0 °C. After addition, the mixture
was stirred at this temperature for 30 min, the mixture was cooled to -78 °C and then t-BulLi (1.3
M, 39.24 mL., 2 eq) was added dropwise. The resulting mixture was stirred at -78 °C for 30 min,
then SO, solution (1.63 g, 25.50 mmol, 1 eq) was added dropwise, the mixture was stirred at 20
°C for 16 h. (To the resulting solid was added 75 mL of MBTE and 2 mL of glacial acetic acid.

The mixtoure was stivred for 30 min at 0 °C, and filiered). The solids were then suspended in 75
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mL of THF, chilled to 0 °C, and NCS (3.41 g, 25.50 mmol, 1 eq) was carefully added. The
resulting suspension was stirred rapidly for 30 min. The reaction was stopped. The reaction
mixture filtered and concentrated under reduced pressure to afford the title compound (3 glas a
black oil. The residue was used to the pext step directly.

1770} Step 2: 1-(1H-indol-6-visulfonyl}-3-methyl-pyrrolidin-3-ol

- Q&“H HIN—
I - R O
N

SAF TEA THF, 20°C, &
o } O
VIO 12h

4
CH

To a solution of 1H-indole-6-sulfonyl] chloride (3 g, 13.91 mmol, 1 eq) 1o THF (25 ml.) was
added 3-methylpyrrolidin-3-ol (2.30 g, 16.69 mmol, 1.2 eq, HC1) and TEA (4.22 g, 41.73 mmol,
5.81 mL, 3 eq). The suspension was degassed and purged with N; for 3 times. The mixture was
stirred at 20 °C for 12 h. The reaction mixture was diluted with water 300 mL and extracted with
EtOAc (50 mLx3). The combined organic layers were washed with brine (50 mLx3), dried over
Nap Sy, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (510, PE: EtOAc=2:1} to afford the title compound (1.2 g,
3.68 mmol, 26.46% yield, 86% purity) as a brown oil.

(771} Step 3: 1-{(3-bromo-1 H-indol-6-vi)sulfonyl]-3-methyl-pvrrolidin-3-ol

HN-~

NBS, THF Q
R S
OH OH

To a solution of 1-(1H-indol-6-yisulfonyl}-3-methyl-pyrrolidin-3-01 {1.2 g, 4.28 vumol, 1 eq) in
DCM (10 mL) was added NBS (761.86 mg, 4.28 mmol, 1 eq} in small portion at 0°C. The
mixture was stivred at O °C for 0.5 h. The reaction mixture was diluted with water 30 mL and
extracted with DCM (20 mbLx3). The combined organic layers were washed with brine (20
mLx3)}, dried over Na,SQy, filtered and concentrated under reduced pressure o afford the title
compound {800 mg} as a brown solid.
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(772} Step 4: 1-{3-bromo-1-(2-trimethylsilviethoxymethyl lindol-6-yl [ sulfonyi-3-methyi-
pyrrolidin-3-of

HN-

\*‘Br
=) NaH, SEMCI o
:\j’s{\ """"""""""""""""""" o
S;J 0 THF, 0-rt, 2.5 h Q

OH OH

To a solution of 1-{(3-bromo-1H-indol-6-yh)sulfonyl}-3-methyi-pyrrolidin-3-o0l (1.1 g, 3.06
mmol, 1 eq) in THF (5 mL) was added NaH (183.70 mg. 4.59 mmol, 60% purity, 1.5 eq) for 0.5
hat 0°C, then SEM-CI (765.76 mg, 4.59 mmol, 812.90 ul,, 1.5 eq) was added to the solution at
(°C. The mixture was stirred at 20°C for 2.5 h and then diluted with water 50 mbL and extracted
with BtOAc (20 mix3). The combined organic lavers were washed with brine (20 mLx3), dried
over Na50,, filtered and concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography (510,, DCM: MeOH=20:1) to afford the title compound
(800 mpg) as a white solid. {The reaction was combined with another reaction in 100 myg scale {or
purification).

[773] Step 50 3-methyl-1-]3-(4.4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yi}-1-(2-

trimethyisilvlethoxymethvljindol-6-ylsulfonvipyrrolidin-3-of

SEM
SEM, QE\*N"\ o
N”\ Br L/i*\\ B\O [
3 BPD, o /Li\/ N
o S
~ :'S{\ \:{/ \M’S\‘*
l}l 0 Pd{dppfiCl,, 100 °C, ¥ (@]
KOAc, dioxane, 12h
Or OH

To a solution of 1-[3-bromo-1-(2-trimethylsilylethoxymethyl)indol-6-yl]sulfonyl-3-methyl-

-

pyrrolidin-3-ol {0.76 g, 1.55 mmol, 1 eq) in dioxane (10 mL) was addedd 4,5,5-tetramethyl-2-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-v1)-1,3,2-dioxaborolane (591.40 mg, 2.33 mmol, 1.5
eq), KOAc (304.75 mg, 3.11 mmol, 2 eq} and Pd(dppD)Cl, (113.61 mg, 155.26 umol, 0.1 eq).
The suspension was degassed and purged with Nz for 3 times. The mixture was stitred at 100 °C

for 12 h. The reaction mixture was diluted with water 100 mL and extracted with EtOAc (50

293



WO 2018/013867 PCT/US2017/042017

mLx3}). The combined organic layers were washed with brine (50 mLx3), dried over Na;SO,,
filtered and concentrated under reduced pressure to afford the title compound (770 mg) as brown
oil.

1774} Step 6: tert-butyi (35)-3-[[4-]6-(3-hydroxy-3-methyl -pyrrolidin-1-yl)sulforyi-1-(2-

trimethyisilylethoxymethyljindol-3-vI-5-(trifluoromethyl ) pyrimidin-2-ylJamino [piperidine- 1 -

carboxylate
FiG
3 T?’j F3C 5
R
SEM, CI PN b
N O NT o SEN-p Ny PN M
s B‘O"{\ } ;1\
Q )i & A B ’E\,'i\,J \\r;f [
™ ocC {
oy h Osdd Boc ™M
P;i @) xghos, indolin precat, PEO
- KsPO,, THF, HyO. ~N
CH 30°C, 2 h
HO
To a solution of 3-methyl-1-{3-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-y1)-1-(2 -

trimethylsilylethoxymethylindol-6-yljsulfonyl-pyrrolidin-3-01 (0.77 g, 861.04 umol, 1 eqg) in
THF (10 mL) and H,0 (2 mL) was added tert-butyl (35)-3-}{4-chloro-5-(trifluoromethyl)
pyrimidin-2-yl] amino] piperidine-1-carboxylate (327.88 mg, 861.04 umol, 1 eq), ditert-
butyl{cyclopentylyphosphane;dichloropaliadium;iron (56.12 mg, 86.10 umol, 0.1 eq) and B3P0y
(365.54 mg, 1.72 mmol, 2 eq). The suspension was degassed and purged with Ny for 3 times.
The mixture was stirred at 80 °C for 2 h. The reaction mixture was diluted with water 100 mL
and extracted with EtOAc (50 mLx3). The combined organic layers were washed with brine (50
mkb x 3), dried over NaySQOy, filtered and concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography (510, PH: EtOAc=2:1) to afford the title
compound (300 mg) as a colorless oil.

{775] Step 7 teri-buiyl (38)-3-[[4-{6-(3-hyvdroxy-3-methyl-pyrrolidin-1-vi)sulfornyi-1H-

indol-3-ylIj -5-(trifluoromethyl jpyrimidin-2-vljamino | piperidine-1-carboxylate
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To a solution of tert-butyl (35)-3-[[4-[6-(3-hydroxy-3-methyl-pyrrolidin-1-ylsulfonyl-1-(2-
trimethylsilylethoxymethyl)indol-3-yl}-5-(triflaoromethylDpyrimidin-2-vljamino}piperidine- 1-
carboxylate (0.27 g, 357.65 umol, 1 eq) in THF (2 mL) was added TBAF (1 M, Z.15 mL, 6 ¢eq).
The mixture was stirred at 55 °C for 12 h. The reaction mixture was diluted with water (20
mbix3) and extracted with EtOAc {10 mLx3). The combined organic layers were washed with
brine (10 mLx3), dried over NaySOy, {itered and concentrated under reduced pressure to give a
residue. The residue was purified by Cleanert PWCX-SPE for two times to afford the title
compound (80 mg) as a brown solid.

{776} Step 8: 3-methyl-1-{]{3-[2-[[(35)-3-piperidyl jamino [-5-(trifluoromethyljpyrimidin-4-
vij-1H-indol-6-vi]sulfonyljpyrrolidin-3-ol

TFA, DCM

¥

ri,1h C}\

O
T
®)

To a solution of tert-butyl (35)-3-[{4-[6-(3-hydroxy-3-methyl-pyrrolidin-1-yl} sulfonyl- 1H-
indol-3-yl}-3-(trifluoromethyl) pyrimidin-2-yl} amino] piperidine-1-carboxylate (0.07 g, 112.06
umol, 1 eq) in DCM (3 ml) was added TFA (5.39 g, 47.27 mmo}, 3.50 ml., 421.84 eq). The
mixture was stirred at 20 °C for | h. The reaction mixture was concentrated under reduced
pressure to give a residue. The residue was purified by prep-HPLC (HCI condition) to afford the

title compound (0.01491 g, 26.02 umol, 23.22% yield, 97.9% purity, HC}) as a white solid.
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17771 Example 127, 7-methyisulfonyl-3-[2-{1(35)-3-piperidyl] amine}-5-propyl-pyrimidin-
4-yi] -1H-indole -6-carbonitrile (Compound 367).
{778} Step i: Tert-butyl (35)-3-[{5-allyl-4-{6-cyano-7-methvisulfonvi-1-(2-

trimethyisilylethoxymethyl) indol-3-yi] pyrimidin-2-yi] aminof piperidine-i-carboxylate

Ci Boo /
N ; Pfr Boc
N ,/N B\ N i
SEM. X TN == o S ~ N N
TN " SEM~p X YR S
Q’ - H oo N/\ e /
_& - Q H N
i 1028206-56-5, KzPQy, 48
o THF, HoQ, reflux, 12 h !
Y7 ‘ O
N 4
N

To a solution of tert-butyl (35)-3-[{5-chloro-4-[6-cyano-7-methylsulfonyl-1- (2-
trimethylsitylethoxymethylindol-3-ylpyrimidin-2-yljamino]piperidine-1-carboxylate (0.3 g,
453.66 umol, 1.00 eq) in THF (3 mL) and H20 (0.6 mL) was added 2-allyl-4.4,5 5-tetramethyl-
1,3,2-dioxaborolane (381.17 mg, 2.27 mmol, 5 eq), KsPO,4 (192.60 mg, 907.32 umel, 2.00 eq)
and {2-(2-aminoethylphenyl]-chloro- palladium;dicyclobhexyl-{2-(2,4,6-
triisopropylphenybphenyl]phosphane (33.51 mg, 45.37 umol, 0.1 eq) under N». The mixture was
stivred under N» at 80 °C for 12 h. The reaction mixture was concentrated under reduced pressure
to give a residue. The residue was diluted with H.O 30 mL and extracted with EtOAc (30
mLx2}. The combined organic layers were washed with brine (30 mLx2). dried over Na;SO,,
{iltered and concentrated under reduced pressure lo give a residue. The mixture was purified by
column chromatography (510,, PE/EtOAc=10/1 to 3:1) to afford the title compound (150 mg,
crude) as yellow solid.

17791 Step 2: Tert-butyl (38 )-3-[{4-[6-cyano-7-methylsulfonyi-I-(2-trimethyisilylethoxymethyl)

indol-3-vi]-S-propyi-pyrimidin-2-yi] aminof piperidine-i-carboxylate
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To a solution of tert-butyl (35)-3-[[5-allyl-4-[6-cyano-7-methylsulfonyl-1-(2-
trimethylsitylethoxymethylyindol-3-yljpyrimidin-2-yljaminojpiperidine-1-carboxylate (0.15 g,
22492 umol, 1 eq) in MeOH (5 ml) was added Pd/C (0.1 g, 10%) and TEA (45.52 mg, 449.34
umol, 62.61 ul, 2 eq) under N,. The suspension was degassed under vacuum and purged with Hy
several times. The mixture was stivred ander Hp (15 psi) at 20 °C for 1 h. The reaction mixture
was filtered and the filter was concentrated to afford the title compound (0.1 g, crude) as yellow
solid, which was ased into the next step without {urther purification.

{780} Step 3: 7-methylsulfonvl-3-{2-[[{38)-3-piperidvijamino |-5-propyl-pyrimidin-4-yij-1 H-

indole-6-carbonitrile

H,S0,, dicxane
f
/ B

40°C, 1 h

To a solution of tert-butyl (35)-3-{{4-[6-cyano-7-methylsulfonyl-1-(2-
trimethylsilylethoxymethyl)indol-3-yl}-5-propyl-pyrimidin-2-yljamino]piperidine- 1 -carboxylate
(0.08 g, 119.60 umol, 1 eq) in dioxane (0.5 mL) was added H,S04 (119.69 mg, 1.20 mmol, 65.05
ul,, 98% purity, 10 eq). The mixture was stirred at 40 °C for 1 h. The reaction mixture was
concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC
(HCI condition} to afford the title compound (24.7 mg, 50.34 umol, 96.8% purity, HClyas a
white solid.

17811 Example 128, 3-[2-H{(35, 55)-5-flucro-3-piperidyljamino}-5-(trifluoromethyl)
pyrimidin-4-yi}-1H-Indole-6-carbonitrile { Compound 368).
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(782} Step 1: 3-[2-chioro-5-(irifluoromethyl) pyvrimidin-4-yi]-1H-indole-6-carbonitrile

FuO
\,C\Tl,/’%i cm Sy
A : i
HN o N A A
et
AlCH, DCE, 96 °C, Y
NC 25h N 'I":
NC

To a solution of 2, 4-dichloro-5-{trifluoromethyl) pyrimidine (30.53 g, 140.6% mmol, 2 eq) in
DCE (250 ral) was added AIC(19.70 g, 147.72 mamol, 8.07 mL. 2.1 eq). The mixture was
stirred at 90 °C for 0.5 h. Then 1H-indole-6-carbonitrile (10 g, 70.34 mmol, 1 eq) was added and
the resulting solution was stirred at 90°C for 2 h. The residue was dissolved in MeOH (100 mL)
and poured into ice-water (1000 mL) and stirred {or 5 min. The solids were formed and filtered
to collect the cake. The cake was washed with MeOH (300 mL), filtered and concentrated in
vacuun. The residue was purified by silica gel chromatography (PE: EtOAc = 1:1) to afford the
title compound (10 g, 26.34 mmol, 37.45% yield, 85% purity) as yellow solid.

(783} Step 2: 3-[2-chioro-5-(trifluoromethyl} pyrimidin-4-yij-1-(2-

trimethyisilvlethoxymethvl jindole-6-carbonitrile

et '—b’ ey
' THF, 0°C, 1.5 1 ;
NS N/

NC NC
To a solution of 3-[2-chloro-5-(irifluoromethyl) pyrimudin-4-yl}-1H-indole-6-carbounitrile (1 g,
3.10 mmol, 1 eq) in THF (20 mL} was added NaH (185.93 mg, 4.65 mmol, 60% purity, 1.5 eq)
at 0°C. The muxture was stirred at 0°C for 0.5 h. Then SEMCI (775.03 mg, 4.65 mol, 822.75
ul, 1.5 eq) was added and the mixture was stirved at (0°C for 1 h. The residue was poured into
ice-water (50 mL). The agueous phase was extracted with EtOAc (50 mEx3). The combined
organic phase was washed with brine (30 mLx2), dried with anhydrous Na;SQy, filtered and
concentrated in vacuum. The residue was purified by silica gel chromatography PE: EtOAc =
20:1-10:1-8:1 to afford the title compound (0.7 g, 1.53 mmol, 49.37% vield. 99% purity) as

white solid.
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(784} Step 3: Allyl (35, 5R)-3-[[4-[6-cyano-1-(2-trimethylsilylethoxymethyl) indol-3-vi]-5-
(trifluoromethvi) pyrimidin-2-yl] amino(-5-hydroxy- piperidine-1-carboxylate

NH,

/ ;L FSC\T/%N
oi Alioe” OH  geman Y N”J\NH
\

Bex
-8R

DIEA, NMP, 140 °C, 1 h

N\
kf”JAEEoc”i\!‘V‘/%"O:--i
NC NC

To a solution of 3-[2-chloro-3-(triflaoromethyl) pyrinmdin-4-yi}-1-(2-
trimncthylsilylethoxymethyl) indole-6-carbonitrile (0.2 g,441.57 umol, 1 eq) and allyl (35,5R}-3-
amino-S-hydroxy-piperidine-1-carboxylate (0.2 g, 636.42 umol, 1.44 eq, TFA) 1o NMP (3 mL)
was added DIEA (285.34 mg, 2.21 mmol, 384.56 ul, 5 eq). The mixture was stirred at 140 °C
for 1 h. The residue was poured into water (20 mL). The agueous phase was extracted with
EtOAc (30 mLx3). The combined organic phase was washed with brine (50 mLx2), dried with
anhydrous NaxSOy, iltered and concentrated in vacuum. The residue was purified by silica gel
chromatography (PE: EtOAc = 5:1-3:1-1:1) to afford the title compound (0.15 g, 243.23 umol,
55.08% yield) as yellow solid.

{785] Step 4: Aliyl(38,55)-3-{[4-[6-cyano-1-(2-trimethyisilviethoxymethyl Jindoi-3-yi{]-5-

(trifluoromethyl jpyrimidin-2-yl]amino]-5-fluoropiperidine-1-carboxylate

FZSC \N F3C E e
SEM-y S N” TNH DAST SEM~N NT TNH
= e e
\ p ﬂ; DCM, 0°C, 1 h s / ( i
»’ Alloc” OH Fatioc N~
NC NG

To a solution of allyl (38, 5R)-3-{[4-[6-cyano-1-(2-trimethylsilylethoxymethyl) indol-3-y1}-5-
(1,1-diflucroethylypyrimidin-2-yljamino}-5-hydroxy-piperidine- 1-carboxylate {80 mg, 130.56
umol, 1 eq) in DCM (3 mL) was added DAST (31.57 mg, 195.84 umol, 25.87 ul,, 1.5eq) at O
°C. The mixture was stirred at 0 °C for 1 h. The residue was poured into ice-water (5 mL). The
aqueous phase was extracted with EtOAc (10 mL.x3). The combined organic phase was dried

with anhydrous Na,SOy, filtered and concentrated in vacuum. The residue was purified by silica

299



WO 2018/013867 PCT/US2017/042017

umol, 28.97% yieid, 78% purity) as yellow solid.
[786] Step 5: 3-{2-[[(38, 58)-5-fluoro-3-piperidyl]amino |-5-(irifluoromethyl )pyrimidin-4-
vij-1-{Z2-trimethyisilviethoxvmethvi Jindole-6- carbonitrile

FaCu_ny N Fgc\/\N

SEM\NA‘I Pd{PPhs),, dimedone EM\N

\"/\ ib THF, 25°C. 1 h ~
&} ~atioc N~

To a solution of allyl (35, 535)-3-{{4-{6-cyano-1-(2-trimethylsilylethoxymethyl) indol-3-y1}-3-

(triftaoromethyl) pyrimndin-2-yt} amino}-5-fluoro-piperidine-t-carboxylate (55 mg, 88.90 umol,
I eq) in THF (5 mL) was added Pd (PPhs) (10.27 mg, 8.89 umol, 0.1 eq) and DIMEDONE
(37.38 mg, 266.69 umol, 3 eq). The moixture was stirred at 25 °C for 1 h. The residue was poured
into HC1 (10 mL, 1M). The aqueous phase was extracted with EtOAc (15 mLx3). The combined
organic phase was washed with sat. NaHCO5 (10 mL). Then the combined organic phase was
dried with anhydrous Na,SOy, filtered and concentrated in vacuum to afford the tide compound
(50 mg, crude) as yellow oil and used directly in next step.

{7871 Step 6: 3-{2-[[(3S, 58)-5-fluoro-3-piperidyl]amino [-5-(trifluoromethyl )pyrimidin-4-
vij-1H-Indole-6-carbonitrile

FC I wy Fsc\ﬁi
{?‘:\ L ”\ -
semy Sy N7 M H,S0, SN
ot B N
/l /\yj dioxane, 40 °C, 12 h ’\ / r
2\;} HN e ‘*}, HNL Ay
NG NG

To a solution of 3-[2-[{(35, 55)-5-fluoro-3-piperidyljamino}-5-(trifluoromethylpyrimidin-4-vi}-
I-(2-trimethylsilylethoxymethyljindole-6-carbonitrile (50 mg, 93.52 umol, 1 eqg) in dioxane (5
mb) was added H>SO4 (183.45 mg, 1.87 mmol, 99.70 ukL, 20 eq). The mixture was stirred at 40
°C for 12 h. The muxture was extracted with EtOAc (10 mLx3). The combined organic phase
was discarded. The agueous phase was adjusted to pH to 9 with sat. NaOH and extracted with

EtOAc (10 mLx3). The residue was purified by prep-HPLC (FA) to afford the title compound
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(6.8 mg. 14.65 umol, 97% purity, FA) as white solid.

[788] Example 129, N-[(35)-1-ethyl-5,5-dimethyl-3-piperidyi]-4-(6-methylsulfonyl-1H-
indel-3-vi}-5-(trilluoromethyljpyrimidin-2-amine (Compound 369).

{7881 Step 1: N-{(35)-1-ethyi-5,5-dimethyl-3-piperidyl]-4d-(6-methylsulfonyl- 1 H-indol-3-yl}-5-

(trifluoromethyl jpyrimidin-2-amine

0 B o
g r 3G PG, H, (50 psi) \cil S FSCY/%N \E:';
\ /\I,/K \ (/ = &\ ,J\f\ ; f/ \f
Ny A= HOAG, EIOH, 25°C, 7 y N{J\N“'\/‘T~
E“N"J 16 h HN— H

To a solution of N-[(35)-1-benzyl-5,5-dimethyl-3-piperidyl}j-4-(6-methylsulionyl- 1H-indol-3-
yi-5-(trifluoromethyDpyrimidin-2-amine (40 mg, 71.73 vmol, 1 eq) in BtOH (15 b)) was added
PA/C (15 mg, 10% purity) and HOAc (8.62 mg, 143.46 umol, 8.21 ul, 2 eq} under N,. The
suspension was degassed onder vacuum and purged with H; several times. The mixture was
stirred under Ha (50 psi) at 25 °C for 16 br. The reaction mixture was {iltered through celite and
the filtrate was evaporated to afford the crude product. The crude product was purified by acidic
prep-HPLC purification (HCI condition) to afford the title compound (10.88 mg, 18.85 aumol,
26.28% vield, 92.18% purity, HCI) as yellow solid.

[79¢] Example 130, 3-[2-[{(35, 5R)-5-hydroxy-3-piperidyljamine]-5-
(trifiuoromethyDpyrimidin-4-yl}- 1 H-indole-6-carbonitrile (Compound 370).

{791} Step i: Tert-butyl N-[(5R)-1-benzyl-5-hydroxy-3-piperidyl] carbamate

NHBoc NHBoc
TBAF, THF
T
N rt, 12t N ,
8n” OTBDMS <% g OH

To a solution of tert-butyl N-[{5R)-1-benzyl-5-{tert-butyl{dimethyl)silyljoxy-3-
piperidyljcarbamate (0.5 g, 1.19 mmol. 1 eq) in THF (5 mL) was added TBAF (1 M, 1.43 mL,
1.2 eq). The mixture was stirred at 20 °C {or 12 h. The reaction mixture was concentrated under
reduced pressure to give a residue. The residue was purified by column chromatography (510;,
PE/EIOAc=10/1-2/1) to afford the title compound (0.3 g, 979.12 umel, 82.38% yield) as a white
solid.

17921 Step 2. 4-[53-(2,5-dichloropyrimidin -4-yi)-1 H-indol-7-vl]thiomorpholine
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To a solution of tert-butyl N-[(5R)-1-benzyl-3-hydroxy-3-piperidyl] carbamate (0.3 g, 979.11
umol, 1 eq) in BtOAc (1 mL) was added HCVEtOAc (4 M. 3 mL, 20.43 e¢q). The mixture was
stirred at 20 °C {or 1 h. The reaction muxture was concentrated under reduced pressure to afford
the title compound (0.25 g, crude, HCl) as white solid, which was used into the next step without
further purification.

[793] Step 3: 3-{2-[{(38, SR)-1-benzyl-5-hydroxy-3-piperidyljamino]-5-

{ zriﬂ'zmmmei’hyi)pyrimidin—4 -vif-1H-indole-6-carbonitrile

> FQC\V/’\?\E
NH2 HOl S.

HN/\I/

?\g c
Bn” “*OH CHEA, NMP, 140°C 1 h <> "*EWOH

To a solution of 3-[2-chloro-5-(trifluoromethyl) pyrimidin-4-ylj-1H-indole-6-carbonitrie (73.11
mg, 226.58 umol, 1.1 eq) in NMP (0.5 mL} was added DIPEA (53.24 mg, 411.96 umol, 71.75
ul, 2 eq) and (3R, 55)-5-amino-1-benzyl-piperidin-3-ol (0.05 g, 205.98 unmol, 1 eq, HC. The

mixture was stirred at 140 °C for 1 h. The reaction mixture was poured into H,O 10 mL, while
brown solid formed. The solid was filtered and washed with HoO (1 mLx2). The solid was
dissolved into EtOAc (10 mL), and washed with brine (10 mLx2), dried over Na,S0,, filtered
and concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (510,, PE /EtOAc=5/1 to 1/1) to afford the title compound {0.05 g, 69.04 umol,
33.52% vield, 68% purity) as yvellow solid.

{794} Step 4: 3-{2-[[(3S, SR)-5-hvdroxy-3-piperidyl jamino [-5-(trifluoromethvl jpyrimidin-4-
vij-1H-indole-6-carbonitrile
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Pl oy Falo_vy
i PA/C, Hy(15 psi), |0
) /\\\/\N//I\NH TEA S #
NN R TEA o HNOSYT K
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To a solution of 3-{2-[[(3S, 5R)-1-benzyl-5-hydroxy-3-piperidyljamino]}-5-
(trifluoromethyhpyriomdin-4-yij-1H-indole-6-carbonitrile (50.00 mg, 101.52 umol, 1 eq) in
MeOH (5 mL) was added Pd/C (0.05 g, 10% purity) and TEA (20.55 mg, 203.05 umol, 28.26
ul.. 2 eq) under N». The suspension was degassed under vacuum and purged with Hs several
times. The mixture was stirred under Hy (15 psi) at 20°C for 1 h. The reaction mixture was
filtered and the filier was concentrated. The residue was purified by prep-HPLC (HC1 condition)
to afford the title compound (1.6 mg, 3.57 umol, 3.52% yield, 97.9% purity, HCl) as yellow
solid.

17951 Example 131, 4-[6-(difluoromethylsuifanyl)-1H-indol-3-y1}-N-{(3%)-3-piperidyl}-8-
(trifiuoromethyl) pyrimidin-2-amine (Compound 374).

(7961 Step I 4-[6-(diflucromethyisulfanyl)-1 H-indol-3-yl]-N-{(35)-3-piperidyl]-5-

(trifluoromethvl) pyrimidin-2-amine

0C F
F"C\WN (/fj\' C\‘ifk\N !(,,-KL7
y /\\I,/kN»;kﬁ\ A_J  Hemeon r\(\f’ /l\Y NG,
=== B Ve
V\Z\r p 25°C, 12 h }\”ﬂ>
,,,;::2(3,8 HFC~

To sohution of tert-butyl (35)-3-{[4-[6-(difluoromethylsulfanyl}- 1 H-indol-3-y1}-5
~(trifluoromethylpyrimidin-2-yljamino}piperidine-1-carboxylate (15 mg, 27.60 umol, 1 eq) in
HCIMeOH (5 mL) was stirred at 25 °C for 12 h. The residue was concentrated in vacuum.

The residue was purified by prep-HPLC (FA) to atford the title compound (5.6 mg, 11.39 umol,
41.27% vyield, 99.55% purity, FA) as white solid.

{7971 Example 132, 4-[6-(difluoromethylsulfonyl}- 1 H-indol-3-y1]-N-{(3%)-3-piperidyl}-5-

(trifluoromethyDpyrimidin-2Z-amine (Compound 375).
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(798} Step 1: (35)-3-[[4-[1-(benzenesulfonyl )-6-sulfanyi-indol-3-yl}-5-
(trifluoromethyvl )pyrimidin-2-vl] amino] piperidine-1-carboxylate

. i}oc 53

FJC\T;;\N /Nw ”‘Y/\N f 7

PhO25~N“A\§r’* )\ﬁ f\/J LiOi—i,zﬁGC,mmﬁ PhO,S-p” /LN K/

g:} MeQH, H,0 %‘i}
i

To a solution of tert-butyl (33)-3-[{4-[6-acetylsulfanyl-1-(benzenesulfonyl) indol-3-yi}-3-
{trifluoromethyl) pyrimidin-2-yl] amino] piperidine-1-carboxylate (0.3 g, 443.96 umol, 1 eq) in
MeOH (10 mLYH0 (1 mL) was added LiOH.H,O (55.89 mg, 1.33 mmol, 3 eq). The mixture
was stirred at 20 °C for 10 min. The residue was adjusted pH to 3 with HCU (2M), filtered and
the filter cake was collected. The filter cake was dissolved i DCM (50 mL), dried with
anhydrous Na;SO;, filtered and concentrated in vacoum to afford the title compound (0.2 g,
crude) as yellow solid and used directly in next step.

(7981 Step 2: (38)-3-f[4-[6-{difluoromethyisulfanyl)-1 H-indol-3-yi]-5-

{(trifluoromethyl jpyrimidin-2-yljamino]piperidine- I -carboxvlate

. E1Q \oC
- Boc R OF; = ?"‘-’

Fa g 3
TN N Br>f g C\.i/’%N N
/\,/K\ H [ Foo ~ L [ ]
PROsS N Sy . Hry\ N"’\w&/

/”% KOH, MeGN/H,O =

. 0-20°C, 12 b ygf/
HS HF,C-5

To a solution of tert-butyl (35)-3-{{4-[ I1-(benzenesulfonyD)-6-sulfanyl-indol-3-y1}-5-
(triftuoromethylpyrimidin-2-vljamino]piperidine- 1-carboxylate (0.2 g, 315.60 umol, 1 eq) and
I-{{bromo (difluoro) methylj-cthoxy-phosphoryl] oxvethane (421.34 mg, 1.58 mmol, 5 eq) in
HyO 5 mL)yMeCN (6 ml) was added KOH (354.17 mg, 6.31 mmol, 20 eq) at 0 °C. The mixture
was stirred at 20°C for 12 h. The mixture was concentrated in vacuum to remove MeQH, the
residue was extracted with ethyl acetate (20 mbLx3). The combined organic phase was dried with
anhydrous Na,SOy, filtered and concentrated in vacuum. The residue was purified by silica gel
chromatography (PE: EtOAc = 10:1-5:1-3: 1) to afford the title compound {(0.08 g, 117.74 umol,

37.31% vield, 80% purity) as yvellow solid.
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(800} Step 3: Tert-butyl 3-[2-[[(35)-1-tert-butoxycarbonyi-3-piperidyl] amino]-5-

(trifluoromethivi) pyrimidin-4-yi]-6-(diffuvromethylsulfanyi) indole-1-carboxylate

Fy $OC Boc
;’ " S T
H Y/‘N”\ \\ Boc,O, DMAP, TEA . A O
- GO ; o
_ 3 N\ﬂ N ?“
DCM, 20°C, 12 h =
\_ 4
HF,C-S y

To a solution of tert-butyl (35)-3-[[4-{6-(difluoromethylsulfanyl)- 1H-indol-3-y1}-3-
(trifluoromethyl) pyrimidin-2-yl} amino} piperndine-1-carboxylate (0.08 g, 147.18 umol,  eq) in
DCM (5 mL) was added DMAP (17.98 mg, 147.18 umol, leq), TEA (14.89 mg, 147.18 umol,
20.49 ul., 1 eq) and Boe; 0 (35.33 mg, 161.90 umel, 37.19 ul, 1.1 eq). The mixture was stirred
at 20 °C for 12 h. The residue was poured into water (10 mL}). The aqueous phase was extracted
with DCM (10 mbLx3). The combined organic phase was dried with anhydrous NaySQOy, filtered
and concentrated in vacuum. The residue was purified by silica gel chromatography (PE: EtOAc
= 10:1-5:1) to afford the title compouund (0.05 g, 69.91 umol. 47.50% yield, 90% purity) as
yellow solid.

[801] Step 4: Tert-butyl 3-[2-[[(35)-1-tert-butoxycarbonyl-3-piperidyljamino]-5-
(trifluoromethvl )pyrimidin-4-vl]-6-(diflucromethyisulfonyl)indole- I -carboxylate

FaC Sy ?OC

L O
m-CPBA B"C‘“?\’/\N’

.
e

DCM, 25°C, 12 h S\"}
Oxd
»anc; ©

To a solution of tert-butyl 3-[2-[{(35)-1-tert-butoxycarbonyl-3-piperidyl] amino]-5-

(trifluoromethyl) pyrimidin-4-yi}-6-(difluoromethylsulfanyl) indole- I-carboxylate (45 mg, 69.91
umol, 1 eq) in DCM (5 mlL) was added m-CPBA (31.23 mg, 153.81 umol, 85% purity, 2.2 eqg).
The mixture was stirred at 25 °C for 12 h. The residue was poured into sat. NaHCO; (5 mL) and
stivred for 10 mun. The aqueous phase was extracted with EtOAc (10 mLx3). The combined

organic phase was dried with anhydrous Na;5Q;, filtered and concentrated in vacuum. The
305



WO 2018/013867 PCT/US2017/042017

residue was puorified by silica gel chromatography PE: EtOAc = 10:1-5:1-3:1 to alford the title
compound (15 mg, 19.98 umol, 28.58% yield, 90% purity) as yellow solid.
1862] Step 5: 4-{6-(difluoromethylsulfonyi)-1H-indol-3-yI]-N-{(38 )-3-piperidyl]-5-

{(trifluoromethyljpyrimidin-2-amine

C i';)oe‘ Eii
Ny N \j/\N N
() e

/k A /\Y/\
Boe~ N H\' HCYMeOH HN _ N
2000, 1 <ﬁ>
OQ‘-(
;’\‘o
HFQU 2

A solution of tert-butyl 6-(difluoromethylsulfonyl}-3-[2-{{(35)-3-piperidyliamino}-5-
{trifluoromethyl) pyrimidin-4-yljindole-1-carboxylate (15 mg, 26.06 umol, 1 eq) in HCI/MeOH
(3 ml) was stirred at 20 °C for 12 h. The mixture was concentrated in vacunm. The residue was
purified by prep-HPLC (FA) to afford the title compound (4.3 mg, 8.20umol, 31.47% yield,
99.46% purity, FA) as white solid.
(8031 Example 133, N-[(35)-8, 5-dimethyl-3-piperidyl]-4-(6-methylsulfonyl- 1 H-indol-3-y1}-
S-(triftucromethyl) pyrimidin-2-amine (Compound 376).
180341 Step 1. Methyi (28)-5-oxopyrrolidine-2-carboxylate

Q

HIN S0CHL, MeOH  HN

O:gf ()”Cta?%oﬂih(}gﬂ

OH P
To a solution of (25)-5-oxopyrrolidine-2-carboxylic acid (117 g, 906.18 mmol, 1 eq) in McOH
(500 mL) was added SOCl, (215.62 g, 1.81 mol, 131.47 mL, 2 eq) at § °C. The mixture was
stirred at 18 °C for 1 hr. The reaction mixture was concentrated. The residue was diluted with
EtOAc (1000 mb) and TEA (150 mL). The solid was formed and filtered. The {iltrate was
evaporated to afford the title compound (147 g, crude) as light yeliow oil. It will be used directly
in next step without any further purification.

[805] Step 2: (S)-1-tert-butyl Z-methyl 5-oxopyrrolidine-1,2-dicarboxylate
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Q 0
‘ A
HN (Boc),O, DMAP Boc—p .:]
o= TEA, EA, 0-20 6*3
/O °C, 16 1t /O

To a solution of methyl (2S)-5-oxopyrrolidine-2-carboxylate (147 g, 1.03 mol, 1 eq), DMAP
(15.06 g, 123.24 mmol, 0.12 eq) and TEA (259.80 g, 2.57 mol, 357.35 mk, 2.5 eq) in EtOAC
(500 mL) was added dropwise tert-butoxycarbonyl tert-butyl carbonate (291.37 g, 1.34 mol,
306.71 mL. 1.3 eq) at 0 °C. The mixtore was stirred at 20 °C for 16 h. The reaction mixiure was
washed with HC1 (0.5 M, 1000 mL), sat. NaHCO; (1000 mL), brine (1500 mL), dried over
NaxSOy, filtered and concentrated under reduced pressure to give a residue. The residoe was
purified by re-crystallization from MTBE (250 mL). The reaction mixture was filtered and
gvaporated to afford the title compound (2 batches obtained; Batch 1: 108 g, 100% HPLC purity;
Batch 2: 53 g, 90% "H NMR purity) as white solid.

[806] Step 3: (S)-1-tert-butyl 2-methyl 4,4-dimethvi-5-oxopvrrolidine-1,2-dicarboxylate

g ?
Boc~p LIHMDS, CHsl, THF BO%N)\,‘L
- J
o THF, -78°C-20°C, 3 h 04%
s O
/ 7

To a solution of (S)-1-tert-butyl 2-methyl S-oxopyrrolidine-1, 2-dicarboxylate (20 g, 82.22
mmol, 1 eq) in THF (500 mL) was added dropwise LiHMDS (1 M, 172,66 ml., 2.1 eq) at -78 °C
under N, atmosphere. After addition, the mixture was stirred at this temperature for 0.5 h, and
then CH31 (35.01 g, 246.65 mmol, 15.36 mL, 3 eq) was added dropwise at -78 °C under N,
atmosphere. The resulting mixture was stirred at 20 °C {or 2.5 h. The reaction mixture was
diluted with saturated aqueous NH4C1 (1000 mL) and extracted with EtOAc (300 mL x 3). The
combined organic layers were washed with brine (500 mL), dried over Na»SQy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by MPLC (510,
PE: EtOAc = 4: 1-3:1) to afford the title compound (8 g, 25.95 mmol, 31.56% yield, 88% purity)
as light yellow solid.
18671 Step 4: tert-butyi N-{{15 }-4-hydroxy-1-(hydroxymethyi -3, 3-dimethyl-butvl [carbamate
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O
!
OH
BOC-N" Y~ NaBH,, EIOH
‘ o Boc., .. OH
e THF, 6 °C-20 °C, 18 h E
O
/

To a solution of (S)-1-tert-butyl 2-methyl 4, 4-dimethyl-5-oxopyrrolidine-1,2-dicarboxylate (4.3
g, 15.85 mmol, 1 eq} in THF (35 mL} was added NaBH, (1.80 g, 47.55 mmol, 3 eq) by portions
at 0 °C under N,. After addition, EtOH (8.25 g, 179.09 mmol, 10.47 mL, 11.3 eq) was added
dropwise at 0 °C. The resulting mixture was stirred at 20 °C for 16 h. The reaction mixture was
poured into saturated aquecus NHLC (250 mL) and extracted with EtOAc (100 mL x 3). The
combined organic layers were washed with brine (250 mL), dried over Na;SO,4, filtered and
concentrated under reduced pressure to afford the title compound (3.67 g, crude) as colorless oil.
It was used directly in next step without any further purification

[808] Step 5: [(28)-2-(tert-butoxycarbonyiamino j-4,4-dimethyi-5-methyisulfonyvioxy-pentvi]

methanesulfonate

OH MSCI TEA OMs
Baoc., [X/ ' Bac., [X/ Vis
N OH pem, o ec-20 N OMs

°C,12h
To a solution of tert-butyl N-{(18)-4-hydroxy-1-(hydroxymethyl)-3,3-dimethyl-butyljcarbamate
(3.67 g, 14.84 mmol, 1 eq) and TEA (6.01 g, 59.35 mmol. 8.26 mL, 4 cq) in EtOAc (25 mL) was
added dropwise methanesulfonyl chioride (5.10 g, 44.52 mimol, 3.45 mk., 3 eq) at § °C, the
resulting mixture was stirred at 20 °C for 12 h. The reaction mixture was poured into H,O (200
ml}. EtOAc (50 mL x 3) was used to extract the product. The organic layer was washed by brine
{30 mL), dried over Na,SQO4, filtered and evaporated to afford the title compound (6.06 g crude)
as coloriess oil. It was used divectly in next step without any further purification.

