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HETEROCYCLIC COMPOUNDS AS KINASE INHIBITORS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 63/183,529,

filed on May 3, 2021, the content of which is incorporated herein by reference in its entirety.
FIELD OF INVENTION

[0002] This disclosure relates generally to therapeutics which play a crucial role in the
control of the cell cycle and more particularly, compounds that inhibit cyclin-dependent
kinases (CDK). The disclosure also provides pharmaceutically acceptable compositions
comprising compounds of the present disclosure and methods of using said compositions in

the treatment of diseases associated with these pathways.

BACKGROUND

[0003] The cell cycle is a period between the successive divisions of a cell. During this
period, the contents of the cell must be accurately replicated. The processes that permit the
cell to divide are very precisely controlled by a multitude of enzymatic reactions amongst
which the protein kinase-triggered protein phosphorylation plays a major role. In eukaryotes,
there are four main stages/phases of cell cycle namely the Gap-1 (G1) phase, Synthesis (S)
phase, Gap-2 (G2) and Mitosis (M) phases. An extended phase of Gap-1 phase is coined as
Gap-0 (GO) phase or Resting phase (Cancers 2014, 6, 2224-2242).

[0004] Uncontrolled proliferation is the hallmark of cancer and other proliferative
disorders and abnormal cell cycle regulation is, therefore, common in these diseases. Cyclin-
dependent kinases (CDK) constitute a heterodimeric family of serine/threonine protein
kinases involved in cell cycle and transcription. They include two main groups: cell cycle
CDK and transcriptional CDK. The functionality of CDK depends on specific interactions
with regulatory proteins named cyclins which form heterodimeric complexes with their
partners. These complexes are important regulators of the cellular processes, especially in the

cell cycle progression.

[0005] The human proteome contains 20 CDK along with 29 cyclins. CDK1, CDK2,
CDK4 and CDK®6 are generally considered cell cycle CDK, whereas CDK7, CDKS, CDK9
and CDK11 are mainly involved in transcription regulation (Genome Biol 2014;15(6):122,
Nat Cell Biol 2009;11(11):1275-6). CDKS is the prototype of atypical CDK: it is activated by
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the non-cyclin proteins p35 (or Cdk5R1) and p39 (or Cdk5R2) and has unique post-mitotic
functions in neuronal biology, angiogenesis and cell differentiation. Proliferative signals
induce the transition from the GO or G1 phases into S phase through the activation of the
structurally related CDK4 and CDK6 [Development, 2013;140 (15):3079-93, Biochem
Pharmacol 2012;84(8):985-93, Nature 2014;510(7505):393-6]. The binding of cyclin D to
CDK4 and to CDK6 promotes the phosphorylation of the transcriptional repressor

retinoblastoma protein (RB1).

[0006] CDK hyperactivity is often observed in cancer, reflecting their prominent role in
cell cycle and transcription regulation. In cancer cells, the process of cell division becomes
unregulated, resulting in uncontrolled growth that leads to the development of a tumor. A
number of mechanisms contribute to the dysregulation of the cell cycle in malignant cells,
including the amplification and hyperactivity of CDK4/6, or their genomic instability, which
might cause CDK4/6 to become oncogenic drivers of cell replication. Usurping these
mechanisms, cancer cells can continue to replicate by triggering the G1 to S phase transition.
This process appears to be facilitated by a shortening of the G1 phase. In a cancer cell,
CDK4/6 antagonizes intrinsic tumor suppression mechanisms including cell senescence and
apoptosis, which further augments the growth of a tumor. Cancer cells also upregulate other
CDK and cyclins and decrease suppressive mechanisms such as intrinsic CDK inhibitors and
tumor suppressor proteins. The overall effect of this type of cell cycle dysregulation is
malignant cell proliferation and the development of cancer (Clinical Breast Cancer, 2016,

1526-8209).

[0007] Several CDK inhibitors have been reported (such as in WO2011101409 and
WO02011101417) or clinically developed. Flavopiridol and R-Roscovitine (Seliciclib), were
the first generation of pan-CDK inhibitors with anti-tumor activity attributed to down-
regulation of CDK9-mediated anti-apoptotic proteins, especially Mcl-1. Recently, a new
generation of CDK inhibitors have been developed, advanced to clinical trials, and approved
for certain types of cancer. Dinaciclib, a selective inhibitor of CDK1, CDK2, CDKS, and
CDK®9, was directed towards refractory chronic lymphocytic leukemia while palbociclib was
tested against advanced estrogen receptor (ER)-positive breast cancer as a selective inhibitor
of CDK4 and CDK®6. The development of more selective second and third generation CDK
inhibitors, including specific CDK4/6 inhibitors, has led to a renewed enthusiasm for
manipulating the cyclin D1-CDK4/6 axis in cancer treatment. There are three FDA-approved

CDK4/6 inhibitors presently: Palbociclib, Ribociclib and Abemaciclib.
2
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[0008] The development of therapies, including monotherapies, for treatment of
proliferative disorders using a therapeutic targeted generically at CDK, or specifically at dual

inhibition of CDK4 and CDK®, is therefore potentially highly desirable.

[0009] There is still a need for new CDK4/6 inhibitors. Compounds for the treatment of
hyper-proliferative diseases preferably have at least one advantageous property selected from
selectivity, potency, stability, pharmacodynamic properties and safety profile. In this regard,
a novel class of CDK4/6 inhibitors is provided herein.

BRIEF SUMMARY

[0010] In one aspect, provided is a compound of Formula (J):

xz'X1\ o\ ,
H | —— (R,
z’N N x3/ N)
h )
N ¥ R
(R*, ),

or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the

foregoing, wherein X!, X2 X3, 7, R, R%, R3, R, |, m, and n are as detailed herein.

[0011] In some embodiments, provided is a compound of Formula (I):
(R%) (R%)
&q \&p) jAI“
~X
R ).

or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the

foregoing, wherein X!, X2, X3, A,B,L,R!, R%Z R3, R*, R°, R, 1, n, p, and q are as detailed

herein.
[0012] In some embodiments, provided is a compound of Formula (II):
(R%)q (R5)p XZ'X1\ O\
I )—(Rz)n
x3 N
00} ;
ey (II),
3
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or a stereoisomer or tautome thereof, or a pharmaceutically acceptable salt of any of the
foregoing, wherein X!, X2 X3, C,D,R', R%Z R, RY, RS, R, I, n, p, and q are as detailed

herein.

[0013] In another aspect, provided is a method of treating cancer in an individual in need
thereof comprising administering to the individual a therapeutically effective amount of a
compound as detailed herein. Also provided is a method of modulating CDK4/6 in an
individual, comprising administering to the individual a compound detailed herein, or a
stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing. Also provided is a method of modulating CDK4/6 and one or more of CDK1,
CDK2, and CDKD9 in an individual, comprising administering to the individual a compound
detailed herein, or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt
of any of the foregoing. Also provided is a method of inhibiting CDK4/6 in a cell,
comprising administering a compound detailed herein, or a stereoisomer or tautomer thereof,
or a pharmaceutically acceptable salt of any of the foregoing, to the cell. Also provided is a
method of inhibiting CDK4/6 and one or more of CDK1, CDK2, and CDK9 in a cell,
comprising administering a compound detailed herein, or a stereoisomer or tautomer thereof,
or a pharmaceutically acceptable salt of any of the foregoing, to the cell. In some
embodiments of the methods detailed herein, the methods comprise administration of a
compound detailed herein, or a stereoisomer or tautomer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, as a monotherapy.

[0014] In another aspect, provided is a pharmaceutical composition comprising a
compound detailed herein, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or excipient. Kits comprising a compound detailed
herein, or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of
the foregoing, are also provided. Kits may optionally include instructions for use, such as
instructions for use in any of the methods detailed herein, for example, for use in the
treatment of cancer. A compound as detailed herein, or a stereoisomer or tautomer thereof, or
a pharmaceutically acceptable salt of any of the foregoing, is also provided for the

manufacture of a medicament for the treatment of cancer.
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DETAILED DESCRIPTION

Definitions

[0015] As used in the present specification, the following words, phrases and symbols are
generally intended to have the meanings as set forth below, except to the extent that the

context in which they are used indicates otherwise.

[0016] The term “about” refers to a variation of +1%, +3%, +5%, or +10% of the value
specified. For example, “about 50” can in some embodiments includes a range of from 45 to
55. For integer ranges, the term “about” can include one or two integers greater than and/or
less than a recited integer at each end of the range. Unless indicated otherwise herein, the
term “about” is intended to include values, e.g., weight percentages, proximate to the recited
range that are equivalent in terms of the functionality of the individual ingredient, the
composition, or the embodiment. Also, the singular forms “a” and “the” include plural
references unless the context clearly dictates otherwise. Thus, e.g., reference to “the
compound” includes a plurality of such compounds and includes reference to one or more

compounds and equivalents thereof known to those skilled in the art.

[0017] “Alkyl” refers to an unbranched or branched saturated hydrocarbon chain. As used
herein, alkyl has 1 to 20 carbon atoms (Ci-20 alkyl or C1-Cxo alkyl), 1 to 8 carbon atoms (Ci-g
alkyl or C1-Cgalkyl), 1 to 6 carbon atoms (Ci6 alkyl or C1-Csalkyl), or 1 to 4 carbon atoms
(C14 alkyl or C1-Cyalkyl). Examples of alkyl groups include methyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl, iso-butyl, tert-butyl, pentyl, 2-pentyl, isopentyl, neopentyl, hexyl, 2-hexyl,
3-hexyl, and 3-methylpentyl. When an alkyl residue having a specific number of carbons is
named by chemical name or identified by molecular formula, all positional isomers having
that number of carbons may be encompassed; thus, for example, “butyl” includes n-butyl (i.e.
-(CH2)3CH3), sec-butyl (i.e. -CH(CH3)CH2CH3), iso-butyl (i.e. -CH2CH(CH3)2) and tert-butyl
(i.e. -C(CHa3)3); and “propy!l” includes n-propyl (i.e. -(CH2)2CH3) and isopropyl (i.e. -
CH(CH3)2).

[0018] “Haloalkyl” refers to an unbranched or branched alkyl group as defined above,
wherein one or more (e.g., 1 to 6 or 1 to 3) hydrogen atoms are replaced by a halogen. For
example, where a residue is substituted with more than one halogen, it may be referred to by
using a prefix corresponding to the number of halogen moieties attached. Dihaloalkyl and

trihaloalkyl refer to alkyl substituted with two (“di”) or three (“tri”) halo groups, which may
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be, but are not necessarily, the same halogen. Examples of haloalkyl include difluoromethyl

(-CHF>) and trifluoromethyl (-CF3).

[0019] “Alkenyl” as used herein refers to an unsaturated linear or branched hydrocarbon
chain or combination thereof, having at least one site of olefinic unsaturation (i.e., having at
least one moiety of the formula C=C). The alkenyl group may be in “cis” or “trans”
configurations, or alternatively in “E” or “Z” configurations. Particular alkenyl groups are
those having 2 to 20 carbon atoms (Cz-20 alkenyl or C2-Cao alkenyl), having 2 to 8 carbon
atoms (Cz-g alkenyl or C2-Csg alkenyl), having 2 to 6 carbon atoms (Cz-¢ alkenyl or C2-Ce
alkenyl), or having 2 to 4 carbon atoms (Cz-4 alkenyl or C2-C4 alkenyl). Examples of alkenyl
include, but are not limited to, groups such as ethenyl (or vinyl), prop-1-enyl, prop-2-enyl (or
allyl), 2-methylprop-1-enyl, but-1-enyl, but-2-enyl, but-3-enyl, buta-1,3-dienyl, 2-

methylbuta-1,3-dienyl, homologs and isomers thereof, and the like.

[0020] “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 (Ci-¢ alkylene or
C1-Cs alkylene), 1 to 5 carbon atoms (C1-5 alkylene or C1-Cs alkylene), 1 to 4 carbon atoms
(C1-4 alkylene or C1-C4 alkylene) or 1 to 3 carbon atoms (Ci-3 alkylene or C1-Cs alkylene).
Examples of alkylene include, but are not limited to, groups such as methylene (-CHaz-),

ethylene (-CH2CHb»-), propylene (-CH2CH2CHz-), butylene (-CH2CH2CH2CHb-), and the like.

[0021] “Alkoxy” refers to the group “-O-alkyl”. Examples of alkoxy groups include,
without limitation, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, tert-butoxy, sec-

butoxy, npentoxy, n-hexoxy and 1,2-dimethylbutoxy.

[0022] “Alkynyl” as used herein refers to an unsaturated linear or branched hydrocarbon
chain or combination thereof, having at least one site of acetylenic unsaturation (i.e., having
at least one moiety of the formula C=C). Particular alkynyl groups are those having 2 to 20
carbon atoms (Ca-20 alkynyl or C2-Cao alkynyl), having 2 to 8 carbon atoms (Ca2-g alkynyl or
C2-Cs alkynyl), having 2 to 6 carbon atoms (C2-6 alkynyl or C2-Cs alkynyl), or having 2 to 4
carbon atoms (Cz-4 alkynyl or C2-C4 alkynyl). Examples of alkynyl include, but are not
limited to, groups such as ethynyl (or acetylenyl), prop-1-ynyl, prop-2-ynyl (or propargyl),
but-1-ynyl, but-2-ynyl, but-3-ynyl, homologs and isomers thereof, and the like.

[0023] “Aryl” refers to and includes polyunsaturated aromatic hydrocarbon groups. Aryl
may contain additional fused rings (e.g., from 1 to 3 rings). In one variation, the aryl group

contains from 6 to 14 annular carbon atoms (“Cs-Ci4 aryl”),. Examples of aryl groups

6
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include, but are not limited to, phenyl, naphthyl, and anthryl. Aryl, however, does not
encompass or overlap in any way with heteroaryl defined below. If one or more aryl groups
are fused with a heteroaryl, the resulting ring system is heteroaryl. If one or more aryl groups

are fused with a heterocyclyl, the resulting ring system is heterocyclyl.
[0024] “Carbonyl” refers to the group C=O0.

[0025] “Cycloalkyl” refers to a saturated or partially unsaturated cyclic alkyl group
having a single ring or multiple rings including fused, bridged and spiro ring systems. The
term “cycloalkyl” includes cycloalkenyl groups (i.e., the cyclic group having at least one
double bond) and carbocyclic fused ring systems having at least one sp® carbon atom (i.e., at
least one non-aromatic ring). As used herein, cycloalkyl has from 3 to 20 ring carbon atoms
(Cs20 cycloalkyl or C3-Ca cycloalkyl), 3 to 12 ring carbon atoms (Cs.12 cycloalkyl or C3-C12
cycloalkyl), 3 to 10 ring carbon atoms (Cs-10 cycloalkyl or C3-Cig cycloalkyl), 3 to 8 ring
carbon atoms (Cs.g cycloalkyl or C3-Cs cycloalkyl), or 3 to 6 ring carbon atoms (Cs
cycloalkyl or C3-Cs cycloalkyl). Monocyclic groups include, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. Further, the term cycloalkyl
is intended to encompass any non-aromatic cyclic alkyl ring which may be fused to an aryl

ring, regardless of the attachment to the remainder of the molecule.

[0026] “Halo” or “halogen” refers to elements of the Group 17 series having atomic

number 9 to 85. Preferred halo groups include fluoro, chloro, bromo and iodo.

[0027] “Heteroaryl” refers to an aromatic group having a single ring, multiple rings or
multiple fused rings, with one or more ring heteroatoms independently selected from
nitrogen, oxygen, and sulfur. As used herein, heteroaryl includes 1 to 20 ring carbon atoms, 3
to 12 ring carbon atoms, or 3 to 8 carbon ring atoms, and 1 to 5 ring heteroatoms, 1 to 4 ring
heteroatoms, 1 to 3 ring heteroatoms, 1 to 2 ring heteroatoms, or 1 ring heteroatom
independently selected from nitrogen, oxygen and sulfur. In certain instances, heteroaryl
includes 5- to 12- membered, 5- to 10- membered ring systems, 5- to 7- membered ring
systems, or 5- to 6- membered ring systems, each independently having 1 to 4 ring
heteroatoms, 1 to 3 ring heteroatoms, 1 to 2 ring heteroatoms, or 1 ring heteroatom
independently selected from nitrogen, oxygen and sulfur. Any aromatic ring, having a single
or multiple fused rings, containing at least one heteroatom, is considered a heteroaryl
regardless of the attachment to the remainder of the molecule (i.e., through any one of the

fused rings). Heteroaryl does not encompass or overlap with aryl as defined above.

7
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[0028] “Heterocyclyl” refers to a saturated or partially unsaturated cyclic alkyl group,
with one or more ring heteroatoms independently selected from nitrogen, oxygen and sulfur.
The term “heterocyclyl” includes heterocycloalkenyl groups (i.e., the heterocyclyl group
having at least one double bond), bicyclic heterocyclic groups, such as bridged-heterocyclyl
groups, fused-heterocyclyl groups and spiro-heterocyclyl groups. A heterocyclyl may be a
single ring or multiple rings wherein the multiple rings may be fused, bridged or spiro, and
may comprise one or more (e.g., 1 to 3) oxo (=0) or N-oxide (-O") moieties. Any non-
aromatic ring containing at least one heteroatom is considered a heterocyclyl, regardless of
the attachment (i.e., can be bound through a carbon atom or a heteroatom). Further, the term
heterocyclyl is intended to encompass any non-aromatic ring containing at least one
heteroatom, which ring may be fused to an aryl or heteroaryl ring, regardless of the
attachment to the remainder of the molecule. As used herein, heterocyclyl has 2 to 20 ring
carbon atoms, 2 to 12 ring carbon atoms, 2 to 10 ring carbon atoms, 2 to 8 ring carbon atoms,
3 to 12 ring carbon atoms, 3 to 8 ring carbon atoms, or 3 to 6 ring carbon atoms; and 1 to 5
ring heteroatoms, 1 to 4 ring heteroatoms, 1 to 3 ring heteroatoms, 1 to 2 ring heteroatoms, or
1 ring heteroatom independently selected from nitrogen, sulfur or oxygen. In certain
instances, heteroaryl includes 3- to 12- membered, 5- to 10- membered ring systems, 5- to 7-
membered ring systems, or 5- to 6- membered ring systems, each independently having 1 to 4
ring heteroatoms, 1 to 3 ring heteroatoms, 1 to 2 ring heteroatoms, or 1 ring heteroatom
independently selected from nitrogen, oxygen and sulfur. The term “heterocyclyl” also
includes “spiroheterocyclyl” when there are two positions for substitution on the same carbon
atom. In certain embodiments, the term “bicyclic heterocyclic” encompasses fused-

heterocyclyl groups.
[0029] “Oxo0” refers to the moiety =O.

[0030] “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, provided that the group’s
normal valence is not exceeded. In one embodiment, an optionally 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 grouphas 1to2,2t05,3t05,2t03,2to4,3to4,1to3, 1todorl

to 5 substituents.
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[0031] As used herein “CDK” refers to one or more cyclin-dependent kinases. CDK4/6
refers to both CDK4 and CDK®6. Thus, inhibitors of CDK4/6 inhibit both CDK4 and CDK®6.

[0032] A “pharmaceutically acceptable carrier” 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 limited to, a buffer, excipient,

stabilizer, or preservative.

[0033] As used herein, “treatment” or “treating” is an approach for obtaining beneficial
or desired results including clinical results. For example, beneficial or desired results
include, but are not limited to, one or more of the following: decreasing symptoms resulting
from the disease, increasing the quality of life of those suffering from the disease, decreasing
the dose of other medications required to treat the disease, 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 shrinking a tumor (reducing tumor
size); decreasing the growth rate of the tumor (such as to suppress tumor growth); reducing
the number of cancer cells; inhibiting, retarding or slowing to some extent and preferably
stopping cancer cell infiltration into 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 relieving to some extent one or more of the
symptoms associated with the cancer. In some embodiments, beneficial or desired results
include preventing or delaying occurrence and/or recurrence, such as of unwanted cell

proliferation.

