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QUINOLINONE PYRIMIDINES COMPOSITIONS AS MUTANT-1ISOCITRATE
DEHYDROGENASE INHIBITORS

[0001]

Field of Invention
[0002] The present invention is dirccted to inhibitors of mutant isocitrate
dehydrogenase (mt-IDH) proteins with neomorphic activity useful in the treatment of
diseases or disorders associated with such mutant IDH proteins including cell-proliferation
disorders and cancers. Specifically, the invention is concerned with compounds and
compositions inhibiting m¢-IDH, methods of treating diseases or disorders associated with -

[DH, and methods of synthesis of these compounds.

Background of the Invention

[0003] Isocitrate dehydrogenases (IDHs) are enzymes that participate in the citric acid
cycle (cellular metabolism). They catalyze the oxidative decarboxylation of isocitrate to 2-
oxoglutarate (i.e., o-ketoglutarate, a-KG). There are three isoforms within the IDH family.
IDH-1, cxpressed in the cytoplasm and peroxisome, IDH-2, localized in the mitochondria,
both utilize NADP™ as the cofactor and cxist as homodimers. IDH-3 is localized in
mitochondrial matrix and utilizes NAD™ as a cofactor and exists as tetramer. Mutations in
IDH-1 (cytosolic) and IDH-2 (mitochondrial) have been identified in various discases or
disorders including glioma, glioblastoma multiforme, paraganglioma, supratentorial
primordial neuroectodermal tumors, acute myeloid leukemia (AML), prostate cancer, thyroid
cancer, colon cancer, chondrosarcoma, cholangiocarcinoma, peripheral T-cell lymphoma, and
melanoma (L. Deng et al., Trends Mol. Med., 2010, 16, 387, T. Shibata et al., 4m. J. Puthol.,
201 1, 178 (3), 1395; Gaal et al., J. Clin. Endocrinol. Metab. 2010; Hayden et al., Cell Cycle,
2009; Balss et al., Acta Neuropathol., 2008). The mutations have been found at or near key
residues in the active site: G97D, R100, R132, H133Q, and A 134D for IDHI, and R140 and
R172 for IDH2. (See L. Deng et al, Narure, 2009, 462, 739; L. Sellner et al., Eur. J.
Haematol., 2011, 85, 457).

CA 2961793 2019-01-18
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[0004] Mutant forms of IDH-1 and IDH-2 have been shown to lose wild type activity,
and instead exhibit a neomorphic activity (also known as a gain of function activity), of
reducing alpha-ketoglutarate to 2-hydroxyglutarate (2-HG). (See P.S. Ward et al., Cancer
Cell, 2010, 17, 225; Zhao et. al., Science 324, 261 (2009); Dang et.al Nature 462, 739
(2009)). In general, production of 2-HG is enantiospecific, resulting in generation of the D-
enantiomer (also known as the R enantiomer or R-2-HG). Normal cells have low basal levels
of 2-HG, whereas cells harboring mutations in IDH1 or IDH2 show significantly elevated
levels of 2-HG. High levels of 2- HG have also been detected in tumors harboring the
mutations. For example, high levels of 2- HG have been detected in the plasma of patients
with mutant IDH containing AML. (See S. Gross ¢t al., J. Exp. Med., 2010, 207 (2), 339).
High levels of 2-HG have been shown to block o-KG dependent DNA and histone
demethylases, and ultimately to result in improper dedifferentiation of hematopoietic
progenitor cells in AML patients (Wang et. al., Science 340, 622 (2013); Losman et al.,
Science 339, 1621 (2013)).

[0005] Furthermore, patients with Oilier Disease and Mafucci Syndrome (two rare
disorders that predispose to cartilaginous tumors) have been shown to be somatically mosaic
for IDH1 and 2 mutations and exhibit high levels of D-2-HG. (See Amary et al., Nature

Genetics, 2011 and Pansuriya et al., Nature Genetics, 2011).

[0006] The inhibition of m#-IDHs and their neomorphic activity with small molecule
inhibitors therefore has the potential to be a treatment for cancers and other disorders of

cellular proliferation.

Summary of the Invention

[0007] A first aspect of the invention relates to compounds of Formula (I):

X Efﬁ
)

and pharmaceutically acceptable salts, enantiomers, hydrates, solvates, prodrugs,
1somers, and tautomers thereof,
wherein:

each W, and W are independently CH, CF, or N;
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Wi is, CR,, or N;

A is selected from the group consisting of H, D, halogen, CN, -CHO, -COOH, -
COOR,
-C(O)NH,, -C(O)NHR, -S(O)Me, -S(O),Me,

4 X/Y\
LN SN ION
-—N L —N ! Y/
: \=N , : \=N , and

B is selected from the group consisting of:
H, D, OH, NH,, -NR~Rg, CN, C;-Cs alkyl, C3-Cs cycloalkyl, substituted aryl, C;-Cg
alkoxy, substituted heteroaryl, -(CH;),C(O)NHR, -C(O)NH,, -(CH,),NHR’C(O)R, -SR,

0 0 o)
'/“NJ\R ',’~NJ\R' ',’LNJ\O’R
-(CHR’),S(O)R, -(CHR’):S(O):R, -COOR, H , R , H ,
R
AR I N\// A N4
° E qu- \/”‘R H "R '\t/)'r 7S )I\ AN
0 0 Q
o , )NLX\> "\X/Y\ }'I‘N)& ‘N)ko A~ )k _R'
Fom Ao - QN T
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\ N O - L.
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wherein X and Y are independently in each occurrence C , N, NR, S, and O, provided that the
ring containing X and Y cannot have more than 4 N or NR atoms or more than one S or O
atoms;

R and R’ at each occurrence are independently selected from the group consisting of
H, halogen, -C(0)C,-C; alkyl, -C(O)OC,-Cs; alkyl, CF;, C,-Cs alkyl, C,-Cs alkoxy, C,-Cs
alkenyl, C,-Cg alkynyl, C3-Cs cycloalkyl, Cs;-Cs cycloalkylalkyl, Cs-Cg heterocyclyl, aryl, and
heteroaryl, wherein each R or R' is optionally further substituted with one or more
substituents independently selected from the group consisting of OH, halogen, C;-C alkoxy,
NH;, CN, Cs-Cs cycloalkyl, Cs-Cg heterocyclyl, aryl, and heteroaryl;

R; is independently H, OH, CN, halogen, CF3, CHF,, C;-C¢ alkyl, C;-Cs alkoxy, C;-
Cs alkenyl, C,-C¢ alkynyl, C3-Cs cycloalkyl, C3-Cs heterocyclyl, aryl, or heteroaryl, wherein
each C-Cg alkyl, C,-Cq alkenyl, C,-Cg¢ alkynyl, C3-Cy cycloalkyl, Cs-Cg heterocyclyl, aryl,
and heteroaryl is optionally substituted with one or more substituents independently selected
from the group consisting of halogen, OH, NH;, CN, C,-Cs alkyl, and C,-Cs alkoxy;

R; is independently H, OH, CN, halogen, CF3, CHF,, benzyl, C,-Cg alkyl, C;-Ce
alkoxy, NH,, NHR7, -N(R;)(Rg), NHC(O)R7, NHS(O)R;, NHS(O),R7, NHC(O)OR7,
NHC(O)NHR7, -S(O);NHR7, NHC(O)N(Rs)R7, OCH:R7, OCHRR’, CHRR’, or OCHR’R7,
wherein Ci-Cs alkyl and C;-Cs alkoxy are optionally substituted with one or more
substituents independently selected from the group consisting of C;-Cg alkyl, C,-Ce alkoxy,
C,-Cg alkenyl, C,-Cg alkynyl, C3-Cs cycloalkyl, Cs-Cg heterocyclyl, aryl, and heteroaryl;

Riis H, C;-Cg alkyl, or -OH;
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R4 and Rs are independently H, C,_Cs alkyl, CH,OH, or C;.Cs alkyl substituted with
one or more halogen, or R4 and Rs when combined can form a Cs-Cg cycloalkyl or C3-Cg
heterocyclyl;

Re is H, halogen, CF5, CHF,, C;-Cs alkyl, C;-C; alkoxy, C,-Cq alkenyl, C,-Cq
alkynyl, or C;-Cs cycloalkyl;

R7 and Rg are independently H, C;-Cq alkyl, C;-Cg alkoxy, C,-Cg alkenyl, C,-Cq
alkynyl, Cs-Cs cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl; or when combined R» and
Rs can form a C5-Cs heterocyclyl or heteroaryl ring;

nis0,1,or2; and

ris 0,1, or 2;
T’TN\”
// R

[0008] Another aspect of the invention relates to a method of treating a discase or

with the proviso that when R, is H and R; is F, then B is

disorder associated with mutant isocitrate dehydrogenase.  The method comprises
administering to a patient in need of a treatment for discases or disorders associated with

mutant isocitrate dehydrogenase an effective amount of a compound of Formula (I).

[0009] Another aspect of the invention is directed to a method inhibiting mutant isocitrate
dehydrogenase. The method involves administering to a patient in need thercof an effective

amount of a compound of Formula (I).

[0010] Another aspect of the invention relates to method of reducing 2-hydroxyglutarate.
The method compriscs administcring to a paticnt in nced thercof an cffective amount of a

compound of Formula (I).

[0011] Another aspect of the invention is directed to pharmacecutical compositions
comprising a compound of Formula (I) and a pharmaccutically acceptable carrier. The

pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

[0012] The present invention further provides methods of treating cell proliferative
discases and cancers including, without limitation, glioma, glioblastoma multiforme,
paraganglioma, supratentorial primordial neuroectodermal tumors, acute myeloid leukemia
(AML), prostate cancer, thyroid cancer, colon cancer, chondrosarcoma, cholangiocarcinoma,
peripheral T-cell lymphoma, melanoma, intrahepatic cholangiocarcinoma (IHCC),
myelodysplastic syndrome (MDS), myeloproliferative discase (MPD), and other solid
tumors, comprising administering to a patient suffering from at least one of said diseases or

5



cancers a compound of Formula (I). The inhibitors of the present invention may target
mutated IDH1 at residue 97, 100 or 132, for example G97D, R100Q, R132H, R132C,
R132S, R132G, RI132L, and RI32V. The inhibitors of the present invention may target
mutated [DH2 at residue 140 or 172, for example R172K, R172M, R172S, R172G, and
RI172W.

[0013] Another aspect of the invention provides for a compound of Formula (1), or a

pharmaceutically acceptable salt thereof, in combination with another therapeutic agent.

Brief Description of the Drawings of the Invention
[0014] Figure 1 illustrates the structure of compound 1-46

0015] Figure 2 illustrates a graph showing o-KG competition for the representative
g grap g P

compound I-46 at varying concentrations of a-KG.

[0016] Figure 3 illustrates a graph showing NADPH competition for the representative
compound I-46 at varying concentrations of NADPH.

[0017] Figure 4 illustrates a graph showing the potency of various IDH1 inhibitors of the

present invention in IDH1-R132H enzymatic assay.

Detailed Description of the Invention

[0018] IDHI1 or IDH2 mutations are a genetically validated target in many solid and
hematologic cancers, but there are currently no targeted therapics available for patients in
need of treatment for specific conditions associated with mt-IDH activity. Non-mutant IDH
(c.g.. wild-type) catalyze the oxidative decarboxylation of isocitrate to a-ketoglutarate
thereby reducing NAD" (NADP ') to NADH (NADPH) (WO 2013/102431 to Cianchetta et
al). Mutations of IDH present in certain
cancer cells result in a new ability of the enzyme to catalyze the NADPH-dependent
reduction of a-ketoglutarate R(-)-2-hydroxyglutarate (2HG). 2HG is not formed by wild-type
IDH. The production of 2HG contributes to the formation and progression of cancer (Dang,
L et al., Nature, 2009, 462:739-44). The
present invention provides inhibitors of mz-IDH. and prophylactic measures to reduce the

formation and progression of 2HG in cells.

[0019] In a first aspect of the invention, arc described the compounds of Formula (1):

6
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and pharmaceutically acceptable salts, enantiomers, hydrates, solvates, prodrugs, isomers,
and tautomers thercof, where A, B, W, W2, Wi, Ri-R¢ are described as above.

[0020] The details of the invention are set forth in the accompanying description below
Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, illustrative methods and materials are now
described. Other features, objects, and advantages of the invention will be apparent from the
description and from the claims. In the specification and the appended claims, the singular
forms also include the plural unlcss the context clearly dictates otherwisc. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as commonly

understood by one of ordinary skill in the art to which this invention belongs.

Definitions
[0021] The articles "a" and "an" are used in this disclosure to refer to one or more than
one (i.e., to at least one) of the grammatical object of the article. By way of example, "an

clement” means onc clement or more than one clement.

[0022] The term "and/or" is uscd in this disclosurc to mcan cither "and” or "or" unless

indicated otherwise.

[0023] The term “optionally substituted” is understood to mean that a given chemical
moiety (e.g. an alkyl group) can (but is not required to) be bonded other substituents (¢.g.
heteroatoms).  For instance, an alkyl group that is optionally substituted can be a fully
saturated alkyl chain (i.c. a purc hydrocarbon). Altcrnatively, the same optionally substituted
alkyl group can have substituents different from hydrogen. For instance, it can, at any point
along the chain be bounded to a halogen atom, a hydroxyl group. or any other substituent
described herein. Thus the term “optionally substituted” means that a given chemical moiety
has the potential to contain other functional groups, but does not necessarily have any further
functional groups. Suitable substitucnts used in the optional substitution of the described
groups include, without limitation, halogen, oxo, CN, -COOH, -CH,CN, -O-C,-Csalkyl, C;-
Cealkyl, -OC -Cgalkenyl, -OC,-Cgalkynyl, -C-Cealkenyl, -C-Csalkynyl, -OH, -OP(Q)(OH),,
7
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-0C(0)C;-Cgalkyl, -C(O)C1-Cealkyl, -OC(0)OC;-Csalkyl, NH,, NH(C;-Cealkyl), N(C:-
Cgalkyl)z, -NHC(O)CI-C6alky1, -C(O)NHCI-C6alkyl, -S(O)Z-Cl-CGalkyl, -S(O)NHCI-C6alkyl,
and S(O)N(Cl-CGdlkyl)z

[0024] Unless otherwise specifically defined, the term "aryl" refers to cyclic, aromatic
hydrocarbon groups that have 1 to 2 aromatic rings, including monocyclic or bicyclic groups
such as phenyl, biphenyl or naphthyl. Where containing two aromatic rings (bicyclic, ctc.),
the aromatic rings of the aryl group may be joined at a single point (¢.g., biphenyl), or fused
(¢.g., naphthyl). The aryl group may be optionally substituted by onc or more substitucnts,
e.g., | to 5 substituents, at any point of attachment. Exemplary substituents include, but are
not limited to, -H, -halogen, -O-C;-Csalkyl, C;-Cgalkyl, -OC,-Cgalkenyl, -OC;-Cgalkynyl, -
Ci-Cealkenyl, -Ci-Cealkynyl, -OH, -OP(O)(OH),, -OC(O)C;-Cesalkyl, -C(O)C;-Cealkyl, -
0OC(0)0C,-Cgalkyl, NH,, NH(C,-Cqalkyl), N(C;-Cealkyl),, -S(0O),-C;-Cealkyl, -S(O)NHC;-
Cealkyl, and S(O)N(C;-Cealkyl),. The substituents can themselves be optionally substituted.
Furthermore when containing two fused rings the aryl groups herein defined may have an
unsaturated or partially saturated ring fused with a fully saturated ring. Exemplary ring
systems of these aryl groups include indanyl, indenyl, tetrahydronaphthalenyl, and

tetrahydrobenzoannulenyl.

[0025] Unless otherwise specifically defined, "hctcroaryl” mcans a monovalent
monocyclic aromatic radical of 5 to 10 ring atoms or a polycyclic aromatic radical,
containing one or more ring heteroatoms selected from N, O, or S, the remaining ring atoms
being C. Heteroaryl as herein defined also means a bicyclic heteroaromatic group wherein
the heteroatom is selected from N, O, or S. The aromatic radical is optionally substituted
independently with one or more substituents described herein. Examples include, but are not
limited to, furyl, thienyl, pyrrolyl, pyridyl, pyrazolyl, pyrimidinyl, imidazolyl, pyrazinyl,
indolyl, thiophen-2-yl, quinolyl, benzopyranyl, thiazolyl, and derivatives thereof.
Furthermore when containing two fused rings the aryl groups herein defined may have an
unsaturated or partially saturated ring fused with a fully saturated ring. Exemplary ring
systems of these heteroaryl groups include indolinyl, indolinonyl, dihydrobenzothiophenyl,
dihydrobenzofuran, chromanyl, thiochromanyl, tetrahydroquinolinyl, dihydrobenzothiazine,

and dihydrobenzoxanyl.

[0026] Halogen or “halo” refers to fluorine, chlorine, bromine, or iodine.



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

[0027] Alkyl refers to a straight or branched chain saturated hydrocarbon containing 1-12
carbon atoms. Examples of a C;-Cs alkyl group include, but are not limited to, methyl, ethyl,
propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, sec-butyl, tert-butyl, isopentyl, neopentyl,

and isohexyl.

[0028] “Alkoxy” refers to a straight or branched chain saturated hydrocarbon containing
1-12 carbon atoms containing a terminal “O” in the chain. Examples of alkoxy groups

include without limitation, methoxy, ethoxy, propoxy, butoxy, t-butoxy, or pentoxy groups.

[0029] “Alkenyl” refers to a straight or branched chain unsaturated hydrocarbon
containing 2-12 carbon atoms. The “alkenyl” group contains at least one double bond in the
chain. Examples of alkenyl groups include ethenyl, propenyl, n-butenyl, iso-butenyl,

pentenyl, or hexenyl.

[0030] “Alkynyl” refers to a straight or branched chain unsaturated hydrocarbon
containing 2-12 carbon atoms. The “alkynyl” group contains at least one triple bond in the
chain. Examples of alkenyl groups include ethynyl, propargyl, n-butynyl, iso-butynyl,
pentynyl, or hexynyl.

[0031] “Cycloalkyl” means monocyclic saturated carbon rings containing 3-18 carbon
atoms. Examples of cycloalkyl groups include, without limitations, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptanyl, cyclooctanyl, norboranyl, norborenyl,

bicyclo[2.2.2]octanyl, or bicyclo[2.2.2]octenyl.

[0032] “Cycloalkylalkyl” means monocyclic saturated carbon rings containing 3-18
carbon atoms further substituted with C;-C¢ alkyl groups. In general cycloalkylalkyl groups

NS
~
~

(I;n

[0033] “Heterocyclyl” or “heterocycloalkyl” monocyclic rings containing carbon and

herein described display the following formula where m is an integer from

1 to 6 and n 1s an integer from 1 to 16.

heteroatoms taken from oxygen, nitrogen, or sulfur and wherein there is not delocalized =
electrons (aromaticity) shared among the ring carbon or heteroatoms; heterocyclyl rings
include, but are not limited to, oxetanyl, azetadinyl, tetrahydrofuranyl, pyrrolidinyl,
oxazolinyl, oxazolidinyl, thiazolinyl, thiazolidinyl, pyranyl, thiopyranyl, tetrahydropyranyl,
dioxalinyl, piperidinyl, morpholinyl, thiomorpholinyl, thiomorpholinyl S-oxide,
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thiomorpholinyl S-dioxide, piperazinyl, azepinyl, oxepinyl, diazepinyl, tropanyl, and

homotropanyl.

[0034] The term "solvate” refers to a complex of variable stoichiometry formed by a
solute and solvent. Such solvents for the purpose of the invention may not interfere with the
biological activity of the solute. Examples of suitable solvents include, but arc not limited to,
watcr, McOH, EtOH, and AcOH. Solvates whercin water 1s the solvent molccule arc
typically referred to as hydrates. Hydrates include compositions containing stoichiometric

amounts of water, as well as compositions containing variable amounts of water.

[0035] The term "isomer" refers to compounds that have the same composition and
molecular weight but differ in physical and/or chemical properties. The structural difference
may be in constitution (geometric isomers) or in the ability to rotate the plane of polarized
light (stereoisomers). With regard to stercoisomers, the compounds of Formula (I) may have
one or more asymmetric carbon atom and may occur as racemates, racemic mixtures and as

individual enantiomers or diasterecomers.

[0036] The disclosure also includes pharmaceutical compositions comprising an effective
amount of a disclosed compound and a pharmaceutically acceptable carrier. Representative
"pharmaceutically acceptable salts”" include, e.g., water-soluble and water-insoluble salts,
such as the acetate, amsonate (4,4-diaminostilbene-2,2-disulfonate), benzenesulfonate,
benzonate, bicarbonate, bisulfate, bitartrate, borate, bromide, butyrate, calcium, calcium
edetate, camsylate, carbonate, chloride, citrate, clavulariate, dihydrochloride, edetate,
edisylate, estolate, esylate, fiunarate, gluceptate, gluconate, glutamate, glycollylarsanilate,
hexafluorophosphate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, magnesium, malate,
maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate, mucate,
napsylate, nitrate, N-methylglucamine ammonium salt, 3-hydroxy-2-naphthoate, oleate,
oxalate, palmitate, pamoate (1,1-methene-bis-2-hydroxy-3-naphthoate, ecinbonate),
pantothenate,  phosphate/diphosphate, picrate, polygalacturonate, propionate, p-
toluenesulfonate, salicylate, stearate, subacctate, succinate, sulfate, sulfosalicylate, suramate,

tannate, tartrate, tcoclate, tosylate, tricthiodide, and valcrate salts.

[0037] A "patient" or “subject” is a mammal, ¢.g., a human, mouse, rat, guinea pig, dog,
cat, horse, cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or

rhesus.
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[0038] An "effective amount" when used in connection with a compound is an amount

effective for treating or preventing a disease in a subject as described herein.

[0039] The term "carrier”", as used in this disclosure, encompasses carriers, excipients,
and diluents and means a material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or encapsulating material, involved in carrying or transporting a
pharmaccutical agent from onc organ, or portion of the body, to another organ, or portion of

the body of a subject.

[0040] The term "treating" with regard to a subject, refers to improving at least one
symptom of the subject's disorder. Treating includes curing, improving, or at least partially

ameliorating the disorder.

[0041] The term "disorder" is used in this disclosure to mean, and is used interchangeably

with, the terms disease, condition, or illness, unless otherwise indicated.

[0042] The term "administer”, "administering”, or "administration” as used in this
disclosure refers to either directly administering a disclosed compound or pharmaceutically
acceptable salt of the disclosed compound or a composition to a subject, or administering a
prodrug derivative or analog of the compound or pharmaceutically acceptable salt of the
compound or composition to the subject, which can form an equivalent amount of active

compound within the subject's body.

[0043] The term "prodrug,” as used in this disclosure, means a compound which is
convertible in vivo by metabolic means (e.g., by hydrolysis) to a disclosed compound.

[0044] In one embodiment, A is CN. In this embodiment, B may further be C,;-Cq alkoxy

or Ci-Cs alkyl. In another embodiment, B may also be methoxy.

N o
\Ldf,

[0045] In another embodiment, B may be R . In this embodiment of Formula (I), A
may also be Hor F.

X

. . ’I\N R . .

[0046] In another embodiment, Bis H . In this embodiment, A may also be H or
F.

11
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[0047] In another embodiment, B may be R
beHorF.

. In this embodiment, A may also

[0048] Yect another embodiment relates to compounds of Formula (I) where B is

O
L AR
H . This embodiment also optionally provides for compounds of Formula (T) where
AisHorF.
O
1l
. . N S‘R . .
[0049] In another embodiment, B is . In this embodiment A may also be CN.

This embodiment may further provide for compounds of Formula (I) where A is H or F.

[0050] In another embodiment, B is R" . In this embodiment, A may also further
beHorF.

[0051] In other embodiments, A is H or F.

HN\”

. In these embodiments, r may be 0 or 1, and R and R” may independently be C;-Cs alkyl,
C,-Cs alkoxy, C,-Cs alkenyl, C,-Cs alkynyl, C;-Cs cycloalkyl, Cs-Cg cycloalkylalkyl, C;-Cg

[0052] Other embodiments relate to compounds of Formula (I) where B is

heterocyclyl, aryl, or heteroaryl. In these embodiments, A may further be H or F, r may be 0
or 1, and R and R’ may independently be C;-Cs alkyl, C,-C¢ alkoxy, C,-Cs alkenyl, C2-Cs
alkynyl, Cs-Cs cycloalkyl, Cs-Cs cycloalkylalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl. In
these embodiments of the compounds of Formula (I), R” may also be aryl or heteroaryl, In
other embodiments of this invention, R’ may also be methyl, ethyl, isopropyl, or isobutyl. In
one or more other embodiments, R” may be phenyl. In some embodiments of the invention,

Ais Hor F and R’ is methyl, ethyl, isopropyl, or isobutyl.
[0053] In other embodiments, A is also H or F and R’ is phenyl.

[0054] In other embodiments, A is H or F and B is C;-Cg4 alkoxy or C1-C¢ alkyl. In

another embodiment, A is H or F and B is methoxy.

12
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[0055] Another embodiment of the invention pertains to compounds of Formula (I) where

R, and Rs are H.

[0056] In another embodiment, R4 is H and R is methyl.

[0057] In yet another embodiment, R4 is H and Rs is (S)-methyl.

[0058] In another embodiment, R4 and Rs are halogen. In yet another embodiment R4 and
R are fluorine.

[0059] In another embodiment, Ry is F and Rs is methyl.

[0060] In another embodiment, R, and Rs can combine to form a C;-Cs cycloalkyl.

[0061] In one embodiment, Wy, W», and W3 are CH.

[0062] In another embodiment, Wi, W», or W3 1s N.

[0063] In another embodiment, R; can be halogen. In another embodiment, R is chloro.

[0064] In one cmbodiment, R, can be H, halogen, or C-C¢ alkoxy. In another
embodiment, R, can also be C,-Cs alkoxy substituted with heteroaryl or C3-Cs heterocyclyl.

[0065] In one embodiment, illustrative compounds of the invention include:
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl|amino } pyrimidin-4-y1)-N-
(2,2-dimethylpropyl)methanesulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
(cyclopropylmethyl)methanesulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
(oxan-3-yl)methanesulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
(propan-2-yl)pyridine-3-sulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-2-
methyl-N-(propan-2-yl)propane-1-sulfonamide;
N-[(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-4-
yl)methyl]-N-cyclopropylmethanesulfonamide;
3-[(1S)-1-{[4-(tert-butylamino)pyrimidin-2-yl]amino }ethyl]-6-chloro-1,2-dihydroquinolin-2-

one,

13
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N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-y1)-N-(2-
methylpropyl)methanesulfonamide;
6-chloro-3-[(15)-1-{[4-(cyclopropylamino)pyrimidin-2-yl]Jamino }ethyl]-1,2-dihydroquinolin-
2-one;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
(propan-2-yl)methanesulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl]amino } pyrimidin-4-yl)-1-
cyclopropyl-N-(propan-2-yl)methanesulfonamide;
2-(2-{[(18)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl Jamino } pyrimidin-4-yl)- 1A% 2-
thiazolidine-1,1-dione;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
(2,2,2-trifluoroethyl)methanesulfonamide;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
cyclopropylmethanesulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl1)-N,2-
dimethylpropane-1-sulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-[2-
(oxan-4-yl)ethyl]methanesulfonamide;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)methanesulfonamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl]amino } pyrimidin-4-yl)-2-

methylpropanc-1-sulfonamide;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-4-y1)-N-(2-
hydroxy-2-methylpropyl)methanesulfonamide;

N-(2-{[1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl Jamino } pyrimidin-4-yl)-N-(propan-

2-yDmethanesulfonamide;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-3-
methyl-2-oxo-N-(propan-2-yl)-2,3-dihydro-1,3-benzoxazole-6-sulfonamide;

14
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methyl-N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)carbamate;

propan-2-yl-N-(2-{[(1S)-1-(6-chloro-2-0x0- 1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-
4-yl)carbamate;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
cyclopropyl-3-methylbutanamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl]amino } pyrimidin-4-
yl)acetamide;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
(2,2-dimethylpropyl)acetamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-2-
(oxan-4-yl)acetamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
cyclopropylacetamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)cyclopropanecarboxamide;
N-tert-butyl-N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-

yl)ethyl]amino } pyrimidin-4-yl)acetamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-3-
methylbutanamide;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-2-
methoxyacetamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)propanamide;

N-(2-{[1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)cthyl]amino } pyrimidin-4-yl)-N-(2-
methylpropyl)acetamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-4-y1)-N-(2-

methylpropyl)cyclopropanecarboxamide;
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2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-methoxypyrimidine-5-
carbonitrile;

4-amino-2-{[(15)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidine-5-
carbonitrile;

2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
(methylamino)pyrimidine-5-carbonitrile;
2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl]amino } -4-mcthylpyrimidine-5-
carbonitrile;

2-{[(1S)-1-(6-chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-cyclopropylpyrimidine-

5-carbonitrile;

2-{[(15)-1-(6-chloro-1-methyl-2-ox0-1,2-dihydroquinolin-3-yl)ethyl Jamino } -4-
methoxypyrimidine-5-carbonitrile;
6-chloro-3-[(1S5)-1-({4-[(4S)-2-0x0-4-(propan-2-yl)-1,3-oxazolidin-3-yl|pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1R)-1-({4-[(4S)-2-0x0-4-(propan-2-yl)-1,3-oxazolidin-3-yl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino} ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1R)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[({4-[(4S)-2-0x0-4-(propan-2-yl)-1,3-oxazolidin-3-yl]pyrimidin-2-
yl}amino)methyl]-1,2-dihydroquinolin-2-one;
6-chloro-3-({[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino } methyl)-1,2-
dihydroquinolin-2-one;

6-chloro-3-(1-{[4-(2-0x0-1,3-0oxazolidin-3-yl)pyrimidin-2-yl]amino} cthyl)-1,2-
dihydroquinolin-2-ong;

3-(1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-yl]Jamino } ethyl)-1,2-dihydroquinolin-2-one;
6-chloro-3-({[4-(2-oxopyrrolidin-1-yl)pyrimidin-2-yl]Jamino } methyl)-1,2-dihydroquinolin-2-

one;
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6-chloro-3-[(1S)-1-{[4-(2-methyl-1H-pyrrol-1-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(15)-1-{[4-(1H-pyrrol-1-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-dihydroquinolin-2-
one;

6-chloro-3-[(1S)-1-{[4-(4,5-dimethyl-1H-imidazol-1-yl)pyrimidin-2-yl]amino} ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-ylJamino}ethyl]-1,2-dihydroquinolin-
2-ongc;

6-chloro-3-[(1S)-1-[(4-{1H,4H,5H,6H-cyclopenta[d Jimidazol-1-yl}pyrimidin-2-
yl)amino]ethyl]-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(2-methyl-1H-imidazol-1-yl)pyrimidin-2-yljamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(4-methyl-1H-imidazol-1-yl)pyrimidin-2-yljamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(5-methyl-1,2-0xazol-4-yl)pyrimidin-2-yl]amino} ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3 4-tetrazol-1-yl)pyrimidin-2-yl]amino} ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-({4-[1-(2,2,2-trifluoroethyl)-1H-imidazol-5-yl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-({4-[1-(cyclopropylmethyl)-H-imidazol-5-yl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(pyrimidin-5-yl)pyrimidin-2-yl]amino } ethyl]-1,2-dihydroquinolin-2-
one;

6-chloro-3-[(15)-1-[(4-{imidazo[ l,2-a]pyridin-3-yl} pyrimidin-2-yl)amino]ethyl]-1,2-
dihydroquinolin-2-ong;
6-chloro-3-[(1S)-1-({4-[1-(propan-2-yl)-1H-imidazol-5-yl]pyrimidin-2-yl} amino)ethyl]-1,2-

dihydroquinolin-2-one;
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6-chloro-3-[(1S)-1-({4-[2-(trifluoromethyl)-1H-pyrrol-1-yl]pyrimidin-2-yl }amino)ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(15)-1-{[4-(1-methyl-1H-1,2,3-triazol-5-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-pyrazol-5-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;

3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-ylJamino } cthyl]-6-chloro-1,2-
dihydroquinolin-2-ong;
6-chloro-3-[(1S)-1-{[4-(dimethyl-1,2-0xazol-4-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yl Jamino } ethyl]-1,2-dihydroquinolin-2-
one;

6-chloro-3-[(1S5)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-yljamino } ethyl]-1,2-
dihydroquinolin-2-one;

3-[(1S)-1-{[4-(2-acetylphenyl)pyrimidin-2-ylJamino } ethyl]-6-chloro-1,2-dihydroquinolin-2-
one;

N-[2-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)phenyl]acetamide;
6-chloro-3-[(1S)-1-{[4-(1,5-dimethyl-1H-pyrazol-4-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-({4-[1-(propan-2-yl)-1H-pyrazol-5-yl]pyrimidin-2-yl } amino)ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(1,3-dimethyl-1H-pyrazol-5-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(15)-1- {[4-(1,3-dimethyl-1H-pyrazol-4-yl)pyrimidin-2-yl]Jamino } cthyl]-1,2-
dihydroquinolin-2-ong;
6-chloro-3-[(1S)-1-{[4-(dimethyl-1,3-thiazol-5-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-

dihydroquinolin-2-one;
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6-chloro-3-[(1S)-1-({4-[1-(oxan-2-yl)-1H-pyrazol-5-yl]pyrimidin-2-yl} amino )ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(15)-1- {[4-(4-methylthiophen-3-yl)pyrimidin-2-yl]amino} ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-pyrrol-2-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(3,5-dimethyl-1H-pyrazol-4-yl)pyrimidin-2-yl]amino } cthyl]-1,2-
dihydroquinolin-2-ong;
6-chloro-3-[(1S)-1-{[4~(5-methyl-1H-pyrazol-4-yl)pyrimidin-2-yl]Jamino} ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(trimethyl-1H-pyrazol-4-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-({4-[1-(2-methylpropyl)-1H-pyrazol-5-yl]pyrimidin-2-yl} amino)ethyl]-
1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-({4-[3-(trifluoromethyl)-1H-pyrazol-4-yl]pyrimidin-2-yl } amino)ethyl]-
1,2-dihydroquinolin-2-one;

6-chloro-3-[(1S)-1-{[4-(1H-pyrazol-5-yl)pyrimidin-2-ylJamino } ethyl]-1,2-dihydroquinolin-
2-one;

6-chloro-3-[(1S)-1-{[4-(1,2-thiazol-4-yl)pyrimidin-2-yl]amino } ethyl]-1,2-dihydroquinolin-2-
one;

3-[(1S)-1-{[4-(1-benzofuran-3-yl)pyrimidin-2-yl]amino } ethyl]-6-chloro-1,2-dihydroquinolin-
2-one;

6-chloro-3-[(1S)-1-{[4-(2-methylpyridin-3-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(15)-1- {[4-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-yl]amino } cthyl]-1,2-
dihydroquinolin-2-ong;

6-chloro-3-[(1S)-1-{[4-(isoquinolin-4-yl)pyrimidin-2-ylJamino } ethyl]-1,2-dihydroquinolin-2-

one;
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6-chloro-3-[(1S)-1-{[4-(2-methoxypyridin-3-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(15)-1- {[4-(pyridin-3-y])pyrimidin-2-yl]amino } ethyl]-1,2-dihydroquinolin-2-
one;

6-chloro-3-[(1S)-1-{[4-(pyridin-4-yl)pyrimidin-2-yl]amino } ethyl]-1,2-dihydroquinolin-2-
one;

6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]amino } cthyl]-1,2-
dihydroquinolin-2-ong;
6-chloro-3-[(1S)-1-{[4-(3-methoxypyridin-4-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(2,3-dihydro-1-benzofuran-7-yl)pyrimidin-2-yl Jamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(4-methoxypyridin-3-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(1S)-1-({4-[2-(methoxymethyl)phenyl |pyrimidin-2-yl }amino)ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-[(4-phenylpyrimidin-2-yl)amino]ethyl]-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(2-methoxyphenyl)pyrimidin-2-ylJamino } ethyl]-1,2-dihydroquinolin-
2-ong;
3-[(1S)-1-[(5-bromo-4-methylpyrimidin-2-yl)amino]ethyl]-6-chloro-1,2-dihydroquinolin-2-
one;

6-chloro-3-[(15)-1-({4-[(35)-3-(propan-2-yl)morpholin-4-yl[pyrimidin-2-yl } amino)ethyl]-
1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-[(4-methanesulfonylpyrimidin-2-yl)amino]ethyl]-1,2-dihydroquinolin-2-
one;

6-chloro-3-[(1S)-1-({4-[(R)-2-methylpropanesulfinyl|pyrimidin-2-yl} amino)ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(15)-1-({4-[(2-methylpropyl)sulfanyl]pyrimidin-2-yl}amino)cthyl]-1,2-

dihydroquinolin-2-one;
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6-chloro-3-[(1S)-1-{[4-(2-methylpropanesulfonyl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(15)-1-({4-[(S)-2-methylpropanesulfinyl ]pyrimidin-2-yl }amino)ethyl]-1,2-
dihydroquinolin-2-one;
3-[(1S)-1-{[4-(benzylsulfanyl)pyrimidin-2-ylJamino } ethyl]-6-chloro-1,2-dihydroquinolin-2-
one;
6-chloro-3-[(1S)-1-[(4-mcthancsulfinylpyrimidin-2-yl)amino]ethyl]-1,2-dihydroquinolin-2-
onge;
6-chloro-3-[(1S)-1-({4-[(R)-methanesulfinyl|pyrimidin-2-yl }amino)ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-({4-[(S)-methanesulfinyl |pyrimidin-2-yl}amino)ethyl]-1,2-
dihydroquinolin-2-one;
2-{[(1S)-1-(6-chloro-2-0x0- 1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidine-4-
carboxamide;
2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -N-methylpyrimidine-4-
carboxamide;
2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]amino } -N-(2-
methylpropyl)pyrimidine-4-carboxamide;
2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } -N-(propan-2-
yD)pyrimidine-4-carboxamide;
6-chloro-3-[(1S)-1-{[4-(1-methanesulfonyl-3-methylbutyl)pyrimidin-2-ylJamino} ethyl]-1,2-
dihydroquinolin-2-one;
2-[(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-4-
yl)methyl]-1A°,2-thiazolidine-1,1-dione;
2-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl J]amino } pyrimidin-4-yl)-1A°-
thiolane-1,1-dione;
6-chloro-3-[(1S5)-1-({4-[(2-methylpropanesulfonyl)methyl]pyrimidin-2-yl} amino)ethyl]-1,2-

dihydroquinolin-2-one;
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6-chloro-3-[(1S)-1-({4-[(oxolan-3-yl)amino]pyrimidin-2-yl} amino)ethyl]-1,2-
dihydroquinolin-2-one;

6-chloro-3-[(15)-1-{[4-(2-oxoimidazolidin- I -yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(3-methyl-2-oxoimidazolidin-1-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;

1-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl Jamino } pyrimidin-4-yl)-1,3,3-
trimethylurea;

1-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl Jamino } pyrimidin-4-yl)-3,3-
dimethylurea;

6-chloro-3-[(1S)-1-({4-[(1,3-0xazol-2-yl)amino Jpyrimidin-2-yl} amino)ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-3-[(1S5)-1-({4-[(2-methylpropyl)(1,3-0xazol-2-yl)amino|pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one;
methyl-2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidine-4-
carboxylate;

2-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]Jamino } pyrimidin-4-
yl)acetamide;

2-(2-{[(18)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-yl)-N-
methylacetamide;

N-[(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-4-
yl)methylJmethanesulfonamide;
6-chloro-3-[(1S)-1-{[4-(methanesulfonylmethyl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;
methyl-2-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)-2-methancsulfonylacetate;
6-chloro-3-[(1S5)-1-{[4-(1-methanesulfonylethyl)pyrimidin-2-ylJamino} ethyl]-1,2-

dihydroquinolin-2-one;
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6-chloro-3-[(1S)-1-{[4-(1-methanesulfonylcyclopropyl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;

N-[(2-{[(1S)-1-(6-chloro-2-0x0- 1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)methyl]-N-cyclopropylacetamide;
6-chloro-3-[(1S)-1-{[4-(2-oxopyrrolidin-1-yl)pyrimidin-2-ylJamino}ethyl]-1,2-
dihydroquinolin-2-one;
3-[(1S)-1-[(4-aminopyrimidin-2-yl)amino|cthyl]-6-chloro-1,2-dihydroquinolin-2-one
6-chloro-3-[(1R)-1-{[4-(2-0x0-1,3-0xazinan-3-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;
2-{[(1R)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl Jamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[1-(6-chloro-7-fluoro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[(18)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[(1R)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
methoxypyrimidine-5-carbonitrile;
6-chloro-7-methoxy-3-(1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-yl]amino } ethyl)-1,2-
dihydroquinolin-2-one;
6-chloro-7-methoxy-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-y)pyrimidin-2-yl]Jamino } ethyl]-
1,2-dihydroquinolin-2-one;

6-chloro-7-methoxy-3-[(1R)-1- {[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-yl]amino } ethyl]-
1,2-dihydroquinolin-2-one;
N-[2-({1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
yl]ethyl}amino)pyrimidin-4-yl]acetamide;

2-({1-[6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yl]ethyl} amino)-4-

methoxypyrimidine-5-carbonitrile;
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2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yljethylJamino } -
4-methoxypyrimidine-5-carbonitrile;
2-{[(18)-1-[6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yl]ethylJamino } -
4-hydroxypyrimidine-5-carbonitrile;
2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yljethylJamino } -
4-methylpyrimidine-5-carbonitrile;
methyl-N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)- 1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)carbamatc;
2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)ethyl]Jamino } -4-

methoxypyrimidine-5-carbonitrile;

2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethyl Jamino } -4-methoxypyrimidine-
5-carbonitrile;

2-{[(1R)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethyl]amino } -4-methoxypyrimidine-
5-carbonitrile;
2-{[(1S)-1-{6-chloro-2-0x0-7-[(1R)-1-(pyridin-2-yl)ethoxy]-1,2-dihydroquinolin-3-
yl}ethyl]amino } -4-methoxypyrimidine-5-carbonitrile;
2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-dihydroquinolin-3-yl]ethylJamino} -
4-methoxypyrimidine-5-carbonitrile;
N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)acetamide;

2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl]Jamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[(1S)-1-(7-bromo-6-chloro-2-0xo0-1,2-dihydroquinolin-3-yl)ethyl Jamino } -4-
methoxypyrimidine-5-carbonitrile;
6-chloro-3-{[(4,6-dimethoxypyrimidin-2-yl)amino Jmethyl}-1,2-dihydroquinolin-2-one
N-(2-{[(2-0x0-1,2-dihydroquinolin-3-yl)methyl]amino } pyrimidin-4-yl)-N-(propan-2-
yl)methanesulfonamide;

N-(2-{[(7-fluoro-2-0x0-1,2-dihydroquinolin-3-yl)methyl Jamino } pyrimidin-4-yl)-N-(propan-

2-yl)methanesulfonamide;
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N-(2-{[(6-methyl-2-0x0-1,2-dihydroquinolin-3-yl)methylJamino } pyrimidin-4-yl)-N-(propan-
2-yDmethanesulfonamide;

N-[2-({[2-0x0-6-(propan-2-yl)-1,2-dihydroquinolin-3-yljmethyl } amino)pyrimidin-4-yl]-N-
(propan-2-yl)methanesulfonamide;
6-chloro-3-(1-{[4-(2-ox0-1,3-0xazolidin-3-yl)pyrimidin-2-yl]amino} cyclopropyl)-1,2-
dihydroquinolin-2-one;

2-{[1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)cyclopropylJamino} -4-methoxypyrimidine-
5-carbonitrile;

6-chloro-3-(2-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-yl]amino } propan-2-yl)-1,2-
dihydroquinolin-2-one;
6-chloro-3-(2-fluoro-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino } ethyl)-1,2-
dihydroquinolin-2-one;
2-[(1-{6-chloro-7-[(3,3-difluorocyclobutyl)methoxy]-2-oxo0-1,2-dihydroquinolin-3-
yl}ethyl)amino]-4-methoxypyrimidine-3-carbonitrile;
6-chloro-1-methyl-3-[(1S)-1-({4-[1-(propan-2-yl)-1H-imidazol-5-ylJpyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one;
2-{[(1R)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } -4-methoxypyrimidine-5-
carbonitrile;
2-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-yl]ethylJamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[(1S)-1-(6-chloro-7-cyclopropyl-2-oxo-1,2-dihydroquinolin-3-yl)ethyl]amino } -4-
methoxypyrimidine-5-carbonitrile;
4-methoxy-2-{[(1S)-1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-yl)ethylJamino } pyrimidine-5-
carbonitrile;

2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]amino } -4-hydroxypyrimidine-5-
carbonitrile;

N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)acetamide,

N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)cyclopropanecarboxamide;
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2-{[(1S)-1-(6-chloro-7-fluoro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]amino } -4-
methoxypyrimidine-5-carbonitrile;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)ethyl Jamino } pyrimidin-4-
yl)acetamide;
6-chloro-3-[(1S)-1-{[4-(5-cyclopropyl-1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-ylJamino } ethyl]-
1,2-dihydroquinolin-2-one; and
6-chloro-3-[(1S)-1-{[4-(5-cyclopropyl-1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-ylJamino } ethyl]-
1,2-dihydro-1,8-naphthyridin-2-one.

[0066] In another embodiment, illustrative compounds of the invention include:
6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-yl]Jamino } ethyl]-
1,2-dihydroquinolin-2-one;
6-chloro-3-[(18)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-yl]amino } ethyl]-7-(pyridin-2-
ylmethoxy)-1,2-dihydroquinolin-2-one;
2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-

ylJethyl]amino} pyrimidine-4-carboxamide;
6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-ylJamino } ethyl]-7-
(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
yl]ethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide;
N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmcthoxy)-1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)propanamide;
N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)acetamide;
6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-yl]amino } ethyl}-7-(pyridin-2-
ylmethoxy)-1,2-dihydroquinolin-2-one;
6-chloro-3-[(18)-1-{[4-(1,2-0xazol-4-yD)pyrimidin-2-yl]amino } ethyl]-7-(pyridin-2-
ylmethoxy)-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-ylJamino } ethyl]-7-(pyridin-2-
ylmethoxy)-1,2-dihydroquinolin-2-one;

26



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-yl]amino } ethyl]-6-chloro-7-(pyridin-
2-ylmethoxy)-1,2-dihydroquinolin-2-one;

6-chloro-3-[(15)-1- {[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-ylJamino } ethyl]-7-(pyridin-
2-ylmethoxy)-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]amino } ethyl]-7-(pyridin-2-
ylmethoxy)-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)- 1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide;
6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-ylJamino } ethyl]-7-
(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one;
2-{[(15)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
methylpyrimidine-5-carbonitrile;
methyl-N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-

yl)ethyl]amino} pyrimidin-4-yl)carbamate;
2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidine-4-
carboxamide;
6-chloro-7-methoxy-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-
yl]amino} ethyl]-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-
4-yl)cyclopropanecarboxamide;
N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-0xo-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-
4-yl)propanamide;
N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethyl]Jamino } pyrimidin-
4-yl)acetamide;

6-chloro-3-[(15)-1- {[4-(1H-imidazol-1-y])pyrimidin-2-ylJamino} ethyl}-7-methoxy-1,2-
dihydroquinolin-2-ong;

6-chloro-7-methoxy-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yl]amino} ethyl]-1,2-

dihydroquinolin-2-one;
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6-chloro-7-methoxy-3-[(1S)-1-{[4-(4-methylthiophen-3-y])pyrimidin-2-yl]amino} ethyl]-1,2-
dihydroquinolin-2-one;

3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-ylJamino } ethyl]-6-chloro-7-methoxy-
1,2-dihydroquinolin-2-one;
6-chloro-7-methoxy-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-ylJamino } ethyl]-
1,2-dihydroquinolin-2-one;
6-chloro-7-methoxy-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-ong;
N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-
4-y1)-N-(2-methylpropyl)methanesulfonamide;
6-chloro-7-methoxy-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3 4-tetrazol-1-yl)pyrimidin-2-
yl]amino}ethyl]-1,2-dihydroquinolin-2-one;
2-{[(1S)-1-[6-chloro-2-ox0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-yl]ethylJamino } -4-
methylpyrimidine-5-carbonitrile;
5-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-yl]ethylJamino }-1-
methyl-6-oxo-1,6-dihydropyridine-2-carbonitrile;
6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino } ethyl]-7-(propan-2-
yloxy)-1,2-dihydroquinolin-2-one;
methyl-N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)carbamate;
2-{[(1S)-1-[6-chloro-2-ox0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-

yl]ethyl]amino } pyrimidine-4-carboxamide;
6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-ylJamino } ethyl]-7-
(propan-2-yloxy)-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-

yl]ethyl]amino } pyrimidin-4-yl)cyclopropanccarboxamide;
N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-

yl]ethyl]amino } pyrimidin-4-yl)propanamide;
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N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-

yl]ethyl]lamino } pyrimidin-4-yl)acetamide;
6-chloro-3-[(15)-1-{[4-(1H-imidazol-1-y])pyrimidin-2-ylJamino} ethyl]-7-(propan-2-yloxy)-
1,2-dihydroquinolin-2-one;

6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yl]amino } ethyl]-7-(propan-2-yloxy)-
1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(4-mcthylthiophen-3-yl)pyrimidin-2-yl]amino } ethyl]-7-(propan-2-
yloxy)-1,2-dihydroquinolin-2-one;
3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-yl]amino } ethyl]-6-chloro-7-(propan-
2-yloxy)-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-yl]amino } ethyl |- 7-(propan-
2-yloxy)-1,2-dihydroquinolin-2-one;
6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]Jamino } ethyl]-7-(propan-2-
yloxy)-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-

yl]ethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide;
6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-ylJamino } ethyl]-7-
(propan-2-yloxy)-1,2-dihydroquinolin-2-one;
2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo0-1,2-dihydroquinolin-3-yl]ethylJamino } -
4-methylpyrimidine-5-carbonitrile;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
ylJamino} ethyl]-1,2-dihydroquinolin-2-one;
methyl-N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-0x0-1,2-dihydroquinolin-3-
yl]lethyl]amino } pyrimidin-4-yl)carbamate;
2-{[(18)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-dihydroquinolin-3-

yl]ethyl]amino } pyrimidine-4-carboxamidc;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3,4-tetrazol-1-
yD)pyrimidin-2-ylJamino } ethyl]-1,2-dihydroquinolin-2-one;
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N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-0x0-1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)cyclopropanecarboxamide;
N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-ox0-1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)propanamide;
N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-ox0-1,2-dihydroquinolin-3-
yl]ethyl]amino} pyrimidin-4-yl)acetamide;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
ylJamino} ethyl]-1,2-dihydroquinolin-2-ong;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-
yl]amino}ethyl]-1,2-dihydroquinolin-2-ong;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
yl]amino}ethyl]-1,2-dihydroquinolin-2-one;
3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-yl]Jamino } ethyl]-6-chloro-7-
(cyclopropylmethoxy)-1,2-dihydroquinolin-2-one;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yl]amino} ethyl]-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-ox0-1,2-dihydroquinolin-3-
yl]ethyl]amino } pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide;
6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-
yl)pyrimidin-2-yl]amino } ethyl]-1,2-dihydroquinolin-2-one;
2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[(1S)-1-(6-chloro-7-fluoro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl]Jamino } -4-
methylpyrimidine-5-carbonitrile;
6-chloro-7-fluoro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino } ethyl]-1,2-

dihydroquinolin-2-one;
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methyl-N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-0x0-1,2-dihydroquinolin-3-

yDethyl]amino} pyrimidin-4-yl)carbamate;
2-{[(18)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl]Jamino } pyrimidine-4-
carboxamide;

6-chloro-7-fluoro-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3 4-tetrazol-1-yl)pyrimidin-2-
yl]amino}ethyl]-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl]amino } pyrimidin-4-
yl)cyclopropanccarboxamide;
N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)propanamide;
N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-0x0-1,2-dihydroquinolin-3-yl)ethylJamino } pyrimidin-4-
yl)acetamide;

6-chloro-7-fluoro-3-[(1S5)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-7-fluoro-3-[(1S5)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-ylJamino} ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-7-fluoro-3-[(18S;)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinolin-2-one;

3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-yl]amino } ethyl]-6-chloro-7-fluoro-
1,2-dihydroquinolin-2-one;
6-chloro-7-fluoro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-ylJamino } ethyl]-
1,2-dihydroquinolin-2-one;
6-chloro-7-fluoro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-
dihydroquinolin-2-one;
N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)cthylJamino } pyrimidin-4-
y1)-N-(2-methylpropyl)methanesulfonamide;

6-chloro-7-fluoro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-
yl]amino}ethyl]-1,2-dihydroquinolin-2-one;
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2-{[(1S)-1-(6-chloro-8-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]amino } -4-
methylpyrimidine-5-carbonitrile;
5-{[(1S)-1-(6-chloro-8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl]Jamino } - 1 -methyl-6-oxo-
1,6-dihydropyridine-2-carbonitrile;
6-chloro-8-fluoro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;

Methyl-N-(2- {[(1S)-1-(6-chloro-8-fluoro-2-o0xo-1,2-dihydroquinolin-3-

yl)ethyl]amino } pyrimidin-4-yl)carbamatc;
2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidine-4-
carboxamide;

6-chloro-8-fluoro-3-[(15)-1-{[4-(5-methyl-1H-1,2,3 4-tetrazol-1-yl)pyrimidin-2-
yl]amino}ethyl]-1,2-dihydroquinolin-2-one;
N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)cyclopropanecarboxamide;
N-(2-{[(15)-1-(6-chloro-8-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl]Jamino } pyrimidin-4-
yl)propanamide;

6-chloro-8-fluoro-3-[(1S5)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-8-fluoro-3-[(1S5)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-ylJamino} ethyl]-1,2-
dihydroquinolin-2-one;
6-chloro-8-fluoro-3-[(1S5)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-yl]Jamino } ethyl]-1,2-
dihydroquinolin-2-one;

3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-yl]amino } ethyl]-6-chloro-8-fluoro-
1,2-dihydroquinolin-2-one;
6-chloro-8-fluoro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-ylJamino } ethyl]-
1,2-dihydroquinolin-2-ong;

6-chloro-8-fluoro-3-[(1S5)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]amino } ethyl]-1,2-

dihydroquinolin-2-one;

32



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl]amino } pyrimidin-4-
yl)-N-(2-methylpropyl)methanesulfonamide;
6-chloro-8-fluoro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-
yl]amino} ethyl]-1,2-dihydroquinolin-2-one;
2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)ethylJamino } -4-
methylpyrimidine-5-carbonitrile;
5-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)ethylJamino } - 1-methyl-6-0x0-
1,6-dihydropyridine-2-carbonitrile;
6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino} ethyl]-1,2-dihydro-
1,8-naphthyridin-2-one;
methyl-N-(2-{[(15)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-

yl)ethyl]amino} pyrimidin-4-yl)carbamate;
2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)ethylJamino } pyrimidine-4-
carboxamide;

6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2 3 ,4-tetrazol-1-yl)pyrimidin-2-ylJamino} ethyl]-1,2-
dihydro-1,8-naphthyridin-2-one;

N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydro- 1,8-naphthyridin-3-yl)ethylJamino } pyrimidin-4-
yl)cyclopropanecarboxamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)ethylJamino } pyrimidin-4-
yl)propanamide;
N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)ethylJamino } pyrimidin-4-
yl)acetamide;

6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-yl]amino } ethyl]-1,2-dihydro-1,8-
naphthyridin-2-one;

6-chloro-3-[(15)-1- {[4-(1,2-0xazol-4-y])pyrimidin-2-ylJamino } cthyl]-1,2-dihydro-1,8-
naphthyridin-2-one;

6-chloro-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-yl]amino} ethyl]-1,2-dihydro-
1,8-naphthyridin-2-one;
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3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-yl]Jamino } ethyl]-6-chloro-1,2-
dihydro-1,8-naphthyridin-2-one;

6-chloro-3-[(15)-1- {[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-ylJamino } ethyl]-1,2-
dihydro-1,8-naphthyridin-2-one;
6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]amino } ethyl]-1,2-dihydro-1,8-
naphthyridin-2-one;

N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)cthyl Jamino } pyrimidin-4-
y1)-N-(2-methylpropyl)methanesulfonamide;
6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-yl]Jamino } ethyl]-
1,2-dihydro-1,8-naphthyridin-2-one;
2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethylJamino } -4-methylpyrimidine-5-
carbonitrile;

6-chloro-3-[(1S5)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-yl]Jamino} ethyl]-1,2-
dihydroquinoxalin-2-one;
methyl-N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethyl]amino } pyrimidin-4-
yl)carbamate;

2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethylJamino } pyrimidine-4-
carboxamide;

6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3 4-tetrazol-1-yl)pyrimidin-2-ylJamino} ethyl]-1,2-
dihydroquinoxalin-2-one;
N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethylJamino } pyrimidin-4-
yl)cyclopropanecarboxamide;
N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethylJamino } pyrimidin-4-
yl)propanamide;

N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethyl Jamino } pyrimidin-4-
yl)acetamide;

6-chloro-3-[(1S5)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-ylJamino} ethyl]-1,2-

dihydroquinoxalin-2-one;
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6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yl]amino } ethyl]-1,2-dihydroquinoxalin-
2-ong;
6-chloro-3-[(15)-1- {[4-(4-methylthiophen-3-yl)pyrimidin-2-yl]amino} ethyl]-1,2-
dihydroquinoxalin-2-one;
3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-yl]Jamino } ethyl]-6-chloro-1,2-
dihydroquinoxalin-2-one;
6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-yljamino } cthyl]-1,2-
dihydroquinoxalin-2-one;
6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-yl]amino } ethyl]-1,2-
dihydroquinoxalin-2-one;
N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethylJamino } pyrimidin-4-yl)-N-
(2-methylpropyl)methanesulfonamide;
6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-yl)pyrimidin-2-yl]Jamino } ethyl]-
1,2-dihydroquinoxalin-2-one;
2-{[(1S)-1-(6-chloro-5-fluoro-2-ox0-1,2-dihydroquinolin-3-yl)ethylJamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[(1S)-1-(6-chloro-1-hydroxy-2-oxo-1,2-dihydroquinolin-3-yl)ethyl]Jamino } -4-
methoxypyrimidine-5-carbonitrile;
2-{[(1S)-1-{6-chloro-2-ox0-7-[(1R)-1-(pyridin-2-yl)ethoxy]-1,2-dihydroquinolin-3-
yl}ethyl]amino } -4-methylpyrimidine-5-carbonitrile;
N-(2-{[(1S)-1-{6-chloro-2-ox0-7-[(1R)-1-(pyridin-2-yl)ethoxy]-1,2-dihydroquinolin-3-
yl}ethyl]amino } pyrimidin-4-yl)acetamide;
4-methoxy-2-{[(1S)-1-(6-methyl-2-0x0-1,2-dihydro-1,5-naphthyridin-3-
yD)ethyl]amino } pyrimidine-5-carbonitrile;
N-(2-{[(1S)-1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-yl)ethyl]Jamino } pyrimidin-4-
yl)acctamide; and
N-(2-{[(1S)-1-(6-methyl-2-0x0-1,2-dihydro-1,5-naphthyridin-3-yl)ethyl]Jamino } pyrimidin-4-

yl)acetamide.
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[0067] In another embodiment of the invention, the compounds of Formula (I) are
enantiomers. In some embodiments the compounds are the (S)-enantiomer. In other
embodiments the compounds are the (R)-enantiomer. In yet other embodiments, the

compounds of Formula (I) may be (+) or (-) enantiomers.

[0068] It should be understood that all isomeric forms arc included within the present
invention, including mixtures thercof. If the compound contains a double bond, the
substituent may be in the E or Z configuration. If the compound contains a disubstituted
cycloalkyl, the cycloalkyl substituent may have a cis- or trans configuration. All tautomeric

forms are also intended to be included.

Method of Synthesizing the Compounds
[0069] The compounds of the present invention may be made by a variety of methods,
including standard chemistry. Suitable synthetic routes are depicted in the Schemes given

below.

[0070] The compounds of Formula (I) may be prepared by methods known in the art of
organic synthesis as set forth in part by the following synthetic schemes. In the schemes
described below, it is well understood that protecting groups for sensitive or reactive groups
are employed where necessary in accordance with general principles or chemistry. Protecting
groups are manipulated according to standard methods of organic synthesis (T. W. Greene
and P. G. M. Wuts, "Protective Groups in Organic Synthesis", Third edition, Wiley, New
York 1999). These groups are removed at a convenient stage of the compound synthesis
using methods that are readily apparent to those skilled in the art. The selection processes, as
well as the reaction conditions and order of their execution, shall be consistent with the

preparation of compounds of Formula (I).

[0071] Those skilled in the art will recognize if a stereocenter exists in the compounds of
Formula (I). Accordingly, the present invention includes both possible stereoisomers (unless
specified in the synthesis) and includes not only racemic compounds but the individual
enantiomers and/or diastercomers as well. When a compound is desired as a single
enantiomer or diastereomer, it may be obtained by stereospecific synthesis or by resolution of
the final product or any convenient intermediate. Resolution of the final product, an
intermediate, or a starting material may be affected by any suitable method known in the art.
See, for example, "Sterecochemistry of Organic Compounds” by E. L. Elicl, S. H. Wilen, and
L. N. Mander (Wiley-Interscience, 1994).
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[0072] The compounds described herein may be made from commercially available

starting materials or synthesized using known organic, inorganic, and/or enzymatic processes.

Preparation of compounds

[0073] The compounds of the present invention can be prepared in a number of ways well
known to those skilled in the art of organic synthesis. By way of example, compounds of the
present invention can be synthesized using the methods described below, together with
synthetic methods known in the art of synthetic organic chemistry, or variations thercon as
appreciated by those skilled in the art. Preferred methods include but are not limited to those
methods described below. Compounds of the present invention can be synthesized by
following the steps outlined in General Schemes 1 and 2, which comprise different sequences
of assembling intermediates II, III, and IV. Starting materials are either commercially

available or made by known procedures in the reported literature or as illustrated.

Scheme 1

Re
A
Ra Rs Rs Rs Rs N;I
A Method A Ry Wy Wy X )\\N
H
~

R W, _W
_ Py |
RZ W3 ,}l @] Hal N B Base, 100-140 °C R2 W3 N @]
R3 IIQ?;
I I Base = DIEA l-a
Hal = Cl, F, Br Cs2C05
K,CO3
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Scheme 2
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wherein A, B, R' — R® and W are defined as in Formula (D.

[0074] The genceral way of preparing target molecules Ia and Ib by using intcrmediates 11,
III, and IV is outlined in Scheme 1 and Scheme 2. Displacement of pyrimidine halides (I1II)
with intermediates amine (II) under standard nucleophilic substitution conditions using base
such as N,N-diisopropylethylamine, and /or potassium carbonate, cesium carbonate in solvent
DMSO or DMF gives the compounds of Formula (I). Displacement of pyrimidine halides
(IV) with 2° amine, amide or sulfonamide in presence of base such as K,COs, or Cs,CO3
combined with organic base such as DIEA or TEA under elevated temperature also yield the
compound of Formula (I). Coupling of pyrimidine halides (IV) with aryl-, heterocyclic
boronic acid/ester in presence of palladium catalyst under elevated temperature yield the
compound of Formula (I). A mixture of enantiomers, diastereomers, cis/trans isomers
resulted from the process can be separated into their single components by chiral salt
technique, chromatography using normal phase, reverse phase or chiral column, depending

on the nature of the separation.

[0075] It should be understood that in the description and formulae shown above, the

various groups A, B, Wi, Wy, W3, R;-Rs and other variables are as defined above, except
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where otherwise indicated. Furthermore, for synthetic purposes, the compounds of Schemes
1 and 2 are mere representative with elected radicals to illustrate the general synthetic

methodology of the compound of Formula (I) as defined herein.

Methods of Using the Disclosed Compounds

[0076] Another aspect of the invention rclates to a mcthod of treating a discasc or
disorder associated with mutant isocitratc dchydrogenase. The method involves
administering to a patient in need of a treatment for diseases or disorders associated with
mutant isocitrate dehydrogenase an effective amount of the compositions and compounds of

Formula ().

[0077] Another aspect of the invention is directed to a method of inhibiting mutant
isocitrate dehydrogenase. The method involves administering to a patient in need thereof an

effective amount of a compound of Formula (I).

[0078] Examples of a mutant IDH protein having a neomorphic activity are mutant IDH1
and mutant IDH2. A neomorphic activity associated with mutant IDHI and mutant IDH?2 is
the ability to produce 2-hydroxyglutarate (2-HG neomorphic activity), specifically R-2- HG
(R-2-HG neomorphic activity). Mutations in IDH 1 associated with 2-HG neomorphic
activity, specifically R-2-HG neomorphic activity, include mutations at residues 97, 100, and
132, e.g. G97D, R100Q, R132H, R132C, R1328S, R132G, R132L, and R132V. Mutations in
IDH2 associated with 2-HG neoactivity, specifically R-2-HG neomorphic activity, include
mutations at residues 140 and 172, e.g. R140Q, R140G, R172K, R172M, R1728, R172G, and
RI72W.

[0079] Another aspect of the invention relates to method of reducing 2-hydroxyglutarate.
The method comprises administering to a patient in need thereof an effective amount of a

compound of Formula (I).

[0080] One therapeutic use of the compounds or compositions of the present invention
which inhibit mz-IDH is to provide treatment to patients or subjects suffering from cell
proliferative diseases and cancers including, without limitation, glioma, glioblastoma
multiforme, paraganglioma, supratentorial primordial neuroectodermal tumors, acute myeloid
leukemia (AML), prostate cancer, thyroid cancer, colon cancer, chondrosarcoma,
cholangiocarcinoma, peripheral T-cell lymphoma, melanoma, intrahepatic
cholangiocarcinoma (IHCC), myclodysplastic syndrome (MDS), mycloproliferative discase

(MPD), and other solid tumors. Targeted treatments for these cancers and cell proliferative
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diseases are not currently available to patients suffering from these conditions. Therefore,

there is a need for new therapeutic agents selective to these conditions.

[0081] The disclosed compounds of the invention can be administered in effective

amounts to treat or prevent a disorder and/or prevent the development thereof in subjects.

[0082] Administration of the disclosed compounds can be accomplished via any mode of
administration for therapeutic agents. These modes include systemic or local administration
such as oral, nasal, parenteral, transdermal, subcutancous, vaginal, buccal, rectal or topical

administration modes.

[0083] Depending on the intended mode of administration, the disclosed compositions
can be in solid, semi-solid or liquid dosage form, such as, for example, injectables, tablets,
suppositories, pills, time-release capsules, elixirs, tinctures, emulsions, syrups, powders,
liquids, suspensions, or the like, sometimes in unit dosages and consistent with conventional
pharmaceutical practices. Likewise, they can also be administered in intravenous (both bolus
and infusion), intraperitoneal, subcutaneous or intramuscular form, and all using forms well

known to those skilled in the pharmaceutical arts.

[0084] Illustrative pharmaceutical compositions are tablets and gelatin capsules
comprising a Compound of the Invention and a pharmaccutically acceptable carrier, such as
a) a diluent, c.g., purificd water, triglyceride oils, such as hydrogenated or partially
hydrogenated vegetable oil, or mixturcs thercof, com oil, olive oil, sunflower oil, safflower
oil, fish oils, such as EPA or DHA, or their csters or triglycerides or mixtures thercof, omega-
3 fatty acids or derivatives thereof, lactose, dextrose, sucrose, mannitol, sorbitol, cellulose,
sodium, saccharin, glucose and/or glycine; b) a lubricant, e.g., silica, talcum, stearic acid, its
magnesium or calcium salt, sodium oleate, sodium stearate, magnesium stearate, sodium
benzoate, sodium acetate, sodium chloride and/or polyethylene glycol; for tablets also; c) a
binder, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose, magnesium carbonate, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, waxes and/or polyvinylpyrrolidone, if desired, d) a disintegrant, e.g.,
starches, agar, methyl cellulose, bentonite, xanthan gum, algic acid or its sodium salt, or
effervescent mixtures; ¢) absorbent, colorant, flavorant and sweetener; f) an emulsifier or
dispersing agent, such as Tweer?véo, Labrasol, HPMC, DOSS, caproyl 909, labrafac, labrafil,
peceol, transcutol, capmul MCM, capmul PG-12, captex 355, gelucire, vitamin E TGPS or
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other acceptable emulsifier; and/or g) an agent that enhances absorption of the compound

such as cyclodextrin, hydroxypropyl-cyclodextrin, PEG400, PEG200.

[0085] Liquid, particularly injectable, compositions can, for example, be prepared by
dissolution, dispersion, etc. For example, the disclosed compound is dissolved in or mixed
with a pharmaccutically acceptable solvent such as, for cxample, water, saline, aqucous
dextrose, glycerol, cthanol, and the like, to thereby form an injectable isotonic solution or
suspension. Proteins such as albumin, chylomicron particles, or serum proteins can be used to

solubilize the disclosed compounds.

[0086] The disclosed compounds can be also formulated as a suppository that can be
prepared from fatty emulsions or suspensions; using polyalkylene glycols such as propylene

glycol, as the carrier.

[0087] The disclosed compounds can also be administered in the form of liposome
delivery systems, such as small unilamellar vesicles, large unilamellar vesicles and
multilamellar vesicles. Liposomes can be formed from a variety of phospholipids, containing
cholesterol, stearylamine or phosphatidylcholines. In some embodiments, a film of lipid
components is hydrated with an aqueous solution of drug to a form lipid layer encapsulating

the drug, as described in U.S. Pat. No. 5,262,564.

[0088] Disclosed compounds can also be delivered by the use of monoclonal antibodics
as individual carricrs to which the disclosed compounds arc coupled. The discloscd
compounds can also be coupled with soluble polymers as targctable drug carriers. Such
polymers can include polyvinylpyrrolidone, pyran copolymer,
polyhydroxypropylmethacrylamide-phenol, polyhydroxyethylaspanamidephenol, or
polyethylencoxidepolylysine substituted with palmitoyl residues. Furthermore, the Disclosed
compounds can be coupled to a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic acid, polyepsilon caprolactone,
polyhydroxy  butyric  acid,  polyorthoesters,  polyacetals,  polydihydropyrans,
polycyanoacrylates and cross-linked or amphipathic block copolymers of hydrogels. In one
embodiment, disclosed compounds are not covalently bound to a polymer, e.g., a

polycarboxylic acid polymer, or a polyacrylate.

[0089] Parental injectable administration 1is generally used for subcutancous,

intramuscular or intravenous injections and infusions. Injectables can be prepared in
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conventional forms, either as liquid solutions or suspensions or solid forms suitable for

dissolving in liquid prior to injection.

[0090] Another aspect of the invention is directed to pharmaceutical compositions
comprising a compound of Formula (I) and a pharmaceutically acceptable carrier. The

pharmaceutical acceptable carrier may further include an excipient, diluent, or surfactant.

[0091] Compositions can be prepared according to conventional mixing, granulating or
coating methods, respectively, and the present pharmaceutical compositions can contain from
about 0.1% to about 99%, from about 5% to about 90%, or from about 1% to about 20% of

the disclosed compound by weight or volume.

[0092] The dosage regimen utilizing the disclosed compound is selected in accordance
with a variety of factors including type, species, age, weight, sex and medical condition of the
patient; the severity of the condition to be treated; the route of administration; the renal or
hepatic function of the patient; and the particular disclosed compound employed. A physician
or veterinarian of ordinary skill in the art can readily determine and prescribe the effective

amount of the drug required to prevent, counter or arrest the progress of the condition.