(849} Step 6: Tert-butyl N-{{35)-1-benzyl-5,5-dimethyl-3-piperidyl] carbamate

OMs BnNH, Bn
'S JNG
BOC\ A = ~
N OMs  puME 70°C, 16 1 Lo
H BocHN®

A flask was fitted with [(25)-2-(tert-butoxycarbonylamino)-4, 4-dimethyl-5-methylsulfonyloxy-
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pentyl] methanesulfonate (6.06 g, 15.02 mmol, 1 eq), phenylmethanamine (5.15 g, 48.06 mmol,
5.24 ml, 3.2 eq) and DME (50 mL}. The reaction mixture was heated to 70 °C for 16 hr. The
reaction mixture was poured into HyO (40 mL). DCM (40 mL x 3) was uscd to extract the
product. The organic layer was washed by brine (30 ml.}, dried over Nap5Q,, filtered and
gvaporated to afford the crude product. The crude product was purified by twice MPLC (510;,
PE: BtOAc=20:1-10:1) to afford the title compound (580 mg, 1.49 mrool, 9.91% vield, 81.7%
purity) as colorless oil.

1810} Step 7: (38 )-1-benzyl-5, S-dimethyl-piperidin-3-amine

Bn E,Bn
N HCHEIOAS

N
Y — NG [
25°C, 1h -
BocHN FoN

A flask was fitted with tert-butyl N-[(35)-1-benzyl-5, S-dimethyl-3-piperidyl] carbamate (300
mg, 942.05 umol, 1 eq) 1o HCYEIOAC (15 ml). The mixture was stitved at 25 °C {or 1 hr. Some
white precipitate was formed. The mixture was filtered and the cake was washed by EtOAc (5
ml.). The cake was collected and dried over vacoum to afford the title compound (220 mg,

738.23 umol, 78.36% yield, 85.5% purity, HCI) as white solid. It will be used directly in next

step.
(811} Step 8 6-methylsulfonyl-1H-indole
Q
Br
T ' NaO’S\
g O
Cul, L-proline, DMSO
HN 90°C, 12 h

A mixture of 6-bromo-1H-indole (5 g, 25.50 mmol, 1 eq), sodium methanesulfinate (3.38 g,
33.16 ramol, 1.3 eq), Cul (97.15 mg, 510.09 umol, 0.02 eq) and L-Proline (117.45 mg, 1.02
mmol, 0.04 eq) in DMSO (10 mL) was degassed and purged with N for 3 times, and then the
mixture was stirred at 90 °C for 12 hr under N, atmosphere. The reaction mixture was poured
into HoO (300 mlb) and then EtOAc (150 mL x 3} was used to extract the product. The combined
organic layer was washed by brine (100 mL), dried over NaySQy, filtered and evaporated to
afford the crude product. The crude product was purified by MPLC (510;, PE: EtOAc =3:1-1:1)
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to afford the title compound (4.17 g, 61% purity) as dark yellow solid (combined purification

with another 2 g scale reaction).

1812} Step 9: 3-[2-chioro-5-(trifluoromethyljpvrimidin-4-ylj-6-methylsulfonyl- 1 H-indole
FaC

)\ F L FoC

& AN
gom 7 \H//\Ff
, 0 A
AlCl;, DCE, 90°C, 16 h J N™ g

HN

To a solution of 2, 4-dichloro-3-(trifluoromethylpyrimidine (5.00 g, 23.05 mimol, 1.5eq) in
DCE (20 mL) was added AICY; (3.28 g, 24.59 mmwol, 1.34 mL, 1.6 eq). After addition, the
mixture was stirred at 90 °C for 30 min, and then 6-methylsulfonyl- 1H-indole (3 g, 15.37 mmol,
1 eq) was added at 90 °C. The resulting mixture was stirred at 90 °C for 15.5 h. The reaction
mixture was poured into saturated NaHCO; solution (200 mL). Then EtOAc (200 mL x 3) was
added to extract the product. Then organic layers were washed by brine (300 mL), dried over
Nay5Q0;, filtered and evaporated to afford the crude product. The crude product was purified by
acidic prep-HPLC (TFA condition). The separated sohution was adjusted to pH=8 by saturated
NaHCO; solution. EtOAc (150 mL x 3} was used to extract the product. The organic layer was
dried over Na;SQOy, {iltered and evaporated to afford the title compound (1.8 g, 4.44 mmol,
28.90% vield, 92.7% purity) as dark yellow solid.

(813} Step 10: N-[(35)-1-benzyl-5,5-dimethyl-3-piperidyi]-4-(6-methylsulfonyl-1H-indol-3-

yvi)-S-{triftuoromethyl jpyrimidin-2-amine

F%n
/N\
E O ?n
FoC HNS ST ; FsC
\Y/\N 2 [

N gL AR 3TN M
7 N
\\ 3 4\ y /f\ i Y
DIEA, NMP, 140°C, 0.5 h ) NF N oS
HN- H A

A flask was fitted with 3-{2-chloro-5-(trifluoromethylpyrimidin-4-y1]-6-methylsulfonyl- 1H-
indole (200 mg, 532.26 umol, 1 eg), (3S)-1-benzyl-5.5-dimethyl-piperidin-3-amine (116.21 mg,
456.10 umol, 8.57¢-1 eq, HCL and DIPEA (412.75 mg, 3.19 mmol, 556.27 uL, 6 eq) in NMP (3

mi.). The reaction mixtore was heated to 140 °C for 30 min. The combined reaction mixfure was
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poured mio HaO (40 mL). BtOAc (25 ml x 3) was used to exiract the product. The organic layer
was washed by brine (30 mL), dried over Na:zS0,, filtered and evaporated to afford the crude
product. The crude product was purified by MPLC (510,, PE: EtOAc =3:1-1:1} to alford the title
compound (2 batches; batch 1: 80 mg, 74.4% purity; batch 2: 20 mg crude, 85% purity) as Hght
yeliow solid (combined purification with another 20 mg scale reaction).

(814} Step 11: tert-butyl (35)-3,3-dimethyi-5-[ [4-(6-methyisulfonyi-1 H-indol-3-yl}-5-

(trifluoromethvl jpyrimidin-2-vl]amino|piperidine-1 --carbaxyiaie

O gﬁn gioc.
: FaC
\i'/)?i\“t\\ ¢ , PA/C, Hy, (50 psi) _ g \!'/\1 !/N\}
~¢ A k\/% Boc,G, THF, 25°C, 24 h L‘**%T\N‘;\Nw\/&_
HN-—' HA— H

To a solution of N-[(35)-1-benzyl-5,5-dimethyl-3-piperidyl}-4-(6-methylsulfonyl-1H-indol-3-
yh)-3-(trifluoromethypyrimidin-Z-amine (55 mg, 98.63 umol, 1 eq) and Boc,O (43.05 mg,
197.26 umol, 45.32 ok, 2 eq) in THF (20 mL) was added Pd/C (15 mg, 10% purity) under N,
The suspension was degassed under vacuum and purged with H, several times. The mixture was
stirred under Ha (50 psi) at 25 °C for 24 hr. The combined muxture was {iltered through celite
and the cake was washed by THF (20 mL). The filtrate was evaporated to afford title compound
(60 mg. 70% purity) as light yellow solid {combined purification with another 10 mg scale
reaction). It was used directly in next step without any further purification

[815] Step 12: N-{(38}-5,5-dimethvi-3-piperidyl|-4-(6-methyisulfonyl-1 H-indol-3-y1)-5-

{ l'n:ﬁ'u()r(nnezizy! Jpyrimidin-2-amine

oC O
li

s \/\* TFA DCM ™5 Ty N
/a preeranali Al By
!’ K/T“ 25°C, 1h N7 _—
HN— HN— H

To a solution of tert-butyl (55)-3,3-dimnethyl-5-{[4-(6-methylsulfonyl- 1H-1ndol-3-y1)-

S-(trifluoromethyl) pyrimidin-2-yl} amino] piperidine-1-carboxylate (60 mg, 105.70 umol, 1 eqg)
in DCM (4 ) was added TFA (2 mL). Theo the reaction mixture was stirred at 25 °C for | hr.
The reaction mixture was evaporated to afford the crude product. The crude product was purified

by neutral prep-HPLC purification to afford the title compound (21.5 mg, 45.33 umol, 42.88%
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yield, 98.57% purity) as white solid.

[816] Example 134, 4-[6-(difluoromethylsulfinyl}- 1 H-indol-3-y1]-N-{(35)-3-piperidyl}-5-
{triflueromethyl) pyrimidin-2-amine (Compound 380).

18171 Step 1: 4-[6-(diflucromethylsulfiny!)-1 H-indol-3-y1]-N-[(35)-3-piperidyi]-5-

(trifluoromethyl) pyrimidin-2-amine

Foc FiC
Fsc\t/x\N J/N\ 3 \]:/%F}i /ﬁ\}
B ’\/Q Al S L
SN T N TFAIDCM AN T NN
- ‘ -
@ 25°C, 1 h Y >
Qudf O
HIE,C HELC

To a solution of tert-butyl 3-{2-[1(3S)-1-tert-butoxycarbonyl-3-piperidyljamino}-5-
(trifluoromethylpyrimidin-4-yl}-6-(difluoromethylsulfinyl) indole-1-carboxylate (15 mg, 22.74
umol, 1 eq) in TFA (0.5 mL) and DCM (1 ml.) was stirred at 25 °C for 1 h. The mixture was
concentrated in vacuum. The residue was purified by prep-HPLC (FA) to afford the title
compound (3.5 mg. 6.84 umol, 30.07% yield, 98.75% purity, FA) as white solid.
[818] Example 135, N-[(38)-1-cyclopropyl-3-piperidyl|-4-(6-methylsulfonyl-1 H-indel-3-
yh-5-(trifluoromethyl) pyrimidin-2-amine (Compound 381).
18181 Step 1: Tert-butyl (35 )-3-(benzyloxvearbonylamino Jpiperidine- 1 -carboxyiate

CbzCl, TEA

(S) B (8}
HoN "BoC pCM 0°Cio20  CbzHN “Boc

°C,1h

To a solution of tert-butyl (35)-3-aminopiperidine-1-carboxylate (1 g. 4.99 mmol, 1 eq), TEA
(1.52 g, 14.98 mmol, 2.08 mL, 3 eq) in DCM (10 mbL) was added benzyl carbonochloridate (1.28
g, 7.49 marool, 1.06 ml, 1.5 eq) at 0 °C. The muxture was stirred at 20 °C for 1 hr. The reaction
mixture was diluted by addition H,O (100 mL} extracted with EtOAc (50 mL x 3), dried over
NaxSOy, filtered and concentrated under reduced pressure to give a residue. The residoe was
purified by column chromatography (510,, PE: EtOAc = 1{(:1 to 3:1) to afford the title
compound (1 g, 2.09 mmol, 41.92% yield, 70% purity) as a colorless oil

(8281 Step 2: Bengyl N-{{38)-3-piperidvijcarbamate
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, HCVEIOAS
E(S,' e B (3)
N (
ChzHN® ™""Boe  20°C,1h  ChzHN

NH

A mixture of tert-butyl (35)-3-(benzyloxycarbonylamino)piperidine- 1-carboxylate (1 g, 2.99
mmol, 1 eq) and HCVEICGAC (4 M, 10 mL) was stirred at 20 °C for 1 hr. The reaction mixture
was concentrated to afford the product (0.85 g, crude, HCI). The product (300 mg. 1.85 mmol, 1
eq, HC was dissolved in satorated NaxCGOs solution (100 mL) and EtOAc (50 mb x 3) was used
to extract the product. The organic layer was dried over Na;SQy, filtered and evaporated to
afford the title compound (400 mg, 1.71 mmol, 92.45% yield) as white solid. It will be used
directly in next step without any further purification.

(821} Step 3: Benzyl N-[(38)-1-cyclopropyl-3-piperidyljcarbamate

£t ' 7N
< . )
(18“ A} 4
2 NH CozHN® >~
CozHN HOAc, NaBHCN, MeOH, THF, = 2 7

4AMS,80°C, 8h
To a mixture of benzyl N-[(35)-3-piperidyljcarbamate (300 mg, 1.28 mmol, 1 eq) and (1-
ethoxycyclopropoxy)-trimethyl-silane (446.39 mg, 2.56 mmol, 514.87 ul, 2 eq) in THF (8§ mL)
and McOH (8 mL) were added HOAc (384.47 mg, 6.40 mmol. 366.16 uL, 5 eq), NaBH;CN
(120.70 mg, 1.92 munol, 1.5 eq) and 4A MS (0.5 g). The reaction ruxture was stured at 60 °C for
6 hr. The reaction mixture was poured into H,O (20 mL). EtOAc (30 mL x 3) was used to extract
the product. The organic layer was washed by brine (30 mL), dried over Nax504. filiered and
evaporated to afford the crude product. The crude product was purified by MPLC (510, PE:
BtOAc = 5: 1-1:1) to afford the title compound (300 mg, 702.77 umol, 54.88% vyield, 64.27%
purity) as white solid.
(822} Step 4: tert-butyl N-{{35)-1-cyclopropyl-3-piperidyl]carbamate

PA/C, H, (30 psi),

a Boc, O Y

(S TSN

N > N
CbzHN \\7 THF. 25 °C. 24 BocHN W

To a solution of benzyl N-[(35)-1-cyclopropyl-3-piperidyljcarbamate (180 mg, 656.08 umol, 1
eq) and BocyO (286.37 mg, 1.31 mmol, 301.45 vk, 2 eq) in THF (15 mL) was added Pd/C (40
313



WO 2018/013867 PCT/US2017/042017

mg, 10% purity) under Nj. The suspension was degassed under vacuurn and purged with H,
several times. The mixture was stirred ander Hp (30 psi) at 25 °C for 24 hr. The mixtore was
filtered through celite and the cake was washed by THF (10 mL) and MeOH (10 mL). The
filtrate was evaporated to afford the title compound (400 mg crude) as red yellow solid. It was
used directly in next step without any further purification (Combined purification with another
30 mg scale reaction).

[823] Step 5: (35)-I-cyclopropylpiperidin-3-amine

TFA DCM N
SN S

BocHN \V 259C, 1 h HQN&NW

A flask was fitted with teri-butyl N-[(35)-1-cyclopropyl-3-piperidyljcarbamate (200 mg, 249.65
umol, 1 eq) in DCM (2 mL). Then TFA {1 mL} was added. After that the reaction mixture was
stirred at 25 °C {or 1 hr. The reaction mixture was evaporated to afford the fitle compound (240
mg crude, TFA} as red oil. It will be used directly in next step without any further purification.
[824] Step 6: N-{{38}-1-cvclopropyl-3-piperidvl]-4-(6-methylsulfonyl-1H-indol-3-yl)-5-

(triflucromethyvl )pyrimidin-2-amine

GO e
\SI‘! \‘:\'3 i/"’Q-N
I it i A
? \\Q"‘\/\;’V&N{&c o
! i ! . FsC
" HN— ~d Ty -~
HoN ‘S\)/N = O Q‘\/ /ii\ ,;i'\ (s N
2 W DIPEA, DMF, EtOH, < N7 My # s \V
a0 =C, 12 h HN- H

A flask was fitted with 3-[2-chloro-5-(trifluorornethyDpyrimidin-4-yl}-6-methylsulfonyl- 1 H-
indole (50 mg, 133.07 umol, 1 eq), (35)-1-cyclopropylpiperidin-3-amine {120 mg, 471.98 umol,
3.55 eq, TFA) and DIPEA (137.58 mg. 1.06 mmol, 185.42 ul., 8 eq) in EtOH (2 mL) and DMF
{2 mL). The reaction mixture was heated to 90 °C and reacted for 12 hr. The reaction myixture
was poured into H,O (20 mL). EtOAc (43 mL x 3) was used o extract the product. The organic
layer was washed by brine (30 mL)}, dried over NapSQy, filtered and evaporated to afford the
crude product. The crude product was purified by acidic prep-HPLC (HCI condition) to afford

the title compound (10.35 mg, 19.95 umel, 7.50% yield, 99.46% purity, HC1) as yellow solid.
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18251 Example 136, 3-[5-chloro-2-{{(35)-5, 5-dimethyl-3-piperidyljaminopyrimidin-4-yi}-
7-methyisulfonyl-1H-indole-6-carboniirile (Compound 382).
[826] Step 10 3-[2-[{(35)-1-benzyl-55-dimethyl-3-piperidyi]amino]-5-chloro-pyrimidin-4-yi |-

7-methylsulfonyl-1-(2-trimeth yl silylethoxymethyl)indole-6-carbonitrile

Ci

—"\ HCH j< T
SEM. e
> N /L‘_ Hp?\e \x/‘ %E;\J\N/\r ]<
Me0,S \ p DIFEA, DS\I‘F/E*Q-E 2o
70-75°C, 24 h MeC,S—%\ /
NC -

NE
To a solution of 3-(2,5-dichloropyrimidin-4-y1)-7-methylsulfonyl- 1-(2-trimethylsilylethoxy
methylyindole-6-carbonitrile (244.05 mg, 490.58 uwmol, 1 eq) in DMF (2 mL) and EtOH (2 mL)
was added DIPEA (380.43 mg, 2.94 mmol, 512.71 uL, 6 eg) and (35)-1-benzyl-5,5-dimethyl-
pipertdin-3-amine (.15 g, 588.70 umol, 1.2 eq, HC1). The mixture was stirred at 70°C for 12 h
under N,. The mixture was stirred at 75°C for 12 h under N,. The reaction mixture was diluted
with water 200 ml and extracted with EtOAc (50 mL x 3). The combined organic layers were
washed with brine (50 mL x 3), dried over Na-50,, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by column chromatography (510,, PE:
EtOAc=10: 1) to afford the title compound (0.1 g, 104.51 umol, 21.30% yield, 71% purity) as a
white solid.
(8271 Step 2: 3-[2-[[(3S)-1-benzyl-5,5-dimethyi-3-piperidyl jamino [-5-chloro-pyrimidin-4-vi]-
7-methylsulfonyl-1H-indole-6-carbonitrile

“ \”/\N N “ N /Eg?\
SEM- r\e/\f)\ [“’]< e e i\(]:r“\ﬁ\\fk“/<

/A

A\
NG

H
dioxane, 40 °C, 16 h
Me0,53 N o

To a solution of 3-[2-[{(35)-1-benzyl-3, S-dimethyl-3-piperidyljamino]-5-chloro-pyrimidin-4-

=0

O

yi]-7-methylsuifonyl-1-(2-trimethylsilylethoxymethyl)indole-6-carbonitrile (0.08 g, 117.76
umol, 1 eq) in dioxane (3 mL) was added HpS504 (117.85 mg, 1.18 mamol, 64.05 ul, 98% purity,
10 eq). The mixture was stirred at 40 °C for 16 h. The reaction mixture was diluted with
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satorated agueons of NayCOj to adjust pH to 8 and extracted with EtOAc (10mL x 3). The
combined organic layers were washed with brine (10 ml x 3), dried over NaySOy, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography (Si0., PE: BEtOAc=3: 1) to afford the title compound (60 mg) as a yeliow oil.
(The reaction was combined with another reaction in 5 mg scale for purification}

(828]) Step 3: Tert-butyl(55)-5-{ [ 5-chloro-4-(6-cyano-7-methyisulfonyl- 1 H-indol-3-

ylpyrimidin-2-yljaminoe]-3,3-dimethylpiperidine-1-carboxylate

Bn Boc
Cl \ Ci
O X Ox
b M . -~ = . i
= N NH N PUCH; Boc,O ST N e
e R
8Ly MeOH, rt,2h R_{
,—«%\ \ /)// v , FL, '_’_\?E‘ﬂ \\ /
o O
Ve N

To a solution of 3-[2-[[(35)-1-benzyl-5.5-dimethyl-3-piperidyljamino}-5-chloro-pyrimidin-4-ylj-
7-methylsuifonyl-1H-indole-6-carbonitrile (.03 g, 54.64 umol, 1 eq) in MeOH (1 mL) was
added Pd/C (0.03 g, 10% purity) and Boc,O (11.92 mg, 54.64 umol, 12.55 ul, 1 eq). The
mixture was stirred at 20 °C for 2 h under H; (15 Psi). The reaction mixture was filtered and
concentrated under reduced pressure to afford the title compound (50 mg) as a yellow oil. (The
reaction was combined with another reaction in 10 rog scale {or purnification)

18291 Step 4: 3-[5-chloro-2-{[{3S}-5,5-dimethyl-3-piperidyljamino | pyrimidin-4-yl]-7-

methylsulfonvl-1H-indole-6-carbonitrile

B?c
N H
Cx X C
/!\ d SN I\i/j\ o
- HCVEIDAC HN \,f/\ NTON
(. S q e
EtOAc, rt, 1h —5N_4
Ne

To a solution of tert-butyl (55)-5-[{5-chloro-4-(6-cyano-7-methylsulfonyl- 1H-indol-3-y1)
pyrimidin-2-yljamino}-3,3-dimethylpiperidine-1-carboxylate (.04 g, 71.55 umol, 1 eq) in
EtOAc (2 mL) was added HCVEtOAc (4 M, 2 ml, 111.82 eq). The mixtore was stirred at 20 °C

for 1 h. The reaction mixture was concentrated under reduced pressure to give a residoe. The
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residue was purified by prep-HPLC (HCI condition) to afford the title compound (6.90 mg, 13.31
umol, 18.61% vield, 95.58% purity, HCl) as a white solid. {The reaction was combined with
another reaction in 10 mg scale for purification).

18361 Example 137, 3-[3-12-[1(35)-3-piperidyllamine|-5-(trilluoromethyD pyrimidin-4-yi}-
1H-indol-6-ylipyridin-2-ol (Compound 310}

(831} Step 1: Tert-butyl (38)-3-[{4-[ 1-(benzenesulfonyl)-6-(4,4,5,5-tetramethyi-1,3,2-

dioxaborolan-2-yl)indol-3-ylf-5-(trifluoromethvl jpyrimidin-2-vljamino fpiperidine- I -carboxylate

Fol pee
3
£.C \T%N /N
e = g RN /fi\ \w
0 5 ot et O
Pho, sw Xy N = H
Pa(dpphC, KOAC "/
& DME, 80°C e

To the solution of tert-butyl (35)-3-[{4-[ 1 -(benzenesul{onyl)-6-bromo-indol-3-y1}-5-
(triftuoromethylpyrimidin-2-vljamino]piperidine-1-carboxylate (5.00 g, 7.35 mmol, 1 egq) in
DME was added 4.4,5,5-tetramethyl-2-(4.4,5,5-tetramethyl- 1.3, 2-dioxaborolan-2-y13-1,3,2-
dioxaborolane (3.73 g, 14.7 mmol, 2 eq), KOAc (2.16 g, 22.0 mmol, 3 eq) and Pd{dppH){Cl, (806
mg, 1.10 mmol, 0.15 egq) . The reaction mixture was degassed and purged with N, 3 times, then
stirred at 80°C for 16 hr under No atmosphere. LC-MS and TLC indicated complete reaction.
The recaction mixture was pourcd into water 100 mL, and then extracted with EtOAc (3X50 mL),
dried over NayS(Oy, filtered and concentrated under reduced pressure to give a residue.

{832} The residue was puriticd by column chromatography (5102, Petrolcum cther/Ethyl
acetate=10/1 to 1:1) to afford the title corapound (6.03 g. crude) as a yellow gom.

18331 Step 2: tert-butyl (385)-3-[{4-[ I -(benzenesulfonyl }-6-(2-hydroxy-3-pyridyl jindol-3-vi]-5-

(trifluoromethyl )pyrimidin-2-yi]amino]piperidine-1-carboxylate
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Boc
FiC f - Boo
ANPEN _ FaC !
g Q@ 0 N
o " N ] i i {
PhO.S~y” Ny N N HO™ N PhO,8 \;/L\ Ao
= TN NT S
,_—f> H N /____‘ H
N\ £/ PA(PPha)s, NaCls,, dioxane:Ho0=51,809C, 16 hrs, Ny N _/f
! HO, }
;| N

va )
4-f1-(benzenesulfonyl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhindol-3-y1}-5-
(trifluoromethyhpyriomdin-Z-amine (0.3 g, 551 umol, 1 eq) , 3-bromopyridin-2-0l (105 mg, 606
umol, 1.1 eq) ,Pd{PPh3), (63.6 mg, 55.1 umol, (.1 eg) NayCOz (116 mg, 1.10 mmol, 2 eq) in
dioxane (2.5 mL) and H>O (0.5 mL) was stirred at 80°C for 16 hours under Nz, LC-MS and
TLC indicated completion of the reaction. The mixture was concentrated and the residue was
purified by prep-TLC (EA/MeUOH=10/1) to afford the title compound (0.3 g, 431 umol, 78.3%
yield) obtained as a yellow solid.
18341 Step 3. tert-butyl-(38)-3-[{4-{6-(2-hydroxy-3-pyridvi)- 1 H-indol-3-yi]-5-

{(trifluoromethyljpyrimidin-2-yljamino]piperidine- I -carboxylate

K,CO3,MeOH
................................ B', -

To a mixtore of tert-butyl (35)-3-[{4-{ I-(benzenesulfonyl)-6-(2-hydroxy-3-pyridyhindol-3-y1}-5-
(triftaoromethylpyrimidin-2-vljamino]piperidine- 1-carboxylate (0.3 g, 481 umol, 1 eq) in
MeOH (2 mL) was added KyCO5 (119 mg, 863 umel, 2 eq). The mixture was stirred at 80°C for
16 hours, until LC-MS and TLC indicated completion of the reaction. The mixture was
concentrated and the mixture was purified by Prep-TLC (EtOAc). The title compound (0.15 g,
270 umol, 62.6% yield) was obtained as yellow solid.

(8351 Step 4: 3-[3-[2-[[(35)-3-piperidvl]amino]-5-(trifluoromethyl jpyrimidin-4-ylj-1 H-indol-6-

vi{pyridin-2-of {(Compound 310)
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teri-butyl (35)-3-[{4-[6-(2-hydroxy-3-pyridyD)- 1 H-indol-3-y1]-5-(trifluoromethyDpyrimidin-2-

yllaminojpiperidine-t-carboxylate (3.1 g, 180 umol, 1 eq) was dissolved in DCM (1 mb.) .Then
HCI/EQAc (4 M, 90.6 uL, 10 e¢q) was added The mixture was shaken at 23°C for 2 hours., TLC
indicated completion of the reaction. The mixture was concentrated to afford the title compound

(0.03 g, 59.8 umol, 33.2% yicld, 98% purity, HCI) as a yellow solid without further purification.

i836] Example 138, 4-methyl-2-0x0-5-{3-[2-[[(38)-3-piperidyliaming]-5-
{trifluoromethylpyrimidin-4-yi}- 1 H-indol-6-vl -1 H-pyridine-3-carbonitrile (Compound
31

18371 Step i: tert-butyl (35)-3-[{4-]i-{(benzenesulfonyl)-6-(5-cyano-4-methyl-6-oxo-1H-

pyridin-3-yljindol-3-yl]-5-(irifluoromethyl )pyrimidin-2-yl]amino [ piperidine- 1 -carboxylate

-~ Boc - ff‘,oc:
o = '\i f/Nﬁ \ CN \/E \ N\
PhC,8~y I /‘J\ K\/j L WOW“P\AT/ N Ny ]
Yo, H
o 4 >
}J PA(PPha)y, Na,COs, dioxane:H,0=5:1, N\
30°C, 15 hrs, Ny
A»B _—
HN /’

Wan W
o Pt
A mixtuare of tert-butyl (35)-3-{{4-{1-(benzenesuifonyl}-6-(4,4.5,5-tetramethyl-1,3,2-
dioxaborolan-2-yvhindol-3-vi]-5-(irifluoromethyDpyrimidin-2-yllaminopiperidine- 1 -carboxylate
(0.2 g, 274 umol, 1 eq), 5-bromo-4-methyl-2-0x0-3,4-dihydro-1H-pyridine-3-carbonitrile (70.9
mg, 329 umol, 1.2 eq), NayCO3 (58.2 mg, 549 umol, 2 eq), Pd(PPhs)s (158 mg, 137 umol, 0.3
eq) in dioxane {10 mL) and H,O (2 mL) was degassed and purged with N» for 3 times, and then
the mixture was stirred at 80°C for 12 hr under Nj atmosphere. LCMS and TLC showed the
319
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reaction was complete. The reaction roixture was filtered and concentrated under reduced
pressure. The residae was purified by prep-TLC (510;, Ethyl acetate/Methanol= 30/1) to afford
the title compound (0.17 g, 231 umol, 84.2% yicld) as a yellow solid.

18381 Step 2: tert-butyl (35)-3-[[4-[6-(5-cyano-4-methyi-6-ox0-1 H-pyridin-3-yi}- 1 H-indol-3-

vij-5-(trifluoromethyl jpyrimidin-2-ylJamino |piperidine-1-carboxylate

£ Boo B0 Boc
ry R 34
\!'5/’:\!;!\5 - =\'\§ \T’/;:\N fr/ N\

Tz

.‘\.
/ S
&__‘> K;CO», MeOH i
/

HN/:;:\‘"—
4 L

o  CN & TN

HN

To a solution of tert-butyl (35)-3-{{4-[ 1-(benzenesulfonyl)}-6-(5-cyano-4-methyl-6-oxo-1H-
pyridin-3-yhindol-3-y1}-5-(trifluoromethyDpyriroidin-2-yljamino}piperidine- L -carboxylate (0.1
g2, 136.28 wmol, 1 eq) in MeOH (3 mL) was added K,CO5 (37.6 mg, 272 umol, 2 eq) and H,O (1
mL), DCE (1 mL). The mixture was stirred at 45°C for 12 hours LCMS showed the reaction was
complete. The reaction was concentrated under reduced pressure to give a residue. The residue
was purified by prep-HPLC (HCI condition) to afford the title compound (0.06 g. 101 umol,
74.1% yield) as a yellow solid.
1839] Step 3: 4-methyl-2-ox0-5-]3-[2-] [(38}-3-piperidyl jamino]-5-(trifluoromeihyl )pyrimidin-
4-yij-1H-indol-6-yl]-1H-pyridine-3-carbonitrile {Compound 311}

r3c Boc Folu o
I\ e Iy
/3 S i
S S N g k L HN ET’\N”KN»“&/
}’::> H /)rrm\ H
\_/ HCI /1,4 dicxans 4
DCM, 25°C, 1 hr /___
fm=== =
HN }f"‘ HN Va
4 A
Y/ . 7N\
I's) CN fe) ON

To a solution of tert-butyl (35})-3-[{4-[6-(5-cyano-4-methyl-6-oxo-1H-pyridin-3-yl)}-1H-indol-3-
yi]-5-(influoromethyDpyrimidin-2-yljaminojpiperidine-1-carboxylate (0.05 g, 84.2 umol, 1 eq)
in DCM (2 mL) was added dioxane/HCI (2 mb) at 0°C. The mixture was stirred at 25°C for 1

hour, until TLC showed the reaction was complete. The reaction was filtered and concentrated
20
&
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under reduced pressure to afford the title compound (35 mg, 66.0 umol, 78.4% vyield, HCl) as a

white solid.

(8481 Example 139, 5-[3-]12-[[(3%)-3-piperidyllamino]-S-(triflueromethyl pyrimidin-4-yi]-
1H-indol-6-yl}-1H-pyrimidine-2 4-dione (Compound 333)

1841] Step 1. tert-butyl (38)-3-[{4-[ I-(benzenesulfonyl )-6-(2,4-dioxo-1 H-pyrimidin-5-yljindol-

3-vij-S-(trifluoromethylpyrimidin-2-vljamino[piperidine- 1 -carboxylate

Boc
FiC j
FT NN N
IONG
s PR, S~y X SN
%,-N I N‘n G Pd(dppnCl, PRO,S N\“ N7 \/’
PG e K/ i NaHCO, =S H
PhO,S~n "y N’kw‘ J NN 3 )
= H + / /i dioxang -
N // Q/\,i/” 0o .
ol BIOH), ol =0
BY %N’H
o

To a solution of tert-butyl (35)-3-[{4-[1-(benzenesulfonyl)-6-bromo-indol-3-y1}-5-
(trifluoromethyl) pyrimidin-2-vl]amino}piperidine-1-carboxylate (200 mg, 293 amol, 1 eg) in
dioxane (8 mL} and HyO (1.6 mL) was added NaHCO: (49.3 mg, 587 umol, 228 ul, 2 eg) and
2, 4-dioxo-1H-pyrimidin-5-yhboronic acid (55 mg, 352 omol, 1.2 eg). Then Pd{dpp)Cl, (215
mg, 293 umol, 1 eg) was added into the reaction mixture under N2. The reaction mixture was
stirred at 100°C for 16 hours. LCMS indicated completion of the reaction. The mixture was
extracted with DCM (30ml.) and water (20mL*3). The combined organic layers were washed
with brine (20 mL). The organic layers were dried over Na,SO4 and then filtered and
concentrated under reduced pressure to give a residue. The residue was purified by prep-TLC
(5102, Ethyl acetate:Methanol = #:1) to atford the title compound (150 mg, 210 umol, 71.7%
yield) as light brown solid.
18421 Step 20 tert-butyl (385)-3-[[4-{6-(2,4-dioxo-1 H-pyrimidin-5-vl)- 1 H-indol-3-yij-5-

{(trifluoromethyljpyrimidin-2-vl]amino|piperidine-1-carboxylate
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To a solution of tert-butyl (38)-3-[{4-]1- 4ben/6m&uhmyi) 6-(2,4-dioxo- 1 H-pyrimidin-5-

yiindol-3-yi}-S-(triflucromethyDpyrimidin-2-yljamino}piperidine- | -carboxylate (140 mg, 196
umol, 1 eg) in MeOH (3 mL), DCE (1 mL) and H2O (1 mL) was added K,CO5 (54.3 mg, 393
umol, 2 eg). The reaction mixture was stirred at 45°C for 16 hours. LCMS indicated completion
of the reaction. The mixture was extracted with EtOAc (30mL) and water (20mEL*3). The
combined organic layers were washed with brine (20 mL). The organic layers were dried over
Na,S04 and then filtered and concentrated under reduced pressure to give a residuc. The residue
was purified by prep-TLC (510, Ethyl acetate:Methanol = 10:1) to afford the title compound (40
mg, 69.9 umol, 35.5% yield} was obtained as off-white solid.

(8431 Step 30 5-[3-[2-[[(38)-3-piperidvljamino]-5-{trifluoromethyl)pyrimidin-4-yl]-1 H-indol-
6-yi]-1 H-pyrimidine-2,4-dione (Compound 333 )

oo FaCol H
Oy N Ty
\/K“ J\p N HNﬁ&N NENG
g HCldioxne /"7 H
R
"‘/ DCM y/
=0 :--EN;: Q
-hiH NH
cﬁ?" o

To a solution of tert-butyl (38}-3-[{4-[6-(2,4-dioxo-1H-pyrimidin-5-yi}- 1H-indol-3-y1}-5-
{trifluoromethyljpyrimidin-2-vljamino|piperidine-1-carboxylate (40 mg, 69.99 umol, 1 eg) in
DCM (2 mL) was added HCVdioxane (4 M, 17.50 ul,, 1 eg). The reaction mixture was stirred at
25°C for 2 hours. LCMS indicated completion of the reaction. The solid was filtered and the
filter cake was washed with DCM (5 rul) and dried to afford the title compound (33.5mg, 65.9
umol, 94.2% yield, HCH as yellow solid.
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[844] Example 140, tert-butyl (35)-3-[{4-[6-13-(pyrrolidine-1-carbonylphenyi]-1H-indol-
3-yi-5-(rifluoremethyDpyrimidin-2-yljaminopiperidine-1-carboxylate (Compound 348)
18451 Step I: Tert-butyl (35)-3-[{4-[1-{benzenesulfonyl )-6-{ 3-{pyrrolidine-i-

carbonyljphenyifindoi-3-yi]-5-(trifluoromethylpyrimidin-2-yl jamino [piperidine-1-carboxyiate

Boc\N’f\\‘

HO, \
B-OH :

N E—

O

Pdy{dbals, X-Phos, NaCO;, dioxane:H,0=5:1
B80°C, 16 hrs, Ny

\\
/N“ Boc

[3-(pyrrolidine-1-carbonybphenyl]boronic acid (115 mg, 529 umol, 1.2 eq), tert-butyl (35)-3-

[{4-[ 1-(benzenesulfonyl}-6-bromo-indol-3-yl}-5-(trifluoromethylpyrimidin-2-
yljamino}piperidine- t-carboxylate (0.3 g, 440 umol, 1 eq) Pdo{dba); (40.3 mg, 44.0 umol, 0.1
eqy A-PHOS (21.7 mg. 44.0 umol, 0.1 eq) NayCO5 (93.4 mg, 881 umol, 2 eq) in dioxane (5 mL)
and HyO (1 mL) was stirred at 80°C for 16 hrs under Ny LC-MS and TLC indicated corplete
reaction. The mixture was concentrated and the residue was purified by prep-TLC
(EtOAc/MeOH=10/1) to afford the title compound (0.3 g, 387 umol, 87.8% yield} as a yellow
solid.

18461 Step 2: tert-butyl (38)-3-[{4-{6-[ 3-(pyrrolidine-1-carbonyl jphenyl]-1 H-indol-3-yi]-5-

(trifluoromethyvl )pyrimidin-2-vl]aminopiperidine-1-carboxylate

Boo~y” Boc—y”
L .

e (r\. H Necg

\ N ) N
Sl\g/" KoC03 MaOH &Nf’
F0 Fal
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A mixture of tert-butyl (35)-3-{[4-[ I-(benzenesulfonyl)-6-{3-(pyrrolidine-1-
carbonyl}phenvljindol-3-vl}-5-(trifluoromethylpyrimidin-2-yljamino|piperidine- 1 -carbox ylate
(0.3 g, 387 umol, 1 eq), KxCOs (107 mg, 774 nmol, 2 eq) in MeOH (5 mL) was stirred at 45°C
for 16 hr. LC-MS and TLC mdicated complete reaction. The mixture was concentrated and
purified by preparative TLC (EtOAc) to afford the title compound (0.07 g, 110 umol, 28.4%
yield) as a yellow solid.

18471 Step 30 [3-{3-[2-{{(38)-3-piperidyl]amine]-5-(trifluoromethyl Jpyrimidin-4-yi{]- 1 H-indoi-
6-viphenyl]-pyrrolidin-1-yi-methanone

Bon~ \\/‘

Tert-butyl (35)-3-[[4-[6-[3-(pyrrolidine-1-carbonylyphenyl}- I H-indol-3-vl]-5-(triflucromethyl)
pyrimidin-2-yljamino}piperidine-1-carboxylate (0.1 g, 157 umol, 1 eq) was dissolved in DCM
(1 mL). HCVEtOAc (4 M, 393 oL, 10 eq) was added and the mixture was shaken at 25°C for 2
hr. TLC indicated complete reaction. The mixture was concentrated to afford the title compound
(0.07 g, 126 umol, 80.3% yield, 96.7% purity) as yellow solid.

[848] Example 141, 4-]6-(3-phenoxyphenyl)-1H-indol-3-y1}-N-[(35)-3-piperidyl]-5
(trifluoromethyl) pyrimidin-2-amine (Compound 341)

18491 Step 1. Tert-butyl (35)-3-[{4-[ I-{benzenesulfonyl )-6-(3-phenoxyphenyl indol-3-yl]-5-

{(trifluoromethyl jpyrimidin-2-yljamino]piperidine- I -carboxvlate

F.0 Bgc
3 PN y
FaCu_n. Bpe /I/ I NW
3 o i
150~ S L
N o o S (U
Ph‘SOgsNM : =

\r'
]

2

Y
S#// Pd{dppHCis, NayCo,, dioxane:H;0=5:1

80°C, 16 hrs, No /”‘?
O‘-.
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A mixture of tert-butyl (35)-3-{[4-[ I-(benzenesulfonyl}-6-bromo-indol-3-y1]-5
(trifluoromethyhpyrimidin-2-yljamino|piperidine- 1-carboxylate (0.2 g, 293 amol, 1 eq), (3~
phenoxyphenylboronic acid (75.4 mg, 352 umol, 1.9 ul, 1.2 eq), Na CO4 (62.30 mg, 587
umol, 2 eq), PdidppliCl, (107 mg, 146 umol, 0.5 eq) 1n dioxane (10 ;b)) and HoO (2 mL) was
degassed and purged with N; 3 times, and then the mixture was stirred at 80°C for 12 hr under
Ny atmosphere. LCMS and TLC showed the reaction was complete. The reaction mixture was
filtered and concentrated under reduced pressure to give a residue. The residue was purified by
preparative TLC (510,, Ethyl acetate:Methanel= 30:1) to afford the title compound (0.17 g, 220
umol, 75.1% yield) as a yellow solid.