[0034] As used herein, “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 varying 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 does not develop the disease. For example, a

late stage cancer, such as development of metastasis, may be delayed.

[0035] 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 include results such as eliminating
or reducing the risk, lessening the severity of, or delaying the onset of the disease, including

biochemical, histological and/or behavioral symptoms of the disease, its complications and

9
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intermediate pathological phenotypes presenting during development of the disease. For
therapeutic use, beneficial or desired results include ameliorating, palliating, lessening,
delaying or decreasing one or more symptoms resulting from the disease, increasing the
quality of life of those suffering from the disease, decreasing the dose of other medications
required to treat the disease, enhancing effect of another medication such as via targeting,
delaying the progression of the disease, and/or prolonging survival. In 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 is 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: (i) reduce the
number of cancer cells; (ii) reduce tumor size; (iii) inhibit, retard, slow to some extent and
preferably stop cancer cell infiltration into peripheral organs; (iv) inhibit (i.e., slow to some
extent and preferably stop) tumor metastasis; (v) inhibit tumor growth; (vi) prevent or delay
occurrence and/or recurrence of tumor; and/or (vii) relieve to some extent 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
stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing, or pharmaceutical composition is 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 salt thereof, or pharmaceutical composition may or may
not be achieved in conjunction with another drug, compound, or pharmaceutical composition.
Thus, an “effective dosage” may be considered in the context of administering one or more
therapeutic agents, and a single agent may be considered to be given in an effective amount

if, in conjunction with one or more other agents, a desirable result may be or is achieved.

[0036] As used herein, the term “individual” is a mammal, including humans. An
individual includes, but is not limited to, human, bovine, horse, feline, canine, rodent, or
primate. In some embodiments, the individual is human. The individual (such as a human)
may have advanced disease or lesser extent of disease, such as low tumor burden. In some

embodiments, the individual is at an early stage of a proliferative disease (such as cancer). In
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some embodiments, the individual is at an advanced stage of a proliferative disease (such as

an advanced cancer).

[0037] As used herein, by “pharmaceutically acceptable” or “pharmacologically
acceptable” is meant a material that is not biologically or otherwise undesirable, e.g., the
material may be incorporated into a pharmaceutical composition administered to a patient
without causing any significant undesirable biological effects or interacting in a deleterious
manner with any of the other components of the composition in which it is contained.
Pharmaceutically acceptable carriers or excipients have preferably met the required standards
of toxicological and manufacturing testing and/or are included on the Inactive Ingredient

Guide prepared by the U.S. Food and Drug administration.

[0038] “Pharmaceutically acceptable salts” are those salts which retain at least some of
the biological activity of the free (non-salt) compound and which can be administered as
drugs or pharmaceuticals to an individual. Such salts, for example, include: (1) acid addition
salts, formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid,
oxalic acid, propionic acid, succinic acid, maleic acid, tartaric acid and the like; (2) salts
formed when an acidic proton present in the parent compound either is replaced by a metal
ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an
organic base. Acceptable organic bases include ethanolamine, diethanolamine,
triethanolamine and the like. Acceptable inorganic bases include aluminum hydroxide,
calcium hydroxide, potassium hydroxide, sodium carbonate, sodium hydroxide, and the like.
Further examples of pharmaceutically acceptable salts include those listed in Berge et al.,
Pharmaceutical Salts, J. Pharm. Sci. 1977 Jan;66(1):1-19. Pharmaceutically acceptable
salts can be prepared in situ in the manufacturing process, or by separately reacting a purified
compound of the disclosure in its free acid or base form with a suitable organic or inorganic

base or acid, respectively, and isolating the salt thus formed during subsequent purification.

[0039] The term “excipient” as used herein means an inert or inactive substance that may
be used in the production of a drug or pharmaceutical, such as a tablet containing a
compound of the disclosure as an active ingredient. Various substances may be embraced by
the term excipient, including without limitation any substance used as a binder, disintegrant,
coating, compression/encapsulation aid, cream or lotion, lubricant, solutions for parenteral

administration, materials for chewable tablets, sweetener or flavoring, suspending/gelling
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agent, or wet granulation agent. Binders include, e.g., carbomers, povidone, xanthan gum,
etc.; coatings include, e.g., cellulose acetate phthalate, ethylcellulose, gellan gum,
maltodextrin, enteric coatings, etc.; compression/encapsulation aids include, e.g., calcium
carbonate, dextrose, fructose dc (dc="directly compressible”), honey dc, lactose (anhydrate or
monohydrate; optionally in combination with aspartame, cellulose, or microcrystalline
cellulose), starch dc, sucrose, etc.; disintegrants include, e.g., croscarmellose sodium, gellan
gum, sodium starch glycolate, etc.; creams or lotions include, e.g., maltodextrin,
carrageenans, etc.; lubricants include, e.g., magnesium stearate, stearic acid, sodium stearyl
fumarate, etc.; materials for chewable tablets include, e.g., dextrose, fructose dc, lactose
(monohydrate, optionally in combination with aspartame or cellulose), etc.;
suspending/gelling agents include, e.g., carrageenan, sodium starch glycolate, xanthan gum,
etc.; sweeteners include, e.g., aspartame, dextrose, fructose dc, sorbitol, sucrose dc, etc.; and
wet granulation agents include, e.g., calcium carbonate, maltodextrin, microcrystalline

cellulose, etc.

[0040] It is understood that embodiments, aspects and variations described herein also
include “consisting” and/or “consisting essentially of” embodiments, aspects and variations.
Compounds

[0041] In one aspect, provided is a compound of Formula (J):

X __O
X2 N
H | I 2 gy,
2 N
| |
N ¥ . R
(R%) D,

or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the

foregoing, wherein:

X'is CR? or N;

X?is CR? or N;
X3is CR? or N;
(R), (R%), (R%), (R
O OMO0;:
Zis or , wherein
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A is C3-Ce cycloalkyl, 4- to 7-membered heterocyclyl, 5- to 7-membered

heteroaryl, or Ce aryl, each of which is optionally substituted with one or more R;

L is a bond, -CR'"'R'?-, -O-, -S-, -S(0)2-, -C(0)-, -NR'’-, -S(0),NR'’-, or -
NR!°SO;-:

B is hydrogen, C3-Cs cycloalkyl, 3- to 7-membered heterocyclyl, 5- to 7-
membered heteroaryl, or Ce aryl, each of which is optionally substituted with one or

more RS;

C is C3-Cg cycloalkyl, 5- to 7-membered heterocyclyl, 5- to 7-membered
heteroaryl, or Ce aryl, each of which is optionally substituted with one or more R?,

wherein C is fused to D; and

D is C3-Cs cycloalkyl, 3- to 7-membered heterocyclyl, 5- to 7-membered

heteroaryl, or Ce aryl, each of which is optionally substituted with one or more RS;

R'is hydrogen, Ci-Cg alkyl, C2-Ce alkenyl, C2-Cs alkynyl, Ci-Cs alkoxy, Cs-
C12 cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, Ce-
Cia aryl, -(C1-Cs alkylene)(C3-C12 cycloalkyl), -(C1-Cs alkylene)(3- to 12-membered
heterocyclyl), -C(O)R'°, -(C1-C3 alkylene)(5- to 10-membered heteroaryl)
or -(C1-Cs alkylene)(Cs-Ci4 aryl), wherein R! is independently optionally substituted with one
or more substituents selected from the group consisting of halogen,
oxo, -OR", -NRPR"™, -C(O)R"?, -CN, C3-Cs cycloalkyl, and C1-Cs alkyl optionally
substituted with one or more substituents selected from the group consisting of oxo, -OH and
halogen;
each R? is independently C»-Cs alkenyl, Co-Cg alkynyl, -OH, oxo, -NR!'R'?, -
CN, -C(O)R'?, -C(O)NR!'R'?, halogen, or Ci-Ce alkyl optionally substituted with one or
more substituents selected from the group consisting of —CN, -OH or halogen, or
two R? or R! and R? are taken together with the atom or atoms to which they
are attached to form a C3-Ce¢ cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-
membered heteroaryl, or Ce-C14 aryl, each of which is independently optionally
substituted with one or more substituents selected from the group consisting of C1-Ce
alkyl, -OH, oxo, and halogen;
each of R? and R* is independently hydrogen, Ci-Cealkyl, C3-Cs cycloalkyl, -CN, Ci-
Cehaloalkyl, C1-Cs alkoxy, C1-Ce haloalkoxy, halogen or -OH;
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each R’ is independently Ci-Cs alkyl, C2-Cs alkenyl, C2-Ce alkynyl, halogen,
oxo, -CN, -OR', -SR', -NR"'R'?, -C(O)R'?, -C(O)NR"'R'?, -OC(O)NR''R'?, -NR'’C(O)R",
-NR'’C(O)NR"R'?, -S(O)R?, -S(O):R'°, -NR!S(0),R!!, -S(0)2NR!'R?, C3-C¢ cycloalkyl,
3- to 12-membered heterocyclyl, -(C1-C3 alkylene)OR !, -(C;-C3 alkylene)SR'?, -(Ci-
Cs alkylene)NR!'R!2, -(C;-C3 alkylene)C(O)R'?, -(C;-Cs alkylene)C(O)NR'R!2, -(C-
Cs alkylene)NR'’C(O)R !, -(C1-Cs alkylene)NR'’C(O)NR!'R 2, -(C;-C5 alkylene)S(O)2R ',
~(C1-C3 alkylene)NR'°S(0).R!!, -(C;-Cs alkylene)NR’S(O),NR!'R'?, -(C;-
Cs alkylene)S(0)NR'"'R'?, -(C;-C3 alkylene)(C3-Cs cycloalkyl), -(C1-C3 alkylene)(3- to 12-
membered heterocyclyl), wherein each R? is independently optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo, -OR'3, -NR*R !,
-C(O)R", -CN, -(C;-C3 alkylene)OR '3, -(C;-C; alkylene)NR PR, -(C;-C; alkylene)C(O)R '3,
C3-Cs cycloalkyl, and C1-Ce alkyl optionally substituted with one or more substituents
selected from the group consisting of oxo, -OH, and halogen,

or any two R? are taken together with the atom or atoms to which they are

attached to form a C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-

membered heteroaryl, or C¢-Ci4 aryl;

each R is independently oxo or R’, or any two RS are taken together with the atom or
atoms to which they are attached to form a C3-Cs cycloalkyl, 3- to 12-membered
heterocyclyl, 5- to 10-membered heteroaryl, or Ce-C14 aryl;

each R’ is independently hydrogen, Ci-Cs alkyl, C>-Cs alkenyl, C2-Cg alkynyl, C3-Cs
cycloalkyl, 3- to 6-membered heterocyclyl, -OR'’, -NR"R!? -NR!°C(O)R!,
-NR'’C(O)NR''R™, -S(0)2R", -NR'’S(O).R", -S(0)2NR"'R'?, -C(O)R'?,
-C(O)NR!'R!* -(C;-C3 alkylene)CN, -(C1-Cs alkylene)OR ', -(C1-Cs alkylene)SR!°, -(C;-
Cs alkylene)NR!'R!?, -(C;-C3 alkylene)CFs, -(C1-Cs alkylene)C(O)R', -(C;-
Cs alkylene)C(O)NR!'R %, -(C;-Cs alkylene)NR'’C(O)R!!, -(C;-
Cs alkylene)NR'’C(O)NR!R!2, -(C-C3 alkylene)S(O)2R ', -(C1-Cs alkylene)NR 1°S(O).R !,
-(C1-Cs alkylene)S(O)zNR”Ru, -(C1-Cs alkylene)(C3-Cg cycloalkyl), or -(C1-C3 alkylene)(3-
to 6-membered heterocyclyl), wherein each R’ is independently optionally substituted with
one or more substituents selected from the group consisting of halogen,
oxo, -OR!, -NRP¥R™, -C(O)R"3, -CN, -(C;-C;3 alkylene)OR '3, -(C;-
Cs alkylene)NR®R!, -(C1-C3 alkylene)C(O)R '3, C3-Cs cycloalkyl, and C1-Cs alkyl optionally
substituted with one or more substituents selected from the group consisting of oxo, -OH, and

halogen;
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each R! is independently hydrogen, Ci-Cs alkyl, C3-Cs cycloalkyl, -(Ci-
(s alkylene)(Cs-Cg cycloalkyl), Ce-Ci4 aryl, 5- to 6-membered heteroaryl or 3- to 6-
membered heterocyclyl, each of which is independently optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo, -CN, -OR", -NRI’R'®,
and C1-Cg alkyl optionally substituted with one or more substituents selected from the group
consisting of halogen, -OH, and oxo;
R!! and R'? are each independently hydrogen, Ci-Cs alkyl, C3-Cs cycloalkyl, -(Ci-
(s alkylene)(Cs-Cg cycloalkyl), Ce-Ci4 aryl, 5- to 6-membered heteroaryl or 3- to 6-
membered heterocyclyl, each of which is independently optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo, -CN, -OR", -NRI’R'®,
and C1-Cg alkyl optionally substituted with one or more substituents selected from the group
consisting of halogen, -OH, and oxo,
or R!! and R!? are taken together with the atom to which they attached to form
a 3- to 6- membered heterocyclyl optionally substituted with one or more substituents
selected from the group consisting of halogen, oxo, and C;-Cs alkyl optionally substituted
with one or more substituents selected from the group consisting of halogen, -OH, and oxo;
R and R'* are each independently hydrogen or C1-Cs alkyl, wherein the C1-Cs alkyl
is optionally substituted with one or more substituents selected from the group consisting of
halogen, -OR"3, -NRR'®, and oxo,
or R!* and R are taken together with the atom to which they attached to form
a 3- to 6- membered heterocyclyl optionally substituted with one or more substituents
selected from the group consisting of halogen, oxo, and C;-Cs alkyl optionally substituted
with one or more substituents selected from the group consisting of halogen, -OH, and oxo;
and
R' and RS are each independently hydrogen, Ci-Cs alkyl, C2-Cs alkenyl, or Co-
Cs alkynyl, wherein the C1-Cg alkyl, C2-Cs alkenyl, and C2-Cg alkynyl are each independently
optionally substituted with one or more substituents selected from the group consisting of
halogen, -OH, and oxo,
or R'® and R!® are taken together with the atom to which they attached to form
a 3- to 6- membered heterocyclyl optionally substituted with one or more substituents
selected from the group consisting of halogen, oxo, and C;-Cs alkyl optionally substituted
with one or more substituents selected from the group consisting of halogen, -OH, and oxo;

[is 0,1, or 2;
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p and q are each independently O, 1, 2 or 3; and

nis0,1,2,3or4,
provided that at least one of (1), (2), (3), and (4) applies:

(1) at least one of X!, X2, and X> is N or CR?, wherein R? is -CN,

(2) lis 1 and R*is -CN,

(3) at least one R?is Ci-Cgalkyl substituted with one or more halogen,

(4) two R? or R! and R? are taken together with the atom or atoms to which they are
attached to form a C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered
heteroaryl, or Cs-C14 aryl, each of which is independently optionally substituted with one or

more substituents selected from the group consisting of C1-Ce alkyl, -OH, oxo, and halogen.

(R%)q (R%),

O 0s
[0042] In some embodiments of a compound of Formula (J), Z is

and provides a compound of Formula (I):
RS RS
( )q ( )p j)\ I \ (Rz)n
‘ A\j \
(R (.

or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing, wherein X! X2 X3, A,B,L,RL,RZ R, R, R, RS, 1, m, n, p, and q are as detailed

herein for Formula (J).

(R%), (R

00:
[0043] In some embodiments of a compound of Formula (J), Z is and

j)\ I REPCY
\

! ,

provides a compound of Formula (I):

Ry (R
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or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing, wherein X!, X2 X3, C,D,R', R%Z R, RY, RS, R, I, n, p, and q are as detailed herein

for Formula (J).

[0044] In some embodiments of a compound of Formula (J) or any related formula where
applicable, X! is N. In some embodiments, X' is CR?. In some embodiments, X' is CR?,
wherein R? is -CN. In some embodiments, X is N. In some embodiments, X is CR>. In some
embodiments, X?is CR3, wherein R3 is -CN. In some embodiments, X? is N. In some

embodiments, X2 is CR?. In some embodiments, X is CR3, wherein R? is -CN.

[0045] In some embodiments of a compound of Formula (J) or any related formula where
applicable, each R? is independently Ci-Ce alkyl, C3-Cs cycloalkyl, C1-Cehaloalkyl, Ci-Cs
alkoxy, C1-Ce haloalkoxy, halogen, or —OH. In some embodiments, each R?is independently
C1-Cs alkyl, C3-Ce cycloalkyl, C1-Ce haloalkyl, C1-Cg alkoxy, C1-Ce haloalkoxy or halogen. In
some embodiments, each R3is independently fluoro, chloro, methyl, trifluoromethyl,

trifluoromethoxy, methoxy, and cyclopropyl. In some embodiments, R? is halogen.

[0046] In some embodiments of a compound of Formula (J) or any related formula where

applicable, at least one of X!, X2, and X3 is N or CR?, wherein R? is -CN.

[0047] In some embodiments of a compound of Formula (J) or any related formula where
applicable, is [ is 0. In some embodiments, [ is 1 or 2. In some embodiments, / is 1. In some

embodiments, /is 2.

[0048] In some embodiments of a compound of Formula (J) or any related formula where
applicable, each R*is independently Ci-Cs alkyl, C3-Cs cycloalkyl, C1-Cehaloalkyl, Ci-Cs
alkoxy, C1-Ce haloalkoxy, halogen, or —OH. In some embodiments, each R*is independently
C1-Cs alkyl, C3-Ce cycloalkyl, C1-Ce haloalkyl, C1-Cg alkoxy, C1-Ce haloalkoxy or halogen. In
some embodiments, each R*is independently fluoro, chloro, methyl, trifluoromethyl,
trifluoromethoxy, methoxy, and cyclopropyl. In some embodiments, R* is halogen. In some

embodiments, [ is 1 and R* is halogen.

[0049] In some embodiments of a compound of Formula (J) or any related formula where

applicable, [ is 1 and R* is -CN.

[0050] In some embodiments, a compound of Formula (J) is of Formula (J-1), (I-1), or
(II-1), or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of

the foregoing.
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(R®)q (R®)p

¢ 0 X! lo)
, )
o 1 I j—(Rz)n Ho i I j—(RZ)n
T, O
N__~ R' N R
o J-1), ZNen (I-1),
R, (R,
A
00} B
(II-1).

[0051] In some embodiments of a compound of Formula (J) or any related formula where
applicable, n is 0. In some embodiments, n is 1. In some embodiments, n is 2. In some

embodiments, n is 3. In some emboidments, n is 4. In some embodiments, n is O or 1. In some
embodiments, n is 0, 1, or 2. In some embodiments, n is 0, 1, 2, or 3. In some emboidments, n

is 1,2, or 3.

