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(57) Abstract: The present disclosure provides methods of treating diseases or disorders related to mutations in the SHP2 gene using
allosteric inhibitors of SHP2 and methods and diagnostic tests for identifying subjects susceptible or resistant to allosteric inhibitors of
SHP2. In particular, the present disclosure provides allosteric inhibitor-sensitive mutations and allosteric inhibitor-resistant mutations
of SHP2 for diagnostic and therapeutic use.
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SHP2 INHIBITOR COMPOSITIONS, METHODS FOR TREATING CANCER AND METHODS FOR
IDENTIFYING A SUBJECT WITH SHP2 MUTATIONS

CROSS REFERENCE TO RELATED APPLICATIONS

{8001} This application claims the benefit of U.S. Provisional Application No. 62/655,648,

filed April 10, 2018, the contents of which s incorporated herein by reference 1n its entirety.

STATEMENT REGARDING SEQUENCE LISTING
{6002] The Sequence Listing associated with this application is provided in text format in hieu
of a paper copy, and is hereby incorporated by reference into the specification. The name of the
text file containing the Sequence Listing 1s REME 010 01WO ST25.txt. The text file 15 .75 KB,

was created on March 27, 2019, and is being submitted electronically via EFS-Web.

FIELD OF THE INVENTION

{0603] The present disclosure relates to methods for the treatment of diseases or disorders
{e.g., cancer or an inherited developmental disorder) with inhibitors of the protein tyrosine
phosphatase SHP2. Specifically, this invention 1s concerned with methods of treating diseases or
disorders (such as cancer or mnherited developmental disorder} in subjects that are identified as

candidates for treatment with an allosteric SHP?2 inhibitor.
BACKGROUND OF THE INVENTION

{0004] SHP2 15 a non-receptor protein tyrosine phosphatase encoded by the PTPN11 gene that
contributes to multiple cellular functions ncluding proliferation, differentiation, cell cycle
maintenance and migration. SHP2 15 mvolved in signaling through the RAS-mitogen-activated

protein kinase (MAPK), the JAK-STAT and/or the phosphoinositol 3- kinase-AKT pathways.

{0065] SHP2 has two N-termunal Src homology 2 domains (N-SH2 and C-SH2}, a catalvtic
domain (PTP}, and a C-termmal tail. The two SH2 domains control the subcellular localization
and functional regulation of SHP2. The molecule exists in an inactive, self -inhibited conformation
stabilized by a binding network mvolving residues from both the N-SH2 and PTP domains.
Stimulation by, for example, cytokines or growth factors acting through RTKSs leads to exposure

of the catalytic site resulting in enzymatic activation of SHPZ2.
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{0006} Mugtations 1n the PTPN11 gene and subsequently in SHP2 have been identified in
several human developmental diseases, such as Noonan Syndrome and LEOPARD Syndrome, as
well as human cancers, such as juvenile myelomonocytic leukemias, neuroblastoma, melanoma,
acute myeloid leukemia and cancers of the breast, lung and colon. Some of these mutations
destabilize the autoinhibited conformation of SHPZ2 and promote autoactivation or enhanced

erowth factor-driven activation of SHPZ.

{0087] SHPZ, therefore, represents a highly attractive target for the development of novel
therapies for the treatment of various diseases including cancer. Either the knockdown of SHP2
expression using RN A1 technology or inhibition of SHP2 by an allosteric small molecule inhibitor
mterferes with signaling from various RTKs involved in driving cancer cell growth. {(Chen, Ying-

Nan P. 148 Nature Vol 535 7 July 2016 at pg. 151).

{0008] It has been disclosed previously, however, that allosteric SHPZ inhibitors show reduced
potency against clinically-relevant SHP2 mutants when the mutant SHP2 15 in an activated state.
Thus, there exists an unmet need for methods for treating a disease or disorder associated with
cells containing a mutant SHP2, and for methods for identifving a subject as susceptible or resistant

to a SHP2 inhibitor, as well as diagnostic tests for the same.
SUMMARY OF THE INVENTION

{0009} The present disclosure relates to methods of treating diseases or disorders {(such as
cancer or inherited developmental disorder) in certain subsets of subjects that are determined to be

candidates for treatiment with an allosteric SHPZ inhibitor.

{0010] In one aspect, the disclosure provides a method of treating a subject having a disease
or disorder associated with cells containing a mutant SHP2, comprising administering to the
subject an allosteric SHP2 inhibitor, wherein the mutant SHPZ comprises an allosteric inhibitor-
sensitive mutation. In embodiments of the method, the allosteric inhibitor-sensitive mutation is
F285S, L262R, S189A, DOIG, E69K, T731, or Q506P. In embodiments of the method, the cells
are negative for an allosteric inhibitor-resistant mutation of SHP2. In embodiments of the method,

the allosteric inhibitor-resistant mutation 15 E76K, P4918, or S502P.

{061 1] In one aspect, the disclosure provides a method of identifying a subject with SHP2

mutations susceptible to a SHP2 inhubitor, comprising genotyping a biological sample from the

3]
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subject for SHPZ mutations, wherein the subject is identified as susceptible to the SHPZ inhibitor
it the SHP2 mutations comprise an allosteric inhibitor-sensitive mutation. In embodiments of the
method, the allosteric inhibiior-sensitive mutation 15 F2858, L262R, S189A, D61G, E6OK, T731,
or Q506P.

{0012} In one aspect, the disclosure provides a method of identifying a subject as resistant to
an allosteric SHP2 inhibitor, comprising genotyping a biclogical sample from the subject for SHPZ
mutations, wherein the subject is identified as resistant to the SHPZ inhubitor if the SHP2 mutations
comprise an allosteric inhibitor-resistant mutation. In embodiments of the method, the allosteric

imnhibitor-resistant mutation is E76K, P4918, or SS02P.

{0013] In one aspect, the disclosure provides a diagnostic test for allosteric SHP2 inhibitor
sensitivity, comprising a nucleic acid probe specific for an allosteric imhibitor-sensitive mutation
of SHPZ. In embodiments of the diagnostic method, the allosteric inhibitor-sensitive mutation is
F2858, L262R, S189A, D61G, 69K, T731, or QS06P.

BRIEF DESCRIPTION OF THE DRAWINGS
{0614] Figure 1 shows a simple equiltbriom model for activation/inhibition by peptide binding,
mutation, and inhibitor binding.

{6015] Figure 2 shows the potency of each compound to inhibit non-activated mutant SHP2
plotted versus the potency to inhibit wild-type SHP2.

{0616] Figure 3 shows the potency of each compound to inhibit peptide-activated mutant
SHP2 plotted versus the potency to inhibit peptide-activated wild-type SHPZ.

{66171 Figure 4 shows negligible shift in potency for inhibition of wild-tvpe SHP2 between non-
activated and peptide~activated biochemical experiments.

{0018] Figure 5 shows addition of activating peptide (NsCs, 0.5 uM} had negligible effect on
mhibitor potency for WT SHP2 and varying effects on mutants S189A (FIG. 5A), F285C (FIG.
5B), D61G (FIG. 5C), and E76K (FIG. 5D).

[0619] Figure 6 shows the generation of 1sogenic cell hines for SHP2 mutants and their use in

cellular assays for SHP2 inhibition.
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{0026} Figure 7 shows EGF-induced pERK activity for various mutant SHP2s at various

concentrations of Compound B

{0021} Figure 8 shows that biochemical data from activated SHP2 is a better predictor of
cellular sensitivity than biochemical data from unactivated SHP2. FIG. 8A depicts biochemical
plCse plotted against celular plCse for activated SHPZ. FIG. 8B depicts biochemical plCso plotied

against celhular plCse for unactivated SHP2Z.
DETAILED DESCRIPTION OF THE INVENTION

{0022} The details of the invention are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, illustrative methods and materials are now described.
(ther features, objects, and advantages of the invention will be apparent from the description and
from the claims. In the specification and the appended claims, the singular forms also include the
plural unless the context clearly dictates otherwise. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. All patents and publications cited in this

specification are incorporated herein by reference in their entireties.
General Methods

{0023} The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell culturing, molecular bislogy (including recombinant technigues),
microbiology, cell biclogy, biochenustry and immunoclogy, which are within the skill of the art.
Such techniques are explained fully in the literature, such as, Molecular Cloning: A Laboratory
Manual, third edition (Sambrook et al |, 2001) Cold Spring Harbor Press; Oligonucleotide Svnthesis
(P. Herdewyn, ed, 2004), Animal Cell Culture (R I Freshney), ed., 1987}, Methods in
Finzymology (Academic Press, Inc.); Handbook of Experimental Immunology (D. M. Werr & C. C.
Blackwell, eds.); Gene Transfer Vectors for Mammalion Cells (3. M. Miller & M. P. Calos, eds.,
1987), Current Protocols in Molecular Biology (F. M. Ausubel et al, eds,, 1987), PUR: The
Polymerase Chain Reaction, (Mullis et al | eds., 1994); Current Protocols in Immunology (J. E.
Coligan et al., eds., 1991); Short Protocols in Molecular Biology (Wiley and Sons, 1999); Manual
of Clinical Laboratory Immunology (B, Detrick, N. R Rose, and J D. Folds eds., 2000);

Immunochemical Protocols (1. Pound, ed., 2003); Lab Manual in Biochemistry: Immunology and
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Biotechnology (A. Nigam and A Ayyagan, eds. 2007}, Immunclogy Methods Manual: The
Comprehensive Sourcebook of Technigues {(Ivan Letkovits, ed., 1996), Using Antibodies: A

Laboratory Manual (E. Harlow and D. Lane, eds., 1988}, and others.
Definitions

{0024} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by those of ordinary skill in the art to which the invention
belongs. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, preferred methods and materials are

described. For the purposes of the present invention, the following terms are defined below.

{0625] The articles “a” and “an” are used i this disclosure to refer to one or more than one
(i.e., to at least one} of the grammatical object of the article. By way of example, “an element”

means one element or more than one element.

10026} The term “and/or” s used in this disclosure to mean either “and” or “or” unless

indicated otherwise.

{0027} Throughout this specification, unless the context requires otherwise, the words
“comprise,” “comprises,” and “comprising” will be understood to imply the inclusion of a stated
step or element or group of steps or elements but not the exclusion of any other step or element or
eroup of steps or elements. By “consisting of” 1s meant including, and limited to, whatever follows
the phrase “consisting of 7 Thus, the phrase “consisting of” indicates that the listed elements are
required or mandatory, and that no other elements may be present. By “consisting essentially of”
15 meant including any elements listed after the phrase, and himited to other elements that do not
interfere with or contribute to the activity or action specified in the disclosure for the listed
elements. Thus, the phrase “consisting essentially of” indicates that the listed elements are required
or mandatory, but that other elements are optional and may or may not be present depending upon

whether or not they materially affect the activity or action of the listed elements.

[0028] The term “e.g.” 15 used herein to mean “for example,” and will be understood to imply
the inclusion of a stated step or element or group of steps or elements but not the exclusion of any

other step or element or group of steps or elements.

(]
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{0029} By “optional” or “optionally,” 1t is meant that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the event or
circumstance occurs and nstances in which 1t does not. For example, “optionally substituted aryl”
encompasses both “aryl” and “substituted aryl” as defined herein. It will be understood by those
orchinarily skilled in the art, with respect to any group containing one or more substituents, that

such groups are not intended to introduce any substitution or substitution patterns that are sterically

unpractical, synthetically non-feasible, and/or inherently unstable.

{0030] The term “admirnuster”, “administering”, or “administration” as used in this disclosure
refers to etther directly administering a disclosed compound or pharmaceutically acceptable salt
of the disclosed compound or a composition to a subject, or administering a prodrug derivative or
analog of the compound or pharmaceutically acceptable salt of the compound or composition to

the subject, which can form an equivalent amount of active compound within the subject’s body.

{0031} The term “carrier”, as used in this disclosure, encompasses carriers, excipients, and
diluents and means a material, composition or vehicle, such as a liquid or sohd filler, diluent,
excipient, solvent or encapsulating material, involved in carrying or transporting a pharmaceutical

agent from one organ, or portion of the body, to another organ, or portion of the body of a subject.

{0032} The terms “Compound A” | “Cmp A” , “Compound 17 and “Cmp 17 are used
interchangeably herein to refer to RMC-0693943 (abbreviated herein as “RM(C-3943"), which has

the following structure:
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{0033} The terms “Compound B” | “Cmp B” |, “Compound 21”7 and “Cmp 217 are used
mterchangeably herein to refer to RMC-0694550 {abbreviated herein as “RM{-45507), which has

the following structure:

aestd

{0634] The term “Compound C” and “Cmp C” are used interchangeably herein to refer to an
allosteric SHP2 inhibitor compound of similar structure to Compounds A and B. Compound C 15
disclosed in PCT/US2017/041577 (WO 2018/013597), incorporated herein by reference in its

entirety.

{0635] The term SHP099 refers to a SHP2 inhibitor having the following structure:

%
e

PR
; o
s

{6036] The term “disorder” s used i thus disclosure to mean, and s used interchangeably

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

{0037] An “effective amount” when used in connection with a compound s an amount

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

[0638] The term “inhibitor” means a compound that prevents a biomolecule, {e.g., a protein,
nucleic acid) from completing or initiating a reaction. An inhibitor can inhibit a reaction by
competitive, uncompetitive, or non~competitive means. Exemplary inhibitors include, but are not
himited to, nucleic acids, DNA, RNA, shRNA, siRNA, protemns, protein mimetics, peptides,
peptidomimetics, antibodies, small molecules, chemicals, analogs that numic the binding site of

an enzyme, receptor, or other protein, e.g, that 15 involved in signal transduction, therapeutic

~J
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agents, pharmaceutical compositions, drugs, and combinations of these. In some embodiments, the
imhibitor can be nucleic acid molecules including, but not limited to, siRNA that reduce the amount
of functional protein in a cell.  Accordingly, compounds said to be “capable of mhibiting” a

particular protein, e.g., SHPZ2, comprise any such inhibitor,

{0039} The term “allosteric mhibitor” means a small-molecule compound capable of mhibiting
SHPZ through binding to SHPZ at a site other than the active site of the enzyme. Exemplary
allosteric SHP2 mhibitors disclosed herein include, without limitation: {1} Compound A; (1)
Compound B; (111) Compound C; (1v} SHP099; (v) an allosteric SHPZ inhibitor compound of any
one of Formula I, of Formula I, of Formula i, of Formula [-V1, of Formula I-V2, of Formula I-
W, of Formula I-X, of Formula I-Y, of Formula I-Z, of Formula IV, of Formula V, of Formula Vi,
of Formula IV-X, of Formula IV-Y, of Formula IV-Z, of Formula VI, of Formula VI, of Formula
IX, and of Formula X; (vi) TNO155; (vi) a SHP2 mnhibitor disclosed in international PCT
application PCT/US2017/041577 (WQ2018013597), incorporated herein by reference in its
entirety; {viii) a compound from Table Al, disclosed herein; (ix) a compound from Table A2,
disclosed herein; and (x) a combination thereof,

2

{0040} The term “modulating” includes “increasing,” “enhancing” or “stimulating,” as well as
“decreasing” or “reducing,” typically in a statistically significant or a physiologically significant
amount as compared to a control. An “increased,” “stimulated” or “enhanced” amount 1s typically
a “statistically significant” amount, and may include an mncreasethatis 1.1, 1.2, 2,3, 4, 5,6, 7, 8,
9, 10, 15, 20, 30 or more times {(e.g., S00, 1000 times) (includimg all integers and decimal points
mbetween and above 1, e.g., 1.5, 1.6, 1.7, 1.8, etc.) the amount produced by no composition (e.g.,
m the absence of an agent or compound) or a countrol composition, sample or test subject. A
“decreased” or “reduced” amount 1s typically a “statistically significant” amount, and may include
a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18% ,

19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%., 85%, 50%, 95%,

or 100% decrease in the amount produced by no composition {the absence of an agent or
compound} or a control composition, including all integers 1 between,

{0041] The term “mutation” as used herein mndicates any modification of a nucleic acid and/or
polypeptide which results n an altered nucleic acid or polypeptide. The term “mutation” may

mclude, for example, point mutations, deletions or insertions of single or multiple residues in a
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polvnuciestide, which includes alterations arising within a protein-encoding region of a gene as
well as alterations in regions outside of a protein-encoding sequence, such as, but not imited to,
regulatory or promoter sequences, as well as amplifications and/or chromosomal breaks or

translocations.

{0042} The term “allosteric inhibitor-sensitive mutation,” when used in reference to a SHP2
mutation, means a mutation in SHP2 that results in a SHP2 polypeptide that may be modulated by
a SHPZ allosteric inhibitor {(e.g., any one of the SHPZ allosteric inhibitors disclosed herein}). As
will be clear to one of skill in the art, such modulation of a SHP2 polypeptide comprising an
allosteric inhibitor-sensitive mutation will in some embodiments result in a decrease in the activity
of the SHP2 polypeptide. Such activity may be measured using any suitable activity assay known
in the art or disclosed herein (see, e g., the SHPZ allosteric inhibition assay described herein in
Example 1). Insome embodiments, the allosteric inhibitor-sensitive mutation is a SHPZ mutation
selected from any one of F283S, L262R, S189A, D61G, E6OK, T731, and Q506P. In some
embodiments, the allosteric inhubitor-sensitive mutation may be a combimnation of two or more

SHP2 mutations selected from F2835S, L262R, S18%A, D61 G, EGOK, T73L, and Q506F.

[0043] The term “allosteric ntubitor-resistant mutation” when used mn reference to a SHP2
mutation, means a mutation n SHP2 that renders a SHP2 polvpeptide refractory or resistant to
inhubition with a SHP2 allosteric mhibitor. Thus, in some embodiments, an allosteric inhibitor-
resistant mutation n a SHP2 polypeptide decreases the inhibitory effect that a SHP2 allosteric
inhibitor has on the SHP2 polypeptide as compared to the effect the mhibitor has on a similar
SHP2 polypeptide differing only in the absence of the allosteric mhibitor-resistant mutation. Such
activity may be measured using any suitable activity assay known n the art or disclosed herein
{see, e.g, the SHP2 allosteric mhibition assay described herein in Example 1) In some
embodiments, an allosteric inhibitor-resistant mutation in a SHP2 polypeptide abolishes all
detectable mhibitory effects that a SHP2 allosteric inhibitor has on the activity of the SHP2
polypeptide, wherein the inhibitor has detectable inhibitory efficacy on a similar SHPZ2 polypeptide
differing only 10 the absence of the allosteric mhibitor-resistant mutation. Such allosteric mhibitor-
resistant mutations include, without limitation, mutations that desiabilize the automnhibited
conformation of SHP2. In some embodiments, the allosteric inhibitor-resistant muiation is a SHP2

mutation selected from any one of E76K, P4915, and S502P. In some embodiments, the allosteric

9
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wthibitor-resistant mutation 15 a combination of two or more SHP2 mutations selected from E76K,

P49185, and S502P.

{0044} A “patient” or “subject” i1s a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat,

horse, cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or rhesus.

{0045} The term “prevent” or “preventing” with regard to a subject refers to keeping a disease
or disorder from afflicting the subject. Preventing includes prophylactic treatment. For instance,
preventing can include administering to the subject a compound disclosed herein before a subject
is afflicted with a disease and the admunistration will keep the subject from being aftlicted with

the disease.

{0646] The term “providing to a/the subject” a therapeutic agent, e.g., a SHP2 inhibitor,

mcludes administering such an agent.

{0647} The terms “RAS pathway” and “RAS/MAPK pathway” are used interchangeably
herein to refer to a signal transduction cascade downstream of various cell surface growth factor
receptors in which activation of RAS (and #ts various 1soforms and alleotypes) is a central event
that drives a variety of cellular effector events that determine the proliferation, activation,
differentiation, mobilization, and other functional properties of the cell. SHPZ conveys positive
signals from growth factor receptors to the RAS activation/deactivation cycle, which is modulated
by guanine nucleotide exchange factors (GEFs, such as SOS1) that load GTP onto RAS to produce
functionally active GTP-bound RAS as well as GTP-accelerating proteins {GAPs, such as NF1)
that facilitate termination of the signals by conversion of GTP to GDP. GTP-bound RAS produced
by this cycle conveys essential positive signals to a series of serine/threonine kinases including
RAF and MAP lknases, from which emanate additional signals to various cellular effector

functions.

[00438] The terms “RAS pathway mutation” and “RAS/MAPK pathway activating mutation”
are used mterchangeably herein to refer to a mutation in a gene encoding a protein directly involved
in the signaling processes of the RAS/MAPK signaling pathway and/or regulating {either
positively or negatively) this signaling pathway that renders the pathway active, wherein such
mutation may ncrease, change or decrease the activity level of said protein. Such proteins include

but are not fimited to Ras, Raf, NF1, 8OS, and specific 1soforms or allectypes thereof

10
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{0049} The term “RTK-driven tumor” refers to a tumor comprising a cell with one or more
oncogenic mutation of an RTK, or a protein that is part of the RTK signaling complex, that causes
high levels RTK signaling. Some such cells may be considered “addicted” to the RTK, and
mhibition of RTK signaling leads to simultaneous suppression of downstream pathways, often
resulting in cell growth, arrest, and death. RTK-driven tumors include, but are not limited to, non-

small cell lung cancers (NSCLCs) with mutations in EGFR or ALK,
{0050} The term “SHP2” means “

phosphatase 27 and is also known as SH-PTP2, SH-PTP3, Syp, PTP1D, PTP2C, SAP-2Z or

Sr¢ Homology 2 domain-containing protein tyrosine

PTPN11. Numbering of SHPZ mutations in the present disclosure s according to Uniprot Isoform

2 {accession number Q06124-2) (SEQ ID NG: 1)

1¢C 20 30 40 50
MTSRRWEHPN ITGVEAENLL LTRGVDGSEL ARPSKSENFPGD FTLSVRRNGA
70 80 90 1006
VTHIKICONTG DYYDLYGGEK FATLAELVQY YMEHHGQCLKE EKNGDVIELKY
110 120 130 140 1
PLNCADPTSE RWEHGHLSGK EAEKLLTEKG KHGSFLVRES QSHPGDEVLS
1 170 180 190 200
NDGKSKVTHYV MIRCQELKYD VGGGERIFDSL TDLVEHYKKN
220 230 240 250
PMVETLGTVL QLKQPLNTTR INAAERIESRYV RELSKLAETT DEKVKQGFWEE
2¢0 270 280 290 300
FETLOQOECK LLYSRKEGQR QENKNKNRYK NILPFDHTRV VLHDGDPNEP
310 320 330 340 350
VSDYINANTIT MPEFETKCNN SKPKKSYIAT QGCLONTVND FWRMVEQENS
360 370 380 390 400
RVIVMTTEEV ERGKSKCVKY WPDEYALKEY GVMRVRNVEKE SAAHDYTLRE
410 420 430 440 450
LELSEVGQGN TERTVWQOYHEF RTWPDHGVES DPGGVLDFLE EVHHKQESIM
46 470 480 490 500
DAGPVVVHCE ACIGRTGTFI VIDILIDIIR EKGVDCDIDV PKTIQMVRSQ
510 520 530 540 550
REGMVQOTEAQ YREFIYMAVQOH YIETLORRIE EEQKSKREGH EYTNIKYSLA
5¢0 570 580 590
BOTSGEDOS PECTETPPCA EMREDSARVY ENVGCLMOQOK SER

11
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{0051} The convention “AAwtHHAAmut” 15 used to indicate a mutation that results in the

wild-type amino acid AAwt at position ##H# in the polypeptide being replaced with mutant AAmut.

{0052} A “therapeutic agent” is any substance, e.g., a compound or composition, capable of
treating a disease or disorder. In some embodiments, therapeutic agents that are useful in
connection with the present disclosure include without himitation SHP?2 inhibitors, ALK inhibitors,
MEK mhibttors, RTK mhibttors (TKIs), and cancer chemotherapeutics. Many such inhibitors are
known 1n the art and are disclosed herein.

> <6

{B053] The terms “therapeutically effective amount”, “therapeutic dose”, “prophylactically

B

effective amount”, or “diagnostically effective amount” is the amount of the drug, e.g., a SHP2

mhibitor, needed to elicit the desired biological response following administration.

{0054] The term “treatment” or “treating” with regard to a subject, refers to improving at least
one symptom, pathology or marker of the subject’s disease or disorder, either directly or by
enhancing the effect of another treatment. Treating includes curing, improving, or at least partially
ameliorating the disorder, and may include even minimal changes or improvements in one or more
measurable markers of the disease or condition being treated. “Treatment” or “treating” does not
necessarily indicate complete eradication or cure of the disease or condition, or associated
symptoms thereof. The subject recerving this treatment is any subject in need thereof. Exemplary

markers of chinical improvement will be apparent to persons skilled i the art.
Overview

{0055] The present disclosure relates to, infer alia, compositions, methods, and kits for treating
or preventing a disease or disorder (e.g., cancer) with a SHP2 imnhibitor alone or in combination

with another suitable therapeutic agent.

[0056] SHPZ 1s an important signaling effector molecule for a variety of receptor tyrosine
kinases (RTKs), including the receptors of platelet-derived growth factor (PDGFR), fibroblast
growth factor (FGFR), and epidermal growth factor (EGFR). SHP2 1s also an important signaling
molecule that regulates the activation of the mitogen activated protein (MAP) kinase pathway
which can lead to cell transformation, a prerequisite for the development of cancer. For example,
SHPZ 1s involved in signaling through the Ras-mitogen-activated protein kinase, the JAK-STAT

and/or the phosphoinositol 3- kinase-AKT pathways. SHP2 mediates activation of Erkl and Erk2

12
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(Erkl/2, Erk) MAP kinases by receptor tyrosine kinases such as ErbBl, ErbB2 and ¢-Met by

modulating RAS activation.

{0057} SHPZ has two N-terminal Src homology 2 domains (N-SH2 and C-SH2}, a catalvtic
domain (PTP}, and a C-termmal tail. The two SH2 domains control the subcellular localization
and functional regulation of SHP2. The molecule exists in an inactive conformation, inhibiting its
own activity via a binding network involving residues from both the N-SH2 and PTP domains. In
response to growth factor stimulation, SHP2 associates with the RTK signaling apparatus, and this

mduces a conformational change that resulis in SHP2 activation.

{0058] Activating mutations of SHP2 have been associated with developmental pathologies
such as Noonan syndrome and LEOQOPARD Syndrome and may also be found in multiple cancer
types, including most RTK-driven tumors, leukenua, lung and breast cancer, gastric carcinoma,

anaplastic large-cell lymphoma, glioblastoma and neurcblastoma.

{00359} In addition, SHPZ plays a role m transducing signals originating from immune
checkpoint molecules, including but not limited to programmed cell death protein 1 (PD-1) and
cytotoxic T-lymphocyte-associated protein 4 {(CTLA-4). In this context, inhibition of SHP2
function may promote activation of immune cells expressing checkpoint molecules, including anti-

cancer immune TEeSPOonses.

{0060] It has been disclosed previously that either the knockdown of SHP2 expression using
RNAi technology or intubition of SHP2 by an allosteric small molecule inhibitor interferes with
signaling from various RTKs mvolved in driving cancer cell growth. (Chen, Ying-Nan P. 148

Nature Vol 535 7 July 2016 at pg. 151).

[0061] In some embodiments, the present disclosure provides a method for patient
stratification based upon the presence or absence of a SHP2 mutation or based upon the particular
subtype of such a mutation. As used herein, “patient stratification” means classifying one or more

patient as having a disease or disorder (e.g., cancer) that s etther likely or unlikely to be treatable

' Grossmann, K. 8., Rosdrio, M., Birchimeier, C. & Birchumeier, W. The tyrosine phosphatase Shp2 in development
and cancer. Adv. Cancer Res. 106, 5389 (2016), Chan, R. J. & Feng, 3. S. PTPN11 is the first identified proto-
oncogene that encodes a tyrosine phosphatase. Blood 109, 862-867 (2007). Matozaki, T., Murata, Y., Saito, Y.,
QOkazawa, H. & Chnishi, H. Protein tyrosine phosphatase SHP-2: a proto-oncogene product that promotes Ras
activation. Cancer Sci. 100, 17861793 (2009). Mohi, M. G. & Neel, B. G. The role of Shp? (PTPN11) in cancer,
Curr. Opin. Genet. Dev. 17, 23-30 (2007). Ostman, A., Heliberg, C. & Bohmer, F. D. Protein-tyrosine phosphatases
and cancer. Nat. Rev. Cancer 6, 307-320 (2006).
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with an aliosteric SHPZ inhibitor. Patient stratification may comprise classifying a patient as
having a tumor that is sensitive to treatment with an allosteric SHPZ inhibitor. The patient
stratification may be based on the presence or absence of a tumor comprising one or more cell
containing a SHPZ mutation that renders the mutated SHP2Z protein sensitive or resistant to

allosteric inhubitors of SHP2.

