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AMINOPYRAZINE DIOL COMPOUNDS AS PI3K-y INHIBITORS

YECHNICAL FIELD

The present invention provides aminopyrazine diol compounds that modulate the
activity of phosphotnostiide 3-kinases-gamma (PI3Ky) and are useful in the treatment of
diseases related to the activity of PI3Ey including, for example, autotmmune discases, cancer,
cardiovascular diseases, and neurodegencrative diseases.

BACKGROUND

The phosphoinositide 3-kinases (PI3Ks) belong to a large family of lipid signaling
kinases that phosphorylate phosphoinositides at the D3 position of the inositol ring (Cantley,
Science, 2002, 296(5373:1655-7). PI3Ks are divided nto three classes (class 1, I, and HD)
according to their structure, regulation and substrate specificity. Class T PI3Ks, which include
PI3Kuq, PIZKB, PI3Ky, and PI3KS3, are a family of dual specificity lipid and protein kinases
that catalyze the phosphorylation of phosphatidylinosito-4,5-bisphosphate (PIP;) giving risc
to phosphatidylinosito-3,4, 5-trisphosphate (PIP:). PIP; functions as a sccond messenger that
controls a number of cellular processes, including growth, survival, adhesion and migration.
All four class 1 PI3K isoforms exast as heterodimers composed of a catalytic subunit (pl10)
and a tightly associated regulatory subuntt that condrols thewr expression, activation, and
subeellular localization. PI3Ka, PI3K, and PI3KS associate with a regulatory subunit
known as p&3 and are activated by growth factors and cytokines through a tyrosine kinase-
dependent mechanism (Jimenez, et al., § Biol Cherg , 2002, 277(44):415356-62) whereas
PI3Ky associates with two regulatory subunits (p101 and p84) and its activation is driven by
the activation of G-protein-coupled receptors (Brock, et al., J Cell Biol | 2003, 160(1):89-99).
PI3Ko and PI3K are ubiquitously expressed. In contrast, PI3Ky and PI3KS are
predonyinantly expressed in Jeukocyies (Vanhaesebroeck, et al,, Trends Biochem Sci, 20035,
30(4):194-204),

Expression of PI3Ky is mainly restricted to hematopoietic system, although itcan be
also detected at lower level in endothelium, heart and brain. PI3Ky knock-out or kinase dead
knock in mice are normal and fertile and do not present any overt adverse phenotypes.
Analvsis at the cellular fevel indicates that PI3Ky is required for GPCR ligand-induced
PidiNs (3,4,5)P3 production, chemotaxis and respiratory burst in neutrophifs. PI3Ky-null
macrophages and dendritic cell exhibit reduced migration towards various chemoatiractants.
T-cells deficient in PI3Ky show 1mpaired cyiokine production in response o aot-CD3 or Con

A stimwlation. PI3Ky working downsiream of adenosine A3 A receptor is critical for sustained
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degranvlation of mast cells mduced by FCsRIE cross-linking with IgE. PI3KYy is also cssential
for survival of eosmophils (Ruckle et al., Nat. Rev. Drug Discovery, 2006, 3, 903-918)

Given its unique expression patiern and cellular functions, the potential role of PI3Ky
in various autoimmune and inflammatory disease models has been investigated with genctic
and pharmacological tools. In asthma and allergy models, PI3Ky” mice or mice treated with
PI3Ky mhibitor showed a defective capacity to mount contact hy persensitivity and delayed-
type hypersensitivity reactions. In these models, PI3Ky was shown to be important for
recruitment of neuirophils and cosinopohils 1o atrways and degranulation of mast cells (sec
e.g Latfargue et al, fmmunity, 2002, 16, 441-451; Prete et al, The EMBO Journal, 2004, 23,
3503-3515, Pinho et al., L. Leukocyte Biology, 2003, 77, 800-81G; Thomas et al., Fur. J.
Immunol. 2005, 35, 1283-1291; Doukas et al., J. Pharmaocol. Exp Ther. 2009, 328, 758-765).

