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LE-NAPHTHYRIDINONE COMPOUNDS AND USES THEREQF
CROSS-REFERENCE TO RELATED APPLICATIONS

HEETY This application claims priority to U.S. Provisional Application No. 62/534,185, filed

July 18, 2017, the contents of which are incorporated by refercnce in their entirety.

FIELD OF THE INVENTION

{002} This disclosure relates generally to therapeutics for treatment mediated through a G-
protein-coupled receptor (GPCR) signaling pathway and, more particularly, to compounds that
ihibit an adenosine receptor {such as an A, antagonisty. The disclosure also provides
pharmaceutically acceptable compositions comprising such compounds and methods of using
the compounds or compositions in the treatment of a disease associated with a GPCR signaling

pathway.

BACKGROUND OF THE INVENTION

HEEIRY Adenosine receptors {ARs) are distributed throughout the body and are responsible
for numerous biological functions. The seven trans-membrane G-protem-coupled receptors
{GPCRs) have been divided nto four different subtypes: Ay, Axa, Agp, and A5 The Aza and Asp
ARs stinwlate activity of the adenvivl cyclase, inducing an increase of cAMP levels. Aoy ARs
have a distinct tissue localization, different biochemucal pathways, and specific pharmacological

profiles.

{66064} Adenosine is one of the human body’s most important neuromodulators in both the
central and the peripheral nervous svstems. Adenosme is released from tumor cells and 1ts
concentration in the extraceliular fluid of tumors can reach immunosuppressive levels (Blay et
ab {1997y, Cancer Res., 57(13}, pp. 2602-5}. The extracellular fluid of solid carcinomas contains
pmunosuppressive concentrations of adenosine. /d. This increase in adenosine concentration 1is
aresult of increases in CD73 {ecto-5"-nuclectidase) and CD39 (nucleoside triphosphate
dephosphorylase} enzymes, which are responsible for directly catabolizing ATP into adenosing.
These upregulations are triggered by hypoxia and the generation of HIF-1a. High levels of
adenosine around tumor cells act to regulate multiple immune cells (6.g., CD4™ T-cells and
cevtotoxic CD8" T-cells) via activation of multiple adenosine receptor subtypes, but particularly
Asa receptors, resulting the suppressing of pro-inflammatory activities and upregulation of anti-
mflammatory molecules and immunoregulatory cells (Kumar et al. (2013}, Adenosine as an
endogenous immunoregulator in cancer pathogenesis: where to go? Purinergic Signal ., 9(2), pp

145-65 and Sitkowsky et al., Hostile, hypoxia-AZ2-adenosinergic tumor biclogy as the next
i
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barrier to overcome for tumor mmunologists. Cancer fmmunol. Res. 2(7}, pp 5398-605; Ohta
{2016), A Mgtabolic Immane Checkpomt: Adenosing m Tumor Microenvironment. Fronfiers in
Immunology., 7 article# 109, pp 1-11). it was demonstrated that chimeric antigen receptor
{(CAR) T cells upregulate AZARs upon antigen-specific stimulation in vitro and in vivo {Beavls
(20173, Targeting the Adenosine 2A Receptor Enhances Chimeric Antigen Receptor T Cell
Efficacy. J of Clin Invest. 127 (3} pp 929-941).

HEETRY Survival of cancer cells is dependent on their ability to avoid attack by the immune
system. In addition, tamor cells can overtake the immune system to facilitate tumor survival and
metastasis. Adenosine, whose concentration increases within hypoxic regions of solid tumors,
has been recognized as being able to interfere with the recognition of tumor celis by cytolytic
effector cells of the immune system. (Tutte and Riss (2013). Recent developments i the
pharmacological treatment of Parkinson's disease. Fxpert Opin. Investig. Drugs, 12(8) pp 1335-
52, Popohi et al. {2002). Blockade of striatal adenosine A, receptor reduces, through &
presyoaptic mechanism, quinolinic acid-induced exciiotoxicity: possible relevance to
neuroprotective interventions in neurodegenerative discases of the striatum, J. Neurosci, 22(3)
pp. 1967-75, Gessi et al. (201 1). Adenosine receptors and cancer. Biochim Biophys Acta,

1808(3), pp. 1400-12).

[300s] Although all adenosing receptors now have an increasing number of recognized
biological roles in tumors, the Aga and A; subtypes appear promising targets for therapoutic
development. In particular, activation of Ay, receptors leads to immmunosuppressive effects,

which decreases anti-tumoral mmunity and thereby encourages tumor growth.

G087 The Aup receptor is another potential target for therapeutic development.
Autocrine/paracrine stimulation of Ajp expressed on tumor cells is belicved to enhance their
metastatic potential and Azp blockade may reduce tumor metastasis in an immune-independent
manner {Beavis et al. (2013). Blockade of A, 4 receptors potently suppresses the metabolism of
CD73" Tumaors. Proc. Nail. Acad. Sci., 110¢36) pp. 14711-6). A, expression also correlates
with relapse-free survival (RFS) in triple negative breast cancer suggesting that this pathway
may be climeally relevant. A, blockade also has the potential to modulate the
imunosuppressive properties of tumor-associated mmune cells including dendritic cells and
myeloid-derived suppressor cells (MD&Us) (Cekic et al. (2011). Adenosine A2B receptor
blockade slows growth of bladder and breast tumors. J. Tmmunol 188(1), pp. 198-205;
Sorreating et al. (2015). Myeloid-derived suppressor cells contribute to A,y adenosine receptor-
mduced VEGF production and angiogenesis in a mouse melanoma model. Oncotarger 6(29), pp.

27478-89; lannone et al. (2013). Blockade of Asp adenosine recepior reduces tumor growth and
P
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mmmune suppression mediated by myeloid-denved suppressor cells in a mouse model of

melanoma. Neoplasia, 15(12}, pp. 1400-9.

[0008] There remains a continuing need for new therapies for the treatment of diseases and

disorders related fo the adenosine signaling pathway.

BRIEF SUMMARY OF THE INVENTION

{0609 In ong aspect, provided is a compound of the formuala (I);

RY R4
A . R3
| \\ e
-
B N ri»f R2
R (D,

or a tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of the foregoing,
wherein A, B, R, R? R’ RY, and R arc as detailed herein.

{010} In some embodiments, the compound of the formula (), or a tautomer or isomer
thereof, or a pharmaceutically acceptable salt of any of the foregoing, 18 of the formula (I or
(1), or a tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing, as detailed heremn. In some embodiments, the compound of the formula (1), or a
tautomer thereof, or a salt of any of the foregoing, 15 of the formuia (I}, In some embodiments,
the compound of the formula (I}, or a tautomer thereof, or a salt of any of the foregoing, is of the

formuola (11

0011} In another aspect, provided is a method for any one or more of: {a) treating a discase,
such as a proliferative disease, in an wndividual in need thereof) (b) echancing an immune
response i an mdividual in need thereof: (¢} inhibiting tumor metastasis in an individual in need
thercof: (d} modulating the activity of a G protein coupled receptor signaling pathway in an
mdividual 1n need thersof; {¢) modulating the activity of an adenosine receptor, such as an A,
receptor, in an individual in need thercof, and {f) increasing the activity of a natural killer cell in
an individual in need thereof, wherein the method comprises administering to the individual an
effective amount of a compound of formula (I3, or a tautomer or 1somer thereof, ora
pharmaceutically acceptable salt of any of the foregoing. In some embodiments, provided is a
method for any one or more of: (a) treating a discase, such as a proliferative disease, in an
mdividual i need thereof; (b) enhancing an immune response n an individual in need thercof;

{c} inhibiting tomor metastasis in an individual in need thereof, (d) modulating the activity of a

3



WO 2019/018583 PCT/US2018/042776

G protein coupled receptor signaling pathway in an individual in need thereof, {¢) modulating
the activity of an adenosine receptor, such as an A4 receptor, in an individual in need thereof,
and (f} increasing the activity of a natural killer cell in an individual in need thercof, wherein the
method comprises administering to the individual an effective amount of a compound of formula
{1}, or a tautomer thereof, or a or a salt of any of the foregoing. In one aspect, the compound of
formuda (I} or a tautomer thereof, or a salt of any of the foregoing, is administered to the
mdividual in combination with another therapeutic agent. In some embodiments, the compound
of formula (1) or a tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of
the foregoing i1s administered to the individual in combination with another therapeutic agent. In
a further aspect of the methods, the compound of formula () or a salt thereof 1s a compound of
the formula (1) or (i1l or a tautomer thereof, or a or a salt of any of the foregoing. In some
embodiments, the compound of tormula (I) or a tavtomer or isomer thereof, or a
phammaceutically acceptable salt of any of the foregoing is a compound of the formula () or
(1), or a tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of the

foregoing.

{6612} Also provided are pharmaceutical compositions comprising (A} a compound detaided
herein, such as a compound of formula (1) or a tavtomer or isomer thereof, or a pharmaceutically
acceptable salt of anv of the foregoing, or a compound of formula (i) or a tautomer or 1somer
thereof, or a pharmaceutically acceptable salt of any of the foregoing, or a compound of formula
() or a tautomer or 1somer thereof, or a pharmaceutically acceptable salt of any of the
foregoing, and (B) a pharmaccutically acceptable carrier or excipient. In some embodiments,
provided are pharmaceutical compositions compnsing {A) a compound detailed herem, such as a
compound of formula (1) or a tautomer thereof, or a or a salt of any of the foregoing. ora
compound of formula (1) or a tautomer thercof, or a or a salt of any of the foregoing, or a
compound of formula {(Ifl) or a tautomer thereof, or a or a salt of any of the foregomg, and (B a
phamaceutically aceeptable carrier or excipient. Kits comprising a compound detatled herein or
a tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of the foregoing and
mstructions for use are also provided. Kits comprising a compound detailed herein or a salt
thereot and instructions for use are also provided. A compound detailed herein or a tautomer or
tsomer thereof, or a pharmaceutically acceptable salt of any of the foregoing s also provided for
the manufacture of a medicament for the treatment of cancer. Compounds as detailed herein ora
pharmaceutically acceptable salt thereof are also provided for the manufacture of a medicament

for the treatment of cancer.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[6013] For use herein, unless clearly mdicated otherwise, use of the terms “a”, “an” and the

like refers to one or more.

{8014} “Alkenyl” as used herewn refers to an wnsaturated linear or branched univalent
hydrocarbon chain or combination thereof, having at least one site of olefinic unsaturation (e,
having at least one moicty of the formula C=C) and having the number of carbon atoms
designated (7.e., Cr-Cip means two 1o ten carbon atoms). The alkenyl group may be m “cis” or
“trans” configurations, or aliernatively in “E” or “Z7 configurations. Particular alkenyl groups
are those having 2 to 20 carbon atoms (& “(-Cyo alkeny!™), having 2 to 8 carbon atoms (a “Cy-
Cy alkenvl™), having 2 to 6 carbon atoms (a “C,-Ce alkenyl™), or having 2 to 4 carbon atoms {a
“Cy-Cy alkenyl”y. Examples of alkenvl include, but are not imited to, groups such as ethenyl (or
vinyl}, prop-1-envl, prop-2-envl {or allyl), 2-methylprop-1-envyl, but-1-enyl, bat-2-enyl, but-3-

enyl, buta-1,3~dieny!, Z-methylbuta-1,3-dienvl, homologs and isomers thereof, and the like.

601 5] The term "alkyl” refers to and includes saturated linear and branched univalent
hydrocarbon structures and combination thereof, having the mumber of carbon atoms designated
(i.e., C,-C1p means one to ten carbons). Particular alkvl groups are those having 1 to 20 carbon
atoms {a “C~Cap alkyl”). More particular alkyl groups are those having 1 1o 8 carbon atoms (a
“Ci-Ug alky!™), 3 to & carbon atoms {a “C5-Cs alkyl™), 1 to 6 carbon atoms {a “C-Ce alkyl™), T io
5 carbon atoms {a “Ci-Cs altkyl™), or 1 to 4 carbon atoms (a “C;-Cy alkyl™). Examples of alkvl
melude, but are not himited to, groups such as methyl, cthyl, n-propvl, isopropyl, n-butvl, t-butyl,
tsobutyl, sec-butyl, homologs and isomers of, for example, n-pentvl, n-hexyl, n-heptyl, n-octyl,

and the like.

{86616} “Alkylene” as used herein refers to the same residues as alkyl, but having bivalency.
Particular alkylene groups are those having 1 to 6 carbon atoms (a “C-Ce alkylene™), T to 5
carbon atoms {a “Ci-Cs alkviene™), 1 to 4 carbon atoms (2 “Ci-Cy alkylene™) or 1 10 3 carbon
atoms {a “C;-Cy alkylene™). Examples of alkviene include, but are not limited to, groups such as
methylene (-<CH;-), ethylene (-CH,CH;-), propylene (-CH,CH,CH,-), butylene
(-CH,CH,CH,CH,-), and the like.

{06017} “Alkynyl” as used herein refers to an unsaturated Iinear or branched univalent
hydrocarbon chain or combination thereof, having at least one site of acetyvlenic unsaturation

{i.e., having at least one moiety of the formula =) and having the number of carbon atoms
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designated (.., C-Cio means two to ten carbon atoms). Particular alkvnyl groups are those
having 2 to 20 carbon atoms (a “C,-Cyp alkynyl™), having 2 to 8 carbon atoms (a “C,-Cq
abkyayl”), having 2 to 6 carbon atoms {a “C;-Cp alkynyl”}, or having 2 to 4 carbon atoms (3 “Cy-
C,4 alkyovl”y. Examples of alkynvl include, but are not hmited to, groups such as ethynyl {(or
acetylenvl), prop-1-ynyl, prop-2-vnvl {or propargyl}, but-1-yovl, but-2-ynyl, but-3-ynvl,

homologs and isomers thereof, and the hike.

{0618} The term "aryl" refers to and mcludes polvunsaturated aromatic hydrocarbon groups.
Arvl may contain additional fused rings {e.g., from 1 to 3 rings), including additionally fused
arvl, heteroaryl, cveloalkvi, and/or heterocvelyl rings. In one variation, the aryl group contains
from 6 to 14 annular carbon atoms. Examples of arvl groups include, but are not limited to,

phenyl, naphthyl, biphenyl, and the like.

[6619] The terms "cyeloalkyl” or “carbocyele”™ are used interchangeably and refer to and
mclude cyclic univalent hydrocarbon structures, which may be fully saturated, mono- or
polvunsaturated, but which are non-aromatic, having the number of carbon atoms designated
{e.g., C1-Cyo means one to ten carbons). Cveloalkyl or carbocycle groups can consist of one
ring, such as cyelohexyl, or multiple rings, such as adamantyl, but excludes aryl groups. A
cveloalky! or carbocyele comprising more than one ring may be fused, spiro or bridged, or
combinations thereof. A preferved cycloalkyl or carbocycle is a cyclic hvdrocarbon having from
3 to 13 annular carbon atoms. A more preferred cycloalkyl or carbocvcic is a eyclic
hvdrocarbon having from 3 to 8 annular carbon atoms {a "Cs-Cs cvcloalkyl")y. Examples of
cveloalkyl or carbocycie groups include, but are not limuted to, cyclopropyl, cyclobutyl,

cyelopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenvl, cycloheptyl, norbomyl, and the like.

{020} “Halo” or “halogen” refers to clements of the Group 17 series having atomic number
910 85. Preferred halo groups include fluoro, chloro, bromo and 1odo. Where a residuc is
substituted with more than one halogen, it may be referred to by using a prefix corresponding to
the number of halogen moistics attached, ¢.g., dihaloarvl, dihaloalkyl, trnhaloaryl etc. referto
arvi and alkvl substituted with two ("di”) or three ("in”) halo groups, which may be but are not
neecssarily the same halo; thus 4-chloro-3-fluoropheny! is within the scope of dihaloaryl. An
alkvl group 1n which cach hydrogen is replaced with a halo group is referred to as a
“perhaloalkvl.” A preferred perhaloalkyl group s trifluoroalkvl (-CF2). Similarly,
“perhaloalkoxy” refers to an alkoxy group in which a halogen takes the place of cach H in the
hvdrocarbon making up the alkyl moiety of the alkoxv group. An example of a perhaloalkoxy

group 18 trifluoromethoxy (-OCF;).
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{8621} The term "heteroaryl” refers to and includes unsaturated aromatic cvelic groups
having from 1 to 10 annalar carbon atoms and at least one annular heteroatom, mclading but not
hmited to heteroatoms such as nitrogen, oxygen and solfur, wherem the nitrogen and sulfur
atoms are optionally oxidized, and the nitrogen atom(s) are optionallv guatemized. A heteroary!
group can be attached to the remainder of the molecule at an annular carbon or at an annular
hetercatom. Heteroaryl may contain additional fused rings {e.g., from 1 to 3 rings}, including
additicnally fused arvl, heteroaryl, cveloalkyl, and/or heterocyelyl rings. Examples of hetersaryl
eroups include, but are not himited to, pyndyl, pyrimidy], thiophenyl, furanyl, thiazolyl, and the
hike. Examples of heteroaryl groups also include, but are not limited to, pyridyvl, pyrodyl,
thiophenvi, furanyl, thiazolvl. oxazolyl, isoxazolyl, thiophenvi, pvrrolvl, pyrazolvl, 1,3.4-
oxadiazolyl, imidazolvl, isothiazolvl, triazolvl, 1,3 4~thiadiazolyl, tetrazolyl, benzofuranyl,
benzothiophenyl, pyrazolopvridinyl, indazolvl, benzothiazolyl, benzooxazoly! or

benzoimidazolyl and the like

[06622] In one variation, a heteroarvl containing at least one additional fused ning that is
nonaromatic {¢.g., cvcloakyl or heterocyelyl) is attached to the parent structure at an annular
atom of the additional ring. In another variation, a heteroarvl containing at least one additional
ring that 15 nonaromatic {e.g., cveloakyl or heterocyelyl) 1s attached to the parent structure at an

annular atom of the aromatic ring.

[6023] The term “heterocycle” or “heterocyclyl” refers to a saturated or an unsaturated non-
aromatic group having from 1 to 10 anoular carbon atoms and from 1 to 4 annular heteroatoms,
such as nitrogen, sulfur or oxygen, and the like, wherein the nitrogen and sultur atoms are
optionally oxidized, and the nitrogen atom(s) are optionally guaternized. A heterooyclyl group
may have a single ring or maultiplc condensed rings, but excludes beteroaryl groups. A
heterocyele comprising more than one ring may be fused, spiro or bridged, or anv combination
thereof. In fused ring systems, one or more of the fused rings can be arvl, cycloalkyl or
heterocyclyl. Examples of heterooyclyl groups include, but are not limited to,
tetrahydropyranyl, dihyvdropyranyl, pipendinyl, piperazinyl, pyrrohidinyl, thiazolinyl,
thiazohidinyl, tetrahydroturanyl, tetrahydrothiophenyl, 2. 3-dithydrobenzolblthiophen-2-vi, 4-

amino-2-oxopyrimidin-1(2H)-vl, and the hike.

[0024] In one variation, a heterocyclvl containing at least one additional ring {such as a
fused additional ring} that does not contain a heteroatom is attached to the parent structure at an
annular atom of the additional ring. In ancther variation, a heterocyclyl containing at least one
additional ring (such as a fuscd additional ring} that does not contain a heteroatom is attached to

the parent structure at an annular atom of the ring containing a heteroatom.
7
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{8625} “Oxo” refers to the moiety =0,

{8626} “Optionally substituted” unless otherwise specified means that a group may be
unsubstituted or substituted by one or more {e.g., 1, 2, 3, 4 or 5) of the substituents listed for that
group in which the substituents may be the same of different. In one embodiment, an opuionally
substituted group has one substituent. In another embodiment, an optionally substituted group
has two substituents. In another embodiment, an optionally substituted group has three
substituents. In another embodiment, an optionally substituted group has four substituents. In
some embodiments, an optionally substituted group has 1102, 205,310 5,210 3,210 4, 3 to

4, 110 3, 1to4dorlto 5 substituents.

{60271 A “pharmaceutically acceptable carner” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject. A pharmaceutically

acceptable carrier includes, but is not Emited to, a buffer, excipient, stabilizer, or preservative.

{0628} As used herein, “treatment” or “treating” is an approach for obtaiming beneficial or
desired results including chinical results. For example, beneficial or desired resulis inchude, but
are not limited to, one or more of the following: decreasimg symptoms resulting from the
disease, increasing the quality of Iife of those suffering from the disease, decreasing the dose of
other medications required to treat the discase, delaying the progression of the disease, and/or
prolonging survival of individuals. In reference to cancers or other unwanted cell proliferation,
beneficial or desired results include shrimking a tumor (reducing tumor size); decreasing the
growth rate of the tumor (such as to suppress tumor growth); reducing the number of cancer
cells; mhibiting, retarding or slowing 1o some ¢xtent and preferably stopping cancer cell
mfiltration udo peripheral organs; inhibiting (slowing to some extent and preferably stopping)
tumor metastasis; inhibiting tumor growth; preventing or delaying occurrence and/or recurrence
of tumor; and/or relicving to some extent one or more of the symptoms associated with the
cancer. In some embodiments, beneficial or desired resuits include preventing or delaying

occurrence and/or recurrence, such as of unwanted cell proliferation.

{80629} As used hergin, “delaying development of a disease”™ means to defer, hinder, slow,
retard, stabilize, and/or postpone development of the disease {such as cancer). This delay can be
of varving lengths of time, depending on the history of the disease and/or individual being
treated. As is evident to one skilled in the art, a sufficient or significant delay can, in effect,
encompass prevention, in that the individual docs not develop the discase. For example, a late

stage cancer, such as development of metastasis, may be delayed.
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[6630] As used herein, an “effective dosage™ or “effective amount” of compound or salt
thereof or pharmaceutical composition is an amount sufficient to effect beneficial or desired
results. For prophylactic use, beneficial or desired results mchide results such as eliminating or
reducing the risk, lessening the severity of, or delaying the onsct of the disease, including
biochemical, histological and/or behavioral symptoms of the disease, its complications and
mtermediate pathological phenotypes presenting during development of the disease. For
therapeutic use, beneficial or desired results include amehorating, pailiating, lessening, delaving
or decreasing one or more svimptoms resulting from the discase, increasing the quality of life of
those suffering from the disecase, decreasing the dose of other medications required to treat the
disease, enhancing effect of another medication such as via targeting, delaving the progression
of the discase, and/or prolonging survival. fn reference to cancers or other unwanted cell
proliferation, an effective amount comprises an amount sufficient to cause a tumor to shrink
and/or to decrease the growth rate of the tumor (such as to suppress tumor growth} or to prevent
or delay other unwanted cell proliferation. In some embodiments, an effective amount 1s an
amount sufficient to delay development. In some embodiments, an effective amount is an
amount sufficient to prevent or delay occurrence and/or recurrence. An effective amount can be
administered in one or more administrations, in the case of cancer, the effective amount of the
drug or composition may: (1) reduce the number of cancer cells; (it} reduce tumor size; (111
mhibit, retard, slow to some extent and preferably stop cancer cell infiltration mto peripheral
organs; (1v) inhibit (1.e., slow 1o some extent and preferably stop} tumor metastasis; (v) inhibit
temor growth; {vi) prevent or delay occurrence and/or recurrence of tumor; and/or {vii} relieve
1o some exient one or more of the symptoms associated with the cancer. An effective dosage
can be administered in one or more administrations. For purposes of this disclosure, an effective
dosage of compound or a salt thereof, or pharmaceutical composition 1s an amount sufficient to
accomplish prophylactic or therapeutic treatment either directly or indirectly. it is intended and
understood that an effective dosage of a compound or sait thereof, or pharmaceutical

composition may or may not be achieved in conjunction with ancther drug, compound, or

phammaceutical composition. Thus, an “cffective dosage” may be considered in the context of
administering one or more therapeutic agents, and a single agent may be considered to be given
m an effective amount 1f, in conjunction with one or more other agents, a desirable result may be
or is achicved.

[B031] As used herein, the term "individual” is a mammal, including humans. An individual
mcludes, but is not limited to, human, bovine, horse, feling, canine, rodent, or primate. In some

embodiments, the individual is human. The mdividual (such as a human} may have advanced

9
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discase or lesser extent of discase, such as low tumor burden. In some embodiments, the
mdividual 1s at an early stage of a proliferative discase (such as cancer). In some embodiments,
the individual is at an advanced stage of a proliferative disease {such as an advanced cancer).
{032} Reference to “about” a value or parameter herem includes (and describes)
embodiments that are directed to that value or parameter per se. For example, description
referring to “about X mcludes description of "X

[80633] It 1s understood that aspects and variations described herein also inchude “consisting”

and/or “consisting essentially of” aspects and variations.

al " . 7
Compounds

[0634] In one aspect, provided is a compound of the Formula ()

ol R4
A X /RS
Ps
B N ;? R?
R’ M.

or a tautomer or isomer thercof, or a pharmaceutically acceptable salt of any of the foregoing,
wherein:

R'is Hor C)-Csalkyl wherein the C-Cg alkyl of R' is optionally substituted with oxo or
RY

R” and R*are each independently H, R or oxo:

R’ and R’ are cach independently H or RS,

cach R?, R®. and R is independently C-C;, alkyl, C-Cs alkenyl, C,-C alkynyl, halogen,
-CN, -OR®, -SR®, -NR'RY. -NO,. -C=NH(OR®), -C(O)R®, -OC(O)R®, -C(OHORY, -C(OINR'RY,
SOC(OINRRY, -NRYC(OIR’. -NRYC(OIOR’, -NR*C{OINR'RY, -S(O)R", -8{0)R",
NRIS(OIR®, -CIOWNRS(OIR’, -NR*S(O)LR’, -CIOINRS(OLR’, -S(IOINR'RY, -8(O)LNRRY,
PONORNMOR™), C3-C; cveloalkyl, 3-12-membered heterocyelyl, 5-to 10-membered
heteroaryl, Co-C1y aryl, (C-Ca alkylene)CN, (C-Cs alkylene)OR®, «(C1-Cy alkylene)SRY, «(Cy-
Cs alkylene)NR'R', «(C1-Cs alkylene)CFs, -(C-Cs alkyleneINO,, -C=NH({ORY, «(C;-
Cs atkylene)C(OMRY, (C1-Cs alkylene) OCIOIRE, «(C-C5 alkylene)}(OYOR®, -(Ci-
Cs atkylene)C(OMWNRIR', (C1-C5 atkylene)OC(OINRIR ', «(C1-Cs alkylene)NRP*C(OIR®, «(C)-
Cs alkylene INR*C(OYOR, ~(C,-Cs alkylene)NR*CIOWNRIRY, «(C1-Cs alkvlene)S(OR?, «(C -

Cs alkylene)S(OLRY, «(C1-Cs alkviene)NRES(OIR’, -C(O)C-Cs alkylene)NRP*S(OIR’, (C)-
10
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Cs alkyleneINRES(O)LR’, -(C-Cs atkylene)COOMNRES(O),R’, «(C-Cs alkylene)S(OINRRY,
{C1-Ca alkvlene)S{ORNR'RY, «(C1-Cs alkylene)P(ONOR WORY), «(C1-Cs alkylene){(T5-Cs
eyveloalkyly, «(Ci-C5 alkylene}(3-12-membered heterocycelyl), -{(-Cs alkylene}{5-10-membered
heteroaryl) or (C~Cs alkylene)(Co-Cig arvh), wherein each R?, RY, and R'is independently
optionally substituted by halogen, oxo, -OR', NR'R", -C(OR", -CN, -S(OR, -S{OpR",
PONORMNOR™Y, «(C)-C; alkylene)ORY, (C-C alkylene)NRVRY, «(C1-

Cs alkylene)C(OR", «(C1-Cs alkylena)S(OWR, ~(C1-Cs alkylene)S(ORR', (Cr-

Cs alkvlenePONOR M YORY™), C-Cx eveloalkyl, or C;-Co alky] optionally substituted by oxo,
-OH or halogen;

wherein when R’ is €)-Cs atkyl, RY is other than -NR°RY and R’ is other than -

C(OR;

—————— is a single bond or a double bond, wherein when =----- is a double bond, R is
X0,

wane i g single bond or a double bond, wherein when v i a double bond, RYis
0X0;

ong of —-emw- and »wwwe g g double bond and the other is a simgle bond;

A s Co-Coz arvl, 3~ to 10-membered heteroarvl, 9- to 10-membered carbocycle, or 9- to
10-membered heterocyele, wherein the Co-Cyy aryl, 5- to 10-membered heteroaryl, 9-10 10-
membered carbocycele, or 9- to 10-membered heterocvele of A s optionaliv further substituted
with R®;

B is phenyl, 5- to 6-membered heteroaryl, 5- fo 6-memberad carbocyele, 5- 1o 6-
membered heterocyele, or 9-to 10-membered heteroarvl, wherein the phenyl, 5- to 6-membered
heteroaryl, 5- 1o 6-membered carbocycle, 5- to 6-membered heterocyele, or 9-to 10-membered
heteroaryl of B is optionally further substituted with R’

wherein when B is 5- to 6-membered heterocvele, A is other than phenyl or pyridyl
optionally further substituted with R';

cach R® and R’ is independently oxo, C-Cs alkyl, 0r-Cs alkenyl, C5-Ce alkynyl, halogen,
UN, -OR® -SRE-NRPR'Y, -NO,, -C=NH(ORY), -C(O)R?, -OC(OIR®, -C(OIORE, -C(OINR'RY,
OC(OINRRY, -NRIC(OIR’, -NRIC(GYOR”, -NRP*C(OINR'R, -S(OIRY, -S(0)R%,
NRUS(OIR?, -CIOWNRS(OIR’, -NR*S(O)LR, -C(OINRPS(OLR’, -S(IOINR'RY, -S(OLNRRY,
-P(OHORWOR™), C3-Cs cveloalkyl, 3-12-membered heterocyelyvl, 5-to 10-membered
heteroaryl, Co-Ciy arvl, «(C1-Cs alkylene)CN, -(C1-Cs atkylene)OR®, «(Ci-Cy alkylene)SRY, «Cy-
C; alkylene)NR'R"Y, «(C1-Cs alkylenc)CFs, ~(C1-Cs alkylene)NG,, -C=NR(ORY), «(C-

Cs alkylene)C{OIRY, «C1-Cs alkylene) OC(OIR®, «(C1-Cs alkylene)C(O)OR®, «(Ci-

Cs atkylene)C(OINRIR'Y, (C-C5 alkylene)OC{OINRIR ™, «(C1-Cs atkylene)NR*C(OIR®, (C -
11
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Cs alkylene INR*C(OYOR, ~(C,-Cs alkylene)NR*CIOWNRIRY, «(C1-Cs alkvlene)S(OR?, «(C -
Cs alkylene)S(OLRY, «(C1-Cs alkviene)NRES(OIR’, -C(O)C-Cs alkylene)NRP*S(OIR’, (C)-
C5 alkylene)NRUS(0)R, -(C-Cs atkylene)C(OINRIS(O)LR’, (C-Cs alkyiene)S(OINRR'™,
+{C1-Cs alkvlene)SORNRIRY, «(C,-Cs alkylene)P{OXORWOR), ~(C,-Ca atkylene}(C5-Ce
cveloalkyl), «(C1-Cr alkylene)(3-12-membered heterocyelvl), ~{(Ci-Cs alkyiene){(5-10~-membered
heteroaryl) or -(C1-Cs alkylene}(Ce-Crg aryl), wherein each R®and R’ is independently optionally
substituted by halogen, oxo, -OR', -NRU'R", -C(OIRY, -ON, -S(OR", -8(0)R",
POMOR™MOR™), «(C-C; alkylene)ORMY, (C1-Cs alkvlene)NRVRY, «(C)-
Cs alkvlene)C(ORY, (C-Cs alkviene)S(OIRY, «(C-Cs alkylene)S(O),RY, (-
C5 alkylene)P(ONOR NYOR™). Ca-Cg cycloatkyl, or C1-Cs alkyl optionally substituted by oxo,
-0OH or halogen;

cach R® is independently hydrogen, C1-C alkyl, Co-Cg alkenyl, Co-Cg alkynyl, C-Co
cycloalkyl, Co-Ciy arvl, S-6-membered heteroarvl, 3-6-membered heterocyelyl, -{Cy-
Cs alkylene Cs-Co cycloalkyly, -(C1-Cs alkylena }{Ce-Ciy arvl), -{C,-Cs alkyleng}{5-6-membered
heteroaryl), or «(C;-Cy alkylene}(3-6-membered heterocyelyl), wherein the C-Ce alkyl, C3-Cs
atkenyl, Cp-Cs alkvnyl, Cs-Cs cycloalkyl, Cs-Cia arvl, 5-6-membered heteroaryi, 3-6~-membered
heterocyclyl, «(Ci-Cs alkylene }(Cs-Co cycloalkyl), «€C1-Cs alkyleneCe-Cra aryl), (T~
C; alkylene){ 5-6-membered heteroarvi), and -(C-C;5 alkvlene)(3-6~membered heterocyelyl) of
R® arc independently optionally substituted by halogen, oxo, -CN, -OR”, -NRVR™,
PONORPNOR™, phenyl optionally substitated by halogen, or C-C alkyl optionally
substituted by halogen, -OH or oxo;

R’ and R" arc cach independently hydrogen, Ci-Ce alkyl, C-Cy alkenyl, Co-Cs alkynyl,
C5-Cs eycloalkyi, Ce-Cig arvl, 5-6-membered heteroaryl, 3-6 membered heterocyelyl, (-
s aikyiane)NR”Ru, ~(C1~C5 alkyvlene {Cs-Co cycloalkyl), «(Ci-Cs alkylene ¥3-6-membered
heterocyclyl), (C-C5 alkvlene}(5-6~membered heteroarvl) or -(C-C5 alkylene Ty arvl),
wherein the C,-Cg alkyl, Co-Co alkenyl, C3-Co alkyvnyi, C5-Cy cveloalkyl, Co-Cig aryl, 5-6-
membered hetergaryl, 3-6 membered heterocyelyl, ~(Ci-Cs atkvlene){(Cs-Ce cycloalkyl), -{Cy-
C; alkylene }{3-6-membered heterocyclyl), {C-C5 atkyviene}{(5-6-membered heteroarvl} and
~C1-Cs alkylene(Cs aryl) of R” and R are independently optionally substituted by halogen,
oxo, -CN, -OR", NRPR™ or C,-C, alkyl optionally substituted by halogen, -OH or ox0;

or R” and R" are taken together with the atom to which they attached to form a 3-
6 membered heterocyclyl optionally substituted by halogen, oxo, -ORY, -NR'RY or C;-

s alkyl optionally substituted by halogen, oxo or -OH;
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R and R" are each independently hydrogen, C,-Cy alkyl optionally substituted by
halogen or oxo, 05-C; alkeny] optionally substituted by halogen or ox0, or C-Ce alkynyl
optionally substituted by halogen or oxo;

or R' and R" are taken together with the atom to which they attached to form a

3-6 membered heterocyvelyl optionally substituted by halogen, oxo or C;-Cs alkyl

optionally substituted by halogen or oxo; and

R and R" are cach independently hvdrogen, C,-Cs alkyl optionally substituted by
halogen or oxo, 0r-Cs alkenyl optionally substituted by halogen or oxo, or C-Ce alkynyl
optionally substituted by halogen or oxo:;

or RP and R" are taken together with the atom to which they attached to form a

3-6 membered heterocyelvl optionally substituted by halogen, oxo or C;-Cy alkyl

optionally substituted by oxo or halogen.