[0093] Effective dosage amounts of the disclosed compounds, when used for the
indicated cffects, range from about 0.5 mg to about 5000 mg of the disclosed compound as
nceded to treat the condition. Compositions for in vivo or in vitro use can contain about 0.5,
5, 20, 50, 75, 100, 150, 250, 500, 750, 1000, 1250, 2500, 3500, or 5000 mg of the disclosed
compound, or, in a range of from onec amount to another amount in the list of doses. In one

embodiment, the compositions are in the form of a tablet that can be scored.

Examples

[0094] The disclosure is further illustrated by the following examples and synthesis
schemes, which are not to be construed as limiting this disclosure in scope or spirit to the
specific procedures herein described. It is to be understood that the examples are provided to
illustrate certain embodiments and that no limitation to the scope of the disclosure is intended
thereby. It is to be further understood that resort may be had to various other embodiments,
modifications, and equivalents thereof which may suggest themselves to those skilled in the
art without departing from the spirit of the present disclosure and/or scope of the appended

claims.

Analytical Methods, Materials, and Instrumentation
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[0095] Unless otherwise noted, reagents and solvents were used as received from
commercial suppliers. Proton nuclear magnetic resonance (NMR) spectra were obtained on
either Bruker or Varian spectrometers at 300 MHz. Spectra are given in ppm () and coupling
constants, J, are reported in Hertz. Tetramethylsilane (TMS) was used as an internal standard.
Mass spectra were collected using a Waters ZQ Single Quad Mass Spectrometer (ion trap
electrospray ionization (ESI)). High performance liquid chromatograph (HPLC) analyses
were obtained using a XBridge Phenyl or C18 column (5 um, 50 x 4.6 mm, 150 x 4.6 mm or
250 x 4.6 mm) with UV detection (Waters 996 PDA) at 254 nm or 223 nm using a standard
solvent gradient program (Method 1-4).

LCMS Method 1 (ESI, 4 min method):

Instruments:
HPLC: Waters HT2790 Alliance MS: Waters ZQ Single Quad Mass Spectrometer
UV: Waters 996 PDA

Conditions:

Mobile phase A 95% water/5% methanol with 0.1% Formic Acid
Mobile phase B (B) 95% methanol/5% water with 0.1% Formic Acid
Column XBridge Phenyl or C18, 5 um 4.6 x 50 mm
Column temperature Ambient

LC gradient Linear 5-95% B in 2.5 min, hold 95% B to 3.5 min
LC Flow rate 3 mL/min

UV wavelength 220 nm and 254 nm

lonization Modc Electrospray lonization; positive/negative

LCMS method 2 (ESI, 10 min method):

Instruments:

HPLC: Waters HT2790 Alliance MS: Waters ZQ Single Quad Mass Spectrometer
UV: Waters 996 PDA

Conditions:
Mobile phase A (A) 95% water/5% methanol with 0.1% Formic Acid
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Mobile phase B (B) 95% methanol/5% water with 0.1% Formic Acid
Column XBridge C18, 5 um 4.6 x150 mm

Column temperature Ambient

LC gradient Linear 5-95% B in 5.5 min, hold 95% B to 7.5 min
LC Flow rate 1.2 mL/min

UV wavelength 220 nm and 254 nm

lonization Mode Electrospray lonization; positive/negative

LCMS method 3: (APCI, 20 min)

Instruments and conditions:

HPLC-Agilent 1100 series.

Column: Agela Technologies Durashell C18, 3 um, 4.6 x 50 mm,).
Mobile Phase A: ACN + 0.1 % TFA.

Mobile Phase B: Water + 0.1 % TFA.

Gradient: Time (min) %B
00 95
15 05
18 05
20 95

Flow Rate: 1 mL/min.
Column Temperature: Ambient.

Detector: 254 nm.

LCMS Method 4 (ESI, 2.5 min method):

Instruments and conditions:

HPLC: Waters Acquity Binary Solvent

Manager MS: Waters ZQ Mass Detector
UV: Waters Acquity PDA

Mobile phase A (A) 95% water/5% acetonitrile with 0.1% formic acid in
10 mM ammonium formate

Mobile phase B (B) 95% acetonitrile/5% water with 0.09% formic acid
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Column Waters Acquity UPLC BEH C18, 1.7 um, 2.1 x 50 mm
Column temperature 35°C

LC gradient 5-100% B in 2.0 min, hold 100% B to 2.2 min

LC Flow rate 0.6 mL/min

UV wavelength 220 nm and 254 nm

lonization Mode Electrospray Ionization; positive/negative

Abbreviations used in the following examples and elsewhere herein are:

AcxO acctic anhydride

ACN Acctonitrile

BOP ammonium 4-(3-(pyridin-3-ylmethyl)ureido)benzenesulfinate
CDCl; deuterated chloroform

Cs2CO3 cesium carbonate

CuSOy copper sulfate

d chemical shift

DCM dichloromethane or methylene chloride
DCE 1,2-dichloroethane

DEAD diethyl azodicarboxylate

DIAD diisopropyl azodicarboxylate

DIEA N,N-diisopropylethylamine

DMA N,N-dimethylacetamide

DME dimethoxyethane

DMF N,N-dimethylformamide

DMP Dess-Martin Periodinane

DMSO dimethylsulfoxide

DMSO0-d; deuterated dimethylsulfoxide

dppf 1,1-Bis(diphenylphosphingo)ferrocene
EDCI N-(3-dimethylaminopropyl)-N -ethylcarbodiimide hydrochloride
EDTA ethylenediaminetetraacetic acid

ce cnantiomeric cxcess

EtOAc ethyl acetate

EtOH ethanol

'HNMR proton nuclear magnetic resonance
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HOAc
HATU

HCI

HOBT
HPLC

Hz

IPA

KOAc
K,CO;
LAH
LCMS
(M+1)

m-CPBA
MeOH
MeMgBr
MS

NaBH4

Na SO,
Pd(dppf)Cl,
Palladium tetrakis
Rt
TBDMS-CI
TEA

THF

TLC

Xantphos
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acetic acid
2-(3H-[1,2,3]triazolo[4,5-b]pyridin-3-yl)-1,1,3,3-
tetramethylisouronium hexafluorophosphate
hydrochloric acid

1H-benzo[d][1,2,3Jtriazol-1-ol hydrate

high pressure liquid chromatography

hertz

isopropyl alcohol

potassium acetate

potassium carbonate

lithium aluminum hydride

liquid chromatography/mass spectrometry

mass + 1

m-chloroperbenzoic acid

methanol

methyl magnesium bromide

mass spectrometry

sodium borohydride

sodium sulfate
[1,1"-Bis(diphenylphosphino)ferrocene]dichloropalladium(IT)
Tetrakis(triphenylphosphine)palladium(()
retention time

Tert-butyl dimethylsilyl chloride

triethylamine

tetrahydrofuran

thin layer chromatography
4,5-Bis(diphenylphosphino)-9,9-dimethylxanthene

Example 1 -- Infermediate H-1:(8)-3-(1-amincethyl}-6-chloroguinelin-2{1/f}-one

hydrochloride
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)( \NH,

(R) ||
(R) II

Cl | CHO \@YN (R)\~/ MeMgBr, DCM wN 7<
Cu80,, 55 °C, -50 to-70°C, 3h

Cl
DCE, overnight

A

Separated as a major
diastereomeric isomer

1N HCI, dicxane  ClI A
- . RY(S)'NH, - HCI

reflux overnight N0

-1

Step-1: (R,E)-N-((2,6-dichloroquinolin-3-yl)methylene)-2-methylpropane-2-sulfinamide.

oot

[0096] To a mixture of 2,6-dichloroquinoline-3-carbaldehyde (15.0 g, 66.37 mmol) and
(R)-2-methylpropane -2-sulfinamide (8.85 g, 73.14 mmol) in 1,2-dichloroecthane (150 mL)
was added CuSQO4 (16.0 g, 100.25 mmol). The resulting mixture was heated to 55 °C and
stirred at 55 °C overnight. After TLC and MS showed complete disappearance of starting
materials, the mixture was cooled to room temperature and filtered through a pad of Celite”.

The pad of celite was then rinsed with CH2Clz. The filtrate was cvaporated to dryness in
vacuo and purified by Si0: columin chromatography (0 to 25% hexanes/EtOAc) to afford the
title compound, (R E)-N-((2,6-dichloroquinolin-3-yl)methylenc)-2-methylpropanec-2-

sulfinamide, as a yellow solid {17.7 g, 81% yicld).
Step-2: (R)-N-((8)-1-(2,6-dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide.

= (R) Il

oG T

[0097] To a solution of (R E)-N-((2,6-dichloroquinolin-3-yl)methylene)-2-
methylpropane-2-sulfinamide (8.85 g, 26.88 mmol) in anhydrous CH2Cl2 (200 mL) at -60 °C
was added dropwise MeMgBr (3M solution in diethyl ether, 13.5 mL, 40.54 mmol). The
resulting reaction mixture was stirred at about -60 to -50 °C for 3 hours and then stirred at -20
°C overnight under an atmosphere of N,. After TLC and MS showed complete
disappearance of starting materials, saturated NHyCl (163 mL) was added at -20 °C and the
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resulting mixture was stirred for 10 minutes. The aqueous phase was extracted with CH,Cl,
(100 mL x 3), dried over anhydrous Na;SOg, filtered, and evaporated. The residue was
purified by column chromatography on an ISCO™ chromatography system (SiOz: Gold
column; gradient; hexanes to 100% EtOAc) to provide the title compound, (R)-N-((5)-1- (2 6-
dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide, as a yellow solid (5.8 g, 63%

yield).

Step-3: (5)-3~(1-aminoethyl}-6-chloroquinelin-2{1#H)-one hydrochloride (11-1}.

cl :
\@TS?NHZHU
N0

H

[0098] A mixture of (R)-N-((S)-1-(2,6-dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-
sulfinamide (6.6 g, 19.13 mmol) in 1,4-dioxanc (41 mL) and 1N HCI (41 mL) was hcated at
reflux overnight. The solvents were cvaporated in vacuo and the resulting residuc was
dissolved in hot water and lyophilized. The crude product was triturated with diethyl ether to
afford the title compound II-1 as a yellow solid (9.0 g, ce: 98.4%). 'H NMR (300 MHz,
DMSO-ds): 6 ppm 12.4 (br s, 1 H), 8.32 (br s, 2 H), 8.07 (5, 1 H), 7.85 (d, /= 2.2 Hz, 1 H),
7.63 (dd, Ji=88 Hz,.J2=2.5 Hz, 1 H), 7.40 (d, J= 8.8 Hz, 1 H), 4.40-4.45 (m, 1 H), 1.53 (d,
J=8.5Hz,3 H). LCMS (Method 3): Rt 3.42 min, m/z 223.1 [M+H]".

Example 2-- Intermediate 11-2:(#}-3-(1-aminoethyi)-6-chloroquinolin-2{1/}-one
hvdrochioride.

>( NH,
(R)ﬁ (e}
cl R s
P
Z CuSOs,, 55°C 0°C, 3h NT el

N™ ~CI
DCE, overnight

Diastereomeric isomers
separated by normal
phase column chromatagraphy

1IN HCI, dioxane,  CI

_—

YR NH, HCI
150 °C, 30 min ” 0

1I-2
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Step-1: (R)-N-((2,6-dichloroquinolin-3-yl)methylene)-2-methylpropane-2-sulfinamide.

[0099] To a mixture of 2,6-dichloroquinoline-3-carbaldehyde (500 mg, 2.21 mmol) and
(R)-2-methylpropane-2-sulfinamide (295 g, 2.43 mmol) in 1,2-dichloroethane (15 mL) was
added CuSO4 (530 mg, 3.31 mmol). The resulting mixture was heated to 55 °C and stirred at
55 °C for 18 hours. Once TLC and MS showed complete disappearance of starting materials,
the reaction mixture was cooled to room temperature and filtered through a pad of Celite®.
The pad of celite was then rinsed with CH2Clz. The filtrate was evaporated to dryness in
vaciuo and purified by column chromatography on an ISCO® chromatography system {Si02;
hexanes to 60% EtOAc/hexancs) to afford the title compound, (R)-N-((2,6-dichloroquinolin-

3-yDmethylene)-2-methylpropane-2-sulfinamide, as a yellow solid (510 mg,70% yield).
Step-2: (R)-N-((R)-1-(2,6-dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide.

[0100] To a solution of (R)-N-((2,6-dichloroquinolin-3-yl)methylene)-2-methylpropane-
2-sulfinamide (505 mg, 1.534 mmol) in anhydrous THF (8 mL) at 0 °C was added dropwise
MeMgBr (3M solution in diethyl ether, 0.56 mL, 1.687 mmol). The mixture was stirred at 0
°C for 3 hours under an atmosphere of N, — After TLC and MS showed complete
disappearance of starting materials,, saturated NH4Cl (5 mL) was added at 0 °C and the
resulting mixture was stirred for 10 minutes. The aqueous phase was extracted with EtOAc
(10 mL x 3), dried over anhydrous NayS0,, filtered, and evaporated. The residue was purified
by column chromatography on an ISCO™ chromatography system (SiO2; hexancs to 80%
EtOAc/hexanes) to afford the titic compound as the R R isomer as a pale yellow solid (260

mg, 38%) and the RS isomer as a pale yellow solid (93 myg, 18% vicld).

Step-3: (R)-3-(1-aminoethyl}-6-chloroquinolin-2{1 H)-one hydrochloride (11-2).
cl XYRITNH, HCI

N~ "O
H

[0101] A mixture of (R)-N-((R)-1-(2,6-dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-
sulfinamide (190 mg, 0.55 mmol) in 1,4-dioxane (2 mL) and IN HCI (1.1 mL, 1.1 mmol) was
heated to 150 °C for 30 minutes in a microwave reactor. The solvents were evaporated and
the residue was dissolved in hot water and lyophilized to afford the title compound 1I-2 as a
yellow solid (148 mg, quantitative yield). '"H NMR (300 MHz, DMSO-ds ): & ppm 12.35 (br
s, 1 H), 8.28 (brs, 2 H), 8.05 (s, 1 H), 7.86 (d,J =22 Hz, 1 H), 7.63 (dd, J1=8.8 Hz, J2=2.5
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Hz, 1 H), 7.40 (d, J = 8.8 Hz, 1 H), 4.40-4.45 (m, 1 H), 1.53 (d, J = 8.5 Hz, 3 H). LCMS
(Method 3): Rt 3.40 min, m/z 223.1 [M+H]".

Example 3 -- An alternative approach to Intermediate 11-1
o
g
cl © 2\\(8) N
o A
NH, reflux Ti(OEt),, THF
o)
NaBH, HCI/MeOH  C!
cl \ NHz HCl
o
N

0
N THF -50°C
H

-1
ee
>98%

Step-1: 3-acetyl-6-chloroquinolin-2(1H)-one.

H @]

[0102] A mixture of 2-amino-5-chlorobenzaldehyde (0.5 g, 3.21 mmol) and 2,2,6-
trimethyl-4H-1,3-dioxin-4-one (0.594 g, 4.18 mmol) in xylenes (10 mL) under an atmosphere
of nitrogen was heated to reflux for 3 hours and then cooled to room temperature. The
reaction mixture was filtered and washed with xylenes twice to afford the title compound, 3-
acetyl-6-chloroquinolin-2(1H)-one (330 mg, 46.3 %). 'H NMR (300 MHz, DMSO-ds): 3
ppm 12.22 (br, 1 H), 8.41 (s, 2 H), 8.00 (s, 1 H), 7.63 (d, /=8.8 Hz, 1 H), 7.32 (dd, J: = 8.8
Hz,J2=2.5 Hz, 1 H), 2.58 (s, 3 H). LCMS (Method 1): m/z 222.94 [M+H]".

Step-2: ((8)-N-((8)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)-2-methyl propane-

2-sulfinamide.

: 9
cl X S
X (S) N((S)\K
H
N7 0
H

[0103] A mixture of tetracthoxytitanium (144 mg, 0.632 mmol), (S)-2-methylpropane-2-
sulfinamide (38.3 mg, 0.316 mmol), and 3-acetyl-6-chloroquinolin-2(1H)-one (70 mg, 0.316
mmol) in THF (20 mL) was heated to 80 °C overnight and then cooled to room temperature.
To this mixture was added NaBH, (59.7 mg, 1.579 mmol) at -50 °C. The mixture was then

slowly warmed up to room temperature overnight. MeOH (2 mL) was added to quench
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excess NaBH4 and was followed by the addition of water. The resulting mixture was filtered
to remove solids and the aqueous phase was extracted with EtOAc twice, dried over Na,SO4
and concentrated. The residue was purified on a Biotage® chromatography system using a 25
g SiO2 column with gradient elution (20% to 100% EtOAc/Hexanes, then 0-5%
MeOH/DCM) to afford (S)-N-((S)-1-(2,6-dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-
sulfinamide (39 mg, 38% yield). 'H NMR (300 MHz, DMSO-d; ): & ppm 12.05 (br, 1 H),
7.95 (s, 1 H), 7.84 (s, 1 H), 7.38 (d, J=8.8 Hz, 1 H), 5.76 (d, J = 8.06 Hz, 1 H), 5.37 (m, 1
H), 4.55 (m, 1 H), 1.44 (d,J = 6.82 Hz, 3 H), 1.18 (s, 9 H). LCMS (Method 1): Rt 2.22 min;
m/z 327.96 [M+H]".

Step-3: {(83-3-(1 -aminoethyl)-6-chloroquinolin-2(1 #}-one hydrochloride (31-1}.

Cl -
Y715 NH, HCI
N~ ~0
H

[0104] To a solution of ((S)-N-((S)-1-(6-chloro-2-0xo0-1,2-dihydroquinolin-3-yl)ethyl)-2-
methyl propane-2-sulfinamide (150 mg, 0.459 mmol) in MeOH (5 mL) was added HCI (2
mL, 8.0 mmol, 4M in 1,4-dioxane). The mixture was stirred at room temperature overnight.
To this mixture was added 6 mL of ethyl ether and the resulting precipitate was collected by
filtration, washed with ethyl ether (2 x), and then dried to afford (S)-3-(1-aminocthyl)-6-
chloroquinolin-2(1H)-one hydrochloride (50 mg, 42% yield). 'H NMR (300 MHz, DMSO-
ds): 0 ppm 12.4 (brs, 1 H), 8.32 (br s,2 H), 8.07 (s, 1 H), 7.85 (d, J=2.2 Hz, 1 H), 7.63 (dd,
Ji=8.8 Hz, J2=2.5Hz, 1 H), 740 (d, J = 8.8 Hz, 1 H), 4.40-4.45 (m, 1 H), 1.53 (d,J = 8.5
Hz, 3 H). LCMS (Method 1): Rt 1.22 min, m/z 223.1 [M+H]".

Example 4 — Aliernate Approach (R)-3-(1-aminocethyi-6-chloroguinelin-2(1/)-one
hydrochlioride (1i-2).

?
S.
o = NH,

\©\/\ \'4 xylenes C'M
reflux "o THOEt),, THF
('? NaBH cl
aBH, HCI/MeOH
cl S R 7 TNH; Hel
o N"0o
NS THF -50°C N

-2
ee
>98%
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Step-1: ((R)-N-((R)-1-(6-chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)-2-methyl propane-

2-sulfinamide

Q
Cl S
RYRIN'
N (Rq<
N O
H

[0105] A mixture of tetracthoxytitanium (412 mg, 1.805 mmol) (R)-2-methylpropane-2-
sulfinamide (131 mg, 1.083 mmol) and 3-acctyl-6-chloroquinolin-2(1H)-one (160 mg, 0.722
mmol) in THF (20 mL) was heated to 80 °C overnight, and then cooled to room temperature.
To this mixture was added NaBH4 (137 mg, 3.61 mmol) -50 °C. The mixture was then slowly
warmed up to room temperature overnight. MeOH (2 mL) was added to quench excess
NaBH, and was followed by the addition of water. The resulting mixture was filtered to
remove solids and the aqueous phase was extracted with EtOAc twice, dried over Na;SOy
and concentrated. The residue was purified on a Biotage® chromatography system using a 25
g SiOz column with gradient elution (20 to 100% EtOAc/Hexanes, then 0-5% MeOH/DCM)
to afford ((R)-N-((R)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl)-2-methyl propane-2-
sulfinamide (157 mg, 66% yield). 'H NMR (300 MHz, CDCl5): 3 ppm 11.31 (br, 1 H), 7.35
(s, 1 H), 7.07-7.22 (m, 2 H), 5.86 (d, /= 9.3Hz, 1 H), 5.37 (m, 1 H), 4.55 (m, 1 H), 1.56 (d, J
=6.94 Hz, 3 H), 1.32 (s, 9 H). LCMS (Method 1): Rt 2.20 min, m/z 327.96 [M+H]".

Step-2: (R)-3-{1-aminoethyl)-6-chloreguinolin-2(1 #)-one hydrochloride (11-2),

cl
MNHZHCI
N0
H

[0106] To a solution of (R)-N-((R)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl)-2-
methylpropane-2-sulfinamide (150 mg, 0.459 mmol) in MeOH (5 mL) was added HCI (2 mL,
8.00 mmol, 4M in 1,4-dioxane). The mixture was stirred at room temperature overnight. To
this mixture was added 6 mL of ethyl ether and the resulting precipitate was collected by
filtration, washed with ethyl ether (2 x), and then dried to afford {R)-3-(1-aminoethyl}-6-
chloroquinolin-2(1 H)-one hydrochioride (80 mg, 67% vield). 'H NMR (300 MHz, DMSO-d,
): 6 ppm 12.32 (br s, 1 H), 8.34 (br, 2 H), 8.06 (s, 1 H), 7.81 (s, 1 H), 7.58 (d, J = 8.82 Hz, |
H), 7.31 (d, J = 8.83 Hz, 1 H), 4.40-4.45 (m, | H), 1.53 (d, J = 6.81 Hz, 3 H). LCMS
(Method 1): Rt 1.20 min, m/z 223.1 [M+H]".
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Example 5 -- Intermediate 11-3:(3)-3-(1-aminoethyl}-6-chloro-7-flucroquinolin-2(1 H}-
one.

.S
HoN
cl DMF al A 2 \K
o)

cl Ac,0, DIEA D\ /g POCI,
P
j@\ EtOAc F H 0 F NT Cl THF, Ti(OiPr),

F NH,

MeMgBr

? DCM o ('s? HCl
cl NSNS .80 °C to rt SO j< - d X7 NH, HC
P P
E N Cl F N Cl F H 0

-3

Step-1: N-(4-chloro-3-fluorophenyl)acetamide.

L
F N/KO
H

[0107] To a solution of 4-chloro-3-fluoroaniline (10.00 g, 68.7 mmol) and DIEA (13.2
mL, 76 mmol) in EtOAc (200 mL) was added AcyO (7.1 mL, 75 mmol) dropwise. The
solution was stirred at room temperature overnight. Once LCMS indicated the reaction had
gone to completion, the solution was washed with water (2 x 100 mL) and brine (100 mL),
dried (Na,S0O,), filtered, and evaporated under reduced pressure to provide the product as a
white solid. LCMS and 'H NMR are consistent with N-(4-chloro-3-fluorophenyl)acetamide
(12.39 g, 66.0 mmol, 96 % yield) 'H NMR (300 MHz, DMSO-dy): & ppm 10.26 (s, 1 H), 7.77
(dd,J=12.17,2.20 Hz, 1 H), 7.49 (dd, J = 8.60, 8.60 Hz, 1 H), 7.30 (dd, J=8.79,2.35 Hz, 1
H), 2.06 (s, 3 H). LCMS (Method 1): m/z 188 [M+H]".

Step-2: 2,6-dichloro-7-fluoroquinoline-3-carbaldehyde.

Cl
N \O

7

F N™ Cl

[0108] A tube was capped with a septum and placed under an atmosphere of nitrogen.
DMF (9.5 mL, 123 mmol) was added by syringe and then cooled on an ice bath. POCI; (37
mL, 397 mmol) was added dropwise by syringe (over 25 minutes). The red solution was

allowed to warm to room temperature (over 20 minutes), then the septum was removed and
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the mixture was treated with N-(4-chloro-3-fluorophenyl)acetamide (7.00 g, 37.3 mmol).
The tube was then sealed and the solution was stirred at 80 °C overnight. The solution was
pipetted onto ice, resulting in formation of a yellow precipitate. The precipitate was collected
on a Buchner funnel and washed with water (500 mL), during which most of the precipitate
dissolved. The filter cake was dried to provide 427.6 mg of the title compound as a pale
yellow solid. LCMS and 'H NMR are consistent with impure 2,6-dichloro-7-
fluoroquinoline-3-carbaldehyde (427.6 mg, 1.752 mmol, 4.70% yield). The material was
used as is. "H NMR (300 MHz, DMSO-ds): & ppm 10.36 (s, 1 H), 8.99 (s, 1 H), 8.67 (d, J =
8.21 Hz, 1 H), 8.13 (d, J = 10.26 Hz, 1 H), 5.76 (s, 1 H). LCMS (Method 1): m/z 244
[M+H]".

Step-3: N-((2,6-dichloro-7-fluoroquinolin-3-yl)methylene)-2-methylpropane-2-

sulfinamide.

9

Cl X \N,S\|<
[0109] A mixture of 2,6-dichloro-7-fluoroquinoline-3-carbaldehyde (424.4 mg, 1.739
mmol) and 2-methylpropane-2-sulfinamide (253.8 mg, 2.094 mmol) was placed under an
atmosphere of nitrogen. THF (4 mL) and titanium (IV) isopropoxide (Ti(OPr)s) (1.00 mL,
3.41 mmol) were then added by syringe and the resulting suspension was stirred at room
temperature for 48 hours. Once LCMS indicated the reaction had gone cleanly to
complection. The reaction was quenched by dropwise addition of aqueous saturated NH4Cl (2
mL). The mixture was triturated with EtOAc (100 mL), and the solid was collected on a
Buchner funnel, and was washed with EtOAc (50 mL). The filtrate was washed with brine
(50 mL), dried (Na,SO,), filtered, and evaporated under reduced pressure to provide 574.3
mg of the title compound as a yellow solid. LCMS and 'H NMR are consistent with (£)-N-
((2,6-dichloro-7-fluoroquinolin-3-yl)methylene)-2-methylpropane-2-sulfinamide (574.3 mg,
1.654 mmol, 95% yield). 'H NMR (300 MHz, DMSO-ds): & ppm 9.13 (s, 1 H), 8.87 (s, 1 H),
8.67 (d,J=8.21Hz, 1 H),8.11 (d,J=10.26 Hz, 1 H), 1.25 (s, 9 H). LCMS (Method 1): m/z
347 [M+H]".

Step-4: N-(1-(2,6-dichloro-7-flaoroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide.

Q
cl x N/ST<
H
_
N~ Cl
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[0110]  N-((2,6-dichloro-7-fluoroquinolin-3-yl)methylene)-2-methylpropane-2-
sulfinamide (573.6 mg, 1.652 mmol) was placed in a 100 mL round-bottom flask under an
atmosphere of nitrogen. DCM (14 mL) was added and the resulting suspension was cooled in
a dry ice/chloroform bath (to approx. -60 °C). Methyl magnesium bromide (MeMgBr) (3M
in ethyl ether, 0.83 mL, 2.490 mmol) was then added dropwise. The reaction was stirred at -
60 °C for several hours, and then at -20 °C overnight. The mixture was placed in an ice bath
and treated dropwise with water (7 mL). The mixture was diluted with water (150 mL) and
extracted with EtOAc (3 x 50 mL). Silica gel was added to the combined extracts and the
sample was evaporated under reduced pressure. The sample was purified by column
chromatography on a Biotage® MPLC chromatography system (cluted with 0 to 100% EtOAc
in hexanes and with isocratic elution when peaks cluted) to provide 226.3 mg of the title
compound as a yellowish solid. LCMS and 'H NMR are consistent with N-(1-(2,6-dichloro-
7-fluoroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide (226.3 mg, 0.623 mmol, 25.02%
yicld). '"H NMR indicates a single diastercomer. 'H NMR (300 MHz, DMSO-ds): & ppm 8.52
(s, 1 H), 8.47 (d,J=792Hz, 1 H), 8.01 (d, J=10.26 Hz, 1 H), 5.66 (d, J= 6.16 Hz, 1 H),
4.83 (q,/ =6.60 Hz, 1 H), 1.60 (d, J = 6.74 Hz, 3 H), 1.13 (s, 9 H). LCMS (Method 1): m/z
363 [M+H]".

Step-5: 3-(1-aminoethyl)-6-chloro-7-fluoroquinolin-2(1H)-one hydrochloride (II-3).

cl
F N"So HCl
H

[0111] A sample of N-(1-(2,6-dichloro-7-fluoroquinolin-3-yl)ethyl)-2-methylpropane-2-
sulfinamide (226.3 mg, 0.623 mmol) was mixed with 1,4-dioxane (3.5 mL) and 3.6% HCI
(aqueous, 3.5 mL) and stirred at 95 °C overnight; the material quickly went into solution
upon heating. Once LCMS showed the reaction had gone to completion, the solution was
evaporated under reduced pressure. The residue was dissolved in MeOH (~10 mL), treated
with heptane (~15 mL), and evaporated again under reduced pressure. The resulting residue
was then triturated with Et,0, collected on a Hirsch funnel, and washed with Et,O (20 mL) to
provide 179.8 mg of the title compound as a yellow solid. LCMS and '"H NMR are consistent
with 3-(1-aminoethyl)-6-chloro-7-fluoroquinolin-2(14)-one hydrochloride (179.8 mg, 0.649
mmol, 104% yield). 'H NMR (300 MHz, Methanol-d): 8 ppm 8.02 (s, 1 H), 7.92 (d, J =
7.62 Hz, 1 H), 7.23 (d,J =9.97 Hz, 1 H), 4.53 (q, /= 6.84 Hz, 1 H), 1.68 (d, /= 6.74 Hz, 3
H). LCMS (Method 1): m/z 241 [M+H] .
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Example 6 -- Intermediate II-3b:(R)-3-(1-aminoethyl)-6-chloro-7-fluoroquinolin-2(1H)-

one.
o
cl N HN') Ny
2
F N THF, Ti(OiPr),
MeMgBr 9 ol
DCM
Cl XA Hv{% HCl XY 1R NH,HCI
80°Ctort N0 F N"~o
H

1I-3b

Step-1: 6-chloro-7-fluoro-2-oxo-1,2-dihydroquinoline-3-carbaldehyde

[0112] 2,6-dichloro-7-fluoroquinoline-3-carbaldehyde (2.56 g, 10.49 mmol) was heated
at reflux in concentrated HCI (12M, 100 mL) overnight, during which the material did not
appear to go into solution. The mixture was allowed to cool, and then was poured into water
(750 mL). The slurry was filtered on a Buchner funnel, washed with water (750 mL), and
dried to provide impure 6-chloro-7-fluoro-2-oxo-1,2-dihydroquinoline-3-carbaldehyde
(2.1991 g, 9.75 mmol, 93 % yield) as a reddish brown solid. The material was suitable for
use as is. 'H NMR (300 MHz, DMSO-dq): 3 ppm 12.41 (s, 1 H), 10.20 (s, 1 H), 8.49 (s, 1 H),
8.28 (d,J=7.92 Hz, 1 H),7.25(d,J=10.26 Hz, 1 H). LCMS: m/z +226 [M+H]".

Step-2: (R,E)-N-((6-chloro-7-fluoro-2-0xo0-1,2-dihydroquinolin-3-yl)methylene)-2-

methylpropane-2-sulfinamide

0
F N° "0
H

[0113] A mixture of 6-chloro-7-fluoro-2-oxo-1,2-dihydroquinoline-3-carbaldchyde (2.20
g, 9.75 mmol) and (R)-2-methylpropane-2-sulfinamide (1.42 g, 11.72 mmol) was placed in a
50 mL round bottom flask under an atmosphere of nitrogen. THF (20 mL) and titanium (IV)
isopropoxide (Ti(O'Pr)s) (5.8 mL, 19.79 mmol) were added by syringe and the resulting
suspension was stirred at room temperature for one day, during which the mixture turned
dark. The reaction mixture was quenched by dropwise addition of saturated aqueous NH4Cl,
resulting in precipitation. The mixture was triturated with EtOAc (400 mL) and filtered on a

Buchner funnel. The filter cake was then sonicated in 300 mL EtOAc for 15 minutes. The
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mixture was filtered on a Buchner funnel, and the filtrates from the two filtrations were
combined. The combined filtrate solution was washed with brine (200 mL), dried (Na;SOy),
filtered, and evaporated under reduced pressure to provide (R,E)-N-((6-chloro-7-fluoro-2-
oxo0-1,2-dihydroquinolin-3-yl)methylene)-2-methylpropane-2-sulfinamide (3.22 g, 9.79
mmol, 100% yield) as an orange solid. '"H NMR (300 MHz, DMSO-de): & ppm 12.40 (br s, 1
H), 8.75 (br s, 1 H), 8.65 (s, 1 H), 8.27 (d, J =8.21 Hz, 1 H), 7.25 (d, J = 10.26 Hz, 1 H),
1.20 (s, 9 H). LCMS: m/z 329 [M+H]".

Step-3: (R)-N-((R)-1-(6-chloro-7-fluoro-2-0xo0-1,2-dihydroquinolin-3-yl)ethyl)-2-

methylpropane-2-sulfinamide.

9
cl N N\.sj<
H
” @]
[0114] (R,E)-N-((6-chloro-7-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)methylenc)-2-
methylpropane-2-sulfinamide (3.22 g, 9.79 mmol) was placed in a 500 mL round-bottom
flask under an atmosphere of nitrogen. DCM (100 mL) was added and the resulting
suspension was cooled on a dry ice/chloroform bath (to approximately -60 °C). Methyl
magnesium bromide (MeMgBr) (3M in ether, 10 mL, 30.0 mmol) was added dropwise. The
reaction mixture was stirred at -60 °C for several hours, and then allowed to warm to room
temperature overnight, resulting in a red solution. The solution was then cooled on an ice
bath, treated dropwise with water (40 mL) and concentrated under reduced pressure. The
resulting slurry was diluted with water (300 mL) and washed with EtOAc. The resulting
emulsion was allowed to separate overnight. The layers were separated, and silica gel was
added to the organic layer. Most of the solvent was evaporated under reduced pressure.
MeOH and heptane were added and the mixture was evaporated under reduced pressure to
dryness. The material was purified by column chromatography on a Biotage® MPLC
chromatography system (using 50 g silica gel column; eluted with 0 to 50% EtOAc in
hexanes, with isocratic elution when peaks cluted) to provide (R)-N-((R)-1-(6-chloro-7-
fluoro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide  (774.3 mg,
2.245 mmol, 23% yield) as a greenish solid. "H NMR shows a single diastereomer. 'H NMR
(300 MHz, DMSO-d): 6 ppm 12.03 (s, 1 H), 7.98 (d,J=7.92 Hz, 1 H), 7.89 (s, 1 H), 7.22
(d,J=1026Hz, 1 H), 5.67 (d,J=7.92Hz, 1 H), 4.41 - 455 (m, 1 H), 1.37 (d,J=6.74Hz, 3
H), 1.12 (s, 9 H). LCMS: m/z +345 [M+H]".
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Step 4: (R)-3-(1-aminoethyl)-6-chloro-7-fluoroquinolin-2(1H)-one hydrochloride (1I-3b).

|
C j@\/ILNHQ
F N
H

O H-ci

[0115] A solution of (R)-N-((R)-1-(6-chloro-7-fluoro-2-oxo-1,2-dihydroquinolin-3-
ylethyl)-2-methylpropanc-2-sulfinamide (773 mg, 2.242 mmol) in McOH (20 mL) was
cooled on an ice bath and treated dropwise with 4M HCI in dioxane (12 mL), during which
the material went into solution. The rcaction was stirred 25 minutes, during which time
precipitate formed. The solvents were evaporated under reduced pressure at room
temperature. The residue was triturated with ethyl ether (50 mL), and then the solid was
collected on a Hirsch funnel and washed with more ethyl ether (50 mL) to provide (R)-3-(1-
aminoethyl)-6-chloro-7-fluoroquinolin-2(1H)-one hydrochloride (613.5 mg, 2.214 mmol,
99% yield) as a yellow solid. "H NMR (300 MHz, Methanol-d,): & ppm 7.99 (s, 1 H), 7.90
(d,J=762Hz,1H),7.22(d,J=9.67Hz, 1 H), 451 (q,J=6.64 Hz, 1 H), 1.66 (d, J="7.04
Hz, 3 H). LCMS: m/z +241 [M+H]".

Example 7 -- Intermediate 11-4:3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-2(1 H}-

one,
o)
g
Cl DMF 12 M HCl al X HyN” \|<
D\ /K POCI, C‘mo reflux mO
~ L
© N © ~o N7 el 7 N ©° TR
Ti(OiP
Na
Q q
C]I:(I\\N/s\ﬁ MeMgBr, DCM CImLN/SK 4M HCl in dioxane  ClI x NH, HCI
H
o) N0 60°Ctort o) N0 MeOH, 0 °C o N0
I H I H I H
-4

Step I: 2,6-dichloro-7-methoxyquinoline-3-carbaldehyde.

58



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

~o Nl

[0116] A tube was capped with a septum and placed under an atmosphere of nitrogen.
DMF (6.4 mL, 83 mmol) was added by syringe and then cooled on an ice bath. POCI; (25
mL, 268 mmol) was added dropwise by syringe (over 20 minutes). The red solution was
allowed to warm to room temperature (over 20 minutes), and then the septum was removed,
and the mixture was treated with N-(4-chloro-3-methoxyphenyl)acetamide (5 g, 25.05 mmol).
The tube was sealed and the solution was stirred at 80 °C overnight. The solution was then
pipetted onto ice, resulting in formation of a yellow precipitate. The precipitate was collected
on a Buchner funnel, washed with water (1200 mL), and dried to provide 5.06 g of the title
compound as a pale yellow solid. LCMS and 'H NMR are consistent with 2,6-dichloro-7-
methoxyquinoline-3-carbaldchyde (5.06 g, 19.76 mmol, 79% yicld). 'H NMR (300 MHz,
DMSO-dg): 6 ppm 10.33 (s, 1 H), 8.87 (s, 1 H), 8.47 (s, 1 H), 7.64 (s, 1 H), 4.08 (s, 3 H).
LCMS (Method 1): m/z 256 [M+H]".

Step-2: 6-chloro-7-methoxy-2-0x0-1,2-dihydroquinoline-3-carbaldehyde.
~o N“So

[0117] 2,6-Dichloro-7-methoxyquinoline-3-carbaldehyde (5.06 g, 19.76 mmol) was
heated at reflux in concentrated HCl (12M, 185 mL) overnight. The material went into
solution during heating and then a solid precipitated during the course of the reaction. The
mixture was allowed to cool and then was poured into water (1500 mL) resulting in further
precipitation. The slurry was filtered on a Buchner funnel, washed with water (1500 mL),
and dried to provide 4.04 g of the title compound as a yellowish-brown solid. LCMS and 'H
NMR are consistent with 6-chloro-7-methoxy-2-oxo0-1,2-dihydroquinoline-3-carbaldehyde
(4.04 g, 17.00 mmol, 86% yield). 'H NMR (300 MHz, DMSO-ds): & ppm 12.22 (s, 1 H),

10.16 - 10.18 (m, 1 H), 8.43 (s, 1 H), 8.08 (s, 1 H), 6.95 (s, 1 H), 3.94 (s, 3 H). LCMS
(Method 1): m/z 238 [M+H] .
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Step-3: N-((6-chloro-7-methoxy-2-o0xo0-1,2-dihydroquinolin-3-yl)methylene)-2-

methylpropane-2-sulfinamide.

(I?
Cl N \N,S\[<
H

[0118] A mixture of 6-chloro-7-methoxy-2-ox0-1,2-dihydroquinoline-3-carbaldehyde
(2.00 g, 8.42 mmol) and 2-methylpropane-2-sulfinamide (1.22 g, 10.07 mmol) was placed
under an atmosphere of nitrogen. THF (20 mL) and titanium (IV) isopropoxide (Ti(OPr)y)
(5.0 mL, 17.06 mmol) were added by syringe and the resulting suspension was stirred at
room temperature overnight. Once LCMS indicated the reaction had gone to completion, the
reaction was quenched by dropwise addition of aqueous saturated NH,Cl (10 mL). The
mixture was triturated with EtOAc (450 mL), then filtered through Celite™ 545, and the
Celite™ was washed further with EtOAc (200 mL). The filter cake was then sonicated in
EtOAc (450 mL) for 15 minutes, and then filtered on a Buchner funnel. The two filtrates
were combined, washed with brine (200 mL), dried (Na,S0O,), filtered, and evaporated under
reduced pressure to provide 1.01 g of the title compound as a yellow solid. LCMS and 'H
NMR are consistent with (E)-N-((6-chloro-7-methoxy-2-oxo-1,2-dihydroquinolin-3-
yl)methylene)-2-methylpropane-2-sulfinamide (1.01 g, 2.96 mmol, 35.2% yield). 'H NMR
(300 MHz, DMSO-d¢): d ppm 12.21 (s, 1 H), 8.74 (s, 1 H), 8.59 (s, 1 H), 8.08 (s, 1 H), 6.97
(s, 1 H),3.94 (5,3 H), 1.19 (s, 9 H). LCMS (Method 1): m/z 341 [M+H]".

Step-4: N-(1-(6-chloro-7-methoxy-2-o0xo-1,2-dihydroquinolin-3-yl)ethyl)-2-

methylpropane-2-sulfinamide.

@
Cl x N/S
H
~o N" o
H

[0119] N-((6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)methylene)-2-
methylpropane-2-sulfinamide (265 mg, 0.778 mmol) was placed in a 50 mL round-bottom
flask under an atmosphere of nitrogen. DCM (7 mL) was added, and the suspension was
cooled on a dry ice/chloroform bath (to approx. -60 °C). Methylmagnesium bromide
(MeMgBr) (3M in ether, 0.80 mL, 2.40 mmol) was added dropwise. The reaction mixture

was stirred at -60 °C for several hours, and then allowed to warm to room temperature
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overnight, resulting in an orange solution. Once LCMS indicated the reaction had gone to
completion, the suspension was cooled on an ice bath and treated dropwise with water (3
mL). The resulting mixture was diluted with water (75 mL) and extracted with EtOAc (75
mL +20 mL). Silica gel was added and the EtOAc was evaporated under reduced pressure to
provide a wet globular mass.  Heptane and MecOH were added and the mixture was
evaporated under reduced pressure to provide a powder. The material was purified by
column chromatography on a Biotage™ MPLC chromatography system (eluted with 0 to 4.2%
MeOH in DCM, with isocratic elution when peaks eluted). The product fractions provided
152.7 mg of the title compound as a blue-green brittle foam. LCMS and 'H NMR are
consistent with N-(1-(6-chloro-7-methoxy-2-oxo-1,2-dihydroquinolin-3-yl)ethyl)-2-
methylpropane-2-sulfinamide (152.7 mg, 0.428 mmol, 55% yield). LCMS (Method 1): m/z
357 [M+H]".

Step-5: 3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-2(1H)-one hydrochloride (I1-4).

Cl

~o

Iz
o
1
@)

[0120] A solution of N-(1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)-2-
methyl propane-2-sulfinamide (149.6 mg, 0.419 mmol) in MeOH (3.8 mL) was cooled on an
ice bath and treated dropwise with 4M HCl in 1,4-dioxane (2.2 mL). The reaction was stirred
for 25 minutes, during which time a small amount of precipitate formed. The solvents were
evaporated under reduced pressure at room temperature. The residue was triturated with 10
mL of ethyl ether, and then collected on a Hirsch funnel, and washed with more ethyl ether to
provide 115.6 mg of the title compound as a pale green solid. LCMS and 'H NMR are
consistent with  3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-2(1/)-one hydrochloride
(115.6 mg, 0.400 mmol, 95% yield). "H NMR (300 MHz, Methanol-d,): 3 ppm 7.95 (s, 1 H),
7.77 (s, 1 H), 6.97 (s, 1 H), 4.51 (q, J = 6.84 Hz, 1 H), 3.98 (s, 3 H), 1.68 (d, /= 7.04 Hz, 3
H). LCMS (Method 1): m/z 253 [M+H] .

Example 8 -- Intermediate 11-4a:(5)-3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-

2(1H)-one.
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| H
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Step-1: (R,E)-N-((6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)methylene)-2-

methylpropane-2-sulfinamide.

9
o N @]
| H

[0121] A mixture of 6-chloro-7-methoxy-2-ox0-1,2-dihydroquinoline-3-carbaldehyde
(1.00 g, 4.21 mmol) and (R)-2-methylpropane-2-sulfinamide (0.61 g, 5.03 mmol) was placed
in a 50 mL round bottom flask under an atmosphere of nitrogen. THF (10 mL) and titanium
(IV) isopropoxide (Ti(O'Pr);) (2.5 mL, 8.53 mmol) were added by syringe, and the
suspension was stirred at room temperature overnight. Once LCMS indicated the reaction
had gone to completion, the reaction was quenched by dropwise addition of saturated
aqueous NH,Cl (5 mL). The mixture was triturated with EtOAc (200 mL), filtered on a
Buchner funnel, and the filter cake was washed with EtOAc (50 mL). The filter cake was
then sonicated in EtOAc (200 mL) for 15 minutes and then filtered on a Buchner funnel. The
two filtrates were combined, washed with brine (100 mL), dried (Na,SQO,), filtered, and
evaporated under reduced pressure to provide impure (R, E)-N-((6-chloro-7-methoxy-2-oxo-
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1,2-dihydroquinolin-3-yl)methylene)-2-methyl propane-2-sulfinamide (776.0 mg, 2.277
mmol, 54.1 % yield) as a yellow solid. The sample was used as is. LCMS: m/z 341 [M+H]".

Step-2: (R)-N-(1-(6-chloro-7-methoxy-2-0xo0-1,2-dihydroquinolin-3-yl)ethyl)-2-

methylpropane-2-sulfinamide.

@

Cl N N\.S\K
H

TR
[0122] (R,E)-N-((6-chloro-7-methoxy-2-o0xo-1,2-dihydroquinolin-3-yl)methylene)-2-
methylpropane-2-sulfinamide (774 mg, 2.271 mmol) was placed in a 100 mL round-bottom
flask under an atmosphere of nitrogen. DCM (20 mL) was added, and the suspension was
cooled on a dry ice/chloroform bath (to approximately -60 °C). Methylmagnesium bromide
(MeMgBr) (3M in ethyl ether, 2.25 mL, 6.75 mmol) was added dropwise. The reaction
mixture was stirred at -60 °C for several hours, and then allowed to warm to room
temperature overnight, resulting in an orange solution. The solution was cooled on an ice
bath and treated dropwise with water (10 mL). The resulting mixture was diluted with water
(250 mL) and extracted with EtOAc (250 mL + 2 x 100 mL); some water remained mixed
with the EtOAc layer. Silica gel was added, and the solvent was evaporated under reduced
pressurc. The material was purified by column chromatography on a Biotage® MPLC
chromatography system (silica gel column, cluted with 0 to 5% MeOH in DCM, with
isocratic clution when peaks cluted) to provide (R)-N-(1-(6-chloro-7-methoxy-2-0x0-1,2-
dihydroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide (488 mg) as a blue-green solid
mixture of diastereomers. The diastercomers were separated by column chromatography

™
(CHIRALPAK IA, 2 x 25 cm, 5um; 75:25 hexanes-1PA) to provide:

[0123] (R)-N-((5)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)-2-
methylpropane-2-sulfinamide (221.6 mg, 0.621 mmol, 27% yield). 'H NMR (300 MHz,
DMSO-ds): ¢ ppm 11.82 (s, 1 H), 7.75-7.81 (m, 2 H), 6.95 (s, 1 H), 5.29 (d, J = 6.45 Hz, 1
H), 4.53 (quin, / = 6.74 Hz, 1 H), 3.88 (s, 3 H), 1.43 (d, J = 6.74 Hz, 3 H), 1.12 (s, 9 H).
LCMS: Rt 2.52 min, m/z 355 [M-17.

[0124] (R)-N-((R)-1-(6-chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)-2-
methylpropane-2-sulfinamide (142.3 mg, 0.399 mmol, 18% yield). 'H NMR (300 MHz,
DMSO-ds): 6 ppm 11.81 (br s, 1 H), 7.81 (s, 1 H), 7.77 (s, 1 H), 6.96 (s, 1 H), 5.64 (d, J =
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7.92 Hz, 1 H), 4.45 (quin, J=7.11 Hz, 1 H), 3.89 (s, 3 H), 1.36 (d, /= 6.74 Hz, 3 H), 1.11 (s,
9 H). LCMS: Rt 1.87 min, m/z 355 [M-17..

Step-3: (8)-3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-2(1H)-one hydrochloride, (I1-
4a),

CImNHZ HCI

A
[0125] A suspension of (R)-N-((S)-1-(6-chloro-7-methoxy-2-oxo-1,2-dihydroquinolin-3-
yl)ethyl)-2-methylpropane-2-sulfinamide (219.7 mg, 0.616 mmol) in MeOH (5.5 mL) was
cooled on an ice bath and treated dropwise with 4M HCI in 1,4-dioxane (3.3 mL). The
material went into solution during the acid addition. The reaction was stirred 25 minutes
during which time a small amount of precipitate formed. The solvents were evaporated under
reduced pressure at room temperature. The residue was triturated with 30 mL ethyl ether,
and then collected on a Hirsch funnel and washed with more ethyl ether (10 mL) to provide
(8)-3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-2(1H)-one hydrochloride (175.4 mg, 0.607
mmol, 99 % yield) as a pale greenish solid. "H NMR (300 MHz, Methanol-d,): & ppm 7.93
(s, 1 H),7.75 (s, 1 H), 6.95 (s, 1 H),4.49 (q, J=6.74 Hz, 1 H), 3.96 (s, 3 H), 1.65 (d, J=6.74
Hz, 3 H). LCMS: m/z +253 [M+H]".

Step-4: (R)-3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-2(1 H)-one hydrochloride TI-
4b.

cl XY~ “NH, HCI
7
[0126] A solution of (R)-N-((R)-1-(6-chloro-7-methoxy-2-o0xo0-1,2-dihydroquinolin-3-
yl)ethyl)-2-methylpropane-2-sulfinamide (140.5 mg, 0.394 mmol) in MeOH (3.4 mL) was
cooled on an ice bath and treated dropwise with 4M HCI in 1,4-dioxane (2.1 mL). The
reaction was stirred 25 minutes, during which time a small amount of precipitate formed.
The solvents were evaporated under reduced pressure at room temperature. The residue was
triturated with 20 mL ethyl cther, and then collected on a Hirsch funnel and washed with
more cthyl cther (20 mL) to provide (R)-3-(1-aminocthyl)-6-chloro-7-methoxyquinolin-
2(1H)-one hydrochloride (101.3 mg, 0.350 mmol, 89 % yicld) as a palc greenish solid. 'H
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NMR (300 MHz, Methanol-ds): & ppm 7.92 (s, 1 H), 7.75 (s, 1 H), 6.95 (s, 1 H), 4.48 (q, J =
6.84 Hz, 1 H), 3.96 (s, 3 H), 1.65 (d, J= 6.74 Hz, 3 H). LCMS: m/z 253 [M+H]".

[0127] Below is an alternative method used to prepare Intermediate I1-4a.

ci CHO
X
cl Ac,0 ¢ POCIs, DMF m
~ -
—_— _— o Nl

~,
o NH, DIPEA EtOAc O NHAc

THF
o OH
cl CHO
CID\/?:“\ DMP, DCM C'w MeMgCl, THF m
e ~ B E— P

~o NP oMe ~o N7 oMe ~o N OMe

0

|S|
H N
2 (R)\|/

Ti(QiPr)y, THF

‘ NaOMe, MeOH

0 1
.8 HN‘}R)\}/ z
N & cl DR ‘ cl N
cl N L-Selectride B 1N HCI, dioxane, (8)'NH; HCI
~ z ~o N0
~o N Nome © N" OMe Heat H

ll-4a

Example 9 -- Intermediate 11-5:3-(1-aminoethyl)-6-chloro-7-(pyridin-2-
ylmethoxy)quinolin-2(1H)-one.
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cl
DEAD, PPh3 :@\ Acy0, DIEA D\ /l%
cre o e O

=N EtOAc

o 0 ('S)
Cl [¢]] H,N’
X
DMF, POCI5 I:(ILH 12 M HCI ml\'* \|<
S e N | "o N0

| N I H THF, Ti(O-Pr),

o)
1]
N s cl .8
m\ MeMgBr DCM SN \K 4M HCI in dioxane
AN
-60 °C to rt | © N © MeOH
N 0°c

Cl
= O N™ ~O

I/N H

I

racemic mixture
11-5

Step-1: 4-chloro-3-(pyridin-2-ylmethoxy)aniline.

SO
X 0 NH,
=N

[0128] A solution of 5-amino-2-chlorophenol (2.00 g, 13.93 mmol) pyridin-2-ylmethanol
(1.4 mL, 14.51 mmol), and triphenylphosphine (4.30 g, 16.39 mmol) in THF (250 mL) was
placed under an atmosphere of nitrogen and treated with DEAD (2.6 mL, 16.42 mmol) The
solution was stirred at room temperature overnight. Once LCMS indicated the reaction had
gone to completion, the solution was treated with silica gel and evaporated under reduced
pressure. The material was purified by column chromatography on a Biotage® MPLC
chromatography system (using a 340 g silica gel column, eluted with 0 to 100% EtOAc in
hexanes, then 2.3% MeOH in EtOAc) to provide the title compound as a light brown solid.
LCMS and 'H NMR are consistent with 4-chloro-3-(pyridin-2-ylmethoxy)aniline (2.29 g,
9.76 mmol, 70.0% yield) with residual triphenylphosphine oxide. The crude was used in the
next step without further purification. 'H NMR (300 MHz, DMSO-ds): 3 ppm 8.55 - 8.62 (m,
1 H), 7.86 (ddd, J="1.77,7.77, 1.76 Hz, 1 H), 7.52 (d,J = 7.92 Hz, 1 H), 7.35 (dd, J = 6.89,
542 Hz, 1 H), 7.02 (d,J=8.50Hz, 1 H), 6.37 (d,J =2.35Hz, 1 H), 6.15 (dd, J = 8.50, 2.35
Hz, 1 H), 5.28 (s, 2 H), 5.14 (s, 2 H). LCMS (Method 1, ESD): m/z 235 [M+H]".
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Step-2: N-(4-chloro-3-(pyridin-2-ylmethoxy)phenyl)acetamide.

@Dx

[0129] A solution of 4-chloro-3-(pyridin-2-ylmethoxy)aniline (5.22 g, 22.24 mmol) and
DIEA (4.30 mL, 24.62 mmol) in EtOAc (125 mL) was treated with Ac;O (2.30 mL, 24.38
mmol) The solution was stirred at room temperature overnight, after which a thick white
precipitate formed. EtOAc (300 mL) was added and the mixture was shaken until most of the
precipitate dissolved. The organic layer was then washed with water and brine (125 mL
cach),dried (Na,SO4) and filtered. Silica gel was added, and the mixture was evaporated
under reduced pressure. The residue was purified by column chromatography on a Biotage®™
MPLC chromatography system (using al00 g silica gel column, eluted with 0 to 5% MeOH
in DCM) to provide 3.23 g of the title compound as a white solid. LCMS and 'H NMR are
consistent with N-(4-chloro-3-(pyridin-2-ylmethoxy)phenyl)acetamide (3.23 g, 11.67 mmol,
52.5% yield). "H NMR (300 MHz, DMSO-ds): & ppm 10.06 (s, 1 H), 8.56 - 8.62 (m, 1 H),
7.87 (ddd, J = 7.80, 7.80, 1.80 Hz, 1 H), 7.53 (d, J = 7.62 Hz, 1 H), 7.49 (d, J = 2.05 Hz, 1
H), 7.33 - 7.40 (m, 2 H), 7.22 (dd, J = 8.65, 2.20 Hz, 1 H), 5.21 (s, 2 H), 2.02 (s, 3 H). LCMS
(Method 1): m/z 277 [M+H]".

Step-3: 2,6-dichloro-7-(pyridin-2-ylmethoxy)quinoline-3-carbaldehyde.

[0130] A tube was capped with a septum and placed under an atmosphere of nitrogen.
DMF (2.9 mL, 37.5 mmol) was added by syringe and then cooled on an ice bath. POCI;
(11.4 mL, 122 mmol) was added dropwise by syringe (over 20 minutes). The solution was
allowed to warm to room temperature (over 15 minutes) and the septum was removed. The
mixture was treated with N-(4-chloro-3-(pyridin-2-ylmethoxy)phenyl)acetamide (3.16 g,
11.42 mmol). The tube was again sealed and the solution was stirred at 80 °C overnight. The
solution was then pipetted onto ice, resulting in the formation of a yellow precipitate. The
precipitate was collected on a Buchner funnel, washed with water (500 mL), and dried to

provide 2.88 g of the title compound as a pale yellow solid. LCMS and 'H NMR are
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consistent with 2,6-dichloro-7-(pyridin-2-ylmethoxy)quinoline-3-carbaldehyde (2.88 g, 8.64
mmol, 76% yield). 'H NMR (300 MHz, DMSO-ds): & ppm 10.34 (s, 1 H), 8.89 (s, 1 H), 8.66
(brd, J=4.10 Hz, 1 H), 8.52 (s, 1 H), 7.92 - 8.01 (m, 1 H), 7.75 (s, 1 H), 7.69 (br d, J = 7.62
Hz, 1 H), 7.41 - 7.50 (m, 1 H), 5.55 (s, 2 H). LCMS (Method 1): m/z 333 [M+H] .

Step-4: 6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinoline-3-carbaldehyde.

[0131] A solution of 2,6-dichloro-7-(pyridin-2-ylmethoxy)quinoline-3-carbaldehyde
(2.88 g, 8.64 mmol) in concentrated HCI (81 mL) was stirred at reflux (bath temperature 100
°C) for one day, during which time the solution turned orange. The solution was diluted with
water (900 mL), resulting in the formation of a yellow precipitate. The precipitate was
collected on a Buchner funnel, washed with water (750 mL), and dried under vacuum at 60
°C to provide 2.27 g of the title compound as a yellow solid. LCMS and 'H NMR are
consistent with 6-chloro-2-oxo0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinoline-3-
carbaldehyde (2.27 g, 7.21 mmol, 83% yield). 'H NMR (300 MHz, DMSO-dj): & ppm 12.20
(s, 1 H), 10.16 - 10.19 (m, 1 H), 8.60 - 8.64 (m, 1 H), 8.44 (s, 1 H), 8.14 (s, 1 H), 7.90 (ddd, J
=7.60,7.60,1.80 Hz, 1 H), 7.57 (d, J=7.62 Hz, 1 H), 7.36-7.43 (m, 1 H), 7.05 (s, 1 H), 5.37
(s, 2 H). LCMS (Method 1): m/z 315 [M+H]".

Step-5: (E)-N-((6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
yl)methylene)-2-methylpropane-2-sulfinamide.

i
JoC
| ~ 0] H 0

=N

[0132] A mixture of 6-chloro-2-o0xo-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinoline-3-
carbaldehyde (2.27 g, 7.21 mmol) and 2-methylpropane-2-sulfinamide (1.05 g, 8.66 mmol)
was placed in a 25 mL round bottom flask under an atmosphere of nitrogen. THF (9 mL) and
titanium (IV) isopropoxide (Ti(OPr)s) (4.3 mL, 14.68 mmol) were added by syringe and the
suspension was stirred at room temperature for one day. Once LCMS indicated the rcaction

had gone to completion, the material was triturated with EtOAc (400 mL), then filtered
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through Celite® 545, and the filter cake was washed with EtOAc (100 mL). The filter cake
was sonicated in EtOAc (400 mL) for fifteen minutes and then filtered on a Buchner funnel.
The two filtrates were combined and washed with brine (250 mL). The aqueous layer was
back-extracted with EtOAc (200 mL + 100 mL). The three combined organic layers were
dried (Na,SQy), filtered, and evaporated under reduced pressure to provide 1.44 g of the title
compound as a yellow solid. LCMS and 'H NMR are consistent with (E)-N-((6-chloro-2-
ox0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yl)methylene)-2-methylpropane-2-
sulfinamide (1.44 g, 3.45 mmol, 47.8% yield). 'H NMR (300 MHz, DMSO-de): & ppm 12.20
(s, 1 H), 8.74 (s, 1 H), 8.62 (d, J=4.10 Hz, 1 H), 8.60 (s, 1 H), 8.13 (s, 1 H), 7.90 (ddd, J =
7.80, 7.80, 1.80 Hz, 1 H), 7.58 (d, J = 7.92 Hz, 1 H), 7.40 (dd, J = 7.18, 4.54 Hz, 1 H), 7.06
(s, 1 H), 5.36 (s, 2 H), 1.19 (s, 9 H). LCMS (Method 1): m/z 418 [M+H]".

Step-6: N-(1-(6-chloro-2-o0xo-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yl)ethyl)-2-

methylpropane-2-sulfinamide.

0
Cl X N,S\’<
H
A (6] H 0

=N

[0133] (E)-N-((6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
yl)methylene)-2-methyl propane-2-sulfinamide (1.44 g, 3.45 mmol) was placed in a 250 mL
round-bottom flask under an atmosphere of nitrogen. DCM (27 mL) was added and the
suspension was cooled on a dry ice/chloroform bath (to approx. -60 °C). Methylmagnesium
bromide (MeMgBr) (3M in ether, 3.50 mL, 10.50 mmol) was added dropwise. The cold bath
was allowed to warm to room temperature overnight resulting in an orange suspension. Once
LCMS indicated the rcaction had gonc to complction, the suspension was cooled on an ice
bath and treated dropwise with water (10 mL) resulting in emulsification. The emulsion was
diluted with EtOAc (400 mL) and washed with water (400 mL). Silica gel was added to the
organic layer and the solvent was evaporated under reduced pressure. The material was
purified by column chromatography on a Biotage® MPLC chromatography system (eluted
with 0 to 6% MeOH in DCM with isocratic elution when peaks eluted) to provide 1.17 g of
the title compound as a yellow brittle foam. LCMS and 'H NMR are consistent with N-(1-(6-
chloro-2-o0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yl)ethyl)-2-methylpropane-2-
sulfinamide (1.17 g, 2.70 mmol, 78% yield). NMR indicated a mixture of diastereomers.
LCMS (Method 1): m/z 434 [M+H]".
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Step-7: 3-(1-aminoethyl)-6-chloro-7-(pyridin-2-ylmethoxy)quinolin-2(1H)-one
hydrochloride (I1-5).

Cl

X -
| I 0 H O H-CI

[0134] A solution of N-(1-(6-chloro-2-oxo-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-
3-yDethyl)-2-methylpropane-2-sulfinamide (167.3 mg, 0.386 mmol) in MeOH (3.5 mL) was
cooled on an ice bath and treated dropwise with 4M HCI in 1,4-dioxane (2 mL). The reaction
was stirred for 20 minutes and within five minutes a precipitate began to form. The solvents
were evaporated under reduced pressure at room temperature. The residue was triturated
with 10 mL of ethyl ether, collected on a Hirsch funnel and washed with more ethyl ether to
provide 145.8 mg of the title compound as a pale yellow solid. LCMS and 'H NMR are
consistent ~ with  3-(1-aminoethyl)-6-chloro-7-(pyridin-2-ylmethoxy)quinolin-2(1H)-one
hydrochloride (145.8 mg, 0.398 mmol, 103% yield). 'H NMR (300 MHz, Methanol-dy):
ppm 8.91-8.95 (m, 1 H), 8.68 (ddd, J = 7.90, 7.90, 1.50 Hz, 1 H), 8.29 (d, J = 7.62 Hz, 1 H),
8.04-8.11 (m, 1 H), 8.00 (s, 1 H), 7.90 (s, 1 H), 7.17 (s, 1 H), 5.66 (s, 2 H), 4.53 (q, J = 6.84
Hz, 1 H), 1.69 (d,J = 6.74Hz, 3 H). LCMS (Method 1): m/z 352 [M+Na]'".
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Example 10 -- Intermediate 1I-5a: {%}-3-(1-aminoethyl)-6-chloro-7-(pyridin-2-
ylmethoxy)quinolin-2(1H)-one.

Cl
~
c o T L
= Ac,O
X 2
D\ — Y NH, X o NHAc
HO NH;  DEAD, PPhy 2N DIEA, EtOAc |,N
THF
0
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POCI3, DMF N0 N - 0 N e
| N ii) Dess Martin L\
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Q . 9
j\ _\NH2 Cl N \N\'S Cl SN (S) N\-S
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Toluene, THF

Cl ~
| Y718 NH, TFA
1N HCI
— = 0 H 0

Dioxane =N

I1-5a

Step-1: 4-Chloro-3-(pyridin-2-ylmethoxy)aniline.

DOl
Xy o NH,
/N

[0135] To a mixture of 5-amino-2-chlorophenol (10 g, 69.63 mmol), pyridin-2-
ylmethanol (7.98 g, 73.13 mmol) and triphenylphosphine (21.5 g, 82.07 mmol) in THF (1.1
L) was added slowly diethylazadicarboxylate (DEAD) (13 mL, 82.07 mmol) at room
temperature. The resulting mixture was stirred at room temperature for 24 hours. Upon
completion of reaction, SiC; was added and solvents were evaporated to dryness. The crude
product was purified by Si0O; column chromatography eluted with 0-100% EtOAc-hexanes
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and then with 2% MeOH in EtOAc to afford the title compound (11.8 g, 72%) as an off-white
solid. Note: The 'H NMR showed a small amount of triphenylphosphine oxide impurity.

This material was used in the next step without further purification.

Step-2: N-(4-Chloro-3-(pyridin-2-ylmethoxy)phenyl)acetamide.

Dol
N O NHAc

=N

[0136] To a mixture of 4-chloro-3-(pyridin-2-ylmethoxy)aniline (11.8 g, 50.27 mmol)
and diisopropylethylamine (DIEA) (9.93 mL, 57.81 mmol) in ethyl acetate (250 mL) was
added acetic anhydride (Ac;0) (5.22 mL, 55.3 mmol). The resulting mixture was stirred
overnight at ambient temperature. The mixture was diluted with EtOAc (1 L), and washed
with water (200 mL). The organic laycr was dried over anhydrous Na;SO,, filtered, and
evaporated to dryness. The resulting residue was triturated with hexanes-dichloromethane to

attord the title compound as white solid {11.62 g, 84% yicld).
Step-3: 2,6-Dichloro-7-(pyridin-2-ylmethoxy)quinoline-3-carbaldehyde.

Cl O

o

| /\N 0 N Cl
[0137] Dimethylformamide (4 mL, 51.6 mmol) was placed in a 150 mL secaled tube and
cooled to 0 °C. To the DMF was added phosphorous oxychloride (POCI3) (15.6 mL, 168
mmol) dropwise over 30-40 minutes. The resulting mixture was warmed to room
temperature and N-(4-chloro-3-(pyridin-2-ylmethoxy)phenyl)acetamide (4.34 g, 15.68 mmol)
was added. The reaction mixture was heated at 80 C overnight. The mixture was then
cooled to room temperature and carefully quenched with ice. The solution turned red and a
yellow precipitate was formed, filtered, washed with water and dried over P,05 overnight to

afford the title compound as yellow solid (3.53 g, 68% yield).
Step-4: 1-(2,6-Dichloro-7-(pyridin-2-ylmethoxy)quinolin-3-yl)ethanone.

O
Cl

S
=
N

Cl

2N
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[0138] To a solution of 2,6-dichloro-7-(pyridin-2-ylmethoxy)quinoline-3-carbaldehyde
(1.0 g, 3.0 mmol) in CH,Cl, (40 mL) was added dropwise methyl magnesium bromide
(MeMgBr) (3 M solution in diethyl ether, 1.5 mL, 4.50 mmol) at 0 °C. The resulting mixture
was then stirred at arabient temperature for 1.5 bours. Upon completion of reaction, the
mixture was slowly quenched with water (3 mL) and extracted with CH,CL (50 mL). The
organic layer was separated and dried over anhydrous Na,SO4. The solvents were evaporated
to dryness. The resulting residue was dissolved in CH,Cl; (25 mL) and treated with Dess-
Martin Periodinate (2.54 g, 6.00 mmol). The mixture was stirred at ambient temperature
overnight. The mixture was then guenched with an aqueous co-solution of 20% NaHCG; and
20% WNapS,05 (10 mL) and stirred for 5 minutes at room temperature. The solution was
extracted with CHyCL (40 ml), dried over anhydrous Na,SOy, filtered and evaporated. The
resulting residue was purified by column chromatography on an 1SCO” chromatography
systern (8510, column: chuted with CH,Cl; /MeGH 0 to 10%) to afford the title compound
{800 mg, 79%).

Step-5: (R, E}-N-(1-(2,6-dichloro-7-(pyridin-2-yimethoxy)quinolin-3-ylethylidene)-2-

methylpropane-2-sulfinamide.

G
et
| /\N 0 N"
[0139] To a mixture of 1-(2,6-dichloro-7-(pyridin-2-ylmethoxy)quinolin-3-yl)ethanone
(2.18 g, 6.56 mmol) and (R)-2-methylpropane-2-sulfinamide (1.19 g, 9.84 mmol) in
THF:Toluene (40 mL:180 mL), was added titanium (IV) isopropoxide (Ti(O'Pr)s) (3.96 mL,
13.30 mmol). The resulting mixture was refluxed with a Dean-Stark apparatus for 7 hours.
The mixture was then cooled to room temperature, quenched with water, and diluted with
EtOAc (300 mL). The organic layer was washed with water (100 mL), dried over anhydrous
Na,SQ,, filtered and evaporated to dryness. The resulting residue was purified by column
chromatography on an ISCO® chromatography system (SiO, column: eluted with Hex/EtOAc
0 to 100%) to afford the title compound as yellow solid (1.4 g, 50% yield). The starting

material ketone was also recovered (250 mg, 11% yiceld).

Step-6: (R)-N-({(5)-1-(2,6-dichloro-7-(pyridin-2-yvimethoxy)quinolin-3-yhethyi)-2-methyl

propane-2-sulfinamide.
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[0140] To a solution of (R E)-N-(1-(2,6-dichloro-7-(pyridin-2-ylmethoxy)quinolin-3-
yl)ethylidene)-2-methyl propane-2-sulfinamide (900 mg, 1.99 mmol) in THF (25 mL) at -40
to -50 °C was added L-selectride (1M in THF, 1.98 mL, 2.59 mmol) dropwise. The resulting
mixture was stirred at -40 to -50 °C for 2 hours. Upon completion of reaction, the mixture
was quenched with ice at -50 °C, extracted with EtOAc (100 mL), dried, and evaporated. The
resulting residue was purified by column chromatography on an ISCO® chromatography
system (SiO, column: Hex/EtOAc 0 to 100%) followed by trituration with hexanes-
methylene chloride to afford the title compound (266 mg, 30% yield).

Step-71 (83-3-(1-Aminoethyl)-6-chloro-7-{pyridin-2-vimethoxy)quinolin-2(1 H}-one TFA
salt (11-52a).

cl z
Y18 NH, TFA

SRS
[0141] To a mixture of (R)-N-((S)-1-(2,6-dichloro-7-(pyridin-2-ylmethoxy)quinolin-3-
yl)ethyl)-2-methylpropane-2-sulfinamide (1.1 g, 2.43 mmol) in 1,4-dioxane (6.6 mL), was
added aqueous 1IN HCI (6.6 mL) at room temperature. The resulting mixture was heated to
120 °C overnight. After TLC and MS showed completion of reaction, the solvents were
removed on a rotary evaporator and lyophilized to provide yellow solid. The crude solid was
purified by reverse phase chromatography on an ISC0" chromatography system (€'1%
column: chited with H;OMeCR/A 1% CECGH ¢ to 180%) and the fractions were
monitorcd by LCMS. The purc fractions were combined and lyophilized to afford the title
compound II-5a (920 mg, 86% yield) as the TFA salt. "H NMR (300 MHz, DMSO-d ): &
12.17 (br s, 1 H), 8.62 (d,J=4.95 Hz, 1 H), 8.09 (brs,2 H), 7.96-7.85 (m,3 H), 7.59 (d,J
=79 Hz, 1 H), 7.42-7.37 (m, 1 H), 7.08 (d,J=2.5Hz, 1 H), 5.33 (s, 2 H), 4.39-4.38 (m, 1
H), 1.51 (d,J=6.8 Hz, 3 H). LCMS (method 3): Rt 3.3 min, m/z 329.1 [M+H]".

