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MOBDULATORS OF METHYL MODIFYING ENZYMES, COMPOSITIONS AND USES
THEREQOF

CROSS-REFERENCE 7O RELATED APPLICATIONS
10001} The present invention claims priority to United States Provisional Application Serial
No. 61/597,695, filed Febroary 10, 2012, and 61/667 821, filed July 03, 2012, the entirety of

cach of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

{0001} Fukaryotic chromatin is composed of macromolecular complexes  called
nuclcosomes. A nucleosome has 147 base pairs of DNA wrapped around a protein octamer
having two subunits of cach of histone protein H2A, H2B, H3, and H4. Histone proteins are
subject to post-translational modifications which in turn affect chromatin structure and gene
expression.  One type of post-translational modification found on histones 15 methylation of
lysine and arginine residoes. Histone methylation plays a critical role in the regulation of gene
expression in eukaryotes, Methylation affects chromatin structure and has been linked to both
activation and repression of transcription (Zhang and Reinberg, Genes Dev. 15:2343-2360,
2001, Enzymes that catalyze attachment and removal of methyl groups from histones are

iplicated in gene silencing, embryonic development, cell proliferation, and other processes.

SUMMARY OF THE INVENTION

[0002] The present disclosure encompasses the recogunition that methyl moditying enzyres
ar¢ an attractive target for modulation, given their role i the regulation of diverse biological
processes. It has now been found that compounds of this invention, and pharmaceutically
acceptable compositions thereof, are effective as agents that stimulate activity of histone methyt
modifying enzvmes, including histone methylases and histone demethylases. Such compounds

have the general formula T
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or a pharmaceutically acceptable salt thereof, wherein cach variable is as defined hercin.

{0883} Compounds of the present invention, and pharmaceutically acceptable compositions
thereof, arc uscful for treating a variety of discases, disorders or conditions, associated with a
methyl modifying enzyme. Such discascs, disorders, or conditions inchude those described
herein.

10304} Compounds provided by this invention are also uscful for the study of methyl
modifying enzymes in biological and pathological phenomena; the study of intracclular signal
transduction pathways mediated by mcethyl modifying enzymes and the comparative evaluation

of new methyl modifying enzyme modulators.

BrIEF DESCRIPTION OF THE DRAWINGS

{0005} Figurc . Excmplary compounds of formulac ¥ and 1.

DIETAILED DESCRIFTION OF CERTAIN EMBODIMENTS

i General Description of Compounds of the Inveation
[0806] In certain embodiments, the present invention provides a compound of formula I

p H

R N O i wn
T I8
'Nv-.., X
Z P N\\Ir/l\\)@ R
R O
1]

or a pharmaceutically acceptable salt thereot, wherein:
Z ig =C{R} or =N-;

each of X' and X* is independently selected from =N-, and =C{R’)~;
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X is selected from =N-, and =C{ Ré)—;

1o more than one of Xi, Xz, and X is =N- :

cach R' and R? is independently sclected from hydrogen, halo, -OH, -CN, Cy-Cy atkyl, -0-(C5-Cy
alkyly, -NR),  ACe-Cs  alkylene)-aryl, ~(Co-Cy  alkylene)-heteroaryl,  -(Co-Cy
alkylene)-heterocyelyl, and ~(Co-Cy alkylene)-carbocycelyvl; or

one R' and R are taken together with atoms to which they arc bound to form an aryl,
heteroaryl, heterocyelyl, or carbocyelyl ring;

cach R and R® is independently sclected from hydrogen, halo, -CN, «(Co-Cy alkylene}-R®, «(Cy-
Cs alkenyl or alkynyl}-R’, «(Cy-Cy alkylenc)-O-R°, -(C-Cy  alkylene)-0O-(Ci-Cy
alkylene}-RY,  -0-(Cy-Cy  allylene)-R”, -0-(Co-Cy  alkylene}O-RY,  -0-(C-Cy
alkylene}-R”,  «(Co-Cy  alkyvlene)-N(Rp,  «(Co-Cs  alkylene)-C(03-0-R°,  -(Co-Cs
alkylene)-0-C(O)-R”, «(Co-Cy alkylene-CO-NR Y, -{Co-C allylene)}- N(R)-C(O-R, -O-
(C-Cy  alkylene)-CIOMNRDY,,  -0O-HC-Cy alkylene)-NERN-COMRD),  {Co-Cy
alkylene)-S(O)-R®, «(Co-Cy alkylene)-S{0)-R® and «(Co-Cy alkylene)-S(O)-N(R ), or

two R’ are taken together with the carbon atoms to which they are bound to form an aryl,
heteroaryl, heterocyelyl, or carboeyelyl fused to the ring comprising X', X% and X°;

R s (Q, -S{0),-Q, ~C{O-Q, or ~-CHRMR;

Q 1s selected from aryl, heteroaryl, heterocyelyl, or carbocyelyl;

RY is selected from Cp-Cs alkyl, ~CHp-O-{C-Cy alkyl) and «{Co-Cs alkylene)-Q, wherein one or
two methylene units in the alkyl or alkylene portion of R* are optionally and independently
replaced by <O-, -8 -, -8(=0) -, ~$(=0)z-, or -N(R'")-; or

one methylenc unit of R is taken together with X? or X°, when the X% or X is =C(R)-,
and the intervening atoms fo form a hetercaryl or heterocyelyl fused to the ring
comprising X', X*, and X7

R’ is selected from hydrogen, -(Cy-Ce alkylene)-Q, and (-C¢ alkyl, wherein one or two
methylene  units  in R® are  optionally  and  independently  replaced
by -O-, -8, <S§(=0) -, -8(=0};-, or -NR'"-;

cach R’ is independently  selected from  ~(Cy-Cy aikyicné}—Rgﬁ “{Cp-Cy
alkylenc-O-R”, -S(OR-RY, -C=0)-R5, -C=EOVWNRY),, G-y alkylene)-O-C(=0)-R®
and -(Co-Cy alkylene)-C(=0)-0-R”; or
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two R’ are taken together with the nitrogen atom to which they are commonly bound to
form an optionally substituted heterocyclvl or heteroaryl;
R is selected from Cy-Cy atkyl, aryl, heteroaryl, carboeyclyl and heterocyelyl;
R” is selected from hydrogen or R
R is selected from hvdrogen, C-Cy alkvl, -S(=0)-R", -C=0)RY, -CEORNERWRY,

R'" s selected  from  unsubstituted  C-Cy  alkyl  and  C-Cy haloalkyl:
R is selected from hydrogen, unsubstituted Ci-Cy alkyl and C;-Cy haloalkyl; and
wherein unless otherwise designated any alkyl, alkylene, alkenyl, alkynyl, aryl, heteroaryl,

heterocyelyl or carboeyelyl portion of the compound is optionally substituted.

2 Compounds and Definitions

{0087} Definitions of specific functional groups and chemical terms are described in more
detail below. For purposes of this invention, the chemical elements are identified 1o accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemisiry and Physics, 75%
Ed., mside cover, and specific functional groups are generally defined as deseribed thercin,
Additionally, general principles of organic chemistry, as well as specific functional moieties and
reactivity, are described in Organic Chemistry, Thomas Sorrell, University Science Books,
Sausalito, 1999; Smith and March March's Advanced Organic Chemistry, 5™ Edition, John
Wiley & Sons, Inc., New York, 2001; Larock, Comprehensive Organic Transformations, VCH
Publishers, Inc., New York, 1989; Carruthers, Some Modern Methods of Organic Synthesis, 3%
Edition, Cambridge University Press, Cambridge, 1987 the entire contents of cach of which arc
incorporated hercin by reference.

160308} Unless otherwise stated, structures depicted hercin are also meant to inchude all
isomeric {¢.g., enantiomeric, diastereomeric, and geometric {or conformational}} forms of the
structure; for example, the R and S configurations for cach asymmetric center, Z and E double
bond isomers, and 7 and E conformational isomers. Therefore, single stercochemical isomers as
well as enantiomeric, diastercomeric, and geometric {or conformational} mixtures of the present
compounds are within the scope of the invention. Unless otherwise stated, all tautomeric forms
of the compounds of the invention are within the scope of the invention. Additionally, unless

otherwise stated, structures depicted herein arc also meant to include compounds that differ only
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in the presence of one or more isotopically enriched atoms. For example, compounds having the
present structures inciuding the replacement of hydrogen by deuterium or tritium, or the
replacernent of a carbon by a V- or MC-cariched carbon arc within the scope of this invention.
Such compounds arc useful, for example, as analytical tools, as probes in biclogical assays, or as
therapeutic agents in accordance with the present invention.

{0009} Where a particular cnantiomer 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-cnriched,” as used hercin, means that the compound is made up of a
significantly greater proportion of one cnantiomer. In certain cmbodiments the compound is
made up of at lcast about 30% by weight of a preferred enantiomer. In other embodirents the
compound 1s made up of at least about 95%, 98%, or 99% by weight of a preferred enantiomer.
Preferred enantiomers may be isolated from racemic mixtures by any method known to those
skalled 1n the art, including chiral high pressure liquad 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, 1981y, Wilen, et al., Tetrahedron 33:2725 (1977, Eliel, E.L. Stereochemisiry of Carbon
Compounds (MeGraw-Hill, NY, 1962}, Wilen, S.H. Tables of Resolving Agents and Optical
Resclutions p. 268 (E.L. Eliel, Ed., Untv. of Notre Dame Press, Notre Dame, IN 1972).

{6016} A wavy bond (»=} at a chiral center in a chemiecal structure is used to denote
compounds of the invention that are optically pure, but whose optical rotation has not been
determined. A straight bond at a chiral center indicates a racemic mixture although, as stated
above, the invention also includes all possible isomeric forms of the racomate.

{6611} The term “heteroatom”™ means one or more of oxygen, sulfur, nitrogen, phosphorus,
or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR {as in N-substituted
pyrrolidinyh).

18012} As used herein a “direct bond” or “covalent bond” refers to a single, double or triple
bond. In certain embodiments, a “direct bond” or “covalent bond” refers to a single bond.

18013} The terms “halo™ and “halogen” as used herein refer to an atom selected from fluorine

{fluoro,-F}, chlorine {chloro,-Cl), bromine (bromo.-Br}, and iodine (iodo,-I).
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{14} The term “aliphatic” or “aliphatic group”, as uscd herein, denotes a hydrocarbon
moicty that may be straight-chain (i.c., unbranched), branched, or cyclic {including fused,
bridging, and spiro-fuscd polycyelic) and may be completely saturated or may contain one or
more units of unsaturation, but which is not aromatic. Unless otherwise specified, aliphatic
groups comntain 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 inclade, but are not limited to, Hnear or branched, alkyl, alkenyl, and alkynyl

groups, and hybrids thercof such as {cveloalkylalkyl, {cycloalkenyhalkyl or {cycloalkyhalkenyl.

10815} The term “unsaturated”, as used hercin, means that a moiety has one or more units of
unsaturation,
{0016} As used herein, the term “bivalent Crs {or Cy¢) saturated or unsatorated, straight or

branched, hvdrocarbon chain”, refers to bivalent alkylene, alkenylene, and alkynylene chains that
are straight or branched as defined herein.

10017} The term “alkylene” refers to a bivalent alkyl group.  An “alkviene chain” is a
polymethylene group, i.e.,~{CH -, wherein nis a positive integer, preferably from 1 to 6, from |
to 4, from 1 to 3, from 1 to 2, or from 2 to 3. A substituted alkylene chain is a polymethylene
group in which one or more methylene hydrogen atoms are replaced with a substituent. Suitable
substituents include those described below for a substituted aliphatic group.

{6018} The term “alkenylene” refers to a bivalent alkenyl group., A substituted alkenylene
chain is a polymethylene group containing at least one double bond in which one or more
hydrogen atoms are replaced with a substituent. Suitable substituents include those described
below for a substituted aliphatic group.

16619 The term “alkynylene” refers to a bivalent atkynyl group.

{8028} The term “methylene unit” refers to a divalent -CHy- group present in an alkyl,
alkenyl, alkynyi, alkylene, alkenylene, or alkkynylene moiety.

10021} The term “Cy alkylene” as used herein means a bond. Thus, a moicty defined hercin
as “~{Cy-Cy alkylency-aryl” includes both -aryl (i.c., Cp alkylene-aryl) and (C;-Cy atkylency-aryi.
18022} The term “alkyl” as used hercin, refers to a monovalent saturated, straight- or
branched-chain hydrocarbon radical derived from an aliphatic moicty containing between one
and six carbon atoms by removal of a single hydrogen atom.  In somc embodiments, alkyl

contains 1-5 carbon atoms. In another embodiment, alkyl contains 1-4 carbon atoms. In still
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other embodiments, alkyl contains 1-3 carbon atoms. In yet another embodiment, alkyl contains
1-2 carbons. Examples of alkyl radicals include, but are not limited to, methyl, cthyl, n-propyl,
isopropyl, n-butyl, iso-butyl, sec-butyl, sec-pentyl, iso-pentyl, tert-butyl, n-pentyl, ncopentyl,
n-hexyl, see-hexyl, and the like.

18023} The term “alkenyl” as used herein, denotes a monovalent group derived from a
straight- or branched-chain aliphatic moicty having at icast onc carbon-carbon double bond by
the removal of a single hydrogen atom.  In certain embodiments, alkenyi contains 2-6 carbon
atoms. In certain cmbodiments, alkenyl contains 2-5 carbon atoms. In some cmbodiments,
alkenyl containg 2-4 carbon atoms. In another embodiment, atkenyl contains 2-3 carbon atoms,
Alkenyt groups include, for example, cthenyl (“vinyl”), propenyl (Mally!”), butenyl,
{-methyl-2-buten-1-yl, and the like.

10024} The term “alkynvl,” as used herein, refers to a monovalent group derived from a
straight- or branched-chain aliphatic moiety having at least one carbon-carbon triple bond by the
removal of a single hyvdrogen atom. In certain embodiments, alkynyl contains 2-6 carbon atoms,
In certain embodiments, alkyoyl contains 2-5 carbon atoms. In some cmbodiments, alkynyl
contains 2-4 carbon atoms. In another embodiment, alkynyl contains 2-3 carbon atoms.
Representative alkyoyl groups include, but are not timited to, ethynyl, Z-propynvl (“propargyl™),
{-propynyl, and the hke.

LA Y

16625} The term “carbocyclyl” (also referred to herein as "carbocyele” “cycloaliphatic” or
“cycloalkyl™), as used herein, means a monocyclic hydrocarbon or bicyclic hydrocarbon that is
completely saturated or that contains one or more units of unsaturation, but where there is no
ring i8 aromatic.

{6026} The term “aryl” used alone or as part of a larger moicty as in “aralkyl”, “aralkoxy”, or
“arvioxyalkyl”, refers to monocyclic and bicyclic carbon ring systems having a total of five to 10
ring members, wherein at least one ring in the systom is aromatic and wherein cach ring in the
system contains three to seven ring members, The term “aryl” may be used interchangeably with

4

the term “aryl ring”. In certain cmbodiments of the present invention, “aryl” refers to an
aromatic ring system which includes, but not limited to, phenyl, biphenyl, naphthyl, anthracyl
and the like, which may bear one or more substitucnts. Also included within the scope of the
term “aryl”, as it is used herein, 18 a group in which an aromatic ring is fused to onc or more

carbocyelyl rings regardless of whether the aromatic carbon ring or the carbocyclic ring is the
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pendant ring, or a group in which an aromatic carbon ring is fuised to onc or more heteroaryl or
heterocyelyl, rings, such as indanyl, phthalimidyl, naphthimidyl, phenantriidinyl, or
tetrahydronaphthyl, and the like, wherein the pendant ring of the fused ring system is the
aromatic carbon ring.

18027} The terms “heteroaryl” and “heteroar-”, used alone or as part of a larger motety, c.g.,
“heteroaralkyl”, or “heteroaralkoxy™, refer to groups having 5 to 10 ring atoms, preferably 5, 6,
or % ring atoms; having 6, 10, or 14 % clectrons shared in a cyclic array; and having, in addition
to carbon atoms, from one to five heteroatoms. The term “heteroatom™ refers {o nitrogen,
oxygen, or sulfur, and includes any oxidized form of nitrogen or subfur, and any quaternized
form of a basic nitrogen.  Heteroaryl groups include, without limitation, thienyl, furanyl,
pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl,
isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolizinyl, purinyl,
naphthyridinyl, and pteridinyl. The terms “hetercaryl” and “heteroar-”, as used herein, also
include groups in which a heteroaromatic ring is fused to one or more aryl, cycloaliphatic, or
heterocyelyl rings, wherein the pendant ring of the fused ring system is heteroaromatic. Non-
Hmiting cxamples include indolyl, isoindolyl, benzothicnyi, benzofuranyl, dibenzofuranyl,
indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnclinyl, phthalazinyl,
quinarolinyl, quinoxalinyl, 4H-quinclizinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl, 5,6.7.8-tetrahydroquinolinyl, 5,6,7 8-tetrahydroisoquinolinyl, and pyrido{Z,3-b}-
{,d4-oxazin-3(4H)-oune. A heteroaryl group may be mono- or bicyclic. The term “heteroaryl”
may be used interchangeably with the terms “heteroaryl ring”, “heteroaryl group”, or
“heteroaromatic”, any of which terms include rings that are optionally substituted. The term
“heteroaralky!l” refers to an alkyl group substituted by a heteroaryl, wherein the alkyl and
heteroaryl portions independently are optionally substituted. The term “heteroarylene” refers to
a bivalent mono- or bicyclic heteroaryl ring.

{6028} As used herein, the terms “heterocycle”, “heterocvelyl”, “heterocyelic radical”, and
“heterocyelie ring” are used interchangeably and refer to a stable 4~ to 7-membered monocyclic
or 7-10-membered bicyclic heterocyclic moiety that is cither saturated or partially wnsaturated,
and having, in addition to carbon atoms, one or more, preferably one to four, heteroatoms, as
defined above. In certain embodiments, a “heterocycle”, group is a 1,1 -heterocvelylene group

(i.c., 8 spiro-fused ring). When used in reference to a ring atom of a heterocyele, the term
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"nitrogen” includes a substituted nitrogen. As an example, in a saturated or partially unsaturated
ring having 0-3 heteroatoms selected from oxygen, sulfur or nitrogen, the nitrogen may be N {as
in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl}, or NR (as in N-substituted pyrrolidinyl}.
{0029} A heterocyelic ring can be attached to its pendant group at any heteroatom or carbon
atom that results in g stable structure and any of the ring atoms can be optionally substituted.
Examples of such saturated or partially unsaturated heterocyclic radicals include, without
Hmitation, tetrshydrofuranyl, tetrahydrothionvl, pyrrolidinyl, pyrrolidonyl, piperidinyl,
pyrrolinyl, 1,2.3 4-tctrahydroquinolinyl, 1,2,3,4-tetrahyvdroisoquinolinyl, decahydroguinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl,
and quinuclidinyl. The terms “heterocyele”, “heterocyelyl”, “heterocyelyl ring”, “heterocyclic
group”, “heterocyelic motety”, and “heterocyclic radical”, are used nterchangeably herein, and
also include groups in which a heterocyelyl ring is fused to one or more aryl, heteroaryl, or
cycloaliphatic rings, such as wmdolinyl, 3H-indolyl, chromanyl, phenanthnidinyl, 2-
azabicyclof2.2 Hheptanyl, octahydroindolyl, or tetrahydroquinolinyt , wherein the pendant ring
of the fused ring system is heterocyelyl, A heterocyelyl group may be mono- or bicvelic, The
term “heterocyelylalkyl” refers to an alkyl group substituted by a heterocyelyl, wherein the alkyl
and heterocyelyl portions independently are optionally substituted.

{8030} As used herein, the term “partially unsaturated” rvefers to a ring moiety that includes
at least one double or triple bond between ring atoms but 18 not aromatic. The term “partially
unsafirated” is intended to encompass rings having multiple sites of unsaturation, but is not
intended to inclnde aryl or heteroaryl moieties, as herein defined.

{0831} As wused herein, the terms “carbocyclylene” or “cycloalkylene” are used
interchangeably and refer to a bivalent carboeycivl or eycloalkyl group. In certain embodiments,

a carbocyclylene or cycloalkylene group is a |, 1-cycloalkylene group (i.c., a spiro-fused ring}.

5
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Exemplary 1,1-cycloalkylene groups include £ , or . In other

h

embodiments, a cycloalkyiene group is a 1,2-cveloalkvlene group or a 1,3-cycloalkylene group.
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Exemplary 1,2-cycloalkylence groups include \/ , \) and . Excmplary
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1,3-cveloalkylene groups include \O and .
10033} As described herein, compounds of the invention may contain “optionally

substituted” rootetics.  In general, the term “substituted”, whether preceded by the term
“optionally” or not, means that one or more hydrogens of the designated moiety are replaced
with a suitable substituent. Unless otherwise indicated, an “optionally substituted” group may
have a suitable substituent at cach substitutable position of the group, and when more than one
position in any given struchure may be substituted with more than one substitnent selected from a
specified group, the substitoent may be gither the same or different at each position.
Combinations of substituents 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
onc or more of the purposces disclosed herein.

16033} Suitable monovalent substitients on a substitutable carbon atom of an “optionally
substituted” group arc independently halogen; -{CH34R® -(CHy)o4OR®, -O-(CHy)o.
sC(OYORT, «(CHoposCH(OR Y -{CH2304SR®; «(CHo)osPh, which may be substituted with
R® -{CH)040(CH)o./Pb which may be substituted with R, ~-CH=CHPh, which may be
substituted with R®; N, -CN; -
Na; -(CHzjoaN{R Yz -{CH)oaNROJO(OIR®; -NRTICEIR?; -(CHJo4NIROHCIOINR; -N{RC
(SINR®; «(CH)oNROCOIOR; NRIN(RICOIR?; NRINRIC(OINR; -N(RIN(R®)
C{OR®; «(CHyoaC(OIRS; -C{SIR”; -(CH04C(O3OR®; -{CH 34 C{OSRE; «(CH o CLOY0SH
R ACHypoaOCORS -OC(OKCHJ0.aSR-; -SC{SISR7; ~(CH2)o4SCIOIR®;
“{CH )4 CIOINR; -C(SINRC; -C(S)SR; -SC{SISRT; (CH)osOC(OINR;; -C(OIN(OR)R™;
~C{OYC{OR; -C{OICH,C(OIRS; ~-C(NORIR®; ~(CH2)o.4SSR7; ~(CH o aS(O1R; «(CH)o4S{0)
JOR®: ~(CHy)g 4OS(0)R®; -S(O)NR®; (CHL)o $S(O)R®; -N(R®)S(0):NR®:; -N(R*)S(O)R®; N
{ORIR®; ~C(NH)INR®); -P(ORR; -P(O)R%; -OP(O)R"; ~OP{OHOR" Y, ~SiR®%; {4 straight

or branched alkylene}O-N{R®);; or -{Ci4 straight or branched alkylene)}{OYO-N(R},, wherein
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cach R® may be substituted as defined below and is independently hydrogen, Cis
aliphatic, -CH,Ph, ~O(CHy30.1Ph, or a 5-6-membered saturated, partially unsaturated, or aryl ring
having -4 hetercatoms  independently  selected from  nitrogen, oxygen, or sulfur, or,
notwithstanding the definition above, two independent occurrences of R°, taken together with
their intervening atorn{s), form a 3-12-membered saturated, partially unsaturated, or aryl mwouno-
or bicyclic ring having 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
which may be substitoied as defined below.

18834} Suitable monovalent substituents on R® {or the ning formed by taking two
independent occurrences of R® together with their intervening atoms), are independently
halogen, -(CH)oR®, -(haloR®), -(CH,)»OH, ~{(CH)e,OR®, -(CH)o ,CH(OR®Y,; -OthaloR®),
SCN, -Ni, -{CHooCOOR®, -(CHCIOYOH, -(CH ,C{OMOR®, «(CH)a8R®, -{(CHy
2SH, <(CHo o NH,, ~(CH)o o NHR®, -(CH2)o oNR®,, -NO;, -8iR®;, -OSiR";, -C{OSRT, (O,
straight or branched alkylene)}C{OYOR®, or -SSR® wherein cach R® is unsubstituted or where
preceded by “halo” is substituted only with one or more halogens, and s independently selected
from ;4 aliphatic, -CH;Ph, -O(CH;)e. Ph, or a 5-6-membered saturated, partially unsaturated, or
aryl ring having (-4 heteroatoms independently sciccted from nitrogen, oxygen, or sulfur.
Suttable divalent substituents on a saturated carbon atom of R® include =0 and =8.

{6035} Suitable divalent substituents on a8 saturated carbon atom of an “optionally
substituted” group inchide the following: =0, =8, =NN R, ::NN}-iC(O}R*, ::NNHC(O)OR*,
::‘NN}-{S(O);_R*,, =NR”, ::N{:)E{*ﬁ"{)((:(i{*z}}g_’g{}"ﬁ f}f-—S(C(R*g}}g_gs~, wherein cach independent
oceurrence of R is sclected from hydrogen, Cie aliphatic which may be substituted as defined
below, or an unsubstituted 5-6-membered saturated, partially unsaturated, or aryl ring having (-4
heteroatoms  independently selected from nitrogen, oxygen, or sulfur.  Suitable divalent
substitucnts that are bound to vicinal substitutable carbons of an “optionally substituted” group
include:-({CR ,),.0-, wherein each independent occurrence of R is selected from hydrogen,
Cy ¢ aliphatic which may be substituted as defined below, or an unsubstituted 5-6-membered
saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur,

{0036} Suitable  substituents  on  the  aliphatic  group of R include
halogen, -R®, -(haloR®), -OH, -OR®, -G{haloR?®), -CN, -C{O}OH, -C{OYOR?®, -NH;, -NHR?® -NR

®), or -NO,, wherein each R® is unsubstituted or where preceded by “halo” is substituted only
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with one or more halogens, and is independently Cqs aliphatic, -CHyPh, -O(CH, ). 1Ph, or a 5-6-
membered saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms independently
sclected from nitrogen, oxygen, or sulfur.

{0637} Suitable substituents on a substitutable nitrogen of an “optionally substituted” group
include-R', -NRT,, -C{ORT, -C{OYOR], -C(OYC(OIR', -CLOYCH,CIOIRT, -S(ORRT, -S(OLNRT,,
SC{SINRT,, -CONHNRT,, or -N(RS(O)RT; wherein cach R' is independently hydrogen, Crs
aliphatic which may be substituted as defined below, unsubstituted -OPh, or an unsubstituted
5-6-membered  saturated, partially  unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or, notwithstanding the definition
above, two independent oceurrences of RY, taken together with their intervening atom(s) form an
unsubstitoted 3-12-membered saturated, partially unsatorated, or aryl mono- or bicyclic ring
having 0-4 heteroatoms mdependently selected from nitrogen, oxygen, or sulfur,

{0038} Suitable substituents on the aliphatic group of R are independently
halogen, -R®, -(haloR®}, -OH, -OR?®, -O(haloR®}, -CN, -C(C)OH, -C{OYOR?®, -NH,, -NHR®, -NR
*), or -NQ,, wherein each R® is unsubstituted or where preceded by “hale” is substituted only
with one or more halogens, and is independently Cyaliphatic, ~-CH,Ph, -O{TH,)o.iPh, or a 5-6-
membered saturated, partially unsaturated, or aryl ring having 0-4 hetercatoms independently
selected from nitrogen, oxygen, or sulfor,

(66391 As used herein, the term “inhibitor” is defined as a compound that binds to and /or
inhibits a target S-adenosyimethionine {SAM) utilizing enzyme with measurable affinity, In
certain embodiments, an inhibitor has an 1Csy and/or binding constant of legss about 50 uM, less
than about 1 uM, less than about 500 oM, less than about 100 nM, or less than about 10 oM.
10040} The terms “measurable affinity” and “measurably inhibit,” as used herein, means a
measurable change in activity of at lcast onc SAM utilizing cnzyme between a sample
comprising a provided compound, or composition thereof, and at least one SAM dependent
cnzyme, and an cquivalent sample comprising at lcast one SAM dependent enzyme, in the

absence of said compound, or composition thercof,

3. Description of Exemplary Compounds

{0041} In certain embodiments, the present invention provides a compound of formula I

12
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H
RL. N, 0 o
T4 5
2. N X:{N\RX
R’ Q

1
or a pharmaceutically acceptable salt thereof, wherein cach variable is as defined above and

described  herein. This  same  structure may  also  be  represented  as

. H
RE. N0 o
Y
Z / ii;j C}%,NNRX
R G

to distinguish between the two R’ moieties attached to
the left-hand ring.
{06042} As defined generally above and herein, Z is =C(R)- or =N-, wherein R’ is as defined
above and described herein. In some embodiments, 7 is =C{R”) - wherein R” is as defined above
and described herein. In some embodiments, 7 is =CH-. In some embodiments, 7 18 =N-,
10043} As defined generally above and herein, cach of X' and X? is independently selected
from =N- and =C{R’}-, whercin R’ is as defined sbove and described hercin. In some
embodiments, cach of X' and X’ is independently =C(R’)-, wherein R’ is as defined above and
described herein. In some cmbodiruents, X' is =C(R”)- and X7 is =N-, wherein R is as defined
above and described herein,  In some embodiments, X' is selected from =CH-, =C{C;-Cy
alkyly- and =Claryl)-, and X% is =N-. In some embodiments, X' is selected from =CH-,
=C(CH:}- and =C(phenyl)- and X7 is =N-, wherein the phenyl is optionally substituted. To some
embodirnents, X' is =C(H}- and X7 is =N-. In some embodiments, X' is =C{CH;)- and X% is =N.
In some embodiments, X° is =C(R’)- and X' is =N-, wherein R’ is as defined above and
described herein. Tn some embodiments, X° is =C(H}- and X' is =N-. In some embodiments, X*
is =C{CH;)~ and X' is =N-. In some embodiments, X' is selected from =CH-, =C{C1-Cy
alkyly- and =Claryl)-. In some embodiments, X7 is =N-.
{0044] Tn some embodiments, each of X' and X? is independently =C{R7}-, wherein two R’
are taken together with the carbon atoms to which they are bound to form an aryl, heteroaryl,

o . - 1 <2 . S
heterocyelyl, or carbocyelyl fused to the ring comprising X', X and X, wherein each of X', X°
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and X is as defined above and described herein. In some embodiments, each of X' and X% is
independently =C(R')-, wherein two R are taken together with the carbon atoms to which they
are bound to form an aryl, heteroaryl, or carbocyelyl fused to the ring comprising X', X% and X,
wherein cach of X', X% and X' is as defined above and described hercin.
[0045] As defined generally above and herein, X is independently selected from =N- and
=C(R%-, wherein RC is as defined above and deseribed herein.
18046} In some embodiments, X is =N-.
{06047} In some embodiments, X is =C(R%)-, wherein R® is as defined sbove and described
herein. In some embodiments, X is sclected from =C(C,-Cy alkyl)-, =CH-, =C{OH)-, =C{CN)-,
=C{0-Cy-Cy alkyly, =C(COWN(R 1), =Claryl)-, =C{earbocyelyD-, and =C{heterocyelyl)-,
wherein each R’ is independently as defined above and described herein. In sore embodiments,
X is selected from =CH-, =C{CH:)-, =C{CH,CH:)-, =C(OH)}-, =C{CN)-, =C{OCH:}-,
=C{C(O}NHy}-, =Cleyclopropyly-, =C{phenyl)-, and =C{oxetanyl)~, wherein the cyclopropyl,
phenyl or oxetanyl is optionally substituted. In some embodiments, X is selected from =CH-,
=C{CHs}~, =C{CHLCH3)~-, =C{OH)-, =C{CN}~, =C{G-CH,), =C{C{O)}-NH;)-, =C{cyclopropyl}-,
=C{phenyl}-, and =C{oxetanyl}~, wherein the cyclopropyl, phenyl or oxetanyl is substituted. In
some embodiments, X° is selected from =CH-, =C{CHz}~, =C{CH,CHs)-, =C{OH}-, =C{CN}-,
=C{0-CH;), =C(C(O)-NH:)-, =Cleyclopropyl}-, =C{phenyi}-, and =C{oxetanyl}-, wherein the
eyclopropyl, phenyl or oxetanyl is unsubstituted. In some embodiments, X is selected from
=(CH-, =C{CHa)-, or =C(phenyl}-, wherein the phenvi is optionally substituted.
{6048} As defined generally above and herein, each R' and R” is independently selected from
hydrogen, halo, -OH, -CN, Ci-Cy alkyl, -O-(C-Cy alkyl), -NR},, «(Co-Cy alkylene)-aryl, (Co-
s alkylene)-heteroaryl, -(Co-Cs alkylene)-heterocyelyl, and (Cy-Cy alkylene}-carbocyelyl; or
one R’ and R? arc taken together with atoms to which they are bound to form an aryl,
heteroaryl, heterocyelyl, or carbocyelyl ring;
wherein each R is independently as defined above and described herein.
{6049} in some embodiments, cach R’ and R” is hydrogen. In one embodiment, each R’ and
R’ is independently selected from halo, -OH., -CN, C1-Cy atkyl, -0-(C-Cy alkyl), -N(R),, ~(Co-
Cs alkylencyaryl, -(Co-Cs alkylene)-heteroaryl, -(Co-Cy alkylenci-heterocyelyl, and (Co-Cs

alkylene)-carbocyelyl; or
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one R’ and R” are taken together with atoms to which they are bound to form an aryl,
heteroaryl, heterocyelyl, or carbocyelyl ring;

wherein each R is independently as defined above and described herein.
{0056} In somc cmbodiments, cach R' and R® is independently sclected from
halo, -OH, -CN, C-Cs alkyl, -O~(C;-Cy alkyD), -NR), ~(Ce-Cs atkylene)-aryl, ~{Co-Ca
alkyienci-heteroaryl, (Co-Cy alkyicene)-heterocyclyvl, and {Co-Cy alkvlenci-carbocyclyl, wherein
cach R’ is independently as defined above and described herein. In some embodiments, onc R’
and R’ arc taken together with atoms to which they arc bound to form an aryl, heteroaryl,
heterocyelyl, or carbocyelyl ring.
10051} In some embodiments, cach R' is independently selected from bydrogen and -CHa.
In some embodiments, cach R’ is hydrogen. In some embodiments, cach R' is ~CH;. In some
embodiments, one R is hydrogen.  In some embodiments, one R' is -CH;. In some
ernbodiments, one R'is -CH; and the other R! 15 selected from -0-CH; and -NH-CH;
[6052] In some embodiments, cach of B! and R” is hydrogen. In some embodiments, each
R! is -CH;z; and 7 18 =C(H)-. In some embodiments, one R! is -CH;: the other R! s ~0O-CHz
or -NH-CH3 ; and Z is =C{H}-.
{0053} Tn some embodiments, R? is hydrogen.
18054] In some embodiments, one R is -CHs and the other R! is selected from -Ci-Cy alkyl
and ~0-(C;-C alkyl), wherein R' is optionally substituted with one or more fluoro. In one aspect
of this embodiment R is -CHs;. In another aspect of this embodiment R™ is selected
from -OCH;, ~-CH;, -OCHF,, and ~CHCH;. In a more specific aspect of this embodiment R™
is -CH: and 7 is =CH-. In an cven more specific aspect of this embodiment R'™ is selected
from ~-OCH;, -CHs, -OCHF,, and ~CH,CHa: R' is -CH;; and Z is =CH-.
18055] As defined generally above and herein, cach R’ and RO is independently sclected from
hydrogen, halo, -CN, «(Ce-Cy alkvlene)-R® ~(CpCs alkenyl or alkynyD-R®, -(C-Cy
alkyvlene)-O-R’, (Ci-Cy allylene)-0-(Ci-Cy alkylene)-R®, -O-(Co-Cy alkylene)-R”, -0-(C-Cy
alkylene)-O-R®,  -O«(C-Cy  alkylene)-R’,  «(Co-Cy  allylene)N(R),,  ~(Co-Cy
alkylene)-C{03-0-R”, {(Cy-Cs alkylene)-O-C(O}R”, «(Co-Cs alkylene)-C{ORNR ), «(Co-Ca
alkylencl-N(R"}-C{OWR’, -0O-(C-Cy alkylene)-C(OFN(R ), -0-(C-Cy alkylene)-N{R}-C(O)-
(R, {Co-Cy alkyleng)-S(O)-R®, ~{Co-Cy alkylene}-S{0)-R® and ~{Co-Cy
alkylenc)-S{O)-N(R )y; or
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two R’ are taken together with the carbon atoms to which they are bound to form an arvl,
heteroaryl, heteroeyelvt, or carboeyelyt fused to the ring comprising X', X and X7,

wherein each of X', X, X°, R, R® and R” is independently as defined above and deseribed
herein.
10056} In some ecmbodiments, cach R’ and R® is independently selected from hydrogen,
halo, -ON, ~{Cy-Cy alkylene)-RY, -(Co-Cy alkenyl or alkynyl)-R°, «(C-Cy alkylene)-O-R®, {C,-Cy
alkylene)-0~-(C1-Cy alkylene)-R®, -0-(Ce-Cy alkylenc)-R’, -0-(C-Cy alkyienc)-O-R®, -0-(C;-Cy
alkylene)-R’, -{Co-Cy alkylenc)-N(R '}, ~(Co-Cs alkylone)-C{O)-C-R’, ACo-Cs
alkylene)-O-C(O)R”, ~(Co-Cs alkylene)-CORNR Y, «(Co-Cy alkylene)N(R™-C(OWR®, -O-
(C)-Cy alkylene)-C(O»NR ), -O-{CCy alkylene)-N(R")-C(OMR), ACo-C4
alkylene)-S(O)-R®, (Co-Cy alkylene}-S(O1-RY and {Co-Cy alkylene)-S(O)-NRY,; or

two R are taken together with the carbon atorss to which they are bound to form an aryl,

heteroaryl, heteroeyelyl, or carboeyvelyl fused to the ring comprising X', X and X

wherein each of X!, X2, X', R', R® and R’ is mdependently as defined above and described
herein.
{0857} In some embodirents, cach R and R® is independently selected from hyvdrogen,
halo, -CN, «(Ce-Cy alkylene}-R®, {(-Cs alkenyl or alkyny)-R”, «(C-Cy atkvlene)-0-R”, (C-Cy
alkviene)-O-(C1-Cy aii&yieﬂe)»ﬁ ~3-(Cy-Cy alkylene)- R’ , ~O-{Cr-Cy alkyiene}*()-fis, ~O-{C-Cy
alkylene)-R’, ACe-Cy  alkylene}N(RT),  ~(Co-Cy  alkylene)-C(0O)-0-R”, {Co-Cy
alkylene)-O-C(O)-R”, «(Co-Cs alkylene)-C(OWNR ), «Co-Cy alkylene)-NRN-CO-R', -O-
(014 alkylene)-C{ONR ), A(-{Co-Cy alkylene}-N(R\-C(OMR), ~{Co-Ca
alkylene)-S(O)-R®, -(Co-Cy alkylene)-S(0)-R® and «(Ce-Cy alkylene)-S(O)-N(R),, wherein

cach of R’, R® and R” is independently as defined above and described herein.

{B0SE] In some embodiments, each R’ is independently hydrogen.
{6059 In some embodiments, one R’ is hydrogen and the other R’ is independently selected

from halo, -UN, ~Cy-C aikvicnc)nRgﬁ ~(Cg~€fr aikenvl or aikynyl)-R‘q, -{Ci-Cy
alkylene-O-R”, -(C-Cy aik‘yk,nc} O-(C+Cy alkylene)-R®, -0-(Cy-Cy alkylene)-R’, -0O-(C-Cy
alkylene)-O-RY, ~O-{C1-C4 alkylene)-R’, A{Cy-Cy alkylenc)-N(R )., -{Co-Cy
alkylenc)-C(O}-O-R®, «(Cp-Cy alkyienc)-O-C(OWR’, «(Co-Cy alkylene}-C{OFN(R ), +(Co-Cs
alkylene)-NER-COMR?, ~O-(C;-Cy alkylene)-C(O-NR Yy, -0-(Co-Cy alkylene)-N(R)-C(O)-
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(R}, «(Co-Cs alkylene)-S{O)R®, (Co-Cy alkylone)-S(0)-R® and «(Co-Cy alkylene)-S(OhL-NR ),
wherein each of R, R and R’ is independently as defined above and deseribed herein.

{08060} In some embodiments, one R is ~(Cy-Cy alkylene)-R®, wherein R® is as defined above
and described herein. In some embodiments, one R is R®, wherein RY is as defined above and
described herein. In some embodiments, one R’ is aryl. In some embodiments, onc R s
opticnally substituted phenyl. In some embodiments, one R’ is unsubstituted phenyl. In some
erbodiments, one R is substituted phenyl. In some cmbodiments, one R’ is C-Cy alkyl. In
some embodiments, one R’ is methyl,  In some embodiments, R’ is 3-methoxy.

10061} In some embodiments, two R arc taken together with the carbon atoms to which they
are bound to form an aryl, heteroaryl, heterocyelyl, or carbocyelyl fused to the ring comprising
! X2 and X°, wherein each of X', X% and X is mndependently as defined above and described
herein. In some embodirents, two R are taken together with the carbon atoms to which they
are bound to form an arvl, heteroaryl, or carboeyclyl fused to the ring corprising X', X% and X7,
wherein cach of X', X and X is independently as defined above and described herein.

{8062} To some embodiments, two R’ are taken together with the carbon atoms to which they
are bound to form an aryl fused to the ring comprising X', X* and X°, wherein each of X', X*
and X° is independently as defined above and described herein. In some embodiments, two R’
are taken together with the carbon atoms to which they are bound fo form an optionally
substituted phenyl fused to the ring comprising X', X* and 37, wherein each of X', X7 and X’ is
independently as defined above and described herein. In some embodiments, two R’ are taken
together with the carbon atoms to which they are bound to form an unsubstituted phenyl fused to
the ring comprising X', X% and X, wherein cach of X', X’ and X’ is independently as defined
above and described herein. In some embodiments, two R are taken together with the carbon
atoms to which they are bound to form a substituted phenyl fused to the ring comprising X', X*
and X°, wherein cach of X', X? and X' is independently as defined above and described hercin.
In some embodiments, two R’ arc taken together with the carbon atoms to which they are bound
to form an aryl fused to the ring comprising X', X* and X'; wherein X is sefected from =CH-,
=(C(CHz)-, or =C{phenyl}-, wherein the phenyl is optionally substituted; and wherein cach of X',
and X* is independently as defined above and described herein. In some embodiments, two R’

arc taken together with the carbon atoms to which they arc bound to form an aryl fused to the
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ring comprising X', X* and X, wherein the fused ring has the structure: wherein
R’ is as defined herein; and R’ is sclected from hydrogen, halo, phenyl, pyridinyl, and -O-(Cy-
Cy alkyly.

{08063} In some embodiments, two R are taken together with the carbon atorns to which they
are bound to form a heteroaryl fused to the ring comprising X', X* and X, wherein cach of X',
X? and X’ is independently as defined above and deseribed hercin. In some embodiments, two
R’ arc taken together with the carbon atoms to which they are bound to form an optionally
substituted pyrazinyl, pyrimidinyl or pyridyl ring fused to the ring comprising X', X% and X7,
wherein each of X', X and X° is independently as defined above and described berein. In some
embodirents, two R are taken together with the carbon atorus to which they are bound to form
an unsubstituted pyrazioyl, pyrimidinyl or pyridyl ring fused to the ring comprising X', X? and
X7, wherein cach of X', X% and X is independently as defined above and described herein. Tn
some combodiments, two B are taken together with the carbon atoms to which they are bound to
form a substituted pyrazinyl, pyrimidinyi or pyridy! ring fused to the ring comprising X', X% and
X7, wherein each of X', X% and X is independently as defined above and deseribed herein. In
some embodiments, two R are taken together with the carbon atorns to which they are bound to
form an optionally substituted pyridyl ring fused to the ring comprising X', X? and X°, wherein
cach of X', X% and X° is independently as defined above and described herein. In some
erabodiments, two R’ are taken together with the carbon atoms to which they are bound to form
an optionally substituied pyridazinyl ring fused to the ring corprising X', X* and X, wherein
each of X', X’ and X' is independently as defined above and described herein.  In some
embodiments, two R’ are taken together with the carbon atoms to which they are bound to form
an optionally substituted pyrimidinyl ring fused to the ring comprising X', X* and X, wherein
cach of X', X* and X’ is independently as defined above and described herein.  In some
embodiments, two R’ are taken together with the carbon atoms to which they are bound to form
an optionally substituted pyrazinyl ring fused to the ring comprising X', X* and X°, wherein cach

1 ar? 3. ., g e . . .
of X', X" and X is independently as defined above and described herein. In some embodiments,
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two R’ are taken together with the carbon atoms to which they are bound to form a pyridyl fused

to the ring comprising X', X° and X', wherein the fused ring has the structure:

wherein R® is as defined herein; and R is sclected from hydrogen, halo, phenyl,
pyridinyl, and ~O-(C;-Cy alkyl).
10064} In some cmbodiments, two R arc taken together with the carbon atoms to which they
arc bound to form a heterocyelyl fused to the ring comprising X', X7 and X, wherein cach of X',
X* and X’ is independently as defined above and described herein.
{0065] In some embodiments, two R’ are taken together with the carbon ators to which they
are bound to form a carbocyely! fused to the ring comprising X', X* and X°, whercin cach of X,
X% and X is independently as defined above and described herein. Tn some embodiments, two
R’ arc taken together with the carbon atoms to which they are bound to form a cyclobutyl,
cyelopentyl, eyclohexyl, or cycloheptyl ring fused to the ring comprising X', X and X7, wherein
each of X', X* and X’ is independently as defined above and described herein. In some
embodiments, two R are taken together with the carbon atoms to which they are bound to form a
eyclopentyl ring fused to the ring comprising X', X% and X7, wherein each of X', X% and X is
independently as defined above and described herein.
{0066] Tn some embodiments, R® is selected from hydrogen, halo, -ON, ~(Co-Cy
alkylene)-R®,  «C-Cs  alkenyl  or  alkynyli-RY,  «(Ci-Cy  alkylene}-O-R%,  «(C-Cy
alkylene)-O-{C1-Cy alkylene)-R®, -O-(Ce-Cy alkvlene)-R’, -0-(Cp-Cy alkviene)-0-R®, -0-(C1-Cy
alkylene}-R’,  «Co-Cs  alkvlene)N(R),  «(CoeoCy alkylene)C(OWO-R®,  «(Co-Cy
alkylene)-O-C(OR’, «(Co-Cy alkvlene)-C(OFN(R Y. «Co-Cy alkylene)NR-C(O»R’, -O-
(C1-Cs alkylenc)-C(O}N(R Y, AO-{C-Cy allylene}-N(RO-C(O-(R). A{Cy-Cy
alkylene-S{O)-R®, «(Cy-Cy alkylene)-S{0),-R® and «(Cy-Cy alkylene)-S(O)-N(R'),. wherein
cach of R7, R® and R’ is independently as defined above and described herein.
{68671 in some embodiments, R® is hydrogen. In some embodiments, R is selected from
halo, ~-CN, ~{(Co-Cy aikyicne)—iis, ~{Cp-Cs alkenyl or aikynyl)-R‘q, {5y aﬂiy’ierlc)—()~}{9, {C4-Cy
alkylene)-O-(Ci-Cy alkylene)-R®, -O-(Ce-Cy alkylene )R, -0-(Co-Cy allylene)-0-R®, -0-(C1-Cy
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alkylene)-R',  «Ce-Cs  alkylene)N(RY,,  «(CoCy alkylene)-C(ORO-R”,  «(Co-Ca
alkylene)-O-C{OWR®, «(Co-Cs alkylene)-C{OFN(RY,. «Co-Cy alkylene)-NE-CO)-R’, -O-
(C1-Cs alkylenc}-C(O)NR Y, -O-(C-Cy alkylene)-N(RY-C(OR), ~{Cy-Cy
alkylene)-S{ O)-RY, ~{Co-Cy aﬂiylene)wS(O)ng and ~(Co-Cy alkylenc)-S{O)-N(R'}):, wherein
cach of R, R¥ and R’ is independently as defined above and described herein.

{00638] in some embodiments, R® is -O-(Cp-Cy alkylene) N(R-C(O)-(R"), wherein cach of
R’ and R’ is independently as defined above and described herein. In some embodiments, R°
is ~O-(C2-Cy alkylene)-N(R")-C{OWCo.Cy alkylene)-R°, wherein cach R’ is independently as
defined above and described herein.

[0069] In some embodiments, R® is selected from hydrogen and ~(Cy-Ca alkylene)-R®,
wherein R” is as defined above and described herein. Tn some embodiroents, R is selected from
hydrogen and R®, wherein R® is as defined above and described herein, In some embodiments,
R® is sclected from hydrogen, methy] and optionally substituted phenyl.

{6070} In some erobodiments, RC is ~{Co-Ca aikyienc)-Rg, wherein R? is as defined above and

. . . 6 - I . 2 . .
described herein, In some embodiments, B is R®, wherein R® is as defined above and described

herein.
186711 in some embodiments, R is C-Cy alkyl. In some embodiments, RS is methyl, In

some ermvbodiments, R® is ethyl.

160672} Tn some embodiments, R® is aryl. In some embodiments, R® is optionally substituted
phenyl.  In some embodiments, R® is substituted phenyl. In some embodiments, R® is
unsubstitated phenyl.

18073} In some embodiments, R® is heteroaryl.

{6074} in some embodiments, R is heterocyclyl. In some embodiments, R® is tetrahydro-
2H-pyranyl, tetrahydrofuranyl, or oxctanyl. In some embodiments, R® is oxetanyl. In some
embodiments, R® is 3-oxetanyl. In some embodiments, R is piperidinyl, pyrrolidinyl, azetidinyl,
or aziridinyl.

{0675} in some embodiments, R is carbocyelyl. In some embodiments, R® is cyelopropyl.
In some embodiments, R® is eyclobutyl. In some embodiments, R® is cyclopentyl. In some

enbodiments, R® is cyelohexyl.
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19876} In some embodiments, R® is halo. In some embodiments, R® is -CN. In some
embodiments, R is ~(Cy-Cy alkylene)-C(OMN(R )., wherein each R is independently as defined
above and described herein. In some embodiments, R% is -CONH,.

{80677} In some cmbodiments, R is -O-(Cy-Cy alkylone)-R’, wherein R’ is as defined above
and described herein, In some embodiments, R® is -OH. In some embodiments, R® is -OCH:.
{6078 In some cmbodiments, R® is selected from C)-Cy alkyl, hydrogen, -OH, -CN, -O-{ Cy-
Cy alkyl), -CEOMN(R Y, aryl, carbocyelyl and heterocyelyl, wherein cach R’ is independently as
defined above and  described  hercin. In  some cmbodiments, R° s
hydrogen, -CHi, -CH;CH;, -OH, -CN, -OCH;, -C{O)NH,, cyclopropyl, phenyl or oxctanyl,
wherein the eyclopropyl, phenyl or oxetanyl is optionally substituted. In some embodiments, R
is hydrogen, ~-CH;, -CH;CHs, -OH, ~CN, -OCH;, ~-C(O)NH,, cyclopropyl, phenyl or oxetanyl,
wherein the cyclopropyl, phenyl or oxetanyl is substituted. In some erobodiments, R® is
hydrogen, -CH;, -CH,CHs, ~-OH, -CN, -OCH;, -C{O)NH;, cyclopropyl, phenyl or oxetanyl,

wherein the cyclopropyl, phenyl or oxetanyl is gnsubstituted.

X1 _____ xZ
Oy
18079} Exemplary =~ X° arc depicted below.
.»—'“N\ /N .::'N\
- [\ i i 5 ; /L\ N
R % XX
o~ s N
/Lw o e
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"‘N‘N—g- 5, %
}L e
[

21



WO 2013/120104 PCT/US2013/025639

N "N
N i N
”//l N\J:,_‘{\
N“‘%' me
S A

wherein R is selected from hydrogen, halo, phenyl, pyridinyl, and -0~(C-Cy alkyl).

{6080} As defined generally above and herein, R is Q, -S(0)-Q. -C{O-Q, or -CH{RMR),
wherein cach of @, R* and R” is independently as defined above and described herein.

{06081} In some embodiments, R” is Q or -CH{R MR

{8082} In some embodiments, R™ is Q@ wherein Q is as defined above and described herein.
In some embodiments, R™ is arvl In some embodiments, R” is optionally substituted phenyl. Tn
some embodiments, R™ is unsubstituted phenyl. In some embodiments, R™ is substituted phenyl.
In some embaodiments, R™ is phenyl substituted with branched or straight chain C;-Ce alkyl, In
some embodiments, R* is phenyl substituted with methyl, In some embodiments, R® is 2-
methylphenyl. In some embodiments, R” is heteroaryl. In some embodiments, R™ &5 pyridyl. In
some embodiments, R* is 2-pyridinyl.  In some embodiments, R® is 3-pyridinyl. In some
embodiments, R® is 4-pyridinyl.  Tn some cmbodiments, R® is carboeyelvl.  In some
embodiments, R® is heterocyelyl.  In some embodiments, R® is optionally substituted
tetrahydropyranyl.  In some embodiments, R* is substituted tetrabhydropyranyl.  In some
embodiments, R™ is uonsubstituted tetrahydropyranyl.  In some embodiments, R™ i3 aryl,
heterocyelyl or heteroaryl,

{6083} o some embodiments, R” is -CH(RMR?), wherein each of R and R is independently
as defined above and described herein.

{6084} In some embodiments, R™ is -8{(0)-Q, wherein Q is defined above and described
herein. In some embodiments, R® is-8(O),-phenyl.

[6085] In some embodiments, R is -C{()-Q, wherein Q is defined above and described

herein. In some embodiments, R® is-C(O)-phenyl.
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16086] As defined generally above and hercin, @ is sclected from aryl, hetercaryl,
heterocyelyl and carbocyclvl. In some embodiments, Q s aryl. In some embodiments, (¢ s
heteroaryl, In some embodiments, Q is heterocyclyl. 1n some embodiments,  is carbocyclyl.
{6087} As defined generally above and hercin, R is sclected from Cp-Cy alkyl, -CH3-0-(Cy-
Cy alkyly and -(Cy-Cs alkylene}-Q, wherein one or two methylene units in the alkyl or alkylene
portion of R' arc optionally and independently replaced by -O-, -8 -, -8(=0) -, -8(=0}-,
or -N(Rj %-: or
one methylene unit of R? is taken together with X7 or X, when the X% or X is =C(R’)-,

and the intervening atoms to form a heteroaryl or heterocyelyl fused to the ring

comprising X', X?, and X°;
wherein each of Q, X', X*, X, R’ and R is independently as defined above and described
herein,
{0088} In some embodiments, R is selected from Cr-Cg altkyvl, ~-CH,-O~{C;-Cy alkyl)
and ~{Co-Cs alkylene}-Q, wherein one or two methylene units in the alkyl or alkyvlene portion of
R are optionally and independently replaced by -O-, -S -, -S(=0) -, -${(=0),-, or -N(R'"}-; and
wherein each of 0 and R" is independently as defined above and described herein. In some
embodiments, RY s -0 atkyl. In some embodiments, RY s ethyl, In some embodiments, R
is ~{Co-Cs alkylene)-Q, wherein Q is as defined above and described herein.  In some
erobodiments, RY is @, wherein Q is as defined above and described herein.  Tn some
embodiments, R is aryl. In some embodiments, R is optionally substituted phenvl. In some
erobodiments, R* is unsubstituted pheoyl. In some embodiments, R” is substituted pheoyl. In
some embodiments, RY is «(Co-Cy alkylene)-Q wherein @ is as defined above and described
herein. In some embodiments, R is benzyl. In some embodiments, R is ~(Co-C; alkylenc)-Q
wherein  is as defined above and deseribed herein. In some embodiments, R is -CHy-phenyl,
wherein the phenyl is optionally substituted. In some embodiments, R® is -CH,-phenyl, wherein
the phenyl is substituted. In some embodiments, R is -CH,-phenyl, wherein the phenyl is
unsubstituted. In some embodiments, R is «(Co-C, alkylenc)-aryl. In some embodiments, R*
is (Cy-C, alkylenc)-heterocyelyl. In some embodiments, R is -(Co-C; alkylenei-heteroaryl. 1In
some embodiments, R? is «(Co-C, alkyiene)-carbocyelyl.
{0089} In some embodinments, R is selected from Cy-Cy alkyl and «(Cy-Cs alkylenc)-Q,

wherein Q is as defined above and described herecin., In some embodiments, R is sclected from
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Cr-Cs  atkyl, ~Co-C, alkyilengyaryl, -{Cy-Cy  alkylenel-heterocyelyl, and  {Co-C;
alkyiencj-heteroaryl.

18090} In some embodiments, one methylene unit of R* is taken together with X% or X7,
when the X° or X7 is =C{R’)-, and the intervening atoms to form a heteroaryl or heterocyciyl
fused to the ring comprising X' X%, and X7; wherein cach of Q, XX X, R and RV ds
independently as defined above and described hercin,

10091} In some cmbodiments, one methylene unit in the alkyl or alkylene portion of R is
optionally replaced by -N(R'%)-, wherein R'° is as defined above and deseribed herein.

0092} In some embodiments, the alkyl or alkylene portion of R' is optionally substituted
with =0. Tn some embodiments, one methylene onit in the alkyl or alkylene portion of R* is
replaced by -N(R'%}- and the methylene unit next to the -N(R'%) is substituted with =0 to
forra ~C{OWN(R'%}-, wherein R' is as defined above and deseribed herein.

[6093] To some embodiments R' is selected from -{Cy-Cs alkylene)-0-(C;-Cy alkyl), 1-
substituted-pipieridin-4-yl, C3-Cq cycloalkyl optionally substituted with one or more fluoro, and
tetrahydropyranyl. In ome aspect of this embodiment, R' s selected
fromn ~-CH,OCH;, -CH{CH;YOCH;, 4.4-difluorocyelohexyl, evelopropyl, tetravhyrdopyran-4-vi,
I-{t-butoxycarbonyl}-piperidin-4-vi, I-(isobutoxycarbonyly-piperidin-4-yi, i-
(isopropoxycarbonyl}piperidin-4-yl,  1-C-fluorocthyl-piperidin-d-yl,  1-(2,2-difluoroecthyl)-
piperidin-4-yl, 1+(2,2,2-trifluorocthyb)-piperidin-4-vl, 1-(Z-hydroxyvisobutyly-piperidin-d-yi, 1-
(hydroxyisopropylcarbonyl}-piperidin-4-vi, i-{cthoxycarbonyimethylp-piperidin-4-yl, i-
{isopropylcarbonyi}-piperidin-4-yl, l-methylpiperidin-4-yi, T-(methyvisulfonyly-piperidin-4-vyl, 1-
{(cthylsulfonyl}-piperidin-d-yi, 1-{isopropyisuifonyl}-piperidin-4-vl, 1-{(phenyt)-piperidin-4-yi, 1-
{oxetan-3-vhpiperidin-4-yl, 1-{pyridin-2-y{}-piperidin-4-vi, and 1-{pyrimidin-2Z-y{}-piperidin-4-
vi.

{6094} As defined generally above and herein, R® is sclected from hydrogen, ~(Co-Cs
alkylene)-2, and C-Cy alkyl, wherein one or two methylene units in R’ are optionally and
independently replaced by ~O-, -8-, -8(=0) -, -${(=0),-, or -NR'"- whercin cach o £ Q and R is
independently as defined above and described herein.

{0095] in some cmbodiments, R° is hydrogen. In some cmbodiments, R® is sclected
from ~(Co-Cs alkylene}-Q and C;-Cs alkyl, whercin one or two methylene units in R are

opticnally and independently replaced by ~O-, ~S-, -S(=0) -, -8(=0);~, or -NR'"-, wherein cach
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of O and R" is independently as defined above and deseribed herein. In some embodiments, R’
is C1-Ce alkyl. In some embodiments, R is methyl. In some embodiments, R” is ethyl. In some
embodiments, R” is aryl. In some embodiments, R® is optionally substituted phenyl. In some
embodiments, R® is unsubstituted phenyl. In some cmbodiments, R’ is substituted phenyl. In
some cmbodiments, R is ~(Co-Cs alkylene)-Q wherein Q is as defined above and described
herein. In some embodiments, R° is benzyl,

{0096} In some cmbodiments, one methylene unit in the alkyl or alkylene portion of R’ is
optionally replaced by -N(R'%)-, wherein R'° is as defined above and deseribed herein.

{8097} In some embodiments, the alkyl or alkylene portion of R is optionally substituted
with =0. Tn some embodiments, one methylene unit in the alkyl or alkylene portion of R’ is
replaced by -N(R'%}- and the methylene unit next to the -N(R'%) is substituted with =0 to
forra ~C{OWN(R'%}-, wherein R' is as defined above and deseribed herein.

{06098} Tn some embodiments, R™ is arvl, heterocyelyl or heteroarvl. In some embodiments,
R* is -CH(R"R), wherein R is selected from Cp-Cs alkyl, ~{Co-C2 alkylene)-aryl, (Co-Co
alkylene)-heterocyelyl and ~(Ce-C, alkylenel-heteroaryl; and wherein R’ is selected from
hydrogen and methyl.

{6099} In some embodiments, R is optionally substituted phenyl, or tetrahydropyranyl. In
some embodiments, R* is ~-CHR'WR"), wherein R? is selected from -CH,CH;, -phenyl,
and -CHo-phenyl: and wherein R is selected from hydrogen and methyl,

100100} Exemplary R" are depicted below.

i U 4 ]
VUV U SR s
i
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180103}  As defined generally above and hercin, cach R is independently selected from -(Co-
Cs alkylene)-R’, «(Co-Cy alkylene)-O-R’, -S{O),-RY, -CE=ORR®, -CEORNERY, «(C-Cy
alkylene)-0O-C(=03-R? and «(Cy-Cy alkylenc)-C(=0)-0-R"; or

two R’ arc taken together with the nitrogen atom to which they are commonly bound to

form an optionally substituted heterocyelyl or heteroaryl ring;

wherein cach of R® and R” is independently as defined above and described herein.
{80102} In somc cmbodiments, cach R’ is independently sclected from ~{(Co-Cy
alkvlenc)-R®, «(Co-Cy  alkylene)-O-R’, -S(0)-R°, -C=OR®, -CE=0O-NER®Y,, C-Cy
alkylene)-O-C(=0)-R® and «(Cy-Cs alkylenc}-C(=0}-0-R”, wherein cach of R® and R° is
independently as defined above and described herein. Tn some embodiments, two R’ are taken
together with the nitrogen atom to which they are comwonly bound to form an optionally
suhstituted heterocyelyl or heteroaryl. In some embodiments, cach R is independently -(Co.Cy
alkylene)-R”, wherein R” is as defined above and described herein. To some embodiments, cach
R is independently R, wherein R’ is as defined above and described herein.
[60103] As defined generally above and herein, R is selected from C-Cy alkyl, aryl,
heteroaryl, carboeyelyl and heterocyelyl. In some embodiments, R® is C1-Cy alkvl. In some
embodiments, R is methyl, In some embodiments, R" is arvl. In some embodiments, R is
optionally substituted phenvi. In some embodiments, R® is unsubstituted phenyl. In some
emabodiments, R" is substituted phenyl. In some embodiments, R® is heteroarvl. In some
embodiments, R” is carbocyelyl. In some embodiments, R® is heterocyelyl.
[60104]  As defined generally above and herein, R” is selected from hydrogen and R®, wherein
R® is as defined above and described herein. In some embodiments, R is hydrogen. In some
embodiments, R’ is R®, wherein R® is as defined above and described hercin.  In some
embodiments, RY is C5-Cy alkyvl. In some embodiments, R’ is aryl. In some embodiments, R is
heteroaryl. In some embodiments, R is carbocyelyl. In some embodiments, R” is heterocyelyl.
1803105] As defined gencrally above and herein, R s sclected from hydrogen, Ci-Cy
alkyl, -S(=0)-R’, -C=0)-RS, -CEORNERDRY, and -C=0-0-RY, wherein cach of RY, R,
R' and R" is independently as defined above and described herein. In some embodiments, R
is selected from hydrogen. In some embodiments, RY s C-Cy alkvl. In some embodiments, RY
is ~S(=O}7,~R9_, wherein R is as defined above and described herein, In some embodiments, R

. -~ g - I - . ; . . . 0
is -C(=0)-R® wherein R® is as defined above and described herein. In some embodiments, R
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is ~C=0)}NRWR'") wherein cach of B’ and R" is mdcp ndently as defined above and
deseribed herein. In some embodiments, R’ is -C(=03-0-R"" wherein R is as defined above
and described herein,

[00106]  As defined generally above and herein, R is selected from unsubstituted C-Cy alkyl
and C,-Cy haloalkyl. In some embodiments, R’ is unsubstituted C;-Cy alkvl, In some
embodiments, R is €-Cy hatoalkyl.

{80107} As defined gbnuaﬂv above and herein, R'? is sclected from hydrogen, unsubstituted
Cy-Cy alkyl and C;-Cy haloalkyl. In some embodiments, R'Y is hydrogen. In some
embodiments, R'? is nnsubstituted Ci-Cy alkyl. In some embodiments, R'? is Cy-Cy haloalkyl.
{80108] Unless otherwise designated, any alkyl, alkylene, alkenvi, alkenylene, alkynyl,
alkynylene, arvl, heteroaryl, heterocyelyl or carbocyclyl portion of the compound is optionally
substituted.

{00109 It will be understood by those of skill in the art that the compounds of the invention
are limited to compounds that are stable, R’ and/or R® muoicties formed by replacing two
methylene units with certain combinations of <O -, -8-, -8(=0} -, -S$(=0),-, or -NR'"- are not
within the scope of the present invention if the structures formed are not stable. For example,
compounds wherein the R* and/or R’ moiety comprises an OG-, 8-, -8{0)-, -S{0,, or -N{ R},
adjacent to an -O-, -8-, -8(0)-, -S(0), or -N(R')- are not within the scope of the present
invention, except for an -S(0)- adjacent to a -N(R'%)-. In addition, veither RY, nor R” should
comprise ~-O-C{R"p-0-, -N-C(R"},-0-, or -O-C{R"};-N- if the structures formed are not stable.
{80116]  Unless otherwise stated, all tantomeric forms of the compounds of the invention are

i X? XX"
N

within the scope of the invention. In somce embodiments, X OH . In some
X2 Xi-X2
[Ohy N Oy, O\,
o ':%;\\ ST, . . '—?%-\\ 37 2“% ,é
embodiments, X 1S O . In some embodiments, X .
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{80113} In certain embodiments, a compound of formula § is not A
{06112}  In cortain cmbodiments of a compound of formula It

when X is =N -, X s ={CHa)-, X! s =({H}-, and R™ is 2-fluorophenyl; then R'and R” arc

not taken together with atoms to which they arc bound to form

H
o g ;

when cach R' is methyl, Z is =C(H)-, cach of X* and X’ is =C{CH;)-, and X' is =C(H)-; then
R* is other than unsubstituted cvelohexyl, benzyl, pyridin-3-v1, or pyridin-2-v1;

when each R' is methyl, Z is =C{(H)-, X’ is =N-, and R"is pheny! or 4-fluorophenyl; then the
R’ of X! and the RY of X? are not taken together to form unsubstituted Cs-C; eycloalkyl

fused to the ring comprising X', X* and X7,
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4

~
when X' is =N-, R® is hydrogen, and R is taken together with X7 to form =
wherein “17 represents the portion of the ring bound to X, and “2” represents the portion
of the ring bound to the ring carbon adjacent to X°; then X is other than
=C{eyelopropyly-, =C(C{CHsyi)-, or =C(CHCH(CH:}:)-, whercin the cvelopropyl is
unsubstituted;
when X* is =N-, X’ is =C(H)-, cach R’ is methyl, 2 is =C{H)-, and R" is 4-methyiphenyl,
unsubstituted phenyl, or unsubstituted benzyl; then X' is other than =C(s-methylphenyl)-,
=C{s-methoxyphenyly-,  =C{phenyl}-, =C{4-chlorophenyl}, =C{(thien-2-yl}-, or
= {pyridin-3-yl}; and
when X is =N-, X' is =C(H)-, cach R’ is methyl, Z is =C(H)-, and R is pyridin-2-yl, 2.4
dichlorophenyl or 3-methylphenyl; then X is other than =C{(CHz)-, =C{CH,CH;)-, or
=C{cyclopropyl)-
when X is =N-, X'is =C{CHj)-, and X is =C{CH3)-, the R” is other than 2 4-difluorophenyl
or 3-chlorg-4-cyanophenyl; and

the compound is other than:

M i h \l [¢] ,
—d ';N /O ‘/hm\) o)
\E \‘\\‘_;? Ol D O
%,N\)_S\—X 7 \ﬂ“)‘\\r N y} N\))J\N L~
= N P N
oL N Ty A /lw'

*\ﬂ\a?" “’/\ ig TCL (—)H

{B0113]  In cortain embodiments, the invention provides a compound of Formula I
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R13
H // \A
N O o

H R46
P N S N\‘<
R'® Q
(1}, or a pharmaccutically acceptable salt thereof,
wherein:

AisCHorN;

R™ is selected from -Ci-Cp alkyl and -O~(Ci-Cy alkyl), wherein R™ is optionally
substituted with one or more fluoro:

R™ is selected from -(C-Cy alkylene)-0-(C-Cs atkyl), 1-substituted-pipieridin-d-yl, Cs-
Cs cycloalkyl optionally substituted with one or more fluoro, and tetrahydropyranyl, and

R* is selected from hydrogen, halo, phenyl, pyridinyl, and -O-(C1-Cy alkyl).
{80114} In some cmbodiments of Formula 11, R is selected from -OCH;, -CH;, -OCHF,,
and -CH,CHs.
{80115} In SOme embodiments of Formula i, R is selected
from -CH,OCH;, -CH({CH;}OCH;, 4. 4-difluorocyclohexyl, cyclopropyl, tetravhyrdopyran-4-yl,
1-(i-butoxycarbonyl}-piperidin-4-yi, I-(isobutoxycarbonyl)-piperidin-4-yi, i-
{(isopropoxycarbonyl}-piperidin-4d-yl,  1-{2-fluorocthyl)-piperidin-4-yl,  1-(2.2-difluorocthyl)-
piperidin-4-vl, 1-(2,2,2-trifluorocthy-piperidin-4-yl, 1-(2-hydroxvisobutyly-piperidin-4d-yl, 1-
{(hydroxyisopropylcarbonyli-piperidin-4-vyl, i-{ethoxycarbonyimethyl-piperidin-d-yi, i-
{isopropvlearbonyl}-piperidin-4-yl, l-methylpiperidin-4-yl, -(methylsalfonyly-piperidin-4-vyl, 1-
{cthylsulfonvl)-piperidin-d-yl, 1-{isopropylsulfonyl}-piperidin-4-vi, I-(pheoyl-piperidin-4-vi, i-
{oxetan-3-vhpiperidin-4-yl, 1-(pyridin-2-y-pipenidin-4-vi, and 1-{pyrimidin-2~y}-piperidin-4-
vi.
[60116] To some cmbodiments of Formula T, RY is selected from hydrogen, chloro,
flyoro, -OCH(CH;), phenyl, and pyridin-2-yl.
{00117] Excmplary compounds of formula T and H are set forth in Figare 1. In some cases
two {or more} of the compounds in Figure | having one {or more} wavy bonds will have the

exact same stracture. Because the wavy bond represents a chiral center of undetermined optical
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rotation, such compounds will be understood to be separate and distinct optical isomers of one
another. Figure 1 is annotated to indicate those sets of two or more compounds that have the

same depicted structure, but are of different stercochemistry.

4. Uses, Formulation and Adminisiration

Pharmaceutically acceptable compaositions
{00118} According to another embodiment, the invention provides a composition comprising
a compound of this invention or a pharmaceutically acceptable derivative thereof and a
pharmaccutically acceptable carrier, adjuvant, or vechicle. The amount of compound in
compostiions of this invention is such that 1s effective to measurably moduolate a histone methyl
modifying enzyme, or a mutant thereof, in a2 biological sample or in a paticnt. In cerfain
embodiments, the amount of compound in compositions of this fnvention is such that is effective
to measurably modulate a hustone methyl modifying enzyme, or a mutant thereof, in a biological
sarple or in a patient,
{80119 In cortain embodiments, a composition of this mvention is formoulated for
admirustration to a patient in need of such composition. In some embodiments, a composition of
this invention is formulated for oral admunistration to a patient.
{08120] The term “patient,” as used herein, means an animal, preferably a mammal, and most
preferably a human,
{88121] The term “pharmaceutically acceptable carrier, adjuvant, or vehicle” refers to a non-
toxic carrvier, adjuvant, or vehicle that does not destroy the pharmacological activity of the
compound with which it is formulated. Pharmaceutically acceptable carriers, adjuvants or
vehicles that may be used in the compositions of this invention include, but are not Himited to,
ion exchangers, alumina, alomimam stearate, lecithin, serum proteins, such as human scrum
albumin, buffer substances such as phosphates, glveine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or clectrobytes, such as
protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chioride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glyeol, sodium  carboxymethylcellulose, polvacrylates, waxes,

polyethylene-polyoxypropylene-block polymers, polyethylene glveol and wool fat.
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{00122} A “pharmaccutically acceptable derivative”™ means any non-toxic salt, ester, salt of an
ester or other derivative of a compound of this invention that, upon administration to a recipicnt,
is capablc of providing, cither directly or indirectly, a compound of this invention or an
inhibitorily active metabolite or residue thercof.

{00123} Compositions of the present invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservorir.
The term "parcnteral” as used hercin includes subcutancous, intravenous, intramuscular, intra-
articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial
injection or infusion techniques. Preferably, the compositions are administered orally,
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
techruques known in the art using 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 emploved are water, Ringer's solution
and isotonic sodivm chloride solution.  In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium.

{80124] For this purpose, any bland fixed oil may be employved including synthetic mono- or
di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the
preparation of injectables, as are natural pharmaccutically-acceptable oils, such as olive ot or
castor oil, especially in their polyoxyethylated versions. These oil solutions or suspensions may
also contain a long-chain alcohol diluent or dispersant, such as carboxymethyl cellulose or
similar dispersing agents that are commonly used in the formulation of pharmaccutically
acceptable dosage forms including cmmlsions and suspensions. Other commonly used
surfactants, such as Tweens, Spans and other enulsifying agents or biocavailability enhancers
which arc commonly used in the manufacture of pharmaceutically acceptable solid, Hquid, or
other dosage forms may also be used for the purposes of formulation,

{00125} Pharmaccutically acceptable compositions of this invention may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules, tablcts,
aqueous suspensions or solutions. In the case of tablets for oral use, carriers commonly uscd

include lactose and corn starch. Lubricating agents, such as magnesium stearate, are also
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typically added. For oral administration in a capsule form, useful diluents include lactose and
dricd cornstarch. When aqueous suspensions are required for oral use, the active ingredient is
combined with emulsifving and suspending agents, If desired, certain swecetening, flavoring or
coloring agents may also be added.

{00126} Alternatively, pharmaceutically acceptable compositions of this invention may be
administered in the form of suppositories for rectal administration. These can be prepared by
mixing the agent with a suitable non-irritating cxcipient that is solid at room temperature but
figuid at rectal temperature and therefore will melt in the rectum to release the drug.  Such
materials include cocoa butter, beeswax and polyethylenc glycols.

{00127} Pharmaceuatically acceptable compositions of this invention may also be administered
topically, especially when the target of treatment includes areas or organs readily accessible by
topical application, including discases of the eye, the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for cach of these areas or organs.

[00128] Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-transdermal
patches may also be used.

{00129] For topical applications, provided pharmaceutically acceptable compositions may be
formulated in a suitable ointment containing the active component suspended or dissolved n one
or more carviers. Carriers for topical administration of compounds of this invention inchude, but
are not limited to, mincral oil, liquid petrolatuom, white petrolatum, propylene glycol,
polyoxvethylene, polvoxypropylene compound, emulsifying wax and water.  Alternatively,
provided pharmaccutically acceptable compositions can be formulated in a suitable lotion or
cream containing the active components suspended or dissolved in one or more pharmaccutically
acceptable carriers.  Suitable carriers include, but are not limited to, mineral oil, sorbitan
monostearate, polysorbate 60, cotyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl
alcohol and water.

{66136 For ophthalmic use, provided pharmaccutically accoptable compositions may be
formulated as micronized suspensions in isotonic, pH adjusted sterile saling, or, preferably, as
solutions in isotonic, pH adjusted sterile saline, cither with or without a preservative such as
benzylalkonium chloride.  Alternatively, for ophthalmic uscs, the pharmaceutically acceptable

compaositions may be formulated in an ointment such as petrolatum.
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{00131} Pharmaccutically acceptable compositions of this invention may also be administered
by nasal acrosol or inhalation. Such compositions are prepared according to techniques well-
known in the art of pharmaccutical formulation and may be prepared as solutions in saling,
cmploying benzyl alcohol or other suitable preservatives, absorption promoters to cnhance
bicavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents.
{00132} Most preferably, pharmaccutically acceptable compositions of this invention are
formulated for oral administration. Such formulations may be administered with or without
food. In some embodiments, pharmaccutically acceptable compositions of this invention are
administered without food. In other embodiments, pharmaceutically acceptable compositions of
this invention are admunistered with food.

[00133] The amount of compounds of the present mvention that may be combined with the
carrier materials o produce a composition in a single dosage form will vary depending upon the
host treated and the particular mode of administration. Preferably, provided compositions should
be formulated so that a dosage of between 0.01 - 100 myg/kg body weight/day of the inhibifor can
be adnunistered to a patient receiving these compositions,

{00134} It should also be understood that a specific dosage and treatment regimen for any
particslar patient will depend upon a variety of factors, mcluding the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration, rate
of excretion, drug combination, and the judgment of the treating physician and the severity of the
particular disease being treated. The amount of a compound of the present invention in the

composition will also depend upon the particular compound in the composition.

lses of Compounds and Pharmaceutically Accepiable Compositions

180138} Compounds and compositions described herein are generally useful for the
modulating of activity of one or more enzymes invoived in epigenctic regulation.

100136] Epigenctics is the study of heritable changes in gene expression caused by
mechanisms other than changes in the underlying DNA sequence. Molecular mechanisms that
play a role in cpigenctic regulation include DNA mcthylation and chromatin/histone
modifications. Histone methylation, in particular, is critical in many epigenetic phenomena,
{00137}  Chromatin, the organized assemblage of nuclcar DNA and histone proteins, is the

basis for a multitude of vital nuclear processes inchuding regulation of transcription, replication,
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DNA-damage repair and progression through the cell cycle. A number of factors, such as
chromatin-modifying enzymes, have been identified that play an important role in maintaining
the dynamic cquilibrium of chromatin (Margucron, ot al. (2005} Curr. Opin. Genet. Dev. 15:163-
176).

{00138} Histones arc the chief protein components of chromatin, They act as spools around
which DNA winds, and they play a role in gene regulation. There are a total of six classes of
histones (H1, H2A, H2B, H3, H4, and H3) organized into two super classes: core histones (H2A,
H2B, H3, and H4) and linker histones (H1 and HS). The basic unit of chromatin is the
nuclcosome, which consists of about 147 basc pairs of DNA wrapped around the histone
octamer, consisting of two copies each of the core hustones HZA, H2B, H3, and H4 (Luger, et al.
{1997 Nature 389:251-260).

{00139} Histones, particularly residoces of the amino ternmuni of histones H3 and H4 and the
arnino and carboxyl termini of histones H2ZA, H2B and HI, are susceptible to a variety of post-
translational modifications inclading acetvlation, methylation, phosphorylation, ribosylation,
sumoylation, ubiquitination, citrullination, deimination, and biotinylation. The core of histones
H2A and H3 can also be modified. Histone modifications are integral to diverse biological
processes such as gene regulation, DNA repair, and chromosome condensation,

{88140] The present disclosure provides compounds and compositions for modulating activity
of histone methyl modifyving enzymes. Histone methyl modifving enzymes are key regulators of
cellular and developmental processes. Histone methyl modifying enzymes may be characterized
as ¢ither histone methyl transferases or histone demethylases. Histone demethylase enzymes
have modules that mediate binding to methylated residues. For example, multiple demethylases
contain a Tudor domain {c.g., IMID2C/GASCH} or a PHD domain {c.g., JARIDIC/SMCX,
PHFS}.

{06141}  The lysine specificitics of many histone methyltransferases have been characterized.
For example SET7/9, SMYD3, and MLL1-5 arc specific for H3K4, SUV3SHI, DIM-5, and G9a
are specific for H3K9, SETE is specific for HAK20.

{00142] DOTI is an cxample of a non-SET domain containing histone methylase. DOTH
methylates H3 on lysing 79.

{00143}  Just as histonc methylases have been shown to regulate transcriptional activity,

chromatin structure, and gene silencing, demcthylases have also been discovered which impact
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gene cxpression. LS was the first histone lysine demethylase to be characterized. This
cenzyme dispiays homoiogy to FAD-dependent amine oxidases and acts as a transcriptional
corepressor of neuronal genes (Shi ot al,, Cell 119:941-953, 2004). Additional demethylases
defining separate demcthylase familics have been discovered, including JHDMI {or KDMZ},
JHDM2 {or KDM3), IMID?2 (or KDM4), JARID {or KDMS), IMID3 (or KDM6), and JMID6
families {Lan ¢t al,, Curr. Opin. Cell Biol. 20(33:316-325, 2008).

{80144} Demethylases act on specific lysine residues within substrate sequences and
discriminate between the degree of methylation present on a given residue. For example, LSD1
removes mono- of dimethyl- groups from H3K4., Mcembers of the JARIDIA-D family remove
trimethyl groups from H3K4., UTX and IMID3 demethylate H3K27, counteracting effects of
EZH2 methylase activity. Substrate specificities of other demethylases have been characterized
{see Shi, Nat. Rev. 8:829-833, 2007},

[00145] One class of histone methylases is characterized by the presence of a SET domain,
named after proteins that share the domain, Su{var)3-9, enhancer of zeste [E(Z)], and trithorax.
A SET domain includes about 130 amino acids. SET domain-containing methylase families
mclude SUV39HI, SETI, SET2, EZH2Z, RIZi, SMYD3, SUV4-20HI, SET7/9, and PR-
SET7/SETE famulies (reviewed in Dillon et al., Genome Biol. 6:227, 2005). Members of a
family typically inclade similar sequence motifs in the vicinity of and within the SET domain.
The human genome encodes over S8 SET domain-containing histone protein methylases, any of
which can be used in an assay described herein.

{00146] EFHZ i3 an example of a human SET-domain containing methylase. EZH2
associates with EED (Embryonic Ectoderm Development) and SUZ12 (suppressor of zeste 12
homolog) to form a complex known as PRC2 (Polycomb Group Repressive Complex 2) having
the ability to tri-methylate histone H3 at lysine 27 (Cao and Zhang, Mol Cell 15:57-67, 2004).
PRCZ complexes can also include RBAP46 and RBAP4S subunits.

1003147} The oncogenic activities of EZH2 have been shown by a number of studies. In cell
fing experiments, over-expression of EZHZ induces cell invasion, growth in soft agar, and
motility while knockdown of EZH2 inhibits cell proliferation and cell invasion (Kliecr et al,,
2003, Proc. Nat. Acad. Sci. USA 100:11606-11611; Varambally ot al., (2002), “The polycomb
group protein EZHZ is involved in progression of prostate cancer,” Nature 419, 624-629). It has

been shown that EZH2 represses the cxpression of several tumor supressors, including E-
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cadherin , DABZIP and RUNX3 among others. In xenograft models, EZH2 knockdown inhibits
tumor growth and metastasis. Recently, it has been shown that down modulation of EZH2 in
murine models blocks prostate cancer metastasis (Min ¢t al., “An oncogene-tumor suppressor
cascade drives mctastatic prostate cancer by coordinately activating Ras and nuclear factor-
kappaB,” Wat Med. 2010 Mar;, 16(3):286-94), EZH2 overexpression is associated with
aggressiveness of certain cancers such as breast cancer (Klcer et al, Proc, Nat. Acad. Sci. USA
100:11606-11611, 2003). Recent studies also suggest that prostate cancer specific oncogenic
fusion gene TMPRSS2-ERG induces repressive epigenctic programs via direct activation of
EZH2 (Yu ot al, “An Integrated Network of Androgen Receptor, Polycomb, and TMPRSS2-
ERG Gene Fusions in Prostate Cancer Progression,” Cancer Cell, 2010 May 1R;17(5):443-454).
[00148] In some embodiments, compounds of the present invention modulate the activity of
one ot more enzymes nvolved in epigenctic regulation. In some embodiments, compounds of
the present invention modulate the activity of a histone methyl modifying enzyme, or a mutant
thereof, T sorme embodiments, compounds of the present invention roodulate EZH2 activity., In
some embodiments, compounds of the present invention down-regulate or suppress the activity
of EZH2. In some embodiments, coropounds of the present invention are antagomsts of EZH2
activity.

[08149]  In some embodiments, compounds and compositions of the present invention are
useful in treating discases and/or disorders associated with a histone methyl modifving enzyme.
Accordingly, in some embodiments, the present invention provides a method of modulating a
disease and/or disorder associated with a histone methyl modifving enzyme.  In some
embodiments, the present invention provides a method of treating a subject suffering from a
discasc and/or disorder associated with a histone methyl modifyving enzyme comprising the step
of administering a compound or composition of formula §.