{0662] Any disease or condition associated with a SHP2 mutation may be identified, assessed,
and/or treated according to the present disclosure. In particular embodiments, the SHP2 mutation
leaves the mutated protein sensitive to allosteric inhubitors of SHP2. Several such diseases or
conditions comprising SHP2 mutations are known in the art. For example, in certain embodiments,
the present disclosure provides methods for treating a disease or condition selected from, but not
limited to, Noonan Syndrome (e.g., Noonan syndrome caused by a mechanism other than a SHP2
mutation}, LEOPARD Syndrome {e.g., LEOPARD Syndrome caused by a mechanism other than
a SHP2 mutation); tumors of hemopoietic and lymphoid system including myeloproliferative
syndromes, myelodysplastic syndromes, and leukemia, e.g., acute mveloid leukermia, and juvenile
myelomonocytic leukemias; esophageal cancer; breast cancer; lung cancer; colon cancer, gastric
cancer, neuroblastoma, bladder cancer, prostate cancer; globlastoma; urothelial carcinoma,
uterine carcinoma, adenoid and ovanan  sereous cvstadenocarcinoma, paraganglioma,
phaeochromocytoma, pancreatic cancer, adrenocortical carcinoma, stomach adenocarcinoma,
sarcoma, thabdomyosarcoma, lyvmphoma, head and neck cancer, skin cancer, peritoneum cancer,
mtestinal cancer (small and large mtestine), thyroid cancer, endometrial cancer, cancer of the
bihary tract, soft tissue cancer, ovarian cancer, central nervous system cancer {(e.g., primary UNS
iymphoma), stomach cancer, pituitary cancer, genital tract cancer, urinary tract cancer, salivary
gland cancer, cervical cancer, hiver cancer, eye cancer, cancer of the adrenal gland, cancer of
autonomi¢ gangha, cancer of the upper aerodigestive tract, bone cancer, testicular cancer, pleura
cancer, kidney cancer, penis cancer, parathyroid cancer, cancer of the meninges, vulvar cancer and
melanoma comprising a method disclosed herein, such as, e.g., a monotherapy or combination

therapy disclosed herein.

{0063} In varipus embodiments, the methods for treating such diseases or disorders involve
administering to a subject an effective amount of a SHPZ inhibitor or a composition {e.g., a
pharmaceutical composition} comprising 3 SHPZ inhibitor. Anv compound or substance capable

of inhibiting SHP2 may be utilized in application with the present disclosure to inhibit SHP2. Non-
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limiting examples of such SHP2 inhibitors are known in the art and are disclosed herein. For
example, the compositions and methods described herein may utilize one or more SHP2 inhibitor
selected from, but not limited to, any SHP2 mhibitor disclosed in Chen, Ying-Nan P et al., 148
Nature Vol 535 7 July 2016, incorporated herein by reference in #ts entirety, inchuding SHPOS9,
disclosed therein. The compositions and methods described herein may utilize one or more SHP2
mhibitor selected from, but not limited to any SHP2 inlubitor disclosed in PCT application
PCT/US2017/041577 (WO2018013597), which 1s incorporated herein by reference in its entirety.
The compositions and methods described herein may utilize one or more SHP2 inhibitor selected
from, but not limited to any SHP2 nhibitor disclosed in PCT applications PCT/IB2015/050343
(WO2015107493); PCT/IB2015/050344 (W0O2015107494); PCT/IB2015/050345
(WO0201507495); PCT/IB2016/053548 {(W02016/203404); PCT/IB2016/053549
(W0O2016203405); PCT/IB2G16/053550 (W020162034006), PCT/US2010/045817
(WO0O2011022440), PCT/US2017/021784  (WO2017156397), and PCT/US2016/060787
(WO2017079723); and PCT/CN2017/087471 (WO 2017211303}, each of which 1s incorporated
herein by reference in its entirety. The compositions and methods described herein may utilize one
or more SHP2 mlubitor selected from, but not limited to any SHPZ inhibitor disclosed in Chen Z,
et al., Mol Pharmacol. 2006 Aug; 70(2):562-70, incorporated herein by reference in its entirety,
including NSC-87877 disclosed therein. The compositions and methods described herein may
utilize TNO15S, described under ChinicalTrials gov Identifier: NCT03114319, available at world
wide web address: chinicaltrials. gov/ct2/show/NCT03114319, mncorporated herein by reference i
its entirety. The composttions and methods described herein may utilize one or more SHP2
inhibitor selected from, but not lunited to RMC-3943, disclosed herein, RMC-4550, disclosed
herein; a SHP2 mhubitor compound of Formula I, Formula H, Formula 1T, Formula I-V1, Formula
1-v2, Formula I-W, Formula I-X, Formula I-Y, Formula I-Z, Formula IV, Formula V, Formula
VI Formula IV-X, Formula IV-Y, Formula IV-Z, Formula Vil Formula VI Formula [X and
Formula X, disclosed herein; a compound from Table A1, disclosed herein; and a compound from

Table A2, disclosed herein.

{0064] One aspect of the disclosure relates to compounds of Formula [
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and pharmaceutically acceptable salis, prodrugs, solvates, hydrates, tautomers, or isomers
thereof, wherein:

A is a 5- to 12-membered monocychic or polycyclic cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl;

Y'is —S— or a direct bond,

Y? s -NR-, —CRMuw—, OO}, -CR"™NH-, —(CR%)a0-, —-C{OIN{RY-,
—NERHC(O)—, —S{ORNRY—, -N{RHYS(O)o—, -NERIYC(OINERH—-NRHC(SINRY—, (00—, -
OC(0)-, -OC(OINERY—-, -NERHT(0)O-, —CONRHO—-NERHYC(S), —-CEINRY-, or
~OC{OY0—; wherein the bond on the left side of Y2, as drawn, 15 bound to the pyrazine ring and
the bond on the right side of the Y2 moiety is bound to RY;

R! is independently, at each occurrence, —H, -, —Ci-Cealkyl, —Cz-Csalkenyl,
—Cs-Creyeloalkenyl, —Co-Cealkynyl, —Ci-Cscycloalkyl, —OH, halogen, -NO2, —CN, —-NR°R®,
—SR®, —S{ORNRRS, —S(ORR°, -NR°S(ORNRR®, -NRS(ORR®, —S{OINR°RS, —S(O)R°,
~NRS{OINRR®, -NRS{O)R®, -C(OR®, or -CO:R°, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl s optionally substituted with one or more —OH, halogen, —NO», oxo, —CN,
~-R>, -OR’, -NR°R®, —SR°, ~S{ORNRR®, -S(ORR°, -NRS(ORNRR®, -NRS(0):R®,
~S{OINRRE, ~S(OIR°, -NRS(OINRR®, -NRS(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —ORP, ~CN, —Ci1-Cealkyl, —C:-Cealkenyl, —~Cs4-Creycloalkenyl,
~C2-Cealkynyl, ~Cs-Cscycloalkyl, aryl, heterocyclyvl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O, or heteroaryl contaiming 1-5 hetercatoms selected from the

group consisting of N, S, P, and O; wherein each alkvl, alkenyl, cveloalkenyl, alkynyl, cycloalkyl,

heterocyelyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, ~NOz,
0X0, ~CN, -R’, ~OR®, ~NR°R®, ~8R%, ~S{ORNRRE, ~S{O)RR’,

~SNRS(ORNRR®, -NRS(ORR®, -S(OINR°R®, -S(O)R°, ~NRS(O)NR'R®, -NRS{O)R®,
heterocvele, aryl, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not attached via a

nitrogen atom,
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R* 15 independently, at each occurrence, —H, ~B, ~OH, —Cs-Cseycloalkyl, or —~Ci-Cealkyl,
wherein each alkyl or cycloalkyl is optionally substituted with one or more —NH», wherein 2 RY,
together with the carbon atom to which they are both attached, can combine to form a 3- to 8-
membered cycloalkyl;

R® is independently, at each occurrence, —H, -D, —Ci-Cealkyl, —C3-Cscycloalkyl, —Co-
Csalkenyl, or heterocyclyl containing 1-5 hetercatoms selected from the group consisting of N, S,
P, and O; wherein each alkyl, cycloalkyl, alkenyl, or heterocycle is optionally substituted with one
or more —OH, halogen, ~-NO2, oxo, —CN, —R°, —-OR°, -NR’R®, —SR°>, -S{ORpNR°R®,
—S(ORR®,  NROS(ORNR'R®, -NRS(ORR®, -S(OINR'R®, —S(OJR°, -NR'S(ONRR®,
~NRS(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —Ci-Csalkyl or a 3- to 12-membered monocyclic or pelycyclic
heterocycle, wherein each alkyl or heterocycle 15 optionally substituted with one or more —Ci-
Coalkyl, “OH, or -NHz; or

R? can combine with R* to form a 3- to 12-membered monocyelic or polycyclic heteracycle
or a 5- to 1Z-membered spiroheterocycle, wherein each heterocycle or spircheterocycle s
optionally substituted with one or more —Ci-Cealkyl, -OH, or -NH>;

R* is independently —H, -D, or —C1-Cealkyl, wherein each alkyl is optionally substituted
with one or more —OH, —NH2, halogen, or oxo; or

R and R, together with the atom or atoms to which they are attached, can combine to form
a monocyclic or polyeyehic Ts-Creycloalkyl or a monocyclic or polyeychic 3~ to 12-membered
heterocycle, wherem the cycloalkyl or heterocycle 18 optionally substituted with oxo;

R’ and R® are independently, at each occurrence, ~H, -1, ~Ci-Cealkyl, ~C2-Csalkenyl,
~{C4-Cseycloalkenyl, ~Co-Cealkynyl, ~Cs-Cscycloalkyl, a monocyclic or polycyclic 3- to 12-
membered heterocycle, ~OR’, ~SR7, halogen, ~-NR'R5, -NO», or -CN;

R7 and R® are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
~C2-Cealkenyl, —~Cs-Cscycloalkenyl, —C2-Cealkynyl, —Cs-Cscycloalkyl, or a monocychic or
polycyclic 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle 1s optionally substituted with one or more ~0OH, -SH, ~NHa, ~NQG», or
~N;

m 18 independently, at each occurrence, 1, 2, 3, 4, 5 or 6; and

n is independently, at each occurrence, 0,1,2,3,4, 5,6, 7,8, 9, or 10.

[u——y
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{0065} Another aspect of the disclosure relates to compounds of Formula I

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers
thereof, wherein:

A s a 5- to 12-membered monocychic or polyecyclic cycloalkyl, heterocycloalkyl, aryl, or
heteroarvl;

Y? s -NR-, —CRMuw—, OO}, -CR"™NH-, —(CR%)a0-, —-C{OIN{RY-,
~NERHC(O)—, S(ORNER -, -NERIS(O)—, NERHYC(OIN(RY—, -NRHC(SINRY—, (00—,
—0C(0), —OC(OIN(RY)—, —N(RHYC(OY0—-, —C(OINRHO—-, —NERHYC(S)—, —CSNRYH—, or
~0OC(0)O—; wherein the bond on the left side of Y7, as drawn, is bound to the pyrazine ring and
the bond on the right side of the Y? moiety is bound to RY;

R! is independently, at each occurrence, —H, -, —Ci-Cealkyl, —Cz-Csalkenyl,
—Cs-Creyeloalkenyl, —Co-Cealkynyl, —Ci-Cscycloalkyl, —OH, halogen, -NO2, —CN, —-NR°R®,
~8R®, —-S{ORNRR®, —8(0)R°, -NRS(ORNRR®, -NRS(ORR®, -S(O)NR°RS, -S(O)R°,
~NRIS{OINRR®, -NRS{O)R®, -C(O)R?, or -C(OR>, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl s optionally substituted with one or more —OH, halogen, —NQO», oxo, —CN,
-R’, —OR’, -NR°R®, —SR®, —S(OpNRR®, —S(OpR°, —NRS(ORNR'R®, -NRS(O)RR®,
—S{OINRR®, —S(O)R°, -NR’S(O)NR’R®, -NR’S(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —ORP, —-CN, ~Ci-Cealkyl, —~Ci-Cealkenyl, —Cs-Cscycloalkenyl,
~Cz-Cealkynyl, ~Cs-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O, or heteroaryl contaiming 1-5 hetercatoms selected from the
group consisting of N, S, P, and O; wherein each alkyl, alkenvi, cycloalkenyl, alkynyl, cycloalkyl,
heterocyelyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, ~NOz,
0X0, ~CN, -R®, ~OR’, ~NR'R®, -8R, ~S{0)NR RS, ~S(O)R’,
SNRS(ORNRR®, -NRS(ORR®, -S(ONR’R®, -S(O)R°, -NRS(OINR'R®, -NR’S{(O)R®,
heterocvele, aryl, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not attached via a

nitrogen atom,
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R* 15 independently, at each occurrence, —H, ~B, ~OH, —Cs-Cseycloalkyl, or —~Ci-Cealkyl,
wherein each alkyl or cycloalkyl is optionally substituted with one or more ~NH», wherein 2 RY,
together with the carbon atom to which they are both attached, can combine to form a 3- to 8-
membered cycloalkyl;

R® is independently, at each occurrence, —H, —D, —Ci-Cealkyl, —Ci-Cecycloalkyl,
—2-Cealkenvl, or heterocyelyl containing 1-5 hetercatoms selected from the group consisting of
N, 8, P, and O; wherein each alkyl, cycloalkyl, alkenyl, or heterocycle 1s optionally substituted
with one or more —OH, halogen, —NO3, oxo, -CN, —R°, -OR’, -NR°R® —SR° -S(OnNRR,
—S(ORR®,  NROS(ORNR'R®, -NRS(ORR®, -S(OINR'R®, —S(OJR°, -NR'S(ONRR®,
~NRS(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —Ci-Csalkyl or a 3- to 12-membered monocyclic or pelycyclic
heterocycle, wherein each alkyl or heterocycle 15 optionally substituted with one or more —Ci-
Coalkyl, “OH, or -NHz; or

R? can combine with R* to form a 3- to 12-membered monocyelic or polycyclic heteracycle
or a 5- to 1Z-membered spiroheterocycle, wherein each heterocycle or spircheterocycle s
optionally substituted with one or more —Ci-Cealkyl, -OH, or -NH>;

R* is independently —H, -D, or —C1-Cealkyl, wherein each alkyl is optionally substituted
with one or more —OH, —NH2, halogen, or oxo; or

R and R, together with the atom or atoms to which they are attached, can combine to form
a monocyclic or polyeyehic Ts-Creycloalkyl or a monocyclic or polyeychic 3~ to 12-membered
heterocycle, wherem the cycloalkyl or heterocycle 18 optionally substituted with oxo;

R’ and R® are independently, at each occurrence, -H, -1, -Ci-Cealkyl,
~{2-Coalkenyl, ~Cy-Cseycloalkenyl, —~Ca-Coalkynyi, ~(5-Cseycloalkyl, a monocyclic or polveyclic
3- to 12-membered heterocycle, ~-OR’, ~SR’, halogen, -NR'R®, ~-NO», or ~CN;

R7 and R® are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
~C2-Cealkenyl, —~Cs-Cscycloalkenyl, —C2-Cealkynyl, —Cs-Cscycloalkyl, or a monocychic or
polycyclic 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle 1s optionally substituted with one or more ~0OH, -SH, ~NHa, ~NQG», or
~N;

m 18 independently, at each occurrence, 1, 2, 3, 4, 5 or 6; and

n is independently, at each occurrence, 0,1,2,3,4, 5,6, 7,8, 9, or 10.
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{0066} Another aspect of the disclosure relates to compounds of Formula HL

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers
thereof, wherein:

A s a 5- to 12-membered monocychic or polyecyclic cycloalkyl, heterocycloalkyl, aryl, or
heteroarvl;

Y? s -NR-, —CRMuw—, OO}, -CR"™NH-, —(CR%)a0-, —-C{OIN{RY-,
~NERHC(O)—, S(ORNER -, -NERIS(O)—, NERHYC(OIN(RY—, -NRHC(SINRY—, (00—,
—0C(0), —OC(OIN(RY)—, —N(RHYC(OY0—-, —C(OINRHO—-, —NERHYC(S)—, —CSNRYH—, or
~0OC(0)O—; wherein the bond on the left side of Y7, as drawn, is bound to the pyrazine ring and
the bond on the right side of the Y? moiety is bound to RY;

R! is independently, at each occurrence, —H, -, —Ci-Cealkyl, —Cz-Csalkenyl,
—Cs-Creyeloalkenyl, —Co-Cealkynyl, —Ci-Cscycloalkyl, —OH, halogen, -NO2, —CN, —-NR°R®,
~8R®, —-S{ORNRR®, —8(0)R°, -NRS(ORNRR®, -NRS(ORR®, -S(O)NR°RS, -S(O)R°,
~NRIS{OINRR®, -NRS{O)R®, -C(O)R?, or -C(OR>, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl s optionally substituted with one or more —OH, halogen, —NQO», oxo, —CN,
-R’, —OR’, -NR°R®, —SR®, —S(OpNRR®, —S(OpR°, —NRS(ORNR'R®, -NRS(O)RR®,
—S{OINRR®, —S(O)R°, -NR’S(O)NR’R®, -NR’S(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —ORP, —-CN, ~Ci-Cealkyl, —~Ci-Cealkenyl, —Cs-Cscycloalkenyl,
~Cz-Cealkynyl, ~Cs-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O, or heteroaryl contaiming 1-5 hetercatoms selected from the
group consisting of N, S, P, and O; wherein each alkyl, alkenvi, cycloalkenyl, alkynyl, cycloalkyl,
heterocyelyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, ~NOz,
0X0, ~CN, -R®, ~OR’, ~NR'R®, -8R, ~S{0)NR RS, ~S(O)R’,
SNRS(ORNRR®, -NRS(ORR®, -S(ONR’R®, -S(O)R°, -NRS(OINR'R®, -NR’S{(O)R®,
heterocvele, aryl, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not attached via a

nitrogen atom,
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R* 15 independently, at each occurrence, —H, ~B, ~OH, —Cs-Cseycloalkyl, or —~Ci-Cealkyl,
wherein each alkyl or cycloalkyl is optionally substituted with one or more ~NH», wherein 2 RY,
together with the carbon atom to which they are both attached, can combine to form a 3- to 8-
membered cycloalkyl;

R® is independently, at each occurrence, —H, —D, —Ci-Cealkyl, —Ci-Cecycloalkyl,
—2-Cealkenvl, or heterocyelyl containing 1-5 hetercatoms selected from the group consisting of
N, 8, P, and O; wherein each alkyl, cycloalkyl, alkenyl, or heterocycle 1s optionally substituted
with one or more —OH, halogen, —NO3, oxo, -CN, —R°, -OR’, -NR°R® —SR° -S(OnNRR,
—S(ORR®,  NROS(ORNR'R®, -NRS(ORR®, -S(OINR'R®, —S(OJR°, -NR'S(ONRR®,
~NRS(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —Ci-Csalkyl or a 3- to 12-membered monocyclic or pelycyclic
heterocycle, wherein each alkyl or heterocycle 15 optionally substituted with one or more —Ci-
Coalkyl, “OH, or -NHz; or

R? can combine with R* to form a 3- to 12-membered monocyelic or polycyclic heteracycle
or a 5- to 1Z-membered spiroheterocycle, wherein each heterocycle or spircheterocycle s
optionally substituted with one or more —Ci-Cealkyl, -OH, or -NH>;

R* is independently —H, -D, or —C1-Cealkyl, wherein each alkyl is optionally substituted
with one or more —OH, —NH2, halogen, or oxo; or

R and R, together with the atom or atoms to which they are attached, can combine to form
a monocyclic or polyeyehic Ts-Creycloalkyl or a monocyclic or polyeychic 3~ to 12-membered
heterocycle, wherem the cycloalkyl or heterocycle 18 optionally substituted with oxo;

R’ and R® are independently, at each occurrence, -H, -1, -Ci-Cealkyl,
~{2-Coalkenyl, ~Cy-Cseycloalkenyl, —~Ca-Coalkynyi, ~(5-Cseycloalkyl, a monocyclic or polveyclic
3- to 12-membered heterocycle, ~-OR’, ~SR’, halogen, -NR'R®, ~-NO», or ~CN;

R7 and R® are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
~C2-Cealkenyl, —~Cs-Cscycloalkenyl, —C2-Cealkynyl, —Cs-Cscycloalkyl, or a monocychic or
polycyclic 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle 1s optionally substituted with one or more ~0OH, -SH, ~NHa, ~NQG», or
~N;

m 18 independently, at each occurrence, 1, 2, 3, 4, 5 or 6; and

n is independently, at each occurrence, 0,1,2,3,4, 5,6, 7,8, 9, or 10.
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{0067} One aspect of the disclosure related to compounds of Formula -V 1:

-Vl

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers
thereof, wherein:
A s cycloalkyl, heterocycloalkyi, aryl, or heterocaryl, wherein cycloalkyl, heterocycloalikyl,

aryl, and hetercaryl are 5- to 12-membered monocyclic or 5- to 12-membered polycyclic;

Y? is -NR* wherein the bond on the left side of Y7, as drawn, is bound to the pyrazine
ring and the bond on the right side of the Y? moiety, as drawn, is bound to RY;

R and R*, together with the atom or atoms to which they are attached, are combined to
form a monocyclic or polycyclic Cs-Ciacyeloalkyl or a monocyclic or polycychic 3- to 12-
membered heterocycle, wherein the cycloalkyl or heterocycle is optionally substituted with oxo;
wherein the heterocycle optionally comprises —S{O);— in the heterocycle;

R! is independently, at each occurrence, —H, -D, —Ci-Cealkyl, —C:-Csalkenyl,
—C4-Creyeloalkenyl, —Co-Cealkynyl, —Cs-Cseycloalkyl, —OH, —OR®, halogen, —NO», —CN,
~NRR®, —8R° —S{(ORNRR®, —S(ORR°, —NRS(ORNRR®, -NRS(ORR®, —S{OINRR
~S{O)R°, -NRS(OINR°R®, -NRS(OJR®, —-C(OR°-CO:R’, —C(ONRR®, -NR’C(O)RS,
monocyclic or polyeyelic heterocyelyl, spircheterocyclyl, heteroaryl, or oxo, wherein each alkyl,
alkenyl, cycloalkenyl, alkynyl, cycloalkyl, heterocyclyl, spiroheterocyclyl, or heteroaryl is
optionally substituted with one or more —OH, halogen, —-NO», oxo, =0, —-CN, —R*>, —-OR’,
~NRRS, —SR°, —S{ORNRR®, —S{OpR°, -NR'S(ORNRR®, -NRS(ORR®, —S(ONRRS,
~S{OIR’, ~NRS{OINRR®, -NR’S{OIR®, heterocycle, aryl, or heteroaryl,

R? 15 independently -NHz, ~OR®, ~CN, ~C1-Cealkyl, ~C2-Csalkenyl, ~C4-Creycloatkenyl,
~C2-Cealkynyl, halogen, —C(OYORY, —C:-Cscycloalkyl, aryl, heterocyclyl containing 1-5
heteroatoms selected from the group consisting of N, §, P, and O, or hetercaryl contaming 1-5

heteroatoms selected from the group consisting of N, S, P, and G, wherein each alkyl, alkenyl,
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cycloalkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, or hetercaryl is optionally substituted with
one or more ~OH, halogen, ~NO», oxo, ~CN, —R°, ~OR’, -NR°R®, —SR’, -S(OpNR°R®,
~S{ORR®, -NRS(ORNR'R®, -NRS(ORR®, -S(O)NRR®, -S(OIR°, -NR'S{(ONRRS,
-NRS(O)R®, heterocycle, arvi, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not
attached via a nitrogen atom;

R? is independently, at each occurrence, —H, -D, —OH, —Ci-Cealkyl, —C3-Cscycloalkyl,
—2-Coalkenyl, {(CHz-aryl, heterocyclyl contaming 1-5 hetercatoms selected from the group
consisting of N, &, P, and O, or heteroaryl containing 1-S hetercatoms selected from the group
consisting of N, 8, P, and O; wherein each alkyl, cycloalkyl, alkenyl, heterocycle, heteroaryl, or —
(CHzwaryl is optionally substituted with one or more —OH, halogen, —-NO», oxo, -CN, —R°,
—~OR°, -NR°R® —SR°, -S{0):NR’R®, -S(O)R°, -NRS(ORNRRS, -NRS(O1RS, -S{(O)NRRE, -
S(OR°, —NRS(OINRR®, —NRS(O)R®, —C(O)NRR®, -NR’C(OR®, heterocycle, aryl,
heteroarvl, {(CH2).OH, —Ci-Cealkyl, —CFs, -CHFz, or —-CHoF;

R? is independently —H, —Ci-Cealkyl, a 3- to 12-membered monocyclic or polycyclic
heterocycle, a 5- to 12-membered spircheterocycle, C3-Cseyeloalkyl, or «(CH2)n-R®, wherein each
alkyl, spuroheterocycle, heterocycle, or cycloalkyl is optionally substituted with one or more —Ci-
Csalleyl, “OH, -NHz, —OR®, -NHR®, (CH2).0H, heterocyclyl, or spiroheterocyclyl;

R’ and R® are independently, at each occurrence, -H, -1, —Ci-Cealkyl,
~{2-Coalkenyl, ~Cy-Cseycloalkenyl, —~Ca-Coalkynyi, ~(5-Cseycloalkyl, a monocyclic or polveyclic
3- to 1 2-membered heterocycle, ~-OR’, —SR’, halogen, -NR'R®, -NO», —CF3, or -CN;

R7 and R® are independently, at each occurrence, -H, -D, -—Ci-Cealkyl,
~C2-Cealkenyl, ~Ca-Cseycloalkenyl, ~Cr-Cealkynvl, —~Cs-Cseycloalkyl, ~OR®, or a monocyclic or
polyeychic 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle 1s optionally substituted with one or more ~0OH, -SH, ~NHa, ~NQG», or
~{ N and

n 1s mdependently, at each occurrence, 0, 1,2, 3,4, 5,6,7, 8, 9, or 10.