[0052] In some embodiments of a compound of Formula (J) or any related formula where
applicable, each R? is independently Ci-Cg alkyl, oxo, -C(O)R'?, or -CN. In some
embodiments, each R? is independently C;-Cs alkyl, oxo, or halogen. In some embodiments,
each R? is oxo. In some embodiments, each R? is independently -NR!'R'?. In some
embodiments, each R? is —-CN. In some embodiments, each R? is independently -C(O)R'°. In
some embodiments, R? is -C(O)R'?, wherein R!? is C1-Cs alkyl such as methyl. In some
embodiments, R? is —C(O)NR!''R'%. In some embodiments, R? is halogen, such as fluoro. In
some embodiments, R? is C1-Cs alkyl, such methyl. In some embodiments, R? is H. In some
embodiments, each R? is independently oxo or Ci-Ce alkyl such as methyl. In some
embodiments, each R? is independently oxo or Ci-Cealkyl such as methyl; and nis 1 or 2. In
some embodiments, each R? is independently oxo or C1-Ce alkyl such as methyl; and n is 1.
In some embodiments, each R? is independently oxo or C1-Cs alkyl such as methyl; and n is
2. In some embodiments, R? is C1-Ce alkyl such as methyl. In some embodiments, R? is Ci-Cg
alkyl such as methyl; and n is 1. In some embodiments, each R? is independently -C(O)R'°,
wherein R!° is Ci-Ce alkyl such as methyl. In some embodiments, each R? is

independently -C(O)R'?, wherein R is C1-Cs alkyl such as methyl; and n is 1. In some
embodiments, each R? is oxo; and n is 1 or 2. In some embodiments, each R? is oxo; and n is
1. In some embodiments, each R? is oxo; and n is 2. In some embodiments, each R? is
independently oxo or -CN. In some embodiments, each R? is independently oxo or -CN; and

n is 2. In some embodiments, R? is independently methyl, oxo, -C(O)CH3, or -CN. In some
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embodiments, In some embodiments, one R? is oxo and one R? is C1-Cs alkyl substituted with
one or more halogen; and n is 2.

[0053] In some embodiments, a compound of Formula (J) is of Formula (J-2), (I-2), or

(II-2), or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of

the foregoing.
F F
Xy ° (R%) (RY) X\ O
X F a P X2 F
H N l I H N | I
z \ﬁ A x3 r;11 o a L \ﬁ A X r}l1 o
N X R N ¢ R
R J-2), (R 1-2),

F
CORCRER

N X R!

(R, 11-2).

[0054] In some embodiments of a compound of Formula (J) or any related formula where
applicable, two R? are taken together with the atom or atoms to which they are attached to
form a C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, or
Ce-Ci4 aryl, each of which is independently optionally substituted with one or more
substituents selected from the group consisting of C1-Cs alkyl, -OH, oxo, and halogen. In
some embodiments, two R? are attached to a same carbon atom and are taken together with

the atom to form a C3-Cg cycloalkyl.

[0055] In some embodiments, a compound of Formula (J) is of Formula (J-3), (I-3), or

(II-3), or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of

the foregoing.
AN, ) O
n N | - n N | Z
Yy L Yy
N ¢ R N ¥ R
(R J-3), R (1-3),
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Ry (R X1I jA

R4)I (II-3), wherein m is 1, 2, 3, or 4.

[0056] In some embodiments, a compound of Formula (J) is of Formula (J-4), (I-4), or

(II-4), or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of

the foregoing.
(0. T Ten (X,
H
N N 7 )
/\ N\?/ R1
(R (J-4), (R (I-4),
Ry R
(R h (II-4), wherein m is 1, 2, 3, or 4.
[0057] In some embodiments of a compound of Formula (J) or any related formula where

applicable, R! and R? are taken together with the atoms to which they are attached to form a
C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, or Ce-
Ci4 aryl, each of which is independently optionally substituted with one or more substituents
selected from the group consisting of C1-Ce alkyl, -OH, oxo, and halogen. In some

embodiments, R! and R? are taken together with the atoms to which they are attached to form

o5

5t
-§—N —
or TN,
[0058] In some embodiments, a compound of Formula (J) is of Formula (J-5), (I-5), or

(II-5), or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of

the foregoing.
X ° (R%), (R%)
PP X
z” m/ X x*" °N
N X \/\
(R%, (J_S) (R*) (1-5),

20

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255 PCT/US2022/072061

(R®)q (R%)y I
(II-5).

R“).

[0059] In some embodiments, a compound of Formula (J) is of Formula (J-6), (I-6), or

(II-6), or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of

the foregoing.
H
N X N\X N
(R*) (J 6) (R*) 1-6),
(R%)q R%p I %
\jx
R (11-6).
[0060] In some embodiments of a compound of Formula (J) or any related formula where

applicable, R!is hydrogen, Ci-Cs alkyl, C2-Cs alkenyl, Co-Cg alkynyl, Ci-Cs alkoxy, Cs-

Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, Cs-

Ci4 aryl, -C(O)R'°, -(C;-C3 alkylene)(C3-Cs cycloalkyl), -(Ci-C3 alkylene)(3- to 12-
membered heterocyclyl), -(C1-Cs alkylene)(5- to 10-membered heteroaryl) or

-(C1-C3 alkylene)(Cs-C14 aryl), each of which is independently optionally substituted with
one or more substituents selected from the group consisting of halogen,

oxo, -OR", -NRPR"™, -C(O)R"?, -CN, C3-Cs cycloalkyl, and C1-Cs alkyl optionally
substituted with one or more substituents selected from the group consisting of oxo, -OH or
halogen. In some embodiments, R! is hydrogen, Ci-Cgalkyl, C3-Cs cycloalkyl, 3- to 12-
membered heterocyclyl, 5- to 10-membered heteroaryl, C¢-Cis aryl, -C(O)R'?, (Ci-

(s alkylene)(Cs-Cg cycloalkyl), -(C1-Cs alkylene)(3- to 12-membered heterocyclyl), -(Ci-

Cs alkylene)(5- to 10-membered heteroaryl) or -(C1-Cs alkylene)(Ces-C14 aryl), each of which
is unsubstituted. In some embodiments, R! is Co-Cg alkyl, C2>-Cs alkenyl, C2-Cs alkynyl, Ci-
Csalkoxy, C3-Cg cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl,
C6-Ci4 aryl, -(C1-C3 alkylene)(C3-Cs cycloalkyl), -C(O)R', or -(Ci-C3 alkylene)(Ce-Ci4 aryl),
each of which independently optionally substituted with one or more substituents selected

from the group consisting of halogen, oxo, -OR"3, -NR*R™ -C(O)R", -CN, C3-Cs
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cycloalkyl, and C1-Ce alkyl optionally substituted with one or more substituents selected from
the group consisting of oxo, -OH or halogen. In some embodiments, R! is C»-Cg alkyl, C2-Cs
alkenyl, C2-Cs alkynyl, C1-Cs alkoxy, C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5-
to 10-membered heteroaryl, Cs-C14 aryl, or -C(O)R'°, each of which independently optionally
substituted with one or more substituents selected from the group consisting of halogen,

oxo, -OR", -NRPR"™, -C(O)R"?, -CN, C3-Cs cycloalkyl, and C1-Cs alkyl optionally
substituted with one or more substituents selected from the group consisting of oxo, -OH or
halogen. In some embodiments, R! is hydrogen, Ci-Cgalkyl, -C(O)R'?, -(C1-C3 alkylene)(Cs-
Cs cycloalkyl), -(C1-Cs alkylene)(5- to 10-membered heteroaryl), or C3-Cg cycloalkyl, each of
which is optionally substituted with halogen, oxo, -NH>. In some embodiments, R is methyl,
ethyl, n-propyl, isopropyl, cyclopropyl, cyclopentyl, cyclohexyl or cyclopropyl-methyl. In
some embodiments, R! is isopropyl. In some embodiments, R! is C1-Cs alkyl. In some

embodiments, R! is C>-Ce alkyl.

[0061] In some embodiments of a compound of Formula (J) or any related formula where

applicable, R! is selected from the group consisting of

SIIRRIEAEE 4,
RRA-N S e ch sla v
5 Ko Fodn ko & & & &

é@@@@%%h@
X 0L 5L

wherein the wavy lines denote attachment points to the rest of the molecule.
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[0062] In some embodiments of a compound of Formula (J) or any related formula where
applicable, A is C3-Cs cycloalkyl, 4- to 7-membered heterocyclyl, 5- to 7-membered
heteroaryl or Cg aryl, each of which is unsubstituted. In some embodiments, A is C3-Ce
cycloalkyl, 4- to 7-membered heterocyclyl, 5- to 7-membered heteroaryl or Cs aryl, each of
which is optionally substituted with one or more R®. In some embodiments, A is Ce aryl
optionally substituted with one or more R®. In some embodiments, A is phenyl optionally
substituted with one or more R®. In some embodiments, A is 5- to 7-membered heteroaryl
optionally substituted with one or more R®. In some embodiments, A is selected from the
group consisting of pyridinyl, pyrimidinyl, pyrazolyl, thiazolyl, oxazolyl, isooxazolyl or
imidazolyl, each of which is optionally substituted with one or more R’. In some
embodiments, A is 4- to 7-membered heterocyclyl optionally substituted with one or more
R5. In some embodiments, A is piperidinyl, pyrrolidinyl, azetidinyl, dihydropyridine, or
pyridone, each of optionally substituted with one or more R°. In some embodiments, A is C3-
Cs cycloalkyl optionally substituted with one or more R’. In some embodiments, A is
cyclohexyl or cyclopentyl, each of which is optionally substituted with one or more R®. In
some embodiments, A is phenyl, pyridinyl, pyrimidinyl, pyrazolyl, thiazolyl, oxazolyl,
isooxazolyl, imidazolyl, piperidinyl, pyrrolidinyl, azetidinyl, pyridone, cyclohexyl, or
cyclopentyl, each of which is unsubstituted. In some embodiments of a compound of Formula
(D), A is phenyl, pyridinyl, pyrimidinyl, pyrazolyl, thiazolyl, oxazolyl, isooxazolyl,
imidazolyl, piperidinyl, pyrrolidinyl, azetidinyl, dihydropyridine, pyridone, cyclohexyl, or

cyclopentyl, each of which is optionally substituted with one or more R5.

[0063] In some embodiments of a compound of Formula (J) or any related formula where
applicable, B is hydrogen, C3-Cs cycloalkyl, 3- to 7-membered heterocyclyl, 5- to 7-
membered heteroaryl, or Ce aryl, each of which is optionally substituted with one or more RS.
In some embodiments, B is C3-Cs cycloalkyl, 3- to 7-membered heterocyclyl, 5- to 7-
membered heteroaryl, or Cg aryl, each of which is unsubstituted. In some embodiments, B is
hydrogen. In some embodiments, B is 3- to 7-membered heterocyclyl optionally substituted
with one or more R®. In some embodiments, B is diazepanyl, azepanyl, piperazinyl,
piperidinyl, pyrrolidinyl or azetidinyl, each of which is optionally substituted with one or
more R®. In some embodiments, B is 5- to 7-membered heteroaryl optionally substituted with
one or more RS, In some embodiments, B is imidazolyl or pyrazolyl, each of which is
optionally substituted with one or more R®. In some embodiments, B is phenyl optionally

substituted with one or more R®. In some embodiments, B is C3-Cg cycloalkyl optionally
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substituted with one or more R®. In some embodiments, B is cyclopentyl, cyclohexyl, or
cycloheptyl, each of which is optionally substituted with one or more R®. In some
embodiments, B is hydrogen, diazepanyl, azepanyl, piperazinyl, piperidinyl, pyrrolidinyl,
azetidinyl, imidazolyl, pyrazolyl, phenyl, cyclopentyl, cyclohexyl, or cycloheptyl, each of
which is unsubstituted. In some embodiments of a compound of Formula (I), B is hydrogen,
diazepanyl, azepanyl, piperazinyl, piperidinyl, pyrrolidinyl, azetidinyl, imidazolyl, pyrazolyl,
phenyl, cyclopentyl, cyclohexyl, or cycloheptyl, each of which is optionally substituted with

one or more RS,

[0064] In some embodiments of a cornpound of Formula (J) or any related formula where
applicable, L is a bond, -CHz-, -NH-, -O-, -S-, -S(O)2-, -CO-, -NCHs-, -S(O)>NH-,or —
NHS(O)2-. In some embodiments of a compound of Formula (1), L is a bond, -CHaz-, -NH-, -
O-, or —-S-. In some embodiments, L is a bond. In some embodiments, L is -CHz-. In some
embodiments, L is -NH-. In some embodiments, L is -S-. In some embodiments, L is -O-. In
some embodiments, L is —S(Q)2-. In some embodiments, L is -C(O)-. In some embodiments,
L is -NCHj3-. In some embodiments, L is -NHS(O),-. In some embodiments, L is -CR'R'>-.
In some embodiments, L is -NR!’-. In some embodiments, L is -NR'°S(O),-. In some
embodiments, L is —S(0)2NR'-. In some embodiments, L is —S(0)NH-. In some
embodiments, L is — NHS(O)»-.

[0065] In some embodiments of a compound of Formula (J) or any related formula where
(R®)q
(R%)q (R%) ‘
‘/ /I\j 6/ J R5)
apphcable Z1is which i 1s P
(R%) (R%)
q q q (R )
| \\(K NS & )
L K L—,\, (j/
~
G OO A
(R%)p (R%), , (R )o (R®)p
5 5
6 6 (R%)p R
(R®)q (R®%)q \ . (R8), \ %
Nt T LQ
D4T @l
, , or , wherein tis 0, 1, or 2; and t'
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(R%), (R%), (R®),q (Rs)p
OO Oa*S
is O or 1. In some embodiments, Z is e which i 1s
(R%) (R®)
‘ T ‘ ‘ L T
O2s L&*
(R )o , (R )o i (R*)p ,or , wherein
(R%)q (R%),
L &1
tis 0,1, or 2; and t'is O or 1. In some embodiments, Z is a which is
(R%)q (R (R“)q (R“)q
RO Cal oy
) , [M) , wherein tis 0, 1,
(R%), (R%),
L %
or 2; and t' is O or 1. In some embodiments, Z is e which is
(R5)p (R"‘)p (R5)p

(R5 J/O/ K)/Lj/

‘Rs)‘* (R|* )e (R6>q (R\)“ L
‘Z‘L N
\Q/Y Q\&YE KYE HNM) (Rﬁ‘)p

k4

v S A R T
)p

(R%)q (R5)p L) (R5)p HN R5 (R9),
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N % N % (RS N % N %
\ pg” R N \]/ R N” \T R N \j/
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6 N .
R | \\(E (R), N\W}é (R%), L‘i (R®), NYE
\/\ \N \ J/\ N \ \ AN

[\ N ; \ "N \ ’\
NS RS, b &), (Rﬁ)p (R

(R%)q N7 8 (R%)q N £ (R%)q N™™ * (R0)q N™S &
o o SN O

N
HN P R, L) R%), . (R%),
(RS)p (R5)p 5?1 (R5)p
o ; (R® \ '
T T AT oy
N. ¥ N t N
SOt
" R hn t. ”"‘;j
(R,

(R%), Y

r’\N v
HN

t wherein tis 0, 1, or 2; and t'
(R%)q N A%
el
O O
is 0 or 1. In some embodiments, Z is which is t ° ,
R

D S B

SN .

(Rs)q (Rs)p L) (Rs)p HN (R5) HN (R )p

<R5>p ‘Rs’p
BN U . ‘Rs’q ‘R "* (R,
) T O
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* 6 N % (R, N,N\ %
N \ SO AL O] J
C/ KYE ‘R5 J (\R5)p HNr\ \Rs’

k4 k4 k4

(R)q /j/ (R8)q % (RS )q
\/\ \,\ \/ \j)\/
(R5) Q R®
P (R%)p cor 1 R , wherein tis 0, 1, or 2. In

some embodiments, t is 0. In some embodiments, t is 1. In some embodiments, t is 2. In some

embodiments, t' is 0. In some embodiments, t' is 1. In some embodiments, tis 1 and t'is 1.

[0066] In some embodiments of a compound of Formula (J) or any related formula where
applicable, D is fused with C to form a 7- to 12- membered bicyclic ring having at least one
aromatic ring, wherein C and D are optionally substituted with one or more R’ and R®. In
some embodiments, D is fused with C to form a 7- to 12- membered bicyclic ring having at
least one aromatic ring and at least one heteroatom selected from the group consisting of N,
O, and S, wherein C and D are optionally substituted with with one or more R® and R®. In
some embodiments, D is fused with C to form a 7- to 12- membered bicyclic ring having at
least one aromatic ring and at least one nitrogen atom, wherein C and D are optionally
substituted with with one or more R> and R®. In some embodiments, D is fused with C to
form a 7- to 12- membered bicyclic ring having at least one aromatic ring and at least one

nitrogen atom, wherein C and D are optionally substituted with with one or more R and R®.

[0067] In some embodiments of a compound of Formula (J) or any related formula where
(Re)q

(R%), (R P (Rs)q

applicable, Z is which is (Rs)p \N (R5)p ,

(R%)q (R%,q (R)q

éd&cf o)

(R5)p (RS)p (Rs)p (R5)p
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denote attachment points to the rest of the molecule. In some embodiments, Z. is

(R%)q

(R®), RO), N
== | | % - >|f1
HN \\ HNK/I/YQ HN \\

N-p/
(R%p N R o (R

[0068] In some embodiments of a compound of Formula (J) or any related formula where
applicable, R” is hydrogen, Ci-Cg alkyl, C3-Cs cycloalkyl, -C(O)R'°, each of which (except
hydrogen) is optionally substituted by halogen, oxo, -OR!3, -NR*R!*, -C(O)R",

-CN, -(C1-C3 alkylene)OR !, -(C;-C5 alkylene)NR'*R', -(C;-Cs alkylene)C(O)R'3, C3-Cs
cycloalkyl, or C1-Cs alkyl optionally substituted by oxo, -OH or halogen. In some
embodiments of a compound of Formula (I), R’ is hydrogen, methyl, ethyl, isopropyl,
cyclopropyl, -C(O)CH2NHCH3, or -CH2CH2OH.

[0069] In some embodiments of a compound of Formula (J), or any related formula
where applicable, p is 0. In some embodiments, p is O or 1. In some embodiments, p is 0, 1,

or 2.

[0070] In some embodiments of a compound of Formula (J), or any related formula
where applicable, each R3 is independently C;-Ce alkyl, halogen, oxo, -CN, -OR'%, -NR!''R'?,
-C(O)R', -C(O)NR!'R!?, C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, -(Ci-

Cs alkylene)OR', -(C;-Cs alkylene)NR!'R!2, -(C;-C;3 alkylene)C(O)R'™, -(C;-

(s alkylene)(Cs-Cg cycloalkyl), -(C1-Cs alkylene)(3- to 12-membered heterocyclyl), each of
which is optionally substituted by halogen, oxo, -OR"3, -NRPR™, -C(O)R",

-CN, -(C1-C3 alkylene)OR !, -(C;-C5 alkylene)NR'*R', -(C;-Cs alkylene)C(O)R'3, C3-Cs
cycloalkyl, or C1-Cs alkyl optionally substituted by oxo, -OH or halogen. In some
embodiments, each R” is independently —CN, halogen, methoxy, oxo, trifluoromethoxy, -
NH(CH3), -N(CH3)2, -(CH2)NH(CH3), -(CH2)NHo, -(CH2)N(CH3)2, -C(O)NH2>, -
C(O)N(CH3)2, methyl, ethyl, isopropyl, cyclopropyl, -CH>20OH, -CH>OCH3, -
NH(CH2)>2N(CH2CH3)2, -O(CH2)2N(CH2CH3)2, or trifluoromethyl. In some embodiments,
each R’ is independently —CN, halogen, methoxy, oxo, trifluoromethoxy, -NH(CH3), -
N(CH3)2, -(CH2)NH(CH3), -(CH2)NHb, -(CH2)N(CH3)2, -C(O)NH2, -C(O)N(CH3)2, methyl,

ethyl, isopropyl, n-propyl, cyclopropyl, -CH20H, -CH2OCH3, -NH(CH2)>N(CH2CH3)a, -
A% | Qs Q
H-N S\\/ /N\/\N’S\\Ll(-L /O\/\N,S\\/‘%' \/\eg(
O(CH2)N(CH2CH3),, trifluoromethyl, "2 O | H O H O

e
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[0071] In some embodiments of a compound of Formula (J), or any related formula

k4

where applicable, q is 0. In some embodiments, q is O or 1. In some embodiments, q is 0, 1,

or 2.