1850] Step 2: (35)-3-[{4-[6-(3-phenoxyphenyl)-1 H-indol-3-vi]-5-(trifluoromethyl jpyrimidin-2-

vijaminofpiperidine-I-carboxylate

FiC poc
\f’/’\?\e N.

A BTN
H
KoC s, MeOH CS
o)

O

To a solution of tert-butyl (35)-3-{{4-[ 1-(benzenesulfonyl)-6-(3-phenoxyphenylindol-3-yi}-5-

(trilluoromethyhpyrimidin-2-vljamino]piperidine-1-carboxylate (0.16 g, 207 umol, 1 eq) in
MeCOH (3 ml) was added Ko (574 mg, 415 amol, 2 eq) and H,O (1 mL), DCE (1 mL). The
mixture was stirred at 80°C for 12 hr . TLC showed the reaction was complete. The reaction
mixture was {iltered and concentrated under reduced pressure to give a residae. The residue was
purified by preparative TLC (5102, Ethyl acetate : Methanol= 30:1) to afford the title compound
(0.12 g, 190 vmol, 91.6% vyield) as a yellow solid.

1851} Step 3: 4-[6-(3-phenoxyphenyl)-1H-indol-3-y{[-N-{(35 )-3-piperidvi]-5 (trifluorometfivi)

pyrimidin-2-amine
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To a solution of tert-butyl (38)-3-[{4-[6-(3-phenoxyphenyl)- 1 H-indol-3-yl}-3-(trifluoromethyl)
pyrimidin-2-yljaminojpiperidine-1-carboxylate (0.12 g, 190 uvmol, 1 eqg) in DCM (2 mL) was
added dioxane/HCL (4 M, 2 mL, 41.9 eq) at 0°C. The mixture was stirred at 25 °C for 1 hour.
LCMS and TLC showed the reaction was complete. The reaction muxture was filtered and

concentrated under reduced pressure to afford the title compound (0.070 g, 132 umol, 69.3%).

Table of selected compounds, their synthesis, NMR and Mass Spectrometry data.

Compound Done as H NMR Caled. }?&ZT
# Mass (MH")
T NMR (500 MHz. DMSO) 8 12.09 (br s, 1H),
8.70 (brs, 1H), 8.57 (s, 1H), 8.33 (5, 1H), 8.29 (s,
1H), 7.51 (dd, J = 10.7, 7.2 Hz, 1H), 7.56 — 7.28
111 Exarople 1 (brm, 1H), 4.05-393(m, 1H),3.21{d, /=115 363779 | 364.20
Ho, 1H), 3.00 (4, J = 123 Hz, 1H), 2.66 (4, J =
10.4 Hz, 2H), 2.12 — 1.95 (br m, 1FD), 1.84 — 175
(ra, 1ED), 1.65 — 1.43 (m, 2H).
Starting with (5)-N-~(5-
chloro-4-(1-
(phen-"lsulfm?“"l.)'?H;md(’i" 'H NMR (500 MHz, DMSO) § 11.98 (brs, 1H),
3-ybpyrimidin-2- 8.44 — 8.32 (m, 4H), 7.53 — 7.48 (m, 1H), 7.25 -
Z}?qm“;‘dl?'j"zm?? 7.15 (m, 2H), 5.12 — 5.04 (m, 0.5H), 4.92 — 4.85
131 d%ﬁiﬁi;imgg 4:(3.713? L (m OSH). 4.13-4.02 (m. 1H), 3.82 (dd, /= 138, | 35385 | 354.07
L int 1 | 44 Hz, TH), 3.46 - 3.32 (m, 2H), 3.10 - 3.00 (m,
(phenylsulionyl)- 2H), 2.94 — 2.82 (m, 2H), 2.03 — 1.94 {m, 1H),
and (S)~(-)-3- 1.68 — 1.54 (m, 1H), 1.46 — 1.29 (m, 1H).
aminoguimiclidine
dihydrochloride) following
Example 2.
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- . .. Found
(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
"H NMR (500 MHz, DMSO) & 11.84 (brs, 1H),
Starting with 3-(5-bromo-2- | 8.51 (d, J = 2.8 Hz, 1H), 8.47 (brs, 1H}, 8.37 (s,
chloropyrirmdin-4-yh-1- 1H), 833 (brs, 1H), 749 (4, /= 8.0 Hz, 1H}, 7.27
133 (phenvisulfonvi)-iH-indole | —7.13 (m, 3H), 3.96 (brs, 1H), 3.19dd, /= 11.9, 37226 1 374.02
(Example 3) following 32Hz, 1H),295(, J=12.5Hz, iH), 2.66 - 2.58
Example [ and 2. {ra, 2D, 2.00 (brs, 1H), .79 - 1.72 (m, 1H), 1.61
- 1.42 {(m, 2H).

Starting from 3-(2,5- "H NMR (500 MHz, DMSO) § 11.93 (brs. 1H),
dichloropyrimidin-4-yl)-1- | 8.43 - 832 (m, 4H), 7.52 - 7.49 (m. 1H), 7.25 -
(phenylsulfonyl}-1H-indole | 7.15 (m, 2H), 5.13 - 5.06 (m, 0.5H), 4.92 - 4.85

134 and {(R)-(-}-3- (i, 0.5H), 4.17 - 4.08 (m, 1H), 3.81 {dd, /= 13.9, | 353.85 | 354.05
aminoguinuclidine 4.3 Hz, 1), 3.43 - 334 (m, ZH), 3.11 - 3.02 (m.
dilrydrochloride) following | 2H), 2.99 — 2.83 (m, 2H), 2.03 — 1.94 {m, 1H)},
Example 2 and 1. 1.760 - 1.54 (m, 1H), 1.46 - 1.30 (m, 1H).
ot ey "H NMR (500 MHz, DMSO) 8 11.70 (brs, 1H),
Mf“?};‘g “i“h ‘“‘_)fff?;tyl 8.65 (bes, 1H), 8.35 (brs, 1H), 8.30 (4, J = 2.9 Hy,
(p;] ;s}vifs;f;if;wﬁm ot | LED.8.06 (s, 1), 746 (d, J = 8.0 Hz, 10,722 -
135  3eyDpyrimidin-2- 7.10 (m, 2H), 6.81 (brs, 1H), 4.05 (brs, 1H), 3231 519 49 1 33y 14
. Vi)‘ami;m”‘)piperidme-1~ (d, J=115Hz, 1H),3.00(d, J=113Hz, 1H), m o
cﬂarbﬂxv}age (Example 4) 2_,'71 —2.61 (m, 2H), 2.'()7 ~1.91 (m, ZH), 1.77
foﬂawin;g an\mple i and/2 (brs, 1H), 1.65 - 1.46 (oy, ZH), 0.99 - (.90 (m,
T 2H), 0.64 — 055 (m, 2H).
Starting with (8)-tert-butyl TH NMR (500 Mz, DMSO) & 11.83 (brs, 1H),
3-{(5-chloro-4-(1- 8.57 (brs, 1H}, 846 (d, /=3.0Hz, 1H), 8255,
{phenylsulfonyD- 1 H-indol- | 1H), 749 (4, /=8.0 Hz, 1H), 7.25 - 7.18 (m, 1H),
136 3-yDpyrimidin-2- 714 (¢, J="7.6 Hz, 1H), 7.08 (brs, 1H), 3.98 (brs, 341.84 | 342.09
vhaminopiperidine-1- 1H), 2.95 (ors, 1H), 2.64 (vrs, 1H), 2.20 (s, 3H),
carboxylate (Example 4) 1.98 — 1.84 (m, 3H), 1.76 — 1.67 (m, 1H), 1.57
following Example 5 and 2. | (brs, 1H), 1.36 - 1.26 (m, 1H).
"H NMR (500 MHz, DMSO) 6 12.13 (s, 1H), 8.32
(s, IH), 8.17 (s, 1H), 8.12(d, /=78 Hz, 1H), 7.84
Starting with 2,4,5- (s, IH), 7.10 - 6.98 (m, 2H), 6.76 (d, /= 7.9 Hz,
144 Hichiorqpy’;‘imigine at&i 7- iH), 4.(‘)1’ - 3”389 (m, IH), 3.17 (dd, j: *18 32 33941 | 340.05
fluoroindole following Hz, 1H). 292(d, J=123Hz, 1H).269(gq, /=74
Example | and Example 6. | Hz, 2H), 2.58 (dd. J = 20.0, 8.7 Hz, 2H), 2.00 -
1.89 (m, 1H), 1.77 - 1.67 (m, 1H}, 1.57 - 1.43 (i,
21, 1.14 ¢, J = 7.5 Hz, 3H).
Starting with (5)-5-chloro- "H NMR (500 MHz, DMSO) & 11.83 (s, 1H), 8.55
4-{I-(phenylsulfonyl)-1H- | (5, 1H), 8.46 {d, /=3.0Hz, I[H), 8§.25 (s, 1H), 7.49
indol-3-yh-N-{(piperidin-3- | (d, /=7.9Hz, 1H), 7.24 - 7.17 (o, 1H), 713 (. J
145 yhpyrimidin-2-antine =7.4Hz, 1H), 7.03 (s, 1H), 4.05 (s, 1H), 2.95 (s, 38392 | 384.13

(Example 5) and
isobutyraldehylde following
Example 5 and 2.

1H), 2.75 — 2.66 (m, 1H), 2.11 — 2.04 (m, 2H),
1.93 (s, 3H), 1.82 — 1.65 (m, 2H), 1.61 — 1.49 (m,
TH), 140 - 1.32 (m, 1H), 0.87 — 0.85 (m, 6H).
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(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
T NMR (500 MHz, DMSO) 6 1 1.94 (brs, LH),
g i th & 4 8.532 (s, 1H), 8.46 (brs, 2H), 8.27 (brs, 1H), 7.47
Z&;‘gﬁ(; ’yti‘“ zjg;’ fn‘é (@ J= 80 Hz, 11D, 7.20 - 7.15 (m, 1H), 7.14 -
147 ole folio ‘Fx'a;mﬂe 4 | 710 (m, 2H), 3.86 (brs, 1H), 3.09 (dd, J= 116, 41926 | 419.94
s TP 3.0 Ha, 1K), 2.84 (4, 7= 11.9 Hz, 1H), 2.47 (brs,
1H), 2.38 (brs, [H), 1.95 (brs, 1H), 1.72 — 162 (m,
1H), 154 — 1.42 (m, 2H).
N . 1 NMR (500 MHz, DMSO) 8 11.77 (s, 1H), 8.50
itjmf‘izi‘i};;i;gi Cgi‘;;f; (s, 1TH), 8.40 (s, 1H), 8.19 (d. J = 15.0 Hz. 2H),
i lAphenyisuionyl- 742 (d, 7 =8.1 Hz, 1H), 7.16 — 7.13 (ny, 1H), 7.08
148 m“if,’;'jf‘f.i)fi‘j‘;(pipf“?ima' —7.05 {m, 1H), 6.97 (s, 1H}, 3.91 {5, 1H), 2.70- 369.89 | 370.14
(Lffj;;‘;g q)ﬁh‘fﬁf;i 2.64 (m, 2H), 2.06 (1, J = 10.3 Hz, 1H), 2.02-1.97
Egamplg o (r, 1HD), 1.83 (s, 1H), 1.65-1.63 (m, 1H), 1.44 (s,
‘ 1H), 1.31-1.25 (m, 1H), 0.92-0.89 (m, 6H).
TH NMR (500 MHz, DMSO) 5 11.83 (s, LH), 8.55
Starting with {(8)-3-chloro- | (s, [H), 847 (4, /= 2.9 Hz, 1H), 8.25 (s, IH), 7.49
4-(1~(phenyisulfonyD-1H- | (4, J=8.0Hz, 1H), 7.23 -7.19 (m, 1H) 7.16
. indol-3-v1)-N-(piperidin-3- | 7.13 (m, 1HD, 7.06 (s, {H), 3.97 (s, 1), 3.4 (t. J
149 yhpyrimidin-2-amine | = 5.9 Hz, 4H), 3.19 (s, 3H), 2.77 (d, J = 1] OH7 38589 1 386.10
{(Example 3) following 1H), 2.52 (s, iH), 2.01 ~ 1.97 (m, /,H) 1.91
Example § and 2. 1H), 1.72 - 1.68 (m, 1H), 1.54 (s, IH), 1.37 30
{oy, 1H).
TH NMR (500 MHz, DMSO) 6 12.02 (d, J = 21.5
Hz 1H), B71(d, J=7.7 He, 1H), 8.62 (d, J = 34.2
Hz, 1H), 5.52 - 8.47 (m, 1H), 8.29 (s, 1F), 8.05
. (dd, 7= 153,7.9 Hz, 11D, 7.53 (m, 1§D, 7.26 —
Stz e ‘;’“fn‘i: mf ” 3:‘)";’ D7 1717 (m, 2HD, 4.04 (d, J = 41.0 Hz, 1ED, 2.93 (d, J
(péeti»'iis:ﬁﬁfe)ta»'ﬁ)--1'{-7{--irt(i(aie = 114 Hi tH), 266 2'54.(‘1“’ 24, ';()g ?Ci
157 U and (Shrertbutgl 3- | (% L83 (s TR, 1744, J =130 Hz, HH). 4 10901 57594
o zyxrmjnopii;eri dn; 1 ) 11‘38 ~ 1.49 (m, 2H).* rotamers (:otafirmed by VT T T
C&é"bﬂﬂd;}t@ f(ai'i;)wﬁilg IH \\/ER (300 MHZ,’ DM}JQ" ]'OOC) 58.60 - 832
Example 4.9, | and 2 (i, 2H), 8.47 (s, 1), 8.17 (s, 1H), 7.52 (@, /= 7.9
SRAPIE &,y L AR Hz, 2H), 7.22 (di, 7= 14.9, 7.1 Hz, 2H), 4.03 (s,
{FD), 2.88 — 2.83 (m, 2H), 265 2,56 (m, ZHD,
2.05 - 1.98 (m, 1F), 1.76 — 1.68 (rn, 1ED). 1.63 —
1.49 (m, 2H).
TH NMR (300 MHz, D,0) 6 8.40 (5, 110, 7.92 (d,
. e 7= 8.0 Hz, 1H), 7.80 (s, 1H), 7.64 (d, J = 8.2 Hz,
f’i‘;ﬁfj ﬁ‘l’“;fdﬁf“g‘iz 1H), 7.38 — 7.34 (m, 1H). 7.30 — 7.25 (m, 1H),
‘,thvifgﬁf(;ﬁ‘\ - Hfm dole 4.28 - 4.23 (m, 1), 3.66 (q, J = 10.9 Hz, 2H),
158 \PHE ST 3.57 (dd, J = 12.6, 3.7 Hz, 180, 3.36 (dt. /= 12.9, | 37539 | 376.26

{Example 2) following
Example 1, 2, 4 and 10.

4.6 Hz, 1H), 3.14 — 3.05 (m, 2H), 2.24 - 2.16 {m,
1H), 2.14 - 2.06 (m, 1H). 1.94 - 1.83 (m, 1H),
1.81—1.71 {m, 1#).

PR NMR (471 MHz, DMSO) § -63.89 (s).
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(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
Starting from 3-(2.5- "H \VER (500 MHz, DMSQ) & 186 (s, ]jH), 3.59
di(:hiomréaﬁt;riﬁ)i(iii}-A\l:-;}')_ {- ()r s. 1H), 843 @, /=27 Hz, * JH)" 8.30 (d’,‘] =22
(phénv}su‘ijféﬁ\;i\}z- irH-iJanole Hz, 1 ,H)’ 7.49 @’, /=80 Hz, ]}'-1}’7'44 _(S’ LED), )
156 | and (S)-5-aminopiperidin-2- | 70 (&4 =TI Hz D, .21 (4 F= 752 THL gy g9 14y 60
) Wane ( "E‘étraheéréta { .éltérs 715 (,t" J=75 H%’ L8, 4.17 (br 5, LH), 3.47 - S
ié‘)i \36 R:Z(ﬁ_'?ﬁ f(;iiowii;g 3.40 ({n, 1 H), 37,19 —3.11 {m, 1#}, ”"\7 @dt, J=
o ,'F'xt;rv;p}g ivénd q 1107, “-6 H?, 1HY, 2.33 — ”27 (m, 1H), 2.12 - 2.00
TR e (o, 1HD, 1.91 - 1.81 (m, 1H).
Starting with (S)-tert-butyl "H NMR (500 MHz, DMSO) 8 11.82 (brs, 1H),
3-({4-(T-(pyridin-4-yD-1H- | 8.72(d, J=5.5 Hz, 2H), 8.64 - 8.56 (m, 1H), 8.36
indol-3-y1)-5- —8.28{m, 2H), 788 (1, J=0.1 Hz, 1), 7.79(d. J
162 (riflucromethyDpyrimidin- | = 11.4 Hz, 1H), 7.68 (dd. /= 4.4, 1.6 Hz, 2H), 438.45 | 439.02
Z-yhaminopiperidine-1- 7.36 - 7.28 {m, 2H), 4.05 (brs, 1H), 3.18 {brs, 1H),
carboxylate (Example 11) 2.98 — 2.88 (m, 1H), 2.67 - 2.55 (m, 2H), 2.05 -
following Example 1. 1.93 (1, 1H), 1.74 (brs, 1H), 1.61 — 1.47 {m, 2H).
iagtng Wi (S} LEBUOT | 15 NMR (500 Mz, DMSO) 8§ 12.01 (s, (H), 8.60
M j;’i)l-ﬁ— T d, J=212Hz, 1H), 8.41 - 8.16 (m, ZH), 7.88 (¢,
"d;’ﬂl“;i?};i;i; ‘}“(:“;11 2.94 - 2.88 (m, 1H), 2.59 - 2.55 (m, 1H), 1.99 -
“ f;;};)zving o éxﬁ;ie{. 7194 (m, 1H), 172 (s, TH), 1.53 — 1.49 (m, 2H).
Starting with (8)-tert-butyl T NMR (300 MHz, DMSO)Y 6 1141 {d, J =107
3-((4-(7-(1-methyl-1H- Hz, 1H), 851 (d, /=229 Hz, 1H), 826 - 8.19 (m,
pyrazol-4-vi)-iH-indol-3- 1H), 8.14 (s, 1H), 808 (d, /= 7.8 Hz, 1H), 7.85 (s,
164 -~ »E)‘%\ - ,H-;{)’ i/'“- ---F’7;65 (_m, ”H‘s 7.24 (;dij = 71 Hz, EH?, 44145 | 44201
(mifluoromethyDpyrimidin- | 7.11 (5, /=7.7 Hz, 1H), 3.99 - 3.9C (i, 1H), 3.88
2-yhamino)piperidine-1- (s, 3H), 3.05 - 3.00 (m, 2H}, 2.83 - 2.75 {m, 1H),
carboxylate {Example 12) 1.97 - 1.83 (m, 2H), 1.65 — 1.58 (1, 1H), 1.50 ~
following Example 1. 1.35 (m, 21D.
Rotamer 1: 'H NMR (500 MHz, DMSO) 8 11.33
(brs, 1H}, 8.68 (d, J = 8.1 Hz, 1H), 8.61 (s, 1H),
8.37 (s, 1H}, 7.89 (s, 1H), 7.82 (4, /= 8.1 Hz, 1H},
7.58-7.51 (m, 1H), 7.34 - 7.27 (m, 1H), 4.15 -
Starting with (8)-fert-butyl | 4.00 (m, 4H). 3.92 (brs, 1H). 3.11 — 3.06 (m. 1H),
3-{(4-(7- 2.83 {(brs, 1H), 2.48 - 2.44 {(m, 2H)}, 2.03 - 1.91
(diethoxyphosphoryl}-1H- (m, 1H), 1.70 — 1.64 {m, 1H), 1.55 - 1.40 {(m, 2H},
. . ~ - PO
168 indol-3-y1)-5- 1.28 - 1.22 {m, 6H). 467 45 | 49813

{riflucromethylpyrimidin-
2-yharmino)piperidine-1-
carboxylate (Example 13)

following Example 1.

Rotamer 2: 'H NMR (500 MHz, DMSO) §11.33
(brs, 1H}, 8.56 (s, 1H}, 8.52(d, J=7.7 Hz, 1}),
8.37 (s, 1D, 7.89 (s, 1H), 7.82 (d, J = 8.1 Hz, 1H},
7.58 —7.51 (m, 18, 7.34 —7.27 (m, 1H), 4.15 -
4.00 (m, 4H), 3.92 (brs, 1H), 3.11 - 3.06 (m, 1H),
2.83 (brs, 1H), 2.48 —2.44 (m, 2F), 2.03 - 1.91
(o, 1HD), .70 - 1.64 (m, 1H), 1.55 —~ 1.40 (m, 2H),
1.28 — 1.22 (m, 6H).
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(’Omi‘“"“d Done as "H NMR (‘/d%Cd" Mass
# Mass (MEH™)
Starting with (S)-tert-butyl
3-({4-(7-bromo-1H-indol-3-
vi-5- "H NMR (500 MHz, DMSO) § 1149 (d, /=79
(riflucromethyDpyrimidin- | Hz, [H), 8.59 (4, /=213 Hz, 1H), 831 - 8.29 (1,
2-yhamino)piperidine-i- 2H), 8.15 -8.14 (m, 2H), 7.86 - 7.82 (m, 1H), 7.78
170 carboxylate (Example 11) (s, 1HD, 736 (d, /=72 Hz, 1H}, 7.20 - 7.17 (m, 42743 1 428.07
and (1-(tert- 1H), 4.11-3.96 (m, 1H), 3.20-3.14 (m, 2H), 2.94 -
butoxycarbonyh)-1H- 2.9C (m, 1H}, 2.63 - 2.57 {m, 28}, 2.03 - 1.95 {m,
pyrazol-4-yhhoronic acid 1H), 1.73 (s, 1H), 1.55 — 1.41 (m, 2H).
following Example 11 and
Starting with (S)-tert-butyl
salal ""bm‘goé HH-ndob-3- 1y iR (500 MHz, DMSO) § 1146 (s, 1HD), 8.58
(triﬂuommztﬁvi)pyrimidin- @, j - 201 Hz, 1_},{.)’ 836 -B.16 {;'m, 2H),7.89 (s,
2-‘,/1)amino}pdiperidme-1~ 1H:), 783 L,d J=79 H\z, 11—%), 7.73 ((i, J=5.5Hz,
171 carboxylate (Example 11) | 10 ,7".23.“:’ A7 (m, 1H), 7j0;f d,J fi;:1 f,f“; . 554 | aseas
and 1,3-dimethyl-4-(4,4,5.5- 4.1;-’3.9{ {m, 1H}, 3.86 (s: -,Ef}, ‘3.4‘:-7%.1-:\m, o
tetramethyl-1 3‘.} 1H), 2.86 — 291 (m, IH), 2.63 - 2.60 (m, AE‘E), 2,18
dioxaborolzxn-2~’y'1§—1i~i- (S’EH:” 20—4\ - 1.95 (m, 1HD, 1.74 (s, 1HD), 1.54 -
pyrazole following Example 1.52 (m, 2H).
11 and 1.
Starring from (S)-rerr-butyl "H NMR (500 MHz, DMSO) 8 11.83 (brs. 1H),
3_((4*_(7_(4_]?&})“_! H—d 8.64 — 8.58 (m, 1H), 8.47 — 8.42 (m, 0.5H), 8.3
in;idazo\i—l\-yD—AH-E:inc‘lo]-’S— {s, 1H), 823 (d, /= 6f5 Hz, 0.5H), 7.95(d, /=13
yl}—"i- ) Hz, 1H}, 7.94 - 790 (m, 1H), 7.76 (d, /= 149 Hz,
172 (triﬂuommeth‘;l\;pyrimidin— 1H), 7.34 - 7.31 (m, 1H), 7.30 - 7.21 (m, 2H), 44145 | 442 08
( 2_V]‘!ami;m}pdigieridine—1- é/':v.()é (')rs, 1H), 3.24-3.13 (n‘ *H§ 3.00 - 288
Cat:béaxyiate (Example 14) | "2 tH), 2'6\8 N 2.3 (@ZH) 2.24 (s, 3H), 24&,)4% -
following Example 1 1.92 (m, 1H), 1.80-1.70 (m, 1H), 1.60 - 1.46 (m,
2H).
Starting from 3-methyl-4-
{4.4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-yb-1-((2- "H NMR (500 MKz, DMS30) 8 11.42 (brs, 1H),
(rimethylsilyDethoxvimeth | 8.63 — 8.55 {m, 1#)}, 8.45 — 8.30 (m, 1H), 8.37 (d,
vi)-1H-pyrazole and (8)- J=7.8Hz, IH), 8§17(d, J=79Hz, 1H), 7.87
175 tert-butyl 3-({4-(7-bromo- (brs, 1H), 7.78 - 7.70 (o, ZH), 7.24 - 7.16 (m, 44145 | 44219

{H-indol-3-y1)-5-
(riflucromethypyrimidin-
2-yhamino)piperidine-1-
carboxylate (Example 1)
following Example 11 and

1H), 7.10(d, 7 =67 Hz, iH), 4.11 (brs, 1H), 3.23
(brs, 1H), 2.98 (brs, 1H), 2.75 - 2.59 (m, 2H), 2.26
(s, 3H), 2.10 - 1.95 (m, LH), 1.77 (brs, 1H), 1.64 ~
1.47 (m, 2H).
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(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
"H NMR (500 MHz, DMSQO) shows 2 rotamers.
Rotamer 1: 'H NMR (500 MHz, DMSO) 6 11.47
(brs, 1H), 8.59 (s, 1H), 8.35 (ws, 1H), 824 ({, /=
7.8 Mz, 1H), 7.82 — 7.76 (m, 25D, 7.17 — 7.10 (m,
o - 1H), 7.03 - 6.98 (m, 1H), 4.00 (brs, 1H), 3.90 -
Stagtng from (-rermbutyt 55 0, 200, 3,57 3,51 (o 2:(&), 318 -3.10 (m,
()X()i-;(iic;z;Y;B\E-Es;f; ih Ty | 1HDL 293 285 (m, [H), 2.83 (s, 3D, 2.63 - 2.53
’ itacig)i-:%--‘,/ﬂi)-:‘é--ry - (o, 24D, 2.03 - 1.91 (m, 1D, 1.71 {bas, 1H), 1.59
176 (ti‘iﬂu()mmetiw'i)p%imidin- =143 (m’, zlﬁ)‘ . e - s 43947 1 460.21
2~y1)amin0}p§per§dine-i i Rotamq 2: HNMR ES()O MHz, I‘)M\EO) ) 1/1 47
art i ol te(Exam e 15) (brs, 1H}, 8.54 (s, 1H), 8.35 (brs, 1H), 806 d, /=
carboxyia P AT 9 8 He, (H), 7.82 - 7.76 (m, 2H). 7.17 - 7.10 (m,
following Example L. 11105 03 76 98 (m, 1H), 4.00 (brs, 1H), 3.90 -
3.85 (m, 2H), 3.57 - 3.51 (m, 2H), 3.18 - 3.10 (im,
1H), 2.93 - 2.85 (m, 1H), 2.83 (s, 3H), 2.63 - 2.53
(ra, 2HD, 2.03 - 1.91 (m, 1H), 1.71 {brs, 1H), 1.59
—1.43 (m, 2H).
et O e "H NMR (500 MHz, CDCLy) 6 11.43 (brs, 1H),
Starting if:i;‘:?:/"“”‘b'"“” 8.70 — 8.44 (m. 2H), 8.32 (s, 1H), 7.95 — 7.86 (m,
(ethoxy (m@thﬁ}phosphorvl) 2}_1), 7.55{dd, J=13.2, 7’;3 Hz, 1H), 75A ,(fm’ J=
-lH-ii’;d(;1~3-‘,/£‘a-5~ / 15.0,7.2 ’Hz, 1H), t}.l() -394 ‘(m, 2}{}, 3.83-3.75
179 (ti’iﬂu()mmethvi\iiv/rimidm- (m: 1H), '3.21 - 313 (m7 1H), 295 {t, /=124 Hz, | 46742 | 468.17
2--yﬁ)amiIii)f};ﬁ;;erz(iitae-i-- ]}%)’ 265,“ 2:'56&(,{?’ 2H), 2105@ % (‘IE]’ ! Ej)’
carboxyiate (Example 16) ],'M) ]7@9 (m’ 4?3»;1? Eﬁ@ q]"q'() tm, 2H), 121 (jl’
following Example 1. J’ : 6.9 Hz, 3HD. 7P NMR (203 MHz, DMSG) o
42.60 (s).
1 NMR (500 MHz, DMSO) § 12.02 (brs, 1H),
Starting from (S)-tert-butyl | 9.56(dd, /=24, 1.2 Hz, 1H), 9.36 (d, /=49 Hz,
3-{{(4-(7-(pyridazin-4-y1}- 1H), 8.63 - 8.60 (m, 1H), 8.56 (d. /=79 Hz,
1H-indol-3-y1)-5- 0.5H), 8.35(d, J=7.9 Hz, 0.5H), 8.31 (brs, 1H),
180 (rriflucromethylpyrimidin- | 7.99(dd, /=53, 2.5 Hz, 1H), 7.94 - 7.90 (m, 1H), | 43944 | 440.20
2-yhamino)piperidine-1- 7.82(d,J=14.1 Hz, 1H), 7.47 - 7.42 (m, 1H),
carboxylate (Example 17) 7.37 - 7.31 (m, 1H), 4.06 {brs, 1H), 3.19 {(brs, 1H),
following Example 1. 3.0-2.90(m, 1H), 2.71 — 2.56 (m, 2H), 2.06 —
1.94 (m, 1H), 1.75 (brs, 1H), 1.61 — 1.46 (m, 2H).
" ﬂlif‘l’ggﬁ;‘iﬁ j :§;110‘r0- "H NMR (500 MHz. DMSO) 5 11.98 (b, 1HD,
2-(methylthio)-5- 8.59-4.52 (m./‘ }H), 846 (dd, J = ]42. l/, 8.6 Hz,
('rriﬂuﬂr\ometiﬂw})pyﬁmidine O,SH;'\E'OtaIYEQT b, 8.32 (bs, ’1 H), 8.16(dd, 7 =
4 4--chior0-2~(n;ezhylthi0)-5~ 11.7, 8.5 Hz, 0.5H; rotamer 2), 7.96 - 7.92 (m, ' -
184 1H), 7.92 - 7.89 (m, 0.5H: rotamer 1}, 7.83 (d, /= | 39735 | 398.88

(rifluorommethyDpyrimidine
{11.8. Pat. Appl. Publ,
20130017194, 17 Jan 2013)
following Example 18 and

8.4 Hz, 0.5H; rotamer 2), 7.57 — 747 (m, 1H).
3.95 (brs, 1H), 3.14 - 3.07 (m, 1H), 2.93 - 2.82
{oy, 1H), 2.58 - 2.50 (m, 2ZH), 2.07 - 1.93 (m, 1H).
1.74 — 1.67 (m, 1H), 1.56 — 1.44 (1, 2H).
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(’Omi‘“"“d Done as '"H NMR Ld%Cd" Mass
# Mass (MEH™)
Starting with (S)-tert-butyl
3-{{4-{7-bromo-1H-indol-3- | 1,, . . - T TNk o it om 4 e
T1-5- }I\ VER (500 MH/ D'MSO)" b i 1,82; i1, iﬁr(m,
(ti‘iﬂu()mH;erﬁvi\pvrimidm- 1H), 8'37 s, Oiﬁ,'{,{)’ 8'5,2 (s, 0.5H), 8.37 (s, 1H),
2--51’\;arniiim):}p“i};e;i(riirné- 2.?;«&, Y : (ibé le E{?j;{); f(\)? (dé 7 =H718 :7 7 1]
) A SH), 7.75 (brs, L), 7.72 (4, J=9.6 Hz, 1H), 711 | .o . )
183 ‘(ﬁ’j’:’i‘ﬁggf)gﬁ;ﬁi;‘ 703 (m, 2H), 4.60 {brs, LE), 3.96 (brs, 11D, 3.60 | 001 | 460.98
gi 4(il0‘%1€plf0i4 ‘%ldzzi’ 350 (m, 3H)—, 3,’08 (brs, 18), 3.04 - 2.94 (m,
’ eta8»E)A,?,” 1}3), 2.89'»-- 2.5{{(7171\1, EE"%), 2,01;- R'% (r;}, 5H),
dioxabﬂmiane following 72154 (m, 3HD, 1.53 - 1.37 (m, 4H).
Example 1, 11 and 19,
Starting with (S)-tert-butyl 'H NMR (300 MHz, DMS(0) & 11.69 (s, 1H), 8.78
3-({5-mpethoxy-4-(1- {d, /=78 Hz, 1H), 8.36 (s, 1H}, 8.30 - 8.28 {m,
(phenylsulfonyl)-1H-indol- | 1H), 8.07 (5, 1H), 7.46 (d, J=7.9 Hz, 1H), 7.16
189 3~y.1)pyﬁ.mid.ig~2- {dt, J = 23.0,7.2 Hz, AZZH), 6.52(d, J=78 Hz, 1H), 12319 | 32329
. yllamino)piperidine-1- 397 -390 (m, 1H), 3.89 (5, 3H), 294 (4, J= 124 | "7 -
carboxylate (Example 20) Hz, 1H}, 260 (dd, J=21.1, 10.7 Hz, 2H), 2.04 -
following Example 1 and 2. | 1.97 (m, 1H), 1.78 - 1.71 (m, 1H), 1.61 — 1.43 {m,
3H).
Starting with (3)-N~(6,6- "H NMR (500 MHz, DMSO) 8 11.82 (br s, 1H),
dimethylpiperidin-3-yb-4- | 8.54(d, 7= 19.2 Hz, 1H), 8.40 (5, 2H), 7.82 (s,
(I -(phenylsuifonyh-1H- 1H),7.72(d,7=8.1 Hz, 1H),749 (1, 7=9.0Hz,
indol-3-y1)-5- 1H), 7.20 {t, /=7.5Hz, 1H), 7.14 (t, /= 7.4 Hz, o6 A
190 (rrifluoromethyDpyrimidin- | 1H), 4.00 - 3.87 (m, 1H), 295 (dd, /= 12.6,4.1 389.42 1 390.2
2-amine (Example 21) Hz, 1H), 2.74 (dd, /=229, 13.0 Hz, 1H), 1.93 -
following Example 2. 1.75 (m, 1H), 1.75 - 1.60 (m, 1H), 1.60 — 1.52 {m,
1H), 1.44 — 1.34 (m, 1H), 1.18 — 1.01 (m, 6H).
Starting with (S)-tert-hutyt TH NMR (500 MHz, DMSOY 8 11.67(d, J=11.0
3-({4-(7-bromo-1H-indol-3- | Hz, 1H), 8.56(d, /=221 Hz, 1H), 8.27 (5, 1H),
yi}-5- 8.13(dd, J=71.2, 7.8 Hz, 1H), 7.76-7.75 {m, ZH),
191 (lzii,ﬁuor()im,ethﬂ)pyr%midjn-- 7 08 (;:, J=72 HZ’, l}ﬁf},‘ 7()?7 .G1 (m, 1H), 43? , 4475 | 44831
2-yhamino)piperidine-1- (s, TH), 4.00 (s, 1H), 3.16-3.14 {m, 2H), 2.93-2.87
carboxylate (Example 1) (o, 3H), 2.55 (o, 1D, 2.00-1.93 (m, 1H), 1.79 ~
following Example 23 and 1.74 (m, 2HD), 1.70 (s, 1H), 1.55-1.48 (m, 2H), 1.21
(s, OH).
Starting with (5)-tert-butyl
3-({(4-(7-{4-0xocyclohexyl-
1H-indot-3-y1)-5- "H NMR (500 MHz, DMSO) § 11.79 (brs, 1H),
{rifluoromethylpyrimidin- | 8.536 (s, 0.5H), 8.52 {5, 0.5H), 8.44 (brs, 1H), 8.21
2-yharmino)piperidine-1- (s, 0.5H), 8.07 (s, 0.5H), 7.74 (brs, 1H), 7.71 -
192 carboxylate (Exarople 19) 7.63 (m, 1H), 7.11 - 7.07 (m, 2H), 4.40 (bys, 1H), 47353 | 474.31

following Example 22 and |
for the final step upon
which Compound 192 and
Compound 193 were
separated.

3.94 (brs, 1H), 3.04 (brs, 2K), 2.79 (brs, 1H), 1.85
— 178 (m, 2HD, 172 — 1.59 (m. 8H), 1.50 - 1.35
(mn, 4H), 1.24 (s, 3H).

332




WO 2018/013867 PCT/US2017/042017
- . .. Found
(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
Starting with (S)-tert-butyl
“4;H(‘[’;(E;‘;;y“é’fe“"n "H NMR (500 MHz, DMSO) & 11.74 (brs, 1H),
(ti‘iﬂu()ﬁﬁlﬂ@fh?i%vr&nidin- 8'57, (s, 0%&),8‘0 {s, O‘S}D’ 34? (h s EH).’S'ZO
”}/ \;arniiino:}p“i};erli(riirné- (;i j: 72 ]};f {')'75;%]')’ 8}02%@’ J :};'j;ﬁ’ O?HZ
o A e 4 e 7.74 (ors, 1HD, 7.71 - 7.63 (m, 1H), 7.11 - 7.04 A .
193 fg};r)’:’:;‘; ESf‘(i;}‘;‘é’Fn‘(};] (0, 2H), 4.10 (brs, 1H), 3.93 (brs, 1H), 3.08 - 3.04 73.33 1 47431
o for Vf'ﬁe f hai %tép -x'mmﬁ 1 {m, ],H), 2.97 (brs,{ },H), )RA { Ms iH), 2.00 - 1?‘-“'
T A (o, 450, 1.72 - 1.60 (m, SHD, 1.55 ~ 1.40 (i, 5H),
which Compound 192 and 1.23 (s, 3H)
Compound 193 were A
separated.
Starting with 3-(2-chloro-5- 'H NMR (3500 MHz, DMSQO) & 11.80 (brs, 1H),
indopyrimidin-4-yh)-1- B.78(d, J=2.6 Hz, 1H), 8.57 (brs, 1H)}, 8.33 (brs,
(phenylsulfonyi)-1H-indole | 2H), 7.48 (d, /= 7.9 Hz, 1H), 7.40 (brs, 1H), 7.24
194 and (8)-fert-butyl 3- —7.12 {m, 2H), 4.56 (s, 1H}, 4.00 (brs, 1H), 3.21 317.39 | 318.20
aminopiperidine-1- {d, /= 106Hz, 1H),2.96(d, /=121 Hz, 1H),
carboxylate following 271257 (m, 2H), 2.13 - 1.92 (m, 1H), 1.82 —
Example 5 and 24 (A). 1.72 {(mn, 1H), 1.54 (brs, 2H).
sarting with 3-(2-chlore-3- 4 1p i (500 Mz DMSO) 5 8.85 - £.55 (m,
iodopyrimidin-d-yi-1- o g g4 g ) 7.60 - 7,40 (. 2H), 7.30 -
{pheaylsulfonyl)-1H-indole | 7 o 7 T L T L T T
195 and (S)-tert-butyl 3- 718 {m, 2H), 4.51 {5, [H), 3.97 (brs, 1H), 38948, | 53y 41 | 535 99
) ar‘-ﬁnopipm‘idiné—i‘- 3H), 3.19 (brs, 1HD, 2.93 (d, J= 1 1.0 Hz, 1H), 2.61 ) )
. M —2.53 (m, ZH), 2.10 - 1.90 {m, 1H), 1.73 (brs,
carboxylate following 1H). 1.52 (brs, 2H)
Example 5 and 24 (B). T AT
"H NMR (400 MHz, CDCL3) 6 8.39 (s, 1 H), 8.31
(hrd, J=772Hz, 1 H), 824, 1 H),7.15(t, /=
7.83Hz, 1 H),7.00(d, J=7.06 Hz, 1l H), 4.25 {br
196 Example 40 s, 1 H), 3.48-3.59 (m, 5 H}, 3.34-3.41 {m, 4 H), 460.14 | 461.1
328 (brs, 1 HY, 297-3.11 {m, 2 H), 2.19(br d, J =
13.23Hz, 1 H), 2.08 (brdd, J=9.26,5.51 Hz, |
H), 1.82-1.93 (m, 1 H), 1.69-1.79 (m, 1 H)
1H NMR (400 MHz, MeQOD) 6 8.66 (s, 2H}3, 8.22
{br.s., 1H), 8.04 (br.s., 1H), 7.76 (br.s., 1H), 4.63 -
430 (m, 1H), 3.68 -3.60 (m, 1H),346 (brd., =
196 Example 126 5.6, 8.4 Hz, 2H), 3.28 (br.d., J = 10.5 Hz, ZH), 524.18 | 325.10
3.22-3.12 (m, 2H}, 3.08 (br.d,, J = 10.9 Hz, 1H),
2.27 (or.s., 1TH), 2.19 - 2,008 (m, 1H), 1.94 (br.d., ¥
= 11.4 Hz, 1H), 1.88 - 1.74 (m, 3H), 1.25 (s, 3H)
"H NMR (400 MHz, MeOD,) 6 8.58 (brs, | H),
8.35(brs, 1 H), 810 (brs, | H), 7.85 (brs, 1 H),
197 Example 41 430 (brs, 1 H), 3.51 (brs, 1 H), 3.28 (brs, 1 H), 404.14 | 405.2

2.88-3.05 (m, 2 H), 2.18 (brs, 1 H)., 2.05 (brd. J =
14.77 Hz, 1 H), 1.67-1.91 (m, 2 H)
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(MHD

198

Starting with (S)-tert-butyl
3-{(4-(7-(1 4~
dioxaspiro{4.5}dec-7-en-5-
ybh-1H-iadol-3-yh-5-

(riflucromethyDpyrimidin-

Z-yhaminoypipendine-i-
carboxylate and following
Example 19.