In two different acute pancreatitis models, genctic ablation of PI3Ky significantly
reduced the extent of acinar cell injury/necrosis and nentrophil infiltration without any impact
on secretive function of isolated pancreatic acim (Lupia et al., Am. J. Pathology, 2004, 165,
2003-2011). PI3Ky" mice were largely protected in four different models of rheumatoid
arthritis (CIA, a-CIH-1A, K/BxN serum transfer and TNF transgenic) and PI3Ky inhibition
suppressed the progression of joint mflammation and damage in the CIA and o-CIH-A
models (see e.g. Camps et al., Nal. Medicine, 2005, 1], 939-943; Randis et al., Fur J
fmmunol, 2008, 38, 1215-1224; Hayer et al., FASB .7, 2009, 428%-4298). In the MRL-/pr
mouse model of human systemic lupus erythematous, inhibition of PI3Ky reduced
glomerulonephritis and prolonged life span (Barber et al., Nat. Medicine, 2003, 9, 933-933).

There 18 evidence suggesting that chronic inflammation due to infiltration by
myeloid-derived cells is a key component in the progression of neurodegeneration diseases,
such as Alzheimer’s disease (AD) (Giri et al., Am. J. Physiol. Cell Physiol, 2005, 289, C264-
C276; El Khoury et al., Nat. Med., 2007, 13, 432-438). In binc with this suggestion, PI3Ky
mnlubition was shown to attenuate AR(1-40ymduced accumulation of activated astrocytes and
microglia in the hippocampus and prevent the peptide-induced congmtive deficits and
synaptic dyvsfunction in a mouse mode]l of AT} (Passos et al, Brain Behav. Tmmun, 2010, 24,
493-501). PI3Ky deficiency or inhibition also was shown to delay onset and alleviate
symptoms in experimental autoimmune encephalomyelitis in mice, a mouse model of human
multiple sclerosis, which is another form of neurodegeneration discase (sec e.g., Rodrigues et
al., J. Newroimmuno!l. 2010, 222, 90-94; Berod et al., Furo. J. Immunol. 2011, 41, 833-844;
Comerford et al., PLOS one, 2012, 7, e45095; Li et al., Neuroscience, 2013, 253, 89-99).

Chronic wflararaation has been formally recognized as one of the hallmarks for many

different types of cancers. Accordingly, selective anti-inflammatory drugs represent a novel

~
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class of anti-cancer therapics {Hanahap and Wemnberg, Cefl, 2011, 144, 646-674). Bince
PI3Ky 15 reported fo mediate various inflammatory processes, its role as an immune oncology
target has also been investigaied. A recent study reported that PI3Ky deficiency suppressed
tumor growth in the syngeneic models of lung cancer, pancreatic cancer and melanoma (LLC,
PANOZ and Bi6). PI3Ky deficiency or inhibition also mnhibited tomor growth o a
spontaneous breast cancer model (Schmid et al | Cancer Cell, 2011, 19, 715-727). A further
study reported that PI3Ky deficiency could ameborate mflammation and tumor growth in
mice having colitis-associated colon cancer, (Gonzalez-Garcia et al., Gastroenterology, 2010,
138, 1373-1384). Detailed mechanistic analysis indicates that tumor infiltration by CD11b"
myeloid cells can cause protumorigenic inflammation at tumor sites and PI3Ky in the myeloid
cells 1s critical in mediating signaling of various chemoattractants in bring the cells to the
turaot (Schimid et al, Cancer Cell, 20611, 19, 715-727). Other studies suggest that PI3Ky s
also required for differentistion of naive myelowd cells into M2 macrophges at tumor sites. M2
macrophages promote tumor growth and progression by seereting immunosuppressive factors
such arginase 1, which depletes the tumor microenvironment of arginine, thereby promoting
T-cell death and NK cell inhubition (Schmidt et al., Cancer Res. 2082, 72 (Suppl i dbstract,
411; Kaneda et al.. Cancer Res., 74 (Suppl 19: Abstact 3650}).