{0668] One aspect of the disclosure related to compounds of Formula I-V2:
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I-v2

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tastomers, and isomers
thereof, wherein:

Ais cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, wherein cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl are 5- to 12-membered monocychic or 53- to 12-membered polycyclic;

Y'!is —S—, a direct bond, —-NH—, ~S{0)—, ~S{0)-NH-, -C(=CH») —, -CH~, or -S(0)~;

Y? is —=NR*-, wherein the bond on the left side of Y?, as drawn, is bound to the pyrazine
ring and the bond on the right side of the Y? moiety, as drawn, is bound to R,

R? is combined with R? to form a 3- to 12-membered polycyclic heterocycle or a 5-to 12-
membered spircheterocycle, wherein each heterocycle or spiroheterocycle 1s optionally substituted
with one or more —Ci-Cealkyl, halogen, -OH, —OR®, -NH», -NHR?, heteroaryl, heterocyclyl, —
(CH2)NHg, —{(CH2).0H, ~-COOR’, ~CONHR?, ~CONH(CH2).COOR?,
~NHCOOR?, —CF3, -CHF», -CHuF, or =0;

R! is independently, at each occurrence, —H, -, —Ci-Cealkyl, —Cz-Csalkenyl,
—C4-Creyeloalkenyl, —Co-Cealkynyl, —Cs-Cseycloalkyl, —OH, —OR®, halogen, —NO», —CN,
~NRR®, —8R° —S{(ORNRR®, —S(ORR°, —NRS(ORNRR®, -NRS(ORR®, —S{OINRR
~S{O)R°, -NRS(OINR°R®, -NRS(OJR®, —-C(OR°-CO:R’, —C(ONRR®, -NR’C(O)RS,
monocyclic or polyeyelic heterocyclyl, spircheterocyclyl, heteroaryl, or oxo, wherein each alkyl,
alkenyl, cycloalkenyl, alkynyl, cycloalkyl, heterocyclyl, spiroheterocyclyl, or heteroaryl is
optionally substituted with one or more —OH, halogen, —~NO», oxo, =0, -CN, —R®>, ~OR’,
-NRR®, -8R’ -S(ORNRR®, -S(ORR°, -NRS(ORNRRY, -NRS(ORR°, -S(OINRR®,
~S{OIR’, ~NRS{OINRR®, -NR’S{OIR®, heterocycle, aryl, or heteroaryl,

R? is independently ~NHz, ~OR®, ~CN, ~C1-Cealkyl, ~Co-Csalkenyl, —C4-Cseycloalkenyl,
~C2-Cealkynyl, halogen, —C(OYOR?, —Cs-Cscycloalkyl, aryl, heterocyclyl containing 1-5
heteroatoms selected from the group consisting of N, §, P, and O, or hetercaryl contaming 1-5

S

.‘

heterocatoms selected from the group consisting of N, §, P, and O; wherein each alkyl, alkenyl,

24



WO 2019/199792 PCT/US2019/026543

cycloalkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, or hetercaryl is optionally substituted with
one or more ~OH, halogen, ~NO», oxo, ~CN, —R°, ~OR’, -NR°R®, —SR’, -S(OpNR°R®,
~S{ORR°, -NRS(ORNRR®, -NRS(ORRS, -S(OINRR®, -S(OR°, -NRS(OWNRRS,
-NRS(O)R®, heterocycle, arvi, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not
attached via a nitrogen atom;

R? is independently, at each occurrence, —H, -D, —OH, —Ci-Cealkyl, —C3-Cscycloalkyl,
—2-Coalkenyl, {(CHz-aryl, heterocyclyl contaming 1-5 hetercatoms selected from the group
consisting of N, &, P, and O, or heteroaryl containing 1-S hetercatoms selected from the group
consisting of N, 8, P, and O; wherein each alkyl, cycloalkyl, alkenyl, heterocycle, heteroaryl, or —
(CHzwaryl is optionally substituted with one or more —OH, halogen, —-NO», oxo, -CN, —R°,
~OR> -NRR®, =S8R —S(0):NRR®, —S(0):R®, -NRS{ORNRRS, -NRS(0):RE, -S(O)NRRE, -
S(OR°, —NRS(OINRR®, —NRS(O)R®, —C(O)NRR®, -NR’C(OR®, heterocycle, aryl,
heteroarvl, {(CH2).OH, —Ci-Cealkyl, —CFs, -CHFz, or —-CHoF;

R* is independentty —H, -D, —Ci-Cealkyl, —Ci-Cshaloalkyl, —Ci-Cshydroxyalkyl,
~CF:OH, —CHFOH, -NH-NHR®, -NH-OR’°, -0O-NR°R®, -NHR’, -OR°, -NHC(O)R’,
~NHC(O)NHR®, -NHS{ORR’, -NHS(OpRNHR®, -S(OROH, -C(OYOR’, -NH(CH»).OH,
~C{O)NH(CH2).0H, -C(ONH(CH21R®, —-C(O)R®, —NH;, -OH, -CN, —C{(ONR’R®
—8{0):NR°R, C3-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O, or heteroaryl contaiming 1-5 hetercatoms selected from the
group consisting of N, §, P, and O, wherein each alkyl, cycloalkyl, or heterocyelvl 15 optionally
substituted with one or more —OH, -NHz, ~ORP, halogen, or oxo; wherein each aryi or heteroaryl
1s optionally substituted with one or more ~OH, ~NHz, or halogen;

R and R® are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
~Cz-Cealkenyl, —Cs-Crcycloalkenyl, —Cr-Caalkynyl, ~Cs-Cecycloalkyl, a monocyclic or polyeyclic
3- to 12-membered heterocycle, -OR’, —SR’, halogen, ~-NR'R? -NQO», ~CFs, or ~CN;

R’ and R* are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
~-Cratkenyl, ~Cs-Creyeloalkenyl, ~Ca-Csalkynyl, ~Ca-Creyeloalkyl, —ORP, or a monocyelic or
polycychic 3- to 12-membered heterocycle, wherein each alkyl, alkenvi, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle is optionally substituted with one or more ~QH, ~SH, -NHaz, -NO:, or
~CN; and

n is independently, at each occurrence, 0,1,2,3,4, 5,6, 7,8, 9, or 10.
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{0069} One aspect of the disclosure relates to compounds of Formula I-W:

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tastomers, and isomers
thereof, wherein:

A s cycloalkyl, heterocycloalkyl, aryl, or hetercaryl, wherein cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl are 5- to 12-membered monocyclic or 5- to 12-membered polycyclic;

Y'!is —S—, a direct bond, —-NH—, ~S{0)—, ~S{0)-NH-, -C(=CH») —, -CH~, or -S(0)~;

Y? s -NR-, —CRMuw—, OO}, -CR"™NH-, —(CR%)a0-, —-C{OIN{RY-,
~NERHC(O)—, S(ORNER" -, -NERIS(O)—, NERHYC(OIN(RY)—, -NRHC(SINRY—, (00—,
—0C(0), —OC(OIN(RY)—, —N(RHC(OY0-, —C(OINRHO—-, —NERHC(S)—, —CSNRYH—, or
~OC{OY0—; wherein the bond on the left side of Y2, as drawn, 15 bound to the pyrazine ring and
the bond on the right side of the Y? moiety, as drawn, is bound to R%;

R! is independently, at each occurrence, —H, -, —Ci-Cealkyl, —Cz-Csalkenyl,
—C4-Creyeloalkenyl, —Co-Cealkynyl, —Cs-Cseycloalkyl, —OH, —OR®, halogen, —NO», —CN,
~NRR®, —8R° —S{(ORNRR®, —S(ORR°, —NRS(ORNRR®, -NRS(ORR®, —S{OINRR
—S(O)R°, -NRS(O)NRR®, —NR’S(O)RS, —C(OR°-CO:R’, —C(ONR'R®, —NR’C{O)RS,
monocyclic or polyeyelic heterocyclyl, spircheterocyclyl, heteroaryl, or oxo, wherein each alkyl,
alkenyl, cycloalkenyi, alkynyl, cycloalkyl, heterocyelyl, spircheterocyclyl, or heteroaryl is
optionally substituted with one or more —OH, halogen, —~NO», oxo, =0, -CN, —R®>, ~OR’,
-NRR®, -8R’ -S(ORNRR®, -S(ORR°, -NRS(ORNRRY, -NRS(ORR°, -S(OINRR®,
~S{OIR’, ~NRS{OINRR®, -NR’S{OIR®, heterocycle, aryl, or heteroaryl,

R? is independently —ORP, ~CN, —Ci1-Cealkyl, —C:-Cealkenyl, —Cs-Creycloalkenyl,
~C2-Cealkynyl, halogen, —C(OYOR?, —Cs-Cscycloalkyl, aryl, heterocyclyl containing 1-5
heteroatoms selected from the group consisting of N, §, P, and O, or hetercaryl contaming 1-5
heterocatoms selected from the group consisting of N, §, P, and O; wherein each alkyl, alkenyl,

cycloalkenvl, alkynyl, cycloalkyl, heterocyclyl, aryl, or heteroary! is optionally substituted with
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one or more —OH, halogen, -NQO2, oxo, -CN, ~R°, -OR®>, -NR°R® -8R’ -S{0):NRR®
~S(ORR®,  -NRS(ORNRR®,  -NRS(ORER®, -S(OINRR®,  -S(OR°, -NRIS(OINRR®,
~NRS(OIR®, heterocycle, aryl, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not
attached via a nitrogen atom;

R? is independently, at each occurrence, —H, —-D, ~OH, —Cs-Cscyeloalkyl, -C1-Cealkyl, 3-
to 12-membered heterocyelyl, or <{(CH2w-arvl, wherein each alkyl or cycloalkyl is optionally
substituted with one or more —NH:, or wherein 2 R?, together with the carbon atom to which they
are both attached, can combine to form a 3- to 8-membered cycloalkyi;

R® is independently, at each occurrence, —H, I, —OH, —Ci-Cealkyl, —Cs-Ceeycloalkyl,
—Cr-Coalkenyl, (CH2)w-aryl, heterocyclyl contamning 1-5 heteroatoms selected from the group
consisting of N, S, P, and O, or hetercaryl containing 1-5 heteroatoms selected from the group
consisting of N, §, P, and O; wherein each alkyl, cycloalkyl, alkenyl, heterocycle, heteroaryl, or —
{CH2)w-aryl is optionally substituted with one or more —~OH, halogen, —NO2, oxo, -CN, —R>,
~0OR®, -NR’R®, =8R”, =S{ORNR’R®, ~S(O)R’, -NRS(0):NRR®, -NR’S{(O)R®, ~S{O)NR’RS, -
S(OIR®, —NRS{OWNRR®, -NRS(O)R®, —C(OINRR®, -NR’C(O)R®, heterocycle, aryl,
heteroaryl, { CH2)3nOH, —C1-Cealkyl, —CFs, -CHF2, or —-CHJF;

R? 15 independently —H, —C1-Cealkyl, a 3- to 1Z-membered monocyclic or polyeyclic
heterocycle, a 5- to 12-membered spiroheterocycle, Cs-Cseycloalkyl, or {CH2)u-R?, wherein each
alkyl, spircheterocyele, heterocycle, or cycloalkyl is optionally substituted with one or more (1~
Cealkyl, ~OH, ~NH:, ~OR®, -NHR?, «(CH:23.0H, heterocyclyl, or spiroheterocyclyi; or

R? can combine with R to form a 3- to 1 2-membered monocyclic or polycyclic heterocycle
or a 5- to 12-membered spiroheterocycle, wherein each heterocycle or spircheterocycle 1s
optionally  substituted with one or more ~Ci1-Cealkyl, halogen, -OH, -ORY
~NHz, -NHR® hetercaryl, heterocyclyl, —(CH:)uNH:, —{CH2}OH, ~COOR®, -CONHR?
~CONH{CH:2)}COOR?, -NHCOOR?, ~CF3, ~CHF, ~CHF, or =0,

R* is independently -H, -D, ~Ci-Csalkyl, ~Ci-Cehaloalkyl, —Ci-Cshydroxvalkyl
~CF:OH, —~CHFOH -NH-NHR’, -NH-OR®, -O-NR'R®, -NHR’, -OR’, -NHC{O)R’,
~NHC(O)NHR®, ~NHS(ORR®, —-NHS(ORNHR’, -S(OpOH, -C(O)OR’, —NH(CH:)0H,
~C(ONH(CH2)OH, ~C(ONH(CH2)R®, ~C(O)R®, -NH, -OH, -CN, -C(ONR'R®,
~S{O)NRR®, C3-Creyeloalkyl, aryl, heterocyclyl containing 1-5 hetercatoms selected from the

eroup consisting of N, S, P, and O, or heteroaryl containing 1-5 heteroatoms selected from the
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group consisting of N, §, P, and O, wheremn each alkyl, cycloalkyl, or heterocyclyl 1s optionally
substituted with one or more —0H, ~NH, ~OR”, halogen, or oxo; wherein each arv! or heteroaryl
is optionally substituted with one or more ~0OH, ~NH», or halogen; or

R%and R*, together with the atom or atoms to which they are attached, can combine to form
a monocyclic or polycychic Us-Cuceycloalkyl or a monocyclic or polycyclic 3- to 12-membered
heterocycle, wherein the cycloalkyl or heterocycle is optionally substituted with oxo; wherein the
heterocycle optionally comprises —S{O)2— in the heterocycle;

R®> and R® are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
—Ca-Cealkenyl, —Cs-Cacycloalkenyl, —C-Coalkynyl, —Cs-Cacyeloalkyl, a monocyclic or polyeyclic
3- to 12-membered heterocycle, -OR’, -SR’, halogen, -NR'R®, -NO», —-CFs, or -CN;

R’ and R® are independently, at each occurrence, -H, -D, —Ci-Cealkyl,
—C2-Catkenyl, —Cs-Cseyeloalkenyl, <Cr-Cealkynyl, —-Cs-Cseycloalkyl, “ORP, or a monocyelic or
polyeychic 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle is optionally substituted with one or more —OH, —SH, -NH», -NO», or
—-CN;

m 13 independently, at each occurrence, 1, 2, 3,4, Sor 6; and

n1s mdependently, at each occurrence, 0, 1, 2,3, 4, 5,6, 7, 8,9, or 10.

{0070] One aspect of the disclosure relates to compounds of Formula [-X

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers
thereof, wherein:

A 1s a 5- to 12-membered monocychic or polycyclic cyeloalkyl, heterocycloalkyl, aryl, or
hetercaryl,

Y is —8— or a direct bond:

Y s -NRY-, —HCRYm—, -C(O), -CRRNH-, —(CRWn0-, —CONERY)-
—N{RHYC(O)—, —S(OpN{RY)—, —-N{RHS(O)—, -N{RHC(OINER—, -NERHC(SINERY—, (00—,
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~0C(0)-, ~OC(OIN(R}-, -N(RHC(O0-, —C(OINRHO—, ~NRHC(S)-, -C{SIN{RY~, or
~OC(0)YO—; wherein the bond on the left side of Y?, as drawn, is bound to the pyrazine ring and
the bond on the right side of the Y* moiety, as drawn, is bound to R,

R' is independently, at each occurrence, -H., -D, -Ci-Cealkyl, ~Ci-Csalkenyl,
~Cs-Caoycloalkenyl, —Ca-Cealkynyl, —Ca-Cscycloalkyl, -OH, halogen, —-NO», —CN, —-NR°R®,
—SR°, —S{ORNRR®, —S(OpR’, -NRS(ORNRRS, -NRS(ORR®, —-S{O)NRR®, -S{O)R°,
~NRPS{OINRR®, -NRS(O)R®, -C(O)R?, or -CO:R°, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl is optionally substituted with one or more —~OH, halogen, —-NO», oxo, —CN,
-R’, —OR’, -NR°R®, —SR°, —S{OpNRR®, —S(ORR°, -NRS(ORNR’R®, -NRS(O):RS
—S{OINRR®, —S{O)R®, -NRS{(O)NRR®, -NR°S(O)R", heterocycle, aryl, or heteroaryl;

R? is independently —OR®, —CN, —(1-Cealkyl, —Cz-Cealkenyl, —Cs-Cscycloalkenyl,
—2-Coalkynyl, —Cs-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O, or heteroaryl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O; wherein each alkvl, alkenyl, cycloalkenyl, alkynyl, cycloalkyl,
heterocycelyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, -NQO2,
oXo0, ~CN, R, ~OR?, ~NR°R®, —8R?, ~S{O)NRRS, ~S{0)R%,
“NRS(ORNRR®, —NRS{ORR®, -S(ONR’R®, —S(O)R°, -NRS(ONR’R®, -NR’S{O)RS,
heterocycle, aryl, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not attached via a
nitrogen atom;

R? 15 independently, at each occurrence, ~H, B, ~OH, —C3-Cscycloalkyl, or —-Ci-Cealkyl,
wheremn each alkyl or cycloalky! is optionally substituted with one or more ~NH», wherein 2 RY,
together with the carbon atom to which they are both attached, can combine to form a 3- to 8-
membered cycloalkyl;

RY is independently, at each occurrence, —H, -D, ~Ci-Cealkyl, ~Ca-Cscycloalkyl, ~Ca-
Csalkenyl, or heterocyelyl containing 1-5 hetercatoms selected from the group consisting of N, S,
P, and O; wherein each alkyl, cycloalkyl, alkenyl, or heterocycle is optionally substituted with one
or more —OH, halogen, ~-NO2, oxo, —CN, —R’>, -OR’, -NR’R® —8SR°> -S{ORNR’R®
~S(ORR®, -NRS(ORNRR®, -NRS(ORR®, -S(ONR°R®, -S(O)R°, -NRS{(OINR°RS,

-NRS(O)R®, heterocyele, aryl, or heteroaryi;
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R? is independently —H, ~Ci1-Cealkyl, or a 3- to 12-membered monocyelic or polyeyclic
heterocycle, wherein each alkyl or heterocycle 1s optionally substituted with one or more —{(1-
Cealkyl, ~OH, or -NHz; or

R? can combine with R* to form a 3- to 12-membered monocyclic or polycyclic heterocycle
or a 3- to 12-membered spircheterocycle, wherein each heterocycle or spiroheterocycle 1s
optionally substituted with one or more —Ci-Coalkyl, -OH, or -NHz;

R* is independently —H, —D, —Ci-Cealkyl, -NH-NHR’, -NH-OR’, -0-NR’R® —NHR’,
—~OR®, -NHC(OR®, -NHC(OINHR®, -NHS(ORpR’, -NHS{ORNHR®, -S(ORCH, ~C(O)OR’,
~C{OINRR®, —S{ORNRR®, Ci-Cscycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms
selected from the group consisting of N, 5, P, and O, or hetercaryl containing 1-5 heteroatoms
selected from the group consisting of N, S, P, and O, wherein each alkyl, cycloalkyl, or
heterocyclyl 1s optionally substituted with one or more —-OH, -NHz, halogen, or oxo; wherein each
aryl or heteroaryl 1s optionally substituted with one or more —OH, —NH2, or halogen; or

R?and R*, together with the atom or atoms to which they are attached, can combine to form
a monocyclic or polyeyclic Ci-Cucycloalkyl or a monocyclic or polyeyclic 3- to 12-membered
heterocycle, wherein the cycloalkyl or heterocycle 1s optionally substituted with oxo; wherein the
heterocycle optionally comprises —S(O)2— in the heterocycle;

R’ and R® are independently, at each occurrence, -H, -1, —Ci-Cealkyl,
~{2-Coalkenyl, ~Cy-Cseycloalkenyl, —~Ca-Coalkynyi, ~(5-Cseycloalkyl, a monocyclic or polveyclic
3- to 1 2-membered heterocycle, ~-OR’, —SR”, halogen, ~-NR'R®, -NO», or -CN;

R7 and R® are independently, at each occurrence, -H, -D, -—Ci-Cealkyl,
~Cz-Cealkenyl, —Cs-Csoycloalkenyl, —Cr-Cealkynyl, —Cs-Cseycloalkyl, or a monocychic or
polycychic 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle 1s optionally substituted with one or more ~0OH, -SH, ~NHa, ~NQG», or
~N;

m 18 independently, at each occurrence, 1, 2, 3, 4, 5 or 6; and

n is mdependently, at each occurrence, 0,1,2,3,4, 5,6, 7, 8, 9, or 10.

{0071} One aspect of the disclosure relates to compounds of Formula I-Y:
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and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or 1somers
thereof, wherein:

A 13 a 5~ to 12-membered monocychic or polycychic cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl,

Y is -8~ or a direct bond,

Y2 i3 -NR%-, ACRw-, (O}, ~-CRMWNH-, ~(CRDuO-, ~COIN(R)-,
=N{RHC{O)-, ~S{ORN{RY-, -N{RIS(Ok—, ~N{RHJC{OINRY}~, ~-NRHCEINRY-, {0,
~0C(0)-, ~OC{OINRY}-, ~NRIYCOYO—, ~C{OMNRHO—, ~NRHC(S)~, ~CSN(RH~, or
~OC{OY0~; wherein the bond on the left side of Y2, as drawn, 15 bound to the pyrazine ring and
the bond on the right side of the Y? moiety, as drawn, is bound to R”;

R! is independently, at each occurrence, —H, -D, —{1-Cealkyl, —(2-Csalkenyl,
~L4-Cseycloalkenyl, —C2-Csalkynyl, —Cs-Cseyeloalkyl, ~OH, halogen, -NO,, ~CN, ~-NRR®,
~SR’, -S(ORNRR®, -S(ORR°, -NRS(ORNR'R®, -NRS(ORR®, -S{O)NRR®, -S(O)R’,
~NRPS{(OINRR®, -NRS{OIR®, ~C(O)R?, or -C(O:R’, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl 1s optionally substituted with one or more —~0OH, halogen, ~NG», oxo, ~CN,
~R°, -OR°, -NRR®, —SR°, ~S(ORNRR®, -S(ORR’, -NRS(ORNRR®, -NRS(ORR®,
~S{OINRR®, ~S(O)R°, -NRS(O)NRR®, -NRS(O)R", heterocycle, aryl, or heteroaryl;

R’ is independently —OR", —CN, —Ci-Cealkyl, —Co-Cealkenyl, —C4-Cscycloalkenyl,
—Ca-Cealkynyl, —-C3-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
eroup consisting of N, S, P, and O, or heteroaryl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O; wherein each alkyl, alkenyl, cvcloalkenyl, alkynyl, cycloalkyl,
heterocyclyl, arvl, or hetercaryl is optionally substituted with one or more —OH, halogen, -NO»,
0XO0, ~CN, R’ ~OR?, ~NR°R®, —SR3, ~S{O)NRRE, —S{OpR’,
NROS(ORNRR®, -NRS(OBR®, -S(O)NRRS, —S(O)R°, -NRS(ONR'R®, -NRS{(O)R®,
heterocycle, aryl, or heteroaryl; and wherein the heterocyclyl or hetercaryl is not attached via a

nitrogen atom;
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R* 15 independently, at each occurrence, —H, ~B, ~OH, —Cs-Cseycloalkyl, or —~Ci-Cealkyl,
wherein each alkyl or cycloalkyl is optionally substituted with one or more —NH», wherein 2 RY,
together with the carbon atom to which they are both attached, can combine to form a 3- to 8-
membered cycloalkyl;

R® is independently, at each occurrence, —H, —D, —Ci-Cealkyl, —Ci-Cecycloalkyl,
—2-Cealkenvl, or heterocyelyl containing 1-5 hetercatoms selected from the group consisting of
N, 8, P, and O; wherein each alkyl, cycloalkyl, alkenyl, or heterocycle 1s optionally substituted
with one or more —OH, halogen, —NO3, oxo, -CN, —R°, -OR’, -NR°R® —SR° -S(OnNRR,
—S(ORR®,  NROS(ORNR'R®, -NRS(ORR®, -S(OINR'R®, —S(OJR°, -NR'S(ONRR®,
—NRS(O)R®, heterocyele, aryl, heteroaryl, (CH)nOH, —C1-Calkyl, -CF3, -CHF:, or -CH:F;

R? is independently —H, —Ci-Cealkyl, a 3- to 12-membered monocyclic or polyeyclic
heterocycle, Ci-Cscycloalkyl, or (CHz)n-R®, wherein each alkyl, heterocycle, or cycloalkyl is
optionally substituted with one or more —Ci1-Csalkyl, ~OH, -NH, ~OR®, ~NHRP®, «(CH:).OH,
heterocyclyl, or spiroheterocyclyl; or

R? can combine with R? to form a 3- to 12-membered monocyclic or polycyclic heterocycle
or a 5- to 12-membered spiroheterocycle, wherein each heterocycle or spiroheterocycle 1s
optionally substituted with one or more —Ci-Cealkyl, “OH, —NHz, heteroaryl, heterocyclyl, —
(CH2)uNHz, —COOR®, —(CONHR®, —CONH(CH:nCOOR®, -NHCOOR® (T,
~CHF>, or ~CHoF;

R* is independently —H, -D, —Ci-Cealkyl, -NH-NHR’, -NH-OR®, ~0O-NR’R¢, -NHR’,
~OR®, -NHC(OR®, -NHC(ONHR®, -NHS(ORR’, -NHS(ORNHR®, -S(0)0H, ~-C(O)OR’,
SNH(CH23.0H, ~C(OINH(CH:)OH, -C(ONH{(CH2.R®, -C(O)R®, -NH., -OH, -CN,
~C(OINRR®, ~S(ORNRR®, (3-Cseycloalkyl, aryl, heterocyclyl containing 1-5 hetercatoms
selected from the group consisting of N, §, P, and O, or hetercaryl containing 1-5 heteroatoms
selected from the group comsisting of N, S, P, and O, wheremn each alkyl, cycloalkyl, or
heterocyclyl s optionally substituted with one or more ~OH, ~NHz, halogen, or oxo; wherein each
aryl or heteroaryi is optionally substituted with one or more ~OH, ~NHz, or halogen; or

R?and R, together with the atom or atoms to which they are attached, can combine to form
a monocyclic or polycyclic Ca-Cizcycloalkyl or a monocyelic or polycychic 3- to 12-membered
heterocvile, wherein the cycloalkyl or heterocycle is optionally substituted with oxo; wherein the

heterocycle optionally comprises —S{O)— in the heterocycle;
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R’ and R® are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
~{2-Csalkenvi, ~C4-Cscycloalkenyl, —Ca-Cealkynyi, —{U3-Uscycloalkyl, a monocyclic or polveyclic
3- to 12-membered heterocvcle, ~OR’, SR, halogen, -NR'R5, -NO», or ~CN;

R’ and R® are independently, at each occurrence, -H, -D, -Ci-Cealkyl,
—Ca-Cealkenyl, —C4-Cscycloalkenyl, —C»-Cealkynyl, —Cs-Cseycloalkyl, or a monocychic or
polycyclic 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkyl, or heterocycle 1s optionally substituted with one or more —OH, —SH, —NH», —-NO3, or
—N;

m is independently, at each occurrence, 1, 2, 3, 4, 5 or 6; and

n is independently, at each occurrence, 0,1,2,3,4, 5,6, 7,8, 9, or 10.

{0072} One aspect of the disclosure relates to compounds of Formula I-Z:

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers
thereof, wherein:

Acts a 5- to 12-membered monocychic or polycyclic cycloalkyl, heterocycloalkyl, arvl, or
heteroaryl;

Y!is ~8- a direct bond, ~NH-, ~S{0)z—, ~S{0)-NH-, - C(=CHz)-, -CH~, or -8(0)~;

Y s -NR%, ACR%w—, ~CRNH-, (CRYWmO-, ~C{OMNRY-,
~N{RHC(O)-,  -S(OpNRY-, -NEHS(O3-, -NERHC(OINRY-, -NERHCEINERY-,

on the left side of Y2, as drawn, is bound to the pyrazine ring and the bond on the right side of the
Y? moiety, as drawn, is bound to R;

R' is independently, at each occurrence, -H., -D, -Ci-Cealkyl, ~Ci-Csalkenyl,
~Cs-Caoycloalkenyl, —Ca-Cealkynyl, —Ca-Cscycloalkyl, -OH, halogen, —-NO», —CN, —-NR°R®,
—SR°, —S{ORNRR®, —S(OpR’, -NRS(ORNRRS, -NRS(ORR®, —-S{O)NRR®, -S{O)R°,
~NRPS{OINRR®, -NRS(O)R®, -C(O)R?, or -CO:R°, wherein each alkyl, alkenyl, cycloalkenyl,
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alkynyl, or cycloalkyl 1s optionally substituted with one or more —~0OH, halogen, ~NG», oxo, ~CN,

~R°, -OR°, -NRR®, —SR°, ~S(ORNRR®, -S(ORR’, -NRS(ORNRR®, -NRS(ORR®,

R? is independently ~OR®, ~NHz, ~CN, ~C1-Cealkyl, ~C2-Csalkenyl, ~Cy-Cscycloalkenyl,
—C2-Cealkynyl, halogen, -C{OJYOR® —Cs-Cscycloalkyl, aryl, heterocyclyl containing 1-5
heteroatoms selected from the group consisting of N, §, P, and O, or heteroaryl containing 1-5
heteroatoms selected from the group consisting of N, 8, P, and O; wherein each alkyl, alkenyl,
cycloalkenvl, alkynyl, cycloalkyl, heterocyclyl, aryl, or hetercaryl is optionally substituted with
one or more —OH, halogen, —NQO2, oxo, -CN, —R°, -OR> -NR'R®, -8R’ —S{O):NR’R,
—S{ORR°, -NRS(ORNRR®, -NRS(ORRS, —S(OINR°RS, —S{(O)R°, -NRS(OINRR,
~NRS(OIR®, heterocycle, aryl, or heteroaryl; and wherein the heterocycly! or heteroaryl is not
attached via a nitrogen atom;

R" 13 independently, at each occurrence —OH, —Cs-Cseycloalkyl, or —Ci-Cealkyl, wherein
each alkyl or cycloalkyl 15 optionally substituted with one or more —NHz, wherein 2 R?, together
with the carbon atom to which they are both attached, can combine to form a 3- to 8-membered
cycloalkyl;

R® is independently, at each occurrence, —H, -D, —Ci-Cealkyl, —Cs-Cscycloalkyl,
—{2-Coalkenyl, or heterocyclyl containing 1-5 heteroatoms selected from the group consisting of
N, S, P, and O; wheremn each alkyl, cycloalkyl, alkenyl, or heterocycle 18 optionally substituted
with one or more ~OH, halogen, ~NO2, oxo, -CN, ~R°, ~OR’, -NR’R®, ~SR° -5(0):NR°R,
~S(ORR", -NROS(ORNRR®, -NRS(ORRS, -S(O)NRR®, -S(O)R°, -NRS(OINRRS,
~NRS(OIR®, heterocycle, aryl, heteroaryl, {CH20OH, ~C1-Cealkyl, ~CF3, ~CHF», or ~CH:F;

R? is independently -H, ~Ci1-Cealkyl, a 3- to 12-membered monocyclic or polyeyclic
heterocyele, Ci-Cacyeloalkyl, or {CH2)u-R®, wherein each alkyl, heterocyele, or cycloalkyl is
optionally substituted with one or more ~Ci1-Cealkyl, ~OH, ~NHz, -OR® -NHR®, -(CH2}.OH,
heterocyclyl, or spircheterocyclyl; or

R? can combine with R* to form a 3- to 12-membered monocyclic or polycyclic heterocycle
or a 5- to 12-membered spircheterocycle, wherein each heterocycle or spircheterocycle is
optionally substituted with one or more ~Ci-Cealkyl, —OH, —NHz, hetercaryl, heterocyclyl, —
(CHoNH;,  ~COQOR®, —CONHR®, ~CONH(CH:LCOOR®,  -NHCOOR®, (P
—CHF», or -CHoF;
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R* is independently ~Ci-Cealkyl, -NH-NHR’>, -NH-OR®, -O-NR°R°, -NHR’
~OR®, -NHC(OWR®, -NHC(OINHR®, -NHS(ORR’, -NHS(ORNHR®, -S(OROH, ~-C(O)OR’,
~NH(CH2).OH, ~C{OINH(CH2)WOH, ~C(ONH(CH2)R®, ~C(O)R®, -NH,, ~OH, ~C{OWRRS,
~S(ORNRR®, C2-Cscycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, and O, or heteroaryl containing 1-5 hetercatoms selected from the
eroup consisting of N, 8§, P, and O, wherein each alkyl, cycloalkyl, or heterocycelyl 1s optionally
substituted with one or more —OH, —NH>, halogen, or oxo; wherein each aryl or heteroaryl 1s
optionally substituted with one or more —OH, —NH>», or halogen;

R" and R*, together with the atom or atoms to which they are attached, are combined to
form a monocyclic or polycyclic (s-Cucycloalkyl or a monocyclic or polyeyclic 3- to 12-
membered heterocycle, wherein the cycloalkyl or heterocycle is optionally substituted with oxo;
wherein the heterocycle optionally comprises —5(0O)2— in the heterocycle;

R° and R® are independently, at each occurrence, —-H, -D, —Ci-Cealkyl,
—(Cz-Cealkenvl, -Ce-Cscyeloalkenyl, —Cr-Cealkynyl, —Cs-Cseycloalkyl, a monocycelic or polveychic
3- to 12-membered heterocycle, OR’, —=SR”, halogen, -NR'R?, -NO2, or -CN;

R” and R® are independently, at each occurrence, —-H, -D, —Ci-Cealkyl,
—Co-Coalkenyl, —Cu4-Cseycloalkenyl, —C2-Cealkynyl, —Cs5-Cscycloalkyl, or a monocychlic or
polycychc 3- to 12-membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkyunyl,
cycloalkyl, or heterocyele 1s optionally substituted with one or more —~OH, -8H, ~-NHz, -NOz, or
~{N;

m 1s mdependently, at each occurrence, 1, 2, 3, 4, S or 6; and

n1s mdependently, at each occurrence, 0, 1,2, 3,4, 5,6,7, 8,9, or 10.