[0072] In some embodiments of a compound of Formula (J), or any related formula
where applicable, each R is independently Ci-Cs alkyl, halogen, oxo, -CN, -NR!R!?,
-C(O)R'?, C3-C¢ cycloalkyl, 3- to 12-membered heterocyclyl, -(Ci-C3 alkylene)OR'°, -(C;-
Cs alkylene)NR!'R!?, each of which is optionally substituted by halogen, oxo, -OR'?,
-NRPR™, -C(O)R'3, -CN, -(C;-C3 alkylene)OR '3, -(C;-C;3 alkylene)NR '3R!, -(C;-

Cs alkylene)C(O)R '3, C3-Cs cycloalkyl, or C1-Cs alkyl optionally substituted by oxo, -OH or
halogen; or two R® groups when bound to the same carbon atom, are taken together with the
carbon to which they are attached to form a C3-Cg cycloalkyl. In some embodiments, each R®
is independently ethyl, methyl, isopropyl, pyrrolidinyl, -N(CH3)2, -CH20H, oxo, -
C(O)CH2:NHCH3, -CH2CH20OH, difluoroethyl, -CH2N(CH3)2, -OH, or -C(O)CH2OH. In some
embodiments, each R®is independently ethyl, methyl, isopropyl, pyrrolidinyl, cyclopropyl,
methoxy, -N(CH3)2, -NHCH3, -CH20H, oxo, -C(O)CH2NHCH3, -CH2CH>0H, difluoroethyl,
-CH2N(CHz3)2, -CH2NHz, -OH, -C(O)CH20H, -C(O)CH2N(CH3)2, -C(O)N(CH3)z, -

Qf O~

C(O)NHCHj3, -C(O)NH2, -NHC(O)CH3, -C(O)CH3, -S(O)2CHs, ¥ . . 5
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[0073] In some embodiments of a compound of Formula (J) or any related formula where

applicable, Z is selected from the group consisting of:

NC %,

F % HsCO % HCO 5,
(\Nj@/ (\N]@/ OD/ (\N
RN

R7N\) R7N\)
b

NC " rco 5 FiCO % *y
N
ol oo Q‘i

31

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/072061

WO 2022/236255

%

7

7
R'N

R

’

32
SUBSTITUTE SHEET (RULE 26)



PCT/US2022/072061

WO 2022/236255

o5 u’ =
A g
— i
S\AUND_W oL
o " 2N
S
s
Py o
= N\ Z/ N\
L N‘V
2
i '

< o «
14
- N
vaw
2\ 2 5
e
- ,m._M
WWN = =z
SO
& i

/
Z
r_

o

pd
(@]
S X
Nl

Z /
14
o

33

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255 PCT/US2022/072061

N A S
'S
= ,R'N , HO R'N

34

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255 PCT/US2022/072061

9 9 HO 9
N
|N\ % L ) o~ F % HO F *
N
NP K/Njg@/ N\Hj@/
O\) ’HOQ 9 O 9 9
o N % HO _N %,
K/NW/QJ/ N \| R7N F £
T T A
|
_N F % F Y
N F % \O'\yp/ " Np
\O“ O 0

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/072061



WO 2022/236255

Os NH

R'N

RN

RN

V/s ESD/

PCT/US2022/072061

09

oﬁ

O\/

: R'N
//o
s~ HN” \‘o
% %,
RN R'N
N
% ’, % " &
0
’ R'N , R7N ’ )J\ N
£ F 2
N %

HN._ O
_N % RN /N| E 2 /N
x> NS NN
b b
37

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255 PCT/US2022/072061

éU Qﬂ

38

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255 PCT/US2022/072061

% %,
oy oy
e

attachment points to the rest of the molecule and R’ is as described herein. In some
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[0074] In some embodiments of a compound of Formula (J) or any related formula where

applicable, Z is selected from the group consisting of:

L0, 00, s o O
HN(;(NJ\;, (ﬂ\/©\;, HNC@\J;, Hm\j, “C@\;,

”C@{ N\?@\;’ Q@; EC@;, &Qf‘,

{0, 40, 4, 2, 3,

«:j@f, 62115’ (H\/Q\f, (H/\Qf‘, [:j@\f ,
N

H/nn;,/ %/@;,\Tmi HN}Q "
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f’é , wherein the wavy lines denote attachment points to the parent molecule.

1
/—(\Ir Nar% HN S
In some embodiments, Z is / , Z , Or
e

[0075] Specific values listed below are values for a compound of Formula (J) or any
related formula where applicable. It is to be understood that two or more values may
combined. Thus, it is to be understood that any variable for a compound of Formula (J) as

well as all related formulae may be combined with any other variable for a compound of
42
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Formula (J) as well as all related formulae the same as if each and every combination of
variables were specifically and individually listed. For example, it is understood that any
specific value of R! detailed herein for a compound of Formula (J) as well as all related
formulae may be combined with any other specific value for one or more of the variables Z,
X!, X2, X3, R%, R3, R*, I, m, and n the same as if each and every combination were

specifically and individually listed.

[0076] Also provided are salts of compounds referred to herein, such as pharmaceutically
acceptable salts. The invention also includes any or all of the stereochemical forms,
including any enantiomeric or diastereomeric forms, and any tautomers or other forms of the
compounds described. It is understood that individual enantiomers and diastereomers are

provided herein and their corresponding structures can be readily determined.

[0077] 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 stereoisomer or tautomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, are provided, such as compositions
of substantially pure compounds. In some embodiments, a composition containing a
compound as detailed herein or a stereoisomer or tautomer thereof, or a pharmaceutically
acceptable salt of any of the foregoing, is in substantially pure form. Unless otherwise stated,
“substantially pure” intends a composition that contains no more than 35% impurity, wherein
the impurity denotes a compound other than the compound comprising the majority of the
composition or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of
any of the foregoing. In some embodiments, a composition of substantially pure compound
or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing, is provided wherein the composition contains no more than 25%, 20%, 15%, 10%,
or 5% impurity. In some embodiments, a composition of substantially pure compound or a
stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing, is provided wherein the composition contains or no more than 3%, 2%, 1% or

0.5% impurity.

[0078] Representative compounds are provided below.
TABLE 1
No. Structure No. Structure
43

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255 PCT/US2022/072061
1 CN 2 CN
0 0
N HYN Nj AN HYN\ Nj
J L L OQ PN
N N
3 CN 4 CN
0 o
\N/ﬁ |N\ HTN\ Nj N,N\ HYN\ Nj
SUORPAST O)I\J DO
_N
5 CN 6 CN
o) 0
DY ] Ne NN j
s N HNQ\O/ s N
Qlj (L7 X LT X
HN
7 CN 3 CN
0 0
o M J y )
s N /OJQ/NWN\ N
Oﬁj A SRV X
\llq HNJ
9 CN 10 CN
o) o
y ) P )
Jl/\hlj/NTN\ N N\WN\ \
L Be ~ I
HN\) HN.
11 CN 12 CN
o 0
F HYN N] N HYN\ Nj
~
|
Nl _ )\ N | 7 NN PN
F b
HN /\s\\’
0
44

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255 PCT/US2022/072061
13 CN 14 CN
o) (@)
/\N/\ N\ HYN\ N] F H N j
SUORPOSE DG
F N N 2NN
HN\)
15 CN 16 CN
O O
g ) o )
O | A
P P F K\N = N .= F
_N HN
17 C 18 CN
O O
g ) N )
o 2 UNFS oSO8 ¢
—N\_/N’ = F HN F N A F
19 CN 20
O O
0N ) 0 x )
HN S N C@/ S N
SOROOS QR DO
21 F 2 F
O (0]
N HYN j N\ HYN Nj
T g
N, jeadias: N
N N
23 24 F
0] O
i ] w H )
\N/\ YOS N N7 N N
|
SUOR PSS X
/N
25 26

)
I> S

0

)
O Y

45

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255 PCT/US2022/072061
27 F 28 F
0 0
M ) ; )
\ﬁ N N /OJQ/NTN N
/O\lj©/ N A CN )\ (\N N._ =z CN )\
\nll AN
29 F 30 F
0 0
“ J NP )
Ny NYN\ N D N\rN\ \
PR PSS o A
(/\N CN N CN
HN\) HN.
31 F 32 F
0 0
H j N NN ]
|
WNl// CN PN N LS N AN
O\\ N\)
HN /s\\’
o
33 o 34 F
0
AN N j F HYN j
o A L
N N P NAon AN
AN
335 F 36 F
o
; )
CN )\ N NP ey A
HN. ]
37 38 F
0 0
1o J A )
N N A mn A N A
39 F 40 F
0 0
; ) ; )
eegscesdlifergees
I, | | L, L
46

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255 PCT/US2022/072061
41 E E 42 i o i
N N N N N N

B B N 0 | ~ \|r = N™ ~0
L \Nlr/ PN QL)/ NNy A
N N
43 E i 44 E E
\N/\ | Na NTN\ N0 N’N\ H\rN\ N
K/N\)/\)/ N~ E )\ l = NI = . )\
N
45 F 3 46 E E
E ! Of\F .y O]:\F
F N N N N._N
S NS0 HN% N N So
pN]fj L0 T L
HN\)
47 i i 43 E £
PR OOSS: YT o
|
~N HN\)
|
49 F F 50 F F
O
! Or\F N\\ H X f\F
IR asS ORPAS S
(/\N 2 NANp )\ (\N N AN PN
HN
HN\)
51 F E 52 i i
F N N NN Ny
T X N0 U i N~ 0
NoAp P N A N A P
HN N
/S\\
o)
53 F o i 54 E E
H j:\': H Or\F
AN AN NYN\ N0 F N._N
| | S NS0
AT LA JOTT X
HN\)
47

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255 PCT/US2022/072061
55 F F 56 F F
N__N N. _N__N
ORPODS IPRDOS %
F N F
_N HN\)
57 3 F [ 58 F F
o) o)
H N r\F N. _N_ N r\F
siivassllliscarass
—N N-N N~ E F F F
59 F F 60 F F
o) o)
§ Nji:[ r\F NN rF
H’\(D/ YOS N0 C@/ YOS N0
L . L L
61 F 62 y F
N 0 N o
N A\ N N
SR Igachs
F ! F
63
65
67
69

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255

PCT/US2022/072061

71

73

75

77

79

81

83

84

49

SUBSTITUTE SHEET (RULE 26)




PCT/US2022/072061

WO 2022/236255

HN

HN

86

90

94

96

98

85

87

89

91

93

95

97

50

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255

PCT/US2022/072061

99 F 100 F
0 o)
H F H N :g
N.__N N
\W X N i N\:\
HN N ANe \=y Nk N
HN
101 . 102 F
o) o:f )
N, N ]A Ny HYN \
A A N | |
OLJ 1L OQ S
~
N N
103 F 104 F
Oj o: / 7
/\ N H N N H N
N A T = N N™ AN N
AT A Cﬁvj LA
_N
105 3 106 F
o) o)
F N._N
m/ X N HNO@ \f X N
(\Nj@/ N A 5 N A
HN.
107 : 108 F
Oj > o}
F NN o N jA
S N - D N
/O\l N AN (\N:@ \NI(/ . PN
N HN.
109 e 110 F
O]A O]A
Na H
N N._N
FsRvas S *jéi
() F S g
HN.
111 112 E
j@ f
\( N
PN (\NU F
AN
/\\
O
51

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255

PCT/US2022/072061

113 i 114 F
0]l> 0
H
AN N\Nﬁ\/@N F NN ]A
O T ISR OB
N F N2
HN\)
115 F 116 F
0] 0]
y T v Hn {~
N N
N AN N J/\j/\ﬁ\ N
O)JI}(%\ ~ AT X
N HN\)
e
117 3 118 F
O]A OJQ
§ NN
N N
/I ~ N \ﬁ\ N
et S OSGINI'SCR P
_/
119 P 120 F
0 0
'SR P OS SORLOS
N N HN NN A
121 F 122 F

o]
NHN ]V
N ~ N
OLJW/FA
N
F

123 124 3
o 0
e D A AL
N X X N
| T S 9 N
SRS T
_N
125 h 126 F
0] 0
LA s 7
FD/NN N.__N._N
\Tiyjj:4[:E:I:N " oL T |
Ny N A S Nz P
HN\)
52

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255 PCT/US2022/072061
127 E 128 F
0 0]
F H N e) H N
WT X N - :[::j/ \ﬂ’ A N
/OD/ N~ F )\ (\N N~ = )\
~N HN\)
|
129 F 130 F
0 0]
H N H
N N N N
A T AN N]v \f ~ N
AT AL AT AR
HN
HN\) -
131 F 132 F
0] o)
j HY&(CE e s A
|
N 2 Nz PN
ng SEaNNING F
HN /S\\’
O
133 i 134 F
(0] O
N H N jo F N
AN Y X
5 eRsas
AT T ST K
HN\)
135 136 £
0]

F
0]
R
O/’\@/T\ )N\
Z N/F
_N
F

137 138 F
0 o
N ) A jO
N N A BN
aeh N | i \
—N/_(Nj“/ N A Ne )\ "N 7 NP AN
139 140 F

\__/
F
O
H
HN N N\ Nb
T UT@A

53

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255 PCT/US2022/072061

141 142 E

N™~X

L

F
x° H
N\ HYN\ |N/ N] |N\ NTN\ N
| L
r::]/Jig;J/ N~ £ //L\ /[::jJ Z N # F ,/k\
~
_N N

o

143

|
F 144 Ny O
~ No _N__N N')joj Nl’N\ HTb%ININ]
UJT\J/ \'\}(\;\)F\N)N\ O)\J N ANe N

_N

145 - N._O~ | 146
H | j o0
searas o by
Ne NN A, 2
Ny NoANp P{ HN ST N“ N
F

147 148

HN\)
N ©
@inl
/ON N A
o

149 3 150 NG
° )

N |
H N h NYN\ Z N
J/\Nj/NTN\ /)N\j (\EQ/ N A
NN N HN.

\)

HN

151

152 N/\IO
N NN '/j

H |\Oj
F N._ N Z
A N~ N \T\ N” °N
:H/// - P{ N S N . A
HN
F

153 154 N oj

0]

H |\] F N\ =
o~ Ny NN P h N
e v asdIPNORSAS

54

SUBSTITUTE SHEET (RULE 26)




WO 2022/236255 PCT/US2022/072061

155 F 156 F
O 0]
X X
i ) TN ee
X | AT
F (\N P4 = F
_N HN._J
157 F 158 F
O O
X AN
H N Nl = j N H N NI)I j
/_(/Y YOS N S YOS NN
N ONNONAL A HN AN N
__/
159 y N/\ioj 160 y |N\ Oj
I
NN A HN NN AN
[0079] In some embodiments, provided herein are compounds described in Table 1, or a

tautomer thereof, or a salt of any of the foregoing, and uses thereof.

[0080] The embodiments and variations described herein are suitable for compounds of

any formulae detailed herein, where applicable.

[0081] Representative examples of compounds detailed herein, including intermediates
and final compounds according to the present disclosure are depicted herein. It 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 isolated and administered

to an individual.

[0082] The compounds depicted herein may be present as salts even if salts are not
depicted and it is understood that the present disclosure embraces all salts and solvates of the
compounds depicted here, as well as the non-salt and non-solvate form of the compound, as
is 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 in the compound, the N-oxides are also provided and described.

[0083] Where tautomeric forms may be present for any of the compounds described
herein, each and every tautomeric form is intended even though only one or some of the

tautomeric forms may be explicitly depicted. The tautomeric forms specifically depicted may

55

SUBSTITUTE SHEET (RULE 26)



WO 2022/236255 PCT/US2022/072061

or may not be the predominant forms in solution or when used according to the methods

described herein.

[0084] The 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 is intended to embrace all possible stereoisomers of a compound depicted.
All forms of the compounds are also embraced by the invention, such as crystalline or non-
crystalline forms of the compounds. Compositions comprising a compound of the invention
are also intended, such as a composition of substantially pure compound, including a specific
stereochemical form thereof, or a composition comprising mixtures of compounds of the
invention in any ratio, including two or more stereochemical forms, such as in a racemic or

non-racemic mixture.

[0085] The invention also intends isotopically-labeled and/or isotopically-enriched forms
of compounds described herein. The compounds herein may contain unnatural 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 (I) or variations 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 into compounds of the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, sulfur, chlorine, such as ’H, H, 'C, B, “C BN, B0, 70, 3P, 35S, 8F,
3CI. Certain isotope labeled compounds (e.g. *H and '*C) are useful in compound or
substrate tissue distribution studies. Incorporation of heavier isotopes such as deuterium (*H)
can afford certain therapeutic advantages resulting from greater metabolic stability, for
example, increased in vivo half-life, or reduced dosage requirements and, hence may be

preferred in some instances.

[0086] Isotopically-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 Examples substituting appropriate isotopically-

labeled reagents in place of the corresponding non-labeled reagent.

[0087] The disclosure also includes any or all metabolites of any of the compounds
described. The metabolites may include any chemical species generated by a

biotransformation of any of the compounds described, such as intermediates and products of
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metabolism of the compound, such as would be generated in vivo following administration to

a human.

[0088] Articles of manufacture comprising a compound described herein, or a salt or
solvate thereof, in a suitable container are provided. The container may be a vial, jar,

ampoule, preloaded syringe, i.v. bag, and the like.

[0089] Preferably, the compounds detailed herein are orally bioavailable. However, the

compounds may also be formulated for parenteral (e.g., intravenous) administration.

[0090] 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 carrier may be in various forms. In one variation, the
manufacture of a medicament is for use in any of the methods disclosed herein, e.g., for the

treatment of cancer.

General synthetic methods

[0091] 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 formulae depicted are to be understood to represent those groups

described above in relation to the formulae herein.

[0092] Where it is desired to obtain a particular enantiomer of a compound, this may be
accomplished from a corresponding mixture of enantiomers using any suitable conventional
procedure for separating or resolving enantiomers. Thus, for example, diastereomeric
derivatives may be produced by reaction of a mixture of enantiomers, e.g., a racemate, and an
appropriate chiral compound. The diastereomers may then be separated by any convenient
means, for example by crystallization and the desired enantiomer recovered. In another
resolution process, a racemate may be separated using chiral High Performance Liquid
Chromatography. Alternatively, if desired a particular enantiomer may be obtained by using

an appropriate chiral intermediate in one of the processes described.

[0093] Chromatography, recrystallization and other conventional separation procedures
may also be used with intermediates or final products where it is desired to obtain a particular

isomer of a compound or to otherwise purify a product of a reaction.
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[0094] Solvates and/or polymorphs of a compound provided herein or a stereoisomer or
tautomer thereof, or a pharmaceutically acceptable salt of any of the foregoing, are also
contemplated. Solvates contain either stoichiometric or non-stoichiometric amounts of a
solvent, and are often formed during the process of crystallization. Hydrates are formed

when the solvent is water, or alcoholates are formed when the solvent is alcohol.

[0095] In some embodiments, compounds disclosed herein may be synthesized according

to the schemes shown below.