{66156 In some embodiments, compounds and compositions of the present invention are
uscful in treating discases and/or disorders associated with overexpression of EZHZ. In some
embodiments, the present invention provides a method of treating a subject suffering from a
discase and/or disorder associated with overexpression of EZH2 comprising the step of
administering a compound or composition of formula I In some cmbodiments, the above
method  additionally comprises the preliminary step of determining if the subject is

overexpressing EZHZ,
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{00151} In some embodiments, compounds and compositions of the present invention are
useful in treating discases and/or disorders associated with cellular proliferation.  In some
embodiments, compounds and compositions of the present invention arc uscful in treating
discascs and/or disorders associated with musregulation of cell cycle or DNA repair. In some
embodiments, compounds and compositions of the present invention arc uscful in treating
cancer. Excemplary types of cancer include breast cancer, prostate cancer, colon cancer, renal
cell carcinoma, glioblastoma multiforme cancer, bladder cancer, melanoma, bronchial cancer,
iymphoma and liver cancer.

{00152}  The study of EZHZ delctions, missense and frameshift mutations suggest that EZH2
functions as a tumor suppressor in blood disorders such as myelodysplastic syndromes (MIDS)
and myveloid malignancies (Ernst et al,, Nat Genet, 2010 Aog; 42(8):722-6; Nikoloski et al., Nat
Genet. 2010 Aug, 42(8665-7).  Accordingly, in some embodiments, compouonds and
compositions of the present invention are useful in treating disecases and/or disorders associated
with the presence of a mutant form of EZH2. In some embodiments, compounds and
compositions of the present invention are useful in treating discases and/or disorders associated
with the presence of Y64IN EZH2. In some embodiment, the disease or disorder associated
with the presence of a mutant form of EZH2 is a human B cell lymphoma. In some
embodiments, the disease and/or disorder associated with the presence of Y64IN EZH2 s
follicular lymphoma or diffuse large-B-cell lymphoma. In some embodiments, compounds or
composttions of the present invention are uscful in treating blood disorders, such as
myelodysplastic syndromes, leukemia, anemia and cvtopenia. Sneeringer ot al., “Coordinated
activitics of wild-type plus mutant EZHZ drive tumor-associated hypertrimethylation of lysine 27
on histone H3 (H3K27} in human B-cell lymphomas,” Procecdings of the National Academy of
Sciences, PNAS Early Edition published ahcad of print on November 15, 2010,

{6G3153] In some embodiments, the present invention provides a method of reducing the
activity of EZH2 in a subject comprising the step of administering a compound or composition
of formula 1. In some embodiments, the present invention provides a method of reducing the
activity of wide-type EZH2 in a subject comprising the step of administering a compound or
composition of formula 1. In some embodiments, the present invention provides a method of
reducing the activity of a mutant form of EZH2 in a subject comprising the step of administering

a compound or composition of formula {. In some embodiments, the present invention provides
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a method of reducing the activity of a mutant form of EZHZ in a subject comprising the step of
administering a compound or composition of formmla §, wherein the mutant form of EZH? is
Y641N EZH2. In somc cmbodiments, the present invention provides a method of treating a
subject suffering from a discase and/or disorder associated with EZH2 comprising the step of
administering a compound or composition of formula b In some cmbodiments, the present
invention provides a method of treating a subject suffering from a discase and/or disorder
associated with wide-type EZH2 comprising the step of administering a compound or
composition of formula 1. In some embodiments, the present invention provides a method of
treating a subject suffering from a discase and/or disorder associated with a mutant form of
EZH2 comprising the step of administering a compound or composition of formula I In some
erobodiments, the present invention provides a method of treating a subject suffering from a
discase and/or disorder associated with a mutant form of EZH2 comprising the step of
administering a compound or composition of formula I, wherein the mutant form of EZH2 is
Y64IN EZH2, In some embodiments, the above method additionally comprises the preliminary
step of determuning if the subject s expressing a mutant forro of EXH2, such as Y641N EZH2.
In some embodiments, the present invention provides a method of reducing the activity of a
mutant form of EZH2, such as Y641N EZH2, in a subject in need thereof comprising the step of
administering a compound or composition of formula I In some embodiments, the present
invention provides a method of treating a subject suffering from a discase and/or disorder
associated with a mutant form of EZH2 comprising the step of administering a compound or
composition of formula 1. In some embodiments, the above method additionally comprises the
preliminary step of determining if the subject is expressing a mutant form of EZH2, such as
Y641N EZH2. In some embodiments, that determination is made by determining if the subject
has increased levels of histone H3 Lys-27-specific trimethylation (H3K27me3), as compared to a

subject known not o express a mutant form of EZHZ.

EQUIVALENTS
{00184] The representative examples that follow are intended to help illustrate the invention,
and arc not intended to, nor should they be constroed to, limit the scope of the invention. Indeed,
various modifications of the invention and many further cmbodiments thereof, in addition to

those shown and described herein, will become apparent to those skilled in the art from the full
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contents of this document, including the examples that follow and the references to the scientific
and patent literature cited herein. It should further be appreciated that the contents of those cited
references are incorporated herein by reference to help tllustrate the state of the art.

{80155] It will he appreciated that for compound preparations described herein, when reverse
phase HPLC is used to purify a compound, a compound may cxist as an acid addition salt, In
some embodiments, a compound may exist as a formic acid or mono-, di-, or tri-triflucroacetic
acid salt.

{00156¢] It will further be appreciated that the present invention contemplates individual
compounds described herein,  Where individual compounds cxemplified are isolated and/or
characterized as a salt, for example, as a riflooroacetic acid salt, the present invention
contemplates a free base of the salt, as well as other pharmaceutically acceptable salts of the free
base.

{00157 The following examples contain important additional information, exemplification
and goidance that can be adapted to the practice of this invention in ifs various embodiments and

the equivalents thereof

EXAMPLES

[B0188]  As depicted in the Examples below, in certain exemplary embodiments, compounds
are prepared according to the following general procedures. It will be appreciated that, although
the synthetic methods and Schemes depict the synthesis of certain compounds of the present
invention, the following methods and other methods known to one of ordinary skill in the art can
be applied to all compounds and subclasses and species of cach of these compounds, as
described herein.

100159 Unless otherwise noted, all solvents, chemicals, and reagents were obtained
commercially and used without purification. The 'H NMR spectra were obtained in CDCla, dy-
DMSQO, CDs0D, or ds-acetone at 25°C at 300 MHz on an OXFORD (Varian) with chemical shift
{5, ppm} reporied relative to TMS as an internal standard. HPLC-MS chromatograms and spectra
were obtained with Shimadzn LC-MS-2020 system. Chiral analysis and purification were
obtained with Yilite P270.

180168 Exsmple 1. Symthesis  of  N-{{4.6-dimethvi-2-oxo-1.2-dihvdropyridin-3-

vhimethvl-S-methvil-1-nhenvi-1 H-pyrazole-d-carboxamide (Compound 1868).
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{00161} A mixture of 3~(aminomethyl-4,6~-diraethylpyridin-2¢ LH-one (70 mg, 0.46 mmol},
S-methyl-1-phenyi-1 H-pyrazole-4-carboxylic acid (93 mg, 0.46 mmeol), O-(7~-azabenzotriazole-
yD-NM NN N “tetrtamethyluroniurn hexafluorophosphate (210 mg, 055 mmol})  and
iricthylamine (70 mg, 0.69 mmol} in anhydrous dichloromethane (5 ml) was stirred at room
temperature for 15 hours. Then the mixture was filiered and the solid was washed with water (10
mL)}, methanol (10 L) and dichloromethane (10 mL) n turns to give N-{({4,6-dimethvl-2-0xo-
1, 2~dithydropyridin-3-yhmethy D-5-methy - -phenyl-1 H-pyrazole-4-carboxamide as a white solid
{40 g, 26%). LRMS (M -+ H '} m/z: caled 336.16; found 336.

98162] Example 2. Sypthesis  of N-{14.6-dimethvi-2-030-1,2-dibvdropyridin-3-

viimethvli-i-{phenvisulfonvir-1H-indole-3-carboxamide {Compound 1351,

7N ?M\
OQS\ OQS’\
. R0 0
E + HO M — T o
HN NH, 74 ) HN /N\”/ 7 }

[00163] A mixture of 3-(anunomethyl}-4,6-dimethylpyridin-2(1H}-one {100 mg, 8.65 mmol),
{-(phenylsultfonyl)- | H-indole-3-carboxylic acid (196 mg, 0.65 mmol), O-(7-azabenzotriazole-i-
yU-N. NN N -tetramethyluronium hexafluorophosphate (319 mg, 0.84 ramol} and triethylamine
{98 mg, 0.97 mmol) in anhydrous dichloromethane (10 mL) was stirred at room temperatore for
15 hours. Then the mixture was filtered and the solid was washed with water (10 mlL), methanol
{10 ml) and dichloromethane (10 mb) m twns 1o give N-({4,6-dimethyl-2-0x0-1,2-
dihydropyridin-3-yDmethyD- E-(phenylsulfonyl}-1H-indole-3-carboxamide as a white solhid (78
mg, 28%). LRMS (M + H+} m/z: caled 435.13; found 435.

{60764 Example 3.  Synthesis of (B gr SpN-{(Z-hvdroxv-4.6-dimethvipyridin-3-

vhimethvD~-3~-methvi-1-(1-phenviethvii-1 H-pyvrazole-4d-carboxamide (Compound 1063 and
(R or 5e-N-{((2-hvdroxv-4,5-dimethvi-pyvridin-3-viimethvD-3-methvi-i-(I-phenviethvD-15-

pyvrazole-4-carboxamide {Compound 1854,
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{00165] Synthesis of methyi 3-methvl-1 fH-pyrazole-4-carboxylate,

COLH COZMe
8QCly, MeOH )
4 i e (f ,i’/
NN Step 1 HN-N

{00166] To a solution of 3-methyl-1H-pyrazole-4-carboxylic acid (1.26 g, 10 mmol} in
methanol {100 mL) was added thionyl chloride (5.73 g, 48 mmol) at 0°C. The mixture was
stirred for 12 hours. The solvent was cvaporated in vacuo. To the residue, saturated sodium
bicarbonate agueous solution was added and the mixture was extracted with ethyl acetate {100
mbx 3},  The organic phases were combined, dricd over sodium sulfate, filtered and
concentrated in vacuo to give methyl 3-methyl-1H-pyrazole-4-carboxylate (0.8 g, 57%). 'H
NMR (360 MHz, CDCls): ¢ 7.87 (s, 1H), 3.84 (s, 3H), 2.53 (s, 3H).

{00167 Synthesis of methyl I-methyl-1-(1-phenyiethyl-1H-pyrazole-4-carboxylate and
methyl S-methyi-1-(1-phenylethyi)-1 H-pyrazole-4-carboxylate.

CO,Me >\ p 7N
Br, g KGO OMF N N -
PN w MeD2C—Q N v N
Vo Sta { N
ULV / pultct el 2 ] L::NEN \&

{00168} To a solution of methyl 3-methyl-1H-pyrazole-d-carboxvlate (280 mg, 2 mmol) in N,
N-dimethylformamide (30 ml} was added {1-bromocthyl} benzene (.37 ¢, 2 mmol} and
potassium carbonate (0.55 g, 4 mmol). The mixture was stirred at 20 °C and stirred for 12 hours,
The solvent was evaporated in vacuo and the residuc was purified by CXTH (Column: Dsisol, 10
uM, C18, 250 mm*50 mm; Mobile: acetonitrile(0.1% formic acid)-water (0.1% formic acid),
acetonitrile from 30% to 70% in 80 minutes; oven: 20°C; flow rate: 50 mi/minute, wavelength:
214 nm) to give methyl 3-methyl-1-{1-phenvlethyl}-1 H-pyrazole-4d-carboxylate (90 mg, 19%)
and methyl S-methyl-I-(I-phenylethyly-1 H-pyrazole-4-carboxylate (80 mg, 16%). The product
was used directly in the following reaction. LRMS (M + H ') m/z: caled 244.12; found 244,
{00169]  Synthesis of I~-methyl-1-(I-phenyiethy)-1 H-pyrazole-4-carboxylic acid,
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{86176 A mixture of methyl 3-methyl-1-(1-phenylethyly-1 H-pyrazole-4-carboxylate (90 mg,
0.37 mmol), lithium hydroxide monschydrate (57.1 mg, 1.36 mmol), tetrahydrofuran (5 mi),
methanol {1mL) and water(1 mL ) was stirred at 20 °C for 4 hours. The mixture was acidified to
pH=1 with concentrated hydrochloric acid and then extracted with ethyl acetate (15 mbL x 3).
The combined organic phase was dried by sodium sulfate, and then filtered. The filtrate was
concentrated in vacuo to give 3-methyl-1-{1-phenylethyl}-1H-pyrazole-4-carboxylic acid as a
white solid (60 mg, 70%). 'H NMR (300 MHz, &-DMSOY: § 12.24 (s, 1H), 7.82 (s, 1H), 7.36-
747 {m, 5SH), 5.67 (g, /=72 Hz, 1H), 243 {s, 3H), 1.79 {d, /= 6.9 Hz, 3H).

{60171] Symthesis  of N-((C-hyvdroxy-4.6-dimethylpyridin-3-vDmethyh-3-methyl-1-(1-

phenyiethyi)-1 H-pyrazole-4-carboxamide,

NHz OH oH o /,\7
\/\ HOBT, EDC -
o X EtyN, DCM NN
o~ - o )\ N

001721 A mixture of 3-methyl-1-(1-phenylethy}-1H-pyrazole-4-carboxylic acid (60 mg, 0.26
mmol}, -ethyb-3-(3-dimethylaminopropylicarbodiimide hydrochloride (95 mg, 0.5 mmol), N-
hydroxybenzotrizole (67 mg, 0.5 mmol), tricthylanmine (0.1 mb) and dichloromethane (5 ml)

(?

was stirved at 25 "C for 0.5 hours. And then 3-(aminomethyl}-4,6-dimethyipyridin-2-0l (50 mg,
0.33 mmol) was added. The mixture was stirred at 25 °C for 12 hours. To the mixture, water (10
mi} was added and the mixture was extracted with dichloromethane (10 mL x 3}, The combined
organic phase was dried by sodiim sulfate and then filtered. The filtrate was concentrated in
vacuo.  The residue was purified by column chromatography (silica gel, dichloromethane
/methancl = 2001} to give N-{{2-hydroxy-4,6-dimethylpyridin-3-vhmethyl}-3-methyl-1-(1-
phenylethyl)-1H-pyrazole-4-carboxamide as a white solid (56 mg, 58%). LRMS (M + H ') m/z:
caled 364.19; found 364, 'H NMR (360 MHz, A-DMSO): § 11.46 (s, FH), 7.96 (s, 1H), 7.82 (1,
=45 Hz, 1H), 7.33-7.13 (m, 5H), 5.84 (5, 1H), 5.62 (q. /=72 Hz, 1H},4.20(d, /= 5.1 Hz, 2H)},
240 (s, 3H), 2.14 {s, 3H), 1.99 (s, 3H), 1.76 (4, ./ = 7.2 Hz, 3H).
{801731  Synthesis of (R or S3-N-{{Z-hydroxy-4,6-dimethylpyridin-3-yljmethyl}-3-methyl-
I-{1-phenviethyl)-1 fH-pyrazole-4-carboxamide (Compound 1686} and (R or 3-N-{(2-
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hvdroxy-4,6-dimethylpyridin-3-vijmethyi-3-methvi-1-(1-phenylethyl}-1H-pyrazole-4-

carboxamide (Compound 1858},

T Chiral HPLC 7N OH - 7Y
OH 0 e %@paratmn 2 \,.J ,L g (\,_*'4'
/L /\. Jj\,/"\
N7 | /\ﬁ/\fg\"‘ Btco 5 (\ \N /4% + Ei! =3 | )
o t ‘.L. N /~ f\ \ /\\N

{00174]  N-((2-hydroxy-4,6-dimethylpyridin-3-ylmethyl}-3-methyl-1-(I-phenylethyb-1 H-

pyrazole-d-carboxamide was separated by chiral HPLC {condition: column AD-H
{20mm*2S0mm*Sum), hexane: cthanol (§.2% DEA} = 30 50, flow rate: 13 mi/min}. The two
isomers  of  N-((Z2-hydroxy-4,6-dimethylpyridin-3-yhmethyi)-3-methyl-1-(1-phenylcthy -1 H-
pyrazole-4-carboxamide were obtained, but absolute stercochemistry was not determined. The
retention times were 9.552 minutes ("Peak 17; Compund 105) and 15.505 minutes ("Peak 27,
Compound 106} in chiral HPLC chromatography. LRMS (M + H') m/z: caled. 364.19; found
364. 'H NMR (300 MHz, 4-DMSO): 8 11.46 (s, 1H), 7.96 (s, 1H), 7.82 (t, J = 4.5 Hz, 1H),
7.33-7.13 {m, 5H), 5.84 (s, 1H)}, 562 {q, /= 7.2 Hz, 1H), 420 (d, /= 5.1 Hz, ZH)}, 2.40 (s, 3H),

4(s,3H), 1.99 (s, 3H), 1.76 (d, J = 7.2 Hz, 3H}.
166175 Example 4. Svynthesis of (R or S3-N-((2-hvdroxv-4.6-dimethvipvridin-3-

vhmethvh-S-methvi-1-(1-phenviethvli-1 H-pyrazole-d-carboxamide (Compound 187) and
(£ or Si-N-((2-bvdroxy-4.6-dimethvi-pyridin-3-viimethvl)-S-methvi-1-(I-phenviethvi)-15-

pyrazele-d-carboxamide (Compound 1883,

Py
(\// A LIOH oy 4 \} e HOBT, ERCH
MeO,C - THEMeOMHH,o MO0 _{ = oo EtN, DCM
2 T y /}u«j 2z T%\M._& - M\:;.)\l 3
O — e ] Step 2
N 5 Step 1 N OH NHp P
on o OH o OH ﬁ\
Chiral HPLC Z o
P NZ ™ N -
,}\ o~ ,U\'/\ separation N /\';\! u\j/'% + N i & \U N
N A S i A - L o tof
. VN - P Ho RN SN
N A ey Step 3 ~ v e
o N P )
e — R )
/‘“\* \ > R / L/
Y s

180176} Synthesis of Snm&ﬁhyinbﬂnphmyiethyi}m1H~pvram§e~4mcai’bexviic acid.

VA LIOH
MBOEG\T 4< o THEMeOHHG 119 /(

,N-~< Step 1 = E\“\
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{008177] A mixture of methyl S-methyl-1-(1-phenylethyl)-1 H-pyrazole-4-carboxylate {80 mg
(.32 mmotl), lithium hydroxide monohydrate (57.1 mg, 1.36 mmol}, tetrahydrofuran {5 mbL ),
methanol (ImL) and water (1 mL ) was stirred at 20 °C for 4 hours. The mixture was acidified to
pH=1 with concenirated hydrochloric acid and then extracted with cthyl acctate (15 mL x 3}
The combined organic phase was dricd by sodium sulfate, and then filtered. The filtratc was
concentrated in vacuo to give S-methyl-1-{1-phenylethyl}-1 H-pyrazole-4-carboxylic acid as a
white solid (49 mg, 62%). 'H NMR (300 MHz, >-DMSO): § 12.16 (s, 1H), 8.26 {s, 1H), 7.37-
7.25 (o, 5H), 5.55(q, J=7.2 Hz, 1H}, 2.30 (s, 3H), 1.78 (d. /= 6.9 Hz, 3H).

1001781 Synthesis  of NA{(Z-hydroxy-4.6-dimethyipyridin-3-yDmethyh-S-methyk-1-(1-
phenylethyi)-1 H-pyrazole-4-carboxamide.

oe { § YL .- ’K/’\H’k@\
f{,w / N sz 29N N <
TN OH f

[80179) A mixture of S-methyl-1-(1-phenyiethyly-1 H-pyrazole-4-carboxylic acid (49 mg, 0.21
mmol}, f-cthyl-3-(3-dimcthylaminopropylhcarbodiimide hydrochloride (895 mg, 0.5 mmol), M-
hydroxybenzotrizole (67 g, 0.5 mmol), triethyvlamine (0.1 mL) and dichloromethane (5 ml)
was stirred at 25 °C for 0.5 hours. Then 3-(aminomethyl)-4,6-dimethyipyridin-2-o1 (50 mg, 0.33
mmol} was added. The mixture was stirred at 25 °C for 12 hours. To the mixture, water (10 ml)
was added and the mixture was extracted with dichloromethane (10 wl » 3). The combined
organic phase was dried by sodiom sulfate and then filtered. The filirate was coucenirated in
vacuo. The residue was purified by column chromatography (silica gel, dichloromethane
/methanol = 2001 to give N-((2-hvdroxy-4,6-dimethylpyridin-3-yhmethy}-5-methyl-1-(1-
phenylethyly-1 H-pyrazole-4-carboxamide as a white solid {43 mg, 56%). LRMS (M + H') m/z:
calcd 364.19; found 364. "H NMR (300 MHz, 4-DMSO): 4 11.46 (s, 1H), 8.34 (s, 1H), 7.70 ¢, J
= 5.1 Hz, 1H), 7.35-7.18 (m, 5H}, 5.84 (s, 1H}, 549 (q, /=72 Hz, 1H), 420 (d, /= 4.8 Hz, 2H),
229 (s,3H), 2.15 (s, 3H), 2.10 (5, 3H), 1.73 (d, / = 6.9 Hz, 3H}.

[60180]  Syathesis of (R or §F-N-{(@-hydroxy-4.6-dimethyipyridin-3-vimethyvi}-S-methyvi-
i-(i-phenylethyvl-1H-pyrazole-4-carboxamide {(Compound 187) and (R or S-N((-
hyvdroxy-4,6-dimethylpyridin-3-yDmethyh-5-methyb-1-(1-phenyiethyl}-1 H-pyrazole-4-

carboxamide (Componnd 188).
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OH O O (’) (i)H E?
Chiral HPLC X . PN .
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{00181}  N-((2-hydroxy-4.6-dimethylpyridin-3~-yUmethyl}-5-methyl-1-(1-phenylethyl}- 1 H-
pyrazole-4-carboxamide was  separated by chiral HPLC  (condition: columm AD-H
{(20mm*250mm™* Sumy, hexane: cthanol (0.2% DEA) = 50: 50, flow rate; 13 mi/min). The two
isomers  of  N-{(2-hvdroxy-4,6-dimethylpynidin-3-yhmethyl}-S-methyi-T-(-phenylethyl- 1 H-
pyrazole-d-carboxamide were obtained, but absolute stercochemistry was not determined. The
retention times were 6.574 minutes (“Peak 17; Compound 1073 and 7.974 minutes by Chiral
HPLC chromatography (“Peak 27; Compound 108). LRMS (M + H') m/z: caled 364.19; found
364. 'H NMR (300 MHz, &-DMSOY: 8 1146 (s, 1H), 834 (s, 1H), 7.70 (t, J = 5.1 Hz, 1H),
7.35-7.18 (m, SH), 5.84 (5, 1H}, 549 (g, /= 7.2 Hz, 1H), 420 (d, J = 4.8 Hz, 2H), 2.29 (s, 3H)},
2.15¢s, 3H), 2.10 ¢s, 3H), 1.73¢d, J= 6.9 Hz, 3H).

180182] Exsmple 8. Synthesis of N-{(Z-hvdroxy-4.6-dimethvilpyridin-I-vhmethyi)-8-

methyvi-i-{i-benzvD-1H-ovrazole-4-carboxamide {(Compound 189).

MeCipts LiCH

f N—MNH o DMF . -
J:;; S0CH, MeOH /&ff; R {/_\/L\ Ka3C, DME /%..\_\/ [f\ii THF/MeCH/H,0
{ Step 1 i Nazza/ By Step 2 \\N,N\ff \\ﬂr/: Step 3
COH CigMe
OH o
HO,Gl 5‘/\\E/jj LY NP TN
=N (e M.z NH j Hod
4 NN 20 2 .
[aly] \N‘\
\_2

[00183]  Synthesis of methyl 3-methyl-1H-pyrazole-4-carboxylate,

~NH NN
N SGCh, MeGH P
H / o /‘
Step 1
COZH COzl'\"]e

{00184} To a solution of 3-methyl-1H-pyrazole-4-carboxylic acid (1.26 g, 10 mmol} in
methano! (100 mL) was added thionyl chioride (5.73 g, 45 mmol) at 0 °C. The mixturc was
stirred for 12 hours. The solvent was evaporated in vacuo, To the residue, saturated sodium
bicarbonate aquecus solution was added and the mixture was exiracted with ethyl acctate (100
mi.X 3}, the organic phase was dried by sodiurn sulfate. The muxture was filiered and the filtrate

was concentrated in vacuo to give methyl 3-roethyl-1H-pyrazole~-4-carboxylate (0.8 ¢, 57%). 'H

NMR (300 MHz, CDCL): 8 7.87 (s, 1H), 3.84 (s, 3H), 2.53 (s, 3H).

46



WO 2013/120104 PCT/US2013/025639

{B0185] Synthesis of methyi I-benzvl-5-methyl-1#-pyrazole-4-carboxylate.

N~NH o O OMF MeO:&
) P , 7N KoCOg, DMF . ):__\_\/ /,«,4‘\;\
— Br Step 2 '\\N,N\J\\\/’

CO,Me
{00186] To a solution of methyl 3-methyl-1H-pyrazole-d-carboxviate (280 mg, 2 mmol) in N,
N-dimethylformamide (30 mbL) was added (bromomethylibenzene (0.34 g, 2 mmol) and
potassium carbonate (0.55 g, 4 mmol). The mixture was stirred at 20 °C and stirred for 12 hours,
The solvent was evaporated in vacuo and the residue was purified by CXTH (Column:Dsisol,
10uM, C18, 250 mm*50 mm; Mobhile: acctonitrile(0.1% formic acid)-water (0.1% formic acid),
acetonitrile from 30% to 70% in 80 minutes; oven: 20°C; flow rate: 50 mL/minute, wavelength;
214 om) to give crude methyl [-benzyl-S-methyl-1H-pyrazole-4-carboxylate (200 mg, 42%).
LRMS (M + H 'y m/z: caled. 2301 1; found 230.
{00187 Synthesis of I-benayl-S-methyl-1H-pyrazole-d-carboxylic acid.

Me0,C LIOH

>~.§(’ %}‘\\I THF/M%OH/HZO N HGQC‘{\%\F/’\\E/’:\\\E
%N '-\/ ’\/E Step 3 =N ~F

[00188] A mixture of methyl 1-benzyl-5-methyl-1H-pyrazole-d-carboxylate (200 mg, 0.86
mmol}, lithium hydroxide monohydrate (111 mg, 2.62mumol), tetrahydrofuran (10 mb ),
methanol {2 ml ) and water{2 mL } was stirred at 20 °C for 4 hours. The mixture was acidified
to pH=1 with concentrated hyvdrochloric acid and then extracted with ethyl acetate (15 ml x 3).
The combined organic phase was dried by sodium sulfate, and then filtered. The filirate was
concentrated 7w vacuo and  separated by chiral HPLC ({(condition: column AD-H
(20mm*250mm™* Sumy, hexane: ethanol (0.2% DEA) = 50: 50, flow rate: 13 mL/min} to give i-
benzyl-5-methyl- | H-pyrazole-4-carboxylic acid (75 mg, 40%). LRMS (M + H) m/z caled.
216.09; found 216.

{00189] Syathesis of T-bensyb-N-{(Z-hydroxy-4.6~dimethyipyridin-3-yHmethyi}-S-methyl-
{1 H-pyrazole-4-carboxamide {(Compound 109},

| N HOBT, ELCI QH G
TN Ny’ EtM, DOM
HO.C /ﬂki! I E . \“//\E/ . Y N/N\\/ \
=1 P N . NH, Step 4 : /L\/ / m
N

OH «& !;
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1803190} A mixture of 1-benzyl-5-methyl-1 H-pyrazole-d-carboxylic acid {75 mg, .34 mmol},
{-cthyl-3-(3-dimecthylaminopropvhcarbodiimide  hydrochloride (95 mg, 05 mmol), N-
hydroxybenzotrizole (67 mg, 0.5 mmol), tricthylamine (0.1 mL) and dichloromethane (5 mb)
were stirred at 25 °C for 0.5 howrs. Then 3-(aminomethyi}-4,6-dimethylpyridin-2-ol {50 mg,
.33 mmol) was added. The mixture was stirred at 25 °C for 12 hours. To the mixture, water (10
ml} was added and the mixture was extracted with dichloromethane (10 mL x 3). The combined
organic phasc was dried by sodium sulfate and then filiered. The filtratc was concentrated in
vacue.  The residue was purified by column chromatography (silica gel, dichloromethane
/methanol = 20:1) to give I-benzyl-N-((2-hydroxy-4,6-dimcthylpyridin-3-yhimethyl}-5-methyl-
UH-pyrazole-4-carboxamide as a white solid (35 mg, 29%). LRMS (M + H ') m/z: caled 350.17;
found 350. 'H NMR (300 MHz, &-DMSOY: 8 11.46 (s, 1H), 821 (s, 1H), 7.68 (t, J= 5.1 Hz,
1H), 7.38-7.21 {m, SH), 5.85 (5, 1H), 520 (s, 2H), 4.19(d, J= 54 Hz, 2H), 2.29 (s, 3H), 2.15 (s,
3H), 2.10 (s, 3H).

[60191]  Exsmple 6. Syuthesis of N-{(Z-hvdroxv-4.6-dimethyvipvridin-3-vhmethyi)-S-

methyvi-i~-phenethvl-1 H-pvrazole-4d-carboxamide (Compound 116).

N-NH ; k005, DMF Mo, _{ (Y TrEmed

/i . 4 \ EaiEs ! oz y TH IHe
A p - ’ﬁ\,ﬁ\ 1 UV N :

: N

== —Br Step 1
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100192] Synthesis of methyl S-methyl-1-phenethyvi-1 H-pyrazole-4-carboxylate,

N-HH ; o MeO,C fC
j,\% A K.CO3, DMF \f(\‘ \
N

== Br Step 1

COMe
{00193} To a solution of methyl 3-methyl-1H-pyrazole-4-carboxylate (280 mg, 2 mmol} in
N N-dimethvlformamide (30 mL) was added (bromocthylibenzene (0.37 g, 2 mmol} and
potassiom carbonate (0.55 g, 4 mmol). The mixtore was stirred at 20 "C for 12 hours. The
solvent was evaporated /n vacuo and the residue was purified by CXTH (ColumuuDsisol, 10uM,

C1&, 250 mm*50 nmun; Mobile: acetonitrile (0.1% formic acidy - water {0.1% formic acid),
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acctonitrife from 30% to 70% in 80 minutes; oven: 20 “C; flow rate: 50 mL/minute, wavelength:
214 nmj} to give crude methyl S-methyl-1-phenethyl-14-pyrazole-4-carboxylate {177 mg, 36%:.
The product was used for the next step directly. LRMS (M + H ) m/z: caled. 244.12; found 244.
{60194]  Synthesis of 5-methyl-1-phenethyi-1 H-pyrazole-4-carboxylic acid,

, N
./ ‘ LIOH ) -
MSOZ(’\E;\ THFMeOH/H,O Xy, ’\,/N-%\ .
sy Step 2 >

[00195] A mixture of methyl S-methyl-t-phenethyl-1 H-pyrazole~-4-carboxylate (177 mg, (.72
mmol}, Hithium hydroxide monohydrate (111 mg, 2.62 mmol}, tetrahydrofuran {5 mL }, methanol
{1 mL ) and water(l mL ) was stirred at 20 °C for 4 hours. The mixture was acidified to pH=1
with concentrated hvdrochloric acid and then extracted with ethyl acetate (15 mL % 3). The
combined organic phase was dried by sodium sulfate, and then filtered. The filtrate was
concentrated in vacuum and separated by HPLC {condition: column AD-H (20 mm * 250 mm *
5 umy, hexanc: cthanol {0.2% DEA) = 50: 50, flow rate: 13 mb/min) to give 5-methyl-1-
phenethyl-1H-pyrazole-4-carboxylic acid (60 mg, 36%). LRMS (M + H')} m/4: caled. 230.11;
found 230.

{03196] Synthesis of  N-{{2-hydroxy-4,6-dimethyipyridin-3-vDmethyl)-5-methyil-{-

phenethyi-1H-pyrazole-4-carboxamide (Compound 118).
Q

N*:—>\ HOBT, EDCH N
, | . OBT, EL \
: COH Ny EtN, 1 ; i N
A TOR YT ENOOM gl ) NS
) ; N i
O N/
7

[B0197] A mixtore of S-methyl-1-phenethyl-1 H-pyrazole-d-carboxylic acid (60 mg, 0.27
mmol), I-cthyl-3-(3-dimethylamunopropyhearbodiimide hydrochloride (85 mg, 0.5 mmol), V-
hydroxybenzotrizole (67 g, 0.5 mmol), triethyvlamine (0.1 mL) and dichloromethane (5 ml)
were stirred at 25 °C for 0.5 hours. Then 3-(aminomethyl}-4,6-dimethylpyridin-2-ol (50 mg,
.33 yomol} was added. The mixture was stirred at 25 “C for 12 hours. To the mixture, water (10
ml) was added and the mixtore was extracted with dichloromethane (10 mL x 3), The combined
organic phase was dried by sodium sulfate and then filtered. The filtrate was concentrated in
vacuo. The residue was pwrified by column chromatography (silica gel, dichloromethane
/methanol = 2001y to give N-{(2-hydroxy-4,6-dimethyipyridin-3-ylymethyl)-S-methyl-1-

phenethyl-1H-pyrazole-4-carboxamide as a white solid (30 mg, 31%). LRMS (M + H') m/:
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caled 364.19; found 364. "H NMR (300 MHz, &*-DMSO): § 11.47 (s, 1H), 8.0% (s, 1H), 7.57 (4,
J = 5.1 Hz, 1H), 7.30-7.15 (m, SH), 5.85 (s, 1H), 423-4.18 (m, 4H), 3.06 (t, J = 7.2 Hz, 2H),
2.31 (s, 3H), 2.15 (s, 3H), 2.11 (s, 3H).

160198} Example 7. Svathesis of N-{(Z-hvdroxv-4.¢-dimethvipyridin-3-vhmethvi}-2-

methyvi-1-{l-phenviethvl} 1H-indole-3-carboxamide (Compound 111, (£ or 5)-N-{((2-

hvdroxyv-4d.6-dimethvipvridin-3-vDmethvh Z-methvi-1-1-phenviethvh 1H-indole-3-

carboxamide {(Compound 137} and (§ or R)-N-{(Z-hvdroxv-4.6-dimethvipvridin-3-

vhimethvl 2-methvi-1-1-phenviethvl) 1H-indole-3-carboxamide {Compound 136).

Y b
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{60199]  Synthesis of ethyl 2-methyi-1H-indole-3-carboxylate.
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[00200] To a mixed solution of dimethyl sulfoxide and water (20 mL), 2-iodobenzenamine
(3.0 g, 13.7 munol), cthyl 3-oxobutanoate (2.0 g, 15.1 mmol}, copper(l) oxide (0.2 g, 1.4 mmol)
and cesium carbonate (4.5 g, 13.7 nunol) was added. The mixture was stirred at 100 °C for 9
hours under nitrogen gas atmosphere. The reaction mixture was filtered through a pad of celite.
The filtrate was diluted with water and extracted with ¢thyl acetate. The organic phase was
concentrated in vacuo, and then the residue was purified by column chromatography (silica gel,
petroleum ether / ethyl acetate =5:1) to give ethyl 2-methyl-1H-indole-3-carboxylate as a light
yellow solid (0.42 g, 15%). 'H NMR (300 MHz, CDCL): § 8.12-8.09 (m, 1H), 7.31-7.16 (m,
3H), 440 (q, /= 6.9 Hz, 2H), 2.77 (s, 3H), 145 {t, .J = 6.9 Hz, 3H).

{B0201]  Synthesis of ethyl 2-methyl-1-(1-phenylethyl)-1H-indole-3-carboxylate.
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{00302} A mixiure of ethyl 2-methyl-I H-indole-3~carboxylate (400 mg, 1.97 mmol) and

Y J

T7\/

sodivm hydride (47 mg, 2.0 munol) in N N-dimethyHormamide (5.0 mL) was stirred at room
temperature for 8.5 hours, and then (I-bromocthylybenzene (361 mg, 2.0 mmol) was added. The
mixture was stirred at room temperature for 3 hours. The reaction mixture was poured into ice-
cold water and extracted with cthyl acetate. Organic layers were combined and concentrated to
give a residue. The residue was purified by chromatography {petroleum ether / ethyl acetate =
5:1) to give ethyl Z-methyl-1-(I-phenylethyh-1 H-indole-3-carboxylate (340 mg, 56%). LRMS
(M+H"Y m/z: caled 307.16; found 307.

{60203]  Synthesis of 2-methyl-1-(1-phenylethyl)-1 H-indole-3-carbexylic acid.
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[00204] To a mixed solution of methanol and water (4 mL}, cthyl Z-methyl-1-(I-phenylethyl)-
{ H-indole-3-carboxylate (300 mg, .98 mmol)} and potassium hydroxide {546 mg, 9.76 mmol}
was added. The mixture was refluxed with stirring for 4 hours. The reaction mixture was
concentrated to give a residue. To the residue, water (10 mb) was added and the mixture was
extracted with dichloromethane (20 mL X 3}. T he organic phase was concentrated to give crude
product Z-methyl-1-(1-phenyicthyl}-1H-indole-3-carboxylic acid (150 mg). LRMS (M-H) m/z:
caled 279.13; found 279,

[60205] Syathesis  of N-(C-hydroxy-4.6-dimethylpyridin-3-yDmethyl-2-methyl-1-(1-
phenylethyi)-1 H-indole-3-carboxamide (Compound 111},
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[08206] To a solution of 2-methvi-1-(I-phenylethvl)- 1 H-indole-3-carboxylic acid (150 mg,
.54 mmol} in anhyvdrous dichloromethane (18 mL) was added N-hydroxybenzotriazole (87 mg,
0.64 mmol), 1-ethyl-3-[3-(dimethylamino)propyiicarbodiimide hydrochloride (124 mg, 0.64
mmol) and trimethylamine (163 mg, 1.61 mmol}. The mixture was stirred at room temperature
for 0.5 hours, then 3<aminomethyh)-4,6-dimethylpyridin-2-ol (98 mg, (.64 mmol} was added.
The mixture was stirred at room temperature for 12 howrs. To the reaction mixture was added
water (20 mL}, extracted with dichloromethane (20 mL x 2}. The organic layers were combined
and concentrated to give a residue. The residue was purified by column chromatography(silica
gel, dichloromethane/methanol=20:1) to give compound N-{((2-hydroxy-4,6-dimethylpyridin-3-
vimethyh-2-methyl-1-(1-phenylethyly-1 H-indole-3-carboxamide as an off-white solid (130 mg,
59%). LRMS (M~+H") m/z: caled 413.21; found 413. 'H NMR (300 MHz, 4-DMSO) §: 11.59
(s, 1H), 7.73-7.66 (m, 2H}, 7.34-7.29 {m, 3H), 7.23 (4, 7= 7.5 Hz, 1H), 7.16-6.83 (m, 4H}, 5.94
{g,./="72Hz 1H), 5.88¢s, 1H), 432 (d, J=54 Hz, 2H), 2.60 (s, 3H}, 2.27 (s, 3H), 2.11(s, 3H),
1.88¢d, /=72 Hz, 3H).

100207 Symthesis of (R or S3-N-{(2-hydroxy-4,6~-dimethyipyridin-3-yDmethyl) 2-methyk
i-i-phenviethyl) 1H-indole-3-carboxamide (Compound 137) and (R or §3-N-((Z-hydroxy-
4, 6~-dimethylpyridin-3-yDmethyl)  Z-methyl-1-1-phenylethyl)  1H-indole-3-carboxamide
{Compound 136).
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{006208] N-{(2-hydroxy-4,6-dimethylpyridin-3-yimethyh2-methyl-1-1-phenylethyl) 1 H-
indole-3-carboxamide (130 mg, 0.31 mmol} was separated by chiral prep-HPLC (Baicel AD-H
{250 mm x 20 mm * 5 um), hexanc: cthanol (0.2% DEA) = 50: 50, flow rate: 13 mi/min), then
(R or S) N-{(Z-hydroxy-4,6-dimethylpyridin-3-yhymethyl) 2-methyl-1-1-phenylethyl) 1H-indole-
3-carboxamide {30 mg, 23%) and (8§ or R} N-{{Z-hydroxy-4,6-dimethylpyridin-3-yhmcthyl) 2-

methyl-1-1-phenylethyly [H-indole-3-carboxamide (30 mg, 23%) was obtained. The retention
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times were 8.030 minutes (“Peak 17; Compound 137) and 14.126 mimates {"Peak 27; Compound

136} respectively in chiral HPLC chromatography. LRMS (M-+FH ") m/z: caled 413.21; found

413. "TH NMR {300 MHz, &°-DMSO} 4: 11.59 (s, 1H), 7.73-7.66 (m, 2H), 7.34-7.29 (m, 3H),
23¢d, J="7.5Hz, 1H), 7.16-6.89 {m, 4H), 594 (g, /= 7.2 Hz, 1H), 588 (5, 1H), 432 (d, 7=

54 Hz, 2H), 2.60 (s, 3H), 2.27 (s, 3H), 2.11(s, 3H), 1.88 (4, J=7.2 Hz, 3H).

180209 Example 8. Svynthesis of N-{((-bvdroxy-4&6-dimethvipyridin-3-viimethvh-1-(1-

phenviethyvi-1 H-indazole-I-carboxamide (Compound 112).

FOOH COMe ar FO:Me COMe
i/ ir,-\\N SO, MeOH -/’T—‘é\ ) N /L\ K, G, Aor:-tonedb §’| /’%T/‘Q\N . /:\\f{\"“/
Ay Ee ULy o (O G by s T
H & =
i av -

.

-l
-
LiOH GOH NH, OH HOBY, EOCH o \,")
THEH,O | Y A Et;N, DCM ~NeE )
— S . ' !
Step 3 L \N - ﬂ ¥ Step4 PN

~o T LY

{80210} Synthesis of methyl L -indacole-3-carboxylate.

COOH COMe
o Ry ——\4 , SOC,, MeH S
| F = | N
S5 Step 1 £~
H H

{00211}  To a solution of 1 H-indazole-3-carboxyhic acid (5.0 g, 30.8 mmol) in methanol {50
ml.), thionyl chioride {15 mL) was added dropwise at 0 °C. After the addition, the mixture was
heated to reflux and maintained at the temperature for 1.5 hours. Then the reaction mixture was
concentrated to give a residue. To the residue was added saturated sodivm bicarbonate (S0 mlb),
and then extracted with ethyl acetate {50 mL x 3}. The organic phase was combined and dried
over anhydrous sodium sulfate. The mixture was filtered and the filtrate was concentrated under
reduced pressure to give methyl | H-indazole-3-carboxylate as a white solid (5.1 g, 94%). 'H
NMR (300 MHz, £-DMSOY: § 13.91 (s, 1H), 8.06 (4, J =82 Hz, 1H), 7.65(d, J = 8.4 Hz, 1H),
744 (ddd, /=83 Hz, J=69 Hz, J=1.1 Hz, I1H),730(ddd, /=79 Hz, /=69 Hz, /=09 Hz,
{H}, 3.92 (s, 3H}.

100212} Synthesis of methyl I-(1-phenyiethyl}-1H-indazole-3-carboxyiate.
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{60213] 7o a solution of methyl 1H-indazole-3-carboxylate (2.0 g, 11.4 mmol) in acetone (50
mb), were added potassinm carbonate (1.6 g, 11.4 mmob) and (1-bromoethyl) benzene (2.2 g,
11.9 mmol). Then the mixture was refluxed for 12 hours. The reaction mixture was
concentrated to give a residue.  To the residue was added water (30 mb}, extracted with
dichloromethanc (50 mL x 3). The organic layers were combined, dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to give a residue. The residuc was
purified by column chromatography (silica gel, petroleum cther / cthyl acctate =5:1) to afford
tWO 1SOImCTs.

Methyt 1-{1-phenyiethyl}-1 H-indazole-3-carboxylate (2.3 g, 73 %) as a white solid. LRMS (M
+H"Y m/z: caled 280.32; found 280. 'H NMR (300 MHz, #-DMSO): 8 8.08 {4, /= 8.1 Hz,
TH), 7.79(d, /= 8.5 Hz, 1H}, 743 (ddd, 7= 84, 6.9, 1.1 Hz, I1H}, 7.37-7.16 {m, 6H), 6.23 {g, J
=69 Hz, 1H), 3.93 (s, 3H), 2.04-1.92 {m, 3H).

Methyl 2-(1-phenylethyD-2H-indazole-3-carboxylate as a white solid (0.9 g). LRMS (M-+H")
m/z: caled 280.32: found 280. 'H NMR {300MHz, d{)—BMSO): 0798 (d, J=281Hz 1H}, 7.&4
(d,/=8.5Hz, 1H), 7.55-7.18 (m, 7H), 7.13-6.82 (m, 1H), 3.95 (s, 3H}, 1.96 (d, /= 6.9 Hz, 3H}.
{60214 Synthesis of I-(1-phenylethyl)-1 H-indazole-3-carboxylic acid.

CO-Me LiOH CO,H

e THE/H,O '\j\/\ﬁ
@j:,N Step 3 E&f N’N
av av

{80215 To a mixed solution of lithium hydroxide monchydrate (0.68g, 16.8 mmol) in
tetrahydroforan (20 mL) and water (10 ml), methyl 1-(I-phenylethyl)-1H-indazole-3-
carboxviate (2.3 g, 8.4 nunol) was added. The mixture was stirred at 45 °C for 12 hours. Then
the organic solvent was removed under reduced pressure. To the residue, 1 N hydrochloride
aqueous solution was added to adjust the pH to 3-4, and then the mixture was extracted with
cthyi acetate (20 mL x 3). The organic phasc was combined, dricd over anhvdrous sodium

sulfate, filtered and concentrated to afford 1-(1-phenyiethyl)-EH-indazole-3~carboxyvlic acid (1.3
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g, 60 %) as a white solid, which was directly used in next step. LRMS (M-+H") m/2: caled
266.29; found 266.
{00216] Symthesis of N-{{(2-hydroxy-4,6-dimethyipyridin-3-yhmethyi)-1-(I-phenyiethyi)-

1 H-indazole-3-carboxamide (Compound 112).

Nzl
Il >/
e i
e NH, OH HOBY, EDCH o N\
TR Aoy EtN, DCM Y
+ e
PNy I ) Step 4 oS
\'\,/ N L \:;J\\ ! \'_ N

802171 To a sohution of 1-(1-phenyviethy!}-1 H-indazole-3-carboxylic acid (0.3 g, 1.12 mmol)
in anhvdrous dichloromethane (20 mL) was added 1H-benzo{d}[1.2,3ltriazol-1-0l (§.14 g, 1.0
mmol}, 1-cthyl-3-(3-dimethvilaminopropylicarbodiimide hydrochioride {(8.26 g, 1.37 mmol} and
tricthylamine {0.184 g,1.83 mmol). The mixture was stirred at room temperature for .5 hours,
and 3-(aminomethyl}-4,6-dimethylpyridin-2-ol {(0.15g, 1.0 mmol} was added. The mixture was
stirred at room temperature for 3 hours. To the reaction mixture was added water {50 mL), and
the mixture was extracted with dichloromethane (20 mb X 3}, The organic phase was combined,
dricd over anhydrous sodium sulfate, filtered and concentrated to give a residue. The residue
was purified by column chromatography {silica gel, dichloromethane/methanol = 50:1) to give
N-{{2-hydroxy-4,6-dimethylpyridin-3-yhmethyl)- 1-(1-phenylethyl)- 1 H-indazole-3-carboxamide
(70 mg, 18%). LRMS (M+H") m/z caled. 40047; found 400. 'H NMR (300 MHz, 4~
DMSO): 0 1159 (s, 1H), 824 (s, 1H), 8.16 (d, 7= 8.1 Hz, IH), 7.68 (d, J= 8.6 He, 1H), 7.52—
7.33 (m, 1H), 7.30-7.06 (m, 6H}, 6.13 (d, /= 7.0 Hz, 1H), 5.89 (s, 1H), 441437 (m, 2H), 2.26
(s, 3H), 2,12 (s, 3H), 1.94 (d, /= 7.0 Hz, 3H).

[60218] Exsmple 9, Synthesis of N((Z-hvdroxy-4.6-dimethvipyridin-3-vDmethvD-1-{o-

tolvi)-1 H-indole-3~carboxamide (Compound §113).

" uh o o
'/j R qc4 MeOH L/ o~ Nah
i R
g, O e /\n S stepz i
X
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s NP {
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{80219]  Synthesis of methyl 2-(2-bromophenyl) acetate.
N /\(C}H H S04, MeOH N

l ! — |
Ly’ BrO Step 1 P BrQ

[00228] A solution of o-bromophenylacetic acid (5 g, 23.2 munol} in dry methanol (40 mL)

containing concentrated sulphuric acid {1 mL) was heated to reflux for 6 howrs. The reaction
mixture was cooled, then poured into ice water (100 ml} and extracted with ethyl acetate (30 mL
x 2}. The organic layers were cornbined, washed successively with water (20 ml x 2), saturated
sodium bicarbonate solution (40 mL x 2} and brine. And then the organic layers were combined,
dried over sodium sulfate, filtered and concentrated in vacuo to give methyl 2-(2-bromophenyl)
acetate as a pale yellow liquid (5.2 g, 98%). 'H NMR (300 MHz, CDChL): § 7.57 (4, .7 = 7.8 Hz,
1H), 7.34-7.22 (m, 2H), 7.17-7.11 {m, 1H), 3.80 (s, 2H), 3.72 (s, 3H).

{80221]  Synthesis of ethyl 2-(2-bromophenyl)-3-hydroxyacrylate,

OH
EN 2N o NaH | o
m v H"[L‘o”\ S | D ~
P J N tep 2 i
Br M BrO

{00222  To a stirred solution of methyl 2-(2-bromophenyl) acctate (5.2 g, 22.7 mmol) in ethyl
formate (40 ml} was added in portions the powder of sodium hydride (100%, 2.18 g, 90.8
mmol) over a period of 1 hour at 10 -15 “C. After the mixture was stirred for an additional hour,
the reaction was quenched with ice water (100 mL) and the two lavers were separated. The
aqueous layer was acidificd with 10% hydrochloric acid aqueous solution and then extracted
with ethyl acctate (30 mL x 3). The organic layers were combined and washed with water (2 x
20 mL), saturated sodium bicarbonate solution (2 x 40 mb) and brine in turns. Then organic
iavers were dricd over sodium sulfate, filtered and concentrated in vacuo to give ethyl 2-(2-
bromophenyl)-3-hydroxyacrylate as a pink ofl (5.33 g, 87%). 'H NMR (300 MHz, CDCL): &
1199 (d, J=12.7 Hz, 1H),7.59(dd, /=7.8 Hz, 0.9 Hz, 1H), 7460698 (m, 4H), 425 {(q, /=72
Hz, 2H), 1.24 {t, J=7.2 Hz, 3H).

{00223}  Synthesis of ethyl 3-(s-toluidino}-2-(2-bromophenyljacrylate.

OH
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{00224] To a solution of cthyl 2-(2-bromophenyl}-3-hydroxyacrylate (1 g, 3.885 mmol} in
methanol (10 mL} was added o-tohidine (8.416 g, 3.8& mmol) via syringe at room temperature.
After being stirred for 18 hours at the same temperature, solvent was removed under reduced
pressure to give the crude product of ethyl 3-(o-tohuidine}-2-(2-bromophenyliacrylate (1.326 g,
93%%), which was used in the next step without further purification. LRMS (M + H") m/z: caled
359.05; found 359.
100225 Synthesis of ethyl 1-(o-tolyl-1 H-indole-3-carboxylate.
<Ny

CUL K:;PO/; i p

DMF N
N0

-

[00226] A mixture of cthyl 3-{o-toluidine)}-2-(2-bromophenylacrylate (1.326 g, 3.68 mmol},

Step 4

cuprous lodide (38 mg, 0.38 mmol}, potassium phosphate (1.652 g, 7.8 mmol) and NN-
dimethylformamide (16 mL} was stirred at 75-80 “C under nitrogen gas atmosphere for 16 houss.
The reaction mixture was allowed to cool to room temperatore.  Solvent was removed under
reduced pressure. Water (16 mL) was added to the residue and the mixture was extracted with
cthyl acetate (8 mbL x 3} The combined organic layers were washed with brine, dried over
sodium sulfate, filtered and concentrated in vacuo to give a residue. The residue was purified by
column chromatography (silica gel, petroleum cther:ethyl acetate = 20:1) to give pure ethyl 1-{o-
tolyl)-1H-indole-3-carboxylate as a pale yellow solid (0.789 g, 77%). LRMS (M + H) m/z:
caled 279.13; found 279, 'H NMR (300 MHz, CDCly): 0 826 {(dd, /=79, 0.7 Hz, 1H), 7.89 {d,
J=07Hz, 1H),7.53-7.11 {m, 6H), 7.02 (dd, /= 8.1, 0.8 Hz, 1H}, 443 {q, /= 7.2 Hz, 2H), 2.07
(s, 3H}, 145 (&, /= 7.2 Hz, 3H).

(602271 Syuthesis of 1-(o-tolyl}-1 H-indole-3-carbexylic acid.

/"\\,-\\:
B P J,‘? NaGH. THF, H.0 -
Y}’ ‘ N-fon
4 o
N~ Step 5 S

S { {
& f
{06228 A muxture of cthyl -(o-tolyh)-1H-indole-3-carboxylate {0.78% g, 2.82 mmol}, 4N
sodium hydroxide agueous (20 mL) and tetrahydrofuran (20 ml) was stirred at 60 °C for 1%

hours.  Most solvent was removed and the rest was acidified with 10% hydrochloric acid
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aqueous to adjust to pH = 5. Pale yellow precipitate formed and was coliected by filtration. The
solid was washed with petroleum cther, dried in vacuoe to give -{(o-tolyl-1 H-indole-3-carboxylic
acid as a pale yellow solid (0.675 g, 95%). LRMS (M +H") m/z: caled 251.09; found 251,

{60229 Symthesis of N-((Z-hydroxy-4,6-dimethyipyridin-3-ylimethyl)-i-(o-tolyl}-1 -

indole-3-carboxamide (Compound 113).

s r =X
E 2 /i}j EDCH HOBT E Ji<
L { . - G, ot L
N\i{' /{OH . HaN \N EtN, DCM \ // ’/\\’)‘}N
RS TN Step 6 = /1 /
N \__z

{80230} A mixture of 1-{o-tolyl}-1H-indole-3-carboxylic acid (100 mg, 0.398 mmol), 3-
{aminomecthyl)-4,6-dimethylpyridin-2-o0l (60 mg, $.398 mmol}, 1-ethyl-3-(3-
dimethylaminopropyl)  carbodiimide  hydrochloride (114 mg, 0597 mmol), N-
hydroxybenzotriazole (81 mg, 0.597 mmol), tricthylamine (81 mg, 0.796 mmol} and
dichloromethanc (5 mL) was stured at room temperature for 18 hours, The solvent was removed
under reduced pressure and ethyl acetate (10 mL) was added. The resulting mixture was washed
with water {10 mL} and brine in torns and then dried over sodium sulfate. The mixture was
filiered and the filtrate was concentrated in vacuo. The residue was purified by preparative-
TLC(silica gel, dichloromethane: methanol = 15:1) to give pure desired product of N-{{2-
hydroxy-4,6-dimethytpyridin-3-ylmethyl}- 1 -(o-tolyli- 1 H-indole-3-carboxamide as an off white
solid (100 mg, 65%). LRMS (M + H') m/4: caled 385.18; found 385. 'H NMR (300 MHz,
CD:00) 8 8.16 {(dd, J= 6.1, 2.5 Hz, 1H), 787 (5, 1H}, 744 (d, J =49 Hz, 2H), 7.41-7.26 {m,

2H), 7.26--712 {m, 2H), 6.93 (dd, /=63, 2.4 Hz, 1H), 6.11 {s, TH), 4.53 {s, 2H), 2.41 (s, 3H),

2.24 (s, 3H), 2.01 (5, 3H).

160231}  Example 18, Synthesis of compound (R or 8 N-({4-methoxy-6-methvl-2-0x9-1.2-

dibvdropyridin-3-vhmethvD-Z-methvi-1-(1-phenviethvli-1 H-indole-3-carboxamide
{Compounds 1314 and 115,

132321 Svuthesis of 3-(aminomethyl)-4-methoxy-6-methyipyridin-2-ol.
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1883233} Z-amine-6-methylt-4-oxo-4H-pyran-3-carboritrile,

o
_______ =0 ¢ NeTON ’\iai—- THF /EK/L

Step 1

To a solution of malonowuiiriie (3.3 g, 58 mmol) in anhyvdrous tetrahyvdrofuran (100 mL) was
added sodium hydride (60% w/w, 2.2 g, 535 mmol) at -10°C. The reseltant mixture was stirred
for 2 hours. Then diketene (4.2 g, 50 mmol} was added dropwise to the solution. The mixture
was allowed to warm to room temperature and continued stirring for 30 mimiutes. The mixfure
was neutralized with hvdrochloric acid and then concentrated in vacuo to give crude 2-aming-
t-methyl-d-oxo-4H -pyran-3-carbonitrile (6.0 g, 80%) as a red solid, which was used in the

next step without Rirther purification.

100234} 2 4-dihydroxy-6-methylnicotinonitrile

CN 10% HCI
e R
NH, Step 2

A suspension of Z-amino-6-methyl-4-oxo-4 H-pyran-3-carbounitrile (6.0 g, 40 mmol) in 10%
hydrochloride acid (60 mL) was heated under reflux for 4 hours. The precipitate was collected
by filtration and washed with water, and then recrystallized from methanol to give 2,4«
dihydroxy-6-methyinicotinonitrile (5.0 g, 83%) as a brown solid. 'H NMR (300 MHz
CD:00) 8 12.46-12.44 (m, 1H), 11.69 (5, 1H), .85 (s, 1H), 2.15 (s, 3H).

180235} 4-chlovo-2-hydroxy-6~-methylnicotinonitrile
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OH
N AN BRELNCS, FOCK
N NOH Step 3

To a solution of 2,4-dihydroxy-6-methyinicotmonitrile (1.5 g, 10 mmol} in acetonitrile (50
mb) was added benzyltricthvlamnmonium chlonide (9.1 g, 40 mmol) and phosphoras
oxychioride {6.13 g, 40 mmol). The resulting mixture was stirred for 4 hours at room
temperature. The solvent was removed by rotary evaporation. To the residue was added
dichloromethane (100 mL) and water (50 mL}. The organic phase was separated, washed with
brine {50 mL), dried over anhydrous magnesivm sulfate, filtered and concentrated to give
crude product which was purified by column chromatography (sifica gel, petroleum ether/ethyl
acetate = 4:1 ) to afford 4-chloro-2-hydroxy-6-methylnicotinonitrile (800 mg, 48%) as a

brown solid.

{60236} 2-hydroxy-4-methoxy-6-methyinicotinonitrile
i ~o
CN ON
o MaONa, MeOH e -
T Step 4 AN NoH

To a pressure vessel was added 4-chloro-2-hydroxy-6-methylnicotinonitrile {337 mg, 2.0
mmol}, sodivm methoxide (530 mg, 10.0 mmol}, methanol (15 mL}, and a magnetic stirrer.
The pressure vessel was scaled, and was stirred at 100°C for 16 hours before the solvent was
removed by rotary evaporation. To the residue was added water (10 mL) and cthyl acetate (50
mb). The organic layer was separated and concentrated in vacuo to provide crude product
which was purified by column chromatography (silica gel, dichloromcthane/methanol = 40:1)

to afford 2-hydroxy-4-methoxy-6-methylnicotinonitrile (70 mg, 21%) as a brown solid.

{60237} 3-(aminomethyl-4-methoxy-¢-methyipyridin-2-ol
~a r | -
/j\\ ON N,H,, Raney Ni 0
i i o
)i: \[ EIOH, 60°C 'i SN
= : » s
OH Step 8 : 2
N oH F N0
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2-Hydroxy-4-methoxy-6-methylnicotinonitrile (70 mg, .43 mmol} was dissolved in cthanol (10
mL) and warmed to 60°C before it was treated with raney nickel (0.5 mL slurry in water)
followed by addition of hydrazine monohydrate (2 mL). The resultant mixture was allowed to
stir at 60”C for 2 hours. The cooled reaction mixture was filtered through celite and rinsed with
methanol. The filtrate was concentrated in vacuo to provide crude product which was purified by
column chromatography (silica gel, dichloromethane/methancl = 10:1} to afford 3-
{aminomethyl}-4-methoxy-6-methylpyridin-2-ol {40 mg, 56%) as a white solid. LRMS (M + H'}
m/z: caled 168.09; found 168, HPLC purity (214 nm): 73%. 'H NMR (300 MHz, 4-DMSO): &
6.04 (s, 1H), 3.77 (s, 3H), 3.42 (s, 2H), 2.15 (s, 3H).

{00238 Synthesis of N-((4-methoxy-6-methyl-2-ox0-1,2-dibhydropyridin-3-yhmethyi)-
Z2-methyh1-(3-phenylethyl-1 H-indole-3-carboxamide {Compound 138},
, &
. l Sy HOBT, EDCH EtyN, DCM, 1t N 4 HN____/O
HaN._A_NH ) g: ({f\}b\
““ o N N R
\ i/%r/ Y

A

To a solution of Z-methyl-1-( I-phenvicthyl}-1 H-indole-3-carboxylic acid (66 mg, 0.24 mmol} in
anhydrous dichloromethane (S mL) was added N-hydroxybenzotriazole (38 mg, .29 mmoly, 1-
ethyi-3-[3-(dimethyvlamino)propylicarboditmide (55 mg, .28 mmol) and trimethylamine {36 mg,
.36 mmol}, and stirred at room temperature for 4.5 hour, 3-{aminomethyi)-4-methoxy-6-
methylpyridin-2(1H}-one (40 mg, .24 mmol) was added and stirred at room ternperature for 16
hours. To the reaction mixture was added water (10 ml)}, extracted with dichloromethane (10
mb) 2 times, combined and concentrated the organic layers, the residue was purified by column
chromatography {silica gel, dichloromethane/methanol = 20:1) to give N-{{4-mcthoxy-6-methyl-
2-ox0-1,2-dihydropyridin-3-yvDmethyi)-2-methyl-1-{ 1 -phenylethyl}- 1H-indole-3-carboxamide as
an off-white solid (0.08 g, 52%). LRMS (M + H') m/z: caled 429.21; found 429.

{60239} Synthesis of (X or §) N-{{4-methoxy-6-methyl-2-ox0-1,2-dihvdropyridin-3-
yhmethyl-2-methyi-1-(1-phenyiethyi}-1H-indole-3-carboxamide (Compounds 114 and
115).
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N-{{6-hydroxy-2-mecthoxy-d-methylpyridin-3-vhmethyl)-2-methyl-1 -{ L -phenylethyl)- | H-indole-
3-carboxamide (80 mg, 0.19 mmaol) was scparated by chiral HPLC {(LA(ADSG)-TEA20min, then
(R or §) N-{{4-methoxy-6-mcthyl-2-ox0-1,2-dihydropyridin-3-ylimcthyh-2-methyi-1-(1-
phenylcthyi-1 H-indole-3-carboxamide (25 mg, 31%) and (§ or R) N-{{4-mcthoxy-6-methyl-2-
oxo-1,2-dithydropyridin-3-yhmethyD-2-methyl-1-( I-phenylethyl)- | H-indole-3-carboxamide (15
mg, 19%) were obtained. The retention times were 8.222 munute ("Peak 17; Corapound 114) and
13.531 (*Peak 27; Compound 115) minute respectively in chiral prep-HPLC chromatography.
LRMS (M-+H") m/z: caled 429.21, found 429, HPLC Purity (214 nm): 100%. 'H NMR (300
MHz, &-DMSOY: 8 11.59 (s, 1H), 7.75-7.72 (m, 2H), 7.35-7.25 {m, 3H), 7.15 (d, J = 7.5 Hz,
2H), 7.10-7.07 (m, 1H), 7.02-6.93 (m, 2H), 6.15 (s, 1H}, 596 (g, /= 6.9 Hz, 1H), 433 (d, /=351
Hz, 2H), 3.85 (3, 3H), 2.62 (5, 3H), 2.20 (s, 3H), 1.89(d, J= 7.5 Hz, 3H}.

Example 11, _ Svanthesis  of compound N-{{4.6-dimethvl-2-oxo-1,2-dibvdrepvridin-3-

vhimethvll-2.6-dimethvl- 7-oxo-1-(l-phenviethvD-6,7-dihvdro-1H-pyvrrolol2.3-clpvridine-3-

carboxamide (Compound 139).
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To a stirred solution of 4-chloro-3-nitropyridin-2(1H}-one (3.0 g, 17 mmol) in NN-
dimethyHormamide (50 mL) was added sodium hydride (60% w/w, 1.0 g, 25.5 mmol} in batches
at §"C. The mixture was stirred at room temperature for 30 minutes. Then iodomethane (2.9 g,
20.4 mmol} was added dropwise to the above solution at room temperature . The resultant
solution was stirred at room temperature for 12 hours, Once starting material was consumed, the
reaction mixture was quenched with ice water (100 mL) at 0~10°C, and cxtracted with cthyl
acctate(100 mb » 3).The organic phasc was washed with brinc (100 mL x 2}, dried over
anhydrous sodium suifate, filtered and concentrated to give a residuc. The residue was purified
by column chromatography (silica gel, dichloromethane/methanol = 10:1) to give 4-chloro-1-
methyl-3- nitropyridin-2(iH}-one (3 g, 94%) as a yellow solid. LRMS (M + H') m/z: caled
188.0; found 188.

{00241 Symthesis of ethyl  2-(-methyl-3-nitvo-2-oxo-1,2-dihydrepyridin-4-vi-3-

gxobuianoate

Ny + i1 Nat/ THF 7 ONG
LfINOQ /lLVJl\O/\ T eez \rj\”/o\]

& & O
To a stirred sohution of cthyl 3-oxobutancate (2.5 g, 19 mmol} in tetrahydrofuran (50 mL} was
added sodium hydride (60% w/w, 0.96 g, 23.9 mmol} in batches at §°C. The mixture was stirred
at room temperature for 30 minutes. Then the solution of 4-chioro-1-methyl-3-nitropyridin-
2{1H)}-one (3.0 g, 16 mumol) in tetrahydrofuran (30 mL) was added in one portion. The resultant
solution was stirred and heated to 50°C for 12 hours. Once the starting material had been
consumed, the reaction solution was quenched with water (100 mL} at 0°C, and extracted with
cthyl acetate (100 mL x 3). The combined organic layers were washed with brine (100 mb x 2},
dried over anhydrous sodium sulfate, filtered and concentrated to give a residue. The residue was
purified by column chromatography (silica gel, dichloromethane/methanol = 10:1) to give ethyl
2~{1-methyl-3-nitro-2-0x0-1,2-dihydropyrnidin-4-vl)-3-oxobutanocate (2.5 g, 56%) as a yellow
solid. LRMS (M + H ') m/z: caled 282.09; found 282,
[00242] Syathesis of ethyl 2.6-dimethyh7-0x0-6,7-dihydro-1H-pyrrolo{2,3-clpyridine-3-

carboxylate
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To a solution of ethyl 2-(T-methvi-3-nitro~-2-ox0-1,2~-dihydropyridin-4d-yi}-3-oxobutancate (2.5 g,
&.8 mmol} in ethanol {50 mb) was added ammonium chloride (0.5 g, 9 mmol} in water {5 mlL} at
room temperature [ The mixtare was stirred and heated to reflux. Then iron powder (0.5 g, 8.9
mmol) was added i one portion. The mixture was stirred at reflux for 2 hours. Once starting
material was consumed, the resultant mixture was filtered when it was hot, and the filtrate was
concentrated to give a residue. The residue was purified by column chromatography (silica gel,
dichloromethane/methanol = 10:1} to give cthyl 2,6-dimethyl-7-0x0-6,7-dihydro-1H-pyrrolo
[2,3-c]pyridine-3-carboxylate (1.5 g, 75%) as a brown solid. LRMS (M + H) m/z: caled 234.1;
found 234. "H NMR (400 MHz, &*-DMSO):  12.54 (s, 1H), 7.30 (d, J= 5.1 Hz, 1H), 6.78 (d, J
=51 Hz, 1H}, 424 (q, /=51 Hz, ZH}, 3.51 (s, 3H}, 2.56 {5, 3H), 1.32 {1, /= 5.1 Hz, 3H}.

{80243] Synthesis  of ethyl  2,6-dimethyl-7-oxo0-1-{1-phenylethyi)-6,7-dihydro-1H-

pyrroio] 2,3-¢] pyridine-3-carboxylate

3

G N ~ o .
SR I
BN U G
22 i
6]

To a stirred solution of cthyl 2,6-dimethyl-7-ox0-6,7-dihydro-1H-pyrrolo[2,3-clpyridine-3-
carboxylate (1.5 g, 6.4 mmol} in N N-dimethylformamide (50 mL) was added (I-bromoethyl}-
benzene (1.5 ¢, 7.9 mmol) and cesium carbonate (3.14 g, 9.6 muool). The resoltant solution was
stirred at R0°C for 12 hours. Once starting material was consumed, the reaction mixture was
quenched with water (50 b)), and extracted with ethyl acetate (100 mL x 3}. The combined
organic layvers were washed with brine (100 mL * 2}, dried over anhydrous sodium sulfate,
filtered and concentrated to give a restdue. The restdue was purified by column chromatography
{silica gel, petroleum ether/ethyl acetate = 5:1) to give ethyl 2.6-dimethyl-7-oxo-1-{(1-
phenvlethyly- 6,7-dihvdro~-1H-pyrrolo[2,3~clpyridine-3~carboxylate (1.5 g, 69%) as a vellow
solid. LRMS (M + H '} m/z: caled 338.16; found 338.
100244] Symthesis of 2,6-dimethyl-7-ox0-1-(1-phenyiethyl)-6.7-dihvdro-1H-pyrrolof2,3-

cipyridine- 3~carboxylic acid
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A mixture  of  ethyl  2,6-dimethyl-7-oxo0-1-(1-phenvicthyl}-6,7-dihydro- 1 H-pyrrolof2,3-
clpyridine-3-carboxylate (500 mg, 1.5 mmol} and lthiom hydroxide (50 mg, 2.1 mmol} in
gthanol (20 mL) and water {5 mL) was stirred and heated at 80°C for 12 hours. Once starting
material was consumed, the mixture was concentrated and the residuc was dissolved into water
(50 mL}. Then the solution was cxtracted with ethyl acetate (20 mL x 2).The aqueous layer was
collected, adjusted to pH 4, and extracted with cthyf acetate (20 mL x 3). The combined organic
layers were washed with brine (20 mL x 2}, dried over anhydrous sodium suifate, filtered and
concentrated  to give  2,6-dimethyl-  7-oxo-1-(1-phenylethyl}-6,7-dihydro-1H-pyrrolo{2,3-
clpyvridine-3-carboxylic acid (200 mg, 44%) as a light yellow solid which was used directly in
the next step without further purification. LRMS (M + H '} m/z: caled 310.13; found 310,

1802458}]  Synthesis of N-{{4,6-dimethyvi-2-ox0-1,2-dihydrepyridia-3-vDmethyl)-2,6-
dimethyi-7-ox¢-  I-(1-phenyiethyD-6,7-dihyvdro-1 H-pyrrelo|2,3-cipyridine-3-carboxamide
{Compound 139).
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To a muxture of 2,6-dimethyl-7-0x0-1-{1-phenvicthyi}-6,7-dihydro- 1 H-pyrrolo[ 2, 3-¢cipyridine-3-
carboxylic acid (200 mg, 0.64 mmol} and 4-{aminomethyl}-3,6-dimethyipyridin-2(1 H)-one (118
mg, 0.78 mmoel) in N N-dimethylformamide (20 mL) was added o-(7-azabenzotriazol-1-yl)-
NN N' N'-tetramethyluronium hexafluorophosphate (365 mg, (.96 mmol} and tricthylamine
(388 mg, 3.84 mmol} at room temperature. The resultant mixture was stirred at room temperature
for 2 hours. Once starting material left was consumed, the reaction mixture was quenched with
water {50 mL}, and extracted with ethyl acetate {54 mL * 3).The combined organic layers were
washed with brine (100 mL * 2}, dried over anhydrous sodium sulfate, filtered and concentrated
to give a residue. The residue was purificd by column chromatography (silica gel, petroleum

cther/ethyl acetate = 1:2} to give N-((4,6-dimcthyl-2-ox0-1,2-dihydropyridin-3-yhmethyi}- 2,6-
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dimethyi-7-oxo-1-(1-phenylethyi)y-6,7-dihydro-1 H-pyrrolof 2, 3-clpyridine-3-carboxamide (150

mg, 53%) as a white solid. LRMS (M + H'} m/z: caled 444.22; found 444, HPLC purity (214

nn): 97%. 'H NMR (400 MHz, CD:0D): 6 7.22-7.13 (m, 4H), 7.01(d, /= 7.2 Hz, 2H) , 6.69 (d,
'=7.2 Hz, 1H}, 599 (s, 1H), 4.35 {s, 2H}, 3.50-3.21 (m, 4H}, 2.26 {s, 3H), 2.13 (5, 3H}, 2.06 (s,

3H), 1.82(d, /=72 Hz, 3H).

{60246} Example 12, Svnthesis of compound (R)y-N-((2-hvdroxy-4.6-dimethvipyridin-3-

vhmethvh-6-methvi-2-(methviaming)-7-(-phenviethv-7TH-pvrroloi2 3-dlpvrimidine-5-

carboxamide (Compound 144).
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{80247}  Syathesis of (R)-5-bromo-2-chlore-N-(1-phenylethyhpyrimidin-4-amine
Br
Ny BF e DIPEA, E1OH J\/I
i + X ey R
Gi/\N"’ o E\[/ Step 1 L‘fl

To a solution of S-bromo-2,4-dichloropyrimidine (5 g, 22 mmol} and {R}-1-phenylethanamine

gy

(2.7 g, 22 mmol} in cthanol (54 mL) was added N N-ditsopropylethylamine (4.3 g, 33 mmol).
The reaction solution was stirred at room temperature for 12 hours. The resultant mixture was
concentrated in vacuo. The residue was purified by column chromatography (silica gel,
petroleum ether/ethyl acctate = 6:1) to give {R}-5-bromo-2-chioro-N-(T-phenylethylipyrimidin-
4-amine as a white solid (5 g, 74%). LRMS (M + H') m/z: caled 310.9%; found 310. 'H NMR
(300 MHz, CDCls): 6 8.10 (s, TH), 7.41-7.25 (m, 5H), 5.73 (d, J = 6.9 Hz, 1H), 539-5.34 {m,
1H), 1.61 (d, /= 6.6 Hz, 3H).

180248] Synthesis of {(E)-methyl 2-chloro-6-methyi-7-{1-phenylethyvl)-7H-pyrreolof2,3-

dipyrimidine- S-carboxylate
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A solution of (R}-3-bromo-2-chloro-N-(I-phenylethyhpyrimidin~-4d~amine (5 g, 16 mmol), methyl
but-2-yuoate (3.1 g, 32 mamol}, lithium chloride (690 mg, 16 mmol), potassium carbonate (5.5 g,
40 mmol) and palladiom acetate (360 mg, 1.6 muvol} in N, N-dimethylformamide (50 mL) was
degassed and back-filled with nitrogen for three times, then heated at 120°C for 4 hours. The
reaction mixture was filtered and the filtrate was concentrated in vacuo, extracted with ethyl
acctate (50 mlb), washed with water (80 ml}, dried over anhydrous magnesium sulfate and
purified by cohimn chromatography (silica gel, petroleum ether/ethyl acetate = S:1) to give (R)-
methyl  2-chloro-6-methyi-7-(1-phenylethvi}7TH-pyrrolof 2, 3-dlpyrimidine-S-carboxylate as a
yellow oil (800 mg. 15%). LRMS (M + HY) m/z: caled 329.09; found 329. 'H NMR (300 MHz,
CDCh)y: 0 916 (s, 1H}, 7.39-7.18 (m, SH), 6.45-6.42 (m, 1H), 3.96 (s, 3H), 2.57 (s, 3H), 2.05 (d,
J=7.2 Hz, 3H).

[303249]  Synthesis of {R}-2-chloro-6-methyl-7-(1-phenylethyD-7TH-pyrrolof2,3-
dipyrimidine-8- carboxyilic acid
A O?«OH
PN LIOH, H,0, .
"d:\i\\/ HooH, THF E’,\\, Ny
o N TN Stop 3 o NN
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Lithium hydroxide anhydrate (882 mg, 21 mmol) in water (3 mL} was added to (R)-methyl 2-
chloro-6~-methyl-7-(1-phenyiethyl-7TH-pyrrolo[2 3-djpyrimidine-S-carboxylate (700 mg, 2.1
mmol) in tetrahydrofuran (5 ml) and methanol {10 ml) and the resultant mixture was stirred at
roorn temperature for 12 hours. The misture was evaporated, added with water (§ ml), acidified
with aqueous hydrochloric acid (1M) to pH = 2. The precipitate sohid was filtered and dried to
obtain {(R)-2-chloro-6~-methyl-7-(1-phenylethvl}-7H-pyrrotof2,3-d] pyrimidine-3~ carboxylic acid
as a white solid (500 mg, 75%). LRMS (M + H') m/z: caled 315.08; found 318.

[00250]  Symthesis  of  (R)-2-chloro-N-{(Z-hydroxy-4,6~-dimethyipyridin-3-yDmethyh-6-

methyl-7- (I-phenylethyvD-TH-pyrrole{2 3-d{pyrimidine-3-carboxamide
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To a solution of (R)-2-chloro-6-methyl-7-(i-phenviethyh-TH-pyrrolof2,3-dlpyrimidine-5-
carboxyvlic acid (100 mg , 0.32 mmol} 1o dichloromethane (10 mL) was added with I-
hydroxybenzotriazole (65 mg, 048 mmol}, -Ethyl-3-(3-dimethyvlaminopropyliethyl-
carbodiimide hydrochloride (92 mg, (.48 mmol) and tricthylamine {97 mg, 0.96 mmol). After
stirred for 30 minutes, 3-(aminomethyl-4,6- dimethylpyridin-2-0l (49 mg, 0.32 mmol) was
added and the reaction mixture was stirred at room temperature for 12 hows. The solution was
concentrated, diluted with water {20 mlL), extracted with ethyl acetate (20 mL). The organic
layers were separated, combined, dried over anhvdrous sodiom sulfate, filtered and concentrated
to give a residue. The residue was purified by column chromatography  (silica gel,
dichloromethane/methanol = 20: 1} to afford (R)-2-chloro-N-{{2Z- hydroxy-4,6-dimethylpyridin-
3-ymethyl}-6-methyl-7-(1-phenylethyl)-7H-pyrrolof 2, 3-djpyrimidine-5-carboxamide (100 mg,
70%). LRMS (M + H') m/z: caled 449.16; found 449.
{602581] Syathesis  of (B)-N-{C-hydroxy-4,6-dimethylpyridin-3-vhmethyl-6-methyi-2-
(methyiamino)- 7-(1-phenyiethyvl-TH-pyrrole{Z,3-d|pyrimidine-5-carboxamide (Compound
146).
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A solution of (R)}-2-chloro-N-{(2-hydroxy-4,6-dimcthyipyridin-3-yUmethyl}-6-methyl-7-(1-
phenyl ethyl}-7TH-pyrrolo]2,3-d}pyrimidine-5S-carboxamide (30 mg , 0.07 mmol} in methylamine
{1 M in tetrahydrofuran, 3 mL) was stirred at 150°C for 30 minutes under microwave (pressure:
17.2 bar, equipment power ;| 150W). The mixtore was concentrated in vacue and purified by
cohimn chromatography (silica gel, dichloromethane/methanol = 10 1) to afford (R}-N-{(2-

hydroxy-4,6- dimethylpyridin-  3-yhmethyl-6-methyl-2-(methylamino}-7-( I -phenylethyl}-7TH-
pyrrole [2,3-d] pyrimidine-S-carboxamide (10 mg, 34 %). LRMS (M + H') m/4: caled 444.23;
found 444. HPLC purity (214 nm): 92%. "H NMR (300 MHz, CDsOD): & 8.55 (s, 1H), 7.30-7.23
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(m, SH), 6.15-6.10 {m, 2H), 4.47 (s, 2H), 2.90 (s, 3H), 2.40 (s, 3H), 2.38 (s, 3H), 2.24 (s, 3H),
2.03(d, J= 7.2 Hz, 3H).

1902582} Exsmple 13. Svyuihesis of compound (R)-N-((Z-hvdroxy-4.6-dimethvipyridin-3-

vhimethvl-2-methoxv-¢-methvi-7-{ I-pheaviethvli-TH-pyvrrolo{ 2, 3-dlnpvrimidine-8-

carboxamide (Compound 141},

z‘;' ) /,," /::"’"
(Z<\,> NaOMe, MeOH f;,'“\\;g)
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£ . - =iep P

\/ P ' \: Pt
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A solution of {(R)}-2-chloro-N-{{(2-hydroxy-4,6-dimethylpyridin-3-vhmethyl}-6-methyl-7-(1-
phenylcthyl)-7H-pyrrolo{2,3-d]pyrimidine-S-carboxamide (70 mg, 0.15 mmol} in McOH {1 mL)})
solution of sodium methanolate (20 mg) was stirred at 130°C for 60 minutes under microwave
{pressurc: 15.3 bar, equipment power: 150W). The mixture was concentrated in vacuo and
purified by colomn chromatography (silica gel, dichloromethane/methanol = 10 : 1) to atford
{R}-N-A(2-hydroxy-4,6-dimethylpyridin-3-yhmethyh-2-methoxy-6-raethyl-7-( L -phenylethyl)-
TH-pyrrolo[2,3-dJpyrimidine-5-carboxamide (37 mg, 51.9%). LRMS (M + H') w/z caled
445.21; found 445, HPLC purity (214 nmy: 100%. TH NMR (400 MHz, CD30D) 6 §.75 (s, 1H),
7.29 - 7.22 {m, SH), 6.11 — 6.07 (o, 2H}, 4.46 (s, 2H), 3.90 (s, 3H), 2.48 (s, 3H), 2.36 {5, 3H},
2.214s,3H),2.05¢d, J=7.2 Hz, 3H).

[60253]  Exsmple 14, Svnthesis of (R)}-N-{(Z-bhvdroxv-4.6-dimethvipvridin-3-vhmethyi}-6-

methyvi~7~{1-pheaviethvD-2-(ovrrolidin-1-vD~-7TH-pvrrolol 2. 3-dlpyvrimidine-S-carboxamide
{(Compound 142},

. N N
i Ho] f H \f
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OH o =y @ OH O =N \N{/:]

A solution of (R}-2-chloro-N-({2-hydroxy-4,6-dimethylpyridin-3-yUmethyl}-6-methyl-  7-(1-

/
Y,
{"
Z
¥

phenylethyly-7H-pyrrolof2,3-dipyrimidine-S-carboxamide (70 mg, 0.15 mmol} in pyrrolidine

(1.0 mL) was stirred at 150°C for 30 minutes under microwave {(pressure: 12.2 bar, equipment
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power: 150W). The mixture was concentrated in vacue and purified by column chromatography
{silica gel, dichloromethane/methanol = 10: 1} to afford (R)-N-{((2-hydroxy-4,6-dimethylpyridin-
3-ylymethy-6-methyl-7-(1-phenylcthyl)-2-{pyrrolidin-1-y1}-7TH-pyrrolo{ 2. 3-djpyrimidineg-5-
carboxamide (45 mg, 60.0%). LRMS (M + H') nvz: caled 484.26; found 484. HPLC purity (214
nmy: 97.8%. 'H NMR (400 MHz, CD;0D) § 8.36 (s, 1H), 7.27 — 7.20 {m, 5H), 6.06 — 6.02 (m,
2H), 4.45 (s, 2H), 3.52 — 345 {m, 4H), 2.40 (s, 3H), 2.35 (s, 3H), 2.21 (s, 3H), 2.01 — 1.94 {m,
TH).

[60254] Example 15, Svathesis of compound (B)y-N-((2-hvdroxy-4.6-dimethvipvridin-3-

vhimethvh-6-methvi-2-morpholing-7-(I-phenviethvh-7TH-pyvrrolol 2. 3-dlpvrimidine-5-

carboxamide (Compound 143).
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A solution of (R}-2-chloro-N-({2-hydroxy-4,6-dimethylpyridin-3-yUmethyl}-6-methyl-  7-(1-

phenylethyly-7H-pyrrolof2,3-dipyrimidine-S-carboxamide {70 mg, .15 mmol} in morpholine
(1.0 mL} was stirred at 150°C for 30 minutes under microwave (pressure: 10.5 bar, equipment
power: [SOW). The mixture was concentrated in vacuo and purified by column chromatography
(silica gel, dichloromethane/methanol = 10: 1} to afford (R}-N-{((2-hydroxy-4,6-dimethylpyridin-
3-ylmethvl-6-methyl-2-morpholine~-7-(1 ~-phenvicthy }-7H-pyrrolo[ 2.3-djpyrimidine-5-
carboxamide (55 mg, 70.5 %). LRMS (M + H") m/z: caled 500.25; found 500. HPLC purity (214
nm): 98.6%. "H NMR (400 MHz, CD;0OD) § 8.65 (s, 1H), 7.28 (dt, .J = 11.9, 7.7 Hz, 5H), 6.10
(dd, /= 13.7, 6.5 Hz, ZH}, 4.51 (s, ZH}, 3.78 — 3.65 (m, 8H), 2.47 (s, 3H), 2.41 (5, 3H}, 2.26 (s,
3H), 2.03 (d, /= 7.2 Hz, 3H).