{8073} One aspect of the invention relates to compounds of Formula IV:

IV
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or 1somers

thereof, wherein:
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A 18 selected from the group consisting of 5- to 12-membered monocyclic or polycyclic
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;

Y is 8- or a direct bond;

Y? is selected from the group consisting of. ~NR*-, {(CR%)y—, ~C{0)-, ~CR"MNH-,
—{CR%O—, -C{OINR)—, -NRHYC(O)—, —-S(OpNER" - -NRHS(Op—, —NRHC{OINRYH-,
NRHYCEOINERN-, —C(0)0—, -OC(0), -OC(ONRY—, -NRHT(O10-, -C{OINRHO—,
~N(RHC(S)-, ~C(SIN(RM—, and ~OC(0)Y0—; wherein the bond on the left side of Y7, as drawn, is
bound to the pyridine ring and the bond on the right side of the Y? moiety is bound to RY;

R! is independently, at each occurrence, -H, -, —Ci-Cealkyl, —Co-Cealkenyl, —Cs-
Cseycloalkenyl, —Co-Coatkynyl, —Cs-Cseycloalkyl, —OH, halogen, -NO», -CN, -NR’R®, —SK°,
~S(ORNRR®,  —S(0)R°, -NRPS(ORNRR®,  -NRS(ORR®, -S(OINR°R®,  —S(OR°,
~NRS(OINRR®, -NRS(O)R®, -C(O)R, or -CO:2R, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl 1s optionally substituted with one or more —OH, halogen, —NO2, oxo, —CN,
—-R°, —OR’, -NRR® —8R° -S{ORNRRS, —S{ORpR’, —NRS{ORNR'R®, -NR'S(O)R®,
~S{OINR RS, —S(O)R°, -NRS{O)NRR®, -NRS{O}R", heterocycle, aryl, or heteroaryl;

R? is independently —OR®, —CN, —Ci-Cealkyl, —Co-Cealkenyl, —Cy-Cscycloalkenyl,
—Co-Coalkynyl, —Cs-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, 8, P, or O, or heteroaryl containing 1-5 heteroatoms selected from the group
consisting of N, S, P, or O; wherein each alkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, ~NQz,
oxo, ~CN, ~R’, “OR® -NRR®, ~SR>, ~S(O)NR’R®, -S{0OnR>, -NRS(01NRRE, -NRS{ORR®,
~S{OINRR®, -S(O)R’°, -NR’S(O)NRR®, -NR’S(O)R®, heterocycle, aryl, or hetercaryl; and
wherein the heterocyclyl or heteroaryl 1s not attached via a nitrogen atom;

R* is independently, at each occurrence, selected from the group consisting of ~H, D,

~OH, —C5-Csevcloalkyl, and ~Ci-Cealkyl, wherein each alkyl or cycloalkyl is optionaily

both attached, can combine to form a 3- to 8-membered cycloalkyi;
R is independently ~H, ~D,~C1-Csalkyi, ~C1-Csoycloalkyl, ~Co-Cealkenyl, or heterocyelyl
containing 1-5 hetercatoms selected from the group consisting of N, 8, P, or O; wherein each alkyl,

cycloalkyl, alkenyl, or heterocycle is optionally substituted with one or more ~OH, halogen, ~NQ2,
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oxo, ~CN, —R°, “OR° ~NRRS SR’ ~S{0O1NRR®, -S(O)RR®, -NR S(O)NRR®, -NRS(O)RE,
~S{OINRR®, -S{O)R°, -NRPS(OINRRE, -NR’S{O)R®, heterocycle, aryl, or heteroaryl;

R’ is independently, at each occurrence, selected from the group consisting of ~Ci-Cealkyl,
or a 3-to 12-membered monocychic or polycyclic heterocycle, wherein each alkyl or heterocycle
1s optionally substituted with one or more —Cy-Coalkyl, ~OH, or —-NH»; or

R? can combine with R* to form a 3-to 12-membered monocyclic or polycyclic heterocycle,
or a 5-to 12-membered spircheterocycle, wherein each heterocycle or spircheterocycle 1s
optionally substituted with —Ci-Cealkyl, “OH, or -NHz;

R* is independently, at each occurrence, —H, -D, or —C1-Csalkyl, wherein each alkyl is
optionally substituted with one or more —OH, -NH>, halogen, or oxo; or

R?and R, together with the atom or atoms to which they are attached, can combine to form
a monocychie or polycyclic Cs-Cuceycloalkyl, or a monocyclic or polycyehic 3-to 12-membered
heterocycle, wherein the cycloalkyl or heterocycle 13 optionally substituted with oxo;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, -b, —C1-Cealkyl, —Cao-Cealkenyl, —Ca-Cseycloalkenyl, —-Cr-Cealkynyl, —Cs-Cseycloalkyl, a
monocyclic or polycyclic 3-to 12-membered heterocycle, “-OR’, -8R’ halogen, -NR'R®, -NO;,
and —CN;

R’ and R® are independently, at each occurrence, —H, -1, —C1-Cealkyl, —C2-Csalkenyl,
~LC4~Cseycloalkenyl, ~Co-Cealkynyl, —Cs-Cseyeloalkyl, a monocyclic or polycychic 3-to 12-
membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkyl, or
heterocycle 1s optionally substituted with one or more ~OH, ~SH, ~NHz, -NO:z, or ~CN;

m 13 independently 1, 2, 3, 4, 5 or 6; and

n1s mdependently 0, 1, 2,3, 4,5,6,7, 8, 9, or 10.

{0674} Another aspect of the invention relates to compounds of Formula V:

RQ

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or 1somers

thereof, wherein:

(PN
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A 18 selected from the group consisting of 5- to 12-membered monocyclic or polycyclic
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;

Y? is selected from the group consisting of ~NR%, «(CR%u-, ~C(O)-, C(RY)NH-,
—{CR%ImO~, ~C{OIN(RY}-, ~NRHC(O)—, —S{ORpNR ), -NRIS(Op—, ~NRDIC(OYNER" -,
“NERHCSINRY—, —C(0)0-, -0C(0)-, -OC(OINERY-, —NERHYC(O)YO-, —C(OINERHO-,
~N(RHC(S)-, —C{SIN(R"}—, and “OC(0)O— wherein the bond on the left side of Y?, as drawn, is
bound to the pyridine ring and the bond on the right side of the Y* moiety is bound to R,

R} is independently, at each occurrence, —H, -D, —Ci-Cealkyl, —Cr-Csalkenyl, —Ca-
Caeycloalkenyl, —Co-Cealkynyl, —Cs-Cseyeloalkyl, —OH, halogen, -NO2, —CN, -NR°R®, —SR,
~S(ORNRPR®,  —S(OpR°,  -NR'S(ORNRR®, -NRS(ORRS, -S(O)NR°R, -S(O)R°,
~NRS(OINRRE, -NRS(OJR®, -C(OWR®, or -COuR®, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl s optionally substituted with one or more —OH, halogen, —NQO», oxo, —CN,
—-R>, —OR’, -NR°R®, —SR°, —S{ORNRR®, -S(ORR°, -NRS(ORNR’R®, -NRS(0):RS,
—S{OINRR®, —S(OIR°, -NRS(OINRRE, -NR’S(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —OR®, —CN, —C1-Cealkyl, —C:-Cealkenyl, —Cs-Cscycloalkenyl,
—2-Coalkynyl, —Cs-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, 8, P, or O, or heteroaryl containing 1-5 hetercatoms selected from the group
consisting of N, 8§, P, or O; wherein each alkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkyl,
heterocyelyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, ~NOz,
oxo, ~CN, —R>, “OR°, ~NRRE, —8R° ~S{01NR°R®, ~S{O)R”, -NR S(0)NRR®, ~NRS(O)R®,
~S{(OINRR®, —-S(O)R°, ~NRS(OINRR®, -NRS(O)R®, heterocycle, aryl, or heteroaryl, and
wherein the heterocyelyl or heteroaryl 1s not attached via a nitrogen atom;

R 1s independently, at each occurrence, selected from the group consisting of -H, -D,
~OH, —{5-Cseycloalkyl, and —Ci-Cealkyl, wherein each alkyl or cyclealkyl is optionally
substituted with one or more ~NHz, wherein 2 R, together with the carbon atom to which they are
both attached, can combine to form a 3- to 8-membered cycloalkyl;

RYis independently —H, —D,~C1-Cealkyl, —C1-Cecveloalkyl, ~Ca-Csalkenyl, or heterocyciyl
containing 1-5 hetercatoms selected from the group consisting of N, §, P, or O; wherein each alkyl,
cycloalkyl, alkenyl, or heterocycle i1s optionally substituted with one or more ~OH, halogen, ~NOs,
oxo, ~CN, —R°, ~OR’, -NR RS, -8R’ ~S{ORNRR®, ~S(ORR°, -NRS(O)pNRR® ~NRS(O)R®,
—S{OINRR®, —S{O)R°, -NRPS(OINRRE, -NR’S(O)R®, heterocycle, aryl, or heteroaryl;
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R is independently, at each occurrence, selected from the group consisting of ~Ci-Cealkyl,
or a 3-to 12-membered monocyclic or polyeyclic heterocvcle, wherein each alkyl or heterocycle
is optionally substituted with one or more ~C1-Cealkyl, ~OH, or -NHz; or

R? can combine with R* to form a 3-to 12-membered monocyclic or polycyclic heterocycle,
or a 5-to 12-membered spircheterocycle, wherein each heterocycle or spircheterocycle 1s
optionally substituted with —Ci-Cealkyl, “OH, or -NHz;

R* is independently, at each occurrence, —H, -D, or —C1-Csalkyl, wherein each alkyl is
optionally substituted with one or more —OH, -NH>, halogen, or oxo; or

R” and R*, together with the atom or atoms to which they are attached, can combine to form
a monocychic or polycyclic Cs-Cuacycloalkyl, or a monocyclic or polycyclic 3-to 12-membered
heterocycle, wherein the cycloalkyl or heterocycle 1s optionally substituted with oxo;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, -b, —C1-Cealkyl, —Cao-Cealkenyl, —Ca-Cseycloalkenyl, —-Cr-Cealkynyl, —Cs-Cseycloalkyl, a
monocyclic or polycyclic 3-to 12-membered heterocycle, “-OR’, -8R’ halogen, -NR'R®, -NO;,
and —CN;

R” and R® are independently, at each occurrence, —H, D, —-C1-Cealkyl, -C2-Csalkenyl,
—Cs~-Cseyeloalkenyl, —Co-Cealkynyl, —Ca-Cseycloalkyl, a monocyclic or polyeychic 3-to 12-
membered heterocycle, wherein each alkvl, alkenvl, cycloalkenyl, alkynyl, cycloalkyl, or
heterocycle 1s optionally substituted with one or more ~OH, ~SH, ~NHz, -NO:z, or ~CN;

m 13 independently 1, 2, 3, 4, 5 or 6; and

n1s mdependently 0, 1, 2,3, 4,5,6,7, 8, 9, or 10.

[0675] Another aspect of the invention relates to compounds of Formula VI

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or 1somers
thereof, wherein:
A 1s selected from the group consisting of 5~ to 12Z-membered monocychie or polycychic

cycloalkyl, heterocycloalkyl, arvl, or hetercaryl;
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bound to the pyridine ring and the bond on the right side of the Y* moiety is bound to R,

R} is independently, at each occurrence, —H, -D, —Ci-Cealkyl, —Cr-Csalkenyl, —Ca-
Caeycloalkenyl, —Co-Cealkynyl, —Cs-Cseyeloalkyl, —OH, halogen, -NO2, —CN, -NR°R®, —SR,
—S{OpNRR®,  —S(ORR°, -NRS(ORNRR®, -NRS(ORR®, —S(O)NR°R®,  —S{O)R°,
~NRPS{OINRR®, -NRS(O)R®, -C(O)R?, or -CO:R°, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl is optionally substituted with one or more —~OH, halogen, —-NO», oxo, —CN,
—R’, —OR>, -NR’R®, —SR°, —S(OpNR'R®, —S(OpR°, -NR'S(ORNR'R®, -NRS(O)R®,
—S{OINRR®, —S(OIR°, -NRS(OINRRE, -NR’S(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —OR®, —CN, —Ci-Cealkyl, —C:-Cealkenyl, —Cs-Cscycloalkenyl,
—2-Coalkynyl, —Cs-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, 8, P, or O, or heteroaryl containing 1-5 hetercatoms selected from the group
consisting of N, 8§, P, or O; wherein each alkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkyl,
heterocycelyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, -NQO2,
oxo, —-CN, —R°, “OR’, -NRR®, -8R’ —§{0)zNRR®, —S(O)R", -NRS(ORNRR® —NR°S(O)R",
~S{(OINRR®, —-S(O)R°, ~NRS(OINRR®, -NRS(O)R®, heterocycle, aryl, or heteroaryl, and
wherein the heterocyelyl or heteroaryl 1s not attached via a nitrogen atom;

R 1s independently, at each occurrence, selected from the group consisting of —-H, -D,
~OH, —Cs-Cecycloalkyl, and ~Ci-Cealkyl, wherein each alkyl or cycloalkyl 15 optionally
substituted with one or more ~NHaz, wherein 2 R, together with the carbon atom to which they are
both attached, can combine to form a 3- to 8-membered cycloalkyl;

RYis independently —H, —D,~C1-Cealkyl, —C1-Cecveloalkyl, ~Ca-Csalkenyl, or heterocyciyl
containing 1-5 hetercatoms selected from the group consisting of N, §, P, or O; wherein each alkyl,
cycloalkyl, alkenyl, or heterocycle i1s optionally substituted with one or more ~OH, halogen, ~NOs,
oxo, ~CN, —R°, “OR° ~NRRS SR’ ~S{0O1NRR®, -S(O)RR®, -NR S(O)NRR®, -NRS(O)RE,
~S(OINRR®, ~S{O)R°, -NRS(OINRR®, -NR’S(O)R", heterocycle, aryl, or heteroaryl;
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R is independently, at each occurrence, selected from the group consisting of ~Ci-Cealkyl,
or a 3-to 12-membered monocyclic or polyeyclic heterocvcle, wherein each alkyl or heterocycle
is optionally substituted with one or more ~C1-Cealkyl, ~OH, or -NHz; or

R? can combine with R* to form a 3-to 12-membered monocyclic or polycyclic heterocycle,
or a 5-to 12-membered spircheterocycle, wherein each heterocycle or spircheterocycle 1s
optionally substituted with —Ci-Cealkyl, “OH, or -NHz;

R* is independently, at each occurrence, —H, -D, or —C1-Csalkyl, wherein each alkyl is
optionally substituted with one or more —OH, -NH>, halogen, or oxo; or

R and R*, together with the atom or atoms to which they are attached, can combine to form
a monocychic or polycyclic Cs-Cuacycloalkyl, or a monocyclic or polycyclic 3-to 12-membered
heterocycle, wherein the cycloalkyl or heterocycle 1s optionally substituted with oxo;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, -b, —C1-Cealkyl, —Cao-Cealkenyl, —Ca-Cseycloalkenyl, —-Cr-Cealkynyl, —Cs-Cseycloalkyl, a
monocyclic or polycyclic 3-to 12-membered heterocycle, “-OR’, -8R’ halogen, -NR'R®, -NO;,
and —CN;

R” and R® are independently, at each occurrence, —H, D, —-C1-Cealkyl, -C2-Csalkenyl,
—Cs~-Cseyeloalkenyl, —Co-Cealkynyl, —Ca-Cseycloalkyl, a monocyclic or polyeychic 3-to 12-
membered heterocycle, wherein each alkvl, alkenvl, cycloalkenyl, alkynyl, cycloalkyl, or
heterocycle 1s optionally substituted with one or more ~OH, ~SH, ~NHz, -NO:z, or ~CN;

m 13 independently 1, 2, 3, 4, 5 or 6; and

n1s mdependently 0, 1, 2,3, 4,5,6,7, 8, 9, or 10.

[0676] One aspect of the invention relates to compounds of Formula IV-Y:

or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, tautomer, or isomer

thereof, wherein:
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A 18 selected from the group consisting of 5- to 12-membered monocyclic or polycyclic
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;

Y is 8- or a direct bond;

Y? is selected from the group consisting of. ~NR*-, {(CR%)y—, ~C{0)-, ~CR"MNH-,
—{CR%O—, -C{OINR)—, -NRHYC(O)—, —-S(OpNER" - -NRHS(Op—, —NRHC{OINRYH-,
—NRHC(SIN(RY—, -C(O)0—, -OC(0})-, -OCOIN(RY)-, —-NERHC(O)O-, -C(OINRHO—,
~NRAHC(S)-, “C(SIN(RY—, and ~OC{0)0—;, wherein the bond on the left side of Y?, as drawn, is
bound to the pyridine ring and the bond on the right side of the Y? moiety, as drawn, is bound to
R

R! is independently, at each occurrence, —H, -D, —(i-Cealkyl, —Cr-Csalkenyl, —Ca-
Cscycloalkenyl, —C2-Cealkynyl, —~Cs-Cscycloalkyl, —OH, halogen, -NOz, —CN, -NR°R®, SR>,
—S{ORNRR®,  -S(ORR°, -NRS(ORNRR®, -NRS(ORR®, —S(O)NRR®,  —S(O)R°,
~NRIS{OINRR®, -NRS{O)R®, -C(O)R?, or -C(OR>, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl s optionally substituted with one or more —OH, halogen, —NO», oxo, —CN,
—-R>, —OR’, -NR°R®, —SR°, —S{ORNRR®, -S(ORR°, -NRS(ORNR’R®, -NRS(0):RS,
—S{OINRR®, —S(OIR°, -NRS(OINRRE, -NR’S(O)R®, heterocycle, aryl, or heteroaryl;

R? is independently —OR®, —CN, —(C1-Cealkyl, —C:-Csalkenyl, —Ci-Cscycloalkenyl,
—2-Coalkynyl, —Cs-Cscycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms selected from the
group consisting of N, S, P, or O, or heteroaryl containing 1-5 hetercatoms selected from the group
consisting of N, §, P, or O, wherein each alkyl, alkenvl, cycloalkenyl, alkyoyl, cycloalkyl,
heterocyelyl, aryl, or heteroaryl 1s optionally substituted with one or more —OH, halogen, ~NOz,
oxo, ~-CN, —R°, -OR’, -NRR®, -8R’ -§({01NRR®, ~S(ORR’®, -NRS(ORNRR® ~NR’S(O)R®,
~S(OINR RS, —S(OJR®, ~NRS(OINR'R®, -NRS(O)R®, heterocycle, aryl, or heteroaryl, and
wherein the heterocyclyl or hetercary! is not attached via a nitrogen atom;

R® 1s independently, at each occurrence, selected from the group consisting of ~H, D,
~OH, —{5-Cseycloalkyl, and —Ci-Cealkyl, wherein each alkyl or cyclealkyl is optionally
substituted with one or more ~NHz, wherein 2 R, together with the carbon atom to which they are
both attached, can combine to form a 3- to 8-membered cycloalkyl;

R is independently ~H, ~D,-C1-Cealkyl, ~C1-Cecyeloalkyl, ~Ca-Cealkenyl, or heterocyclyl
containing 1-5 hetercatoms selected from the group consisting of N, §, P, or O; wherein each alkyl,

cycloalkyl, alkenyl, or heterocycle is optionally substituted with one or more ~OH, halogen, —-NO»,
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oxo, ~CN, —R°, “OR° ~NRRS SR’ ~S{0O1NRR®, -S(O)RR®, -NR S(O)NRR®, -NRS(O)RE,
~S{OINRR®, -S(O)R°, -NRS(OINRR® ~NR’S(O)R, heterocycle, aryl, heteroaryl, «{CH:mOH,
-C1-Cealkyl, CF3, CHF», or CHoF,

R? is independently, at each occurrence, selected from the group consisting of —H,
—1-Cesalkyl, a 3-to 12-membered monocyclic or polyeyclic heterocycle, Cs-Uscycloalkyl, or
—{CH2)-R", wherein each alkyl, heterocyele, or cycloalkyl is optionally substituted with one or
more —C-Cealkyl, “OH, -NHy, -OR? -NHR?, -(CH2)»OH, heterocyclyl, or spircheterocyclyl; or

R? can combine with R* to form a 3-to 12-membered monocyclic or polycyclic heterocycle,
or a 5-to 12-membered spircheterocycle, wherein each heterocycle or spircheterocycle 1s
optionally substituted with —C1-Cealkyl, —OH, -NH», heteroaryl, heterocyclyl, -(CH2NH2,
-COOR®, -CONHRY, -CONH(CH2):COORY, -NHCOOR?, -CFs, CHF:2, or CH:F,

R* is independently, at each occurrence, —H, -, —Ci-Cealkyl, -NH-NHR>, -NH-OR’,
-0-NR°R®, -NHR’, -OR®, -NHC(O)R®, -NHC({O)NHR?, -NHS(O):R”, -NHS(ORNHR’, -8(0):0H,
-C{(OYOR®, -NH(CH:}WOH, -C{O)NH(CH2).OH, -C(O)NH(CH:2)R®, -C(O)RP, NH;, -OH, -CN,
~C{ONRR®, —S{(ORNRR®, C:-Cscycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms
selected from the group consisting of N, 8, P, or O, heteroaryl containing 1-5 heteroatoms selected
from the group consisting of N, S, P, or O, wherein each alkyl, cycloalkyl, or heterocyclyl is
optionally substituted with one or more —OH, —NHz, halogen, or oxo; wherein each arvi or
heteroaryl 15 optionally substituted with one or more ~OH, ~NH:z, or halogen; or

R?and R, together with the atom or atoms to which they are attached, can combine to form
a monocyche or polveyclic Ca-Cuceycloalkyl, or a monocychic or polyeyclic 3-to 12-membered
heterocycle, wherein the cycloalkyl or heterocycle 1s optionally substituted with oxo; wherein the
heterocycle optionally comprises ~S{0)z— in the heterocycle;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, -, ~Ci-Usalkyl, ~Ca-Cealkenyl, ~C4-Cacycloalkenyl, ~Cr-Cealkynyl, ~C3-Cseycloalkyl, a
monocyclic or polveyclic 3-to 12-membered heterocyele, ~-OR’, ~SR’, halogen, -NR'R®, -NO,
and ~CN;

R’ and R® are independently, at each occurrence, —H, ~I, ~Ci-Cealkyl, ~Ca-Csalkenyl,
~{3-Cseycloalkenyl, —~Co-Cealkynyl, —Cs-Cacycloalkyl, a monocyclic or polycyclic 3-to 12-
membered heterocycle, wherein each alkyl, alkenyl, cycloalkenvl, alkynyl, cycleoalkyl, or

heterocycle 15 optionally substituted with one or more ~OH, —-SH, —-NH», -NO», or —-CN;
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m 18 independently 1, 2, 3, 4, 5 or 6; and

nis mdependently 0, 1,2,3,4,5,6,7. 8,9, or 10.

{6077} One aspect of the invention relates to compounds of Formula IV-Z:

RZ
1
Y N
3
N o R
R-‘i
v-Z

or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, tastomer, or isomer
thereof, wherein:

A is selected from the group consisting of 5~ to 12-membered monocyche or polyecyelic
cycloalkyl, heterocycloalkyl, arvl, or hetercaryl;

YHis -8~ a direct bond, ~NH-, ~S$(0)z-, ~S(0})2-NH-, ~C(=CHz}-, -CH-, or -§{0)-;

bound to the pyridine ring and the bond on the right side of the Y? moiety, as drawn, 13 bound to
R’
R! is independently, at each occurrence, —~H, -D, -Ci-Cealkyl, —(2-Csalkenyl,
—Ca-Cseycloalkenyl, —C2-Cealkynyl, —Ci-Cseycloalkyl, —OH, halogen, -NQO2, —CN, —-NR°R®,
—SR®, —S{ORNR'R®, —S(ORR°, -NRS(ORNR'R®, -NRS(ORR®, —S{OINR°R®, -S{O)R’,
~NRPS{OINRR®, -NRS{O)R®, -C(O)R?, or -CO:2R®, wherein each alkyl, alkenyl, cycloalkenyl,
alkvnyl, or cycloalkyl is optionally substituted with one or more —OH, halogen, —NO», oxo, —CN,
-R®, —OR°, -NRR®, —SR°, —S{ORNRR®, —S(ORR’, -NRS(ORNR'R®, -NRS(ORR®,
—S{OINRR®, —S{O)R°, -NRS{O)NRR®, -NR’S{O)R®, heterocycle, aryl, or heteroaryl;
R? is independently —OR®, —CN, —Ci-Cealkyl, —Co-Cealkenyl, —Cs-Cscycloalkenyl,
—Co-Cealkynyl, -NH», halogen, -C{O)YOR?, —Cs-Cscycloalkyl, aryl, heterocycly] containing 1-5
heteroatoms selected from the group counsisting of N, S, P, or O, or heteroaryl containing 1-5

heteroators selected from the group consisting of N, 8, P, or O; wherein each alkyl, alkenyl,
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cycloalkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, or hetercaryl is optionally substituted with
one or more —(H, halogen, -NO2, oxo, -CN, ~R> ~OR’, -NR°R® ~SR’, -$(0):NR°R®, -8{0O):R°,
SNROS(ORNRRS, -NRS(ORR®, -S(OINRR®, -S(O)R°, -NRS{OINRR®, -NRS(O)RS,
heterocycle, aryl, or hetercaryl;, and wherein the heterocyclyl or hetercaryl is not attached via a
nitrogen atom;

R? 1s independently, at each occurrence, selected from the group consisting of —H, —D,
—-0OH, -Csi-Cscycloalkyl, and —Ci-Cealkyl, wherein each alkyl or cycloalkyl is optionally
substituted with one or more —NH», wherein 2 R, together with the carbon atom to which they are
both attached, can combine to form a 3- to &-membered cycloalkyi;

R is independently —H, - —C-Coalkyl, —Ci-Cecyeloalkyl, —Ca-Cealkenyl, or heterocyclyl
containing 1-5 hetercatoms selected from the group consisting of N, S, P, or O; wherein each alkyl,
cycloalkyl, alkenyl, or heterocycle 1s optionally substituted with one or more —OH, halogen, -NOq,
oxo, —-CN, —R°, ~OR’, -NRR®, —SR’, —S{ORNR R®, —S(0RR°, -NRS(0O):NRR®, -NR S(O)R®,
—S{OINRR®, —S(O)R>, -NRS{O)NR R, -NR’S{O)R®, heterocycle, aryl, heteroaryl, {(CH2).0H,
~C1-Cealkyl, CFs, CHF2, or CHOF;

R? is independently, at each occurrence, selected from the group comsisting of —H,
—Ci1-Cealkyl, a 3-to 12-membered monocychc or polycychic heterocycle, Cs-Cseycloalkyl, or
—(CH2)w-R®, wherein each alkyl, heterocycle, or cycloalkyl is optionally substituted with one or
more ~{1~-Cealkyl, ~OH, ~NHz, -OR*, -NHRY, «(CHz1OH, heterocyclyl, or spircheterocyclyl; or

R? can combine with R to form a 3-to 1 2-membered monocyclic or polycyclic heterocycle,
or a 3-to 1Z2-membered spiroheterocycle, wherein each heterocycle or spircheterocycle 1s
optionally substitited with ~Ci-Cealkyl, ~OH, ~NH>, hetercaryl, heterocyclyl, -(CH2uNHz,
-COOR? -CONHR?, -CONH(CH2COORY, -NHCOOR?, -CF:, CHF:, or CH:F,

R* is independently, at each occurrence, —H, -D, ~Ci-Cealkyl, -NH-NHR®, -NH-OR’,
AO-NRRS, -NHR®, -OR’, -NHC(O)R®, -NHC(O)NHRS, -NHS(O)R, -NHS(O)NHRS, -S(010H,
-C(OYOR®, -NH(CH2WOH, -C(OINH(CH2)OH, -C{OINH(CH2)R®, -C(O)R®, NH;, -OH, -CN,
~C{ONRR®, ~S(ORNRR®, Csi-Cseycloalkyl, aryl, heterocyclyl containing 1-5 heteroatoms
selected from the group consisting of N, 8, P, or (3, heteroaryl containing 1-5 heteroatoms selected
from the group consisting of N, S, P, or O, wherein each alkyl, cycloalkyl, or heterocyclyl is
optionally substituted with one or more —~OH, —NH>, halogen, or oxo; wherein each aryl or

heteroaryl is optionally substituted with one or more -OH, -NH», or halogen; or
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R?and R, together with the atom or atoms to which they are attached, can combine to form
a monocychic or polyeyclic Ci-Cucycloalkyl, or a monocyclic or polycyclic 3-to 12-membered
heterocvile, wherein the cycloalkyl or heterocycle is optionally substituted with oxo; wherein the
heterocycle optionally comprises —S{0})— in the heterocycle;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, D, —C1-Cealkyl, —Co-Cealkenyl, —Ca-Cyeycloalkenyl, —Co-Cralkynyl, —-C3-Cseycloalkyl, a
monocyclic or polyeyclic 3-to 12-membered heterocycle, -OR’, —SR’, halogen, -NR'R®, -NO»,
and —CN;