In addition to its potential role 10 promoting profumorigenic MIiCroenvircnest,
PI3Ky may play a direct role in cancer cells. PI3Ky is reported to be required for signaling
from the Kapost's sarcoma-associated herpevirus encoded vGPCR oncogene and tumor
growth in a mouse model of sarcoma (Martin et al., Cancer Cell, 2011, 19, 805-813). PI3Ky
was also suggested to be required for growth of T-ALL (Subramanjam ct al., Cancer Cell,
2012, 21, 459-472), PDAC and HCC cells (Falasca and Maffucey, Frontiers in Physiology,
2014, 3, 1-10). Moreover, nx a survey of driver mutations 1n pancreatic cancer, PI3Ky gene
was found to contain second highest scoring predicied driven mutation (R839C) among the
set of genes not previously identified as a driver in pancreatic cancer (Carter ¢t al., Cancer
Biol Ther. 2010, 10, 582-587),

Finally, PI3Ky deficiency also has been reported to offer protection to experimental
animals in different cardiovascular discase models. For examples, lack of PI3Ky would
reduce angiotension-evoked smooth mascle contraction and, therefore, protect mice from
angiotension~-induced hypertension (Vecchione et al., J. Fxp. Med. 2005, 201, 1217-1228). In
rigorous aniral myocardial infarction models, PI3Ky inhibition provided poient
cardioprotection, reducing infarct development and preserving myocardial function (Doukas

ctal., Proc. Nati. Acad. Sci. US4, 2006, 103, 19866-19871).
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For these reasons, there is a need to develop new PI3Ky mhibitors that can be used

for the treatment of discases such as cancer, autoimmmune disorders, and waflammatory and

cardiac discases. This application is directed to this need and others.

SUMMARY

The present tnvention relates to, inter ¢iia, compounds of Formula ()

HO——R7

¥

NH,

R2

)

or pharmaceutically acceptable salts thereof, wherein constitient members are defined herein.

The present tnvention further provides pharmaceuntical compositions comprising a

compound of Formula (1), or a pharmaceutically acceptable salt thercof, and a

pharmaceutically acceptable carrier.

The present invention further provides methods of inhibiting an activity of PI3Ky

kinase comprising contacting the kinase with a compound of Formula (1), or a

pharmacentically acceptable salt thereof.

The present invention further provides methods of treating a disease or a disorder

associated with abnormal PI3Ky kinase expression or activity in a patient by administering to

a patient a therapeutically effective amount of a compound of Formula (D, or a

pharmaceutically acceptable salt thereof.

The present tnvention further provides a compound of Fonmula (1), or a

pharmacentically acceptable salt thereof, for use in any of the methods described herein.

The present wavention further provides use of a compound of Formula (1), or a

pharmacentically acceptable salt thereof, for the preparation of a medicaraent for use in any of

the methods described herein.

DETAILED BESCRIPTION

Compounds

The present application provides, infer alia, compounds of Formula (I):

4

R I R

E =

HO——R®

HO——R’
RB

X?

i
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or a pharmaceutically acceptable salt thereof, wherein:

X'isNor CRY

R’ ig selected from H, D, hale, Cis alkyl, Ci alkoxy, Cus atkenyl, Cog atkynyl, Cis
haloalkyl, Cishaloalkoxy, CN, OH, and NH;;

R? is selected from H, D, halo, Cy alkyl, Cishaloalkyl, Coe alkenyl, Cus alkynyl,
Cy, Cy-Crsalkyl-, CN, NO,. OR*, SR®, NHORY, C(ORY, C(OWNRSRY, COINRHOR™,
COORY, OC(OHRY, OC(OINRIRY NRU'RY, NRONRYRY, NRUCORM, NRYC(O)OR?,
NROACOINRORY, CENRDRPY, CENOHRY, CENCNIRY, CENRENRORY,
NRUCENRENRIRY, NRUCENOHNRYRY, NROC(E=NCNINRYRY, NRUCHENREHRY,
NRISIOINRURY, NREUSO)R™, NRUISO)RY, NRES(O)=NRHRY, NR8(0),NR*'RY,
SORY, SEOINRCIRY S0)R", S(ORNRIRY OS(O)=NREDHRY, OS(ORR, SFs,
PORMRE, OP(OHORM(OR™M), POYORMYOR™), and BRRY, wherein the Cis alkyl, Crs
alkenyl, and Cos alkynyt of R” are each optionally substituted with 1,2,3,4.5, 6.7, or 8
independently selected R* substituents;