Scheme 1
Aldehyde/Ketone
Cl Cl of R’ cl 0] .
/C[OH Reduction /C[OH /C[OH N /@ Reduction
Br NO, Step-1 Br NH, Step2 Br NH Step-3 Br N O Step-4
R1
o] iQB e CI\rN cl o .
0] bbb,
Jﬁj JRuACE Q ) P SR )z,
Br N Step-5 O‘B N" Suzuki Coupling S N
R ep- o R NAge R Step-7
Step-6
Cl CN
O
KCN (0]
Z'H Ns Nj NN )
N . Step-8  Z Y S N
N~ 1 P ! !
R4 R N~ R? R’
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Scheme 2

AIdehyde/Ketone

R3
/@:OH Reduction /@i OH CI\)J\CI /C[ Reduction
Br N02 NH

Step-1 Br 2 Step-2 Br NH Step-3 Br N O Step-4

R3 o) R3 CIn Ng Cl
0 B-B i \r
] O N \ j Z-NH,
Br N Y S

' Step-5 N Suzukl Coupling P Step-7
R R Step-6
R3 R3
H o KCN 0
z N Ns Nj NN )
?\ll/ P ' Step-8 Z° Y ° N
Cl R N~ CN R1
Scheme 3
LO 0O
R3 O R3 0
/C[ R1 Reductlve R3 o o /C[Oﬁo/\
Cyclization N X-R1 _
Br NO, Step- 1@[0 y /@[ ﬁo AR B N0 siep4
NO Step -2 Br N @) Step-3 R1
3 CIn Ng Cl
R3 0 R3 F O.B BO R . F Y
JopaNge paua il o @ Qia
Br N""O  step-5 Br N""O Step-6 a/ N O Suzuki Coupling
1 1
R R Step-7
R3 F R3 F
O F o
Cl__N Z-NH, H F
)OS N0 7NNy NS0
! Step-8 i .
N~ R3 R1 p N R4 R1
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Scheme 4
3
RS R’ R
OH 0
Ethylene glycol Br Q O/w QO /w
0O O — Br NH, 0o MeMgBr NO
CI\)J\/U\O/\—> o) OO NO, —>THF 2 OH
CI <A~ _K2CO3, DMSO O—  Sten-3
PTSA O Step-2 =\ tep-
Step-1
R3
Reductive amination
Br 0O O Fe/NH,Cl R3 0 /@: PBrs
Q) OH
HCL NOK{OH Step-5 M Step-6 Step-7
Step-4 Br NH, il
R3 C
/@E B2Pin2, PACI2(dppf) /C[O Z-NH,
0.
KOAC, Dioxane O'B N SUZUkI Coupllng \r Step 10
Step-8 Step-9
VARG , N
Ny
R4
Scheme 5

R3 Reduction R3

R3
/@EOH /@EOH Cl\)J\CI /C[ l /\o NG o
Br NO, Br Diethylchrlophophate :g//?

i St 2 |-| KOtBu Br
Step-1 ep- Step-3 =y O

3
LIOH, THF-H, /C[ 1 2-dichlorobenzene é[ i R
heat, decarbox Iatlon
Step-4 :g//( y /C[
Step- e A0g
0] =N
CI~_N._CI RS R3
\r @) O
_ USTRY Z-NH, H N
Suzuki Couplin Coupling ﬁf N Step-8 AR NS
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Scheme 6
R3 R3 Aldehyde/Ketone R oH 0 Cl R3
/C[OH Reduction /CEOH of R /@[ CI)X )m /C[Oﬁ)m
B NH
Br NO, Step-1 Br NHz NaBH(OAc); =1 s1 Step3  Br Nige)
Step-2 R1
CI~_N_CI

YV\[
Borane DMS B2Pin2, PdCI2(dppf) /C[ ]@)m R*
j@ KOAc, 1,4-Dioxane A§< Suzuki Coupling

Step-4
Step-5 Step-6

R3
]4 ZNH . O]@)m
N
4+ R

CN
D - Y
Ny p4 Step-7
R \
R
Scheme 7
R3  Cl R R® )m R3 j)m
fom - e Y
1 1 Step-3
Br Step-1 Br R Step-2 B ci R' S®P
R3
3
R o. B2Pin2, PdCI2(dppf) j O
N 4 CI ym
R N
Br N )m )m l »
Il?1 KOAc, Dioxanﬁ}< Suzuki Coupling R4 R
Step-4 Step-5
R3
@)
H
Z-NH, Iy jW
Step-6 z Y/Nl N
p N\ R4 R1
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Scheme 8
x on . OH Alde1hyde/Ketone X’X1 OH 0
XX Reduction X1, of R )I\Z ) Cl)j\/CI
Step1 )I\ _ NaBH(OAc)s Br”” ~XZ “NH
N02 Br X3 NH2 Step-2 | Step-3
Borane-DMS B2Pin2, X, _o. Cl N Cl
’XI e Bl T
O\
l E«Z'AS: B™ X3 N Suzuki
N R3 N 1 loxane O R'  Coupling
Step -4 R Step-5 Step-6
it Z—NH, 'X1
CI
Step-7 z
N S R4 N s R4
X1, X2 and X3 = N or CR®
Pharmaceutical Compositions and Formulations
[0096] Pharmaceutical compositions of any of the compounds detailed herein are

embraced by this disclosure. Thus, the present disclosure includes pharmaceutical
compositions comprising a compound as detailed herein or a stereoisomer or tautomer
thereof, or a pharmaceutically acceptable salt of any of the foregoing, 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.

[0097] 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 stereoisomer or tautomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, are provided, such as compositions
of substantially pure compounds. In some embodiments, a composition containing a
compound as detailed herein or a stereoisomer or tautomer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, is in substantially pure form.

[0098] In one variation, the compounds herein are synthetic compounds prepared for
administration to an individual. In another variation, compositions are provided containing a

compound in substantially pure form. In another variation, the present disclosure embraces
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pharmaceutical compositions comprising a compound detailed herein and a pharmaceutically
acceptable carrier. In another variation, methods of administering a compound are provided.
The purified forms, pharmaceutical compositions and methods of administering the

compounds are suitable for any compound or form thereof detailed herein.

[0099] 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., intramuscular, subcutaneous or intravenous), topical or transdermal delivery
form. A compound or salt thereof may be formulated with suitable carriers to provide
delivery forms that include, but are not limited to, tablets, caplets, capsules (such as hard
gelatin capsules or soft elastic gelatin capsules), cachets, troches, lozenges, gums,
dispersions, suppositories, ointments, cataplasms (poultices), pastes, powders, dressings,
creams, solutions, patches, aerosols (e.g., nasal spray or inhalers), gels, suspensions (e.g.,
aqueous or non-aqueous liquid suspensions, oil-in-water emulsions or water-in-oil liquid

emulsions), solutions and elixirs.

[0100] One or several compounds described herein or a stereoisomer or tautomer thereof,
or a pharmaceutically acceptable salt of any of the foregoing, can be used in the preparation
of a formulation, such as a pharmaceutical formulation, by combining the compound or
compounds, or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of
any of the foregoing, as an active ingredient with a pharmaceutically acceptable 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, solubilizers, stabilizers, re-wetting
agents, emulgators, sweeteners, dyes, adjusters, and salts for the adjustment of osmotic
pressure, buffers, coating agents or antioxidants. Formulations 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.

[0101] Compounds as described herein 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 carriers, which may be used for

the preparation of such compositions, are lactose, corn starch or its derivatives, talc, stearate
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or its salts, efc. Acceptable carriers for gel capsules with soft shell are, for instance, plant
oils, wax, fats, semisolid and liquid poly-ols, and so on. In addition, pharmaceutical
formulations may contain preservatives, solubilizers, stabilizers, re-wetting agents,
emulgators, sweeteners, dyes, adjusters, and salts for the adjustment of osmotic pressure,

buffers, coating agents or antioxidants.

[0102] Any of the compounds described herein can be formulated in a tablet in any
dosage form described, for example, a compound as described herein or a stereoisomer or
tautomer thereof, or a pharmaceutically acceptable salt of any of the foregoing, can be

formulated as a 10 mg tablet.

[0103] Compositions comprising a compound provided herein 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

[0104] Compounds and compositions detailed herein, such as a pharmaceutical
composition containing a compound of any formula provided herein or a stereoisomer or
tautomer thereof, or a pharmaceutically acceptable salt of any of the foregoing, and a
pharmaceutically acceptable carrier or excipient, may be used in methods of administration
and treatment as provided herein. The compounds and compositions may also be used in in
vitro methods, such as in vitro methods of administering a compound or composition to cells
for screening purposes and/or for conducting quality control assays. In some embodiments of
the methods detailed herein, the methods comprise administration of a compound detailed
herein, or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of

the foregoing, as a monotherapy.

[0105] Provided herein is a method of treating a disease in an individual comprising
administering an effective amount of a compound disclosed herein or a variation thereof, to
the individual. Further provided herein is a method of treating a proliferative disease in an
individual, comprising administering an effective amount of a compound disclosed herein to
the individual. Also provided herein is a method of treating cancer in an individual
comprising administering an effective amount of a compound disclosed herein to the
individual. In some embodiments, the compound is administered to the individual according

to a dosage and/or method of administration described herein.
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[0106] In some embodiments, the cancer in the individual has one or more mutations or
amplification or overexpression of the genes encoding cyclins or of the genes encoding the
CDK or loss of endogenous INK4 inhibitors by gene deletion, mutation, or promoter
hypermethylation, or other genetic events leading to overactivity of one or more of CDK1,
CDK2, CDK4, CDK6 and CDK9. In some embodiments, the cancer in the individual has one
or more mutations or amplification or overexpression of the genes encoding cyclins or of the
genes encoding the CDK or loss of endogenous INK4 inhibitors by gene deletion, mutation,
or promoter hypermethylation, or other genetic events leading to overactivity of CDK4/6 and

one or more of CDK1, CDK2, and CDKS9.

[0107] In some embodiments, there is provided a method of treating a cancer in an
individual, comprising (a) selecting the individual for treatment based on (i) the presence of
phosphorylation of the retinoblastoma (Rb) protein in the cancer, or (ii) presence of mutations
or amplification or overexpression of CDK4 or CDKG6 in the cancer, and administering an
effective amount of a compound disclosed herein to the individual. In some embodiments, the
cancer is assayed for the expression of phosphorylated Rb. In some embodiments, the cancer
is assayed for the expression of CDK4 or CDK6. In some embodiments, the CDK4 or CDK6
gene of the cancer is sequenced to detect the one or more mutations or amplifications. In
some embodiments, the CDK4 or CDK6 gene is sequenced by biopsying the cancer and
sequencing the CDK4 or CDK6 gene from the biopsied cancer. In some embodiments, the
CDK4 or CDK6 gene is sequenced by sequencing circulating-tumor DNA (ctDNA) from the

individual.

[0108] In some embodiments, a compound disclosed herein is used to treat an individual
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.

[0109] A compound disclosed herein is believed to be effective for treating a variety of
diseases and disorders. For example, in some embodiments, a compound disclosed herein
may be used to treat a proliferative disease, such as cancer. In some embodiments the cancer
is a solid tumor. In some embodiments the cancer is any of adult and pediatric oncology,

myxoid and round cell carcinoma, locally advanced tumors, metastatic cancer, human soft
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tissue sarcomas, including Ewing's sarcoma, cancer metastases, including lymphatic
metastases, squamous cell carcinoma, particularly of the head and neck, esophageal
squamous cell carcinoma, oral carcinoma, blood cell malignancies, including multiple
myeloma, leukemias, including acute lymphocytic leukemia, acute nonlymphocytic leukemia,
chronic lymphocytic leukemia, chronic myelocytic leukemia, and hairy cell leukemia,
effusion lymphomas (body cavity based lymphomas), thymic lymphoma, cutaneous T cell
lymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma, cancer of the adrenal cortex,
ACTH-producing tumors, lung cancer, including small cell carcinoma and 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, including primary superficial bladder tumors, invasive transitional cell carcinoma of
the bladder, and muscle-invasive bladder cancer, prostate cancer, malignancies of the female
genital tract, including ovarian carcinoma, primary peritoneal epithelial neoplasms, cervical
carcinoma, uterine endometrial cancers, vaginal cancer, cancer of the vulva, uterine cancer
and solid tumors in the ovarian follicle, malignancies of the male genital tract, including
testicular cancer and penile cancer, kidney cancer, including renal cell carcinoma, brain
cancer, including intrinsic brain tumors, neuroblastoma, astrocytic brain tumors, gliomas,
metastatic tumor cell invasion in the central nervous system, bone cancers, including
osteomas and osteosarcomas, skin cancers, including melanoma, tumor progression of human
skin keratinocytes, squamous cell cancer, thyroid cancer, retinoblastoma, neuroblastoma,
peritoneal effusion, malignant pleural effusion, mesothelioma, Wilms's tumors, gall bladder

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

[0110] In some embodiments, the cancer is defined by a molecular characteristic. In some
embodiments, the cancer is an estrogen receptor-posistive breast cancer. In some
embodiments, the breast cancer is triple negative breast cancer. In some embodiments, the
cancer is a KRAS-mutant non-small cell lung cancer. In some embodiments, the cancer is
mantle cell lymphoma defined by a translocation involving CCND1 resulting in cyclin D1

overexpression.

[0111] In some embodiments, the compounds and compositions described herein cause
G1-S cell cycle arrest in a cell (such as a cancer cell). In some embodiments, the cancer cell
is a cancer cell from any of the cancer types described herein. In some embodiments,

arrested cells enter a state of apoptosis. In some embodiments, arrested cells enter a state of
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senescence. In some embodiments, provided herein is a method of causing G1-S checkpoint
arrest in a cell comprising administering an effective amount of a compound disclosed herein
to the cell. In some embodiments, the G1-S cell cycle arrest occurs in about 40% or more,
about 50% or more, about 60% or more, about 70% or more, about 80% or more, about 85%
or more, about 90% or more, about 95% or more, about 96% or more, about 97% or more,
about 98% or more, or about 99% or more of cells in a cell population. In some
embodiments, the G1-S cell cycle arrest occurs in up to about 99%, up to about 98%, up to
about 97%, up to about 96%, up to about 95%, up to about 90%, up to about 85%, or up to

about 80% of cells in the cell population.

[0112] In some embodiments, provided herein is a method of inducing senescence in a
cell comprising administering an effective amount of a compound disclosed herein to the cell.
In some embodiments, senescence is induced in about 40% or more, about 50% or more,
about 60% or more, about 70% or more, about 80% or more, about 85% or more, about 90%
or more, about 95% or more, about 96% or more, about 97% or more, about 98% or more, or
about 99% or more of cells in a cell population. In some embodiments, senescence is induced
in up to about 99%, up to about 98%, up to about 97%, up to about 96%, up to about 95%, up
to about 90%, up to about 85%, or up to about 80% of cells in the cell population.

[0113] In some embodiments, provided herein is a method of inducing apoptosis in a cell
comprising administering an effective amount of a compound disclosed herein to the cell. In
some embodiments, apoptosis is induced in about 40% or more, about 50% or more, about
60% or more, about 70% or more, about 80% or more, about 85% or more, about 90% or
more, about 95% or more, about 96% or more, about 97% or more, about 98% or more, or
about 99% or more of cells in a cell population. In some embodiments, apoptosis is induced
in up to about 99%, up to about 98%, up to about 97%, up to about 96%, up to about 95%, up
to about 90%, up to about 85%, or up to about 80% of cells in the cell population.

[0114] In some embodiments, provided herein is a method of inhibiting CDK4 or CDK6
in a cell comprising administering an effective amount of a compound disclosed herein to the
cell. In some embodiments, CDK4 or CDK®6 is inhibited by about 10% or more, about 20%
or more, about 30% or more, about 40% or more, about 50% or more, about 60% or more,
about 70% or more, about 75% or more, about 80% or more, about 90% or more, about 95%
or more, about 96% or more, about 97% or more, about 98% or more, or about 99% or more.

In some embodiments, CDK4 or CDK®6is inhibited up to about 99%, up to about 98%, up to
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about 97%, up to about 96%, up to about 95%, up to about 90%, up to about 85%, up to
about 80%, up to about 70%, or up to about 60%. In some embodiments, the activity of

CDK4 or CDKG6 is measured according to a kinase assay.

[0115] In some embodiments, provided herein is a method of inhibiting one or more of
CDKI1, CDK2, CDK4, CDK6, and CDKO9 in a cell comprising administering an effective
amount of a compound disclosed herein to the cell. In some embodiments, one or more of
CDKI1, CDK2, CDK4, CDK6, and CDKO9 is inhibited by about 10% or more, about 20% or
more, about 30% or more, about 40% or more, about 50% or more, about 60% or more, about
70% or more, about 75% or more, about 80% or more, about 90% or more, about 95% or
more, about 96% or more, about 97% or more, about 98% or more, or about 99% or more. In
some embodiments, one or more of CDK1, CDK2, CDK4, CDK6, and CDK?Y is inhibited up
to about 99%, up to about 98%, up to about 97%, up to about 96%, up to about 95%, up to
about 90%, up to about 85%, up to about 80%, up to about 70%, or up to about 60%. In
some embodiments, the activity of one or more of CDK1, CDK2, CDK4, CDK6, and CDK9

is measured according to a kinase assay.

[0116] In some embodiments, provided herein is a method of inhibiting CDK4 or CDK6
comprising contacting CDK4 or CDK6 with an effective amount of a compound disclosed
herein or a variation thereof. In some embodiments, a compound disclosed herein binds to
CDK4 or CDK6 with an 1Cs¢ of less than 1 uM, less than 900 nM, less than 800 nM, less
than 700 nM, less than 600 nM, less than 500 nM, less than 400 nM, less than 300 nM, less
than 200 nM, less than 100 nM, less than 50 nM, less than 10 nM, less than 5 nM, less than 1
nM, or less than 0.5 nM. In some embodiments, a compound disclosed herein binds to CDK4
or CDK6 with an ICsg between 0.1 nM and 1 nM, between 1 nM and 5 nM, between 5 nM
and 10 nM, between 10 nM and 50 nM, between 50 nM and 100 nM, beween 100 nM and
200 nM, between 200 nM and 300 nM, between 300 nM and 400 nM, betwee 400 nM and
500 nM, between 500 nM and 600 nM, between 600 nM and 700 nM, between 700 nM and
800 nM, between 800 nM and 900 nM, or between 900 nM and 1 uM. In some
embodiments, the ICso is measured according to a kinase assay. In some embodiments, the

ICso is measured according to a cell proliferation assay.

[0117] In some embodiments, provided herein is a method of inhibiting one or more of
CDKI1, CDK2, CDK4, CDK®6, and CDK9 comprising contacting one or more of CDKI,
CDK2, CDK4, CDK6, and CDK9 with an effective amount of a compound disclosed herein
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or a variation thereof. In some embodiments, a compound disclosed herein binds to one or
more of CDK1, CDK2, CDK4, CDK6, and CDK9 with an ICsp of less than 1 uM, less than
900 nM, less than 800 nM, less than 700 nM, less than 600 nM, less than 500 nM, less than
400 nM, less than 300 nM, less than 200 nM, less than 100 nM, less than 50 nM, less than 10
nM, less than 5 nM, less than 1 nM, or less than 0.5 nM. In some embodiments a compound
disclosed herein binds to one or more of CDK1, CDK2, CDK4, CDK6, and CDK9 with an
ICso between 0.1 nM and 1 nM, between 1 nM and 5 nM, between 5 nM and 10 nM, between
10 nM and 50 nM, between 50 nM and 100 nM, beween 100 nM and 200 nM, between 200
nM and 300 nM, between 300 nM and 400 nM, betwee 400 nM and 500 nM, between 500
nM and 600 nM, between 600 nM and 700 nM, between 700 nM and 800 nM, between 800
nM and 900 nM, or between 900 nM and 1 uM. In some embodiments, the ICsp is measured
according to a kinase assay. In some embodiments, the ICso is measured according to a cell

proliferation assay.