[3835] In some embodiments of a compound of the Formula (1)

or a tautomer thereof, or a salt of any of the foregoing, wherein:
R'is H or C-Coalkyl wherein the €)-Cy alkyl of R’ is optionally substituted with oxo or

R";

R? and R* are cach independently H, R” or oxo;

R’ and R’ are each independently H or RS

cach R®, R®, and R® is independently C;-Cs alkyl, C,~Cg alkenyl, Co-Cy alkynyl, halogen,
-CN,-OR?, -SR®, -NR'R', -NO,, -C=NH(OR®), -C{O)R®, -OCOR?, -C(OIOR®, -CLOINR'RY,
SOCOINRRY, NRYCIOIR’, -NRYC(O)OR’, -NREC(OINR'RY, -8{OIR®. -8(0)R",
NRIS(OIR’, -CIOWNRUS(OIR, -NR*’S(0).R’, -C{OINRS(O).R’, -S(OINR'R Y, -S(0)NRRY,
POWORNOR'). C3-Cs cvcloalkyl, 3-12-membered beterocyelyl, 3-to 10-membered
heteroaryl, Ce-Cuy aryl, <(C1-Cs alkvlene}CON, «(C-Cs alkylene}OR®, (C,-Cs alkylene)SR®, «(Cy-
Cs alkylene)NRR'Y, (C-C5 alkviene)CFs, «(C1-Cs alkylene)NOQ,, -C=NH(ORY), «(C-
Cs alkylene)C(O)R®, (C -5 alkylene)OC(OIRY, «(C1-C5 alkviene)C(OYORY, (-
Cs alkylene)C(OINRR', «(C1-Cs alkylene)OC(OINRR, (C1-Cs alkylene)NRPCOWR’, (C)-
Cs alkylene)NR*C(OYOR?, -(C1-Cs alkylene)NRUC(OINRRY, «(C-Cs alkvlene)S(OR®, «(Cy-

13
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Cs alkylene)S(OLRY, «(C1-Cs alkylene)NRUS(O)R’, -C(ONC-C: alkylene)NRU*S(OIR”, «(C)-

C5 alkylene)NRYS(O)R’, (C-Cs alkylene}C(OMNRIS(O),R’, «(C-Cs alkyiene)S(OINRRY,
{C1-Cs alkvlene)S(O}NRIRY, {C,-Cs alkylene)P(OXORWOR), (C1-Cr atkylene}{(C5-Cs
cveloalkyl), +(C-Cs alkylene)(3-12-membered heterocyelvl), (C,-Cs alkylene)(5-10~membered
heteroaryl) or «(C1-Cs alkylene)(Ce-Cry arvl), wherein cach R®, RY, and R' is independently
optionally substituted by halogen, oxo, -OR', -NR'RY, -C(OR", -CN., -S(MR", -S(OLR",
POWOR YWOR™), C1-Cs alkylene)OR', (C1-Cs alkylene)NRVR, (C)-

Cs alkvlene}COIRY, (€ -Cs alkyiene)S(OIRY, «C-C; alkylene)S(OLR, (-

5 aikyiene)?((})(ﬁkli}(()Ru), Ca-Cg oycloalkyl, or C-Cs alkyl optionally substituted by oxo,