Cy is selected from Coas arvl, Ciaacycloalkyvl, 5-14 membered hetercaryl, and 4-14
membered heterocveloalkyl, each of which are optionally substituted with 1,2,3,4,5,6, 7. or
% independently selected R”* substituents;

R? R*and R are each independently selected from H. D, halo, N, OH, Ci atkyl,
Crs haloalkyl, Cos alkenvl, Cog alkynyl, Cis alkoxy, Cishaloaltkoxy, cvano-Cie alkyl, HO-
Cie alkyl, Cyealkoxy-Cis alkvl, Csscycloalkyl, amino, Cisalkylamino, di{Cis alkyljamino,
and C{OINRRY, wherein the Cus alkyl is optionally substituted by 1. 2, 3. 4, S.or 6 I;

RS, R” and R® are each independently selected from H, D, Cis alkyl, Cishaloalkyl,
Cos alkenyl, Cog atkynvl, Couo aryl, Caapcycloalkyl, 5-10 membered heteroarvl, 4-10
membered heterocycloalkyl, Cope arvl-Crg alkyl-, Caapcycloalkyl-Crs alkyl-, (5-10 membered
heteroaryD-Cis alkvi-, (4-10 membered heterocycloatkyl)-Cis alkyl-, CORY, CAOINRERY,
COWNROR™), C(OYORY, C(=NRPRY, CENOHRY, C(=NCN)RY, and
CENRDINRYRY wherein the Cre alkyl, Coe alkenyl, Cos alkyayl, oo aryl, Can
cycloalkyi, 53-10 membered heteroarvi, 4-10 membered heterocycloalkyl, Ceo aryl-Cisalkyl-,
Caaeoyeloatkyl-Cig alkyl-, (5-10 membered betercary)-Cig alkyl, and (4-10 membered
heterocycloalkyl)-Cis alkyl- of R®, R, and R® are cach optionally substituted with 1, 2, 3, 4,
3.6, 7, or 8 independently selected R® substituents; and wherein the Ci.s haloalkylof R®, R,
or R is optionally substituted by 1, 2. 3, or 4 independently selected Y substituents;

each Y 1s independently selected from D, hale, Cis alkyl, and Ci¢ haloalkyl;
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or R® and R’ substituents, together with the ring atoms to which they are attached,
form a Csag cycloalkyl or 4-7 membered heterocycloalkyl, each of which is optionally
substituted with 1, 2. 3, or 4 independently selected R” substituents;

or R7 and R® substituents, together with the ring atoms to which they are attached,
form a Csae cycloalkyl or 4-7 membered heterocycloalkyl, cach of which is optionally
substituted with 1, 2, 3, or 4 independently selected R” substituents;

R and R are cach independently selected from H, Cy alkyl, Ci haloalkyl, Cas
atkenyl, Coe alkyuvl, Ceo arvl, Csooyeloalkyl, 5-10 membered heteroarvl, 4-10 meombered
heterocycloalkyl, Ceao aryl-Cis alkyl-, Cancycloaltky-Che alkyl-, (5-10 membered
heteroary}-Crs atkyl-, and (4-10 membered beterooycloalky-Crs alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Ceo arvl, Ciseveloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceao arvi-Cis alkyl-, Cas cycloatkyl-Cig alkyl-, (5-10 membered
heteroaryD-C s alkyl-, and (4-10 membered heterocycloalkyi)-C s atkyl- of R and RY, are
each optionally substinsted with 1, 2, 3.4, 3, 6. 7, or 8 independently selected R™ substituents;