100255] Example 16, Synthesis  of compound  {(R)y-Z-amino-M-{(2-hvdroxv-4.6-

dimethvinvridia-3-vhimethvD-7-{1-phenviethvl)-TH-pvrrolol 2, 3-dipvrimidine-S-

carboxamide (Compound 1d44).
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A solution of (R}-2-chloro-N-{{2-hydroxy-4,6-dimecthylpyridin-3-ylimethyl)-6-methyl-7-  (1-

¥

phenyicthyl}-7H-pyrrolo{2,3-d]pyrimidine-5-carboxamide (70 mg, 0.15 mmol} in ammonium
hydroxide (5 mL} was stirred at 150°C for 30 minutes under microwave {pressure: 17.2 bar,
equipment power © 150W). The nuxture was concentrated in vacuo and purified by column
chromatography (silica gel, dichloromethane/methanol = 10: 1) to afford (R)-2-amino-N-{(2-
hydroxy-4,6-diroethylpyridin-3-ylmethyi}-6-methyl-7-(1 -phenviethyl)-7TH-pyrrolof 2,3~
dlpyrimidine-5-carboxamide (25 mg, 38 %), LRMS (M + H'} m/z: caled 430.21; found 430.
HPLC purity (214 nmy: 93%. 'H NMR (300 MHz, CD:ODY: § 8.57 {s, 1H), 7.34-7.19 {m, 5H),
6.19-6.17 (m, 1H), 6,10 (s, 1H}, 4.47 (s, 2H), 2.33 (5, 3H), 230 (s, 3H), 2.23 (s, 3H), 1.99 (d, /=
7.2 Hz, 3H).

[80256] Example 17, Svothesis  of  N-((4.6-dimethvi-2-ox0-1.2-dibvdropyridin-3-

viimethvii-2-methvi-1-(phenvisulfonyv-1 H-indole-3-carboxamide {Compound 145},
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802571  Synthesis  of N-{Q-bhydroxy-4,6-dimethylpyridin-3-ylimethyi}-2-methvi-1 H-

indole-3-carboxamide
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To a solution of 2-methyl-1H-indole-3-carboxyvlic acid {(3.3g, 1885 wmmol), I-
hydroxybenzotriozole (4.69g, 37.7 mmol, 2Zeq), 1-(B-dimethylaminopropyt)-3-ethylearbodiimide
hydrochloride (7.24 g, 37.7 mumol, 2eq), tricthviamine (20.0 mL} in dichloromethane (100 ml)}

iy 77

was added 3-(aminomethyl}-4,6-dimethylpyridin-2-0l (5.77¢, 37.7 mmol, 2¢q}. The reaction
mixture was stirred at 20°C for 13 howrs. The mixture was washed with water (20 mL = 2). The
organic phase was dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated to give the residue, which was purified by column chromatography (silica gel,
dichloromethane/methanol = 10:2) to give N-{({2-hydroxy-4,6-dimcthyipyridin-3-ylimethyl}-2-
methyl- 1 H-indole-3-carboxamide as a white solid {3.00 g, 9. 7mmol, 5196). LRMS (M + H') m/z:
caled 309.36; found 310. HPLC Purity (214 nm): »95%. 'H NMR (300 MHz, &-DMSO): §
1161 (s, 1H), 1143 (s, 1H) 7.74 (d, J = 5.1 Hz, 1H), 7.58-7.54 {m, 1H}, 7.31 {(d, } =7.2Hz, 1H),
7.04 (t, ] = 6Hz, 3H), 5.89 (s, 1H), 4.32 (d, /=45 Hz, 2H}, 2.57 (5, 3H), 2.26 (5, 3H), 2.12 (5,
3H).

100258] Synthesis of N-({(4.6-dimethyi-2-¢x0-1,2-dihydropyridin-3-vhimethy-2-methylk-1-
{(phenvisulfonyh-1H-indole-3-carboxamide (Compound 148)

OH o o O o)
73 N y/
/N:&_SN a0 NaH rxwm
‘ + ' [ESSR———
\_J = \_/ =
N (/’\ THF N D20
O ~ O
o~ / I‘
o b

To a solution of N-({(4,6-dimethyl-2-ox0-1 2-dihydropyridin-3-yDmethyl}-2-methyi-1 H-indole-3-
carboxamide (0.15g, 0.485mmol) in tetrahydrofuran{10 mL) was added sodium hydride {(0.023 g,
0.582 mmol) at 0°C. The mixture was stirred at 0°C for 30 minutes. Then benzenesulfonyl
chloride (0.086 g, (1.485 mmol} was added to the mixture. The reaction was warmed to room
temperature slowly and stirred for another 30 minutes. It was guenched by adding water (10 mL}
stowly, and extracted by ethyl acetate (10 mbL x 3). The organic layer was dried and purified by

Prep-HPLC  to  afford N-{{4,6-dimethyl-2-0x0-1,2-dihydropyridin-3-yhmethyl)-2-methyl-1-
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{phenyvisulfonyl)-1H-indole-3-carboxamide {9 mg 4.1% yicld). LRMS (M + H+) m/z: caled
449 14; found 450. HPLC Purity (215 nm}: 97%. "H NMR {400 MHz, CDCl;): 3 825 {d, J =
6.8Hz, 1H), 7.81 (dd, J =84 Hz, J = 0.8 Hz, 2H), 7.62-7.7.54 {(m, 2H), 7.46-7 .40 {mn, 2H}, 7.35-
7.28 {(m, 2H), 6.80 (1, J = 6Hz, 1H), 6.51 (s, 1H), 4.58 (4, J = 4.6 Hz, 2H}, 2.80 (s, 3H), 2.64 (s,
3H), 2.45 (s, 3H).

{60259 Example 18,  Svnthesis of compound N-((2-hvdroxy-4.6-dimethvipvridin-3-

vhmethvh-2-methvi-1-(1-pheavicthvDi-1H-pyrrole{2.3-blpyridine-3-carboexamide
{Compound 146),

R C %
-~ Cul, BINOL, 50°C S Ome ar S-0ne
5,00, DMSO ;o IR -
1 o A, cucosomso S e s e oSG
Step 1 i U o Step 2 SNE TN Vs
H Iy

Q
\k\ OH EDCL HOBT

LIOH, THEMeOH/H,0 m' «L\\/\NH LN CHOL AN’\/ }
+ 1 T —————————
Stey /E N«;f'\ oH Step 4 /"‘\ \OH
O I

100260]  Synthesis of methyl 2-methyl-1H-pyrrolo{2,3-bipyridine-3-carboxylate

O
=no
YL 58 e yow
i o+ ; 352‘3 35 A
SN N i /Jl\/l\OMe l\ AN
2 Step 1 2
NTh

To a solution of 3-iodopyridin-2-amune (5.5 g, 25 mmol} in dimcthylsalfoxide (40 mL) were
added methyl acetoacetate (3.48 g, 30 mmol), copper iodide (476 mg, 2.5 mmol), LI
binaphthyl-2,2-diol {1 .43 g, 5.0 mmol} and cesium carbonate (8.15 g, 25 mmol). The resultant
mixture was stirred at 30°C for 4 hours. To the reaction mixture was added ethyl acetate (40
mkb). The organic phase was washed with brine (80 mL x 3}, dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo to give crude product which was purified by column
chromatography (petrolevm cther/ethyl acetate = 4:1) to afford methyl 2-methyl-1H-pyrrolo{2,3-
blpyridine-3-carboxylate (1.02 g, 21.4%) as a white solid. "H NMR (300 MHz, CD;0OD): 8 8.46-
843 {m, 1H)}, 7.61-6.69 {(m, 2H), 3.89 (5, 3H), 2.73 (5, 3H}.

{80261] Synthesis of methyl Z-methyli-(I-phenylethyh-1H-pyrrolo{2,3-bipyridine-3-

carboxviate
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To a cooled ((°C) solution of methyl 2-methyl-1H-pyrrolo]2,3-blpyridine-3-carboxylate {1.02 g
5.36 mmol) in N N-dimethyiformamide (20 mL)} was added sodium hydride (60% w/w, 236 mg,
5.90 mmol). The resultant mixture was stirred for 15 minutes. Then (1-bromoethylibenzene (2.00
g. 10.8 mmol} was added and the reaction was alowed to warm to room temperature. The
reaction was maintained at ambient temperature for 12 hours. The reaction mixture was poured
into saturated ammonium chloride sohation (100 mL) with stirring. The mixture was extracted
with cthyl acetate (200 mbL x 2} and the combined organic phase was washed with brine, dried
over magnesium sulfate, filtered, and concentrated to give crude product which was purified by
column chromatography {petroleum cther/ethyl acetate = 20:1) to afford methyl 2-methyi-1-(i-
phenylethyl)-1H-pyrrolof2,3-blpyridine-3-carboxylate (500 mg, 31.7%) as a viscous oil. |
WNMR (300 MHz, CD;ODY: § 8.38-8.35 (m, 1H), 8.25-823 (m, 1H), 7.30-7.14 (m, 6H}, 6.55-6.48
(m, 1H}, 3.88 (s, 3H), 2.54 (s, 3H), 2.02 {d, /= 7.2 Hz, 3H).

{00262 Synthesis of Z-methyi-1-(1-phenylethyl}-1H-pyrrole{2,3-bipyridine-3-carboxylic

acid.

\Fowa@

[W LIOH, THEMeOHM,O /I
~ & N Step 3 i

To a solution of methyl Z-methyl-1-(1-phenylethyl-1H-pyrrolo]2,3-blpyridine-3-carboxylate

(500 mg, 1.70 mmol) in tetrahydrofiran (10 mL), methanol (20 mb) and water (4 mL) was
added lithium hydroxide (163 mg, 6.80 mmol}. The resultant reaction mixture was stirred at
60°C for 48 hours. The mixture was concentrated in vacuo. Then the residue was difuted with
water (40 mb) and slowly acidified with 1N hydrogen chioride to pH = 4-5. The mixture was
extracted with cthyl acctate (100 mL % 3}. The combined organic layers were washed with brine,
dricd over magnesium sulfate, filtered and concentrated to give 2-methyl-1-(1-phenylethyly-1H-
pyrrolo]2,3-bipyridine-3-carboxylic acid as a white solid (400 mg, 84.0%).

{60263] Symthesis  of N-(C-hydroxy-4,6-dimethylpyridin-3-yDmethyh-Z-methyi-1-(1-
phenylethyi)-1H- pyrreolo]2,3-b]pyridine-3-carboxamide (Compeund 146).
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To a solution of Z-methyl-1-(I-phenylethyl}-1H-pyrrolo{2,3-blpyridine-3-carboxylic acid (400
mg, 1.43 mmol) in dichloromethane (30 mL) were added 1-hydroxybenzotriazole {291 mg, 2.15
mmol), -(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (412 mg, 2.15 mmol) and
tricthyvlamine (434 mg, 4.30 mmol). The resultant mixture was stivred at room temperature for 30
mimites. Then 3-{aminomethyi}-4,6-dimethylpyridin-2-0l (262 mg, 1.72 mmol} was added and
the resultant mixture was stirred at room temperature for 16 hours, Water (50 mL) was added to
the mixture. The mixture was extracted with dichloromethane (100 mi = 2). The organic layer
was concentrated in vacuo to provide crude product which was purified by column
chromatography (silica gel, dichloromethane/ methanol = 20:1) to afford N-{{2-hydroxy-4,6-
dimethyipyridin-3-yhmethyl)-2-methyl-1-(1-phenylcthy -1 H-pyrrolo-[ 2, 3-blpyridine-3-
carboxamide (400 mg, 67.6%) as a white solid. LRMS (M + H") m/z: caled 414.21; found 414.
HPLC purity (214 nmy: 94%. 'H NMR (300 MHz, CD:0D): 6 8.22-8.13 (m, 2H), 7.28-7.15 (m,
6H}, 6.47-6.45 {m, 1H), 6.09 (s, 1H}, 4.50 (5, ZH}, 2.42 (5, 3H), 2.39 (5, 3H), 2.23 (s, 3H), 2.02
(d, /=72 Hz, 3H).

160264 Example 19, Synthesis  of compound  1-benzvi-N-((Z-bByvdroxy-4.6-

dimethvinvridin-3-viimethvh-2-methyvi-1 #H-indole-3-carbexamide (Compound 119,

MeT,0 HO,C

CO,Me Br Cs,C04 NaGH . -
i/\\/\&_ N A OMF _ ' N THFMEOHAO \pf e
f‘J\-/ @ Step 1 \% \/\ i Step 2 ;-\ 7 - \!\‘/"\\J

H &
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« N._ .OH HOBE, EDUI :
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1802658] Synthesis of methyl 2-methyl-1H-indole-3-carboxylate

Mea(,C
Br 032603 )
/ DMF
+ %
| P Step 1
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To a solution of methy! Z-methyl-1H-indole-3-carboxylate (378 mg, 2 mmol} in NN-
dimethyHormamide (10 mL) was added (bromomethyl}benzene (340 mg, 2 mmol} and cesium
carbonate {652 mg, 2 mumol), then stirred at 64 °C for 12 hours. The reaction mixture was

concentrated in vacuo. The residuc was purified by column chromatography (silica gel,

petroleum cther/cthyl acetate = 1:1) to give methyl 2-methyl-1H-indole-3-carboxylate {446 mg,
80%). LRMS (M + H'} m/z: caled 279.13; found 279,

100266] Synthesis of 1-benzyl-2-methyl-1 H-indole-3-carboxylic acid

HOLG

NaOH
THFMeOHMHO0

Step 2

To a sohution of methyl 1-benzyi-2-methyl-1H-indole-3-carboxylate (446 mg, 1.6 mmol} in
tetrahydroturan (20 ml) and methanol {7 mL} was added sodium hydroxide {320 mg, 8 mmol) in
water {7 mL), then stirred at 60 °C for 12 hours. The reaction mixture was concentrated in vacuo
and acidified to PH = 4 with 6 N hydrochloric acid, collected and dried to give i-benzyl-2-
methyl-1H-indole-3-carboxvlic acid as a white solid (212 mg, 50 %). LRMS (M + H') m/z: caled
265.11; found 265,

[60267] Syathesis of I-benzyb-N-{(2-hydroxy-4.6-dimethyipyridin-3-yhmethyi}-2-methyi-

i H-indole- 3-carboxamide (Compound 119},

HOC , HOBT, EDC OH O
Ny ~OH Et;M, BCM Ne Hi—d

+ | R i Y N W N P

A A, Step 3 \_/ & b

\\ \,/ '\ ,%&/N\,/L‘\\‘/

To a solution of I-benzyl-2-mcethyl-1H-indole-3-carboxylic acid (212 mg, 0.8 mmol) in

dichloromethane (20 mL) was added [H-benzo[d][1,2,3}triazol-1-0l (135 mg, 1 mmol}, 1-(3-
Dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (190 mg, 1 munol} and tricthylamine
{252 wg, 2.5 mmol), and stirred at room teroperature for 0.5 howr, 3-(aminomethyi)-4.,6-
dimethyipyridin-2-ol (152 mg, | munol} was added and stirred for 4 hours. To the reaction
mixture was added water (20 mL), which was extracted with dichloromethane (2 % 20 ml),
combined and the organic layers were concentrated, the residue was purified by column
chromatography (dichloromethane/methanol = 20:1) to afford |-benzyl-N-((2-hydroxy- 4.6-
dimethylpyridin-3-ylmethyl)-2-methyl-1 H-indole-3~carboxamide (“00 mg, 63%}. LRMS (M +
H'Y m/z: ealed 399.19; found 399, HPLC purity (214 nmy 100%. 'H NMR (300 MHz, J°-
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DMSO): ¢ 11.61 (s, 1H}, 7.80-7.69 (m, 2H)}, 7.46-7.42 {m, 1H), 7.30-7.22 {m, 3H), 7.11-7.07 {m,

2H}), 6.98 (d, ./ =7.5 Hz, 2H)}, 5.8% (5, 1H), 546 (s, 2H), 433 {d, /= 4.5 Hz, 2H), 2.57 (s, 3H)},
226 (s, 3H), 2.11 (8, 3H).

160268 Example 28. Svynthesis of compound N-((2-hvdroxy-4.6-dimethvipvridin-3-

vhmethv-2-methvi-1-(I-phenviethvli-1H-pvrrole{3.2-bipvriding-3-carboxamide
{Compound 126}

MeC,C

Br N LiOH
Nt N s AR 44000 . i
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{00269 Synthesis of methyl Z-methyl-i-(I-phenylethyh-1H-pyrrolo{3,2-bipyridine-3-

carboxylate
Br [\"IGQQC
! : :
Ny = G0, C8,C0;, DMF, 116°C o
i + /\//\\ . NS ! =
SN /’u\)\o/ { 7 i NaH/OMF, it & N 'F‘ﬂ\;}’
P \_# ‘7/&/

Stap 1
To a solution of 2-iodopyridin-3-amine (500 mg, 2.27 mmob), cuprous oxide {32 mg, 0.23
mimol}, cesium carbonate (740 myg, 2.27 mmol) in N N-dimethylformamide (100 mL) was added
methy! methacrylate (290 mg, 2.5 mmol). The reaction solution was stirred at 110°C for 12

hours. Then the reaction mixtare was cooled with an ice bath and sodium hydride {(60% in oil, 91

mg, 2.27 ramol} was added under. The resulting mixture was stirred at room temperature for half
an hour. Then (I-bromocthyhbenzene (418 mg, 2.27 mmol} was added. Then the mixture was

stirred at room temperature for 1 hour. After the reaction was completed, it was quenched with
water {100 mL), and extracted with ethyl acetate (50 mix 3). The combined organic phase were
washed with water (20 mlx 3) and brine (20 b}, dried over anhydrous sodium sulfate,
concentrated and purified by column chromatography {silica gel, petroleum cther/ethyl acetate =
6:1) to give methyl 2-roethyl- -(1-phenylethyl- 1H-pyrrolof3,2-blpyridine-3-carboxylatc (80
mg, 12%). LRMS (M + H') m/z: caled 295.14; found 295.
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802701  Synthesis of Z-methylk-1-(I-phenyiethyD-1H-pyrrole{3,2-bipyridine-3-carboxylic
acid

LIOH HOL

MeOH/H,O

_- N -
\> Step 2 \\ / N7/'[\\,——é’

i
-

To a solution of methyl 2-methyl-1-(1-phenylethyh-1Hopyrrolo[3,2-bipyridine-3-carboxviate (80
mg, 0.27 mmol) in methanol (3 ml) and water {1 mb) was added lithium hydroxide {57 mg, 1.36
mmol}. The reaction mixture was stirred with refluxing for 15 hours. The mixture was adjusted
pH 3 with IN agucous hydrochloric acid. The aguecous phase was cxtracted with
dichloromethane {50 mL » 3). The organic laycrs were washed with brine, dried over anhydrous
sodium sulfate, filtered and concentrated to give a residue, which was purified by column
chromatography (silica gel, dichloromethane/methanol = 2(:1} to give Z-methyl-1-(1-
phenylethyly-{ H-pyrrolo- [3,2-blpyridine-3-carboxylic acid (20 mg, 26%). LRMS (M - H") m/z:
caled 279.12; found 279.

{60271] Symthesis  of N-(C-hydroxy-4,6-dimethylpyridin-3-yDmethyh-Z-methyi-1-(1-
phenyiethyi)-1H- pyrrolo}3.2-blpyridine-3-carboxamide (Compound 126}

HOLC O 0
: S Ny, ~OH HATU N Hp
o Sy EtgN, DVF y 7 f\\
e G O B A e == !
) A /’/} 2N S 3 \_\ ,./ N Sa
N Y P
!! k\%/,! i

The mixture of 2-methyl-1-(1-phenyiethyl}-1H-pyrrolo{3,2-blpyridine-3-carboxylic acid {20 mg,
80.11 mmoly, 2-(1H-7-Azabenzotriazol-1-yi}--1,1,3,3-tetramethy! wonium hexafluorophosphate
Methanaminium (50 mg, 0.13 mmol), 3-{aminomethyl}-4,6-dimethylpyridin-2-0l {19 mg, $.12
mmol} and tricthylamine (23 mg, (.22 mmol} in N, N-dimethylformamide {5 mL) was stirred for
12 hours. After the reaction was completed, the reaction was diluted with ethyl acetate (100 mL),
and washed with water (20 mb~ 3) and brine (20 mL), dricd over anhydrous sodium sulfate and
concentrated to give the residue, which was purified by column chromatography (silica gel,
dichloromethanc/methanol = 30:1) to give N-{({2-hydroxy-4.6-dimcthylpyridin-3-ylimethyl}-2-
methyl-1-(i-phenylethyl}-1H-pyrrolo{3,2-bjpyridine-3-carboxamide {15  mg, 33 %)
LRMS(M+H" ) m/z: caled 415.20; found 415. HPLC Purity (214 nm): 99%. 'H NMR (300 MHz,
A-DMSO)Y §11.46 (s, 1H), 949 (1, J, = 4.2 Hz, J,=8.1 Hz, 1H), 8.28 (d, J= 3.6 Hz, 1H), 7.50 (d,
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J= 6.3 Hz, THY, 7.36-7.27 (m, 3H), 7.16 {d, /= 5.7 Hz, 1H}, 7.03-7.00 (m, 1H}, 6.03 (m, 1H),
5.85{s, 1H), 4.37 {s, 2H), 2.89 (s, 3H), 2.50 (s, 3H), 2.10 (8, 3H), 1.89(d, J = 5.4 Hz, 3H).
196272 Ezsmple 2% Svunthesis  of (B or S)rl-sec-butvk-M-{(2-hvdroxy-4.6-

dimethvinvridia-3-vi methvh-2-methvi-J H-indole-3-carboxamide (Compound 147} and (&

or  Ri-1-sec-butvi-N-{(Z2-hvdroxy-4.6-dimethvipyridin-3-viimethvhi-2-methvl-7 H-indole-3-

carboxamide (Compound 148).
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{802731  Syathesis of methyl -sec-butyl-2-methyl-7 H-indole-3-carboxylate
O, Me = MeOG
i H
RN i CS:COg, DMF
i '\&\>— + g N '
Y Step 1
H

To a solution of methyl 2Z-methyl-/H-indole-3-carboxylate (0.5 g, 2.6 mmol} in NN-
dimethyHormamide (20 mbL) was added cesium carbonate (1.7 g, 5.2 mmol} and 2-bromobutane
{0.71 g, 5.2 mmol), the mixtare was stirred at 100 °C under microwave for 1 hour, the mixture
was concendrated and purified by column chromatography (silica gel, cthyl acctate/petroleum
ether = 1:20) to give methyl -sec-butyl-2-methyl-1 F-indole--carboxylate (141 mg, 22%).
{00274 Synthesis of I-sec-butyl-2-methyl-f H-indole-3-carboxylic acid
Me0,C :
%!/ Megf{?{zﬁ

ﬁNﬁ,.—»\ Step 2
/

To a mixed sohution of methanol (14 mL} and water (2 mL), methyl 1-sec-butyl-2-methyl-/H-
indole-3-carboxylate (141 mg, (.58 mmol}) and lithivm hydroxide (100 mg, 2.4 mmol) were

added. The mixture was stirred at room temperature for 12 hours. Then the reaction mixture was
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acidificd by hydrochloric (I M} to adjust pH = 6 and extracted with dichloromethane (10 mL x
3). The organic layers were combined and concentrated to give 1-s¢e-butyl-2-methyl-7/ H-indole-
3-carboxylic acid (97 mg, 72%).

{60275] Synthesis of  I-sec-butyb-N-{((Z-bydroxy-4.6-dimethyipyridin-3-ylimethyi}-2

methyi-1 H-indole-3-carboxamide (Compound 123)
HOLE 2

_OH pr P
ST e
\ \/\ Z 2 Rtep 3 _ﬁ_{\ - :‘\N\/

Oy

A mixture of [-sec-butyl-2-methyl-7H-indole-3-carboxylic acid (97 mg, 0.42 mumol), 1-cthyl-3-
(3—dimethyllaminopropylicarbodiimude  hydrochloride (121 mg, 063 mmol), M-
hydroxybenzotrizole (85 mg, 0.63 wmol} and tricthvlamine (127.26 mg, 1.26 mmol) mn
dichloromethane (30 mi} was stirred for 30 minutes at room temperature. Then to the mixture,
3-{aminomethyi)-4,6-dimethylpyridin-2-0l (63.8 mg, 042 mmol} was added. The resulting
mixture was stirred at room temperature for 12 hours. Then the mixture was washed with water
{20 mL x 3). The organic layer was concentrated to give a residue which was purified by column
chromatography (silica gel, dichloromethane/methanol = 20:1) to give I-sec-butyl-N-{{2-
hydroxy-4,6-dimethylpyridin-3-ylmethyi}-2-methyl-1H-indole-3-carboxamide {87 mg, 30%).
LRMS (M + H) m/z: caled 365.2; found 365. HPLC purity (214 nm): 99%. 'HUNMR (300 Mz,
CD:0DY. § 7.72-7.6% {(m, 1H}, 7.53 (d, /= 7.2 Hz, 1H), 7.11-7.06 (m, 2H), 6.10 {5, 1H}, 4.53-
451 (m, 3H), 2.62 (s, 3H), 2.41 (s, 3H}, 2.24 (s, 3H), 1.95-1.93 (m, ZH), 1.59 {d, /= 6.9 Hz,
3H), 0.72 (¢, J=7.5 Hz, 3H).

{80276] Synthesis of (R o S)-i-sec-butyb-N-{(Z-hydroxy-4,6-dimethylpyridin-3-
yhimethvl-2-methyi-7 f-indeole-3-carboxamide and {§ or Ri-1-sec-butyb-N-{(Z-hydroxy-4,6-
{Eimethyipvridin-;}myi) methyl) -2-methyl-7 H-indole-3-carboxamide

OH O
N== Hi\

\ /’ N Chrigl HRPLC ;[ij;}----:'}N ‘(/'}\/_-:“-. _____ Q._“‘:‘\E
W/ v "“\r’ At
d

Rord Sor R
L-sec-butyl-N-((2-hydroxy-4,6~dirnethylpyridin-3-yhmethy-2-methyl-I H-indole-3-
carboxamide (35 mg, 0.1 mmol} was separated by chiral prep-HPLC (Daicel TA (200 mm x 20
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mm X 5 um}, hexane: ethanol (0.2% DEA) = 70: 30, flow rate: 19 mb/min), then (8 or 5} I-scc-
butyl-N-((2-hydroxy-4,6-dimethyipvridin-3-yhmethyl)-2-methyl- #-indole-3-carboxamide {11
mg, 30%) and (§ or R)-1-scc-butyl-N-{({2-hydroxy-4,6-dimcthylpyridin-3-yDimethyl}-2-methyl-
I H-indole-3-carboxam ide (6 mg, 16%) was obtained. The retention times were 8.030 minutes
(“Peak 1”; Compound 147} and 14.126 minutes {"“Peak 27; Compound 148) respectively in chiral
HPLC chromatography. LRMS (M + H)) mv/z: caled 365.2; found 365. HPLC purity (214 nm):
99%. "H.NMR (300 MHz, CD:0DY: 6 7.73-7.70 {m, 1H), 7.56-7.53 (m, 1H), 7.12-7.09 (m, 2H),
6.11 (s, 1H), 4.54 (s, 3H), 2.64 (s, 3H), 2.43 (5, 3H}, 2.25 (s, 3H}, 1.97-190 (m, ZH), 161 {d, /=
6.9 Hz, 3H), 0.73 (1, /= 7.5 Hz, 3H).

802777  Example 22.  Svnthesis of compound N-((2-hvdroxy-4.6-dimethvipyridin-3-

vhimethvh-2-methvi-1-phenvi~- 1H-indole-3-carboxamide (Compound 133).

d '\ HOL_OH 7 m

; B ; Vool
5 _BulAck, 44 MS WN/\ R NeOH ﬂi\!’k\
W @ TBMAR BN N/ >’” O CHOMML =/ yEN_OH
& step 1 g step 2 5

T ¢ HOBT, EDCI \2\

,i\/k\ DCM,EtN mﬁ\/-\ N
~ = o

step 3 e OH

{80278  Synthesis of methyl 2-methvl-1-phenyl-1H-indole-3-carbexylate

7 HOL . OH
e Cu{OAc),, 4A MS
HN [+ A s f'
= O | DMAP, BN e N D
(f:,} = step 1 é;

A mixture of methyl 2-methyl-1H-indole-3-carboxylate (500 mg, 2.65 mmol), phenylboronic
acid (384 mg, 3.17mmol), diacetvlicopper (453 mg, 3.98 mmol), tricthvlamine (0.44 wml, 3.98
nmunol), N.N-dimethvlpyridin-d-amine (486 md, 3.98 romol} and 4A molecular sieve (1.02 g) in
dichloromethane (15 mL) was stured at room temperature for 12 hours. After filiration, the
mixture was concentrated and purified by chromatography (silica gel, petroleuny ethyl acetate =
10:1) to atford methyl 2-methyl-I-phenyl-iH-indole-3~carboxylate as white solid (272 mg,

39%). '"H NMR (400 MHz, CDCL) 8 8.19¢d, = £.0 Hz, 1H), 7.66 — 7.51 {m, 3H), 7.36 (dd, J =
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53,32 Hz, 2H}, 7.30 (s, 1H), 7.21 - 7.14 {m, 1H)}, 7.04 (d, /= 8.2 Hz, 1H), 4.00 (s, 3H), 2.62 (s,
3H).
{80279  Synthesis of 2-methyl-1-phenyi-1H-indeole-3-carboxylic acid

7

= NaOH
72 WA I B 2 NN
- O GHOHM,O N\ == _OH
') siep 2 (E)

To a solution of methyl 2-0xo-1-phenyl-1,2-dihydropyridine-4-carboxylate (272 mg, 1.03 mmol)
in alcohol/ water {v/v = 1/1, 5 mL}) was added lithium hydroxide (62 mg, 1.55 mmot), and the
mixture was stirred at room temperature for 8§ hours. The reaction mixture was concentrated,
acidified by diluted aqueous hydrochloric acid (I N, 5 mL) and extracted with ethyl acetate (2 X
10 ml}. The combined organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to afford 2-methyl-1-phenyi-1H-indole-3-carboxylic acid as
white solid {115 mg, 44%). LRMS (M-H ") nvz: caled for 251.09, found 251.

{00280] Syathesis of N{(2-hydrosy-4,6-dimethyipyridin-3-yhmethyh-2-methyi-1-phenyh

1 H-indole~-3-carboxamide (Compound 133).

7 7
y NiH, Y
= s HOBT, EDCI - = 7
WN ) +- /“\\‘;\ ////M \\..m= j)\_- H i
- f OH i P DOM,ELN . \?41\('\! o N
: ‘ step 3 g OH

To a sohution of 2-methyl-1-phenyl-1H-indole-3-carboxylic acid (115 mg, 0.46 mmol} in
anhydrous dichloromethane (3 mbl) was added 1H-benzo[d}[1,2,3]triazol-1-0l (7S mg, .55
mmol}, 1-Ethyl-3-(3-dimethyllaminopropylicarbodiimide hydrochloride (106 mg, 0.55 mmol)
and tricthylamine (8.16 mL, 1.15 mmol). The mixture was stirred at room temperature for half an
hour, 3-(aminomethyli-4,6~-dimethylpyridin-2-0] (70 mg, 0.46 mmol} was added and stirred at
room temperature for 3 hours. The reaction mixture was added water (20 mL}, extracted with
dichioromethane {20 mL x 2}, combined and concentrated the organic fayers to give the residue,
which was purified by column chromatography (silica gel, dichloromethane/methanol = 25:1} to
afford N-{{2-hydroxy-4 6-dimethylpyridin-3-yhmethyl}-2-methyi- 1 -phenyl-1 H-indole-3-
carboxamide {12 mg, 50% vield. LRMS (M—+H") nvz: caled for 385.18, found 385, 'H NMR
(300 MHz, CDCl} 0 12.62 (s, 1H}, 7.89(d, J= 8.0 Hz, 1H), 7.77 - 740 {(m, 3H}, 743 - 718 (m,
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3H), 7.22 - 7.00 (m, ZH), 5.98 (s, 1H), 4.65 {s, 2H), 2.60 ~ 2.52 {m, 3H), 2.45 (s, 3H}, 2.25 (5,
3H).
180281} Exsmple 23. Synthesis ef compoungd N-({4,6-dimethvi-2-o0xe-1,2-dibhvdropyridin-

3-vhmethvhi-2-methvi-1-{pvrimidin-S-vimethvli-1 H-indole-3-carboxamide {Compound
149},
N ®
o A R 2=,
e PBrs, DCM N7 Ny 3 C5,004, DMF .
Ny 0H ! ¢B ; e N
/J i ’7 + M&‘.O\n/\ f/ \> M eC?.\( e _,,\““-\
Stap 1 N 4 —_ Step 2 % <\/ g
¢ -
et
d "\ -
§
KoH //) OH HORT, EDCH R
MeCH/H,0 EtsN, DCM s - N 3
: MO T2, N % + N‘/J\\‘\:/A\NH;_ —35'- :E/I g \]L}' ;‘)g\
Step 3 Y \ i Step 4 ; X
g (\’/ _;N /’L\%’\ \ﬁ - I/ \& \>
N= O Q =

180282} Synthesis of S-(bromomethyDpyrimiding

E\E/\\j/\QH PBr;, DCM N/\\/ngr
N T L

Step 1

To a solution of pyrimidin-5-ylmethanol (0.5 g, 4.5 mmol) in dichloromcthane (50 mbL} was
added phosphorus tribromide (6.6 g, 2.25 mmol) at 0°C. The solution was stirred at room
temperature for 12 hours. The solution was washed with sodium bicarbounate and concentrated to
give a residue, which was puorified by column  chromatography  (silica gel, ethyl
acetate/petroleum ether = 1:10) to give S-(bromomethylipyrimidine (8.3 g, 39%).

{00283  Synthesis of methyl 2-methyl-1-(pyrimidin-S-yimethy)- 7 H-indole-3-carboxylate

i R
NiH -t
Ny ASF !' C32C03, DNF
[\ + MeO X
N7 g

e Step 2

To a solution of methyl Z-methyl-7H-indole-3-carboxylate (0.5 g, 2.6 mmol}) in NN-
dimethyHormamide (20 mL) was added cesium carbonate (1.7g, 52 mmol} and 5-
(bromomethyl)pyrimidine (0.3 g, 1.7 mumol}. The mixture was stirred at 100°C for 1 hour and

then concentrated to give a residue. The residue was purified by column chromatography {silica
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gel, ethyl acetate/petroleum cther = 1:28) to give methyl Z-methyl-1-(pyrimidin-S-yimethvl)-/H-
indole-3-carboxylate {110 mg, 14%)
{00284] Synthesis of 2-methyl-1-(pyrimidin-3-vimethyl)-7 H-indole-3-carboxylic acid

®

KOH e
MeCHH,O N
; 2o
Step 3 HO ( %
oo N

N4
To a mixed solution of methanol (18 mL) and water (2 mL), methyl methyl Z-methyl-1-{pyvrimi
din-5-yimethyly-/ H-indole-3-carboxylate (110 mg, 8.39 mmol} and potassium hydroxide {50 mg,
.98 mmol} was added. The mixture was stirred at reflux for 12 hours. Then the reaction mixture
was acidified by hydrochloric acid aqueous solution (1N} to adjust pH = 6 and cxtracted with
dichloromethane (10 mL * 3). The organic layers were combined and concentrated to give -
isopropyl-2-methyl-/ H-indole-3-carboxylic acid (60 mg, 58%).
{00285 Synthesis of N-((4,6-dimethyi-2-ox¢-1,2-dihyvdropyridin-3-yhimethyl)-2-methyl-i-
{pyrimidin- S-yimethyl}-7 H-indole-3-carbexamide (Compound 149)
=P
@ OH HOBT, EDCH N-”M(g‘»r\%

e e
E\‘; e NHs Et;N, DOM \7/1 \,!,

o Y + H
3 xS N 4 i
HC\‘O(\< <>, N, )\{; Step 4 Hf\\ﬂ/ /N\E/L'\ 7

N= o o =

A mixture of 2-methyl-1-(pyrimidin-5-ylmethyl}-{ #-indole-3-carboxylic acid (60 mg, 0.22
mmaol), 1- ethyl-3-(3-dimcthyHaminopropyljcarbodiimide hydrochloride (65 mg, (.34 nunol}, M-
hydroxybenzotrizole (180 mg, 1.33 mmol) and tricthyvlamine (46 mg, .34 mmol} in
dichloromethane (30 mL) was stired for 30 minutes at room temperature. Then to the muxture,
3-{aminomethyl)-4,6-dimethy] pyridin-2-0l (33.44 mg, 0.22 mmol) was added. The resultant
mixture was stirred at room femperature for 12 hours. Then the mixture was washed with water
{20 kL x 3). The organic layer was concentrated to give a residue which was purnified by column
chromatography {(silica gel, dichloromethane/methanol = 20:1) to give N-{{(4,6-dimethyl-2-0x0-
{,2-dibydropyridin-3-yvhmethyl-2-methyl-1 -(pyrimidin-5-yimethy -/ H-indole-3-carboxamide
(17 mg, 19%). LRMS (M + H') m/z: caled 401.19; found 401. HPLC purity (214 nm): 92%.
THNMR (300 MHz, CD;OD): § 9.03 (s, 1H), 843 (s,2H),7.80-7.78 (m, 1H), 7.39-7.36 {m, 1H),
7.39-7.16 {m, 2H), S.56 (5, 2H), 4.55 (5, 2H), 2.62 (5, 3H), 2.42 (s, 3H), 245 {5, 3H).
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Example 24. Svnthesis of compound I-benzovi-N-{(Z-hvdroxv-4.6-dimethvipvridin-3-

yvhimethvli-2-methvi-1 H-indole-3-carboxamide (Compound 1543

QO N S
»*ﬁ% (\ ’IL‘Ci i >LO Wi N%)
&L \J stept 4

0
TFA 3 “":*“3

[ e ] = ,/ +
stepd J/ s
S”\Qj
e

100286] Synthesis of tert-butyl I-benrzoyl-2-methyl-1H-indole-3-carboxyiate

To a suspension of sodium hydride (73 mg, w/w = 60%, 1.8 mamol} tert-butyl 2-methyl-1H-
indole- 3-carboxylate (350 mg, 1.5 munol) in tetrahvdrofuran (30 mi} was added benzoyl
chloride {250 mg, 1.8 mmol). The reaction solution was stirred at room temperature for 12 howrs.
The mixture was concentrated to give a residue, which was purified by column chromatography
{silica gel, petroleum ether/ethyl acetate = 3:1) to give tert-buty] 1-benzoyl-2-methyl- iH-indole-
3-carboxvlate (440 mg, R&%).

{80287  Syathesis of I-benzoyh-2-methyb-1H-indole-3-carboxylic acid

O
TFA }L@
DCM g 7N N
step? >7#
O

A yoixture of tert-butyl I-benzoyil-2-methyl-1H-indole-3-carboxylate (440 mg, 1.3 mmol},
Hithium hydroxide monohydrate (276 mg, 6.6 mmol}, tetrahydrofuran (12 rol), methanol (4 mL)
and water (4 ml} was stirred at room temperature for 4 howrs, The mixture was concentrated,
acidificd to pH = 2 with concentrated hydrochloric acid and extracted with ethyl acetate (20 mbL

x 3). The organic phase was dried over ashydrous sodium sulfate, filtered and concentrated to
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give 1-benzoyl-2-methyl-1H-indole-3-carboxylic acid (260 mg, 72%). LRMS (M + H') m/:
calcd 279.13; found 279,

{00288 Synthesis of  1-benzoyl-N-{{2-hydroxy-4,6-dimethyipyridin-3-y)methy}-2-
methyi-iH-indole- 3-carboxamide (Compound 150)

HOBL
EDRCH

Q =N
> \f:) N. OH Sy
HO )/“F‘\’ L i oS }’
\,7;,:' \(’*\ L NHa stepd
o} E J
o

To a solution of I-benzoyl-Z-methyl-1H-indole-3-carboxylic acid (125 mg, 0.45 mmol), |-

hydroxybenzotriozole (122 mg, 0.9 mmol), 1-3-dimethyvlaminopropyl)-3-cthylcarbodiimide
hydrochloride (173 mg, 0.9 mmol), tricthylamine (0.4 wl} in dichloromethane (20 mL) was
added 3-{aminomethyl}-4,6-dimethyipyridin-2-ol (137 mg, 8.9 mol). The reaction mixture was
stirred at 20°C for 13 hours. The mixture was washed with water (20 mL x 23, The organic phase
was dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated to give the
residue, which was purified by column chromatography (silica gel, dichloromethane/methano! =
10:1} to give P-benzoybN-((2-hydroxy-4,6-dimethylpyridin-3-yhmethy}-2-methyi-1 H-indole-3-
carboxamide as a white solid {50 mg, 53%). LRMS (M + H')} m/z: caled 413.17; found 413.

HPLC Purity (214 nm): 96%. '"H NMR (300 MHz, ¢*-DMSO): § 11.57 (s, 1H), 8.13 (g, J = 5.1
Hz 1H), 7.74-7.70 {m, 4H), 7.60-7.58 {m, ZH}, 7.20-7.00 {m, 3H}, 5.88 (s, 1H}, 432 (d, J = 5.1
Hz, 2H), 2.37 (3, 3H), 2.267 (s, 3H}, 2,12 (s, 3H}.

180289 Exsmple 25, Svyathesis of compound N-({4,6-dimethvl-2-0x0-1.2-dibvdropyridin-

J-vhmethvli-2-methvi-1-{1-oxo-1-{pvrrolidin-1-vipropan-2-vh-1 H-indole-3-carboxamide

{Compound 151).

=
[« N Cs.C0 (
g H - 't Nt BNF ~
- i - ~ o~ i e e o i {
e YNt Mo AT NN
B Step 1 ! T Step ) T
! 8r o \za f OMe
~
7N CH (N:I
NaOH o N\em / ’ HOBT, ELCH \> {
THEMeOHH0 . / e EtaN, DOM Y
: { JN' ’Q,,N /\(O + N‘ j Ny T - ‘\ff\ ~ NN O
Step 3 - / T N J\\{ . Step 4 HN /EL/H

160298] Synthesis of 2-bromo-1-(pyrrofidin-1-yvlipropan-i-one
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O H O

o O T

Br Br

Pyrrolidine (0.12 mol, 8.3 g) was added to stirred solution of 2-bromopropanoy! chioride (0.58
mol, 10 g} in dichloromethane (200 mi} at §"C. After 0.5 hour, the reaction mixture was warmed
to room temperature, stirred for 2 hours, and saturated ammonium chloride solution (20 mi) was
added. The solvent was evaporated and the mixtare was extracted with ethyl acetate (200 ml).
The organic phase was separated, dried over anhydrous sodium sulfate, filtered and concentrated
to  dryness. The residue was  puorified by  column  chromatography  (sihica  gel,
dichloromethanc/moethanol = 55:1) to give 2-bromo-1-(pyrrolidin-1-yljpropan-l-one (9.8 g,
93%). LCMS (M + B m/z: caled 205.01; found 205.

[80291] Syathesis of methyl 2-methybi-(1-oxo-1-(pyrrolidin-1-yDpropan-2-yD-1H-indole

-3-carboxylate

s,C0O ? ----- \>
O N I s T
\f NH DMF 2 S’_’\

i
\H"LN./\ > MeO /;\2/\ - — '{/\\J N 2 O

Br O fr.

B

To a solution of methyl 2-methyl-1H-indole-3-carboxylatc(0.52 mmol, 0.1 ¢} in NMNN-
dimethyHormamide (5 mb), 2-bromo-1-{pyrrolidin-i-ylpropan-1-onc {0.52 mmol, 0.137 mg)
and cesium carbonate (1.05 nunol, 384 mg) was added. The reaction mixture was heated at
100°C for 12 hours. LC-MS showed the start material was consumed. The solvent was
evaporated and the residue was washed with water {10 ml}, extracted with dichloromethane {20
mi}. The organic layer was separated, concentrated to give a residue. The residue was purified by
column chromatography (silica gel, dichloromethane/methanol = 45:1) to give methyl 2-methyl-
1-(1-oxo-1-{pyrrolidin-1 -ylpropan-2-y1)-1 H-indole-3-carboxylate (100 mg, 93%). "H NMR (300
MHz, CD30D): 6 8.07-8.03 (m, 1H), 7.44-7.40 (m, 1H), 7.19-7.14 (m, 2H), 5.53-5.49 {(m, 1H),
3.90 (s, 3H), 2.80 (s, 3H)}, 2.00-1.80 (m, 2H}, 1.74 (4, ] = 5.1 Hz, 3H), 1.67-1.64 {m, 4H), 1.32-
1.28 {m, 2H).

{00292 Symthesis  of Z-methyl-1-(3-oxo-I-(pyrrolidin-1-ylpropan-2-yh-1H-indole-3~

carboxvlic acid
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7N

NatH 0 N
o THF MeOH/H,0 ~ o
C\N”]{\/N [. N N
_J / Step 3 / OH

To a sohution of sodiom hydroxide solution (50 mg, 1.2 mmol} in tetrahydrofuran, menthol and
water (20 mL, 3:1:1, V/V)} was added methyl Z-methyl-1-(1-oxo-1-{(pyrrolidin-1-yl}propan-2-yl}-
1H-indole-3-carboxylate (100 mg, 0.318 mmol). The reaction mixture was stirred at 70°C for 10
hours. The mixture was quench with 10% hydrochloric acid aqueous (2 ml}, extracted with
dichloromethane and menthol (60 mL, 10:1). The combine organic layer was dried by anhydrous
sodium suifate, filtered and concentrated to give 2-methyl-1-{1-oxo-1-(pyrrolidin-1-yjpropan-2-
yi}-1H-indole-3-carboxylic acid (90 mg, 92%). LCMS (M + H ) m/z: caled 300.15; found 300.
{80293  Synthesis of N-((4,6-dimethyi-2-ox¢-1,2-dihyvdropyridin-3-viimethyl)-2-methyi-1-
{1-exo-1- (pyrrolidin-i-yhpropan-2-yi-1H-indele-3-carboxamide (Compound 151},

______ HOET, EDCI »
N

Q
i \ . i
7 /)\( + i e \\ra
~ T o Step 4 N H ]

2-Methyl-1-(I-oxo-1-{(pyrrolidin-t~vljpropan-2-yl}- 1 H-indole-3-carboxylic acid (90 mg, 0.30
mmol) was dissolved i dichloromethane {15 mL}, and then N-hydroxybenzotrizole (0.45 mmol,
60 mg), 1-3-dimethylaminopropyl}-3-ethylcarboditmide hydrochloride (0.45 mmol, 86 mg), and
iricthylamine (1.69 mmol, 2 ml) was added to the mixture. Afier the nuxture was stirred at room
temperature for 10 minutes, 3-{aminomethyi)-4, 6-~-diroethylpyridin-2-ol {0.30 mol, 50 mg) was
added. The mixture was stirred at room temperature for 18 hours, Then washed with water {20
mib), extracted with dichloromethane {20 wlb). The organic layer was separated, and
concentrated to give a residue and the residue was purified by column chromatography (silica
gel, dichloromethane/methanol = 15:1) to give N-{{4,6-dimethyi-2-oxo0-1,2-dihydropyridin-3-
viymethyl-2-methyl-1-(1-oxo-1-{pyrrolidin- 1 -yhpropan-2-vi}- 1 H-indole-3-carboxamide {60 mg,
70%)3. LOMS (M + H') sz caled 434.23; found 434, HPLC Purity (214 nm): 99%. 'H NMR
{300 MHz, DMSO-d6) 8 11.62 (s, 1H), 7.75-7.72 {m, 2H), 7.42 (d, J = 5.7 Hz, 1H), 7.18-7.06
(m, 2H), 5.89 (s, 1H)}, 5.49-544 (m, 1H}, 4.32-4.30 (m, 2H), 3.42-3.32 (m, 3H), 3.28-3.16 {m,
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1H), 2.61 (s, 3H), 2.26 (s, 3H), 2.12 (m, 3H), 2.02-1.96 (m, 1H), 1.70-1.57 (m, 3H), 1.42(d, § =

5.1 Hz, 3H).
180294] Exsmple 26. Svunthesis of Compounds 326, 327, 346 and Related Compounds

and Intermediates. The title compounds of this Example and other related compounds were

preparcd according to the following general scheme. In addition, where indicated, modifications
of this scheme arc disclosed for the synthesis of still additional rclated compounds of the

invention and intermediates thereof
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To a round bottomed flask charged with a magnetic stir bar was added (8)-2-methyipropanc-2-
sulfinamide (23,46 g, 169 mmol}, fert-butyl 4-formylpiperidine-1-carboxylate {30 g, 141 mmol},
DCM (300 mL), and Ti{OEty, (59.0 ml, 281 mumol). The solution was stirred at room
temperature for 3 h before it was quenched with brine (80 mL ). The solution was stirred for 30
minutes before filtering, The filter cake was washed with DCM and the filtrate was placed ina
separatory funnel and washed with water. The organics layer was dried over NapSQOy, filtered,
and concentrated i vacuo. The crude residue solidified to the titic compound (29 g, 92 mmuol,
65.1 % vield) nvz 217,

{00295} The intormediates shown in the following table were prepared according to the

general procedure outhined in Step 1 using the appropriate starting materials and modifications,

Name Structure m/Z
Q
A
(8, E)-2-methyb-N-((tetrahydro-2H-pyran-4- ;&--E;E
yviymethylenejpropane-2-sulfinamide }-—-C
7 A\ H 8]
%
(S, E)-2-methyb-N-{{(tetrahydro-2H-thiopyran-4- SN

jmethylene)propane-2-sulfinamide o 234
viimethylene)propane-2-sulfinamide A ) S

H
{(£)-(E)-2~-methyl-N-((3-roethyloxetan-3- o) \ y“' 204
yiymethylene)propane-2-sulfinamide M-8, -
8]

{80296] Step 2: Fert-butyl 4-((8)-1-((R or §)-1,1-dimethylethylsulfinamido)jethyi}

piperidine-1-carboxylate:

2
S o
KO o7 PO
o "‘% 65- 5% I &
9“"%— dr> 91 HN“S%

To a round bottomed flask charged with a magnetic stir bar was added (5, F)-ter-butyl 4-{{rert-
butylsulfinyiiminoymethyDpiperidine-1-carboxylate (36.4 g, 115 mmol}, DCM (400 mL), and
the solution was cooled to 8 °C in an ice bath with stirring. To this solution was added MeMgBr
{77 mi, 230 mmol) (3M in dicthyl cther) and the reaction stirred for 4 h while warming to room
temperature. The reaction was carcfully quenched via the addition of saturated aqueous NHCL
The solid were broken up by the addition of 1N HCIL. The layers were separated and the agueous

phase was cxtracted with DCM. The combined organics phase was dried over Na,SOy, filtered,
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and concentrated in vacuo to afford the title compound (29 g, >9:1 dr} which is used without
further purification in the next step.
{00297} The intormediates shown in the following table were prepared according to the

general procedure outlined in Step 2 using the appropriate starting materials and modifications.

Name Structure m/z
(S)-2-methyl-N-(R  or  S)-l1-(tetrahydro-2H-pyran-4- | < }Z'_, 214
viethypropane-2-sulfinamide HN”“S% -
(8)2-methyl-N-({R or S)-l-(tctrahydro-ZH-thiopyran-4- | & }L 250
yhethylypropane-2-sulfinamide 2 -
{+}-2-methy-N-(1-(3-methyloxetan-3-yethyDpropane-2- QQL( y; g
sulfinamide HN"“‘%E) '

{80298  Step 3 (R or &) tert-butyl 4-(1-aminocthyDpiperidine-i-carboxylate:

Q

.%‘{f}m /. HCI %"‘Q
S
o}

To a T L round bottomed flask charged with a magnetic stir bar was added crude tere-butyl 4-
({(S3-1-((5)-1,1-dimethylethyisulfinamidoethyDpiperidine- 1 -carboxylate (29 ¢) was taken up in
Me(OH (200 mL) before addition of a 4 N sohution of HCL in 1 4-dioxane {24.06 mi, 96 mmol).
The resulting solution was then stirred at room temperature for 1 h at rt. The methanol was then
removed in vacuo to afford viscous oil which was treated with sat’d aqueous NaHCO; (~ S00
mib} and extracted with cthyl acetate (2 x 500 mL). This organic phase was combined, dried
with MgSQy, filtered, and solvent was then removed in vacuo affording the title compound (22
23 which was uscd without further purification.

{60299) The intermediates shown in the following table were prepared according to the

general procedure outlined in Step 3 using the appropriate starting materials.

MName Structure n'z
(R or 8)-I-{tetrahydro~-2H-pyran-4-yljcthanamine Om 130
NH,
{R or S)-I-(tetrahydro-2H-thiopyran-4-yijethanaming SO‘“{! y i46
2
Me
(+}-1-(3-methyloxetan-3-yijethanamine OQ(Z‘(NH it6
2
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{B0300]  Step 4: Methyl 2-(Z-bromophenyi}-3-oxobuianoate:

N O
'\o’N

=
A round bottomed tlask was charged with a magnetic stir bar and methyl 2-(2-
bromophenyljacetate (25 g, 109 mmol) and THEF (50 mbL). This solution was cooled to -78 °C
before drop wise addition of a 1M solution of LIHMDS in THF (218 ml, 218 mmol). The
reaction was stirred for 30 min at -78 °C before addition of 1-{1 H-imidazol-1-yljethanone (14.42
g. 131 mmol} dissolved in a mixture of THF:DMF (112 mL THF, 24 mi DMF)}. The solution
was stirred for 1 h before quenching with sat’d aqucous NHyCl (~250 mL) and diluting with
EtOAc. The layers were separated and the aqueous phase was extracted with EtOAc¢ (~2 » 250
mb}). The combined organic extract was washed with brine, dried over Nay5Qy, filtered, and
concentrated in vacuo. The crude residue was purified via silica gel chromatography using an
cluent of cthyl acctate/hexancs (10:1) to afford methyl 2-(2-bromophenyl}-3-oxobutanoate (32.5
2, 102 mamol, 93 % yicld),

{00301} The intermediates shown in the following table were prepared according to the

general procedure outlined in Step 4 using the appropriate starting materials.

Name Structure n/z
methyl 2-(2-bromo-4-chlorophenyh-3-oxobutanoate 304
methyl 2-{2-bromo-4-methoxyphenyl}-3-oxobutanoate 302
methyl 2-(2-bromo-4-fluorophenyl}-3-oxobutanoate 289

[80302]  Step 5: (R or 8, O)-fert-buiyl 4-(1-G3-C-bromophenyh-4-methoxy-4-oxobui-2-en-

Z-yvlamino)ethyDpiperidine~-i-carboxylate:
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;S
To a round bottomed flask was added (R or S)-tert-butyl 4-(1-aminocthylpiperidine-1-
carboxyiate (9.35 g, 40.9 mmob), EtOH (75 mL), and methyl 2-(2-bromophenyl)-3-oxobutancate
(7.40 g, 27.3 mmol) (from Step 4). To this solution was added AcOH (1.563 mi, 27.3 mmol) and
the rcaction was heated overnight at 85 °C before cooling to room temperature and
concentrating. The crude residue was purified via silica gel chromatography (330g, 100%
hexanes to 25% EA in hexanes) to afford the title compound (6.45 g, 13.40 mmol, 49.1 % vyicld).
{00303} The intormediates shown in the following table were prepared according to the

general procedure outlined in Step S using the appropriate starting materials,

MName Structure m/z
(R or SZ)ymethyl 2-(2-bromophenyi}-3-({1- 383
{tetrahydro-2H-pyran-4-yhethylamins jbut-Z-cnoate o
(R or §,2ymethyi 2-(2-bromo-4-chlorophenyl)-3-((1- 417
(tetrahydro-2H-~pyran-4-yhethyljamino jbut-2-cnoate

(R or §,Z)-methyl 2-(2-bromo-4-chlorophenyl)-3-((1- 417
{(tetrahydro-2H-pyran-4-yhethyllamino jbut-2-cnoate '
(R or 8,Zymethyl 2-(Z-bromo-4-fluorophenyli-3-((1- 401
(tetrahydro-2H-pyran-4-yhcthylyamino)but-2-cnoate

94




WO 2013/120104 PCT/US2013/025639

(R or  SZymethyl  2-2-bromopheny!}-3-({1-
{tetrahydro-2H-thiopyran-4-yhethyDamino Ybut-2- 399
enoate
s
() F}-methyl 2-(2-bromophenyl}-3-({1-(3- 168
methyloxetan-3-yljcthyhamino}but-2-cnoate o
o

{603¢04] Step 6 (R or S)pmethyl 1-(1-(I-{tert-butoxycarbonylipiperidin-4-vijethyi)-2-

methyl-1 H-indole-3-carboxyiate:

A 250 mL round bottom flask was charged with a magnetic stir bar, {R or S.7)-teri-butyl 4-(1-(3-
{2-bromophenyl}-4-methoxy-4-oxobut-2-cn-2-ylamino Jethylpiperidine-1-carboxylate  {(3.33 g,
6.92 mumol), RuPhos Pre-catalyst Il {Chloro-{2-Dicyclohexylphosphine-2',6'-diisopropoxy-1,1'-
bipheny i 2-(2-arninocthyphenylipalladium(dl) — methyl-t-butyl cther addoct) {(0.463 ¢, 0.553
mumnol), dicyelohexyl(27,67-diisopropoxybiphenyl-2-vljphosphine  (0.387 g, 0.830 mmol),
anhydrous | 4-dioxane (27.7 mi, 6.92 mmol), and sodiom methoxide (0.561 ¢, 10.38 mmol}.
The reaction mixture was purged and back-filled with nitrogen and heated to 100 °C with stirring
overnight before being allowed to cool to rt. The reaction was diluted with cthyl acetate (~ 100
ml) and the mixtare was filtered through a bed of diatomaceous carth. The filtrate was pre-
absorbed onto silica gel (~30g) and purified via silica gel chromatography (120 ¢} using ethyl
acetate/hexances (1:1) as ¢luent to afford the title compound (2.81 g, 4.77 mmol, 68.9 % vield).

[08305] The intermediates shown tn the following table were prepared according to the

general procedure ontlined in Step 6 using the appropriate starting materials,

[ Name Structure [ m/z
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Naroe Structure Wz
(R or Si}-methyl 2-methyl-1-{1-{tctrahydro-2H-pyran-4- 307
vijethyl}-1H-indole-3-carboxylate -
(R or S)-methyl 6~chloro-2-methyi-1-{1-{tctrahvdro-2H- 337
pyran-4-yhethyl}-1H-indole-3-carboxylate o
(R or S)-methyl &-methoxy-Z-methyl-1-(1-(tetrahvdro- 339
2H-pyran-4-yijethyl}-1H-indole-3-carboxylate -
(R or S)-methyl 6-fluore-2-methyi-1-(1-{tctrahydro-2H- 370
pyran-4-viethyl}-1H-indole-3-carboxylate -
(R or Spmethyl  Z-methyl-1-(I-(tetrabydro-2H- 318
thiopyran-4-yhethy -1 H-indole-3~carboxylate i
{+)-methyl 2-methyi~1~( | -{oxctan-3-yhethyl)-1H- 374
indole-3-carboxylate -

100306] Step 7: (R or 8)-2-methylk-i-(I-(tetrahydro-2H-pyras-4-yhethyl)-1H-indole-3-

carboxylic acid:

NaQOH

A 1 L round bottom flask was charged with a magnetic stir bar, {R or S}methyl 2-methyi-1-(1-
{tetrahydro-2H-pyran-4-yhethyl}- 1 H-indole-3-carboxylate {11.60 g, 38.5 mmol}, cthanol {96 mi,
38.5 mmol}, and 6 N agucous NaOH (64.1 mi, 385 mmol). The flask was fitted with a reflux

condenser and heated to reflux for 6 h before being allowed to cool to rt. The volatiles were
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removed in vacuo and the resulting mixture was poured into 10% HCH(~300 mL). A precipitate

formed which was collected via vacuum filtration using a Buchner funnel. The filter cake was

rinsed with an additional portion of water (~200 mL), collected, and dried under vacuum to

afford the title compound (10.87 g, 35.9 mmol, 93 % vicld) as an off-white sohid.

{00307} The intormediates shown in the following table were prepared according to the

general procedure outlined in Step 7 using the appropriate starting materials,

Name Structure m/z

(R or S)Z-methyl-1-(1-(ictrahydro-2H-pyran-d-ylhiethyl)- 187
{H-indole-3-carboxylic acid =0
(R or S$)-6-chloro-2-methyl-i-{i-(tetrahydro-2H-pyran-4- 01
viethyl)-1H-indole-3-carboxylic acid -
(R or S}-6-methoxy-2-methyl-1-(i-(tetrahydro-2H-pyran-4- 217
viethyl)-1H-indole-3-carboxylic acid o
(R or 8§)-6-fluoro-2-methyl-1-(i-{tetrahydro-2H-pyran-4- 306
viethyl)-1H-indole-3-carboxylic acid -
(R or  S)yi-(i-{1,1-dioxidotetrahydro-2H-thiopyran-4- 334
yhethyl)-2-methyl-1H-indole-3-carboxylic acid
{£}-2~-methyl-1-(1-{oxetan-3-vhiethyl)- F H-indole-3- ,

S 274
carboxylic acid
(R or S)}Z-methyl-6-(pyridin-3-vi}-1-(1 -{tetrahydro-2H- 165

pyran-4-viethyl}-1H-indole-3-carboxylic acid
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Name Structure m/z

(R or S)-2-methyl-6-(pyrazin-2-vh)-1-(1-(tctrahydro-2H-

pyran-4-vhethyl}-1H-indole-3-carboxylic acid 566
(R or Sp-2-methyl-1-(1-{tetrahydro-2H-pyran-4-yliethyi)-6- 171

{thiazol-4-y1}-1 H-indole-3-carboxylic acid

160308} Step 8: (R or S)-fert-butyl 4-{1-(3-((4-methoxy-6-methyi-2-ox0-1,2-
dihydropyridin-3-yhmethylcarbamoyl}-2-methyl-1H-indol-1-yhethyDpiperidine-1-
carboxylate (Compound 327).

N
/\Oﬁ\ﬁ/{«"
N P
\0 3
Nom 545 N
O HO ? N/\] >_
Q e
NH o
8}

A 250 ml round bottom flask was charged with a magnetic stir bar, (R or S)-1-(1-(1-{tert-
butoxycarbonylipiperidin-4-ylethyi-2-methyl-1H-indole-3-carboxylic acid (1.950 g, 5.05
mmol), 3-(aminomethyl}-4-methoxy-6-methyipyridin-2(1 H}-one hydrochloride (2.065 g, 10.09
mmol}, DMF (252 mi, 5.05 mmol), Honig’s base {3.52 ml, 20.18 mamol}. The reaction mixture
was cooled to 0 °C and COMU (2.16 g, 5.05 mmol) was added. The reaction was allowed to stir
overnight to room temperature. The reaction mixture was diluted with water and extracted with
EtOAc. The combined organic extract was washed with brine, dried with MgSQOy, filtered and
conc. in vacuo to afford the crude material which was purified via silica gel chromatography
{120 g} using McOH/cthyl acetate (1:5) as cluent to afford the title compound (1.86 g, 3.29
mmol, 65.3 % vield). LCMS 537 (M+1)" 'H NMR (400MHz DMSO-dg) 8= 11.83 - 11.71 (m,
THY, 780 (br. s, T HL 7.73(d, /=76 Hz, 1 H), 7.62(d, J=7.8 Hz, 1 H), 706 (td, /= 7.1, 144
Hz, 2H), 621 (s, L H3, 432 (br. s, 2 H}, 416 (br.s., 1 H),4.02 (br.s., L H),3.85(s, 3 H},3.75
(br.s., L Hy, 2.70(br. s, T H), 258 (s, 3 H)Y, 237 (br.s, T H), 221 (5,3 H), 1.90(d, /= 12.9 Hz,
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6.9Hz, 3H), 1.35(s, IO H), 1.21 (br.s,, 1 H}, 0.8%(d, /=8.7Hz, 1 H}, 0.67

{00309} The compounds shown in the following table were prepared according to the general

procedure outlined in Step § using the appropriate starting materials,

compounds arc shown in Figure 1.

The structures of the

Compound
Number

Name

"HNMR

m/z

(R or SyR1-(E-(3,1-
digxidotetrahydro-2 H-thiopyran-4-
yijethyl)-N-{{4-mecthoxy-6-methyl-
2-0x0-1,2-dihydropyridin-3-
yiimethyl)-2-methyl-1 H-indole-3-
carboxamide

{400MHz, DMSO-d¢} 8 11.66- 11.52
{m, 1 H) 7.80 - 7.67 (m, 2 H), 7.67 -

{ Hy, 7.16 - 7.02 {(m, 2 H),
lFﬂ 432(d, J=4S5 He, 2
(& 3H), 3.24-3.06 (m, 2 H),

9 7”7(1*0 TH,2.75-265{m, 1
H;, 2.60¢(br.s.,3H),2.35-2.23(m, 1
Hj), 220 (s, 3H), 193 - 1.76 (10, 2 H),
1.56¢d, J=65Hz 4 H), 117 - 1.03
{m, 2 H)

_\3

ﬂb\ﬂb\

486

435

(R or S)-tert-butyl 4-(1-(3-({({4.,6-
dimethyi-2-oxo-1,2-
dihydropyridin-3-
yiiymethytjcarbamoyl)-2-methyl-
IH-indol-1-yljethylipiperidine-1-
carboxylate

521

436

(R or Sptert-butyl 4-{1-(3-({({¢-
{difluoromethoxy)-6-methyl-2-
oxo-1,2-dihydropyridin-3-
yvhmethylicarbamoyl}-2-methyl-
tH-indol-1-yhethyhpiperidine-1-
carboxylate

N
(98]
<3

(R or S)tert-butyl 4-(1-(3-(({4-
cthyl-6-methyi-2-oxo0-1,2-
dihydropyridin-3-
ylimethyljcarbamoyl}-2-methyl-
{H-indol-1-yljethylipiperidine-1-
carboxylate

e
(&%)
(&)
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C;lgi%i?d Name 'H NMR m/z
(400MHz, DMSO-dg) 8 11.60 (s,
1H), 7.73-7.62 (m, 3H), 7.60 (d, 2H)
7.07-7.05 (m, 2H), 6.15 {s, 1H) 433
(R or S}-N-{{4-methoxy-6-methyl- | (s, 1H), 4.21-4.11 {(m, 1H), 392

208 Z-oxo-~1,2-dihydropyridin-3- {br.d., 1H), 3.65 (4, 1H), 3.34-3.32
yhmethyl}-2-methyi-1-(1- (m, 1H), 3.02 (t, 1H), 2.61 (s, 3H), | 438
(tetrahydro-2H-pyrav-d-yllethyl)- | 2.48-2.44 (m, 1H), 2.20 (s, 3H), 1.84-

I H-indole-3-carboxamide 1.81 {m, 1H), 1.54 (d, 3H), 1.40-1.35
(m,12H), 1.25-1.22 (m, 1H), 1.08-
1.04 {(m, 1H), 0.86 (br. 5., [H}, 0.58
{br.d., IH)
{400MHz, DMSO-dg} & = 11.57 (br.
s., T H), 7.75-7.687 {m, 2 H), 748 (d,
J=10.7 Hz, 1 H}, 6.90 {t, /= 8.5 Hz,

(R or S)-6-fluoro-N-{{4-methoxy- | 1 H), 6.13 (s, 1 H), 429 (d, /= 4.5

6-methyl-2-0x0-1,2- Hz, 2 HY, 4.12 (br. s, 1 H}, 3.94 -

360 dihydropyridin-3-ylmethyl}-2- 3.87 {m, 1 H), 3.83 (s, 3 H), 3.64 (dd, 456
methyl-1-(1-(tetrahydro-2H-pyran- | J =36, 109 Hz, | H), 335 (br. s, 1| 7
4-yiyethvly-1H-indole-3- Hj}, 3.05 (br. s., 1 H), 2.56 (s, 3 H),
carboxamide 245 -237 {(m, 1 H), 2.18 {5, 3 H),

181(d, J=127Hz, 1 H), 1.50(d, J

=69 Hz, 3 H), 140 - 129 (m, | H),

£11-09%(m, 1 H), 061 (br.s., I H)

(400MHz, DMSO-dg) 8 1137 (s, 1

H), 7.75 (5, 2 H), 7.66 (d, J = 8.9 Hz,

e N A At | L H), 708 (d, 7= 8.5 Hz, 1 H), 6.14

(R or Sro-chloto NAmehox | (o, 1 1), 430 (4. J = 4.5 Hz, 2 ),

314 | dibydropysidin-3-ylmethyl)-2- | ol m 405 (m 2 H), 391 (d, J= 114
' TR Hz, 1 H), 3.85 (s, 3 H), 3.65 (4, J = | 472

roethyl- 1-(1-(tetrabydro-2H-pyran-
4-yhethyl-1H-indole-3-
carboxamide

105 Hz, 1 H, 302 (¢, /=113 Hz, 1
H}, 2.58 (s, 3 H), 246 - 2.31 {(m, 1 H),
219 (s, 3 H), 1.82(d. S =120 Hz, |
H), 1.59 - 145 (m, 4 H), 1.44 - 1.29
(m, 1 H), 057 (d, /=129 Hz, | H)
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Compound Naroe H NMR m/z
Nurober
(400MHz, DMSO-dg) 6 = 11.59 (s, 1
H), 7.67 - 7.59 (m, 2 H), 7.03 (s, 1 H),
675 - 6,68 {m, 1 H}, 6,14 (s, 1 H},
(R or S)-6-muethoxy-N-{{4- | 430 (d, /= 5.1 Hz, 2 H), 4.10 (dd, J
methoxy-6-methyl-2-0x0-1,2~ =75, 104 Hz, | Hy, 3.91 (dd, /=30,
321 dihvdropyridin-3-yhmethyi}-2- 113 He, | H), 3.83 (s, 3 H), 3.80 - 468
methyl-1-{1-(tetrahydro-2H-pyran- | 3.76 {m, 3 H), 3.68 - 3.60 (m, 1 H),
4-yljethyi)-1H-indole-3- 338-332(m, 1 HY, 3.10-3.00 (m, |
carboxamide H), 2.56 (s, 3 H), 2.19 (s, 3 H), 1.63
(d, /=127 Hz, 1 H), 1.55 - 1.43 {m,
4 H), 134 ¢br.s., I H), 10 -0.96 (m,
1 H,062(d,/=134Hz, L H)

(R or S)-N-{({(4-(difluoromethoxy}-

6~-methyi-2-oxo-1,2-

335 dihvdropyridin-3-ylmethyl}-2- 474
methyl-1-{1-{tetrahydro-2H-pyran-
4-yDethyl)-1H-indole-3-
carboxamide
(R or S)-N-{{4,6-dimcthyl-Z-0xo-

294 1,2-dihydropyridin-3-yhmethyl}-2-

- methyl-1-{1-{tctrahydro-ZH-pyran- 422
4-yhethyl)-1H-indole-3-
carboxamide

{(400MHz, &*-DMSO) 8 11.59 (br. s.,
N N A At e iH)y, 7.72 (br. s, 2H), 705 (d, J =
(E)-N-((d-Methoxy-6-methyl-2- | 5 co ) 30y 614 (6, 1H), 5.03 - 5.16

v oxo-b.2-dihydropyridin-3- (m, 1H), 4.64 (4, J = 624 Hz, 1H),

291 ylmethyly-2-methyl-1-(1-(3- ‘ PR S
methyloxetan-3-ylethyl)-1 H- 443 - 454 {m, 1H), 432 -{d,, FT=4241424
indoié:ﬂ-caﬁmxa;mide o Hz, 2H), 4.19 (d, J . 5'89 Hz, 1H),
T T 4.10 - 4,16 (m, 1H), 3.84 (s, 3H), 2.53

- 270 {m, 3H), 2.20 (s, 3H), 1.72 (4, ]
=6.91 Hz, 3H), 1.00 (s, 3H)
(R or S}-6-chioro-N-({4,6-
dimethyi-2-oxo-1,2~
A2 dihydropyridin-3-ymethyl}-2- 456

methyl-1-(1-(tetrahydro-2H-pyran-
4-ylyethyly-1H-indole-3-
carboxamide
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Compound

Number Naroe H NMR —

(400MHz, DMSO-dgy 6 11.54 (s, |
H), 892 (br. s, I H), 8.53 {(br. s, |
H), 8.10¢(d, J= 8.0 Hz, | H), 8.02 (s,
FTH), 791 -782(m, I Hy, 7.75(d, J
= 8.7 Hz, 1 H), 7.54 - 740 {(m, 2 H),
589 (s, 1 Hy, 439 - 427 (m, 2 H),
424 -412(m, 1 H), 393(d,J=76
Hz, 1 H), 366 {(d, /=74 Hz, 1 H),
304 (4, J=125Hz, | Hj, 261 (s, 3
H), 248 -2.37 (m, | H), 2.26 (s, 3 H},
212 (s, 3 H), 1.86 (d, /=125 Hz, |
H), 1.63 - 148 {m, 4 H), 1.46 - 1.32
{m, 1 H), 1.17 - 8.99 (m, | H}, 0.65
{d, /=127 Hz, 1 H)

(R or S)}N-((4,6-dimethyl-2-0x0-
t,2~-dihyvdropyridin-3-ylmethyl}-2-
methyl-6-(pyridin-3-yi}-1-{1-~
(tetrabydro-2H-pyran-4-vljethyl}-
{H-indole-3-carboxamide

413 499

(R or S)}N-((4,6-dimethyl-2-0x0-
t,2~-dihyvdropyridin-3-ylmethyl}-2-
443 methyl-6-(pyrazin-2-vii-1-(1- SO0
(tetrahydro-2H-pyran-4-yliethyl)-
IH-indole-3-carboxamide

(R or Sp-N-{{4,6-dimethyl-2-0x0-
1,2-dihydropyridin-3-yhmethyl}-2-
444 methyl-1-{1-{tctrahydro-ZH-pyran- 505
4-yhethyl}-6-{thiazol-4-ylj-1H-
indole-3-carboxamide

180310]  Step 8 (R or §F-N-((d-methoxy-6-methyl-2-0x0-1,2-dibyvdropyridin-3-yDmethyl)-
Z-methyl-1-(1-(piperidin-4-yhethyl)-1H-indole-3-carboxamide hydrochloride (Compound
326).

HCE

{R or 8}

A 250 mL round bottom flask was charged with a magnetic stir bar, (R or Sy-reri-butyl 4-(1-(3-

{{4-methoxy-6-methyl-2-ox0-1,2-dihydropyridin-3-yhmethylcarbamoyl}-2-methyl-1H-indol-1-
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vijethyljpiperidine-1-carboxylate {Compound 327} (1.850 g, 3.45 mmol}, McOH (13.79 ml, 3.45

mmol}), and HCH(Z.59 mi, 10.34 mmol} (4 N in dioxanc}. The reaction was allowed to stir at rt

for & h before being conc. in vacuo to afford the title compound (1.65 g, 3.14 mmol, 91 % vield).

LOMS 437 (M+1)".

{80311}

procedure outlined in Step 9 using the appropriate starting materials,

compounds arc shown in Figure 1.

The compounds shown in the following table were prepared according to the general

The structures of the

(piperidin-4-ylicthyl}-1H-
indole-3-carboxamide
hydrochloride

L;Zr:;f; 1(‘::;1 Name "H NMR w/z
(400MHz, DMSO-dg) & 11.61 (br. s, 1 H},
§52{(d, J= 103 He, 1 H), 814 (br. 5., | H),
T ) 7.75(d, J="7.8Hz, | H), 7.68 - 7.58 {m, 2 H},
gis;s;ggff 2 7.15 - 7.03 (m, 2 H), 5.90 (s, | H), 438 - 4.25
) dihydropyridin-3- (nﬁn 2 H), /-‘3-.2::- 4;1/3 {m, ’i H} 3.37 (idﬂ J =
379 ylymethyl)-Z-methyl-1-(1- 12.0Hz, 1 H)’,‘)'% {d, /= 12.7Hz, [ H), 2.91 471
e - (d, J= 127 Hez, T Hy, 273 - 2.61 (m, 2 Hj,
(piperidin-d-yliethyi-1H- (d f Hz, 1 H) 2 3 PRI 7
indole-3-carboxamide 2.58 (s, 3 H), 2.27 (3, 3H), 212 (5, 3 H), 2.47
hydrochloride {br. s, 1 H), 1.56 (d, /=69 Hz, 3 H}, 1.46
) {br.s., I Hy, 116 {(d, J=11.1 Hz, | H), 8.86
(d, /=134 Hz, 1 H}
(R or 5)-N-({4-
{(difluoromethoxy)-6-
methyi-2~oxo-~1,2-
P dihydropyridin-3-
438 yhmethyl-2-methyl-1-(1- 473
{piperidin-4-yhethyD-1H-
ndole-3-carboxamide
hydrochloride
(R or S}N-({4-cthyl-6-
methyl-2-0x0-1,2-
dihydropyridin-3-
439 yhmethyl)-2-methyl-1-(1- 435
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Compound

AP i % /-
Nuraber Name HNMR nvz
(400MHz, DMSO-dg) 8 12.27 - 12.10 (m, 1
H), 11.96 - 11.72 (m, 1 H), 9.80 (br. 5., 1 H),
vttt | 9.19 (br. s, 2 H), 7.89 - 7.67 (m, 2 H), 7.62
® b ol éfn(i(?ﬁ;ldl;; (d,J=7.6 Hz, 1 H), 7.09 (quin, J = 6.6 Hz, 2
‘NE"(( e e Do 0 T H). 5.99 (s, 1 H), 4.50 - 4.36 (m, 3 H), 4.24 -
376 ’ e 3.95 (m, 2 H), 3.48 (4, J= 132 Hz, | H), 3.17

t,2~-dihydropyridin-3- 476
yhmethyl)-2-methyl-1 H-
indole-3-carboxamide

hydrochloride

(d, /=120Hz, 1 H}, “”‘”(br 5., 1 H), 2.70
(br.s, 2 H), 258 (s, 3 H}, 234 - 225 (m, 3
H), 2.19-210Gu, 3 Hy, 1. 5((1.}': 2.3 He,
FPH)Y 1.57 (4, 7=67 Hz, 3 H), 147( J=
127 He, 2H), 133- 121 {m, 2H)L 0.85(d, J
= 13.6 Hz, | H})

[00312] Step 10 (R or S)-isopropyl 4-(1-G-((4-methoxy-6-methyl-2-0x0-1,2-
dihydropyridin-3-yhmethylcarbamoyl)-2-methyl-1H-indol-1-yhethyDpiperidine-1-
carboxylate (Compound 346).

o a
| "LS_*_/I‘--'\NI-{ /;g\ >\ >“=\fl ; , /“W\M—J{O /
] / ) oiigine) — 5 TN o
\T{/‘ 'r,o } \Y{‘N / \Y;\F,(J . \_wi‘ ¥ - o] ,\
R N S Hel o Lb ' | e
HN\W,\,N\H/L\/\D .H\\H/K/NY J=
o) ) o & W

A 250 mL round bottom flask was charged with a magnetic stir bar, (R or S)-N-{{4-methoxy-6-
methyl-2-oxo-~1,2-dihydropyridin-3-vhimethyl}-2-methyl-1-{ 1 -{piperidin-4-yethyl)- 1 H-indole-
3-carboxamide hydrochlornide {0.467 g, 0.987 mmol} (Compound 326}, DMF (2.468 mli, §.987
mmol), THF (2.468 ml, 0.987 mmol), and N-ethyl-N-isopropyipropan-2-amine {0.638 g, 4.94
mmol). The reaction was cooled to § °C and isopropyl carbonochloridate (0.160 mi, 1.086
mmol) was added drop wise via syringe. The reaction was allowed to stir for 2 b to rt and was
then treated with 5 N LiOH for | b to remove any acylated pyridone. This material was
extracted with ethyl acetate, washed with bring, dried with MgSQOy and filtered and cone. in
vacito. The resulting material was purified via silica gel chromatography (50 g3 using cthyt
acetate/MeOH (5:1} as cluent to afford pure title cmnpowld as a pale yellow solid (0.300 g,

0.545 mmol, $5.2 % yicld). LOUMS 523 (M+1)": 'H NMR (DMSO-d6, 400 MHz) 8 11.59 (br. s

UH), 774 (d, 7 L H), 7.69(t, J=49 Hz, L H), 7.62 (d, J= 7.8 Hz, | H), 7.13 - 7.01 (m,
2H), 6.15 (s, LH), 4.78 - 4.67 (m, | H), 4.32(d, J=4.9 Hz, 2 H), 4.23 - 4.12 (m, 1 H), 4.12 -
4.02 (m, 1 H), 3.84 (5, 3 H), 3.82 - 3.74 (m, 1 H}, 2.79 - 2.66 (m, | F), 2.58 (5, 3 H), 2.46 - 2.34
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(m, 2 F), 2.20 (s, 3 H), 1.96 - 1.88 (m. 1 H), 1.58 - 1.46 (m, 4 H), 1.15 {d, J= 6.0 Hz, 6 H), 0.95
-0.89 (m, 1 H), 0.74 - 0.65 (m, 1 H).
100313

The compounds shown in the following table were prepared according to the general

procedure outlined in Step 10 using the appropriate starting materials, The structures of the

compounds arc shown in Figure 1.