R” and R® are independently, at each occurrence, —H, -1}, —Ci-Cealkyl, <C2-Csalkenyl,
—Cs-Cseyeloalkenyl, —Cr-Cealkynyl, —Cs-Cacycloalkyl, a monocyclic or polycychlic 3-to 12-
membered heterocycle, wherein each alkyl, alkenyl cycloalkenyl, alkynyl, cycloalkyl, or
heterocycle 15 optionally substituted with one or more —-OH, —-8H, —-NH», —-NO», or -CN;

m s independentlv 1, 2, 3, 4, 5 or 6; and

nis ndependentlv 0, 1,2,3,4,5,6,7. 8,9, or 10

[0078] One aspect of the invention relates to compounds of Formula VIL

Vii

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers

thereof, wherein:

QisHor ;

A 1s selected from the group consisting of 5- to 12-membered monocyclic or polyeyclic

cycloalkyl, heterocycloalkyl, arvl, or hetercaryl;
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R! is independently, at each occurrence, —H, -D, —{1-Cealkyl, —(2-Csalkenyl,
~L4-Cseycloalkenyl, —C2-Csalkynyl, —Cs-Cseyeloalkyl, ~OH, halogen, -NO,, ~CN, ~-NRR®,
~SR®, -S(ORNR'R®, ~S(ORR°, -NRS(ORNRR®, -NRS(ORR®, —S(O)NR°R®, -S(O)R’,
SNRS(OINRR®, -NRS(OIR®, -C(OR®, or -COnR’, wherein each alkyl, alkenyl, cycloalkenyl,
alkvnyl, or cycloalkyl is optionally substituted with one or more —OH, halogen, —NO», oxo, —CN,
-R®, —OR°, -NRR®, —SR°, —S{ORNRR®, —S(ORR’, -NRS(ORNR'R®, -NRS(ORR®,
—S{OINRR®, —S{OIR°, NRS{(OINRR®, -NRS{O)R®, heterocycle, aryl, or heteroaryl;

Y'is —S—, a direct bond, —-NH-, —S(O)-, —-S{O)-NH-, -C(=CHz})-, -CH-, or -S{0)-:
X'isNorC;
X?1is N or CH;

B, including the atoms at the points of attachment, 15 a monocyclic or polycyclic 5-to 12-

membered heterocycle or a monocyclic or polycyelic 5-t0 12-membered heteroaryl;

R? s independently H, -ORY -NR'R°-CN, -Ci-Cealkyl, ~C2-Csalkenyl,
~{C4-Cseycloalkenyl, —~Co-Caalkynyl, -NH:z, halogen, -C{OYOR?Y, —-Cs-Cscycloalkyl, heterocyclyl
containing 1-5 heteroatoms selected from the group consisting of N, §, P, or O, or heteroaryl
containing 1-5 hetercatoms selected from the group consisting of N, 8, P, or O; wherein each alkyl,
alkenyl, cycloalkenyl, alkynyl, cycloalkyl, heterocyclyl, or heteroarvl is optionally substituted
with one or more —~OH, halogen, -NOz, oxo, -CN, ~R°, ~OR® -NR°R®, ~8R°, ~S{O)NRR®,
~S{ORR®,  -NRS(ORNRR®,  -NRS(ORRS, -S(OINRR®, -S{O)R°, -NR°S{OWNRRS,
-NRS(O)R®, heterocycle, arvi, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not

attached via a nitrogen atom;

“NROHCEINRY-, ~C(O)0-, ~-OC(0)-, ~OCOINRY-, -NRHYC{OWO-, ~C(ONERHO-,
~N{RHC(S)—, ~C(SIN(RY-, and ~OC(0)YO—; wherein the bond on the left side of Y7, as drawn, is

bound to the ring and the bond on the right side of the Y? moiety, as drawn, is bound to R;

R" is independently, at each occurrence, selected from the group consisting of ~H, -D

B

~OH, —Cs-Cseycloalkyl, and —Ci-Cealkyl, wherein each alkyl or cycloalkyl is optionaily
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substituted with one or more ~NHz, wherein 2 R, together with the carbon atom to which they are

both attached, can combine to form a 3- to 8-membered cycloalkyi;

R is independently ~H, ~D,~C1-Csalkyi, ~C1-Csoycloalkyl, ~Co-Cealkenyl, or heterocyelyl
containing 1-5 hetercatoms selected from the group consisting of N, 8, P, or O; wherein each alkyl,
cycloalkyl, alkenyl, or heterocycle is optionally substituted with one or more ~OH, halogen, ~NQ2,
oxo, ~CN, ~R%, ~OR®, -NRR®, ~SR°, ~S(O)NRR?, ~S(OpR®, -NRIS(0)NRRS, -NR*S(O)R®,
—S{OINRR®, —S{OIR®, -NRS(OINRR®, -NR S{O)R®, heterocycle, aryl, heteroaryl, (CHz):0H,
-C1-Cralkyl, CF3, CHF», or CHoF;

R? is independently, at each occurrence, selected from the group consisting of —H,
~{1-Csalkyl, a 3-to 12-membered monocychic or polyvecyclic heterocycle, Us-Uscycloalkyl, or
—(CH2)»-R®, wherein each alkyl, heterocycle, or cycloalkyl is optionally substituted with one or

more —{1-Cralkyl, -OH, —INHa, -OR®, -NHR?, -(CH2):0H, heterocyclyl, or spircheterocyclyl; or

R? can combine with R? to form a 3-to 1 2-membered monocyclic or polycyclic heterocycle,
or a 5-to 12-membered spiroheterocycle, wherein each heterocycle or spircheterocycle is
optionally substitited with —Ci-Cealkyl, -OH, —NH>, hetercaryl, heterocyclyl, -(CHz)INHz,
-COOR?, -CONHR®, -CONH(CH2}.COOR?, -NHCQOOR?, -CF3, CHF, or CHoF;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, D, —C1-Cealkyl, —Co-Cealkenyl, —Ca-Cyeycloalkenyl, —Co-Cralkynyl, —-C3-Cseycloalkyl, a
monocyclic or polyeyclic 3-to 12-membered heterocycle, -OR’, —SR’, halogen, -NR'R®, -NO»,

and —CN;

R’ and R® are independently, at each occurrence, ~H, ~D, ~Ci-Cealkyl, ~Ca-Csalkenyl,
—Cs-Cseyeloalkenyl, —Cr-Cealkynyl, —Cs-Cacycloalkyl, a monocyclic or polycychlic 3-to 12-
membered heterocycle, wherein each alkyl, alkenyl cycloalkenyl, alkynyl, cycloalkyl, or

heterocycle 15 optionally substituted with one or more ~OH, —-SH, —-NH», -NO», or —-CN;
m is independently 1, 2,3, 4, 5 or 6; and
nis mdependently 0, 1,2,3,4,5,6,7. 8,9, or 10.

{0679} Anocther aspect of the invention relates to compounds of Formula VI
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Vil

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers

thereof, wherein:

A 13 selected from the group consisting of 5- to 12-membered monocychic or polyeyclic

cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;

R! is independently, at each occurrence, —H, -, —Ci-Cealkyl, —Cz-Csalkenyl,
~Cs-Cseycloalkenyl, —Co-Csalkynyl, —Cs-Cseyeloalkyl, ~OH, halogen, -NOz, ~CN, -NR°R®,
SR, ~S(ORNRR®, -S(ORR°, -NRS(ORNRR®, -NRS(ORR®, -S{OINR’R®, -S(O)R’,
~NRPS(OINRR®, -NRS{O)R®, ~C(O)R?, or ~C(:R’, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl s optionally substituted with one or more —~OH, halogen, ~NGO», oxo, ~CN,
~-R>, -OR’, -NR°R®, —SR°, ~S{ORNRR®, -S(ORR°, -NRS(ORNRR®, -NRS(0):R®,
~S{OINRR®, ~S(O)R”, -NRS(O)NRR®, -NRS$(O)R®, heterocycle, aryl, or heteroaryl;

YHis -8, a direct bond, ~NH-, ~S{0)2-, ~S{0)2-NH-, ~C(=CHz}-, -CH-, or -8{0)-;
XlisNorC;
X2 i3 N or CH;

B, including the atoms at the points of attachment, 15 a monocyclic or polycychic 5-to 12-

membered heterocycle or a monocyclic or polycyclic 5-to 12-membered hetercaryl;

R? is independently H, -ORP, -NRR®-CN, -Ci-Cealkyl, —Cz-Csalkenyl,
—Cs~Cseveloalkenyl, —Ca-Cealkynyl, -NHz, halogen, -C{OYOR?, —(Cs-Csceycloalkyl, heterocycelyl
containing 1-5 heteroatoms selected from the group consisting of N, 8, P, or O, or heteroaryl
containing 1-5 hetercatoms selected from the group consisting of N, S, P, or O; wherein each alkyl,

alkenyl, cycloalkenyl, alkynyl, cycloalkyl, heterocyclyl, or heteroaryl is optionally substituted
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with one or more ~OH, halogen, ~NO:, oxo, -CN, -R°, ~OR’, -NR’R®, ~8SR°, -S{0):NR’RS,
~S(ORR®,  -NRS(ORNRR®,  -NRS(ORER®, -S(OINRR®,  -S(OR°, -NRIS(OINRR®,
~NRS(OIR®, heterocycle, aryl, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not

attached via a nitrogen atom;

Y? is selected from the group consisting of ~NR*, «(CR%}ur, ~C(O), ~CRpNH-,
TR, ~CLONER-, -NERHC(OC)~, ~S(OpNRY)-, ~-NERHB{(O)—, ~NERIC(OINER ),
“NRIHCEOHINRN-, —C(0)0—-, -0C(0)-, -OCONERY—, —NERHC(O)YO-, —C{OINERHO—,
—N{RHC(S)—, —“C(SIN(R"—, and ~OC(0)0—; wherein the bond on the left side of Y?, as drawn, is

bound to the ring and the bond on the right side of the Y moiety, as drawn, is bound to R’

R" 15 independently, at each occurrence, selected from the group consisting of —H, D,
—OH, —Cs-Cscycloalkyl, and —Chi-Coalkyl, wherein each alkyl or cycloalkyl is optionaily
substituted with one or more —NH», wherein 2 R, together with the carbon atom to which they are

both attached, can combine to form a 3- to &-membered cycloalkyi;

R is independently ~H, ~D,-C1-Cealkyl, ~C1-Cecyeloalkyl, ~Ca-Cealkenyl, or heterocyclyl
containing 1-5 hetercatoms selected from the group consisting of N, S, P, or O; wherein each alkyl,
cycloalkyl, alkenyl, or heterocycle is optionally substituted with one or more ~OH, halogen, —-NO»,
oxo, —CN, —R°, “OR® —-NRRS, —SR°, ~S{ORNRR®, ~S{OhR°, -NRS(O)NRR®, -NRS(O)RRS,
—S{OINRR®, -S(O)R°, -NRS{O)NRR® -NR’S{O)RS, heterocycle, aryl, heteroaryl, {CH:2).0H,
-Cy-Cealkyl, CFs, CHF,, or CHOF;

R is independently, at each occurrence, selected from the group consisting of —H,
—Ci-Cealkyl, a 3-to 12-membered monocyclic or polycyclic heterocycle, Cs-Cscycloalkyl, or
—{CH2)-R", wherein each alkyl, heterocyele, or cycloalkyl is optionally substituted with one or

more —C-Cealkyl, “OH, -NHy, -OR® -NHR®, -(CH2)»OH, heterocyclyl, or spircheterocyclyl; or

R? can combine with R* to form a 3-to 12-membered monocyclic or polycyclic heterocycle,
or a 5-to 12-membered spircheterocycle, wherein each heterocycle or spircheterocycle 1s
optionally substituted with —C1-Cealkyl, —OH, -NH», heteroaryl, heterocyclyl, -(CH2NH2,
-COOR®, -CONHRY, -CONH(CH2):COORY, -NHCOOR?, -CFs;, CHF:, or CHuF,
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R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, -, ~Ci-Usalkyl, ~Ca-Cealkenyl, ~C4-Cacycloalkenyl, ~Cr-Cealkynyl, ~C3-Cseycloalkyl, a
monocyclic or polveyelic 3-to 12-membered heterocycle, ~-OR’, ~SR’, halogen, -NR'R®, -NQO»,

and ~CN;

R’ and R® are independently, at each occurrence, —H, —D, ~Ci-Cealkyl, ~C2-Csalkenyl,
~Ca-Cooycloalkenyl, ~Ca-Cealkynyl, ~Cs-Cseycloalkyl, a monocyelic or polyeychic 3-to 12-
membered heterocycle, wherein each alkyl, alkenyl cycloalkenyl, alkynyl, cycloalkyl, or

heterocycle 1s optionally substituted with one or more -OH, —SH, -NH», -NO», or —-CN;
m 18 independently 1, 2, 3, 4, 5 or 6; and
nis mdependently 0, 1,2,3,4,5,6,7. 8,9, or 10.

{0080} Another aspect of the invention relates to compounds of Formula EX:

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or 1somers

thereof, wherein:

A 1s selected from the group consisting of 5~ to 12Z-membered monocychie or polycychic

cycloalkyl, heterocycloalkyl, arvl, or hetercaryl;

R' is independently, at each occurrence, —H, -D, —Ci-Cealkyl, —C:-Csalkenyl,
~Cs-Cseycloatkenyl, —C:-Cealkynyl, —Cs-Cseycloalkyl, —~OH, halogen, —NO», —-CN, —-NR°RS,
~SR?, —S(ORNRR®, -S(ORR°, -NRS(ORNRRS, -NRS(ORRS, —S(O)NRR®, -S(O)R°,
~NRS(OINRR®, -NRS(O)R®, -C(O)R, or -CO:2R, wherein each alkyl, alkenyl, cycloalkenyl,
alkynyl, or cycloalkyl 1s optionally substituted with one or more —OH, halogen, —NO2, oxo, —CN,
—-R°, -OR’, -NR'R®, -8R’ —S{ORpNRR® —S{ORpR’, —NR’S{ORNR'R® -NRS(0)R®
~S{OINRR®, -S{O)R®, -NRS(OINRR®, -NR’S{OIR®, heterocycle, aryl, or heteroaryl,

(v
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X'isNorC;
X?1is N or CH;

B, including the atoms at the points of attachment, 15 a monocyclic or polycyclic 5-to 12-

membered heterocycle or a monocyclic or polycyelic 5-t0 12-membered heteroaryl;

R® is independently H, -~ORP, -NRR®-CN, -Ci-Cealkyl, ~Co-Csalkenyl,
~{C4-Cseycloalkenyl, —Ca-Cealkynyl, -NHz, halogen, -C{O)ORY, -Cs-Cseyeloalkyl, aryl
heterocyclyl contaiming 1-5 heteroatoms selected from the group consisting of N, S, P, or G, or
heteroaryl containing 1-5 heteroatoms selected from the group consisting of N, S, P, or O, wherem
each alkvl, alkenyl, cycloalkenyl, alkvnvl, cycloalkyl, heterocyclyl, arvl, or heteroaryl is optionally
substituted with one or more ~OH, halogen, ~NO», oxo, ~-CN, ~R’, ~OR°, ~NR°R® —SR’,
~S{ORNRR®, —S{ORpR’, -NRPS(ORNR'R®,  -NRS(ORR®,  ~S(OINRRS,  -S(OR°
~NRPS{(OINRR®, -NRS(O)R®, heterocycle, aryl, or heteroaryl; and wherein the heterocyclyl or

heteroarvl 1s not attached via a nitrogen atom;

bound to the ring and the bond on the right side of the Y? moiety, as drawn, is bound to R;

R* is independently, at each occurrence, selected from the group consisting of —H, —D,
~OH, ~Ci-Cseveloalkyl, and ~Ci-Cealkyl, wherein each alkyl or cycloalkyl is optionally
substituted with one or more —~NHa, wherein 2 RY together with the carbon atom to which they are

both attached, can combine to form a 3- to 8-membered cycloalkyl;

RPis independently ~H, -D,~C1-Csalkyl, ~C1-Cseycloalkyl, ~Cr-Coalkenyl, or heterocyclyl
containing 1-5 hetercatoms selected from the group consisting of N, 8, P, or O; wherein each alkyl,
cycloalkyl, alkenyl, or heterocycle is optionally substituted with one or more —OH, halogen, —-NQ»,
oxo, -CN, —R’, “OR® -NRR®, —SR®, -S{(O):NRR®, —S{O)1R°, -NRS(ORNRR®, -NRS{O)RR®,
—S{OINRR®, —S{OIR®, -NRS(OINRR®, -NR S{O)R®, heterocycle, aryl, heteroaryl, (CHz):0H,
-C1-Cralkyl, CF3, CHF», or CHoF;
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[\



WO 2019/199792 PCT/US2019/026543

R? is independently, at each occurrence, selected from the group consisting of —H,
~{1-Csalkyl, a 3-to 12-membered monocychic or polyvecyclic heterocycle, Us-Uscycloalkyl, or
—(CH2)u-R®, wherein each alkyl, heterocycle, or cycloalkyl is optionally substituted with one or

more ~{1-Cealkyl, ~OH, ~NHz, -OR®, -NHRY, -(CH232OH, heterocvclyl, or spircheterocyclyl; or

R? can combine with R? to form a 3-to 1 2-membered monocyclic or polycyclic heterocycle,
or a 5-to 12-membered spiroheterocycle, wherein each heterocycle or spircheterocycle is
optionally substitited with —Ci-Cealkyl, -OH, —NH>, hetercaryl, heterocyclyl, -(CHz)INHz,
-COOR?, -CONHR®, -CONH(CH2}.COOR?, -NHCQOOR?, -CF3, CHF, or CHoF;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, -, ~C1-Csalkyl, ~Ca-Cealkenyl, ~Ca-Cacycloalkenyl, ~C2-Cealkynyl, ~C3-Cseycloalkyl, a
monocyclic or polycyclic 3-to 12-membered heterocycle, “-OR’, —SR’, halogen, -NR'R®, -NQO»,

and —CN;

R’ and R® are independently, at each occurrence, —H, ~I, ~Ci-Cealkyl, ~Ca-Csalkenyl,
~{3-Cseycloalkenyl, —~Co-Cealkynyl, —Cs-Cacycloalkyl, a monocyclic or polycyclic 3-to 12-
membered heterocycle, wherein each alkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkyvl, or

heterocycle 1s optionally substituted with one or more -OH, —SH, -NH», -NO», or —-CN;
m 18 independently 1, 2, 3, 4, 5 or 6; and
nis mdependently 0, 1,2,3,4,5,6,7. 8,9, or 10.

{0081} Another aspect of the invention relates to compounds of Formula X:

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers

thereof, wherein:

TJ;
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A 18 selected from the group consisting of 5- to 12-membered monocyclic or polycyclic

cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;

R! is independently, at each occurrence, —H, -D, —{1-Cealkyl, —(2-Csalkenyl,
~L4-Cseycloalkenyl, —C2-Csalkynyl, —Cs-Cseyeloalkyl, ~OH, halogen, -NO,, ~CN, ~-NRR®,
~SR’, -S(ORNRR®, -S(ORR°, -NRS(ORNR'R®, -NRS(ORR®, -S{O)NRR®, -S(O)R’,
~NRPS{(OINRR®, -NRS{OIR®, ~C(O)R?, or -C(O:R’, wherein each alkyl, alkenyl, cycloalkenyl,
alkvnyl, or cycloalkyl is optionally substituted with one or more —OH, halogen, —NO», oxo, —CN,
-R®, —OR°, -NRR®, —SR°, —S{ORNRR®, —S(ORR’, -NRS(ORNR'R®, -NRS(ORR®,
—S{OINRR®, —S{OIR°, NRS{(OINRR®, -NRS{O)R®, heterocycle, aryl, or heteroaryl;

X'isNorC;
X% is N or CH;

B, including the atoms at the points of attachment, is a monocyclic or polyeyche 5-to 12-

membered heterocycle or a monocyclic or polycyclic 5-to 12-membered heteroaryl,

R? s independently H, -0OR" -NR'R®-CN, -Ci-Cealkyl, —Cr-Cealkenyl,
~L4-Cacycloalkenyl, —C2-Usalkynyl, -NHa, halogen, -C{OYORY, —{5-Cseycloalkyl, heterocyclyl
containing 1-5 hetercatoms selected from the group consisting of N, 8, P, or G, or hetercaryl
containing 1-5 hetercatoms selected from the group consisting of N, §, P, or O; wherein each alkyl,
alkenyl, cycloalkenyl, alkynvl, cycloalkyl, heterocyelyl, or heteroaryl is optionally substituted
with one or more ~OH, halogen, ~NO:, oxo, -CN, -R°, ~OR’, -NR’R®, ~8SR°, -S{0):NR’RS,
~S(ORR°, -NRS(ORNRR®, -NRS(ORR®, -S(OINRR®, -S(O)R°, -NRS(O)NRR®,
~NRS(OIR®, heterocycle, aryl, or heteroaryl; and wherein the heterocyclyl or heteroaryl is not

attached via a nitrogen atom;

Y? is selected from the group consisting of ~NR%, «(CR%u-, ~C(O)-, C(RY)NH-,
—{CR%ImO~, ~C{OIN(RY}-, ~NRHC(O)—, —S{ORpNR ), -NRIS(Op—, ~NRDIC(OYNER" -,
“NRIHCEOHINRN-, —C(0)0—-, -0C(0)-, -OCONERY—, —NERHC(O)YO-, —C{OINERHO—,
—N{RHC(S)—, —“C(SIN(R"—, and ~OC(0)0—; wherein the bond on the left side of Y?, as drawn, is

bound to the ring and the bond on the right side of the Y moiety, as drawn, is bound to R’
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R* is independently, at each occurrence, selected from the group consisting of —H, —D,
~OH, —C5-Csevcloalkyl, and ~Ci-Cealkyl, wherein each alkyl or cycloalkyl is optionaily
substituted with one or more ~NHz, wherein 2 R, together with the carbon atom to which they are

both attached, can combine to form a 3- to 8-membered cycloalkyi;

R is independently —H, -D,~C1-Csalkyl, ~C1-Cscycloalkyl, ~Co-Cealkenyl, or heterocyelyl
containing 1-5 hetercatoms selected from the group consisting of N, 8, P, or O; wherein each alkyl,
cycloalkyl, alkenyl, or heterocycle is optionally substituted with one or more —OH, halogen, —-NQ»,
oxo, -CN, —R’, “OR® -NRR®, —SR®, -S{(O):NRR®, —S{O)1R°, -NRS(ORNRR®, -NRS{O)RR®,
—S{OINRR®, —S{OIR®, -NRS(OINRR®, -NR S{O)R®, heterocycle, aryl, heteroaryl, (CHz):0H,
-C1-Cralkyl, CF3, CHF», or CHoF;

R? is independently, at each occurrence, selected from the group consisting of —H, —Ci-
Cesalkyl, a 3-to 12-membered monocyclic or polycyclic heterocycle, Cs-Cseycloalkyl, or {CHz)p-
RP, wherein each alkyl, heterocycle, or cycloalkyl is optionally substituted with one or more —Ci-

Csalkyl, “OH, -NH», -OR® -NHR?, -{(CH23OH, heterocyclyl, or spircheterocyclyl; or

R® can combine with R” to form a 3-to 12-membered monocyclic or polyeyclic heterocycle,
or a S-to 12-membered spiroheterocycle, wherein each heterocycle or spircheterocycle is
optionally substitited with —Ci-Cealkyl, -OH, —NH>, hetercaryl, heterocyclyl, -(CHz)INHz,
-COOR?, -CONHR®, -CONH(CH2}.COOR?, -NHCQOOR?, -CF3, CHF, or CHoF;

R’ and R® are each independently, at each occurrence, selected from the group consisting
of —H, D, —C1-Cealkyl, —Co-Cealkenyl, —Ca-Cyeycloalkenyl, —Co-Cralkynyl, —-C3-Cseycloalkyl, a
monocyclic or polyeyclic 3-to 12-membered heterocycle, -OR’, —SR’, halogen, -NR'R®, -NO»,

and —CN;

R” and R® are independently, at each occurrence, —H, -1}, —Ci-Cealkyl, <C2-Csalkenyl,
—Cs-Cseyeloalkenyl, —Cr-Cealkynyl, —Cs-Cacycloalkyl, a monocyclic or polycychlic 3-to 12-
membered heterocycle, wherein each alkyl, alkenyl cycloalkenyl, alkynyl, cycloalkyl, or

heterocycle 15 optionally substituted with one or more ~OH, —-SH, —-NH», -NO», or —-CN;
m is independently 1, 2,3, 4, 5 or 6; and

nis mdependently 0, 1,2,3,4,5,6,7. 8,9, or 10.
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{0082} Another aspect of the present disclosure relates to compounds, and pharmaceutically

acceptable salts, prodrugs, solvates, hydrates, tautomers, or isomers thereof, in Table Al

Table Al

Cmpd # Structure @mpd Structure

A-l

A-9

A-11 A-12
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B-308
[0083] Another aspect of the present disclosure relates to compounds, and pharmaceutically

acceptable salts, prodrugs, solvates, hydrates, tautomers, or 1somers thereof, in Table AZ.

Table A2
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{0084} The term “arvi” refers to cyclic, aromatic hydrocarbon groups that have 1 to 2 aromatic
rings, including monocvelic or bicychic groups such as phenyl, biphenvl or naphthyl Where
containing two aromatic rings {bicyclic, etc.}, the aromatic rings of the arvl group may be joined
at a single point {e.g., biphenyl}, or fused {e.g., naphthyl). The aryl group may be optionally
substituted by one or more substituents, eg., 1 to 5 substituents, at any point of attachment.
Exemplary substituents include, but are not limited to, —H, halogen, —0-Ci-Cealkyl, —Ci-Cealkyl,
—0C-Coalkenyl, —0C)-Cealkynyl, —C2-Cealkenyl, —Ca-Csalkynyl, —OH, —-OP(OY}OH),
—OC(0)YCi-Coalkyl, —C{OYCi-Cealkyl, —OC(0)Y0C-Cealkyl, —NHz, —NH(Ci-Csalkyl), —N{C1-
Coalkyly, —S{0)-Ci-Cealkyl, —S(O)NHC1-Cralkyl, and —S(O}N(Ci-Coalkyl}:. The substituents

can themselves be optionally substituted.

{0085] Unless otherwise specifically defined, “heteroaryl” means a monovalent or multivalent
monocyclic aromatic radical or a polycyclic aromatic radical of 5 to 24 ring atoms, containing one

or more ring hetercatoms selected from N, S, P, and O, the remaining ring atoms being C.
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Heteroaryl as herein defined also means a bicyclic hetercaromatic group wherein the hetercatom
is selected from N, 8, P, and O. The aromatic radical is optionally substituted independently with
one or more substituents described herein. Examples include, but are not limited to, furvi, thienyl,
pyrrolyl, pyridvl, pyrazolvl, pyrinadinyl, imidazolyl, 1soxazolyl, oxazolyl, oxadiazolyl, pyrazinyl,
indolyl, thiophen-2-yl, quinolyl, benzopyranyl, isothiazolyl, thiazolyl, thiadiazolyl,
benzo[dlimidazolyl, thieno[3,2-hlthiophene, trnazolyl, triazinyl, 1midazo[l,2-blpyrazolyl,
furof2,3-clpyridinyl, imdazoll,2-alpyridinyl, indazolyl, 1-methyl-1H-indazolyl, pyrrolof2 3-
clpyridinyl, pyrrolo{3,2-clpyridinyl, pyrazolo[3,4-clpyridinyl, thieno[3,2-¢]pyridinyl, thieno[2,3-
clpyridinyl,  thieno[2,3-Alpyridinyl,  benzothiazolyl, indolyl, indolinyl,  indolinonyl
dihydrobenzothiophenyl,  dihydrobenzofuranyl, benzofuran, chromanyl, thiochromanyl,
tetrahydroquinolinyl, dihydrobenzothiazine, dihydrobenzoxanyl, quinchayl, soquinolinyl, 1,6-
naphthyridinyl, benzoldelisoquinolinyl, pyrido[4,3-5}[1,6]naphthyridinyl, thieno[2,3-blpyrazinyl,
quinazolinyl, tetrazolo[1,5-alpyridiny], [1,2,4]trazolol[4,3-alpyrnidinyl, isoindolyl, isoindolin-1-
one, indolin-2-one, pvrrolo][2,3-blpynidinyl, pyrrolof3.4-blpyndinyl, pyrrolof3,2-6]pyridinyl,
waidazof S,4-blpynidinyl, pyrrolo[!,2-aglpyrimidinyl, tetrahydropyrrolo [1.2-alpyrimidinyl, 3.4-
dihydro-2H-122-pyrroloj2, 1-blpyrimiding, dibenzo[hdlthiophene,  pyridin-2-one, furo[3,2-
clpyridinyl, furo[23-clpyridinyl, 1H-pyrido[3,4-6][1 4}thiazinyl, 2Z-methylbenzofdoxazolyl,
1,2,3 4-tetrahydropyrrolo{1,2-ajpyrumidyl, 2,3-dihydrobenzofuranyl, benzooxazolyl,
benzoisoxazolyl, benzo[d]isoxazolyl, benzo[doxazolyl, furo{2,3-blpynidinyl, benzothiophenyl,
1,5-naphthyridinyl, fure{3,2-slpyridinyi, [1,2 4}triazolo{1,5-alpyridinyl, benzo[1,2,3 ltriazolyl, 1-
methyl-1H-benzol[d][1,2,3 trniazolyl, imudazof1,2-a]pyrimidinyl, [1,2,4] triazolo[4,3-
blpyridazinyl, quinoxalinyl, benzofc][1.2,5thiadiazolyl, benzof[c}{1,2,5]oxadazolyl, 1,3-dihydro-
2H-benzo[dhimdazol-2-one,  3,4-dihydro-2H-pyrazolo[1,5-6][1,2joxazinyl, 3 4-dihvdro-2H-
benzo[bli  ,4joxazinyl,  4,5,6,7-tetrahvdropyrazolo[1,S-alpyridinyl,  thiazolo[$,4-djthiazolyl,
imidazof2,1-6][1,3 4]thuadiazolyl, thienof[2,3-blpyrrolyl,  3H-indolyl, benzo[d}[1,3] dioxolyl,

pyvrazolol1,5-alpyridinyl, and denivatives thereof.