each R®, R™ R®! and R is independently selected from H, Cis alkyl, Cis haloalkyl,
Cos alkenyl, Cog atkynvl, Couo aryl, Caapcycloalkyl, 5-10 membered heteroarvl, 4-10
membered heterocveioalivi, Coowp ary-Coe albyi-, Ciaooveloalkyl-Cis alkyl-, (5-10 merberad
heteroary)-Cie alkyl-, and (4-10 raembered heterocycloalkyl)-Cie alkyl-, wherem the Ci
alkyl, Cog alkenyl, Cos alkyavl, Coao aryl, Cappoycloalkyl, 5-10 mermbered hetercaryl, 4-10
membered heterocveloalkyl, Cenio arvi-Cig alkyl-, Caoo oveloalkyl-C s alkyl-~, (3-10 membered
heteroary)-Cis alkyl-, and (4-10 membered heterocycloalkyl)-Crs alkyl- of R* RY RY and
RY, are cach optionally substituted with 1, 2, 3.4, 5, 6, 7, or 8 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-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or 6-membered heteroarvl or 4-, 3-, 6-, or 7-membered
heterocycloalkyl group is optionally substituied 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, Cishaloalkoxy, Cos alkenvl, Cos alkynyl, Coap axyl, Caaooycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceo aryl-Crgalkyl-, Ciag
cycioalkyi-Cisalkyl-, (3-10 membered betercary-Crs altkyl-, and (4-10 membered
hetereocycloalkyl)-Cis alkyl-;

cach R™ and R¥ is independently selected from H, Cue alkyl, Crsalkoxy. Cis

haloalkyl, Cishaloalkoxy, Coe alkenyl, Cos alkynyl, Coao arvl, Caupcycloalkyl, 3-10

PCT/US2019/021186
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membered heteroaryl, 4-10 membered hetereocycloalkyl, Coo aryl-Cie alkyl-, Csie
cycloalhyl-Cisalkyl-, (5-10 membered heteroary1)-Cy. alkyl-, and (4-10 membered
hetereocycloalky-Cie alkyl-;

cach R™ and RY is independently selected from H, Crs alkyl, Cis haloalkyl, Cos
atkenyl, Coe altkyayvl, Couo aryl, Csapoycloalkyl, 5-10 membered beteroaryl, 4-10 membered
hetereocycloalkyl, Ceao ary1-Cis alkyl-, Csup cvcloalkyl-Cirs alkyl-, (3-10 membered
heteroaryi}-Crs alkyl-, and {4-10 merabered hetercocycloalky-Cig alkyl-

cach R and R™ is independently sclected from OH, Cusatkoxy, and Ci baloalkoxy:

or any R and R¥ attached to the same B atom, together with the B atom to which
thev are attached, form a 5- or 6-membered beterocyelnalkyl group optionally substituied
with 1, 2, 3, or 4 substituents independently selected trom Cis alkyl and Cis haloalkyl;

each R¥, R, RY, and R® is independently selected from H, Cis alkyl, Cis haloalkyl,
Coe alkenyl, Cog alkyuvl, Ceo arvl, Csapcycloalkyl, 5-10 membered heteroarvl, 4-10
membered heterocycloalkyl, Cope arvl-Crg alkyl-, Caapcycloalkyl-Crs alkyl-, (5-10 membered
heteroary)-Cie alkyl-, and (4-10 raembered heterocycloalkyl)-Cie alkyl-, wherem the Ci
alkyl, Cog alkenyl, Cos alkynyl, Coap aryl, Caeovcloaliyl, 5-10 membered hetercaryl, 4-10
membered heterocycicaliyl, Coowp ary-Cos aliyi-, Ciaooveloalkyl-Cis alkyl-, (5-10 merberad
heteroaryD-Cis alkvi-, and (4-10 membered heterocycloalky)-Cis alkyl- of R®, R™, RS, and
R™ 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, form a 5- or 6-maembered heteroaryl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyl group, whercein the 5- or 6-membered hetercaryl or 4-, 5-, 6-, or 7-membered
heterocycloalkyl group is optionally substituted with 1,2, 3,4, 5, 6, 7, or B independently
selected R substituents;

each R® is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceap aryl, Caagocycloalkyl, 3-10
membered heteroaryl, 4-10 membered hetereocycloalkyl, Coo aryl-Cie alkyl-, Csie
cycloalhyl-Cisalkyl-, (5-10 membered heteroary1)-Cy. alkyl-, and (4-10 membered
hetereocycloalky-Cie alkyl-;

each R”* is independently selected from D, halo, Cis alkyl, Cighaloalkyl, Cos
alkenyl, Coy alkynyl, Coo aryl, Cs cycloalkyl, 5-10 membered hetercaryl, 4-10 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroarvy-Cig alkyl-, (4-10 membered heterocycloalkyD-Crg alkyl-, CN, NGy, OR®, SR™,
NHOR™, C(OR™, CIOOMNRYRY, CLOINRORY), CLOIOR™, OCIOIRY, OC{OINRURY,