LO?, pound Name "H NMR W7
Number
{400MHz, DMSO-dg) 6 = 11.59 (s,
{ Hy, 7.78 - 7.66 (m, 2 H), 7.64 -
7.57(m, 1 H}, 7.06 (s, 2 H), 6.14 (s,
(R or S)-N-({(4-methoxy-6-methyl-2- PR, 4304, J:, 4‘? Hz, 2 H) ’ 125
xo-1 2-dihydropyridin-3- " 415 (m, 1 H), 3.83 (5, 3 H), 3.63
336 | OO henGEAIOm ) (s, 1 H), 3.40 - 333 {m, | H), 2.79
yhmethyl}-2-methyl-1-(1-{1- , P L U 5ES
) S (s, 3H), 2.75 - 2.65 (m, | H), 2.60
{methylsuifonylpiperidin-4- , P i -
yhethyl)-1H-indole-3-carboxamide (s, 3 H), 2,45 - 227 (m, | H), 2.19
y 7 (s, 3H), 2.06 - 1L.98 {m, | H), 1.55
{d, /=6.9 Hz, 3 H), 1.45 - 1.36 (m,
TH), 128 - LI (m, T H), 114 -
1.03¢m, 1 H},0.83-0.74 (m, | H)
(400MHz, DMSO-dg) & 11.38 (br.
s, LH), 7.77 - 7.67 {(m, 2 H), 7.66 -
(R or  S}i-(1-(1-(Z2-hydroxy-2- | 7.60 (m, I H), 7.06 (s, 2 H), 6.14 (s,
methvipropanoviipiperidin-4- 1 H), 532 -523(m, 1 H), 431 {d,

337 yhethy - N-((d-methoxy-6-methyl-2- | J=45Hz, 2 H), 419 - 410 (m, | 573
oxo~1,2-dihydropyridin-3- H), 383 (s, 3 H),L 275-262(m, 2|
yhmethyl}-2-methyl- 1H-indole-3- H}, 2.58 (s, 3 Hy, 2,19 (s, 4 H), 2.00
carboxamide -390 (m, 2 H), 1.34(d, /=6.7 Hz,

3 H), 132 - 118 {(m, 8 H), 0.87 -
078 (m, 1 H), 0.77 - 0.67 (m, | H)
(400MHz, DMSO-dg} & = 11.59 (s,
THYL7.75(d,J=74Hz 1 H),7.72
- 7.67 {(m,1 H), 7.64 (d, /= 8.0 Hz,
1 H), 714 - 7.01 (m, 2 H), 6.15 (s,
(R or S)-1-(I-(1-isobutyrylpiperidin- | 1 H), 4.58 - 4.46 (m, 1 H), 432 {(d,

140 4-yhethyi-N-¢(4-methoxy-6-methyl- | /=49 Hz, 2 H), 4.09 - 399 (m, 1

- 2-0x0-1,2-dihydropyridin-3- H), 3.84 (s, 3 H), 3.81 - 372 {m, 1 | 507
yhmethyl)}-2-methyl- 1 H-indole-3- H),3.08-297(m, 1 H),2.92 -2.81
carboxamide (m, 1 Hj), 2.78 - 2.65 {m, 3 H), 2.59

{(br. s., 3 H}, 2.20 (s, 3 H), 2.03 -
1.90 (m, 1 H), 1.59 - 1.47 (m, 4 H),
1.02 - 0.56 (m, 6 H), 0.78 - 0.69 {m,
| H)
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Compound
Number

Name

"H NMR

o

(R or S}-N-{{4-{diflucromethoxy}-6-
methyi-2-oxo-1,2-dihydropyridin-3-
yhmethyi}-2-methyl-1-{1-{1-
{methylsulfonyipiperidin-4-
yhethyh-1H-indole-3-carboxamide

{400MHz, DMSO-dg) 6 12.02 -
1195 (m, I H), 7.74 (d, /= 8.0 Hz,
LH), 766 - 757 (m, 2 H), 7.11 -
7.00 (m, 2 H), 6.08 (s, 1 H), 432
{(d,/J=45Hz 2H), 4.18(d, /=71
Hz, 1 H), 364 (d, J= 123 Hz, |
Hy, 336(d, J=12.0Hz | H), 2.79
{s, 3 H}, 2.75-265(m, 2 H), 2.
{s, 3 H), 2.45-2.27 (m, 2 H), 2.
{s, 3 H}, 2.07 - 1.98 (m, | H), 155
(4, J=069Hz, 3H), 140(d, 7=82
Hz, T H), 10, J=89 He, 1 H},
0.79(d, J=12.5Hz, | H)

oo

[\ IR

Y

¢

551

(R or SEE-(i-(1-
(ethylsulfonvipiperidin-4-yljethyi}-
N-{({4-methoxy-6-methyl-2-0x0-1,2~
dihydropyridin-3-yhmethyl}-2-
methyl-1H-indole-3-carboxamide

(400MHz, DMSO-dg) 8 11.57 (5, 1
H), 7.75{(d, /=80 Hz, | H), 7.69
(t, f=530Hz 1 H),7.62{(d, J=74
Hz, 1 H), 7.06 (d. 7= 7.1 Hz, 2 H).
6.15¢(s, 1 H),432(d, J=51Hz 2
H), 425 -415(m, | H), 3.84 (5,3
H),3.73-3.065(m,  H),345-336
(m, I H), 3.02-293 (m, J=728
Hz, 2H), 287 -277(m, 1 H), 2.75
~2.66{m, 1 H),2.60(s,3H),242-
230 (m, 1 HY, 220 (s, 3 H), 2.06 -
197 (m, | H), 1.58 - 1.48 (m, 4 H),
142 - 130 m, P HL L7 (L, =75
Hz, 3H), 1.13-1.00 (m, T H), 0.83
~0.73 (m, I H)

529

(8]
hn
(¥

(R or SyE-(i-(4-
(isopropyisulfonyvljcyelohexybethyl)-
N-{({4-methoxy-6-methyl-2-0x0-1,2~
dihydropyridin-3-yhmethyl}-2-
methyl-1H-indole-3-carboxamide

(400MHz, DMSO-dg) 8 11.59 (5,
1H), 7.76-7.69 {m, 2H), 7.62 (d,
1H), 7.10-7.03 (m, 2H), 6.15 s,
1H), 432 (d, 2H), 4.29-4.26 (m,
TH), 3.84 (s, 3H), 3.72 (br. d., [H),
3.45 (br. d., 1H), 3.26 (&, 1H), 2.91
(dt, TH), 2.60 (s, 3H), 2.20 (s, 3H),
1.97 (br. ., 1H), 1.54 (d, 3H), 1.35-
1.24 (m, 2H), 1.18 (4, 3H), 1.16 (d,
3H), 1.05-0.78 (m, 2H)
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Cﬁjnpouﬂd Name TH NMR mz
Number
{400MHz, DMSGO-dg) 8
o 4t gngiiq. | 1168 {brs., 1H), 7.75-7.60 (m,
(R o Spisobutyl  A-(h-3-((03 1 30 "o 105003 . 260, 6.15
methoxy-6-methyl-2-oxo0-1,2- L e i gy , )
357 dihydro.pyridinfz— 1H) 4.33 (4, IH), 4.13-4.06 (m,

- A 1H), 3.84 (s, 3H), 3.74 (d, IH)y, | 537
yhmethyDcarbamoyi)-2-methvi-1H- | 7 . - Lo
indol--yhethyDpiperidine-1- 2.80-2.60 (m, DH)’ 298 (s, iH)’
carbvxviai‘e ‘ 2.50-242 (m, 2H), 1.96-1.90 (m,

S 1H), 1.54 {(d, 3H), 1.25-1.22 (m,
1H), 0.98-0.72 {(m, 6H)
(400MHz, DMSO-de) 6 11.59 (s, 1
Hy, 7.78 - 771 {m, 1 H}, 7.66 - 7.57
(m, 2 H), 7.07 {5, 2 H), 589 (s, 1
H), 432 (s, 2 H), 425 -415{m, 1
(R or 5}-N-({4,6~-dumnethyl-2-0x0-1,2- | H}, 3.65- 3539 (m, I H), 3.19 - 3.10
368 dibydropyridin-3-yDmethyD-1-(1-(1- | (m, 1 H), 298 (d, /=74 Hz 2 H), 513
(ethylsulfonvlipipenidin-d-yhethvl}- | 2.87-2.77 (m, 1 H),2.72-2.65(m, | ~
2-methyl-1H-indole-3-carboxamide | 1 H), 2.58 (s, 3 H), 2.27 (s, 3 H),
2424, 3 H),L 1.55(d, J=69Hz 4
H), 142-133(m, 2H), 1L17(t, /=
74 Hz, 3 H), 112 - 1.00 (m, T H),
0.84 - 0.74 (m, 1 H)
{400MHz, DMSO-da} 0 11.60 (5, 1
Hy, 7.75(d, /=71 Hz, 1 H}, 7.65 -
758 (m, 2 H), 7.12 - 7.02 {m, 2 H),
5 Q0 {« N A4 IR L IR
(R or 5}-N-{({(4,6-dimethyl-2-0x0-1,2- 3'8,9 (.‘sf"l H), 4.38 4‘2,5 ,(m’ = H.)’
o L ) ; " 420 (dd, J = 7.0, 10.6 Hz, 1 H),
" dibydropyridin-3-yhmethyl}-2- Nt e O .
382 ‘ 280 (s, 3H), 276 -2.67 (m, 2 H),
roethyl-1-(1-(1- v . - S 1499
_ » T 259 (s, 3H), 246 - 231 (m, 2 H),
{(methylsolfonyhpiperidin-4- PG o e e
yhethvli-1H-indole-3-carboxamide 227 ,(S’ 3 H), 2,'12' (s, 3 H), 1.55 {id’
ST ’ - =69 Hz 3 H), 1.51 (br.s., 1 H),
147 -134(m, T H), 1.29-121 (m,
THy, 817 - 1.04 (m, 1 H), 0.80 (d,
J=129Hz 1 H)
[80314] Example 27, Svnthesis of (R or 8)-1-(1-(1-isopropvipiperidin-4-vhethv-N-{{4-

methosy-&-methyvi-Z-oxe~-1,2-dihvdropvridin-3-vhmethvi-2~-methvi- 1 H-indole~-3~

carboxamide (Compound 358}
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S BN oo v 1 g M r[\

b LK = HC HN N AL
H\YA\/N \n/«*\\ ) ~r \m
s} & 7 0 S '

A 25 mL vial was charged with a magnetic stir bar, (R or §3-N-{({4-methoxy-6-methyi-2-oxo-1,2-
dihydropyridin-3-ylmethy}-2-methyl-1-(I-(piperidin-4-yhethyl}- I H-indole-3-carboxamide
hydrochloride (Compound 326}, THF (2.114 md, 0.211 romol}, propan-2-one (0.061 g, 1.057
mmol), and sodium triacetoxyborohydride (0.224 g, 1.057 munol). The rcaction was allowed to
stiv at rt for 12 h, The reaction was inverse quenched onto sat’d agueous NaHCOs, extracted
with ethyl acetate and conc. 7n vacuo. The resulting material was treated with 10 b 7N
ammonia in MeOH and was cone in vacuo to vield material which was purified via silica gel
chromatography {(10g) using DCM/MeOH/NH,OH (90:1:0.1) as cluent to afford 33 mg, (0.065
mmol, 31.0 % yield) of the title compound as a white solid. ). LCMS 479 (M+1)"; "H NMR
{DMSO-ds, 400 MHz)

O3 11.59 (5., 1H), 7.64 — 7.82 (m, 2H), 7.39 (d, 1H)}, 6.95 - 7.17 (m, 2H}, 6.15 (5, 1H}, 4.32 (d,
H), 4.04 —4.24 (o, 1H), 3.84 (o, 3H), 2.77 = 2.93 (p, 2H), 2.68 (5, 1H), 2.60 (v, 3H), 2.20 (o,
H), 2.08 - 2,15 {p, 1H), 1.92(6, 1H), 1.83 (Bp. o., 1H), 1.54 (5, 3H}, 1.27 — 1.43 {p, 2H), 0.91
{t, 6H}), 0.71-0.67 (i, 2H}.

3

L2

{00315}  The compounds shown in the following table were prepared according to the general
procedure outlined in this Example using the appropriate starting materials. The structores of the

corapounds are showyn in Figure L.

Compound Name T NMR /7
Number

(400MHz, DMSO-dg) 6 11.58 (s, 1 H}, 7.76 -
7.65{m, 2 H), 7.59{d, J=78 Hz, 1 H), 7.10
(R or S}N-({4-methoxy- { - 699 {m, 2 H), 6.14 (s, | H}, 449 (1, 7= 64

6-methyl-2-ox0-1,2- Hz, T H),L 443, J=65Hz, 1 H),437( J=
dihydropyridin-3- 6.1 Hz, 1 H), 434 - 428 (m, 3 H)}, 421 - 4.10

S U hmethyl)-Z-methyl-1-(1- | (m, | FD), 3.83 (s, 3 H), 3.30 - 3.23 (m, 1 H), | 493

{(I-{oxectan-3-yhpiperidin- | 2.75 (br. s, 1 M), 2.71 - 2.64 {m, 1 H}, 2.60
d-yhethyl-TH-indole-3- | (5, 3 H}, 2.19 (5, 4 H}, 1.90 (br. s, I H), 1.75

carboxamide (br.s, 1 H), 1.53(d, /=69 Hz, 3 H), 142
(br.s, 2 H) 111 - 098 (m, 1 H}, 0.72 - 0.63
(m, I H)
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Compound Name "HNMR m/z
Number
(4OOMHZ DMSO-dgy 6 11.58 (s, 1 H),7.76 -
(R or S}N-{({4-methoxy- | 7.65 (m, 2 H}, 7.59(d, J=7.6 Hz, | H), ’7 1
6-methyl-2-ox0-1,2- 699 (m, 2 H), 6.14 (s, 1 H), 431 (d, J=5. 1
343 dihydropyridin-3- Hr, 2H), 413 (br.s,, 1 H), 3.83 (s, 3 H), 2.8
yvhmethyl}-2-methyl-1-(1- { (d, J = 10.0 Hz, | H), 261 -252(m, 5 B), 451
{1-methyipiperidin-4- 219 (5,3 H), 2.09 (s, 4 H), 1.88 (d, /=107
viethyh-1H-indole-3- Hz, 2 H), 1.53(d, /= 6.7 Hz, 3 H}, 1.34 {br.
carboxamide s, FHYL L02(d, J=82Hz L H), 0.66({br. s,
| H)
{(400MHz DMSO-ds) & 1159 (s, 1 H),7.77 -

VN { desrien 1766 (m, 2 H), 7.60(d, /= 7.8 Hz, 1 H), 7.12
et ol PO 701 4, 2 ), 615 (5,1 ), 432 (d, =49
e;iihrvd,’rop‘v'ridi11*3: gz, 2 H) ,4'13 ./ - 7.1 HZ 1 H), 3.85 (S,’ 3

39 ymethyl (2= | Hh 33607 =39 He, 2 H), 309 s, 3 H), 1 ygq
methoxyethylpiperidin- ,2',94 (d,J=10.5 Bz’i H) , 271 - 2.56 ("m,’ -
4_\4)@&;}]3)_5_;“@%‘5_1H“ H),243-2.32 {m, 2 H>’,,‘2‘24 -2.12 {m, 4 H),
indole-3-carboxamide 154 (d, /=69 Hz, 4 H),» 139 - 127 (m, 2

T ' Hy, 1.02(d,/=87Hz 1 H),065¢d, J=127
Hz, 1 H)

(400MHz, DMSO-dsy 6 11,79 - 11.45 (m, |

, o g e oq VHY 778765 (m, 2 HY, 7.59(d, J= 7.8 Hz,

iiﬂpipz;dm z;;ci_;jéh L H), 7.14 - 6.99 (m, 2 H), 6.15 (s, 1 H), 4.32

360 N~(J(;'-’E;~n<1er‘§iho>§},«‘-6v—meti\v‘y;}- (d. /= 4'9.}52’ 2 1-1}’,4'26 ) 4'{.)8 (m, 1 H,) ’ .
Z-m\'o;‘ir 2-dihvdro§§«‘ri&iﬁ~ 3.84 (S’, 3H), 2.98 - 2.89 (m, 1 H), 2.71 - 2.61 465
3ylmethyl-2methyl. | (% 2 D, 2.59 (5, 3 1), 2.27 - 2.21 (m, 2 H),
Eﬁ;indoiév-é;carboxéiﬁide 2.20 (s, 3 H), 1.94 - 1.80 (m, 2 H), 1.54 (s, 4

v e ©UH), 138 - 1.28 (m, [ HD, 1.06 - 0.98 (m, 1 H),

393, /=71Hz3 H}, 0.71-0.63 (m, 1 H)

(400MHz, DMSO-de) 8 11.59 (br. 5., I H},

o b - A~ 1781~ 765 (m, 2 Hy, 7.60 (d, J =74 Hz, 1

ﬁ;;fioiy;ﬁi}&? H), 7.16 - 6.98 (m, 2 H), 6.15 (s, 1 1), 4.32

: ox0-1 2~di£§mif0pvri$n~3— (d, J= 4.9 Hz, 2 H), 423 - 411 (m, 1 H),
363 yl’)me;hyl)cé,rba,ﬁ';oyi)-En 4.04 (q, J = 7.0 Hz, 2 H), 3.84 (s, 3 H), 2.95 - 523

methyl-1H-indol-1-
yhethylpiperidin-1-
ylacctate

2.86 {m, 1 I} 2.60 €s, S H),
194 - 179 (m, 2 H), 154 (d, /=69 Hz, 4
Hy, 1.41-132(m, L H), LIS{, /=7.1Hz3
Hy, 1.04(d, /=60Hz 2 H), 0.71 - 0.61 {(m,
1 H)

2.20 (s, 4 H),
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C\?ﬁ?iiﬁf d Name "H NMR m/z
(400MHz, DMSO-dgy & 11.63 (5, 1 H), 7.74
(R or S)-N-{{4-cthyl-6- (d, J = 7.6 Hz, 1 H), 7.65 - 7.56 (m, 2 H},
methyi-2-ox0-1,2- TA2-700{(m,2H), 594 (5, 1 H), 434 (1, /=

366 dihydropyridin-3- 5.1 Hz 2 H), 419 - 409 (m, 1 H) 2. 88 {br

200 yhmethyl-2-methyl-1-(1~ { s, 1 H), 2.71 - 2.56 (m, 6 H), 2.14 (s, 7 449
{1-methyipiperidin-4- { (}E (d J=125Hz, L H), 1.54(d, J= 6 Q
vhethyl)-1H-indole-3- He, 4 H), 141 - 131 (o, 2H), L4 (,.7=76
carboxamide Héa 3H, 1.05(d,J=9.1Hz t H), 068(d, J

= {2.7 Hz, | H)

(400MHz, DMSO-dg) 8 11.59 (5, T H), 7.74
(R or  SFN-((4.6- | (d, J= 69 Hz, 1 H), 7.65 - 7.56 (m, 2 H),
dimethyl-2-ox0-1,2- 742 -7.01 {m, 2 H), 5.89 (s, | H), 4358 - 4.25

267 dihydropyridin-3- (m 2HL420-409 (m, I H), 295 (br 8.,

o yhmethyl}2-methyl-1-(1- | B), 268 (br. s, 2 H), 2.58 (s, 3 H), 2.2 (s, 31 435
(1-methyipiperidin-4- Hy, 221 {(br. s, 3H), 2.12 (s, 3 H), 1.94 (d, J
yhethyli-tH-indole-3- = {38 Hz, i H) 1.54 (d, J = 6.9 Hz, 4 H),
carboxamide Ldd - 131 (m, 2 H), 107 (d, J=125Hz 1

H), 0.71(d, J=132Hz I H)
(400MHz, DMSO-dey 8§ 11.59 {br. 5., T H),
7734(d, J =76 Hz, 1 H), 7.65 - 7.55 (m, 2
(R or SIN-((4.6- 1 H), 7.12 - 700 {m, Z H), 5.89 (s, 1 H}, 4. 53
dimethyl-2-0x0-1,2- 4,48 {m, 1 H),447 -442 (m, | H}, 438 (s,
375 dihvdropyridin-3- H), 431 (t,./J=52Hz 3H), 421 -4.10 (m, 1
‘ vhmethyl}-2-methyl-1-(1- H) 331-324 (m ZH), 2.81-2.64(m, 2 Hy, | 477
{(i-{oxetan-3-ylpiperidin- | 2.59 (s, 3 H ), 2.26 (s, 3 H), 2.23 - 216 (m, 1
4-yhethy)-IH-ndole-3~ | H), 2,12 (5, 3 H), 1.98 - 1.85 (m, 1 H), 1.81 -
carboxamide P70 {m, 1 H), 1.54{d, /=69 Hz, 3 H), 1.51
-~ 122 (m, 1 H), 112 - 096 (m, 2 H}, 0.73 -
0.04 (m, | H)
(400 MHz, DMSO-dg) 0 11.63 (br. 5., T H},
774 {d, J =736 Hz, 1 H}, 760 (d, J= 847
Hz, 2 H), 7.06 {quin, J = 7.13 Hz, 3 H), 5.94
(s, 1 H), 4.51 (t,.7= 6.47 Hz, 1 H), 4.46 (1, J
(R or SpN-((4d-cthyl-6- | 635 Hz, 1 H), 4.40(t, J=6.13 Hz, | H), 4.37
methyl-2-0x0-1,2- - 4 2() (m 2HY, 4284101 (m, 1 H), 3.57 (s,
380 dihydropyridin—ﬁ%— } 334 (br.s, 2 H), 281 {(d, /= 1070 H
- yhmethyl}-2-methyl-1-(1- 1 H), 2674, J= 14.94 Hz, 1 H), 2.64 - 7 491

(1-{oxctan-3-yDpiperidin-
4-yhcthyly- 1 H-indole-3-
carboxamide

25 :\
(m,4 H),221(d, /=10.93 Hz, | H), 2.14 (5,
3H) 1.93{(d, . J=1249Hz | H), 1.&3 (t, J =
1137 Hz, 1 H}, 1.54 (d, J = 691 Hz, 3 H),

1.37(d, J = 10.48 Hz, 1 H), 1.25 {q, J = 6.91
Hz, 1 H), 114 (4, J = 7.58 Hz, 3 H), 1.06 (d, /
=981 Hz, 1 H), D.70 (4, /= 12.49112,13)
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Compound Name "H NMR m/z
Number
"H NMR (400 MHz, DMSO-dg) 8 11.60 (br.
s., 1 H)Y, 7.74 (d, J =713 Hz, | H), 7.66 -
(R or Sy -N-({4,6- 7,5 {m, 2 H), 715 - 699 (m, 2 H), 5.89 (5, 1
dimethyi-2-ox0-1,2- H), 440 -424 (m, 2H), 421 -4.07 (m, 1 H},
no dihydropyridin-3- 395-378(m, 2 H), 3.57 (s, 1 H), 3.32 -3.17
I8l vhmethyl}-2-methyl-1-{1~ | {m, 3 H), 2.68 (br.s., 1 H}, 2.58¢(s, 3 H), 2.33 | 505
(1-(tetrahydro-2H-pyran- {‘o 8., 2 H), 227 (5, 3 H}, 2.12 (5, 3 H), 2.00
4-vhpiperidin-4-yliethyi)- | - ,88 (m, 2 H), 1.75(d, J=12.04 Hz, 1 H},
1 H-indole-3-carboxamide ! 62 (h; s, 2 H), 1.54(d, 7=6.91 He, 3 H),
§.46 - 3() (m, 2 H}, L.OI (br. s, 1 H), 0.72
{(br.s., | H)
(R or Sitert-butyl 3-(4-
(1-(3-({{4,6-dimcthyi-2-
oxo-1,2-dihvdropyridin-3-
449 yhmethyljcarbamoyi)-2- 376
methyl-1H-indol-1-
yhethylpiperidin-1-
yljazctidine-1 -carboxylate
(400MHz, DMSO-dg) 0 11.63 -~ 11.56 ( 3, |
: Hy, 7.76 -~ 770 {m, T H}, 7.64 - 7.55 {m, 2 H),
ﬁmh‘;ﬁ,mom{’f DO 205 (5, 2 11), 5.89 (5, 1 H), 4.56 (5, 4 H) 431
dihydropyridin-3- s 2 H) 419409 (m, 1 H}, 3.36{d, J=49
377 RN . {Hz 1 H) 2.77 - 2.56 (m SH), 226 (s, 3H), |
yvhmethyl}-2-methyl-1-{1- ‘> 490
(1-{1-methylazetidin-3- ZAR (s, 3H), 202 (5,3 H), 194 - 185 (m, §
Vpiperidin-d-yhethyl)- Hy, 1.78 - 1.67 (m? i Hy, LS?S {d, J= 6.9’ Hz,
I Heindole-3-carboxamide 3}-{}, 1.50 - 1.45 (m, ,E Hy, 144 - 122 (m, 2
Hy, 1.07-093 (m, 1 H), 0.71 - 0.61 {m, 1 H)
[80316] Exsmple 28. Svaothesis of (R or S3-1-(3-(1-2-fluoroethyvhipiperidin-4-vhethvh-N-~

{{4-methoxyv--methvi-2~ox0-1.2~dibvdropyridin-3

~yvhimethyh-2-methvi-1 H-indole-3~

carboxamide (Compound I56):

o)

gr/“vF

o}

A 25 mL vial was charged with a magnetic stir bar, (R or $)-N-{({4-mecthoxy-6-methyi-2-ox0-1,2-

dihydropyridin-3-ylmethyl}-2-methyi-1-{ I -(piperidin-4-yhethyl}- 1 H-indole-3-carboxamide

hydrochloride (Compound 326} (8.062 g, 8.131 mmol), K,CO5 (0.072 g, 8.524 mmol), MeCN
{0.655 yol, 0.131 mmol), DMF (8.262 ml, 0.131 munol} and -bromo-2-fluorocthane {(0.020 ml,
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$.262 mmol}. The reaction was capped and heated to 82 °C with stirring for 4 h. The reaction
was allowed to cool to 1, filtered, and the filtrate was pre-absorbed onto silica gel (12 g). The
material was purified via S10, chromatography (25 g) using DCM/MeOH/ERN (85:15:0.5) as
cluent to afford the title compound as an off white solid (30 mg, 0.052 munol, 45.1 % vield). ).
LOMS 483 (M+1)"; "H NMR (DMSO-d#6, 400 MHz) § 11.59 (s, 1H), 7.75-7 68 (m, 2H), 7.60
(d, 1 H)7.09-7.03 (m, 2H), 6.15 (s, 1H) 4.53-4.51 (m, 1H}, 442-4.39 (m, 1H)}, 4.32 {d, 2H},
4.24-47 {m, 1H), 3.84 (s, 3H), 2.98 (br. 4., 1H), 2.70-2.49 (m, 4H), 2.60 (5, 3H), 2.20 (5, 3H},
2.01 (dt, 1H), 1.92-1.90 (m, 1H), 1.75-1.71 {m, 1H), 1.54 (d, 3H)}, 1.38-1.36 (m, 1H}, 1.02-0.98
{m, 1H}, 0.7-0.66 {br. d., 1H}.

{00317} The compounds shown in the following table were prepared according to the general
procedure outlined in this Example using the appropriate starting materials. The structures of the

compounds arc shown in Figure 1.

Compound

i MName "HNMR m/zZ
Number

(400 MHz, DMSO-dg) & = 1160 (br. s, 1 H),

A7 -766(m, 2 Hy, 760 (d, J=7.6 Hz, | H},
714 -700 (o, 2H), 6,15 (s, L H), 6,06 (1, /=
357 He, 1 Hy, 432 (4, =49 Hz, 2 H), 4.15
{(br.s., 1 H), 3.84 (s, 3 H), 3.03 - 2.93 (1, 2 H}, | 301
273 -262{m, 3 H), 260 (s, 3 H), 226 -2.10
(m, 4 H), 193 - 179 (m, [ H}), 1.59-1.46 (im, 4
Hy, 141 - 129 (m, T H), 111 - 097 (m, | H),
(.67 (br.s., L H)

(R or SRI-(1-(1-(2,2-
diftuorocthylpiperidin-
4-vhethyl)-N-{(4-

362 methoxy-6-methyl-2-
oxo-1,2-dihydropyridin-
3-vhmethyl}-2-methyl-

I H-indole-3-
carboxamide

(400MHz, DMSO-ds) & = 11.60 (br. 5., | H),
778 - 7.66 {m, 2 H), 7.60 (d, J= 8.2 Hz, 1 H),
713 - 7.00 (m, 2 H), 6,15 (s, 1 H), 432 (d, J =
4.9 Hz, 2 H), 422 - £.09 (m, | H), 3.84 (s, 3 H),
3.03 - 2.91 (m, 1 H), 2.73 - 2.64 (m, 1 H), 2.60 | 533
(5.3 H), 2.48 - 2.3 {m, 5 H), 2.20 (s, 3 H), 2.01
- 1.85 (m, 2 H), 1.58 - 1.46 (m, 4 H), 1.36 - 1.29
(m, 1 H), 1.08 - 0.98 {m, | H), 0.73 - 0.62 (m, 1
H}

(R or 8)-N-{{4-methoxy-
6-methyl-2-0x0-1,2-
dibydropyridin-3-

378 yhmethy!y-2-methyl-1-
{(1-(1-(3,3,3-
trifluoropropylipiperidin-
4-yhethyly-TH-indole-3-
carboxamide
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Compound

h - i 33 A I/'
Number Name HNMR m'z

(500MHz, DMSO-dg) 5 = 1159 (s, 1 H), 7.74
(d,/J=76Hz I H), 771 -7.66 ({m, | H}, 7.61
(d. /=78 Hz | H), 713 - 7.01 {m, 2 H), 6.15
(s, 1 H),432{(d, /=49 Hz 2 H), 422 -412
(m, 1 H), 3.84 (s, 3 H), 3.15- 295 (m, 3 H),
2.75 -2.66 {m, 1 H), 2.60 (3, 3 H), 2.39 - 2.31 | 519
(m, 1 H), 2.20 (s, 3 H), 2.05 - 1.98 {m, 1 H),
P92 - 184 (m, 1 H), 1.56- 146 (m, 4 H), 1.42 -
E32¢(m, L Hy, LI - L0 (o, | H), 0.69-03.62
(m, 1 H)

(R or S)-N-{{4-methoxy-
6-methyl-2-ox0-1,2-
dihydropyridin-3-

365 vhmethyl}-2-methyl-1-
(145-(2,2.2-
trifluorocthyljpiperidin-
4-yhethyl)- 1 H-indole-3-
carboxamide

(400MHz DMSO-do) 8 = 11.59 (s, L H), 7.73
(d,J="7.8 Hz, 1 H), 7.65 - 7.55 (m, 2 H), 7.12 -
o 0 OPASS 5 60 (. 2 H), 6.22 - 5.90 (m, 1 H), 5.80 ¢s. 1
f‘?ﬁ?g}%ﬁ?&;dﬁ} H). 4.36 - 4.25 (m, 2 H), 420 - 4.09 (m. | H),
RN AN 3.01 - 2.93 (m, 1 H), 2.72 - 2.59 (m, 3 H), 2.58 | 4o
Gihydropyridin 3. (5.3 H),2.26 (5,3 H), 221 - 2.13 (0, 2 H), 2.12
Vmethyl 2oty b He | &3 F), 192 179 (m, 2 H), 1,53 (5, 4 H), 1 41
indole-3-carboxamide =129 (m, 1 H), 1.10 - 0.97 (m, 1 H), 0.70 - 0.59
(m, 1 H)

(R or Spi(I(1-(22-

441

160318] Example 29, Svunthesis of (R or S)-N-{{{-methoxv-6-methvl-2-0xg-1.2~

dibvdropvridin-3-vhmethvD-2-methvi-1-{(1-(1-{pyvrimidin-2-vDpiperidiz-4-vhethvh-1H-

indole-3-carboxamide {Compound 361),

To a re-sealable vial was added 2-chloropyrimidine (185 mg, 1.611 mmol), {R or 8}-N-{{4-
methoxy-6-methyl-2-oxo-1,2-dihydropyridin-3-yimethy H-2-methyi-1-(1 -(piperidin-4-yhethyl)-
1H-indole-3-carboxamide hydrochloride (508 mg, 1.074 mmol) {Compound 326}, and EtOH (8
mb}. To this solution was added Et;IN (449 ul, 3.22 mmol). The vial was scaled and heated to
100 °C overnight. The solution was allowed to cool to room temperature and concentrated in
vacuo. The crude residuc was purified via silica gel chromatography (hexanes: {3:2 DCM:PAY)
to afford the title compound as a solid (357 mg, 0.694 mmol, 64.6 % vield). LCMS 515 (M+1Y;
"H NMR (DMSO-d6, 400 MHz) 8 11.60 (s, 1 H), 830(d, J=4.7Hz, 2 H), 7.76 (d, J=7.6 Hz, |
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Hy, 7.73 - 764 (m, 2 H),7.14 - 701 (m, 2 H), 655 (t, /=47 Hz, | H),6.15(s, 1 H}, 484 -4.75
{m, 1 H}, 457-447(m, 1 H),433(d,/=42Hz 2H),422-4.11 {m, | H}, 3.84 (5,3 H),2.92
2.8 m, P H),263-252(m, 4 HYL220(,3H),205-194(m, T H), 1.61-149(m, 4 H),
134 - 12 {m, T HL 1.04-091 (m, 1 H), 0.83-0.75(m, | H).

{00319} The compound shown in the following tablec was preparcd according to the general

procedure outlined in this Example using the appropriate starting materials. The structure of the

compound is shown in Figure 1.

Compound . ,
o Name "H NMR r0/2
Number

(R or S)N-{{(4-
methoxy-6-methyi-
2-0x0-1,2-
dihydropyridin-3-
yhmethyly-2-
methyl-1-(1-{1-
{pyridin-2-
vhpiperidin-4-
yvhethyl}- 1H-
indole-3-
carboxamide

(400MHz, DMSO-dgy & 11.60 (br. 5., 1 H}, 8.06
(d, J=36Hz t H), 782 -7.62 (m, 3 H), 7.51 -
739 (m, T H), 717 - 698 (m, 2 H), 675 {d, J =
8.5 Hz, 1 H), 661 - 649 (m, 1 H), 6.15 (s, 1 H},
449 - 438 {m, 1 H}, 433 (d, J = 3.8 Hz, 2 H,
424 - 403 (m, 2 H), 3.85(s, 3 H), 2.90 - 2.70 {(m,
2H)Y, 2588, 3H), 220¢,3H),2.06-191(m, 1
H), 1.63 - 147 (m, 4 H), 140- 127 (m, 1 H), 1.07
094 (m, 1 H), 082-0.72 (im, | H)

(8}
N
(N

514

[96328]  Example 38, Svnibesis of (R or Si-1-(1-(1-(2-hvdroxvethvhipiperidin-4-vhethv)-

M-{{d-methoxv-&-methvi-2-oxo-1,2-dihvdropyridin-3-vDmethyv)-2-methvi- 1 H-indole-3-

carboxamide (Compound 347).

To a scaled tube charged with a magnetic stir bar was added (R or S)-N-{({4-methoxy-6-methyi-
2-0x0-1,2-dihydropyridin-3-ylimethyl)-2-methyl-1-(1-(piperidin-d-y}ethyl)- 1 H-indole-3-
carboxamide {Compound 3263 (0.1 g, 0.229 mumol} was added DCM (3 mL} and the reaction
cooled to 0 °C. To the cooled reaction mixture was added oxiranc which was condensed into the
reaction vial {~1 mL). The reaction was allowed to stir to rt over 4 h and was then conc. in
vacuo to afford the crude material which was puritied via silica gel chromatography (12 g) using

cthyl acctate/McOH (4:1) as cluent to afford the title compound as a white solid (50 mg). LCMS
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481 V1Y TH NMR (DMSO-46, 400 MHz) 838 11.58 (s, 1 H), 7.77 - 7.65 {m, 2 H), 7.59 (4,
J=T8Hz, THL711-699(m, 2H), 614, 1 H),454-444(m, F H}, 431 {d,J=51Hz3
H,L413(dd, /=71, 103 Hz,  H},3.83 (s, 3 H), 342 (q, J=60Hz, 2 H),2.93 (br.s., I H),
271-256(m,4H), 23 {(br.s,, 2H), 2.19(s, 3 H}, 2.03 - 183 (m, 2 H), 1.4 (br. s, 1 H}, 1.53
{d, /=69 Hz 3H),132(,/=11.1Hz, 1 H),1.02(d, /=103 Hz, 1 H},065(d,/J=11.8Hz 1
H}.
{00321}

procedure outlined in this Example using the appropriate starting materials, The structures of the

The compounds shown in the following table were prepared according to the general

compounds are shown in Figure 1.

Compound N iH iy
Number Mame NMR e
(R or S)-1-(1-(1-(2- NMR (400MHz, DMSO-d63 & 1158 (br.s., 1 H},
hydroxy-2- 7.76-7.65(m, 2 H), 7.58(d, I =78 Hz, 1 H},
methylpropylpiperidin- | 7.10- 699 {m, 2 H}, 6. 14 (s, 1 H), 431 (4, 1= 4.9

157 4-yhcthyh-N-{{4- Hz, 2H), 4314 (br.s, 1 H}, 3.94 (s, | H), 3.83 (5,

o methoxy-6-methyl-2- 3HL356(s,2H),301(d, J=114Hz 1 H), 509
oxo-1,2-dihydropyridin- | 2.73 - 2.64 (m, 1 H), 2.59 (s, 3 H}, 2.19 (s, 3 H),
3-vhmethyl)-2-methyl- 216-2.03(m,2H), 1.32(d, J =69 Hz 4 H),

1H-indole-3- 1.34(br.s.,2H), 1.02(d, J=435Hz, 7H} 066 -
carboxamide 0.58 {m, | Hj
(R or S)-N-{{4,6- (400MHz DMSO-d6) 8 11.59(br.s., | H), 7.77
dimethyl-2-0x0-1,2- ~7.69(m, T H), 7.60 (br.s, 2 H), 7.06 {(br.s., 2
dihvdropyridin-3- H), 589 (s, LH), 431 (1, J=57Hz, 2 H), 4.20-
369 yi}mcthyl)-1-(1n(1n(2~ 409 {(m, 1 H,L400-392(m, 1 H),3.58-3.55 )
” hydroxy-2- (m,2 H),3.19-2.10¢m, 1 H), 3.07-2.95 (m, 1 | 493
methylpropylipiperidin- | H), 2.74-2.63 (m, 1 H), 2.59 (br.s., 3 1), 2.27
4-vhethyl)-2-methyl- {s,3H), 2.12(5,3H), 1.89- 1.72 (m, T Hj, 1.54
i H-indole-3- (br.s, 4 H), 1.30-1.14{m 2 H),L 1.03 {(br. s, 6
carboxamide H), 0.84 - 0.57 {m, 2 H)
186322} Exsmple 31, Syothesis of (R or  SyMN-((4-methoxy-6-methvl-2-0x0-1.2-

dibvdropvridin-3-vhimethvli-2-methvi-6-phenvi-1-{1-(tetrabvdro-2 H-pyran-4-viiethvi)-1 H-

indole-3-carboxamide (Compound 374).
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A 25 mL reaction tube was charged with a magnetic stir bar, phenyl boronic acid (72.6 mg,
0.596 mmol), KiPGO: (103 mg, 447 mmol), X-Phos pre-catalyst {Chloro{2-
dicyclohexylphosphino-2' 47 6 -tritsopropyl-1,1-biphenyh{2-(2-
aminocthylyphenyhjpaliadiom{Ii}} (4.92 mg, 5.96 pumol}, and the vial was scaled. The vial was
evacuated/backfilled with nitrogen (3x} before the addition of methyl 6-chloro-2-methyl-1-(1-
{(tetrahydro-2H-pyran-4-yhethyl}- 1 H-indole-3-carboxylate {(Compound 314} (100 mg, 0.298
mimol} as a solution in 1.4-dioxane {1 mL}. The vial was then heated to 100 °C overnight with
stirring. The vial was then allowed to cool to room temperature and the reaction concentrated in
vacuo. The crude residuc was purified via 810, chromatography (10g) using an cluent of cthyl
acetate’hexanes (4:1) the fitle compound as a white solid (106 mg, 0.281 mamol, 94 % vield). ).
LOMS 514 (M+D); 'H NMR 'H NMR (400MHz, DMSO-ds) 8 = 11.59 (s, 1 H), 7.98 - 7.84 (m,
2HYLTI5-767{(m, 3H)L 74T (4, J=T8Hz, 2 H),739(d, /=85Hz, 1 H), 7.35-7.27 (m, |
Hy, 6,15, 1 H),435(d. /J=49Hz, 2 HL425-412{m, 1 H),393(, /=85Hz 1 H),386-
377 {m, 3HL3.67{(d, J=85Hz 1 H),339-332 (m, 1 H}, 3.10-3.00(m, | H),2.62 (s, 3 H),
221 (s, 3HL 185, /J=100Hz 1 H), 1.63- 149 (m, 4 H), 1.45- 133 (m, 1 H), 1.20- 099
(m, 1 H), 0,66 (d, J=12.0Hz 1 H).

[66323] Example 32. Svynthesis of (R or $1-2-(4-{1-(3-{{d-methoxv-G-methvi-2-ox0-1,2~

dibvdropyridin-3-vhmethvicarbamovh-2-methvi-1H-indol-1-vDethvDipiperidin-1-vl) acetic

acid {Compound 364),

LICH

O
To a round bottomed flask was charged with a magnetic stir bar was added (R or S)-ethyl-2-(4-
{1-{3-({(4~-methoxy-6-methyl-2-0x0- 1, 2-dithydropyridin-3-vlymethylcarbamoyi)-2-methyl- 1 H-
indol-1-yljethyhpiperidin-1-yljacetate {Compound 363} (69 mg, $.132 mmol), THF (1.5 wml},
MeOH (1.5 ml}, and water ( 0.75 mbl). To this solution was added lithium hydroxide
monohydrate (5.54 mg, 8.132 mmol} and the reaction stirred at room temperature for 1 h. The
organics were removed under reduced pressure and the resulting aqueous solution purified via

reverse phase-HPLC (water/MeCN) (—95% to afford the title compound {66 mg, (.108 mmol,
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82 % vicld). LCMS 514 (M+1)" "H NMR (400MHz ,DMSO-ds) 8 = 11.67 (s, | H), 9.65 (s, 1 H),
TEE-T68(m, 2H)L763(d, J=T4Hz 1 H),714-7.03 (m, 2H), 618 (s, 1 H),433(d,.7=3.6
Hz, 2H), 427415 (m, 1 H}, 404 (br. s, 2H), 3.85 (5, 3 H}, 3.57 (s,  H), 3.35-323 (m, I H),
334-299(m, 1 H},2.86 - 274 (m, 1 H), 262 (s, 3 H}, 2.21 (s, 3H}, 218 - 208 (m, 1 H), 1.75
{s, 1 H), 1.60-149(m, 4 H),1.46-133(m, 1 H},392-0.81 (m, I H).

1963241 Example 33. Synthesis of (R or Shmethyl Z-methvl-i-(i-Uetrahyvdro-2H-

thiopvran-d-vhethvD-1H-indole-3-carboxviate.

H&.

To a round bottomed flask charged with a magnetic stir bar was added (R or S)-methyl Z-methyl-

1-{1-{tetrahydro-2H-thiopyran-4-yljcthyh-1H-indole-3-carboxylate {Step 6} (109 mg, (.343
mmol} and DCM (5 mL). This solution was cooled to § °C before addition of m-CPBA (154
mg, (.687 mmol) and the reaction stirred at § °C for 30 minutes. The solution was then diluted
with water and sat’d aqueous sodium thiosuifate solution and the layers separated. The aqueous
was extracted with DCM and the combined organic layers were dried over Na;8QOu, filtered, and
concentrated in vacuo. The crude residue was purified via silica gel chromatography (12 g)
using cthyl acctate/hexancs {1:1} as cluent to afford the title compound (1069 mg, $.343 mmol,
95%). LCMS 350 (M+1Y". The title compound was uscd as an alternate starting material in Step
7 of Example 26 for the synthesis of other compounds of the invention.

190325] Ezasmple 34. Svnthesis of (R or Sikmethvl 2-methvi-6-(pyridin-3-vh-1-(}-

{tetrabvdro-IH-pyvran-d-vDethvD-1 H-indole-3-carboxviate. This intermediate was used as an

alternate starting material in Step 7 set forth in Example 26 for the synthesis of other compounds
of the invention.
180326 (R or Spmethyl Z-methyi-1-(3-(tetrabydro-2H-pyran-4-yilethyl}-6-(4.4,5,5-

tetramethyi-1,3,2-dicxaborolan-2-yh-1H-indole-3-carboxylate
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To a round hottomed flask was added PA{OAc) (10.03 mg, 0.045 mmol}, potassiom acetate (219
mg, 2.233 mmol}, 4.4,4'.4,5.5,5 5 octamethyl-2,2-bi(1,3,2-dioxaborolang} {567 mg, 2.233
mmol), and 2-dicyclohexylphosphing-2' 47 6" -triisopropylbiphenyl {XPhos) (85 mg, 4.179
mmol}, and the vial was sealed. To this vessel was added (R or S}-methyl 6-chloro-2-methyl-1-
{1-{tetrahydro-2H-pyran-4-yiethyl)-1 H-indole-3-carboxylate {Step 6} {500 mg, 1.489 mmol)
dissolved in dioxance (3.4 mL} and the reaction cvacuated/back-filled with N; (3%} before heating
to 100 °C overnight. The rcaction was then allowed to cool to rt and was diluted with
EtOAc. The reaction was filtered through diatomaccous carth and the filtrate concentrated to
afford the title compound which was used in subsequent reactions without further purification.
LOMS 428 (M+1)",

1003271 (R or S)ymethyl 2-methyi-6-(pyridin-3-yii-1-(1-{tetrahydro-ZH-pyran-4-yhethyi)-

1H-indole-3-carboxylate;
Bremd, =1y
»‘O ©
\r Pd(}!z(dppf) CH,C,

To a re-sealable vial was added K,CO3 (206 mg, 1.488 mumol), PACL{dppf-CH,Cl adduct {(60.3

mg, 0.074 mmol}, and the vial was sealed. This vial was evacuated/backfilled with Ny (3%}
before addition of (R or S)-methyl 2-methyi-1-(1 -{(tetrahydro-2H-pyran-4-yhethvl-6-(4,4,5,5-
tetramethyi-1,3,2-dioxaborolan-2-vi}- 1 H-indole-3-carboxvlate (318 mg, 0.744 mmol} dissolved
in b4-dioxane (4 mb), 3-bromopyridine (71.7 ul, 0.744 mmol}, and water (400 pb). The
reaction was evacuated/backfilled with Ny (3%} before heating to 100 °C. The solution was
cooled to room ternperature and diluted with EtOAc. The sohution was filtered and concentrated
in vacuo. The crude residue was purified via silica gel chromatography {10 g, EtOAc/hex (1:1})

to afford the title compound (101 mg, 0.267 mmol, 35.9 % yield). LCMS 379 (M+1)".
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{00328} The intormediates shown in the following table were prepared according to the

general procedure outlined in this Example using the appropriate starting materials.

Name Structure m/z

(R or Spmethyl 2~-methyl-6-(pyrazin-2-yi)-1 -(1-{tetrahydro-
¥

74
2H-pyran-4-ylethvl)~-1 H-indole-3-carboxylate 379
(R or S)3 methyl 2-methyl-1-{1-(tetrabydro-2H-pyran-4- 385

vijethyhi-6-(thiazol-4-vl- 1 H-indole-3-carboxylate

180329  Exsmple 35, Svnthesis of (43-MN-({4.6-dimethvi-2-ox0-1,2-dibvdropyridin-3-

viimethvli-1-{1-{4-flaorophenvDethvD-2-methvi-1H-indole-3-carboxamide {Compound
166,
{60338]  (&3-1-(1-bromeoethyl)-4-fluorobenzene.

A mixture of I-cthyl-4-fluorobenzene (0.248g, 2mmol), NBS (0.35g, 2mmol} and benzoyl
peroxide {0.14g, 0.6mmol} were dissolved in 20 mL CClL, The mixture was stirred at 80 °C for §
hours and then the reaction was cone. in vacuo and resulting ol was purified via silica gel
chromatography (PE-EtOAC 5 1} to give the title compoond (330 mg, 80%) as a vellow oil.
LCMS 202 (M +H').

[80331] The intermediates shown in the following table were prepared according to the

general procedure outhined above using the appropriate starting materials and modifications,

Name Structure m/z

{(£}-1-(1-bromocthyl)-4-chlorobenzene 218
SRS TS T e Mviie2a

() I-(I-bromoethyl}-2 206

methoxybenzene
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{3~ I-bromo-3-(1-bromoethyl}benzenc 264
{(£)-2-{ I -bromocthyYbenzonitrile 210
(£)-1-(1-bromoethyi}-3- e
21 o

methoxybenzenc

{80332 (F3-N-{{4,6-dimethyi-I-oxe-1,2-dihydropyridin-3-yhmethy-1-(1-(4-
fluorophenyhethyl}-2-methyl-1H-indole-3-carboxamide (Compound 166).

N-{{4,6-dimethyl-2Z-oxo-1,2~-dihydropyridin-3-yhmethyl)-2-methyi-1 H-indole-3-carboxamide
{309 mg, .0mmol) was dissolved in 4 mL DMF, NaH (80mg, 2.0mmol) was added, the mixture
was stirred at room temperature for 30 min, and then -(I-bromoecthyl-4-thiorobenzene
{(0.404mg, 2. 0mmol} was added. The mixture was stirred at room temperature overnight and was
directly purified by reverse phase HPLC {(A:CHON, Biwater+{(.1% HCL A:B=35:65 ASB Ci8
150*%25mm} to afford the title compound as a white solid(11 mg, yield 3%} LOMS 432 (M +
HY TH NMR (400 MHz, CDCI3) 3 7.78 (d J=8Hy, 1H), 7.33 (m, 1H), 7.14 (s, 1H)}, 6.96 (m,
2H), 6.92 (m, 1H), 6.85-6.92 (m, 4H), 5.85 (s, 1H}, 572 {m, 1H), 4.56 (s, 2H), 2.64 (s, 3H}, 2.37
(s, 3H), 2.11 (s, 3H), 1.85(d, J=7.2 Hy, 3H).

1803331  Example 36, Svathesis of (2)-1-(1-{4-chlorophenvhethv-N~{{2-hvdroxy-4.6-

dimethvipvridin-3-vDmethvD-2-methvi-1 H-indole-3~carboxamide (Compound 170,

100334} Step 1: Ethyl 2-methyl-1H-indole-3-carboxylate.

O 0

A

X

i e
e

i CUQ‘D, 652603
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To a mixed solution of dimethyl sulfoxide (100 mL) and water {34 mL), 2-iodobenzenamine (50
g, 228 mmol}, ethyl 3-oxobutanoate {35.6 g, 274 mmol}, copper(l) oxide (3.3 g, 22.8 mmol) and
cesium carbonate {75 g, 228 mmol) was added. The mixture was stirred at 100°C for 16 hours
under nitrogen gas atmosphere, The reaction mixture was filtered through a pad of celite. The
filtrate was diluted with water and cxiracted with cthyl acetate. The organic phasec was
concentrated in vacuo, and then the residue was purified by column chromatography {(silica gel,
petroleum cther/cthyl acetate = 5:1) to afford the title compound as a light vellow solid (26.6 g,
57.5%). LCMS 204 (M + H).

{00335}  The intermediates shown in the following table were prepared according to the
general procedure outlined above for ethyl Z-methyl-1H-indole-3~carboxylate using the

appropriate starting materials and modifications.

Name Structure m/z
ethyl 6-chloro-2-methyl-1H-
o ~ “ 239
indole-3-carboxylate
tert-butyl 2-methyl-1H- 254
indole-3-carboxylate (M + Na"’
cthyl 2-methyl-6-
{methylsulfonyl)- 1 H-indole- 282
3-carboxylate

100336]  Step 2: (Epethyl I-(1-(d-chlorophenyDethyh-2-methyi-1H-indole-3~carboxylate:

To a solution of ethyl Z-methyl-1H-indole-3-carboxyviate (250 mg, 1.23 mmol) in anhydrous
DMF (2 mL) was added NaH (60 % in mineral oil, 74 mg, 1.85 mmol} at room temperature
under N,. The reaction was stirred at 50-60°C for 30 min. Then the reaction was cooled to § °C

and a solution of I-{i-bromocthyl}-4-chlorobenzenc (from Example 35; 400 mg, 1.85 mmol} in
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DMF (1 mL} was added drop-wise. The reaction was stirred at room femperature overnight.
Then the mixture was diluted with water and extracted with EtOAc. The organic extract was
combined, driecd over Na 80, and concentrated in vacuo. The residue was purified by silica gel
chromatography using an cluent of petroleum cther/EtOAc (60:1) to afford the title compound as
a yellow oil. (210 mg, vield 50.1%) 'H NMR (Methanol-d4, 400 MHz) 8 8.07-8.04 (m, 1H).
7.33-7.29 {m, 2H}, 7.16-7.15 {(m, 2H}, 7.14-7.08 (m, 1H), 7.07-6.96 (m, 2H), 597 (q. J, = 7.2
Hz, J,= 144 Hz, 1H),437(d, /=72 Hz, ZH)}, 2.76 {m, 3H), 1.95(d, /= 6.8 Hz, 3H}, 1.43(d, J
= 14.0 Hz, 3H).

{60337] Step 3: (F3-1-{1-{4-chiorophenyhethyl)-2-methyi-1 H-indole-3-carboxylc acid:

To a mixture of ethyl 1-{1-{4~chlorophenyljethyly-2-methyl-1H-indole-3~carboxylate {210 mg,
80.61 mmol) in MeOH/HC (6 mL/2 mL) was added KOH (340 mg, 6.1 mmol} at room
temperature. The reaction was refluxed overnight. Then the mixture was adjusted to Ph = 4 with
I N HC and extracted with EtOAc (3x). The combined organic extract were combined and
concentrated in vacuo to afford the title compound as a yellow solid (200 mg, vield 105 %)
which was used without further purification.

[60338]  Step 4: (E3-1-(1-{4-chlorophenybethyD-N-(Q2-bhydroxy-4.6-dimethyipyridin-3-
yhmethyl-2-methyi-1H-indole-3-carboxamide (Compound 170}

{80339} To a solution of 1-(1-{4-chlorophenylicthyh-2-methyl-1H-indole-3-carboxylic acid
200 mg, 0.64 mmol} in anhydrous DCM (5 mbL) was added HOBt (130 mg, 0.96 mmol), EDCI
{184 mg, (.96 mmol) and Et;N (194 mg, 1.92 mumol} at room temperature under Ny, The reaction
was stirred for 30 min and then 3-{aminomethyl)-4,6-dimethylpyridin-2-o1 (107 mg, 0.7 mmol)
was added. The reaction was stirred at room temperature overnight. The mixture was diluted
with water and adjusted to pH 7 and exiracted with DCM. The crude product was purified by

stlica gel chromatography (Eluent: DCM:MeOH=30: 1) to afford the titlc compound a yellow
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solid. (120 mg, vicid 41.9 %) 'H NMR (DMSO-d6, 400 M Hz) & 11.6 (s, 1H), 7.74-7.68 (m,
2H}, 7.39(dd, J; =20 Hz, ., = 6.8 Hz, 2H), 7.16 {d, J= 8.4 Hz, 2H), 7.06-6.93 (m, 3H}, 5.92 (4,
J=72Hz 2H), 433(d, J=5.6Hz 2H), 2.59 (s, 3H), 2.26 (s, 3H), 2.11 (5, 3H), 1.87 (d, /=72
Hz, 3H); ESI-MS: m/z 447.8 [M + H} .

160346 Example 37, Svnthesis of (4)-1-(1-bromoethvD-3-methvibenzene,

PBry
e e
8r

OH

Phosphorus tribromude (4.28 ¢, 15.9 mumol) was added drop-wise to a stirred neat solution of |-
{m-tolylyethanol (0.9 g, 6.6 mamol) at §°C. After being stirred to room temperature over 12 h, the
reaction was carefully quenched with sat’d saturated aquecus NaHCO: solution and the mixtare
was extracted with EtOAc. The organic extract was washed with water, dried with MgSOy, and
cone, in vacuo to atford the title corapound (1.2 g, 31%) as a colorless oil, that was used directly
in the next step without further purification. LCMS 200 (M + H).

{88341] The intermediates shown in the following table were prepared according to the
general procedure outlined in this example using the appropriate starting materials and

modifications.

MName Structure m/z

(#3-1-(F-bromoethyl}-4- VRN e 200

methylbenzene -
(x)-1-{}-bromoethyl}-2- "

methylbenzene 200
{(z}3-1-(t-bromocthyl}-4- 264
{methvisuifonvi}benzene <0
() 1~{I-bromoethyl}-3- 330

chlorobenzene
(x)-1-{}-bromoethyl}-3- 264
(methylsulfonyl)benzene =7
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()-3(1-

hydroxyethyljbenzontirile 2

{06342}  These intermediates were used in place of (£)-1-(1-bromocthyl}-4-fluorobenzene in
Example 35 or [-{1-bromocthyl}-4-chlorobenzene in Example 36, as appropriate, to make other
compounds of the invention.

190343]  Example 38, Svynthesis of (&1-1-{pyridine-4-vliethvl 4-methvibenzenesulfonate,

N= E TsCl @4’9
e S
B df O E =¥

To a solution of 1-(pyridine-4-vijethanol (400 mg, 3.25 mmoly in THF {10 mL) was added
sodium bydride (301 mg. 12.54 mmol) at 0 °C. The mixture was stirred at 0 °C for 30 min. 4-
methylbenzene- | -sulfonyl chioride (744 mg, 3.90 mmol) was added and the mixture was stirred
at room temperature for 4 hr, Water (10mb) was added and THF was removed under reduced
pressure. The residue was extracted with cthyl acctate (20 mbx3). The organic layer was washed
with brine and dried over sodium sulfate. The solvent was removed under vacuum and the
residue was purified by colurnn chromatography on silica gel {eluted: petroleom cther/ethyl
acetate = 2/1) to give 1-{pyridine-4-yhethyl 4-methylbenzenesulfonate (0.56 g, 62.2%). LCMS
278 (M +H").

[80344] The intermediates shown in the following table were prepared according to the
general procedure outhined in this example using the appropriate starting materials and

madifications,

Name Structure w7z

{(=)-1-(pyridine-3-yhethyl

5™ 78

4-methyibenzenesulfonate y o f i 2
N

(£)-1-{pyridine-2-vhethyl 2178

4-methylbenzencsulfonate
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{3 1-(1-methyl-1H-

e S ’l\f\Nw 281
methylbenzenesulfonate =

pyrazol-4-viethyl 4-

(£)-1-{2-methoxypyridin-
4-yljethyl 4-
methyibenzenesulfonate w

/

(90
<
el

o ‘ o
{£)-l-methoxypropan-2-vi ~ o

169
methanesolfonate o

(#)-t-cthoxypropan-2-y1 4-
methylbenzencsulfonate

[\
19,1
el

(#)-1-(5~-methoxypyridin- ' I
3-yhethyl 4- ;s‘io Ou, 308
methylbenzenesulfonate ¥ |

{-(2-methoxypyrimidin-4-
yhethyl 4~ N O, 209
methylbenzenesulfonate o

3-methoxybutan-2-vi 4~
methylbenzencsulfonate

{)-4-({tort~ % o o
butyldimethylsilyljoxy)but Py Y\’ i 283

an-2-yi methancsulfonate

{80345] These imtermediates were used in place of (&3-1-(I-bromoethyl}-4-fluorobenzene in
Example 35 or §-{1-bromoethyl}-4-chlorobenzene in Example 36, as appropriate, to make other
compounds of the invention.

{00346] Example 39, Other Alkyl Carboxvlate Intermediates. The following alkvl

carboxyiate mtermediates were synthesized in an analogous manner to that set forth in Step 2 of

Example 36, using an appropriate starting material and reactant.
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Name

Structure

/7

(x)-cthyl 2-methyl-1-{1-{p-
tolyljethyiy-1H-indole-3-
carboxyvlate

W
£3
bt

{£)-ethyl Z-methyl-1-(i-(o-
tolvhiethyi)- 1 H-indole-3-
carboxylate

[FN]
b2

{x}-cthyl 2-methyl-1-{1~{m-
tolyliethyi}-1H-indole-3-
carboxylate

{(:3-ethyl Z-methyl-1-(1-(4-
(methylsulfonyhphenyhethyi)-
i H-indole-3-carboxylate

386

{#3ethyl 1-(1-(3-
chlorophenyljethyl)-2-methyl-
1H-indole-3-carboxylate

343
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Name

Structure

]
/2

{(#3ethyl 1-(1~{2-
methoxyphenylethyl}-2-methyl-
1 H-indole-3-carboxylate

338

{(#)-ethyl 1-(1-(3-
bromophenyliethyi)-2-methyl-
iH-indole-3-carboxylate

387

(z)-cthyl 2-methyl-1-(1-(3-
(methylsulfonyljphenyhethyh-
1H-indole-3-carboxylate

386

(£)-cthyl 2-methyl-1-(1-
{pyridine-4-yhethyl}-1H-indole-
3-carboxylate

(£)-cthyl 2-methyl-1-(i-
{pyridine-3-yhcthyl)-1 H-indole-
3-carboxylate

309

(+3-ethyl 2-methyl-1-(1-
{pyridine-2-yhethyl}-1H-indole-
3-carboxylate

cthyi Z-methyl-1-{(3-
methyloxetan-3-ylimethyl)-1H-
indole-3-carboxylate

288

{()-ethyl 2-methyl-F-{1-{1-
methyl-1H-pyrazol-4-yhethyl)-
iH-indole-3-carboxylate

(98]
Pt
3

{£)-ethyl 1-{1-2-oethoxypyridin-
4-yhethyl)-2-roethyl-1H~ndole-
3-carboxylate

339
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Name

Structure

!
/2

(£}3-cthyl S-fluoro-1-(1-
methoxypropan-2-yi}-2-methyl-
iH-indole-3-carboxylate

(£)-cthyl 6-fluore-1-(1-
methoxypropan-2-y1)-2-methyl-
iH-indole-3-carboxylate

294

{(#)-ethyl 1-(1-methoxypropan-2-
y1}-2-methyl-1H-indole-3-
carboxylate

276

{(#)-ethyl 1-(1-(3-
cvanophenybiethyi}-2-methyl-1H-
indole-3-carboxylate

{£}-ethyl 1-{sec-butyl}-6-chloro-
2-roethyl-1H-indole-3-
carboxylate

{(x)-cthyl -(1-(2-
cvanophenybicthyl}-2-methyl-1H-
indole-3-carboxylate

(£} 1-{sec-butyl)-2-methyl- 1 H-
pyrrolo]2,3-blpyridine-3-
carboxylate

289

{(£)-tert-butyt 1-(1-
methoxypropan-2-yl3-2-methyl-
FH-pyrrolof2,3-bipyriding-3-
carboxylate

(42
<
[

{(t}-tert-butyl 1-(1-(3-
methoxyphenyljethyi}-2-methyi-
H-pyrrolo]2,3-blpyridine-3-
carboxylate

o2
)
]
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Name Structure /Z
o
{(+)-tert-butylt 1-(1-(2- =N
methoxypyridin-4-yhethyl}-2- ./ 168
methyl-1H-pyrrolo{2,3- ! N -
bipyridine-3-carboxylate +0 7 \"j:
8]
0‘«/
{t}-tert-butyl 1-(1-cthoxypropan-
2-yi}-2-methyl-1H-pyrrolo{2,3- 319
bipyridine-3-carboxylate \{, L}
()-tert-butyl - I-cyanoethyl)-2-
methyl-1H-pyrrolo]2,3- 286
bipyridine-3-carboxvlate \5’ \ /
\
{(+)}-tert-butyl 1-{1-(5-
methoxypyridin-3-yhethyl}-2- N {é 163
methyl-1H-pyrrolo{2,3- j . y o
blpyridine-3-carboxylate O h
> AW
A
{(F)-tert-butyl 1-(1-(2- =,
methoxypyrimidin-4-ylethyl)-2- Wﬁ 169
methyl-1H-pyrrolo{2,3- i N « o
blpyridine-3-carboxylate >r° \ p
o
g
{}-tert-butyl Z-methvl-1-(1- {; m}
morpholinopropan-2-yi3-tH- ‘}__,j 260
pyrrolo]2,3-bipyridine-3- o J N N
. vrlate N
carboxylate %" T,
N
(F)-tert-butyl 1-(1-{1H- ;
benzo{dlimidazol-1-ylpropan-2- hed 391
yh-2-methyi-iH-pyrrolof2,3- o I N - i
bipyridine-3-carboxylate >§‘ T s
N
{£)-tert-butyt 1-(1-(3- “
cyanophenybethy-2-methy -1 H- Ny 4 362
pyrrolo{2,3-blpyriding-3- ™ “ oo
carboxylate o -
¢ : > AW
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Name

Structure

!
/2

tert-butyl 1-(3-methoxybutan-2-
y)-2-methyi-1 H-pyrrolo{2,3-
blpyridine-3-carboxylate

319

{)-tert-butyl 1-(1-(3-
carbamoviphenylethyl)-2-
methyl-1H-pyrrolo]2.3-
blpyridine-3-carboxylate

[F8)
]
o

{£)-tert-butyl 2-methyi-1-(1-(2-
oxopyridin-1{2H)-ylpropan-2-
yh-1H-~pyrrolof2,3-blpyridine-3-
carboxyvlate

(8]
N
o]

{£)-tert-butyl 2-methvi-1-(1-
{methyisulfonyhpropan-2-yi-1H-
pyrrolo]2,3-blpyridine-3-
carboxvlate

98]
U
8]

{£)-tert-butyl 2-methyi-1-(1-
{pyridine-2-yloxypropan-2-yi}-
FH-pyrrolo]2,3-bipyridine-3-
carboxvlate

(8]
N
o]

cthyl I-(3-methoxybutan-2-yi)-2-
methyi-6-{methyisulfonyh-1H-
indole-3-carboxylate

368

{t}-tert-butyl 1-(1-¢cvanopropan-
2-yvi}-2-methyi-tH-pyrrolof2,3-
bipyridine-3-carboxylate

300

{(£)-tert-butyl 1-{4-({tert-
hutyldimethylsilyDoxy ybutan-2-
yi}-2-methyl-tH-pyrrolof2,3-
blpyridine-3-carboxylate

tert-butyl 2-methyl-1-{piperidin-
{-visulfonvl}-1H-pyrrolo]2,3-
bipyridine-3-carboxylate

{(x)-tert-butyl 1-(2-{{tert-
butyldimethylsilyboxypropyi)-2-
methyl-1H-pyrrolo]2.3-
bipyridine-3-carboxylate
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Name Structure /7,

{(+}-cthyl I-(3-methoxypentan-2-
yi}-2-methyl-1H-indole-3-
carboxylate PR N

304

{+)-tert-butyt 1-(1-
methoxypropan-2-yl)-2-methyl-6-
{(trifluoromethyh-1H-pyrrolof2,3-

bipyridine-3-carboxylate

2
-3
2

{(#)-cthyl 6-{4-(tert-
butoxycarbonylpiperazin-1-yi}-
I-{1-methoxypropan-2-y1}-2-
methyl-1H-pyrrolof2,3-
bipyridine-3-carboxylate

461

i
| Neos

100347] Exasmple 48. Other Carboxvlic Acid Intermediates. The following carboxylic

acid intermediates were synthesized in an analogous manner to that set forth in Step 3 of
Example 36, using an appropriate starting material {c.g., onc of the alkyl carboxylate

intermediates set forth in the previous Example).

Name Structure m/r

F=

{(£)-2-methyl-1-(1-(p~
tolvhethyh)-1H-indole-3-
carboxylic acid

(#)-2~-methyl-1-(1-{o-
tolyhethyl -1 H-indole-3-
carboxylic acid

{(£)-2-methyl-1-(1-(m-
tolyhethyl)-1H-indole-3-
carboxylic acid

b
O
>

(£)-2-methyl-1-{1-{4-
{methyisutfonyl}phenylicthyl}
-1H-indole-3-carboxylic acid

358
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Name Structure m/r

(F}-1-{1-(3-
chiorophenyljethyl)-2-methyl-
I H-indole-3-carboxylic acid

315

(F)-1-(1-(2-
methoxyphenyhethyl}-2-
methyl-1H-indole~3~
carboxylic acid

(h3-1-{1-(3~
bromophenyhethvi}-2-
methyl-1 H-indole-3-
carboxylic acid

2
LA
N

{£}-2-methyl-1-(1-(3-
{mcthylsulfonylphenylicthyl)
-1H~-indole-3-carboxylic acid

(2
(-
o2e]

{£)-2-methyi-1-(1 (pyridine-
4-ylethyl)-1H-indole-3-
carboxylic acid

3]
6]
s

{(£}-2-methyl-1-{1-{pyridine-
3-yhethyl}-1H-indole-3-
carboxylic acid

{(£)-2-methyl-L-(I-(pyridine-
2-ylyethyl}-1H-indole-3-
carboxylic acid

281

E-(1-(1 4-dioxan-2-yl}ethyl}-
2-methyl-1H-indole-3-
carboxylic acid

290

E-(E-(1 (tert-
butoxycarbonyljpiperidin-3-
yhethyl)-2-methyl-1H-indole-
3-carboxylic acid
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Name

Structure

/

QY

(a3 1-{1-(4,4-
difluorocyclohexylyi33yrid)-
2-methyl-1H-indole-3-
carboxylic acid

2-Methyl-1-¢(3-methyloxetan-
3-yhmethyi}-1H-indole-3-
carboxylic acid

260

(£)-2-methyl-1-{1-(I-methyl-
IH-pyrazol-4-yhethyl}-1H-
indole-3-carboxylic acid

[
o0
(8]

{()-2-methyl-1-(1-(T-methyi-
2-oxo-1,2-dihydropyridin-4-
yiethyl)-1H-indole-3-
carboxylic acid

310

F-(1-(tert-
hutoxycarbonylpipernidin-4-
yi}-2-methyl-1H-indole-3-
carboxylic acid

359

2-methyl-1-{quinolin-5-yi}-
I H-indole-3-carboxylic acid

303

i-cyclopentyl-Z-methyl-1H-
indole-3-carboxylic acid

244

(#}-5-fluoro-1-{1-
methoxypropan-2-yi}-2-
methyl-1H-indole-3-
carboxylic acid

266

{(£3-6-tluoro-1-(1-
methoxypropan-2-yl}-2-
methyl-1H-indole-3-
carboxvlic acid

266

{(£3-1~{1-methoxypropan-2-
yi}-2-methyl-1H-indole-3-
carboxylic acid
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Name

(F}-1-{1-(3-
cyanophenyljethyl-2-methyl-
I H-indole-3-carboxylic acid

Structure

2-methyl-1-{6-
roethylquinolin-5-y1)-1H-
indole-3-carboxylic acid

{£)-1-{sec-butyl)-6-chloro-2-
methyl-1H-indole~3~
carboxylic acid

{(£)-2-methyl-1-{1-(1-
(mcthylsulfonyhazetidin-3-
yvhethyl)-1H-indole-3-
carboxylic acid

{3 1-(1-(2-{4-(tert-
butoxycarbonylpiperazin- |-
vhpyriding-d-yhethyl)-2-
methyl-1H-indole-3-
carboxylic acid

465

()~ 1-{1-(2~
cyanophenylethyl-2-methyl-
I H-indole-3~-carboxylic acid

()
@
[

i-(2,5-dimethyiphenyi}-2-
methyl-1H-indole-3-
carboxylic acid

i-(2,5-dimethyliphenyi)-2-
methyl-1H-indole-3-
carboxylic acid

280

2-methyi-1-{quinolin-6-yi}-
tH-indole-3-carboxylic acid
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Name

Structure

m/r

i-(3-methoxybuotan-2-y1)-2-
methyl-6-(methyisulfonyi)-
tH-indole-3-carboxylic acid

HO

I

L
i e

S0

(R or 8)-2-methyl-1-(1-
(tetrahydro-2H-pyran-4-
yvhethyl}-1H-pyrrolof2,3-

blpyridine-3-carboxylic acid

{Sy-2-methyl-1-(1-
[ Bie ]

phenylethyiy-1H-pyrrolof2,3-
bipyridine-3-carboxylic acid

281

1-(3-methoxypentan-2-yi)-2-
methyl-1H-indole-3-
carboxylic acid

o
~
(@2

{:)-6-{4-{tert-
butoxycarbonylpiperazin--
vi-1-{1-methoxypropan-2-
yiy2-methyi-1 H-pyrrolof 2,3~
bipyridine-3-carboxylic acid

[00348] Example 41. Other Compounds of the Invention Produced from Carboxylic

Acid Intermediates. The following compounds were synthesized in an analogous manner to

that sct forth in Step 4 of Example 306, using an appropriate starting material (¢.g., ong of the

carboxylic acid intermediates st forth in the previous example). Structures of these compounds

are set forth in Figure 1.

Compound Name "H NMR Wz
N ek e e v {400 MHz, CDCL)Y 8 1139 (5, 1H), 7.76 (d, J
(F)-N-((4.6-dimethyl-2- | ° TR 7 A0 T &4 T 1IN T (0.

17 oxo-1,2-dihydropyridin-3- 6 5,70 (iz’ 71}? > 5 é?? i’ J;H)(;i %Z’ (iﬁéj :224
- yhmethyl-2-methyl-1-(1- | =" 7 )» 5:85 (8, SRR A BT

(p-tolyhethyh-1H-indole-3-
carboxamide

Hz, 1H), 4.59-4.50 (m, 2H), 2.63 (s, 3H), 2.37
(s, 3H), 2.23 (s, 3H), 2.10 (s, 3H), 1.83(d, J =
7.2 Hz, 3H).
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Compound Name "H NMR. m/z
(400 MHz, CDCl) 6 1.80 (s, 3 H) 1.88 (d,
NN (A Aottty | J7103 Hz, 3 HYy 2,17 (s, 3 H) 2.44 (s, 3 H)
oio)» ;\2—(1(].‘51;?;1;;?2:;1;% 265 (s, 3, H) 461 (d, J:‘E‘sz Hz, 2H) 5.78 (q.
174 '&fhfﬂc:"ih@fl)»é»m@tfw’l»1»(i» J=T11Hz, 1 By 591 (5,1 HY6.91 - 6.97 (m, 498
(o-tolylethyl)-1Heindole-3- | | T 698 =7.05 {m, 2 Hj 7.08 (d, /=7.53 Hz,
carboxamide 1 Hy 7.20 - 7.25 (m7 1 H) {.25 - ,{.40 (m, 2
H) 7.61 (d, /=778 Hz, | H)} 7.81 (d, J=8.78
Hz, | H)
ot vn s Y m {400 MHz, Methanol-dd) & 7.83 (d, J=7.2Hz
CRNARO-dmety 2 W), 742 (5, TH), 724 (s, TH). 704718
190 ORO-L, rRYRTOPY RGN 3 | 2 H), 6.92-6.99 (m, 5 H), 5.92 (s, 1H). | .
yhmethyh-Z-methyl-1-(1- | & 78 (m, 1 H), 4.62 (s, 2 H), 270 (5. 3 H) 428
(m-tolylethyD-1H-indole- | 57 0 2 00y A o aiy 100 1 T o
3 carboxamide 243 7(3, 3H) . h.iré (s, 35},, 1.99 {s, 3H), 1.89
(s, 1H), 1.88(d, }I=7.2 Hz, 3H)
(F3-N-{{(4,6-dimethyl-2- | (400MHz, CDCEH) 8 ppm 2.00 (d, /=7.06 Hz,
oxo-1,2-dihydropynidin-3~ | 3H) 2.20 (s, 3H) 2.46 (s, 3H) 2.72 (s, 3H)
179 vhroethyl)-2-methyl-1-{1- | 3.04 (5, 3H) 4.57 — 4.71 (m, 2H) 585 {q,
{(4- =720 Hz, 1H} 595 (s, 1 H) 6.89 (4, /=8.16 | 492
(methylsultonypbenyljeth | Hz, 1H) 6.98 (1, /=761 Hz, 1H) 7.02 — 7.08
yi}-1H-indole-3- {m, 1H) 7.32 (d, J/=8.16 Hz, 2H) 747 (,
carboxamide J=5.84 Hz, 1H) 7.87 (d, /=8.38 Hz, 3H)
(£}-1-(1-(3- (400 MHz, CDCI3) 8 7.71-7.79 (d, 1H), 7.31-
chlorophenylicthyl)-N- 797 (1, 1H), 7.11-7.16 {(m, 3H)}, 6.94-6.99 {m,
181 {({(4,6-dimethyl-2-0x0-1,2- | 1H), 6.87-6.92 (m, 3H}, 5.84 (s, 1H), 5.67- 449
dihydropyridin-3- 5.72 {(m, 1H)}, 4.53-4.56 (1, 2H), 2.64(s, 3H}, i
yhmethyl)-2-methyl-1H- | 2.37 (s, 3H), 2.11 (s, 3H), 2.57 (s, 3H), 1.83-
indole-3-carboxamide 1.88 (d, 3H)
{(E£)-N-{(4,6-dimethyl-2- | (400 MHz, CDClLy 8 7.72 (d, J=7.2 Hz, I H),
oxo-1,2-dihydropynidin-3~ | 7.39 (d, J=7.2 Hz,1H), 7.28 (5, 1H), , 7.16—
186 vhmethvi}-1-(1-(2- 719 (m, 2H), 6.83-6.92 (m, 3H)}, 6.72 {d, 444
methoxypheonyhethyl}-2- | J=8.4 Hz, 1H), 3.88 (d, J=11.2 He, 2H), 4.55
methyl- [ H-indole-3- {s, 2H), 3.51 (s, 3H), 2.73 {5, 3H}, 2.36 (s,
carboxamide 3H), 2.100s, 3H), 1.73(d, J=6 Hz, 3H)
bmmo(;-;;e ir;“ﬁ)é{;yn;m (400 MHz, CDCL3) 6 7.47-7.38 (m, 3H), 7.14-
171 ((4,6~dimcﬂ§:¢i~2~0x0—1,’2- /.1(? {t, 1H), ’6’,99—6.94 (m,v 4H), 592 (3, 1 H:s,, ’
’ 7 ’ 576-5.74 (dd, 1H), 4.64-4.61 (dd, 2ZH}, | 493

dihvdropyridin-3-
yhmethyl}-2-methyl-1H-
indole-3-carboxamide

2.70¢s, 3 H), 2.43 (s, 3 H), 2.14 (s, 3 H), 1.90-
1.88 (t,3H)
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Compound Name "H NMR. m/z
{(+)-N-{{4,6-dimethyl-Z-
oxo-1,2-dihydropyridin-3-
210 y E)mcthyi)?;?cthyb -1~ 40
{methyisulfonyliphenylieth
vi}-1H-indolc-3-
carboxamide
NN A e (CDClL;, 400MHz) o 8.55 (s, 2H), 7.87-7 .85
O methok O | (A, 176z, 1 H), 7 61 & 11, 7.05:697 (m.