[0086] “Alkyl” refers to a straight or branched chain saturated hydrocarbon.  Ci-Cealkyl
groups contain 1 to 6 carbon atoms. Examples of a Ci-Cealkyl group mnclude, but are not limited
to, methyl, ethyl, propyl, butvl, pentyl, 1sopropyl, 1sobutyl, sec-butyl and fers-butyl, 1sopentyl and

neopentyl.
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{0087} The term “alkenyl” means an aliphatic hydrocarbon group containing a carbon—
carbon double bond and which may be straight or branched having about 2 to about 6 carbon atoms
in the chain. (ertain alkenvi groups have 2 to about 4 carbon atoms in the chain. Branched means
that one or more lower alkyl groups such as methyl, ethyl, or propyl are attached to a linear alkenyl
chain. Exemplary alkenyl groups include ethenyl, propenyl, n-butenyl, and i-butenyl. A Ci-Co

alkenyl group 1s an alkeny! group containing between 2 and 6 carbon atoms.

{0088] The term “alkyny!” means an aliphatic hydrocarbon group containing a carbon—
carbon triple bond and which may be straight or branched having about 2 to about 6 carbon atoms
in the chain. Certain alkynyl groups have 2 to about 4 carbon atoms in the chain. Branched means
that one or more lower alky! groups such as methyl, ethyl, or propyl are attached to a linear alkynyl
chain. FExemplary alkynyl groups include ethynyl, propynyl #-butynyl, 2-butynyl 3-
methylbutynyl, and #-pentynyl. A C-Ce alkynyl group is an alkyny! group containing between 2

and 6 carbon atoms.

{0089] The term “cycloalkyl” means monocyclic or polycyclic saturated carbon rings
containing 3-18 carbon atoms. Examples of cycloalkyl groups include, without limitations,
cyclopropyl, cvelobutyl, cyclopentyl, cvelohexyl, cycloheptanvl, cyclooctanyl, norboranyl,
norborenyl, bieyelo]2.2.2]octanyl, or bicyclo[2.2 2Joctenyl. A C3-Cs cycloalkyl 1s a cycloalkyl
group containing between 3 and 8 carbon atoms. A cycloalkyl group can be fused (e.g., decalin)

or bridged (e g., norbornane).

{8090} The term “cycloalkenyl” means monocyclic, non-aromatic unsaturated carbon rings
containing 4-18 carbon atoms. Examples of cycloalkenyl groups include, without himitation,
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl, and norborenyl. A C4-Cs cycloalkenyl
is a cycloalkenyl group containing between 4 and 8 carbon atoms.

3

[0091] In some embodiments, the terms “heterocyclyl” or “heterocycloalkyl” or “heterocycle”
refer to monocyclic or polycyclic 3 to 24-membered rings containing carbon and hetercatoms
selected from oxygen, phosphorus, nitrogen, and sulfur and wherein there are no delocalized n
electrons {aromaticity) shared among the ring carbon or heteroatoms. Heterocyelyl rings melude,
but are not lmited to, oxetanyl, azetidinyl, tetrahydrofuranvl, pyrrolidinyl, oxazolinyl,
oxazolidinyl, thiazohnyl, thwazohidinyl, pyranyl, thiopyranyl, tetrahydropyranyl, dioxalinyl,

piperidinyl, morphohinyl, thiomorpholinyl, thiomorpholinyl S-oxide, thiomorpholinyl S-dioxide,
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piperazinyl, azepinyl, oxepinyl, diazepinyl, tropanyl, and homotropanyl. A heteroycyclyl or

heterocycloalkyl ring can also be fused or bridged, e g., can be a bicyclic ring.

{0092} In some embodiments “heterocyelyl” or “heterocycloalkyl” or “heterocycle” 15 a
saturated, partially saturated or unsaturated, mono or bicyclic ring containing 3-24 atoms of which
at least one atom is chosen from nitrogen, sulfur or oxygen, which may, unless otherwise specified,
be carbon or nitrogen linked, wherein a ~CHz— group can optionally be replaced by a —C{O)-or
a ring sulfur atom may be optionally oxidised to form the S-oxides. “Heterocyclyl” can be a
saturated, partially saturated or unsaturated, mono or bicyclic ring containing 5 or 6 atoms of which
at least one atom s chosen from nitrogen, sulfur or oxygen, which may, unless otherwise specified,
be carbon or nitrogen linked, wherein a -CHu— group can optionally be replaced by a -C(O)—ora
ring sulfur atom may be optionally oxidised to form S-oxide(s). Non-limiting examples and
suitable values of the term “heterocyclyl” are thiazolidinyl, pyrrolidinyl, pyrrolinyl, 2-
pyrrolidonyl, 2, 5-dioxopyrrolidinyl, 2-benzoxazohinonyl, 1,1-dioxotetrahydro thienyl, 2.4-
dioxomudazolidinyl, 2-oxo-1,3,4-(4-trazolinyl), 2-oxazolidinonyl, $5,6-dihvdro wracilyl, 13-
benzodioxolyl, 1,2,4-oxadazolyl, 2-azabicyclo[2.2. 1theptyl, 4-thiazolidonyl, morpholino, 2-
oxotetrahydrofuranyl, tetrahydrofuranyl, 2, 3-dihvdrobenzofuranyl, benzothienyl,
tetrahydropyranyl, piperidyl, 1-oxo-1,3-dihydroisomndolyl, piperazinyl, thiomorpholine, 1,1-
dioxothiomorpholino, tetrahydropyranyl, 1,3-dioxolanyl, homopiperazinyl, thienyl, isoxazolyl,
mdazolyl, pyrrolyl, thiadiazolyl, isothiazolyl, 1,2,4-tnazolyvl, 1,3 4-triazolyl, pyranyl, mdolyl,

pyrimidyl, thiazolyvl, pyrazinyl, pyridazinyl, pyridyl, 4-pyridonyl, quinolyt and 1-1soquinolonyl.

{6093} As used herein, the term “halo” or “halogen” means a fluoro, chloro, bromo, or wdo
group.
{8094} The term “carbonyl” refers to a functional group comprising a carbon atom double-

bonded to an oxygen atom. It can be abbreviated heren as “oxo,” as C{0}, oras =0,

[0095] “Spirocyele” or “spirocyclic” means carbogenic bicychic ring systems with both rings
connected through a single atom. The ring can be different 1n size and nature, or wdentical 1n size
and nature. Examples include spiropentane, spirchexane, spiroheptane, spirooctane, spirononane,
or sprodecane. One or both of the rings in a spirocyele can be fused to another carbocyclic,
heterocychic, aromatic, or heteroaromatic ring. One or more of the carbon atoms in the spirocycle

can be substituted with a heteroatom {e.g., O, N, §, or P}, A Cs-Cuz spirocyele is a spirocycle

39



WO 2019/199792 PCT/US2019/026543

containing between 5 and 12 carbon atoms. In some embodiments, a (s-Ci spirocycle 15 a

spirocycle containing from 5 to 12 carbon atoms. OUne or more of the carbon atoms can be

substituted with a heteroatom.

{6096] The term “spirocyclic heterocycle,” “spircheterocyclyl,” or “spiroheterocycie” is
understood to mean a spirocvile wherein at least one of the rings s a heterocyele (e.g., at least one
of the rings is furanyl, morpholinyl, or piperadinyl}. A spirocyclic heterocycle can contain
between 5 and 12 atoms, at least one of which is a heteroatom selected from N, O, Sand P. In
some embodiments, a spirocyclic heterocycle can contain from 5 to 12 atoms, at least one of which

is a heteroatom selected from N, O, S and P.

{0097] The term “tautomers” refers to a set of compounds that have the same number and type
of atoms, but differ in bond connectivity and are in equilibrium with one another. A “tautomer”
is a single member of this set of compounds. Typically a single tautomer is drawn but it is
understood that this single structure is meant to represent all possible tautomers that might exist.
Examples include enol-ketone tautomerism. When a ketone 1s drawn 1t 1s understood that both the

enol and ketone forms are part of the disclosure.

{0098] The SHPZ inhibitor may be administered alone as a monotherapy or in combination
with one or more other therapeutic agent {e.g., an mhibitor of a MAP kinase pathway or an anti-
cancer therapeutic agent) as a combination therapy. The SHP2 inhibitor may be adnunistered as a
pharmaceutical composition. The SHP2 inhibitor may be adminmistered before, after, and/or
concurrently with the one or more other therapeutic agent {e.g., an imnhibitor of a MAP kinase
pathway or an anti-cancer therapeutic agent). If administered concurrently with the one or more
other therapeutic agent, such admuinistration may be simultaneous {e.g., in a single composition)
or may be via two or more separate compositions, optionally via the same or different modes of
administration {e. g., local, systemic, oral, intravenous, etc.).

{0099] Administration of the disclosed compositions and compounds {e.g., SHP2 mhibitors
and/or other therapeutic agents) can be accomplished via any mode of administration for
therapeutic agents. These modes include systemuc or local admunstration such as oral, nasal,
parenteral, transdermal, subcutaneous, vaginal, buccal, rectal or topical admnistration modes.
[80108] Depending on the intended mode of admimstration, the disclosed compounds or

pharmaceutical compositions can be in solid, semi~sohid or hquid dosage form, such as, for
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example, injectables, tablets, suppositories, pills, time-release capsules, elixirs, tinctures,
emulsions, syrups, powders, liquids, suspensions, or the like, sometimes in unit dosages and
consistent with conventional pharmaceutical practices. Likewise, they can also be administered
i intravenous {both bolus and infusion}, intraperitoneal, subcutaneous or intramuscular form, and
all using forms well known to those skilled in the pharmaceutical arts. Pharmaceutical
compositions suitable for the delivery of a SHP2 inhibitor {alone or, e.g., in combination with
another therapeutic agent according to the present disclosure} and methods for their preparation
will be readily apparent to those skilled in the art. Such compositions and methods for their
preparation may be found, e.g., in Remington’s Pharmaceutical Sciences, 19th Edition (Mack

Publishing Company, 1995}, incorporated herein in its entirety.

{00101} Ilustrative pharmaceutical compositions are tablets and gelatin capsules comprising a
SHP2 inhibitor alone or in combination with another therapeutic agent according to the disclosure
and a pharmaceutically acceptable carrier, such as a) a diluent, e.g., purified water, triglyceride
oils, such as hydrogenated or partially hydrogenated vegetable oil, or mixtures thereof, corn oil,
olive o1l, sunflower oil, safflower oil, fish oils, such as EPA or DHA, or thewr esters or trniglycerides
or muxtures thereof, omega-3 fatty acids or derivatives thereof, lactose, dextrose, sucrose,
mannitol, sorbitol, cellulose, sodium, saccharin, glucose and/or glycine; b) a lubricant, e.g., silica,
talcum, stearic acid, its magnestum or calcium salt, sodium oleate, sodium stearate, magnesium
stearate, sodium benzoate, sodium acetate, sodium chloride and/or polyethyvlene glycol; for tablets
also; ¢) a binder, e.g, magnesiom aluminum silicate, starch paste, gelatin, tragacanth,
methyleellulose, sodium carboxymethyicellulose, magnesium carbonate, natural sugars such as
glucose or beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, waxes and/or polyvinyipyrrolidone, if deswred; d} a disintegrant, e.g., starches,
agar, methyl cellulose, bentonite, xanthan gum, algiic acid or its sodmum salt, or effervescent
mixtures; e} absorbent, colorant, flavorant and sweetener; t) an emulsifier or dispersing agent, such
as Tween 80, Labrasol, HPMC, DOSS, caproyl 909, labrafac, labrafil, peceol, transcutol, capmul
MCM, capmul PG-12, captex 355, gelucire, vitamin E TGPS or other acceptable emulsifier; and/or
g} an agent that enhances absorption of the compound such as cyclodextrin, hydroxypropyl-

cyclodextrin, PEG400, PEG200.

{001062] Liqud, particularly injectable, compositions can, for example, be prepared by

dissolution, dispersion, etc. For example, a SHP2 mhibitor {(alone or in combination with another
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therapeutic agent according to the disclosure} is dissolved in or mixed with a pharmaceutically
acceptable solvent such as, for example, water, saline, aqueous dextrose, glycerol, ethanol, and the
like, to thereby form an injectable isotonic solution or suspension. Proteins such as albumin,
chylomicron particles, or serum proteins can be used to solubilize the SHP2 inhibitor {alone or in

combination with another therapeutic agent according to the disclosure).

{06163] The SHP2 inhibitor can be also formulated as a suppository, alone or in combination
with another therapeutic agent according to the disclosure, which can be prepared from fatty

emulsions or suspensions; using polyalkylene glvcols such as propylene glycol, as the carrier.

{00104] The SHP2 inhibttor can also be administered in the form of liposome delivery systems,
such as small unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles, either
alone or in combination with another therapeutic agent according to the disclosure. Liposomes can
be formed from a wvarniety of phospholipids, containing cholesterol, stearylamine or
phosphatidylcholines. In some embodiments, a film of lipid components s hydrated with an
aqueous solution of drug to a form lipid layer encapsulating the drug, as described for instance in

U.S. Pat. No. 5,262,564, the contents of which are hereby incorporated by reference.

{00105] SHP2 inhibitors can also be delivered by the use of monocional antibodies as individual
carriers to which the disclosed compounds are coupled. SHP2 inhibitors can also be coupled with
soluble polymers as targetable drug carriers. Such polymers can include polyvinyipyrrohidone,
pyran copolymer, polvhydroxypropylmethacrylamide-phenol,
polyhydroxyethylaspananidephenol, or polyvethyleneoxidepolylysine substituted with palmitoyl
residues. Furthermore, a SHPZ intubitor can be coupled to a class of biodegradable polymers useful
in achieving controlled release of a drug, for example, polylactic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans, polycyancacrylates
and cross-hnked or amphipathic block copolymers of hydrogels. In one embodiment, disclosed
compounds are not covalently bound to a polymer, e.g., a polycarboxylic acid polymer, or a

polyacrylate.

[80106] Parental mjectable administration is generally used for subcutaneous, mtramuscular or
mtravenous mjections and infusions. Injectables can be prepared m conventional forms, either as

hiquad solutions or suspensions or sohid forms suitable for dissolving in liquid prior to ijection.
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{08187} Another aspect of the invention relates to a pharmaceutical composition comprising a
SHPZ inhibitor (alone or in combination with another therapeutic agent according to the present
disclosure) and a pharmaceutically acceptable carrier. The pharmaceutically acceptable carrier

can further include an excipient, diluent, or surfactant.

{00108] Thus, the present disclosure provides compositions {e.g., pharmaceutical compositions)
comprising one or more SHP2 inhibitor for use in 3 method disclosed herein, e.g., a SHP2
monotherapy. Such compositions may comprise a SHPZ2 inhibitor and, e.g., one or more carrier,

excipient, diluent, and/or surfactant.

{00109] The present disclosure provides compositions (e.g., pharmaceutical compositions)
comprising one or more SHPZ inhibttor and one or more additional therapeutic agent for use ina
method disclosed herein, e.g., a SHP2 combination therapy. Such compositions may comprise a
SHPZ inhibitor, an additional therapeutic agent {e.g., a TKI, a MAPK pathway inhibitor, an EGFR
nhibitor, an ALK inhibitor, a MEK inhibttor) and, e.g., one or more carrier, excipient, diluent,

and/or surfactant.

{00118} The present disclosure provides compositions (e.g., pharmaceutical compositions)
comprising one or more SHPZ inhihitor and one or more MEK inhibitor for use in a method
disclosed herein, e.g., a SHP2 combination therapy. Such compositions may comprise a SHP2
inhibitor, a MEK inlubitor and, e.g., one or more carrier, excipient, diuent, and/or surfactant. Such
compositions may consist essentially of a SHP2 inhibitor, a MEK inhibitor and, e.g., one or more
carrier, excipient, diluent, and/or surfactant. Such compositions may consist of a SHP2 inhubitor,
a MEK inhibitor and, e.g., one or more carrier, excipient, diluent, and/or surfactant. For example,
one non-limiting example of a composition of the present disclosure may comprise, consist
essentially of, or consist of {(a} a SHP2 mhubitor; (b} a MEK inhibitor selected from one or more
of Trametiub (GSK1120212); Selumetimb (AZD06244); Cobimetimb (GDC-0973/X1.581),
Binimetintb, Vemurafenib, Pimasertib, TAK733, RO4987655 (CH4987655), (C1-1040; PD-
0325901, Refametimb (RDEA 119/BAY 86-9766), RO5126766, AZD3330 (ARRY-
424704/ ARRY-704);, and GSK1120212; and (¢} one or more carner, excipient, diluent, and/or
surfactant. Another non-limiting example of a composition of the present disclosure may comprise,
consist essentially of, or consist of {a) a MEK mhibitor; (by a SHPZ inhibitor selected from (1)

RMC-3943; (11} RMIC-4550; (111} SHP099; (1v) a SHPZ inhibitor compound of any one of Formula
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i, of Formula II, of Formula {1, of Formula I-V1, of Formula I-V2, of Formula I-W, of Formula
1-X, of Formula I-Y, of Formula I-Z, of Formula 1V, of Formula V, of Formula VI, of Formula
IV-X of Formuia IV-Y, of Formula IV-Z, of Formula VI, of Formula VI of Formula IX, and
of Formula X; (v} TNGOISS, (vi) a SHP2 inhibitor disclosed in international PCT application
PCT/US2017/041577 (WO2018013597), incorporated herein by reference in its entirety; {vit)
Compound C; (ix} a compound from Table Al, disclosed herein; (x} a compound from Table A2,
disclosed herein; and (x1) a combination thereof, and {c) one or more carrier, excipient, diluent,

and/or surfactant.

{00111] Compositions can be prepared according to conventional mpxing, granulating or
coating methods, respectively, and the present pharmaceutical compositions can contain from
about 0.1% to about 99%, from about 5% to about 90%, or from about 1% 1o about 20% of the

disclosed RMIC-4550 by weight or volume.

{00112] The dosage regimen utilizing the disclosed compound is selected in accordance with a
variety of factors including type, species, age, weight, sex and medical condition of the patient;
the severity of the condition to be treated; the route of administration; the renal or hepatic function
of the patient; and the particular disclosed compound emploved. A physician or veternarian of
ordinary skill m the art can readily determine and prescribe the effective amount of the drug

required to prevent, counter or arrest the progress of the condition

[00113] Effective dosage amounts of a SHP2 mhibitor, when used for the indicated effects,
range from about 0.5 mg to about 3000 mg as needed to treat the condition. Compositions for in
vive or iz vitro use can contamnt about 0.5, S, 20, 50, 75, 100, 150, 250, 500, 750, 1000, 1250, 2500,
3500, or 5000 myg of the disclosed compound, or, i a range of from one amount to another amount
m the hist of doses. In one embodiment, the compositions are in the form of a tablet that can be

scored.

{80114] The present invention also provides kits for treating a disease or disorder with a SHP2
miubitor, one or more carrier, excipient, difuent, and/or surfactant, and a means for determining
whether a sample from a subject (e.g., a tumor sample) 15 likely to be sensitive to SHP2 treatment.
In some embodiments, the means for determune comprises a means for determining whether the
sample comprises any of an allosteric inhibitor-resistant mutation to SHP2. In some embodiments,

the means for determine comprises a means for determining whether the sample comprises any of
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an allosteric inhibitor-sensitive mutation to SHP2. In some embodiments, the means for determine
comprises a means for determining whether the sample comprises any of the following mutations
to SHP2: F283S, L262R, S189A, D61G, BE6OK, T731, Q506P, E76K, P491S, or 8502P. Such
means mclude, but are not imited to direct sequencing, and utilization of a high-sensitivity
diagnostic assay {with CE-IVD mark}, e.g., as described in Domagala, er al., Pol J Pathol 3: 145-
164 (2012), mcorporated herein by reference in its entirety, including TheraScreen PCR; AmoyDx;
PNAClamp; RealQuality; EntroGen; LightMix; StripAssay; Hybcell plexA; Devyser; Surveyor;

Cobas; and TheraScreen Pyro.

[00115] All of the US. patents, U S. patent apphication publications, U S. patent applications,
PCT patent application, PCT patent application publications, foreign patents, foreign patent
applications and non-patent publications referred to mn this specification or listed in any
Application Data Sheet are incorporated herein by reference in their entirety. From the foregoing
it will be appreciated that, although specific embodiments of the invention have been described
herein for purposes of tllustration, various modifications may be made without deviating from the

spirtt and scope of the invention.
Example Embodiments
{00116] Some embodiments of this disclosure are Example Embodiment 1, as follows:

{00117} Example Embodiment I-1. A method of treating a subject having a disease or disorder
associated with cells containing a mutant SHP2, comprising administering to the subject an
allosteric SHP2 inhibttor, wherein the mutant SHP2 comprises an allosteric inhibitor-sensitive

mutation.

{00118] Example EmbodimentI-1a. An allosteric SHP2 inhibitor for use in a method of treating
a subject having a disease or disorder associated with cells containing a mutant SHP2, wherein the
mutant SHP2 comprises an allosteric intubitor-sensitive mutation.

{00119] Example Embodiment I-1b. Use of an allosteric SHP2 intubttor for the manufacture of

a medicament for treating a subject having a disease or disorder associated with cells containing a

mutant SHPZ, wherein the mutant SHP2 comprises an allosteric inhibitor-sensttive mutation.
2
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{00128] Example Embodiment [-2a. The method of Example Embodiment I-1, wherein the
allosteric inhibitor-sensitive mutation 1s selected from the group consisting of F2858, L262R,

S189A Do61G, E69K, T731, Q506P, and a combination thereof.

{06121] Example Embodiment 1-2b. The method of Example Embodiment [-1, wherein the
allosteric inhibitor-sensitive mutation 1s selected from the group consisting of F2858, L262R, and

S1B9A.

{00122] Example Embodiment I-3. The method of Example Embodiment I-1, wherein the

allosteric inhibitor-sensitive mutation 1s D61G.

{00123] Example Embodiment I-4. The method of Example Embodiment I-1, wherein the
allosteric inhibitor-sensitive mutation 15 selected from the group consisting of HEOK, T731, and

Q506P.

{06124] Example Embodiment I-5. The method of any one of the preceding Example

Embodiments, wherein the cells are negative for an allosteric inhibitor-resistant mutation of SHP2.

{06125} Example Embodiment I-6a. The method of Example Embodiment [-5, wherein the
allosteric inhibitor-resistant mutation is selected from the group consisting of E76K, P491S,

S502P, and a combination thereof
{00126] Example Embodiment 1-6b. The method of Example Embodiment 1-5, wherein the
allosteric inhibitor-resistant mutation 1s selected from the group consisting of E76K and P491S

{00127} Example Embodiment [-7. The method of Example Embodiment I-5, wherein the

allosteric tnhibitor-resistant mutation 15 85028,

{00128] Example Embodiment 1-8. The method of any one of the preceding Example
Embodiments, wherein the cells are determined to have the allosteric inhibitor-sensitive muiation
prior to administering the SHPZ inhibitor.

{00129} FExample Embodiment 1-9. The method of any one of the preceding Example
Embodiments, wherein the cells are determined to not have the allosteric inhibitor-resistant

mutation prior to adnunistering the SHP2 inhubitor.

{0013¢] Example Embodiment 1-10. The method of any one of the preceding Example

Embodiments, wherein the allosteric SHP2 inhibitor 1s selected from (1} Compound A; (1)
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Compound B; (111} Compound C; {iv) SHP099; (v} an allosteric SHP2 inhibitor compound of any
one of Formula I, of Formula 11, of Formula I, of Formula I-V1, of Formula I-V2, of Formula I-
W, of Formula I-X, of Formula I-Y, of Formula I-Z, of Formula IV, of Formula V, of Formula VI,
of Formula IV-X, of Formula IV-Y, of Formula IV-Z, of Formula VI, of Formula VIH, of Formula
IX, and of Formula X (vi} TNOI5S; (vi1) a SHP2 inhibitor disclosed in international PCT
application PCT/US2017/041577 (W(O2018013597), incorporated herein by reference in its
entirety; {vii) a compound from Table Al, disclosed herein; {ix} a compound from Table A2,

disclosed herein; and (x) a combination thereof.

{00131] Example Embodiment I-11. The method of any one of the preceding Example
Embodiments, wherein the disease or disorder is selected from tumors of hemopoietic and
lymphoid system; a myeloproliferative syndrome; a myelodysplastic syndromes; leukemia; acute
myeloid leukenua; juvenile myelomonocytic leukemia; esophageal cancer; breast cancer; lung
cancer; colon cancer; gastric cancer; neuroblastoma; bladder cancer; prostate cancer; glioblastoma;
urothelial carcinoma; uterine carcinoma; adenoid and ovarian sereocus cystadenocarcinoma;
paraganglioma; phaeochromocytoma; pancreatic cancer, adrenocortical carcinoma; stomach
adenocarcinoma; sarcoma, thabdomyosarcoma; lymphoma; head and neck cancer; skin cancer;
peritoneum cancer; imtestinal cancer {e.g., small and/or large intestinal cancer); thyroid cancer;
endometnial cancer; cancer of the biliary tract; soft tissue cancer; ovarian caocer; central nervous
system cancer {e.g., primary CNS lymphoma}; stomach cancer; pituttary cancer; genital tract
cancer;, urtnary tract cancer; salivary gland cancer; cervical cancer; liver cancer; eye cancer; cancer
of the adrenal gland; cancer of autonomic ganglia; cancer of the upper aerodigestive tract, bone
cancer; testicular cancer; pleura cancer; kidney cancer; penis cancer; parathyroid cancer; cancer of

the memnges; vulvar cancer; and melanoma.

{00132] Example Embodiment I-12. The method of any one of the preceding Example
Embodiments, wherein the disease or disorder is an inherited developmental disorder selected from
the group consisting of Noonan Syndrome and LEOPARD Syudrome.

{80133] Example Embodiment I-13. The method of any one of any one of the preceding
Example Embodiments, wherem the allosteric SHP2 mhibitor 15 administered in an effective

armpount,
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{00134] Example Embodiment I-14. A method of identifying a subject with SHP2 mutations
susceptible to a SHPZ mhibitor, comprising genotyping a biological sample from the subject for
SHP2 mutations, wherein the subject 1s identified as susceptible to the SHP2 mhibitor if the SHP2

mutations comprise an allosteric inhubitor-sensitive mutation.

{00135] Example Embodiment I-14a. An iz vitro method of identifying a subject with SHP2
mutations suscepitble to a SHP2 inhibitor, comprising genotyping, via an in Vvitro assay, a
biological sample from the subject for SHPZ mutations, wherein the subject 1s identified as
suscepiible to the SHPZ inhihitor 1f the SHP2 mutations comprise an allosteric inhibitor-sensitive

mutation.

{00136] FExample Embodiment I-14b. An allosteric SHPZ2 inhibitor for use mn a method of
treating a subject identified by genotyping as having a disease or disorder with a SHP2Z mutation
that 1s susceptible to a SHP2 inhubitor, wherein the subject is identified as susceptible to the SHP2

mhibitor if the SHP2 mutations comprise an allosteric inhibitor-sensitive mutation.

{00137} Example Embodiment I-14¢. Use of an allosteric SHP2 inhibitor for the manufacture
of a medicament for treating a subject identified by genotyping as having a disease or disorder
with a SHPZ mutation that is susceptible to a SHPZ2 inhibitor, wherein the subject is identified as
susceptible to the SHP2 inhibitor if the SHPZ mutations comprise an allosteric inhibitor-sensitive

mutation.