[0118] In some embodiments, provided herein is a method of modulating CDK4/6 in an
individual, comprising administering to the individual a compound disclosed herein or a
variation thereof. In some embodiments, provided herein is a method of modulating CDK4
and CDK 6 in an individual, comprising administering to the individual a compound
disclosed herein or a variation thereof. In some embodiments, provided herein is a method of
modulating CDK4/6 and one or more of CDK1, CDK2, and CDK®9 in an individual,
comprising administering to the a compound disclosed herein or a variation thereof. In some
embodiments, provided herein is a method of modulating CDK4 and CDK 6 and one or more
of CDK1, CDK2, and CDK®9 in an individual, comprising administering to the individual a
compound disclosed herein or a variation thereof. In some embodiments, a compound
disclosed herein binds to one or more of CDK4/6 with an ICso of less than 1 uM, less than
900 nM, less than 800 nM, less than 700 nM, less than 600 nM, less than 500 nM, less than
400 nM, less than 300 nM, less than 200 nM, less than 100 nM, less than 50 nM, less than 10
nM, less than 5 nM, less than 1 nM, or less than 0.5 nM. In some embodiments, a compound
disclosed herein binds to one or more of CDK4 and CDK6 with an ICso of less than 1 uM,
Iess than 900 nM, less than 800 nM, less than 700 nM, less than 600 nM, less than 500 nM,
less than 400 nM, less than 300 nM, less than 200 nM, less than 100 nM, less than 50 nM,
Iess than 10 nM, less than 5 nM, less than 1 nM, or less than 0.5 nM. In some embodiments, a
compound disclosed herein binds to one or more of CDK1, CDK2, CDK4, CDK6, and CDK9
with an ICso between 0.1 nM and 1 nM, between 1 nM and 5 nM, between 5 nM and 10 nM,
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between 10 nM and 50 nM, between 50 nM and 100 nM, beween 100 nM and 200 nM,
between 200 nM and 300 nM, between 300 nM and 400 nM, betwee 400 nM and 500 nM,
between 500 nM and 600 nM, between 600 nM and 700 nM, between 700 nM and 800 nM,
between 800 nM and 900 nM, or between 900 nM and 1 uM. In some embodiments, the ICsq
is measured according to a kinase assay. In some embodiments, the ICso is measured

according to a cell proliferation assay.

[0119] In one embodiment, a compound disclosed herein may enhance the antitumour
immunity by increasing the functional capacity of tumour cells to present antigen or by

reducing the immunosuppressive Treg population by suppressing their proliferation.

[0120] In some embodiments, provided herein is a method of inhibiting the proliferation
of a cell, comprising contacting the cell with an effective amount of a compound disclosed
herein or a variation thereof. In some embodiments, a compound disclosed herein is effective
in inhibiting the proliferation of the cell with an ECsg of less than 5 uM, less than 2 uM, less
than 1 uM, less than 900 nM, less than 800 nM, less than 700 nM, less than 600 nM, less than
500 nM, less than 400 nM, less than 300 nM, less than 200 nM, less than 100 nM, or less
than 50 nM. In some embodiments, a compound disclosed herein is effective in inhibiting
the proliferation of the cell with an ECsp between 10 nM and 20 nM, between 20 nM and 50
nM, between 50 nM and 100 nM, between 100 nM and 500 nM, between 500 nM and 1 uM,
beween 1 uM and 2 uM, or between 2 uM and 5 pM. In some embodiments, the ECs is

measured according to a cell proliferation assay.

Combination Therapy

[0121] As provided herein, a compound disclosed herein may affect the immune system.
Accordingly, a compound disclosed herein may be used in combination with other anti-
cancer agents or immunotherapies. In some embodiments, provided herein is a method of
treating a disease in an individual comprising administering an effective amount of a
compound disclosed herein and an additional therapeutic agent to the individual. In some
embodiments, the additional therapeutic agent is a cancer immunotherapy agent or an
endocrine therapy agent or a chemotherapeutic agent. In some embodiments, the disease is a

proliferative disease such as cancer.

[0122] In some embodiments, the additional therapeutic agent is a cancer immunotherapy
agent. In some embodiments, the additional therapeutic agent is an immunostimulatory

agent. In some embodiments, the additional therapeutic agent targets a checkpoint protein
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(for example an immune checkpoint inhibitor). In some embodiments, the additional
therapeutic agent is effective to stimulate, enhance or improve an immune response against a

tumor.

[0123] In another aspect provided herein is a combination therapy for the treatment of a
disease, such as cancer. In some embodiments, provided is a method of treating a disease in
an individual comprising administering an effective amount of a compound disclosed herein

in combination with a radiation therapy.

[0124] In some embodiments, there is provide a method of treating a disease in an
individual comprising (a) administering an effective amount of a compound disclosed herein
and (b) administering an effective amount of an endocrine therapy agent. In some
embodiments, the endocrine therapy is antiestrogen therapy. In some embodiments, the
endocrine therapy is a selective estrogen receptor degrader (SERD, such as fulvestrant). In
some embodiments, the endocrine therapy is an aromatase inhibitor (such as letrozole). In
some embodiments, the combination of a CDK4/6 inhibitor and endocrine therapy causes
enhancement of G1-S cell-cycle arrest. In some embodiments, the combination of a CDK4/6
inhibitor and endocrine therapy causes enhanced entry into a senescent state. In some
embodiments, a compound disclosed herein is administered prior to, after, or simultaneously
co-administered with the endocrine therapy agent. In some embodiments, a compound
disclosed herein is administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8
or more hours, 12 or more hours, 24 or more hours, or 48 or more hours) prior to or after the

endocrine therapy agent.

[0125] In some embodiments, there is provide a method of treating a disease in an
individual comprising (a) administering an effective amount of a compound disclosed herein
and (b) administering an effective amount of a second chemotherapeutic agent. In some
embodiments, the chemotherapeutic agent is another kinase inhibitor. In some embodiments,
a compound disclosed herein is administered prior to, after, or simultaneously co-
administered with the second chemotherapeutic agent. In some embodiments, a compound
disclosed herein is administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8
or more hours, 12 or more hours, 24 or more hours, or 48 or more hours) prior to or after the

second chemotherapeutic agent.

[0126] Examples of chemotherapeutic agents that can be used in combination with a

compound disclosed herein include DNA-targeted agents, a DNA alkylating agent (such as
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cyclophosphamide, mechlorethamine, chlorambucil, melphalan, dacarbazine, or
nitrosoureas), a topoisomerase inhibitor (such as a Topoisomerase I inhibitor (e.g., irinotecan
or topotecan) or a Topoisomerase Il inhibitor (e.g., etoposide or teniposide)), an anthracycline
(such as daunorubicin, doxorubicin, epirubicin, idarubicin, mitoxantrone, or valrubicin), a
histone deacetylase inhibitor (such as vorinostat or romidepsin), a bromodomain inhibitor,
other epigenetic inhibitors, a taxane (such as paclitaxel or docetaxel), a kinase inhibitor (such
as bortezomib, erlotinib, gefitinib, imatinib, vemurafenib, vismodegib, ibrutinib), an anti-
angiogenic inhibitor, a nucleotide analog or precursor analog (such as azacitidine,
azathioprine, capecitabine, cytarabine, doxifluridine, 5-fluorouracil, gemcitabine,
hydroxyurea, mercaptopurine, methotrexate, or tioguanine), or a platinum-based
chemotherapeutic agent (such as cisplatin, carboplatin, or oxaliplatin), pemetrexed, or a
combination thereof. In some embodiments, provided is a method of treating a disease in an
individual comprising (a) administering an effective amount of a compound disclosed herein
and (b) administering an effective amount of a kinase inhibitor (such as bortezomib, erlotinib,
gefitinib, imatinib, vemurafenib, vismodegib, or ibrutinib). In some embodiments, a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the kinase inhibitor. In some embodiments, a compound disclosed herein is administered
1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12 or more

hours, 24 or more hours, or 48 or more hours) prior to or after the kinase inhibitor.

[0127] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a DNA damaging agent. In some embodiments, a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the DNA damaging agent. In some embodiments, a compound disclosed herein is
administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12
or more hours, 24 or more hours, or 48 or more hours) prior to or after the DNA damaging

agent.

[0128] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a DNA alkylating agent (such as cyclophosphamide,
mechlorethamine, chlorambucil, melphalan, dacarbazine, or nitrosoureas). In some
embodiments, a compound disclosed herein is administered prior to, after, or simultaneously

co-administered with the DNA alkylating agent. In some embodiments, a compound
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disclosed herein is administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8
or more hours, 12 or more hours, 24 or more hours, or 48 or more hours) prior to or after the

DNA alkylating agent.

[0129] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a topoisomerase inhibitor (such as a Topoisomerase I
inhibitor (e.g., irinotecan or topotecan) or a Topoisomerase 1l inhibitor (e.g., etoposide or
teniposide)). In some embodiments, a compound disclosed herein is administered prior to,
after, or simultaneously co-administered with the topoisomerase inhibitor. In some
embodiments, a compound disclosed herein is administered 1 or more hours (such as 2 or
more hours, 4 or more hours, 8 or more hours, 12 or more hours, 24 or more hours, or 48 or

more hours) prior to or after the topoisomerase inhibitor.

[0130] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of an anthracycline (such as daunorubicin, doxorubicin,
epirubicin, idarubicin, mitoxantrone, or valrubicin). In some embodiments, a compound
disclosed herein is administered prior to, after, or simultaneously co-administered with the
anthracycline. In some embodiments, a compound disclosed herein is administered 1 or more
hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12 or more hours, 24 or

more hours, or 48 or more hours) prior to or after the anthracycline.

[0131] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a histone deacetylase inhibitor (such as vorinostat or
romidepsin). In some embodiments, a compound disclosed herein is administered prior to,
after, or simultaneously co-administered with the histone deacetylase inhibitor. In some
embodiments, a compound disclosed herein is administered 1 or more hours (such as 2 or
more hours, 4 or more hours, 8 or more hours, 12 or more hours, 24 or more hours, or 48 or

more hours) prior to or after the histone deacetylase inhibitor.

[0132] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a taxane (such as paclitaxel or docetaxel). In some

embodiments, a compound disclosed herein is administered prior to, after, or simultaneously
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co-administered with the taxane. In some embodiments, a compound disclosed herein is
administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12

or more hours, 24 or more hours, or 48 or more hours) prior to or after the taxane.

[0133] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a nucleotide analog or precursor analog (such as
azacitidine, azathioprine, capecitabine, cytarabine, doxifluridine, 5-fluorouracil, gemcitabine,
hydroxyurea, mercaptopurine, methotrexate, or tioguanine). In some embodiments, a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the nucleotide analog or precursor analog. In some embodiments, a compound disclosed
herein is administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more
hours, 12 or more hours, 24 or more hours, or 48 or more hours) prior to or after the

nucleotide analog or precursor analog.

[0134] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a platinum-based chemotherapeutic agent (such as
cisplatin, carboplatin, or oxaliplatin). In some embodiments, a compound disclosed herein is
administered prior to, after, or simultaneously co-administered with the platinum-based
chemotherapeutic agent. In some embodiments, a compound disclosed herein is administered
1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12 or more
hours, 24 or more hours, or 48 or more hours) prior to or after the platinum-based

chemotherapeutic agent.

[0135] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of pemetrexed. In some embodiments, Formula (J a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the pemetrexed. In some embodiments, a compound disclosed herein is administered 1
or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12 or more hours,

24 or more hours, or 48 or more hours) prior to or after the pemetrexed.

[0136] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount a compound disclosed herein and (b)

administering an effective amount of a Bruton’s tyrosine kinase (BTK) inhibitor. In some
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embodiments, a compound disclosed herein is administered prior to, after, or simultaneously
co-administered with the BTK inhibitor. In some embodiments, a compound disclosed herein
is administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours,

12 or more hours, 24 or more hours, or 48 or more hours) prior to or after the BTK inhibitor.

[0137] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a PI3K or Akt inhibitor. In some embodiments, a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the PI3K or Akt inhibitor. In some embodiments, a compound disclosed herein is
administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12
or more hours, 24 or more hours, or 48 or more hours) prior to or after the PI3K or Akt

inhibitor.

[0138] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a DNA damage repair (DDR) pathway inhibitor. In
some embodiments, a compound disclosed herein is administered prior to, after, or
simultaneously co-administered with the DDR pathway inhibitor. In some embodiments, a
compound disclosed herein is administered 1 or more hours (such as 2 or more hours, 4 or
more hours, 8 or more hours, 12 or more hours, 24 or more hours, or 48 or more hours) prior
to or after the DDR pathway inhibitor. Examples of inhibitors of the DDR pathway include
poly(ADP-ribose) polymerase (PARP) inhibitors (such as olaparib, rucaparib, niraparib, or
talazoparib), ataxia telangiectasia mutated (ATM) protein inhibitors, ataxia telangiectasia and
Rad3-related (ATR) protein inhibitors, checkpoint kinase 1 (Chk1) inhibitors, or

combinations thereof.

[0139] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a PARP inhibitor (such as olaparib, rucaparib, niraparib,
or talazoparib). In some embodiments, a compound disclosed herein is administered prior to,
after, or simultaneously co-administered with the PARP inhibitor. In some embodiments, a
compound disclosed herein is administered 1 or more hours (such as 2 or more hours, 4 or
more hours, 8 or more hours, 12 or more hours, 24 or more hours, or 48 or more hours) prior

to or after the PARP inhibitor.
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[0140] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of an ATM protein inhibitor. In some embodiments, a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the ATM protein inhibitor. In some embodiments, a compound disclosed herein is
administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12
or more hours, 24 or more hours, or 48 or more hours) prior to or after the ATM protein

inhibitor.

[0141] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of an ATR protein inhibitor. In some embodiments, a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the ATR protein inhibitor. In some embodiments, a compound disclosed herein is
administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12
or more hours, 24 or more hours, or 48 or more hours) prior to or after the ATR protein

inhibitor.

[0142] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of an Chk1 inhibitor. In some embodiments, a compound
disclosed herein is administered prior to, after, or simultaneously co-administered with the
Chk1 inhibitor. In some embodiments, a compound disclosed herein is administered 1 or
more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12 or more hours, 24

or more hours, or 48 or more hours) prior to or after the Chk1 inhibitor.

[0143] In some embodiments, provided is a method of treating a disease in an individual
comprising (a) administering an effective amount of a compound disclosed herein and (b)
administering an effective amount of a further CDK4/6 inhibitor. In some embodiments, a
compound disclosed herein is administered prior to, after, or simultaneously co-administered
with the further CDK4/6 inhibitor. In some embodiments, a compound disclosed herein is
administered 1 or more hours (such as 2 or more hours, 4 or more hours, 8 or more hours, 12
or more hours, 24 or more hours, or 48 or more hours) prior to or after the further CDK4/6

inhibitor.
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[0144] In another aspect, provided herein is a combination therapy in which a compound
disclosed herein is coadministered (which may be separately or simultaneously) 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 immune response in a subject comprising administering to the
subject a compound disclosed herein and one or more immunostimulatory 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 inhibit tumor growth. In one
embodiment, the subject is administered a compound disclosed herein and an anti-PD-1
antibody. In another embodiment, the subject is administered a compound disclosed herein
and an anti-PD-L1 antibody. In yet another embodiment, the subject is administered a
compound disclosed herein 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 a
human antibody. Alternatively, the immunostimulatory antibody can be, for example, a
chimeric or humanized antibody (e.g., prepared from a mouse anti-PD-1, anti-PD-L1 and/or

anti-CTLA-4 antibody).

[0145] In one embodiment, the present disclosure provides a method for treating a
proliferative disease (e.g., cancer), comprising administering a compound disclosed herein
and an anti-PD-1 antibody to a subject. In further embodiments, a compound disclosed herein
is administered at a subtherapeutic dose, the anti-PD-1 antibody is administered at a
subtherapeutic dose, or both are administered at a subtherapeutic dose. In another
embodiment, the present disclosure provides a method for altering an adverse event
associated with treatment of a hyperproliferative disease with an immunostimulatory agent,
comprising a compound disclosed herein and a subtherapeutic dose of anti-PD-1 antibody to
a subject. In certain embodiments, the subject is human. In certain embodiments, the anti-PD-

1 antibody is a human sequence monoclonal antibody.

[0146] In one embodiment, the present invention provides a method for treating a
hyperproliferative disease (e.g., cancer), comprising administering a compound disclosed
herein and an anti-PD-L1 antibody to a subject. In further embodiments, a compound
disclosed herein is administered at a subtherapeutic dose, the anti-PD-L1 antibody is
administered at a subtherapeutic dose, or both are administered at a subtherapeutic dose. In
another embodiment, the present invention provides a method for altering an adverse event

associated with treatment of a hyperproliferative disease with an immunostimulatory agent,
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comprising administering a compound disclosed herein and a subtherapeutic dose of anti-PD-
L1 antibody to a subject. In certain embodiments, the subject is human. In certain

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

[0147] In certain embodiments, the combination of therapeutic agents discussed herein
can be administered concurrently as a single composition in a pharmaceutically acceptable
carrier, or concurrently as separate compositions each in a pharmaceutically acceptable
carrier. In another embodiment, the combination of therapeutic agents can be administered
sequentially. For example, an anti-CTLA-4 antibody and a compound disclosed herein can be
administered sequentially, such as anti-CTLA-4 antibody being administered first and a
compound disclosed herein second, or a compound disclosed herein being administered first
and anti-CTLA-4 antibody second. Additionally or alternatively, an anti-PD-1 antibody and a
compound disclosed herein can be administered sequentially, such as anti-PD-1 antibody
being administered first and a compound disclosed herein second, or a compound disclosed
herein being administered first and anti-PD-1 antibody second. Additionally or alternatively,
an anti-PD-L1 antibody and a compound disclosed herein can be administered sequentially,
such as anti-PD-L1 antibody being administered first and a compound disclosed herein
second, a compound disclosed herein being administered first and anti-PD-L1 antibody

second.

[0148] Furthermore, if more than one dose of the combination therapy is administered
sequentially, the order of the sequential administration can be reversed or kept in the same
order at each time point of administration, sequential administrations can be combined with

concurrent administrations, or any combination thereof.

[0149] Optionally, the combination of a compound disclosed herein can be further
combined with an immunogenic agent, such as cancerous cells, purified tumor antigens
(including recombinant proteins, peptides, and carbohydrate molecules), cells, and cells

transfected with genes encoding immune stimulating cytokines.

[0150] A compound disclosed herein can also be further combined with standard cancer
treatments. For example, a compound disclosed herein can be effectively combined with
chemotherapeutic regimens. In these instances, it is possible to reduce the dose of other
chemotherapeutic reagent administered with the combination of the instant disclosure. Other
combination therapies with a compound disclosed herein include radiation, surgery, or

hormone deprivation. Angiogenesis inhibitors can also be combined with a compound
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disclosed herein. Inhibition of angiogenesis leads to tumor cell death, which can be a source

of tumor antigen fed into host antigen presentation pathways.

[0151] In another example, a compound disclosed herein can be used in 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 (e.g., tumor cells) which would potentiate an immune response
mediated by CTLA-4, PD-1, PD-L1 or a compound disclosed herein. In an exemplary
embodiment, a treatment of a hyperproliferative disease (e.g., a cancer tumor) can include an
anti-cancer antibody in combination with a compound disclosed herein 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 immune responses by the host. Other
antibodies that can be used to activate host immune responsiveness can be further used in

combination with a compound disclosed herein.