- ihydropyridin3. 4H), 6.88-6.86 (4, J=8.0Hz , 11, 595 5, |
y})mcth»y},)-2—}0,@{11&'1- 1(1- 1&1 , _",,;S 5,/6 (d, =7. Hz,ﬁiri), 4.69:4.({8/ 431
(pyridine-4-ylethyl)-1 H- (d, J=5.2Hz  2H}, 3. 92 {s, 3’3) 3.16-3.05 (m,

ivndﬁle%~c;u*‘boxarﬁide IH), .73 (s, 3H) , 2.21 (5, 3H) , 1.97-1.95 (4,
J=72Hz, 3H)

(CD,0D, 400 MHz) & 8.86-8.84 (d, ] =5.6,

(£)-N-({4-methoxy-6- 1H), 8.74 (s, iH), B37-8.35 (d 5 =72, IH),

methyl-2-ox0-1,2- KO9-8.36 (m, J =144, 1H), 7.82-7. 80 {d, ¥

392 dihydropyridin-3- =8.0, 1H}, 7.21-71& (1, J =7.2, T1H), 7.11-7.07 431
vhmethyvh-Z-methyl-1-(1- | {t, J =7 5 TH), 7.03-7.01 (m, 2H}, 6.29-6.24 -
(pyridine-3-yljethyl}-1H- | {q, T =7.2, 1H), 4.67 (s, 2H), 4.17 {s, 3H),

indole-3-carboxamide 2.77 (s 3H}, 2.58 (s, 3H,}, 2.13-2.12 (d,
=7 2, 3H)

(CD:0OD, 400 MHz) 4 8.56-834 (d, J = 44

{=)}-N-{{4-methoxy-6- Hz, 1H), 7.79-7.75 (1, ] = 7.2 Hz, IH) 7.72-

methyl-Z-oxo-1,2- 770 (d, § = 8.0 Hz, 1H} 7. %_ 334, 1=72

393 dihydropyridin-3- Hz, 1H), 7 Q 717 {d, J =8.0 Hz, 1H), 7,, 431
yhmethyl-2-methyl-1-(1- | 7.03 (d, 3’ =8.0 Hz, 1H), 6.97-6.95 (m, 2 } '
{pyridine-2-yhethvi}-1H- 42 (s, 1H), 6.03-598 (g, I = 7.2 Hz, EH),

indole-3-carboxamide 4.55 (s, 2ZH), 3.98 {s, 3H), 2.65 {s, 3H), 2.36
{s, 3H), 1.99-1.97 (d, ] = 7.2 Hz, 3H)

. (500MHzZ ASO-ds) & = 11.60 (s 3, 859, J=

(£)-N-((4,6-dimethyl-2- it ?2??{7}131\18(4 d}7065 (m,é; ?{b) lHé &id);d AJ9

264 0x0-1,2-dihydropyridin-3- | 71 Hz, 1 H), 7.09 - 7.05 (m, 2 H), 7.00 {t, J = 7.4 He,
vimethyl-2-methyl-1-(1- | 1 1), 695 (/=77 Hz, 1 ), 6.00 (¢, J=7.1 Hz, 1 | 415
(pyridine-2-vDethyD-1H- | 10, 589 (5, 1 H), 433 (L J= 52 Hr, 231, 262 (5, 3

indole-3-carboxamide H:;, 227 s, 3 H‘l, 2312 (s, 3 H), 1.90 ((i J=71Hz 3

(400 MHz, CDCly) 8 163 (d, /=7.2,3H), 2.14

T (s, 3H), 2.70 (s, 3H), 3.18-3.14 (m, ’H}ﬁ 3.60-

VE)et}h;i)—%’i{ﬁiﬁr}i{gﬁiv-é- 3.55 (m, 1H), 3.69-3.67 (m. }B) 3'8\1"3'75

148 7 meihyi—%oxo»l " (m, 1H}, 3.18-3.14 {(m, 1H), 3.586 (& »1/H}»H 38O
’ (s, 3H), 4.30-4.25 (m, 1H), 4.43-436 (m, 1H), | 440

dihydropyridin-3-
yhmethyl)-2-methyl-1H-
indole-3-carboxamide

=4°67—4.65" {m, 2H), 5.91 (s, 1H), 7.05-7.01 (i,

H), 7.12-7.08 {m, 1H), 7.47-744 (m, IH),
'7 59-7.56 (m, 1H), 7.64-7.83 (m, 1H), 12.85
(s, 1H)
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Compound Name "H NMR. m/z
{400MHz, METHANOL-ds) & = 7.75 (4,
J=8.0 Hz, 1H), 7.57 (d, J=7.5 Hz, 1H), 7.15
N-{{4-methoxy-6-methyl-2~ | {(quin, J=6.5 Hz, 2H), 6.31 (s, 1H), 4.62 (s,
115 oxo-1.2-dihydropyridin-3- | 1H), 4.56 (s, 2H), 4.38 — 428 (m, 1H), 3.97
7 yhmethyl)-2Z-methyl-1-(1- | (s, 3H), 3.57 (d, /=11.0 Hz, iH), 323 (4 | 437
{piperidin-3-ylethyly-1H- | /=125 Hz, 1H), 2.85 - 2.74 (m, 2H), 2.64 (s,
indole-3-carboxamide 3H), 2.35 (s, 3H), 1.72 (s, 1H), 1.69 — 1.62
(m, 3H), 1L.47 - 130 (m, 1H), 1.15-1.04 (m,
2H)
{(CDClL, 400MHzy 6 12.63-12.64 (d, ] =32
(@) 1-(1 {4 4- Hz, 1H), 7.84(5, 71 H), 7.49 (s, }Eti), 7.42-7.40
diﬂuoroévdﬁﬁ@?{};ﬂeﬁw})- (d, } =9.2 Hz, IH,)’ 7.06-7.00 (m, 2H}, 3.9
304 N-(@—m@&’a&Q-6~n€éth§i;2~ 589 (d, J =3.6 Hz IH), 4.6(»4?2 (t, J =14
o G sV Hz, ZHY, 4.11-4.08 (m, TH), 3.88-3.87 {(d, J{ 427
oxo~1.2-dibydropyridin-3- | 07 T T i - N oty
yImethyl)-2-metyl- 1 H- ,-"5'6 Hz, 38)», f.92~2.7€3 ({m,, ﬁi)? 2.36 (b?;};),
T locarboramide | 225 (5, 3H), 217216 {d, J =3.2 Hz, 2H),
' ' 2.08-2.05 (m, 2H), 1.84-1.70 {m, 2H}, 1.61 (s,
{H), 1.51-1.47 (m, 2H)
(400MHz, d"-DMSO) § 11.60 (br. S, 1 H),
N-{{4,6-dimethyl-2-ox0~ | 7.79 —~ 7.74 (m, 1 H), 7.73 ~ 7.67 (m, | H},
246 1,2~dihydropyridinn3f 752 - 747 (m, 1 H), 748 - 711 {(m, 1 H),
= yhmethyl-2-methyl-1-(3- | 710 - 7.05 (m, | H}, 5.89(s, 1 F), 451 (d, J| 394
methyloxetan-3-yhmethyly- | = S8 Hz, 2 H), 433 (d, /= 5.6 Hz, 2 H), 430
tH-indole-3-carboxamude | (s, 2 H), 4.10(d, J= 6.0 Hz, 2 H), 2.54 (s, 3
H), 2.26(s, 3H), 212 (s, 3 H), 1.27 (s, 3 H)
{(£)-N-{(4,6-dimethyl-2-
oxo-1,2-dihydropyridin-3- (*?{ﬂ;‘vi]i{; ?1\4?2?1{-)65}_ 3 81 163 (;; i Hg,}?;)?i - ;.646(21;
TS T L S A 2H), 757 (5, L H), 7.28 - 723 (o, 2 H), 7.04 - 696
243 ybm“?lfy }')'2%“&}13};'1'(,1' (m, 2 H), 5.93 (s, 1 H), 5.79 (q,.]'('—' 73He, 1 H), 435 | 418
(1-methyl-1H-pyrazol-d- | 45 (1, 2 H), 3.76 (s, 3 H), 2.64 (s, 3 H), 2.28 (s, 3 H),
vhethyl)-1H-indole-3- 203 (s, 3 HD, 1.79(d, J= 7.1 Hz, 3 1)
carboxamide
{(+)-N-{{4,6-dimethyl-Z-
oxo-1,2-dihydropyridin-3-
222 yhmethyl-2-methyl-1-{1- 445
(1-methyl-2-0x0-1,2- -
dihydropyridin-4-yljethyl}-
{ H-indole-3-carboxamide
tert-butyl 4-(3-({{(4- {400 MHz, CDCI3y & 119 (s, 1H}, 7.85-
methoxy-6-methyi-2-ox0- | 7.82(d, 1H),7.51-7.41 {m, 2H),7.13-7.01 (m,
331 t,2~-dihydropyridin-3- 2 H), 5.90 (s, 1H), 4.64 (5 ,2H), 4.37(s, T H), 500

yviymethylicarbamoyl)}-2-
methyl-1H-indol-1-
vhipiperidine- 1 -carboxviate

3.89 (s, 3 ), 2.84 (s, 2 H) , 2.75 (5, 3 H),
249 (s, 2 HY 2.17 (s, 3HLLTI9-1.76 (d,
2H),1.50 (s, 9H)
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Compound Name "H NMR. m/z
({CDCL, 400 MHz) & 8.97(dd, J; = 1.6 Hz, ./,
=4.4 Hz, 1H), 8.31 {d, /=84 Hz, iH), §.01
N-{{(4-methoxy-6-methyl-2- | {(d, /= 80 Hz, 1H), 788 {t, /= &8 Hz, 1H),
430 oxo-1,2-dihydropyridin-3- | 7.76 (s, 1H), 7.56(d, J= 7.2 Hz, 1H), 7.40 {(d,
o yimethyl-2-methyl-1- J=84 Hz, 1H), 731-728 {m, 18H), 715 (1, J| 453
{quinohin-3-yl}-1H-indole- | = 7.2 Hz, 1H), 7.03 (t, J= 7.6 Hz, IH), 6.71
3-carboxamide (d, J = 8.0 Hz, 1H), 597 (s, 1H), 4.80-4.68
(m, 2H), 3.93 (s, 3H), 2.44 (s, 3H), 2.29 {s,
3H)
t-cyelopentyl-N-({4-
374 methoxy-6-methyi-2-0xo-
- 1, 2-dihydropyridin-3- 394
yhmethyl)-2-methyl-1H-
indole-3-carboxamide
{£)-5-fluoro-N-({4-
methoxy-6-methyi-2-oxo- | (400 MHz, CD:0D)y & 7.59-7.55 (m, 1H),
230 { 2-dihydropyridin-3- 7.42-7.39 {m, 1H}, 6.95-6.90 (m, 2H), 4.57 {s,
o vhmethyl-1-(1- 2H), 4.12 (s, 3H), 3.99-3.94 (m, 1H), 3.72- | 416
methoxypropan-2-y13-2- | 3.65 {(m, 1H), 3.19 (5, 3H), 2.64(s, 3H), 2.54
methyl-1H-indole-3- (s, 3H)}, 1.59-1.57(d, 3H)
carboxamide
{(£)-6-fluoro-N-{(4-
methoxy-6-methyi-2-oxo- | (400 MHz, CD:0D} ¢ 7.70-7.66 (m, IH),
231 1, 2-dihydropyridin-3- 7.36-7.33 {m, 1H), 6.94-6.89 {m, 2H}, 4.56 (s,
- yhmethyh-1-(1- 2H), 411 (s, 3H), 3.97-392 (m, 1H), 3.71-| 416
methoxypropan-2-y13-2- | 3.67 (m, 1H), 3.20 (s, 3H), 2.62(s, 3H}, 2.53
methyl- 1 H-indole-3- {s, 3H), 1.58-1.56(d, 3H)
carboxamide
(#)-N-{{4-methoxy-6-
methyl-2-ox0-1,2- {400 MHz, CD;0Dy 8 7.69 {(d, I=7.2 Hz, IH),
218 dihvdropyridin-3- 7.53 {d, 3=7.6 Hz,IH), 7.12 {(m, 2H), 6.26
) yvhmethyh-1-(1- {s,1H}, 4.80(m,1H), 4.52 {s,2H), 3.99 (m, | 398
methoxypropan-2-vi-2- | 4H},3.75 {m, 1H),3.20 (s, 3H), 2.62 (s, 3H),
methyl-1H-indole-3- 2.31 (s, 3H), 1.59(d, }=7.2 Hz, 3H)
carboxamide
o ?féé@fﬁlﬁii (400 MHz, CD;OD) § 7.74 (m, m), 7.57 (d,
%3 yfnmm%vn'_i:('}_" T 3=7.6 He, TH), 7.15 (m, ZH), 14 {s,1H,
- SR ' 4.86 {m, 1H), 4.55(s, 2H}, 4.02 (m tH),3.77 | 382

methoxypropan-2-v13-2-
methyl-1H-indole-3-
carboxamide

(m, 1H),3.22 (s, 3H), 2.65 (s, 3H), 243 (s,
3H), 2.26 (s, 3H), 1.62 (d, J=7.2 Hz, 3H)
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Compound Name "H NMR. m/z
(- 1-(1-0- {400 MHz, Mecthanol-dd4) 8§ 7.84 (d,

cyanophenyhethyl}-N-(4,6-

J=8H7, 1H), 7.66 (d, }=8.4 Hy, 2H), 7.33-7.37
{m, 2H}, 7.04 (m, I H}, 6.88-6.96 {m, 2H)},

175 diljzgﬁ;iih?g;fz 5.90 (s, 2H),5.81-5.82 (m, 1 H), 4.57-4.63 (m, | 457
methyl-1H-indole-3- : H,)? 3‘54} (s, / H> 2‘99(5’ SH,}’ JHGS” Sﬁ)’
carboxamide 2.45(s, 3H), 2.22(s, 3H), 1.96{d, =72 Hy,
3H}
Nt Araemthosufomethotr, | (CIROD, 400 M Hz) & 9.27 (s, 1H), 848 (m
390 Vi)me;thvl)-Enmeﬂdwl—1n((in 7.95 (d, J=7.06 Hz,IH), 7.29 (s, 1H), 7.15 {s, 467
methylquinolinSoyly- 1. | 1D 701 (5. 1H). 6.68 (5. 1H). 4.67 (5, 2H),
indole-3-carboxamide ?12}2; 3H}, 2.57 (s, 3H}, 2.33 (s, 3H), 2.21
8, 3K
(£} I-{sec-butyl}-6-chloro- | (400 MHz, CD:0OD): 67.71 (d, J=8.8, I[H),
385 N-{{4-methoxy-6~-methyl-2- | 7.63 (s, [H), 7.15 (d, J=8.8, 1H), 7.00 (5, 1H),
o oxo-1,2-dihydropyridin-3~ | 4.60 (s, 3H), 4.15(s, 3H}, 2.67(s,3H), 2.57 {s, | 416
yhmethyl-2-methyl-1H- | 3H), 2.15-2.25 (m, 1H), 1.95-2.01(m, IH),
indole-3~carboxamide 1.62¢d, J=7.2, 3H), 0.73(, J=7.6, 3H)
(#}-N-((4-methoxy-6-
methyi-2-oxo-1,2- - " o .
dgihydropyridin-3- (CDCL, 4(}03sz) S 12.52 (5, 1 Hi, .:;86- 7.03
354 xfi)lnetlix'l)—E:mmh&ﬁ—1n(ln (m,,'SH)’, 592 (s, 1 Hy, 471-4.62 an, 3H;3, .
“ : (i- : ‘ 4.16-4.12 (m, 1H), 3.90 (s, 3 H}, 3.79-3.32 487
(methylsutfonylazetidin-3- (m‘, 74?1}; 2.80(s, 6 H), 218 (5, 3 H), 1.28¢d, J
yiethyl)- 1 H-indole-3- |~ OH SH)
carboxamide
ey o NMR (400 MHz, CDCl) 8 &10-8.11(d, J =
ﬁ};ﬁf;ﬁfﬁ?‘;é 5.6 Hz, 1H), 772775 (&, J = 8.0 Hz, 1H),
dihydro;wridin:’%— 6.98-7.11 {m, 3H), 6.57-6.61 (m, 2H}, 6.3(} (s,
353 Tymeth fl)—”fl—rm'—‘th /_1’_1_(1_ 1H), 5.87-5.92 {m, 1H}, 4.55 (s, 1H}, 3.96 (s, 515
y : ,3.‘:‘_ - S 0 3H), 3.66-3.69 {m, 4H), 3.22-3.24(d, =28 7
m:ﬁéﬁﬁiﬁﬁiﬁhwgi . | Hz, 3H), 296:2.99 (d, J = 9.6 Hz, 1H), 2.63
Endole—?—cdarboxémide (s, 3H), 2.33 (s, 3H}, 1.94-1.96 (d,./= 7.6 Hz,
i ) 3HY, 1.30-1.34 (m, 3H)
N ) . | (CDCL, 400 MHz) & 791 (4, J = 7.2 Haz,
Ne({d-methoxv-f-methvi-2. | 4 , .
om0 712708 o 65
339 yhmethyl)-2emethyl-1- J=756 E—Ez, 1H), 6.59 (_cﬂi,'J = 8.0 He, !}E), 6.48 }
) ‘ (d, J= 7.6 Hz, IH), 595 (s, 1H}, 4.75-4.64 | 457

(1,2,3.4-tetrahydroquinolin-
S-yh-1H-indole-3-
carboxamide

(m, 2H}, 3.91 {s, 3H}, 3.27 {t, /= 6.0 Hz, 2H},
2.50 (s, 3H), 2.27 (s, 3H), 2.18-1.98 {m, 2H),
1.77-1.63 {m, 2H)
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Compound Name "H NMR. m/z
(1)-1-(1-(2- (400 MHz, CDCL) 6 ppm 2.02 (d, J=6.62 Hz,
cyanoiaéienvl)eth‘v'i)-N* 3 H)2.19 ,(:br‘ S.3H)y244 (br, 5., 3 H) 2,77
178 (4 6@“%&1;71“2“(;&0“1 5. (br. 5,3 H)4.62 (br. S, 2 Hy 592 {(br. S, 1
- dihy dmp'vri diﬁ—%- ’ HYy596-605(m, F H)692-7.12(m, 3 H) | 439
ih : s 2T LT
yhmethyl}-2-methyl-1H- ,',33 7‘5{), (o, 3 H),?'ﬁf ] j.'62 (El’_ ! ,ﬁ)
indole-3-carboxamide 7.66 {d, J/=6.84 Hz, | H) 7.86 {d, /=7.50 Hz,
3 : | H
400 MHz, CDCh) 6 10.86 (s, 1H), 7.91 (d, J
N-{{(4,6-dimethyl-2-ox0-~ ( - 79
t,2~-dihydropyridin-3- %qﬂ H )> ? (s, 1H), 7.29-7.19 (1m, 2H),
191 Vl}tﬁs’iﬁl‘»’i\)—d} (25 742 (4, J= 72, 1H), 7.06 {d, J = 7.2, 1H), 413
dimethylphony!)-2-methyl- 696 . 11, f’ 8 (A, J = €0, 1), 591 (5, 1
| Heindolo-3-carboxamide 1H), 4.69-4.57 {m, 2H)}, 2.45 (s, 3H)}, 2.44(s,
) ’ 3H), 2.35 (s, 3H), 2.22 (s, 3H), 1.85 (s, 3H)
N-{{4,6-dirncthyl-2-0x0-
73 { 2-dihydropyridin-3-
- yhmethyh-1-(2,3- 414
dimc:?h},« phenyl}-2-methyl-
| H-indole-3-carboxamide
y , " MeOD, 400 M Hzy & 7.88 (d, /=7.94Hz,
N-{{4-methoxy-6-methyl-2- ( et - ; o
o - / =7, /. =7.5 N
oxo-1,2-dihydropyridin-3- ig) ”?S ,,ES lj_(zné léﬂ)’ { H%é ,7(2’, Jl. ;;S
381 yhmethyl-2-methyl-1-(6- __);? - _},’O S ,,‘Z'“" A N (?”'
methyl-1.2.3 4~ 6,7./0 {d, = ,i,,!in, iH), 4,(\3 {s, _/,H)ﬁlé.Mr (s 471
tetrahydrorquinoiin»S»yi)— 3}&}3 ,3’51 ,{t? j=5.22H;,, /"H\P %"5(2, v(S” 3H),
| Heindolo-3-carboxamide 2.33 (s, 3H), 2.31-2.20 (m, 1H), 2.18-2.14 (m,
) ] 1H), 2.02-1.99 (m, 2H), 1.89 {m, 3H)
N-{{4-methoxy-6-methyl-2- | (400 MHz, METHANOL-d4} 8 ppm 7.82 (d,
oxo-1,2-dihydropynidin-3~ | /=794 Hz, 1 Hy 7.60 (d, /=838 Hz, 1 H)7.37
3¢ yhmethyh)-2-methyi-1- —~ 748 {(m, 2 H) 7.13 - 7.28 {m, 2 H} 6.97 — 457
(1,23 4-tetrabydroquivolin- | 7.07 (m, 2 H) 4. 62 {s,2 Hy4.15 (s, 3 H) 3.57 o
6-vi-1H-indole-3- ~3.66 (m, 2 HY 3.06 {t, /=628 Hz, 2 H} 2.56
carboxamide (s, 3H}2.49{(s, 3H} 2.16 ~2.29 {m, 2 H)
N-{{4-methoxy-6-methyl-2- | (400 MHz, METHANOL-dy) & 1.03 (d,
oxo-~1. 2-dihydropyridin-3- | J=6.62 Hz, 6 H) 2.32 (5, 4 H} 2.70 ¢s, 3 H)
yhmethyl-2-methyl-1-(3- | 296 (d, /=7.06 Hz, 2 H} 395 (5, 3 H)4.52 (s, | 410
methylbutanoyi)-18- ZHY 628 (5, T HY 7.20 - 730 (m, 2 H) 7.66
indole-3-carboxamide (d, =684 Hz, 1 H} 7.91 (d, /=772 Hz, 1 H)
N-{(4-methoxy-6-methyl-2- | | . 5 77877
O)ig-i 2~dihyaropvridinn3n §4,00 Mz, CDs0D): 6 7.78-7.76 (d, 1H),
372 yhmethyD-2-methyl- | - '*‘8 7.66 (d, 1H),7.33-7.26 (m ’2}” 6.97 (s,
: (ge{rahvéréﬁﬁ- WrJa d 1H}, 4.58 (s, 2H), 4.12 (s, 3H), 3.95-3.94 {m, | 438
ARy Erome Py OH), 3.63-357 (m,1H), 3.54-3.52 (m, ZH),
carbonyl}-1H-~indole-3- :
carboxamide 2.69 (s, 3H), 2.55 (5, 3H), 1.88-1.82{m, 4H)
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(£3-(4,6-dimethyl-2-ox0-
1,2-dihydropyridin-3-

(400 MHz, CDCE) 6 11.14 (s, 1H), 8.16 (s,
1H), 8.12(d, J = 7.6 Hz, 1H), 7.32 (1, J = 5.6
Hz, TH), 7.25-7.01 (m, 2H), 7.05-7.01 (m,

201 ‘;aﬁl‘;?‘;fig‘igi‘z IH), 6.76 (d, J = 7.6 Hz, 18) 586 (s, TH), | 428
1H-p‘¢;~210{‘>“2)_b4}pyridﬁxem 4.52-4.50 (m. 2H), 3.13 (bs, [H), 3.05-2.97
- 3“%{5&;’( Tote {m7 {H}, 2.66 (_bs, FH), 2.73 (s, 3H), 2.29 (bs,
S IH), 2.13 (s, 3H)
(=) E-{sec-butyl}-N-((4,6- | (400 MHz, CDCl3)
dimethyi-2-oxo-1,2- 6 8.116-8.132 (d, 1H), &O11-8.035 {d, IH),

185 dihydropyridin-3- 7.037-7.057(t, 1H), 6.056 (s, 1H), 4462 (d, 163
yhoethyD-2-methyl-1H- | 2H), 6.30 (5, Hi), A.f)j(.x? 3H), 2.356 (8,3H),
pyrrolo{2.3-blpyridine-3- | 2.189(s, 3H), 1.8R80-1.933 (m, iH), 1.387-

carboxamide 1.605 (d, 2H), 1.226 (s, 2H), 0.65& (1, 3H)
{400 MHz, CDCly) é 11.03 (s, 1H), 8.15 (dd,
Jr=48 Hz, J: = 1.6 Hz, 1H), 806 (dd, J; =
(£)-(4,6-dimethyl-2-ox0- | 8.0 Hz, J, = 1.6 Hz, 1H), 732 (1, J=7.0 Hz,

o) { 2-dihydropyridin-3- 1H), 6.97 {(dd, J; = 8.0 Hz, J; =4.8 Hz, IH),

' yhmethyl 2-methyl-1- S5.86 (s, 1H), 547-5339 (m, 1H}, 452 (d, J= 382
(tetrahydrofuran-3-y}-1H- | 7.0 Hz, 2H), 4.39-4.32 (m, 1H}, 417 dd, J,=| 7
pyrrolo]2, 3-blpyridine-3- | 9.2 He, J, = 6.8 Hz, 1H), 3.98 {t, J = 8.8 Hz,

carboxylate iH}, 3.91-3.86 (q, .J = 7.6 Hz, 1H), 2.76 (s,
3H), 2.59-2.50 (m, TH, 2.36 (s, 3H), 2.34-

2.28 (m, 1H}, 2.25 (s, 3H)
(£)-N-{{4-methoxy-6- {400 MHz, CDCly) 6 13.23 (s, 1H), 8.16-8.17
methyl-2-ox0-1,2- (m, 1H), 8.11-8.13 {m, 1H), 7.57-7.60 (t, / =

204 dibydropyridin-3- 5.2Hz, 1H), 6.93-6.96 {(m, 1H), 592 (s, I1H),

) yhmethyi-1-(1- 4.82-4.83¢d, J= 24 Hz, 1H), 4.65-4.66(d,J| 399

methoxypropan-2-vi}-2- | = 6.4 Hz, 2H), 3.89 {5, 3H), 3.81-3.85 (m,
methyl-1H-pyrrolo{2,3- {H), 3.22 (s, 3H), 2.79 (5, 3H), 2.17 (5, 3H),
blpyridine-3-carboxamide | 1.64-1.66{d, 7= 8.0 Hz, 3H}
(£)-N-{{4,6-dimethyl-2-
oxo-1,2-dihydropyridin-3-

206 yvhmethyi}-1-{1-{3- 445
methoxyphenyhethyl)}-2- i
methyl-1H-pyrrolof2,3-
bipyriding-3-carboxamide
{(£)-N-{(4,6-dimethyl-2-
oxo-1,2-dihydropyridin-3-

207 vhmethyi}-1 ~U ~{ 2~

methoxypyridin-4- 446

yhethyly-2-methyl-1H-
pyrrolo]2,3-blpyridine-3-
carboxamide
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t-{chroman-4-y{}-N-{{4,6~
dimethyt-2-oxo-1,2-

209 dihvdropyridin-3- 443
yhmethyl}-2-methyl-1H- )
pyvrrolol2,3-blpyriding-3-

carboxamide
{£}-1-(I-cvclopropylethyly-
N-{{(4,6-dimethyl-2-ox0-~

211 I, 2-dihydropyridin-3- 179
yhmethyl)-2-methyl-1H- v
pyvrrolol2 3-blpyridine-3-

carboxamide
<131§S“2h:fgga22 (400 Mz, CDCL) 8 &.173-8.189 (m, 1H),
" methyl-2-0x0-1.2- 8.15—_8,}133 (m, 1H), 7,565(5;, 1H), 6. 77-

212 dihv{iropyridinj%« 7.008 (m, 1H), 5.938 (s, 1H), 4.652-4.667 (d, 413
V})met‘é‘yi)~2~methy}~iH- 2}”\’ 4'177,(‘8" 1,,,}5..)’ 3'3{)9"3‘454 (ri;, 2H}, 3(9,4_
;;)\}’rroio[Zé-b}pwidine-& 3.98(m, 1}2}, 4.}80{) (s, 31—1)1 2212 {s, 3H),

T carboxamide 1.665-1.682 (d, 3H), 1.044 (1, 3H)
: et e | (400 MHz, Methanol-dd) 8 8.28-8.26 (dd, J;
o ooy | = 4.8 Hz. /= 1.2 Hz, 1H), 3.12-6.09 (dd./; =

214  2-dibydropyridins3- | 4o bk 12 HE LTS dd, g =
yl’)ﬁxethy:l’)nfznhgethvln1H~ 8.0 Hz, Sy = fér;b”Hz, i%i), 6.26 (s, EH) 6;1§>n 379
pwmio{2,3~b}pyriéinen3n 6",11 (q /= 7"."1” }%Z",}?}’ 459(3’ 2H>’, 3'93 (.

T carboxamide 33)1,2‘76,,1(5’ 3H), 231 (s, 3H), 188 {d, J =
7.2 Hz, 3H)
(£)-N-{(4,6-dimethyl-2-
oxo-1,2-dihydropyridin-3-
215 vhmethyl}-1-{1-(5-
o methoxypyridin-3- 446
yhethyly-2-methyl-1H-
pyrrolo]2,3-blpyridine-3-
carboxamide
{400 MHz, CDCL} 8
12.74-12.79 (m, 1H), R.16-8.17 (4, J = 4.0
{(x3-1-(1-methoxypropan-2~ | Hz, 1H), 808-8.10 (4, 7= 4.0 He, IH), 7.45-
yh-2-methybN-({(6-methyl- | 748 (t, J = 5.6 Hz, 1H), 6.93-6.96 (m, IH),
216 2-oxo-4-propyl-1,2- 5.96 (s, 1H), 4.81 (s, 1H), 461462 ({d, J= 411

dihydropyridin-3-
yhmethyh-1H-pyrrolof2,3-
blpyridine-3~carboxamide

5.6 Hz, 2H), 4.17-422 (, J = §.4Hz, 1H),
3.80-3.84 (o, 1H), 3.22 (s, 3H), 2.78 (s, 3H),
2.71-2.75 (t, J = 8.0 Hz, 2H), 2.18 (s, 3H),
1.64-1.65 (d, J = 6.8 Hz, 5H), 0.98-1.02 (¢, J
= 7.6 Hz, 3H)
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228

{(+)-N-{{4,6-dimethyl-Z-
oxo-1,2-dihydropyridin-3-
yvhmethyh-2-methyl-1-{1-

phenylpropyh-1H-
pyvrrolol2,3-blpyriding-3-
carboxamide

(CDCl, 400 MHz) & 11.82 (s, 1H), 8.24-8.15
(mn, 2H), 7.25-7.18 {m, 5H), 7.04 (dd, J, = 4.8
Hz, .J, = 8.0 Hz, 1H), 6.19 (s, TH), 5.93 (s,
1H), 4.58 (s, 2H), 2.64-2.50 (m, SH), 2.42 (s,
3H), 2.17 (s, 3H), 0.81 (¢, J = 7.6 Hz, 3H)

429

(£)-1-{1-{1 H-pyrazol-1-
yi)propan~2~yl’)nN~((4,6~
dimethyl-2-oxo0-1,2-
dihydropyridin-3-
yhmethyl)-2-methyl-1H-
pvrrolo[2 3-blpyridine-3-
carboxamide

(CDCls, 400 MHz) § 12.03 (s, 1H), 8.23 (dd,
Jr= 1.2 Hz, J> = 44 Hz, 1H), 8.12 (dd. J; =
1.2 Fz, Jo= 7.6 Hz, 1H), 7.43(d, 7 = 1.6 Ha,
1H), 7.31 (t, J= 6.0 Hz, 1H), 8.12 (g, J; = 4.8
Hz, > = 8.0 Hz, 1H), 6.58 (d, /= 2.0 Hz, 1H),
S93(d, J= 10.8 Hz, 1H), 5.91 (d, J= 2.0 Hz,
1H), 5.35 (q. J; = 10.0 Hz, J, = 13.2 Hz, 1H),
4.97 (s, 1H), 4.62-4.54 {m, 3H), 2.41 (s, 6H),
219 (s, 3H), 1.74(d, /= 6.8 Hz, 3H)

{(£)-N-{{4-methoxy-6-
methyl-2-ox0-1,2-
dihydropyridin-3-

vimethvh~1-{1-(2-
methoxypyrimidin-4-
yhethyly-2-methyl-1H-
pyrrolo]2,3-blpyridine-3-
carboxamide

(400 MHz, MeOD-d4} & 8.56-78.54 (d, 1H),
834-832 (d, 1H), &26-8.25 (d, 1H), 7.37-
734 (1, 1H), 7.05-7.02 (t, 1H), 6.28-6.26 (d,
1H), 4.63(s, 2F). 4.16(s, 3H), 3.9(s, 3H),
2.71(s,3H), 2.59(s, 3H), 2.15-2.13(d,3H)

463

{=3-N-{{4,6-dimecthyl-2-
oxo-1,2-dihydropyridin-3-
yhmethyh-1-(1-(2-
methoxypyrimidin-4-
yhethyl)-2-methyl-1H-
pyvrrolol2,3-blpyriding-3-
carboxamide

447

3]
Lo
[

{(+}-N-{{4-cthoxy-6-methyl-
Z-oxg-1,2-dihydropyridin-
3-vhmethyly-1-(1-
methoxypropan-2-yii-2-
methyl-1H-pyrrolof2,3-
blpyridine-3-carboxamide

{400 MHz, CDCL) 3

12.5 (s, 1H), 8.11-8.18 (m, 2H), 7.60 (s, 1H),
6.95-6.98 (m, 1H), 5.90 (s, 1H), 5.96 (s, 1H),
4.83 (s, 1H), £.10-4.21 (m, 3H), 3.82-3.83 (m,
1H), 3.23 (s, 3H), 3.79 (s, 3H), 2.15 (s, 3H),
1.65-1.66 (d, J = 6.8 Hz, 6H), 1.44-1.47 (8, J
=72 Hz , 3H).

413

N
w2
3

{(£)-N-{{4,6-dimethyl-2-
oxo-1,2-dihydropyridin-3-
yhmethyl-2-methyl-1-(1-
morpholinopropan-2-vi}-
H-pyrrolof2,3-bipyridine-

3-carboxamide
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(£)-1-(1-( L H-
benzoldlimidazol-1-
yhpropan-2-yi}-N-{{4,6-
238 dimethyl-2-0x0-1,2-
dihvdropyridin-3- 469
yhmethyl}-2-methyl-1H-
pyvrrolol2,3-blpyriding-3-
carboxamide
evaro }iéijl)ih(wi)l\(( 4 | (400 MHz, CD:0D) 3§ £.18-8.12 {(m,1Hj,
e s |80 (4, J=6.4 HzIH), 7.61-7.57 (m, IH),

239 ; z_j'h?ﬁ o V;‘;di‘;ﬁ‘w 745~ 744 (m, 2H), 7.16-7.13 (m, 1H), 631
o " ]‘}’; gpd i | (@ JRA Ha TH), 625 (s, TH), 4.50 (s, 2H), |
;‘;j’j(fé 3 E;ij;iz’i;i o | 391 (s, 3H), 250 (s, 3H), 2.30 (m, 3H), 2.05
pyrrolo{2,3-blpy I N

carboxamide (d, J=7.2 Hz, 3H)
N-({,6-dimetbyl-2-0x0- | oy cpoD)y: 8 8.67-8.65 (d, 1H),

1,2-dihydropyridin-3- . . , , N

” " DmethyT -2 8.45-8.44 (d, 1H), 7.59-7.55(m, 1H), 6.70 (s,

“ mjhm otan 2y | L 479 6 TH) D461 (s, 2H), 407 (s, 1), | 397
m;ﬂly} Y Hopyrolo[23. | 332 (5. 3, 2.7 5(3, 3H), 2.56 (3, 3H), 2.42(s,

B £R 3 TR - 53 T
blpyridine-3-carboxantide 3H), 1.68-1.66(d, 3H), 1.16-1.15(d, 3H).
()= 1-(1-(3- ,
carbamoyiphenyliethy}-N- | (400 MHz, CD;0D-d4) & 831 (br, 2H), 7.78-

349 {{4-mcthoxy-6-methyl-2- | 7.79 (br, 1H), 7.77 (s, 1H), 7.46-7.33 (m, 3H},

- oxo-1,2-dihydropyridin-3- | 6.97 (s, IH), 6.50-6.48 (d, 7= 6.8 MHz, 1H), | 474
yhmethyl)-2-methyl-1H- | 4.60 (s, 2H), 4.41 (s, 3H), 2.56 (s, 3H), 2.53
pyrrolof2,3-blpyridine-3~- | (s, 3H}, 2.11-2.10(d, /= 7.2 MHz, 3H)

carboxamide

({4 6-dimethyl-2-0%0-

Nt 6-dimethyl-2-0x0- |60 v 00,0DY 5 830 (m, 7H), 8.25 ()
1.,2-dihydropyridin-3- :

” vagﬁwmzs)ﬁ%hmhvs:1- 1H), 729 (m, 1 H), 6.85(s, 1H), 477 (m,
(te?rﬁh%réﬂ}é- - 4y | 10 V462 (s, 2 H), 413 (m, 2H), 3.65 (m, 2| 395
iﬁm;‘,?;miofv ',; f’g}pyﬁdi}m_ H). 2.99 (m.2H), 2.78 (s, 3H), 2.60 (s, 3H),

1 =92 "y 46 (s 3F 77 (m 2H)
3-carboxamide 2.46 (s, 3H), 1.77 {m, 2H)
(CDCl:, 400 MHz) & 11.18 (s, 1H), 8.24 {dd,

N rr e ety =12 e J = 48 He 1H), 813 (dd, J; =
RO eyl 2 2 by, = 92 Hz, 1), 730 (1. = 6.0 Hz,
sri\sme%;;l)-z_n;e?iyl- L. | DL 7.20-7.15 (m, 1H), 7.06 {dd, J; = 4.8 Hz.

3 s 3 £ 3 —_ . 50 27 LI 0 -

249 (2-oxopyridin-1{2H)- S =80 Hz, 1H}, 6.50-6.43 {m, 2H), 5.93 (s, 446

vhpropan-2-yi}-1H-
pyrrolo] 2, 3-blpyridine-3-
carboxamide

1H), 5.70-5.66 (m, 1H), 5.11 (s, 1F), 4.80 (1,
J=12.4 Hz, 1H), 469 (dd, J; = 4.4 Hz, .J, =
12.8 Hz, 1H), 4.53 (dd, J, = 3.2 Hz, J» = 5.6
Hz, 2H), 2.50 (s, 3H), 2.40 (s, 3H), 2.20 (s,
3, 1.74 (d, J= 7.2 Hz, 3H)
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(£)-N-{{4,6-dimethyl-2- | (400 MHz, CD;OD): § 831-832 (d, J= 6.0
oxo-1,2-dihydropyridin-3- | Hz, 3H), &.18-8.2(d, / = 8.0 Hz, 3H), 7.26-
250 yvhmethy-Z-methyi-1-(1- | 7.29 (1, 1H), 6.99 {s, 1H), 5.20-5.37 {br, 1H)}, 431
{methyisulfonylipropan-2- | 4.58 (s, 2H), 4.13 (s, 3H), 3.67-3.71 {d, 1H), ”
yvi-1H-pyrrolof2,3- 3.1-3.22 (br, 1H), 2.78 (s, 3H), 2.55 (s, 3H),
blpyridine-3-carboxamide | 2.54 {s, 3H),1.77-1.79 (d, /= 6.8 Hz, 3H).
NN A . (400MHz, CDCLs) 6 ppm 1.80 (d, /=6.84 Hz,
(*i;};}"l igfzn;gogs 3H) 221 (s, 3 H) 2.73 (s, 3 H) 390 (s, 3 H)
dihw’impvri dinw’S- 4.66 (d, /=551 Hz, 2 H) 4.62 ~4.90 (m, ] H)
251 X’E)lnetll»;v’l)-j:ﬁleﬂl‘v’l-1" 1. 511(d, =904 Hz, 2 H) 5.93 ¢ s, FHY6.57 (4, 462
il‘ﬁWi dine -2-&'1{17\",')%1*(3'{;)311- ]4538 Hz, 1 H) 6.79 - {i,Sf} (m, 1 H) 7.01 '
nl.Z~yi§~iH—}Vw‘ry;ﬁ;}o;{i 2. ' (dd,, J=7.94, <4.85 Hz, 1 H) 745 7.52 (m, I
b}pvriéjifief«i:cariﬁhxa;nide H} 7.58 (br. b I H} 8.07 817 (m, 2 H) 518
i i o =823 {m, 1 H)11.63¢br. S, 1 H)
(CDCEL, 400 MHz) & 1104 (s, 1H), 8.8 (d, J
{#)-N-((6-cyclopropyl-4- | = 4.0 Hz, 1H}, 8.10 (d, /= 8.0 Hz, [H), 7.28
methoxy-2-ox0-1,2- (£, /=60Hz 1H),7.02(dd, J; =48 Hz S =
260 dihvdropyridin-3- 7.6 Hz, 1H), 5.77 (s, 1H), 4.82 (s, 1H}, 4.57
yvhmethyh-1-(1- {d, J=6.0Hz 2H), 419 (t, J = 8.8 Hz, 1H), | 425
methoxypropan-2-yi}-2- | 3.83 (¢, ./; = 5.6 Hz, o= 9.6 Hz, 1H), 3.22 (5,
methyl-1H-pyrrolo[2,3- 3H), 2.77 (s, 3H3, 2.41 (5, 3H), 1.74-1.68 {(m,
blpyridine-3-carboxamide | 1), 1.65 {d, J = 7.2 Hz, 3H), 0.90-0.76 (m,
4H)
{400 MHz, CDCly): 6 0.97-0.99 {d, /=6.8 Hz,
N-{(4,6-dimethyl-2-0x0- 3H), & LI9-1.21(d, /=60 Hz, 3H)2.16(s,
1, 2-dihydropyridin-3- 3H), 241, 3H), 2.73(s, 3H), 2.9%s, 3H)
322 yvhmethy)-1-(3- 3.04 (s, 3H), 3.859 (brs, 1H), 4.47(brs, 474
methoxybutan-2-y1}-2- | 1H), 4.59-4.61 (d, J=6.0 Hz , 2H), 5.95(s,|
methyl-6-(methylsulfonyly- | 11y, 7.41-7.44 (¢, J=5.6 Hz,1H), 7.52-7.54
[H-indole-3-carboxamide | (g 4.8 Hz , 1H), 7.97-7.99(d, J=84 Hz,
1H), &.117(s, 1H)
(400 MHz, CDCly) 8 1.20-1.24 (4, /=64 Hz,
N—((4-me‘(hoxyué»1’{1@'{}'\}/}“2“ 3Hy, O 1,59"1.69{@} J=64 Hz, 3H>ﬁ2.13(5,
oxo-1,2-dihydropyridin-3- | 3H), 2.79(s, 3H), 299, 3H) ., 3.04(s, 3H)
323 yvhmethyl-1-(3- 3.25-3.32 {(m, 4H), 440 (brs, 1H), 4.65- 490

methoxybutan-2-y1)-2-
methyl-6-{methylsulfonyi)-
1 H-indole~-3-carboxamide

4.67 (d, J=5.6 Hz , 2H), 5.94(s, 1H), 7.49-
751 (d, J=8.4 Hz,iH), 7.61-7.63 (t, J=5.0 Hz,
1H), 7.98-8.00 (d, /=84 Hz, 1H), 8.119(brs,
1H), 12.71(brs, 11)
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Compound Name "H NMR. m/z
N-{{4-methoxy-6-methyl-2- | (400 MHz, CDCly) 8 0.94 (4, /=7.2 Hz, 3H)},
oxo-1,2-dihydropynidin-3- | 1.92(m, 3H), 2.19 (s, 3H), 2.75 (s, 3H),

350 yhmethyl)-2-moethyl-1-(3- 1 3.01(s, 3H), 3.90 (s, 4H), 4.65 (m, 2H), 4.87 |,
{methylsulfonyl}butan-2- | (m, 1H), 5.92 (s,1H), 7.10 (o, 2H), 7.38 (s, '

yi}1H-indole-3- {H), 7.56 (d, /=52 Hz, 1H),7.89 {d, =76
carboxamide Hz, 1H)

} LN { {CDCL 400 MHz)8 12.76 (s, 1H), 8.19-8.20

1ne1th?x§?{i§::}t’ii‘:n§ixa~ (d,’ J :2'_(‘) HZ iﬂ)’ 8'11,"8“13 d, ] =3.6 HZ

383 1 2-dihydropyridin-3- | [H) 758 (s, 1), 6.95-6.99 (m, 1H). 594 (s, |
V1)mcthvi)~2~nlcthvl~EHn IH) 5{)1::&.10” (m, lﬁ), 4.6}?4@{) (‘d, J=561 395
i)‘v'ﬂ"OEO{?Z,S-b}pVI‘iéiHC"?ﬁ" HZ’ ,lH}’ 3,'9,(‘) (S’?H}’ 2.82 (S",SB)’ ‘2'39";2’42

g carboxamide (d, J=116 HZ’,zﬂ)’zim (s, 3H), 2.{)2@7.()/(111_,
3H), 1.72-1.75(m, 3H), 1.26-1.51(m, 1H)
{-cyclopentyl-N-{({4,6~
dimethyl-2-0x0-1,2-

384 dihydropyridin-3- 379
yhmethyl)-2-methyl-1H- '
pyrrolo] 2, 3-blpyridine-3-

carboxamide
(+)-N-{{6-cthyl-4-methoxy- | 'H NMR {400 MHz, CD;0D) § 8.25-8.29 (m,
2-oxo-1,2-dihydropynidin- | 2H). ¢ 7.28-7.31 {(m, 1H). 6.89 (5, 1H), 4.93-

280 3-yhmethyh-1~(1- 4.95 {(br, 1H), 4.58 (s, 2H), 4.2-425 {m, 413
methoxypropan-2-yi}-2- 1HY4.13 (s, 3H), 3.77-3.81 {m, 1H}, 3.24 (s, -
methyl-1H-pyrrolof2,3- 3H}), 2.79-2.84 (q, 1H}, 2.72 (5, 3H), 1.66-

blpyridine-3-carboxamide | 1.68(d, /=72 Hz, 3H) 1.32-1.36 {t, 3H)
(400 MHz, d6-DMSO} & 1157 — 11.65 {m,
, . , o | 1H), 818 — 823 {m, IH}, 807 - 812 {m,
moropeme | 1 3853 0 105
3 dihydropyridin-3- 1H), 6.15 (s,1H), 4.31 (d, J = 4.46 Hz, 1H),

288 "/Drneﬂ'{yl)»Z:me:tlwl»1*(1* :40943- — 420 {(m, 1H), 3.68 — 3.97 (m, 1H), 439
.4{i/‘etrah;{,mimﬁ}>i»p§;rzan—4— 3.84 (s, 3}?;3‘59; 3.70 (o, EH);ZQ“Z'— 3100
yhethyh-1H-pvrrofof2,3- o, EF}’ "”,"1,9 - ”9,} (m, 1H), 2.67 (br; S
blpyridine-3-carboxamide 3H) 2.20 (s, 3H}, i-..IS — .88 {m, IHL £.53 -

o 1.68 (m, 3H), 1.28 — 1.41 (m, 2H}, 0.97 -
113 (m, 2H), .56 — 0.68 (m, 1 H)
, et o {400MHz, DMSO-dg) 0= 11.82 ~ 11.68 {m, 1
(i;;fhﬁﬁﬁ“;‘é“ H). 820 (dd, J= 16,47 Hz, 1 H), 8.13 (dd, J
dihyéropyridinj& - 1'?’,,5 ’,ﬂ HE’ 1 ‘H)_’_ 8.02 -7 ',94 (‘m’ ,1 ,H)’ 7',3‘3
276 yhmethyl}-2-methyl-1-(1- | _ 7.26 (m, 2 H), 724 (d, S =70 Hz, P H), gy

phenylethyl}-1H-
pyvrrolol2 3-blpyridine-3-
carboxamide

747 = 7.10 (m, 3 H), 6.29 (s, 1 H), 6.19 (s, |
H), 4.31 (br. S., 2 H), 3.83 (s, 3 H), 2.48 (br.
S, 3 H), 222 — 2.8 (m, 3 H), 2.20 (s, 3 H),
202 —1.97 (m, 3 H), 2.00(d, /= 7.4 Az, 3 H)
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Compound Name "H NMR. m/z
(ADOMHz, DMSO-de) 8 = 11.73 - 11.56 (m, 1
H), §.19(d, J=31Hz 1 H), 806 (dd, /=
(R or Sy-N-((4d,6-dimethyl- | 14, 79 Hz, 1 H), 7.82 (br. S., I H), 7.10 (dd,
2~oxo~1,2-dihydropyridin- | J=4.7, 7.8 Hz, | H), 591 (s, 1 H), 4.30 {br.

306 3-yhmethy)-2~-methyl-1- | S, 2H)L 4.19-4.02(m, | H), 3.90(d, J=85 473
{1-¢tetrahydro-2H-pyran-4- | Hz, 1 H), 3.63(d, /=78 Hz, 1 H), 3.29 (s, 1 -

yhethyl-1H-indole-3- H), 3.06 (s, 1 H), 292 - 274 (m, 1 H), 2.64
carboxamide (br. S, 3H), 225, 3 H), 2.11 (s, 3 H), 1.20
(br. S, 1 H), 1.59 (br. S, 3 H), 141 - 1.24

(m, P H), 1.09 (s, 2 H}, 0.67 =052 (m, | H)
(CDCL, 400MHz) § 8.14-812 {(dd, /= 1.2
| -{4-amino-4-oxobutar-2- Hz,4.8 Hz, 1H), 8.09-8.07 (dd, /=12 Hz 8.0
D NA((dmothoxy-6. | Hz: TH), 751746 (m, 1H), 6.94-6.91 (dd, J

. met'hyi—fZ—oxo»l:/?~ = 48 HZ,X.Q Hzii}i),é,:"»ﬂ (s, 1H), 5,9() (s,

296 dihydropyridin3- H}, 551 (s, 1H), 479474 (dd, J = 64| 45
yDmethyl)-2-methyt- 1H- ii’ﬁz Eiz,lii?)% gffjﬁg) (;i (i . é ”:~§ (ermb
R, S P L IR M “ b o i S, . 2.01-3./3 ,
pf"”Oiiggifiiﬁsm” T OUH), 2.83-2.78 (dd, J = 52 Hzl48 Ha,

1H)YL2.75 (s, 3H}, 2.23 (3, 3H), 1.63-1.62(d, J

= 6.8 Hz, 3H)
(£)-1-(1 -cyanopropan-2- (ﬁCDCI«,}, 4(3()MHZ} & | 12.64 (s, H—i’}, 8.17-8.12
yi};N—((li-;ﬁétiﬁﬁv-é- (m, ZH), 7.56 (s, 1H), 7.4 1577,()(} @d, g o= 44
cthyl2-0x0- 1 2- Hz,7.6 Hz, 1H), 5.94 (s, 1H), 4.89-4.80 (m,

301 dihydropyri din:S- 1H), 4.6441{2 (d, J = 5.2 Hz, IH), 3.90 (s, 104
yl)meﬂ%yl}—é:methvl-’iH~ 31?.’ 3 "74“3'68 (d d. J N 88 Hz’i?'z Hz, LED. )
pvrmioﬁ,3~b}pyriéin¢—3— 3,’“'1”.!’“%'% dd, .7 - b4 HH,Z’iélg H27 1H),2;f ?

- carbosamide (s, 3H), 2.19 (s, 3H), 1.78-1.76 (d, /= 6.8 Hz,
3H).
{400 MHz, CDChY: 8 1116 {(br, 1 H), 8.19
NNt e ety | G THL = 4,63 Hz, J2= 1.10 Hz}, 8.06 (dd,
(*)f‘nff;éz dioszfl‘gﬁz“ b TH, JI=7.49 Hz, J2 = 110 Ho), .14 (1, L K,
. dihydropyri din~3: JZ:S’;SE HZ), 7,?5 (dd, 1 H, Jf ”Zi‘) Hz, H, 12
262 yE)&nethyl}-i-(i- 4.63 Hz), 6.02 (s, 1H), 4.88-4.73 {br, 1 H), 299

methoxypropan-2-v13-2-
methyl-1H-pyrrolof2,3-
blpyridine-3-carboxamuide

4.57 (4, 2H, J=5.95 Hz), 4.47 (s, 2H), 4.22 (1,
1H, F= 8.60 Hz), 3.81 (dd, 1H, J1= 9.70 Hz,
12=3.8 Hz), 3.37~3.15 (br, TH), 321 (s, 3H),
276 (s, 3H), 2.44 (s, 3H), 1.64 (d, 3 H,
J=7.06 Hz)
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Compound Name "H NMR. m/z
(#}-N-((4-methoxy-6-
methyl-2-ox0-1,2-
dihvdropyridin-3-
Racemic | yhmcethyh-2Z-methyl-1-(1- 460
268/269 (1-methyl-2-0x0-1,2-
dihydropyridin-4-ylje th\/l‘;
H-pyrrolof2,3-blpyridine-
3-carboxamide
: S (CDCL;, 400MHzy & 12.87 (brs, 1H), 8.18-
T‘l(é"ldfh‘j‘g’gog‘ﬁéﬂo;o 811 (m, 2H), 7.56 (s, 1H), 7.47 (s, 1H), 7.01-
271 f}}ﬁ;"th fi}v-i;(“:h «‘drr 3e 7.00 (dd, .J=4.8 Hz, & Hz, 1H}, 596 (s, 1H},
“ N o ﬁifbur;;; 2?’&1\0‘ Y20 L 464-4.55 (m, 2H), 4.32-4.27 (dd, J = 6.8 Hz | 396
o :hyi Hpyrrel }E:% , 14 Hz, 1H), 2.73 (s, 3H), 2.42 (s, 3H),
blpyridine-3-carboxamide 2.16 {s, 3H), 1.52-1.50 (d, J =72 Hz3H),
1.39 (s, 3H), 0.91 (s, 3H)
{C D(‘i 400 M Hz)y & 11.92 {5, 1H}, 8.21 (dd,
{(=3-N-{{4,6-dimcthyl-2- | J; = 1 6 Hz, J, = 4.8 Hz, 1H), 813 {dd, J; =
oxo-1,2-dihydropyridin-3- | 1.2 Hz, J, = 7.6 Hz, 1H), 743 {(t, J = 6.0 Hz,
272 yhmethyh-2-methyl-1-{1- | 1H), 7.01 (dd, J; = 4.8 Hz, .J, = 8.0 Hz, 1H), 435
{pipenidin-1-vjpropan-2- | 5.94 {q, 1H}, 4.60(d, /= 0.0 Hz, ZH}, 4.29 (d, o
vii-1H-pyrrolof2,3- J = 6.0 Hz, 2H), 3.13 (5, 1H), 2.80 (s, 3H),
blpyridine-3~carboxamide | 2.66 (s, 2H), 2.43 (5, 5H), 2.20 (s, 3H), 1.44
{(d, /=44 0 Hz 6H}, 0.90 (d, /= 6.8 Hz, 3H)
{(£)-N-{{4,6-dimethyl-2- 400 MHz, Mcthanol-dd) 6:8.24-823 (m,
oxo-§,2-dihydropyridin-3- | 1H), 8.18-8.16 (m, 1H), 7.21-7.18 {m, 1H),
193 yhmethyi)-1-{4- 6.37 (s, 1H), 4.58 (s, 2 H), 3.51-3.45 (m, | H), 183
hydroxybutan-2-y1)-2- 349-315(m, 2H), 2.74 (s, 4 H), 2.50 (5, 3 H), ©
methyl-1Hopyrrolof2,3- 2.34¢s, 3 H), 2.31-226 (m, 1 H), 1.73-1.71
b}p},«ndmﬁ -3-carboxamide | {m, 3 H)
NSO dimethyl 2-0%0" | (400 Mz, CDCL: 5 8.31-832 (d, 1H), 07-
2-dithydropyridin-3- e = o
194 yimethyl)-2-methyl-1- &.10 {md,, 'EI‘),’ 38740 (¢, 1H), 7 '}f}“ 712 ,(t”
(iaipcridi}lw1~yisuif<§nyi)~ 1H), 5.93 (s,1H}, 6.30 (s, 1H), 4.56-4.57 {(d,| 458
lili-pvrmlo{l %’b]pyridiﬁew 2H), 3.41-343 (1, 4H), 2.66 (s, 3H), 240 (5,
RN 3H), 2.15 (s, 3H), 1.47 (m. 6H)
3-carboxamide
(£)-N-{(4,6-dimethyl-2-
oxo-1,2-dihydropyridin-3-
209 vimethyly-1-(2- 369

hydroxypropyl}-2-methyl-
IH-pyrrolof2,3-blpyridine-
3-carboxamide
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Compound

Name

"HNMR

L.
/7

{(£)-N-{{4,6~-dimethyl-2-
oxo-1,2-dihydropyridin-3-
vhmethyl-4-(1-

{400 MHz, Methanol-d4); ¢ 1.63 (d, 7 =6.8
Hz, 3H), 2.47 (s, 3H), 2.60 (s, 3H}, 2.71 (5,

234 methoxypropan-2-y1)-5- | 3H), 3.23 (s, 3H), 3.73-3.77 (m, 1H), 4.10- | 389
methyl-4H-pyrrolof2,3- 415 (m, 1H), 4.60 (m, 2H}, 4.70-4.79 (m,
dlthiazole-6-carboxanude | 1H), 6.&1 (5, 1H), 8.68 (5, 1H}

(400MHz ,DMSO-de) 8 = 12.01 ~ 11.82 (m, 1
{(£)-1-{3-methoxy-3- H), 7.91 — 7.82 {m, 2 H), 7.71 - 7.64 (m, 1
methylbutan-2-yD-N-({d- | H), 7.06 - 6.96 (m, 2 H), 625 (s, 1 H), 4.43
277 methoxy-6-methyl-2-0x0- | (g, J = 7.1 Hz, 1 H), 433 (br. S, 2 H), 386 | 4o
1,2-dihydropyridin-3- (s, 3 H), 3.14 ~ 3.09 (m, 3 H), 261 (s, 3 H), |
yhmethyl)-2-methyl-1H- | 223 (5 3 H), 1.58 — 1.52 (m, 3 H), 1.27 (5, 3
indole-3-carboxamide H), 0.88 (s. 3 H)
{=3-N-{{4,6-dimecthyl-2-
oxo-1,2-dihydropyridin-3-
275 yhmethy-1-(3- 416
methoxypentan-2-vi}-2-
methyl- 1 H-indole-3-
carboxamide
O mehoxs & (DY, 400 M H2) & 785 (1 J = 6.4 Ha,
dihvr&mpvri din-’3~ 13;1}, 7.45 {s, 2H), 7.08-7.03 (m, QH), 5.93 (s,
294 Vi)dmcth‘:'i}l%%— 1H}, 4.71-4.61 {m, 2H), 4.36 (s, 1H), 3.90 (s, 417
metdhoxybudtan—?;—\‘;i)ﬂ— 433%), (2.95 s, 35{}, Z.ZS (s, 35;1}, 217 (s, 3H),
methyHHnindoienEn 1.;’97 {d, /=72 Hz 3H}, 1.23 {d, /=60 Hz,
. . 3H)
carboxamide
(#)-N-{{4-methoxy-6-
methyl-2-ox0-1,2- (400MHz, METHANOL-ds) o = 824 (d,
dibydropyridin-3- J=8.0 Hz, 1H), 7.52 (d, /=8.5 Hz, 1H), 6.30
309 vhmethyh)-1-(1- (s, 1H}, 4.94 - 490 (m, 1H), 4.54 (s, 2H), 4.36 467
methoxypropan-2-vi}-2- | {1, J=9.5 Hz, 1H), 3.96 (s, 3H), 3.79 (dd,
methyl-6-(trifluoromethyl}- | /=48, 9.8 Hz, 1H), 3.22 (s, 3H), 2.73 (s, 3H),
Hepyrrolof2,3-bipynidine- | 2.34 (s, 3H), 1.70 (d, J=7.0 Hz, 3H)
3-carboxamide
N-{{4-methoxy~6-methyl-2-
oxo-1, 2-dihydropyridin-3- | (400 MHz, CDChy & 8.18-8.14 (m, 2H),
117 vi) methyl-2-methyl-1-(4, | 7.57-7.51 {(m, IH), 7.05-7.02 (m, 1H}, 5.92 (s,
o 4, 4-trifluoro-3- 1H), 5.01 (s, 2H), 4.63-4.60 (m, 1H), 3.8% (s, | 467

methoxybutan-2-yi}-1H-
pyrrolo [2, 3-b] pyridine-3-
carboxamide

3H), 3.73 (s, 3H), 2.73 (5, 3H), 2.20 {5, 3H)},
1.75-1.73(d, J=6.8, 3H).
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Compound Name "H NMR. m/z
1-{1-methoxy-2- (400 MHz, CDCli): § 1.84 {s, 6H), 2.08 (s,
methylpropan-2-yh-N-({(4- | 2H), 2.86 (s, 3H), 3.24 (s, 3H), 3.82 (s, 2H),
338 methoxy-6-methyl-2-ox0- | 3.88 (s, 3H), 4.65 (d, /=5.6 Hz, 2H}, 5.88 (m, 412
I, 2-dihydropyridin-3- 1H), 6.99-6.95 {(m, 1H), 7.05-7.02 {(m, 1H), -
yhmethyl)-2-methyl-1H- | 7.43-7.40 (m, 1H), 7.60-7.57 {m, 1H), 7.77-
indole-3-carboxamide 7.75 (m, 1H), 12.98 (s, 1H)
{(400MHz, DMSO-dg) 5 = 11.60 (br. 5., | H),
T2 J = 7.6 He, 1 H), 7.67 (d, J= 5.1 Hz,
(£)-1-(3-ethoxybutan-2-y1)- 2 Fi), 7.09 - 6,98 gmil H), 6.14 (s, 1 ,H)’f‘%l
N-{{4-methoxy-6-methyi-2- |~ 61135 ’(m? 1 H), 4,'31", <d J 4'? }-iz, /",H>’

290 o T P 403 -393 (m, 1 HY, 383 (5,3 HY, 3.25(d, J
oxo-1,2-dihydropyridin-3- | 77 T 9 T f N T 426
ymethyh)-2-methyl- 1H- | 9’.4 Hz}, I H}/, z,.’bg =272 (m, 1 }i),:.{)Z {bx’.

T ndoles3-carboxamide s, 3H), 2.19(s, 3 H}, 1.52(d, /J=71Hz 3
o ' ' Hy, 115(d, /=60 Hz 3 H), 0.68{t, /=069
Hz, 3 H)
o e , . {400 MHz, CDClhLy ¢ 8.19-8.13 {(m, 2H),
\i;f}“;eiﬁfi’higfgi‘;jf 7.57-7.55 (1, 1H), 6.99-6.96 (m, 1), 5.94 (s,
. VD methyly (3. | VH), 4.67-465 (. 2H), 440 (e, 1H), 416
) meﬁl(}'xy}'merii'zin~2~;'1)~2~ {m, tH), 3.16 (s, 3H}, 2.80 (s:. 3Hy, 277 (5,1 427

meth'vi».l'H;pvﬂolo E.? 3-b] 3H), 220 ¢, 3H), L87-1.81 (m, iH}, 1.67-
T T 1.65 (m,3H), 1.53-1.45 (m,3H), 1.02-0.99 (m,

pyridine-3-carboxamide 3H)
N-{{4-mcthoxy-6-methyl-2- | (400 MHz, CDClLy 6 7.87-7.86 {(d, 1H), 7.52-
oxo-1.2-dihydropyridin-3- | 745 (m, 2H), 7.10-7.02 (m, 2H), 4.72-4.64

299 yhmethyh-1-(3- (dd, 2H), 4.45-4.42 (s 1H}, 3.9 {s, 3H), 3.73 495
methoxypentan-2-y1)-2- | (s, 1H), 2.8-2.7 {(d, 6H), 2.17 {s, 3H), 1.80- -

methyl-1H-indole-3- 1.75 {mw,1H), L.58 (s, 3H), 1.25 (m {1 H), 1.03-
carboxamide 0.99 (1, 3H)

I-(1-roethoxy-1- {CDChH, 400MHz) & 13.19 (s, 1H), 8.22-8.21

phenylpropan-2-yh-N-{{4- | {d, J= 44 Hz, 1H), 8.16-8.14 {(d, /= 8.0 Hz,

65 methoxy-6-methyl-2-oxo- | 2H), 7.61-7.26 {m, 6H}, 7.00-6.97(dd, J= 4.8

- { 2-dihydropyridin-3- Hz, 8.0 Hz, 1H), 594 (s, IH), 533-530 (d, 7| 475
yUmethyl}-2-methyl-1H- | = 9.2 Hz, 1H), 4.73-4.63 {m, 2H), 448 (s,
pyrrolo{2,3-blpyridine-3- | 1H), 3.90 (s, 3H), 2.85 (s, 3H), 2.82 (s, 3H),

carboxamide 2.19 (s, 3H), 1.41-1.39(d, /= 6.8 Hz, 3H)
[00349] Example 42, _ Svnthesis  of (E)-N-A{(4.6-dimethvl-2-oxo-1 2-dibvdropyridin-3-

vhimethvh-2~-methvi-1-(0-G3-(pyvrimidin-d-vhinheavhethvli-1H-indole-3-carboxamide

{Compound 205,
[30358]
{1-{3-(4.,4,5.5-tetramethyi-1,3,2-dioxaborolan-2-viiphenyhethyD- 1 H-indole-3-carboxamide:

Step Ir &EpRN-((4,6-dimethyl-2-oxo-1,2-dibvdropyridin-3-yDmethyl)-2-methyl-1-
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A 50 mb round bottomed flask was charged with a magnetic stir bar, 1-(1-(3-
bromophenyliethy)-N-((4,6-dimethyl-2-0x0-2, 3-dihydropyridin-3-yUmethyl}-2-methyl- 1 H-
indole-3~carboxamide (171} (50 mg, 0.1 mmol), 44,4°,4°,5,5,5,5 -octamethyl-2,2"-bi{1,3,2-
dioxaborolane} {(38.7 mg, 0.15 mmol), potassium acectate (19.6 mg, 0.2 mmoi), -
Bis{diphenylphosphino }ferrocene palladiom dichloride (110 mg, 8.15 munol) and anhydrous 1.4~
dioxane (5 mL} under Ny, The reaction flask was fitted with a reflux condenser and the mixture
was then heated to refluxed overnught, The reaction as allowed to cool to rt and the solvent was
removed in vacuo and the resulting residoe was purified by silica gel chromatography {Ehuent:
PE/EA= 111} to the title compound as a vellow oil. {20 mg, vield 36 %) LCMS (M + H+) m/z:
cale’d 491.12; found 492.3.

[B03581]  Step 2: (E3-N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-3-yhmethyD-2-methyl-1-
(-G-(pyrimidin-4-vhphenyhethyi}-1H-indole-3-carboxamide (Compound 205}

A round bottom flask was charged with a magunetic stiv bar, 1-[1-(3-Bromo-phenyi}-cthyii-2-
methyl-iH-indole-3-carboxylic acid {4,6-dimethyi-2-0ox0-2,3-dihydro-pyridin-3-yimethyi}-amide
{Step 8) (20 mg, 0.04 mmol}, 4-Chloro-pyrimidine {6.95 mg, 0.06 mmol), potassium carbonate
(10.9 mg,0.08 mmol), 1,17-Bis{diphenylphosphinoiferrocene palladiumdichioride (44 mg, 0.06
mmol) and 1,4-dixcane/Hz0 (4:1, 8 mL}. The mixture was purged and placed under under N,
and stirred heated to reflux with stirring overnight. The reaction was then allowed to cool to vt
and the mixture was concentrated in vacuo. The resulting residue was purified by preparative-
HPLC (Column: YMC ~Actus Triart C18150*30mm *Sum; Mobile phase A: water with 8.1 %
HCI solution; Mobile phase B : MeCN; column temperature: 30°C; Gradient: 35-65 % B). The

collected fractions were combined and lyophilized to afford the title compound (6.3 mg, vield 35
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%3 LCMS (M + H+) m/z: cale’d 491.23; found 492.0; "H NMR {400 MHz, Me0OD-d4) 6 9.2 {s,
1H), 8.85-8.54 (d, 2H}, 8.14-8.06 (m, 2H), 7.78-7.72 (m, 1H)}, 7.58-7.54 {t, 1H), 7.44-7 42
(d,1H), 7.15-7.12(d, 1H}, 7.04-7.01 (t, 2H}, 7.01-6.79 (1, 1H), 6.8 (s,1H),6.14-6.12(t, 1H),
4.88¢(m, 2H}. 4.67(s, 1H), 2.73(s, 3H), 2.6(s, 3H}, 2.47(s, 3H), 2.08-2.07(d, 3H).

1903582} Exsmple 43.  Synthesis of Methvi §-(1-{L4-dioxan-2-viiethvli-2-methvi-1H-

indole-3-carbeoxviate. The title compound was used as an alternate alkyl carboxylate starting

material in Step 3 of Example 36.

{00353] Step 1. 1-(1,4-dioxan-2-ylethanone:

o
0O Banzoyl peroxide oy

E 3 AAAAAAAAAAAAAAAAAAAAAAA [ Me

Q (&

To a solution of benzoic peroxide (20 g, 141 mumol} in 200 mL 1,4-dioxanc at room temperature
under nitrogen atmosphere was added biacetyl (24.3 g, 282 mmol}. After the addition, the
mixture was heated to refiux and stirred for 24 hours. The reaction mixture was cooled to (6°C.
The pH was adjusted to around 9 by progressively adding 2N sodivm hyvdroxide below 0°C,
extracted with 2-methoxy-2-methylpropane (10 mL X 3}, and concentrated to give 1-(1 4-dioxan-
2-yhethanone (13 g, 36%) as a yellow od which was used dircctly in the next step without
purification.

[80354]  Step 2: 1-(1 4-dioxan-2-yhethanamine:

o Hy

o 0 1) HoN fe)
i j/jime . E Me
(o 2.} Hy, PAIC O

To a solation of 1-{1 4-dioxan-2-yhethanone {12 g, 92.2 mmol) in |, 2-dichloroethane (100 k)

was added (d-methoxyphenvhmethanarine (25 g, 184.4 mmol} at room temperature, The
mixture was allowed to stir for 3 hours, and then sodium {riacetoxyborohydride (39 g, 184.4
mmol} was added. The resulting mixture was allowed to stir for 48 hours at room temperature.
The reaction mixture was quenched by adding water, extracted with dichloromethane (100 ml x
33. The combined organic phase was dried by anhydrous sodium sulphate, and then filtered. The
filtrate was concentrated and purified by column chromatograph on silica gel (elute:

dichloromethane/methanol 00 1--50:1--20:1) o give i-{1,4-dioxan-2-yl}-N-{4~
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methoxybenzyljethanamine (16.4 g, 71%) as a yellow solid. LCMS (M + H'y m/z: caled. 251.15,
found 251.9. To a solation of 1-(I 4-dioxan-2-y[}-N-(4-methoxybenzylicthanamine {5 g, 19.9
mumol} in anhydrous methanol (100 mL) was added palladium 10% on carbon (240 mg, 2 mmuol),
then purged with hydrogen (30 psi), the mixturc was allowed to stir overnight at room
temperature. The reaction mixture was filtered, and the filirate was concentrated to afford the
title compound (2.5 g, 96%:) as a brown sohid.

{00355}  The amine intermediates shown in the following table were prepared according to the

general procedure outlined above using the appropriate starting materials and modifications,

Name Structure n/z
tert-butyl 3-(1-
aminocthylpiperidin BooH N 228
¢-1-carboxylate
(144 L
difluorocyclohexylie %70, T 164
thanamine £
(101~ A
{methyisulfonyllazet %wg\;‘r‘:? R 179
idin~-3~yljethanamine »"bx*é
{(+)}-tert-butyl 4-{4- Ef RN N
§ 4
(- N o
aminocthyl}l Sdyridi ) 387
ne-2-yhpiperazing-1- ( 3
carboxylate 2
gog

[603586]  Step 3: (E)-methyl 3-({1-(1,4-dioxan-2-yhethylimine}-2-{2-
bromophenyhbutanoate:

3 P
N s, O N Ty
C ™ o
2 NH, Br E i
o P
O 52

To a solution of 1-(1 4-dioxan-2-ylicthanamine (2.5 g, 19 mmol) in methanol (140 mL)} was

added methyl 2-(2-bromophenyl)-3-oxobutancate (5.4 g, 20 mmol} and acetic acid (1.8 g, 30
mumol}. The resulting reaction system was warm to reflux and allowed to stir overnight. The

reaction mixiure was concentrated and purified by column chromatographed on silica gel (eluted:
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dichloromethane/methanol 5(:1-—20:1-—5:1} the title compound (1 g, 14%;) as a brown solid.
LOMS (M +H ) mv/z: caled. 383.07, found 384.9.

{00357}  The imino-bromo intermediates shown in the following table were prepared
according to the general procedure outlined above using the appropriate starting materials (e.g.,

ong of the amines set forth in the table in Step 2 of this example} and modifications.

Name Structure /7

(E)-tert-butyl 3-(1-{(3-(2-
bromophenyl)-4-methoxy-4-
oxobutan-2-
viidene)aminoethylpiperidine- |-
carboxylate

{()-(E}-methyi 2-(2-bromophenyi}-3-
((1-(4.4-
diftuorocyclohexylethyDimino)butan
oate

417

{E)-tert-butyl 4-((3-(2-bromophenyl)-
4-methoxy-4-oxobutan-2-
yvhidencamino}piperidine-1-
carboxylate

454

{(Zy-methyl 2-(2-bromophenyi)-3-
{quinolin-S-ylamino)but-2-cnoate

(Ej-methyl 2-¢2-bromophenyl}-3-
(cyclopentylimino)butanoate

(Ey-methyvl 2-(2-bromophenyi)-3-{(6~
methylquinolin-S-yiminobutanoate

(£)-(E}-methyl 2-(2-bromophenyl}-3-
((1-(I-(methylsulfonyhazetidin-3-
yvhethylimino)butanoate
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Narme Structure m/z

(#3-(E-tert-butyl 4-(4-{{3-(2-
bromophenyl}-4-methoxy-4-
oxobutan-2-vlidenc}aminopyridine-
2-yipiperazine-1-carboxylate

=
h
N el

{(Ey-methyl 2-(2-bromophenyi)-3-
({2,5-dirnethylphenyhamino)but-2-
cnoate

{Ej-methyl 2-(2-bromophenyi-3-
{((2,3-dimethyiphenvljaminobut-2-
enoate

{(E)-methyl 2-(2-bromophenyl)-3-

39
{guinolin-6-ylimino}butanoate 598

RuPhos

_ G 2
To a solution of (E}-methyl 3-((1-(1,4-dioxan-2-ylicthyl}imino}-2-{2-bromophenylibutanoate

(400 mg, 1.1 mmol) in dioxane (3 mL} was added Chloro[2-{dicyclohexylphosphinoe}-3,6-
dimethoxy-2" 47,6 triisopropytbiphenyl }[2-(2-aminocthyDphenyl JPd{ I ) (168 mg, (.2 mmol), 2-
Dicyclohexyphosphine-2°,6 -ditsopropoxybiphenyl (93 mg, 0.2 muool) and sodium tert-butoxade
{192 g, 2 myool). The resulting reaction muxture was heated to 120°C with stirring for 30 mins
in a microwave, The reaction mixture was quenched by adding water and was exiracted with
ethyl acetate (25 mL = 3). The combined organic phase was dried by anhydrous sodium
sulphate, and then filtered. The filtrate was concentrated and purified by column chromatograph
on silica gel {cluted: petrol ether / acetic ester 13:1-5:1--2:1} to afford the title compound {282

mg, 89%) as yellow solid. LOMS (M + H') vz caled. 303.185, found 303.9.
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{00389} The compounds shown in the following table were prepared according to the general
procedure outlined above using the appropriate starting materials (¢.g., one of the imino-bromo

intermediates shown in the table in Step 3 of this example) and modifications.

Name Structure /7

methyl 1-(1-(1~(tert-
butoxycarbonylipiperidin-3-yliethy)-
2-methyl-1 H-indole-3-carboxylate

(t3-methyl 1-(1-(4,4-
diftuorocyclohexylethyl)-2-methyl-
I H-indole-3-carboxylate

methy! 1-(1-{tert-
butoxycarbonyljpiperidin-4-yi}-2-
methyi-1H-indole-3-carboxylate

methyl Z-methyl-1 -(quinolin-S-y1)-
[H-indole-3-carboxyiate

methyl 1-cvelopentylb-2-methyi-1H-

. . 258
indole-3-carboxylate

methyl 2-methyl-1-(6-
methviguinolin-3-yi}-1H-indole-3-
carboxylate

(F)methyl 2-methyl-1-(1-(1-
{methylsulfonyhazetidin-3-yhethyh-
{ H-indole-3-carboxylate

351

(x)-methyl 1-(1-(2-(4-(tert-
butoxycarbonylipiperazin-i-vi)
pyridine-4-yicthyi}-2Z-methyi-1H-

ndole-3-carboxylate

479
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Naroe Structure m/z

methyl 1-(2,5-dimethylpheny)-2- 264

methyl-1H-~ndole-3-carboxylate -

methyl 1-(2,5-dimethylphenyl)-2- 204
methyl-1H-indole-3-carboxylate -

methyl 2-methyl-1 -(quinohn-6-yi}- 317

{ H-indole~-3-carboxylate o

{00360}  These alkyl carboxylates were also used as starting material in Step 3 of Example 36
in the synthesis of certain compounds of the invention.

[06361] Example 44. Svnihesis of ethyl 2-methvi-1-(1-(-methvl-2-0x0-1.2-

dibvdropyridin-4-vhethvD-1H-indole-3-carboxviate,

fodomethanc {57.94 mg, (.408 mmol) was added to (&}-cthyl 1-(1-(2-methoxypyridin-4-
yijethyl)-2-methyl-1H-indole-3-carboxylate {(Example 39; 50 mg, 0.136 mmol}. The mixture was
stirred in the microwave at 150°C for 15 minutes. The mixture was evaporated to afford the title
compound which was used without further purification (50 mg, yicld: 100%) as a starting alkyl
carboxylate in Step 3 of Example 36 in the synthesis of certain compounds of the invention,

180362} Exsmple 45, Svynthesis of N-{{4-methexv-6-methvi-2-oxe-1.2-dihvdropyridin-3-

vhimethyD-2-methyl-1-(1-{I-{methvisulfonviipiperidin-3-vhethvD-1 H-indole-3-carboxamide
{Compound 318
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MsCl, EtN P

To a solution of N-{{4-methoxy-6-methyl-2-ox0-1,2~-dihyvdropyridin-3-ylmethy}-2-methyi-1-{ 1~
{piperidin-3-vijethyi}-1H-indole-3~carboxamide (20 mg, 45.81 umol} in dichloromethane (3 mlb)
was added triethylamine (9.27 mg, 91.63 umol} and methancsulfonyl chloride (7.87 mg,68.72
umol}. The mixture was stirred at room temperature for 12 hours. The mixture was evaporated
and purified by preparative-HPLC (Instrument: Gilson GX281 Column: Phenomenex Gemini
C1&8 250%21 . 2mm Mobile phase A: water with (.01mol/INHHCO;; Mobile phase B: MeCN
Column temperature: 30°C Gradient: 23-53% B 10 minjto afford the title compound (7 mg,
yield: 29.69%). LRMS (M + H') m/4: cale’d 515.22; found 515.2. 'H NMR (400 MHz,
METHANOL-d) 3094 -~ 112 {m, 2HY 139 ¢br. S, 2 HYy 157 - 170 (m, 4 HY 2.33 (s, 3 H} 2.63
(3, 3H)2R3(d, /=954 Hz, 2H) 288 (8, 3 H) 348 (br. S, 1 H)3.79 - 387 (m,  H) 395 (5, 3
Hy438 e S, T HY 454 (s, 2HY 628 (s, t Y 7.07 - 7,17 (m, 2 H) 7.58 (d, /=8.03 Hz, | H)
7.72(d, /=753 Hz, 1 H).

{00363]  The compounds shown in the following table were prepared according to the general
procedure outlined in this example using the appropriate starting materials and modifications.

The structure of these compounds is shown in Figure 1.

Compound Name 'H NMR m/'z

"H NMR (400MHz, METHANOL-d,) 8 7.74
N-{{4- nh‘i‘hoxy 6-methyl- | (d, /=7.0 Hz, 1H), 7.65 ~ 7.54 {m, 1H), 7.17 ~
2-oxo~1,2~dihydropyridin- | 7.08 (m, 2H), 6.30 (s, 1H), 4.70 — 4.60 (m,
3~y1}mcthy1} ~2~methyl-i- | TH), 4.56 (s, 2H), 434 — 4.24 (m, 1H), 3.97

T
320 (1=(1- (s, 3H), 3.80 (d, J=13.6 Hz, 1H), 3.19 ~ 3.01 | 479
(roethylsulfonybDpiperidio- | (m, 1H), 2.77 — 2.69 (m, 1H), 2.64 (s, 3H),
3-yhethyl-1H-indole~3~ | 2.56 — 2.41 (m, 1H), 2.35 (s, 3H), 2.26 - 2.12
carboxamide (m, 3H), 1.73 — 1.63 (m, 3H), 1.62 — 1.50 (m,
FH), 1.35-1.23 {m, 1H), 1.09 (s, 2H)
N-{{4-mcthoxy-6-methyl- | (CDCL, 400 M Hz) &6 7.94 (4, J = 7.6 Hz,
2-ox0-1,2-dihydropyridin- | 1H), 7.88(d,.7= 8.0 Hz, 1), 7.63{d, /= 6.0
371 3-vhmethyl}-2-methyl-1- | Hz, 1H), 7.36 (¢, J = &0 Hz, 1H), 7.16-7.01 535
{1-{methyvisuifonyl)- (m, 3H}, 6.78 (d, J = 7.6 Hz, 1H)}, 597 (s,
1,23 d-tetrahydroquinolin- | 1H}, 470 (1, J = 19.6 Hz, 2H), 3.92 (s, 3H),
5-yh-1H-indole-3- 378 4(d, /=56 Hz, 2H), 3.00 (s, 3H), 2.49 (s,
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carboxamide

3H), 2.32 (s, 3H), 2.1R8-2.13 (m, 2H}, 1.85-
.81 {m, 2H)

{38364}

Example 46. Chiral Separation of Compound 219 to afford Compounds 223 and

224, N-{{4-mcthoxy-6-methyl-2-0x0-1,2-dithydropyridin-3-yhmethyl-1-(1-methoxypropan-2-

yi-2-methyi-1H-indole-3-carboxamide (200 mg) (Compound 219} was subjected to chiral

chromatography via supercritical finid chromatography (SFC) (A:C,HsOH B/ INH:-H,O.

A:B=35:45 AD column) to afford the separate cnantiomers 223 {peak 1) and 224 (Peak 2) (60
mg cach) LCMS 398 (M+1)7 'H NMR (400 MHz, CD:OD) §7.69 (d, J=7.2 Hz.1H), 7.53 (d,
J=7.6 Hz,1H}, 7.12 {(m, 2H), 6.26(s,1H), 4.80(m, 1 H}, 4.52(s,2H}, 3.99 {m, 4H),3.75 (m, 1H),3.20
(s, 3H), 2.62 (s, 3H), 2.31 (5, 3H), 1.59 (d, }=7.2 Hz, 3H). The optical rotation of cach

enantiomer was not determined.

{00365]

chiral chromatography procedure outlined above. The optical rotation of the separated

enantiomers was not determuned, but the clution peak (“Pealk 17 or “Peak 27) 15 indicated.

Stractures of cach compound are shown in Figure 1.

The compounds shown in the following table were prepared according to the general

Compound Namg "H NMR m/z
(R or S}N-({4,6-dimethyl-2~ | (400 MHz, CIH0DY 6 7.74 {m, 1H},
oxo-1,2-dihydropyridin-3- 7.57 {d, 3=7.6 Hz,1H), 7.15 {m, 2H), 6.14
237 viymethyi-1-(1- (s,1H), 4.86 {m,1H}), 4.55 (s,2H), 4.02 387
methoxypropan-2-yi}-2- (m, TH), 3.77 {m, TH), 3.22 ¢s, 3H), 2.65 | ~
methyl-1 H-indole-3- (s, 3H), 2.43 (s, 3H), 2.26 {s, 3H), 1.62
carboxamide-PEAK | (d, }=7.2 Hz, 3H)
(R or S}-N-{{4,6-dimethyl-2- | (400 MHz, CD;0D) & 7.74 (m, IH),
oxo-1,2-dihydropyridin-3- 7.57 (4, =76 Hz1H), 7.15 {m, 2H),
218 yhmethyh-1-(1- 0.14(s,1H), 4.86{(m,1H), 4.55(s,2H), 4.02 197
methoxypropan-2-yi}-2- {m, 1H}L3.77 (m, 1H),3.22 (s, 3H), 2.65 20
methyl-1H-indole~3~ (s, 3H), 2.43 (s, 3H), 2.26 {5, 3H), 1.62
carboxamide-PEAK 2 {(d, J=7.2 Hz, 3H)
N . (400 MHz, Methanol-d4) 37.84 (d,
ROESIIG ek 1), 7.66 (d, 584 Hy, 2H), 733
- carbamoyiphenyDethyh-N- 5 3771 240), 7.04 (m, 1 H), 6.88-6.96
223 (4.6-dimethyl-2-0x0- 1.2+ 1 on 5 00 (s, 2H).5.81-5.82 (m, 1 H), | 457

dihydropyridin-3-vhmethyl}-2-
methyl-1H-indole-3-
carboxamide PEAK |

4.57-4.63 (m, 2 H}, 3.54 (5, 1 H), 2.99(s,
3HY, 2.70(s, 3H), 2.45(s, 3H), 2.22(s,
3H), 1.964d, J=72 H,, 3H)
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Compound Name "H NMR m/z
. . (400 MHz, Methanol-dd} 8784 (d,
ARSI s THY. 766 (d =84 Hy, 2H), 733
carbamoylphenyljethyl)-N- | | 37 (m. OH). 7.04 { H). 6.88-6 96
226 {({4,6-dimethyi-2-ox0-1,2- /.37 i, 2H), e (Ilﬁ’ % On —
dibydropyri din:3~\/'i‘;n‘1@thyl)n ,. {m, ZH}, 590 (s, QH),D“M‘“S.EZ (m, i H‘; 457
- SR 4.57-4.63 (m, 2 H), 3.54 {s, / H), 2.99(s,
methyl-1H-indole-3- . - g NN A
carboxamide PEAK 2 3%1), 2“”@{5’,3}‘{)’,,2'45@’ 3H), 2.22(s.
3HY, 1.96(d, J=7.2 H,, 3H)
{Roor 8)-1-¢1-(3~ (400 MHz, Methanol-dd) & 7.78 (d,
cvanophenyblethy-N-{{4,6- | J=8Hz, 1H), 7.67 {d, }=7.2Hz1H), 7.54
227 dimethyl-2-0x0-1,2- (m, 3H), 7.13 (m, 1H}, 7.03 (4, J=4 Hz, 2
dihydropyridin-3-yhmethyl}-2- | H), 6.45 (s, 1H), 6.04 {m, 1H), 4.61 (5,
methyl-1 H-indole-3- 2H), 2.66 (s, 3 H), 2.52 (s, 3 H), 2.36 (s,
carboxamide PEAK 1 P, 2.02 (d, J=7.2 Hz, 3H)
(R or 8)-1-¢1-(3- (400 MHz, Methanol-ddy & 7.78 (d,
cyanophenyhethyD-N-({4,6- | J=8Hz, 1H), 7.67 (d, J=7.2Hz,1H), 7.54
228 dimethyl-2-0x0-1,2- {ro, 3H), 7.13 (m, 1H}, 7.03(d, J=4 Hz, 2
dibydropyridin-3-vhimethyl}-2- | H), 6.45 (s, 1H), 6.04 (m, 1H), 4.61 (5,
methyl- i H-indole-3- 2H), 2.66 (s, 3 H), 2.52 (s, 3 H), 2.36 (s,
carboxamide PEAK 2 P H), 2.02 (4, J=7.2 Hz, 3H)
(400 MHz, CD:0OD) 3§ 8.10 (brs, 1H),
oo g © i 18.06-8.04 (d, J=8.0 Hz, 1H)}, 7.26-7.24
(R or ?”d‘:i’%d‘m?g‘ii"f;‘m’" (d, J=8.0 Hz, [F), 7.18-7.14 (1, /~7.6 Hz,
213 _ Ll-dinydropynidin=3- 500900 (m, 2H) 6.69-667d, | ..
yhmethyl 1-(2,3-dthydro-1H- | 7 o o dtae a4 ate ~re | 427
. ‘ . J=6.8 Hz, 1H), 6.00(s, i1H}, 4.41(s, 2H},
inden-1-y1)-2-methyl- 1 H- 340 G O 2 46(s. 3. 2 30(s
indole-3-carboxyvlate PEAK 1 “:7,4 b, H), /"‘46(3’ “’H>’ /"‘3(?(5’
Y 3H), 2.17-241 (m, 1H), 1.52-1.49%(m,
2H)
St eme o N4 g | (100 MHZ, CDClh)
(Ror S Llsec uyh N0 5 8 116-8.132 (@, 1), 8.011-8.035 (4,

195 | dilydropyridin-3-vhmethyly-2- | [FD 7O37-7.057( 1H), 6036 (s, 1H). |
’metﬁ"/lniH~p\/{"ron{2 5. 4.462 (d, TZH), 6.30 (s, EH), 2.63(s, 3H), | 368
b}pvri;ﬁ1\@-34:&1‘?:30}@1&(1@ 2.356 7{5,31‘3){ 2.189¢s, 38),7 1.88()—1,933

ek (m., 1H), 1.587-1.605 (d, 2H), 1.226 (s,
T 2HY, 0,658 (1, 3H)
o 1 . (400 MHz, CDCl)
(Ror yItsee DUV 80715 1168132 (a. 1H), 8.011-8.035 (@

196 | dihydropyridin-3-yhmethyly-2. | L T037-7.057(t, 1H), 6.036 (s, 1H).

T ; 4462 {d, 2H), 6.30 (s, 1H), 2.63(s, 3H), | 368

methyl-1H-pyrrolo{2,3-
blpyridine-3-carboxamide
PEAK 2

2.356 (3,3H), 2.189(s, 3H), 1.880-1.933
(m, TH), 1.587-1.605 (d, 2H). 1.226 (s,
2H), 0.658 {t, 3F)
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Compound Name "H NMR m/z
(R or §)- (£)-1-(1- NMR (400 MHz, CDCly:
cyclopropylethy-N-{{4,6- & 8.32-834 (d, 1H), 8.18-8.2 {d, 1H),
262 dimethyl-2-0x0-1,2- 7.27-7.30(m, 1H), 6.70 (s, 1H), 447 (s,
- dihydropyridin-3-yhmethyl}-2~ | 2H), 3.94-3.95 (d, 1H), 2.61 (s, 3H), 2.43 | 379
methyl-TH-pyrrelof2,3- {s, 3H), 2.29-2.30 (s, 3H), 1.57-1.59 (d,
bipyridine-3-carboxamide 3HY, 0.63-0.64 (, 1H), 0.27-0.64 (m,
PEAK 1 2H), 0.02-0.04 (1, 1H)
(R or S} {£)-1-(1- NMR (400 MHz, CDCL):
cyclopropyiethy-N-({(4,6- 3 832-834 (d, 1H), 8.18-8.2 (4, 1H)},
253 dimethyl-2~ox0-1,2~ 7.27-730(m, tH), 6.70 (s, 1H), 447 (s,
o dihydropyridin-3-yhroethyl}-2- | 2H), 3.94-3.95 (d, 1H), 2.61 (s, 3H), 2.43 | 379
methyl- I H-pyirolof2,3- (s, 3H}, 2.29-2.30 (s, 3H), 1.57-1.539 (d,
blpyridine-3-carboxamide 3H), 0.63-0.64 (t, 1H), 0.27-0.64 (m,
PEAK 2 2H), 0.02-0.04 (¢, 1H)
NN A A et b o (400 MHz, CDClL) 6 1323 (s, 1H),
& 02125111;‘1‘54023?2“ b 1816817 (m, 1H), 8.11-8.13 (m, 1H),
. dihydropyridin-3-yiymethyD-1- TI‘S'”'()O ,“,’ ] 3'2}{"’“’ } H;)’ .6'93?"6‘9?
256 (1-methoxypropan-2-yl)-2- {m, Hi), 5.92 (s, EH)”, ”4(%2—4.83 ){bd, J o= 399
mctthE’anvrmioi’z,} %4 Hi:, TH), 4,65—4.5.»6‘ {d, 'J 6.4 H!
b}pvri;iine%nc»a,rboxamidc "/'H,) ’ '_)_8? , (S’, 3H), ;}'8}~.3“85 (m, EH)’
i PEAK 1 3.22 (s, 3H}, 2.79 {5, 3}1)? 217 (s, 3H),
1.64-1.66 (d, J = 8.0 Hz, 3H)
N BT (A s (400 MHz, CDCL) 0 13.23 {s, IH},
(Ror SYR (hmeton 0 1846817 (m, 1H). 811813 (m, 1H),
. dihydropyridin-3-yhmethyl)-1- 7'b7~7'ﬁﬂ (t’,\‘j = .2Hz, iH} ’ E“?Em{)‘%
257 (1-methoxypropan-2-yl}-2- im, IHj, 5.92 (S? iH), 4824383 (d, J= 399
methyl-1H-pyrrolo{2,3- ;1 Hz EH)’ 4,;‘}5"4‘66. ((i’ ,';i_: 64 H[’
blpyridine-3-carboxamide ”}E) 3.89 {s, 3H), 3‘81'3'53 _(”?" iH}’
PEAK 2 322 (snf 3H¥ 2‘79 (S”, 3H), 217 (s, 3H),
1.64-1.66 (4, ./ = 8.0 Hz, 3H)
R or 9 No{{4. v, | (400 MHz, METHANOL-d,) & ppm 1.77
ety oot | (684 He 3 )23 (5 3 H) 239
27% dihydropyridin-3-yhmethyt}-2- %H};gﬁ équ H) § ;4 Zji{j_igﬁ\) Z'Sf
278 methyl-1-( - z, 33.96 (s, 3 H) 4.54 (5, PAI2ZLL e

{methvisutfonyl}propan-2-vi}-
I H-~indole~-3~carboxamide
PEAK ]

(br. S.. 2 H) 630 (s, 1 H) 7.16 (dd.
J=7.94, 485 Hz, | H) 8.10 (dd, J=7.94,
1.54 Hz, | H) 8.27 (dd, J=4.63, .54 Hz,
| /)
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Compound Name 'H NMR m/z
Nt oo | (400 MHz, METHANOL-ds) 3 ppm 1.76
® (’;iiﬁﬁ(i;ff‘}hﬁf‘f"““‘ (d, J=7.06 Hz, 3 H) 2.33 (s, 3 H) 2.37 (s,
e;ii}wdrop‘v'riddir;3~¥f'i)rh9;t}1§’l)—7» 3 H) 2.74 (s, 3H) 3.62 (dd, /=14.66, 3.64
279 o et ’i»i'»(i~ TT O Hz, FHY3.94 (s, 3 HY4.52 (s, 2 H)y 5.19 446
(rnethvhu}f()rgii)propan—%vi)- (br. 5., 2 Hj 628 (s, 1 H) 7.15 {dd,
EH—'indo16»3»5&1‘&)0){331&d}4 ;i,}ij’ 418;)};;351 Eé iﬁi é‘idij;/ ;4’
PEA{{Z 1};{) Z_, 7 D . 5 O, e Z,
(Ror S} methony=0- 400 MEz CDCy 8 pom 190 (d
L MeyietORom Lo =728 He, 3 H) 2.26 (5, 3 HY 2.61 (s, 3
dibydropyridin-3-ylmethyl)-2- H) 349 {s % H 201 (s 3 H) 6‘{?( d
268 methyi—l—(i-(i~methyi-2-0x0~ “ . - “,M -
Jyaropy AR HA,E,H)59 gs,i )647(HH;706
Hi—pwmio{ b}pyridim 347 704 (m, 2 H) 7.61 (br. S.. | H) 818
caiboxam;ds, 2 ZSV ' Sﬂgj}‘ ' ‘
PEAK 28 (m, 2 H)
(R 0;;2}]1:1(54&:’{?&“’6 (400 MHz, CDCL) & ppm 190 (d,
dihvdro. W;d'iij%; TPty | /=7:28 Hz, 3 H) 2.26 (s, 3 H) 2.61 ¢, 3
oeo iy GropyTidin-5-yIMEtyl2e | 13 49 (s, 3 H) 3.91 (s, 3 H) 4.65 (d,
269 methyi-1-(1-(1-methyl-2-0x0- 7=5.51 Hz, 2 H) 5.72 (dd, /=7.06, 1.76 | 462
E -,u e ,,3 . WRTAY . T P )} o A, ST Ay . A d
boa-difydropyridin-d-yliethyll |y T T g0 ooy 6.47 ¢, 1 H) 7.06
tH-pyrrofof2,3-blpyridine-3~- | 7.4 (m, 2 H) 7.61 (br. S.. | H) 8.18 —
carboxamide Na i Aan T -
PEAK 3 8.28 {(m, 2 H)
Trans-(Ror S, Ror S}-N-- oy 400 M Hz) 6 785 (6.0 = 6.4 H,
,‘?mhoxf’"éfmtily F2-0x0-1,2+ | 40 TS (s, 28, 7.08-7.03 (o, 2H),
307 o s, | 593 (5, 1H), 471461 (n. 2H), 436 (5 | 4
- m:th 'iniﬂwindol(:n?wh TH), 3.90 (s, 4H), 2.95 (s, 3H), 2.75 {5, -
¢ gzrboxmdﬁ“ 3H), 217 s, 3H), 1.57 (d, J = 7.2 Hz,
PEAK 1 3HY, 1.23(d, J = 6.0 Hz, 3H)
Trans-{ S, Roor S}-N-((4- o on
Lrans-(R or S K or B MAC (CDC. 400 M 1) 57,85 (1,7 = 6.4 Hi,
308 g;_n}ffhox fb{ﬁén-z-vzﬁz- %93 G Fn 471461 (m. 2H), 436 (s, 4o
PTIRENORY DUtAn-L=3 1H), 3.90 (s, 4H}4<}5(s 3H), 275 (s, |
methyl-1H-indole-3- ), 217 (s, 3H), 1.57 (d. J = 7.2 Hz
carboxamide ot B
PEAK 2 3H), 1.23(d, J=6.0Hz 3H)
N-{{4,6~-dimethyl-2-0x0-1,2-
dibydropyridin-3-vhmethyl}-2-
16 methyi-i,-{bphcnyk?t}?yl}-1 H- 415
) pyrrolo]2,3-blpyridine-3- :
carboxamide

PEAK 2
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Compound Name "H NMR m/z

N-{{4,6-dimethyl-2-ox0-1,2-
dihydropyridin-3-vhmethyl}-2-
methyl-1-{ 1-phenylethyvi)-1H-
pyrrolof2,3-blpyridine-3-
carboxamide
PEAK 1

t17 415

180366] Exsmple 47. Svathesis of 1-(1-{3-cvanophenvhiethy-N-{{(4,6-dimethvl-2-030-1,2-

dibvdropvridin-3-viimethvD-2-methvi-i H-indole-3-carboxamide (Compound 187
ON

} g.mm;g, Pe(FPhyl,

W T § " ; Y
Nf\’ HN Ny oo R
5 Q & =

L

1-(1-(3-bromophenyethyl}-N- ((4,6 dimethyi-2~oxo-1,2-dihydropyridin-3-ymethyh-2-methyl-

{H-indole-3-carboxamide (Compound 171; 100mg, 8.2 mmol}, Za{CN}: (36mg, 0.3 mmol},
Pd(PPhsls (47 mg, 0.04 mmol) were combined in 2 mi DMF, then stirred at 180°C for 30 min
under Ny inmuw. After the complete of the reaction, purified by pre-HPLC (A: CHiCN,
Bowater-+0. T%HCL A:B=32:62 ASB C18 150%25mmy  to afford the title compound {35 mg,
vield: 40%).1H NMR (400 MHz, Mecthanol-d4) 67.78 (d, J=8 Hz, 1H), 7.67 (d, J=7 2Hz, 1 H},
7.54 (m, 3H}, 7.13 {m, TH}, 7.03 {d, J=4 Hz, 2 H), 6.45 (s, 1H), 6.04 (m, 1H}, 4.61 (5, ZH}), 2.66
{s,3H), 2.52(s,3H)},236¢s, 1 H),2.02 (d, =7.2 Hz, 3H).