-0OH or halogen;
wherein when R’ is C,-Cg atkyl, R* is other than -NR°R'’ and R’ is other than -
OC(OIRY
~~~~~~ is a single bond or a double bond, wherein when -~---~ is a double bond, R is
0XO0;
e is a single bond or a double bond, wherein when v is a double bond, R is
OX0;

ong of ~memen and e g g double bond and the other is a single bond;

A1s Co-Coo aryl, 5- 1o 10-membered heteroaryl, 9- to 10-membered carbocycle, or 9-to
10-membered heterocyele, wherein the Co-Cyp arvi, 5- to 10-membered heteroarvi, 9-to 10-
membered carbocycle, or 9- to 10-membered heterocyele of A 1 optionally further substituted
with R®:

B is phenyl, 5- to 6~membered heteroaryl, 3- 1o 6-membered carbocyele, 5-to 6-
membered heterocyele, or 9-to 10-membered heteroarvl, wherein the phenyl, 5- to 6-membered
hetercaryl, 5- to 6-membered carbocycele, 3- to 6-membered heterocvcle, or 8- to 10-membered
heteroaryl of B is optionally further substituted with R

wherem when B is 5- to 6-membered heterocyele, A 1s other than phenyi or pyndyl
optionally further substituted with R';

each R and R’ is independently oxo, £1-Cq alkyl, £-Cs alkenyl, C)-Cg alkynyl, halogen,
-CN, -OR®, -SR®, -NR'RY. -NO,. -C=NH(OR®), -C(O)R®, -OC(O)R®, -C(OHORY, -C(OINR'RY,
SOC(OINRRY, -NRYC(OIR’. -NRYC(OIOR’, -NR*C{OINR'RY, -S(O)R", -8{0)R",
NRIS(OIR®, -CIOWNRS(OIR’, -NR*S(OLR’, -CIOINRS(OLR’, -SIOINR'RY, -S(OLNRRY,
PONORNMOR™), C3-C; cveloalkyl, 3-12-membered heterocyelyl, 5-to 10-membered
heteroaryl, Co-Ciy aryl, ~(C1-Cs alkylene)CN, -(C1-Cs alkylene)OR®, «(Ci-Cy alkylene)SR®, «(C -
Cs alkylene)NR'R', «(C1-Cs alkylene)CFs, «(C1-Cs alkyvlene)NO,, -C=NH{ORY, «(C;-

Cs atkylene)C(OMRY, (C1-Cs alkylene) OCIOIRE, «(C-C5 alkylene)}(OYOR®, -(Ci-
14
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Cs alkylene}C(OINRIR'Y, «(C1-C;5 alkvlene)OC(OINRIR, «(C1-Cs alkvlene)NR*C{OIR”, <(C)-
Cs alkylene)NRYC(OYOR®, «(C;-C alkylene)INR*CIOINRR, «(C-C5 alkvlene)S(ORE, «(C -
Cs alkylene)S(OLRY, (C1-Cs alkyiene)NRES(OIR’, -C(OX)C,-Cr alkylene)NRP*S(O)R’, (C)-

C; alkylene)NRUS(0)R”, «(C1-C5 atkylene)C(OINRIS(O)LR”, «(C-Cs alkyiene)S(OINRR',
+{(C1-Cs alkvlene)SORNRIRY, «(C1-Cs alkylene)P(ONHORWORY), «(C-C; alkylene}(Cs-Ce
cycloatkyl), «{Ci-Cs alkylene)}(3-12-membered heterocyelyl), «(Ci-Cs alkyleney(5-10-membered
heteroaryl) or -(C1-Cs alkylene}(Ce-Ciy arvl), wherein cach R® and R is independently optionally
substituted by halogen, oxo, -OR', -NRUR™, -C(O)RY, -CN, -S(OIR', -8(O),R",
P(OHOR™MOR), (C-Cs alkylene)ORY, (C1-Cs alkvlene)NR'RY, «(C)-

Cs alkylene)C(ORY, «(C1-Cs alkylene)S(OIRY, «(C1-C5 atkylene)S(O),RY . (-

C; alkylene)P(ONOR'NYOR™), C3-Cs cycloatkyl, or C,-C; alkyl optionally substituted by oxo,
-OH or halogen;

R is independently hydrogen, C1-Cy alkyl, C-Cy alkenyl, Cp-Ce alkynyi, C5-Cg
cycloalkyl, Cs-Cra arvl, 5-6-membered heteroarvl or 3-6-membered heterocyelyl, wherein the
Ci-Cs alkyl, Co-Cs alkenyl, C-Ce alkynyl, Cs~Co cycloalkyl, Cs-Cia aryl, 3-6-membered
heteroaryl and 3-6-membered heterocyelyl are independently optionally substituted by halogen,
oxo, -CN, -OR", NRVRY, -PIOYORWOR™), pheny! optionally substituted by halogen, or C1-
(¢ alky! optionally substituted by bhalogen, -OH or oxo;

R’ and R" are cach independently hydrogen, C1-Cs alkyl, Cr-Cs alkenyl, Co-Ce alkynyl,
Ca-Ce oycloalkyl, Co-Cry arvl, 5-6-membered heteroaryl or 3-6 membered heterocyclyl, wherein
the C1-Cq alkyl, £5-Cy alkenyl, Co-Cg alkyvavl, -G eyeloalkyl, Co-Cyy aryl, 3-6-membered
heteroaryl and 3-6 membered heterocyelyl are independently optionally substituted by halogen,
oxo, -CN, -OR", NRPR™ or C-Cj alkyl optionally substituted by halogen, -OH or ox0;

or R” and R' are taken together with the atom to which they attached to form a 3-

6 membered heteracycelyl optionally substituted by halogen, oxo, -OR", -NR'R" ar ;-

Co alkyl optionally substituted by halogen, oxo or -OH;

R and R" are each independently hyvdrogen, C;-Cs alkyl optionally substituted by
halogen or oxo, C;-Cs alkeny! optionally substituted by halogen or oxo, or £-Cs alkynyl
optionally substituted by halogen or oxo;

or R' and R" are taken together with the atom to which they attached to form a

3-6 membered heterocyelyl optionally substituted by halogen, oxo or Ci-Cg allkyi

optionally substituted by halogen or oxo; and

R" and R'* arc cach independently bydrogen. €1-Cs alkyl optionally substituted by
halogen or oxo, C-Cs alkenyi optionally substituted by halogen or oxo, or {-Cs alkynyt

optionally substituted by halogen or oxo;

i5
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or R™ and R' are taken together with the atom to which they attached to form a
3-6 membered heterocyelyl optionally substituted by halogen, oxo or C-Cg allyi
optionally substituted by oxo or halogen.

[6036] In some embodiments of the compound of Formula (1), A is selected from the group
consisting of Ce-Cyp arvl and 5- to 10-membered heteroaryl, wherein the Co-Cis aryl and 5- to
10-membered heteroaryl of A is optionally further substituted with R®. In some embodiments of
the compound of Formula (1), B is selected from the group consisting of phenyl and 5- to 6-
membered heteroaryl, wherein the phenvl and 5- 1o 6-membered heteroaryl of B 15 optionally
further substituted with R'. In some embodiments of the compound of Formula (1), A is selected
from the group consisting of Ce-Cy; aryl and 5- to 10-membered heteroary], wherein the Cs5-Cy;
aryl and 5- to 10-membered heteroarvl of A is optionally further substituted with R® and B is
selected trom the group consisting of phenyl and 5- to 6-membered heteroaryl, wherein the
phenyl and 5- to 6-membered heteroaryl of B is optionally further substituted with R,
{6637} fn some embodiments of Formula (I). R®, R, and R® are independently C;-Cy alkyl,
C-Cs alkenyl, C;-Ce alkynyl, halogen, -CN, -OR®, -SR®, -NR'R", -C{ONRRY, NR*C(O)R’,
NRIC(OINRORY, -S(OIRE, -8(0),R®, -NRES(OIR?, -NRES(0)L,R’, -S(OINRRY, -S(O),NRR',
C5-Cq cyeloalkyl, 3-12-membered heterocyclyl, 5~ to 10-membered heteroaryl or Co-Cyy arvl.
{8038} In some embodiments of Formula (1), R®) R® and R® are independently C;-Cy alkyl,
Co-Cy alkenyl, Co-Cs alkynyl, halogen, -CN. -OR®, -SR®, -NRRY, -C{OWNRRY, -NR*C(O)R’,
C3-Cs eycloalkyl, 3-12-membered heterocyelyvl, 5-to 10-membered heteroarvl or Co-Cig aryl.
{0039} In some embodiments of Formula (1), R®. R”, and R® are independently C1-Cs alkyl,
halogen, -CN, -OR®, -SR® or -NRPR.
08040} In some embodiments of Formula (), R®) R® and R® are independently -CHs,
halogen, -CN or -OCH;,

16041} In some embodiments of the compound of Formula (1), R is H or methyl.

{6042} In some embodiments of the compound of Formula (1), R’ is H, C,-C alkyl, halogen.

-CN., or -ORY,

10643] fn some embodiments of the compound of Formula (), R', R%, R". and R’ are each H
and R*is oxo. In some embodiments of the compound of Fornmula (1}, R R, RY and R are cach

H and R’ is oxo.

{0044} In some embodiments, provided is a compound of Formula (1)
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RS R‘
A R3
| ~D ™~
/
B N i\Ed 0
R’ an,

or a tautomer or 1somer thereof, or a pharmaceutically acceptable salt of any of the foregoing,

wherein A, B, R, R’, R*, and R arc as defined for Formula (D).

{6045} In some embodiments of a compound of Formula (H), at least one of R R and R’
is not H. In some cmbodiments. at least one of R°. R*, and R is C-C, alkvl, halogen, Co-Ciy

aryl, -CN, or -OR®. In some embodiments, R', R, RY, and R’ are cach H.

[(6046] In some embodiments, provided is a compound of Formula {11}

=& o)
A RS
\
L
8 N N Re
R (),

or a tautomer or 1somer thereof, or a pharmaceutically acceptable salt of any of the foregoing,

wherein A, B, R’ R%, Rf and R are as defined for Formula (1),

{0647} In some embodiments of a compound of Formula (1), at least one of R, R’ and R
is not H. In some embodiments, at least one of R2’, R and R’ is C,-C atkyl, halogen, Co-Ciy

aryl, -CN, or -OR®. In some embodiments, R, R*, R”, and R’ are cach H.

10048] In some embodiments of a compound of Forawnda (1), (1), or (1L}, RYis C1-Ce atkyl,
C2-Cs alkenyl, Co-Cs alkynyl, halogen, -CN, -OR®, -SR® -NRR", -CCONR'RY -NR*C(O)R’,
NRUCOWNR'RY, -8{(O)IR®, -S(O)R?, -NRUS(O)R”, -NRUS(D).R’, -S(OINR'RY -S(D):NR'RY,
C3-Cs cycloalkyl, 3-12-membered heterocyelyl, 5- to 10-membered heteroaryl or Co-Cis aryl. In
some embodiments of a compound of Formula (1), (1), or (1), R is C1-Cs alkyl, Co-Cs alkenyl,
C,-Cg alkynyl, halogen, -CN, -OR®, -SR®, -NR'RY, -C(ONR'R', -NR*C(OIR’, Cs-

Ce cycloalkyl, 3-12-membered heterocyclvl, 5- to 10-membered heteroarvl or Co-Cigarvl. In
some embodiments of a compound of Formuda (8}, (11}, or (31}, R is C4-Cs atkyl, halogen, -CN,

-ORY, -8R® or -NR'RY. In some embodiments of a compound of Formula (D), (1D, or (1), R is -
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CH;, halogen, -CN or ~-OCH:. In some embodiments of a compound of Formula (1), (11}, or (If1).
RlisHor methyl In some embodiments of a compound of Formula (1), (I}, or (HI), R'is H,
C4-Cq alkyl, halogen, -CN, or -OR® In some embodiments of a compound of Formula {0}, (3},
or (). R’ is H or €~Cs atkyl. In some embodiments of a compound of Formula (1), (1D, or

(T, R' is H or methyl. In some embodiments, R' is H.

[06649] I some embodiments of a compound of Formula (1), (ID), or (1), R? is €,-C, alkyl,
(5-Cs alkenyl, C,-Co alkynyl, halogen, -CN, -OR®, -SR®, -NR'R", -C{ONRRY, NR*C(O)R’,
NRICIOINRIRY, -S(OIRE, -S(0),R®, -NRES(OIR’, -NRPS(D),R’, -S(OINR'R™, -S(O)NR'RY,
C5-Cq cycloalkyl, 3-12-memberad heterocyclyl, 5-to 10-membered heteroarvl or Co-Ciyanyt In
some embodiments of a compound of Formula (B), (1), or (111, R is C-Cy alkyl, Co-Cs alkenyl,
C,-Cg alkynyl, halogen, -CN, -OR®, -SR®, -NR'RY, -C(ONR'R', -NR*C(OIR’, Cs-

Ce cycloalkyl, 3-12-membered heterocyclvl, 5- to 10-membered heteroarvl or Co-Cigarvl. In
some embodiments of a compound of Formuda (8}, (11}, or (31}, R is C4-Cq atkyl, halogen, -CN,
-ORY, -8R® or -NR'RY. In some embodiments of a compound of Formula (D), (1D, or (1), R is -
{CH;, halogen, -CN or ~-OCH:. In some embodiments of a compound of Formula (1), (11}, or (If1).
R* is H or methyl. In some embodiments of a compound of Formula (1), (ID). or (1), R* s HL
C,-C, alkyl, halogen, -CN. or -OR®. In some embodiments of a compound of Formula (1), (11,

or (1), R* is oxo.

10650] In some embodiments of a compound of Foranda (1), (1), or (I1E}, R is C1-Ce atkyl,
C»-Cs alkenyl, Co-Cs alkynyl, halogen. -CN. -OR®, -SR®, -NR'R", -C{ONRRY, NR*C(O)R’,
NRUCOWNR'RY, -8{(O)IR®, -S(O)R?, -NRUS(O)R”, -NRUS(D).R’, -S(OINR'RY -S(D):NR'RY,
C3-Cs cycloalkyl, 3-12-membered heterocyelyl, 5- to 10-membered heteroaryl or Co-Cis aryl. In
some embodiments of a compound of Formula (1), (1), or (1), R is C1-Cs alkyl, Co-Cs alkenyl,
C,-Cg alkynyl, halogen, -CN, -OR®, -SR®, -NR'RY, -C(ONR'R', -NR*C(OIR’, Cs-

Ce cycloalkyl, 3-12-membered heterocyclvl, 5- to 10-membered heteroarvl or Co-Cigarvl. In
some embodiments of a compound of Formuda (8}, (11}, or (31}, RYis C4-Cs atkyl, halogen, -CN,
-ORY, -8R® or -NR'RY. In some embodiments of a compound of Formula (D), (1D, or (1), R is -
CH;, halogen, -CN or ~-OCH:. In some embodiments of a compound of Formula (1), (11}, or (If1).
R'isHor methyl In some embodiments of a compound of Formula (1), (I}, or (HI), R is H,

-Gy alkyl, halogen, -CN, or -ORE,

{0051} In some embodiments of a compound of Fornwda (1), (I1), or (115, RYis C-Ce alkyl,
Co-Cy alkenyl, Co-Cs alkynyl, halogen, -CN. -OR®, -SR®, -NRRY, -C{OWNRRY, -NR*C(O)R’,
NRICONRIR, -S(O)R, -S(0),RY, -NR*S(OIR”, -NR*S(O),LR’, -S(OINR'R, -S(O),NRRY,

C5-Cs cveloalkyl, 3-12-membered heterocyelyl, 5- to 10-membered heteroaryl or C-Ciy aryl. In
18
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some erbodiments of a compound of Formula (1), (11}, or (I11), R* is €,-C¢ alkyl, C,-Ce alkenyl,
(,-Cs alkynyl, halogen, -CN, -OR®, -SR®, -NR'RY, -C(OINR'RY, -NR*C(O)R’, Cs-

Co cycloalkyl, 3-12-membered heterocyelvl, 5-to 10-membered hetercaryl or Co-Cig aryl In
some embodiments of a compound of Formula (), (i), or (1), R is C;-Cy alkyl. halogen, ~CN,
-OR®, -SR% or -NRRY. In some embodiments of a compound of Formula (1), (ID), or (II1), R*is -
CHs, halogen, -ON or -OCH;. In some embodiments of a compouand of Formula (13, (11}, or (111},
RYisHor methyl In some embodiments of a compound of Formula {1}, (11}, or (HI}, RYis H,
{1-Cs alkyl, halogen, ~-CN, or -OR® In some embodiments of a compound of Formula (I}, (1),

or (1IN, R* is oxo.

[B052] In some embodiments of a compound of Formula (1), (11, or (1D, R” is C,-Cs alkyl.
C,-Cg alkenyl, Co-Cs alkynyl, halogen, -CN, -OR®, -SR®, -NR'RY, -C(OWNRR™, -NR*C(O)R’,
NRICIOINR'RY, -S(O)R®, -S(O)RE, -NRES(OIR’, -NRES(OLR”, -S(OINR'R'®, -8(03,NR'RY,
C3-Cg oycloalkyl, 3-12-membered heterocyelyl, 5- to 10-membered hetercaryl or Co-Ciy arvi In
some crbodiments of a compound of Formula (1), (1), or (II1). R® is €,-C¢ alkyl, Co-C, alkenyl,
(5-Cs alkynyl, halogen, -CN, -OR®, -SR®, -NR'R™, -C(OINR'RY, -NR*C(OWR’, Cs-

Co cycloalkyl, 3-12-membered heterocyelvl, 5-to 10-membered hetercaryl or Co-Cig aryl In
some embodiments of a compound of Formula (), (i), or (1), R” is C;-Cs alkyl. halogen, ~CN,
-OR®, -SR% or -NRRY. In some embodiments of a compound of Formula (1), (ID), or (II1), R” is -
CHa, halogen, -ON or -OCH;. In some embodiments of a compouand of Formula (13, (11}, or (111},
RPisHor methyl In some embodiments of a compound of Formula (I}, (1), or (i1}, R isH,
C;-Co alkyl, halogen, -CN, or -OR®. Tn some embodiments of a compound of Formula (1), (1),
or (I, R™ s H, C1-Cs alkvi, halogen, -CN, or -OR?. In some embodiments, R*is H. In particular
embodiments of a compound of Formula (I, (1), or (JII. R' is H or C-Cs alkyl (such as

methyl) and R’ is H, €,-Cy alkyl, halogen, -CN, or -OR".

[0053] In some embodiments of a compound of Forawnda (), (I1), or (I1E), A 15 C-Cip arvl
optionally further substituted with R®. In some embodiments, A is phenyl or naphthyl, optionally
substituted with R®. In some embodiments, A is phenyl. In some cmbodiments, A is naphthyl.
In some embodiments, A is phenvi or naphthyl, substituted with one or more groups selected
from halogen, -CN, -OR®, -SR®, -NR°R', -NQ,, -C(O)R®, -C(OIYOR®, -C{OINR'RY,
SCOINRIS(OLR’, -OCORE, -OC(OINRR'®, -NRICIOIR®. -NRPC(OINRPR™, -S(O)R",
SS(OLRE, C3-Cs cycloalkyt and C-Cs alkyvl optionally substituted by halogen. In some
embodiments, A 1s phenyl, substituted with onc or more groups selected from halogen, -CN,

~OH, -0C-C alkyl, -NH;, -NG;, C5-Co cycloalkyl and Ci-Cg alky! optionally substituted by
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halogen. In some embodiments, A is phenyl, substituted with one or more groups selected from

halogen, -OH, and C-C¢ atkyl,

[6054] In some embodiments of a compound of Formula (8), (1), or (1), A is 5- t0 10-
membered heteroary! optionally further substituted with R®. Tn some embodiments, A is selected
from the group consisting of pyridyl, quinolinyl, isoquinclinyl, quinoxalinyl, cinnolimyl,
quinazolinyi, naphthyridinyl, benzoxazolvl, benzothiazolyl, benzommidazovl, pyrrolyi,
pyrazolvl, imidazolvl, trazolyl, tetrazolvl, furanyl, isoxazolyl, oxazolvl, oxadiazolyl, thiophenyl,
isothiazolyl, thiazolyl, thiadiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, tetrazimyl,
indolyl, isoindolyl, indazolyl, benzotriazolyl, benzofuranyl. benzoisoxazolvl, benzoxadiazolvl,
benzothiophenyl, benzoisothiazolyl, benzothiadiazolyl, pyrrolopyvridinyl, pyrazolopynidinvl,
mmdazopynidinyl, trazolopyndinyl, furopyridinvl, oxazolopyridinyl, isoxazolopyridinyl,
oxadiazolopyridiny, thienopyridinyl, thiazolopyridinyl, isothiazolopynidinyvl,
thiadiazolopyndinyl, thienopyndinvl, phthalazinyl, pyrazolothiazolvl, pyrazolothiazolvi and
imidazothiazolyl, cach opticnally substituted with R®, In one variation, the optional substitution
with R® provides a moiety that is unsubstituted. In one variation, the optional substitution with

R® provides a moicty that is substituted with 1-3 R®, which may be the same or different.

[oD55] In some embodiments, A is a [0-membered hetercaryi optionally further substituted
with R®, wherein the 10-membered hetercary] is a 6/6-ring fused system {i.c., a ring svstem
formed by fusing a 6-membered ring with a 6-membered ring). In some embodiments, A 152 9-
membered hetercaryl, wherein the 9-membered heteroaryl is a 6/5-ring fused system (1.¢., a ring
system formed by fusing a 6-membered ring with a S-membered ring). In some embodiments,
the 6/5-nng fused system of A is attached to the rest of the compound via the 6-membered ring.
In other embodiments, the 6/5-ring fused system of A is attached to the rest of the compound via

the 5~-membered ring.

{6056] In some embodiments, A is selected from the group consisting of

5 ic:/;;i;\ CEJ\/;L;{ N/\

m
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s and ¢ , each optionally substituted with

[ - . ..
R” and where the wavy line denotes attachment to the parent stracture. In one vanation, such
. . 6 . .
groups arc not further substituted with R’ In some embodiments, A is selected from the group

consisting of:

¥

.o S . .. 6 o
variation, such groups are not further substituted with R, In one variation, such groups are

. each optionally sebstituted with R®. In one

955 and

further substituted with 1-3 R®, which may be the same or different. In some of these

embodiments , A is 5~ to 10~-membered heteroaryl optionally further substituted with one or
21
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more groups selected from halogen, -CN, -Djo -SR®, -NRgRIU, NG, -( O)Rg, ~C(O)OR8,

C(OWNRRY, -CIOINRIS(O)LR, -OC(OIRE, -OCOINR'RY, -NRU*C(OR®, -NR'C(OINR'R"Y,
-S{O)RE, -S(O)LR, C5-C;, cveloalkyt and C1-Cy alkvl optionally substituted by halogen. In some
crobodiments, A 18 5- to 10-membered heteroarvl optionally further substituted with one or more

groups selected from C-Ce alkyl, halogen, -CN, —OH, and -0C-Cq alkyvl.

{6657} In some embodiments of a compound of Formula (1), (1), or ({11}, Aisa 9-10 10-
membered carboeycle optionally further substituted with R, In some embodiments, A is a 10-
membered carbocycle, wherein the 10-membered carbocycle s a 6/6-ring fused system {ic., a
ring system formed by fusing a 6-membered ring with a 6-membered ring}. In some
crbodiments, A is a 9-membered carbocycle, wherein the 9-membered carbocycle is g 6/5-ting
fused system (i.e., a ring system tormed by fusing a 6-membered ring with a S-membered ring).
In some embodiments, the 6/5-ring fused system of A 1s attached to the rest of the compound via
the 6-membered ring. In other embodiments, the 6/5-ring fused system of A 1s attached to the
rest of the compound via the S-membered ring. In some emboduments, A is a tully saturated 9-
to 10-membered carbocyele. In some embodiments, A is a partially saturated 9- 1o 10-
membered carbocycle. In some embodiments of a compound of Formula (I), (1), or (31}, A i
selected from the group consisting of decahydronaphthalenyi, octabvdroindenyl, 1,2,3.4-
totrahydronaphthalenyl, and 2.3-dihydroindenyl, each optionally substituted with R®. In some
embodiments, A isa 9-to 10-membered carbocycle optionally further substituted with one or
more groups selected from halogen, -CN, -ORY, -8R®, -NR'R', -NG,, -C(OR®, -C(OYOR®,
COINRIR, -CLONRPS(0),R. -OC(OIR®, -OCOINRR, NRP’CIOIR®, -NRICOINRR™,
-S{O)RY, -S(O)R, C3-Cs cveloalkyl and Ci-Cs alkyl optionally substituted by halogen. Tn some
embodiments, A is a 9- to 10-membered carbooycle optionally further substituted with one or

more groups selected from C;-Co alkyl, halogen, -CN, —OH, and —-OC,-C; alkyl

[3058] In some embodiments, A is a 9- to 10-membered heterocyele optionally further
substituted with R®. In some embodiments, A is a 10-membered heterocycle optionally further
substituted with R®, wherein the 10-membered heterocycle is a 6/6-ring fused system (i.c., a ring
system formed by fusing a 6~-membered ring with a 6-membered ring). In some embodiments, A
is a 9-membered heterocyele, wherein the 9-membered heterocycle is a 6/5-nng fused system
{i.c., a ring system formed by fusing a 6-membered rng with a 5-memberad ring}. In some
embodiments, the 6/5-ring fused svstem of A s attached 1o the rest of the compound via the 6-
membered ring. In other embodiments, the 6/5-ring fused system of A 15 attached to the rest of
the compound via the 3-membered ning. In some embodiments, A is a fully saturated 9- to 10-
membered heterocycle. In some embodiments, A 15 a partially saturated 9- to 10-membered
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heterocycle. In some embodiments, A 1s selected from the group consisting of
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroguinolinyl, decahydroisoquinoliny,
mdolinyl, isomdolinyl, tetrahydronaphthyndiny! and hexahydrobenzoimidazolyl, cach
optionally further substituted with R®. In some embodiments, A is a 9-to 10-membered
heterocvele optionally further substituted with one or more groups selected from halogen, ~-CN,
SORY, -SR® -NRPRY, -NO,, -CIOIRY, -C{OIOR®, -C(OINR'RY, -C(OINRPS(O).R’, -OC(O)IRY,
OCOINRRY, -NR¥FC(OWR, -NRP(CIOINR'RY, -S(OIR®, -8(01RR®, (5-C, cyveloalky] and Ci-
Cs alkvl optionallv substituted by halogen. In some embodiments, A 18 a 9- to 10-membered
heterocycle optionally further substituted with one or more groups selected from C-Cg alkyl],

halogen, -CN, —~OH, and ~OC-Cs alkvl. In some embodiments, A is selected from the group

=N
HN i
é}}

consisting of , and

¥ , cach optionally substituted with R®. Tn some embodiments, such groups are not
further substituted with R®. In some embodiments, such groups are further substituted with 1-3
R®, which may be the same or different. In some of these embodiments R® is independently
selected from the group consisting of halogen, -CN, -OR®, -SR®, -NR'RY, -NG,, -C{O)RY,
C(OHORY, -C{OINR'RY, -C{OINRIS(O)LR’, -OC(O)R®, -OC(OINR'RY, -NREC(OWR?,
NRPCOINRIRY, -S(OIRE, -8(01,R?, (5-Cq cycloalkyl and C-Cy alkyl optionally substituted
by halogen. In some embodiments, R® is independently selected from the group consisting of C-

Ce alkyl, halogen, -CN, —OH, and -GC-Cq alkvl.

[6059] I some cmbodiments of a compound of Formula (1), (1), or (01D, cach R is
independently selected from the group consisting of halogen, -CN, -OR®, -SR®, -NR'RY, -N(,,
C(ORE, -CLOYORE, -CIOINR'R™Y, -C(O)NRPS(D).R’, -OCOMRY, -OC(OINRRY,
NRPCOIR®, -NRICIOINRRY -8(O)R®, -8(0), R, C5-C cycloatkyl and C-Cs alkyl
optionally substituted by halogen. In some embodiments, R® is independently selected from the

group consisting of C;-C alkyl, halogen, -CN, and —~OR®.

[6060] In some embodiments of a compound of Forawnda {1}, (11}, or (I1F), A is selected from

the group consisting of’
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HEESY! In some embodiments of a compound of Formula (1), (II), or (11}, A 15 selected from

the group consisting of:
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3367} In some embodiments of a compound of Formula (1), (II), or (111}, A is P

W

Ni / NE/\’/\/I
cl ; o £ o
[6064] It 1s understood that each description of A may be combined with cach description of
R'- R’ the sare as if each and every combination were specifically and individually listed. Tt is
similarly understood that each description of A may be combined with each description of B
{and further with cach description of R’ -R’) the same as if each and every combination were
specifically and individually listed. For example, in one aspect, it 1s understood that cach
description of A may be combined in one aspeet with a variation in which R, R, R” are cach
hydrogen and one of R” and R* is hydrogen and one of R’ and R* is oxo. In one such variation,
cach description of A is combined in one aspect with a variation in which R, R, R?, R’ arc cach

hyvdrogen and R 1s oxo. In another such variation, cach description of A is combined mn one
26
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. - . . 1 3 4 3 3.
aspect with a vartation in which R, R”, R”, R” are each hvdrogen and R” is oxo. Such

embodiments may furher be combined with each description of B.

[B065] In some embodiments of a compound of Formula (B), (I1), or (1), B is phenvl,
optionally further substituted with R'. To some embodiments, B is 5- to 6-membered heteroaryl
optionally further substituted with R’. In some embodiments, B is pyrrolvl, pyrazolyl,
mmidazolvl, triazolyl, tetrazolyl, furanyl, 1soxazolyl, oxazolyl, oxadiazolvl, thiophenyl,
1sothiazolvl, thiazolvl, thiadiazolvl, pyridyl, pyridazinyl, pvrimidinyl, pyrazinyl, tnazinyl, or
tetrazinyl, each optionally substituted with R'. In some embodiments, B is furanyl, pyridinyl,

oxazoyl, or oxadiazoyl, cach optionally substituted with R’.

j3366] In some embodiments of a compound of Formula (), (I1), or (I}, Bis a 5- 10 6-
membered carbocyele optionally further substituted with R, In some embodiments, B is a fully
saturated 5- to 6-membered carbocycle optionally further substituted with R'. In some
embodiments, B is cyclopentyl or cyclohexyl, optionally further substituted with R”. In some
embodiments, B is a 5- to 6-membered carbocycele optionally substituted with one or more
groups selected from halogen, ~-CN, -OR®, -SRY NRR' NO,, uC(O}Rg, _C(O)ORS,
COWRTRY -CLONRS(OL,R?, -OCOIRY, -OC{OINRRY, -NR¥*COR’. -NRPC(ONR'RY,
SS(OIRE, -S(0)R®, Co-C cveloalkyl and C1-Cs alkyl optionally substituted by halogen. In some

embodiments, B 1s a 5- to 6-membered carbocvcle optionally substituted with halogen.

{06667] In some embodiments of a compound of Formula (1), (D), or ({11}, Bis a 5- 10 6-
membered heterocyele optionally further substituted with R, In some embodiments, B is a fully
saturated 5- to 6-membered heterocycle optionally further substituted with R'. In some
crabodiments, B is pyreolidinyl, pyrazolidinyl, imidazolidinyi, tetrabvdrofuranyl, 1.3-dioxolanyl,
tetrabvdrothiophenyl, oxathiolanyl, sulfolanyl, piperidinyl, piperazinyl, tetrahvdropvranyl,
dioxanvl, thianyl, dithiamv}, trithianyl, morpholinyl, thiomorpholinyl optionally further
substituted with R’ In some embodiments, B is a 5- to 6-membered heterocvcle optionally
substituted with one or more groups selected from halogen. -CN, ~-OR®, -8R -NR'RY, -NO,.
SCORE, -C{OYOR®, -CLOINRRY, -C(OINRIS(D)R’, -OGCOR?, -OC(OINRRY,
NRUCOIR®, -NRUCIOINR'RY -S(O)R®, -8(0):R, C5-Cs cycloalkyl and C;-Cs alkyl
optionally substituted by halogen. In some embodiments, B is a 5- to 6-membered heterocycle

optionally substituted with halogen.

[(3068] In some embodiments of a compound of Foranda (1), (3}, or (IIF}, Bis a 9-t0 10-
membered heteroary! optionally further substituted with R, In some embodiments, B is selected

from the group consisting of pyrdyvl, qunolinyl, isoquinolinyl, quimoxalinyl, cmnolinyl,
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guinazolinvi, naphthynidinyl, benzoxazolvl, benzothiazolvl, benzomidazovl, pyrrolyl,
pyrazolvl, imidazolvl, triazolvl, tetrazolyl, furanyl, isoxazolyl, oxazolyl, oxadiazolyl, thiophenyl,
isothiazoivl, thiazolyl, thiadiazolvl, pyridezinyl, pyrimidinyl, pyrazinyl, triazinyl, tetrazinvi,
mdolyl, 1somdolyl, indazolyl, benzotriazolyl, benzofuranyl, benzoisoxazolyl, benzoxadiazolyl,
benzothiophenyl, benzoisothiazolyl, benzothiadiazolvl, pvrrolopyridinyl, pyrazolopynidinyl,
mmdazopyndinyl, twazolopyridinyl, furopyridinyl, oxazolopyridinyl, isoxazolopyridinyl,
oxadiazolopyridinyi, thienopyridinyl, thiazolopyndinvl, iscthiazolopyndinyi,
thiadiazolopyndinyl, thienopynidinyl, phthalazmyl, pyrazolothiazolvl, pyrazolothiazolyl and
imidazothiazolyl, each optionally substituted with R'. In one aspect, such groups are
unsubsituted. In another aspect, such groups are substituted with 1-3 R’, which may be the same
or ditferent. In some embodiments, B is a 9- to 10-memberced heteroary! optionally substituted
with one or more groups selected from halogen, ~CN, -ORB, -SR®, uN‘Rf)Rw, NG, -C( O)Rg,
C(OYOR®, -CLOINRRY, -CIOMINRIS(OLR’, -OC(OIRY, -OC(OINRRY, -NR*C{OIR’,
NRYCOINRIR, -S(OIRP, -S(O)RE, C3-Cs cycloalkyl and €1-C; alkyl optionally substituted
by halogen. In some embodiments, B is a 9~ to 10-membered heteroaryl optionally substituted

with halogen.

[B069] In some embodiments of a corapound of Formula (1), (1), or (D, R is
independently selected from the group consisting of halogen, -CN, -OR®, -SR®, .NR’R", -NO,,
COWRE, -C(OMHORE, -CLOINR'RY, -C{OINRIS(OLR’. -OCORE, -OC(OINRRY,
NRYCOR, -NRECIOWR'RY | -S(O)RY, -8(0)RP, C5-C; cycloalkyt and C;-Cs alkyl

optionally substituted by halogen. In some enibodiments, R is halogen.

{8670} In some embodiments of a compound of Formula (1), (), or (111}, B is selected from

> o o

the group consisting of:

oF
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{6071} In some embodiments of a compound of Formula (1), (JI), or (II1), B 1s selected from

the group consisting of:

/%‘,/}1 .
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{6872} In some embodiments of a compound of Formula (1), (I}, or (111}, B is selected from

the group consisting of
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16673} In some embodiments of a compound of Formula (1), (JI), or (111, A 15 Cs-Cyz arvl or

>

5-to 10-membered heteroaryl, each optionally further substituted with R®, and B is phenvl or 5-
to 6-membered heteroaryl, each optionally further substituted with R, In some embodiments, A
is Cs-C 12 aryl, optionally further substituted with R®, and B is phenvl, optionally further
substituted with R’ In some embodiments, A is Cs-C 1z aryl, optionally further substituted with
R®, and B is 3- to 6-membered heteroarvl, optionally further substituted with R’ In some
embodiments, A is 5- to 10-membered heteroaryl, optionally further substituted with R®, and B
is phenyl, optionally further substituted with R, In some embodiments, A is S-to 10-membered
heteroaryl, optionally further substituted with R, and B is 5- to 6-membered heteroaryl,

optionally further substituted with R’

[3374] In some embodiments of a compound of Formula (B, (I}, or (11}, A 15 9-t0 10-
membered carbocyele or 9-to 10-membered heterocyele, cach optionally further substituted
with R® and B is phenvl, 3-to 6-membered hetercaryl, 5- to0 6-membered carbocycle, or 5-tc 6-
membered heterocycle, cach optionally further substituted with R, In some embodiments, A is
9- to 10-membered carbocyele, optionally further substituted with RS, and B is phenvl,
optionally further substituted with R’. In some embodiments, A is 9- to 10-menbered
carbocycle, optionally further substituted with R®, and B is 5- to 6-membered heteroaryl,
optionally further substituted with R'. To some embodiments, A is 9- to [0-membered
carboeycle, optionally further substituted with R®, and B is 5- to 6-membered carbocycle,
optionally further substituted with R, In some embodiments, A is 9- to [0-membered
carbocycle, optionally further substituted with R®, and B is 5- to 6-membered heterocycle,

optionally further substituted with R’

{6875} In some embodiments of a compound of Formula (1), (), or (41}, A 1s Co-Cyp arvlor
5-to 10-membered heteroaryl, each optionally further substituted with R®, and B is 5- to 6-
membered carbocyele or 5- to 6-membered heterocycle, cach optionally further substituted with
R’. In some embodiments, A is C4-Cy; aryl, optionally further substituted with R®, and B is 5- to
6-membered carbocycle, optionally further substituted with R’ In some cmbodiments, A is Cg-

C 1, aryl, optionally further substituted with R®, and B is 5- to 6-membered heterocycle,
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optionally further substituted with R’ In some embodiments, A is 3~ to 10-membered
heteroaryl, optionally further substituted with R®, and B is 5- to 6-membered carboeycle,
optionally further substituted with R'. In some embodiments, A is 3- to 10-membered
heteroaryl, optionally further substituted with R®, and B is §- to 6-membered heterocycle,
optionally further substituted with R, Tn some embodiments, when A is phenyl or pyridyl, either

of which is optionally further substituted with R®, B is not a saturated heterocyele.

{6076} In some embodiments of a compound of Formula (1), (JI), or (111, A 15 Cs-Cyz arvl or
5-to 10-membered heteroaryl, each optionally further sebstituted with R®, and B is 9- to 10-
membered carbocycle, optionally further substituted with R, In some embodiments, A is Cy-
C 1, arvl, optionally further substituted with R, and B is 9- to 10-membered carbocyele,
optionally further substituted with R'. In some embodiments, A is 5- to 10-membered
heteroaryl, optionally further substituted with R®, and B is 9- to 10-membered carbocycle,

optionally further substituted with R,

{6677} In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

Rﬁb

Roe , wherein R® R R® R*™ R®, and R are cach independently H, C,-Cy alkyl,
(5-Cs alkenyl, C,-Co alkynyl, halogen, -CN, -OR®, -SR®, -NR'R", -NG,, -C=NH(OR®),
C(ORE, -OC{OIRE, -C(OYOR?, -CHOINR'RY -OCIOINR'RY, -NR'C(OIR’, -NR'C(OYOR®,
NRPCOINRIRY, -S(OIR, -8(03,R%, -NR® SO, -C{OINRP’S(O)R’, -NRIS(O,R’,
COMNRIS(O)R’, -S(OINRR™., -8(0)NR'RY, -POWOR WOR), C3-Cs cycloalkyl, 3-12-
membered heterocyclyl, 5~ to 10-membered heteroaryl, Ce-Cig arvl, ~{(C-Cs alkvilene)CN, (Cy-
Cs atkylene)OR®, «(C-C5 alkylene)SRY, «(C-Cs alkylene)NRR, «(C-C; alkylene)(Fs, «(Cy-
Cs atkylene)NO,, -C=NH(OR). «(C;-C; alkylenc)C(OIR®, -(C1-Cs atkylene)OC(OIRY,
+C1-Cs alkylene)C(OYOR®, «C-Cs alkylene) C{OINRRY, «C-C; alkylene)OC(OINR'R™,
{C1-Ca alkvlene)NR* CIOR?, «(C-Cs alkviena)NRUCIOYOR®, (-
C5 alkylene)NRYC(OINRR, +(C-C alkylene)S(O)R®, «(C -5 alkylene)S(0),RY,
+{C1-Cs alkvieneNRESOWR’, -CIONC1-Cs alkylene)NRPSOWR’, «(C1-Cs alkylene)NRPS(0)R,
+(C1-Cs5 alkvlene)YC(OINRS(OLR’, «(C1-C; alkvlene)S(OINRPRY, «(Cy-
Cs alkylene)S(O)NRRY, «C1-Cs alkylene)P(ONOR WOR'®), «(C1-Cr alkylene}C3-Cs
cycloalkyl), -{C-Cs alkyiene}{3-12-membered heterocyelyvl), {Ci-Cs atkylene}(5-10-membered
heteroaryl) or «(C-Cs alkylene)(Co-C s arvl), wherein each R® R, R, R® R® and R¥ is
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independently optionally substituted by halogen, oxo, -OR', -NRYRY, -C(ORY, -CN,
-S(OIR", -8(0nRY, -P(ONORYOR™), «(C1-C; alkylene)OR", «(C1-C; alkylene)NR'R',
«{C1-Cs alkviene)}C(ORY, «(C1-Cs atkylene)S(OR, «C-Cs alkylene)S(ORRY, «(C-

C; alkylene)P(ONOR'NYOR™), C3-Cs cycloatkyl, or C,-C; alkyl optionally substituted by oxo,

-(OH or halogen.

10678] In some embodiments of a compound of Formula (1), (JI), or (11}, A is

RGb

Roe _wherein R® R® R® R R and R* are each mdependently H, C;-C; alkyl,
halogen, -CN, or ~0C;-Cs alkyl. In some embodiments, R®, R R* R R*™_ and R are cach
H. In some embodiments, one of R% R® R® 1% R™ and R¥ is CL, F, Br. or L. In some
embodiments, one of R® R® R% R* R® and R¥ is Cl. In some embodiments, one of R% R®
R® R% R* and R%is halogen and the others are cach H. In some embodiments, one of R
R R® R® R*™ and R is halogen and one of R®, R, R R™ R, and R™ is C,-C, alkyl. In
some embodiments, one of R® R* R R* R% and R* is Cl and one of R%, R® R* R% R
and R is methyl. In some embodiments, R is C,-Cs alkyl. In some embodiments, R® is Cy-
Ce alkyl. In some embodiments, R is Cy-Cs alkyl In some embodiments, R s C-Csalkyl In
somge embodiments, R is C1-Cy alkyl. In some embodiments, R is C1-Cq alkvi. In some
embodiments, R® is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, secbutyl, or tertbutyl,
In some embodiments, R” is methyl, ethvl, n-propyl. isopropvl, n-butyl, isobutyl, sechbutyl, or
tertbutyl. In some embodiments. R* is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sechutyl, or tertbutyl. In some crbodiments, R* is methyl. ethyl, n-propvl. isopropyl, n-butyl,
isobutyl, secbutyl, or tertbutyl. In some embodiments, R” is methyl, ethvl, n-propyl, isopropyl,
n-butyl, isobutyl, sechutyl, or tertbutyl. In some embodiments, R™ is methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, secbutyl, or tertbutyl. In some embodiments, R™ is C,-C alkyl and
R® is halogen. In some embodiments, R® is C,-C; alkyl and R* is halogen. In some
embodiments, R%is C-Ce alkyl and R s halogen. In some embodiments, R¥%is C1-Ce atkyl
and R is halogen. In some embodiments, R is €;-Cs alkyl and R is halogen. In some
embodiments, R® s C,-Cy alkyl and R% s halogen. In some cmbodiments, R s C1-C alkyl
and R* is halogen. In some embodiments, R is C-Cs alkyl and R is halogen. In some
embodiments, R i -0 alkyl and R s halogen. In some embodiments, R%® s ;- alkyl

and R* is halogen. In some embodiments, R™ is C,-C; alkyl and R* is halogen. In some
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embodiments, R* is C,-Cy alkvl and R? is halogen. In some smbodiments, R™ is C,-Cy alkyl
and R* is halogen. In some embodiments, R* is C,-Cy alkyl and R™ is halogen. In some
embodiments, R%is C-Cs atkvl and R g halogen. In some embodiments, R s C-Co alkyl
and R* is halogen. In some embodiments, R* is C-C; alkyt and R is halogen. In some
embodiments, R is €;-Ce alkyl and R™ is halogen. In some embodiments, R is C;-Cs alkyl
and R® is halogen. In some embodiments, R is C-Cq alkyl and R® is halogen. In some
embodiments, R* is C1-Cs alkyl and R is halogen. In some embodiments, R is C,-Cs alkyl
and R is halogen. In some embodiments, R is €,-Cs alkyvl and R™ is halogen. In some
embodiments, R is C-Ce alkyl and R s halogen. In some embodiments, R™is C-Ce atkyl
and R* is halogen. In some embodiments, R% is C-Co alkyl and R%ig halogen. In some
embodiments, R is C,-C; alkyl and R is halogen. In some embodiments, R s C1-C atkyl
and R* is halogen. In some embodiments, R is €-Cy alky! and R™ is halogen. In some
embodiments, R is C1-Cq atkyl and R% is halogen. In some embodiments, two of R R RS
R R% and RY are halogen. In some embodiments, two of R®, R® R* R* R* and R are

CrCs alkyi .

{6879} In some embodiments of a compound of Formula (1), (I}, or (11}, A is

REe , wherein one or two of R R® R%, R* R®, and R¥ are independently
selected from the group consisting of C;-Cs alkyl, halogen, -CN, and -OC,-Cq atkyl, and the
remainder of R®, R R® R¥ R*. and R™ are cach H; and B is phenvl, optionally substituted

with R’

{6080] In some embodiments of a compound of Formuda {1}, (3}, or (11}, A s

RE®

RO
Rﬁf

Roe . wherein one or two of R, R R% R® R® and RY are independently
selected from the group consisting of C-Cq alkyl, halogen, ~-CN, and -0C,-C alkyl, and the
remainder of R®, R, R*, R* R®, and R* are each H; and B is a $- to 6-membered heteroaryl,

optionally substituted with R,
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{6081} In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

R . wherein one or two of R®, R® R, R®, R*, and R” are independently
selected from the group consisting of C,-Cs alkyi, balogen, -CN, and -OC-C; alkyl, and the
remainder of R® R®, R*, R™ R®, and R™ arc cach H: and B is a 5~ to 6-membered carbocyele,

optionally substituted with R’

HEE In some embodiments of a compound of Formula (1), (II), or (111}, A is

(534
H

Ro® , wherein one or two of R R, R*, R R*, and R¥ are independently

selected from the group consisting of C-Cq alkyl, halogen, -CN, and -OC,-Cs alkvl, and the
remainder of R® R® R R R™ and R™ are each H; and B is a $- to 6-membered

heterocycle, optionally substituted with R,

{6083} In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

Roe . wherein one or two of R®, R® R, R® R*, and R” are independently
selected from the group consisting of C,-Cs alkyi, balogen, -CN, and -OC-C; alkyl, and the
remainder of R® R® R® R R® and R™ are each H: and Bis a 9- to 10-membered

heteroaryl, optionally substituted with R,

3384 In some embodiments of a compound of Formula (1), (II), or (111}, A is

(534
H

Ro® , wherein one or two of R R, R*, R R*, and R¥ are independently

selected from the group consisting of C-Cq alkyl, halogen, -CN, and -OC,-Cs alkvl, and the
36



WO 2019/018583 PCT/US2018/042776

. - ! A e &f .
remainder of R® R, R, R R®, and R® arc cach H; and B is selected from the group

o n*(ﬁ o

congsisting of:

37



WO 2019/018583 PCT/US2018/042776

[ieE T an i g vy ey g
w@ﬁ%m@m
ﬁ*‘ 0 o

1
M N"N \WW\ /i
NN

N«N
5 HN”N

N N._ . N

% 7 N 72
%@q%@ﬁ%@ﬁ%jﬁh

fN‘N}"‘ xN\N}E ,NxN}’s /N‘?&E}H’S ﬁ ﬁ

T U
> > > JN—. ’N >

H y \



WO 2019/018583 PCT/US2018/042776

S S 3 S S
S \ \S/ \ N \ \

@A“iﬂ jw/“—jj/\ W)“Y\\v)‘
P00 e S0 o
\ﬁf\\«% e ”)\2‘ @2\ N%N/\V\

HN-N HN”N HN”‘N

N
{«ﬁ\z)\’ Cﬁz/}\ and @ZH)"

10085] In some embodiments of a compound of Formula (1), (JI), or (11}, A is

RGb

Roe . wherein one or two of R® R R® R® R and R are independently
selected from the group consisting of C-Ce alkvi, halogen, -CN, and -OC,-C; alkyl, and the
remainder of R®, R, R™, R* R®, and R™ arc cach H; and B is sclected from the group

congsisting of’
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[6086] In some embodiments of a compound of Formuda {1}, (3}, or (JII}, A s

RGb

Roe . wherein one or two of R, R R% R® R® and RY are independently
selected from the group consisting of C-Cy alkyl, halogen, -CN, and -OC,-C; atkyl, and the

‘ 62 6b T6c 6d pbe 6t .
remainder of R, R R R™ R®, and R arc cach H: and B is sclected from the group

consisting of ‘/ ‘\/ CN( O/ Q/ C/
Hy % Nao st N
R L%_t ‘zi 7N S S \Y p :\Y”
g @" Moy {\5@;" ga Ng g O N}\/é
X N._ . \\ 's} i N ) X ] , / ,

N\ /"% 1
}fﬁ N
and -0

{0087} In some embodiments of a compound of Formula (1), (JI), or (II1}, A 1s

Reb

. wherein one or two of R®, R® R, R® R*, and R” are independently
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selected from the group consisting of C,-C alkvl, halogen, ~-CN, and -OC,-C; alkyl, and the

Y

<o

Wty
remainder of R, R R® R™ R®, and R* arc cach H: and B is sclected from and

RS . wherein R”, R® R™ R* R™ and R arc cach independently H, C,-C alkvl,
(5-Cs alkenyl, C,-Co alkynyl, halogen, -CN, -OR®, -SR®, -NR'R", -NG,, -C=NH(OR®),
C(ORE, -OC{OIRE, -C(OYOR?, -CHOINR'RY -OCIOINR'RY, -NR'C(OIR’, -NR'C(OYOR®,
NRPCOINRIRY, -S(OIR, -8(03,R%, -NR® SO, -C{OINRP’S(O)R’, -NRIS(O,R’,
COMNRIS(O)LR’, -S(OINRRY., -8(0)NR'RY, -POWOR WOR), C5-C cvcloalkyl, 3-12-
membered heterocyclyl, 5~ to 10-membered heteroaryl, Ce-Cig arvl, ~{(C-Cs alkvilene)CN, (Cy-
C; alkylene}OR?, «(C-C5 alkylene)SRY, «(C1-Cs alkylena)NRRY, «(C-C; alkvlene ) F3, «(Cy-
Cs alkylene)NO,, -C=NH(OR®), (C;-C; alkyleneyC(O)R®, (C1-Cs alkviene}OCIOIRY,
+C1-Cs alkylene)C(OYOR®, «C-Cs alkylene) C{OINRRY, «C-C; alkylene)OC(OINR'R™,
{C1-Ca alkvlene)NR* CIOR?, «(C-Cs alkviena)NRUCIOYOR®, (-
C5 alkylene)NRYC(OINRR, +(C-C alkylene)S(O)R®, «(C -5 alkylene)S(0),RY,
+{C1-Cs alkvieneNRES(OWR’, -CIONC -5 alkylene)NRPSOWR’, «(C1-C; alkylenc)NRS(0)R7,
+C1-Cs alkvleneYC(ONRS(O)RR’, «(C1-Cs alkvlene)S(OINRRY, «(C,-
Cs alkylene)S(O)NRRY, «(C1-Cs alkylene)P(ONORMOR™), «(C1-Cs alkylene)(C-Cs
cycloalkyl), -{C-Cs alkyiene}{3-12-membered heterocyelyvl), {Ci-Cs atkylene}(5-10-membered
heteroaryl) or «(C1-Cs alkylene)(Ce-C 14 aryl), wherein cach R™, R®, R* R RY and R® s
independently optionally substituted by halogen, oxo, -OR", -NRVRY, -C(O)RY, -CN,
SSORY, -S(OLRY, -PIOHORWOR'™), (C1-Cs alkviene)OR | «(C)-Cs alkylene)NR''RY,
+{C1-Cs alkvieneYC(OWRY, «(C1-Cs atkylene)S(OIR, «C1-Cs alkylene)S(ORR ', «(Ci-