Example 11 -- Intermediate 11-6: {(§}-3-(1-aminoethyl}-6-chlorc-1,8-naphthyridin-2(15)-

one.
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Step-1: 3-acetyl-6-chloro-1,8-naphthyridin-2(1H)-one.

[0142] A mixture of 2-amino-5-chloronicotinaldchyde (1 g, 6.39 mmol) and 2,2,6-
trimethyl-4H-1,3-dioxin-4-one (1.362 g, 9.58 mmol) in xylenes (10 mL) was heated to reflux
for 3 hours, and then cooled to room temperature, filtered, and washed with xylenes twice to
afford 914 mg of 3-acetyl-6-chloro-1,8-naphthyridin-2(1H)-one (64.3% yield). 'H NMR
(300 MHz, DMSO-ds ): 6 12.68 (br, 1 H), 8.63 (s, 1 H), 8.49 (s, 1 H), 8.39 (s, 1 H), 2.48 (s, 3
H). LCMS (Method 1): Rt 1.60 min, m/z 223.03[M+H]".

Step-2: (8)-N-((8)-1-(2,6-dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide.

: f
H S
NS K
s H
N 'N° "0
H

[0143] A mixture of tetracthoxytitanium (512 mg, 2.25 mmol), (R)-2-methylpropane-2-
sulfinamide (163 mg, 1.35 mmol) and 3-acetyl-6-chloro-1,8-naphthyridin-2(1H)-one (200
mg, 0.898 mmol) in THF (15 mL) was heated to 80 °C overnight, and then cooled to room
temperature. To this mixture was added NaBH; (170 mg, 4.49 mmol) and the mixture was
slowly warmed up to room temperature overnight. MeOH was then added to quench any
excess NaBHy, followed by the addition of water. The mixture was filtered to remove solids,
then extracted with EtOAc twice, dried over Na,SO4, and concentrated. The residue was
purified on a Biotage® chromatography system using a 25 g SiO2 column eluted on a gradient
(first 20% to 100% EtOAc /Hexanes, then 0-5% MeOH/DCM) to afford (S)-N-((S)-1-(2,6-
dichloroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide (123 mg, 42% yield). 'H NMR
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(300 MHz, DMSO-ds ): 8 8.40 (s, 1 H), 7.74 (s, 1 H), 7.75 (s, 1 H), 7.24 (s, 1 H), 5.24 (d, J =
9.45 Hz, 1 H), 442 (m, 3 H), 1.54 (d, J = 6.93Hz, 3 H), 1.20 (s, 9 H). LCMS (Method 1): Rt
2.07 min, m/z 328.98 [M+H]".

Step-3: (§)-3-(1-aminoethyl-6-chloro-1,8-naphthyridin-2(1 H)-one (11-6),

cl :
WNHZHC[
Y

N™ N° "0
H

[0144] To a solution of ( (8)-N-((S)-1-(6-chloro-2-oxo-1,2-dihydro-1,8-naphthyridin-3-
yl)ethyl)-2-methylpropane-2-sulfinamide (123 mg, 0.375 mmol) in McOH (5 mL) was added
HCl (2 mL, 8.00 mmol, 4M in 1,4-dioxanc). Thc mixturc was then stirred at room
temperature overnight. To this mixture was added 6 mL of ethyl ether and the resulting
precipitate was filtered, washed with ethyl ether (2 x), dried and concentrated to afford {&)-3-
(1-aminoethyl)-G-chlora-1,8-naphthyridin-2(1 H)-one, HCl (96 mg, 98% yield). 'H NMR
(300 MHz, DMSO-ds ): 6 12.75 (br s, 1 H), 8.60-8.35 (s, 1 H), 8.26 (br, 1 H) 8.07 (s, 1 H),
4.40-4.50 (m, 1 H), 1.51 (d, J = 6.78 Hz, 3 H). LCMS (Method 1): Rt 0.87 min, m/z 224.99
[M+H]".

Example 12 -- Intermediate I1-7a:{£}-3-(i-aminocethyl}-6-chloroquinexalin-2{1 H)-one
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Step-1: Ethyl 3-((4-chloro-2-nitrophenyl)amino)-3-oxopropanoate.

Cl\©:NOZO .
[0145] To a solution of 4-chloro-2-nitroaniline (42.3 g, 245 mmol) in CH,Cl, (1 L) was
added ethyl 3-chloro-3-oxopropanoate (48 g, 319 mmol) dropwise and the reaction mixture
was stirred at room temperature overnight. The solvent was removed under vacuum and the
resulting residue was dissolved in a minimum amount of MTBE (200 mL) and hexanes (800
mL) which was slowly added. Any product that precipitated out from solution was filtered
and the filtrate was concentrated and purified by column chromatography 1SCO®
chromatography system with hexanes/ethyl acetate gradient elution to afford additional

desired product. The title compound was obtained in 98% yield(69.85 g).

Step-2: 7-Chloro-2-(ethoxycarbonyl)-3-0x0-3,4-dihydroquinoxaline 1-oxide (A) and 7-
Chloro-2-(methoxyearbonyl)-3-0x0-3,4-dihydroquinoxaline 1-oxide (B).
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[0146] To a solution of ethyl 3-((4-chloro-2-nitrophenyl)amino)-3-oxopropanoate (68 g,
238 mmol) and methyl benzoate (150 mL) in anhydrous DMF (500 mL) at 0 °C was added
dropwise KO'Bu (1M solution in THF, 500 mL, 500 mmol). The reaction mixture was
stirred at 0 °C for 4 hours and then quenched with saturated NH4Cl aqueous solution. The
mixture was extracted with CH,Cl, (300 mL x 3). The combined organic layers were dried
(Na;S0,4), concentrated, and purified by SiO, flash chromatography and ecluted with

CH,Cl,/MeOH to afford a mixture of A/B (42.54 g, 67% yield, A/B ratio 1:2) as a solid. This

was used in the next step without further purification.

Step 3: Ethyl 7-chloro-3-0x0-3,4-dihydroquinoxaline-2-carbexylate (D) and methyl 7-

chloro-3-o0xc-3,4-dihydroquinoxaline-2-carboxylate (C).

O O
N~ ~O N~ "0
H H

C D

[0147] To a mixture of compounds A and B (42.54 g, 159 mmol) in DMF (200 mL) was
added PBr: (85.9 g, 318 mmol) dropwise at room temperature. The reaction mixture was
stirred at room temperature for 3 hours and was then quenched with ice water and extracted
with CH,Cl, (200 mL x 3). The combined organic layers were dried (Na,SQO,), concentrated,
and purified by flash chromatography using CH,Cl,/MeOH (9:1) as eluent to afford C/D
(36.6 g, 91% yield) as a solid. This was used in the next step without further purification.

Step-4:  Ethyl 3,7-dichlorequinexaline-2-carbexylate (E)} and methyl 3,7-dichloro

gquinoxaline-2-carboxylate (F}.

(e} (0]
RSO G GO
s 7
N Cl N Cl

E F
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[0148] To a mixture of compounds C/D (36.6 g, 145 mmol) in a 1 L flask was added
POCl; (150 mL) in one portion and the resulting mixture was refluxed for 3 hours. The
mixture was then cooled to room temperature and carefully quenched with aqueous NaHCO;
solution. The mixture was extracted with CH,Cl, (200 mL x 3). The combined organic layer
was dried (Na,SO4), concentrated, and purified by SiO, flash chromatography using
hexane/ethyl acetate (9:1) as eluent to afford E/F (23.7 g, 61% yield) as a solid. This mixture

was used in the next step without further purification.

Step-5: Methyl 7-chlore-3-methoxyquinoxaline-2-carboxylate.

e]
P
i

[0149] To a mixture of compounds E/F (22.11 g, 81.9 mmol) in THF/MecOH (9:1, 300
mL) was added NaOMe (0.5 M, 360 mL) dropwise at 0 °C. The resulting mixture was stirred
at room temperature for 3 hours and quenched with solid NH4Cl (20 g). The solvent was
removed under vacuum and water was added (200 mL). The mixture was extracted with
CH,ClI; (150 mL x 3) and the combined organic layers were dried (Na;SO,), concentrated,
and purified by SiO; flash chromatography using hexanes/ethyl acetate (9:1) as cluent to
afford the title compound (19.1 g, 88 % yicld) as a solid.

Step-6: 7-Chiore-3-methoxyquinoxaline-2-carbaldehyde (G} and oxybis{{7-chlore-3-
methoxyquinoxalin-2-ylimethanel) (H).
o OH OH
al Ne | cl |N\ o |N\ cl
| _ P P
: :N OMe NN

G H

[0150] To methyl 7-chloro-3-methoxyquinoxaline-2-carboxylate (5.3 g, 20 mmol) in
CH,Cl, (250 mL) was added diisobutylaluminum hydride (1 M, 30 mL) drop-wise at -78 °C.
The resulting mixture was stirred at -78 °C for 3 hours and was then quenched with MeOH
(at -78 °C, 20 mL). After stirring for 0.5 hours, the mixture was warmed to room temperature
and potassium sodium L-tartrate aqueous solution (100 mL) was added. The organic layer
was then separated, and the aqueous layer was extracted with CH,Cl, (50 mL x 3). The

combined organic layers were dried (NaySOs), concentrated, and purified by SiO, flash
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chromatography using hexanes/ethyl acetate (1:1) as eluent to afford G (1.02 g, 23 % yield)
and H (2.24 g, 50% yield). The structure of H was assigned based on MS and 'H NMR.

Step-7: (R, E)}-N-((7-chloro-3-methoxyquinoexalin-2-yl)methylene)-2-methyipropanc-2-

sulfinamide.

E) g
ReseL
OMe

[0151] To compound H (2.24 g, 5.1 mmol) in DCE (300 mL) at room tempecrature was
added (R)-2-methylpropane-2-sulfinamide (2.44 g, 20.1 mmol) and CuSO4 (4.85 g, 30.3
mmol). The reaction was heated to 60 °C and stirred for 4 hours. The reaction mixture was
then cooled to room temperature and quenched with 50 mL of saturated aqueous NaHCO;
solution. After stirring for 10 minutes, the reaction mixture was filtered through a pad of
Celite®. The filtrate was extracted with CH,Cl, (50 mL x 3), dried (Na;SO4), concentrated,
and purified by column chromatography on an ISCO® chromatography system using

hexanes/cthyl acetate as eluent to afford the title compound (2.21 g, 67% yield).

Step-8: (B}-N-({(#}-1-(7-chloro-3-methoxyquinoxalin-2-yljethyi)-2-methylpropane-2-

(R) g
H (R)

OMe

sulfinamide.

[0152] To (R,E)-N-((7-chloro-3-methoxyquinoxalin-2-yl)methylene)-2-methylpropane-2-
sulfinamide (2.21 g, 6.8 mmol) in CH,Cl; (150 mL) was added methyl magnesium chloride
(MeMgCl) 3M in THF, 3.4 mL) dropwise at -78 °C. The resulting mixture was stirred at -78
°C for 2 hours and was then quenched with aqueous NH4Cl solution (20 mL). After stirring
for 10 minutes, the organic layer was separated, and the aqueous layer was extracted with
CH,CI; (25 mL x 3). The combined organic layers were dried (Na;SOs), concentrated, and
purified by column chromatography on an ISCO® chromatography system using

hexanes/ethyl acetate as eluent to afford the title compound (1.18 g, 51% yield).

Step-9: (Ry-3-{1-amincecthyD-6-chlorequinoxalin-2{1 #H}-one (11-7a).
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[0153] To the compound (R)-N-((R)-1-(7-chloro-3-methoxyquinoxalin-2-yl)cthyl)-2-
methylpropane-2-sulfinamide (1.29 g, 3.46 mmol) in CH:CN (100 mL) was added
iodotrimethylsilane (3.46 g, 17.3 mmol) dropwise at 0 °C. The mixture was then refluxed for
2 hours, cooled to room temperature, and quenched with MeOH (10 mL). The solvent was
removed under vacuum, and the residue was purified by reverse C-18 chromatography on an
1SCO® chromatography system using water (0.1% TFA)/CH;CN (0.1% TFA) as cluent to
afford the compound II-7a (1.22 g, 95% yield) as a TFA salt.

Example 13 -- Intermediate II-7b: {(5}-3-(1-aminoethyl}-6-chloroquinoxalin-2{1 Hj-one

0
(s)ll
OH OH j< MeMgBr, . ..
THF
Ros f */E PO Ml G L e B! f R
CuSO,, DCE
H
™SI
cl NGB
L™
N [o]
H
II-7b

Step-1: {5, E)-N-{(7-chlore-3-methoxygquinoxalin-2-yimethylene}-2-methyipropane-2-

sulfinamide,

9
RO QA
s
Y

[0154] To compound H (2.31 g, 5.2 mmol) in DCE (300 mL) at room temperature was
added (S)-2-methylpropane-2-sulfinamide (2.52 g, 20.8 mmol) and CuSO, (5.0 g, 31.2
mmol). The resulting reaction mixture was heated to 60 °C and stirred for 4 hours. The
reaction mixture was then cooled to room temperature and quenched with 50 mL of saturated

aqueous NaHCOs; solution. After stirring for 10 minutes, the mixture was filtered through a
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pad of Celite®. The filtrate was extracted with CH,Cl, (50 mL X 3), dried (Na,SOy),
concentrated, and purified by column chromatography on an ISCO® chromatography system

using hexanes/ethyl acetate as eluent to afford the title compound (2.62 g, 78% yield).

Step-2: (8)-N-{{8}3-1-(7-chloro-3-methoxyquinexalin-2-ylhiethyl)-2-methylpropane-2-
sulfinamide,

o}
Il

cl N O 8
LR
P
Y

[0155] To  compound  (S,E)-N-((7-chloro-3-methoxyquinoxalin-2-yl)methylene)-2-
methylpropane-2-sulfinamide (2.62 g, 8.0 mmol) in CH,Cl, (150 mL) was added methyl
magnesium chloride (MeMgCl) (3M in THF, 4.0 mL) dropwise at -78 °C. The resulting
mixture was stirred at -78 °C for 2 hours and was then quenched with aqueous NH4Cl
solution (20 mL). After stirring for 10 minutes, the organic layer was separated, and the
aqueous layer was extracted with CH,Cl, (25 mL x 3). The combined organic layers were
dried (Na,SO,), concentrated, and purified by column chromatography on an ISCO®
chromatography system using hexanes/cthyl acetate as eluent to afford the title compound
(1.69 g, 62%)).

Step-14: {83-3-(1-aminsethy)-6-chlorsquinoxalin-2{1 H)-ene ({1-7b}.

(z) ()

Cl N -
\©i I\NHZ
N™ ~O
H

[0156] To the compound (S)-N-((S)-1-(7-chloro-3-methoxyquinoxalin-2-yl)ethyl)-2-
methylpropane-2-sulfinamide (350 mg, 1.03 mmol) in CH3CN (40 mL) was added
iodotrimethylsilane (1.03 g, 5.15 mmol) dropwise at 0 °C. The mixture was then refluxed for
2 hours. After it was cooled to room temperature, the reaction was quenched with MeOH (2
mL). The solvent was removed under vacuum, and the residue was purified by reverse C-18
chromatography on an ISCO® chromatography system using water (0.1% TFA)/CH;CN
(0.1% TFA) as eluent to afford the title compound (267 mg, 79% yield) as a TFA salt.
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Example 14 -- Intermediate 11-8:{3-(($}-1-aminoethyi}-6-chiore-7-{({R}-1-(pyridin-2-
vhethoxy)quinolin-2(1 H)-one

OH
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Step-1: tert-butyl (3-((fert-butyldimethylsilyl)oxy)-4-chlorophenyl)carbamate.

ROt
CI) NH
-—S8j— 7o

A

[0157] A solution of 5-amino-2-chlorophenol (10.00 g, 69.7 mmol) in THF (350 mL) was
trcated with di-fert-butyl dicarbonatc (20 mL, 86 mmol) and stirred at reflux overnight. The
solvent was cvaporatcd under reduced pressure to provide a brown oil. The oil was then
dissolved in EtOAc (300 mL), washed with water, saturated aqueous NaHCQOs;, and brine
(300 mL cach), dried (Na;SQ.), filtered, and evaporated under reduced pressure to provide
21.01 g of impure tert-butyl (4-chloro-3-hydroxyphenyl)carbamate as a brown oil (LCMS:
m/z 244 [M+H]"). This material was dissolved in DMF (130 mL) and cooled on an ice bath.
Imidazole (11.74 g, 172 mmol) was then added slowly (over ~10 minutes). A solution of
TBDMS-CI (14.98 g, 99 mmol) in DMF (45 mL) was added (over ~2 minutes). The ice bath
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was removed and the solution was stirred at room temperature overnight. Once LCMS
indicated the reaction had gone to completion, the solution was diluted with EtOAc (1L) and
washed with water (2 x 600 mL), half-saturated aqueous NaHCO; (600 mL), half-saturated
aqueous NH.C1 (600 mL), saturated NaHCO; (600 mL), and brine (600 mL). The organic
layer was dried (MgSQ.), filtered, and evaporated under reduced pressure to provide 28.00 g
of a brown solid. The sample was dissolved in EtOAc, silica gel (33 g) was added, and the
solvent was evaporated under reduced pressure. The material was divided into two batches,
cach of which was purified by column chromatography on a  Biotage® MPLC
chromatography system using a 330 g silica gel column cluted with 0 to 5% EtOAc in
hexanes and with isocratic elution at 4.5% or 5% EtOAc when the product eluted. The
product fractions were collected and provided 21.76 g of tert-butyl (3-((tert-
butyldimethylsilyl)oxy)-4-chlorophenyl)carbamate (21.76 g, 60.8 mmol, 88% yield) as a
peach-colored solid. 'H NMR (300 MHz, DMSO-ds): & ppm 9.43 (s, 1 H), 7.23-7.28 (m, 1
H), 7.22 (d, /=235 Hz, 1 H), 7.09-7.16 (m, 1 H), 1.46 (s, 9 H), 0.99 (s, 9 H), 0.21 (s, 6 H).
LCMS (Mcthod 1): m/z 358 [M+H]".

Step-2: tert-butyl (4-chloro-2-formyl-5-hydroxyphenyl)carbamate (J).

[0158] An oven-dried 3-necked 500 mL round bottom flask was charged with fert-butyl
(3-((tert-butyldimethylsilyl)oxy)-4-chlorophenyl)carbamate (10 g, 27.9 mmol). An oven-
dried addition funnel was attached, and the system was flushed with nitrogen. Ethyl ether
(113 mL) was added by syringe. The resulting yellow solution was cooled on an
acetonitrile/dry ice bath (to approximately -40 °C). ¢BuLi (1.7 M in pentane, 40 mL, 68.0
mmol) was then added to the addition funnel by cannula. The #BuLi solution was added
dropwise to the ether solution (over ~10 minutes), during which time the ether solution
gradually became cloudy with a precipitate. The mixture was stirred at about -40 °C for 2.5
hours, and then DMF (11 mL) was added dropwise by syringe (over ~10 minutes), during
which time the solids went back into solution. The acetonitrile / dry ice bath was replaced
with an ice bath, and the yellow solution was stirred at 0 °C for 1.75 hours. The reaction was
then quenched by dropwise addition of water (25 mL), resulting in formation of an orange

precipitate. The ice bath was removed and the sample was diluted with water (125 mL),
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resulting in dissolution of the precipitate. The mixture was shaken, and the layers were
separated. The aqueous layer was acidified to pH ~4-5 with AcOH. The resulting precipitate
was extracted with EtOAc (200 mL), washed with water (2 x 100 mL), dried (NaySOy),
filtered, and evaporated under reduced pressure to provide tert-butyl (4-chloro-2-formyl-5-
hydroxyphenyl)carbamate as a yellow solid (4.79 g, 17.63 mmol, 63% yield). 'H NMR (300
MHz, DMSO-ds): 6 ppm 11.72 (s, 1 H), 10.50 (s, 1 H), 9.68 (br s, 1 H), 7.99 (s, 1 H), 7.88 -
7.91 (m, 1 H), 1.48 (s, 9 H). LCMS (Mcthod 1): m/z 216 (M-56, loss of z-Bu).

Step-3: (R)-tert-butyl (4-chloro-2-formyl-5-(1-(pyridin-2-yl)ethoxy)phenyl)carbamate.

0
0 NH
Xy O}\O

| /i\

[0159] A mixture of (§)-1-(pyridin-2-yl)cthanol (454.3 mg, 3.69 mmol), tert-butyl (4-
chloro-2-formyl-5-hydroxyphenyl)carbamate (1 g, 3.68 mmol) and triphenylphosphine (1.158
g, 4.42 mmol) was placed in a 100 mL round bottom flask under an atmosphere of nitrogen.
THF (40 mL) was added by syringe. The resulting yellow solution was cooled on an ice bath
and then DIAD (0.86 mL, 4.42 mmol) was added dropwise. The ice bath was removed and
the solution was stirred at room temperature overnight. Once LCMS indicated the reaction
had gone to completion, silica gel was added and the solvent was evaporated under reduced
pressure. The sample was purified by column chromatography on a Biotage® MPLC
chromatography system (using a 50 g silica gel column eluted with 0 to 13% EtOAc in
hexanes) to provide 473.7 mg of a white solid. LCMS and NMR are consistent with (R)-tert-
butyl (4-chloro-2-formyl-5-(1-(pyridin-2-yl)ethoxy)phenyl)carbamate contaminated with
phenolic starting material (~5:1 product to starting material by NMR). The material was used
for next step without further purification. 'H NMR (300 MHz, DMSO-de): 3 ppm 10.42 (s, 1
H), 9.73 (s, 1 H), 8.54-8.60 (m, 1 H), 7.98 (s, 1 H), 7.92 (s, 1 H), 7.82 (ddd, J = 7.80, 7.80,
1.80 Hz, 1 H), 7.44 (br d, J = 7.90 Hz, 1 H), 7.30-7.36 (m, 1 H), 5.64 (q, J = 6.35 Hz, 1 H),
1.67 (d, J = 6.45 Hz, 3 H), 1.46 (s, 9 H). LCMS (Method 1): m/z 377 [M+H]".

Step-4: (S)-ethyl 3-((tert-butoxycarbonyl)amino)butanoate (K).

/Q\NHBOC

EtO” ~O
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[0160] A suspension of (S)-3-aminobutanoic acid (6.25 g, 60.6 mmol) in EtOH (27.5 mL)
was cooled on an ice bath. Thionyl chloride (7.5 mL, 103 mmol) was then added dropwise
over 40 minutes, during which time the amino acid went into solution. The ice bath was
allowed to melt, and the solution was stirred at room temperature overnight. The mixture
was evaporated under reduced pressure, and the residue was mixed with more EtOH (60 mL)
and again evaporated under reduced pressure to provide an oil. The oil was dissolved in
DCM (55 mL) and cooled on an ice bath. TEA (25 mL, 179 mmol) was added dropwise over
15 minutes with stirring, resulting in a milky mixture. Di-terz-butyl dicarbonate (17 mL, 73.2
mmol) was then added. The ice bath was allowed to melt, and the mixture was stirred at
room temperature for five days. The resulting mixture was filtered through Celite® 545 on a
Buchner funnel, and the filter cake was washed with DCM (50 mL). The filtrate was washed
with saturated aqueous citric acid (20 mL) and water (2 x 100 mL), dried (MgSQ,), filtered,
and evaporated under reduced pressure to provide the title compound as a clear oil. 'H NMR
is consistent with (S)-ethyl 3-((fert-butoxycarbonyl)amino)butanoate (13.47 g, 58.2 mmol,
96% yicld). 'H NMR (300 MHz, CDCL): 8 ppm 4.95 (br s, 1 H), 4.15 (q, J = 7.13, 2 H),
3.98-4.10 (m, 1 H), 2.40-2.57 (m, 2 H), 1.44 (5, 9 H), 1.27 (t, /= 7.18,3 H), 1.22 (d, J = 6.74,
Hz, 3 H).

Step-5 & 6: 3-((S)-1-aminoethyl)-6-chloro-7-((R)-1-(pyridin-2-yl)ethoxy)quinolin-2 (1 H)-
one hydrochloride (I1-8).

[0161] An oven-dried 25 mL round bottom flask and stir bar were placed under an
atmosphere of nitrogen. THF (2.25 mL) and diisopropylamine (0.27 mL, 1.894 mmol) were
then added by syringe. The solution was cooled using a dry ice/acetone bath (-78 °C) and »n-
BuLi (1.6 M in hexane, 1.15 mL, 1.84 mmol) was added dropwise over 5 minutes. After
stirring for 10 minutes, a solution of (S)-ethyl 3-((fert-butoxycarbonyl)amino)butanoate K
(1153 mg, 0.499 mmol) in THF (0.5 mL) was added dropwise (over 5 minutes). The
solution was stirred for 75 minutes at -78 °C and then a solution of (R)-fert-butyl (4-chloro-2-
formyl-5-(1-(pyridin-2-yl)ethoxy)phenyl)carbamate (188.7 mg, 0.501 mmol) in THF (1.0
mL) was added dropwise by syringe. The reaction solution became yellow when the aldehyde

was added. The reaction was stirred at -78 °C for 13 minutes and then quenched by the
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addition of saturated aqueous NH4Cl solution (2.5 mL). The mixture was partitioned
between EtOAc and water (10 mL each). The organic layer was dried (MgSOy), filtered, and
evaporated under reduced pressure to provide an impure mixture of isomers of (35)-ethyl 3-
((tert-butoxycarbonyl)amino)-2-((2-((tert-butoxycarbonyl)amino)-5-chloro-4-((R)-1-(pyridin-
2-yl)ethoxy)phenyl)(hydroxy)methyl) butanoate as a yellow oil (344.8 mg; LCMS: m/z +608
[M+H]"). The crude material (334 mg) was dissolved in 1,4-dioxane (5 mL), treated with
12M aqueous HCI (0.125 mL), and stirred at 110 °C for 90 minutes, during which time a red
material precipitated. The mixture was allowed to cool and the supernatant was decanted
and discarded. Heptane (~4 mL) was added to the red precipitate remaining in the round
bottom and then evaporated under reduced pressure to provide 161.8 mg of a red solid. The
material was triturated with PrOH (5 mL) and the resulting precipitate was collected on a
Hirsch funnel and washed with ‘PrOH (1 mL) and ethyl ether (~20 mL) to provide 3-((S)-1-
aminocthyl)-6-chloro-7-((R)- 1-(pyridin-2-yl)ethoxy)quinolin-2(1H)-one hydrochloride (104.2
mg, 0.274 mmol, 55% yicld) as a red solid, impurc but suitable for usc as it is. 'H NMR (300
MHz, Mcthanol-ds): & ppm 8.81-8.87 (m, 1 H), 8.55-8.64 (m, 1 H), 8.18 (d, J =792 Hz, 1
H), 7.96-8.04 (m, 1 H), 7.95 (s, 1 H), 7.85 (s, 1 H), 6.99 (s, 1 H), 5.98 (q, J = 6.84 Hz, 1 H),
448 (q, J=6.84 Hz, 1 H), 1.86 (d, J = 6.45 Hz, 3 H), 1.64 (d, J = 6.74 Hz, 3 H). LCMS
(Method 1): m/z 344 [M+H] .

Example 15 -- Intermediate 11-9: (§)-3-(1-aminoethyl)-6-chloro-7-(cyclopropylmethoxy)
quinolin-2(1H)one

1. HN/Pr; _
n-BuLi

THF, -78°C Clm\NHZ
(@) NH
NH )\ = Q N O H-CI
)\ DIAD o o H H
0”0 PPh; \V/ NHBoc
11-9
EtO

0
J K

o
X

2. HCl/dioxane
100°C

Step-1: tert-butyl (4-chloro-5-(cyclopropylmethoxy)-2-formylphenyl)carbamate.
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[0162] A mixture of cyclopropylmethanol (0.145 mL, 1.838 mmol), tert-butyl (4-chloro-
2-formyl-5-hydroxyphenyl)carbamate J (499.4 mg, 1.838 mmol) and triphenylphosphine
(579.4 mg, 2.209 mmol) was placed in a 100 mL round bottom flask under an atmosphere of
nitrogen and THF (20 mL) was then added by syringe. The resulting orange solution was
cooled on an ice bath and DIAD (0.43 mL, 2.184 mmol) was added dropwise. The ice bath
was removed and the solution was stirred at room temperature for 48 hours. Once LCMS
indicated the reaction had gone to completion, silica gel was added and the solvent was
evaporated under reduced pressure. The sample was purified by column chromatography on
a Biotage®™ MPLC chromatography system using a 25 g silica gel column eluted with 0 to
3% EtOAc in hexanes to provide fert-butyl (4-chloro-3-(cyclopropylmethoxy)-2-
formylphenyl)carbamate (410.6 mg, 1.260 mmol, 68.6% yield) as a yellowish solid. 'H
NMR (300 MHz, DMSO-dq): & ppm 10.57 (s, 1 H), 9.75 (s, | H), 7.95-8.00 (m, 2 H), 4.02 (d,
J=17.04 Hz, 2 H), 1.49 (s, 9 H), 1.23-1.31 (m, 1 H), 0.57-0.66 (m, 2 H), 0.38-0.46 (m, 2 H).
LCMS (Mcthod 1): m/z 270 (loss of +-Bu).

Step-2 & 3: (S)-3-(1-aminoethyl)-6-chloro-7-(cyclopropylmethoxy)quinolin-2(1H)-one
hydrochloride (11-9).

O N O H-CI
o H

[0163] An oven-dried 25 mL round bottom flask and stir bar were placed under an
atmosphere of nitrogen and THF (5.6 mL) and diisopropylamine (0.53 mL, 3.72 mmol) were
added by syringe. The solution was cooled on a dry ice/acetone bath ( to -78 °C) and n-BuLi
(1.6 M in hexane, 2.35 mL, 3.76 mmol) was added dropwise over a 5 minute period. After
stirring for 15 minutes, a solution of (S)-ethyl 3-((zerz-butoxycarbonyl)amino)butanoate K
(286 mg, 1.238 mmol) in THF (1.25 mL) was added dropwise (over 5 minutes). The solution

was stirred for 80 minutes at -78 °C and a solution of terr-butyl (4-chloro-5-
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(cyclopropylmethoxy)-2-formylphenyl)carbamate (403.2 mg, 1.238 mmol) in THF (2.5 mL)
was added dropwise by syringe. The reaction solution became yellow when the aldehyde was
added. The reaction was stirred at -78 °C for 12 minutes and then quenched by addition of
saturated aqueous NH4CI solution (6 mL). The mixture was partitioned between EtOAc and
water (25 mL each) and the organic layer was dried (MgSO.,), filtered, and evaporated under
reduced pressure to provide 724.5 g of a yellowish oil. The material was dissolved in 1,4-
dioxane (12.5 mL), treated with 12M HCI (aqueous; 0.32 mL), and stirred at 110 °C for 70
minutes during which time the solution became thick with a pink precipitate. The sample
was allowed to cool and the solvent was evaporated under reduced pressure to provide 1.13 g
of a fibrous red solid. The material was triturated with ;-PrOH (15 mL) and the resulting
precipitate was collected on a Buchner funnel and washed with i-PrOH (20 mL) and ethyl
ether (~60 mL) to provide (S)-3-(1-aminoethyl)-6-chloro-7-(cyclopropylmethoxy)quinolin-
2(1H)-one hydrochloride (146.1 mg, 0.444 mmol, 36 % yield) as a papery white solid. 'H
NMR (300 MHz, DMSO-ds): 6 ppm 12.13 (br s, 1 H), 8.21 (br s, 3 H), 7.98 (s, 1 H), 7.86 (s,
1 H), 6.98 (s, 1 H), 4.32-4.46 (m, 1 H), 3.96 (d,J=6.40 Hz, 2 H), 1.51 (d, J = 6.70 Hz, 3 H),
1.21-1.35 (m, 1 H), 0.55-0.68 (m, 2 H), 0.35-0.46 (m, 2 H). LCMS (Mcthod 1): m/z 293
[M+H]".

Example 16 -- Intermediate 11-10; 3-(1-Aminoethyl)-6-chloro-7-((3,3-difluorocyclobutyl)
methoxy)quinolin-2(1H)-one

of
cl 1. DEAD, PPhs, THF j@\ ,J§ P%MCFI
F\D/\OH . 2. Ac;0, DIEA, EtOAc o N0 s
d HO NH; F H
F

O
| \ S
12 M HCl Cl N HoN \|<
s o
O N™ ~C

iy T1(O lPr)4 F

Q cl N
MeMgBr Cl X N’S HCl NHzHCI
DCM H \K dioxane O N0

60°Ctort F\g/\o Nighe! - . F7D/\ N

MeOH, 0 °C F
F

T

Step-1: N-(4-Chloro-3-((3,3-difluorocyclobutyl)methoxy)phenyl)acetamide.
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[0164] A solution of 5-amino-2-chlorophenol (3 g, 20.90 mmol) (3,3-difluorocyclobutyl)
methanol (2.66 g, 21.78 mmol) in THF (375 mL) was placed under an atmosphere of nitrogen
and treated with DEAD (3.90 mL, 24.63 mmol). The solution was stirred at room
temperature for 48 hours. Once LCMS indicated adequate progression of the reaction, the
silica gel was added to the solution and evaporated under reduced pressure. The material was
purified by column chromatography on a Biotage® MPLC chromatography system (using a
340 g silica gel column ¢luted with 0 to 100% EtOAc in hexanes with isocratic elution when
peaks eluted) to provide 3.89 g of the title compound as a brown liquid. LCMS was
consistent with impure 4-chloro-3-((3,3-difluorocyclobutyl)methoxy)aniline (m/z 248
[M+H]"). The samplc was dissolved in EtOAc (80 mL) and trcated with DIEA (3.00 mL,
17.18 mmol) and Ac,O (1.60 mL, 16.96 mmol). The solution was stirred at room
temperature overnight. The solution was then washed with water and brine (50 mL each),
dried (Na,SQy), filtered, and evaporated under reduced pressure. The residue was purified by
column chromatography on a Biotage® MPLC chromatography system (using a 50 g silica
gel column, eluted with 0 to 50% EtOAc in hexanes with isocratic elution when peaks eluted)
to provide 3.16 g of the title compound as a light brown oil, which slowly crystallized on
standing. LCMS and 'H NMR are consistent with N-(4-chloro-3-((3,3-
difluorocyclobutyl)methoxy)phenyl)acetamide (3.16 g, 10.91 mmol, 52% yield). In the NMR
one proton is obscured by the solvent signal. '"H NMR (300 MHz, DMSO-d): & ppm 11.91
(s, 1 H), 8.54-8.67 (m, 1 H), 7.80-7.95 (m, 2 H), 7.68 (s, 1 H), 7.56 (d, J = 7.30 Hz, 1 H),
7.34-7.44 (m, 1 H), 7.29 (d,J=9.10 Hz, 1 H), 7.13-7.22 (m, 1 H), 7.03 (s, 1 H), 6.31 (br s, 1
H), 6.22 (d, J = 7.90 Hz, 1 H), 5.30 (s, 2 H), 4.10-4.26 (m, 2 H), 3.78 (s, 3 H). LCMS
(Method 1): m/z 290 [M+H] .

Step-2: 2,6-Dichloro-7-((3,3-difluorocyclobutyl)methoxy)quinoline-3-carbaldehyde.

F

[0165] A tube was capped with a septum and placed under an atmosphere of nitrogen.

DMF (2.15 mL, 27.8 mmol) was then added by syringe and the resulting reaction mixture
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was cooled on an ice bath. POCI; (8.40 mL, 90 mmol) was added dropwise by syringe (10
minutes) during which time a white material precipitated. The solution was then allowed to
warm to room temperature over 10 minutes and the mixture was treated with N-(4-chloro-3-
((3,3-difluorocyclobutyl)methoxy)phenyl)acetamide (2.44 g, 8.42 mmol). The mixture was
stirred at 80 °C for two days. The resulting thick red solution was pipetted onto ice, resulting
in a yellow precipitate. The precipitate was collected on a Buchner funnel, washed with
water (~500 mL), and dried to provide 2.38 g of the title compound as a pale yellow solid.
LCMS and 'H NMR are consistent with 2,6-dichloro-7-((3,3-
difluorocyclobutyl)methoxy)quinoline-3-carbaldehyde (2.38 g, 6.88 mmol, 82% yield). 'H
NMR (300 MHz, DMSO-ds): d ppm 10.31-10.36 (m, 1 H), 8.88 (s, 1 H), 8.48 (s, 1 H), 7.65
(s, 1 H), 4.37 (d, J = 4.69 Hz, 2 H), 2.53-2.84 (m, 5 H). LCMS (Method 1): m/z 346 [M+H]".

Step-3: 6-Chlore-7-((3,3-difluorocyclobutyl)methoxy)-2-oxo-1,2-dihydroquineline-3-
carbaldehyde.

[0166] A solution of 2,6-dichloro-7-((3,3-difluorocyclobutyl)methoxy)quinoline-3-
carbaldehyde (2.66 g, 7.68 mmol) in concentrated HCI (75 mL) was stirred at 100 °C for one
day during which time a red crust formed on the surface of the flask. The mixture was
diluted with water (800 mL), resulting in formation of a red precipitate. The mixture was
allowed to stand at room temperature for 4 days. The precipitate was then collected on a
Buchner funnel, washed with water (1 L), and dried under vacuum at 50 °C to provide 2.16 g
of the title compound as a red solid. LCMS and 'H NMR are consistent with 6-chloro-7-
((3,3-difluorocyclobutyl)methoxy)-2-oxo-1,2-dihydroquinoline-3-carbaldehyde (2.16 g, 6.59
mmol, 86% yield). 'H NMR (300 MHz, DMSO-ds): & ppm 12.21 (s, 1 H), 10.16-10.18 (m, 1
H), 8.43 (s, 1 H), 8.09 (s, | H), 6.94 (s, 1 H), 4.20 (d, /= 4.10 Hz, 2 H), 2.54-2.80 (m, 5 H).
LCMS (Method 1): m/z +328 [M+H]".

Step-4: (E)-N-((6-Chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-0x0-1,2-
dihydroquinolin-3-yl)methylene)-2-methylpropane-2-sulfinamide.
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[0167] A mixture of  6-chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-oxo-1,2-
dihydroquinoline-3-carbaldehyde (499.6 mg, 1.525 mmol) and 2-methylpropane-2-
sulfinamide (222.1 mg, 1.832 mmol) was placed in a 25 mL round bottom flask under an
atmosphere of nitrogen. THF (3.0 mL) and titanium (IV) isopropoxide (Ti(O'Pr)s) (0.90 mL,
3.07 mmol) were added by syringe, and the suspension was stirred at room temperature
overnight. Once LCMS indicated near completion of reaction, the reaction was quenched by
dropwise addition of saturated aqueous NH4Cl solution (2 mL). The material was then
triturated with EtOAc (100 mL) and the resulting precipitate was filtered through Celite®.
The filter cake was washed with EtOAc (50 mL), sonicated in EtOAc for 15 minutes and
filtered using a Buchner funnel. The filtrates were combined and washed with brine (100
mL), dried (Na,SQO.), filtcred, and cvaporated under reduced pressure to provide 413 mg of
the title compound as a yellow solid. LCMS and '"H NMR are consistent with (E)-N-((6-
chloro-7-((3,3-difluorocyclobutyl )methoxy)-2-oxo-1,2-dihydroquinolin ~ -3-yl)methylene)-2-
methylpropane-2-sulfinamide (413 mg, 0.958 mmol, 62.9% yield). 'H NMR (300 MHz,
DMSO-ds): 6 ppm 12.21 (s, 1 H), 8.74 (s, 1 H), 8.59 (s, 1 H), 8.09 (s, 1 H), 6.95 (s, 1 H), 4.19
(d,J=4.40 Hz, 2 H), 2.55-2.79 (m, 5 H), 1.19 (s, 9 H). LCMS (Method 1): m/z 431 [M+H] .

Step-5:  N-(1-(6-Chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-oxo-1,2-dihydroquinolin-
3-yDethyl)-2-methylpropane-2-sulfinamide.

[0168] (E)-N-((6-Chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-oxo-1,2-

dihydroquinolin-3-yl) methylene)-2-methylpropane-2-sulfinamide (411.3 mg, 0.955 mmol)
was placed in a 100 mL round-bottom flask under an atmosphere of nitrogen. DCM (7.6 mL)
was added, and the suspension was cooled on a dry ice/chloroform bath (to approx. -60 °C).
Methylmagnesium bromide (MeMgBr, 3M in ether) (0.95 mL, 2.85 mmol) was added
dropwise. The cold bath was then allowed to warm to room temperature overnight, resulting
in an orange solution. Once LCMS indicated reaction completion, the solution was cooled
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on an ice bath and treated dropwise with water (5 mL), resulting in precipitation. The
mixture was diluted with EtOAc (100 mL) and washed with water (100 mL). Silica gel was
added to the organic layer and the solvent was evaporated under reduced pressure. The
material was purified by column chromatography on a Biotage® MPLC chromatography
system (eluted with 0 to 5% MeOH in DCM with isocratic ¢lution at 3.2% MeOH) to provide
345.5 mg of the title compound as a brown brittle foam. LCMS and 'H NMR are consistent
with N-(1-(6-chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-0x0-1,2-dihydroquinolin-3-
yl)ethyl)-2-methylpropane-2-sulfinamide (345.5 mg, 0.773 mmol, 81% yield). NMR shows a
~1:1 mixture of diastereomers. LCMS (Method 1): m/z 447 [M+H]".

Step-6:  3-(1-Aminoethyl)-6-chloro-7-((3,3-difluorocyclobutyl)methoxy)quinolin-2(1H)-
one hydrochloride (I1I-10).

[0169] A solution of N-(1-(6-chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-oxo-1,2-
dihydroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide (342.7 mg, 0.767 mmol) in
MeOH (7.0 mL) was cooled on an ice bath and treated dropwise with 4M HCl in 1,4-dioxane
(4 mL). The solution was then stirred for 25 minutes. The solvents were evaporated under
reduced pressure at room temperature. The residue was triturated with 20 mL cthyl ether
and the resulting precipitate was collected on a Hirsch funncl and washed with more cthyl
cther to provide 271.4 mg of a pink solid. LCMS and 'H NMR arc consistent with 3-(1-
aminocthyl)-6-chloro-7-((3,3-difluorocyclobutyl)mcthoxy)quinolin-2(1 H)-onc hydrochloride
(271.4 mg, 0.716 mmol, 93% yield). 'H NMR (300 MHz, Methanol-d,): & ppm 7.95 (s, 1 H),
7.79 (s, 1 H), 6.96 (s, 1 H), 4.48-4.55 (m, 1 H), 4.20 (d, J = 4.10 Hz, 2 H), 2.56 - 2.79 (m, 5
H), 1.68 (d,J=7.04 Hz, 3 H). LCMS (Method 1): m/z 343 [M+H] .
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Example 17 -- Intermediate II-11: (S)-3-(1-Aminoethyl)-6-chloro-8-fluoroquinolin-
2(1H)-one

0
|
c Boc,0 ¢l 1. t-BuLi, ether  Cl
dioxane -40°C
NH, ———™™ NHBoe ——> NHBoc
F F 2. DMF F
1. HN/Pr,, n-BuLi =
THF, -78° cl :
= NH,
: N“0  H-ClI
/E\NHBOC r o H
Et0” ~0 k 11-11

2. HCl/dioxane
100°C

Step-1: tert-Butyl (4-chloro-2-fluorophenyl)carbamate.

Cl
; NHBoc

F

[0170] A solution of 4-chloro-2-fluoroaniline (2 g, 13.74 mmol) and di-fers-butyl
dicarbonate (6.4 mL, 27.6 mmol) in 1,4-dioxane (50 mL) was stirred at reflux for 2 days.
The solvent was then evaporated. The resulting oil was diluted with MeOH, water, and
aqueous ammonium hydroxide solution (10 mL each) and vigorously stirred for 45 minutes.
The organic lower layer was separated. The organic material was diluted with EtOAc (50
mL), and washed with water (50 mL), 3.6% aqueous HCI solution (2 x 50 mL), saturated
aqueous NaHCOs solution (50 mL), and then again with water (2 x 50 mL). The organic
layer was dried (MgSQ,), filtered, and evaporated under reduced pressure to provide tert-
butyl (4-chloro-2-fluorophenyl)carbamate (3.0011 g, 12.22 mmol, 89% yicld) as a reddish
liquid that solidified on standing. "H NMR (300 MHz, DMSO-ds): & ppm 9.12 (s, 1 H), 7.63
(t, /= 8.65 Hz, 1 H), 742 (dd, J = 10.85, 2.35 Hz, 1 H), 7.18-7.24 (m, 1 H), 1.45 (s, 9 H).
LCMS (Method 1): m/z 246 [M+H]".

Step-2: tert-Butyl (4-chloro-2-fluoro-6-formylphenyl)carbamate.

O
Cl I
NHBoc

F
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[0171] An oven-dried 3-necked 500 mL round bottom flask was fitted with an oven-dried
addition funnel and placed under an atmosphere of nitrogen. tert-Butyl (4-chloro-2-
fluorophenyl)carbamate (5.44 g, 22.14 mmol) and ethyl ether (91 mL) were added by
syringe. The clear solution was cooled on an acetonitrile/dry ice bath (to approximately -40
°C). tert-Butyllithium (1.7M in pentane, 33 mL, 22.14 mmol) was added to the addition
funnel by cannula. The #z-BuLi solution was added dropwise to the ether solution (over ~10
minutes), during which time the ether solution began to turn orange. The solution was stirred
at about -40 °C for 2 hours, during which time it progressively became more orange. DMF
(8.7 mL, 112 mmol) was added dropwise (over ~10 minutes), resulting in precipitation of a
yellow solid. The MeCN/dry ice bath was replaced with an ice bath and the mixture was
stirred for an additional 2 hours. The reaction was then quenched by dropwise addition of
water (20 mL), resulting in a brown mixture and the ice bath was removed. The mixture was
diluted with EtOAc (100 mL), washed with water (2 x 100 mL), dried (Na,S0O,), filtered, and
evaporated under reduced pressure to provide 5.45 g of an oily black solid. The material was
triturated with hexanes (50 mL), collected on a Buchner funnel and washed with more
hexanes to provide 2.73 g tert-butyl (4-chloro-2-fluoro-6-formylphenyl)carbamate as a
yellow powder. The filtrate was cvaporated under reduced pressure, the residue was
triturated in hexanes (~15 mL), and the resulting yellow solid was collected on a Hirsch
funnel to provide a second crop of the title compound (0.66 g). A total of 3.39 g (12.4 mmol,
56% yield) of tert-butyl (4-chloro-2-fluoro-6-formylphenyl)carbamate was recovered. 'H
NMR (300 MHz, DMSO-dq): 6 ppm 9.93 (d, /= 0.88 Hz, 1 H), 9.47 (s, 1 H), 7.81-7.90 (m, 1
H), 7.55-7.61 (m, 1 H), 1.44 (s, 9 H). LCMS (Method 1): m/z 296 [M+Na].

Steps-3 & 4: (85)-3-(1-Aminoethyl)-6-chloro-8-fluoroquinolin-2(1 H)-one hydrochloride
(I1I-11).

Cl
= NH,

H O H—CI
F

[0172] An oven-dried 200 mL round bottom flask and stir bar were placed under an

atmosphere of nitrogen. THF (17 mL) and diisopropylamine (1.59 mL, 11.16 mmol) were

added by syringe. The resulting solution was cooled on a dry ice/acetone bath (to

approximately -78 °C) and then r-butyllithium (1.6M in hexane, 7.1 mL, 11.36 mmol) was

added dropwise over a 5 minute period. After stirring for 15 minutes, a solution of (§)-ethyl

3-((tert-butoxycarbonyl)amino)butanoate K (860.7 mg, 3.72 mmol) in THF (3.75 mL) was
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added dropwise over 5 minutes. The solution was stirred for 80 minutes at -78 °C, and a
solution of tert-butyl (4-chloro-2-fluoro-6-formylphenyl)carbamate (1016.4 mg, 3.71 mmol)
in THF (7.5 mL) was then added dropwise by syringe. The reaction was stirred at -78 °C for
another 22 minutes and then quenched by addition of saturated aqueous NH4Cl solution (17
mL). The mixture was partitioned between EtOAc and water (100 mL each). The organic
layer was dried (MgSO,), filtered, and evaporated under reduced pressure to provide 1.88 g
of the title compound as an orange gum. The material was dissolved in 1,4-dioxane (38 mL),
treated with 12M aqueous HC1 (0.96 mL), and stirred at 110 °C for 50 minutes. The sample
was then allowed to cool. The solvent was evaporated under reduced pressure to provide
1.24 g of a red solid. The material was triturated in IPA (25 mL), collected on a Hirsch
funnel and washed sequentially with IPA (5 mL) and ethyl ether (~20 mL) to provide (S)-3-
(1-aminoethyl)-6-chloro-8-fluoroquinolin-2(1 H)-one hydrochloride (370.4 mg, 1.337 mmol,
36% yield) as a red solid. 'H NMR (300 MHz, DMSO-ds): & ppm 12.41 (s, 1 H), 8.33 (br s,
3 H), 8.10 (s, I H), 7.67-7.76 (m, 2 H), 4.38-4.53 (m, 1 H), 1.52 (d, J = 7.04 Hz, 3 H).
LCMS (Mcthod 1): m/z 241 [M+H]".

Example 18 -- Intermediate II-12: (S)-3-(1-aminoethyl)-7-bromo-6-chloroquinolin-
2(1H)-one

OH oH
Cl o LAH/ether  ©! MnO; xylenes ml\
CHCl3 reflux

Br NH, Br NH,

?
HZN'(E)\I/ ||
HN" { HCl/MeQOH
NaBH ) ©
THF/TI(OEt), \ 2 C[m mNHZ HCl

112

Step-1: (2-Amino-4-bromo-5-chlorophenyl)methanol.
e
Br NH,
[0173] A suspension of 2-amino-4-bromo-5-chlorobenzoic acid (4.97 g, 19.84 mmol) in

dry ethyl ether (20 mL) was added dropwise to an ice cooled solution of lithium aluminum
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hydride (20 mmol) in dry ethyl ether (100 mL). The mixture was stirred at room temperature
for 2 hours. Water (10 mL) was then added dropwise followed by aqueous sodium hydroxide
solution (1M, 20 mL). After stirring at room temperature for one hour, the mixture was
filtered. Solids were rinsed with EtOAc twice. The organic layer was separated, dried over
sodium sulfate, and concentrated under reduced pressure to afford 4.03 g of crude (2-amino-
4-bromo-5-chlorophenyl)methanol (86% yield). 'H NMR (300 MHz, CDCls): 3 ppm 7.13 (s,
1 H), 6.94 (br, 1 H) 4.61 (s, 2 H), 4.24 ( br, 2 H). LCMS (Method 1): Rt 1.92 min, m/z
237.87 [M+H]'.

Step 2: 2-Amino-4-bromo-5-chlorobenzaldehyde.

Cl

OO

Br NH;
[0174] A mixture of manganese dioxide (14.81 g, 170 mmol) and (2-amino-4-bromo-5-
chlorophenyl)methanol (4.03 g, 17.04 mmol) in CHCls (500 mL) was stirred at room
temperature over 2 days. The mixture was filtered, and the filtrate was collected and
concentrated to afford 3.6 g of crude 2-amino-4-bromo-5-chlorobenzaldehyde (90% yield).

"H NMR (300 MHz, CDCls ): & ppm 9.77 (s, 1 H), 7.52 (br, 1 H) 6.98 (s, 2 H), 6.12 ( br, 2
H). LCMS (Mcthod 1): Rt 2.21 min, m/z 235.89 [M+H] .

Step 3: 3-Acetyl-7-bromo-6-chloroquinolin-2(1H)-one.

0O
Br H O
[0175] A mixture of 2-amino-4-bromo-5-chlorobenzaldehyde (1.08 g, 4.61 mmol) and
2,2,6-trimethyl-4H-1,3-dioxin-4-one (1.310 g, 9.21 mmol) in xylenes (30 mL) was heated to
reflux overnight. The reaction was cooled to room temperature and filtered. Solids were
washed with xylenes, and the filtrate was dried and concentrated. The crude material was
purified by chromatography on a Biotage® chromatography system on a 25 g SiO, column
and eluted with 0-70% EtOAc/DCM to afford 140 mg of 3-acetyl-7-bromo-6-chloroquinolin-
2(1H)-one (52.4% yield). 'H NMR (300 MHz, CDCl;): & ppm 12.23 (s, 1 H), 8.40 (br, 1 H)
8.20 (s, 1 H), 7.65 (s, 1 H), 2.58 (s, 3 H). LCMS (Method 1): Rt 2.31 min, m/z 301.87
[M+H]".
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Step-4 & 5: (S)-N-((S5)-1-(7-Bromo-6-chloro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl)-2-

methyl propane-2-sulfinamide.

: 9
cl NS
H
Br N 0
H

[0176] A mixture of tetracthoxytitanium (380 mg, 1.664 mmol) (S)-2-methylpropane-2-
sulfinamide (121 mg, 0.998 mmol), and 3-acetyl-7-bromo-6-chloroquinolin-2(1H)-one (200
mg, 0.665 mmol) in THF (15 mL) was heated to 80 °C overnight and then cooled to room
temperature. To this mixture was added NaBHy4 (126 mg, 3.33 mmol) at -60 °C. The
mixture was stirred and slowly warmed up to room temperature overnight. MeOH (2 mL)
was added to quench excess NaBH, followed by addition of water. The mixture was filtered
to remove solids and then extracted with EtOAc twice. The combined organic layers were
dried over Na,SO, and concentrated. The residue was purified on a Biotage®
chromatography system using a 25 g column with gradient elution (first 20 to 100%
EtOAc/Hexanes, then 0-5% MeOH/DCM) to afford 137 mg of (S)-N-((S)-1-(7-bromo-6-
chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl)-2-methylpropane-2-sulfinamide (50.7% yield).
'"H NMR (300 MHz, CDClz ): 8 ppm 11.22 (s, 1 H), 7.34 (s, 1 H), 7.28 (s, 1 H), 7.26 (s, 1 H),
7.22(s, 1 H),6.08 (d,J =9.87 Hz, 1 H), 4.29 (m, 1 H), 1.55 (d,J = 6.96 Hz, 3 H). 1.35 (5, 9
H). LCMS (Method 1): Rt 2.40 min, m/z 406.80 [M+H] .

Step-6: (8)-3-(1-Aminoethyl)-7-bromo-6-chloroquinolin-2(1H)-one (11-12).

| B
Cmm
Br N 0]

H

[0177] To a solution of ( (S)-N-((S)-1-(7-bromo-6-chloro-2-0x0-1,2-dihydroquinolin-3-
yl)ethyl)-2-methylpropane-2-sulfinamide (137 mg, 0.338 mmol) in MeOH (5 mL) was added
HCI (2 mL, 4M in 1,4-dioxane, 8.00 mmol). The mixture was stirred at room temperature
overnight was and then diluted with 6 mL of ethyl ether. The solids were collected by
filtration, washed with ethyl ether 2 times, and dried to afford 90 mg of (S)-3-(1-
aminoethyl)-7-bromo-6-chloroquinolin-2(1H)-one as the hydrochloride salt (79% yield). 'H
NMR (300 MHz, DMSO-d¢ ): 6 ppm 12.34 (br, 1 H), 8.22 (br, 1 H), 8.04 (s, 1 H), 8.02 (s, 1
H), 7.69 (s, | H), 4.40 (m, 1 H), 1.49 (d, /= 6.81 Hz, 3 H). LCMS (Mecthod 1): Rt 1.60 min,
m/z 302.89 [M+H]'.
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Example 19 -- Intermediate 1'V-1:(S)-6-Chloro-3-(1-((4-chloropyrimidin-2-
yl)amino)ethyl)quinolin-2(1 H)-one

_di A [ :
X NH, .HCI DIEA, 1,4-dioxane (¢]] N N)\N/ Cl C N N N/ ol
N™ ~O H " H
x N™ ~0 N™ 0
: L " "
P
V-1

11-1 Cl N Cl

IV-1a

[0178] To a suspension of 2,4-dichloropyrimidine (908.8 mg, 6.1 mmol) in 1,4-dioxane
(40 mL) was added compound -1 ( 1 g, ~3.05 mmol) and DIEA (1.59 mL, 9.15 mmol). The
mixture was heated to reflux overnight. EtOAc (200 mL) and water/brine (15 mL/15 mL)
were then added. The organic layer was separated, and the aqueous layer was extracted with
EtOAc (50 mL). The combined organic layers were washed with brine (30 mL), dried over
Na;S0,, filtered, and cvaporated in vacuo. The residuc was purificd by column
chromatography on silica gel (cluted with 0-100% EtOAc/hexanc) twice to give the title
compound (136 mg, 13% yield) as a yellow solid. '"H NMR (300 MHz, DMSO-ds): 8 ppm
12.0 (br s, 1 H), 8.27-8.10 (m, 2 H), 7.76 (d,/=2.4 Hz, 1 H), 7.74 (s, 1 H), 7.48 (dd, J = 2.1,
8.7Hz, 1 H),730(d,J=8.7Hz, 1 H), 6.69 (d,J=5.1 Hz, 1 H), 5.13 (p, /=69 Hz, 1 H),
1.39 (d,J = 6.9 Hz, 3 H), m.p.= 158.9-160.8 °C; LCMS (method 3): Rt 5.19 min, m/z 335.0,
337.0 [M +H]".

[0179] The fractions containing the other isomer (§)-6-chloro-3-(1-((2-chloropyrimidin-
4-ylamino) ethyl)quinolin-2(1H)-one (IV-1a) were combined, concentrated, and purified by
column chromatography on silica gel (0-100% EtOAc/hexane) twice to afford TV-l1a (286
mg, 28% yield) as a light yellow solid. "H NMR (300 MHz, DMSO-dg, 70 °C): & ppm 7.93
(d,J=57Hz,1H),7.76 (s, 1 H), 7.72 (d, J =24 Hz, 1 H), 748 (dd, J = 2.4, 8.7 Hz, 1 H),
7.33 (d,J=9.0Hz, 1 H), 6.51 (br s, 1 H), 5.13 (br s, 1 H), 1.44 (d, /= 6.9 Hz, 3 H); m.p=
182.1-187.0 °C; LCMS (method 3): Rt 4.40 min, m/z 335.0, 337.0 [M+H]".

Table 1: The Intermediates listed in Table 1 were prepared using either the methods
described above or methods similar to those described for the preparation of intermediates II-
1to IV-1.
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3-(1-aminoethyl)-6-chloro-7-

1125 (pyridin-2- = NH,
ylmethoxy)quinolin-2(1H)- | N\ 0 N~ 0
H
one =

{$)-3-(1-aminoethyl)-6-

Cl -
s chloro-7-(pyridin-2- WNHZ
-oa
ylmethoxy)quinolin-2(1H)- N\ @) N O
H

one =
{5)-3-(1-aminoethyl)-6- cl :
1 - XX NH,
1I-6 chioro-1,8-naphthyridin- |
P
2{1H-one N ” @)

A : . Cl N
(R)-3-(-amincethyl)-6- B
-7a 4 A NH,
chloroquinoxalin-2(1/)-one

. . “ Cl N
§1-3-(1-aminoethyl)-6-
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chloroguinoxalin-2{1}-one N0
H
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11-8 ‘ o N, R
yDethoxy)quinolin-2{1/)- X 0 H o}
P~
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(cyclopropylmethoxy) v/\ o H o
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($)-3« 1) Cl N O NH,

1I-11 chloro-8-fluoroquinolin-

N- ~O
2(1H)-one F H
(5)-3-(1-aminoethyl)-7- ol :

XS,

11-12 bromo-6-chloroquinolin- m NH,
2(1H)-one Br H o
($)-3-(1-aminoethyl)-6- cl :

. “XY7(S)'NH,

1I-13 chloro-7-isopropoxy >\
quinolin-2(1 H)-one 0o H &
(8)-6-chloro-3-(1-((4- - Nél

. . . I (Z) ;

V-1 chloropyrimidin-2 CIWH )\\N ol
ylamino)ethyl)quinolin-

) Jethyl)q N0
2(1H)-one H

Note: All amines are hydrochloride salts

Example 20 -- Intermediate I1I-1: N-(2-Chloropyrimidin-4-yl)-/V-isopropyl

methanesulfonamide

AP

cIro

NHz — Tp AR
+ N\ /7
)\ )\N'S\

H

Step-1: N-isopropylmethanesulfonamide.

[0180]

added methanesulfonyl chloride (11.5 g, 7.8 mL, 0.1 mol) dropwise at 0 °C. The reaction
mixture was warmed to room temperature and stirred for 5 hours. The solid was removed by

filtration, and the filtrate was concentrated and purified by silica gel chromatography on an

NTX
)[\ =
Cl N Cl

DMF, NaH

)\ O\\//O
N/S\

H

To a solution of propan-2-amine (11.8 g, 17 mL, 0.2 mol) in THF (500 mL) was

ISCO® chromato graphy system and cluted with a gradient (hexanes to cthyl acetate) to afford
the title compound (12.9 g, 94% yicld).
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Step-2: N-(2-Chloropyrimidin-4-yl)-N-isopropylmethanesulfonamide (I11-1).

)CL N

[0181] To a suspension of N-isopropylmcthancsulfonamide (10.94 g, 79.8 mmol) in DMF
(100 mL) was added 60% sodium hydride (NaH) in oil (3.5 g, 8§7.8 mmol) portionwisc. The
mixture was stirred for 30 minutes, and then 2,4-dichloropyrimidine (13 g, 87.8 mmol) was
added portionwise. The reaction mixture was stirred at room temperature for 4 hours,
quenched with aqueous NH4Cl solution, and extracted with ethyl acetate (100 mL x 3). The
combined organic layers were washed with water (20 mL x 3), dried (Na,SOj), concentrated
and purified by silica gel chromatography on an ISCO® chromatography system and eluted
with hexanes/EtOAc to afford the target compound ITI-1 (5.44 g, 80% vyield). 'H NMR (300
MHz, CDCL): 6 ppm 8.46 (d, J =576 Hz, 1 H), 7.26 {d, J = 576 Hz, 1 H}, 4.73 (m, 1 H),
323 (5,3 H), 1.53 (s, 3 H), 1.51 (5, 3 H). LCMS (Method 3): Rt 5.09 min, nvz 250.0 [M +

HY'

Example 21 -- Intermediate 111-3:N-(2-chloropyrimidin-4-yl)-1-cyclopropyl-N-

isopropylmethanesulfonamide

0, ,9
\\ //\/A N H2 \\ II

CI/

NaH, DMF, rt
-3

Step-1: 1-Cyclopropyl-V-isopropylmethanesulfonamide.

[0182] To a solution of propan-2-amine (0.80 g, 4.5 mmol) and TEA (1.3 g, 13.5 mmol)
in DCM (20 mL), was added cyclopropylmethanesulfonyl chloride (0.7 g, 4.5 mmol) at 0 °C.
The reaction mixture was stirred at room temperature overnight. All solvents were then
evaporated And the resulting mixture was purified by silica gel chromatography on an
1SCO® chromatography system and cluted with 0 - 100% EtOAc in Hexanes to afford the title
compound as an oil (0.64 g, 75% yield). "H NMR (300 MHz, CDCl3) 8 ppm 4.24 (d,J=17.4
Hz, 1 H), 3.65-3.62 (m, 1 H),2.9-291(d,J=7.1 Hz, 2 H), 1.24-1.23 (d, J=4.1 Hz, 6 H),
1.22-1.13 (m, 1 H), 0.69-0.67 (m, 2 H), 0.38-0.36 (m, 2 H).
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Step-2: N-(2-Chloropyrimidin-4-yl)-1-cyclopropyl-N-isopropylmethanesulfonamide (I11I-
3).

[0183] 1-Cyclopropyl-N-isopropylmethanesulfonamide (613 mg, 3.4 mmol) was
dissolved in DMF (10 mL) and cooled to 0 °C. To this cold solution was added 60% NaH in
oil (182 mg, 4.6 mmol). The reaction mixture was stirred for 10 minutes before the addition
of 2.4-dichloropyrimidine (678 mg, 4.6 mmol). The mixture was then allowed to warm to
room temperature and was stirred overnight. Aqueous NH4Cl solution (15 mL) was added
and the resulting mixture was extracted with EtOAc (3 x 30 mL). The combined organic
layers were washed with brine (15 mL), dried over Na,SO,, filtered, and evaporated in vacuo.
The residue was purified by column chromatography on silica gel (0-65% EtOAc/hexane) to
provide a mixture (262 mg) of the title compound and unreacted starting material, which was
further purified by reverse phase column chromatography on a C18 bonded silica gel column
(0-100% acetonitrile/water, 0.1% TFA) to afford the pure title compound I11-3 (198 mg, 22%
yield) as a light yellow oil. "H NMR (300 MHz, CDCLs): & ppm 8.41 (d, J = 5.7 Hz, 1 H),
731(d,J=5.7Hz, 1 H),4.77(d,J=69Hz, 1 H),329(d,/J=75Hz 2H), 1.54 (d,J=6.9
Hz, 6 H), 1.13 (m, 1 H), 0.71 (m, 2 H), 0.41 (m, 2 H), LCMS (method 3): Rt 5.44 min, m/z
290.1,292.0 [M+H]".

Example 22 -- Intermediate III-4: V-(2-Chloropyrimidin-4-yl)acetamide

)N\fj\ 1, NaH, DMF N/]\ o
Cl \N NH, C|/k\N H)J\

2. Ac,0O

[0184] To a solution of 4-amino-2-chloropyrimidine (2.90 g, 22.4 mmol) in DMF (40
mL) was added 60% NaH in oil (1.07 g, 26.9 mmol) at 0 °C. After stirring for 20 minutes,
acetic anhydride (4.2 mL, 44.8 mmol) was added. The mixture was stirred at room
temperature overnight. Once LCMS and TLC showed reaction completion, the reaction
mixture was quenched by the addition of water and extracted with EtOAc. The organic layer
was washed with water and brine dried (Na;SOy) and concentrated. The crude material was
recrystallized from Hexanes/EtOAc to afford the product I11-4 as white crystals (2.40 g, 62%
yield). '"H NMR (300 MHz, DMSO-djs): 3 ppm 11.29 (s, 1 H), 8.57 (d,J = 5.8 Hz, 1 H), 8.03
(d,J=5.8Hz, 1 H),2.13 (s, 3 H). LCMS: m/z 172.0, 174.0 [M+H].
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Example 23 -- Intermediate 1I1-5:(S)-3-(2-chloropyrimidin-4-yl)-4-isopropyloxazolidin-

2-one
N%l J(Z NaH, DMF /N(\/]L ? f\)[N\ 7
Cl)\\N o HN\\/O . o™ NJ(O N NJ(O
-5 I11-6a
I11-5 /lll-5a = 7:1

[0185] A solution of (S)-4-phenyloxazolidin-2-one (3.0 g, 23.2 mmol) and 24-
dichloropyrimidine (4.10 g, 27.5 mmol) in DMF (40 mL) was treated with NaH (60% in oil,
0.97 g, 24.3 mmol). The resulting mixture (yellow to red cloudy solution) was stirred at
room temperature overnight. The reaction mixture was then diluted with EtOAc (200 mL),
washed with saturated aqueous NH4C1 (75 mL) and brine (2 x 100 mL), dried over Na;SOy,
filtered and concentrated. The residue was purified by column chromatography on an 1ISCO™
chromatography system (on a SiO, column: eluted with 0 to 50% Hexanes/EtOAc gradient)
to obtain the desired product III-5 as white solid (3.91 g, 70% yield) along with the other
isomer IT1-5a (0.59 g, 11%). III-5: "H NMR (300 MHz, CDCL): 3 ppm 8.46 (4, J = 6.0 Hz,
1 H), 8.18 (4, /= 6.0 Hz, 1 H), 4.80-4.75 (m, 1| H), 4.42-4.34 (m, 2 H), 2.66-2.54 (m, 1 H),
0.99 (4. /=7.1 Hz, 3 H), 0.87 (d, J = 7.1 Hz, 3 H). LCMS {method 3} Rt 11.62 min, m/z
242.1 [M+H]". I{1-5a: '"H NMR (300 MHz, CDCL,): & ppm 8.57 (d, J= 5.2 Hz, 1 H), 7.07 (d.
J=52Hz 1 H), 4.75-4.65 (m, 1 H), 4.40-4.29 (m, 2 H), 2.60-2.47 (m, 1 H), 0.96 (d, /= 6.9

Hz, 3 H), 0.90 (d,J = 6.9 Hz, 3 H). LCMS (method 3): Rt 9.90 min, m/z 242.1 [M + HJ".

Example 24 -- Intermediate I1I-6:3-(2-Chloropyrimidin-4-yl)oxazolidin-2-one
N~ j)\ N 0
rj\ NaH, DMF [/j\
Cl)\N a * ™NUP C')\N/ '\\‘;[(/o

[0186] To a solution of 2,4-dichloropyrimidine (5.00 g, 33.5 mmol) and oxazolidin-2-
one 2 (3.51 g, 40.3 mmol) in DMF (80 mL), 60% NaH in o1l (1.48 g, 36.9 mmol) was added
at 0 °C. The mixture was stirred at room temperature overnight. The reaction mixture was
then quenched with saturated aqueous ammonium chloride selution and extracted with
EtOAc. The organic layer was washed with water, brine, and dried over sodium sulfate and
concentrated. The resulting residue was purified by column chromatography on an ISCO®
chromatography system (on a 3i(3; column: cluted with 0-3(% DUM/EDAC) to afford the
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title compound as white splid {(4.09 ¢, 61% yield} with the other somer {035 ¢, 5% yield}.
"H NMR (300 MHz, CDCL): 8 ppm 8.46 (d, J = 5.8 Hz, 1 H), 8.15(d, J = 5.7 Hz, 1 H), 4.55
(t,./= 6.9 Hz, 2 H),4.27 (¢, /= 6.9 Hz, 2 H). LCMS: mv/z = 200.0, 202.0 [M+H]".

Example 25 -- Intermediate 111-7:2-Chloro-4-(2-methyl-1H-pyrrol-1-yl)pyrimidine
L
N AN ~=
)':j\ ¥ HNP Nan, DVP CI)%N N7
Cl N™ CI —

[0187] 2,4-Dichloropyrimidine (2.0 g,13.4 mmol) and 2-methyl-1H-pyrrole (1.3 g, 16.1
mmol) were dissolved in DMF (40 mL). The solution was cooled to 0 °C and 60% NaH in oil

(590 mg, 14.74 mmol) was added. The mixture was stirred at 0 °C for 15 minutes and
allowed to warm up to room temperature. After stirring overnight, ethyl acetate (60 mL) was
added. The mixture was washed with water (2 x 30 mL), brine (30 mL), dried over anhydrous
Na,80;, filtered, and evaporated. The residue was purified by column chromatography on
silica gel (0-30% EtOAc/hexane) to afford the title compound III-7 as an off-white solid
(1.12 g, 43% yield). '"H NMR (300 MHz, DMSO-ds): 5 ppm 8.71 (d, J = 5.7 Hz, 1 H), 7.73
(d, /J=5.7Hz, 1 H), 747 (m, 1 H), 6.24 (t, /=3.2 Hz, 1 H), 6.11 (m, 1 H), 2.50 (s, 3 H).
LCMS (method 3): Rt 5.823 min, m/z 194.1 [M + H]".