' NMR (500 MHz, DMSO) § 11.51 — 11.44 (m,
1H), 8.58 (5, 0.5H; rotamer 1}, 8.53 {5, 0.5H;
rotamer 23, 8.41 (brs, 2H), 8.27 (4, /= 8.0 Hz,
(.5H; rotamer 13}, 8.12 (d, /= 7.7 Hz, 0.5H;
rotamer 23, 7.77 - 7.71 {m, 28}, 7.14 - 7.08 (m,
1H), 7.06 (s, 0.5H; rotamer 1}, 7.5 (s, (.5H;
rotamer 23, 5.89 (brs, 1H)}, 3.97 (brs, 1H), 3.88
(brs, 1H}, 3.60 - 3.48 (m, 48D, 3.10 (brs, 1HD), 2.84
(brs, 1H}, 2.17 - 2.10 (my, 1H), 2.04 - 1.89 (m,
2Hy, 173 - 1.63 (m, 2H), 1.55 - 1.40 (m, 3H).

458.27

199

Example 42

'H NMR (400 MHz, MeOD) § .59 (s, 1 H) 8.49
(s, 1 H)8.34 (br, | H) 8.12 - 8.02 (m, 2 H) 7.70
(br, 3= 7.72 Hz, 1 H) 4.34 (br, 1 H) 3.55 (br, } =
9.02 Hz, 1 H) 3.14 (. 3 H) 3.28 (s, 1 H) 3.05- 2.93
(m, 2 H) 2,22 - 2.01 (m, 2 H) 1.91 - 1.69 (m, 2 H)

439.13

440.2

200

Example 43

"H NMR (400 MHz, MeOH) 5 8.59 (s, 1 ) 8.49
(br, | H) 8.36 (s, 1 H) 8.02-7.97 (;n, Z H) 7.61 (by,
J=8.16Hz  H)4.32 (br, 1 H) 3.54 (br, J = 10.14
Hz, T H)3.28-3.25 (m, 1 H) 3.03-2.94 (m, 2 H)
2531, 3H)224-202 (my, 2HH 1.90- 170 (m, 2
0

454.14

455.2

201

Exaraple 44

"H NMR (400 MHz, MeOH) 5 8.52 (br., 2 H) 8.43
-840 (m, TH)8.23-8.18(m, 1 H) 744 (dd, J =
695 121 Hz, 1 D 7.19 (m, 2 H) 4.25 (br., 1 H)
3.61(br,J=12.02 408 Hz, | H)3.28-3.23 (m,
THY275-248(m, 2H) 227 (be, F=11.25Hz, 1
Hy2.07-195(m, 1 HY1.20 (g, /= 12,13 Hz, 1 H)
1.04 (d, J=6.62 Hz, 3 H).

341.14

3422

202

Example 45

'Y NMR (400 MHz, CDCLy) 88.57 (s, 1 H) £.37
(br.s, 2 H) 7.99 - 7.87 (m, 2 H) 7.71 (br. d, J=8.82
Hz, 1 H) 7.19 (s, 2 H) 4.35 (br. s, 1 H) 3.56 (br. d,
J=9.48 Hz, 1 H) 3.38 - 3.30 (m, 1 H) 3.10 - 2.92
(m, 2 H) 2.26 - 2.01 (m, 2 ) 1.93 - 1.68 (m, 2 H)

42717

428.2

Example 46

'H NMR (400 MHz, CDCLy) 88.70 (s, 1H), 8.37-
8.30 (m, 1H), 8.28 (s, 1H), 7.55 (br d, J = 5.95 Hz,
1H), 7.38-7.25 (m, 2H), 4.86-4.78 (m, 1H), 433
(brs, 1H), 3.67 (br d, J= 13.23 Hz, 1H), 3.50 (br
d,J= 1323 Hz, 1H),3.32 (brd, § = 1.98 Hz, 2H),
2.36-2.26 {m, 1H), 2.23-2.12 (m, 1H)

377.15

378.1

334




WO 2018/013867 PCT/US2017/042017
- . .. Found
(’Omi‘“"“d Done as "H NMR (‘/d%Cd" Mass
# Mass (MEH™)
"H NMR (400 MHz, MeOD) § 8.57 (5. | H). 8.44 -
825 (m, 2 H), 7.92¢br.s, L H} 7.67 (br. d, / =
o . 7.06Hz, T HY7.35(br. t, 7= 695 Hz, | H), 4.50 I )
204 Exampie 47 (br.5. 0.5 H) 436 (br.s. 1 SH) 3.69-386(m, 2 | /02 | 4753
H)349-3.65(m, 2H)330-3.46(m, 2 H)2.90-
302 (m, 2HY1.62-228 (m, 6 H)
"H NMR (400 MHz, MeOD) 6 8.57 (s, 1 H), 8.46
(o, 2H), 7.92{(br. s, L H)7.67 (br. 4, = 7.06 Hz,
- i p TH)7.35¢br.t,1=695Hz, | H), 450 (br. 5,05 - ,
205 Example 48 H) 4.36 (br. 5, 1.5 H) 3.69 - 3.86 (m, 2 H) 3.49 - 4742 | 4752
3.65(m, 2 H)3.30-3.46 (m, 2H) 2.90-3.12 (im,
2H) 1.62 -2.28 (m, 6 H)
'H NMR (500 MHz, DMSO) § 11.64 (brs, 1H),
B.35 (brs, 1H), 8.26 (d, /= 7.6 Hz, 1H), 8.18 (s,
1H), 7.82 (d, /= 2.6 Hz, 1H), 7.46 (d, J = 8.0 Hz,
Starting from 3-(5-bromo-2- | 1H), 717 {t, /= 7.5 Hz, 1H), 7.10(, J = 7.1 Hz,
chloropyrimidin-4-yh-1- 1H), 6.86{d, /= 7.8 Hz, 1H), 4.66(t, J = 6.4 Hz,
206 (phenylsulfonyl)-1H-indole | 1H), 4.56 {, /= 6.4 Hz, 1H), 3.99 {brs, 1H), 3.18 336941 | 340.21
following™Example 26 and | {(d. /= 11.8 Hz, 1H), 3.11 {t, /= 6.4 Hz, 1H), 3.06
then Example 1 and 2. {t,J=04Hz 1H) 294, /=122 Hz, 1H), 2.65
—2.56 {(m, 2H), 1.97 (brs, 18}, 1.79 - 1.72 (m,
1H), 1.60 — 1.46 (m, 2H). "F NMR (471 MHz,
DMSG) 6-214.28 ().
Starring with (S)-err-butyl 'H ‘\NER (SOQ MHz, DMSO) 0_ 1.80— 11.75 (m,
3—((4—(%—(4—05&00“/0101’]8){‘,’i}— 1H), 8.58 (s, 1H; rotamer 1), 8.53 (s, 1H; rotamer
‘ lkH-indol—?:yD—‘i— - 23, 8.29 (s, 1H), 8.21 (d, /= 7.3 Hz, 1H; rotamer
il th '1! ‘v;rivmi din- 1), 8.05 (d, J=7.4 Hz, 1H, rotamer 2), 7.75 (brs,
207 “;”;‘fm?m | 2H),7.14 - 7.05 (m, 2H). 439 (brs, 1H), 4.04 - 45051 | 460.32
Laf;) ;f?;i?iﬁ;;:fvm 3.94 (m, 2H), 3.16 — 3.10 (m, 2H), 3.07 — 3.00 (m,
Lxumpie 27 and then © 1H), 2.92 - 2.83 (m, 1H), 2.04 — 1.87 (m, 3H),
Exan;-ple 1 for the final step 1.84 - 1.78 {m, 2H), 1.75 — 1.56 {m, 5H), 1.54 —
i Tl 145 (m, 2HD, 1.42 - 1.31 (m, 1H).
Starting with (5)-tert-butyl
3-{{5-iodo-4-(1- 'H NMR (500 MHz, DMSO) § 11.85 - 11.70 (m,
(phenylsulfonyl)-1H-indol- | 1H), 8.51 (brs, 1H), 8.37 (brs, 1H), 8.09 {brs, 1H:
3-yDpyrimidin-2- rotamer 1), 7.99 (brs, 1H; rotamer 2), 7.79 - 7.72
208 ylyamino)piperidine-1- (in, 1H), 7.69 (4, /= 7.9 Hz, 1H), 7.50 - 7.44 (m. 3354 | 33628

carboxylate and tributyl(l-
ethoxyvinyl)stannane
following Example 26 (Step
1}, and then Example 1 and
2.

1H), 718, J = 7.5 Hz, 1H), 7.13 {brs, 18}, 4.09
(brs, 1H}Y, 3.26 - 3.18 {m, 1H), 3.02 - 2.95 (1,
1H), 2.72 - 2.60 (m, 2H), 2.24 (s, 3H), 2.05- 191
(m, 1H), 1.82 — 1.74 {m, 1H), 1.64 — 1.49 {m, 2H).
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Lomgiound Done as "H NMR (,\Eii(i Mass
kis 1 &4 (N1H+)
"H NMR (500 MHz, DM50O) § 11.85 A 75 (m,
1H), 8.57 - 8‘52(m 1H). 8.39(d, J=8.1H
Starting with 4,4- (0.5H; rotamer 1), 8.35 (brs, 1H), 8.25 (4, J
" dimethyvipiperidine-2,6- Hz, 0.5H; rotamer 23, 7.81 (br s, 1H), 7.535 7 ‘5 QG 4 90 75
209 dione and following (m. 2H), 7.20 (t, 7= 7.4 Hz, 1H), 715 (t, J=74 | 0042 | 39025
Example 28 (compound A). | Hz, 1H), 4.10 (br s, 1H), 2.95-2.84 (m, 1H), .Q(}-
2.68 (m, 35, 1.56-1.46 (m, 1H), 1.45-1.33 (m,
1H), 0.97 (br s, 6H).
"H NMR (500 MHz, DMSO) 6 11.83 (br s, 1),
8.57 - 8.52 {m, 1H), 8.39 (d, /= 8.2 Hz, 0.5H:
Starting with 4,4- rotamer 1), 8.36 {'br b, 1H), 8.25(d, J = 8.0 Hz,
. dimethyipiperidine-2,6- 0.5H; rotamer 2y, 7.81 (br s, 1H), 7.55-7.45 {m, agn 4% | 200 9
g ¢ . ) 7
210 dinne and following 203, 720, I =7 ’* I{z TH), 7.16 (¢, = 7.3 Hz, 389.4 390.2
Example 28 {(compound B). | 1H), 4.12 (br s, 1H), 2.95-2.84 (m, 1H), 2.80-2.68
(i, 3H), 1.56-1.46 (m, 1H), 1.45-1.33 (m, 1&),
(.97 (brs, 6H).
"H NMR (500 MHz, DMSO) & 12.86 (brs, 1H),
8.56 (s, 1H), 8.47 - 8.33 (m,1H), 8.31 - 8.21 (im,
Starting with (S)-rert-butyvl | 1H), 7.81 (s, 1H), 7.50 (d, /= 8.0 Hz, iH), 733 (d,
(I-benzyl-S-oxopiperidin-3- | /=74 Hz, IH‘) 723718 (m, 1H), 705 (¢, /=
511 vijcarbamate following 7.1 Hz, 1H),4.13-4.03 (m, 1H), 3.05 - 2.98 (im, 38942 | 3903
- Example 29 {cornpound A} | 1H), 2.85 {dd, J— 12.7, 2.9 Hz, IH), 244 - 2.38 b o
and then Example 2 for the | (m, 1H), 2.00 - 1.93 (m, 1H), 1.71 — 1L.61 (m, 1H),
final step. 1.55 - 1.48 (m, 1H), 1.46 - 1.39(m, 1H), 1.39 -
1.31 (m, 2H), 0.91 (1, 7=7.5 Hz, 3H).* VT NMR
@50 °C
"H NMR (500 MHz, DMSO) § 11.76 (m, 1H),
8.50 (s, 0.5H), 8.47 (s, 0.5H), 8.37 — 8.26 (m, 2H),
S 776 (s, 1H), 7.72 (t, J="7.7 Hz, 1H), 7.42 (dd, J =
dmiﬁ“f‘g ;:»ﬁfgime 11.6,8.2 Hz, 1H), 7.13 (dd, J = 14.5, 6.7 Hz, 1H),
SORTIVLA L R 7.10=7.05 (m, 1H), 3.90 (d, J = 32.2 Hz, 1H), e .
212 ixample 30y and the 2 o T 37, 388.2
! fo(}};fv‘fnii‘;i i’r “;;‘jz?‘ii o | 291(d,J =125 He, 1H). 2.60 - 248 (. 1H), 3874 38827
aEs N P “ 1.99 — 1.84 (m, 1), 1.71 — 1.56 (m, 2H), 1.26 {dd,
- J=283,11.9 Hz, 1H), 041 (dd, /= 12.5, 6.2 Hz,
1H), 0.31 (g, J= 6.6 Hz, 2H), 0.24 (g, J = 6.4 Hz,
1H). Two rotamers.
"H NMR (400 MHz, MeOD) § 8.35 (s. 1 H). 8. 29
(3, 1 H), 7.79 (br. d, J=8.60 Hz, 1 H), 7.65 (br. 5, 1
72 (br. s, 1 H), 6.63 = )
513 Example 49 H), 6.72 (br. s, 1 H), 6.63 (br. d, J=8.60 Hz, 1 H), 43021 | 4311

402 (br. s, 1 H), 3.30 (br. d, }=13.45 Hz, 1 H),
311 (br.s, 4 H), 2.91 - 2.78 (my, 2 H), 1.86 (br. s, 5
H) . 1.72-1.42(m, 3 H)
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(’Omi‘“"“d Done as "H NMR (‘/d%Cd" Mass
# Mass (MEH™)
' NMR (400 MHz, MeCOD) 8 8.56 (s, 1H), 8.52
{brs, 1H), 8.00 (s, 1H), 7.86 (s, 1H), 7.82 (s, 1},
7.64 (s, 1H), 742 (brd, J = 8.16 Hz, 1H), 4.37 (br
214 Exaraple 50 s, 1H), 4.13 (s, 2H}, 356 (br 4, § = 9.26 Hz, 1H), 49923 ¢+ 5003
3.3G-3.26 {(m, 1), 3.09-2.96 (m, 2H), 2.20 {br s,
1H), 2.13-2.02 (m, 1H), 1.94-1.84 (m, 1H), 1.82-
170 (m, 1H), 1.22 (s, 6H)
"H NMR (500 MEz, DMSO) 6 11.80 (br s, 1H),
8.64 (s, 0.5H; rotamer 1), 8.57 (s, .5H; rotamer
Starting with isoquinolin-4- | 23, 8.46 (d, /= 8.0 Hz, 0.5H; rotamer 1), 8.23 (br
amine following Example s, 1H), 8.16-8.13 (m, 1H), 8.06(d, /= 9.0 Hz,
215 31 {compound A) and thea | .5 rotamer 2), 7.86 (d, J = 16.5 Hz, 1H), 7.48 40941 | 410.31
Example 28 for the final (t, /=85 Hz, IH) 731 {d, /=75 Hz, 1H), 7.21-
deprotections. 7.14 (m, 3HD), 7.11-7.03 (m, 2H), 5.37-5.29 (i,
1H), 3.97-3.85 (m, ZH), 3.22-3.16 (m, 1H), 3.05-
2.99 (m, 1H).
' NMR (500 MHz, DMSO) § 11.81 (brs, 1H),
8.64 (s, 0.5H; rotamer 1), 8.57 (s, 0.5H; rotamer
Starting with isoguinolin-4- | 2}, 8.46 {d, J= 7.9 Hz, 0.5H; rotamer 1), 8.26 (br
amine following Example 5, 1H}), 8.16-8.13 (m, 1H), 8.67 (4, /= 9.0 Hz,
216 31 {compound B) and then | 0.5H: rotamer 2), 7.86 (d, /= 169 Hz, 1H), 7458 40941 | 410.3
Exarnple 28 for the final (t, /=81Hz 1), 731 (d, /=71 Hz, 1), 7.21-
deprotections. 7.84 (m, 3H), 7.11-7.03 (m, 2H), 5.37-5.29 {(m,
1H), 3.97-3.85 (m, 2H), 3.22-3.16 (m, 1H}, 3.05-
2.99 (m, 1H).
' NMR (500 MHz, DMSO) § 11.74 (m, 1H).
S e e 8.49 (s, 0.5H), 8.44 (s, 0.5 H), 8.36-8.20 (m, 2H),
g1binig»?61};£z;g;§?; 7.76 (s, 1H), 7.64 (d. J = 7.1 Hz, 1H), 746~ 7.37
* Vi)ca;bamate i%aiiowing {m, 1H), 7.18 - 7.11 {m, 1H), 7.06 {t, /= 7.6 Hz,
217 E;(ample 2‘() (compound B) 1H), 3.80 - 3.74 (m, 1H), 3.10 - 3.00 (m, 2H), 389.42 | 390.33
atd then Lmn‘ple > for the 2.%5 - 217 {m, 1}{"}, 2.11 - 1.98 (m, 0.5H), 2.00-
final sAtep 1.87 (m, 0.5H), 1.69 — 1.62 {m, 1H), 1.38 - 1.20
’ (i, 2H), 1.08 - 0.94 (m, ZH), 0.80 (dd, J = 15.6,
8.3 Hz, 3H). Two rotamers.,
Starring with (S)-err-butyl TH NMR (500 MHz, DMSO) & 11.70 (brs, 1H),
3_{(5_&10{0_4_(1; - 8.39 (s, 1H), 8.34 (brs, ZH) 7.724{d, J=2.5 Hz,
(pheﬁyls;ﬂfenyb—lH—indo]- 1H), 7.47 {4, {z 8.0 Hz, *HE 7.21 -7.16 (m, 1H),
‘ 3. ,'1) 'riniidiﬂ—Z— TA2{ J=75Hz 1H),7.08(d, /=79 Hz, i1H),
218 yopyrima 6.83 (dd, 7= 17.5, 10.9 Hz, 1H), 5.62 (dd, J = 319.4 | 320.24

ylyamino)piperidine-1-
carboxylate (Example 4)
following Example 6, 1 and
2.

17.5, 1.3 Hz, 1H), 5.18 (dd, J = 10.9, 1.5 Hz, 1H),
4.04 (brs, 1H), 3.21 (d, J= 12.0 Hz, 1H), 2.97 (4. J
= 12.6 Hz, 1H), 2.69 — 2.60 (m, 2, 1.9 (brs,
1H), 1.81 — 173 (m, 1), 1.62 — 1.47 (m, 2H),
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219

Example 51

"H NMR (400 MHz, MeOH-d4) § 8.58 (s, 1H),
8.53 (br., 1H), 8.40 (br., 1H), 7.88 (s, 1H), 7.58 (s,
1H), 7.27 (d, § = 8.38 Hz, 1H), 4.53 (5, 2H), 4.34
(br., 1H), 3.56 (br. d, § = 12.13 Hz, 1H), 3.28 (br.,
1H),3.06 - 2.96 (m, 2H), 2.89 (s, 3H), 2.29-2.05
(m, 2H), 1.93-1.71 (m, 2H)

220
{tentatively
assigned to

P1y; and

221
{tentatively
assigned to

P2)

Example 52

Pi:1H NMR (400 MHz, METHANOL-d4) 68.61
(s, 2H), 8.52 - 8.51 (m, 1H), 7.96 (br., 5, G.1H},
770G (br., d, =84 Hz, 1H), 739 (br., t, J=7.3 Hz,
1H), 4.61 (or., s, 1H)Y, 4.36 (br., s, 1H), 3.94 -3.72
(m, ZH), 3.71 - 3.56 (m, 2H), 3.45 (br.. d, }J=11.4
Hz, 1H), 3.10- 2.93 (m, 2H), 2.21 {br., s, 1H),
212 - 1.78 (m, 5H), 1.52 - 1.32 (m, 3H);

P2 IH NMR (400 MHz, DMSO-d6) 11.83 (br,, s,
1H), 8.54 (s, 1H), 8.28 {br., d, }=8.2 Hz, 1H), 7.87
(s, 1H), 7.64 (s, 1H), 7.52 (br., d, §=7.7 Hz, 1H),
7.29 (br., d, }=8.2 Hz, 1H}, 4.60 (br., s, 1H), 4.07
(br., d, J=3.3 Hz, 1H), 3.68 (br., dd, §=9.2, 18.9
Hz, 1H), 352 {br., s, 1H), 3.43 - 3.31 (m, Z2H),
290 (br., d,J=12.6 Hz, 1H), 2.72 - 2.55 (m, 2H),
2.02 - 1.67 (m, 4H), 1.60 - 1.45 (m, 2H), 1.40 -
1.22 {m, 3H)

P1:
489.2;
P2:
489.3

Example 53

IH NMR (400 MHz, MeOD) 5 8.58 (brs, 1H),
B8.53 (brs, 1H), 828 (s, iH), 7.81 (s, 1H), 7.45 (br
d, J=772Hz 1H), 7.27-7.13 (1, 2H), 4.21 (br s,
2H), 336 d, /= 1058 Hz, I1H), 3.10(d, J =
1103 Hz, 1H), 282 (brs, 1H), 214 (brd, J =
13.67 Hz, 2H), 1.84 (brt, /= 9.48 Hz, 1H), 1.65
(brt, J=882 Hz, it

2
[\
(PN

Example 54

'H NMR (400 MHz, MeOD) & 8.87 (br s, 1H),
8.61-8.48 (m, 3H), 8.16 (4, J = 8.16 Hz, 1H), 7.91
(s, TH), 7.76 (s, 1H), 7.57-7.48 (m, 3H). 4.37 (br s,
1H), 3.57 (br d, J = 11.47 Hz, 1H), 3.36-3.32 (m,
1H), 3.07-2.95 (m, 2H), 2.23 (br 5, 1H), 2.12-2.06
(m, 1H), 1.92-1.73 (m, 2H).

4392

224

[¢]
O
h

Exampi

"H NMR (400 MHz, MeOD) § 8.59 (s, 4H), 7.93

(s, 1HD, 7.88 (s, 1H), 7.79 (br d, /= 4.85 Hz, 3H),
7.60 (brd, J=8.60Hz, [H), 438 (brs, 1H)}, 3.58
(brd, /= 1147 Hz, 15}, 3.35-3.32 (m, 1H), 3.08-
2.97 (m, 2H), 2.23 (brs, 1H), 2.14-2.06 (m, 1H),

1.93-1.76 (m, 2H)

438.18

439.2
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Exarople 56

' NMR (400 MHz. MeOD) § ppm 8.55 (5, 2 H),
.29 (br., s. 1 H). 7.81 (s, 1 H), 7.59 (s, 1 H), 7.45 -
7.35 (m, 2 H), 7.18 (d, J =1.76 Hz, 1 H), 4.32 (br.,
s, 1 H),3.84 (5,31, 3.52 (br.. d, J =10.80 Hz, |
), 3.28 - 3.19 (m, 1 H), 3.03 - 2.90 (m, 2 H), 2.20
(br.,s, L H), 2.03 (br.. s, L H), 1.88 - 1.65 (m, 2 1)

465.19

466.3

226

Example 57

"H NMR (400 MHz, MeOD) & 8.61-8.49 (m, 2H),
8.34 (brs, 1H), 7.84 (s, 1H), 7.71 (s, 1H), 7.49 (s,
1H), 7.27 (br d, J = 8.38 Hz, 1H), 4.35 {br s, 1H),
3.88 (s, 3H), 354 (brd, J=12.57 Hr, 1H), 3.27
(brs, 1H), 3.07-2.94 (m, 2H), 2.40 (s, 3H), 2.22
(brs, 1H), 2.05 (or d, /= 3.09 Hz, 1H), 1.92-1.71
(o, 2ZH)

455.2

456.3

Example 58

"H NMR (MeOD, 400 MHz) § 8.56 (d, J = 6.39
Hz, 2H), 8.33 {brs, 1H), 7.85 (s, 1H), 7.57 (s, 1H),
745 (s, 1H), 7.24 (brd, /= 8.16 Hz, 1H), 4.33 (br
s, 1H), 3.87 (5, 3H), 353 (brd, /= 11.25 Hz, 1H),
3.28-3.19 (m, 1H), 3.05-2.90 (m, 2H), 2.46 (s,
3H), 2.20 (brs, 1H), 2.10-2.00 (m, 1 H), 1.92-1.68
{m, 2H).

_p
A
o)
fod

228

Starting with (2R, 58)-tert-
butyl 5-amino-2-
(pyrrolidine-1-
carbonybhpiperidine-1-
carboxylate (Example 32)
and 3-(2-(methylsulfonyl)-
(riflucromethyDpyrimidin-
4-yy-1-(phenylsulfonyl)-
1H-indole (Example 21) and
following Examples 21, 1
and 2.

Rotarer 1:'H NMR (300 MHz, DMSO) 3 11.86
(s, THD), 832 (s, TH), 846 (5, 1H), 831 (d, J=8.0
Hz, 1H}, 7.84 (s, 1H}, 7.76 (d, /= 7.7 Hz, 1H),
T, J=80Hz, 1H), 721 (dd, J=147,7.2
Hz, 1H}, 713 (, /=75 Hz, 1H),3.74 - 3.93 (m,
2H), 3.61 -3.56 (m, 2H), 3.51 - 3.18 {(m, 5H), 2.17
(d, /J=11.5Hz, IH), 1L.87(d, J=13.1, 6.6 Hz,
2H), 1.82 ~ 1.73 (m, ZH), 1.56 - 1,49 (m, 1H), 1.43
- 1.37 (mn, 1H). **Rotamer 2:'H NMR (500 MHz,
DMSG)Y 6 11.80 (s, 1HD, 8.57 (5, 1H), 8.46 (s, 1H),
B830(d, J=8.0Hz, 1H), 782 (s, 1Hy, 773 (d, / =
8.0Hz, 1H),747(d, /=79 Hz, 1H),721 (dd, /=
147,728z, 1H),7.134,/=75Hz, {H),3.74 -
3.93 (m, 2H), 3.61 - 3.56 (m, 2H), 3.51 - 3,18 (m,
5H), 213 - 206 (m, H), 1L.87(dt, /=13.1,6.6
Hz, 2H), 1.82 - 1.73 (m, 2H), 1.56 - 1.49 (m, 1H),
1.43 - 1.37 (m, TH).

45848

459.3
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Example 59

"H NMR (MeOD, 400 MHz)3 8.56 (s, 2H), 8.34
(br s, 1H), 7.83 (s, 1H), 7.70 (s, 1H), 7.50 (s, 1H),
7.29 (brd, =838 Hz, 1H), 4.34 (brs, 1H), 3.55
(hrd, J= 1147 Hz, 1H), 3.29-3.22 (m, 1H), 3.10-
2.91 (m, 2H), 2.46 (5, 3H), 2.22 (brs, 1H), 2.05 (br
s, 1H), 1.91-1.68 (m, ZH).

441.19

230

Example 60

"H NMR (400 MHz, METHANOL-d4) & ppm 9.60
(s, IH), 9.18 {d. J =5.5 Hz, 1H), 8.60 (s, 1H), 8.52
(br. 8, 1H), 8.06 (dd., J=2.4, 5.5 Hz, 1H), 7.98 (br.
d, J=8.8Hz, 2H), 7.66 (br. 4, f =8.2 Hz, 1H), 437
(br. 8, 1H), 3.57 (br. 4, J=11.7 Hz, 1H), 3.27 -
3.24 (m, 1H), 3.10 - 2.95 (m, 2H), 2.29 - 2.03 (m,
2H), 1.96 - 1.72 (m, 2H)

439.17

440.2

2
()

Example 61

1H NMR (400 MHz, MeOH-d4) § 8.50 (dd, J =
2.65,9.48 Hz, 1H), 8.34 (br., 1H)., 8.28 (s, 1H),
8.18 (s, 1H), 8.01 (s, 1H), 4.76-4.66 {m, 1H), 3.61
(br., J =331, 12.35 Hz, 1H), 3.42 (br., /= 12.79
Hz, 1H), 3.14-2.99 {m, 2H). 2.53 {g. J = 7.50 Hz.
2H), 2.42-2.28 (m, 1H), 2.17-1.93 (m, 2H), 1.81-
1.69 (m, 1H), 1.26 (¢, J = 7.39 Hz, 3H)

340.18

341.2

Example 62

'H NMR (MeOD, 400 MEz) & 8.84 (br s, 1H),
8.65 (s, I, B.52 (brs, 15, 8.16 (br s, 1F), 7.73
(or d, J = 5.60 Hz, 1H), 4.36-4.25 (m, 1H), 3.62-
3.47 (. 1HD, 3.43 (s, 3H), 3.28- 3.20 (m, 150,
3.02-2.91 (m, 2H), 2.18 (hr d, J = 12.57 Hz, 11D,
2.05 (brs, 1H), 1.90-1.68 (m, 2H)

464.12

4652

Example 63

"H NMR (400 MHz, MeOH-d,) § 8.56 (br., 1H),
8.533-8.48 {(m, 0.47H), 8.20 (s, 1H), 7.81 (br., I1H),
7.62 {(br., 1), 7.40 (br., 28D, 7.20 (br., 1), 4.37
(br., 1H), 3.55 (br., 1H), 3.41-3.33 (1, 1H), 3.02
(br., 2H), 2.28-2.03 (m, 2H), 1.94-1.73 {m, 2H).

451.17

4523

234

Starting with (S)-tert-butyl
3-((5-iodo-4-(1-
(phenylsulfonyl)-1H-indol-
3-yDpyrimidin-2-
yDamino)piperidine-1-
carboxylate and tributyl(l-
ethoxyvinyl)stannane
following Example 26 (Step
1) and 33, and then
Examples 1 and 2 for the
final steps.

"H NMR (500 MHz, DMSO) & 11.55 (brs, 1H),
8.39 (s, 1H), 8.27(d, J=8.0Hz, 1H), 789 (d, J =
7.0 Hz, 1H), 745, J=80Hz, I1H),7.18-7.13
(m, 1H), 7.12 - 7.06 (m, 1H), 6.67 (d, J= 8.2 Hz,
1H), 53.09 (d, 7=4.1 Hz. 1H), 4.91 (brs, 1H), 3.85
{brs, 1H}Y, 3.09 -3.01 (m, 1H), 2.79 - 2.73 (in,
1H), 2.47 — 2.38 (m, 2H), 1.92 (brs, 1H), 1.68 -
1.58 (m, 1H), 1.48 — 1.35 (m, 5H).
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kis 1 &4 (N1H+)
"H NMR (400 MHz, MeOD) 88.57 (s, 1H), 8.54
(s, 1H), 8.09 (s, 1H}, 792 (5, IH), 7.82 (brd, J =
, . 3 8.16 Hz, 1H), 4.33 (br s, 1H), 3.57-3.49 {(m, 1H}, ‘ )
5 Xa % o ’ . o S 442 ¢ 43.2
233 Exampie 64 326 (brd, /= 1235 Hz, 1H), 3.04-2.01 (m, 2k, | 4244 | 443
2.50 (s, 3H), 2.21 (br g, 1H), 2.10-2.02 (m, 1H),
1.91-1.82 (m, 1H), 1.81-1.69 {m, 1H)
"H NMR (400 MHz, CDCL) 88.52 (br s, 1H), 8.33
(brs, 1H), 7.84 (s, 1H)}, 745 (br d, /= 7.72 Hz,
236 Example 63 1H), 7.25-7.14 (m, 2H), 4.40 (br s, 1H), 3.24 (br d, | 397.35 398
J=13.01 Hz, 1H), 3.18-3.08 (m, 1H), 3.00-2.86
{my, 1H), 2.66 (br 5, 2H), 2.16-1.98 (m, 1H)
'H NMR (500 MHz, DMSO) § 11.80 (4, J = 20.3
starting with (S)-rerr-butyl | Hz, 1H), 853 (d, J =24.7 Hz, 1H), 8.42 - 8.28 (m,
{1-benzyl-6-oxopiperidin-3- | 2H), 7.83 (4. /=42 Hz, 1H), 7.71 (d, /= 8.1 Hz,
yhearbamate and 1H), 7.48{dd, /=152, 8.1 Hz, 1H)}, 7.20 (dd, J =
o isopropylmagunesium 127,64 He, 1H), 7.15 - 7.10 (m. 1H), 3.87{d, J= | , ., .. 4
231 bromide and following 41.0Hz, 1H), 3.19 - 3,14 {m, 28), 2.19 - 2.12 (i, 403.44 1 4042
Example 29 (as corppound 1H), 2.094d, /= 11.0Hz 05H), 2.00(d, /= 11.0
A) and then Example 2 for | Hz, 0.5H), 1.66 (dd, /= 11.8, 1.3 Hz, 1H), 1.55 -
the final step. 1.51 (m, 1H)}, 1.45-1.34 (m, 1H), 1.18 - 1.11 (m,
1H), 0.92 - 0.54 (m, 6H).
Starting with Peak | after
Chij:iif}?“”gf(‘}m 'H NMR (500 MHz, DMSO) § 11.55 (brs, 1H),
hdrox iﬂf 1‘; (- 8.40 (s, 1H). 8.27 (4, J=7.9 He, 1H), 7.88 (d, J =
(ohon flsulg(;nz);lﬁ-m ol | 25 Hz TH), 7,45 (d, = 8.0 Ha, 1H), 720~ 7.13
phe iybmi;ni o (m T, 7.12-7.06 (m, 1H), 6.69 (d, /= 8.2 Hz,
238 fi‘ém‘ih(l)-) : '=ri‘din=—l— 1H), 5104, J=3.6Hz, 1H), 497 -485(m, 1H), | 33742 | 338.33
SVAMINOIPIPETGINE-1- | 5 07 (s, 1H), 3.06 (dd, J = 11.5, 3.0 Hz. 1H),
carboxylate (Example 33) 1 5 o 5 750 1y 247 - 238 (m, 2H), 1.92
and following Bxamples 1| i ™) 66" 1 Sgem 18, 1.51 - 1.38 (m,
and 2 for the final steps.
. . SH).
Note: stereochemistry
tentatively assigned.
Starting with Peak 2 after
chiral separation of (38)-
tert-rutyt 3-((5-(1- "H NMR (500 MHz, DMS5O) § 11.55 (brs, 1H),
hydroxyethyly-4-(1- 839 (s, 1IH), 8.27(d, J=T79Hz, IH), 790, /=
{phenylsulfonyvl)-H-indol- | 2.7 Hz, 1H), 745 (4, /=8.0Hz, iH),7.20-7.13
239 3-yDpyrimidin-2- (o, 1H), 7.12 - 7.06 (m, 1H), 6.67(d, /= 8.2 Hz, 337.42 | 33834

vhaminoipiperidine-1-
carboxyiate (Exanmple 33)
and following Exaroples 1
and 2 for the final steps.
Note: stereochemistry
tentatively assigned.

1H), 5.09 (d, J = 4.8 Hz, 1H), 4.95 - 4.87 (m, 1H),
3.86 (brs, [H), 3.08 — 3.02 (m, 1H), 2.80 - 2.75
(m, TH), 2.47 - 2.38 (m, 2H), 1.92 (brs, 1H), 1.65
~1.58 (m, 1H), 1.51 - 1.38 (0w SH).
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240

Starting from (S)-rerr-butyl

(1-benzyl-6-oxopiperidin-3-

yhcarbamate and following
Example 34, 21 and 2.

"H NMR (500 MHz, DMSO) & 11.79 (brs, 0.5H;
rotamer 1), 11.76 (brs, 0.5H; rotamer 2}, 8.35 (s,
0.5H; rotamer 1), 8.51 (s, 0.5H; rotamer 2}, 8.46 —
8.34 (m, 1H), 8.24 (d, /= 8.0 Hz, 1H), 7.82 (5,
1H), 7.71 = 7.67 (m, 1H), 7.51 = 7.46 (m, 1H},
720, J=75Hz 1H),7.14{t, F=7.0Hz, 1H),
3.96 - 3.86 (m, 1H), 2.91-2.88 (mn, 1H), 2.71-2.65
(m, 1H), 2.54-2.52 (m, 1H), 1.89-1.59 (m, 48),
1.57-1.71 (m, SH).

42948

N
2
jo]
_#;
b2

241

Starting from (8)-ferr-butyl

{1-benzyl-6-oxopiperidin-3-

yhicarbamate and following
Example 34, 21 and 2.

Mixture of dastereomers and rotamers: 'H NMR
(500 MHz, DMSO) 6 11.82 (brs, 1H), 11.80 (br s,
1H), 8.60-8.50 (m, ZH), 8.46-8.33 {m, 5H), 8.25-
8.19 (m, 2H), 7.82 (s, ZH), 7.74-7.65-7 .44 {(m,
SH), 7.27-7.10 (m, 6H), 4.11-3.98 {m, 1H), 3.96-
3.83 (m, 1H), 3.60(t, /=63 Hz, 3H),3.12{dd, 7
=12.0Hz 3.5Hz 1H), 299, J=13.0Hz, 1H),
2.83(dd, J=13.0Hz, 2.5 Hz, 1H), 2.52-2.51 (m,
1H), 2.47-2.40 (m, 1H), 2.30 (s, 1H), 2.01-1.88
(ro, 2ZHD), 1.77-1.74 (m, 2H), 1.73-1.63 (m, 2H),
1.53-1.44 (m, 1H), 1.44-1.19 (m, 18H), 1.13-1.08
(ra, 1HD, (.87 (¢, J = 6.9 Hz, 6H).