[00138] Example Embodiment I-15a. The method of Example Embodiment I-14, wherein the
allosteric inhibitor-sensitive mutation 15 selected from the group consisting of F2855, L262R,

S189A, DolG, E69K, T73L, (3506P, and a combination thereof

{00139] Example Embodiment I-15b. The method of Example Embodiment I-14, wherein the
allosteric inhubitor-sensitive mutation 1s selected from the group consisting of F28538, L262R, and

S189A.

[00140] Example Embodiment 1-16. The method of Example Embodiment I-14, wherein the

allosteric inhibitor-sensitive mutation 1s D61G.

[00141] Example Embodiment 1-17. The method of Example Embodiment I-14, wherein the
allosteric inhibitor-sensitive mutation is selected from the group consisting of E69K, T731, and

Q306P.
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{00142] Example Embodiment I-18. The method of any one of Example Embodiments I-14 to
1-15, wherein the method further comprises wdentifying the subject as not expressing a SHP2

allosteric inhibitor-resistant mutation.

{06143] Example Embodiment 1-19, The method of Example Embodiment [-18, wherein the
SHP2 allosteric inlubitor-resistant mutation 1s selected from the group consisting of E76K, P4915,

S502P, and a combination thereof.

{00144] Example Embodiment 1-20, The method of Example Embodiment I-18, wherein the

allosteric inhibitor-resistant mutation is selected from the group consisting of E76K and P4915

{00145] Example Embodiment 1-21, The method of Example Embodiment [-18, wherein the

allosteric inhibitor-resistant mutation 1s 8502,

{00146] Example Embodiment I-22. The method of any one of Example Embodiments I-14 to
1-21, wherein the allosteric SHP2 inhibitor 1s selected from (1) Compound A; {11} Compound B;
(11} Compound C; (rv) SHP09Y; (v) an allosteric SHPZ inhibitor compound of any one of Formula
I, of Formula [, of Formula I, of Formula I-V1, of Formula I-V2, of Formula I-W, of Formula
12 of Formula I-Y, of Formula I-Z, of Formula IV, of Formuila V, of Formula VI, of Formula
IV-X, of Formula IV-Y, of Formula [V-Z, of Formula VI, of Formula VIIi, of Formula IX and
of Formula X; (vi) TNO155, and {vi1) a combination thereof.

{00147} Example Embodiment 1-23. The method of any one of Example Embodiments I-14

through I-22, wherein the allosteric SHPZ inhibitor is in an effective amount,
g

{00148] FExample Embodiment {-24. A method of identifying a subject as resistant to an
allosteric SHP2 inhibitor, comprising genotyping a biclogical sample from the subject for SHP2
mutations, wherein the subject is identified as resistant to the SHP2 inhibitor if the SHP2 mutations

comprise an allosteric inhubitor-resistant mutation.

{00149} FExample Embodiment [-24a. An in vitro method of identifying a subject as resistant to
an allosteric SHP2 inhibitor, comprising genotyping, via an in vitro assay, a biological sample
from the subject for SHP2 mutations, wherein the subject 1s wdentified as resistant to the SHP2

inhibitor if the SHP2 mutations comprise an allosteric inhibitor-resistant mutation.
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{00156] Example Embodiment I-25a. The method of Example Embodiment [-24, wherein the
allosteric inhibitor-resistant mutation s selected from the group consisting of HE76K, P491S,

S502P, and a combination thereof

{06151} Example Embodiment [-25b. The method of Example Embodiment [-24, wherein the

allosteric inhibitor-resistant mutation is selected from the group consisting of E76K and P4918

{06152] Example Embodiment 1-26. The method of Example Embodiment [-24, wherein the

allosteric inhibitor-resistant mutation 1s S502P.

{06153] Example Embodiment 1-27. The method of any one of Example Embodiments 1-24 to
1-26, wherein the allosteric SHP2 inhibitor s selected from (1) Compound A; (11} Compound B;
{111) Compound C; {rv) SHP099; (v} an allosteric SHP2 mhibitor compound of any one of Formula
1, of Formula I, of Formula I, of Formula I-V1, of Formula [-V2, of Formula I-W, of Formula
I-X, of Formula I-Y, of Formula I-Z, of Formula IV, of Formula ¥V, of Formula VI, of Formula
IV-X, of Formula IV-Y, of Formula IV-Z, of Formula VI, of Formula VI, of Formula IX and
of Formula X; (vi) TNO1SS, and (vii) a combination thereof.

{00154] Example Embodiment 1-28. The method of any one of Example Embodiments [-24
through [-27, wherein the allosteric SHP2 inhibitor 15 in an effective amount.

{00155] Example Embodiment 1-29. A diagnostic test for allosteric SHP2 inhibitor sensitivity,
comprising a nucleic acid probe spectfic for an allosteric inhibitor-sensitive mutation of SHP2.
{00156] Example Embodiment 1-29a. An in vifro diagnostic test for allosteric SHP2 inhubitor
sensitivity, comprising a nucleic acid probe specific for an allosteric inhibitor-sensitive mutation
of SHPZ.

{00157} Example Embodiment [-30. The diagnostic test of Example Embodiment [-29, wherein
the allosteric inhubitor-sensitive mutation is selected from the group consisting of F2858, L262R,
S189A, D61G, E69K, T731, QS06P, and a combination thereof.

{00158} Example Embodiment [-31. The diagnostic test of Example Embodiment [-29, wherein
the allosteric imhibitor-sensitive mutation is selected from the group consisting of F2855, L262R,
and S18%A.

{00159] FExample Embodiment [-32. The diagnostic test of Example Embodiment [-29, wherein

the allosteric imhubior-sensitive mutation 1s DS1G.
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{001668] Example Embodiment [-33. The diagnostic test of Example Embodiment [-29, wherein
the allosteric inhibitor-sensitive mutation is selected from the group consisting of E69K, T731, and

Q506P.

{06161} Example Embodiment I-34. A diagnostic test for allosteric SHPZ inhibitor insensitivity,
comprising a nucleic acid probe specific for a SHP2 allosteric mhibitor-resistant mutation; wherein

the allosteric inhibitor-resistant mutation is optionally selected from E76K, P491S, S502P.

Examples
[06162] The disclosure 1s further tllustrated by the following examples and synthesis examples,
which are not to be construed as lmiting this disclosure i scope or spirit to the specific procedures
herein described. Tt 18 to be understood that the examples are provided to illustrate certain
embodiments and that no hmitation to the scope of the disclosure 1s intended thereby. It 1s to be
further understood that resort may be had to various other embodiments, modifications, and
equivalents thereof which may suggest themselves to those skilled in the art without departing

from the spirit of the present disclosure and/or scope of the appended claims.
Example 1.

Activating Mutations Have Differential Effect on Biochemical Potency of Allosteric
Inhibitors

{80163] SHP2 (PTPNI11} 15 a non-receptor protein tyrosine phosphatase and scaffold protein
that functions downstream of multiple RTKs, integrating growth factor signals to promote

AS/MAPK activation. SHP2 15 composed of three distinet structural domains: two SH2 domains
at the N-terminus followed by a PTP catalytic domain. SHP2 adopts an automhibited conformation
in the absence of RTK signaling. Mutations that destabilize the autoinhibited conformation are
common i inherited RASopathies and certain cancers. Allosteric nhibttors that stabilize the
autoinhibited conformation in wild-type SHP2 inhibit RAS/MAPK signaling, and tumor growth,
in xenograft models driven by oncogenic mutations in the RAS/MAPK pathway. This study asked

what 1s the effect of allosteric inhibitors on activated mutant SHPZ.

{00164] Binding to diphosphotyrosine motifs in signaling proteins destabilizes the inhibited
state and activates the enzyme. SHPZ can be activated in vitro by synthetic peptides containing

diphosphotyrosine motifs. Mutations in the SH2-Catalytic domain interface can uncouple
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activation from phosphotyrosine peptide or protein binding. Molecules that bind specifically to the

autoinhibited conformation function as allosteric inhibitors

{00165] Activation/inhibition by peptide binding, mutation, and inhibitor binding can be

deseribed with a simple equilibrium model (Figure 1).

100166] The present study examined the effect of allosteric imhibitors on mutant SHPZs. The
following mutations associated with Noonan Syndrome, Juvenile Myelomonocytic Leukemia
(JMML}, and other human cancers were selected for further experimental study: D61G, E76K,
S189A, L262R, F2855, P4918 and SS502P. Mutations refer to the SHP2 sequence numbered
according to Uniprot Isoform 2 {accesston number Q06124-2) (SEQ ID NO: 1),

Methods
SHP2 aliosteric inhibifion assay

{06167} Full-length SHP2 1s allosterically activated through binding of bis-tyrosyl-
phorphorylated peptides to its Src Homology 2 (SH2) domains. The latter activation step leads to
the release of the auto-inhibitory mterface of SHP2, which 1n turn renders the SHPZ protein
tyrosine phosphatase (PTP) active and available for substrate recognition and reaction catalysis.
The catalytic activity of SHP2 was monitored using the surrogate substrate DiFMUP in a prompt
fluorescence assay format Mutant variants of SHPZ showed variable response to activating
peptide, and the biochemical assay was repeated on all enzymes with and without activating

peptide at a concentration of S00 nM.

{00168} The phosphatase reactions were performed at room temperature in 384-well black
polystyrene plates, flat bottom, non-binding surface (Corning, Cat# 781077) using a final reaction
volume of 50 uL and the following assay buffer conditions: 55 mM HEPES pH 7 2, 100 mM NaCl,
0.5 mM EDTA, | mM DTT, 0.001% Briy35, 0.002% BSA, 0.1% DMSG, 100 uM DiFMUP, 0.1,

0.3, or Z oM enzyme, 0 or 5300 nM activating peptide NsCs and 10 yM to 1.9 pM inhibitor.

[00169]  Diluted indubitor (5 ul) was nuxed with activated enzyme (25 pl) and incubated tor 30
minutes at room temperature. A 250 M aqueous DifMUP solution (20 pl) was added and the
plate was sealed and incubated for 30 minutes. S0 ul stop solution (0.1 mM sodium pervanadate)
was added to each well, the plate was shaken briefly to mix, and read in endpoint mode on a

SpectraMax MS plate reader (Molecular Devices) using excitation and enussion wavelengths of
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340 nm and 450 nm. Data was imported into GraphPad Prism. Plots of flucrescence intensity vs.
log Molar {[compound] were created and modeled with a 3-parameter sigmoidal concentration

response equation in order to estimate 1Cso.
Hesulis

{001768] Compound C (alse known as Compound 33 on Tables 1-8) and 52 other aliosteric
mhibitors of SHP2 were tested for their potency in a biochemical assay of SHPZ activity. In this
assay, wildtype or mutant variants of SHP2 were incubated with each of compounds 1-53 for 30
mingtes, prior to addition of the small molecule substrate DiFMUP (6,8-difluoro-4-
methylumbelliferyl phosphate). Reactions were then allowed to proceed for 30 minutes and
stopped by the addition of a phosphatase mhubitor, sodium pervanadate. De-phosphorylation of
DiFMUP results in production of a fluorescent product. Product fluorescence was determined and
plotted as a function of compound concentration in order to determine the 1Cso for each compound

on each mutant using a four parameter sigmoidal dose response function in Prism (GraphPad).

{00171] The experiments were repeated in the presence of a bis-phosphorylated activating
peptide (termed “NsCs”} which comprises two tyrosine phosphorylated 9-mers {svanthetic
sequences designed to strongly bind both the N- and C-terminal SH2 domains) connected by a
PEGS linker. NsUs mumics the role of the cytosolic domam of a protein tyrosine kinase in this

model system. The Ns{s activating peptide has the following structure:

H2N-Leu-Asn-pTyr-Ala-Gln-Leu-Trp-His-Ala-PEGS-Leu-Thr-lle-pTyr-Ala-Thr-
He-Arg-Arg-Phe-NHZ (SEQ ID NOS: 2-3).

{06172] The potencies of 52 compounds to inhibit the non-activated (apo} and activated forms
of the various mutants, in comparison to the wild type SHP2, are summarized in Tables T to 8. The
potency of each compound to inhibit non-activated mutant SHP2 s plotted versus the potency to
mhibit wild-type SHP2 in Figure 2. The same plot for activated mutant and wild-type SHP2 1s

shown in Figure 3.
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Table 1: Biochemical potency (pICse) for selected SHP?2 inhibitors on wild type SHPZ alone
{(Non-Activated) and in presence of 0.5 pM NsCs peptide (Activated)

Potency of compounds for inhibition of human SHP2-FL
wild type
Wild-type SHP2 Wild-type SHP2
Mo Peptide Control 8.5 pM NsCs peptide
Compound {Non-Activated) {Activated)
s Standard s e Standard s
PRS0 ot mypyx | PV Error' (nM)*

1* 8.7 .12 2.01 8.58 8.16 2.62
4 8.61 .12 243 8.587 8.67 2.69
% 8.87 .08 1.36 8.67 6.08 212
4 8.65 8.11 2.24 8.63 $.08 2.37
2 7.56 8.08 27.8 7.1 $.05 79.4
3 8.13 8.08 7.48 7.58 $6.03 28.1
4 7.65 8.05 22.4 7.29 6.67 50.9
& 7.8 8.08 31.6 7.01 $.05 98.9
8 7.64 6.1 22,7 7.39 $.08 40.8
7 8.02 8.08 9.59 7.76 $.05 173
8 8.49 6.1 3.23 8.14 $6.03 7.23
g 7.39 8.19 40.6 6.658 $.05 225
10 7.82 6.1 15.1 7.59 $.09 259
10 8.01 8.06 7 7.59 .13 259
11 7.62 8.12 24 7.36 $.09 434
12 8.16 8.067 7 7.42 $.06 38.2
13 8.56 8.067 277 8.2 $.04 6.27
14 7.76 8,158 17.6 741 .21 78.8
15 7.67 8.12 21.5 7.16 $.06 69.2
16 8.2 8.13 6.34 8 $.04 9.91
17 7.11 8.11 77.6 6.69 $.06 205
18 6.9¢ 8.19 162 6.51 6.067 310
19 6.33 8.26 467 5.99 $.09 1638
28 8.85 8.1 1.42 8.85 6.067 1.42
214 8.67 8.16 2.16 8.54 $.09 2.89
22 7.3% .25 49.3 6.81 6.06 157
23 7.72 .16 19.3 7.36 6.04 44.1
24 8.42 .08 381 8.46 6.67 3.48

28 7.61 811 24.3 7.26 6.67 55
286 7.86 .08 13.8 7.8 6.14 31.4

27 811 8,12 771 7.82 6.069 15
28 8.61 .09 2.48 8.24 6.03 5.81
28 8.54 .09 2.89 8.3%8 6.03 4.44
30 8.23 .08 5.87 8.11 0.064 7.83
31 6.77 6.1 169 6.53 6.67 294
32 8.42 .06 378 8.8 0.03 3.18
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33
34
35
36
37
38
39
40
41
42
43
44
45
45
47
48
48
50
51
52
83

8.4
8.49

~
/
i

6.758
8.47
6.81
8.04
8.5
8.058
6.99
7.53
7.44
8.3
8.38
8.3
8.74
8.3
8.11
8.62
8.33
6.95

8.08
8.14
8.11
6.2
8.06
8.14
8.06
8.08
8.12
8.11
8.G6
8.G8
8.63
8.G6
8.11
6.1
8.64
8.67
8.6%
8.G8
8.G8

4.02
3.24
12.5
178
3.38
156
9.18
3.17
8.83
104
29.4
36.1
5.47
4.5
5
1.84
3.18
7.78
2.38
4.73
iii

8.66
8.04
7.57
6.23
8.54
6.28
7.8
8.12
7.53
6.4
7.18
7.03
8.39
8.4
8.58
9.03
8.18
8
8.19
8.31
6.6

0.03
6.158
0.03
0.06
0.04
6.67
0.03
0.04
0.04
0.06
6.65
.04
.04
6.65
6.63
6.65
6.63
.04
6.65
6.65
.65

PCT/US2019/026543

2.21
9.12
26.7
59¢
2.92
52¢
is
7.64
29.6
463
68.8
92.9
4.88
3.98
2.64
8.942
6.68
161
6.47
4.91
252

*Compound 1 was run four times as a plate control and compound 10 was run in duplicate.
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Table 2: Biochemical potency (pl{50} for selected SHP2 inhibitors on SHP2 D616 alone
{(Non-Activated) and in presence of 0.3 pM NsCs peptide (Activated)

Potency of compounds for inhibition of human SHPZ-FL
D6iG
SHP2 D6iG SHP2 B6IG
Mo Peptide Control 8.5 pM NsCs peptide
Compound {Non-Activated) {Activated)
ICs Standard ¥Cso I Standard ¥Cso
P50 Frrort L T I (nM)*
% 8.73 .07 1.85 6.73 8.08 183
4 8.61 .05 245 6.66 8.05 219
4 8.8 8.06 1.6 6.7 0.04 198
% 8.74 8.12 1.81 6.72 .06 191
2 7.28 6.04 887 5.15 8,17 7106
3 7.57 6.03 26.7 5.582 &.14 3050
4 7.39 8.05 40.5 5.27 115 5350
& 7.18 8.03 66.2 4.94 027 11566
& 7.43 8.06 37 5.7 8.1 2010
7 774 8.04 18.2 5.67 115 212¢
8 8.18 8.04 6.65 6.27 067 542
g 6.68 8.03 208 <5 NA > 10000
10 37 8.09 16.8 6.2 067 638
10 N 8.06 17.7 6.15 ¢i12 701
11 7.36 8.08 43.3 5.79 616 1610
12 7.89 0.04 12.8 5.67 .11 2150
13 8.48 8.05 3.32 6.54 $.05 287
14 7.34 0.04 45.6 5.1 6.27 7960
15 7.11 0.04 76.9 5.32 6.17 4810
16 8.28 8.03 5,28 6.18 .11 659
17 6.7 8.04 198 <5 NA > 10000
18 6.5 8.06 319 <5 NA > 10000
19 592 8.06 1200 <5 NA > 10000
20 9,05 8.05 $.883 6.99 $.05 104
21 8.71 8,08 1.98 6.84 0.09 144.00
22 6.75 8.03 177 <5 NA > 10000
23 7.6 8.03 251 5.458 8.1 3530
24 8,68 8.06 2.24 6.76 811 173
258 7.24 8.04 57.9 5.32 $.28 4780
26 7.68 8.06 21 5.81 8.4 13556
27 8.08 8.06 8.41 6.53 0.09 294
28 8.28 8.06 8,28 6.34 0.04 462
28 8,52 8.04 3.04 6.49 0.08 322
30 817 8.03 6.71 6.13 $.06 738
31 6.53 8,08 298 <5 NA > 10000
32 8.63 .08 2.33 7.02 8.03 84.6
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33
34
35
36
37
38
39
40
41
42
43
44
45
45
47
48
48
50
51
52
83

8.05
8.03
8.03
8.06
8.04
8.03
8.05
8.03
8.03
8.06
8.6%
8.64
8.64
8.6%
8.6%
8.64
8.63
8.6%
8.6%
8.6%
8.68

2.7%
S.61
219
S78
3.51
453
16.9
5.38
35.9
3985
73.1
83.8
5.52
4.32
3.68
6.993
6.9
8.1%
3.33
3.66
213

6.99
6.14
5.68
< 5
6.63
4.93
5.81
6.23
5.34
< 5
5.3
5.1%
6.64
6.78
6.78
7.14
6.12
5.9
6.3%
6.62

<X

0.03
0.09
0.03
NA
0.03
6.27
0.06
0.04
0.09
NA
6.11
6.34
6.63
6.63
.04
6.65
RS
8.1
6.69
6.63
NA
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104
723
208¢
> 10000
233
118060
§550
587
454¢
> 10000
5670
6450
229
166
167
72.8
753
§256
486
238
> 10008

Table 3: Biochemical potency {pl{50) for selected SHPZ inhibitors on SHP2 E76K alone
{(MNon-Activated) and in presence of 0.5 pM Ns{s peptide {Activated)

107

Potency of compounds for inhibition of human SHP2-FL
E761
SHP2 £76K SHP2 £76K
Mo Peptide Controf 8.5 pM NsCs peptide
Compound Mon-Activated) {Activated)
e Standard 1Csp i Standard 50
PISCL Erport (b | P gyt {nv)*
% 7.27 8.09 54 <& NA > 16660
1 7.23 0.67 58.3 4.88 8.34 13100
% 7.3 0.08 56.6 4.98 8.29 10400
4 7.27 $.08 54.2 <5 MNA > 10000
2 £.68 0.16 2090 <5 MNA > 10000
3 6 $.05 991 <5 MNA > 10000
4 5.8 6.14 1588 <5 MNA > 10000
& 541 6.12 3870 <5 MNA > 10000
& 6.41 6.04 393 <5 MNA > 10000
7 6.45 6.04 358 <5 MNA > 10000
8 6.84 6.03 145 <5 MNA > 10000
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10
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
48
47
48
49
50
51
52
53

5.24
6.87
6.85
6.36
6.33
7.18
5.51
g7
6.79
5.48
i.16
4.96
7.54
7.69
247
615
7.15
595
6.41
7.16
7.1
7.18
6.8
534
7.69
7.6
6.98
6.26
4.93
745
5.33
6.45
6.84
6.05
5.29
6.14
6.11
7.3
7.41
7.44
7.94
6.79
6.57
7.25
7.37
5.42

8.11
0.05
0.04
8.1
0.04
0.09
0.26
6.21
0.04
0.13
6.14
6.34
6.06
6.09
8.11
6.06
6.67
8.11
8.11
6.04
6.05
$.05
$.06
$.22
$.05
$.06
$.05
$5.03
$.45
0.04
0.1
0.06
0.04
0.06
0.13
0.05
0.05
0.05
0.03
8.63
8.66
8.63
8.66
8.62
8.64
0.08

5758
135
141
433
468
66.7
3120
1718
162
3320
6950
16960
29
25.66
3460
714
76.6
1126
393
69.8
78.7
65.6
169
4610
20.3
252
145
553
11700
359
46690
352
§43
895
50990
718
783
56.2
38.9
36.1
114
§63
267
56.9
43
3859

<:5
<:5
<:5
<:5
<:5
<:5
<8
<8

<3
<3
<3
<6
<3
<3
<3
<3
<3
<3
<3
4.94
4.96
<3
<3

B A
Oy W Wy W W W W g 5

=)

B8 b
E=Y

@ R R

AP A A palIIE ooa A A A A A
[o] ~3 L N

[¢.4]

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.17
NA
NA
NA
NA
NA
NA
NA
NA

8.19
MA
MA
MA
MA
MA
MA
MA
8.32
8,17
8.11
0.14
MNA
MNA
MNA
8.17
MNA
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> 10066
> 10066
> 10066
> 10066
> 10066
> 10066
> 10066
> 10066
> 10066
> 10066
> 10066
> 10066
9936
> 10066
> 10066
> 10066
> 16601
> 10066
> 10066
> 10066
> 10066
> 10006
> 10006
> 10006
11566
11166
> 10006
> 10006
> 10006
11006
> 10006
> 10006
> 10006
> 10006
> 10006
> 10006
> 10006
14106
5650
34006
5760
> 16006
> 16006
> 16601
6680
> 16006
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Table 4: Biochemical potency (pl{50)} for selected SHP2 inhibitors on SHP2 S18%A alone
{(Non-Activated) and in presence of 0.3 pM NsCs peptide (Activated)

Potency of compounds for inhibition of human SHPZ-FL
S18%A
SHP2 518%A SHP2 $518%4
Mo Peptide Control 8.5 pM NsCs peptide
Compound {Non-Activated) {Activated)
ICs Standard ¥Cso I Standard ¥Cso
P50 Frrort L T I (nM)*

% 8.52 8.158 3.01 8.47 8,07 3.38
4 8.48 &1 335 8.43 8.05 3.76
4 8.56 8,14 2,78 8.52 0.04 2.99
% 8.51 8.13 3.11 8.42 067 379
2 7.49 8.13 325 7.04 .06 90.8
3 7.7¢ 8.17 16.4 7.41 .07 39.4
4 7.58 8.11 26.3 7.23 .05 59.4
& 7.54 8.11 28.9 6.96 .05 169
& 785 8.12 28.2 7.3 .08 50.1
7 7.94 8.08 11.6 7.56 .63 279
8 8.13 8.13 7.45 7.98 .05 16.5
g 6.93 8.08 117 6.55 .62 283
10 7.7 8.11 18.6 7.69 .06 26.4
10 7.7 8.09 19 7.69 .05 26.4
11 745 8,23 35.6 7.28 .08 52,6
12 8.02 8,13 9,57 7.68 .05 22.5
13 8.32 8,12 4,82 8.19 .05 6.4
14 7.67 8,11 213 7.24 .05 571
15 7.23 6.1 59.3 7.81 .03 97.7
16 8,11 8,12 7.73 8.04 .03 9.14
17 6.99 8.07 102 6.58 $6.02 262
18 6.64 6.1 227 6.38 $.05 419
19 6.19 8,22 650 5.79 6.67 1610
20 8.91 8.09 1.24 8.82 .04 1.51
21 8,50 8,19 316 8.60 0.06 2.52
22 6.8 8,12 160 6.61 .07 245
23 7.98 8,18 10.4 7.4 0.08 39.7
24 8,57 8,13 2.67 8.37 0.06 4.31
258 7.38 8,12 41.6 742 0.08 76.2
26 7.69 8,13 20.8 7.5 0.08 31.7
27 7.94 8,12 11.8 7.92 0.06 119
28 8.24 8.08 873 8.08 0.04 8.89
28 8.3 8.07 4,97 8.23 0.04 5.87
30 8,28 8.08 5,58 7.98 0.03 16.5
31 6.69 8.08 203 6.43 0.08 376
32 8.34 .09 4.53 8.47 6.04 3.39
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33 8.33 &1 4.7 8.52 0.04 2.899
34 8.18 8.09 6.64 7.899 0.04 16.3
35 7.66 8.07 217 7.43 6.02 37.2
36 6.67 8.11 216 5.9% 0.86 §030
37 8.3 8.11 4.99 8.29 6.02 513
38 6.31 8.12 486 6.22 0.03 604

39 g7 8.13 16.9 7.62 0.03 23.8
40 8.21 8.08 6.15 8.02 0.04 9.58
41 7.59 8.158 25.6 7.32 0.03 47.8
42 6.55 &1 284 6.22 0.06 610

43 7.2 8.69 62.7 7.03 .04 92.7
44 7.1 8.69 97.9 6.86 6.63 146

45 8.G5 8.G8 8.83 8.2 6.63 6.31
46 8.13 8.67 7.41 8.28 .04 531
47 8.26 8.G8 5.51 8.38 .04 4.13
48 8.61 8.12 2.48 8.79 6.63 1.62
48 8.17 8.G6 6.71 8 6.65 9.98
50 7.92 8.G8 iz 7.88 .04 141
51 8.19 8.67 6.41 8.21 6.63 6.24
52 8.17 8.13 6.79 8.28 .04 11
53 6.74 8.1 184 6.33 .06 447

Table 5: Biochemical potency {pl{50) for selected SHP2 inhibitors on SHP2 L262R alone
{(Non-Activated) and in presence of 0.5 pM NsCs peptide (Activated)

Potency of compounds for inhibition of human SHP2-FL
L262R
SHP2 1L.262R SHP2 L262R
No Peptide Control 8.5 uM NsCs peptide
Compound {Non-Activated) {Activated)

IC Standard s 1Cs Standard s
DRSO Errort (v | PV gyt {(nM)*

% 8.55 8.05 2.83 7.1 6.17 79.4
4 3.47 0,058 3.37 7.21 6.1 62.2
% 8.36 $.08 2.78 7.16 8.09 69.2
4 8.47 $.06 343 7.13 3,05 74.6
4 7.32 .04 75.9 87 8.2 2000

3 7.43 .02 37 6.03 8.18 927
4 7.21 .05 61.1 5.86 8.14 1396
5 6.9 .04 127 5.29 6.4 5180