~3
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NR¥RY, NRONRURY NRUC(OR™, NREUCOHYOR, NRUC(OINRYRY, C(=NREHRYM,
CENOHR™, C=NCN)RY, C(=NR™)NRYR*, NR**C(=NR")NR“R%, NR*C(=NR"R",
NRYCENOH)NRYRY, NRUCENCMNRRY, NRUSO)R™, NR¥S(OINRWRY,
NRS(O)R™, NRYB(0):NRYRY, S(OR™, S(OINRURY, S(O)R™, S(O)NR*RY,
OSOY=NRHR™, OS(O):RY™, SFs, PIOOIRMR, OP(ONORMIOR™), P(ONORM™KOR™), and
BRUR® wherein the Ci alkyl, Cos alkenyl, Coss alkynyl, Coro arvl, Cascycloaliyl, $-10
membered heteroarvi, 4-10 membered beterocycloalkvl, Coue arvl-Ciealkyl-, Cooveloalkyl-
Crsalkyl~, (5-10 membered heteroary)-C s alkyl-, and (4-10 membered heterocveloalkvh-Co.
calkyl- of R* is optionally substituted with 1, 2,3, 4, 5, 6, 7, or 8 independently selected R
substituents;

each R® is independently selected from D, halo, Cis alkyl, Cishaloalkyl, Cas
atkenyl, Coe altkyavl, Couo aryl, Cso oveloalkyl, 5-10 membered betercaryl, 4-10 membered
heterocycloalkyl, Ceoio arvl-Cie alkyl-, Cis cycloalkyi-Cis alkyl-, (5-10 membered
heteroary-Crs alkyl-, (4-10 membered heterceyeloalkyD-Crs alkyl-, CN, NGOy, OR™, SR¥,
NHOR™, C(OR™, CHOMNRYRY, CHOINRHORY), CLOIOR™, OC(OIRY, OCOINRIRE,
NRERY NRZNRORY, NRECO)RY, NRPCOYORY, NRACOINRRY, C(=NRHR,
CENOHRY, CENCNIRY, CENRONRIRYE, NREAC(=NRAONRYRE, NRPCENRHRY,
NRACENOHINRIRY NRACENCNINRZRY, NRAS(OIRY, NRES(OINRPRY,
NR¥S(0)RY, NRUS(O)NE“RY, SIOHR™, S(OINR“RY, S(0).R™, S(0),NRVRY,
OS{ONENRORY, OSONRY, 8Fs, PIO)RZRP, OP(OWOROR?), PIOYOR™YORY), and
BRPR¥, wherein the Ci. alkyl, Ca alkenyl, Cao alkynyl, Coao aryl, Csr cycloalkyl, 5-10
membered hetercaryl, 4-10 membered heterocycloalkyl, Ceao arvi-Crsalkyl-, Cs cycloalkyl-
Cisalkyl-, (5-10 membered heteroarvl)-Cis alkyl-, and (4-10 membered heterocycloatky)-Ci.
salkyl- of R® is optionally substituted with |, 2, 3. 4, 3. 6, 7. or 8 independently selected RM
substituents;