Example 26 -- Intermediate I11-8:2-Chloro-4-(1-methyl-1H-imidazol-5-yl)pyrimidine

S
[ N/ N Pd(PPhs), /'\Ill\
+ EtMgBr + ZnCl, + | =
| » Mo cINT
N Cl N~ “ClI THF, reflux, o/n /N\//

111-8

[0188] To a suspension of 5-iodo-1-methyl-1H-imidazole (2.08 g, 10 mmol) in anhydrous
tetrahydrofuran (30 mL) was added ethyl magnesium bromide (EtMgBr) (3M in THF, 4.3
mL, 13 mmol) slowly at room temperature under N,. The mixture was stirred for 90 minutes.
ZnCl, (0.5 M in THF, 26 mL, 13 mmol) was then added slowly, and the mixture was stirred
for another 90 minutes. 2,4-Dichloropyrimidine (1.48 g, 10 mmol) and Pd(PPhs)s (0.58 g,
0.5 mmol) were then added under N,. The resulting reaction mixture was then refluxed
overnight. After removal of solvent under reduced pressure, EtOAc (50 mL) was added to the
residue. The mixture was then washed with saturated EDTA aqueous solution (30 mL) and

brine (30 mL), dried (Na;SO4) and concentrated in vacuo. The residue was first purified by
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column chromatography on an ISCO® chromatography system (silica gel column, eluted with
MeOH/dichloromethane 0~10%) and then recrystallized from EtOAc/hexanes to afford the
title compound III-8 as a white solid (462 mg, 24% yield). m.p. 228-229 °C. 'H NMR (300
MHz, CDCls): 6 ppm 8.64 (d, J =52 Hz, 1 H), 8.15 (br s, 1 H), 7.93 (s, 1 H), 7.51 (d, J =
5.2 Hz, 1 H), 4.15 (s, 3 H). LCMS (method 1): 98% pure @ 254 nm, Rt = 2.93 min, m/z =
195, 197 [M+H]".

Example 27 -- Intermediate I1I-9: 2-Chloro-4-(1-isopropyl-1H-imidazol-5-yl)pyrimidine
L
N N N oI Nl NS
A\ ~ . N _BuLi | \ | >
[N> a. n-BuLi, TMEDA I/[N>—| a) n-BuLi /J: > Cl)\N _

)\ b. Iz b) MeOH )\ a. EtMgBr, ZnCl, N
b. Pd(PhP),, THF \[/

Step-1: 2,5-Diiodo-1-isopropyl-1H-imidazole.

L
ju

[0189] 1-Isopropylimidazole (6.0 mL, 52.8 mmol) was added over 20 min to a well-
stirred solution of TMEDA (20.2 mL, 135 mmol) and #-BuLi (52.8 mL, 2.5 M in hexane, 132

mmol) in anhydrous pentane (55 mL) under an atmosphere of nitrogen at -20 °C. The stirred
cloudy yellow heterogeneous mixture was warmed to 20 °C for 1 hour and then diluted with
anhydrous THF (50 mL) and cooled to -65 °C. A solution of iodine (34.8 g, 137 mmol) in
anhydrous THF (180 ml) was added over 90 minutes. The stirred reaction mixture was
allowed to warm to room temperature overnight. The reaction was then quenched by the
addition of ethyl acetate (10 mLl) followed by water, dichloromethane (250 ml), and
saturated sodium sulfite solution. The organic layer was separated, washed with saturated
sodium sulfite solution and brine, dried over MgSQ,, filtered and evaporated to yield the title
compound as a golden-brown solid which was further purified on an ISCO® chromatography
system (SiO; column: EtOAc in Hexane, 0 to 100%) to afford the pure product as light
yellow solid (10.8 g, 57% yield). '"H NMR (300 MHz, CDCls): & ppm 7.13 (s, 1 H), 4.75
(septet, J=69 Hz, 1 H), 1.60 (d, J=6.9 Hz, 6 H). m/z=362.9 [M+H].

Step-2: 5-lodo-1-isopropyl-1H-limidazole.
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[0190] To a solution of 2,5-diiodo-1-isopropyl-1 H-imidazole (10.8 g, 29.8 mmol) under
an atmosphere of nitrogen in dry THF (320 mL) cooled to -70 °C in an acetone-dry ice bath,
n-BuLi solution (12.9 mL, 2.5 M in hexane, 32.2 mmol) was added dropwise over 25
minutes. After the addition, the mixture was stirred at the same temperaturc for another 45
minutes and then quenched by adding methanol (10.5 mL) and diluted with dichloromethane
(500 mL). The organic layer was scparated, washed with brine (80 mL x 2), and dried over
MgSQs. Filtration and concentration under vacuum provided a yellow brown solid which was
purified on an 1SCO® chromatography system (Si0O, column: EtOAc in Hexanes, 0 to 100%)
to afford pure title compound as off-white solid (6.1 g, 86% yield). 'H NMR (300 MHz,
CDClL): 6 ppm 7.68 (s, 1 H), 7.10 (s, 1 H), 4.35 (septet, J= 6.9 Hz, 1 H), 1.48 (d,J=6.9 Hz,
6 H). m/z=237.0 [M+H].

Step-3: 2-Chloro-4-(1-isopropyl-1H-imidazol-5-yl)pyrimidine TFA salt (I11-9).

X
N TFA
NN
N
N-7

[0191] To a solution of 5-iodo-1-isopropyl-1H-limidazole (4.9 g, 20.8 mmol) in dry THF
(60 mL) at room temperature and under an atmosphcre of nitrogen was added cthyl
magnesium bromide (EtMgBr) (8.33 mL, 3 M in dicthyl ether, 25 mmol) dropwise over 10
minutes. After the addition, the mixture was stirred at room temperature for 90 minutes. Zinc
chloride (50 ml, 0.5 M i THF, 25 mol} was then added dropwise over 5 minutes, and the
reaction mixture was stirred at room temperature for another 90 minutes. 2,4-
Dichloropyrimidine (3.1 g, 20.8 mmol) and Pd(PPhs)s (1.25 g, 1.08 mmol) were added the
resulting mixture was purged with nitrogen for 20 minutes and heated to reflux overnight.
The reaction solution was warmed to room temperature and diluted with dichloromethane
(500 mL). Saturated EDTA aqueous solution (200 mL) was added, and after stirring for 10
minutes, the organic layer was separated and dried over NaySOy. Filtration and concentration
under vacuum provided a yellow oil which was further purified on an ISCO®
chromatography system (reverse phase C18 Si0O, colummn eluted with 0.1% TFA in
CHACN/0.1% TFA in H,0, 0 to 30%) to yield the title compound 1IE-9 as the TFA salt as
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colorless oil which solidified to a white solid on standing (4.1 g, 59% yield). "H NMR (300
MHz, CDCls): 6 ppm 9.60 (s, br, 1 H),8.76 (d,J=5.2 Hz, 1 H), 8.05 (s, 1 H), 7.59 (d,J=5.2
Hz, 1 H), 7.25 (s, 1 H), 4.72 (septet, J = 6.6 Hz, 1 H), 148 (d, J = 6.6 Hz, 6 H). LCMS
(method 3 LCMS): Rt 3.40 min, m/z 223.1/225.1 [M+H]".

Table 2; The Intermediates listed in Table 2 were prepared using cither the methods
described above or using methods similar to those described for the preparation of

intermediates 111-1 to 111-9.

N-(2-chl imidin-4-y1)- A
(2-chloropyrimidin-4-yl) )Nl\/j\ o\\//o
Im-1 N-isopropylmethane NG

sulfonamide )\
2
N-(2-chloropyrimidin-4-y1}- N/j\ Q\ L
)\\ N’S\

112 N-{cyclopropylmethyl) Cl

methanesulfonamide %

N-(2-chloropyrimidin-4-yi)-i-

1I1-3 cyclopropyl-N-

isopropylmethanesulfonamide

{N-(2-chloropyrimidin-4-yl)-

111-4 N-isopropylmethane )l\ Z J\

sulfonamide

11I-5 vD)-4-isopropyloxazolidin-2- Cl

’ 4 o N* O
{$)-3-(2-chloropyrimidin-4- /j\
A
one \i ©

3-(2-chloropyrimidin-4- Nq 0
11-6 A A A
L/

yhoxazolidin-2-one Cl

Nq
2-chloro-4-(2-methyi-1 H-
11-7 CHororeTeD s

pyrrol-1-yDpyrimidine
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2-chloro-4-(1-methyl-1H-

1I-8 - q(\ o Cl)\\N Z N
imidazol-S-ylpyrimidine N _

Ve

111-9 2-chloro-4-(1-isopropyl-14- CI/I\\N a

imidazol-5-yDpyrimidine N——//

yheyclopropanccarboxamide

, o N™™ o]
N-(2-chloropyrimidin-4- | /j\
1I-10 =
Cl)\N ”)‘V

Example 28 -- {(§)-5-(2-{(1-{(6-Chloro-2-ox0-1,2-dihydroquinelin-3-yijethyl)
aminopyrimidin-4-y1}- V-neopentylmethanesutionamide {(I-1}.

v
MeSO,Cl %y’ NaH, DMF N/l O
NH, = N/ \\O /k\ .S

[\

c” NN
EtsN, CH,Ch H )Nl:j K;
P

Q
\

= N7
DIPEA, DMSO E /1 s
C|\©(I\N)\\N N
E H ©
Cl ~ N7 0
N™ "0

H -1 -1

Step-1: N-Neopentylmethanesulfonamide.

[0192] To a solution of neopentylamine (3.00 g, 34.4 mmol) and triethylamine (9.6 mL,
68.8 mmol) in dichloromethane (50 mL) was slowly added methylsulfonyl chloride (3.2 mL,
41.3 mmol) at 0 °C. The mixture was then warmed to room temperature and stirred
overnight. After diluting with water and extracting with dichloromethane, the organic layer
was washed with brine, dried over magnesium sulfate and concentrated to obtain the title
compound as white solid {3.25 g, 92% vield} which was wsed without further purification in
thie next step. "H NMR (300 MHz, CDCL): & ppm 4.38 (m, 1 H), 2.95 (v, 3 H), 2.88 (¢, J -
6.6 Hz, 2 H), 0.94 (s, 9 H).

Step-2: N-(2-Chloropyrimidin-4-vi}-V-neopentylmethanesulfonamide.
110



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

[0193] To a solution of N-neopentylmethanesulfonamide (1.65 g, 10 mmol) and 2,4-
dichloropyrimidine (1.79 g, 12 mmol) in DMF (30 mL) was added 60% NaH in oil (440 mg,
11 mmol). The mixture was stirred at room temperature overnight. Reaction mixture was
then quenched with water and extracted with EtOAc. The organic layer was washed with
water and brine, dried over sodium sulfate, and concentrated. The resulting residue was
purified on an ISCO® chromatography system (Si(; column: eluting with hexancs/EiQAs
gradient; 0-60% EiQAc) o afford the title compound as pale yellow oil (1.68 g, 6{% vield).
'H NMR (300 MHz, CDCls): & ppm 8.49 (d, J= 5.7 Hz, 1 H), 7.55 (d, J = 5.7 Hz, 1 H), 3.98
(s, 2 H), 3.02 (s, 3 H), 0.89 (s, 9 H).

Step-3: (8§-N-{2-({(1-{(6-Chloro-2-ox0-1,2-dihvdroguinslin-3-yijethyDamine)pyrimidin-4-

vi)-N-neopentylmethanesulfonamide (§-1).

[0194] In a secaled tube, a mixture of N-(2-chloropyrimidin-4-yl)-N-neopentyl
methanesulfonamide (278 mg, 1.0 mmol), (5)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one
hydrochloride (II-1) (130 mg, 0.5 mmol) and diisopropylethylamine (0.26 mL, 1.5 mmol) in
DMSO0/1,4-dioxane (2 mL/0.5 mL) was heated to 130 °C for 2 hours. Once MS and TLC
showed completion of reaction, the reaction mixture was cooled to room temperature, and
diluted with EtOAc and water. The layers were separated and the organic layer was washed
with brine, dricd over sodium sulfate, and concentrated. The resulting residuc was purificd on
an 1SCO® chromatography system (SiO, column: cluted with a hexanes/EtOAc gradient;
20% to 100% EtOAc) to afford I-1 as white solid (102 mg, 44% yield). 'H NMR (300 MHz,
CDCl3): & ppm 10.33 (br s, 1 H), 8.20 (d, J=52Hz, 1 H), 7.66 (s, 1 H), 7.49 (d, /= 2.2 Hz,
1 H),7.42 (dd, J=85Hz,22 Hz, 1 H), 7.18 (d, J=8.5 Hz, 1 H), 6.81 (d, /=5.5 Hz, 1 H),
6.07-6.02 (m, 1 H), 5.27 (m, 1 H), 3.85-3.70 (m, 2 H), 2.90 (s, 3 H), 1.61 (d, J= 6.9 Hz, 3 H),
0.73 (s, 9 H). LCMS (Method 3): Rt 4.68 min, m/z 464.1, 466.1 [M+H] .
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Example 29 -- ($)-NV-(2-((1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)
pyrimidin-4-yl)-N-(cyclopropylmethyl)methanesulfonamide TFA salt (I-2).

O,
N\~
MsCI N NaH/DMF )\/\/L g
V/\NHQ — 0 - Ny
TEA/DCM

CI/(N\JN\

DIPEA, DMSO \CEI\ )\/j\ g

-2

Cl

Step-1: N-(cyclopropylmethyl)methanesulfonamide.

[0195] To a solution of cyclopropyl methanamine (2.1 g, 20 mmol) and TEA (5.0 mL) in
DCM (20 mL) was added methanesulfonyl chloride (1.4 g, 12 mmol) at 0 °C. The reaction
mixture was then allowed to stir at room temperature overnight. To the reaction mixture was
added DCM (20 mL), and the solution was washed with 1N HCI aqueous solution and brine,
dried over MgSQO,, and filtered. The filtrate was concentrated and dried to obtain the title
compound (1.1 g, 57% yield). The product was used in the next step without further

purification.
Step-2: N-(2-Chloropyrimidin-4-yl)-/V-(cyclopropylmethyl)methanesulfonamide.

[0196] To a solution of N-(cyclopropylmethyl)methanesulfonamide (247 mg, 1.66 mmol)
in DMF (6 mL) at 0 °C was added 60% NaH in oil (86.3 mg, 2.16 mmol). The mixture was
stirred for 10 minutes, and 2,4-dichloropyrimidine (321.5 mg, 2.16 mmol) was then added.
The resulting mixture was allowed to warm to room temperature and was then stirred
overnight. Aqueous NH4Cl solution (10 mL) was added and the mixture was extracted with
EtOAc (3 x 25 mL). The combined organic layers were washed with brine (10 mL), dried
over NapSQ,, filtered, and cvaporated in vacuo. The residuc was purified by column
chromatography on silica gel (eluted with 0-65% EtOAc/hexane) to afford the title compound
(327 mg, 75% yield) as a light brown oil. 'H NMR (300 MHz, CDCl3): 6 ppm 8.42 (d, J=5.7
Hz, 1 H), 742 (d, /= 5.7 Hz, 1 H), 3.97 (d, /= 6.9 Hz, 2 H), 3.26 (s, 3 H), 1.24 (m, 1 H),
0.57 (m, 2 H), 0.46 (m, 2 H); LCMS (method 3): Rt 4.98 min, m/z 262.0, 264.0 [M+H] .
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Step-3: (8)-N-(2-((1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-
yD)-N-(cyclopropylmethyl)methanesulfonamide TFA salt (I-2).

[0197] A solution of N-(2-chloropyrimidin-4-yl)-/N-
(cyclopropylmethyl)methanesulfonamide (120.4 mg, 0.46 mmol), (S)-3-(1-aminoethyl)-6-
chloroquinolin-2(1H)-onc hydrochloride (91 mg, 0.35 mmol), and DIEA (183 uL, 1.05
mmol) in DMSO (4 mL) was heated in a sealed tube at 130 °C for 5 hours. The reaction was
then cooled to room temperature, and EtOAc (100 mL) was added. The organic mixture was
washed with water (3 x 10 mL), brine (15 mL), dried over Na,SOy, filtered, and evaporated in
vacuo. The residue was purified by column chromatography on silica gel (eluted with 10-
100% EtOAc/hexane, 1% Et;N) followed by reverse phase column chromatography on C18
bonded silica gel (eluted with 0-100% acetonitrile/water, 0.1% TFA) to afford the title
compound 2 (28 mg, 14% yield) as a white solid. '"H NMR (300 MHz, DMSO-ds, 80 °C): 3
ppm 8.18 (d,/ =63 Hz, 1 H), 7.78 (s, 1 H), 7.68 (d, /= 2.1 Hz, 1 H), 7.46 (dd, /= 2.7, 8.7
Hz, 1 H), 7.33 (d,/=8.7Hz, 1 H), 6.77(d, /= 6.3 Hz, 1 H), 5.17 (m, 1 H), 3.85(dd, /= 6.9,
14.7 Hz, 1 H), 3.69 (m, 1 H), 3.34 (s, 3 H), 1.48 (d, /= 6.9 Hz, 3 H), 1.05 (m, 1 H), 0.40-0.19
(m, 4 H); m.p.= 120.0-127.0 °C; LCMS (method 3): Rt = 4.39 min, m/z = 448.1, 450.1
[M+H]".

Example 30 --N-(2-((($)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-

\

yl)ethyl)amino)pyrimidin-4-yl)-/V-(tetrahydro-2 H-pyran-3-yl)methanesulfonamide (I-3).
S/
0O

0 |
. N )
GNHZ s Ej/ S erbur o NN
d

o DMAP/DCM o N/j
)l\ Z o)

Q
2

: 0
DIPEA,DMSO, 130°C Y

: CIW” NZINR
cl : N“ =0
mNH2~HCI H o
N0
H

-1

Step-1: N-(tetrahydro-2H-pyran-3-yl)methanesulfonamide.
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[0198] To a solution of tetrahydro-2H-pyran-3-amine hydrochloride (2.0 g, 14.5 mmol)
and N,N-dimethylpyridin-4-amine (3.6 g, 29.5 mmol) in anhydrous dichloromcthane (50 mL)
cooled in an ice-water bath was added MeSO,Cl (1.25 mL, 16.1 mmol) dropwise. White
precipitate formed immediately. The mixture was allowed to warm to room temperature and
was stirred overnight. The mixture was then diluted with dichloromethane, washed with
water (1 x), citric acid (10%, 2 x), water (1 x), dried (Na,SQs), and concentrated in vacuo.
The title compound was obtained as a white solid (1.88 g, 72% yield). m.p. 64-66 °C. 'H
NMR (300 MHz, CDCls): & ppm 4.61 (br s, 1 H), 3.82 (d,/=9.0 Hz, 1 H), 3.4-3.7 (m, 4 H),
2.99 (s, 3 H), 1.5-2.0 (m, 4 H). LCMS : m/z 180 [M+H]".

Step-2: N-(2-chloropyrimidin-4-yl)-N-(tetrahydro-2H-pyran-3-yl)methanesulfonamide.
LA
I N
Cl)\N/ NS
0

)

[0199] To a solution of N-(tetrahydro-2//-pyran-3-yl)methanesulfonamide (1.63 g, 9.09
mmol) in dimethylformamide (50 mL) cooled in an ice-water bath was added 60% NaH in oil
(0.55 g, 13.7 mmol) portionwise under a nitrogen atmosphere. The reaction mixture was
stirred at room temperature for 15 minutes and then cooled in an ice-water bath. 2,4-
Dichloropyrimidine (1.69 g, 11.3 mmol) was then added in one portion. The reaction mixture
was allowed to warm up to room temperature and was stirred for 3 days. After removal of
N, N-dimethylformamide under reduced pressure, the residue was partitioned between EtOAc
and saturated NH4Cl aqueous solution. The organic layer was separated, washed with
NaHCO; (aqueous) and brine, dried (Na,SO4) and concentrated in vacuo. The residue was
purified by column chromatography on an ISCO®™ chromatography system (80 g silica gel
column, eluted with EtOAc/hexanes 0-100%) to afford the title compound 2 as an off-white
solid (1.04 g, 39% yield). m.p. 107-109 °C. 'H NMR (300 MHz, CDCls): & ppm 8.50 (d, J =
5.7Hz, 1 H). 730 (d, /= 5.5 Hz, 1 H), 441 (m, 1 H), 4.0 (m, 2 H), 3.9 (m, | H), 3.3 (m, 1
H), 3.23 (s, 3 H), 2.28 (m, 1 H), 2.02 (m, 1 H), 1.74-1.86 (m, 2 H). LCMS (method 3): >96%
pure @ 254 nm, Rt 4.62 min, m/z 292, 294 [M+H]".
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Step-3: N-(2-(((S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino) pyrimidin-4-
yl)-N-(tetrahydro-2H-pyran-3-yl)methanesulfonamide (I-3).

z NI\ 0,
H N\~
Cl Xr1s/'N N/ N’S\\O
H
H O
O

[0200] A mixture of N-(2-chloropyrimidin-4-yl)-N-(tetrahydro-2 H-pyran-3-
yl)methanesulfonamide (225 mg, 0.77 mmol), (§)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-
onc hydrochloride -1 (100 mg, 0.39 mmol) and N,N-diisopropylcthylamine (0.2 mL, 1.15
mmol) in anhydrous dimethy! sulfoxide (5 mL) was heated to 130 °C and stirred for 4.5 hours
under an atmosphere of nitrogen. After cooling to room temperature, the mixture was diluted
with EtOAc, washed with water (3 x), dried (Na,SO4) and concentrated in vacuo. The residue
was purified by column chromatography on an 1SCO® chromatography system (20 g silica
gel column, cluted with EtOAc/hexanes 0-100%) to afford the title compound 3 as a pale
yellow solid (50 mg, 27% yield). m.p. 163-166 °C.  'H NMR (300 MHz, CDCL): 8 ppm
11.38 (s, 1 H), 8.23 (dd, /=52, 1.6 Hz, 1 H), 7.69 (s, 1 H), 7.52 (m, 1 H), 7.41 (dd, J= 8.5,
22 Hz, 1 H), 724 (d, /=88 Hz, 1 H), 6.52 (t, /=4.5 Hz, 1 H), 6.10 (d, /= 7.2 Hz, 1 H),
5.25 (m, 1 H), 3.6-4.3 (m, 5 H), 3.11 (m, 4 H), 1.94 (m, 2 H), 1.6 (m, 5 H). LCMS (method
3): 100% pure @ 254 nm, Rt 4.33 min, m/z 478, 480 [M+H] .

Example 31 -- (S)-N-(2-((1-(6-Chloro-2-o0xo0-1,2-dihydroquinolin-3-

yl)ethyl)amino)pyrimidin-4-yl)-/V-isopropylpyridine-3-sulfonamide (I1-4).

\\,,0 YNHZ i NaH, DMF, rt \\u

N HN /N
\Q pyndme \Q /1 )\ \O

DIEA, DMSO /1 )0
125135 °C )\ ’

Step-1: N-isopropylpyridine-3-sulfonamide.
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[0201] To pyridine (10 mL) was added pyridine-3-sulfonyl chloride (3.0 g, 16.9 mmol) at
0 °C. Propan-2-amine (3.0 g, 50.8 mmol) was then added and the reaction mixture was
allowed to stir at room temperature overnight. The reaction mixture was poured into cold
water and extracted with ethyl acetate. The combined organic phase was washed with brine,
dried over MgSOQ,, filtered and concentrated. The resulting residue was purified by column
chromatography on an ISCO™ chromatography systern (120 g SiO, column, eluted with
0-10% MeOH in CH,Cl,), to afford the title compound (2.3 g, 67% yield). '"H NMR (300
MHz, DMSO-dy): 6 ppm 8.96 (d, /= 1.6 Hz, 1 H), 8.80-8.78 (dd, /= 4.9 Hz, 1.0 Hz, 1 H),
8.19-8.16 (dt, J= 8.1 Hz, 0.8 Hz, 1 H), 7.86 (s, 1 H), 7.65-7.60 (q, / = 4.9 Hz, 1 H), 3.32—
3.28 (m, 1 H), 0.95 (d, /= 6.5 Hz, 6 H).

Step-2: N-(2-Chloropyrimidin-4-yl)-N-isopropylpyridine-3-sulfonamide.

[0202] To a solution of N-isopropylpyridine-3-sulfonamide (440 mg, 2.2 mmol) in DMF
(8 mL) cooled to 0 °C was added 60% NaH in oil (132 mg, 3.3 mmol). The mixturc was
stirred for 15 minutes, and 2,4-dichloropyrimidine (426 mg, 2.9 mmol) was then added. The
mixture was allowed to warm to room temperature and was stirred overnight. MS of the
reaction mixture indicated that the reaction had not gone to completion. The reaction mixture
was then warmed to 38 °C and stirred for 3.5 hours. The mixture was then heated to 55 °C for
2 hours, and then cooled to room temperature and stirred overnight. An aqueous NH4CI
solution (10 mL) and water (5 mL) were added. The mixture was extracted with EtOAc (3 x
30 mL) and the combined organic layers were washed with brine (10 mL), dried over
Na,S0,, filtered, and evaporated in vacuo. The resulting residue was purified by column
chromatography on silica gel (eluted with 0-95% EtOAc/hexane) to afford the title compound
(368 mg, 54% yield) as a light brown solid. '"H NMR (300 MHz, CDCls): & ppm 9.13 (d, J =
2.1 Hz, 1 H), 8.83 (dd, /= 1.8, 5.1 Hz, 1 H), 847 (d, /= 5.7 Hz, 1 H); m.p.= 88.2-89.5 °C,
LCMS (method 3): Rt 4.99 min, m/z 313.0, 315.0 [M+H]".

Step-3: (8)-N-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-

yl)-V-isopropylpyridine-3-sulfonamide TFA salt (I-4).

[0203] A solution of  N-(2-chloropyrimidin-4-yl)-N-isopropylpyridine-3-sulfonamide
(59.5 mg, 0.19 mmol), (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride I1-1
(116.6 mg, 0.45 mmol), and DIEA (209 uL, 1.2 mmol) in DMSO (3 mL) was heated in a

sealed tube at 130 °C for 4 hours. The reaction was cooled to room temperature, and EtOAc

(70 mL) was added. The organic mixture was washed with water (2 x 10 mL), brine (10 mL),
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dried over Na,SOq, filtered, and evaporated in vacuo. The resulting residue was purified by
column chromatography on silica gel (eluted with 0-10% MeOH/CH,Cl,) followed by
reverse phase column chromatography on C18 bonded silica gel (eluted with 0-100%
acetonitrile/water, 0.1% TFA) to afford the title compound 4 (47 mg, 41% yield) as a light
yellow solid. "H NMR (300 MHz, DMSO-ds, 80 °C): & ppm 8.97 (d, /= 1.5 Hz, 1 H), 8.78
(d, /=4.5Hz, 1 H), 825 (d, J = 5.7 Hz, 2 H), 7.65 (m, 2 H), 7.58 (m, 1 H), 7.45 (m, 1 H),
7.31(,/=9.0Hz, 1 H),6.55(d,/=5.1Hz, 1 H),5.02 (m, 1 H), 441 (m, | H), 1.41 (d,J =
6.6 Hz, 3 H), 1.13 (m, 6 H); m.p.= 94.0-100.0 °C; LCMS (method 3): Rt 4.55 min, m/z
499.1, 501.1 [M+H]".

Example 32 - (8)-NV-(2-(1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-
ylethylamino)pyrimidin-4-yl)-N-isopropyl-2-methylpropane-1-sulfonamide (I-5).

= N7

Q\s/’i))\ N/j Cs,CO3/AcCN )NI\\ o ’9 DIEA/DMSO cl N H N)\\/NE\NO:\S{))\

- + N
" b A0 . )

Cl N™ CI Cl N N
A PY 111 NS0 A
H
1-5

Step-1: N-(2-chloropyrimidin-4-yl)-N-isopropyl-2-methylpropane-1-sulfonamide.

[0204] To a solution of N-isopropyl-2-methylpropane-1-sulfonamide (0.2 g, 1.116 mmol)
and 2,4-dichloropyrimidine (0.166 g, 1.116 mmol) in acetonitrile (3 mL) was added cesium
carbonate (0.454 g, 1.394 mmol). The reaction mixture was stirred at 50 °C for 16 hours.
LCMS showed ~ 50 % conversion. Additional cesium carbonate (0.454 g, 1.394 mmol) was
then added and the reaction mixture was stirred at 50 °C until the reaction was complete.
Water (10 mL) was added to the reaction mixture, and the aqueous phase was extracted with
DCM (3 x 10 mL). The combined organic phases were dried over MgSOa, and the volatiles
were removed under reduced pressure. The crude oil was purified on SiO2 (25 g SNAP®
column, 0% EtOAc/hexancs for 5 minutes then 0-30% EtOAc/hexanes for 30 minutes then
30-60% EtOAc/hexanes for 5 minutes). The desired product N-(2-chloropyrimidin-4-yl)-N-
isopropyl-2-methylpropane-1-sulfonamide (0.09 g, 0.308 mmol, 27.6% yield) was isolated

and used in the next step without further purification.

Step-2: (S)-N-(2-(1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethylamino)pyrimidin-4-
yD)-N-isopropyl-2-methylpropane-1-sulfonamide (I-5).
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[0205] A solution of (§)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-
1 (0.044 g, 0.171 mmol), N-(2-chloropyrimidin-4-yl)-N-isopropyl-2-methylpropane-1-
sulfonamide (0.05 g, 0.171 mmol), and DIEA (0.180 mL, 1.028 mmol) in DMSO (1.224
mL) was heated to 120 °C for 16 hours. Water (15 mL) was added, and the resulting
precipitate was filtered off and washed with water (2 x 5 mL). The filtrate was dried under
reduced pressure and purified on a Gilson reverse phase HPLC (20 mL/min, 10 min gradient
15-85% ACN, 0.01% HCO2H on an XTerra Prep MS C18 OBD 5 M, 19x100 mm column) to
afford (S)-N-(2-(1-(6-chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethylamino)pyrimidin-4-yl)-N-
isopropyl-2-methylpropane-1-sulfonamide (0.004 g, 8.37 umol, 4.88% yield). "H NMR (300
MHz, DMSO-ds):  ppm 11.94 (s, 1 H), 8.21 (br s, 1 H), 7.61-7.82 (m, 3 H), 7.45 (br d, J =
8.50 Hz, 1 H), 7.26 (d, J = 8.79 Hz, 1 H), 6.45 (d, /= 5.86 Hz, 1 H), 4.87-5.07 (m, 1 H),
4.17-4.30 (m, 1 H), 3.02-3.20 (m, 2 H), 2.00-2.15 (m, 1 H), 1.35-1.44 (m, 3 H), 0.77-1.17
(m, 12 H).

Example 33 -- ($)-N-((2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-
yDethyl)amino)pyrimidin-4-yl) methyl)-/NV-cyclopropylmethanesulfonamide (I-6).

L pa— Mg deemmeor ) come
CI)\N/ cl o N7 N/ C')\N/ "

KoCO3, DMF W

ZT

= Y
DIEA, DMSO, 130 °C C'm\”/k\ N-so,me
0

N
-1 H

1-6

Step-1: N-((2-chloropyrimidin-4-yl)methyl)cyclopropanamine.
x
DN
Cl N W

[0206] A mixture of 2-chloro-4-(chloromethyl)pyrimidine (500 mg, 3.07 mmol, 1
equivalent) and K2CO3 (506 mg, 3.66 mmol, 1.2 equivalents) in 4.5 mL of DMF was treated
with cyclopropylamine (173 mg, 3.03 mmol, 1 equivalent) and stirred at room temperature.
After 5 hours, the reaction mixture was poured into water and extracted with EtOAc (x 2).

After washing with brine and drying over NapSO4, the extracts were chromatographed on a
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15 g silica gel column (eluted with EtOAc/hexanes, 65/35) to provide the title compound
(235 mg, 41% yield) as a thick gold liquid.

Step-2: N-((2-Chloropyrimidin-4-yl)methyl)-N-cyclopropylmethancsulfonamide.
N|/I§OZMe
Cl)\N/ NW

[0207] A solution of N-((2-chloropyrimidin-4-yl)methyl)cyclopropanamine (208 mg,
1.13 mmol, 1 equivalent) in 4 mL DCM at 0 OC was treated with DIEA (225 mg, 1.74
mmol, 1.5 equivalents) followed by methanesulfonyl chloride (145 mg, 1.27 mmol, 1.1
equivalents). After stirring for 2 hours at room temperature, the reaction mixture was poured
into water and extracted with EtOAc (x 2). After washing with brine and drying over
NasSOy4, the extracts were chromatographed on 7-8 g silica gel column and cluted with
hexane/EtOAc (1/1) to provide the title compound (228 mg, 77% yield) as a pale yellow

waxy solid.

Step-3: (8)-N-((2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-
4-yl) methyl)-V-cyclopropylmethanesulfonamide (I-6).

[0208] A mixture of N-((2-chloropyrimidin-4-yl)methyl)-N-
cyclopropylmethanesulfonamide (228 mg, 0.87 mmol, 1.5 equivalents), ($)-3-(1-
aminoethyl)}-6-chloroquinclin-2{1 H)-one hydrochloride II-1 (154 mg, 0.59 mmol, 1
equivalent) and DIEA (155 mg, 1.2 mmol, 2 equivalents) in 2 mL of DMSO was heated in a

sealed tube at 130 OC for 1.5 hours. The reaction was then poured into water and extracted

with EtOAc (x 2). After washing with brine and drying over NapSQy4, the extracts were
chromatographed on a 15 g silica gel column and eluted with 0-3% DCM/EtOH (97/3)

gradient and the pure fractions were collected and lyophilized from CH:CN/water to provide

18 mg (9.5% yield) of compound 6 as a pale yellow solid. 'H NMR (300 MHz, CDCl3): &

ppm 11.57 (br 5, 1 H), 8.23 (d, J = 4.95 Hz, 1 H), 7.70 (s, 1 H), 7.50 (d, J = 2.19 Hz, 1 H),
7.41(dd,J = 2.19, 8.79 Hz, 1 H), 7.24 (d, J = 8.52 Hz, 1 H), 6.56 (d, J = 5.22 Hz, 1 H), 6.05
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(brd,J=1795Hz,1H),530(m, 1 H),4.30 (s, 2 H), 2.93 (br s, 3 H), 2.55 (m, 1 H), 1.59 (d,
3 H), 0.80 (m, 2 H), 0.63 (m, 2 H). LCMS (Method 3), Rt 4.39 min., m/z 448 [M+H]+.
Example 34 - (8)-3-(1-((4-tert-Butylamino)-pyrimidin-2-yl)amino)ethyl)-6-
chloroquinolin-2(1H)-one (I-7).

Cl N~ °Cl -1

N/j CBUNH,, reflux )N'\/j\ DMSO, DIEA I " P
: s > —_—

Step-1: N-(tert-Butyl)-2-chloropyrimidin-4-amine.

X

Cl N~ "NH

[0209] 2,4-Dichloropyrimidine (3.10 g, 21.4 mmol) was refluxed in 32 mL of zert-
BuNHj; for 3 hours, then was cooled to room temperature and concentrated to dryness under
reduced pressure. The crude was purified by column chromatography on an ISCO”
chromatography system using a 120 g normal phase column (Si0;) and eluted with a gradient
(EtOAc in CH,Cl) to afford 2.5 g (63% yield) of the title compound. The more polar spot
(lower Ry) on the SiO; -TLC plate is N-(fert-butyl)-4-chloropyrimidin-2-amine.

Step-2: ($)-3-(1-((4-tert-butylamino)-pyrimidin-2-y)amino)ethyl)-6-chloroquinolin-
2(1H)-one (I-7).

= NZ
Lx
[0210] To a sealed tube under an atmosphere of nitrogen, was added N-(tert-butyl)-4-
chloropyrimidin-2-amine (472 mg, 2.5 mmol), {S)-3-{1-aminoethyl}-6-chloroquinolin-2(1/)-
one hydrochloride Ei-1 (440 mg, 1.7 mmol) and DIEA (0.4 mL) in 4 mL of anhydrous
DMSO. The reaction mixture was stirred at 140 °C for 5 hours, then cooled to a room
temperature, concentrated to dryness under reduced pressure and purified twice by column
chromatography on an ISCO® chromatography system using a 40 g “gold” column and
eluting with an EtOAc/CH,Cl, gradient followed by a MeOH/EtOAc gradient to afford 205
120



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

mg (32% yield) of the title compound 7. 'H NMR (300 MHz, CDCl;): & ppm 11.79 (br s, 1
H), 7.74 (d, /= 6.0 Hz, 1 H), 7.71 (s, 1 H), 7.48 (d, /= 2.2 Hz, 1 H), 7.38 (dd, J=18.8,2.2
Hz, 1 H), 7.23-7.28 (m, 2 H), 7.75 (br d, J= 5.8 Hz, 1 H), 5.63 (d, /= 6.0 Hz, 1 H), 5.20-
5.35(q, 1 H), 4.72 (br s, 1 H), 1.57 (d, J = 6.9 Hz, 3 H), 1.25 (s, 9 H). LCMS (Method 3):

Rt 4.40 min, m/z 372.2.1/374.2 (Cl1-pattern) [M+H]+. m.p.= 182-183 °C.

Example 35 -- (8)-V-(2-(1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-
ylethylamino)pyrimidin-4-yl)-V-isobutylmethanesulfonamide (I-8).

= N7 0,0
CI\@(\/\C—HJ\:’E\N:\S&
m O

[0211] A mixture of (S5)-3-(1-aminoethyl)-6-chloroquinolin-2(1/7)-one hydrochloride I1-1
(50.1 mg, 0.193 mmol) and N-(2-chloropyrimidin-4-yl)-N-isobutylmethanesulfonamide (52.7
mg, 0.200 mmol) was dissolved in DMSO (1.4 mL) and DIEA (0.10 mL, 0.573 mmol). The
solution was stirred at 110 °C overnight. Once LCMS indicated near completion of reaction,
the mixture was diluted with water (30 mL) and extracted with EtOAc (2 x 20 mL). The
combined extracts were dried (Na;SO4) and filtered. Silica gel was then added and the
solvent was evaporated under reduced pressure. The material was purified by column
chromatography on a Biotage™ MPLC chromatography system (10 g silica gel column, eluted
with 0-85% EtOAc in hexanes and isocratic elution at 72% EtOAc) to provide 33.4 mg of the
title compound 8 as a yellow solid. LCMS is consistent with (S)-N-(2-(1-(6-chloro-2-oxo0-
1,2-dihydroquinolin-3-yl)ethylamino)pyrimidin-4-yl)-N-isobutylmethane sulfonamide (33.4
mg, 0.070 mmol, 36.2% yicld). LCMS (Method 1): Rt 1.35 min, m/z 450.23 [M+H]".

Example 36 -- ($)-6-Chloro-3-(1-((4-(cyclopropylamino)pyrimidin-2-
yDamino)ethyl)quinolin-2(1H)-one TFA salt (I-9).

K,CO N DMSO, DIEA, 2h, 130 °C : N7
>Nk, F )'\/:L cl Py
N ClI” N7 °NH = "N” UN” UNH
Lo A o™ A
a1 N el N0
1-9

Step-1: 2-Chloro-N-cyclopropylpyrimidin-4-amine.
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[0212] A mixture of 2,4-dichloropyrimidine (1.98 g, 13.3 mmol, | ecquivalent) and
K»rCO3 (2.2 g, 16 mmol, 1 equivalent) in 20 mL DMF was treated with cyclopropylamine
(0.76 g, 13.3 mmol, 1 equivalent) and stirred overnight at room temperature. The reaction
mixture was then poured into 125 mL of water, and the resulting precipitate was collected
providing the title compound (0.57 g, 25% yield) as a white solid. Concentration of the
mother liquor provided a second crop of the title compound (0.41 g, 18% yield).

Step-2: (8)-6-chloro-3-(1-((4-(cyclopropylamino)pyrimidin-2-yl)amino)ethyl)quinolin-
2(1H)-one TFA salt (I-9).

= N?

AR
[0213] A mixture of 2-chloro-N-cyclopropylpyrimidin-4-amine (210 mg, 1.2 mmol, 1.2
cquivalents), (§)-3-(1-aminocthyl)-6-chloroquinolin-2(1#)-on¢ hydrochloride 1i-1 (260 mg,
1.0 mmol, 1 equivalent) and DIEA (252 mg, 1.0 mmol, 2 equivalents) in 2 mL of DMSO was
heated in a scaled tube at 130 OC for 2 hours. The reaction was then poured into water, and
the resulting precipitate was collected, rinsed with water, and dried to provide 127 mg of the

crude product. Purification by reverse phase chromatography (13 g Redisep C18) on an
1SCO® chromatography system using a H20/0.1% TFA: ACN/0.1%TFA gradient followed
by lyophilization of the pure fractions afforded 68 mg of compound I-9 as a TFA salt. 13-
NMR(300 MHz, ds-DMSO, 90 °C): 3 ppm11.87 (br s, 1 H), 8.75 (br s, 1 H), 8.40 (br s, 1 H),
7.83 (s, 1 H)7.74 (d, 1 H), 7.72 (br s, 1 H) 7.49 (m, 1 H), 7.35 (m, 1 H), 6.10 (brs, 1 H), 5.22
(m, 1 H), 2.86 (br m, 1 H), 1.53 (d, 3 H), 0.79 (br m, 2 H), 0.56 (br m, 1 H), 0.47 (br m, 1

+

H).). LC/MS (Method 3): Rt 5.2 min., m/z 356 [M+H]

Example 37 -- (8)-/V-(2-(1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-
yl)ethylamino)pyrimidin-4-yl)-V-isopropylmethanesulfonamide (I-10).

: Nél 0.0
B N7
CI\@\/\I\”)\\N N,S\
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[0214] A mixture of (5)-3-(1-aminoethyl)-6-chloroquinolin-2(1#)-one hydrochloride
(494 mg, 0.191 mmol) and N-(2-chloropyrimidin-4-yl)-N-isopropylmethanesulfonamide
(59.7 mg, 0.239 mmol) was dissolved in DMSO (1.4 mL) and DIEA (0.10 mL, 0.573 mmol).
The solution was stirred at 110 °C for one day. Once LCMS indicated near completion of
reaction, the sample was diluted with water (30 mL) and extracted with EtOAc (2 x 20 mL).
The combined extracts were dried (Na,SO,) and filtered. Silica gel was then added and the
solvent was evaporated under reduced pressure. The material was purified by column
chromatography on a Biotage™ MPLC chromatography system (10 g silica gel column, eluted
with 0-85% EtOAc in hexanes and with isocratic elution when peaks eluted) to provide 38.5
mg of the title compound as a yellow solid. LCMS is consistent with (S)-N-(2-(1-(6-chloro-2-
oxo-1,2-dihydroquinolin-3-yl)ethylamino) pyrimidin-4-yl)-N-isopropyl methanesulfonamide
(38.5 mg, 0.085 mmol, 44.6% yield). LCMS (Method 1) Rt 1.24 min; m/z: 436.1938
[M-+H]".

Example 38 -- ($)-NV-(2-((1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-
yDethyl)amino)pyrimidin-4-yl)-1-cyclopropyl-/V-isopropylmethanesulfonamide TFA salt
(I-11).

: N3 o
jeecised
H O

[0215] A solution of N-(2-chloropyrimidin-4-yl)-1-cyclopropyl-N-isopropylmethane
sulfonamide I1I-3 (137 mg, 0.47 mmol), (5)-3-(1-aminocthyl)-6-chloroquinolin-2(1H)-one
hydrochloride II-1 (158.3 mg, 0.61 mmol), and DIEA (246 uL, 1.41 mmol) in DMSO (3 mL)
was heated in a sealed tube at 130 °C for 5 hours. The reaction was cooled to room
temperature, and EtOAc (80 mL) was added. The organic layer was washed with water (3 x
10 mL), brine (15 mL), dried over Na,S0., filtered, and evaporated in vacuo. The resulting
residue was purified by column chromatography on silica gel (gradient elution from10-100%
EtOAc/hexane, 1% Et;N) followed by reverse phase column chromatography on C18 bonded
silica gel (gradient elution from 0-100% acetonitrile/water, 0.1% TFA) to afford the title
compound (44 mg, 16% yicld) as a white solid. '"H NMR (300 MHz, DMSO-ds, 80 °C): &
ppm 8.18 (d,/=5.7Hz, 1 H), 7.73 (s, 1 H), 7.66 (d, /=24 Hz, 1 H), 7.45 (dd, /= 2.1, 8.7
Hz, 1 H), 7.32 (d, J=8.7Hz, 1 H), 6.59 (d, /= 6.0 Hz, 1 H), 5.07 (m, 1 H), 446 (p, /=72
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Hz, 1 H), 1.46 (d, J= 6.9 Hz, 3 H), 1.27 (m, 6 H), 0.97 (m, 1 H), 0.51 (m, 2 H), 0.31 (m, 2
H); m.p.= 87.5-92.0 °C; LCMS (Method 3): Rt 4.65 min, m/z 476.1, 478.1 [M+H]".

Example 39 -- (§)-6-Chloro-3-(1-((4-(1,1-dioxidoisothiazolidin-2-yl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one (I-12).

= n 0 = N/| O
cl B N w20 : 10O
———
H
0 DMF, 110 °C

N
V-1 1-12

[0216] Into a 4 mL vial was added isothiazolidine 1,1-dioxide (9.04 mg, 0.075 mmol) and
(8)-6-chloro-3-(1-(4-chloropyrimidin-2-ylamino)ethyl)quinolin-2(1H)-one  IV-1 (25 mg,
0.075 mmol) in DMF (250 uL). To this solution was added Cs,CO3 (48.6 mg, 0.149 mmol)
and DIEA (26.1 uL, 0.149 mmol)and the reaction mixture was stirred at 110 °C for 1.5 hours.
The mixture was then diluted with EtOAc and washed with brine (x 2). The organic extract
was dried over Na,SQ,, filtered, and concentrated under reduced pressure to provide the
crude product. This crude material was purified by column chromatography on a Biotage®™
chromatography system (eluted with 0-100% EtOAc in hexanes) to afford the title compound
(5.2 mg, 17% yield). "H NMR (300 MHz, CDCLs): & ppm 8.03 (br s, 1 H), 7.93 (br s, 1 H),
7.61 (brs, 1 H), 7.41 (br d, J = 8.50 Hz, 2 H), 6.70 (br s, 1 H), 5.42 (br s, 1 H), 4.03 (br s, 1
H), 3.83 (br s, 1 H), 3.46 (m, 2 H), 3.38 (m, 2 H), 1.55-1.71 (m, 3 H). LCMS (Method 1): Rt
2.02 min, m/z 419.89[M-+H]".

Table 3: The examples listed in Table 3 were prepared using methods similar to those

described for the preparation of Examples 28-39 (I-1--1-12).
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Table 4. LCMS signal and NMR chemical shifts of each compound listed in Table 3.

Cmpds LCMS* '"H NMR (300 MHz) 6 ppm
No
'H NMR (300 MHz, CDCls): & ppm
10.33 (brs, 1 H), 820 (d, J = 5.2 Hz,
1 H),7.66 (s, 1 H),7.49 (d, J =22
m/z: 464.09
. Hz, 1 H), 7.42 (dd, J=8.5,2.2 Hz, 1
[M+H]
I-1 _ H), 7.18 (d,J = 8.5 Hz, 1 H), 6.81 (d,
Rt (min):
L4s J =35.5Hz, 1H), 6.07-6.02 (m, 1 H),
' 5.27 (m, 1 H), 3.85-3.70 (m, 2 H),
2.90 (s, 3 H), 1.61 (d,J = 6.9 Hz, 3
H), 0.73 (s, 9 H).
m/z: 448.18 | IH NMR (300 MHz, DMSO- d;, 80
I-2 [M+H]' °C): & ppm 8.18 (d, ./ = 6.3 Hz, 1 H),
Rt (min): 7.78 (s, 1 H), 7.68 (d, J =2.1 Hz, 1
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Cmpds LCMS” '"H NMR (300 MHz) & ppm
No
1.28 H), 7.46 (dd, J = 2.7, 8.7 Hz, 1 H),
7.33(d,J = 8.7 Hz, 1 H), 6.77 (d, J
= 6.3 Hz, 1 H), 5.17 (m, 1 H), 3.85
(dd,.J = 6.9, 14.7 Hz, 1 H), 3.69 (m,
1H),3.34(s,3H), 148 (d,. /=69
Hz, 3 H), 1.05 (m, 1 H), 0.40-0.19
(m, 4 H).
'HNMR (300 MHz, CDCl3): § ppm
11.38 (s, 1 H), 823 (dd,J = 5.2, 1.6
Hz, 1 H), 7.69 (s, 1 H), 7.52 (m, 1
m/z: 47825
. H), 7.41 (dd, J = 8.5, 2.2 Hz, 1 H),
[M+H]
I-3 ' 724 (d,J =8.8 Hz, 1 H), 6.52 (t,J =
Rt (min):
i 4.5Hz, 1 H), 6.10 (d,/ = 7.2 Hz, 1
' H), 5.25 (m, 1 H), 3.6~4.3 (m, 5 H),
3.11 (m, 4 H), 1.94 (m, 2 H), 1.6 (m,
5 H).
'H NMR (300 MHz, DMSO-ds, 80
°C): d ppm 8.97 (d, J = 1.5 Hz, 1 H),
8.78 (d,J = 4.5 Hz, 1 H), 8.25 (d, J
m/z: 499.24
N = 5.7 Hz, 2 H), 7.65 (m, 2 H), 7.58
[M+H]
I-4 . (m, 1 H), 7.45 (m, 1 H), 7.31 (d, J =
Rt (min):
3 9.0 Hz, 1 H), 6.55 (d,J =5.1 Hz, 1
' H), 5.02 (m, 1 H), 4.41 (p,J = 6.9
Hz, 1 H), 1.41 (d,J = 6.6 Hz, 3 H),
1.13 (m, 6 H).
'H NMR (300 MHz, DMSO- dy): &
/e 478.19 11.94 (s, 1 H), 821 (br s, 1 H)
m 11. S, , 8. rs, i
[M+H] PP
I-5 7.61-7.82 (m, 3 H), 7.45 (br d, J =
Rt (min):
st 8.50 Hz, 1 H), 7.26 (d, J = 8.79 Hz,
' 1 H), 6.45 (d, J = 5.86 Hz, 1 H),
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Cmpds LCMS” '"H NMR (300 MHz) & ppm
No
4.87-5.07 (m, 1 H), 4.17-4.30 (m, 1
H), 3.02-3.20 (m, 2 H), 2.00-2.15
(m, 1 H), 1.35-1.44 (m, 3 H), 0.77-
1.17 (m, 12 H).
'H-NMR (300 MHz, CDCl5): § ppm
11.57 (brs, 1 H), 8.23 (d, J = 4.95
Hz, 1 H), 7.70 (s, 1 H), 7.50 (d, J =
m/z: 448.10 | 2.19 Hz, 1 H), 7.41 (dd, J = 2.19,
[M+H]" 8.79Hz,1H)7.24(d,J =852Hz,1
Fo e (min): H), 6.56 (d,J = 5.22 Hz, 1 H), 6.05
121 (brd,J =7.95Hz, 1 H), 5.30 (m, 1
H), 4.30 (s, 2 H), 2.93 (br s, 3 H),
2.55 (m, 1 H), 1.59 (d, 3 H), 0.80 (m,
2 H), 0.63 (m, 2 H).
'HNMR (300 MHz, CDCl3): & ppm
11.79 (br s, 1 H), 7.74 (d,J = 6.0
Hz, 1 H), 7.71 (s, 1 H), 7.48 (d, J =
m/z: 372.16
N 2.2 Hz 1H),7.38 (dd, J=8.822
1-7 (MH , Hz, 1 H), 7.23-7.28 (m, 2 H), 7.75
Rt (min):
(brd,J=58Hz, 1H),5.63(d,J =
10> 6.0 Hz, 1 H), 5.20-5.35 (q, 1 H),
472 (brs, 1 H), 1.57 (d,J = 6.9 Hz,
3 H), 1.25 (s, 9 H).
m/z: 450.23
8 [M+H]'
Rt (min):
1.35
m/z: 356.11 | "H-NMR(300 MHz, d-DMSO, 90
- [M+H] °CY: & ppm 11.87 (br s, 1 H), 8.75 (br
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Cmpds LCMS” '"H NMR (300 MHz) & ppm
No
Rt (min): s, 1 H), 8.40 (brs, 1 H), 7.83 (s, 1
0.97 H), 7.74 (d, 1 H), 7.72 (br 5, 1 H),
7.49 (m, 1 H), 7.35 (m, 1 H), 6.10 (br
5,1 H), 5.22 (m, 1 H), 2.86 (m, 1 H),
1.53(d, 3 H), 0.79 (m, 2 H), 0.56 (m,
1 H), 0.47 (m, 1 H).).
m/z: 436.19
1-10 M+HY
Rt (min):
1.24
'HNMR (300 MHz, DMSO- ds, 80
°C): 6 ppm 8.18 (d,./ = 5.7 Hz, 1 H),
7.73 (s, 1 H), 7.66 (d,.J = 2.4 Hz, 1
m/z: 47626 | H),7.45(dd,J=2.1,8.7Hz, 1 H),
I-11 [M+H] 732(d,J=8.7Hz, 1 H),659(d,J
Rt (min): 1.4 | = 6.0 Hz, 1 H), 5.07 (m, 1 H), 4.46
(p,J=7.2Hz,1H), 1.46 (d,J =69
Hz, 3 H), 1.27 (m, 6 H), 0.97 (m, 1
M), 0.51 (m, 2 H), 0.31 (m, 2 H).
'HNMR (300 MHz, CDCls): & ppm
8.03 (brs, 1 H), 793 (brs, 1 H), 7.61
m/z: 420.08
. (brs, 1 H), 741 (brd,J = 8.50Hz, 2
I-12 (MH] H), 6.70 (brs, 1 H), 5.42 (br s, 1 H),
Rt (min):
0.98 4.03 (brs, 1 H), 3.83 (brs, 1 H), 3.46
(m, 2 H), 3.38 (m, 2 H), 1.55-1.71
(m, 3 H).
m/z: 476.08
1-13 [M+H]
Rt (min):
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Cmpds LCMS” '"H NMR (300 MHz) & ppm
No

1.32

m/z: 434.10
[M+H]"

Rt (min):
1.15

1-14

m/z: 450.16
[M+H]"

Rt (min):
1.35

I-15

'H NMR (300 MHz, CDCls): & ppm
11.16 (br s, 1 H), 8.18-8.27 (m, 1 H),
7.78 (s, 1 H), 7.52-7.57 (m, 1 H),
7.40-7.47 (m, 1 H), 7.31-7.39 (m, 1

m/z; 506.22
| H), 6.67 (br d,J = 5.86 Hz, 1 H),
I-16 [M+H]
5.31-5.40 (m, 1 H), 5.31 (s, 1 H),
Rt (min): 1.2
3.85-4.01 (m, 4 H), 3.50 (s, 1 H),
3.27-3.41 (m, 2 H), 3.24 (s, 2 H),
2.05 (s, 3 H), 1.67 (brd,J = 6.74 Hz,
3 H), 1.56 (br s, 4 H).
m/z: 394.10
[M+H]"
1-17
Rt (min):
0.85
"H NMR (300 MHz, CDCls): & ppm
m/z: 436.13 | 11.86 (brs, 1 H), 825 (brs, 1 H),
L8 [M+H]" 7.93(d,J =6.16 Hz, 1 H), 7.82 (s, 1
Rt (min): H), 7.57 (s, 1 H), 7.52 (d,J = 8.79
1.06 Hz,1 H), 7.24 (s, 1 H), 6.99 (br s,1

H), 6.71 (d,J = 5.87 Hz, | H) 5.43
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Cmpds LCMS” '"H NMR (300 MHz) & ppm
No
(m, 1 H), 2.97 (m, 2 H), 2.34 (m, 1
H), 1.74 (d,J = 7.04 Hz, 3 H), 1.07
(d,J = 6.45 Hz, 6 H)
'H NMR (300 MHz, CDCl): & ppm
11.22 (brs, 1 H), 7.90 (d,J = 5.86
m/z: 465.96 | Hz, 1 H), 7.68 (s, 1 H), 7.45 (s, 1 H),
[M+H]" 7.35(d, J= 8.51 Hz, 1 H), 7.17 (s,
ke (min): 1 H), 5.85 (d,J = 5.87 Hz, 1 H), 5.20
0.97 (m, 1 H) 3.32 (d,J = 6.45 Hz, 2 H),
2.84 (s, 3 H), 1.52 (d,J = 6.75Hz, 3
H), 1.32-1.42 (m, 6 H)
m/z: 436.18
120 [M+H]"
Rt (min):
1.23
m/z: 569.25
121 MHH]
Rt (min):
1.42

a. LCMS (mcthod 4),

Example 40 -- (S)-Methyl (2-((1-(6-chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)
pyrimidin-4-yl) carbamate (I-22).

N ) NaH/DMF N 0
|/j\ bl
Cl)\N/ a HzNJ\O/ A A A

Cl N™ 'N° O
H

DIEA/DMSO Cl\@(\r\

- N
11-1 H

H N7 o}
: |
N)\:Nj\NJ\O/
H H
O
1-22
Step-1: Methyl (2-chloropyrimidin-4-yl)carbamate.

[0217] To a solution of methyl carbamate (0.252 g, 3.36 mmol) in DMF (6.71 mL) at 0

°C was added 60% NaH (0.322 g, 6.71 mmol). The reaction mixture was stirred at room
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temperature for 30 minutes, then 2,4-dichloropyrimidine (0.5 g, 3.36 mmol) was added. The
reaction mixture was stirred at room temperature for 1 hour. Water (20 mL) was added, and
the aqueous phase was extracted with EtOAc (3 x 30 mL). The combined organic extracts
were washed with brine (30 mL) and dried over MgSO,. The volatiles were removed under
reduced pressure. The residue was taken up in DCM (2 mL), and a precipitate was filtered
off. Methyl (2-chloropyrimidin-4-yl)carbamate (0.153 g, 0.816 mmol, 24.30 % yield) was

isolated and used in the next step without further purification.

Step-2: ($)-Methyl (2-((1-(6-chloro-2-o0x0-1,2-dihydroquinolin-3-
yl)ethyl)amino)pyrimidin-4-yl) carbamate.

[0218] A solution of (8)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride
(0.207 g, 0.800 mmol), methyl (2-chloropyrimidin-4-yl)carbamate (0.15 g, 0.800 mmol) and
DIEA (0.838 mL, 4.80 mmol) in DMSO (2.67 mL) was heated to 130 °C for 5 hours. Water
(25 mL) was then added, and the resulting precipitate was removed by filtration and dried
under reduced pressure. The crude material was purified by column chromatography on SiO2
25¢g SNAP® column, eluted with 0% MeOH/DCM for 5 minutes, 0-10% MeOH/DCM for
25 minutes and 10% MeOH/DCM for 10 minutes) to provide (S)-methyl (2-((1-(6-chloro-2-
oxo0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-yl)carbamate (0.0017 g, 4.55 pumol,
0.569% yield). "H NMR (300 MHz, DMSO-ds): 3 ppm 11.94 (s, 1 H), 10.09 (s, 1 H), 8.08 (br
d,J=5.86Hz, 1H), 7.69-7.74 (m, 2 H), 7.46 (dd, J = §.94, 2.49 Hz, 1 H), 7.27 (d, J = 9.09
Hz, 1 H), 7.00 (d, /= 5.57 Hz, 1 H), 5.08-5.19 (m, 1 H), 3.63 (s,3H), 1.37(d,J=6.74 Hz, 3
H).

Example 41 -- (S)-1sopropy! (2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yl)ethyl)amino) pyrimidin-4-yl)carbamate (I-23).
B N* [¢]
N™™ Q _DIEATHF N O DIEADMSO ~ CI N )\\/j\ BN )\
Ao+ AT L AL S Sy

-1 N~ 0o
H
I-23

Step-1: Isopropyl (2-chloropyrimidin-4-yl)carbamate

[0219] To a suspension of 2-chloropyrimidin-4-amine (0.250 g, 1.930 mmol) in THF (4
mL) at room temperature were added DIEA (0.337 mL, 1.930 mmol) and isopropyl
carbonochloridate (0.236 g, 1.930 mmol). The reaction was stirred at room temperature for 7

hours then additional DIEA (0.337 mL, 1.930 mmol) and isopropyl carbonochloridate (0.236

132



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

g, 1.930 mmol) were added. The reaction mixture was stirred at room temperature for 60
hours. Water (5 mL) was added, and a precipitate was filtered off. The filtrate was diluted
with EtOAc (10 mL) and then washed with water (3 x 15 mL). The combined organic phases
were dried over MgSQy, and the volatiles were removed under reduced pressure. The crude
material was purified by chromatography on SiO2 (25 g SNAP® column eluted with
0%EtOAc/hexanes for 5 minutes then 0-30% EtOAc/hexanes for 15 minutes then 30%
EtOAc/hexanes for 15 minutes). Isopropyl (2-chloropyrimidin-4-yl)carbamate was isolated as

a white solid and was used in the next step without further purification.

Step-2: (S)-Isopropyl (2-((1-(6-chloro-2-o0x0-1,2-dihydroquinoelin-3-yl)ethyl)amino)

pyrimidin-4-yl)carbamate.

[0220] A solution of (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride 1I-
1 (0.060 g, 0.232 mmol), isopropyl (2-chloropyrimidin-4-yl)carbamate (0.05 g, 0.232 mmol)
and DIEA (0.243 mL, 1.391 mmol) in DMSO (1.546 mL) was heated to 120 °C for 16 hours.
Water (25 mL) was then added, and the resulting precipitate was filtered off and dried under
reduced pressure. The crude material was purified by column chromatography on SiO, (25 g
SNAP® column, eluted with 0% MeOH/DCM for 5 minutes, 0-10% MeOH/DCM for 25
minutes, and 10% McOH/DCM for 10 minutes). The product-containing fractions were
concentrated under reduced pressure to afford (S)-isopropyl (2-((1-(6-chloro-2-oxo0-1,2-
dihydroquinolin-3-yl)ethyl)amino) pyrimidin-4-yl)carbamate (0.0098 g, 0.024 mmol, 10.52%
yield). LCMS (Method 4): Rt 1.42 min; m/z: 402.05 [M+H] .

Example 42-- (S)-N-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)
pyrimidin-4-yl)-N-cyclopropyl-3-methylbutanamide (1-24).

[>—NH,

K,CO4 NaH, DMF

Cl)I\/NJ\CI /’\Ijl:j\ Cl/u\)\ mjl\/P\NM
cl”” N7 TNH A

_—-

: Né)\ j\)\
DIEA, DMSO Cl N HJ\\N Z

= N™ 0
-1 N

1-24

Step-1: 2-Chloro-N-cyclopropylpyrimidin-4-amine.
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[0221] A mixture of 2,4-dichloropyrimidine (1.98 g, 13.3 mmol, 1 equivalent) and
K2CO3 (2.2 g, 16 mmol, 1 equivalent) in 20 mL of DMF was treated with cyclopropylamine
(0.76 g, 13.3 mmol, 1 equivalent) and stirred overnight at room temperature. The reaction
mixture was then poured into 125 mL of water, and the resulting precipitate was collected to
afford the title compound (0.57 g, 25% yield) as a white solid. Concentration of the mother
liquor provided an additional 0.41 g (18% yield) of the desired product.

Step-2: N-(2-Chloropyrimidin-4-yl)- V-cyclopropyl-3-methylbutanamide.

[0222] In a dried 3-neck round bottom flask, a solution of 2-chloro-N-
cyclopropylpyrimidin-4-amine (254 mg, 1.5 mmol, 1 equivalent) in 3 mL of DMF was
cooled to 0 °C and then treated portionwise with NaH (60 wt% in oil, 72 mg, 1.8 mmol, 1.2
equivalents). After stirring at room temperature for 15 minutes, the solution was cooled to 0
°C, and 3-methylbutyryl chloride (196 mg, 1.65 mmol, 1.1 equivalents) was added. The
reaction was stirred overnight at room temperature and then quenched with water and an
aqueous solution of NaHCO3. Extraction with EtOAc (2 x) followed by flash silica gel
chromatography with hexane/EtOAc (85/15) provided the title compound (168 mg, 44%

yield) as a colorless resin.

Step-3: (8)-N-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-
yI)-N-cyclopropyl-3-methylbutanamide TFA salt (I-24).

[0223] A mixture of N-(2-chloropyrimidin-4-yl)-N-cyclopropyl-3-methylbutanamide
(168 mg, 0.66 mmol, 12 equivalents), (§)-3-(1-aminocthyl)-6-chloroquinolin-2(1#)-one
hydrochioride H-1 (142 mg, 0.55 mmol, 1 equivalent) and DIEA (141 mg, 1.1 mmol, 2
equivalents) in 1.1 mL of DMSO was heated in a sealed tube at 130 °C for 2.5 hours. The
reaction mixture was then poured into water and extracted twice with EtOAc. The combined
extracts were dried over NapSO4 and purified by reverse phase chromatography (40 g
Redisep C18) on an ISCO® chromatography system using a H20/0.1% TFA:ACN/0.1%TFA
gradient. An additional reverse phase chromatography (12 g RediSep CI18) purification
afforded the title compound (13.3 mg) as the TFA salt. 'H-NMR(300 MHz, CDCI3): & ppm
10.55 (br s, 1 H), 7.79 (m, 2 H), 7.57 (br s, 1 H), 7.41 (br dd, 1 H), 7.31 (br d, 1 H), 7.18 (br
d, 1 H), 5.55 (m, 1 H), 2.80 (m, 1 H), 2.64 (t, 2 H), 2.16 (m, 1 H), 1.62 (d, 3 H), 1.24 (m, 1
H), 1.02 (m, 1 H), 0.92 (dd, 6 H), 0.62 (m,1 H), 0.48 (m, 1 H). LCMS (Mcthod 3): Rt 6.2
min; m/z 440 [M+H]".
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Example 43 -- (§)-NV-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)
pyrimidin-4-yl)acetamide (I-25).

= X8
DIEA, DMSO cl ; N
N0 Nige!

H H
-1 -4 1-25

[0224] A solution of N-(2-chloropyrimidin-4-yl)acetamide IT1I-4 (172 mg, 1.0 mmol), (S)-
3-(1-aminoethyl)-6-chloroquinolin-2(1H)-on¢ hydrochloride 1I-1 (130 mg, 0.50 mmol) and
diisopropylethylamine (0.23 mL, 1.5 mmol) in DMSO (2.0 mL) was heated in a sealed tube
at 130 °C for 90 minutes. Once the color of the reaction mixture turned brown from bright
yellow, the mixture cooled to room temperature and diluted with EtOAc and water. The
organic layer was separated and washed with water and brine. After drying over sodium
sulfate, the solution was concentrated, and the residue was purified by column
chromatography on an ISCO® chromatography system (SiO, column: hexanes/EtOAc
gradient; 0-100% EtOAc) to afford the title compound as a foam. The product was dissolved
in a water and acetonitrile mixture and lyophilized to obtain pure product I-25 as white solid
(78 mg, 44% yicld). "H NMR (300 MHz, CDCl3): & 11.63 (br 5, 1 H), 8.22 (m, 2 H), 7.61 (s,
1 H), 7.36-7.40 (m, 2 H), 6.19 (br s, 1 H), 5.27 (m, 1 H), 2.14 (s, 3 H), 1.59 (d, J= 6.9 Hz, 3
H). LCMS (method 3,): Rt = 3.65 min, m/z = 358.1, 360.1 [M+H] ".

Example 44 -- {53-~-(2-{{1-(6-Chloro-2-ox0-1,2-dihydroguinelin-3-
yijethyDaminojpyrimidin-4-yi)-NV-neopeniylacetamide {1-26}.

N ‘e
NZ NH, KoCO3, THF, reflux /k\/j\ 1, NaH, DMF
PN 1 * cI” N7 ONH
Cl N Cl \\ﬁ 2, ACQO

LA

I-26

A e STy

N

Cl N N N 0
\\é 111 N

Step-1: 2-Chlore-N-neopentylpyrimidin-4-amine.
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[0225] A mixture of 2,4-dichloropyrimidine (3.00 g, 20.1 mmol), neopentylamine (3.1
mL, 26.2 mmol) and potassium carbonate (30.2 mmol) in THF (50 mL) was heated to reflux
for 6 hours. TLC showed the product and unreacted pyrimidine. The reaction was then
cooled to room temperature, filtered and concentrated to dryness. The residue was purified
by column chromatography on an ISCO® chromatography system (SiO, column: Hex/EtOAc
gradient;0 to 60% EtOAc) to afford the title compound as white solid (2.41 g, 60% yield). 'H
NMR (300 MHz, CDCl): § ppm 8.02 (brs, 1 H), 6.25(d, /= 6.0 Hz, 1 H), 5.31 (brs, I H),
3.02(brs, 2H) 098 (5,9 H).

Step-2: N-(2-Chloropyrimidin-4-yl)-N-neopentylacetamide.

[0226] At 0 °C, 60% NaH in oil (120 mg, 3 mmol) was added into a solution of 2-chloro-
N-neopentylpyrimidin-4-amine (500 mg, 2.50 mmol) in DMF (10 mL). After stirring for 10
minutes, acetic anhydride (0.47 mL, 5.0 mmol) was added, and the mixture was stirred at
room temperature overnight. Water was then added, and the mixture was extracted with
EtOAc. The organic layer was separated and washed with water and brine. After drying over
sodium sulfate, the solution was concentrated and purified by column chromatography on an
1SCO® chromatography system (SiO, column: hexanes/EtOAc gradient; 0-40% EtOAc) to
afford the title compound (466 mg, 77% yicld). 'H NMR (300 MHz, CDCL): & ppm 8.51 (d,
J=55Hz 1H),742(d,J=55Hz, 1 H), 398 (5,2 H),231(s,3 H), 0.84 (5, 9 H).

Step-3: (8y-N-{2-{({1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yhethyDaminopyrimidin-4-
yi)-NV-neopentylacetamide (1-26).

[0227] In a secaled tube, a mixture of N-(2-chloropyrimidin-4-yl)-N-neopentylacetamide
(120 mg, 0.5 mmol), (S)-3-(1-aminocthyl)-6-chloroquinolin-2(1#)-one hydrochloride II-1
(65 mg, 0.25 mmol) and diisopropylethylamine (0.13 mL, 0.75 mmol) in EtOH (2 mL) was
heated to 130 °C for 2 hours. Once MS and TLC showed completion of reaction, the reaction
mixture was cooled to room temperature and diluted with EtOAc and water. The layers were
separated, and the organic layer was washed with brine and dried over sodium sulfate. After
concentration, the resulting residue was purified by column chromatography on an 1SCO®
chromatography system (SiO; Column: hexanes/EtOAc gradient; 0-100% EtOAc) to afford
the title compound as pale yellow solid (24 mg, 22% yield). "H NMR (300 MHz, CDCl;):
ppm 11.32 (brs, 1 H), 8.23 (d, /=52 Hz, 1 H), 7.66 (s, 1 H), 7.48 (d,J =19 Hz, 1 H), 7.42
(dd,J=8.5,22Hz, 1 H),644 (d,J=5.2Hz, 1H),6.14 (d,J="7.7Hz, 1 H), 527 (m, 1 H),
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3.80-3.66 (m, 2 H), 2.11 (s, 3 H), 1.64 (d, J="7.1 Hz, 3 H), 0.65 (s, 9 H). LCMS (method 3):
Rt 4.56 min, m/z 428.2, 430.2 [M+H]".