C; alkylene)P(OMORMYOR™), C3-Cs cyeloalkyl, or C,-Cs alkyl optionally substituted by oxo,
-(3H or halogen.
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0089} In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

R . wherein R®, R¥_ R R® R and R arc cach independently H, C1-Cg alkyl
halogen, ~CN, or -0C,-Cs alkyl. In some embodiments, R,Gb, R, R(’d, R Rﬁf, and R are cach
H. In some embodiments, one of Réb, R Réd, R Rﬁf, and R is CL, F, Br, or L. In some

. ~ 1y 6b &6C 5 6e f r . e . » gy O ¢
embodiments, one of R, R*, R® R® R® and R* is CL In some embodiments, one of R®, R®

R R R and R is halogen and the others arc cach H. In some cmbodiments, one of R,
R, R™ R R and R® is halogen and one of R®, R™, R® R® R* and R® is C,-C; alkyl. In
some embodiments, one of R®, %, R R* RY and R is C1 and one of R®, R, R™ R R™
and R® is methyl. In some embodiments. R* is C-Cy alkyl. In some embodiments, R™ is ;-
Ce alkvl. In some embodiments, R is C1-Cs alkyl. In some embodiments, R s Ci-Coalkyl In
some embodiments, R is C-Cg atkyl. In some embodiments, R¥ s C1-C alkvl. In some
embodiments, R® is methvl, ethyl, n-propvl, isopropyl, n-butyl, isobutyl, secbutvl, or tertbutyl.

In some embodiments, R™

ig methyl, ethyl, n-propyl, isopropyvl, n-butyl, iscbutyl, sechutyl, or
tertbutyl. In some embodiments, R is methyl, ethyl, n-propvl, isopropyl, n-butyl, isobutyl,
secbutyl, or tertbutvl. In some embodiments, R* is methyl, ethyl, n-propyl, isopropyl, n-butvl,
isobutyl, secbutyl, or tertbutyl. In some embodiments. R* is methyl, ethyl, n-propyl, isopropyl.
n-butyl, tsobutyl, sechutyl, or tertbutyl. In some embodiments, R® is methyl, ethyl. n-propyl,
isopropyl, n-butyl, isobutyl, secbutyl, or tertbutyl. Tn some embodiments, R* is C;-Cs alkyl and
R® is halogen. In some embodiments, R* is C-Cq alkyl and R is halogen. In some
embodiments, R® is C,-Cq alkyl and R% s halogen. In some embodiments, R is €)-C; alkyl
and R* is halogen. In some embodiments, R* is € -Cs alkyl and R” is halogen. In some
embodiments, R 45 Cy-Co alkyl and R% s halogen. In some embodiments, R% s C1-Ce atkyl
and R® is halogen. In some embodiments, R is C-Cy alky! and R* is halogen. In some
embodiments, R™ is C,-Cs alkyl and R%is halogen. In some embodiments, R™ s C,-Cs alkyt
and R* is halogen. Tn some embodiments, R™ is C-C alkyl and R is halogen. In some
embodiments, R is C-Ce alkyl and R%® s halogen. In some embodiments, R* s C1-Ce atkyl
and R* is halogen. In some embodiments, R™ is €)-Cy alkyl and R is halogen. In some
crbodiments, R is C1-Cs atkyl and R® is halogen. In some embodiments, R™ is € -Cs alkyl
and R® is halogen. In some embodiments, R* is C1-Cs alkyl and R® is halogen. In some
embodiments, R is C;-Cs alky! and R™ is halogen. In some embodiments, R*is C;-Ce alkyl

and R™ is halogen. In some embodiments, R s C1-Cq altkyl and RY s halogen. In some
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embodiments, R® is C-Cg alkyl and R is halogen. In some embodiments, R* is C-C alkyl
and R* is halogen. In some embodiments, R* is C,-Cy alkyl and R™ is halogen. In some
embodiments, R* is C,-C, atkyl and R* is halogen. In some embodiments, R® is €1-Cg alkyl
and R% is halogen. In some cmbodiments, R” is C;-C; alkyl and R% is halogen. In some
embodiments, R is C-Ce alkyl and R® is halogen. Tn some embodiments, R” is €,-Cs alkyl
and R* is halogen. In some embodiments, R is C,-Cs alkyl and R* is halogen. In some
embodiments, R is C1-Ce atkyl and R™ is halogen. In some embodiments, two of Rﬁb, 2 6°’, de,
R R and R are halogen. In some embodiments, two of R™, R% R® R* RY and R® are

Cng; alkyi

{0030} In some embodiments of a compound of Formula (I), (1), or (1), A 1s

Rﬁb

R . wherein one or two of R®, R* R™ R, R¥, and R® are independently
selected from the group consisting of C-Cy alkyl, halogen, -CN, and -OC,-C, alkvl, and the
IS

remainder of R®, R™ R R RY, and R®® are cach H; and B is phenvl, optionally substituted

with R,

10091} In some embodiments of a compound of Formula (1), (JI), or (11}, A is

Roe , wherein one or two of R, R® R% R® RY and R™ are independently
selected from the group consisting of C1-Cs alkyl, halogen, -CN, and -OC,-C atkyl, and the
remainder of R™, R®, R™ R% RY and R* arc cach H; and B is a 5- to 6-membered heteroarvl,
optionally substituted with R’

[6092] In some embodiments of a compound of Formula (I), (1), or (1), A 1s

Rﬁb

8e : 6 &¢ 3 53 af 6 :
R . wherein one or two of R®, R* R™ R, R¥, and R® are independently

selected from the group cousisting of C-Cs alkyl, halogen, -CN, and -OC-Cs atkyl, and the
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: oh oC & 6 6f [ : -
remainder of R, R%, R* R® R and R are each H; and B is a 5- to 6-membered carbocycle,

optionally substituted with R’

[B093] In some embodiments of a compound of Formula (I), (1), or (1), A 1s

Rﬁb

Ree . wherein one or two of R®, R* R™ R, R¥, and R® are independently
selected from the group consisting of C-Cy alkyl, halogen, -CN, and -OC,-C, alkvl, and the
IS

remainder of R®, R% R% R* RY and R are cach H; and B is a 5- to 6-membered

heterocycle, optionally substituted with R,

10094] In some embodiments of a compound of Formula (1), (JI), or (11}, A is

Rﬁb

Roe , wherein one or two of R, R® R% R® RY and R™ are independently
selected from the group consisting of C,-C alkyi, balogen, -CN, and -OC,-C; alkyl, and the
remainder of R, R%, R® R% R and R% are each H; and B is a 9~ to 10-membered

heteroaryl, optionally substituted with R,

[B095] In some embodiments of a compound of Formula (I), (1), or (1), A 1s

Rﬁb

R . wherein one or two of R®, R* R™ R, R¥, and R® are independently
selected from the group consisting of C-Cy alkyl, halogen, -CN, and -OC,-C, alkvl, and the

: ¢l 6o 6 & &f 6 .
remainder of R®, R™ R R RY, and R®® are cach H; and B is selected from the group

o O
consisting of, % F~
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{6096} In some embodiments of a compound of Formula (1), (II), or (111, A 1s

RO . wherein one or two of R?, R*, R*™ R% R¥, and R* arc independently
selected from the group consisting of C,-Cg alkvl, halogen, ~-CN, and -OC-Cs alkyl, and the
remainder of R®, R, R™ R* RY and R are cach H: and B is selected from the group
consisting of
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10697} In some embodiments of a compound of Formula (1), (JI), or (11}, A is

Rﬁb

R , wherein one or two of R® , Rﬁc’, de, Rﬁe, Réf, and R% are independently
selected from the group consisting of C,-C alkyi, balogen, -CN, and -OC,-C; alkyl, and the

remainder of R™, R®, R®™ R% RY and R® are cach H; and B is selected from the group
consisting of @ : Q‘E/ ' : <\/

‘2&
T ot {\ §V 38 =4

. "-ea N
Ny ;?j N, %?/ Ne
”’N , . and 0

{6098} In some embodiments of a compound of Formula (1), (II), or (111, A 1s

R°® . wherein one or two of R”, R® R*™ R® R¥ and R are independently

selected from the group consisting of C;-Cs alkyl, halogen, -CN, and -OC,-Cq atkyl, and the

: C b i ; g
remainder of R, R%, R*™ R% RY and R% are each H; and B is selected from d= and
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16099} In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

X277 wherein X is selected from the group consisting of N, C, and CH; X7 is
selected trom the group consisting of NH, O, and 5; and R® R™ and R* are cach
independently H, C)-Cs alkyl, Co-Cs alkenyl, Co-Ce alkynyl, halogen, -CN, -OR®, -SR®, -NR°R",
NQ,, -C=NH(ORY), -C(OIRE, -OC(OR®, -C(OOR®, -C(OINRR®, -OC(OINR'R',
NRICIOWR?, -NRYCIOYOR”, -NREC(OINR'RY -S(O)R”, -S{OLR", -NRS(O)R’,
SC{OWNRUS(OIR’, -NR*S(O),R, -C(OINRPS(D)LR’, -S(OINR'RY, -S{(0),NRR",
PONORNMOR™), C5-C; cveloalkyl, 3-12-membered heterocyelyl, 5-to 10-membered
heteroaryl, Co-Ciy aryl, ~(C-Cs alkylene)CN, -(C1-Cs alkylene)OR®, «(C1-Cs alkylene)SRY, «C -
C; alkylene)NR'RY, «(C-Cs alkylene)CFs, ~(C-Cs alkylene)NO,, -C=NH(ORY), «(C-

Cs alkylene)C(OIRY, «(C1-Cs alkylene)OC{OIRE, «(C)-C; alkylene)C(D)YOR®, <(Ci-

Cs atkylene)C(OINRIR'Y, (C-C5 alkylene)OC{OINRIR ™, «(C1-Cs atkylene)NR*C(OIR®, (C -
Cs alkylene INR*C(OYOR, «(C,-Cs alkylene)NRP*C(OWNRRY, «(C1-Cs alkviene)S(OWRE, «(C -
Cs alkvlene)S(OLRY, «(C1-Cs alkylene)NRUS(O)R’, -C(ONC-Cs alkylene)NRUS(OIR”, «(C)-
(5 alkyleneINR¥S(O)R’, +(C-Cs alkyvlene}C(OINR*S(O )R, H(C1-Ca alkylene}S{OINRRY,
+{C1-Cs alkvlene)SORNRIRY, «(C,-Cs alkylene)P{OXORWOR), ~(C,-Ca atkylene}(C5-Ce
cycloatkyl), «(C,-Cy alkylene)}(3-12-membered heterocyelyl), -(Ci-Cs alkylene)(5-10-membered
heteroaryly or «(C;-Cs alkylens )} Cs-C 4y arvl), wherein cach R R% and R% is independently
optionally substituted by halogen, oxo, -OR', -NR'RY. -C(OR", -CN. -S(OR", -S(O)R,
POWORMOR™), «(C-C; alkylenc)ORY, (C1-Cs alkviene)NRVRY, «(C)-

Cs alkvlene}COIRY, (€ -Cs alkyiene)S(OIRY, «C-C; alkylene)S(OLR, (-

5 aikyiene)?((})(ﬁkli}(()Ru), Ca-Cg oycloalkyl, or C-Cs alkyl optionally substituted by oxo,
-0OH or halogen.

[8100] In some embodiments of a compound of Formula (1), (II), or (111}, A is
Rﬁb RGC
Rﬁa_gzh ;‘\ 1
N ¢ zﬁx s ol " . -7
X , wherem XU is selected from the group consistimg of N, C, and CH; X" 1s

selected from the group consisting of NH, O, and 8 and R®, R®, and R are cach

mdependently H, C-{; alkyl, halogen, -CN, or -0C -y alkyl. In some embodiments of a
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ROC

Ge r)b *“jb Rﬁc
f j/ N- /S;( |

6 T T 6a gy bt R —
and R™ arc each H. In some embﬂdaments, one of R® R™ and R*is C1. F. Br, or | In some

. I3 .
In some embodiments, R™, Rﬁb,

embodiments, one of R® R® and R* is Cl. In some embodiments, one of R® B and R* is
halogen and the others are cach H. In some embodiments, one of R% R® and R is halogen
and one of R® R®, and R* is C1-C; alkyl. In some embodiments, one of R® R®. and R® is (1
and one of R(““‘, Rsb, and R% is methyl. In some embodiments, R s C1-Co alkyl. In some
embodiments, R® is C1-Cs alky!. In some embodiments, R is C;-Ce alkyl. Tn some
embodiments, R is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, secbutyl, or tertbutvl.
In some embodiments, R™ is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sechutyl, or
tertbutyl. In some embodiments, R is methyl, ethyl, n-propvl, isopropyl, n-butyl, isobutyl,
secbutyl, or tertbutyl. In some embodiments, R® is C1-Cy alkyl and R® is halogen. In some
embodiments, R* is C;-C; alkyl and R is halogen. In some embodiments, R® is C;-Cs alkyl
and R* is halogen. In some erabodiments, R%is C1-C alkyvl and R* is halogen. In some
embodiments, R is C1-Ce alkvt and R% s halogen. In some embodiments, R 45 C1-Ce alkyi
and R* is halogen. In some embodiments, two of R*, R®, and R® are halogen. In some

embodiments, two of R®, R™, and R™ are €;-C; alkyl.
{0101} In some embodiments of a compound of Formuda (1), (II), or (11}, A 15
R8h RBe

\Y / X1
N~ A

X*7 7 wherein one or two of R™, R”, and R™ are independently selected from the
group consisting of C1-Cs alkyl, halogen, -CN, and -OC,-Cs alkyl, and the remainder of R®, R®
and R* are cach H; and B is phenyl. optionally substituted with R,
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[6102] In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

REE Réc

Raa ‘g? X? .
v

X277 wherein one or two of R®, R®, and R® are independently selected from the
group consisting of C;-Cs alkyl, halogen, -CN, and -0C,-C alkyl, and the remainder of R®, R,

and R* are each H: and B is a 5- to 6-membered heteroaryl, optionally substituted with R,

[6103] In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

RE8 REe
Rea vg} X'} .

group consisting of C;-Cy alkyl, halogen, -CN, and -0C,-C; alkyl, and the remainder of R®, R™,

. 64 a6 6c » .
. wherein one or two of R™, R™, and R are independently selected from the

and R* are each H.: and B is a 5- to 6-membered carbocycele, optionally substituted with R’

{3164} In some embodiments of a compound of Formula (1), (JI), or (11}, A is

Rﬁb RGC
REB...)\.\‘“?\ ;
4t
N

group consisting of C1-Cs alkyl, halogen, -CN, and -0C,-Cq atkyl, and the remainder of R®, R™,

: ~ 33 G &b &6C :
. wherein one or two of R™ R™, and R are independently selected from the

and R% are cach H: and B is a 5- to 6-membered heteroeycle, optionally substituted with R’

{3165} In some embodiments of a compound of Formula (1), (JI), or (11}, A is

(=& Rée
R \;\j /)\:%(. 1 .
A TR

x..’.

group consisting of C1-Cs alkyl, halogen, -CN, and -0C,-C;, atkyl, and the remainder of R®, R™,

: ~ 33 G &b &6C :
. wherein one or two of R™ R™, and R are independently selected from the

and R® are each H; and B is a 9- to 10-membered heteroaryl, optionally substituted with R,

10106} In some embodiments of a compound of Formuda {1}, (3}, or (11}, A s

R5: R6e
Rga—ghj\ ,
Jx
N~ X;—-ﬁ-...s

group consisting of C1-Cs alkyl, halogen, -CN, and -0C,-C;, atkyl, and the remainder of R®, R™,

. s 6h & .
, wherein one or two of R™ R™ and R are independently selected from the
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ot O

and R are cach H; and B is selected from the group consisting of:
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~r o0 T v
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{6167 In some embodiments of a compound of Formula (1), (JI), or (11}, A is

av 9

group consisting of C1-Cs alkyl, halogen, -CN, and -0C,-C;, atkyl, and the remainder of R®, R™,

: ~ 1y G &b &6C :
, wherein one or two of R™ R™, and R™ are independently selected from the

[ . . L.
and R™ are each H; and B is selected from the group consisting of:



WO 2019/018583 PCT/US2018/042776

P

N Salo SO RPN
o N
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0108] In some embodiments of a compound of Formuda {1}, (3}, or (11}, A s

R R6e
\\ / x1
N ;ﬂ-—% . -y 6a &b &¢ :
e , wherein one or two of R™ R™, and R™ are independently selected from the

group consisting of Ci-Cs alkyl, halogen, -CN, and -OC,-Cs, atkyl, and the remainder of R®, R®,

O
and R are each H; and B is selected from the group consisting of ©/ , T UF
%,
X
| i ’?71 R ‘257,7 '??L < \\\T/;EP_ ‘1“
- , ] : k3
Q N CJ/ @/ §o ﬂ/\v Ni\i/
F SNy F N0 N
-3 % 53 B N A% % R
/L"z 4 &\E Nf\\\f \\\f N ;:T/ ! \\\T/ N~ "j !
SIS A SO R 4
=N . , , =N,
%

N
N Neo %

o WY
and N0

{3169} In some embodiments of a compound of Formula (1), (JI), or (11}, A is

(=2 RES
66 ----}\ |
R ;EJ“ /’)‘\xi .
?ﬂ' E . ~py6a x6b 6c .
xs . wherein one or two of R R™, and R™ are independently selected from the

L
(o]



WO 2019/018583 PCT/US2018/042776

group consisting of C,-Cq alkyl, balogen, -CN, and -OC-C alkyl, and the remainder of R, R,

, |
f o O
and R™ arc cach H; and B is selected from and

{6114 In some embodiments of a compound of Formula (1), (II), or (111, A 1s

RiSb R@,:
Van
ae

Rﬁg} xﬁ

2 , wherein X' is selected from the group consisting of N, €, and CH; X' is
selected from the group consisting of NH, O, and §; and R% R® and R are each
independentty H, C,-Cy alkyl, Co-Cg alkenyl, Co-Ce alkynyl. halogen. -CN, -OR®, -SR®, -NR°R",
Ny, -C=NH(ORY), -C(OR®, -OC(OIR®, -C(OYOR®, -CIOWNRR, -OC(OINRRY,
NRICIOWR?, -NRYCIOYOR”, -NREC(OINR'RY -S(O)R”, -S{OLR", -NRS(O)R’,
SCOWNRUS(OIR’, -NR*S(O),R, -C(OINRPS(D)R’, -S(OINR'RY, -S{(0),NR'R",
PONORNMOR™), C3-C; cveloalkyl, 3-12-membered heterocyelyl, 5-to 10-membered
heteroaryl, Co-Ciq aryl, ~(C1-Ca alkylene)CN, «C1-Cs alkylenc)OR®, «(C1-Cy alkylenc)SRY, «(Ci-
Cs alkylene)NR'R', «(C1-Cs alkylene)CFs, «(C1-Cs alkyvlene)NO,, -C=NH{ORY, «(C;-

Cs atkylene)C(OMRY, (C1-Cs alkylene) OCIOIRE, «(C-C5 alkylene)}(OYOR®, -(Ci-

Cs atkylene)C(OMWNRIR', (C1-C5 atkylene)OC(OINRIR ', «(C1-Cs alkylene)NRP*C(OIR®, «(C)-
Cs alkylene INR*C(OYOR, ~(C,-Cs alkylene)NR*CIOWNRIRY, «(C1-Cs alkvlene)S(OR?, «(C -
Cs alkylene)S(OLRY, «(C1-Cs alkviene)NRES(OIR’, -C(O)C-Cs alkylene)NRP*S(OIR’, (C)-

C5 alkylene)NRUS(0)R, -(C-Cs atkylene)C(OINRIS(O)LR’, (C-Cs alkyiene)S(OINRR'™,
+{C1-Cs alkvlene)SORNRIRY, «(C,-Cs alkylene)P{OXORWOR), ~(C,-Ca atkylene}(C5-Ce
cveloalkyl), «(C1-Cr alkylene)(3-12-membered heterocyelvl), ~{(Ci-Cs alkyiene){(5-10~-membered
heteroaryly or «(C1-Cs alkylens ¥ Ce-Cia arvl), wherein cach R% R and R* is mdependently
optionally substituted by halogen, oxo, -OR, -NR'R”, -C(OR", -CN, -S(OR'", -S(ORR,
POMOR™MOR™), «(C-C; alkylene)ORMY, (C1-Cs alkvlene)NRVRY, «(C)-

Cs alkvlene)C(ORY, (C-Cs alkviene)S(OIRY, «(C-Cs alkylene)S(O),RY, (-

C5 alkylene)P(ONOR NYOR™). Ca-Cg cycloatkyl, or C1-Cs alkyl optionally substituted by oxo,

-(OH or halogen.
0111} In some embodiments of a compound of Formuda (1), (II), or (11}, A 15
RGb RESC

;}ﬁ

8g Cown] - .o e ) A,
R X3 . wherein X' is selected from the group consisting of N, C, and CH: X7 is
56
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selected from the group consisting of NHL O, and S; and R%, R®, and R* are cach
mdependently H, C-Cq alkyvl, halogen, -CN, or -0C-Cs alkyl In some embodiments of a

Rsb R 8¢ Rcb

} s ,&a RG"}H}\ >~

R@L

mmpound of Formula (), (I1), or (I}, A s

Q@b

é RS0 N} _jf o N%::/ B F“:}M
} /L\; >~ g }L/SE . :> Nj »

N
W j}i
Rfig'> \.1

g . In some embodiments, R%, R®™, and R are each H. In some embodiments,

one of R, R®_and R% is CL, F. Br, or L. In some embodiments, one of R%, R®, and R* is C1. In

> OF

some embodiments, one of R%, R®® and R is halogen and the others are cach H. In some
embodiments, one of R, R®, and R* is halogen and one of R®, R®, and R* is €,-C, alkyl. In
some embodiments, one of R%, R®, and R™ is Cl and one of R%, R® and R* is methyl. In some
embodiments, R is C1-Cs alkyl In some embodiments, R is C-Cs alkyl. I some
embodiments, R™ is C-C alkyl. In some embodiments, R is methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, secbutyl, or tertbutyl. In some embodiments, R™ is methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, secbutyl, or tertbutyl. In some embodiments, R* is methyl, ethyl, n-
propyl. isopropyl, n-butyl, isobutyl, secbutyl, or tertbutyl. In some embodiments, R* is (-

Ce alkyl and R is halogen. In some embodiments, R® is C;-Cy alkyl and R* is halogen. In
some embodiments, R%® s €1 alkvi and R g halogen. In some embodiments, R® s Cp-

(s alkyl and R™ is halogen. In some embodiments, R is €1-Cs alkyl and R® is halogen. In

some embodiments, R is €,-Cy alkyl and R® is halogen. In some embodiments, two of R, R™

and R arc halogen. In some embodiments, two of R°8, R®, and R* are C-Cs alkyl.

8112} In some embodiments of a compound of Formuda (1), (II), or (11}, A 15

Rﬁb RSC
N -
/\‘& VAR §
89 . G ‘. . )
R *2 wherein one or two of R%, R®, and R® are independently sclected from the

group consisting of C1-Ce alkyl, halogen, -CN, and -OC,-Cs alkyl, and the remainder of R%, R,

and R* are cach H; and B is phenyl. optionally substituted with R,
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[6113] In some embodiments of a compound of Formula (1), (JI), or (II1), A 1s

R8h R

N

>\ Y/t
RPY x,j % - 62 pp6b 6o ) oE
2 , wherein ong or two of R™®, R, and R™ are independently selected from the

group consisting of C1-Cs alkyl, halogen, ~CN, and -OC,-Cq alkyl, and the remainder of R®, R®,

and R% are cach H: and B is a 5- to 6-membered heteroaryl, optionally substituted with R’

10114] In some embodiments of a compound of Formula (1), (JI), or {11}, A is

R5b> 8¢

N -
L

Gg - . Go . . ) )
R %2 , wherein one or two of R% R®® and R* are mdependently selected from the

group consisting of C1-Cs alkyl, halogen, ~CN, and -OC,-Cs, alkyl, and the remainder of R®, R,

and R% are cach H; and B is a 3- to 6-membered carbocycle, optionally substituted with R’

[115] In some embodiments of a compound of Formuda {1}, (3}, or (11}, A s

=3 R6e
123
R X N ; 6 POb L0 3P0 L o 3 T catontad from the
2 , wherein one or two of R™, R, and R™ are mmdependently selected from the
group consisting of C1-Cs alkyl, halogen, -CN, and -OC,-Cs alkyl, and the remainder of R%, R,

and R* are cach H; and B is a 3- to 6-membered heterocycle, optionally substituted with R’

[8116] In some embodiments of a compound of Formuda (1), (II), or (11}, A s

R&b R6C
N
>\ VNS
RGs s

. wherein one or two of R%, R, and R* are independently selected from the
group consisting of C,-Cq alkyl, balogen, -CN, and -OC-Cs alkyl, and the remainder of R%, R,

and R* are cach H; and B is a 9- to 10-membered heteroaryl, optionally substitated with R’

[B8117] In some embodiments of a compound of Formula (I), (1), or (1), A 1s

Rnb>‘ RSC
M
%} ;
Ree x:ﬁm_- . 1368 1360 6¢ : .

2 . wherein one ortwo of R*®, R™, and R™ are independently selected from the

group consisting of C,-Cs alkyl, halogen, -CN, and ~0C;-Cy alkyl, and the remainder of R%, R,
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ot O

and R are cach H; and B is selected from the group consisting of:
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~r o0 T v
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10118} In some embodiments of a compound of Formula (1), (JI), or (11}, A is

(=S R6e

Wan
e
&g - . Go . . ) )
R %2 , wherein one or two of R% R®® and R* are mdependently selected from the

group consisting of C1-Cs alkyl, halogen, -CN, and -OC,-Cs alkyl, and the remainder of R®, R,

and R* arc cach H; and B is sclected from the group consisting of:
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P

N Salo SO RPN
o N
WWgQ&Q W
0 o
E S % N % Nxfﬁ O
o7 s g
§\/ § , \# 3/ >/O and

’ \

N
N0

9119 In some embodiments of a compound of Formuda {1}, (3}, or (11}, A s

RSb RSC

N .
>

8g . Go . . )
R X2 , wherein one or two of R% R® and R* are independently selected from the

group consisting of C1-Cs alkyl, halogen, -CN, and -OC,-Cs alkyl, and the remainder of R®, R,

SN

and R are cach H; and B is selocted from the group cousisting of ©/ . .
v

o , Y

dieavaleatcaleiivaron

N.. :‘zz
/4

/‘%-a. ;—‘a Ll‘; 'Zi N
S A g .
e 9/573“% T L‘Z’V‘E

i\a
\/ NE

>/O NS
and \_,

j6120] In some embodiments of a compound of Formuda {1}, (3}, or (11}, A s

R6b> RSC
N .
6g . G ‘. . )
R *2 , wherein one or two of R, R®, and R are independently sclected from the
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group consisting of C,-Cq alkyl, balogen, -CN, and -OC-Cs alkyl, and the remainder of R%, R,

and R™ arc cach H; and B is selected from and
{8121} Also provided are salts of compounds referred to herein, such as pharmaceutically

acceptable salts. The wvention also inchudes any or all of the sterecchemical forms, mchuding
any enantiomeric or diastereomeric forms, and anv tautomers or other forms of the compounds

described.

[6122] A compound as detailed hercin may in one aspect be in a punfied form and
compositions comprising a compound m purified forms are detailed herein. Compositions
comprising a compound as detailed herein or a salt thereof are provided, such as compositions of
substantially pure compounds. In some embodiments, a composition containing a compound as
detailed herein or a salt thereof is m substantially pure form. Unless otherwise stated,
“substantially pure” intends a composition that contains no more than 35 % impurity, wherein
the impunty denotes a compound other than the compound compnising the majority of the
composition or a salt thereof. In some embodiments, a composition of substantially pure
compound or a salt thereof 1s provided wherem the composition contains no more than 25 %,
20%, 15%, 10%, or 3% impurity. In some embodiments, a composition of substantially pure
compound or a salt thereof is provided wherein the composition contains or no morg than 3 %,
2%, 1% or 0.5% mpunty.

{3123] Representative compounds arc histed in Table 1. It is understood that individual
enantiomers and diastercomers if not depicted are embraced herein and their corresponding

structures can be readily determined therefrom.

Table 1

Compound | Compound Compound | Compeund
No. No.

i1 1.2
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i4

1.6

1.8

1.0

112

1.14

1.3

¥

1.7

1.9

1.1t

1.13
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1.16

1.18

1.20

1.22

1.24

1.26

1.18

1.17

1.i9

1.23

1.25
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Cl

1.28

1.30

1.32

1.34

1.36

1.27

1.31

1.33

1.35
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1.38

1.40

1.42

1.44

1.46

1.48

1.37

1.39

1.41

.43

1.45

1.47
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1.50

1.52

1.54

1.58

1.60

1.49

1.55
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1.62

1.64

1.66

1.68

1.72

1.61

1.63

j.65

1.67

1.69
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iy
£~

.77

1.81

1.83
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1.86

1.88

1.50

1.92

1.94

1.96

1.85

1.87

1.89

1.9%

1.93

1.95
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1.98

1.160
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[0124] In some embodiments, provided herein are compounds described in Table 1, ora
tautomer or isomer thereof, or a pharmaceutically acceptable salt of anv of the foregoing, and

uses thereof

[(3125] The embodiments and vanations described herein are suitable for compounds of any

formulae detailed herein, where applicable.

[8126] Representative examples of compounds detailed herem, including intermediates and
final compounds according to the present disclosure are depicied herein. | is understood that in
one aspect, any of the compounds may be used in the methods detailed herein, including, where

applicable, intermediate compounds that may be 1solated and administered to an individual.

103127} The compounds depicted hercin may be present as salts even if salts are not depicted
and it is undersiood that the present disclosure crmbraces all salts and solvates of the compounds
depicted here, as well as the non-salt and non-solvate form of the compound, as 1s well
understood by the skilled artisan. In some embodiments, the salts of the compounds provided
herein are pharmaceutically acceptable salts. Where one or more tertiary amine moiety is present

m the compound, the N-oxides are also provided and described.

13128} Where tautomeric forms may be present for any of the compounds described herein,
cach and every tautomeric form is intended cven though onlv one or some of the tautomeric
forms may be explicitly depicted. The tautomeric forms specifically depicted may or may not

be the predominant forms in solution or when uvsed according to the methods described herein.
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[0129] ¢ present disclosure also includes any or all of the stereochemical forms, including
any enantiomeric or diastereomeric forms of the compounds described. The structure or name i3
mtended to embrace all possible isomers of a compound depicted.

{6130} Additionally, the structure or name is intended to embrace tautomeric forms of the
compoands described herein. For example, when R is hydrogen, the tautomer of Formula (1} is

Formula (ila):

RS R*
A R?
\\ \\
~ L
B N N OH (11a).

Similarly, when R’ is hydrogen, the tautomer of Formula (1) is Formula (Iffa):

R2 (Tiia).

{0131} All forms of the compounds are also embraced by the invention, such as crystalling
ot non-crystalline forms of the compounds. Compositions comprising a compound of the
mvention are also intended, such as a composition of substantially pure compound, including a
specific sterecchemical form thercof, or a composition comprising mixtures of compounds of
the mvention in any ratio, including two or more stereochemical forms, such as in a raceniic or

RON-Tacemic mixture.

{6132} The mveuntion also intends isctopically-labeled and/or isotopically-enriched forms of
corpounds described berein. The compounds herein may contain vonatural proportions of
atomic isotopes at one or more of the atoms that constitute such compounds. In some
embodiments, the compound is isotopically-labeled, such as an isotopically-labeled compound
of the formula (1) or vanations thereof described herein, where a fraction of one or more atoms
are replaced by an isotope of the same element. Exemplary isotopes that can be incorporated
mto compounds of the invention include sotopes of hvdrogen, carbon, nitrogen, oxygen,
phosphorus, sulfur, chlorine, such as HOH, Ye, Be, Mo PN, Po, Yo, e, s, PR AL

Certain isotope labeled compounds (¢.g. "H and "*C) are useful in compound or substrate tissue
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. . . i . . . . 3 - .
distribution study. Incorporation of heavier isotopes such as deuterium ("H) can afford certain
therapeutic advantages resulting from greater metabolic stability, for example, increased n vivo

half-life, or reduced dosage requirements and, hence mayv be preferred in some instances.

[3133] Isotopicaily-labeled compounds of the present invention can generally be prepared
by standard methods and techniques known to those skilled in the art or by procedures similar to
those described in the accompanying Exarples substituting appropriate isotopically-labeled

reagents m place of the corresponding non-labeled reagent.

{0134] The mvention also includes any or all metabolites of any of the compounds
described. The metabolites may mclude any chemical species generated by a biotransformation
of any of the compounds described, such as mtermediates and products of metabolism of the

compound, such as would be generated /n vivo following admimstration to a human.

[0135] Articles of manufacture comprising a compound described herein, or a salt or solvate
thereof, in a suitable container are provided. The contaner may be a vial, jar, ampoule,

preloaded syringe, 1.v. bag, and the hike.

[3136] Preferably, the compounds detailed herein are orally bicavailable. However, the

compounds may also be formulated for parenteral {e. g., ntravencus) administration,

{6137} One or several compounds described herein can be used in the preparation of a
medicament by combining the compound or compounds as an active ingredient with a
pharmacologically acceptable carrier, which are known in the art. Depending on the therapeutic
form of the medication, the carricr may be in various forms. fn one vanation, the manufacture
of a medicament s for use in any of the methods disclosed herein, e.g., for the treatment of

Cancer.

General synthetic methods

{0138} The compounds of the invention may be prepared by a number of processes as
generally described below and more specifically in the Examples hereinafter (such as the
schemes provided in the Examples below). In the following process descriptions, the symbols
when used in the formudae depicted are to be understood to represent those groups described

above in relation fo the formulae herein.

[8139] Where it 1s desired to obtain a particular enantiomer of a compound, this may be
accomplished from a corresponding mixture of enantiomers using any suitable conventicnal
procedure for separating or resolving enantiomers. Thus, for example, diastercomernc
dertvatives may be produced by reaction of a mixture of enantiomers, e.g., a racemate, and an
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appropriate chiral compound. The diastercomers may then be separated by any convenent
means, for example by crystallization and the desired enantiomer recovered. In another
resolution process, a racemate may be separated using chiral High Performance Liguid
Chromatography. Altematively, if desired a particular cnantiomer may be obtained by using an

appropriate chiral intermediate m one of the processes described.

[3140] Chromatography, recrystallization and other conventional separation procedures may
also be used with mtermediates or final products where it 1s desired to obtain a particular 1somer

of a compound or to othenwise purtfy a product of a reaction.

{0141} Solvates and/or polymorphs of a compound provided herein or a pharmaccutically
acceptable salt thereof are also contemplated. Solvates contain either stoichiometric or non-
stoichiometric amounts of a solvent, and are often formed during the process of crystallization.
Hydrates arc formed when the solvent is water, or alcoholates are formed when the solvent is
alcobol. Polvmorphs include the different crvstal packing arrangements of the same elemental
composition of a compound. Polymorphs usually have different X-ray diffraction patterns,
mfrared spectra, melting points, density, hardness, crystal shape, optical and electrical
propertics, stability, and/or solubility. Vanous factors such as the recrvstallization solvent, rate

of crystallization, and storage temperature may cause a single crystal form to dominate

13142} In some embodiments, compounds of the formula (1) may be syathesized according

to Scheme 1,2, 3,4, or 5.

SCHEME 1

© A . N 9
Q OMF-DMA O \E q oy NBS I N NP
Bfﬂ'\ e a-/lk,/}”\N/ 30 A g o E— a P e 8 E P
BT NT HH, - M AN B NE N,
NI
0,7
\i\j\/ﬂ\g/\
A A
B or -
BO™ COH ¢ 0 o
A SN Br
;\ X Bl EiONs SN
o~ (L~ »
BN E: e Pd complex B N NTTO B” "NT TNH,

wherein A and B are as defined for formula (1}, or any vaniation thereof detailed herein. It s
understood that modifications of Scheme 1 can be made, such as further substitution of the

structures depicted. Particular examples are provided in the Example section below.
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Scheme 2
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BN E} Pd cornplex B” N ﬁ/ B” N7 TNH,
wherein A and B are as defined for formula (I}, or any varation thereof detailed herein. ftis
understood that modifications of Scheme 2 can be made, such as further substitution of the
structures depicted. Particular examples are provided in the Example section below.
Scheme 3
@ g O v] o
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Step 9 [ NES
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wherein A B and R’ are as defined for formula (1), or any variation thereof detailed herein. It is
understood that modifications of Scheme 3 can be made, such as further substitution of the

structures depicted. Particular examples arc provided in the Example section below.
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Scheme 4
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wherein A, B, R’ and R’ arc as defined for formula (1), or anv variation thereof detailed herein.
It 1s understood that modifications of Scheme 4 can be made, such as further substitution of the

structures depicted. Particular examples are provided in the Example section below.

Scheme 5

i~ | f]\ = it
mfi% T Pd comgplex TR i ,}\h
Ci N NH, Step-1 Ci N NH, Step-2 Cl N NH.
\
~SniBy O
B-Sn{Bu); or é . o] j? o
B0 A ,/’ l R?‘J\/ ~o ™ A “ i
Pd complex /% ) ]i\/:[/ i
87 N7 TNH, N
Step-3 2 Step-4 B” UNT TNT R

wherein A, B and R” arc as defined for formula (), or any variation thercof detailed herein. His
understood that modifications of Scheme 4 can be made, such as further substitution of the

structures depicted. Particular examples are provided i the Example section below.

It 1s understood that General Synthetic Scheme 1, Scheme 2, Scheme 3, Scheme 4, Scheme 5

and present synthetic routes involving steps clearly familiar to those skilled in the art, wherein
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the substituents described in compounds of formula (f) herein can be varied with a choice of

appropriate starting materials and reagents utilized in the steps presented.

Pharmacentical Compositions and Formulations

3143} Pharmaceutical compositions of any of the compounds detailed hercin are embraced
by this disciosure. Thus, the present disclosure inchudes pharmaceutical compositions
comprising a compound as detailed herein or a pharmaceutically acceptable salt thercot and a
pharmaceutically acceptable carrier or excipient. In one aspect, the pharmaceutically acceptable
salt is an acid addition salt, such as a salt formed with an inorganic or organic acid.
Pharmaceutical compositions may take a form suitable for oral, buccal, parenteral, nasal, topical

or rectal administration or a form suitable for administration by inhalation.

3144} A compound as detailed herein may in one aspect be in a purified form and
compositions comprising a compound in purified forms are detailed herein. Compositions
comprising a compound as detailed herein or a salt thereof are provided, such as compositions of
substantially pure compounds. In some embodiments, a composition containing a compound as

detailed herein or a salt thereof is in substantially pure form.

[(3145] In one variation, the compounds herein are synthetic compounds prepared for
adounistration to an individual. In ancther vanation, compositions are provided containing a
compound mn substantially pure form. In another varnation, the present disclosure embraces
pharmaceutical compositions comprising a compound detailed herein and a pharmaceatically
acceptable camier. In another variation, methods of administering a compound are provided.
The purificd forms, pharmaceutical compositions and methods of administering the compounds

are suitable for any compound or form thereof detailed herein.

13146} A compound detailed herein or salt thereof may be formulated for any available
delivery route, including an oral, mucosal (e.g., nasal, sublingual, vaginal, buccal or rectal),
parenteral {(e.g., inframuscular, subcutaneous or intravenous), topical or transdermal delivery
form. A compound or salt thereof may be formulated with suitable carriers to provide delivery
formg that include, but are not limited to, tablets, caplets, capsules {such as hard gelatin capsules
or soft clastic gelatin capsules), cachets, troches, lozenges, gums, dispersions, suppositories,
cintments, cataplasms {poultices}, pastes, powders, dressings, creams, solutions, patches,
acrosols (e g., nasal spray or inhalers), gels, suspensions {e.g.. agqueous or non-aqueous higuid
suspensions, oil-in-water emulsions or water-in-oil liquid cmulsions), solutions and elixirs.
[8147] One or several compounds described herein or a salt thereof can be used in the

preparation of a formulation, such as a pharmaceutical formulation, by combining the compound
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or compounds, or a salt thereof, as an active mgredient with a pharmaceutically acceptabie
carrier, such as those mentioned above. Depending on the therapeutic form of the system (e.g.,
transdermal patch vs. oral tablet), the carrier may be in various forms. In addition,
pharmaceutical formulations may contain preservatives, solubtilizers, stabilizers, re-wetting
agents, emulgators, sweeteners, dyves, adjusters, and salts for the adjustment of osmotic pressure,
buffers, coating agents or antioxidants. Formudations comprising the compound may also
contain other substances which have valuable therapeutic properties. Pharmaceutical
formulations may be prepared by known pharmaceutical methods. Suitable formulations can be
found, e.g., in Remington’s Pharmaceutical Sciences, Mack Publishing Company, Philadelphia,

PA, 20" ed. (2000}, which is incorporated herein by reference.

[3148] Compounds as described herem may be administered to individuals in a form of
generally accepted oral compositions, such as tablets, coated tablets, and gel capsules in a hard
or in soft shell, emulsions or suspensions. Examples of camers, which may be used for the
preparation of such compositions, arc lactose, corn starch or its denvatives, talc, stearate or its
salts, etc. Acceptable carriers for gel capsules with soft shell are, for instance, plant oils, wax,
fats, semisohd and liguid poly-ols, and so on. In addition, pharmaceutical formulations may
contain preservatives, solubilizers, stabilizers, re-wetting agents, emulgators, sweeteners, dves,
adjusters, and salts for the adjustment of osmotic pressure, bufters, coating agents or

antioxidants.

{3149} Any of the compounds described herein can be formulated in a tablet in any dosage
form described, tor example, a compound as described herem or a pharmaceutically acceptable

salt thereof can be formulated as a 10 mg tablet.

{3150} Composifions comprising a compound provided heremn are also described. In one
variation, the composition comprises a compound or salt thereof and a pharmaceutically
acceptable carrier or excipient. In another variation, a composition of substantially pure

compound is provided.

Methods of Use

151} Compounds and compositions detailed hergin, such as a pharmaceutical composition
containing a compound of any formula provided herein or a salt thereof and a pharmaceutically
acceptable carrier or excipient, may be used in methods of adnunistration and treatment as
provided herein. The compounds and compositions may also be used 1n in vitro methods, such
as in vitro methods of administering a compound or composition to cells for scregning purposes
and/or for conducting quality control assavs.
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[0152] Provided heremn is a method of treating a discase in an mdividual comprising
administering an effective amount of a compound of formula (I} or any embodiment, varation
or aspect thereof {collectively, a compound of formula (1) or the present compounds or the
compounds detailed or described herein) or a pharmaceutically acceptable salt thereof, to the
mdividual. In some embodiments, provided herein is a method of freating a disease mediated by
a (3 protein coupled receptor signaling pathway 1n an individual comprising administering an
effective amount of a compound of formulda {1}, or a pharmaceutically acceptable salf thereof, to
the mdividual. In some embodiments, the disease 1s mediated by a class A G protein coupied
receptor. In some embodiments, the disease is mediated by a class B G protemn coupled
receptor. In some embodiments, the disease is mediated by a ¢lass € G protein coupled
receptor. In some embodiments, the G protein coupled receptor 15 a purinergic GG protein
receptor. In some embodiments, the G protein coupled receptor is an adenosing receptor, such

as any of the A;, Ay, Agp, and As receptors.

[3153] The present compounds or salts thereof are believed to be effective for treating a
varicty of diseases and disorders. For example, in some embodiments, the present compositions
may be used to treat a proliferative discase, such as cancer. In some embodiments the cancer is
a sohid tumor. fn some embodiments the cancer 15 any of adult and pediatric oncology, myxod
and round cell carcinoma, locally advanced tumors, metastatic cancer, human soft tissue
sarcomas, incladimg Ewing's sarcoma, cancer metastases, including lymphatic metastases,
squamous cell carcinoma, particulaity of the head and neck, esophageal squamous cell
carcinoma, oral carcinoma, blood cell malignancies, including multiple mycloma, leukemias,
mehuding acute lvmphocyvtic leukemia, acute nonlymphocytic leukemia, chronic lvmphocytic
leukemia, chronic myelocvtic leukemia, and hairy cell leukemia, effusion lvmphomas (body
cavity based lvmphomas), thymic lymphoma lung cancer, including small cell carcinoma,
cutancous T cell lvmphoma, Hodgkin's tymphoma, non-Hodgkin's lvmphoma, cancer of the
adrenal cortex, ACTH-producing tumors, nonsmall cell cancers, breast cancer, including small
cell carcinoma and ductal carcinoma, gastrointestinal cancers, including stomach cancer, colon
cancer, colorectal cancer, polyps associated with colorectal neoplasia, pancreatic cancer, liver
cancer, urological cancers, including bladder cancer, mcluding primary superficial bladder