1983671 Example 48, Svnthesis of )-I-(sec-butvii-MN-{(4d-methoxy-o-methvl-2-030-1,2-

gihvdropyridin-3-vhimethvli-2-methvi-6-{oyridine-3-vi}-1 H-indole-3-carboxamide,

{Compound 388).

{HOLB \ ;

e

A solution of (&)-1-(scc-butyi}-6-chloro-N-({(4-methoxy-6-methyl-2-oxo-1,2-dihydropyridin-3-

vhmethyh-2-methyl-1H-indole-3-carboxamide (Compound 185) (50mg, 0.12mmol), pyridine-3-
viboronic acid (22 mg, 0.18 mmol}, tricyclohexyvlmethane (7Tmg, 0.024umob), KiPO4 (120mg,
0.60 munol), Tris{dibenzylidencacetoneidipalladium(0¥ 10 mg), water {1 mbLjand 1,4-dioxane (4

mE} was stirred under N at 100°C for 16 h. The rcaction was then allowed to cool to rt and the
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mixture was diluted with water and dichloromethane, the aqueous layer was extracted with
dichioromethane. The organic layers were dried with Na;SOy and cvaporated. The residue was
purificd by preparative-HPLC {Instroment: Gilson 215; Columy Gemint CI8 10u 150%25mm;
Mobile phasc A Water{0.0225% HCI v/v); Mohile phase B: Acctoniirile(neutral);Gradient:42-
62(B%);Flowrate:25ml/min) The collected fractions were combined and lyophilized to give 1-
{sec-buty}-N-({(4-methoxy-6-methyl-2-oxo-1,2-dthydropyridin-3-yhymethyl)-2-methyi-6-
{pyridine-3-y1)-1H-indole-3-carboxamide as a yellow solid (3.2 mg, vield 5.7 %).LCMS (M +
H+) nvz: caled 458.23; found 459.0. 1H NMR {400 MHz, CD:0OD): 0225 (s, 1H), 895 (d,
J=8.4, 1H), 8.80 (d, J=5.6, 1H), 8.18 {t, J=5.6, 1H)}, 8.05 (s, 1H), 7.97(d, J=8.0, 1H),7.60(d,
=84, 1H), 6.86(s,1H), 4.64(m,1H}, 4.62 (8.2H), 4.13 (s, 3H), 2.73(s, 3H), 2.53(s, 3H), 2.30(m,
{H), 2.03-2.10¢u, 1H), 1.71{d, I=6.85, 3H), 0.77(t, J=7.6, 3H).

[00368] The compounds shown in the following table were prepared according to the general
procedure outlined in this cxample using the appropriate starting materials and modifications.

Structures are shown in Figure 1.

Compound Name 'H NMR m/z

. @00 Midz, CBOL) 8 777 (4. 184, 1),
E SCC~ Zf’i N~ { ( N - - ){ iy i, ;
ngeghoéyfg_f;;g«}il | 7:68 (5, 111, 7.60 (4. 1=7.6, 211, 7.43-7.48
359 | 2-dihydropyridin-3. | 0% b 735 {6 076,00, 7206,
e e, | 6L, 462 (.2H), 449 (s, 1H), | 458

e motay 395 (5, 3. 276 (s. 3H). 267 (s, 31,
el AT bndoleSs 2 182,24 (m, 1), 1.94-2.01 (m, 1), 1.64

FATLOARIIEE (d, }=7.2. 3}, 0.76 (t, I=7.6, 3H)

(400 MHz, CDCL) § 0.74-0.78(t, J=7.2 Hz,
3H), 1.59-1.61(d, J=6.8 Hz, 3H) ,1.88-
1.98¢m, TH),2.18 (s, 5H), 2.74 (s, 3H), 3.02-
3.04(t, J=5.0Hz, 3H), 3.55-3.58(t, J=5.2Hz,
IH), 3.85-3.86(d, J=4.4 Hz, 3H).4.45 (brs,
1H), 4.66-4.68(d, J=5.6Hz, 2H).5.89 (s,
iH), 6.62-6.65(d, J=8.8Hz 1H),7.15-7.17
(t, J=7.6Hz, 1H), 7.54(s, 1H),7.64-7.67 (mn,
2H), 7.85-7.87(d, J=8Hz, 1H), R42-8.43(d,
J=2 &z, 1H)

(3~ 1-{sec-buty}-N-({(4-
methoxy-6-methyl-2-0x0-
1,2-dihydropyridin-3-
yhmethyl)-2-methyl-6-(6-
(piperazin-1-yHpyridine-3-
yvH-1H-indole-3-
carboxamide

349 543

160369 Example 49. Symthesis  of Z2-methvi-1-{1,2.3.d-tetrabvdroguinolin-S-vi}-1 H-

indole-3-carboxvlic acid.
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H,, PO,

To a solution of Z-methyl- 1-{quinolin-5-yI}-1H-indole-3-carboxvlic acid (Exarople 40} (25 mg)
in acetic acid (3 mL) was added PtO; (50 mg) at 22 °C. The reaction was stirred at 22 °C under
H, ball for 20 hrs. Then the mixture was filtered and the filtrate was purnified by column
chromatography on silica gel elpted with dichloromethane: methanol = 70:1 to the title
compound as a yellow solid (20 mg, 71%3).

[88378] The compounds shown in the following table were prepared according to the general

procedure onthined in this example using the appropriate starting alkyl carboxylate.

Name Structure m/z

2-methyl-F-(6-methy]-1,2,3 4~

tetrahydroquinolin-5-yi)-1H-indole- 321
3-carboxylic acid
2-methyl-1-(1,2,3.4

tetrahydroquinolin-6-yl)- 111 indole- 347

3-carboxylic acid

[08371]  The carboxylic acids of this example were used as starting material in Step 4 of
Example 36 in the synthesis of certain compounds of the invention.

1983721  Example 38, Svnthesis of J-methvi-1-(3-methvibutanovi-1 H-indole-3-carboxvlic

acid. The title compound was used as starting material in Step 4 of Example 36 in the synthesis
of certain compounds of the invention.

{60373 Step I: tert-butyl Z-methyl-1-G-methylbutanoyD-1H-indole-3-carboxyiate

-carboxyiate (300 mg, 1.30 muool) in NN~
dimethyviformamide (10 mL} was added sodim hydride (103.76 mg, 2.59 mmol, 60%). The

mixture was stirred at 0°C for 30 mumates. Then 3-methyibutanoyl chloride (234,60 mg, 1.95
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mmol} was added at 0°C and the mixture was stirred at room temperature{25°C) for 2 hours, The
mixture was cooled with ice, quenched with water (5 mL), dikuted with ethyl acetate (20 mL),
washed with brine (20 mL), cxtracted with cthyl acetate three times (20 mLx3), then dried over
sodium sulfate. After concentration, the residuc was purified by column on silica gel (0%-5%
PE/EA} to afford the title compound {200 mg, yicld: 48.89%).

{80374] The compound shown below was prepared according to the general procedure

outlined in above using the appropriafe starting materials and modifications.

Name Structure m/z

tert-butyl Z-methyl-1-(tetrahydro-2H-
pyvran-4-carbonyl)- 1 H-indole-3-
carboxylate

{60375  Step 2: Z-methyi-1-{3-methyibutanoyi}-1 H-indele-3-carboxylc acid:

TF&

To a solution of tert-butyl 2-methyl-1-(3-methylbutanoyl)-1H-indole-3-carboxylate (200 mg,
634.10 umol) in dichloromethane {5 mbL) was added trifluoroacetic acid (5 mL). The mixture
was stirred at room temperature (25°C) for 1 hour, The mixture was evaporated and partitioned
between dichloromethane and water. The aqueous fayer was washed with dichloromethane (10
mb.x2), combined the organic layers, dried over sodium sulfate, then filtered and concentrated in
vacuum afford the title compound (30 mg, vield:89%).

{00376} The carboxylic acids shown in the following table were preparcd according to the

general procedure outlined above using the appropriate starting materials and modifications,

Name Structure m/z

2-methyl-1-{tetrahydro-2H-pyran-4-

carbonyl)-1H-indole-3-carboxylic 288
acid
() 1-(2,3-dihydro-1H-inden-1-y13-2-
methyl-1H-pyrrolo{2,3-blpyriding-3- 292

carboxvlic acid
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Naioe Structure n/z
{£)-2-methyl-1-{tetrahydroturan-3- N 1
yl-1H-pyrrolof2,3-bpyridine-3- vo, 4 N 247
carboxylic acid (\ \Ha
o4
Lhee
(£}~ 1-{I-methoxypropan-2-yl}-2- \}‘“’j
methyl-1H-pyrrolof2,3-blpyridine-3- \f&}w 249
carboxylic acid HE \ P
o
{£3-1-(1-(3-methoxyphenyljethyl)-2- \} ,\:'“' )
methyl-1H-pyrrolof2,3-blpyridine-3- o : 311
carboxylic acid " OP

{(+3-1-(1-(2~-methoxypyridin-4-

yhethyl}-2-methyl-1H-pyrrolof2,3- 312
blpyridine-3~carboxylic acid
i-{chroman-4-yi}-Z-mecthyi-1H-
pyrrolo]2,3-blpyridine-3-carboxylic 349

acid

(+3-1-(1-cyclopropylethyl}-2-methyl-
{H-pyrrolo[2,3-bipyridine-3-

. . HO
carboxylic acid m
G

(&)~ I-(I-ethoxypropan-2-yi}-2- ‘},-f
roethyl- 1H-pyrrolof2,3-blpyridine-3- N 263
carboxylic acid no A \}:"-Ng()
IAY
. : =
() I-{i-cyanocthyl}-2-methyl-1H- of
pyrrolef2,3-blpyridine-3-carboxylic ) -t 230
acid HO\;{ §
i3 -
S
(+3-1-(1-{5~-methoxypyridin-3- {" h
yhethyi}-2-methyl-1H-pyrrolof2,3- o M 312
bipyriding-3-carboxvlic acid Ho. =N
X4
Q
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Name

m/z

{)-2-methyl-1-{ {-phenyipropvi}-1H-
pyrrolo]2,3-blpyridine-3-carboxylic
acid

b
el
Ut

(£)-1-(1-(1 H-pyrazol-1-yDpropan-2-
yi-2-methyl-1H-pyrrolef2,3-
blpyridine-3-carboxyvlic acid

(x)-1-(}-(2-methoxypyrimidin-4-
vhethyl}-Z-methyl-1H-pyrrolof2,3-
blpyridine-3-carboxyvlic acid

a9
g
2

{+)-Z-methyl-1-{1-
morpholinopropan-2-ylj-1H-
pyrrolo]2,3-blpyridine-3-carboxylic
acid

(&3 1-(1-(1 H-benzo[djimidazol-1-
yhpropan-2-y1)}-2-methyl-1H-
pyrrolo]2,3-blpyridine-3-carboxylic
acid

(8]
(98]
(9]

{(#3-1-{1-(3-cyanophenylethyi)-2-
methyl-1H-pyrrolo2,3-blpyridine-3-
carboxylic acid

306

{-(3-methoxybutan-2-y1}-2-methyl-
1 H-pyrrolof2,3-blpyridine-3-
carboxylic acid

263

()~ E-(1-(3-carbamoylphenylethyl)-
2-methyl-1H-pyrrolo]2,3-blpyridine-
3~carboxylic acid

)
N2
i

2-methyl-1-{tetrahydro-2H-pyran-4-
yh-1H-pyrrolof{2,3-blpyriding-3-
carboxylic acid

261
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Naroe Structure m/z
{(#)-2-methyl-1-(1-(2-oxopyridin- Q
H{2H-yhpropan-2-vh-1H- N O 112
pyrrolo[2,3-bipyridine-3-carboxylic o T N -
acid W
{(£)-2-methyl-1-(1- WSQ:MS
(methylsuifonyhpropan-2-y1}-1H- o 2977
pyrrolof2,3-blpyridine-3-carboxylic o A \MN '
acid G 4
N‘M
(x)-2-methvl-1-(I-(pyridine-~2~ \;.,.-/0 '
yvioxypropan-2-yh-1H-pyrrole[2,3- - 312
blpyridine-3~carboxylic acid o »
O
O F
2-methyl-1-(3-(methylsulfonyhbutan- N / 310
2-yy-1H-indole-3-carboxylic acid ~ H '
O A R
TS
O Sodegenty
f-cvelopentyl-2-methyi-1H- Q
pyrrolo]2,3-blpyridine-3-carboxylic \"r{‘”}‘ 245
acid HO -
'Y
/N
(&) I-(I-cyvanopropan-2-yi-2- M
methyl-1H-pyrrolof2,3-blpyridine-3- N 244
carboxylic acid "o 7N
Q 2o
CONM,
{£}-1-{4-amino-4-oxobutan-2-yi}-2- \)-/ i
methyl-1H-pyrrolo[2,3-blpyridine-3- vo. M N . 262
carboxylic acid | ‘: g
(x}-2-methyl-1-(1-{{-mcthyl-2-0x0- >_/\’\=\N__
1,2-dihydropyridin-4-yljcthyl)- 1 H- \'TN p- ﬁ 312
pyrrolof2,3-blpyridine-3-carboxylic Ho A P -
acid 4 .
i-(3-hydroxy-3-methyibutan-2-yi)-2- N>M<OH
methyl-1H-pyrrolo2,3-blpyridine-3- HO, N 263
carboxylic acid / 7N
{)-2-methyl-1-(1-(piperidin-1- w@
viypropan-2-yh-1H-pyrrolo{2,3- N 302
blpyridine-3-carboxylic acid woy A 2 4
Q oy
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Naroe Structure m/z
\> /'"“OH
{(#)-1-(d-hydroxybutan-2-yi}-2- N
methyl-1H-pyrrolof{2,3-blpyriding-3- \ﬁ: - 249
carboxylic acid HO\H/ ¢ >
O ‘“2:/ o~
(+}-2-methyl-1-{piperidin-1- 0\\3/;" -
visulfonyh-1H-pyrrolo{2,3- : A 324
blpyridine-3-carboxylic acid HO\H/R(}\E‘\*‘
& e
OH
{(+3-1-(2-hydroxypropyh)-2Z-methyi- ~ X
1H-pyrrolo]2,3-blpyridine-3- I 'N;\ . 23S
arboxviic acid HO_ J‘\,// ’i“
carboxylic aci I./ )
(£)-1-{3-mecthoxybutan-2-y1}-2- G ‘}\NL .
. v . - . . 7 262
methyl-1H-indole-3-carboxylic acid %“*\/ N
HO

{£}-1-(1-methoxypropan-2-y1}-2-
methyl-6-(trifluororethyl)-1H-

pyrrolof2,3-blpyridine-3-carboxylic 317
acid
{(+3-2-methyl-1-(4,4,4-triftuoro-3-
methoxybutan-2-yi}- [ H-indole-3- 316

carboxylic acid

(x}-1-(3-mecthoxypentan-2-yl}-2- .
methyl-1H-pyrrolo]2,3-blpyridine-3- K f

L
xS
-3
-3

carboxylic acid N )\ —
o
2
~(3-methoxypentan-2-y13-2-methyl- .
] (“,’m i:hg?xypeni%n §71)- m.cihyl N 276
[ H-indole-3-carboxylic acid f }R\
How_ A A
T
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Name Structure m/z
....... \O
<f’ 3
i-{1-methoxy-1-phenyipropan-2-vl)- —f N
2-methyl-1H-pyrrolo]2,3-blpyridine- \( N 325
3~carboxylic acid HO | ) P{:E
I,

{663771  EHach of the above carboxylic acids was used as starting material in Step 4 of Example
36 in the synthesis of certain compounds of the invention,

1663781 Example 51, Svnthesis of tert-butvl 1-(2.3-dibvdre-1H-inden-1-vi-Z-methvi-1H-

pyvrrolel2.3-bipvridine-3-carboxyiate. The title compound as starting material in Step 3 of

Examplc 36 in the synthesis of certain compounds of the invention,

{80379 Tert-butyl Z-methyk-1H-pyrrolo}2,3-bipyridine-3-carboxyiate:

(SL.‘ t-butyiacetoaceiate
}‘“N Cul, L-proline

Q Cs,C0,, dioxane 1
Soney,, L

To a 330 mb round-bottom flask that contains N-acetyl-N-(3-bromopyridin-2-yljacetamide

(14.815 g, 57.6 mmol), was added copper(l} iodide {1.098 ¢, 5.76 mmol}, L-proline {1.327 g,
11.53 mmol}, cestum carbonate (28.2 g, 86 mmol}, then t-butyl acctoacetate (11.47 mi, 69.2
mmol} and dioxane (100 mL). The reaction was vac/purged with N, 3X then fitted with a
septum and a Ny inlet and heated overnight at 70 °C. The inorganic solids were removed by
filtration over colite and the cake was washed with 1080 mL EtOAc. This solution was
concentrated and the residue was partitioned between 250 mb brine and 250 mL EtQCAc. The aq.
Layer was further extracted with HtOAc {(Zx250 mL} and the combined organic layer was dried
over NapSQy, filtered, concentrated and purified by CC using 111 EtOAc:Hex as cluent to
provide (2.7g, 20.2%;} of tert-butyl 2-methyl-1H-pyrrolo{2,3-blpyridine-3-carboxylate. LRMS
(M +H") m/z: cale’d 233.28; found 233.1.

{00380} The compounds shown in the following table were prepared according to the general

procedure outlined above using the appropriate starting materials and modifications.
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Naroe Structure m/z
tert-butyl 2-methyl-6- iy
{(triftuoromethyl}- 1 H-pyrrolof2,3- >ro P K 331
bipyridine-3-carboxylate o W CF
cthyl 6-(4-(tort- "
butoxycarbonyhpiperazin- 1 -yl-2- UL i N 159
methyl-1H-pyrrolof2,3-blpyridine-3- 5 W™ 30

carboxylate

{80381]  Tert-batyl 1-23-dibydro-1H-inden-1-y-2-methyl-1 H-pyrrolo{2,3-bipyridine-3-

carboxviate:

A solution of ethyl tert-butyl 2-methyl- I H-pyrrolo[2,3-blpyridine-3-carboxylate (100 mg, 0.74
mmol), 2,3-dihydro-1H-inden-1-01 {176 mg, 0.74 mmol), PPh; {195 mg, 1.49 mmol} was stirred
in dry THF (10 mL) at 0 °C under a nitrogen atmosphere. To this mixture was added drop-wise
DIAD (150 mg , 148 rmomol} over a period of 5 nun, and the reaction was stired at room
temperature for 16 hours. The mixture was washed with brine, dried and concentrated to afford
the crude product. The crude product was purified by silea gel chromatography (petroleum
cther/ethyl acetate = S:1) to afford the tert-butyl-1-(2 3-dihydro-1 H-inden-1-y1}-2-methyl-1H-
pyrrolo]2,.3-bipyridine-3-carboxviate (150 mg, 60%:}.

{00382]  The compounds shown in the following table were prepared according to the general

procedure outlined above using the appropriate starting materials and modifications.

Name Structure m'z
(E)-tert-butyl I-{sec-butyl)}-2-methyi- Q\\
{H-pyrrolo[2,3-bipyridine-3- L‘ l\ 777777 289
carboxylate Y
N
{(x)-tert-butyl 2-methyl-1- \ 4
{(tctrahydrofuran-3-yl}-1H- N\, - N 303
pyrrolof2,3-blpyridine-3-carboxylate i ] /%Pf
A
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Name Structure m/z
o)
tert-butyl 1-(chroman-4-yl}-2-methyl- \ )‘4} IR
1 H-pyrrolof2,3-blpyridine-3- o FX N/ 364
carboxylate i \?l/{ﬁ&T
c i
(£3-tert-butyl 1-(1-cyclopropvicthyl)- N? E
2-methyl-1H-pyrrolo]2,3-blpyridine- o e 381
3-carboxylate >r
Q
{}-tert-butyl Z-methyl-1-(1- 7N
pheﬂylpmpyl)»l H-pyrrolo{2,3- o M A - 351
blpyridine-3-carboxylate >§f w0
5
7
{(x}-tert-butyl 1-(1-(1H-pyrazol-1- \__jN
vipropan-2-yi}-2-methyi-1H- N 341
pyrrolof2,3-bipyridine-3-carboxylate o, =N
\
x 1 Lo
0
tert-butyl 2-methyl-1-{tetrahydro-2H- Q
pyran-d-yi}-1H-pyrrolof{2,3- i N 317
blpyridine-3-carboxylate >i,o =N
4 W
tert-butyl [-cyclopentyl-2-methyl- Q
1H-pyrrolo]2,3-blpyridine-3- ; N y 301
carboxylate >T«0 \""
5
o
{£)-tert-butyl 2-methyl-1-(1- p@
{(piperidin- | -yhpropan-2-yi}-1 H- N 358
pyrrolof2,3-blpyridine-3-carboxylate \f’O L2 %‘5
O e

[00383] FHach of the above alkyl carboxylates was used as starting material i Step 3 of
Example 36 in the synthesis of certain compounds of the invention.

[00384] Example 53, Synthesis of fevt-buivl Z-methvi-1-3-Gmethvithiolbuian-2-vD-1H-

indole-3-carboxviate. The title compound was used as starting material in Step 3 of Example

36 in the synthesis of certain compounds of the invention.

[00388]  Step 1: tert-butyl 2-methyl-1-G-oxobutan-2-v)-1H-~indole-3-carboxviate:
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a \me / CHLCNreflux § \ 4
O ==/

To a solution of tert-butyl 2-methyl-1H-indole-3-carboxylate (2g, &.65mmol)} and 3-chlorobutan-
2-one {l.lg, 10.38mmol} in acctonttrilc (18mLl} were added potassium carbonate (3.2g,
25.8mmol} and potassium iodide {1.4g, 8.65mmol). The reaction mixture was stirred at 90 °C
overnight, To the reaction mixture was added water 20mL). The aqueous layer was extracted
with ethyl acetate (530mb »4}. The combined organic layers were dried over sodinm sulfate and
concentrated. The crude product was purificd by silica gel coluron {petrolenm ether/ethyl acetate
160:1 to 80:1) to give tert-butyl 2-methyi-1-(3-oxobutan-2-y1)- 1 H-indole-3-carboxylate (600mg,
yield: 23%) as a yellow oil. LRMS (M~+H™) m/z: caled 301.17; found 302,

[B0386]  Step 2: tert-butyl -3-hydroxybutan-2-yi)-2-methyl-1 H-indole-3-carboxylate:

\) ______ % OH
# \\T,N < NaBH/THF/ \T"h
‘Bul : BUO L ]

o] o) P

To a mixture of tert-butyl Z-methyi-1-(3-oxobutan-2-vi}-TH-indole-3-carboxviate {120mg,
8.3%9mmol} in tetrahydrofuran (3 mlb) was added sodium borohydride (79mg, 2.08mmol}. The
reaction mixture was stirred at room temperature for 3 hours. The reaction mixture was quenched
by adding water (3ml} and extracted with ethyl acetate (20mb =4}, The combined organie layers
was dried over sodinm sulfate and concentrate to afford tert-butyl 1-(3-hydroxybutan-2-yi)}-2-
methyl-1H-indole-3-carboxylate (110mg, yield: 93%) as a yelow oil. LRMS (M+HT) m/i
caled 303.17; found 304.
{BO387]  Step 3: tert-butyl Z-methyi-1-(3-(tosyloxy)butan-2-y)-1 H-indole-3-carboxylate:

OH OTs
) i\ T5Ci N r}—< \

‘Buom:{\:,\%: ) ‘BUOT/L{/:.}

|
To a mixture of tert-butyl 2-methyl-1-(3-oxobutan-2-yH-1H-indole-3-carboxylate (1.1 g,

3.6mmol) in dichloromethane (4ml} were added 4-methytbenzene-1-sulfonyl chloride {1.3g,
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.
Ji
i

2mmol), and 1 4-diazabicyclof2.2 2loctane (1.2g,10.8mimol) at 0°C. The reaction mixture was
stirred at 0°C for 3 hours. The reaction mixture was added to water (30mL). The aqueous layers
was extracted with dichloromethane (10mL x3), The combined organic layers was dried over
sodium sulfate and concentrate to afford tert-butyl 2-methyl-1-(3-(tosyloxyibutan-2-yH)-1H-
indole-3-carboxvlate (1.6g, vield:96%) as a yellow oil. LRMS (M+H") m/z: caled 457.19;
found 458,

[00388]  Step 4: tert-butyl 2-methyl-1-G-{methylthio)butan-2-yh~-1 H-indole-3-
carboxyiate:

= ol

]

NI
\], Na” T . |
TBU()T]/Q\\:‘ tBU\.)j]/‘\% \‘
\ \
O \:‘::;a‘/

G S

A mixture of compound tert-butyl 2-methyl-1-(3-(tosyloxy)butan-2-y1}- 1 H-indole-3-carboxylate
(200 mg, 0.43 mmol} in N N-dimethyl formamide (2mL) was added sodium methanethiolate
{994myg, 1. 4dmmol). The reaction mixture was stirred at 110°C for 4 hours. The reaction was
quenched by adding water (6mL}. The agqueous laver was extracted with cthyl acetate (30mLx3),
and the organic layer was concentrated. The crude product was purified by preparative TLC
{clute: petroleony ethyl acetate:5:1) to give product tert-butyl 2-methyl-1-(3-(roethylthio}butan-
2-y1)-1H-indole-3-carboxylate (100mg, yield :68%). LRMS (M-+H"} m/z: cale’d 33318, found
334,

[B0389] Step 8: tert-butyl 2-methyi-1-(3-tmethyithio)butan-2-yh-1 H-indole-3-

carboxviate:
_ OF
> 4 / -
\\;-—’N Oxcne NN
tBuO\T{ “ N *’tBuO /L!\ Vg
S G

To a solution of compound (4~-methoxy-6-methylpyridin-3-ymethanamine (100mg, 0.3mmol)
in dichloromethane{3mL) and water{(3ml) was added oxone (3.7g, 6mmol). The reaction
mixture was stirred at roorn temperatore for 48 hours. The reaction was quenched by adding
water {20mL). The agueous laver was extracted with dichloromethane (50mLx3) and organic

laver was concentrated. The crade product was purified by preparative TLC (chute: petroleum
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cther: ethyl acetate 3:1) to give compound tert-butyl Z-methyl-1-(3-(methyisuifonyhbutan-2-yl)-
1 H-indole-3-carboxylate (30mg, vield: 27.5%).as a yellow solid. LRMS (M-+H") m/z: cale’d
365.17, tound 366.

[80390] Example 83, Synthesis of (R or S3-Ethyvl 2-methvi-1-(}-(etrabvdro-2H-pyran-4-

vhethyh-1H-pyvrrolol2.3-bipvridine-3-carboxviate. The title compound was used as starting

material in Step 3 of Example 36 in the synthesis of certain compounds of the invention.
100391 Step 1t (R or S8)PNA((4-Methoxy-6-methyl-2-ox0-1,2-dihvdropyridin-3-
vhmethyvh-2-methyh-1-(I-(tetrabydro-2H-pyran-d-yhethy- 1 H-pyrrolo[ 2, 3-blpyridine-3-

carboxamide:
Cs*
i, ©f O @
E +
- E 8 Cs'0
&% §
N F
(8]

To a re-scalable vial containing 2Z-fluoro-3-iodopyridine (2.14 g, 2.60 mmol}, (§)- or (R)-1-
(tetrahydro-2H-pyran-4-yhcthanaminium chloride (1.2175 g, 7.35 mumol} and cesium carbonate
{7.54 g, 23.14 mumol} was added DMAc (10 mL). The vial was subscquently sealed and placed in
a 125 °C bath. After stirring at 125 °C for 48 h, the rcaction mixture was cooled to room
temperature and partitioned between EtOAc with water. The agucous layer was extracted with
EtOAc (3x). The combined organic layers were washed with a minimal amount of water (2x),
dried over NaySOy, and concentrated to give a heterogencous brown oil. The oil was diluted with
EtOAc/Hexanes (1:3) and filiered. The solids were washed with EtOAc Hexanes (1:3) and the
filtrate was concentrated to give a brown oil. The resultant oil was purified on a Biotage system
{40 g, gradient clution 2% EtOAc¢ : 98% Hexanes to 10% EtOAc : 90% Hexanes, then isocratic
0% EtOAc : 90% Hexanes). The product (8) or (R)-3-iodo-N-{1-{ictrahvdro-2H-pyran-4-
yhethylpyridin-2-amine (0.84 g, 2.53 mmol, 34.4 % vield) was isolated as a clear colorless oil.
LRMS (M + H ) m/z; caled 333.0; found 333,

[00392] The compounds shown in the following table were prepared according to the general

procedare outlined above using the appropriate starting materials and modifications.

| Name | Structure m/z
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(S} 3-10do-N-{1-
phenylethyhipyridin-2-amine

803931 Step Z: (R or S}Ethyl Z-methyi-i-(I-(tetrahydro-2H-pyran-4-vijethyl-1H-

pyrrolo]2,3-bipyridine-3-carboxylate:

=
{ - aH O e
NT TNH + M B

OBt N

¢
A re-sealable vial containing (S)- or {R)-3~1odo-N-{1-{tetrahydro-2H-pyran-4-vjethyDpyridin-2-
arpine (0.333 g, 1.002 mmol), copper(l) 1odide (0.0084 g, 8.044 mmol), bipheoyl-2-0l {0.018 g,

0.106 mumol), and cestom carbonate (0.672 g, 2.062 mmol) was diluted with THF (3.5 mL). To
the orange muxture was added ethyl 3-hyvdroxybut-2-encate (0.25 wl, 1.977 mmol). The
resultant bluc-green contents were evacuated and porged with Ny (g) (3x). The vial was
subsequently sealed and heated to 100 °C. After 24 h, the reaction mixture was cooled to room
temperature and filiered over a pad of Celite. The flter pad was washed with EtOAc (3x) and the
filtrate was concentrated to give a thick brown oil. The resultant oil was purified on a Biotage
system (50 g, gradient elution 2% EtOAc @ 98% Hexanes to 15% EtOAc © §5% Hexanes, then
15% EtOAc : 85% Hexanes). The produoct (S)- or (R}-cthyl Z-methyl-1-(1-(tetrahydro-2H-pyran-
d-ylethyl)-1H-pyrrolof2,3-blpyridine-3-carboxylate (8.257 ¢, 0.812 mmol, 81.0 % vield) was
isolated as a white foam. LRMS (M + H'Y m/z: caled 317.2; found 317,

{803%94] The compound shown in the following table was prepared according to the general

procedure outlined above using the appropriate starting materials and modifications.

Name Structure m/z

(8)- ethyl 2-methyl-i-(1 -phenylethyl)-
FH-pyrrolo]2,3-blpyridine-3-
carboxviate

309
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{00395} This compound was also uscd as starting material in Step 3 of Example 36 in the

synthesis of certain compounds of the invention.

180396} Exsmple 54. Svuthesis of N-({(d-methoxy-6-methvi-2-exo-1,2-dibvdrepyridin-3-

vhimethvli-2-methvi-1-{1-(3-{methvicarbamovhphenvhethvh-1 H-nvrrolol 2 3-bipvridine-3-

carboxamide (Compound 263).

{60397 Step i: 3-(-(3-{{{4-methoxy-t-methyl-2-ox0-1,2-dihydropyridin-3-
yhmethyvhcarbamoyvh-Z-methyi-1H-pyrrole2,3-bipyridin-i-yhethyDbenzoic acid:
FN oo

NP, ey
/ LIOH, H,G, THF, Ma0OH 4
o~ O \[’”N\ N s Py , f’\/o R 4

K\/{/\’[\/ﬁ\(d‘\/}\h\‘ reflux HN LVQYH & iﬂ
i } ] Y
o O ‘E:) o] e b

Lithium hydroxide anhydrate (10.51 mg, 0.439 mmol} in water (5 mL) was added to 1-(1-(3-
cyanophenyhethyl}-N-({4-methoxy-6-methyl-2-oxo-1,2-dthydropyridin-3-yhmethyl)-2-methyl-
1H-pyrrolo{2,3-bipyridine-3-carboxamide (20 mg, 0.044 mmol} in tetrahydrofuran (2 mbL) and
methanol {3 mL) and the resoltant roixtare was stirred at 100°C for 12 hours. The mixture was
evaporated, added with water (I mL), acidified with aqueouns hydrochloric acid (1M) to pH = 2.
The precipitate solid was filtered and dried to obtain the title compound (20 mg, yield:96%;).
180398] Step  2: Methyl  3-(3-G-(((¢-methoxy-6-methyl-2-oxo-1,2-dikydropyridin-3-
vhmethyhcarbamoyh-2-methyb1H-pyrrolo2,3-blpyridin-1-yhethyhbenzoate:

0
AY
w0

=
2384 MeOH \]/’\\ >—O
leﬂux J/\/ ’I\\e\

To a solution of 3-(1-3-{{{(4-methoxy~6-methyl-2-oxo0-1,2-dihydropyridin-3-

yiymethyhcarbamoyi}-2-methyi-1 H-pyrrolof 2, 3-blpyridin- T -vljethylbenzote acid (20 mg, 0.042
mmol) in MeOH (6 mL) was added 2-3 drops of suifuric acid. The mixture was stirred at 70°C
for 1 hour. The solvent was evaporated. The residue was dissolved in water (3 mi), quenched by

saturated NaHCOs: solution, extracted with EA (18%3). The combined organic phase was dried by
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sodium sulfate, and then filtered. The filtrate was concentrated to give the title compound (20
mg, yicld: 97%;).

[B0399]  Step KH N-{{4-methoxy-¢-methyi-2-oxoe-1,2-dibyvdropyridin-3-yhmethyl)-2-
methyi-1-(1-3-(methylcarbameyliphenyhethyl)-1H-pyrrolo| 2,3-blpyridine-3-carboxamide
{Compound 263):

Methyl 3-(1-(3-({{4-methoxy-6-methyi-2~-oxo-1,2~-dihydropyridin-3-yhmethyhcarbamoyi}-2-
methyl-1H-pyrrolo[2, 3-blpyridin-1-yljcthyhbenzoate (20 mg, 0.041mmol} was added to 30%
methylamine cthanol solution{10 mkbL). The mixture was stirred under 50 Psi at 100°C for 12
hours in a 100 mb of scaled tube. The solvent was cvaporated and the residue was purified by
preparative-HPLC (Instrument: Gilson GX281 Column: ASB C18 150%25mm *Sum Mobile
phase A: water with 0.05% ammonia solution Mobile phase B: McCN Column temperature:
30°C Gradient: 17-47% B 15 min) to afford the title compound (17.4 mg, yield: 30%). LRMS
(M + H) m/z: caled 488.22; found 488.0. 'H NMR (400 MHz, chloroform-d} & ppm 2.01 {4,
J=T728 Hz, 3H) 2.26 (s, 3 H)Y 2.50 (s, 3 H} 2.96 (d, /=4.63 Hz, 3 H} 3.91 (s, >H§464(d J=5.51
Hz, 2H)S95 (s, T H3 6,14 (br. S, THY 655 (d, /=816 Hz, 1 H} 7.05 - 713 (m, 1 H)} 7.33 (4,
J=R05 Hz, T H}7.51 - 7.5%9(m, 1 H) 7.60-7.64 (m, | H) 824 (d, ~5.51 Hz, 2 H).

160408] Example 35, Synthesis of tert-buivl 1-(3-hvdroxv-3-methvibutap-2v1)-2-

methvi-1H-pvrrelol2.3-blpvriding-3-carboxviate. The title compound was used as

starting material in Step 3 of Example 36 in the synthesis of certain compounds of the

invention.
e
< MaMaBr
G wnmnnnnnnnnnnnnnnnnn N / O )
e THF, 7890 G

s

To a solution of fers-butyl 2-metyl-1-(3-oxobutan-2-vl) -1H pyrrolo [2,3-b] pyridine-3-

carboxylate (0.6 g, 2 mmol } in THF {10 mL) were added CH3MgBr (2 mL, 6 mmol } at -78
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C. The mixture was stirred at =78 °C for 3 hr. Water (4 mL) was added and the mixture was
extracted by ethyl acetate (30 mL*3). The organic layer was washed with brine and dried over
sodium sulfate. The crude product was concentrated and purified by pre-TLC (cluted: petroleum
cther/cthyl acetate = 4/1) to give ters-butyl 1-(3-hydroxy-3-methylbutan-2y1}-2-methyl-1 H-
pyrrolof2,3-blpyridine-3-carboxyvlate (300 mg, 49% }.

{60401} Example 56, Svyanthesis of -tert-butyl  1-(I-(methoxv(methvliamino)-1-

oxopropan-2-vi-2-methvi-1H-pvrrolol2.3-blovridine-3-carboxvlate. The title compound

was uscd as starting material in Step 3 of Example 36 in the synthesis of certain compounds of
the invention,
{00402 Step 1: ()-tert-butyl I-(I-methoxy-1-oxopropan-2-vi}-Z-methyi-1H-pyrrolof2,3-

bipyridine-3-carboxylate:

N methyl 2-bromopropancats
f Cs00,, DMF
o] & f;i
Y .

To a pyrex vial was added tert-butyl 2-methyl-1H-pyrrolo[2,3-bjpyridine-3-carboxylate (2.491 g,

10.72 mmol} and cesium carbonate {4.54 g, 13.94 mmol}. The atmosphere in the vial was
vac/purged 3X with N, then DMF (24 mL} and methyl 2-bromopropancate {2.393 mi, 21.45
mmaol) were added. The reaction was mixed at ambient temperature overnight. The reaction was
poured into half-saturated brine and cxtracted with EtQOAc. The combined organic layer was
washed 1X cach with water then brine, dricd over NapSO4, filtered, deposited onto silica gel and
purified by CC (Biotage, 100g column) using 25% EtOAc in Hex (6 CV) then 50% (6 CV} as
cluent to provide (E-tert-butyl 1-(I-methoxy-1-oxopropan-2-y1}-2-methyl-1H-pyrrolof2,3-
blpyridine-3-carboxylate (2.132g, 64%). LRMS (M + H") m/z: caled 319.37; found 319.2.
{00403] The compound shown in the following table was prepared according to the general

procedure outlined in Step 1 of this exarople using the appropriate starting materials and

modifications.
Name Structure m/z
F\_&
tert-butyl 2-methyl-1-(1-0x0-1- Qm_-/
phenylpropan-2-yl}-1H-pyrrolo]2,3- NN 365
blpyridine-3-carboxylate \,E,»O\ﬁ/ﬁ % ;
O St
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[00404] Step 20 (Ip-tert-butyl I-{I-(methoxy{methyvhamine)-1-oxopropan-2-yh-2-
methvi-1H-pyrrolo|2,3-bipyridine-3-carboxylate:
O

> N> i@w N, O-dimethylhydroxylamine hydrochloride
T2RRN iPrMgCl, THF

To a 100 mL round-bottom flask was added (x)-tert-butyl 1-(1-methoxy-1-oxopropan-2-yi}-2-
methyl-1H-pyreolo] 2, 3-blpyridine-3-carboxylate (0938 g, 301 mmol) and NO-
dimethythydroxylamine hydrochloride {0.440 ¢, 4.51 mmol}. The flask was vac/purged 3X
with N, then THF (17 ml) were added and the reaction was cooled to -40 °C.
isopropylmagnesium chloride (4.51 mi, 9.03 mmol) was added dropwise and the reaction was
mixed at that temperature for 1h then warmed to O °C for th then guenched with 1IN HCY,
extracted with EtOAc. The org laver was washed with water then brine, dried over Na;SOy,
filtered, concentrated, deposited onto silica gel with aid of DCM, and purified by CC using
25% EtOAc in Hex as cluent to provide (x)-teri-butyl 1-{1-{mcthoxy{methyllamino}-1-
oxopropan-2-y1}-2-methyi-1H-pyrrolo[2,3-bipyridine-3-carboxylate (0.630g, 60.3%). LRMS
(M +H") m/z: caled 348.41; found 348.2.

100405] Step  3: (E-tert-butyl  Z-methyl-1-G-oxobutan-2-yB-1H-pyrrolef2,3-

bipyridine-3-carboxviate:

In a 50 mL round-bottom flask, under an atmosphere of Ny, was added (d)-tert-butyl 1-(1-
{methoxy(methyiamino)-1-oxopropan-2-yi}-2-methyvi- T H-pyrrolof 2,3-blpyridine-3-

carboxylate ((.630 g, 1.813 mmol) and THF (30 mL}. The solution was cooled to ¢ °C then
methylmagnesium bromide {2.59 mi, 3.63 mmol} was added and the reaction was slowly
warmed to ambient temperature while being monitored by LCMS. The reaction was done in
3h at ambient temperatare. Quenched with 50 mL IN HCL 50 mbU brine, extracted with

EtOAc, dried over Na,SQy, filtered, concentrated to provide {(z)-tert-butyl 2-methyl-1-(3-
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oxobutan-2-yi}-1H-pyrrolo{2,3-blpyridine-3-carboxylate, which was used directly in the

following reaction. LRMS (M + H) m/z: caled 303.37; found 303.1.

180406] Exsmple 37, Synthesis of (83-N-((d-methoxy-6-methvl-2-0x0-1.2-dibvdropyridin-

J-vhimethvh-1-(3-{2-methoxvethoxvibutan-2-vi}-2-methvi-{ H-pvrrole2. 3-blpvridine-3-

carboxamide 2.2 2-trifluoroacetate (Compound 2971,

[80407] Step i: {L3tert-butyb-1-(3-C-methoxyethoxy)butan-2-yh-Z-methyl-1H-

pyvryole]2,3-bipyridine-3-carboxviate;

{
8]
OH O—-'f
H t-bromo-2-methoxyethane H
NaH, DMF N

N
{ B !

O o 2
>'/Q "“"\ XQ ""'-‘

Sodium hydride (0.026 g, 0.657 mmol) and {(E)-tert-butyl 1-(3-hydroxybutan-2-y1)-2-methyl-

{H-pyrrolo]2,3-bipyridine-3-carboxvlate (0.1 g, 0.329 mmol) were added to a 25 ol vbf and
the atmosphere was purged with N2, DMF (5 mL) was added and the reaction was heated at
40 °C for th. The reaction was cooled to ambient temperature and [-bromo-2-methoxyethane
(8.062 ml, 0.657 mmol} was added. The reaction was heated at 90 °C for 3d. LCMS showed
~6(% conversion. The reaction was powred into half-saturated bring, extracted with EtOAc,
the org layer was washed with half-saturated brine, brine, filtered, concentrated and loaded
onto a ¢column with aid of BCM. 2X12g column, the column was then treated with 2CV of
Hex then 20% EtAQOc mn Hex to elute (&) -tert-butyl 1-(3-(2-methoxyethoxyibutan-2-yi}-2-
methyl-1H-pyrrolof2 3-blpyridine-3-carboxylate (44.4mg, 37.3%). LRMS (M + H) m/i:
caled 363.46; found 363.1.

{00408] The carboxylate shown in the following table was prepared according to the general
procedure outlined in Step 1 of this example using the appropriate starting materials and

modifications.
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Name Structure m/z

(£)-teri-butyl 1-(3-cthoxybutan-2-v1)-
2-methyl-1H-indole-3-carboxylate

{00409) Step 2: (@1-(3-Q-methoxyethoxyibutan-2-yi)-2-methyi-1H-pyrrolof2,3-

bipyridine-3-carboxylic acid:

TMSOTE, TEA, DOM

in a 50 mL round-bottom flask, {&}-tert-butyl 1-(3-(2-methoxycthoxyjbutan-2-vi}-2-methyl-
1H-pyrrolo{2,3-blpyridine-3-carboxylate  (0.0444 g, 0122 mmol) was added and the
atmosphere was vac/purged 3X with Ny, then diluted with DCM (10 mL). TEA {(.026 ml,
0.184 mmol) added and the rcaction was cooled to § °C followed by the addition of TMS-0Otf
{0.033 ml, 0.184 mmol). The cold bath was removed and the reaction was mixed at ambient
temperature for 1h. LCMS showed completc conversion to the carboxylic acid and the
reaction was quenched with 50 mb of 111 IN HCI and brine. The ag. Layer was extracted 3x
with EtOAc. The combined org layer was dried over NaSOy, filtered, concentrated to provide
crude {(£)-1-{3-(2-methoxyethoxy)butan-2-y1}-2-methyl- 1 H-pyrrolo[2,3-blpyridine-3-
carboxylic acid {38mg, 100%), which was used directly in the following reaction. LRMS (M

+H') m/z caled 307.36; found 307.1.

{00410} The carboxylic acids shown in the following table were prepared according to the
general procedure outlined in Step 2 of this example using the appropriate starting materials and

madifications.
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Narme Structure m/z

{£}-1-(3-methoxy-3-methylbutan-2-

y13-2-methyl-1H-indole-3-carboxylic 276
acid
{+}-1-(3-cthoxybutan-2-y1}-2-methyl- 276

I H-indole-3-carboxylic acid

{60411} Step 3: (&-1-(3-Z-methoxyethoxy)buian-2-yl)-2-methyl-1 H-pyrrolo|2,3-

bipyridine-3-carbonyi chloride;

{ {
‘J‘oﬂ*ﬂ f@
\,‘,ﬁ l {COCH,, cat. DMF o
¢ DM \’,—-4\
\f;/N A o ; §
HQ it ] CE e
2N \[ Vah
G o a .

To a solution of (+)-1-(3-2-methoxyethoxy tbutan-2-y1}-2-methyl- 1 H-pyrrolo{2,3-blpyridine-
3-carboxylic acid (38 mg, (.124 mmol} in BCM (5 mL, drv at § °C) was added 1 drop of
DMF and oxalyi chloride (109 pl, 1.240 mmol). The reaction was monitored by LCMS and
upon completion {conversion to methyl ester by quenching an aliquot with MeUOH), the
volatiles removed, concentrated 1 X with toluene to provide {(#)-1-(3-(2-methoxycthoxy)butan-
2-y{}-Z-methyl-1H-pyrrolo{2, 3-bipyridine-3-carbonyl chloride (40mg, 100%:), which was used
directly in the following reaction. Methyl ester expected in LRMS (M + H') m/z: caled
321.17; found 321 .2,

{60412] Step 4: (L)-N-{{4-methoxy-6-methyl-2-ox0-1,2-dikydropyridin-3-vhmethyh-1-
(3-(Z-methoxvethoxy)buian-2-vi-2-methyk-1H-pyrrolo}2,3-blpyridine-3-carboxamide

2,2, 2-irifluoroacetate (Compound 297):

i 4 /

@ T e
N N
od ot

N : {7 e
\J;’N!“’{\ TER, THF - \Tf’\ ﬁn \?’Q\:\ HG,&E\?’;
w\ﬂ ,N,?,Jf R s‘;s“ 3
o

-
S

3
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To a solution of (&}3-1-(3-(2-methoxyethoxy}butan-2-yi}-2-methyvi-1H-pyrrolo{2,3-bipyridine-
3-carbonyl chloride (40.3 mg, 8.124 mmol) and 3-{aminomethyl}-4-methoxy-6-methylpyridin-
2{1H}-onc hydrochloride {35.5 mg, 0.174 munol} in THF (5 mL) at 0 °C was added TEA (41.5
ul, 0.298 mmol}. The cold bath was removed; the reaction was allowed to stir at ambient
temperature and was monitored by LCMS, The reaction was judged fo be complete in 3h.
The crude reaction was concentrated then dissolved in ImL DMF, [.5mi MeOH, 1mL H,O,
sonicated, filtered through a PTFE screen and purified by reverse-phase HPLC using a
H,OMcCN:TFA 5-95% 7 min. gradient. The pure product fractions were lyophilized to
provide the title compound (16myg, 22.6%) white solid. LRMS (M + H') m/z: caled 457.54;
found 457.2. 'H NMR (400MHz, DMSO-ds) 8 = 11.94 — 1174 (m, | H), 8.19{dd, 7 = 1.6,
4.7 Hz, 1 H), 810 (dd, J=14,79 Hz, 1 H}, 7.97 {br. S, 1 H}, 7.10(dd, /= 4.7, 78 Hz, 1 H},
623(s, 1 H. 433 (br. S, 4 H), 38 -380(m,3H),327-316(m, 1 H}, 291 -2.86 (m, 3
Hj, 284 (s, 4H),2.67(,3H}),222(s,3H),1.60(d, J=67Hz, 3H) .23 -1.16(m, 3 H}.

180413} Exsmple S8, Svnthesis of 4-(I-methoxyvpropan-2-vh-S-methvi-dH-pyvrrele[2.3-

dithiazole-6-carboxvlic acid, The titic compound was used as starting material in Step 4 of

Example 36 in the synthesis of certain compounds of the invention.
{60414] Step 1: (£)-ethyl Z-azido-3-(thiazol-5-yhacryiate:

N

N\. Ny

% . N / ﬁ :
\sjvo * N“‘/\E/ * Na <‘S/V/k\rrﬁ\/

3

To a solution of thiazole-5-carbaldehyde (20 g, 176.77 mmol) and cthyl 2-azidoacetate (91 .2 g,
707.1 mmol) in anhydrous ethanot (100 mL) was added sodium (16.26 g, 707.1 mmol) dissolved
in anhydrous ¢thanol (1000 mL) dropwise between ~-10°C and 8°C. After the addition, the
mixture was stirred below 0°C for 4 hours, and then warm to the ambient temperature and
allowed to stir overnight. The reaction mixture was washed with saturated ammontum chioride,
extracted with acetic ester {500mb x 3}, the combined organic phase was dried by anhydrous
sodium sulphate, and then filtered. The filtrate was concentrated and purified by column
chromatograph on silica gel ehuted with (petrol ether / acetic ester 20:1—10:1} to afford the title

compound (9 g, 23%) as an yellow solid. LCMS (M + H ') m/z: caled. 224 .04, found 224.9.
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3

[B0418]  Step 2: Ethyl 4H-pyrrolo|2,3-dithiazole-S-carboxylate:
53"‘"/

QNNJ;\/NS C?“ig "!
- e G
s J\gj -  J LI~

{Z}-cthyl 2-azido-3-{thiazol-5-yhacrylate {9 g, 40.18 mmol) was dissolved in anhydrous

toluene{ 100 mL}, and the resulting reaction was allowed to stir for 2 hours at 120 °C. The
reaction mixture was concentrated and purtfied by column chromatograph on silica gel cluted

with {petrol cther / acetic ester 15:1—10:1-—8:1} to give the title compound (Sg, 63.5%) as an

veliow solid. LCMS (M + H ') mv/z: caled. 196.03, found 196.9.

{B0416] Step 3: (4H-pyrreolof2,3-d{thiazol-S-yhmethanol:
H .
{NI’\HO Ne N OH

Y/ PN, m——————— s
g o, + LA, = <SDJ

~ s

To a solution of cthyl 4H-pyrrolo{2,3-d]thiazole-3-carboxylate {5g, 25 .48 mmol) and in
anhvdrous tetrahydrofuran (100 mL} was added lithium aluminum hydride (4.34 g, 127.5 mmol)
dissolved in anhydrous tetrahydrofuran (56 mL) dropwisc between -10°C and §°C. After the
addition, the mixture was stirred below 0°C for 1 hours, and then warm to the ambient
temperature and allowed to stir for 3 hours at room temperature. The reaction mixture was
cooled down to 0°C, quenched by 10 mL water, and then 10 mL 4N sodium hydroxide. The
resulting white precipitate was filtered off, washed with acetic cster. The filtrate was dried by
anhydrous sodium sulphate. The solvent was removed to afford the crude product (3.5 g, §9%).
The crude product was used directly in the next step. LCMS (M + H'} m/z: caled. 154.02, found
1549
{80417 Step 4: S-methyi-4H-pyrrolof2,3-djthigzole:
H X

{NI‘E}_/OH _EtSiH, TFA_ ¢ I}M

5 Y Toowm
To a solution of (4H-pyrrolof2,3-dthiazol-5-yhimethanol (3.5 g, 22.7 mmol} in anhydrous
dichloromethane (50 mL) was added triethylsilane {(5.23 g, 45.4 mmol} dropwise below 0°C,
trifluorocacetic acid (5.18 g, 45.4 mmol} was added dropwise followed below 0°C. The resulting
reaction system was warm to the ambient temperature and allowed to stir for 2 hours at room

temperature. The reaction mixture was poured into saturated sodium bicarbonate, extracted with
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dichloromethane (50mL X 3}, the combined organic phasc was dried by anhydrous sodium
suiphate, and then filtered. The filtrate was concentrated and purified by column chromatograph
on silica gel eluted with (petrol ether / acetic ester 15:1—8:1) to give the title compound (2.5 g,
&0%} as a vellow solid. LCMS (M + H ) nv/z: cale’d. 138.03, found 138.9,

180418] Step S: 6-bromo-S-methyi-dH-pyrrole{2,3-d|thiazole;

H
SR Jiyp N
¢ TN NBS < w
o) AcOH 8

Br

To a solution of S-mcthyl-dH-pyrrolo{2,3-d]thiazole (2.5 g, 18.09 mmol} in acetic acid (50 mL)

o

was added 1-bromopyrrolidineg-2,5-dione (3 g, 18.10 mmol) stowly below 0°C, and then warm to
the ambicnt tomperature and allowed to stir for 2 hours at room tomperature. The reaction
mixture was concentrated, and acetic acid was removed under reduced pressure. The pH was
adjusted to around 7 by progressively adding saturated sodium bicarbonate below 0°C, extracted
with acetic ester {50 mi x 3}, The combined organic phase was dried by anhydrous sodium
sulphate, and then filiered. The filirate was concentrated and purified by column chromatograph
on silica gel eluted with {petrol ether / acetic ester 25:1—15:1—10:1) to give the fitle cormpound
(2.5 g, 64%) as an yellow solid. LCMS (M + H) my/z: cale’d. 215.94, found 2192,

[00419]  Step 6: 6-bromo-4-(1-methoxypropan-2-yI-S-methyi-4H-pyrrolo]2,3-dlthiazole:

" CiMis
/N 7 N /O\ N N 0
< ' AT e o i
S DRF o Y.

To a solution of 6~-bromo-5-methyl-4H-pyrrolo[2,3-d}thiazole (2.5 g, 11.52 mmol} in anhydrous
N N-dimethvlformamide (20 mL) was added 1-methoxypropan-2-yl methanesulfonate (3.87 g,
23.03 mmol}, and potassium carbonate (3,18 g, 23.03 mmol} followed. The resulting reaction
mixture was heated to 70°C and allowed to stir over night at 70°C. The reaction mixture was
washed with water and brine, extracted with acetic ester (30 mL x 3}, The combined organic
phase was dried by anhydrous sodium sulphate, and then filtered. The filtrate was concentrated
and purified by column chromatograph on silica gel cluted with {petrol ether / acetic ester
30:1--20:1--10:1) to the title compound (2.9 g, 60%) as orange oil. LCMS (M + H '} m/z:
cale’d. 287.99, found 290.9.
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[B0420]  Step 7: 4-(1-methoxypropan-2-yi-5-methyl-dH-pyrrole{2,3-d|{thiazole-6-

carbonitrile:

N N

{N ~y N CuCN <,»N N
| R A |
SIL%— DMIF . V.

Br CN

To a solution of 6-bromo-4-{1-methoxypropan-2-yi}-5-methyl-dH-pyrrolo{2,3-d]thiazole (2.0 g,
6.92 mmol) in anhydrous N N-dimethylformamide (15 mbL) was added cyano copper (1.24 g,
13.24 mimol). The resulting reaction mixture was heated to 150°C and allowed to stir for 2 hours
at 150°C. The recaction mixture was washed with water and brine, and extracted with acetic ester
(30 mbL x 3). The combined organic phasc was dried by anhydrous sodium sulphate, and then
filicred. The filtrate was concentrated and purified by coluran chromatograph on silica gel cluted
with {petrol cther / acetic ester 3011 —20:1—10:1) to give the title compound (1.0 g, 62%) as
yellow oil. LOMS (M + H ') mv/z: cale’d. 235.08, found 236.0.

100421] Step 8: 4-(1-methoxypropan-2-yh-5-methyl-4H-pyrrols{2,3-dithiazole-6-

carboxylic acid:

I ?\i Cf—'*'
y NaOH \\I
& T, S
Nyt £ T A
< ~Y MU THEHLO S =~
i Fsafiux N
CN ¥ CODH

~§

To a solution of 4-(1-methoxypropan-2-yi}-5-methyl-dH-pvrrolo]2,3-d{thiazole-6-carbonitrile
(1.0 g, 4.25 mmol) in tetrahydrofuran/methanol=1:1 (30 mL} was added sodium hydroxide (680
mg, 17 mmol) resolved in 15 mL water. The resulting reaction system was heated to 80°C and
allowed to stir for 24 hours at 8G°C. The pH was adjusted to around 7 by progressively adding
4N hydrogen chloride below 0°C, solvent and water was removed in reduced pressure to give the
title compound (S00mg, 46%) as an yellow solid. LCMS (M + H') m/z: cale’d. 254.07, found
2547,

1904221 Ezxasmple 59, Svnthesis of i-tert-butvl 1-(3-methoxy-2-methvibutan-2-vh-2-

methvi-1H-indole-3-carboxvlate. The title compound was used as the starting material in Step

3 of Example 36 in the synthesis of certain compounds of the invention.
{00423 Step 1: (Ertert-butyl 1-G-hydroxy-3-methylbutan-2-y-2-methyl-1H-indole-3-

carboxylate:
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£
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A 50 mL round bottom flask was charged with (x)-tert-butyl 2-methyl-1-(3-oxobutan-2-yH-1H-
indole-3-carboxyvlate (0.2441 g, 0.810 mumol}, vac/purged with N;, diluted with THF (5 mL} and
cooled to -78 °C. Methyllithium (0.648 mi, 0.972 mmol) was then added slowly, drop-wise, and
the solution was allowed to slowly warm to ambient temperature. The reaction was then
quenched with 1IN HCL extracted with EtOAc. The org laver was washed with water then brine,
dried over Na;SOy, filtered, concentrated, purified by column chromatography using 10% EtOAc
in Hex (16CV), 15% (10CV) to elute (E)-tert-butyl 1-(3-hydroxy-3-methylbutan-2-y1)-2-methyl-
{H-indole-3-carboxylate (157 2mg, 61.19%). LRMS (M + H") »/z: caled 318.42; found 318.2.
[00424] Step 2: ()rtert-butyl 1-G-methoxy-3-methylbutan-2-yH-2-methyl-1H-indole-3-
carboxylate:

OH

X : 1\? Nak, Mel, THF

To a solution of (Z)tert-butyl 1-(3-hydroxy-3-methylbutan-2-yi}-2-methyi-1H-indole-3-
carboxylate (0.2594 g, 0.817 mmol) and THF (8 mL), in 3 50 mL round bottom flask, cooled to O
°C was added sodinm hydride {0.065 g, 1.634 mmol). The rcaction was then heated at 45 °C for
2h then todomethane (0.102 ml, 1.634 mmol} was added and the reaction was heated at that
temperature overnight.  The reaction was guenched with 1IN HCL and brine, extracted with
EtOAc, dried over NapSQ0,, filtered, concentrated, deposited onto silica gel with aid of DCM, and
purified by colunmn chromatography using 5% EtOAc in Hex as eluent to provide (&)-tert-butyl
{-(3~-methoxy-3-methylbutan-2-v1)-2-methyvi- 1 H-indole-3-carboxylate (257.8mg, 95%). LRMS
(M + H ) m/z: caled 332.45; found 332.2.

[80425] Example 60, Svanthesis of (tert-butvl 1-(G-methoxvbutan-2-vI-2-methvi-1H-

indole-3-carboxviatey. The title compound was used as the starting material in Step 3 of

Example 36 in the synthesis of certain compounds of the invention.

100426] Step 1@ (tert-butyl 1-G-hydroxybutan-2-vh-2-methyl-1H-indole-3-carboxylate):
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To a solution of tert-butyl 2-methyi-1-(3-oxobutan-2-y)-1H-indole-3-carboxylate (550 mg, 1.83
mmol) in THF (8 mL) was added NaBH, (139 mg, 3.66 munol) at 0 °C under N;. The reaction
was stirred at 31 °C for 20 hrs. The mixture was diluted with ethyl acctate, washed with water

and saturated aqueous NaHCO;. The organic layer was concentrated in vacuo to afford the title

PCT/US2013/025639

HO
j
",‘\
S
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_______ - Uy
o

compound (520 mg) as a vellow oil which was used directly without purification.

180427}

The compound shown in the following table was prepared according to the general

procedure outlined in Step 1 of this exarople using the appropriate starting materials and

modifications.
Name Structure m/z
R Wk
tert-butyl 1-(1-hydroxy-1- <=/—(\>_
phenvipropan-2-v1)-2-methyl-1H- NN 367
pyrrolof2,3-bipyridine-3-carboxyvlate \/0\1/”\ N
i C') St

[00428]  Step 2@ (tert-butyl -G-methoxybutan-2-y1)-2-methyl-1 H-indole-3-carboxylate):
HO o
e N ) \\f/
\ﬁf/ i /N e
—%/*\a\vj + NaH o+ Mel 3 WI\J
O’:{\? o=k

To a suspension of tert-butyl [-{3-hydroxybutan-2-vl)-2-methyl-1H-indole-3-carboxylate (500
mg, 1.65 munol} in THF (8 mL) was added sodium hydride {330 mg, 8.25 mmol) at 30 °C under

N, The reaction was stirred for 20 min. Then iodomethane (0.4 mL) was added and the reaction

“IN

!

was stirred at 60 °C for 3 hrs. Then the mixture was dituted with ethyl acctate, washed with water

and saturated aqueons NaHCO;. The crude product was purified by column chromatography on

sitica gel cluted with petroleum cther: ethyl acctate = 80: 1 to afford the title compound as a

vellow solid which was used directly (400 mg, 76.8 %).
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{00429]  The compounds shown in the following table were prepared according to the general
procedure outlined in Step 2 of this example using the appropriate starting materials and

madifications.

Name Structure m/z
{()-tert-butyl 2-methyl-1-(4,4 4~
trifluoro-3-methoxybutan-2-yi}-1H- 372
indole-3-carboxylate

{t}-tert-butyl 1-(3-methoxypentan-2-

yi}-2-methyl-1H-pyrrolo{2,3- 333
bipyridine-3-carboxylate

{£)-tert-butyl 1-(3-methoxypentan-2-

y1-2-methyl-1H-indole-3-~ 332
carboxylate
tert-butyl I-(1-methoxy-1-

phenylpropan-2-y1)-2-methyl-1H- 381

pyrrolo{2,3-blpyridine-3-carboxylate

{00436} Thesc t-butyl carboxylates were also used as starting material in Step 3 of Example
36 in the synthesis of certain compounds of the invention,

{60431} Example 63}, Svynthesis of tert-butvli  2-methvi-1-(4, 4, 4-triflucro-3-

bvdroxvbutan-2-vhi-1H-pyryvelo {2, 3-bl pyridine-3-carboxviate. The title compound was

used as the starting material in Step 3 of Example 36 in the synthesis of certain coropounds of the
invention.
100432  Step 1@ 2-G-(tert-butoxycarbony)-Z-methyi-1H-pyrrolo |2, 3-b] pyridin-1-yD)

propaneic acid:
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To tert-butyl 1-{1-cthoxy-1-oxopropan-2-yl}-2-methyl-1H-pyrrolo {2, 3-b} pyridine-3-
carboxylate (760mg, 2.29mmol) in CH;OH (Sml} and H,O (Sml} were added LiOH (548mg,
22.86mmol} at 25 °C, the solution was stirred for 3h.After the reaction completed. The solution
was concentrated vnder vacuum and acidified to PH 3 with HCL (I M), solid was precipitate out
after adjusted. The mixture was extracted with EtOAc. The organic layer was separated and
washed H)O and dried over Na;SO. and evaporated under reduced pressure to give 6-methyl-7-
{1-phenyviethyl) pyrrolo {1, 2-b] pyridazine-5-carboxylic acid as a white oil (760mg, vicld

100%).

100433] Step 2: Symthesis of tert-butyl I-(I-hydroxypropan-2-vh-2-methyl-1H-pyrrolo
{2, 3-b} pyridine-3-carboxylate:

- o
0\,/ ! 0
///,\’ { -BLOCC! /T\—
N NaBi,
R N\ OH

X ‘\QH
To a solution of 6-methyl-7-(I-phenyiethyly pvrrolo {1, 2-b] pyridazine-S-carboxylic acid
(760mg, 2.5mmol}, NMM (505mg, 4.9%9mmol} in THF (18 ml) was added i-BuOCCT (512mg,
3.75mmol} dropwise at -15 °C for 15min. and added NaBHy (283mg, 7.4%mmol} in portions. The
sohution was alfowed to warm 25 °C and stirred for 1h. The reaction mixture was added H.O
{0.18ml) dropwise at 0 °C for 5 min, The mixture was allowed to warm 25 °C and stirred for 1h.
After the reaction completed, the solution was concentrated under vacuum. The solid was
partitioned between DCM and HO. The organie layer was separated and washed TCA{1%) and
dried over Na;S04 and e¢vaporated under reduced pressure to give tert-butyl 1-(1-
hydroxypropan-2-yh-2-methyl-1H-pyrrolo {2, 3-b} pyridine-3-carboxylate as white oil {(700mg,

vield 97%;).
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[00434]  Step 3: Tert-butyl 2-methyi-1-(1-oxopropan-2-yvi}-1H-pyrrele {2, 3-b] pyridine-

3-carboxylate:

To tert-butyl I-(1-hydroxypropan-2-vl)-2-methyl-1H-pyrrole [2, 3-b] pyridine-3-carboxylate
(380mg, 1.31mmol} in CHLCL (5ml) were added DMP {610.6mg, 1.4dmmol) at 25 °C for i8h.
Afiecr the reaction completed, the solution was purified by silica gel and concentrated under
reduced pressure to give tert-butyl 2-methyl-1-(1-oxopropan-2-vi}-1 H-pyrrolo {2, 3-b] pyridine-
3-carboxylate as a white oil (200mg, vield 53%).

100435] Step 4:  Tert-butyl Z-methyi-1-(4, 4, 4-trifluore-3-hydroxybutan-2-yi}-1H-

pyrrolo {2, 3-b} pyridine-3-carboxylate:

\\,w-»é

TMSCF; + TBAF % \‘1 ‘11 \/%,
Syt R on

A . ;‘)\“‘1{.
0 A
F g

To a solution of tert-butyl 2-methyl-1-(1-oxopropan-2-ylj)-1H-pyrrolo {2, 3-b] pyridine-3-
carboxyiate {100mg, 0.35mmol} in dry THF (2ml) was added a solution of TMS-CF; (0.02ml,
IM in THF) and the reaction mixture was cooled to 0 °C under Ar, Added TBAF
{73.97mg,0.52mmol}, via drop-wise addition and stirred for 30min at § "C. A solution of
saturated NH4Cl was added and most of the solvent was siripped on the ratary cvaporator. The
reminder was taken up EtOAc¢ and H,O and transferred to a scparatory funnel. The mixture was
shaken and the organic layer was separated, dricd over NaySOy and evaporated under reduced
pressure to give tori-butyl 2-methyl-1-(4, 4, 4-trifluoro-3-hydroxybutan-2-y1}- I H-pyrrolo {2, 3-b]

pyridine-3-carboxyvlate as a white crystal (40mg, vield 32%).
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190436] Example 62. Synthesis  of (-{i-methoxv-Z-methvinrepan-2-vi-2-methvi-1 H-

indole-3-carbeoxvlic acid. The title compound was used as the starting material in Step 4 of

Example 36 in the synthesis of certain compounds of the invention.

{60437 Step 1: Ethyl 2-(Z-methyl-1H-indol-1-vijacetate:

~
/
;

To a solution of 2-methyl-1H-indole [2,3~djthiazole (1.0 g, 7.6 muool) in anhydrous N,N-
dimethyHormarmide (10 mb) was added cthyl 2-bromoacetate (1.9 g, 11.4 mmol), and cesium
carbonate (3.7 g, 1.4 mmol) followed, The resulting reaction mixture was heated to 70°C and
allowed to stir for 4 hours at 70° C. The reaction mixture was washed with water and brine,
extracted with acetic ester {30 mL = 3}, The combined organic phase was dried by anhydrous
sodium sulphate, and then filtered. The filtrate was concentrated and purified by column
chromatograph on silica gel {cluted with petroloum cther / acetic ester 30:1—-20:1—-10:1) to give
ethyl 2-(2-methyl-1H-indol-1-yDacetate (1.5 g, 90%) as a yellow oil. LOMS (M + H') m/z:

caled. 217.11, found 217.9.

O . O
,':.‘f b ,l"::
T TN
! [ “’\ P T § RN
o N 2T MeliNaH N
i ’ N, i > N
[ D BIvEs [ ] e
\,:;'f;' "‘-f~¢ \\;‘_’/{ "‘--.‘:-{/

To a solution of cthyl 2-(2-methyl-1H-indol-1-vhacetate (1.4 g, 6.4 mmol} in anhydrous NN-
dimethyHormamide (10 ml} was added sodium hydride (1.6 g, 64.4 mmol) at 0°C, then it was
allowed to stirred at 0°C . After | hour, iodomethane (9.1 g, 64.4 mmol} was added dropwise at
0°C. The resulting reaction mixture was allowed to stir for 4 hours at room temperatare. The
reaction mixfure was quenched by adding water (10mi). The pH was adjusted to around 6 by
progressively adding 2N hydrogen chloride below 0°C, extracted with acetic ester (50 mb = 3}
The combined organic phase was dried by anhydrous sodium sulphate, and then filtered. The
filtrate was concentrated and purified by column chromatograph on silica gel cluted with
{petroleum cther / acetic ester 58:1—30:1—10:1) to give cthyl 2-methyl-2-(2-methyl-1H-indol-
1-yl}propanocate {1.2 g, 76%) as a light vellow oil. LCMS (M + H') m/z: caled. 245.14, found
2459,
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[B0439] Step 3: 2-methyi-2-C-methyl-1 H-indol-1-yDpropan-i-ok:
O
N
#

3
~ [\{J(fr‘\ LAH N

To a sohation of ethyl Z-methyl-2-(2-methyl-1 H-indol-1-yhpropancate (1.2 g, 4.9 mmol} i
anhydrous tetrabydrofuran (10 mb) was added lithium alumimmm hvdeide (1 g, 24.5 mmol)
disselved in anhvdrous tetrahvdrofuran {5 mL) dropwise between -10°C and 0°C. After the
addition, the mixture was stirred below 0°C for 1 hour, and then allowed to stir for 3 hours at
room temperatire. The reaction mixture was cooled down to 0°C, quenched by 10 mL water, and
then 10 mbL 4N sodium hydroxide. The resuiting white precipitate was filtered off, washed with
acetic ester. The filtrate was dried by anhydrous sodium sulphate. The solvent was removed to
afford the crude product an purified by column chromatograph on silica gel cluted with {petrol
cther / acetic ester 20:1—10:1—5:1) to give 2-methyl-2-(2-methyl-1H-indol-1-ylpropan-1-ol
(780 mg, 79%) as a light green oil. LOMS (M + H") m/z: caled. 202.14, found 202.9.

{60440] Step 4: 1-{1-methoxy-2-methylpropan-2-vi}-Z-methyl-1H-indole:

! . o
\ Vo
R TNREY — 3
‘(f"' \l'_‘_.--
i
e OF 0 MetiNaH /
:‘f BN b PR N N
i ! e E i N \3 ~~~~~~~
U e, /.’" i &
I ~ N 2

To a solution of 2-methyl-2-(2-methyl-1H-indol-1-yljpropan-1-0l (780 mg, 3.8 mmol} in
anhydrous N N-dimethylformamide (10 mL) was added sodinm hydride (919 mg, 38.3 mmol} at
0°C. The resultant reaction mixtare was allowed to stirred at 0°C for 1h. lodomethane {54 g,
3&.3 mmol} was added dropwise at 0°C, Aud then the resulting reaction mixture was allowed to
stir for 3 hours at room temperature. The reaction mixture was quenched with water, The pH was
adjusted to around 6 by progressively adding 2N hydro chloride below 0°C, extracted with acetic
gster {50 mL x 3). The combined organic phase was dried by anhydrous sodium sulphate, and
then filtered. The filtrate was concentrated and purified by column chromatograph on silica gel
cluted with {petrol cther / acetic gster 10:1—5:1) to give §-(1-methoxy-2-methylpropan-2-yl}-2-
methyl-1H-indole {800 mg, 96%) as a light vellow oil. LCMS (M + H) nv/z: caled. 217.15,
found 217.9.

{60441] Step 5: 1-{1-methoxy-2-methylpropan-2-yvi}-Z-methyi-1H-indole-3-carbaldehyde:
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To a solution of 2 ml anhydrous NN-dimethylormamide dissolved in 80 ml anhydrous
dichloromethanc was added phosphoryl trichloride (5 ¢, 32.6 mmol) at §°C. The resultant
reaction mixture was allowed fo stirred at 6°C for 3 hours. 1-(1-methoxy-2-methyipropan-2-vi}-
2-methyl-1H-indole (800 mg, 3.7 mmol) was added dropwise at 3°C. Then the resulting reaction
mixture was alfowed fo stir for 1 hour at 0°C, and then warmed to the ambient temperature. The
reaction mixture was allowed to stir for 24 hours at room termperatiure. The reaction mixfire was
quenched with saturated sodium acetate. The pH was adjusted to around 8 by progressively
adding 2N sodium hydroxide below 0°C, extracted with dichloromethane (100 mL % 3}, The
combined organic phase was dried by anhydrous sodinm sulphate, and then filtered. The filtrate
was concentrated and purified by column chromatograph on silica gel cluted with (petrol ether /
acctic ester 10:1—5:1—2:1} to give 1-(1-methoxy-2-methylpropan-2-y1)-2-methyl-1H-indole-3-
carbaldehyde (510 mg, 57%) as a light vellow oil. LCMS (M + H "y m/z: caled. 245.14, found
2459,

{60442] Step 6: 1-{1-methoxy-2-methylpropan-2-vi}-Z-methyi-1H-indole-3-carboxylic

acid:

BRINOy
- N

agetonazO

To a solution of 1-(I-methoxy-2Z-methylpropan-2-y1}-2-methyl- I H-indole-3-carbaldehyde (50
mg, 0.2 mmol} in acctone (2 mL} and water (2 mbL} was added potassium permanganate (95 mg,
0.6 mmol). The resulting reaction mixture was allowed to stir for 3 hours at room temperature.
The reaction muxture was tyophilized directly to give 1-{(1-methoxy-2-methylpropan-2-v13-2-
methyl- 1H-indole-3-carboxylic acid (50 mg, 94%) as a brown solid. LCMS (M + H') nvz: caled.
261.14, found 261.9,
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190443] Example 63. Svanthesis of tert-butyi 1-(3-hvdroxvpentan-2-vii-Z-methvi-1H-

pyrrols [2. 3-bl pyridine-3-carbexviate. The title compound was used as starting material in

Step 3 of Example 36 in the synthesis of certain compounds of the invention.

{60444] Step 1: 2-bromopentan-3-one:

To pentan-3-one (5.0 g, 58.05 mmol) in CHC; (25 mL) and EtOAC (25 mL) were added CuBr
{13.0 g, 58.05 mumol) at 70°C. The solation was stirred at 70°C for18h. After the reaction
completed, the reaction mixture was cooled to r.t. and filtered through a Celite pad. The filtration
was evaporated under vacuum fo give 2-bromopentan-3-one as green oil. (8.0 g, yicld 84 %)

[00445]  Step 2: Tert-butyl Z-methyl-1-G-oxopentan-2-yH-1H-pyrrolo {2, 3-b] pyridine-3-

carboxylate:
v
- o
Q\ N '
Y £ e t\r’ \3.\
- /\- »»»»»» <\ S, \ }:‘-«-*
________ g Br Q\"\ﬁ B ¥

P "-wz:{“

hL
O

The solution of ert-butyl 2-methyl-1H-pyrrolo [2, 3-b} pyridine-3-carboxylate (1.0 g, 4.31
mmaol), 2-bromopentan-3-one (1.1 g, 6. 46mmol}, Cs,C0O5(2.8 g, 8.61 mmol), KI {142.9mg. 0.86
munol} in CH:CN (4mly were stirred at 70°C for 2h. After the reaction completed, the solution
was cooled to vt and filtered off. The filtration was evaporated under vacuum. The residuc was
purified by flash column (Eluent: PE: EtOAc=5:1) to get tert-butyl 2-methyl-1-(3-oxopentan-2-
yi-1H-pyrrolo [2, 3-b] pyridine-~-3~carboxylate as a white oil. (100 mg vield 7 %)

{80446]  Step 3: Tert-butyl 1-G-hyvdroxypentan-2-yh-2-methyl-1H-pyrrole 2, 3-bj

pyridine-3-carboxylate:
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To tert-butyl 2-methyl-1-(3-oxopentan-2-yh-1 H-pyrrolo {2, 3-b} pyridine-3-carboxylate (100
mg, 0.32 mumol} in CH:OH (2 ml) were added NaBH, (35.9 mg, .95 mmol} at §°C. The mixture
was allowed to warm 25°C with stir for 2 b. After the reaction completed, the solution was
concentrated under vacuum and the solid was partitioned between EtOA¢ and HxO. The organic
was separated, dried over Nap,SO4 and evaporated under reduced pressure to give tert-butyl 1-(3-
hydroxypentan-2-y1}-2-methyl-1H-pyrrolo [2, 3-b] pyridine-3-carboxylate as a white oil. (30 mg
yield 50 %),
180447} Example 64, Synthesis of (4-N-{(4-methoxy-6-methvi-2-oxo-1.2-dihvdropyridin-

J-vhmethvD~1-(1-methoxvpropag-2-vi-2-methvi-6-(piperazin~1-vi-1 H-nyvrrolol 2.3~

bipvridine-3-carboxamide (Compound 295).

[803448]  Step 1@ Tert-butyl 4-(6-aminopyridin-2-y)piperazine-1-carboxylate:

ey BOC
; N
Ho

HZN\ENTCI . r,\j y NVNVNN"J
LA

A mixture of 6-chloropyridin-2-amine (10 g, 78 mmol} and tert-butyl piperazine-1-carboxylate

{29 g, 156 mmol} was refluxed at 140 °C for 3 days. The reaction mixture was purified by silica

gcl column chromatography (clute: petroleum ether / cthyl acetate = 2:1) to give tert-butyl 4-(6-

aminopyridin-2-vhpiperazine-1-carboxylate (6 g, 28%). LCMS (M + H) m/z: caled 278.17;

found 279.

100449]  Step 2: Tert-butyl 4-{(¢-amino-5-bromopyridin-2-viipiperazine-1-carboxylate:
I//\N,BOC O /\ .Roc
HZN\E,NTN\) . ff;N—Br _________________________ Q_ J N\/J
N &,/ F

0
To a solation of tert-butyl 4-(6-aminopyridin-2~-yijpiperazine- I -carboxylate (1.9 ¢, & mmol) in
N N-dimethytormamide (20 ml) was added dropwise {-bromopyrrolidine-2,5-dione (14 ¢

Smmoly at § °C. The reaction was allowed to stirred for 4h at rt. The reaction mixture was
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quenched with water (30 mb), and extracted with acetic ester (38 mb X% 3). The combined
organic phase was dried by anhydrous sodium sulphate, and then filtered. The filtratc was
concentrated and purified by column chromatograph silica gel {clute: petroloum ether / ethyl
acctate = 1:1) to give teri-butyl 4-(6-amino-5-bromopyridin-2-yDpiperazine- L -carboxylate (0.2 g,
8.2% } as a yellow solid. LCMS (M + H) m/z: caled. 356.0&; found 357.

{00450] Step 3: Tert-butyl 4-G3-(((4-methoxy-t-methyl-2-ox0-1,2-dihyvdropyridin-3-
yhmethyhcarbamoyh-1-{-methoxypropan-2-vi)-2-methyi-1H-pyrrolo|2,3-bipyridin-6-

yhipiperazine-1-carboxyiate:

" i N
] ~ (o] \ 4
_Boc FNe” N
\‘) {/\ 3\ \F{;\E'/O\ HATU/TRAIDCM :J/ | 3 i Pt

9 :‘ + " i [T — o L S 3
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__(\>\/\ o7 & - b L N-soe
HO,C

To a solation of 1-{1-methoxypropan-2-vi}-2-methvl-6-(piperazin- -y~ H-pyrrolof2,3-
blpyridine-3-carboxyvlic acid (80 mg, .19 mmol} in anhydrous dichloromethane (10 mlL) was
added 3-{aminomethyl}-4-methoxy-6~-methylpyridin-2(1H}~-one (65 mg, 0.38 muol), 2-(7-Aza-
{H-benzotriazole- 1-y1)-1,1,3 3-tetramethyluronium hexafluorophosphate {145 mg, 8.38 mmol}
and tricthylamine (96 mg, (.95 mmol). The mixture was stirred at room termnperatire for 24 hour.
The reaction mixture was concentrated and used directly in the next step. LRMS (M+H) m/z:
caled 582.69; found 584.