Example 45 -- (8)-/V-(2-((1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yl)ethyl)amino)pyrimidin-4-yl)-2-(tetrahydro-2H-pyran-4-yl)acetamide (I-27).

HOm 1. Oxalyl chloride N;j\ o o DIEA, EtOH, 130 °C = )NI\\ 0] O
O i o SN
x
0 O 2 NaH, DMF Cl)\\N N I-1 Kj(jf’ﬁ NN

g a
Cl)\\N NH, Cmpd 27

Step-1: 2-(Tetrahydro-2H-pyran-4-yl)acetylchloride.

Cl
T

[0228] To an ice-cold solution of 2-(tetrahydro-2H-pyran-4-yl)acetic acid (150 mg, 1.0
mmol) in 3 mL of CH,Cl, was added oxalyl chloride ( 0.11 mL, 1.2 mmol) followed by
addition of one drop of DMF. The reaction mixture was allowed to warm to a room
temperature over 4 hours, then concentrated to dryness under reduced pressure and kept on a
high vacuum line for an hour. The crude mixture was used in the next step without further

purification.

Step-2: N-(2-chloropyrimidin-4-yl)-2-(tetrahydro-2 H-pyran-4-yl)acetamide.
SR Ve,
s
Cl N N
H

[0229] To an ice-cold solution of 2-chloropyrimidin-4-amine (112 mg, 0.86 mmol) in 3
mL of DMF was added 60% NaH in oil (70 mg, 1.7 mmol), and the reaction mixture was
stired at 0 °C for 30 minutes. A solution of crude 2-(tetrahydro-2H-pyran-4-
ylacetylchloride in DMF was added dropwise to the reaction mixture. The solution was
allowed to warm to room temperature overnight. The reaction was then quenched with
NaHCOs (saturated aqueous solution) and extracted with EtOAc. The organic layer was dried
over Na;SO,, filtered and concentrated to dryness under reduced pressure. The crude was
purified by column chromatography using an ISCO® chromatography system (12 g normal
phase (SiO7) column, eluted with an EtOAc/hexanes gradient ) to afford the title compound
(108 mg, 40% yield for 2 steps).
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Step-3: (8)-V-(2-((1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-
yl)-2-(tetrahydro-2H-pyran-4-yl)acetamide (I-27).

[0230] A  mixture containing N-(2-chloropyrimidin-4-yl)-2-(tetrahydro-2 H-pyran-4-
ylDacetamide (104 mg, 0.41 mmol), {S5}-3-(1-aminocthyl}-6-chloroquinolin-2(1#H)-one
hydrochloride 1I-1 (104 mg, 0.41 mmol) and DIEA (0.145 mL, 0.82 mmol) in 2 mL of
anhydrous EtOH (200 proof) was microwaved at 140 °C for 4 hours. The reaction mixture
was concentrated to dryness  under reduced pressure and purified by column
chromatography on an 1SCO® chromatography system using 12 g normal phase (SiO,)
column and eluted with an EtOAc/CH,Cl, gradient, to afford the title compound 27 (50 mg,
28% yield). 'H NMR (300 MHz, DMSO-ds): & ppm 11.97 (s, 1 H), 1021 (s, 1 H), 8.12 (4,
J=55Hz, 1H), 775, 1 H),7.73 (d, J=2.46 Hz, 1 H), 7.48 (dd, J=8.79, 2.46 Hz, 1 H),
7.32(d, J=28.79 Hz), 7.25 (d, J = 5.8 Hz, 1 H), ovcrlapped with br singlct 7-25-7.35 (br s, 1
H), 5.20 (quintet, 1 H), 3.75-3.85 (m, 2 H), 3.20-3.35 (m, 2 H), 2.31 (m, 2 H), 1.85-2.0 (m,
1 H), 1.45-1.60 (m, 2 H), 1.41 (d, /=69 Hz, 3 H), 1.1-1.3 (m, 2 H). LCMS (Method 3): Rt

4.25 min; m/z 442.2/444.2 (Cl1-pattern) [M+H]+.

Example 46 -- ($)-/NV-(2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yDethyl)amino)pyrimidin-4-yl)-N-cyclopropylacetamide (I-28).

NaH, DMF A 111 ” o A

Q = N¢j\ (o]
N™™ (e} H |
N™™S Cl/Lk |/j\ DIEA, DMSO Cl PN J
Cl)l\/Nj\NH C'/I\N/ NJ\ mm 1

Step-1: N-(2-Chloropyrimidin-4-yl)-/V-cyclopropylacetamide.

[0231] In a dried 3-neck round bottom flask, a solution of 2-chloro-N-
cyclopropylpyrimidin-4-amine (secc Example 9, 410 mg, 2.4 mmol, 1 cquivalent) in 5 mL of
DMF was cooled to 0 °C and then treated portionwise with NaH (60 wt% in oil, 116 mg, 2.9
mmol, 1.2 equivalents). After stirring at room temperature for 15 minutes, the solution was
cooled to 0 °C, and acetyl chloride (210 mg, 2.6 mmol, 1.1 equivalents) was added. The

reaction was stirred overnight at room temperature, and then quenched with water and an

138



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

aqueous solution of NaHCO3. Extraction with EtOAc (2 x) followed by flash silica gel

chromatography with toluenc/EtOAc (85/15) provided the title compound (310 mg, 44%
yield) as a colorless thick liquid.

Step-2: (8)-N-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-
yl)-N-cyclopropylacetamide (I-28).

[0232] A mixture of N-(2-chloropyrimidin-4-yl)-N-cyclopropylacetamide (100 mg, 0.48
mmol, 1.2 equivalents), {$)-3-(1-aminoethyl}-6-chloroquinolin-2{1#)-one hydrochloride #i-1

(92 mg, 0.36 mmol, 1 equivalent) and DIEA (93 mg, 0.72 mmol, 2 equivalents) in 2.5 mL of

EtOH was heated in microwave at 130 °C for 2 hours. Following removal of the solvent by
rotary evaporation, the crude residue was purified by silica gel chromatography
(EtOAc/hexane, 85/15). The pure fractions were combined and lyophilized from ACN/water
to provide the title compound (9.5 mg) as a white solid. 1H NMR(300 MHz, CDCI3): 6 ppm
11.35 (br s, 1 H), 8.14 (d,J = 5.76 Hz, 1 H), 7.71 (s, 1 H), 7.51 (d, J = 2.19 Hz, 1 H) 7.40
(dd,J=12.19,8.79 Hz, 1 H), 7.25 (d, 1 H), 6.80 (br s, 1 H), 5.32 (m, 1 H), 2.87 (m, 1 H), 2.31
(s, 3 H), 1.61 (d, 3 H), 1.02 (m, 1 H), 0.87 (m, 1 H), 0.56 (m, 1 H), 0.46 (m, 1 H). LCMS
(Method 3), Rt 3.65 min., m/z 398 [M+H] .

Example 47 -- (§)-N-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)
pyrimidin-4-yl)-2-methoxyacetamide (I-32).

1. NaH, DMF

= N 0]
Nél 2. CICOCH,0Me )le j\/o DIEA, EtOH, 130 °C cl N NJ\\/Nj\NJ\/O\
>
C|)\\N NH, o] N H ~ \©fj:o\H H

111 N
H

1-32

Step-1: N-(2-Chloropyrimidin-4-yl)-2-methoxyacetamide.

[0233] To an ice-cold solution of 2-chloropyrimidin-4-amine (410 mg, 3.2 mmol) in 6
mL of DMF was added 60% NaH in oil (152 mg, 3.8 mmol) and the reaction mixture was
stirred at 0 °C for 30 minutes. Neat 2-methoxyacetyl chloride (0.38 mL, 0.42 mmol) was then
added dropwise and the reaction was allowed to warm to a room temperature overnight. The
reaction was quenched with NaHCO; (saturated aqueous solution) and then extracted with
EtOAc. The organic layer was dried over Na,SOy, filtered and concentrated to dryness under

reduced pressure. The crude product was purified by column chromatography on an ISCO®
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chromatography system using 40 g normal phase (SiO;) column with a gradient elution of

EtOAc in CH,Cl, to obtain the title compound (210 mg, 33% yield).

Step-2: (8)-N-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl)amino)pyrimidin-4-
yl)-2-methoxyacetamide (I-32).

[0234] A mixture containing N-(2-chloropyrimidin-4-yl)-2-methoxyacetamide (150 mg,
0.75 mmol), (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-1 (150 mg,
0.58 mmol) and DIEA (0.2 mL, 1.2 mmol) in 2.5 mL of anhydrous EtOH (200 proof) was
microwaved at 130 °C for 2 hours and 30 minutes. The reaction mixture was concentrated to
dryness under reduced pressure and purified twice by column chromatography on an ISCO®
chromatography system using 12 g normal phase (SiO;) “gold” column with a gradient
elution of EtOAc in CH,Cl,, to afford 25 mg (11% yield) of the title compound 32. |H NMR
(300 MHz, CDCl3): d ppm 11.47 (s, 1 H), 8.54 (s, 1 H), 8.21 (m, 1 H), 7.68 (s, 1 H), 7.51
(m, 1 H), 7.40-7.45 (m, 2 H), 7.20-7.30 (m, 1 H, overlapping with CDCls signal), 6.02 (d, J
=825 Hz, 1 H), 5.30 (quintet, 1 H), 3.97 (s, 2 H), 3.46 (s, 3 H), 1.50 (m, 3 H overlapping
with water signal). LCMS (Method 3), Rt 4.04 min. m/z 388.1 [M+H]+.

Table 5: The examples listed in Table 5 were prepared using methods similar to those

described for the preparation of 1-22-1-28 and I-32.

1-22 1-23 1-24
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1-25

1-27

1-28

{
%,
1}}

'/

rwrirord

rooees.

4
*,
A

I-31

1-33

1-34

1-35

Table 6. LCMS signal and NMR chemical shifts for each compounds listed in Table 5.
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
'H NMR (300 MHz, DMSO-ds): 8 ppm 11.94 (s, 1 H),
m/z: 373.9739 10.09 (s, 1 H), 8.08 (br d, J = 5.86 Hz, 1 H), 7.69-7.74
122 | [M+H]' (m, 2 H), 7.46 (dd, J = 8.94, 249 Hz, 1 H), 7.27 (d, J

Rt (min): 0.96

= 9.09 Hz, 1 H), 7.00 (d, J = 5.57 Hz, 1 H), 5.08-5.19
(m, 1 H), 3.63 (s, 3 1), 1.37 (d,J = 6.74 Iz, 3 H)

m/z: 402.05
1-23 [M+H]
Rt (min): 1.19
'H-NMR(300 MHz, CDClLs):  ppm 10.55 (br s, 1 H),
7.79 (m, 2 H), 7.57 (br s, 1 H), 7.41 (br dd, 1 H), 7.31
m/z: 440.18 (brd, 1 H), 7.18 (br d, 1 H), 5.55 (m, 1 H), 2.80 (m, 1
124 | [M+H]' H), 2.64 (t, 2 H), 2.16 (m, 1 H), 1.62 (d, 3 H), 1.24 (m,
Rt (min): 1.42 1 H), 1.02 (m, 1 H), 0.92 (dd, 6 H), 0.62 (m,1 H), 0.48
(m, 1 H).
"H NMR (300 MHz, CDCls): 8 ppm 11.63 (br s, 1 H),
m/z: 358.0807
. 8.22 (m, 2 H), 7.61 (s, 1 H), 7.36-7.40 (m, 2 H), 6.19
125 | [M+H]
_ (br s, 1H),5.27 (m, 1 H),2.14 (s, 3 H), 1.59 (d, J =
Rt (min): 0.95
6.9 Hz, 3 H).
'H NMR (300 MHz, CDCls): & ppm 11.32 (br s, 1 H),
8.23(d,J=52Hz, 1 H),7.66 (s, 1 H),7.48 (d,J = 1.9
m/z: 428.11
. Hz, 1 H), 7.42 (dd,J = 8.5,2.2 Hz, 1 H), 6.44 (d, J =
1-26 | [M+H]
52 Hz, 1 H), 6.14 (d,J = 7.7 Hz, 1 H), 5.27 (m, 1 H),
Rt (min): 1.34
3.80-3.66 (m, 2 H), 2.11 (s, 3 H), 1.64 (d,J = 7.1 Hz, 3
H), 0.65 (s, 9 H).
. m/z: 442.05 'HNMR (300 MHz, DMSO-ds): & ppm 11.97 (s, 1 H),
[M+H]' 10.21 (s, 1 H),8.12 (d, J=5.5Hz, 1 H), 7.75 (s, 1 H),
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
Rt (min): 1.059 | 7.73(d, J =2.46 Hz, 1 H), 7.48 (dd, J = 8.79, 2.46
Hz, 1 H), 7.32 (d, J = 8.79 Hz, 1 H), 7.25 (d,J = 5.8
Hz, 1 H), overlapped with br singlet 7.25-7.35 (br s, 1
H), 5.20 (quintet, 1 H), 3.75-3.85 (m, 2 H), 3.20-3.35
(m, 2 H), 2.31 (m, 2 H), 1.85-2.0 (m, 1 H), 1.45-1.60
(m, 2 H), 1.41(d,J = 6.9 Hz, 3 H), 1.1-1.3 (m, 2 H).
"H-NMR(300 MHz, CDCls): 8 ppm 11.35 (br s, 1 H),
8.14(d,J=5.76Hz, 1 H), 7.71 (s, l H), 7.51(d, J =
m/z: 398.07
A 2.19Hz, 1 H) 7.40 (dd, J = 2.19, 8.79 Hz, 1 H), 7.25
1-28 | [M+H] , , ,
) (d, 1H), 6.80 (br s, 1 H), 5.32 (m, 1 H), 2.87 (m, 1 H),
Rt (min): 1.12
2.31(s,3 H), 1.61 (d, 3 H), 1.02 (m, 1 H), 0.87 (m, 1
H), 0.56 (m, 1 H), 0.46 (m, 1 H).
"H NMR (300 MHz, DMSO-d;): & ppm 11.97 (s, 1 H),
10.53 (s, 1 H), 8.12 (d, J=522Hz, 1 H), 7.75 (s, 1
m/z: 383.99 H), 7.73 (d, J =246 Hz, 1 H), 7.48 (dd, 1 =8.79,
1-29 [M+H]" 2.46 Hz, 1 H), 7.30 (d,J = 8.79 Hz, 1 H) overlapping
Rt (min): 1.07 with br singlet 7.25-7.35 (br s, 1 H), 7.20 (d, J = 5.49
Hz, 1 H), 5.20 (quintet, 1 H), 2.10 (quintet, 1 H), 1.40
(d, J = 6.6 Hz, 3 H), 0.75-0.85 (m, 4 H).
'H NMR (300 MHz, CDCL:): & ppm 11.27 (br s, 1 H),
8.31(d,J = 5.1 Hz, 1 H), 7.66 (s, 1 H), 7.50 (m, 1 H),
m/z: 414.09
. 7.45 (m, 1 H), 7.27-7.24 (m, 1 H), 6.36 (d, J = 5.0 Hz,
I-30 [M+H] , ,
' 1 H), 6.27 (m, 1 H), 5.25 (br s, 1 H), 1.69-1.57 (m, 6
Rt (min): 1.29
H), 1.33 (s, 9 H).
'H NMR (300 MHz, CDCLs): & ppm 11.13 (br s, 1 H),
m/z: 400.13
| 8.21(d,J = 5.5Hz, 1 H), 7.82 (m, 1 H), 7.62 (m, 1 H),
I1-31 [M+H]

Rt (min): 1.2473

7.45-7.41 (m, 2 H), 7.25-7.19 (m, 1 H), 6.00 (brs, 1
H), 5.28 (m, 1 H), 2.20-2.16 (m, 3 H), 1,60-1.58 (m, 6
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
H), 0.95 (d,J = 6.1 Hz, 6 H).
'H NMR (300 MHz, CDCl;): & ppm 11.54 (br s, 1 H),
m/z: 388.06 8.5 (s, 1 H), 8.21-8.23 (m, 1 H), 7.68 (m, 1 H), 7.51
1-32 | [M+H] (m, 1 H), 7.40-7.42 (m, 2 H), 7.25 (m, 1 H), 6.00 (br s,
Rt (min): 1.0414 | 1 H), 5.31 (m, 1 H), 4.00 (m, 2 H), 3.46 (m, 3 H), 1.61
(m, 3 H).
'H NMR (300 MHz, DMSO-ds): & ppm 11.97 (s, 1 H),
10.16 (s, 1 H), 8.12 (d, J =522 Hz, 1 H), 7.75 (s, 1
m/z: 372.12 H), 7.73 (d, J = 2.46 Hz, 1 H), 7.48 (dd, .J = 8.79,
1-33 [M+H]' 246 Hz, 1 H), 7.30 (d,J = 8.79, 1 H) overlapping with
Rt (min): 1.03 br singlet 7.2-7.3 (br s, 1 H), 7.25 (d,.J = 5.5 Hz, 1 H),
5.20 (quintet, 1 H), 2.40 (q, 2 H), 1.40 (d,.J = 6.9, 3
H), 1.00 (t, J = 7.4 Hz, 3 H).
m/z: 414.26
1-34 [M+H]
Rt (min): 1.27
m/z: 44024
I-35 [M+H]"
Rt (min): 1.45

a. LCMS (method 4)

Example 48 -- (5)-2-((1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-

methoxypyrimidine-5-carbonitrile (I-36).
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[0235] To a solution of 2-chloro-4-methoxypyrimidine-5-carbonitrile (65.4 mg, 0.386
mmol) and (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-1 (100 mg,
0.386 mmol) in DMSO (0.60 mL) was added DIEA (0.135 mL, 0.772 mmol). The solution
was stirred at 110 °C for 4 hours. Once LCMS analysis indicated that most starting material
was consumed, the mixture was diluted with DCM and washed with water (2 x) and brine (1
x). The organic extract was dried over Na,SQ., filtered, and evaporated under reduced
pressure. The crude material was purified by column chromatography on Biotage™
chromatography system (eluted with 0-80% EtOAc in hexanes) to provide the title compound
36 (34.1 mg, >95% HPLC pure @ 220 nm, 26% yield). "H NMR (300 MHz, DMSO-dj, at
120 °C): 6 ppm 11.65 (br s, 1 H), 8.42 (s, 1 H), 8.20 (br s, 1 H), 7.79 (s, 1 H), 7.68 (s, 1 H),
7.45 (d, J = 8.8 Hz,1 H), 7.33 (d, J = 8.8 Hz,1 H), 532 (m, 1 H), 3.94 (s, 3 H), 1.50 (d, J =
6.3 Hz, 3 H). LCMS (Method 1): Rt: 2.31 min; m/z: Calculated for C;;H14CINsO,: 355.78;
found: 356.00 [M+H]".

Example 49 -- (§5)-2-((1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-
methylpyrimidine-5S-carbonitrile (I-39).

H N Br
Br  DIEA, DMSO z
O T 2 e e
Py _ N7N
Cl” °N H
N" 0 NS0
H
111
- N~ ™~ CN
Pdy(dba)g, dppf  Cl NN
[ ee%
Zn(CN),, DMF u 0
-39

Step-1: (8)-3-(1-((5-bromo-4-methylpyrimidin-2-yl)amino)ethyl)-6-chloroquinolin-
2(1H)-one.

[0236] A mixture of 5-bromo-2-chloro-4-methylpyrimidine (440 mg, 2.122 mmol) and
(5)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride (500 mg, 1.930 mmol) was
dissolved in DMSO (3 mL) and DIEA (5.79 mmol, 748 mg, 1 mL) and the solution was
stirred at 110 °C for 12 hours. Once LCMS indicated most of the starting material was
consumed, the mixture was cooled to room temperature and stirred for 2 days. The solution
was then diluted with water and extracted with DCM (2 x). The extracts were dried

(Na,S0,), filtered, and evaporated under reduced pressure. The crude material was purified
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by silica gel chromatography on a Biotage® chromatography system (eluted with 0-80%
EtOAc/Hexanes) on 50 g column to afford (S)-3-(1-((5-bromo-4-methylpyrimidin-2-
yl)amino)ethyl)-6-chloroquinolin -2(1H)-one (635 mg, 84% yield). 'H NMR (300 MHz,
DMSO-dg): 0 ppm 11.94 (s, 1 H), 8.13-8.29 (m, 1 H), 7.66-7.88 (m, 2 H), 7.46 (dd, J = 8.79,
2.35 Hz, 1 H), 7.20-7.32 (m, 1 H), 5.08 (br s, 1 H), 2.17-2.37 (m, 3 H), 1.25-1.46 (m, 3 H).
LCMS (Method 1): Rt 2.59 min, m/z 395.84 [M+H] .

Step-2: (85)-2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-methyl
pyrimidine-5-carbonitrile (I-39).

[0237] A mixture of Pd,(dba)s (11.63 mg, 0.013 mmol), dppf (14.0 mg, 0.025 mmol),
(8)-3-(1-((5-bromo-4-methylpyrimidin-2-yl)amino)ethyl)-6-chloroquinolin-2(1 H)-one (635
mg, 1.613 mmol) and dicyanozinc (379 mg, 3.23 mmol in DMF, 30 mL) was purged with
nitrogen for 10 minutes. The mixture was then heated to 120 °C overnight. Once LCMS
showed 50% conversion, the volatiles were removed under vacuum. Water was added to the
resulting residue, and solids were removed by filtration. The crude material was purified by
silica gel chromatography on a Biotage® chromatography system (25 g column eluted with
10-100% EtOAc/Hexanes) afforded ((S)-2-((1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-methylpyrimidine-5-carbonitrile (517 mg, 94% yicld) 'H NMR (300
MHz, DMSO-ds): 6 ppm 11.98 (s, 1 H), 8.46-8.74 (m, 2 H), 7.67-7.89 (m, 2 H), 7.18-7.53
(m, 2 H), 5.08-5.42 (m, 1 H), 2.14-2.45 (m, 3 H), 1.25-1.50 (m, 3 H). LCMS (Method 1): Rt
2.35 min, m/z 340.96[M+H] .

Example 50-- (5)-2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-
cyclopropylpyrimidine-5-carbonitrile (1-40).

N
ZN //N = N™ X
N PdClx(dppf) N DIEA, DMSO P
L LA —— SO
clI”oNT el S Ccl” N H
Zn Br ” 0]
|4

-40

Step-1: 2-chloro-4-cyclopropylpyrimidine-S-carbonitrile.
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[0238] A mixture of 24-dichloropyrimidine-5-carbonitrile (600 mg, 3.45 mmol),
PdCI2(dppf) (126 mg, 0.172 mmol) in THF (15 mL) was purged with N2 for 10 minutes. To
the deoxygenated solution was added cyclopropylzinc (II) bromide (13.79 mL, 6.90 mmol).
The mixture was heated to reflux overnight. The reaction mixture was cooled and diluted
with ethyl acetate then was washed with water, dried and concentrated. The crude material
was purified by chromatography on a Biotage® using a 25 g silica gel column eluted with 0-
25% EtOAc /Hexanes to afford 2-chloro-4-cyclopropylpyrimidine-5-carbonitrile(34 mg,
5.5%). 1H NMR (300 MHz, CHLOROFORM-d) & ppm 8.59 (s, 1 H), 2.21 - 2.47 (m, 1 H),
1.29 - 145 (m, 3 H), 0.58 - 092 (m, 1 H). LCMS (Method 1): Rt 2.00 min, m/z
180.97[M+H]+.

Step-2: (5)-2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-

cyclopropylpyrimidine-5-carbonitrile.

N
= NT ~
: |
cl N
H
N (6]
H

[0239] A mixture of 2-chloro-4-cyclopropylpyrimidine-5-carbonitrile (35 mg, 0.195
mmol) and (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1/)-one hydrochloride (50.5 mg, 0.195
mmol) was dissolved in DMSO (1 mL) and DIEA (50.4 mg, 0.390 mmol) and the solution
was stirred at 110 °C for 12 hours. Once LCMS indicated most starting material was
consumed, the mixture was cooled to room temperature and stirred 2 days. The solution was
diluted with water and extracted with DCM (2 x). The extracts were then dried (Na;SOy),
filtered, and evaporated under reduced pressure. The crude material was purified by HPLC to
afford (8)-2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-
cyclopropylpyrimidine-5-carbonitrile 1-40 (12 mg, 16.8% yield). 'H NMR (300 MHz,
DMSO-ds): § ppm 11.96 (br s, 1 H), 8.34-8.56 (m, 1 H), 7.55-7.79 (m, 2 H), 7.44 (dt, J =
8.79,2.20 Hz, 1 H), 7.25 (d, J = 8.79 Hz, 1 H), 4.95-5.17 (m, 1 H), 1.84-2.19 (m, 1 H), 1.34
(d,J =7.04 Hz, 3 H), 0.96-1.20 (m, 2 H), 0.47-0.93 (m, 2 H). LCMS (Method 1): Rt 2.51
min, m/z 366.92 [M+H]".

Example 51 — (S)-2-((1-(6-chloro-1-methyl-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-

4-methoxypyrimidine-5-carbonitrile (I-41)
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: 1 NaH, Mel, THF Cl N N P
NSo N0
H
1-36 1-41

To a solution of (S)-2-((1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-
methoxypyrimidine-5-carbonitrile (I-36) (118 mg, 0.33 mmol) in THF (6 ml) was added
sodium hydride (60%, 13.3 mg, 0.33 mmol) at ice cold temperature. The resultant mixture
was stirred at 0 °C for 1 h. Mcthyl iodide (0.042 ml, 0.66 mmol) was added to the reaction
and stirred at ice cold temperature for 1 h. The reaction was allowed to warm up to room
temperature and stirred overnight. Saturated ammonium chloride solution was added to the
reaction and extracted with ethyl acetate. The organic extract was dried over Na,SQy, filtered,
and evaporated under reduced pressure. The crude material was purified on ISCO (510;:0-
50% ethyl acetate in hexanes) to give the title compound I-41 (90 mg, 74%). 'H NMR (300
MHz, DMSO-dg, at 120 °C): 6 8.40 (s, 1 H), 8.12 (br s, 1 H), 7.81 (s, 1 H), 7.73 (s, 1 H),
7.65-7.44 (m, 2 H), 5.50-5.25 (m, 1 H), 3.93 (s, 3 H), 3.66 (s, 3 H), 1.51 (d, /= 6.6 Hz, 3 H).
LCMS (Method 3): Rt 5.46 min, m/z 370.1 (M+H) .

Table 7: The Compounds listed in Table 7 were prepared using methods similar to those

described for the preparation of 1-36 and 1-39--1-41.

I-36 1-37 I-38
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1-39

1-40 1-41

Table 8. LCMS signal and NMR chemical shifts for each compounds listed in Table 7.

Cmpds LCMS’ '"H NMR (300 MHz) & ppm
No
'H NMR (300 MHz, DMSO-dj, at 120
m/z: 355.92 | °C): d ppm 11.65 (br s, 1 H), 8.42 (s, 1
136 [M+H]" H), 8.20 (brs, 1 H), 7.79 (s, 1 H), 7.68
Rt (min): (s, 1 H), 7.45 (d,J = 8.8 Hz,1 H), 7.33
1.32 (d,J = 8.8 Hz,1 H), 5.32 (m, 1 H), 3.94
(s, 3H),1.50 (d,J = 6.3 Hz, 3 H)
'H NMR (300 MHz, CDCL): & ppm
m/z: 341.03 | 11.42 (br s, 1 H), 8.11 (br s, 1 H), 7.51-
. [M+H]" 7.64 (m, 1 H), 7.43 (br s, 1 H), 7.32 (br
Rt (min): d,J=2821Hz, 1H),7.14-7.22 (m, 2 H),
1.0295 6.58-6.82 (m, 1 H), 5.14-5.39 (m, 2 H),
1.53 (br d,J = 6.45 Hz, 3 H).
'H NMR (300 MHz, CDCLs): & ppm
11.60 (br s, 1 H), 7.57 (s, 1 H), 7.43 (s, 1
m/z: 354.07
MHHT H), 7.34-7.41 (m, 1 H), 7.27 (dd, J =
1-38 8.65, 3.08 Hz, 2 H), 5.90 (br d, J = 7.04
Rt (min): ;
37 Hz, 1 H), 5.58 (d,.J = 8.21 Hz, 1 H),
5.33-5.46 (m, 1 H), 2.77 (d, J = 4.69 Hz,
3 H), 1.53 (br d, J = 7.04 Hz, 3 H).
1-39 m/z: 339.95 | "HNMR (300 MHz, DMSO-ds): & ppm
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
[M+H]" 12.40 (br 5, 1 H), 8.38 (s, 1 H)7.68 (s. 1
Rt (min): H), 7.52 (s, 1 H), 7.43 (dd,J = 2.6 Hz, J
132 = 8.5 Hz, 1 H), 7.32 (d,J = 8.48Hz, 1

H),7.33 (d,J = 8.8 Hz,1 H), 5.32 (m, 1
H), 3.94 (s, 3H),1.50 (d, J = 6.3 Hz, 3
H)

'H NMR (300 MHz, DMSO-ds): & ppm
m/z: 366.02 | 11.96 (br s, 1 H), 8.36-8.48 (m, 2 H),

140 [M+H]" 7.68 (m, 1 H), 7.61 (s, 1 H), 7.42(m, 1
Rt (min): H), 7.25 (d,J = 8.7 Hz,1 H), 5.01-5.16
1.42 (m, 1 H), 1.94-2.00 (m, 1 H),1.5 (d, J =

7.03 Hz, 3 H), 0.52-1.20 (m, 4 H).

"H NMR (300 MHz, DMSO-d,, at 120

m/z: 370.1 C): 58.40 (s, 1 H), 8.12 (br s, 1 H), 7.81
°C): 0 8.40 (s, , 8. IS, 5 1.
[M+H]"
1-41 (s, 1 H), 7.73 (s, 1 H), 7.65-7.44 (m, 2
Rt (min):
<47 H), 5.50-5.25 (m, 1 H), 3.93 (s, 3 H),

3.66 (s, 3 H), 1.51 (d, J = 6.6 Hz, 3 H).

a. LCMS (method 4)

Example 52 --(S)-3-(2-(((5)-1-(6-Chloro-2-o0x0-1, 2-dihydroquinolin-3-yl) ethyl) amino)
pyrimidin-4-yl)-4-isopropyloxazolidin-2-one (I-42).

B DIEA, DMSC
C'\Q\/I@NHZHQ . ):j\ 130°C, 2h cl N N)\/j\ /lL
g A
-1 -5 1-42
[0240] To a mixture of (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride
II-1 (95 mg, 0.367 mmol) and (S)-3-(2-chloropyrimidin-4-yl)-4-isopropyloxazolidin-2-one
HI-5 (177 mg, 0.734 mmol) in DMSO (2 mL) was added DIEA (126 uL, 0.734 mmol) at
room temperature. The resulting mixture was heated to 130 °C for 2 hours. After TLC and
LCMS showed completion of reaction, the mixture was cooled to room temperature and
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diluted with EtOAc (30 mL). The organic layer washed with water (3 x 20 mL), dried over
anhydrous Na2SOs, filtered and evaporated to dryness. The resulting residue was purified by
column chromatography on an ISCO®™ chromatography system (SiO2 column: eluted with
hexanes/EtOAc; 0-100% EtOAc) to afford the title compound i-42 as an off-white solid (25
mg, 16% yield). '"H NMR (300 MHz, DMSO-dj): & ppm 11.97 (br s, 1 H), 8.23 (d, J = 6.0
Hz, 1 H), 7.75 (d,J=2.2Hz, 1 H), 7.60 (br s, 1 H), 749 (d,J=2.2Hz, 1 H), 745 (d,J = 2.2
Hz,1 H), 7.31 (d,J=8.8 Hz, 1 H), 7.24 (d, J = 5.8 Hz, 1 H), 4.90-5.05 (m, 1 H), 4.21-4.44
(m, 3 H), 1.60-1.75 (m, 1 H), 1.41 (d, J= 6.8 Hz, 3 H), 0.25-0.95 (m, 6 H). LCMS (Method
3): Rt 4.32 min, m/z 428.1 [M+H]".

Example 53 -- {§}-3-2-{(({&)-1-{6-Chloro-2~-0x0-1,2-dihydroquinolin-3-yljethyDhamine)
pyrimidin-4-yl)-4-isopropyloxazslidin-2-one (1-43}.

DIEA, DMSO N7 o
C'\@%NHZHQ . )\/j\ )J\ 130°C. 2 Cl\@\/ﬁ}NJ\\N l N/lLO
N H S\ —/
H \| (S ” ° _\

11-2 -5 1-43

[0241] To a mixture of 1I-2 (93 mg, 0.359 mmol) and IHI-5 (173mg, 0.719 mmol) in
DMSO (2 mL), was added DIEA (123 pL, 0.719 mmol) at room temperature. The resulting
mixture was then heated at 130 °C for 3 hours. Once TLC and MS showed completion of
reaction, the reaction mixture was cooled to room temperature and diluted with EtOAc (30
mL). The organic layer was washed with water (3 x 20 mL), dried over anhydrous Na2SOa,
filtered, and evaporated to dryness. The resulting residue was purified by column
chromatography on an ISCO® chromatography system (Gold column, SiOz: Hex/EtOAc
gradient, 0-100% EtOAc) to afford the title compound 43 as a white solid (38 mg, 25%
yield). '"H NMR (300 MHz, DMSO-ds): & ppm 11.95 (br s, 1 H), 8.19 (d, J = 5.5 Hz, 1 H),
7.74 (d,J=2.5Hz, 2 H), 7.49 (dd, J=8.5,2.2 Hz, 1 H), 7.30 (d, J=2.2 Hz, 1 H), 7.30 (d, J
=88 Hz, 1 H), 7.24 (d, J= 5.5 Hz, 1 H), 4.95-5.15 (m, 1 H), 4.21-4.40 (m, 3 H), 1.39 (J =
6.6 Hz,3 H),0.93 (d,J="7.1 Hz, 3 H), 0.76 (d, J = 6.8 Hz, 3 H). LCMS (Method 3): Rt 4.53
min, m/z 428.1 [M+H]".
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Example 54 -- (§}-3-(2-({(1-(6-Chlore-2-ox0-1,2-dihvdrequinolin-3-ylethyamino)
pyrimidin-4-yloxazolidin-2-one (1-44).

= - N/ fo)
DIEA, DMSO : /j\
cl NHZHC )\/j\ cl x N)\\N| NJ(
w 1S oS Rat:
NO N0

H H
Ii-1 1-6 144

[0242] In a scaled tube, a mixture of 3-(2-chloropyrimidin-4-yl)oxazolidin-2-one 111-6
(1.54 g, 7.72 mmol), (5)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride I1-1
(1.00 g, 3.86 mmol) and diisopropylethylamine (2.0 mL, 11.58 mmol) in DMSO (9 mL) was
heated to 130 °C for 30 minutes. Once MS and TLC showed formation of product, the
reaction mixture was cooled to room temperature and diluted with EtOAc and water. After
the separation of the layers, the organic layer was washed with brine, dried over sodium
sulfate and concentrated. The resulting residue was purified by column chromatography on
an ISCO® chromatography system (8i(3; eobumn: eluted with CHCL/EIOAC gradient; 20%-
100% DCM) to afford the title compound I-44 as a white solid (660 mg, 44% yield). 'H
NMR (300 MHz, DMSO-ds): 6 ppm 11.94 (br s, 1 H), 8.13 (brs, 1 H), 7.75 (s, 1 H), 7.73 (d,
J=20Hz, 1 H), 7.64 (brs, 1 H), 7.40 (dd, J = 8.8, 2.5 Hz, 1 H), 7.29 (d, J = 8.8 Hz, 1 H),
7.20(d,J=49Hz, 1 H),5.17 (m, 1 H), 441 (brs,2 H), 4.09 (br s, 2 H), 1.39 (d, J=7.1 Hz,
3 H). LCMS (Method 3): Rt 4.49 min, m/z 386.1, 388.1 [M+H]'.

Example 55 -- ($)-3-(2-(((6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)methyl)amino)
pyrimidin-4-yl)-4-isopropyloxazolidin-2-one (1-46).

DIEA, DMSO ¢

N7~
cl N 1-ACOK. HaNOHHCI Cl EN ’ N N/I\
2.7 N0 7 )
0O LN N [@]
H HNJ(O H

N
H
\“‘\\/
\\ -5

1-46

Step-1: 3-(aminomethyl)-6-chloroquinolin-2(1H)-one.
NT 0
H

[0243] To a solution of potassium acetate (0.709 g, 7.22 mmol), 6-chloro-2-oxo-1,2-
dihydroquinoline-3-carbaldehyde (1 g, 4.82 mmol) in 10 mL of water and 30 mL of MeOH
152



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

was added hydroxylamine hydrochloride (0.502 g, 7.22 mmol). The mixture was stirred at
room temperature overnight. The reaction was diluted with EtOAc, washed with a saturated
aqueous solution of sodium bicarbonate, dried and concentrated.to afford crude product. To
the crude was added 40 mL of AcOH and zinc (15.75 g, 241 mmol) over a 3 hour period. The
mixture was stirred at room temperature overnight, filtered, and concentrated to remove
AcOH. The residue was partitioned between EtOAc and 2 M NaOH. The organic layer was
separated, dried and concentrated. The crude was purified by silica gel chromatography on a
Biotage® to afford 3-(aminomethyl)-6-chloroquinolin-2(1H)-one (220 mg, 21.9%). 'H NMR
(300 MHz, DMSO-ds) d ppm 8.11 - 8.23 (m, 1 H), 7.96 - 8.09 (m, 1 H), 7.69 - 7.80 (m, 1 H),
7.45 - 7.59 (m, 1 H), 3.79 - 4.04 (m, 2 H). LCMS (Method 1): Rt 1.13min, m/z
209.94[M-+H]".

Step-2: (8)-3-(2-(((6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)methyl)amino)pyrimidin-4-

yl)-4-isopropyloxazolidin-2-one.

LA
N” héo

N
Cl x N)l\
o
oo

N

[0244] To a solution of DIEA (0.173 mL, 0993 mmol), 3-(aminomethyl)-6-
chloroquinolin-2(1H)-one (62.2 mg, 0.298 mmol), in DMSO (1 mL) was added (S)-3-(2-
chloropyrimidin-4-yl)-4-isopropyloxazolidin-2-on¢ III-5 (60 mg, 0.248 mmol). The mixturce
was stirred at 125 °C for 3 hours then was cooled to room temperature, and diluted with
EtOAc. The mixture was washed with water, saturated aqueous sodium bicarbonate solution,
and brine. The organic layer was separated, dried and concentrated. The crude was purified
by chromatography on a Biotage® using a 25 g column eluted with 0-100% EtOAc/Hexanes
to afford (5)-3-(2-(((6-chloro-2-oxo0-1,2-dihydroquinolin-3-yl)methyl)amino)pyrimidin-4-yl)-
4-isopropyloxazolidin-2-one (50 mg, 48.7%). '"H NMR (300 MHz, CDCI3): § 11.76 (br. s, 1
H), 8.16 (d, J = 5.86Hz, 1 H), 7.60 (s, 1 H), 7.42-7.48 (m, 2 H), 7.20-7.38 (m, 2 H), 4.50-4.61
(m, 3 H), 4.12-4.25 (m, 2 H), 2.30-2.40 (m, 1 H), 0.70 (m, 6 H). LCMS (Method 1): Rt
1.17min, m/z 414.07 [M+H]".

Table 9: The Compounds listed in Table 9 were prepared using methods similar to those

described for the preparation of I-42—I-44 and 1-46.

153



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

1-42 1-43 1-44

1-45 1-46 1-47

CE\ e ?\]
TN g
H
1-48 1-49 1-50
Qo Q- ’ AAAAAA 3
- ‘1 r»;;::}:)j\ ) 0'.‘)’:!\‘ N -
Oy 07N )
N7y N
/\\_{/ we NN -~ Sl e i
- TN Y0 i YR
H H

Table 10. LCMS signal and NMR chemical shifts for each compounds listed in Table 9.

Cmpds LCMS* 'H NMR (300 MHz) & ppm
No

'H NMR (300 MHz, DMSO-dj): § ppm
11.97 (brs, 1 H), 823 (d,J= 6.0 Hz, 1
H), 7.75 (d,J = 2.2 Hz, 1 H), 7.60 (br s, 1
H), 7.49 (d,J = 2.2 Hz, 1 H), 7.45 (d, J =

m/z: 428.15
1-42 [M+H]"
Rt (min): 1.21
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Cmpds LCMS* '"H NMR (300 MHz) 5 ppm
No
22 Hz,1 H), 731 (d,J = 8.8 Hz, 1 H),
724 (d,J = 5.8 Hz, 1 H), 4.90-5.05 (m, 1
H), 4.21-4.44 (m, 3 H), 1.60-1.75 (m, 1 H),
141 (d,J = 6.8 Hz, 3 H), 0.25-0.95 (m, 6
H).
'H NMR (300 MHz, DMSO-d;): § ppm
11.95 (brs, 1 H),8.19 (d,J = 5.5Hz, 1
H), 7.74 (d,J = 2.5 Hz, 2 H), 7.49 (dd, J =
m/z: 428.12
. 8.5,22Hz, 1 H),7.30(d,J=2.2Hz, 1
1-43 | [M+H] , ,
' H), 7.30 (d,/ = 8.8 Hz, 1 H), 7.24 (d,J =
Rt (min): 1.27
5.5Hz, 1 H), 4.95-5.15 (m, 1 H), 4.21-4.40
(m, 3 H), 1.39 (J = 6.6 Hz, 3 H), 0.93 (d,J
= 7.1 Hz, 3 H), 0.76 (d,J = 6.8 Hz, 3 H).
'H NMR (300 MHz, DMSO-dj): 8 ppm
11.91 (brs, 1 H),8.12 (s, 1 H), 7.73 (s, 1
m/z: 386.11 | H), 7.769 (s, 1 H), 7.60 (br, 1 H), 7.45 (d,J
1-44 [M+H]" =8.79 Hz,1 H), 7.28 (d,J = 8.8 Hz, 1 H),
Rt (min): 1.04 | 7.18 (s, 1 H), 5.14 (m, 1 H), 4.37 (m, 2 H),
3.20-3.60 (m, 2 H).1.37 (d,J = 6.74 Hz, 3
H).
m/z: 386.17
1-45 [M-+H]"
Rt (min): 1.05
'H NMR (300 MHz, CDCl;): § ppm 11.76
(brs, 1 H), 8.16 (d,J = 5.86 Hz, | H),
m/z: 414.07
, N 7.60 (s, 1 H), 7.42-7.48 (m, 2 H), 7.20-
1-46 | [M+H]
7.38 (m, 2 H), 4.50-4.61 (m, 3 H), 4.12-
Rt (min): 1.17
4.25 (m, 2 H), 2.30-2.40 (m, 1 H), 0.70
(m, 6 H).
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Cmpds LCMS* '"H NMR (300 MHz) 5 ppm
No
'H NMR (300 MHz, DMSO-ds): & ppm
m/z: 372.03 | 11.97 (brs, 1 H), 8.15(d,J = 5.86 Hz, 1
1-47 | [M+H]+ H), 7.78 (s, 1 H), 7.64 (s, 1 H), 7.44-7.48
Rt (min): 0.96 | (m, 2 H), 7.29 (s, 1 H), 7.24-7.29 (m, 2 H),
4.32-4.34 (m, 4 H), 3.90-4.10 (m, 2 H).
m/z: 386.07
1-48 [M+H]"
Rt (min): 1.01
m/z: 352.02
1-49 [M+H]'
Rt (min): 0.85
'H NMR (300 MHz, DMSO-dj): § ppm
m/z: 11.97 (brs, 1 H), 8.12 (s, 1 H), 7.75 (s, 1
L5 370.1093 H), 7.63 (s, 1 H), 7.43-7.46 (m, 2 H), 7.27
) [M+H] (d,J = 8.8 Hz, 1 H), 4.32 (m, 2 H), 3.54-
Rt (min): 1.01 | 3.62 (m, 1 H), 3.20-3.40 (m, 2 H), 1.80-
2.00 (m.,3 H)

a. LCMS (method 4)

Example 56 -- (8)-6-Chloro-3-(1-((4-(2-methyl-1H-pyrrol-1-yl)pyrimidin-2-yl)amino)

ethyl) quinolin-2(1H)-one (I- 51).

= N™™
H |
Cl N N)\N/ N
H _
N™ O
H

[0245]
mg, 0.868 mmol) and (S)-3-(1-aminoethyl)-6-chloroquinolin-2(14)-one hydrochloride II-1
(150 mg, 0.578 mmol) in EtOH (2 mL) was added DIEA (0.2 mL, 1.157 mmol) and the

To a suspension of 2-chloro-4-(2-methyl-1H-pyrrol-1-yl)pyrimidine -7 (167

suspension was heated to 145 °C for 4.5 hours in microwave reactor. After cooling to room
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temperature, the reaction mixture was poured into a mixture of EtOAc (20 mL) and water (20
mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (10
mL). The combined extracts were washed with brine (10 mL), dried over anhydrous Na,SOy,
filtered, and evaporated. The residue was purified by column chromatography on silica gel
(eluted with 0-10% MeOH in DCM) to afford the title compound as an off-white solid I-51
(154 mg, 70% yield). '"H NMR (300 MHz, DMSO-ds): 3 ppm 11.97 (s, 1 H), 8.29 (s, 1 H),
7.89-7.68 (m, 3 H), 7.46 (dd, J=8.8,22 Hz, 1 H), 7.28 (d, /= 8.8 Hz, 1 H), 7.24 (s, 1 H),
6.72(d,J=5.5Hz,1 H), 6.07 (brs, 1 H), 5.92 (brs, 1 H), 5.14 (brs, 1 H),2.24 (s, 3 H), 1.41
(d,J=6.9 Hz, 3 H). LCMS (method 3): Rt 4.72 min, m/z 380.1 [M+H]".

Example 57 -- ($)-6-Chloro-3-(1-((4-(4,5-dimethyl-1 H-imidazol-1-yl)pyrimidin-2-
yl)amino) ethyl)quinolin-2(1H)-one (I-53).

> e
N7 HNTY | . DIEADMSO  Cl SN
/”\/]\ " )§<N T C])\N N«N - D ” N N/\\N
cI” N7 el DMF H -1 N0 H
H

Step-1: 4-chloro-2-(4,5-dimethyl-1H-imidazol-1-yl)pyrimidine.

[0246] A solution of 2,4-dichloropyrimidine (0.4 g, 2.68 mmol) and 4,5-dimethyl-1H-
imidazole (0.516 g, 5.37 mmol) in DMF (5.37 mL) was heated to 45 °C for 3 hours. LCMS
showed complete conversion. Water was added (120 mL) and a precipitate was filtered off.
Both the filtrate and the precipitate contained product. The water phase was concentrated
under reduced pressure and combined with the precipitate. The crude material was purified
on Si02 (25 g SNAP® column, 0% EtOAc/hexanes for 5 minutes then 0-50% EtOAc/hexanes
for 20 minutes, then 50% EtOAc/hexanes for 10 minutes and finally the column was washed
with 10% MeOH/DCM for 10 minutes). The title compound 4-chloro-2-(4,5-dimethyl-1H-
imidazol-1-yl)pyrimidine (0.358 g, 1.716 mmol, 63.92% yicld) was isolated and used in the

next step without further purification.
Step-2: (S)-6-chloro-3-(1-((4-(4,5-dimethyl-1H-imidazol-1-yl)pyrimidin-2-
yl)amino)ethyl) quinolin-2(1H)-one.

[0247] A mixture of (8)-3-(1-aminoethyl)-6-chloroquinolin-2(14)-one (0.1 g, 0.449
mmol), 2-chloro-4-(4,5-dimethyl-1H-imidazol-1-yl)pyrimidine (0.094 g, 0.449 mmol) and
DIEA (0.471 mL, 2.69 mmol) in DMSO (2.99 mL) was heated to 130 °C for 5 hours. Water
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(15 mL) was added and an off white solid was filtered off and washed once with water (5
mL). The crude material was purified by column chromatography on SiO, (25 g SNAP®
column, eluted with 0% MeOH/DCM for 5 minutes, 0-5% MeOH/DCM for 25 minutes, and
5-10% MeOH/DCM for 10 minutes) to afford (S)-6-Chloro-3-(1-((4-(4,5-dimethyl-1H-
imidazol-1-yl)pyrimidin-2-yl)amino)ethyl) quinolin-2(1H)-one Compound I-53 (0.0309 g,
0.078 mmol, 17.43% yield). '"H NMR (300 MHz, DMSO-ds): & ppm 11.97 (s, 1 H), 8.24-8.42
(m, 1 H), 7.93-8.20 (m, 2 H), 7.73 (d, J = 2.64 Hz, 2 H), 7.45 (dd, J = 8.79, 2.35 Hz, 1 H),
7.27(d,J=8.79 Hz, 1 H), 6.79 (d, J= 5.57 Hz, 1 H), 5.02-5.25 (m, 1 H), 1.92-2.21 (m, 6 H),
1.40 (d,J=6.74 Hz, 3 H).

Example 58 -- (§)-6-Chloro-3-(1-((4-(5-methylisoxazol-4-yl)pyrimidin-2-yl)amino)
ethyl)quinolin-2(1H)-one (I1-58).

- N7
1, EtMgBr N7 0 : |
| o ® DIEA, EtOH, 140 °C cl N N)\\N N
w TN S S
O 2. Pd(PhsP),, THF s : NSO
N7 mNHZHm
- Cmpd 58
P Ne N0
111
Step-1: 4-(2-Chloropyrimidin-4-yl)-5-methylisoxazole.
N
CIJl\N/
\
| N
o

[0248] A solution of ethyl magnesium bromide (EtMgBr) (0.57 mL, 1.72 mmol, 3M in
cther) was added to a suspension of 4-iodo-5-methylisoxazole (300 mg, 1.44 mmol) in THF
(6 mL) under an atmosphere of nitrogen at room temperature. After stirring for ~90 minutes,
a solution of ZnCl, (3.44 ml., 1.72 mmol, 0.5M in THF) was added dropwise and the reaction
mixture was stirred at room temperature for an additional 90 minutes. The reaction mixture
was then flushed with argon and 2,4-dichloropyrimidine (215 mg, 1.44 mmol) and Pd(PhsP),
(100 mg, 0.09 mmol) were added. After stirring for 18 hours at reflux, the reaction mixture
was cooled to room temperature, diluted with CH,Cl, and treated with EDTA (aqueous
saturated solution). After the layers were separated, the pH of the aqueous layer was adjusted
to pH ~8 and then extracted with CH,Cl,. The combined organic layers were dried over
Na,SO,, filtered and concentrated to dryness under reduced pressure. The crude product was

purified by column chromatography on an ISCO® chromatography system using a 40 g
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normal phase (SiO;) column and the product was eluted with a hexanes/EtOAc to afford the
title compound (150 mg, 55% yield).

Step-2: (8)-6-Chloro-3-(1-((4-(5-mcthylisoxazol-4-yl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one.

cl N 'N)\\N \
H | N
N0 %
H

[0249] A mixture containing 4-(2-chloropyrimidin-4-yl)-5-methylisoxazole (150 mg,
0.77 mmol), {$)}-3-({-aminocthyl}-6-chloroquinolin-2(1 H}-onc hydrochloride 1I-1 (209 mg,
0.81 mmol) and DIEA (0.27 mL, 1.6 mmol) in 2.5 mL of anhydrous FtOH was heated in the
microwave at 140 °C for 4 hours. The reaction mixture was concentrated to dryness under
reduced pressure and purified by column chromatography on an ISCO® chromatography
system using 12 g normal phase (Si0;) and “gold” columns with a gradient elution of EtOAc
in CH,Cl,, followed by trituration of slightly impure material with Et,;O/MeOH to provide the
title compound I-58 (55 mg, 19% yield). IH NMR (300 MHz, DMSO-ds): 6 ppm 11.82 (br
s 1 H), 9.02 (s, 1 H), 8.05 (s, 1 H), 7.80 (s, 1 H), 7.76 (s, 1 H), 7.48 (d, J = 9.06 Hz, 1 H),
7.33(d,J=9.06 Hz, 1 H), 6.25 (s, 1 H), 5.18 (m, 1 H), 2.24 (s, 3 H), 1.48 (d, /= 6.33 Hz, 3
H); LCMS (Method 3): Rt 4.99 min. m/z 382.1/384.1 (Cl1-pattern) [M+H]". m.p. = 291-292

o

C.

Example 59 -- (S)-6-chloro-3-(1-((4-(5-methyl-1H-tetrazol-1-yl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one (I-59).

> ¥
NN o Nang P /( DIEA,DMSO N N)\N/ N/\L
PP CI7 NN H -
NN sicl, Ny 11-1 v So =

-4 1-59

Step-1: 2-chloro-4-(5-methyl-1H-tetrazol-1-yl)pyrimidine

[0250] A mixture of perchlorosilane (856 mg, 5.04 mmol), N-(2-chloropyrimidin-4-
yl)acetamide (150 mg, 0.874 mmol), sodium azide (1000 mg, 15.38 mmol) in 20 ml of
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CH;CN was stirred at RT for over weekend. Once LC/Mass showed the reaction was
complete, the mixture was poured into ice cold saturated Na,CO; solution, Added EtOAc,
extracted with EtOAc twice, dried and concentrated to afford 2-chloro-4-(5-methyl-1H-
tetrazol-1-yl)pyrimidine (150 mg, 87%). 1H NMR (300 MHz, CDCl;) é ppm 8.82 (d, J =
5.57 Hz, 1 H), 7.90 - 8.12 (m, 1 H), 2.97 (s, 3 H). LCMS (Method 1): Rt 1.57 min, m/z
197.93 [M+H]+.

Step-2: (8)-6-chloro-3-(1-((4-(5-methyl-1H-tetrazol-1-yl)pyrimidin-2-yl)amino)ethyl)

i N/ﬁ\
: [
H
N~ "0

H

quinolin-2(1H)-one

\,N
=N

N
i
N

[0251] A mixture of DIEA (0.267 ml, 1.526 mmol), (S)-3-(1-aminoecthyl)-6-
chloroquinolin-2(1H)-one (170 mg, 0.763 mmol), and 2-chloro-4-(5-methyl-1H-tetrazol-1-
yl)pyrimidine (150 mg, 0.763 mmol) in DMSO (2 ml) was heated to 110 °C for overnight,
added EtOAc, washed with water, dried and concentrated. The biotage purification with 0-
5& MeOH/DCM on a 25 g column) afforded (S)-6-chloro-3-(1-((4-(5-methyl-1H-tetrazol-1-
yDpyrimidin-2-yl)amino)ethyl) quinolin-2(1H)-one (22 mg, 28.4%). 1H NMR (300 MHz,
DMSO-d6): 6 12.03 (br. s, 1 H), 8.58 (s 1 H), 8.41 (s, 1 H), 7.74 (s, 1 H), 7.45 (d, J=8.5
Hz, 1 H), 7.25 (d, J = 8.51 Hz, 1 H), 7.11 (d, J = 5.28Hz, 1 H), 5.20 (m,1 H), 3.13 (s, 3 H)
1.42 (d, J = 6.44 Hz, 3 H).

Example 60 - (8)-6-Chloro-3-(1-((4-(1-(2,2,2-trifluoroethyl)-1 H-imidazol-5-
yl)pyrimidin-2-yl)amino) ethyl)quinolin-2(1H)-one (I1-60).

H N 1. EtMgBr (2.5 eq.) N*
I\_N 1. NaH THF B 2.2ZnCl, s |
Y L L e
2. CF3S0,0CH,CF; | _ 3 N N—Y
o I (
Cl” N7 I CF,4
Pd(Ph3P)y, THF
reflux
mwwz
N7~0 : N7
H :
11-1 cl XS N)%N Z N
H N
N~ 0
EtOH, DIEA, 145°C H
CF;
1-60
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Step-1: 5-lodo-1-(2,2,2-trifluoroethyl)-1H-imidazole.

I

|
\cF,

[0252] To an ice cold solution of 5-iodo-1H-imidazole (1.87 g, 9.6 mmol) in 20 mL of
THF was added 60% NaH in oil (1.15 g, 28.7 mmol) in portions. After stirring at room
temperature for 30 minutes, the reaction mixture was cooled to 0 °C, and 2,2,2-trifluorocthyl
trifluoromethanesulfonate (4.45 g, 19.2 mmol) in 4 mL of THF was added dropwise. The
suspension was stirred at room temperature for 2 hours (TLC indicated completion of
reaction) and was then quenched with cold water and extracted several times with EtOAc.
Organic phases were combined, washed with brine, dried over Na,SQy, filtered and
concentrated to dryness under reduced pressure. The crude mixture was purified twice by
column chromatography on an ISCO® chromatography system using 80 g and 40 g normal
phase columns (SiO;) with a gradient elution of hexanes in EtOAc to afford 220 mg (~8%
yield) of the pure isomer 5-iodo-1-(2,2,2-trifluoroethyl)-1H-imidazole.

Step-2: 2-Chloro-4-(1-(2,2,2-trifluoroethyl)-1 H-imidazol-S-yl)pyrimidine.

NZ |
Cl)\\N A N
N—7

<

CF;

[0253] A solution of ethyl magnesium bromide (EtMgBr) (0.35 mL, 1.04 mmol, 3M in
ether) was added to a suspension of 5-iodo-1-(2,2,2-trifluoroethyl)-1H-imidazole (200 mg,
0.80 mmol) in THF (3 mL) under atmosphere of nitrogen at room temperature. After stirring
at room temperature for ~90 minutes, a solution of ZnCl; (2.23 mL, 1.2 mmol, 0.5M in THF)
was added dropwise, and the reaction mixture was stirred at room temperature for an
additional 90 minutes. The reaction mixture was the flushed with argon and 2,4-
dichloropyrimidine (119 mg, 0.80 mmol) was added followed by the addition of Pd(PhsP),
(55 mg, 0.05 mmol). After stirring for 15 hours at reflux, the rcaction mixture was cooled to
the room temperature, dilutced with CH,Cl, and trcated with EDTA (aqucous saturated
solution). After the layers were separated, the pH of the aqueous layer was adjusted to pH ~§
and was then extracted again with CH,Cl,. The combined organic layers were dried over

NaySOy, filtered and concentrated to dryness under reduced pressure. The crude mixture was
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purified by column chromatography on an ISCO® chromatography system using a 12 g
normal phase column (SiO;) with a gradient elution of CH,Cl; in EtOAc to afford the title
compound (100 mg 48% yield).

Step-3: ($)-6-Chloro-3-(1-((4-(1-(2,2,2-trifluoroethyl)-1H-imidazol-5-yl)pyrimidin-2-
yDamino)ethyl)quinolin-2(1H)-one (1-60).

= N*
cl (2)_A
Xy1s) N)\\N Z N
H "/
N70

CF3

[0254] A mixture containing  2-chloro-4-(1-(2,2,2-trifluoroethyl)-1H-imidazol-5-
yDpyrimidine (100 mg, 0.38 mmol), (S5)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one
hydrochloride II-1 (120 mg, 0.46 mmol) and DIEA (0.16 mL, 0.76 mmol) in 2 mL of
anhydrous EtOH was heated in a microwave to 145 C for 4 hours and 30 minutes. The
reaction mixture was then concentrated to dryness under reduced pressure and purified by
column chromatography on an ISCO® chromatography system using a 12 g normal phase

(Si0;) “gold” column with a gradient elution of EtOA¢ in CH,Cl, followed by a gradient

elution of MeOH in EtOAc to afford 124 mg (73% yield) of the title compound 1-60. 1H
NMR (300 MHz, DMSO-ds, 80 °C (v. broad signals at room temperature)): & ppm 11.8 (br s,
1 H), 8.26 (m, 1 H), 7.90 (m, 1 H), 7.78 (m, 1 H), 7.6-7.7 (m, 2 H), 7.4-7.5 (m, 2 H), 7.25-
7.35 (m, 1 H), 6.88-6.96 (m, 1 H), 5.5-5.7 (m, 2 H), 5.23 (m, 1 H), 1.48 (m, 3 H). LCMS
(Method 3): Rt 4.25 min. m/z 349.1 [M+H]*. mp: 156-157 °C.

Example 61 -- (5)-3-(1-(4,5'-bipyrimidin-2-ylamino)ethyl)-6-chloroquinolin-2(1H)-one
(I1-62).

PdCLPPhy/Na,COs o : NZ
X N\ﬁ THF/H,0 N = H 1 cl N PN | N
| | X VY
M A Ho AN ¢ N N 4
- N el B | J NS0 N
OH N

DIEA/DMSO N

1-62

Step-1: 2-chloro-4,5'-bipyrimidine.

[0255] To a solution of 2,4-dichloropyrimidine (0.5 g, 3.36 mmol) and pyrimidin-5-
ylboronic acid (0.416 g, 3.36 mmol) in a mixture of THF (4.20 mL) and water (1.30 mL) was

added Dbis(triphenylphosphine)palladium(Il) chloride (0.141 g, 0.201 mmol) and Na,COs3
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(1.067 g, 10.07 mmol). The reaction mixture was refluxed for 16 hours, and then water (15
mL) was added. The aqueous phase was extracted with EtOAc (3 x 15 mL) and the combined
organic phases were washed with brine (15 mL). The organic phase was dried over MgSO4,
and the volatiles were removed under reduced pressure. The crude material was purified on
SiO; (25 SNAP® column, eluted with 0-75% EtOAc/hexanes for 30 minutes then 75-100%
EtOAc/hexanes for 5 minutes). The title compound 2-chloro-4,5-bipyrimidine (0.267 g,

1.386 mmol, 41.3 % yield) was isolated and used in the next step without further purification.
Step-2: (8)-3-(1-(4,5'-bipyrimidin-2-ylamino)ethyl)-6-chloroquinolin-2(1H)-one.

[0256] A solution of (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-
1 (0.075 g, 0.289 mmol) and DIEA (0.303 mL, 1.737 mmol) in DMSO (2.067 mL) was
heated to 120 °C for 3 hours. The reaction was then cooled to room temperature and stirred
for 16 hours. Water (15 mL) was added, and the resulting precipitate was filtered off and
washed with water (2 x 5 mL). The precipitate was purified by column chromatography on
Si0, (10 g SNAP® column, with gradient elution, DCM for 5 minutes, 0-5% MeOH/DCM
for 20 minutes, 5-15% MeOH/DCM for 5 minutes, and 15-20% for 15 minutes) to afford (S)-
3-(1-(4,5"-bipyrimidin-2-yl amino)ethyl)-6-chloroquinolin-2(1H)-one 1-62 (0.029 g, 0.077
mmol, 26.5 % yicld). 'H NMR (300 MHz, DMSO-ds): 3 ppm 11.99 (br s, 1 H), 9.18-9.49 (m,
3 H), 842 (brs, 1 H), 7.92 (br s, 1 H), 7.65-7.84 (m, 2 H), 7.44 (dd, J = 8.79, 2.05 Hz, 1 H),
7.22-7.35 (m, 2 H), 5.31 (br s, 1 H), 1.42 (d,.J = 7.04 Hz, 3 H).

Example 62 -- (§5)-6-chloro-3-(1-((4-(imidazo[1,2-a|pyridin-3-yl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one (1-63).

| EtMgBr (3 M sol. in ether) N%
N N~ ZnCl, (0.5 M sol. in THF) PN l K)N
N4 . PN | 2 (. : TNt N
\ CI” N7 Cl pd (Phy), N-4 \
THF, Reflux, 18 h \ Y,
7:3
DIEA, DMSO

120 °C, 2h

= (S)N /j\‘/\

H N~4

clms}NHgHCI Q
N"Yo
H

111

Step-1: 3-(2-chloropyrimidin-4-yl)imidazo[1,2-a]pyridine.
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<
C|)\/Nj\f>N

&
[0257] Ethylmagnesium bromide (EtMgBr) (3M solution in ether, 1.36 mL, 4.92 mmol)
was slowly added to a suspension of 3-iodoimidazo[1,2-a]pyridine (1.0 g, 4.1 mmol) in 15
mL of THF. The resulting mixture was stirred at room temperature for 1.5 hours. Zinc
chloride (0.5 M solution in THF, 8.2 mL, 4.92 mmol) was then added and the reaction was
stirred at room temperature for 1.5 hours. The reaction was purged with nitrogen gas and then
2,4-dichloropyrimidine (0.61 g, 4.1 mmol) and Pd(PPhs)4 (0.235 g, 0.2 mmol) were added.
The resulting mixture was heated to reflux for 18 hours under an atmosphere of nitrogen. The

®

reaction was cooled and filtered through Celite™, rinsing the filter cake with ethyl acetate.
The filtrate was concentrated, and the resulting residue was taken into dichloromethane and
washed with water. The organic layer was dried over Na,SQ,, filtered, and evaporated under
reduced pressure. The crude material was purified by column chromatography on an 1SCO®
chromatography system (SiO; column: eluted 0-100% ethyl acetate/hexanes gradient) to
afford 325 mg of a mixture containing 3-(2-chloropyrimidin-4-yl)imidazo[1,2-a]pyridine and
imidazo[1,2-a]pyridine in a ~ 7:3 ratio. This product was uscd in the next step without further

purification.

Step-2: (S)-6-chloro-3-(1-((4-(imidazo[1,2-a]pyridin-3-yl)pyrimidin-2-yl)amino) ethyl)
quinolin-2(1H)-one (I-63).

[0258] To a mixture of 3-(2-chloropyrimidin-4-yl)imidazo[1,2-aJpyridine and
imidazo[1,2-a]pyridine (123 mg; 7:3 ratio) in DMSO was added (S)-3-(1-aminocthyl)-6-
chloroquinolin-2(1H)-one hydrochloride (IT-1) (200 mg, 0.77 mmol) followed by DIEA
(0.435 mL, 2.5 mmol). The resulting mixture was heated in a microwave to 120° for 2 hours.
The reaction was cooled to room temperature and diluted with ethyl acetate, and washed with
water (2 x) and brine. The organic extract was then dried over Na;SQOy, filtered, and
evaporated under reduced pressure. The crude material was purified by column
chromatography on an ISCO® chromatography system (SiO, column: eluted with 0-5%
methanol in ethyl acetate gradient) to afford the title compound I-63 (90 mg, 58% yield). 'H
NMR (300 MHz, DMSO-ds, at 90 °C): 8 ppm 11.74 (br s, 1 H), 9.87 (d, J = 8.2 Hz,1 H), 8.40
(s, 1H),826(d,J=55Hz, 1 H),7.83 (s, 1 H), 7.76-7.62 (m, 2 H), 7.50-7.28 (m, 4 H), 7.18-
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7.00 (m, 2 H), 5.40-5.26 (m, 1 H), 1.52 (d, J = 6.8 Hz, 3 H). LCMS (Method 3): Rt 3.80 min,
m/z 417.1 [M+H].

Example 63 -- (8}-6-chlere-3-(1-({(4-(1-isepropyl-1 H-imidazol-5-yDpyrimidin-2-
yhamine)ethyl) guinolin-2(1 H}-one (J-64}.

N/ﬁ\

I

) P
n-BuLi, THF Q\? C[)\N cl
E— N

B
o
Y/, -
N-# N Pd(PhaP)s, KsPO,

\f CH,Cl, \( 0.0 Y
\f ?\( \(N\/ dioxane
O

P\ NBS B =
Ny

NT™ DMSO, DIEA : N7

| : I
o
C[/I\N N = c = NJ\\N Z N
N~Z cl ; H N~
AEELC S S A
Ne!

-9 H
11 I-64

Step-1: 5-Bromo-1-isopropyl-1H-imidazole.

BrY\N
\(N\//

[0259] To a solution of 1-isopropyl-1H-imidazole (11.0 g, 0.1 mol) in CH,Cl, (200 mL)
was added NBS (17.8 g, 0.1 mol) portionwise, and the resulting reaction mixture was heated
to reflux for 4 hours. The reaction mixture was then cooled to room temperature and
quenched by addition of saturated aqueous NaHCO; solution (100 mL). The organic layer
was separated, and the aqueous layer was extracted with CH,Cl, (50 mL x 3). The combined
organic layers were dried (Na,SO4), concentrated, and purified by column chromatography
using an ISCO® chromatography system with hexane/ethyl acetate to afford 5-bromo-1-
isopropyl-1H-imidazole as a colorless liquid (4.32 g, 23% yield). '"H NMR (300 MHz, CDCl;
): dppm 7.61 (s, 1 H), 7.90 (s, 1 H), 7.00 (s, 1 H), 4.41 (m, 1 H), 1.49 (d, /= 6.60 Hz, 6 H).
LCMS (Method 3): Rt 3.22 min, m/z 189.0 [M+H]".

Step-2: 1-1sopropyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-imidazole.
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[0260] To a solution of 5-bromo-l-isopropyl-1H-imidazole (2 g, 10.6 mmol) in
anhydrous THF (100 mL) at -78 °C was added dropwise n-BuLi (2.5M solution in hexane,
6.36 mL, 16 mmol) and the resulting reaction mixture was stirred at -78 °C for 1 hour. 2-
isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4 g, 21.2 mmol) was then added in one
portion and the reaction mixture was stirred at -78 °C for 1 hour and then warmed up to room
temperature for 2 hours. The reaction mixture was then quenched with saturated NH,Cl (100
mL}. The organic layer was separated, and the aqueous layer was extracted with ethyl acetate
(50 mL x 3). The combined organic layers were dried (Na,SO,), concentrated, and passed
through a pad of silica gel to afford a crude mixture of the title compound which was used in

the next step without further purification (3.95 g).

Step-3: 2-Chiore-4-(1-isopropyl-1 H-imidazol-5-yDpyrimidine, I{1-9,

N

/“\/

Cl N N
N—

[0261] To a mixture of 2,4-dichloropyrimidine (1.49 g, 10 mmol) and crude 1-isopropyl-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-imidazole 3 (2.36 g, 10 mmol) in 1,4-
dioxane (50 mL) was added K;PO4 (6.26 g, 30 mmol), Pd(PPh3)4 (578 mg, 0.5 mmol) and
water (1 mL). The reaction mixture was then heated to reflux overnight. The solvents were
evaporated and water (100 mL) and ethyl acetate (50 mL) were added to the resulting residue.
The organic layer was separated and the aqueous layer was extracted with ethyl acetate (50
mL x 3). The combined organic layers were dried (Na,SO,), concentrated, and purified by
silica gel chromatography on an ISCO® chromatography system eluted with a hexanes/ethyl
acetate gradient to afford impure III-9 (810 mg). This was used in the next step without

further purification.

Step-4: {5)-6-Chloro-3-(1-((4-(1-isopropyi-1 H-imidazol-3-y)pyrimidin-2-yi)amino)
ethyl) quinolin-2(1 H)-one (1-64).
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[0262] To a mixture of (S}-3-(1-aminoethyl)-6-chloroquinolin-2(1/)-one hydrochloride
Ii-1 (750 mg, 2.9 mmol) and 2-chloro-4-(1-isopropyl-1H-imidazol-5-yhpyrimidine (650 mg,
2.9 mmol) in DMSO (50 mL) was added DIEA (1 mL, 5.8 mmol) at room temperature and
the resulting mixture was heated to 130 °C for 2 hours. The mixture was then cooled to room
temperature and diluted with EtOAc (200 mL). The organic layer washed with water (3 x 100
mL), dried over anhydrous Na,SQ4, and concentrated. The resulting residue was purified by
column chromatography on an ISCO® chromatography system (SiO, column) eluted with
CH,Cl1,/MeOH (0-10% MeOH) and then further purified by prep TLC with CH,Cl,/MeOH
(9:1) to afford the title compound I-64 as a white solid (13 mg, 1% yield). '"H NMR (300
MHz, DMSO-ds): & ppm 8.23 (d, J=6.57 Hz, 1 H), 7.90 (s, 1 H), 7.81 (s, 1 H), 7.59 (d, J =
3.33 Hz, 1 H), 7.56 (s, 1 H), 7.21 (dd, J = 8.46,3.33 Hz, 1 H), 7.31 (d, /= 8.46 Hz,1 H),
691 (d,J= 432 Hz, 1 H), 550 (brs, 1 H), 522 (m, 1 H), 1.55(d,J=6.87 Hz, 3 H), 1.48 (d,
J=6.87 Hz, 3 H), 1.01 (m, 3 H). LCMS (Method 3): Rt 3.74 min, m/z 409.1 [M+H]".