tumors, invasive transitional cell carcinoma of the bladder, and muscle-invasive bladder cancer,
prostate cancer, malignancies of the female genital tract. ncluding ovarian carcinoma, primary
peritoncal epithelial ncoplasms, cervical carcinoma, uterine endometrial cancers, vagmal cancer,
cancer of the vulva, sterine cancer and solid tumors in the ovarian follicle, malignancies of the

male genital tract, meluding testicular cancer and penile cancer, kidoey cancer, incloding renal
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cell carcinoma, brain cancer, including intrinsic brain tumors, neuroblastoma, astrocytic brain
tumors, ghiomas, metastatic tumor cell mvasion in the central nervous system, bone cancers,
mehuding osteomas and osteosarcomas, skin cancers, including melanoma, tumor progression of
buman skin keratinocytes, squanous cell cancer, thyroid cancer, retinoblastoma, neuroblastoma,
peritoneal ettusion, malignant pleural effusion, mesothelioma, Wilms's tumors, gall bladder

cancer, trophoblastic neoplasms, hemangiopericytoma, and Kapost's sarcoma.

{0154} In some embodiments, the present compounds or salts thereot are used in freatment
of tumors which produce high levels of ATP and/or adenosine. For example, in some
embodiments the extracellular concentration of adenosine is 10-20 times higher 1o the tumor
corpared to adjacent tissue. In some embodiments, the present compounds or salis thercof are
used in treatment of tumors that express high fevels of an ectonucleotidase. In some
embodiments, the ectonucleotidase is CD39. In some embodiments, the ectonucleotidase 1s
CB73.

[8155] Also provided herein is a method of enhancing an immune response 1n an mdividual
in need thereof comprising administering an effective amount of a compound of formula (), ora
pharmaceutically acceptable salt thereof, to the individual. Adenosine receptors are known to
play an immunosuppressive role in cancer biology. High levels of adenosine present in the
tomor microenvironment bind to adenosine receptors on mmmune cells to provide an
Hmunosuppressive microenvironment. Specifically, binding of adenosine to the A, receptor
provides an immunosuppressive signal that inhibits T cell proliferation, cvtokine production and
cvtotoxicity. The Asx receptor signaling has been implicated in adenosine-mediated mhibition
of NK cell cytotoxicity, NKT cell cyvtokine production and CD4OL apregulation. Therefore, use
of an A, receptor antagonist, such as those provided herein, may reverse the
mmunosuppressive effect of adenosine on 1mmune cells. In some embodiments, the immune
response is enhanced by a compound of formala (1) or a salt thereof enhancing activity of
natural killer (NK} cells. In some embodiments, the present compounds or salts thereof increase
NK cell-meditated cytotoxicity. fn some embodiments, the immunc response is enhanced by
enhancing the activity of CD8'T cells. In some embodiments, the present compounds or salts
thereof cause an inflammatory response in the tumor microenvironment.

[3156] The present disclosure further provides a method of mcrcasing the activity of a
natural killer cell in an individual comprising administering an effective amount of a compound
of formula {1}, or a pharmaceutically acceptable salt thereof, to the individual. In some of these

embodiments, the present compounds or salts thereof increase NK cell-meditated cytotoxicity.
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In some embodiments, a compound of formula (I) or a salt thereof increases the number of NK

cells.

[6157] A compound of formula (I} or a salt thereof may be useful for modulating the activity
of G protem receptor coupled signaling pathway proteins. In some embodiments, a compound
of formula (I} or a salt thereof activates a G protein receptor coupled signaling pathway protein
(i.c. 1s an agonist of a {5 protein receptor). In some embodiments, a compound of foromula (1} or
a salt thereof inhibits a G protein receptor coupled signaling pathway protein {i.¢., is a G protein
receptor antagonisty. In some embodiments, a compound of formula (1) or a salt thereof is an
adenosine receptor antagonist. in some embodiments, a compound of formula (I) ora salt

thercof 1s an antagonist of any of the A, Asa. Agp, and A receptors.

[3158] Accordingly, also provided herein 18 a method of modulating the activity of an Aja
receptor in an individual compnsing administering an effective amount of a compound of
formula (I}, or a pharmaccutically acceptable salt thercof to an individual. fn some
embodiments a compound of formula (1) or a salt thercof 1s an Az receptor antagonist. In some
embodiments, a compound of formula (1) or a salt thereof reduces A4 receptor signaling by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 93%, 96%,
97%, 98%, or 99%. In some embodiments, a compound of formula (I) or a salt thereof reduces
Aga receptor signaling by 40-99%, 50-99%, 60-99%, 70-99%, 80-99%, 90-99%, or 95-99%. In
some of these embodiments, a compound of formula (1) or a salt thereof binds to the Ajs
receptor with an {Cso of less than 1 uM, less than 900 nM, less than 800 nM, less than 700 nM,
fess than 600 nM, less than 500 nM, less than 400 oM, less than 300 oM, less than 200 oM, less
than 100 nM, less than 10 nM, less than 1 oM or less than 100 pM. In some embodiments,
[compound xj binds to the Ay, receptor with an 1Cs of 500 nM to 100 pM, 400 oM to 100 pM,
300 oM to 100 pM, 200 oM to 100 pM, or 100 nM 1o 100 pM.

13159} Also provided herein is a method of modulating the activity of an Agp receptorinan
mdividual comprising admimistering an cffective amount of a compound of formula (§), ora
phammaceutically acceptable salt thereof to an individual. Tn some embodiments a compound of
formala (1) or a salt thereof s an Asg receptor antagonist. In some embodiments, a compound of
formula (1) or a salt thereof reduces Aup receptor signaling by at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, or 99%. In some
embodiments, a compound of formula (B) or a salt thereof reduces Ajp receptor signaling by 40-
99%, 50-99%, 60-99%, 70-99%, 80-99%, 90-99%, or 95-99%. In some of these embodiments, a
compound of formula (I} or a salt thereof binds to the Ayy receptor with an 1Csp of less than 1

u, less than 900 oM, less than 300 nM, less than 700 nM, less than 600 nM, less than 500 nM,
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fess than 400 nM, less than 300 nM, less than 200 oM, less than 100 oM, less than 10 nM, less
than 1 nM or less than 100 pM. In some embodiments, a compound of formula (I} or a salt
thercof binds to the Ayp receptor with an 1Csp of 500 nM to 100 pM, 400 nM to 100 pM. 300 nM
to 100 pM. 200 nM to 100 pM. or 100 oM to 100 pM.

{3160} Also provided herein 18 a method of modulating the activity of an Az receptor in an
mdividual comprising admimistering an cffective amount of a compound of formula (§), ora
phammaceutically acceptable salt thereof to an individual. Tn some embodiments a compound of
formuala (I} or a salt thereof s an A receptor antagonist. In some embodiments, a compound of
formula (1) or a salt thereof reduces A; receptor signaling by at least 10%, 20%, 30%, 40%,
30%, 60%, 70%, 80%, 90%, 91%, 92, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. In some
embodiments, a compound of formula (1) or a salt thercof reduces As receptor signaling by 40-
99%, 50-99%, 60-99%, 70-99%, 8(-99%, 90-99%, or 95-99%. In some of these embodiments, a
compound of formula (I} or a salt thereof binds to the Az receptor with an 15, of less than 1
uM, less than 900 oM, less than 800 nM, less than 700 nM, less than 600 nM, less than 500 nM,
fess than 400 nM, less than 300 nM, less than 200 oM, less than 100 oM, less than 10 nM, less
than 1 nM or less than 100 pM. In some embodiments, a compound of formula (I} or a salt
thereof binds to the A receptor with an ICsp of 500 aM to 100 pM, 400 oM to 100 pM, 300 oM
to 100 pM, 200 nM to 100 pM, or 100 oM to 100 pM.

G161} In some embodiments, the present invention comprises a method of mhibiting tumor
metastasis in an individual in need thereof comprising administering a compound of formula (1),
or a pharmaceutically acceptable salt thereof, o the individual. In some embodiments, the
metastasis 13 to the lung, liver, lvmph node, bone, adrenal gland, brain, peritoneum, muscle, or
vagina. In some cmbodiments, a compound of formula (1) or a salt thereof inhibits metastasis of
melanoma cells. Tn some embodiments, the present disclosure includes a method of delaying
tomor metastasis comprising administering a compound of formula (I3, or a pharmaceutically
acceptable salt thereof, to the individual. In some of these embodiments, the time to metastatic is
delayed by 1 month, 2 months 3 months, 4 months, 5 months, 6 months, 12 months, or more,

upon treatment with the compounds of the present invention.

[6162] In some embodiments, a compound of formala (1) or a salt thereof 1s used to treat an
mdividual having a proliferative disease, such as cancer as described herein. In some
embodiments, the individual is at risk of developing a proliferative disease, such as cancer. In
some of these embodiments, the individual is determined to be at risk of developing cancer
based upon one or more risk factors. In some of these embodiments, the risk factor is a family

history and/or gene associated with cancer. In some embodiments, the individual has a cancer
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that expresses a high level of a nucleotide metabolizing enzyvme. In some embodiments, the
nucleotide metabolizing enzyme 18 a nucleotidase, such as CD73 (ecto-5'-nucleotidase,
Ecto5'NTase). In some of these embodiments, the individual has a cancer that expresses a high
level of a micleotidase, such as CI373. fn any of these embodiments, the nucleotide
metabolizing enzyme is an ecto-nucleotidase. In some embodiments, the ecto-nucleotidase
degrades adenosine monophosphate.  In some embodiments, the nucleotide metabolizing
enzyvme 1s CD39 {ccto-nucleoside triphosphate diphosphohvdrolase 1, E-NTPDasel). In some
of these embodiments, the individual has a cancer that expresses a high fevel of CD39. In some
embodiments, the mdividual has a cancer that expresses a high level of an adenosine receptor,

such as the Aja receptor.

Combination Therapy

{3163} As provided herein, the presently disclosed compounds or a salt thercof may activate
the immune system by modulating the activity of a G protein coupled receptor signaling
pathway, for example acting as an Aga receptor antagonist, which results in sigmificant anti-
tumor ctfects. Accordingly, the present compounds or a salt thereof may be used in combination
with other anti-cancer agents to enhance tumor tomunotherapy. In some embodiments, provided
herein 1s a method of treating a discase mediated by a G protem coupled receptor signaling
pathway in an individual comprising administering an effective amount of a compound of
formula (I}, or a pharmaceutically acceptable salt thereof, and an additional therapeutic agent to
the mdividual. In some embodiments, the disease mediated by a {5 protein coupled receptor

signaling pathway is a proliferative disease such as cancer.

[3164] In some embodiments, the additional therapeutic agent 1s a cancer immunotherapy .
In some embodiments, the additional therapeutic agent is an immunostimulatory agent. In some
embodiments, the additional therapeutic agent targets a checkpoint protein. In some
embodiments, the additional therapeutic agent is effective to stimulate, enhance or improve an

HNMUBE 1e3ponse against a fumaor,

{0165] In another aspect, provided herein is a combination therapy in which a compound of
formula (I} is coadnunistered (which mayv be separately or simultancously) with one or more
additional agents that are effective in stimulating immune responses to thereby further enhance,
stimulate or upregulate immune responses in a subject. For example, provided is a method for
stimulating an mmune response in a subject comprising administering to the subject a

compound of formula (I} or a salt thereof and one or more mmunostimulatory antibodies, such
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as an anti-PD-1 antibody, an anti-PD-L1 antibody and/or an anti~-CTLA-4 antibody, such that an
pnmune response ts stinntated in the subjoct, for example to inhibit tumor growth. As ancther
example, provided is a method for stimulating an immune response in a subject comprising
administering to the subject a compound of formula (1) or a salt thereof and one or more
mmunostimulatory antibodies or immunotherapy like Chimeric antigen receptor (CAR) T-cell
therapy; immunostinulatory antibodies, such as an anti-PD-1 antibody, an anti-PD-L1 antibody
and/or an anti-CTLA-4 antibody, such that an immune response is stimulated in the subject, for
example to mhibit tumor growth. In one embodiment, the subject 1s administered a compound of
formala (I} or a salt thereof and an anti-PD-1 antibody. In ancther embodiment, the subject is
administered a compound of formula (I} or a salt thereof and an anti-PD-L1 antibody . In yet
another embodiment, the subject is admunisiered a compound of formula (1) or a salt thercof and
an anti-CTLA-4 antibody. In another embodiment, the immunostimulatory antibody {(e.g., anti-
PD-1, anti-PD-L1 and/or anti-CTLA-4 antibody) is 2 human antibody. Altematively, the
immunostimulatory antibody can be, for example, a chimeric or humanized antibody {¢.g,
prepared from a mousc anti-PD-1, anti-PD-L.1 and/or anti-CTLA-4 antibodv). fn another
embodiment, the subject 1s administered a compound of formula (I) or a salt thereof and CAR T-

cells {genctically modified T cells).

[3166] In one embodiment, the present disclosure provides a method for treating a
proliferative discase (¢.g., cancer), comprising administering a compound of formula (I3 or a salt
thereof and an anti-PD-1 antibody to a subject. In further embodiments, a compound of formula
(1) or a salt thereof 1s administered at a subtherapeutic dose, the anti-PD-1 antibody is
administered at a subtherapeutic dose, or both are admunistered at a subtherapeutic dose. In
another embodiment, the present disclosure provides a method for altering an adverse event
associated with treatment of a hyperproliferative discase with an immunostimulatory agent,
coroprising administering a compound of formula (1) or a salt thereof and a subtherapeutic dose
of anti-PD-1 antibody to a subject. In certain embodiments, the subiect 18 human. In certain

embodiments, the anti-PD-1 antibody is 3 human sequence monocional antibody

{8167} In one embodiment, the present invention provides a method for treating a
hyperproliferative disease (¢.g., cancer), comprising administering a compound of formula (1) or
a salt thereof and an aoti-PB-L1 antibody to a subject. In further embodiments, a compound of
formula (I} or a salt thereof is administered at a subtherapeutic dose, the anti-PD-L1 antibody 1s
administered at a subtherapeutic dose, or both are administered at a subtherapeutic dose. In
ancther embodiment, the present invention provides a method for altering an adverse event
associated with treatment of a hyperproliferative discase with an immunostimulatory agent,
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comprising administering a compound of formula (I} or a salt thereof and a subtherapeutic dose
of anti-PD-L1 antibody to a subject. In certain embodiments, the subject 18 haman. In certam

embodiments, the anti-PD-L1 antibody is a human sequence monoclonal antibody.

[3168] In certamn embodiments, the combination of therapeutic agents discussed heremn can
be administered concurrently as a single composition in a pharmaceutically acceptable carrier, or
concurrently as separate compositions cach in a pharmaceutically acceptable carrier. In another
embodiment, the combination of therapeutic agents can be admimstered sequentially. For
example, an anti-CTLA-4 antibody and a compound of formuuda (I} or a salt thereof can be
administered sequentially, such as anti-CTLA-4 antibody being administered firstand a
compound of formula (I} or a salt thereof second, or a compound of formula (1) or a salt thereof
being administered first and anti-CTLA-4 antibody second. Additionally or alternatively, an
anti-PD-1 antibody and a compound of formnida (I} or a salt thereof can be administered
sequentially, such as anti-PD-1 antibody being administered first and a compound of formula ()
or a salt thereof second, or a compound of formula (1) or a salt thereof being administered first
and anti-PD-1 antibody second. Additionally or alternatively, an anti-PD-L1 antibody and a
compound of formula (1) or a salt thereof can be administered sequentially, such as anti-PD-L1
antibody being administered first and a compound of formula (I} or a salt thereof second, ora
compound of formula (I) or a salt thereof being administered first and anti-PD-L 1 antibody

second.

{3169} Furthermore, 1f more than one dose of the combination therapy is administered
sequentially, the order of the sequential adminisiration can be reversed or kept n the same order
at each time point of administration, sequential administrations can be combined with concurrent

administrations, or any combination thereof.

3170} Optionally, the combination of a compound of formula (B) or a salt thercof can be
further combined with an immunogenic agent, such as cancerous cells, purified tumor antigens
(including recombinant proteins, peptides, and carbohvdrate molecules), cells, and celis

transfected with genes encoding immune stimulating cytokines.

{8171} A compound of formula (1} or a salt thereof can also be further combined with
standard cancer treatments. For example, a compound of formula (I} or a sait thereof can be
effectively combined with chemotherapeutic regimes. In these instances, it 18 possible to reduce
the dose of other chemaotherapeutic reagent administered with the combination of the instant
disclosure {(Mokyr et al. (1998} Cancer Research 58: 5301-5304). Other combmation therapics

with a compound of formula (I) or a salt thereof include radiation, surgery, or hormone
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deprivation. Angiogenesis inhibitors can also be combined with a compound of formula (T ora
salt thereof. Inhibition of angiogencsis leads to tumor cell death, which can be a source of tumor

antigen fed mto host antigen presentation pathways.

[3172] In another example, a compound of formula (1) or a salt thereof can be used
conjunction with anti-neoplastic antibodies. By way of example and not wishing to be bound by
theory, treatment with an anti-cancer antibody or an anti-cancer antibody conjugated to a toxin
can lead to cancer cell death (¢.g., tumor celis) which would potentiate an immune response
mediated by CTLA-4, PD-1, PD-L1 or a compound of formula (I) or a salt thereof. In an
exemplary embodiment, a treatment of a hyperproliferative disease {¢.g., a cancer tumor} can
mclude an anti~cancer antibody in combination with a compound of formula (I} or a salt thereof
and anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-L1 antibodies, concurrently or sequentially or
any combination thereof, which can potentiate anti-tumor inmnune responses by the host. Other
antibodies that can be used to activate host immuone respongiveness can be further used in

combination with a compound of formula (I) or a salt thercof,

[8173] In some embodiments, a compound of formula (I} or a salt thereof can be combined

with an anti-CD73 therapy, such as an anti-CD73 antibody.

3174} In some embodiments, a compound of formula (I) or a salt thereof can be combmed

with an anti-CD39 therapy, such ag an anti-CD39 antibody.

[8175] In yet further embodiments, a compound of formula (I} or a salt thereof'is
administered in combination another G protein receptor antagonist, such as an adenosine Ay

and/or A; antagonist.
Dosing and Method of Administration

{6176} The dose of a compound administered to an individual {(such as a human) may varv
with the particular compound or salt thereof, the method of adounisiration, and the particular
disease, such as type and stage of cancer, being treated. In some embodiments, the amount of the

compound or salt thereot is a therapeutically effective amount.

{177} The effective amount of the compound may i one aspect be a dose of between about
(.01 and about 100 mg/kg. Effective amounts or doses of the compounds of the invention may
be ascertained by routine methods, such as modeling, dose cscalation, or clinical trials, taking
mto account routing factors, ¢.g., the mode or route of adnunistration or drug delivery, the
pharmacokinetics of the agent, the severity and course of the discase to be treated, the subject’s

health status, condition, and weight. An exemplary dose is in the range of about from about 0.7
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mg to 7 g datly, or about 7 mg to 350 mg daily, or about 350 mg to 1.75 g daily, orabout 1.75 to

7 g daily.

[3178] Any of the methods provided herein may in one aspect comprise administering to an
mdividual a pharmaceutical composition that contains an effective amount of a compound

provided herein or a salt thereof and a pharmaceutically acceptable excipient.

18179} A compound or composition of the invention may be administered to an individual
accordance with an effective dosing regimen for a desired period of tme or duration, such as at
least about one month, at least about 2 months, at least about 3 months, at least about 6 months,
or at least about 12 months or longer, which in some variations may be for the duration of the
mdividual’s life. In one vanation, the compound is administered on a daily or intermittent
schedule. The compound can be administered to an individual continuously (for example, at
least once daily) over a period of time. The dosing frequency can also be less than once daily,
e.g., about a once weekly dosing. The dosing frequency can be more than once daily, e.g., twice
or three times dailv. The dosing frequency can also be infermittent, including a “drug holiday”
e.2., once daily dosing for 7 days followed by no doses for 7 days, repeated for any 14 day time
period, such as about 2 months, about 4 months, about 6 months or more). Any of the dosing
frequencies can employ any of the compounds described heremn together with any of the dosages

described herein.

[0180] The compounds provided herein or a salt thereof may be administered to an
mdividual via vanous routes, including, ¢.g., mtravenous, intramuscular, subcutaneous, oral and
transdermal. A compound provided herein can be administered frequently at low doses, known
as 'metronomic therapy,' or as part of a maintenance therapy using compound alone or in
cornbination with one or more additional drugs. Metronomic therapy or maintenance therapy
can comprise administration of a compound provided heremn m cycles. Metronomic therapy or

maintenance therapy can coraprise intra-tumoral administration of a compound provided hercin.

{0181} In one aspect, the invention provides a method of treating cancer in an ndividual by

parenterally administering to the mdivideal (e.g.

=

a human) an effective amount of a compound
or salt thereof. In some embodiments, the route of administration 1s intravenous, intra-arterial,
miramuscular, or suboutaneous. In some embodiments, the route of admunistration 15 oral. In

still other embodiments, the route of admimistration 1s transdermal.

[0182] The invention also provides compositions {mcluding pharmaccutical compositions)

as described herein for the use m treating, preventing, and/or delaying the onset and/or

169



WO 2019/018583 PCT/US2018/042776

development of cancer and other methods described herein. In certain embodiments, the

composition comprises a pharmaceutical formulation which 1s present e a unit dosage form.

[B183] Also provided are articles of manufacture comprising a compound of the disclosure
or a salt thercot, composition, and unit dosages described herein 10 suitable packaging for use in
the methods described herem. Switable packaging is known in the art and includes, for example,
vials, vessels, ampules, bottles, jars, flexible packaging and the like. An article of manufacture

may further be sterilized and/or sealed.

Kits

(3184} The present disclosure further provides kits for carrying out the methods of the
mvention, which comprises one or more compounds described herein or a composition
comprising a compound described herein. The kits may employ any of the compounds disclosed
heremn. In one vanation, the kit employs a compound described herein or a pharmaceutically
acceptable salt thereof. The kits may be used for any one or more of the uses described herein,

and, accordingly, may contain instructions for the treatment of cancer.

3185} Kits generally comprise suitable packaging. The kits may comprise one or more
containers compiising any compound described herein. Each component (if there is more than
one component} can be packaged in separate containers or some components can be combined

m one container where cross-reactivity and shelt life permat.

[3186] The kits may be i unit dosage forms, bulk packages {¢.g., multi-dose packages) or
sub-unit doses. For example, kits may be provided that contain sufficient dosages of a
compound as disclosed herein and/or a second pharmaceutically active compound useful fora
disease detatled herein {e.g.. hypertension) to provide effective treatment of an individual for an
extended period, such as anv of a week, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 3
months, 4 months, 5 months, 7 months, 8 months, 9 months, or more. Kits may also mnclude
multiple unit doses of the compounds and mstructions for use and be packaged in quantities
sufficient for storage and use in pharmacies {e.g., hospital pharmacies and compounding

pharmacies).

{3187} The kits may optionally include a set of mstructions, generally written instructions,
although clectronic storage media {(e.g ., maguetic disketic or optical disk) containing mstractions
are also acceptable, relating 1o the use of componeni(s) of the methods of the present invention,
The instructions included with the kit generally include mformation as to the components and

their administration to an mdividual.
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[0188] The mvention can be further understood by reference to the following examples,

which are provided by way of dlustration and are not meant to be limiting.

EXAMPLES

Svnthetic Fxamples

Fixample 81, Svnthesis of 6-(3-chloro-4-hydroxy-phenyl)-7-phenvi-1H-1 S-naphthyridin-2-one

{Compound No. 1.1}
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16183} Step 1: Synthesis of (E)-3-{dimethylamino)-1-phenyiprop-2-en-1-one: A mixture

=|\ NTURTTO NayGoy, 106°C
L o ' Step

of BMFDMA (21.9 g, 300 mmol, 3.6 equiv} and acctophenone (10.0 g, 1.0 equiv, 83 mumol)
was heated at 100 °C for 16h The reaction mixture was then cooled to RT and diluted with cold
water. The vellow precipitates were filtered under vacuum and washed with excess water
followed by hexane. The yvellow solid (6 g) was used as such for next step without further

purification. LCMS: 176 [M+1]"

{0199] Step 2: Synthesis of ethyl 2-cyanoacetimidate: To a solution of malononitrile (10
g, 151.52 mmol) in diethyl ether (60 mL) was cooled to 0 °C. To this reaction mixture was
cthanol (7.0 g, 151.52 mmol, | equuv) added 2M HCI in diethyl ether (40 mL) and the reaction
mixture was allowed to stir at 10 °C for 16h. The precipitates formed were filtered and the solid

was washed with ether and dried to give the desired product (6 g, 36%).

[G191] Step 3: Synthesis of 2-amino-6-phenyinicotinenitrile: To a solution of (H)-3-
{dimethylamino)- I-pheoyi-prop-Z-cn-1-onc {3.0 g, 18.18 mmol} in cthano! (100 mL) was added

cthvl 2-cvanoethamnudate hvdrochloride (3.2 g, 1.2 equiv, 21.82 mmol) and ammonium acetate
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{14 g, 181.8 mmol, 10 equiv) and the reaction muixture was allowed to stirat 85 °C for 16 h.
Progress of the reaction was monitored by "1 NMR. Reaction mixture was cooled to RT. diluted
with cold water (250 mL) and the solid was filtered. The solid was washed with hexane and

dried under vacuum to afford 2.9 g (78%;) of desired product.
LOCMS: 196 [M-+11"

{0192} Ntep 4: Synthesis of 2-aminoe-3-brome-6-phenyinicotinonitrile: To a stirred
sohution of 2-amino-6-phenyl-pyridine-3-carbonitnle (2.80 g, 14.36 munol, 1.0 cquiv) in DMF
{40 mL) was added NBS portion wise {2.56 g, 14.36 mmol, 1.0 equiv}. The resolting sohution
was poured over ice to get the precipitates which were filtered under vacuum, washed with
excess water and vacuum dried to get the desired product (3 g) which was used as such for next

step without further punification.
LOMS: 274 [M+117

{0193} Step 5: Synthesis of 2-amino-5-bromo-6-phenyinicotinaldehyde: To a sturred
solution of Z-amino-5-bromo-6-phenyi-pyridine-3-carbonitrile { 1.0 g, 3.64 mamol, 1.0 equiv) n
THF (30 mL) was added 1M solution of DIBAL-H in toluene (12.7 mL, 12.7 mmol, 3.5 eq) and
the reaction mixture was allowed to stir at 0 °C for 45 mun, Progress of the reaction was
monitored by TLC and 'H NMR. To the reaction mixture was added 2M HCI in water (16 mL)
dropwise at 0 °C and the reaction mixture was allowed to stir at the same temperature for 10
min. The reaction mixiure was bastfied with saturated sodium carbonate solution (20 mkL) and
extracted with ethyl acetate {3 = 75 mL). Combined organic layers were washed (brineg), dried
{anhydrous Na,50,) and concentrated under vacuum to get the yvellow solid {(0.98 g) which was

used as such for next step without further punfication.
LOCMS: 277 [M+1]°

16194} Ntep 6: Synthesis of ethyl (E3-3-(2-amino-5-bromo-6-phenyipyridin-3-
yhacrylate: To a sclution of ethyl 2-diethoxyphosphorylacetate (0.98 g, 4.38 mmol, 1.0 equiv)
i THF was added NaH (0.174 g, 4 38 mmol, 1.1 equiv} at 0 °C. To this mixture was added 2-
amino-S-bromo-6-phenvl-pyrdine-3-carbaldehyde (1.10 g, 3.97 mamol, 1.0 equiv). Progress of
the reaction was monitored by TLC, The reaction mixture was quenched by adding cold water
and extracted by using ethyl acetate. The combined organic layers were washed (brine}, dried {
anhydrous Na; SO, and concentrated under vacuum to get the desired product as vellow solid

{0.210 g} which was used as such for next step without further punfication.

LOMS: 347 [M+117
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[0195] Ntep 7 Synthesis of 6-bromo-7-phenyi-1,8-naphthyridin-2{1H}-one: Sodium
metal (0.106 g, 4.0 equiv, 4.6 mmol) was added to ethanol (2 mL) at 0 °C. The resulting nuixture
was stirred at this temperature for 15 min. Solution of (E}-3-(2-amino-3-bromo-6-phenyi-3-
pyrdylprop-2-enoate (0.400 g, 1.15 mnol, 1.0 cquiv} in cthanol (3 mL.) was added to the above
reaction muxture at 0 °C and the resulting reaction nuxture was heated at 80 °C for 16h. The
reaction mixture was cooled to RT and neutralized by adding dilute HCL The resulting
precipitates were filtered, washed with excess water followed by washing with hexane and
vacuum dried to get the desired product which was purified by normal phase silica gel flash

chromatography to get the desired produoct {(0.300 g).
LOMS: 301 [M+117

{3196} Step 8: Synthesis of 6-(3-chloro-d-hydroxyphenyl}-7-phenyl-1,8-naphthyridin-
2{1H}-one: To a stirred solution of 6-bromo-7-phenyl-1H-1,3-naphthyridin-2-one {0.140g, 0.46
mmaol, 1.0 eq) and (4-chloro-3-hvdroxy-phenviboronic acid (0.104 g, 0.60 mmol, 1.3 eq) in
dioxane (3 mL) was added 2M aq. NapCO: (0.107 g, 1.0 mmol, 2.2 eq, 0.5 mL). The reaction
was purged with No for 5 min. Following this Pd(dppfiCL-DCM (0.018 g, 5 mol%;} was added
and N, was purged again for 5 minute. The reaction was then heated at 100 °C for 2h. The
reaction was allowed to cool to RT and extracted using ethyl acetate (2 x 30 mL). The combined
organic layers were washed (brine), dried (anhvdrous Na,804) and concentrated under vacoum
to get the solid which was purified by supercritical fluid chromatography to get the degsired

product (0.020 g, 16 %).
LOCMS: 349 [M+1T

'H NMR (400 MHz, DMSO-ds) 5 12.21 (br. 5., 1H), 10.26 (s, 1H), .16 (s, 1H), 7.98 (4, J =
9.78 Hz, 1H), 7.33 (s. 5H), 7.19 (s. 1H), 6.86 (q, J= 8.64 Hz, 2H), 6.60 (d, J = 10.27 Hz, 1H).

Fxample 52. Svnthesis of 6-(5-chloro-4-hydroxy-phenyl)-7-phenvi-IH- 1, S-naphthyridin-4-one
{Compound No. 1.2}

Ci

HO

=N

O (E\):-
Pa(dpphCl,.dom
Na oCCr g, 100 °C

Step 3

MeMgRr

Stap 1
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{6197} Ntep 1: Synthesis of 1-(2-amino-5-bromo-6-phenyl-3-pyridvijethanone: Toa
stirred solution of 2-amino-3-bromo-6-phenyl-pyndine-3-carbonitrile (2.0 g, 7.30 mmol, 1.0 eg)
in THF {60 mL) was added 3M MeMgBr in dicthyl ether (11.0 g, 146.9 mmol. 20.0 equivy at
°C. The resulting reaction mixture was stirred at 50 °C for 16h. Reaction mixture was then
cooled to 0 °C and quenched by adding ditute HCL The acidic reaction mixture was neutralized
by using aq. sodium bicarbonate solution and extracted by using ethyl acetate (2 »x 75 mL}. The
combined organic layers were washed (brine}, dried {anhydrous Nap504} and concentrated
under vacuum to get the light green sohid (2.0 g, 94%6) which was used as such for next step

without further punfication
LCMS: 291 [M+1]7

{3198} Step 2: Synthesis of 6-bromo-7-phenyl-1H-1 8-naphthyridin-4-one: To a sclution
of 1-(Z2-amino-5-bromo-6-phenyi-3-pyridylcthanone (2.0 g, 6.89 mmol, 1.0 eq) in DMF (10
mk} was added DMF DMA (1.5 g, 20.68 mumol, 3.0 equiv). The reaction mixture was warmed to
100 °C. After stirning for 3h, Cs:C05 (4.5 g, 13.78 mmol, 2.0 equiv) was added and the reaction
was stirred for 16 h at 100 °C. The reaction mixtare was cooled to 0 °C and diluted with cold
water. The resulting precipitates were filtered, washed with excess water and vacuum dred. The
solid obtained was purified by normal phase silica gel flash chromatography to get the vellow

solid {0.250 g, 12%)
LOMS: 301 {M+1]7

{61399} Step 3: Synthesis of 6-(3-chloro-4-hydrosy-phenyl}-7-phenyl-1H-1,8-
naphthyridin-4-one: To a stirred solution of 6-bromo-7-phenyi-1H-1,8-naphthyridin-4-one
{0.120g, 0.40 mmol, 1.0 eg) and 2-chloro-5-(4,4,5,5-tetramethyl-1,3,2~-dioxaborolan-2-vliphenol
(0,127 g, 0.50 mmol, 1.25 eq} in dioxane (5 mL) was added 0.4 mL 2M aq. Na,C0O; {(0.084 g,
6.8 mmol, 2.0 eq) under No. The reaction was puiged with N, for 5 min. Following this
Pd{dppHCLeBCM (0.016 g, 5 mol%) was added and N was purged again for another 5 nun.
The reaction was then heated at 100 °C for 4h. The reaction was allowed to cool to RT and
extracted using ethyl acetate (2 x 30 mL). The combined organic layers were washed {brine},
dried {anhydrous Na;504) and concentrated under vacuum to get the solid which was purified
by supercritical thuid chromatography to get the desired product (0.017 g, 12 %).

LOMS: 349 [M+1]7

"H NMR (400 MHz, BMSO-de) & 12.39 (br. 5., 1H), 10.30 {br. 5., 1H), 8.32 (s, 1H), 7.99 (br. ..
1H), 737¢(d, /=293 Hz, 5H}, 718 (d, J=1 96 Hz, 1H), 6.92 - 7.00 {m, 1H), 6.88 (d,./=18.31

Hz, 1H), 6.16 (d, J = 7.34 Hz, 1H).
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Fxample 83. Synihesis of 6-(2,6-dimethylpyridin-4-yi)-7-phenyl-1 8-naphthyridin-4(1H}-one

{Compound No. 1.3}

Pd(dopf)CL.DCM, 2M aq. Na,CO4
80 °C, 4h, Diocxane

[(3200] To a stirred solution of (2,6-dimethylpyridin-4-yliboronic acid {0.73g, 0.48 mmol,
1.2 equiv} and 6-bromo-7-phenyl-1,8-naphthyridin-4(1H}-one (0.073 g, 0.40 mmol, 1.0 equiv}
m dioxane (2 mL) was added Na,CO; (0.085 g, 0.80 mmol, 2.0 equiv) and water 0.8 mbL. The
reaction was purged with N; for 5 min. To this reaction mixture was added Pd{dppHCl,eDCM
{0.016 g, 5 mol%:) and N; was re-purged for ancther 5 min. The reaction mixture was heated at
60 °C for 4 h. The reaction mixture was allowed to cool to RT and extracted using ethyi acetate
{2 = 35 mL). The combined organic layvers were washed (brine), dried (anhvdrous Na,50,) and
concentrated under vacuum to get the sohid residue which was punfied by reverse phase column

chromatography to get the desired product as off white solid (0.030 g, 22 %3,
LOMS: 328 (M+1]7

TH NMR (400 MHz, DMSO-dg) § 1237 (d. J= 5.38 Hz, 1H), 8.39 (s, 1H), 7.93 - 8.05 (m, 1H),
727 - 747 (m, SH), 6.89 (s, 2H), 6.15 (d, J = 7.34 Hz, 1H). 2.33 (s, 6H).

Fxample S4. Synihesis of 7-phenyi-6-{quinolin-t-yl}-1 8-naphthyridin-2{1H }-one (Compound

No. 1.4}

J
g OH

OH

W~

Pd{dpphHCL.DCM, 2M aq.
Na,COs
30 °C , 4 h, Dioxane

{6261} To a stirred sohution of quinohin-6-yiboronic acid {0.83 g, 0.48 mmol, 1.2 equuv) and
6-bromo-7-phenvl-1,8-naphthyrdin-2{1H})-one (0.120 g, 0.40 mmol, 1.0 equiv) in dioxane (4
mb} was added 2M agueous NayCQ; (0.084 g, 0.80 amol, 2.0 equiv, 0.4 mL). The reaction was
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purged with N; for 5 min. To this reaction mixture was added Pd{dppfHiCLDCM (0.016 g, 5
mol%;) and Ny was purged again for another 3 min. The reaction mixtare was heated at 80 °C for
4 k. The reaction nuxture was allowed to cool to RT and extracted using ethyl acetate (2 = 35
mb}. The combined organic layers were washed (bring), dried {(anhydrous Na,SOy) and
concentrated under vacuum to get the solid residue which was punified by reverse phase column

chromatography to get the desired product as off white solid {0.020 g, 14 %3.
LOCMS: 350 [M+1]7
"H NMR (400 MHz, DMSO-de): 8 12.32 (br. s, 1H), 9.01 (d, /=293 Hz, 1H), 8.54 (d. /= 7.83

Hz, 1H), 7.99 - 8.18 (m, 2H), 7.93 (d, /= 8.80 Hz, 1H), 7.70 (dd. J = 4.65, 8.07 Hz, 1H). 7.52
(dd,.J=1.47. 8.80 Hz, 1H), 7.17 - 7.41 (m. 5H), 6.65 (d, J= 9.7% Hz, 1H).

Example 83, Synthesis of 7-phenyi-6-(quinolin-o-ylj-1, 8-naptwhyridin-4(1H l-one (Compound

No. 1.5}

PdCl,(dppfiDCM,
Nachg,
Dioxane:H,0
80°C, 18h

{6202} To a solution of 6-bromo-7-phenyl-1 8-naphthyridin-4(1 H}-one (100 mg, 0.33 mmol,
lTeq)in L4 dioxans (8 mL}: water (2 mbL} was added quinclin-6-viboronic acid (6% mg, 0.39
mmol, 1.1 eqg.}, NayCO: (70 mg, 0.66 mmol, 2eq.}, PACH{dppH«DCM complex (65 mg, 0.008
mmol, 0.025 ¢q.}. The reaction mixture was deoxygenated using N, atmosphere and the reaction
mixtare was heated at 80 °C for 18 h. The reaction was monitored by 'H NMR and LCMS. The
reaction mixture was diluted with water (50 mb) and extracted using cthyl acetate (2 x 50 mb).
The separated orgamc layer was dried over sodium sulfate and concentrated under reduced
pressure. The crude product was purified by reverse phase column chromatography to afford (8

mg, 8%} as desired product {8 mg, 8%6).
LCMS: 350 [M+1]7

"H NMR (400 MHz, DMSO-de) & 6. 18(d, 1H), 7.30-7.40 (m, 3H), 7.40 (d, 3H), 7.58 (m. 1H),
7.82(d, 1H), 8.00 (d, 1H), 8.02 (s, 1FT), 8.48 (d, 1H), 8.50 (s, 1FT), 8.90 (s. 1FD).
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Example 856. Synthesis of 6-(1H-benzo/d]imidazol-3-yi)-7-phenyi-1 8-naphihyridin-2(1 H}-one

{Compound No. 1.6}

/=N

HN,
Cj\{?,,o |
Od

Pd{dppfiCl.DCM complex,
N82C03
90 %C, 18 n, Dioxane, Water

{0203] To a stirred sclution of 5-(4,4.5 3-tetramethyi-1.3 2-dioxaborolan-2-v1)-1H-
benzoidjimidazole (0.117 g, 0.48 mmol, 1.2 cquiv) and 6-bromo-7-phenvi-1,8-naphthyridin-
2(iH)~one (0.120 g, 0.40 mmol, 1.0 equiv) in dioxane (3 mL} was added Na,CGO5 (0.085 g, 8.80
mmol, 2.0 equiv) and 1 mL water. The reaction was purged with N, for 5 min. To this reaction
mixture was added Pd{dpptiCl»DCM complex (0.017 g, S mol%) and N, was purged again for
5 more min. The reaction mixture was heated at 90 °C for 18 h. The reaction mixture was
allowed to cool to RT and extracted using ethyl acetate (2 x 35 mL). The combined organic
lavers were washed (brine}, dried {anhvdrous Na; 504} and concentrated under vacuum to get the
solid residue which was purified by reverse phase column chromatography to got the desired

product as off white sohd (0.615 g, 9 %),
LOMS: 339 (M+1]"
TH NMR (400 MHz, DMSO-dg) & 'H NMR (400 MHz. DMSO-de) 8.14 - 8.26 (m, 2H), 8.01 (4.

J=921Hz, 1H), 746 (br. 5., 2H), 7.34 (d, J = 7.45 Hz, 2H), 7.17 - 7.30 (m, 3H), 6.97(d, J=
789 Hz. 1H), 6.61 (d,.7= 921 Hz, 1H)

Fxample 87, Synihesis of 6-(1H-benzo/dfimidazol-5-yi)-7-phernyl-1 S8-naphthyridin-4{1H}-one

{Compound No. 1.7}

/=N
HNL )
=/ I
e B;/O B
e}

Pd(dppfCl,.DCM complex,
90 °C, 18 h, Dicxane, Water
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[6204] To a stirred solution of 5-(4,4,5 5-tetramethyvl-1,3,2-dioxaborolan-2-v1)-1H-
benzoldjimidazole (0.117 g, 0.48 mmgl, 1.2 equiv) and 6-bromo-7-phenyi-1, 8-naphthyridin-
4{1H}-one (0.120 g, 040 mmol, 1.0 equav) 1o dioxane (3 mL} was added NaCO5 (0.085 g, 0.80
mmol, 2.0 equiv} and | mi water. The reaction was purged with Ny for 5 nun. To this reaction
mixture was added Pd{dppHiCh-DCM complex (0.017 g, 5 mol%) and Ny was purged again for
ancther 5 min. The reaction mixture was heated at 90 °C for 18h. The reaction muxture was
atlowed to cool to RT and extracted using ¢thyl acetate {2 x 35 mb). The combined organic
lavers were washed (brine), drnied {anhydrous Na; 5G4 and concentrated under vacuum to get the
solid residue which was parified by reverse phase column chromatography to get the desired

product as off white schid {0.010 g, 6 %;.
LOCMS: 339 [M+1T]"

TH NMR (400 MHz, DMSO-de) 5 12.47 (br.s., 1H). 12.28 (br. 5., 1H), 8.38 (s, 1H), 8.21 (s,
1H), 7.98 (d, J = 7.45 Hz, 1H), 7.46 (br. s.. ZH), 7.38 (d, J = 7.02 Hz, 2H), 7.19 - 7.34 (m, 3H),
702 (br.s.. 1H), 6.13 (4, J = 7.45 Hz, 1H)

Example 88, Synthesis of I-methyl-7-phenvi-6-(quinolin-6-yi}-1 8-naphthyridin-4(1H}-one

{Compound No. 1.8}

ey oy E\OH
LA

CiHal, NaH
DMF, RT, 18 h PdCl{dpphHDCM compiex
Step 1 NaxCOa, 1,4-dioxane:water
80 °C, 48h
Step 2

[0205] Step 1: Synthesis of 6-bromo-1-methyl-7-phenyl-1,8-naphthyridin-4{1H}-one:
To a solution of 6-bromo-7-phenyi-1,3-naphthyndin-4{1H)-one (1530 mg. 0.5 mmol, 1.00 eq.) in
DMF (3mL) was added NaH { 30 mg, 0.75 mmol, 1.5 eq) at 0 °C. After 10 min methyl iodide
{85 mg, 0.6 mmol, 1.2 eq} was added at same temperature, The reaction mixture was stirred at
room temperature for 18 h. The reaction mixture was diluted with ice cold water (20 mL) and
extracted with cthvl acetate (2 x 20 mi). The combined organic laver was wash with water (5 ~
20 mL). The organic laver was dried over sodium sulfate and concentrated under reduced

pressure to afford the desired prodact (140 mg, 87%;).

LOMS: 316 [M+1]7
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{0206} Ntep 2: Synthesis of 1-methyl-7-phenyi-6-{quinolin-6-yi}-1,8-naphthyridin-
4{iH}-one: To a solution of 6-bromo-1-methyl-7-phenyl-1 S-naphthyridin-4(1H)-one (140 mg,
0.44 mmol,  eq.) in 1.4 dioxane (8 mL): water (2 mL} was added quinolin-6-y1 boronic acid
(84 mg, 0.49 mmol, 1 1 eq), NapCls (94 mg, 0.89 guunol, 2 ¢q.), and PACH{dppf} -DCM
complex { 18 mg, 0.022 mmol, 0.05 eq). The reaction mixture was deoxvgenated using Na
atmosphere followed by heating at 80 °C for 48 h. The reaction was monitored by TLC and
LCMS. The reaction mixture was diluted with water (30 mL) and extracted using ethyl acetate