431.5

432.4

242

Exarople 66

"H NMR (400 MHz, CDCl3) 88.52 (s. 2H), B.17
(brs, 1H), 7.75 (5, 1H), 7.27 (s, 1K), 705 (br d, J
=8.16Hz, 1H), 431 (brs, 1H), 3.52-3.4% (brd, J
=11.47 Hz, 1H), 3.24 (br s, 1H), 2.98-2.93 (m,
2H), 2.80-2.76 (m, 2HD), 2.03 (br s, 1H), 1.82 (br d,
J=13.89 Hz, 1H), 1.81-1.78 (m, 3H), 1.74-1.72
(brd, J=11.03 Hz, 1H), 1.26 (s, 6H)

4475

448.2

Example 67

"H NMR (400 MHz, MeOH-d4) 5 8.53 (br., 2H),
8.40-8.17 (m, 1H), 7.81 (s, 1H), 7.45 (d, J = 7.89
Hz, 1H), 7.26-7.13 (m, 2H), 4.68-4.37 (m, 1H),
3.50 (br., 1H), 2.97 (br., J = 13.15 Hz, 1H), 2.70
(br., J=12.28 Hz, 2H), 1.97 (br., 1H), 1.51 (br.,
1H), 1.20 (s, 3H), 1.08 (br., 3H)

389.18

oa
@
>
)
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# Mass (MEH™)
' NMR (500 MHz, DMSO) 5 11.88 - 11.75 (m,
1H), 8.59 — 8.49 (m, IH), 843 — 5.19 (m, 2H),
Starting with (2R,58)-rerr- 7.83(d, J =102 Hz, 1H), 7.78 - 7.70 (m, 1H),
butyl 5-amino-2-({5)-3- 7.49 (dd, S = 184, 8.2 Hz, 1H), 7.20{dd, /= 14.3,
hydroxypyrrolidine-1- A Hz 1H), 7130, J=71Hz, 1H), 433 -421
244 carbonybDpiperidine-1- (i, 1H), 3.94 - 378 (m, 1H), 3.78 - 3.59 {m, 2H), | 47448 | 47543
carboxylate (Example 35) 326311 (m, 4H), 2.17 (1, /= 122 Hz, 1H), 2.13
and following Examples 21, | —2.04 (m, 1H), 1.97 - 1.88 {m, 1#)}, 1.87 - 1.77
1and 2. (i, 2H), 1.76 - 1.70 (m, 1H), 1.61 — 1.48 (m, 1H),
1.46 — 1.34 (m, 1H). In mix with cis-isomer, but
trans- is major.
TH NMR (MeOD, 400 MHz) § 8.58-8.53 (ra, 2H).
8.08 (s, 1H), 7.89 (5, 1H), 7.83 (br. d, /= 8.77 Hz,
1H), 4.33 (or. s, 1H), 3.89 (5, 3H), 351 (br. d, J =
245 Example 68 10,09 Hz, 1H), 3.25(br. d, /= 1228 Hz, 1H), 456.2 457.3
3.01-2.91 (m, 2H), 2.52 (s, 3H), 2.20 (br. s, 1H),
205 (br.d, f= 1447 Hz, 1H), 1.89-1.81 {m, 1H),
1.79-1.71 (m, 13
Starting with 3-¢4,4,5,5- "H NMR (500 MHz, DMSO) 8 12.19 (brs, 1H),
tetramethyt-1,3,2- 8.50 (s, 1H), 8.35 (s, 1H), 8.19 (s, 1H), 8.12 (5,
dioxaborolan-2-yb-1-((2- 1H), 797, J=09Hz IH),743(3d,7=84,15
(rimethylsilylDethoxyimeth | Hz, 1H), 6.89 (d, /= 7.8 Hz, 1H), 4.06 - 3.96 (m,
246 yi)- i H-indole-6-carbonitrile | 1H), 3.22 (dd, /= 12.1, 2.7 Hz, 1H), 3.02 - 2.93 34643 | 3474
(Example 36) and 2.4.,5- (m, 1H), 2.70 (g, /= 7.5 Hz, ZH), 2.67 - 2.59 (m,
trichloropyrinidine™ 2H), 2.01 - 1.93 (m, 1H), 1.83 - 1.73 (im, 1H},
following Examples 11, 4, 1.56 (ddd, /=313, 16.6, 10.2 Hz, 2H), 1.153{t, /=
6,23 and 1. 7.5 Hz, 3H).
Starting from (38)-tert-butyl "H NMR (500 MHz, DMSO) &6 11.62 (s, 1HD, 5.37
3-((5-(1-hydroxyethyh-4-(1- | (brs, 1H}, 8.32 (s, 1H), 8.22(d, /= 7.3 Hz, 1H),
(phenylsulfonyh-1H-indol- | 7.70 (s, 1H), 746 (4, /=80 Hz, 1H), 717 (1, / =
547 7 Syi)pymmdn” /' Hz, 1}{), '7.1»() {, J(: 7.5 HZ,’ 1 Ei{)f (3?6 4, 7]\: 35145 | 352,31
yhamino)piperidine-1- 7.8 Hz, 1H), 4.68 — 4.60 (m, 1H), 4.01 (brs, 1H),
carboxylate (Example 33) 3.25-3.15 (m, 1H), 3.08 (d, /= 2.5 Hz, 3H), 2.94
following Examples 37 and | (brs, 1H), 2.63 (brs, 2H)}, 1.97 (brs, 1H), 1.75 {brs,
2. 1H), 1.60 - 1.48 (m, 2H), 1.44 (4, J = 6.4 Hz, 3H).
TH NMR (400 MHz, MeOH-d4) § = 8.59 (s, 1H),
8.47 (br., ZH), 8.14 {br., 1H)}, 7.93 {(br., 1H), 7.60
248 Example 69 (br., J=16.1 Hz, 2H), 7.38 - 7.29 {m, 1H), 7.18 49717 | 4080

(br., 1H), 4.37 (br., 1H), 3.57 (br. d, J = 10.4 Hz,
1H), 3.37 - 3.30 (m, 1H), 3.10 - 2.97 (m, 2H), 2.27
- 2.02 (m, ZH). 1.96 - 1.69 (m, 2H)
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(’Omi‘“"“d Done as '"H NMR (‘/d%Cd Mass
# Mass (MEH™)
"H NMR (400 MHz, MeOH-d4) § 8.63-8.41(br. s,
Starting I-(1H-indol-6-yD)- | 2H), 8.40(s, | H), 8.29 (s, 1K), 7.98 (s, 1H},7.72
249 1H-imidazole-4-carbonitrile | (s, 1H), 7.41-7.39(d, /=8 H7 iH), 4.38 (1, 1H), 45217 | 453.17
following Exaniple 69 3.58 (m, 15}, 3.26-3.25 (m, 1H) 3.06 - 3.00 (m,
2H), 2.22 - ”’ A0 G, 2HD), 1.91 - 1.76 (m, 2H).
"H NMR (500 MHz, DMSO) 5 11.99 — 11.92 (m,
1HD), 11.89 — 11.74 (m, 1H), 8.62 - 8.48 (m, 2H),
Starting frorn (2R,558)-5- 8.44 - 8.26 (m, 1H), 7.89 - 7.81 (mm, 1H), 7.81
azido-1-(rert- 7.71 (m, ] ), 7.56 -7.43 (m, 1H), 7.24 - 717 {(m,
butoxycarbonyDpiperidine- | 1H), 7.1 7 09 (m,1 H), 434 - 420 (m, 1H), 3.93
250 2-carboxylic acid (Exanmple 376 ( 1, 1H), 3.69 - 3.59 (m, 2H), 3.25 - 3.13 47448 | 4754
35) and (R)-pyrrolidin-3-ol m‘ /,H) 2 4’6 -2.42 (m H), 221 =215 (m, 1H)
following Examples 35, 21, | 2.14-2.05 (m, 1H), 1.98 — 1.89 (rr‘, 1H), 1.89
1 and 2.% 1.77 (m, 2H), 1.77 - 1.68 (n 1.60 - 1.47 (m,
1H), 1.44 - 1.34 (m, 1H). TWU mmmm Io o
with cis-isomer, but rrans- is major.
"H NMR (400 MHz, MeCD) §8.98 (br,, 1H), 8.62
(s, 1HD, 8.53 (br., 1H), 8.20 (br, 1H), 7.65 (br., J =
251 Exarple 70 8.2 Hz, 1H), 4.32 (br., 1H), 3.66 - 3.47 (m, 1H), 387.14 | 388.2
3.30 (br, 1H), 3.07 - 292 (m, 2K, 2.25 - 1.99 (m,
2H3, 1.92 - 1.66 (m, 2H)
Rotarner 1: 'H NMR (500 MHz, DMSO) 511.77
(brs, 1H), 8.56 (s, 1H), 840 (d, /= 8.0 Hz, 1H),
8.19 (s, I1H), 7.82 (s, IH‘) 7.80-7.73 (m, 2H), 7.49
Starting from 1-(tert- (dd, J= 13.0Hz, 8.0 Hz, 1H), 7.23-7.17 (m, 1H),
LR 713 (t, J=75Hz, 1H), 4.03-3.89 (m, IH), 3.14-
butoxycarbonyl-5- (. 2D, 294 (d. £ = 11.0 Hz. 1H). 2.63 (s
{methoxycarbonylipiperidin 3'05' o, "I,L{)’ TN 7 ) ), &3 18,
e-3—2arboxyiic acid EH\), %.34 aqt, ]z 4.0 Hz, jH)', 24’2 (d. /=113 Hz,
252 (US5817678A) and tH), 2.07-2.00 (m. 1H), 1.66-1.57 (m, 41842 | 4193

following Example 38
{compound A}, 1 and 2.
Note: stereochemistry
tentatively assigned.

1H).*Rotamer 2: 'H NMR (500 MHz, DMSO) 3
11.75 (brs 1H}, 8.52 (s, 1H), 8.23(d, J= 7.0 Hz,
1H), 8.19 (s, 1H), 7.82 (s, 1H)}, 7.80-7.73 (m, 2H),
7.47 (dd, J=13.0Hz 8.0 Hz IH), 7.23-7.17 (m,
1H), 7.13 ¢t, 7= 7.5 Hz, 1H), 4.03-3.89 {(m, 1H},
3.14-3.06 (m, 2H), 2.94 (4, /= 11.0 Hz, 1H)}, 2.63
(s, 1H), 2.42¢d, J=11.5 Hz, 1H), 2.39-2.33 (m,
3H), 2.07-2.00 (m, IH), 1.66-1.57 (m, 1H).
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(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
Rowmer 1 'H NMR (500 MHz, DMSO) § 11.78
(brs, 1H}, 8.55 (5, 1H), 840 (d, /= 8.0 Hz, 1H),
8.10 (brs, 1H)}, 7.83 (s, 1H)}, 7.79-7.74 (1, 2H),
Starting from 1-(tert- 749 (d, J=75Hz, 1H), 7.23-7.16 (m, 1H), 7.13
butoxycarbonyl)-3- (t, J=7.5Hz, 1H), 4.01-3.86 (m, 1H), 3.09 (m,
{methoxycarbonyDpiperidin | 1H), 2.94-2.89 (m, 1H), 2.54 (t, 7= 4.0 Hz, 3H),
e-3-carboxylic acid 2.43-2.30 (m, 3H), 2.03 (m, 1H), 1.65-1.57 (m,
253 (IJS3817678A) and {H). *Rotamer 2: 'H NMR (500 MHz, DMSO) & 41842 | 4193
following Example 38 11.75 (brs, 1H), 8.51 (s, 1H), 8.23(d, J=7.5 Hz,
{compound B), | and 2. 1H), 7.83 (s, 1H), 7.79-7.74 (m, ZH), 747 (4, / =
Note: stereochemistry 8.5Hz, iH), 7.23-7.16 (m, 1H), 7.13 (t. J=7.5 Hz,
tentatively assigned. 1H), 6.58 (ors, 1H), 4.01-3.86 (m, 1H), 3.09(, /=
9.5 Hz, 1H), 2.94-2.89 (m, 1H), 2.54 {t, J=4.0 Hz,
3H), 2.43-2.30 (m, 3H), 2.03 (m, 1H), 1.65-1.57
{oy, 1H).
1H NMR (400 MEz, Me(OD)
(P1). 6856 (brs, 2H}, 7.98 (s, 1H), 7.80 (d, I =
740 Hz, 1H), 7.50-7.40 (br 4, } = 4.00 Hz, 1H),
254 4.17 (brs, 1H), 3.94 (brs, 13), 3.28 (br s, 1H),
(tenrz:rive‘!y 3.24 (5,30, 3.12(br d, J = 9.66(Hz, 1H}, 2.42 (br
assi?ned o s, 2H), 2.35~2.2§ (i, 11‘H), 1’2.20 (g, 3= 7:.6‘1 Hf
Pl ?:nd 259 Example 71 2H), 1.54-1.40 (m, IH), 1.13 (t, I = 7.65 Hz, 3H); 51017 | 5112

(tentatively
assigned o
P2)

(P2): 3 8.70-5.56 (m, 2H), 7.9% (s, 1H), 7.81-7.79
(d, J = 7.40 Hz, 1H), 7.50-7.40 (br d, § = 4.00 Hz,
1H), 4.17 (br s, 1H), 3.94 (br s, [H), 3.28 (br s,
1H), 3.24 (s, 3H), 3.13-3.11 (br d, J = 9.66 Hz,
1H), 2.42 (br s, 2H), 2.33-2.27 (m, 1H), 2.21-2.18
{q. = 7.61 Hz, 2H), 1.51-1.42 (m, 1H), 1.30 (s,
1H), 1.15-1.11 (t. J = 7.65 Hz, 3H)
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(’Omi‘“"“d Done as "H NMR (‘/d%Cd" Mass
# Mass (MEH™)
Rotmer [ 'H NMR (500 MHz, DMSO) § 11.7
(brs, 1H}, 8.59 (s, 1H}, 8.41 (d, J=7.5 Hz, 1}1}
8.30-8.1% (m, 1H},7.83 (d, /= 2.5 Hz, 1H), 7.83-
Starting from 1-{tert- f,]'g (m, 18}, 7.72-7.65 (m, 1H), 7.51-7.46 {m,
")’111'(3);:;1327{?1:3(“]}./D--‘S- 1:i-:{), 720 0= O 1{,%, IH), 7.15(t, 7= 6‘3 Hz,
(methoxycarbony D) pi;;eri(iin 1,{-{), 4.;1 8 (brs, 1H), 2-9F’7‘f2-82 {vm, 3H), 2,"/'97--2.'70
e-3-carboxyhc d%:i(ﬁ 7 (qﬁz; 1?)9’:(.)8:};3 (;:;(5}{}(\;8;5”?{;)() (;\n’ =), 2
§ e o g . 2.04-1.94 (m, 1), 1.90-1.82 (m, 1H).*Rotamer 2: . -
236 fé}i;ig / ?ng;;“ig "H NMER (500 MHz, DMSO) 5 1151 (brs, 1H), B4z 4193
((:ﬂ}ﬂp(illtid D‘s 17 ;ms.i 2. 8.6 (s, 1H), B.30-8.18 (m, {H), 8.22 (d, /= 8.0
Note @TGE'GOC/E;E?YLESYFV: Hz, 1M, 7.83(d, /= 2.5 Hz, 1H), 7.83-7.79 (m,
i T 1H), 7.72-7.65 (m, IH), 7.51-7.46 (m, 1H), 7.21 {1,
tentatively assigned. = 7.0 Hz, 1H), 7.15 (1, 7= 6.5 Hz, 1H), 4.11 (brs,
1H), 2.97-2.82 (m, 3H), 2.79-2.70 (m, 1H), 2.38-
2.53 (m, 2H), 2.52-2.50 (m, 2H), 2.04-1.94 (m,
1H), 1.90-1.82 (m, [H).
"H NMR {500 Mz, DMS0O) 8 11.86(d, /=233
Seting writh (5 rerr i Hz, 1H), ?‘- 55 8 46 (m, 1H), 8.34 ~ b..4 (m, 2H),
i v ol 3760 T 010,74 0.
) \/E)J(:V;Hrhamaté ahd ) =773 H:,!A, O.V.SH,;, .42 {t, /=89 }:-I:z, 1HD), /'13 (t, J
257 isépi'upjﬁlﬁ;lgnesium = 7? H’Z’ ]'H'\;’ 7.09 - 'O? {m, ]»Hi}’ 3'94,@’ J= 403.44 | 404.4
bromide fﬂii;owiﬁp: Example 33.6 Hz, 0.5H), 3.80 (d, J = 44.9 Hz, {.)',S'H)’ 3]A N .
29 ahd Ehén }xci;pic ? for 3.08 (m, ,]'H'\;’ 219,6 . J = 127 H?ﬁ’ O"?’H)’ )76 (‘(.E’
o rhé fﬁa)i;ai sﬁep j: i 4 H;, 0.5, 2.11 ((E? J=302 Hz 18D, 1.92
- (s, ITH), 1.63 — 1.43 (m, 2H), 1.21 —~ 1.03 (m, 28,
(.85 - (.79 (m, 6H). Rac at the C-6 position.
T NMR (400 MHz, MeOD) 68.79 (br., 1H), 8. 6
(s, THD, 8.530 (br., 1H), 8.12 (br., 1H), 7.64 (by,,
258 Exaraple 72 8.0 Hz, 1H), 4.34 - 423 (o, 1H), 3.59 - 3.45 (rr., 411.14 | 4i2.2
1H), 3.28 - 3.23 (m, {H), 2.95 (br., 2H), 2.22 -
1.99 (m, 2H), 1.90 - 1.66 (m, 2H)
(arting with (S)-rert-buty] "H NMR (500 MHz, DMSO) 5 11.85 (d, /= 25.0
(L-benzyl-6-oxopiperidin-3- | o - 857 (4, /= 24.8 Ha, 1H), §.27(dd, ] =
N ;/}'ilcarbémzn‘e and o 48.2,7.8 Hz, 2H), 7.83 (s, 1H), 7.52 ((i( J=310,
sopropylmagnesiun TOHz, 260, 720 (4, J = 7.5 Hz, 1H), 714 (1, J =
260 B W 7.2Hz, 1H),4.02(d,7=353Hz, 1H),3.03(d, J= | 403.44 | 4043

bromide following Example
29 {as compound B) and
then Example 2 for the final
step.

13.9 Hz, 1H), 2.83(d, J = 8.6 Hz, 1H), 2.22 (s.
1H), 2.00¢d, /=82 Hz, 1H), 1.70 - 1.51 (m, 2HD),
1.51 - 1.30 (m, 2H), 0.90 (dd, J = 13.5, 6.1 Hz,
6H).
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Exaraple 73

T NMR (400 MHz, CDClL) 6 9.51-0.44 (ra, 210,
8.64 (s, 1H), 8.47 (br., 1H), 8.08-7.95 (m. 25D,
7.66 (br., J = 9.65 Hz, 11, 4.34 (br., 1), 3.57
(br., 1H), 3.39-3.32 (m, 1D, 3.01 (br., 2H), 2.24-

2.04 (m, 2H), 1.78 (br., 2H)

464.17

465.1

262

Example 74

'Y NMR (400 MHz, MeOH-d,) 3 8.96 (br. d.
J=7.9 Hz, 1H), 8.57 (dd., J=1.5, 4.6 Hz, 2H), 8.32
(s, TH). 7.40 - 7.30 (m1, 1H), 4.36 - 4.21 (m, 1H),
57 (br. dd., J=3.5, 12.3 Hz, 1H), 3.30 (br. s, 1H),
16 - 2.97 (o, 4H), 2.29 - 2.03 (m, 2H), 1.99 -

71 (m, 2H), 1.24 (1, J=7.4 Hz, 3H).

L
~
3.
~
3.
1.

3234

263

Example 75

'H NMR (400 MHz, MeOD)} 6 8.76 - 8.6% (n
1H), 8.57 - 8.47 (m, 1H), 8.27 (s, 1H), 8.10 (s,
1H), 7.70 (d, J = 8.3 Hz, 1H), 4.26 - 4.15 (m, [ H),
3.49 (brs, 1H), 3.42 (s, 3H), 3.27 - 3.21 (m, 1H).
2.99 (br.d, J=10.1 Hz, 2H), 2.75 (be.d, 7=7.5 Hy,
2H), 221 -2.12 (m, 1H), 2.10 - 1.99 (m, 1H), 1.90
- 1.67 (m, 2H), 1.21 (br.t, J =7.5 Hz, 3H)

42417

4253

264

Exarople 76

"H NMR (400 MHz MeOH-d4) § = 8.73 - 8.56 (m,
iH), 8.4G (br. s, 1H), 7.97 (br. s, 1H), 7.81 (br. 4, /
=7.1Hz, |H), 7.40br. ¢, J = 7.7 Hz, 1H), 6.83 -
6.3C (m, 1H), 6.10(br. d, F= 11.0 Hz, 1H), 5.66
(br.d, J=12.8 Hz, I1H), 465 -4.35(m, 2H), 4.12
(br. s, 1H), 3.94 - 3.82 (m, 1H), 3.79 (br. 5, 1H),
3.58 - 3.40 (m, Z2H), 3.22 (s, 7TH), 2.99 - 2.43 (m,
2H), 2.13 - 1.73 (o, 4H), 1.21 (br s, ZH)

606.22

607.2

205

Examaple 77

' NMR (400 MHz, MeCQH-d4) 5 8.78 (br. s. 1),
8.58 - 8.30 (m, ZH)}, 8.17 (br. 5, 1H)}, 8.05-7.75
{m, ZH), 7.56 - 7.34 (m, 1H), 7.20 (br. 5, ZH), 6.71
(br. s, 1H), 4.33 - 4.06 (m, 1H), 3.41 (br. 5, 4H),
277G - 2,41 (m, 1H), 2.34 - 2.03 (m, 3H), 1.91 -
1.46 (m, 4H).

A
W
A
—
~3

556.2

266

Starting with cis 1-zers-butyl
3-methyl 5-
{{({benzyloxy)carbonylamin
o)piperidine-1.3-
dicarboxylate (from
Example 38) following
Example 39, and then
Examples 1 and 2 for the
final steps.

'H NMR {500 MHz, DMSO) 5 11.79 (4, J=23.2
Hz, 1H), 8.59 (s, 0.5H), 8.53 (d, J/ = 6.6 Hz, 1H),
B.41(d, J=74Hz, 1H), 834 (d, J=7.5Hz,
0.5H), 8.25 (s, 1H}, 7,92 (d, J = 8.0 Hz, 1H), 7.84
(s, 1HD, 771 (6, J = 83 Hz, 1H}, 751 (4, J=76
Hz, 0.58H), 747 (d, J = 8.0 Hz, 0.5H), 7.36 - 7.28
{m, 1H), 7.24 - 7.16 {m, 1.5H), 7.13 {t, /= 7.4 Hz,
(0.5H), 6.97 {t, /= 6.6 Hz, 0.5H), 6.86 {1, / = 0.7
Hz, 0.5H), 418 (d, /= 3.3 Hz, 1H), 3.49-3.22 (m,
4H)y, 2.71 - 2.64 (m, 1H), 247 - 2.37 (m, 1H),
211 -1.92 {m, 1H). *Cis-Racemic

478.47

479.2
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# Mass (MEH™)
Starting with cis-1-fert-butyl "H NMR (500 MHz, DMSO) 6 11.79 (4, J = 23.2
3-methyl 5-({4-(1- Hz, 1H), 8.59 (s, 0.5H), 853 (d, /= 6.6 Hz, 1H),
(phenylsulfonyh-1H-indol- | 5.41(d, J=74 Hz, 1H}, 834(d, 7=7.5Hz,
3-y1)-5- (.5H), 8.25 (5, 1H), 7.92(d, /= 8.0 Hz, 1H), 7.84
(riflucromethyDpyrimidin- | (s, 1HD), 7.71 (¢, S =83 Hz, 1H)}, 7.51 (4, F=7.6
267 2-yDamino)piperidine-1,3- | Hz, 0.5H), 7.47 (4, 7= 8.0 Hz, 0.5H), 7.36 - 7.28 47847 | 4792
dicarhoxylate (from (ro, 1H), 7.24 - 7.16 (m, 1.5H), 7.13 (t, /= 7.4 Hz,
Example 39}, following (.5H), 6.97 (1, J= 66 Hz, O.5H), 6.86 (1, /= 0.7
Example 84 and then Hz, 0.5H), 4.12(d, /= 3.3 Hz, 1H), 3.49-3.22 (m,
Examples | and 2 for the 4H3, 2.71 - 2.64 (m, 1H), 2.47 - 2.37 (m, 1H),
final steps. 2.11 - 1.92 (m, 1H). *Mixture of rotamers
Starting with cis-1-fert-butyl 'H NMR (300 MHz, DMS(0) 8 11.79 (4, /= 23.2
3-methyi S-({4-(1- Hz, 1H), 8.59 (s, 0.5H), 8.53(d, J = 6.6 Hz, 1H),
(phenylsulfonyl)-1H-indol- | 8.41(d, J =74 Hz, 1H}, 834(d, J=7.5 Hz,
3-y1)-5- 0.5H), 8.25 (s, 1H}, 7,92 (d, J = 8.0 Hz, 1H), 7.84
(riflucromethyDpyrimidin- | (s, 1D, 771 (4, /=83 Hz, 1H)}, 751 (4, /=76
268 2-yDaminoypiperidine-1,3- | Hz, 0.5H), 747 (d, J = 8.0 Hz, 0.5H), 7.36 — 7.28 47847 1 4792
dicarboxylate (from {m, 1H), 7.24 - 7.16 {m, 1.5H), 7.13 {t, /= 7.4 Hz,
Example 39), following (0.5H), 6.97 {t, /= 6.6 Hz, 0.5H), 6.86 {1, / = 0.7
Example 84 and then Hz, 0.5H), 418 (d, /= 3.3 Hz, 1H), 3.49-3.22 (m,
Examples 1 and 2 for the 4H)y, 2.71 - 2.64 (m, 1H), 247 - 2.37 (m, 1H),
final steps. 2.11-1.92 {m, 1H). *Mixture of rotamers
"H NMR: DMSO 400MHz
88.72{(d, J=T7.6 Hz, 1H), 8.19 (s, 1H), 7.87 (s,
1H). 7.714d, J=72Hz 1H), 7.35(, J=7.6 Hz,
269 Example 80 1, 6.70{d, J =72 Hz, 1H),3.81 (br. 5., 1H), 39017 | 400.2
3.33 (br. 5., 3H), 3.06 (br. s., 1H), 2.64-2.84 (m,
5HY, 1.93 (or. s, 1H), 1.65(br. s, 1H), 144 (d, /=
8.0Hz, 2H), 1.17 (¢, J = 7.6 Hz, 3H).
"+ NMR: 400 MHz CDCl,
3 8.41(d, 7=9.6Hz, 1H), 8.27 (s, 1H), 8.22 (s,
. S 1H), 7.75 (s, 1H), 5.34 (br. s, m), 4.04 (br. s, m), - )
270 Example 79 3.20-3.34 (m, 1H), 2.95 (m, 1H), 2.67-2.76 (m, 340.18 4 3411
3H), 2.09 (m, 1H), 1.61-1.72 (m, 3H), 1.26 (t, /=
7.6 Hz, 3H).
H NMR (500 MHz, DMSO) § 12.32 (brs, LH),
8.55(d, J=8.5Hz, 1H), 841 (brs, 1H), 8.18 (s,
Starting with 6-bromoindole 1H), 8.15 (s, 1H), 8.03 (d, /= 1.4 Hz, 1H), 7.62 (4,
and 2,4-dichloro-5- J=85Hz 1H), 6.80(d, J=7.8Hz, 1H), 3.96
271 ethylpyrimidine, folfowing (brs, 1H}, 3.20 (s, 3H), 3.17 (d, /= 12.9 Hz, 1H), 36951 4002

Examples 3 and 85 and then
Exaraple 1 for the final step.

2.92(d, J=12.1 Bz, 11, 2.71 (q, J = 7.4 Hz, 2,
2.62-2.53 (m, 2H), 1.99 — 1.93 (m, 1H), 1.77 —
1,71 (m, LH), 1.58 — 1.45 (m, 26, 115 (4, J = 7.5
Hz, 3H).
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. . Found
(’Omi‘md Done as "H NMR Caled. Mass
# Mass (MEH™)
1H NMR (400 MHz, MeOD) § 8.90 (s, 1H), 8.72
-8.63 (m, 1H), 8.41 (s, 1H), 7.88 (s, 1H), 7.48 -
- e 7.42 (m, 1H). 4.31 - 4.20 (m, 1H), 3.52 (br.dd, J = , )
272 Example 99 33,123 Hz, 1H), 329 - 3.23 (m, 1H), 3.05 - 2.03 | ~0rl3 | 3651
(m, 2H), 2.29 (s, 3H), 2.24 - 2.15 (m, 1H), 2.11 -
2.01 (m, 1H). 1.92 - 1.68 (m, 2H)
TH NMR (500 MHz, DMSO) § 9.04 (d, J = 8.5Hz,
Starting with 1H- 0.6H), 8.71 (d. J = 8.5Hz, 0.4H), 8.63 (d. J =
pyrrole{Z,3-bipyridine-6- | 14.0Hz, 13). 8.33(d, J = 10.0Hz, 1H), 8.30 (br s,
carbonitrile 1H), 8.04 (dd, J = 33.0Hz 6.5Hz, 1H), 7.84 (n,
273 (WO2011128455) and 1H), 4.05-3.99 (m, 1H). 3.97 (s, 3H), 3.23-3.13 40139 1 4022
following Examples 86, 10, | ¢y (1), 2.98-2.89 (m ,1HD), 2.65-2.54 (m, 28,
11 and then Example 1101 | 9 1.1 02 (m 1H), 1.80-1.67 (m, 1H), 1.58-1.47
the final step. {ra, Z2H). *Mixture of rotamers
E’““ﬁ“e‘o(ffg’;f(;éi”b"‘m "H NMR (500 MHz, DMSO) & 12.30 (s, 1H), 8.61
{phenylsulfonyl)-1H-indol- (d. /=232 Hz, 1H). 8.48 (dd, / = 58.6, 8.5 Hz,
34D F2 5 M T 00 (47t T 760 41
‘,A,‘O e ,\a',l..“ = zZ 7 : = 7L 7 ) : ) ~
274 if?;‘;ﬁi‘f;ﬁ;;ﬁi:‘m j :m 2,8.5 Hz, 1H), 4.02 (s, 1t), 3.32 ~ 328 (m, | 43348 | 454.1
carboxylate and sodium ), 3.16(d, J=9.1 Hz, 2H), 291 (4. /= 1.9 Hz,
ethanesulfinate, following ﬂ{) 60 - 2.54 (m, 1H), 2.05 - 192 (m, 1H), 1.72
Exaynplg 835, and then (Q* IH 1.55-1.47 (]"i ZH\) 116~ 1.07 (il’l, 3H}
Exarople 1 for the final step.
"H NMR: 400 MHz MeOD
58.67(d, J=8.4Hz, 1H), 8.53 (br. 5., 1H). 8.30
B} (s, 1H), 8.06 (s, 1H), 748 (d, J = 8.4 Hz. 1H), e
275 Exampie 81 472427 (mfiH}, §.50-3.55 (m, 1H), 2.95.3.05 | o419 3482
(m, 4H), 2.17-2.21 (m, 1H), 2.05-2.17 {m, 1H)
1.72-1.76 (m, 2H) 1.19 (t, J = 7.2 Hz, 3H)
"H NMR: (400 MHz, CDCLy):
§9.01 (4, J=7. 2Hz, 1H), 849 ¢, 1], 7.61 ¢4, F
276 Example 82 =84Hz, | 4- 49 (s, 1H), 4.01-4.05 (m, 1H), 362.2 363.2
343(d,J=1 6 Hz, 1H), 3.20 (s, 3H), 2.18 (s,
1H), 2.05 (s, 1H), 1.91 (s, 18D, 1.27-1.31 (m, 8H).
"H NMR: (400 MHz, CDCL):
GR99(d, J=8.0Hz, (H), 829 (s, 1H), 7.53 (4. J
277 Example 83 = 8.0 Hz, 1H), 5.40 (s, 1HD, 4.15 (s, 1H), 3.30(d, J | 348.18 | 3492

=11.2 Hz, 1H), 2.91-3.01 {m, 4H), 1.93-2.05(m,
2H), 1.70 (s, 3H), 1.20-1.26 (1n, 3H).
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Example 100

1H NMR (400 MHz, MeOD) § 8.61 - 5.28 (m,
2H), 7.93 (s, 1H). 7.66 (s, 1H), 7.37 (br. s, 1H),
4242398 (m, 1H), 3.73 - 3.50 (m. 4H), 3.25
(bor.dd, ¥ =32, 12.2 Hz, 1H), 2.95 (br. d, F = 12.5
Hz, 1H), 2.67 - 2.54 (m, 2H), 2.15 (br. 5, 1H), 2.02
(q, J = 6.8 Hz, 2H), 1.96 - 1.87 (m, 2H), 1.85 -
1.75 (m, 1H), 1.69 - 1.53 (m, 2H)

4592

279

Starting with 7-bromo-1-
methyl-1H-indole,
following Examples 9, 86,
10, 11 and then Example 1
for the final step.

"H NMR (500 MHz, DMSO) & 8.67 (d, J = 8.0Hz,
0.5H). 8.62(d, /= 18.0Hz, 1H), 846 (d, /=
8.0Hz, 0.5H), 8.30 (br s, 1H), 7.98-7.93 (m, 2H),
776 ({d, J=7.5Hz, 1H), 7.35-7.31 (m, 1H), 4.20
(s, 3H), 4.05-3.94 (m, 2H), 3.22-3.14 (m, 1H),
3.00-2.88 (m, 1H), 2.64-2.54 (m ,1H), 2.03-1.92
{m, 1H), 1.80-1.69 (m, 1H), 1.58-1.45 (m, 2H).
*Mixture of rotamers

4011

280

Example 101

16 NMR (400 MHz, MeUD) 5 8.59 - 8.28 (m,
2H), 7.94 (s, 1H), 7.67 (s, 1H), 7.37 (br. s, 1H),
4232395 (m, 2H), 3.77 - 3.66 (m, 3H), 3.62 -
3.52 (n, 1HD), 3.41 - 3.37 (m, 1D, 3.26 (s, 26),
2,99 (br. d, § = 10.8 Hz, 1H), 2.67 (br. s, 2H), 2.25
- 1.74 (m, SHD. 1.72 - 1.52 (m, 2K

fa
ool
Nt
o
<

281

Example 101

H NMR (400 MH7. MeOD) 5 8.64 - 8.22 (mn,
2H), 7.94 (s, 1H), 7.72 - 7.58 (m, 1H), 7.36 (br. s,
1H), 427 - 3.96 (m, 2H), 3.77 - 3.65 (m, 3H), 3.61
-3.51 (m, 1H), 3.42 - 3.35 (m, 2H), 3.25 (s, 1H).
3.07 (br. d, I = 7.5 Hz, 1H), 2.75 (br. s, 2H), 2.25 -
2.04 (m, 3H), 2.03 - 1.84 (m, 2H), 1.78 - 1.59 (m,
IH)

488.21

489.20

Example 102

TH NMR (400 MHz, MeOD) 6 8.80 (s, 1H), 8.51
(br., 1H}, 8.47 (br., 1H), 8.39-8.35 (g, 1H), 7.60-
7.54 (m, 1H), 7.35 (dguin, J = 1.32, 7.44 Hz, 2H),
4.32-4.25 {m, 1H), 3.55(dd, } = 3.53, 12.13 Hz=,
1H), 3.34-3.32 (m, O.5H), 3.29-3.28 (m, 0.4H),
3.09-2.99 (m, 2H), 2.25-2.05 (m, 2H), 1.92-1.70¢
{ra, 2H)

328.11

3281

Starting with 1H-
pyrrolof2,3-bipyridine-6-
carbonitrile
(W02011128455),
foHowing Examples 87, 86,
10, 11 and then Exaraple 1
for the final step.

"H NMR (500 MHz, DMSO) § 8.96 (d, J = 8.0Hz,
0.5H), .69 (s, 1H), 8.66 (d, J = 6.5Hz, 0.5H), 8.41
(d, J=75Hz, 1H), 833 (brs, 1H),8.13{dd, /=
34.5Hz, 8.0Hz, 1H), 7.91-7.88 (m, 1H), 5.76 (s,
2H), 4.10-4.01 (m, IH), 3.27 (d, /= 7.5Hz, 3H),
3.23-3.17 (m, 1H), 2.99-2.94 {m, 1), 2.65-2.61
(ra, 2H), 2.01-1.93 (1, 1H), 1.82-1.71 (m, 1H),
1.60-1.49 (m, 2H). *Mixture of rotamers

431.41
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- . .. Found
Lomgiound Done as "H NMR (,\Eii(i Mass
kis 1 &4 (N1H+)
Starting with (§)-rer-butyl Hﬁ MR (500 MHz, D{]\ji‘;():“b/ 7 {(brs, 1H)},
P P 63 (8, U.5H: vrotamer 1), 8.37 (s, U.5H; X
3o((4-(6-bromo-1 - 8.63 (5, 0.5H: rotamer 13, 8.57 (s, 0.5H; rotamer
(phenylsulfonyl)-1 H-indol- 2)1&49 (iR .{::: 8.4 Hz, ().SH';\ mta'mer 1), 833, J
. ?--y‘i:;-‘»'-- = 8.3 Hz, 0.5H; rotamer 2), 8.07 (s, 1H), 801 (d, J
‘1 by il = 15.0 Hz, 1H), 7.89 - 7.78 (m, 1H), 7.46 (d, J =
, (riflucromethyDpyrimidin- > LA s A ) ; -
284 ZyDaminoipipenidipe-1- | 8.4 Hz, 0.5H: rotamer 1), 742 (d, /= 8.3 Hz, 41443 1 4151
carboxylate, following 0.5H; rotamer 2}, 4.02 (brs, 1H), 3.06 - 2.95 (m,
EX,&H\E)}@S ]7’ 88, 2’ and then ]}'}), 2.75 (b[’S, EH"H}, 242231 (IE], 2{'{), 1.97 ~
Exampie 9 for the cyanation | 1.86 (m, 3H), 1.75 - 1.67 (m, IH), 1.38 - 1.46 (m,
step. 1H), 1.42 - 1.31 (m, 1H), 1.00 (y, J = 6.2 Hz, 3H).
Starting with 3-(2- .
Starting with 3-(Z- 'H NMR (500 MHz, DMSO) 5 11.80 (brs, 1H),
(methvisulfonyl)-5- - R ’ -
: I~ e v b 8.59 - 8.55 {m, 1H), 8.40 (d, /= 8.0 Hz, 0.5H;
(riflucromethylpyrimidin- ] N e v 50 ia 7 '
4-yh)-1-(phenylsutfony))- mlt;x,n.ler {,, 8,:,5\&)1‘5:13), 8.?;()7\(3, J= 8;1 E;{z,
1 H-indole (from Example O,'T'H’ erdlYl@l 23, 78ﬁ (s, IH), 7.60 —7.53 fm.
285 21} and (38,48)-tert-butyl 3- | D749t /=84 Hz, 1H), 7.23 - 7.19 (m, {H), | 37539 | 3760
amino-4-methylpiperidine- TA8 713 (m, 1H), 4.32 (brs, 1H), 3.07 - 2.93
]_Carbexyiate’ fo]}cvvving (H}, 2[{). 286 (t, J == 125 }‘IZ, 1{{). 270 - 260 (In,
Exarnple 21 and then 1H), 2.01 (bf& IH\L 1.65-1.45 (il’l, ZH\}, 0.90 (bis,
Examples 2 and { forthe | 3H).
final steps.
1+ . " ¥ - N - 7 1
o . HNMR (500 Mz, DMB30) 6 8.76 (d, /= 8.0 Hz,
Starting with {Sy-tert-ht - : ’ ' ’ o
Sating With (S)-rertbatyl g gp e 03a 2 195 Hy, 1H), 8.57 (4, 7= 8.0
3-((4-(7-brorao-1H-indok-3- | o g o o
VIS Hz, 0.5H), 835 (s, 1H}, 799 (dd, 7 = 15.1, 79 Hz,
(mflucromethylipyrimidin- i}Z Zdzg;d {6:76; ?ﬁ }111):{)7;?;)6: Zézém’;f?
2-yhamino)piperidine-1- AL, J = ./, 0.4 B, ), .10 (8, 1 '}i o e e
286 carboxylate (from Example | (% /=70 Hz, 2H), 3.19 (. /=103 Hz, 1H), 2.95 433.48 | 4542
11) and sodium {t, J=13.5Hz, 1H), 2.70 - 2.55 {m, 2H), 2.01 -
ethanesulfinate, following | 197 (mu 1HY, 177 - 1.74 (m, 1HD, 1.57 - 1.51 (m,
Ex;}'mp}e 85, and then 2H}, 1.14 {dd, /= 17.3, 7.4 Hz, 3H). *Mixture of
Example | for the final step. | rotarpers
'H NMR: 400 MHz DMSO
68.32(t, /=108 Hz, 2H), 821 (s, 1H), 7.74 (d. J
287 Example 78 = 8.0 Hz, 1H). 6.99 (s, 1H), 3.98 (s, 1H). 3.25 (s, 347.19 | 348.1
1H), 2.97 (s, 1H), 2.62-2.77 (m, SH), 1.98 (s, 1 H),
1.76 (s, 1H), 1.53 (s, 2H), 1.17 (¢, = 7.4 Hz, 3H).
1H NMR (400 MHz, MeOD) § 8.55 (s, 1H), 8.51
-8.19(m, [H), 808 (d, ¥=27Hz, [H), 797 (s,
1H), 7.89 (s, 1H), 7.74 (br.d, I = 7.7 Hz, 1H), 7.69
-7.35 (n Y8 =27 Hz, 1H). 4.40 -
289 Example 104 /.35 (m, IH), 6.93 (d, §=2.7 Hz, 1H), 440 $77.17 | 4783

416 (m, 1H), 3.47 (br.d, § = 11.5 Hz, 1H), 3.24 -
311 (m, LH), 2.88 (br.d, F = 9.9 Hz, 2H), 2.31 -
2.10 (m, 1H), 2.06 - 1.94 (m, 1H), 1.88 - 1.63 (m,
2H)
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Example 105

TH NMR (400 MHz, CDCI3) 6 8.62 (s, 1H), 8.47
(s, 2K, 8.16 (s, ZH), 7.83 - 7.37 {m, 3H), 4.70 -
427 (m, 1H), 3.64(dd,J=3.5,124 Hz, 1H), 3.36
(br.s, 1H), 3.11 (br.d, I = 9.9 Hz, ZH), 2.33 (br.s,
IHY, 216 (Mbrd, I=142Hz, 1D, 185 (brd, I =
16.1 Hz, 2H)

47743

478.2

291

Example 106

1H NMR (400 MHz, CDC13) & 8.66 (s, 2H), 8.35 -
7.98 (m, 3H), 7.91 - 7.62 (m., 1H), 7.19 (d, § = 2.
Hz, 1H), 4.73 - 4.26 (m, 1H), 3.64 (br.dd, | = 3.4,
12.2 Hz, 1H), 3.37 (br.s, 1H), 3.29 - 2.97 (m, 2H),
2.44 2222 (m, 1H), 2.20 - 2.08 (m, 1H), 2.06 -
1.92 (m, 1H), 1.85 (br.d, § = 10.5 Hz, 1H)

427.43

428.1

292

Example 107

IH NMR (400 MHz, CDCI3) § 8.59 (s, [H), 8.55 -
8.46 (m, 1H), 7.95 (br,, 1H), 7.70 (s, i1H), 7.41 -
7.33 (m, 1H), 4.39 - 4.25 (m, 1H), 402 - 3.63 (m,
5H), 3.61 - 3.43 (mm, 2H), 3.41 - 3.31 (m, 1H), 3.01
(br., I =105 Hz, 2H), 2.06 (br,, 3H), 1.94 - 1.67
{oy, 2H)

293

Hxample 108

16 NMR (200 MHz, CDCI3) § 8.59 (s, 1H), 8.55 -
8.46 (m, 1HD), 7.98 - 7.92 (m, 1H), 7.73 - 7.65 (m,
1H), 7.41 - 7.34 (m, 1H), 4.41 - 4.26 (m, 1H), 4.02
- 3.45 (m, 6H), 3.42 - 3.32 (n, 1H), 3.08 - 2.90 (1,
2H), 2.49 - 2.01 (m, 4H), 1.93 - 1.69 (m, 2H)

483.49

484.3

204

Example 109

H NMR (400 MHz. MeOD) 59.17 - 8.98 (m,
1H), 8.82 (s. 1H). 8.40 (s, 1H), 7.83 - 7.75 (m,
1H), 4.38 - 4.23 (my, 1H), 3.64 - 3.53 (ny, 1H), 3.44
(s, 3H), 3.38 - 3.34 (m, 1H), 3.16 - 3.00 (m, 2H),
2.29 - 2.06 (m, 2H), 1.80 (br.s., 2H)

431.0

295

Starting with 7-bromo
indole, following Examples
9, 87, 86, 10, 11 and then
Example 1 as the final step.