Example 64 -- (5)-6-Chloro-3-(1-((4-(2-(triflouromethyl)- 1 H-pyrrol-1-yl)pyrimidin-2-
yDamino)ethyl) quinolin-2(1H)-one (I-65).

CF3

= N
H NaH, DMF N cF, DMSO, DIEA : l/j\
N._CFs P “ = N/I\N NN
\ CINTTNN : H -
L ~/ ' N
= =
Cl)\N Cl \@\/I\NHQ H
NS0 1-65
H

-1

Step-1: 2-Chloro-4-2-(trifluoromethyl)-1H-pyrrol-1-yl)pyrimidine.

N CF
S
CI/I\N NN
[0263] In a dricd 3-ncck round bottom flask, a solution of 2-trifluoromethyl pyrrole (540

mg, 4 mmol, 1 equivalent) in 10 mL anhydrous DMF was cooled to -78 ©C. Sodium hydride
(NaH) (60 wt.% in oil, 160 mg, 4 mmol, 1 cquivalent) was added in onc portion and the

resulting mixture was then stirred in a 0 ©C bath for 20 minutes. After cooling again to -78

OC, a solution of 2,4-dichloropyrimidine in 4 mL DMF was added. The cooling bath was
removed, and the reaction was stirred at room temperature for 2 hours. Water was added

followed by extraction with EtOAc. The combined organic phases were dried, filtered and
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concentrated. Purification by column chromatography on 30 g of silica gel (hexane/EtOAc,

9/1) provided the title compound (290 mg, 29% yield) as a white waxy solid.

Step-2: (S)-6-Chloro-3-(1-((4-(2-(triflouromcthyl)-1 H-pyrrol-1-yl)pyrimidin-2-yl)amino)
ethyl) quinolin-2(1H)-one (I-65).

[0264] A mixture of 2-chloro-4-(2-(trifluoromethyl)-1H-pyrrol-1-yl)pyrimidine 2 (135
mg, 055 mmol, 1 equivalent), {S)-3-(1-aminoethyl)-6-chloroquinolin-2(1#)-one
hydrochloride II-1 (110 mg, 0.5 mmol, 1 equivalent) and DIEA (129 mg, 1.0 mmol, 2
equivalents) in 0.3 mL EtOH was heated in a microwave to 150 OC for 45 minutes. After
evaporation of the solvent, the resulting foam was purified by column chromatography on 7 g
of silica gel using a gradient of 0-10% MeOH in DCM to provide 106 mg I- 65 as a white
solid. "H NMR (300 MHz, de-DMSO at 90 °C): § ppm 11.68 (brs, 1 H), 8.40 (d,J = 5.22, 1
H), 7.78 (br s, 1 H), 7.66 (d,J = 2.19, 1 H), 7.55 (m, 1 H), 7.43 (dd, J = 2.19, 8.79, 2 H),
7.31(d,J =8.79,1H), 6.88 (m, 1 H), 6.74 (d,J =549, 1 H), 6.36 (m, 1 H), 5.27 (m, 1 H),
1.47 (d,J = 6.87, 1 H). LC/MS (Method 3): Rt 5.3 min., m/z 434 [M+H]*.

Example 65 -- (S)-6-chloro-3-(1-((4-(1-methyl-1H-1,2,3-triazol-5-yl)pyrimidin-2-
yDamino)ethyl)quinolin-2(1H)-one (I-66).

: N7 : NS
cl N N/]\\/NE\CI ’Q{(E')s AR CI\@\/I\E)LN/ “N
\©\/NIO\H ' ° \K}‘J KoCO3 N o AN

H s N H

V-1 1-66

[0265] To a 20 ml of reaction tube was added (S)-6-chloro-3-(1-((4-chloropyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one IV-1 (60 mg, 0.179 mmol), K,COs (99 mg, 0.716 mmol),
Pd(PhzP)4 (10.34 mg, 8.95 umol), and 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1H-1,2,3-triazole (41.2 mg, 0.197 mmol) followed by water (1 ml) and DME (4.000 ml).
The resulting mixture was bubbled with N, for 10 min. and heated to 100 °C overnight. The
reaction mixturc was then cooled to room temperature and EtOAc was added. The rcaction
mixture was washed with brine, dricd and concentrated. The crude mixturc was purificd by
HPLC chromatography to afford (S)-6-chloro-3-(1-((4-(1-methyl-1H-1,2,3-triazol-5-
yDpyrimidin-2-yDamino ethylquinolin-2(1H)-one (1.1 mg, > 90% HPLC pure, 1.7% yicld).
'H NMR (300 MHz, DMSO-ds): & ppm 12.01 (br s, 1 H), 8.45 (br d, J = 4.40 Hz, 1 H), 7.80
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(brs,3 H), 771 (d, J = 2.35 Hz, 1 H), 7.46 (dd, J = 8.79, 2.35 Hz, 1 H), 7.03 (d, J = 4.98
Hz, 1 H), 5.28 (br s, 1 H), 4.10 (q, J = 5.28 Hz, 1 H), 1.41 (d, J = 6.74 Hz, 3 H).

Example 66 --(S)-6-Chloro-3-(1-((4-(1-methyl-1H-pyrazol-5-yl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one (I-67).

OH
¥ _ NZ

: N7 HO B : |
z Ny
N OH cat. Pd(PPhs)s NS0 NN
H KsPO4
dioxane 1-67

100 °C

V-1

[0266] A 2 mL reaction vial was charged with a 0.2M 1,4-dioxane solution containing
(8)-3-(1-((4-bromopyrimidin-2-yl)amino)ethyl)-6-chloroquinolin-2(1H)-one IV-1 (100 pL,
20 pumol) and (1-methyl-1H-pyrazol-5-yl)boronic acid (150 pL, 30 umol, 1.5 equivalents).
To the mixture was added 1M aqueous potassium phosphate tribasic solution (75 uL, 75
umol, 3.75 equivalents). Nitrogen gas was then bubbled through the mixture for 3-5 seconds
before a 0.01M solution of palladium tetrakis in 1,4-dioxane (50 uL, 0.5 umol) was added.
Nitrogen gas was passed through the mixture once more before the vial was sealed and
heated to 100 °C overnight. LCMS analysis confirmed the presence of the cross-coupled
product. The mixture was then diluted with brine (500 ul) and extracted with ethyl acetate
(2 x 500 pL). The organic layers were placed onto a 0.5 gram ion exchange column
(benzenesulfonic acid on silica). The column was flushed with ethyl acetate (3 mL) and the
title compound was cluted with 3 mbL of a 10:1:1 solution of cthyl acctate / methanol /
tricthylamine. The ecluent containing crude product was concentrated under a stream of
nitrogen at 50 °C. The resulting residue was dissolved in DMSO (500 uL), and purified by
mass-triggered preparatory HPLC to afford the title compound (3.8 mg, 50% yield). LCMS
(Method 4) Rt 1.18 min, m/z 381.04 [M+H]".

Table 11: The compounds listed in Table 11 were prepared using the same method

described for the preparation of 1-67.
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Table 12. LCMS signal and NMR chemical shifts for each compounds listed in Table 11.

Cmpds LCMS” 'H NMR (300 MHz) 6 ppm
No

'H NMR (300 MHz, DMSO-dj): §
ppm 11.97 (s, 1 H), 8.29 (s, 1 H),
7.89-7.68 (m, 3 H), 7.46 (dd, J =
8.8,2.2Hz, 1 H), 7.28 (d,J = 8.8
Hz, 1 H),7.24 (s, 1 H),6.72 (d,J =
5.5Hz, 1 H), 6.07 (br s, 1 H), 5.92
(brs, 1 H),5.14 (brs, 1 H), 2.24 (s, 3
H), 1.41 (d,J = 6.9 Hz, 3 H).

m/z: 380.04
I-51 [M-+H]"
Rt (min): 1.46

'H NMR (300 MHz, CDCl:): 3 ppm
11.26 (brs, 1 H), 8.22 (d,J = 5.5 Hz,
1H),7.71 (s, 1 H), 7.49 (d, J = 2.2
Hz, 1 H), 7.45 (t,J = 2.2 Hz, 2 1),

m/z: 366.08
1-52 [M+H]"
Rt (min): 1.41
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Cmpds
No

LCMS*

'"H NMR (300 MHz) 5 ppm

740 (dd,J = 8.8Hz, 2.1 Hz, 1 H),
7.18 (d,J = 8.5Hz,1H),6.50(d,J
= 5.5Hz, 1 H), 6.26 (brs,2 H), 6.14
(d,J= 8.0Hz, 1H), 542 (m, 1
H),1.65 (d,J= 6.9 Hz, 3 H).

1-53

m/z: 395.06
[M+H]"
Rt (min): 0.95

'H NMR (300 MHz, DMSO-dj): 3
ppm 11.97 (s, 1 H), 8.24-8.42 (m, 1
H), 7.93-8.20 (m, 2 H), 7.73 (d, J =
2.64 Hz, 2 H), 7.45 (dd, J = 8.79,
2.35 Hz, 1 H), 7.27 (d,J = 8.79 Hz,
1 H), 6.79 (d,J = 5.57 Hz, | H),
5.02-5.25 (m, 1 H), 1.92-2.21 (m, 6
H), 1.40 (d,J = 6.74 Hz, 3 H).

1-54

m/z: 367.11
[M+H]"
Rt (min): 0.97

'H NMR (300 MHz, DMSO-dj): §
ppm 12.02 (br s, 1 H), 8.24 - 8.68
(m, 2 H), 7.61 - 8.24 (m, 4 H), 7.20 -
7.61 (m, 2 H), 6.88 - 7.20 (m, 2 H),
521 (brs, 1 H), 1.04 - 1.54 (m, 3 H).

1-55

m/z; 407.08
[M+H]"
Rt (min): 1.03

"H NMR (300 MHz, DMSO-dj):
ppm 12.04 (br s, 1 H), 8.17-8.41 (m,
2 H), 7.93-8.03 (m,J = 15.39 Hz, 1
H), 7.62-7.78 (m, 2 H), 7.45 (dd, J =
8.79,2.35 Hz, 1 H), 7.26 (d, J = 8.79
Hz, 1 H), 6.78 (br d,J = 4.98 Hz, 1
H), 5.03-5.25 (m, 1 H), 2.80 — 3.10
(m, 2 H), 2.53-2.73 (m, 2 H), 2.20-
2.39 (m, 2 H), 1.34-1.47 (m, 3 H).

I-56

m/z: 381.00
[M+H]"

"H NMR (300 MHz, DMSO-dj):
ppm 11.94-12.10 (m, 1 H), 8.25-8.45
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Cmpds LCMS” '"H NMR (300 MHz) 5 ppm
No
Rt (min): 0.9 | (m, 1 H), 7.82-8.13 (m, 1 H), 7.66-
7.78 (m, 2 H), 7.51-7.66 (m, 1 H),
7.42 (dd,J = 8.79, 2.05 Hz, 1 H),
7.26 (d,.J = 8.79 Hz, 1 H), 6.69-6.96
(m, 2 H), 5.05-5.27 (m, 1 H), 2.30-
2.75 (m, 3 H), 1.36-1.47 (m, 3 H)
'H NMR (300 MHz, CDCl;): § ppm
as103 10.00 (br s, 1 H), 8.47 (br s, 1 H),
. 7.80 (brs, 1 H), 7.62 (brs, 1 H), 7.47
1-57 | [M+H] , ,
Rt (min): 0.95 (s, 1 H), 7.33 (br s, 3 H), 7.04 (brs, 1
H), 5.44 (br s, 1 H), 2.40 (s, 3 H),
1.57 (brd,J = 5.86 Hz, 3 H).
"H NMR (300 MHz, DMSO-dy): &
ppm 11.82 (br s, 1 H), 9.02 (s, 1 H),
m/z: 382.03 | 8.05 (s, 1 H), 7.80 (s, 1 H), 7.76 (s, 1
1-58 [M+H]" H), 7.48 (d,J = 9.06 Hz, 1 H), 7.33
Rt (min): 1.19 | (d,J = 9.06 Hz, 1 H), 6.25 (s, 1 H),
5.18 (m, 1 H), 2.24 (s, 3 H), 1.48 (d,
J = 6.33 Hz, 3 H).
'H NMR (300 MHz, DMSO-d5): 3
ppm 12.03 (brs, 1 H), 8.58 (s 1 H),
m/z: 383.07 | 8.41(s, 1H),7.74 (s, 1 H), 7.45 (d, J
1-59 | [M+H]" = 8.5Hz, 1 H),7.25(d,J = 8.51 Hz,
Rt (min): 1.17 | 1 H), 7.11 (d,J = 5.28 Hz, 1 H), 5.20
(m, 1 H),3.13 (s,3 H) 1.42(d,J =
6.44 Hz, 3 H).
m/z: 449.07 | '"HNMR (300 MHz, DMSO-d;, 80
1-60 [M+H]" °C (v. broad signals at RT): o ppm
Rt (min): 1.17 | 11.8 (brs, 1 H), 8.26 (m, 1 H), 7.90
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Cmpds
No

LCMS*

'"H NMR (300 MHz) 5 ppm

(m, 1 H), 7.78 (m, 1 H), 7.6-7.7 (m, 2
H), 7.4-7.5 (m, 2 H), 7.25-7.35 (m, 1
H), 6.88-6.96 (m, 1 H), 5.5-5.7 (m, 2
H), 523 (m, 1 H), 1.48 (m, 3 H).

1-61

m/z: 421.11
[M+H]"
Rt (min): 0.98

'H NMR (300 MHz, DMSO-d,
80°C): dppm 11.74 (br s, 1 H), 8.23
(d,J=522Hz,1H),7.78(d,J =
3.27 Hz, 1 H), 7.66 (d,J = 2.46 Hz,
1 H),7.58 (s, 1 H), 745(dd, J =
8.79,2.46 Hz, 1 H), 7.24-7.35 (m, 2
H)., 6.89 (d,J = 5.22 Hz, 1 H), 5.26
(quintet, 1 H), 4.23-4.36 (m, 2 H),
1.47 (d, J = 6.87 Hz, 3 H), 1.06 (m, 1
H), 0.20-0.35 (m, 4 H).

1-62

m/z: 379.13
[M+H]"
Rt (min): 1.09

'H NMR (300 MHz, DMSO-dg): &
ppm 11.99 (br s, 1 H), 9.18 - 9.49
(m, 3 H), 8.42 (brs, 1 H), 7.92 (br s,
1 H), 7.65-7.84 (m, 2 H), 7.44 (dd, J
=8.79,2.05Hz, 1 H), 7.22 - 7.35
(m,2H),531 (brs, 1 H), 142 (d, J
=7.04 Hz, 3 H).

1-63

m/z: 417.03
[M+H]'
Rt (min): 1

'H NMR (300 MHz, DMSO-dj, at 90
°C): dppm 11.74 (br s, 1 H), 9.87 (d,
J=82Hz 1H),8.40(s,1H), 826
(d,J =5.5Hz, 1 H), 7.83 (s, | H),
7.76-7.62 (m, 2 H), 7.50-7.28 (m, 4
H), 7.18-7.00 (m, 2 H), 5.40-5.26 (m,
1 H), 1.52 (d,.J = 6.8 Hz, 3 H).

1-64

m/z: 409.08

"H NMR (300 MHz, DMSO-dj):
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Cmpds LCMS” '"H NMR (300 MHz) 5 ppm
No

[M+H]" ppm 8.23 (d,J = 6.57 Hz, 1 H), 7.90
Rt (min): 0.94 | (s, 1 H), 7.81 (s, 1 H), 7.59 (d, J =
3.33 Hz, 1 H), 7.56 (s, 1 H), 7.21 (dd,
J= 8.46,333Hz, 1 H),7.31(d,J =
8.46 Hz, 1 H), 6.91 (d,.J = 4.32 Hz,
1 H), 5.50 (br s, 1 H), 5.22 (m, 1 H),
1.55 (d,J = 6.87, 3 H), 1.48 (d, J =
6.87 Hz, 3 H), 1.01 (m, 3 H).

"H-NMR(300 MHz, DMSO-d; at 90
°C): d ppm 11.68 (brs, 1 H), 8.40 (d,
J=522Hz, 1H),7.78 (brs, 1 H),
m/z:299.11 | 7.66 (d,J =2.19 Hz, 1 H), 7.55 (m, 1
1-65 [M+H]" H), 7.43 (dd, J = 2.19, 8.79 Hz, 2 H),
Rt (min): 1.44 | 7.31 (d, J = 8.79 Hz, 1 H), 6.88 (m, 1
H), 6.74 (d,J = 5.49 Hz, 1 H), 6.36
(m, 1 H), 527 (m, 1 H), 1.47 (d,J =
6.87 Hz, 1 H).

'H NMR (300 MHz, DMSO-dj):
ppm 12.01 (br s, 1 H), 8.45 (br d, J =
4.40 Hz, 1 H), 7.80 (br s, 3 H), 7.71
(d,J =2.35Hz, 1 H), 7.46 (dd,J =
8.79,2.35 Hz, 1 H), 7.03 (d,J =4.98
Hz, 1 H), 5.28 (brs, 1 H), 4.10 (q, J
=528 Hz, 1 H), 1.41 (d,J = 6.74
Hz, 3 H).

m/z: 382.13
1-66 [M+H]'
Rt (min): 1.61

m/z: 381.04
1-67 [M+H]"
Rt (min): 1.17

I-68 m/z: 457.14
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Cmpds
No

LCMS*

'"H NMR (300 MHz) 5 ppm

[M+H]"
Rt (min): 1.12

1-69

m/z: 396.02
[M+H]"
Rt (min): 1.3

I-70

m/z: 368.01
[M+H]"
Rt (min): 1.01

1-71

m/z: 381.12
[M+H]"
Rt (min): 0.93

1-72

m/z: 419.12
[M+H]"
Rt (min): 1.49

I-73

m/z: 434.10
[M+H]"
Rt (min): 1.42

1-74

m/z: 395.01
[M+H]"
Rt (min): 1

I-75

m/z: 409.07
[M+H]"
Rt (min): 1.32

I-76

m/z: 395.06
[M+H]"
Rt (min): 1.24

1-77

m/z: 395.04
[M+H]"
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Cmpds
No

LCMS*

'"H NMR (300 MHz) 5 ppm

Rt (min): 0.99

I-78

m/z: 412.02
[M+H]"
Rt (min): 1.26

I-79

m/z: 451.05
[M+H]"
Rt (min): 1.33

1-80

m/z: 397.00
[M+H]"
Rt (min): 1.49

1-81

m/z: 380.04
[M+H]"
Rt (min): 1.16

1-82

m/z: 395.06
[M+H]"
Rt (min): 0.95

1-83

m/z: 381.05
[M+H]"
Rt (min): 0.91

1-84

m/z: 409.08
[M+H]"
Rt (min): 1.04

I-85

m/z: 423.09
[M+H]"
Rt (min): 1.44

1-86

m/z: 435.03
[M+H]"
Rt (min): 1.24
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Cmpds
No

LCMS*

'"H NMR (300 MHz) 5 ppm

1-87

m/z: 367.12
[M+H]"
Rt (min): 1.06

I-88

m/z: 384.05
[M+H]"
Rt (min): 1.26

1-89

m/z: 417.09
[M+H]"
Rt (min): 1.55

1-90

m/z: 392.07
[M+H]"
Rt (min): 1

1-91

m/z: 381.02
[M+H]"
Rt (min): 1.02

1-92

m/z: 428.06
[M+H]"
Rt (min): 1.29

1-93

m/z: 408.06
[M+H]"
Rt (min): 1.43

1-94

m/z: 378.03
[M+H]"
Rt (min): 1.13

1-95

m/z: 378.03
[M+H]"
Rt (min): 1.08

1-96

m/z: 392.18
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Cmpds
No

LCMS*

'"H NMR (300 MHz) 5 ppm

[M+H]"
Rt (min): 1.1

1-97

m/z: 408.18
[M+H]"
Rt (min): 1.19

1-98

m/z: 419.19
[M+H]"
Rt (min): 1.55

1-99

m/z: 408.18
[M+H]"
Rt (min): 0.97

I-100

m/z: 421.07
[M+H]"
Rt (min): 1.49

I-101

m/z: 377.06
[M+H]"
Rt (min): 1.52

1-102

m/z: 407.08
[M+H]"
Rt (min): 1.5

1-103

m/z: 392.85
[M+H]"
Rt (min): 1.58

'H NMR (300 MHz, CDCl3): & ppm
12.02 (br s, 1 H), 8.17 (s, 1 H), 7.67
(s, 1H),7.51 (s, 1 H), 7.44 (d, J =
6.45 Hz, 1 H), 7.31 (d,J =9 Hz, 1
H), 6.08 (d,J = 8.21 Hz,1 H), 5.28
(m, 1 H), 2.404 (s, 3 H),1.62(d, J =
6.74 Hz, 3 H).

a. LCMS (mcthod 4)
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Example 67 -- 6-chlioro-3-{{5)-1-{4-{(5}-3-isopropyimorpholino)pyrimidin-2-
viaminejethyl) quinoclin-2(1 H)-one (§-184).

NS
: NS cl : J'\/j\
. [/j\ DIEA X

H O ﬁ\“' K/O m

1-104

[0267] A mixture of (S)-4-(2-chloropyrimidin-4-yl)-3-isopropylmorpholine (70.0 mg,
0.289 mmol) and (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-1 (50
mg, 0.193 mmol) was treated with DMSO (1 ml) and DIEA (74.8 mg, 0.101 ml, 0.579
mmol)and the resulting solution was stirred at 110 °C for 12 hours. LC-MS indicated most of
the starting material was consumed. The mixture was then cooled to RT and stirred for 2
days. Water was added and the reaction mixture was extracted with EtOAc The combined
cxtracts were dricd (Na,S0Oy), filtered, and cvaporated under reduced pressurc. The crude
material was purified by silica gel chromatography on a Biotage™ chromatography system to
afford 6-chloro-3-((S)-1-(4-((S)-3-isopropylmorpholino) pyrimidin-2-ylamino)
ethyl)quinolin-2(1H)-one (17.1 mg, 20.7% yield). 'H NMR (300 MHz, CDCl:): & ppm 10.50
(brs, 1 H), 7.81 (d, J = 6.158 Hz, 1 H), 7.68 (s, 1 H), 7.48 (s, 1 H), 7.40 (d, J = 8.79 Hz, 1
H), 7.16 (d. J = 8.51 Hz, 1 H), 5.80 (br, 1 H), 5.77 (d, J = 6.45 Hz, 1 H), 5.27 (m, 1 H), 3.92
(d,J = 12.31 Hz, 2 H), 3.79 (d, J = 8.5 Hz, 2 H), 3.30-3.40 (m, 2 H), 3.02-3.20 (m, 1 H),
1.50-1.65 (m, 1 H), 1.54 (d, J=17.04, 3 H). 1.25 (br s, 3 H), 0.95 (br s, 3 H).
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Example 68 - (S)-6-Chloro-3-(1-((4-(methylsulfonyl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one (I-105).

C'\wNHZ_Hq
H % :
N NaSMe N7 - P
I/j\ _— | c XY SN \N SCH
AR S 0 T

N CI” 'N” "SCH;  piEa DMSO

= NG
m-CPBA al o) |

— = (S)N N~ “SO,CHj4
CH.Cl, H o
1-105

Step-I: 2-Chlore-4-(methyithio)pyrimidine.

[0268] To a solution of 2,4-dichloropyrimidine (1 g, 6.71 mmol) in THF (12 mL) was

SCH;,

added sodium thiomethoxide (565 mg, 8.05 mmol)and the resulting suspension was stirred at
ambient temperature overnight. After TLC and MS showed completion of reaction, the
mixture was quenched with water, extracted with EtOAc (2 x 25 mL), dried over anhydrous
NayS0,, filtered and evaporated to dryness. The resulting residue was purified by column
chromatography on an ISCO® chromatography system (SiO, column: hexanes/EtOAc 0 to
20% gradient elution) to afford the title compound as yellow solid (348 g, 33% yield).

Step-2:  (83-6-Chiloro-3-(1-({4-{methylthio)pyrimidin-2-ylamine)ethylquinolin-2(1 H)-

éne.

[0269] A mixture of (S5)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride 11-1
(1.0 g, 3.85 mmol), 2-chloro-4-(methylthio)pyrimidine (1.24 g, 7.71 mmol) and DIEA (1.32
mL, 7.71 mmol) in DMSO (10 mL) was heated at 130 °C for 1.5 hours. After TLC and MS
showed completion of reaction, the mixture was cooled to room temperature and poured onto
crushed ice. The mixture was then extracted with EtOAc (3 x 25 mL), dried over anhydrous

Na;S0O,, filtered and evaporated to dryness. The resulting residuc was purified by column
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chromatography on an ISCO® chromatography system (SiO, column: hexanes/EtOAc 0 to
100% gradient elution) to obtain the title compound (770 mg, 58% yield).

Step-33 {(81-6-Chloro-3-(1-{{4-(methyisulfonyi)pyrimidin-2-yhamine)ethyhguinolin-
2(1 Hy-one (1-105).

= N - |

| - \/j\
c \@THJ\N SO,CH3
N0

H

[0270] To a mixture of (8)-6-chloro-3-(1-((4-(methylthio)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one 3 (768 mg, 2.21 mmol) in CH,Cl, (40 mL) at 0 °C was
added m-CPBA (~75%, 1.12 g, 4.87 mmol). The ice bath was removed and the mixture was
then stirred at room temperature for 2.5 hours. After TLC and MS showed completion of
reaction, the mixture was filtered and rinsed with CH,Cl; (10 mL). The organic layer was
washed with saturated NaHCO; (10 mL) and 10% NaHSO; (10 mL), dried over anhydrous
Na,SQ,, filtered and evaporated to dryness. The resulting residue was purified by column
chromatography on an ISCO® chromatography system (SiO; column: hexanes/EtOAc 0 to
100% gradient elution) to afford I-105 as white solid (460 mg, 55%yicld). 'H NMR (300
MHz, DMSO-ds ): 6 ppm 11.99 (br s, 1 H), 8.65-8.45 (brm, 2 H), 7.75 (m, 2H), 7.49(d,J =
8.8 Hz, 1 H), 7.30 (d, J=8.8 Hz, 1 H), 7.05 (m, 1 H), 5.22-5.19 (m, 1 H), 3.28 (d, 3 H),
1.43 (d, J= 6.9 Hz, 3 H). LCMS (method 3): Rt 5.92 min, m/z 379 [M+H]".

Example 69 --(S)-2-((1-(6-chloro-2-o0x0-1,2-dihydroquinolin-3-
yl)ethyl)amino)pyrimidine-4-carboxamide (I-114).

= = N X
I : P
c Xy NH,HCI NTS DMSO cl N N)\N/ NH,
+ /k = NH; H o)
N X0 CI” °N DIEA N0
H 0 H
-1 1114

[0271] A mixture of DIEA (0.111 ml, 0.635 mmol), (8)-3-(1-aminoethyl)-6-
chloroquinolin-2(1H)-one 1II-1 (70.7 mg, 0.317 mmol), and 2-chloropyrimidine-4-
carboxamide (50 mg, 0.317 mmol) in DMSO (2 ml) was heated to 110°C for overnight,
added EtOAc, washed with water, dried and concentrated. The biotage purification with 0-
5% McOH/DCM on a 25 g column afforded (S)-2-((1-(6-chloro-2-o0x0-1,2-dihydroquinolin-
3-yl)ethyl)amino)pyrimidinc-4-carboxamide 1- 114 (49 mg, 44.9%). 1H NMR (300 MHz,
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DMSO-d6): 5 11.02 (br s, 1 H), 8.45 (d, J = 4.7 Hz, 1 H), 8.00 (br, 1 H), 7.79 (br, 2 H), 7.72
(s, 1 H), 7.47 (d, J = 8.79 Hz, 1 H), 7.28 (d, J = 8.8 Hz, 1 H), 7.02 (d, J = 4.69 Hz, 1 H),
5.29 (m, 1 H),1.41 (d, J = 7.04 Hz, 3 H).

Example 70 -- ($)-6-chloro-3-(1-((4-((1,1-dioxidoisothiazolidin-2-yl)methyl)pyrimidin-2-
yl)amino)ethyl) quinolin-2(1H)-one (I-119).

Ha, 10% Pd/C,

N/ﬁ\ EtOH, Boc,O N/ﬁ\/ HCI )N]\/i/
| —_— P> NH, HCI
)I\N, )\N/ NHBoc Cr N 2

CN Cl

Cl

DIEA, THF C]\/\/SOQC]

H NaH, DMF
Cl N[’> DMSO, DIEA )\/j\/ -~ C])\/j\/ N /\/\C]
N o 11-1

H
1-119

Step-1: tert-Butyl ((2-chloropyrimidin-4-yl)methyl)carbamate

NTX
ML NHBoc
CI” N

[0272] A mixture of 2-chloropyrimidin-4-carbonitrile (1.00 g, 7.1 mmol, 1 cquivalent),
Boc,0 (2.92 g, 13.4 mmol, 1.9 cquivalents) and 180 mg 10% Pd/C in 100 mL EtOH was
stirred under an atmosphere of hydrogen for 2 hours at 1 atmosphere. The catalyst was
filtered off, and the filtrate was purified by column chromatography on 60 g of silica gel
(eluted with hexane/EtOAc, 7/3) to provide 0.52 g of the title compound (30% yield) as a

waxy yellow solid.

Step-2: (2-Chloropyrimidin-4-yl)methanamine hydrochloride.

N
M NH, Hel
CI N :

[0273] To a solution of tert-butyl ((2-chloropyrimidin-4-yl)methyl)carbamate (0.52 g,
2.4 mmol, 1 equivalent) in 6 mL. THF was added 3 mL 4N HCI in 1,4-dioxane (12 mmol, 5
equivalents). After stirring overnight at room temperature, ether was added and a solid
precipitated from solution. The solid obtained was filtered and rinsed with ethyl ether to

afford 0.30 g (100%) of the title compound as the hydrochloride salt.
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Step-3: 3-Chloro-N-((2-chloropyrimidin-4-yl)methyl)propane-1-sulfonamide.

|
N
Cl)\N/ s el
oo

[0274] A suspension of (2-chloropyrimidin-4-yl)methanamine hydrochloride (300 mg,

2.1 mmol, 1 equivalent) in 10 mL DCM was cooled to 0 OC and treated with DIEA (570 mg,
4.4 mmol, 2.1 equivalents) followed by 3-chloro-propane sulfonyl chloride (437 mg, 2.5
mmol, 1.2 equivalents). After stirring for 60 minutes at room temperature, the reaction was
poured into water and extracted with EtOAc. The extract was washed with brine, dried over

NapSO4 and purified by column chromatography on 15 g of silica gel (eluted with DCM/1%
EtOH) to provide the title compound (258 mg, 43% yicld) as a dark gold resin.

Step-4: 2-((2-Chloropyrimidin-4-yl)methyl)isothiazolidine 1,1-dioxide.

N [,>
Cl)\\N N.g

70N

o 0
[0275] A solution  of  3-chloro-N-((2-chloropyrimidin-4-yl)methyl)propane-1-
sulfonamide (210 mg, 0.74 mmol, 1 cquivalent) in 6.5 mL DMF was cooled to 0 °C, treated
with NaH (60 wt% in oil, 41 mg, 1.02 mmol, 1.35 equivalents) and stirred at room
temperature overnight. After quenching with water, brine was added, and the reaction
mixture was extracted with EtOAc (x 2). After drying over NapSQy4, the extract was purified
by column chromatography on 4 g of silica gel (eluted with hexane/EtOAc, 75/25) to provide
the title compound (56 mg, 43% yield) as a gold resin.
Step-5: (S)-6-Chloro-3-(1-((4-((1,1-dioxidoisothiazolidin-2-yl)methyl)pyrimidin-2-
yl)amino)ethyl) quinolin-2(1H)-one (I-119).

= N7 |
o P
= N~ °N -
H oo
N0

H

[0276] A mixture of 2-((2-chloropyrimidin-4-yl)methyl)isothiazolidine 1,1-dioxide (56
mg, 0.23 mmol, 1 equivalent), (8)-3-(l-arminocthyl}-6-chloroquinolin-2(1H}-one
hydrochloride ¥i-1 (60 mg, 0.23 mmol, 1 equivalent) and DIEA (74 mg, 0.58 mmol, 2.5

equivalents) in 0.5 mL of DMSO was heated in a sealed tube to 130 OC for 90 minutes. The
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reaction was then poured into water and extracted with EtOAc (x 2). After drying over

NaS04, the extract was purified by column chromatography on 4 g of silica gel (eluted with
EtOAC/EtOH, 98/2), and the purest fractions obtained were triturated with EtOAc/Et20 (1/1)

to provide I-119 (14 mg, 14% yield) as an off-white solid. 1H-NMR(3OO MHz, CDCl3): 6
ppm 11.35 (br s, 1 H), 823 (d,.J =495 Hz, 1 H), 7.69 (s, 1 H), 7.51 (d, J =2.19 Hz, 1 H),
7.40 (dd, J = 2.22,8.79 Hz, 1 H), 7.23 (m, 1 H) 6.64 (d, J = 495 Hz, 1 H), 6.05 (br d, J =
7.95Hz, 1 H), 5.30 (m, 1 H), 4.05 (s, 2 H), 3.22 (t, 2 H), 3.13 (t, 2 H), 2.28 (m, 2 H), 1.61 (d,
J = 6.87 Hz, 3 H). LCMS (Method 3): Rt 8.5 min., m/z 434 [M+H]".

Example 71 -- (S)-6-Chloro-3-(1-(4-(isobutylsulfonylmethyl)pyrimidin-2-
ylamino)ethyl)quinolin-2(1 H)-one (I-121).

N™ "0 - N7
O, )_ H B O (o]
N s N 5 0 -1 cl ; );)\/‘\S"
A A+ 9 — 1 \w\)\ STNTN
cI N Na O T e - H
o

) DIEA/DMSO N
1-121

Step-1: 2-Chloro-4-((isobutylsulfonyl)methyl)pyrimidine.

N™ ™ 0

[0277] Sodium 2-methylpropane-1-sulfinate (0.265 g, 1.840 mmol) was added in one
portion to a solution of 2-chloro-4-(chloromethyl)pyrimidine (0.25 g, 1.534 mmol) in DMF
(4 mL). The reaction mixture was stirred at room temperature for 16 hours. Water (30 mL)
was then added to the reaction mixture and the aqueous phase was extracted with EtOAc (3 x
30 mL). The combined organic extracts were dried over MgSO, and the volatiles were
removed under reduced pressure. The crude material was purified by column chromatography
on Si0, (25 g SNAP® column, 0% EtOAc/hexanes for 5 minutes, 0-30% EtOAc/hexanes for
30 minutes, and 30-50% EtOAc/hexanes for 5 minutes) to afford 2-Chloro-4-
(isobutylsulfonylmethyl) pyrimidine (0.268 g, 1.077 mmol, 70.3% yield).

Step-2: (85)-6-Chloro-3-(1-((4-((isobutylsulfonyl)methyl)pyrimidin-2-yl)amino)ethyl)
quinolin-2(1H)-one.
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[0278] A solution of (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride 1I-
1 (0.1 g, 0.386 mmol), 2-chloro-4-(isobutylsulfonylmethyl)pyrimidine (0.096 g, 0.386 mmol)
and DIEA (0.404 mL, 2.315 mmol) in DMSO ( 2.76 mL) was heated to 120 °C for 16 hours.
Water (20 mL) was added to the reaction mixture, and the aqueous phase was extracted with
EtOAc (3 x 30 mL). The combined organic extracts were dried over MgSQOa4, and the volatiles
were removed under reduced pressure. The crude material was purified by column
chromatography on SiO2 (10 g SNAP® column, 0% MeOH/DCM for 5 minutes, 0-15%
McOH/DCM for 30 minutes, and 15% McOH/DCM for 10 minutes) to afford (S)-6-chloro-3-
(1-(4-(isobutylsulfonyl methyl)pyrimidin-2-ylamino)cthyl)quinolin-2(1H)-onc  (0.074 g,
0.170 mmol, 44.1% yield) as an orange oil. 'H NMR (300 MHz, DMSO-ds): & ppm 11.96 (s,
1 H), 8.28 (brs, 1 H), 7.65-7.80 (m, 3 H), 7.45 (dd, J=8.79,2.35 Hz, 1 H), 727 (d, J = 8.79
Hz, 1 H), 6.65 (d, ./J=4.69 Hz, 1 H), 5.17 (quin, .J=7.11 Hz, 1 H), 4.26-4.44 (m, 2 H), 2.63-
3.22 (m, 2 H), 2.00-2.36 (m, 1 H), 1.39 (d, /= 7.04 Hz, 3 H), 0.64-1.11 (m, 6 H).

Example 72 -- 6-Chloro-3-((15)-1-((4-((tetrahydrofuran-3-yl)amino)pyrimidin-2-
yl)amino)ethyl) quinolin-2(1H)-one (I-122).

C'mNHz
|8: ¥ o 0
L WS e O
P > H :
CI” N” Tl EtOH CI” "NT N Cs,CO4/DIEA N7~ ~0
DMSO H

HoN

1-122

Step-1: 2-Chloro-N-(tetrahydrofuran-3-yl)pyrimidin-4-amine.
N7 0}
N
A L

[0279] To a solution of 2,4-dichloropyrimidine (0.428 g, 2.87 mmol) in EtOH (28.7 mL)
was added tetrahydrofuran-3-amine (0.25 g, 2.87 mmol). The solution was stirred at 45 °C
for 16 hours and then concentrated under vacuum. The crude product was purified by SiO2

column chromatography (25 g SNAP® column, 0% MeOH/DCM for 5 minutes, 0-3%
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MeOH/DCM for 25 minutes, and 5-10% MeOH/DCM for 15 minutes) to afford 2-chloro-N-
(tetrahydrofuran-3-yl)pyrimidin-4-amine (0.141 g, 0.706 mmol, 24.61% yield).

Step-2: 6-Chloro-3-((15)-1-((4-((tetrahydrofuran-3-yl)amino)pyrimidin-2-
yl)amino)ethyl) quinolin-2(1H)-one (I-122).

0L .
- L0
Cl \N)\N/N
H H

N° O

H

[0280] A solution of (5)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride 1I-
1 (0.183 g, 0.706 mmol), 2-chloro-N-(tetrahydrofuran-3-yl)pyrimidin-4-amine (0.141 g,
0.706 mmol) and DIEA (0.740 mL, 4.24 mmol) in DMSO (4.71 mL) was heated to 130 °C
for 1 hour. Cs,COs3 (0.460 g, 1.413 mmol) was then added and the temperature was increased
to 155 °C for 3 hours. Water (25 mL) was added, and the resulting precipitate was filtered off
and dried under reduced pressure. The crude material was purified by SiO2 column
chromatography (25 g SNAP® column, 0% MeOH/DCM for 5 minutes, 0-5% MeOH/DCM
for 25 minutes, 5-10% MeOH/DCM for 15 minutes, and 10-15% MeOH/DCM for 15
minutes) to afford  6-chloro-3-((15)-1-((4-((tetrahydrofuran-3-yl)amino)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one 1-122 (0.0439 g, 0.114 mmol, 16.11% yicld). '"H NMR
(300 MHz, DMSO-ds): 6 ppm 11.87 (s, 1 H), 7.60-7.67 (m, 2 H), 7.55 (br d, J = 4.98 Hz, 1
H), 7.40 (dd, J = 8.65,2.49 Hz, 1 H), 7.22 (d,J = 8.79 Hz, 1 H), 6.74-7.14 (m, 1 H), 5.65 (d,
J=586Hz,1H),5.04 (brt,./=6.74 Hz, 1 H), 3.35-3.85 (m, 5 H), 1.95-2.13 (m, 1 H), 1.59-
1.73 (m, 1 H), 1.28 (d, J=6.74 Hz, 3 H).

Example 73 -- (§)-6-Chloro-3-(1-((4-(2-oxoimidazolidin-1-yl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1H)-one (I-123).

N"Yo = NS

O N7 o : ] [¢]

'\i/j . A e )l\/j\ A " “ Sy A
P NH o NN N

N e ./ DMF LN L

DIEA/DMSO

Step-1: 1-(2-Chloropyrimidin-4-yl)imidazolidin-2-one.
N™~ 0
§i
Cl)\N N/I(NH
L
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[0281] To a solution of imidazolidin-2-one (1.445 g, 16.78 mmol) in DMF (6.71 mL) at 0
°C was added 60% NaH in oil (0.671 g, 16.78 mmol). The reaction mixture was stirred at
room temperature for 30 minutes and then 2,4-dichloropyrimidine (0.5 g, 3.36 mmol) was
added. The reaction mixture was stirred at room temperature for 1 hour. Water (20 mL) was
added, and the aqueous phase was extracted with EtOAc (3 x 30 mL). The combined organic
extracts were washed with brine (30 mL), dried over MgSO, and evaporated under reduced
pressure. The solid was treated with DCM (2 mL) and filtered to afford 50% pure 1-(2-
chloropyrimidin-4-yl)imidazolidin-2-one (0.087 g, 0.438 mmol, 13.05% yield) as a white

solid. This material was used in the next step without further purification.

Step-2: (8)-6-Chloro-3-(1-((4-(2-oxoimidazolidin-1-yl)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1 H)-one (I-123).

z N7 o)
oot
o
[0282] A mixture of (§)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-1
(0.117 g, 0.453 mmol), 1-(2-chloropyrimidin-4-yl)imidazolidin-2-one (0.09 g, 0.453 mmol)
and DIEA (0.475 mL, 2.72 mmol) in DMSO (3.02 mL) was heated to 120 °C for 16 hours.
Water (10 mL) was added and an off white solid formed. The selid was collected by filtration
and washed once with water (5 mL). The crude material was purified by SiO2 column
chromatography 2 (25 g SNAP® column, 0% MeOH/DCM for 5 minutes, 0-5% MeOH/DCM
for 25 minutes, and 5-10% MeOH/DCM for 10 minutes) to afford (S)-6-Chloro-3-(1-((4-(2-
oxoimidazolidin-1-yl)pyrimidin-2-yl)amino) ethyl) quinolin-2(1H)-one 1-123 (0.0115 g,
0.030 mmol, 6.59% yield). '"H NMR (300 MHz, DMSO-de): 3 ppm 11.93 (s, 1 H), 7.9 —7.98
(m, 1 H), 7.67-7.74 (m, 2 H), 7.45 (dd, J = 8.79,2.35 Hz, 1 H), 7.16-7.41 (m, 5 H), 5.06-5.21
(m, 1 H), 3.89 (brs,2 H), 3.2 -3.41 (m, 2 H), 1.35 (d,J=17.04 Hz, 3 H).

Example 74 - ($)-1-(2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yDethyl)amino)pyrimidin-4-yl)-1,3,3-trimethylurea (I-125).

o NN o N Néj\ X
[ I/j\ 111 cl XN -
P - N ONTTN
CI)\N NJ\N/ \©\/I\H I
NaH/DMF oo H 0

N/j\

|

Cl)\N/ N
H

DIEA/Cs,CO4/DMSO
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Step-1: 1-(2-Chloropyrimidin-4-yl)-1,3,3-trimethylurea.
LS
cl )\N/ l\ll/U\lTl/

[0283] To a solution of 2-chloro-N-methylpyrimidin-4-amine (.25 g, 1.741 mmol) in
DMF (17.41 mL) at 0 °C was added 60% NaH in oil (0.139 g, 3.48 mmol). The reaction
mixture was stirred at 0 °C for 30 minutes and dimethylcarbamic chloride (0.160 mL, 1.741
mmol) was then added. The reaction was allowed to warm to room temperature and was
stirred at room temperature for 1 hour. The reaction mixture was then poured on ice/water (50
mL) and extracted with EtOAc (3 x 20 mL). The combined organic phases were dried over
MgSQOs, and the volatiles were removed under reduced pressure. The crude material was
purified by SiO2 column chromatography (50 g SNAP® column, 0% MeOH/DCM for 5
minutes, 0-5% MeOH/DCM for 25 minutes, and 5-10% MeOH/DCM for 10 minutes to
afford 1-(2-chloropyrimidin-4-yl)-1,3,3-trimethylurea.

Step-2: (S)-1-(2-((1-(6-Chloro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-
y1)-1,3,3-trimethylurea (1-125).

N o e N
H I I
(@]

“CCC
N
H

[0284] A solution of (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-
1 (0.241 g, 0.932 mmol), 1-(2-chloropyrimidin-4-yl)-1,3,3-trimethylurea (0.2 g, 0.932 mmol)
and DIEA (0.976 mL, 5.59 mmol) in DMSO (6.21 mL) was heated to 125 °C for 6 hours.
Cs,CO5 (0.607 g, 1.863 mmol) was then added to the reaction mixture and the temperature
was increased to 150 °C for 2 hours. Water (25 mL) was added, and the resulting precipitate
was filtered off and dried under reduced pressure. The crude material was purified by SiOz
column chromatography (25 g SNAP® column, 0% McOH/DCM for 5 minutes, 0-5%
McOH/DCM for 25 minutes, and 5-10% McOH/DCM for 15 minutes) to afford (S)-1-(2-((1-
(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-yl)-1,3,3-trimethylurea
(0.0456 g, 0.114 mmol, 12.21% yield). "H NMR (300 MHz, DMSO-ds): 8 ppm 11.92-11.97
(m, 1 H), 7.85-7.97 (m, 1 H), 7.67-7.74 (m, 2 H), 7.41-7.49 (m, 1 H), 7.27 (d, J = 8.79 Hz, 2
H), 591-5.97 (m, 1 H), 4.97-5.17 (m, 1 H), 2.55-3.17 (m, 9 H), 1.30-1.39 (m, 3 H).
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Example 75 -- (8)-3-(2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yDethyl)amino)pyrimidin-4-yl)-1,1-dimethylurea (I-126).

5 cl NN,
Cl)LN/ SN N o : Néj\ i
N (@] H B
S U P MY Y Y
I NTTNTN H H
NaH/DMF H o DIEA/Cs,CO3/DMSO N o]

N™ ™
)I\/
Cl N NH

2

Step-1: 3-(2-Chloropyrimidin-4-yl)-1,1-dimethylurea.
LA
Cl)\N/ H)J\T/

[0285] To a solution of 2-chloropyrimidin-4-amine (0.250 g, 1.930 mmol) in DMF (19.30
mL) at 0 °C was added 60% NaH (0.154 g, 3.86 mmol). The reaction mixture was stirred at 0
°C for 30 minutes, then dimethylcarbamic chloride (0.177 mL, 1.930 mmol) was added. The
reaction was allowed to reach room temperature and was stirred at room temperature for 1
hour. The reaction was poured on ice/water (50 mL), and the product was extracted into
EtOAc (3 x 20 mL). The combined organic phases were dried over MgSQ,, and the volatiles
were removed under reduced pressure. 3-(2-Chloropyrimidin-4-yl)-1,1-dimethylurea (0.248
g, 1.236 mmol, 64.1 % yield) was isolated and used in the next step without further

purification.

Step-2: (8)-3-(2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-
yl)-1,1-dimethylurea (I-126).

: Nél O

CI\CE\I-\NJ\\N NJJ\N/
H H

N "0
H
[0286] A mixture of (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride I1-1
(0.1 g, 0.386 mmol), 3-(2-chloropyrimidin-4-yl}-1,1-dimethylurea (0.077 g, 0.386 mmol) and
DIEA (0.404 mL, 2.315 mmol) in DMSO (2.57 mL) was heated to 130 °C for 1 hour. Water
(20 mL) was added and an off white solid precipitated out of solution. The resulting solid was

filtcred off and washed once with water (5 mL). The crude material was purified by SiO2

column chromatography (25 g SNAP® column, 0% MecOH/DCM for 5 minutes, 0-10%
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MeOH/DCM for 25 minutes, and 10% MeOH/DCM for 10 minutes) to afford (S)-3-(2-((1-(6-
chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-yl)-1,1-dimethylurea
(0.0686 g, 0.177 mmol, 46.0% yield). '"H NMR (300 MHz, DMSO-ds): 3 ppm 11.94-12.00
(m, 1 H), 9.42-9.49 (m, 1 H), 9.01-9.11 (m, 1 H), 7.99-8.05 (m, 1 H), 7.81-7.87 (m, 1 H),
7.75-7.81 (m, 1 H), 7.44-7.52 (m, 1 H), 7.23-7.33 (m, 1 H), 6.26-6.36 (m, 1 H), 4.86-5.01 (m,
1 H), 3.06 (s, 6 H), 1.41 (d, J=7.04 Hz, 3 H).

Example 76 -- (S)-6-Chloro-3-(1-((4-(oxazol-2-ylamino)pyrimidin-2-
yl)amino)ethyl)quinolin-2(1 H)-one (I-127).

C\\C(\I'\NHZ
XANTPHOS, Cs,CO: H N N
N7 » 800 H />
/“\/j\ + HZN\FO Pd,{dba), Dioxane Nl/j\ '\f,\> H"? cl - )l\/j\ J’\O\
cI N el ' \/) _— M - - . N° NN
Cl N N 9]
H DIEA/DMSO N ~0
1-127

Step-1: N-(2-chloropyrimidin-4-yl)oxazol-2-amine.
N™™ N

S A

CI/I\N/ ”/LO

[0287] A mixture of Xantphos (0.194 g, 0.336 mmol), Cs,CO; (1.094 g, 3.36 mmol),
Pd,(dba); (0.154 g, 0.168 mmol), 2,4-dichloropyrimidine (0.5 g, 3.36 mmol) and oxazol-2-
amine (0.282 g, 3.36 mmol) in 1,4-dioxane (11.19 mL) was heated to 100 °C for 3 hours. The
reaction was filtered to remove the solid, and the solid was rinsed with DCM (3 x 5 mL). The
volatiles were removed under reduced pressure and the crude material was purified by SiO2
column chromatography (50 g SNAP® column, 0% EtOAc in hexanes for 5 minutes, then 0-
100% EtOAc in hexanes for 30 minutes) to afford N-(2-Chloropyrimidin-4-yl)oxazol-2-
amine (0.1 g, 0.509 mmol, 15.16% yicld).

Step-2: (5)-6-Chloro-3-(1-((4-(oxazol-2-ylamino)pyrimidin-2-yl)amino)ethyl)quinolin-
2(1H)-one (1-127).

H N7 N
; |/j\ B
CI\@\/X\NJ\N/ NJ\/O>
H H
N° ~O
H
[0288] A solution of (§)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one II-1 (0.113 g,
0.509 mmol), N-(2-chloropyrimidin-4-yl)oxazol-2-amine (0.1 g, 0.509 mmol) and DIEA
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(0.533 mL, 3.05 mmol) in DMSO (3.39 mL) was heated to 120 °C for 16 hours. Water (25
mL) was then added and the resulting precipitate was filtered off and dried under reduced
pressure. The crude material was purified by SiO2 column chromatography (25 g SNAP®
column, 0% MeOH/DCM for 5 minutes, 0-10% MeOH/DCM for 25 minutes, and 10%
MeOH/DCM for 10 minutes). The product containing fractions were concentrated under
reduced pressure, and the residue was dissolved in EtOAc (2 mL) and hexane (5 mL) was
added. The resulting precipitate was filtered to afford (S$)-6-Chloro-3-(1-((4-(oxazol-2-
ylamino)pyrimidin-2-yl)amino)ethyl) quinolin-2(1H)-one, I-127 (0.012 g, 0.031 mmol,
6.16% yield). "H NMR (300 MHz, DMSO-ds): 3 ppm 11.94 (s, 1 H), 10.63 (s, 1 H), 8.00-
8.10 (m, 1 H), 7.72 (br 4, J= 6.45 Hz, 3 H), 7.46 (br d, J=8.50 Hz, 1 H), 7.27 (br d, J = 8.79
Hz, 2 H), 7.09 (d,J = 5.86 Hz, 1 H), 7.02 (s, 1 H), 5.10-5.22 (m, 1 H), 1.35-1.43 (m, 3 H).

Example 77 -- (S)-2-(2-((1-(6-chloro-2-0xo0-1,2-dihydroquinolin-3-
yl)ethyl)amino)pyrimidin-4-yl) acetamide (I-130)

H JN|\\ ? NH;, MeOH
NY o DIEA, DMSO i 3,
cI” N o)
11-1 o

N
H
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Step-1: methyl (S)-2-(2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)

PP
J'\N/ o

pyrimidin-4-yl)acetate.

Cl e -N
H
N® ~O

H

[0289] A mixture of DIEA (0314 ml, 1796 mmol), (S)-3-(1-aminoethyl)-6-
chloroquinolin-2(1H)-one (200 mg, 0.898 mmol), and ethyl 2-(2-chloropyrimidin-4-
yDacetate (180 mg, 0.898 mmol) in DMSO (2 ml) was heated to 110 °C for overnight. The
reaction mixture was treated with EtOAc, washed with water, dried, and concentrated. The
crude material was purified by silica gel chromatography on a Biotage™ chromatography
system on a 25 g column eluted with 0-5% MeOH/DCM to afford methyl (S)-2-(2-((1-(6-
chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-yl)acetate (83 mg, 23%
yield). '"H NMR (300 MHz, CDCl3): d ppm 12.02 (brs, 1 H), 8.19 (d, J = 4.98 Hz, 1 H), 7.68
(s, 1 H), 7.50-7.50 (m, 1 H), 7.35-7.46 (m, 1 H), 7.28-7.36 (m, 1 H), 6.52 (d, /=498 Hz, 1
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H), 6.11 (brd,J=8.21 Hz, 1 H), 5.31-5.42 (m, 1 H), 5.29 (s, 3 H), 3.56 (s, 2 H), 1.62 (d, J =
7.04 Hz, 3 H). LCMS (Method 1): Rt 2.33 min, m/z 387.94 [M+H]".

Step-2: (S)-2-(2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-

yDacetamide

= 0]

N
S e
T

N° "0

H
[0290] A mixture of ammonia (4 ml, 7N in MeOH, 28 mmol) and (S)-cthyl 2-(2-((1-(6-
chloro-2-0x0-1,2-dihydroquinolin-3-yl)cthyl)amino)pyrimidin-4-yl)acetate (40 mg, 0.103
mmol) was stirred at 40 °C for overnight. The reaction was concentrated purified on a
Gilson® reverse phase HPLC to afford(S)-2-(2-((1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yl)ethyl)amino)pyrimidin-4-yl)acetamide (2.2 mg, 5.9% yield).

Example 78 -- ($)-6-Chloro-3-(1-(4-(methylsulfonylmethyl)pyrimidin-2-ylamino)ethyl)
quinolin-2(1H)-one (I-134).

P _
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Step-1: Methyl 2-(2-chloropyrimidin-4-yl)-2-(methylsulfonyl)acetate.

N
)Nl\ ) 0, 0
Ci N ~
S0 N0

[0291] To a solution of methyl 2-(methylsulfonyl)acetate (3 g, 19.71 mmol) in DMF
(25.3 mL) at 0 °C was added 60% sodium hydride (NaH) in oil (1.577 g, 39.4 mmol). The
reaction mixture was stirred at room temperature for 5 minutes (until bubbling ceased) and
2,4-dichloropyrimidine (2.94 g, 19.71 mmol) was then added. The reaction mixture was
stirred at room temperature for 16 hours. The reaction mixture was poured into 2M aqueous
HCI solution (20 mL), and the aqueous phase was extracted with EtOAc (3 x 20 mL). The
combined organic extracts were dried over MgSOa. The crude material was purified by SiO2
column chromatography (50 g SNAP® column, 0% EtOAc/hexanes for 5 minutes, 0-50%
EtOAc/hexanes for 30 minutes, and then 50-75% EtOAc/hexanes for 5 minutes)to afford
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methyl 2-(2-chloropyrimidin-4-yl)-2-(methylsulfonyl)acetate (1.58 g, 5.97 mmol, 30.3%
yield).

Step-2: (85)-6-chloro-3-(1-(4-(methylsulfonylmethyl)pyrimidin-2-ylamino)cthyl)quinolin-
2(1H)-one,

)\ )\
m m
1-133 1-134

[0292] A solution of (S)-3-(1-aminoethyl)-6-chloroquinolin-2(1H4)-one II-1 (0.210 g,
0.945 mmol), methyl 2-(2-chloropyrimidin-4-yl)-2-(methylsulfonyl)acetate (0.25 g, 0.945
mmol) and DIEA (0.990 mL, 5.67 mmol) in DMSO (6.75 mL) was heated to 120 °C for 16
hours. Water (15 mL) was then added, and the resulting precipitate was filtered off and
washed with water (2 x 5 mL). The precipitate was dried under reduced pressure and purified

®

by SiO2 column chromatography (25 g SNAP™ column, eluted with 0-75% EtOAc/hexanes
for 30 minutes, and then 75-100% EtOAc/hexanes for 5 minutes). The title compound was
further purified on a Gilson® reverse phase HPLC (20 mL/minute, 10 minute gradient 15-
85% CH3CN, 0.01% HCO2H on an XTerra Prep MS C18 OBD 5 M, 19 x 100 mm column)
to afford methyl 2-(2-((S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-yl)ethylamino)pyrimidin-

4-y1)-2-(methylsulfonyl) acetate (0.0117 g, 0.026 mmol, 2.75% yield).

[0293] The Gilson® reverse phase column was further washed with EtOAc for 10
minutes to collect (8)-6-chloro-3-(1-(4-(methylsulfonylmethyl)pyrimidin-2-
ylamino)ethyl)quinolin-2(1/)-one. This material was further purified on a Gilson reverse
phase HPLC (20 mL/minute, 10 minute gradient 15-85% CH3CN, 0.01% HCO:2H on an
XTerra Prep MS C18 OBD 5 M, 19x100 mm column) to afford (S)-6-chloro-3-(1-(4-
(methylsulfonylmethyl)pyrimidin-2-ylamino)ethyl) quinolin-2(1H)-one, I-134 (0.0122 g,
0.031 mmol, 3.29% vyield).

I- 133: 'H NMR (300 MHz, DMSO-de): & ppm 11.95 (s, 1 H), 8.16-8.38 (m, 1 H), 7.60~7.80
(m, 3 H), 7.39-7.50 (m, 1 H), 7.21-7.31 (m, 1 H), 6.59-6.70 (m, 1 H), 5.08-5.21 (m, 1 H),
429-4.44 (m, 2 H), 2.74-3.22 (m, 3 H), 1.38 (d, J = 6.74 Hz, 3 H).
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Example 79 -- 6-Chloro-3-((18)-1-((4-(1-(methylsulfonyl)ethyl)pyrimidin-2-
yl)amino)ethyl) quinolin-2(1H)-one (I-135).

o)

= NZ
™ AL : Mo T MOy
N NaH, CHgl N W DIEA/DMSO H | 220 Cl X, S
A 2 0\\5/,0 PN cl X N)\\N SN h NN >
CI” N ™~  DMF U H +
o) 111 N0 N [oxie]
~o"S0 /O 3 H |

H N

H | O, O

: P
NaOH, Hy,O Clm\NJ\\:ﬂjﬁ/S\
_— H

MeOH N™ ~0
H
1-135

Step-1: Methyl 2-(2-chloropyrimidin-4-yl)-2-(methylsulfonyl)propanoate.

[0294] To a solution of methyl 2-(2-chloropyrimidin-4-yl)-2-(methylsulfonyl)acetate
(0.14 g, 0.529 mmol) in DMF (5.29 mL) at room temperature was added 60% NaH in oil
(0.025 g, 0.635 mmol). The reaction mixture was stirred at room temperature for 10 minutes
before iodomethane (0.049 mL, 0.793 mmol) was added. The reaction mixture was then
stirred at room temperature for 1 hour. Water (20 mL) was added, and the aqueous phasc was
cxtracted with EtOAc (3 x 20 mL). The combined organic phascs were washed with brine
and dried over MgSOa. The volatiles were removed under reduced pressure, and the resulting
residue was purified by SiO2 column chromatography (25 g SNAP® column, 0-75%
EtOAc/hexanes for 30 minutes and then 75-100% EtOAc/hexanes for 5 minutes) to afford
methyl 2-(2-chloropyrimidin-4-yl)-2-(methylsulfonyl) propanoate (0.077 g, 0.276 mmol,
52.2% yield).

Step-2: 6-Chloro-3-((1.5)-1-((4-(1-(methylsulfonyl)ethyl)pyrimidin-2-yl)amino)ethyl)
quinolin-2(1H)-one and methyl 2-(2-(((8)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yl)ethyl)amino)pyrimidin-4-yl)-2-(methylsulfonyl)propanoate.

[0295] A solution of (§)-3-(1-aminoethyl)-6-chloroquinolin-2(1H)-one hydrochloride II-
1 (0.072 g, 0.276 mmol), methyl 2-(2-chloropyrimidin-4-yl)-2-(methylsulfonyl)propanoate
(0.077 g, 0.276 mmol) and DIEA (0.290 mL, 1.658 mmol) in DMSO (6.75 mL) was heated
to 120 °C for 16 hours. Water (15 mL) was added, and the resulting precipitate was filtered
off and washed with water (2 x 5 mL). This precipitate consisted of a mixture of 6-chloro-3-
((LS)-1-(4-(1-(methylsulfonyl)ethyl)pyrimidin-2-ylamino)ethyl)quinolin-2(1/)-one (0.056 g,
0.138 mmol, 50.0% yield) and methyl 2-(2-((S)-1-(6-chloro-2-o0xo0-1,2-dihydroquinolin-3-
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yDethylamino) pyrimidin-4-yl)-2-(methylsulfonyl) propanoate (0.064 g, 0.138 mmol, 50.0%

yield). The mixture was used in the next step without further purification.

Step-3: 6-Chloro-3-((15)-1-((4-(1-(mcthylsulfonyl)cthyl)pyrimidin-2-yl)amino)cthyl)
quinolin-2(1H)-one.

[0296] To a suspension of 6-chloro-3-((1S)-1-(4-(1-(methylsulfonyl)ethyl)pyrimidin-2-
ylamino) ethyl)quinolin-2(1/)-one (0.057 g, 0.138 mmol) and methyl 2-(2-((S)-1-(6-chloro-
2-0x0-1,2-dihydroquinolin-3-yl)ethylamino)pyrimidin-4-yl)-2-(methylsulfonyl)propanoate

(0.065 g, 0.138 mmol) in methanol (1.493 mL) was added an aqueous solution of NaOH
(0.373 mL, 0.017 g, 0.420 mmol). The reaction mixture was stirred at 60 °C for 1 hour. The
reaction mixture was neutralized with 2M aqueous HCI solution, and a brown precipitate was
filtered off. The aqueous phase was extracted with EtOAc (3 x 15 mL) and the combined
extracts were dried over MgSQ,. The crude mixture was further purified by reverse phase
HPLC to yield the title compound. "H NMR (300 MHz, DMSO-ds): & ppm 11.96 (br s, 1 H),
8.26 (br s, 1 H), 7.65-7.95 (m, 3 H), 7.46 (br dd, J = 8.79, 2.35 Hz, 1 H), 7.06-7.36 (m, 1 H),
6.65 (brd,J=5.28 Hz, 1 H), 5.05-5.20 (m, 1 H), 4.20-4.40 (m, 1 H), 1.07-1.43 (m, 9 H).

Example 80 -- ($)-6-Chloro-3-(1-(4-(1-(methylsulfonyl)cyclopropyl)pyrimidin-2-
ylamino)ethyl)quinolin-2(1H)-one (I-136).

NTX Br
\\ 0 NaH, DMF )\ O\\ ,/O NaOH, H,O - )l\//j\%\sl’o Br/\/
~ )\ + i \ S N ~

SN MeOH NaH/DMF

0% 0"

z | O\ /p
\ = N
N QP  McPBAIDCM \\, o= ¢ X N)\\N S
\S)\N/ S H
’/ \\

DIEA/DMF H ¢}

Step-1: Methyl 2-(methylsulfonyl)-2-(2-(methylthio)pyrimidin-4-yl)acetate.

[0297] To a solution of methyl 2-(methylsulfonylacetate (3 g, 19.71 mmol) in DMF
(25.3 mL) at 0 °C was added 60% sodium hydride (1.577 g, 39.4 mmol). The reaction
mixture was stirred at room temperature for 5 minutes (until bubbling had ceased) and 4-
chloro-2-(methylthio)pyrimidine (3.17 g, 19.71 mmol) was then added. The reaction mixture
was stirred at room temperature for 16 hours and then neutralized with 2M aqueous HCI

solution to pH 7 and extracted with EtOAc (3 x 20 mL). The combined extracts were dried
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over MgSO0as, filtered and concentrated under reduced pressure. The crude material was
purified by SiO2 column chromatography (50 g SNAP® column, 0% EtOAc/hexanes for 5
minutes, 0-50% EtOAc/hexanes for 30 minutes, and 50-75% EtOAc/hexanes for 5 minutes)to
afford methyl 2-(methylsulfonyl)-2-(2-(methylthio)pyrimidin-4-yl)acetate (0.486 g, 1.759
mmol, 8.92% yield).

Step-2: 4-(Methylsulfonylmethyl)-2-(methylthio)pyrimidine.

[0298] To a solution of methyl 2-(methylsulfonyl)-2-(2-(methylthio)pyrimidin-4-
ylacetate (0.475 g, 1.719 mmol) in MeOH (18.34 mL) was added a solution of NaOH (0.206
g, 5.16 mmol) in water (4.58 mL). The homogenous solution was stirred at 45 °C for 1 hour
and then at 55 °C for 3 hours. 4-(Methylsulfonylmethyl)-2-(methylthio) pyrimidine (0.275 g,

1.260 mmol, 73.3% yield) was isolated and used in the next step without further purification.
Step-3: 4-(1-(Methylsulfonyl)cyclopropyl)-2-(methylthio)pyrimidine.

[0299] To a solution of 4-(methylsulfonylmethyl)-2-(methylthio)pyrimidine (0.215 g,
0.985 mmol) in DMF (6.52 mL) at room temperature was added 60% NaH in oil (0.158 g,
3.94 mmol)the reaction was stirred at room temperature for 10 minutes. A solution of 1,2-
dibromoethane (0.339 mL, 3.94 mmol) in DMF (1 mL) was then added dropwise and the
reaction was stirred at room temperature for 2 hours. Additional NaH (0.079 g, 1.970 mmol)
and 1,2-dibromoecthanc (0.170 mL, 1.970 mmol) were added, and the reaction mixture was
stirred for another 2 hours. Water (20 mL) was added to the reaction mixture, and the reaction
mixture was cxtracted with EtOAc¢ (3 x 20 mL). The combined organic phascs were dried
over MgSQ,, and the volatiles were removed under reduced pressure. The crude material was
purified by Si02 column chromatography (25 g SNAP® column, 0% EtOAc/hexanes for 5
minutes, 0-30% EtOAc/hexanes for 30 minutes, and then 30-50% EtOAc/hexanes for 5
minutes) to afford 4-(1-(methylsulfonyl)cyclopropyl)-2-(methylthio)pyrimidine (0.162 g,
0.663 mmol, 67.3% yield) as a white solid.

Step-4: 2-(Methylsulfonyl)-4-(1-(methylsulfonyl)cyclopropyl)pyrimidine.

[0300] To a solution of 4-(1-(methylsulfonyl)cyclopropyl)-2-(methylthio)pyrimidine
(0.162 g, 0.663 mmol) in DCM (50 mL) at room temperature was added m-CPBA (0.343 g,
1.492 mmol)the resulting reaction mixture was stirred for 3 hours at room temperature. The
reaction mixture was then washed with saturated aqueous Na;S;0; solution (50 mL),
saturated aqueous Na,COs solution (50 mL) and brine (50 mL). The organic layer was dried
over MgSO,; and the volatiles were removed under reduced pressure to afford 2-
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(methylsulfonyl)-4-(1-(methylsulfonyl)cyclopropyl)pyrimidine (0.173 g, 0.626 mmol, 94%

yield) which was used in the next step without further purification.

Step-3: (8)-6-chloro-3-(1-(4-(1-(mcthylsulfonyl)eyclopropyl)pyrimidin-2-ylamino)cthyl)
quinolin-2(1H)-one (I-136).

[0301] A solution of 2-(methylsulfonyl)-4-(1-(methylsulfonyl) cyclopropyl)pyrimidine
(0.085 g, 0.308 mmol), (8)-3-(1-aminocthyl)-6-chloroquinolin-2(1H)-one hydrochloride II-1
(0.080 g, 0.308 mmol) and DIEA (0.322 mL, 1.846 mmol) in DMF (1.538 mL) was heated to
100 °C for 16 hours. Water (30 mL) was then added to the reaction mixture, and the resulting
precipitate was filtered off. The crude material was purified by SiO2 column chromatography
(10 g SNAP® column, 0% EtOAc/hexanes for 5 minutes, 0-50% EtOAc/hexanes for 30
minutes, and then 50-75% EtOAc/hexanes for 5 minutes) to afford (S)-6-chloro-3-(1-(4-(1-
(methyl sulfonyl)cyclopropyl)pyrimidin-2-ylamino)ethyl) quinolin-2(1H)-one, 1-136 (0.015
g, 0.036 mmol, 11.64% yield).

Example 81 -- (§)-N-((2-((1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
ylethyl)amino)pyrimidin-4-yl)methyl)-/V-cyclopropylacetamide (I-137).

>—NH2 SN o)
N N/j\/H AcCl, TEA, DCM N
I — .
c:l)l\/rx;l\/Cl Cl)\N/ N )'\/g\/\f

KoCOz, DMF W cl W

: N7 ]
DIPEA, DMSO, 130°C PN | N
X
oY
11-1 N0 ©
H

1-137

Step-1: N-((2-chloropyrimidin-4-yl)methyl)cyclopropanamine.
N
SO
Cl N W

[0302] A mixture of 2-chloro-4-(chloromethyl)pyrimidine (500 mg, 3.07 mmol, 1
equivalent) and KpCO3 (506 mg, 3.66 mmol, 1.2 eq.) in 4.5 mL DMF was treated with
cyclopropylamine (173 mg, 3.03 mmol, 1 eq.) and stirred at room temperature. After 5
hours, the reaction mixture was poured into water and extracted with EtOAc (x 2). After

washing with brine and drying over NapSO4, the combined extracts were purified by column
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chromatography on 15 g of silica gel (EtOAc/hexane, 65/35) to provide the title compound
(235 mg, 41% yield) as a thick gold liquid.

Step-2: N-((2-Chloropyrimidin-4-yl)methyl)-N-cyclopropylacctamide.

Y
AAT

[0303] A solution of N-((2-chloropyrimidin-4-yl)methyl)cyclopropanamine (235 mg,
1.28 mmol, 1 equivalent) in 5 mL DCM at 0 OC was treated with TEA (196 mg, 1.92 mmol,
1.5 eq.) followed by acetyl chloride (110 mg, 1.4 mmol, 1.1 equivalents). After stirring for 2
hours at room temperature, the reaction mixture was poured into water and extracted with
EtOAc (x 2). After washing with brine and drying over NapSOy4, the extracts were purified
by column chromatography on 6.5 g of silica gel (100% EtOAc) to provide the title
compound (230 mg, 80% yield) as a thick gold liquid.