(2 x 50 mL}. The separated organic layver was dried over sodium sulfate and concentrated under
reduced pressure. The crude product was puntfied by reverse phase colomn chromatography to

afford the desired product (25 mg, 15%).
LOCMS: 364 [M+1]7

"H NMR (400 MHz, DMSO) 5 3.90 (s, 3H), 6.20 (d, 1H), 7.20-7.60 (m, TH), 7.82 (d, 1H), 8.03
(s. 1H) 8.20 (d, 1H). 8.38 (d, 1H). 8.58 (s, LH), 8.90 (d. 1H).

Fxample 59. Svnthesis of 6-{isoquinolin-6-yij-7-phenyl-1 8-naphinyridin-4(1 Hj-one

{Compound No. 1.9}

oM

i S‘OH
N _zh 2

Pd{PPhy)s, DME:H,0
Na,COs, 130 °C, MW, 1h

{6207} To a solution of 6-bromo-7-phenyl-1 8-naphthyrndin-4(1 H}-one (100 mg, 0.33 mmol,
Teq)in DME (3 mL} water (2 mL} was added isoguinolin-6-ylboronic acid {63 mg, .36
mmol, 1.1 eq.), Na;COs (70 mg, 0.66 mumol, 2 eq.), Pd{PPhs), ( 11 mg, 0.011 mmol, 0.03 eg).
The reaction mixture was deoxvgenated using N, atmosphere and the reaction mixture was
heated at 130°C for 1 h under microwave trradiation. The reaction was monitored by NMR and
LCMS. The reaction mixture was diluted with water (30 mL) and extracted using ethyl acetate
(2 x 50 mL}. The separated organic layver was dried over sodium sulfate and concentrated under
reduced pressure. The crude product was puntfied by reverse phase colomn chromatography to

afford the desired product as a TFA salt (B mg, 11 %)

LOMS: 350 [M+177
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H NMR (400 MHz, DMSO) § 6.20 (d, 1F), 7.30-7.42 (m, SH), 7.50 (d, 1FD, 8.02 (d, 1H). 8.18
(d, H), 8.22 (s, 1H), 8.58 (s, 1H), 8.60 (d, 1H)}, 9.50 (s, 1H), 12.42 (bs, 1H).

Fixample 510, Synthesis of 7-phenyl-6-{guinoxalin-6-yi)-{ S-naphthyvridin-2{ 1 H)-one

{Compound No. 1.10)

Wo

S OH Nl

Pd{dppfiCl,. DCM complex,
NazCO3
90 °C, 18 b, Dioxane, Water

{6208} To a stirred sohition of quinoxalin-6-yiboronic acid (0.84 g, 0.48 mumol, 1.2 equiv)
and 6-bromo-7-phenyi-1,8-naphthynidin-2(1H}-one (0.120 g, 0.40 mmel, 1.0 equiv) in dioxane
{3 mL) was added Na;C{O; {0.085 g, 0.80 mmol, 2.0 equiv) and 1 mL water. The reaction was
purged with N; for 5 min. To this reaction mixture was added Pd{dppHiCl-DCM complex
(0.017 g, 5 mol%;) and N, was purged again for 5 more min. The reaction mixture was heated at
90 C for 18 h. The reaction nuxture was allowed to cool to RT and extracted using ethyl acetate
(2 x 35 mL)}. The combined organic layers werg washed (brine), dried (anhydrous Na,504} and
concentrated under vacuum 0 get the solid residue which was purified by reversed phase

column chromatography to get the desired product as off white solid (0.006 g, 4 %),
LOCMS: 351 [M+11°

'H NMR (400 MHz, DMSO0-ds) 6 'H NMR (400 MHz, DMSO-dg) 8.84 - 8.93 (m. 2H). 831 (s,
1H), 8.02 - §.14 (m, 2H), 7.91 - 8.00 (m. 1), 7.56 - 7.67 (m. 2H). 744 (d. J = 7.02 Hz, 2H),
717 - 734 (m. 3H), 6.73 (d. J =921 Hz, 1H).

Foixample 811, Synthesis of 2-phenyl-/ 3, 3%-bi{{ 8-naphthyridin) [-3(8H )-one (Compound No.

711
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KOAC, Dioxane, 80 °C, 16 h OH Na,CO4 [ ,i H
90 9C, 18 b, Dioxane, Water -

STER-1 s
18209] Ntep 1: Synthesis of (1 8-naphthyridin-3-yl}borenic acid: To a solution of 3-
bromo-1 R-naphthyridine (0.160 g, 0.76 mmel, 1 eq.} in 1 4-dioxane (3 mL}) was added 5-
{4.4,5,5- bis(pinacolato)diboron (0.289 mg, 1 .14 mmol, 1.5 eq.), KOAc (0.224g, 2.28 mmol, 3
.}, and Pd{PPh;)Cl; complex { 0.026 g, 0.038 mumol, 0.05 eq.). The reaction mixture was
deoxvgenated with N, allowed stir at 80 °C for 16 h. The reaction mixture was cooled to RT and
filtered through Celite. The filtrate was concentrated (0.120 g, 90%;) and used for next step

without further purification.
LOCMS: 175 IM+1]°

[06216] Step 2: Synthesis of 2-phenyi-[3,3"-bi(1,8-naphthyridin}]-5(8H}-one: To a stirred
solation of (1,8-naphthyridin-3-vl}boronic acid (0.068 g, 0.39 mmol, 1.2 equiv) and 6-bromo-7-
phenyl-1 8-naphthyridm-4(1H}-one (0.100 g, 0.33 mmol, 1.0 equiv) in dioxane 3 mL) was
added Na,{U0s; (0.069 g, 0.66 mmol, 2.0 equivy and I mL water. The reaction was purged with
My for 5 min. To this reaction mixture was added Pd{dppfCle=DCM complex (6.014 g, S mol%)
and Ny was purged again for another 3 min. The reaction mixture was heated at 90 °C for 18 h.
The reaction mixture was allowed to cool to RT and extracted using ethyl acetate {2 » 35 mbL}.
The combined organic layers were washed (brine), dried (anhvdrous Na;SO4) and concentrated
under vacuum to get the solid residue which was punified by reversed phase column

chromatography to get the desired product as off white solid (0.040 g, 29 %),
LOMS: 351 {M+1]7

"H NMR (400 MHz, DMSO-de) § 12.52 (br. 5., 1H). 9.14 (br. 5., 1H), 8.70 {d, § = 5.26 Hz, 2H),
848 - 8.67 (m, 2H), 8.05 (d, J = 7.45 Hz, 1H), 7.78 (d, J = 3.95 Hz, 1H), 7.24 - 7.48 {m, 4H),
621(d. J=789Hz 1H)

Example 812 Synthesis of 6-(8-chioroquinolin-6-vi}-7-phenyl-1,8-naphthyridin-2(1 Hj-one

{Compound No. 1.12)
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=051 A O o o
= N o M(dppf)uz_{}t,m complex,
H Na,CO3
90 °C, 18 h, Dioxane, Water

j6211] To a stirred sohution of {8~chloroquinolin-6-yhboronic acid (0.083 g, 040 mmol, 1.2
equivy and 6-bromo-7-phenyi-1,8-naphthyridin-2{1H}-one (0.100 g. 0.33 mmol, 1.0 equiv) in
dioxane (3 mL) was added Na; UG5 (0.070 g, 0.66 mmol, 2.0 equuv) and 1 mL water. The
reaction was purged with N for 5 min, To this reaction mixture was added Pd(dppHCl,eDCM
complex (0.014 g, 5 moi%) and N, was purged again for another 5 min. The reaction mixture
was heated at 90 °C for 18 h. The reaction mixture was allowed to cool to RT and extracted
using ethyl acetate (2 x 35 mL). The combined organic layers were washed (brine}, dried
{anhydrous Na: 50y} and concentrated under vacuum to get the sohid residue which was purified
by reversed phase column chromatography to get the desired product as off white solid (0.013 g,
10 %).

LCMS: 384 [M+171"

H NMR (400 Mz, DMSO-dg) 5 'H NMR (400 MHz, DMSO-ds) 12.34 (br. 5, 1H), 9.01 (d, J
=3.07 Hz, 1D, §.30 - 8.46 (m, 2H), 5.03 (d,.J=9.21 Hz, 1H), 7.94 (s, 1), 7.57 - 7.73 (m, 2F),
723 - 745 (m, SH), 6.66 (d. J = 9.65 Hz, 1H)
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Example 815. Synthesis of 6-(8-chloroquinolin-6-yij-7-phenvi-1,8-naphiihyridin-4{ 1 H}-one

{Compound No. 1.13)

Pd{dpphHCl,.DCM complex,
NEQCO3
§C °C, 16 h, Dioxane, Water

0212] To a stirred solution of 6-bromo-7-phenyi- 1, 8-naphthyridin-4(1H)-one (0.100 g, 0.33
mmol, 1.0 equiv} and (8-chloroquinolin-6-yhiboronic acid (0.083 g, (.40 mmol, 1.2 equiv) in
dioxane (3 mL) was added Na,CO; (0.070 g, 0.66 mmol, 2.0 equiv) and 1 mL water. The
reaction was purged with Ny for 5 min. To this reaction mixture was added Pd(dppHCheDCM
coraplex (0.014 g, 5 mol %) and N, was purged again for another 5 min. The reaction mixture
was heated at 9C °C for 16 h. The reaction mixtare was allowed to cool fo RT and extracted
using ethyl acetate (2 x 35 mL). The combined oreanic layvers were washed (brine), dried
{anhvdrous Na,50,) and concentrated under vacuum to get the solid residue which was purified
by reversed phase column chromatography to get the desired product as off white solid (0.010 g,
10 %).

LOMS: 384 [M+117

"H NMR (400 MHz, DMSO-dg) 8 9.01 (4,7 =263 Hz. 1H), 8.55 (s, 1H). 843 (d.J = 7.02 Hz,
1H), 7.97 - 8.11 {m, 2H), 7.66 (dd, /= 4.38, 8.33 Hz, 1H), 7.59 (d, /= 1.75 Hz, 1H), 7.28 - 7.45
(o, SH), 6.18 (d, J = 7.45 Hz. 1H)

fxample 514. Synthesis of 7-{(furan-2-yi)-6-(quinolin-6-ylj-1, 8-naphihyridin-4{1H }-one

{Compound No. 1.14)
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{0213} Step 1: Synthesis of 3-(dimethylamino)-1-(furan-2-yljprop-2-en-1-one; A
mixture of DMF-DMA (21.9 g, 297 17 mumol, 3.6 eg) and 1-(furan-2-yi)ethanone (10.0 g, 90.51
mmol, 1.0 eq,} was heated at 100 °C for 16 h. The reaction mixture was then cooled to RT and
diluted with cold water. The vellow precipitates were filtered under vacuum and washed with
excess water followed by hexane. The vellow solid (13.4 g, 88%6) was used as such for next step

without further punfication.
LOMS: 166 [M+1]

[3214] Step 2: Synthesis of 2-amine-6-{furan-2-yinicotinonitrile: To a solution of 3-
{dimethylamino}-1-(furan-2-ylprop-2-en-1-one (9.0 g, 54 54 nmunol. 1.00 ¢q) in ethanc! (200
ml} was added ethvl 2-cyanocthaninudate hyvdrochloride (9.68 g, 1.2 eq, 65.45 mmol) and
ammonium acetate (48.50 g, 54.5 mmol, 10 eq}. The reaction mixture was allowed to stir at 85
°C for 16 h. Progress of the reaction was monttored by LCMS. Reaction mixtare was cooled to
RT, diluted with cold water (230 mL) and the solid was filtered. The solid was washed with

hexane and dried under vacuum to afford the desired product (5.7 g, 57 %),
LCMS: 186 [M+11”

[6215] Step 3: Synthesis of Z-amino-5-bromo-6-(furan-2-yinicotinonitrile: To a stirred
solution of 2-amino-6-(furan-2-vlnicotinonitrile (3.0 g 16.21 mmol, 1.0 equiv) in BMF (120
mb} was added NBS portion wise {2.88 g, 16.21 mmol, 1.0 equuv). The reaction mixture was
allowed to stir at RT. The progress of the reaction was monitored by TLC. Afier compiction of
the reaction the reaction mixture was poured over ice to get the precipitates which were filiered
under vacoum, washed with excess water and vacuum dried to get the desired product 2.2 g, 32

%) which was used as such for next step without further purification.
LCMS: 264 [M+1]
[0216] Step 4: Synthesis of 1-(2-amino-5-bromo-6-{furan-2-vhpyridin-3-yljethanone:

To a stirred solution of 2~-amino-5-bromo-6-(furan-2-yhmicotinonitrile (1.6 g, 6.08 mmol, 1.0 eg)
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m THF (60 mL)} was added 3M MeMgBr in diethy ether (40.0 mL, 121.6 mmol, 20.0 equiv) at
0 °C. The resulting reaction mixture was stirred at 50 °C for 16 h. Reaction mixture was then
cooded to 0 °C and quenched by adding dibste HC1 The acidic reaction mixture was neutralized
by using ag. sodium bicarbonate solution and extracted by using ethy! acetate (2 x 75 mL}. The
combined organic lavers were washed (brine}, dried {anhvdrous Napy504) and concentrated
under vacuum to get the light green solid (1.1 g, 64 %), which was used as such for next step

without further purification
LOCMS: 281 [M+11

{0217} Step 5: Synthesis of 1-(2-amino-5-bromeo-6-(furan-2-yhpyridin-3-yl)-3-
{dimethylaming)prop-2Z-en-1-one: To a solution of 1-(Z-amino-5-bromo-6-(furan-2-
vhpyrdin-3-yvljethanone (1.0 g, 3.58 mmol, 1.0 eq) in 1.4-dioxane (10 mL} was added
DME-DMA (0.52 mL 3 94 mmol, 1.1 equiv). The reaction mixiure wag warmed to 100 °C for
3h. The reaction solvent was evaporated under reduced pressure 1o afford the desired product

{800 mg, 61 %).
LCMS: 336 [M+1]7

j3218] Step &: Synthesis of 6-bromo-7-(furan-2-yi}-1,8-naphthyridin-d(1H)-one: Toa
stirred solution of 1-(2-amino-3-bromo-6-(furan-2-yhpyridin-3-ybB-3-{(dimethylamino)prop-2-
en-f-one (1.0 2, 2.98 mumol, 1.0 eg) in DMF (10.0 mb) was added Cs;C0O3 (1.94 2, 2.0 ¢q, 5.97
mmol} and allowed to stir at 100 °C for 16 h. Progress of reaction was monitored by TLC, The
reaction muxture was diluted with ice cold water and the resulting precipitaies were filiered and

vacuum dried to get the desired product {6.400 g, 50 %).
LCMS: 291[M+1]"

[0215] Step 7: Synthesis of 7-(furan-2-yh)-6-{quinolin-6-yi}- 1, 8-naphthyridin-4{1 H)-one:
To a stirred solution of 6-bromo-7-(furan-2-y1)-1,8-naphthyridin-4{1H)-one (0.100 g, 0.34
mmol, 1.0 eq), quinoline (0.072 g, 8.41 mmol, 1.2 eq) i dioxane (5 mL) was added 0.4 mL 2M
agq. NapCOs4 {0.073 g, 0.68 mmol, 2.0 eq) under N2, The reaction was purged with N, for 5 min.
Following this Pd{dppHCl»DBCM (0.014 g, 5 mo1%) was added and N, was purged again for
another 5 min. The reaction was then heated at 100 °C for 16 h. The reaction was allowed to
cool to RT and extracted using ethyl acetate (2 x 30 mL}. The combined organic layers were
washed (bring), dried {(anhydrous Na;504) and concentrated under vacuum to get the solid
which was purified by supercritical fliid chromatography 1o get the desired product (0.018 g, 15

Vo).
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LOMS: 340 [M+1]7

"H NMR (400 MHz, DMSO-de) § 12.42 (s, 1H), .98 (d. /= 2.63 Hz, 1H), .46 (d,./=8.77 Hz.
1H), 8.35 (s, 1H), 7.91 - 8.15 (m, 3H). 7.55 - 7.76 (m, 3H), 6.44 - 6.54 (m, 1H), 6.31(d, /= 3.07
Hz, 1H). 6.14 (d.J = 7.45 Hz, 1H)

Fxample 5135, Synthesis of 7-phenvi-6-(guinoxalin-6-yi)- 1, 8-naphthyridin-4{ 1 H)-one {Compound

No. 1.15)

OH

N Bon
Q S
N
N

[N

PdiPPhg)s, Na,C0Os
Dioxane:H,0
13C °C , MW, 1h

{8224} To a solution of 6-bromo-7-phenyl-1,8-naphthyridin-4(1H}-one (100 mg, 0.33 mmol,
1eq)in DME (8 mL} water (2 mL} was added quinoxalin-6~viboronic acid (63 mg, 0.36 mmol,
1.1 eg.}, NapCOs (70 mg, 0.66 mmol, 2eq.}, PA{PPhi}s (11 mg, 0.008 mmol, 0.025 ¢g.}). The
reaction mixture was deoxygenated asing N, atmosphere and the reaction mixture was heated at
130 °C for 1 hunder microwave trradiation. The reaction was monitored by LCMS. The reaction
mixture was diluted with water (20 mL) and extracted using ethyl acetate (2 x 20 mi}. The
separated organic layer was dnied over anhydrous sodium sulfate and concentrated under
reduced pressure. The crude product was purified by reverse phase column chromatography to

atford the destred product (15 mg, 13 %}
LOCMS: 351 [M+1]7

" NMR (400 MHz, DMSO-de) & 6.20 (d, 1H), 7.30 (m, 3H). 7.40 (d, 2H). 7.60 (d. 1H), 8.00
(m, 3H), 8.58 (5. 1FD), 8.88 (s, 2.

fixample 816, Synthesis of 6-(naphthalen-2-ylj-7-phenyi-1 8-naphthyridin-4(1 H}-one.

{Compound No. 1.16)
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Pd(PPh3)4, NagCO;;,
Dioxane:Water
100 °C, 18 h

{06221} To a solution of 6-bromo-7-phenyi-1,8-naphthyridin-4(1H}~one (100 mg, 0.33 numol,
1 eq.) in dioxane {8 mL}: water (2 mL} was added naphthalen-2-yviboronic acid {62 mg, 0.36
mmol, 1.1 eq.), Na:CO; (70 mg, .66 mmol, 2eq.), PA(PPh;)y ( 13 mg, $.008 mmol, 0.05 eq.).
The reaction mixture was deoxygenated using N, atmosphere and the reaction mixture was
heated at 100 °C for 18 h. The reaction was momtored by LOCMS. The reaction mixture was
diluted with water {20 mL) and extracted using cthyi acetate (2 x 20 mL}. The separated organic
laver was dried over ashydrous sodium sulfate and concentrated under reduced pressure. The
crude product was punfied by reverse phase column chromatography to afford the desired

product {12 mg, 9 %).
LCMS: 349 [M+117

H NMR (408 MHz, DMSO-d) 5 6.18 (4, 1H), 7.18 (d, 1H), 7.30 {m, 3H), 7.40 (4. 2H), 7.52
(d, 2F0), 7.78 (d, 1H). 7.90 (¢, ZH), 8.00 (m, 2H). 8.50 (s, 1H).

Fxample 817 Synthesis of 6-(7-chioro-1H-benzo[d]imidazol-5-y1)-7-phenvi-1 8-naphthyridin-

H(1H})-one (Compound No. 1.17)

Pd(dppf)Ci, . DCM complex,
NazCOg
40 °C, 16 h, Dioxane:Water

8222} To a stirred solution of 6-bromo-7-phenyl-1,8-naphthyridin-4(1H}-one (0.100 g, 0.33
mmol, 1.0 equivy and (7-chloro~1H-benzo{d|imidazol-3-viyboronic acid (0.108 g, 0.39 mmol,
1.2 equiv) m dioxane (3 mL) was added Na;CGO; (0.069 g, 0.66 mmol, 2.0 equiv) and 1 mL
water. The reaction was purged with N; for 53 min. To this reaction mixture was added
Pd(dppHCLDCM complex (0.014 g, 5 mol %) and N; was purged agam for another 5 min. The

reaction mixture was heated at 90 °C for 16 h. The reaction mixture was allowed to cool to RT
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and extracted using cthy! acetate (2 x 35 mL}. The combined organic layers were washed
{brine}, dried {(anhydrous Na;SO4) and concentrated vnder vacuum o get the sohid residue which
was purified by reversed phase column chromatography to get the desired product as off white
solid (0.008 . 7 %),

LOMS: 373 [M+1]7

'H NMR (400 MHz, DMSO-de) 8 8.40 (s, 1H), 8.30 (s. 1H), 8.00 (d, J = 7.45 Hz, 1H), 7.25 -
744 (m, 6H), 7.10 (br. 5., 1H), 6.15 (4. J = 7.89 Hz, 1H)

Example 818. Synthesis of 7-(pyridin-4-vi}-6-(quinolin-6-y{)-1 -naphithyridin-4{1H}-one

{Compound No. 1.15)

a
N
P 3
NF
o N//Af ZN N
i a \E Ny Br 2"
N DMF-DMA e S | NES N
4 Step 1 Nz i mae I‘IQ P Step 3
Step 2 '
OH o
B. .. C
# B-onH o i
N « DME.DMA
N ! Cey3Cy
Fd(dppliCly. DOM complex, NapSCsy Ny
100 °C, 18 h, Dioxarie:Water Nog? Step &

Step 8

[6223] Step 1: Synthesis of (E)-3-{dimethyiamino)-1-{pyridin-4-yliprop-2-en-1-one: A
mixture of DMFDMA (21.9 g, 297 17 mmol, 3.6 eq} and 1-{pyndin-4-yhethan-1-one {10.0 g,
1.0 eq, 83 mmol) was heated at 100 °C for 16 h. The reaction mixture was then cooled to RT and
diluted with cold water. The vellow precipitates were filtered under vacuum and washed with
excess water followed by hexane. The vellow solid (14.8 g} was used as such for next step
without further purification.

LOMS: 176 [M+117

{6224} Step 2: Synthesis of 6-amine-{2,4"-bipyridise]-S-carbonitrile: To asclution of
(E)-3-(dimethyviammo}-1-phenyl-prop-2-en-i-one (11.0 g, 62.5 nunol) in ethavol (200 mL} was
added ethyl 2-cyanocthanimidate hydrochlonide 11.1 g, 1.2 equiv, 75.0 mmol) and ammonium
acetate (8§5.62g, 625.0 mmol, 10 equiv) and the reaction mixture was allowed to stir at 85 °C for

16 h. Progress of the reaction was monitored by 'H NMR. Reaction mixture was cooled to RT,
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diluted with cold water (250 mL) and the solid was filtered. The solid was washed with hexane

and dried under vacuom to afford the desired product (9.8 g, 809}
LOMS: 196 [M+117

j3225] Step 3: Synthesis of 6-aming-3-brome-{2.4'-bipyridine}-S-carbonitrile: Toa
stirred solution of 6-amine-{2,4"-bipyridine |-5~-carbonitrile (11.0 g, 56.06 mmol, 1.0 equiv) in
DMF (120 mL) was added NBS portion wise (9.97 g, 56.06 mmol, 1.0 equiv). The resulting
solution was poured over ice to get the precipitates which werg filtered under vacuum, washed
with excess water and vacuum dried to get the desired product (9.8 g, 64%) which was used as

such for next step without further purification.
LCMS: 275 [M+1]7

[6226] Step 4: Synthesis of 1-(6-amino-3-bromo-{2,4'-bipyridin}-5-yvi)ethan-i-one: Toa
stirred solution of 6-amino-3-bromo-| 2 4'-bipyndme}-5-carbonitrile (4.0 g, 14.39 mmol, 1.0 eq)
in THF {60 mL} was added 3M MeMgBr in dicthyl ether (35.0 ml, 291 8 mmol, 206.0 equivy at 0
°C. The resulting reaction mixture was stirred at 50 °C for 16h. Reaction mixture was then
cooled to 0 °C and quenched by adding ditute HCL The acidic reaction mixture was neutralized
by using aq. sodium bicarbonate solution and extracted by using ethyl acetate (2 x 75 mL}. The
combined organic layers were washed (brine}, dried {anhydrous Nap,50,} and concentrated
under vacuum to get the light green solid (2.27 g, 51%) which was used as such for next step

without further punfication.
LCMS: 292 [M+1]7

{8227} Step 5: Synthesis of 6-bromo-7-(pyridin-4-y1}-1,8-naphthyridin-4(1H}-one: Toa
solution of 1-(6-amino-3-bromo-{2 4'-bipyeidin}-S-yijethan-1-one (1.3 g, 446 mmol, 1.0 eg)m
DMF (10 mb) was added DMF-DMA (1.06 g, 8.92 mmol, 2.0 equiv). The reaction mixture was
warmed to 100 °C. Afier stirning for 3h, CsyCO; (4.5 g, 13.78 mmol, 2.0 equiv} was added and
the reaction was stirred for 16 h at 1060 °C. The reaction mixture was cooled to 0 °C and diluted
with cold water. The resulting precipitates were filtered, washed with excess water and vacuum
dried. The solid obtained was purified by normal phase silica gel flash chromatography to get

the yellow sohd (0.700 g, 54%).
LOMS: 302 {M+1]7

{6228} Step 6: Synthesis of 7-{pyridin-4-y1)-6-{quinolin-6-y1}-1,8-naphthyridin-4(1 H)-
one: To a stirred solution of 6-bromo-7-(pyridin-4-yi)-1,8-naphthyvridin-4{1H}-one (0.100 g,

.33 mmol, 1.0 eq) and quinolin-6-viboronic acid (0.068 g, 0.39 mmol, 1.2 ecq) in dioxane (5
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mk} was added 0.4 mL 2M ag. Na,COs; (0.070 g, 0.66 mmol, 2.0 eg) under N;. The reaction was
purged with N; for 5 min. Following this Pd(dppfiClBCM ¢(0.014 g, 5 mol%) was added and
N, was purged again for another 5 min. The reaction was then heated at 106 °C for 16 h. The
reaction was allowed to cool to RT and extracted using othy! acetate (2 x 30 mL). The combined
organic Jayers were washed (brine}, dried (anhvdrous Nap504) and concentrated under vacuum
to get the solid which was purified by supercritical fluid chromatography to get the desired

product (0.063 g, 54%.
LOCMS: 351 [M+11
"H NMR (400 MHz, DMS0O-ds) 5 'H NMR (400 MHz, DMSO-d, 7.3-7.4 (2H), 7.4-7.5(1H),

7.5-7.6(1H), 7.8-7.9(1H) 8.0-8.1(2H), 8.3-8. 4(1H) 8.5-8.6{1H), 8.6-8.7(1H), 8.9-9.0(1H), 12.5-
12.6{1H).

Fxample 519. Synthesis of 6-(7-chlovo-iH-benzo[d[imidazol-5-yi)-7-phenyl-1,8-naphtiiyridin-

2{1H})-one (Compound No. 119}

Pd(dpphHCl, . DCM complex,
Nach3
80 °C, 16 h, Dioxane:Water

[(3229] To a stirred solution of 6-bromo-7-phenyl-1,8-naphthyrdin-2(1H}-one (0.100 g, 0.33
mmol, 1.0 equiv) and {7-chloro-1H-benzoldinmidazol-3-yDboronic acid (0.108 g, 0.39 mmol,
1.2 equivy m dioxane (3 mL}Y was added Na,CO; {0.069 g, 0.66 mmol, 2. 0 equiv) and | mL
water. The reaction was purged with N, for 5 min. To this reaction mixture was added
Pd{dppHChLeDCM complex (0.014 g, 5 mol %) and N, was purged agam for another 5 nun. The
reaction misture was heated at 90 °C for 16 h. The reaction mixture was allowed to cool to RT
and extracted vsing ethyl acetate (2 » 35 mL}. The combined organic layers were washed
{bring), dried {(anhydrous Na 50, and concentrated under vacuum to get the solid residue which
was purtfied by reversed phase column chromatography to get the desired product as off white

solid (0.008 ¢, 7 %).

LOMS: 373 [M+11
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'H NMR (400 MHz, DMSO-de) § 12.25 (br. 5., 1H), 8.25 (s, 1H), 8.29 (s, 1H), .01 (d, I = 9.65
Hz, 1H), 7.35(d, T = 7.45 Hz, 3H), 7.28 (d, T = 7.02 Hz, 3H), 7.10 (s, 1H), 6.62 (d, T =921 Hz,
1H)

Example S20. Synthesis of 7-(pyridin-3-vl)-6-fquinolin-6-yi}-1,8-naphithvoridin-4(1 Hj-one.
p ) of -y i q ) P {

{Compound No. 1.20)

™
N 1
O .
N DMF:DMA, Dioxane
N\EY,CN 3M MeMgBr 2 ] 30 °C, 30 min
¥ — .
5 S, 0800, DMF,
NN N, THF 0°C to 50°C NN TN Rl
Step 1 = Step 2

{6234} Step 1: 1-3-amino-S-phenyl-6-(guinolin-6-ypyrazin-2-yljethan-1-one : Toa
stirred solution of 3-amino-3-phenyl-6-{quinolin-6-vlpyrazine-2Z-~carbonitrile {0.100 g, 0.32
mmol, 1.0 eg) in THF (5 mL) was added 3M MeMgBr in diethyl ether (1 mb, 6360 g, 10.0 ¢q,
3.0 mumol) at 0 °C. The resulting reaction mixture was stirred at 30 °C for 16 h. Reaction
mixture was then cool to RT and acidified slowly with dibute HCL The acidified reaction
mixtare was stirred for 1h at 50 °C. The reaction mixture was again allowed to cool to RT and
extracted by usmg ethyl acetate (2 x 25 mL). The combined organic lavers were washed (brine},
dried (anhvdrous Na;50.) and concentrated under vacuum to get the desired product as light

vellow solid {(0.090 g, 97%}
LOMS: 291 [M+117

16231} Step 2: Synthesis of 7-{pyridin-3-vi}-6-{quinolin-6-yi}-1.8-paphibyridin-4{1 H)-
one: To asolution of 1-{6-amino-3-(quinclin-6-vi}-2,3"-bipyridin-3-viethanone (0.090 g, 0.31
mmol, 1.00 eq.), in 1,4 dioxane (5 mL}, was added DMF.DMA (0.044 g, 0.37 mmol, 1.2 eq.).
The reaction mixture was heated at 90 °C for 30 minute. The reaction was monitored by TLC
and LUMS. The reaction solvent was evaporated under reduced pressure. The semisohid crude
material obtained was redissolved i DMF (2 mL) and CeCO5 (0150 g, .46 mmol, 1.5eq)
was added. The reaction mixture was again heated at 90 °C for 18 h. The progress of the
reaction was monttored by LCMS. The reaction mixture was dilated with ice cold water (25 mL)
and e¢xtracted by using ethyl acetate (3 x 25 mL). The residue was purified by reverse phase

column chromatography to afford the desired product (6.010 g, 10 %),

LOMS: 351 [M+1]"
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" NMR (400 MHz, DMSO-dg) 8 8.92 (d, J=3.07 Hz, 1H), 8.35 (d, J= 7.45 Hz, 1H), §.14 (br.
5., 1H), 8.06 (d, =526 Hz, 1F). 791 (d. J=8.77 Hz, 11}, 7.65 (d, 7= 7.02 Hz. 1H), 7.45 -
7.59 (m, 3H), 7.29 - 7.44 (m. 3H), 6.33 (d, J = 7.02 Hz, 1)

Fxample S21. Synthesis of 6-(benzold]oxazol-5-vi}-7-phenvi-1,8-naphthyridin-4(1H)-one

{Compound No. 1.21)

O+
N PoeE | .
Y HNOg CHACOOH 7 oY |
i e e | ________________________________ - S
4 Step-t KOAG, &
Br PACL(dprHiDCM oo
” ;
Dioxane Gtep-4 ~~)_.K»-
Step-5 @

NN |
KaC O, 2 ‘ \-QT/)\”
PGCL{dppfiDCM, Py
AR O NN

{8232} Step 1: Synthesis of 4-brome-2-nitrophenol: To a solation of 6-bromophenol (5g.
28 .90 mmol, 1 eq.} in acetic acid (10 mL) was added nitric acid (1 mL) drop wise. Reaction
mixture was stirred at RT for Snun. The reaction was monitored by LCMS and found to be
complete after 5 mun. The reaction nuxture was added with ice, the precipitated solid was

20/

filtered and dried to afford 4-bromo-2-nitrophenol (6 g, 95.23%) as vellow solid.
LOMS: 217 IM+1]

{0233} Step 2: Synthesis of 2-amino-4-bromophenol: To a solution of 4-bromo-2-
nitrophenol (3g, 13.76 mmol, | eq.) in ethanol-water (30mL) was added ammonium chloride
(2.1 g, 4128 mmol, 3 eq.} and iron{ 2.3g, 41.28mmol. The reaction was stirred at 90 °C for 2 h.
The reaction was monitored by LCMS and found to be complete after Zh. The reaction mixiure
was cooled to RT, evaporated under reduced pressure to remove the solvent diluted with water
{20 mL} and extracted with ethyl acetate (2 « 50 mL). Combined organic laver was washed with
brine {20 mb) and dried over sodium sulfate. Removal of solvent under reduced pressure gave
crude which was purified by Combi-Flash to obtain the 2-amino-4-bromophenol (2 g, 80%) as

brown solid.
LCMS: 188 [M+117

{6234} Step 3: Synthesis of S-bromobenzoldjexazole: A solution of 2-anino-4-

bromophenol (1.5, 7.90 mmol, 1 ¢q.} in methyiorthoformate {10 mbL} was stirred at150 °C for 4-
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6 h. The reaction was monitored by LCMS and found to be complete after 6 h. The reaction
mixture was cooled to RT, evaporated under reduced pressure to remove the solvent difuted with
water (20 mb) and extracted with ethyl acetate (2 x 50 mL). Combined organic layer was
washed with brine {20 mL) and dried over sodium sulfate. Removal of solvent under reduced
pressure gave crude which was punified by Combi-Flash to obtain the 3-bromobenzoldjoxazole

(1.2 g, 80.0%}) as vellow sohid.
LOCMS: 298 [M+1]7

[6235] Step 4: Synthesis of 5-(4,4,5,5-tetramethyi-1,3.2-digxaborolan-2-
viibenzoldjoxazele: To a solution of 5-bromobenzoldjoxazole (1.2 g, 6.06 mmol, T eq.)in
DME (10 mb) was added 5-(4.4,5,5- bis{pinacolatojdiboron (1.68 g, 1.66 mmol, 1.1 eq.), KOAc
{1.7g, 18.09 mmol, 3eq.}, PACL{dppHH-DCM ( 247 mg, 0.23 mmol, 8.05 eq.}. The reaction
mixtare was deoxygenated with Ny and the reaction mixture was stirred at 80 °C overnight. The
reaction was monitored by LUMS and found to be complete afier 18 h. The reaction mixture was
cooled to RT, diluted with water (50 ml} and extracted with ethyl acetate (2 x S0 mL).
Combined organic layer was washed with brine (20 mL) and dried over sodium sulfate.
Removal of solvent under reduced pressure gave crude which was purified by Combi-Flash (0-

100% EtQAC-Hexane) to afford the desired product (900 mg, 60%) as off white sohid.
LOMS: 246 [M+1]7

[0236] Ntep S: Synthesis of 6-(benzoldioxazol-5-yi}-7-phenyl-1,8-naphthyridin-4{1 H)-
oue: To a solution of 6-bromo-7-phenylquinolin-4{1 Hj-one (100 mg, .40 mmol, 1 eq.} in
DME-water (2 mb) was added 5-(4,4,5 5-tctramethyl-1,3.2-dioxaborolan-2-vibenzo|djoxazole
(97 mg, 0.39 mmol, 1.2 ¢q.), Na;CO: (70 mg, 0.66 mmol, 2.0 eq.}, PACIR2{dppH-DCM { 13.86
mg, 0.0F mmol, 0.05 ¢q.). The reaction mixture was deoxygenated with N, and the reaction
mixtare was stirred at 100 °C for 12 h. The reaction was monitored by LUMS and found o be
complete after 12h. The reaction mixture was cooled to RT, diluted with water (20 mL) and
extracted with ethyl acetate {2 x 50 mL}. Combined organic iayer was washed with brine (20
mb} and dried over sodium sulfate. Removal of solvent under reduced pressure gave crude
which was purified by reverse phase column chromatography to afford the desired product (10

mg, 9%} as off white solid.

LOCMS: 340 [M+1]"

'HNMR (400 MHz, DMSO-dg) § 12.40(s, 1H), 8.72 (s. 1H), 8.40 (s, 1H), 8.20-8.00 (m, 2H),
770-7.62 (m, 2F), 7.40-7.20( m, SH), 6.18¢ d. 1H).
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Fxample S22, Synthesis of 6-(1-methyl-1H-benzold]imidazol-5-y1}-7-phenyl-1, 8-naphihyridin-

(1 H})-one (Compound No. 1.22)

KOAC, PdCh{dppf)DCM
Dicxane, 80 0C, 16 h

Step-1

Mool N T ]

i BB > NT N

—‘7\0 O - 0~ B \@\r,. N\> H
\:f/’\w\

Na2003, PdCh(dophiDCM
DME, Ho0, 120 °C
MW, 30 min  Step-2

10237} Step 1: Synthesis of 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yi)-
1H-benzoldlimidazele: To a sohution of 5-bromo-1-methyl-1H-benzoldlimudazole (200 mg,
0.33 mmol, 1 eq.) in 1 4-dioxane (10 mL) was added 5-(4.4,5,5-bis{pinacolato}diboron {287 mg,
113 mmol, 1.2 eq ), KOAc (276 mg, 2.82 mmol, 2eq.}, PdCh{dppfiDCM ( 76 mg, .09 mmol,
0.09eq.). The reaction nuxture was deoxygenated with N, and the reaction mixture was stirred at
30 °C for 16 h. The reaction was monitored by LCMS and found to be complete after 18 h. The
reaction mixture was cooled to RT, dibited with water (50 mL} and extracted with ethyl acetate
(2 x 50 mL). Combined organic layer was washed with brine (20 ml.) and dried over sodinm
sulfate. Removal of solvent under reduced pressure gave crude which was purified by Combi-

Flash (0-100% EtOAC-Hexane} to afford the desired product (120 mg, 499) as brown oil.
LOCMS : 259 [M+117

{36238} Step 2: Synthesis of 6-(I-methyl-1 H-benvoldjimidazol-S-yI}-7-phenyi-1,8-
naphthyridin-4(1H}-one: To a solution of 6-bromo-7-phenyl-1,8-naphthyndin-4{1H}-one
{100 mg, 6.40 mmol, 1 e¢q.} in DME-water (2 mL) was added 1-methyi-5-(4 4,5, 5-tetramethvi-
1,3, 2-dioxaborolan-2-v1}-1H-benzo[dlimidazols (102 mg, 039 mmol, 1.2 ¢q.), KhCO2 (136 mg,
0.99 mmol, 3 eq.}, PAChL{dppH)«DCM ( 33 mg, (.06 mmol, 0.2 eq.). The reaction mixture wag
deoxvgenated with N and the reaction mixture was stirred at 120 °C for 30 min microwave
irradiation. The reaction was monitored by LCMS and found to be complete after 30 min. The
reaction mixture was cooled to RT, dibited with water (20 mbL} and extracted with ethyl acetate
(2 x 50 mL). Combined organic layer was washed with brine (20 ml.) and dried over sodinm
sulfate. Removal of solvent under reduced pressure gave crude which was purnified by reverse

phase column chromatography to afford the desired product (10 mg, 109%) as off white sohd.

LOMS: 353 [M+11
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TFINMR (400 MHz, DMSO-ds) 5 8.56 (s, 2H), 8.00 (s, 1H), 7.98-7.80 (m, 2H), 7.65 (m, 1H),
7.40-7 20 (m, SH), 6.80 (s, 2H).

Fixample 823, Synthesis of 6-(8-methviguinolin-6-vi}-7-phenyi-1.8-naphthyridin-4(1H )-one

{Compound No. 1.23)

@
\ ; . B )J
~\C O ~J m’\ j
N 4 \7‘\0 A SN
& et Sy A 1 7 N
=Y Sy / (o] G\ O_.B e [ I
A, 4 pp— !
7N KOAe, PdCly gf’-ﬂnsl‘z ~gF N Na,CO4/PdCl,{dpphDOM
Dioxane, 120 °C, 30 min, MW DME, H20, MW, 30 min
Step-1 Step-2

4

B

{0239] Ntep 1: Synthesis of 8-methyl-6-{4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yhquinoline: To a solution of 6-bromo-8-methylquinoline (100 mg, 0.45 mmol, Teg }in 14~
dioxane (10 mL) was added 5-{4.4,5 5-big{pmacolato}diboron {127 mg, 0.49 mmol, 1 1eq),
KOAc (88 mg, 0.90 mumol, 2 eq.), PACL{(PPhs), ( 15.7 mg, 0.02 mmol, 0.05 eqg.}. The rcaction
mixture was deoxvgenated with N, and the reaction mixture was heated under microwave
trradiation for 30 min at 120 °C. The reaction was monitored by LCMS and found to be
complete after 30 min. The reaction mixture was cooled to RT, diluted with water {10 mL) and
extracted with ethyl acetate (2 x 20 mL}. Combined organic iayer was washed with brine (20
mb} and dried over sodinm sulfate. Removal of solvent under reduced pressure gave crude (150

mg) which was carried to next step without any further punfication.
LOCMS : 269 [M+117

163240} Step 2: Synthesis of 6-(8-methylquinolin-6-yi}-7-phenyi-1,8-naphthyridin-4(1H}-
one: To asolution of 6-bromo-7-phenvl-1,8-naphthyvridin-4{1H}-one {100 mg, 0.33 mmol, 1
eq.} in DME-Water (2 mL) was added 8-methyi-6-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-
yhguinoline (107 mg, .39 mmol, 1.2 ¢q.}, NayCO3 (70 mg, 0.66 mmol, 2.0 ¢q.},
PACL{dppfDCM (13 mg, 0.01 mmol, 0.05 eq.}. The reaction mixture was deoxygenated with
N, and the reaction maxture was stirred at 120 °C for 30 min under Microwave rradiation. The
reaction was monitored by LCMS and found to be complete afier 30 min. The reaction mixture
was cooled to RT, dibuted with water (20 mL} and extracted with othyl acetate {2 x S0 mb).
Combined organic layer was washed with brine (20 mL) and dried over sodium sulfate.
Removal of solvent under reduced pressure gave crude which was purified by reverse phase

colamn chromatography to afford the desired product (10 mg, 8%;} as off white solid.

LOMS: 364 [M+1]7
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THINMR (400 MHz, DMSO-de) 5 12.40 (s, 1H), 8.96(d. 1H), 8.58 (d, 1H), 8.35 (d, 1H), 8.00(d
1H), 7.80 {m, 11, 7.50-7.20 (m, TH), 6.20 (d, 1H). 2.60 (s, 3H).

Fixample §24. Synthesis of 6-tbenzo/d]thiazol-6-vi}-7-phenvi-1,8-naphthyridin-4(1 H}-one

{Compound No. 1.24)

Na;CO5, PACl{dpphDCM
DME, H,0O, 120 °C
MW, 30 min

3241} To a solution of 6-bromo-7-phenvi-1.8-naphthyvridin-4{1 H}~one (100 mg, 0.40 mmol,
1 eq.) in dioxane-water {10 mL) was added benzo[djthiazol-6-yiboronic acid (86.0 mg, .48
mmol, 1.2 eq.), Na,CO; (87mg, 0.82 mmol, 2.5 eq.}, and PACL{dppfieDCM ( 13 4 mg,
0.0kmmol, 0.05 eg.). The reaction mixture was deoxvgenated with N, and the reaction mixture
was stirred at 120 °C for 30 nmun under microwave irradiation. The reaction mixture was cooled
to RT, diluted with water (20 mL) and exiracted with ethyl acetate (2 x 50 mL). Combined
organic laver was washed with brine (20 mL) and dricd over sodium sulfate. Removal of solvent
under reduced pressure gave crude which was purified by reverse phase column chromatography

to afford the desired product (3 mg 1096} as a light brown solid.

LCMS: 356 [M+1]"

"HNMR (400 MHz, DMSO-de) 3 12.40 (s, 1H), 9.40(s, 1H), 8.50 (s, 1H), 8.20(s, 1H), 8.15-8.00
(m 2H}, 7.43-7.18 (m, 6H), 6.20 {d, 1H).

Fxample 825, Synthesis of 7-{5-methylfuran-2-yi}-6-{quinolin-6-vlj-1,8-naphthvridin-4{i1 H}-one

{Compound No. 1.25)
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[3242] Step 1: Synthesis of 2-amino-6-chlore-N-methoxy-N-methyinicotinamide: Toa
stirred solution of 2-aming-6-chioronicotinic acid (1.136 g, 6 56 mmol, 1.0 eq) and N O-
dimethylhydroxylamine hyvdrochloride (0.965 g, 9.85 mmol, 1.5 eq} in BMF (20 mbL} was added
EDC (1.9g, 985 mmol, 1.5eq), HOBt (1.5 g, 9.85 mumol, 1.5 ¢q). and DIPEA (258 g, 200
mmol, 3.0 eq). The reaction was allowed to stir at RT for 16 h. The reaction mixture was then
extracted using ethyl acetate (2 x 100 mL). the combined organic layer was washed (bring),
dried {anhydrous sodiun sulphate} and concentrated under vacuum to get the solid which was

purified by normal phase flash column chromatography o get the desired product (1.0 g)
LOMS: 216 [M+1]7

{6243} Step 2: Synthesis of 1-(2-amino-6-chloropyridin-3-yljethanone: To a solution of
2-amino-6-chloro-N-methoxy-N-methvinicotinamide (500 mg, 2.32 mmol, 1.00 eq} in THF (20
mhb} was cooled to 0 °C and 3M MeMgBrin THF (2.713 mL, 3.5 mmol} was added at the same
temperature. The reaction mixture was stirred at the same temperature for 30 min. Following
this the reaction mixture was quenched using freshly prepared saturated solution of NH.CI (50
mlb) and extracted using ethyl acetate (2 x 50 mL}. The combined organic layer was dried over
sodium sulfate and concentrated under reduced pressure to afford the desired product (300 mg,

47 %).

LOMS: 171 [M+1]
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16244} Step 3: Synthesis of 1-(2-amino-S-bromo-6-chloropyridin-3-vijethanone: To a
sohution of 1-(Z-aminc-6-chloropyridin-3-yhethanone (1.5 g, 8.82 mmol, 1 eq.} in mixture of
ACN (50 mL) was added N- bromosuccinimide (1.895 g, 10.58 mmol, 1.2 eq.}. The reaction
mixture was stirred at room temperature for 1 h. The reaction was monttored by TLC and NMR.
The reaction solvent was evaporated under reduced pressure. The reaction mixture was diluted
with water (100 mL} and extracted by ethyl acetate (2 x S0 mL}. The organic laver was
separated, washed water (5 x 20 mL) and brine and dried over anhydrous sediam sulfate. The
solvent was evaporated under reduced pressure to afford (1.800 g, 85 %) of 1-(2-amino-5~

bromo-6-chloropyridin-3-vljethanone.
LCMS: 249 [M+1]7

j3245] Step 4: Synthesis of 1-(Z-amino-6-chlore-5-(guinslin-6-yl}pyridin-3-yhethanone:
To a selution of 1-(2-amino-5-bromo-6-chloropyridin-3-yljethanone {(1.100 g, 446 mumol, 1 eq.)
m DME (10 mL): water (1 mL) was added quinclin-6-ylboronic acid (0.756 g, 439 numol, 1.0
eq.), KoCO5 (0912 g, 6.6 mmol, 1.5 eq.), PACL{dppDH+DCM (0.179 g, 0.22 mmol, 0.05 eg.).
The reaction muxture was deoxygenated using N, atmosphere and the reaction mixture was
heated at 140 °C for 30 min. The reaction was monitored by TLC and LCMS. The reaction
mixture was diluted with water {50 mL) and extracted vsing ethyi acetate (2 x 50 mbL). The
separated organic layer was dried over sodium sulfate and concentrated under reduced pressure.
The crude product was purified by flash column chromatography to afford the desired product
{350 myg, 26 %),

LCMS: 298 [M+11"

[3246] Step 3: Synthesis of 1-(Z-amino-6-(5-methylfuran-2-yI)-3-(quinolin-6-yhpyridin-
3-yhethanone: To a solution of 1-(2-ammoe-6-chlore-5-{quinolin-6-yDpyndm-3-yvhethanone
{200 mg, (.67 mmol, 1 eq.} in DME (8 mbL}: water {2 mbL) was added S-methyifuran-2-ylboronic
acid (109 mg, 0.87 mmol, 1.3 eq.), KboCO5 (139 mg, 1.006 mmol, 1.5 eq.), PACL{dppHeDCM (
27 mg, 0.03 mmol, 0.05 eq.}). The reaction mixture was deoxygenated using N, atmosphere and
the reaction mixture was heated at 110°C for 1h. The reaction was monitored by TLC and
LCMS. The reaction mixture was diluted with water {50 ml) and extracted using ethyl acetate
(2 x 50 mL). The separated organic layer was doed over sodium sulfate and concentrated under
reduced pressure. The crude product was purified by flash column chromatography to afford the

desired product (160 mg, 69%;).

LOMS: 344 [M+1T
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0247} Ntep 6: Synthesis of (E}-N'-(3-acetyl-6-(5-methyifuran-2-y1)-5-(quinolin-6-
vhpyridin-2-yl)-N N-dimethyiformimidamide: To a solution of 1-(2-amino-6-(5-
methvifuran-2-vH-5-(quinclin-6-yvlpvridin-3-yhethanone (100 mg, $.29 mumol, 1 eg), m 1,4~
dioxane (5 ml), was added DMF:DMA (346 mg, 2 91 mmol, 2.5 eq.). The rcaction mixture
was heated at 90° C for 30 min. The reaction was monitored by TLC and LCMS. The reaction

solvent was evaporated under reduced pressure to afford the desired product (100 mg, &6 %).
LOCMS: 399 [M+1]7

{6248} Step 7 Synthesis of 7-(8-methyiferan-2-vi)-6-(quinolin-6-yi)-1,8-naphthyridin-
4(1H}-one: To a solution of N'-(3-acetvl-6-{5-methylturan-2-y1}-5-{(quinolin-6-yUpyridin-2-vi)-
N N-dimethyHormumidamide (100 mg, 0.25 mmol, 1 eq), m DMF (1 mL), was added Cs:CG;
{122 mg, 0.37 mmol, 1.5 eq). The reaction mixture was heated at 90° € for 18 h. The reaction
was monitored by LCMS. The reaction mixture was diloted with ice cold water (25 mL). The
precipitation of product was observed and filtered as sold. The crude product was submitted to

reverse phase column chromatography to attord the desired product (10 mg, 11 %),
LOMS: 354 [M+1]7

" NMR (400 MHz, DMSO-dg) § 3.20 (s, 3H), 5.98 (d, 1H), 6.10 (m, 2F), 7.60 (m, 1H), 7.70
(d, TH), 7.98 (d, 1H), 8.05 {m, ZH), 8.30 (s, 1H), 8.42 (d.1H), 8.98 (d, [H), 12.40 ( bs, 1H).

Example S26. Synthesis of 6-{8-methoxyquinolin-6-yij-7-phenvi-1,8-naphthyridin-4(1 Hj-one

{Compound No. 1.26)

O
o0 O
i P E N §

N N

H

A0, _/o\_g/J
,al O/B”S\Q A OH s Y o
1 - k \ B 5 . X
HOTTYT YT TS o] | S
N

KOAC, PeiCL{PPha), | | Na,G0s, PAPPhs),

: e A
Dioxane, 806 %C, 121 \[/ N DME, HO i 2 N ﬁ
G VY, 3 in, 120 % =
Step-1 O MVY, 30 min, 120 "~
Step-2

10249] Step 1: Synthesis of 8-methoxyquinolin-6-ylborenic acid: To a solution of 6- 6-
bromo-8-methoxyguinotine (200 mg, 084 mmol, 1 eq.) in 1.4-dioxane (10 mL) was added 5-
{4,4,5.5- bis{pinacolato)diboron {236 mg, 1 00mmol, 1.2 eq.), KOAc (164 mg, 1 68 mmol,
2eq.), PACL{PPh:}, ( 68 mg, 0.168 mmol, 0.2 eq.}). The reaction mixture was deoxygenated with
Ns and the reaction mixture was heated at 80 °C for 12h. The reaction was monitored by LCMS

and found to be complete after 12h. The reaction mixture was cooled to RT, diluted with water
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{10 mL} and extracted with ethyl acetate (2 x 20 mL}. Combined organic laver was washed with
brine (20 mL} and dried over sodium sulfate. Removal of solvent under reduced pressure gave
crude which was carried to next step without any purification to afford 8-methoxyquinolin-6-

viboronic acid. (120 mg} which was used directly to the next step.
LOCMS @ 204 [M-+117

10254} Step 2: Synthesis of 6-(8-methoxyquinelin-6-yi}-7-phenyi-1,8-naphthyridin-
4(1H}-ene: To a solution of 6-bromo-7-phenyl-1,8-naphthyvridin-4{1 H}-one {100 mg, 0.33
mmol, 1 eq) in DME-water (2 mL} was added 8-methoxyquinolin-6-yiboronic acid {80.9 mg,
0.39 mmol, 1.2 eq ), KyCO; (136,62 mg, 0.99 mmol, 3.0 eq.}), PACL{dppf)+DCM (13.4 mg, 0.01
mmol, 0.05 eq.). The reaction mixture was deoxygenated with Ny and the reaction mixture was
stirred at 120 °C for 30 min in microwave. The reaction was monitored by LCMS and found to
be complete after 30 min. The reaction mixture was cooled to RT, diluted with water {20 mbL)
and extracted with cthyl acetate (2 x 30 mL). Combined organic layer was washed with brine
{20 mL} and dried over sodium suifate. Removal of solvent under reduced pressure gave crude
which was purified by reversed phase column chromatography to afford the desired product (10

mg, §%; as off white solid.
LOCMS: 380 [M+1}7

THNMR (400 MHz, DMSO-dg) 5 12.40 (s, 1H), 8.82(d. 1H). 8.60¢s. 1H), 8.30(d, 1H). 8.00 (d,
1H), 7.60-7.20 (m. TH), 6.80 (s.1H), 6.20 (d, 1H}, 3.60 (s, 3H).

Foxample 827, Synthesis of 6-(1H-benzo[d]imidazol-5-vi}-7-{furan-2-vi)-1.8-naphthyridin-

4{lH}-one (Compound No. 1.27)

Nap,0Ogs, Pd(PPhy),
DME, H,0,
MW, 30 min, 120 °C

{6251} To a sohution of 6-bromo-7-(furan-2-v1}-1, 8-naphthyndin-4(1H}-ong (100 mg, 0.33
mmal, 1 eq.) m DME-water (2 mL) was added 8-methoxvquinolin-6-viboronic acid (80.9 mg,
0.39 mmol, 1.2 eq.), KbCG; (136.62 mg, 0.99 mumol, 3.0 ¢q.}, PACL{dppH-DCM (13 4 mg, 0.01

mmol, 0.05 eq.). The reaction mixture was deoxygenated with N, and the reaction mixture was
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stirred at 120 “C for 30 nun under microwave irradiation. The reaction was monitored by LCMS
and found to be complete after 30 min. The reaction mixture was cooled to room temperature,
diluted with water {20 mL) and extracted with ethyl acetate (2 x 50 mL}. Combined organic
layer was washed with brine (20 mL) and dried over sodium sulfate. Removal of solvent under
reduced pressure gave crude which was purified by reverse phase column chromatography o

afford the desired product (3 mg, 8%6) as off-white solid.
LCMS: 329 IM+1T

'HNMR (400 MHz, DMSO-de) 8 8.56 (s, 2H), 8.00 (s, TH), 7.98-7.80 (m, ZH), 7.65 (m, 1H).
7407 20 (m, 5H), 6.80 (s, 2H).