"H NMR (500 MHz, DMSO) 6 8.66 (d, J =
2005Hz, 1H), 8.55(d, /=8.0Hz, 0.5H), 841 (4, ]
= 8.0Hz, 0.5H), 8.32 (brs, 1H), 8.09 (s, 1H), 8.04
(t, §=7.5Hz, 1H),7.80(d, J=7.0Hz, 1H), 7.38
{app g, J = 7.0Hz, 1H), 5.86 (s, ZH). 4.02 (s, 1H),
3.24 (s, 15D, 3.21 (5, 1.58), 3.19-3.12 (m, {HD),
3.00-2.87 (m, 1H), 2.65-2.56 {m, 2H), 2.01-1.93
(ra, 1HD, 1.806-1.68 (m, 1H), 1.59-1.44 (m, 2H).
#Mixture of rotamers

43043

431.2

296

Starting with 7-
(methyithio)-1H-indole
(WO2009008992),
foHowing Examples 86, 36,
11, 21 and then Exaraple 1
for the final step.

"H NMR (500 MHz, DMSO) & 8.64 (d, J = 20.6
Hz, 1H}, 859(d,/=79Hz 05H), 844 (d, /=
7.9 Hz, 0.5H), 530 (s, 1H), 7.95 (4, /=79 Hz,
H, 791, /=76 Hz 1H),7.88(d4,J=5.1Hz,
1H), 736 (1, F =7.8 Hz, 1H), 4.28 {5, 3H), 3.95 (d,
J=209Hz 1H), 352, 3H), 3.13(dd, f=21.1,
1.8 Hz 1H),2.88ddd, 7 =273, 123 Hz, 1H),
2.59 - 2.51 (m, 2H), 1.94 {(br s, 1H), 1.70 (br s,
1H), 1.57 - 1.38 (m, 2H). *Mixtre of rotamers

45348

454.1

352
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Starting with 1H-
pyrrolof2,3-bipyridine-6-
carboxylic acid, following
Examples 86, 89, 3, 10, 11
and then Examples 2 and |
for the final steps.

"H NMR (500 MHz, DMSO) & 11.75 (brs, 1 H),
B.95(d, J=8.2 Hz, O.5H; rotamer 1), 871 (4, J=
8.2 Hz, G55 rotamer 2), 8.2 (d, J= 169 Hz,
My, 247, J=4.8 He, 18D, 8.537 (brs, 18}, 8.12
- 802 (m, 1H), 799 (dd, J =142, 8.2 He, 1H),
TOL{d, J=82 Hz, [H), 415-4.04 {m, i), 3.25-
309w, THY, 3.01 (4, 7= 116Hz, [H), 2.87 (4, J
=4.8 Hz, 3H: rotaraer 1 + cotamer 23, 2.75-2.39 {5,
2H3, 208 - 1.9 (m, THD, 1 86-1.74 (m, 13D, 1.686
- .44 (m, 2H).

419.40

420.1

298

Starting with ($)-4-(6-
bromo-1-(phenylsulfonyl}-
1H-indo!-3-y1)-N-(1-
ethylpiperidin-3-v1}-5-
{riflucromethylpyrimidin-
2-amine (Example 88) and
following Example 85.

HNMR (500 MHz, DMSO) 8 12.27 (brs, 1H),
8.65 (s, 0.5H; rotamer 1), 8.538 {s, 0.5H; rotamer
2y, 832 (d, J= 8.7 Hz, 0.53H,; rotamer 2), 8.41 (d, J
= 8.6 Hz, 0.5H; rotamer 1), 8.13 - 8.04 (m, ZH),
785 -7.79 (m, 1H), 7.0, J =75 Hz, 1H), 4.05
{brs, 1H}, 3.21 (d, J = 7.3 Hz, 2H), 3.08 — 3.03 (i,
1H), 3.01 - 2.95 (m, 1H), 2.79 - 2.73 (m, 1H)},
2.44 — 230 (m, 2H), 1.90 (brs, 3H), 1.76 - 1.68
{m, 1H), 1.57 - 147 (m, 1H), 1.42 - 131 (m, 1H),
1.06 ¢, = 7.2 Hz, 3H).

467.51

468.1

299

Example 110

1H NMR (400 MEz, Me(OD) 6 8.59 (5, 1H), 8.53
(s, TH), 8.30 (br. s, 1H), 7.96 (br. 5, [H}, 7.70 (br.
s, 1H), 7.38 (br. s, 1H), 4.34 (br. s, 1H),3.99 - 3.85
(m, 2H), 3.82 - 3.69 (m, IH), 3.57 (br. 4, ¥ = 10.0
Hz, 15, 3.30 - 3.23 (m, 2H), 3.09 - 2.94 (im, 2H),
2.45 - 2.01 (m, 4H), 1.94 - 1.67 (m, 2H)

543.10

300

Hxample 110

1H NMR (400 MHz, Me0D)) 6 8.59 (s, 1 H), 8.53
(s, 1 H), 8.48 -8.16 (m, 1 H), 7.96 (s, 1 H), 7.7G
(br.s, I H), 7.38 (br. 5, 1 H), 4.34 (br. s, 1 H)}, 3.99
387 (m, 2#H), 3.82-3.71 {m, 1 H),3.56 {(br. ¢, §
=95Hz 1 H), 3.30(br. s, 2H), 3.09-294 (m, 2
H), 244 -201(m, 4H), 1.93-1.69{(m, 2 H)

542.19

543.10

301

Example 111

TH NMR (400 MHz, MeOD) § 8.82 - 8.68 (m,
2H), 8.22 (s, 1H), 7.95 (s, 1H), 7.65 - 7.58 (m,
1H), 7.16 - 6.75 (my, 1H), 4.49 - 4.39 (m, 1H)}, 3.66
-3.59 (m, 1H), 3.40-3.33 (m, 1H), 3.23 - 3.14 (m,
1H), 3.14 - 3.04 (m, 1H), 2.34 - 2.25 (m, 1H), 2.18
209 (m, 1H), 2.03 - 1.93 (m, 1H), 1.86 - 1.75 (m,
1H)

384.15

383.10

Example 112

TH NMR (400 MHz, MeOD) 6 8.63 (s, 1H), .42
(br., 1H), 832 - 8.09 (m, 1H), 7.73 (br., 1H), 7.51
(br., 1H), 4.69 - 4.26 (m, 1H), 4.69 - 4.26 (m, 1H),
3.74 - 3.69 (m, 2H), 3.67 - 3.59 (m, 3H), 3.36 (.
d, J=132Hz {H) 3.27 - 2.98 (m, ZH), 2.31 (br.,
IHY, 220 t,1=72Hz, IH), 212 . 1,7 =7.2
Hz, 2H), 1.95(br. 4,1 =123 Hz, 1H), 1.83 (br. 4,
F=10.5 Hz, 1H).

47218

473.20

353
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# Mass (MEH™)
TH NMR (400 MHz, MeOD) 6 8.60 (s, 1H), 8.57
- 8.28 (m, TH), 8.15 - 8.01 (1, 1H), 7.93 (s, 1H),
ana A 1 7.9 - 7.54 (m, ZFD, 6.82 (br.s, 1H), 4.64-4.23 . .
103 Example 113 G, 1HD, 4.04 (s, 3H), 3.62 (br.d., § = 13.2 H, 44119 | 442,10
1H), 3.35 (be.d., I = 13.6 Hz, 1H), 3.07 (br.s, ZH),
2.1 (vr.s, 28D, 1.82 (br.d, I = [0.5 Hz, 2H)
1 NMR (500 MHz, DMSO) 5 8.85 (br s, 0.5H),
8.65 (br s, 0.5H), 8.33-8.20 (m, 3H), 8.03 (s, [H),
Starting with 7-brormo 237 (d-ij T 7.0Hz. *‘};) 7443 (S{ 1?)-/‘7-375@, J=
: . e following 8.0Hz, 1H), 5.81 (s, 2H), 4.03 (s, 1H), 3.23 (5, ’ )
304 hff;f; 19(1 18{226\? ;r:)" 11| 3H).3.20 (s, TH), 297 (4 F = 10.5Hz, 1H), 2.70 | 46247 | 420.3
and Example 90. (d, J = 4.5Hz, 3H), 2.67-2.57 {m, 2H), 2.04-1.90
(o, 1HD, 1.83-1.71 (m, 1H), 1.65-1.46 (m, 2H).
*Mixture of rotamers
Starting with (§)-tert-butyl
3-({(5-iodo-4-(1- TH NMR (500 MHz, CDyOCN3 6 9.91 (s, 1H), 8.74
(phenylsulfonyh-1H-indol- | 835 (m, 2H), 8.28 (5, 1H), 751 (4, /= 7.7 Hz,
3-yhpyrinidin-2- iH), 734 - 7.08 (m, 2H), 6.87 - 6.48 {m, 1H),
305 yhamino)piperidine-1- 443 - 4.07 (m, 1H), 3.28 (dd, 7= 12.4, 3.7 Hz, 30343 1 3941
carboxylate (from Example | 1H), 3.08 - 2.93 (m, 1H), 2.93 - 2.81 {m, 2H),
9, following Example 91, PR - 1.60 {m, 2H), 142 - 117 (o, 2H3, 0.93 —
and thens Example | for the | 0.7¢ (m, [H).
final step.
1H NMR (400 MHz, DMSO-d6) &= 12.50 - 12.26
{my, 1HY, 9.45 (br. s, 1H), 9.33 - 9.05 (i, 1H}, 8.63
(br. s, 1H), 8.53 - 8.24 (i, 1H), 8.15 (br. 5, 2H),
e et 114 8.04 (br. s, 1H), 7.89 - 7.67 (m, 1H}, 433 (br. 4,1 e 1 e
306 Example 114 =143 Hz, 11, 337 (br. . 3 = 10.8 Hz, 13, 3,16 | 014 | 406.20
(br. d, }=12.0 Hz, 11, 2.89 - 2.76 (m, 2H), 2.19 -
1L.97 (m, 1H), 1.96 - 1.69 (m, 2H), 1.66 - 1.46 (m,
iH).
"H NMR (D0, 500MHz): Mppmy = 8.41 (s, 1H),
8.38 (brg, 1H), 813 (dd, /= 8.0 Hz, 1.0 Hz, 1H),
Starting with 7-bromo 7.71 (s, 1H), 7.46 (dd, = 7.0 Hz, 1.0 Hz, 1H),
e e 7.33(dd, J= 8.0 Hz, 7.5Hz, 1H), 4.37-4.30 (m,
307 indole and following 1H), 3.91 {s, 3H), 3.60 (dd, J= 11.5 Hz, 3.0 Hz, 47847 | 4082

Bxamples 9, 86, 10, 11 and
a0.

1H). 339, /= 4.0 Hz, 1H), 3.14-3.07 {m, 2H},
2.77 (5, 3H), 2.24-2.18 (m, 1H), 2.15-2.09 {(m,
1H), 1.94-1.86 (m, 1H), 1.82-1.75 {m, 1H).
*Hormic acid salt
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308
{tentatively
assigned o
P1) and 349
{tentatively
assigned o

P2)

Example 115

IH NMR (P1) (400MHz, MeOD) 5 8.62 - 8.29 (m,
2HD, 798 (s, 1H), 7.72 (s, 1H), 7.40 (br., 1), 4.42
416 (m, ZH), 4.11 - 3.81 (m, 3H), 3.77 - 3.56 (1,
1H), 342 - 335 (m, iH), 3.09 (br., J = 8.8 Hz,
1HY, 277 (br. 4, F = 10.4 Hz, 2H), 2.17 (br. s, 1HD,
1.98 - 1.87 (m, 1H), 1.81 - 1.58 (m, ZH)

TH NMR(P2) (400MHz, MeOD) 6 8.53 - 8.19 (m,
2H), 7.86 (s, 1H), 7.60 (s, 1H), 7.33 - 7.22 (m,
1H), 4.29 - 4.02 (m, 2H), 3.98 - 3.72 (i, 3H), 3.66
346 (m, TH),3.25(br. 5, 1H), 2.92 (v, J = 12.6
Hz, 1H), 2.72 - 2.51 {m, 1H), 2.72 - 2.47 (m, 1H),
2.05 (br.s, TH), 1.75 (br. s, 1H), 1.66 - 1.41 (m,
2H)

510.18

511.20

309

Example 116

1H NMR: {400 MHz, Me0D) § 8.64 (br. s, 1H),
8.45 (br. s, 1H), 8.36 - 5.04 (m, 1H)}, 7.76 (br. s,
1H), 7.65 - 7.37 (mm, 1H), 4.66 {br. s, .6H), 4.37
{br. s, 0.2H), 3.97 - 3.71 {m, 2H), 3.70 - 3.48 {m,
3H), 3.44 - 332 (m, 2H), 3.09 (br. 4, J = 12.8

Hz 1K), 2.33 (br. s, 1H), 2.13 (br. &, § = 13.8 Hz,
1H), 2.04 - 1.82 (mm, 4H), 1.81 - 1.70 (mm, 1H), 1.65
{g,§ =72 Hz, 1H), 1.06 - 0.538(m, 3H).

502.23

503.20

Done as Example 137

1H NMR (400MHz, METHANOL-d4): 8 = 8.60
(s, TH), 8.33 (br s, 1H), 7.97 (br s, 1H), 7.90-7.76
{ny, 2H), 7.64 - 7.41 (m, ZH), 6.57 (i, J=0.8 Hz,
1H), 3.72 - 3.67 (m, 1H), 3.65 - 3.57 (m, 1H), 3.77
-3.54 (m, 1H), 3.20 - 3.01 (m, 2H), 2.37 - 2.07 (m,
2H), 1.98 - 1.75 (m, 2H)

31

Done as Example 138

1 NMR (400MHz, METHANOL-d4): 5 ppro
8.61 (s, 1 H) B.43 (brs, 1 H) 8.03 (s, | H) 7.46 (br
6. 1H)7.28 (hrs, 1 H) 3.52 - 3.71 (. 2 H) 3.31 -
3.43 (2 H) 3.00 (br d, J=10.52 Hz, 2 H) 2.43 -
2.59 (m 1 HY 2.37 (s, 2H) 2.03 - 2.31 (m, L 1)
172 - 200 (m, L 1)

493.2

4941

312

Starting with 4-
bromobenzo|d|thiazol-2-
amine and following
procedure for Example 141

1H NMR (400MHz, METHANOL-d4): 6 = 8.548-
8.652 (m, 3H), 8.197 (br 5. 1H), 7.846-7.866
(d,3=8 Hz, 1H), 7.719 (s, 1H), 7.511-7.549 (m,
2H), 3.658-3.687 (dd J=11.6 Hz, 1H), 3.371-3.405
(dd.J=13.6 Hz, 1H), 3.083-3.329 (m, 25, 2.310 (s,
1), 2.119 (s, 20), 1.856 ppm (s, 1H)

509.2

510.1

Starting with 5-bromo-1H-
benzo[dlimidazole and
following procedure for

Example 141

TH NMR (400MHz, D20): §=8.97-9.11 {m, iH),
8.31 (brs, 1H), 7.68-8.06 (m, 5H), 748 (brs, 1H),
7.27 (brs, 1H), 4.19 (br s, 1H), 3.46 (brs, 1H),
3.29 (brd, }=12.6 Hz, 1H}, 2.95-3.09 (m, 2H),
1.95-2.20 (m, 2H), 1.58-1.89 ppm (i, 2H)

Starting with (3-
carbamoylphenyiboronic
acid and following
procedure for Example 140

1H NMR (400MHz, D20): 6= 8.10(br s, 1H),
7.22-7.98 {m, 64}, 6.79-7.13 (m, 2H), 3.94 (br s,
1H), 3.29 ¢brt, J=13.3 Hz, 2H)}, 2.83-3.04 (m, 2H),
1.38-1.99 ppm (m, 4H)

480.2

481.2
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(’Omi‘“"“d Done as '"H NMR Ld%Cd" Mass
# Mass (MEH™)
1H NMR (400Miz, METHANOL-d4): 6 = 8.60
) cq ) (s, 1HD), 8.43 (br s, 1H), 8.3G - 8.10 (m, 1K}, 7.90 -
i“g‘?“?;:”“? f’"’f’f‘.’f“,"zg 7.78 (m, 2&-{),(7,55 . )54 (m, LH), 7.75 - 7.51 {m,
315 . Hi)(z:jyﬁ;;j(‘:‘;;’w‘; o | LH),7.07 (@ J=B.6 Hz, 1#), 3.69-355 (m, 3H), | 4782 | 479.2
" FAX(i;Y}:E‘l(A ]'4} . 3.34 (s, 1HD, 3.11 (brd, J=11.2 Hz, 1H), 2.35 (brs,
CASEER AT 1H), 2,14 (br d, I=15.0 Hz, 1H), 2.21 - 2.08 (m,
1H), 2.05 - 1.77 (m, 2H)
Starting with (6- 1H NMRE (400MHz, D20): 6 = 8.33-8.35 (m, 2H),
bromopyri din—Z—yl\;ﬁwthaml 7.93-8.23 {m, 3H}, 7.69-7.92 (m, 2H), 7.49 (br d,
316 and following procedure £ J=8.1 Hz, 1H},4.97 (s, 2H), 4.22 {(br s, 1H}, 3.24- 468.2 469.2
and FOROWING PrOCCCUIC 10T | 3 54 (m, 2H), 3.02 (br d, F=10.4 Hz, 2H), 1.95-
Example 144 2.17 (m, 2H), 1.62-1.89 ppm (m, 2H)
1H NMR (400MHz, DMSO-d6): 5= 11.84 (brs,
. . 1H), 8.62 - 8.48 (1o, 1H), 8.41 - 8.24 (1, 1H), 7.86
N ?gg;if‘mf?n 4| (v s 1H),7.76 - 762 (m, 4H), 7.56 - 7.45 (i,
317 fééoimno pr:“‘;:lur; for 1H), 7.44 - 733 (m, 48D, 7.31 - 7.18 (m, 18D, 4.04 | 4632 | 4642
"F.xfmp]eh {40 -3.86 (m, 1H), 3.10 (br 4, J=9.3 Hz, 1H), 2.83 (br
T d, J=12.2 Hz, 1H), 1.99 (br 4, J=19.6 Hz, 1H), 1.74
- 1.40 (m, 4H)
Starting with (5- 1H NMR (400MHz, D20): 8= 891 {(brs, 1H),
(hy GI‘OXVHICE)VDIJ}’I‘i(iil’l-3- ?73 Em* s, 1H), 8.45~8h6‘3 (1, ZFD), 8.0{)-8.24 {m,
318 " yhboronic acid and 2H), 7.83 (br s, 1H), 7‘? (br s, LH), 4.86 (br s, 4682 | 469.2
following procedure for ‘HE)’ %'27 (er b ; 1,H},’ 5'73 (brd, 3::13'0. HL,’ ifﬂ)’
Ex:;mp]e (40 330 (brd, Jzizé Hz, 1H), 2.94-3.}3 (m,HZH),
U 1.97-2.21 (m, 2H)}, 1.62-1.90 ppm (m, 2H)
1H NMR (400MHz, DMSO-d6): 6 = 9.411 (s,
Starting with 3-bromo-6- 1H), 8.605 (s, 1H), 8.478 (m, 1H), 8.285 (s, 1H),
{(triftuoromethyl)-1H- 8.146 (s, 1H), 7.997 (s, 1H), 7.855 (s, 1H), 7.646
319 pyrrolof3,2-cipyridine and | (m, 1H), 3.681-3.657 (m, 1H), 3.643-3.541 (m, 545.2 546.2
following procedure for 2H), 3.327 (m, 1H), 3.079-3.029 (m, 1H), 2.256
Example 141 {m, 1H), 2.135-2.099 {nm, 1H), 1.949 (m, 1H),
1.847-1.772 (m, 1H)
1H NMR (400MEHz, DMS0O-d6): 6 =9.3156 (s,
Starung with 3-bromo-1- 1H), 8.596 (s, 1H), 8.434 (m, 1H), 8.301 (s, 1HD),
methyl-6-(rifluoromethyly- | 8.011 (s, 1), 7.949 (5, 1), 7.815 (5, 1H}, 7.605
320 1H-pyrrolof3,2-cipyridine | (m, 1H), 4.089 {5, 3H), 3.714-3.690 (i, 1 H), 559.2 560.2
and following procedure for | 3.598-3.575 (m, 2H}, 3.354 (m, 1H), 3.073-3.048
Example 141 (ra, 1H), 2.231 (m, 1H), 2.092 (m, 1H), 1.936 (m,
1H), 1.816-1.789 (m, 1H)
1H NMR (400MHz, DMSO-d6): 6 = 8.596 (s,
Starting with (1-methyl-6- 1H), 8.395-8.2% {m, 18}, 8.130-8.049 (”n
oxo-1 édihyd\rop;ridin%- 3H),7h67’6 (s, ;H), 7496-7’.43? (m: IH:’Z éj7ﬁ?4~
1 yljboronic acid and 6.771 (d. J=9.2 Hz, 1H), 3.743 (5, 3H), 3.686- 468.2 | 460.0

following procedure for
Example 139

3.675 (m, 1H), 3.663-3.546 (mn, ZH), 3.365-3.332
(i, 1H), 3.097-3.066 (m, 1H), 2.271-2.228 {(m,
1H), 2.107 (m, 1H), 1.952 (m, 1H}, 1.861-1.804
{m, 1H)
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(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
TH NMR (400MEHz, D20O): 6 = 8.209-7.740 (m,
Starting with 8- 3H), 8.732 (br s, 1H), 8.603 - 8.537 (d,
S . NP J=26.41Hz,28), 8.196 -8.176 (m, 2H),8.053 (br s,
122 OTOMOGUINRZOUR--AWWE |y 4py 5 03¢ (hp g, TH), 7.491 (he s, 1H)L.4.273 (brs, | S042 | $05.2
and following procedure for | 1."5 5557 3 4na (g, 150), 3.321 -3.285 (d, 1H),
Example 141 3.082 -2.997 (m, 2H),2.125 - 1.815 (m, 2H), 1.752
- 1.701 (m, 28D
SRS i 1H NMR (400MHz, D20): 6 =8.62 - 8.24 {m,
bmmztﬁ:g;i;;;rﬁethami 3H), 8.19 - 7.72 (m, 3H), 7.50 - 7.35 (m. 1H), 7.19
323 A . -6.98 (m, 1H), 4.82 (brd, }=14.8 Hz, 1H), 4.19 (br | 468.2 469.2
and following procedure for | % ¢is "3 4 3 15 m) 3H), 2.92 (br s, 26), 1.95
Example 144 (br s, 2H), 165 (br s, 21D
Starting with (3-(2- 1H NMR (400MHz, D20): 6 = 8.209-7.740 (m,
374 bydmxyetbyi)p_benyi).'i)omni %H),?’A-Zé -7.183((m, 5H), ](‘ﬁq {(br s, IH),‘LE%],"Z’ 4817 4839
) ¢ acid and following (br s, 1H), 3.301 -3.299 (1, 2H), 2.293 -2.800(m,
procedure for Example 140 | 4H), 1.921-1.518 (m, 4H)
1H NMR (400MHz, D20): 8= 9.296-9.247 (d,
Starting with 7- J=19.6H7,2H),8.251-7.892((m, 8H), 7.362 -7.290
375 bromoisoguinoline and (m, 1H),7.194-7.146 (m, 1H), 4.128 (s, 1H), 4882 489.1
- following procedure for 3.493-3.404(d, ¥J=11.6Hz,1H), 3.346-3.283 (¢, ' '
Hxample 141 J=252Hz, 2H), 2.070-2.038 (1o, 2H),1.844-1.816
(m, 1H), 1.685 (br s, 1H),
Starting with 3- 1H NMR (4-0()MH2, DZQ): 5=8.312(,
. 1'01"-10‘5@317@;';9%111 fowmmi de 1H),7.942-7.691{(m, 4H), 7.527 -7.489 (m, ’
326 e e 2H),7.422-7.141 (i, 1H), 4.075 (s, 1H), 3.398- 518.2 517.4
and following procedure for | 5 o5y He 5 981 (¢ 30, 1.981-1.955 (4.
Example 141 J=26Hz, 2H),1.738-1.562 (m,2H)
IH NMR (400Miz, METHANOL-d4): 6 = 8.58%
Starting with (2- (s, THD, 8.37 (br s, 1H), 8.10 (br s, 1H), 7.69 (br s,
137 ethoxyphenyliboronic acid 1H), 7.54 - 7.24 (m, 1H), 7.11 - 6.97 (i, 1H), 4.13 4R1 D 480 0
o and following procedure for | -3.93 (m, 1H), 3.60 (brd, J=12.6 Hz, 1H), 3.37 - T o
Example 140 3.31 (m, 2H), 3.07 (brs, 1H), 2.38 - 2.05 (m, 1H),
2.00 - 1.74 (m, 1HD, 1.32 (1, }1=6.9 Hz, 3H)
Starting with 2- 1H NMR (400MHz, D20): 6=8.671-
bromopyrazine and 8.5392(m,1H},8.394-8.235(m.3H),8.000(br
328 ‘ 1‘], A dure for 8,1H),7.692-7 217(m,3H).4.09%br 5,1 H),3.460- 4392 440.1
OHOWINE ProCecifeion | 3 310(m.2H),3.049-2.995(m,2H),1.991-
Example 141 1.609(m.4H) ‘
1H NMER (400 MHz, DMS0O-d6) 6 11.93 (hr s,
1H), 8.81-9.09 (m, 2H), 8.61 (brs, 1H), 8.49 (br s,
1H), 8.30 (br s, 1H), 8.08 (s, 1H), 8.02 (br 4,
Starting with (2H-indazol-6- | J=7.72 Hz, 1H), 7.90 (br s, 1H), 7.84 (d, }=8.38
379 yhboronic acid and Hz, 1H), 7.79 {(br s, 1H), 7.74 (s, 1H), 7.39-7.61 4772 4781

following procedure for
Exanmple 140

(m, 2H), 4.23-4.43 (m, 1H), 3.40 (br d. J=9.92 Hz.
1H), 3.17 (br s, 1H), 2.86 (br &, 3=9.45 Hz, 28,
1.98-2.1% (m. 1H), 1.90 (brs. 1HD, 1.75 (br s, 1H),
1.59 (brs, 1H), 1.49-1.69 (m, 1H), 1.47-1.84 (m,
1H)

357




WO 2018/013867 PCT/US2017/042017
- . .. Found
(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
Starting with (3,5~ 1H NMR (400Miz, METHANOL-d4)6=8.440-
dimethylisoxazol-4- 8.316(m,2H),7.788(s, 1H ), 7.305(s, 1 H),7.049(s5,1 H),
330 yitboronic acid and 4.086(br 5,1H).2.979(m, 1 H),2.684- 456.2 457.1
following procedure for 2.633(m,2H)3,2.345(s,3H), 2.1 8%(m, 1 H),2.087{(m, 1
Example 140 H), 1801 (o, 1H),1.571{m,3H)
1H NMR (400MHz, DMSO-d6): 8= 12.30-12.54
{my, 1 HY 10.07 (5, 1 H)9.39 -9.78 (m, 2 H) 8.57 -
Starting with 4- 8.75(m, 3 H)Y8.39-8.51 (m, 1 H}8.19-8.32 (m,
11 bromobenzenesulfonamide | 2 H)8.08 -8.16 (m, 1 HY 8.01 (brs, 1 H}) 7.68 (br 516.2 5171
and following procedure for | 8, T HY7.24 - 7.54 {m, 1 H) 4.25 - 4.58 m, 1 H) T T
Example 141 339 (brs, 1 HY3.15(brs, 1 HY 2,81 -3.02 {m, 2
Hy196-221(m 1 HY1.73-1.94(m, 2 H) 1.64
{brd, J=11.25 Hz, 1 H}
. o 1H NMR (400MHz, D20): 6=8.357-
Starting with 2- nnay \ 7 003
bromothiazole and 8.333(m, 1H),7.998- , .
332 followine prf)«cedure for 7.558(m,5H),7.277(s, 1H),4.119(br 5,1 H),3.489- 4441 445.1
) E.x;mp]e (41 3.331m,2H),3.076-3.023(m,2H},2.053-
R 2.026(m,2H),1.834-1.646(m, 1 H),2.087(m,2H)
1H NMR (400MHz, DMSO-d6) 6= 11.95 (br d,
F=10.8 Hz, 1H), 11.28 - 11.09 (m, 2H), 9.34 - 8.99
(i, 2H), 8.61 {(brs, 1H), 8.44 - 8.14 (in, 1H), 8.05
J T Y (br s, 1H), 7.86 (s, 1H), 7.76 {br 4, J=5.5 Hz, 1H), - )
333 Done as Hxample 139 7.61 (d, 1=5.7 Hz, 1H). 7.64 - 7.58 (m, 15, 7.30 - | +/12 | 4722
7.26 (m, 1HD, 4.42 - 4.21 (m, 1D, 3.45 - 3.34 (m,
1H), 3.17 (or s, 1H), 3.03 - 2.81 (m, 2H), 2.17 -
1.87 (m, 2H), 1.84 - 1.52 (m, 2H)
1H NMR (400MHz, DMS0O-d6) Shift = 11.95 (br
i ieh T2 4| S T 105 (s, THY 9.13 - 8.95 (m, 1H}. 9.08 -
;;i ;ifq":;i;“b;“g 3@;‘@ 8.91 (m, 1H), 8.68 - 8.17 (m, 2H), 8.07 - 7.78 (m,
334 anddfoiiowing‘g proc\edui‘e for 2H), 7.63 (br s, 1H), 7.48 - 7.06 {m, 4H), 4.27 (br 506.2 507.2
Example 141 i s, 1H), 4.05 (brs, ZH), 3.38 (br 4, }=9.7 Hz, 1H),
3.16 (brs, 1H), 2.99-2.78 (m, 4H), 2.18 - 1.87
(mm, 2H), 1.80 - 1.50 (m, 2H)
1H NMR (400MHz, D20): 8=8.512(s,1H).5.335-
8.305(d,J=12H7,2H),8.026-
Starting with (5- 8.003(d,1=0.2H=,1H),7.925-
135 fiuorogytﬁin-}--yiﬁ}?&)t’()ni&: '7.'799(tn,2Ef},'?.?.%fi(s\,l}ﬁ-lﬁ}',"] 108- ) 456.2 4572
acid and following 7.089(d,J=7.2Hz,1H),4.091(br 5,1H),3.434-
procedure for Example 140 | 3.409(m, 1H)},3.301-3.269(M, 1 H),3.017-
2.959(0,2H),1.993(br 5,2H)1.779-
1.743(m, 1 H},1.614-1.590(m,1H)
1H NMR (400MHz, METHANQOL-d4): § = 8.68
Starting with (4~ {brs, 1H), 8.62 {(br d, ¥=5.9 Hz, 1H), 8.54 (5, 1H),
136 methylpyridin-3-yhboronic | 8.45 (brs, 1H), 7.98 (br 4, J=5.9 Hz, 1H), 7.54 (br 4507 4532

acid and following
procedure for Example 140

s, TH), 7.24 (br s, TH), 3.60 - 3.47 (m, 1H), 3.27
(brs, 2H), 2.97 (br s, 1H), 2.57 (s, 3H), 2.25 - 1.96
(r, 1HD. 1.92 - 1.66 (m, 2H)
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(’Omi‘“"“d Done as '"H NMR (‘/d%Cd" Mass
# Mass (MEH™)
Starting with (1-methyl-1H- | 1H NMR (400MHz, D2C): § =795 - 7.63 (m,
137 indazol-6-yhboronic acid 1H), 7.66 (br s, 1H), 7.31 (br s, ZH), 6.92 {br s, 4912 490 0
and following procedure for | 4H), 4.00 (br s, 1H}, 3.65 (br s, 3H), 3.27 (br s, oo e
Example 140 2H), 3.01 - 2.39 (m, 3H), 1.85 - 1.42 (m, 4H)
Starting with N~(3-(4,4,5,5~ | 1H NMRE (400MHz, METHANOQOL-d4): 5 = 8.63
tetramethyl-1,3,2- {s, 1H}, 8.48 (br s, 1H), 825 (brs, 1H), 7.83 - 7.58
138 dicxaborelan-2- {ny, 2H), 7.45 (br t, J=7.6 Hz, 1H), 7.30 (br 4, 5082 5099
ylibenzyhacetamide and J=6.8 Hz, 1H), 4.47 (s, 2H). 3.69 - 3.61 (m, 1H), . .
following procedure for 339 (brd, }=14.7 Hz, 3H), 3.22 - 3.05 {m, 1H),
Example 140 2.46-2.12 (m, 2H), 2.07 - 1.80 (m, 5H)
1H NMR (400MHz, DMSO-d6): 6= 12.33 (brs,
1H), 9.29 (br s, 1H)}, 9.41 - 9.19 (m, 1H), 8.658 (br
Starting with 4- s, 1H), 8.47 (br d, }=8.2 Hz, 1H), 8.38 - 8.23 (m,
239 bromoquinoline and 1H), 8.15 ¢br d, 1=7.2 Hz, 2H), 8.05 (br d, J=17.6 4887 489.0
following procedure for Hz, 2H), 7.96 - 7.81 (m, 2H), 7.60 - 7.39 (m, 1H), o o
Example 141 4,49 -4.23 (m, 1H}, 3.24 - 2.80 (m, 4H), 2.13 -
2.03 (m, 1H), 1.91 (brs, 1H), 1.63 (brs, 1H), 1.78
-1.52 (m, 1H).
1H NMR (400MHz, METHANOL-d4): 6 = 8.62
(s, 1HD), 8.43 (br s, 1H), 8.07 (br g, 1H), 7.88 - 7.78
340 Done as Example 140 (m, 3H), 7.69 - 7.48 (m, 3H), 3.71 - 3.53 (m, 6H), 534.2 535.0
3.24 - 3.02 (m, 2H), 2.31 (brs, 1H), 2.15 {(br d,
J=15.2 Hz, 1H), 2.09 - 1.81 (m, 7H)
1H NMR (400MHz, METHANOL-d4): & ppm
856 (s, T Hy8.38(brs, 1 H)8.13 (brs, 1 H) 7.57 -
341 Done as Example 141 7.86(m, 2 H)Y7.28 - 7.46 (m, 6 H) 6.87 - 7.16 (m, 529.2 530.2
4H)360(0rt, J=526H7, 1H)3.31-339%(m, 2
H)299-327(m, 2H)1.74-234 (m, | H)
1H NMR (400Miz, METHANOL-d4): 6 = 8.60
Startng with 6-bromo-2,3- | (s, 1H), 8.38 (br 5, 1H}, 8.03 (br s, 1H), 7.67 (br s,
147 dibydrobenzofblil 4]dioxin | 1H), 7.51 (br s, 1H), 7.14-7.25 (m, 2H), 6.93 (d, 495 2 496.0
““““ e and following procedure | J=8.9 Hz, 1H), 4.31 (s, 4H), 3.61-3.68 (m, 1H), o i
for Example 141 3.60-3.69 (m, 1#), 3.38 (brs, ZH), 3.02-3.25 (m,
2H), 2.09-2.43 (m, 2H), 1.75-2.01 ppm {(m, 2k
1H NMR (400MHz, METHANQOL-d4): § = 9.36-
Starting with 6- 9.42 (m, 1H), 8.63 (s, 1H), 8.36-8.55 (m, 2H),
143 bromobenzoldjthiazole and | 8.02-8.26 {m, 2H}, 7.83-7.96 (m, 2H), 7.71 {(br s, 4947 495 0
- following procedure for 1H), 4.60 (br s, 1H), 3.60-3.71 {m, 1H), 3.36-3.42 ) )
Example 141 {m, 1H), 3.03-3.27 (m, 2H), 2.11-2.43 (m, 2H),
1.80-2.04 ppm (m, 2H)
1H NMR (400MHz, DMSO-d6): 5= 12.30 - 12.54
(m, FHY 1007 (5, 1 H)939-9.78 (m, 2 H) 8.57 -
Starting with isoquinolin-3- | 875 (m, 3 H) 8.39-8.51 (m, 1 H) 8.19-8.32 (im,
244 yiboronic acid and 2H) 808 -8.16¢(m, 1 H) 801 (brs, 1 H) 7.68 (br 4887 4891

following procedure for
Exanmple 140

s, THY7.24 - 754 (m, 1 HY4.25-4.58 (m, | H)
339 (brs, T H)3.15(brs, 1 H)2.81 -3.02 (m, 2
Hy1.96-2210m, 1 H)1.73-1.94 (m, 2 H) 1.64
(brd, I=11.25Hz, | H)
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1H NMR (400MHz, DMSO-d6Y: 6= 12.12 (br s,
T 1H), 8.64 - 8.26 (mm, 2H), 8.00 - 7.85 (m, 2H), 7.82
St“gf‘?g,“;ﬁh_“bjfﬁg”‘" ~7.62 (m, 2H), 7.58 - 7.30 (m, 4H), 7.15 (dt,
345 f_olﬁk;x;sg ;:éi?(m‘; o | JE2.0.7.9 Hz, 1), 4.20 (br . J=6.6 Hz, 1), 315 | 4552 | 456.1
- Em;ﬁple il (s, 1FD, 3.01 (br 5, 1§, 2.85 - 2.67 (m, 2H), 2.12 -
) o 192 (m, 1H), 1.80 (brs, iH), 1.73 - 1.47 (m, ZH),
1.42 - 117 (m, 1HD, 0.94 - 0.80 (m, 1H)
1H NME (400 MHz. MeOD) 6 8.68 (br.. 1H), 8.52
(br., 1H). 8.33 {br.. 1H), 8.09 (br., 1H). 7.90-7.65
, . {m, TH), 4.70-4.30 (m, 1H), 3.65 (br dd, J = 3.61, X
346 Example 118 12,29 Fz, 1H), 3.44-3.35 (m, 2H), 3.27-3.04 (m, | 20716 | 468.10
2H), 2.30 ¢br., 1H), 2.20-2.10 (m, 1H), 2.03-1.79
{r, 2H), 1.32-1.27 (m, 6H}
1H NMR: (400 MHz, MeOD) & 8.59 (s, 1H), 8.57
-8.11 (m. 2H), 7.94 (s, 1H), 7.68 (d, F = 7.6 Hz,
1H), 7.37 (br. t, ] = 7.2 Hz, 1HD, 4.35 (br. s, 1H),
3.93 - 3.82 (m, 1H), 3.80 - 3.71 (m, 0.55H), 3.68 -
347 Example 116 3.50 (m, 3H), 3.41 (br. &, J = 1 1.1 Hz, 0.41H).3.30 | 502.23 | 503.20
-3.25 (m. 1H), 3.08 - 2.94 (m, 2H), 2.20 (br. s,
1H), 2.13 - 2.04 (o, 1H), 2.02 - 1.93 (m, 18D, 1.92
-1.71 (m, 4H), 1.64 (q, F=7.4 Hz, 1H), 1.09 -
(.90 (m, 3H).
1H NMR (400MHz, MeOD) 5 8.85 - 5.46 (m, 2H),
8.31 - 8.08 (m, 1H), 7.78 (br., 1H), 7.65 - 7.39 (m,
) o 1H), 4.97 (br., 2H), 4.65 - 4.27 (m, 18, 3.83 (br., | . e
348 Example 117 260, 362 (br. = 10.8 Hz, 1FD, 3.37 (b, J = 13.0 | 013 43210
Hz, 1H), 3.28 - 3.01 (o 2H), 2.28 (br., 1H), 2.18 -
207 (m, 1H), 2.01 - 1.77 (m, 2H)
Starting with 3-iodo-1H- | 'H{ NMR (500 MHz, MeOD) § 8.61 (s, 1), 8.54
indole-6-carbonitrile (from | (s, 2H), 8.04 (s, 1H). 7.45 (d, J = 7.6 Hz, 1H), 4.28
350 ﬂ?xampie 36), f‘:bi‘liowin’g (s, LD, 3.45 (s, 1H), 3.17 (s, 1H), 2.09 (s, {H), 41443 1 4151
Examples 3, 36, 11, 21 and | 19y (¢, 7= 12.2 Hz, 2H), 1.77 (s, 1HD. 1.40 (¢, J =
then Example 92 for the 12.4 Hz, 6H).
final step.
Starting from 3-iodo-1H-
tndole-6-carbonitrile (rom 1y \ou (500 MHZ DMST) § 12.26 (e s, 1H),
Example 36}, following 862 (4 =110 Hz 1. 8.50 (d J= 8.3 Hx
Examples 3, 36, 11 and 21 | G027 (& /=110 Hz 1H), 8.50 (4, /= 8.3 1,
1 give 3/_(2- {.5H; mtg'mer {’"ﬂ 8.32 \(d,’.i: r‘f H? 0.5H: A
351 (m(-)thj,:isuifonj,'i)—fi— rotamer 23, 8.18 (s, 1H), 5.14 ~ 8.04 {m, Z2H)}, 8.02 40436 | 4052

(rifluoromethyipyrinmidin-
4-vh-1-(phenvlsulfonyl)-
{H-indole-S-carbonitrile
and then following
Examples 93, 1 and 2.