[0152] In some embodiments, a compound disclosed herein can be combined with an

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

Dosing and Method of Administration

[0153] The dose of a compound administered to an individual (such as a human) may
vary with the particular compound or salt thereof, the method of administration, and the
particular disease, such as type and stage of cancer, being treated. In some embodiments, the

amount of the compound or salt thereof is a therapeutically effective amount.

[0154] The effective amount of the compound may in one aspect be a dose of between
about 0.01 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 escalation, or
clinical trials, taking into account routine factors, e.g., the mode or route of administration or
drug delivery, the pharmacokinetics of the agent, the severity and course of the disease to be
treated, the subject’s health status, condition, and weight. An exemplary dose is in the range
of about from about 0.7 mg to 7 g daily, or about 7 mg to 350 mg daily, or about 350 mg to
1.75 g daily, or about 1.75 to 7 g daily.

[0155] Any of the methods provided herein may in one aspect comprise administering to

an individual a pharmaceutical composition that contains an effective amount of a compound
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provided herein or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt

of any of the foregoing, and a pharmaceutically acceptable excipient.

[0156] A compound or composition of the invention may be administered to an
individual in accordance with an effective dosing regimen for a desired period of time or
duration, such as at least about one month, at Ieast 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 individual’s life. In one variation, 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 daily. The dosing {requency can also be
intermittent, including a ‘drug holiday’ (e.g., 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 herein together with any of the dosages described herein.

[0157] The compounds provided herein or a stereoisomer or tautomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, may be administered to an
individual via various routes, including, e.g., intravenous, 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 combination with one or more additional drugs. Metronomic therapy or maintenance
therapy can comprise administration of a compound provided herein in cycles. Metronomic
therapy or maintenance therapy can comprise intra-tumoral administration of a compound

provided herein.

[0158] In one aspect, the invention provides a method of treating cancer in an individual
by parenterally administering to the individual (e.g., a human) an effective amount of a
compound or salt thereof. In some embodiments, the route of administration is intravenous,
intra-arterial, intramuscular, or subcutaneous. In some embodiments, the route of

administration is oral. In still other embodiments, the route of administration is transdermal.

[0159] The invention also provides compositions (including pharmaceutical
compositions) as described herein for the use in treating, preventing, and/or delaying the

onset and/or development of cancer and other methods described herein. In certain
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embodiments, the composition comprises a pharmaceutical formulation which is present in a

unit dosage form.

[0160] Also provided are articles of manufacture comprising a compound of the
disclosure or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any
of the foregoing, composition, and unit dosages described herein in suitable packaging for
use in the methods described herein. Suitable 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

[0161] The present disclosure further provides kits for carrying out the methods of the
invention, 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 herein. In one variation, the kit employs a compound described herein or a
stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the
foregoing. 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.

[0162] Kits generally comprise suitable packaging. The kits may comprise one or more
containers comprising 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 in one container where cross-reactivity and shelf life permit.

[0163] The kits may be in unit dosage forms, bulk packages (e.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 for a
disease detailed herein to provide effective treatment of an individual for an extended period,
such as any 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 include multiple unit doses of
the compounds and instructions for use and be packaged in quantities sufficient for storage

and use in pharmacies (e.g., hospital pharmacies and compounding pharmacies).

[0164] The kits may optionally include a set of instructions, generally written
instructions, although electronic storage media (e.g., magnetic diskette or optical disk)

containing instructions are also acceptable, relating to the use of component(s) of the methods
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of the present invention. The instructions included with the kit generally include information

as to the components and their administration to an individual.

[0165] The invention can be further understood by reference to the following examples,

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

Biological Examples

Example Bl. In Vitro Kinase Inhibition ICso Determination

[0166] ICso values of compounds against CDK4 and CDK®6 are determined by
luminescence using retinoblastoma as substrate. Kinase assays are performed in kinase buffer
(#PV6135, Invitrogen, Life Technologies Grand Island, NY) where total reaction volume is
30 uL/well in 96-well half area white plates (#3693, Costar). One microliter of 25xtest
compounds at specific concentrations (e.g., final concentration range: 0.1 nM — 200 nM) is
mixed with 10 uL of 2.5xkinase (5 nM, CDK4 #PR8064A and CDK6 #PR8422B,
Invitrogen) solution and 14 pL of 4x mixed solution with retinoblastoma (1 uM, #12-439,
EMD Millipore, Hayward, CA) and ATP (25 uM, #V7038, Promega, Madison, WI). The
plates are covered and incubated for 2H at room temperature. At the end of incubation, 25 pL
of stop solution - ADP Glo reagent (#V7002, Promega) is added. After incubation for 45 min
at room temperature, 50 puL of detection reagent (##V7002, Promega) is added. Readings are
taken at 15 min and 45 min incubation after detection reagent is added in a Synergy Neo
Plate reader (BioTek, Winooski, VT) at single excitation of 340 nm and Dual emission at 495
nm and 520 nm respectively. The following equations are used in the CDK4 and CDK®6 assay
data analysis. Percent inhibition (100 —% activity) is fitted to the “four-parameter logistic

model” in XLfit for determination of ICso values.

Equation 1: Percent conversion of enzyme = 100- {(RLU No Drug-No enzyme™ 100)/ RLU

No drug+Enzyme }

Equation 2: Percent conversion at each data point = 100- {(RLU

Average(Drug+enzyme)>l< 100)/ RLU wo dIug+Enzyrne}
Equation 3: Percent Inhibition=100*(%Conversion each data poin/ % CONversion Enzyme)

[0167] ICso values of compounds against CDK1 (cyclin B) are determined by Z'-
LYTE™. These screening assays are performed at Invitrogen Life Technologies (Grand

Island, NY) on a low volume NBS, black 384-well plate (#4514, Corning). 0.1 pL of 100 x
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test compound in 100% DMSO (at specific solutions) is mixed with 2.4 pL of Kinase Buffer
(50 mM HEPES pH 7.5, 0.01% BR1J-35, 10 mM MgCl;, 1 mM EGTA), 5 uL of 2x Kinase
(3.5 - 46.4 ng CDK1/cyclin B)/Peptide (2 uM Ser/Thr 18), and 2.5 pLL of 4xATP solution (34
uM). The plates are shaken for 30 seconds, and incubated for 60 minutes at room
temperature. Development Reagent Solution (5 pL of 1:1024 dilution) is added to the plates
followed with another 30-second plate shake, and the plates are further incubated at room
temperature for one hour. The plates are read on fluorescence plate reader with Dual

emission at 445 nm and 520 nm.

[0168] ICso values of compounds against CDK2 (cyclin A) are determined by Z'-
LYTE™. These screening assays are performed at Invitrogen Life Technologies (Grand
Island, NY) on a low volume NBS, black 384-well plate (#4514, Corning). 0.1 pL of 100 x
test compound in 100% DMSO (at specific solutions) is mixed with 2.4 pL of Kinase Buffer
(50 mM HEPES pH 7.5, 0.01% BR1J-35, 10 mM MgCl;, 1 mM EGTA), 5 uL of 2x Kinase
(1.22 - 10.3 ng CDK2/cyclin A)/Peptide (2 uM Ser/Thr 12), and 2.5 pL of 4xATP solution
(31 uM). The plates are shaken for 30 seconds, and incubated for 60 minutes at room
temperature. Development Reagent Solution (5 pL of 1:1024 dilution) is added to the plates
followed with another 30-second plate shake and the plates are further incubated at room
temperature for one hour. The plates are read on fluorescence plate reader with Dual emission

at 445 nm and 520 nm.

[0169] ICso values of compounds against CDKS (p25) are determined by Z'-LYTE™.,
These screening assays are performed at Invitrogen Life Technologies (Grand Island, NY) on
a low volume NBS, black 384-well plate (#4514, Corning). 0.1 uL of 100 X test compound in
100% DMSO (at specific solutions) is mixed with 2.4 pLL of Kinase Buffer (50 mM HEPES
pH 7.5, 0.01% BRI1J-35, 10 mM MgCl2, 1 mM EGTA), 5 uL of 2x Kinase (0.18 - 2 ng
CDKS5/p25)/Peptide (2 uM Ser/Thr 12), and 2.5 uL of 4xATP solution (17 uM). The plates
are shaken for 30 seconds, and incubated for 60 minutes at room temperature. Development
Reagent Solution (5 pL of 1:4096 dilution) is added to the plates followed with another 30-
second plate shake and the plates are further incubated at room temperature for one hour. The

plates are read on fluorescence plate reader with Dual emission at 445 nm and 520 nm.

[0170] The following equations are used for Z'-LYTE™ Screening Assay Data Analysis.
Percent inhibition (100 —% activity) was fitted to the “four-parameter logistic model” in

XLfit for determination of ICsgo values.
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Equation

Correction for
Background Fluorescence

FI sample - F1I TCFI Ctl

Emission Ratio (using
values corrected for
background fluorescence)

Coumarin Emission (445 nm)
Fluorescein Emission (520 nm)

% Phosphorylation (%
Phos)

(Emission Ratio x Fyg90) — Cygo9

1- 100
{ (Cose — C100%) + [Emission Ratio x (Fyggo, — Fo%)]} *

% Inhibition

{ % Phos Sample

100
% Phos gy, mhibition Ctl}

7’ (using Emission Ratio
Values)

3 « Stdev gy, phos cu + 3 * Stdev gy, mhibition

Mean o, phos ca — Mean gy, hibition

Difference Between Data
Points (single point only)

| %Inhibition pyj,: 1 — %Inhibition pyine 2

Development Reaction
Interference (DRI) (no
ATP control

Emission Ratio pgfcy

Emission Ratio oo, phos cti

Test Compound
Fluorescence Interference
(TCFI) (check both
Coumarin and Fluorescein
emissions)

FI TCFI Ctl

FI 994 mnibitor ct

FI = Fluorescence Intensity; Ci00% = Average Coumarin emission signal of the 100% Phos.
Control; Cos = Average Coumarin emission signal of the 0% Phos. Control; Fig09, = Average
Fluorescein emission signal of the 100% Phos. Control; Fo = Average Fluorescein emission
signal of the 0% Phos. Control; DRI = Development Reaction Interference; TCFI = Test
Compound Fluorescence Interference

[0171] ICso values of compounds against CDK7 (cyclin H) are determined by Adapta™

Assay at Invitrogen Life Technologies (Grand Island, NY) where total reaction volume is 10
uL/well in low volume, white 384-well plate (#4512, Corning). 0.100 pL of 100 x test
compound in 100% DMSO (at specific solutions) is mixed with 2.4 uLL of HEPES (30 mM),
2.5 uL of 4x ATP solution (153 uM) and 5 pL of 2x Substrate/Kinase mixture (the 2x
CDK7/cyclin H/MNATI1 / CDK7/9tide mixture is prepared in 50 mM HEPES pH 7.5, 0.01%
BRIJ-35, 10 mM MgCl>, 1 mM EGTA). The final 10 pL Kinase Reaction consists of 5 -
38.75 ng CDK7/cyclin H/MNAT1 and 200 uM CDK7/9tide in 32.5 mM HEPES pH 7.5,
0.005% BRI1J-35, 5 mM MgClz, 0.5 mM EGTA. The plates are shaken for 30 seconds,

centrifuged for 1 min at 1000xg, and incubated for 60 minutes at room temperature. 5 uL of
Detection Mix (prepared in TR-FRET Dilution Buffer; the Detection mix consists of EDTA
(30 mM), Eu-anti-ADP antibody (6 nM) and ADP tracer, and contains the EC¢ concentration
of tracer for 5-150 uM ATP) is added to the plates followed with another 30-second plate

shake and centrifugation for 1 min at 1000xg, and the plates are further incubated at room
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temperature for one hour. The plates are read on fluorescence plate reader with Dual emission

at 615 nm and 665 nm.

[0172] The following equations are used for Adapta™ Assay Data Analysis. The
ATP/ADP standard curve is fit to model number 205 (sigmoidal dose-response model) in

XLfit. The dose response curve is also curve fit to model number 205.

Equation
Emission AF647 Emission (665 nm)
Ratio Europium Emission (615 nm)
% Conversion EC
50 SC «100
Top gc — Bottom g —14¢ 1 )
Emission Ratio g,;pe — Bottom g¢ Hillslopegc
% Inhibition { % Conversion g;yple } 100
—_ *
% Conversion gy, iphibition Cerl
Difference
Between Data
Points (single | % Inhibition pyie 1 — % Inhibition pgine 2 |
point only)
gest d For each emission wavelength, fluorescence interference is flagged for a
ompoun compound well that is more than 20% outside the range of the controls.
Interference
P
Z’ (using 3 * Stdev gy, conv cerl + 3 * Stdev gy, innibition
Emission Ratio —
values) |Mean 0% Conv Ctrl — Mean 0% Inhibition |

* SC = Standard Curve

[0173] ICso values of compounds against CDK2 (cyclin E1) are determined by
LanthaScreen™ Eu Kinase Binding Assay at Invitrogen Life Technologies (Grand Island,
NY) where total reaction volume is 16 pL/well in low volume, white 384-well plates
(#784207, Greiner). 0.16 puL of 100 x test compound in 100% DMSO (at specific solutions)
is mixed with 3.84 pL of Kinase Buffer (50 mM HEPES pH 7.5, 0.01% BR1J-35, 10 mM
MgClz, 1 mM EGTA), 8.0 uL of 2x Kinase (2.5 nM)/Antibody (Eu-anti-GST, 2 nM) Mixture
and 4.0 puL of 4 x Tracer (Tracer 236, 100 nM). The plates are shaken for 30 seconds, and
incubated for 60 minutes at room temperature. The plates are read on fluorescence plate

reader with Dual emission at 615 nm and 665 nm.

[0174] ICso values of compounds against CDK9 (cyclin K) are determined by
LanthaScreen™ Eu Kinase Binding Assay at Invitrogen Life Technologies (Grand Island,
NY) where total reaction volume is 16 pL/well in low volume, white 384-well plates
(#784207, Greiner). 0.16 puL of 100 x test compound in 100% DMSO (at specific solutions)

is mixed with 3.84 pL of Kinase Buffer (50 mM HEPES pH 7.5, 0.01% BR1J-35, 10 mM
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MgClz, 1 mM EGTA), 8.0 uL of 2x Kinase (5 nM)/Antibody (Eu-anti-His, 2 nM) Mixture
and 4.0 puL of 4 x Tracer (Tracer 236, 100 nM). The plates are shaken for 30 seconds, and
incubated for 60 minutes at room temperature. The plates are read on fluorescence plate

reader with Dual emission at 615 nm and 665 nm.

[0175] ICso values of compounds against FMS kinase are determined by LanthaScreen™
Eu Kinase Binding Assay at Invitrogen (Life Technologies Grand Island, NY) where total
reaction volume is 10 uL in low-volume 384-well plates (#4511, Corning). Serially diluted
compounds (3-fold) are incubated with kinase (1.25 nM) for 10 min, following which a
mixture of ATP (10 uM) (#A1852, Sigma, St-Louis, MO) and fluorescent-PolyGT substrate
(200 nM) (#PV3610, Invitrogen, Life Technologies Grand Island, NY) is added and
incubated in dark at room temperature for 1H. After 1H, 10 uL stop solution containing
Terbium labeled antibody (4 nM) (#PV3529, Invitrogen, Life Technologies Grand Island,
NY) and EDTA (#E5134, Sigma, St-Louis, MO) (20mM) in TR-FRET dilution buffer (#
PV3574, Invitrogen, Life Technologies Grand Island, NY) is added. Readings are taken in a
Synergy Neo Plate reader (BioTek, Winooski, VT) at single excitation of 340 nm and Dual

emission at 495 nm and 520 nm respectively.

[0176] The following equations are used for LanthaScreen Eu Kinase Binding Assay
Data Analysis. Percent inhibition (100 —% activity) is fitted to the “four-parameter logistic

model” in XLfit for determination of ICso values.

Equation

AF647 Emission (665 nm)
Europium Emission (615 nm)

Emission Ratio (ER)

ER o4 pi —ER
% Displacement { 0% Disp Ctrl Sample

«+ 100
ER o9 pisp cert — ER 1009 pisp Ctrl}

Difference Between Data

Points (single point only) | % Displacement pgi, 1 — % Displacement pgi,e 2 |

For each emission wavelength, fluorescence interference
Test Compound Interference is flagged for a compound well that is more than 20%
outside the range of the controls.

Z’ (using Emission Ratio 3 * Stdev go; pisp cerl + 3 * Stdev 1909, pisp cerl

values) |[Mean gy, pisp cet — Mean 1009, pisp curi |
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[0177] ICso values of compounds against the PI3K6 kinase are determined by an assay
performed by Reaction Biology Corporation (Malvern, PA). Briefly, this assay is conducted
in buffer (Tris-HC1 40 mM (pH7.5), Orthovanadate 3 mM, MgCl; 20 mM, DTT 2 mM,
CHAPS 0.05%, DMSO 1%). PI3K5 kinase is added to the reaction solution and mixed
gently. The test compounds in 100% DMSO (at specific solutions) are mixed with the kinase
reaction mixture to achieve the final compounds at pre-defined concentrations (e.g., range —
0.5 nM to 100 uM) by Acoustic technology (Echo550; nanoliter range). After incubating for
10 min at room temp, ATP is added into the reaction mixture to initiate the reaction followed
by a 30-min incubation at 30°C. After quenching the reaction with ADP-Glo reagent, the
plates are incubated for 40 min. The Detection Mixture is added, and the plate is incubated
for an additional 30 min. At the end of incubation, luminescence is measured. For data
analysis, the luminescence is converted into uM ADP production based on ADP standard
curves. The nonlinear regression to obtain the standard curve and ICso values is performed

using GraphPad Prism (GraphPad Software, Inc., San Diego, CA).

[0178] ICso values of compounds against CDK12 (cyclin K) are determined by
KinaseProfiler™ radiometric protein kinase assay at Eurofins Pharma Discovery (Dundee,
UK). Compounds are prepared to 50x final assay concentration in 100% DMSO. This
working stock of the compound is added to the assay well as the first component in each
reaction. CDK12/Cyclin K is diluted in buffer (20 mM TRIS, 0.2 mM EDTA, 0.1% pB-
mercaptoethanol, 0.01% Brij-35, 5% glycerol, 1 mg/ml BSA) prior to addition to the reaction
mix. CDK12/Cyclin K is incubated with 20 mM Tris/HCI pH 8.5, 0.2 mM EDTA, 300 uM
RSRSRSRSRSRSRSR, 10 mM Magnesium acetate and [y-**P-ATP] (specific activity and
concentration as required). The reaction is initiated by the addition of the Mg/ATP mix. After
incubation for 120 minutes at room temperature, the reaction is stopped by the addition of
phosphoric acid to a concentration of 0.5%. 10 ul of the stopped reaction is spotted onto a
P30 filtermat and washed four times for 4 minutes in 0.425% phosphoric acid and once in
methanol prior to drying and scintillation counting. Results are calculated as a percentage of
the mean kinase activity in positive control samples. Data are fitted in XLfit for

determination of 1Cso values.

Example B2. Determination of potency of compounds in cancer cell proliferation assay as a

single agent.
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[0179] The effects of test compounds were studied in two breast cancer cell lines of
different subtype. The cancer cells (Table below) are harvested during the logarithmic
growth period and counted. Cell concentrations are adjusted to the appropriate number with
respective medium and 90 pL cell suspensions are added to 96-well plates. After cells are

seeded, the plates are shaken gently to distribute cells evenly and incubated at 37 °C, 5% COz

on day 1.
Cell Culture Conditions
No. Cell Line Histopathology Rb Status Medium
1 MCE-7 Breast adenocarcinoma Positive MEM+10%FBS
2 DU4475 Breast carcinoma Negative RPMI1640+10%FBS
[0180] Cells are treated with test compounds at 7 to 9 concentrations within a desired

concentration range (e.g. 1.1 nM — 10 uM) on day 2 by series diluting the test compound
stock solution (10 mM in DMSO) with culture medium. Treatment duration was 144H (with
a medium change at 72H) for both MCF-7 and DU4475 cells. Cell viability is assessed by
Cell Titer-Glo® as recommended by Promega (Cat. No.: G7572), or by resazurin assay
(Sigma Aldrich, Cat. No.: R7017) post treatment.