Fxample $28. Synthesis of 7-(pyridin-3-vi)-6-(quinciin-6-yi)-I, 8-naphthyridin-4(1 H}-one

{Compound No. 1.25)

OH
B.
i
I N/ DMF.DMA, Dioxane
80 °C, 30 min
PGl {dppfDCM,

Cs,00,, DMF,
“ e3°C,18h sTEP2

- P KoCQOy, DME Waler
G N NHy gpec 13 hSTER 1

8252} Step 1@ Synthesis of 1-{6-amino-3-{quinolin-6-yi}-2,3-bipyridin-5-yljethanone:
To a solution of 1-(Z-anmino-6-chloro-3-(quinolin-6-yUpyndin-3-vhethanone (100 mg, 0.33
mmol, 1 eq.) m DME (8 mL): water (2 mL) was added pyndin-3-viboronic acid (49 mg, .40
mmol, 1.2 eq.}, KoCO5 (69 mg, 0.50 mmol, 1.5 eq.}, PACH{dppfyDCM ( 13 mg, 0.015 mmol,
0.05 eq.}. The reaction mixture was deoxygenated using No atmosphere and the reaction mixture
was heated at 80 °C for 18 h. The reaction was momitored by TLC and LCMS. The reaction
maxture was diluted with water (50 mL) and extracted using ethyl acetate {2 < 50 mL}. The
separated organic laver was dried over sodium sulfate and concentrated under reduced pressure,
to get the desired product (200 mg) which was used as such for next step without further

purification.

LOMS: 341 [M+1]7

{0253] Ntep 2: Synthesis of T-{pyridin-3-vi}-6-{quinolin-6-yi}-1,8-naphthyridin-4(1 H)-
oue: To asolution of 1-{6-amino-3-(quinolin-6-y13-2,3-bipyridin-3-yljethanone (200 mg, 0.58
mmol, 1.00 eq.}, in 1.4 dioxane (5 mL}, was added DMF DMA (346 mg, 2.91 mmol, 2.5 ¢q.}).

The reaction mixture was heated at 90 °C for 30 min. The reaction was monitored by TLC and
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LCMS. The reaction solvent was evaporated under reduced pressure. The senmusolid crude
material obtamed was dissolved in DMF (2 mL) and Cs;C05 (246 mg, 0.75 mmol, 1.5 e} was
added. The reaction mixture was again heated at 90 °C for 18 h. The progress of the reaction
was monitored by LCMS. The reaction mixture was diluted with ice cold water (25 mL} and the
precipitates obtained were filiered under vacuum. The residue was punified by reversed phase
column chromatography to atford the desired product (10 mg, 6 %,

LOMS: 351 [M+1]7

TH NMR (400 MHz, DMSO-dg) 8 6.20 (d. 1H), 7.38 (¢, 1H), 7.50 (d, 1H), 7.58 (d, 1H). 7.78 (4.

1H). 7.90 ¢ d, TH), 8.07 (m, 2H), 8.38 (d, 1H), 8.50-8.60 (d, 1H), 8.58 (m, 2H), 8.98 (4, 1H),
12.42 (bs, 1H).

Fxample 529. Synthesis of 7-(5-methvifuran-2-vij-6-(quinolin-0-yli-1 8-naphthyridin-2(1 H-one

{Compound No. 1.29)

o
@ > Q s o
o poe NES ;
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Dioxane: Water Step &

Btep 7

{6254} Step 1: Synthesis of (2-amino-6-chioropyridin-3-ylimethanol: To a stirred
solution of 2-amino-6-chloro-N-methoxy-N-methylnicotinamide (1.0 g, 4.6 mmol, 1.0 ¢q}in
THF (20 mL) was added 1M solution of DIBAL-H in toluene (23.14 mL, 5.0 ¢q) dropwise at §
°(. Progress of the reaction was monitored by TLC. To the reaction muxture was added agueous
NH,Cl and extracted using ethvl acetate (3 x 75 mL). Combined organic layers were washed
{brine), dried {(anhydrous Na; S0y} and concentrated under vacuun to get the solid which was

further triturated with pentane to give the desired product (0.330 g, 45%)
LOMS: 159 [M+11

[3255] Step 2: Synthesis of Z-amino-6-chioronicotinaldebyde: To a solution of (2-
amino-6-chloropyridin-3-vimethanol (2.67 g, 16.83 mmol, 1.0 eq) in BCM (40 mL} was added
PCC (7.26 g, 33.6 mmol, 2.0 eq) at 0°C, the reaction was allowed 1o stir at RT, progress of the
reaction was monitored by TLC. After completion of the reaction the reaction was filtered
through Celite. The filtrate were washed with brine and dried over sodiom sulphate and
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concentrated under vacuum to get the desired product (1.92g, 73%).

LCMS: 157 [M+1]"

[03256] Step 3: Synthesis of 2-amine-S-bromo-6-chloronicotinaldehyde: To a stirred
solution of 2-amino-6-chloronicotinaldehyvde (1.8 g, 1.0 eg, 11.49 mmol) in ACN (20 mL) were
added NBS (2.0 g, 1.0¢eq, 11.49 mmol} at 0°C. The reaction mixture was allowed to stir at RT.
The progress of the reaction was monitored by TLC. After complete conversion of the starting
material the reaction mixture was concentrated under vacuum. Water was added and the
reaction mixture was extracted using ethyl acetate (3 x 75 mbL}), the combined organics organics
were washed with brine and dried over anhydrous sodium sulphate and concentrated under

vacuum to get the desired product {1.8 g, 67%).
LOMS: 235 [M+1]7

10257} Step 4: Synthesis of ethyl (£)-3-(2-amine-S-brome-6-chlorepyridin-3-
viacrylate: Ina 20 mL THF, NaH (1.8 g, 1.0 ¢q, 7.6mmol) and TEPA (1.98 mL, 9.9 mmol, 1.3
e} was added at 0°C. Followed by addition of 2-amino-5-bromo-6-chloronicotinaldehyde (1.8
g, 1.0 eq, 7.6 mmol} and the reaction mixture was allowed to stir at RT. The progress of the
reaction was monitored by TLC. The reaction was quenched by adding water extracted by using
ethyl acetate (3 x 100 mL}. The combined organics were washed by brine and dnied over

sodiom sulphate and concentrated under vacuum to give the desired product {1.035 g, 349%)
LOCMS: 305 [M+11

{03258] Step 5: Synthesis of 6-brome-7-chlore-1,8-naphthyridin-2{i1 H}-one: To a freshly
prepared sodium ethoxide (0.105 g Na metal in 10 mL ethanol) at 0°C was added 20 mL
solution of ethyl (E}-3-(2-aming-5-bromo-6-chloropyridin-3-yvljacrylate (1.035 g, 4 56 mmol,
1.0 e} in ethanol and the reaction mixture was allowed to stir at RT for 16h. The progress of the
reaction was monitored by TLC. The reaction mixture was concentrated under vacuum and
extracted with ethyl acetate (3 x 75 mL), the combined organic layers were washed with brine
and dried over sodium sulphate and concentrated under vacuum to get the desired product {0.650
g, 55%)

LCMS: 259 [M+1]"

10259} Step 6: Synthesis of 7-chloro-6-(quinolin-6-yi)-1 8-naphthyridin-2{1H}-one: Toa
stirred solution of 6-bromo-7-chloro-1,8-naphthynidin-2(1H}-one (0.120 g, 0.46 mmol, 1.0
equiv} and quinolin-6-ylboronic acid {0.096 g, 0.56 mmol, 1.2 equiv) in dioxane (3 mL)} was

added Na,CO5 (0.097 g, 0.66 mmol, 2.0 equivy and | mL water. The reaction was purged with
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N, for 5 mm. To this reaction mixture was added Pd{dppf)Cl,»DCM complex (0.019 g, 5 mol
%} and N, was purged again for another 5 min. The reaction mixture was heated at 70 °C for 16
h. The reaction mixturc was allowed to cool to RT and extracted using ethyl acetate (Z x 35
mb}. The combined organic layers were washed (bring), dried {(anhydrous Na,SOy) and
concentrated under vacuum. The hght brown sohid obtained was triturated with pentane to give

the destred product {0.100 g) which was used as such for next step without further punification.
LOCMS: 308 [M+1]"

{6268} Step 7 Synthesis of 7-(8-methyiferan-2-vi)-6-(quinolin-6-yi)-1,8-naphthyridin-
2{1H)-one: To a stirred solution of 7-chloro-~0-{quinolin-6-v1)-1.8-naphthyridin-2{(1H}-one
(0.100 g, 0.32 mmol, 1.0 equiv) and (S-methyvlfuran-2-yhboronic acid (0.050 g, 0.38 mmeol, 1.2
equiv) in dioxane (3 mL) was added Na; CO4 (0.062 g, .64 mmol, 2.0 equiv) and 1 mL water.
The reaction was purged with N for 5 min. Fo this reaction mixture was added
Pd{dppHCheDCM complex (0.015 g, 5 mol %) and N, was purged agan for another 5 nun. The
reaction mixture was heated at 110 °C for 1 h under microwave irradiation. The reaction mixture
was allowed to cool to RT and extracted using ethyl acetate (2 x 35 mL). The combined organic
lavers were washed (brine}, dried {anhvdrous Na;SOy) and concentrated under vacuum to get the
solid residue which was purified by reversed phase column chromatography 1o get the desired

product as off white sohid (0.005 g, 5 %),

LOMS: 354 (M+1]7

"H NMR (400 MHz, METHANOL-d,) 8§ 8.71 (d, J=2.63 Hz, 1H), 823 (d, /= 7.45 Hz, 1H),
788 (1, /=417 Hz, 2H), 777 (s, 1H), 7.79 (s, 1H), 748 - 758 (m, 1H), 741 (dd, /=439, 833
Hz, 2H), 646 (d,/=9.65Hz, 1H), 6.20(d, J=3.07 Hz, 1H), 582 (d,J=3.07 Hz, 1H), 1.76 -
1.92 (m, 3H¥xample 530. Synthesis of 7-{3-methvi-1H-pyrazol-1-vi)-6-(quinolin-6-yl}-1,5-

naphthyridin-4¢1Hj-one (Compound No. 1.92}

N AARAL-
o DDMF:DMA

| 100 %C, 30 min
~ ]
S 2) Cs,C0; DMF

Cl NT O NHZ i
120°C, 16 h

7N

DN}F, QS;,:QO;;‘
20 9C, 48 h

[0261] Step 1: Synthesis of 7-chloro-6-(quinoclin-6-vi}-1,8-naphthyridin-4{1H}-one
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To a solution of 1-(2-amino-S-(quinolin-6-ylpyridin-3-ylethanone (297 mg, 0.83 mmol, 1 eq),
m 1,4 dioxane {10 mL}, m DMF.DMA (150 mg, 1.25 mmol, 1.5 eq.}. The reaction mixture was
heated at 100 °C for 30 min. The reaction was moniiored by TLC and LCMS. The reaction
mixture was concentrated under reduced pressure. To this Cs,COs (826 mg, 2.5 mumol, 3.0 eqg)
and DMF (1 mL} was added. The reaction mixture was heated at 120 “C for 16 h. The reaction
mixture was difuted with ice cold water (5 mL) and extracted with cthyl acetate (3 x 30 mL},
The separated organic layer was washed with water {5 x 20 mL}. The organic laver was dried
over sodium sulfate and concentrated under reduced pressure. The crude product was purified by

normal phase colamn chromatography to get the desired product {120 mg, 47%;).
LCMS: 308 [M+1]"

10262} Step-2: Synthesis of 7-(3-methyl-1 H-pyrazol-1-yi)-6-(quinolin-6-yi}-1,8-
anaphthyridin-4(1H}-one: To a stirred solution of 7-chloro-6-{quinolin-6-y13-1,8-naphthyridin-
4{1H}-one (120 mg, 0.39 mumol, leq.} in DMF (2 mbL} was added 3-methyl-1H-pyrazcle (320
mg, 3.9 mmol, 10 eq.) and Cs2C05 (380 mg, 1.16 mmol, 3 eq.}. Resulting mixture was heated at
90 "C for 48 h, progress of the reaction was monitored by TLC and LCMS. On completion of the
reaction, the reaction mixture was diluted with water (30 mL) and extracted with ethyl acetate
(50 mL x Z). Combined organic layers were washed with water {100 mL = 2}, dried with
anhydrous Na, SO, and concentrated under vacuum to get the solid residue which was purified
by reversed phase column chromatography to get the desired product as off white solid (2 mg,

1%3.

LOMS: 354 [M+117. 'H NMR (400 MHz, DMSO-dg} § 12.47 (s, 1H), 9.05 (br. s.. 1H). 8.65 (s,
1H), 8.60 (s, 1H). 8.1 (br. 5., 1H), 8.11 (br. ., 1H), 7.93 - 8.04 (m. 2H). 7.76 (s, 1H), 7.47 (4. J
=833 Hz, 1H), 6.31(d, J=2.19 Hz, 1H), 6.19 (d. J = 7.45 Hz, 1H), 1.96 (s, 3H).

Example 831, Synthesis of 6-therizo/d ] thiazol-6-vI}-7-(5-metfyifiran-2-yij- 1, 8-naphthyridin-
'/ ) . { fef Vij ¢ 247 24

41 H}-one (Compound No. 1.98)
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/ 110°% . 1&n
Step 5

{6263} Step 1: Synthesis of 1-(2-amino-6-{5-methyHuran-2-ylipyridin-3-yijethanone: To
a solution of 1-{2-amino-6-chloropynidin-3-victhanone (600 mg, 3.52 mmol, 1 eq.} in DME (15
mL}: water (3 mL} was added 5-methvifuran-2-viboronic acid (485 mg, 3.88 mmol, 1.1 eqg),
KOOz (731 mg, 5.29 mmol, 1.3 eq.), PACL{dppHiDCM ( 144 mg, 0.017 mmol, 0.05 eq.). The
reaction mixture was deoxvgenated using N, atmosphere and the reaction nmixture was heated at
80 °C for 18h. The reaction was monitored by TLC and LCMS. The reaction mixture was
diluted with water (50 mL) and extracted using cthyl acetate (2 x 30 mL). The separated organic
laver was dried over sodium sulfate and concentrated under reduced pregsure. The crude product
was purified using Combi-flash column chromatography to atford the desired product (150 mg,

20 %),
LOMS: 217 [M+1]".

{8264} Step 2: Synthesis of 1-(Z-amine-5-bromo-6-(S-methyvifuran-2-vhpyridin-3-
viethanone: To a solution of 1-(2-ammo-6-(5-methvifuran-2-yhpyridin-3-ylethanone (150
mg, 0.69 mmol, T eq.) in muxture of ACN (10 mL} was added N- bromosucciminide (160 mg,
0.89 mmol, 1.3 eq.). The reaction mixture was stirred at room temperature for 1 h. The reaction
was monitored bv TLC and NMR. The reaction solvent was evaporated under reduced pressure.
The reaction mixture was diluted with water (100 mb) and extracted by cthyl acetate {2 x 30
mb}. The organic layer was se¢parated, washed water (5 x 20 mbl) and brine and dried over
anhydrous sodium sulfate. The solvent was evaporated under reduced pressure to afford the

desired product (200 mg, 98 %).
LOMS: 295 [M+1]7.

{0265] Step 3¢ Symthesis of N'-(3-acetyl-5-bromo-6-(S-methylfuran-2-yi}pyridin-2-yi}-

N,M-dimethylformimidamide: To a solution of  1-(Z-amino-S-bromo-6-(S-methyifuran-2-
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vhpyridin-3-yvlethanone (200 mg, 0.677 mmol, | eqg), in 1.4 dioxane (10 mL}, was added
DMF.DMA (261 mg, 1.69 mmol, 2.5 eq.}. The reaction mixtare was heated at 80° C for 60 min.
The reaction was monitored by TLC and LCME. The reaction solvent was gvaporated ander

reduced pressure. The crude product was used in next step.
LCMS: 350 [M+17".

8266} Step 4: Synthesis of 6-bromo-7-(S-methyH{uran-2-vi}-1,8-naphthyridin-4(i H)-
ene: To a solution of N'-(3-acetvl-5-bromo-6-(S-methylfuran-2-vhpyridin-2-y1}-N,N-
dimethyiformimidamide (200 mg, 0.57 mmol, | eq), in BDMF (2 mL), was added Cs,CO5 (273
mg, 0.83 munol, 1.5 eg). The reaction mixture was heated at 90° C for 18 h. The reaction was
monitored by LUMS. The reaction mixture was diloted with ice cold water (25 mbL) and
extracted with ethyl acetate (2 » 50 mL). The separated organic laver was washed with water (5
x 20 mL). The organic layer was dried over sodium sulfate and concentrated under reduced
pressure to afford (150 mg, 86 %) of 6-bromo-7-(5-methylfuran-2-v1)-1,8-naphthyndin-4{1H)-

one.
LOMS: 305 [M+1]".

8267} Step 30 Symthesis  of  6-(benzo]dithiazol-6-y1)-7-(5-methylfuran-2-yi)-1,8-
naphthyridin-4(1H}-one: To a solution of 6-bromo-7-(S-methyifuran-2-vi}-1,8-naphthyndin-
4(1H)~one (100 mg, 033 mmol, 1 eq) in 1.4 dioxane (8 mL); water (2 ml) was added
benzoldjthiazol-6-viboronic acid (64 mg, 0.36 mmol, 1.1 eq.), K,CO5 (68 mg, 049 mmol, 1.5
eq.}, PA(PPhs)e { 19 mg, 4.016 mmol, 0.05 eq.}. The reaction mixture was deoxvgenated using
My atmosphere and the reaction mixture was heated at 80°C tor 18h. The reaction was monttored
by TLC and LCMS. The reaction mixtare was dilated with water (50 mL) and extracted using
cthyl acetate (2 x 30 mL}. The separated organic layer was dried over sodium solfate and
concentrated under reduced pressure. The crude product was punfied using reverse phase

column chromatography to afford the desired product as off-white solid(14 mg, 11 %).

LOMS: 260 [M+1]". TH NMR (400 MHz, DMSO-dg) 01 1244 (d, J = 4.82 Hz, 1H), 9.47 (s. 1H),
820 - 8.28 (m, 2H), 815 (d, J= 8.33 Hz, 1H), 7.92 - 7.97 (m, 1H), 7.50 (dd, J= 1.75, 8.33 Hz,
1H), 6.07 - 6.12 {m, 2H), 5.86 (4, J = 3.51 Hz, 1H), 2.20 (s, 3H).

Fxample 532, Synthesis of 7-(I H-pvrazol-i-vi}-6-(quinclin-6-yi)-i,8-naphthyridin-4(1 H)-one

{Compound No. 1.99)
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/N r =
SN O
Br 2 SN Ex3
E OH
x ARy,
C?zj N ﬁ o Pd{dppf).Ch dom complex,

Na,CO4, DME:water
180 °C, 18 h

[6268] To a stirred solution of &-bromo-7-{1H-pyrazol-1-yi)-1 8-naphthyridin-2{1H}-one
(0.100 g, 0.34 mmol, 1.0 cq.) and guinolin-6-viboronic acid (0.071 g, 0.41 mmol, 1.2 ¢g) in
DME (3 mL) was added NaxCG; (0.072 g, 0.68 mmol, 2.0 eq.) and I mL water. The reaction
was deoxygenated using N2 followed by addition of Pd(dppfiCl,. DCM complex {$.014 g, 5 mol
%). The reaction mixture was deoxygenated again & heated at 100 °C for 16 h. The reaction
mixture was allowed to cool to RT and extracted using cthyl acetate (3 < 25 mbL). The combined
organic layers were washed (brine), drnied (anhvdrous Na;5G,) and concentrated under vacuum
to get the solid residue which was purified by reversed phase column chromatography to get the

desired product as off white solid {0.015g, 13%)

LOMS: 340 [M+1]7. 'H NMR (400 MHz, DMSO-de) 5 8.85 - 8.95 (m. 1H), 8.48 (s, 1H), §.32
(d. /=786 Hz, 1H), £.19 (br. 5., 1H). 8.05(d, /=921 Hz. 1H), 7.81 - 7.93 (m, 2H), 7.46 - 7.59
(o, 2H), 7.31(d, /= 8.33 Hz. 1H), 6.67 (&, J= 9.65 Hz, 1H). 6.46 (br. 5., 1H).

Fxample 533. Synthesis of 7-(1 H-pyvrazol-i-vij)-0-(quinolin-6-yi)-1, 8-nophibyridin-4{1 H)-one
{Compound No. 1.100)

S et

N 0 - O“\ M o]
T \i O/K/*’\ X I
S N \'\l')\ -

1.4 dioxane. 990 °C. 24 h T ONT N 20% HCl in dioxane {“,\f N
Step 1 NH; 0 °C, 16 h =N
Step 2

6269} Step §: To a stirred solution of 7-chloro-6-{quinolin-6-vi}-1,8-naphthyridin-4(14}-
one(90mg, 0.29 mmol, 1.0 equiv) & hvdrazine hydrate (22mg, 0.43 mmol, 1.5 equiv} in dioxane
{5 mL). The resulting mixture was heated at 90 °C for 16 h. The reaction mixture was allowed to
cool to RT and concentrated under vacuum fo get the solid residug (90 mg crude) which was

used for next reaction without purification.
LCMS: 304 [M+1]".
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{0270] Nep 2: To a stired solution of 7-hydrazinyl-6-{qumolin-6-y1)-1, 8-naphthyndm-
4(1Hy-one (90 mg, 0.29 mmol, 1.0 equiv) & 1,13 3-tetragthoxypropane (97 mg, 0.44 mmol, 1.3
equivy in dioxane (5 mbl) was added 20% HCI in dioxane (0.3 ml}. The reaction mixture was
heated at 90 °C for 16 h. Progress of the reaction was monitored by LCMS. The reaction mixture
was allowed to cool to RT & basified with solution of NaHCGOs; (10mL) and extracted with cthyl
acetate (20mLx2}. The combined organic layers were washed with water (S0mL) and brine
solution (50mb), dried (anhydrous Na;504) & concentrated under vacuum to get the solid
residue which was purified by reversed phase column chromatography to get the desired product

{13mg, 13 %).

LCMS: 340 [M+1] 'H NMR (400 MHz, DMSO-ds) 5 8.89 (d. J= 3.95 Hz, 1 H), 8.62 (s, 1 H),
R36(d.J=533Hz 1 ). 829(d, /=219 Hz. 1 H), 8.04 (d, /=745 Hz, | H), 7.99 (br. 5., |
H), 7.85 (d.J = 833 Hz, 1 H), 7.58-7.47 (m, 2 1), 7.29 (d, J = 8.77 Hz, 1 H), 6.49 (br. 5., 1 H).
6.16(d,J =745 Hz, 1 H).

Fixample §34. Synthesis of 3-phenyl-2-(guinazolin-6-vi)pyrido {2, 3-b [pvrazin-8(5H)}-one

{Compound No. 1.101)

Mo

re
N \F_;"'OH

i

OH
Pd{dppf)Cl,.DCM complex,
Na,CO;, DME water
120°C, 2 n MW

10271} To a stirred solution of 2-bromo-3-phenvipyrido|2.3-6{pyrazin-8(3H-onc { 0.100 g,
0.33 mmol, 1.6 eg} m DME (20.0 mbL) was added quinazoim-6-yiboromc acid {0.110g,
0.43mmol, 1.3 eq). The reaction mixture was deoxvgenated using nitrogen gas. Pd{dppfiCl;
dem complex (0.0.013 g, .05 ¢g 0.0.16 munol) was then added. The reaction mixture was again
purged with nitrogen & heated at 120 °C for 2 hours in microwave. Progress of the reaction was
momitored by TLC and LCMS. Reaction muxture was allowed to cool to RT & quenched by
adding ag. NaOH & extracted using ethy! acetate (3 x 100 mL} The combined organic lavers
were washed (brine), dried {anhydrous Na;504) & concentrated under vacuum to get the solid
which was purified by normal phase column chromatography to get the desired product (0.0092

o, 8%).

209



WO 2019/018583 PCT/US2018/042776

LOMS:351 [M+177'H NMR (400 MHz, DMSO-de) 8 12.41 (d. J=35.70 Hz, 1 H). 9.60 (s, | ),
934-9 14 (m. 1 H), 856 (s, 1 FD. 8.27(d, J=1.75 Hz, 1 1), 7.99 - 8.08 (m, 1 F), 7.84 (d, J =
877 Hz, 1 H), 7.65 (dd, J=8.77, 1.75 Hz, 1 H), 7.46-7.15 (m, SHD, 6.18 (d, J = 7.45 Hz, 1 H).

Example 835. Synthesis of 6-(3a, 7a-dihydro-i H-indazol-5-ylj-7-phenyi-1, 8-naphthyridin-
4{1H)-one {Compound No. 1.102}

Pd{dppfiCi DCM complex,
Na,CG;,, Dioxane:water
100 °C, 18 h

{9272} To a stirred solution of 6-bromo-7-phenyl-1,8-naphthyridin-4(1H}-one (0.150 g, 0.5
mmol, 1.0 eq.} and (1H-mdazol-5-yvhboronic acid (0.146 g, 0.6 mmol, 1.2 ¢q.) 1 dicxane (4
ml.} was added Na,CO; (0.106 g, 1.0 mmol, 2.0 eq.} and 1 mi water. The reaction was purged
with N, for 5 min. To this reaction mixture was added with Pd{dppt)Cl,.DCM complex (0.021 g,
5 mol %} and N, was porged again for another 5 min. The reaction mixture was heated at 100 °C
for 18 h. The reaction mixture was allowed to cool to RT and extracted using ethyl acetate (3 x
25 mb). The combined organic layers were washed (brine), dried (anhvdrous Na,504) and
concentrated under vacuum to get the solid residue which was punified by reversed phase

column chromatography to get the desired prodact as off white solid (0.003g, 3%}

LCMS: 339 [M+1]" 'H NMR (400 MHz, DMSO-de) 8 13.11 (br. s, 1H), 12.33 (br. s.. 1H),
839 (s, 1H), 8.05 (br. s, 1H), 7.98 (br. s, 1H), 7.72 (s, 1H), 7.33 - 7.46 (m, 3H), 728 (d, J =
7.02 Hz, 2H), 7.08 (d, } = 8.33 Hz, 1H), 6.14 (d, J = 7.45 Hz, 2H).

Fxample §36. Svathesis of 6-(3-chiorophenvl}-7-phenvi-1,8-naphihyridin-4(1H}-one (Compound
No. {.30}

HO..._OH
g

@

Y b /I

i i Ci

o

@AN b Pd(PPhy),, Na,COs
Dioxane:H,0

B0 °C, 18 h
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{0273] To a solution of 6-bromo-7-phenyi-1,8-naphthyridin-4(1H)-one (100 mg, 0.33 mmol,
Teqg.)in I 4-dioxane {8 mL}): water {2 mL) was added 3-chlorophenviboronic acid (54 mg, 0.35
mmol, 1.05 g ), NayCOs {70 mg, .66 mmol, 2 eq.), and PA{(PPh;), { 9 mg, 0.008 mumol, 0.025
¢q.}). The reaction mixture was deoxygenated using N, and was allowed to heat at 86 °C for 18 h.
The progress of the reaction was monitored by LCMS. The reaction mixture was diluted with
water (50 mL} and extracted using ethyl acetate (2 x 50 mL}. The separated organic layer was
dried over sodium sulfate and concentrated under reduced pressure. The crude product was

purified by reverse phase column chromatography to afford the desived product (25 mg, 23%)

LOMS: 333 [M+1]7 '"H NMR (400 MHz, DMSO-ds) 5 6.18 (d, 1H), 7.18 (d, 1H), 7.30-7.40
(m, 8H), 8.00 (d, 1H). 8.40 (s, 1H).

Fxample §37. Synthesis of 6-(3-chiorophenyii-7-phenvi-1 8-naphthyridin-2¢(1H}-one (Compound

No. 1.31)
N
/O\ i
o S g -OH PN

’ i
OH
Pd{dppHClL.DCM complex,
2M aqg. NaxC0s,
80 °C, 4 h, Dioxane

{0274] To a stirred solution of 6-bromo-7-phenvl-1,8-naphthyridin-2(1H)-one (0.120 g, (.40
mmol, 1.0 equiv} and (3-chlovophenyliboronic acid (0.075 g, 0.48 mmol, 1.2 equiv) in dioxane
(4 mL) was added 2M aqueous Na;COs (0.085 g, 0.80 mmol, 2.0 equiv, 0.4 mL}. The reaction
was purged with N, for 5 min. To this reaction mixture was added Pd{dppf)Cly BCM complex
(0.016 g, 5 mol %} and N, was purged again for another 5 min. The reaction mixture was heated
at 90 °C for 4 h. The reaction mixture was allowed to cool to RT and extracted using ethyl
acetate (2 » 35 mL). The combined organic layers were washed (brine), dried (anhydrous
Nap504} and concentrated under vacuum to get the solid residue which was purified by nommal
phase flash colomn chromatography (3% Methanol in DCM) to get the desired product as off

white solid (0.020 g, 15 %).
LCMS: 333 [M+1]". 'H NMR (400 MHz, DMSO-de) 8 8.23 (s, 1H), 8.00 (d, /=921 Hz, 1H),
7.22~742 (m, 8H), 7.06 - 7.17 (m, 1H), 6.63 (d, /= 9.65 Hz, 1H).

Fixample 538, Synthesis of 6-(2-0x0-2,3-dihydro-1H-benzold imidazol-5-yv1-7-phenyl-1 8-

naphthyridin-2{1H}-one (Compound No. 1.32)
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Pd{dppHCL.DOM complex,
a0 °C, 4 h, Dioxane

[0275] To a stirred solution of 6-bromo-~7-phenyl- 1, 8-naphthyridin-2{1H}-one (0.120 g, 0.40
mmol, 1.0 equiv) and 5-(4,4,5, 5-tetramethyi-1,.3 2-dioxaborolan-2-y1}-1, 3-dihydro-2H-
benzo|djimidazol-2-one (0.124 g, (.48 mmol, 1.2 equiv} in dioxane (4 mL) was added 2M
aqueous NayCOs (0.085 g, 0.80 ramol, 2.0 equiv, 0.4 ml). The reaction was purged with N» for
5 min. To this reaction mixture was added Pd{dppHCly DCM complex (0.016 g, 5 mol %) and
N, was purged again for another 5 min. The reaction mixture was heated at 90 °C for 4 h. The
reaction mixture was allowed to cool to RT and extracted using ethyl acetate (2 x 35 mL). The
combined organic lavers were washed (brine), dried (anhvdrous Na;SO4) and concentrated
ander vacuum to get the solid residue which was punfied by reverse phase column
chromatography to get the desired product (0.020 g, 14 %).

LCMS: 355 [M+1]". '"H NMR (400 MHz, DMSO-dg) 8 10.57 (br. 5., 2H), 8.13 (s, 1H), 7.99 (d.
J=965Hz, 1H), 7.17 - 742 (m, SH), 6.84 (d,./=7.89 Hz, 1H), 6.71 -6.78 (m, 2H), 6.60 (d. J
=921 Hz, 1H).

Example §39. Synthesis of 6-(2, 6-dimethylpyridin-4-yij-7-phenvi-1,8-naphthyridin-2(1 H)-

one(Compound No. 1.33)

N E
o gy OH
g NP
O Pd{dppfHiCl, DCM complex, id | o
Na2003 2 2
90 °C, 4 h, Dioxane P N ﬁ ©
P

{0276} To a stirred solution of 6-bromo-~7-phenyl- 1, 8-naphthyridin-2{1H}-one (0.120 g, 0.40

mmol, 1.0 equiv) and (2,6-dimethyvipyridin-4-ylboronic acid (0.073 g, 0.48 mmol, 1.2 equav) in

dioxane (2 mL) was added Na,CO; (0.085 g, 0.80 mmol, 2.0 equiv) and 0.8 mL water. The

reaction was purged with Ny for 3 nun. To this reaction mixture was added Pd(dppHCLy DCM

coraplex (0.016 g, 5 mol %) and N, was purged again for another 5 min. The reaction mixture

was heated at 90 °C for 4 h. The reaction mixture was allowed to cool to RT and extracted using
212
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cthyl acetate (2 » 35 mL). The combined organic layers were washed (brme), dried (anhydrous
Na,50,) and concentrated under vacuum to get the solid residue which was purified by reverse

phase column chromatography to get the desired product as off white sohd (0.020 g, 15 %)

02771 LCMS: 328 [M+1]". "H NMR (400 MHz, DMSO-de) 8 12.28 {br. 5., 1H), 8.22 (s,
1H), 8.00 (d, .7 =9.75 Hz, 1H). 7.26 - 7.44 (m, SH. 6.86 (s, 2FD), 6.63 {d, = 9.29 Hz, 1H), 2.32
(s, 6H)

Example S40. Synthesis of 7-phenyl-6-(pyridin-4-yi)-1,8-naphthyridin-2{ 1 H}-one {Compound

44

No. 1.34)

N O PdCl{dppfiDCM, NaxC0s
Dioxane:H,0
&0 °C, 18h

{08278} To a solution of 6-bromo-7-phenvi-1,8-naphthvridin-2(1H}-one (100 mg, 0.33 mmol,
leg.y i 1 4-dioxane (8 mL): water (2 mb} was added pyridin-4-ylboronic acid (41 mg, 0.33
mmol, 1.00 eq.}, Na;C33 (70 mg, 0.66 mamol, 2 eq.), and PACL(dppHiDCM complex { 6 mg,
0.008 punol, 0.025 eq.). The reaction mixture was deoxvgenated using N, atmosphere and the
reaction mixture was heated at 80 °C for 18 h. The reaction was monttored by NMR and LCMS.
The reaction mixture was diluted with water (50 mL) and extracted using ethyl acetate (2 x 50
mb}. The separated organic layer was dned over sodium sulfate and concentrated under reduced
pressure. The crude product was purified by reverse phase column chromatography to afford (20
mg, 20 %) as a desired product.

LCMS: 300 [M+1]". "H NMR (400 MHz, DMSO-dq) § 6.62 (d, 1H), 7.20 (d, 2H), 7.30-7.40
(bs, SH), 8.00 (d, 1H), 8.22 (s, 1H), 8.30 (d, 2H).

Fxample S41. Synthesis of 6-{3-chlore-5-methylphenyl}-7-phenyl-1 8-naphthyridin-2(1H)}-one

{Compound No. 1.35)

X0 PACH{dppHiDCM complex, NayCOs
Dioxane:H,0
80°C 18 h

o]
st
3]
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{0279]  To asolution of 6-bromo-7-phenyl-1,8-naphthyridin-2(1H}-one (100 mg, 0.33 mmol,
Peq}m 1 4-dioxane (& mL): water (2 mL) was added 3-chloro-5-methylphenylboronic acid
{41 mg, 0.33 mmol. 1.00 eq.}. NaxCOs (70 mg. §.66 mmol, 2 eq.}, PACh{dppHiDCM complex (
6 mg, 0.008 mmol, 0.025 eq.). The reaction muxture was deoxygenated using N, atmosphere
and the reaction mixture was heated at 80 °C for 18 h. The reaction was monitored by NMR
and LCMS. The reaction mixture was diluted with water (50 mL) and exiracted using cthyl
acetate {2 x 50 mL). The separated organic layer was dried over sodumm sulfate and
concentrated under reduced pressure. The crude product was purified by reverse phase column

chromatography to afford (20 mg, 17 %) as a desired product.

LOMS: (IM+117): 347. "H NMR (400 MHz, DMSO-de) § 2.20 (s, 3H), 6.60 (d, 1H), 6.98-7.00
(d, 2FL), 7.18 (s, 1H), 7.30-7.40 (s, 5H), 8.00 (s. 1H), 8.20 (s, 1H).

(3288} It 1s understood that compounds from the Table-1 (1.36-1.91, 1.93-197 and 1.103-
2.023) may be synthesized by the General Synthetic Scheme 1, Scheme 2, Scheme 3, Scheme 4,
Scheme 5 or present routes wnvolving steps clearly familiar to those skilled in the art, wherein
the substituents described in compounds of formula (1) herein can be varied with a choice of

appropriate starting materials and reagents utilized in the steps presented.

Biological Examples

Fxample Bl. Radioligand binding competition assay

[0281] Binding of selecied compounds to the adenosing A, Ay, Asp, and Az receptors was

tested using a binding competition assay.

(3282} The general protocol for the radioligand binding competition assay was as follows.
Competition binding was performed in duplicate in the wells of a 96 well plate (Master Block,
Greiner, 786201) containing binding buffer (optimized for each receptor), membrane extracts
{amount of protein/well optimized for each receptor), radiotracer {final concentration optimized
for cach receptor), and test compound. Nonspecific binding was deternuned by co-incubation
with 200-fold excess of cold competitor. The samples were incubated n 2 final volume of 0.1
mk. at 25°C for 60 minutes and then filtered over filter plates. Filters were washed six times with

0.5 mL of ice-cold washing buffer (optimized for cach receptor) and 50 pb of Microscint 20
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{(Packard) were added on each filter. The filter plates were sealed, mcubated 15 nun on an orbital

shaker and scintillation counted with a TopCount for 30 sec/filter.

{0283] For the adenosine A receptor radioligand binding assay, the following
modifications were made to the general protocol. GEF/C filters (Perkin Elmer, 60035174),
presoaked in 0.01% Bry for 2 h at room temperature were used. Filters were washed six imes
with 0.5 ml of ice-cold washing buffer (50 mM Tris pH 7.4) and 50 ul. of Microscint 20
{Packard) was added m cach well. The plates were then mcubated for 15 min on an orbital

shaker and then counted with a TopCount™ for | min/well.

[02584] Another radioligand binding assay was used to evaluate the binding affinity for the
adenosine A, receptor assay was performed in duplicate 1o the wells of a 384 plate. Assay
buffer contained DPBS 500 mM, MgCl, 0.1 mM, and 1% DMSQ. Membrane-bead suspension
was prepared by mixing 25.98uL of human adenosine Aza membrane proparation (Perkin Elmer,
RBHA2AMA400UA} at 33 4 ug/mb, 28 ul of ADA at 20 pg/ml, and 932 ul of SPA beads at
3.33 mg/mb.} and incubated the mixture for 20 min at room temperature. Mixed 20 bl of
radiotracer (H-SCH 38261) at 15 nM to cach well containing test articles at various
concentrations and centrifuge the plate at 1000 rpma for 1 minute. Added 30 pl of the
membraine-bead saspension to each well. Sealed the plates and tncubated for 1 hr at room
temperatare with vigorous mixing on a plate mixer. Plates were read on Microbeta” (Perkin

Elmer, 2450-0010}.

[3285] For the adenosine A, radioligand binding competition assay, a similar procedure was
used except that the following reagents were used: CHO-K1-A1 cell membranes; binding buffer
comprising HEPES 25 mM pH 7.4, MgCh 5 mM, CaCl, 1raM, Nall 100 mM, saponin 10
pg/ml; wash buffer comprising HEPES 25 mM pH 7.4, MgClh 5 mM, CaCl, ImM, NaCl 100
mM; Unifilter GF/B ~ treated for 2h with 0.5% PEI was the filter; and 1.6 nM of "H-DPCPX

was the tracer.

[3286] Simularly, the following reagents were used for the adenosineAyp radicligand binding
competition assay: HEK-293-A2b celi membranes, 20 pg/well, preincubated 30 min at RT with
25 pg/ral. Adenosine Deaminase; a binding butfer comprising HEPES 10 mM pH7 4, EDTA 1
mM, 0.5% BSA; a wash buffer comprising HEPES 10 mM pH7 4, EDTA | mM; a Unifilter
GF/C ~ treated for 2 h with 0.5% PEL and 10 nM "H-DPCPX as the tracer.

[0287] For the adenosine As radioligand binding competition assay, the following reagents

were used:

o]
ot
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CHO-K1-A3 cell membranes, 1.5 pg/well; a binding buffer comprising HEPES 23 mM pH 7.4,
MeCl 5 mM, Call; 1mM, 0.5% BSA; a wash buffer comprising HEPES 25 mM pH 7.4, MgCl;
5 mM, CaCl, ImM; a Unifilter GE/C ~ treated for 2 b with 0.5% BS; and 0.4 aM of 'I-AB-
MECA as the tracer.

The results of the binding assay are shown in Table Bl-1 and are shown as percent residual

binding at a given concentration. Percent of residual binding means binding of a compound in

the presence of competitor normalized to the amount of binding in the absence of competitor.

The compounds tested showed a range of binding to the adenosine receptors tested. For

example, compound 1 strongly bound to Ajs (30% residual binding at a concentration of 100

oM}, A; (-3% residual binding at 300 nM) and Ajg, {-9% residual binding at 300 nM) but

weakly bound to A; (96% residual binding at 300 aM).

Table B1-1
Compound A, radicligand binding Radicligand binding competition | A, binding 1Cs (1)
Ne. competition assay % residual | assay % residual binding @ 300
binditg @ 3000/1000/300/100 M (A /Al As)
aM
1.1 ND/NI/54/83 1.6/17/95 ND
1.2 ND/ND/60/TT 0/0/83 ND
13 SO/ND/ND/ND ND ND
14 19/17/79/71 ND ND
1.5 22/12/38/74 11/2/104 181
1.6 ST/ND/ND/ND ND ND
1.7 18/21/33/52 7/G/84 ND
18 106/ND/NIVND ND ND
1.9 TOND/ND/ND ND ND
1.10 SO/ND/ND/ND ND ND
1.11 ST/ND/ND/ND ND ND
1.12 F4/ND/ND/ND ND ND
1.13 29/ND/ND/ND ND ND
1.14 S/ND/ND/ND 13/0/87 33
1.13 45/NDND/ND ND ND
1.16 TO/MND/ND/ND ND ND
1.17 14/ND/ND/ND ND ND
1.18 38/MND/ND/ND ND ND
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1.19 25/NE/ND/ND ND NB
1.20 36/ND/ND/ND ND ND
1.214 S4/NE/ND/ND ND NB
122 69/ND/ND/ND ND NB
1.23 22/NB/ND/ND ND ND
1.24 I6/ND/ND/ND ND NB
1.25 O/ND/ND/ND ND NB

ND = Not determined

Table Bi-2

Compeound | A2a binding 1Csy (nM) AZabinding % inh @ AZa binding % inh @
Ne. 3000 nM 1000/300/100/10/1 oM
1.98 ND &5 ND
1.99 ND 37 ND
F.100 ND 78 ND
1101 ND 72 ND
1102 ND 77 ND
1.36 ND ND ND/O/ND/NB/ND
1.31 ND ND ND/O/ND/NB/ND
1.32 ND ND ND/O/ND/NB/ND
1.33 ND 30 ND
1.34 ND 30 ND
1.35 ND 0 ND

ND = Not determined

Fxample B2, cAMF assay

(3288} The functional activity of compounds was tested using one of the two assavs to

detect the present of cAMP. Activation of G-protein coupled receptors (such as Aja) resulis in

activation of adenylcyclase which converts ATP mto cAMP which is used as a downstream

signalmg molecule. Therefore, molecules which act as GPCR (or specifically A, receptor)

antagonists cause a decrease in intracellular cAMP concentration.

[0289] Both assays used HEK-293 celis expressing human recombinant adenosine Aja

receptor were grown prior to the test in media without antibiotic. Assay 1: The cells were
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detached by gentle flushing with PBS-EDTA (8 mM EDTA), recovered by centrifugation and
suspended in assay buffer (KRH: 5 mM KCL, 1.25 mM MgSQ,, 124 mM NaCl, 25 mM HEPES,
133 mM Glucose, 1.25 mM KH,PO,, 145 mM Call,, 0.5 g/L BSA supplemented with
Rolipram}).

[3290] 12 ub of cells were mixed with 6 uL of the test compound at mereasing
concentrations and then incubated for 10 min. Thereafier 6 ul. of the reference agonist was
added at a final concentration corresponding to the historical ECgo. The plates were then
meabated for 30 min at room temperature. After addition of the lvsis buffer and 1 hour
meubation, cCAMP concentrations were estimated, according to the manufacturer specification,

with the HTRF® kat.

Assay 2: 100 nb of test articles at 100> of final concentration were trasnfered to assay plate by
Echo. Cells were washed twice with 5 mL of PBS 10 pb of cells were mixed with 5 mb PBS.
After aspirating the PBS and adding 1.5 mL versine, cells were incubated at 37°C for 2-5 min.
Afier centrifugation, 4 mL of medium was added and adjusted cell density to 5,000 cells/well
with stimudation buffer. 10 pb of cells were aliquoted to the assay plate, centrifuged at 1000 pm
for 1 minute, and incubated for 60 minutes at room termperature. 5 ul, 4x Eu-cAMP tracer
solution and 3 pL 4% Ulight TM-anti-cAMP solution were addded to assay plate, followed by

centrifugation and 60-minete mcubation at room temperature. Plates were read on EnVision.

Compound A2a cAMP ICs (nM} | A2acAMP % inh @ 100

No. nhd
1.1 61 ND
1.2 22 ND
13 ND 50
I4 ND 82
1.5 23 ND
L6 ND 43
1.7 ND 81
1.8 ND 0
1.9 ND 30
1.10 ND 40
11 ND 49
1.12 ND 106
1.13 477 ND
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1.14 ND 94
115 N 54
1.16 ND 23
1.17 ND 85
1.18 ND 61
1.19 ND 74
1.20 ND 63
1.21 ND 45
1.22 ND 30
1.23 ND 77
1.24 ND 83
1.23 18.8 NB
1.26 ND 64
1.27 ND 88
128 ND 46
129 ND 77

ND = Not determuined

Compound | AZacAMP 1Csy (nM) A2a cAMP % mh @

NMe. 300/100 nM
1.92 357 NB
1.98 17.2 NB
1.99 7307 NB
1.100 3223 NB
1101 131.8 NB
1102 2924 ND
1.33 ND 60/ND
1.34 ND 26/ND
1.35 ND 12/ND

WD = Not deternuned

Example B3: GTPY”S scintillation proximity assay for A receptor
[0281] A scmtillation proxinuty assay (SPA) can be used to determine the kinetic profile of

the binding of candidate molecules to the Az 4 receptor.

ALY
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[8292] For antagonist testing, membranes extracts are prepared from HEK-293 cells
expressing recombinant himan Aja receptor are mixed with GDP (volame:volume) and are
mcubated in assay buffer comprising 20 mM HEPES pH 7.4; 100 mM Na(l, 10 pg/mL saponin,
5 mM MgCl, for at least 15 min on ice. In parallel, GTPy[ 78] is mixed with the beads
{volume:volume) just betore starting the reaction. The following reagents are successively added
m the wells of an Optiplate (Perkin Elmer): 25 pLof test compound or reference ligand, 25 L of
the memibranes: GDP mix, 25 pL of reference agonist at historical ECsp and 25 pL of GTPy| 8]
(PerkinElmer NEG030X), diluted in assay buffer to give 0.1 aM. The plate is mcubated at room
temperature for 1 hour. Then, 20 ub of IGEPAL is added for 30 minutes at room temperature.
Following this incubation, 20 ul of beads (PVT-anti rabbit (PerlanElmer, RPNQ0016)), diluted
in assay buffer at 50 mg/mL (0.5 mg/10 pl) and 20 pb of an Aati-Goab/olf antibody are added
for a final cubation of 3 hours at room temperature. Then the plates are centrifuged for 10 min
at 2000 rpm, incubated at room temperature for 1 hour and counted for 1 min/well with a

PerkinElmer TopCount reader.

Example B4: Human T Cell Activation Assay:

{0293} Fresh human blood was diuted with the same volume of PBS and the buffy coat
containing peripheral biood mononuclear celis (PBMCs) were prepared and resuspend m culture
medium at a density of 2x10%mL. 2x10° PBMCs (in 100 pL) were plated to each well of 96-
well flat bottom plate. 25 ul. of 8x final concentration of 10-fuld serial difuted compounds were
added to indicated wells and incubate for 30 mins in 37 °C/5% CO2. Beads inchuded in T cell
activation/expansion kit (Miltenyi bictec Cat# 1306-091-441) at a bead-to-cell ratio of 1:6 in 50
wl were added to all well with the final concentration of DMSG at 0.1% and final volume at 200
ul. 60 uk. of supematant post 24 hr and 48 hr incubation was collected for TNF-o and TNy
concentration cvaluation using TNF-g ELISA ready-set-go kit (eBioscience, Cat# 88-7346-77}

and IFN~y ELISA ready-~set-go kit (cBioscicnce, Cat# 88-7316-77), respectively.

Example B5: cAMP Assay

13294} D8+ T-cells are isolated from peripheral blood mononuclear cells (PBMC) from

normal donors using CD8+ T lymphocyte ennichment kit
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[8295] I a 96-well plate coated with anti-CD¥3 antibody, CD8& T-cells {1 x 107} were
cultured alone, with 3 uM of NECA or in the presence of 1 uM of compound of the interest
with or without 3 uM of NECA. The cells were mcubated for 30 min at 37 °C and 3% €05, and
the reaction was stopped by addition of 200 ul,, 0.1 M bydrochloric acid. cAMP levels were
determined by an ELISA kit

Example B6: Anti-tumor Activities in Immunoc-oncology Mouse Models

63296} The anti-tumor activities of test articles will be evaluated in selective mouse models
(e.g.. syngeneic model, xenograft modie, or PDX) as a monotherapy or combination therapies.
Using MC-38 syngenic model as an example: female CS7BL/6 mice are moculated
subcutaneously at right flank with MC-38 cells for tumor development. Five days after umor
inoculation. mice with tumor size ranging from 40-83 mm’ are selected and assigned into sub-
groups using stratified randomization with 10 mice per group based upon their tumor volumes.
Mice receive pre~-detined treatments include vehicle, test article at various doses alone, test
article at various doses plus other anti-cancer therapy, and other anti-cancer therapy contro.
Body weight and tumor sizes are measured three times per week during the treatment. Tamor
volume will be exprossed in mm’ using the formula: V =05 a x b’ where a and b are the long
and short diameters of the tumor, respectively. The tumor sizes are used for the calculations of
both temor growth inhibition {TG1) and T/C values. When an mdividual animal reaches to the
tormination endpoint (¢.g., with TV > 1000 mat’), the mouse arc cuthanized. The time from
moculation to the termination are deemed as its survival time. Survival curve are plotted by
Kaplan-Meier method. At the end of study, plasma and tumor samples are collected to explore

biomarkers.

[0297] Although the foregoing invention has been described i some detail by way of
tHustration and example for purposes of clarity of understanding, it is apparent to those skilled in
the art that certain munor changes and modifications will be practiced in light of the above
caching. Therefore, the description and examples should not be construed as limiting the scope

of the imvention.
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CLAIMS
What s claimed 1s:
1. A compound of Formula (1)
R5 RA'
A g R3
D
W
B N ? R<
R’ (1,

or a tautomer or isomer thercof, or a pharmaceutically acceptable salt of any of the foregoing,
wherein:

R'is H or C)-Cgalkyl wherein the C-Cgalkyl of R' is optionally substituted with oxo or
R

R” and R*are each independently H, R°or OX0;

R’ and R’ are cach independently H or RS,

cach R?, R®. and R is independently C-C;, alkyl, C-Cs alkenyl, C,-C alkynyl, halogen,
-CN, -OR®, -SR®, -NR'RY. -NO,. -C=NH(OR®), -C(O)R®, -OC(O)R®, -C(OHORY, -C(OINR'RY,
SOC(OINRRY, -NRYC(OIR’. -NRYC(OIOR’, -NR*]C{OINR'RY, -S(O)R", -S{OnR",
NRPS(OR’, -COINRPS(O)R”, NR*S(ORR, -C(OINRS(O)R’, -S(O)NR'R™, -8(0)NR'R",
-PONORNOR™), C5-C, cveloalkyl, 3-12-membered heterocyclyl, 5-to 10-membered
heteroaryl, Co-Ciq aryl, ~(C1-Ca alkylene)CN, «C1-Cs alkylenc)OR®, «(C1-Cy alkylenc)SRY, «(Ci-
Cs alkylene)NR'R', «(C1-Cs alkylene)CFs, -(C-Cs alkyleneINO,, -C=NH({ORY, «(C;-
Cs atkylene)C(OMRY, (C1-Cs alkylene) OCIOIRE, «(C-C5 alkylene)}(OYOR®, -(Ci-
Cs atkylene)C(OMWNRIR', (C1-C5 atkylene)OC(OINRIR ', «(C1-Cs alkylene)NRP*C(OIR®, «(C)-
Cs alkylene INR*C(OYOR, ~(C,-Cs alkylene)NR*CIOWNRIRY, «(C1-Cs alkvlene)S(OR?, «(C -
O3 alkylene)S(OLRY, (C1-Cs alkviene)NRES(OIR’, -C(O)C1-Cs alkylene)NRU*S(OIR’, (Cs-
C5 alkylene)NRUS(0)R”, -(C1-Cs atkylene)C(OINRIS(OLR, (C1-Cs alkyiene)S(OINRR'™,
+(C1-C3 atkvlene)}SOLNRRY, «(C,-Cs alkylene)PFIOXORWOR'™), «(C,1-Cx atkyleneXC-Cs
cycloalkyl), «(C-Cs alkylene}(3-12-membered heterocyelyl), ~(Ci-C; atkyvleney(5-10-membered
heteroaryl) or -{C1-Cs alkylene)(Cs-C g arvl), wherein each R?, R® and RSis independently
optionally substituted by halogen, oxo, -OR', -NR'RY., -C(OR", -CN, -S(O)R", -S(O)R",
POMOR™MOR™), «(C-C; alkylene)ORMY, (C1-Cs alkvlene)NRVRY, «(C)-
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Cs alkvlene}COIRY, (€ -Cs alkyiene)S(OIRY, «C-C; alkylene)S(OLR, (-
5 aikyiene)?((})(ﬁkli}(()Ru), Ca-Cg oycloalkyl, or C-Cs alkyl optionally substituted by oxo,

-0OH or halogen;
wherein when R’ is C,-Cg atkyl, R* is other than -NR°R'’ and R’ is other than -
COR®;
~~~~~~ is a single bond or a double bond, wherein when -~---~ is a double bond, R is
0X0;
wans is a single bond or a double bond, wherein when v is a double bond, R is
0X0;