{80451 Step 4: (E)-N-{{4-methoxy-6-methyl-2-0xo-1,2-dibydropyridin-3-vhmethyh-1-(1-
methoxypropan-2-yi)-2-methyl-6-(piperazin-1-vh-1H-pyrrolo|2,3-bipyridine-3-

carboxamide (Compound 285):

o
N
i N ) o
) s i W
QO fe) ) L,_/NH

To tert-butyl 4-3-({{(4-methoxy-6-methyl-2-oxo-1,2-dihydropyridin-3-yhmethyhearbamoyl)-1-
{1-methoxypropan-2-y13-2-methyl-TH-pyrrolo] 2, 3-blpyridin-6-ypiperazing- | -carboxviate

{crude ,used directly from last step). was added saturated hydrochloride solution in methanol
(Sml) at 0°C. The reaction mixture was allowed to room temperature and stireed for 2 hours. The
reaction mixture was concentrated and purified by preparative HPLC (Mobile phase A water

with 0.05% ammonia sohution; Mobile phase B : MeUN; column temperature: 30°C Gradient -
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30-60% B 10 min) to give a N-{{4-mcthoxy-6-methyl-2-0x0-1,2-dihydropyridin-3-ylymethyl)-1-
{1-methoxypropan-2-vi)-2-methyl-6-{piperazin- 1 -yl)-1 H-pyrrolo[2,3-blpyridine-3-carboxamide
(23 mg, 24.7%, two steps.). LRMS (M-+H) m/: caled 482.26; found 483, 'H NMR (400 MHz,
CDCh) o0 1.59-1.62 (d, /= 7.2 Hz, 3H), 2.21 (s, 3H), 2.71 (s, 3H), 2.96-3.01 (m, 4H), 3.23 {s,
3H), 3.40-3.43 (m, 4H), 3.81-3.88 {m, 4H), 4.10-4.14 (m, 1H), 4.61-4.63 (d, J = 5.6 Hz, ZH)},
590¢s, 1H),6.41-644(d, /=88 Hz, 1H), 741-745 (m, 1H), 7.90-7.93 (d, J=8.8 Hz, [H).
{80453 Exsmple 65, Synthesis  of  isolated  N-({d-methoxy-6-methvl-2-030-1,2~
dibvdropvridin-3-vhmethvD-1-(CR or 25, 3R or 3Si-3-methoxyvbutan-2-vh-Z-methyl-1H-

pyvrroloel2. S-hipvridine-3-carboxamide diastercomers (Compounds 261, 266, 267 and 382,

[80453]  Step v Tert-butyl Z-wmethyl-1-(3-oxobutan-2-yD-1H-pyrrole2,3-blpyridine-3-

carboxylate:
Q
H |
NN A .
=IJ s ab
) + >/< SR oo MR — A P
0Ny v
0
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-
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To a solution of tert-butyl 2-methyl-1H-pyrrolof2,3-bipynidine-3-carboxylate (5.0 ¢, 21.53
mool} m CHCN (30 ml) was added CsCO; (21.0 g, 64.58mmol}, potassium iodide (3.57 g,
21.52 mmol}. The mixture was stirred at 27°C for 30 minutes. Then 3-chlorobutan-2-one (2.75 ¢,
25.83 mmol) was added and the mixture was stirred at 70°C for 12 hours. The mixture was
filtered and the filtrate was concentrated. The residue was purified by cohumn (Elute: Petroleom
cther: Ethyl acetate =53:1) to give tert-butyl Z-methyl-i-(3-oxobutan-2-yi}-1H-pyrrolof2,3-
blpyridine-3-carboxylate as a yellow-green 0il.(3.23 g, yield 50 %) LCMS (M + H) m/z: caled
303.37; found 302.9. TH NMR (400 MHz, CDCl): 8 8.32-830 (m, TH), 8.25-823 {m, 1H},
717714 (m, 1H), $.50-5.44 (m, 1H), 2.71{s, 3H), 1.96 (s, 3H), 1.65-1.67 {d,3H), 1.64 (s, SH).

{604584] Step 2: Tert-butyl 1-3-hyvdroxybutan-2-yI)-2-methyl- H-pyrrolo{2,3-bipyridine-

3-carboxylate:

a
W 1
S
el N
MaBty v MeOM  —a SoE
A
0
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To the solation of tert-butyl 2-methyl-1-(3-oxobutan-2-vh-1H-pyrrolof2.3-bipyridine-3-
carboxylate (3.1 g, 10.25 mmol} in methanol (30 mbL} was added sodium borohydride (8.30 g,
8.2 mmol) at 0°C. After 30 minutes, another batch of sodium borohydride (0.30 g, 8.2 mmol}
was added at 0°C. After the reaction completed about 2 h later, water (30 mi) was added
dropwisc very carcfully to quench the reaction. The mixture was cxtracted with CH,Ch. The
extraction was dried over Na)SQy, filtered and concentrated under vacuum to give tert-buiyl -
(3-hydroxybutan-2-yh)-2-mcthyl- 1 H-pyrrolo]2,3-bipyridine-3-carboxylate as a yvellow sohid. (3.0
g, vield 96 %) LCMS (M + B} nv/z: caled 305.38; found 304.9. 1H NMR (400 MHz, CDCL): &
8.31-829 (m, 1H), 8.13-8.12 (m, 1H), 7.11-7.07 {m, 1H), 4.46-4 43 (m, 1H)}, 4.12 (m, 1H), 2.73
{3, 3H), 1.58 (s, 9H), 1.51-1.49 (d, 3H), 0.92-0.91 (d, 3H).

100455]  Step 3: Tert-butyl-1-G-methoxybutan-2-y-2Z-methyi-1 H-pyrrolo{2,3-bipyridine-

3-carboxylate:

To dry THF (20 mbL) was added NaH (60 % in mineral oil, 2.37 g, 59.14 mmol). Then the
mixture was stirred at 27°C for 20 minutes, then tert-butyl 1-(3-hyvdroxybutan-2-y1)-2-methyl-
1H-pyrrolo]2,3-bipyridine-3-carboxylate (3.0 g, 9.86 mmol) was added. The mixture was stirred
at 27°C for 1 hour, then added by CHsl (13.99 g, 98.6 mmol). The mixture was stirred for 12
hours at 27°C and then cooled to 0°C. Sat. NHLCl was added and exiracted with CH,CL. The
extraction was dried over sodium sulfate, filtered and concentrated to give tert-butyl-1-(3-
methoxybutan-2-y1)-2-roethyl- 1H-pyrrolof2,3-blpyridine-3-carboxylaic as a yelow oill (3.2 g,
yield 100 %) LOMS (M + H') ro/z: caled. 319.41; found 318.9.

100456] Step 4: 1-G-methoxybutan-2-yii-Z-methyi-1H-pyrrolo{2,3-bipyridine-3-

carboxylic acid:
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To the pre-cooled solution of tert-butyl 1-(3-methoxybutan-2-y1}-2-methyvi-tH-pyrrolof 2,3-
bipyridine-3-carboxyvlate (3.0 g, 9.42 mmol} in CHClL (20 mL) was added triftuoroacetic acid
(20 mL) dropwise. The solution was stirred at 27°C for 1.5 hours. The solvent was removed
under vacuum at 27°C. The residue was used for next step without purified. LCMS (M + H+)
m/z: caled 263 .30; found 262.9.

180457F Step 5:  N-{{4-methoxy--methyb2Z-oxo-1,2-dibydropyridia-3-yDmethvi}-1-(3-

methoxybutan-2-vir-2-methyvh-1 Hepyrrolo{2.3-blpyridine-3-carboxamide:

\
Y
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To a solution of 1-(3-methoxybutan-2-yi}-2-methvi- 1H-pyrrolo{2,3-bipyridine-3-carboxylic acid
(2.4 g, .15 mmol) in BMF (30 mL) was added TEA (4.2 g, 41.50 mumol}, 3-(aminomethyl}-4-
methoxy-6-methyipyridin-2(1H)-one hydrochloride (2.1g, 12.81 mmol} After stirred for 10
minutes at 27°C, the mixture was cooled and added HATU (5.56g, 14.6dmmol). The mixture
was stirred at 27°C for 72 hours and 30 % of S M. remained. Then the mixture was heated at
80°C for 5 hours. The solution was diluted with brine (100 mL} and extracted with CH,CL (100
mbL*3). The extractions were combined and dried over Na,SQO4. The solvent was evaporated
under vacuum and the residue was purified by flash column (Eluent: dichloromethanc: methanol
=35:5} 0 give WN-{{4-methoxy-6-methyl-2-ox0-1,2-dihydropyridin-3-yDmethyl}- 1 -(3-
methoxybutan-2-vi)-2-methyl-1H-pyrrolo[2,3-blpyridine-3-carboxamide. (3.6g, vield 95 %)
{00458] Step 6 Separation of N-{{(4-methoxy-6-methyl-2-oxo-1,2-dihydropyridin-3-
yhmethylh-1-G-methoxybutan-2-yi}-2-methyl- 1 H-pyrrofo{2,3-bipyridine-3-carboxamide:
Isomers {(Compounds 261, 266, 267, and 302):
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The mixture of isomers from Step 5, N—('(4~methoxy—é-methvi—?,—oxo-1 J2-dihvdropyridin-3-
yhmethyh-1-¢3-methoxybutan-2-yi}-2-methyl- 1H-pyrrolo{2,3-blpyridine-3-carboxamide  was
purificd by prep-HPLC {Condition: Column: SHIMADZU LC-84, 250*50mm *10um; Mobile
phase A: water with 0.2 % formic acid; Mobile phase B: McCN; column temperature: 30 °C;
Gradient : B in A 10~30 %) to give a major isomer pair {Compound 261 and Compound 266
combined) (1.0 g, purity 98.8%) and a minor isomer pair {Compound 267 and Compound 302
combined} (180 mg, purity 63%j). The resulting isomer pairs were individuoally separated by SFC
{Condition: Colamn: Chiralpak AD 250%30 mm *S wm; Mobile phase A: Supercritical COy;
Mobile phase B: IPA+NH;H0; Gradient © B/A: 75:25) to give the following individual single
compounds:

[80459] Compound 261, N-{{4-mecthoxy-6-methyl-2-0x0-1,2-dihydropyridin-3-yvhmethyl}-1-
{{2R or 28, 3R or 35)-3-methoxybutan-2-yi}-2-methyl-1 H-pyrrolo[2,3-blpyridine-3-carboxamide
(Major Isomer Pair; Peak 1) 'H NMR (400 MHz, CDCL): § 8.173-8.157 (m, 1H), 8.140-8.116
{m, 1H), 7.582-7.555 {m, 1H}, 6.96K8-6.936 (m, TH)}, 5.927 (s, 1H), 4.707-4.609 (1, 2H), 4.348
{s, TH}, 3.892 (s, 3H}, 2.869 (s, 3H), 2.788 (s, 3H}, 2.173 {s, 3H), 1.644-1.627 (d, 3H}, 1.263-
1.249 (d, 3H).

{00466 Compound 266, N-{{(4-methoxy-6-methyl-2-ox0-1,2-dihydropyridin-3-yhmethyl}-1-
({2ZR or 28, 3R or 35)-3-methoxybutan-2-y1}-2-methyl- 1 H-pyrrolof2,3-blpyridine-3-carboxamide
{Major Isomer Pair; Peak 2): 'H NMR (400 MHz, CDCh): § 8.179-8.163 (m, 1H), &.143-8.120

204



WO 2013/120104 PCT/US2013/025639

(m, 1H), 7.558-7.531 {m, 1H}, 6.986-6.954 (m, TH), 5.931 (s, 1H}, 4.702-4.605 (m, 2H), 3.897
{s,3H)}, 2.892 {s, 3H), 2.789 (s, 3H), 2.189 (s, 3H), 1.647-1.629 {d, 3H}, 1.267-1.252 (d, 3H)}.
{80461} Compound 267, N-{{4-mecthoxy-6-methyl-2-0x0-1,2-dihydropyridin-3-yvhmethyl}-1-
{{2R or 28, 3R or 35)-3-methoxybutan-2-yi}-2-methyl-1 H-pyrrolo[2,3-blpyridine-3-carboxamide
{Minor Isomer Pair; Peak 1) "H NMR {400 MHz, CDCly): 6 8.174-8.162 {d, 1H), 8.111-8.0%4
(d, 1H), 7.551-7.526 (m, 1H), 6.993-0.961 (m, 1H}, 5.935 (s, 1H), 4.683-4.579 (m, 2H), 3.887 (s,
3H), 3442 (5, 3H), 2.753 (s, 3H}, 2.194 (s, 3H), 1.695-1.678 (d, 3H), 0.781-0.768 (d, 3H}.
180462} Compound 302, N-{{4-mecthoxy-6-methyl-2-0x0-1,2-dihydropyridin-3-ylimethyl)-1-
{{ZR or 28, 3R or 38)-3-methoxybutan-2-yi}-Z-methyl- 1 H-pyrrolo[2,3-blpyridine-3-carboxamide
{(Minor Isomer Pair; Poak 2): 'H NMR (400 MHz, CDCL): 8 8.177-8.166 (d, 1H), 8.122-8.104
(d, 1H), 7.587-7.562 (m, 1H), 6.984-6.952 (m, 1H}, 5.933 (s, 1 H}, 4.698-4.591 {m, 2H), 4.426 (s,
2H), 3.983 {s, 3H), 3.448 (s, 3H), 2.764 (s, 3H), 2.180 (s, 3H), 1.701-1.684 (d, 3H), 8.766-0.772
{d, 3H).

1604631 Example 66, Synthesis of -(l-cyclopropyl-I-methoxypropan-2-vH-N-{{(4-

methoxy-g-methvi-2-oxo-1,2-dihvdropyridin-3-vhmethvD-2-methvil-1H-nvrrolol2.3-

bipvridine-3-carboxamide (Compound 283) and iis Individual Diastereomers (Compounds

285, 286 and 293).

{60464] Step 1: N-methoxy-N-methylcyclopropanecarboxamide:

ﬂ .....
o . HN PN J —y
} “““ <J /{i) HOY T ?‘i\ --------- e 0/‘}/ <]

N, O~-dimethythydroxylamine  hydrochloride(11.2g, 114.79mmol) and TEA  (13.36g,
191.32mmoly were dissolved in CHCL (60mil). Cyclopropanccarbonyl chloride (10g,
95.66romolwas added dropwise at 0°C. After addition, the mixture was allowed to warm to
25°C and stirred forl8 h. After the reaction completed, the solution was washed with HO,
satgrated NaHCOs, 1T N HCI and brine. The organic layer was dried over NapS3Qy and evaporated
under reduced pressure to get N-methoxy-N-methylevelopropanccarboxamide as a yellow oil
(8.6 g, vield 70 %).

[80465] Step 2: l-cyclopropyipropan-1-one:

;
NP AL e >’—<
HE B
Y/ ! o
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To N-methoxy-N-methyleyclopropanccarboxamide (2.0 g, 15.49 mmol} in THF (20 mL) was
added CoH:sMgBr (1.2 M in THF, 15.4 ml, 18.58 mmol) dropwise below -70°C. After addition,
the solution was allowed to warm to 25°C and stirred for 18 h. After the reaction completed, the
solution was quenched by addition of Imb of saturated NH4Cl Then the mixture was diluted
with water and then cxtracted by EtOAc. The organic layer was separated, combined, dried over
Wa;50;4 and cvaporated under reduced pressure to get i-cyclopropylpropan-i-onc as a white oil.
{800 mg, vicld 53 %).

[80466]  Step 3: 2-bromo-i-cyclopropyipropan-i-one:

Br

To I-cyclopropylpropan-t-one (800 mg, 8.1 5mmol) in CHCL: (5 wml) and EtOAc (5 mL) were
added CuBr; (3.64 g, 16.30 mmol) at 70°C. The solution was stirred at 70°C forl8 h. After the
reaction completed, the solution was filtered off. The filtration was evaporated under vacuum to
obtain 2-bromo-t-cyclopropylpropan-t-one as green oil. (1.0 g, vield 69 %).

[80467]  Step 4: Tert-butyl I-(I-cyclopropyl-1-oxopropan-2-yi)-2-methyl-1 H-pyrrolof2,3-

bipyridine-3-carboxyiate:

I

o
The sohution of ert-butyl 2-methyl-1H-pyrrolo]2,3-blpyridine-3-carboxylate (300.00 mg, 1.29
mmol}, 2-bromo-1-cyclopropylpropan-1-one (342.98 mg, 1.94 mmol}, Cs;C0:{841.63 mg, 2.58
mmol}, K (42.88mg. (.26 mmol) in DMF(4ml} were stivred at 25°C for 18h.. After the reaction
completed, the solution was partitioned between EtOAc and H:(. The organic layer was

separated, dried over Na;S04 and evaporated under reduced pressure. The residue was purified
Z»methy]—i E>{~pyrroio{Q,E—b}pyridine»fﬁ»carboxyiate as a white oil. (230 mg, yield 54 %).

[60468] Step 8: Tert-butyl 1-(I-cyclopropyi-1-hydroxypropan-2-yl)-2-methvl-1H-pyrrolo
12, 3-b} pyridine-3-carboxylate:
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o-{ O
\
_—a j«j + NaBH, e _— ’T/\
N \N"' NN N‘f"
N, )
(i
o HO

To tert-butyl 1-{l-cyclopropyi-1-oxopropan-2-vi)-2-methvi-1H-pyrrolo  [2,3-b}  pyridine-3-
carboxylate (170 mg, 0.52 mmol) in CH:OH 3 mi) were added NaBHy (88.75 mg, 1.55 mmol)
at 0°C. The mixture was allowed to warm 25°C with stirred for 2h. After the reaction mixture
completed, the solution was concentrated under vacoum and the solid was partition between
EtCAc and H,0. The organic was separated, dried over Na;SQ4 and evaporated under reduced
pressure to give tert-butyl [-{I-cyclopropyl-1-hydroxypropan-2-yi}-2-methyl-1H-pyrrolo{2,3-
blpyridine-3-carboxyla as a white oil. (140 mg, yicld 84 %).

{60469] Step 6: Tert-butyl i-({-cvclopropyi-1-methoxypropan-2-vi-Z-methyl-1 H-pyrrols

12, 3-b} pyridine-3-carboxylate:

To NaH (72.63mg, 1.8Zmmol) in THF (ZmL} was added tert-butyl 1-(1-cvelopropyi-1-
hydroxypropan-2-yl}-2-methyl-1 H-pyrrolo]2,3-blpyridine-3-carboxyia (100 mg, 0.30 mmol) at
25°C for 30 min. To the reaction mixture was added CH;1 (429.57 mg, 3.03 mmol) dropwise
with stirring for 3h. After the reaction completed, the mixture was quenched by addition of
10mL of saturated NH4ClL and a clear white solution was obtained which was poured into water
and extracted by EtOAc. The extraction was dried over NapSO;s and cvaporated under reduced
pressure to give tert-butyl 1-(1-cyclopropyi-1-methoxypropan-2-yi)-2-methyl-1 H-pyrrolof2.3-
blpyridine-3-carboxylate as white oil. (100mg, vield 95%:).

{80470} Step T: I-(I~cycloprepyi-l-methoxypropan-2-yh-Z-methy -1 H-pyrrolof2,3-

bipvridine-3-carboxylic acid:
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To a solution of tert-butyl 1-(I-cyelopropyl-l-methoxypropan-2-y1-2Z-methyl-1 H-pyrrolo{2,3-
bipyridine-3-carboxvlate (100 mg, 0.29 mmol} in CHYCL (2 mL} were added CF:COH (2
ml.}. The solution was stirred at 25°C for 2h. Afier the reaction completed, the solution was
concentrated under reduced pressure to obtain  -(I-cyclopropyl-T-methoxypropan-2-yi}-2-
methyl-1H-pyrrolo] 2, 3-blpyridine-3-carboxylic acid as red oil. (87 mg, vicld 99 %;.

604711 Step 8: 1-(I-cyclopropyl-T-methoxypropan-2-yh-N-({4-methoxy-6-methyl-2-ox0-
1,2-dibydropyridin-3-vhmethyl-2-methyvi-1H-pyrrolo[2,3-bipyridine-3-carboxamide
{Compound 283}

- A ‘?\
\ A
b5 - HN..
e N ) | % :
T {-;Zi"' S K L S + IR FP R oo &
Lo O !
HN““?}, RO ?; .
G SRR
Q

To a solution of I-{i-cyclopropyl-l1-mcthoxypropan-2-yh-2-methyl-1H-pyrroloe {2, 3-b]
pyridine-3-carboxylic acid (100 mg, 0.35 mmaol) in dichloromethane (2 mbL) was added HATU
(192 mg, 0.52 mmol}, TEA {(10528mg, 1.04 mmol). After stirred for 50 min at room
temperature, 3-(aminomethyi}-4d-methoxy-6-methylpyridin-2{1H)-onc hydrochloride { 87.5 mg,
0.52 mmol} was added. The mixture was stirred at room femperature for 3 hours, After the
reaction completed, the solution was partitioned between HEiOAc¢ and HyO. The organic was
separated, dried over NaxSO4 and evaporated under vacuurm,

180472} Step 9: Separation of Isomers of 1-(I-cyclopropyi-1-methoxypropan-2-yiH-N-{(4-
methoxy-6-methyl-2-ox0-1,2-dihydvropyridin-3-yhmethy-2-methyl-1H-pyrrolo[2,3~

bipyridine-3-carboxamide (Compounds 285, 286 and 292
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The residuc from the previcus step was solidified by MTBE to give major isomer | {Compounds
285 and 286) (4 mg, purity 90 %). The filtratc was purified by preparative-HPLC (Instrument;
Gilson 285, Colomne Grace CIE 50 150%25mm ; Mobile phase A: Water (0.0225% HCOOH
v/vy;, Mobile phase B: Acctonitrile (neutral); Gradient:30-60(89%); Flowrate:22ml/min) to give
major isoroer 1 (285 and 286) (.30 mg, purity 100%) and minor isomer 2 (Compound 2923 (2.3
mg 100%). Isomer | was separated by SFC (Column AD (250%30mm, 5 um); Flow rate:
60mi/ron; Mobile: A, phase: 30% TPA+NH:.H:0, B, 70 % COy; Wavelength: 220 num) to give
Compound 285 (15.1 mg, purity 94 %) and Compound 286 (14.5 mg, purity 37%).

[00473]  Compound 285, 1-{{1R or 5, 2R or S)-t-cyclopropyl-1-methoxypropan-2-yh-N-((4-
methoxy-6-methyi-2-oxo-1,2-dihydropyridin-3-yhmethy-2-methyb- 1 H-pyrrolof 2, 3-bipyridine-

3-carboxamide: LOCMS (M + H+y wy/z: caled 438.23; found 439.1. 1H NMR {400 MHz, CDCls):
O B.112-8.162 {m, 2H}), 7.550 (1, 1H}, 6.933-6.964 (m, 1H), 5.931 (s, H), 4.609-4.708 {m, 2H),
3.761(s, 3H), 3.755-3.728 (m, 1H), 3482, 1H), 2.879(s,1H), 2.798 {s, 3H), 2.1&84 (5, 3H},
1.868-1.6835 {m, 1H), 1.868-1.835 {(m,1H),1.764 (s,3H), 0.837(m, 1H), 0.603-0.585(d, 2H,
J=7.2Hz), 0.482-0.473(d, 2H, J=3.6Hz).

{00474 Compound 286, I-((1R or S, 2R or S)}-t-cyelopropyl-l-methoxypropan-2-yh-N-{({4~
methoxy-6-methyl-2-0x0-1,2-dihydropyridin-3-ymethyl-2-methyl- 1 H-pyrrolof 2,3-blpyridine-

3-carboxamide: LCMS (M + H+) m/z: caled 438.23; found 439.2. 1H NMR (400 MHz, CDCli):
68.123-8.175 {m, ZH)}, 7.500 (t, 1H), 6.976-7.008 (m, 1H}), 5.939 (s, 1H}, 4.627-4.657 {t, Z2H),
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4.284-4 459 (m, TH}, 3.906(s,3H}, 3.795-3.814 (m, TH), 2.86(s, 3H), 2.801 (s, 3H),2.236 (s, 3H),
1.754-1.770 (d, 3H.J=6 .4}, 0.844 (m, 1H)}, 0.589-0.606 (d.2H, J=6.8}, (.487 (m,2H)}.

{80475} Compound 292, I-{{1R or S, 2R or S)-i-cyclopropyl-i-methoxypropan-2-yH-N-{((4-
methoxy-6-methyi-2-0x0-1,2-dihydropyridin-3-ylimethy)-2-methyl-1 H-pyrrolof2,3-bipyridine-
3-carboxamide: LCMS (M + H+) nvz: caled 438.23; found 439.2. 1H NMR (400 MHz, CDCly):
8 8.124-8.175 (m, 2H), 7.500 (1, 1H), 6.976-7.008 (m, 1H), 5939 (s, 1H)}, 5.625-4.655 (t, 2H),
4.355-4.490 {m, 1H), 3.907 (s, 3H), 3.787-3.813 (m, 1H), 2.879 (s, 3H),2.801 {s,3H) 2.232 (s,
3H), 1.754-1.771 (4, 3H, J=6.8},0.840-0.866 (m,2H) 0.589-0.608 (d, 2H, J=7.6}, 0.487 (m.2H).
100476] Example 67. Svnthesis  of (E-N-{{4.6-dimethvi-2-oxo-1.2-dihvdropvridin-3-

vhimethyD-2-methyi-1-{1-phenviethvD-1H-pyrrolol2 . 3-clpvridine-3-carboxamide
{Compound 20

{00477] Step 1: 1-(3-methoxyphenyhethanol:

Ay . N

E Ny sac-Buli EA i

L !
: %/

To a stirred solution of 3-Amino-4-picoline (7g, 64.8 mmol) in anhydrous THF (200 mL), scc-
Buli (150 mL, 1.3M in cyclohexane, 194 mmol) was added dropwise over 20 minutes at -78°C.
The selution was warmed to room temperatare and stirred at 3hours, Ethyl acetate(2.3 g, 25.9
mmol} was added dropwise into the reaction at -78°C and the mixture was stirred at the same
temperature for 2 hours. Methanol (58 ml} was added dropwise into the reaction over 10
mimites. The mixture was warmed to room temperature and stirred for 1 hour. A half-saturated
NH4CE (250 mL) was added. The mixture was extracted with EA. The combined organic layers
were washed with brine, dried and concentrated to afford the crude product. The crude product
was purificd by silica gel chromatography {petroleum cther / cthyl acetate = 10:1) to afford 2-
methyl-1H-pyrrolo{2,3-clpyridine (2.5 g, 73.5%).

{B0478] Step 2: 2,2,2-trichioro-1-(C-methvi-1 H-pyrrole{2,3-c]pyridin-3-yijethanons:

Nt ol N

X AlCH C,C0C o P
o, e T,
\‘;.-’N O \Q‘\x‘

To a stirred solution of Z-methyl-i H-pyrrolo[2,3-¢lpynidine (2.5 ¢, 18.9 mmol) and aluminum
» } W 9 p./ &

chloride (5 g, 37.8 mmol} in DCM (108 mL), trichloroacetyichloride (4.1 g, 22.7 mmol) was

added dropwise into the reaction over 0.5 hours at room temperature. After stirring 2 howrs, the
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reaction was cooled to 0°C and was quenched with water {1008 mL). The resulting precipitate
was isolated by filtration to afford 2,2,2-trichloro-1-(2-methyl-1H-pyrrolof2,3-¢]pyridin-3-
yhethanone which was used for next step without further purification. Assumed 100% vield.
{5.24 g).

{80479 Step 3: Methyl 2-methyl-1H-pyrrolo[2,3-cipyridine-3-carboxylate:

i NI
¢ ,,”NH KOH & }j
\>‘\’/ \)\‘\. o \/"J\\ / \
T 3
O \:::.,"

A wmuxture of 2,2 2-trichloro- I -(Z-methyl- 1 H-pyrrolo[2,3~clpyridin-3-ylicthanone (5.24 g, 189
mmol} and KOH (1.2 g, 20.9 mmol) in MeOH (100 mL} was stivred at room temperature for 16
hour. The reaction mixture was concentrated to remove MeQH, the residue was partitioned
between EA and Water. The organic laver was washed with brine, dried and concentrated to
afford methyl 2-methyl-1H-pyrrolof2,3-c]pyridine-3-carboxylate (3 g, 83%).

[00480] Step 4: Methyl methyl 2-methyl-1-(1-phenylethyl-1H-pyrrolo{2,3-cjpyridine-3-

carboxviate:
\ e
G “—‘/%
\«NH B:/\_/M\\\\‘—/} ,’ \,r—N' \\_ ;’)
NN \» =
é) \%/N ﬂ' L\\/N

,.’

A mixture of methyl 2-methyi-1H-pyrrolof2,3-clpyridine-3-carboxylate {550 mg, 2.£9 mmol}
and sodinm hydride (200 mg, 4.34 mmol} in N N-dimethylformamide (3.0 mL) was stirred at
room temperature for 0.5 hour, and then (I-bromoethylibenzene (589 mg, 3.18 mmol} was
added. The mixtare was stirred at room temperature for 3 hours. The reaction mixture was
poured into saturated WH4Cl and extracted with cthyl acetate. Organic layers were combined and
concentrated to give a residue. The residue was purified by chromatography {petroleum ether /
cthyl acetate = 5:1) to give methyl 2-methvi-1-{1-phenylethyl}-1H-pyrrolo{2,3-c]pyridine-3-
carboxylate (800 mg, 94%).

{60481] Step 5: Z-methyl-1-{1-phenviethyl)-1 H-pyrrolof 2,3-¢cipyridine-3-carboxylic acid:

/

HO,

\[f =20) \Ig.O
j TFA, DO 7 {
[ e Y
E ) \ /i W ‘5
/ ‘\/
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To a mixture of methyl Z-methyl-1-(I-phenylcthyl)-1H-pyrrolo][2.3-clpyridine-3-carboxylate
{800 mg, 2.72 mmol} and KOH (1.5 g, 27.2 mmol} in (15 mL} and water (§ mL} was refluxed for
The combined

The

2 hours. The mixture was adjust PH to 2 by 10% HCI and cxtracted with EA .
organic lavers were washed with brine, dried and concentrated to afford the crude product.
crude product was used into the next siep without more purification. 100% yield. (760 mg).
{00482 Step 6: (E)-N-{{4,6-dimethyi-2-oxo-1,2-dihydropyridin-3-yhmethyh-2-methyi-1-
{(i-phenylethyD-1H-pyrrolei2.3-¢clpyridine-3-carboxamide (Compound 203}

NP e

/;::\) LN AN ":>
P { 15 e \ Z
N N\ " / &/
Ho v Y g H \er\

2," /H HNL, \/NY \{/"h\ﬁ‘

O '\;/N a c; ‘\;-;_/N

A mixture of 2-methyl-1-(I-phenylethyl)-TH-pyrrolof2,3-¢ipvridine-3-carboxylic acid (280 mg,
1.0 mmol) was added HATU (456 mg, 1.2 mmol}, TEA (1 g, 10 mmol} and 3-(aminomethyl}-
4,6-dimethylpyridin-2{(1H}-one {182 mg, 1.2 mmol) in ashydrous dichloromethane (30 ml) was
stirred at room temperature for 16 howrs. To the reaction mixture was added water (10 mlb},
extracted with dichloromethane (30 mbL 2}, The organic layers were combined and
concentrated to give a residue. The residue was rerevstallized from MeCN to affotd compound
N-{{4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yimethyl}-2-methyl-1-(1 -phenylethyl)- 1 H-
pyrrolof2,3-c]pyridine-3-carboxamide as an off-white solid (80 mg, 21.6%). LRMS (M+H™)
m/z: caled 414.21; found 414, "H NMR (400 MHz, Mcthanol-d4) &: 8.84 (s, 1H), 8.16 {d, J= 7.6
Hz, 1H), 803 {d, /= 6.8 Hz, 1H), 7.44-7.37 (1, SH), 6.09 {s, 1H), 6.01-5.99 (m, 1H), 449 (s,
2H), 2.73 (s, 3H), 2.38 (s, 3H), 2.22 (s, 3H), 2.06 (d. /= 7.2 Hz. 3H).

{00483]

procedure outlined in this example using the appropriate starting materials and modifications.

The compounds shown in the following table were prepared according to the general

Structures are shown in Figure 1.

Compound Name NMR m/z
{£3-N-{{4~cthoxy-6- WNMR {400 MHz, CDCly) 60 834 (s, 1H), 8.11-
methyil-2-oxo-1,2- §.34(d, J=5.6 Hz, 1H), 7.75-7.82 {m 2H),
155 dihydropyridin-3- 7.26-7.32 (m, 2H), 7.13-7.16 (d, J= 7.2 Hz,
- yvhmethyl)-2-methyl-1- 2H), 5.85-5.90 (m, 2H), 4 .6b~4 70 {m, 2H), 4435
{1-phenviethyl}-1H- 4.10-4.16 (m, 2H}, 2.80 (s, 3H), 2.14(s, 3H),
pyrrolo]2,3-¢lpyridineg-3- 1.96-1.99 {(d, J = 7.2 Hz, 3H}, 1.44-1.48 (m,
carboxamide 3.
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ANAA El it | (400 MHz, CHLOROFORM-d} 5 ppm 1.63 (br.
(E)NAGO-dimethyl-2- ) ST 5T 41 (6, 3 ) 273 (6, 3 H)
oxo-1,2-dihydropyridin- S o e .

3-yHmethyl)-1-(1- 3244, 3 H)3.72¢dd, J=0.81, 540 Hz, | H)
240 mf";h:ﬁ VDEO "’annz_“d}m 3.80-388(m, I Hy4.60(d, /=595Hz, 2 H) 383
m:thji_f%“fwrﬂép S| 471(dd, =1323,7.06 Ha, L 592 (s, 1 1) | T
¢ 3‘:} e é{nefs_ =7 731 (4, =573 Hz, 1 H) 738 (brs., 1 H) 826
P 5 (d, /=520 Hz, 1 H) 9.09 (br. 5., 1 H) 11.07 (br.
carboxamide
5., 1 H)
{#}-N-({4-methoxy-6- | (400 MHz, CHLOROFORM-d} 8 ppm 1.62 {(br,
methyi-2-oxo-1,2- 8, 3HY226(s, 3 H)2.75¢(s, 3 H)3.25(s, 3 H)
243 dihydropyridin-3- 3.72(dd, /=981, 540 Hz, 1 H) 3.80 - 3.87 (m,
- vhmethyl}-2-methyl-1- | 1 H)3.90(s, 3H)}4.65(4, =529 Hz, 2 Hy4.71 | 431
{1-phenylicthyl}-1H- {dd, /=1378, 695 Hz, 1 H} 593 (s, | H) 7.32
pyrrolo{2,3-¢cipyridine-3- | {br.s., 1 H) 7.50 (br.s., L H) 825 (br. s., | H}
carboxamide 911 (br.s., I H)
{00484] Step 7: Chiral separation of N-{{4,6-dimethyl-2-oxe-1,2-dibhyvdropyridin-3-
viimethyl-2-methvi-1-(I-phenyicthyl-1H-pyrrols|2,3-¢cipyridine-3-carboxamide  Isemers
{(Compounds 247 and 248);
e
L
O O
e \‘Y«NJ N\ A sre o] Q - =5
A L8 I T
5 5 = . — )
\Tf\r/ H \KW-T'N\
HN\EE/J\/N\ F/\\/‘“Q\N
o o =
Comg)cm(i 248
{00485] Compound 203, 45 mg was secparated by SFC (Column: Chiralpak AD

250%30mm, 5um); Flow rate: 50mL/min: Mobile: A, phase: 35% IPA+NH;.H,0, B, 65 % COy;
Wavelength: 220 nm) to give (R or S)}-N-{{4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-ylimethyl)-
2-methyl-1-{{-phenylethyl}- 1 H-pyrrolof 2, 3-clpyridine-3-carboxamide (Pcak |; Compound 247;
12 mg, purity 98 %) and (R or S}-N-{{4,6-dimcthyl-2-0x0-1,2-dihydropyridin-3-yljmethyl}-2-
methyl-1-( I -phenylethyl}-1H-pyrrolo{2,3-clpyridine-3-carboxamide (Peak 2;Compound 248; 11
mg, purity 98%;}.

{00486]
methyl-1-(i-phenylethyD)-1H-pyrrolo{ 2, 3-cJpyriding-3-carboxamide: LRMS (M+H") m/z: caled

Compound 247, (R or S)-N-{{4,6-dimethyl-2-0x0-1,2~-dthydropyridin-3-yhmethyl)-2-

414.21; found 414, 1[H NMR (400 MHz, CD30OD): § 8.61 (s, 11}, 8.25-8.21 (g, /6.8 Hz, 2H),
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7.41-7.36 {m, 3H}, 7.35-7.27 (m, ZH), 6.60 {s, 1H}, 6.28-6.23 (g, /=68 Hz, 1H)}, 461 (s, 2H},
2.81 (s, 3H), 2.53 (s, 3H), 2.38 (s, 3H), 2.05-2.03 {d, /=72 Hz, 3H).

[80487] Compound 248, (R or 8)-N-{{4,6-dimecthyl-2-0x0-1,2-dihydropyridin-3-ylimethyl}-2-
methyl-1-(1-phenylethyi)-1H-pyrrolof2,3-¢Jpyridine-3-carboxanide: LRMS (M+H™) m/z: caled
414.21; found 414, 1H NMR (400 MHz, CD30OD): 6 8.63 (bs, 1H), 8.27-8.22 {q, /=6.4 Hz, 2H),

7.42-7.37 (m, 3H), 7.36-7.28 (m, 2H), 6.80 (s, 1H), 6.29-6.24 (q, /=6.8 Hz, 1H), 4.65 (s, 2H),

2.82 (5, 3H), 2.59 (s, 3H), 2.45 (s, 3H), 2.06-2.04 (d, J=7.2 Hz, 3H).

{00488}

procedure outlined in this example using the appropriate starting materials and modifications.

Structures are shown in Figure 1.

The compounds shown in the following table were prepared according to the general

Compound Name NMR m/z
e a ir 3 (400 MHz, CDCl3 8 12.2-12.1 (br, 1H},
(Roor S)-N-{d-methoxy-b- | ¢ g 029 d 7= 5.3 Hz, 1H), 8.07-8.06
methyl-2-0x0-1,2- e~ tre 1% o my
. Bhydropyridin-3-vimethyli- (d, /=352 Hii 1,H)’ 7“:79,”'62 (m, 2H),
258 GHYCTOPYIIOW=S-YUMERYA" 1 5 967 21 (m, 3H), 7.08-7.06 (d, J= 7.2
2-methyl-1-(1-phenylethyl}- iy £ oe ok om & e re o 431
1 H-pyrrolo]2, 3-¢lpyridine-3- Hz, 2H )7? 5.86 ,(S’ 1H), 5.82-5.76 (g, /=
RN S T 72 Hz, 1H), 4.61-4.60 (d, /= 4.0 Hz, 2H),
= PE ‘&K ) 3.83¢s, 3H), 2.73 (s, 3H), 2.14 (s, 3H),
1.91-1.89(d, /= 7.2 Hz, 3H)
{400 MHz, CDCL) 8 B.28-8.27 (4, J=5.2
(R or S}-N-{{4-methoxy-6- Hz, 1H), 8.07-8.06 (d, /= 5.2 Hz, IH),
methyl-2~oxo-~1,2- 7.70-7.62 {m, 2H), 7.26-7.21 {im, 3H)},
259 dihydropyridin-3-yhimethyl)- 7.08-7.06(d,J=7.2 Hz, 2H), 5.86 (s,
- 2~-methyl-1-{1~-phenylethyl}- 1H), 5.82-5.76¢q,J=7.2 Hz, 1H), 4.61- 431
H-pyrrolo]2,3-¢cipyridine-3- 4.60 (dd, J;= 1.6 Hz J, = 4.0 Hz, 2H),
carboxamude 3.83(s,3H), 2.73 (5, 3H), 2.14-2.13 (4, J
PEAK 2 = 4.0 Hz, 3H), 1.91-1.89 (4, 7= 6.8 Hz,
3H)
{00489 Example 68, Svnthesis of I-(aminomethyvD-4-methoxv-6-methvipyridin-2-ok The

title intermediate was synthesized according to the following Scheme:
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[80490] Step 1: 2-amins-6-methyl-d-ox0-dH-pyran-3-carbonitrile: Malononitrile (110 g,
1.67 mol) was dissolved in dry THF (1000 ml) and cosled in ice-water bath. NaH (60 % in
mincral oil, 67 g, 1.67 mol) was added portionwise below 10°C very carcfully while the reaction
flash was evacuted with N, flow. After addition completed, the mixture was stirred at §°C for 30
min. Then 4-methylencoxetan-2-one (140 ¢, 1.67 mol) was added dropwise below 0°C. After
addition completed, the mixture was stirred at -10°C for | h. The reaction mixture was
neutralized by 4 N HCI and concentrated under vacuum to give compound Z-amino-6-methyl-4-
oxo-4H-pyran-3-carbonitrilc as an orange oil. The crude product was used to next step without
further purification.

{00491 Step 2: 2.4-dihyvdroxy-6-methyinicotinonitrile: 2-amino-6-methyi-4-oxo-4H-
pyran-3-carbonitrilc from above was dissolved in 4 N HCVHO (2500 ml} and refluxed for 5 h
with stirring strongly. After cooled to r.t., the precipitate was filtered, washed with H,O (500
ml}, ethanol (500 ml) and MTBE (200 ml} and dried under high vacuum. 2 ,4-dihydroxy-6-
methylnicotinonitrile was obtained as a ycliow powder. (165 g, yicld 66 %).

[00492] Step 3; 2 4-dichloro-6-methyinicotinonitrile: 2 4-dihydroxy-6-mcethylnicotinonitrile
{40 g, 266.4 mumol) was dissolved i POCL (120 mi) and added by DMF (4 drops). The mixture
was heated for 3 h. Then the mixture was concentrated under vacuam. The residue was dissolved
in EtOAc¢ (2 L) and neutralized by saturated NaHCO;. Then the mixture was filtered through a
Celite pad to remove the dark flocculating. The organic layer was separated, dried over NapSO4
and concentrated under vacuum to give 2 4d-dichloro-6-methylnicotinoniirile as an off-white

solid. (45 g, vield 90 %).
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{80493 Step 4: 2.4-dimethoxy-6-methyinicotinonitrile: 2.4-dichloro-6-
methylnicotinonitrile (45 ¢, 240 mmol} was dissolved in CH;OH (300 mi). NaOMe (30 % in
MeOH, 100 ml, 1680 mmol) was added. The mixture was refluxed for 4 h. After cooled to 1.t
the reaction mixture was neutralized by HOAc. The solvent was removed under vacuum and the
residue was washed with HyO (300 ml) and MTBE (100 mi). The resulting solid was
coevaporated with dry THF (300 mi) to give 2.4-dimethoxy-6-methyinicotinonitrile as a dark-
vellow solid. (40 g, vield 95 %;).

{00494] Step §: tert-butyl {((2.4-dimethoxy-6-methylpyridin-3-yhmethylicarbamate: 2.4-
dimethoxy-6-methylnicotinonitrile (10.0 g, 56 mumol} was dissolved in the mixtare of THF (260
ml} and methanol (260 mlb). Raney Ni {wet, 10.0 g), TEA (29.0 g, 280 mmol) and Boe,O (36,85 g,
168 mmoly were added. Then the mixtore was hydrogenated (1 atorn) at r.t. overnight. After
reaction completed, the reaction mixture was filtered through a Celite pad. 6 parallel reactions
were combined and concentrated under vacuum to give fert-butyl ((2.4-dimethoxy-6-
methylpyndin-3-vlmethylcarbamate as a vellow solid. (84 g, vield 88 %),

[00495] Step 6: 3I-(aminomethyD-4-methoxy-6-methylpyridin-2-ob:  tert-butyl (24~
dimethoxy-6-methylpyridin-3-ylymethvljcarbamate (83 g, 294 mmol} was dissolved in 4 N
HCVHL,O (B30 mil). Then the mixture was refhixed for 4.5 h. (The reaction mixture was
monttored by MS spectrum to make sure the methyl group at 2-position de-protect completely.)
After the reaction completed, the mixture was concentrated under vacuum to give a brown oil.
The oif was suspended in EtOH (300 ml) for 15 min to give a yellow precipitate. The precipitate
was filtered, washed with ethanol {100 mi) and MTBE (100 mi) and dried under high vacuoam to
give 38 g of fraction | 3-(aminomethyl}-4-methoxy-6-methylpyridin-2-0l (Purity 985 % by
LCMS, vield 63 %) as a yeliow powder. In the meantime, the filtration from fraction 1 was
concentrated under vacuum and the residuc was solidified by ethano! (100 mi}. The precipitate
was filtered, washed with ethanol (100 mi) and MTBE (100 ml) and dricd under high vacuum to
give 20 g of fraction 2 3-(aminomethyl}-4-methoxy-6-methylpyridin-2-0l (Purity 94 % by

LCMS, yield 33 %) as a vellow powder.

180496] Exsmple 69. Svathesiz of 3J-(aminomethvii-4-ethvi-6-methvl

The title intermediate was synthesized according to the following Scheme:
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{B0497]  Step 1:  I-(triphenyiphosphoranylidene)propan-2-one: A solution of 1-
chloropropan-2-one (50 g, 540.4 mmol} in chloroform (150 mL) was added dropwise to a
solution of triphenyiphosphine (141.72 g, 540.4 mmol} in chloroform (150 mL) under nitrogen.
The mixture was stirred at 70 °C for 12hr, and the resulting phosphonium salt was filtered. The
precipitate was washed with ethyl acetate and dried under vacuum. The dried phosphonium salt
was suspended m a mixture of water (250 mL) and methanol (250 mL), and the mixture was
stirred for 1 hr. Aqueous sodium hydroxide (2.00 M) was added to the mixture until a pH
between 7 and 8 was reached. The mixture was then stirred vigorously for | hr. The phosphorane
precipitate was filtered and washed with water. After drying in vacuum, the phosphorane was
recrystalbized  from  cthyl  acetate  and  dried  under  vacuum  to afford  1-
{triphenylphosphoranylidenepropan-2-one (40.00 g, 23.3%) as a white sohd.

[00498] Step 2: hex-3-em-2Z-ome: To a solution of I-(triphenyiphosphoranylidene)propan-2-
one (40 g, 125.65 mmol} in dichloromethane (150 mL} was added propionaldehyde {4583 ¢,
789.07 mmol) at 24 "C. The reaction mixture was then stirred at 24 C for 12 he. Afier
concentration, the residue was then distilled under vacuum (73 "C/-0.09 MPa) to give hex-3-cn-
2-one (536 g, 43.5%).

[00499] Step 3 4-ethyl-6-methyb2-ox0-1, 2-dihydropyridine-3-carboniirile: To a stirred
sohution of potassium 2-methylpropan-2-olate (4.92 g, 43.81 rwomel) and 2-cyanoacetamide (4.03
g, 48.19 yamol} in (methylsulfinylimethane (60 mlL) was added hex-3-en-2-one (4.30 g, 43.81
nunol) under nitrogen atmosphere at 25 “C. The reaction mixture was then stirred at 25 °C for 30
min, and then additional potassium Z-methylpropan-2-olate (14.75g, 131.44 mmol} was added.
Nitrogen gas was displaced by oxygen gas and the mixture was stirred at 25 °C for 48 hr. The

mixture was diluted with 4 volumes water (240 mbL), and then 5 volumes of 4 W HCL (300 mL},
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which were added slowly. The reaction mixture was filtered, washed with water, and dried to
give 4-cthyl-6-methyt-2-oxo-1, 2-dihydropyridine-3-carbonitrife (1.30 g, 18.3%) as a gray solid.
[BOS00] Step 4: tert-butyl {{4-ethyl-6-methyl-2-oxo-1,2-dibhydropyridin-3-
yhmethylicarbamate: To a solution of Rancy Ni (0.8 g) in methanol / tetrahydrofuran (72 mL,
1/ 1) was added 4-cthyl-6-mcthyl-2-0x0-1,2-dihydropyridine-3-carbonitrile {1.20 g, 7.40 mmol})
, tricthylamine {1.50 g, 14.80 mmol) and di-teri-butyl dicarbonate (1.94 g, 8.88 mmol}). The
reaction mixture was stirred at 23 °C under hydrogen pressure (1 atm) for 20hr, The reaction
mixture was filtered through Celite. The filtrate was diluted with cthyl acetate, washed with brine
and dried over anhydrous sodiom sulfate. The solvent was then removed under vacoum to afford
crude tert-butyl ((4-cthyl-6-methyl-2-ox0-1,2-dihydropyridin-3-yDmethyljcarbamate { 1.46 g,
71.2%}) as a white solide for the next step.

{00501]  Step 5: 3-(aminomethyl}-4-ethyl-6-methyipyridin-2(1H}-one: Tert-butyl ({(4-cthyl-
&-methyl-2-oxo-1,2-dihydropyridin-3-ylymethylcarbamate {1.00 g, 3.75 mmol) was dissolved in
a sohution ofhydrogen chloride 1nl 4-dioxane (20 mL}. The mixture was stirred for Zhr, The
reaction mixture was filtered. The residue was washed with dichloromethane, dried to afford 3-
{aminomethyi)-4-cthyl-6-methyipvridin-2{1 H)-one hyvdrochloride (593 mg, 77.9%) as a light
yeltow solid. LRMS (M + H) m/z: caled 166.11; found 167.1. "H NMR (400 MHz, D,0O): 8 ppm
631 (s, 1 H),4.06(s, 21,257 {(q, /=786 Hz, 2H), 2.25 (s, 3 H}, 110 {t, ./ = 7.53 Hz, 3 H).

[00502] Example 70, Svnthesis of 3-(aminomethyD-4-(difluoromethoxvi-6-

methvipyridin-2(1 H)-one. The title intermediate was synthesized according to the following

Scheme:
. o
¢t O
_POCH, reflux /(’\T_CN CsOAC,DIIF /,L\iv CN  MeONaMeOH {L\\V,CN
B ———— ) H
B ————EEEEEEEEE - )
L j: i . N N
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o ocHE, O b
OCHF; /[& 3
ﬁ\ J e \T;&'\\d/

CE\;\ Q CN {Boec),07 N ’
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H,, Raney Ri
»»»»»»»»»»»»»»»»»»»»»»»»»»»» 300 /L P 2 4
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100503}  Step 1 2 4-dichloro-6-methylnicotinonitrile: To a solution of 2. 4-dihydroxy-6-
methylnicotinonitrile (20.0g, 133.0mmol} in POCL (150mL) was stirred at 120 °C for 2 hours

under N,. It was partitioned between water (500 mb) and ethyl acetate (500 mlL), the organic
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layer was dried and concentrated to afford 2.4-dichlors-6-methylnicotinonitriie {(15.3g brown
sotid, 61.4% viled).

[00504] Step 2: 2-chlore-4-hydroxy-6-methylnicotinonitrile: A mixture of 2,4-dichloro-6-
methylnicotinonitrile (12.0g, 64.2 mmol } , CsOAc { 37.0g, 1930 mmol) in NN-
dimethyiformamide (50 mL) was stirred at 80 °C overnight under N The mixture was
partitioned between water{(800 mL) and cthyl acctate (800 mL}, the organic layer was dried and
concentrated to afford 2-chloro-4-hydroxy-6-methylnicotinonitrile (9.0g brown soild, 84.1 %
yiled).

[00505]  Step 3: 4-hvdroxy-2-methoxy-6-methylnicotinonitrile: A mixture of 2-chloro-4-
hydroxy-6-methyinicotinonitrile {2.0g, 11.9 mmol ), sodiom methanolate { 3.2¢, 59.5 ramol) in
methanol (20 mL) was stirred at 60 °C overnight under Ny, The mixture was quenched with HCL
(1M} to pH=2. It was partitioned between water{ 5300 ml) and ethyl acetate (500 mL), the organic
layver was dried and concentrated to afford 4-hydroxy-2-methoxy-6-racthylnicotinonitrile (2.0g
brown soild, 100 % yiled}.

[00506] Step 4: 4-(difluoromethoxy)-Z-methoxy-6-methyinicotinonitrile: To a solution of
4-hydroxy-2-methoxy-6-methyinicotinonitrile (2.0g, 12.2 mamol ) in N N-dimethyiformamide(10
mL) was added sodium hydride (880 mg, 36.6 mnmol} at 0 “C and the mixture was stirred for 0.5
hour , Ethyl 2-chlore-2 2-difluorcacetate { 5.4g, 39.0 mmol} was added with vigorous stirring,
over the course of 20 min. The suspension was warmed to 80 “C overnight under Ny, The
mixture was quenched into Na;CO; (200 mb). It was partitioned between water(500 mL) and
ethyl acetate (500 mL), the organic layer was dried and concentrated to afford the crude, which
was purified by flash column (PE:EA=20:1) to afford 4-{difluoromethoxy)-Z-methoxy-6-
methylnicotinonitrile (550 mg yellow soild, 22.0% viled).

[B0507] Step & tert-butyl  ((d-(diftuoromethoxy)-2-methoxy-¢-methyipyridin-3-
viymethvlicarbamate: To a solution of 4-(difluoromethoxy}-Z-methoxy-6-methylnicotinonitrile
(550mg, 2.58mmol), di-tert-butyl dicarbonate (844 mg, 3.87 mmol), Tricthylamine (391 mg,
3.87 mmol} and Raney Ni (2g) in Tetrahydrofuran(10mb) was stirred at room tomperature
overnight under H,. It was filtered and the filtrate was concentrated to afford tert-butyl{({4-
{difluoromethoxy)-2-methoxy-6-methyipyridin-3-yhmethyljcarbamate.  (830mg vellow solid,

100 % yiled).
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{BOSE8] Step 6: 3-(aminomethyi)-4-(difinoromethoxy)-6-methyipyridin-2(1H)-one: To a
solution of tert-butyl{{4-(diffuoromethoxy)-2-methoxy-6-methylpyridin-3-yhmethyvijcarbamate
{830mg, 2.6immol} in HCW10mL) was stirred at 100 °C for 1.5 hours under Ny, The mixture
was concentrated to  afford 3-{aminomcthyl}-4-{difluoromethoxy)-6-methylpyridin-2(1H)-
one(430me, vellow solid, 80.8 % yicld), LCMS (M + H+) m/z: caled 204.07; found 205.0. 'H
NMR (400 MHz, DMSO): 6 7.621-7258 (1 .1H), 6.26 (s, 1H), 3.837-3.822 (d. J = 6.0Hz,2H)

100509 Example 71. Synthesis of 3-{aminomethvl-4d.6-dimethvipyridin-2(1H)-one. The

title intermediate was synthesized according to the following Scheme:

¢}

o o LN ;;{/’\E[/ NifH, HN/ I tioxane HN/ 4 NH, He)
,/J\/ﬂ\ — \g/ CN B , c \g ~-NH;
{00510} Step 1: 4,6-dimethyl-2-ox0-1,2-dihvdropyridine-3-carbonitrile: To a solution of
pentane-2,4-dione (100 g, 1.0 mol) in H,O (2 L) were added 2-cyanoacetamide (84 g, 1.0 mob)
and KyCOs(13.8 ¢, 0.1 mol). Then the mixture was stirred at room temperature for 16 hr. The
reaction solution was filtrated to give crude product. The crude was washed with water and
concentrated to give 4,6-dimethyl-2-oxo0-1 2-dihydropyridine-3~carbonitrile (138 g, 93 %),
{80511  Step 2: teri-butyl {{(4.6-dimethyl-2-ox0-1,2-dihydropyridin-3-
vhmethyhearbamate: To a solution of 4,6-dimethyl-2-oxo-~1,2-dihydropyridine-3-carbonitrile
(40 g, 0.27 mol} in THF/CH;OH (1:1, 2 L) were added Ni (40 ¢}, Boc: Q{110 g, 0.5 mob) and
E:N{50 g, 0.5 mol}. Then the nuxture was stirred in Hy atmosphere at room temperature for 48
hr. The reaction solution was filirated and concentrated to give crude product. The crude was
added HyO (200 mL) and extracted by DCM (600 mL*3). The organic laver was concentrated to
give tert-butyl ((4,6~dimethyl-2-oxo-1,2-dihydropyridin-3-yUmethvljcarbamate (40 g, 56 %) for
next step.
[00512]  Step 3: 3-(aminomethyl-4,6-dimethyipyridin-2(1H)-one: tort-butyl ((4,6-dimethyl-
2-oxo-1,2-dihydropyridin-3-vDmethyljcarbamate (40 g, 0.27 molbywas added into dioxane/HCI {1
Lyand the mixture was stirred at room temperature for 4 hr. The reaction solution was filtrated
and concentrated to give crude product. The crude was washed with ethyl acetate (100mL*2} and
EtOH (SOmL*1} and concentrated to give 3-(aminomethyl}-4,6-dimethylpyridin-2¢1H}-onc
hydrochloride (15 g, 40 %). LCMS (M + H+) m/z caled. 152.19; found 153.1. '"H NMR

b
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(DMSO, 400MHz) 8 11.84 (s, 1F), 8.07 (s, 30), 5.96 (s, 1H), 3.76-7.75(d, J = 5.6 Hz, 2H), 2.21
(s, 3H). 2.15 (s, 3H).

1805131 Example 73, General Procedures for Svathesizing Other Compounds of the

invention

180514] {General Procedure A: [ndole Alkyation

0 Q
‘3'\”'03\.46 ~ >‘CMB
NaH, DMF R
(TS - e MmOy
N
e \A’/\N‘
H R
NH indole ester RX

Alkylated indole ester

To a cooled (0°C) solution of NH indole ester (1 equivalent) in N N-dimethylformamide (volume
to make concentration 0.4M) was added sodium hydnide (60% wiw, 1.1 equivalents relative to
indole}. The resultant mixture was stirred for 15 mimutes. Then RX (2 equivalents) was added
and the reaction was allowed to warm to room temperature. The reaction was maintained at
ambient temperature for 12 hours. The reaction mixture was poured into safirated ammonium
chloride solution (100 mlL} with stirring. The mixture was extracted with ethyl acetate (200 mL x
2y and the combined organic phase was washed with bring, driecd over magnesium sulfate,
filtered, and concentrated to give crude product which was purified by column chromatography
(silica gel, petrolcum ether/ethyl acetate = 20:1) to afford the desired alkylated Indole ester
product.

1805818}  General Procedure B: Sapenification of alkyiated [ndole ester

Alkylated Indole aster indole acid

To a solution of alkyvlated Indole ester (1 equivalent) in tetrabydrofuran:methanol:water (2.5:5:1,
volume to make concentration 0.05M) was added lithium hydroxide {4 equivalents). The
resultant reaction mixture was stirred at 60°C for 48 hours. The mixture was congentrated in
vacito, Then the residue was diluted with water (40 mL) and slowly acidified with IN hydrogen

chloride to pH = 4-5. The mixture was extracted with ethyi acetate (100 mL % 33, The combined
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organic layers were washed with bring, dried over magnesium sulfate, filtered and concentrated
to give erude indole acid, which was used in the subscquent step without additional purification.

100516] Generst Procedure € Amide bond formation

Q .
Ve O R ELCH, HOBT Fij j\ =
{ ’ Et.N, CH,Cl, NP, a, A
@"'\}... N »E/Y\NHZ EN, OOl /( \/‘f NN XA
. oo
AN AN oH Aon SN ,
R R
indole acid Pyridone amine Target

To a solution of Indole acid (1 equivalent} in dichloromethane (volume to make concentration
8.05M) were added I-hydroxybenzotriazole (1.5 equivalents), 1-(3-dimethylaminopropyl}-3-
cthvlcarbodiimide hydrochloride (1.5 equiv.} and tricthviamine (3 equiv.}. The resultant mixtore
was stirred at room temperature for 30 minutes. Then Pyridone amine (1.2 equiv.) was added and
the resultant mixture was stirred at room temperature for 16 hours, Water (50 mL) was added to
the mixture. The mixture was extracted with dichloromethane (100 mi = 2). The organic layer
was concentrated in vacuo to provide crude product which was purified by column
chromatography {silica gel, dichloromethane/ methanol = 2{(: 1) to afford the target compound.
1805171 General Procedure B: Chirsl chromatography

Separation of chiral compounds was accomplished via normal phase HPLC or SFC {(supercritical
carbon dioxide fluid chromatography). Scparated compounds were typically >95% ce. The
absolute configuration of chiral centers was not determined.

{80518} General Procedure E: Amination of pyrrolopyrimidines

H
R¥ RQO"N\RQT R¥
R i ' R'? ;
Ry N i RS —N
\(\ E P }! b E— \(\\E/ H \’! 1
N\},ff/\\v/r‘\:r/ 7 \‘\‘\n N\?‘f’\\,» r‘\:. v W ,R?'C'
o T = e N
QH ¥ =N QH ¥ =N Rt
Chioropyrimidine R20 and R21 are independently Aminopyrimidine

any appropriate nitrogern substituent

or R20 and R21 are taken together with
the nitrogen atom to which they are
beund 3 form a hetarocydlic ring

A sohuation of Chloropyrimidine {1 equiv.) in amine {volume to make concentration §.1M) was
stirred at 150°C for 30 minutes under microwave {pressure: 12.2 bar, equipment power: 150W).
The mixture was concentrated in vacuo and purified by column chromatography (silica gel,

dichloromethane/methanol = 1{(: 1} to afford the target aminopyrimidine.
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{80519]  General Procedunre F: Suzuki coupling of chloropyrimidine

o
Rx B\Rzz le
\ Ni 0 \T»N
. = RE A #N
R\r/\,‘,/ N Pd{dppf)Cl, \[(\ g
o \_.EN/“”CE o N
Chioropyrimidine Coupled product
R‘la /;\\IT// )
B2 = }?ﬁ SN or =, SIEL 73 = aryt, heteroaryl, partially saturated
¥ carbocyely, partially satrualed heterocycly
OH alkenyl or any moiety containing a vinyl
group

Chioropyrimidine {1 equiv.), boronic ester or acid (1.4 equiv.}, PAdppHiCL (0.1 equiv.), KOO
{2 equiv.}) were combined in 3:1 dioxanc:iwater (vohime to make conceuntration (.2M), then
stirred at 140°C under microwave irradiation for 30 mins. The mixtore was filtered through
celite, concentrated in vacuo and purified by column chromatography to afford the target coupled
product.

{60520  General Procedure G: Hydrogenation of Coupled prodact

o R*
PAIC, MeOH

\,-
)\2 )\RZW i Rp ( % Ras

Coupled progduct R%% = hydrogenated version of R?®

Pd/C (catalytic) was added to a solution of Coupled product {1 equiv) in MeOH (volume to make
concentration 0.1 M) and stirred at r.t for 4h. The mixiure was concentrated in vacuo and
purified by preparative-HPLC to afford the desired product.

{00521 General Procedure H: Pd-catalyzed methylation of chloropyrimidine ethyl ester

R* o~
\« AlMias PEFPRL), \},"N\

B AMRLEA A8 i -
- T \\/O : / i:f
A e

Chioropyrimidine ethyl ester Methyl pyrimidine ethyl ester

AKCHs) (2 cquiv.) was added dropwise under Nj at 20 °C through a septum to a stirred solution

of (R}-cthyl Z-chloro-6-methyl-7-(1-phenylethyly-7H-pyrrolof2,3-dipyrimidine-5-
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carboxylate(400 mg, 1.2 mmol} in 20 ml THF and Pd{PPhs}s {63 mg, (.06 mmol}. The mixture
was then stirred at 70-80 “C for 8 h, then cooled to RT and poured into saturated aqueous
NH,Clice and filtered. The filtrate was washed with dichloromethanc (3X), then the combined
organic phascs were dricd (NaxS0y), filtered and concentrated. The material was purified by
sitica gel column chromatography.

{00522  General Procedure I: Hydrolysis of nitrile to acid

m Llo"‘i LH
HN CH OH
7 &C\ - }‘“COOH

O

,—

Niteile Acid

Lithium hydroxide anhydrate (10 cquiv.) in water {2 mb) was added to Nitrile (1 equiv.) in
methanol (13 mL} and the resultant mixture was stirred at room tomperature for 12 hours. The
mixture was cvaporated, added with water (5 mL}, acidified with aquecous hydrochloric acid
{1M) to pH = 2. The solid precipitate was filtered and dried to obtain Acid,

1805823}  General Procedure J: Methy! ester formation

1 R
1a .
R N’RX HoSO \/f/ﬁ N
= . 3 i i
;;,/\i( ;E ﬁ? y + CHOH S Sl S HN\F N\q/k Ve i'g
e ~ \T/’\ 4 . 70°C i | - COOCH,
i e A COOH G O N
(o) O N
Acid Methyi Ester

To a solution of Acid {1 equiv.) in CHiOH (Volume to make concentration 8.1 M) was added
with HoSOy (2 equiv.) and the reaction mixture was stirred at 70 °C for 2 hours,. The solution
was concentrated, diluted with water (20 mlL), exiracted with ethyl acetate (20 mL). The organic
lavers were separated, combined, dried over anhydrous sodium sulfate, filiered and concentrated
to give a residue Ester, which was used directly in the next reaction.

[805234] General Procedure K: Reduction of methyl ester to alcohol
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\/\./Rh :Rx

g; _NaBH, \n”\ \fr“( S cmyon

/\Mcmocw CaHs0H

Methyl Ester Alcohol
To a solution of Methy! ester {1 cquiv.) in EtOH (volume to make concentration $.1M} was
added with NaBH, (10 cquiv.), and the reaction mixture was stirred at 80 °C for 12 hours. After
the completion of the reaction, the reaction was quenched by addition of 5 mL of saturated
aqueous NHCH solution, and extracted with EtOAc (3X). The combined organic washes were
washed with H,O, then dried (Na;SQOs), filtered and concentrated. Purification by RPHPLC
provided the target compound.

18058258}  General Procedure L: Sulphonylation

,_&‘J\JH /—‘"\ (:\)‘Sg.o
2 ,Rm } .
i e 5 TS R
HN\ N, /)'\\(/ ‘??\{\ + CF“'?L‘O . j _5&- L\

n/ ‘\Ef \ Va " HN N /

o SN )

Chiral amine

To a solution of Chiral amine (! cquiv.} in dichloromethane (volume to make concentration
0.1 was added tricthylamine (4 cquiv.) at 18 °C under Np. The reaction was cooled to 8 °C and
methanesulfonyl chloride (1.5 equiv.) was added. The reaction was stirred at 0 °C for 1 h. Then
the mixture was concentrated in vacuo and methanol and potassium carbonate were added and
the reaction was stirred for another 1 h. The mixture was filtered and the crude product was
purificd by preparative-HPLC.

[00526] The table below lists compounds of the invention and which of the above general

methods was used in thewr synthesis. Structures of these compounds are set forth in Figure 1.

Compound L{iﬁ iiﬁ%fis MName NMR data miz
{(£)}-N-((2-hydroxy-4.6- | H NMR {300 MHz, CD:0OD):
dimethyipyridin-3- d 8.22-8.13 {m, 2H), 7.28-7.13
i46 AB,C yhmethyh-2-methyl-1-(1~- | {m, 6H}, 6.47-6.45 (m, 1H), 414
phenylethyl}-1H- 6.09 (s, 1H), 4.50 (5, 2H), 2.42
pyrrolo{2 3-blpyridine-3- | (5, 3H), 2.39 (5, 3H}, 2.23 (5,
carboxamide 3H), 2.02(d, /=72 Hz, 3JH}.
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General Methods S : e .
Compound Used and Notes Name NMR data | mz
"H NMR (300 MHz, -
DPMSO) 5 11.57 (5, 1H), 8.13
I-benzoyl-N-{(2-hydroxy- | {g,/= 5.1 Hz,1H), 7.74-7.70
1530 A B C 4.6-dimethylpyridin-3- (m, 4H), 7.60-7.58 {m, 2H), 413
yhmethyl}-2-methyl-1H- | 7.20-7.00 (m, 3H), 5.88 (5, )
indole-3-carboxamide 1H), 4.32(d, J=5.1 Hz, 2H),
2.37 (8, 3H), 2.267 (8, 3H),
212 (8, 3H).
THNMR. (300 MHz, CD:0OD):
N-{{(4,6-dimethyl-2-ox0-~ 0 9.03 (s, 1H), 8.53
149 A B C I, 2-dihydropyridin-3- (8,2H},7.80-7.78 (m, 1H),
i yhmethyly-2-methyl-1- | 7.39-7.36 (m, 1H), 7.19-7.16 | 401
{pyrimidin-3-yimethyl- | {m, ZH}, 5.56 (s, ZH}, 4.55 {5,
IH-indole-3-carboxamide [2H}, 2.62 (5, 3H}, 2.42 (s, 3H),
2.45 (s, 3H).
'H NMR {300 MHz, CD:OD):
3 7.73-7.7 . FH, 7.56-7.53
(R o7 S)-1-(seo-buty-N- |7 75770 (. HE), 7.56-7.5
((2-bydroxy-4.6- (m, 1H}, 7.12-7.09 (m, 2H},
147 AB,C,D LTy Aroxy-%, 6.11 (s, 1), 4.54 (s, 3H), 2.64] _
dimethyipyridin-3- o A 365
vhmethyl}-2-methyl-1H- (s, 3H), 243 (s, 3H), 223,
3 i’ﬂdﬁ} Y ~arb'o\'f1}hid"r 3H), 1.97-1.90 (m, 2H), 161
GQIEnICATBORIIIEE (4, T = 6.9 Hz, 3H), 0.73 (4. J
= 7.5 Hz, 3H}.
{R or S¥-1-(sec-butyh-IN-
R N {{2-hydroxy-4,6-
148 A B.CD dimethyipyridin-3- Identical to Compound 147 | 365
vhmethyl)-2-methyl-1H-
indole-3-carboxamide
(R}-2~chloro-N-((2~
Starting material . 1’1y’(i1f0xy~«~"§,(,>»
. dimethylpyridin-3-
167 for other N N .
S yhmethyly-6-methyl-7-(1-
pyrrolof2.3- . oy
dlpyrimidines phenylethyl)-7H-
“ip3 = pyrrolof2,3-dpyrimidine-
S-carboxamide
1 T 3 - 3
N iy H NMR (400 MHz, CD;0D)
(RONAZAydrons 10| 5895 (s, 1H), 7.29-7.23 (m,
| SHEYIPYIAIToT iy, 6.20-6.18 (m, 1H), 6.09
yvhmethyh-6-methyl-7-(1~- { AT RPN
; PA {s, 1 H), 449 {s, 2 H), 4.02-
168 F,G phenylethyl)-2- 2 nroy A o o
(tetrahydro-2H-pyran-4- | 99 (m, 2H), 3.59-3.53 (m, 2
: ~§}-7§»§—3 f:-;;;x} J[” N H), 3.17-3.02 (m, 1 H}, 2.55
Y iy _i;}.,ﬁ-;j“;y (s, 3H), 2.38 (s, 3H), 2.22 (s,
éi-box;;mﬁé 3H), 2.09 (d, J=7.2 Hz, 3H),
e 1.96-1.88 {m, 4H).
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Compound

General Methods
Used and Notes

Name

NMR data wm/z

169

(R)-N-{{2-hydroxy-4,6-
dimethyipyridin-3-
yhmcthyh-6-methyl-7-{1-
phenylethyl}y-2-(piperazin-
i-yh-7H-pyrrolof2,3-
dlpyrimidine-5-
carboxamide

"H NMR (400 MHz, CD:OD)
 8.64 (s, 1H), 7.30-7.21 {m,
5H), 6.09-6.04 (m, 2H), 4.47
(5,2 H}, 3.72-3.67 (m, 4H)},

2.84-2.81 (m, 4 H), 2.44 (s,

3H), 2.37 (s, 3H), 2.23 (s, 3H),
2.01 {d, /=7.2 Hz, 3H).

H.B,C

(R)-N-{{2-hydroxy-4,6-
dimethyipyridin-3-
yhmethyl)-2,6-dimethyi-
7-{1-phenvlethyl}-7H-
pyrrolof2,3-d]pvrimidine-

S-carboxamide

"H NMR (400 MHz, CD:0D)
5 8.93 (s, 1FD), 7.30-7.18 {m,
SH), 6.42-6.35 (m, 1H), 6.09
(s, 1 H), 4.48 (s, 2 H), 2.69 (5,
3H), 2.42 (s, 3 H). 2.37 (s, 3
H), 2.22 (s, 3H), 2.04 (d,
J=7.2 Hz 3H).

fa—y
~d
~1

F,G,B,C

{R)-N~{{2-hydroxy-4,6-
dimethyipyridin-3-
yhmethy-2-isopropyl-6-
methyl-7-( I-phenyiethyl)-
TH-pvrrolof2,3-
dlpyrimidine-5-
carboxamide

"H NMR (400 MHz,
Methanol-d4) 4 £.92 (s, 1H),
7.29-7.22 (m, 5H), 6.21-6.09
(m, 2H), 4.49 (s, 2 H), 3.25-
3.22 (m, 1 H), 2.53 (s, 3H),
2.38 (s, 3 H), 2,23 (d, /=04,
3H),2.00(d, J=8.0,3 H),

1.33-1.26 (m, 6H).

184

See Intermediate
I synthesis below

{R)-7-(scc-butyl)-2-
chloro-N-{{4,6-dimethyl-
2-oxo-1,2-dthydropyridin-
3-yhmethyl-6-methyl-
TH-pyrrolof2,3-
dlpyrimidine-5-
carboxamide

"H NMR (400 MHz, CDCL):
8 8.94 (s, 1H), 6.85 (s, 1H),
4.62 (s, 2H), 2.72 (s, 3H), 2.59
(s, 3H), 2.43 (s, 3H), 2.35-

2.41 {m, 1H), 1.94-2.04 (m,
1H), 1.65-1.67 (d, J="7.2 Hz,
3H), 0.72-0.76 (t, 3H).

402

188

F

(R}-7-{sec-butyl}-N-{(2-
hydroxy-4,6-
dimethyipyridin-3-
yhmethyly-6-methyl-2-
phenyl-7H-pyrrolo{2,3-
dipyrimidine-5-
carboxamide

'H NMR (400 MHz,
Methanol-d4) 89.57 (s,
1H),9.40 (s, 1H), 8.50 (s, 2H),
7.53 (s, 3 H), 6.48 (s,
iH},4.56-4.65 (m, 3H), 2.86(5,
3H), 2.63 (s, 3 H), 2.55 (s, 3
H), 2.41 (s, 1 H), 2.10 (s, 1 H),

1.78(s,3 H), 0.83 (s, 3 H).
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Compound

General Methods
Used and Notes

Name

NMR data

wm/z

igh

o

(R}-7-{sec-butyl}-N-{(2-
hvdroxy-4,6-
dimethyipyridin-3-
yhmethyl}-6-methyl-7H-
pyrrolof2,3-d]pyrimidine-
S-carboxamide

TH NMR (400 MHz, CD:0DY):
594 (s, 1H), 9.14 (s, 1H),
6.86 (s, 1H), 4.79-4.83 (m,

1H), 4.65 (s, 2H), 2.82 (s, 3H),
2.62 (s, 3H), 2.48 (s, 3H),

2.39-2.44 (m, 1H), 2.05-2.12

(m, 1H), 1.72-1.74 (d, /= 6.8
Hz, 3H), 0.77-0.81 (1, 3H).

197

F.G

{R)-7~{sec-butyl-N-{{4,6-
dimethyi-2-0x0-1,2-
dihydropyridin-3-
yhmethyl}-2-isopropyl-6-
methyl-7TH-pyrrolo{2,3-
dlpyrimiding-5-
carboxamide

"H NMR {400 MHz,
Methanol-d4) 6 9.20 (s, 1H),
6.64 (s, 1H), 4.73 (s, 2H), 4.59
(s, 2H), 3.44 (m, 1H), 2.77 (s,
3H), 2.55¢s, 3 H), 2.44 (s,
3HY, 2,10 (m, 1H), 1.73(d, /=
6.8Hz,3 H), 1.48(d, /=
7.2Hz 6H), 0.81 (m, 3H).

198

F{Zn{CN),
instead of the
mdicated boronic
gster or acidy, L, C

(R}-7-{sec-butyl}-N5-
{{4,6-dimethyl-2-ox0-1.2-
dihydropyridin-3-
yhmethy-N2,6-
dimethyl-7H-pyrrolo[2,3-
dipyrimidine-2,5-
dicarboxamide

"H NMR (400 MHz,
Methanol-d4) 4 9.34 (s, 1H),
6.4 (s, 1H), 4.92 (s, 2H), 4.58

(s, 2H), 3.1 (s, 3H), 2.86¢(s,
3H), 2.50 (s, 3H), 2.34(s, 3H),
1.80 (4, I=6.8 H;,3 H), 0.86
{m, 3H).

N
[
(3]

199

F(Zn{CN}), 1, J,
K

{R)-7-(scc-butyl}-N-{({4,6-
dimethyi-2-oxo-1,2-
dihydropyridin-3-
yhmecthyl)-2-
(hydroxymethyl}-6-
methyl-TH-pyrrolo{2,3-
dlpyrimiding-5-
carboxamide

"H NMR (400 MHz,
Methanol-dd) 6 8.97 (s, 1H),
6.1 (s, 1H), 4.76 (s, 2H), 4.50
(s, ZH), 2.67 (s, 3H), 2.51(s,
1H), 2.44 (s, 3H), 2.42(s, 3H),

2.01 (m, 2 H), 1.95(d,
J=6.8Hz, 3H), 0.74 (m, 3H).

200

{R)-7-(sec-butyl-N-{{4,6-
dimethyi-2-0x0-1,2-
dihydropyridin-3-
vhmethvi)-2,6-dimethyi-
TH-pyrrolof2,3-
dlpyrimiding-5-
carboxamide

'H NMR (400 MHz,
Methanol-d4} & 8.87 (s, 1H),
6.09 (s, 1H), 4.71 (s, 1H}, 4.62
(s, 2H), 2.67 (d, . =6.4Hz,
6H), 2.51 {m, 4H}, 223 (s, 3
H), 2.00 (m, 1H), 1.65{(d, J

=6.8 Hz, 3 H), (.73 (m, 3H).
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ieneral Methods
Compound General Metbods Name NMR data mz

Used and Notes

i44

(R}-2-amino-N-{{2-
hydroxy-4,6-
dimethyipyridin-3-
yhmcthyh-6-methyl-7-{1-
phenylethyl)-7H-
pyrrolof2,3-d]pyrimidine-
S-carboxamide

TH NMR (300 MHz, CD:0DY):
58.57 (s, 1H), 7.34-7.19 (m,
5H), 6.19-6.17 (m, 1H), 6.10
(s, 1H), 447 (s, ZH), 2.33 (s,

3H), 2.30 (s, 3H), 2.23 (s, 3H),

1.99 (d, J=7.2 Hz, 3H).

i42

(R)-N-{{2-hydroxy-4,6-
dimethyipyridin-3-
yhmethyh-6-methyi-7-(1-
phenylethyi)-2-
{(pyrrolidin-t-y1}-7H-
pyrrolof2,3-d]pvrimidine-
S-carboxamide

"H NMR (400 MHz, CD,0D)
3 8.56 (s, 1H), 7.27 - 7280 (m,
S5H), 6.06 — 6.02 {m, 2H), 4 45
{s, 2H3}, 3.52 — 3.45 (m, 4H),
240 (s, 3H), 235(s, 3H), 2.2
(s, 3H}, 2.01 — 1.94 (m, 7H).

484

[
i,
s
(5]

{R)}-N-{(2-hydroxy-4,6-
dimethyipyridin-3-
yhmethyh-6-methyl-2-
morpholino-7-(1-
phenylethyl)-7H-
pyrrolof2,3-dlpyrimidine-
S-carboxanude

'H NMR (400 Mz, CD:0D)
3 8.65 (s, 1H), 7.28 (dt, J =
11.9, 7.7 Hz, 5H), 6.10 (dd, .J
=13.7, 6.5 Hz, 2H), 4.51 {s,
2H), 3.78 — 3.65 {m, RH), 2.47
(s, 3H), 2.41 (s, 3H), 2.26 (s,
3H), 2.03¢(d, /=72 Hz, 3H).

500

i4i

B
E
E
E
{(NaOMe/McOH

instcad of aminge)

{R)-N~{{2-hydroxy-4,6-
dimethyipyridin-3-
vhmethyl)-2-methoxy-6-
methyl-7-(1-phenylethyl}-
TH-pyrrolof2,3-
dlpyrimiding-5-
carboxamide

1H NMR (400 MHz, CD30D)
§8.75 (s, 1H), 7.29 - 7.22 (m,
SH), 6.11 — 6.07 (m, 2H), 4.46
(s, 2H), 3.90 (s, 37), 2.48 (s,
3R, 2.36 (s, 3H), 2.21 (s, 3H),
2.05 (d, /= 7.2 Hz, 3H).

445

139

A B C

(£)-N-{(4,6-dimethyl-2-
oxo-1,2-dihydropyridin-3-
vhmethvi)-2,6-dimethyi-
7-0x0-1-(1-phenylethyl)-
6,7-dihydro-1H-
pyrrolo]2,3-cipyridine-3-
carboxamide

TH NMR (400 MHz, CD:0D);
§7.22-7.13 (m, 4H), 7.01 (4, J
=72 Hz, 2H), 6.69 (4, J =
7.2 Hz, 1H), 5.99 (s, 1H), 4.35
(s, 2H), 3.50-3.21 (m, 4H),
2.26 (s, 3H), 2.13 (s, 3H), 2.06
(s, 3H), 1.82(d, /=72 Hz,
3H).

444
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General Methods e : . "
Compound Used and Notes Name NMR data mz
- :;\};ij}i‘i;fgf( 'H NMR (300 MHz, CD;0D):
PN o d8.55 (s, 1H}, 7.30-7.23 (m,
140 D yhimethyl-G-methyb-2 g0 15 61 (m, 28, 4.47
{mcthylamino}-7-(1- AR
phenylethyl)-7H- ff” 2}?{2’.322‘;@? 3}?{%’ "":405(?’?
pyrrolof2.3-dipyrimidine- 3H 2’ 5.’; b dw} i}? ;ﬁj ?ﬁ‘f 9,
S-carboxamide 0344, ] T
TH NMR {300 MHz, CDChL) §
N-((2-hydroxy-4.6- 12,62 (s, 1H}, 7.89{d, /= §.0
- e T Hz, 1H), 7.77 - 7.40 (m, 3H},
5 B,C Vgiﬁf}ii?)i?;iltz‘i} 743 -T08 (m, 3H), 722 | o
’ ph@n;v'id-iE-i»inddié% 6.94 (m, 2H), 5.98 (s, 1H), |~ )
] c}grboxamidc ’ 4.65 (s, 2H), 2.60 - 2.52 {m,
R 3H), 2.51 ~2.44 (m, 3H), 2.28
—2.22 {m, 3H).
"H NMR (300 MHz, &-
DMSO) 6 11.61 (s, 1H), 7.80-
i -benzyl-N-((2-hydroxy- 7.6%9 (m, 2H), 7.46-7.42 {m,
SR J M- S 2 INT O 2% - =
119 A, B, C 4,6-dimethylpyridin-3- IH}'” 7“30,,' 22 “m.’ 3, :ii
yhmethyl}-2-methyl-1H- 7"07,;““’ fH} .6'98 (d, ';i_," -~ 399
indole-3-carboxamide Hz, 2H), 5.89 (s, 1H), 346 s,
1aeens RS 91, 4.33¢d, J= 4.5 Az, 2H),
2.57 (s, 3H), 2.26 (s, 3H), 2.11
(s, 3H).
"H NMR {300 MHz, &
DMSO) 61146 (s, iH), 949
e , t, S =42 Hz, /,=8.1 Az
{(£)-N-{(2-hydroxy-4,6- A me fa to e rr ek
dimethyipyridin-3- ,; %32) (Z'/"f idé Li ;},‘j i gf ' ,; i}i
T - 4 7 ~ NS vy A6, FoD N — U3 Ly s F L I0T
126 B.C 5“ﬁ:ﬁiﬁigﬁifﬁféf e 07 (. 3H). 716 (d, = 5.7 | 415
PN Hz, 1H), 7.03-7.00 (m, 1H)},
pyrrolof 3,2-blpyridine-3- R N T
pymolol, 2 blpynd 6.03 (m, 1H), 5.85 (s, 1H),
' i 4,37 (s, 2H), 2.89 (s, 3H), 2.10
(s, 3H), 1 89 (d, J= 5.4 Hz,
1H).
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Compound %;:5 ajnziiggi(i& Name NMR data mz
"H NMR (300 MHz, o -
DMSO}) 4 11.59 (s, 1H), 7.75-
{R or 8)-N-{{6-hydroxy-2- { 7.72 {m, 2H), 7.35-7.25 {m,
methoxy-4- 3H), 7.15(d, J=7.5 Hz, 2H),

iid ABC, D methylpyridin-3- 7.10-7.07 (m, 1H), 7.02-6.93 479
yhmethyh-2-methyl-1-{1- {{m, 2H}, 6.15 (s, 1H}, 5.96 {q,
phenylethyl-1H-indole-3- | /=69Hz 1H), 433, /=

carboxamide 5.1 Hz, 2H), 3.85 (s, 3H}, 2.62
(s, 3H), 2.20 (s, 3H), 1.89 (d, J
= 7.5 Hz, 3H).
{R or S}-N-{{6-hydroxy-2-
methoxy-4-

i15 A,BC D methylpyridin-3- . o R
yhmethyl)-2-methyl-1-(1- Identical to Comopund 114
phenylethyl}-TH-indole-3-

carboxamide
"H NMR (300 MHz, &°-
DMSOY 6. 11.50 (s, TH]),
{£}N-{(2-hydroxy-4,6- §.46 (s, 1H), §.16-8.13 {(m,
118 AR C dimethyipyridin-3- FHY, 7.81 (s, TH), 7.42-7.39
o yvhmethyl)-1-(1- (m, 1H), 7.31-7.20 (m, 5H}, | 399
phenyviethyi}-1H-indole-3- § 7.10-7.07 (m, 2H), 5.88-5.75
carboxamide {m, 2H), 4.32 (4, /= 5.1 Hz,
ZH), 2.22 (3, 3H), 2.12 {s, 3H),
1.86(d, /= 6.9 Hz, 3H).
'H NMR (DMSO-ds, 300
MHz} J 11.59 (s, 1H), 7.73-
(R or S}-N-({2-hvdroxy- | 7.66 {m, 2H), 7.34-7.29 (m,
137 A B C.D 4 6-dimethylpyridin-3-  {3H), 7.24 (d, /=7.2 Hz, 1H),
' T yvhmethyh-2-methyl-1-(1- { 7.16-6.89 {m, 4H}, 594 (g, | 413
phenyicthyl}-1 H-indole-3- { 1H), 588 (s, 1H), 432 (d. J=
carboxamide 5.4 Hz, 2H), 2.60 (s, 3H), 2.50
{s, 3H), 2.11(s, 3H), 1.87 (d, J
=72 He, 3H}.
(R or 8)-N-{{Z-hvdroxy-
136 A B C.D 4, 6-dimethylpyridin-3-

yhmethyl-2-methyl-1-(1-
phenylethyl}-1 H-indole-3-
carboxamide

Identical to Compound 137
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Compound

General Methods
Used and Notes

Name

NMR data

wm/z

B.C,D

(R or S)-N~-{({2-hydroxy-
4,6-dimethylpyridin-3-
yhmethyl)-2-phenyl-1-(1-
phenylethyl}-1H-indole-3-
carboxamide

"H NMR (400 MHz, o -
DMSOY: 5 11.58 (s, 1H), 8.50
(s, 1H), 821 {d, /=84 Hz,
LH), 7.89 (s, TH), 7.73 (s, 1H),
7.64(d, J=7.2 Hz, 2H), 7.46-
7.42 {m, 3H), 7.33-7.27 {m,
5H), 7.25-7.21(m, 1H), 6.05-
6.02 (m, 1H), 591 (s, 1H),
4.34-4.33 (d, J= 3.2 Hz, 7H),
2.42 (s, 3H), 2.13 (s, 3H),
1.88-1.88 (d, J= 7.2 Hz, 3H).