Step-3: (8)-NV-((2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-
4-yl) methyl)-N-cyclopropylacetamide (I-137).

cl N Nj\\/f\‘j\/fﬁ/
LY
H 0

[0304] A mixture of N-((2-chloropyrimidin-4-yl)methyl)-N-cyclopropylacetamide (180
mg, 0.80 mmol, 1.5 -equivalents), {&)-3-(1-amnocthyl)-6-chloroquinolin-2(1#)-one
hydrochloride II-1 (140 mg, 0.54 mmol, 1 eq.) and DIEA (141 mg, 1.1 mmol, 2 equivalents)
in 2 mL DMSO was heated in a sealed tube to 130 ©C for 2 hours. The reaction was then
poured into water and extracted with EtOAc (x 2). After washing with brine and drying over
NapSOy, the extracts were chromatographed on 20 g of silica gel using an EtOAc to
EtOAC/EtOH (90/10) gradient elution, and the pure fractions were lyophilized from
ACN/water to provide 57 mg (25%) of an off-white solid. IH NMR (300 MHz, CDCl3):
ppm 11.93 (br s, 1 H), 8.15 (d, J = 5.22 Hz, 1 H), 7.67 (s, 1 H), 7.49 (d, J = 2.22 Hz, 1 H),
7.39(dd,J=2.22,8.49Hz, 1 H),7.27 (d,J =852 Hz, 1 H) 6.36 (d,J =4.95Hz, 1 H), 6.00
(brd, J=17.95Hz, 1 H), 5.30 (m, 1 H), 441 (s, 2 H), 2.73 (m, 1 H), 2.22 (s, 3 H), 1.60 (d, J
=6.87 Hz, 3 H), 0.72 (m, 4 H). LC/MS (Method 3): Rt 4.05 min., m/z 412 [M+H]".
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Table 13: The compounds listed in Table 13 were prepared using methods similar to those
described for the preparation of I-105, I-111, I-114, I-116, I-119, I-121—I-127, I-133, and
1-135—1-137.
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Table 14. LCMS signal and NMR chemical shifts for each compound listed in Table 13.

Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
'H NMR (300 MHz, CDCLs):  ppm 10.50 (brs, 1
H), 7.81 (d,.J = 6.158 Hz, 1 H), 7.68 (s, 1 H),
7.48 (s, 1 H), 7.40 (d,J = 8.79 Hz, 1 H), 7.16 (d, ]
m/z: 428.19
i =8.51 Hz, 1 H), 5.80 (br, 1 H), 5.77 (d, J = 6.45
1-104 [M+H]
Hz, 1 H), 5.27 (m, 1 H), 3.92 (d,J =12.31 Hz, 1
Rt (min): 1.04
H), 3.79 (d, J = 8.5 Hz, 1 H), 3.30-3.40 (m, 2 H),
3.02-3.20 (m, 1 H), 2.20-2.40 (m, 1 H), 1.54 (m, 4
H), 1.30 (br s, 3 H), 0.89 (br s, 3 H).
'HNMR (300 MHz, CDCLs): 3 ppm 12.39 (brs, 1
m/z: 378.95 H), 8.57 (d,J = 5.28 Hz, 1 H), 7.75 (s, 1 H), 7.55
1-105 [M+H]" (s, 1 H),7.32-7.40 (m, 2 H), 7.14 (d. J = 4.69 Hz,
Rt (min): 1.11 | 1 H), 5.35(m, 1 H), 3.12 (s, 3H), 1.68 (d,J =
7.04 Hz, 3 H).
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
'H NMR (300 MHz, CDCLs): & ppm 11.75 (brs, 1
H), 7.90 (d,J = 5.27 Hz, 1 H), 7.67 (s, 1 H), 7.49
m/z: 405.05 (s, 1H),7.427 (d, J = 8.8 Hz, 1 H), 7.29 (5, 1 H),
1-106 [M+H]' 6.41 (d,J = 5.28 Hz,1 H), 6.00 (d,.J = 7.92 Hz, 1
Rt (min): 1.18 | H)5.34 (m, 1 H), 2.94 (d,J = 6.74 Hz, 2 H), 1.81
(m, 1 H), 1.62 (d,J =7.03 Hz,3 H), 1.21 (m, 6
H).
'HNMR (300 MHz, CDCls): 3 ppm 12.68 (brs, 1
H), 7.91 (d,J = 5.28 Hz, 1 H), 7.69 (s, 1 H), 7.48
m/z: 389.11 , , ,
. (s, 1 H),7.37 (s, 1 H), 6.42 (d,J = 5.28 Hz, 1 H),
1-107 [M+H]
6.21 (br, 1 H), 5.37 (m, 1 H), 2.94 (m, 1 H),
Rt (min): 1.72
1.82(m, 2 H), 1.27 (d,J = 6.75 Hz, 3 H), 0.93 (m,
6 H).
'H NMR (300 MHz, CDCl3): 3 ppm 12.06 (br s, 1
H), 8.54 (d,J = 8.5 Hz, 1 H), 8.32(d, J = 6.16
m/z: 421.04
N Hz, 1 H), 7.67 (s, 1 H), 7.47 (s, 1 H), 7.44 (m,1
1-108 [M+H]
H), 7.33 (d, J = 8.8 Hz,1 H), 5.292 (m, 1 H), 3.10
Rt (min): 1.36
(m,2 H), 1.67 (d,J =7.03Hz,3H),0.95(d,J =
6.75 Hz, 3 H), 0.88 (d,J = 6.74 Hz, 3 H).
'H NMR (300 MHz, CDCLs): 3 ppm 11.75 (brs, 1
H), 7.90 (d,J = 5.27 Hz, 1 H), 7.67 (s, 1 H), 7.49
m/z: 405.05
i (s, 1 H), 7.42(d, J= 8.8 Hz, 1 H), 7.29 (s, 1 H),
1-109 [M+H]
' 6.41 (d,J = 5.28 Hz,1 H), 6.00 (d,J = 7.92 Hz, 1
Rt (min): 1.24
H) 5.34 (m, 1 H), 2.94 (d, J = 6.74 Hz, 2 H),1.81
(m, 1 H), 1.62(d,J = 7.03 Hz, 3 H), 1.21 (m, 6 H).
'H NMR (300 MHz,DMSO-dy): & ppm 11.92 (br
m/z: 422.95
| s, 1H), 7.94 (s, 1 H), 7.72 (m, 3 H), 7.47 (m, 1
I-110 [M+H]
o H), 7.20-7.40 (m, 2 H), 7.68-7.20 (m, 3 H),7.65
Rt (min): 1.65
(d,J =528 Hz, 1 H), 5.22 (m, 1 H), 4.34 (m,1 H),
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
3.41 (m, 1 H), 1.39 (d,J = 6.74 Hz, 1 H).
'H NMR (300 MHz, DMSO-dj): & ppm 11.96 (br
m/z: 363.03 s, 1 H), 8.53 (br, 1 H), 8.24 (br, 1 H), 7.72 (s, 1
I-111 [M+H]" H), 7.43-7.54 (m, 1 H), 7.26 (d, J = 8.84 Hz, 1 H),
Rt (min): 0.98 | 7.09 (d,J = 4.98 Hz, 1 H), 5.12 (m, 1 H), 2.68 (s,
3H), 1.38 (d,J = 6.74 Hz, 3 H).
'H NMR (300 MHz, CDCls):  ppm 11.50 (brs, 1
H), 8.49 (d,J = 4.98 Hz, 1 H), 7.68 (d, J = 4.99
m/z: 363
. Hz, 1 H), 7.52 (m, 1 H), 7.42-7.46 (m, 1 H), 7.29
I-112 [M+H] ; ; ;
' (s, 1 H), 7.20 (d,J = 3.52 Hz, 1 H), 6.46 (br, 1 H),
Rt (min): 0.99
5.30 (m, 1 H), 2.84 (s, 3 H), 1.65 (d,.J = 7.04 Hz,
3 H).
'H NMR (300 MHz, DMSO-dj): 3 ppm 11.49 (br
m/z: 363.02 s, 1 H), 8.48 (d,J =4.7Hz, 1 H), 7.68 (d,J = 4.99
I-113 [M+H]" Hz, 1 H), 7.46 (d,J = 8.8 Hz, 1 H), 7.32 (s, 1 H),
Rt (min): 0.99 | 7.18 (d,J = 8.21 Hz,1 H), 6.66 (m,1 H), 5.30 (m,
1 H),2.71 (s, 3 H),1.64 (d,J = 7.04 Hz, 3 H).
'H NMR (300 MHz, DMSO-dj): & ppm 11.02 (br
s, 1 H), 8.45 (d,J = 4.7 Hz, 1 H), 8.00 (br 1 H),
m/z: 343.97
A 7.79 (br, 2 H), 7.72 (s, 1 H), 7.47 (d, J = 8.79
I-114 [M+H]
Hz,1 H), 728 (d,J =88 Hz, 1 H), 7.02 (d,J =
Rt (min): 0.98
4.69 Hz, 1 H), 5.29 (m, 1 H),1.41 (d, J = 7.04 Hz,
3 H).
'HNMR (300 MHz, CDCls): 3 ppm 11.05 (brs, 1
H), 8.47 (d,J = 4.99 Hz, 1 H), 7.95 (br, 1 H),
m/z: 358.08
. 7.73 (s, 1H),7.52 (s, 1H),7.42(d,J=8.79 Hz, 1
I-115 [M+H]
H), 7.32 (d,J = 498 Hz, 1 H), 6.17 (s, 1 H) 5.43
Rt (min): 1.04
(m, 1 H),2.94 (d,J =498 Hz, 3 H), 1.64 (d,J =
6.74 Hz, 3 H).
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
'H NMR (300 MHz, DMSO-ds): & ppm 11.93 (br.
s, 1 H), 8.47 (d,J = 4.69Hz, 1 H), 8.30 (br, 1 H),
m/z: 400.13 8.04 (br, 1 H), 7.80 (s, 1 H), 7.70 (s, 1 H), 7.44 (d,
I-116 [M+H]' J = 8.8Hz, 1 H),7.28 (d,.J = 9.09Hz, 1 H),7.02(d,
Rt (min): 1.31 |.J=4.1Hz, 1 H) 5.23 (m, 1 H), 3.07 (m, 2 H),
1.81 (m, 1 H) 1.41 (d,J = 7.04 Hz, 3 H), 0.83 (m,
6 H).
'H NMR (300 MHz, DMSO-dj): 3 ppm 11.92 (br
s, 1 H), 8.45 (s, 1 H), 8.07 (br, 1 H), 7.79 (s, 1 H),
m/z: 386.10 , ,
L1l IMHT 7.70 (s, 1 H), 7.45 (d,J = 8.8 Hz, 1 H), 7.31 (d, J
Rt (i) 121 =9.09 Hz, 1 H), 7.01 (s, 1 H) 5.23 (m, 1 H), 3.99
(m, 1 H), 1.40 (d,J=7.03Hz,3 H), 1.19 (d,J =
6.45 Hz, 3 H), 1.12(m, 3 H).
m/z: 449.17
I-118 [M+H]"
Rt (min): 1.33
'H-NMR (300 MHz, CDCls): & ppm 11.35 (brs, 1
H), 8.23 (d,J = 4.95 Hz, 1 H), 7.69 (s, 1 H), 7.51
m/z: 434.05 (d, J=2.19 Hz, 1 H), 7.40 (dd, J = 2.22, 8.79 Hz,
I-119 [M+H]" 1 H), 7.23 (m, 1 H), 6.64 (d, J = 4.95 Hz, 1 H),
Rt (min): 1.09 | 6.05 (brd,J =795, 1 H), 530 (m, 1 H), 4.05 (s,
2H),3.22(t, 2 H), 3.13 (t, 2 H), 2.28 (m, 2 H),
1.61 (d,J = 6.87 Hz, 3 H).
m/z: 419.01
1-120 [M-+H]"
Rt (min): 1.1
m/z: 435.09 'H NMR (300 MHz, DMSO-d;): & ppm 11.96 (s,
I-121 [M+H]" 1 H), 8.28 (br s, 1 H), 7.65-7.80 (m, 3 H), 7.45
Rt (min): 1.38 | (dd,J = 8.79,2.35 Hz, 1 H), 7.27 (d, J = 8.79 Hz,
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
1 H), 6.65 (d, J = 4.69 Hz, 1 H), 5.17 (quin, J =
7.11 Hz, 1 H), 4.26-4.44 (m, 2 H), 2.63-3.22 (m, 2
H), 2.00-2.36 (m, 1 H), 1.39 (d, J = 7.04 Hz, 3 H),
0.64-1.11 (m, 6 H).
'H NMR (300 MHz, DMSO-d;): & ppm 11.87 (s,
1 H), 7.60-7.67 (m, 2 H), 7.55 (br d, J = 4.98 Hz,
m/z: 386.04 1 H), 7.40 (dd,J = 8.65,2.49 Hz, 1 H), 7.22 (d, J
1-122 [M+H]" =8.79 Hz, 1 H), 6.74-7.14 (m, 1 H), 5.65 (d,J =
Rt (min): 0.8 5.86 Hz, 1 H), 5.04 (brt, J = 6.74 Hz, 1 H), 3.35-
3.85 (m, 5 H), 1.95-2.13 (m, 1 H), 1.59—1.73 (m,
1 H), 1.28 (d,J = 6.74 Hz, 3 H).
'H NMR (300 MHz, DMSO-djs): & ppm 11.93 (s,
m/z: 384.99 1 H), 7.90-7.98 (m, 1 H), 7.67-7.74 (m, 2 H), 7.45
1-123 [M+H] (dd,J =8.79,2.35 Hz, 1 H), 7.16-7.41 (m, 5 H),
Rt (min): 0.85 | 5.06-5.21 (m, 1 H), 3.89 (br 5, 2 H), 3.24-3 41 (m,
2 H), 1.35(d,J = 7.04 Hz, 3 H).
'HNMR (300 MHz, DMSO-dy): 3 ppm 11.92 (s,
1 H), 7.96 (br d,J = 4.69 Hz, 1 H), 7.71 (d, J =
m/z: 399.03
1o - 3.52 Hz, 2 H), 7.45 (dd, J = 8.79, 2.35 Hz, | H),
Rt (min): 09 7.22-7.82 (m, 3 H), 5.07-5.19 (m, 1 H), 3.33-3.95
(m, 2 H), 2.65-2.80 (m, 2 H), 1.36 (d, J = 6.74
Hz, 3 H).
'"HNMR (300 MHz, DMSO-dj): 5 ppm 11.92-
m/z: 401.07 11.97 (m, 1 H), 7.85-7.97 (m, 1 H), 7.67-7.74 (m,
I-125 [M+H] 2 H), 7.41-7.49 (m, 1 H), 7.27 (d,J = 8.79 Hz, 2
Rt (min): 0.83 | H), 5.91-5.97 (m, 1 H), 4.97-5.17 (m, 1 H), 2.55-
3.17 (m, 9 H), 1.30-1.39 (m, 3 H).
126 m/z: 387.07 'H NMR (300 MHz, DMSO-ds): & ppm 11.94-
[M+H] 12.00 (m, 1 H), 9.42-9.49 (m, 1 H), 9.01-9.11 (m,
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
Rt (min): 0.97 | 1 H), 7.99-8.05 (m, 1 H), 7.81-7.87 (m, 1 H),
7.75-7.81 (m, 1 H), 7.44-7.52 (m, 1 H), 7.23-7.33
(m, 1 H), 6.26-6.36 (m, 1 H), 4.86-5.01 (m, 1 H),
3.06 (s, 6 H), 1.41 (d,J = 7.04 Hz, 3 H).
'H NMR (300 MHz, DMSO-d;): 3 ppm 11.94 (s,
1 H), 10.63 (s, 1 H), 8.00-8.10 (m, 1 H), 7.72 (br
m/z: 383.06
‘ d,J = 6.45Hz, 3 H), 7.46 (br d, J = 8.50 Hz, 1
1-127 [M+H]
_ H), 7.27 (br d, J = 8.79 Hz, 2 H), 7.09 (d,J = 5.86
Rt (min): 0.88
Hz, 1 H), 7.02 (s, 1 H), 5.10-5.22 (m, 1 H), 1.35-
1.43 (m, 3 H).
m/z: 439.09
1-128 [M+H]'
Rt (min): 1.2
'HNMR (300 MHz, CDCls): 3 ppm 12.60 (br's, 1
m/z: 358.99 H), 8.46 (d,J = 4.78 Hz, 1 H), 7.71 (s, 1 H), 7.50
1-129 [M+H]" (s, 1 H), 7.42 (d,J = 8.79 Hz, 1 H), 7.32 (s, 1 H),
Rt (min): 1.21 | 7.18 (d,J = 4.99 Hz, 1 H), 6.32 (br, 1 H), 5.29 (m,
1 H),3.97 (s, 3 H), 1.64 (d, J = 7.04 Hz, 3 H).
'HNMR (300 MHz, CDClz): 8 ppm 11.85 (br. s, 1
H), 8.16 (d,J = 5.87 Hz, 1 H), 7.69 (s, 1 H), 7.60
m/z: 358
. (d,J =6.45Hz, 1H),7.48 (s, | H),7.40 (d,J =
1-130 [M+H]
8.51 Hz, 1 H), 6.05 (d, J = 7.62 Hz, 1 H), 5.30 (m,
Rt (min): 0.89
1 H), 3.98 (m, 1 H), 3.82 (m,1 H), 2.53 (m, 2 H),
1.96 (m, 2 H), 1.62 (d,J = 6.74 Hz, 3 H).
'H NMR (300 MHz, CDsOD): & ppm 8.15 (d, J =
m/z: 372.00 4.98 Hz, 1 H), 7.81 (s, 1 H), 7.60 (s, 1 H), 7.50 (d,
I-131 [M+H]" J=8.79 Hz, 1 H), 7.30 (d,J = 8.79 Hz, 1 H), 6.50
Rt (min): 0.93 | (d,J = 5.27 Hz, 1 H), 5.28 (m, 1 H), 3.44 (s, 2 H),
2.66 (s, 3 H), 1.53 (d, J = 7.04 Hz, 3 H).
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
'H-NMR(300 MHz, CDCl3) § ppm: 10.40 (broad
e 408,02 s, 0.6H), 8.19 (dk, J=4.95,1H), 7.71 (s, 1H), 7.51
L2 MAHT (d,J=2.19,1H) 7.39(dd, ] = 2.22, 8.52, 1H),
R (onin): 1,03 7.17 (d, J=8.52, 1H), 6.44 (d, ] = 4.92, 1H), 6.04
' (broad s, 1.4H), 5.35 (m, 1H), 4.19 (d, T = 4.92,
2H), 2.87 (s, 3H), 1.59 (d, J = 6.87, 3H)
'HNMR (300 MHz, DMSO-d;): & ppm 11.95 (s,
m/z: 393.08 1 H), 8.16-8.38 (m, 1 H), 7.60-7.80 (m, 3 H),
1-133 [M+H]" 7.39-7.50 (m, 1 H), 7.21-7.31 (m, 1 H), 6.59-6.70
Rt (min): 1.05 | (m, 1 H), 5.08-5.21 (m, 1 H), 4.29-4.44 (m, 2 H),
2.74-3.22 (m, 3 H), 1.38 (d,J = 6.74 Hz, 3 H).
m/z: 451.06
1-134 [M+H]"
Rt (min): 1.13
'HNMR (300 MHz, DMSO-dy): 3 ppm 11.96 (br
m/z: 407.09 s, 1 H), 8.26 (br s, 1 H), 7.65-7.95 (m, 3 H), 7.46
I1-135 [M+H]" (br dd, J =8.79,2.35 Hz, 1 H), 7.06-7.36 (m, 1
Rt (min): 1.09 | H), 6.65 (br d,J = 5.28 Hz, 1 H), 5.05-5.20 (m, 1
H), 4.20-4.40 (m, 1 H), 1.07-1.43 (m, 9 H).
m/z: 419.06
1-136 [M+H]"
Rt (min): 1.25
'H-NMR (300 MHz, CDCl5): & ppm 11.93 (br s,
1.0H), 8.15 (d,J = 5.22 Hz, 1 H), 7.67 (s, 1 H),
m/z: 411.98 7.49 (d,J =2.22Hz, 1 H), 7.39 (dd, J = 2.22,
1-137 [M+H]" 8.49 Hz, 1 H), 7.27 (d,J = 8.52 Hz, 1 H), 6.36
Rt (min): 1.14 | (d,J =4.95Hz, 1 H), 6.00 (brd, J=7.95Hz, |
H), 5.30 (m, 1 H), 4.41 (s, 2 H), 2.73 (m, 1 H),
2.22 (s, 3 H), 1.60 (d, J = 6.87 Hz, 3 H), 0.72 (m,
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Cmpds LCMS* '"H NMR (300 MHz) & ppm
No
4 H).
'H NMR (300 MHz, CDCl3): 3 ppm 11.85 (brs, 1
H), 8.16 (d,J = 5.87 Hz, 1 H), 7.69 (s, 1 H), 7.61
m/z: 384.08 (d,J =3.22Hz, 1 H), 7.49 (s, 1 H), 7.40 (d, J =
1-138 [M+H]" 8.51 Hz, 1 H), 7.28 (s, 1 H), 6.05 (d, J = 7.62 Hz,
Rt (min): 1.14 | 1H), 5.31 (m, 1 H), 3.90-4.02 (m,1 H), 3.70-3.90
(m, 1 H), 2.42-2.56 (m, 2 H), 1.90-2.00 (m,2 H),
1.60 (d,J = 6.74 Hz, 3 H).
m/z: 315.95
1-139 [M-+H]'
Rt (min): 0.8
m/z: 400.12
1-140 [M+H]"
Rt (min): 0.86

a. LCMS (method 4)

Example 82 -- (R)-2-((1-(6-chloro-7-fluoro-2-o0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-

4-methoxypyrimidine-5-carbonitrile (I-141).

[0305]

A mixture of 2-chloro-4-methoxypyrimidine-5-carbonitrile (37.6 mg, 0.222

mmol) and (R)-3-(1-aminoethyl)-6-chloro-7-fluoroquinolin-2(1H)-one hydrochloride TI-3b
(55.0 mg, 0.198 mmol) was dissolved in DMSO (1.3 mL) and DIEA (105 pL, 0.601 mmol).

The solution was stirred at 110 °C for 40 minutes. Water (20 mL) was added and the reaction

mixture was extracted with DCM (2 x 15 mL). The combined extracts were dried (NaySO,)

and filtered. Silica gel was then added, and the solvent was evaporated under reduced

pressure. The material was purified by column chromatography on a Biotage® MPLC
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chromatography system (10 g silica gel column, eluted with 0 to 50% EtOAc in hexanes).
The material obtained was slurried in MeCN (2 mL) and water (1 mL), frozen, and
lyophilized to provide (R)-2-((1-(6-chloro-7-fluoro-2-oxo-1,2-dihydroquinolin-3-
yDethyl)amino)-4-methoxy pyrimidine-5-carbonitrile I-141 (42.6 mg, 0.114 mmol, 57.4%
yield) as a white solid. "H NMR (300 MHz, DMSO-ds): & ppm 12.03 (br s, 1 H), 8.57-8.80
(m, 1 H), 8.49 (d,J=6.16 Hz, 1 H), 7.98 (d,J=17.92 Hz, 1 H), 7.74 (d, J = 9.38 Hz, 1 H),
7.20 (d, J = 10.55 Hz, 1 H), 5.13-5.29 (m, 1 H), 3.77-4.01 (m, 3 H), 1.37-1.48 (m, 3 H).
LCMS: m/z 374 [M+H]".

Example 83 - (8)-2-((1-(6-Chloro-7-methoxy-2-0x0-1,2-dihydroquinolin-3-
yDethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-143).

S
CIi(j\/?:E\N)l\/r\;’[o
O H 0

[0306] A mixture of 2-chloro-4-methoxypyrimidine-5-carbonitrile (45.9 mg, 0.271
mmol) and (§)-3-(1-aminocthyl)-6-chloro-7-methoxyquinolin-2(1H)-one hydrochloride 11-4a
(70.1 mg, 0.242 mmol) was dissolved in DMSO (1.6 mL) and DIEA (127 ul, 0.727 mmol).
The solution was stirred at 110 °C for 45 minutes. Water (20 mL) was added and the reaction
mixture was extracted with DCM (2 x 15 mL). The extracts were dried (Na;SO4) and
filtered. Silica gel was then added, and the solvent was evaporated under reduced pressure.
The material was purified by column chromatography on a Biotage® MPLC chromatography
system (10 g silica gel column, eluted with 0 to 100% EtOAc in hexanes, with isocratic
elution when peaks eluted). The product fractions were washed with water (40 mL), dried
(Na,S0,), filtered, and evaporated under reduced pressure. The material was treated with
MeCN (0.8 mL) and water (0.4 mL) to provide a thick slurry. The mixture was then frozen
on a dry ice / acetone bath, then lyophilized to provide (S)-2-((1-(6-chloro-7-methoxy-2-o0xo-
1,2-dihydroquinolin-3-yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile 1-143 (70.3 mg,
0.182 mmol, 75% yield, HPLC purity 100% at 220 nm) as a white solid. 'H NMR (300
MHz, DMSO-ds): 6 ppm 11.83 (s, 1 H), 8.50-8.74 (m, 1 H), 8.48 (d,J=1.76 Hz, 1 H), 7.77
(s, 1 H), 7.68 (d, J = 7.04 Hz, 1 H), 6.94 (s, 1 H), 5.15-5.29 (m, 1 H), 3.78-4.00 (m, 3 H),
3.88 (5,3 H), 1.36-1.46 (m, 3 H). LCMS: m/z 386 [M+H] .
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Example 84 -- (R)-2-((1-(6-Chloro-7-methoxy-2-o0xo0-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-144).

N CN
o N0 " !
H

[0307] A mixture of 2-chloro-4-methoxypyrimidine-5-carbonitrile (454 mg, 0.268
mmol) and (R)-3-(1-aminoethyl)-6-chloro-7-methoxyquinolin-2(1H)-one hydrochloride 11-4b
(69.7 mg, 0.241 mmol) was dissolved in DMSO (1.6 mL) and DIEA (127 ul, 0.727 mmol).
The solution was stirred at 110 °C for 45 minutes. Water (20 mL) was added and the reaction
mixture was extracted with DCM (2 x 15 mL). The extracts were dried (Na,SO4) and
filtered. Silica gel was then added, and the solvent was evaporated under reduced pressure.
The material was purified by column chromatography on a Biotage® MPLC chromatography
system (using al0 g silica gel column eluted with 0 to 100% EtOAc in hexanes, with isocratic
elution when peaks eluted). The product fractions were washed with water (40 mL), then
dried (Na,SQ,), filtered, and evaporated. The material was treated with MeCN (0.8 mL) and
water (0.4 mL) to provide a thick slurry. The mixture was then frozen on a dry ice / acetone
bath, then lyophilized to provide (R)-2-((1-(6-chloro-7-methoxy-2-o0x0-1,2-dihydroquinolin-
3-ylethyl)amino)-4-methoxy pyrimidine-5-carbonitrile 1-144 (73.2 mg, 0.190 mmol, 79%
yield, HPLC purity 100% at 220 nm) as a whitc solid. 'H NMR (300 MHz, DMSO-dq): 3
ppm 11.83 (s, 1 H), 8.50-8.74 (m, 1 H), 8.48 (d,J=1.47 Hz, 1 H), 7.77 (s, 1 H), 7.68 (d, J =
7.04 Hz, 1 H), 6.94 (s, 1 H), 5.14-5.30 (m, 1 H), 3.77-4.02 (m, 3 H), 3.88 (s, 3 H), 1.42 (t,J =
6.45 Hz, 3 H). LCMS: m/z 386 [M+H] .
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Example 85 -- (5)-2-((1-(6-Chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-151) and (S)-2-((1-(6-chloro-2-
0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-
hydroxypyrimidine-5-carbonitrile (I-152).

B CN
o ' “,E

= O H (e} CN

/N AX @

Il-5a I- 151 I- 152

)\/ICN

[0308] To a solution of 2-chloro-4-methoxypyrimidine-5-carbonitrile (9.72 mg, 0.057
mmol) and  (8)-3-(1-aminocthyl)-6-chloro-7-(pyridin-2-ylmethoxy)quinolin-2(1H)-one
hydrochloride II-5a (21 mg, 0.057 mmol) in DMSO (0.4 mL) was added DIEA (0.060 mL,
0.344 mmol). The solution was stirred at 110 °C for 5 hours. Once LCMS indicated most of
the starting material was consumed, the mixture was cooled to 40 °C and a stream nitrogen
gas was blown into the mixture for 2 days. De-methylated by-product (~23%) was also
observed by LCMS. The mixture was then diluted with DCM and washed with water (2 x)
and brine (x 1). The organic extracts were dried (Na;SOy), filtered, and evaporated under
reduced pressure. The crude material (35 mg) was purified by reversed phase HPLC to yield
two products:

(5)-2-((1-(6-Chloro-2-o0x0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
ylethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-151): (6.2 mg, 23.4% yield), 'H
NMR (300 MHz, CDClz): & ppm 11.50 (br s, 1 H), 10.80 (br 5, 1 H), 8.47 - 8.59 (m, 1 H),
8.12-8.26 (m, 1 H), 7.64 - 7.75 (m, 1 H), 7.45-7.59 (m, 3 H), 7.19-7.26 (m, 1 H), 6.76-6.89
(m, 1 H),533(d,J =123 Hz, 2 H), 5.12-5.27 (m, 1 H), 3.77-3.97 (m, 3 H), 1.49-1.69 (m, 3
H). LCMS (Method 1): Rt 2.52 min, m/z 462.87 [M+H]".
(S)-2-((1-(6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-hydroxypyrimidine-5-carbonitrile (I-152): (2.7 mg, 10.5% yield),
LC/MS (Method 1): Rt 2.52 min, m/z 448.3987 [M+H]".

Example 86 -- {(5}-methyl (2-{(1-(6-Vhloro-2-oxo-7-(pyridin-2-vimethoxy)-1,2-

dihydroquinelin-3-yhethyl) amino)pyrimidin-4-yljcarbamate.
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s X
/j\ DIEA, MeOH C'MN SN
AL ):1 X N 0

_ N
: | H
NaH, DMF cl NpSNHHC ZN
N0 NS0 1-154
LN H
11-5a

Step-7: Methyl (Z-chloropyrimidin-4-vijcarbamate,
A
Cl)\N/ H)J\ ~

[0309] To a solution of 2-chloropyrimidin-4-amine (1 g, 7.71 mmol) in DMF (10 mL)
was added sodium hydride (60% in paraffin oil, 620 mg, 15.43 mmol). The resulting
suspension was stirred at ambient temperature for 20 minutes. To this mixture was added
methyl carbonochloridate (0.9 mL, 11.57 mmol), and the mixture was then stirred at room
temperature overnight. Once TLC and MS showed completion of reaction, the mixture was
poured on to crushed ice, the resulting solid was filtered, washed with water and dried to
afford the title compound as a yellow solid (890 mg, 62% yield). The compound was used in
the next step without further purification.

Step-2: {(Sy-methyl (2-((1-(6-Chlors-2-oxo-7-(pyridin-2-yvimethexy)-1,2-dihvdroguinelin-
3-yDethyDaminoe) pyrimidin-4-yhearbamate (1-154).

[0310] A mixture of Ii-5a (100 mg, 0.22 mmol), methyl (2-chloropyrimidin-4-
yhicarbamate (64 mg, 0.34 mmol) and DIEA (76 ul, 0.44 mmol) in MeOH (3 mL) was
heated at 120 °C for 2 hours. Once TLC and MS showed completion of reaction, the mixture
was diluted with CH,Cl, (25 mL) and water. The organic layer was separated, dried over
anhydrous Na;SO;, filtered and evaporated to dryness. The resulting residue was purified by
column chromatography on an ISCO™ chromatography system (SiO, column: MeOH/CH,Cl,
0 to 5% gradient elution) to obtain the title compound I-154 (9 mg, 8% yield). "H NMR (300
MHz, DMSO-ds ): d ppm 11.78 (brs, | H), 10.08 (brs, | H), 8.61 (d,./=4.1 Hz, 1 H), 8.1
(d,/J=55Hz, 1 H),790-7.82 (m, 1 H), 7.78 (s, 1 H), 7.69 (5, 1 H), 7.56 (4, /= 7.6 Hz, |

H), 7.39-7.34 (m, 1 H), 7.19 {br 5, 1 H), 7.02-7.00 (m, 2 H), 5.28 (s, 2 H), 5.15-5.11 (m, 1
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H), 3.65 (s, 3H), 1.39 (4, /= 6.9 Hz, 3 H). LCMS (method 3): Rt 7.79 min, m/z 481.1
[M-+H]".

Example 87 -- ($)-2-((1-(7-Chloro-3-0x0-3 ,4-dihydroquinoxalin-2-yl)ethyl)amino)-4-
methoxy pyrimidine-5-carbonitrile (I-156).

o

[0311] To a solution of intermediate 11-7b (35 mg, 0.1 mmol) in EtOH (10 mL), was
added 2-chloro-4-methoxypyrimidine-5-carbonitrile (26 mg, 0.16 mmol) and DIEA (0.5 mL).
The reaction mixture was heated to 70 °C and stirred for 4 hours. The reaction mixture was
then cooled to room temperature, concentrated under vacuum and purified by column
chromatography on an ISCO® chromatography system with hexanes to EtOAc as cluent to
afford I- 156 (31 mg, 87%) as a white solid. "H NMR (300 MHz, DMSO-ds, 120 °C ): 8 ppm
12.20 (br, s, 1 H), 842 (s, 1 H), 7.92 (br s, 1 H), 7.74 (d, J = 2.19 Hz, 1 H), 7.53 (dd, J =
8.52,2.19Hz, 1 H), 7.31 (d,J= 8.52 Hz, 1 H), 522 (m, 1 H),3.94 (s,3H), 1.53(d,J=6.87
Hz, 3 H). LCMS (Method 3): Rt 5.28 min, m/z 356.1 [M+H]".

Example 88 -- (S)-2-((1-(6-chloro-2-oxo0-1,2-dihydro-1,8-naphthyridin-3-yl)ethyl)amino)-
4-methoxy pyrimidine-5-carbonitrile (I-155)

N N/j:CN
il
Ch S NHLHO! /\//L DIEA, DMSO  Clx__~_ M
+ )\

11-6 1-155

[0312] A mixture of (S)-3-(1-aminoethyl)-6-chloro-1,8-naphthyridin-2(1H)-one, HCI, 1I-
6 (49 mg, 0.188 mmol), DIEA (0.099 ml, 0.565 mmol), and 2-chloro-4-methoxypyrimidine-
S-carbonitrile (41.5 mg, 0.245 mmol) in DMSO (1 ml) was heated to 110 °C for 3 hours,
Once crude LC/Mass completion of reaction, the reaction mixture was cooled room
temperature, 15 ml water was added and the resulting mixture was filtered. The crude solid
was then purified by HPL.C on a Waters HPL.C chromatography system using a long method
to  afford  (S)-2-((1-(6-chloro-2-ox0-1,2-dihydro-1,8-naphthyridin-3-yl)cthyl)amino)-4-
methoxypyrimidine-5-carbonitrile (18.2 mg, 27.1% yield). 'H NMR (300 MHz, DMSO-d):
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8 ppm 12.39 (brs, 1 H), 8.76 (br d, J = 7.33 Hz, 0.5 H), 8.59 (br d, J = 7.62 Hz, 0.5 H), 8.35
-8.49 (m, 2 H), 8.07 - 827 (m, 1 H), 7.69 (d, J = 5.86 Hz, 1 H), 5.04 - 5.31 (m, 1 H), 3.64 -
4.01 (m, 3 H), 1.09 - 1.52 (m, 3 H).

Example 89 -- 2-(((S)-1-(6-chloro-2-o0x0-7-((R)-1-(pyridin-2-yl)ethoxy)-1,2-
dihydroquinolin-3-yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-158).

: N¢ICN
ClmNAN o
H [
0 N™ ~O
) H

[0313] A mixture of 2-chloro-4-methoxypyrimidine-5-carbonitrile (22.0 mg, 0.130
mmol) and 3-((S)-1-aminoethyl)-6-chloro-7-((R)-1-(pyridin-2-yl)ethoxy)quinolin-2(1H)-one
hydrochloride II-8 (43.2 mg, 0.114 mmol) was dissolved in DMSO (0.8 mL) and DIEA (60
uL, 0.344 mmol) the resulting solution was stirred at 110 °C for 40 minutes. Water (20 mL)
was then added and the reaction mixture was extracted with DCM (2 x 15 mL). The
combined cxtracts were washed with water (2 x 20 mL), dried (Na,SO4) and filtered, silica
gel was added, and the solvent was cvaporated under reduced pressure.  The material was
purified by column chromatography on a Biotagc® MPLC chromatography system (using a
10 g silica gel column eluted with 0 to 4.4% MeOH in hexanes). The product fractions were
evaporated and then combined with material from a previous batch.. The material was
dissolved in MeCN (0.8 mL), treated with water (0.4 mL), frozen on a dry ice/acetone bath
and lyophilized to provide 2-(((S)-1-(6-chloro-2-oxo-7-((R)-1-(pyridin-2-yl)cthoxy)-1,2-
dihydroquinolin-3-yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile I-158 (41.5 mg,
0.087 mmol, 38% yield for the combined runs, HPLC purity 100% at 220 nm) as a white
solid. 'H NMR (300 MHz, DMSO-d): & ppm 11.64-11.71 (m, 1 H), 8.49 - 8.71 (m, 2 H),
8.45-8.48 (m, 1 H), 7.75-7.85 (m, 2 H), 7.63 (d, J = 9.09 Hz, 1 H), 7.37-7.43 (m, 1 H), 7.28-
7.36 (m, 1 H), 6.85 (s, 1 H), 5.51 (q,J = 6.16 Hz, 1 H), 5.11-5.24 (m, 1 H), 3.77-4.00 (m, 3
H), 1.66 (d,J=6.45Hz,3 H), 1.31-1.43 (m, 3 H). LCMS: m/z 477 [M+H] .

Example 90 -- (5)-2-((1-(6-chloro-7-(Cyclopropylmethoxy)-2-oxo-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-159).
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[0314] A mixture of 2-chloro-4-methoxypyrimidine-5-carbonitrile (40.9 mg, 0.241
mmol) and  (S)-3-(1-aminoethyl)-6-chloro-7-(cyclopropylmethoxy)quinolin-2(1H)-one
hydrochloride I1-9 (70.8 mg, 0.215 mmol) was dissolved in DMSO (1.5 mL) and DIEA (114
uL, 0.653 mmol) the resulting solution was stirred at 110 ° C for 40 minutes. Water (40 mL)
was then added and the reaction mixture was extracted with DCM (2 x 20 mL). The
combined extracts were washed with water (2 x 20 mL), dried (Na,;SO,) and filtered. Silica
gel was then added, and the solvent was cvaporated under reduced pressure. The material
was purificd by column chromatography on a Biotagc® MPLC chromatography system
(using a 10 g silica gel column cluted with 0 to 65% EtOAc in hexanes). The purified
product was dissolved in MeCN (2 mL), treated with water (I mL), frozen on a dry
ice/acetone bath, and lyophilized to provide ($5)-2-((1-(6-chloro-7-(cyclopropylmethoxy)-2-
oxo-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile 1- 159 (63.2
mg, 0.148 mmol, 69.0% yield, HPLC purity 100% at 220 nm) as a white solid. 'H NMR
(300 MHz, DMSO-dg): 6 ppm 11.73-11.81 (m, 1 H), 8.51-8.74 (m, 1 H), 8.48 (d, J=2.05 Hz,
1 H), 7.76 (s, 1 H), 7.67 (d, J=7.62 Hz, 1 H), 6.91 (s, 1 H), 5.15-5.28 (m, 1 H), 3.79-4.01
(m, 3 H),392(d,/J=6.74 Hz, 2 H), 1.36-1.46 (m, 3 H), 1.21-1.30 (m, 1 H), 0.56 - 0.65 (m, 2
H), 0.35-0.44 (m, 2 H). LCMS: m/z 426 [M+H]".

Example 91 -- (5)-N-(2-((1-(6-Chloro-8-fluoro-2-0xo0-1,2-dihydroquinolin-3-
vlethyl)amino)pyrimidin-4-yl)acetamide (I1-160).

LA
c 7 N/I\N/ NJ\
H H
N° O
£ H

[0315] A solution of  (S5)-3-(I-aminocthyl)-6-chloro-8-fluoroquinolin-2(1H)-onc
hydrochloride II-11 (111.2 mg, 0.401 mmol) and N-(2-chloropyrimidin-4-yl)acctamide 111-4
(75.4 mg, 0.439 mmol) in DMSO (2.4 mL) was treated with DIEA (207 pL, 1.185 mmol) and
stirred at 110 °C for six hours. The sample was then pipetted onto water (40 mL), and the

resulting precipitate was extracted with EtOAc (2 x 20 mL). The combined organic extracts
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were washed with water (20 mL), treated with silica gel, and evaporated under reduced
pressure. The material was purified by column chromatography on a Biotage® MPLC
chromatography system (10 g silica gel column) and eluted with 0 to 73% EtOAc in hexanes,
with isocratic elution when peaks eluted. The product fractions were combined, washed with
water (2 x 30 mL), and evaporated under reduced pressure. The residue was dissolved in
MeCN (2 mL) and water (1 mL), frozen (dry ice / acetone bath), and lyophilized to provide
(8)-N-(2-((1-(6-chloro-8-fluoro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl)amino)pyrimidin-4-
ylacetamide I-160 (24.3 mg, 0.065 mmol, 16.12 % yield, HPLC purity 100% at 220 nm) as a
light orange solid. 'H NMR (300 MHz, DMSO-ds): 3 ppm 12.00 (br s, 1 H), 10.23 (s, 1 H),
8.13 (brd, J=5.57T Hz, 1 H), 7.78 (s, 1 H), 7.62 (br s, 1 H), 7.57 (dd, J = 10.55, 2.05 Hz, 1
H), 7.14-7.45 (m, 2 H), 5.19 (quin, J = 7.11 Hz, 1 H), 2.06 (s, 3 H), 141 (d,J=6.74 Hz, 3
H). LCMS: m/z 376 [M+H] .

Example 92 -- (5)-2-((1-(6-Chloro-8-fluoro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-
4-methoxy pyrimidine-5S-carbonitrile (I-161).

: N,l CN
Cl N ﬂ)\\N O/

F H °
[0316] A solution of  (5)-3-(1-aminoethyl)-6-chloro-8-fluoroquinolin-2(1/)-one
hydrochloride TI-11 (90.6 mg, 0.327 mmol) and 2-chloro-4-methoxypyrimidine-5-
carbonitrile (63.7 mg, 0.376 mmol) in DMSO (2.0 mL) was treated with DIEA (172 nl, 0.985
mmol) and stirred at 110 °C for 50 minutes. The sample was poured into water (40 mL), and
the resulting precipitate was extracted with DCM (2 x 20 mL). The combined extracts were
washed with water (30 mL), and the aqueous layer was back-extracted with EtOAc (20 mL).
The DCM and EtOAc extracts were combined, dried (MgSQy), and filtered. Silica gel was
then added and the sample was evaporated under reduced pressure. The material was
purified by column chromatography on a Biotage® MPLC chromatography system (using a
10 g silica gel column eluted with 0 to 45% EtOAc in hexanes, with isocratic elution when
peaks eluted). The product fractions were combined, washed with water (2 x 30 mL), and
evaporated under reduced pressure. The residue was dissolved in MeCN (2 mL) and water (1
mL), frozen (using a dry ice /acetone bath), and lyophilized to provide (S)-2-((1-(6-chloro-8-
fluoro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl) amino)-4-methoxypyrimidine-5-carbonitrile I-
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161 (68.1 mg, 0.182 mmol, 55.7% yield, HPLC purity 100% at 220 nm) as a pale yellow
solid. "H NMR (300 MHz, DMSO-dq): 5 ppm 12.07 (s, 1 H), 8.60-8.85 (m, 1 H), 8.49 (d, J =
7.33 Hz, 1 H), 7.77 (d,J =7.92 Hz, 1 H), 7.65 (br s, 1 H), 7.54-7.62 (m, 1 H), 5.16-5.30 (m,
1 H), 3.77-4.01 (m, 3 H), 1.38-1.49 (m, 3 H). LCMS: m/z 374 [M+H]".

Example 93 -- 6-Chloro-3-(((4,6-dimethoxypyrimidin-2-yl)amino)methyl)quinolin-
2(1H)-one (I-163).

~,

o)
~
% 0 NaBH(OAc)s )N\/ ]
H
N~ 0 HZN)\\N o~ Nigo)

H H

1-163

[0317]  6-Chloro-2-ox0-1,2-dihydroquinoline-3-carbaldehyde (6.21 mg, 30 umol) was
added as a solid to a 0.2M solution of 4,6-dimethoxypyrimidin-2-amine in DMA (165 uL, 33
umol). Additional 1,2-dichlorocthane (150 mL) was then added, and the mixture was
agitated at room temperature for 5 minutes. The resulting mixture was treated with a 0.2M
suspension of sodium triacetoxyborohydride in DCE (300 pL, 60 umol) and was agitated
overnight at room temperature. Once LCMS analysis confirmed the presence of reductive
amination product, the mixture was partitioned between ethyl acetate (500 pl) and saturated
aqueous sodium bicarbonate solution (500 pl). The organic layer was transferred and the
aqueous layer was then extracted once more with fresh ethyl acetate (500 puL). The organic
layers were combined and concentrated under reduced pressure with heat (30 °C). The crude
restdue was dissolved in DMSO (500 uL) and purified by mass-triggered preparatory HPLC
to afford the title compound (1.3 mg, 13% yield). LCMS (Method 4, ESI): Rt 1.36 min,
m/z 347.02 [M+H] .

Table 15: The compounds listed in Table 15 were prepared using methods similar to those

described for the preparation of 1-141, 1-143, 1-144, I-151, I-154--1-156, and I-158--1-163.
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Table 16. LCMS signal and NMR chemical shifts for cach compounds listed in Table 15.
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Cmpds LCMS” 'H NMR (300 MHz) 6 ppm
No
'H NMR (300 MHz, DMSO-dj): 3
ppm 12.03 (br s, 1 H), 8.57-8.80 (m, 1
m/z: 37407 | H), 8.49(d,J = 6.16 Hz, 1 H), 7.98 (d,
I-141 [M+H]' J=792Hz, 1H),7.74 (d,J = 9.38
Rt (min): 1.56 | Hz, 1 H), 7.20 (d,J = 10.55 Hz, 1 H),
5.13-5.29 (m, 1 H), 3.77-4.01 (m, 3 H),
1.37-1.48 (m, 3 H).
'H NMR (300 MHz, DMSO-dj): 3
ppm 12.05 (s, 1 H), 8.58-8.82 (m, 1 H),
m/z: 374.00 8.49 (d,J = 6.16 Hz, 1 H), 7.98 (d, J =
1-142 [M+H]" 7.92 Hz, 1 H), 7.74 (d,J = 9.67 Hz, 1
Rt (min): 1.33 | H), 7.19 (d,.J = 10.26 Hz, 1 H), 5.11-
5.30 (m, 1 H), 3.76-4.02 (m, 3 H),
1.36-1.48 (m, 3 H).
'H NMR (300 MHz, DMSO-dy): 8
ppm 11.83 (s, 1 H), 8.50-8.74 (m, 1 H),
m/z: 386.10 8.48 (d,J =1.76 Hz, 1 H), 7.77 (s, 1
1-143 [M+H] H), 7.68 (d,J = 7.04 Hz, 1 H), 6.94 (s,
Rt (min): 1.36 | 1 H), 5.15- 5.29 (m, 1 H), 3.78-4.00
(m, 3 H), 3.88 (s, 3 H), 1.41 (t,J =
6.45 Hz, 3 H).
'H NMR (300 MHz, DMSO-dj): 3
ppm 11.83 (s, 1 H), 8.50-8.74 (m, 1 H),
m/z: 386.16 8.48 (d,J = 1.47 Hz, 1 H), 7.77 (s, 1
1-144 [M+H]' H), 7.68 (d,J = 7.04 Hz, 1 H), 6.94 (s,
Rt (min): 1.36 | 1 H), 5.14-5.30 (m, 1 H), 3.77-4.02 (m,
3 H), 3.88 (s, 3 H), 1.42 (t,J = 6.45
Hz, 3 H).
I-145 m/z: 386.03 "H NMR (300 MHz, DMSO-dj): 3
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Cmpds LCMS” 'H NMR (300 MHz) 6 ppm
No
[M+H]" ppm 11.80-11.89 (m, 1 H), 8.52-8.76
Rt (min): 1.29 | (m, 1 H), 8.48 (d,J = 2.05 Hz, 1 H),
7.77 (s, 1 H), 7.68 (d,J = 7.33 Hz, 1
H), 6.94 (s, 1 H), 5.14-5.29 (m, 1 H),
3.79-4.00 (m, 3 H), 3.88 (s, 3 H), 1.36-
1.47 (m, 3 H).
m/z: 416.06
1-146 [M+H]"
Rt (min): 1.06
m/z: 415.99
1-147 [M+H]'
Rt (min): 1.03
m/z: 415.99
1-148 [M+H]"
Rt (min): 1.03
'H NMR (300 MHz, DMSO-dj): 3
ppm 11.80 (s, 1 H), 10.23 (s, 1 H),
8.57-8.64 (m, 1 H), 8.12 (d, J = 5.28
e 46513 Hz, 1 H), 7.88 (td,.J = 7.77,1.76 Hz, |
149 M H), 7.79 (s, 1 H), 7.69 (s, 1 H), 7.55 (d,
Re (miny: 1,04 J =792 Hz, 1 H), 7.34-7.42 (m, 1 H),
7.20 (d,J = 5.57 Hz, 1 H), 7.03 (s, 1
H), 5.29 (s, 2 H), 5.16 (quin, J = 7.18
Hz, 1 H), 2.06 (s, 3 H), 1.39 (d, J =
6.74 Hz, 3 H).
m/z: 463.09 'H NMR (300 MHz, CDCl5): 5 ppm
Liso [M+H]" 11.29-11.83 (m, 1 H), 8.52 (br d, J =
Rt (min): 4.98 Hz, 1 H), 8.13-8.24 (m, 1 H),
13292 7.65-7.74 (m, 1 H), 7.53-7.60 (m, 2 H),
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Cmpds LCMS” 'H NMR (300 MHz) 6 ppm
No
7.50 (d,J = 9.67 Hz, 1 H), 7.19-7.34
(m, 1 H), 6.82-6.92 (m, 2 H), 5.33 (br
d,J=4.10Hz, 2 H), 5.11-5.27 (m, 1
H), 3.79-3.94 (m, 3 H), 1.55 - 1.63 (m,
3 H).
'"H NMR (300 MHz, CDCls): & ppm
11.50 (br s, 1 H), 10.80 (br s, 1 H),
8.47-8.59 (m, 1 H), 8.12-8.26 (m, 1 H),
m/z: 463.10
. 7.64-7.75 (m, 1 H), 7.45-7.59 (m, 3
I-151 [M-+H] , ,
Rt ainy: 135 H), 7.19 - 7.26 (m, 1 H), 6.76-6.89 (m,
1 H), 5.33 (d,J = 12.3 Hz, 2 H), 5.12-
5.27 (m, 1 H), 3.77-3.97 (m, 3 H),
1.49-1.69 (m, 3 H).
m/z: 449.02
I-152 [M+H]"
Rt (min): 1.14
'H NMR (300 MHz, DMSO-d, at 120
/2 44718 0C): 6 11.41 (br s, 1H), 8.63-8.49 (m,
1153 [M+H]' 2H), 8.01-7.81 (m, 2H), 7.73-7.59 (m,
Rt (miny: 137 | 2> 757 (d,1=7.9 Hz, 1H), 7.36-
7.32 (m, 1H), 7.11 (s, 1H), 5.31-5.27
(m, 3H),2.42 (s, 3H), 1.48 (d, T =69
Hz, 3H)
'H NMR (300 MHz, DMSO-dj): 3
m/z: 481.18 ppm 11.78 (br s, 1 H), 10.08 (br s, 1
1-154 [M+H]" H),8.61(d,J=4.1Hz, 1H), 8.1(d,J
Rt (min): 1.59 | = 5.5 Hz, 1 H), 7.90-7.82 (m, 1 H),
7.78 (s, 1 H), 7.69 (s, 1 H), 7.56 (d, J
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Cmpds
No

LCMS*

'H NMR (300 MHz) 6 ppm

= 7.6 Hz, 1 H), 7.39-7.34 (m, 1 H),
7.19 (brs, 1 H), 7.02-7.00 (m, 2 H),
5.28 (s, 2 H), 5.15-5.11 (m, 1 H), 3.65
(s, 3 H), 139 (d,J = 6.9 Hz, 3 H).

I-155

m/z: 357.11
[M+H]"
Rt (min): 1.22

'H NMR (300 MHz, DMSO-d): 3
ppm 12.39 (brs, 1 H), 8.76 (br d, J =
7.33 Hz, 0.5 H), 8.59 (br d, J = 7.62
Hz, 0.5 H), 8.35-8.49 (m, 2 H), 8.07-
8.27 (m, 1 H), 7.69 (d,J = 5.86 Hz, 1
H), 5.04-5.31 (m, 1 H), 3.64-4.01 (m, 3
H), 1.09-1.52 (m, 3 H).

I-156

m/z: 395.25
[M+H]"
Rt (min): 0.82

'H NMR (300 MHz, DMSO-ds 120 °C
): 6 ppm 12.20 (br, s, 1 H), 8.42 (s, 1
H), 7.92 (br s, 1 H), 7.74 (d, J = 2.19
Hz, 1 H), 7.53 (dd, J = 8.52,2.19 Hz, 1
H), 7.31 (d,J = 8.52 Hz, 1 H), 5.22
(m, 1 H),3.94 (s, 3 H), 1.53 (d, J =
6.87 Hz, 3 H).

1-157

m/z: 357.11
[M+H]"
Rt (min): 1.78

"H NMR (300 MHz, DMSO-ds 120 °C
): o ppm 12.20 (br, s, 1 H), 8.42 (s, 1
H), 7.92 (br, s, | H), 7.74 (d.J = 2.19
Hz, 1 H), 7.53 (dd, J = 8.52,2.19 Hz, 1
H),7.31 (d,J = 8.52 Hz, 1 H), 5.22
(m, 1 H),3.94 (s, 3 H), 1.53 (d,J =
6.87 Hz, 3 H).

I-158

m/z: 477.25
[M+H]'
Rt (min): 1.44

'H NMR (300 MHz, DMSO-d): 3
ppm 11.64-11.71 (m, 1 H), 8.49-8.71
(m, 2 H), 8.45-8.48 (m, 1 H), 7.75-7.85
(m, 2 H), 7.63 (d,J = 9.09 Hz, 1 H),
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Cmpds
No

LCMS*

'H NMR (300 MHz) 6 ppm

7.37-7.43 (m, 1 H), 7.28- -7.36 (m, 1
H), 6.85 (s, 1 H), 5.51 (g, J = 6.16 Hz,
1 H), 5.11-5.24 (m, 1 H), 3.77-4.00 (m,
3 H), 1.66 (d, J = 6.45 Hz, 3 H), 1.31 -
1.43 (m, 3 H).

1-159

m/z: 426.19
[M+H]"
Rt (min): 1.52

"H NMR (300 MHz, DMSO-dj): 3
ppm 11.73-11.81 (m, 1 H), 8.51-8.74
(m, 1 H), 8.48 (d,J = 2.05 Hz, 1 H),
7.76 (s, 1 H), 7.67 (d,J = 7.62 Hz, 1
H), 6.91 (s, 1 H), 5.15-5.28 (m, 1 H),
3.79-4.01 (m, 3 H), 3.92 (d,J = 6.74
Hz, 2 H), 1.36 - 1.46 (m, 3 H), 1.21-
1.30 (m, 1 H), 0.56-0.65 (m, 2 H),
0.35-0.44 (m, 2 H).

I-160

m/z: 376.26
[M+H]"
Rt (min): 0.97

'H NMR (300 MHz, DMSO-dy): 8
ppm 12.00 (br s, 1 H), 10.23 (s, 1 H),
8.13 (brd,J = 5.57Hz, 1 H), 7.78 (s, |
H), 7.62 (br s, 1 H), 7.57 (dd, J =
10.55, 2.05 Hz, 1 H), 7.14-7.45 (m, 2
H), 5.19 (quin, J = 7.11 Hz, 1 H), 2.06
(s,3 H), 1.41 (d,J = 6.74 Hz, 3 H).

I-161

m/z: 374.2
[M+H]"
Rt (min): 1.33

'H NMR (300 MHz, DMSO-dj): 3
ppm 12.07 (s, 1 H), 8.60-8.85 (m, 1 H),
8.49 (d,J =7.33 Hz, 1 H), 7.77 (d, J =
7.92 Hz, 1 H), 7.65 (br s, 1 H), 7.54-
7.62 (m, 1 H), 5.16-5.30 (m, 1 H),
3.77-4.01 (m, 3 H), 1.38-1.49 (m, 3 H).

I-162

m/z: 433.99
[M+H]"

"H NMR (300 MHz, DMSO-dj): 3
ppm 12.39 (br s, 1 H), 8.75 (d,J =
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Cmpds LCMS” 'H NMR (300 MHz) 6 ppm
No
Rt (min): 1.5 7.04 Hz, 1 H), 8.60 (d,J = 7.62 Hz,1
H), 8.43 (m, 2 H), 8.424 (m, 1 H), 7.68
(d,J = 5.86 Hz, 1 H), 5.32 (m, 1 H),
3.92-3.73 (m, 3 H),1.50 (m, 3 H).
m/z: 347.0174
1-163 [M+H]"
Rt (min): 1.36

a. LCMS (method 4)

Example 94 -- N-isopropyl-NV-(2-(((2-0xo0-1,2-dihydroquinolin-3-yl)methyl)amino)

pyrimidin-4-yl)methanesulfonamide (I-164).

.
@f\rNHZHCI ! C|)\\N|
N O

H

-1

N* 0 0
0.0 DIEA /j\ Y
Y3 N N)\\N N/S\

N

)\ DMSO

o AN

1-164

Iz

100 °C

[0318] A 0.2M solution of 3-(aminomethyl)quinolin-2(1H)-one hydrochloride in 9:1

DMA / N,N-diisopropylcthylamine (v/v) (165 uL, 33 umol) was combincd with a 0.2M
DMSO solution of N-(2-chloropyrimidin-4-yl)-N-isopropylmethanesulfonamide TII-1 (150
pL, 30 umol) in a 2.0 mL reaction vial. An additional volume of N,N-diisopropylethylamine
(20 uL, 115 umol) was added, and the vial was sealed and heated to 100 °C with agitation for
18-24 hours. The reaction mixture was concentrated under reduced pressure with heat (50
°C) to drive off volatiles, and the remaining crude DMSQO solution containing the product was

purified by mass-triggered preparatory HPLC to yield the title compound (8.6 mg, 74%

yield). LCMS (Method 4): Rt 1.11 min, m/z 388.11 [M+H] .



CA 02961793 2017-03-17

WO 2016/044781 PCT/US2015/051044

Table 17: The compounds listed in Table 17 were prepared using the same method as

described for the preparation of 1-164.

1-164 1-165 1-166

I-167

Table 18. LCMS signal and chemical name for each compounds listed in Table 17

Cmpds LCMS*
No

m/z: 388.11
I-164 [M+H]"
Rt (min): 1.11

m/z: 406.20
I-165 [M+H]
Rt (min): 1.11

m/z: 402.10
I-166 [M+H]"
Rt (min): 1.22
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Cmpds LCMS*
No

m/z: 440.18
1-167 [M+H]"
Rt (min): 1.42

a. LCMS (method 4)

Example 95 - 2-((1-(6-Chloro-2-0x0-1,2-dihydroquinolin-3-yl)cyclopropyl)amino)-4-
methoxypyrimidine-5-carbonitrile (I-169).

o
N
NC\)I\OEt cl Z" 1. Ti-ProY
cl ~o x o 0 c N7 NH,
\CC 2. EtMgBr
0 o)

N N
NH; Piperidine H 3. BF3ELO N
CN
o )
CI/I\N/ OMe CK@(\fu SN o
DIEA N ©

-169
Step-1: 6-Chloro-2-o0x0-1,2-dihydroquinoline-3-carbonitrile.

N° "0
H

N

[0319] A mixture of piperidine (0.022 g, 0.257 mmol), 2-amino-5-chlorobenzaldchyde (2
g, 12.85 mmol), and cthyl 2-cyanoacetate (1.454 g, 12.85 mmol) in EtOH (30 mL) was

stirred at room temperature for 30 minutes and then at reflux for 2 hours. The mixture was

cooled to room temperature, filtered and washed with EtOH. The collected solids were dried

to afford 6-chloro-2-oxo0-1,2-dihydroquinoline-3-carbonitrile (1.84 g, 70% yield). 'H NMR

(300 MHz, DMSO-ds): 5 ppm 12.43-12.68 (br s, 1 H), 8.50-8.78 (s, 1 H), 7.54-7.96 (m, 1 H),

7.33 (d,J=9.09 Hz, 1 H); LCMS (Method 1): Rt 1.87 min, m/z = 205.95[M+H]".

Step-2: 3-(1-Aminocyclopropyl)-6-chloroquinolin-2(1H)-one.

[N
W
N}
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N @]
H

[0320] To a solution of 6-chloro-2-o0xo-1,2-dihydroquinoline-3-carbonitrile (800 mg, 3.91
mmol) in THF (15 mL) at -78 °C was added titanium (IV) isopropoxide (Ti(O'Pr)4) (1.333 g,
1.375 mL, 4.69 mmol), After 10 minutes of stirring, ethyl magnesium bromide (EtMgBr)
(1824 mg, 3N, 5 mL, 13.68 mmol) in ether was added. The solution was stirred at -78 °C for
30 minutes, then warmed up to room temperature and was followed by the addition of
BF5.0Et; (1942 g, 1.734 mL, 13.68 mmol). The resulting solution was stirred at room
temperature for two hours and then an aqueous solution of NH4Cl was added to quench the
reaction. The reaction mixture was treated with 1 N aqueous NaOH solution to adjust to pH
= 11-12, extracted with EtOAc, dried, and concentrated. The crude product was then purified
by column chromatography on a Biotage® chromatography system to afford 3-(1-
aminocyclopropyl)-6-chloroquinolin-2(1H)-one (140 mg, 15.26% yield). 'H NMR (300
MHz, CDCls): & ppm 12.53 (br s, 1 H), 7.64-7.83 (m, 1 H), 7.55-7.61 (m, 1 H), 7.35-7.47 (m,
1 H), 3.03-3.21 (m, 1 H), 1.29-1.37 (m, 1 H), 1.08-1.25 (m, 1 H), 0.83-0.99 (m, 1 H). LCMS
(Method 1): Rt 2.11 min, m/z 235.99 [M+H]".

Step-3: 2-((1-(6-Chloro-2-0xo0-1,2-dihydroquinolin-3-yl)cyclopropyl)amino)-4-methoxy
pyrimidine-5-carbonitrile (I-169).

[0321] A mixture of DIEA (0.096 mL, 0.548 mmol), 3-(1-aminocyclopropyl)-6-
chloroquinolin-2(1H)-one (42.9 mg, 0.183 mmol), and 2-chloro-4-methoxypyrimidine-5-
carbonitrile (31 mg, 0.183 mmol) in DMSO (1 mL) was stirred at 100 °C overnight. The
mixture was then diluted with EtOAc, washed with water, dried and concentrated. HPLC
purification  afforded 4 mg of  2-((1«(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yl)cyclopropyl)amino)-4-methoxypyrimidine-5-carbonitrile with minor impurities (6%).
LCMS (Method 1): Rt 2.49 min, m/z 368.93[M+H]".

Example 96 -- 2-((1-(6-chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-oxo0-1,2-
dihydroquinolin-3-yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-172).
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[0322] A solution of 3-(1-aminoecthyl)-6-chloro-7-((3,3-difluorocyclobutyl)methoxy)
quinolin-2(1H)-one  hydrochloride (30.1 mg, 0.079 mmol) and 2-chloro-4-
methoxypyrimidine-5-carbonitrile (15.2 mg, 0.090 mmol) in DMSO (0.50 ml) was treated
with DIEA (41.6 ul, 0.238 mmol) and stirred at 110 °C for 30 minutes. The sample was then
allowed to cool, poured into water (20 mL) and the resulting precipitate was extracted with
DCM (2 x 10 mL). The combined extracts were dried (NaySO4) and filtered. Silica gel was
added, and the mixturc was cvaporated under reduced pressure. The material was purified by
column chromatography on a Biotage MPLC chromatography system (using a 10 g silica gel
column cluted with 0 to 88% EtOAc in hexancs, with isocratic clution when peaks cluted) to
provide  2-{(1-(6-chloro-7-((3,3-difluorocyclobutyl)methoxy)-2-0x0-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-methoxy pyrimidine-5-carbonitrile (28.1 mg, 0.059 mmol, 74.4% yield) as
a pale orange solid. "H NMR (300 MHz, DMSO-de): 8 ppm 11.82 (br s, 1 H), 8.51-8.75 (m,
1 H), 8.48 (d,J=2.05Hz, 1 H), 7.78 (s, 1 H), 7.68 (d, J="7.62 Hz, 1 H), 6.93 (s, 1 H), 5.13-
5.29 (m, 1 H), 4.13 (d, J = 4.69 Hz, 2 H), 3.78-4.00 (m, 3 H), 2.53-2.80 (m, 4 H), 1.35-1.47
(m, 3 H). LCMS (Methodl): m/z 476 [M+H]"

Table 19: The compounds listed in Table 19 were prepared using methods similar to those

described for the preparation of I-169.

1-168 1-169 1-170
P :iEN
T oo e
TN N 1. |
o N
Ol ,A\— [ —_— ?“\ §
i ‘ E ) § : ! ¢ e AN “
N ’{
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I-171 1-172

Table 20. LCMS signal and NMR chemical shifts for each compounds listed in Table 19

Cmpds LCMS® 'H NMR (300 MHz) & ppm
No

m/z: 398.03
1-168 [M+H]"
Rt (min): 1.09

m/z: 368.03
1-169 | [M+H]"
Rt (min): 1.35

'H NMR (300 MHz, CDCl): &
ppm 11.11 (brs 1 H),8.08 (d,J
m/z: 400.11 = 5.77Hz,1 H),7.72 (s, 1 H),
I-170 [M+H]" 7.50 (s, 1 H),7.30-7.41 (m, 2
Rt (min): 1.11 | H), 5.96 (s, 1 H), 4.24-4.32
(m, 2 H), 3.83-3.85 (m, 2 H)
3.12(s,3H), 1.61(s,6 H)

m/z: 402.00
1-171 [M+H]'
Rt (min): 0.87

'H NMR (300 MHz, DMSO-
ds): 6 ppm 11.82 (br s, 1 H),
8.51-8.75 (m, 1 H), 8.48 (d,J
=2.05Hz, 1 H), 7.78 (s, 1 H),

m/z: 476.23
I-172 | (M+H)"
Rt (min): 1.58
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Cmpds LCMS® '"H NMR (300 MHz) & ppm
No

7.68 (d,J =7.62 Hz, 1 H), 6.93
(s, 1 H), 5.13-5.29 (m, 1 H),
413 (d,J=4.69 Hz, 2 H),
3.78-4.00 (m, 3 H), 2.53-2.80
(m, 4 H), 1.35-1.47 (m, 3 H)

a, LCMS (method 4)

Example 97 -- (S)-6-chloro-3-(1-((4-(1-isopropyl-1H-imidazol-5-yl)pyrimidin-2-
yl)amino)ethyl)-1-methylquinolin-2(1H)-one (I-173).

cl CHO O\F Xylenes 9 NaH, Mel,
\©: S Reflux, 4h  C N THF
—_— —_—
NH,
o)

Iz

O\
,‘s«% Ti(OELt)4 4N HClin
i) H>N (s) THF

0 : Q di
° oxane
Cl\@\rk C‘\@(\A{S}N’%Té
H
N0 i)  NaBH, N0 MeOH
I

H Cl ~ /L§
Cl ~ DIEA, EtOH )N N = N
XY 15 NH, H Y/
N—7
N 6]
ITI O HClI NF | |

N =
cI N N 1173

CF,COOH

-9

Step-1: 3-Acetyl-6-chloroquinolin-2(1H)-one
O

N~ ~O

F
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[0323] The mixture of 2-amino-5-chlorobenzaldehyde (12.8 g, 82.2 mmol), and 2,2,6-
trimethyl-4/-1,3-dioxin-4-one (17.5 g, 123 mmol) in xylene (100 ml) was heated to reflux
for 4 hours. The reaction was cooled to room temperature and the solid precipitated was
filtered, washed with xylenes, and dried to give the title compound (1.8 g, 10%). 'H NMR
(300 MHz, DMSO-de): 6 12.24 (s, 1 H), 8.43 (s, 1 H), 8.02 (d,/=2.1 Hz, 1 H), 7.65 (dd, J =
8.88and 2.1, Hz 1 H), 7.34 (d, J=8.8 Hz, 1 H), 2.61 (s, 3 H).

Step-2: 3-Acetyl-6-chloro-1-methylquinolin-2(1H)-one
O

ITI 0
[0324] Sodium hydride (60%, 20 mg, 0.5 mmol) was added to a solution of 3-acetyl-6-
chloroquinolin-2(1H)-one (110 mg, 0.5 mmol) in THF (10 ml) at ice cold temperature. The
resultant mixture was stirred at ice cold temperature for 1 h. Methyl iodide (142 mg, 1.0
mmol) was added to the reaction and stirred at ice cold temperature for 1 h. The reaction was
allowed to come to room temperature and stirred overnight. Saturated ammonium chloride
solution was added to the reaction and extracted with dichloromethane. The organic extract
was washed with water, dried over Na,SO,, filtered, and evaporated under reduced pressure.
The crude material was purified on ISCO (Si02:0-50% ethyl acetate in hexanes) to give the
title compound (101 mg, 86.4%). 'H NMR (300 MHz, CDCLs): & 8.28 (s, 1 H), 7.69-7.57 (m,
2 H),7.31(d,J=9.0Hz, 1 H), 3.74 (s, 3 H), 2.75 (s, 3 H). LCMS (Mcthod 3): m/z =236.1
(M+H)".

Step-3: (8)-N-((S)-1-(6-Chloro-1-methyl-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)-2-methyl

= 9
Cl - S
XrsrN”
oKt
|T1 0

[0325] The mixture of tetracthoxytitanium (570 mg, 2.5 mmol), (S)-2-methylpropane-2-

propane-2-sulfinamide

sulfinamide (181 mg, 1.5 mmol), and 3-acetyl-6-chloro-1-methylquinolin-2(1H)-one (235
mg, 1.0 mmol) in THF (20 ml) was heated to reflux overnight. The reaction was allowed to

cool to room temperature and further cooled to -60 °C using dry ice acetone bath. Sodium
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borohydride (190 mg, 5.0 mmol) was added to the reaction. The reaction was slowly warmed
to room temperature and stirred overnight. Methanol was added to destroy excess sodium
borohydride, diluted with water, and extracted with ethyl acetate. The organic extract was
washed with water, dried over Na,SOy, filtered, and evaporated under reduced pressure. The
crude material was purified on ISCO (8i0,:0-100% cthyl acetate in hexanes followed by 0-
5% methanol in ethyl acetate) to give the title compound (175 mg, 51.5%). 'H NMR (300
MHz, CDCls): 8 7.21-7.560 (m, 4 H), 5.12 (d, J = 12.0 Hz, 1 H), 4.48-4.34 (m, 1 H), 3.69 (s,
3 H), 1.56 (d, 3 H). LCMS (Method 4): m/z 341.1 (M+H)".