ong of wevman and e s g double bond and the other is a single bond;

A1s Co-Coo aryl, 5- 1o 10-membered heteroaryl, 9- to 10-membered carbocycle, or 9-to
10-membered heterocyele, wherein the Cg-Cyp arvl, 3- to 10-membered heteroarvi or 9-to 10-
membered carbocycle, or 9- to 10-membered heterocyele of A is optionally further substituted
with R®:

B is phenyl, 5- to 6~membered heteroaryl, 3- 1o 6-membered carbocyele, 5-to 6-
membered heterocyele, or 9-to 10-membered heteroarvl, wherein the phenyl, 5- to 6-membered
hetercaryl, 5- to 6-membered carbocycele, 3- to 6-membered heterocvcle, or 8- to 10-membered
heteroaryl of B is optionally further substituted with R

wherein when B is 5- to 6-membered heterocyvele, A is other than pheny! optionally
further substituted with R® or pyridyl optionally further substituted with R®;

each R and R’ is independently oxo, £1-Cq alkyl, £-Cs alkenyl, C)-Cg alkynyl, halogen,
-CN, -OR®, -SR®, -NR'RY. -NO,. -C=NH(OR®), -C(OR®, -OC(O)R®, -C(OHORY, -C(OINR'RY,
SOC(OINRRY, -NRYC(OIR’. -NRYC(OIOR’, -NR*]C{OINR'RY, -S(O)R", -S{OnR",
NRUS(OIR’, -COINRPS(OIR, NRIS(OLR, -CIOWNR*S(ORLR’, -S(OINR'R', -§(0),NRRY,
PONORNMOR™), C5-C, cyveloalkyl, 3-12-membered heterocyclyl, 5-to |0~-membered
heteroarvl, Co-Cig aryl, «(C,-Cs alkylene)CN, -(C-Cs alkylene)ORE, «(C1-Cs alkylene)SR®, «(C -
Cs alkylene)NR'R', «(C1-Cs alkylene)CFs, -(C-Cs alkyleneINO,, -C=NH({ORY, «(C;-

Cs atkylene)C(OMRY, (C1-Cs alkylene) OCIOIRE, «(C-C5 alkylene)}(OYOR®, -(Ci-

Cs atkylene)C(OMWNRIR', (C1-C5 atkylene)OC(OINRIR ', «(C1-Cs alkylene)NRP*C(OIR®, «(C)-
Cs alkylene INR*C(OYOR, ~(C,-Cs alkylene)NR*CIOWNRIRY, «(C1-Cs alkvlene)S(OR?, «(C -
O3 alkylene)S(OLRY, (C1-Cs alkviene)NRES(OIR’, -C(O)C1-Cs alkylene)NRU*S(OIR’, (Cs-

C5 alkylene)NRUS(0)R”, -(C1-Cs atkylene)C(OINRIS(OLR, (C1-Cs alkyiene)S(OINRR'™,
+{C1-Cs alkvlene)SORNRIRY, (C1-Cs alkylene) PO ORWOR), ~(C1-C atkylene}(Cs-Cs
cveloalkyl), «(C1-Cr alkylene)(3-12-membered heterocyelvl), ~{(Ci-Cs alkyiene){(5-10~-membered

heteroaryl) or ~((-Cs alkylene)(Ce-Crq aryl), wherein cach R and R is independently optionally
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substituted by halogen, oxo, -OR', -NRUR™, -C(O)RY, -CN, -S(OIR', -8(O),R",
P(OHOR™MOR), (C-Cs alkylene)ORY, (C1-Cs alkvlene)NR'RY, «(C)-

Cs alkylene)C(ORY, «(C1-Cs alkylene)S(OIRY, «(C1-C5 atkylene)S(O),RY . (-

C; alkylene)P(ONOR'NYOR™), C3-Cs cycloatkyl, or C,-C; alkyl optionally substituted by oxo,
-OH or halogen;

R® is independently hydrogen, C,-Cs alkyl, Co-Cs alkenvl, C-Ce alkvnyl, C2-Cs
cycloalkyl, Co-Cia aryl, S-6-membered heteroaryl, 3-6-membered heterocyelyl, -{Cy-

s alikviene }Cs-Cp cvcloalkyly, ~(Ci-Cs alkviene(Ce-C 1y arvil}, -(C-Cs alkviene)(5-6-membered
heteroaryl), or «(C,-Cs alkylene}{3-6-membered heterocyclyl), wherein the Cy-Cy alkyl, C;-Cy
atkenyl, C;-Cg atkynyl, C5-Cg cycloalkyl, Co-Ciy aryl, 5-6-membered heteroaryl, 3-6-membered
heterocyelyl, -{(C,-Cs alkviene}(Cs-Cq cycloalkyly, ~(Cy-Cs alkylene}{Ce-C g arvl), -(Cy~

s alkylene)(5-6-membered heteroarvt), and -(C,-C;5 alkvlene)(3-6~membered heterocyelyvl) are
independently optionally substituted by halogen, oxo, -CN, -OR”, -NR”RY, -P(OWORHOR™),
phenyvl optionally substituted by halogen, or Ci-Cy alky! optionally substituted by halogen, -OH
OF OX0;

R’ and R' are each independently hydrogen, Ci-Cs alkyl, Cp-Cy alkenyl, Co-Cs alkynyl,
C5-Cs cycloalkyl, Co-Chyg arvl, 5-6-membered heteroaryl, 3-6 membered heteroeyclyl, «(Ch-

s aikj,fiene)NR“ng ~C;-Cy alkylene Cs-Cy cvcloalkyl), ~(C;-Cs alkylene }3-6-membered
heterocvelyly, (C-C5 alkvlene ) 3-6~-membered heteroarvl) or -{C-Cs alkviene}(Cs arvl),
wheretn the C-Cs alkyl, Co-Cy alkenyl, Co-Co alkyayl, 5-Cs cveloalkyl, Co-Cyy aryl, 5-6-
membered hetercaryl, 3-6 membered heterocyelyl, -{Ci-Cs5 atkyleney{(C5-Cg cycloalkyl), A{C-
C; alkylene ) 3-6-membered heterocyelyl), -(C1-Cs altkyiene)(3-6-membered heteroarvi) and
«{C1-Cs alkylene){Cs aryl) are independently optionally substituted by halogen, oxo, -CN, -OR",
NRYRM or €1-Cs alkyl optionally substituted by halogen, -OFH or oxo;

or R” and R" are taken together with the atom to which thev attached to form a 3-

6 membered heterocyelvl optionally substituted by halogen, oxo, -ORY, -NR'R™ or C;-

Cs alkyl optionally substituted by halogen, oxo or -QH;

R and R" are each independently hvdrogen, C1-Cy alkyl optionally substituted by
halogen or oxo, Cr-Us alkenyl optionally substituted by halogen or oxo, or C-Cs alkynyl
optionally substituted by halogen or oxo;

or R' and R" are taken together with the atom to which they attached to form a

3-6 membered heterocyclyl optionally substituted by halogen, oxo or Ci-Cg alkyl

optionally substituted by halogen or oxo; and
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R and R"™ are cach independently hydrogen, C,-Ce alkyl optionally substituted by
halogen or oxo, {-Cs alkenyi optionally substituted by halogen or oxo, or C5-Cs alkynyl

optionally substituted by halogen or oxo;

or R” and R' are taken together with the atom to which they attached to form a 3-6 membered
heterocvelyl optionally substituted by halogen, oxo or C-C alkyl optionally substituted by oxo

or halogen.

2. The compound of claim 1, or a tautomer or isomer thercof, or a pharmaceutically

acceptable salt of any of the foregoing, wherein:

R'is H or C-Csalkyl wherein the €1-Cq alkyl of R’ is optionally substituted with oxo or

RY;

R? and R*are cach ndependently H, R" or oxo;

R’ and R’ are cach independently H or R

cach R, R”, and R® is independently C;~Cs alkyl, C,-Cy alkenvl, C;-C alkynyl, halogen,
-CN,-OR?, -SR®, -NR'R', -NO,, -C=NH(OR®), -C{O)R®, -OCOR?, -C(OIOR®, -CLOINR'RY,
SOCOINRRY, NRYCIOIR’, -NRYC(O)OR’, -NREC(OINR'RY, -8{OIR®. -8(0)R",
NRIS(OIR’, -CIOWNRUS(OIR, -NR*’S(0).R’, -C{OINRS(O).R’, -S(OINR'R Y, -S(0)NRRY,
POWORNOR'). C3-Cs cvcloalkyl, 3-12-membered beterocyelyl, 3-to 10-membered
heteroaryl, Ce-Coy arvl, «(C-Cs alkvlene)ON, «C-Cs alkylene)OR®, -(C,-C5 alkyvienc)SRY, «(C-
Cs alkylene)NRR', (C -5 alkylene)CFx, -(C)-Ca alkylene)NG,, -C=NH(OR®), «(C:-
C; alkylene)C(OIR, (C-Cs alkylenc)OC(OIR®, «(C1-Cs alkviene)}{OYOR®, -(C,-
C; alkylene)C(OINRRY, «(C-C; alkylene)OCIOINR'RY, «(C1-Cs alkylene)NR*COWR’, «(C -
Cs alkylene)NR*C(OOR’, -{C-Cs alkylene)NR*C(OINR'RY, «(C1-Cs alkvlene)S{OIRE, «(C)-
Cs atkylene)S(O),R%. -(C)-Cs alkylene)NR*S(OIR’, -C(ONCi-C;5 alkylene)NRIS(OIR’, «(C1-
Cs atkyleneINR*S(O)LR’, «(C1-C5 alkylene)COOINRES(OLR’, «(C-Cs alkylene)S(OINR'RY,
AC-Cs alkylene)S{ORNRRY, «(C-C alkylene)P(ONORWOR™), «(C1-Cs alkylene)(C5-Cs
cyeloalkyly, <(Ci-C5 alkviene)(3-12-membered heterocyelvl), «(C1-Cs alkylene}(3-10-membered
heteroaryl) or -(C;~Cs alkylene)(Ce-C 14 aryl), wherein each R, RY, and RCis independently
optionally substituted by halogen, oxo, -OR' NRVRP, - D)R”, -CN, -S(ORY, ~S(O)2R“,
PONORMNOR™Y, (C)-Cs alkylene)ORY, «(C-Cs alkylene)NRV'RY, «(C)-
Cs atkylene)C(ORY, (C1-Cs alkylene)S(ORY, (C)-Cs alkylene)S(OLRY, (C -
Cs atkylene)PONORHOR'), C5-Cx cycloalkyl, or C;-C, alkyl optionally substituted by oxo.

-OH or halogen;
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wherein when R' is €-Cs alkyt, R*is other than -NR'R' and R’ is other than -

DC({OIRY

wwwwww is a single bond or a double bond, wherein when ~-~-~- is a double bond, R” is
OX0;

Snae is g single bond or a double bond, wherein when wvwae is a double bond, R is
0X0;

ong of weeem- and v g g double bond and the other is a single bond,

A 1s C-Cyp arvl, 3~ to 10-membered heteroarvi, 9- to 10-membered carbocycie, or 9- 1o
10-membered heterocycle, wherein the Ce-Chy aryl, 5- to 10-membered hetercaryl or 9- to 10-
membered carbocycle, or 9- to 10-membered heterocyele of A i3 optionally further substituted
with R

B i phenyl, 5- to 6-membered heteroaryl, 3- to 6-membered carbocycle, 5- 1o 6-
membered heteroeycle, or 9- to 1-membered heteroarvl, wherein the phenvl, 5- to 6-membered
heteroaryl, 5- to 6-membered carbocycle, 5- to 6-membered heterocycle, or 9-to 10-membered
heteroaryl of B is optionally further substituted with R';

wherein when B 18 3- to 6-membered heterocyele, A is other than phenyl optionally
further substituted with R® or pyridyl optionally further substituted with RS,

cach R® and R is independently oxo. C;-Cy alkyl, Co-Cs alkenyl, Co-C, alkynyl, halogen,
-CN,-OR?, -SR®, -NR'R', -NO,, -C=NH(OR®), -C{O)R®, -OCOR?, -C(OIOR®, -CLOINR'RY,
SOCOINRRY, NRYCIOIR’, -NRYC(O)OR’, -NREC(OINR'RY, -8{OIR®. -8(0)R",
NRIS(OIR’, -CIOWNRUS(OIR, -NR*’S(0).R’, -C{OINRS(O).R’, -S(OINR'R Y, -S(0)NRRY,
POWORNOR'). C3-Cs cvcloalkyl, 3-12-membered beterocyelyl, 3-to 10-membered
heteroaryl, Cs-Ciy aryl, <(C1-Cs alkvlene}CON, «(C1-Cs alkylene)OR®, «(C1-Cs alkylene)SR®, «(Cs-
C5 alkyvlene)NR'R', «(C1-Cs alkviene)CFa, «C)-Cs alkylene)NG,, -C=NH(ORY), «(C-

C; alkylene)C(OIR, (C-Cs alkylenc)OC(OIR®, «(C1-Cs alkviene)}{OYOR®, -(C,-
C; alkylene)C(OINRRY, «(C-C; alkylene)OCIOINR'RY, «(C1-Cs alkylene)NR*COWR’, «(C -
Cs alkylene)NR*C(OOR’, -{C-Cs alkylene)NR*C(OINR'RY, «(C1-Cs alkvlene)S{OIRE, «(C)-
Cs atkylene)S(O),R%. -(C)-Cs alkylene)NR*S(OIR’, -C(ONCi-C;5 alkylene)NRIS(OIR’, «(C1-
Cs atkyleneINR*S(O)LR’, «(C1-C5 alkylene)COOINRES(OLR’, «(C-Cs alkylene)S(OINR'RY,
AC-Cs alkylene)S{ORNRRY, «(C-C alkylene)P(ONORWOR™), «(C1-Cs alkylene)(C5-Cs
cyeloalkyly, <(Ci-C5 alkviene)(3-12-membered heterocyelvl), -(C1-Cs alkylene}(3-10-membered
heteroaryl) or -(C,-Cs alkylene}(Ce-C 14 arvl), wherein each R® and R is independently optionally
substituted by halogen, oxo. -OR'!, -NR'R”, -C(ORY, -CN, -S(O)R'L, -S(O)LR ",
POWORYOR™, «(C1-C; alkvlene)ORY, (C1-Cs alkylene)NR''RY, (-
Cs atkylene)C(ORY, (C1-Cs alkylene)S(ORY, (C)-Cs alkylene)S(OLRY, (C -

3
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Cs alkvlenePONOR M YORY™), C-Cx eveloalkyl, or C;-Co alky] optionally substituted by oxo,
-OH or halogen;

R® is independently hydrogen, C1-Cs alkvl, C,-Cy atkenyl, C-Cy alkynyl, C5-Cs
cveloalkyl, Ce-Cy4 aryl, 3-6-membered heteroaryl or 3-6-membered heterocyelyl, wherein the
Ci-Ce alkvl, Cp-Ce alkenyl, Cr-Cs alkynvl, C5-Ce cycloalkyl, Co-Ciy arvi, 5-6-membered
heteroaryl and 3-6-membered heterocyelyl are independently optionally substituted by halogen,
oxo, -CN, -OR", -NRUR", -P(ONORVHOR™), phenyl optionally substituted by halogen, or C)-
o alivl optionally substituted by halogen, ~-OH or oxo;

R” and R™ are each independently hydrogen, Ci-Ce alkyl, C;-Cy alkenyl, Cr-Cy alkynyl,
C5-Cq cycloalkyl, Co-Cyyg aryl, 5-6-membered heteroaryl or 3-6 membered heterocyclyl, wherein
the €,-Cy alkyl, Co-Cs alkenyl, C-Cy alkynyl, Cs-Cy cyvcloalkyl, Co-Cyy aryl, 3-6-mombered
heteroaryl and 3-6 membered heterocycivi are independently optionally substituted by halogen,
oxo, -CN, -OR", NRYRM or C;-C; alky! optionally substituted by halogen, -OH or oxo;

or R and R' are taken together with the atom to which they attached to forn a 3-

6 membered heterocycly! optionally substituted by halogen, oxo, -OR”, NR'R™ or ;-

Ce alkyl optionally substituted by halogen, oxo or ~OH;

R" and R" are each independently hydrogen, C;-Cs alkyl optionally substituted by
halogen or oxo, C,-C alkenyl optionally substituted by halogen or oxo, or C-Cs alkynyl
optionally substituted by halogen or oxo;

or R' and R" are taken together with the atom to which they attached to form a

3-6 membered heterocyclyl optionally substituted by halogen, oxo or (-G alkyl

optionally substituted by halogen or oxo; and

R and R™ are each independently hydrogen, C1-Cs alkyl optionally substituted by
halogen or oxo, {-Cs alkenyi optionally substituted by halogen or oxo, or C2-Cs alkynyl
optionally substituted by halogen or oxo;

or RY and R™ are taken together with the atom to which they attached to form a

3-6 membered heterocyelyl optionally substituted by halogen, oxo or ;-Cy alkyl

optionally substituted by oxo or halogen.

3. The compound of claim 1 or claim 2, or a tautomer or 1somer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein R’ is H or methyl.

4, The compound of any one of claims 1-3, or a tautomer or 1sormaer thereof, ora
. . . 5.
phammaceutically acceptable salt of any of the foregomg, wherein R7is H, C;-Ce alkyl, halogen,

-UN, or -OR®.
227
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5. The compound of any one of claims 1-4, wherein the compound 15 of the Formula (1)
R® R4
A R?
l IR
L
B N E‘Ed O
R (i,

ot a tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of the foregoing,

wherein A, B, R, R’, R®, and R’ are as defined for Formula (1)

6. The compound of claim 5, or a tavtomer or isomer thereof, or a pharmaceutically
. . p v 3 5 - .

acceptable salt of any of the foregoing, wherein at least one of R”, R, and R’ is not H.

7. The compound of claim 5, or a tautomer or isomer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, wherein at least one of R, RY, and R is €-Cy alkyl,

halogen, Co-C g arvl, -CN, or -OR"®.

3.

The compound of claim 3, or a tagtomer o1 isomer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, wherein R, R’ R, and R” are cach H.

9.

The compound of any one of claims 1-4, wherein the compound is of the Formula (IEH):

RY O
A R3
RN
L R
) N N R2
R’ i,

ot a tautomer or 1somer thereof, or a pharmaceutically acceptable salt of any of the foregoing,

wherein A, B, R, R%, R{ and R are as defined for Formula (1),
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10.  The compound of any one of claims 1-4 and 9, or a tautomer or isomer thereof, or a
. - . . : 2 pi 5
pharmaceutically acceptable salt of any of the foregoing, wherein at least one of R R and R

1s not H.

11, The compound of claim 9, or a tautomer or 1somer thereof, or a pharmaceutically
- . . . 3 k1 5. \
acceptable salt of any of the foregoing, wherein at least one of R°, R, and R is C-C alkyl,

halogen, Ce-Cis arvi, -CN, or -OR®.

12, The compound of claim 9, or a tautomer or isomer thereof, or a pharmaceutically

acceptable salt of any of the foregoing. wherein R', R*. R®, and R’ are cach H.

13, The compound of any one of claims 1-12, or a tautomer or 1somer thereot, or a

pharmaceutically acceptable salt of any of the foregoing, wherein R is H.

14.  The compound of any onc of claims 1-13, or a tautomer or isomer thereof, ora
pharmaceutically acceptable salt of any of the foregoing, wherein A 15 Ce-Ciz arvl optionally

further substituted with R,

15.

(]

The compound of claim 14, or a tautomer or 1somer thereof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein A is pheayl or naphthyl, optionally substituted

with R®.

16.  The compound of any one of claims 1-13, or a tautomer or isomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein A is 5- to 10-membered

heteroaryl optionally further substituted with R

17.  The compound of any onc of claims 1-13, or a tautomer or isomer thereof, ora

Rﬁb

R@d
phammaceutically acceptable salt of any of the foregoing, wherein A is R™® , wherein

R R® R™ R R, and R are cach independently H, €;-Cg alkyl, halogen, -CN, or -0C;-
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18. The compound of any one of claims 1-13, or a tautomer or isomer thereof, ora

R@b

phammaceutically accepiable sait of any of the foregoing, wherein A is , wherein
R® R% R™ R, RY, and R® arc cach independently H, C1-Cs alkyl, halogen, ~CN, or -0C;-

Cg aikyi.

19, The compound of any one of claims 1-13, or a tautomer or isomer thereof, or a

RE: REC
We'd

s X;ﬁ""'ﬁ

pharmaceutically acceptable sakt of any of the foregoing, wherein A is
wherein X' is sclected from the group consisting of N, C, and CH; X is selected from the group
consisting of NH, 3, and §; and R% R® and R® are each independently H, C-Cq alkyl,
halogen, -CN, or -0C,-Cq alkyl.

20, The compound of any one of claims 1-13, or a tavtomer or isomer thereof, or a

Rﬁb RESC

X5~

. o " . . ... RS .
phammaceutically acceptable salt of any of the foregoing, wherein A is R , wherein
X! is selected from the group consisting of N, €, and CH: X7 is selected from the group
consisting of NH, O, and §; and R®, R®®, and R® are each independently H, C,-Cs alkyl,

halogen, -CN, or -0C,-Cq alkyl.

21 The compound of claim 16, or a tautomer or isomer thereof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein A is selected from the group consisting of
pyridvl, quinolinyl, isoquinolinyl, quinoxalinvl, cinnolinyl, quinazolinyl, naphthynidinyl,
benzoxazolvl, benzothiazolvl, benzommidazovl, pyrrolyl, pyrazolvl, inmdazolyl, triazolyl,
tetrazolyl, furanvi, isoxazolyl, oxazolvl, oxadiazolyl, thiopbenyl, isothiazolyl, thiazolyl,
thiadiazolyl, pyridazinyl, pyrinudinyi, pyrazinyl, triazinvl, tetrazinyl, indolyl, isoindolvl,
mdazolvl, benzotnazolyl, benzofuranyl, benzoisoxazolyl, benzoxadiazolvl, benzothiophenvi,
benzoisothiazolvl, benzothiadiazolyl, pyrrolopyridinyl, pyrazolopynidinyl, imidazopyridinyl,
triazolopynidimyl, furopyridinyl, oxazolopyridinyl, 1soxazolopyndinyl, oxadiazolopyridinyi,
thienopyridinyl, thiazolopynidinyl, sothiazolopyrnidinyl, thiadiazolopyridinyl, thienopyridinyl,
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phthalazinyl, pyvrazolothiazolyl, pyrazolothiazolyl and 1midazothiazolvl, each optionally

substituted with R,

22, The compound of claim 16, or a tautomer or 1somer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, wherein A 1s selected from the group consisting of:

¥ and ¥ . each optionally substituted with R®.

23

'.;)

The compound of any one of claims 1-13, or a tautomer or isomer thercot, or a
pharmaceutically acceptable salt of any of the foregoing, wherein A is a 9- to 10-membered

carbocycle opticnally further substituted with RS,

24, The compound of claim 23, or a tautomer or isomer thercof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein A is selected from the group consisting of
decahydronaphthalenyl, octahvdroindenyl, 1,2,3 4~tctrahvdronaphthalenyl, and 2,3~

dihydroindenyl, cach optionally substituted with R®,

25, The compound of any one of claims 1-13, or a tautomer or isomer thereof, or a
phammaceutically acceptable salt of any of the foregoing, wherein A 1s a 9- to 10-membered

heteroeycle optionally further substituted with R®,

26, The compound of claim 24, or a tautomer or isomer thereof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein A is selected from the group consisting of

tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroguinolinyi, decahvdroisoguinolinyi,

o]
(]
et
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mdolimyvi, 1soindolinyl, tetrahydronaphthyridinyl and hexahydrobenzoimidazolyl, each

optionally further substituted with R®.

27, The compound of claim 1, or a tautomer or 1somer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, wherein A is selected from the group consisting of

N. i
4 4 ;ﬁ ) ; .and S’e
cach optionally substituted with R®.
28, The compound of anv one of claims 14-27, or 3 tantomer or isomer thereot, ora

pharmaceutically acceptable salt of any of the foregoing, wherein each R® is independently
selected from the group consisting of halogen, -CN,| -ORY, -SR® -NRRY, -NO,, -C(OWR,
C{OYOR?, -CLOINRIRY, -CLOINRIS(O),R, -OC(OIRY, -OC(OINRR, -NRPCOR’.
NRICONRIRY, -S(O)RP, -S(0),RY, C5-C; cycloalkyl and C,-C;, alkyl optionally substituted
by halogen.

29 The compound of claim 28, or a tautomer or isomer thercof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein cach R® is independently selected from the

group consisting of C1-Cs alkyl, halogen, -CN, and ~OR®.

30. The compound of any one of claims 1-13, or a tautomer or isomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein A is selected from the group

consisting of
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) 5’9, and

31. The compound of any one of claims 1-30, or a tautomer or isomer thereof, or a
phammaceutically acceptable salt of any of the foregoing, wherein B is phenyl, optionally further

substituted with R

32, The compound of any one of claims 1-30, or a tautomer or 1somer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein B is 5- to 6-membered

heteroaryl optionally further substituted with R,

.
3

52

. The compound of claim 32, or a tautomer or isomer thereof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein B is pyrrolyl. pvrazolyl, imidazolvl, triazolvl,
tetrazolvl, furanyl, isoxazolyl, oxazolvl, oxadiazolyl, thiophenyl, isothiazolyl, thiazolyl,
thiadiazolyl, pyridyl, pynidazinyl, pyrimudinyl, pyrazinvl, tiazimvl, or tetrazinyl, each optionally

substituted with R,

34. The compound of claim 32, or a tautomer or isomer thercof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein B is furanvl, pyridinyl, oxazovl, or oxadiazovi,

cach optionally substitated with R,

35, The compound of any one of claims 1-30, or a tautomer or 1somer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein B is a 5- to 6-membered fully

saturated carbocyele optionally further substituted with R'.

36.  The compound of claim 35, or a tautomer or 1somer thereof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein B is eyclopentyl or cyclohexyl, optionally

further substituted with R

o]
5]
(]
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37.  The compound of any one of claims 1-30, or a tautomer or 1somer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein B is a 5- to 6-membered fully

saturated heteroeycle optionally further substituted with R,

38. The compound of claim 37, or a tautomer thereof or isomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein B is pyrrolidinyl,
pyvrazolidinvi, tmidazolidinyl, tetrahydrofuranyl, 1.3-dioxolanyl, tetrahvdrothiophenyl,
oxathiolanvi, sulfolanyl, piperidinyl, piperazinyl, tetrahydropvranyl, dioxanyl, thiany], dithianyl,

trithianyl, morpholinyl, thiomorpholinyl optionally further substituted with R’

39 The compound of any one of claims 1-30, or a tautomer or isomer thercof, or a
phammaceutically acceptable salt of any of the foregomg, wherein B 18 a 9- to 10-membered

heteroaryl optionally further substituted with R

40.  The compound of claim 39, or a tautomer or isomer thereof, or a pharmaceutically
acceptable salt of any of the foregoing, wherein B 1s selected from the group consisting of
pyridvl, quinolinyl, isoquinolinyl, quinoxalinyl, cinnolinyl, quinazolinyl, naphthyridinyl,
benzoxazolyl, benzothiazolvl, benzotmidazovl, pvrrolvl, pyrazolyl, imidazolyl, triazolyl,
tetrazolyl, furanyl, isoxazolyl, oxazolyl, oxadiazolvl, thiophenyl, isothiazolyl, thiazolvl,
thiadiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, tetrazinyl, indolyl, isoindolvl,
mdazolyl, benzotriazolvl, benzofuranyl, benzoisoxazolyl, benzoxadiazolyl, benzothiophenyl,
benzoisothiazolyl, benzothiadiazolvl, pyrrolopvridinyl, pyrazolopyndinyl, imidazopyridinyl,
triazolopyndmyl, furopyndinyl, oxazolopyndinyl, isoxazolopyndinyl, oxadiazolopyridinyl,
thienopyridinyl, thiazolopyridinyl, isothiazolopyridinyl, thisdiazolopyridinyl, thienopyridimyl,
phthalazinyl, pyrazolothiazolvl, pyrazolothiazolyl and inudazothiazolyl, each optionally

substituted with R,

4i.  The compound of any one of claims 31-40, or a tautomer or isomer thereof, ora
pharmaceutically acceptable salt of any of the foregoing, wherein cach R is independently
selected from the group consisting of halogen, -CN, -ORY, -SR®, -NR'RY, -NG,, -C{O)RY,
C(OIOR, -C{OINR'RY | -C(OINRS{OLR’, -OCOIR®, -OC(OINRRY, -NREC(O)R’,
NRPCOINRIRY, -S(OIRE, -8(01R?, C5-Cy cycloalkyl and C;-Cs alkyl optionally substituted
by halogen.

o]
(]
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42, The compound of claim 41, or a tautomer or 1somer thereot, or a pharmaceutically

o . . 7.
acceptable salt of any of the foregoing, wherein R’ s halogen.

43, The compound of any one of claims 1-30, or a tantomer or isomer thercof, or a
pharmaceutically accepiable salt of any of the foregoing, wherem B is selected from the group

consiating of:
. %
f@‘ﬁﬁoﬂw
, F. F ’/NﬁN/ F g

O
Y N N
o Cf C’%C $EST TN
;'-‘z /—‘—EZ! >,O ,N;ﬁ/ia‘—f.

nd N0

44 A compound selected from the group consisting of Compound Nos. 1.1-1.999 and 2.000-
2.043 1 Table 1, or a tautomer or isomer thercof, or a pharmaceutically acceptable salt of anv of

the foregoing.

45. The compound of claim 44, wherein the compound is selected from in the group consisting
of Compound Nos. 1.1-1.97 1n Table 1, or a tastomer or 1somer thereof, or a pharmaceutically

acceptable salt of any of the foregoing.

46. The compound of claim 43, wherein the compound is a pharmaceutically acceptable salt of a
compound in Table 1 or a tavtomer or isomer thereof, or a pharmaceutically acceptable salt of

any of the forcgoing.

47. A pharmaceutical composition comprising a compound of any oneg of claims 1t0 46, 0ra
tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of the foregomng, and a

phammaceutically acceptable carrier.

48. A method of treating disease mediated by an adenosine signaling pathway m an individual in
need thereof comprising administering to the individual a therapeutically effective amount of a
corapound of any one of claims 1 to 46, or a tautomer or 1somer thereof, or a pharmaceutically

acceptable salt of any of the foregoing.

o]
(]
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49. A method of treating cancer in an individual in need thereof compnising administering to the
mdividual a therapeutically effective amount of a compound of any one of claims 1 16 46, or a

tautomer or isomer thereof, or a pharmaceutically acceptable salt of any of the foregoing.

50. A method of inhibiting adenosine receptors of subtypes Aza, Aw or Az in a cell, compnsing
administering a compound of any one of claims 1 o 46, or a tavtomer or isomer thereof, ora

phammaceutically acceptable salt of any of the foregoing, to the cells.
51. The method of claim 30, wherein the adenosine receptors are of subtype Aq,.

52. Use of a compound of any one of claims 1 to 46, or g pharmaceutically acceptable salt or
solvate thereof, in the manufacture of a medicament for treatment of a disease mediated by an

adenosine signaling pathway.

53, A kit comprising a compound of any one of claims 1 to 46, or a tautomer or isomer thercof,

or a pharmaceutically acceptable salt of any of the foregoing.
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1-2,31-2

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US18/42776

-***-Continued from Box No. lll Observations where unity of invention is lacking -***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups |+, Claims 1-3 (in-part), 27 (in-part), 44-46 (in-part); compound of Formula (1), wherein R1 is H; R2 and R4 are each H; R3 and
RS are each H; dashed line is a single bond; wavy line is a single bond; A is unsubstituted C6-C12 aryl; and B is unsubstituted phenyl
(first exemplary compound structure).

The compound, compositions and methods will be searched to the extent the compound encompasses a compound of Formula (1),
wherein R1is H; R2 and R4 are each H; R3 and R5 are each H; dashed line is a single bond; wavy line is a single bond; A is
unsubstituted C6-C12 aryl; and B is unsubstituted phenyl (first exemplary compound structure). Applicant is invited to elect additional
compound(s), with fully specified structure (e.g. no optional or variable atoms or substituents) for each, to be searched. Additional
compound(s) will be searched upon the payment of additional fees. It is believed that claims 1-3 (in-part) encompass this first named
invention and thus these claims will be searched without fee to the extent that they encompass a compound of Formula (I), wherein R1
is H; R2 and R4 are each H; R3 and R5 are each H; dashed line is a single bond; wavy line is a single bond; A is unsubstituted C6-C12
aryl; and B is unsubstituted pheny! (first exemplary compound structure). Applicants must specify the claims that encompass any
additionally elected compound structure(s). Applicants must further indicate, if applicable, the claims which encompass the first named
invention, if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to
be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined. An exemplary election would be a
compound of Formula (1), wherein R1 is C1-C6 alkyl; R2 and R4 are each H; R3 and R5 are each H; dashed line is a single bond; wavy
line is a single bond; A is unsubstituted C6-C12 aryl; and B is unsubstituted phenyl (first exemplary elected compound structure).

Groups |+ share the technical features including: a compound of Formula (1), wherein R1 is H; R2 and R4 are each H; R3 and R5 are
each H; dashed line is a single bond; wavy line is a single bond; A is unsubstituted C6-C12 aryl; and B is unsubstituted phenyl.

However, these shared technical features are previously disclosed by the publication entitled “CID 66665902" by PubChem (hereinafter
‘PubChem’).

PubChem discloses a compound of Formula (I): as shown, wherein R1 is H; R2 and R4 are each H; R3 and R5 are each H; dashed line
is a single bond; wavy line is a single bond; A is unsubstituted C6-C12 aryl; and B is unsubstituted phenyl (compound as shown; page
4).

Since none of the special technical features of the Groups i+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the PubChem reference, unity of invention is facking.
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