446

B.C,D

(R or S}-N-{((2-hydroxy-
4 6-dimethylpyridin-3-
yhmethyi}-2-phenyl-1-{1-
phenylethyl}-TH-indole-3-
carboxamide

"H NMR (400 MHz, &
DMSO): 5 11.54 (s, 1H), 8.51
(s, 1H), 8.42 (s, 1H), 7.91 (s,
tH), 7.63 {d..J = 7.2 Hz, 2H),
7.51-7.40 {m, 4H), 7.33-7.24
{m, 6H}, 5.90 (m, 2H}, 4.35-
434 (d, J=3.6 Hz, 2H), 2.34
{s, 3H), 2.13 (s, 3H). 1.89-
1.87(d, J= 6.8 Hz, 3H).

475

131

B,C

() 2~cvclopropy-N-((2-
hydroxy-4,6~
dimethyipyridin-3-
yhmethyi}-1-(1-
phenviethyly-TH-indole-3-
carboxamide

"H NMR (300 MHz,
CD30D,): d 8.06(s, 1H), 7.92
(d, =84 Hz, 1H), 7.28-7.15
{m, SH), 7.00 (s, 1H), 6.87 (d,
J=8& 1 Hz, 1H), 6.13(s, 1H),

5.74 {(q, F/=7.2 Hz, 1H), 4.52
(s, 2H}, 2.41 (3, 3H), 2.25 (5,
3H), 1.91 (d,.J= 7.2 Hz, 3H),
1.93-1.89 (m, 1H), 0.92-0.8%
{m, 2H}, 0.61-0.59 {;m, 2H)}.

439

447

B,C

{(£)-2-cthyl-N-{{2-
hydroxy-4,6-
dimethyipyridin-3-
yvhmethyl)-1-(1-
phenyiethyli-1 H-indole-3-
carboxamide

"H NMR (400 MHz, &-
DMSO}:  11.58 (s, 1H), 837
(s, [H), 8.03(d, J= 8.4 Hz,
{H), 7.80 (s, 1H), 7.32-7.20
{m, 6H), 6.98-6.96 {m, 1H),
5.91(s, 1H), 5.85-5.80 (m,

{H), 4.31 (s, 2H), 2.66-2.60

(0, 2F1), 2.23 {s, 3, 2.13 (s,
3H), 1.85-1.83 (d, J= 7.2 Hz,

)
~3

3H), 1.21-1.14 (m, 3H),
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Compound

General Methods
Used and Notes

Name

NMR data

wm/z

See intermeidate
1 below, G

(8)-N-{({(4-methoxy-6-
methyl-2-ox0-1,2-
dihvdropyridin-3-

yhmethyh-7-(1-
methoxypropan-2-yi)-6-
mcthyl-7H-pyrrolo{2,3-
dlpyrimidine-5-
carboxamide

"H NMR (400 Mz, MeOD}):
S 9311 (S, 1H),9.122(8, IH),
6.826 (8, 1H), 5.063-5.027
{m, iH}, 4578 (s, 2H}, 4.279-
4254 ¢, J=10Hz1H), 4.08¢
(s,3H) ,2.781-3.744 (i, 1H),
3.203 (s, 3H), 2.805 (s, 3H),
2.500 (s, 3H), 1.739-1.722 {4,
J=6.8 Hz, 3H).

400

333

See intermediate
1 below, G

{R}-N-{{4-methoxy-6-
methyl-2-ox0-1,2-
dihydropyridin-3-

yhmethyly-7-(1-
methoxypropan-2-yi}-6-
methyl-7TH-pyrrolo{2,3-
dlpyrimiding-5-
carboxamide

"HNMR {400 MHz, McOD):
935248, 1H)9.152(S, TH),
7.018(S, 1H), 5.075-4.994
{m, 1H), 4.610 (s, 2H), 4.280-
4230, J=20Hz,1H), 4.139
(s,3H) .3.784-3.747 {m, IH)},
3.204 (8, 3H), 2.806 (5, 3H},
2.567 (s, 3H), 1.748-1. 730 (d,
J=7.2Hz, 3H).

400

319

See intermediate
& below, G, B, C

{R or 8)-N-{{4-methoxy-
6-methyl-2-0x0-1,2-
dihvdropyridin-3-

i

yhmcthyh-6-methyl-7-{1-

(tetrahydro-2H-pyran-4-
yvhethyl}-7H-pyrrolo[2,3-
dlpyrimidine-5-
carboxamide

"H WNMR {CDCI3, 400 M Hzj
S 11.99 (s, 1H), 9.17 (5, 1H),
.77 (s, 1H), 7.61 {s, 1H), 5.96
(s, 1H), 4.61 {d, J= 4.0 Hz,
2H), 4.04 (dd, J; = 3.6 Hz, J,
= 11.2 Hz, 1H), 3.91 (s, 3H),
3.76 (dd Jj =36 HZ, Jg ==
11.2 Hz, TH), 343 (1, J =
FL.2Hz, 1H), 318 (dd, J;
=104 Hz, J, = 12.0 Hz, 1H),
2.85 (s, 1H), 2.77 (s, 3H), 2.30
(s, 3H), 1.89 (d, J= 12.0 Hz,
1H), 1.64 (d, J = 6.4 Hz, 4H),
1.40(d, /=84 Hz, 1H), 1.13
(dd, J; = 4.8Hz, J, =12.8 Hz,
1H), 1.10-0.79 (m, 1H).

440
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Compound %;:5 ajnziiggi(i& Name NMR data mz
'H NMR {400 MHz, CD:CL):
& 0.93 (m, 2H), 1.24 (m, 1H),
tert-butyl 4-(1-{5-{{{4- 1.42 (s, 9H), 1.67 (m, 6H),
methoxy-6-methyl-2-oxo- | 1.96-1.99 (d, /=12.4Hz, 1H),
e 1, 2-dihydropyridin-3- 2.30 (s, 3H), 2.48 (m, 1H),
332 ttes im?;dm %81 yhymethylcarbamoyi}-6- 2.78 (s, 4H}, 3.9 (s, 4H),
. mathvi TH-pvrrolof2,3- 4 20(brs, 1H), 4.65-4.66(d,
dipyrimidin-7- J=4.0Hz,
vihethyljpiperidineg-1- 2H),5.96(s,1H},7.71(brs, 1 H),
carboxylate B.78(s, 1H)Y, 9.19 (s, HHD
A2.67(brs, 1H).
(£)-N-((4-methoxy-6- | H NMR (400 MHz, CDCI3):
methyl-2-0x0-1,2- 5 1.58 (d, /=6.4 Hz, 6H}, 2.54
333 TFA treatment of dihydropyridin-3- (s, 3H), 3.94 (s, 3H), 4.66 (d,
Compound 332 | yvhmethyly-6-methyl-7-(1- { /=5.6 Hz, 2H), 4.78(m, 1H},
{piperidin-4-ylyethyl)-7H- | 6.56 (brs, 1H), 6.71 (s, 1H},
pyrrolol2, 3-dlpyrimidine- | 7.54 (s, 1H), 7.73 (s, 1H),
S-carboxamide 8.27 (s, 1H), 8.37 (s, 1H),
'H NMR (CDCL, 400MHz) 8
(£)-7-{1-(4.,4- 919 (s, L H,879 (s, IH),
Synthesis for diftuorocyclohexylyethyl)- | 7.69 (s, 1H), 596 (s, 1H),
intermediate 9, | N-{(4-mecthoxy-6-methyl- 14.65-4.64 (d,/=72Hz, 2H),
334 using Z-oxo-1,2-dihydropyridin- | 3.91 (s, 3H),3.02 (s ,4H}, 474
intermediate 10, 3-yhmethyi-6-methyi- "h {s,3H), 2.31 (5, 31,
B, C. TH-pvrrolof2,3- 2.2 2 07 (o, ?}ﬂ , 189 (s,
dipyrimidine-5- ZHy, 169 (s, 3H), 1.48-1.42
carboxamide (Il’l , ,./.H/ , 1‘14 (.“» \ 3?—1}, Fii-
1.01 (m , 2H).
'H NMR (CDCls, 400MHz) 8
9.23-922(d, J= 0.8 Hz, 1H),
9.17-9.16 (d, J=1.2Hz, 1H),
. o N ) , 6.56 (sv [H), 4.98-4.94 (im,
'bynthcslﬂs for N~({4~met}1§>xy'n{)nmct'hyin 1E), 4.76-4.72 (m. 1H). 4.53
intermediatc 9 | 2-oxo-1,2-dihydropyridin-
: 3 ot bd (s, 2H), 4.27-4.23(dd, J=
151 ‘ using 3~y1}n@§hyE)~6~mb;thyi~ -1 . N
32 T . 3.6 Hz, 72Hz, 1H), 403, | ,.
intermediate 11, {1-{{R)}-morpholin-2- A 4 (0.3 9 441
G, BOC-on, B, C, | vhethy)-TH-pyrrolo{2,3- “,H,)’_Lif{‘{‘ (1(m, IH),: N 340
TFA dlpyrimiding-5- 3.37 (d, J 13 2 Hz,, 1H),
carboxaniide 3.26-3.16 (m, 2H), 3.10-3.04
{m, 1H), 2.78 (s, 3H), 2.44 (s,
3H), 1.83-1.85(d, =712 Hz,
3H).
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General Methods

Compound
i Used and Notes

Name NMR data wm/z

"H NMR (CDCI3, 400 M Hz)
& 12,12 (s, 1H}, 9.20 (s, 1H),
8.78 (s, 1H), 7.68 (s, 1H), 5.97
(s, IH), 4.70-4.58 {m, 2H),
391 (s, 4H), 3.62 (4, J=12.0
General Hz, 1H), 2.76-2.67 {m, 7H).
370 procedure L on 245¢dd. S, =2.0Hz J,=
Compound‘SSS ! 1’6 Hz. 1H), 2,‘,32 ,(S? SH)’,_
210, J=12.0Hz, 1H), 1.67
(d, J= 6.8 He, 471), 1.48-1.40
{m, 1H), 1.37-1.29 (m, 1H},
1.27-119 {(m, 1H), 0.9-0.78
(m, 1H).

Example 73. Svnthesis of (£1-N-({Z-hvdroyv-4.6-dimethvipvridin-3-vDmethvD-6-methvi-7-

{i-phenviethvil-7H-pvrrolol 2 3-dipvrimidine-S-carboxamide {Compund 39%). To a solution

of  (R}-2-chloro-N-{(2-hydroxy-4,6-dimethylpyridin-3-ylmethyl)-6-methyl-7-(1 -phenylethyl)-
7H-pyrrolo{2,3-djpyrimidine-S-carboxamide {140 mg, (.30 mmol} in MeOH (10 ml),
Palladium-carbon catalyst (10%, 20 mg) was added, the mixture sohution was stirred at 25°C for
12 hours under hydrogen atmosphere (4 bar}. The mixture was filtered and concentrated in vacuo
and purified by column chromatography (silica gel, dichloromcethane/methancl = 10: 1} to afford
{R}-N~A{(2-hydroxy-4,6-dimethylpyridin-3-yhmethyh-6-methy-7-(1 -phenylethyl)-7TH-
pyrrolof2,3-djpyrimidine-5-carboxamide (93 mg, 72%;).

805271 Example 74, Synthesis of novel indole cores and intermediates,

[00528] Intermediate 1: Intermediate 1 was synthesized according to the scheme below:
NS or
NH- i I N
N Ny (’F\{)j‘ - DIPEA, EIOH ~;/1\ ‘-’ (f Pd{DAC),, LICH KCO5, DMF
, N e i VI )iy N
. ey Rl A —
o’ L‘x\F ~Ci LA Step 1 : /«\\f)-f,,, G ? Siep 2
N
o d o
N $-0 “ 0N
LIOH, Hy0, .. \
N \\\/%‘ MeOH, THE Sy Sy EDCIHOB, Et,N A A
; N/“m ——— L,\4 N .H S NH NN }T\\
. (" Step 3 l () ., \gi Biep 4 N Nw/\‘/*f;l
= \ }"CI
( N\ o 0! Y=y
"
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{80529 Step 1:  (K)-5-bromo-2-chiore-N-(i-phenviethyDpyrimidin-4-amine. To a
solution of S-bromo-2,4-dichloropyrimidine (5 g, 22 mmol) and (R)-1-phenyiethanamine (2.7 g,
22 mmol} in cthanol (50 mL} was added N, N-diisopropylethylamine (4.3 g, 33 mmol}. The
rcaction solution was stirred at room temperature for 12 hours. The resultant mixture was
concentrated in vacuo. The residuc was purificd by column chromatography (silica gel,
petrolcum cther/cthyl acetate = 6:1) to give (R)-5-bromo-2-chloro-N-{I-phenylcthyDpyrimidin-
4-gmine 3s a white solid (5 g, 74%). LRMS (M + H") m/z: caled 310.98; found 310. 'H NMR
{300 MHz, CDClzy: 0 810 (s, 1H), 7.41-7.25 {m, 5H), 573 (d, J = 6.9 Hz, 1H), 539534 (m,
1H), 1.61 {d, /= 6.6 Hz, 3H).

{00530f Step 2: (y-methyl  2-chloro-6-methyi-7-(1-phenviethyl)-TH-pyrrolof2,3-
dipyrimidine- S-carboxylate. A solution of (R)-3-bromo-2-chloro-N-(1-phenylethyDpyrimidin-
d-amine {5 g, 16 munol), methyl but-2-ynoate (3.1 g, 32 mmol}, lithium chloride (690 mg, 16
mmol), potassium carbonate (5.5 g, 40 romol) and palladium acetate (360 mg, 1.6 mmol) in NN-
dimethyHormamide (50 ml} was degassed and back-filled with mitrogen for three times, then
heated at 120°C for 4 hours. The reaction mixture was filtered and the filirate was concentrated
in vacuo, extracted with ethyl acetate (50 mL), washed with water (50 mL)}, dried over anhvdrous
magnesium sulfate and purified by column chromatography (silica gel, petroleum ether/ethyl
acctate = 511} to give (Rymethyl 2-chloro-6-methvi-7-(1-phenylethyl)-7H-pyrrolof2,3-
dlpyrimidine-S-carboxylate as a yellow oil (800 mg, 15%). LRMS (M + H') m/z: caled 329.09;
found 329, 'H NMR (300 MHz, CDCLY: 8 9.16 (s, 1H), 7.39-7.18 {m, 5H), 6.45-6.42 (m, 1H),
3.96 (s, 3H), 2.57 (s, 3H), 2.05 (d, .J= 7.2 Hz, 3H).

{80531 Step 3: (R)-2-chloro-6-methyl-7-(1-phenylethyD-TH-pyrrolo{2,3-dlpyrimidine-8-
carboxvlic acid. Lithium hydroxide anhvdrate (882 mg, 21 mmol) in water (3 ml) was added to
(R}-methyl 2-chloro-6-methyl-7-(1-phenylethyl}-7H-pyrrolof 2, 3-d]pyrimidine-5-carboxylate
{700 mg, 2.1 mmol} in tetrahydrofuran (5 mL} and methanol (10 mL) and the resultant mixture
was stirred at room temperature for 12 hours. The mixture was evaporated, added with water (5
mL}, acidified with aqueous hydrochioric acid (1M} to pH = 2. The precipitate solid was filtered
and dried to obtain {R}-2-chloro-6-methyl-7-(1-phenyicthy}-7H-pyrrolo]2,3-d} pyrimidine-5-
carboxylic acid as a white solid (500 mg, 75%). LRMS (M + H'} m/z: caled 315.08; found 315.
[B0532]  Step 4 (K)-Z-chloro-N-{{Z-hydroxy-4,6-dimethylpyridin-3-yljmethyl}-6-methyl-

7- (1-phenylethyl-7TH-pyrrolo|2,3-dipyrimidine-S-carboxamide, To a solution of (R)-2-
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chloro-6-methvl-7-{1-phenylethyl}-7TH-pyrrolo{ 2, 3-dlpyrimidine-S-carboxylic acid (100 mg ,
(.32 mmol} in dichloromethane (10 mL} was added with I-hydroxybenzotriazole (65 mg, .48
mmol}, {(3-dimethylaminopropylicthyl-carbodiimid hydrochloride (92 mg, (.48 mmol} and
tricthylamine (97 mg, 0.96 mmob). After stirred for 30 minutes, 3-(aminomethyl}-4,6-
dimethylpyridin-2-ol (49 mg, 0.32 mmol) was added and the reaction mixture was stirred at
room temperature for 12 hours. The solution was concentrated, diluted with water (20 mbj),
extracted with cthyl acetate (20 mL). The organic layers were separated, combined, dried over
anhydrous sodium suifate, filtered and concentrated to give a residuc. The residue was purified
by column chromatography (silica gel, dichloromethane/methanol = 20: 1) to afford (R)-2-
chloro-N-((2- bydroxy-4,6-dimethylpyridin-3-yDmethyl)-6-methyl-7-( | -phenylethyl)-7TH-
pyrrolef2,3-dlpyrimidine-5-carboxamide (100 mg, 70%). LRMS (M + H) m/z: caled 449.16;
found 449,

[00533]  Intermediate 2. Intermediate 2 was synthesized according to the scheme below:

N0

3

N H
v i G, N
NooT  mornarionr g ® g o )

ET 2 Mel/Nart/OMi EE/ T . /ﬂ\//li Nat THE ¥ NG,  Fe/NH,CHEIOH >X & T l/‘
Pr SteoT S o \NO -~ \or/\\ Ston2 ® N | 0 e 7 )\r O
NO, Sty \E 2 iep ] \1 Stepd Is

Ci < © 0

{006534] Step 1: 4-chioro-l-methyl-3-nitropyridin-2(1H}-one. To a stirred solution of 4-
chloro-3-nitropyridin-2{1H}-onc (3.0 g, 17 mmol} in N N-dimethylformamide (50 mL} was
added sodium hydride (60% w/w, 1.0 ¢, 25.5 mmol) in batches at ("C. The mixture was stirred at
room temperature for 30 minutes. Then iodomethane (2.9 g, 20.4 mmol) was added dropwise to
the above solution at room temperature . The resultant solution was stirred at room temperature
for 12 hours. Once starting material was consumed, the reaction mixture was quenched with ice
water (100 mL) at 0~10"C, and exitracted with ethyl acctate{100 mL * 3).The organic phase was
washed with brinc (100 mL * 2}, dried over anhydrous sodium sulfate, filtered and concentrated
to give a residue. The residue was purified by column chromatography (silica gel,
dichloromethanc/methanol = (1) to give 4-chloro-l-methyl-3- mitropyridin-2(iH}-one (3 g,
94%; as a yellow solid. LRMS (M + H ) m/z: caled 138.0; found 188,

{00535] Step  2: ethyl  2-(I-methyi-3-nitro-Z-ox¢-1,2-dihydropyridin-4-yi-3-
oxobutanoate. To a stirred solution of ethyl 3-oxobutanocate (2.5 g, 19 mmol} in tetrahydrofuran

{50 mL) was added sodium hydride (60% w/w, 0.96 g, 23.9 mmmol} in batches at 0°C. The
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mixture was stirred at room temperature for 30 minutes Then the solution of 4-chloro-1-methyl-
3-nitropyridin-2{1 H}-one (3.0 g, 16 mmol}) in tetrahydrofuran {50 mL) was added in one portion.
The resultant solution was stirred and heated to 30°C for 12 hours. Once starting material was
consumced, the reaction solution was guenched with water {100 mL) at 0°C, and extracted with
ethyl acctate {100 mbL * 3). The combined organic layers were washed with brine (100 mbL * 2),
dricd over anhydrous sodium sulfate, filtered and concentrated to give a residue. The residuc was
purificd by column chromatography {silica gel, dichloromethane/methanct = 10:1) to give ethyl
2-{1-methyl-3-nitro-2-oxo- 1, 2-dihydropyridin-4-y1}-3-oxobutancate (2.5 g, 56%) as a yellow
solid. LRMS (M + H") m/z: caled 282.09; found 282,
[80536] Step  3:  ethyl  2.6-dimethyl-7-0x0-6,7-dibyvdro-1H-pyrroloi2,3-cipyridine-3-
carboxylate. To a solution of ethyl 2-(I-methyl-3-nitro-2-0x0-1,2-dihydropyridin-4-y1}-3-
oxobutanoate (2.5 g, 8.8 mmol} m ethanol {30 mL} was added aromonium chloride (0.5 g, 9
mmol) in water {5 ml} at room temperature . The mixture was stirred and heated to reflux. Then
iron powder (0.5 g, 8.9 mmol} was added in one portion. The muxture was stirred at reflux for 2
hours. Ouvce starting material was consumed, the resultant mixture was filtered when it was hot,
and the filtrate was concentrated to give a residoe. The residue was purified by column
chromatography (silica gel, dichloromethane/methanol = 10:1) to give ethyl 2,6-dimethyl-7-oxo0-
6,7-dihydro-1H-pyrrole {2,3-c]pyridine-3-carboxylate (1.5 g, 75%) as a brown solid. LRMS {M
H'Y m/z: ealed 234.1: found 234, "H NMR (400 MHz, &-DMSOY: § 12.54 (s, 1H), 7.30 (d, J
S Hz, IH)Y, 6.78(d, J=51Hz, 1H},4.24 (q, /= 5.1 Hz, 2H), 3.51 (5, 3H}, 2.56 {s, 3H}, 1.32 (¢,
J =51 Hz, 3H).
5'99537} Intermediate 3. Intcrmediate 3 was synthesized according to the scheme below:

@

Cu(OAC), 4A MS N

7NN

m DMAP, ng\. ______ y >,, o
O

A mixture of methyl 2-methyl-1H-indole-3-carboxyiate {5060 mg, 2.65 mmol), phenyiboronic

acid (384 mg, 3.17mmol}, diacetylcopper (453 mg, 3.98 mmol}, tricthylamine (0.44 mi, 3.9&
mmol}, N N-dimethylpyridin-4~-amine (486 mi, 3.98 mmol} and 4A molecular sieve (1.02 g) in
dichloromethane (15 ml} was stirred at room temperature for 12 hours. After filtration, the
mixture was concentrated and purified by chromatography (silica gel, petroleumy: ethyl acetate =

10:1}y to afford methyl Z-methyl-1-phenyl-1H-indole-3-carboxylate as white sohid (272 mg,
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39%). 'H NMR (400 MHz, CDCL) § 8.19 (d, J = 8.0 Hz, 1H), 7.66 ~ 7.51 (m, 3H), 7.36 (dd, J =
5.3,3.2 Hz, 2F), 7.30 (s, TH), 7.21 — 7.14 (m, 1H), 7.04 (d, J = 8.2 Hz, 1H), 4.00 (s, 3H), 2.62 (s,
3H).

$6538] Intermediate 4. Intermediate 4 was synthesized according to the scheme below:
3 44

lV‘:EEQZC‘
Moy o0 il i, Cup0, CeaCOs, DMF, 110°C
L, - A, -y o - r
FNH, -~ o) if, MakH/ DM J
Step 1

To a sohition of 2-iodopyridin-3-amine (300 mg, 2.27 munol), cuprous oxide (32 mg, §.23
5o 5 g

mmol}, cesitim carbonate (740 mg, 2.27 mmol) in N, N-dimethylformamide {100 ml) was added
methyl methacrylate (290 mg, 2.5 mmol). The reaction solution was stirred at 110°C for 12
hours, Then the reaction mixture was cooled to room temperature and added sodinm hydride
{60% in oil, 91 mg, 2.27 mmol} under ice bath. The resulting mixture was stirred at room
temperature for half an howr. Then (I-bromoethyhbenzene (418 mg, 2.27 mmol} was added.
Then the mixture was stirred at room temperature for 1 hour. After the reaction was completed, it
was quenched with water (100 mL}, and extracted with ethyl acetate (50 mix 3). The combined
organic phase were washed with water (20 mbEXx 3) and brine (20 mL}, dried over anhydrous
sodium sulfate, concentrated and purificd by column chromatography (silica gel, petrolcum
cther/cthyl acetate = 6:1) to give methyl 2-methyl- 1-(1-phenylethyl}-1H-pyrrolo]3,2-blpyridine-
3-carboxylate (80 mg, 12%). LRMS (M + H"} m/z: caled 295.14; found 295.

{60539] Intermediate 5. Intormediate 5 was synthesized according to the scheme below:

L Oohe PA(PPhy), COsMe

\ . e HOH) Cs.00,, dioxane, H,0 o N ==
Br » - > \
Step 1 TN /

H

Methyl 2-bromo-1H-indole-3-carboxylate (200 mg, .79 mmol}, phenylboronic acid (122 mg, |
mmol}, tetrakis{triphenylphosphinc)palladium (231 mg, 0.2 mmol} and cesiumcarbonate (652
mg, 2 mmol} in disxane/water (20 mbL/ 5 ml) were stirred at room temperature 15 hours.
Filterated the solid and the solvent was concenirated in vacuum. The resulted residue was
purified by silica gel column {(ethyl acctate: petroleum cther=1:2) to obtain methyl 2-phenyl-1H-
indole-3-carboxylate as a pale yellow solid (160 mg, 80%) LRMS (M + H') m/z caled 251.1
found 251,

80349 Intermediate 6. Infermediate 6 was synthesized according to the scheme below:
A £
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CO,Me

< Qz\fe 2r Cs,C05 or NaH e

'\ Br * ”‘\/[\ oM o E,T&B' + V’anr
EJ Step 1 ) *{j

M 602‘u
Pa(PRhaly
Cs,C05, THF, rwltx

Step 2 \\_, V&“

{00541} Step 1: methyl 2-bromo-1-(1-phenylethyl-1H-indole-3-carboxylate. To a solution

\

of methyl 2-bromo-H-ndole-3-carboxylate (1.0 g, 4.0 mumol} in dimethylformamide was added
sodinm hydride (8.32 g, 8.0mmol, 60% in oil} under ice bath. The resulting muxture was stirred
at room temperature for 0.5 hour, Then (I-bromocthyiibenzene (1.1 g, 6.0 mmol) was added in
portion slowly. Then the mixture was stirred at room temperature for 1 hour. After the reaction,
it was diluted with water (100 mlL), and the product was extracted with ethyl acetate (100 mL),
dried over aphydrous sodium sulfaie, concenirated and purified by colomm Chromatography
{silica gel: cthyl acectate: petroleum cther=1:8} to give the pure product methyl 2-bromo-f-{1-
phenyiethyl) -1H-indole- 3-carboxylate (1.1 g, 75%) as a yellow oil.

{60542 Step 2: methyl 2-cyclopropyl-i-(1-phenviethyl)-i1H-indole-3-carboxylate. To a
solution of methyl 2-bromo-1-(1-phenylethyl}-1 H-indole-3-carboxylate (.30 g, (.84 mmol) and
tetrakis{triphenylphosphine} palladiom($) (8.09 g, 0.08 mmol} in tetrahydrofuran (20 mL) was
added cvelopropylzine(H} bromide(6.0 mL, 0.5 mol / L in tetrahvdrofuran). The reaction mixture
was stirred at reflux for 12 hours. After the reaction, it was cooled to room temperature and
diluted with water (100 mL). The product was extracted with cthyl acctate(100 mL), dried over
anhydrous sodium sulfate, concentrated and purified by column chromatography (silica gelb: cthyl
acctate: petroleum cther= 1; 10} to give the crude product mothyl Z-cyclopropyl-1-(1-
phenylethyiy-1H-indole-3-carboxylate (0.22 g, 82%) as a yellow oil.

[00543] Intermediate 7. Intermediate 7 was synthesized according to the scheme below:
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[00544] Step I: methyl 2-vinyvk-1H-indole-3-carboxylate. Moethyl 2-bromo-H-indole-3-
carboxylate (100 mg, .19 mmol), 4,4,5 S-tetramethyi-2-vinyl-1,3,2- dioxaborolane (154 mg, 1
mmol}, tetrakis(triphenylphosphine}palladium (116 mg, 0.1 mmol} and cesiumcarbonate (326
mg, 1 mmol) in dioxanc/water (20 mL/ 5§ mL} were stirred at room temperature for 15 hours.
Filterated the solid and the solvent was concentrated in vacuum. The resulted residue was
purificd by silica gel column {ethyi acctate/petroleum cther = 1/2) to give methyi 2-vinyl-1H-
indole-3-carboxylate as a pale yellow solid (60 mg, 76%) LRMS (M + H') m/z: caled 201.1
found 201.

[00545]  Step 2: methyl 2-ethyvl-1H-indole-3-carbexylate. Methyl 2-vinyl-1H-indole-3-
carboxyiate (80 mg, 8.4 mmol) and 10% palladium on charcoal (100 mg) in methanol (30 mL)
were stirred under hydrogen 0.2 MPa at room temperature for 15 hours. The mixture was
filterated the solid and concentrated in vacuum to obtain methyl 2-cthyl-1H-indole-3-carboxylate
as a white solid (79 mg, 99%) LRMS (M + H '} m/z: caled 203.1 found 203.

{00546] Intermediate 8. Intermediatc 8 was synthesized according to the scheme helow:

¥ be
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intermadiate 8
Step 1: N-methoxv-N-methyltetrabvdro-2H-pyran-4-carboxamide. To a suspension of

tetrahydro-2H-pyran-4-carboxylic acid (3.0 g, 69.2 mmol} in CH,CL, (300 mL} was added N,O-
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dimethythydroxylamine hydrochloride (8.05 g, 83.0 mmol}, 1-(3-dimethylaminopropyl}-3-cthyl
carbodiimide (20.0 g, 103.8 mmol) and tricthylamine (17.5 g, 173.0 mmol) at 29 °C under N,
The reaction was stirred at 29 °C for 24 hrs. Then the mixture was filtered and the the filtratc was
washed with 1M HCI and saturated agucous NaHCOa. The organic layer was concentrated in
vacuo to give N-mecthoxy-N-methyltetrahydro-2H-pyran-4-carboxamide (7.1 g, 59.7%) as a
yellow oil. 'H NMR (CDCI3, 400 M Hz) & 4.02-3.98 (m, 2H), 3.69 (s, 3H), 3.47-3.41 {m, 2H),
3.17 (s, 3H), 2980 (t, /= 11.6 Hz, 3H)}, 1.90-1.82 (m, 2H), 1.81-1.62 (m, 2H)}.

{00547]  Step 2 (I-(tetrabydro-2H-pyran-4-vijethanone. To a solution of N-methoxy-N-
methyltetrahydro-2H-pyran-4-carboxamide (3.5 g, 20.2 mmol} in tetrahydrofuran (30 mL) was
added methylmagnesium bromide (12 mL, 36.4 mmol} at -65 °C under N,. The reaction was
stirred at -65-15 °C for 3 hrs. Then the mixture was quenched by water, extracted with ethyl
acctate. The organic layer was washed with 1M HCL saturated aqueous NaHCO: and
concentrated in vacuo to give 1-{tetrahydro-2H-pyran-4-ylicthanone (1.9 g, 73.6%) as a yellow
oil'H NMR (CDCI3, 400 M Hz) & 4.01-3.97 (m, 2H), 3.45-3.39 (m, 3H), 2.57-2.49 (m, 1H),
LEO-1.71 (m, 2H), 1.70-1.62 (m, 2H).

[80548]  Step 3: ((RE)y-Z-methy-N-(I-(tetrahydro-ZH-pyran-4-ylhethviidenejpropane
-2-sulfinamide). To a solution of |-(tetrahydro-2H-pyran-4-vijcthanone (1.9 g, 14.8mmol} in
tetrahydrofuran (30 mb} was added (R}-2-methylpropane-2-sulfinamide (2.15 ¢, 17.8mmol) and
tetracthoxytitanium (5.06 g, 22 2mmol) at 25 °C under N, The reaction was refluxed for 7 hrs,
Then the mixture was quenched by water, extracted with cthyl acetate and filtered. The crude
product was purificd by column chromatography on silica gel cluted with dichloromethane:
methanol= 200:1 to give (R E}-Z-methyl-N-(1-(tetrahydro-2H-pvran-4-yhethylidene ypropane-2-
sulfinamide (1.5 g, 44.1%) as a ycllow oil.

{60549] Step 4: ((R}-Z-methyi-N-(1-(tetrahydro-2H-pyran-4-yljethyhPropane-2
~sulfinamide), To a solution of {(REW2-methyl-N-{1-{tctrahydro-2H-pyran-4-
vhethylidene)propanc-2-sulfinamide (1.25 ¢, 5.4 mmol} in tetrahydrofuran (6 mbL) was added
methanol (692 mg, 21.6 mmol) and NaBH; (821 mg, 21.6 mmol} at -65 °C under N,. The
reaction was stirred at -65-0 °C for 2 h. Then the reaction was quenched by water and exiracted
with cthyl acetate. The organic layer was washed with saturated aquecus NaHCO: and
concentrated  in vacuo  to give  crude  (R)-2-methyl-N-{1-{tetrahvdro-2H-pyran-4-

yljethyl)Propane-2-sulfinamide (1.2 g, 52.1%) as a yellow oil.
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[00558] Step 5: {({S)-1-(tetrahyvdro-2H-pyran-4-vijethanamine). To a solution of (R)-2-
methyl-N-(1-{tetrahydro-2H-pyran-4-ylhicthyl}Propane-2-sulfinamide (1.2 g} in CHCL (4 mL)
was added HCl-dioxane (4 mL) at 25 °C. The reaction was stirred for 2 hrs. Then the mixture
was concentrated in vacuo, diluted with water and washed with cthyl acetate to give crude (S)-1-
{(tetrahydro-2H-pyran-4-yhicthanamine (1.0 g} as a yellow oil.

{00551]  Step 5 ((8)3-S-brome-2-chiore-N-(1-(tetrabydro-2H-pyran-4d-yhethyh) Pyrimidin

77
i

~-4-amine). To a solution of (8)-1-(tetrahydro-2H-pyran-4-yljcthanamine (1.0 g, 7.75 mumol} in
cthanol (15 mL} was added N,N-ditsopropylethylamine (3.0 g, 23.3 mmol} and 5-bromo-2,4-
ichloropyrimidine (2.0 g, 8.53 mmol) at 25 °C under Ny. The reaction was stirred at 25 °C for 18
hrs. The muxtare was diluted with ethyl acetate and washed with water, The crude product was
purified by column chromatography on silica gel cluted with petroleum cther: cthyl acctate =
20:1 to give (83-S-bromo-2-chloro-N-(1-(tetrahydro-2H-pyran-4-yUethyPyrimidin-d-amine (1.5
g, 60.7%} as a yellow ol

[00552]  Step 6: ((S)-ethyl 2-chloro-6-methyl-7-(I-(tetrahydro-2H-pyran-4-yhethy)-TH-
pyrrolo|2,3-dipyrimidine-S-carboxylate), Intermediate 8. To a solution of (5)-3-bromo-2-
chloro-N-{ I-(tetrahydro-2H-pyran-4-yhethyPvrimidin ~4-amine (1.5 g, 4.7 mmol) in DMF (20
mb) was added ethyl but-2Z-ynoate (1.05 g, 9.4 mmol), hithium chloride (296 mg, 7.05 mmol),
paliadiom(Il} acetate (105 mg, 0.47 mmol) and potassium carbonate (1.95 g, 14.1 mmol} at 25 °C
under N;. The reaction was stirred at 120 °C for 3 hrs. The mixture was filtered and the crude
product was purified by column chromatography on silica gel eluted with petroleum cther: ethyl
acetate = 30:1 to give (S)-ethyl 2Z-chloro-6~-methyl-7-(1-(tetrahydro-2H-pyran-4-yiethyl}-7H-
pyrrolo]2,3-dipyrimidine-5-carboxylate (270 mg, 16.4%} as a yellow oil.

{006553]  Intermediate 9, Intermediate 9 was synthesized according to the scheme below:
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intermediate 9
[00554]  Step 1t tert-butyl 4-Omethoxy(methyhcarbamoyDpiperidine-1-carboxyiate. To a
solution  of I-{tert-butoxycarbonyljpipenidine-d-carboxylic acid (5.0 g, 21.8mmol}
dichloromethane (80mL) were added N, O-dimethylhydroxylamine hydrochlonide (2.55 g,
26.lromol), 2-(3H-[1,2.3triazolof4,5-blpyridin-3-y1}-1,1,3,3-tetramethylisouronium
hexafluorophosphate(Vy (9.95 ¢, 26.lmmol), N-ethyl-N-isopropylpropan-2-amine(8.46g,
65.42mmol} and stirred at 30°C for 16 houwrs. The reaction was quenched by adding water
{100ml) and extracted with ethyl acctate (200 mi*3}. The combined organic layers was washed
with brine, dried over sodium sulfate and concentrated under vacuum to give tert-butyl 4-
(methoxy{methylicarbamoyl}piperidine-1-carboxylate.(5.7 g, vield 97.6%). LRMS (M+H™)
m/z: caled 272.17; found 273.17.
[00835]  Step 2: tert-butyl 4d-acetyipiperidine-1-carboxylate. To a solution of tert-butyl 4-
{methoxy{methyljcarbamoylpiperidine-~1~carboxylate (4.0 g, 14.6%ameol} in tetrahydrofaran (50
mL)} was added methylmagnesium bromide solution {5.25 ¢, 44.06 mmol, 3M) at -70°C over 0.5
hour. The resultant mixture was stirred at room temperature for 16 hours. The reaction solution
was adjusted pH to 6.0 by 1.OM hydrochloride solution. The aqueous phase was extracted with
cthyl acetate{ 100mi*3). The combined organic lavers was washed with brine, dried over sodium
sulfate and concentrated under vacimm to give tert-butyl 4-acetylpiperiding-1-carboxylate as a
yellow liquid (2.6 g, vield 77.8 %). LRMS (M-+H") m/z: caled 227.15; found 228,
{00556] Step 3:  tert-bButyl 4-(L-amincethy)piperidine-i-carboxylate. To a solution of

tert-butyl 4-acetyipiperidine-1-carboxylate (10g, 44.05mmol) in tetrahydrofuran (100ml) and
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methanol  (100mly were added ammonium acetate {(20g, 264 3mmol} and sodium
cyanotrihydroborate(20g, 264.3mmol). The reaction mixture was stirred at room temperature
overnight, The reaction mixture was concenirated in vacuum. The crude product was added
water{100ml), and extracted with ethyl acctate (50mL x3) . The organic layer was dried over
sodiur sulfate and concentrated to give tert-butyl 4-(L-aminoethyhpiperidine-{-carboxylate {6g,

yield: 60%) as a colorless liquid. LRMS (M-+H") m/z: caled 228.15; found 229,

{80387 Step 4: tert-butyl 4-(1-{{5-bromo-2-chloropyrimidin-4-
yvhamino)ethyipiperidine-i-carbexyiate. To the solution of tert-butyt  4-(1-

aminoethyl}piperidine-1-carboxylate (5 g, 21.9 mmol) in cthanol {50 ml} were added 5-bromo-
2. 4-dichloropyrimidine (5.7 g, 26.3 mmol}, and N-ethyl-N-isopropylpropan-2-amine {(X.48g
,65.7mmol). The resulting mixture was stirred at room tomperature overnight. The reaction
mixture was concentrated in vacuum, and the crude product was added to water (100mli). The
aqueous layer was extracted with cthyl acctate (50mL x4) and organic layer was dried over
sodiurn sulfate and  concentrated to give crude product tert-butyl 4-(1-({(S-bromo-2-
chloropyrimidin-4-yllaminojethylipiperidine-1-carboxyiate (7 g, yield: 97.2%jas a vellow oil.
LRMS (M-+H") m/z: caled 418; found 419,

[B0558]  Step 8 ethyl  7-(1-(I-(tert-butoxycarbonypiperidin-4-yhethyl}-2-chloro-6-
methyi-7H-pyrrole|2.3-d|pyrimidine-S-carboxvyiate. Into the vial were added tert-butyl 4-(1-
{({5-bromo-2-chloropyrimidin-4-yyamino)ethylpiperidine- 1-carboxylate  {400mg, 0.95mmol)
and ecthyl but-Z-vnoate ( 128mg, 1.14mmel) | palladium(il} diacetate (42mg, ¢.19mmol),
fithium chionde (51.8mg, 1.23mmol}, carbonic acid (393mg,2.85mmol) in N, N-dimethyl
formamide. The mixture was degassed for 10min and refilled with nitrogen, and irradiated in
the microwave on a Biotage smith synthesizer at 120°C for 40min. The reaction mixture was
cooled down and added to water (30ml), and extracted with cthyl acetate(10mlx3). The organic
layer was dricd over sodium sulfate and concentrated. The crude product was purified by column
chromatography on silica gel (petroleum/cthyl acetate: 20:1 to 10:1 } to give compound cthyl 7-
(1-{1-(tert-butoxycarbonylpiperidin-4-yhicthyh-2-chloro-6-methyl-7H-pyrrolof 2,3~
dlpyrimidine-5-carboxylate(75mg, vield :17.4%) as a yellow oil. LRMS (M+H™} m/z: caled

450.2; found 451.
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[BOSS9]  Step 6:  tethyl 7-(3-(3-(tert-butoxycarbonyhpiperidin-4-yhethyi}-6-methvl-TH-
pyrrols]2.3-dipyrimidine-S-carboxylate, Intermediate 9, A mixture of compound cthyt 7-(1-
{(1-{tert-butoxycarbonyl)piperidin-4-yliethyl)-2-chloro-6-methyl-7H-pyrrolo] 2, 3-djpyrimidine-5-
carboxyiate {75 mg, 0.16 mmol) and PA/C{10mg) in methanol {10mL) was stirred under 50psi of
hydrogen at room temperature overnight, The reaction mixture was filtered and the filtrate was
concentrated to give product cthyl 7-(1-(I-(tert-butoxycarbonybpiperidin-4-yhcthyh-6-methyl-
7H-pyrrolof2,3-d]pyrimidine-5-carboxylate (50mg.vield :72%). LRMS (M+H"Y m/z: caled
450.2; found 451.

[80560] Intermediate 18, Intermediate 10 was synthesized according to the scheme below:
\
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intermediate 10
[00561]  Step 1@ 4, 4-difluore —N-methyl cyclohexanecarboxamide, To a sohution of 4, 4-
diftaorocyclohexanecarboxvlic acid (5 g, 30.49 mmeol) in DCM (40 rol) were added DIPEA
(11.8 g, 91.46 mmol) and HATU(17.38 2,45.73 mmol}. The mixture was stirred for 0.5 hr. The
N, O-dimcthythydroxylamine hydrochloride (3.56 g, 36.58 mmol) was added to the mixture. The
mixture was stivred at 28°C for 12 he. Water (20mL) was added and the mixture was extracted by
CH,Ch (30 mL*3). The organic layer was washed with brine and dried over sodium sulfate. The
organic layer was concentrated to give the crude product, the crude product was purified by
colurnn chromatography on silica gel eluted with (petroleam ether / ethyl acetate 10:1-2:1) to
gave 4, 4-difluoro ~N-methyl cyelohexanecarboxamide (4.6 g, 73.36 %) for next step.
{00562] Step 2: 1 -(4.4- diffuoroecyclohexyl) ethanone. To a solution of 4 4-difluoro —N-
methyl cyclohexanccarboxamide (3 g, 14.5 mmol } in THF (20 mL} were added CH;MgBr (5.19
g, 43.5mmol } in -78°C. The mixtare was stirred at -78°C for 5 hr, Water (10mL) was added and
the mixture was concentrated and extracted by CHClL (40 mL*3). The organic laver was
washed with brine and dried over sodium sulfate. The organic layer was concentrated to give 1 -
(4.4- diffuorocyclohexyl) ethanone (1.5 g, crude ) for next step.
[00563] Step 3: 1 -(4,4- diftuorocyciohexyl) ethanamine, Intermediate 18, To a solution
of 1-{4, 4- difluorocyclohexyl} cthanone (1 g, 6.17 mmol} in THF (5mL) was added a solution of

ammonium acetate (9.51 g, 123.4 mumol) and NaBH,CN (3.82 g, 61.7 mmeol) in McOH. The
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mixture was stirred for 48 hr. The reaction mixture was quenched with agueous NaHCO; and
extracted with tert-Butyl-methyl cther (20 mL*3) The combined organic layers were washed
with IN HCI ,and the organic and aqucous layer were separated . The agueous layer was brought
to above pH 8 with 2N NaOH and extrated with cthyl acetate(2Z0 mU*3} . The organic layer was
washed with brine, dricd over sodium sulfate. The organic layer was concentrated to give 1 -(4.4-
diftuorocyelohexyl) ethanamine (545 mg, crade ) for noxt step.

[80564] Intermediate 11. Intermediate 11 was synthesized according to the scheme below:
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intermediate 11

100565] Step 10 tert-butyl -(methoxy(methyDcarbamoyDmorpholine-4-carboxylate. To
a solution of 4-(tert-butoxycarbonyDmorpholine-2-carboxylic acid (10 g, 43 mmoly in DCM (60
mb) was added HATU (19 g, 50 wmmol) in portions, The mixture was stirred at room
temperature for (¢.5h. Then DIPEA (12.9 g, 100 mmol) and N, O-dimethyihydroxylamine
hydrochloride (5.0 g, 51.5 mmol} were added in the mixture. The mixture was stirred at room
temperature overnight. Water (40 mL} was added and the mixture was extracted by DCM (100
mb*3). The organic layer was washed with brine (5 ml) and dried over sodium sulfate.
Concentration and purification by column chromatography on silica gel {cluted: petrolcum
cther/cthyl acetate = 20/1-10/1) to give tert-butyl 2-{methoxy{methyicarbamoyymorpholine-4-
carboxylate (10 g, 84%).

{00566]  Step 2: tert-butyl 2-acetylmorpholine-d-carboxylate. To a solution of tert-butyl 2-
{mcthoxy(methylicarbamoyljmorpholine-4-carboxylate (11 g, 4.0 mumol } in THF (40 mi) was
added CHyMgBr (4 mL, 12 mmol } at -78 "C. The mixture was stirred at -78 °C for 3 hr. Water
{20 mL) was added and the mixture was extracted by cthyl acetate (80 mL*3). The organic layer

was washed with brine and dried over sodium sulfate. The crude prodact was concentrated and
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purificd by column chromatography on silica gel {cluted: petroleum cther/ethyl acetate = 1/1) to
give tert-butyl Z-acetylmorpholine-d-carboxylate (8 g, 86%).

100567] Step 3o I-{morpholin-2-vhethanone, To a schlution of tert-butyl 2-
acetylmorpholine-4-carboxylate (6.9 g, 30.0 mumol} in DCM (80 mL} was added TFA (20 mbL).
The mixture was stired at room temperature for 4 hr, The reaction mixture was concentrated to
give 1-{morpholin-2-vhjcthanone (3.9 g, crude ) for next step.

[00568] Step 4: benzyl 2-acetyvimorpholine-4-carboxyiate. To a solution of {-(morpholin-
2-ylethanone (3.9 g, 30.0 mmol} in DCM (60 mL} was added tricthylamine (1.0 g, 10 mmol} to
adjust pH 2. Then benzyl carbonochloridate (5.6 g, 33.0 mmol} and tricthyvlamine (3.0 g, 30.0
mmol) were added and the mixture was stirred at room temperatore for 16 hr. The reaction
solution was added H;O (20 mL) and extracted by DCM (100 mL*3). The organic layer was
concentrated and purified by column chromatography on silica gel {eluted: petroleum cther/cthyl
acetate = 20/1-15/1-10/1) to give benzyl 2-acetylmorpholine-4-carboxylate (5.0 g, 63 %).

[0056%]  Step 5 benwyl 2-(1-aminocthyDmorpholine-d-carboxylate, Intermediate 11, To
a solution of benzyl 2-acetylmorpholine-4-carboxylate (5.0 g, 19 mmol)y in THF/MeOH (1/5, 1060
mb} were added AcONH, (14.6 ¢, 190 nunol) and NaBH;CN (118 g, 190 romol). The mixture
was stirred at room temperature for SG hr. The mixture was concentrated to give the crude. Water
(20 mL) was added and the mixture was extracted by ethyl acetate (60 mL*3). IN HClwas
added into the combined organic lavers. The aqueous layer was concentrated, brought to above
pH >8 with 2N NaOH and extracted by ethyl acetate (60 mL*3). The organic layer was washed
with brine, dried over sodium sulfate. The mixture was concentrated to give benzyl 2-(1-
aminoethylimorpholine-4-carboxylate (2.0 g, 40 %},

1805876 Example 75, 1 measuremenis for Inhibifors using EZH2,

[00571] EZH2 Assay: Assays were carried out by mixing rPRC2 together with biotinylated
oligomicleosome substrates in the presence of the radio-fabeled enzyme co-factor, S-adenosyli-L-
methionine (H SAM) (Perkin Elmer) and monitoring the enzymatieally mediated transfer of
tritiated methyl groups from “H SAM to histone lysine residucs. The amount of resulting
tritiated  methyl histone  product was measured by first capturing  the biotinylated
oligonuclcosomes in streptavidin (SAV) coated FlashPlates (Perkin Elmer), followed by a wash
step to remove un-reacted 'H SAM, and then counting on a TopCount NXT 384 well plate

scintillation counter (Perkin Elmer). The final assay conditions for EZH2 were as follows: 50
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mM Tris Buffer pH 8.5, 1 mM DTT, 69 pM Brij-35 detergent, 5.0 mM MgCly, 8.1 mg/mL BSA,
0.2 uM H SAM, 0.2 uM biotinylated oligonucicosomes, 3.6 pM H3K27me3 peptide and 2 nM
EZH2.

{00572 Compound ICso measurements were obtained as follows: Compounds were first
dissolved in 100% DMSO as 10 mM stock solutions. Ten point dosc response curves were
generated by dispensing varying amounts of the 10 mM compound solution in 10 wells of the
384 well plate (Echo; Labeyte), pure DMSO was then used to backfill the wells to insure all
wells have the same amount of DMSO., A 12,5 yl volume of the HMT cnzyme, H3K27me3
peptide and oligonuclensome substrate in assay buffer was added to cach well of the assay plate
using a Multidrop Combi (ThermoFisher). Compounds were pre-incubated with the enzyme for
20 min, followed by initiation of the methyltransferase reaction by addition of 12.5 pL of 'H
SAM in assay buffer (final volume = 25 pL). The final concentrations of compounds ranged
from a top default concentration of 8¢ puM down to 0.16 M n ten 2-fold dilution steps.
Reactions were carried out for 60 minutes and quenched with 20 pl per well of 1.96 mM SAH,
50 mM Tris pH 8.5, 200 M EDTA. Stopped reactions were transferred to SAV coated
Flashplates (Perkin Elmer), incubated for 120 min, washed with a plate washer, and then read on
the TopCount NXT (1.0 min/well} to measure the amount of methyl histone product formed
during the reaction. The amount of methyl histone product was compared with the amount of
product formed in the 0% and 100% inhibition control wells allowing the calculation of %
Inhibition in the presence of the individual compounds at various concentrations. ICs’s were
computed using a 4 parameter it non-lincar curve fitting software package (XLFIT, part of the
databasc package, ActivityBase (1DBS)) where the four parameters were 1Csy, Hill slope, pre-
transitional basecline (0% INH}, and post-transitional baseline (100% INH}, with the latter two
parameters being fixed to zero and 100%, respectively, by default.

{06573]  Assay for YO4IN EZH2 was performed as above using reconstituted H3IK27Me2
oligonucleosomes as substrate.

{06574} Table 2 shows the activity of selected compounds of this invention in the EZHZ and
Yo41IN EZH2 activity inhibition assay. ICs; values are reported as foliows: “A” indicates an
1Csq value of less than 100 nM; “B” indicates an 1Cs value of 100 oM to 1 uM; “C” indicates an

1Csq value of greater than 1 pM and less than 10 uM for cach cnzyme; “D” indicates an 1Cs
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value of greater than 10 uM for cach cnzyme; and “*{(X uM)” indicates that no inhibition was

observed at the highest concentration {(i.c., X M)} of compound tested.

Table 2.

Mutant Enzymes.

Compound I Y641IN
No. RZRZICa | erniey,
100 C D
101 D D
102 D D
133 D D
104 D D
105 B C
106 B C
137 D D
108 D D
109 *(10uM) *10uM)
1o *(10uM; 1 0uM)
11} A A
112 (L OpM) #(10uM)
PE3 B C
114 A A
115 A A
116 A B
P17 A B
18 C 10uM)
119 A B
121 #0.5uM) #(10uM)
122
123 A B
124
126 B C
128
129
130
131 *(1.0uM) *(1.0uM)
132 A B
133 A B
134 A B
135 C D
136 A A
137 A A
138 B C
139 B C
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Compound . Y641IN
No. EZH2IC0 | gy o
140
141 B D
142 B C
143 A L
144 A B
145 A B
146 A B
147 A B
148 A B
149 B C
150 B B
164 A B
165 A B
166 A B
i67 B B
168 B »
169 A B
170 A B
171 A A
172 A B
173 A B
174 B C
175 A A
176 A B

77 A B
178 B C
179 A B
180 A A
181 A A
182 *(10uM) *0.5uM)
183 A A
184 B C
1K5 B L
186 B B
187 A B
188 B C
189 B C
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Compound - Y641IN
No. BZR2IC0 | prmicy
191 A A
192 A B
193 B C
194 B C
195 B *(0.5uM)
196 B B
197 B B
198 C C
199 B C
200 B C
201 A B
202 B C
203 A B
204 A B
205 B B
206 B C
207 A B
208 B B
209 C *(10uMy
210 A B
211 A B
212 A B
213 A B
214 B C
215 B C
216 B C
217 B B
218 A A
219 A A
220 A B
221 B C
222 B B
223 A B
224 A A
225 A A
226 B C
227 A A
228 B B
229 C D
230 A B
231 A B
232 B C
233 B C
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Compound , Yo641N

}%o. BZH21C0 | o ey,
234 C 0
235 B C
236 *0.5uM) *(10uM)
237 B »
238 B C
239 A A
2440 A B
241 A B
242 A B
243 A B
244 B C
245 A B
246 B B
247 A A
248 A B
249 B C
250 A B
251 B B
252 A B
253 A B
254 B B
255 A C
256 A B
257 B C
258 A A
259 A A
260 B C
261 A A
262 B »
263 A B
264 A B
2653 A B
266 B B
267 A B
268 A B
264 B C
271 C C
272 C *10uM)
273 A A
274 A A
275 A A
276 A A
277 A A
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Compound - Y641IN

No. BZR2IC0 | prmicy
278 B C
279 A B
280 B C
281 A A
282 A A
283 A B
284 A B
285 B C
286 A B
287 B C
288 A A
290 A B
291 A B
292 A B
293 A B
294 A A
295 B C
296 B C
297 A B
298 A A
299 A A
300 A A
301 A B
302 B C
303 A B
304 A A
305 A B
306 A A
347 A A
308 B B
309 B C
310 A A
311 A A
312 B B
313 A A
314 A A
315 A B
316 A A
SE 7 A A
318 A A
319 A A
320 A A
321 A A
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Compound , Yo641N
}%o. BZH21C0 | o ey,
322 B B
323 A B
324 A B
326 A A
327 A A
329 B B
330 A A
331 A B
332 A A
333 A B
334 A B
335 A A
336 A A
337 A A
338 A B
339 A A
340 B C
341 A A
342 A A
343 A A
344 A A
345 A A
346 A A
347 A A
348 A A
349 A A
350 A A
351 A B
352 A A
353 A A
354 A A
355 A A
350 A A
357 A A
358 A A
359 A A
360 A A
361 A A
362 A A
363 A A
364 A B
365 A A
366 A A
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Compound - ) Y641IN Compound e T Y641IN
No, BZRZICq | gopn 1oy, No. BZHZIC | o iey
367 A A 375 A A
368 A A 376 A A
369 A A 377 A A
370 A A 395 A B
371 A A 445 *10uM) *(10uM)
372 B *(0.5uM) 446 *(10uM) *(10uM)
373 A A
374 A A
100575} EXAMPLE 76, ECs; MEASUREMENTS FOR INHIBITORS IM HELA
CELL ASSAYS,
[00576] H3IK27me3 MSD Hela Assay. Trypsinized HelLa cells were counted and diluted in

16% DMEM (Life Technologies, Cat. # 10569 to 5000 cells/75 pl. Seventy-five pL of cells
were place in cach well of a 96-well flat-bottomed plate and incubated at 37°C for 4 hours.
Twenty-five pl. of test compound (at various concentrations) was added to the cells and
Media was then removed and the cells rinsed once
with ice cold PBS. Forty ul. of ice-cold MSD Baffer AT (10 mM HEPES, pH 7.9, 5 oM
MgCly, 0.25M sucrose, Benzonase (1:100003, 1% Triton X-100 supplemented with fresh 1x

incubation continued at 37°C for 96 hours.

Protease Inhubitor cockiall and ImM 4-(2- Aminocthylbenzenesulfonyl fluonide hydrochloride
{AEBST}) was added to cach well and the plates placed on ice for 30 minutes. Ten ub of SM
NaCl was then added to each well and incubation on ice contimied for ancther 15 minutes. The
material in cach well was suspended pipetting up and down and then transferred to a new 96 well
plate. The emptied wells were rinsed with 150ull ice-cold 20mM Tris pH 7.5, 1mM EDTA,
ImM EGTA, supplemented with fresh 1x Protease Inhibitor cocktail and ImM AEBSF ("NO
salt NO detergent buffer) and transferred to the respective wells in the new plate. Three hundred
uLl of NO Salt NO detergent buffer was then added to cach well of lysates and the plates frozen
at -80°C.
{06577}

coated with 30pb/well of total H3 capture antibody (Millipore, Cat # MAB3422) at 1 ug/mL

On the same day, an appropriate number of MSD standard bind 96-well plates were
concentration in PBS. The antibody solution was cvenly distributed first by tapping gently on

the sides of the plates and then by shaking the plates for a fow minutes at 1000 rpm. Antibody

coated plates were stored at 4 °C overnight.
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{00578] The next day the lysates are thawed to RT. The antibody coated MSD plates are
washed 3X with TBS-T {Tris-buffered saline (Fisher Scientific, Cat #8P2471-1) + 0.2% Tween-
203, Onc-hundred fitty ul of 5% Blocker A in TBS-T is added to cach well. The wells are
covered and shaken on a shaker at RT for one hour. The Blocker A step is repeated a second
tume. After removing the blocker, 25 ubl of ccll lysate is transferred into cach antibody coated
well. The plates are shaken for 2 hours at RT, the lysate removed and the plates again washed
with Blocker A in TBS-T. Twoenty-five pb of appropriate freshly prepared antibody mix
{inchuding both primary and sccondary antibodics) is added to cach wel and the plates shaken

for 1 hour at RT. The antibody mix used was onc {or both} of those indicated in the table below:

Ab (Iﬂgcenti'atiﬂn Primary | Anti-rabbit detection 1% blocker A

- {pg/mi} Ab (ul) Ab (ul) {uL}
H3K27me3 33 37.88 5.00 5000

H3 i2 52.08 5.00 5000

Both H3 antibodics were obtained from Cell Signalling (Cat #s 4499 and 9733). The goat anti-
rabbit antibody was obtained from Meso-Scale Discovery (Cat #R32AB-1).

{66579]  The antibody mix was then removed and the wells washed with Blocker A. One
hundred-fifty pl of freshly prepared 1X MSD Read Buffer (Meso-Scale Discovery; (Cat
#R927(C-2} was then added to cach well and the plates read on a MSD Sector 2400 Plate Reader.
{00588} Data was analyzed using Assay Assistant (Constellation Pharmaccuticals In-house
product} and Activity Base (1DBS Ltd, Surrcy, UK} template. Data files were imported to Assay
Assistant and assay conditions were specified. A unigue Analysis 1D was created and the data
files exported to Activity Basc. An analysis template was created on Activity Base to measure
dosc~-dependent inhibition of H3K27me3 mark and ccll viability respectively. Readout of DMSO
wells were used to normalize the data, Resulting curves were fitted using Activity base software
Model 205 (IDBS Lid, Surrey, UK). The data was checked for quality, validated and integrated
in excel format using SARview (IDBS Ltd, Surrey, UK).

[00381] H3KI7me3 Alpha Hela Assay (AlphalISA). Ten different doses of each test
compound {(in a series of 3-fold dilutions) were plated in duplicate 384-well tissue culture treated
plates {Catalog # 781080; Greiner Bio One; Monroe, North Carolina). Hela cells grown i
culture were trvpsinized and counted using a Countess® cell counter (Catalog # CI0281; Life

Technologics, Grand Island, NY). Cell were diluted to 67,000 cells per bl nld% DMEM
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(Catalog # 10569-010 Life Technologies, Grand Island, NY) and 15uL (1,000 cells) were plated
into each well using the Biotek MicroFle'™ Select Dispenser (BioTek Instruments, Inc.
‘erront, USA),) of the 384-well plate. Plates were incubated at 37°C /5% CO; for 72 hrs. One
of the duplicate plates was processed for Hela assay and the other for viability,
{006582]  To the plate processed for AlphallISA was added Syl per well Cell-Histone Lysis
buffer (1X) {Catalog # ALOOYFI Perkin Elmer; Waltham, MA) and the plate was incubated at
RT for 30 minutes on a plate shaker with low speed (Model# 4625-Q Thermo Scientific;
Waltham, MA). Then, 10uL per well Histone Extraction buffer (catalog # ALOO9F2; Perkin
Elmer; Waltham, MA) was added and the plate further incubated at RT for 20 min on plate
shaker with low speed. To cach well was then added 10pE per well of a 5X mix of anti-K27me3
acceptor beads plus Biotinylated anti-Histone H3 {(C-ter}y Antibody (diluted to 3nM final)
{Catalog #AL11S Perkin Elmer; Waltham, MA). Dilution of the acceptor beads and then anti-
Histone H3 was with 1X Histone Detection buffor (Catalog # ALOOSF3 Perkin Elmer; Waltham,
MA} which was produced diluted from the 10X stock provided.  The plate was scaled with an
aluminum plate scaler and incubated at 23°C for 60 min. We then added 10uL 5X solution of
Streptavidin Donor beads (Catalog #6760002 Perkin Elmer; Waltham, MA) (20ug/mL final in
1X Histone Detection Buffer), scaled the plate with Aluminum plate sealer and incubated at
23°C for 30 min. The plates were then read using an EnVision- Alpha Reader (model # 2104
Perkin Elmer; Waltham, MA).
{80583]  Cell viability was assayed by adding 15 pb of Cell Titer Glo ((Catalog #G7371
Promega Madison, W) to cach well with cells with media. The plates were incubated foat RT
for 15 - 20 minntes on a plate shaker at low speed. The plates were then read using an EnVision-
Alpha Reader (model # 2104 Perlain Elmer; Waltham, MA}).
[00584] Data from both assays was analyzed using Assay Assistant {Constellation
Pharmaceuticals In-house product} and Activity Base (IDBS Ltd, Surrey, UK} template. Data
files were imported to Assay Assistant and assay conditions were specified. A unigue Analysis
1D was created and the data files exported to Activity Basc. An analysis template was created on
Activity Base to measure dose-dependent inhibition of H3K27me3 mark and cell viability
respectively. Readout of DMSO wells were used to normalize the data. Resulting curves were
fitted using Activity basc software Model 205 (IDBS Lid, Surrey, UK). The data was checked

for quality, validated and integrated in excel format using SARview (1IDBS Ltd, Surrey, UK).
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100588  Table 3 shows the activity of sclected compounds of this invention in the two
different Hela cell assays described above. ECs; values are reported as follows: “A”™ indicates
an ECs; value of less than 400 nM; “B” indicates an ECs; value of 400 oM to 2 uM; “C”
indicates an ECse value of greater than 2 M and less than 10 uM for cach cnzyme; “D”
indicates an ECsq value of greater than 10 pM for cach cnzyme; and “*(X uM)” indicates that no
inhibition was ohserved at the highest concentration {(i.e., X pM) of compound tested.

Table 3.
H3K27 Mutant EZH2,

Fe88 Values for Selected Compounds of the Invention In Hela Cells Expressing

H3K27me3 | H3K27me3 H3K27me3 | H3KZ27me3
_Alpha MSD _Alpha _MSD
Compound Hela Hela Compound Hela Hela

No. (EC50) {(EC50) No. (EC50) (EC50)
114 B A 210 C
116 B 21 B
123 B 212 B
134 C 215 C
137 B 218 A
143 C 219 B
144 C 222 D
145 C 224 A A
146 B 227 B
147 B 230 B
168 C 231 B
166 C 238 C
169 D 239 B

17 C 2440 C
171 C 241 B
172 C 242 C
175 B 243 C
181 B 250 C
187 B B 253 A

191 C 254 C
192 C 256 B
201 B 258 B
203 C 259 B
204 B 261 A A
287 C 273 A
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H3K27me3 | H3K27me3
_Alpha MSD
Compound Hela Hel.a
No. (EC50) (ECSD)
279 C
281 A A
283 B
284 B
286 B
288 A B
291 B
294 A A
208 A A
300 A A
303 B
304 A A
310 A A
311 B
313 A A
314 A
315 D
3i6 B
317 A
318 D
319 A
320 B
321 A
324 C
326 B B
327 A
330 B
332 B
333 B
335 A
336 A
337 A
338 B
339 A
341 A

257

PCT/US2013/025639
H3K27me3 | H3K27me3
_Alpha_ _MSD

Compound Hela Hela

No. (ECSO) (EC30)

342 A

344 A

345 A

346 A

347 B

349 C

351 NaN

352 B

353 *(3.33 uM)

354 B

355 A

356 A

357 A

358 B

359 B

360 C

361 A

362 A

363 A

364 *(3.33 uM)

365 A

366 B

3687 A

308 A

369 A

37 *(3.33 ubMy

371 *(3.33 uM)

373 A

374 A

375 A

376 NaN

377 B

385 C
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We claim:

i. A compound having structural formula I
Rl _N_ O ,
Y H ey
Zo g N \H\\XB,N\RX
R’ o

H

or a pharmaccutically acceptable salt thereof, wherein:

7 is =C{R"}- or =N-;

cach of X' and X7 is independently sclected from =N-, and =C(R’}-;

X is selected from =N-, and ZC(R6)~;

no more than onc of X', X%, and X7 is =N- ;

cach R' and R? is independently selocted from hydrogen, halo, -OH, -CN, Ci-Cy alkyl, -0-(C1-Cy
alkyl), -N(R'),, (Co-Cy  alkylene)-aryl, ~Co-Cy alkylenc) -heteroaryl, -(Co-Cy
alkylency-heterocyclyl, and -(Co-Cy alkylenci-carbocychyl; or

ove R and R? are taken together with atoms to which they are bound to form an aryl,
heteroaryl, heterocyelyl, or carbooyelyl ring;

each R and RS is independently selected from hydrogen, halo, ~-CN, «(Co-Cy alkylene)-RY, -{Cs-
Cs alkemyl or alkynylFRY, ~C-Cy  alkylene)-O-R°,  «C-Cy  alkylene}-O-(Ci-Cy
alkylene}R®,  -O~(Ce-Cy  alkylene)-R®,  -O-Co-Cy  alkvlene)O-RY,  -0-(Ci-Cy
alkylenelR’,  ~«Ce-Ce  alkylene)}N(R)z  ~(Co-Cs  alkylene)}-CO»O-R”,  «(Co-Cy
alkylene)}-O-C(O)-R’, «(Co-Cy alkylene)-C{OVN(R )2, -(Co-Cy alkylene)-N(R)-C(O)-R’, -O-
(Ci-Cy alkylene)-C{ON(R '), ~(-{Cr-Cy allylene)}-N{R-CORY, ~{Co-Cy
alkylene)-S{O-RE, -(Co-Cy alkylene)-$(0)-R® and -{Co-Cy alkylene)-S(O)-N(R : or

two R are taken together with the carbon atoms to which they are bound to form an aryl,
heteroaryl, heteroeyelyl, or carboeyeiyl fused to the ring comprising X', X% and X7,
R is Q, -$(0)-Q. -C(O)-Q, or -CHR YR’}

(} 18 selected from aryl, heteroaryl, heteroevelyl, or carbocyelyl;

258



WO 2013/120104 PCT/US2013/025639

R* is selected from Cy-Ce alkyl, ~CH,-0-(C1-Cy alkyl) and «(Cy-Cs atkylone)-Q, wherein one or
two methylene units in the alkyl or alkylene portion of R are optionally and independently
replaced by -O-, -8 -, -S(=0) -, ~S(=0}s-, or -N{R'")-; or

one methylene unit of R is taken together with X or X, when the X* or X7 is =C(R'}-,
and the intervening atoms to form a heteroaryl or heterocycelyl fused to the ring
comprising X', X*, and X;

R® is sclected from hydrogen, -(Co-Ce alkylene)-Q, and Ci-Cs alkyl, whercin onc or two
methylene  units  in R’ arc  optionally and  independently  replaced
by ~O-, -8-, -8(=0) -, -S(=0}),-, or -NR'%-;

cach R’ is  independently  selected  from  ~(CoCy  alkylene)R’,  «(Co-Cy
alkylene)-O-R°, -S{0)-R%, -C(=0)-R%, -C(=0}NR"),, ~«Ci-Cy allylene)-O-C(=0)-R°
and -{Co-Cy alkylene)}-C(=0)-0-R”; or

two R’ are taken together with the nitrogen atom to which they are comruonly bound to
form an optionally substituted heterocyclyl or heteroaryl ring;

R’ is selected from C-Cy alkyl, aryl, heteroaryl, carboeyelyl and heterocyelyl;

R’ is selected from hydrogen or R

RY i selected from hydrogen, C-Cy alkvl -SG=03-R°, -C=0)RY, -CHEORNRWRY,
and -C(=0)-0-RM

R is selected from unsubstituted C-Cy atkyl and C;-Cy haloalkyl;

R {5 selected from hydrogen, unsubstituted C1~Cy alkyl and C;-Cy haloalkyl;

wherein unless otherwise designated any alkyl, alkylene, alkenyl, allovovl, aryl, heteroaryl,
heterocyelyl or carboeyclyl portion of the compound is optionally substituted; and

wherein:
when X is =N-, X% is ={CHa)-, X! is =C(H)-, and R™ is 2-fluorophenyl; then R' and R? are

M

N0
L

not taken together with atoms to which they arc bound to form

H
l/\ NG
o= NFNFR ;

when cach R’ is methyl, Z is =C(H)-, each of X” and X is =C(CHs)-, and X' is =C(H)-; then

R is other than unsubstituted cyclohexyl, benzyl, pyridin-3-vi, or pyridin-2-vi;
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when each R' is methyl, Z is =C(H)-, X is =N-, and R”is pheny! or 4-fluoropheny!; then the
# of X' and the R’ of X7 are not taken together to form unsubstituted Cs5-Cy cycloalkyl

o 4 . .. w2 PR ;
fused to the ring comprising X' X and X5

2 Q\\

when X' is =N-, R® is hydrogen, and R is taken together with X to form \> .
wherein “1” represents the portion of the ring bound to X?, and “2” represents the portion
of the ring bound to the ring carbon adjacent to X’; then X is other than
= {cyclopropyl)-, =C{C(CH3))-, or =C{CHCH{CHa) -, wherein the cyclopropyl is
unsubstituted;

when X7 is =N-, X' is =C(H)-, cach R' is methyl, Z is =C(H)-, and R" is 4-methylphenyl,
unsubstituted phenyl, or unsubstituted benzyl; then X' is other than =C(;-methylphenyl-,
=C{3-mecthoxyphenvl)-, =C{phenyl}-, =Cid-chiorophenyl), =C{thien-2-v}-, or
=C{pyridin-3-vl}; and

when X7 is =N-, X' is =C(H)-, cach R' is methyl, Z is =C(H}-, and R* is pyridin-2-y1, 2,4-
dichlorophenyl or 3-methylphenyl; then X is other than =C(CH;)-, =C(CH,CH;)-, or
=C{cyclopropyl)-

when X% is =N-, X is =C{CHs)-, and X is =C{CH:)-, the R" is other than 2 4-difluorophenyt
ot 3-chloro-d-cyanophenyl; and

the compound is other than
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Ox N P N__o ’/(“ N
- e \ dl
/‘”— / ’-N, N }/ g /'L\ """'/
o [N~ R . oy
Cl \ / N* . ’N‘v N L \N/ N

, OF O

2. The compound of claim 1, wherein one R'is -CH;: the other R' is selected from -Cy-Cs
alkyl optionally substitated with one or more fluoro and -O-(Cy-C, alkyl) optionally substitated

with one or more fluoro.

3. The compound of claira 2 represented by the formula:
Y ;)(_1“")&:'
XJ
R‘\a

, wherein:

R is selected from ~-OCHs, -CHs, -OCHF,, and -CH.CH::

ih .
R" is -CHa; and
£ 18 =CH-.
. . . N PR, B )
4. The compound of any one of claims 1 to 3, wherein cach of X' and X7 is independently

3 . 3 . X X . .
=(R7y-, wherein two R are taken together with the carbon atoms o which they are bound to
b3 5 o

~ ; . .. 1 2 2
form an aryl, heteroaryl, or carbocevelyi fused to the ring comprising X5, X% and X7,
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5. The compound of elaim 4, wherein two R’ are taken together with the carbon atoms to
which they are bound to form an optionally substituted aryl or a pyridyl ring fused to the ring

comprising X, X" and X,

0. The compound of claim 5, wherein wherein the fused ring has the structure:
R13 R13

2

WN\; . N\_g
RS R!’S
or . whercin

R" is as defined in claim 1; and

R is selected from hydrogen, halo, phenyl, pyridinyl, and -0~(Cy-Cy alkyl).

7. The compound of any one of claims 1 1o 6, whercin:

R* is ~CHRNYR Y,

R' is selected from Cp-Cs alkyl, -(Co-Cs alkylenelaryl, «(Co-Cy alkylene)-heterocyelyl,
and ~(Co~-C; alkyiene)-heteroaryl; and

R is selected from hydrogen and methyl.

&. The compound of any one of claims 1 to 6, wherein:

R* is -CHRMR Y,

RY is selected from «(Ci-Cs alkylene)-0-(Ci-Cy alkyl), 1-substituted-pipieridin-d-yl, Cs-
Cs cycioalkyl optionally substituted with one or more fluoro, and tetrahvdropyranyl.; and

R’ is selected from hydrogen and -CHa.

9, The compound of claim 8, wherein R* s selected from ~CH,OCH;, -CH{CH;3;)OCH;, 44-
diffaorocyclohexyl, cyclopropyl, tetrayhyrdopyran-4-yl, 1-(t-butoxycarbonylj-piperidin-4-yl, 1-
{isobutoxycarbonyl}-piperidin-4-yi, 1-(isopropoxycarbonyl)-piperidin-4-yt, 1-(2-fluorocthyl}-
piperidin-4-yi, 1-(2,2-difleorocthyl}-piperidin-4-vi, 1-(2,2,2-trifluorocthyt}-piperidin-4-yl, 1-(2-
hydroxyisobutyl}-piperidin-4-vi, t-thydroxyisopropylcarbonyl-piperidin-4-yli, i-

{cthoxycarbonylmethyi}-piperidin-4-vl, I-(isopropylcarbonyt)-piperidin-4-yi, 1-methylpiperidin-
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d-yl, 1-{mecthyisulfonvl)-piperidin-4-yi, 1-(cthylsulfonyl}-piperidin-4-vi, 1-(isopropylsulfonyl}-
piperidin-4-yl,  i-{phenyl)-piperidin-d-yl,  1-(oxetan-3-yhpiperidin-d-yl,  {-(pyridin-2-yi}-
piperidin-4-vl, and 1-(pyrimidin-2-yl}-piperidin-4-vl.

10. The compound of claim 1, wherein the compound has the formula I
R13
' /
N O o
4
3 "
2 N Dy \<
R O
(i}, or a pharmaccutically acceptable salt thereof,

wherein:

AsCHorN;

R is selected from -Ci-Cs alkyl and -O-(Cy-C, alkyl), wherein R s optionally
substituted with one or more fluoro;

R™ is sclected from -(Cy-Cy alkylenc)-O-(C-C; alkyl), 1-substituted-pipicridin-4-yl, Ca-
e cyeloalkyl optionally substitted with one or more fluoro, and tetrahydropyranyl; and

R is selected from hydrogen, halo, phenyl, pyridinyl, and -0~(C-Cy alkyl).

i1. The compound of claim 10, wherein R is selected from -OCH:, -CHa,, -OCHF,,
and ~-CH;CH;.

{2, The compound of claim 10 or 11, wherein R*™ is selected

from -CHOCH;, -CH{CH;0CH;, 4,4-diluorocyclohexyl, cyclopropyl, tetravhyrdopyran-4-yl,
I-(t-butoxycarbonyl)-piperidin-d-yi, I-(isobutoxycarbonylj-piperidin-4-vy1, 1-
{isopropoxycarbonyl-piperidin-4-y1, 1-(2-fluorocthylj-piperidin-4-y1, 1-(2,2~-difluorocthyl}-
piperidin-d-yl, 1-(2.2 2-trifluorocthyl-pipenidin-4-vi, 1-{(2-hydroxyisobutyl}-piperidin-4-vi, 1-
{hydroxvisopropylcarbonyl-piperidin-d-y1, I-{cthoxycarbonylmethyh-piperidin-4-yi, 1-
(isopropylcarbonylp-piperidin-4-vl, -methylpiperidin-4-yl, I-(methylsulfonyb-piperidin-4-yi, 1-

{cthylsuifonyl)-piperidin-4-vi, 1-{isopropylsulfonyi}-piperidin-4-vl, I-{phenyl}-piperidin-4-yi, 1-
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{oxectan-3-ylipiperidin-4-yl, 1-(pyridin-2-yi}-piperidin-4-yL, and 1-{pyrimidin-2-yl}-piperidin-4-

vi.

3. The compound of any one of claims 10 to 12, wherein R" is sclected from hydrogen,

chloro, fluoro, -OCH{CHa3),, phenyl, and pyridin-2-vi.

14, A composition comprising:

a. acompound having structural formula L

‘\\E/’ ’ﬂxh
\

NNRX
xu

¥
or a pharmaceutically acceptable salt thereof, wherein
7 is =C{R")- or =N-;
cach of X' and X7 is independently selected from =N-, and =C(R")-;
X is selected from =N-, and =C(R%)-;
1o more than one of X', Xz, and X is =N- :
each R’ and R” is independently selected from bydrogen, balo, -OH, -CN, Ci-Cy alkyl, -0O~(Ci-Cy
alkyl), -N(R")2,  ~{Co-Cy  alkvlene)-aryl, «(Co-Cy  alkylene) -heteroaryl, ~{Ce-Cy
alkylenei-heterocyelvl, and ~(Co-Cy alkylene)-carbocyclyvl; or
one R and R? are taken together with atoms to which they are bound to form an aryl,
hetercarvt, heterocvelyl, or carbocyelyl ring;
cach R and R? is independently selected from hydrogen, halo, ~CN, «(Ce-Cy alkylene}-R®, «(Ca-
Ce  alkenyl or  alkynyllR’, «(C-Cy  alkviene)O-R%, -(C-Cy  alkylene)0-(Ci-Cy
alkylenelR",  ~O-(Cy-Cy  alkylene)-R’,  -0-(Co-Cy  alkylene}-O-R®,  -0-(Ci-Cy
alkylenc)-R®,  «(Co-Cy  allylene)-N(R'),,  ~(Co-Cy  alkylene)-C{O)-0-R”,  (Co-Cy
allylene - O-C(O)-R”, «(Cy-Cy alkylene)-C{OFN(R Y, «(Co-Cy alkylene - NER-C(ORR, -0-
{4y alkylene)-C{OM-NR ), ~O-{C- 4 aikyiene}~N(R -C{O)-(R), ~(Co-C
allcylene)-S(O)-R®, (Co-Cy alkylene)-S{0)-R® and «(Co-Cy alkylene)-S{OL-NRYy; or
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two R’ are taken together with the carbon atoms to which they are bound to form an arvl,
heteroaryl, heteroeyelyt, or carboeyelvt fused to the ring comprising X', X and X7,

R*is Q, -8(0):-Q, -C(O)-Q. or -CHRHR);

(J 18 sclected from aryl, heteroaryl, heteroeyelyl, or carbocyelyl;

R* is sclected from Cp-Cg alkyl, ~CHp-O~(C1-Cy alkyl) and «(Cy-Cs alkylene)-Q, wherein one or
two methylene units in the alkyl or alkylene portion of RY are optionally and independently
replaced by -O-, -8 -, -S(=0) -, ~S(=0),-, or ~-N{R'"}-; or

one methylene unit of R is taken together with X? or X7, when the X% or X is =C(R}-.
and the intervening atoms to form a heteroaryl or heterocycelyl fused to the ring
comprising X', X?, and X°;

R’ is selected from hydrogen, ~(Co-Ce atkylene)-Q, and C1-Cs alkyl, whercin onc or two
methylene  umits  in R°  are  optionally  and  independently  replaced
by ~O-, ~S-, -S(=0} -, -8(=0}»-, or -NR'%-;

cach R’ is  independently  selected  from  ~(Co.Cy  alkylene)R”, «(Co-Cy
alkylene)}-O-R”, -S(OR-RY, -C(=0)1R®, -CE=OFNR. ~(Ci-Cy  alkylene)-O-C(=0)-R°
and ~(Co-Cy alkylene-C(=0)-0-R”; or

two R are taken together with the nitrogen atom to which they are commonly bound to
form an optionally substituted heterocyclyl or heteroaryl ring;

R’ is selected from Ci-Cy alkyl, aryl, heteroaryl, carboeyceiyl and heterocyclyl;

R” is selected from hydrogen or R”;

RY is selected from hydrogen, Ci-Cy alkyl, -S(=00n-R%, -C=ORR®, -CEORNRMNRM,
and -C(=0)-0-R

rY is  selected  from  unsubstituted -Cs alkyl and G-y haloalkyl;

R is selected from hydrogen, unsubstituted Cy-Cy alkyl and C-Cy haloalkyl;

wherein unless otherwise designated any alkyi, alkviene, alkenyl, alcynvl, aryi, heteroaryl,

heterocyelyl or carboeyclyl portion of the compound is optionally substituted; and
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. . . . HM e
wherein the compound is other than I ; and

b. a pharmaccutically acceptable carrier.

{5, The composition of claim 14, wherein the compound has structural Formula (1}

R'lS
H /N
N O s
H Rs‘e‘a
NP NN N\<
R'e >

(I}, or a pharmaceutically acceptable salt
thereof, wherein:
A CHorN;
R™ is selected from -Ci-Cy alkyl and -O-(C-C, alkyl), wherein R™ is optionally
substituted with one or more fluoro;
R*™ is selected from -{{"y-C5 alkylene}-O-{C;-Cy alkyl), 1-substituted-pipicridin-4-yi, Cs-

o

Cs cveloalioyl optionally substituted with one or more tluore, and tetrahydropyranyl: and

i3 .

R is selected from hydrogen, halo, phenyl, pyridinyl, and -0-{C-Cy alkyl}.

266



16.

[y
-}

18.

i9.

WO 2013/120104 PCT/US2013/025639

A composition of claim 14 or 15 for use in treating cancer.

The composition of claim 16, wherein the cancer is characterized by the presence of a

mutant EZH2 protein.

The composition of claim 17, wherein the mutant EZH2 protein comprises a Y641N

mutation.

The composition of claim 16, wherein the cancer is characterized by trimethylation of

histone H3 at lysine 27,
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