(d, /=062Hz 1H), 749 {dd, /=84, 1.3 Hz, 1H),
477 - 450 {m, 1H), 4.24 - 4.07 {m, iH), 3.18 -
3.068 (m, 2H), 3.03 - 2.92 {m, 1H), 2.47 - 2.41 (q,
iH), 216 - 205 (m, TH), 186 - 1.54 (m, 1H).
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# Mass (MEH™)
"H NMR (500 MHz, DMSO) 6 8.63 (d, J= 7.5 Hz,
Starting with (§)-feri-buty} (0.5H; rotamer 1), 8.59 (d. /= 16.3 Hz, 1H), 8.41
3-((4--(7-‘()3"00104H~ind0}—d’3— (d, J =17.5 Hz, 0.5H; rotamer 2}, 8.35 (brs, 1H),
o y1)-5- 7.99 - 7.89 (m, 2H), 7.33 - 7.47 {m, 1H), 7.33 -
353 (trifluoromethylpyrimidin- | 7-23 (m, 1H), 412 (brs, 1H), 3.28 =318 (m, 1H), | 43740 | 4382
2-yhamino)piperidine-i- 3.05-2.94 (m, 1H), 2.75 - 2.63 (o, 2H), 2.06 ~
carboxylate (Exampte 11) | 1.94 (m, 1H). 1.82 (s, 3H), 1.80 (s, 3H). 1.80 -
and following Example 94. | 1.74 (brs, 1H), 1.65 — 1.45 (m, 2H). 7P NMR (203
MHz, DMSO) 5 37.59 (s).
. e oy "H NMR (500 MHz, DMS() & 12.22 (brs, 1H),
Smr?.ﬁfig;gﬁ;ijf E)'-lt)vl 8.62 (s, 0.5H; rotamer 1), 8.38 (s, 0.5H; rotamer
(phenylsulfonyl)-1 H-indol- 2}, 8.50— 8.27 (s, 2H), 8.00 —~ 7.87 (m, 3H), 7.49
3-y1)-5- (dt, = 18.3, 9.3 Hz, 1H), 4.16 (brs, 1H), 3.24 (brs, ) N
354 (wrifluorometbyl)pyrimidin- | 1H), 3.02 (brs, 1H), 2.79 - 2.65 (m, 2H), 2.08 437.40 | 438.2
Z—yi)amino)pﬂip/erdidine-i - 1.94 (m, 1H), 1.80 (bys, ]}7}(\; 1.69 (s, 3H), 1.67 (s,
carboxylate, following 3H), 1.64 — 1.49 (m, 2H). P NMR (203 MHz,
Examples 2 and 94. DMSO) 6 33.16 (s).
;i;‘g;‘iﬁ;i;ﬁ "H NMR (500 MHz, DMSO) & 8.60 (d, J = 12.0
(mﬂuoromethyi)pzv imidin- H{, IH)? 8;5§ {d,J= 8,13 Hz,}().Sili(), 844 (4, J=
4oyD)-1-(phenylsulfonyD)- 8.3 H7 O.DH{, 8133 (3, 1H),8.07(d, J=19.1 H?j,
1H-indole-6-carbonitrile 11‘{), 8.02 (S i}‘l), 7.92 (d, J=T7.8 E‘EZ, OSI‘{) 7.51
355 and (3R 4R)-rert-butyl 3- (d, /=82Hz 0.5H), 747 {dd, /=84, 1.2 Hz, 40236 1 4037
amino-4-hydroxypiperidine- 1H). 3.96(d, /= 13.5 Hz, 2H), 3.68 — 3.55 (1,
1-carboxylate, following 26H), 3.24 - 312 (m, 1HD, 3.02 (s, TH), 2.71 - 2.59
Exaxnplg 93, and then {m, 1H), 2.59 - 2.52 (m, 1H), 1.95(d, /= 12.2 Hz,
Examples 1 and 2 for the 1H), 1.49{d. /=99 Hz, 1H).
final steps.
TH NMR (400 MHz, MeOD) §8.58 (4,1 =7.94
Hz, 1H), 8.45 (br., 1H), 8.25 (s, 1H), 7.853 (s, |H)},
Same as in Exarople 80 2- 7694, J=750Hz 1H),737 (4, F=7.83 Hz,
(isopropyldisulfanyl) 1H), 4.34-4.19 (m, 1H), 3.53 (dd, F =3.53, 12.13
356 propane instead of Hz, 1H), 3.41 {(quin, J = 6.78 Hz, 1H), 3.27 (br., ] 427.56 | 428.10
{methyldisulfanyl) methane | =4.30 Hz, 1H), 3.08-2.97 (m, 2H), 2.76 (g, ] =
in Step 1 7.50 Hz, 2H), 2.23-2.05 (m, 2H), 1.92-1.72 (m,
2H), 1.29¢d, I = 6.84 Hz, 6H), 1.20(t, § = 7.50
Hz, 3H)
1H NMR (400 MHz, MeOD) 6 8.74 - 8.52 (m,
2H), 8.37 {br. 5, 0.5 H), 8.06 (br. &, 1H), 7.95 (5,
157 Example 119 1H), 7.63 - 7.53 (m, 1H), 4.34 (br. 5, 1H), 3.56 (br. 46816 | 46910

d, J=106Hz 1H), 3.30-323(m, 1H), 3.12 -
2.9C (m, 2H}, 2.70 (s, 6D, 2.19 (br. 5, 1H), 2.12-
195 (m, 1H), 1.92 - 1.64 (m, 2H)
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Starting from (2R,35)-1-
tert-butyl 2-methy] 5-
azidopiperidine-1,2-
dicarboxylate (from
Examptle 35) and following
Examples 39, 95, and 1 for
the final step.

"H NMR (500 MHz, DMSO) & 12.02 (brs, 1H),
8.63 (5, 0.5H: rotamer 13, 8.539 (s, 0.5H; rotamer
23, 8.51 (4, /= 8.4 Hz, 0.5H; rotamer 1), 8.41 (brs,
1H), 833 (d, /= 8.4 Hz, 0.5H; rotamer 2), 8.07 (d.
J=38Hz 1H), 8.02(d, J=79Hz, 1H), 7.95 -

7.85 (m, 1H), 747 (dd, /=84, 1.5 Hz, 1H), 3.98 -

3.92 (m, 2H), 3.24 - 3.18 (m, 1H), 2.62 — 2.54 (i,
iH), 2.34 (s, 3H), 2.16 - 2.08 (m, 2K, 1.75 - 1.56
{oy, 2H).

468.43

469.2

Example 120

1H NMR: (400MHz, MeOD) 5= 8.58 (s, 1H),
8.535 (br. s, 1H), 8.37 (br. s, 1H), 8.17 (5, 1H), 8.01
(s, 1HD, 7.85 (br. d, J = 8.2 Hz, 1H), 4.31 (br. 5,
IH), 350 (be. 4, J=11.7Hz, 1H),3.23(br.d,I=
12,7 Hz, 1H), 3.01 - 2.88 (m, 2H), 2.68 (s, 3H),
2.19 (br. s, 1H), 1.89 - 1.66 (m, 3H).

403.16

404.10

360

Example 121

1H NMR (400 MHz, MecOD) 6 8.43 (br.s., 1H),
8.28 (s, 1H), 8.13 (d. J = 8.3 Hz, 1H), 8.03 (s, 1H),
7.35 (dd. § = 5.6, 8.4 Hz, 1H), 4.32 - 4.19 (m. 1H),
3.59 - 3.49 (m, 1H), 3.32 - 3.31 (o, 1H), 3.11 -
2.99 (m, 2H), 2.77 (g. § = 7.5 Hz, 2H), 2.23 - 2.04
(r, 28D, 1.95 - 171 (m, 2H), 1.21 (1, = 7.5 Hz,
3H)

364.18

fad
o
1
—
<

Example 122

1H NMR (400 MHz, MeOD) 6 8.74 (br., [H), 8.53
(b, 1H), 8.43 (s, I H), 7.87 (s, 1H), 7.45 (br., I =
8.3 Hz. 1H), 7.10 - 6.75 (my, 1H), 4.32 (be., 1H),
3.55 (br., F = 15.3 Hz, 1H). 3.29 - 3.25 (m, 1H),
3.09 - 2.93 (m, 2H), 2.26 - 1.99 (m, 2H), 1.90 -
1.66 (m, 2H)

400.13

401,10

362

Example 122

1H NMR (400 MHz, CDCI3) 8§ 8.00 (d, J = 7.94
Hz, 1K), 7.72 (s, 2H), 7.52 (4, T = 7.28 Hz, 1H),
712 (t, § =783 Hz, 1H), 3.91 (br., 1H), 3.51 (br,,
D, 319 (or d, J = 13.23 Hz, 1H), 2.96-2.581 (m,
2H), 2.29 (br., § = 2.87, 750 Hz, 2H), 1.98-1.85
(m, ZH), 1.68 (br., I = 11.25 Hz, 11D, 1.56-1.41
(m, [H), 0.96 (1, = 7.39 Hz, 3H)

407.48

402.1

363

Example 123

1H NMR (400 MHz, CDCI3) & 8.20-8.19 (s, 2FD,
7.83-7.77 (m, 1H), 7.40 (d, J = 7.02 Hz, 1H),7.19
(t, 3 =7.67 Hz, 1H). 4.16 (br.. 1H), 3.39 (br., J =
10.52 Hz, 1H), 3.22 (br., J = 13.16 Hz, 1H), 2.87-
2.73 (m, 3H), 2.58 (br., 1H), 2.10-1.96 (m, 2H),
1.80 (s, 1HD), 1.56 (br., 1H), 1.19 (¢, § = 7.45 Hz,
3H)

385.48

386.1
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Example 124

TH NMR (400 MHz, MeOD) 6 8.74 - 8.61 {m,
1H), 8.59 - 840 (m, 1H), 837 - 8.18 (m, 1H), 8.15
-804 (m, TH), 8.01 - 7.69 (1, 1H), 4.81 - 4.26 (1,
1H), 3.90 - 3.77 (m, 1H), 3.62 - 3.49 (m, 1H),
3.20-2.80 (m, 88, 2.37 - 2.21 (m, 1H), 2.18 - 1.93
{rg, 2ZH), 1.80-1.60 (m, 1H}

453.14

Hxample 125

TH NMR (400 MHz, MeOD) & ppm 8.64 (3,2
HY, B85, 2HD, 775 -7.70 (i, 1 H), 5.44 (s, 1
H), 532 (s, 1 HD, 4.38 (hrs, 1H), 3.60-3.57 (m, 1
H), 3.06 - 3.00 (m, 2 H), 2.01 (brs, 1H), 1.97 -
L7 (m, LH), 183 -1.77 (m, 2 1), 1.32 - 1.28 (m,
1D

458.1

Exammple 127

1H NMR (400 MHz. CDCI3) 88.90 - 8.79 (m,
1H), 8.40 (s, 1H), 8.23 (s. 1H), 7.90 - 7.83 (m,
1H), 4.56 - 4.42 (mn, 1H), 3.67 - 3.59 (m, 1H), 3.43
(s, 3H). 3.41 - 3.34 (n1, 1H), 3.23 - 3.15 (m, 1H),
3.14-3.05 (m, 1H), 2.89 - 2.82 (m, 2H), 2.33 -
2.24 (m, 1H), 2.18 - 2.08 (m, 1H), 1.99 (s, 1H),
1.84 (br.s., 1H), 1.77 - 1.66 (m, 2H), 1.06 (¢, J =
7.2 Hz, 3H)

438.55

439.2

Example 128

1H NMR (400 MHz, CDCI3) 35.69 - 8.56 (m,
1H), 8.55 - 8.22 (m, 2H), 8.05 (s, 1H), 7.89 (s,
1H), 7.45 (br. d, J = 7.3 Hz, 1H), 4.62 (br. s, 1H),
434 (br. 5. 1H), 3.23 (br. d. § = 12.0 Hz, 2H), 3.10
-2.93 (m, 2H). 2.48 - 2.32 (m, 1H), 2.14 - 1.97 (m.
1H)

405.1

Example 130

1H NMER (400 MHz, CDCI3) 62.66 (s, 1H), 8.32
(br.s., 1H), 8.18 - 5.03 (1, 1H), 7.95 - 7.86 {m,
1H), 7.56 - 7.37 (m, 1), 4.68 - 4,49 (m, 1H), 4.29
411 (m, 1THD, 349 -3.34 (m, 3HD, 3.13 (brd., J =
1.8 Hz, 1H), 228 (td, F = 3.6, 139 Hz, 1H), 2.14 -
1.9G (m, 1H)

402.37

443.1

Starting with N, N-dimethyl-
1H-indole-7-sulfonamide
{from Exaniple 96),
following Examples 36 and
11 and then Examples 23
and 1 for the final steps.

"H NMR (300 MHz, DMSO) 6 11.67 (s, LH), 8.75
—R.52 (m, 28, 8.33 (s. 1H), 7.96 (d, J = 8.0 Hz,
1H), 7.86 (s, 1H), 7.59 ¢, J = 7.3 Hz, 1H), 7.39
(dt, J = 15.7,7.9 Hz, 1H), 4.05 (s, 1H), 3.18 (s,
1H), 2.94 (s, 1H), 2.68 (d, J = 11.8 Hz, 6H), 2.64 -
2.54 (m, 2H), 1.99 (d, J = 24.5 Hz, 1H), 1.75 (s,
16D, 1.53 (s, 2H).

469.1
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L n "H NMR (500 MHz, DMSO) & 11.79 (brs, 1H),
starting from J-(2- 8.55 (s, 0.5H: rotamer 1}, 8.53 (s, 0.5H; rotamer
(methylsulfonyi}-3- 2\ Q 59 ‘(’j‘ ”(‘ 5 )’q ‘ M .
(triflucromethylpyrimidin- ), 8. ( .4 =79 Hz, 0.5H; rotamer 1), 845(). !\Vblb,
4—-3/1}E—(pheny]%u]fony])~ EH), 8.19 {/d, f=79 Hz, OSH, rotamer 2\}, 786~
172 4[H~il’id(ﬂre and fOHOWillg 7.71 {(m, ZH), 7.49 (t, J=8.7Hz 1H), 722 -7.18 375.39 376.3
Examples 97 (compound (m, 1H), 7.18 - 7.12 (m, 1H), 3.82 - 3.72 (m, 1),
A), 1, and 2. Note: 317 =311 (m, 1H), 3.03 -2.91 (m, 1H), 2.60 -
s{@r@@éh@mist]'y tgnta'{iveiy 2.533 (m, 1H), 2.47 - 2.38 {m, 1H), 1.79 - 157 (m,
assigned. 2H), 1.33 - 1.17 (m, 1H), .99 - 0.92 (i, 3H).
. " "H NMR (500 MHz, DMSO) & 11.80 (brs, 1H),
E:}tarmlg frc?m 3-(2- 8.56 (5, 0.5H; rotamer 1), 8.33 (s, 0.5H; rotamer
(methylsulfonyi}-3- 2 849 (d J = 7.9 He. 0.5H- rotar oy e
(triflucromethylpyrimidin- ), 8. ( SS=79 ﬁz, 0.5H; rotamer 1), 845(). !\Vblb,
4—-3/1}E—(pheny]%u]fony])~ EH), 8.19 {/d, f=78 Hz, OSH, rotamer 2\}, 786~
173 4[H~il’id(ﬂre and fOHOWillg 7.72 {(m, ZH), 7.49 (t, J=8.6Hz 1H), 723 -7.18 375.39 376.3
Examples 97 (compound B), | (m 1), 7.18 - 7.12 (m, 1H), 3.84 - 3.74 {m, 1H),
i.and 2. Note: 348-3.12 (m, 1H),3.05-2.93 (m, i1H), 2.62 -
s{@r@@gh@mist]'y tgnta'{iveiy 2.52 (m, 1H), 2.49 - 2.40 {m, 1H), 1.80 - 1.61 (m,
assigned. 2H), 1.34 - 1.19 (m, 1H), (.99 - 0.93 (i, 3H).
1H NMR (400 MHz, MeOD) 6 8.55 (s, 1H), 8.34
(br. s, 1H), 8.49 - 8.15 (m, 1H), 7.92 (s, 1H), 7.75
(s, 1HD, 739 (br. d, J = 8.3 Hz, 1H), 7.22 - 6.86
374 Example 131 (ro, 1H), 4.31 (br. s, 1H), 3.58 - 3.44 (m, 1H), 3.26 | 443,12 | 4441
(br.d, F=13.6 Hz, 1H), 3.02-2.88 ¢, 2H), 2.27 -
214 (m, 1H}, 2.09 - 1.99 (m, 1H}, 1.92 - 1.66 (m,
2H).
1H NMR (400 MHz, CDCI3) 6 8.65 (s, 1H), 8.54
{br. s, 1H), 8.41 (br. 5, 1H), 8.16 (br. s, 2H), 7.74
. L e (br. s, 1H), 6.81 - 6.53 (m, 1H), 4.34 (br. 5, 1H), ) ) s
3735 Example 132 3.64 - 3.43 (m, 1H), 3.30 - 3.24 (m, 1H), 3.00 - 47544 1 4760
2.87 (m, 2H), 2.19 (br. s, 1H), 2.08 (hr. d, J = 14.7
Hz, 1H), 1.92 - 1.64 {(m, 2H)
1H NMR (400 MHz, MeOD) 6 7.67 - 7.61 (m,
2H), 7.53 {br 4, 3=1.8 Hz, 3H), 4.58 - 4.35 (i,
376 Example 133 2H3, 3.85 - 3.67(m, 28H), 3.16 - 2.83 (m, 3H), 2.00 | 218.18 | 2192

-1.91 {m, 1H), 1.61 - 1.49 (m, IH), 1.19 (s, 3H).
1.10 (s, 3H)
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. . Found
(’Omi‘md Done as "H NMR Caled. Mass
# Mass (MEH™)
"H NMR (500 MHz, DMSO) & 12.26 (brs, 1H),
8.62 (5, 0.5H; rotamer 1), 8.37 (s, 0.5H; rotamer
2y, 8.51 (d, /=83 Hz, 0.5H; rotamer 1), 8.32 {(d, J
Starting with 7-methylene- | = 8.3 Hz, 0.5H; rotamer 2), 8.24 (s, 1H), 8.07 (4. 7
5-tosyl-3- = 4.1 Hz, 1H), 8.02 (s, 0.5H; rotamer 1), 8.00 (s,
177 3335¥3if0[3-5]119113§1@l (f-‘ 0.5H; rotamer 23, 7.80 (d, J= 8.1 Hz, 0.5H; 426.44 | 4273
Org. C;’;em. 2803, 68(11), | yoramer 1. 7.75 (d, 7 = 8.4 Hz, 0.5H; rotamer 2),
4286) and following 747 (6, J= 7.5 Hz, 1H), 3.90 (brs, 15, 2.97 - 2.91
Example 98 {compound A} | 115y 2 59 2,53 (m, 1H), 2.00 — 1.91 (m, 1H),
1.89 — 1.79 {(m, 5H), 1.77 - 1.66 (my, 2H), 1.61 -
1.49 (m, 1H), 1.47 — 1.39 (m, 1H).
'H NMR (500 MHz, DMSO) § 12.30 (brs, 1H),
8.62 (s, 0.5H: rotamer 1), 8.57 (s, 0.5H.; rotamer
2y, 8.51 (d, J= 8.4 Hz, 0.5, rotamer 1), 8.32 (d, J
Starting with 7-methylene- | = 8.4 Hz, 0.5H; rotamer 2), 8.23 (s, 1H), 8.07 (4, J
5-tosyl-5- ( =4.7 Hz, 1H), §.02 {s. 0.5H: rotamer 1), £.00 (s,
azaspiro{3.5]nonane (J. (.5H; rotamer 23, 7.81 (d, /= 8.1 Hz, 0.5H; Yy Y
378 Org. Chem. 2003, 68(11), | yoramer 1), 776 (d, J = 8.1 Hz, 0.5H; rotarner 2), 2644 | 4273
4286) and following TA7 (1, J=7.6 Hz, 1H), 3.91 (brs, 1H), 2.97 - 2.91
Example 98 (compound B). | (1, 111y 250 -2.92 ¢, 1H), 1.99 ~ 1.91 (m, 1H),
1.91 - 1.79 (m, 5H), 1.77 - 1.67 (m, 2H), 1.61 —
L850 (m, 1D, 1.49 ~1.40 (m, 1H).
Starting with (8)-fert-butyl
3-{(4-(6-bromo-1- ' NMER (500 MHz, DMSO) 6 12.09 (brs, 1HD,
(phenylsulfonyl)-1H-indol- | 8.61 (s, 0.5H; rotamer 1), 8.57 {s, 0.5H; rotamer
3-y1)-5- 2), 547 — 822 (m. 2H), 7.97 (d, J = 9.0 Hz, 1),
170 <tiiﬂu<(>mmétjfa}{i}pyﬁfnié{in- 7.9 - 7.83 {m, 2H), 7.47 - 7.35 (m, 1H), 402 465.45 | 466.2
Z-yhaminojpiperidine-1- (hrs, 1H), 3.18 {brs, 1H), 2.95 {brs, 1H), 2.61 (brs,
carboxylate and 1H), 2.04 - 1.84 (m, 5H), 175 (brs, 1H), 1.53 (brs,
diethylphosphine oxide 2H). 1.02 — 0.88 (m. 6H).
following Examples 94 and ’
>
1H NMR (400 MHz, MeOD} 6 8.71 - 8.63 {m,
0.3H), 8.61 (s, 1H}, 8.55 - 8.32 (m, 1H), 8.08 -
s . e 8.01 (m, 1H), 7.96 (s, 1H), 7.58 - 7.47 (m, 1H}, -
380 Example 134 6.56 (s, 1H), 4.43 -(4.24 (}m, 1H), 3.62 ( 349 (m, | D912 460
1H), 3.29 - 3.22 (mm, 1H), 3.07 - 2.90 (m, 2H), 2.27
-2.00 (m, 2H), 1.93 - 1.68 (m, 2H)
1H NMR (400 MHz, MeOD) 6 ppm 8.73 - 8.36
{my, ZH), 8.28 - 8.06 (m, ZH), 7.94 - 7.68 (m, 1H),
381 Example 135 4.67 - 4.24 (m, 1H), 4.05 - 3.56 (m, 2H), 3.28 - 479.16 | 43801

3.01 (m, SH), 2.97 - 2.86 (m, 1H), 2.37 - 1.85 (m,
3H), 1.84-1.61 (m, 1H}), 1.23-0.85 (m, 4H)
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- . .. Found
Lomgiomd Done as "H NMR (\/‘ii(i Mass
# 4 tudul (N1H+)

IH NMR (400MEz, MeOING 8.94 (br s, 1H), 8.74
(brd,J=174Hz, 1H), 831 (br &, F = 4.2 Hz, 1H),
7.66 (brd, F =82 Hz, 1H), 3.55 (brs, 1H), 3.34 (5,
382 Example 136 3H), 320 (brs, 1HD), 3.02 (e d, § = 12.7 Hz, 1H), 458.13 | 459.10
275(brdd, ¥ =5.58,12.3 Hz, 2HD), 2.06 - 1.85 (m,
IH), 157 - 142 (o, iHD), L.16(br d, § = 4.8 Hz,
3H), 1.03 (s, 3H)

1H NMR (400 MHz, MeOD) ¢ 8.69-8.40 (m, 2H},
8.24-8.12 (m, 1H), 8.12-8.05 (m, 1H), 7.85-7.65
{m, 1H), 3.78 - 3.75 (m, 1H), 3.31 - 3.27 (m, 4H),
3,13 (s, 3H), 3.00 - 2.65 (m, 2H), 2.06 - 1.93 (m,
1H), 1.72 - 1.51 (m, 1H), 1.43-1.33 (m, 3H), 1.27
{br g, 3H), 1.17-1.04 {(br s, 3H)

396 Example 129 495.19 | 496.1

18521 Example 142, Inhibition of CDK Kinase Activity, Compounds of the invention were

assayed for inhibition of CDK7, CDESY, CDK12, and CDK?2 activity at Biortus Biosciences

(Jiangyin, Jiangsu Province, P.R. of China) using kinase assays for each CDK developed with a
Calipet/LabChip EZ Reader (Perkin Elmer, Waltham, MA). These assays measure the amount of
phosphorylated peptide substrate produced as a fraction of the total peptide following an
incubation period at 27 °C with the following components: test compounds (variable
concentrations from 10 uM down to 0.508 nM in a series of 3-fold serial dilutions), active CDK
kinase protein (with the indicated Cyclin, listed below for each CDK), ATP (2 mM), and
substrate peptide (listed below) in the following buffer: 2-(N-morpholino)ethanesul{onate (MES
buffer, 20 mM), pH 6.75, 0.01% (v/v) Tween 20 detergent, (.05 mg/mL bovine serum albumin
(BSA).

[853] Specifically, the CDK7 inhibition assay used CDK7/Cyclin H/MATI complex (6 nM)
and “5-FAM-CDK7ude” peptide substrate (2 uM, synthesized fluorophore-labeled peptide with
the following sequence: 5-FAM-YSPTSPSYSPTSPSYSPTSPSKKKE, where “5-FAM” means
S-carboxyfluorescein) with 6 mM MgCl, in the buffer composition listed above. Fusthermore,
the CDK?Y inhibition assay used CDK9/Cyclin T1 complex (8 nM) and “5-FAM-CDK9tide”
peptide substrate (2 1M, synthesized fluorophore-labeled peptide with the following sequence:

5-FAM-GSRTPMY-NH, where 5-FAM is defined above and NH, significs a C-terminal amide)
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with 10 oM MgCl, in the buffer composition listed above. The CDK12 inhibition assay used
CDK12 (aa686-1082)/Cyclin K complex (50nM) and “5-FAM-CDK9tide” (2uM) as definied
above, with 2mM MgCl; in the buffer composition above. Additionally, the CDK2 inhibition
assay used CDK2/Cychin E1 complex (0.5 nM) and “5-FAM-CDK7tide” (2 uM) as defined
above, with 2 mM MgCl, in the buffer composition listed above.

{854} The incubation pertod at 27 °C for each CDK inhibition assay was chosen such that the
fraction of phosphorylated peptide product produced in each assay, relative to the total peptide
concentration, was approximately 20% (+5%) for the uninhibited kinasce (35 min. for CDK7, 35
min. for CDK2, 3 hr. for CDK12, 15 min. for CDK9). In cases where the compound titrations
were tested and resulted in inhibition of peptide product formation, these data were fit to produce
best-fit ICs; values. The results of these assays are shown below in Table 1 where “A”
represents a calculated FCs of less than 20 nM; “B” represents a calculated 1Csp of between 20
1M and less than 200 nM; “C” represents a calculated 1Csp of between 200 oM and less than S
uM; “D¥’ represents a calenlated ICsq of greater than or equal to 5 uM, and “NT” represcnts that
the specified compound was not tested in the specified assay.

[835] Table 1. Inhibitory Activity of Selected Compounds of the Invention Against CDK2,
COK7. CDES, and CDK12.

CDK CDK
Compound | CDK2 | CDR7 | CBDK% | 12 Compound | CDK2 | CDK7 | CDK® | 12
100 C A C C 113 D B D C
101 C C C C 114 C B C C
102 C A B B 115 D C D D
103 C A C B 116 D D D D
104 C B C B 117 C B C C
105 D B D C 118 ¢ A C B
106 D B C b 119 D B C C
107 C B C B 120 D C D N
108 C B C C 121 C B C C
109 C A C B 22 D C C D
110 C B C C 123 D B C D
111 C A B B 124 C A C B
112 C A C B 125 D B D D
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CDBK DK
Compound | CDR2 | CDK7 | CDK9 12 Compound | CDKZ | CDK7 | CDK9 12
126 C B C C 165 C A C C
127 C C C D 166 B A C C
128 D D D) D 167 C A C B
129 NT B NT C 168 D C D D
130 NT D NT D 169 D B D C
131 D D D D 170 C A C B
132 D C C D 171 C A C C
133 B A C B 172 C A C C
134 D D D D 173 C A C C
135 D B D D 174 C A C C
136 C A C C 175 C A B C
137 C A C C 176 C A C C
138 C B C C 177 D B D C
139 D B D) D 178 D B D C
140 D C D D 179 C A C C
141 C A C C 180 B A C B
142 C A C C 181 C A C C
143 C A C C 182 D B C C
144 C A C C 183 C B C D
145 D B D C 184 B A B B
146 D D D D 185 B A C C
147 B A C C 186 C A C C
148 D B C C 187 D B D C
149 C B C C 188 C A C C
150 C B C C 189 D C D D
151 D C D D 190 C A C C
152 C A C C 191 C A C C
153 B A C B 192 C B C C
154 D B C C 193 C B C C
155 b B C b 194 C A C C
156 C A C C 195 D C D D
157 C A C C 196 C A C C
158 D C D C 197 C A C C
159 B B C C 198 C A C C
160 C A C C 199 C A C C
161 C A C C 200 C A C C
162 NT B C C 201 C A C B
163 NT B C C 202 C A C D
164 NT B 8 C 203 C A C C
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CDBK DK
Compound | CDR2 | CDK7 | CDK9 12 Compound | CDKZ | CDK7 | CDK9 12
204 D A D C 243 C A C B
205 D A D C 244 ¢ B D C
206 D B C C 245 C A D C
207 C A C C 246 D A D D
208 D B D C 247 D C D D
209 D C D D 248 C A C C
210 D C D D 249 D A D C
211 C B C C 250 C A D C
212 C A C C 251 C A C C
213 D B D C 252 C B D D
214 C B C C 253 B A C B
215 D B D) D 254 D C D D
216 C C D D 255 C A C C
217 C A C C 256 b B D b
218 C A C C 257 D B D D
219 C A C C 258 C A C C
22¢ D A D C 259 C A C C
221 D A D D 260 D C D C
222 C B 8 C 261 C B C C
223 C A C C 262 C A C C
224 b A C b 263 D A D D
225 C A C C 264 D B D C
226 C A C C 265 b C C b
227 C A C C 266 C B C C
228 C A C C 267 C B C C
22¢ C A C C 263 D C D C
230 C A C C 269 C A C C
231 D D D D 270 C A C C
232 C A C C 271 D B D D
233 b A C b 272 C A C C
234 D C D D 27 D C D D
235 C A C C 274 C A C C
236 C A C C 27 C A C C
237 C B D C 276 D B D D
238 D C D D 277 C A C C
239 D C D D 278 C B D C
240 C B C C 279 D B D D
241 C B C C 280 D B D ¢
242 D B 8 C 281 C A C C
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CDBK DK
Compound | CDR2 | CDK7 | CDK9 12 Compound | CDKZ | CDK7 | CDK9 12
282 C A D C 322 NT A NT C
283 D C D D 323 C A D C
284 C A C C 324 NT B NT C
285 D C D D 325 NT B NT C
286 C A C C 326 NT B NT C
287 D A D D 327 NT B NT C
289 C B C C 328 C A C C
290 C B C C 329 NT B NT C
291 C A C C 330 C A C C
292 C A C C 33 NT B NT C
293 C A C C 332 C A C C
294 C A C C 333 D A D b
295 D B D D 334 C B C C
296 D B D) D 335 C B C b
297 C A C C 336 C A C C
298 C A D C 337 NT B NT C
299 C A C C 3338 C B C C
300 C A C C 339 D B D C
301 D B D D 344 C B C C
302 C B C C 341 D C D D
303 f A 8 b 342 D B D b
304 D D D D 343 C B C C
305 C A C C 344 b B D b
306 C B D C 345 D C D D
307 D D D D 346 C B C C
308 C A C C 347 D B D C
309 D B D C 348 D B D D
310 C A D C 349 C A C C
311 C A C C 350 D B D ¢
312 NT B NT b 351 b A C C
313 C A C C 352 D D D D
314 C A C C 353 b A D C
315 NT B NT C 354 D B D C
316 C A D C 355 D B D C
317 NT B NT C 356 D B D D
318 C A C C 357 C A C C
319 NT B NT C 358 D B D D
320 NT B NT C 359 C A C C
321 D A D C 360 D B D D
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CDBK DK
Compound | CDR2 | CDK7 | CDK9 12 Compound | CDKZ | CDK7 | CDK9 12
361 D B 8 C 372 C B C C
362 D B D D 373 D B D D
363 D B D) D 374 C A C B
364 D B D D 375 C A C C
365 C A C C 376 C B D C
366 C B C C 377 D A C C
367 D B D D 378 D B D D
368 D B D C 379 D B D D
369 D B D D 380 C A C C
370 D B D C 381 D B D C
371 C A C C 382 C A C C

Example 143, Inhibition of Cell Proliferation.

18561 A673 Cells. A673 cells are a cell line derived from human muscle Ewing’s sarcoma.

Representative compounds of the invention were tested at different concentrations (from 4 uM

10126.4 pM; 0.5 log serial dilutions) for their ability to inhibit the proliferation of A673

cells. Known CDK inhibitors dinacichib or N-{({15.3R)-3-({5-chloro-4-(1 H-indol-3-yhpyrimidin-

2-yhamino)cyclohexyl)-5-((E)-4-(dimethylaminobut-2-enamido)picolinamide and triptohide

were used as positive controls. Cells were grown in Dalbecco's Modified Eagle's Medium, +

10% FBS +1mM Sodium Pyruvate. The cells were cultured at 37 °C in a humidified chamber in

the presence of 3% CO,. Proliferation assays were conducted over a 72 hour time

period. CyQUANT® (Life Technologies, Chicago. L USA) was used to assess the anti-

proliferative effects of the compounds following manufacturer’s divections and utilizing the

reagents supplied with the CyQUANT® kit. The results of the assay are shown below in Table 1

where “A” represents a calculated ICsq of less than 20 oM; “B” represents a calculated ICsp of

between 20 nM and less than 200 nM; “C” represents a calculated ICsy of 200 nM and less than §

uM; “D” represents a calculated ICsq of greater than 5 yM.

185871 HCC76 cells. HCCT0 cells are a cell line derived from huoman triple negative breast

cancer. Representative compounds of the invention were tested at different concentrations (from

4 uM t0126.4 pM; 0.5 log serial dilutions) for their ability to inhibit the proliferation of HCC70
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cells. Known CDK inhibitors dinacichib or N-((15,3R)-3-((5-chioro-4-(1 H-indol-3-y1) pyrimidin-
Z2-yvhamino)cyclohexyl)-5-((E)-4-(dimethylamino)but-2-enamido}picolinamide and triptolide
were used as positive controls. Cells were grown in ATCC-formulated RPMI-1640 Mediom
(ATCC 30-2001) + 10% FBS. The cells were cultured at 37 °C 10 a humidified chamber in the
presence of 5% CO,. Proliferation assays were conducted over a 72 hour time period.
CyQUANT® Direct Cell Proliferation Assay (Life Technologies, Chicago, IL USA) was used to
assess the anti-proliferative effects of the compounds following manufacturer’s directions and
utilizing the reagents supplied with the CyQUANT® Direct Cell kit. The results of the assay are
shown below in Table 2 where “A” represents a calculated ICs; of less than 100 nM; “B”
represents a calculated ICs of between 100 nM and less than 1000 oM; “C” represents a
calculated ICsp of between 1000 nM and less than 5 uM; “D7 represents a calculated ICsg of
greater than 5 uM.

{858} Table 2. Inhibition of Proliferation of A673 Cells and HCC70 Cells by Compounds of

the Invention.