8 7.36 .06 43.4 6.34 8,11 457

7 7.77 ¢.03 17.1 6.41 6.08 385

8 8.04 .04 9.12 6.87 3.09 136
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- 6.58 8.03 262 <5 NA > 10000
10 7.73 8.06 18.6 6.65 6.14 224
10 7.74 8.05 18.2 6.83 6.67 148
11 7.34 8.08 45.5 6.21 06.23 621
12 7.67 8.03 216 6.38 0.03 448
13 8.41 8.03 3.85 6.98 0.06 165
14 7.16 8.04 68.7 5.57 0.26 267¢
15 7.08 8.05 83.4 5.71 8.24 §940
16 7.98 8.07 16.5 6.6 6.14 254
17 6.83 8.02 147 5.28 0.67 5648
18 6.53 8.64 256 <5 NA > 10068
19 6.7 8.6% 847 <5 NA > 10068
20 8.7 8.62 1.98 7.46 6.63 34.8
21 8.62 8.6% 2.39 7.28 6.11 52.20
22 6.85 8.63 143 5.3 6.22 5670
23 7.47 8.63 34.3 6.02 RS 962
24 8.41 8.62 3.89 7.03 8.1 93.1
25 7.21 8.6% 62.4 5.77 6.28 1710
26 7.6 8.64 25.4 6.41 6.67 391
27 8.01 8.6% 7 7.1 6.67 79.4
28 8.21 8.63 6.158 6.79 .04 161
29 8.29 8,02 5.14 6.82 6.08 152
30 8.62 8,03 9.62 5.66 6.04 219
31 6.48 8,05 333 <5 NA > 10000
32 8.54 8,05 2.91 7.55 6.09 281
33 851 8.06 313 7. 6.67 281
34 8.16 8,02 6.92 691 0.65 123
35 7.5 8,03 31.5 6,08 6.11 847
386 6.04 8.06 920 <5 NA > 10000
37 8.51 0.03 R0 748 6.67 71.6
38 6.27 0.05 5358 <53 NA > 10000
39 773 0.04 19.7 6.37 6.13 423
40 8.12 0.02 7.583 6.67 6.14 215
41 7.41 0.03 391 5.99 6.09 1030
42 6.5 0.05 320 <53 NA > 10000
43 7.2 0.05 63.5 6.09 6.03 813
44 7.05 0.03 89.1 5.58 6.18 26350
45 8.26 0.04 5.45 7.28 6.03 56.5
48 8.36 0.06 4.38 7.6 6.03 252
47 8.41 (.05 3.92 7.84 8.08 i4.5
48 8.9 .06 1.28 7.67 8.04 215
49 8.01 .02 9.68 6.69 8.08 204
50 7.96 .04 16.9 6.39 8.19 409
51 8.358 .02 4.49 7. 8.058 79.6
52 8.4 (.05 3.95 7.32 8.08 47.5
53 6.83 (.04 148 <5 NA > 106060
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Table 6: Biochemical potency {pl{S0) for selected SHP2Z inhibitors on SHP2 F23855 alone
{(Non-Activated) and in presence of 0.3 pM NsCs peptide (Activated)

Potency of compounds for inhibition of human SHPZ-FL
F2858
SHP2 F2858 SHP2 F2858
Mo Peptide Control 8.5 pM NsCs peptide
Compound {Non-Activated) {Activated)
ICs Standard ¥Cso I Standard ¥Cso
P50 Frrort L T I (nM)*
% 8.81 0.08 1.87 8.43 8,11 3.76
4 8.81 ¢12 1.55 8.04 8.23 9.08
4 8,98 8.09 1.04 8.08 8.2 8.38
% 892 8.09 1.19 7.82 .21 151
2 7.76 &1 17.6 6.59 .36 258
3 8.03 0.08 8,25 7.38 8,19 42.2
4 7.56 A 27.3 6.73 .28 185
& 7.49 8.11 32,7 6.68 .16 209
& 7.4 8.09 40.2 6.79 .21 162
7 8.46 8.09 3.47 7.24 +.19 58.1
8 7.99 8.067 18,2 7.22 .14 681
g 7.04 8.15 91 6.33 .24 468
10 N 8.08 17.8 7.36 067 441
10 37 8.08 17 7.4 .09 43
11 7.59 8.08 258 7.1 417 80.2
12 8.41 8,12 3.92 7.36 611 43.4
13 8.87 8.08 1.36 7.59 .15 255
14 7.8 8,12 16 6.76 6.21 172
15 7.28 8,17 56 6.11 6.44 778
16 8.28 8,17 53 7.48 417 334
17 7.4 8,13 40.2 6.42 6.17 378
18 7.14 8,13 71.8 6.59 8.2 260
19 6.88 8,12 133 6.2 616 632
20 8,99 8,12 1.62 8.43 8.2 3.7
21 8,69 8,10 2,08 7.7 813 19.00
22 7.46 8,12 351 6.7 817 190
23 8,08 8,12 8,98 7 8.16 161
24 8,97 8.08 1.08 8.07 8.4 8.47
258 7.39 8,14 40,8 6.52 8.18 305
26 772 8.09 19 7.28 8.27 33
27 7.86 8.09 13.8 7.46 0.26 34.8
28 8,66 8,11 221 7.48 811 33
28 8,58 8.08 2.82 7.7 .12 16.1
30 8.64 8,11 2.32 7.92 g.16 12.1
31 6.96 8,18 111 5.97 8.4 1080
32 8.28 8.67 831 7.61 8.12 244
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33 8.7 8.06 2 7.89 .11 i2.%
34 8.49 8.11 3.23 7.89 8.16 i2.%
35 8.1%8 8.18 7.05 6.9 6.158 125
36 6.92 8.16 120 <5 NA > 10000
37 8.7 8.11 2 7.95 .11 i1.3
38 7.03 8.11 92.9 6.83 06.23 147
39 8.23 &1 5.96 771 0.19 i9.6
40 8.52 8.158 3.03 7.58 6.17 26.8
41 8.2 8.13 6.25 6.96 8.1 110
42 7.21 8.12 61.8 6.27 6.14 336
43 7.28 8.12 52.8 6.9 6.13 25
44 7.27 6.1 53.3 6.48 6.13 32%
45 8.3 8.G8 4.97 7.83 6.69 14.7
45 8.17 8.14 6.78 7.58 6.69 26.1
47 8.3 8.11 3.18 7.58 6.69 26.2
48 8.68 8.G8 2.47 8.12 8.1 7.85
48 8.32 8.69 4.78 7.36 6.11 43.8
50 8.58 8.G8 2.64 7.19 6.14 64.1
51 8.56 8.12 2,78 7.74 8.1 181
52 8.49 8.G6 3.21 7.38 6.12 44.3
83 7.3 8.12 49,9 5.72 04.35 1900

Table 7: Biochemical potency {pl{S0) for selected SHPZ inhibitors on SHP2 P4915 alone
{(MNon-Activated) and in presence of 0.5 pM Ns{s peptide {Activated)

Potency of compounds for inhibition of human SHP2-FL
P4918
SHP2 P4918 SHPZ P491S
Mo Peptide Control 8.5 pM NsCs peptide
Compound {Non-Activated) {Activated)
s Standard s e Standard s
PRS0 ot x| PV Error' (nM)*
% 6.39 $.06 258 <5 MA > 10006
4 6.56 0.05 274 <& MA > 100060
% 6.6 $.05 253 4.97 8.16 10600
4 6.55 8.05 282 5.12 $.09 7670
2 5.88 8.07 1330 <5 NA > 106000
3 6.06 8.03 379 <5 NA > 106000
4 5.85 8.09 1410 <5 NA > 106000
& 5.53 8.08 29940 <5 NA > 106000
8 5.85 8.07 1420 <5 NA > 106000
7 5.87 8.06 1360 <5 NA > 106000
8 6.14 8.05 721 <5 NA > 106000
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- 5.39 8.07 4676 <5 NA > 10000
10 6.63 8.65 235 5.42 0.12 382¢
10 6.7 8.03 20¢ 5.31 0.88 494¢
11 5.85% 8.11 143¢ <5 NA > 10000
12 873 8.06 188¢ <5 NA > 10000
13 6.86 8.65 139 5.41 0.12 392¢
14 S48 8.11 3556 <5 NA > 10000
15 5.34 8.12 4606 <5 NA > 10000
16 6.16 8.03 689 <5 NA > 10000
17 <5 MNA > 10600 <5 NA > 10000
18 <5 MA > 16660 <5 NA > 10068
19 <5 MA > 16660 <5 NA > 10068
20 6,79 8.63 i61 5.46 6.67 34490
21 6.67 8.G6 214.00 5.04 6.19 $230.00
22 <5 MA > 16660 <5 NA > 10068
23 5.6 8.G6 2496 <5 NA > 10068
24 6.47 8.6% 34¢ 5.2 .18 6310
25 5.38 8.17 4476 <5 NA > 10068
26 5.87 6.1 1360 <5 NA > 10068
27 6.9 8.6% 126 5.54 6.69 292¢
28 6.22 8.63 5600 <5 NA > 10068
29 6.49 8.64 325 5.05 0.24 8910
30 6.01 8.658 986 <5 NA > 10000
31 <5 NA > 100060 <5 NA > 10000
32 7.42 8,04 38.2 6.18 0.65 6538
33 7.47 8.658 34 613 0.08 741
34 6.65 8.62 226 5.24 0.18 5740
38 5.67 8.64 2158 <5 NA > 10000
386 <5 NA > 100060 <5 NA > 10000
37 7.05 0.02 89.5 5.54 0.18 2910
38 <5 NA > 10000 <53 NA > 10000
39 6.41 0.66 387 <53 NA > 10000
40 5.96 0.63 1100 <53 NA > 10000
41 5.28 0.1 5260 <53 NA > 10000
42 51 0.18 7960 <5 NA > 10000
43 5.86 0.64 1400 <53 NA > 10000
44 533 0.12 5930 <53 NA > 10000
45 7.19 0.03 64.9 878 g.16 1790
48 7.87 0.02 27.2 6.31 6.03 494
47 7.62 .03 24 6,39 0.67 410
48 7.59 .04 25.5 6.21 8.1 622
49 6.11 .03 769 <5 NA > 10660
50 5.78 4.67 1640 <5 NA > 10660
51 7.09 .02 81.3 3.7 8.66 1820
52 7.33 .04 47.2 6.12 8.67 757
53 <5 NA > 10000 <5 NA > 106060

114



WO 2019/199792 PCT/US2019/026543

Table §: Biochemical potency {pl{S0) for selected SHP2Z inhibitors on SHP2 S302P alone
{(Non-Activated) and in presence of 0.3 pM NsCs peptide (Activated)

Potency of compounds for inhibition of human SHPZ-FL
ss02p
SHP2 S502P SHP2 55029
Mo Peptide Control 8.5 pM NsCs peptide
Compound {Non-Activated) {Activated)
ICs Standard ¥Cso I Standard ¥Cso
P50 Frrort L T I (nM)*
% 6.63 .07 237 <5 MA > 10060
4 6.64 8.1 227 <5 NA > 10000
4 6.66 8,11 221 <5 NA > 10000
% 6.51 8.06 308 <5 NA > 10000
2 <8 NA > 10600 <5 NA > 10000
3 5.89 8.12 1360 <5 NA > 10000
4 5.84 8.18 1440 <5 NA > 10000
& <& MNA > 10000 <& NA > 10000
& 5.68 8.13 2070 <5 NA > 10000
7 6.04 8.09 918 <5 NA > 10000
8 6.21 8.08 614 <5 NA > 10000
9 <& MNA > 10000 <& NA > 10000
10 6.047 8.067 861 <5 NA > 10000
10 6.06 8.13 871 <5 NA > 10000
11 5,72 6.1 1930 <5 NA > 10000
12 5.98 8,18 1050 <5 NA > 10000
13 6.62 8.06 239 <5 NA > 10000
14 <& MA > 100060 <5 NA > 10000
15 5.59 6.2 2580 <5 NA > 10000
16 6.25 8,14 562 <5 NA > 10000
17 <& MA > 100060 <5 NA > 10000
18 <& MA > 100060 <5 NA > 10000
19 <& MA > 100060 <5 NA > 10000
20 6.78 6.1 166 <5 NA > 10000
21 6.83 8.06 148.00 <8 NA > 10000
22 5.92 8.21 1210 <5 NA > 10000
23 5.99 8,13 1020 <5 NA > 10000
24 6.57 8.07 269 <5 NA > 10000
258 55 8,18 3166 <5 NA > 10000
26 5.99 8.1 1040 <5 NA > 10000
27 6.32 8.07 474 <5 NA > 10000
28 6.38 8.1 420 <5 NA > 10000
28 6.38 8,08 417 <5 NA > 10000
30 6,22 8.07 604 <5 NA > 10000
31 <5 NA > 10600 <5 NA > 10000
32 6.93 .06 117 <8 NA > 10000
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33 787 8.6¢7 84.% <5 NA > 10000
34 6.38 8.17 415 <5 NA > 10000
35 5.81 8.27 155¢ <5 NA > 10000
36 <5 MNA > 10600 <5 NA > 10000
37 6.84 0.G8 146 <5 NA > 10000
38 <5 MNA > 10600 <5 NA > 10000
38 6.2 8.12 846 <5 NA > 10000
40 6.31 8.1% 495 <5 NA > 10000
41 6.4 8.17 823 <5 NA > 10000
42 <5 MNA > 10600 <5 NA > 10000
43 5.56 8.17 2766 <5 NA > 10068
44 <5 MA > 16660 <5 NA > 10068
45 6,79 8.6% 164 <5 NA > 10068
46 6.83 8.12 147 <5 NA > 10068
47 6,93 8.67 119 <5 NA > 10068
48 6.97 8.67 106 <5 NA > 10068
48 6.1 8.13 302 <5 NA > 10068
50 6,17 8.67 676 <5 NA > 10068
51 6.63 8.14 237 <5 NA > 10068
52 6.7 8.67 282 <5 NA > 10068
53 <5 MA > 13600 <5 NA > 10008

{00173}  All 53 allosteric inhibitors of SHP2 tested inhibit wildtype and mutant SHP2s at plCso
values between 6 and 9. For each mutant, the trend 1 potency for moutant vs. wild-type can be
approximated by a straight line, suggesting that the relative potencies of all compounds in this set
are affected sinilarly by mutation. The activating peptide NsCs does not substantially increase or
decrease the plCso values for the tested compounds, as there were only neghgible shift in potency

for inhibition of wildtype SHP2 (Figure 4).

[00174] In the absence of activating peptide, all mutant SHPZs tested are inhibited by the 53
allosteric inhibitors tested but wnhibition of some mutants occurs only at higher nhibitor
concentration than for wild-type SHP2. F2858, L262R, D61 G, and S189A had very hittle effect on
compound ICso values for non-activated SHP2. In contrast, E76K, P4918S, and 5502P produced a
substantial (~100-fold) reduction in potency for inhibition of the unactivated state, relative to wild-

type SHP2.

[00175] In the presence of the activating peptide, mutations show a peptide-driven shift n
mhibitor potency of varying magnitude. The peptide shufted 1Cs0 values 3-fold or less for SIZ9A

and F285S. The peptide shufted ITs0 values 10~ to 30-fold for D61G and L262R. The peptide
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shifted 1Cso values 100- to 1000-fold for E76K and P491S. S502P exhibited a peptide-driven
potency shift of at least 100-fold, but the exact shift could not be determined because no ihibitory
activity was detected for any compound (up to the highest test concentration of 10 uM) in the
presence of activating peptide. The shift for S189A, F285S, Do1G, and E76K are shown in Figure

5

{06176] Collectively, these biochemical data suggest that the SHP2 mutants profiled in this
study are all sensitive to allosteric inhibition by this set of compounds. One group of mutations
{represented by D61G, SI89A, L262ZR, and F2858) had no detectable effect on inhibitor potency
(1Cs0} for unactivated SHP2Z. A second group of mutations (represented by E76K, P491S, and
S502P) resulted in a uniform reduction in inhibitor potency for all compounds in the set, although
the most potent compounds retained double digit nanomolar activity against these mutants. For
some SHP2 mutants there was a decrease in inhibitor potency in the presence of activating peptide

relative to the corresponding apo form.
Example 2.

Biochemical Sensitivity of SHP2 Mutants Predicts Cellular Sensitivity to Allosterie
Inhibitor Compound B

Methods
Generation of isogenic SHPZ expression cell lines

{00177} An experimental system was creating to test the activity of SHPZ mutants on an
isogenic background (Figure 6). The Flp-In T-REx-293 cell line was obtained from Gibco® and
cultivated in high glucose DMEM™ containing 2 mM L-glutamine (Hyclone®), supplemented
with 10% FBS (Hyclone®), 1% penicillin/streptomycin (Gibco®), 100 pg/ml Zeocin™
{Gibco®), and 15 pg/ml blasticidin {Gibeo®) 1 a hummidified cell culture incubator at 37°C, 5%

COo2.

{80178] Wild type or mutant SHP2 varants were synthesized and subcloned mto the
pcDNAS/FRT/TO vector {ThermoFisher). Plasmuds were co-transfected with the pOG44 Flp
recombinase expression plasmid (ThermoFisher®)} mnto Flp-In T-REx-293 cells using X-
tremegene 9 DNA transfection reagent (Sigma®), according to the manufacturer’s instructions.
Cells that underwent successful recombination were selected in high glucose DMEM containing

2 mM L-glitamine, supplemented with 10% FBS and, 1% penicillin/streptomycin, 200 pg/mL
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hygromvein B (Gibco®), and 15 pg/mL blasticidin (Gibco®) (recombinant selection media} in a
humidified cell culture incubator at 37°C, 5% CO2, until colonies were visually discernible.
Colonies were expanded in recombinant selection media in a humidified cell culture incubator at

37°C, 5% CO2 to establish 1sogenic SHP2 variant expresston cell lines {T-REx-293-SHP2).
Determination of sensitivity o Compound B

{00179] One day prior to compound treatment, T-REx-293-SHPZ cells for each tested varant
were harvested and seeded in high glucose BMEM containing 2 mM L-glutamine, supplemented
with 0.1% FBS and, 1% penicillin/streptomycin, 200 pg/mb hygromycin B, and 15 pg/mL
blasticidin in 96-well assay plates at a density of 25,000 cells/well. Expression of SHPZ constructs
was induced by the addition of doxycychine (final concentration = 0.1 pg/mb) (Sigma®) for 24

hours.

{00188] On the day of the experiment, cells were incubated i duplicate wells in the presence
of increasing concentrations of Compound B (0.51 nM to 36 uM final assay concentration)} or
vehicle (final assay concentration 0.1% DMSQ) at 37°C, 5% (CO2Z for 1 hour. For the final §
minutes of drug treatment, cells were stimulated with 50 ng/mL Epidermal Growth Factor
(Sigma®}. After this incubation was complete, media was aspirated and cellular lysates prepared
using lysis buffer provided with the AlphalISA detection kit (PerkinFlmer). ERK1/2
phosphorylation at Thr202/Tyr204 was assayed using the Alphal.ISA SureFire Ultra HV pERK
Assay Kit (Perkin Elmer®) following the manufacturer’s instructions. Samples were read using
an EnVision Multilabel Plate Reader (Perkin Elmer®) using standard Alphal ISA settings. Assay
data was plotted and EC50 values were determined using four-parameter concentration- response
model in GraphPad Prismn 7. Data provided are mean +/~ standard deviation of duplicate values
from representative experuments.

Results

{00181] Fifieen stable, 1sogenic cell lines expressing different SHP2 variants were created using
the FRT/TO system. Cells were incubated with Compound B prior to stimulation with EGF and
measurement of cellular pERK levels by AlphalISA (Figure 7). Compound B potency for
nhibition of mutants in cellular context correlated with biochenucal potency for activated SHP2

vanant (Figure 8),
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{00182] Overall, 8 of 13 cancer-associated mutants were sensitive to Compound B (ICso < 2
uM) (Table 9). Potency for inlubition of wild-type SHP2 in this system was comparable to
endogenous SHP2 in other cell lines, and an engineered double mutant in the Compound B binding

stte {T253M/(3275L ) was msensitive to inhibition.

Table 9: Sensitivity of SHP2 mutants to Compound B

Sensitivity of SHP2 mutants to Compound B
) Biochemical B30 pERK IC30 in Biocheaical Cotular
Variant {(ai) 0.5 uhf HEK293 Celis s s e s

Ns Cs"“§ (g sensitivity sensdivily
wWT 2.88 49 yes yes
B76K >10009 > 36000 no no
B6lG 145 1190 yes ves
S189%A 2.5% 49.7 Fe8 yes
L262R 52.5 388 yes yes
P4518 20 )] > 30000 0o BY
F21858 9.1 27.4 ves yes
85029 >10000 179 1o vES
ATIV ND > 36000 ND no
GOV NDB 3708 NB o
F69K Nb 713 NB yes
GSO3Y ND > 30080 Nb ne
T73L ND 626 NDB vES
Q5067 ND 228 ND ¥es
T28IM/G2STL >10000 > 30080 no ne

*Sensitive if ICS0 < 2000 nM
[00183] §ND = Not determined
Conclusions

[00184] A subset of chinically-relevant SHP2Z mutants were sensitive to SHP2 allosteric
inhibitors. Relatively more potent inhubitors of wild-type SHP2 were also more potent towards all
mutants in this study. Sensitivity of SHP2 mutants to Compound B in cells correlated with
biochemical sensitivity of activated enzyme. Results were consistent with a simple equilibrium

model of SHP2 activation and inhibttion driven by stability of an automhibited conformation
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Eguivalents

[00185] While the present mvention has been described in conjunction with the specific
embodiments set forth above, many alternatives, modifications and other vanations thereof will
be apparent to those of ordinary skill in the art. All such alternatives, modifications and varations

are mtended to fall within the spirit and scope of the present invention.
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{laims
i A method of treating a subject having a disease or disorder associated with cells
containing a mutant SHP2, comprising admimstering to the subject an allosteric SHP2 inhibitor,
wherein the mutant SHPZ comprises an allosteric inhibitor-sensitive mutation.
2. The method of claim 1, wherein the allosteric inhibitor-sensifive mutation 1s selected
from the group consisting of F2855, L262R, S189A, D61G, E69K, T73L, (3506P and a
combination thereof.
3. The method of claum 1, wherein the allosteric mnhibitor-sensitive mutation s selected
from the group consisting of F2858, L262R, and S189A.
4, The method of claum 1, wherein the allosteric mnhibitor-sensitive mutation is D61G
3, The method of claim 1, wherein the allosteric inhibitor-sensifive mutation 1s selected

from the group consisting of EGOK, T731, and Q506P.
6. The method of any one of claims 1-5, wherein the cells are negative for an allosteric
mhibitor-resistant mutation of SHP2.

oy

7 The method of claim 6, wherein the allosteric inhibitor-resistant mutation is selected

from the group consisting of E76K, P491S, SS02P, and a combination thereof.

8. The method of claim 6, wherein the allosteric inhibitor-resistant mutation is selected

from the group consisting of E76K and P4918
9, The method of claim 6, wherein the allosteric 1nhibitor-resistant mutation s S502P.

10, The method of any one of claims 1-9, wherein the cells are determined to have the

allosteric inhubitor-sensitive mutation prior to adnunistering the SHP2 intubitor.

i1, The method of any one of claims 1-10, wherein the cells are determined to not have

the allosteric inhibitor-resistant mutation prior to administering the SHP2 inhibitor.

12, The method of any one of claims 1-11, wherein the allosteric SHP2 mhibitor 1s
selected from (1} Compound A; (11} Compound B; (1) Compound C; (iv) SHP099; (v} an

allosteric SHP2 inhibitor compound of any one of Formula I, of Formula I, of Formula I, of
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Formula 1-V1, of Formula I-V2, of Formula I-W, of Formuia 1-X, of Formula I-Y, of Formula I-
Z, of Formula IV, of Formula V, of Formula VI, of Formula IV-X, of Formula IV-Y, of Formula
1V-Z, of Formula V1L of Formula VI, of Formula IX, and of Formula X (vi) TNO15S; (vii) a

compound from Table Al, disclosed herein; (vii1) a compound from Table A2, disclosed herein;

and (ix} a combination thereof.

13. The method of any one of claims 1-12, wherein the disease or disorder 1s selected
from tumors of hemopotetic and lymphoid system; a myeloproliferative syndrome; a
myelodysplastic syndromes; leukemia; acute myeloid leukemia; juvenile myelomonocytic
leukenna; esophageal cancer; breast cancer; lung cancer; colon cancer; gastric cancer;
neuroblastoma; bladder cancer; prostate cancer; glioblastoma; urothelial carcinoma; uterine
carcinoma; adenoid and ovarian sereous cystadenocarcinoma; paraganglioma;
phaeochromocytoma; pancreatic cancer; adrenocortical carcinoma; stomach adenocarcinoma;
sarcoma; rhabdomyosarcoma; lymphoma; head and neck cancer; skin cancer; peritoneum cancer;
intestinal cancer {e.g., small and/or large intestinal cancer); thyroid cancer; endometrial cancer;
cancer of the bihary tract; soft tissue cancer; ovarian cancer; central nervous system cancer {e.g,,
primary CNS lymphoma); stomach cancer; pituttary cancer; genital tract cancer; urinary tract
cancer; salivary gland cancer; cervical cancer; liver cancer; eve cancer; cancer of the adrenal
gland; cancer of autonomic ganglia; cancer of the upper aerodigestive tract; bone cancer;
testicular cancer; pleura cancer; kidney cancer; perus cancer; parathyroid cancer; cancer of the

meninges; vulvar cancer; and melanoma.

14, The method of any one of claims 1-12, wherein the disease or disorder 1s an inherited
developmental disorder selected from the group consisting of Noonan Syndrome and LEOPARD

Syndrome,

15, The method of any one of claims 1-14, wherein the allosteric SHP2 mhibitor is

admnistered in an effective amount,

16. A method of identifving a subject with SHP2 mutations susceptible to a SHP2 inhibitor,
comprising genotyping a biological sample from the subject for SHPZ mutations, wherein the
subject 15 1dentified as susceptible to the SHP2 inlubitor if the SHP2 mutations comprise an

allosteric inhubitor-sensitive mutation.
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17, The method of claim 16, wherein the allosteric inhibitor-sensitive mutation is selected
from the group consisting of F2858, L262R, 5189A, D61(G, E69K, T731, Q506P, and a

combination thereof

18, The method of claim 16, wherein the allosteric inhubitor-sensitive mutation 1s selected

from the group consisting of F2855, L.262R, and S189A.
19, The method of claim 16, wherein the allosteric inhibitor-sensitive mutation 1s D61G.

28, The method of claum 16, wherein the allosteric inhibitor-sensitive mutation 15 selected

from the group consisting of E69K, T731, and 3506P.

21. The method of any one of claims 16-20, wherein the method further comprises

identifying the subject as not expressing a SHP2 allosteric inhibitor-resistant mutation.

22, The method of claim 21, wherein the SHP2Z allosteric inhibitor-resistant mutation is

selected from the group consisting of E76K, P4918, S502P, and a combination thereof.

23, The method of claum 21, wherein the allosteric inhibitor-resistant mutation 18 selected

from the group consisting of E76K and P491S
24, The method of claum 21, wherein the allosteric inhibitor-resistant mutation is S502P.

25, The method of any one of claims 16-24, wherein the allosteric SHP2 inlubitor is
selected from (1) Compound A; (11} Compound B; (1) Compound C; (1v) SHP099; (v) an
allosteric SHP2 mhibitor compound of any one of Formula I, of Formula I, of Formula 111, of
Formula I-V1, of Formula -V 2, of Formula I-W, of Formula I-X, of Formula I-Y, of Formula |-
Z, of Formula IV, of Formula V, of Formula VI, of Formula IV-X, of Formula IV-Y, of Formula
IV-Z, of Formula VII, of Formula VI, of Formula IX, and of Formula X, {vi} TNOI1SS; (vi) a
compound from Table A1, disclosed heremn; (vin) a compound from Table A2, disclosed heremn;

and (1x) a combmation thereot.

26. A method of identifying a subject as resistant to an allosteric SHP2 inhibitor,
comprising genotyping a biological sample from the subject for SHP2 mutations, wherein the
subject 1s identified as resistant to the SHP2 nhibitor if the SHP2 mutations comprise an

allosteric inhibitor-resistant mutation.
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27, The method of claim 26, wherein the allosteric inhibitor-resisiant mutation is selected

from the group consisting of E76K, P4918, S502P, and a combination thereof.

28, The method of claim 26, wherein the allosteric inhibitor-resisiant mutation is selected

from the group consisting of E76K and P4918
28, The method of claim 26, wherein the allosteric inhibitor-resistant mutation is 8502P.

30, The method of any one of claims 26-29, wherein the allosteric SHP2 inhubitor s
selected from (i} Compound A; (11} Compound B; {(in) Compound C; (1v) SHP099; (v} an
allosteric SHP2 inhibitor compound of any one of Formula I, of Formula I, of Formula Ii1, of
Formula 1-V1, of Formula I-V2, of Formula I-W, of Formuia 1-X, of Formula I-Y, of Formula I-
Z, of Formula IV, of Formula V, of Formula VI, of Formula IV-X, of Formula IV-Y, of Formula
1V-Z, of Formula V1L of Formula VI, of Formula IX, and of Formula X (vi) TNO15S; (vii) a
compound from Table Al, disclosed herein; (vii1) a compound from Table A2, disclosed herein;

and {(ix} a combination thereof.
31. A diagnostic test for allosteric SHPZ inhibitor sensitivity, comprising a nucleic acid

probe specific for an allosteric inhibitor-sensitive mutation of SHP2.

32. The diagnostic test of claim 31, wherein the allosteric inhibitor-sensitive mutation is
selected from the group consisting of F2858, L262R, S189A, D61G, E69K, T731, (3506, and a

combination thereof

33, The diagnostic test of claim 31, wherein the allosteric inhibitor-sensitive mutation is

selected from the group consisting of F2858, L262R, and S189A.

34, The diagnostic test of claim 31, wherein the allosteric inhibitor-sensitive mutation is
D616
35, The diagnostic test of claim 31, wherein the allosteric inhibitor-sensitive mutation is

selected from the group consisting of E69K, T731, and (3S06P.

36. A diagnostic test for allosteric SHP2 inhibitor msensitivity, comprising a nucleic acid
probe specific for a SHP2 allosteric inhibitor-resistant mutation, wherein the allosteric inhibitor-

resistant mutation 1s optionally selected from E76K, P4918, 8502P.
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