Step-4: (S)-3-(1-aminoethyl)-6-chloro-1-methylquinolin-2(1H)-one hydrochloride

ITI O HCI
[0326] To a mixture of (S)-N-((S)-1-(6-chloro-1-methyl-2-0x0-1,2-dihydroquinolin-3-
yl)ethyl)-2-methylpropane-2-sulfinamide (100 mg, 0.29 mmol) in MeOH (3 mL), was added
4N HCI in dioxane (2.0 mL) at 0 °C. The resultant mixture was stirred at 0 °C for 2.5 h.
After the completion of the reaction, the solvents were evaporated to dryness and the residue
was triturated with ether to give the title compound (80 mg, 100%) as white solid. '"H NMR
(300 MHz, DMSO-de): & 8.27 (br s, 3 H), 8.08 (s, 1 H), 7.92 (d, /= 2.2 Hz, 1 H), 7.80-7.62

(m, 2 H), 4.52-4.38 (m, 1 H), 3.69 (s, 3 H), 1.53 (d,/ = 6.9 Hz, 3 H). LCMS (Mcthod 3): m/z
237.1 (M+H) ",

STEP 5 (8)-6-chloro-3-(1-((4-(1-isopropyl-1 H-imidazol-5-yl)pyrimidin-2-
yl)amino)ethyl)-1-methylquinolin-2(1H)-one (I-173)

N~ |
NP
N~ ~O " N~
| \(
173

[0327] To a mixture of (S)-3-(I-aminocthyl)-6-chloro-1-methylquinolin-2(1H)-one
hydrochloride (60 mg, 0.15 mmol) and 2-chloro-4-(1-isopropyl-1H-imidazol-5-yl)pyrimidine
trifluoroacctic acid salt 111-9 (96 mg, 0.30 mmol) in ethanol (5 ml) was added DIEA (0.267

ml, 1.5 mmol. The resulting mixture was heated in microwave oven at 180° for 6 hours. The
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reaction was cooled to room temperature and concentrated under reduced pressure. The
residue was dissolved in ethyl acetate, and washed with water (2 x) and brine. The organic
extract was dried over Na,SQy, filtered, and evaporated under reduced pressure. The crude
material was purified on ISCO (SiO;: 0-5% methanol in ethyl acetate) to give the title
compound I-173 (42 mg, 65.4%). 'H NMR (300 MHz, DMSO-de at 120 °C): & 8.30-7.40 (m,
7 H), 7.15-6.80 (m, 2 H), 5.60-5.10 (m, 2 H), 3.69 (s, 3 H), 1.60-1.30 (two doublets, 6 H),
1.18 (d, J= 6.6 Hz, 3 H). LCMS (Method 3): Rt 6.95 min, m/z 423.2 (M+H) ".

Example 98 -- (S)-2-((1-(6-chloro-7-isopropoxy-2-oxo-1,2-dihydroquinolin-3-
ylethyl)amino)-4-methoxypyrimidine-5-carbonitrile (I-175).

- : N/QiI:CN

: H |

Cl X" NH,HCI N ON DIEA Cl X N)\N/ o~
P DMSO N

0 0O * ool N/ O/ 110 °C

N 0 N~ O
H H
)\ 13 )\

1-175

[0328] A solution of (8)-3-(1-aminoethyl)-6-chloro-7-isopropoxyquinolin-2(1H)-one
hydrochloride (752 mg, 0.237 mmol) II-13 and 2-chloro-4-methoxypyrimidine-5-
carbonitrile (43.9 mg, 0.259 mmol) in DMSO (1.7 ml) was treated with DIEA (124 ul, 0.710
mmol) and stirred at 110 °C for 35 minutes. The sample was allowed to cool, then was
pipetted onto water (20 mL). The resulting precipitate was extracted with DCM (2 x 20 mL),
and the combined extracts were washed with water (2 x 20 mL), dried (Na,SO,), filtered,
trecated with silica gel, and cvaporated under reduced pressurc. The material was
chromatographed by Biotage MPLC (10 g silica gel column, 0 to 65% EtOAc in hexanes,
with isocratic c¢lution when peaks cluted). The material thus obtained was slurried in MeCN
(2 mL) and water (1 mL), frozen (dry ice/acetone bath), and lyopholyzed, but NMR indicated
the sample still had MeCN. The sample was sonicated in EtOH (5 mL) for 15 minutes, and
then the solvent was evaporated. The residue was slurried in water (5 mL), frozen (dry
ice/acetone bath), and lyopholyzed to provide the title compound I-175 (56.7 mg, 0.137
mmol, 57.8 % yield) as a white solid. '"H NMR (300 MHz, DMSO-ds): & ppm 11.67 - 11.78
(m, 1 H), 8.51-8.76 (m, 1 H), 8.48 (d, /=2.64 Hz, 1 H), 7.76 (s, 1 H), 7.66 (d, J = 8.79 Hz,
1 H), 6.97 (s, 1 H), 5.13 - 5.29 (m, 1 H), 4.52 - 4.67 (m, 1 H), 3.78 - 4.01 (m, 3 H), 1.37 -
1.46 (m, 3 H), 1.34 (d, J = 6.16 Hz, 6 H). LCMS (Method 1): Rt 2.55 min, m/z 414.0
[M+H]".
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Example 99 -- (S)-2-((1-(6-chloro-7-cyclopropyl-2-oxo-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-methoxypyrimidine-S-carbonitrile (I-176).

CN SN
)\/I Pd(PPhs)a Cl N ; N)I\N/ o

cl
[>—8(0H), * m\ TR0, H
Br N o

H

1-162 1176

[0329] The mixture of Pd(PPhi)s (11.96 mg, 10.35 umol), KyCOs (57.2 mg, 0.414
mmol), (S)-2-((1-(7-bromo-6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-
methoxypyrimidine-5-carbonitrile 162 (90 mg, 0.207 mmol) and cyclopropylboronic acid
(26.7 mg, 0.311 mmol) in water (1.5 ml) and 1,4-dioxane (30.0 ml) was bubbled with N; for
10 min. The resulting mixture was refluxing for overnight, and then treated with EtOAc,
washed with brine twice, dried and concentrated. The crude was purified by reversed phase
preparative HPLC to afford (S)-2-((1-(6-chloro-7-cyclopropyl-2-oxo-1,2-dihydroquinolin-3-
yl)ethyl)amino)-4-methoxypyrimidine-5-carbonitrile (6 mg, 9.8%). 'H NMR (300 MHz,
METHANOL-d,) & ppm 8.15 - 8.34 (m, 1 H), 7.68 (br d, J=11.73 Hz, 1 H), 7.54 (s, 1 H),
6.84 (s, 1 H), 5.12 - 5.38 (m, 1 H), 3.71 -3.97 (m, 3 H), 2.08 - 2.33 (m, 1 H), 1.44 (br d, J =
6.16 Hz, 2 H), 0.94 - 1.06 (m, 1 H), 0.65 (br d, J=4.40 Hz, 1 H). LCMS (Method 1): Rt 2.57
min, m/z 396.03 [M+H]-.

Example 100 -- (S)--4-methoxy-2-((1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-yl)ethyl)

amino)pyrimidine-5-carbonitrile (I-177).
(S) NH2 (R) ||
@O Xylenes I/\mk NaBH,
reflux Ti(OEt), THF THF -50°C

CN
BTSN N : DIEA/DMSO N A X
H
A N0 ZSNX0  HC NP~ CN SN0
H H )\:I :

CI” N ? 1177
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Step-1: 3-acetyl-1,5-naphthyridin-2(1H)-one

[0330] The mixture of 3-aminopicolinaldehyde (1 g, 8.19 mmol), and 2,2,6-trimethyl-4H-
1,3-dioxin-4-one (1.746 g, 12.28 mmol) in Xylene (30 ml) was heated to reflux for 3 hours,
cooled to RT, filtered and washed with xylene twice to afford 3-acetyl-1,5-naphthyridin-
2(1H)-one (1 g, 65%). 'HNMR (300 MHz, DMSO-ds) 5 ppm 8.44 - 8.60 (m, 1 H), 8.25 (s, 1
H), 7.70 (d, / = 1.47 Hz, 1 H), 7.59 (dd, J = 8.50, 4.40 Hz, 1 H), 2.60 (s, 3 H). LCMS
(Method 1): Rt 1.05 min, m/z 189.10 [M+H]".

Step-2& 3: (S)-2-methyl-N-((S)-1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-
yl)ethyl)propane-2-sulfinamide
= 0O
N A N,§+

[0331] The mixture of tetracthoxytitanium (3.03 g, 13.28 mmaol), (S)-2-methylpropane-2-
sulfinamide (0.966 g, 7.97 mmol) and 3-acetyl-1,5-naphthyridin-2(1H)-one (1 g, 5.31 mmol)
in THF (150 ml) was heated to 80 °C overnight, first cooled to RT and then cooled to -60 °C.
To this cooled mixture was added NaBH4 (1.005 g, 26.6 mmol). The mixture was slowly
warmed up to RT and stirred for overnight, MeOH was added to destroy excess NaBH,, then
water was added. The mixture was extracted with EtOAc twice, dried over sodium sulfate,
and concentrated under reduced pressure. The Biotage purification on a 100 g column first
with 0-20% i-PrOH/Hexanes, then with 0-10% of MeOH in EtOAc¢ afforded (5)-2-methyl-N-
((S)-1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-yl)ethyl)propane-2-sulfinamide (140 mg, 9%).
The product is very low UV active. "H NMR (300 MHz, CDCls-d) & ppm 11.31 (br s, 1 H),
8.02-825(m, 1 H),7.57 (s, 1H),7.32-749 (m, 1 H), 6.84 - 7.18 (m, 1 H), 6.04 (d, J =
9.67 Hz, 1 H), 4.37 (br dd, J=9.53, 6.89 Hz, 1 H), 1.58 (d, /= 6.74 Hz, 3 H), 1.35 (s, 9 H).
LCMS (Method 1): Rt 1.60 min, m/z 294.11 [M+H] .

Step-4: (S)-3-(1-aminoethyl)-1,5-naphthyridin-2(1H)-one hydrochloride
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XY NH,
Z

I
H 2 o

[0332] To a solution of (S)-2-methyl-N-((S)-1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-
yl)ethyl)propane-2-sulfinamide (140 mg, 0.477 mmol) in methanol (5 ml) was added HCI (2
ml, 4 N in dioxane, 8.00 mmol). The mixture was stirred at room temperature for overnight,
then ether (6 ml) was added. The mixture was filtered, washed with ether twice and dried to
afford 65 mg of (S)-3-(1-aminoethyl)-1,8-naphthyridin-2(1H)-one, HCI (60%). 'H NMR
(300 MHz, DMSO-ds) 5 ppm 12.38 (br s, 1 H), 8.35-8.71 (m, 1 H), 8.14 (s, 1 H), 7.69 - 8.02
(m, 1 H), 7.57 (dd, /= 8.35, 4.54 Hz, 1 H), 1.51 (d, J=6.74 Hz, 3 H). LCMS (Method 1): Rt
0.47, m/z 190.12 [M+H]".

Step-5: (S)--4-methoxy-2-((1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-yl)ethyl)

amino)pyrimidine-5-carbonitrile (I-177)

N N/jCN
SOGRS
” O

[0333] The mixture of DIEA (0.151 ml, 0.864 mmol), (S)-3-(1-aminoethyl)-1,5-
naphthyridin-2(1H)-one, HCI (65 mg, 0.288 mmol), and 2-chloro-4-methoxypyrimidine-5-
carbonitrile (58.6 mg, 0.346 mmol) in DMSO (1 ml) was heated to 110°C for two hour. The
mixture was cooled to room temperature. LC/MS analysis showed the reaction was
completed. The reaction mixture was treated with water, and then filtered. The Biotage
purification with 0-10% MeOH/DCM on a 25 g column afforded (S)-4-methoxy-2-((1-(2-
oxo-1,2-dihydro-1,5-naphthyridin-3-yl)ethyl) amino)pyrimidine-5-carbonitrile 177 (33mg,
35.5%). 'H NMR (300 MHz, DMSO-ds) & ppm 11.99 (br d, J = 4.69 Hz, 2 H), 8.68 - 9.12
(m, 1 H), 8.35-8.52 (m, 1 H), 7.81 (d, /=7.33 Hz, 1 H), 7.64 (brd, J = 8.21 Hz, 1 H), 7.45
(dd, J =8.50, 4.40 Hz, 1 H), 5.29 (br dd, J =14.07, 6.74 Hz, 1 H), 3.63 - 4.09 (m, 3 H), 1.24 -
1.65 (m, 3 H). LCMS (Method 1): Rt 1.76, m/z 323.11 [M+H]".

Example 101 -- (S)-2-((1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-yl)ethyl)amino)-6-oxo-
1,6-dihydropyrimidine-S-carbonitrile (I-178).
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N7 CN Nal = N™™ CN
: /I TMSCI ¢ M
- ~ ° AN
CI\@\/\I\”)\N (|) MeCN, 50 °C N~ "OH
o o

I- 1-36 1178

Iz

Iz

[0334] A mixture of (8)-2-((1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl)amino)-4-
methoxypyrimidine-5-carbonitrile (69.9 mg, 0.196 mmol) (I-36) and sodium iodide (89.4 mg,
0.596 mmol) in MeCN (2.2 ml) was treated with TMSCI (0.11 mL, 0.861 mmol) and stirred
at room temperature 4 hours, then at 50 °C overnight. LCMS indicated the reaction had gone
to completion. The mixture was diluted with a few mL MeOH and DCM, treated with silica
gel, and evaporated under reduced pressure. The material was chromatographed by Biotage
MPLC (10 g silica gel column, 0 to 5% MeOH in DCM, with isocratic elution at 2.4%). The
material thus obtained was reabsorbed onto silica gel and rechromatographed by Biotage
MPLC (10 g silica gel column, 0 to 100% EtOAc in hexanes followed by 0 to 5.7% MeOH in
EtOAc, with isocratic eclution when peaks came off). The material thus obtained was
sonicated in EtOH and water (5 mL each). The EtOH was evaporated under reduced
pressure, and the remaining aqueous suspension was frozen (dry ice/ acetone bath) and
lyophilized to provide the title compound (43.3 mg, 0.127 mmol, 64.5 % yield, HPLC purity
100% at 220 nm) as a white solid. 'H NMR (300 MHz, DMSO-ds): & ppm 12.11 (s, 1 H),
11.71 (br s, 1 H), 8.23 (s, 1 H), 8.07 (brs, 1 H), 7.85 (s, 1 H), 7.79 (s, 1 H), 7.53 (dd, J =
8.79,2.35Hz, 1 H), 732 (d, J = 8.79 Hz, 1 H), 5.12 - 530 (m, | H), 1.46 (d, /= 7.04 Hz, 3
H). LCMS (Mcthod 1): Rt 2.13 min., m/z 342.0 [M+H]".

Example 102 - (S}-N-2-((1-{6-chlore-7-flnoro-2-oxo-1,2-dihydroguinolin-3-

yhethyljamino) pyrimidin-4-vijacetamide (I-179)

H = N% (0]
WNH2HC, DIPEA, EtOH, 130 °C, MW, 5h ¢ N N)\\N N)J\
H

F N0 o f N F N0
H | b
)J\N N/)\CI
l1-3a H 1-179
l1-4

[0335] A mixture of  (S)-3-(I-aminoethyl)-6-chloro-7-fluoroquinolin-2(1H)-one
Hydrochloride 11-3a (150 mg, 0.54 mmol), N-(2-chloropyrimidin-4-yl)acctamide ITI-4 (185
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mg, 1.08 mmol) and DIPEA (282 uL, 1.62 mmol) in ethanol (3 mL) was irradiated under
microwaves at 130 °C for 5 h. After TLC and MS showed completed reaction, the mixture
was concentrated. The residue was purified by ISCO (SiO;: hexanes/EtOAc 0 to 100%)
followed by trituration with CH,Cl,-hexanes to give the title compound 179 (58 mg, 29%) as

white solid.

'H NMR (300 MHz, DMSO-ds ): 8 12.01 (s, 1H), 1022 (s, TH), 8.12 (d, / = 5.2 Hz, 1H),
7.95(d, /=80 Hz, 1H), 7.74 (s, 1H), 7.30 (bs, 1H), 7.22-7.18 (m, 2H), 5.16 (m, 1H), 2.06 (s,
3H), 1.40 (d, /= 6.9 Hz, 3H). LCMS (Method 3): Rt 3.93 min, m/z 376.8§ M+H] .

Example 103 - {(S}-N-{Z-{{1-{6-chloro-7-fluore-2-0x0-1,2-dihyvdroguinslin-3-

vijethylaming) pyrimidin-4-yiicyclopropanecarboxamide (I-180)

= NT o]
7 NaH, DMF N7 0 DIPEA, EtOH, 130°C : I/j\
. ) by
s N H H
CI” N7 NH, o

e Cl N N
M H ol : F N
X NH, HCI H
Cl n-10 1-180
F N7 o
H
1I-3a

Step-1: N-(2-chloropyrimidin-4-yl)cyclopropanecarboxamide (111-10).
Néj\ O
PN %
Cl N™ °N
H

[0336] To an ice-cold solution of 2-chloropyrimidin-4-amine (400 mg, 3.1 mmol) in 6
mL of DMF was added NaH (148 mg, 3.7 mmol) and the reaction mixture was stirred at 0 °C
for 30-40 min. Neat cyclopropanecarbonyl chloride (0.36 mL, 0.40 mmol) was added
dropwise to the reaction mixture which was allowed to warm to room temperature overnight.
The reaction was quenched with NaHCO; (satu.) followed by extraction with EtOAc.
Organic layer was dried over NaxSQs, filtered and concentrated to dryness under reduced
pressurc. The crude was purified by ISCO, using 40 g normal phasc column with a gradicnt
elution of EtOAc in CH,Cl, providing 250 mg (41% yield) of the title compound I1I-10. 'H
NMR (300 MHz, DMSO-ds) 6 ppm 11.57 (s, 1 H), 8.52 (d, /=5.86 Hz, 1 H), 7.99 (d, J=5.57
Hz, 1 H), 1.96 (m, 1 H), 0.81 - 1.04 (m, 4 H). LCMS (Method 1): Rt 1.92 min, m/z 198.06
[M+H]".
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Step-2: {83-N-(2-{{1-{6-chloro-T-fluoro-2-ox0-1,2-diliydroquinoelin-3-yijethylaming)
pyrimidin-4-vi)cyelopropanecarboxamide (I-180)

- Nﬂ\ o)
BSOS LA
H H
F H @]
[0337] A mixture of  (S)-3-(I-aminoethyl)-6-chloro-7-fluoroquinolin-2(1H)-one
hydrochloride I1I-3a (150 mg, 0.54 mmol), N-(2-chloropyrimidin-4-
yl)cyclopropanecarboxamide (I11-10) (213 mg, 1.08 mmol) and DIPEA (282 uL, 1.62 mmol)
in ethanol (3 mL) was irradiated under microwaves at 130 °C for 5 h. After TLC and MS
showed completed reaction, the mixture was concentrated. The residue was purified by
ISCO (Si0;: hexanes/EtOAc 0 to 100%) followed by trituration with CH,Cl,-hexanes to give
the title compound I-180 (110 mg, 51%) as a white solid. '"H NMR (300 MHz, DMSO-ds ):
12.02 (s, 1H), 10.53 (s, 1H), 8.11 (d, J = 5.2 Hz, 1H), 7.95 (d, /= 8.0 Hz, 1H), 7.75 (s, 1H),
7.30 (bs, 1H), 7.22-7.18 (m, 2H), 5.18 (m, 1H), 2.05 (m, 1H), 1.40 (d, J = 6.6 Hz, 3H), 0.86-
0.78 (m, 4H). LCMS (Method 3): Rt 4.32 min, m/z 402.1[M+H]".

Example 104 - {$)6-chloro-3-(1-{{4-(5-cyclopropyi-1H-tetrazol-I-vijpyrimidin-2-
viamine) ethylguinolin-2(1H)-one (I-183)
“ Nq DIPEA, EtOH, . Nq
/’\ﬁ\/j\ j)\v Nals_ Cl)\\N NAN 130°C, MW, 5 h C'\@\/\I&}NJ\\N N’NoN
Cl” °N” N =/ B H y
H N = 0 N

: N
Cl
10 J\ \@TSTNW Hel :
i-11 N X0 1-183

H
1I-3a

Step-1: 2-chloro-4-(5-cyclopropyl-1H-tetrazol-1-yl)pyrimidine (I1I1-11)

Nél

s N

CI” NN N
=N
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[0338] A mixture of perchlorosilane (4.35 ml, 37.9 mmol), N-(2-chloropyrimidin-4-yl)
cyclopropanecarboxamide II1-10 (1.07 g, 5.41 mmol), sodium azide (7.04 g, 108 mmol) in
80 ml of CHsCN was stirred and reflux overnight. LCMS showed the reaction was
completed. The mixture was poured into ice cold saturated Na,COj; solution, then extracted
with EtOAc twice, dried and concentrated. The biotage purification of the crude with 0 to
70% EtOAc/Hexanes on a 50g column afforded 166 mg of pure 2-chloro-4-(5-cyclopropyl-
1H-tetrazol-1-yl)pyrimidine (13.8%). 'H NMR (300 MHz, DMSO-ds) 3 ppm 9.04 (d, J=5.57
Hz, 1 H), 8.13 (d, /=5.57 Hz, 1 H), 2.83 -2.97 (m, 1 H), 1.24 - 1.52 (m, 2 H), 0.94 - 1.24 (m,
2 H). LCMS (Method 1): Rt 1.86 min, m/z 223.07[M+H]".

Step-2: (S)-6-chioro-3-(1-((4-(5-cyclopropyl-1H-tetrazol-1-yl)pyrimidin-2-ylamino)
ethvl} guinolin-2(1 H)-one (I-183)

[0339] The mixture of DIEA (0.377 ml, 2.156 mmol)<autotext key="12ESFOAA"
name="[Reactants]" index="1" field="Reactants" type="field" length="27" />, (S)-3-(1-
aminoethyl)-6-chloro-1,8-naphthyridin-2(1H)-one, HCl (187 mg, 0.719 mmol)<autotext
key="12E5FOAB" name="[Reactants]" index="2" field="Reactants" type="field"
length="82" />, and 2-chloro-4-(5-cyclopropyl-1H-tetrazol-1-yl)pyrimidine (160 mg, 0.719
mmol)<autotext key="12ESFOAC" name="[Reactants]" index="3" ficld="Reactants"
type="field" length="74" /> in DMSO (2 ml)<autotext key="12E5F0AD" name="[Solvents]"
index="1" field="Solvents" type="field" length="11" /> was heated to 110°C for overnight.
LCMS showed the reaction was completed. To the mixture was added EtOAc, then washed
with water, dried and concentrated. The biotage purification of the crude with O-
5%MeOH/DCM (a 25 g column) afforded 126 mg of the desired product with impurities.
Further purification by reversed phase preparative HPLC afforded (S)-6-chloro-3-(1-((4-(5-
cyclopropyl-1H-tetrazol-1-yl) pyrimidin-2-yl)amino)ethyl)-1,8-naphthyridin-2(1H)-onc (66
mg, 42.3%). 'H NMR (300 MHz, DMSO-ds) & ppm 12.49 (br, 1 H), 8.63 (br d, J=4.98 Hz, 1
H), 8.40 - 8.54 (m, 2 H), 8.32 (d, /=2.35 Hz, 1 H), 7.78 (5. 1 H), 7.15 (d., J=5.28 Hz, 1 H),
4.89 -521 (m, 1 H),), 2.68 - 2.94 (m, 1 H), 1.44 (br d, /=6.74 Hz, 3 H), 1.23 (m, 1 H), 1.05 -
1.18 (m, 1 H), 0.86 - 1.00 (m, 1 H), 0.68 - 0.89 (m, 1 H). LCMS (Method 1): Rt 2.27 min,
m/z 409.99 M+H]".
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Table 21: The compounds listed in Table 21 were prepared using the same method
described for the preparation of 1-173, I-175, and 1-177--1-183.

I-173 I-174 I-175

I-176

I-179 I-180 I-181

Table 22. LCMS signal and NMR chemical shifts for cach compounds listed in Table 21
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Cmpds LCMS" '"H NMR (300 MHz) 5 ppm
No
'H NMR (300 MHz, DMSO-dg at 120
m/z: 423.27 | °C): 8 8.30-7.40 (m, 7 H), 7.15-6.80
1-173 | (M+H)' (m, 2 H), 5.60-5.10 (m, 2 H), 3.69 (s, 3
Rt (min): 1.07 | H), 1.60-1.30 (two doublets, 6 H), 1.18
(d,.J= 6.6 Hz, 3 H)
'H NMR (300 MHz, CDCl3-d) & ppm
10.56 - 11.02 (m, 1 H), 8.23 (br d, J =
m/z: 356.19 | 4.98 Hz, 1 H), 7.60 (br d, J = 7.04 Hz,
1-174 (M+H)" 1 H), 7.49 (s, 1 H), 7.39 (dd, J = 8.79,
Rt (min): 1.27 | 2.05 Hz, 1 H), 6.60 - 6.91 (m, 1 H),
5.16 -5.43 (m, 1 H), 3.89 (d, J = 2.05
Hz, 3 H), 1.59 (d,J = 7.04 Hz, 3 H).
"H NMR (300 MHz, DMSO-dg): &
ppm 11.67 - 11.78 (m, 1 H), 8.51 - 8.76
(m, 1 H), 848 (d, J =2.64 Hz, 1 H),
m/z: 414.23
. 7.76 (s, 1 H), 7.66 (d, J = 8.79 Hz, 1
1-175 | (M+H)
H), 6.97 (s, 1 H), 5.13 - 5.29 (m, 1 H),
Rt (min): 1.51
4.52-4.67 (m, 1 H), 3.78 - 4.01 (m, 3
H), 1.37 - 1.46 (m, 3 H), 1.34 (d, J =
6.16 Hz, 6 H).
'H NMR (300 MHz, METHANOL-d.)
O ppm 8.15 - 8.34 (m, 1 H), 7.68 (br d,
J=11.73 Hz, 1 H), 7.54 (s, | H), 6.84
m/z: 396.22
A (s, 1 H),5.12-5.38 (m, 1 H), 3.71 -
1-176 | (M+H)
. 3.97 (m, 3 H), 2.08 - 2.33 (m, 1 H),
Rt (min): 1.51
1.44 (brd,.J = 6.16 Hz, 2 H), 0.94 -
1.06 (m, 1 H), 0.65 (br d,J = 4.40 Hz,
1 H).
1-177 | m/z: 323.20 'H NMR (300 MHz, DMSO-ds) & ppm
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Cmpds LCMS" '"H NMR (300 MHz) 5 ppm
No
(M+H)" 11.99 (br d,J = 4.69 Hz, 2 H), 8.68 -
Rt (min): 0.83 | 9.12 (m, 1 H), 8.35 - 8.52 (m, 1 H),
7.81(d,J =733 Hz, 1 H), 7.64 (br d, J
=8.21 Hz, 1 H), 7.45 (dd, J = 8.50,
4.40 Hz, 1 H), 5.29 (br dd, J = 14.07,
6.74 Hz, 1 H), 3.63 - 4.09 (m, 3 H),
1.24 - 1.65 (m, 3 H).
'H NMR (300 MHz, DMSO-ds): 3
ppm 12.11 (s, 1 H), 11.71 (br s, 1 H),
m/z: 342.16 | 8.23 (s, 1 H), 8.07 (brs, 1 H), 7.85 (s, 1
1-178 | (M+H)" H), 7.79 (s, 1 H), 7.53 (dd, J = 8.79,
Rt (min): 1.04 | 2.35 Hz, 1 H), 7.32 (d,J = 8.79 Hz, 1
H), 5.12 - 5.30 (m, 1 H), 1.46 (d, J =
7.04 Hz, 3 H).
'H NMR (300 MHz, DMSO-dg ): 8
12.01 (s, 1H), 10.22 (s, 1H), 8.12 (d, J
m/z: 376.17
L70 | vt = 5.2 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H),
7.74 (s, 1H), 7.30 (bs, 1H), 7.22-7.18
Rt (min): 1.45
(m, 2H), 5.16 (m, 1H), 2.06 (s, 3H),
1.40 (d, J = 6.9 Hz, 3H)
'H NMR (300 MHz, DMSO-ds ): &
12.02 (s, 1H), 10.53 (s, 1H), 8.11 (d,J
m/z: 402.21 | =5.2 Hz, 1H), 7.95 (d, ] = 8.0 Hz, 1H),
-180 | (M+H)+ 7.75 (s, 1H), 7.30 (bs, 1H), 7.22-7.18
Rt (min): 1.13 | (m, 2H), 5.18 (m, 1H), 2.05 (m, 1H),
1.40 (d, J = 6.6 Hz, 3H), 0.86-0.78 (m,
4H).
Ligg | 37416 'HNMR (300 MHz, DMSO-de): 3
(M+H)+ ppm 12.04 (br s, 1 H), 8.60-8.77 (m, 1
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Cmpds
No

LCMS*

'"H NMR (300 MHz) 5 ppm

Rt (min): 1.31

H), 8.49 (d, J = 6.51 Hz, 1 H), 7.98 (d,
J=7.95Hz, 1 H), 7.74 (d, ] = 9.63 Hz,
1 H), 7.20 (d, J = 10.20 Hz, 1 H), 5.17-
5.22 (m, 1 H), 3.80-3.99 (m, 3 H),
1.40-1.44 (m, 3 ).

1-182

m/z: 359.19
(M+H)+
Rt (min): 0.79

1H NMR (300 MHz, DMSO-dq): 8
ppm 12.42 (br s, 1 H), 10.22 (s, 1 H),
850(d,J=2.46Hz, 1H),829(d,J=
249Hz,1H),813(d,J=522Hz, 1
H), 7.75 (s, 1H), 7.20 (d, J = 5.49 Hz, 1
H), 5.16-5.21 (m, 1 H), 2.06 (s, 3 H),
1.41(d,J=5.49 Hz, 3 H).

I-183

m/z: 409.16
(M+H)+
Rt (min): 1.27

"H NMR (300 MHz, DMSO-d) & ppm
12.13 (br s, 1 H), 8.66 - 8.88 (m, 1 H),
8.39-8.61 (m, 1 H), 7.74 - 7.92 (m, 2
H), 7.51 - 7.62 (m, 1 H), 7.38 (s, 1 H),
7.14 -7.28 (m, 1 H), 4.97 - 5.26 (m, 1
H), 2.72 - 2.98 (m, 1 H), 1.50 (br d,
J=6.74 Hz, 3 H), 1.26 - 1.36 (m, 1 H),
0.98 - 1.19 (m, 2 H), 0.65 - 0.85 (m, 1
H).

1-184

m/z: 410.20
(M+H)+
Rt (min): 1.15

'H NMR (300 MHz, DMSO-ds) & ppm
12.49 (br, 1 H), 8.63 (br d, J=4.98 Hz,
1 H), 8.40 - 8.54 (m, 2 H), 8.32 (d,
J=2.35 Hz, 1 H), 7.78 (s, 1 H), 7.15 (d,
J=528 Hz, 1 H), 4.89 - 5.21 (m, 1 H),),
2.68-2.94 (m, 1 H), 1.44 (br d, J=6.74
Hz, 3 H), 123 (m, 1 H), 1.05 - 1.18 (m,
1 H), 0.86 - 1.00 (m, 1 H), 0.68 - 0.89
(m, 1 H).
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a, LCMS (method 4);
Example 105 -- IDH1-R132H and IDH1-R132C Enzymatic Assay

[0340] Assays were performed in a 384-well black plate. An aliquot of 250 nL of
compound was incubated with 10 pL of 30 nM IDHI-R132H or 10 nM IDHI1-R132C
recombinant protein in assay buffer (50 mM Tris pH = 7.5, 150 mM NaCl, 5 mM MgCl,,
0.1% (w/v) Bovine Serum Albumin, and 0.01% Triton X-100) in each well at 25 °C for 15
minutes. After the plate was centrifuged briefly, an aliquot of 10 puL of 2 mM o-ketoglutarate
and 20 uM NADPH solution prepared in assay buffer was then added to each well and the
reaction was maintained at 25 °C for 45 minutes. An aliquot of 10 uL of diaphorase solution
(0.15U/mL diaphorase and 30 uM Resazurin in assay buffer) was added to each well. The
plate was maintained at 25 °C for 15 minutes and then read on a plate reader with excitation
and emission wavelengths at 535 nm and 590 nm, respectively. The ICsy of a given
compound was calculated by fitting the dose response curve of inhibition of NADPH

consumption at a given concentration with the four parameter logistic equation.
Example 106-- Cellular 2-HG assay using HCT116 mutant IDH1 cells

[0341] HCT116 isogenic IDH1-R132H and IDH1-R132C mutant cells were cultured in
growth media (McCoy’s 5A, 10% fetal bovine serum, 1X antibiotic-antimycotic solution and
0.3 mg/mL G418) in 5% CO; in an incubator at 37 °C. To preparc the assay, cells were
trypsinized and resuspended in assay media (McCoy’s SA with no L-glutamine, 10% fctal
bovine serum, 1X antibiotic-antimycotic solution and 0.3 mg/mL G418). An aliquot of
10,000 cells/100 uL was transferred to each well of a clear 96-well tissue culture plate. The
cells were incubated in 5% CO; at 37 °C in an incubator overnight to allow for proper cell
attachment. An aliquot of 50 uL of compound containing assay media were then added to
each well and the assay plate was kept in 5% CO; at 37 °C in an incubator for 24 hours. The
media was then removed from each well and 150 pL of a methanol/water mixture (80/20 v/v)
was added to each well. The plates were kept at -80 °C freezer overnight to allow for
complete cell lysis. An aliquot of 125 uL of extracted supernatant was analyzed by RapidFire
high-throughout-mass spectrometry (Agilent) to determine the cellular 2-HG level. The ICs,
of a given compound was calculated by fitting the dose response curve of cellular 2-HG

inhibition at a given concentration with the four parameter logistic equation.

Table 23: Results of the illustrative compounds of Formula (I) in IDH1-R132H, IDHI1-

R132C, IDH1-MS-HTC116-R132H, and IDH1-MS-HTC116-R132C assays. ++++ indicates
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an ICsy of less than about 0.1 uM, +++ indicates an 1Csy between about 0.1 uM and about 1
uM, ++ indicates an 1Csy between about I uM and about 10 uM, and + indicates an ICs

greater than 10 M.

Enzyme HCTI116  HCTI116

IDH1

R132C RI132H R132C

1C50

(Range) (Range) (Range)

IDH1

IC50

+++ +++ +++
++
++4+ 4+ 4+

1DH1

IC50
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Equivalents

[0342] Those skilled in the art will recognize, or be able to ascertain, using no more than
routine experimentation, numerous equivalents to the specific embodiments described
specifically herein. Such equivalents are intended to be encompassed in the scope of the

following claims.



CLAIMS:

1. A compound of Formula (I):

Rs
A

R, R5/'\t/ |
Ris W2 W 2SS

| H
P
Ry W5 "N” 0
Rs M

or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer
thereof,

wherein:

each W1 and W3 are independently CH, CF, or N;

W3 is independently, CR2, or N;

A is selected from the group consisting of H, D, halogen, CN, -CHO, -COOH,

-COOR, -C(O)NHz, -C(O)NHR, -S(O)Me, —-S(O):Me, : =N
B is selected from the group consisting of:
H, D, OH, NHz, -NR7Rs, CN, C1-Cs alkyl, C3-Cg cycloalkyl, substituted aryl, C1-Cs
alkoxy, substituted heteroaryl, -(CH2).C(O)NHR, -C(O)NHz>, -(CH2)aNHR’C(O) R, -SR,
-(CHR’ )1S(O)R, -(CHR’)»S(O)2R, -COOR,

o 0 0
e oL L )J\ R . MR >
~NTCROSNTR eNToh N TR =R
H R H R R’ T R
4 4 4 4 4 I
., R o . R o N-%
/ N\// ‘,’HN\S//O )I\ 0 ’ \ \>
Ny 4 J , X
r /R r R R O/\' '\HN)]\/O\R H
14 4 4 4
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and X

X and Y are independently in each occurrence C, N, NR, S, or O,

provided that the ring containing X and Y cannot have more than 4 N or NR atoms or
more than one S or O atoms;

R and R’ at each occurrence are independently selected from the group consisting of
H, halogen, -C(O)C;-Cs alkyl, -C(O)OC:-Cs alkyl, CF3, C1-Cs alkyl, C1-Cs alkoxy, C2-Cs
alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, C3-Cs cycloalkylalkyl, C3-Cs heterocyclyl, aryl, and
heteroaryl, wherein each R or R' is optionally further substituted with one or more
substituents independently selected from the group consisting of OH, halogen, Ci-Ce¢ alkoxy,
NHz, CN, C3-Cs cycloalkyl, C3-Cs heterocyclyl, aryl, and heteroaryl;
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R1 is independently H, OH, CN, halogen, CF3, CHF>, C1-Cs alkyl, C1-Cs alkoxy, Ca-
Cs alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, C3-Cs heterocyclyl, aryl, or heteroaryl, wherein
each C1-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, C3-Cs heterocyclyl, aryl,
and heteroaryl is optionally substituted with one or more substituents independently selected
from the group consisting of halogen, OH, NHz, CN, C1-Cs alkyl, and C1-Cs alkoxy;

R2 is independently H, OH, CN, halogen, CF3, CHF2, benzyl, C1-Cs alkyl, C1-Cs
alkoxy, NH2, NHR7, -N(R7)(Rs), NHC(O)R7, NHS(O)R7, NHS(O)2R7, NHC(O)OR7,
NHC(O)NHR7, -S(O):NHR7, NHC(O)N(Rs)R7, OCH2R7, OCHRR’, CHRR’, or OCHR’R7,
wherein C1-Ce alkyl and C1-Cs alkoxy are optionally substituted with one or more substituents
independently selected from the group consisting of C1-Ce alkyl, C1-Cs alkoxy, C2-Cs alkenyl,
C2-Cs alkynyl, C3-Cs cycloalkyl, C3-Cs heterocyclyl, aryl, and heteroaryl,

R3is H or C1-Ce alkyl,

R4 and Rs are independently H, C1.C3 alkyl, CH20H, or C1.Cs alkyl substituted with
one or more halogen, or R4 and Rs together with the atom to which they are bound form a Cs-
Cs cycloalkyl or C3-Ce heterocyclyl;

Re 1s H, halogen, CF3;, CHF2, Ci-Cs alkyl, C1-Cs alkoxy, C2-Cs alkenyl, C2-Cs alkynyl,
or C3-Cs cycloalkyl;

R7 and Rg are independently H, C1-Cs alkyl, C1-Cs alkoxy, C2-Cs alkenyl, C2-Cs
alkynyl, C3-Cs cycloalkyl, C3-Cs heterocyclyl, aryl, or heteroaryl; or when combined R7 and
Rsg can form a C3-Cs heterocyclyl or heteroaryl ring;

nis 0, 1, or2; and

ris 0, 1, or 2;

with the proviso that when Ry is H and Rz is F, then B is o

2. The compound of claim 1, wherein A is CN.

3. The compound of claim 2, wherein B is C;1-Cs alkoxy or C1-Cs alkyl.

260

Date Regue/Date Received 2020-05-07



4. The compound of claim 3, wherein B is methoxy.

5. The compound of claim 1, wherein A is H or F.
, R o
~I/ N\ //
' . //S\R‘
6. The compound of claim 5, wherein B is fo ,risOor 1, and R and R’ are

independently C;-Cs alkyl, C1-C¢ alkoxy, C2-Cs alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, Cs-
Cs cycloalkylalkyl, C3-Cs heterocyclyl, aryl, or heteroaryl.

7. The compound of claim 6, wherein R’ is methyl, ethyl, isopropyl, or isobutyl.
8. The compound of claim 6, wherein R’ is phenyl, aryl, or heteroaryl.
O
PN
\
9. The compound of claim 5, wherein Bis R .
O
| [N
10. The compound of claim 5, wherein Bis H

11.  The compound of claim 10, wherein R is methyl, ethyl, or cyclopropyl.

’;/\X/Y\
A
12.  The compound of claim 5, wherein B is R Y andRis methyl or isopropyl.
0]
. . . },\ N )J\O/ R
13.  The compound of claim 5, wherein Bis H
O
Il
AN /S\R
14.  The compound of claim 5, wherein B is
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15. The compound of claim 5, wherein B is R

16.  The compound of claim 1, wherein R4 and Rs are H.

17.  The compound of claim 1, wherein R4 is H and Rs is methyl.

18.  The compound of claim 1, wherein R4 is H and Rs is (S)-methyl.

19.  The compound of claim 1, wherein R4 and Rs together with the atom to which they are

bound form a C3-Cs cycloalkyl.

20. The compound of claim 1, wherein W1, W2, and W3 are CH.

21. The compound of claim 1, wherein W1, W2 or W3 is N.

22. The compound of claim 1, wherein W1, W2 or W3 is CF.

23.  The compound of claim 1, wherein R; is halogen.

24.  The compound of claim 23, wherein R is chloro.

25. The compound of claim 1, wherein R» is H, halogen, or C;-Cs alkoxy.

26.  The compound of claim 1, wherein Rz is C1-Cs alkoxy substituted with heteroaryl or
C3-Cs heterocyclyl.
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27. The compound N-(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2,2-dimethylpropyl)methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

28.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(cyclopropylmethyl)methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

29.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(oxan-3-yl)methanesulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

30.  The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(propan-2-yl)pyridine-3-sulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

31.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-2-methyl-N-(propan-2-yl)propane-1-sulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

32.  The compound N-[(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)methyl]-N-cyclopropylmethanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

33. The compound 3-[(1S)-1-{[4-(tert-butylamino)pyrimidin-2-yl]Jamino} ethyl]-6-chloro-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.
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34.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

35.  The compound 6-chloro-3-[(1S)-1-{[4-(cyclopropylamino)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

36.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(propan-2-yl)methanesulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

37.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-1-cyclopropyl-N-(propan-2-yl)methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

38.  The compound 2-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-1A°,2-thiazolidine-1,1-dione or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

39.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2,2,2-trifluoroethyl )methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

40.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)-N-cyclopropylmethanesulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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41.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N,2-dimethylpropane-1-sulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

42.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-[2-(oxan-4-yl)ethyl Jmethanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

43.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)methanesulfonamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

44.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-2-methylpropane-1-sulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

45.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2-hydroxy-2-methylpropyl)methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

46.  The compound N-(2-{[1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(propan-2-yl)methanesulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
47. The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-3-methyl-2-oxo-N-(propan-2-yl)-2,3-dihydro-1,3-

benzoxazole-6-sulfonamide or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.
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48.  The compound methyl-N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

49.  The compound propan-2-yl-N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

50.  The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yl)ethylJamino}pyrimidin-4-yl)-N-cyclopropyl-3-methylbutanamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

51.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

52.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2,2-dimethylpropyl)acetamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

53.  The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yl)ethylJamino}pyrimidin-4-yl)-2-(oxan-4-yl)acetamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

54.  The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)-N-cyclopropylacetamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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55.  The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

56.  The compound N-tert-butyl-N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

57.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-3-methylbutanamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

58.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-2-methoxyacetamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

59.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)propanamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

60.  The compound N-(2-{[1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)acetamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

61.  The compound N-(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)cyclopropanecarboxamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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62. The compound 2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl Jamino} -4-
methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.

63.  The compound 4-amino-2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

64.  The compound 2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl Jamino}-4-
(methylamino)pyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

65. The compound 2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)ethyl Jamino} -4-
methylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.

66.  The compound 2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl Jamino}-4-
cyclopropylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

67.  The compound 2-{[(1S)-1-(6-chloro-1-methyl-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

68.  The compound 6-chloro-3-[(1S)-1-({4-[(4S)-2-0x0-4-(propan-2-yl)-1,3-oxazolidin-3-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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69.  The compound 6-chloro-3-[(1R)-1-({4-[(4S)-2-0x0-4-(propan-2-yl)-1,3-oxazolidin-3-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

70.  The compound 6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

71.  The compound 6-chloro-3-[(1R)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

72.  The compound 6-chloro-3-[({4-[(4S)-2-ox0-4-(propan-2-yl)-1,3-oxazolidin-3-
yl]pyrimidin-2-yl} amino)methyl}-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

73.  The compound 6-chloro-3-({[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}methyl)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

74.  The compound 6-chloro-3-(1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}ethyl)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,
hydrate, solvate or tautomer thereof.

75.  The compound 3-(1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-ylJamino} ethyl)-1,2-

dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or

tautomer thereof.

269

Date Regue/Date Received 2020-05-07



76.  The compound 6-chloro-3-({[4-(2-oxopyrrolidin-1-yl)pyrimidin-2-yl]amino} methyl)-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

77.  The compound 6-chloro-3-[(1S)-1-{[4-(2-methyl-1H-pyrrol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

78.  The compound 6-chloro-3-[(1S)-1-{[4-(1H-pyrrol-1-yl)pyrimidin-2-ylJamino}ethyl]-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

79.  The compound 6-chloro-3-[(1S5)-1-{[4-(4,5-dimethyl-1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

80.  The compound 6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

81.  The compound 6-chloro-3-[(1S)-1-[(4-{1H,4H,5H,6H-cyclopenta[d]imidazol-1-
yl}pyrimidin-2-yl)amino]ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

82.  The compound 6-chloro-3-[(1S)-1-{[4-(2-methyl-1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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83.  The compound 6-chloro-3-[(1S)-1-{[4-(4-methyl-1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

84.  The compound 6-chloro-3-[(1S)-1-{[4-(5-methyl-1,2-oxazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

85.  The compound 6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2 3 4-tetrazol-1-yl)pyrimidin-
2-yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

86.  The compound 6-chloro-3-[(1S)-1-({4-[1-(2,2,2-trifluoroethyl)-1H-imidazol-5-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

87.  The compound 6-chloro-3-[(1S)-1-({4-[1-(cyclopropylmethyl)-1H-imidazol-5-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

88.  The compound 6-chloro-3-[(1S)-1-{[4-(pyrimidin-5-yl)pyrimidin-2-yl]amino } ethyl]-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

89.  The compound 6-chloro-3-[(1S)-1-[(4-{imidazo[ 1,2-a]pyridin-3-yl} pyrimidin-2-
yl)amino]ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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90.  The compound 6-chloro-3-[(1S)-1-({4-[1-(propan-2-yl)-1H-imidazol-5-yl]pyrimidin-
2-yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

91.  The compound 6-chloro-3-[(1S)-1-({4-[2-(trifluoromethyl)-1H-pyrrol-1-yl]pyrimidin-
2-yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

92.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-1,2 3-triazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

93.  The compound 6-chloro-3-[(1S5)-1-{[4-(1-methyl-1H-pyrazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

94.  The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-6-chloro-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

95.  The compound 6-chloro-3-[(1S5)-1-{[4-(dimethyl-1,2-0xazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

96.  The compound 6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yllamino}ethyl]-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.
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97.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

98.  The compound 3-[(1S)-1-{[4-(2-acetylphenyl)pyrimidin-2-yl]amino} ethyl]-6-chloro-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

99.  The compound N-[2-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)phenyl]acetamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

100.  The compound 6-chloro-3-[(1S)-1-{[4-(1,5-dimethyl-1H-pyrazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

101.  The compound 6-chloro-3-[(1S)-1-({4-[1-(propan-2-yl)-1H-pyrazol-5-yl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

102.  The compound 6-chloro-3-[(1S)-1-{[4-(1,3-dimethyl-1H-pyrazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

103.  The compound 6-chloro-3-[(1S)-1-{[4-(1,3-dimethyl-1H-pyrazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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104. The compound 6-chloro-3-[(1S5)-1-{[4-(dimethyl-1,3-thiazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

105. The compound 6-chloro-3-[(1S)-1-({4-[1-(oxan-2-yl)-1H-pyrazol-5-yl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

106. The compound 6-chloro-3-[(1S5)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

107.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-pyrrol-2-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

108.  The compound 6-chloro-3-[(1S)-1-{[4-(3,5-dimethyl-1H-pyrazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

109. The compound 6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-pyrazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

110.  The compound 6-chloro-3-[(1S5)-1-{[4-(trimethyl-1H-pyrazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

274

Date Regue/Date Received 2020-05-07



111.  The compound 6-chloro-3-[(1S)-1-({4-[1-(2-methylpropyl)-1H-pyrazol-5-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

112.  The compound 6-chloro-3-[(1S)-1-({4-[3-(trifluoromethyl)-1H-pyrazol-4-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

113.  The compound 6-chloro-3-[(1S)-1-{[4-(1H-pyrazol-5-yl)pyrimidin-2-yl]amino}ethyl]-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

114.  The compound 6-chloro-3-[(1S)-1-{[4-(1,2-thiazol-4-yl)pyrimidin-2-yl]amino} ethyl]-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

115.  The compound 3-[(1S)-1-{[4-(1-benzofuran-3-yl)pyrimidin-2-yl]Jamino}ethyl]-6-
chloro-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.

116.  The compound 6-chloro-3-[(1S)-1-{[4-(2-methylpyridin-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

117.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-pyrazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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118.  The compound 6-chloro-3-[(1S)-1-{[4-(isoquinolin-4-yl)pyrimidin-2-yl]amino}ethyl]-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

119.  The compound 6-chloro-3-[(1S)-1-{[4-(2-methoxypyridin-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

120.  The compound 6-chloro-3-[(1S5)-1-{[4-(pyridin-3-yl)pyrimidin-2-yl]amino}ethyl]-1,2-
dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or

tautomer thereof.

121.  The compound 6-chloro-3-[(1S5)-1-{[4-(pyridin-4-yl)pyrimidin-2-yl]amino}ethyl]-1,2-
dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or

tautomer thereof.

122.  The compound 6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

123.  The compound 6-chloro-3-[(1S)-1-{[4-(3-methoxypyridin-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

124.  The compound 6-chloro-3-[(1S)-1-{[4-(2,3-dihydro-1-benzofuran-7-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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125.  The compound 6-chloro-3-[(1S)-1-{[4-(4-methoxypyridin-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

126.  The compound 6-chloro-3-[(1S5)-1-({4-[2-(methoxymethyl)phenyl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

127.  The compound 6-chloro-3-[(1S)-1-[(4-phenylpyrimidin-2-yl)amino]ethyl]-1,2-
dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or

tautomer thereof.

128.  The compound 6-chloro-3-[(1S5)-1-{[4-(2-methoxyphenyl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

129.  The compound 3-[(1S)-1-[(5-bromo-4-methylpyrimidin-2-yl)amino]ethyl]-6-chloro-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

130.  The compound 6-chloro-3-[(1S)-1-({4-[(3S)-3-(propan-2-yl)morpholin-4-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable
salt, enantiomer, hydrate, solvate or tautomer thereof.

131.  The compound 6-chloro-3-[(1S)-1-[(4-methanesulfonylpyrimidin-2-yl)amino]ethyl]-

1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.
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132.  The compound 6-chloro-3-[(1S)-1-({4-[(R)-2-methylpropanesulfinyl Jpyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

133.  The compound 6-chloro-3-[(1S)-1-({4-[(2-methylpropyl)sulfanyl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

134.  The compound 6-chloro-3-[(1S)-1-{[4-(2-methylpropanesulfonyl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

135.  The compound 6-chloro-3-[(1S)-1-({4-[(S)-2-methylpropanesulfinyl Jpyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

136. The compound 3-[(1S)-1-{[4-(benzylsulfanyl)pyrimidin-2-ylJamino}ethyl]-6-chloro-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate

or tautomer thereof.

137.  The compound 6-chloro-3-[(1S)-1-[(4-methanesulfinylpyrimidin-2-yl)amino]ethyl]-
1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate
or tautomer thereof.

138.  The compound 6-chloro-3-[(1S)-1-({4-[(R)-methanesulfinyl]pyrimidin-2-

yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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139.  The compound 6-chloro-3-[(1S)-1-({4-[(S)-methanesulfinyl]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

140.  The compound 2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

141.  The compound 2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl Jamino}-N-
methylpyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.

142.  The compound 2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl Jamino}-N-
(2-methylpropyl)pyrimidine-4-carboxamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

143.  The compound 2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl Jamino}-N-
(propan-2-yl)pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

144.  The compound 6-chloro-3-[(1S5)-1-{[4-(1-methanesulfonyl-3-methylbutyl)pyrimidin-
2-yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

145. The compound 2-[(2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)methyl]-1A° 2-thiazolidine-1,1-dione or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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146. The compound 2-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)-1A°-thiolane-1,1-dione or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

147.  The compound 6-chloro-3-[(1S)-1-({4-[(2-methylpropanesulfonyl)methyl]pyrimidin-
2-yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

148.  The compound 6-chloro-3-[(1S5)-1-({4-[(oxolan-3-yl)amino]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

149.  The compound 6-chloro-3-[(1S5)-1-{[4-(2-oxoimidazolidin-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

150.  The compound 6-chloro-3-[(1S)-1-{[4-(3-methyl-2-oxoimidazolidin-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

151. The compound 1-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)-1,3,3-trimethylurea or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

152. The compound 1-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)-3,3-dimethylurea or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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153.  The compound 6-chloro-3-[(1S)-1-({4-[(1,3-0xazol-2-yl)amino]pyrimidin-2-
yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

154.  The compound 6-chloro-3-[(1S)-1-({4-[(2-methylpropyl)(1,3-oxazol-2-
yl)amino]pyrimidin-2-yl}amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

155. The compound methyl-2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidine-4-carboxylate or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

156. The compound 2-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

157.  The compound 2-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-methylacetamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

158.  The compound N-[(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)methyljmethanesulfonamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

159.  The compound 6-chloro-3-[(1S)-1-{[4-(methanesulfonylmethyl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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160. The compound methyl-2-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-2-methanesulfonylacetate or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

161. The compound 6-chloro-3-[(1S)-1-{[4-(1-methanesulfonylethyl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

162.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methanesulfonylcyclopropyl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

163. The compound N-[(2-{[(1S)-1-(6-chloro-2-0x0-1,2-dihydroquinolin-3-
yl)ethylJamino}pyrimidin-4-yl)methyl]-N-cyclopropylacetamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

164. The compound 6-chloro-3-[(1S)-1-{[4-(2-oxopyrrolidin-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

165. The compound 3-[(1S)-1-[(4-aminopyrimidin-2-yl)amino]ethyl]-6-chloro-1,2-
dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or

tautomer thereof.

166. The compound 6-chloro-3-[(1R)-1-{[4-(2-0x0-1,3-0xazinan-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

282

Date Regue/Date Received 2020-05-07



167. The compound 2-{[(1R)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

168. The compound 2-{[ 1-(6-chloro-7-fluoro-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

169. The compound 2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

170.  The compound 2-{[(1R)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

171.  The compound 2-{[1-(6-chloro-7-methoxy-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

172.  The compound 6-chloro-7-methoxy-3-(1-{[4-(2-ox0-1,3-oxazolidin-3-yl)pyrimidin-2-
yllamino}ethyl)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,
hydrate, solvate or tautomer thereof.

173.  The compound 6-chloro-7-methoxy-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-

yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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174.  The compound 6-chloro-7-methoxy-3-[(1R)-1-{[4-(2-0x0-1,3-0xazolidin-3-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

175.  The compound N-[2-({1-[6-chloro-2-0x0-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl } amino)pyrimidin-4-yl]acetamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

176.  The compound 2-({1-[6-chloro-2-oxo0-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-
3-yl]ethyl } amino)-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

177.  The compound 2-{[(1S)-1-[6-chloro-2-oxo-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

178.  The compound 2-{[(1S)-1-[6-chloro-2-oxo-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino}-4-hydroxypyrimidine-5-carbonitrile or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

179.  The compound 2-{[(1S)-1-[6-chloro-2-oxo-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]amino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

180. The compound methyl-N-(2-{[(1S)-1-[6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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181.  The compound 2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

182.  The compound 2-{[(1S)-1-(7-chloro-3-o0x0-3,4-dihydroquinoxalin-2-yl)ethylJamino}-
4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

183.  The compound 2-{[(1R)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-yl)ethylJamino}-
4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

184. The compound 2-{[(1S)-1-{6-chloro-2-oxo-7-[(1R)-1-(pyridin-2-yl)ethoxy]-1,2-
dihydroquinolin-3-yl}ethylJamino} -4-methoxypyrimidine-5-carbonitrile or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

185.  The compound 2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethyl]Jamino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

186. The compound N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

187.  The compound 2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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188. The compound 2-{[(1S)-1-(7-bromo-6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

189.  The compound 6-chloro-3-{[(4,6-dimethoxypyrimidin-2-yl)amino]methyl}-1,2-
dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or

tautomer thereof.

190. The compound N-(2-{[(2-ox0-1,2-dihydroquinolin-3-yl)methylJamino} pyrimidin-4-
yl)-N-(propan-2-yl)methanesulfonamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

191. The compound N-(2-{[(7-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDmethyl]amino} pyrimidin-4-yl)-N-(propan-2-yl)methanesulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

192. The compound N-(2-{[(6-methyl-2-ox0-1,2-dihydroquinolin-3-
yDmethyl]amino} pyrimidin-4-yl)-N-(propan-2-yl)methanesulfonamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

193.  The compound N-[2-({[2-0x0-6-(propan-2-yl)-1,2-dihydroquinolin-3-

yllmethyl } amino)pyrimidin-4-yl}-N-(propan-2-yl)methanesulfonamide or a pharmaceutically
acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

194.  The compound 6-chloro-3-(1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-

yllamino}cyclopropyl)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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195.  The compound 2-{[1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-yl)cyclopropyl]amino} -
4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

196. The compound 6-chloro-3-(2-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}propan-2-yl)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

197.  The compound 6-chloro-3-(2-fluoro-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}ethyl)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

198. The compound 2-[(1-{6-chloro-7-[(3,3-difluorocyclobutyl )methoxy]-2-oxo-1,2-
dihydroquinolin-3-yl}ethyl)Jamino]-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

199.  The compound 6-chloro-1-methyl-3-[(1S)-1-({4-[1-(propan-2-yl)-1H-imidazol-5-
yl]pyrimidin-2-yl} amino)ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

200. The compound 2-{[(1R)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl Jamino } -4-
methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer, hydrate,
solvate or tautomer thereof.

201. The compound 2-{[(1S)-1-[6-chloro-2-oxo0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-

yllethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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202. The compound 2-{[(1S)-1-(6-chloro-7-cyclopropyl-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

203. The compound 4-methoxy-2-{[(1S)-1-(2-ox0-1,2-dihydro-1,5-naphthyridin-3-
yDethyl]amino} pyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

204. The compound 2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydroquinolin-3-yl)ethyl Jamino}-4-
hydroxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.

205. The compound N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

206. The compound N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

207. The compound 2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

208. The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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209. The compound 6-chloro-3-[(1S)-1-{[4-(5-cyclopropyl-1H-1,2 3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

210.  The compound 6-chloro-3-[(1S)-1-{[4-(5-cyclopropyl-1H-1,2 3 4-tetrazol-1-
yDpyrimidin-2-yl]amino}ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically
acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

211. The compound 6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3,4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

212.  The compound 6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yl]amino}ethyl]-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

213.  The compound 2-{[(1S)-1-[6-chloro-2-oxo0-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethylJamino } pyrimidine-4-carboxamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

214.  The compound 6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2 3 4-tetrazol-1-yl)pyrimidin-
2-yllamino} ethyl]-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

215.  The compound N-(2-{[(1S)-1-[6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)cyclopropanecarboxamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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216. The compound N-(2-{[(1S)-1-[6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

217.  The compound N-(2-{[(1S)-1-[6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

218. The compound 6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
yl]amino}ethyl]-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

219.  The compound 6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yl]amino}ethyl]-
7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

220. The compound 6-chloro-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
yl]amino}ethyl]-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

221.  The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yl]amino} ethyl]-6-chloro-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

222.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-
yl]amino}ethyl]-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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223.  The compound 6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yl]amino}ethyl]-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

224.  The compound N-(2-{[(1S)-1-[6-chloro-2-ox0-7-(pyridin-2-ylmethoxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)-N-(2-methylpropyl ) methanesulfonamide
or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

225. The compound 6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2 3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-7-(pyridin-2-ylmethoxy)-1,2-dihydroquinolin-2-one or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

226. The compound 2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

227.  The compound methyl-N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-
dihydroquinolin-3-yl)ethyl]Jamino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

228. The compound 2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

229.  The compound 6-chloro-7-methoxy-3-[(1S)-1-{[4-(5-methyl-1H-1,2 3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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230. The compound N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

231. The compound N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

232. The compound N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

233.  The compound 6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-7-methoxy-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

234.  The compound 6-chloro-7-methoxy-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

235.  The compound 6-chloro-7-methoxy-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-
2-yl]lamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

236. The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-6-chloro-7-methoxy-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

292

Date Regue/Date Received 2020-05-07



237.  The compound 6-chloro-7-methoxy-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

238. The compound 6-chloro-7-methoxy-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

239. The compound N-(2-{[(1S)-1-(6-chloro-7-methoxy-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide or a
pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

240. The compound 6-chloro-7-methoxy-3-[(1S5)-1-{[4-methoxy-5-(1H-1,2,3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

241. The compound 2-{[(1S)-1-[6-chloro-2-oxo0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-
yllethyl]Jamino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

242.  The compound 6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
ylJamino}ethyl]-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

243. The compound methyl-N-(2-{[(1S)-1-[6-chloro-2-0x0-7-(propan-2-yloxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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244. The compound 2-{[(1S)-1-[6-chloro-2-oxo0-7-(propan-2-yloxy)-1,2-dihydroquinolin-3-
yllethyl]Jamino} pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

245. The compound 6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2 3 4-tetrazol-1-yl)pyrimidin-
2-yllamino}ethyl]-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

246. The compound N-(2-{[(1S)-1-[6-chloro-2-oxo0-7-(propan-2-yloxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)cyclopropanecarboxamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

247.  The compound N-(2-{[(1S)-1-[6-chloro-2-oxo0-7-(propan-2-yloxy)-1,2-
dihydroquinolin-3-yl]ethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

248. The compound N-(2-{[(1S)-1-[6-chloro-2-oxo0-7-(propan-2-yloxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

249. The compound 6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
ylJamino}ethyl]-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

250. The compound 6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-ylJamino}ethyl]-
7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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251. The compound 6-chloro-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
ylJamino}ethyl]-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

252.  The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-6-chloro-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

253.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-
ylJamino}ethyl]-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

254.  The compound 6-chloro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
ylJamino}ethyl]-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

255.  The compound N-(2-{[(1S)-1-[6-chloro-2-oxo0-7-(propan-2-yloxy)-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)-N-(2-methylpropyl )methanesulfonamide

or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

256. The compound 6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2 3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-7-(propan-2-yloxy)-1,2-dihydroquinolin-2-one or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

257.  The compound 2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethyl]amino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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258.  The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(2-0x0-1,3-
oxazolidin-3-yl)pyrimidin-2-yl]Jamino} ethyl]-1,2-dihydroquinolin-2-one or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

259.  The compound methyl-N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

260. The compound 2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethylJamino } pyrimidine-4-carboxamide or a pharmaceutically
acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

261. The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3 4-
tetrazol-1-yl)pyrimidin-2-yl]amino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

262. The compound N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)cyclopropanecarboxamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

263. The compound N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

264. The compound N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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265. The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(1H-imidazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

266. The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(1,2-0xazol-4-
yDpyrimidin-2-yl]lamino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

267. The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(4-methylthiophen-3-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

268. The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yl]amino}ethyl]-6-chloro-7-(cyclopropylmethoxy)-1,2-dihydroquinolin-2-one or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

269. The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(1-methyl-1H-
imidazol-5-yl)pyrimidin-2-ylJamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

270. The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-(3-methylpyridin-4-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

271.  The compound N-(2-{[(1S)-1-[6-chloro-7-(cyclopropylmethoxy)-2-oxo-1,2-
dihydroquinolin-3-yl]ethyl]Jamino} pyrimidin-4-yl)-N-(2-methylpropyl ) methanesulfonamide

or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

297

Date Regue/Date Received 2020-05-07



272. The compound 6-chloro-7-(cyclopropylmethoxy)-3-[(1S)-1-{[4-methoxy-5-(1H-
1,2,3,4-tetrazol-1-yl)pyrimidin-2-ylJamino} ethyl]-1,2-dihydroquinolin-2-one or a

-l |

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

273. The compound 2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

274. The compound 2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

275.  The compound 6-chloro-7-fluoro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-
2-yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

276. The compound methyl-N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-
3-yl)ethyl]amino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

277. The compound 2-{[(1S)-1-(6-chloro-7-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

278. The compound 6-chloro-7-fluoro-3-[(1S)-1-{[4-(5-methyl-1H-1,2 3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.
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279. The compound N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

280. The compound N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

281. The compound N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

282.  The compound 6-chloro-7-fluoro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

283. The compound 6-chloro-7-fluoro-3-[(1S)-1-{[4-(1,2-oxazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

284. The compound 6-chloro-7-fluoro-3-[(1S;)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

285.  The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yl]amino}ethyl]-6-chloro-7-fluoro-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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286. The compound 6-chloro-7-fluoro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

287. The compound 6-chloro-7-fluoro-3-[(1S)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

288. The compound N-(2-{[(1S)-1-(6-chloro-7-fluoro-2-oxo0-1,2-dihydroquinolin-3-
ylethylJamino}pyrimidin-4-yl)-N-(2-methylpropyl )methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

289.  The compound 6-chloro-7-fluoro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

290. The compound 2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

291. The compound 6-chloro-8-fluoro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-
2-yl]lamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

292. The compound Methyl-N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo-1,2-dihydroquinolin-
3-yl)ethyl]amino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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293. The compound 2-{[(1S)-1-(6-chloro-8-fluoro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

294.  The compound 6-chloro-8-fluoro-3-[(1S)-1-{[4-(5-methyl-1H-1,2 3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

295. The compound N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

296. The compound N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

297.  The compound 6-chloro-8-fluoro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

298. The compound 6-chloro-8-fluoro-3-[(1S)-1-{[4-(1,2-oxazol-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

299. The compound 6-chloro-8-fluoro-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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300. The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-6-chloro-8-fluoro-1,2-dihydroquinolin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

301. The compound 6-chloro-8-fluoro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

302. The compound 6-chloro-8-fluoro-3-[(15)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

303. The compound N-(2-{[(1S)-1-(6-chloro-8-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

304. The compound 6-chloro-8-fluoro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydroquinolin-2-one or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

305. The compound 2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

306. The compound 6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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307. The compound methyl-N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydro-1,8-naphthyridin-
3-yl)ethyl]amino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

308. The compound 2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino} pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

309. The compound 6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3 4-tetrazol-1-yl)pyrimidin-
2-yllamino}ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

310. The compound N-(2-{[(1S)-1-(6-chloro-2-oxo-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

311. The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

312.  The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

313.  The compound 6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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314.  The compound 6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yllamino}ethyl]-
1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

315. The compound 6-chloro-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

316. The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-6-chloro-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

317.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

318.  The compound 6-chloro-3-[(1S5)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

319. The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydro-1,8-naphthyridin-3-
yDethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide or a

pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

320. The compound 6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3 4-tetrazol-1-
yDpyrimidin-2-yl]amino} ethyl]-1,2-dihydro-1,8-naphthyridin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
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321. The compound 2-{[(1S)-1-(7-chloro-3-ox0-3,4-dihydroquinoxalin-2-yl)ethylJamino}-
4-methylpyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.

322.  The compound 6-chloro-3-[(1S)-1-{[4-(2-0x0-1,3-0xazolidin-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

323. The compound methyl-N-(2-{[(1S)-1-(7-chloro-3-ox0-3,4-dihydroquinoxalin-2-
yDethyl]amino} pyrimidin-4-yl)carbamate or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

324. The compound 2-{[(1S)-1-(7-chloro-3-ox0-3,4-dihydroquinoxalin-2-
yDethyl]amino} pyrimidine-4-carboxamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

325. The compound 6-chloro-3-[(1S)-1-{[4-(5-methyl-1H-1,2,3 4-tetrazol-1-yl)pyrimidin-
2-yllamino}ethyl]-1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

326. The compound N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-
yDethyl]amino} pyrimidin-4-yl)cyclopropanecarboxamide or a pharmaceutically acceptable

salt, enantiomer, hydrate, solvate or tautomer thereof.

327. The compound N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-
yDethyl]amino} pyrimidin-4-yl)propanamide or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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328. The compound N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

329. The compound 6-chloro-3-[(1S)-1-{[4-(1H-imidazol-1-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

330. The compound 6-chloro-3-[(1S)-1-{[4-(1,2-0xazol-4-yl)pyrimidin-2-yllamino}ethyl]-
1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt, enantiomer, hydrate,

solvate or tautomer thereof.

331. The compound 6-chloro-3-[(1S)-1-{[4-(4-methylthiophen-3-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

332.  The compound 3-[(1S)-1-{[4-(1-benzyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-6-chloro-1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

333.  The compound 6-chloro-3-[(1S)-1-{[4-(1-methyl-1H-imidazol-5-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

334.  The compound 6-chloro-3-[(1S5)-1-{[4-(3-methylpyridin-4-yl)pyrimidin-2-
yllamino}ethyl]-1,2-dihydroquinoxalin-2-one or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.
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335. The compound N-(2-{[(1S)-1-(7-chloro-3-0x0-3,4-dihydroquinoxalin-2-
yDethyl]amino} pyrimidin-4-yl)-N-(2-methylpropyl)methanesulfonamide or a
pharmaceutically acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.
336. The compound 6-chloro-3-[(1S)-1-{[4-methoxy-5-(1H-1,2,3 4-tetrazol-1-
yDpyrimidin-2-yl]lamino} ethyl]-1,2-dihydroquinoxalin-2-one or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

337. The compound 2-{[(1S)-1-(6-chloro-5-fluoro-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

338. The compound 2-{[(1S)-1-(6-chloro-1-hydroxy-2-oxo-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile or a pharmaceutically acceptable salt,

enantiomer, hydrate, solvate or tautomer thereof.

339.  The compound 2-{[(1S)-1-{6-chloro-2-oxo-7-[(1R)-1-(pyridin-2-yl)ethoxy]-1,2-
dihydroquinolin-3-yl}ethylJamino}-4-methylpyrimidine-5-carbonitrile or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

340. The compound N-(2-{[(1S)-1-{6-chloro-2-ox0-7-[(1R)-1-(pyridin-2-yl)ethoxy]-1,2-
dihydroquinolin-3-yl}ethylJamino} pyrimidin-4-yl)acetamide or a pharmaceutically

acceptable salt, enantiomer, hydrate, solvate or tautomer thereof.

341. The compound 4-methoxy-2-{[(1S)-1-(6-methyl-2-ox0-1,2-dihydro-1,5-naphthyridin-
3-yl)ethyl]amino} pyrimidine-5-carbonitrile or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.
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342. The compound N-(2-{[(1S)-1-(2-0x0-1,2-dihydro-1,5-naphthyridin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

343. The compound N-(2-{[(1S)-1-(6-methyl-2-0x0-1,2-dihydro-1,5-naphthyridin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide or a pharmaceutically acceptable salt, enantiomer,

hydrate, solvate or tautomer thereof.

344. The compound N-(2-{[(1S)-1-(6-chloro-2-ox0-1,2-dihydroquinolin-3-
yDethyl]amino} pyrimidin-4-yl)acetamide.

345. The compound 2-{[(1S)-1-(6-chloro-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl Jamino}-4-

methoxypyrimidine-5-carbonitrile.

346. The compound 2-{[(1S)-1-(6-chloro-7-methoxy-2-oxo0-1,2-dihydroquinolin-3-
yDethyl]amino}-4-methoxypyrimidine-5-carbonitrile.

347. A pharmaceutical composition comprising the compound of any one of claims 1-346

and pharmaceutically acceptable carrier.

348.  The compound of any one of claims 1-346 for use in the manufacture of a

medicament for treating a disease mediated by mutant isocitrate dehydrogenase.

349.  Use of the compound of any one of claims 1-346 for treating a disease mediated by

mutant isocitrate dehydrogenase.

350. The compound of any one of claims 1-346 for use in treating a disease mediated by

mutant isocitrate dehydrogenase.
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