Compound | A673 Cells | HCCT0 Cells Compound | A673 Cells | HCC70 Cells
100 A NT 122 C NT
101 B NT 123 C NT
102 A NT 124 A NT
103 B A 125 C NT
104 B B 126 NT NT
105 B NT 127 C NT
106 B NT 128 NT NT
107 A B 129 B NT
108 C NT 130 C NT
109 B B 131 C NT
110 B NT 132 C NT
P11 B NT 133 A NT
112 A A 134 C NT
113 C NT 135 ¢ NT
114 B NT 136 B NT
115 C NT 137 B NT
116 C NT 138 > NT
117 B NT 39 C C
118 B A 140 C NT
119 B NT 141 A A
120 NT NT 142 A NT
121 B NT 143 A NT
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Compound | A673 Cells | HCCT( Cells Compound | A673 Cells | HOCCT0 Cells
144 B B 186 B NT
145 C NT 187 B NT
146 B NT 188 B NT
147 A NT 189 C NT
143 B NT 190 A B
149 B NT 191 A NT
150 B NT 192 NT NT
151 B NT 193 NT NT
152 A NT 194 A NT
153 A NT 195 B NT
154 C NT 196 B NT
135 A NT 197 A NT
156 A NT 198 A NT
157 A NT 199 A B
158 B NT 200 B NT
159 C C 201 A NT
160 A NT 202 B NT
161 A A 203 A NT
162 A NT 204 b NT
163 B NT 205 C NT
164 A NT 206 C NT
165 B B 207 A NT
166 A A 208 B NT
167 A NT 209 B NT
168 C NT 210 ¢ NT
169 C NT 211 B NT
170 A A 212 A NT
171 A NT 213 B NT
172 A NT 214 B NT
173 B B 215 C NT
174 B NT 216 C NT
175 A C 217 B NT
176 A B 218 B NT
177 C NT 219 B NT
178 C NT 220 NT NT
179 A NT 221 ¢ B
180 A A 222 B NT
181 A NT 223 B NT
182 B NT 22 B NT
183 C NT 225 B NT
184 A NT 226 A NT
185 A A 227 B NT
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Compound | A673 Cells | HCCT( Cells Compound | A673 Cells | HOCCT0 Cells
22% B NT 270 NT NT
229 A NT 271 C NT
230 B NT 272 B NT
231 C NT 273 C C
32 A A 274 B NT
233 B NT 275 B NT
234 A NT 276 ¢ NT
235 C NT 277 B B
236 B NT 278 B B
237 NT NT 279 C C
238 C NT 280 NT B
239 C NT 281 NT B
240 NT NT 282 NT B
241 B NT 283 C C
242 B NT 284 B B
243 A NT 285 A A
244 C NT 286 C C
245 B NT 287 B B
246 C B 289 B B
247 C NT 290 B B
2438 NT NT 291 B B
249 B NT 292 B B
250 C C 203 NT B
251 A A 294 NT A
252 b NT 295 NT C
253 B NT 296 NT C
254 NT NT 297 NT A
255 B NT 298 NT B
256 C NT 299 NT C
257 C NT 300 NT B
258 B NT 301 NT C
259 B NT 302 NT B
260 C NT 303 NT B
261 A A 304 NT C
262 B NT 305 NT C
263 B B 306 NT B
264 A B 307 NT C
265 B NT 308 NT B
266 B NT 309 NT C
267 A A 310 NT B
268 C NT 311 NT C
269 NT B 312 NT B
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Compound | A673 Cells | HCCT( Cells Compound | A673 Cells | HOCCT0 Cells

313 NT B 349 NT B
314 NT B 350 NT B
313 NT C 351 NT A
316 NT B 352 NT C
317 NT C 353 NT A
31% NT B 354 NT C
319 NT C 355 NT B
320 NT C 356 NT B
321 NT B 357 NT C
322 NT B 358 NT B
323 NT B 359 NT A
324 NT B 360 NT C
325 NT B 361 NT B
326 NT B 362 NT NT
327 NT B 363 NT NT
328 NT A 364 NT C
329 NT B 365 NT B
330 NT A 366 NT C
331 NT B 367 NT C
332 NT A 368 NT C
333 NT C 369 NT B
334 NT B 370 NT B
335 NT B 371 NT A
336 NT A 372 NT B
337 NT B 373 NT C
338 NT B 374 NT A
339 NT C 375 NT B
340 NT C 376 NT B
341 NT C 377 NT B
342 NT C 378 NT C
343 NT B 379 NT C
344 NT B 380 NT A
345 NT C 381 NT C
346 NT B 382 NT A
347 NT B
348 NT B

Example 144. Comparison_of Compounds of the Invention with Structural Analogs

[859] Representative compounds of the invention were directly compared against those with a

stmilar structural scaffold that were previously described in co-pending PCT publication
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WO2015154039 using the enzymatic and cellular assays outlined Examples 1 and 2 above.
Table 3 below summarizes the resulting data, where “A” represents a calculated ICs of less than
20 oM; “B” represents a calculated ICso of between 20 nM and less than 200 nM; “C” represents
a calculated ICs; of 200 vM and less than 5 pM; “D” represents a calculated ICs; of greater than
5 uM.

{860} As shown in Table 3, representative compounds of forraula (I) had a lower ICsp value
against CDK7 and in A2137 cells compared with similar compounds bearing a cyclohexyl ring
in the place of the piperidioyl ring. These data suggest that compounds of formula (I) are highly
specific for CDK7.

i861] Table 3. Comparison of Compounds of the Invention with Structurally Related Analogs

Structure CDK2 CDK7 CDKY A673 Cells
C A B A

st

H
N E\TN/
H >
T NF

FF

Compound 102
HoN H C C D B
(AR N

Compound 103
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Structure CBhK2 CDK7 CDK® A673 Cells
C C C B

Equivalents and Scope

(8621 In the claims articles such as “a,” “an,” and “the” may mean one or more than one unless
indicated to the contrary or otherwise evident from the context. Claims or descriptions that
inclade “or” between one or more members of a group are considered satisfied if one, more than
one, or all of the group members are present in, employed in, or otherwise relevant to a given
product or process unless indicated to the contrary or otherwise evident from the context. The
invention includes embodiments in which exactly one member of the group is present in,
employed in, or otherwise relevant to a given product or process. The invention includes
embodiments in which more than one, or all of the group members are present in, employed in,
or otherwise relevant (o a given product or process.

{8631 Furthermore, the invention encompasses all variations, combinations, and permutations in
which one or more limitations, elements, clauses, and descriptive terms {rom one or more of the
fisted claims are introduced into another claim. For example, any claim that is dependent on
another claim can be modified to include one or more limitations found in any other claim that is
dependent oo the same base claim. Where elements are presented as lists, e.g., in Markush group
format. each subgroup of the elements is also disclosed, and any elemeni(s) can be removed from
the group. It should it be understood that, in general, where the invention, or aspects of the
invention, is/are referred to as comprising particular elements and/or features, certain
embodiments of the invention or aspects of the invention consist, or consist essentially of, such
elements and/or features. For purposes of sumplicity, those emsbodiments have not been
specifically set forth in haec verba herein. It is also noted that the terms “comprising” and
“containing” are ntended o be open and permits the inclusion of addiional elements or steps.

Where ranges are given, endpoints are included. Furthermore, unless otherwise indicated or
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otherwise evident from the context and understanding of one of ordinary skill 1o the art, values
that are expressed as ranges can assume any specific value or sub-range within the stated ranges
in different embodiments of the invention, to the tenth of the unit of the lower limit of the range,
unless the context clearly dictates otherwise.

[864] TThis application refers to various issued patents, published patent applications, journal
articles, and other publications, all of which are incorporated herein by reference. U there is a
conflict between any of the incorporated references and the instant specification, the
specification shall control. In addition. any particular embodiment of the present invention that
falls within the prior art may be explicitly excluded {rom any one or more of the claims. Because
such embodiments are deemed to be known to one of ordinary skill in the art, they may be
excluded even if the exclusion is not set forth explicitly herein. Any particular emabodiment of
the invention can be excluded from any claim, for any reason, whether or not related to the
existence of prior art.

i865] 'Those skilled in the art will recognize or be able to ascertain using no more than routine
experimentation many equivalenis to the specific embodiments described herein. The scope of
the present embodiments described herein is not intended to be limited to the above Description,
but rather is as set {orth in the appended claims. Those of ordinary skill in the art will appreciate
that various changes and modifications to this description may be made without departing from

the spirit or scope of the present invention, as defined in the following claims.



CLAIMS
What is claimed is:

1. A compound of formula I:

(R?)n
, or a pharmaceutically acceptable salt or

ring A is ;

X is C(R%);

each Y is, independently, C(R");

Zis C(R®);

R! is selected from hydrogen, -C1-Cs alkyl, -O-(Ci1-Cs-alkylene)-O-(C1-Cs-alkyl), -(Co-Ce
alkylene)-carbocyclyl, -C(0)-O-(Ci-Cs alkylene), -(C1-Cs alkylene)-NR!'-S(0)2-(C1-Ca
alkyl), -(C1-Cs alkylene)-NR'-SO2.N(R")2, -(C1-Cs alkylene)-S(0)2-(Ci-Ca alkyl), and -(Ci-
Cs alkylene)-S(0)2-N(R")2, wherein any carbocyclyl portion of R is optionally substituted,
and wherein any alkyl or alkylene portion of R! is optionally substituted with one or more
independently selected monovalent substituents;

each R! is independently selected from hydrogen and optionally substituted C1-Cs alkyl,
or

two R!" are optionally taken together with the nitrogen atom to which they are bound to
form a 4-6 membered, optionally substituted heterocyclyl or heteroaryl ring, wherein:

each R?, if present, is independently selected from =O, halo, -OH, -CN, -C1-Cs alkyl, -
(Co-Cs alkylene)-carbocyclyl, -(Co-Cs alkylene)-heterocyclyl, -(Co-Cs alkylene)-heteroaryl, -
(Co-Cs alkylene)-aryl, -(Co-Cs alkylene)-C(O)-heterocyclyl, -(Co-Cs alkylene)-
C(O)-heteroaryl, -O-(Ci1-Cs-alkyl), -O-(Ci-Cs-alkylene)-O-(Ci-Cs-alkyl), -O-(Ci-Cs-
alkylene)-carbocyclyl, -O-(Ci-Cs-alkylene)-heterocyclyl, -O-(Ci-Cs-alkylene)-heteroaryl, -O-
(Ci-Ce-alkylene)-aryl, -NH-C(O)-Ci-Cs alkyl, and -C(O)-NH-(unsubstituted Ci-Cs alkyl), or

R! and any R? are taken together with the atoms to which they are bound to form an
optionally substituted heterocyclyl or heteroaryl ring fused, spirofused or bridged to the
piperidine ring, or

two R? are taken together with the atom or atoms to which they are bound and any
intervening ring atoms to form an optionally substituted aryl, carbocyclyl, heterocyclyl or
heteroaryl ring fused, spirofused or bridged to the piperidine ring,

wherein any carbocyclyl, heterocyclyl, or heteroaryl portion of R?, any ring formed by
taking R! together with R?, or any ring formed by taking two R? together is optionally
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substituted, and wherein any alkyl or alkylene portion of R? is optionally substituted with one
or more independently selected monovalent substituents unless otherwise specified;

R? is selected from hydrogen, halo, -CN, optionally substituted -Ci-Cs alkyl, or optionally
substituted carbocyclyl;

R* is selected from halo, -CN, -C1-Cs alkyl, -C2-Cs alkenyl, C2-Cs alkynyl, -O-C1-Cs
alkyl, -S-Ci-Cs alkyl, and carbocyclyl, wherein any alkyl, alkenyl, alkynyl, or carbocyclyl
portion of R* is optionally substituted;

each R’ is independently selected from halo, -OH, -C1-Cs alkyl, -CN, -(Co-Cs alkylene)-
C(0O)OH, ~(Co-Cs alkylene)-C(O)-(C1-Cs alkyl), -(Co-Cs alkylene)-C(O)-N(R')z2, -(Co-Cs
alkylene)-S(0)2-(C1-Cs alkyl), -(Co-Cs alkylene)-S(O)2-N(R" )2, -(Co-Cs alkylene)-P(O)-O-
(C1-C4 alkyl)2, -(Co-Cs alkylene)-P(O)-(Ci-Cs alkyl)(O-C1-Cs alkyl), -(Co-Cs
alkylene)-P(O)(Ci-Cs alkyl)2, -(Co-Cs alkylene)-carbocyclyl, -(Co-Cs alkylene)-heterocyclyl,
-(Co-Cs alkylene)-heteroaryl, -(Co-Cs alkylene)-C(O)-heterocyclyl, -(Co-Cs alkylene)-
C(O)-heteroaryl, -O-(Ci1-Cs-alkyl), -O-(Ci-Ce-alkylene)-O-(Ci-Cs-alkyl), -O-(Co-Ce-
alkylene)-carbocyclyl, -O-(Ci-Ce-alkylene)-heterocyclyl, -O-(Ci-Ce-alkylene)-heteroaryl,
phenyl, -(C2-Cs alkenylene)-phenyl, -S(O)-(Ci-Cs alkyl), -S-(Ci-Cs alkyl), -S(O)-OH, and -
S(0)2-OH, wherein any alkyl, alkylene, alkenylene, carbocyclyl, heterocyclyl, phenyl, and
heteroaryl portion of R is optionally substituted; or

two vicinal R are taken together with the ring atoms to which they are bound to form an
optionally substituted carbocyclyl or optionally substituted heterocyclyl, wherein each
carbocyclyl or heterocyclyl is fused to ring A;

R¥ is selected from hydrogen, -CN, -Ci1-Cs alkyl, -(Co-Cs alkylene)-S(O)2-N(R ")z, -(Co-Cs
alkylene)-carbocyclyl, -(Co-Cs alkylene)-C(O)-N(R')2, -(Co-Cs alkylene)-aryl, -(Co-Ce
alkylene)-heterocyclyl, -(Co-Cs alkylene)-heteroaryl, -(Co-Ce alkylene)-S(O)2-(Ci-Cs alkyl), -
(C1-Cs alkylene)-O-(C1-Cs alkylene)-C(O)-N(R ')z, -(C1-Cs alkylene)-O-(C1-Cas alkylene)-
P(O)(Ci-Csalkyl)z, -(Ci-Cs alkylene)-O-(Ci-Ca alkylene)-P(O)(Ci-Cs alkyl)-O-(Ci-Cs alkyl),
-(Ci-Cs alkylene)-O-(Ci-Cs alkylene)-P(O)-(O-Ci-Cs alkyl)2, -(Ci-Cs alkylene)-O-(Ci-C4
alkylene)-S(0)2-(C1-Cas alkyl), -(C1-Cs alkylene)-O-(C1-Cas alkylene)-S(0)2-N(R! )2, -(C1-Cs
alkylene)-O-(Ci-Cs alkyl), -(Ci-Cs alkylene)-O-carbocyclyl, -(Ci-Ce alkylene)-O-heteroaryl, -
(Ci1-Cs alkylene)-O-heterocyclyl, -(Ci-Cs alkylene)-P(O)(Ci-Ca alkyl)2, -(Ci-Cs
alkylene)-P(O)(Ci-Ca alkyl)-O-(Ci-Cs alkyl), -(Ci-Cs alkylene)-P(O)-(O-Ci-Ca alkyl)2, -(Ci-
Cs alkylene)-C(O)-(Ci-Caalkyl), and -(Ci-Ces alkylene)-C(O)OH, wherein any alkyl, alkylene,
carbocyclyl, heterocyclyl and heteroaryl portion of R¥" is optionally substituted;

R and any R° are taken together with the ring atoms to which they are bound to form an
optionally substituted heterocyclyl, wherein each heterocyclyl is fused to ring A;

RS is selected from hydrogen, -CN, -CH3, -CH2F, -CHF2 and -CF3;

each R’ is independently selected from hydrogen and R3;

R? is selected from hydrogen and fluoro; and
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Iz _

nis 0, 1, 2, 3, or 4, wherein the compound is other than
stereoisomer or pharmaceutical salt thereof.

ora

2. A pharmaceutically acceptable solvate, hydrate, tautomer, or isotopically labeled

R'I
N/
(R?),
derivative of a compound of formula I (I), wherein
R L}
Y. r
m/ AN N\X
Y\Z/ Y
ring A is ;
X is C(R%);
each Y is, independently, C(R");
Zis C(R®);

R! is selected from hydrogen, -C1-Cs alkyl, -O-(C1-Ce-alkylene)-O-(C1-Ca-alkyl), -(Co-Ce
alkylene)-carbocyclyl, -C(0)-O-(Ci-Cs alkylene), -(C1-Cs alkylene)-NR!'-S(0)2-(C1-Ca
alkyl), -(C1-Cs alkylene)-NR!'-SO2.N(R")2, -(C1-Cs alkylene)-S(0)2-(Ci-Cs alkyl), and -(C1-
Cs alkylene)-S(0)2-N(R")2, wherein any carbocyclyl portion of R! is optionally substituted,
and wherein any alkyl or alkylene portion of R! is optionally substituted with one or more
independently selected monovalent substituents;

each R! is independently selected from hydrogen and optionally substituted C1-Cs alkyl,
or

two R! are optionally taken together with the nitrogen atom to which they are bound to
form a 4-6 membered, optionally substituted heterocyclyl or heteroaryl ring, wherein:

each R?, if present, is independently selected from =O, halo, -OH, -CN, -C1-Cs alkyl, -
(Co-Cs alkylene)-carbocyclyl, -(Co-Cs alkylene)-heterocyclyl, -(Co-Cs alkylene)-heteroaryl, -
(Co-Cs alkylene)-aryl, -(Co-Cs alkylene)-C(O)-heterocyclyl, -(Co-Cs alkylene)-
C(O)-heteroaryl, -O-(Ci1-Cs-alkyl), -O-(Ci-Cs-alkylene)-O-(Ci-Cs-alkyl), -O-(Ci-Cs-
alkylene)-carbocyclyl, -O-(Ci-Cs-alkylene)-heterocyclyl, -O-(Ci-Cs-alkylene)-heteroaryl, -O-
(Ci-Ce-alkylene)-aryl, -NH-C(O)-Ci-Cs alkyl, and -C(O)-NH-(unsubstituted Ci-Cs alkyl), or

R! and any R? are taken together with the atoms to which they are bound to form an
optionally substituted heterocyclyl or heteroaryl ring fused, spirofused or bridged to the
piperidine ring, or
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two R? are taken together with the atom or atoms to which they are bound and any
intervening ring atoms to form an optionally substituted aryl, carbocyclyl, heterocyclyl or
heteroaryl ring fused, spirofused or bridged to the piperidine ring,

wherein any carbocyclyl, heterocyclyl, or heteroaryl portion of R?, any ring formed by
taking R! together with R, or any ring formed by taking two R? together is optionally
substituted, and wherein any alkyl or alkylene portion of R? is optionally substituted with one
or more independently selected monovalent substituents unless otherwise specified;

R3 is selected from hydrogen, halo, -CN, optionally substituted -Ci-Cs alkyl, or optionally
substituted carbocyclyl;

R*is selected from halo, -CN, -C1-Cs alkyl, -C2-Cs alkenyl, C2-Cs alkynyl, -O-C1-Cs
alkyl, -S-Ci-Cs alkyl, and carbocyclyl, wherein any alkyl, alkenyl, alkynyl, or carbocyclyl
portion of R* is optionally substituted;

each R® is independently selected from halo, -OH, -Ci1-Cs alkyl, -CN, -(Co-Cs alkylene)-
C(O)OH, -(Co-Cs alkylene)-C(O)-(Ci1-C4 alkyl), -(Co-Cs alkylene)-C(O)-N(R!)2, -(Co-Cs
alkylene)-S(0)2-(C1-Cs alkyl), -(Co-Cs alkylene)-S(O)2-N(R! )2, -(Co-Cs alkylene)-P(O)-O-
(C1-C4 alkyl)2, -(Co-Cs alkylene)-P(O)-(Ci-Ca alkyl)(O-Ci-Ca alkyl), -(Co-Cs
alkylene)-P(O)(Ci-Cs alkyl)2, -(Co-Cs alkylene)-carbocyclyl, -(Co-Cs alkylene)-heterocyclyl,
-(Co-Cs alkylene)-heteroaryl, -(Co-Cs alkylene)-C(O)-heterocyclyl, -(Co-Cs alkylene)-
C(O)-heteroaryl, -O-(Ci1-Cs-alkyl), -O-(Ci-Cs-alkylene)-O-(Ci-Cs-alkyl), -O-(Co-Ce-
alkylene)-carbocyclyl, -O-(Ci-Ces-alkylene)-heterocyclyl, -O-(Ci-Cs-alkylene)-heteroaryl,
phenyl, -(C2-Cs alkenylene)-phenyl, -S(O)-(Ci-Cs alkyl), -S-(C1-Cs alkyl), -S(O)-OH, and -
S(O)2-OH, wherein any alkyl, alkylene, alkenylene, carbocyclyl, heterocyclyl, phenyl, and
heteroaryl portion of R? is optionally substituted; or

two vicinal R are taken together with the ring atoms to which they are bound to form an
optionally substituted carbocyclyl or optionally substituted heterocyclyl, wherein each
carbocyclyl or heterocyclyl is fused to ring A;

R is selected from hydrogen, -CN, -C1-Cs alkyl, -(Co-Cs alkylene)-S(0)2-N(R )2, -(Co-Cs
alkylene)-carbocyclyl, -(Co-Cs alkylene)-C(O)-N(R")2, -(Co-Cs alkylene)-aryl, -(Co-Ce
alkylene)-heterocyclyl, -(Co-Cs alkylene)-heteroaryl, -(Co-Ce alkylene)-S(O)2-(Ci-Cs alkyl), -
(Ci-Cs alkylene)-O-(C1-C3 alkylene)-C(O)-N(R ')z, -(C1-Cs alkylene)-O-(C1-Cs alkylene)-
P(O)(Ci-Csalkyl)z, -(Ci-Cs alkylene)-O-(Ci-Ca alkylene)-P(O)(Ci-Cs alkyl)-O-(Ci-Ca alkyl),
-(C1-Cs alkylene)-O-(C1-Cs alkylene)-P(O)-(O-Ci-Cs alkyl)2, -(Ci-Ce alkylene)-O-(C1-Ca
alkylene)-S(0)2-(C1-C4 alkyl), -(C1-Cs alkylene)-O-(C1-Cs alkylene)-S(O)2-N(R! )2, -(C1-Cs
alkylene)-O-(Ci-Cs alkyl), -(Ci-Cs alkylene)-O-carbocyclyl, -(Ci-Ce alkylene)-O-heteroaryl, -
(C1-Cs alkylene)-O-heterocyclyl, -(Ci-Ce alkylene)-P(O)(Ci-Ca alkyl)2, -(Ci-Ce
alkylene)-P(O)(Ci1-Cs alkyl)-O-(Ci-Cs alkyl), -(Ci-Cs alkylene)-P(O)-(O-Ci-Ca alkyl)2, -(Ci-
Cs alkylene)-C(O)-(Ci-Ca alkyl), and -(C1-Cs alkylene)-C(O)OH, wherein any alkyl, alkylene,
carbocyclyl, heterocyclyl and heteroaryl portion of R is optionally substituted;

R>" and any R’ are taken together with the ring atoms to which they are bound to form an
optionally substituted heterocyclyl, wherein each heterocyclyl is fused to ring A;

R is selected from hydrogen, -CN, -CH3, -CH2F, -CHFz and -CF3;

each R’ is independently selected from hydrogen and R>;

R3 is selected from hydrogen and fluoro; and
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nis 0, 1, 2, 3, or 4, wherein the compound is other than

3. The compound of claim 1, the salt or stereoisomer thereof, or the solvate, hydrate,
tautomer, or isotopically labeled derivative of claim 2, wherein R! is selected from hydrogen,
cyclopropyl, -CHs, -CH2CH3, -CH2CH20CH3, -CH(CH3)2, or -CH2CH(CH3)2, or wherein R!
is taken together with one R? and the ring atoms to which each are bound to form a ring

which, taken together with the ring to which R! and R? are bound, is N

4. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 3, wherein R! is hydrogen.

5. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of any one of claims 1-4, wherein each R?, if present, is independently selected
from halo, =0, -OH, -Ci-Cs alkyl, phenyl, heteroaryl, -C(O)-heterocyclyl, -NH-C(O)-Ci-Cs
alkyl, and -C(O)-NH-(unsubstituted Ci-Cs alkyl), wherein any heteroaryl or heterocyclyl
portion of R? is optionally substituted and any C1-C4 alkyl or phenyl portion of R? is
optionally substituted with one or more independently selected monovalent substituents; or,
either

(a) two R? bound to different ring atoms are optionally taken together with the atoms to
which they are bound and any intervening ring atoms to form an optionally substituted aryl
or cycloalkyl, fused or bridged to the piperidine ring; or

(b) two R? bound to the same ring atom are optionally taken together with the atom to
which they are bound to form an optionally substituted cycloalkyl spirofused to the
piperidine ring.

6. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 5, wherein n is 0, 1, 2 or 3, and each R?, if present, is independently
selected from fluoro, =0, -CH3, -CH2CH3, -OH, -CH(CH3s)2, -C(O)NHCH3, -
NHC(O)CH2CHs, 3-methyl-1,2,4-oxadiazol-5-yl, 1,2,4-triazolo[4,3-a]pyridin-3-yl, 8-
methylsulfonyl-1,2,4-triazolo[4,3-a]pyridin-3-yl, pyrrolidin-1-ylcarbonyl, 3-
hydroxypyrrolidin-1-ylcarbonyl, and unsubstituted phenyl, or

two R? on different atoms are taken together with the atoms to which they are bound and
any intervening ring atoms to form a ring which, taken together with the piperdine ring to

which both R? are bound, is ; or
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two R? bound to the same ring atom are taken together with the atom to which they are
bound to form a ring which, taken together with the piperdine ring to which both R? are

N N
, H , Or H )

7. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of any one of claims 1-6, wherein n is 0 and/or R? is hydrogen.

bound, is:

8. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of any one of claims 1-7, wherein R* is selected from hydrogen, halo, -CN,
optionally substituted Ci-Cs alkyl, optionally substituted C2-Cs alkynyl, optionally
substituted -O-C1-C4 alkyl, optionally substituted C3-Cs cycloalkyl, and -C(O)-optionally
substituted C1-Cs alkyl.

9. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 8, wherein R* is selected from chloro, fluoro, bromo, iodo, cyclopropyl, -
CN, -CF3, -CH2CF3, -CH2CH2F, -CH3, -CH2CH3, -CH2CH2CH3, -CH(CH3)2, -CH2CH(CHa3)z,
-OCH3s, -CH(OH)CHs, -CH=CH2, -C(O)CH3, -OCHF2, S-CH3s, -S-CHF2, -S-CF3, and -
C=CH.

10. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 9, wherein R* is selected from -CF3, -CH2CH3, and -CH2CH2F.

11. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of any one of claims 1-10, wherein each R’ is independently selected from
hydrogen, halo, -C1-Cs alkyl, -CN, -C(O)OH, -C(O)-(C1-Cs alkyl), -C(O)-N(R")2, -S(O)z2-
(C1-C4 alkyl), -CH2-S(0)2-(C1-Cs alkyl), -S(0)2-N(R")2, -P(O)(C1-Cs alkyl)-O-Ci-Cs alkyl, -
P(O)(O-(Ci-C4 alkyl))2, carbocyclyl, heterocyclyl, heteroaryl, -C(O)-heterocyclyl, -(Ci-Ca
alkylene)-S(0O)2-(Ci-Cs alkyl), -O-(Co-Ces-alkylene)-carbocyclyl, phenyl, -(C2-C4 alkenylene)-
phenyl, -S(O)-(Ci-Cs alkyl), -S-(Ci-Cs alkyl), -S(O)-OH, and -S(O)2-OH, wherein any alkyl,
alkylene, alkenylene, carbocyclyl, phenyl, heterocyclyl or heteroaryl is optionally substituted.

12. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 11, wherein R’ is selected from hydrogen, fluoro, chloro, bromo, -CN, -
CH3, -CH2CH2C(CH3)20H, -C(0)-CHs, -C(O)OH, -C(O)-NH-CHs3, -P(=0)(OCH2CH3)2, -
P(=0)(OCH2CH3)CH3, -S(0)2CHs, -P(O)-(CH3)2, -P(O)-(CH2CH3)2, -S(O)2N(CH3)2, -
S(0O)2CH(CH3)z2, -S(0)2CHzF, -S(0)2CHF2, -SCHF2, -S(O)CHF2, -S(O)OH, -S(0)20H, -
S(O)2NHCH3, -(CH2)4CH3, -CH2S(0)2CHs, -S(O)2-CH2CH3, 1H-pyrazol-4-yl, 1-
methylpyrazol-4-yl, 1,3-dimethyl-pyrazol-4-yl, 5-methyl-1H-pyrazol-4-yl, 1-methyl-2-
oxoimidazolidin-3-yl, 4-methylimidazol-1-yl, morpholin-4-yl, pyridin-4-yl, pyridazin-4-yl,
4-hydroxycyclohexyl, 4-hydroxy-4-methylcyclohexyl, 5S-methyl-1,2,4-triazol-3-yl, 5-methy],
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1,2,4-oxadiazol-3-yl, 1,3-dimethylpyridazin-4-yl, 1,5-dimethylpyridazin-4-yl, 3-methyl-1H-
pyridazin-4-yl, 1-(2-methyl-2-hydroxypropyl)pyridazin-4-yl, imidazol-1-yl, 1-methyl-5-
cyanopyrrol-3-yl, 5-cyano-1H-pyrrol-3-yl, and pyridazin-4-yl, 1H-pyrazol-3-yl, 1-
difluoromethyl-pyrazol-3-yl, 1-difluoromethyl-pyrazol-4-yl, 1-methylpyrazol-3-yl, 3-methyl-
1H-pyrazol-4-yl, 3-methyl-3-hydroxypyrrolidin-1-ylcarbonyl, 3-hydroxypyrrolidin-1-
ylcarbonyl, 4-hydroxycyclohexyl, 4-hydroxycyclohex-1-enyl, 1,1-dioxothiomorpholin-4-yl,
4-cyano-1H-imidazol-1-yl, 2,3-dimethyl-1,2,4-triazol-5-yl, 1,5-dimethyl-pyrazol-4-yl,
pyridin-3-yl, 1-(2-methyl-2-hydroxypropan-1-yl)pyrazol-4-yl, pyrrolidin-1-yl, pyrrolidin-1-
ylcarbonyl, 1H-pyrazol-2-yl, 3-hydroxy-3-trifluoromethylpyrrolidin-1-ylcarbonyl, 3-
methoxypyrrolidin-1-ylcarbonyl, 3-cyanopyrrolidin-1-ylcarbonyl, 4-hydroxy-4-
methylpiperindin-1-ylcarbonyl, 3-oxopyrrolidin-1-ylcarbonyl, 3-(pyrrolidin-1-
ylcarbonyl)phenyl, 3-phenoxyphenyl, thiazol-2-yl, pyrazin-2-yl, 2,4-dioxo-1H,3H-pyrimidin-
5-yl, 3-methyl-3-hydroxypyrrolidin-1-ylsulfonyl, 5-flluoropyridin-3-yl, 2-hydroxpyridin-3-
yl, 3,3-difluoro-4-hydroxy, 3,5-dimethyloxazol-4-yl, 3-fluorophenyl, 4-methylpyridin-3-yl,
2-hydroxymethylpyridin-3-yl, 6-hydroxymethylpyridin-2-yl, 5-hydroxymethylpyridin-3-yl,
1-methyl-6-oxopyridin-3-yl, 4-aminosulfonylphenyl, 3-aminosulfonylphenyl, 3-hydroxy-3-
ethylpyrrolidin-1-ylcarbonyl, 3-cyano-4-hydroxyphenyl, benzo[d]thiazol-6-yl, 2H-indazol-6-
yl, 1H-benzoimidazol-5-yl, 2-0x0-3-cyano-4-methylpyridin-5-yl, 2-aminobenzo[d]thiazol-2-
yl, 3-aminocarbonylphenyl, 6-trifluoromethyl-1H-pyrrolo[3,2-c]pyridin-3-yl, 2-
aminoquinazolin-8-yl, styryl, 1-methyl-1H-indazol-6-yl, 2,3-dihydrobenzo[b][1,4]dioxin-7-
yl, 2-ethoxyphenyl, 3-(2-hydroxyethyl)phenyl, 3-(methylcarbonylaminomethyl)phenyl, 1-
methyl-6-trifluoromethyl-1H-pyrrolo[3,2-c]pyridin-3-yl, quinolin-4-yl, isoquinolin-5-yl,
isoquinolin-7-yl, and 2-ox0-3,4-dihydroquinolin-7-yl.

13. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 12, wherein R’ is selected from hydrogen, fluoro, -CN, -S(0)2CH3, -
S(O)2NHCH3, 3-hydroxy-pyrrolidin-1-ylcarbonyl, 3-hydroxy-3-methyl-pyrrolidin-1-
ylcarbonyl, and 1H-imidazol-2-yl.

14. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of any one of claims 1-13, wherein R¥" is selected from hydrogen, Ci-C4 alkyl, -
(Co-Cs alkylene)-aryl and -(Ci-Cs alkylene)-O-(Ci-Cs alkyl).

15. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 14, wherein R® is selected from hydrogen, methyl, isopropyl, -CH2-O-

CH3, -(CH2)2-O-CH3, and phenyl.

16. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of any one of claims 1-15, wherein RS is selected from hydrogen and methyl.

17. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 16, wherein R® is hydrogen.
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18. The compound of claim 1, the salt or stereoisomer thereof, or the solvate, hydrate,
tautomer, or isotopically labeled derivative of claim 2, wherein the compound is a compound
of formula (II):

(IT), wherein:

Y? is C(R®);

each of R** and R? is independently selected from hydrogen and C1-Cs alkyl; or

R?* and R?® are taken together to form a cycloalkyl or a heterocycle spirofused to the
piperidine ring, wherein said the cycloalkyl or heterocycle is optionally substituted with one
or more independently selected Ci-Ca alkyl or Ci-Cs haloalkyl;

R s selected from hydrogen, -C(O)-(Ci-C4 alkyl), -CN, and heteroaryl optionally
substituted with one or more independently selected Ci-Cs alkyl or Ci1-C4 haloalkyl;

R7¢ is selected from hydrogen, halo, -S(0)2-(C1-Cs alkyl), -P(O)(C1-C4 alkyl)2, -C(O)NH-
(C1-Cs alkyl), -C(O)N(Ci-Cs alkyl)2, -S(O)2NH-(Ci1-Cs alkyl), -S(O)2N-(C1-Cs alkyl)2, and
heteroaryl optionally substituted with one or more independently selected Ci-Cs alkyl or Ci-
C4 haloalkyl; and

R is selected from C1-C3 alkyl and C1-Cs haloalkyl.

19. The compound of claim 1, the salt or stereoisomer thereof, or the pharmaceutically

acceptable solvate, hydrate, tautomer, or isotopically labeled derivative of claim 2, wherein
the compound is a compound of formula (III):

NH

R2a R2b

(III), wherein:

Y3 is C(R);

each of R?® and R" is independently selected from hydrogen and Ci-C3 alkyl; or

R?* and R?® are taken together to form a cycloalkyl or a heterocycle spirofused to the
piperidine ring, wherein the cycloalkyl or heterocycle is optionally substituted with one or
more independently selected Ci-Cs alkyl or Ci-Cs haloalkyl;

R is selected from hydrogen, -C(O)-(Ci-C4 alkyl), -CN, and heteroaryl optionally
substituted with one or more independently selected Ci-Cs alkyl or Ci-Cs haloalkyl;

R’¢ is selected from hydrogen, halo, -S(0)2-(C1-C4 alkyl), -P(O)(C1-Cs alkyl)2, -C(O)NH-
(C1-Cs alkyl), -C(O)N(Ci-Cs alkyl)2, -S(O)2NH-(Ci1-Cs alkyl), -S(O)2N-(C1-Cs alkyl)2, and
heteroaryl optionally substituted with one or more independently selected Ci-Cs alkyl or Ci-
C4 haloalkyl; and
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14 s selected from C1-C3 alkyl and C1-Cs haloalkyl.

20. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 18 or claim 19, wherein:

R? is selected from hydrogen and -CH3;

R?" is selected from hydrogen, -CH3, -CH2CH3, and -CH(CH3)2; or

R?* and R?® are taken together to form oxetan-3-yl;

R74is selected from hydrogen, -C(O)CHs3, -CN, pyridin-3-yl, pyridin-4-yl, 1-methyl-5-
cyanopyrrol-3-yl, 1-methylpyrazol-4-yl, 1-methylpyrazol-3-yl, 1H-pyrazol-4-yl, 1H-pyrazol-
3-yl, 1H-imidazol-2-yl, 1,3-dimethylpyrazol-4-yl, 1,5-dimethylpyrazol-4-yl, 1,5-dimethyl-
1,2,4-triazol-3-yl, imidazol-1-yl, 1-difluoromethylpyrazol-3-yl, 1-difluoromethylpyrazol-4-yl
and thiazol-2-yl;

R’¢ is selected from hydrogen, fluoro, chloro, bromo, -CN, -P(O)(CH3)2, -
S(0O)2CH(CH3)z2, -S(0)2CH2CH3, -S(0)2N(CHs)2, -C(O)NHCH3, pyridin-4-yl, pyridazin-4-yl,
5-methyl-1H-pyrazol-4-yl, 1-methylpyrazol-4-yl, 4-methyl-1H-imidazol-1-yl, 1H-
benzo[d]imidazol-5-yl, 6-(trifluoromethyl)-1H-pyrrolo[3,2-c]pyridin-3-yl, 1-methyl-6-
(trifluoromethyl)-1H-pyrrolo[3,2-c]pyridin-3-yl, isoquinolin-7-yl, isoquinolin-5-yl, pyrazin-
2-yl, 2H-indazol-6-yl, 3,5-dimethylisoxazol-4-yl, thiazol-2-yl, 4-methylpyridin-3-yl, 1-
methylindazol-6-yl, quinolin-4-yl, benzo[d]thiazol-6-yl, and 1,3-dimethylpyrazol-4-yl; and

R is selected from -CH3, -CF3, -CH2CH3, -CH2CF3, -CH2CH2F, and -CH(CH3)a.

21. The compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of claim 19, wherein:

R? is selected from hydrogen and -CH3;

R?® is selected from hydrogen, and -CH3;

" s selected from hydrogen, -CN, pyrazin-2-yl, thiazol-2-yl, and 3,5-dimethylisoxazol-

4-yl;

R7¢ is selected from hydrogen, fluoro, -C(O)NHCH3, -P(O)(CH3)2, -S(0)2CHs, -
S(O)2N(CHs)2, 1,3-dimethylpyrazol-4-yl, and pyridazin-4-yl; and

R!* is selected from -CH2CH3, and -CFs.

22. The compound of claim 1, the salt or stereoisomer thereof, or the solvate, hydrate,
tautomer, or isotopically labeled derivative of claim 2, wherein the compound is:
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23. A pharmaceutical composition comprising the compound, salt, stereoisomer, solvate,
hydrate, tautomer, or isotopically labeled derivative of any one of claims 1-22 and a
pharmaceutically acceptable excipient.

24. A compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically labeled
derivative of any one of claims 1-22 or a pharmaceutical composition of claim 23 for use in
treating a subject suffering from cancer, a benign neoplasm, angiogenesis, an inflammatory
disease, an autoinflammatory disease, an autoimmune disease, or an infectious disease.

25. The compound or pharmaceutical composition for use according to claim 24,
wherein the subject is a mammal and/or the subject is suffering from cancer.

26. The compound or pharmaceutical composition for use according to claim 25,
wherein the cancer is selected from a blood cancer, melanoma, a bone cancer, a breast
cancer, a brain cancer, or a lung cancer.

27. The compound or pharmaceutical composition for use according to claim 26,
wherein the cancer is a blood cancer selected from chronic lymphocytic leukemia (CLL),
acute lymphoblastic leukemia (ALL), T-cell acute lymphoblastic leukemia (T-ALL), chronic
myelogenous leukemia (CML), acute myelogenous leukemia (AML), lymphoma, and
multiple myeloma.

28. The compound or pharmaceutical composition for use according to claim 26,
wherein the cancer is a bone cancer selected from osteosarcoma and Ewing’s sarcoma.

29. The compound or pharmaceutical composition for use according to claim 26,
wherein the breast cancer is triple-negative breast cancer (TNBC).

30. The compound or pharmaceutical composition for use according to claim 26,
wherein the brain cancer is a neuroblastoma.
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31. The compound or pharmaceutical composition for use according to claim 26,
wherein the lung cancer is a small cell lung cancer (SCLC).

32. Use of the compound, salt, stereoisomer, solvate, hydrate, tautomer, or isotopically
labeled derivative of any one of claims 1-22 or the pharmaceutical composition of claim 23
in the manufacture of a medicament for treating a subject suffering from cancer, a benign
neoplasm, angiogenesis, an inflammatory disease, an autoinflammatory disease, an
autoimmune disease, or an infectious disease.

33. The use according to claim 32, wherein the subject is a mammal and/or the subject is
suffering from cancer.

34. The use according to claim 32, wherein the cancer is selected from a blood cancer,
melanoma, a bone cancer, a breast cancer, a brain cancer, or a lung cancer.

35. The use according to claim 34, wherein the cancer is a blood cancer selected from
chronic lymphocytic leukemia (CLL), acute lymphoblastic leukemia (ALL), T-cell acute
lymphoblastic leukemia (T-ALL), chronic myelogenous leukemia (CML), acute
myelogenous leukemia (AML), lymphoma, and multiple myeloma.

36. The use according to claim 34, wherein the bone cancer is osteosarcoma or Ewing’s
sarcoma.

37. The use according to claim 34, wherein the breast cancer is a triple-negative breast
cancer (TNBC).

38. The use according to claim 34, wherein the brain cancer is a neuroblastoma.

39. The use according to claim 34, wherein the lung cancer is a small cell lung cancer
(SCLC).
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