[0181] Cell viability data are plotted using GraphPad Prism (GraphPad Software, Inc.,
San Diego, CA). In addition, a nonlinear regression model with a sigmoidal dose response
and variable slope within GraphPad Prism is used to calculate the ICso value of individual test

compounds.

[0182] The effects of test compounds are studied in additional cell lines of various
histotypes, such as A549 lung adenocarcinoma, HCT-116 colorectal carcinoma, ZR-75-30
breast ductal carcinoma, Hs-578T breast epithelia carcinoma and BT-549 breast ductal
carcinoma cells. The cancer cells are harvested during the logarithmic growth period and
counted. Cell concentrations are adjusted to the appropriate number with suitable medium,
and 90 pL cell suspensions are added to 96-well plates. After cells are seeded, the plates are
shaken gently to distribute cells evenly and incubated at 37 °C, 5% COz on day 1. Cells are
treated with test compounds at typically 7-9 concentrations within a desired concentration

range (e.g. 1.5 nM — 10 uM) on day 2 by series diluting the test compound stock solution (10
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mM in DMSO) with culture medium. Cell viability is assessed by Cell Titer-Glo® as
recommended by Promega (Cat. No.: G7572, Promega) typically 48-144H post-treatment,
with a medium change as necessary. Cell viability data are plotted using GraphPad Prism
(GraphPad Software, Inc., San Diego, CA). In addition, a nonlinear regression model with a
sigmoidal dose response and variable slope within GraphPad Prism is used to calculate the

ICso value of individual test compounds.

[0183] Additional test compounds are studied in the same and/or other cancer cell lines
using similar proliferation methods with possible variations in cell seeding densities and/or
incubation durations. The cell cycle phase distribution post treatment of test compounds is
studied using flow cytometer using DAPI staining. Cellular senescence is evaluated after
continuously treating cells for a long time (e.g., 14 days) followed by staining cells lines for

Senescence associated-p-galactosidase (SABGAL).

[0184] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is apparent to those
skilled in the art that certain minor changes and modifications will be practiced in light of the
above teaching. Therefore, the description and examples should not be construed as limiting

the scope of the invention.
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CLAIMS

1. A compound of Formula (J):

x2'X1\ O\
oo M o7
z” \r A x” N
| |
N ¥
(RY, ),

or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the

foregoing, wherein:
X!is CR? or N;
X?is CR? or N;
X3is CR? or N;

(RO),q (R%), (R8)y (R,

O OMO0:
Zis or , wherein

A 1s C3-Cg cycloalkyl, 4- to 7-membered heterocyclyl, 5- to 7-membered

heteroaryl, or Ce aryl, each of which is optionally substituted with one or more R;

L is a bond, -CR'"'R'?-, -O-, -S-, -S(0)2-, -C(0)-, -NR'’-, -S(0),NR'’-, or -
NR!°SO;-:

B is hydrogen, C3-Cs cycloalkyl, 3- to 7-membered heterocyclyl, 5- to 7-membered

heteroaryl, or Ce aryl, each of which is optionally substituted with one or more RS;

C is C3-Cs cycloalkyl, 5- to 7-membered heterocyclyl, 5- to 7-membered heteroaryl, or Ce
aryl, each of which is optionally substituted with one or more R, wherein C is fused to D;

and

D is C3-Cs cycloalkyl, 3- to 7-membered heterocyclyl, 5- to 7-membered heteroaryl, or Ce

aryl, each of which is optionally substituted with one or more RS;

R'is hydrogen, Ci-Cg alkyl, C2-Ce alkenyl, C2-Cs alkynyl, C1-Cs alkoxy, C3-C12 cycloalkyl, 3-
to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, Cs-C14 aryl, -(Ci-

Cs alkylene)(Cs-C12 cycloalkyl), -(C1-Cs alkylene)(3- to 12-membered

heterocyclyl), -C(O)R'°, -(C1-C3 alkylene)(5- to 10-membered heteroaryl)
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or -(C1-Cs alkylene)(Cs-Ci4 aryl), wherein R! is independently optionally substituted with one
or more substituents selected from the group consisting of halogen,

oxo, -OR", -NRPR"™, -C(O)R"?, -CN, C3-Cs cycloalkyl, and C1-Cs alkyl optionally
substituted with one or more substituents selected from the group consisting of oxo, -OH and

halogen;

each R? is independently C»-Cs alkenyl, Co-Cg alkynyl, -OH, oxo, -NR!'R'?, -
CN, -C(O)R'?, -C(O)NR!'R'?, halogen, or Ci-Ce alkyl optionally substituted with one or

more substituents selected from the group consisting of —CN, -OH or halogen, or

two R? or R! and R? are taken together with the atom or atoms to which they are attached to
form a C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, or
Ce-Ci4 aryl, each of which is independently optionally substituted with one or more

substituents selected from the group consisting of C1-Cs alkyl, -OH, oxo, and halogen;

each of R? and R* is independently hydrogen, Ci-Ce alkyl, C3-Cs cycloalkyl, -CN, Ci-Ce
haloalkyl, C1-Cs alkoxy, C1-Ce haloalkoxy, halogen or -OH;

each R’ is independently Ci-Cs alkyl, C2-Cs alkenyl, C2-Ce alkynyl, halogen,

oxo, -CN, -OR', -SR', -NR"'R'?, -C(O)R'?, -C(O)NR''R'?, -OC(O)NR''R'?, -NR'’C(O)R",
-NR!°C(O)NRM"R', -S(O)R', -S(0):R!°, -NR!S(0),R !, -S(0).NR!'R !, C3-Cs cycloalkyl,
3- to 12-membered heterocyclyl, -(C1-C3 alkylene)OR !, -(C;-C3 alkylene)SR'?, -(Ci-

Cs alkylene)NR!'R!2, -(C;-C3 alkylene)C(O)R'?, -(C;-Cs alkylene)C(O)NR'R!2, -(C-

Cs alkylene)NR'’C(O)R !, -(C1-Cs alkylene)NR'’C(O)NR!'R 2, -(C;-C5 alkylene)S(O)2R ',
~(C1-C3 alkylene)NR'°S(0).R!!, -(C;-Cs alkylene)NR’S(O),NR!'R'?, -(C;-

Cs alkylene)S(0)NR'"'R'?, -(C;-C3 alkylene)(C3-Cs cycloalkyl), -(C1-C3 alkylene)(3- to 12-
membered heterocyclyl), wherein each R? is independently optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo, -OR'3, -NR*R !,
-C(O)R", -CN, -(C;-C3 alkylene)OR '3, -(C;-C; alkylene)NR PR, -(C;-C; alkylene)C(O)R '3,
C3-Cs cycloalkyl, and C1-Ce alkyl optionally substituted with one or more substituents

selected from the group consisting of oxo, -OH, and halogen,

or any two R? are taken together with the atom or atoms to which they are attached to form a
C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, or Ce-
Ci4 aryl;
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each RS is independently oxo or R’, or any two R are taken together with the atom or atoms
to which they are attached to form a C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to

10-membered heteroaryl, or C¢-Ci4 aryl;

each R’ is independently hydrogen, Ci-Cs alkyl, C>-Cs alkenyl, C2-Cg alkynyl, C3-Cs
cycloalkyl, 3- to 6-membered heterocyclyl, -OR'’, -NR"R!? -NR!°C(O)R!,
-NR'’C(O)NR''R™, -S(0)2R", -NR'’S(O).R", -S(0)2NR"'R'?, -C(O)R'?,
-C(O)NR!'R!* -(C;-C3 alkylene)CN, -(C1-Cs alkylene)OR ', -(C1-Cs alkylene)SR!°, -(C;-
Cs alkylene)NR!'R!?, -(C;-C3 alkylene)CFs, -(C1-Cs alkylene)C(O)R', -(C;-
Cs alkylene)C(O)NR!'R %, -(C;-Cs alkylene)NR'’C(O)R!!, -(C;-
Cs alkylene)NR'’C(O)NR!R!2, -(C-C3 alkylene)S(O)2R ', -(C1-Cs alkylene)NR 1°S(O).R !,
-(C1-C3 alkylene)S(O):NR!'R2, -(C;-C3 alkylene)(C3-Cs cycloalkyl), or -(C1-C3 alkylene)(3-
to 6-membered heterocyclyl), wherein each R’ is independently optionally substituted with
one or more substituents selected from the group consisting of halogen,
oxo, -OR!, -NRP¥R™, -C(O)R"3, -CN, -(C;-C;3 alkylene)OR '3, -(C;-
Cs alkylene)NR®R!, -(C1-C3 alkylene)C(O)R '3, C3-Cs cycloalkyl, and C1-Cs alkyl optionally
substituted with one or more substituents selected from the group consisting of oxo, -OH, and

halogen;

each R! is independently hydrogen, Ci-Cs alkyl, C3-Cs cycloalkyl, -(Ci-
(s alkylene)(Cs-Cg cycloalkyl), Ce-Ci4 aryl, 5- to 6-membered heteroaryl or 3- to 6-
membered heterocyclyl, each of which is independently optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo, -CN, -OR", -NRI’R'®,
and C1-Cg alkyl optionally substituted with one or more substituents selected from the group

consisting of halogen, -OH, and oxo;

R!! and R'? are each independently hydrogen, Ci-Cs alkyl, C3-Cs cycloalkyl, -(Ci-
(s alkylene)(Cs-Cg cycloalkyl), Ce-Ci4 aryl, 5- to 6-membered heteroaryl or 3- to 6-
membered heterocyclyl, each of which is independently optionally substituted with one or
more substituents selected from the group consisting of halogen, oxo, -CN, -OR", -NRI’R'®,
and C1-Cg alkyl optionally substituted with one or more substituents selected from the group

consisting of halogen, -OH, and oxo,

or R!! and R!? are taken together with the atom to which they attached to form

a 3- to 6- membered heterocyclyl optionally substituted with one or more substituents
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selected from the group consisting of halogen, oxo, and C;-Cs alkyl optionally substituted

with one or more substituents selected from the group consisting of halogen, -OH, and oxo;

R and R'* are each independently hydrogen or C1-Cs alkyl, wherein the C1-Cs alkyl
is optionally substituted with one or more substituents selected from the group consisting of

halogen, -OR"3, -NRR'®, and oxo,

or R!* and R are taken together with the atom to which they attached to form
a 3- to 6- membered heterocyclyl optionally substituted with one or more substituents
selected from the group consisting of halogen, oxo, and C;-Cs alkyl optionally substituted
with one or more substituents selected from the group consisting of halogen, -OH, and oxo;

and

R' and RS are each independently hydrogen, Ci-Cs alkyl, C2-Cs alkenyl, or Co-
Cs alkynyl, wherein the C1-Cg alkyl, C2-Cs alkenyl, and C2-Cg alkynyl are each independently
optionally substituted with one or more substituents selected from the group consisting of

halogen, -OH, and oxo,

or R'® and R!® are taken together with the atom to which they attached to form
a 3- to 6- membered heterocyclyl optionally substituted with one or more substituents
selected from the group consisting of halogen, oxo, and C;-Cs alkyl optionally substituted

with one or more substituents selected from the group consisting of halogen, -OH, and oxo;
1is 0, 1, or 2;
p and q are each independently O, 1, 2 or 3; and
nis0,1,2,3or4,
provided that at least one of (1), (2), (3), and (4) applies:
(1) at least one of X!, X2, and X> is N or CR?, wherein R? is -CN,
(2)1is 1 and R*is -CN,
(3) at least one R?is Ci-Cgalkyl substituted with one or more halogen,

(4) two R? or R! and R? are taken together with the atom or atoms to which they are
attached to form a C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered
heteroaryl, or Cs-C14 aryl, each of which is independently optionally substituted with one or

more substituents selected from the group consisting of C1-Ce alkyl, -OH, oxo, and halogen.
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2. The compound of claim 1, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein X! is N.

3. The compound of claim 1, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein X! is CR3,

4. The compound of any one of claims 1-3, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein X is N.

5. The compound of any one of claims 1-3, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein X? is CR?,

6. The compound of any one of claims 1-5, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein X is N.

7. The compound of any one of claims 1-5, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein X> is CR?,

8. The compound of any one of claims 1-7, or a stereoisomer or tautomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein at least one of X', X, and

X3 is N or CR?, wherein R? is -CN.

9. The compound of any one of claims 1-8, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein n is 0.

10. The compound of any one of claims 1-8, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein nis 1.

11. The compound of any one of claims 1-8, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein R! and R? are taken

o5
rd
'§—N >‘:\
. . —N___N
together with the atoms to which they are attached to form or § A
12. The compound of any one of claims 1-8, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein n is 2.

13. The compound of claim 12, or a stereoisomer or tautomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein one R? is oxo and one R? is

C1-Cs alkyl substituted with one or more halogen.
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14. The compound of claim 12, or a stereoisomer or tautomer thereof, or a
pharmaceutically acceptable salt of any of the foregoing, wherein two R? are attached to a

same carbon atom and are taken together with the atom to form a C3-Cs cycloalkyl.

15. The compound of any one of claims 1-14, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein /[ is 1.

16. The compound of any one of claims 1-15, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein R*is -CN.

17. The compound of any one of claims 1-15, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein R* is halogen.

18. The compound of any one of claims 1-17, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein R is C1-Ce alkyl.

19. The compound of any one of claims 1-18, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein R! is isopropyl.

20. The compound of any one of claims 1-19, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein Z is

(R%)q (R%)p
21. The compound of any one of claims 1-20, or a stereoisomer or tautomer thereof, or a
(R%)q
‘ JE
pharmaceutically acceptable salt of any of the foregoing, wherein Z is
RS 6
R®)q (R%)q
G b ol
L—'; %
= N

Q O &

(R b (R b R o , wherein
tis0,1,or2;andt'is O or 1.
22. The compound of any one of claims 1-21, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein L is a bond or -CHa-.
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23. The compound of any one of claims 1-22, or a stereoisomer or tautomer thereof, or a
(R%)q
\« LT
, , S (Rs)p
pharmaceutically acceptable salt of any of the foregoing, wherein Z is ’ ,
% (R®)
HN (Rs)q 'li (Re)q q
A L X
/N ;
(R%)q (R5),, L) R*‘)p HN (Rs) "'N (R o
R5)p (R-”)p
R
SO
) 0l HN\\>\</ %
(\74 \Q, 7/
R® ,
/\
B 2 Y R
L \«4) R% L) R5>p , ‘Rs’p

(R%q N/j/ /j/ (R%)q
\« VG \
(R"’) b (R5
or , wherein tis 0, 1, or 2.

R5)p

k4

24. The compound of any one of claims 1-23, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, wherein Z is

Ne 2

&~
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N %
O L
“_N P N N F
N % T ,HNQ |
N e
N\‘%‘ N\‘LLL |

25. The compound of any one of claims 1-19, or a stereoisomer or tautomer thereof, or a

(RE)y (R

00
pharmaceutically acceptable salt of any of the foregoing, wherein Z is

26. The compound of claim 25, or a stereoisomer or tautomer thereof, or a

(R%)q,

5

pharmaceutically acceptable salt of any of the foregoing, wherein Z is (R%p ,

(R%)q
NG &)
=
HN"TN=X HN. X \
K/N\ \ 5 5
NRY, o (R%),
27. The compound of claim 25 or 26, or a stereoisomer or tautomer thereof, or a
T
—N N-N
pharmaceutically acceptable salt of any of the foregoing, wherein Zis ~ \—/ ,
j NapE HN % %
HN = or HN _
28. A compound, or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable

salt of any of the foregoing, wherein the compound is selected from the group consisting of

compounds of Table 1.
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29. A pharmaceutical composition comprising the compound of any one of claims 1-28,
or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of any of the

foregoing, and a pharmaceutically acceptable carrier or excipient.

30. A method of treating a cancer in an individual in need thereof comprising
administering to the individual a therapeutically effective amount of a compound of any one
of claims 1-28, or a stereoisomer or tautomer thereof, or a pharmaceutically acceptable salt of

any of the foregoing.

31. The method of claim 30, where the cancer is a breast cancer, brain cancer, colorectal
cancer, lung cancer, gastric cancer, liver cancer, leukemia, lymphoma, mantle cell lymphoma,
melanoma, ovarian cancer, pancreatic cancer, prostate cancer, adult hematopoietic or solid

tumor, or pediatric tumor.

32. The method of claim 30 or 31, further comprising administering a radiation therapy to

the individual.

33. The method of any one of claims 30-32, further comprising administering to the

individual a therapeutically effective amount of an additional therapeutic agent.

34. The method of claim 33, wherein the additional therapeutic agent is a cancer

immunotherapy agent, an endocrine therapy agent, or a chemotherapeutic agent.

35. The method of claim 33 or 34, wherein the additional therapeutic agent is a cancer
immunotherapy.
36. The method of any one of claims 33-35, wherein the additional therapeutic agent is an

anti-PD-1 antibody.

37. The method of claim 36, wherein the endocrine therapy agent is an antiestrogen

therapy, a selective estrogen receptor degrader (SERD), or an aromatase inhibitor.

38. The method of claim 34, wherein the chemotherapeutic agent is a DNA alkylating
agent, a platinum-based chemotherapeutic agent, a taxane, a BTK inhibitor, a PI3K inhibitor,

another kinase inhibitor, or a DNA damage repair (DDR) pathway inhibitor.

39. The method of any one of claims 30-38, wherein the cancer comprises a mutated or

overexpressed CDK gene.

40. The method of any one of claims 30-39, comprising selecting the individual for

treatment based on (i) the presence of one or more mutations or amplifications of the CDK4
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or CDKG6 or other CDK gene in the cancer, (i) overexpression of CDK4 or CDKG6 or other
CDK protein in the cancer, (iii) amplification or overexpression of the genes encoding
cyclins, (iv) loss of endogenous INK4 inhibitors by gene deletion, mutation, or promoter
hypermethylation, (v) other genetic events leading to overactivity of CDK4 or CDKG6 or other

CDK, or (vi) phosphorylation of retinoblastoma (Rb) protein in the cancer.

41. A method of arresting the Gi-S checkpoint in a cell, comprising administering a
compound of any one of claims 1-28, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, to the cell.

42. A method of inducing senescence in a cell, comprising administering a compound of
any one of claims 1-28, or a stereoisomer or tautomer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, to the cell.

43. A method of inducing apoptosis in a cell, comprising administering a compound of
any one of claims 1-28, or a stereoisomer or tautomer thereof, or a pharmaceutically

acceptable salt of any of the foregoing, to the cell.

44, A method of inhibiting CDK4 or CDK®6 in a cell, comprising administering a
compound of any one of claims 1-28, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing, to the cell.

45. A method of inhibiting CDK4 or CDK6, comprising contacting CDK4 or CDK6 with
a compound of any one of claims 1-28, or a stereoisomer or tautomer thereof, or a

pharmaceutically acceptable salt of any of the foregoing.

46. A kit comprising a compound of any one of claims 1-28, or a stereoisomer or

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

99



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - claims
	Page 92 - claims
	Page 93 - claims
	Page 94 - claims
	Page 95 - claims
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims

