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Abstract

This application relates to compounds of Formula (I) or pharmaceutically acceptable salts or
stereoisomers thereof, which modulate the activity of adenosine receptors, such as subtypes
A2A and A2B receptors, and are useful in the treatment of diseases related to the activity of
adenosine receptors including, for example, cancer, inflammatory disease, cardiovascular

diseases, and neurodegenerative diseases.
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IMIDAZOPYRIMIDINES AND TRIAZOLOPYRIMIDINES AS A2A / A2B INHIBITORS

The present application is a divisional application from Australian patent application no.
2019227607. The entire disclosures of Australian patent application no. 2019227607 and its
corresponding international patent application no. PCT/US2019/019582, are incorporated herein by

reference.

TECHNICAL FIELD
The present invention provides imidazopyrimidine and triazolopyrimidine compounds that
modulate the activity of adenosine receptors, such as subtypes A2A and A2B, and are useful in the
treatment of diseases related to the activity of adenosine receptors including, for example, cancer,

inflammatory diseases, cardiovascular diseases, and neurodegenerative diseases.

BACKGROUND

Adenosine is an extracellular signaling molecule that can modulate immune responses
through many immune cell types. Adenosine was first recognized as a physiologic regulator of
coronary vascular tone by Drury and Szent-Gyorgyu (Sachdeva, S. and Gupta, M. Saudi
Pharmaceutical Journal, 2013, 21, 245-253), however it was not until 1970 that Sattin and Rall
showed that adenosine regulates cell function via occupancy of specific receptors on the cell surface
(Sattin, A., and Rall, T.W., 1970. Mol. Pharmacol. 6, 13-23; Hasko’, G., at al., 2007, Pharmacol.
Ther. 113, 264-275).

Adenosine plays a vital role in various other physiological functions. It is involved in the
synthesis of nucleic acids, when linked to three phosphate groups; it forms ATP, the integral
component of the cellular energy system. Adenosine can be generated by the enzymatic breakdown
of extracellular ATP, or can be also released from injured neurons and glial cells by passing the
damaged plasma membrane (Tautenhahn, M. et al. Neuropharmacology, 2012, 62, 1756-1766).
Adenosine produces various pharmacological effects, both in periphery and in the central nervous
system, through an action on specific receptors localized on cell membranes (Matsumoto, T. et al.
Pharmacol. Res., 2012, 65, 81-90). Alternative pathways for extracellular adenosine generation have
been described. These pathways include the production of adenosine from nicotinamide dinucleotide
(NAD) instead of ATP by the concerted action of CD38, CD203a and CD73. CD73-independent
production of adenosine can also occur by other phosphates such as alkaline phosphatase or prostate-
specific phosphatase.

There are four known subtypes of adenosine receptor in humans including A1, A2A, A2B,
and A3 receptors. Al and A2A are high affinity receptors, whereas A2B and A3 are low affinity

receptors. Adenosine and its agonists can act via one or more of these receptors and
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can modulate the activity of adenylate cyclase, the enzyvme responsible for mereasing cyclic
AMP (cAMP). The different receptors have differential stimulatory and ishibitory effects on
this enzyme. Increased intracellular concentrations of cAMP can suppress the activity of
mmune and inflammatory cells (Livingston, M. et al., Inflamm. Res., 2004, 53, 171-178).

The A2A adenosine receptor can signal in the periphery and the CNS, with agonists
explored as anti-inflammatory drugs and antagonists explored for neurodegenerative diseases
(Carlsson, J. et al., J Med. Chem., 2010, 53, 3748-3755). In most cell types the A2A subtype
inhibits mtracellular calcium levels whereas the A2B potentiates them. The A2A receptor
generally appears to inhibit inflammatory response from immune cells (Borrmann, T. et al., J.
Med. Chem., 2009, 52(13), 3994—-4006).

A2B receptors are highly expressed in the gastromtestinal tract, bladder, lung and on
mast cells (Antonioli, L. et al., Nature Reviews Cancer, 2013, 13, 842-857). The A2B
receptor, although structurally closely related to the A2 A receptor and able to activate
adenylate cyclase is functionally different. 1 has been postulated that this subtype may utilize
signal transduction systeras other than adenylate cyvclase (Livingston, M. et al., Inflamm. Res.,
2004, 53, 171-178). Among all the adenosine receptors, the A2B adenosine receptor 1s a low
affinity receptor that is thought to remain silent under physiclogical conditions and to be
activated in consequence of increased extracellular adenosine levels (Ryzhov, S. ¢t al.
Neoplasia, 2008, 10, 987-995). Activation of A2B adenosine receptor can stimulate adenylate
cyclase and phospholipase C through activation of Gs and Gq proteins, respectively. Coupling
to mitogen activated protein kinases has also been described (Borrmann, T. et al, J. Med.
Chem., 2009, 52(13), 3994-4006).

In the immune system, engagement of adenosine signaling can be a critical regulatory
mechanism that protects tissues against excessive immuane reactions. Adenosing can
negatively modulate inraune responses through many inunune cell types, including T-cells,
natural-killer cells, macrophages, dendritic cells, mast cells and myeloid-derived suppressor
cells (Allard, B. et al. Current Opinion in Pharmacoiogy, 2016, 29, 7-16).

In tumors, this pathway is hijacked by tumor micro~environments and sabotages the
antitumor capacity of immune svstem, promoting cancer progression. In the tumor micro-
environraent, adenosine was raainly generated from extraceliular ATP by CD39 and CD73.
Multiple cell types can generate adenosine by expressing CD39 and CD73. This is the case
for tumor cells, T-effector cells, T-regulatory cells, tumor associated macrophages, myeloid
derived suppressive cells (MDSCs), endothelial cells, cancer- associated fibroblast (CATs)

and mmesenchvmal stromal/stem cells (MSCs). Hypoxia, inflammation and other imninune-
2 . }
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suppressive signaling in tumor micro-environment can induce expression of CD39, CD73 and
subsequent adenosine production. As a result, adenosing level in solid tumors s unusually
high compared to nonnal physiological conditions.

A2A are mostly expressed on lymphoid-derived cells, including T-effector cells, T
regulatory cells and natore killing cells. Blocking A2A receptor can prevent downstream
imnunosuppressive signals that temporarily inactivate T cells. A2B receptors are mainly
expressed on racnocyte-derived cells inclading dendritic cells, tumor-associated
macrophages, myeloid derived suppressive cells (MDSCs), and mesenchymal stromal/stem
cells (MS3Cs). Blocking A2B receptor in prechinical models can suppress tumor growth, block
metastasis, and increase the presentation of tumor antigens.

In terms of safety profile of ADORAZA/ADORAZB (A2A/A2B) blockage, the A2A
and A2B receptor knockout mitce are all viable, showing no growth abnormalitics and are
fertile (Allard, B. et al. Current Opinion in Pharmacology, 2016, 29, 7-16). A2A KO mice
displayed increased levels of pro-inflammatory cytokines only upon challenge with LPS and
no evidence of inflammation at bascline { Antonioli, L. ¢t al., Nafure Reviews Cancer, 2013,
13, 842-857). A2B KO mice exhibited normal platelet, red blood, and white cell counts but
mereased mflammation at baseline (TNF-alpha, 11.-6) in naive A2B KO mice (Astonioli, L. et
al., Nature Reviews Cancer, 2013, 13, 842-857). Exaggerated production of TNF-alpha and
IL-6 was detected following LPS treatinent. A2B KO mice also exhibited increased vascular
adhesion molecules that mediate inflammation as well leukocvte adhesion/rolling; enhanced
mast-cell activation; increased sensitivity to 1gE-mediated anaphylaxis and increased vascular
leakage and neutrophil idhux nader hypoxia (Antontoli, L. ¢t al, Nature Reviews Cancer,
2013, 13, 842-857).

In summary. there 1s a need to develop new adenosine receptor selective ligands, such
as for subtypes A2A and A2B, for the treatment of diseases such as cancer, inflammatory
discases, cardiovascular diseases and neurodegencrative diseases. Tlus application is directed

to this need and others.

PCT/US2019/019582



05 Dec 2022

2022283611

WO 2019/168847 PCT/US2019/019582

SUMMARY

The present invention relates to, inter afia, compounds of Formula (I):

/

H R 43

or pharmaceutically acceptable salts thereof, wherem constituent members are defined herein.

(85}

The present invention further provides pharmaceutical compositions comprising a
compound of Formuda (I), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

The present invention further provides methods of mhibiting an activity of an
adenosine receptor, comprising contacting the receptor with a compound of Formula (1), or a
10 pharmaceutically acceptable salt thereof.

The present invention further provides methods of treating a disease or a disorder
associated with abnormal expression of adenosine receptors, comprising administering to said
patient a therapeutically effective amount of a compound of Formula (I}, or a
pharmaceutically acceptable salt thereof.

15 The present invention further provides a compound of Formula (F), or a
pharmacentically acceptable salt thereof, for use in any of the methods described herein.

The present invention further provides use of a compound of Foromwla (I), or a
pharmaceutically acceptable salt thereof, for the preparation of a medicament for use in any of

the methods described herein.
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DETAILED DESCRIPTION
Compounds

The present invention relates to, infer alia, compounds of Formula (1):

AN

H R )

(85}

or pharmaceutically acceptable salts thereof;, wherein:

X is Nor CRY;

R is selected from H, Ci alkyl, Ci haloalkyl, Co alkenyl, Coc alkynyl, Co.s arvl,
Csaacyeloalkyl, 5-14 membered hetercaryl, 4-14 membered heterocycloalkyl, Ceaqaryl-Cis
alkyl-, Csaa cycloalkyl-Cis alkyl-, (5-14 membered heteroary[}-Cis alkyl-, (4-14 merubered
10 heterocycloalkyl)-C1salkyl-, OR™, C(OYR!, C{O)NRYRY, C{OYOR™, C(=NRHR™,

CENRDHNRYRY, S(ORYY, SCOINRERY, S(O1RY, and S(O1RNR“RY, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Ceas aryl, Caaa cycloalkyl, 5~-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce 14 aryl-Cig alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cys alkyl-. and (4-14 membered heterocycloalkyl)-Cs alkyl- of R are each
15 optionally substituted with 1, 2. 3, 4, 5, 6, 7. or 8 independently selected R? substituents;
R? is selected from H, D, halo, Ci. atkyl, Ci.s haloalkyl, Cy. alkenyl, Cu. alkynyl, Cs.
14 aryl, Csagcycloalkyl, 5-14 memnbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.is
aryl-Cy alkyl-, Caascycloalkyl-Cis alkyl-, (5-14 membered heteroaryl)-Ci alkyl-, (4-14
membered heterocycloalkyl)-Cisalkyl-, CN, NO;, OR??, SR, NHOR™, C(O)RY2,
20 C{ONR™RE, C{OINROR®), C(O)OR™, OC(O)RY, OC(OINRRY NRR®,
NRENRURE, NRPC(O)RY, NRPC(C)OR™, NREC(O)NRR®, C(=NR“)R"™,
CENRHNRYRYE, NRAC(=NRF)NRIRE, NRAC(=NRP)RY, NRZS(O)NRZRY,
NRZS(O)RY, NRPS(0):R™, NRPS(O)(=NRR", NR“S(0);NRZR®, §(O)R"™,
SIOINRERY, S(O)%R™, S(ORNRPRE, OS(O)(=NRARY, OS(O)R"Y, SFs, PIO)RZRE,
OP(O)OR™YOR?), PIOYOR™(OR™), and BR¥R* | wherein the C1.6 alkyl, Cos alkenyl, Cag

[\
w

alkynvl, Ceq aryl, Caaacycloalkyl, 5-14 raembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 ary1-Cis alkyl-, Cigcveloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R* are each

optionally substituted with 1, 2, 3. 4, 5, 6, 7. or 8 independently sclected R substituents;
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R* is selected from H. D, halo, Ci.s alkyl, Ci.s haloalkyl, Ca.s alkenyl, Cas alkynyl, Cs.
1w arvl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ia
aryl-Cy¢ alkyl-, Cspz cvcloalkyl-Cis alkyl-, (5-14 membered hetercaryl)-Cis alkyl-, (4-14
membered heterocycloallyl)-Cisalkyl-, CN, NO,. OR™, SR¥, NHOR®. C(O)RY,
C(OINR¥R®, C(O)NROR), C(OYORY, OC(ORY, OC(ONRERY, NR¥R%,
NRENRERE NRPCORY, NRPCO)OR®, NREC(O)NRERY | C(=NR*)R",
CENRENRPRYE, NRECE=NRFY)NRZRY, NRPC(E=NRP)RY, NROS(O)NRERY,
NRES(O)R>, NR¥*S(0).R™”, NRPS(O)=NR)R>, NR¥S(0).NRRE S(O)RY,
S(OYNRZRE, §(0):RY, 5(0);NR¥R¥, OS(O)(=NR“)R™, OS3(0)R", §Fs, P(ORRE,
OP(ONOR™OR™), POYWOR™YHORY), and BRPR®, wherein the C1 alkyl, Cos alkenyl, Cos
alkynyl, Ceas arvl, Csascveloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Ciigcvcloalkyl-Cog alkyl~, (5-14 inembered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalky[)-C s alkyl- of R are each
optionally substituted with 1. 2, 3, 4, 5, 6. 7, or 8 independently selected R” substituents;

Cylis Co.is aryl, Cs.icycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.14 aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycioalkyl is optionally substituted with 1, 2, 3,4, 5, 6, 7, or 8 independently
selected RE substituents;

provided that when X is N and Cy’ is 4-14 membered heterocycloalkyl, then the 4-14
membered heterocycloalkyl of Cy' is other than unsubstituted morpholinyl;

provided that Cy’ is not pyridin-4-y1 optionally substituted with 1, 2, 3, or 4
independently selected R” substituents;

provided that Cy"' is not pyrimidin-4-y1 optionally substituted with 1, 2, or 3,
independently selected R” substituents;

provided that Cy' is not quinolin-4-y1 optionally substituted with 1, 2, 3, 4, 5, or 6
independently selected R™ substituents;

Cy? is Ceaq aryl, Cauacycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.14 aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
meinbered heterocyeloalkyl is optionally substituted with |, 2, 3, 4, 3. 6, 7, or & independenily
selected RF substituents;

each R¥, R°, R¥ R™ R% R® R¥ R¥ and R® is independently selected from H, C,.
¢ alkyl, Cs.¢ haloalkyl, Ci alkenyl, Cows alkynyl, Ce-is aryl, Caascycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Co.ns arvl-Cisalkyl-, Caiscycloalkyl-Cigalkyl-,

(5-14 membered heteroaryl}-C s alkyl-, and (4-14 membered heterocycioalky)-Cis alkyl-,
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wherein the Cis alkyl, Cop alkenyl, Cos alkynyl, Coas arvl, Caagcycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ceiq aryl-Cisalkvl-, Csgoycloalkyl-Cisalkyl-,
(5~14 membered heteroaryl)-Ci altkyl-, and (4-14 membered heterocyvcloalky)-Cios alkyl- of
R” R, RY R® R¥ R% R¥ R% and R* are each optionally substituted with 1. 2, 3. 4, 5, 6,
7, or 8 independently selected RY substituents;

or, any R% and R¥ attached to the same N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroary! or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3. or 4 independently selected RY substituents;

or any R* and R* attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6~membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 3- or 6-membered heteroary] or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2. 3, or 4 independently selected R® substituents;

or any R and R* attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6~-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered hieteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituied with 1, 2. 3, or 4 independently selected R substituents;

cach R™, R*, and R™ is independently selected from H, C1s alkyl, Cis haloalkyl, Cos
alkenyl, Cos alkyuvl, Cs.aq aryl, Cagcoycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is a1v1-Ci.g alkyl-, Caascycloalkyl-Cos alkyl-, (5-14 membered
heteroary[)-Ci.s alkyl-, and {4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, Coe alkenyl, Cov alkyavl, Cous aryl, Csiacycloalkyl, 5-14 membered heteroaryd, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C s alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R®!, R™, and R™
are cach optionally substituted with 1, 2, 3, 4, 5, 6, 7, or & independently sclected R®
substiluents;

each R®', R*?, and R® is independently selected from H, OH, CN, Ci, alkyl, Cis
alkoxy, Ci¢haloalkyl, Ci.shaloalkoxy, Cys alkenyl, Coxs alkynyl, Ce.i4 aryl, Csascycloalkyl,
5-14 membered heteroaryl, 4-14 membered heterocyeloalkyl, Cs.a aryl-Cis alkyl-, Caay
cycloalkyl-Cisalkyl-, (5-14 membered heteroary1)~Cs.¢ alkyl-, and (4-14 membered
heterocycloalkyl}-Cisalkyl-;

each R”, R®, RF and R* is independently selected from H. Ci alkyl, Cialkoxy,
Crs haloalkyl, Cishaloalkoxy, Crs alkenyl, Co.s alkynyl, Csas aryl, Cipsacycloalkyl, 5-14

membered heteroaryl, 4-14 membered heterocycloalkyl, Coq aryl-Che alkyl-, Csaa cycloalkyl-
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Cisalkyl~, (5-14 membered heteroarv])-Cisalkyl-, and (4-14 membered heterocycloalkyl)-Ci.
calkyl-;

cach R", R? R™, and R” is independently selected from H, Cy alkyl, Cy.¢ haloalkyl,
Cog alkenyl, Cog alkynvl, Cs.aq aryl, Csagoycloalkyl, 5-14 membered heteroaryl, 4-14
meinbered heterocycloalkyl, Ceas arvl-Cis alkyl-, Cascycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

each R”, RM, R¥ and RM is independently selected from OH, Cialkoxy, and Cis
haloalkoxy;

or any R’ and R* attached to the same B atom, together with the B atom to wlhich
they are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.6 alkyl and Cy.s haloalkyl;

or any R” and R* attached to the same B atom, together with the B atomn to which
they are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.s alkyl and Ci.s haloalkyl;

cach R®, R® R® RE RF and RY is independently selected from D, halo, oxo, Cie
alkyl, Ci.¢ haloalkyl, Ci.6 alkenvl, Cyus alkynyl, Co.aa aryl, Csaq cveloalkyl, 5-14 membered
heteroaryl, 4-14 merabered heterocycloalkyl, Cs.is aryl-Cisalkyl-, Caascycloalkyl-Cigalkyl-,
(5-14 membered heteroaryl)-Ci alkyl-, (4-14 membered heterocycloalkyl)-Ci alkyl-, CN,
NO,, OR*, SR* NHOR™, C(O)R™, C(ONRYRY, C{O)NROR™), C(OHOR™, OC(OIR™,
OC(OINRYRY, NRRY, NRUNR¥R¥ NRY“CO)RY, NRUC(OOR, NRUC(O)NRUR¥,
CENRHRY, CENRPNRPRY, NRUC(ENREHNRUARY NROC(=NREHRY, NRUS(O)R™,
NRUS(O)NR¥RY, NR@S(0).RY, NR“S(0)(=NR*R", NR“S(O),NR“R*, S(O)R™,
S{OYNRRY, S{0):RY, S(0)NRRY, OS(OYENR)HRY, O8(0):R™, SFs, P(O)RMR,
OP(O)OR™{OR™), P(O)OR™)(OR™), and BR*R™, wherein the Ci. alkyl, Cas alkenyl, Cos
alkynyl, Cs.us arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Crsalkyl-, Caiscycloalkyl-Cos alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R®, RY, RP, R¥,
R, and RY are cach optionally substituted with 1. 2, 3, 4. 5, 6, 7. or & independently selected
RY substituents;

cach R* R and R* is independently sclected from H, C s alkyl, C s baloalkyl, Cas
alkenyl, Cos alkynyl, Ceq4 arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heteracycloalkyl, Ceaa aryl-Cis alkyl~, Csiscycloalkyl-Chg alkyl-, (5-14 inembered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cias

alkyl, Cys alkenyl, Cos alkynvl, Ceasaryl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14

PCT/US2019/019582
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membered heterocycloalkyl, Css aryl-Cis alkyl-, Caascycloalkyi-Cis alkyl-, (5-14 membered
heteroaryl)-Cy¢ alkyl-, and (4-14 membered heterocycloalkyl)-C; alkyl- of R*, R* and R*
are cach optionally substituted with [, 2, 3, 4. 3, 6, 7. or 8 independently selected R®
substituents;

or, any R and R* attached to the same N atom, together with the N atom to which
they are attached, opticnally form a 5- or 6-membered heteroaryl or a 4-14 membered
heterocycloalkyl group. wherein the 3- or 6-raembered heteroaryl or 4-14 membered
heterocycloalkyl group is optionally substituted with 1. 2, 3, or 4 independently selected R
substiluents;

cach R™is independently selected from H. Cis alkyl, Cis haloalkyl, Cax alkenyl, Cax
alkynyl, Ces arvl, Csascvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Ciaigcvcloalkyl-Cig alkyl~, (5-14 membered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cias
alkyl, Co alkenyl, Cos alkynyl, Cea4 arvl, Caagcvcloalkyl, 5-14 membered heteroaryl, 4-14
meinbered heterocycloalkyl, Ceas arvl-Cis alkyl-, Cascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Crs alkyl-, and (4-14 membered heterocycloalkyl)-Ci.e alkyl- of R® are each
optionally substituted with 1, 2. 3, 4. 5, 6, 7. or & independently selected R™ substituents;

each R* is independently sclected from H, OH, CN, Ci alkyl, Cigalkoxy, Cis
halealkyl, Ci.¢haloalkoxy, Cos alkenyl, Co.s alkynyl, Csas aryl, Cs.gscycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.i4 arvl-Cigalkyl-, Caascycloalkyl-
Cie alkyl-, (5-14 membered heteroary)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C.
calkyl-;

each R™ and R# is independently selected from H, Ci. alkyl, Cialkoxy, Cis
haloallkyl, Cishaloalkoxy, Cu.s alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 3-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Cigalkyl-, Cs.is cycloalkyl-
Cisalkyle, {5-14 membered heteroary])-Ci.g alkyl-, and (4-14 membered heterocycloalkyl)-C.
s alkyl-;

cach R™ and R™ is independently selected from H, Cis alkyl, Ci.s haloalkyl, Cos
alkenyl, Cse alkyavl, Csus arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cooia arvl-Cig alkyl-, Caascycloalkyl-Cog alkyl-, (5-14 membered
heteroary])-Cig alkyl-, and (4-14 membered heterocycloalkyl)-Crs alkyl-;

cach R* and R* is independently selected from OH, Cisalkoxy, and Cj.¢ haloalkoxy:

PCT/US2019/019582
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or, any R* and R™ attached to the same B atom, together with the B atom to which
they are attached, forin a 5- or 6-membered heterocycloalkyl group optionally substitated
with 1, 2, 3, or 4 substituents independently selected from Ci¢ alkyl and Ci.¢ haloalkyl;

each R is independently selected from D, halo, 0x0, Ci.6 alkyl, Ci.¢ haloalkyl, Ca.s
alkenyl, Co¢ alkynyl, Cs.ua arvl, Cs.iqcycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Co.ia aryl-Cis alkyl-, Caiscycloalkyl-Cig alkyl-, (5-14 membered
heteroary]}-C s alkyl-, (4-14 membered heterocycloalkyD-Cys alkvl-, CN, NQz, OR®, SR®,
NHOR®, C(ORY, C(O)NR¥R¥, C{O)NRP(OR™), C(OHOR®, OC(O)R®, OC(O)NRER®,
NR¥R¥, NR”NRVR® NRPC(O)R”, NRC(O)OR™, NR“C(QO)NR“R?, C(=NR“)R",
CENRPHINRPRY, NRPC(ENRP)INRER®, NRPC(=NRP)RY, NRUS(O)RY,
NRZS(O)NRERY NRPE(0),R", NRES(O)=NR*)R™ NRS(O),NRR® S(O)R™,
S(OYNRR®, S(O):R®, S(0);NR¥R®, OS(0)(=NR“)R™, OS(0),R", §Fs, P(O)R"R*,
OP(O)ORPYOR?), P(OYOR¥YORY), and BRPR®, wherein the Ci alkyl, Cos alkenyl, Co
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 inembered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cie alkyl- of R™ are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R®, R® and R® is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
alkenyl, Cos alkyuvl, Cs.q aryl, Caigcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Cig alkvl-, Caascycloalkyl-Cog alkyl-, (5-14 membered
heteroary[)-Ci.s alkyl-, and {4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, Coe alkenyl, Coe alkyavl, Coae aryl, Csoacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C s alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R*, R, and R®
are each optionally substituted with 1, 2, 3, or 4 independently selected R substituents:

or any R* and R® attached to the same N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

cach R™is independently selected from H. Cis alkyl, Cis haloalkyl, Caox alkenyl, Cax
alkvnyl, Ce.s arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Csiscycloalkyl-Cig alkyl-, (5-14 inembered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)~Cis alkyl-, wherein the Cias

alkyl, Cos alkenyl, Cos alkynvl, Ceas aryl, Caaacycloalkyl, 3-14 raembered heteroaryl, 4-14
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membered heterocycloalkyl, Ces.is aryl-Cis alkyl-, Caascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cys alkyl-, and (4-14 membered heterocycloalkyl)-C;. alkyl- of R* are each
optionally substituted with 1, 2. 3, or 4 independently selected R' substituents;

each R™ is independently selected from H, OH. CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Ci¢haloalkoxy, Coe alkenyl, Cu alkynyl, Csas arvl, Csscvcloalkyl, 3-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceis arv1-Crs alkyl-, Cascycloalkyl-
Cicalkyl-, (3-14 aembered heteroarvl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-C.
salkyl-;

cach R® and R¥ is independently selected from H, Ci alkyl, Cisalkoxy, Cie
haloalkyl, Ci.shaloalkoxy, Crs alkenyl, Cos alkynyl, Ceas aryl, Csascycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Ca.igcveloalkyl-
Crealkyl-, (5-14 membered heteroarv)-Csalkvl-, and (4-14 membered heterocycloalkyh)-C.
s alkyl~;

each R™ and R” is independently selected from H, Cy6 alkyl, C1s haloalkyl, Cas
alkenyl, Coe alkyoyl, Cs.us arvl, Csoigecycloalkyl, 5-14 membered beteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Cisalkyl-, Caiscycloalkyl-Cos alkyl-, (5-14 membered
heteroary[}-C.s alkyl-, and (4-14 merabered beterocycloalky}-C s alkyl-;

each R” and R* is independently selected from O, Ci.salkoxy, and C1shaloalkoxy;

or, any R and R* attached to the samne B atom, together with the B atom to which
they are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.s alkyl and Ci.s haloalkyl;

cach R' is independently selected from I, halo, oxo, Ci alkyl, Ci¢ haloalkyl, Cus
alkenyl, Cos alkynyl, Ces.aq aryl, Csgscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coog aryl-Cre alkyl-, Ciagcycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cic alkyl-, CN, NO,, OR®,
SR* NHOR™, C{O)R", C(O)NR®R¥, C(O)NR®(OR*), C(3)OR®, OC(O)R™,
OC(O)NRPR®, NRPR¥, NR¥NR*R* NR®C(O)R™, NR®C(O)OR*, NR*C(OINRR®,
CENRPHHRY, CENRTENROR® NREC(ENRENROR®, NREC(=NRERY, NROS(O)R,
NRPS(OINROR®, NR¥S(0).R", NR¥S(O)(=NR*)R" NR®S(0),NR“R*, S(O)R,
S(OYNRURE, §(0):R%, S(O)RNRPRY®, OSO)(=NRERE, OS(O)RY, SFs, PIORPRE,
OP(O)(OR™YOR™), P(O)OR™)(OR™), and BR¥R*, wherein the Ci.s alkyl, Cas alkenyl, Cas
alkynylL Cs.1s arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered

heterocvcloalkyl, Co.ia aryl-Cis alkyl-, Csscycloalkyl-Cog alkyl-, (5-14 membered
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heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R' are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

cach R® R, and R* is independently selected from H, C s alkyl, C s baloalkyl, Ca
alkenvl, Cos alkynyl, Ceas arvl, Csacycloalkyl, 53-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 mmembered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynvl, Ceas aryl, Caacycloalkyl, 3-14 raembered heteroaryl, 4-14
membered heterocycloalkyl, Ces.is aryl-Cis alkyl-, Cascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalky)-Cis alkyl- of R*, R®®, and R*
are cach optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

or any R® and R% attached to the same N atom, together with the N atom to which
they are attached, forim a 5- or 6-raembered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independenily selected R’ substituents:

each R is independently selected from H, Ci alkyl, Cis haloalkyl, Ca alkenyl, Cos
alkynyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.uq arv1-Cie alkyl-, Cias cvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Ci
alkyl, Cog alkenyl, Cog alkynyvl, Csaq aryl, Csiaoycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.a cvcloalkyl-Cis alkyl-, (5-14 membered
heteroarvly-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R* are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

each R is independently selected from H, OH, CN, Ci alkyl, Cigalkoxy, Cis
haloallkyl, Cishaloalkoxy, Cu. alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 3-14
raembered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ciiscycloalkyl-
Cisalkyle, {5-14 membered heteroary])-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C.
s alkyl-;

cach R™ and R¥ is independently selected from H. Cig alkyl, Cis alkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Co.e alkyovl, Co. aryl, Csigcycloalkyl, 5-14
membered hetercaryl, 4-14 membered heterocycloalkyl, Ce.i4 arvl-Cigalkyl-, Caaacycloalkyl-
Cigalkyl-, (3-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyD)-Ci.
salkyl-:

cach R™ and R™ is mdependently selected from H, Ci alkyl, Cishaloalkyl, Cas

alkenyl, Cos alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciis cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.s alkyi-;

cach R and R™ is independently sclected from OH, Ci.salkoxy, and C s haloalkoxy;

or, any R*® and R* attached to the same B atom, together with the B atom to which
they are attached, form a 3- or S-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cr.s haloalkyl;

each R’ is independently selected from D, halo, oxo, Cis alkyl, Cy. haloalkyl, Cz.
alkenyl, Cos alkynyl, Ce.as arvl, Csscyeloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.ia arvl-Crsalkyl-, Caiscycloalkyl-Cos alkyl-, (5-14 membered
heteroary)-C s alkyl-, and (4-14 membered heterocycloalkyD)-C s alkyl-, CN, NQ,, OR™,
SR¥, NHORY, C(O)RY, CLO)NRRY C{O)NRY(OR™), C{O)YOR¥, OC(OHRY,
OC(ONRRY NRTRY, NRNR“RY NRTC(O)R, NRYC(O)ORY, NRC(O)NRRY,
CENRRY, CENRTNRIRY, NRECENRONRYRY, NREC(=NREHRY, NRUS(ORY,
NRTS(O)NRRY, NRYS(0),RY, NRUS(O)=NRIR, NRS(0),NR“'RY, S(O)R"",
SONRIRY, S(O)RY, S(O1RNRIRY, OS(O)(=NRIRY, OS(O):RY, SFs. P(O)RTRY,
OPOYORTYORT), PIO)OROR), and BRRY, wherein the Ci alkyl, Cos alkenyl, Cas
alkynvl, Ceaq aryl, Caaacycloalkyl, 5-14 raembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciis cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci. alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R’ are each
optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

each R¥, R, and RY is independently selected from H, Ci.s alkyl, C 1. haloalkyl, Cas
alkenyl, Coe alkyayl, Cous arvl, Csagcycloalkyl, 5-14 merbered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 arv1-Cis alkyl-, Ciascycloalkyl-Cig alkyl-, (5-14 membered
heteroary[)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Crs alkyl- wherein the Ci.e
alkyl, Crgalkenyl, Cos alkynyl, Ce.is arvl, Csoigcycloalkyl, 5-14 membered heteroaryl, 4-14
membered hieterocycloalkyl, Ceaq aryl-Crg alkyl-, Ciascycloalkyl-Cigalkyl-, (5-14 memberad
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R, RY, and RY
are each optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

or any R and RY attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-merbered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherem the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

cach R is independently selected from H, Cig alkyl, Cis haloalkvl, o alkenyl, Cos

alkynyl, Ceaq aryl, Caaacycloalkyl, 5-14 membered heteroarvl, 4-14 membered
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heterocycloalkyl, Cs.1s ary1-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Ci alkyl-, wherein the Cie
alkyl, Cos alkenyl, Cos alkynyl, Cos aryl, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

cach R* is independently selected from H, OH, CN, Ci5 alkyl, Ca alkenyl, Cis
alkoxy, Cighaloalkyl, Ci.chaloalkoxy, Cis alkynyl, Cs.is aryl, Csascycloalkyl, 5-14
membered hieteroary |, and 4-14 membered heterocycloalkyl:

cach R” and R¥ is independently selected from H, Cig alkyl, Cigalkoxy, Cis
haloalkyl, Cishaloalkoxy, C. alkenyl, Cos alkynyl, Csas aryl, Cs.gcvcloalkyl, 5-14
meinbered hetercaryl, 4-14 raembered heterocycloalkyl, Ceas atvi-Crsalkyl-, Csscycloalkyl-
Cisalkyl-, (5-14 membered heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C;.
salkyl-;

each R and R” is independently selected from H, C s alkyl. C s haloalkyl, Cos
alkenyl, Cos alkyuyvl, Cs.aq aryl, Casgoycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.pq arvi-Cie alkyl-, Ciag cvcloalkyl-Cog atkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

cach RV and R¥ is independently selected from OH, Ci.salkoxy, and Cishaloalkoxy;

or, any RV and R¥" attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered beterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci alkyl and Cis haloalkyl;

each R* is independently selected from H, D, O, halo, oxo, CN, C(O)OH, NH-,
NO», 8Fs, Cig alkyl, Cygalkoxy, Ci¢haloalkoxy, Cishaloalkyl, Cog alkenyl, Co alkynyl, Ce.
14 aryl, Csascycloalkyl, 5-14 meimnbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.is
aryl-Ci.s alkyl-, Csas cycloalkyl-Cig alkyl-, (3-14 membered heteroaryl)-Cis alkyl-, and (4-14
membered heterocycioalkyD)-Cis alkyl-; and

wherein any heteroary] group of any of the above-recited substituents optionally
comprises an N-oxide on any ring-forming nitrogen.

In soine emboediments,

X is Nor CRY;

R is sclected from H, Ci alkvl, Cas alkenyl, Ca alkynyl, and C 5 haloalkyl;

R? is selected from H, D, halo, Ci alkvl, Ci haloalkyl, Cos alkenyl, Cos alkynyl, Cs.

¢ arvl, Caascycloalkyl, 3-14 membered heteroaryl, 4-14 membered beterocycloalkyl, Ce.ig
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aryl-Cis alkyl~, Csascycloalkyl-Cig alkyl-, (5-14 membered heteroaryl)-Ci alkyl-, (4~14
membered heterocycloalkyl)-Ci alkyl-, CN, NO., OR®, SR* NHOR#¥, C(O)R™,
CO)NRER®, CLOINRZ(OR™), CIOYOR™, OC(OIR™, OC(O)NRZRE, NR“R%,
NR“NR“R¥, NREC(Q)R™, NRC(O)OR™, NRC(O)NRVR¥, C(=NR*R™,
CENRZNRZRE, NREZC(ENRENREZRE, NRPC(ENRARY?, NREPS(OINRZRE,
NRES(O)RM, NRS(0),R™, NRES(OY=NRPRY, NRUS(0O),NR“R¥, S(O)R™,
S(OINRYRY, S(0)RY, S(O):NRR¥, OS(O)(=NR*)R", 0S(0).R™, SF:, P(O)R"R¥,
OP(OYOR™YOR?), P(O)OR™(OR?), and BRPR*¥, wherein the C i alkyl, Cas alkenyl, Cas
alkyuyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coois ary1-Cig alkvl-, Caag cycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R? are each
optionally substituted with 1, 2, 3, 4, 5. 6, 7, or 8 independently selected R substituents;

R? is selected from H, D, halo, Cy. alkyl, C1. haloalkyl, Ca. alkenyl, Co alkynyl, Ce.
waryl, Csaacyeloalkyl, 53-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ag
aryl-Cie alkyl~, Cays cycloalkyl-Cis alkyvl-, (5-14 membered heteroaryl)-Cis alkyl~, (4-14
membered lieterocveloalkyl)-Cigalkyl-, CN, NOa, OR®, SR* NHOR®, C(O)R™,
C(O)NR“R®, C(OINR®(OR™), C(OYOR™, OC(O)RY, OC(OINRPRY, NR**R¥,
NRANRPRE, NRAC(OIRY, NROC(O)YOR™, NREC(OQ)NRYRE | C(=NR)R",
CENRDHNRYRY, NRAC(=NRP)NRPRY, NRPC(=NR¥)RY, NR¥S(O)NRYR®,
NREGO)RY, NRES(O),RY, NRESON=NRR™, NRZS(0),NR®R¥, S(O)R",
SONRER¥, S(ORRY, S(O):NRPRE, O5(0)(=NR¥)R", OS(0).R™, SF:. P(O)RFRE,
OP(O)OR™YOR?), P(O)(OR™)OR™}, and BRR®, wherein the Ci alkyl, Ca alkenyl, Cag
alkynyl, Ce.as aryl, Csscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coopg aryl-Cire alkyl-, Ciagcycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R* are each
optionally substituted with 1, 2, 3. 4, 5, 6, 7, or 8 independently selected R substituents;

Cy' is Ceaq aryl, Cauacycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.14 aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
meinbered heterocyeloalkyl is optionally substituted with |, 2, 3, 4, 3. 6, 7, or & independently
selected RE substituents;

provided that when X is N and Cyv' is 4-14 membered heterocycloalkyl, then the 4-14
membered heterocycloalky! of Cy! is other than unsubstituted morpholinyl;

Cy*is Cos aryl, Csscycloalkyl, 5-14 membered heteroaryl, or 4-14 membered

heterocycloalkyl, wherein the Ce.iq arvl, Csaacvcloalkyl, 5-14 membered hotercaryl, or 4-14

—
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membered heterocycloalkyl is optionally substituted with |, 2, 3,4, 5,6, 7, or 8 independently
selected R” substituents;

cach R¥, R% R® R¥ R and R% is independently selected from H, Cig alkyl, Cig
haloalkyl, C.s alkenyl, Cos alkynvl, Ce.aq aryl, Csascycloalkyl, 5-14 membered hetercaryl, 4-
14 membered heterocycloalkyl, Ce.is aryl-Crsalkyl-, Csascycloalkyl-Cisalkyl-, (5-14
membered heteroaryl}-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cig alkyl-, wherein
the Cis alkyl, Cos alkenyl, Coe alkynyl, Cs.ia aryl, Csaacycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ces aryl-Cisalkyl-, Cs.gcycloalkyl-Cigalkyl-,
(5-14 membered heternaryl)-Ci.¢ atkyl-, and (4-14 membered heterncvcloalkyl)-Ci. atiyt- of
R*, R% R R¥ R¥ and R® arc cach optionally substituted with 1,2,3. 4, 5,6, 7, or 8
independently selected R substituents;

or any R” and R* attached to the same N atom, together with the N atom to which
they are attached, form a 5~ or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wheremn the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3. or 4 independently selected R€ substituents;

or any R and R® attached to the same N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroary] or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3. or 4 independently selected RY substituents;

cach R™, and R™ is independently sclected from H, Ci alkyl, Ci haloalkyl, Cus
alkenyl, Cos atkynyl, Ceaq arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Cigcvcloalkyl-Cog alkyi~, (5-14 membered
heteroary1)-Cis alkyl-, and (4-14 membered heterocycloalkyl)~Cis alkyl-, wherem the Cias
alkyl, Co alkenyl, Cos atkynyl, Cea4 arvl, Caagcvcloalkyl, 5-14 membered heteroaryl, 4-14
meinbered heterocycloalkyl, Ce.as arvl-Cis alkyl-, Cascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci. alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R* and R™ are
cach optionally substituted with 1, 2, 3, 4. 5. 6, 7, or 8 independently selected R substituents;

each R™ and R* is independently selected from H, OH, CN, Cyx alkyl, C1s alkoxy,
Cis haloalkyl, Cis haloalkoxy, Coe alkenyl, Co alkynvl, Co.a aryl, Ciagcycloalkyl, 5-14
membered hetercaryl, 4-14 membered heterocycloalkyl, Ce.ig arvl-Cigalkyl-, Caaacycloatkyl-
Cigaltkyl-, (3-14 membered heteroary)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-:

each R¥ R# R” and R® is independently selected from I, Cis alkyl, Cy alkoxy,

Cy.e haloalkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynvl, Ceos aryl, Caaacycloalkyl, 3-14
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membered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Cia.igcycloalkyl-
Crsalkyl-, (5-14 membered heteroarv])-Csalkvl-, and (4-14 membered heterocycloalkyh)-C.
s alkyl~;

each R™ R” R™, and R" is independently selected from H, Cy.6 alkyl, C1.s haloalkyt,
Ch.s alkenyl, Cos alkynyl, Ceais aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroary[}-C.s alkyl-, and (4-14 merabered beterocycloalkyd-C s alkyl-;

each R?, R¥? R¥ and R¥ is independently sclected from OH, Cys alkoxy, and Ci
haloalkoxy:

or any R” and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci alkyl and Ci.s haloalkyl;

or any R* and R¥ attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloatkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.6 alkyl and C.s haloalkyl;

each R, R”, R¥, RF, and RC is independently selected from D, halo, oxo, Ci.s atkyl,
Ci.¢ haloalkyl, Cys alkenyl, Cog alkynyl, Ce.is aryl, Csag cycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ce4 aryl-Cisalkyl-, Cs.scyeloalkyl-Cigalkyl-,
(5-14 membered heteroaryl)-Ci.q athyl-, (4-14 membered heterocycloalkyl)-Ci.¢ alkyl-, CN,
NO,, OR™, SR NHOR™, C(O)R™, C(OYNRYRY, C(OWROR™), C(OI0OR™, OC(OR™,
OCO)NRYRY, NRYR™ NRUNRUR¥ NRC(O)R™, NR¥C(0Q)OR™, NREC(O)NR“R¥,
CENRHRY, CENRFHNR@RY, NRUC(=NREYNRARY, NRUC(=NR*R", NR“S(O)R™,
NRUS(O)NRPRH, NRUS(O)R™, NRUS(Q)(=NRR™, NRY¥S(O)NR* R, S(OjR™,
S(OYNR¥“RY, S(O)R™, S(O)NR“R¥, O5(0)(=NR*)R"™, OS(0).R", SF;, P(O)R¥R#,
OPOYOR™(OR™), PIONORM™(OR™), and BR¥R*, wherein the Cis alkyl, Cas alkenyl, Cos
alkynyvl, Cs.ua aryl, Csaacycloatiyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.pg aryl-Cie alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R®, R”, R¥, R,
and R" are each optionally substituted with 1. 2, 3, 4. 3, 6. 7, or 8 independently selected R
substituents;

each R* R, and R* is independently selected from H, C s alkvl, C 1 haloatkyl, Cas
alkenyl, Cog alkynyl, Ce.ia arvl, Csoiecycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.14 arv1-Cis alkyl-, Cis cycloalkyl-Cigalkyl-, (5-14 membered

beteroary[}-Cy.s alkyl-, and (4-14 merabered heterocycloalky}-Ces alkyl-, wherein the Cis
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alkyl, Cos alkenyl, Cos alkynyl, Cesaryl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocyeloalkyl, Ce.iq arvl-Cis alkyl-, Caqscycloalkyl-Cicalkyl-, (5-14 membered
heteroary)-C s alkyl-, and (4-14 membered heterocycloalky)-C s alkyl- of R®, R®, and RY
are each optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 8 independently selected R
substituents;

or, any R and R* attached to the same N atom, together with the N atom to which
they are attached, optionally form a 3- or 6-membered heteroaryl or a 4-14 membered
heterocycloalkyl group, wherein the 5- or 6-membered heteroaryl or 4-14 membered
heterocycloalkyl group is optionally substituted with 1, 2, 3, or 4 independently selected R™
substituents;

each R™ is independently selected from H, Ci alkyl, Ci haloalkyl, C alkenyl, Ca
alkyovl, Csas aryl, Csaacycloalkyl, 5-14 merabered heteroaryvl, 4-14 merabered
heterocvcloalkyl, Co.a aryl-Cis alkyl-, Csiscycloalkyl-Cigalkyl-, (5-14 membered
heteroary[)-Ch.s alkyl-, and (4-14 membered heterocycloatky)-Crs alkyl-, wherein the Ci.s
alkyl, Cog alkenyl, Cog alkynyl Co.is arvl, Csocycloalkyl, 5-14 membered heteroarvl, 4-14
membered heterocycloalkyl, Ce.ag arvl-Cis alkyl-, Caggcycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R® are each
optionally substituted with 1. 2, 3.4, 5, 6. 7, or 8 independently selected R* substituents;

each R** is independently selected from H, OH, CN, Ci. alkyl, Cioalkoxy, Cis
haloalkyl, C.shaloalkoxy, Crs alkenyl, Cous alkynyl, Ceas aryl, Caagcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloatkyl, Coag aryl-Chgalkyl-, Ciaq cycloalkyl-
Cisalkyl-, (5-14 merabered beteroarvh-Csalkvl-, and (4-14 membered heterocycloalkyh-Cy.
salkyl~

each R™ and R¥ is independently selected from H, Cig alkyl, Ciealkoxy. Cis
haloalkyl, Cishaloalkoxy, Cae alkenyl, Co alkynyl, Csas arvl, Cs.iscvcloalkyl, 3-14
membered hetercaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Crsalkyl-, Caiscycloalkyl-
Cicalkyl-, (3-14 aembered heteroarvl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-Cs.
salkyl-;

each R™ and R™ is independently sclected from H, Cis alkyl, Cishaloalkyl, Cos
alkenyl, Cos alkynyl, Ces aryl, Cascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloatkyl, Cog aryl-Cre atkyl-, Ciagcycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-;

cach R and R* is mdependently selected from OH, Cisalkoxy, and Cis haloalkoxy;
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or, any R* and R attached to the same B atom, together with the B atom to which
they are attached, forin a 5- or 6-membered heterocycloalkyl group optionally substitated
with 1, 2, 3, or 4 substituents independently selected from Cig alkyl and Ci¢ haloalkyl;

each R is independently selected from D, halo, ox0, Ci.s alkyl, Ci.¢ haloalkyl, Ca.s
alkenyl, Cog alkynyl, Cs.1a arvl, Csoiqcycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.a aryl-Cig alkyl-, Csiscycloalkyl-Cigalkyl-, (5-14 membered
heteroary1)-Cy.s alkyl-, (4-14 membered heterocycloalky])-Cys alkvl-, CN, NQOz, OR®, SR®,
NHOR®, C(ORY, C(O)NR¥R¥, C(O)NRS(OR™), C(OOR®, OC(O)R®, OC(ONRER,
NR¥R¥, NRNRVR® NRPC(O)R”’, NRPC(O)OR™, NR“C(QO)NR“R®, C(=NR“)R",
CENRPINRPRY, NRAC(ENRP)INRER®, NRPC(=NR¥)RY, NRUS(O)RY,
NRES(O)NR“RY NRPE(0),R", NRES(O)=NR* )R> NRS(O)NRRP, S(O)R™,
S(OYNRR®, S(O):R®, S(0);NRZR®, OS(0)(=NR“)R™, OS(0),R", §Fs, P(O)R"R?,
OP(O)ORMYORS), P(OYOR¥YORY), and BRPR®, wherein the Ci alkyl, Cos alkenyl, Co
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cig alkyl~, Ciaiscycloalkyl-Cog alkyl-, (5-14 inembered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.e alkyl- of R™ are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R®, R® and R® is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
alkenyl, Cos alkynyvl, Cs.as aryl, Caggoycloatkyl, 5-14 membered heteroaryl, 4-14 membered
heteracycloalkyl, Coois arvl-Cig alkvl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroary[)-Ci.s alkyl-, and (4-14 membered heterocycloatky)-Crs alkyl-, wherein the Ci.s
alkyl, Coe alkenyl, Cov alkyavl, Coae aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C i alkyl-, and (4-14 membered heterocycloatkyl)-C g alkyl- of R*, R, and R®
are each optionally substituted with 1, 2, 3, or 4 independently selected R substituents:

or any R* and R® attached to the same N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R™is independently selected from H. Cis alkyl, Cis haloalkyl, Caox alkenyl, Cos
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciascycloalkyl-Cig alkyl-, (5-14 imembered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalky)~Cis alkyl-, wherein the Ci.s

alkyl, Cy alkenyl, Cos alkynyl, Ceag aryi, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
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membered heterocycloalkyl, Cs.is aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cy alkyl-, and (4-14 meimbered heterocycloalkyl)-C;. alkyl- of R* are each
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

each R™ is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
haloalkyl, Ci¢haloalkoxy, Coe alkenyl, Co alkynyl, Csas arvl, Csiscvcloalkyl, 3-14
membered heteroaryl, 4-14 membered heterocvcloalkyl, Ceis arv1l-Crs alkyl-, Ci4cycloalkyl-
Cicalkyl-, (3-14 raembered heteroarvl)-Cisalkyvl-, and (4-14 membered heterocycloalkyl)-C.
¢ alkyl-;

cach R® and R¥ is independently selected from H, Cis atkyl, Cisalkoxy, Cie
haloalkyl, C.¢haloalkoxy, Cys alkenyl, Cos alkynyl, Ceas aryl, Caascycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Ca.igcveloalkyl-
Crsalkyl-, (5-14 membered heteroaryl)-Cisalkvl-, and (4-14 membered heterocycloalkyh-C.
salkyl-~;

each R™ and R” is independently selected from H, Cy6 alkyl, C1s haloalkyl, Cas
alkenyl, Cog alkynyl, Ce.ua arvl, Csoigcycloalkyl, 5-14 membered beteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Cisalkyl-, Caiscycloalkyt-Cig alkyl-, (5-14 membered
heteroary[}-C.s alkyl-, and (4-14 merabered beterocycloalky}-C s alkyl-;

each R” and R* is independently selected from O, Ci.salkoxy, and Crshaloalkoxy;

or, any R and R* attached to the same B atom, together with the B atom to which
theyv are attached, form a 5~ or 6-membered heterocycloalky] group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.s alkyl and Ci.s haloallyt,

each R'is independently selected from D, halo, oxo, Ci alkyl, Ci haloalkyl, Cis
alkenyl, Cos alkynyl, Ce.iq aryl, Cs.gscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloatkyl, Coog aryl-Cre atkyl-, Ciagcycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cic alkyl-, CN, NO,, OR®,
SR* NHOR™, C{O)R", C(O)NR®R¥, C(O)NR®(OR*), C(3)OR™, OC(O)R™,
OC(O)NRPR®, NRPR¥ NR¥NR*R* NRCC(O)R™, NR*C(O)OR*, NR*C(O}NR“R®,
CENRPHHRY, CENRENROR®, NREC(=NRENROR®, NREC(=NRERY, NROS(O)R,
NRPS(OINROR®, NRUS(0).R", NR¥S(O)(=NR*)R" NRUS(0),NR“R*, S(O)R,
S(OYNRURE, §(0):R%, S(O)RNRPRY®, OSO)(=ENREREY, OS(0)RY, SFs, PIORPRE,
OP(O)(OR™YOR™), P(O)OR™)(OR™®), and BR¥R*, wherein the Ci.s alkyl, Cas alkenyl, Cas
alkynyl, Cs.1s arvl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14 membered

heterocycloalkyl, Ce.is arv1-Cis alkyl-, Ciascycloalkyl-Cig alkyl-, (5-14 membered
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heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R' are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

cach R® R® and R* is independently selected from H, C s alkyl, C s baloalkyl, Cas
alkenvl, Cos atkynyl, Ce.as arvl, Ciucycloalkyl, 53-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 mmembered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cias
alkyl, Cy alkenyl, Cos alkynyl, Ceag aryi, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ces.is aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Crs alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R, R®®, and R*
are cach optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

or any R® and R% attached to the same N atom, together with the N atom to which
they are attached, forim a 5- or 6-racmbered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R’ substituents:

each R is independently selected from H, Ci alkyl, Cis haloalkyl, Cs alkenyl, Cag
alkynyl, Cs.aa aryl, Csaacycloatiyl, 5-14 membered heteroaryl, 4-14 membered
beterocycloalkyl, Coops arvl-Cig alkyl-, Cas cycloalkyl-Cos alkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cye alkyl-, wherein the Cie
alkyl, Cog alkenyl, Cos alkynyvl, Csaq aryl, Caacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.a cvcloalkyl-Cis alkyvl-, (5-14 membered
heteroarvly-Cis alkyl-, and (4-14 membered heterocycloatkyl)-Cis alkyl- of R* are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

each R is independently selected from H, OH, CN, Ci alkyl, Cigalkoxy, Cis
haloallyl, Cishaloalkoxy. Cus alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 5-14
raembered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ci.iscycloalkyl-
Cisalkyls, {5-14 membered heteroary])-Cig alkyl-, and (4-14 membered heterocycloalkyl)-C.
salkyl-;

cach R™ and R¥ is independently selected from H. Cig alkyl, Cis alkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Co.e alkyayvl, Co. aryl, Csigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ig arvl-Cigalkyl-, Caaacycloalkyl-
Cigalkyl-, (3-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

cach R™ and R™ is mdependently selected from H, Ci alkyl, Cishaloalkyl, Cas

alkenyl, Cos alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciis cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.s alkyi-;

cach R and R™ is independently sclected from OH, Cisalkoxy, and C s haloatkoxy;

or, any R¥® and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or S5-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cr.s haloalkyl;

each R’ is independently selected from D, halo, oxo, Cis alkyl, Cy.6 haloalkyl, Cz.
alkenyl, Cos alkynyl, Ceas arvl, Csascveloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.ia arvl-Crsalkyl-, Caiscycloalkyt-Cog alkyl-, (5-14 membered
heteroary)-C s alkyl-, and (4-14 membered heterocycloalkyD)-C s atkyl-, CN, NQ,, OR™,
SR¥, NHORY, C(O)RY, C(O)NRRY  C{O)NRY(ORY), C{O)yOR¥, OC(OHRY,
OC(ONRRY NRTRY, NRNR“RY NRC(O)R"™, NRYC(O)ORY, NRC(O)NRRY,
CENRRY, CENRTNRIRY, NRUCENRONRYRY, NREC(=NREHRY, NRUS(ORY,
NRTS{O)NRRY, NRYS(0),RY, NRUS(O)=NR IR, NRVS(0),;NR“'RY, S(OR"",
S(OINRRY, S(O)RY, S(ORNRRY, OS{O)(=NROIRY, OS(O)RY, SFs, PIO)RTRY,
OPOYORMYORT), P(O)OROR), and BRRY, wherein the Ci. atkyl, Cos alkenyt, Cas
alkynvl, Ceq aryl, Caaacycloalkyl, 5-14 raembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciigcyvcloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci. alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R’ are each
optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

each R¥ R, and RY is independently selected from H, C1.¢ alkyl, Ci haloatkyt, Cas
alkenyl, Coe alkyuyl, Csus aryl, Csagcycloalkyl, 5-14 membered heteroaryi, 4-14 membered
heterocycloalkyl, Ce.a aryl-Cis alkyl-, Cascycloalkyl-Cigalkyl-, (5-14 membered
heteroary}-Ci.s alkyl-, and (4-14 membered heterocycloatky)-Crs alkyl- wherein the Ci.e
alkyl, Crealkenyl, Cos alkymyl, Ce.is arvl, Cs.iacycloalkyl, 5~-14 membered heteroaryl, 4-14
membered heterocyvcloalkyl, Ceag aryl-Crg alkyl-, Ciascycloalkyl-Cigalkyl-, (5-14 memberad
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R, RY, and RY
are each optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

or any R and RY attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-mermbered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherem the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R is independently selected from H, Ci6 alkyl, Cig haloalkyl, Co alkenyl, Cas

alkynyl, Ceaq aryl, Caaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.1s ary1-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Ci alkyl-, wherein the Cie
alkyl, Co alkenyl, Cos alkynyl, Coas aryl, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

cach R* is independently selected from H, OH, CN, Ci alkyl, Cas alkenyl, Cis
alkoxy, Cishaloalkyl, Ci.chaloalkoxy, Cos alkynyl, Cs.is aryl, Csascycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycloalkyl:

cach R” and R¥ is independently selected from H, Cig alkyl, Cigalkoxy, Cis
haloalkyl, Cishaloalkoxy, C. alkenyl, Co6 alkynyl, Csas aryl, Cs.gcvcloalkyl, 5-14
membered heteroaryl, 4-14 raembered heterocycloalkyl, Ce.as atvi-Crsalkyl-, Csigcycloalkyl-
Cisalkyl-, (5-14 membered heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C.
salkyl-;

each R and R” is independently selected from H, C i alkyl. C s haloalkyl, Cos
alkenyl, Cos alkynyvl, Cs.as aryl, Caggoycloatkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coois aryl-Cg alkyl-, Caog cyvcloalkyl-Coe alkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

cach R and R* is independently selected from OH, Ci.salkoxy, and Cishaloalkoxy;

or, any RV and R¥" attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered beterocycloatkyl group optionally substituted
with 1, 2, 3, or 4 substituents independentily selected from Ci alkyl and Cis haloalkyl;

each R* is independently selected from H, D, OH, halo, oxo, CN, C(O)OH, NH-,
NOs, 8Fs, Cig alkyl, Cygalkoxy, Ci¢haloalkoxy, Cighaloalkyl, Cog alkenyl, Cog alkynyl, Ce.
14 aryl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.4
aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (3-14 membered heteroaryl)-Ci.s alkyl-, and (4-14
membered heterocycloalkyD)-Cis alkyl-; and

wherein any heteroary| group of any of the above-recited substituents optionally
comprises an N-oxide on any ring-forming nitrogen.

In somne embodiments,

Xis CR”;

R is selected from H, Ci6 alkyl, Ci5 haloalkyl, Co alkenyl, Cos alkynyl, Coia arvl,
Csaascyeloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Cegaryl-Cis

alkyl-, Cs.q4 cycloalkyl-Cigalkyl-, (5-14 membered heteroaryl)-Cisalkyl-, (4-14 membered
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heterocycloalkyl)-Cisalkyl-, OR*, C(OR", C{O)NRRY | C{O)OR™, C(=NRHR"",
CENRHNRYRY, S(ORYY, SCOINRERY, S(O1RY, and S(O1RNRYRY, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Css aryl, Cag cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cig alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroary)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R' are each
optionally substituted with 1, 2. 3, 4, 5. 6, 7. or 8 independently selected R® substituents;

R? is selected from H, D, balo, Cy alkvl, Cy haloalkyl, Co alkenyl, Cs alkynyl, Cs.
14 aryl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cy¢ alkyl-, Csas cycloalkyl-Cis alkyl-, (5-14 membered heteroaryl)-Cis alkyl-, (4-14
membered heterocycloalky)-Cisatkyl-, CN, NO;, OR™, SR, NHOR*, C(O)RY,
C{O)NRZRE, CLOINRZ(OR™), C(OYOR™, OC(OIR™, OCONRURY, NR¥R®,
NRENRURE, NREC(O)RY, NRPC(C)OR™, NREC(O)NRUR®, C(=NR“)R"™,
CENRANRYRYE NREAC(ENRANRERE, NRPC(ENRP)RY?, NRPZS(OINRERY,
NRZS(O)RY, NRPS(0):R™, NRPS(O)(=NR)R", NR“S(0);NR“R®, §(O)R"™,
S(OINRERY, S(O)RR™, S(ORNRZRE, OS(O)(=NRARY, OS(O)R"Y, SFs, P(O)RZRE,
OP(OYORMYOR?), PIO)(OR™ORY), and BR¥RY, wherein the Ci. atkyl, Cos alkenyl, Cass
alkynvl, Ces aryl, Caaacycloalkyl, 5-14 raembered hetercarvl, 4-14 membered
heterocycloalkyl, Cs.1s ary1-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci. alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R are each
optionally substituted with 1, 2, 3, 4, 5, 6, 7. or 8 independently sclected R® substituents;

R is selected from H, D, halo, Cy.¢ alkyl, Ci.s hatoalkyl, Ca. alkenyl, Ca. alkynyl, Cs.
wsarvl, Caascycloalkyl, 5-14 membered beteroaryl, 4-14 membered beterocycloalkyl, Ce.ia
aryl-Cys alkyl-, Csas cycloalkyl-Cis alkyl~, (5-14 membered heteroary])-Cis alkvl-, (4-14
membered heterocycloallyh-Cisalkyl-, CN, NO,, OR™, SR, NHOR®, C(O)R”,
C(OINRERE, CO)NRE(OR™), C(OMHOR™, OC(OIIRY, OCOINRZRE, NR¥RE,
NRENRERE NRPC(O)RY, NRPC(O)OR¥, NREC{O)NRURY, C(=NR*)R"™,
C(ENRPNRYRE, NREAC(=NRP)NRPRE, NREC(=NR®)RY, NR“S(C)NR“R®,
NRES(O)R”, NRPS(0):R", NRESO)=NRZ)R" NR¥S(0);NR“R® S(O)R™,
S(ONRZRE, S(O):R™, S(O)NR¥R¥, OS(O)(=NRRY, OS(0),R™, 8Fs, PIO)RPRE,
OP(ONOR™OR™), POYOR™Y)ORY), and BRPRF, wherein the C1s alkyl, Cos alkenyl, Cos
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciaigcycloalkyl-Cig alkyl-, (5-14 mmembered
heteroaryl)-Cys alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R” are each

optionally substituted with 1, 2, 3, 4. 5, 6, 7. or 8 independently selected R” substituents;
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Cy'is Cos aryl, Ciscycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.uq aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycloalkyl is optionally substituted with 1, 2, 3,4, 5, 6, 7, or 8 independently
selected R® substituents;

provided that Cy' is not pyridin-4-y1 optionally substituted with 1, 2, 3, or 4
independently selected R™ substituents;

provided that Cy' is not pyrimidin-4-y1 optionally substituted with 1, 2, or 3,
independently selected R” substituents;

provided that Cy' is not quinolin-4-yt optionally substituted with 1,2, 3.4, 5, or 6
independently selected R® substituents;

Cy?is Cos aryl, Ciscycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.uq aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycleoalkyl is optionally substituted with 1,2, 3,4, 5, 6, 7, or 8 independently
setected RT substituents;

each R?, Re! R¥ R# R R R R% and R® is independently selected from H, Ci.
¢ alkyl, Ci.¢ haloalkyl, Cy alkenyvl, Cus alkynyl, Ce.1q aryl, Csascycloalkyl, 5-14 membered
beteroaryl, 4-14 membered heterocycloalkyl, Ceis aryl-Cisalkyl-, Caascycloalkyl-Cre alkyl-,
(5-14 membered heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-,
wherein the Ci.s alkyl, Co.s alkenyl, Co alkynyl, Csaq aryl, Caagcycloallyl, 3-14 membered
heteroarvl, 4-14 mermbered heterocycloalkyl, Cs.ia aryl-Cigalkyl-, Csascycloalkyl-Cigalkyl-,
(5-14 membered heteroaryl)-Cig alkyl-, and (4-14 membered heterocycloallyh-Crs alkyl- of
R R RY R® R R R* R%, and R® are cach optionally substituted with |, 2,3, 4, 5.6,
7, or 8 independently selected R® substituents;

or, any R® and R¥! attached to the same N atom., together with the N atom to which
they are attached, form a 3- or 6-raembered heteroaryl or a 4-14 memnbered heterocycloalkyl
group, wherein the 5- or 6-membered heterocaryl or 4-14 membered heterocycloatkyt group is
optionally substituted with 1, 2. 3, or 4 independently selected R substituents;

or any R and R* attached to the same N atom, together with the N atom to which
they are attached, forim a 3- or 6-raembered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R substituents;

or any R and R® attached to the same N atom, together with the N atoin to which

they are attached, form a 5~ or 6-membered heteroary! or a 4-14 membered heterocyveloalkyl
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group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R€ substituents;

cach R™, R™, and R™ is independently selected from H, Cis alkyl, Cis haloalkyl, Cos
alkenvl, Cos atlynyl, Ceas arvl, Cicycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.i4 aryl-Crs alkyl-, Ci.iscycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)~-Cis alkyl-, wherein the Cias
alkyl, Cys alkenyl, Cos alkynvl, Ces aryl, Caacycloalkyl, 3-14 raembered heteroaryl, 4-14
membered heterocycloalkyl, Ces aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R®, R?, and R
arc cach optionally substituted with 1. 2, 3, 4. 3, 6, 7. or 8 independently sclected R
substituents;

cach R®!, R, and R® is independently selected from H, OH, CN, Cy alkyl, Cis
alkoxy, Cishaloalkyl, Cishaloalkoxy, Cas alkenvl, Cag alkvnyl, Cs.ss aryl, Csaacycloalkyl,
5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Cs.14
cycloalkyl-Cis alkyl~, {5-14 membered heteroary)-Ci.s alkyl~, and (4~-14 membered
heterocycloalkyl)-Ci.q atkyl-;

cach R R#, R”, and R¥ is independently selected from H. Cys alkyl. Cis alkoxy,
Ci.s haloalkyl, Ci.shaloalkoxy, Cus alkenyl, Cog alkynyl, Cs.as arvl, Csagcyvcloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Crsalkyl-, Caiscycloalkyl-
Cigalkyl-, (5-14 membered heteroarvl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-;

cach R™, R? R™, and R” is independently selected from H. C s alkyl, C s haloalkyl,
Ca6 alkenyl, Cos alkynyl, Cous aryl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.s alkyl-:

each RZ, R¥, R¥, and R*¥ is independently selected from OH, Ci.galkoxy, and Ci.s
haloalkoxy;

or any R¥ and R* aitached to the same B atom, together with the B atom to which
they are attached, forin a 5- or 6-raembered heterocycloalkyl group optionally substitated
with 1, 2, 3, or 4 substituents independently selected from Cig alkyl and Ci¢ haloalkyl;

or any R and RY attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 5-membered heterocycloalkyl group optionally substituted

with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Crs haloalkyl;
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cach R, R¢, R”, R¥, RF, and R is independently selected from D, halo, oxo, Cis
alkyl, Cy.¢ haloalkyl. Cis alkenyl, Cus alkvayl, Coa aryl, Caag cycloalkyl, 5-14 membered
heteroarvl, 4-14 merabered heterocycloalkyl, Cs.ia arvl-Cis alkyl-, Capgcycloalkyl-Cigalkyl-,
(5-14 membered heteroaryl)-Cig alkyl-) (4-14 membered heterocycloatkyl)-Cyg alkyl-) CN,
NO,, OR™ SR* NHOR™, C(O)R™, C(OINR¥R¥, C(OINROR™), C(O)OR™, OC(O)R™,
OC(ONRURY NR¥RY, NRUNR“R¥ NR¥*C(O)R™, NRUC(OYOR, NRAC(ONRU R,
CENRRM, CENRFINRYRY, NREAC(ENRMNRARM, NRAC(=NRAORY, NRUS(O)R™,
NR¥“*S(O)NR¥R¥ NRUS(0):R™, NRM*S(O)=NRHRY, NRUS(OQ)pNRRH, S(OHR™,
S(OINRRY, S(O):R™, S(0);NR¥“R¥, OS(O)(=NR*)R™, OS(0).R™, SFs, P(O)R™R,
OP(OYORM™(OR™), POWOR™)(OR™), and BR*R*, wherein the Cy alkyl, Cos alkenyl, Cos
alkynyl, Ceas arvl, Csascveloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Ciagcvcloalkyl-Cog alkyi~, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of RE, R¢, RP, RE,
R, and R are cach optionally substituted with 1, 2. 3, 4. 5, 6, 7. or & independenily selected
R¥ substituents;

each R* R*, and R* is independently selected from H, Ci.¢ alkyl, Ci.¢ hatoalkyl, Ca.
alkenyl, Cos alkynyl, Cezs aryl, Caacycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciig cycloalkyl-Ci alkyl-, (5-14 membered
heteroary)-Ciq alkyl-, and (4-14 membered heterocycloalkyl)-Ci.q alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Caasaryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C.s alkyl-, and (4-14 membered heterocycloalkyl)-Cs alkyl- of R*, R® and R*
are each optionally substituted with 1, 2, 3, 4, 3, 6, 7. or 8 independently selected R?
substituents;

or, any R® and R* attached to the same N atoin, together with the N atom to which
they are attached, optionally form a 5- or 6-membered heteroaryl or a 4-14 membered
heterocycloalkyl group, wherein the 3- or O-raembered heteroaryl or 4-14 membered
heterocycloalkyl group is optionally substituted with 1. 2, 3, or 4 independently selected R®
substituents;

cach R™is independently selected from H, Cis alkyl, Cis haloalkyl, Cax alkenyl, Cax
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.i4 aryl-Crs alkyl-, Ci.is cycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)~-Cis alkyl-, wherein the Cias

alkyl, Cos alkenyl, Cos alkynvl, Ces aryl, Caacycloalkyl, 3-14 racmbered heteroaryl, 4-14
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membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cys alkyl-, and (4-14 meimbered heterocycloalky)-C;. alkyl- of R* are each
optionally substituted with 1, 2, 3, 4, 5, 6, 7. or 8 independently selected R substituents;

each R* is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
haloalkyl, Ci¢haloalkoxy, Ca alkenyl, Co alkynyl, Cs.s arvl, Csuiscvcloalkyl, 3-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ces arv1-Crs alkyl-, Cis cycloalkyl-
Cicalkyl-, (3-14 raembered hetercarvl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-C.
¢ alkyl-;

cach R™ and R is independently selected from H, Cis atkyl, Cisalkoxy, Cie
haloalkyl, Ci.¢haloalkoxy, Crs alkenyl, Cos alkynyl, Ceas aryl, Csagcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Cigcveloalkyl-
Crsalkyl-, (5-14 membered heteroarvl)-Csalkvl-, and (4-14 membered heterocycloalkyh)-C.
salkyl~;

each R™ and R is independently selected from H, Cy.6 alkyl, C1s haloalkyl, Cas
alkenyl, Cog alkynyl, Cs.ia arvl, Csoiecycloalkyl, 5-14 membered beteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Crsalkyl-, Caiscycloalkyt-Cig alkyl-, (5-14 membered
heteroary[}-C.s alkyl-, and (4-14 merabered beterocycloalky}-C s alkyl-;

each R and R™ is independently selected from O, Cr.salkoxy, and Crshaloalkoxy;

or, any R and R* attached to the same B atom, together with the B atom to which
theyv are attached, form a 5~ or 6-membered beterocycloalky] group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.s alkyl and Ci.s haloalkyl,

cach R™ is independently selected from D, halo, oxo, Cis alkyl, C i haloalkyl, Cas
alkenyl, Cos alkynyl, Ce.14 aryl, Cs.gacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloatkyl, Coog aryl-Cre atkyl-, Ciagcycloalkyl-Cigalkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, (4-14 mnembered heterocycloatkyl)-Cis alkyl-, CN, NO,, OR®, SR®,
NHOR®, C(O)R®, C(O)NR¥R®, C(O)NR®(OR™®), C{O)OR®, OC(O)RY, OC(O)NR*“R®,
NRERY, NR¥NR“R® NRECO)R™, NRPC(OYOR®, NRPC(O)NR¥R¥, C(=NR*)R®,
CENRFHNRPRE, NREC(=NRPDYNRZRE, NREC(=NRP)R”, NRPS(O)R™,
NRZS(OINRPRP, NRS(0).R”, NRS(O)(=NR*)R" NR“S(0),NR“R®, S(O)R™,
S(OINRZRE, 8(0):R, S(O)RNRPRY, OSO)(=NRF)RY, OS(0)R, SFs, PIORRE,
OP(O)(ORMYOR), P(O)OR®)(OR), and BR¥R®, wherein the Ci.s alkyl, Cas alkenyl, Cas
alkynyl, Cs.1z arvl, Cs.ascycloalkyl, 5~-14 membered heteroaryl, 4-14 membered

heterocveloalkyl, Ce.a aryl-Cigalkyl-, Csiscycloalkyl-Cyg alkyl-, (5-14 membered
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heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R¥ are each
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R®, R, and R® is independently selected from H, C s alkyl, C s baloalkyl, Cas
alkenvl, Cos atlynyl, Ceas arvl, Ciucycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 mmembered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis
alkyl, Cy alkenyl, Co alkynyl, Ceag aryi, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.is aryl-Cis alkyl-, Csscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R®, R®, and R*
are cach optionally substituted with 1, 2, 3, or 4 independently sclected R' substituents;

or any R® and R* attached to the same N atom, together with the N atom to which
they are attached, forim a 5- or 6-raembered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R’ substituents;

each R is independently selected from H, Ci alkyl, Cis haloalkyl, Ca alkenyl, Cas
alkynyl, Cs.aa aryl, Csaacycloatiyl, 5-14 membered heteroaryl, 4-14 membered
beterocycloalkyl, Coois arvl-Cig alkyl-, Cag cycloalkyl-Cos alkvl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cie alkyl-, wherein the Ci
alkyl, Cog alkenyl, Cos alkynyl, Csaq aryl, Caacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.a cvcloalkyl-Cis alkyvl-, (5-14 membered
heteroaryly-Cis alkyl-, and (4-14 membered heterocycloatkyl)-Cis alkyl- of R™ are each
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

each R® is independently selected from H, OH, CN, Cis alkyl, Cigalkoxy, Cis
haloallkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 5-14
rembered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ci.iscycloalkyl-
Cisalkyle, (5-14 membered heteroary])-Cigalkyl-, and (4-14 membered heterocycloalkyl)-C.
salkyl-;

cach R and R¥ is independently selected from H. Cig alkyl, Cis alkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Coe alkyayvl, Co.i aryl, Csigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.i4 arvl-Cigalkyl-, Caaacycloatkyl-
Cigalkyl-, (3-14 membered heteroary)-Ci.s alkyl-, and (4-14 membered heterocycloalky)-Ci.
salkyl-

cach R" and R* is mdependently selected from H, Ci alkyl, Cishaloalkyl, Cas

alkenyl, Cos alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.14 ary1-Cis alkyl-, Ciigcycloalkyl-Ci alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.s alkyi-;

cach R”® and R® is independently sclected from OH, Cisalkoxy, and Cshaloatkoxy;

or, any R¥ and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or S5-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cr.s haloalkyl;

each R’ is independently selected from D, hale, oxo, Cis alkyl, Ci haloalkyl, Cae
alkenyl, Cos alkynyl, Ceas arvl, Csascyeloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Crsalkyl-, Caiscycloalkyt-Cog alkyl-, (5-14 membered
heteroary)-C s alkyl-, and (4-14 membered heterocycloalkyD)-C s atkyl-, CN, NQ,, OR™,
SR*, NHOR®, C(O)R*, C(O)NRSR® C{O)NR*(OR™), C{O)OR¥, OC(OHRY,
OC(O)NR*R®, NR“RY NR¥NR“R*, NR*C(O)R™, NRC(O)YOR*, NR“C(C)NR“R®,
CENRFRY, CENREONRERE, NRPOC(ENRNRSRY NREC(=NRR™ NRUS(OIR™,
NRPS(O)NRPRY, NR¥S(0):R", NRS(O)(=NR*)R?, NR®S(0),NR¥R¥, S(O)R™,
S(OYNRCRY, S(O)R, S(O)NR®R®, OS{O)(=NRERY, OS(O)RY, SFs, P(O)RFRE,
OP(OYORMSYOR®), P(O)OR®HOR®), and BRPR*, wherein the Ci atkyl, Cos alkenyt, Cas
alkynvl, Ceq aryl, Caaacycloalkyl, 5-14 raembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Cigcycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci. alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R® are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R*, R*® and R® is independently selected from H, Ci.s alkyl, C 1. haloalkyt, Cas
alkenyl, Coe alkyayl, Csus aryl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.ia aryl-Cigalkyl-, Ciscycloalkyl-Cigalkyl-, (5-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloatky)-Crs alkyl-, wherein the Ci.6
alkyl, Co alkenyl, Cog alkynyl, Ce.is arvl, Csogcycloalkyl, 5~-14 membered bheteroarvl, 4-14
membered heterocyvcloalkyl, Ce.g aryl-Cig alkyl-, Caagcycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R*, R®, and R®
are each optionally substituted with 1, 2, 3. or 4 independently sclected R’ substituents;

or any R and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-mermbered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherem the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

each R™is independently selected from H, Ci alkyl, Cis haloalkyl, Co alkenyl, Caxg

alkynyl, Ceaq aryl, Cyaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.1s aryl-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Cis alkyl-, wherein the Cie
alkyl, Co alkenyl, Cos alkynyl, Coas aryl, Cascycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R® is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, C.s alkenyl, Cos alkynyl, Csas arvl, Cs.gcveloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Crsalkyl-, Caiscycloalkyl-
Cisalkyvl-, (5-14 membered heteroarvl)-Ci.¢ alkyl-, and (4- 14 membered heterocycloalkyl)-Ci.
salkyl-;

cach R® and R*® is independently selected from H, Cis alkyl, Cisalkoxy, Cie
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csay aryl, Caigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloatkyl, Coaq ary1-Chgalkyl-, Ciaq cycloalkyl-
Cisalkyl-, (5-14 membered heteroary}-C s alkyl-, and (4-14 membered heterocycloalky])-C.
¢ atkyl-;

each R™ and R¥ is independently selected from H, Cy. alkvl, Cybaloalkyl, Cas
alkenyl, Cos alkynyl, Ceas arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Crsalkyl-, Caiscycloalkyt-Cog alkyl-, (5-14 membered
beteroary[}-C s alkyl-, and (4-14 merabered heterocycloalky}-C s alkyl-;

each R and R* is independently selected from OH, Cisalkoxy, and C . hatoalkoxy:

or, any R and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.s alkyl and Ci. haloalkyt;

each R'is independently selected from D, halo, oxo, Ci.s alkyl, Cy baloalkyl, Cos
alkenyl, Co alkynyl, Csas aryl, Caggoycloatkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coops arvi-Ci.e alkyl-, Cias cvcloalkyl-Cos alkvl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, CN, NO,. OR¥,
SR¥ NHORY, C(O)RY, C(O)NRRY, C(OINRY(OR™), C(OYORY, OC(O)R™,
OCONRIRY, NRRY, NRENRURY NRCORY, NRYCOHORY, NRC(O)NRIRY,
C(ENRYHRY CENRNRYRY, NRYC(E=NRNRYRY, NRUC(=NRIRY, NRYS(O)RY,
NRSOINRTRY, NRS(():RY, NRTS(O)(=NR)RY, NRVS{ORNRIRY, SR,
S{OINRTRY, S{O)RY, S(0)NRRY OSOYE=NR)RY, OS(0):RY, SFs, PO)RTRY
OP(OYORORY), P(OYORY)(OR"), and BR'RY, wherein the Ci.¢ alkyl, Ca alkenyl, Cos
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alkynyl, Ce.as arvl, Cs.a cyvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Ciigcvcloalkyl-Cig alkyl~, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyl)-C s atkyl- of R’ are cach
optionally substituted with 1. 2, 3, or 4 independently selected R* substituents;

each R¥, R, and RY is independently selected from H, Cy. alkyl, Ci. haloalkyl, Co6
alkenyl, Cos alkynyl, Ce.14 aryl, Csgscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coops arvi-Ci.e alkyl-, Cia4 cvcloalkyl-Cos alkvl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- wherein the Cis
alkyl, Cogalkenyvl, Cos alkyvnyl, Ceasaryl, Casoycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 arv]-Cis alkyl-, Cs.is cycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C1 alkyl-, and (4-14 membered heterocycloalkyl)-Cig alkyl- of R*, R, and RY
are cach optionally substitated with 1, 2, 3, or 4 independently sclected R™ substituents;

or any R*” and RY attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, whergin the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3. or 4 independently selected R* substituents;

each R" is independently selected from H, Cis alkyl, Ci haloalkyl, Ca alkenyl, Can
alkynyl, Ce.as arvl, Cs.a cyvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Crsalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroarv])-C s alkyl-, and (4-14 membered heterocycloalky])-Ci.s alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cea4 arvl, Caagcvcloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocyeloalkyl, Ce.iq arvl-Cis alkyl-, Caiscycloalkyl-Cialkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R are each
optionally substituted with 1. 2, 3, or 4 independently selected R* substituents;

each R¥ is independently selected from H, OH, CN, Cy alkyl, Co alkenyl, Cis
alkoxy, Cishaloalkyl, Cishaloalkoxy, Cas alkvnyl, Cs.aa aryl, Crascycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycioalkyl;

each R” and R¥' is independently selected from H, C i alkyl, Cis alkoxy, Ci
haloalkyl, Ci.¢haloalkoxy, Cos alkenyl, Co.e alkyayvl, Co.i aryl, Csigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.i4 arvl-Cigalkyl-, Caascycloatkyl-
Cigalkyl-, (5-14 membered heteroary)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-:

each R" and R” is independently selected from H, C1 alkyl, C1.c haloalkyl, Cs

alkenyl, Cos alkynyl, Ceq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.1s aryl-Crs alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.s alkyi-;

cach R/ and R*" is mdependently sclected from OH, Ci.salkoxy, and C s haloalkoxy;

or, any R and R" attached to the same B atom, together with the B atom to which
they are attached, form a 3- or 6-meinbered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Crs haloalkyl;

each R is independently selected from H, D, OH, halo, oxo, CN, C(O)OH, NH:,
NQO;, SFs, Cis alkyl, Cisalkoxy, Ci.shaloalkoxy, Cichaloalkyl, Cug alkenyl, Cos alkynyl, Cs.
14 aryl, Csagcyveloalkyl, 53-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ag
aryl-Ci¢ alkyl-, Csz cvcloalkyl-Cis alkyl-, (5-14 membered hetercary)-Cis alkyl-, and (4-14
memnbered heterocycloalkyy-Cigalkyl-; and

wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N-oxide on any ring~-forming nitrogen.

Int somie embodiments,

X is CR¥;

R' is selected from H, Cis alkyl, Cos alkenyl, Co.s alkynyl, and Ci.s haloalkyl;

R? is selected from H, D, halo, Cy. alkvl, Cy haloalkyl, Cy alkenyl, Cys atkynyl, Cs.
14 aryl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cy alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered heteroary)-Ci alkyl-, (4-14
membered heterocycloalky)-Cisalkyl-, CN, NO;, OR™, SR, NHOR*, C(O)R,
C(O)NR“RE, C(O)NRZ(OR™), C(OYOR™, OC(O)R™, OC(O)NR“R¥, NR¥R®,
NRENRURE, NRZC(O)RY, NRPC(C)OR™, NREC(O)NRUR®, C(=NR“)R"™,
CENRDNRYRY, NRACENRP)NRERY, NRPC(=NRFHRY, NRES(OWWRPRE,
NRZS(O)RY, NRPS(0):RY, NRPS(O)(=NR)R", NR“S(0);NR“R®, §(O)R"™,
S(OYNRZRE, S(O),R2, S(O)NRPRE, OS(O)ENRARY, OS(ORR, §Fs, P(O)RZR®,
OP(OYORMYOR?), PIO)OR™YORY), and BR¥R™, wherein the Ci alkyl, Cos alkenyl, Cas
alkynvl, Ceas aryl, Caaacycloalkyl, 5-14 raemnbered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.1s aryl-Crs alkyl-, Cigcycloalkyl-Cig alkyl-, (5-14 mmembered
heteroaryl)-Cys alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R* are cach
optionally substituted with 1, 2, 3. 4, 5, 6, 7. or 8 independently sclected R substituents;

R? is selected from H. D, halo, Cis alkyl, Ci haloalkyl, Ca. alkenyl, Co. alkynyl, Cs.
s arvl, Csascycloalkyl, 5-14 inembered heteroaryl, 4-14 membered heterocycloalkyl, Cs.is
aryl-Ci¢ alkyl-, Csas cvcloalkyl-Cis alkyl-, (5-14 membered heteroary)-Cig alkyl-, (4-14
membered heterocycloalkyl)-Cisalkyl-, CN, NO;, OR*, SR¥, NHOR®, C(ORY,
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C{ONRERE, CLOINRE(OR™), CLOYOR™, OC(OIRY, OCONRTRY, NR¥RY,
NR¥NRYR¥, NRPC(O)RY, NREC(O)OR®, NR¥C({O)NRURY, C(=NR“IR",
CENRFHNRYRE, NREC(=NRFHNRERE, NREAC(=NRF)RY, NRUS(O)NRPR®,
NRES(O)RY, NRUS(0):RY, NRES(O)(=NR*)R™, NRPS(0);NR“RY, S(O)R™,
SIOINRERY, S(ORRY, S(ORNRER®, OS(O)(=NRARY, OS(O)RY, SFs, PIO)R®RE,
OP(O)OR®YOR?), PAOYOR™(OR™, and BR¥R® | wherein the Ci.6 alkyl, Cos alkenyl, Casg
alkynvl, Ceaq aryl, Caaacycloalkyl, 5-14 raembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Cig cycloalkyl-Cig alkyl-, (5-14 mmembered
heteroaryl)-Ci. alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R are each
optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 8 independently selected R” substituents;

Cy'is Coas aryl, Ciscycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wheretn the Ce.1q aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycloalkyl 1s optionally substifuted with 1, 2, 3,4, 5, 6, 7, or 8 independently
selected R® or R™ substituents;

Cy?is Co.1s aryl, Cs.iucycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.14 aryl, Csaacycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycioalkyl is optionally substituted with 1, 2, 3,4, 5, 6, 7, or 8 independently
selected RY substituents;

each R¥ R” R¥ R™ R and R¥ is independently selected from H, Cis alkyl, Cis
haloalkyl, Cas alkenyl, Cos alkynyl, Cs.s arvl, Cs.acycloalkyl, 5-14 membered heteroaryl, 4-
14 membered heterocycloalkyl, Csas aryl-Cie alkyl-, Csaqcycloalkyl-Cigalkyl-, (5-14
membered heteroaryl)-Ci . alkyl-, and (4-14 membered heterocycloalkyl)-Ci ¢ alkyl-, wherein
the Cis alkyl, Cos alkenyl, Coss alkynyl, Csas aryl, Csas cvcloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Cis alkyl-, Csascycloalkyl-Cigalkyl-,
{5-14 membered heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl3-Ci.¢ alkyl- of
R¥, R%, R® R* RY, and R are each optionally substituted with 1,2,3, 4,5, 6, 7. or &
independently selected R substituents;

or any R” and R* attached to the same N atom, fogether with the N atom to which
they are attached, form a 3- or 6-raembered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-inembered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R substituents;

or any R and R® attached to the same N atom, together with the N atoin to which

they are attached, form a 5~ or 6-membered heteroaryl or a 4-14 membered heterocyveloalkyl
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group, wherein the 5- or 6-meinbered heteroary! or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

cach R™ and R is independently selected from H. Cis alkyl, Cis haloalkyl, Cax
alkenvl, Cos alkynyl, Ceas arvl, Ciacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciaiscycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cias
alkyl, Cos alkenyl, Cos alkynvl, Ceas aryl, Caacycloalkyl, 3-14 aembered heteroarvl, 4-14
meinbered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Cascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci. alkyl- of R™ and R™ are
cach optionally substituted with 1. 2, 3, 4, 5, 6. 7, or 8 independently selected R substituents;

each R™ and R* is independently selected from H, OH, CN, Cy alkyl, C1s alkoxy,
C s haloalkyl, Cis haloalkoxy, Cas alkenyl, Coe alkyuvl, Coas aryl, Csaacycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ces arv1l-Crs alkyl-, Cascycloalkyl-
Cigalkyl-, (3-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

each R, R# RF and R# is independently selected from H, Ci.s alkyl, Ci.s alkoxy.,
Ci.e haloalkyl, Cisbaloalkoxy, Crs alkenyl, Cos alkynyl, Ceas arvl, Caascycloalkyl, 3-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 ary1-Crs alkyl-, Ci.ig cvcloalkyl-
Cisalkyle, {5-14 membered heteroary])-Ci.s alkyl-, and (4-14 membered heterocycloalky)-C.
s alkyl~;

each R™, R? R®, and R” is independently selected from H, Cis alkyl, Ci.¢ haloalkyl,
Cos alkenyl, Cop alkynyl, Ceag aryl, Caaacycloalkyl, 5-14 mmembered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroary])-Cig alkyl-, and (4-14 membered heterocycloalkyl)-Crs alkyl-;

cach R, R®, R¥, and R® is independently selected from OH, C s alkoxy. and Cis
haloalkoxy:

or any R” and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independentily selected from Ci alkyl and Ci.s haloalkyl;

or any R” and R¥ attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected froin Ci.6 alkyl and Cis haloalkyl;

cach R¢, R”, R¥, RM RF and R" is independently selected from D, halo. oxo, Cis

alkyl, Cis haloalkyl, Cos alkenyl, Cos alkvnyl, Csaa aryl, Csaa cycloalkyl, 3-14 membered
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heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Cisalkyl-, Cs.gcycloalkyl-Cigalkyl-,
(3-14 membered heteroaryl)-Ci.¢ alkyl-, (4-14 membered heterocycloalkyl)-Cy.¢ alkyl-, CN,
NO,, OR™, SR NHOR™, C(O)R™, CLO)NRURY, C(OWROR™), C(OIOR™, OC(OR™,
OC(O)NR¥R™, NRUR% NR“NR“R* NR*C(O)R™, NR*C(C)OR™, NRUC(O)NRUR¥,
CENRHRY, CENREYNRARY, NRUCENRIINRURY NRUCENRHRY, NRUS(ORY,
NRUS(O)NRURH, NR@S(O)R™, NRUS(Q)(=NRR™ NRYS(O)NR¥R¥, S(OR™,
S(OINR¥RY, S(O)RY, S(O):NRR¥, OS(O)(=NR*)R™, OS(0).R", SF:, P(OIR¥R#,
OP(OYOR™(OR™), P(O)OR™)(OR™), and BR*R*, wherein the C i alkyl, Cas alkenyl, Ca.6
alkynyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.is aryl-Cig alkvl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cys alkyl- of RC, R”, R¥, R,
RF, and RY are cach optionally substituted with 1. 2, 3. 4, 3, 6, 7, or 8 independently selected
R substituents;

each R*, R*, and R™ is independently selected from H, C1. alkyl, Cy.¢ haloalkyl, Cr
alkenyl, Cog alkyovl, Ce.ua arvl, Csoiecycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Crsalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary}-Cy.s alkyl-, and (4-14 mersbered heterocycloalky)-Ces alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cesaryl, Csgscycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocyeloalkyl, Ceag aryl-Cig alkyl-, Cagcycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-C s alkyl-, and (4-14 membered heterocycloalky -C s alkyl- of R*™, R®, and RY
are cach optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected R™
substituents;

or, any R and R* attached to the same N atom, together with the N atom to which
they are attached, optionally form a 5- or 6-membered heteroaryl or a 4-14 membered
heterocycloalkyl group, wherein the 5- or 6-membered heteroarvl or 4-14 membered
heterocycloalkyl group is optionally substituted with L, 2. 3, or 4 independently selected R
substituents;

each R™ is independently selected from 1, Ci alkyl, Ci haloalkyl, Cr alkenyl, Ca
atkyovl, Csaa aryl, Csaacycloalkyl, 5-14 merabered beteroary, 4-14 merabered
heterocycloalkyl, Coois arvl-Cig alkvl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroary])-Crg alkyl-, and (4-14 membered heterocycloalkyl)-Crs alkyl-, wherein the Cig
alkyl, Cre alkenyl, Cog alkynyl, Ce.ia aryl, Csoacycloalkyl, 5-14 membered heteroaryl, 4-14

membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
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heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R® are each
optionally substituted with 1, 2, 3, 4, 5. 6, 7, or 8 independently selected R substituents;

each R** is independently selected from H, OH, CN, Ci alkyl, Cigalkoxy, Cis
haloallyl, Cishaloalkoxy, Cu. alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 3-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ci.iscycloalkyl-
Cisalkyl-, (5-14 membered heteroarv])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-;

each R™ and R# is independently selected from H, Ci alkyl, Cis alkoxy, Cis
halealkyl, Ci.shaloalkoxy, Cos alkenyl, Cos alkynyl, Csas aryl, Csigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.is arvl-Cigalkyl, Caaacycloatkyl-
Cisalkyl~, (5-14 membered heteroarv])-Cisalkyl-, and (4-14 membered heterocycloalkyl)-Cy.
calkyl-;

each R™ and R™ is independently selected from H, Ci alkvl, C1¢haloalkyl, Ca.s
alkenyl, Cos alkynyl, Ceaq arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciaiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl-:

each R and R* is independently selected from OH, Ci.salkoxy, and Cihaloalkoxy;

or, any R* and R attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Cig alkyl and Ci haloalkyl;

cach R™ is independently selected from D, halo, oxo, Ci. alkyl, Ci.¢ haloalkyl, Cz.¢
alkenyl, Coe alkyuyl, Csus arvl, Csigcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.a aryl-Cis alkyl-, Caigcycloalkyl-Cigalkyl-, (5-14 memnbered
heteroary1)-Crs alkyl-, (4-14 membered heterocycloalkyl)-Cis alkyl-, CN, NGy, OR™, SR®,
NHOR®, C(OR®, COONRZRY, C(O)NRP(OR™), C(OOR®, OC(O)R®, OC(O)NRER,
NR®R®, NR¥NRPR® NRPC(O)R?, NRPC(D)OR™, NREC(OQ)NR“R¥, C(=NR¥)RY,
CENRPNRPRY, NREC(=NRP)NRPR®, NR¥C(=NR*®)R™, NR“S(O)RY,
NRZS(O)NR“R¥ NRPE(0),R”, NRES(O)=NR* )R> NRS(O);NRR® S(O)R™,
SONRZRY, S(O):R™, S(O)NR¥R®, OS(O)(=NR¥IRY, OS(0),R™, 8Fs, PIO)R®R®,
OP(O)ORMHORS), POYOR™YORP), and BRPR®, whercin the Cy alkyl, Cos alkenyl, Cos
alkwvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heteracycloalkyl, Ceas aryl-Cis alkyl~, Ciaiscycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R™ are each

optionally substituted with 1, 2, 3, or 4 ndependently selected R’ substituents;

PCT/US2019/019582



05 Dec 2022

2022283611

10

15

20

25

30

WO 2019/168847 PCT/US2019/019582

each R®, R® and R® is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
alkenyl, Coe alkyuyl, Cous aryl, Csgcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.ia aryl-Cig alkvl-, Caag cycloalkyl-Cog alkyl-, (5-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Cr.s alkyl-, wherein the Ci.s
alkyl, Cueq alkenyl, Cog alkynyl, Ceia aryl, Csou cycloalkyl, 5-14 membered heteroarvl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
beteroary}-Cis alkyl-, and (4-14 mernbered heterocycloalkyl)-Cis alkyl- of R*, R, and R®
are cach optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

or any R and R® attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroarvl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

each R™ is independently selected from H. Ci alkyl. Cis haloalkyl, C. alkenyl, Cas
alkvnyl, Ceas arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceaa aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Ci.q alkyl-, and (4-14 membered heterocycloalkyl)-Ci.q alkyl-, wherein the Ci.e
alkyl, Cos alkenyl, Cos alkynvl, Ceas aryl, Caacycloalkyl, 3-14 aembered heteroarvl, 4-14
meinbered heterocycloalkyl, Cesis aryl-Cis alkyl-, Caascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C.6 alkyl- of R™ are each
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

each R* is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Co.e alkyayl, Cooi aryl, Csigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocvcloalkyl, Ce.i4 aryv1l-Crs alkyl-, Cascycloalkyl-
Cigalkyl-, (5-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

each R" and R¥ is independently selected from H, Cis alkyl, Cisalkoxy, Ciue
haloalkyl, Ci¢haloalkoxy, Cys alkenyl, Cos alkynvl, Ceas aryl, Cagacycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Ca.igcvcloalkyl-
Crsalkyl-, (5-14 mnembered heteroarv)-Cisalkvl-, and (4-14 inembered heterocycloalkyh)-C.
s alkyl~;

each R™ and R” is independently sclected from H, Cis alkyl, Ci.s haloalkyl, Cos
alkenyl, Cog alkyovl, Ce.1a arvl, Csoigcycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocvcloalkyl, Ce.ia aryl-Cis alkyl-, Caiscycloalkyl-Cig alkyl-, (5-14 membered

heteroary[}-C.s alkyl-, and (4-14 merabered beterocycloalky}-C s alkyl-;
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each R” and R* is independently selected from O, Ci.salkoxy, and Crshaloalkoxy;

or, any R and R* attached to the samne B atom, together with the B atom to which
thev are attached, form a 5~ or 6-membered heterocycloalkyvl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.s alkyl and Ci.s haloalkyl;

each R!is independently selected froimn D, halo, oxo, Ci.6 alkyl, Ci haloalkyl, Crs
alkenyl, Cos alkynyl, Ce.1q aryl, Csgacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.pq arvi-Cie alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-, CN, NO,, OR®,
SR* NHOR™, C{O)RY, C(O)NRUR¥, C(ONR®(OR™), C(O)OR®*, OC(O)R™,
OC(ONROR® NRURY, NRENRUR®, NROCOHR?, NREC(O)OR®™, NRPC(O)NR“R®,
CENRPHRY, CENRTENROR®, NREC(ENRENROR®, NREC=NRERY, NROS(O)R,
NR®S(O)NR™UR® NRCS(0).RY, NR“S(0)(=NR*)R", NR“S(O),NR“R*, S(O)R"®,
S{OINRURE, 5(0):R%, S(0);NRPRY OS(O)(=NR®)R, O5(0).R™, SFs, P(O)R®RE,
OP(O)OR™YOR®), P(O)OR™)(OR™), and BR¥R*, wherein the Cu.s alkyl, Cas alkenyl, Cas
alkynyl, Ce.1z arvl, Cs.acycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Cisalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary}-Cis alkyl-, and (4-14 mermbered heterocycloalkyl)-Cis atkyl- of R' are each
optionally substituted with 1. 2, 3, or 4 independently selected R’ substituents;

cach R® R*, and R¥ is independently sclected from H, Cis alkyl, Ci.s haloalkyl, Ca.
alkenyl, Cos alkynyl, Ceais aryl, Caacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coyg aryl-Cirue alkyl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Ci alkyl-, wherein the Cie
alkyl, Cos alkenyl, Cos alkynvl, Ce.aq aryl, Csgs cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.1s aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroary1)-Cy alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R*, R, and R®
are each optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

or any R® and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6~membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R™ is independently selected from H, Cis alkyl, Ci. haloalkyl, Ca. alkenyl, Caug
alkynyl, Ce.1z arvl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.i4 arv1-Cis alkyl-, Cas cycloalkyl-Cig alkyl-, (5-14 membered

heteroary}-C.s alkyl-, and (4-14 mersbered heterocycloalky)-Crs alkyl-, wherein the Cis
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alkyl, Cos alkenyl, Cos alkynyl, Ces arvl, Csuscvcloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ceae aryl-Cig alkyl-, Caascycloalkyl-Cie alkyi-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalky)-C s alkyl- of RY are cach
optionally substituted with 1. 2, 3, or 4 independenily selected R’ substituents:

each R® is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csa4 aryl, Caigcycloalkyl, 5-14
menmbered heteroaryl, 4-14 membered beterocycloalkyl, Coiq arvl-Che alkyl-, Csaa cycloalkyl-
Cis alkyl~, (5-14 membered heteroaryl)-Cisalkvl-, and (4-14 membered heterocycloalkyl)-Cy.
g alkyl-

cach R™ and R® is independently selected from H, Cig alkyl, Cigalkoxy, Cis
haloalkyl, Cishaloalkoxy, C. alkenyl, Cos alkynyl, Csas aryl, Cs.gcvcloalkyl, 5-14
membered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas atvi-Crsalkyl-, Ciiscycloalkyl-
Cisalkyl-, (5-14 membered heteroarv])-Ci¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-;

each R™ and R* is independently selected from H, C i alkyl. C s haloalkyl, Cos
alkenyl, Cos alkynyl, Cs.aq aryl, Cagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceous arvl-Cire alkyl-, Cias cycloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

cach R and R* is independently selected from OH, Ci.salkoxy, and Cishaloalkoxy;

or, any R* and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independentily selected from Ci alkyl and Ci.s haloalkyl;

each R’ is independently selected from D, halo, oxo, Ci.s alkyl, Ci. haloalkyl, Cas
alkenyl, Cos alkynyl, Ceaq arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceaa aryl-Ci alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cy.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.q alkyl-, CN, NO», ORY
SR*, NHORY, C(O)RY", C(OINRRY, C(O)NR(OR™), C(O)ORY, OC({O)RY,
OC{OINRTRY NRYRY NRINRYRY NRECORY, NRYC(O)ORY, NRTC(O)NRTRY
CENRDHRY, C=NR)NRIRY, NRYC(E=NRNRYRY, NRIC=NRTHRY, NRUS(O)RY,
NRISOINRRY, NRTS(O)RY, NRIS(OH(E=NRRY, NRUS(O)NRVRY, S{OHRY,
S(OYNRYRY, S(O):RY, S(O)NRRY, OS(0)(=NR*)R", OS(O)R"", SF;, P(OR"RY,
OPOYORMYORT), PIOYORMORT), and BRRY, wherein the Ci alkyl, Cas alkenyl, Cas
alkynyl, Ce.s aryl, Caacycloalkyl, 5-14 membered heteroaryl, 4~ 14 membered

beterocycloalkyl, Ce.ps arvl-Cire alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
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heteroaryl)-Cy alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R’ are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

cach R¥ R and RY is independently selected from H, C s alkyl, C s baloalkyl, Cas
alkenvl, Cos alkynyl, Ce.as arvl, Ciaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.is aryl-Crs alkyl-, Ciis cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- wherein the Cis
alkyl, Cosalkenyl, Cov alkyavl, Csas aryl, Caagcycloalkyl, 3-14 raemnbered hetercarvl, 4-14
meinbered heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Csi4 cycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalky1)-Ci.s alkyl- of R, RY, and RY
are cach optionally substituted with 1, 2, 3, or 4 mdependently selected R* substituents;

or any R” and RY attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

each R is independently selected from H, Ci alkyl, Cis haloalkyl, Ca alkenyl, Cos
alkynyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceopq ary1-Cie alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cys alkyl-, wheren the Cis
alkyl, Cog alkenyl, Co alkynyvl, Cs.aq aryl, Csiacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.ig aryl-Cig alkyl-, Cioiz cvcloalkyl-Cis alkyl-, (5-14 membered
heteroarvly-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of RY are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R¥ is independently selected from H, OH, CN, Ci alkyl, Ca alkenyl, Cis
alkoxy, Cishaloalkyl, Ci.ghaloalkoxy, Cos alkynyl, Ce.q aryl, Csascycloalkyl, 5-14
membered heteroaryl, and 4-14 meinbered heterocycloalkyl;

each R” and R¥’ is independently selected from H, Ci alkyl, Cisalkoxy, Cis
halcalkyl, Cishaloalkoxy, Cus alkenyl, Co alkynvl, Ceas aryl, Caagqcycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Ca.gcveloalkyl-
Crsalkyl-, (5-14 membered heteroarv)-Csalkvl-, and (4-14 inembered heterocycloalkyh-C.
s alkyl~;

each R and R" is independently sclected from H, Ci.s alkyl, Ci.6 haloalkyl, Cos
alkenyl, Cog alkyovl, Ce.ia arvl, Csoiacycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocyveloalkyl, Ce.s aryl-Cis alkyl-, Caiscycloalkyl-Cigalkyl-, (5-14 memnbered

heteroary[}-C.s alkyl-, and (4-14 merabered beterocycloalky}-C s alkyl-;
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each R and R" is independently selected from OH, Ci.salkoxy, and Crshaloalkoxy;

or, any R and RY attached to the samne B atom, together with the B atom to which
thev are attached, form a 5~ or 6-membered heterocycloalkyvl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci.s alkyl and Ci.s haloalkyl;

each R¥ is independently selected from H, D, OH. halo, oxo, CN, C(OYOH, NHa,
NO», SF5, Cis alkyl, Crsalkoxy, Crghaloalkoxy, Cighaloalkyl, Co.s alkenyl, Co.s alkynyl, Cs.
1¢ arvl, Cagcycloalkyl, 3-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.i
aryl-Cis alkyl~, Csascycloalkyl-Cig alkyl-, {5-14 membered heteroarvl)-Cis alkyl-, and (4-14
membered heterocycloalky-Cig alliyl-; and

wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N-oxide on any ring-forming nitrogen.

In some embodiments:

XisN;

R’ is selected from H, Ci alkyl, Cys haloalkyl, Cos alkenyl, Cas allynyl, Co.as arvl,
Cs.scveloalkyl, 5-14 membered hetercaryl, 4-14 membered heteracycloalkyl, Congsaryl-Cig
alkyl-, Cs.1s cyvcloalkyl-Crg alkyl-, (5-14 membered heteroary[3-Cr.g alkyl-, (4-14 membered
beterocycloalkyl)-Cisalkyl-, OR*, C(O)R", C(O)NRURY, C(O)OR, C(=NR*HR"",
CENRSHNRDRY, S(O)RY, SONRURY, 8{0):R?, and S{Q):NRR¥ wherein the Ci.s
alkyl, Cog alkenyl, Cog alkynyl, Cs.aq aryl, Cs.ua cyvcloalkyl, 3-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Csa cvcloalkyl-Cis alkyl-, (5-14 membered
heteroary1)-Crg alkyl-, and (4-14 membered heterocycloalkyly-Ci.g alkyl- of RY are each
optionally substituted with 1, 2, 3, 4, 5. 6, 7, or 8 independently selected R substituents;

R?is selected from H, D, halo, Ci alkyl, Ci haloalkyl, Cos alkenyl, Cos alkynyl, Cs.
14 aryl, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.q
aryl-Cig alkyl-, Cas cycloalkyl-Csg alkyl-, (5-14 membered heteroaryl)-Cig alkyl-, (4-14
membered leterocycloalkyl)-Cigalkyl-, CN, NO2, OR®. SR* NHOR®, C(O)R™,
C(O)NR“R¥, C(OINRH(OR™), C(OYOR™, OC(O)R™, OC(ONRZRY, NR'R¥,
NRZNRPRE, NREC(O)RY, NRAC(O)YOR™, NROC(Q)NRZR®, C{=NR)R",
C(ENRNRYRY, NREPC(=ENRZNRRY, NRPC(=NRHIRY, NRUS(OINRYR®,
NRESO)RY, NRZS(O),RY, NRES(OYN=NRZ)RY, NRZS(O),NRZR®Z, S(O)R"™,
S(OYNR“RY, S(0):R™, S(O)NR“R¥, O5(0)(=NR*)R", OS(0).R™, SF;, P(O)R"R¥,
OP(OYOR™YOR?), PIO}ORDORS), and BRZR®, wherein the Ci alkyl, Cos alkenyl, Cas
alkynyl, Ces.s aryl, Caacycloalkyl, 5-14 membered heteroaryl, 4-14 membered

heterocycloalkyl, Ceopq ary1-Cie alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
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heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R? are each
optionally substituted with 1, 2, 3, 4, 5. 6, 7, or 8 independently selected R” substituents;

Cy' is Ces aryl, Cascycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.aq arvl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycloalkyl is optionally substituted with [, 2,3, 4, 5, 6, 7, or 8 independently
selected RE substituents;

provided that when Cy' is 4-14 membered heterocycloalkyl, then the 4-14 membered
heterocycloalkyl of Cy! is other than unsubstituted morpholinyl;

Cy*is Csas aryl, Capscycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ceag arvl, Cs.iscveloalkyl, 5-14 membered hetercaryl, or 4-14
meinbered heterocycloallyl is optionally substituted with 1, 2,3, 4, 5,6, 7, or 8 independently
selected R” substituents;

each R* R° R¥ R R and R¥is independently selected from H. Ci alkyl, Cis
haloalkyl, Co alkenyl, Cos alkynvl, Ce.q aryl, Csascycloalkyl, 5-14 membered hetercaryl, 4-
14 membered heterocycloalkyl, Ce.is aryl-Crsalkyl-, Csascveloalkyl-Cisalkyl-, (5-14
membered lietercaryl}-Ci.g alkyl-, and (4-14 membered heterocycloalkyly-Ci.s alkyl-, wherein
the Cis alkyl, Cos alkenyl, Coe alkynyl, Cs.is aryl, Csaacycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ce.s aryl-Cisalkyl-, Cs.gcycloalkyl-Cigalkyl-,
(5-14 membered heteroary}-Ci.q alkyl-, and (4-14 membered heterocycloalkyy-Ci.q alkyl- of
R*, R, RY, R2 R¥, and R® arc cach optionally substituted with 1,2,3. 4,5, 6, 7, or 8
independently selected R¥ substituents;

or, any R and R¥ attached to the same N atomn, together with the N atom to which
they are attached, form a 5~ or 6-membered heteroaryl or a 4-14 membered heterocyveloalkyl
group, wherem the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R substituents;

or any R and R¥ attached to the same N atomn, together with the N atom to which
they are attached, form a 3- or 6-inembered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

cach R™and R" is independently selected from H, Cis alkyl, Cis haloalkyl, Cos
alkenyl, Cos alkynyl, Ceaq arvl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.i4 aryl-Crs alkyl-, Ci.iscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cys alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis

alkyl, Co alkenyl, Cy alkynyl, Ceg aryi, Caaqcycloalkyl, 5-14 membered heteroaryl, 4-14
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meinbered heterocycloalkyl, Ces.is aryl-Cis alkyl-, Caascycloalkyi-Cis alkyl-, (5-14 membered
heteroaryl)-Cy¢ alkyl-. and (4-14 membered heterocycloalkyl)-Cs alkyl- of R®, R?, and R
arc cach optionally substituted with 1, 2, 3, 4. 5, 6, 7. or 8 independently sclected R
substituents;

each R®' and R* is independently selected from H, OH, CN, C 5 alkyl, Csalkoxy,
Crs haloalkyl, Cighaloalkoxy, Cos alkenyl, Co.s alkynyl, Csas aryl, Cipacycloalkyl, 5-14
membered heteroaryl, 4-14 membered beterocycloalkyl, Ceq arvl-Che alkyl-, Coaacycloalkyl-
Cisalkyl~, (5-14 membered heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cy.
g alkyl-

cach R® and R¥ is independently selected from H, Cig alkyl, i alkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csas aryl, Cs.gcveloalkyl, 5-14
membered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas atvi-Crsalkyl-, Ciiscycloalkyl-
Cisalkyl-, (5-14 membered heteroarv])-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-;

each R™ and R is independently selected from H, C i alkyl. C s haloalkyl, Cos
alkenyl, Cos alkynyvl, Cs.aq aryl, Cagoycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceopq aryl-Cie alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

cach R and R* is independently selected from OH, Ci.salkoxy, and Cishaloalkoxy;

or any R” and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independentily selected from Ci alkyl and Ci.s haloalkyl;

cach RP R R¥ R and RY is independently selected from D, halo, oxo, Cis alkyl,
Ci.¢ haloalkyl, Cs.6 alkenyvl, Cys alkvnyl, Ce.1a aryl, Csaq cyeloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ce.is aryl-Cirsalkyl-, Ciascvcloalkyvl-Cigalkyl-,
(5-14 membered heteroaryl)-Ci.¢ alkyl-, (4-14 membered heterocycloalkyl)-Ci.¢ alkyl-, CN,
NO,, OR™, SR* NHOR™, C(O)R*, C(O)NRYRY, C(O)NR*(OR™), C(OOR™, OCO)R™,
OC(O)NRY R, NRYR™ NRANRURY NREC(ORY, NR¥CO)OR™, NREC(O)NR@RY,
CENRAYHRY, C=NRHNRERE, NRUC(ENRIHNRURH, NRAC(=NRRY, NRUS(O)R™,
NRUSOINRURM, NRUSO)R™, NRUS(OH=NREHRM, NRUSO)NRURY, S(O)R™,
S(OYNR¥“RY, S(O):R™, S(O)NR*R¥, O5(0)(=NR*)R™, OS(0).R™, SF;, P(O)R¥R#,
OPOYORMYOR™), PIONOR™(OR™), and BRH#R™, wherein the Ci alkyl, Cos alkenyl, Cos
alkynyl, Ces.as aryl, Cascycloalkyl, 5-14 membered heteroaryl, 4-14 membered

heterocycloalkyl, Ceopq aryl-Cie alkyl-, Cias cyvcloalkyl-Cog alkyl-, (5-14 membered
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heteroary!)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Crs alkyl- of R®, R RF, RT,
and R" are each optionally substituted with 1. 2, 3, 4. 3, 6. 7, or 8 independently selected R
substituents;

each R* R and R™ is independently selected from H, C s alkvl, C 1 haloalkyl, Cas
alkenyl, Cog alkyoyl, Cs.1a arvl, Csaigcycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Co.ia aryl-Cis alkyl-, Caiscycloalkyl-Cyg alkyl-, (5-14 memnbered
heteroary}-Cy.s alkyl-, and (4-14 merabered heterocycloalky)-Crs alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cesaryl, Csscycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocyeloalkyl, Ceay aryl-Cig alkyl-, Caagcycloalkyl-Cig alkyl-, (5-14 membered
heteroaryD-C s alkyl-, and (4-14 membered heterocycloalky-C s alkyl- of R®, R®, and R¥
are each optionally substituted with I, 2, 3, 4, 5, 6. 7, or 8 independently selected R
substituents;

or, any R and R* attached to the same N atom, together with the N atomn to which
they are attached, optionally form a 5- or 6-membered heteroaryl or a 4-14 membered
heterocycloalkyl group, wherein the 5- or 6-membered heteroaryl or 4-14 mmembered
heterocycloalkyl group is optionally substituted with L, 2. 3, or 4 independently selected R
substituents;

each R™ is independently selected from 11, Ci alkyl, Ci haloalkyl, Cs alkenyl, Ca
alkynyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coois aryvl-Cig alkvl-, Caagcycloalkyl-Cos alkyl-, (5-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, Coe alkenyl, Cov alkyavl, Csae aryl, Csiuacycloalkyl, 5-14 membered heteroaryd, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R® are each
optionally substituted with 1, 2, 3.4, 5, 6. 7, or 8 independently sclected R™ substituents;

each R® is independently selected from H, OH, CN, Ci alkyl, Cicalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cys alkenyl, Cos alkynvl, Ceas aryl, Cagqcycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crs alkyl-, Ciacveloalkyl-
Crsalkyl~, (5-14 inembered heteroarv)-Csalkvl-, and (4-14 inembered beterocycloalkyh)-C.
s alkyl~;

each R™ and R¥* is independently selected from H, Cug alkyl, Ciealkoxy. Cis
haloalkyl, Cishaloalkoxy, Coe alkenyl, Co alkynyl, Csas arvl, Csuiscycloalkyl, 3-14

membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.i4 arv1l-Crs alkyl-, Ca4 cycloalkyl-
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Cis alkyl~, (5-14 membered heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cy.
calkyl-;

cach R™ and R™ is independently selected from H, Cy.6 atkyl, Cy haloalkyl, Ci
alkenvl, Cos alkynyl, Ceas arvl, Ciaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heteracycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cy.s alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

each R and R™ is independently selected from OH, Cisalkoxy, and Cishaloalkoxy:

or, any R* and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Cig alkyl and Ci haloalkyl;

each R™ is independently selected from D, halo, oxo, Ci.s alkyl, C1.s haloalkyl, Cas
alkenyl, Coe alkyuvl, Cous aryl, Csigecycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.ia aryl-Cis alkyl-, Caiscycloalkyl-Cig alkyl-, (5-14 memnbered
heteroary1)-C s alkyl-, (4-14 membered heterocyeloalkyl)-Cis alkyl-, CN, NO,, OR™, SR®,
NHOR®, C(O)R™, C{OINRURY, CLONRE(OR®), C(OYOR™, OC({O)R®, OC(O)NRERY,
NR®R®, NR¥NRPR® NRPC(O)R?, NRPC(D)OR*, NRC{O)NR“R¥, C(=NR*)RY,
CENRPNRPRY, NRPC(=NRP)NRPR®, NR¥C(=NR®)R™, NR“S(O)RY,
NRZS(O)NR“R¥ NRP5(0),R, NRES(O)}=NR* )R> NR®S(0);NRR® S(O)R™,
S(ONRZR®. S(0):R, S(0),NR”R¥, OS(O)(=NR*)R™. OS(0)R", SFs, P(OR"R¥,
OP(O)OR™YOR?), POYOR™HOR), and BRR®, wherein the Ci¢ alkyl, Co alkenyl, Crs
alkynyl, Ce.q4 arvl, Csagcvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.s atvi-Cisalkyl-, Ciiscvcloalkyl-Cig alkyl~, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R™ are each
optionally substituted with 1. 2, 3, or 4 independently selected R' substituents;

cach R®, R, and R* is independently selected from H, Ci alkyl, Ci haloalkyl, Cos
alkenyl, Cos alkynyl, Cs.aq aryl, Caggoycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.pq aryi-Cie alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wheren the Ci
alkyl, Coe alkenyl, Coe alkyavl, Coae aryl, Csiaoycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.a cycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C s alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R*, R, and R®
are each optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

or any R” and R® attached to the same N atom, together with the N atom to which

they are attached, form a 3- or 6-inembered heteroaryl or a 4-14 membered heterocycloalkyl
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group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R™ is independently selected from H, Cis alkyl, Cis haloalkyl, Ca alkenyl, Cax
alkvnyl, Ceas arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heteracycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis
alkyl, Cy alkenyl, Cos alkynyl, Ceg aryi, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
meinbered heterocycloalkyl, Ceis aryl-Cis alkyl-, Caascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C.6 alkyl- of R™ are each
optionally substituted with 1, 2. 3, or 4 independently selected R' substituents;

each R™ is independently sclected from H, OH, CN, Ci alkyl, Cisalkoxy. Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Co alkyayl, Coas aryl, Csogcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.i4 arv1-Crs alkyl-, Cai4cycloalkyl-
Cigalkyl-, (5-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

each R" and R¥ is independently selected from H, Ci alkyl, Cisalkoxy, Ciue
haloalkyl, Cishaloalkoxy, Cys alkenyl, Cos alkynvl, Ceas aryl, Cagacycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 ary1-Crsalkyl-, Ca.igcveloalkyl-
Cisalkyle, (5-14 membered heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C.
s alkyl~;

each R" and R® is independently selected from H, Ci.s alkyl, C1.¢ haloalkyl, Cos
alkenyl, Coe alkyuyl, Csas aryl, Csigecycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocyvcloalkyl, Ce.a aryl-Cis alkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 memnbered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalky])-Crs alkyl-;

cach R” and R® is independently selected from OH, Ci.salkoxy, and Ci haloalkoxy:

or, any R and R attached to the same B atom, together with the B atom to which
they are attached, form a 3- or 6-inembered heterocycloalkyl group optionally substituted
with 1. 2, 3, or 4 substituents independently selected from Ci.6 alkyl and Cis haloalkyl;

cach R'is independently selected from D, halo, oxo, Ci alkyl, Ci. haloalkyl, Crs
alkenvl, Cos alkynyl, Ceas aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cog aryl-Cre alkyl-, Caag cycloalkyl-Cag alkyl-, (5-14 membered
heteroary1)-Cy.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-, CN, NO,, OR®,
SR*® NHOR™, C(OR", C{ONRRY, C{ONRPOR™), C(OYOR™, OC(O)R™,
OCO)NR®R® NR¥RY, NRENRUR®, NRC(O)R, NRC(Q)YOR®, NRPC(O)NRR,
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CENRPHRY, CENRFENROR®, NROC(=NREONROR®, NREOC{=NRERY, NROS(O)R,
NRPS(OINRUR®, NR®S(0).R", NR¥S(O)(=NR*)R" NR®S(0),NR“R*, S(O)R,
S{OINRURE, §(0):R%, S{O)RNRPR®, OSO)(=NRERE, OS(O)RY, SFs, PORPRE,
OP(O)OR™HOR®), P(ONOR™)(OR™), and BRFR*, wherein the Ci.s alkyl, Cas alkenyl, Cos
alkynylL Cs.a arvl, Csagcycloalkyl, 5~-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.ia aryl-Cig alkyl-, Caiscycloalkyl-Cigalkyl-, (5-14 membered
beteroary1)-C s alkyl-, and (4-14 membered heterocycloalky)-C s alkyl- of R' are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

cach R® R*, and RY is independently selected from H, Cis alkyl, Cis hatoalkyl, Ca.
alkenvl, Cos alkynyl, Ceis aryl, Cascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.1s aryl-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Ci alkyl-, wherein the Cie
alkyl, Cos alkenyl, Cos alkynyvl, Ceaq aryl, Csus cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cig alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-F4 menibered heterocycloalkyl)-Ci¢ alkyl- of R, R and R%
are each optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

or any R® and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6~membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloatkyt group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R is independently selected from H, Ci alkyl, Ci haloalkyl, Ca. alkenyl, Caug
atkyavl, Ceus aryl, Csaaoycloalkyl, 5-14 merabered heteroarvl, 4-14 memabered
heterocycloalkyl, Ce.ia aryl-Cig alkyl-, Caiscycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.6
alkyl, Cog alkenyl, Cog alkyoyl Cs.as arvl, Csogcycloalkyl, 5~-14 membered heteroarvh, 4-14
membered heterocycloalkyl, Ceay aryl-Cig alkyl-, Caggcycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R* are each
optionally substituted with 1. 2, 3, or 4 independently selected R’ substituents:

each R® is independently selected from H, OH, CN, Ci alkyl, Cicalkoxy, Cis
haloalkyl, C.¢haloalkoxy, Crs alkenyl, Cos alkynyl, Ceag aryl, Caascycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloatkyl, Ceag aryl-Chgalkyl-, Csaq cycloalkyl-
Crsalkyl-, (5-14 membered heteroaryH-C s alkyl-, and (4-14 membered heterocveloalkv-C.
salkyl~;
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cach R™ and R¥ is independently selected from H. Cig alkyl, Cis alkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Co.e alkyayvl, Co. aryl, Csogcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.iq arvl-Cigalkyl, Caaacycloalkyl-
Cigalkyl-, (5-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

cach R™ and R™ is mdependently selected from H, Ci alkyl, Cishaloalkyl, Cas
alkenyl, Cos alkynyl, Ceas aryl, Caacycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciig cyveloalkyl-Cog alkyl-, (5-14 membered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl-:

cach R’ and R* is independently sclected from OH, Ci.safkoxy, and C s haloalkoxy;

or, any R® and R* attached to the same B atom, together with the B atom to which
they are attached, forin a 5- or 6-membered heterocycloalkyt group optionally substitated
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cr.s haloalkyl;

each R’ is independently selected from D, halo, 0xo, Ci.s alkyl, Ci.6 haloalkyl, Ca.c
alkenyl, Coe alkynyh Cs.us arvl, Csoecycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Cisalkyl-, Caiscycloalkyt-Cos alkyl-, (5-14 membered
heteroary}-C i alkyl-, and (4-14 membered heterocycloalkyl)-Cis atkyt-, CN, NO,, OR™,
SR¥ NHORY, C(OHRY, CCOINRRY, C{ONR(OR™), C(OHYOR¥, OC(OHRY,
OC(O)NRYRY, NRTRY, NR“NRYRY NRC(O)R", NRYC(OYOR?, NRVC(O)NRRY,
CENRDRY, CENRTINRIRY, NRICENRONRYRY, NREC(=ENRERY, NRUS(ORY,
NRS{O)NR'RY, NRYS(0):RY, NR’S(O)=NR* IR, NRS(0),NRRY, S(O)R"’,
SONRRY, S(O)RY, S(O),NRRY, OS(O)(=NRIRY, OS(O),RY", §Fs, P(O)RR,
OP(O)OR™YOR), POYOR)OR™), and BRRY, wherein the Cis alkyl, Cas alkenyl, Cos
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig atkyl-, (5-14 mnembered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.e alkyl- of R* are each
optionally substituted with 1, 2. 3, or 4 independently selected R* substituents;

each R¥, RY, and RY is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
atkenyl, Coe alkyayl, Ceus arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Couis aryl-Cig alkvl-, Caag cycloalkyl-Cos alkyl-, (5-14 membered
heteroary])-Crg alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- wherein the Ci
alkyl, Cogalkenyl, Cos alkynyl, Ce.is arvl, Csoiacycloalkyl, 5~-14 membered heteroaryl, 4-14

membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (5-14 membered
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heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R*, R, and RY
are each optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

or any R* and RY attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6~membered heteroaryl or a 4-14 membered heterocycloallyt
group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2. 3, or 4 independently selected R* substituents;

each R is independently selected from H, Ci alkyl, Cis haloalkvl, Ca alkenyl, Ca
alkynyl, Ces arvl, Csaacyvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Crsalkyl-, Caiscycloalkyt-Cig alkyl-, (5-14 membered
heteroarv])-Cs alkyl-, and (4-14 membered beteracycloalky])-Cs alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Ceas arvl, Csuiscycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.iq arvl-Cis alkyl-, Caiscycloalkyl-Cicalkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of RY are each
optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

each R¥" is independently selected from H, OH, CN, Cis alkyl, Cos alkenyl, Cis
alkoxy, Cishaloalkyl, Cishaloalkoxy, Caos alkvnyl, Cs.aa aryl, Caascycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycioalhyl;

cach R” and R¥’ is independently selected from H. Cig alkyl, Cis alkoxy, Cis
halealkyl, Ci.¢haloalkoxy, Cos alkenyl, Co.s alkynyl, Csas aryl, Cigcycloatkyl, 5-14
membered heteroaryl, 4-14 membered heterocvcloalkyl, Ce.ig arvl-Cigalkyl-, Caascycloalkyl-
Cigalkyl-, (53-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
calkyl-;

cach R" and R” is independently selected from H, C1 alkyl, C1. haloalkyl, Cs
alkenyl, Cos atkynyl, Ceas arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.i4 aryE-Crs alkyl-, Ci.iscycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl-:

each R and RY is independently selected from OH, C.salkoxy, and Chaloalkoxy;

or, any R and R¥ attached to the same B atom, together with the B atom to which
they are attached, forin a 5- or 6-membered heterocycloalkyl group optionally substitated
with 1, 2, 3, or 4 substituents independently selected from Cig alkyl and Ci¢ haloalkyl;

each R™ is independently selected from H, D, GH, halo. oxo, CN, C(O)CH, NH,,
NGO, SFs, Cig alkyl, Cigalkoxy, Cishaloatkoxy, Cighaloalkyl, Cre alkenyl, Cug alkynyl, Cs.

14 arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ia
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aryl-Cis alkyl~, Csascycloalkyvl-Cig alkyl-, (5-14 membered heteroaryl)-Cis alkyl-, and (4-14
membered heterocycloalkyl)-Ci e alkyl-; and

wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N-oxide on any ring-forming nitrogen.

In some embodinients:

XisN;

R'is selected from H, Cys alkyl, Cas alkenyl, Cys alkynyl, and C;.¢ haloalkyl;

R? is selected from H, D, halo, Cy.s alkyl, C1.s haloalkyl, Ca.s alkenyl, Ca. alkynyl, Cs.
14 aryl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.is
aryl-Cy¢ alkyl-, Cs.z cycloaltkyl-Cis alkyl-, (5-14 membered heteroaryB~-Cis alkyl-, (4-14
membered heterocveloalky)-Crsalkyl-, CN, NO,. OR*, SR¥, NHOR®, C(O)R™,
C(OINRR®, C(O)NR“(OR™), C(OYOR™, OC(O)RY, OC(O)NRURY, NRR¥,
NRENRZRE NREC(O)RY, NRZC(O)OR™, NREC(Q)NRZR®, C(=NR)R",
CENRHNRPRY, NREC(=NR¥)NRZRE, NREC(=NR%)RY, NRZS(O)NR“R¥,
NRZS(O)R?, NR?§(0)R”, NRES(O}=NRFR?, NRZS(OLNRRE S(O)RY?,
SONRPRE, S(0)RY, S(O)NRR¥, OS(O)(=NR*)R, GS(0),R", 5Fs, P{O)R"RZ,
OP(OYOR™{OR?), P(OYOR™)(OR?), and BRR™, wherein the Ci. alkyl, Ca alkenyl, Cos
alkynyl, Ce.as arvl, Csaacycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Crsalkyl-, Cascycloalkyt-Cog alkyl-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R? are each
optionally substituted with 1. 2, 3, 4. 5, 6, 7. or 8 independently selected R® substituenis;

Cy'is Csis aryl, Cascycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocyceloalkyl, wherein the Csag aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycloalliyt is optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently
selected R® or RM substituents;

Cy? 18 Cgas aryl, Capg oycloalkyl, 5-14 membered heteroarvl, or 4-14 membered
heterocycloalkyl, wherein the Ce.iq arvl, Csagcycloalkyl, 5-14 membered hetercaryl, or 4-14
membered heterocycloalkyl is optionally substituted with 1, 2,3, 4, 5.6, 7, or 8 independently
selected R” substituents;

cach R¥, R, and R® is independently selected from H, C s afkyl, Crs baloalkyl, Ca
alkenyl, Cos atkynyl, Ceqs arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.is ary-Crs alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis

alkyl, Cos alkenyl, Cos alkynvl, Ces aryl, Caacycloalkyl, 3-14 racmbered heteroaryl, 4-14
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membered heterocycloalkyl, Cesis aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (5-14 membered
heteroary!)-Cys alkyl-, and (4-14 membered heterocycloalkyl)-C; alkyl- of R®, R¥, and R*
arc cach optionalfly substituted with 1, 2, 3, 4. 5, 6, 7. or 8 independently sclected R
substituents;

or any R and R* attached to the same N atom, together with the N atoin to which
they are attached, form a 5~ or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-mnembered heteroaryl or 4-14 membered heterocycloalkyl group s
optionally substituted with 1. 2, 3, or 4 independently selected R® substituents:

each R* is independently selected from H, Cis alkyt, Ci haloalkyl, Ca. alkenyl, Caug
alkynvl, Cee aryl, Csascycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 ary1-Cis alkyl-, Ciig cyvcloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Ci alkyl-, wherein the Cie
alkyl, Cos alkenyl, Cos alkynvl, Ce.q aryl, Csps cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-F4 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2, 3. 4, 3. 6, 7, or 8 independenily selected RY substituents;

each R is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Ci
haloalkyl, Cishaloalkoxy, C.s alkenyl, Co alkynyl, Csas aryl, Cs.gcveloalkyl, 5-14
membered hetercaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Crsalkyl-, Caiscycloalkyl-
Cigalkyvl-, (5-14 membered heteroarvl)-Ci.¢ alkyl-, and (4- 14 membered heterocycloalkyl)-Ci.
salkyl-;

each R™ and R¥ is independently selected from H, C i alkyl, Ci haloalkyl, Ci
alkoxy, Cishaloalkyl, Cishaloalkoxy, Cas alkenvl, Cog alkvnyl, Cs.ss aryl, Csascycloalkyl,
5-14 membered heteroaryl, 4-14 membered heterocycloallkyl, Co.i4 aryl-Crgallyl-, Cs.14
cycloalkyl-Cigalkyl~, {5-14 membered heteroary)-C.q alkyl~, and (4~-14 merabered
heterocycloalkyl)-Ci.q atkyl-;

each R™ and R” is independently selected from H, Cy.¢ alkvl, Cy4haloalkyl, Casg
alkenyl, Cos alkynyl, Ce.as arvl, Csuscveloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Ciscvcloalkyl-Cig alkyl~, (5-14 membered
heteroary}-C s alkyl-, and (4-14 merabered heterocycloalkyl)-C s alkyl-;

each R and R™ is independently sclected from OH, Cisalkoxy, and C s hatoalkosy;

or any R? and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted

with 1, 2, 3, or 4 substituents independently selected from Cie alkyl and Ci.s haloatkyl;
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cach RY, RE, R R, and R is independently sclected from D, halo, oxo, Ci alkyl,
Cis haloalkyl, Cos alkenvl, Cos alkvnyl, Coua arvl, Csaa cycloalkyl, 5-14 membered
heteroarvl, 4-14 membered heterocycloalkyl, Ce.iz arv1l-Cigalkyl-, Causcycloalkyl-Cigalkyl-,
(5-14 membered heteroaryl)-Cig alkyl-, (4-14 membered heterocycloatkyl)-Cyg alkyl-, CN,
NO,, OR™ SR™ NHOR™, C(O)R™, C(OINR¥R¥, C(OINROR™), C(O)OR™, OC(O)R™,
OC(ONRURY NR¥RY, NRUNR“R¥ NR*C(O)R™, NRUC(OYOR, NRAC(ONRUR¥,
CENRRM, CENRFINRYRY, NRUAC(ENRMNRARM, NRAC(=NRAORY, NRUS(O)R™,
NRH#SOINRRY NRS(0):RY, NR¥*S(OW=NRHRY NRHUS(O)RNRURY, S(OIRY,
S(OINRTRY, §(0):R™, 5(0),NR*“R¥, OS(O)(=NR*)R™, OS(0).R™, SFs, P(O)R™R,
OPOYOR™(OR™), POWORM}(OR™), and BR*R™, wherein the Ci alkyl, Cos alkenyl, Cox
alkynyl, Ceas arvl, Csascvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.1s atvi-Cisalkyl-, Ciis cvcloalkyl-Cig alkyi~, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R, R®, RM RF,
and R are each optionally substituted with 1, 2. 3, 4, 3. 6, 7. or & independently selected R™
substituents;

each R* R* and R* is independently selected from H, Ci.¢ alkyl, Ci.¢ hatoalkyl, Ca.
alkenyl, Co alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ciq alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl-, wherein the Ci.s
alkyl, Cos alkenyl, Cos alkynyl, Caasaryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C¢ alkyl- of R*, R®, and R*
are each optionally substituted with 1, 2, 3, 4, 3, 6, 7. or 8 independently selected R?
substituents;

or, any R® and R* attached to the same N atom, together with the N atom to which
they are attached, optionally form a 5- or 6-membered heteroaryl or a 4-14 membered
heterocycloalkyl group, wherein the 3- or O-raembered heteroaryl or 4-14 membered
heterocycloalkyl group is optionally substituted with 1. 2, 3, or 4 independently selected R®
substituents;

cach R™is independently selected from H, Cis alkyl, Cis haloalkyl, Cax alkenyl, Cos
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.i4 ary-Cis alkyl-, Ci.iscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis

alkyl, Cos alkenyl, Cos alkynvl, Ces aryl, Caacycloalkyl, 3-14 racmbered heteroaryl, 4-14

N
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membered heterocycloalkyl, Cesis aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryh)-Cys alkyl-, and (4-14 membered heterocycloatky)-C;. alkyl- of R* are each
optionally substituted with 1, 2, 3, 4, 5, 6, 7. or 8 independently selected R substituents;

each R* is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
haloalkyl, Ci¢haloalkoxy, Coe alkenyl, Co altkynyl, Csas arvl, Csuiscvcloalkyl, 3-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.s arv1-Crs alkyl-, Caiscycloalkyl-
Cycalkyl-, (3-14 aembered heteroarvl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-Cs.
¢ alkyl-;

cach R™ and R# is independently selected from H, Cis atkyl, Cisalkoxy, Cie
haloalkyl, C.¢haloalkoxy, Crs alkenyl, Co.s alkynyl, Ceas aryl, Csagcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Cia.igcveloalkyl-
Crealkyl-, (5-14 membered heteroaryl)-Csatkvl-, and (4-14 membered beterocycloalkyh)-C.
s alkyl~;

each R™ and R is independently selected from H, Cy6 alkyl, C1.s haloalkyl, Cas
alkenyl, Coe altkynyh Ce.us arvl, Csaecycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Crsalkyl-, Caiscycloalkyt-Cig alkyl-, (5-14 membered
heteroary[}-C.s alkyl-, and (4-14 merabered heterocycloalky}-C s atkyl-;

each R and R™ is independently selected from O, Ci.salkoxy, and Crshaloalkoxy;

or, any R and R* attached to the same B atom, together with the B atom to which
theyv are attached, form a 5~ or 6-membered heterocycloalky] group optionally substituted
with 1, 2, 3, or 4 substituents mdependently selected from Ci.s alkyl and Ci.s haloalkyl,

cach R™ is independently selected from D, halo, oxo, Cis alkyl, C i haloalkyl, Cas
alkenyl, Cos alkynyl, Ce.aq aryl, Csgacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloatkyl, Coopg aryl-Cirue atkyl-, Ciag cycloalkyl-Coc alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, (4-14 inembered heterocycloatkyl)-Cie atkyl-, CN, N, OR™, SR®,
NHOR®, C(O)R®, C(O)NR®R®, C(O)NR®(OR™®), C{O)OR®, OC(O)R™, OC(O)NR*R®,
NRER®, NR¥NR“R® NRECO)R™, NRPC(O)OR®, NRPC(O)NR¥R¥, C(=NR*)R®,
CENRFHNRZRE, NREC(=NRP)NRZRE, NREC(=NRP)R”, NRPS(O)R™,
NRZS(OINRRP, NRS(0).R”, NRPS(O)(=NR*)R" NR“S(0),NR“R®, S(O)R™,
S(OINRZRE, 8(0):R%, S{O)RNRRY, OSO)(=NRF)RY, OS(O)RY, SFs, PORRE,
OP(O)(ORMYORY), P(O)OR®)(OR), and BR¥R®, wherein the Ci.s alkyl, Cas alkenyl, Cos
alkynylL Cs.a arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered

heterocycloalkyl, Ce.ia aryl-Cig alkyl-, Caiscycloalkyl-Cyg alkyl-, (5-14 membered
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heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R®, R, and R* is independently selected from H, C s afkyl, C s baloalkyl, o
alkenyl, Cos atkynyl, Ceqs arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.i4 ary-Crs alkyl-, Ciiscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynvl, Ceas aryl, Caacycloalkyl, 3-14 raembered heteroaryl, 4-14
membered heterocyeloalkyl, Ces aryl-Cis alkyl-, Csascycloalkyl-Ci alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R®, R®, and R*
are cach optionally substituted with 1, 2, 3, or 4 independently sclected R' substituents;

or any R® and R* attached to the same N atom, together with the N atom to which
they are attached, forim a 5- or 6-raembered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R’ substituents;

each R is independently selected from H, Ci alkyl, Cos alkenyl, Cox alkynyl, Ce1a
aryl, Cs.q cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Co.q aryl-
Ciealkyl-, Cyascveloalkyl-Coe alkyl-, (5-14 membered heteroary1)-Ci¢ alkyl-, and (4-14
membered heterocycloalkyl)-Cis alkyl-, wherein the Cis alkyl, Cos alkenyl, Cas alkynyl, Ce.
14 aryl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.is
aryl-Ci¢ alkyl-, Ciz cycloatkyl-Cis alkyl-, (5-14 membered heteroaryB-Cis alkyl-, and (4-14
membered heterocycloalkyh-Cisalkyl- of R® are each optionally substituted with 1, 2. 3, or 4
independently selected R substituents;

each R® is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cis
haloallkyl, Cyshaloalkoxy. Cis alkenyl, Cos alkynyl, Ce.ag aryl, Csagscycloalkyl, 3-14
raembered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas aryl-Crsalkyl-, Caiscycloalkyl-
Cisalkyl-, (5-14 membered heteroary}-Cis alkyl-, and {(4-14 membered heterocycloalky-C.
s alkyl-;

cach R and R¥ is independently selected from H. Cig alkyl, Cis alkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Coe alkyayvl, Co.i aryl, Csogcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.is arvl-Cigalkyl-, Csaacycloatkyl-
Cigalkyl-, (53-14 membered heteroary)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

cach R™ and R* is mdependently selected from H, Ci alkyl, Cishaloalkyl, Cas

alkenyl, Cos alkynyl, Ceq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.14 aryl-Crs alkyl-, Ciis cycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Ci.s alkyl-, and (4-14 raembered heterocycloatky)-Ci.s alkyl-;

cach R” and R® is independently sclected from OH, Cisafkoxy, and C s haloalkoxy;

or, any R and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or S-membered heterocycloatkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cr.s haloalkyl;

each R’ is independently selected from D, hale, oxo, Ci.s alkyl, Ci haloalkyl, Cae
alkenyl, Cos alkynyl, Ce.as arvl, Csgcveloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Crsalkyl-, Ciiscycloalkyt-Cig alkyl-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyD)-C s alkyl-, CN, NOQ,, OR™,
SR*, NHOR®, C(O)R*, C(O)NRPR® C{O)NR®(OR™), C{O)OR¥, OC(OHRY,
OC(O)NR®R®, NR“RY, NRPNR“R*, NR*C(O)R”, NR“C(O)YOR*, NR“C(C)NR“R™,
CENRFHRY, CENREONRERY, NRPOC(ENROINRSRY NREOC(=NRR™, NROS(OR™,
NR“S(O)NRFRY, NRUS(0),R*, NR¥S(O)=NR*)R", NR*S(0),NR¥R%, S(O)R",
S(OINRRY, S(O)RP, S(O)NRPCR, OS(O)(=NRORE, OS(O):RY, SFs. P(O)RFR,
OP(OYORMYOR®), P(O)(OR®HOR®), and BRPR*, wherein the Ci. atkyl, Cos alkenyt, Cas
alkynvl, Ceas aryl, Caaacycloalkyl, 5-14 aembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Crs alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R® are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R*, R, and R® is independently selected from H, Ci.s alkyl, C 1. haloalkyt, Cas
atkenyl, Coe alkyayl, Ceus arvl, Csigcycloalkyl, 5-14 membered heteroaryi, 4-14 membered
heterocyvcloalkyl, Co.ia aryl-Cig alkyl-, Caiscycloalkyl-Cigalkyl-, (5-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, Co alkenyl, Cog alkynyl Ce.is arvl, Csogcycloalkyl, 5~-14 membered hetercarvh, 4-14
membered heterocyceloalkyl, Ceag aryl-Cig alkyl-, Caagcycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R*, R®, and R®
are each optionally substituted with 1, 2, 3. or 4 independently selected R’ substituents;

or any R and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-merbered heteroarvl or a 4-14 membered heterocycloalkyl
group, wherem the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

each R™is independently selected from H, Cis alkyl, Cis haloalkyl, Co alkenyl, Cog

alkynyl, Ceq aryl, Caaacycloalkyl, 5-14 membered heteroarvl, 4-14 membered
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heterocycloalkyl, Cs.1s ary1-Cis alkyl-, Ciig cyvcloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Ci alkyl-, wherein the Cie
alkyl, Cog alkenyl, Cos alkyvnyl, Coas aryl, Cascycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cig alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-F4 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2. 3, or 4 independently selected R substituents;

each R® is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, C.s alkenyl, Cos alkynyl, Csas aryl, Cs.gcveloalkyl, 5-14
membered hetercaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Crsalkyl-, Caiscycloalkyl-
Cigalkyvl-, (5-14 membered heteroarvl)-Ci.¢ alkyl-, and (4- [4 membered heterocycloalkyl)-Ci.
salkyl-;

cach R® and R#® is independently selected from H, Cus alkyl, Cisalkoxy, Cie
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csa4 aryl, Caigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloaltkyl, Coag aryl-Chgalkyl-, Csaq cycloalkyl-
Crsalkyl-, (5-14 membered heteroaryB-C s alkyl-, and (4-14 membered heterocveloalkvh-C.
¢ atkyl-;

each R™ and R¥ is independently selected from H, Cy. atkvl, Cybaloalkyl, Casg
alkenyl, Cos alkynyl, Ceas arvl, Csgcveloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Crsalkyl-, Caiscycloalkyt-Cog alkyl-, (5-14 membered
heteroarvy[}-Crs alkyl-, and (4-14 merabered heterocveloalky}-C s alkyl-;

cach R and R* is independently selected from OH, Cisalkoxy, and C . hatoalkoxy:

or, any R and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents mdependently selected from Ci.s alkyl and Ci.s haloalkyl,

each R'is independently selected from D, halo, oxo, Ci.s afkyl, Cy haloalkyl, Cos
alkenyl, Cos alkynyvl, Cos.aa aryl, Caggoycloaltkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coops arvl-Cig alkyl-, Caog cycloalkyl-Cos alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, CN, NO,. OR¥,
SR¥ NHORY, C(O)RY, C(O)NRRY, C(OINRY(OR¥), C(OYOR¥, OC(O)R™,
OCONRIRY, NRRY, NRTNRYRY NRTCORY, NRIC(OHORY, NRC(O)NRRY,
C(ENRHRY, CENRTNRYRY, NRYC(=NRNRYRY NRUC(=NRIRY, NRYS(O)RY,
NRYS(OINRTRY, NRYS(():RY, NRTS(O)(=NR)RY, NRS{ORNRIRY, SR,
S{OINRTRY, S{O)RY, S(0)NRRY OSOYENR)RY, OS(0):RY, SFs, PO)RTRY
OP(OYOROR™Y, POOYORYYOR'), and BRRY, wherein the Cy. alkyl, Co alkenyl, Cog
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alkynyl, Ce.as arvl, Cs.a cvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Ciligcvcloalkyl-Cig alkyl~, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R are each
optionally substituted with 1. 2, 3, or 4 independently selected R* substituents;

each R¥, R and RY is independently sefected from H, Cy.¢ alkyl, Ci. haloalkyl, Ca
alkenyl, Cos alkynyl, Ce.iq aryl, Csgscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceops arvl-Ci.e alkyl-, Caa4 cvcloalkyl-Cos alkvl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- wherein the Cis
alkyl, Cogalkenyvl, Cos athvnyl, Ceasaryl, Caasoycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 arv]-Cis alkyl-, Cs.is cycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C1 alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R*, R, and RY
are cach optionally substitated with 1, 2, 3, or 4 independently sclected R™ substituents;

or any R* and RY attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6~membered heteroaryl or a 4-14 membered heterocycloallyt
group, whergin the 5- or 6-membered heteroaryl or 4~-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3. or 4 independently selected R* substituents;

each R" is independently selected from H, Cis alkyl, Ci haloalkyl, Ca alkenyl, Cane
alkynyl, Ce.as arvl, Cs.a cvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Crsalkyl-, Caiscycloalkyt-Cis alkyl-, (5-14 membered
heteroarv])-Cs alkyl-, and (4-14 membered beterocycloalkyl)-C.s alkyl-, wherein the Cs
alkyl, Co alkenyl, Cos atkynyl, Cea4 arvl, Caagcvcloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.iq arvl-Cis alkyl-, Caiscycloalkyl-Cicalkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R are each
optionally substituted with 1. 2, 3, or 4 independently selected R* substituents;

each R¥ is independently selected from H, OH, CN, Ci alkyl, Co alkenyl, Cis
alkoxy, Cishaloalkyl, Cishaloalkoxy, Caos alkvnyl, Co.aa aryl, Caascycloalkyl, 5-14
membered heteroaryl, and 4-i4 membered heterocycloalhyl;

cach R” and R¥ is independently selected from H. Cis alkyl, Cis alkoxy, Cis
hatoalkyl, Ci.¢haloalkoxy, Cos alkenyl, Co.e alkyayvl, Coon aryl, Csigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocvcloalkyl, Ce.ig arvl-Cigalkyl-, Caascycloalkyl-
Cigalkyl-, (5-14 membered heteroary)-Ci.s alkyl-, and (4-14 membered heterocycloalky)-Ci.
salkyl-:

cach R" and R" is mdependently selected from H, Ci atkyl, Cichaloalkyl. Cas

alkenyl, Cors alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.1s aryl-Crs alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 raembered heterocycloatkyh)-Ci.s alkyi-;

cach R and RY is independently selected from OH, Cy.safkoxy, and C i« haloatkoxy;

or, any R and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 5-membered heterocycloatkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Cis alkyl and Ci.s haloalkyl;

each R is independently selected from H, D, OH, halo, oxo, CN, C{O)CH, NH:,
NQG,, S5Fs, Cis alkyl, Crsalkoxy, Cishaloalkoxy, Cichaloalkyl, Cag alkenyl, Cos alkynyl, Cs.
14 aryl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ia
aryl-Ci¢ alkyl-, Ciz cvcloaltkyl-Cis alkyl-, (5-14 membered hetercaryB-Cis alkyl-, and (4-14
membered heterocveloalky)-Cigalkyl-; and

wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N-oxide on any ring-forming nitrogen.

It some embodiments,

each R’ is independently selected from D, halo, oxo, Cis akkyl, Cis haloalkyl, Cys
alkenyl, Cos alkynyvl, Cos.q aryl, Cagoycloaltkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coopq ary1-Cie alkyl-, Cias cyvcloalkyl-Cog alkyl-, (5-14 membered
heteroary1)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, CN, NO,. OR¥,
SR¥ NHORY, C(O)RY, C(O)NR“RY, C(ONR(OR¥), C(O)OR¥, OC(O)R™,
OCONRIRY, NRRY, NRTNRYRY NRCOIRY, NRICOORY, NRTC(O)NRRY,
CENRERY, CENREINRIRY, NRYC(ENRNRYRY, NREC(=NREHRY, NRYS(O)RY,
NRUS(O)NRTRY NRTS(0).RY, NRS(0)(=NR*)R"", NR“S(O),NRRY, S(O)RY,
S{OINRTRY, S{01RY, S(0)NRRY OSOYENR)RY, OS(0):RY, SFs, PO)RTRY
OP(O)OR"OR"), P(OHORT)(OR"), and BR'RY;

each R¥, RY and RY is independently selected from H, Cy.6 alkyl, Cy. haloatkyl, Cae
alkenyl, Cos alkynyl, Cs.q aryl, Cagoycloaltkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coopq ary1-Cie alkyl-, Cias cyvcloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

or any R and RY attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14-membered heterocycloalkyl
group; and

each R" is independently selected from H, Ci alkyl, Cis haloalkyl, Cas alkenyl, Cos

alkynyl, Ces aryl, Cascycloalkyl, 5-14 membered heteroaryl, 4~ 14 membered
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heterocycloalkyl, Cs.1s aryl-Crs alkyl-, Cigcycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 raembered heterocycloalkyl)-Cie alkyl-.

In somne embodiments,

each R’ is independently selected from D, halo, oxo, Cis alkyl, Cis haloalkyl, Coe
alkenyl, Cog alkynyh Cs.is arvl, Csascycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Co.ia aryl-Cig alkyl-, Caiscycloalkyl-Cigalkyl-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyD)-C s atkyl-, CN, NO,, OR®,
SR* NHOR™, C(O)RY, C{OINRPRY C(OINRU(OR™), C(O)OR®, OC(OIR™,
OC(O)NR¥R®, NR¥RY¥, NR¥NR“R*, NR*C(O)R”, NR*“C(QO)OR*, NR®C(O)NR“R¥,
CENRFRY, C(ENREONRERE, NRPOC(ENRDINRPRY, NREOC(=NRERY, NRES(OIR™,
NRESO)NRCRE, NRPS(0),RY, NRPS(O)=NR*R NROSO)NRORS, S(OR,
S(OYNRPRY, S(O):R?, S(O);NRPR¥, OS(O)(=NR*)R™, OS(0),R", §Fs, P(O)RFR,
OP(OHOR™)(OR®), PIOYOR™)OR™), and BRPR*;

each R®, R®®, and R” is independently selected from H, Cy. alkyl, Cy.¢ haloatkyl, Cas
alkenyl, Coe alkynyh Ce.us arvl, Csoscycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.ia arv1-Cisalkyl-, Caigscycloalkyt-Cig alkyl-, (5-14 membered
heteroary[}-C.s alkyl-, and (4-14 merabered heterocycloalky}-C s alkyl-;

or any R® and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14-membered heterocycloalkyt
group; and

cach R™ is independently selected from H, Cis alkyl, Cis haloalkyl, Cae alkenyl, Caue
atkyavl, Ceus aryl, Csaacycloalkyl, 5-14 merabered heteroaryvl, 4-14 merabered
heterocycloalkyl, Co.ia aryl-Cig alkyl-, Caiscycloalkyl-Cigalkyl-, (5-14 membered
heteroary])-Crg alkyl-, and (4-14 membered heterocycloatkyl)-Cy.g alkyl-.

In some einbodiments, cach R¥ is independently selected from I, halo, oxo, Ci.6
alkyl, Ci.¢ haloalkyl, Cs. alkenyl, Csu¢ alkynyl, CN, Cy¢ alkoxy, Ci haloalkoxy, amino, Ci.¢
alkylaraine, di-Cis altkylamino, Cs alkvisulfonyl, aminosulfonvl, Ci. altkylaminosulfonyl,
di-Cy.s alkylaminosulfonyl, and Ci. alkylsulfonylamino; wherein said C1-6 alkyl is optionally
substituted by 1, 2,3, 4, 5, 6, 7, or 8 independently selected halogens.

In some embodiments, cach R®, R™, and R¥ is independently selected from H, Cis
alkyl, Ci haloallkyl, Co allienyl, Cos alkynyl, phenyl, Cs7 cycloalkyl, 5-6 membered
heteroaryl, 4-7 membered heterocycloalkyl, phenyl-Cisalkyl-, Ca; cycloalkyl-Cis alkyl-, (5-6
membered heteroary}-Ci alkyl-, and (4-7 membered heterocycloalkyl}-Ci.s alkyl-, wherein

the Ci atkvl, Cos altkenyl, Co alkynyl, phenyl, Cs;cycloalkyl, 3-6 membered heteroaryl, 4-7
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membered heterocycloalkyl, phenyl-Cis alkyl-, Cs.; cycloalkyl-Cis alkyl-, (3-6 membered
heteroaryl)-Ci¢ alkyl-, and (4-7 membered heterocycloalky!)-C s alkyl- of R, R®, and R®
are cach optionally substituted with 1, 2, 3, or 4 independently sclected R' substituents;

each R™ is independently selected from H, Cis alkyl, Cis haloalkyl, Ca. alkenyl, Caug
alkynyl, phenyl, Cs.r cycloalkyl, 5-6 membered heteroaryl, 4-7 membered heterocycloakkyl,
phenyl-Cis alkyl-, Ca7 cycloalkyl-Cis alkyl-, (5-6 membered heteroaryl)-Cis alkyl-, and (4-7
membered heterocycioaltkyl)-Cis alkyl-, wherein the Cis alkyl, Cos alkenyl, Cos alkynyl,
phenyl, Cs;cycloalkyl, 5-6 membered heteroaryl, 4-7 membered heterocycloalkyl, phenyl-Ci.
galkyl-, Csreycloatkyl-Cisalkyl-, (5-6 membered heteroaryl)-Cis alkyl-, and (4-7 membered
heterocycloalkyl)-C s alkyl- of R® are cach optionally substituted with |, 2, 3, or 4
independently selected R substituents;

cach R* is independently selected from H, OH, CN, Ci alkyl, Cicalkoxy. Cis
haloalkyl, and Ci.¢haloalkoxy;

cach R” and R¥ is independently selected from H, Crs alkyl, Cis haloalkyl, Cus
alkenyl, Cr¢ alkynyh phenyl, Cs.; cycloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyl-Ci.s alkyl-, Cascycloalkyl-Ch.g atkyt, (3-6 membered heteroary])-Ci.
s alkyl-, and (4-7 raembered heterocycloalky)-Cis alkyi-

cach R"™ and R® is independently sclected from H, Cys haloalkyl, Cis alkyl, Cas
alkenyl, Cos alkynyl, phenyl, Cs.p cycloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyl-Ci.q alkyl-, Cscveloalkyl-Cigalkyl-, (5-6 membered heteroarv)-Ci.
salkyl-, and (4-7 membered heterocycloalky)-Ciq alkyl-;

cach R” and R® is independently selected from OH, Cy.satkoxy, and Ci.sbaloalkoxy;
and

each R’ is D, halo, oxo, Ci.s alkyl, Cis haloalkyl, Ca alkenyl, Cass atkynyl, CN, Cig
alkoxy, Cj haloalkoxy, amino, Ci alkylamino, di-Cis alkylamino, Ci.¢ alkylsulfonyl,
aminosalfonvl, Ci¢ alkylaminosulfonyl, di-Cis alkylaminosulfonyl, and Cis
alkylsulfonylamino.

In some embodiments, each R' and R’ is independently selected from D, halo, oxo,
Cis alkyl, Cis baloalkyl, Co alkenvl, Caos alkynyl, ON, Cis alkoxy, Cis haloalkoxy, amino,
Cy¢ alkylamino, di-C s alkviamine, Ci alkyisulfonyl, aminosulfonyl, Crs
alkyvlamiosulfonyl, di-Ci.s allkylaminosulfonyl, and Ci.¢ alkylsulfonylamino; and

each R¥ is independently selected from H, D, OH. hato, oxo, CN, C(OYOH, NHa,
NO», SF;5, Cis alkyl, Crsalkoxy, Crshaloalkoxy, Cighaloalkyl, Cos alkenyl, and Co

alkynyvl
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In some embodiments:

X is N;

R* is selected from H, Cis alkyl, C s haloalkyl, Cos alkenyl, Cos alkynyl, Coas aryk,
Csascycloalkyl, 5-14 membered heteroaryt, 4-14 membered heterocycloalkyl, Co.a arv1-Cis
alkyl~, Cs.iq cycloalkyl-Crsalkyl-, (5-14 membered heteroary}~Cigalkyl-, (4-14 membered
heterocycloalkyl)-C s alkyl-, OR®, C(O)RY, CCOINRYRY, C{OYORY, C=NR*HR",
C(=NREONRYRY, S(O)RY, S(ONRYRY, S(0):R™, and S(O);NR“RY, wherein the Cy
alkyl, Co alkenyl, Cos alkynvl, Ceas arvl, Csuis cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ceag aryl-Cig alkyl-, Caggcycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered beterocycloalkyl)-C s alkyl- of R! are each
optionally substituted with 1. 2, 3, 4. 5, 6. 7, or 8 independently selected R® substituents;

R? is selected from H, D, halo, Cis alkyl, Cis haloalkyl, Cos alkenyl, Cos alkynyl, Cs.
14 aryl, Csagcyveloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.4
aryl-Crg alkyl, Csaq cveloalkyl-Cig alkyls, {5-14 membered heteroaryl}-Cig alkyl-, (4-14
membered heterocycloalkyl)-Ciealkyl-, ON, NO», OR®, SR, NHOR®, C(O)RY,
C(O)NRYR¥, C(O)NR**(OR™), C(O)OR™, OC(O)RY, OC(O)NRZRY, NR*“R™,
NRUNR“RE NRECO)R™, NRZC(OIOR™, NRIC(OIWNRZRY, C(=NRRY,
CENRHNRZRE, NREC(=NRYNRPRE, NREAC(=NR)RY, NRPS(O)NRPRE,
NR“S(0)RY, NR¥S(0),RY, NR“S(O)(=NR“)R”, NR¥S(0).NR“R¥, S(O)RY,
S(OINRTZRE, 5(01:RY, S{O)RNRRE, OSO)(=NRDRY, OS(O)RY, SFs, PORPRE,
OP(OYOR™(OR?), P(O)OR™)(OR™), and BR”R*, wherein the Ci. alkyl, Cas alkenyl, Cos
atkyovl, Ceus aryl, Csaacycloalkyl, 5-14 merabered beteroarvl, 4-14 membered
heterocyveloalkyl, Ce.a aryl-Cig alkyl-, Caiscycloalkyl-Cigalkyl-, (5-14 membered
heteroarvly-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R? are each
optionally substituted with 1. 2, 3, 4, 5, 6. 7. or § independently sclected R substitucnts;

Cylis Coas aryl, Cr.acycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, whercin the Ce.iq arvl, Csagcvcloalkyl, 5-14 membered hetercaryl, or 4-14
membered heterocycloalkyl is optionally substituted with 1, 2, 3, 4, 5.6, 7, or 8 independently
selected RY substituents;

provided that when Cy' is 4-14 membered heterocycloalkyl, then the 4-14 membered
heterocycloatkyl of Cy' is other than unsubstituted morpholinyl;

provided that Cy' is not pyridin-4-yI optionally substituted with 1, 2, 3, or 4

independently selected R™ substituents;
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provided that Cy' is not pyrimidin-4-y1 optionally substituted with I, 2, or 3,
independently selected R™ substituents;

provided that Cy" is not quinolin-4-y] optionally substituted with 1, 2,3, 4, 5, or 6
independently selected R” substituents;

Cy?is Coo1a aryl, Cs.iwcycloalkyl, 5-14 membered heteroarvl, or 4-14 membered
heterocycloalkyl, wherein the Csay aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycioalkyl is optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently
selected RY substituents;

cach R*", R®, R¥ R™ R, and R*is independently selected from H, Ci alkyl, Cig
haloalkyl, Ca alkenyl, Cos alkynyl, Cs.s arvl, Cs.acycloalkyl, 5-14 membered heteroaryl, 4-
{4 membered heterocycloalkvl, Ce.14 aryl-Crsalkyl-, Csascycloalkyl-Cisalkyl-, (5-14
membered hetercaryl)-Ci.q alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein
the Cis alkvl, Cy alkenyl, Cog alkynyl, Ce.14 aryl, Csascycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Cis alkyl-, Csascycloalkyl-Cogatkyl-,
(5-14 membered heteroaryl)-Cs.¢ alkyl-, and (4-14 membered heterocycloalky}-Ci ¢ alkyl- of
R¥, R®, RY R¥ R and R are each optionally substituted with 1.2,3, 4,5, 6, 7. or &
independently selected R substituents;

or, any R® and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-inembered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R” substituents;

or any R” and R* attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1. 2, 3, or 4 independently selected R substituents;

each R and R* is independently selected from H, Ci alkyl, Cis haloalkyl, Ca.
alkenyl, Cos alkynyl, Ceas aryl, Caacycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.4 aryl-Cis alkyl-, Cs.a cycloalkyl-Cis alkyl-, (5-14 membered
heteroary!)-Cis alkyi-, and (4-14 membered heterocycloalkyl)-Ci¢ alkyl-, wherein the Ci
alkyl, Cy alkenyl, Cos alkynyl, Ce.ys aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cig alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cs¢ alkyl- of R®*, R*, and R
arc each optionally substituted with 1, 2, 3, 4, 3. 6, 7. or 8 independently sclected R

substituents;
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each R” and R* is independently selected from H, OH, CN, Cyx alkyl, C1s alkoxy,
Cishaloalkyl, Cishaloalkoxy, Coe alkenyl, Co alkynvl, Co.a aryl, Ciagcycloalkyl, 5-14
membered hetercaryl, 4-14 membered heterocycloalkyl, Coas arvl-Cigalkyl-, Ciaycycloalkyl-
Cigalkyl-, (5-14 membered heteroary)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

each R™ and R¥ is independently selected from H, Ci alkyl, Cialkoxy, Cis
haloalkyl, Cishaloalkoxy, Cys alkenyl, Cos alkynvl, Ceag aryl, Cagqcycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crs alkyl-, Cagcvcloalkyl-
Cisalkyls, {5-14 membered heteroary])-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C.
s alkyl~;

cach R and R” is independently sclected from H, Cis alkyl, Ci.s haloalkyl, Cos
alkenyl, Co alkyayl, Csas arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.ia ary-Cis alkyl-, Caigcycloalkyl-Cog atkyl-, (5-14 memnbered
heteroary])-Cig alkyl-, and (4-14 membered heterocycloalkyl)-Crs alkyl-;

cach R? and R¥ is independently selected from OH, Cisalkoxy, and Cj.¢ haloalkoxy:

or any R* and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected fromn Cie atkyl and Cis haloalkyl;

cach R®, RY, R®, RY, and RY is independently selected from D, halo, oxo, C1s alkyl,
Cy¢ haloalkyl, Cis alkenyl, Cos alkynyl, Ce.ss arvl, Caag cvcloalkyl, 3-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Csas aryl-Cis alkyl-, Csascycloalkyl-Cigalkyl-,
(5-14 membered heteroary})-Ci.¢ alkyl-, (4-14 membered heterocycloalkyl)-Ci.¢ alkyl-, CN,
NO», OR™, SR* NHOR™, C(O)R™, C(O)NRUR™, C{OIWNRTOR™), CLO)ORY, OCOR™,
OC(O)NR¥R™, NRUR% NR“NR“R* NR*C(O)R™, NR*C(C)OR™, NRUC(O)NR“R¥,
CENRSHRY, CENRFYNRORY, NRUCENRENRARY, NRUC(=NRRY, NROS(ORY,
NRUS(O)NRURY, NRS(0),R™, NRUS(O)(=NR*R™, NR*S(O),NR¥R¥, S(O)R™,
SOYNRUR™, §(0)R™, S(O):NRUR¥, OS(O)(=NR*)R", OS(0).R"™, SFs, P(O)R™R¥,
OP(OYOR"(OR™), PONOR™(OR™), and BR*RY, wherein the C1.6 alkyl, Cas alkenyl, Cr
atkyavl, Csas aryl, Csaacycloalkyl, 5-14 merabered beteroaryvl, 4-14 merabered
heterocycloalkyl, Coois arvl-Cig alkvl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-C i alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R®, RY, RE, RF,
and R are each optionally substituted with 1, 2, 3, 4, 3, 6, 7. or 8 independently selected RY

substituents;
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each R*, R®, and R" is independently selected from H, C1. atkyl, C1. haloalkyl, Cas
alkenyl, Coe alkyayl, Csae aryl, Csagcoycloalkyl, 5-14 membered beteroaryl, 4-14 membered
heterocycloalkyl, Co.is aryv1-Cig alkvl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, C.¢ alkenyl, Cog alkyoyl Co.z aryl, Caazcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloaltkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroary]}-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R, R*, and R™
are cach optionally substituted with [, 2, 3, 4, 5, 6, 7, or 8 independently selected R™
substiluents;

or, any R® and R* attached to the same N atom. together with the N atom to which
they are attached, optionally forn a 5- or 6-membered heteroaryl or a 4-14 membered
heterocycloalkyl group, wherein the 5- or 6-imerabered heteroaryl or 4-14 membered
heterocycloalkyl group is optionally substituted with I, 2. 3, or 4 independently selected R
substituents;

each R™is independently selected from H, Ci alkyl, Cis haloalkyl, Css alkenyl, Cos
alkynyvl, Cs.aa aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.pq arv1-Cie alkyl-, Cias cyvcloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cys alkyl-, wherein the Ci
alkyl, Cog alkenyl, Cos alkynvl, Csaq aryl, Cagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.ia cvcloalkyl-Cis alkyvl-, (5-14 membered
heteroary1)-C s alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R are each
optionally substituted with 1, 2, 3. 4, 5. 6, 7, or 8 independently selected R™ substituents;

each R** is independently selected from H, OH, CN. Ci alkyl, Cialkoxy, Cis
haloallkyl, Cishaloalkoxy, Cu.s alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 5-14
rmembered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ciiqcycloalkyl-
Cisalkyle, {5-14 membered heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C.
salkyl-;

cach R™ and R is independently selected from H. C g alkyl, Cis alkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Coe alkyayvl, Co. aryl, Csogcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Coas aryvl-Cig alkyl-, Ciig cycloalkyl-
Cigalkyl-, (53-14 membered heteroaryl)-Ci.s alkyvl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

cach R™ and R is independently selected from H, Cis alkyl, Cishaloalkyl, Cas

alkenyl, Cys alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.s alkyl-;

cach R and R™ is independently selected from OH, Cy.¢alkoxy, and C i« haloalkoxy;

or, any R* and R attached to the same B atom, together with the B atom to which
they are attached, form a 5- or S-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Crs haloalkyl;

each R is independently selected from D, halo, oxo, Ci.¢ alkyl, Ci.¢ haloalkyl, Cus
alkenyl, Cos alkynyl, Ces arvl, Csagcveloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.ia arv1-Crsalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary)-C s alkyl-, (4-14 membered heterocycloalkyl)-Cis alkyl-, CN, NO-, OR*®, SR®,
NHOR?®, C(ORY, CIONR®R®, C(ONRPOR™), C(OOR®, OCO)R®, OC(ONRER®,
NRER® NRENRY“R¥ NRPC(O)R™, NRPC(CHOR®, NRUC(O)NRER®, C(=NR“)R",
CENREPINRPRY NREC(ENRE)INRER®, NRPC(=NRFHRY, NRPS(OVR,
NRZS(O)NRERY, NRS(0);R", NRES(O)(=NR*)R”, NR”S(0);NR“R¥, S(O)R",
S(OINRERY, S(O)R™, S(ORNRER®, OS(O)(=NROIR, OS(O)RY, SFs, PIO)R®RE,
OP(OYORPYOR?), P(O)OR™HORY), and BRPR®, wherein the Ci alkyl, Cos alkenyl, Cas
alkynvl, Ceas aryl, Caaacycloalkyl, 5-14 aembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Cis cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R* are each
optionally substituted with 1, 2. 3, or 4 independently selected R' substituents;

each R¥, R and R* is independently selected from H, Ci.s alkyl, C . haloalkyl, Cas
alkenyl, Co alkyayl, Csae aryl, Csagoycloalkyl, 5-14 membered heteroaryl, 4-14 merabered
heterocyvcloalkyl, Co.ia aryk-Cisalkyl-, Cagscycloalkyl-Cogatkyl-, (5-14 memnbered
heteroary[)-Ci.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, C.¢ alkenyl, Cog alkynyl Co.is arvl, Csagcycloalkyl, 5~-14 membered hetercarvl, 4-14
membered heterocycloalkyl, Ceaq aryl-Cis alkyl-, Caagcycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R*, R, and R¥
are each optionally substituted with 1, 2, 3. or 4 independently sclected R substituents;

or any R and R® attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-merbered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherem the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R™ is independently selected from H, Cig alkyl, Cis haloalkyl, Cu alkenyl, Cos

alkynyl, Ceaq aryl, Caaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.1s ary1-Cis alkyl-, Ci.ig cycloalkyl-Ci alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Cis alkyl-, wherein the Cie
alkyl, Cos alkenyl, Cos alkynyl, Coas aryl, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2. 3, or 4 independently selected R' substituents;

each R® is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, C. alkenyl, Cos alkynyl, Csas arvl, Cs.gcveloalkyl, 5-14
membered hieteroaryl, 4-14 membered heterocycloalkyl, Ce.ay arv1-Cigsalkyl-, Csagcycloalkyl-
Cisalkvl-, (5-14 membered heteroarvl)-Ci.¢alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-;

cach R® and R¥ is independently selected from H, Cis alkyl, Cisalkoxy, Cie
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csa4 aryl, Caigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Coag aryl-Chgalkyl-, Csaq cycloalkyl-
Cisalkyl-, (5-14 membered heteroaryl}-C s alkyl-, and (4-14 membered heterocveloalky])-C.
galkyl-

each R™ and R” is independently selected from H, Cy.¢ alkvl, Cy4baloalkyl, Cas
alkenyl, Cos alkynyl, Ceas arvl, Csugcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Crsalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary)-C s alkyl-, and (4-14 merabered heterocveloalky)-C s alkyl-;

cach R” and R® is independently selected from OH, Cisalkoxy, and C . haloalkoxy:

or, any R” and R™ attached to the same B atom, together with the B atom to which
they are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents mdependently selected from Ci.s alkyl and Ci.s haloalkyl;

each R'is independently selected from D). halo, oxo, Ci alkyl, Ci haloalkyl. Crs
alkenyl, Co alkyuyl, Cs.aq aryl, Caggoycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceops arvi-Ci.e alkyl-, Caa4 cvcloalkyl-Cos alkvl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, CN, NO,. OR®,
SR* NHOR™, C(O)RY, C(O)NRUR¥, C(O)INR®(OR™), C(O)OR®*, OC(O)R™,
OC(OINROR® NRURY, NRENRUR®, NRECOR®, NREC(O)OR®, NRPC(OQ)NR“R¥,
CENRPHRY C(=NRENRUR®, NRUC(=NR)NRR® NRCC(=NR)R™, NR¥S(O)R™,
NRPS(OINR*®R® NRUS(():R", NR¥S(O)(=NR*)R®® NRCS{OpNRORY® SOHR,
S{OINRCRY, S{O1RY, S(0)NRER®, OSOYE=NR®)RY, OS(0):R™, SFs, PIO)R®RE,
OP(OYOR™(OR®), P(OYOR®YOR’®), and BRR*, wherein the Ci. alkyl, Coe alkenyl, Co
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alkynyl, Ce.as arvl, Cs.acyvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cisalkyl-, Ciigcveloalkyl-Cie alkyl~, (5-14 membered
heteroary])-C s alkyl-. and (4-14 membered heterocycloalkyl)-C s alkyl- of R are each
optionally substituted with 1. 2, 3, or 4 independently selected R’ substituents:

each R* R and RY is mdependently selected from H, Cy alkyl, Ci. haloalkyl, Ca
alkenyl, Cos alkynyl, Ce.q aryl, Csgscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coops arv1-Ci.e alkyl-, Caa4 cvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cy.s alkyl-, wherein the Ci
alkyl, Cog alkenyl, Cog alkynyl, Csaq aryl, Caacycloalkyl, 5-14 membered heterocaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.a cvcloalkyl-Cis alkyvl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cig alkyl- of R*, R, and R%
are cach optionally substituted with 1, 2, 3, or 4 independently sclected R’ substituents;

or any R* and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wheren the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R™ is independently selected from H, Cis alkyl, Ci haloalkyl, Ca alkenyl, Ca-
alkynyl, Ce.as arvl, Cs.acyvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Crsalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroarv])-C.s alkyl-, and (4-14 merabered heterocycloalky)-Ci.s alkyl-, wherem the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cea4 arvl, Caagcvcloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.q aryl-Cig alkyl-, Caascycloalkyl-Ciealkyl-, (5-14 membered
heteroaryl)-Cys alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R® are each
optionally substituted with 1. 2, 3, or 4 independently selected R’ substituents:

each R* is independently sclected from H, OH, CN, Ci alkyl, Cisalkoxy, Cis
haloalkyl, Ci.¢haloalkoxy, Cre alkenyl, Coe alkynyl, Csas aryl, Cspacycloalkyl, 5-14
membered heteroaryl, 4-14 membered beterocycloalkyl, Ce.iq aryl-Cie alkyl-, Csaa cycloalkyl-
Cisalkyl~, (5-14 membered heteroaryl)-Cis atkyl-, and (4-14 membered heterocycloalkyl)-Ci.
calkyl-;

cach R™ and R# is independently selected from H, Cis alkyl, Cigalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceas aryl, Csagcycloalkyl, 3-14
rmembered heteroaryl, 4-14 raembered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ci.iscycloalkyl-
Cisalkyl-, (5-14 membered heteroarv)-Cis alkyl-, and (4-14 membered heterocycloalkyh)-Ci.

6 alkyl—;
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cach R™ and R™ is independently sclected from H, Cis alkyl, Ci.s haloalkyl, Cos
alkenyl, Coe alkyuyl, Csae aryl, Csagcoycloalkyl, 5-14 membered beteroaryl, 4-14 merbered
heterocycloalkyl, Coois arvl-Cig alkvl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroary[}-Ci.s alkyl-, and (4-14 membered heterocycloalky}-Crs alkyl-;

cach R and R* is independently selected from OH, Cisalkoxy, and Ci.¢ haloalkoxy:

or, any R¥* and R* attached to the same B atom, together with the B atom to which
they are attached, form a 3~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected fromn Cig alkyl and Cis haloalkyl;

each R’ is independently selected from D, halo, oxo, Ci.s alkyl, Ci.s haloalkyl, Cos
alkenyl, Cos alkynyl, Ceis aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 imnembered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cy¢ alkyl-. and (4-14 membered heterocycloalkyl)-Cs alkyl-, CN, NO», ORY,
SR¥ NHORY, C(OYRY, C(O)NRRY, C{OINR(OR™), C(OYOR¥, OC(O)RY,
OCONRRY NRYRY, NRYNRRY NR'C(O)R", NRYC(CYORY, NRTC(O)NRRY,
CENRTRY, CENRT)NRIRY, NRYCENRTINRRY NRYCENRTHRY, NRYS(ORY,
NRYS(O)NRYRY, NRS(O)RY, NRYS(O)(=NR*IR"", NR“S(O),NR“RY, S(O)R",
SONRYRY, S(O1RY, S(O),NRRY, OS(O)(=NR*)RY, OS(0).R"", SFs, P(ORRY,
OP(OY)OR"H(OR), PONORM(OR"), and BRRY wherein the Ci.6 alkyl, Ca alkenyl, Cr
alkynyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coois ary1-Cig alkvl-, Caagcycloalkyl-Cog alkyl-, (5-14 membered
heteroary1)-Crs alkyl-, and (4-14 membered heterocycloalkyly-Ci.s alkyl- of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

cach R¥ R, and RY is independently selected from H, Cus alkyl, Cis haloalkyl. Ca.
alkenyl, Cos alkynyl, Ceaq arvl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.i4 aryl-Crsalkyl-, Ci.igcycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ciq alkyl-, and (4-14 membered heterocycloalkyl)-Ci.q alkyl- wherein the Cig
alkyl, Crsalkenyl, Cov alkynyl, Coa aryl, Caascycloalkyl, 5-14 membered heteroarvl, 4-14
meinbered heterocycloalkyl, Cs.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cy¢ alkyl-, and (4-14 membered heterocycloalkyl)-C; alkyl- of R, RY, and RY
are cach optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

or any R and RY attached to the same N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is

optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;
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each R” is independently selected from H, Ci alkyl, Ci haloalkyl, Cs alkenyl, Cas
alkyavl, Csas aryl, Csaacycloalkyl, 5-14 merabered beteroarvi, 4-14 membered
heterocycloalkyl, Co.ia ary1-Cig alkvl-, Caag cycloalkyl-Cos alkyl-, (5-14 membered
heteroary[)-Ci.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, C.¢ alkenyl, Cog alkynyl, Cs.is arvl, Csogcycloalkyl, 5~-14 membered heteroarvl, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
beteroary}-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of RY are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R is independently selected from H, OH, CN, Ci alkyl, Co alkenyl, Cig
alkoxy, Cishaloalkyl, Ci.sbaloalkoxy, Cos alkynyl, Ceas arvl, Csaacveloalkyl, 5-14
menbered heteroaryl, and 4-14 memnbered heterocycloalkyl,

each R” and R¥' is independently selected from H, Ci alkyl, Cialkoxy, Cs-
halealkyl, Ci¢haloalkoxy, Cos alkenyl, Cos alkynyl, Csa4 aryl, Caigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceag aryl-Chgalkyl-, Csaq cycloalkyl-
Crealkyl~, (5-14 membered heteroary}-C s alkyl-, and (4-14 membered heterocycloalkyl)-C.
g alkyl-

each R™ and R” is independently selected from H, Cy alkvl, Cy4haloalkyl, Cas
alkenyl, Cos alkynyl, Ce.as arvl, Csscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Crsalkyl-, Caigscycloalkyl-Cog alkyl-, (5-14 membered
beteroary[}-C s alkyl-, and (4-14 membered heterocyvcloalky}-C s alkyl-;

cach R and RY is independently selected from OH, Ci.calkoxy, and C . haloalkoxy:

or, any R’ and R¥ attached to the same B atom, together with the B atom to which
they are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents mdependently selected from Ci. alkyl and Ci.¢ haloalkyl,

cach R* is independently selected from H, D, OH. halo, oxo, CN, C(OYOH, NH,,
NQO», SFs, Cig alkyl, Cigalkoxy, Cishaloalkoxy, Cighaloalkyl, Co.e alkenyl, Co.¢ alkynyl, Cs.
14 arvl, Cagcycloalkyl, 3-14 membered heteroaryl, 4-14 membered beterocycloalkyl, Ce.g
aryl-Cis alkyl~, Csascycloatkvl-Cig alkyl-, (5-14 membered heteroarvl)-Cig alkyl-, and (4-14
membered heterocycloaikyl)-Ciq alkyl-; and

wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N-oxtde on any ring-forming nitrogen.

In some embodiments:

Xi1sN;

R' is selected from H, Cys alkyl, Cis alkenyl, Cys alkynyl, and C;.¢ haloalkyl;
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R? is selected from H. D, halo, C1.s alkyl, C1.s haloalkyl, Ca.s alkenyl, Cos atkynyl, Cs.
14 a1yl Csascycloalkyl, 3-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ceaa
aryl-Ci¢ alkyl-, Cia cvcloalkyl-Cis alkyl-, (5-14 membered heteroary3-Cis alkyl-, (4-14
membered heterocycloallyl)-Cisalkyl-, CN, NO,. OR™, SR, NHOR®, C(O)R™,
C(OINRERE, CIO)NRE(OR?), C(OHOR™Z, OC(OIRY, OC(OINRZRY, NR¥R®,
NRENRER® NRPCO)RY, NRPC(O)OR®, NRC(O)NR“R¥ C(=NR*)R",
C(ENRONRZRYE, NREAC(=NRHNR“RE, NR¥C(=NR*)R", NR*S(O)NR“R¥,
NRES(O)RY?, NRS(0)-R™, NRZS(O)=NRR?, NR“S(0).NRRE, S(O)RY?,
S(OYNRZRE, §(0):R™, 5(0);NR¥R%, OS(O)(=NR“)R™, O3(0).R™, §Fs, P(OR"RE,
OP(O)OR(OR?), POWOR™ZHORD), and BRR®, wherein the Ci alkyl, Cos alkenyl, Cos
alkynyl, Ceas arvl, Csascycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atvi-Cis alkyl-, Ciagcvcloalkyl-Cig alkyl~, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalky[)-C s alkyl- of R? are each
optionally substituted with 1. 2, 3, 4. 5, 6. 7, or & independenily selecied R substituents;

Cylis Co.is aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ceoiq aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycioalkyl is optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently
selected RE or R™ substituents;

provided that when Cy' is 4-14 membered heterocycloalkyl, then the 4-14 membered
heterocycloalkyl of Cy' is other than unsubstituted morpholinyl;

Cy? is Cea4 arvl, Caag cycloalkyl, 53-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.iq aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycloalkyl is optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently
selected RT substituents;

cach R*, R, and R™ is mdependently selected from H, Ci alkyl, Cis haloalkyl, Cos
alkenyl, Co alkynyl, Cs.aq aryl, Cs.agcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coops arvl-Cir.e alkyl-, Ciag cycloalkyl-Cog abkvl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cy.s alkyl-, wherein the Ci
alkyl, C. alkenyl, Coe alkyuvl, Coae aryl, Csiacycloalkyl, 5-14 membered heteroaryd, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.ia cvcloalkyl-Cis alkyvl-, (5-14 membered
heteroaryl)-C s alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R R, and R™
are cach optionally substituted with 1, 2, 3, 4, 5, 6. 7, or 8 independently selected R

substituents;
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or any R and R* attached to the same N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R” substituents;

each R is independently selected from H, Cis alkyl, Cis haloalkyl, Cas alkenyl, Cz
alkynyl, Ceas aryl, Caacycloalkyl, 5-14 membered heteroaryvl, 4-14 membered
heterocycloalkyl, Co.pq arvl-Cie alkyl-, Ciag cvcloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cy.s alkyl-, wherein the Cis
alkyl, Cog alkenyl, Cos alkynyl, Csaq aryl, Csiacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.ia cvcloalkyl-Cis alkyvl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R% are each
optionally substituted with 1, 2, 3, 4, 5. 6, 7, or 8 independently selected R substituents;

each R¥ is independently selected from H, OTl, CN, Cy alkyl, Cialkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Coos alkynyl, Ceas aryl, Csagcycloalkyl, 3-14
rmembered heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ciiscycloalkyl-
Cisalkyle, {5-14 membered heteroary])-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C.
s alkyl-;

each R™ and R¥ is independently selected from H, C i alkyl, Cis haloatkyl, Cis
alkoxy, Cishaloalkyl, Cishaloalkoxy, Cas alkenyl, Cug alkynyl, Ce.1a aryl, Csascycloalkyl,
5-14 membered heteroarvl, 4-14 membered heterocycloalkyl, Ce.i4 aryl-Crsalkyl-, Csig
cvcloalkyl-Crgalkyl-, (5-14 membered heteroary3-Ci.g alkyl-, and (4-14 membered
heterocycloalkyl)-Ci.q alkyl-;

each R™ and R” is independently selected from H, C1 alky}, C1c haloalkyl, Cs
alkenyl, Cos alkynyl, Ceas arvl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heteracycloalkyl, Ceas aryl-Cis alkyl~, Csiscycloalkyl-Cig alkyl-, (5-14 membered
heteroary [3-Cis alkyl-, and (4-14 membered heterocycloalky)-Ci.s alkyl-:

each R and R* is independently selected from OH, Cysalkoxy, and Cihaloalkoxy;

or any R” and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Cis alkyl and Ci¢ haloalkyl;

each RY, RE, R, R, and R is independently selected from D, halo, oxo, Cis alkyl,
C1s haloalkyl, Co alkenvl, Cog alkvnyl, Csus arvl, Csos cycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ce.is arv]-Cis alkyl-, Ciiscycloalkyl-Cigalkyl-,

(5-14 membered heteroaryl}-Cis alkyl-, (4-14 membered heterocycloalkyly-Cisalkyl-, CN,
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NO,, OR*, SR* NHOR™, C(O)R™, C(O)NRYRY, C(ONRHOR™), CIOYOR™, OC(O)R™,
OC(O)NRURY, NR¥RY, NRUNRUR* NR“C(O)R™, NR™C(O)YOR*, NRUC(OINRUR¥,
CENRHRM, CENRHNRYRY, NRUC(ENRNRYRY, NRAC(=ENREHRM, NRUS(OR™,
NRAS(O)NRURM, NRUS(0),R™, NRUS(O)=NRR™, NRUS(0),;NR“R*, S(O)R™,
S(OINRER™, S(O)RRY, S(ORNRYR¥, OS(O)(=NRURY, OS(O)RY, SFs, PIO)RMRH,
OP(O)OR™OR™), POYOR™(OR™), and BR*R™ wherein the Ci6 alkyl, Coy alkenyl, Cas
alkynvl, Ces aryl, Caaacycloalkyl, 5-14 aembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Crs alkyl-, Cigcycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of RY, R®, RM R,
and R" are cach optionally substituted with 1, 2, 3.4, 5. 6, 7, or 8 independently sclected R™
substituents;

each R* R®, and R™ is independently selected from H, Cy.¢ alkvl, Cy.4 haloalkyl, Cy-
alkenyl, Cos alkynyl, Ces.aq aryl, Cagscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Copg aryl-Cirue alkyl-, Ciag cycloalkyl-Cag alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 raembered heterocycloalkyl)-Ci alkyl-, wherein the Ci
alkyl, Co.¢ alkenyl, Co alkynyl, Csas arvl, Ciascvcloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycioalkyl, Cs.iq aryl-Cie alkyl-, Cis cveloalkyi-Cis alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R**, R, and R*
are each optionally substituted with 1, 2,3, 4, 5. 6, 7. or 8 independently selected R?
substituents;

or, any R and R* attached to the same N atom, together with the N atom to which
they are attached, optionally form a 3- or 6-merabered hetercary! or a 4-14 merabered
heterocycloalkyl group, wherein the 5- or 6~-membered heteroarvl or 4-14 membered
heterocycloalkyl group is optionally substituted with 1, 2, 3, or 4 independently selected R
substituents;

each R™is independently selected from H, Cig alkyl, Cis haloalkyl, Cs. alkenyl, Cas
alkynvl, Ces aryl, Caaacycloalkyl, 5-14 aembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Cig cycloalkyl-Cig alkyl-, (5-14 mmembered
heteroaryl)-Cis alkyi-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl-, wherein the Ci.
alkyl, Cog alkenvl, Cog alkynyl, Coas aryl, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.iq aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R arc each

optionally substituted with 1, 2. 3, 4, 5. 6, 7. or 8 independently selected R* substituents:
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each R* is independently sclected from H, OH, CN, Ci alkyl, Cigalkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Co.e alkyayvl, Co. aryl, Csogcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Coas aryvl-Cigalkyl-, Ciig cycloalkyl-
Cigalkyl-, (3-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cy.
salkyl-

each R™ and R# is independently selected from H, Ci. alkyl, Cialkoxy, Cis
haloalkyl, Cishaloalkoxy, Cys alkenyl, Cos alkynvl, Ceag aryl, Cagqcycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crs alkyl-, Ci.iga cvcloalkyl-
Cisalkyl-, {5-14 membered heteroary])-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C.
s alkyl~;

cach R™ and R™ is independently sclected from H, Cis alkyl, Ci.s haloalkyl, Cos
alkenyl, Co alkyavl, Cs.s arvl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.ia aryh-Cis alkyl-, Caggcycloalkyl-Cog atkyl-, (5-14 memnbered
heteroary])-Cig alkyl-, and (4-14 membered heterocycloalkyl)-Crs alkyl-;

cach R* and R* is independently selected from OH, Cisalkoxy, and Ci.¢ haloalkoxy:

or, any R* and R* attached to the same B alom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1. 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cis haloalkyl;

each R" is independently selected from D, halo, oxo, Ci.s alkyl, Ci. haloalkyl, Cas
alkenyl, Cos alkynyl, Ceais aryl, Cascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coogg ary1-Crue alkyl-, Ciag cycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Ci. alkyl-, (4-14 membered heterocycloalky1)-Cis alkyl-, CN. NO,, OR™, SR®,
NHOR™, C(O)R”, C(OINRER® | C{O)NR®(OR™), C(OOR®, OC(OHR™, OC(O)NR“R®,
NR“R®, NR®NR“R* NRCC(O)R™, NRPC(OYOR®, NRPC(O)NRR®, C(=NR*)R™,
CENRPHNRPRE, NRPC(=ENRPYINRZRE, NRPC(=NRPIRY, NRPS(O)R,
NRPS(O)NRPRY, NRPS(0),R™, NROS(O)(=NR*)R?, NR“S(0O)NR“R¥, S(O)R™,
S(OYNRERE, §(0)R”, S(O):NRRY, OS(0)(=NR*)R", OS(0).R", SFs, P(O)R"R¥,
OP(OXORMYOR?), PIONORMYOR®), and BRPR®, wherein the Cig alkyl, Cas alkenyl, Cas
atkyavl, Csas aryl, Csaacycloalkyl, 5-14 merabered beteroaryvl, 4-14 merabered
heterocycloalkyl, Coois arvl-Cig alkvl-, Caag cycloalkyl-Cog alkyl-, (5-14 membered
heteroary1)-C s alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R¥ are each
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R R*, and R® is independently selected from H, Cys alkyl, Cy.s haloalkyl, Coe
alkenyl, Cys alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.1s aryl-Cis alkyl-, Ciig cyvcloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci¢ alkyl-, and (4-14 raembered heterocycloalkyl)-Cis alkyl-, wherein the Ci
alkyl, Cos alkenyl, Cos alkynyl, Coas aryl, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.is aryl-Crg alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Cs¢ alkyl- of R, R, and R
are each optionally substituted with I, 2, 3, or 4 independently selected R' substituents;

or any R® and R* attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6~membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered lieteroary| or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2. 3, or 4 independently selected R' substituents;

each R™ is independently selected from H, Ci alkyl, Cos alkenyl, Cas alkynyl, Coia
aryl, Csaqcycloalkyl, 5-14 membered hetercaryl, 4-14 membered heterocyeloalkyl, Coaia arvl-
Cisalkyl-, Csgscveloalkyl-Cys atkyl-, (5-14 membered heteroaryl)~-Cis alkyl-, and (4-14
membered heterocycloalkyl)-Cis alkyl-, wherein the Cis alkyl, Co.s alkenyl, Cos alkynyl, Ce.
14 aryl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ia
aryl-Cis alkyl-, Csascycloalkyl-Cig alkyl-, (3-14 membered heteroaryl)-Ci.s alkyl-, and (4-14
membered heterocveloalkyl)-Cigalkyl- of R are each optionally substituted with 1, 2, 3, or 4
independently selected R substituents;

each R® is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cis
haloalkyl, C.¢haloalkoxy, Crs alkenyl, Cos alkynyt, Ceag aryl, Caascycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceaq aryl-Chgalkyl-, Csaq cycloalkyl-
Cisalkyl-, (5-14 merabered beteroarvh-Csalkvl-, and (4-14 membered beterocycloalkyh-Cy.
s alkyl~;

each R” and R¥ is independently selected from H, Cig alkyl, Ciealkoxy. Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cu.s alkynyl, Cs.s arvl, Csoiscveloalkyl, 5-14
membered hieteroaryl, 4-14 membered heterocycloalkyl, Cea4 arvl-Cigsalkyl-, Csascycloalkyl-
Cicalkyl-, (3-14 aembered heteroarvl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-C.
salkyl-;

each R™ and R” is independently sclected from H, Cis alkyl, Cishaloalkyl, Co
alkenvl, Cos alkynyl, Ceis aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Coyg aryl-Cirue alkyl-, Ciag cycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 raembered heterocycloalkyl)-Cis alkyl-:

each R and R* is independently selected from OH, Cy.alkoxy, and Cis haloalkoxy;
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or, any R* and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substitated
with 1, 2, 3, or 4 substituents independently selected from Cig alkyl and Ci¢ haloalkyl;

each R’ is mdependently selected from D, halo, oxo, Cis alkyl, Cis haloalkyl, Ca.e
alkenyl, Coe alkynyl, Ce.ua arvl, Csoiqcycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Co.ia aryh-Cis alkyl-, Caigcycloalkyl-Cog atkyl-, (5-14 memnbered
beteroary])-C s alkyl-, and (4-14 membered heterocycloalky)-C s alkyl-, CN, NO,, OR®,
SR* NHOR®, C(O)RY, C{OINRPRY C(OINRU(OR™), C(O)OR®, OC(OIR™,
OC(O)NR¥R®, NR“RY¥, NR¥NR“R*, NR*C(O)R”®, NR*C(Q)OR*, NRC(O)NR“R®,
CENRFRY, CENREONRERE, NRPOC(ENRHINRPRY, NREOC(=NRERY, NREOS(OR™,
NR*S(O)NR®R® NRPE(0),R®, NRUS(O)=NR**)R NRCS(O),NRR® S(O)R™,
S(OYNRPRY, S(O):RP, S(0O);NRPR¥, OS(O)(=NRIR, OS(0),R, §Fs, P(O)RFR,
QPO ORM)OR®), PIOYOR®YOR®), and BRPR*, wherein the Ci alkyl, Cos alkenyl, Cog
alkvnyl, Ceas arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cis alkyl~, Ciiscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R! are each
optionally substituted with 1, 2. 3, or 4 independently selected R’ substitoents;

each R*, R®® and R® is independently selected from H, Cy. atkyl, C1.¢ haloalkyl, Ca
alkenyl, Co alkyuyl, Cs.aq aryl, Casgoycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.is ary1-Cig alkvl-, Caascycloalkyl-Cog alkyl-, (53-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, Coe alkenyl, Cov alkyavl, Csae aryl, Csiacycloalkyl, 5-14 membered hetercaryd, 4-14
membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-C s alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R*, R, and R%
are each optionally substituted with 1, 2, 3, or 4 independently sclected R’ substituents;

or any R* and R attached to the same N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents:

cach R™ is independently selected from H, Cis alkyl, Ci haloalkyl, Ca alkenyl, Cax
alkvnyl, Ce.as arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.is aryl-Crs alkyl-, Ci.iscycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cys alkyl-, wherein the Cis

alkyl, Cy alkenyl, Cos alkynyl, Ceg aryi, Caaqcycloalkyl, 5-14 membered heteroaryl, 4-14
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meinbered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cy alkyl-, and (4-14 membered heterocycloalkyl)-C; alkyl- of R* are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R* is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cu.s alkynyl, Cs.s aryl, Csoigcveloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.s arvl-Cisalkyl-, Caiscycloalkyl-
Cicalkyl-, (3-14 aembered heteroaryl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-C.
salkyl-;

each R™ and R¥ is independently selected from H, Ci alkyl, Cisalkoxy, Cie
haloalkyl, C.¢haloalkoxy, Crs alkenyl, Cos alkynyl, Ceas aryl, Csascycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Ca.igcveloalkyl-
Crsalkyl-, (5-14 membered heteroarv)-Csalkvl-, and (4-14 membered beterocycloalkyl)-C.
s alkyl~;

each R™ and R¥ is independently selected from H, Cy6 alkyl, C1s haloalkyl, Cas
alkenyl, Cog alkynyl, Ce.is arvl, Csoiqcycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Crsalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary[}-C.s alkyl-, and (4-14 merabered heterocycloalky}-C s alkyl-;

each R* and R* is independently selected from OH, Cr.satkoxy, and C1haloalkoxy;

or, any R and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents mdependently selected from Ci.s alkyl and Ci.s haloalkyl;

cach R’ is independently selected from D, halo, oxo, Ci.s alkyl, Cy. haloalkyl, Cas
alkenyl, Cos alkynyl, Ceaq aryl, Csgscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cog aryl-Cire alkyl-, Caag cycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-, CN, NO,, OR¥,
SR¥, NHORY, C{O)RY, C(O)NR“'RY, C(O)NRY(OR¥), C(BYOR¥, OC(O)RY,
OC@)NRIRY, NRRY, NR“NRRY NRC(O)RY, NRYC(CYORY, NRC(O)NRCRY,
CENRHRY CENRTINRIRY NRECENRNRYRY NRUCENREIRY, NRYS(O)RY
NRYS(OINRRY, NRYS(0).RY, NRS(O)(=NR*)R® NR“S(0).NR“RY, S(O)R™,
S(OINRRY, 5(0):RY, S(O)RNRRY, OSOY(=ENRHRY, OS(ORRY, SFs, PAORTRY,
OP(O)(OR"YOR), PONORYY(OR™), and BR'RY, wherein the Cu. alkyl, Cas alkenyl, Cas
alkynyl, Cs.1s arvl, Csaqcycloalkyl, 5-14 membered heteroaryl, 4-14 membered

heterocycloalkyl, Cs.14 arvl-Cis alkyl-, Caascycloalkyl-Cog atkyl-, (5-14 membered
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heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R’ are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

cach R¥ R, and RY is independently selected from H, C s alkyl, C s baloalkyl, Cas
alkenvl, Cos alkynyl, Ceas arvl, Ciacycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.is aryl-Crs alkyl-, Ci.is cycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- wherein the Cis
alkyl, Cosalkenyl, Cov alkyavl, Csaearyl, Caagcycloalkyl, 3-14 aembered hetercarvl, 4-14
meinbered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Cs4 cycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Ci. alkyl-, and (4-14 membered heterocycloalkyl)-Ci. alkyl- of RY, R and RY
are cach optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

or any R” and RY attached to the saine N atom, together with the N atom to which
they are attached, form a 3- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

each R is independently selected from H, Ci alkyl, Cis haloalkyl, Cs alkenyl, Cos
alkynyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
beterocycloalkyl, Coops arvl-Cig alkyl-, Cas cycloalkyl-Cos alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Ci
alkyl, Cog alkenyl, Cos alkynyl, Csaq aryl, Csiacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Cs.ia cvcloalkyl-Cis alkvl-, (5-14 membered
heteroarvly-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of RY are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R¥ is independently selected from H, OH, CN, Ci alkyl, Cas alkenyl, Cis
alkoxy, Cishaloalkyl, Ci.ghaloalkoxy, Cos alkynyl, Ce.e arvl, Cs.ascycloalkyl, 5-14
rmembered heteroaryl, and 4-14 membered heterocycloalkyl;

each R and R¥ is independently selected from H, Cis alkyl, Cisalkoxy, Ciue
haloalkyl, Cishaloalkoxy, Cys alkenyl, Cos alkynvl, Ceas aryl, Cagacycloalkyl, 5-14
meinbered heteroaryl, 4-14 membered heterocycloalkyl, Cs.4 aryl-Crsalkyl-, Ca.gcveloalkyl-
Cisalkyl-, (5-14 membered beteroaryi}-Cisalkyl-, and (4-14 membered heterocycloalkyh-Co.
s alkyl~;

cach R and R" is independently sclected from H, Cis alkyl, Ci.6 haloalkyl, Cos
alkenyl, Cog alkynyl, Cs.ia arvl, Csoiecycloalkyl, 5-14 membered bheteroarvl, 4-14 membered
heterocyveloalkyl, Coua aryhCis alkyl-, Caigcycloalkyl-Cog atkyl-, (5-14 memnbered

beteroary)-Ci alkyl-, and (4-14 membered heterocycloalky)-Cis alkyl-;
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each R and R" is independently selected from OH, Ci.satkoxy, and Crshaloalkoxy;

or, any R and RY" attached to the same B atom, together with the B atom to which
they are attached, form a 5~ or 6-membered heterocycloalky] group optionally substituted
with 1, 2, 3, or 4 substituents mdependently selected from Ci. alkyl and Ci.s haloalkyl,

each R¥ is independently selected from H, D, OH. halo, oxo, CN, C(OYOH, NHa,
NQ», SFs, Cis alkyl, Cisalkoxy, Cishaloatkoxy, Cighatoalkyl, C;s alkenyl, Co.s alkynyl, Cs.
¢ aryl, Cagcycloalkyl, 3-14 membered heteroaryl, 4-14 membered beterocycloalkyl, Ce.ig
aryl-Cis alkyl~, Csascycloatkyl-Cig alkyl-, {5-14 membered heteroarvl)-Cig alkyl-, and (4-14
membered heterocyeloalkyl)-Chg alliyl-; and

wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N-oxide on any ring-forming nitrogen.

In some embodiments:

XisN;

R'is selected from H, Ci alkyl, Cas alkenyl, Cus alkynyl, and Ci.6 haloalkyl;

R? is selected from H, D, halo, Cy alkyl, C.s haloalkyl, Cy alkenyl, Ca alkynyl, Ce.
14 aryl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ia
aryl-Cre alkyl-, Csaq cycloalkyvl-Crs alkyl-, (5-14 membered heteroary!i-C s alkvl-, (4-14
membered heterocyeloalkyl)-Crsalkyl-, CN. NO,. OR*, SR, NHOR®, C(O)R™,
C(O)NR“R¥, C(O)NR“OR™), C(OYOR™, OC(O)R™, OC(O)NR”R¥, NR“R¥,
NRNRZRE, NRECO)HRY, NRZC{OIOR®, NRZC(OINR*R®, C(=NR®)R",
CENRENRPRY, NREAC(=NR)NRRE, NR“C{=NR)R*, NRS(O)NR“R¥,
NRES(O)R™, NRUS(0)R™, NRES(O)(=NR“R™, NR“S(0)NR“R”, S(O)R™,
SOINRZRY, S(01R”, S(O)NRIRY, OSOYE=NR)RY, OS(0):RM, SFs, PIO)RPRE,
OP(O)OR™){OR?), P(O)OR™)(OR™), and BR®R™, wherein the Ci. alkyl, Cas alkenyl, Cas
alkynyl, Ce.1z arvl, Cs.gcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Crsalkyl-, Caigcycloalkyl-Cog alkyl-, (5-14 membered
heteroary]}-Cis alkyl-, and (4-14 mermbered heterocycloalkyl)-Cis atkyl- of R? are each
optionally substituted with 1. 2, 3, 4, 5, 6. 7, or % independently selected R substituents;

Cy'is Cs.1s aryl, Cs.ucycloalkyl, or 5-14 membered heteroaryl, wherein the Ce.4 aryl,
Caascycloalkyl, or 5-14 membered heteroarvl is optionally substituted with 1,2,.3, 4,5, 6, 7,
or 8 independently selected R or R™ substituents;

Cy?is Co.1s aryl, Cs.iucycloalkyl, 5-14 membered heteroaryl, or 4-14 membered

heterocycloalkyl, wherein the Csaq aryl, Csascycloalkyl, 5-14 membered heteroaryl, or 4-14
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membered heterocycloalkyl is optionally substituted with [, 2, 3, 4, 5, 6, 7, or 8 independently
selected R” substituents;

cach R¥, R, and R® is independently selected from H, C s alkyl, C s baloalkyl, Cas
alkenvl, Cos alkynyl, Ceas arvl, Ciacycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heteracycloalkyl, Ceas aryl-Cis alkyl~, Ciascycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis
alkyl, Cy alkenyl, Co alkynyl, Ceaq aryi, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ceis aryl-Cis alkyl-, Caascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R®, R, and R*
arc cach optionally substituted with 1, 2, 3, 4. 5, 6, 7. or 8 independently sclected R
substituents;

or any R” and R* attached to the same N atom, together with the N atom to which
they are attached, form a 5~ or 6-membered heteroaryl or a 4-14 membered heterocyveloalkyl
group, wherem the 3- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3. or 4 independently selected R€ substituents;

each R™ is independently selected from H, Ci alkyl, Cis haloalkyl, Ca. alkenyl, Co.
alkynvl, Ceq aryl, Caaacycloalkyl, 3-14 raembered heteroarvl, 4-14 membered
heterocycloalkyl, Cs.14 ary1-Cis alkyl-, Ciig cycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Ciq alkyl-, and (4-14 membered heterocycloalkyl)-Ci.q alkyl-, wherein the Ci.e
alkyl, Co alkenyl, Cog alkynyl, Csas aryl, Caag cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.1s aryl-Cig alkyl-, Csascycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cy.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C.s alkyl- of R™ are each
optionally substituted with 1, 2, 3, 4, 5. 6, 7, or 8 independently selected R® substituents;

each R* is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Ci¢haloalkoxy, Cae alkenyl, Co alkynyl, Co.s arvl, Cs.iscvcloalkyl, 3-14
membered hieteroaryl, 4-14 membered heterocycloalkyl, Cea4 arvl-Cigalkyl-, Cs.ascycloalkyl-
Cicalkyl-, (3-14 raembered heteroarvl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-C.
¢ alkyl-;

each R™ and R¥ is independently selected from H, Cis alkyl, Cis haloalkvl, Cis
alkoxy, Cishaloalkyl, Cighaloalkoxy, Cos alkenyl, Cog alkyayl, Coag arvl, Csaacveloalkyl,
5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.i4 aryl-Crgallyl-, Cs.14
cycloalkyl-Cisalkyl~, {5-14 membered heteroary)-Cis alkyl~, and (4~-14 merabered

heterocycloalkyl)-Cis alkyl-;
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cach R and R” is independently sclected from H, Cis alkyl, Ci.s haloalkyl, Cos
alkenyl, Coe alkyuyl, Csae aryl, Csagoycloalkyl, 5-14 membered heteroaryl, 4-14 merabered
heterocycloalkyl, Coois ary1-Cig alkvl-, Caag cycloalkyl-Cos alkyl-, (5-14 membered
heteroary[}-Ci.s alkyl-, and (4-14 membered heterocycloalky}-Crs alkyl-;

cach R? and R¥ is independently selected from OH, Cisalkoxy, and Ci.¢ haloalkoxy:

or any R’ and R¥ attached to the same B atom, together with the B atom to which
they are attached, form a 3~ or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Cis alkyl and Cis haloalkyl;

each R¢, RF, R™, R, and R is independently selected from D). halo, oxo, Ci alkyl,
Ci haloalkyl, Co alkenyl, Cos alkynyl, Ce.is aryl, Caag cyvcloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Cisalkyl-, Cs.gcycloalkyl-Cigalkyl-,
(3-14 membered heteroaryl)-Ci¢ alkyl-, (4-14 membered heterocycloalkyl)-Cy.¢ alkyl-, CN,
NO», OR*, SR* NHOR*, C(O)R™, C(O)NRUR™, C(OINR(OR™), C(O)OR™, OC(O)R™,
OC(O)NR¥RY, NRUR¥ NR“NRYR* NR*C(O)R™, NR*C(O)OR™, NRUC(O)NRUR¥,
CENRHRY CENRFHYNR@RY, NRUCENRIINRURY NRUC(=NRHRY, NRUS(ORY,
NRUS(O)NRURY, NRS(0).R™, NRUS(O)(=NR*HR™, NR*S(O),NR“R¥, S(O)R™,
S(OYNR™RYM, S(0)R™, S(O),NRURY, OS(O)(=NR*)R™, 05(0),R", SF;, P(O)R¥R#,
OPO)OR"H(OR™), POONOR™(OR™), and BR*RY, wherein the Ci.6 alkyl, Ca. alkenyl, Ca
alkynyl, Cs.a aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.is aryvl-Cig alkvl-, Caag cycloalkyl-Cos alkyl-, (5-14 membered
heteroary1)-C s alkyl-, and (4-14 membered heterocycloalkyl)-Cisalkyl- of RC, RE, RM RY,
and RY are each optionally substituted with 1. 2. 3, 4. 5, 6. 7, or 8 independently selected RY
substituents;

each R*, R*, and R™ is independently selected from H, C 1 alkyl, Cy.¢ haloalkyl, Ca
alkenyl, Cog alkynyl, Ce.ia arvl, Csoigcycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arv1-Cisalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary}-Cy.s alkyl-, and (4-14 mersbered heterocycloalky)-Ces alkyl-, wherein the Cis
altkyl, Cos alkenyl, Cos alkynvl, Ceasaryl, Csscycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.uq arvl-Cis alkyl-, Caiscycloalkyl-Ci alkyl-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyl)-C i« alkyl- of R*, R® and R¥
are each optionally substituted with 1, 2, 3. 4. 5, 6, 7, or 8 independently selected R
substituents;

or, any R and R* attached to the same N atom, together with the N atom to which

they are attached, optionally form a 5- or 6-membered heteroaryl or a 4-14 membered
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heterocycloalkyl group, wherein the 5- or 6-membered heteroaryl or 4-14 membered
heterocycloalkyl group is optionally substituted with 1, 2, 3. or 4 independently selected R’
substituents;

each R™ is independently selected from H, Ci alkyl, Ci. haloalkyl, Ca. alkenyl, Caug
alkynyl, Ce.1s arvl, Cs.qcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocyvcloalkyl, Ce.ia aryl-Cig alkyl-, Csiscycloalkyl-Cig alkyl-, (5-14 membered
heteroary[}-Cy.s alkyl-, and (4-14 merabered heterocycloalky)-Cs alkyl-, wherein the Cis
alkyl, Cog alkenyl, Cos alkynvl, Ceas arvl, Csugcvcloalkyl, 5-14 membered heteroaryl, 4-14
membered hieterocycloalkyl, Ce.g aryl-Cig alkyl-, Caagcycloalkyl-Cig alkyl-, (5-14 membered
heteroary])-C s alkyl-, and (4-14 membered heterocycloalkyl)-C s alkyl- of R* are cach
optionally substituted with 1. 2, 3, 4, 5, 6. 7, or 8 independently selected R™ substituents;

cach R* is independently selected from H, OH, CN, Ci alkyl, Cicalkoxy. Cis
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csa4 aryl, Caigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Coag aryl-Chgalkyl-, Ciaq cycloalkyl-
Crealkyl-, (5-14 membered heteroary}-C s alkyl-, and (4-14 membered heterocveloalky])-Cy.
g alkyl-

cach R™ and R* is independently selected from H, Cie alkyl, Cie alkoxy, Cis
haloalkyl, Cishaloalkoxy, Ca alkenyl, Co6 alkynyl, Cs.as aryl, Cs.igcycloalkyl, 5-14
membered lietercaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Crsalkyl-, Caiscycloalkyl-
Cigalkyvl-, (5-14 membered heteroarvl)-Ci.¢alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-;

each R™ and R is independently selected from H, Cis alkyl, Cishaloalkyl, Cau
alkenyl, Cos alkynyl, Ce.1q aryl, Cs.gscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cog aryl-Cire alkyl-, Ciagcycloalkyl-Cac alkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 raembered heterocycloalky)-Ci.s alkyl-:

cach R™* and R* is independently selected from OH, Ci.salkoxy, and Cy.¢haloalkoxy;

or, any R* and R attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalky! group optionally substituted
with 1, 2, 3, or 4 substituents independentily selected from Ci alkyl and Ci.s haloalkyl;

cach R is independently selected froin D, halo, oxo, Ci alkyl, Ci haloalkyl, Cos
alkenyl, Cos alkynyl, Ces arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceaa aryl-Cig alkyl~, Ciascycloalkyl-Cigalkyl-, (5-14 immembered
heteroaryl)-Cis alkyl-, (4-14 membered heterocycloalkyl)-Cis alkyl-, CN, NO2, OR*, SR®,
NHOR®, C{O)R™, C{O)NR“R®, C(OINR¥(OR»), C(OYOR*, OC(OHR™, OC(OINR¥R®,
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NR*R®, NRONR“R¥ NRC(O)R™, NRPC(O)YOR® NRPC(O)NRPRY, C(=NR®R",
C(ENRPNRPRY, NREC(=NRINRYRP, NRPC(=NR“IR?, NR“S(OR?,
NRESOINRPRY, NRES(O),RY, NRES(O)=NRIRY, NRES(O)NRPR¥, S{O)R™,
S(OYNRZR®, S(O):R™, S(O)NR“R¥, O5(0)(=NR*)R", OS(0).R", SF;, P(O)R"R¥,
OPOYORMYOR?), PIONOR®YWORS), and BRPR®, wherein the Ci alkyl, Cos alkenyl, Cos
alkynyl, Ce.as aryl, Cagscycloalkyl, 5-14 membered heteroaryl, 4~-14 membered
beterocycloalkyl, Coops arvl-Cig alkyl-, Cags cycloalkyl-Cos alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyly-Ci. alkyl- of R™ arc each
optionally substituted with L, 2, 3. or 4 independently selected R' substituents;

cach R®, R®, and R® is independently selected from H, C s alkyl, C s baloalkyl, Cas
alkenyl, Cos alkynyl, Ceas arvl, Csscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atv1-Cisalkyl-, Ciigcvcloalkyl-Cog alkyi~, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-, wherein the Cis
alkyl, Co alkenyl, Cos alkynyl, Cea4 arvl, Caagcvcloalkyl, 5-14 membered heteroaryl, 4-14
meinbered heterocycloalkyl, Ce.is arvl-Cis alkyl-, Cascycloalkyl-Cig alkyl-, (5-14 membered
heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Cie alkyl- of R®, R¥, and R¥
are each opticnally substituted with 1, 2, 3, or 4 independently sclected R! substituents;

or any R® and R* attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14 membered lieterocycloalkyl
group, wherein the 5~ or 6-inembered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R is independently selected from H, Cie alkyl, Cos alkenyl, Cus alkynyl, Coi
aryl, Csaqcycloalkyvl, 5-14 membered heteroarvl, 4~14 membered heterocveloalkyl, Coui4 aryl-
Cigalkyl-, Ciacvcloalkyl-Crg alkyl-, (5-14 membered heteroaryl)-Ci.g allyl-, and (4-14
membered heterocycloalkyl}-Cig alkyl-, wherein the Cy4 alkyl, Cas alkenyl, Co alkynyl, Ce.
14 aryl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.ia
aryl-Cy.¢ alkyl-, Ciys cycloalkyl-Cis alkyl-, (5-14 membered heteroaryl}-Cis alkvl-, and (4-14
membered heterocycloalkyl)-Cigalkyl- of R®® are cach optionally substituted with 1, 2, 3, or 4
independently selected R' substituents;

each R® is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cis
haloallyl, Cishaloalkoxy, Cs.s alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 5-14
memnbered heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Crsalkyl-, Ci.iscycloalkyl-
Cisalkyl-, (5-14 membered heteroarv])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.

6 alkyl—;
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cach R and R¥ is independently selected from H. Cig alkyl, Cis alkoxy, Cis
haloalkyl, Ci¢haloalkoxy, Cos alkenyl, Co.e alkyayvl, Cso aryl, Csigcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Cs.i4 arvl-Cigalkyl-, Csaa cycloalkyl-
Cigalkyl-, (3-14 membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-

each R™ and R* is independently selected from H, C1 alkyl, C1 haloalkyl, Ca
alkenyl, Cos alkynyl, Ceq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.1s aryl-Cis alkyl-, Ciig cveloalkyl-Cog alkyl-, (5-14 membered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl-:

cach R”® and R® is independently selected from OH, Cisalkoxy, and Cshaloalkoxy;

or, any R and R* attached to the same B atom, together with the B atom to which
they are attached, forin a 5- or 6-membered heterocycloalkyl group optionally substitated
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cr.s haloalkyl;

each R' is independently selected from D, halo, oxo, Cis alkyl, Ci haloalkyl, Cae
alkenyl, Coe alkynyl, Ce.1a arvl, Csoiscycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Ce.is arv]l-Cisalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
beteroary}-C i alkyl-, and (4-14 mermbered heterocycloalkyl)-Cis alkyl-, CN, NO,, OR™,
SR* NHOR®, C(OHR®, COINRPRY, C{OINRP(OR™), C(OH)OR¥, OC(OR™,
OC(O)NRPRY, NR¥RY, NRNRUR, NRCC{O)R*, NR*C(Q)OR™, NR*C(O)NR“R™,
CENRTRY, C(ENRTINRERY, NROC(=NREINRFRY, NRPC(=NRERY, NRUS((HR™,
NRUS{O)NRURY, NR®S(0):R*, NRS(O)(=NR¥)RY, NRPS(0),NR¥R¥, S(O)R",
S(O)NRURY, S(O);R™, S(0):NR*RY, OS(O)(=NR“)R", OS(0):R™, 5Fs, P(O)R“R,
OP(O)OR™)OR™), POYOR™)OR™), and BRPRY, wherein the Cis alkyl, Cas alkenyl, Cos
alkvnyl, Ceas arvl, Csaacvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cig alkyl~, Csiscycloalkyl-Cig alkyl-, (5-14 inembered
heteroaryl)-Ci alkyl-, and (4-14 membered heterocycloalky)-Ci.s alkyl- of R! are each
optionally substituted with 1, 2. 3, or 4 independently selected R’ substitoents;

each R, R®® and R® is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
alkenyl, Coe alkyuyl, Csus aryl, Csigcycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is ary1-Cig alkvl-, Caag cycloalkyl-Cog alkyl-, (53-14 membered
heteroary)-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, wherein the Ci.s
alkyl, Cue alkenyl, Cog alkynyl, Cea aryl, Csucycloalkyl, 5-14 membered heteroarvl, 4-14

membered heterocycloalkyl, Ce.is aryl-Cis alkyl-, Csscycloalkyl-Cis alkyl-, (5-14 membered
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heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- of R*, R®, and R%
are each optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

or any R* and R% attached to the same N atom, together with the N atom to which
they are attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5- or 6-membered heteroary! or 4~-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R is independently selected from H, Ci alkyl, Cis haloalkvl, Ca alkenyl, Ca
alkynyl, Ce.as arvl, Csaa cyvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is arvl-Cisalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroarv])-C.s alkyl-, and (4-14 membered heteracycloalkyD)-Cis alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Ces arvl, Csug cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.iq arvl-Cis alkyl-, Caiscycloalkyl-Cicalkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R* are each
optionally substituted with 1. 2, 3, or 4 independenily selected R’ substituents:

each R* is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, Ci.¢haloalkoxy, Cos alkenyl, Co alkynyl, Coas aryl, Cspgcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Cig alkyl-, Cioy cycloalkyl-
Cisalkyl~, (5-14 membered heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cy.
galkyl-

cach R™ and R# is independently selected from H, Cig alkyl, Cigalkoxy, Cis
haloallyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ce.ag aryl, Csagcycloalkyl, 3-14
membered heteroaryl, 4-14 raembered heterocycloalkyl, Ce.as atv1-Crsalkyl-, Ciiscycloalkyl-
Cis alkyl-, (5-14 membered heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.
salkyl-;

cach R™ and R* is independently sclected from H, Cis alkyl, Cishaloalkyl, Cos
alkenyl, Co alkynyl, Cs.aq aryl, Casgcoycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceops arvl-Ci.e alkyl-, Cias cvcloalkyl-Cos alkvl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl-;

cach R and R* is independently selected from OH, Cisalkoxy, and Ci.¢haloalkoxy;

or, any R’ and R* attached to the same B atom, together with the B atom to which
they are attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected froin Ci6 alkyl and Cis haloalkyl;

each R’ is independently selected from D, halo, oxo, Ci.6 alkyl, Ci haloalkyl, Cas

alkenyl, Cos alkynyl, Ceaq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, Cs.1s ary1-Cis alkyl-, Ciig cyvcloalkyl-Ci alkyl-, (5-14 membered
heteroaryl)-Cy alkyl-, and (4-14 membered heterocycloalkyl)-Cs alkyl-, CN, NO», ORY,
SR¥, NHORY, C(ORY, C(OINRRY, CLONR(ORY), C(OHORY, OCO)RY,
OCONRTRY, NRRY, NRNRYRY NR'C(O)RY, NRYC(O)ORY, NRC(Q)NRRY,
CENRTRY, CENRT)NRIRY, NRYCENRTINRRY NRYCENRTHRY, NRIS(ORY,
NRYSONRIRY, NRYS(O)R", NRYS(O)=NRHRY NRS(O)%NRRY, S{O)RY,
S(OMNRYRY, S(O)RY, S(O):NR“RY, OS(O)(=NR*)R", OS(0).R"’, SFs, P(OIR"RY,
OP(O)YORYOR), P(OYOR™YORY), and BRRY, wherein the C i alkyl, Cas alkenyl, Cas
alkynyl, Cs.aa aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is a1vE-Ci.g alkyl-, Caagcycloalkyl-Cos alkyl-, (5-14 membered
heteroary1)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cic alkyl- of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R, R and RY is independently selected from H, Ci.s alkyl, C1s haloalkyl, Ca.
alkenyl, Cos alkynyl, Ceaq arvl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.i4 aryl-Crs alkyl-, Ci.iscycloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- wherein the Cis
alkyl, Crsalkenyl, Cov alkynyl, Coa aryl, Caascycloalkyl, 5-14 membered heteroarvl, 4-14
membered heterocycloalkyl, Cs.14 aryl-Cis alkyl-, Cs4cycloalkyl-Cis alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R, RY, and RY
are cach optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

or any R and RY attached to the same N atom, together with the N atom to which
they are attached, forim a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl
group, wherein the 5~ or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

each RY is independently selected from H, Cix alkyl, Ci haloalkyl, Cr alkenyl, Cosg
alkynyl, Cs.aa aryl, Csaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceopq ary1-Cie alkyl-, Cias cyvcloalkyl-Cog alkvl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cre alkyl-, wherein the Cie
alkyl, Coe alkenyl, Cov alkyavl, Coae aryl, Csiacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Cs.i4 aryl-Cis alkyl-, Cs.ia cvcloalkyl-Cis alkyvl-, (5-14 membered
heteroary])-C i alkyl-, and (4-14 membered heterocycloalkyl)-C i alkyl- of R® are each

optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;
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each R” is independently selected from H, OH, CN, Ci alkyl, Ca alkenyl, Ci
alkoxy, Cishaloalkyl, Cishaloalkoxy, Cos alkynyl, Ce.a aryl, Caascycloalkyl, 5-14
membered heteroaryl, and 4~14 membered heterocycloalkyl;
each R” and R¥ is independently selected from H, Cug alkyl, Ciealkoxy. Cis
5  haloalkyl, Cishaloalkoxy, Co alkenyl, Crq alkynyl, Ce.1s aryl, Csaacycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceaq arvl-Cigalkyl-, Csas cycloalkyl-
Cycalkyl-, (3-14 raembered heteroarvl)-Cis alkyvl-, and (4-14 membered heterocycloalkyl)-C.
¢ alkyl-;
cach R" and R” is independently selected from H, C1.s alkyl. C1shaloalkyl, Ca
10 alkenvl, Cos alkynyl, Ceis aryl, Caacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.1s aryl-Cis alkyl-, Ciig cyveloalkyl-Cig alkyl-, (5-14 membered
heteroary)-Ci.s alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.s alkyl-;
each R/ and R* is mdependently selected from OH, Ci.salkoxy, and Cishaloalkoxy:
or, any R and R™ attached to the same B atom, together with the B atom to which
15 they are attached, forin a 5- or 6-meinbered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci6 alkyl and Cr.¢ haloalkyl;
each R™ is independently selected from H, D, OH, halo, oxo, CN, C{O)CH, NH:,
NQO;, SFs, Cis alkyl, Cigalkoxy, Ci.shaloalkoxy, Cichaloalkyl, Cug alkenyl, Co alkynyl, Cs.
1 aryl, Csagcyeloalkyl, 53-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.a4
20 aryl-Cigalkyl-, Cs: cvcloalkyl-Cis alkyl~, (5-14 membered hetercary)-Cis alkyl-, and (4-14
membered heterocycloallyl)-Ci g alkyl-; and
wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N~oxide on any ring~-forming nitrogen.

{n some embodiments, the compound of Formula (1) is a compound of Formula (H):

[\
w
T
A

dh

or a pharmaceutically acceptable salt thereof.
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In some embodiments, the compound of Formula (1) is a compound of Formula (I[{):

Cy2
1
o0y
RL

,/N\ 4
H R {111

or a pharmaceutically acceptable salt thereof.

In some embodiments, Cy’ is Cs.aa arvl, wherein the Ce.i4 aryl is optionally
substituted with 1, 2. 3, or 4 independently selected R substituents.

In some embodiments, Cy' is Cs.14 cycloalkyl, wherein the Ci.y cycloalkyl is
optionally substituted with 1, 2, 3, or 4 independently selected R substituents.

In some embodiments, Cy' is 5-14 membered heteroaryl, wherein the 5-14 membered
heteroaryl is optionally substituted with 1, 2, 3, or 4 independently selected R* substituents.

In some embodiments, Cy' is 4-14 membered heterocycloalkyl, wherein the 4-14
membered heterocycloalkyl is optionally substituted with 1, 2, 3, or 4 independently selected
RF substituents.

In some emboditents, Cy! is Cs.10 aryl, wherein the Co.1 aryl is optionally
substituted with I, 2. 3, or 4 independently selected R® substituents.

In some embodiments, Cy' is Ci.7cveloalkyl, wherein the Cs.- cyvcloalkyl is optionally
substituted with 1, 2, 3, or 4 independently sclected RF substituents.

In some embodiments, Cy' is 5-10 membered heteroaryl, wherein the 5-10 membered
beteroaryl is optionally substituted with 1, 2, 3, or 4 independently selected R” substituents.

In some einbodiments, Cy* is 4-10 membered heterocycloalkyl, wherein the 4-10
membered lieterocycloalkyl is optionally substituted with 1, 2, 3, or 4 independently selected
R” substituents.

In some embodiments, Cy' is phenyl or 5-10 membered heteroaryl, wherein the
phenyl or 5-10 membered heteroaryl is optionally substitoted with 1, 2, 3, or 4 independently
sclected R* substituents.

I some embodiments, Cy' is phenyl, optionally substituted with 1, 2, 3, or 4
independently selected R™ substituents, or C7.14 aryl or 5-14 membered heteroaryl wherein the
Crasarvl and 5-14 membered heteroaryl are optionally substituted with 1, 2, 3, or 4
independently selected R substituents, and

wherein each R™ is independently selected from 13, halo, oxo, Cis alkyl, Cis

haloalkyl, Ci.¢ alkoxy, Ca.s alkenyl, Ca. alkvnyl, Coag aryl, Csascyeloalkyl, 3-14 membered
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heteroaryl, 4-14 membered heterocycloalkyl, 2-CN, 3-CN, NO,, OR¥, SR* NHOR™,
C(OIR™, CIONRURY, C(O)YOR™, OC(O)R™, OC(O)NRTRY, NR¥R¥ NRUC(OR"™,
NRUCOHORY, NRUACIOINRURY, C(=NR™HR" CENRPYNRORY NRAC(ENRYNRURY,
NRZS(O)R™, NRUS(0):R™, and NR™S(C),NRUR¥, wherein the Ci alkyl, Cis alkoxy, Cas
alkenyl, Cog alkynyl, Ce.ia aryl, Caaacycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl of R™ are each optionally substituted with 1, 2. 3, or 4 independently
selected R™ substituents.

In some embodiments, Cy' is selected from phenyl, pyridimyl, furanyl, benzofuranyl,
and pyvrazolyl, cach of which 1s optionally substituted with 1, 2, or 3 substituents selected
from C,5 alkyl, halo, CN, and C;salkoxy.

In some embodiments, the optionally substituted Cy® is selected from cyanophenyl,
cyanofluorophenyl, 2.3-dihydre-1H-pyrrole]2.3,-bpyridine, phenyl, methoxyphenyl,
fluorophenyl, pyridinyl, methylfuranyl, benzofuranyl, and methyl-1H-pyrazolyl.

In some embodiments, the optionally substituted Cy' is selected from cyanophenyl,
2,3~dihydro-1H-pyrrolof2.3.-bpvridine, phenyl, methoxyphenyl, fluorophenyl, pyridimyl,
methylfuranyl, benzofuranyl, and methyl-1H-pyrazolyl.

In some embodiments, Cy' is selected from 2-cyanophenyl, 3-cyanophenyl, 3-cyano-
2-fluorophenyl, 2,3-dihvdro-1H-pyrrolof2,3.-5]pyridine, phenyl, 3-methoxyphenyl, 2~
fluorophenyl, pyridine-4-yl, 2-methylfiran-3-yl, benzofuran-2-y1, and 1-methyl-1H-pyrazol-
4-v1.

In some embodiments, the optionally substituted Cy' is selected from 2-cyanophenyl,
3-cyanophenyl, 2.3-dihydro-iH-pyrrolo]2,3,-b]pyridine, phenyl, 3-methoxyphenyl, 2-
fluorophenyl, pyridine-4-yl, 2-methylfuran-3-yl, benzofuran-2-yl, and 1-methyl-1H-pyrazol-
4-v1.

In some embodiments, the optionally substituted Cy'is selected from 3-cyanophenyl
and phenyl.

In some embodiments, Cy' is 3-cyanophenvl.

In some embodiments, Cv* is Cs.14 aryl, Caqs cycloalkyl, 5-14 membered heteroaryl or
4-14 membered heterocycloalkyl wherein the Ceigaryl, Cyaoa cycloalkyl, 5-14 membered
heteroarvl and 4-14 membered heterocycloalkyl are optionally substituted with [, 2,3, 4, 5, 6,
7. or % independently selected R” substituents.

In some embodiments, Cy? is Ce.14 aryl, wherein the Ce.14 aryl is optionally

substituted with 1, 2, 3, or 4 independently selected R” substituents.
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In some embodiments, Cy* is Cs.u4 cvcloalkyl, wherein the Cs.4 cycloalkyl is
optionally substituted with 1, 2, 3, or 4 independently selected R™ substitaents.

In some embediments, Cy” is 3-14 membered heteroaryl, wherein the 5-14 membered
heteroarvl is optionally substituted with 1, 2, 3, or 4 independently selected RF substituents.

In some embodiments, Cv? is 4-14 membered heterocycloalkyl, wherein the 4-14
membered heterocycloalkyl is optionally substituted with 1, 2, 3, or 4 independently selected
R” substituents.

In some embodiments, Cy? is Cs.10 aryl, wherein the Ce.15 aryl is optionally
substituted with 1, 2, 3, or 4 independently selected R substituents.

In some embediments, Cy” is Circvcloalkyl, wherein the Csor cycloalkyl is optionally
substituted with 1, 2, 3, or 4 independently selected R substituents.

In some embodiments, Cv? is 5-10 membered heteroaryl, wherein the 5-1¢ membered
heteroaryl is optionally substituted with 1, 2, 3, or 4 independently selected R substituents.

In some embodiments, Cy” is 4-10 membered heterocycloalkyl, wherein the 4-10
membered heterocycloalkyl is optionally substituted with 1, 2, 3, or 4 independently selected
R substituents.

In some embodiments, Cy” is selected from Cscycloalkvl, phenyl, 5-1¢ membered
heteroaryl, and 5-10 membered heterocycloalkyl;

wherem the 5-10 membered heteroaryl and 5-10 membered heterocycloalkyl each
comprise one, two, or three nitrogen atoms as ring-forming heteroatoms, wherein one of the
one o1 two nitrogen atoms is optionally an N-oxide, and wherein a ring-forming carborn atom
is optionally substituted by oxo; and

wherein the Css cycloalkyl, phenyl, 5-10 membered heteroaryl, and 5-10 membered
heterocycloalkyl are each optionally substituted with 1, 2, or 3 sabstituents selected from Ci.z
alkyl, Ci5 alkyl-OH, halo, CN, Ci alkoxy, and C{(O)NH;

In some embodiments, Cy? is selected from Ci. cycloalkyl, phenyl, 5-10 membered
heteroaryl, and 5-10 membered heterocycloalkyl;

wherein the 5~10 membered heteroaryl and 5- 19 membered heterocycloalkyl each
COMPrise one or two nitregen atons as ring-forming heteroatoms, wherein one of the ose or
two nitrogen atoras is optionally an N-oxide, and wherem a ring-forming carbon atom is
optionally substituted by oxo; and

wherein the Cs cycloalkyl, Cs-aryl, 5-10 membered heteroaryl, and 5-10 membered
heterocycloalkyl are each optionally substituted with 1, 2, or 3 substituents selected from Ci.

alkyl, halo, N, Cisalkoxy, and C{O)NH..
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In some embodiments, Cv* is selected from pyridinyl, tetrahydropyridinyl,
piperidinyl, pyridine-N-oxide, oxo-dihydropyridinyl, phenyl, pyrazolo[1.5-afpyridin-3-v1,
pvrazolo[l,5-bipyridazinyl, pvrazolyl, pvrimidinyl, quinolinyl, oxazolyl, 2.2-dihvdro-~
[1.4]dioximo[2,3-b]pyridin-8-v1, and triazolyl each of which is optionally substituted with 1,
2, or 3 substituents selected from Ci5 alkyl, Cis alkyl-OH, halo, CN, Cisalkoxy, and
C({O)NH;

In some embodiments, Cy~ is selected from pyridinyl, tetrahvdropyridiny,
piperidinyl, pyridine-N-oxide, oxo-dihydropyridmyl, phenyl, pyrazolof1,5-ajpyridin-3-yl,
pyrazolo[1,3-blpyridazinyl, pyrazolyl, pyrimidinyl, quinolinyl, oxazolyl, and 2.3-dilyydro-
[1,4[dioxino}2,3-bjpyridin-8-yi, each of which is optionally substituted with [, 2, or 3
substituents selected from Ci.3 alkyl, halo, CN, Ci; alkoxy, and C(G)NH..

In some embodiments, Cv” is selected from pyridinyl, tetrabydropyridinyl,
piperidinyl, pyridine-N-oxide, oxo-dihydropyridinyl, phenyl, pyrazolof1,5-alpyridin-3-yl,
pyrazolyl, pyrimidinyl, and 2,3-dihydro-[ L, 4}dioxine[2,3-b[pyridin-8-y1, cach of which 1s
optionally substituted with 1, 2, or 3 substituents selected from Cy5 alkyl, halo, CN, C
alkoxy, and C(O)NH..

In some embodiments, Cy? is cyclopropyl optionally substituted with 1, 2, or 3
substituents selected from Ci.3 alkyl, halo, CN, Ci; alkoxy, and C(G)NH..

1n some embodiments, the optionally substituted Cy? is selected from 2.6-
dimethvlpyridin-4-vl, pyvridin-4-v1, 2-methvlpyridin-4-vl, I-carbamoyvl-1,2,3.6-
tetraliydropyndin-4-y1, 1-carbamoylpiperidin-4-y1, Z-methoxypyndin-4-yl, 2-methoxy-6-
methylpyridin-4-yl, 2.6-dimethylpyridia-4-y1-1-oxide, 1-ethyvl-6-ox0-1,6-dihydropyridin-3-vi,
3-methyipyridin-4-yi, 3-fluoropyridin-4-yl, 3-chloropyridin~-4-yl, 3-methoxypyridin-4-yl, 3-
cvanopyridin-4-y1, 4-carbamoyvlphenyl, pyrazolo[1,5-¢[pyridin-3-y1, pyrazolo[],5-
blpvridazin-3-vl, 5-inethvl-1H-pyrazol-4-vl, 1-cthvl-H-pvrazol-5~yi, 1-isopropyl-1H-~
pyrazol-5-y1, 1-propyl-1H-pyrazol-5-y1, pyrimidin-4-yl1, 2,3-dihydro-[1,4]dioxine}2.3-
blpyridin-8-yl, quinolin-3-vl, S-fluoropyrimidin-4-v1, oxazol-5-yl, 4-methyloxazol-5-yl, 4-
ethyloxazol-3-yl, 4~(hydroxymethy)-2-methyloxazoil-5-vl, 4~(methoxymethyl)-2-
methyloxazol-5-yl, 4-thydroxymethy)-2-raethyloxazol-5-v1, 1-ethyl-1H-1,2,3-triazol-5-y1,
and cyclopropyl

I some embodiments, the optionally substituted Cy? is selected from 2,6~
dimethylpyridin-4-v1, pyridin-4-yi, 2-methylipyridin-4-yl, 1-carbamoyi-1,2,3,6-
tetrahy dropyridin-4-v1, 1-carbamoylpiperidin-4-y1, 2-methoxypyridin-4-y1, 2-methoxy-6-

methylpyridia-4-yl, 2,6-dimethylpyridin-4-y1l-1-oxide, i-ethyl-6-ox0-1,6-dihydropyridin-3-vl

S
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3-methylpyridin-4-v1, 3-flaoropyridin-4-yl, 3-chloropyridin-4-yl, 3-methoxypyridin-4-yl, 3-
cyanopyridin-4-vl, 4-carbaraoylphenyl, pyrazolo|i,5-ajpyridin-3-v1, pyrazolo{l,3-
bipyridazin-3-yl, 5-methyl-1 H-pyrazol-4-yl, 1-ethyl-1H-pyrazol-5-vl, I-isopropyl-1H-
pyrazol-3-yl, I-propyl-1H-pyrazol-3-y1, pyrimidin-4-y1, 2 3-diliydro-[1,4}dioxino|2,3~
blpyvridin-8-y1, quinolin-5-v1, S-fluoropyrimidin-4-vl, 4-methyloxazol-3-yl, 4-
(hydroxyvmethyl)-2-methyloxazol-5-yl, 4-(methoxymethyl)-2-methyloxazol-5-y1, and
cyclopropyvl.

In some embodiments, the optionally substituted Cy? is selected from 2,6~
dimethyvlpyridin-4-v1, pyridin-4-yl, 2-methylpyridin-4-y1, 1-carbamoyl-1,2,3,6~
tetrahydropyridin-4-v1, I-carbamovlpiperidin-4-vl, Z-methoxypyridin-4-vl, 2,6~
dimethylpyridin-4-v1-1-oxide, 1-ethyl-6~oxo-~1,6-dihydropyridin-3-y1, 3-methylpyridm-4-v1,
3-flucropyridin-4-v1, 3-chloropyridin-4-v1, 3-macthoxypyridin-4-yl, 3-cyanopyridin-4-yl, 4-
carbamovlphenyl, pyrazolo|1,5~a}pyridin-3-y1, 3-methyl-111-pyrazol-4-vl, 1-ethyl-1H-
pyrazol-3-vl, l-isopropyl-1H-pyrazol-5-y1, 1-propyl-1H-pyrazol-5-yl, pyrimidin-4-yl, 2,3-
dihydro-[ 1,4 {dioxme[2,3-bjpyridin-8-y1, and cyclopropyl.

1n some embodiments, R’ is selected from H, D, C1.5 alkyl, Ci haloalkyl, Ca.s
alkenyl, Cos alkynyl, Ceasaryl, Csagcoycloalkyl, 5-14 membered heteroaryl, 4-14 mersbered
heterocycloalkyl, Co.ra arv1-Cis alkyl-, Csscveloalkyl-Cos alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, (4-14 membered heterocycloalkyl)-Ci.s alkyl-, OR?, C(O)RY,
CIONRERY, C(OIORY, C=NREDRY, CENRDNRYRY, S(OIRY, S(OINRTRY, §(O):R™
and S(O)NRYRY, wherein the Cs.¢ alkenyl, Ca alkynyl, Ce.saryl, Cs.aqcycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceasarvl-Cig alkyl-, Cuaa cveloalkyl-
Cisalkyl-, (5-14 membered heteroary])-Cis alkyl-, and (4-14 membered heterocycloalkyD)-Ci.
salkyl- of R are cach optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 8 independently
selected R® substituents.

1n some embodiments, R’ is selected from H, D, C1.5 alkyl, Ci haloalkyl, Ca.6
alkenyl, Cos alkynyl, Ceasaryl, Csagcycloalkyl, 5-8 membered heteroaryl, 4-14 membered
heterocycloalkyl, Co.ns arvl-Cys alkyl-, Csiscveloalkyl-Cog alkyl-, (5-8 membered heteroaryl)-
Cisalkyl-, (4-14 membered heterocycloalky)-C s alkvl-, OR™, C(O)R"!, C(O)NR“RY,
COYOR™, C(=NRHRY, CENREHNRARY, S(O)RY, SIOINRTRY, S(0),R" and
S(0)NRYRY wherein the Cs. alkenyl, C.s alkynyl, Cozaaryl, Csa4cycloalkyl, 5-8
membered heteroaryl, 4-14 membered heterocycloalkyl, Coasarvl-Cigalkyl-, Caas cycloatkyl-

Crsalkyl-, (5-8 membered heteroary])-Cig alkyl~, and (4-14 membered heterocvcloalky)-Cig
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alkyl- of R! are each optionally substituted with 1,2, 3,4, 3. 6, 7. or 8 independently selected
R® substituents.

In some embodiments, R' is selected from H, Cisalkyl, and 3-8 membered
heteroaryl, wheremn the 53-8 membered heteroarvl is optionally subsituted by 1 or 2
independently selected R® substituents.

In some embodiments, R' is 1, Cisalkyl. or a 3-8 membered heteroaryl

In some embodiments, R' is H or Cisalkyl.

In some embodiments, R' is H or Cy5alkyl.

1n some embodiments, R’ is H, ethyl, or nicotinonitrile.

In some embodiments, R! is H or ethyl.

In some embodiments, R'is H.

In some emboditments, R' is 3-8 membered heteroaryl which is optionally subsituted
by 1 or 2 independently selected R® substituents.

I some embodiments, R' is 5-8 membered heteroaryl.

In some embodiments, R' is pyridy! which is optionally substituted by 1 or 2 R®
substituents.

T some embodiments, R is pyridyl which is optionally substituted by cyano.

in some embodiments, R! is nicotinonitrile.

In some embodiments, R’ is 3-cyanopyridyl.

In some embodiments, R? is selected from halo, Ci alkyl, Ci haloalkyl, Cos
alkenyl, Cos alkynyl, Ceaq arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ce.is atv1-Cis alkyl-, Ciagcvcloalkyl-Cog alkyi~, (5-14 membered
heteroaryl)-Cis alkyl-, (4-14 membered heterocycloalkyl)-Ci.s alkyl-, CN, NO2, OR*, SR,
NHOR™, C{O)R™, C(O)NR“R¥, C(O)NR*(OR™), C(OYOR*, OC(O)R™, OC(O)NR*R¥,
NRZRE, NRENRZRE, NREC(ORY, NREC(O)YOR®, NRZC(OINRZRE, C(=NR*)R™,
C(=NRAONRYRY NRACENRPNRRY, NRPC(=NR%)RY, NRS(O)NRVR®,
NRZS(O)RY, NRZS(0)R™, NRZS(0)(=NR*)RY, NRZS(0);NRZR¥, S(O)R",
SOINRURY, S(O)KR, S(ORNRPRE, OSON=NRHR, OS(ORR™, SF;. PI(OIR¥RE,
OP(O)OR™®YOR?), POYOR™)(OR™}, and BRZR®, wherein the Cis alkyl, Cas alkenyl, Casg
alkynyl, Ceaq aryl, Csascycloalkyl, 5-14 membered heteroarvl, 4-14 membered
heterocycloalkyl, Cog aryl-Cire alkyl-, Ciagcycloalkyl-Cacalkyl-, (5-14 membered
heteroaryl)-Ci alkyl-, and (4-14 raembered heterocycloalkyl)-Ci.¢ alkyl- are cach optionally

substituted with 1, 2, 3. 4, 5. 6, 7, or 8 independently selected R® substituents; and
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wherein the Ci.6 alkyl is substituted with 1, 2, 3, 4, 5. 6, 7. or 8 independently selected
R” substituents.

In some embodiments, R? is selected from Cis alkyl, Ceas arvl, Caascycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Coag aryl-Chgalkyl-, Ciaq cycloalkyl-
Crealkyl~, (5-14 membered heteroary[}-C s alkyl-, (4-14 membered heterocycloalky!)-Cis
alkyl-, C(O)R™, C(OINRZRY, C(OYOR™, and NR¥R™, wherein the Cs.1a aryl, Csopa
cycloalkyl, 3-14 raembered hetervaryl, 4-14 membered heterocycloatkyl, Ceas aryl-Cisatkyl-,
Ciascycloalkyl-Cis alkyl-, (5-14 membered heteroarvl)-Cis alkyl-, and (4-14 membered
heterocycloalkyl)-Ci.q alkyl- are cach optionally substituted with 1, 2, 3, 4, or 5 independently
selected RE substituents; and

wherein the Cy. alkyl is substituted with 1, 2, 3, 4, or 3 independently selected R®
substituents.

In some embodiments, R? is selected from Ce.14 arvl, Csyz cycloalkyl, $-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ceas aryl-Cis alkyl-, Csagcycloalkyl-Chgalkyl-,
(5-14 membered heteroaryl)-Ci.¢ alkyl-, (4-14 membered heterocycloalkyl)-Ci.q alkyl-,
C(ORY, C(OINRRY C(O)OR™, and NR“R¥, wherein the Co14 aryl, Cas cycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Ceas arvl-Cig alkyl-, Ciog cycloalkyl-
Cisalkyl~, (5-14 membered heteroarv])-Cis alkvl-, and (4-14 membered heterocycloalkyl)-Cy.
¢ alkyl- are each optionally substituted with 1, 2, 3, 4, or 5 independently selected R©
substituents.

I some embodiments, R? is selected from Cs.14 aryl, Cs.e cycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloatkvl, Ce.is aryl-Crsalkvl-, Ciqacvcloalkyl-Cigalkyl-,
{5~14 membered heteroary])-Cis alkyl~, and {4~14 membered heterocycloalkyl)-Ci.¢ alkyl-~,
wherein the Ces.q aryl, Csascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceas aryl-Cig alkyl~, Csiscycloalkyl-Cig alkyl-, (5-14 mmembered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Cis alkyl- are each optionally
substituted with 1, 2. 3, 4, or 5 independently selected R® substituents.

In some embodiments, R” is selected from H, Cis alkyl, Cascycloalkyl, Ceasarvl, 5-
14 membered heteroaryl, 4-14 membered heterocycloalkyl, Co.ia aryl-Crs alkyl-, Ciug
cycloaltkyl-Cisalkyl-, (5-14 membered heteroaryl)~Cs.q alkyl-, (4-14 meinbered
heterocycloalkyl)-C s alkyl-, NRZR®, C(OR™, C(OYNRER¥, and C(O)OR™, wherein the Ci.
¢ alkyl, Cagscycloalkyl, Cegsaryl, 5-14 merabered heteroaryl, 4-14 membered

heterocyeloalkyl, Ce.ia aryl-Cig alkyl-, Csiscycloalkyl-Cig alkyl-, (5-14 membered
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heteroaryl)-Ci¢ alkyl-, and (4-14 membered heterocycloalkyl)-Cyie alkyl- are each optionally
substituted with 1. 2, or 3 independently selected R” substituents.

In some embodiments, R? is selected from H, Ci alkyl, Ce.is arvl, Csiz cycloalkyl, 5-
14 membered hetercaryl, 4-14 membered heterocycloalkyl, Ce.iq aryl-Cisalkyl-, Csag
cycloalkyl-Cisalkyl~, (5-14 membered heteroary)-C.s alkyl-, (4~-14 merabered
heterocycloalkyl)-Cis alkyl-, OR* NRZR®, C(ORY, C(O)NR™R¥, and C(O)OR¥, wherein
the Cis alkyl, Ceas aryl, Csagcycloalkyl, 5-14 membered beteroaryl, 4-14 membered
heterocycloalkyl, Cs.1s ary1-Crs alkyl-, Ciagcveloalkyl-Cigalkyl-, (5-14 membered
heteroaryl)-Cig alkyl-, and (4-14 membered heterocycloalkyl)-Ci.q alkyl-, are each optionally
substituted with I, 2. or 3 independently selected R* substituents.

In some embodiments, R” is selected from I, Ci alkyl, Ce.1s aryl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ces aryl-Crsalkyl-, (5-14 membered
heteroaryl)-Cys alkyl-, (4-14 membered heterocycloalkyl)-Cis alkyl-, NRZR®, C{O)RY?,
C(O)NR™R¥, and C(0)OR™¥, wherein the Ci.6 alkyl, Co.14 aryl, 5-14 membered heteroaryl, 4-
14 membered heterocycloalkyl, Ce.is aryl-Crsalkyl-, (5-14 membered heteroary1)-Cie alkyl-,
and (4-14 membered heterocycloalkyD)-Crg alkyl- are each optionally substituted with 1. 2, or
3 independently selected R substituents.

In some embodiments, R” is selected from H, Cis alkyl, Csa aryl, Csaacycloalkyl, 3-
14 membered heteroaryl, 4-14 membered heterocycloallyl, Cs.14 aryl-Crsallyl-, Cs.14
cycloalkyl-Cisalkyl-, (5-14 membered heteroaryl}-Ci.¢ alkyvl-, (4-14 meinbered
heterocycloalkyl)-Cisalkyl-, OR¥, NR¥RE, C(O)RY, C(O)NR“RY, and C(O)OR*, wherein
the Cis alkyl, Cooa aryl, Csacycloalkyl, 3-14 raembered heteroarvl, 4-14 membered
heterocyveloalkyl, Co.a aryl-Cig alkyl-, Csiscycloalkyl-Cog alkyl-, (5-14 membered
heteroary}-Ch.s alkyl-, and (4-14 membered heterocycloalky)-Crs alkyl-, are cach
substituted with 1, 2, or 3 independently selected R” substituents

In some embodiments, R? is selected from H, Cig alkyl, Coasaryl, Cags cycloalkyl, 5-
14 membered heteroaryl, 4-14 membered heterocycloalkyl, Csas aryl-Cigalkyl-, Caag
cvcloalkyl-Cis alkyl~, (5-14 membered heteroary}-Cis alkyl-, (4~14 membered
heterocycloalkyl)-Ci.¢ alkyl-, NR“R%, C(O)R™, C(OINR“R¥, and C{O)OR*, wherein the Cy.
¢ alkyl, Ceig arvl, Ciscycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cog aryl-Cre alkyl-, Ciagcycloalkyl-Co alkyl-, (5-14 membered
heteroaryl)-Cis alkvl-, and (4-14 membered heterocycloalkyl)-Ci alkvl- are cach substituted

with 1, 2. or 3 independently selocted R* substituents.
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In some embodiments, R? is selected from H, Cs.isaryl, 5-14 membered heteroaryl,
C(OIR?, C(ONR“R¥, and C(OYOR™, wherzin the Ce.1sarvl and 5-14 membered heteroaryl
arc cach optionally substituted with 1, 2, or 3 independently selected R substituents.

In some embodiments, R” is selected from H, Ci alkyl, phenyl, 5-6 membered
heteroaryl, 4-10 membered heterocycloalkyl, Ceo aryl-Cisalkyl-, (5-10 membered
heteroaryl)-Cis alkyl-, (4-10 membered heterocycloalkyl)-Cis alkyl-, NR“R% C(O)R™,
C(ONR“R¥, and C(O)OR™, wherein the Ci alkyl, phenyl, 5-6 membered hetercaryl, 4-16
membered heterocycloalkyl, Cee aryl-Cis alkyl-, (5-10 membered heteroaryl)-Cis alkyl-, and
(4-10 membered heterocycloalky])-Ci.g alliyl- are each optionally substituted with 1 or 2
independently sclected R® substituents. Tn some embodiments, R? is sclected from H, phenyl,
5-6 membered heteroaryl, C{O)R™, C(O)NR™R¥, and C(O)OR™, wherein the phenyl and 5-6
membered heteroary! are cach optionally substituted with 1 or 2 independently selected R®
substituents.

In some embodiments, R” is selected from H, C(O)OEt, CONH,, and C(O)NHEL.

In some embodiments, R* selected from phenyl and 5-6 membered hetercaryl, each of
which is optionally substituted with C(O)OMze.

In some embodiments, the optionally substituted R? is selected from pyridinyimethyl,
hydroxy (phenyDmethyl, hydroxyethylamino(phenyliethyl, cyclohexylmethyl, flucrobenzyl,
hydroxy {luoropheny imethyl, (methylpyridiny methyl, {luoropyridiny hmethyl,
(trifluoromethylpyridiny)methyl, ((hydroxymethyl)pyridinyDhmethyl,
(methoxypyridinymethyl, (methylpyrazolyDbenzyl, (methylpyrazolyDmethyl,
benzoisoxazolylmethyl, (methylindazolylymethyl, thydroxyvazetidinymethyl, benzoyl,
phenylevclopropyl, (cyano(phenyDmethyamino, tetrahydrofuranyl,
phenyl{pyridiny loxy)methyl, fluoro ((Auorohydroxypyrrolidinyhmethyl)benzyl,
((carboxypiperidiny Dmethy Dtluorobenzyl, fluoro((N~
metlylmethylsulfonamido)methylybenzyl, ((dioxoimidazolidiny hmethy)fluorobenzyl,
(difluoropbenylithydroxy)methyl, (pyridinyl-1H-tetrazolyDmethyl, (pyrazolyi-iH-
tetrazolyDmethyl, (thiazolyl-11-tetrazolyl)methyl, (methyItrifluoromethylpyrazolylymethyl,
((1.1-dioxidoisothiazolidiny DrocthyHfluorobenzyi, ((inethyl-2,5-
dioxoimidazolidinyl)ymethylbenzyl, and (cvanophenoxy)methyl.

In some embodiments, the optionally substituted R? is selected from pyridinyImethyl,
hydroxy(phenyDmethyl, hydroxyethylamino(phenylethyl, cyclobexyvlinethyl, fluorobenzyl,
hydroxy fluorophenylymethyl, (methylpyridinyl)methyl, ({looropyridinylymethyl,

(methoxypyridinyDmethyl, (methyipyrazolyDbenzyl, benzotsoxazolylmethyl,
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(methylindazolylymethyl, (hydroxyazetidinyDmethyl, benzovl, phenyleyclopropyl,
(cyano(phenylmethylamino, tetrahydrofuranyl, phenyl(pyridinyloxy)ymethyi, fluoro
((fluorohydroxypyrolidiny DmethyDbenzyl, ({carboxypiperidinymethyl)fluorobenzyl,
fluoro{(MN-methylmethy Isulfonamido)methylybenzyl,
({(dioxoimidazolidinylymethy ) fluorobenzyvl, and (difluorophenyly(hyvdroxy)methyl.

In some embodiments, R? is selected from pyridinylmethyl, hydroxy(phenyl)methyl,
hydroxyethylaminco(pheayhethyl, cyclohexylmethyl, fluorobenzyl,
hydroxy (fluoropheny imethy |, {methylpyridiny Dmethy [, (fluoropyridinylymethyl,
(methoxypyridiny ymethyl, (methylpyrazoly)benzyl, benzoisoxazolylmethyl,
(methylindazolyDmethyl, (hvdroxyazetidinyl)methyl, benzovl, phenylcyclopropyl,
(cyano(phenyimethyl)amino, tetrahydrofuranyl, and phenyl(pyridinyloxy)methyl.

é_{i s OH

In some embodiments, R? is oH or i \=N

In some embodiments, R? is selected from pyridin-2-vlmetlyl,
hydroxy (phenyl)nethyl, (2-hydroxyethylaraino){phenyl)rethyl, cyclohexylmethyl, 2-
fluorobenzyl, (2-fluorophenyl)(hydroxy ymethyl, (6-methylpyridin-2-yDmethyl, (3-
flucropyridin-2-vhmethyl, 3-methoxypyridin-2-yDmethyl, 2-(1-methyl-1H-pyrazol-4-
vDbenzyl, benzo[d}isoxazol-3-ylmethyl, (1-methyl-1H-indazol-3-y)methyl, (3-
hydroxyazetidin-1-yDmethyl, benzoyl, I-phenylcyclopropyl, (cyano(phenyhmethylaraino,
tetrahydrofuran-3-y1, phenyl(pyridin-2-yloxy)methyl, 2-fluoro-6-(((3R,4R}-3fluoro-4-
hydroxypyrrolidin-1-yDmethybbenzyl, 2-((4-carboxypiperidin- 1 -yDymethy)-6-{tuorobenzyl,
2-luoro-6-((N-methylinethylsulfonamidoymethylybenzyl, 2-((2,5-dioxoimidazolidin-1-
yDmethyl)-6-fluorobenzy |, (2,6-difluoropheny)(hydroxy)methyl, (5-(pyridin-2-y1)-1H-~
tetrazol-1-yDmethyl, (5-(1H-pyrazol-1-y1)-1H-tetrazol-1-vhmethyl, (5-(thiazol-4-y1)-1H-
tetrazol-1-y)methyl, (5-racthyl-3-(trifluororacthyl)-1H-pyrazol-1-vDimethyl, (3-
methylpyridin-2-ylymethyl, 2-((1,1-dioxidoisothiazolidin-2-yDmethyl)-6-fluorobenzyl, 2-
fluoro-6-((3-mnethyl-2, 3-dioxonnidazolidin- | -y DinethyDbenzy 1, (6-(trifluoromethyDpyridin-2-
vDmethyl, (3-(hydroxymethyl)pyridin-2-ylymethyl, {1-methyl-1H-pyrazol-3-yl)methyl, and
(2-cvanopbenoxy muethy L, (3-methy lpyridin-2-yDmethoxy, (6-methyipyridin-2-vDimethoxy,
and {(3-methyIpyndin-2-y)methyl)amino.

In some embodiments, R? is selected from pyridin-2-ylmethyl,
hydroxy (phenylnnethyl, (2-hydroxyethylaraino){phenyl)rethyl, cyclohexylmethyl, 2-

fluorobenzyl, (2-fluoropheny )(hydroxy)methyl, (6-methylpyridin-2-y)methyl, (3-
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fluoropyridin-2-yhmethyl, (3-methoxypyridin-2-yhmethyl, 2-(1-methyl-1H-pyrazol-4-
yvhbenzyl, benzo|dlisoxazol-3-ylmethyl, (1-methyl-1H-~indazol-3~-yHraethyl, (3~
hydroxyazetidin-1-ylInnethyl, benzoyl, |-phenvlcyclopropyl, (cyano(phenylinethyl)amino,
tetraliydrofuran-3-y1, phenyl(pyridin-2-yloxy)methyl, 2-fluoro-6-({(3R,4R)-3-fluoro-4-
hydroxypyrreolidin-1-ylnethyhbenzyl, 2-((4-carboxypiperidin- 1 -yDymethy [)-6-fluorobenzyl,
2-flnoro~6-((N-methylmethylsulfonamidoymethyl)benzyl, 2~((2,5~dioxoimidazolidin-1-
yhmethyl)-6-fluorcbenzyl, and (2.6-difluorophenyhithydroxy)methyl.

In some embodiments, R? is selected from pyridim-2-ylmethyl,
hydroxy (phenyDmethyl, 2-hydroxy ethylamine){pheny Dmethyl, cyclohexylmetliyl, 2-
fluorcbenzyl, 2-fluorophenyly(hydroxy)ymethyl, 6-incthylpyridin-2-ymethyvl, 3-
fluoropyridin-2-yhmethyl, 3-methoxypyridin-2-ylymethyl, 2-(1-methyl-1H-pyrazol-4-
vhbenzyl, benzo|d}isoxazol-3-ylmethyl, 1-methyl-1H~-indazol-3-vimethyl, 3-
hydroxyazetidin-1-ylymethyl, benzoyl, 1-phenyleyclopropyl, (cyano(phenyl)methyl)amino,
tetraliydrofuran-3-y1, and phenyl(pyridin-2-yloxy)methyl.

In some embodiments, R* is selected from H and Ci alkyl, wherein the Cy.¢ alkyl is
optionally substituted 1, 2. or 3 independently selected R™ substituents.

In some embodiments, R™ is selected from H., C i alkyl, Cos arvl, and 4-14
membered heterocycloalkyl, wherein the Ci alkyl, Cs.14 aryl, and 4-14 membered
heterocycloalkyl are each optionally substituted with 1, 2. or 3 independently selected RY
substituents.

In some embodiments, R® and R* are each independently selected from H, Ci.6 alkyl,
5-14 membered heteroaryi, and Ce.14 aryl-Cie alkyl-, wherein the Cis alkvl, 5-14 membered
heteroaryl, and Ce.14 aryl-Cis alkyl- are each opticnally substituted with 1, 2, or 3
independently selected R” substituents.

In some embodinents, each R is indepedently selected from CN, OR*, and C s
alkyl, wherein the Ci. alkyl is optionally substituted 1. 2, or 3 independently selected R®
substituents.

In some embodiments, cach K is independently selected from halo, Ci alkyl, Cs.14
aryl, 5-14 membered beteroaryl, (4-14 membered beterocycloalkyl)-Cis alkyl-, OR™,
C(O)OR™, and NR¥R¥, wherein the Cis alkyl, 5-14 membered heteroaryl, and (4-14
membered heterocycloalkyl)-Cis alkyl- are optionally substituted with [, 2, or 3
independently selected R™ substituents.

In some embodiments, each R* is independently sclected from halo. Cis alkyl, Co.ia

aryl, 5-14 membered heteroarvl, (4-14 membered heterocycloalkyl)-Cy alkyl-, OR™,
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C(O)OR™, and NR“R¥ wherein the Ci alkyl, 5-14 membered heteroaryl, and (4-14
membered heterocycloalkyl)-Ciq alkyl- are substitoted with |, 2, or 3 tndependenily selected
R substituents.

In some embodiments, R* is selected from I, Cig alkyl, Co.ay arvl, and 5-14
memnbered heteroaryl.

In some embodiments, each R and R* are independently selected from H and Ci
alkyl, wherein the C1. alkyl is optionally substituted by 1, 2, or 3 independently selected R™
substituents.

In some embodiments, each R™ is independently selected from halo, oxo, Ci.s alkyl,
Cis haloalkyl, OR® C(OYORY, and NR%S((),R>.

In some embodiments, each R*, and R* is selected from H and Cy alkyl.

In some embodiments, R™ is selected from H and Ci.6 alkyl.

In some embodiments, R* is selected from H, D, halo, oxo, Ci alkyl, Cis haloalkyl,
Ch.e alkenyl, Co alkynyl, Cours arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14
meinbered heterocycloalkyl, Csaug aryl-Cig alkyl-, Ciacveloalkyl-Cis alkyl-, (5-14 memnbered
heteroaryl)-C.¢ alkyl-, (4-14 membered heterocycloalkyl)-Ci.g alkyl-, CN, NO,, OR®, SR*,
NHORY, C(O)R™, C(O)NR“R¥, C(O)NR®(OR™), C(OYCR®, OC(OR™, OC(OWR“R®,
NRANRPRE NRACO)IRY, NROC(O)OR™, NREC(Q)NRYRE | C(=NR)R",
CENRTDNRYRY, NRAC(ENRP)NRPRY, NRPC(=NR¥HRY, NR¥S(O)NRYR®,
NRESO)RY, NRES(O),RY, NRESOY=NRR™, NRZS(O),NR®R¥, S(O)R",
S(ONR¥R¥, S(0)R”, OS(O)(=NR*HR, OS(0).R™, SFs, P(O)RPRE, OP(OWOR™OR®),
POYNORPHORP), BIOR™), and S(O)NR¥R¥, wherein the Cis alkyl, Cos alkenyl, Cos
alkynyl, Ceag arvl, Cs.is cvcloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.1s arvI-Crsalkyl-, Caiscycloalkyl-Cog alkyl-, (5-14 membered
heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of R are each
optionally substituted with 1, 2, 3, 4, 5. 6, 7, or 8 independently selected R” substituents.

In some embodiments, R* is selected from H, halo, Cis alkyl, Ci. haloalkyl, Ces
aryl, 3-14 membered heteroaryl, CN, and OR*, wherein the Ci6 alkyl, Csisarvl, and 5-14
membered heteroaryl are each optionally substituted with 1, 2. or 3 independently selected R”
substituents.

In some embodiments, R” is selected from H, Ci.; alkyl, halo, CN, morpholinomethyl,
4-ethoxyvphenyl, 2-hydroxyethoxy, and pyridinyl,

In some embodiments, R” is selected from H, methyl, bromo, CN, morpholinomethyl, 4-

ethoxvphenyl, 2-hydroxyethoxy, and pyridiayi,
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In some embodiments, X is CR"; and R' is H or C1. alkyl.

In some emboditments, X is CR*; and R’ is H or Cyaalkyl.

In soine emboediments,

Xis CR”;

R! is selected from H and Ci. alkyl;

R?is selected from H, D, Co.11 arv], 5-14 membered heteroaryl, C{O)R",
C(ONR“R¥, and C(O)OR™, wherein the Cs.14arvl and 5-14 membered heteroaryl of R” are
each optionally substituted with 1, 2, 3. or 4 independently selected R® substituents:

R* is selected from H, D, halo, 1. alkyl, C i haloalkyl, Ce.14 aryl, 5-14 membered
heteroaryl, CN, and OR*, wherein the Cy alkyl, Ceisaryl, and 5-14 membered heteroaryl of
R’ are each optionally substituted with 1, 2, 3, or 4 independently selected R” substituents;

Cy'is phenyl optionally substituted with 1, 2, 3, or 4 independently selected RM
substituents, or Cip.14 aryl or 5-14 membered heteroaryl, wherein the Cig.14 aryl and 5-14
membered heteroaryl of Cy' is optionally substituted with 1, 2, 3, or 4 independently selected
RE substituents;

Cy? is Cgas aryl, Cazgcycloalkyl, 5-14 membered heteroaryl or 4-14 membered
heterocycloalkyl, wherein the Csaq aryl, Csascycloalkyl, 5-14 membered heteroaryl and 4-14
membered heterocycloalkyl of Cy” are each optionally substituted with 1, 2, 3, or 4
independently selected R™ substituents;

cach R™ R% R¥ and R* is independently selected from H, Cy alkyl, Cy. haloalkyl,
Ca.g alkenyl, Cog alkynyl, Csasaryl, Ciaacycloalkyl, 3-14 membered heteroaryl, and 4-14
membered heterocyeloalkyl, wherein the Ci alkvl, Cos alkenyl, Cos alkvayl, Coagaryl, Caaa
cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R%, R%|
and R™ are each optionally substituted with 1, 2, 3, or 4 independently selected R¢
substituents;

each R is independently selected from Ci alkyl, Cig haloalkyl, Cs.s alkenyl, Ci
alkynvl, Ceaq aryl, Caaacycloalkyl, 5-14 membered heteroarvl, and 4-14 membered
heterocycloalkyl, wherein the Ci.s alkyvl, Co.s alkenyl, Css alkynyl, Cs.14 aryl, Cs.s cycloalkyl,
5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl are each optionally
substituted with 1, 2. 3, or 4 independently selected RY substituents;

each RY, R®, R¥, R", and R" is independently selected from D, halo, oxo, Ci alkyl,
Cr6 haloaltkyl, Cos alkenvl, Coe alkvnyl, Ceusaryl, Caascycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, CN. NO,, OR™, SR*, NHOR™, C(O)R,
C(OINR“R®, C(OI0R™, OC(O)R™, OC(OINRYR¥, NRUR¥ NRUC(O)RY, NR*C(O)OR™,
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NRACO)NRPRY?, C(=NRHR™, C=ENRNRORY, NRUCENRINRYRY, NRUS(O)RY,
NR#US(0),R, and NR¥S(0).NR“R¥, wherein the Cy. alkyl. Cus alkenyl, Cus alkynyl, Couua
aryl, Caascycloalkyl, 5-14 membered heteroarvl, and 4-14 inembered heterocycloalkyl of R,
R, RF, R”, and R® are cach optionally substituted with 1. 2. 3, or 4 independently sclected R?
substituents;

each R™ is independently selected from D, halo, oxo. Cis alkyl, Ci.s haloalkyl, Cas
alkenyl, Cos alkynyl, Ceasaryl, Csagcycloalkyl, 5-14 membered heteroaryl, 4-14 merabered
heterocycloalkyl, 2-CN, 3-CN, NO,, OR*, SR*, NIHHOR™, C(O)R™, C(OINR*R¥, C(O)OR™,
OC(ORY, OC(ONRUR¥, NR*“R*, NR“C(O)R™, NR*C(O)OR*, NR*“C(O)NR“R¥,
CENRHRM, CENRHNRYRY, NRAC(ENRNRYRY, NRUS(O)RY, NRES(0)RY, and
NR*S(0)NR“R¥ wheremn the Ci alkyl, Cas alkenyl, Cas alkynyl, Ceaaaryl, Ciua
cycloalkyl, 5-14 membered heteroarvl, and 4-14 membered heterocycloalkyl of R™ are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R®, R*, and R™ is independently selected from H, Cy. alkyl, Cy.¢ haloalkyl, Cas
alkenyl, Coe alkyoyl, Ce.ia aryl, Caazcycloalkyl, 5-14 membered heteroaryl, and 4-14
membered lieterocycloalkyl, wherein the Cig alkyl, Cog alkenyl, Cog alkynyl, Coacaryl, Csag
cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R**, R®, and
R¥ are each optionally substituted with 1, 2. 3, or 4 independently selected R substituents;

each R™ is independently selected from Cy. alkyl, Ci haloalkyl, Co.6 alkenyl, Cos
alkynyv], Ces aryl, Csascycloalkyl, 5-14 membered heteroarvl, and 4-14 mmembered
heterocycloalkyl, wherein the Ci.g alkyvl, Co.g alkenyl, Ca.g alkynyl, Coq aryl, Caaa cycloalkyl,
5-14 membered heteroaryl, and 4-14 membered heterocyveloalkyl are each optionally
substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R* is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
halpalkyl, and C haloalkoxy;

each R is independenily selected from D, halo, oxo, Ci.s alkyl, Cis haloalkyl, Co.
alkenyl, Cos alkynyl, Ceq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, CN, NO,, OR¥, SR* NHOR®, C{O)R, C{ONRTR®, C(OYOR™,
OC(ORY, OC(ONRER®, NR¥R¥ NRPC(O)R™, NRPC(Q)OR®, NRPC(OINR“R®,
CENRSDRY, CENRPDINRERE, NROCENRINRZRY, NRES(O)RY, NRES(0)RY, and
NR“S(O)NR¥RY, wherein the Ci.6 alkyl, Ca.c alkenyl, Ca alkynyl, Coaq aryl, Cazg
cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, of R¥ are each

optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;
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each R®, R® and R® is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
alkenyl, Co alkynyl, Coaaryl, Caascycloalkyl, 5-14 membered heteroaryl, and 4-14
membered heterocycloalkyl, wherein the Cis alkyl, Cos alkenyl, Cos alkynyl, Ceorgaryl, Csaia
cvcloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R**, R®, and
R% are cach optionally substituted with 1, 2, 3, or 4 independently selected R' substituents;

cach R"is independently selected from Ci alkyl, Cis haloalkyl, Cas alkenyl, Cous
alkynvl, Ceq aryl, Caaacycloalkyl, 3-14 membered heteroarvl, and 4-14 membered
heterocycloalkyl, wherein the Ci.¢ alkyvl, Co.6 alkenyl, Cyo.g alkynyl, Cs.14 aryl, Cs.is cycloalkyl,
5-14 membered hetercaryl, and 4-14 membered heterocycloalkyl are each optionally
substituted with 1, 2. 3, or 4 independently selected R substituents;

each R™ is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cis
haloalkyl, and Cishaloalkoxy;

cach R' is independently selected from D, halo, oxo, Ci.6 alkyl, Ci. haloalkyl, Co
alkenyl, Cos alkynyl, Ceas arvl, Ciascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, CN, NO», OR®*, SR® NHOR*, C(O)R™, C(OINRPRY, C(Q)OR™,
OC(O)R®, OC(O)NR*R® WR®R¥, NR*C(Q)R®, NRP®C{G)OR*, NR®C(O)NR“R®,
C(ENRRY, C(=NREONRERY, NREC(=NRENR R, NRCS(O)R™, NRCS(0).RY, and
NR*S(0):NR“R®, wheremn the Ci alkyl, Cas alkenyl, Cos alkynyl, Ceaa aryl, Caps
cycloalkyl, 5-14 membered heteroarvl, 4-14 membered heterocycloalkyl, of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R* R and R% is independently selected from H, Cy.¢ alkvl, C1 haloalkyl, Ca
alkenyl, Co alkynyl, Coa aryl, Cagscycloalkyl, 5-14 membered heteroaryl, and 4-14
membered heterocyceloalkyl, wherein the Cis alkyl, Cos alkenvl, Cous alkynyl, Coaisaryl, Csag
cvcloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R®, and
R% are each optionally substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R™is independently selected from Ci alkyl, Cis haloalkyl, Ca.s allenyl, Ca.
alkynvl, Ceq aryl, Caaacycloalkyl, 5-14 membered heteroarvl, and 4-14 membered
heterocycloalkyl, wherein the Ci.6 alkyvl, Co.6 alkenyl, Cyog alkynyl, Cs.14 aryl, Cs.is cycloalkyl,
5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl are each optionally
substituted with 1, 2, 3, or 4 independently selected R’ substituents;

each R* is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
haloalkyl, and C haloalkoxy;

each R’ is independently selected from D, halo, oxo, Ci.6 alkyl, Ci haloalkyl, Cas

alkenyl, Cos alkynyl, Ceq aryl, Caascycloalkyl, 5-14 membered heteroaryl, 4-14 membered
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heterocycloalkyl, CN, NO,, OR¥, SR¥ NHORY. C{O)R", C{ONR*'RY, C{O)ORY,
OC(ORY, OC(ONRYRY, NRYRY, NRC(O)RY, NRC(O)ORY, NRC(OINRRY,
CENRDRY, CENRTINRIRY, NRICENRNRTRY, NREIS(OIRY, NRUS(O,RY, and
NRS(O)NRRY, wherein the Ci.6 alkyl, Cac alkenyl, Cog alkynyl, Coaq aryl, Cag
cycloalkyl, 5-14 membered heteroarvl, 4-14 membered heterocvcloalkyl, of R¥ are each
optionally substituted with 1, 2. 3, or 4 independently selected R* substituents;

each R, R, and R is independently selected from H, Cis alkyl, Cis baloalkyl, Co
alkenyl, Cos alkynyl, Ceasaryl, Csscycloalkyl, 5-14 membered heteroaryl, and 4-14
membered hieterocycloalkyl, wherein the Cis alkyl, Cos alkenyl, Cos alkynyl, Coasaryl, Ciay
cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R, R, and
RY" are each optionally substituted with 1, 2. 3, or 4 independently selected R* substituents;

cach RY is independently selected from Ci alkyl, Ci haloalkvl, Co alkenvl, Cos
alkynyl, Ce.as aryl, Csacycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl, wherein the Ci.g alkvl, Co.g alkenyl, Ca.g alkynyl, Ce.1q aryl, Ca.s cycloalkyl,
5-14 membered heteroaryl, and 4-14 membered heterocveloalkyl are each optionally
substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R® is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, and Cyshaloalkoxy;

each R* is independently selected from H, D, OH, hato, oxo, CN, C(O)OH, NHa,
NO», SFs, Cis alkyl, Cigalkoxy, Ci¢haloalkoxy, Cishaloalkyl, Cys alkenyl, Cog alkynyl, Ce.
14 aryl, Caagcycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl; and

wherein any heteroaryl group of any of the above-recited substituents optionally
comprises an N~oxide on any ring~forming nitrogen.

In some embodiments,

X is CRY

R! is selected from H and Ci. alkyl;

R7 is selected from H, D, Ceasaryl, 5-14 membered heteroaryl, C(O)R™,
C(O)NR*R¥, and C(0)OR™¥, wherein the Cs.14aryl and 5-14 membered heteroaryl of R are
cach optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

R is selected from H, I3, halo, Ci alkyl, Ce.saryl, 5-14 membered heteroaryl, CN,
and OR™, wherein the Ci.g alkyl, Co.asaryl, and 5-14 membered heteroaryl of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

Cy' is phenyl, optionally substituted with 1, 2, 3, or 4 independently selected R™

substituents; or Cy' is Cyo4 aryl or 5-14 membered heteroarvl, wherein the Cig.y4 aryl and 5-
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14 membered heteroaryl of Cy' are each optionally substituted with 1, 2, 3, or 4
independently selected R™ substituents;

Cy?is Ceaaarvl, Ciuscycloalkyl, 5-14 membered heteroarvl or 4-14 membered
heterocycloalkyl, wherein the Ce.aq aryl, Caaacycloalkyl, 5-14 membered heteroaryl and 4-14
membered heterocycloalky! of Cy” are each optionally substituted with 1, 2, 3, or 4
independently selected R™ substituents;

each R R R¥ and R® is independently selected from H, Ci.6 atkyl, Ca. alkenyl,
Cos alkynyl, Ceag aryl, Csaacyvcloalkyl, 5~-14 membered hetercaryl, and 4-14 membered
heterocycloalkyl, wherein the Ci6 alliyl, Co allienyl, Cos alkynyl, Ceagaryl, Caascycloalkyl
5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R%, R% and R* are
cach optionally substituted with 1, 2, 3. or 4 independently sclected RY substituents;

cach R™ is independently selected from Ce alkyl, Co alkenyl, Cos alkynyl, Cous
aryl, Csaqcycloalkyvl, 5-14 membered heteroarvl, and 4-14 membered heterocycloalkyl,
wherein the Cis alkyl, Cos alkenyl, Cos alliynyl, Ce.q arvl, Csuu cycloalkyl, 3-14 membered
heteroaryl, and 4-14 meinbered heterocycloalkyl are each optionally substituted with 1, 2, 3,
or 4 independently selected R® substituents;

cach RY, RP, RE, R, and RY is independently selected from D, halo. oxo, Ci.¢ alkyl,
Cos alkenyl, Cos alkynyl, Coaqaarvl, Csascveloalkyl, 5-14 membered heteroaryl, 4-14
membered lieterocycloalkyl, CN, NO2, OR™, SR™, NHOR*, C(O)R™, C(O)NR*R™,
CO)OR™, OCIO)R™, OC(OINRURM, NRUR¥, NRU“C(OR™, NRE“C(O)OR™,
NRUAC(O)NRYRY, C=NRHR, C(=NR*HNRUR¥, NRYC(=NR*)NR*R¥, NR“*S(O)R™,
NRS(0),R™, and NRUS(0).NRR* wherein the Ci alkyl, Cy alkenyl, Cys alkynyl, Couia
aryl, Csaqcycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of RY,
R”, R®, R’ and R are cach optionally substituted with 1, 2. 3, or 4 independently sclected R?
substituents;

each RM is independently selected from D, halo, oxo, Ci.¢ alkyl, Ca.¢ alkenyl, Ca
alkynvl, Ceagaryl, Csaacycloalkyl, 5-14 merabered heteroaryvl, 4-14 merabered
heterocycloalkyl, 2-CN, 3-CN, NO,. OR*, SR* NHOR™, C(O)R™, C{O)NR“R¥, C(O)OR™,
OC(O)RY, OC(O)NRUR¥, NR¥“R¥, NR™C(O)R™, NR“*C(Q)OR*, NRUC(OINR*R*,
CENRRM, CENRHINRERY, NRACENRNRYRY, NREAS(OHRY, NRES(0),RY, and
NR#S(O)NR¥RY, wherein the Ci.c alkyl, Co alkenyl, Ca alkynyl, Coaaaryl, Caag
cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of RM are each

optionally substituted with 1, 2. 3, or 4 independently selected R™ substituents;
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each R*, R®*, and R" is independently selected from H, C 1. alkyl, Cs. alkenyl, Ca
atkyavl, Cs.a aryl, Caaacycloalkyl, 3-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl, wherein the Cis alkyl, Cos alkenyl, Cos alkynyl, Coqarvl, Csoz cycloalkyl,
5-14 membered heteroaryl, and 4-14 membered heterocycloalkyt of R*, R%, and R are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R™ is independently selected from Ci alkyl, Cas alkenyl, Cao alkynyl, Co.14
arvl, Caascycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloatkyl,
wherein the Cis alkyl, Cop alkenyl, Ci alkynyl, Co.s arvl, Csagcycloalkyl, 5-14 membered
heteroaryl, and 4-14 membered heterocycloalkyl are each optionally substituted with 1, 2. 3,
or 4 independently selected R™ substituents;

each R” is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, and Cishaloalkoxy;

each R is independently selected from D, halo, oxo, Cis alkyl, CN, NO,, OR®, SR®,
NHORY, C{O)R™, C(O)NR“R®, C(O)OR¥, OC(O)R™, OC(OINR“RY, NR“R¥,
NRPC{OIR”, NRPCO)OR?, NREC(O)NRPRY, C(=NR*™)R®, C(=NR®)NR®R®,
NROC(=NRP)NRR¥ NRZS(O)R>, NRS(0).R", and NR“S(O),NR*“R¥; and

each R®, R®, and R® is independently selected from H, and Ci alkyl;

each R™ is independently selected from Ci alkyl, Ca alkenyl, Cag alkynyl, Co.ps
aryl, Csascycloalkyl, 5-14 membered hetercaryl, and 4-14 membered heterocycloalkyl; and

cach R® is independently selected from H and Ci. alkyl.

In some embodiments,

X is CRY;

R' is selected from H and Cy. alkyl;

R* is selected from H, D, Ceo aryl, 5-18 membered heteroaryl, C(O)R™,
C(OINR*R®, and C(O)OR™, wherein the Caggaryl and 3-10 membered heteroaryl of R? are
each optionally substituted with 1, 2. 3, or 4 independently selected R substituents;

R¥is selected from H. D, balo, Cis alkvl, Ceaparyl, 5-10 membered heteroaryl, CN,
and OR*, wherein the Ci alkyl, Co.1oaryl, and 5-10 membered heteroaryl of R are each
optionally substituted with 1, 2, 3, or 4 independently selected R” substituents;

Cy' is phenyl, optionally substituted with 1, 2, 3, or 4 independently selected R™
substituents; or Cy ' is Cyo aryl, 4-10 membered heterocycloalkyl, or 5-10 membered
heteroaryl, wherein the Cip aryl, 4-10 raembered heterocycloalkyl, and 3-10¢ membered
heteroaryl of Cy' are each optionally substituted with 1, 2, 3, or 4 independently selected R*

substituents;
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Cy?is Coparyl, Cazcycloalkyl, 3-10 membered heteroaryl or 4-10 membered
heterocycloalkyl, wherein the Ce.io aryl, Csor cvcloalkyl, 5-10 membered beteroaryl and 4-10
membered heterocycloalkyl of Cy* are each optionally substituted with 1, 2, 3, or 4
independently selected R” substituents;

each R®, R, R, and R* is independently selected from H, Cis alkyl, Co alkenyl,
Cos alkynyl, Csugaryl, Cszeycloalkyl, 5-10 membered heteroaryl, and 4-16 membered
beterocycloalkyl, wherein the Cy alkyl, Crs alkenyl, Cue alkynyl, Cougarvl, Cicycloalkyl,
5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl of R, R, R®, and R* are
cach optionally substituted with 1, 2, 3, or 4 independently selected RE substituents;

cach R™ is independently selected from C s alkyl, Caus alkenyl, Ca alkynyl, Coogp
aryl, Cs7cveleoalkyl, 5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl,
wherein the Cy alkyl, Coe alkenyl, Coe alkynyl, Ce.0 arvl, Cascycloalkyl, 5-10 membered
heteroaryl, and 4-10 membered heterocycloalkyl are each optionally substituted with 1, 2, 3,
or 4 independently sclected R® substituents;

each R®, RP, RE, R¥, and RE is independently selected from D, halo, oxo, Cis alkyl,
Cos alkenyl, Cos alkynyl, Ceaparyl, Cspcycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, CN, NO,, OR™, SR*, NHOR™, C{O)R™, C(O)NR“R¥,
C(O)OR™, OCO)R™, OCIO)NRYRY, NRUR¥ NR*C(O)RY, NRY“C(OYOR™,
NRAC(O)NRURY, C(=NRHRY, C(=NR*HNR*RY NR*C(=NR*)NR*R¥, NR“S(Q)R™,
NRUS(0),R™, and NR¥SO)NRURY, wherein the Cis alkyl, Cas alkenyl, Coss alkynyl, Cao
aryl, Ca;cyeloalkyl, 5-10 membered lieteroaryl, and 4-10 membered heterocycloalkyl of R,
RP RE, RY, and RY are cach optionally substituted with 1, 2, 3. or 4 independently selecied R™
substituents;

each R™ is independently selected from D, halo, oxo, Cis alkyl, Cos alkenyl, Cas
alkynyl, Cs.10 aryl, Css cveloalkyl, 3-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, 2-CN, 3-CN., NCh, OR™, SR* NHOR*, C(O)R™, C(O)NR™“RY, C(O)YOR™,
OC(O)R™, OC(OINRYR¥, NRU“R*, NR¥*C(O)R™, NRUC(O)OR*, NRC(G)NR“R¥,
CENRSHRY CENRPONRORY NRUC(ENRENRARY NRUSOR, NRUS(O)R™, and
NR#S(0)1NRR*, wherein the C i alkyl, Cas alkenyl, Cos alkynyl, Coaoaryl, Cs
cycloalkyl, 5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl of R™ are each
optionally substitated with 1. 2, 3, or 4 independently selected R” substituents;

each R* R and R¥ is independently selected from H, C1 alkyl, Ca atkenyl, Cos
alkynyl, Ceaoaryl, Csseycloalkyl, 5-10 membered heteroaryl, and 4-10 membered

beterocycloalkyl, wherein the Cs alkyl, Cu alkenyl, Cue alkynyl, Ceparyl, Csocycloalkyl,
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5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl of R*, R%, and R* are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

cach R™ is independently selected from C s alkyl, Caus alkenyl, Ca alkynyl, Coop
aryl, Czzcveloalkyl, 5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl,
wherein the Cis alkyl, Cis alkenyl, Cis alkynyl, Cs.i0 arvl, Csscycloalkyl, 5-10 membered
heteroaryl, and 4-10 membered heterocycloalkyl are cach optionally substituted with 1, 2, 3,
or 4 independently selected R” substituents;

cach R* is independently sclected from H, OH, CN, Ci alkyl, Cigalkoxy, Cis
haloalkyl, and Ci.c haloalkoxy,

cach R is independently selected fron D, halo, oxo, Ci alkyl, CN, NO,, OR®, SR*,
NHOR?, C(ORY, C(ONR“R®, C(O)OR™, OC(O)R, OC(O)NRR®, NR“R¥,
NREC(O)R®, NREC(OYORY, NRCC(O)NRPR®, C(=NR*)R”, C(=NR®)NR“R®,
NREC(=NRPDINRERE, NRPS(O)R®, NRS(0):R", and NR¥S(0O),NR“RY; and

each R, R®, and R* is independently selected from H, and Cis alkyT,

each R" is independently selected from C;¢ alkyl, Co alkenyl, Cos alkynyl, Coio
aryl, Cs.ecycloalkyl, 5-10 membered hetercaryl, and 4-10 membered heterocycloalkyl; and

each R® is independently selected from H and Ci alkyl.

In some embodiments,

XisN;

R' is selected from H, Cis alkyl, and a 5-14 membered heteroaryl, wherein the Cis
alkvl and a 5-14 membered heteroaryl are each optionally substituted with 1, 2, or 3
independently selected R® substituents;

R?is selected from H, D, Ci alkyl, Coasaryl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ceig aryl-Crg alkyl-, (5-14 membered heteroaryl)-Cis alkyl-, (4-
14 membered heterocycloalkyl)-Cis alkyl-, NRERE CO)R®, C(O)NRPRY, and C(OYOR™,
wherein the Ci.g alkyl, Ce.is aryl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Ceopg arv1-Cire alkyl-, (3-14 raembered heteroarvl)-Cis alkyl-, (4-14
membered heterocycloalkyl)-Cigalkyl- of R are each optionally substituted with 1, 2, 3, or 4
independently selected R substituents;

Cy' is phenyl, optionally substituted with 1, 2, 3, or 4 independently selected R™
substituents, or Cio.pq aryl or 5-14 membered hetercaryl, wherein the Cio.14 aryl and 5-14
membered heteroaryl of Cy' is optionally substituted with 1, 2, 3, or 4 independently selected

R® substituents;
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Cy?is Coasaryl, Cizscycloalkyl, 5-14 membered heteroaryl or 4-14 membered
heterocycloalkyl, wherein the Ce.iq aryl, Csog cycloalkyl, 5-14 membered hetercary] and 4-14
membered heterocycloalkyl of Cy? are each optionally substituted with 1, 2, 3, or 4
independently selected R™ substituents;

cach R¥, R, and R¥ is independently selected from H, Ci.6 atkyl, Cag alkenyl, Cos
alkynyl, Ceag aryl, Cous aryl-Cisalkyl-, Cayscycloalkyl, 5-14 membered heteroaryl, and 4-14
menmbered heterocycloalkyl, wherein the Cis alkyl, Cis alkenyl, Cis alkynyl, Cooisarv], Couna
aryl-Cis alkyl~, Csascycloalkvl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl of R®, R%, and R* are each optionally substituted with 1. 2, 3, or 4
independently selected R substituents;

each R™ is independently selected from Ci alkyl, Ca alkenyl, Ca alkynyl, Coons
aryl, Csaqcycloalkyl, 5-14 membered hetercaryl, and 4-14 memabered heterocycloalkyl,
wherein the Ci alkyl, Cy6 alkenyl, Ci. alkynyl, Csa4 arvl, Csascycloalkyl, 3-14 membered
heteroaryl, and 4-14 membered heterocycloalkyl are each optionally substituted with 1, 2, 3,
or 4 independently selected RC substituents:

each R®, R®, R®, RF, and RY is independently selected from D, halo, oxo, Ci.s alkyl,
Coe alkenyl, Coe alkynyl, Co-aaryl, Cagacycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, CN, NG, OR®, SR* NHOR™, C(O)R™, C(O)NR*R¥,
C(O)OR™, OC(O)R™, OC(OINR¥“R™, NR¥R¥, NR*C(O)RY, NR“C(O)OR™,
NRUCEOWNRRY, C(=NREHRY, C(=NRHINRRY NRUC(=NR*NR“RY, NR“S(O)R™,
NR*S(0).R™, and NRHS(0):NR“R*, wherein the Ci.s allyl, Ca.s alkenyl, Cos allynyl, Coay
aryl, Cs.u cyeloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R,
R RF, RF, and R" are each optionally substituted with 1, 2, 3. or 4 independently selected R™
substituents;

each R™ is independently selected froin D, halo, oxo, Ci alkyl, Cos alkenyl, Cas
alkynyvl, Cs.aaaryl, Csagcvcloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, 2-CN, 3-CN, NO,, OR™, SR* NHOR™, C(O)R™, C(O)NR“R*, C(O)OR™,
OC({OIR™, OC(OINRIRY NRUR¥ NRUCORY™, NR¥C(O)OR¥, NRUC(OQ)NR*R¥,
CENRAHRY, CENRNRERY, NRUC(ENREHNRURM, NRUS(O)RY, NRUS(0);RY, and
NRS(0),NRURY, wherein the C.¢ alkyl, Cos alkenyl, Coe alkynyl, Coz aryl, Cag
cvcloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R™ are each
optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

each R** R”, and R™ is independently selected from I, C1.s alkyl, Co alkenyl, Cos

alkynyl, Ceasaryl, Csascycloalkyl, 5-14 membered betercaryl, and 4-14 membered
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heterocycloalkyl, wherein the Ci.¢ alkyvl, Co.6 alkenyl, Cyog alkynyl, Cs.14 aryl, Csoia cycloalkyl,
5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R*, and R* are each
optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents;

each R™ is independently selected from Ci alkyl, Ca alkenyl, Cag alkynyl, Co.as
aryl, Cs.iscveloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl,
wherein the Ci alkyl, Cy alkenyl, Ci alkynyl, Coaq arvl, Csascycloalkyl, 3-14 membered
beteroaryl, and 4-14 membered heterocycloalkyl are each optionally substituted with 1, 2, 3,
or 4 independently selected R substituents;

each R** is independently selected from H. OH, CN, Ci. alkyl, Cisalkoxy, Cis
haloalkyl, and C.¢ halocalkoxy;

each R™ is independently selected from D, halo, oxo, Cis alkyl, CN, NO,, OR*, SR*,
NHOR®, C(O)R™, C(ONRYR®, C(O)OR®, OC(OR", OC(O)NR“R®, NR¥R¥,
NRECOIR, NREC(O)OR®, NRPC(O)NRRE, C(=NR™R? C(=NR“)NR“R¥,
NRPC(=NRE)NRPRY, NRPS(O)RY, NRS(OD):RY, and NRS(0);NR“R™¥; and

each R*, R and R¥ is independently selected from H, and C; alkyl;

each R is independently selected from Cig alkyl, Cos alkenyl, Cos alkynyl, Coa
arvl, Caascycloalkvl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl; and

each R™ is independently sclected from H and Cig alkyl.

In some embodiments,

XiisN;

R’ is H or a 5-14 membered heteroaryl optionally substituted with 1, 2, or 3
independently selected R® substituents;

R? is selected Ci alkyl, 4-14 membered heterocycloalkyl, Cs.14 aryl-Cis alkyl-, (5-14
membered heteroaiyl)-Cis alkyl-, (4-14 membered heterocycloalkyl)-C s alkyl-, and NRR®,
wherein the Cig alkyl, 4-14 raembered heterocycloalkyl, Ce.i4 aryl-Crsalkyl-, (5-14
membered lieteroaryl)-Ci.q alkyl-, and (4-14 membered heterocycloalkyl)-Ci.salkyl- of R* are
cach optionally substituted with 1, 2, or 3 independently selected R” substituents;

Cy' is phenyl optionally substituted with 1, 2, or 3 independently selected R*
substituents; and

Cy? is 5-14 membered heteroaryl optionally substituted with 1, 2, or 3 independently
selected R” substituents.

In some emnbodinients,

XisN;
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R'is H or a 3-14 membered heteroaryl optionally substituted with 1, 2, or 3
independently selected R® substituents;

cach R is independently selected from D, halo, oxo, Ci. alkyl, Ci haloalkyl, Cos
alkenyl, CN, NO; and OH;

R? is selected C alkyl, 4-14 menbered heterocycloalkyl, Ce.1s aryl-Cis alkyl-, (5-14
membered heteroaryl)-C i alkyl-, (4-14 membered heterocycloalkyl)-C s alkyl-, and NR¥“R%
wherein the Cis alkyl, 4-14 membered beterocycloalkyl, Ce.iq aryl-Cicalkyl-, (3-14
membered heteroaryl)-Cis alkyl-, and (4-14 membered heterocycloalkyl)-Ci.salkyl- of R? are
each optionally substituted with 1, 2. or 3 independently selected R" substituents;

cach R and R¥ arc independently selected from H, Cis alkyl, Co.1a aryl-Crs alkyl-,
wherein the Ci alkyl and Co.12 aryl-Cis alkyl- of R and R% are each optionally substituted
with 1, 2, or 3 independently selected RY substituents;

each R is mdependently selected from D, halo, 0x0. Ci alkyl, Co.ia aryl, Caag
cyvcloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocy cloalkyl, OR®, C(O)NR*R*
and NR¥R¥*, wherein the Ci.s alkyl, Cs.1a aryl, Caascycloalkyl, 5-14 iembered heteroaryl,
and 4-14 membered heterocycloalkyl, of R is optionally substituted with 1, 2, or 3
independently selected R™ substituents;

each R*, R® and R" is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
alkenyl, and 3-14 membered heteroaryl, wherein the Cis alkyl, Cos alkenyl, and 5-14
membered heteroaryl, of R*, R™, and R™ are each optionally substituted with 1. 2, or 3
independently selected RY substituents;

cach RY is independently selected from D, halo, oxo, Cis alkyl, CN, NO», and OH;

Cy' is phenyl optionally substituted with 1, 2, or 3 independently selected R*
substituents;

each R is independently selected from D, halo, oxo, Ci alkyl, CN, NO, and OH;

Cy” is 5-14 membered hetercaryl optionally substituted with 1, 2, or 3 independently
selected R substituents;

cach R” is independently selected from D, halo, oxo, C1 alkyl, . alkenyl, CN,
NO», and OR™, wherein the Cy.¢ alkvl and Ca.s alkenyl of R™ are each optionally substituted
with 1, 2. or 3 independently selected R™ substituents;

cach R* is independently selected from H, Ci.¢ alkyl and Ci.6 alkoxy; and

each R is independently selected from D, halo, oxo. Cis alkyl, CN, NO; and OH.

In some embodiments,

XisN;
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R'is H or a 5-10 membered heteroaryl optionally substituted with 1, 2, or 3
independently selected R® substituents;

cach R is independently sclected from D, halo, oxo, Ci alkyl, Ci haloalkyl, Cos
alkenyl, CN, NO; and OH;

R? is selected C alkyl, 4-10 memnbered heterocycloalkyl, Cs.10 aryl-Cis alkyl-, (5-10
membered heteroary1)-C i alkyl-, (4-10 membered heterocycloalkyl)-C s alkyl-, and NR¥“R¥|
wherein the Cis alkyl, 4-10 membered heterocycloalkyl, Co.io arvl-Ciealkyl-, (3-10
membered heteroaryl)-Cis alkyl-, and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl- of R? are
each optionally substituted with [, 2. or 3 independently selected R" substituents;

cach R and R arc independently selected from H, Cis alkyl, Co.yo aryl-Crs alkyl-,
wherein the Ci alkyl and Cs.10 aryl-Cis alkyl- of R® and R% are each optionally substituted
with 1, 2, or 3 independently sclected RY substituents;

each R is mdependently selected from D, halo, oxo, Ci.s alkyl, Ce.to aryl, Cas
cycloalkyl, 5-1¢ membered heteroaryl, 4- 10 membered heterocy cloalkyl, OR®, C(O)NR‘R*
and NR¥R¥*, wherein the Ci.s alkyl, Cs.10 aryl, Cazcycloalkyl, 5-10 membered heteroaryl, and
4-10 membered heterocycloalkyl, of RC is optionally substituted with 1, 2, or 3 independently
sclected R¥ substituents;

each R*, R® and R" is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Ca
alkenyl, and 5-1¢ membered heteroaryl, wherein the Ci alliyl, Co allienyl, and 3-10
membered heteroaryl, of R*, R™, and R™ are cach optionally substituted with 1, 2, or 3
independently selected RY substituents;

cach RY is independently selected from D, halo, oxo, Cis alkyl, CN, NO», and OH;

Cy' is phenyl optionally substituted with 1, 2, or 3 independently selected R*
substituents;

cach R is independently selected from D, halo, oxo, Ci alkyl, CN, NO, and OH;

Cy?is 5-10 membered heteroaryl optionally substituted with 1, 2, or 3 independently
selected R substituents;

cach R” is independently selected from D, halo, oxo, C1 alkyl, C. alkenyl, CN,
NO», and OR™, wherein the Cy.¢ alkvl and Ca.s alkenyl of R™ are each optionally substituted
with 1, 2. or 3 independently selected R™ substituents;

cach R* is independently selected from H, Cy.¢ alkyl and Ci.6 alkoxy; and

each R is independently selected from D, halo, oxo. Cis alkyl, CN, NO; and OH.

In some embodiments,

XisN;
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R’ is H or nicotinonitrile;

R? is pyridinylmethyl, hydroxy(phenyDmethyl, bydroxyethylamino(phenylyethyl,
cyclohexyimethyl, fluorobenzyl, hydroxy (fluorophenylmethyl, methylpyridinvlinethyl,
fluoropynidinylmethyl, methoxypyridinylmethyl, methylpyrazolylbenzyl-
benzoisoxazolylmethyl, methylindazolylinethyl, hydroxyazetidiny linethyl, benzoyl,
phenylevelopropyl, cvano{phenyymethylamino, tetrahydrofuranyl, or phenyl{pyridin-2-
vioxy)methyl;

Cy'is cvanophenyl; and

Cy* is pyrimidinyl, ethylpyrazolyl propylpyrazolyl, quinolinyl, fluoropyrimidinyl,
pyridinyl, methylpyridinyl, methoxy-methylpyridinyl, pvrazolopyridazinyl, methyloxazolyl,
hydroxymethyl-methyloxazolyl, or methoxymethyl-methyloxazolyl.

In some emboditments,

XisN;

R'is H;

R? is sclected from pyridin-2-yhnethyl, hydroxy(phenynethyl, (2-
hydroxyethylamino)(pheny bmethyl], cyclohexylmethyl, 2-fluorobenzyl, (2-
fluoropbenylythydroxy)methyl, (6-methylpyridin-2-yDmethyl, (3-fluoropyridin-2-yDinethyl,
(3-methoxypyridin-2-yDmethyl, 2-(l-methyl-1H-pyrazol-4-yD)benzyl, benzo[d}isoxazol-3-
vlmethyl, {1-methyl-1H-indazol-3-yDmethyl, (3-hydroxyazetidm-1-yDmethyl, benzoyl, 1-
phenyleyclopropyl, (cyano(phenyDnethy amino, tetrahiydrofuran-3-v1, phenyl(pyridin-2-
yloxy)methyl, 2-fluoro-6-{{(3R,4R)-3-fluoro-4-hydroxypyrrolidin-1-vDmethy Dbenzyl, 2-{((4-
carboxypiperidin-1-vDimethyD)-6-fluorobenzyl, 2-fleoro-6-((N-
methylmethylsulfonamido)methyljbenzyl, 2-((2,5-dioxoimidazolidin~-1-y)methyl)-6-
fluorobenzyl, (2,6-diftluorophenyl)(hy droxyymethyl, (5-(pyridin-2-y1)-1H-tetrazol-1-
yDmethyl, (5-(IH-pvrazol-1-y})~-1H-tetrazol-1-yDiethyl, (5~(thiazol-4-v1)-1 H-tetrazol- 1~
vDmethyl, (5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yhmethyl, (3-methy lpyridin-2-
yvhmethyl, 2-((1,1-dicxidotsothiazolidin-2-yDraethy )-G-flucrobenzy |, 2-fluoro-6-((3-methyi-
2,5-dioxeimidazolidin~-1-vDmethy)benzyl, (6-(trifluoromethyljpyridin-2~yDhmethyl, 3~
(hydroxymethyDpyridis-2-yDmethyl, (3-methyl-1H-pyrazol-3-yDmethyl, and (2-
cyanophenoxy hinethyl, G-methylpyridin-2-vymethoxy, (S-methylpyridin-2-yDimethoxy, and
((3-methylpyridin-2-y hHmethyamino;

Cylis cyanophenyl; and

Cy* is selected from 2, 6-dimethylpyridin-4-y1, pyridin-4-y1, 2-methylpyridin-4-y1, 1~

carbamovl-1,2,3,6-tctrahvdropvridin-4-y1, 1-carbamoylpiperidin-4-v1, 2-methoxypyridin-4-yl,
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2-methoxy-6-methy lpyridin-4-vl, 2,6-dimethylpyridin-4-y1-1-oxide, |-ethyl-6-0x0-1,6~

dihy dropyridin-3-yl, 3-methyipyrdin-4-yi, 3-fluoropyridia-4-v1, 3-chloropyridia-4-vl, 3-
methoxypyridin~-4-vl, 3~cyanopyridin-4-yl, 4-carbamoylphenyl, pvrazolefl,5-ajpyridin-3-yl,
pyrazolof1,5-blpyridazin-3-yl, 5-methyl-1H-pyrazol-4-yl, 1-cthyl-1H-pyrazol-5-yl, 1-
isopropyl-1H-pyrazol-5-yl, 1-propyl-1H-pyrazol-5-v1, pyrimidin-4-vl, 2,3-dihydro-
[L,4]}dioxino}2,3-bjpyridin-8-y1, quinolin-5-yl, 3-fluoropyrimidin-4-yl, oxazol-3-yl, 4-
methyloxazol-3-vl, 4-ethyloxazol-3-vi, 4-thydroxymethy!)-2-methyloxazol-5-yi, 4-
(methoxymethy)-2-methyvloxazol-35-y1, 4-(thydroxymethyl)-2-methyloxazol-5-y1, [-ethyl-1H-
1,2,3ir1azol-5-y1, and cyclopropyl.

In some embediments, the compound is the (i5)-cnantiomer of one of the preceding
compounds, or a pharmaceutically acceptable salt thereof. In some embodiments, the
compound is the (Rj-enantioiner of one of the preceding compounds, or a pharmaceutically
acceptable salt thercof,

It 1s further appreciated that certain features of the invention, which are, for clarity,
described in the context of separate ermbodiments, can also be provided in combination in a
single embodiment. Conversely, various features of the invention which are. for brevity,
described in the context of a single embodiment, can also be provided separately or in any
suitable subcombimation.

At vartous places in the present specification, divalent linking substituents are
described. It is specifically intended that cach divalent linking substituent include both the
forward and backward forms of the linking substituent. For example, -NR(CR’R™),- includes
both -NR{CR 'R "}~ and (CR°R7),NR-. Where the structure clearly requires a linking group,
the Markush variables listed for that group are understood o be linking groups.

The term “n-membered” where n s an integer typically describes the number of ring-
forming atoms in a moicty where the number of ring-forming atoms is n. For example,
piperidinyl is an example of a 6-membered heterocycloalkyl ring, pyrazolyl is an example of
a S-raembered heteroarvl ring, pyridyl is an example of 3 6-merabered beteroaryl ring, and
[.2.3 4-tetrahydro-naphthalene is an example of a 10-membered cycloalkyl group.

As used herein, the phrase “optionally substituted™ means unsubstituted or
substituted. The substituents are independently selected. and substitution may be at any
chemically accessible position. As used herein, the term “substituted” means that a hydrogen
atoin is removed and replaced by a substituent. A single divalent substituent, e.g., oxo, can
replace two hydrogen atoms. It is to be understood that substitution at a given atom is limited

by valency.
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As used herem, the phrase “each “variable’ is mdependently selected from” means
substantiallv the same as wherein “at each occurence “variable” is selected from.”

Throughout the definitions, the term “C..,” indicates a range which includes the
endpoints, wherein n and m are integers and indicate the mumber of carbons. Examples
include Cis, Cia, Cis, and the like.

As used herein, the term “Cnalkyl”, employed alone or in combination with other
terms, refers to a saturated hydrocarbon group that maay be straighi-chain or branched. haviag
1 to m carbons. Examples of alkyl moieties include, but are not limited to, chemical groups
such ag methyl (Me), ethyl (Et), n-propyl (»-Pr), isopropyl (iPr), n-butyl, fert-butyl, isobutyl,
sec-butyl; higher homologs such as Z-methyl-[-butyl, n-pentyl, 3-pentyl, n-hexyl, 1,2,2-
trimethylpropyl, and the like. In some embodiments, the alkyl group contains from 1 to 6
carbon atoms, from 1 to 4 carbom atoms, from 1 to 3 carbon atoins, or 1 to 2 carbon atoms.

As used herein, “C.y, alkenyl” refers to an alkyl group having one or more double
carbon-carbon bonds and having n to m carbons. Example alkenyl groups include, but are not
limited to, ethenyl, n~-propenyl, isopropenyl, #-butenyl, sec-butenvl, and the like. In some
embodiments, the atkenyt moiety contains 2 to 6, 2 to 4, or 2 to 3 carbon atoms.

As used herein, “Cr. alkynyl” refers to an alky] group having one or more triple
carbon-carbon bonds and having n to m carbons. Example alkvnyl groups mclude, but are not
timited to, ethvnyl, propyn-1-vl, propyn-2-yt, and the like. In some embodiments, the alkynyl
moicty contains 2 to 6, 2 to 4, or 2 to 3 carbon atoms.

As used herein, the term “Ch.p alkoxy”, emploved alone or in combination with other
terms, refers to a group of formula-G-alkyl, wherein the alkvl group has n to o carbons.
Example atkoxy groups include, but are not limited to, methoxy, ethoxy, propoxy (e.g., 1-
propoxy and 1sopropoxy), butoxy (e.g., n-butoxy and fers-~butoxy). and the like. In some
embodiments, the alkyl group has 1to 6, | to 4, or | to 3 carbon atoms.

As used herein, the term “amino” refers to a group of formula ~NHo.

As used herein, the terin “aryl”, employed alone or in combination with other terms,
refers to an aromatic hvdrocarbon group, which may be monocyclic or polycvelic (e.g.,
having 2, 3, or 4 fosed rings). The term “Cumarvl” refers to an aryl group having from o o m
ring carbon atoms. Aryl groups include, ¢.g., phenyl, naphthyl, anthracenyl, phenanthrenyl,
indanyl, indenyl, and the like. In some embodiments, aryl groups have from 5 to 14 carbon
atomns. In some einbodiments, the ary! group has from 3 to 10 carbon atoms. In sone
embodiments, the arvl group is phenyl or naphthyl. ln some embodiments, the arvl group is

pheayl,
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As used herem, “halo” refers to F, Cl, Br, or I. In some embodiments, a halo 1s ¥, CI,
or Br. In somne embodiments, a halo is F or ClL 1a some embodiments, a halo is F. In somne
embodiments, a halo is Cl.

>

As used herein, “Cr.q haloalkoxy” refers to a group of formula —O-haloalkyt having n
to m carbon atoms, Example haloalkoxy groups include OCF: and OCF,. An example
haloalkoxy group is OCHI. In some embodiments, the haloalkoxy group is fluorinated only.
In some embodiments, the alkyl group has 1 to 6, 1 to 4, or 1 to 3 carbon atoms.

As used herem, the term “Ch. haloalky]l”, emploved alone or i combination with
other terms, refers to an alkyt group having from one halogen atom to 2¢+1 halogen atoms

El

which may be the same or different, where “s” is the nmumber of carbon atoms in the alkyl
group, wherein the alkyl group has n to m carbon atoms. In some embodiments, the haloalkyl
group 1s fluorinated only. In some embodiments, the alkyl group bas 110 6, 1to 4, or 1 to 3
carbon atoms. Exampic haloatkyl groups inelade CF; OoFs, CHE,, CCL, CHCEL, 0k and
the like.

As used herein, the term “thio” refers to a group of formula-SH.

As used herein, the term “carbamyl” to a group of formula —~C(GYNTH..

As used herein, the terin “carbony!l”, eraployed alone o 1n combination with other
terms, refers to a -C(O)- group.

As used herein, “cycloalkyl” refers to non-aromatic cyclic hydrocarbons including
cyclized alkyl and alkenyl groups. Cycloalkyl groups can include mono-~ or polycyclic (c.g.,
having 2. 3, or 4 fused rings) groups, spirocycles, and bridged rings (e.g.. a bridged
bicycloalkyl group). Ring-forming carbon atoms of a cycloalkyl group can be optionally
substituted by oxo or sulfido (e.g., C(O) or C(8)). Also included in the defimition of
cycloalkyl are moieties that have one or more aromatic rings fused (i.c., having a bond in
common with) to the cycloalkyl ring, for example, benzo or thienyl derivatives of
cyclopentane, cyclohexane, and the like. A cycloalkyl group contaiming a {used aromatic ring
can be attached through any ring-forming atom including a ring-forraing atora of the fused
aromatic ring. Cycloalkyl groups canhave 3,4, 5.6, 7, 8,9, 10, 11, 12, 13, or 14 ring-forming
carbons (i.2., Cs.14). In some embodiments, the cycloalkyl is a Cs.igmonocyclic or bicyclic
cycloalkyl. In some embodiments, the cycloalkyl is a Csymonocyclic cycloalkyl. In some
embodiments, the cycloalkyl is a Cys.y monocyclic cycloalkyl. In some embodiments, the
cycloalkyl is a Ca.o spirocycle or bridged cycloalkyl {e.g., a bridged bicycloalky! group).
Example cycloalkyl groups include cyclopropyvl, cyclobutyl, cyclopentyl, cyvclohexyl,

cycloheptyvl, cyclopentenyl, cyclohexenyl, cvelobexadienyl, cveloheptatrienyl, norbornyl,
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norpinyl, norcarnyl, cubane, adamantane, bicyclo[1.1. 1 ]penty], bicyclo|2.1.1}hexyl,
bicyclof2.2. 1 heptanyl, bicvelof3.1. 1 heptanyl, bicvcle|2.2.2]octanyl, spirof3 3 Theptanyl, and
the like. In some embodiments, cycloalkyl is cyclopropyl, cyclobutyl, cyclopentyl, or
cyvclohexyl

As used herein, “heteroaryl” refers to a monocyclic or polvevclic (e.g., having 2, 3, or
4 fused rings) aromatic heterocvele having at least one heteroatom ring member selected from
N. 3, §, and B. In some embodiments, the heteroaryl ring has 1, 2, 3, or 4 heteroator ring
members independently selected from N, O, S and B. In some embodiments, any ring-
forming N in a heteroaryl moiety can be an N-oxide. In some embodiments, the heteroaryl is
a 5-10 membered monocvelic or bicyclic hetercaryl having 1, 2, 3, or 4 heteroatom ring
members independently selected from N, O, S, and B. [n some embodiments, the heteroaryl is
a 5-6 monocyclic heteroaryl having 1, 2, or 3 heteroatom ring members independently
selected from N, O, S, and B. In some embodiments, the heteroaryl is a five~-membered or six-
membereted heteroaryl ring. A five-membered heteroaryt ring 1s a heteroaryl with a ring
having five ring atoms wherein one or more (¢.g., 1, 2, or 3) ring atoms are independently
selected from N, O, 5, and B. In some embodiments, the heteroaryl group contains 3 (o 14, 4
to 14,310 7, or 5 to 6 ring-forming atoms. In some embodiments, the heteroaryl group has 1
to 4 ring-formmg heteroatoms, 1 to 3 ring-forming heteroatoms, 1 to 2 ring~forming
heteroatoms or 1 ring-forming heteroatom. When the heteroaryl group contains more than one
heteroatoin ring meinber, the hetercatoms may be the same or different. Exarmaple heteroaryl
groups inclade, but are not limited to, pyridine, pyrimidine, pyrazine, pyridazine, pyrrole,
pyrazole, azolyl, oxazole, isoxazole, thiazole, isothiazole, imidazole, furan, thiophene,
triazole, tetrazole, thiadiazole, quunoling, isogquinoline, indole, benzothiophene, benzofuran,
benzisoxazole, imidazo[ 1, 2-bjthiazole, purine, triazine, thieno}3.2-b{pyridine, nmdazof1,2-
ajpyridine, 1,5-naphthyridine, 1 H-pyvrazolof4,3-b]pyridine, and the like.

A five-membered heteroaryl is a heteroaryl group having five ring-forming atoms
wherein one or more {e.g., 1, 2, or 3} of the ring-forming atorus are independently selected
from N, O, B, and 5. Exemplary five-membered ring heteroaryls are thienyl, furyl, pyrrolyl,
imidazolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolvl, isoxazolyl, 1,2,3-triazolyl, tetrazolyl,
1,2, 3-thiadiazeolyl, [,2,3-oxadiazolyl, 1.2 4-triazolyl, 1,2 4-thiadiazolyl, 1,2.4-oxadiazolvl,
1.3.4-triazolyl, 1,3,4-thiadiazolyl, 1.3 4-oxadiazolyl and 1.2-dihydro-1,2-azaborine.

A six~meinbered heteroaryl ring is a heteroaryl with a ring having six ring-forming

atoms wherein one or more (e.g., |, 2, or 3) ring atoms are independently selected from N, O,
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S, and B. Exemplary six-membered ring heteroaryls are pyridyl, pyrazinyl, pvrimidinyl,
triazinyl and pyridazinyl.

As used herein, “heterogycloalky!” refers to monocyclic or polyeyclic heterocycles
having at least onc non-aromalic ring (saturated or partially saturated ring), wherein one or
more of the ring-forming carbon atoms of the heterocycloalkyl is replaced by a heteroaton
selected from N, O, S, and B, and wherein the ring-forming carbon atoms and heteroatoms of
a heterccyeloalkyl group can be optionally subsiituted by one or more oxe or sulfide (e.g.,
CO), SOy, C(8), or S(O)s, etc). Heterocycloalkyl groups include monocyclic and polyevclic
(e.g., having 2. 3, or 4 fused rings) systems. Included in heterocycloalkyl are monocyclic and
polycyclic 3~14-, 4-14-, 3-10~, 4-10-, 5-10-, 4-7-, 5-7-, 5-6-, 5~ or 6~ membered
heterocycloalkyl groups. Heterocycloalkyl groups can also include spirocycles and bridged
rings (2.2., a 5-14 membered bridged bibeterocycloalkyl ring having one or more ring-
forming carbon atoms replaced by a heteroatom independently selected from N, O, S, and B).
The heterocycloalkyl group can be attached through a ring-forming carbon atom or a ring-
forming heteroatomn. In some embodiments, the heterocycloalkyl group contains 0 to 3 double
bonds. In some embodiments, the heterocycloalkyl group contains 0 to 2 double bonds.

Example heterocycloalkyl groups include pyrrolidonyl, pyrrolidin-2-one, 1,3-
isoxazolidin-2-one, pyranyl, tetrahvdropyran, oxetanyl, azetidimyl, morpholinyl,
thiomorpholino, piperazinyl, tetrahy drofuranyl, tetrahy drothienyl, piperidinyl, pyrrolidinyl,
isoxazolidinyl, isothiazolidinyl, pyrazolidinyl, oxazolidinyl., thiazolidinyl, iinidazolidinyl,
azepanyl, 1.2 3 4-tetrahydroisoquinoline, benzazapene, azabicyclo]3.1.0hexanyl,
diazabicyclo[3.1.¢]hexanyl, oxabicyclo]2.1.ithexanvl, azabicyclo]2.2. 1 fheptanyl,
diazabicvclof2.2.1}heptanyl, azabicyclof3.1.1}heptanyl, diazabicyclo{3. . [ Theptanyl,
azabicyclo[3.2 1]octanyl, diazabicyclo}3.2.1]octany], oxabicyclo[2.2.2]octanyl,
azabicyclo|2.2 Zjoctanyl, azaadamantanyl, diazaadamantanyl, oxa-adamantanyl,
azaspiro]3 .3 heptanyl, diazaspiro[3.3]heptanyl, oxa-azaspiro[3.3heptanyl,
azaspiro[3 4]octanvl, diazaspiro[3.4]octanvl, oxa-azaspirof3.4]octanyl, azaspire[2.5]octanyl,
diazaspiro{2.5]octanyl, azaspiro{4.4|nonanyl, diazaspiro[4.4|nonanyl, oxa-
azaspirol4 4juonanvl, azaspiro[4.5]|decanyl, diazaspiro[4.5]decanyl, diazaspiro[4.4|nonanyl,
oxa-diazaspiroj4.4inonanyl and the like. In somme embodunents, the heterocycloalky! group is
pyrrolidonyl, pyrrolidin-2-one, 1,3-1soxazolidin-2-one, pyranyl, tetrahydropuran, oxetanyl,
azetidiny L, morpholinyl, thiomorpholino, piperazinyl, tetrahydrofuranyl, tetrabydrothienyl,
piperidinyl, pvrrolidinyl, isoxazolidinyl, isothiazolidinyl, pyrazolidinyl, oxazolidinyl,

thiazolidinyl, imidazolidinyl, or azepanyl.
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In some embodiments, the heterocycloalkyl group contains 3 to 14 ring-forming
atoms, 4 to 14 ring-forming atoms, 3 to 7 ring-forming atoms, or 5 to 6 ring-forming atoms.
In some embodiments, the heterocycloalkyl group has 1 to 4 heteroatoms, | to 3 heteroatoms,
1 to 2 hetercatoms or 1 heteroatom. Fn some embodiments, the heterocycloalkylis a
meonocyclic 4-6 membered heterocycloalkyl baving 1 or 2 hetercatoms independently selected
from N, O, 5, and B and having on¢ or more oxidized ring members. In some embodiments,
the beterocycloalkyl is a monocyclic or bicyclic 4-10 membered beterocycloalkyl having 1, 2,
3, or 4 heteroatoms independently selected from N, O, S, and B and having one or more
oxidized ring members.

As used herein, an “alkyl linking group” is a bivalent straight chain or branched alkyl
Iimking group (“alkylene group™). TFor example, “Copcycloalkyl-Comalkyl-”, “Coparyi-Cira
alkyl-", “phenvl-Chrmalkyl-", “heteroaryl-Cry alkyl-", and “heterocycloalkyl-Chamalkyl-"
contain alkyl linking groups. Examples of “alky] linking groups™ or “alkvlene groups” include
methylene, ethan-1,1-div], ethan-1,2-divl, propan-1,3-dilyl, propan-1,2-diyvl, propan-1, 1-diyl
and the like.

At certain places, the delinitions or embodiments refer to specific rings {e.g., an
azetidine ring, a pyridine ring, ¢ic.). Unless otherwise indicated, these rings can be attached to
any ring member provided that the valency of the atom 1s not exceeded. For example, an
azetidine ring may be attached at any position of the ring, whereas a pyridin-3-yl ring is
attached at the 3-position.

As used herein, the term “oxo” refers to an oxvgen atom (1.¢., =0) as a divalent
substituent, forming a carbonyl group when atiached to a carbon (e.g., C=0 or C(O)), or
attached to a nitrogen or sulfur heteroatom forming a nitroso, sulfiny! or sulfonyl group.

As used herein, the term “independently selected from™ means that each occurrence
of a variable or substituent are independently sclected at each occurrence from the applicable
bist.

The compounds described hercin can be asvnunetric (¢.g., having one or more
stereocenters). All stereoisomers, such as enantiomers and diastereomers, are mtended unless
otherwise indicated. Compounnds of the present disclosure that contain asyrametrically
substituted carbon atoms can be isolated in optically active or racemic forms. Methods on
Low to prepare optically active forms (rom optically inactive starting materials are known in
the art, such as by resolution of racemic mixtures or by stercosclective synthesis. Many
geometric 1somers of olefins, C=N double bonds, and the like can also be present in the

compounds described herein, and all such stable isomers are contemplated i the present
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invention. Cis and frans geometric isomers of the compounds of the present disclosure are
described and may be isolated as a maixture of isomers o as separated isomeric forms. 1o
some embodiments, the compound has the (Rj-configuration. In some embodiments, the
compound has the (S)-configuration. The Formulas (e g., Formula (1), (ID, etc.) provided
herein imclude stercoisomers of the compounds.

Resolution of racemic mixtures of compounds can be carried out by any of numerous
methods known in the art. An example method includes fractional recrystallizaion using a
chiral resolving acid which 1s an optically active, salt-forming organic acid. Suitable resolving
agents for fractional recrystallization methods are, for example, optically active acids, such as
the D and L. forms of tartaric acid, diacetyltartaric acid, dibenzoyltartaric acid, mandelic acid,
malic acid, lactic acid or the various optically active camphorsulfonic acids such as B-
camphorsulfonic acid. Other resolving agents suitable for fractional crystallization methods
mclude stereoisomerically pure forms of a~-methylbenzylamine {e.g., 5 and R forms, or
diastercomerically pure forms), 2-phenylglyeinol, norephedrine, ephedrine, N-
rethylephedrine, cyclohexylethylamine, 1,2-diaminocyclohexane, and the like.

Resolution of racemic mixtures can also be carried out by ¢lution on a column packed
with an optically active resolving agent {e.g., dinitrobenzovlphenylglycine). Suitable elution
solvent composition can be determined by one skilled in the art.

Compounds provided herein also include tautomeric forms. Tautomeric forms result
from the swapping of a single bond with an adjacent double bond together with the
concomitant migration of a proton. Tautomeric forms mclude prototropic tantomers which are
isomeric protonation states baving the sarae empirical formula and total charge. Example
prototropic tautomers nclude ketone — enol pairs, amide- imidic acid pairs, lactam - lactim
pairs, enamine — imine pairs, and annular forms where a proton can occupy two or more
positions of a heterocyclic systera, for exaraple, 1H- and 3H-imidazole, 1H-, 2H- and 4H-
1,2,4-tnazole, 1H- and 2¥I- isoindole, 2-hydroxypyridine and 2-pyridone, and 1H- and 2H-
pyrazole. Tantomeric forms can be in equilibrinm or sterically locked tnto one forra by
appropriate substitution.

All compounds, and pharmaceutically acceptable salts thereof, can be found together
with other substances such as water and solvents (e.g. hydrates and solvates) or can be
isolated.

In some embodiments, preparation of compounds can involve the addition of acids or
bases to affect, for example, catalysis of a desired reaction or formation of salt forms such as

actd addition salts.
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In some embodiments, the compounds provided herein, or salts thereof, are
substantially isolated. By “substantially isolated™ is meant that the compound is at least
partially or substantially separated from the environment in which it was formed or detected.
Partial separation can include, for example, a composition enriched in the compounds
provided herein. Substantial separation can include compositions containing at least about
50%. at least about 60%, at least about 70%, at least about 80%. at least about 90%, at least
about 93%, at least about 97%, or at least about 99% by weight of the compounds provided
herein, or salt thereof. Methods for isolating compounds and their salts are routine m the art.

The term “compound” as used herein 1s meant to mclude all stereoisomers, geometric
isomers, tautoiners, and isotopes of the structures depicted. Compounds herein identified by
name or structure as one particular tautomeric form are intended to mclude other tautomeric
forms unless otherwise specified.

The phrase “pharmaceutically acceptable™ is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, alergic response, or other problem or
commplication, comunensurate with a reasonable benefit/risk ratio.

The present application also includes pharmaceutically acceptable salts of the
compounds described herein. As used herein, “pharmaceutically acceptable salts”™ refers to
derivatives of the disclosed compounds wherein the parent compound is modified by
converting an existing acid or base moicty to its salt form. Examples of pharmaceutically
acceptable salts include, but are not limited to, mingcral or organic acid salts of basic residues
such as amines; alkali or organic salts of acidic residues such as carboxylic acids; and the like.
The pharmaceutically acceptable salts of the present disclosure include the conventional non-
toxic salts of the parent compound formed, for example, from non-toxic inorganic or organic
acids. The pharmaceutically acceptable salts of the present disclosure can be synthesized from
the parent compound which contains a basic or acidic motety by conventional chemical
methods. Gengerally, such salts can be prepared by reacting the free acid or base forms of
these compounds with a stoichiometric aracunt of the appropriate base or acid in water or in
an organic solvent, or in a mixture of the two; generally, non-agucous media like cther, ethyl
acetate, alcohols (e.g.. methanol, ethanol, iso-propanol, or butanol) or acetonitrite (ACN) are
preferred. Lists of suitable salts are found in Remington's Pharmaceutical Sciences, 17th ed.,
Mack Publishing Company, Easton, Pa., 1985, p. 1418 and Journal of Pharmaceutical

Science, 66, 2 (1977), each of which is incorporated herein by reference 1n its cntirety.
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Svnthesis
As will be appreciated by those skilled in the art, the compounds provided herein,
mcluding salts and stercoisomers thereof, can be prepared using known organic synthesis

technigques and can be synthesized according to any of numerous possible synthetic routes.

Scheme 1
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Compound of formula 18 can be prepared via the synthetic route as outlined m
Scheme 1. The commercially available starting material 1 can undergo a halogenation
reaction, such as electrophilic aromatic substitution (SeAr), with an appropriate reagent, such
as N-bromosuccinimide {NBS), to afford compound 2 (Hal is a halide, such as F, CI, Br, or I).
Condensation of compound 2 with a carbonyl adduct of formula 3 at elevated temperature can
generate the bicyclic compound 4. Selective chloride displacement of compound 4 via either
nucleophilic substitution, or a coupling reaction, with compound 3 can deliver compound 6.
Compound 6 can then be selectively coupled to an adduct of formula 7, in which M is a
boronic acid, a boronic ester or an appropriately substituted metal [e.g., M is B(OR),,
Sn{AlkyDs, Zn-Hal, etc.], under standard Suzuki cross-coupling conditions {(e.g., in the
presence of a palladiom catalyst and a suitable base), or standard Stille cross-coupling
conditions {e.g., in the presence of a palladium catalyst), or standard Negishi cross-coupling
conditions (¢.z., in the presence of a palladiom catalyst), to give a derivative of forinula 8.
Introduction of Cy! can then be achieved by the coupling of compound 8 with an adduct of
formula 9, using similar conditions as described for the preparation of compound 8 from

compound 6, to atford compound 10.
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Aliernatively, compound of formula 10 can be prepared via the synthetic route as
outlined in Scheme 2. The commercially available starting materiat 11 can undergo a
coupling reaction with an adduct of forinula 9, in which M is a boronic acid, a boronic ester
or an appropriately substituted metal {e.g., M is B(OR),, Sn(Alkyv1)s, Zn-Hal, etc.|, under
standard Suzuki cross-coupling conditions (¢.g., in the presence of a palladium catalyst and a
suitable base), or standard Stille cross~-coupling conditions {¢.g., in the presence of a
palladium catalyst), or standard Negishi cross-coupling conditions (e.g., in the presence of a
palladium catalyst), to give a derivative of formula 12. Compound 12 can undergo a
halogenation reaction, such as electrophilic aromatic substitution {(SgAr), with an appropriate
reagent, such as N-bromosuccinimide (NBS), to afford comapound §3 (Hal is a halide. such as
F, Cl, Br, or ). Coupling of corapound 13 with an adduct of formula 7, using similar
conditions as described for the preparation of compound 12 from compound 11, can afford
compound 14. Condensation of compound 14 with a carbonyl adduct of formula 3 at clevated
temperature can generate the bicyclic compound 15. Treatment of compound 15 with an
appropriate reagent, such as phosphoryl chloride (PCCls), at elevated temperature can afford
the halide adduct 16. Displacement of the halogen in compound 16 via nucleophilic

substitution, or a coupling reaction, with adduct 5 can then afford compound 186

WO 2019/168847 PCT/US2019/019582
Scheme 2
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Scheme 3
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Compound 18 can be prepared via the synthetic route (Route A) as outlined in
Scheme 3. Compound 18 can {irst undergo a halogenation reaction, such as electrophilic
5  aromatic substitution (SgAr), with an appropriate reagent, such as N-bronosuccinimide
(NBS), to afford compound 17 (Hal is a halide, such as F, Ct, Br, or I). R’ can then be
introduced either via nucleophilic substitution, or a coupling reaction, to afford compound 18.
Alternatively, compound 10 can undergo a direct chemical transformation, such as

electrophitic substitution, to generate compound 18 (Route B).

10 Scheme 4
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Compound 18¢ can be prepared via the synthetic route as outlined in Scheme 4
starting from compound 18a, which can be prepared as described in either Scheme 1 or

Scheme 2. Ester hydrolysis of compound 10a using an appropriate reagent, such as lithiumn

—
(8]

hydroxide (LiOH), can dehiver carboxylic acid 1¢h, which can then be coupled with amine 19
using an appropriate coupling reagent (such as HATU, BOP, or PyBOP) to afford compound
i6e.
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Alternatively, compound 8¢ can be prepared using the synthetic route as outhined in
Scheme 5. The commercially available starting material 24 can undergo a coupling reaction
with an adduct of formula 9, in which M is a boronic acid, a boronic esier or an appropriately
substituted metal [e.g., M is B(OR},, Sn(Alkyl)s, Zn-Hal, etc. ], under standard Suzuki cross-
coupling conditions (e.g., in the presence of a palladium catalyst and a switable base), or
standard Stille cross-coupling conditions (e.g.. in the presence of a palladium catalyst), or
standard Negishi cross-coupling conditions (e.g., in the presence of a palladium catalyst), to
give a dertvative of formula 21. Compound 21 can then be subjected to a halogenation
reaction, such as electrophilic aromatic substitution (SpAc), with an appropriate reagent, such
as N-bromosuccinimide (NBS), to afford compound 22 (Hal 1s a halide, such as F, CL, Br, or
1). Condensation of compound 22 with a carbonyt adduoct of formula 3a at elevated
temperature can generate the bicvclic compound of formula 23, Oxidation of compound 23
with an appropriate oxidant, such as mCPBA, followed by nucleophilic substitution with a
protected arsine adduct 24 can deliver compound 25. Ester hydrolysis of corapound 25 in the
presence of an appropriate reagent, such as lithium hydroxide (LiOH), can gencrate the
corresponding carboxylic acid, which can then be coupled with an amine adduct of formula
19, using an appropriate coupling reagent (such as HATU, BOP, or PyBOP), to afford
compound 26. Allernatively, compound 26 can be accessed by reacting compound 25 directly
with amine adduct 19 at clevated temperature. Finally, introduction of Cy? can be achieved by
the coupling of compound 26 with an adduct of formula 7, using similar conditions as
described for the preparation of compound 21 from componnd 28. The protecting group (PG)
can then be removed under appropriate conditions to afford compound 10¢. Alternatively,
compound 18¢ can also be prepared by first removat of the protecting group (PG) in

compoeund 26, followed by the coupling reaciion with adduct 7.
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Scheme 6
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Compound 18¢ can also be prepared using the synthetic route as outlined in Scheme
6. Compound 22 (prepared as described in Scheme 5) can first underge a coupling reaction
5  with an adduct of formula 7, in which M is a boronic acid, a boronic ester or an appropriately
substituted metal Je.g., M is B(OR);, Sn(Alkyl)s, Zn-Hal, etc ], under standard Suzuki cross-
coupling conditions (¢.g., in the presence of a palladium catalyst and a suitable base), or
standard Stille cross-coupling conditions (e.g.. 1n the presence of a palladium catalyst), or
standard Negishi cross-coupling conditions (e.g., in the presence of a palladmum catalyst), to
10 give a derivative of formula 27. Condensation of compound 27 with a carbonyl adduct of
formiula 3a at elevated temperature can generate the bicyche compound of formata 28.

Compound 28 can then react with amine 19 and amine S, i either order, to afford Compound

idc.
Scheme 7
o 1
z_.a\%\i(NHz . )K/Hai SN # =N oyt-m MY \7%\/—“4
i R30,0 =T i COR®
, WA 9 ; V. 2
N~\\[,N % N g N _—2 Ny N .
N, NH, NH,
29 30 31
Hal Hat

: o
Cyt\)\r N HNRARE oyt H\rN MNRIRA P .
7 Ny R J Cy2 - { )
) COR’ 19 W 7 v \[/’K(/N NRR?

A 0 T e

Y e
NH, NH, NH,

32 33 10d
Compounds 19d can be prepared using the synthetic route as outlined 1n Scheme 7.
Condensation of commercially available starting material 29 with a carbony! adduct of

formula 3a at elevated temperature can generate the bicyclic compound of formula 3.
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Compound 30 can then undergo a coupling reaction with an adduct of formula 9, in which M
is a boronic acid, a boronic ester or an appropriately substituted metal [e.g., M is B(OR),,
Sn(AlkyDs, Zn-Hal, etc. |, under standard Suzuki cross-coupling conditions (e.g., in the
presence of a palladium catalyst and a suitable base). or standard Stille cross-coupling
conditions (e.g., in the presence of a palladiwn catalyst), or standard Negishi cross-coupling
conditions (e.g., in the presence of a palladium catalyst}, to give a derivative of formula 31.
Corapound 31 can then be subjected to a halogenation reaction, such as electrophilic aromatic
substitution (SgAr), with an appropriate reagent, such as N-bromosuccmimide (NBS), to
afford compound 32 {Hal is a halide, such as F, Cl, Br, or 1). Ester hydrolysis of compound 32
in the presence of an appropriate reagent, such as lithium hydroxide (1LiOH), can generate the
corresponding carboxylic acid, which can then be coupled with an amine adduct of formula
19, using an appropriate coupling reagent (such as HATU, BOP, or PyBOP), to afford
compound 33. Alternatively, compound 33 can be accessed by reacting compound 32 directly
with amine adduct 19 at clevated temperature. Introduction of Cy? can then be achieved by
the coupling of compound 33 with an adduct of formula 7, using similar conditions as

described for the preparation of compound 31 from compound 34, to afford compound 16d.

Scheme 8
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Compounds of formula 40 can be synthesized via the synthetic route outlined in
Scheme 8. Starting matenial 34 first undergoes a cross-coupling reaction with reagent 9 to
generate compound 35, in which M is a boronic acid, boronic ester of an appropriately
substituted metal [e.g.. M is B(OR)., Sn{Alkyl)s, or Zn-Hal], under standard Suzuki cross-
coupling conditions (e.g., in the presence of a palladivm catalyst and a suitable base), or
standard Stille cross-coupling conditions (e.g., in the presence of a palladium catalyst), or
standard Negishi cross-coupling conditions (e.g., in the presence of a palladium catalysty. A

mucleophilic aroraatic substitution (SnAr) reaction of compound 35 with hydrazide 36 then

PCT/US2019/019582
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affords compound 37, which undergoes a cyclization reaction at elevated temperature in the
presence of a suitable reagent, such as V. O-bis(trimethylsilylacetamide, to produce bicycle
38. Halogenation of 38 with an appropriate reagent, such as N-bromosuccinimide (NBS),
atfords compound 39. The final product 44 can be prepared by a cross-couphing reaction
between compound 39 and a derivative of formula 7, using similar procedures as described
for the preparation of compound 35 from starting material 34. At various stages during this
synthetic sequence, the R? group can be further functionalized as seen appropriate.

Scheme 9
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Compounds of formula 47 can be synthesized via the synthetic route outlined in
Scheme 9. Sclective nucleophilic aromatic substitution (SnAr) reaction of starting material 1
with amine 41 (PG represents a suitable protecting group, such as 4-raethoxybenzyl) affords
compound 42. Compound 42 can then be cvelized to intermediate 43 via appropriate chemical
transformations, such as a two-step sequence using (O-cthyl carbonisothiocyanatidate and
hydroxylamine hydrochoride. A cross-coupling reaction between 43 and a reagent of formula
9. 1n which M 1s a boronic acid, boronic ester or an appropriately substituted metat [e.g., M is
B(OR),, Sn(AlkyDs. or Zu-Halj, under standard Suzuki cross-coupling conditions (e.g., in the
presence of a palladium catalyst and a suitable base}, or standard Stille cross-coupling
conditions {e.£., in the presence of a palladiom catalyst), or standard Negishi cross-coupling
conditions (e.g., in the presence of a palladiwn catalyst), will generate intermediate 44,
Halogenation of 44 using a suitable reagent, such as N-bromosuccinimide (NBS), gives
compound 45. A cross-coupling reaction betsveen 45 and a derivative of formula 7, using
similar procedures as described for the preparation of compound 44 from compound 43,
generates intermediate 46. The amino group of 46 can then be functionalized using suitable
chemical transformations, such as Buchwald-Hartwig couplmg conditions m the presence of a
palladium catalyst {e.g., chloro(2-dicyclohexylphosphino-2'.4".6"-triisopropyl-1,1'

biphenyl){2-(2'-amine-1,1"-biphenyl)jpalladium(ll)) and a base (e.g., sodivm feri~butoxide),
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or reductive amination conditions (e.g., in the presence of a suitable hydride soure), or
Strecker reaction conditions (e.g., in the presence of a suitable cyanide source), followed by

protecting group removal to afford product 47,

Scheme 18
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Compounds of formula 16-7 can be synthesized via the synthetic route outlined in
Scheme 18, Advanced intermediate 10-1 (which can be prepared using svnthetic procedures
as outlined in Scheme 8) first undergoes a halogenation reaction (using an suitable reagent,
such as thionyl chioride} to generate compound 16-2 (Hal is a halide, such as F, Cl, Br, or D).
Compound 16-2 can then be subjected to a cross-coupling reaction with reagents of formula
18-3, in which M is a boronic acid, boronic ester or an approprialely substituted metal [e.g.,
M is B(OR),, Sn(Alkyl)s, or Zn-Hal], under standard Suzuki cross-coupling conditions (e.g.,
m the presence of a palladium catalyst and a suitable base), or standard Stille cross-couplng
conditions {e.£., in the presence of a palladiom catalyst), or standard Negishi cross-coupling
conditions {e.g., in the presence of a palladium catalyst), to afford compound 16-4. The
hydroxyl group in 18-4 can then be converted to a halogen to provide compound 16-5 (using
similar procedurcs as described for the conversion of 16-1 to 18-2). Product 16-7 can then be
prepared from intermediate 18-5 and reagents of formula 16-6, using an appropriate

transformation, such as a aucleophilic substitution (Sn2) reaction.



05 Dec 2022

2022283611

10

15

20

25

30

WO 2019/168847 PCT/US2019/019582

Scheme 11
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Compounds of formula 11-2 can be synthesized via the synthetic route outlined in
Scheme 11. Intermediate 18-2 (whicli can be prepared using synthetic procedures as outlined
in Scheme 10, Hal is a halide, such as F, Cl, Br, or 1) can undergo a nucleophic substitution

reaction{Sy2) with reagent of formula 11-1, (o afford compound 11-2.

Methods of Use

The compounds of the present disclosure can modulate the activity of adenosine
receptors, such as subtypes A2A and A2B receptors. Accordingly, the compounds, salts or
stercoisomers described herein can be used in methods of inhibiting adenosine receptors (e.g.,
A2A and/or AZB receptors) by contacting the receptor with any one or more of the
compounds, salts, or compositions described herem. In some embodiments, the compounds or
salts can be used in methods of ishibiting activity of an adenosine receptor in an
individual/patient in need of the inhibition by administering an effective amount of a
compound or salt of described heremn. 1n some embodiments, modulating 1s mhibiting. In
some emnbodiments, the contacting is in vivo. In some embodiments, the contacting is ex vivo
or in vitro.

The compounds or salts described herein can be selective. By “selective,” it is meant
that the compound binds to or inhibits an adenosine receptor with greater affinity or potency,
respectively, compared to at least one other receptor, kinase, etc.. The compounds of the
present disclosure can also be dual antagonists (i.¢., imhibitors) of adenosine receptors, ¢.g.,
A2A and A2B adenosine receptors.

Anaother aspect of the present disclosure pertains to raethods of treating an adenosine
receptor associated disease or disorder in an individual (e.g., patient) by administering to the
individual in need of such treatment a therapeutically effective amount or dose of one or more
coinpounds of the present disclosure or a pharmaceutical composition thereof. An adenosine
receptor associated disease or disorder can include any disease, disorder or condition that 1s
directly or indirectly linked to expression or activity of the adenosine receptor, including

overexpression and/or abnormal activity levels.
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The compounds of the present disclosure are useful in the treatment of diseases
related to the activity of adenosine receptors including, for example, cancer, inflammatory
discases, cardiovascular diseases, neurodegenerative diseases, immunomodulatory disorders,
central nerve system discases, and diabetes.

Based on the compelling roles of adenosine, e.g., A2ZA, A2B, receptors in nultiple
immunosuppressive mechanisms, developing mhibitors can boost the immune system to
suppress tumor progression. Adenosing recepior inhibitors can be used to treat, alone or in
combination with other therapies, bladder cancer, lung cancer (e.g., non-small cell lung
cancer (NSCLC), lung metastasis), melanoma (e.g., metastatic melanoma), breast cancer,
cervical cancer, ovarian cancer, colorectal cancer, pancreatic cancer, esophageal cancer,
prostate cancer, kidney cancer, skin cancer, thyroid cancer, liver cancer, uterine cancer, head
and neck cancer, and renal cell carcinoma (Antonioli, L. et al., Nature Reviews Cancer, 2013,
13, 842-857). See also, https://globenewswire.com/news-
release/2017/04/04/954192/0/en/Corvus-Pharmaceuticals-Announces-Interim-Results-from-
Ongoing-Phase-1-~1b~Study-Demonstrating-Safety-and-Clinical-Activity -of-Lead-
Checkpoint-Inlubitor-CP1-444-in-Patients-with-Adva. html; Cekic C. et al., 7 Immuinol, 2012,
188:198-205; lannone, R. et al.,, Am. J. Cancer Res. 2014, 4:172-181 (study shows that both
AZA and CD73 blockade enhance the antitumor activity of anti-CTLA-4 mAb therapy in a
B16F 0 murine melanoma model); lannone, R. et al., Neopiasia, 2013, 15:1400-1410 and
Beavis PA., ctal.,, Proc Natl Acad Sci. USA, 2013, 110:14711-14716 (study shows that A2A
and CD73 blockade decreased metastasis in 4T1 breast tumor model with has high CD73
expression). 1o some embodiments, the prostate cancer is metastatic casirate-resistant prostaie
carcmoma (mCRPC). In some embodiments, the colorectal cancer is colorectal carcinoma
(CRC).

In some cinbodiments, the discase or disorder is lung cancer (e.g., non-small cell lung
cancer), melanoma, pancreatic cancer, breast cancer, head and neck squamous cell carcinoma,
prostate cancer, liver cancer, color cancer, endometrial cancer, bladder cancer, skin cancer,
cancer of the uterus, renal cancer, gastric cancer, or sarcoma. In some embodiments, the
sarcoma is Askin's turmor, sarcoma botryoides, chondrosarcoma, Ewing's sarcora, malignant
hemangicendothelioma, malignant schwannoma, osteosarcoma, alveolar soft part sarcoma,
angiosarcoma, ¢ystosarcoma phyllodes, dermatofibrosarcoma protuberans, desmoid tumor,
desmoplastic small round cell tumor, epithelioid sarcoma, extraskeletal chondrosarcoma,
extraskeletal osteosarcoma, fibrosarcoma, gastroiniestinal stromal tumor (GIST),

hemangicpericytoma, hemangiosarcoma, Kapost's sarcoma, leiorayosarcoraa, liposarcora,
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Ivmphangiosarcoma, lymphosarcoma, malignant peripheral nerve sheath tumor (MPNST),
neurofibrosarcoma, thabdomyosarcoma, synovial sarcoina, or undifferentiated pleomosphic
sarcoma.

In somie emboediments, the disease or disorder 1s mesothelicma or adrenocarcinoma.
In soine erabodunents, the discase or disorder is mesothclioma. In some embodinents, the
discase or disorder is adrenocarcinoma.

MDSC (inyeloid-derived suppressor cells) are a heterogenous group of srumune celis
from the myeloid lineage (a family of cells that originate from bone marrow stem cells).
MBPSCs strongly expand in pathological situations such as chronic infections and cancer, as a
result of an altered haematopoiesis. MDSCs are discriminated from other inyeloid cell tvpes
in which they possess strong immunosuppressive activities rather than immunostimulatory
properties. Similar to other myveloid cells, MDSCs interact with other immune cell types
mcluding T cells, dendritic cells, macrophages and natural killer cells to regulate their
functions. I some embodiments, the compounds, etc. described herein can be used in
raethods related to cancer tissue (e.g., tmnors) with high infiltration of MDSCs, including
solid tumors with high basal level of macroplhage and/or MDSC infiltration.

In some embodiments, the compounds of the disclosure can be used in ireating
pulmonary inflammation, including bleomycin-induced pulmonary fibrosis and njury related
to adenosine deaminase defliciency (Baraldi, et al., Chem. Rev., 2008, 108, 238-263).

In some embodiments, the compounds of the disclosure can be used as a treatment for
mflammatory diseasc such as allergic reactions (e.g., A2B adenosine receptor dependent
allergic reactions) and other adenosine receptor dependent imunune reactions. Further
mflammatory diseases that can be treated by compounds of the disclosure include respiratory
disorders, sepsis, reperfusion injury, and thrombosis.

In some emnbodiments, the compounds of the disclosure can be used as a treatinent for
cardiovascular disease such as coronary artery discase (myvocardial infarction, angina pectoris,
heart failure), cerebrovascular discase (stroke, transient ischemic attack), peripheral artery
disease, and aortic atherosclerosis and ancurvsm. Atherosclerosis is an underlying etiologic
factor in many types of cardiovascular discase. Atherosclerosis begins in adolessence with
fatty streaks, which progress to plaques in adulthood and finally results in thrombotic cvents
that cause occlusion of vessels leading to clinically sigmificant morbidity and mortality.
Antagonists to the A2B adenosine receptor and A2A adenosine receptor may be beneficial in
preventing atherosclerotic plaque formation (Eisenstein, A. et al., J. Cell Physiol., 2015,

230(12), 2891-2897).
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In some embodiments, the compounds of the disclosure can be used as a treatment for
disorders in moior activity: deficiency caused by degeneration of the striatonigral dopaniine
systeny; and Parkinson’s disease; some of the motivational symptoms of depression {(Collins,
L. E. et al. Pharmacol. Biochem. Behav., 2012, 100, 498-505)).

[n some emnbodiments, the compounds of the disclosure can be used as a treatinent for
diabetes and related disorders, such as insulin resistance. Diabetes affects the production of
adenosine and the expression of A2B adenosine receptors {A2BKs) that sténulate 11.-6 and
CRP production, msulin resistance, and the association between A-gR gene single-nucleotide
polymorphisms (ADORA2B SNPs) and imnflammatory markers. The increased A2BR
signaling i diabetes may increase insulin resistance in part by clevating pro-inflanunatory
mediators. Selective A2BR blockers may be useful to treat insulin resistance (Figler, R A et
al. Diabetes, 2011, 60 (2), 669-679).

It is belicved that compounds provided herein, ¢.g., compounds of Formula (1), or any
of the embodiments thereof, may possess satisfactory pharmacological profile and promising
biopharinaceutical properties, such as toxicological profile, metabolism and pharmacokinetic
properties, solubility, and permeability. 1t will be understood that determination of
appropriate biopharmaceutical properties is within the knowledge of a person skilled m the
art, e.g., determination of cytotoxicity in cells or inhibition of certain targets or channels o
determmne potential toxicity.

The terms “individual” or “patient”, used interchangeably, refer to anv animal,
mcluding mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine, cattle,
sheep. horses, or primates, and most preferably humans.

The phrase “therapeutically effective amount” refers to the amount of active compound
or pharmaceutical agent that elicits the biological or medicinal response in a tissue, system,
aniinal, individual or human that is being sought by a rescarcher, veterinarian, medical doctor
or other clinician.

As used herein, the term “treating” or “treatment” refers o one or more of (1)
inhibiting the disease; e.g., inhibiting a disease, condition or disorder in an individual who is
experiencing or displaying the pathelogy or svmptomatology of the disease, condition or
disorder (i.e., arresting further development of the pathelogy and/or symptomatology); and
(2y ameliorating the disease; e.g., ameliorating a disease, condition or disorder in an
individual who is experiencing or displaying the pathology or symptomatology of the disease,
condition or disorder (i.¢., reversing the pathology and/or symptomatology) such as

decreasing the severity of disease.
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In some embodiments, the compounds of the invention are useful in preventing or reducing
the risk of developing any of the discases referred to herein; e.g., preventing or reducing the
risk of developing a disease, condition or disorder in an individual who may be predisposed to
the disease, condition or disorder but does not yet experience or display the pathology or

svmptomatology of the discase.

Combination Therapies

1. Immune-checkpoint therapies

In some embodiments, A2A and A2B dual inhibitors provided herein can be used m
combination with one or more immune checkpoint inhibitors for the treatment of cancer as
described herein. In one embodiment, the combination with one or more immune checkpoeint
inhibitors as described herein can be used for the treatment of melanoma. Compounds of the
present disclosure can be used in combination with one or more immune checkpoint
irthibitors. Exemplary immune checkpoint inhibitors include inhibitors against immune
checkpoint molecules such as CD20, CD2R, CD46, CDI122, CD96, CD73, CD47, GITR,
CSFIR, JAK, PI3K delta, PI3K gamma, TAM, arginase, HPK1, CD137 (also known as 4-
1BB), ICOS, B7-H3, B7-H4, BTLA, CTLA-4, LAG3. TIM3, VISTA, TIGIT, PD-1, PD-L1
and PD-L2. In some embodiments, the immune checkpoint molecule is a stimulatory
checkpoint molecule selected from CD27, CD28, CD40, ICOS, GX40, GITR and CD137. In
some embodiments, the inunune checkpoint molecule 1s an inhibitory checkpoint molecule
selected from A2AR, B7-H3, B7-H4, BTLA, CTLA-4, 1DO, KIR, LAG3, PD-1, TIM3,
TIGIT and VISTA. In soree eubodunesnts, the compounds of the disclosure provided herein
can be used in combmation with one or more agents selected from KIR mhibitors, TIGIT
ithibitors, LAIR1 inhibitors, CD160 inhibitors, 2B4 inhibitors and TGFR beta mhibitors.

[n some einbodiments, the A2A and A2B dual inhibitors provided herein can be used
in combination with one or more agonists of inmune checkpoint molecules, ¢.g., OX40,
CD27, OX40, GITR, and CD137 (also known as 4-1BB).

In some embodiments, the inhibitor of an immune checkpoint molecule is anti~-PD1
antibody, anti-PD-1.1 antibody, or anti-CTLA-4 antibody.

In some embediments, the inhibitor of an immune checkpoint nolecule is an inhibitor
of PD-1, ¢.g., an anti-PD-1 monoclonal antibody. In some embodiments, the anti-PD-1
rmonoclonal antibody is nivolunab, peinbrolizimab (also known as MK-3475), durvalumab
{Imfinzi®), pdilizamab, SHR-1210, PDR0O0T, MGAO12, PDROOTL, AB122 or AMP-224. In

some embodiments, the anti-PD-1 mosnoclonal antibody is nivolumab or pembrolizomab. In

133



05 Dec 2022

2022283611

10

15

20

25

30

WO 2019/168847

some embodiments, the anti-PD1 antibody is pembrolizumab. In some embodiments, the anti-
PD-1 raonockonal antibody 1s MGAOGE2. In some embodinents, the anti-PD1 antibody is
SHR-1210. Other anti~cancer agent(s) include antibody therapeutics such as 4-1BB (e.g.
urclumab, utomilumab.

[n some emnbodiments, the inhibitor of an iinmune checkpoint molecule is an inhibitor
of PD-L1, ¢.g., an anti-PD-L1 moneoclonal antibody. In some embodiments, the anti-PD-L 1
monoclonal antibody is BMS-935559, MEDI4736, MPDL3280A (also known as RG7446), or
MSB0010718C. In some embodiments, the anti-PD-L1 monoclonal antibody is MPDL3280A
or MEDI4736.

In some embodiments, the inhibitor of an immune checkpoint nolecule is an inhibitor
of PD-1 and PD-L1, ¢.g., an anti-PD-1/PD-L1 monoclonal antibody. In some embodiments,
the aoti-PD-1/PD-L1 s MCLA-136.

In some embodiments, the inhibitor is MCLA-143.

Int some embodiments, the inhibitor of an immune checkpoint molecule is an inhibitor
of CTLA-~4, e.g., an anti-CTLA-~4 antibody. In some embodiments, the anti-CTLA-4 antibody
is ipilimumab, tremclimumab, AGEN1884, or CP-675,206.

In some embodiments, the nhibitor of an mymune checkpont molecule is an ishibitor
of LAG3. e.g., an anti-LAG3 antibody . In some embodiments, the anti-LAG3 antibody 1s
BMS-986016, LAGS25, or INCAGN2383.

In some embediments, the inhibitor of an immune checkpoint nolecule is an inhibitor
of TIM3, e.g., an anti-TIM3 antibody . In some embodiments, the anti-TEM3 antibody is
INCAGNZ39G, MBG453, or TSR-622.

In some embodiments, the inhibitor of an immune checkpont molecule is an inhibitor
of GITR, ¢.g., an anti-GITR antibody. In some embodiments, the anti-GITR antibody is
TRX3518, MK-4166, INCAGNI1876, MK-1248, AMG228, BMS-986136, GWN323, or
MED{1873.

In some embodiments, the inhibitor of an mimune checkpoint molecule is an agonist
of 0OX44, ¢.g., OX40 agonist antibody or OX40L fusion protein. In some embodiments, the
anti-OX40 antibody is MEDI0562, MOXR-0916, PF-04518600, GSK3174998, or BMS-
986178, Tn some embodiments, the OX406L fusion protein is MEDI6383,

Int some embodiments, the inhibitor of an immune checkpoint molecule is an inhibitor
of CD20, e.g., an anti-CD20 antibody. In soine embodiments, the anti-CD20 antibody is

obinutuzumab or rituximab.
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The compounds of the present disclosure can be used in combination with bispecific
antibodies. In some embodiments, one of the domains of the bispecific antibody targets PD-1,
PD-L1, CTLA-4, GITR, OX40, TIM3, LAG3, CDI37, ICOS, CD3, tumor specific antigens
(e.g.. CD70), or TGFP receptor.

[n some cinbodiments, the compounds of the disclosure can be used in combination
with ong or more metabolic enzyme mhibitors. in some embodiments, the metabolic enzyme
inhibitor s an inhibitor of IDOY, TDO, or arginase. Examples of IDC1 inhibitors include
epacadostat, NLG919, BMS-986205, PF-06840003, FOM2983, RG-70099 and LY338196.

As provided throughout, the additional compounds, inhibitors, agenis, etc. can be
coinbined with the present compound in a single or continuous dosage form, or they can be
administered simultancously or sequentially as separate dosage forms.

11, Cancer therapics

Cancer cell growth and survival can be impacted by multiple signaling pathways.
Thus, it is useful to combine different enzyme/protein/receptor inhibitors, exhibiting different
preferences in the targets which they modulate the activities of, to treat such conditions.
Targeting more than one signaling pathway {or more than one biological molecule mvolved in
a given signaling pathway) may reduoce the ikelibood of drug-resistance arising in a cell
population, and/or reduce the toxicity of treatinent.

The compounds of the present disclosure can be used in combination with one or
more other enzyme/protein/receptor inhibitors or one or more therapies for the treatment of
diseases. such as cancer. Examples of discases and indications treatable with combination
therapies mclude those as described herein.

The compounds of the present disclosure can be used in combination with one or
more additional phariaceutical agents such as, for example, chemotherapeatics, immune-
oncology agents, metabolic enzyme inhibitors, chemokine receptor inhibitors, and
phosphatase inhibitors, as well as targeted therapies such as Ber-Abl, Flt-3, EGFR, HER2,
JAK, ¢-MET, VEGFR, PDGFR, ¢-Kit, IGF-1R, RAF and FAK kinase inhibitors. The one or
more additional pharmaccutical agents can be administered to a patient simultancously or
sequcntiaily.

For example, the compounds as disclesed herein can be combined with one or more
frthibitors of the following kinases for the treatment of cancer and other diseases or disorders
described herein: Aktl, Akt2, Akt3, TGF-BR, PKA, PKG, PKC, CaM-kinase, phosphorylase
kinase, MEKK., ERK, MAPK, mTOR, EGFR, HER2, HER3, HER4, INS-R, IGF-1R, [R-R,
PDGFaR, PDGERR, CSFIR, KIT, FLK-II, KDR/FLK-1, FLK-4, fli-1, FGFR1, FGFR2,
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FGFR3, FGFR4, ¢-Met, Ron, Sea, TREA, TRKB, TRKC, FLT3, VEGFR/F1i2, Fitd, EphAl,
EphA2, EphA3, EphB2, EphB4, Tie2, Src, Fyn, Lek, Fgr, Btk, Fak, SYK, FRK, JAK, ABL,
ALK and B-Raf. Non-limiting examples of inhibitors that can be combined with the
compounds of the present disclosure for treatment of cancer and other diseases and disorders
described herein include an FGFR inhibitor (FGFR1, FGFR2, FGFR3 or FGFR4, ¢ g,
INCB54828, INCB62079 and INCB63904), a JAK inhibitor (JAKT and/or JAKZ, e.g.,
ruxolitinib, baricitinib or INCB39110), an IDO inhibitor (¢.g., epacadostat, NLG219, or
BMS5-986205), an LSD1 mhibitor (e.g., INCB39872 and INCB60003), a TDO inhibitor, a
PI3K-delta inhibitor (e.g., INCB50797 and INCB30465), a Pim inhibitor, a CSF1R inhibitor,
a TAM receptor tyrosine kinases (Tyro-3, Axl, and Mer), a histone deacetylase inhibitor
(HDAC) such as an HDACS inhibitor, an angiogenesis inhibitor, an interleukin receptor
inhibitor, bromo and extra terminal family members inhibitors (for example, bromodomain
mhibitors or BET inhibitors such as INCB354329 and INCB57643) and an adenosine receptor
antagonist or combinations thereof.

Example antibodics for use in combination therapy include but are not limited to
Trastuzumab (c.g. anti-HER?), Ramibizumab (e.g. anti-VEGF-A), Bevacizumab (trade name
Avastin, ¢.g. anti-VEGFE, Panituinumab (e.g. anti-EGFR), Cetuximab (e.g. anti-EGFR),
Rituxan (anti-CD20) and antibodics directed to ¢-MET.

One or more of the following agents may be used in combination with the compounds
of the present disclosure and are presented as a non-limiting list: a cytostatic agent, cisplatin,
doxorubicin, taxotere, taxol, etoposide, irinotecan, camptostar, topotecan, paclitaxel,
docetaxel, epothilones, tamoxifen, 5-fluorouracil, methoxtrexate, temozolonide,
cyclophosphamide, SCH 66336, R115777. L778.123, BMS 214662, IRESSA™ (gefitinib),
TARCEVA™ (erlotinib), antibodies to EGFR, GLEEVEC™, intron, ara-C, adriamycin,
cytoxan, gemcitabine, uracil mustard, chlormethine, ifosfamide, melphalan, chlorambucil,
pipobroman, tricthylenemelamine, triethylencthiophosphoramine, busulfan, carmustine,
loraustine, sireptozocin, dacarbazine, floxuridine, cytarabine, 6-mercaptopurine, 6-
thioguanine, fludarabine phosphate, oxaliplatin, leucovirin, ELOXATFIN™, ™ (oxaliplatin),
pentostating, vinblastine, vincristine, vindesine, bleomycin, dactinomycin, daunorgbicin,
doxorubicin, epirubicin, idarubicin, mithramvein, deoxycoformycin, mitomycin-C, L~
asparaginase, teniposide 17 .alpha-.-ethinylestradiol, dicthylstilbestrol, testosterone,
prednisone, fluoxymesterone, Preduisone, Fluoxymesterone, Dromostanclone propionate,
testolactone, megestrolacetate, methylprednisolone, methy ltestosterone, prednisolone,

iriamcinolone, chlorotrianisene, hydroxyprogesterone, aminoglutethimaide, estramusting,
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medroxyprogesteroneacetate, leuprolide, flutamide, toremifene, goserelin, carboplatin,
hydroxyurea, amsacring, procarbazine, mitotane, mitoxantrone, levamisole, navelbene,
anastrazole, letrazole, capecitabine, reloxafine, droloxafine, hexamethylinglamine, avastin,
HERCEPTIN™ (trastuzumab), BEXXAR™ (tositumomab), VELCADE™, (bortezomib),
ZEVALIN™ (ibritunmomab tiuxetan), TRISENOX™ (arsenic trioxide), XELODA™
(capecitabine), vinorelbine, porfimer, ERBITUX™ (cetuximab). thiotepa. altretamine,
melphalan, trastuzumab, lerozole, fulvestrant, exeraestane, ffosfomide, rituximab, C225
(cetuximab), Campath (alemtuzumab), clofarabine, cladribing, aphidicolon, rituxan, sunitmib,
dasatinib, tezacitabine, Smll, fludarabine, pentostatin, triapine, didox, trimidox, amidox, 3-
AP, and MDL-101,731.

The compounds of the present disclosure can further be used in combination with
other methods of treating cancers, for example by cheraotherapy, irradiation therapy,
tumortargeted therapy, adjuvant therapy, immunotherapy or surgery. Examples of
mmmunotherapy include cytokine treatment (e.g., interferons, GM-CSF, G-CSF, 1L-2). CRS-
207 wamunotherapy, cancer vaccine, monoclonal antibody, adoptive T cell transfer, Toll
receptor agonists, STING agonists, oncolytic virotherapy and immunomodulating small
molecules, including thalidomide or JAK1/2 ishibitor and the ke, The compounds can be
administered in combination with one or more anti-cancer drugs, such as a
chemotherapeutics. Example chemotherapeutics include any of: abarelix, aldesleulin,
alemtuzumab, alitretinoin, allopurinel, altretamine, anastrozole, arsenic trioxide,
asparaginase, azacitidine, bevacizumab, bexarotene, baricitinib, bleomycin, boriezombi,
bortezomib, busulfan intravenous, busulfan oral, calusterone, capecitabine, carboplatin,
carmustine, cetuximab, chlorambucil, cisplatin, cladribine, clofarabine, cyclophosphamide,
cytarabine, dacarbazine, dactinomycin, dalteparin sodium, daunorubicin, decitabing,
denileukin, denileukin diftitox, dexrazoxane, docetaxel, doxorubicin, dromostanolone
propionate, eculizomab, epirubicin, erlotinib, estramustine, etoposide phosphate, etoposide,
exemestane, fentany! citrate, figrastim, floxuridine, fludarabine, fluorouracil, fulvestrant,
gefitinib, gemcitabine, gemtuzumab ozogamicin, goserelin acetate, histrelin acetate,
ibritumomab tiuxetan, idarubicin, ifosfamitde, imatinib mesvlate, interferon aifa 2a, winotecan,
lapatinib ditosylate, lenalidomide, letrozole, leucovorin, leuprolide acetate, levamisole,
lomustine, meclorethamine, megestrol acetate, melphalan, mercaptopurine, methotrexate,
methoxsalen, mitomycin C, mitotane, mitoxantrone, nandrolone phenpropionate, nelarabine,
nofetumomab, olaparib, oxaliplatin, paclitaxel, pamidronate, panitumumab, pegaspargase,

pegfidgrastiny, pemictrexed disodium, pentostatin, pipobroman, plicainycin, procarbazing,
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quinacrine, rasburicase, rituximab, ruxehitinib, rucaparib, sireptozocin, tamoxifen,
temozolomide, teniposide, testolactone, thalidomide, thioguanine, thiotepa, topotecan,
toremifene, tosituinomab, trastuzumab, tretinoin, uracil mustard, valrubicin, vinblastine,
vincristine, vinorelbine, vorinostat, niraparib, veliparib, talazoparib, and zoledronate.

Additional examples of chemotherapeutics include proteosome inhibitors (e.g.,
bortezomib), thalidomide, revlimid, and DNA-damaging agents such as melphalan,
doxorubicin, cyclophosphamide, vincristine, etoposide, carnustine, and the like.

Example Ber-Abl inhibitors include imatinib mesylate (GLEEVAC™), nilotinib,
dasatinib, bosutinib, and ponatinib, and pharmaceutically acceptable salts. Other example
suitable Ber-Abl inhibitors include the compounds, and pharmaceutically acceptable salts
thereof, of the genera and species disclosed in U.S. Pat. No. 5,521,184, WO 04/005281, and
U.S. Ser. No. 60/578,491.

Example suitable FIt-3 inhibitors include midostaurin, lestaurtinib, linifamb,
sunitinib, sunitinib, maleate, sorafenib, quizartinib, crenolanib, pacritinib, (andutinib,
PLX3397 and ASP22135, and their pharmaceutically acceptable salts. Other example suitable
Fl1t-3 inhibitors include compounds, and their pharmaceutically acceptable salts, as disclosed
in WO 03/037347, WO 03/099771, and WO 04/046120.

Example suvitable RAF inhibitors include dabrafenib, sorafenib, and vemurafenib, and
their pharmaceutically acceptable salts. Other example suitable RAF inhibitors inchide
coinpounds, and their pharmaceutically acceptable salts, as disclosed in WO 00/09495 and
WO 05/028444.

Exanmple suitable FAK mhibitors mclade VS-4718, V5-3G95, VS5-6062, VS-6063,
BI853320, and GSK2256098 and their pharmaceutically acceptable salts. Other example
suitable FAK inhibitors include compounds, and their pharmaceutically acceptable salts, as
disclosed in WO 04/080980, WO 04/056786, WO (3/024967, WO (1/064655, WO
GO/0335935, and WO 01/6G14402.

In some embodiments, the compounds of the disclosure can be used in combination
with one or more other kinase inhibitors including imatimb, particularly for treating patients
resistant to imatinib or other kinase inhibitors.

In some embodiments, the compounds of the disclosure can be used in comnbination
with a chemotherapeutic in the treatment of cancer, and may improve the treatment response
as compared to the response to the chemotherapeutic agent alone, without exacerbation of its
toxic effects. In some embodiments, the compounds of the disclosure can be used in

coinbination with a cheraotherapentic provided herein. For example, additional
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pharmaceutical agents used in the treatment of multiple myeloma, can include, without
Liruitation, melphalas, melphalan plus prednisone [MP], doxorubicin, dexarmethasone, and
Velcade (bortezomnib). Further additional agents used in the treatment of multiple myveloma
include Ber-Abl, Flt-3, RAF and FAK kinase inhibitors. In some embodiments, the agent is
an alkylating agent, a proteasome mhibitor, a corticosteroid, or an immunomodulatory agent.
Examples of an alkylating agent include cyclophosphamide (CY), melphalan (MEL), and
bendamustine. In some embodiments, the proteasoine inhibitor is carfilzomib. In somne
embodiments, the corticosteroid is dexamethasone (DEX}. In some embodiments, the
mmmunomodulatory agent is lenalidomide (LEN) or pomalidomide (POM). Additive or
synergistic effects are desirable outcomes of combining a PI3K inhibitor of the present
disclosure with an additional agent.

In some embodiments, the compounds of the disclosure can be used in combination
with an mhibitor of JAK or PI3KS3.

The agents can be combined with the present compound in a single or continuous
dosage form, or the agents can be admmistered simultancously or sequentially as separate
dosage forms.

The compounds of the present disclosure can be used in combination with one or
more other inhibitors or one or more therapies for the treatment of infections. Examples of
infections inchude viral infections, bacterial infections, fungus infections or parasile
infections,

In some embodiments, a corticosteroid such as dexamethasone is administered to a
patient in combination with the compounds of the disclosure where the dexamethasone is
administered intermittently as opposed to continuously.

The compounds of Formuula (I) or any of the {ormulas as described herein, a
coinpound as recited i any of the clatns and described berein, or salts thereof can be
combined with another immunogenic agent, such as cancerous celis, purified tumor antigens
(including recormbinant proteins, peptides, and carbohydrate molecules), celis, and cells
transfected with genes encoding iimmune stimulating cytokines. Non-limiting examples of
tmor vaceines that can be used include peptides of melanoma amtigens, such as peptides of
gpl60, MAGE antigens, Trp-2, MARTI and/or tyrosinase, or tumor celis transfected to
gxpress the cvtokine GM-CSF.

The compounds of Formula (T) or any of the formulas as described herein, a
compound as recited in any of the claims and described herein, or salts thereof can be used in

combination with a vaccination protocol for the treatment of cancer. b some embodiments,
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the tumor cells are transduced to express GM-CSF. In some embodiments, tumor vaccines
include the proteins from viruses traplicated i human cancers such as Human Papilioma
Viruses (HPV), Hepatitis Viruses (HBV and HCV) and Kaposi's Herpes Sarcoma Virus
(KHSV).

In some embodinients, the compounds of Formula (I or any of the formulas as
described herein, a compound as recited in any of the claims and described herein, or salts
thereof can be combined with dendritic celis mmunization to activate potent anti-tumor
responses.

The compounds of the present disclosure can be used m combination with bispecific
macrocyclic peptides that target Fe alpha or Fe gamma receptor-expressing effectors cells to
tumor cells. The compounds of the present disclosure can also be combined with macrocyclic
peptides that activate host timmune responsiveness.

In some further embodiments, combinations of the compounds of the disclosure with
other therapeutic agents can be admmistered to a patient prior to, daring, and/or after a bone
marrow transplant or stein cell transplant. The compounds of the present disclosure can be
used in combination with bone marrow transplant for the treatment of a variety of tumors of
hematopeietic origin,

The compounds of Formula (1) or any of the formulas as described herein, a
compound as recited in any of the claims and described herein, or salts thereof can be used 1n
combination with vaccines, to stimulate the smmune response to pathogens, toxins, and self
antigens. Examples of pathogens for which this therapeutic approach may be particularly
usefud, include pathogens for which there is currently no effective vaccing, or pathogens for
which conventional vaccines are less than completely effective. These include, but are not
limited to, HIV, Hepatitis (A, B, & C), Influenza, Herpes, Giardia, Malaria, Leishmania,
Staphylococcus aurcus, Pscudoinonas Acruginosa.

Viruses causing infections treatable by methods of the present disclosure include, but
are not lunit to human papillomavires, iafluenza, hepatitis A, B, C or D viruses, adenovirus,
poxvirus, herpes simplex viruses, human cytomegalovirus, severe acute respiratory syndrome
virus, cbola virus, measles virus, herpes virus (¢.g., VZV, HSV-1, HAV-6, HSV-11, and
CMV, Epstcin Barr virus), flaviviruses, echovirus, rhinovirus, coxsackie virus, cornovirus,
respiratory syncytial virus, mumpsvirus, rotavirus, measles virus, rubella virus, parvovirus,
vaccinia virus, HTLV virus, dengue virus, papillomavirus, molluscum virus, poliovirus,

rabics virus, JC virus and arboviral encephalitis virus.
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Pathogenic bacteria causing infections treatable by methods of the disclosure include,
but are not limnited to, chlaravdia, rickettsial bacteria, mycobacteria, staphylococet,
streptococci, pneumonococci, meningococel and conococct, klebsiclla, proteus, serratia,
pscudomonas, legionella, diphtheria, salmonella, bacilli, cholera, tetanus, botulismn, anthrax,
plague, leptospirosis, and Lyme's disease bacteria.

Pathogenic fungi causing infections treatable by methods of the disclosure include,
but are not limited to, Candida (albicans, krusei, glabrata, tropicalis, etc.), Cryptococcus
neoformans, Aspergillus (fumigatus, niger, etc.), Genus Mucorales (mucor, absidia,
rhizophus), Sporotlirix schenkii, Blastomyces dermatitidis, Paracoccidioides brasiliensis,
Coccidioides imimitis and Histoplasma capsulatum. Pathogenic parasites causing infections
treatable by methods of the disclosure include, but are not limited to, Entamoeba histolytica,
Balantidum coli, Nacgleriafowleri, Acanthamoeba sp., Giardia lambia, Cryptosporidium sp.,
Pneumocystis cannii, Plasmodium vivax, Babesia microti, Trypanosoma brucei,
Trypanosoma cruzi, Leishmania donovani, Toxoplasina gondi, and Nippostrongylus
brasiliensis.

Methods for the safe and effective administration of most of these chemotherapeatic
agents are known to those skilled in the art. In addition, their administration s described in
the standard literature. For example, the administration of many of the chemotherapeutic
agents is described 1n the "Physicians’ Desk Reference™ (PDR, e.g., 1996 edition, Medical
Economics Company, Montvale, NJ), the disclosure of which is incorporated herein by

reference as if set forth in its entirety .

Pharmaceutical Formulations and Dosage Forms

When employed as pharmaceuticals, the compounds of the disclosure can be
administered in the form of pharmaccutical compositions. These compositions can be
prepared in a manner well known in the pharmaceutical art, and can be administered by a
vasiety of routes, depending upon whether local or systemic treatment is desired and upon the
area to be treated. Administration may be topical (including transdermal, epidermal,
ophthalmic and to mucous merabranes including intranasal, vaginal and rectal delivery),
pulmonary (e.g., by inhalation or insufflation of powders or acrosols, including by nebulizer,
imtratracheal or intranasal), oral, or parenteral. Parenteral administration includes intravenous,
intraarterial, subcutancous, intraperitoneal intramuscular or injection or infusion; or
mtracranial, ¢.g., intrathecal or intraventricular, administration. Parenteral administration can

be in the form of a single bolus dose, or may be, for exaniple, by a continuous perfusion
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pump. Pharmaceutical compositions and formulations for topical admmistration may include
transdermal patches, ointments, lotions, crearas, gels, drops, suppositories, sprays, liquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or otly bases, thickeners
and the like may be necessary or desirable.

This disclosure also includes pharmaceutical compositions which contain, as the
active ingredient, the compound of the disclosure or a pharmaceutically acceptable salt
thercof, in combination with one or more pharmaceuntically acceptable carriers (excipients). In
some embodiments, the composition is suitable for topical administration. In making the
compositions of the disclosure, the active ingredient is typically mixed with an excipient,
diluted by an excipient or enclosed within such a carrier in the form of, for example, a
capsule, sachet, paper, or other container. When the excipient serves as a dituent, it can be a
solid, semi-solid, or liquid material, which acts as a vehicle, carrier or inediom for the active
mgredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges,
sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, acrosols (as a solid or in a
liquid medium), cintinents containing, for example, up to 10% by weight of the active
compound, soft and hard gelatin capsules, suppositories, sterile imjectable solutions, and
sterile packaged powders.

In preparing a formulation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. If the active compound
is substantially insoluble, it can be milled to a particle size of less than 200 mesh. If the active
compound is substantially water soluble, the particle size can be adjusted by milling to
provide a substantially vniforim distribution in the formmlation, . g. about 40 raesh.

The compounds of the disclosure may be milled using known milling procedures
such as wet milling to obtain a particle size appropriate for tablet formation and for other
formulation types. Finely divided (nanoparticulate) preparations of the compounds of the
disclosure can be prepared by processes known in the art, ¢.g., see International App. No. WO
2002/000196.

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
manaitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calciom
silicate, microcrystalline cellulose, polyvinvlpyrrolidone, cellulose, water, syrup, and methyl
celhulose. The formulations can additionally include: lubricating agents such as talc,
magnesiuin stearate, and mimeral oil;, wetting agents; emulsifying and suspending agents;
preserving agents such as methyl- and propylhydroxy-benzoates; sweetening agents; and

flavoring agents. The compositions of the disclosure can be formulated so as to provide quick,
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sustained or delayed release of the active ingredient after administration to the patient by
employing procedures knowa in the art.

The compaositions can be fornnulated in a unit dosage form, cach dosage containing
from about 3 to about 1000 myg (1 ), more usually about 100 to about 300 mg, of the active
ingredient. The term “unit dosage forms” refers to physically discrete units suitable as unitary
dosages for human subjects and other mammals, each unit containing a predetermined
quantity of active material calculated to produce the desired therapeutic effect, in association
with a suitable pharmaceutical excipient.

In some embodiments, the compositions of the disclosure contain from about 5 to
about 50 mg of the active ingredient. One having ordinary skill in the art will appreciate that
this embodies compositions containing about 5 to about 19, about 10 to about 13, about 15 to
about 20, about 20 to about 25, about 23 to about 30, about 30 to about 35, about 35 to about
40, about 40 to about 45, or about 45 to about 50 mg of the active ingredient.

In some embodiments, the compositions of the disclosure contain from about 50 to
about 500 mg of the active ingredient. One having ordinary skill in the art will appreciate that
this embodies compositions containing about 50 to about 100, about 100 to about 150, about
150 to about 200, about 200 to about 250, about 250 to about 300, about 350 to about 400, or
about 430 to about 500 mg of the active ingredient.

In somne embodiments, the compositions of the disclosure contain from about 500 to
about 1600 mg of the active ingredient. One having ordinary skill in the art will appreciate
that this embodics compositions containing about 300 to about 550, about 530 to about 600,
about 600 to about 630, about 630 to about 700, about 700 to about 750, about 750 to about
300, about 800 to about 850, about 830 to about 900, about 900 to about 950, or about 950 to
about 1000 mg of the active ingredient.

Smilar dosages may be used of the compounds described herein in the methods and
uses of the disclosure.

The active compound can be effective over a wide dosage range and is generally
administered in a pharmaceutically effective amount. It will be understood, however, that the
amount of the compound actually administered will nsually be deterrained by a physician,
according to the relevant circumstances, including the condition o be treated, the chosen
route of administration, the actual compound administered, the age, weight, and response of
the individual patient, the severity of the patient’s symptoins, and the like.

For preparing solid compositions such as tablets, the principal active ingredient 1s

mixed with a pharmaceutical excipient to form a solid preformulation composition containing
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a homogencous mixture of a compound of the present disclosure. When referring to these
preformulation compositions as homogencous, the active ingredient is typically dispersed
evenly throughout the composition so that the composition can be readily subdivided into
equally effective unit dosage forms such as tablets, pills and capsules. This solid
preformulation is then subdivided into unit dosage forms of the tvpe described above
containing from, for example, about 0.1 to about 1000 mg of the active ingredient of the
present disclosure.

The tablets or pills of the present disclosure can be coated or otherwise compounded
to provide a dosage form affording the advantage of prolonged action. For example, the tablet
or pill can comprise an inmer dosage and an outer dosage component, the latter being in the
form of an envelope over the former. The two components can be separated by an enteric
layer which serves o resist disintegration in the stomach and permit the 1uner compaonent (o
pass intact into the duodenuin or to be delayed in release. A variety of inaterials can be used
for such enteric layers or coatings, such materials including a number of polymeric acids and
mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose
acetate.

The liquid forms in which the corapounds and compositions of the present disclosure
can be incorporated for administration orally or by injection include agueous solutions,
suitably {lavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils
such as cottonseed oil, sesame oil, coconut ¢il, or peanut oil, as well as clixirs and similar
pharmaceuatical vehicles.

Compaositions for mhalation or insuffiation mclude solutions and suspensions in
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
The liquid or solid compositions may contain suitable pharmaceutically acceptable excipients
as described supra. In somne embodimnents, the compaositions are administered by the oral or
nasal respiratory route for local or systemic effect. Compositions can be nebulized by use of
mert gases. Nebulized solutions may be breathed directly from the nebulizing device or the
nebulizing device can be atfached to a face nask, tent, or intermittent positive pressure
breathing machine. Solution, suspension, or powder compositions can be administered orally
or nasally from devices which deliver the formulation in an appropriate manner.

Topical formulations can contain one or more conventional carriers. 1n some
embodiments, ointments can contain water and one or more hydrophaobic carriers selected
from, for example, liguid paraffin, polyoxyethylene alkyl ether, propylenc glycol, white

Vascling, and the like. Carrier compositions of creams can be based on water in combination
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with glycerol and one or more other components, e.g. glycerinemonostearate, PEG-
glycerimemonostearate and cetylsteary] alcobol. Gels can be formudated using isopropyl
alcohol and water, suitably in combination with other components such as, for example,
glycerol, hydroxyethyl cellnlose, and the like. In some embodiments, topicat formulations
contain at least about 0.1, at least about 0.23, at least about 0.5, at least about 1, at least about
2, or at least about 5 wt % of the compound of the disclosure. The topical formulations can be
suitably packaged in tubes of, for example, 10G g which are optionally associated with
instructions for the treatinent of the select indication, e.g., psoriasis or other skin condition.

The amount of compound or composition administered to a patient will vary
depending upon what is being administered. the purpose of the administration, such as
prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In
therapeutic applications, compositions can be adininistered to a patieat already suffering from
a disease in an amount sufficient to cure or at least partially arrest the symptoms of the
disease and its complications. Effective doses will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending upon factors such as
the severity of the discase, the age, weight and gencral condition of the patient, and the like.

The compositions administered to a patient can be in the forin of pharmmaceutical
compositions described above. These compositions can be sterilized by conventional
sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use
as is, or lyophilized, the lyophilized preparation being combined with a sterile aquecus carrier
prior to administration. The pH of the compound preparations typically will be between 3 and
11, more preferably fromn 3 to 9 and most preferably from 7 to 8. It will be understood that use
of certain of the foregoing excipients, carriers, or stabilizers will result in the formation of
pharmaceutical salts.

The therapeutic dosage of a compound of the present disclosure can vary according
to. for example, the particular use for which the treatment is made. the manner of
adminisiration of the compound, the health and condition of the patient, and the judgment of
the prescribing physician. The proportion or concentration of a compound of the disclosure in
a pharmacentical composition can vary depending npon a suraber of factors including dosage,
chemical characteristics (e.g., hvdrophobicity), and the route of administration. For example,
the compounds of the disclosure can be provided in an aqueous physiological buffer solution
containing about 0.1 to about 16% w/v of the compound for parenteral administration. Some
typical dose ranges are from about 1 pg/kg to about 1 g/kg of body weight per day. In some

erabodiments, the dose range is frora about (.01 mg/kg to about 100 rag/kg of body weight
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per day. The dosage 1s likely to depend on such variables as the type and extent of
progression of the disease or disorder, the overall health statos of the particular patient, the
relative biological efficacy of the compound selected, formulation of the excipient, and its
route of administration. Effective doses can be extrapolated from dose-response curves
derived from i vitre or aniraal model test systems.

The compositions of the disclosure can further include one or more additional
pharmaceutical agents such as a chemotherapeutic, steroid, anti-inflammatory compound, or

immunosuppressant, examples of which are listed herein.

Labeled Compounds and Assay Methods

Another aspect of the present disclosure relates to labeled compounds of the
disclosure (radio-labeled, fluorescent-labeled, cic.) that would be useful not only in imaging
techniques but also in assays, both in vitro and in vivo, for localizing and quantitating AZA
and/or A2B receptors in tissue samples, inchuding human, and for identilying A2A and/or
AZB antagonists by inhibition binding of a labeled compound. Substitution of one or more of
the atoms of the compounds of the present disclosure can also be useful in generating
differentiated ADME (Adsorption, Distribution, Metabolism and Excretion.) Accordingly, the
present disclosure includes adenosine receptor (e.g., A2A and/or A2B) assays that contain
such labeled or substitiuted compounds.

The present disclosure further includes isotopically-labeled compounds of the
disclosure. An “isotopically” or “radio-labeled” compound is a compound of the disclosure
where one or mmore atomns are replaced or substituted by an atorm having an atomnic mass or
mass number different from the atonic mass or mass number typically found in nature (i.¢.,
naturally occuarring). Suitable radionuclides that may be incorporated in compounds of the
present disclosure include but are not linited to “H (also written as D for deuterium), *H (also
written as T for tritiumn), *C, P*C, **C, PN, PN, ¥0, V0, 0, ¥F, *°8, *CI, *'Br, "Br, “Br,
7Br, YL Y, "L and *'1. For example, one or more hydrogen atoms in a compound of the
present disclosure can be replaced by deuterium atoms (¢.g., one or more hydrogen atoms of a
Cis alkyl group of Forraula (1) can be optionally substituted with deuterium atoms, such as —
CD; being substituted for CH3). In some emboduments, alky! groups in any of the disclosed
Formulas, e.g.. Formula (1), can be perdeuterated.

One or more constituent atoins of the compounds presented herein can be replaced or
substituted with isotopes of the atoms in natural or non-natural abundance. In some

erabodiments, the compound includes at least one deuterium atora. For example, one or more
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hydrogen atoms in a compound presented herein can be replaced or substituted by deuterium
(e.g., one or more hydrogen atoms of a Ci alkyl group can be replaced by deuterium atoms,
such as —CI3 being substituted for —CH3). In somne embodiments, the compound includes two
or more deuterium atoms. ln some embodiments, the compound tncludes 1-2, 1-3, 1-4, 1-5, or
1-6 deuterium atoms. In some embodiments, all of the hydrogen atoms in a compound can be
replaced or substituted by deuterium atoms.

In some embodiments, 1, 2, 3, 4, 5, 6, 7, or 8 hydrogen atoms, attached to carbon
atoms of any “alky]”, *alkeny]”, “alkyny1”, “arv]”, “pheny]”, “cycloalkyl”,
“heterocycloatiyv]l”, or “heteroaryt” substituents or “-Cys alkyl-", “alkylene”, “alkenylene”
and “alkynvlene” linking groups, as described herein, are each optionally replaced by a
deuterium atom.

Syunthetic methods for including isotepes into organic compounds are known in the
art (Deuterium Labeling in Organic Chemistry by Alan F. Thomas (New York, N.Y .,
Appleton-Century-Crofis, 1971; The Renaissance of H/D Exchange by Jens Atzrodt, Volker
Derdau, Thorsten Fey and Jochen Zunmermann, Angew. Chem. Int. Ed. 2007, 7744-7765;
The Organic Chemistry of {sotopic Labelting by James R. Hanson, Royal Society of
Chemistry, 201 1), Isotopically labeled compounds can be used in various studies sach as
NMR spectroscopy, metabolism experiments, and/or assays.

Substitutionr with heavier isotopes, such as deuterinm, may afford certain therapeutic
advantages resulting from greater raetabolic stability, for exaraple, increased i vivo half-life
or reduced dosage requirements, and hence may be preferred in some circumstances. (sce e.g.,
A. Kerckes et. al. J. Med. Chem. 2011, 54, 201-210, R. Xu et. al. J. Label Conipd.
Radiopharm. 2015, 58, 308-312). In particular, substitution at one or more metabolism sites
may allord one or more of the therapeutic advantages.

The radionuclide that is incorporated in the instant radio-labeled compounds will
depend on the gpecific application of that radio-labeled compound. For example, for in vitro
adenosine receptor labeling and competition assays. compounds that incorporate “H, **C, ®Br,
1251 231 or #°S can be useful. For radio-imaging applications 'C, 'F, 71, ' 1, ¥ Ry,
°Br or ""Br can be useful.

It is understood that a “radio-labeled” or “labeled compound™ is a compound that has
irrcorporated at least one radionuclide. In some embodiments, the radionuclide is selected
from the group consisting of “H, “C, **1, S and ¥Br.

Fhe present disclosure can further include synthetic methods for incorporating radio-

isotopes into compounds of the disclosure. Synthetic nethods for incorporating radio-isotopes
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nto organic compounds are well known in the art, and an ordinary skill in the art will readily
recognize the metheds applicable for the compovads of disclosure.

A labeled compound of the disclosure can be used in a screening assay to
identify/evatuate compounds. For example, a newly synthesized or identified compound (J.e.,
test compound) which is labeled can be evaluated for its ability to bind an adenosine receptor
by monitoring its concentration variation when contacting with the adenosine receptor,
through tracking of the labeling. For example, a test commpound (labeled) can be evaluated for
its ability to reduce binding of another compound which 1s known to bind to an adenosine
receptor (i.e., standard compound). Accordingly, the ability of a test compound to compete
with the standard compound for binding to the adenosine receptor directly correlates to its
binding affinity. Conversely, in some other screening assays, the standard compound is
labeled and test componnds are unlabeled. Accordingly, the concendration of the labeled
standard compound is monitored in order to evaluate the competition between the standard
compound and the test compound, and the relative binding affinity of the test compound is

thus ascertained.

Kits

The present disclosure also includes pharmaceutical kits useful, for example, in the
treatment or prevention of adenosine receptor-associated diseases or disorders (such as, e.g.,
cancer, an inflainmatory disease, a cardiovascular disease, or a neurodegencrative disease)
which include one or more containers containing a pharmaceutical composition comprising a
therapentically effective amount of a3 compound of the disclosore. Such kits can fusrther
include, if desired, one or more of various conventional pharmaceutical kit components, such
as, for example, containers with one or more pharmaceutically acceptable carriers, additional
containers, ctc., as will be readily apparent to those skilled in the art. Instructions, cither as
mserts or as labels, indicating quantities of the components to be administered, guidelines for

adminisiration, and/or guidelines for mixing the components, can also be included 18 the kit

The invention will be described in greater detail by way of specific exaraples. The
following examples arc offered for illustrative purposes, and are not intended to limit the
invention in any manner. Those of skill in the art wilt readily recognize a variety of non-
critical parameters which can be changed or modified to vield essentially the same results.
The compounds of the Examples have been found to inhibit the activity of an adenosine

receptor (e.g., A2A and/or A2B) according to at keast one assay described herein.
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EXAMPLES

Preparatory LC-MS purifications of some of the compounds prepared were
perforined on Waters mass directed fractionation systems. The basic equipment setup,
protocols, and control software for the operation of these systems have been described in
detail in the literature {scc e.g. “Two-Puinp At Column Dilution Configuration for Preparative
LC-MS”, K. Blom, .J. Combi. Chem., 4, 295 (2002}, “Optimizing Preparative LC-MS
Configurations and Methods for Parallel Syanthesis Purification”, K. Blom, R. Sparks, J.
Doughty, G. Everlof, T. Haque, A. Comnbs, J. Combi. Chem., 5, 670 (2003}, and "Preparative
LC-MS Purification: Improved Compound Specific Method Optimization®, K. Blom, B.
Glass, R. Sparks, A. Combs, J. Combi. Chem., 6, 874-883 (2004)). The comnpounds separated
were typically subjected to analytical liquid chromatography mass spectrometry (LCMS) for
purity analysis under the following conditions: Instrument; Agilent 1100 series, LC/MSD,
Column: Waters Sunfire™ Cig 5 um, 2.1 x 50 mm, Buffers: mobile phase A: 0.025% TFA in
water and mobile phase B: acetonitrile; gradient 2% to 80% of B in 3 minutes with flow rate
2.0 mL/minute.

Some of the compounds prepared were also separated on a preparative scale by
reverse-phase high performance liquid chromatography (RP-HPLC) with MS detector or flash
chromatography (silica gel) as indicated in the Examples. Typical preparative reverse~phase
high performance liquid chromatography (RP-HPLC) column conditions are as follows:

pH = 2 purifications: Waters Sunfire™ Csg 5 pmy, 30 x 160 mm or Waters XBridge ™
Ciz 5 um, 30 x 100 mm column, chluting with mobile phase A: 0.1% TFA (trifluoroacetic
acid) i water and mobile phase B: acetonitride; the flow rate was 66 ml/minute, the
separating gradient was optimized for each compound using the Compound Specific Method
Optimization protocol as described in the literature (see e.g. "Preparative LCMS Purification:
Improved Compound Specific Method Optimization”, K. Blom, B. Glass, R. Sparks, A.
Combs, J. Comb. Chem., 6, 874-883 (2004)).

pH = 10 purifications: Waters XBridge ™ Cis 5 pin, 30 x 100 mm column, eluting
with mobile phase A: 0.1% NI{sOH in water and mobile phase B: acetonitrile; the flow rate
was 60 mL/minute, the separating gradient was optimized for each compound usiag the
Compound Specific Method Optimization protocol as described in the literature (sce e.g.
"Preparative LCMS Purification: Improved Compound Specific Method Optimization”, K.
Blom, B. Glass, R. Sparks, A. Combs, J. Caomb. Chem., 6, 874-883 (2004)).

Separation of some of the racemic compounds into enantiopure samples were

prepared on preparative scale by chiral-phase high performance liquid chromatography under
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the following conditions: Instrument: Agilent 1100 Prep HPLC; Coluinn: Phenomenex Lux
Cellulose-4, 21.2 x 250mm, Spun; eluting with isocratic mobile phase 45% EtOH in hexanes
with a flow rate of 20 mL/minute.

Example 1. 3-(8-Amino-8-(2,6-dimethyipyridin-4-yhimidazo{l.2-cjpyrimidin-7-

yhbenzonitrile

N{\T,N

Ci

Fo a solution of 2_6-dichloropyrimidin-4-amine (Combi-Blocks, cat# OR-0412) (10
g. 61 mmol) in DMF (30 L) at 0 °C was added N-bromosuccinimide (11 g, 61 amol}. The
reaction mixture was stirred for 16 h at room temperature before water (100 mL) was added.
The resulting precipitate was collected by filtration, and then dried to give the desired product
{13.1 g, 88 %), which was used in the next step without further purification. LC-MS
calculated for C{H:BrChN; (M+HD " m/z = 241.9; found 241.8.
Step 2: 8-Bromo-3, 7-dichioroimidazo] 1, 2-c [pyrimidine
,

=N

N:T,N»J}

Ci

Ci

2-Bromo-1, I-diethoxyethane (11 mL, 70 mmol) was added to a mixture of 5-bromo-
2. 6-dichloropyrimidin-4-amine (2.0 g, 8.2 mumol) in MeCN (25 mL). The resulting mixture
was stirred at 120 °C for 1 h then cooled to room temperature and concentrated under reduced
pressure. The residue was triturated with EtOAc to give the desired product as the HBr salt
(2.4 g, 84%), which was used 1n the next step without further purification. LC-MS calculated

for CsH:BrCEN: (M+H)": m/z = 265.9; found 263.8.

150

PCT/US2019/019582



05 Dec 2022

2022283611

10

15

20

25

WO 2019/168847

Step 3: 8-Bromo-7-chloroimidazof 1, 2-¢ [pvrimidin-5-amine

Br

cl
o
N\YNJ
NH,
To a solution of 8-bromno-3,7~-dichloroimidazo|1.2-cjpvrimidine hvdrobromide (2.2 g,

6.3 mmol) in THF (30 mL) was added concentrated ammonium hydroxide (57 mL, 14 M).
The reaction mixture was stirred at room temperature for 16 h before the volatiles were
removed under reduced pressure. The resulting solid was collected by filtration, washed with
water (106 mL) and then dried to give the desired product (0.75 g, 48 95), which was used in
the next step without further purification. LC-MS calcutated for CsHsBrCIN: (M+H)": m/z =
246.9; found 247.0.

Step 4. 7-Chioro-8-(2,6-dimethylpyridin-4-yijimidazof 1, 2-c jpyrimidin-3-amine

Sl N
Ny N\/)
18

{1.1"-Bis(diphenylphosphino)ferrocenejdichloropalladinm(ll) (7.3 rag, 1¢ mol%) was
added to a mixture of 8-bromo-7~chloroimidazofl,2-cjpyvrimidin-5-amine (25 mg, 0.10
mmol), 2.6-dimethyv1-4-(4,4.5 5-tetramethyl-1,3,2-dioxaborolan-2-yDpyridine (35 g, 0.15
mmol), and sodium carbonate (32 mg, 0.30 munol) in THF (6.36 mL) and water (0.07 mL).
The mixture was purged with nitrogen, and then stirred at 70 °C for 16 h. The reaction
mixtare was cooled to room temperature and concentrated under reduced pressure. The crude
product was purified by flash chromatography on a silica gel column cluting with 0 to 15%
MeOH/DCM to give the desired product, which was used in the next step without further
purification. LC-MS calculated for Ci:HisCINs (M+H) " mvz = 274.1; found 274.1.
Step 3: 3-{3-Amino-8-(2,6-dimethylpyridin-4-ylimidazof 1, 2-¢ [pvrimidin-7-yl)benzoniirile

To a microwave vial was added 7-cbloro-8-(2,6-dimethylpyridis-4-y)imidazo[1,2-
clpyvrimidin-S-amine (40 mg, 0.15 mmol), (3-cvanophenyDboronic acid (64 mg, 0.44 mmol),
tripotassium phosphate (120 mg, 0.59 mmol), DMF (2.4 mL), water (0.60 mL) and {1.1°-
bis(diphenylphosphino)errocene|dichloropatladimin(ll) ([T mg, 10 mol%). The reaction
solution was purged with nitrogen, and then the microwave vial was sealed and heated in a
microwave reactor at 120 °C for 26 min. The reaction mixture was cooled to room
temperature, filtered through a Celite plug with 50% EtOAc/DCM, and then concentrated
under reduced pressure. The crude product was purified by prep-LCMS (pH = 2, MeCN/water
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with TFA) to give the desired product as the TIA salt. LC-MS calculated for Capls:Ng
(M+HY": m/z = 341.2; found 341.1.
Example 2. 7-(2,3-Dihvdro-1LH-pyrrolo]2,3-bpyridin-S-yh)-8-(2.6-dimethylpyridin-4-

yhimidazo[1,2-c|pyrimidin-S-amine

This compound was prepared using similar procedures as described for Example 1,
with (2.3-dihydro- 1H-pyrrolo[2,3-bJpyridin-3-yl)boronic acid replacing (3~
cyanophenylyboronic acid in Step 5. The product was purified by prep-LCMS (pH = 10,
MeCN/water with NH4OH) to give the desired product as the free base. LC-MS calculated for

Example 3. 8-(2,6-Bimethylpyridin-4-y1}-3-(morpholinomethyl)-7-phenylimidazo[1,2-

c]pyrimidin-S-amine

To a mixture of 8~(2,6-dimethypyridin-4-y[)~7-phenylimidazol{,2~¢|pyrimidin-5-
amine (prepared using similar procedures as described in Example 1, with phenylboromic acid
replacing (3-cvanophenybhboronic acid in Step 3) (25 mg, ¢.068 mmol) and morpholine (9.5
wL, 0.16 mmol} was added (diacetoxyiodo)benzene (51 mg, 0.16 mmol). The reaction
mixture was stirred at 30 °C for 2 h, and the product was purified by prep-LCMS (pH =2,
MeCN/water with TFA) to give the desired product as the TFA salt. LC~-MS calculated for
CaaHoNeO (M+H)": m/z = 415.2; found 415 2.

Example 4. 7-(3-Methoxypheayh-8-{pyridin-4-yhimidazo[1 . 2-c]pyrimidin-S-amine

9N

{1, I"-bis{dicyclohe xylphosphino)ferrocene]dichloropalladium(th) (6.1 mg, 10 mol%)

was added to a mixture of 8-brorac-7-chloroimidazo|1,2-c|pyrimidin-5-amine (prepared in
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Example 1, Step 3} (20 mg, 0.08 mmol), pyridin-4-vlboronic acid (12 mg, 0.10 mmol), and
cesiom carbonate (79 mg, 0.24 mmol) in ferf-butanol (0.45 mL) and water (0.09 mL). The
sohution was purged with nitrogen, stirred at 75 °C for 2 b, and cooled to roomn temperature.
Cesium carbonate (53 mg, 0.24 mmol), [1,1°-
bis(dicyclohexylphosphinoXerrocene|dichloropatladium(Il) (3.1 mg, 5 mel%), and (3-
methoxyphenylyboronic acid (18 mg, 0.12 mmel) were then added. The reaction mixture was
stizred at 103 °C for 4 h, and cooled to room temperature. The mixture was filtered through a
Celite plug with 50% EtOAc/DCM and concentrated under reduced pressure. The product
was purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as
the TFA salt. LC-MS caleulated for CieHisNsO (M+H)Y": m/z = 318.1; found 318.2.

Example 5. 7,8-Di{pyridin-4-yhimidazo[t ,2-c|pyrimidin-5-amine

Zaa
Nae N \’/I>
Y
NH,

This commpound was prepared using similar procedures as described for Example 4,
with pyridin-4-ylboronic acid replacing (3-methoxyphenyl)boronic acid. The product was
purified by prep-LCMS (pH = 2, MeUN/water with TFA) to give the desired product as the
TFA salt. LC-MS calculated for Ci6l::WNe (M+ID)": m/z = 289.1; found 289.1.

Example 6. 7-(2-MethyHoaran-3-y)-8-(pyridin-4-yhimidaze[l ,2-c]pyrimidin-5-amine

N\
2N NN
NYNJ
NH,

This compound was prepared using similar procedures as described for Example 4,
with 4.4.3 5-tetramethyl-2-(Z-methyifuran-3-y1)-1.3,2-dioxaborolane replacing (3-
methoxyphenylboronic acid. In addition, the reaction mixture was stirred at 105 °C for 20 h.
The product was purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired
product as the TFA salt. LC-MS calculated for CisH1aNsO (M+H)™ n/z = 292.1; found 292.1.
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Example 7. 7-(2-Fluorophenyl)-8-(pyridin-4-ylimidazo|1,2-cfpyrimidin-5-amine

NH,

This compound was prepared using similar procedures as described for Example 4,
with (2-fluoropheny)boronic acid replacing (3-methoxyphenyDboronic acid. The product was
purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as the
TFA salt. LC-MS calculated for C17Hi:FNs (M+H)™: m/z = 306.1; found 306.1.

Example 8. 7-(Benzofuran-2-yh-8-(pyridin-4-yhimidazo[l ,2-c[pyrimidin-S-amine

NH,

This compound was prepared using sumilar procedures as described for Example 4,
with benzofuran-2-yiboronic acid replacing (3-methoxyphenylboronic acid. The product was
purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as the
TFA salt. LC-MS calculated for C1oH:4NsO (M+H)": m/z = 328.1; found 328.1.

Exampie 9. 7-(1-Methyl-1H-pyrazel-4-y1}-8-(2-methyipyridin-4-yhimidazof1,2-

c|pyrimidin-S-amine

5

NH,

[1,1"-bis{dicyclohexylphosphino)ferrocene]dichloropalladivmdl) (110 mg, 16 mol%)
was added to a mixture of 8-bromo-7-chiorounidazo{1,2-c|pyriraidin-3-amine (prepared in
Example 1, Step 3) (370 mg, 1.5 mmob), 2-methyl-4-(4,4,3 S-tetramethyl-1,3,2-dioxaborolan-

2-vhpyridise (49G mg, 2.2 munel), and cesivra carbonate (1.5 g, 4.5 mmol) in tert-butanol

154



05 Dec 2022

2022283611

10

15

20

25

WO 2019/168847

(8.3 mL) and water (1.7 mL). The solution was purged with nitrogen, and then stirred at 75 °C
for 5 h. The reaction mixture was cooled to room temperature and filtered through a Celite
plug with EtOAc. The filtrate was concentrated under reduced pressure. The crude product
was purified by {lash chromatography on a silica gel column eluting with 0-10%
MeOH/DCM to give the desired product, which was used in the next step without further
purification. LC-MS calculated for CioI11:CINs (M+H)": m/z = 260.1; found 260.0.
Step 2: 7-(1-Methyi- i H-pyrazol-4-vi)-8-( 2-methylpyridin-4-ylimidazof 1, 2-c jpyvrimidin-3-
amine

To a microwave vial was added 7-chtoro-8-(2-methylpyridin-4-yimidazof1,2-
¢lpyrimidin-3-amine {43 mg, 0.17 mmol), t-methyi-4-(4,4,5 S-tetramethyl-1,3,2~
dioxaborolan-2-y1)~-1H~pyrazole (100 mg, 0.50 mmol), tripotassinm phosphate (140 mg, 0.66
mmol), DMF (1.3 mL), water (6.33 mbL}and [1,1"-
bis{(diphenylphosphinejferrocene}dichloropalladium(Ii) (12 mg, 10 1no1%)}. The reaction
solution was purged with nitrogen, and then the microwave vial was sealed and heated in a
microwave reactor at 120 °C for 20 min. The reaction mixture was cooled to room
teiperature and filtered through a Celite plag with 50% EtOAc/DCM, then concentrated
under reduced pressure. The product was purified by prep-LCMS (pH = 10, MeCN/water
with NH4OH) to give the desired product as the free base. LC-MS5 calculated for CisHisN>
(M+H)": m/z = 306.1; found 306.1.

Example 16, 8-(2-Methylpyridin-4-v}-2,7-diphenylimidazo|1,2-c[pyrimidin-S-amine

Bis(di-ferf-butyl(4-dimethylaminopheny Hphosphine)dichlorepaltadivm (1) (0.89 g, 5
mol%;) was added to a mixture of 6-chloro-2-methoxypyrimidin-4-amine (Ark Pharm, nc.
cati AK-25131) (4.6 g, 25 munol), phenylborenic acid (4.6 g, 38 umol) and cesivia carbonate

{16 g. 50 mmol) in toluene (130 mL) and water (13 mL). The solution was purged with
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nitrogen, and then stirred at 115 °C for 16 h. The reaction mixture was cooled to roomn
teraperature, filtered through a Celite plug with DCM and concentrated under reduced
pressure. Water (100 mL) was added to the residue and the resulting solid was collected by
filtration, and then dried to give the desired product (5.0 g, 99 %). which was used in the next
step without further purification. LC-MS calculated for Ci i HiN:O (M+H)Y in/z = 202.1;
found 202.0.

Step 2. 5-Bromo-2-methoxy-6-phenyipyrimidin-4-amine

Ot

i
Na N

I8
To a solution of 2-methoxy -6-phenylpyrimidin-4-amine (5.1 g, 25 mmol) in DMSO
(31 mL). MeCN (27 mL) and water (1.7 mL) at 0 °C was added N-bromosuccinimide (4.5 g,
25 mmol). The reaction mixtore was stirred for 2 h at room temperature before water (100
mL) was added. The resulting precipitate was collected by filtration then dried to give the
desired product (3.2 g, 73 %), which was used in the next step without further purification.
LC-MS caleulated for CiH3:BrNsO (M+H)" ra/z = 280.0; found 280.0.

Step 3: Z2-Methoxy-3-{2-methyipyridin-4-yl)-6-phenvipyrimidin-4-amine

NQ{,N

O~

[1."-bis{dicvcichexvipbosphinoyferrocene jdichloropalladium(Il) (0.41 g, 10 mol%)
was added to a mixture of 5-bromo-2-mnethoxy-6-pheny lpyrimidin-4-amine (1.5 g, 5.4 mmol),
2-methyl-4-(4,4,5, S-tetramethyl-1,3,2-dioxaborolan-2-y Hpyridine (1.8 g, 8.0 mmol), and
cesium carbonate (3.5 g, 11 mmol) in ferf-butanol (20 ml) and water (3.9 mL). The solution
was purged with mitrogen, and then stirred at 120 °C for 1.5 h. The reaction mixture was
cooled to roora temperature, filtered through a Celite phug with DCM and concentrated under
reduced pressure. Water (100 mL) was added to the residue and the resulting selid was
collected by filtration thes dried to give the desired product (1.02 g, 65 %6), which was vsed in
the next step without further purification. LC-MS calculated for Ci7Hi7N.O (M+H)™ n/z =
293 1; found 293.1.
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il

Step 4: 8-i2-Methylpvridin-4-yI)-2, 7-diphenyiimidazof [, 2-c [ pyrimidin-3(6Hj-one

To 2-methoxy-5~(2-methylpyridin-4-y})-6-phenylpyrimidin~4-amine (100 mg, 6.34
mimol) in acetic acid (1.4 mL) was added 2-bromo-1-phenylethan-1-one (170 mg, 0.86
mmod). The reaction mixture was stirred at 126 °C for 20 h. After cooling to roomn
temperature the volatiles were remnoved under reduced pressure. The resulting solid was
washed with ELO, collected by filtration and then dried to give the crude product, which was
used in the next step without further purification. LL-MS calculated for CoaHoNLO (M+H)™
m/z = 379.2; found 379.1.

Step 3: 3-Chlove-8-(Z-meihylpyridin-4-yl)-2, 7-diphenvlimidazof 1, 2-c [ pyrimidine

)

To a stirred solution of 8-(2-methylpyridin-4-y1)-2, 7-diphenylimidazo]1,2-
clpyritnidin-3{6H)-one acetate (150 mg, 0.34 mmoi) and POC; (0.25 ml, 2.6 minol) in
toluene (1.3 mL) at 0 °C was added dropwise N, N-diisopropylethylanine (0.26 mL, .5
mmol). The resulting sclution was slowly heated to 120 °C over 1 h, and then stirred at 120
°C for 16 h. After cooling to room temperature the volatiles were removed under reduced
pressure. The resulting residue was dilated with 1 N HC1 (2.0 mL) and water (20 mL), and
extracted with DCM (5 x 20 mL). The organic lavers were combined, dried over Na:SOs,
filtered and concentrated under reduced pressure. The resulting crude product mixture was
used in the next step without further purification. LC-MS calculated for CoaHysCINg (M+H)™:
m/z =397.1; found 397.1.
Step 6: 8-(2-Methyipyridin-4-yl}-2, 7-diphenylimidazo[ 1, 2-c [pvrimidin-5-amine

This compound was prepared using a similar procedure as described for Example 1,
Step 3, with 3-chloro-8-(2-methylpyridin-4-y -2, 7-diphenytimidazo[ 1,2-¢ Jpyrimidine
replacing 8-bromo-3,7-dichloroimidazo]1,2-c|pyriraidine hydrobroraide. The product was
purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as the
TFA salt. LC-MS calculated for CeHaoNs (M+) " m/z = 378 2; found 378 1.
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Example 11. Ethyl 5-amino-8-(2-methylpyridin-4-yl)-7-phenylimidazo|1,2-cfpyrimidine-

2-carboxylate

This compound was prepared using similar procedures as described for Example 10,
with ethyl 3-bromo-2-oxopropanocate replacing 2-bromo-1-phenylethan-1-one in Step 4. The
product was purified by prep-LCMS (pH = 10, MeCN/water with NH.OIT) to give the desired
product as the free base. LC-MS calculated for CoiHaoNsOy (M+H)": m/z = 374 .2; found
374.0.

Example 12. Methyl 5-(5-amino-7-phenyl-8-(pyridin-4-ylimidazo]1,2-c]pyrimidin-2-

yhisoxazole-3-carboxyviate

Step 1: Ethyl 5-(3-ox0-7-phenvi-8-(pyridin-4-yi)-5, 6-difivdroimidazof 1, 2-c ] pyrimidin-2-

yiisoxazole-3-carboxylate

o/\

A
N N
To a nuxture of 2-methoxy-6-phenyl-5-(pyridin-4-yDpyrimidin-4-amine (prepared
using similar procedures as described in Exampte 10, Step -3, with pyridin-4-ylboronic acid
replacing 2-racthyli-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDpyridine in Step 3) (50
mg, 0.18 mmol) in 2-propancl (0.54 mL) was added ethyl 5-(2-bromoacetyljisoxazole-3-
carboxylate (Combi-Blocks, catéS5-6738) (71 mg, 0.27 mmol). The reaction raixture was
stirred at 110 °C for 4 h. After cooling to room temperature the volatiles were removed under
reduced pressure. The resulting solid was washed with EtOAc, collected by filtration, and
then dried to give the crude product as the HBr salt, which was used in the next step without

further purification. LC-MS catculated for Co3HisNsOy (M+H)™: m/z = 428.1: found 428.0.
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Step 2: Ethyl 5-(5-chloro-7-phenvi-8-(pyridin-4-vijimidazo[ 1, 2-c [pyrimidin-2-vl)isoxazole-3-

carboxylate

Ci

To a stirred solution of ethy! 5-(5-ox0-7-phenv]-8~(pvridin-4-v1)-5,6-
dihvdroimidazo|l,2~c|pyrimidin-2-yl)isoxazole-3-carboxylate hvdrobromide (72 mg, 0.14
mmod) in MeCN (6.33 i) was added POCl (0.34 nd., 3.8 ramol}. The resulting solution
was stirred at 120 °C for 16 h. After cooling to room temperature the volatiles were removed
under reduced pressure. To the residue was slowly added ice water (20 mL) and the shurry
was stirred for 20 mnin. The resulting solid was collected by filtration then dried to give the
crude product, which was used in the next step without further purification. LC-MS calculated
for CaHyCINGs (M+H)™: m/z = 446.1; found 446.0.

Step3: Methvi 5-(S-amino-7-phenvi-8-(pyridin-4-vimidazo[ !, 2-c [pyrimidin-2-vi}isoxazole-3-
carboxylate

To a solution of ethyl 5-(5-chloro~7-phenyl-8-(pyridin-4~yBimidazol 1,2~ ]pyrimidin-~
2-ybhisoxazole-3-carboxylate (70 mg, 0.16 mmol) in THF (¢.70 mL) and MeOH (0.10 mL)
was added concentrated ararnoniura hydroxide (1.4 ml., 14 M). The reaction mixture was
stirred at room temperature for 16 h before the volatiles were removed under reduced
pressure. The product was purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give
the desired product as the TFA salt. LC-MS calculated for CoyHiNgGs (M+H)': m/z = 413.1;
found 413.1.

Example 13, 3-(4-Ethoxyphenyl}-8-(2-methyipyridin-4-yi)-7-phenyiimidazof{ ,2-

¢]pyrimidin-5-amine
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Step 1: 8-i2-Methylpvridin-+4-yI}-7-phenylimidazof i, 2-c [pyrimidin-5(6H}-one

N
HN N':}
T
a
To a mixture of 2-methoxy-35-(2-methylpyridin-4-yD-6-phenylpyrimidin-4-amine
(from Example 10, Step 3) (400 mg, 1.4 mmwol) in 2-propanol (4.2 ml.) was added 2-
chloroacetaldehyde (2.0 mL, 7 M in water). The reaction mixture was stirred at 110 °C for 4
h. After cooling to roora temperature the volatides were removed under reduced pressure. The
resulting residue was triturated with EtOAc to give the title compound as the HCI salt (395
mg, 85%). which was used in the next step without further purification. LC-MS calculated for
CisHisN4sO (M+H): m/z = 303.1; found 303.1.

“

Step 2: 8-i2-Methylpvridin-4-y1)-7-phenylimidazof I, 2-c [ pyrimidin-5-amine

This compound was prepared using similar procedures as described for Example 10,
Step 5-6, with 8-(2-methylpyridin-4-yH-7-phenylimidazo[1,2-c]pyrimidin-5(6H)-one
replacing 8-(2~methylpyridin-4-vD-2,7-diphenyhmidazo| 1,2 -cJpyrimidin-5(6H)-one in Step 3.
Fhe product was purified by prep-LCMS (pH = 2, MeCN/water with TIF'A) to give the desired
product as the TFA salt. L.C-MS calcutated for CisHigNs (M+H)": in/z = 302.1; found 302.1.

3

Step 3: 3-Bromo-8-(2-methyipvridin-4-yl)-7-phenylimidazo] 1, 2-c [pyrimidin-5-amine

To a mixture of 8-(2-methylpyridin-4-y)-7-phenylimidazo 1,2-c{pyrimidin-3-amine
2,2 2~trifluoroacetate (31 mg, 0.08 mmel) and sodium bicarbonate (14 mg, 0.17 mmol) in
MeOH (0.31 ral)) and water (0.31 ml.) was added bromine (3.8 pl., 0.11 mmol) dropwise at €
°C. The reaction mixture was stirred at room temperature for 16 h. The resulting sclution was

concentrated ander reduced pressure {o give the crude product, which was used in the next
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step without further purification. LC-MS calculated for CisH3sBrNs (M+H)': m/z = 380.1;
found 380.1.
Step 4: 3-(4-Fthoxyphenyi}-8-( 2-methyipyridin-4-vlj-7-phenyiimidazof |, 2-¢ [pyrimidin-5-
amine

To a microwave vial was added 3-Bromo-8-(Z-methvlpyridin-4-v1)-7-
phenylimidazo| 1, 2-c}pyrimidin-3-amine (3 mg, 0.01 mmol), (4-cthoxyphenylyboronic acid (4
mg, .62 mmol), tripotassium phosphate (7 mg, 0.03 mmol), DMF (2.4 ml.), water (.60 mlL)
and {1, 1" -bis(diphenyIphosphino)ferroceneldichloropalladium {1} (2 mg, 25 mol%). The
reaction solution was purged with nitrogen, and then the microwave vial was seated and
heated in a microwave reactor at 120 °C for 20 min. The reaction nuxture was cooled to room
temperature and filtered through a Celite plug with 50% EtOAc¢/DCM, then concentrated
under reduced pressure. The crude product was purified by prep-LCMS (pH = 2, MeCN/water
with TFA) to give the desired product as the TFA salt. EC-MS calculated for CogHouN-O
(M+H)": m/z = 422.2; found 422.2.
Example 14, 5-Amino-8-(2-methylpyridin-4-yh)-7-phenyvlimidazo|1,2-clpyrimidine-2-

carboxamide

Step 1: 5-Amino-8-(2-methylpyridin-4-y1)-7-phenviimidazo[ 1, 2-c[pyrimidine- 2-carboxylic
actd

To a stirred solution of ethyl 5-amino-8-(2-methylpyridin-4-y1)~7-phenylimidazof1,2-
clpyvrimidine-2-carboxylate (prepared in Example 11) (66 mg, 0.18 mmol) in THF (8.90 mL)
was added lithium hydroxide monohydrate (15 mg, 0.36 mmol) and water (.90 mL). The
resulting mixture was stirred at 50 °C for 16 h. After cooling to room temperature, 1 N HCI
(0.38 ml.) and water (0.9 mL) were added to give a precipitate which was removed by
filtration. The filtrate was concentrated to give the crude product, which was used in the next
step without further purification. LC-MS calculated for CioH;sN:Or (M+H)": m/z = 346.1;
found 346.1.
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Step 2: 5-Amino-8-(2-methylpyridin-4-vi)-7-phenyiimidozol 1, 2-c]pyrimidine-2-carboxamide
To a solution of 3-amino-8-(2-methy Ipyndin-4-yb)-7-phenylimmdazofl.2-
¢lpyrmudine-2-~-carboxylic acid (48 mg, 9.14 ramol) n DMF (0.87 mlL)was added HATU (63
mg, ¢.17 mmol) and tricthylamine (39 pL, 6.28 mmol). The reaction mixture was stirred at
room temperature for 30 min before anunonium chloride (8.0 mg, 0.15 mmol) was added and
the solution continued stirring at room temperature for 1.5 h. The mixture was diluted with
EtOAc (5.0 mL) and washed with saturated acqueous sodium bicarbonate solution (5.0 ml)
and brine (5.0 mL). The organic laver were dried over Na>SOy, filtered and concentrated
under reduced pressure. The product was purified by prep-LCMS (pH = 2, MeCN/water with
TFA) to give the desired product as the TFA salt. LC-MS calculated for CioHiNO (M+H):
m/z = 345.1; found 345.1.
FExample 15, 5-Amino-8-(1-carbamoyl-1,2,3,6-tetrahydropyridin-4-y))-¥-cthyl-7-
phenyviimidazo[1,2-c]pyrimidine-2-carboxamide

Oxy-NHz

@

= =
\j\

i\l\/i\h

NH,

ﬂ

Step {: 2-(©Meihithio)-6-phenyipyrimidin-4-amine

N
i:

! \ET)NHZ

NN
S\

A mixture of 6-chloro-2-(methylthio)pyrimidin-4-amine (Combi-Blocks Catalog,
#5T-1384) (10.0 g, 56.9 ramol), phenylboronic acid (8.33 g, 68.3 mmol), and bis(di~ters-
butyl(4-dimethylaminophenylyphosphine)dichloropalladiom{1l) (1.01g, 1.42 mmol) in 1,4-
dioxane (50 el and water (16 ml.) was added cesium carbonate (37.1 ¢, 114.0 mumol). The
reaction mixture was purged with nitrogen and then stirred at 100 °C for 12 h. After being
cooled to room temperature, the reaction muxtore was diluted with EtOAc, washed with brine,
dried over Na,5Qy, filicred and concentrated under reduced pressure. Light vellow solid
precipitated from the solution, which was filiered and dried to obtain the desired product. LC-

MS catculated for Cy HiN3S (M+H)Y™: m/z =218.1 ; found 218.1.

PCT/US2019/019582
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Step 2: 5-Bromo-2-imethyithio)-6-phenylpyrimidin-4-amine

“h o Br
\/”\i)\/NHZ

NYN

S"\
To a stirred solution of 2-(methylthio)-6-phenylpyrimidin-4~-amine (2.5 g, 11.5 mmol)
in DMF {30 mL) was added N-bromosuccinimide (2.05 g, 11.5 mmol). The resulting mixture
was stirred at roon temperature for 2 h before water (200 mL.) was added. Light yellow solid

precipitated from the solution, which was filtered and dried to obtain the desired product. LC-

Step 3: Ethyl 8-bromo-5-imethyithio)-7-phenylimidazof 1, 2-¢ Jpvrimidine-2-carboxylate

W N

AN O
Ao

S

To a solution of 5-bromo-2-(methylthio)-6~-pheny lpyrimidin-4-amine (3.69 g, 12.5
mmol) in ,2-dunethoxyethane (40 mL) was added ethyl 3-bromo-2-oxopropanoate (4.69 mL,
37.4 mmol). The mixture was heated to 110 °C for 12 h. After being cooled to room
temperature, the reaction mixture was washed with saturated NaHCO; solution and brine.
dried over Na:SCy, filtered, and concentrated under reduced pressuore to afford light brown
solid as the desired product. LC-MS calculated for Ci6l1::BrN3;(:S (M+H)": m/z = 392.0;
foand 392.0.
Step 4: Ethyl 8-bromo-5-( 2, 4-dimethoxybenzylamino)-7-phenylimidazol I, 2-¢ [pyrimidine-2-
carboxylate

4 B

|
X F NN, O

- NH

SN
O‘\.

O F

In a 500 mL round bottom flask, ethyl 8-bromo-3-(methylthio)-7-phenylimidazof1,2-
clpyrimidine-2-carboxylate (2.1 g, 5.35 mumnol) was disselved in 160 mL of DCM. To this
solution, 3-chloroperbenzoic acid (nCPBA) (2.28 g, 10.2 mmol) in DCM (30 mL) was added
dropwise through an addition funnel at ¢ °C. After addition, the reaction mixture was allowed

to warm to room temperature and stirred for 4 h. The reaction was then quenched by adding
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saturated NaltCQOz solution and the resulting two layers were separated. The organic layer
was washed with brine, dried over Na,SO4, and filirated. To this filtrate, (2,4-
dunethoxyphenylpmethanamine (1.61 ml., 10.7 mmol) was added dropwise at room
temperature. The resulting mixture was stirced for 2 b, and concentrated under reduced
pressure. The resulting residue was purified by flash chromatography on a silica gel column
eluting with 0 to 100% EtOAc m hexanes to afford the desired product. LC-MS5 calculated for
CoaHoaBrNLOy (MAHY m/z = 5111 found 511.1.

Step 3: 8-Bromo-3-(2,4-dimethoxybenzylamino)-N-ethyl-7-phenyviimidazo[ I, 2-c [pyrimidine-

ﬁ; i Br
N 2N O
PI‘J\ I'\Ilﬂ
Y HN—

_NH

2-carboxamide

Ethyl 8-bromo-5-(2 4-dimethoxybenzy lamino)-7-pheny limidazof L, 2-c]pyrimidine-2-
carboxyiate (1.80 g, 3.5 munol} in MeOH (20 ml.), THF (20 ml.), and water (10 ml.) was
added LiOH (0.34 g, 14.1 mmol) in one portion. The reaction mixture was stirred at 45 °C for
2 h, cooled to room temperature, and concentrated under reduced pressure. The resuiting
residue was dissolved in DMF (30 mL), followed by addition of ethanamine (2 M solution in
THF, 3.52 mL, 7.04 mmol), N-cthy l-N-isopropylpropan-2Z-amine (1.84 mL, 10.6 mmol), and
(benzotriazol-1-vloxy)tripyrrolidinophosphoniuin hexafluorophosphate (PyBOP) (3.66 g,
7.04 mmol). The reaction mixture was stirred at room temperature overnight before 100 mE
of water was added. The resulting solid was collected and dried to afford the desired product

as a yellow solid. LC-MS calculated for CoulzsBrNsQs (M+H): m/z = 510.1 ; found 510.1.
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Step 6. tert-Butyl 4-i3-(2,4-dimethoxybenzylamino)-2-iethylcarbamoyii-7-phenviimidazo[ i, 2-
¢ [pyrimidin-8-yi)-3,6-dihydropyridine-{ (2H)-carboxylate

?oc

N
)

A mixture of 8-bromo-3-(2 4-dimethoxybenzylarino)-N-ethyl-7-phenyimidazo{1,2-
clpyvrimidine-2-~-carboxamide (20.0 mg, 0.039 mmol), feri-butyl 4-(4,4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-y1)-3,6-dihy dropyridine-1 (2H)-carboxylate (14.5 mg, 0.047 mmol), XPhos Pd
G2 2.0 mg, 2.5 wnol), and Cs:CO: (38.2 mg, 0.12 mmol) in ,4-dioxane (1 nL.) and water
(0.2 mL) was degassed and stirred at 90 °C for 2 h. The reaction mixture was then cooled to
room temperature, and concentrated under reduced pressure. The resuliing residue was

purified by flash chromatography on a silica gel column eluting with 0 to 100% EtOAc in

513.3 ; found 613.3.
Step 7: 5-Amino-8-(1-carbamovi- 1, 2, 3.6-teirahvdropyridin-4-yl}-N-ethyl-7-
phenyviimidazof 1, 2-c[pyrimidine-2-carboxamide

In a 10 mL reaction vial, fert-butyl 4-(5-(2 4-dimethoxybenzylamino)-2-
(ethyicarbamoyl)-7-phenylimidazof 1. 2-cipyrimidin-8-v13-3,0-dihydropyridine- 1(2H)-
carboxylate (20.0 mg, 0.033 ramol) was dissolved in 1 inl. of TFA. The reaction mixture was
stirred at 70 °C for 10 min, cooled to room temperature, concentrated and quenched with
saturated NaHCOs solution. The resulting mixture was extracted with 3 : I DCM/IPA, and the
combined organic layers were washed with brine, dried over Na:SQyq, filtered and
concentrated under reduced pressure. The resolting residue was dissolved io DCM (1 ml),
and isocyanatotrimethylsilane (7.5 mg, 0.065 mmol) was added. The resulting mixture was
stirred for 4 h, concentrated and purified by prep- LC-MS (pH = 2, MeCN/water with TFA) (o
give the desired product as the TFA salt. LC-MS calculated for CoiHpaN-O: (MHH): m/z =
406.2; found 406.2.
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Example 16. 5-Amino-8-(1-carbamoylpiperidin-4-yh-N-ethyl-7-phenylimidazo(1,2-
¢]pyrimidine-2-carboxamide

o§r, N,

.”N\,

@ \j/\
X =N 0
NH,

In a 10 mL reaction vial, 3-amino-8-(1-carbamoyl-1,2,3,6-tetrahy dropyridin-4-y )N~
ethyi-7-phenvlimidazo|1,2~¢ [pyrimidine-2-carboxamnide TFA salt (prepared in Example 15)
(10.0 mg, 0.020 mmol) and palladium hydroxide on carbon (10 wt%, 3.7 mg, 2.3 pmol) were
dissoived in 1 el of MeOH. The reaction mixture was then stirred at 56 °C for 5 hunder 1
atra of Ho. After completion, the reaction mixture was filtered and purified by prep- LC-MS
(pH = 2, MeCN/water with TFA) to give the desired product as the TFA salt. LC-MS
calculated for CoiHzeN-Qz (M+H)™: nv/z = 408.2; found 4082,

Example 17. 5-Amino-7-(3-cyanophenyh)-N-ethyt-3-(2-hydroxyethoxy)-8-(2-
methoxypyridin-4-yhimidazol1,2-c|pyrimidine-2-carboxamide

NWOMG

4
= =N HN““/
N Wan
Na N~.\ o
NH, O‘\‘
SOH

Step 1: 3-(6-Amino-2-(methvithiopyrimidin-4-yijbenzonitriie
g2 { j 3 Py Ve

NH
P = 2
N7
N\I¢N
8

Bis(di-fert-butyl(4-dimethylaminopheny phosphise)dichloropaliadium(Il) (1.G g, 3
nol%) was added to a mixture of 6-chloro~-2-(methylthio)pyrimidin-4-amine (Combi-Blocks,
cat# ST-1384) (5.0 g, 29 mmol), (3-cyanophenyhboronic acid (8.4 g, 57 mmol) and cesium
carbonate (37 g, 114 mmol) n toluene (100 ml) and water (10 mal). The mixture was purged
with nitrogen, and then stirred at 115 °C for 16 h. The reaction mixture was cooled to room
temperature, filtered through a Celite plug with DCM and concentrated onder reduced

pressure. Water (200 mL) was added to the residue and the resulting solid was collected by
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filtration, and then dried to give the desired product (6.5 g, 94 %), which was used in the next
step without further purification. LC-MS catculated for CioHiNeS (M+HY": m/z = 243.1;
found 243.2.

Step 2: 3-(6-Amino-5-bromo-2-(methyithiojpvrimidin-4-yilbenzonitrile

Pel.
O NH,
s R 2

N Ni Y,N
S

To a solution of 3-(6-amino-2-(methy lthio)pyrunidin-4-y hbenzonitrile (6.5 g, 27
mmol) m DPMSO (35 ml), MeCN (30 ml.) and water (1.8 ml) at 6 °C was added M-
bromosuccinimide (4.8 g, 27 mmol). The reaction mixture was stirred for 2 h at room
temperature before water (200 mL) was added. The resulting precipitate was collected by
filtration, and then dried to give the desired product (8.6 g, 99 %), which was used in the next
step without further purification. LC-MS calculated for CiH;0BrN,S (M+H)": m/z = 321.¢;
found 321.1.
Step 3: Ethyl 8-bromo-7-(3-cyanophenyl}-3-(methylthio)imidazol 1. 2-c [pyrimidine-2-

carboxylate

To a solution of 3-(6-amino-5-bromo-2-(methylthio)pyrimidin-4-ylibenzonitrile (2.0
2. 6.2 mmoly in DME (26 m1) was added ethv! 3-bromo-2-oxopropanoate (2.3 mL, 19
mmol). The reaction mixture was stirred at 110 °C for 3 h before the volatiles were removed
under redoced pressure. The resulting solid was collected by filiration, washed with Et, O (160
mL), and dried to give the desired product as HBr salt (1.4 g, 54 %). LC-MS calculated for
Ci7HuBNO.S (M+H)Y m/z = 417.0; found 417.0.
Step 4. Ethyl 8-bromo-7-(3-cvanophenyvl}-5-(2, 4-dimethoxybenzylamino)imidazol 1, 2-

¢ [pyrimidine-2-carboxylate
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To a solution of ethyl 8-bromo-~7-(3-cyanophenyl)~3-(methylthio)imidazof 1,2~
clpyrimpidine-2-carboxylate hydrobromide (1.4 g, 3.4 ramoh in DCM (170 ml) at ¢ °C was
added a solution of mCPBA (1.6 g, 6.4 mmol, 70%) in DCM (15 mL) dropwise. The solution
was stirred at room temperature for 2 h. Following complete consumption of starting material,
(2.4-dimethoxyphenyymethanamine (1.02 ml, 6.8 nunol) in DCM (15 ml.) was added and the
suspension was stirred for 2 h. The reaction mixture was then washed with saturated NaHCO;
solution {100 mL), water (160 mL), and brine (30 mL). The organic laver was dried over
Mg8Q),, filtered and concentrated under reduced pressure. The resulting material was purified
by column chromatography eluting with 0-100% EtOAc/hexanes to give the desired product
(1.4 g, 54%). L.C-MS calculated for CisHuBrNsQs (M+H)': m/z = 536.1; found 536.2.

Step 5: Ethyl 7-(3-cyanophenyl)-3-(2 4-dimethoxybenzylamino}-8-( 2-methoxypyridin-4-

vi)imidazo[l, 2-c Jpyrimidine-2-carboxylate

’ N, OMe
J

=
/@\KL/N "3_/
P = = =N -~
Z f
N W
’ Q

Y
NH

OMe

OMe

{1, 1"-bis{dicvclohexviphosphinojferrocence]dichloropalladium(ll) (236 mg, 10 mol%)
was added to a mixture of ethyl 8-bromo-7-(3-cyanophenyl)-5-(2,4-
dunethoxybenzylaminoymidazo] 1,2-c]pyrunidine-2~carboxylate (1.7 g, 3.1 mruol}, 2-
methoxypyridin-4-ylborenic acid (370 mg, 3.7 mmol), and cesium carbonate (1.7 g, 5.2
mmol) in fert-butanol (13 mL) and water (2.6 mL). The reaction mixture was purged with
nitrogen, and stirred at 120 °C for 3 h. The reaction mixture was then cooled to room
temperature, filtered through a Celite plug with DCM and concentrated ander reduced
pressure. The resulting material was purified by colunn chromatography cluting with 6-100%
EtOAc/hexanes to give the desired product (370 mg). LC-MS calculated for CsiHaosNOs
(M+H)": m/z = 565.2; found 563 .4.

PCT/US2019/019582
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b

Step 6: 5-Amino-7-(3-cyanophenyl)-N-¢thyl-8-(2-methoxypyridin-4-yljimidazof i, 2-

> Jpvrimidine-2-carboxamide

To ethyl 7-(3-cyanophenyl)-5-(2,4-dimethoxybenzy lamino}-8-( 2-methoxypyridin-4-
yDinidazof1,2-c[pvrimidine-2-carboxylate (370 ing, 0.65 mamol) was added cthanamine (3.3
mL, 2 M in MeOH). The solution was stirred at 83 °C in a sealed vial for 16 h, cooled to
room temperature and the volatides were removed under redaced pressure. TFA (2.0 mL) was
added to the residue and the mixture was stirred at 160 °C for 10 min in a sealed vial. The
reaction mixture was then cooled to room temperature, and the volatiles were removed under
reduced pressure. The product was purified by column chromatography eluting with 0-10%
MeOH/DCM containing 0.5% triethylamine. LC-MS calculated for Co:HyoN-O (M+H): m/z
=414.2; found 414.3.

Step 7: 5-Amino-3-bromo-7-(3-cvanophenyi)-N-ethyi-8-(2-methoxypyridin-4-yljimidazof 1, 2-
¢/pyrimidine-2-carboxamide

Ny, -OMe

. N, HN
N b
N -N~ P
NHZ Br

To a solution of 5-amino-7-(3-cyanophenyl)-N-cthy-8-(2-methoxypyridin-4-
vhimidazofl.2-c[pyrimidine-2-carboxamide (110 mg, 0.27 mmol) i DMF (0.5 mL)at ¢ °C
was added N-bromosuccinimide (47 mg, 0.27 mmol). The reaction mixture was stirred for 2 h
at room temperature before water (1.0 mL) was added. The resulting precipitate was colected
by filtration, and dried to give the desired product, which was used in the next step without
further purification. LC-MS calculated for C2oHpBrN;O, (M+H)": m/z = 492.1; found 492.1.
Step 8: 3-Amino-7-(3-cyanophenyl)-N-ethvi-3-{ 2-hvdroxyethoxy)-8-( 2-methoxypvridin-4-
yiyimidaze[l, 2-c [pyrimidine-2-carboxamide

To a reaction vial was added copper(l) iodide (1.2 mg. 6.1 pmol), 3,47 8-
tetrainethyl-1,10-phenanthreline (2.9 mg, 0.01 minol}, 5-amino-3-brorme-7-(3-cyanophenyl}-
N-cthyl-8-(2-methoxypyridin-4-yimidazo[ 1.2-¢ [pyrimidine-2-carboxamide (30 mg, 0.06

mmaol), and cesium carbonate (30 mg, 0.09 mmol). The reaction vial was flushed with
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nitrogen and fitted with a rubber septum. Toluene (0.2 mL) and ethane-1,2-diol (0.17 mL, 3.1
mmol) were added and the rubber septuin was replaced with a Teflon-lined cap. The reaction
mixture was stirred at 110 °C for 24 h, cooled to rcom temperature, diluted with cthyl acetate
(2 mL), and filtered through a plug of silica gel. The filtrate was concentrated and purified by
prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as the TFA salt.
LC-MS calculated for Co4HzaN-Oy (M+H)": m/z = 474 2; found 474.2.

Exampie 18, 5-Aming-7-(3-cyanophenyh)-N-ethyl-8-(2-methoxypyridin-4-yi)-3-
methylimidazo}l,2-c]pyrimidine-2-carboxamide

,N \/O'Vle

Pav Py

N ¥ Nt/
NH,

To a mixture of 5~amino-3-bromo-7-(3-cyanophenyl}-N-cthv -8~ 2-maethoxypyridin-
4-vlymidazo[l,2-clpyrimidine-2-carboxamide (prepared m Example 17, Step 7y (40 mg, 0.08
mmol) and [1.1'-Bis(diphenyiphosphinc)ferrocene[dichloropalladivradil), complex with
dichloromethane (3.3 mg, 4.1 pmol) in 1,4-dioxane (0.50 mL) under nitrogen atmosphere was
added dimethylzinc in toluene (.27 mL, 1.2 M) dropwise. The resulting mixture was stirred
at 90 °C overnight, cooled to room temperature, diluted with DCM (5 mL) and filtered
through a Celite plug. The filtrate was concentrated under reduced pressure and the crude
material was purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired
product as the TFA salt. LC-MS calculated for Co3l12N-O; (M+H)™: m/z = 428.2; found
4282
Exampie 19, 5-Amino-7-(3-cyvanophenyh-N-ethyl-8-(Z-methoxypyridin-4-y)-3-(pyridin-

2-yhimidazo[1,2-cjpyrimidine-2-carboxamide

FNVOMe
/E =
e P HN_/
S
YL
3Y
NH, #
NN
Lo

Bis(tripheny Iphosphine)palladium(IF) chloride (4.3 mg, 6.1 pmol) was added to a
mixture of 5-araino-3-bromo-7-(3~cyancphenyl)-N-cthyl-8-( 2-methoxypyridia-4-
vDimidazo[1,2-c[pyrimidine-2-carboxamide (prepared m Example 17, Step 7) (30 mg, 0.06
mmol) and 2-(tributykstanny Dpyridine (€¢.05 mL, ¢.12 mmeol) in DMF (0.5 mL). The reaction

mixture was purged with nitrogen and then stirred at 100 °C for 5 h. After cooling to roora

170
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temperature, the mixture was diluted with DCM (5 mL) and filtered through a Celite plug.
The filirate was concentrated under reduced pressure and the crude material was purified by
prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as the TFA salt.
LC-MS calculated for CosHpsNgO: (MAID": m/z = 491.2; found 491.2.

Example 28, 5-Aminc-3-bromo-8-(2,6-dimethyipyridin-4-vi-N-ethyl-7-

phenytimidazo[1,2-c]pyrimidine-2-carboxamide

| /

N HN

RV
NH, Br

Step 1:Ethyl 5-(2.4-dimethoxybenzyvlamine-8-(2, 6-dimethyipyridin-<-yl)-7-

phenylimidazof 1, 2-¢ Jpvrimidine-2-carboxylate

f\ .

- .NH

(’\l OMe
v

Ohde

[1,"-bis(dicyclohexylphosphino)ferrocene]dichloropalladiumdd) (400 mg, 10 mol%)
was added to a mixture of ethyl 8-bromo-5-((2,4-dimethoxybenzylyamino)-7-
phenylimidazo| 1,2-c[pyrimidine-2-carboxylate (prepared in Example 15, Step 4) (2.7 2, 5.3
mmol), (2,6-dimethyIpyridin-4-yDboronic acid (1.2 g, 7.9 ramol}, and cesiom carbonate (3.4
g, 11 mmol) in fert-butanol (20 mL) and water (3.8 mL). The mixture was purged with
nitrogen, and then stirred at 120 °C for 1.5 h. The reaction mixture was cooled to room
temperature, filtered through a Celite plug with DCM and concentrated under reduced
pressure. The resulting material was purified by column chromatography eluting with 0-20%
MeOH/DCM to give the desired product (2.8 g, 99%). LC-MS calculated for CyHaN=Os
(M+HY": m/z = 538.2; found 538.3.
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Step 2: 5-i2,4-Dimethoxybenzylamino)-8-i 2, 6-dimethypyridin-4-vi)-7-phenylimidazof 1, 2-

¢ [pyrimidine-2-carboxylic acid

; NY
B N OH
N? Y

N ﬁ/

s}

OMe

To a solution of ethyl 5-(2,4-diinethoxybenzylamino)-8-(2,6~-dimethylpyridin-4-y1)-7-
phenylimidazof 1, 2-¢ [pyrimidine-2-carboxylate (1.0 g, 1.9 mmol) in THF (3.9 mL) was added
fithivre bydroxide (G.18 g, 7.4 munol) and water (3.9 mL). The resulting mixture was stirred at
50 °C for 16 h. After cooling to room temperature, water (2.0 mL) was added and the pl1 was
adjusted using 1 N HCl 1o pH 2. The resulting precipitaie was collected by filtration, washed
with water and dried to afford the crude product, which was used in the next step without
further purification. LC-MS catculated for CaaHasNsOy (MA+H)": m/z = 510.2; found 310.2.

Step 3: 3-Amino-8-(2.6-dimeihylpyridin-4-yil-N-ethyl- 7-phenylimidazof 1. 2-c [pyrimidine-2-

carboxamide
e NF
GO G
I\ i // \
o
NH

To a solution of 5-(2.4-dimethoxybenzylamino)-8-(2,6-dimethy Ipyridin-4-y1)-7-
phenylimidazo| 1,2-¢ [pyrimidine-2-carboxylic acid (0.95 g, 1.9 mmob) in DMF (17 mL) was
added tricthylamine (0.78 mlL, 5.6 mmol). The solution was stirred for 5 min before the
addition of BOP (1.2 g, 2.8 mmol) and ¢thanamine (9.3 mL, 2 M in THF). The reaction
mixture was then stirred at room temperatore for 30 min, quenched with water (20 mlL), and
extracted with EtOAc (5 x 30 mL). The combined organic layers were washed with water (50
mL) and brine (30 mL), dried with MgSQ,, and concenirated under reduced pressure. To the
resulting residue was added TFA (3.0 L), and the reaction mixture was stirred at 100 °C for
10 min. After cooling to room temperature, the volatiles were removed under reduced
pressure to afford the crude product, which was used 1 the next step without further

purification. LC-MS calculated for C2oHaaNeO (M+H)™: m/z = 387.2; found 387.3.
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Step 4: 5-Amino-3-bromo-8-( 2, 6-dimethylpyridin-4-yl}-N-ethvi-7-phenylimidazof I, 2-
¢ [pyrimidine-2-carboxamide

To a solution of 3-amino-8-(2,6-dimethylpyridin~-4-vD)-V-cthyl-7-phenylimidazo{1,2~
clpyrimidine-2-carboxamide (700 mg, 1.8 mmol) in DMSO (3.6 mLYMeCN (1.9 mL)/water
(0.12 ml.) at 0 °C was added N-bromosuccinimide (320 mg, 1.8 minol). The reaction mixture
was stirred for 2 h at room temperature, at which pomt water (20 mL) was added and the
desired product was collected by filtration. The product was purified by prep-LCMS (pH = 2,
MeCN/water with TFA) to give the desired product as the TFA salt. LC-MS calculated for
Co:HpBrNgO (MH+H)": m/z = 465.1; found 465.1.
Example 21. 5-Amino-3-cyano-8-(2,6-dimethyipyridin-4-yl)-V-cthyk-7-

phenylimidazo[1,2-c]pyrimidine-2-carboxamide

\,N\\/’
7 A ]
« e

To a microwave vial was added copper(d) cyanide (8.7 mg, .16 mraol) and 5-amino-
3-bromo-8-(2,6-dimethy lpyridin~-4-y[)-N-ethyl-7-phenylimidazo] 1,2~-cjpyrimidine-2-
carboxamide (prepared in Example 20y (30 mg, £.06 mumol) in PMF (0.30 mL). The vial was
flushed with nitrogen and scaled before being heated in a microwave reactor at 180 °C for 10
min. After cooling to room temperature, the reaction mixture was diluted with NH4OH (1 mL)
ancdt H.G (1 rall), and extracted with EtOAc (3 x 5 ml). The corabined organic layers were
dried over MgSQy, filtered, and concentrated under reduced pressure. The resulting material
was purified by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as
the TFA salt. LC-MS calculated for CosHaoN2OG M+H) m/z = 412.2; found 412.2.

Example 22, 8-(2,6-Dimethylpyridin-4-yi)-N-ethyl-S-(ethylamino)-7-phenyiimidazo[1,2-

cipyrimidine-2-carboxamide
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Step 1: 5-i2,6-Dimethyipvridin-4-vi)-2-(methylthio}-6-phenylpyrimidin-4-amine

{1, 1"-bistdicyclohexyiphosphino)ferrocenedichioropalladium(Il) (310 mg, 10 mol%)
was added to a mixture of 5-bromo-2-(methylthio)-6-phenylpyrimidin-4-amine (prepared
Exaraple 13, Step 2) (2.0 g. 6.8 mnol), {2,6-dunethylpyridin-4-yhHboronic acid (1.5 g, 10
mmol), and cesium carbonate {4.4 g, 14 mmol) in ferf-butanol {25 mb) and water (5.0 mL).
The raixtare was purged with nitrogen, and then stirred at 120 °C for 2 h. The reaction
mixture was cooled to rocin temperature and filtered through a Celite plug. The filtrate was
concentrated under reduced pressure and purified by flash chromatography on a silica gel
coloma eluting with 0-100% EiOAc/hexanes to give the desired product (440 g, 20%). L.C-
MS calculated for CisHioNsS (M+H)™ m/z = 323.1; found 323.1.

Step 2. Ethvl 8-(2,6-dimethylpyridin-4-y)-3-(methylthio }- 7-phenylimidazof 1. 2-c [pyrimidine~

2-carboxylate

To a solution of 5-(2.6-dimethylpyridin-4-y1}-2-(methylthio)-6-phenylpyrimidin-4-
amaine (300 mg, 2.5 raraol) in DME (10 mL) was added cthyl 3-bromo-2-oxopropanoate (0.93
mL, 7.4 mmol). The reaction mixture was stirred at 110 °C for 2 h before the volatiles were
removed under reduced pressure. The resulting residue was diluted with DCM (20 mL),
washed with saturated NallCQOj; solution (20 mL), water (20 mL) and brine (10 mL), dried
over MgSQ,, filtered, and concentrated under reduced pressure. The resulting material was
purified by column chromatography eluting with 6-20% MeOH/DCM to give the desired
product (1.0 g, 99%). LC-MS catculated for CoiHasN4O,8 (M+H)": m/z = 419.2; founrd 419.1.
Step 3: 8-(2,6-Dimethyipyridin-4-vi)-N-ethyl-3-(ethviamine)-7-phenylimidazof 1, 2-
clpyrimidine-2-carboxamide

Ethy] 8-¢2,6-dimethy Ipyridin-4-yb-3-(nethylthio)-7-phenylimidazo{ 1,2~

¢ lpyrinudine-2-~-carboxylate {100 mg, 0.24 miol) was suspended in a solution of cthanamine
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(1.2 mL, 2 M in MeOH) and heated at reflux for 16 h. After cooling to room temperature, the
solvent was removed under reduced pressure and the resulting material was purified by prep-
LOMS (pH =2, MeCN/water with TFA) to give the desired product as the TFA salt. LC-MS

catculated for CosHorNgO (M+H)": m/z = 415.2; found 415.1.

Example 23, 4-(5-Amino-2-{cthylcarbamoyvl}-7-phenyiimidazo]1,2-cjpyrimidin-§-vi}-2,6-

dimethylpyridine 1-oxide

NH2
Step 1. 4-(2-(Ethoxycarborvlj-5S-(methylsulfonyl)-7-phenylimidazof 1. 2-c [pyrimidin-8-vi{)-2,6-
dimethylpyridine {-oxide

@

%

NS
| /\r\;}---—cozat

Na N

550
P
[s}

To a mixture of ethyl 8-(2,6~-dimethylpyvridin-4-y1)-3-(nethylthio)-7-
phenyhimidazof |, 2-¢ [pyrimidine-2-carboxylate (prepared in Example 22, Step 2) (30 mg, .12
minol) in DCM (10 mL) at 0 °C was added mCPBA (88 ng, 0.36 mmol). The resulting
solution was stirred at room temperature for 3 h, and then the volatiles were removed under
reduced pressure. The resulting residue was taken up in EtOAc (20 ml.), washed with a
mixture of saturated Na;5,0; solution (19 mL) and saturated NaHCOs solution (10 mL), and
then brine (10 mL). The organic layer was dried over MgSQOy and concentrated under reduced
pressure to afford the crude product, which was used i the next step without fusther

purification. LC-MS calculated for Co3l13N.OsS (M+H) " m/z = 467.1; foumd 467.1.

175

PCT/US2019/019582



05 Dec 2022

2022283611

WO 2019/168847 PCT/US2019/019582

Step 2: 4-{3-Amino-2-(ethoxycarbonyl)-7-phenylimidazof 1, 2-¢ pvrimidin-8-yl}-2, 6-
dimethylpyridine 1-oxide
©
@ H

e
NS N
\\//\K:/ Ni}—cozlzt

N,

To a solution of 4-(2~(ethoxycarbonyl)-5-(methylsulfonyl)-7-phenylimidazo( 1,2~
clpyrimidin-R-y[)-2,6-dunethvlpyridine 1-oxide (34 mg, 0.12 mmol} in acetonitrile (1.0 ml)
was added concentrated ammonium hydroxide (0.09 mL, 14 M). The reaction mixture was
stirred at room temperature for 30 min before the velatiles were removed under reduced
pressure. The resulting material was porified by prep-LCMS (pH = 10, MeCN/water with
NH4OM) to give the desired product as the free base. LC-MS calculated for C2:HeNsOs
(MAHY": m/z = 404 2; foand 404.2.

Step 3: 4-(53-Amino-2-fethyvlcarbamoyl)-7-phenylimidazof 1, 2-c [pyrimidin-8-vij-2,6-
dimethyipyridine [-oxide

4~(5-Amino-2-(ethoxycarbonyl)-7-phenylimidazo| 1,2 -c|pyrimidin-8-y1)-2,6-
diraethvlpyridine 1-oxide (15 mg. 0.03 misel} was suspended 1n a solution of ethanaraise (1.0
mL., 2 M m methanol) and heated at reflux for 1 h. After cooling to room temperature, the
solvent was removed under reduced pressure and the product was purified by prep-LCMS
(pH = 2, MeCN/water with TFA) 1o give the desired product as the TFA salt. LC-MS
calculated for CoHaaNgOr (M+H) " m/z = 403.2; found 403.1.

Example 24, 3-(5-Amino-8-{1-ethyi-6-ox0-1,6-dihydropyridia-3-yi}-2-(3-

hydroxyazetidine- L-carbonyliimidaze[1,2-cjpyrimidin-7-vl}benzonitrile
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Step 1. 3-i8-Bromo-53-(2,4-dimethoxybenzylamino)-2-i 3-hydroxyazelidine- I -

carbonyljimidazof 1, 2-c ] pyrimidin-7-vi)benzonitrile

i Br
N
NG F /\N)—‘ZO
N Nt
i N
. L
_AH
; OH
N
O\

Ethyl 8-bromo-7-(3-cyanophenyl)-5-(2,4-dimethoxybenzylaminoimidazof 1,2~
clpyrimidine-2-carboxylate {prepared in Example 17, Step 4) (100 g, 0.186 mmoel) in
MeQOH (2 mL), THF (2 mL), and water (1 mL) was added LiOH (17.9 mg, 0.75 mmol). The
reaction mixture was stirred at 45 °C for 2 h, and the solvent was removed under reduced
pressure. The resulting residue was dissolved in DMF (3 mL), followed by the addition of
azetidin-3-ol (27 .3 mg, ¢.37 ramol}, N-ethyl-N-isopropylpropan-2-amine (98 pl., ¢.56 ramol),
and HATU (142 mg, 0.37 nunol}. The reaction raixture was stirred at room teraperature
overnight before 10 mL of water was added. The precipitated solid was collected and dried to
afford the desired product as a yellow solid. LC-MS calculated for CosHpaBrNeQy (MAH)
m/z = 563.1 ; found 563.1.

Step 2: 3-(5-Amino-8-(l-ethyi-6-oxo-1,6-dihydropyridin-3-yl)-2-(3-hydroxyazetidine-1 -
carbonyliimidazof 1, 2-c [pyrimidin-7-yl)benzonitrile

A mixture of 3-(8-bromo-35-(2.4-dimethoxybenzy lamino)-2-(3-hydroxvazetidine- 1 -
carbonyDimidazo{1,2~c[pyrunidin-7~vDbenzonitrile {20 mg, 0.048 mmol), 1-cthyl-5-(4,4,5,5-
tetramethyl-1,3,2~dioxaborolan-2-y)pyridin-2( 1 //}-one (14.5 mg, 0.058 minol), XPhos Pd G2
(2.0mg, 2.5 umol), and Cs;CO; (47 mg, 0.15 mmol) in 1.4-dioxance (1 mL) and water (6.2
mL) was degassed and scaled. The reaction was stirred at 90 °C for 2 h, cooled to room
temperature, and concentrated. To the resulting residue, 1 mL of TFA was added, and the
resulting mixture was stirred at 70 °C for 30 min, After completion, the reaction raixture was
concentrated, diluted with methanol, and purified with prep- LC-MS (pH = 2, MeCN/water
with TFA) to give the desired product as a TFA salt. LC-MS calculated for Co4HN-O-
(M+HY": m/z = 456.2; found 456.2.
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Example 28, 5-Amino-7-(3-cvanophenyl)-8-(f-ethyl-6-0x0-1,6-dihydropyridin-3-yh-N-(1 -

{2-hydroxyethyl)-1 H-pyrazol-4-yhimidazo[1,2-cipyrimidine-2-carboxamide

0
J
N/: N~> { </j o~

N+

_<
z

!

Z-zZ

This compound was prepared using similar procedures as described for Example 24
5  with 2-(4-aminc-1H-pyrazol-1-ylethanol (AstaTech Prodoct List #50513) replacing azetidin-
3-olin Step 1. The product was purified by prep~ LC-MS (pH = 2, MeCN/water with TFA) to
give the desired product as a TFA sali. LC-MS calculated for CogHosNeOs (M+H) " m/z =
510.2; found 510.2.
Example 26. 5-Amine-7-(3-cyanophenyl)-N-ethyl-8-(pyridin-4-yhimidazeo[1,2-

16 c]pyrimidine-2-carboxamide

Step 1: Ethvl 5-amino-7-chloroimidazof 1, 2-c]pyrimidine-2-carboxylate

Ci o)

Ny N~
.
A solution of 6~chloropyrimidine-2,4-diamine (2 g, 13.8 mmol) and ethyl 3~bromo-2-
15 oxopropancate (2.6 ml, 20.8 mmol) in DME (530 ml) was stirred at 7¢ °C overnight. After
completion, the reaction was cooled to room temperature and the solid was collected by
filtration. The crude solid was dissolved in hot methanol (25 mL) and the desired product was
recrystallized by slowly cooling the solution to room temperature. The product was filtered,
washed with EtOAc, and dried to give the desired product. LC-MS caleulated for
20 CoHyCINGG, (M+H)": m/z = 241.0; found 241.1.

Step 2: Ethyl 5-amino-7-(3-cyanophenyliimidazo[ 1, 2-c [pyrimidine-2-carboxylate

- O
NC/@\’/\{%
o

NH,
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A mixture of ethyl 3-amino-~7-chloroimidazof{1,2~c}pvrimidine-2-~carboxylate (0.60 g,
2.49 ramol}. (3-cvanophenvhborouic acid (0.44 g, 2.99 munol), XPhos Pd G2 (0.098 g, 0.125
mmol) and sodivm carbonate (0.53 g, 4.99 mmol) in 1,4-dioxane (30 mL) and water (3.0 mL)
was purged with nitrogen and then stirred at 100 °C for 1 h. After being cooled to room
temperature, the reaction mixture diluted with EtOAc, washed with brine, dried over Na:S0q,
filtered, and concentrated under reduced pressure. Light vellow solid precipitated from the
solution, which was filtered and dried to afford the desired product. LC-MS calculated for
CisH1aNsOy (M+H)™: m/z = 308.1 ; found 308.1.
Step 3: Etiyl 5-amino-8-bromo-7-(3-cvanophenyl)imidazo[ 1, 2-c]pyrimidine-2-carboxylate

“ Br

a\i

NC =N 0

2
NQTN\’//>—<O

NH;

To a sotution of ethyt 5-amino-7-(3-cyanophenyimidazo[l,2-c[pyrimidine-2-
carboxylate (2.3 g, 7.48 munol} in DMF (50 ml} was slowly added a solution of V-
bromosuccinimide (1.33 g, 7.48 mmol) in DMF (5.0 mL) at 0 °C. The reaction mixture was
then stirred at room temperature for 2 h before water (100 ml.) was added. The resulting light
yellow solid was collected by filtration and dried to obtain the desired product (2.3g, 80%).
LC-MS calculated for CieHisBrN:G. (M+HD)™: my/z = 386.0 ; found 386.0.

Alternatively, this compound can be prepared using the following procedure: to a
solution of ethyl 8-bromo-7-(3-cyanophenyl)-3-(methylthioyimidazo|1,2~c}pyrimidine-2-
carboxylate (prepared in Example 17, Step 33 (2.40 g, 5.75 mmol) in DCM (100 mL) was
added a solution mCPRA (77%, 1.93 g, 8.63 mmol) in DCM (30 mL) this solution was dried
over anhydrous magnesium sulfate through an addition funnel at room temperature for 30
minutes. The reaction mixture was then stirred for 4 h, and quenched by bubbling NH; gas via
cannula for 1b. The reaction mixture was then concentrated under reduced pressure to give a
crude raixture, which was poured into a saturated NaHCO; solution (150 L), The resulting
solid was collected by filtration, washed with water and hexanes, and dried to afford the
desired product as a brown solid (1.9 g, 86%). LC-MS calcutated for CisH1sBrN=Cn M+
m/z = 386.0; found 386.0.
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Step 4: 5-Amino-8-bromo-7-{3-cyanophenyl)-N-ethviimidazo[ 1, 2-¢ [pyrimidine-2-

carboxamide
i/ i Br
NG N
N \ N\/> i('\i //
NH

To a mixture of ethyl 3-amino-8-bromo-7-(3-cyanophenyl)imidazofl.2-cipyrimidine-
2~carboxyvlate (1.00 g, 2.59 mmol) in MeOH (20 al)), THF (20 ral), and water (10 L) was
added LiOH (124 mg, 5.18 mmeol). The reaction mixture was stirred at room temperature for
2 h, and the solvent was removed under reduced pressure. The resulting residuc was dissolved
in DMF (30 mL), followed by the addition of ethylamine solution (2. mL, 25.9 mmol, 70%
in water), triethyl amine (1.08 ml., 7.77 amol), and BOP (2.29 ¢, 5.1% migol). The rcaction
mixture was stirred at room temperature overnight before 100 mL of water was added. The
resulting solid was collected by filiration and dried to afford the desired product as a vellow
solid (0.77g). LC-MS calculated for CsH1aBrNsO (M+H)': in/z = 385 .0; found 385.1.

Step 5: 5-Amino-7-(3-cyanophenyl)-N-ethvi-8-(pyridin-4-yljimidazof i, 2-c [ pyrimidine-2-
carboxamide

A mixture of 5-amino-8-bromo-7-(3-cyanophenyl)-N-ethylimidazo|1,2-¢jpyrimidine-
2-carboxamide (10.0 mg, £.026 mmol), pyridin-4-ylboronic acid (4.8 mg. ¢.¢39 mmol),
XPhos Pd G2 (2.0 mg, 2.51 pmol), and Na.COs; (8.3 mg, 0.078 mmol) in 1,4-dioxane (1.5
mL) and water (0.15 L) was degassed and sealed. The reaction mixture was stirred at 110
°C for 1 h, cooled to room temperature, diduted with MeOH, and purified with prep- LC-MS
(pH = 2, MeCN/water with TFA) to give the desired product as a TFFA salt. LC-MS5 calculated
for C1HisN-O (M+H)": mn/z = 384.2; found 384 2.

Example 27, 5-Amino-7-(3-cvanophenyh-N-cthyl-8-(G-methylpyridin-4-vliimidazo[1,2-

¢]pyrimidine-2-carboxamide

N
/’\.. =I\.,/)\..
.\,C/\/\/\,,N
N N J_H(N_\\
:'ile

This comnpound was prepared using similar procedures as described for Example 26
with 3-methylpyridin-4-ylboronic acid replacing pyridin-4-vlboronic acid in Step 3. The
product was purified by prep- LC-MS (pH = 2, MeCN/water with TFA) to give the desired
product as a TFA salt. LC-MS calculated for CooHaeN-O (M+H)™: = 398.2; found 398.2.
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Example 28. 5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(3-fluoropyridin-4-yl)imidazo[1,2-
¢]pyrimidine-2-carboxamide
Ny
NG N N P

! Ya\?ﬁm
NH,

This compound was prepared using similar procedures as described for Example 26
with 3-fluoropyridin-4-y1lboronic acid replacing pyridin-4-ylboronic acid m Step 5. The
product was purified by prep- LC-MS (pH = 2, MeCN/water with TFA) to give the desired
product as a TFA salt. LC-MS calculated for CoiHyFN-O (MAH)Y™: m/z = 402.1; found 402.2.
Example 29, 5-Amino-7-(3-cvanophenyh-N-¢cthyi-8-(3-chloropyridin-4-vhimidazo}1,2-
¢]pyrimidine-2-carboxamide

3
e N\\.

A
7y Y

NG WV\";\N)_{O
Y NI
N N R
NH,

This compound was prepared using similar procedures as described for Example 26
with 3-chleropyridin-4-viboronic acid replacing pyridin-4-ylboronic acid in Step 5. The
product was purified by prep- LC-MS (pH = 2, MeCN/water with TFA) to give the desired
product as a TFA salt. LC-MS calculated for Co:H3CIN-O (M+H)": m/z = 418.1; found
418.2.

Example 30, 5-Amino-7-(3-cyanophenyl)-NV-ethyl-8-(3-methoxypyridin-4-yDimidazo| 1,2~

cipyrimidine-2-carboxamide

This compound was prepared using similar procedures as described for Example 26
with 3-methoxypyridin-4-ylboronic acid replacing pyridin-4-vlboronic acid in Step 5. The
product was purified by prep- LC-MS (pH = 2, MeCN/water with TFA) to give the desired
product as a TFA satt. LC-MS calculated for CooHogN-O» (M+H)Y m/z = 414.2; found 414.2.
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Example 31. 5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(3-cyanopyridin-4-yhimidazo[1,2-

¢]pyrimidine-2-carboxamide

Ny
AN N,
M%VN

I ;RHN\

NH,

This compound was prepared using similar procedures as described for Example 26
with 4-(4,4,3,5-tetramethyl-1,3,2-dioxaborolan-2-y)nicotinonitrile replacing pyridin-4-
vlboronic acid in Step 5. The product was purified by prep- LC-MS (pH = 2, MeCN/water
with TFA) to give the desired product as a TFA salt. LC-MS calculated for C2oHNzO
(M+HY": m/z = 409.2; found 409.2.

Example 32, 5- Aming-8-(4-carbamoyliphenyi)-7-(3-cyanophenyl)-N-ethylimidazo]1,2-

cipyrimidine-2-carboxamide

<

\.

el

N‘\\/
NHZ

]
—4
HN

‘kv

-~

This compound was prepared using similar procedures as described for Example 26
with (4-carbaracyliphenylborounic acid replacing pyridin-4-ylboronic acid in Step 3. The
product was purified by prep~- LC-MS (pH = 2, MeCN/water with TFA) to give the desired
product as a TFA salt. LC-MS calculated for CosHuoN-O: (M+H)™: m/z = 426.2; found 426.2.
Example 33, 5-Amino-7-(3-cvanophenyh-N-cthyl-8-(pyvrazolo]1 ,5-4] pyridin-3-
yhimidaze[l,2-c|pyrimidine-2-carboxamide

o

@ /L\/
&0

X =
Ny ot .
T NN
NH

This compound was prepared using simnilar procedures as described for Example 26
with 3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vl)pyrazolo[1.5-afpyridine replacing
pyridin-4-ylboronic acid in Step 5. The product was purified by prep~- LC-MS (pH =2,
MeCN/walter with TFA) to give the desired product as a TFA salt. LC-MS calculated for
CosHioNzO (M+H)'™ m/z = 423.2; found 423.2.
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Example 34. 5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(S5-mmethyl-1 H-pyrazol-4-

yhimidazo[l,2-clpyrimidine-2-carboxamide

27 2z N 9

N \,:inj —{

B HN—\
NH,

This compound was prepared using similar procedures as described for Example 26
with 5-methyl-4-(4.4.3, 3-tctramethyl-1,3,2-dioxaborolan-2-y1}- 1 H-pyrazole replacing
pyridin-4-vlboronic acid in Step 5. The product was purified by prep- LC-MS (pl1 =2,
MeCN/water with TFA) to give the desired product as a TFA salt. LC-MS calculated for
CooHpaNzO (M+H)": m/z = 387 2; found 387 2.

Example 35, 5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(1-ethyl-1 H-pyrazol-5-

vhimidazo[1.2-clpyrimidine-2-carboxamide

z N
| \/L
N//k//\%/{/ - éj

N‘ﬁ/ N~/ mHNj

NH,

This compound was prepared using similar procedures as described for Example 26
with I-ethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-v13- 1 H-pyrazole replacing pyridin-~
4-vlboronic acid in Step 5. The product was purified by prep- LC-MS (pl = 2, MeCN/water
with TFA) to give the desired product as a TFA salt. LC-MS calculated for Co1HziNsO
(M+H)": m/z = 401.2; found 401.2.

Example 36. 5-Amino-7-(3-cyanophenyh)-N-ethyl-8-(1-isopropyvl-1 H-pyrazol-5-

yhimidazo}i,2-clpyrimidine-2-carboxamide

This compound was prepared using similar procedures as described for Example 26
with 1-isopropyl-3-(4,4,5,5-tetramethyl-~1,3,2-dioxaborolan-2-y 13- 1 H-pyrazole replacing
pyridin-4-vlboronic acid in Step 5. The product was purified by prep- LC-MS (pl1 =2,
Me{CN/water with TFA) to give the desired product as a TFA salt. LC-MS calcudated for
CoHosNzO (M+H)": m/z = 415.2; found 415.2.
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Example 37. 5-Amino-7-(3-cyanophenyh)-N-ethyl-8-(1-propyi-1 H-pyrazol-5-
yhimidaze[l,2-clpyrimidine-2-carboxamide
/Q )
N \,'\l
\H?

This compound was prepared using similar procedures as described for Example 26
with 1-propyl-5-(4.4.3 3-tctramethyl-1,3.2-dioxaborolan-2-y1}- 1 H-pyrazole replacing pyridia-
4-ylboronic acid in Step 5. The product was purified by prep~- LC-MS (pH = 2, MeCN/water
with TFA) to give the desired product as a TFA salt. LC-MS calcutated for CoaHaN:O
(M~+H)": mi/z = 415.2; found 415.2.

Example 38, 5-Aming-7-(3-cyanophenyl)- N-ethyl-8-(pyrimidin-4-yDimidazo[1,2-

)
4
N N‘j\:L/\H —

NH,

clpyrimidine-2-carboxamide

A mixture of 5-amino-8-bromo-7-(3-cyanophenyl}-N-cthylimidazo[1,2-c]pyrimidine-
2-carboxamide (prepared in Example 26, Step 4) (30 mg, 0.13 mmol), 4-
(tributylstanny lpyrimidine (96 mg, 0.260 mmol), tetrakis{(triphenylphosphine)palladinm(0)
(15.0 mg, 6.013 mmol), copper(D) chloride (15.4 mg, 0.156 mmol) and lithium chloride (6.6
mg, 0.136 mmol) in THF (2 mL) was degassed and sealed. The reaction mixture was stirred at
80 °C for [2 h, cooled to room temperature, and concentrated under reduced pressure. The
resulting residue was purified by prep-LC-MS (pH = 2, MeCN/water with TFA) to give the
desired product as a TFA salt. LC-MS calculated for CooHi7NzO (M+H)': m/z = 385.2; found
385.2.
Example 39, 5-Amino-7-(3-cvanophenyl)-8-(2,3-dihydro-|1.4]dioxine] 2,3-b]pyridin-8-yi)-

N-ethylimidazo{1,2-c|pyrimidine-2-carboxamide
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A mixture of 3-amino-8-bromo-7-(3-cyanophenyl)-N-ethylimidazo{1,2~¢|pyrimidine-
2-carboxamide (prepared in Example 26, Step 43 (72 mg, 6.19 vunol), (2,3-dihydro-
{1, 4]dioximo}2,3-5 |pyridin-8-y1)boronic acid (33.8 ing, 0.19 mmmol), cesivm carbonate (122
mg, (.37 mmol) and [1,1"-bis(dicyclohexylphosphinojferrocenc Jdichloropalladivm (H) (14.1
g, 0.019 mmol) in dioxane (2.0 mL} and water (0.2 mL) was stirred at 120 °C for | b under
microwave irradiation. The reaction mixture was then cooled to room temperature, and
directly purified by prep-LC-MS (pH = 2, MeCN/water with TFA) to give the desired product
as a TFA salt. LC-MS calculated for CoaoN-Os (M+H)™: m/z = 442.2; found 442 3.
Example 48, 5-Amino-7-(3-cyanophenyl)-8-cyclopropyl-V-ethylimidazo]l,2-

2L
(/&1 s v /N o]
z ] p {

NN~ NH
NH,

c|pyrimidine-2-carboxamide
N

A mixture of 5-amino-8-bromo-~7-(3~cvanophenyvl)-V-ethylimidazo] |, 2~c]pyrimidine-
2-carboxamide (prepared in Example 26, Step 4) (72 mg, 0.19 mmol), cyclopropylboronic
actd (32.1 mg, ¢.37 rareol}, cesivia carbonate (122 rag, 6.37 tunol) and [1,1'-
bis(dicyclohexylphosphino)ferrocene}dichloropalladium ¢{If) (14.1 mg, 0.019 mmol) in
dioxare {2.0 mL) and water (0.2 mL) was stirred at 80 °C for 1h under microwave irradiation.
The reaction mixture was then cooled to room temperature, and directly purified by prep-LC-
MS (pH = 2, MeCN/water with TFA) to give the desired product as a TFA salt. LC-MS
calculated for CioHioNeO (M+H)": m/z = 347.2; found 347 3.

Example 41, 3-(5-Amino-2-(pyridin-2-vimethyl)-8-(pyrimidin-4-yD-{1,2,4[triazolo}l,5-

clpyrimidin-7-yhbenzonitrile

Stepl: 3-(2-Amino-6-chloropyrimidin-+4-yl)benzonitrile

R

|
NoT I
N%N

NH;
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A mixture of 4,6-dichloropyrimidin-2-amine (2.5 g, 15.2 mmol), 3~
cyanophenyDboronic acid (2.02 g, 13.7 mmol), tetrakis(tripbenyIphosphine ypalladivrm(0)
(1.06 g, 6.92 mmol) and sodium carbonate (3.23 g, 30.5 mmol) in 1,4-dioxane (60 mL), and
water (3 mL) was degassed with nitrogen, then the resulting mixture was heated and stirred at
60 °C for two days. After cooled to rocin temperature (r.t.}, the mixture was concentrated,
diluted with water, and extracted with DCM (30 mL x 3). The combined organic lavers were
dried over MgSO,, filiercd, and concentrated. The resulting residue was purified by flash
chromatography on a silica gel column elating with 3% LEtOAc in dichloromethane to afford
the desired product. LCMS calculated for C i HsCINg (M+H)™: 231.0. Found: 231.0.

Step 2: 2-(Pyridin-2-yi)acetohvdrazide
g =

HaN., A A2
b

Hydrazine (4.15 mL, 132 mmol) was added to a cthanol (66 L) solution of methyl
2~{pyridin-2-yDacetate (10 g, 66.2 mmol) at r.t. The mixture was heated and stirred at 85 °C
for 4 h, and then cooled to 1.t. White solid was formed opon standing, which was collecied via
filtration and used in next step without further purification. LCMS calculated for C;H10N30
(M+H)": 152.1. Found: 152.0.

Step 3: 3-(5-Amino-2-(pyridin-2-yimethylj-[1, 2,4 [iriazolof 1, 5-c Jpyrimidin-7-yijhenzonitrile

2~(pyvridin-2-vacetohydrazide (2.62 g, 17.34 mmol) was added to a ethanol (35 ml.)
solution of 3-(2-amino-6-chloropyrimidin-4-y Dbenzonitrile (4.00 g, 17.34 mmol) at r.t. After
being heated and stirred at reflux for 2 h, the reaction mixiure was cocled to r.t., and
concentrated. The resulting residue was taken into V,O-bis(trimethy Isilyl)acetamide (20 mL)
and stirred at 120 °C for 7 h. The muxture was then cooled o £.t., poured onto ice, and allowed
to stir at r.t. for 1 h. The resulting solid was collected by filtration, and taken into 20 inl. of 1
N HCI solution. The resulting mixture was stirred at r.t. for 1 h, filtered, and the aqueous layer
was neutralized by addition of saturated NaHCO; solution. The resulting precipitaie was
collected by filtration, and dried to obtain the desired product as a brown solid. LCMS
calculated for CigHigN> (M+H)": 328.1; found 328.1.
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Step 4: 3-i3-Amino-8-bromo-2-(pyridin-2-ylmethvi)-[ 1. 2.4 ]triazolof 1, 5-c Jpyrimidin-7-

yibenzonitrile

'i‘/\\\ gr 2
7
NN
NH;

To a mixture of 3-(3-amino-2-(pyridin-2-ylinethyl)-] 1,2, 4{triazolof 1. 3-cpyrimidin-7-
yDbenzonitrile (2 g, 6.11 mmol) in DM (12 mL) at -30 °C was added NBS (1.09 g, 6.11
mmol) portion-wise. The reaction mixture was allowed to stowly warm to 0 °C, resulting a
homogenous solution. After stirring at 0 °C for 1 h, the reaction mixture was diluted with
saturated NalHCO:s solution and the resulting solid was collected by filtration. The solid was
then purified by flash chromatography on a silica gel cohumn eluting with ¢ to 10% MeOH in
DCM to afford the desired product. LCMS calculated for CisHisBriN7 (M+T1)": 406.0; found
406.0.

Step 3: 3-(5-Amino-2-(pyridin-2-yimethylj-8-(pyrimidin-4-yi}-[ 1, 2, 4/triazolof 1, 5-
¢ [pvrimidin-7-yi)benzonifrile

Pd(Ph:P)s (284 mg, 0.246 mmol) was added to a mixture of 4-

(tributylstanny Dpyrimidine (1090 mg, 2.95 mmol), 3-(S-amino-8-bromo-2-(pyridin-2-
vimethyD-[1.2.4]triazolof1,5-c|pyrimidin-7-ybenzonitrile (1000 mg, 2.46 mmol), and
copper(l) chloride (244 mg, 2.46 nmunol) in 1,4-dioxane (12 mL). The reaction mixture was
purged with N> and stirred at 80 °C for 7 h. The resulting mixture was cooled to r.t.,
concentrated, dihuted with DCM (56 ml) and washed with saturated NH4OH solution. The
organic layer was dried over Na; 50, concentrated, and purified by preparative LC-MS (pH
2. acetoniirile/water with TFA) to afford the product as a TFA salt. LCMS calculated for
CyHieNg (M+H)": 406.2; found 406.2. 'H NMR (500 MHz, DMSO) 6 8.95 (s, 1H), 8.83 (d, ./
=53 Hz, 1H), 839 (d, J=3.1Hz 1H), 796 (m, 1H), 788 (d,J=51Hz, 1H), 782 (d, J =
7.6 Hz, 1H), 7.76 (s, 1H), 7.60 — 7.53 (in, 2H), 7.53 — 7.48 (ra, 1H), 7.48 - 7.42 (m, 1H), 449
(s, 2H).

Example 42, 3-(8-Amino-8-(1-ethyl-1 H-pyrazel-5-yb-2-(pyridin-2-yimethyh-

11,2, 4trizzolo] 1,5-clpyrimidin-7-yhbenzonitrile

!
C’::»:\]/\r\/ Q

N\\/N\N
NHZ
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A mixture of 3-(5-amino-8-bromo-2-{pyridin-2-yhinethyl}-{1,2 4]triazolof 1,5-
clpyripidin-7-yDbenzonitrile (frora Exarapie 41, Step 4) (50 mg, 0.123 mmol), 1-ethyl-5-
(4.,4,5,5-tetramethyl-1,3,2~-dioxaborolan-2-y1)- 1 H~pyrazole (54.7 mg, 0.246 mmol), chloro(2-
dicvelohexylphosphimo-2'.4°.6-writsopropyl-1,1'-bipheny [ 2-(2'-amino-1,1'-
biphenyl) jpalladium(1l) (9.68 mg, 0.012 mmol), and sodiurm carbonate (13.0 mg, 0.123
mmol) in 1,4-dioxane {1119 pL) and water (112 pb) was stirred at 100 °C for 1 h. The
resulting mixture was cooled to r.t., concentrated, and purified by preparative LC-MS (pH 2,
acetonitrile/water with TFA) to afford the product as a TFA salt. LCMS calculated for
CosHaoNe (MHD)™: 422.2; found 422.2.

Example 43. 3-(5-Amino-8-(1-propyvi-1H-pyrazol-5-yh)-2-(pyridin-2-ylmethyl)-

[1.2.4[triazolo]1,5-c|pyrimidin-7-yl)benzonitrile

™Y ) &)
NC/\WN/ N

This compound was prepared using similar procedures as described for Example 42
with 1-propyl-5-(4.4.5 5-tetrammethyl-1,3,2-dioxaborolan-2-y1}-1 H-pyrazole replacing 1-cthyl-
5-(4,4,5 5-tretramethyt-1,3,2-dioxaborolan-2-yl)- 1/ -pyrazole. The finat materiat was purified
by preparative LC-MS (pH 2, acetomitrile/water with TFA) to afford the product as a TFA
salt. LCMS calculated for CosIH2oNg (M+I1)": 436.2; found 436.2.

Example 44, 3-(5-Amino-2-{pyridin-2-yvimethyh-8-(guinolin-S-yl)-[1,2 4[triazolo[1,5-

c|pyrimidin-7-yl)benzonitrile

E \ N"\
?/'\\\} N /'""\\
;»ac:/'\//”i i ,N> """ N
pu—
NN
NH,

This compound was prepared using similar procedures as described for Example 42
with 3-(4.4,3,5-tetramethyl-1,3,2-dioxaborolan-2-vIyquinoline replacing i-ethyl-5-(4.4.5.5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-1/-pyvrazole. The final material was purified by
preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as & TFA salt.
LCMS calculated for Co7HioNs (M+H)": 455.2; found 455.2.
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Example 48. 3-(5-Amino-8-(S-fluoropyrimidin-4-y-2-thydroxy(phenylymethyl)-

1,2 4[triazolo]l, 3-clpyrimidin-7-yl)benzonitrile
p3 3

Step 1: 3-(5-Amino-8-bromo-2-¢hydroxy(phenyl)methyl)-[ 1, 2, 4jtriazolo/ I, 5-c [pyrimidin-7-

/\M{,N
N % é

\/N‘N OH

5 yilbenzonitrile

2
This compound was prepared using similar procedures as described for Example 41,
Step | to Step 4, with 2-hydroxy-2-pheny lacetohydrazide replacing 2-(pyridin-2-
vlacetohydrazide i Step 3. LCMS calculated for CioHi4BrNO (M+H)": 421.0; found 421.9.
10 Step 2: 5-Fluoro-4-(trimethyistannyljpyrimidine

Pd(PhiP)4 (43.6 mg, 0.038 mmol) and 1,1,1,2,2,2-hexamethyldistannane (124 mg.
0.377 mmol) were successively added to a mixture of 4~-chloro-5-fluoropyrunidine (30 mg,
0.377 mmol) in 1,4-dioxane (1886 pL) under a nitrogen atimosphere. The reaction mixture
15 was then stirred at reflux overnight, cooled to r.t., and filtered. The filtrate was used in next
step without further purification.
Step 3: 3-(3-Amino-8-(5-fluoropyrimidin-4-yij-2-(hvdroxy(phenylimethvi)-
[1,2.4]triazolo] i,5-¢ [pyrimidin-7-yi}benzonitrile
This compound was prepared using similar procedures as described for Example 41,
20 Step 3, with 3-fluoro-4-(trimethy Istanny D pyrimidine replacing 4-(tribuiyistanny Dpyrimidine,
and with 3-(5~-amino-8-bromo-2~(hydroxy(phenylymethy)-| [,2 4]triazolof1,5~¢|pyrimidin-7-
vDbenzonitrile replacing 3-(5-amino-8-bromo-2-(pyridin-2-ylmethy-[ 1.2 4]triazolof1,5-
clpyrimidin-7-yybenzonitrile. The final material was purified by preparative LC-MS (pH 2,
acetonitrile/water with TFA) to afford the product as a TFA salt. LCMS calculated for
25  CouHisFNgO (M+H)™: 439.1; found 439.1.
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Example 46. 3-(5-Aming-8-(5-flucropyrimidin-4-yD)-2-(pyridin-2-ylmethyh-

24 [triazolo|1,5-clpyrimidm-7-yhbenzoniirile
1,2,4[triazolo[1,5-clpyrimidin-7-yhHb itril

This compound was prepared using similar procedures as described for Example 41,
with 5-fluoro-4-(trimethy kstanny Dpyrimidine (from Example 43, Step 2) replacing 4-
(tributyistanmyDpyrimidine. The final material was purified by preparative HPLC (pH 2,
acetonitrile/water with TF A) to afford the product as a TFA salt. LCMS calculated for
CosHisFNs (M+HY': 424.1; found 424.2.
Example 47, 3-(5-Amino-2-((2-hydroxyethylamino){phenyhmethyl)-8-(pyridin-4-v1)-
J1.2.4[triazolo]1,5-c[pyrimidin-7-y)benzonitrile

/ .

Sy
NC \"’
OH
NH2

Step 1. 3-(5-Amino-8-bromo-2-(chloro(phenylimethyij-[ 1,2, 4 [triazolof 1, 5-¢ [pyrimidin-7-

vl benzonitrile

Thionyl chloride (87 pL, 1.19 mmol) was added to 3~(5-amino-8-bromo-2-
(hydroxy (phenyDinethyD)-] 1,2, 4]triazolo| 1, 5-c[pyrimidin-7-vi}benzonitrile (from Example 45,
Step 1) (10 mg, 0.024 mmol) at r.t. After stirring for 30 min, the reaction mixture was
concentrated, and the resulting residue was used in the next step without further purification.

LCMS calculated for CioHiBrCINg (M+H)™: 441.0; found 441.0.
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Step 2: 3-i3-Amino-8-bromo-2-((2-hydroxyethvlaminolphemylimethyli-[ 1,2, 4 jtriazolof 1, 5-

¢ /pyrimidin-7-yi)benzonitrile

Z-aminoethan-1-o0f (4.35 mg, 0.071 mmol) was added to a DMF (237 plL.) solution of
3-(5~amino~8-bromo-2~{chloro(phenyhymethyD-{ 1,2 4]triazolo{ 1,5~ jpyrimidin-~7-
vhbenzonitrile (10 mg, 0.024 mmol). The reaction mixture was stirred at r.t. overnight,
concentrated, and used in the next step without further purification. LCMS calculated for
CoiH1oBrN-O (M+H)": 464.1; found 464.2.

Step 3: 3-(5-Amino-2-({2-hydroxyethyvlamineliphenylimethyi-8-(pyridin-4-yl)-
11,2, 4/triczolof 1,5-c[pyrimidin-7-yljbenzonitrile

A mixture of 3-(3-amino-8-bromo-2-(((2-hydroxyethy Damino)(phenylymethy D~
[1,2,4]triazolo} 1.5 -cjpyrimidin-7-y1)benzonitrile (10 mg, 0.022 munol), pyridin-4-ylboronic
acid (6.0 mg, 0.043 1nm01) chloro(2-dicyclohexylphosphine-2',4°,6-trtisopropyl-1,1'-
bipheny)]2-(2'-amino-1, 1 -bipheny D} palladiom(il) (1.70 mg. 2.15 pmol}, and scdinm
carbonate (2.3 mg, 0.022 mmol) in 1,4-dioxane (196 pL) and water (19.6 uL) was heated and
stirred at 100 °C for 1 h. The reaction mixture was then cooled to r.t., concentrated, purified
by preparative LC-MS (pH 2, acctonitrile/water with TFA) to afford the product as a TFA
salt. LCMS calculated for CosHzNzO (M+H)': 463 .2: found 463.2.

Example 48, 3-(5-Amino-2-{cyclohexylmethvi}-8-(1 -ethyl-1 #-pyrazol-5-vi}-
[1,2,4[triazolo] §,5-clpyrimidin-7-yhbenzonitrile
N
/\I ‘\/N\/ <~>
PN

N S N\N
NHZ

Step 1: 53-(5-Amino-8-bromo-2-(cyclohexylmethyl)-[ 1,2, 4 ]triazolof I, 5-c Jpyrimidin-7-

Sy O
Nc%—; | )
."l

vl benzonitrile



05 Dec 2022

2022283611

1

1

[\

0

5

(85}

WO 2019/168847 PCT/US2019/019582

This compound was prepared using similar procedures as described for Example 41,
Step 1 to Step 4, with 2-cyclohexylacetohydrazide replacing 2-(pyridin-2-yDacetohvdrazide
in Step 3. LCMS calculated for CioHzoBrNe (M+H)™: 411 1; found 411 1.
Step 2: 3-(3-Amino-2-(cyclohexylmethyl)-8-(l-ethyl-1H-pyrazol-5-vi)-[ 1, 2. 4] triazolof 1,5-
¢ /pyrimidin-7-viibenzoniirile

This compound was prepared using similar procedures as described for Example 42,
with 3-(3-amino-8-bromo-2-(cyciohexylmethyl)-{ 1,2 4]triazolo] i, 5-¢]pyrimidin-7-
yDbenzonitrile replacing 3-(5-amino-8-bromo-2-(pyridm-2-ylmethyl)-f 1,2, 4{triazolo[ 1,5~
clpyvrimidin-7-ybenzonitrile. The final material was purified by preparative LC-MS (pH 2,
acetonitrile/water with TFA) to afford the product as a TFA salt. LCMS calculated for
Co4H Nz (M+IH)': 427.2; found 427.2.
Example 49, 3-(5-Amino-2-{2-fluorcbenzyh-8-(pyrimidin-4-yl}-[1,2 4]triazolof1.5-

clpyrimidin-7-yh)benzonitrile

This compound was prepared using similar procedures as described for Example 41,
with 2-(2-fluorophenyljacetohydrazide replacing 2-(pyridin-2-v)acetohydrazide in Step 3.
The final material was purified by preparative LC-MS (p} 2, acetonitrile/water with TFA) to
afford the product as a TFA salt. LCMS calculated for CosHioFNs (M-+H)Y": 423 .2; found
4232,
Example 5¢. 3-(5- Amino-2-((2-flucrophenyi(bydroxy)methyl)-8-(pyrimidin-4- yi)-

[1.2.4]triazolo] 1, S-cipyrimidin-7-yl)benzonitrile

NH,

This compound was prepared using similar procedures as described for Example 41,
with 2-(2-fluorophenyl)-2-hydroxyacetohydrazide replacing 2-(pyridin-2-yDacetohydrazide in
Step 3. The final material was purified by preparative LC-MS (pH 2, acetonitrile/water with
TFA) to afford the product as a TFA salt. LCMS calculated for CaaHiFNsO (M+H)™: 439.1;
found 439.1.
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Example 51. 3-(S-Amino-2-((6-methyipyridin-2-yhmethyl)-8-(pyrimidin-4-yi)-

1,2 4}iriazolo]l, 3-clpyrimidin-7-yl}benzonitrile
p3 3

Step 1: 2-(6-Methyipyridin-2-yl)acetohydrazide
i \.@\
N. N AN N
H

This compound was prepared using similar procedures as described for Example 41,
Step 2, with ethyl 2-(6-methylpyridin-2-yDacetate replacing methyl 2-(pyridin-2-yDacetate.
LCMS calculated for CsHipN;O (M+H): 166.1; found 166.1
Step 20 3-i3-Amino-2-((6-methylpyridin-2-vi)methyl)-8-ipyrimidin-4-yi)- 1,2, 4] triazolof 1,5~
¢ [pyrimidin-7-yi)benzonitrile

This compound was prepared using siinilar procedures as described for Example 41,
with 2-(6-methylpyridin-2-yDacetohydrazide replacing 2-(pyridin-2-yDacetohydrazide in Step
3. The final material was purified by preparative LC-MS (pH 2, acetonitrile/water with TFA)
to afford the product as a TFA salt. LCMS calculated for CosHigNs (M4 420.2; found
420.2.
Example 52, 3-(8-Amino-8-(1-cthyl-1 H-pyrazol-5-vD-2-((3-fluoropyridin-2-ylimethyl)-

1,2,4)triazolo[1,5-clpyrimidin-7-yhbenzonitrile
p3

Hunig's base (169 ul., 0.967 mmol) was added to a DMF (2149 ul)) solution of 2-(3-
fluoropyndin-2-yDacetic acid (100 mg, 0.645 mmol), feri-butyl hydrazinecarboxylate (102
mg, 0.774 mmol), and BOP (428 mg, 0.967 mmol) at r.t. The reaction mixture was stirred at

r.t. for 2 h, concentrated, and purified by flash chromatography on a silica gel column eluting
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with 0 to 10% MeOH in DCM. The purified intermediate tert-butyl 2-(2-(3-{luoropyridin-2-
vhacetyDhydrazinecarboxylate was then treated with TFA (0.5 mL), stirred at r.t. overnight,
concentrated, and diluted with ether. The resulting white precipitate was collected by
filtration, and used in next step without further purification. LCMS calculated for C-HoFN:O
(M~+H)": 176.1; found 170.1.

Step 2: 3-(3-Amino-8-bromo-2-((3-fluoropyridin-2-yimethvij-f1,2 4 jtriazolof1,5-

¢ jpyvrimidin-7-ylbenzonitrile

Ni—ﬂ2

This compound was prepared using similar procedures as described for Example 41,
Step 1 to Step 4, with 2-(3-fluoropyridin-2-vDacetohydrazide replacing 2-(pyridin-2-
yljacetohydrazide in Step 3. LCMS calculated for C1H;0BrFN,; (M+H): 424.0; found 424.0.
Step 3: 3-(5-Amino-8-(1-ethyl- | H-pyrazol-5-y{)-2-((3-fluoropyridin-2-yiimethyl -
[1.2.4triazolof 1,5-cjpyrimidin-7-yl}benzonitrile

This compound was prepared using stmilar procedures as described for Example 42
with 3-(5-amino-8-bromo-2-((3-[luoropyridin-2-yymethyl}-[ 1,2 4}triazolof 1, 5-c|pyvrimidin-7-
vbenzonitrile replacing 3-(5-amino-8-bromo-2-(pyvridin-2-vlinethy1)-[ 1.2 4]triazolof1,5-
¢pyrimidin-7-yDbenzonitrile. The final material was purified by preparative LC-MS (pH 2,
acetonitrile/water with TFA) to afford the product as a TFA salt. LCMS calculated for
CosH1oFNg (M+H)": 440.2; found 440.2.
Example 53, 3-(5-Amino-8-(1-ethyl-1 H-pyrazol-5-yi)-2-({3-methoxypyridin-2-yDhmethyl)-

[1,2.4)triazolo]1,5-c]pyrimidin-7-yhbenzonitrile

This compound was prepared using similar procedures as described for Example 52,
with 2-(3-methoxypyridin-2-yDacetic acid replacing 2-(3-fluoropyridin-2-yhacetic acid in
Step 1. The final material was purified by preparative LC-MS (pH 2, acetonitrile/water with
TFA) to afford the product as a TFA salt. LCMS calculated for C2aHnNoO (M+H)™: 452.2;

found 452.2.
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Example 54. 3-(5-Amino-2-(2-(1-methyl-1 H-pyrazol-4-vhbenzyl)-8-(pyrimidin-4-y}~

1,2 4}iriazolo{l, 3-clpyrimidin-7-yl}benzonitrile
p3 3

7

Step 1: 3-(5-Amino-2-(2-bromobernzyvl)-f 1,2, 4 jtriazolof 1,5-c [pyrimidin-7-vi)benzonitrile

This compound was prepared using siinilar procedures as described for Example 41,
Step 1 to Step 3, with 2-(2-bromopheny Dacetohydrazide replacing 2-(pyridin-2-
vhacetohvdrazide in Step 3. LCMS calculated for CisHuBriNs (M+H)": 4035.0; found 403.0.
Step 2: 3-(53-Amino-2-{ 2-bromobenzyi)-8-iodo-{ 1, 2,4l triczolof 1, 5-c | pyrimidin-7-

vl)henzonitrile

NIS (153 rag, 6.679 ramol) was added tc a DMF (3084 ul) solotion of 3-(5-amino-2-
{2~bromobenzyl)-[1,2,4]triazolo[ 1,5-c]pyrimidin-7-yl)benzonitrile (250 mg, 0.617 mmol) at
r.t. Afier stirring at 30 °C for 1 h, the reaction mixture was cooled to r.t., diluted with water
and the resulting precipitate was collected by filtration. The brown solid was dissolved in
DCM and purified by flash chromatography on a silica gel column eluting with 0 to 50%
EtQAc in DCM to afford the desired product. LCMBS caleulated for CioHa:BriNg (M+H)™:
331.0; found 531.0.

Step 3: 3-(5-Amino-2-{2-bromobenzyi}-8-(pyvrimidin-4-yi)-[1, 2,4 Joriazolof 1, 5-c [pyrimidin-7-

vi)benzonitrile

PCT/US2019/019582



05 Dec 2022

2022283611

10

15

N
(&3]

WO 2019/168847 PCT/US2019/019582

This compound was prepared using similar procedures as described for Example 41,
Step 5, with 3~(5-amino-2~(2-bromobenzyl)-8-iodo-f 1.2,4 [triazolof 1. 3-clpyrimidin-7-
vDbenzonitrile replacing 3-(5-amino-8-bromo-2-(pyridin-2-vhnethyl)-| ,2,4triazolo|1,5-
elpyrimidin-7-y hbenzonitrile. The final material was purified by flash chromatography on a
silica gel column eluting with 0 to 15% MeOH in DCM to afford the desired product. LCMS
calculated for Ca3HsBrNg (M+H)": 483 1; found 483.1.
Step 4: 3-(5-Amino-2-( 2-( {-methyl- | H-pyrazol-4-vijhenzyl}-8- (pyvrimidin-4-yi}-
[1,2.4]triazolo[ i, 5-c [pyrimidin-7-yi}benzonitrile

A mixture of 3-(S-amino-2-(2-bromobenzy D-8-(pyrimidin-4-y1)-[1,2,4]triazolo] 1,5~
¢lpyrimidin~-7-yDbenzonitrile (10 mg, 0.021 mmol), (1-methyl-1H-pyrazol-4-yiboronic acid
(5.2 mg, 0.041 mmol), PACL{dpph)-CH.Cl: adduct (1.7 mg, 2.07 umol), and sodium
carbonate (2.2 mg, 0.021 munol) in 1.4-dioxane (172 uL) and water (35 ul.) was purged with
N; and stirred at 90 °C for | h. The reaction mixture was cooled to r.t., concentrated, and
purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as a
TFA salt. LCMS calculated for CoyHoiNip (M+H)™: 485.2; found 485.1.
Example 55, 3-(5-Amino-2-(benzo]d]isoxazol-3-ytmethyh-8-(1-ethyl-1 H-pyrazol-5-yl)-

11,2 4]triazolo] 1,5-c]pyrimidin-7-yl)benzonitrile

Y

Xy N
N‘,:"/ 4 o
Moo N S
XN -
W
NH2 ‘O/\\

Step 1: 3-(5-Amino-2-(benzofdjisoxazol-3-yimethvl}-8-bromo-{1,2,4 triazolof 1, 5-

e /pyrimidin-7-vljbenzonitrile

MN

N/
Na N\Nh B
T 7
N

NH, ot

This compound was prepared using similar procedures as described in Example 41,
Step 1 to Step 4, with 2-(benzo[d]isoxazol-3-ylacetohydrazide in place of 2-(pyridin-2-
vDacetohydrazide in Step 3. LCMS calculated for CooHy3BrN-O (M+H)": 446.3. Found:
446.1.
Step 2: 3-(5-Amino-2-(henzofdjisoxazol-3-yimethyi}-8-(l-etnyi-1 H-pyrazol-5-yl)-

[1.2,4]triazolof ], 5-clpyrimidin-7-yvljbenzonitrile



05 Dec 2022

2022283611

WO 2019/168847 PCT/US2019/019582

A vial was charged with 3-(5-amino-2-(benzo[d|isoxazol-3-ylmethy1)~8-bromo-
{1,2,4triazolof 1. 3-cfpyrimidin-7-yhbenzonitride (24 mg, 0.054 munol), (1-ethyvl-1H-pyvrazol-
S-yDboronic acid (17 mg, 0.12 mmol), XPhos Pd G2 (4.3 mg, 0.0054 nunol), K:PO4 (23 g,
0.11 mmol), dioxane (I mL) and water (0.2 mL). The reaction mixture was then heated and

5  stirred at 80 °C for 1 h, cooled to 1.t., diluted with saturated NH4Cl solution (I mL), and
extracted with EtOAc (5 mL). The organic phasc was separated, dried over Na;SQs,
concentrated, and purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to
afford the product as a TFA salt. LCMS calculated for CosHaoNoG (M+113": 462.2. Found:
4622,

10 Example 56. 3-(5-Amino-8-(1-ethyl-1 H-pyrazel-5-vh-2-((1-methvi-1 H-indazol-3-

yhmethyl)-{1,2,4}triazolo]1,5-clpyrimidin-7-yl}benzonitrile

A
b i i\ N
X N
NF =
N \ N\N ____’

Step 1: Ethyl 5-aminc-8-bromo-7-(3-cvanephenvi)-{1.2.4]iriazolof 1, 5-c [pyrimidine-2

carboxylate
r Br
N i J\r,N
Z > ,{
N \V/\E;rN\N o/
15 NH,

This compound was prepared using the same procedures as described in Example 41,
Step 1 to Step 4. with ethyt 2-hydrazinyl-2-oxoacetate in place of 2-(pyridin-2-
vbacetohydrazide in Step 3. LCMS calculated for CisHpBrNeO; (M+H}™: 387.2. Found:
387.0.
20 Step 2: 3-{5-Amino-8-bromo-2-(hvdroxymerinl)-{ 1.2.4]tviazolof |, 5-c[pvrimidin- 7-

yi}benzonitrile

To a solution of ethyl 5-amimo-8-bromo-7-(3-cyanophenyl)-[1,2,4}triazolof[,5-
c]pyrimidine-2-carboxylate (77 mg, 0.20 mmol) in THF (5 mL) at 0 °C was added LiBH,

25  solution (0.2 mL, 2.0 M in THF) dropwise. The reaction mixture was stirred at r.t. for 10 min,
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then quenched by adding water (1 mL) and saturated Rochelle salt solution (3 mL). After
stirring for another 2 h, the organic layer was separated, and the aqueous layer was extracted
with EtOAc (3 x 5 nL). The combined organic layers were washed with brine, dried over
Nar50,, and concentrated to afford the crude product, which was used in next step without
further purification.

Step 3: 3-(3-Amino-8-{i-ethyl-1H-pyvrazol-5-yi}-2-thydroxymeithyl)-[ 1, 2,4 [triazolof 1. 5-

¢ jpyvrimidin-7-ylbenzonitrile

To the crude 3-(5-amino-8-bromo-2-(hydroxymethyl)-[ 1,2, 4 triazolo[1,5-
clpyrimidin-7-yibenzonitrile from previous step was added (1-cthyl-1H-pyrazol-3-yl)boronic
acid (47 mg, 0.34 mmol), XPhos Pd G2 (13 mg, 0.017 mmol}, K;PO: (71 mg, 0.34 mmol),
dioxane (3 ral} and water (0.6 mL). The reaction mixture was heated and siirred at 90 °C for
1 h, cooled to r.t., diluted with saturated NH4Cl solution (3 mL)}, and extracted with EtOAc
(15 mL). The organic phase was separated, dried over Na.SOs, concentrated, and purified by
flash chromatography (0 to 70% EtOAc in dichloromethane) to give the desired product (40
mg, 55%). LCMS calculated for Ci3l1:-NsQ (M+H)": 361.1. Found: 361.1.

Step 4. 3-(5-Amino-2-{chiorometiyl)-8-(1-ethyi- i1 H-pyrazoi-5-yl)-[ 1,2, 4 [triazolof ], 5-

¢ jovrimidin-7-ylibenzonitrile

=N
P N N\/
P i o N

NN o
NH2

3-(5-Amino-8-(1-cthyi-1H-pyrazol-5-y1)-2-(hydroxymethy -] 1,2,4 Jtriazolo[ 1,5
cipyrimidin-7~yl)benzonitrile (40 mg, 0.11 mmol) was dissolved in MeCN (2 mL). SOCl»
(0.02 ml., 0.27 mraol) was added to the solution dropwise at £.t. The reaction mixture was
stirred at r.t. for 30 mnin, guenched with saturated NaHCO; solution, and extracted with
EtCAc (5 x 3 mL). the combined organic layers were dried over Na;SOq, and concentrated to
afford the crude product, which was used in the next step without further purification.

Step 5: 3-(3-Amino-8-{i-ethvl-1H-pyvrazol-5-yi}-2-¢(1-methyl- | H-indazol-3-yl)methyl}-

1,2 4]triazolo] 1, 5-c [pyrimidin-7-yl}benzonitrile
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A vial was charged with 3-(5-amino-2-(chloromethyl)-8-(1-ethy -1 H-pyrazol-5-y )~
{1,2,4triazolo} 1. 3-cfpyrimidin-7-yhbenzonitride (16 mg, 0.042 munol), 1-methyl-3-(4,4,5 5~
tetramethyl-1,3,2-dioxaborolan-2-v[)-1 H-indazole (32 g, 0.12 mmol), XPhos Pd G2 (3.3
mg, 0.0042 minol), Cs:CO; (41 mg, 0.13 minol), and dioxane (1 mL). The reaction mixture

5  was heated and stirred at 90 °C for 1 h, cooled to r 1., diluted with saturated NH4Cl solution,
and extracted with EtCAc (5 mE). The organic phase was separated, dried over Na;50;,
concentrated, and purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to
afford the product as a TFA salt (2 mg, 10%). LCMS calculated for CogHasNys (M+11)":
475.2. Found: 475.1.

10 Example §7. 3-(5-Amino-2-({3-hydroxyazetidin- I-vhmethyl)-8-(pyrimidin-4-vi)-
[1.2.4]triazolo]1,5-c]pyrimidin-7-yh)benzonitrile
N

C

/E;\ )
\i

N/é’)\\}

N
N
\F‘N)_\

N Ne
X N -
i I
NHZ \l\
OH

Step 1: 3-(5-Amino-2-thydroxymethyii-8-(pyrimidin-4-yij-[ 1,2, 4]triazolof 1,5-c jpyrimidin-7-

yi}benzonitrile

15 NH2
This compound was prepared using similar procedures as described for Exaraple 41
Step 5 with 3-(5-amino-8-bromo-2-(thydroxymethyl)-[ 1,24 ]triazolo] 1, 5-c|pyrimidin-7-
vhbenzonitrile (Example 56, Step 2) replacing 3-(5-amino-8-bromo-2-(pyridin-2-yhaethyl)-
[1.2.4]triazolof 1,5-c]pyrimidin-7-y)benzonitrile. LCMS calculated for C7H;3NsO (M+H)™:
20 3431 found 345 1.
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Step 2: (5-Amino-7-(3-cvanophenvi)-S-(pyrimidin-4-vi)-/ 1,2, 4]triazolof I, 5-¢ Jpvrimidin-2-

vimethyl methanesulfonate

Methanesulfony! chloride (11.3 pL, 0.145 mmol) was added to a mixture of 3-(5-
5  amino-2-(hydroxymethyb-8-(pyrimidin-4-v1)-[1.2 4]triazolof1,5-c]pyrimidin-7-
vDbenzonitrile (50 mg, 0.145 mmol) and pyridine (23.5 pl, 0.290 mmol) in DCM (4.0 mL) at
0 °C. The reaction mixture was stirred at r.t. for 3¢ min, quenched with saturated NaHCO;
solution, and extracted with EtOAc (3 x 10 mL). The combined organic layers were dried
over MgSOs, and concentrated to afford the desired product. LCMS calculated for
10 CisHisN2OsS (M+H)™: 423.1; found 423.1.
Step 3: 3-(5-Amino-2-((3-hydroxyazetidin- I -yl methylj-8-(pyrimidin-4-vij-[ 1,2, 4]triazolof i, 5-
¢ /pyrimidin-7-yi)benzonitrile
A mixture of (S-amino-7-(3-cyanophenyly-8-(pyrimidin-4-y1)-[1,2 4]triazolof 1 ,5-
cipyrimidin-2~-yymethy]l methanesulfonate (10.0 mg, 0.024 mmol), azetidin-3-o0l
15 hydrochloride (3.9 mg. ¢.¢36 mmol), and DIPEA (83 pL, 8.047 mmol) 1 DMF (0.5 mL)
was stirred at 90 °C until completion. The reaction inixture was then cooled to r.t., and
directly purified by preparative LC-MS (pH 10, acetonitrite/water with NHOH) to give the
desired product. LCMS calculated for CaoHisNoO (M+H)": 400.2; found 4002,
Example 58, 3-(5-Amino-8-(3-methylpyridin-4-yh)-2-(pyridin-2-yimethyl)-

20 [1.24Jtriazolo][1.5-cjpyrimidin-7-yhbenzonitrile

&
/’i

NQ\/NNN

NH,
This compound was prepared using similar procedures as described in Example 42
using 3-methylpyridin-4-ylboronic acid in place of 1-ethyl-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-1H-pyrazole. The final material was purified by preparative LC-MS (pH
25 2, acetonitrile/water with TFA) to aflord the product as a TFA salt. LCMS calculated for
CosHioNy (M+H): 419.2; Found: 419.3.
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Example 59. 3-(5-Amino-8-(2-methoxy-6-methylpyridin-4-yt-2-(pyridin-2-ylmethyl)-

[1,2,4]triazolo]1,53-c]pyrimidin-7-ybenzonitrile

This compound was prepared using similar procedures as described in Example 42
using 2-methoxy -6-methylpyridin-4-ylboronic acid in place of -ethyl-5-(4,4,5,5-tetramethyl-
[.3.2-dioxaborolan-2-y1)~1H~-pyrazole. The final material was purified by preparative LC-MS
(pH 2, acctonitrite/water with TFA) to afford the product as a TFA salt. LCMS calculated for
CosHaNsO (M+H)": 449.2; Found: 449.3.

Example 60. 3-(5-Amino-8-(pyrazolo]1,5-b]pyridazin-3-y1)-2-(pyridin-2-ylmethyi)-

[1,2.4)triazolo]1,5-c]pyrimidin-7-yhbenzonitrile

This compound was prepared using similar procedures as described in Example 42
using 3-(4.4.5 5-tetramethyl-1.3,2-dioxaborolan-2-y)pyrazolof1,3-4 [pyvridazine in place of 1-
ethvi-5-{4,4,5 S-tetramethyl-1,3,2-dioxaborolan-2-vH-1H-pvrazole. The final material was
purified by preparative EC-MS5 (pld 2, acetonitrile/water with TI'A) to afford the product as a
TFA salt. LCMS calcuolated for CoaHiNi (M+H)'™: 445.2; Found: 4433,
Example 61. 3-(5-Amino-8-(4-methyloxazol-5-yI)-2-(pyridin-2-ylmethyi)-

[1,2.4)triazolo]1,5-c]pyrimidin-7-yhbenzonitrile

Step 1: 4-Methyl-5-{4,4,3, 3-tetramethyi-1, 3, 2-dioxaboroion-2-yl)oxazole

/ ,

- Qf
B %—B‘Q N
\0 G.f
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To a mixture of (1,5-cyclooctadiene)(methoxy jiridium(l) dimer (20 mg, 0.030 mmol)
in pentane (2 mlL) under N, gas was added 4,4,5 5-tetramethyi-1,3,2-dioxaborolane (0.22 ml.,
1.5 minol) at r.t. After stirring for 135 min, 4,4'-di~tert-butyl-2,2"-dipyridyvl was added and the
resulting mixture was stirred for another 15 min before a solution of 3-methvloxazote (83 mg,
1.0 mmol) in Et-O (2 mL) was added. The reaction mixture was then stirred at r.t. for 2 h, and
concentrated to afford the crude product, which was used in the next step without further
purification. LC-MS calculated for CxH»BNGs (M+H)": ro/z = 210.1 ; found 210.1.
Step 2: 3-(5-Amino-8-(4-methyloxazol-5-y1j-2-(pyridin-2-yimethylj-[ 1, 2,4 Jtriazolo[ I, 5-
¢ [pyrimidin-7-yi)benzonitrile

This compound was prepared using siinilar procedures as described in Example 42
using 4-methyl-5-(4,4,5 S-tetramethyl-1,3,2-dioxaborolan-2-ylyoxazole in place of | -ethyl-3-
(4,45 5-tetramethyl-1,3,2-dioxaborolan-2-vi3- i H-pyrazole. The final material was purified by
preparative LC-MS (pH 2, acetonitrile/water with TIFA) to afford the product as a TT'A salt.
LCMS calculated for C2oH;NsO (M+H)Y": 409.1. Found: 409.2.
Example 62, 3-(5-Amino-8-(4-thydroxymethyl)-2-methyloxazol-3-y)-2-(pyridin-2-

yimethyl)-{1,2.4]triazolol1,5-¢|pyrimidin-7-yhbenzonitrite

Step 1: 4-{{tert-Buividimethylsilyloxy)methyi)-2-methyloxazole
NN

O-’ \}\/OTBS

To a solution of (2-methyloxazol-4-yl)methanol (1.0 g, 8.84 mmol) and imidazole
(0.90 g, 13.3 mmol) in DCM (20 ml} was added TBSCI (1.5 g, 9.7 mmol). The reaction
mixture was stirred at r.t. for 2 h, and concentrated. The resulting residuc was then diluted
with Et,O (20 mL), washed with saturated NH4Cl1 solution and brine, dried over MgSQOy, and
concentrated to afford the crude product which was used in the next step without further

purification. LC-MS calculated for Ciil1oNO:Si (M+H)" m/z = 228.1 ; found 228.1.
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Step 2: 4-iftert-Butyldimethvisilvioxvimethyl}-2-methvl-5-(4,4, 5, 5-tetramethyi-1, 3, 2-
dioxaborolan-2-vi)oxazole

TBSO_ \
A
B X7

N\/\z] o

This compound was prepared using similar procedures as described in Example 61,
Step 1, using 4-((feri-butvldiinethylsilyloxyymethy)-2~-methyloxazole in place of 3-
methyloxazole. LCMS calculated for Ci7H3:BNO4Si (M+H)": 354.2. Found: 354.2.
Step 3: 3-(5-Amino-8-(4-(tert-buividimethylsilyloxyjmethyl)- 2-methvioxazol-5-vI)-2-(pyridin-

2yvimethyl)-[1,2 4] triazolo/1, 5-c]pyrimidin-7-yl)benzonitrile
F4 - £ oy

‘}"-:hi OTBS
-~ 01,/\/
g N N
N i
Naw Ny N
7N
NH, L

This compound was prepared using similar procedures as described of Example 42
using 4-((teri-butyldimethylsilyloxy)methyly-2-methyl-5-(4,4,5,5-tetramnethyl-1,3,2-
dioxaborolan-2-yl)oxazole in place of l-ethyl-53-(4,4,5,5-tetramethyl-1,3,2~-d1oxaborolan-2-
vi)-1H-pyrazole. The crude material from this step was used in the next step without further
purification. LUCMS calculated for CooHzNsO281 (M+H}": 553.2. Found: 553.2.

Step 4 3-(3-Amino-8-(4-(hydroxymethyl)- 2-methyloxazol-3-1}-2-{pyridin-2-vimethyl}-
[1,2.4]triazolo]1,5-c [pyrimidin-7-yi}benzoniirile

The crude material from previous step was treated with TIFA (0.5 mL) and stirred for
(.5 hat 100 °C. The reaction mixture was cooled to r.t., diluted with McOH, and purified by
preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as a TFA salt.
LCMS calculated for CosHioNsOy (MAH)™: 439.2; Found: 4393,

Example 63. 3-(5-Amino-8-(4-(methoxymethyl)-2-methyloxazol-5-y1)-2-(pyridin-2-

vhoethyl-{1,2.4]triazolo{1,5-c[pyrimidin-7-yl}benzonitrile
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Step 1 4-iMethoxvmethvi)-2-methyioxazole

To a solution of (2-methyloxazol-4-yDmethanol (113 mg, 1.0 mmob) in THF (10 ml)
was added NaH (48 mg, 60 wt%, 1.2 mmol) at 0 °C. After stirring for 0.3 h, iodomethane
(170 mg, 1.2 mmob) was added. The reaction mixture was stirred at r.t. for 2 b, dituted with
E1,0 (20 ml), washed with saturated NH4Cl solution and brine, dried over MgSOs, and
concentrated to give the crude product which was used m the next step without further
purification. LC-MS caleulated for CoHioNO» (M+H)": m/z = 128.1; found 128.1.

Step 2: 4-(Methoxymethyli-2-methvi-3-(4,4,5, 5-tetramethyl-1, 3, 2-dioxaborolan-2-yljoxazole

/

0
Ni/g‘s’oi“
)\o ko) -

This compound was prepared using similar procedures as described of Example 61,
Step L, using 4-(methoxymethyh-2-methyloxazole in place of 3-methyvloxazole. LCMS
calculated for CiHyBNO, (M+H)"™: 254.2; Found: 254.2.
Step 3: 3-i3-Amino-8-(4-(methoxymethyl)-2-methyloxazol-5-vij-2-(pyridin-2-ylmethvl)-
[1.2.4]triazolof1,5-¢ Jpyrimidin-7-yilbenzonitrile

This compound was prepared using similar procedures as described in Example 42
using 4-(methoxymethyl)-2-methyl-5-(4,4,5,5-tetramethyl- 1,3, 2-dioxaborolan-2-yDoxazole in
place of 1-cthyl-5-(4,4,5 S5~tetramethyl-1,3,2-dioxaborolan-2-v1-1H-pyrazole. The final
material was purified by preparative LC-MS (pH 2, acetonitrile/water with TIFA) to afford the
product as a TFA salt. LCMS caleulated for CosHz N3Oy (M+H)Y > 453.2. Found: 4332,
Examples 64-65. (5)-3-(5-amino-2-(hydroxy(phenylmethyh-8-(pyvrimidin-4-y1}-
[1,2,4]triazolo][1,5-c]pyrimidin-7-ylbenzonitrile (Example 64) & (R)-3-(3-aming-2-
(hydroxy{phenyhmethyl}-8-(pyrimidin-4-vij-]11,2 4}jtriazolo]1,S-cjpyrimidin-7-

vi}benzonitrile (Example 65)

These compounds were prepared using similar procedures as described for Example

41, with 2-hydroxy-2-phenylacetohvdrazide (Alfa Aesar-L11653) replacing 2-(pyridm-2-
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yDacetohydrazide in Step 3. The two enantiomers were first separated by chiral HPLC using a
Phenomenex Lux Cellulose-4 colomun (21.2 x 250mun, 5 particle size) ehiiing with an
isocratic mobile phase 45% EtOH in hexanes with a flow rate of 20 ml./minute. The retention
times of Peak 1 (Example 64) and Peak 2 (Example 63) were 9.47 min and 14.42 min,
respectively. Following their separation, the enantiomers were individually purified by prep-
LCMS (pH =2, MeCN/water with TFA) to give the desired products both as TFA salt. For
both products, LC-MS calculated for C:Hi7NsO (MAH)™: my/z = 421.2; found 421.3.

Alternatively, Example 64 could be prepared using similar procedures as described
for Exaniple 41, with methyl (S)-(+)-mandelate (Sigma-Aldrich-251542) replacing methyl 2-
(pyvridin-2-yhacetate in Step 2. The crude material was purified by prep-LCMS (pH = 2,
MeCN/water with TFA) to give the desired product as a TFA salt. LC-MS calculated for
CosHyNsO (M+H) " m/z = 421.2; found 421 3.

Example 63 could be prepared using similar procedures as described for Example 41,
with methyl (R)-(—)-mandelate (Sigma-Aldrich-251350) replacing methyl 2-(pyridin-2-
yDacetate in Step 2. The crude material was purified by prep-LCMS (pH = 2, MeCN/water
with TFA) to give the desired product as a TFA salt. LC-MS calculated for Co:HiyNsO
(M~+Hy" m/z = 421.2; found 421.3.

Example 66. 3-(5-Amino-2-benzoyl-8-(pyrimidin-4-yh)-11,2,4[triazolo]1,5-c]pyrimidin-7-

yhbenzonitrile

(Y
N
N/:/ S \F'}N o]
N HMepf
7 N
NH, .

To solution of 3-(5-amino-2-thydroxy (pheny hmethy l)-8-(pyrimidin-4-y1}-
{1,2,4triazolo} 1. 3-cfpyrimidin-7-yhbenzonitrile (from Exaraple 64) (370 rag, ¢.87 mmol) in
acetonitrile (7.2 mL) and DMF (1.4 mb) was added tetrakisacetonitrile copper(l) trifilate (63
mg, G.17 mmol}, 4,4"-dimethoxy-2,2"-bipyridine (38 rag, .17 muol), -
azabicyclo{3.3.1jnonane N-oxv! (5.8 g, 0.04 mmol), and 1-methyl-1H-~imidazole (28 pk.
0.33 mmol). The reaction mixture was stirred for 30 min open to air at r.t., and then volatiles
were removed under reduced pressure. The crude material was purified by prep-LCMS (pH =

2, MeCN/water with TT'A) to give the desired product as a TFA salt. LC-MS calculated for
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Example 67. 3-(5-Aming-8-(1-cthyl-1 H-pyrazol-5-yh-2-(1-phenyleyclopropyh)-

1,2 4}iriazolo]l, 3-clpyrimidin-7-yl}benzonitrile
p3 3

Step 1: 3-(5-Amino-8-bromo-2-(I-phenyvicyclopropyii-{ 1, 2,4 [triazolof 1, 3-c [ pyrimidin-7-

yibenzonitrile

To a solution of 3-(S-amino-2-(1-phenylcyclopropyl)-[1,2.4]triazolo[1,5-c]pyrimidin-
7-ylybenzonitrile (prepared using similar procedures as described for Example 41, Step 1 to
Step 4, with 1-phenylcyclopropane-1-carbohydrazide replacing 2-(pyridin-2-
vhacetohydrazide in Step 3) 38¢ mg, 1.1 mracl) in DMF (2.1 mal)) was slowly added NBS
(190 mg, 1.1 mmol) at 0 °C. The reaction mixture was then stirred at r.t. for 30 min before
water (10 mL) was added. The resulting solid was collected by filtration, and dried to obtain
the desired product. LC-MS calculated for Co HieBriNe (M+H)": m/z = 431 .0; found 431.2.
Step 20 3-i3-Amino-8-(1-ethyi-1 H-pyrazol-5-yl}-2-¢ [ -phenvicyclopropyil-{ 1, 2,4 [ iriazolof 1, 5-
c/pyrimidin-7-vibenzoniirile

A mixture of 3~(S-amino-8-bromo-2-(1-pheny leyclopropyl)-[1,2,4triazolof 1,5~
elpyrunidin-7-y bbenzonitrile (24 mg, 0.046 mmol), 1-cthyl-5-(4.4,5 5-tetramethyt-1,3,2-
dioxaborolan-2-yh~-1H-~-pyrazole (10 mg, 0.046 mnol), XPhos Pd G2 (7.0 mg, 9.3 wnol), and
NaCOs; (20 mg, 0.19 mmol) in 1,4-dioxane (0.50 mL) and water (0.05 mL) was flushed with
nitrogen and sealed. The reaction mixture was stirred at 116G °C for 1 h, cooled 1o room
temperature, diluted with methanol, and purified with prep-LC-MS (pH = 2, MeCN/water
with TFA) to give the desired product as a TFA salt. LC-MS calculated for CasHyNg (M+H)™
m/z = 447.2; found 447.3.
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Example 68. 2-((7-(3-Cyanophenyh-2-(hydroxy(phenyhmethy)-8-(pyrimidin-4-yi)-

[1,2,4]triazolo][1,5-c]pyrimidin-S-ylamino nicotinonitrile

Step 1: 2-((8-Bromo-7-(3-cvanophenyli-2-thydroxy (phenyvl)methyl)-[ 1, 2,4 Jtriazolof 1.5~

5  c/pyrimidin-S-yijamino)nicotinonitrile

To a solution of 3~(5-amino-8~-bromo-2-(hydroxy(phenymethy)~[1.2.4{triazolo{ 1,5~
clpyvrimidin-7-y hbenzonitrile (from Example 43, Step 1) (50 mg, 8.12 mmol) in THF (0.60
ml.) was slowly added sodiun hydride (7.1 mg, 0.18 mmol, 60 wt%) at 0 °C. The reaction

10 mixture was then stirred at r.t. for 30 min before 2-fluoronicotinonitrile (23 mg, 0.19 mmol)
was added. The reaction mixture was then stirred at reflux for 2 b, quenched with water (3
ml.), and extracted with EtOAc (3 x 3 mL). The combined organic lavers were washed with
water and brine, dried with MgSO,. and concentrated. The resulting material was purified by
column chroraatography ehuting with 0-20% MeOH/DCM to give the desired product. L.C-

15 MBS calculated for CosHigBrNsG (M+H)": m/z = 523.0; found 323.0.

Step 2: 2-((7-(3-Cyanaphenyi)-2-(hydroxy(phenyijmetiyl)-8-(pyrimidin-4-yl)-
[ 1,24 triazolo[ ], 5-¢ [pyrimidin-3-yilamino)nicotinoniirile

A mixture of 2-((8-bromo-7-(3-cyanopheny l)-2-(hydroxy(phenyDmethy )~
{1,2,4]triazolo} |, 5-c|pyrimidin-3-y)amino)nicotinonitrile (25 mg, 0.05 nunol), 4-

20 (tributylstanny Dpyrimidine (17 uL, 0.03 mmol), tetrakis(iripheny lphosphine)palladium(0)
(3.6 mg, 4.9 umol), copper(l) iodide (1.9 mg, 9.8 punol) and cestum fluoride (15 mg, 6.10
mmol) i dioxane (G.50 ml.) was heated and stirred at 140 °C for 60 min in a microwave
reactor. The reaction mixture was then cooled to r.t., filtered through a Celite plug (sashed

with DCM), and concentrated. The resulting residue was purified by prep-LC-MS (pH =2,
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MeCN/water with TFA) to give the desired product as a TFA salt. LC-MS5 calculated for
CosHpaN3oCO (MAHY: m/z = 523.2; found 523.2.

Example 69. 3-(5-Amino-2-({cvane{phenyDmethyviiamino)-8-(pyrimidin-4-yl)-

[1,2.4)triazolo|1,5-c]pyrimidin-7-yl)benzonitrile

To a solution of 2,6~dichloropyrimidin-4-amine (5.0 g, 31 mmol) in 2-propanol (31
ml) was added N N-ditsopropylethyiamioe (6.4 ml, 37 mraol) and bis(4-
methoxybenzyDamine (7.9 g, 31 mmol). The resulting solution was stirred at 100 °C for 16 h,
cooled to r.t., diluted with water (100 mL), and extracted with EtOAc (100 mL). The organic
layer was washed with water and brine, dried over anhydrous sodim sulfate, and
concentrated to yield the crude product, which was used in the next step without further
purification. LC-MS calculated for CopHanCINGG, (M+H)™: 385.1; found 385.1.

Step 2: 7-Chloro-N°, N -bis(4d-methoxybenzyii-[ 1,24 triazolof 1, 5-c|pyrimidine-2, 5-diamine

O-¢thyl carbonisothiocyanatidate (3.1 mL, 26 mmol) was added to a 1.4-dioxane (5.0
mL} solution of 6-chloro-N> N--bis(4-methoxybenzylipyrimidine-2.4-diamine (1.0 g, 2.6
mmol) at r.t. The reaction mixture was then stirred at 90 °C overnight, cooled tor.t., and
concentrated. The reselting material was dissolved in methanol (12 mlL) and ethanol (12 mL),

and N N-diisopropylethvlamine (0.91 mL, 5.2 mmol) was added, followed by hvdroxylamine
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hydrochoride (0.54 g, 7.8 mmol). The reaction mixture was stirred at 45 °C for 2 h, cooled to
r.t., and concentrated. The resulting material was taken into EtOAc, washed with water, dried
over anhydrous sodium sulfate, and concentrated. The crude material was then purified by
silica gel chromatography eluting with 0% to 50% EtOAc in hexanes to afford the product.

5  LC-MS calculated for CoiHpCINGG, (M+H)™: 425.1; found 425 .2,

Step 3: 3-(2-Amino-3-(bis(4-methoxybenzylaminot-{ 1,2 4]triazolof I, 5-¢ [pyrimidin-7-

SO
N N
2 N
N7 el

vl)henzonitrile

/O‘\/

\N%r' N

Chloro(2-dicyclohexylphosphino-2",4',6'~tri-i-propyl-1, 1'-bipheny D(2'-amine-~1,1'-

10 biphenyl-2-y]) palladium(Il) (330 mg, 0.42 mmolj was added to a mixture of (3~
cyanophenyl)boronic acid (460 mg, 3.2 mmol), 7-chloro-N" N -bis(4-methoxybenzyl)-
[1,2,4]triazolof 1.5-c[pyrimidine-2,5-diaraine (890 mg, 2.1 ramol), and sodiwmn carbonate (890
mg, 8.4 mmol) in 1,4-dioxane (8.8 mL) and water (1.8 mL). The mixture was purged with N
and stirred at 95 °C overnight. The reaction mixiure was then cooled to r.t., concentrated, and

15 purified by silica gel chromatography eluting with 0% to 50% EtOAc in DCM to afford the
desired product. LC-MS calculated for CugHasN7O, (M+H)™: 492.2:; found 492.2.

Step 4: 3-(2-Amino-3-(bist4-methoxybenzyljamino)-8-bromo-[ 1,2, 4jtriazolof i, 5-c [pyrimidin-
7-vlibenzonitrile

Ry N
P = o
N N\N'f 2

Ay N

20 To a solution of 3-2-amino-3-(bis(4-methoxybenzyliamino)-[ 1,2, 4]triazolo] 1,5~
clpyrimidin-7-yl)benzonitrile (330 mg, 0.66 mmol) m DMF (1.4 mL) was slowly added NBS

(120 mg, 0.66 mmol) at 0 °C. The reaction mixture was then stirred at r.t. for 30 min before
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water (10 mL) was added. The resulting solid was collected by filtration, and dried to obtain
the desired product. LC-MS calculated for CosHpsBrN-Or (MAH)T: m/z = 570.1; found 370.2.

Step 5: 3-(2-Amino-3-(bis(4-methoxybenzyljamino)-8-(pyrimidin-4-yij-[ 1,2, 4jtriazolof 1,5-

¢ /pyrimidin-7-vi)benzonitrile

A mixture of 3~(2-amino-5-(bis(4-methoxybenzyl)amino)-8-bromo-
[1,2,4]triazolo] 1,5 -clpyrimidin-7-yhbenzonitrile (350 mg, 0.61 mmob), 4-
(tributyistanmyDpyrimidine (210 pb, 0.67 mmaol), tetrakis(triphenylphosphine)palladivm (()
(76 mg, 0.060 mmol), copper(l) iodide (23 mg. 0.12 mmol) and cesium fluoride (180 mg, 1.2
minol) in dioxane (4.7 mL) was heated and stirred at 140 °C for 30 min in a microwave
reactor. The reaction mixtore was then cooled to r.t., filtered through a Celite plug (washed
with DCM), and concentrated. The resulting material was purified by silica gel column
chromatography eloting with 0-20% MeOH/DCM to give the desired product. LC-MS
calculated for CayHogNaOQy (M+HY": nv/z = 576.2; found 5763,

Step 6 3-(5-Amino-2-((cyano(phenylimetiyliaminoj-8-(pyrimidin-4-vi)-{ 1, 2,4 Jtviazolo[ I, 5
c[pyrimidin-7-yijbenzonitrile

A mixture of 3-(2-amino-5-(bis(4-methoxybenzylamino)-8-(pyrimidin-4-y 1)~
{1,2,4]triazolo] },5-clpyrimidin-7-y Dbenzouitrile (20 mg, ¢.04 mimol) and benzaldehyde (7.2
ul, 0.070 mmol} in DCM (0.20 mL) and methanol (0.20 mL) were heated and stirred at 100
°C for 3 min. The reaction mixture was cooled to r.t. and trimethylsilyl cyanide (19 uL. 6.14
mmol) was added. After stirning at 100 °C for 30 min, the reaction mixture was cooled to r.t.,
dituted with EtOAc, washed with water and brine, dried over anhydrous sodium sulfate, and
concentrated. Trifluoroacetic acid (1.0 mL) was then added to the resulting residue and the
mixture was stirred at 100 °C for 30 min, cooled to r.t., and concentrated. The resulting
residue was purified by prep-LC-MS (pH = 2, MeCN/water with TFA) to give the desired
product as a TFA salt. LC-MS calculated for CaeH;-Nio (M+H)": m/z = 445 .2; found 445.2.
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Example 70. 3-(S-Amino-8-(pyridin-4-yl)-2-(tetrahydrofuran-3-yl)-{1,2 4jtriazolof{1,5-

clpyrimidin-7-yDbenzonitrile

Step 1: 3-{3-Amino-8-bromo-2-(teirahydrofuran-3-yi)-{ 1,2, 4 [triazolof 1, 5-c [pyrimidin-7-
5 yilbenzonitrile

N Br

NG E /JH
NHZ
This compound was prepared using simular procedures as described for Example 41,
Step 1 to Step 4, with tetrahydrofuran-3-carbohydrazide replacing 2-(pyvridin-2-
vhacetohydrazide in Step 3. LCMS calculated for CieHyBrNO (M4ID: 385.0; found 385.0.
10 Step 20 3-05-Amino-8-(pyridin-4-vi}-2-fetrabydrofiran-3-yl-11,2 4 jtriazelof 1, 3-c [pyrimidin-
7-vlibenzonitrile
A mixture of 3-(3-amino-8-bromno-2-(tetrahydrofuran-3-ybH-[ 1,2 4)triazolo} 1,5-
¢lpyrimidin-7-y hbenzonitrile (15 mg, 0.039 raraol), pyridim-4-ylboronic acid (10 mg, 0.078
mmol), chlore(2-dicyclohexylphosphino-2',4',6"-triisopropyl-1,1'-biphenyl)[2-(2'-amine-1,1'-
15 biphenybipalladiom(l} (3.1 mg, 3.89 pmol), and sodmun carbonate (12.4 mg, 0.117 mmol} in
I, 4-dioxane (1.0 mL} and water (0.2 mL) was purged with N» and stirred at 90 °C overnight.
The reaction mixture was then cooled to r.t., concentrated, and purified by prep-LC-MS (pH =
2, MeCN/water with TFA) to give the desired product as a TFA salt. LC-MS calculated for
CaHisN,O (M+H)": m/z = 384 1; found 384 1.
20 Example 71. 3-(5-Amino-2-(phenyl{pyridin-2-yloxy)methyh)-8-(pyrimidin-4-yi)-

[1.2.4]triazolo]1,S-cipyrimidin-7-yhbenzonitrile

s
SN
NC :/ /N%%
! / \ ——
N\\T/N‘N 0
NH; N~
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Step 1: 3-(5-Amino-8-bromo-2-(phenyl(pvridin-2-yioxyimethyij-f1,2,4jiriazolof 1, 5-

c/pyrimidin-7-yi)benzonitrile

Br
NC T
H / pomm—
SRS
NH, N

To a solution of 3-(5-amino-8-bromo-2-(hydroxy(phenymethy-[1,2,4]triazolo] 1,5~
cipyrimidin-7-yDbenzonitrile (from Example 45, Step D) (110 mg, 0.261 mmol} in DCM (2
mL) was added thionyl chloride (0.057 mL, 0.783 mmol). The reaction solution was stirred at
r.t. for 1 h, and concentrated. The resulting residue was dissolved m DMF (1 mL), and added
potassimn carbonate (108 g, 0.783 mmmol) and pyridin-2-ol (49.7 mng, 0.522 mmmol). The
reaction mixture was then stirred at 90 °C for 2 h, cocled to r.t., quenched with water, and
extracted with DCM. The combined organic layers were dried over MgSOs, concentrated, and
purified by flash chromatography on a silica gel column eluting with 50% E(OAc in
dichloromethane to afford the desired product. LCMS catculated for CoqHi7BrN-O (M+H) ™
498.1. Found: 498.1.

Step 2: 3-(5-Amino-2-(phenvi(pyridin-2-yloxy)methyvl}-8-(pyrimidin-4-vi}-{ 1, 2.4 [triazoio[ 1, 5-
clpyrimidin-7-vijbenzonitrile

To a mixture of 3-(5-amino-8-bromo-2-(phenyl(pyridin-2-yloxy)methy -
{1,2,4]triazolo} |,5-c|pyrimidin-7-y1)benzonitrile (15 g, 6.030 ramol), 4-

(tributylstanny Dpyrimidine (22.2 mg, 0.060 mmol), and lithium chloride (5.1 mg, 0.120
mmol) ta 1,4-dioxane {100 pl) was added dichlorobis(triphenylphosphine)-paliadiumn(T) (2.1
mg, 3.01 pmel) and copper(l) chloride (11.9 g, 0.120 mmmol). The resulting mixture was
purged with N, and stirred at 100 °C overnight. The reaction mixture was then cooled tor.t.,
concentrated, and purified by prep-LC-MS (pH = 2, MeCN/water with TFA) to give the
desired product as a TFA salt. LC-MS calculated for CosloNsO (M+H): myz = 498.2; found
498.1.

Example 72. 3-(S5-Amino-2-(2-fluore-6-({({3R 4 K)-3-fluoro-4-hydroxypyrrolidin-1-

yhmethyDbenzvl}-8-(pyrimidin-4-yi}-[1.2.4jtriazolo[1,5-c[pyrimidin-7-yD)benzonitrile
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Step 1: 3-i3-Amino-2-thydroxymethyi)-11, 2, 4 [ triazefof 1, 5-c [ pyrimidin-7-vijbenzonitrife
i { (1) 9% 14 ) / 1By )

2-Hydroxyacetohydrazide (2.34 g, 26.01 mmol) was added to a ethanol (35 ml)
solution of 3-(2~amino-6-chloropyrimidin-4-y benzonitrile (4.00 g, 17.34 mmol) (Example
41, Step 1) at 1.t. After being heated and stirred at reflux for 2 h, the reaction mixture was
cooled tor.t., and concentrated. The resulting residue was taken into &¥,0-
bis(trimethyIsilyDacetamide (20 mL) and stirred at 120 °C for 7 h. The mixtore was then
cooled to r.t., poured onto ice, and allowed to stir at r.t. for | h. The resulting solid was
collected by filtration, and taken into 20 mL of [ N HCI solution. The resulting mixture was
stirred at r.t. for 1 b, filiered, and the aqueous layer was neutralized by addition of saturated
NaliCO; solution. The resulting precipitate was collected by filtration, and dried to obtain the
desired product as a brown solid. LCMS calculated for C3H i NsO (M+ID"™: 267.1; found
267.1.

Step 2: 3-(3-Amino-8-bromo-2-(hvdroxymethyl)-[ 1. 2,4 [iriazolof 1. 5-c]pyrimidin-7-

vi)benzonitrile

/@ Br
NC F \r%“KrﬁN OH
Wl

To a mixture of 3-(5-amino-2-(hydroxymethyl)-{1,2, 4jtriazolo] 1, 5-clpyrimidin-7-
vhbenzonitrile (1.0 g, 3.76 mmol) in DMF (12 mL) at -30 °C was added NBS (0.67 g, 3.76
mmol) portioni-wise. The reaction mixtore was allowed to slowly warm to 0 °C, resulting a
homogenous solution. After stirring at 0 °C for 1 h, the reaction mixture was dituted with
saturated NaHCO; solution and the desired product was collected by filtration and dried.
LCMS calculated for C13H;oBrN.O (M+H)": 345.0; found 345.0.
Step 3: 3-(5-Amino-2-(hydroxymethyii-8-(pyrimidin-4-yi)-[ 1, 2,4 [triazolof 1, 3-c jpyrimidin-7-
yidbenzonitrile

N

7
=N

> Wj/\f
= N OH

NC T N
/>_/

NQ]/N\N

~

NH,
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Tetrakis(tripheny Iphosphine)palladium(0) (0.067 g, 0.038 mmol) was added to a
mixture of 4-(tributylstanny Dpyrimidine (0.321 g, 0.869 mmol), 3-(5-araino-8-bromo-2-
(hydroxymethyl)~| 1.2 4{triazolo{ 1,5-clpyrimidin-7-y)benzonitrile (0.20 g, 0.379 mmol), CsF
(0.176 g, 1.159 mmol), and copper(Diodide (0.022 g, 0.116 mmol) in 1,4-dioxane (5.0 mL).

5  The reaction mixture was purged with N; and stirred at 80 °C for 7 h. The resulting mixture
was cooled to r.t., concentrated and purified by flash cohunn chromatopraphy eluting with 0%
ic 10% methanol in DCM to afford the product. LC-MS calculated for Ci7HiNsO (M+H)':
345.1; found 345.1.

Step 4: 3-(5-Amino-2-ichlorometiyl)-8-(pyrimidin-4-yi}-[ 1,2, 4 [triczolof 1, 3-¢ [pyrimidin-7-

10 yil)benzonitrile

To a mixture of 3~(5-amino-2-(thydroxymethy)-8-(pyrimidin-4-~y1)-
{1,2,4}triazolo] },5-clpyrimidin-7-y Dbenzouitrile (0.1 g, 0.290 minol) in Acetouitrile (16 mD)
was added thionyl chloride (0.212 ral, 2.90 ramol) at r.t. The reaction mixture was stirred at
15 r.i for 5 h, concentrated, and purified by flash chromatography cluting with 0% to 5%
methanol in DCM to afford the product. LC-MS calculated for CvHiCINg (M+H)'™: 363.1;
found 363.1.
Step 3: 3-(5-Amino-2-( 2-fluoro-6-(hydroxymethyl) henzvl)-8-(pyrimidin-4-vi)-

[1.2,4]twiazolof ], 5-c]pyrimidin-7-yljbenzonitrile

@
NC Pl
NNyl N/
20 2 —

A mixture of 3-(S-amino-2-(chloromethyl)-8-(pyrimidin-4-yhH-[ 1,2, 4{triazolo] 1,5~
¢lpyrimidin-7-y hbenzonitrile (0.2 g, 0.55 mmol), (2-fluoro-6-(hydroxyraethyhpheny Yboronic
acid (0.141 g, 0.827 mmol), chloro(2-dicyclohexylphosphino-2',4',6'-tri-i-propyl-1,1'-
biphenyl)(2'-amino-1,1'-bipheny1-2-y1) patladmumn(I1) {¢.551 mmol) and Na,COs (0.117 g,

25  1.10 mmol) in Dioxane (30 L) and water (3.0 mL) was stirred at 110 °C for 2 h. The

resulting mixture was cooled to r.t., and diluted with water (20 mL). The resulting solid was
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collected by filtration, and dried to afford the product. LCMS calculated for Co4l1sI'N5O
(M+H)Y": 453.2; found 433.2,
Step 6: 3-(5-Amino-2-(2-(chloromethyl}-6-fluorobernzyi)-&-(pyrimidin-4-vij-

1,2 4]triazolo] 1, 5-c [pyrimidin-7-yl}benzonitrile

To a mixture of 3~(5-Amino~2-(2-fluoro-6-(hydroxymethyDbenzyl)-8~(pyrimidin~4-
y1)-[1,2,4]triazolo] L,5-¢ [pyrimidin-7-yDbenzonitrite (0.2 g, 6.290 mmol) in acetonitrile (10
ml) was added thionyl chloride (0.212 ml, 2.90 mmol} at r.t. The reaction mixtare was stirred
atr.t. for 5 h, concentrated, and purified by flash chromatography eluting with 0% to 5%
methanot in DCM to afford the product. LC-MS calculated for CHi7CIFNg (M+H)"™: 471.1;
found 471.1.

Step 7. 3-(5-Amino-2-(2-fluoro-6-(({ 3R, 4R)-3-fluoro-4-nydroxypvrrolidin-I -

viJmethvljbenzyl)-8-(pvrimidin-4-vij-[1,2 4 jtriazolof 1, 5-c jpvrimidin-7-yl)benzonitrile
e 449 73//’ . y/’L J [ gl PAs

A mixture of 3-(5~-amino-~2-(2~(chloromethyl)~6-fluorobenzyl)-8-(pyrimidin-4-y [}~
11,2,4Jtriazolof L. 3-c|pyrimidin-7-yDbenzonitrile (10 mg, 0.021 mmol), (3R 4K)-4-
fluoropyrrolidin-3-ol hydrochloride (4.51 mg, 0.032 mmol) and Cs,COs (20.7 mg, 0.064
mmol) in DMF (1 mL) was stirred at 100 °C for 10 min. The reaction mixtore was then
cooled to r.t., diluted with methancl (4 mL), and purified by preparative LC-MS (pH 2,
acetonitrife/water with TEA) to afford the product as a TFA salt. LCMS calculated for
CosHoaFoaNoO (M+H)™: 540.2; found 540.2.

Example 73, 1-(2-((5-Amino-7-(3-cyanophenyl)-8-(pyrimidin-4-yl)-]1.2.4]triazolo]1 .5-

cipyrimidin-2-yDmethyh)-3-fluorobenzylpiperidine-4-carboxylic acid

"
| A
NG ) N
P K
A,
NH, FX__7
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Step 1. Methyl 1-(2-((5-amino-7-({3-cvanophenvl)-8-(pyrimidin-4-vi)-1 1,2, 4]triazolof1,5-

c/pvrimidin-2-yi )merhyl)~3-ﬂuarobenzyl} piperidine-4-carboxylate

N.N _____ M o—
NH2 “\m

This compound was prepared using similar procedures, on the same scale, as
described for Examiple 72, with methy] piperidine-4-carboxylate replacing (3R, 4R)-4-
fluoropyrrotidin-3-ot hydrochicride m Step 7. LCMS calculated for CsiHzeFNoG: (M+H)":
578.2; found 578.2.

Step 2. 1-{2-({5-Amino-7-(3-cyanophenyi)-8-(pyrimidin-4-yi)-[ 1, 2,4 [triczolof 1, 3-c/pyrimidin-
2-vl)methyl)-3-fluorobenzyljpiperidine-4-carboxylic acid

The product from the previous step was treated with LiOH (2.5 g, 0.106 mmol} in
water (2.0 mL), and stirred at r.t. for 1.5 b. The mixture was diluted with methanol (5 mL)
and purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product
as a TFA salt. LCMS calculated for CaoHnFNO: (M+H)™ 564.2; found 564.2.

Example 74. N-(2-((5-Amino-7-(3-cyanophenyl}-8-(pyrimidin-4-yh)-[1.2.4]triazolo|1.5

clpyrimidin-2-yhmethyh)-3-fluorobenzyl)-V-methylmethanesuifonamide

This comnpound was prepared using similar procedures as described for Example 72,
with N-methylmethanesulfonamide replacing 3R, 4R)-4-fluoropyrrotidin-3-ol hydrochloride
m Step 7. The product was purified by preparative LC-MS (pH 2, acetonitrile/water with
TFA) to afford the product as a TFA salt. LCMS calculated for Cy6Ho3FNoO-S (M+1H)":
544 .2 found 544 2.
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Example 78, 3-(S-Amino-2-(2-((2,5-dioxoimidazolidin-1-yhmethyl)-6-fluorobenzyi)-8-

{pyrimidin-4-yh)-{1,2,4[triazolo[1,5-c]pyrimidin-7-yhbenzonitrile

}\NH

N N\?g >
NHZ

This commpound was prepared using similar procedures as described for Example 72,
with hydantoin replacing (3R, 4R)-4-fluoropyrrolidin-3-ol hydrochloride in Step 7. The
product was purified by preparative LC-MS (pH 2, acctonitrile/water with TFA) to afford the
prodact as a TFA salt. LCMS calculated for CosHzoFN1O: (M+H)': 535.2; found 533.2.
Example 76, 3-(5-Amino-2-{{2,6-diffuorophenyl}(hydroxy)methyl}-8-(pyrimidin-4- yi)-

[1,2,4]triazolo]1,3-c|pyrimidin-7-yl)benzonitrile (Peak 1)

Step 1: Methyl 2-(2,6-difluorophenyi)-2-hydroxyacetate

OH F
Pre,

74

O E N

Concentrated sulfuric acid (1.42 mL, 27 mmel) was added to a methanol (45 mL)
solution of 2,6-difluoromandelic acid (5 g, 27 munol) at 0 °C. The mixture was stirred at r.t.
for 4 h before being concentrated. To the resulting slurry was added saturated NaHCO+
solution (30 mL). The resulting mixture was extracted with DCM (3x20 mL). The combined
organic layers were washed with water, dried over Mg.S0;, filtered, and concentrated to
afford the crude preduct, which was used in the next step without further purification. LC-MS
calculated for CuHuFoNGs M+H+MeCN): m/z = 244 1; found 244.2,
Step 2: 3-(5-Amino-2-((2,6-difluorophenyl) (hydroxy)methyi)-8-(pyrimidin-4-yIi-
1,2 4]triazolo] 1, 5-c[pyrimidin-7-yl}benzonitriie

This compound was prepared using similar procedures as described for Example 41,
with methyl 2-(2,6-difluoropheny])-2-hydroxyacetate replacing methyl 2-(pyridin-2-ybacetate

i Step 2. The two enantiomers were separated by chiral SFC using a Phenomenex Lux
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Cellulose-1 column (21.2 x 250mm, Spm particle size) eluting with an isocratic mobile phase
25% MeOH in CO; with a flow rate of 80 mL/minute. Peak 1 was isolated, and further purified
by prep-LCMS (pH = 2, MeCN/water with TFA) to give the desired product as a TFA salt. LC-
MS calculated for Co3HisFoNsO (M+H)": m/z = 457.1; found 457.1. '"H NMR (500 MHz, DMSO)
08.94(d,J=1.3Hz, 1H), 8.81 (d,/J=5.2 Hz, 1H), 7.85 (dd, /=53, 1.4 Hz, 1H), 7.81 (dt, J =
7.4,1.5Hz, 1H), 7.76 (t, J= 1.7 Hz, 1H), 7.55 (dt, J="7.8, 1.5 Hz, 1H), 7.49 (t, /= 7.8 Hz, 1H),
7.44 (tt, J=8.4, 6.4 Hz, 1H), 7.09 (t, /= 8.3 Hz, 2H), 6.27 (s, 1H).
Example 77. 3-(5-Amino-2-((2,6-difluorophenyl)(hydroxy)methyl)-8-(pyrimidin-4-yl)-
[1,2,4]triazolo[1,5-c]pyrimidin-7-yl)benzonitrile (Peak 2)

o

AN OH
F
N /

\N\N
Tk

NH,

AN

This compound was prepared using the same procedures as described for Example 76.
The two enantiomers were separated by chiral SFC using a Phenomenex Lux Cellulose-1 column
(21.2 x 250mm, Sum particle size) eluting with an isocratic mobile phase 25% MeOH in CO»
with a flow rate of 80 mL/minute. Peak 2 was isolated, and further purified by prep-LCMS (pH =
2, MeCN/water with TFA) to give the desired product as a TFA salt. LC-MS calculated for
C3HisFaNsO (M+H)': m/z = 457.1; found 457.1. '"H NMR (500 MHz, DMSO) § 8.94 (d, /= 1.3
Hz, 1H), 8.81 (d,J=5.2 Hz, 1H), 7.85 (dd, /=5.3, 1.4 Hz, 1H), 7.81 (dt, J= 7.4, 1.5 Hz, 1H),
7.76 (t,J=1.7Hz, 1H), 7.55 (dt, /= 7.8, 1.5 Hz, 1H), 7.49 (t,J= 7.8 Hz, 1H), 7.44 (tt, J= 8.4,
6.4 Hz, 1H), 7.09 (t, J= 8.3 Hz, 2H), 6.27 (s, 1H).
Examples 78A-78B. 3-(5-Amino-2-((5-(pyridin-2-yl)-2H-tetrazol-2-yl)methyl)-8-(pyrimidin-
4-yD)-|1,2,4]triazolo[1,5-c]pyrimidin-7-yl)benzonitrile (Example 78A) and 3-(5-Amino-2-((5-
(pyridin-2-yl)-1H-tetrazol-1-yl)methyl)-8-(pyrimidin-4-yl)-[1,2,4]triazolo[1,5-c|pyrimidin-7-
yl)benzonitrile (Example 78B)
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A mixture of 3-(5-amino-2-(chloromethyl)-8-(pyrimidin-4-yl)-[ 1,2,4]triazolo[1,5-
c]pyrimidin-7-yl)benzonitrile (10 mg, 0.028 mmol) (From Example 72, Step 4), 2-(1H-tetrazol-5-
yDpyridine (8.1mg, 0.055 mmol) and Cs,COs3 (20.7 mg, 0.064 mmol) in DMF (1 mL) was stirred

5 at 100 °C for 10 min. The reaction mixture was then cooled to r.t., diluted with methanol (4 mL),
and purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the mixture of
products (1.5:1 ratio of Example 78 A:Example 78B) as [[a]] TFA salts. LCMS calculated for
CxsHieNi3s (M+H)": 474.2; found 474.2. Example 78A: 'H NMR (500 MHz, DMSO) 6 8.99 (d, J
= 1.4 Hz, 1H), 8.85 (d, /J=5.3 Hz, 1H), 8.80 — 8.71 (m, 1H), 8.71 — 8.39 (b, 2H), 8.18 (d, J=7.7,

10 1.1 Hz, 1H), 8.04 (t,/=17.8, 1.8 Hz, 1H), 7.85 (m, 2H), 7.80 — 7.76 (m, 1H), 7.62 — 7.55 (m, 2H),
7.53 (t,J=7.8 Hz, 1H), 6.39 (s, 2H).
Example 79. 3-(2-((5-(1H-Pyrazol-1-yl)-1H-tetrazol-1-yl)methyl)-5-amino-8-(pyrimidin-4-
yD-[1,2,4]triazolo[1,5-c]pyrimidin-7-yl)benzonitrile

N

S
~ N’ l

N N
NC N/ N/ /) / [‘l \

Y “N N

NH,
15 This compound was prepared using similar procedures as described for Example 78, with

5-(1H-pyrazol-1-yl)-1H-tetrazole replacing 2-(1H-tetrazol-5-yl)pyridine. The product was
purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as a
TFA salt. LCMS calculated for C21HisNis (M+H)™: 463.2; found 463.2.

20
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Example 80. 3-(5-Amino-8-(pyrimidin-4-yl)-2-((5-(thiazol-4-yl)-1H-tetrazol-1-yl)methyl)-
[1,2,4]triazolo[1,5-c|pyrimidin-7-yl)benzonitrile

N
o
Z N,’N\/N
NC e N'Sﬁ\
NYN\N)_/ NVS
NH,

This compound was prepared using similar procedures as described for Example 78, with
4-(1H-tetrazol-5-yl)thiazole replacing 2-(1H-tetrazol-5-yl)pyridine. The product was purified by
preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as a TFA salt.
LCMS calculated for C21HiaNi3S (M+H)™: 480.1; found 480.1.

219A
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Example 81. 3-(5-Amino-2-((S-methyl-3-(trifluoromethyl)-1 B-pyrazol-1-viymethyl)-8-

{pyrimidin-4-yh-{1,2,4[triazolo[1,5-c]pyrimidin-7-yhbenzonitrile

.
AT
N X N~ N
NH,

This compound was prepared using similar procedures as described for Example 78, with 5-
5  methyl-3-{trifluoromethyl}- 1 H-pyrazole replacing 2-(1H-tetrazol-5-y Dpyridine. The product

was purified by preparative LC-MS5 (pH 2, acetonitrile/water with TFA) to afford the produact

as a TFA salt. LCMS calcuolated for CoxHisFaNyg (M+H)™: 477.2; found 477.1

Example 82, 3-(5-Amino-8-(4-cthyloxazol-5-y1)-2-(pyridin-2-ylmethyl)-

1,2 4]iriazolo]l,3-cpyrunidin-7-yhbenzonitrile
P} 3

FN
s} e
7 7\
NC = ,;,N> N
Ny Nepf

This compound was prepared using similar procedures as described for Example 42
with 4-¢thyl-5-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yhoxazole replacing 1-cthyl-5-
(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-y - 1L H-pyrazoke. The final material was purified by
preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as a TFA salt.

15 LCMS calculated for C3HioNsO (M+H)"™: 423.2; found 423 2.
Example 83, 3-(5-Amino-8-(1-ethyl-1 H-1,2,3-triazol-5-v1)-2-(pyridin-2-ylmethy -

[1.2.4]triazolo]1,5-c]pyrimidin-7-yhbenzonitrile

N:i\!
(\YN\/ 7\
NG AN ==

NvN*N

NH2
This compound was prepared using similar procedures as described for Example 41,
20 Step 3, with [-ethyl-5-(trimethyIstannyl)-1H-1,2 3-triazole replacing 4~
(tributylstanovlpyrimidine. The final material was purified by preparative LC-MS (pH 2,
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acetonitrile/water with TFA) to afford the product as a TFA salt. LCMS calculated for
CoHyoNo (M+H) ™2 423 2; found 423 2
Example 84, 3-(5-Amino-8-(4-methyloxazol-5-y)-2-((3-methylpyridin-2-yhmethyl)-

[1.2.4]triazolo][1,5-c]pyrimidin-7-y)benzonitrile

Step 1: 3-(5-Amino-8-bromo-2-((3-metnylpvridin-2-ylimetiyl)-[ 1, 2,4 [triazolo[ {, 5-

sS
NG Zaa

c[pyrimidin-7-yijbenzonitrile

N N
NH,

This compound was prepared using similar procedures as described for Example 41,
Step 3 to Step 4, with 2-(3-methylpyridin-2-yl)acetchydrazide replacing 2-(pyridin-2-
vhacetohydrazide in Step 3. LCMS calculated for CioHysBrN; (M+H)Y: 420.1; found 420.1.
Step 20 3-i3-Amino-8-(4-methyloxazol-5-yi}-2-((3-meithyipyridin-2-vimethyl)-
[1.2.4]iriazolof 1, 5-¢ [pyrimidin-7-ylibenzonitrile

This compound was prepared using similar procedures as described for Example 61,
Step 2, with 3-(5-amino-8-bromo-2-((3-methy lpyndin-2-y methy h-] 1,2 4 }triazolo} 1,3~
clpyrimidin-7-y Dbenzonitride replacing 3-(5-Amino-8-bromo-2-(pyridin-2-ylmethyl)-
[1,2,4}riazolof 1,5-clpvrimidin-7-yv])benzonitrile. The final material was purified by
preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as a TFA salt.
LCMS calentated for CuaHaNgO (M+H)': 423 2; found 423.2.
Example 85, 3-(5-Amineo-2-{(3-flucropyridin-2-ylimethyl)-8-{4-(hydroxymethyl}-2-

methyloxazol-53-yi}-[1,2,4triazolo[1,5-¢[pyrimidin-7-yhbenzonitrile

N
i a W/,
NZT Y e F
N{\T/N\N
NH,
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This compound was prepared using similar procedures as described for Example 62,
Step 3 to Step 4, with 3-(5-Amino-8-bromo-2-((3-fluoropyridin-2-ylymethyi}-
{1,2,4}triazolo} |,5-cjpyrimidin-7-v1)benzonitrile replacing 3-(5-Amino-8-bromo-2-(pyridin-2-
ylmethyl)-[ 1,24 [inazolo]1,5-c [pyrimidin-7-y Dbenzonitrite in Step 3. The final material was
purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford the product as a
TFA salt. LCMS calculated for Cosl1sFNzO, (M+ED": 457 2; found 457.2.
Exampie 86. 3-(5-Amino-2-(2-{(1,1 -dioxidoisothiazolidin- 2-yBmethyh)-6-fluorobenzyi)-8-

(pyvrimidin-4-yH-]1.2 4|triazolo]1 . 5-cjpyrimidin-7-yl)benzonitrile

This compound was prepared using simnilar procedures as described for Example 72,
with 1,2-thiazolidine 1,1-dioxide replacing (3R, 4R})-4-fluoropyrrohidin-3-ol hydrochioride m
Step 7. The product was purificd by preparative LC-MS (pH 2, acetonttrile/water with TFA)
to afford the product as a TFA salt. LCMS calculated for CoHasFNGOLS (M+H)™: 536.2;
found 556.2.
Example 87. 3-(5-Amino-2-(2-fluoro-6-((3-methyl-2,5-dioxoimidazolidin-1~

yhmethyhbenzvh-8-(pyrimidin-4-vi}-{1,24}triazolo]1,5-c]pyrimidin-7-yhbenzonitrile

This compound was prepared using stmilar procedures as described for Example 72,
with |-methylimidazolidine-2 4-dione replacing (3R,4R)-4-fluoropyrrolidin-3-ot
hydrochloride in Step 7. The product was purified by preparative LC-MS (pH 2,
acetonitrile/water with TFA) to afford the product as a TFA salt. LCMS calculated tor
CosHnFN1O (M+H)': 549 2; found 549.2.

PCT/US2019/019582



05 Dec 2022

2022283611

WO 2019/168847 PCT/US2019/019582

Example 88. 3-(S-Amino-2-((3-fluoropyridin-2-yhmethyl)-8-(pyrimidin-4-y1)-

1,2 4}iriazolo]l, 3-c[pyrimidin-7-yl)benzonitrile
p3 3

This compound was prepared using similar procedures as described for Example 41,

5  Step 3, with 3~(5-amino-8-bromo-2-((3-fluoropyridin-2-yDmethyl)-[ 1,2 4|tnazolo[ 1,5~
clpyvrimidin-7-yDbenzonitrile (Example 52, Step 2) replacing 3-(3-amino-8-bromo-2-(pyridin-
2-yimethy!)~[1.2.4{triazolo{ 1,5~cipyrimidin-7-y)benzonitrile. The final material was purified
by preparative LC-MS (ptl 2, acetomitrile/water with TFA) to afford the product as a TFA
salt. LCMS calculated for Co:HysFNg (M+H)": 424.1; found 424.1.

10 Example 89, 3-(5-Amino-8-(4-methyloxazol-5-y1)-2-((6-(triftuoromethylpyridin-2-

yhmethyh)-[1,2,4{triazolo[1,5-clpyrimidin-7-ybenzonitrile

==
\\ // CFQ
Step 1. Ethvl 2-(6-¢trifluorometiyllpyvridin-2-yljacetate
L
~
O N° CF;
15 A THF (10.3 ml) solution of 2-methyl-6-(trifluoromethyDpyridine (5300 mg, 3.10

mmol) was ¢ooled to -78°C, followed by addition of s-butyllithivm (1.49 ml, 3.72 mmol)
dropwise. After 10 min, diethyl carbonate (0.564 ml, 4.65 mmol} was added in one portion.
The mixture was allowed to stir at -78 °C for 30 min. The mixture was then diluted with aq.
NH4Cl and extracted with DCM. The combined organic layers were dried over MgSQa,

20  filtered. and concentrated. The resulting residue was purified by flash chromatography on a
silica gel column eluting with 0 to 50% EtOAc i Hexanes to afford the desired product.
LCMS calculated for C1oHi NG, (M+H)': 234.1. Found: 234 1.
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Step 2: 3-i3-Amino-8-bromo-2-((6-{trifluoromethyljpyridivn-2-ylmethyli-[ 1, 2,4 /triazofof |, 5-

¢ /pyrimidin-7-yi)benzonitrile

This compound was prepared using similar procedures as described for Example 41,

(85}

Step 1 to Step 4, with ethy] 2-(6-(trifluoromethylypyridin-2-yhacetate replacing methy! 2-
(pyvridin-2-vl)acetate in Step 2. LCMS calculated for C1oHpnBriaN; (M+H)": 474.0; found
474.0.

3

Step 3: 3-(5-Amino-8-{4-methyioxazol-5-yl}- 2-((6-{trifluoromeiypyridin-2-yiimethyl)-
1,24 triczolo] 1, 3-c [pyrimidin-7-yljhenzonitrile

10 This compound was prepared using similar procedures as described for Example 42
with 3-(5-amino-8-bromo-2-((6-(triflucromethy Ypyridin-2-yDymethy - 1.2, 4]triazolo[1,5-
clpyrimidin-7-vbenzonitrile replacing 3-(5-amino-8-bromo-2-{pvridin-2-yImethyl)-
{1,2,4]triazolo] 1,5-c]pyrimidin-7-y)benzonitrile, and with 4-methyl-5-(4,4,5,5-tetramethyl1-
1,3,2-dioxaborolan-2-yoxazole (Example 61, Step 1) replacing i-cthyi-5-(4,4,5,5-

15 tetramethyl-1,3,2-dioxaborolan-2-y1)~ | H-pyrazole. The final material was purified by
preparative LC-MS (pH 2. acetonitrile/water with TFA) to afford the product as a TFA salt.
LCMS calculated for CasHisFisNzO (M+H)": 477.1; found 477 2.

Example 98, 3-(5-Amino-8-{(4-methyloxazol-S-y)-2-(pyridin-2-yhnethyl})-

{1,2,4}triazolo]1,5-c]pyrimidin-7-yi)-2-flucrebenzonitrile

F N\\}/N~N N
NH; N\ /

20

Sluorobenzonityile

Step 1: 3-(5-Amino-8-bromo-2-(pyridin-2-yImethyl)-[ 1,2, 4 /triazolo] 1,5-c[pyrimidin-7-yl)-2-

@r
NC PN
F NQ\T,QNN} """ N
NH, N\

224
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This compound was prepared using similar procedures as described for Example 41,
Step 1 to Step 4, with (3-cyano-2-fluorophenyl)boronic acid replacing (3~
cyanopheny!)boronic acid in Step 1. LCMS calculated for CigHi BrFN (M+HH)™: 424.0;
found 424.0.
Step 2: 3-(5-Amino-8-{4-methyloxazol-5-ylj- 2-(pyridin-2-yimethyij-[ 1, 2.4 Jtriazolof 1, 5-
¢ [pvrimidin-7-yi)-2-fluprobenzonitrile

This compound was prepared using similar procedures as described for Example 42
with 3-(5-amino-8-bromo-2-(pyridin-2-ylmethyl)-f1,2,4]triazolo] 1,5 -c]pyrimidin-7-y1)-2-
fluorobenzonitrile replacing 3-(5-amino-8-bromo-2-(pyridin-2-ylinethyl)-[1,2 4 jtriazolo] 1.5-
¢ipyrimudin~-7-yDbenzonitrile, and with 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-vlyoxazole (Example 61, Step 1) replacing |-ethyl-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yH-1H-pyrazode. The final material was purified by preparative LC-MS (pH
2, acetonitrile/water with TFA)} to afford the product as a TFA salt. LCMS calculated for
CooHsFNO (M-+H)": 427.1; found 427 .2.
Example 91, 3-(83-Amino-2-{(3-(hyvdroxymethyl)pyridin-2-yhmethyi)-8-(4-methyloxazol-

5-yi)-[1,2.4]triazolof1,5-¢ipyrinidin-7-yhbenzonitrile

Step 1 3-{{(tert-Butyldimeihyisilvijoxy Jjmeihyl}-2-methylpyridine
TBSO i \i
- "N/;)

TBS-C1 (918 mg, 6.09 mmol) was added to a CH,Clz (20 ml) solution of (2-
methylpyridia-3-y Dinethanol (730 mg, 6.09 munol) and imidazole (413 mg, 6.09 nunol) at rt.
After stirrmg for 30 min, the mixture was diluted with water and extracted with DCM (x 3).
The combined organic layers were dried over MgSO,, filtered, and concentrated. The
resulting residue was puritied by flash chromatography on a silica gel colunm eluting with 0
to 50% EtOAc in Hexanes to afford the desired product. LCMS calculated for CsHzsNOSI
(M+H)": 238.2. Found: 238.2.

PCT/US2019/019582
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Step 2: Ethyl 2-(3-i((tert-butyldimethylsilyl)oxvimethyl}pvridin-2-yljacetate
oTBS

A THF (7.0 ml) solution 3-({(fert-butyldimethylsily oxyymethy)-2-methyipyridine
(560 mg, 2.186 mmol) was cooled to -78 °C, followed by addition of #-butyllithium (1095 ul,
2.74 mmol). After stirring for 1 h at -78 °C, dicthyl carbonate (765 pl, 6.32 yunol) was added
in on¢ portion. Then the mixture was allowed to slowly warm to room temperature and stirred
overnight. The mixture was diloted with ag. NH4Cl and extracted with DCM (x 3). The
coinbined organic layers were dried over MgSQy, filtered, and concentrated. The resulting
residue was purified by flash chromatography on a silica gel coluinn eluting with 0 to 50%
EtOAc in Hexanes to afford the desired product. LCMS calculated for CieHpsNG;Si (M+H) '
310.2. Found: 310.2.
Step 3: 3-(5-Amino-2-((3-(hyvdroxymethyipyridin-2-vi)methyl)-[ 1. 2.4 ]triazolof1,5-

c/pyrimidin-7-vi)benzonitrile

This compound was preparcd using similar procedures as described for Example 41,
Step | to Step 3, with ethyl 2-3-~({{fert-butyldimethylsilyloxy ymethyl)pyridin-2-yDacetate
replacing methyl 2-(pyridin-2-vlacetate in Step 2. Then the corresponding product was taken
into 3 mL. of THF and treated with 3 ml. of 6 N HCl solution. The mixture was allowed to stir
at room (emperature for 3 h. The mixture was diluted with water and extracted with DCM (x
3). The combinved organic layers were dried over MgSQy, filtered, and concentrated. The
resulting residue was purified by flash chromatography on a silica gel column eluting with 0
o 20% MeOH m DCM to afford the desired product. LCMS calculated for CioHisN-O
(M+H)": 358.1. Found: 358.2.
Step 4. 3-(3-Amino-8-bromo-2-(( 3-(hydroxymethylipyridin-2-vijmethvi)-[1. 2, 4] triazolof 1, 5-

¢ ipyvrimidin-7-ylhenzonitrile
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This compound was prepared using similar procedures as described for Example 41,
Step 4, with 3-(5-amino-2~((3~-Chy droxymethy Dpyridin-2-ylymethy3-[ 1.2 4Jtriazolo] 1,5~
clpyrinudin-7-yDbenzonitrile replacing 3-(5-amino-2-(pyridin-2~-yimethy!)-
[1,2,4]triazolo] 1,5 -clpyrimidin-7-yjbenzonstrile. The resulting crude mixture was diluted
with water and extracted with DCM (x 3). The combined organic layers were dried over
MgSQ,, filtered, and concentrated. The resulting residue was purified by flash
chromatography on a silica gel cohumn eluting with G to 13% MeGH in DCM to afford the
desired product. LCMS calculated for CrolTisBriN-O (M+H)": 436.1. Found: 436.0.
Step 5: 3-(5-Amino-2-((3-thydroxymethyl)pyridin-2-yi)methyl}-8-(4-methyloxazoi-3-yi)-
11,2, 4]triczolof 1,5-c[pyrimidin-7-yljbenzonitrile

This compound was prepared using similar procedures as described for Example 42,
with 3-(5-amino-8-bromo-2-((3-(hy droxymethy Ypyridin-2-yDymethyh-[ 1.2, 4]triazolo[ 1,5-
clpyrimidin-~7-y)benzonitrile replacmg 3-(5-amino-~8-bromo-2-(pyridin-2-yImethyl)-
[1,2,4]triazolo] 1,5 -cfpyrimidin-7-y)benzonstrile, and with 4-methyl-3-(4,4,5,5-tetramethy1-
1,3,2-dioxaborolan-2-ylyoxazole (Example 61, Step 1) replacing 1-ethyl-5~(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y)-1H-pyrazole. The final material was puarified by
preparative LC-MS (pH 2. acetoniirile/water with TFA) to afford the product as a TFA salt.
LCMS calculated for CaaHioNzOy (M+H)™: 439.2: found 439 2.
Example 92, 3-(3-Amino-2-((1-methyl-1 H-pyrazol-3- yhmethyD-8-(4-methyloxazol-S-y1)-

[1,24]trizzolo]1,5-c]pyrimidin-7-yhbenzonitrile

Step 1: Methyl 2-(1-methyl-1H-pyrazol-3-vi)acetate

i
[

—0
Acetyl chloride (0.355 ml, 4.99 mmol) was added to MeOH (3 ml) at 0 °C and then
stirred for 20 min. To this mixture was added 2~(1-methyl-1H-pyrazol-3-yDacetic acid (140
mg, 0.999 mmol) and then the mixture was stirred at £t overnight. The solvent was removed
and the residue was used in the next step directly. LCMS calculated for C7HN>O, (M+H) ™
155.1; found 155.1.

PCT/US2019/019582
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Step 2: 2-{[-Methyl-1H-pyrazol-3-vi)acetohvdrazide

N NS
W/
OM"

HoN—NH
Hydrazine (0.061 ml, [.946 mmol) was added to a solution of methyl 2-(1-methyl-
1H-pyrazol-3-yhacetate {0.15 g, ©.973 mmol) in ethanol (1.5 mL) at rt and then the reaction
mixture was heated and stirred at 100 °C for 2 h. After cooling to rt, the resulting mixtore was
partially concentrated untid solid presented. To this mixture diethyi ether (1.0 L) was added
and the resulting solid was collected by filtration, rinsed with ether, and dried to afford the
desired product as a white solid, which was used in the next step withowt further purification.

LCMS calculated for CsHpNoO (M+H)™: 155.1; found 155.2.

Step 3: 3-(5-Amino-2-{(1-methyl-1H-pyrazol-3-ylimethyl)-[ 1, 2,4 ] triazolof 1, 5-c [ pyrimidin-7-
vl)henzonitrile
E
™ N
| W
P 2
N7 Nog Ny
N
NH;

This compound was prepared using similar procedure as described for Example 41,
Step 3, replacing 2~(pyridin-2-yDacetchydrazide with 2-(1-methyl-1H-pyrazol-3-
vDacetohvdrazide. LCMS calculated for CirHysNg (M+H)™: 331.1; found 331.1.

Step 4: 3-(5-Amino-8-bromo-2-(( 1 -methyl-1H-pvrazol-3-ylmethvij-[ 1, 2,4 Jtriazolof I, 5-

clpyrimidin-7-vijbenzonitrile

Br N’N?
\U/
~ = =N \)""‘
W7 /> _____ /
N\yN.N
NH,

NBS (35.6 ng, 6.206 mmol) was added to a mixtore of 3-G-amino-2-((L-methyi-iH-
pyrazol-3-vymethyl)-| 1,2 4|triazolef1,5-cfpyrimidin-7-y}benzonitrile (66.0 mg, 0.200 mmol)
in DMSG (0.4 md)/CH.CL (6.4 mi} at -30 °C and the reaction mixture was stirred for 1 h. The
low botling point solvent was removed and to the residuc was added water. The resulting
solid was then collected by filtration, and dried to provide the product, which was used in the

next step directly. LCMS calculated for C;HigBrNg (M+H)™: 409.1; found 409.1.

228
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Step 5: 3-i3-Amino-2-((1-methyl-1 H-pvrazol-3-vljmethvi}-8-(4-methyloxazol-5-vi)-
[1.24]iriazolof 1, 5-¢ [pyrimidin-7-ylibenzonitrile

A mixture of 3~(5-amino-8-bromo-~2-((1-methyl- | H-pyrazol-3-y Dhmethyl)-
[1,2,4}triazolo] 1,5 -clpyrimidin-7-y)benzomstrile (10.¢ mg, 0.024 mmol), 4-methyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yoxazole (10.22 mg, 0.049 mmol), CsF (18.56 mg, 0.122
mmol) and chloro(1-t-butylindenyl)[2-(dicyclohexylphosphino)-2' 4", 6'-tri-i-propyl- 1,1’
biphenyl]patiadinmn(Il) {1.355 mg. 2.443 pmol) in dioxane (0.5 mL)/water (0.1 ral.) was first
purged with nitrogen, and then heated and stirred at 105 °C for 2 h. The reaction mixture was
then cooled to rt, and concentrated. The resulting mixture was diluted with acetonitrile/water
and purified using prep-LCMS (pH 2, acetonitrile/water with TFA) to afford the desired
product as its TFA salt. LC-MS calculated for C2iHisNoQ (M+TD)": m/z = 412.2; found 412.2.
Example 93, 3-(5-Amino-2-{{1-methyl-1 H-pyrazol-3-ylmethyh-8-{oxazol-5-y)-

[1,24]trizzolo]1,5-c]pyrimidin-7-y)benzonitrile

This compound was prepared using similar procedures as described in Example 92,
Step S, replacing 4-methyl-5-(4.4,3, 5-tetramethyl-1.3 2-dioxaborolan-2-y1)oxazole with 3-
(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yDoxazole. LC-MS calculated tor CooHisNeO
(M+H)": m/z = 398.1; found 398.1.
Example 94, 3-(5-Amino-2-{(3-methyipyridin-2-ymethoxy}-8-(pyrimidin-4-yi)-

[1,24]trizzolo]1,5-c]pyrimidin-7-y)benzonitrile

PCT/US2019/019582
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Step 1: 3-i3-(Bis(4-methoxvbenzyl)aminci-2-bromo-8-(pyrimidin-4-yij)-[ 1, 2,4]triazolof I, 5-

¢ /pyrimidin-7-yi)benzonitrile

To a mixture of copper(1l) bromide (91 mg, 0.407 mmol) and ferf-butyl nitrite (0.054
ml, 0.407 runol) in acetonitrile (3 mL.) under nitrogen at 36 °C was added dropwise 3-(2-
ammo-5~(bis{4-methoxybenzyl)amino)-8~(pyrimidin-4-y1)~| 1,2 4jtriazolo{ L, 5-cipyrimidin-7~
yvhbenzonitrile (100 g, 0.203 vunol) (from Example 69, step 3) in acetonitrile (3 mL). The
mixture was stirred at 50 °C for 2 hours. Afier cooling to rocin temperature, | N aqueous
NH4OH solation (20 mL) was added and the mixture was extracted three times with CH,Cl,
(26 ml.). The combined organic layers were dried over sodinmn sulfate, filtered and
concentrated. The crude material was purified by silica gel column chromatography eluting
with 50-100% cthyl acetate/hexane to give the desired product. L.C-MS calculated for
Cis:HasBrNsOQ, (M+H)™: m/z = 633 1; found 633.2.
Step 2: 3-(5-Amino-2-{(3-methylpyridin-2-ylmethoxy}-S8-{pyrimidin-4-yij-{ 1, 2,4 [triazolof 1,5~
¢ ipyvrimidin-7-ylhenzonitrile

A suspension of sodium hydride (60% in mineral oil, 3.8 mg, 0.095 mmol), 3-(5-
(bis(4-inethoxybenzyDamino)-2-bromo-8-(pyrimidin-4-y1)-{1,2, 4ftriazolo{ i, 5-c|pyrimidin-7-
vDbenzonitrile (20 mg, 0.032 mmol) and (3-methylpyridin-2-yDymethanol (9.1 pL, 0.093
mmol) in 1 4-dioxane (1 mL) was heated and stirred at 110 °C under nitrogen overnight. The
reaction mixture was then cooled to vt, concentrated, and added TFA (1.0 mL). The resulting
mixture was then stirred at 110 °C for 30 mun, cooled to rt, diluted with acetonitrile, filtered
and purified by preparative LC-MS (pH 2, acetonitride/water with TFA) o give desired
product as a TFA salt. LC-MS calculated for CsHisNoQ (M+H) " m/z = 436.2; found 436.2.
'H NMR (600 MHz, DMSO) 6 897 (d,J= 1.4 Hz, 1H), 8.88 (d,J = 5.2 Hz, 1H), .58 - 8.52
(m, I1H), 797 (1, J=78Hz, IH), 788 (dd. J=54, 1.4 Hz, 1H), 785 (dt,/=75. 1.5 Hz.
1H), 7.78 (t, J = 1.8 Hz, 1H), 7.60 — 7.54 (m, 2H), 7.53 (1,.7 = 7.8 Hz, |H), 5.69 (s, 2H]), 2.48
(s, 3H).
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Example 95. 3-(S-Amino-2-((6-mmethylpyridin-2-yhmethoxy)-8-(pyrimidin-4-yi)-

1,2 4}iriazolo]1,3-c]pyrimidin-7-yl)benzonitrile
p3 3

This compound was prepared using similar procedures as described for Example 94,
5  with (6-methylpyridin-2-ylimethanol replacing (3-methylpyridin-2-vl)methanol in Step 2.
The crude was purificd by preparative LC-MS (pH 2, acetonitrile/water with TFA) to afford
the product as a TFA salt. LCMS calculated for CosHisNoO (M+I)": m/z = 436 .2 found
436.2.
Example 96. 2-((5-Amino-7-(3-cyanophenyD-8-(pyrimidin-4-yi)-] 1,2 4|triazolof1,5-

10 ¢|pyrimidin-2-yhmethoxy)benzonitrile

A mixture of 3-(S-amino-2-(chloromethyl)-8-(pyrimidin-4-y -] 1,24 [triazolo] 1,5~
clpyrimidin-7-yDbenzonitrile (20 rag, G.655 ramol} (from Example 72, step 4), Cs,C0: (359
mg, 0.110 mmol) and 2-hydroxybenzonitrile (13.1 mg, 0.110 mmol) in acetonitrile (1.0 mL)
15 was heated and stirred at 70 °C for 1 h. The resulting mixture was then cooled to room
temperature, diluted with methanol, filtered and purified by preparative LC-MS (pH 2,

acctonitrile/water with TFA) to give the desired product as a TFA salt. LCMS calculated for

Example 97, 3-(5-Amino-2-(((3-methylpyridin-2-vhmethyhaminoe)-8-(pyrimidin-4-yi)-
20 [1,2,4ftriazolo][1,5-cjpyrimidin-7-y)benzonitrile

N
[
3 =N
L
X N
PN
NZ b 1 p—NH  N=
)
NH, /T
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A mixture of Triethyl orthoformate (0.029 mL, 0.176 mmol), 3~(2~amino-5-(bis(4~
methoxybenzy Bamino)-8-(pyrimidin-4-v1)-[ 1.2 4]triazolo| 1, 3-c]pyrimidin-7-y Dbenzonitrile
(20 g, 0.035 ramol) (from Example 69, step 5), and 3-methylpicolinaldehvde (12.8 mg,
0.105 mmol) in EtOH (1 mL) was stirred at 126 °C overnight. The reaction mixture was then
cooled to 0 °C, and NaBH: (4.0 mg, 0.105 mmol) was added. After stirring at 0 °C for 1 h, the
reaction mixture was quenched with a few drops of TFA and diluted with MeOH. The crude
mixture was then purified by preparative LC-MS (pH 2, acetonitrile/water with TFA) to give
the intermediate, which was then dissolved in TIFA (1.0 mL}. The resulting mixture was
stirred at 120 °C for 25 min, cooled to rt, diluted with acetonitrile, and purnified by preparative
LC-MS (pH 2, acetonitrile/water with TFA) to give the desired product as a TFA salt. LCMS
calculated for CosHioNyg (M+H)': m/z = 435.2; found 435.2.

Example A. Adenosine AZA Receptor cyclic AMP GS Assay
Stably transfected HEK.-293 cells expressing the human adenosine AZ A receptor
(Perkin Elmer) are maintained in MEM culture medium with 10% FBS and 400 ug/ml
encticin (Life Technologies). 18 to 24 houes prior to assay, geneticin is removed from
culture. The cishio cAMP-GS Dynamic kit utilizing the FRET (Fluorescence Resonance
Energy Transfer) techuology is used to measure cAMP accumulation in the cells. Compounds
of the present disclosure at an appropriate concentration are mixed with 10000 cells/well in
white 96 well half area plates (Perkin Elmer) for 30 min at room temperature (RT) gently
shaking. Agonist, CGS21680 (R&D Technologies) at 4 nM is added to each well for 60 min
at RT gently shaking. Detection reagents, d2-labeled c AMP (acceptor) and anti-cAMP
cryptate {donor) are added to cach well for 60 min at RT gently shaking. Plates are read on
Pherastar (BMG Labtech), fluorescence ratio 665/620 is calculated and ECs; determmation is
performed by fitting the curve of percent of control versus the log of the compound
concentraiion using GraphPad Prism.
Example B. Adenosine A2ZB Receptor cyclic AMP GS Assay

Stably transfected HEK-293 cells expressing the human adenosine A2B receptor
(Perkin Elmer) were maintained in MEM culture medium with 10% FBS and 100 pig/ml
Geneticin (Life Technologies). 18 to 24 hours prior to assay, geneticin was removed from
cultare. The cishic ¢cAMP-GS Dyvnaric kit utilizing the FRET (Fluorescence Resonance
Energy Transfer) technology was used to measure cAMDP accuinulation in the cells.
Compounds of the present disclosure at an appropriate concentration were mixed with 10000
cells/well in white 96 well half area plates (Perkin Elmer) for 36 min at RT genily shaking.

Agonist, NECA (R&D Technologies) at 12 nM was added to each well for 60 min at RT
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gently shaking. Detection reagents, d2-labeled cAMP (acceptor) and anti~-cAMP cryptate
(donor} were added to each well for 60 min at RT gently shaking. Plates were read on
Pherastar (BMG Labtech), fluorescence ratio 665/620 was calculated and ECsp determination
was performed by fitting the curve of percent of control versus the log of the compound
concentration using GraphPad Prism. The ECsq data obtained via this inethod are shown in
Table 1.
Example €, A24 Tag-lite® HTRF Assay

Assays were conducted in black low volume 384-well polystyrene plates (Greiner
784076-25) in a final volume of 10 L. Test compounds were first senially diluted in BMSO
and 100 nl added to the plate wells before the addition of other reaction components. The
final concentration of DMSC was 1%. Tag-lite® Adenosine A2A labeled cells (CisBio
CITTiIA2A) were dituted 1.5 nto Tag-lite buffer {CisBio LABMED) and spun 1206 g for 5
mins. The pellet was resuspended at a velume 10.4 X the initial cell suspension volume in
Tag-lite buffer, and Adenosine A2A Receptor Red antagonist fluorescent ligand (CisBio
LOGSSRED) added at 12.5 nM final concentration. 16 ul of the cell and ligand mix was added
to the assay wells and incubated at room temperature for 45 minutes before reading on a
PHER Astar FS plate reader (BMG Labtech) with HTRE 337/620/6635 optical module. Percent
binding of the fluorescent ligand was calculated; where 100 nM of A2A antagonist control
ZM 241385 (Tocnis 1036) displaces the ligand 100% and 1% DMSO has 0% displacement.
The % binding data versus the log of the inbibitor concentration was fitted to a onc-site
competitive binding model (GraphPad Prism version 7.02) where the ligand constant = 12.5
nM aad the ligand Kd = 1.85 nM. The K, data obtained via this method are shown in Table |
Example B. A2B Filter Binding Assay

Assays are conducted in deep well polypropylene plates {Greiner 786201) in a {inal
volume of 350 pl.. Test compounds are first serially diluted in DMSO and 5.5ul 15 then added
to the plate wells before the addition of otlier reaction components. The final concentration of
DMSQO is 3%. HEK 293 cell aembranes overexpressing the huinan adesosine receptor A2B
(Perkin Elmer ES-113-M400UA) are diluted to 40 pug/ml in 50 mM HEPES pH 7.0, 5 mM
MgClL, 1| mM EDTA (Assay buffer). [3H] B-cyclopentyl-1,3-dipropylxanthine (Perkin Elmer
NET974001MC) ts dituted i assay buffer + 22% DMSG 1o 24.2 oM, and then further diluted
(o 1 nM by addition to the diluted membranes. 545 ul of the membrane and ligand mix 1s
added to the assay wells and incubated on a shaker at room temperature for 1 hour. The
membrane mix is then filtered over a UniFilter GF/C filter plate (Perkin Eliner 6005174) pre-

soaked in 50 mM HEPES plH 6.5, 5 mM MgCl,, ImM EDTA 0.5% BSA and then washed
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with 5 ml ice cold 3¢ mM HEPES pH 6.5, 5 mM MeCL, | mM EDTA 6.2% BSA. 50 ul
MicroScint™ cocktail (Perkin Elmer 6013621} 1s added and plates are read on a Topcount
NXT FS (Perkin Elraer). Percent binding of the [3H] ligand s calculated, where 1060 oM of
LUF 3834 (Tocris 4603) control displaces the ligand 100% and 3% DMSO has 0%
displacement. The %o binding data versus the log of the inhibitor conceniration is fitted to a
one-site competitive binding raodel (GraphPad Prism version 7.02) where the ligand constant
=2 nM and the ligand Kd = 13 nM.

Example E. Al and A3 SPA Binding Assays

Both assavs are conducted in white 384-well polystyrene plates (Greiner 781075 in a
final volurae of 30 pl. Inhibitors are first serially dilated in DM SO and 100 nl, is added to
the plate wells before the addition of other reaction components. The final concentration of
DMSO is 2%.

Wheatgerm agglutinin~coated vitrium silicate SPA beads (Perkin Elmer RPNQG023)
and CHO-K1 cell membranes overexpressing cach human adeonsine receptor are incubated in
50 mM HEPES pH 7.0, 53 mM MgCly, | mM EDTA (Assay buffer) on a rotary stirrer for 2
hours at 4 °C. The beads are pelleted by centrifugation at 6000 g for one minute, and then the
supernatant with unbound membrane is discarded. The beads are re-suspended to the original
volunie in assay buffer. Each radioligand is diluted in assay buffer + 22% DMSO at 12.2X the
final concentration, and then added to the SPA bead suspension. 50 ul of the SPA bead
reaction mix is added to the assay wells and the plates shaken at 660 rpm for | hour at room
teraperature. The beads are then allowed to settle for 1 hour before reading on a Topcount
NXT FS (Perkin Elmer). Percent binding of the radiolabeled ligand is calculated, where a
control ai > 100X Ki displaces the Hgand 160% and 2% DMSO has 0% displacement. The %
binding data versus the log of the inhibitor concentration is fitted to a one-site competitive

binding model (GraphPad Prism version 7.02). Assay conditions are provided in the table

PCT/US2019/019582

below.
Assay Component Al A3

SPA beads in Hepes buffer 3 mgmd 1.25 mg/ml

Membrane 60 pg/ml 20 pg/ml
Perkin Elmer ES-010 Perkin Elemer ES-012

Radicligand 1 aM [3H] DP-CPX 0.1 oM {1251] MECA
(Perkin Eliner NET974) {Perkin Eliner NEX312)
Kp = 1nM Kp=0.8nM

Control I uM DPCPX 0.1 uM IB-MECA
{Tocris 0439 {Tocris 1066)
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Table 1. The Az Ki data (Example C) and Az cAMP ECs data (Example B) are provided

below.

A,g A_l\‘l A2 g_© AMP _EC S¢
Ex. No. (nM) {(nM)
I t Tt
2 ’;’ ”‘3' 'f” N/A
3 i N/A
4 T T
3 Tt il
6 T N/A
7 it t
8 P N/A
9 r : N’/‘[
16 T Tt
11 k 'L N/A
12 i N/A
13 T+t N/A
14 ¥ T
15 T it
[6 1 111
7 -;c .>§. T
1 8 T .;< -;c T
19 T Tt
20 T Tt
21 i Tt
22 T+ Titt
23 ¥ N/A
24 t T
25 ; pit
26 3 i
27 i 1
2 ¥ T
29 T i
30 ¥ T
31 T T
32 ¥ T
33 ¥ T
3 ¥ i
33 + i
36 i 1
37 ¥ ¥
38 i 1
39 1 i
40 i T
41 ¥ i
12 1 ¥
3 ¥ ¥
44 1 it
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93 t
94 *
95 *
96 ¥ :
97 ¥ :

1 indicates Aza Kior Asg ¢cAMP ECsy < 10 nM,

++ indicates Ara Kior Asg cAMP ECsy > 10 nM but < 100 nM,
4+ indicates Aza_Kior Asg cAMP_ECsy > 100 nM but <1 uM,
T+t indicates Aza_Kior Asg cAMP ECs is greater than | aM.

Various modifications of the invention, in addition to those described herein, will be
apparent to those skilled in the art from the foregoing description. Such modifications are also
imtended to fall within the scope of the appended claims. Each reference, including all patent,
patent applications, and publications, cited in the present application is incorporated herein by

reference in its entirety.
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What is claimed is:

1. A compound of Formula (I):

H™ R 1))
or a pharmaceutically acceptable salt thereof; wherein:

X is CR%;

R!is selected from H, Ci.¢ alkyl, Co. alkenyl, Co.s alkynyl, and Ci.¢ haloalkyl;

R? is selected from Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, (4-14 membered heterocycloalkyl)-Ci.¢ alkyl-, CN, NO,, OR*, SR*2, NHOR*?, C(O)R,
C(O)NRIR%, C(O)NR(OR™), C(O)OR®, OC(O)R", OC(O)NR?R%, NR2R®, NR2NR?R%,
NRZC(O)RP?, NR°2C(O)OR®, NR2C(O)NRZR%, C(=NR%?)R"?, C(=NR?)NR?R%,
NRZC(=NRZ)NRZR%, NRZC(=NR?)R"?, NRS(O)NRZR%, NR2S(O)R??, NR°ZS(0).R"2,
NR%S(0)(=NR?)R??, NR*S(0):NRR%, S(O)R"?, S(O)NRR®, S(0),R"?, S(0),NR?R%,
OS(0)(=NR)R, OS(0):R", SFs, P(O)R”R#?, OP(O)(OR")(OR?), P(O)(OR")(OR?), and BR?R*?,
wherein the Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
Ce.14 aryl-Cys alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci alkyl-, and (4-14
membered heterocycloalkyl)-C). alkyl- of R? are each optionally substituted with 1, 2, 3,4, 5,6, 7, or
8 independently selected R substituents;

R? is selected from H, D, halo, Ci.6 alkyl, Ci.¢ haloalkyl, C2.s alkenyl, Ca.¢ alkynyl, Ce.14aryl,
Cs.acycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.¢ alkyl-,
Cs.scycloalkyl-Ciealkyl-, (5-14 membered heteroaryl)-Ci.s alkyl-, (4-14 membered
heterocycloalkyl)-Ci.¢ alkyl-, CN, NOz, OR®, SR*, NHOR®, C(O)R®, C(O)NRR%,
C(O)NR(OR™®), C(O)OR*, OC(0)R?3, OC(O)NRSRE, NR¥RE, NRPNRZR®, NRZC(O)R,
NRSC(0)OR®, NRAC(O)NRZRE, C(=NR*)RY, C(=NR*)NRZR®, NRZC(=NR*)NR*R®,
NRSBC(=NR®)R, NRPS(O)NRRE, NRSS(0)RP, NR3S(0):R3, NRSS(O)(=NR)R,
NRSS(0),NRRE, S(O)R®, S(O)NRR®, S(0),R», S(0):NRZR¥, OS(0)(=NR*)R", OS(0),R",
SFs, P(O)RPR#, OP(O)(OR™)(ORS), P(O)(ORM)(OR?), and BRPR¥, wherein the Ci. alkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of R? are each optionally substituted with 1,
2,3,4,5,6,7, or 8 independently selected R” substituents;
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Cy!is Ce.14 aryl, Cs.14 cycloalkyl, or 5-14 membered heteroaryl, wherein the Ce.14 aryl, Cs.14
cycloalkyl, or 5-14 membered heteroaryl is optionally substituted with 1, 2, 3,4, 5, 6, 7, or 8
independently selected RE or RM substituents;

Cy? is Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, or 4-14 membered
heterocycloalkyl, wherein the Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, or 4-14
membered heterocycloalkyl is optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently
selected RF substituents;

each R, R2, R R® R and R® is independently selected from H, Ci.¢ alkyl, Ci6
haloalkyl, Ca.s alkenyl, Ca.6 alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-, wherein the Ci alkyl, Ca.
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci. alkyl- of R, R®?, R¥, R® R, and R® are each
optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected RC substituents;

or any R® and R* attached to the same N atom, together with the N atom to which they are
attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl group, wherein
the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is optionally substituted
with 1, 2, 3, or 4 independently selected RS substituents;

or any R® and R® attached to the same N atom, together with the N atom to which they are
attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl group, wherein
the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is optionally substituted
with 1, 2, 3, or 4 independently selected RS substituents;

each R and R is independently selected from H, Ci.6 alkyl, Ci.c haloalkyl, Ca.¢ alkenyl, Ca.6
alkynyl, Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-Ci.s alkyl-, wherein the C.s alkyl, Co.6 alkenyl, Co.6 alkynyl, Ce.14 aryl,
Cs.acycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.¢ alkyl-,
Cs.scycloalkyl-Ciealkyl-, (5-14 membered heteroaryl)-Ci. alkyl-, and (4-14 membered
heterocycloalkyl)-Ci.¢ alkyl- of R*? and R are each optionally substituted with 1, 2, 3,4, 5, 6, 7, or 8
independently selected R substituents;

each R®? and R% is independently selected from H, OH, CN, C). alkyl, Ci. alkoxy, Ci.6
haloalkyl, C;.s haloalkoxy, Ca.6 alkenyl, Cs6 alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.s alkyl-, Cs.14 cycloalkyl-C .6 alkyl-, (5-14
membered heteroaryl)-Ci.s alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R? R# RP and R# is independently selected from H, C .6 alkyl, Ci.¢ haloalkyl, Ci.
alkoxy, Ci.s haloalkyl, Ci.shaloalkoxy, Ca.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14

239



16 Jan 2025

2022283611

membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-C¢ alkyl-, Cs.14 cycloalkyl-C 6
alkyl-, (5-14 membered heteroaryl)-C,.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl-;

each R", RZ, R™ and R is independently selected from H, Ci. alkyl, C;.c haloalkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-;

each R?, R¥?, R#, and R* is independently selected from OH, C.¢ alkoxy, and Ci.6
haloalkoxy;

or any Ri? and R*? attached to the same B atom, together with the B atom to which they are
attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted with 1, 2, 3, or 4
substituents independently selected from Cy.s alkyl and Ci.¢ haloalkyl;

or any R and R®? attached to the same B atom, together with the B atom to which they are
attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted with 1, 2, 3, or 4
substituents independently selected from Cy.s alkyl and Ci.¢ haloalkyl;

each R, RP, RE, RM, RF, and R is independently selected from D, halo, oxo, C1.¢ alkyl, Ci.6
haloalkyl, Ca.s alkenyl, Ca.¢ alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-C.¢ alkyl-, (4-14 membered heterocycloalkyl)-Cj. alkyl-, CN, NO,, OR*, SR* NHOR™,
C(O)R®, C(O)NR*“R¥, C(O)NR™(OR™), C(O)OR*, OC(O)R*, OC(O)NR*R%¥ NR“RH,
NR#NR“R% NR“C(O)R™, NR*C(O)OR*, NR**C(O)NR*R*, C(=NR*)R", C(=NR*)NR*“R%,
NR#C(=NR*)NR“R¥, NR“C(=NR*)R"* NR**S(O)R™, NR**S(O)NR*R%, NR**S(0),R™,
NR#S(O)(=NR*)R™, NR“S(0):NR*“R%¥, S(O)R™, S(O)NR*R*, S(0),R", S(O),NR*“R*,
OS(0)(=NR*)R™, OS(0):R™, SFs, P(O)R¥R#*, OP(O)(OR™)(OR®), P(O)(OR™)(OR™), and BR¥*R**,
wherein the Ci.6 alkyl, Ca. alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.14 cycloalkyl, 5-14 membered
heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.s alkyl-, Cs.14 cycloalkyl-C .6 alkyl-, (5-14
membered heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl- of RC, RP, RE,
RM, RF, and RO are each optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected RY
substituents;

each R*, R*, and R* is independently selected from H, Cy.6 alkyl, Ci.¢ haloalkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Cialkyl-, wherein the Ci.¢ alkyl, Ca. alkenyl, Cau
alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-Ci.6 alkyl- of R*, R%, and R* are each optionally substituted with 1, 2,
3,4,5,6,7,or 8 independently selected R" substituents;
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or, any R* and R attached to the same N atom, together with the N atom to which they are
attached, optionally form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl group,
wherein the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is optionally
substituted with 1, 2, 3, or 4 independently selected R" substituents;

each R*is independently selected from H, Ci.¢ alkyl, Ci.s haloalkyl, C» alkenyl, Ca.s alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.
s alkyl-, Cs.14 cycloalkyl-C s alkyl-, (5-14 membered heteroaryl)-Ci.¢ alkyl-, and (4-14 membered
heterocycloalkyl)-Ci alkyl-, wherein the Ci¢ alkyl, Ca alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.s alkyl-, Cs.14
cycloalkyl-C . alkyl-, (5-14 membered heteroaryl)-C, alkyl-, and (4-14 membered heterocycloalkyl)-
Cisalkyl- of R® are each optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected R
substituents;

each R* is independently selected from H, OH, CN, C .6 alkyl, Cy.¢alkoxy, Ci.c haloalkyl, C.¢
haloalkoxy, Cs.s alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.1acycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R™ and R#* is independently selected from H, C1.¢ alkyl, Ci.¢ alkoxy, Ci.¢ haloalkyl, Ci.
haloalkoxy, Cs.s alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.1acycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R™ and R™ is independently selected from H, Ci.6 alkyl, Ci.¢ haloalkyl, Ca. alkenyl, Ca.6
alkynyl, Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-C,.s alkyl-;

each R* and R* is independently selected from OH, Ci.¢ alkoxy, and Ci.¢ haloalkoxy;

or, any R™* and R* attached to the same B atom, together with the B atom to which they are
attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted with 1, 2, 3, or 4
substituents independently selected from Cy.s alkyl and Ci.¢ haloalkyl;

each RY is independently selected from D, halo, oxo, Ci alkyl, Ci. haloalkyl, C».¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
Ce.14 aryl-Cys alkyl-, Cs.14 cycloalkyl-C .6 alkyl-, (5-14 membered heteroaryl)-C, alkyl-, (4-14
membered heterocycloalkyl)-Ci. alkyl-, CN, NO,, OR®, SR*® NHOR?®, C(O)R", C(O)NRSR%,
C(O)NR%(OR®), C(O)OR®, OC(O)RP, OC(O)NR*R%, NR¥R%®, NR®NR“R® NR®“C(O)R,
NR%C(O)OR®, NR¥C(O)NRPR®, C(=NR®)R?, C(=NR®)NR*“R% NR“C(=NR*)NR“R®,
NRPC(=NR%)R" NRSS(O)R™, NRPS(O)NRRS, NRS(0),R?, NR“S(O)(=NR*)R>,
NR%S(0),NR“R%, S(O)R™, S(O)NRTR®, S(0),R”, S(0):NR“R% OS(0)(=NR*)R", OS(0),R>,
SFs, P(O)RPR#, OP(O)(OR™)(OR®), P(O)(ORM)(OR¥), and BRR¥®, wherein the Cj.6 alkyl, Ca.6
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alkenyl, C»¢ alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci.¢ alkyl- of RY are each optionally substituted with 1,
2, 3, or 4 independently selected R' substituents;

each R® R®, and R® is independently selected from H, Cj.6 alkyl, Ci.¢ haloalkyl, Ca.¢
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Cialkyl-, wherein the Ci.¢ alkyl, Ca. alkenyl, Cau
alkynyl, Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-Ci alkyl- of R®, R®, and R® are each optionally substituted with 1, 2,
3, or 4 independently selected R! substituents;

or any R°® and R® attached to the same N atom, together with the N atom to which they are
attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl group, wherein
the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is optionally substituted
with 1, 2, 3, or 4 independently selected R! substituents;

each R™ is independently selected from H, Ci.s alkyl, Ca alkenyl, Ca.6 alkynyl, Ce.14 aryl, Cs.
1scycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.salkyl-, Cs.14
cycloalkyl-C . alkyl-, (5-14 membered heteroaryl)-C, alkyl-, and (4-14 membered heterocycloalkyl)-
Cisalkyl-, wherein the Ci.¢ alkyl, Ca. alkenyl, Co alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocycloalkyl, Cs.14 aryl-Ci.¢ alkyl-, Cs.14 cycloalkyl-C.6
alkyl-, (5-14 membered heteroaryl)-C,.¢ alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of
R are each optionally substituted with 1, 2, 3, or 4 independently selected R! substituents;

each R is independently selected from H, OH, CN, Ci. alkyl, Ci¢ alkoxy, Ci¢haloalkyl, C.6
haloalkoxy, Cs.s alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.1acycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R and R#’ is independently selected from H, Ci.¢ alkyl, Ci.c alkoxy, Ci.c haloalkyl, Ci.c
haloalkoxy, Cs.s alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.1acycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R™ and R® is independently selected from H, Ci.¢ alkyl, Ci¢ haloalkyl, Ca.s alkenyl, Ca.6
alkynyl, Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-C,.s alkyl-;

each R and R* is independently selected from OH, Ci. alkoxy, and Ci.c haloalkoxy;
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or, any R¥ and R® attached to the same B atom, together with the B atom to which they are
attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted with 1, 2, 3, or 4
substituents independently selected from Cy.s alkyl and Ci.¢ haloalkyl;

each R is independently selected from D, halo, oxo, Ci.6 alkyl, Ci.¢ haloalkyl, C2.¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
Ce.14 aryl-Cys alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci alkyl-, and (4-14
membered heterocycloalkyl)-Ci. alkyl-, CN, NO,, OR*, SR* NHOR?*, C(O)R", C(O)NRR®,
C(O)NR(OR™*), C(O)OR*, OC(O)R®®, OC(O)NRR, NRR, NRONRR¥* NR“C(O)R,
NR®C(O)OR*, NR®C(O)NR®R¥, C(=NR®)R®, C(=NR®)NR®R¥* NRCC(=NR*)NRR®,
NRC(=NR®)R", NRS(O)R?, NRS(O)NR®R*, NR®S(0).R"®, NRS(O)(=NR**)R,
NR®S(0),NRR%*, S(O)R", S(O)NR®R®, S(0),R*, S(0),NR*R%¥, OS(O)(=NR*)R*, OS(0),R",
SFs, P(O)R™R#®, OP(O)(OR™)(OR®), P(O)(ORM)(OR), and BR*R¥, wherein the Ci. alkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- of R are each optionally substituted with 1,
2, 3, or 4 independently selected R’ substituents;

each R® R°® and R% is independently selected from H, Cj.¢ alkyl, Ci.¢ haloalkyl, Ca.c
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Cialkyl-, wherein the Ci.¢ alkyl, Ca. alkenyl, Cau
alkynyl, Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-Ci.6 alkyl- of R*, R®, and R% are each optionally substituted with 1, 2,
3, or 4 independently selected R substituents;

or any R° and R% attached to the same N atom, together with the N atom to which they are
attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl group, wherein
the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is optionally substituted
with 1, 2, 3, or 4 independently selected R substituents;

each R is independently selected from H, Ci.6 alkyl, Ci.s haloalkyl, C».s alkenyl, Co alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.
s alkyl-, Cs.14 cycloalkyl-C s alkyl-, (5-14 membered heteroaryl)-Ci.¢ alkyl-, and (4-14 membered
heterocycloalkyl)-Ci alkyl-, wherein the Ci¢ alkyl, Ca alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.s alkyl-, Cs.14
cycloalkyl-C . alkyl-, (5-14 membered heteroaryl)-C, alkyl-, and (4-14 membered heterocycloalkyl)-
Ci.¢ alkyl- of R® are each optionally substituted with 1, 2, 3, or 4 independently selected R’

substituents;
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each R is independently selected from H, OH, CN, Cy.¢ alkyl, C ¢ alkoxy, C.¢haloalkyl, C.s
haloalkoxy, Cs.s alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.1acycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R™ and R#° is independently selected from H, C1.¢ alkyl, Ci.6 alkoxy, Ci.¢ haloalkyl, Ci.
haloalkoxy, Cs.s alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.1acycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R" and R is independently selected from H, Ci.¢ alkyl, Ci¢ haloalkyl, Ca.s alkenyl, Ca.6
alkynyl, Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-C,.s alkyl-;

each Ri® and R* is independently selected from OH, Ci.¢ alkoxy, and Ci.¢ haloalkoxy;

or, any R¥® and R¥ attached to the same B atom, together with the B atom to which they are
attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted with 1, 2, 3, or 4
substituents independently selected from Cy.s alkyl and Ci.¢ haloalkyl;

each R is independently selected from D, halo, oxo, Ci. alkyl, Ci.¢ haloalkyl, Ca.¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
Ce.14 aryl-Cys alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci alkyl-, and (4-14
membered heterocycloalkyl)-C alkyl-, CN, NO2, OR*, SR, NHOR?*, C(O)R"’, C(O)NR'RY
C(O)NR(OR™), C(O)OR¥, OC(O)RY", OC(O)NRRY, NR'RY, NR'NR'RY NR’C(O)R"’,
NR“’C(O)OR, NR’C(O)NR'RY, C(=NR)R"", C(=NR)NR’RY, NR’C(=NR*")NR'RY’,
NRYC(=NR)R", NR’S(O)R", NR'S(O)NR'RY, NR’S(0),R?", NR’S(O)(=NR)R"’,
NRS(0).NR'RY, S(O)R®’, S(O)NR'RY, S(0),R", S(0),NR’RY, OS(O)(=NR)R’, OS(0):R"’,
SFs, P(O)RTR#7, OP(O)(ORM)(OR), P(O)(ORM)(ORY), and BRI'R¥’, wherein the Ci. alkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-C,. alkyl- of R' are each optionally substituted with 1,
2, 3, or 4 independently selected R¥ substituents;

each R¥7, R*7, and RY is independently selected from H, Cy.6 alkyl, Ci.¢ haloalkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl- wherein the C, alkyl, Casalkenyl, Co.s
alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-Ci.6 alkyl- of R, R”, and RY are each optionally substituted with 1, 2,

3, or 4 independently selected R* substituents;
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or any R and R attached to the same N atom, together with the N atom to which they are
attached, form a 5- or 6-membered heteroaryl or a 4-14 membered heterocycloalkyl group, wherein
the 5- or 6-membered heteroaryl or 4-14 membered heterocycloalkyl group is optionally substituted
with 1, 2, 3, or 4 independently selected R substituents;

each R""is independently selected from H, Ci.¢ alkyl, Ci.s haloalkyl, C» alkenyl, Ca.s alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.
s alkyl-, Cs.14 cycloalkyl-C s alkyl-, (5-14 membered heteroaryl)-Ci.¢ alkyl-, and (4-14 membered
heterocycloalkyl)-Ci alkyl-, wherein the Ci¢ alkyl, Ca alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.s alkyl-, Cs.14
cycloalkyl-C . alkyl-, (5-14 membered heteroaryl)-C, alkyl-, and (4-14 membered heterocycloalkyl)-
Cisalkyl- of R are each optionally substituted with 1, 2, 3, or 4 independently selected R¥
substituents;

each R is independently selected from H, OH, CN, Ci. alkyl, Ca¢ alkenyl, Ci¢alkoxy, Ci.6
haloalkyl, C;.s haloalkoxy, Ca alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, and 4-
14 membered heterocycloalkyl;

each R™ and R#’ is independently selected from H, C1.¢ alkyl, Ci.6 alkoxy, Ci.¢ haloalkyl, Ci.
haloalkoxy, Cs.s alkenyl, Ca.s alkynyl, Cs.14 aryl, Cs.1acycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, Ce.14 aryl-C.s alkyl-, Cs.14 cycloalkyl-Cialkyl-, (5-14 membered
heteroaryl)-Ci.¢ alkyl-, and (4-14 membered heterocycloalkyl)-C,.s alkyl-;

each R" and R" is independently selected from H, Ci.6 alkyl, Ci.¢ haloalkyl, Ca. alkenyl, Ca.
alkynyl, Ce.14 aryl, Cs.i4 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14
aryl-Cys alkyl-, Cs.14 cycloalkyl-Ci.s alkyl-, (5-14 membered heteroaryl)-C.s alkyl-, and (4-14
membered heterocycloalkyl)-C,.s alkyl-;

each Ri” and R¥ is independently selected from OH, Ci.¢ alkoxy, and Ci.¢ haloalkoxy;

or, any R and R¥ attached to the same B atom, together with the B atom to which they are
attached, form a 5- or 6-membered heterocycloalkyl group optionally substituted with 1, 2, 3, or 4
substituents independently selected from Cy.s alkyl and Ci.¢ haloalkyl;

each R¥ is independently selected from H, D, OH, halo, oxo, CN, C(O)OH, NHa, NO, SFs,
Ci. alkyl, Cisalkoxy, Ci.s haloalkoxy, Ci¢ haloalkyl, Cs.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.s alkyl-, Cs.14
cycloalkyl-C . alkyl-, (5-14 membered heteroaryl)-C, alkyl-, and (4-14 membered heterocycloalkyl)-
Cisalkyl-; and

wherein any heteroaryl group of any of the above-recited substituents optionally comprises an

N-oxide on any ring-forming nitrogen.

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof; wherein:
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each R’ is independently selected from D, halo, oxo, C. alkyl, C;.¢ haloalkyl, C,.¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
Ce.14 aryl-Cys alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci alkyl-, and (4-14
membered heterocycloalkyl)-C alkyl-, CN, NO2, OR*, SR, NHOR?*, C(O)R"’, C(O)NR'RY
C(O)NR(OR™), C(O)OR¥, OC(O)RY", OC(O)NRRY, NR'RY, NR'NR'RY NR’C(O)R"’,
NR’C(O)ORY, NR'C(O)NRRY, C(=NR)R", C(=NR)NRRY, NR'C(=NR*")NR'RY,
NRC(=NR)RY, NRS(O)R?”, NR7S(O)NRRY, NR’S(0):R"7, NR’S(O)(=NR*)R",
NRS(0).NR'RY, S(O)R®’, S(O)NR'RY, S(0),R", S(0),NR’RY, OS(O)(=NR)R’, OS(0):R"’,
SFs, P(O)RTR#7, OP(O)(ORM)(OR), P(O)(OR")(ORY), and BRI'R¥;

each R¥7, R*7, and RY is independently selected from H, Cy.6 alkyl, Ci.¢ haloalkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-;

or any R and R attached to the same N atom, together with the N atom to which they are
attached, form a 5- or 6-membered heteroaryl or a 4-14-membered heterocycloalkyl group; and

each R""is independently selected from H, Ci.s alkyl, Ca alkenyl, Ca.6 alkynyl, Ce.14 aryl, Cs.
1scycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.salkyl-, Cs.14
cycloalkyl-C . alkyl-, (5-14 membered heteroaryl)-C, alkyl-, and (4-14 membered heterocycloalkyl)-
Cisalkyl-.

3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof; wherein:

each R is independently selected from D, halo, oxo, Ci.6 alkyl, Ci.¢ haloalkyl, C2.¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
Ce.14 aryl-Cys alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci alkyl-, and (4-14
membered heterocycloalkyl)-Ci. alkyl-, CN, NO,, OR*, SR* NHOR?*, C(O)R", C(O)NRR®,
C(O)NR(OR™*), C(O)OR*, OC(O)R®®, OC(O)NRR, NRR, NRONRR¥* NR“C(O)R,
NR®C(O)OR*, NR®C(O)NR®R¥, C(=NR®)R®, C(=NR®)NR®R¥* NRCC(=NR*)NRR®,
NRC(=NR®)R", NRS(O)R?, NRS(O)NR®R*, NR®S(0).R"®, NRS(O)(=NR**)R,
NR®S(0),NRR%*, S(O)R", S(O)NR®R®, S(0),R*, S(0),NR*R%¥, OS(O)(=NR*)R*, OS(0),R",
SFs, P(O)R™R#®, OP(O)(OR™)(OR®), P(O)(ORM)(OR®), and BRI*Rk®;

each R%*, R, and R% is independently selected from H, Cy.¢ alkyl, Ci.¢ haloalkyl, Ca.6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci alkyl-;

or any R and R% attached to the same N atom, together with the N atom to which they are

attached, form a 5- or 6-membered heteroaryl or a 4-14-membered heterocycloalkyl group; and
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each R*®is independently selected from H, Cy alkyl, Cy.¢ haloalkyl, C,. alkenyl, Ca. alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, Ce.14 aryl-Ci.
s alkyl-, Cs.14 cycloalkyl-C s alkyl-, (5-14 membered heteroaryl)-Ci.¢ alkyl-, and (4-14 membered
heterocycloalkyl)-Ci alkyl-.

4. The compound of any one of claims 1-3, or a pharmaceutically acceptable salt thereof,
wherein:

(a) Cy' is Ce.14 aryl, wherein the Ce.14 aryl is optionally substituted with 1, 2, 3, or 4
independently selected RF substituents;

(b) Cy'is Cs.14 cycloalkyl, wherein the Cs.14 cycloalkyl is optionally substituted with 1, 2, 3, or
4 independently selected R® substituents;

(c) Cy' is 5-14 membered heteroaryl, wherein the 5-14 membered heteroaryl is optionally
substituted with 1, 2, 3, or 4 independently selected RE substituents;

(d) Cy! is phenyl or 5-10 membered heteroaryl, wherein the phenyl or 5-10 membered
heteroaryl is optionally substituted with 1, 2, 3, or 4 independently selected R® substituents;

(e) Cy' is selected from phenyl, pyridinyl, furanyl, benzofuranyl, and pyrazolyl, each of
which is optionally substituted with 1, 2, or 3 substituents selected from C,.3 alkyl, halo, CN, and Ci.3
alkoxy;

(f) Cy' is selected from cyanophenyl, cyanofluorophenyl, 2,3-dihydro-1H-pyrrolo[2,3,-
b]lpyridine, phenyl, methoxyphenyl, fluorophenyl, pyridinyl, methylfuranyl, benzofuranyl, and
methyl-1H-pyrazolyl;

(g) Cy' is selected from 2-cyanophenyl, 3-cyanophenyl, 3-cyano-2-fluorophenyl, 2,3-dihydro-
1H-pyrrolo[2,3,-b]pyridine, phenyl, 3-methoxyphenyl, 2-fluorophenyl, pyridine-4-yl, 2-methylfuran-
3-yl, benzofuran-2-yl, and 1-methyl-1H-pyrazol-4-yl; or

(h) Cy!'is selected from 3-cyanophenyl and phenyl.

5. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt thereof,
wherein:

(a) Cy? is Co.14 aryl, wherein the Ce.14 aryl is optionally substituted with 1, 2, 3, or 4
independently selected RF substituents;

(b) Cy? is Cs.14 cycloalkyl, wherein the Cs.14 cycloalkyl is optionally substituted with 1, 2, 3, or
4 independently selected RF substituents;

(c) Cy? is 5-14 membered heteroaryl, wherein the 5-14 membered heteroaryl is optionally
substituted with 1, 2, 3, or 4 independently selected RF substituents;

(d) Cy? is 4-14 membered heterocycloalkyl, wherein the 4-14 membered heterocycloalkyl is
optionally substituted with 1, 2, 3, or 4 independently selected RF substituents;
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(e) Cy? is selected from C;6 cycloalkyl, phenyl, 5-10 membered heteroaryl, and 5-10
membered heterocycloalkyl;

wherein the 5-10 membered heteroaryl and 5-10 membered heterocycloalkyl each comprise
one, two, or three nitrogen atoms as ring-forming heteroatoms, wherein one of the one or two nitrogen
atoms is optionally an N-oxide, and wherein a ring-forming carbon atom is optionally substituted by
oxo; and

wherein the Cs. cycloalkyl, phenyl, 5-10 membered heteroaryl, and 5-10 membered
heterocycloalkyl are each optionally substituted with 1, 2, or 3 substituents selected from C;.3 alkyl,
Ci2 alkyl-OH, halo, CN, C;.;alkoxy, and C(O)NH»;

(f) Cy?is selected from pyridinyl, tetrahydropyridinyl, piperidinyl, pyridine-N-oxide, oxo-
dihydropyridinyl, phenyl, pyrazolo[1,5-a]pyridin-3-yl, pyrazolo[1,5-b]pyridazinyl, pyrazolyl,
pyrimidinyl, quinolinyl, oxazolyl, 2,3-dihydro-[1,4]dioxino[2,3-b]pyridin-8-yl, and triazolyl each of
which is optionally substituted with 1, 2, or 3 substituents selected from C,.3 alkyl, C,.3 alkyl-OH,
halo, CN, C,.3 alkoxy, and C(O)NHo;

(g) Cy” is cyclopropyl optionally substituted with 1, 2, or 3 substituents selected from C).3
alkyl, halo, CN, C;.; alkoxy, and C(O)NHo»; or

(h) Cy? is selected from 2,6-dimethylpyridin-4-yl, pyridin-4-yl, 2-methylpyridin-4-yl, 1-
carbamoyl-1,2,3,6-tetrahydropyridin-4-yl, 1-carbamoylpiperidin-4-yl, 2-methoxypyridin-4-yl, 2-
methoxy-6-methylpyridin-4-yl, 2,6-dimethylpyridin-4-yl-1-oxide, 1-ethyl-6-0xo0-1,6-dihydropyridin-
3-yl, 3-methylpyridin-4-yl, 3-fluoropyridin-4-yl, 3-chloropyridin-4-yl, 3-methoxypyridin-4-yl, 3-
cyanopyridin-4-yl, 4-carbamoylphenyl, pyrazolo[1,5-a]pyridin-3-yl, pyrazolo[ 1,5-b]pyridazin-3-yl, 5-
methyl-1H-pyrazol-4-yl, 1-ethyl-1H-pyrazol-5-yl, 1-isopropyl-1H-pyrazol-5-yl, 1-propyl-1H-pyrazol-
5-yl, pyrimidin-4-yl, 2,3-dihydro-[1,4]dioxino[2,3-b]pyridin-8-yl, quinolin-5-yl, 5-fluoropyrimidin-4-
yl, oxazol-5-yl, 4-methyloxazol-5-yl, 4-ethyloxazol-5-yl, 4-(hydroxymethyl)-2-methyloxazol-5-yl, 4-
(methoxymethyl)-2-methyloxazol-5-yl, 4-(hydroxymethyl)-2-methyloxazol-5-yl, 1-ethyl-1H-1,2,3-
triazol-5-yl, and cyclopropyl.

6. The compound of any one of claims 1-5, or a pharmaceutically acceptable salt thereof,
wherein:

(a) R!is selected from H and C. alkyl;

(b) R'is H or Cy3alkyl;

(c¢) R!is H or ethyl; or

(d)R'is H.

7. The compound of any one of claims 1-6, or a pharmaceutically acceptable salt thereof,

wherein:

248



16 Jan 2025

2022283611

(a) R? is selected from Ce.j4aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, (4-14 membered heterocycloalkyl)-C.¢ alkyl-, OR®, NRR%, C(O)R"?, C(O)NR®R®*, and
C(O)OR™, wherein the Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci alkyl-, Cs.14 cycloalkyl-Ci.¢ alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci.salkyl-, are each optionally substituted with 1, 2, or
3 independently selected R substituents;

(b) R? is selected from Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, (4-14 membered heterocycloalkyl)-Ci.¢ alkyl-, OR2, NR2R%, C(O)R"2, C(O)NR?R%?, and
C(O)OR*, wherein the Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cs.14 aryl-Ci¢ alkyl-, Cs.14 cycloalkyl-C.s alkyl-, (5-14 membered heteroaryl)-Ci.6
alkyl-, and (4-14 membered heterocycloalkyl)-Ci.s alkyl-, are each substituted with 1, 2, or 3
independently selected R substituents;

(c) R?is selected from phenyl, 5-6 membered heteroaryl, C(O)RP?, C(O)NR®R%, and
C(O)OR™, wherein the phenyl and 5-6 membered heteroaryl are each optionally substituted with 1 or
2 independently selected RC substituents;

(d) R? is selected from C(O)OEt, CONH,, and C(O)NHE;

(e) R? selected from phenyl and 5-6 membered heteroaryl, each of which is optionally
substituted with C(O)OMe;

H
Vv
() R2is qu or L

(g) R? is selected from pyridinylmethyl, hydroxy(phenyl)methyl,
hydroxyethylamino(phenyl)ethyl, cyclohexylmethyl, fluorobenzyl, hydroxy(fluorophenyl)methyl,
(methylpyridinyl)methyl, (fluoropyridinyl)methyl, (trifluoromethylpyridinyl)methyl,
((hydroxymethyl)pyridinyl)methyl, (methoxypyridinyl)methyl, (methylpyrazolyl)benzyl,
(methylpyrazolyl)methyl, benzoisoxazolylmethyl, (methylindazolyl)methyl,
(hydroxyazetidinyl)methyl, benzoyl, phenylcyclopropyl, (cyano(phenyl)methyl)amino,
tetrahydrofuranyl, phenyl(pyridinyloxy)methyl, fluoro ((fluorohydroxypyrrolidinyl)methyl)benzyl,
((carboxypiperidinyl)methyl)fluorobenzyl, fluoro((N-methylmethylsulfonamido)methyl)benzyl,
((dioxoimidazolidinyl)methyl)fluorobenzyl, (difluorophenyl)(hydroxy)methyl, (pyridinyl-1H-
tetrazolyl)methyl, (pyrazolyl-1H-tetrazolyl)methyl, (thiazolyl-1H-tetrazolyl)methyl,
(methyltrifluoromethylpyrazolyl)methyl, ((1,1-dioxidoisothiazolidinyl)methyl)fluorobenzyl, ((methyl-
2,5-dioxoimidazolidinyl)methyl)benzyl, and (cyanophenoxy)methyl; or

(h) R? is selected from pyridin-2-ylmethyl, hydroxy(phenyl)methyl, (2-
hydroxyethylamino)(phenyl)methyl, cyclohexylmethyl, 2-fluorobenzyl, (2-
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fluorophenyl)(hydroxy)methyl, (6-methylpyridin-2-yl)methyl, (3-fluoropyridin-2-yl)methyl, (3-
methoxypyridin-2-yl)methyl, 2-(1-methyl-1H-pyrazol-4-yl)benzyl, benzo[d]isoxazol-3-ylmethyl, (1-
methyl-1H-indazol-3-yl)methyl, (3-hydroxyazetidin-1-yl)methyl, benzoyl, 1-phenylcyclopropyl,
(cyano(phenyl)methyl)amino, tetrahydrofuran-3-yl, phenyl(pyridin-2-yloxy)methyl, 2-fluoro-6-
(((3R,4R)-3-fluoro-4-hydroxypyrrolidin-1-yl)methyl)benzyl, 2-((4-carboxypiperidin-1-yl)methyl)-6-
fluorobenzyl, 2-fluoro-6-((N-methylmethylsulfonamido)methyl)benzyl, 2-((2,5-dioxoimidazolidin-1-
yD)methyl)-6-fluorobenzyl, (2,6-difluorophenyl)(hydroxy)methyl, (5-(pyridin-2-yl)-1H-tetrazol-1-
yDmethyl, (5-(1H-pyrazol-1-yl)-1H-tetrazol-1-yl)methyl, (5-(thiazol-4-yl)-1H-tetrazol-1-yl)methyl,
(5-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)methyl, (3-methylpyridin-2-yl)methyl, 2-((1,1-
dioxidoisothiazolidin-2-yl)methyl)-6-fluorobenzyl, 2-fluoro-6-((3-methyl-2,5-dioxoimidazolidin-1-
yl)methyl)benzyl, (6-(trifluoromethyl)pyridin-2-yl)methyl, (3-(hydroxymethyl)pyridin-2-yl)methyl,
(1-methyl-1H-pyrazol-3-yl)methyl, and (2-cyanophenoxy)methyl, (3-methylpyridin-2-yl)methoxy, (6-
methylpyridin-2-yl)methoxy, and ((3-methylpyridin-2-yl)methyl)amino.

8. The compound of any one of claims 1-7, or a pharmaceutically acceptable salt thereof,
wherein each R is independently selected from halo, C.¢ alkyl, Ce.14 aryl, 5-14 membered heteroaryl,
(4-14 membered heterocycloalkyl)-Cj. alkyl-, OR™, C(O)OR™*, and NR**R*, wherein the Cj.¢ alkyl,
5-14 membered heteroaryl, and (4-14 membered heterocycloalkyl)-Ci alkyl- are optionally
substituted with 1, 2, or 3 independently selected R" substituents.

9. The compound of any one of claims 1-8, or a pharmaceutically acceptable salt thereof,
wherein each R" is independently selected from halo, oxo, Ci alkyl, Ci.¢ haloalkyl, OR*, C(O)OR®,
and NR%S(0),R.

10. The compound of any one of claims 1-9, or a pharmaceutically acceptable salt thereof,
wherein:

(a) R? is selected from H, halo, Ci alkyl, Cs.14 aryl, 5-14 membered heteroaryl, CN, and
OR®, wherein the Ci. alkyl, Ce.14 aryl, and 5-14 membered heteroaryl are each optionally substituted
with 1, 2, or 3 independently selected RP substituents;

(b) R3 is selected from H, C.3 alkyl, halo, CN, morpholinomethyl, 4-ethoxyphenyl, 2-
hydroxyethoxy, and pyridinyl; or

(c) R? is selected from H, methyl, bromo, CN, morpholinomethyl, 4-ethoxyphenyl, 2-
hydroxyethoxy, and pyridinyl.

11. The compound of claim 1, or a pharmaceutically acceptable salt thereof; wherein:

R! is selected from H and Ci.¢ alkyl,
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R? is selected from Ce.14 aryl, 5-14 membered heteroaryl, C(O)R®?, C(O)NR“?R%, and
C(O)OR™, wherein the Co.14aryl and 5-14 membered heteroaryl of R? are each optionally substituted
with 1, 2, 3, or 4 independently selected R€ substituents;

R3 is selected from H, D, halo, C\.¢ alkyl, Cj.¢ haloalkyl, Cs.14 aryl, 5-14 membered heteroaryl,
CN, and OR™®, wherein the C). alkyl, Ce.14aryl, and 5-14 membered heteroaryl of R? are each
optionally substituted with 1, 2, 3, or 4 independently selected R substituents;

Cy! is phenyl optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents,
or Cyo.14 aryl or 5-14 membered heteroaryl, wherein the Cio.14 aryl and5-14 membered heteroaryl of
Cy! is optionally substituted with 1, 2, 3, or 4 independently selected RE substituents;

Cy? is Cgaaaryl, Css cycloalkyl, 5-14 membered heteroaryl or 4-14 membered
heterocycloalkyl, wherein the Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl and 4-14
membered heterocycloalkyl of Cy? are each optionally substituted with 1, 2, 3, or 4 independently
selected RF substituents;

each R, R?, R®, and R* is independently selected from H, Cy.¢ alkyl, Ci. haloalkyl, Ca.6
alkenyl, Ca alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl, wherein the C.¢ alkyl, Ca.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycloalkyl of R*?, R®?, R®, and R* are each
optionally substituted with 1, 2, 3, or 4 independently selected RC substituents;

each R is independently selected from C. alkyl, Ci.¢ haloalkyl, C».¢ alkenyl, C». alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein
the Ci6 alkyl, Cas alkenyl, Cos alkynyl, Cs.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, and 4-
14 membered heterocycloalkyl are each optionally substituted with 1, 2, 3, or 4 independently
selected R substituents;

each R¢, RP, RE RF, and RE is independently selected from D, halo, oxo, Ci.s alkyl, Ci.6
haloalkyl, Ca.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, 4-14
membered heterocycloalkyl, CN, NO», OR*, SR* NHOR*, C(O)R*, C(O)NR*“R%*, C(O)OR*,
OC(O)RM, OC(O)NR*R*, NR*“R%#, NR*“C(O)R", NR“C(O)OR™, NRC(O)NR*“R%*, C(=NR*)R,
C(=NR*)NR“R# NR¥C(=NR*)NR*R*, NR“S(O)R", NR*S(0),R*, and NR**S(0),NR*“R%*,
wherein the Ci.s alkyl, Co. alkenyl, Ca. alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered
heteroaryl, and 4-14 membered heterocycloalkyl of R¢, RP, RE| RF, and RS are each optionally
substituted with 1, 2, 3, or 4 independently selected R* substituents;

each RM is independently selected from D, halo, oxo, Ci. alkyl, Ci.¢ haloalkyl, C». alkenyl,
Ca.6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
2-CN, 3-CN, NO,, OR*, SR* NHOR™*, C(O)R™, C(O)NR*“R%, C(O)OR*, OC(O)R"™,
OC(O)NR*R*, NR*R* NR*“C(O)R™, NR™C(O)OR*, NR“C(O)NR*“R*, C(=NR*)R™,
C(=NR*)NR“R*, NR™C(=NR*)NR*“R*, NR“S(O)R", NR**S(0),R>, and NR**S(0O),NR*R%,
wherein the Ci.s alkyl, Co. alkenyl, Ca. alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered
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heteroaryl, and 4-14 membered heterocycloalkyl of RM are each optionally substituted with 1, 2, 3, or
4 independently selected R* substituents;

each R* R* and R is independently selected from H, Cj.¢ alkyl, Ci.¢ haloalkyl, Ca.6
alkenyl, Ca alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl, wherein the C.¢ alkyl, Ca.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R*4, and R% are each optionally
substituted with 1, 2, 3, or 4 independently selected RM substituents;

each R is independently selected from Ci. alkyl, Ci.¢ haloalkyl, Ca.¢ alkenyl, Ca.¢ alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein
the Ci6 alkyl, Cas alkenyl, Cos alkynyl, Cs.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, and 4-
14 membered heterocycloalkyl are each optionally substituted with 1, 2, 3, or 4 independently
selected R substituents;

each R* is independently selected from H, OH, CN, C.¢ alkyl, Cy.¢alkoxy, Ci.c haloalkyl, and
Ci.s haloalkoxy;

each R" is independently selected from D, halo, oxo, Ci. alkyl, Ci.¢ haloalkyl, Ca.¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
CN, NO,, OR®, SR®, NHOR®, C(O)R", C(O)NR“R®, C(O)OR*, OC(0O)R", OC(O)NR*R®,
NR¥R®, NR“C(0O)R", NRC(O)OR™, NRPC(O)NR*R%, C(=NR*)R", C(=NR*)NR*R%,
NR®SC(=NR®)NR®“RE, NRSS(O)R?, NRS(0),R, and NR“S(0)NR*R%, wherein the C;.¢ alkyl,
Ca6 alkenyl, Co alkynyl, Ce.14 aryl, Cs.is cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, of R are each optionally substituted with 1, 2, 3, or 4 independently selected R'
substituents;

each R® R®, and R® is independently selected from H, Cj.6 alkyl, Ci.¢ haloalkyl, Ca.¢
alkenyl, Ca alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl, wherein the C.¢ alkyl, Ca.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R*4, and R% are each optionally
substituted with 1, 2, 3, or 4 independently selected R! substituents;

each R is independently selected from Ci.¢ alkyl, Ci.¢ haloalkyl, Ca.¢ alkenyl, Ca. alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein
the Ci6 alkyl, Cas alkenyl, Cos alkynyl, Cs.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, and 4-
14 membered heterocycloalkyl are each optionally substituted with 1, 2, 3, or 4 independently
selected R! substituents;

each R® is independently selected from H, OH, CN, C.¢ alkyl, Cy.¢alkoxy, Ci.c haloalkyl, and
Ci.s haloalkoxy;

each R is independently selected from D, halo, oxo, Ci.6 alkyl, Ci.¢ haloalkyl, C2.¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
CN, NO,, OR?, SR*, NHOR*, C(O)R", C(O)NRR%, C(O)OR*, OC(O)R", OC(O)NR®R®,
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NRR%, NRC(O)R, NR®C(O)OR*, NR*C(O)NRR®, C(=NR*)R®, C(=NR)NRR*,
NRC(=NR®)NRR%, NRS(O)R*, NR**S(0),R", and NR®S(0)NRR%*, wherein the C;.¢ alkyl,
Ca6 alkenyl, Co alkynyl, Ce.14 aryl, Cs.is cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, of R are each optionally substituted with 1, 2, 3, or 4 independently selected R’
substituents;

each R%*, R, and R% is independently selected from H, Cy.¢ alkyl, Ci.¢ haloalkyl, Ca.6
alkenyl, Ca alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl, wherein the C.¢ alkyl, Ca.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R¢, and R% are each optionally
substituted with 1, 2, 3, or 4 independently selected R' substituents;

each R is independently selected from C.¢ alkyl, Ci.¢ haloalkyl, Ca.¢ alkenyl, Co. alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein
the Ci6 alkyl, Cas alkenyl, Cos alkynyl, Cs.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, and 4-
14 membered heterocycloalkyl are each optionally substituted with 1, 2, 3, or 4 independently
selected R’ substituents;

each R is independently selected from H, OH, CN, C.¢ alkyl, Cy.¢alkoxy, Ci.c haloalkyl, and
Ci.s haloalkoxy;

each R is independently selected from D, halo, oxo, Ci. alkyl, Ci.¢ haloalkyl, Ca.¢ alkenyl,
Ca6 alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl,
CN, NO,, ORY, SR*, NHOR®, C(O)R"", C(O)NR'RY, C(O)OR*, OC(O)R"’, OC(O)NR'RY,
NR“RY, NR’C(O)R"’, NR'C(O)OR™, NR’C(O)NR'RY, C(=NR*)R"’, C(=NR*’)NR*'RY,
NR’C(=NR)NRRY, NR’S(O)R"’, NR’S(0),R", and NR*’S(0)NR'RY, wherein the C;.¢ alkyl,
Ca6 alkenyl, Co alkynyl, Ce.14 aryl, Cs.is cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, of R are each optionally substituted with 1, 2, 3, or 4 independently selected R¥
substituents;

each R¥7, R*7, and RY is independently selected from H, Cy.6 alkyl, Ci.¢ haloalkyl, Ca.6
alkenyl, Ca alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl, wherein the C.¢ alkyl, Ca.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14
membered heteroaryl, and 4-14 membered heterocycloalkyl of R*, R*7, and RY are each optionally
substituted with 1, 2, 3, or 4 independently selected R¥ substituents;

each R" is independently selected from C.¢ alkyl, Ci.¢ haloalkyl, Ca.¢ alkenyl, Ca. alkynyl,
Ce.14 aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein
the Ci6 alkyl, Cas alkenyl, Cos alkynyl, Cs.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, and 4-
14 membered heterocycloalkyl are each optionally substituted with 1, 2, 3, or 4 independently
selected R¥ substituents;

each R¥ is independently selected from H, OH, CN, C.¢ alkyl, Cy.¢alkoxy, Ci.c haloalkyl, and
Ci.s haloalkoxy;
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each R¥ is independently selected from H, D, OH, halo, oxo, CN, C(O)OH, NH,, NO,, SFs,
Ci. alkyl, Cisalkoxy, Ci.s haloalkoxy, Ci¢ haloalkyl, Cs.s alkenyl, Ca.s alkynyl, Ce.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl; and

wherein any heteroaryl group of any of the above-recited substituents optionally comprises an

N-oxide on any ring-forming nitrogen.

12. The compound of claim 1, or a pharmaceutically acceptable salt thereof; wherein:

R! is selected from H and C,. alkyl;

R? is selected from Ce.14 aryl, 5-14 membered heteroaryl, C(O)R®?, C(O)NR“*R®, and
C(O)OR™, wherein the Ce.14 aryl and 5-14 membered heteroaryl of R? are each optionally substituted
with 1, 2, 3, or 4 independently selected R€ substituents;

R3 is selected from H, D, halo, Ci.6 alkyl, Ce.14 aryl, 5-14 membered heteroaryl, CN, and OR®,
wherein the Ci alkyl, Co.14aryl, and 5-14 membered heteroaryl of R3 are each optionally substituted
with 1, 2, 3, or 4 independently selected RP substituents;

Cy' is phenyl optionally substituted with 1, 2, 3, or 4 independently selected R™ substituents,
or Cio.14 aryl or 5-14 membered heteroaryl, wherein the Co.14 aryl and 5-14 membered heteroaryl of
Cy' is optionally substituted with 1, 2, 3, or 4 independently selected R* substituents;

Cy? is Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl or 4-14 membered
heterocycloalkyl, wherein the Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl and 4-14
membered heterocycloalkyl of Cy? are each optionally substituted with 1, 2, 3, or 4 independently
selected RF substituents;

each R, R2, R®, and R® is independently selected from H, C.¢ alkyl, C2 alkenyl, Ca.
alkynyl, Ce.14 aryl, Cs.1a cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl,
wherein the Ci.s alkyl, Co. alkenyl, Ca. alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered
heteroaryl, and 4-14 membered heterocycloalkyl of R, R%, R¥?, and R* are each optionally
substituted with 1, 2, 3, or 4 independently selected R substituents;

each R is independently selected from Ci.¢ alkyl, Ca. alkenyl, Co. alkynyl, Ce.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein the C. alkyl,
Ca.6 alkenyl, Co alkynyl, Ce.14 aryl, Cs.ia cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl are each optionally substituted with 1, 2, 3, or 4 independently selected R¢
substituents;

each R¢, RP, RE RF, and RE is independently selected from D, halo, oxo, Ci.s alkyl, Ca6
alkenyl, Ca¢ alkynyl, Ce.14 aryl, Cs.1s cycloalkyl, 5-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, CN, NO,, OR*, SR* NHOR*, C(O)R*, C(O)NR®“R* C(O)OR*, OC(O)R™,
OC(O)NR*R*, NR*R* NR*“C(O)R™, NR™C(O)OR*, NR“C(O)NR*“R*, C(=NR*)R™,
C(=NR*)NR“R*, NR™C(=NR*)NR*“R*, NR“S(O)R", NR**S(0),R>, and NR**S(0O),NR*R%,
wherein the Ci.s alkyl, Co. alkenyl, Ca. alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered
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heteroaryl, and 4-14 membered heterocycloalkyl of R¢, RP, RE| RF, and RS are each optionally
substituted with 1, 2, 3, or 4 independently selected R" substituents;

each RM is independently selected from D, halo, oxo, Ci.6 alkyl, Ca.¢ alkenyl, Ca.¢ alkynyl, Cs.
s aryl, Cs.acycloalkyl, 5-14 membered heteroaryl, 4-14 membered heterocycloalkyl, 2-CN, 3-CN,
NO», OR* SR*, NHOR*, C(O)R", C(O)NR**R*, C(O)OR*, OC(O)R™, OC(O)NR**R* NR*R%,
NR¥C(0)RY, NR#C(O)OR*, NR#C(O)NR#R%, C(=NR*)R¥, C(=NR*)NR#R%,
NRAC(=NR*)NRR*, NR“S(0)R", NR**S(0)2R™, and NR**S(0)NR*“R%* wherein the C.¢ alkyl,
Ca.6 alkenyl, Cog alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl of RM are each optionally substituted with 1, 2, 3, or 4 independently selected R"
substituents;

each R*, R*4, and R is independently selected from H, Ci. alkyl, Ca.¢ alkenyl, Ca.¢ alkynyl,
Ce.s aryl, Cs.iscycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein
the Ci6 alkyl, Cas alkenyl, Cas alkynyl, Ce.14 aryl, Cs.14 cycloalkyl, 5-14 membered heteroaryl, and 4-
14 membered heterocycloalkyl of R*, R®, and R% are each optionally substituted with 1, 2, 3, or 4
independently selected R™ substituents;

each R is independently selected from C).s alkyl, Ca.¢ alkenyl, Ca. alkynyl, Ce.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl, wherein the C. alkyl,
Ca.6 alkenyl, Co alkynyl, Ce.14 aryl, Cs.ia cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered
heterocycloalkyl are each optionally substituted with 1, 2, 3, or 4 independently selected R™
substituents;

each R is independently selected from H, OH, CN, C.¢ alkyl, C1.¢alkoxy, Cihaloalkyl, and
Ci.s haloalkoxy;

each R" is independently selected from D, halo, oxo, Ci alkyl, CN, NO,, OR*, SR*,
NHOR®, C(O)R®, C(O)NR® R, C(O)OR®, OC(O)R®, OC(O)NRRH, NRR®, NRC(O)R,
NR¥C(0)OR™, NRSC(O)NRPRE, C(=NR®)RY, C(=NR*)NRSRY, NRSSC(=NR)NRSRS,
NRSS(0)RP, NRS(0):R, and NRS(0),NR*R%; and

each R®, R, and R® is independently selected from H, and Ci.6 alkyl;

each R is independently selected from Ci.¢ alkyl, Ca. alkenyl, Co. alkynyl, Ce.14 aryl, Cs.14
cycloalkyl, 5-14 membered heteroaryl, and 4-14 membered heterocycloalkyl; and

each R is independently selected from H and Ci.¢ alkyl.

13. The compound of claim 1, or a pharmaceutically acceptable salt thereof; wherein:

R'is H or ethyl;
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R? is selected from C(O)OEt, CONH,, and C(O)NHEL, phenyl, 5-6 membered heteroaryl,

at .

4

~
v N .
OH, and =N , wherein the phenyl and 5-6 membered heteroaryl is optionally
substituted with C(O)OMe;

OH

R3 is selected from H, methyl, bromo, CN, 4-ethoxyphenyl, 2-hydroxyethoxy, and pyridinyl;

Cy' is selected from 3-cyanophenyl and phenyl; and

Cy? is selected from 2,6-dimethylpyridin-4-yl, pyridin-4-yl, 2-methylpyridin-4-yl, 1-
carbamoyl-1,2,3,6-tetrahydropyridin-4-yl, 1-carbamoylpiperidin-4-yl, 2-methoxypyridin-4-yl, 2-
methoxy-6-methylpyridin-4-yl, 2,6-dimethylpyridin-4-yl-1-oxide, 1-ethyl-6-0xo0-1,6-dihydropyridin-
3-yl, 3-methylpyridin-4-yl, 3-fluoropyridin-4-yl, 3-chloropyridin-4-yl, 3-methoxypyridin-4-yl, 3-
cyanopyridin-4-yl, 4-carbamoylphenyl, pyrazolo[1,5-a]pyridin-3-yl, pyrazolo[ 1,5-b]pyridazin-3-yl, 5-
methyl-1H-pyrazol-4-yl, 1-ethyl-1H-pyrazol-5-yl, 1-isopropyl-1H-pyrazol-5-yl, 1-propyl-1H-pyrazol-
5-yl, pyrimidin-4-yl, 2,3-dihydro-[1,4]dioxino[2,3-b]pyridin-8-yl, quinolin-5-yl, 5-fluoropyrimidin-4-
yl, oxazol-5-yl, 4-methyloxazol-5-yl, 4-ethyloxazol-5-yl, 4-(hydroxymethyl)-2-methyloxazol-5-yl, 4-
(methoxymethyl)-2-methyloxazol-5-yl, 4-(hydroxymethyl)-2-methyloxazol-5-yl, 1-ethyl-1H-1,2,3-
triazol-5-yl, and cyclopropyl.

14. The compound of claim 1, selected from:

8-(2-Methylpyridin-4-yl)-2,7-diphenylimidazo[ 1,2-c]pyrimidin-5-amine;

Ethyl 5-amino-8-(2-methylpyridin-4-yl)-7-phenylimidazo[ 1,2-c]pyrimidine-2-carboxylate;

Methyl 5-(5-amino-7-phenyl-8-(pyridin-4-yl)imidazo[ 1,2-c]pyrimidin-2-yl)isoxazole-3-
carboxylate;

5-Amino-8-(2-methylpyridin-4-yl)-7-phenylimidazo[ 1,2-¢c]pyrimidine-2-carboxamide;

5-Amino-8-(1-carbamoyl-1,2,3,6-tetrahydropyridin-4-yl)-N-ethyl-7-phenylimidazo[ 1,2-
c]pyrimidine-2-carboxamide;

5-Amino-8-(1-carbamoylpiperidin-4-yl)-N-ethyl-7-phenylimidazol[ 1,2-c]pyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-3-(2-hydroxyethoxy)-8-(2-methoxypyridin-4-
ylyimidazo[1,2-c]pyrimidine-2-carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(2-methoxypyridin-4-yl)-3-methylimidazo[ 1,2-
c]pyrimidine-2-carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(2-methoxypyridin-4-y1)-3-(pyridin-2-yl)imidazo[ 1,2-
c]pyrimidine-2-carboxamide;

5-Amino-3-bromo-8-(2,6-dimethylpyridin-4-y1)-N-ethyl-7-phenylimidazo[ 1,2-c]pyrimidine-

2-carboxamide;
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5-Amino-3-cyano-8-(2,6-dimethylpyridin-4-y1)-N-ethyl-7-phenylimidazo[ 1,2-¢c]pyrimidine-2-
carboxamide;

8-(2,6-Dimethylpyridin-4-yl)-N-ethyl-5-(ethylamino)-7-phenylimidazo[ 1,2-c]pyrimidine-2-
carboxamide;

4-(5-Amino-2-(ethylcarbamoyl)-7-phenylimidazo[ 1,2-c]pyrimidin-8-yl)-2,6-dimethylpyridine
1-oxide;

3-(5-Amino-8-(1-ethyl-6-0x0-1,6-dihydropyridin-3-yl)-2-(3-hydroxyazetidine-1-
carbonyl)imidazo[1,2-c]pyrimidin-7-yl)benzonitrile;

5-Amino-7-(3-cyanophenyl)-8-(1-ethyl-6-ox0-1,6-dihydropyridin-3-yl)-N-(1-(2-
hydroxyethyl)- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine-2-carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(pyridin-4-yl)imidazo[ 1,2-c]pyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(3-methylpyridin-4-yl)imidazo[ 1,2-c]pyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(3-fluoropyridin-4-yl)imidazo[ 1,2-c]pyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(3-chloropyridin-4-yl)imidazo[ 1,2-c]pyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(3-methoxypyridin-4-yl)imidazo[ 1,2-c]pyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(3-cyanopyridin-4-yl)imidazo[ 1,2-c]pyrimidine-2-
carboxamide;

5-Amino-8-(4-carbamoylphenyl)-7-(3-cyanophenyl)-N-ethylimidazo[1,2-c]pyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(pyrazolo[ 1,5-a]pyridin-3-yl)imidazo[ 1,2-
c]pyrimidine-2-carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(5-methyl- 1 H-pyrazol-4-yl)imidazo[ 1,2-c]pyrimidine-
2-carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(1-ethyl-1H-pyrazol-5-yl)imidazo[ 1,2-cJpyrimidine-2-
carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(1-isopropyl-1H-pyrazol-5-yl)imidazo[ 1,2-
c]pyrimidine-2-carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(1-propyl-1H-pyrazol-5-yl)imidazo[ 1,2-c]pyrimidine-
2-carboxamide;

5-Amino-7-(3-cyanophenyl)-N-ethyl-8-(pyrimidin-4-yl)imidazo[ 1,2-c]pyrimidine-2-

carboxamide;
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5-Amino-7-(3-cyanophenyl)-8-(2,3-dihydro-[1,4]dioxino[2,3-b]pyridin-8-yI)-N-
ethylimidazo[1,2-c]pyrimidine-2-carboxamide; and
5-Amino-7-(3-cyanophenyl)-8-cyclopropyl-N-ethylimidazo[ 1,2-c]pyrimidine-2-carboxamide;

or a pharmaceutically acceptable salt thereof.

15. A compound, selected from:
3-(5-Amino-8-(2,6-dimethylpyridin-4-yl)imidazo[ 1,2-c]pyrimidin-7-yl)benzonitrile;
7-(2,3-Dihydro-1H-pyrrolo[2,3-b]pyridin-5-yl)-8-(2,6-dimethylpyridin-4-yl)imidazo[ 1,2-
c]pyrimidin-5-amine;
8-(2,6-Dimethylpyridin-4-yl)-3-(morpholinomethyl)-7-phenylimidazo[ 1,2-c]pyrimidin-5-
amine;
7-(3-Methoxyphenyl)-8-(pyridin-4-yl)imidazo[ 1,2-¢]pyrimidin-5-amine;
7,8-Di(pyridin-4-yl)imidazo[1,2-c]pyrimidin-5-amine;
7-(2-Methylfuran-3-yl)-8-(pyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-amine;
7-(2-Fluorophenyl)-8-(pyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-amine;
7-(Benzofuran-2-yl)-8-(pyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-amine;
7-(1-Methyl-1H-pyrazol-4-yl)-8-(2-methylpyridin-4-yl)imidazo[ 1,2-c]pyrimidin-5-amine;
and
3-(4-Ethoxyphenyl)-8-(2-methylpyridin-4-y1)-7-phenylimidazo[ 1,2-c]pyrimidin-5-amine;

or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising a compound of any one of claims 1-15, or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient or carrier.

17. A method of treating a disease or disorder in a patient, wherein the disease or disorder is
bladder cancer, lung cancer, breast cancer, ovarian cancer, colorectal cancer, pancreatic cancer,
prostate cancer, or head and neck cancer, comprising administering to said patient a therapeutically
effective amount of a compound of any one of claims 1-15, or a pharmaceutically acceptable salt

thereof.

18. The method of claim 17, wherein:
(a) the head and neck cancer is head and neck squamous cell carcinoma; or
(b) the lung cancer is non-small cell lung cancer (NSCLC); or

(c) the prostate cancer is metastatic castration-resistant prostate cancer.

19. Use of a compound of any one of claims 1-15, or a pharmaceutically acceptable salt thereof,

in the manufacture of a medicament for treating a disease or disorder in a patent, wherein the disease
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or disorder is bladder cancer, lung cancer, breast cancer, ovarian cancer, colorectal cancer, pancreatic

cancer, prostate cancer, or head and neck cancer.

20. The use of claim 19, wherein:
(a) the head and neck cancer is head and neck squamous cell carcinoma; or
(b) the lung cancer is non-small cell lung cancer (NSCLC); or

(c) the prostate cancer is metastatic castration-resistant prostate cancer.
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