cach R* R R™ and R is independently selected from H, Cis alkyl, Cishaloalkyl,
Coe atkenyl, Coe altkyavl, Couo aryl, Cseycloalkyl, 3-10 membered heteroaryl, 4-16
membered heterocyeloalkyl, Coue arvi-Cis alkyl-, Cascycloalkyl-Cigalkyl-, (5-10 membered
heteroaryD-Cie alkyl-, and (4-10 membered heterocycloalky-Ciq alkyl-, wherein the Cie
alkvl, Cos alkenvl, Cos alkvnyl, Conp aryl, Cayoveloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocycloalkyl, Coe arvi-Crg alkyl-, Caoroycloalkyl-Cigalkyvl-, (5-10 membered
heteroary1)-C i alkyl-, and (4-10 membered heterocycloalkyl)-Ci¢ alkyl- of R, 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 5- or 6-membered heteroarvl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or G-raembered heteroarvl or 4-, 3-, 6-, or 7-raembered
heterocycloalkyl group is optionally substituted with 1, 2,3, 4. 5, 6, 7, or 8 independently
selected RM substituents;

each R* is independently selected from H, OH, CN., Cis alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Cep aryl, Ca cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocveloalkyl, Ceo aryl-Chgalkyi-, Cay
cycloalhyl-Cisalkyl-, (5-10 membered heteroary1)-Cy. alkyl-, and (4-10 membered
hetereocycloalky-Ci alkyi-;

cach R™ and R¥ is independently selected from H. Cus alkyl, Crs alkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Co.e alkyavl, oo arvl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloatkyl, Coap ary-Crs alkyl-, Cs
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered
hetercocycloalkvi-Cis altkyl

each R™ and R” is independently selected from H, Ci atkvl, C1 haloalkyl, Cos
afkenvi, Cos albynyl, Ceo aryl Camoveloalkyl, 5-10 membered betercaryl, 4-16 membered
hetercocycloalkvl, Co.io arvIl-Cig alkyl-, Cioveloalkyl-Cig aliyl-, (3-10 membered
heteroaryD-Cis alkyl-, and (4-10 membered hetereccycloalkyD-Cog alkyl;

cach R and R¥ is independently selected 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 5- or 6-membered heterocycloalkyl group optionally substitoted
with 1, 2, 3, or 4 substituents mndependently selected from Ci alkyl and Crs haloalkyl;

cach R® R R“ and R* is independently selected from H, Cys alkyl, Cis haloalkyl,
Cos alkenyl, Cos alkynyl, Coupo aryl, Caycycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocveloalkyl, Ceo aryl-Cig alkyl-, Caycvcloalkyl-Cis alkyl-, (5-10 membered
heteroary}-Crs atkyl-, and (4-10 membered beterooycloalky-Crs alkyl-, wherein the Cis
atkyl, Cos alkenyl, Cos alkynyl, Ceo aryl, Csmeyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyveloalkyl, Ceoao aryl-Cig alkyl-, Circvcloalkyl-Ci alkyl-, (5-10 membered
heteroaryD-C s atkyl-, and (4-10 membered heterocycloalkyD-C g atkyl- of R*, 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, form a 5- or 6~-membered hetercaryl or a 4-, 5-, 6-, or 7-membered

heterocyeloalkyl group, wherein the 3- or 6-merabered heteroary! or 4-, 5-, 6-, or 7-merabered
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heterocycloalkyl group is optionally substitnted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RY substituents;

cach R is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceqp arvl, Cipcyeloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceo ary1-Chsalkyi-, Ciy
cycloalivi-Cisalkyl-, (5-10 membered heteroary1}-Cig alkyl-, and (4-10 membered
hetereocycloalkyD}-Cie alkyl-

cach R™ and R# is independently selected from H, C s alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cos alkyuyl, Csao aryl, Csocycloalkyl, 5-10
membered heteroarvi, 4-10 membered hetercocycloalkyl, Cop aryl-Crsalkyl-, Cson
cycloalkyi-Cigalkyl-, (5-10 membered heteroaryD-Cis alkyl-, and (4-10 membered
hetereocycloalky-Cis alkyl-;

cach R™ and R is independently selected from H, Ci atkvl, Ci haloalkyl, Cos
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered
hetercocycloalkvl, Co.io arvIl-Cig alkyl-, Cioveloalkyl-Cig aliyl-, (3-10 membered
heteroarvh-Crs alkyl-, and (4-10 membered hetereccycloalkyD-Cig alkyl;

each R and RM is independently selected from OH, Cisalkoxy, and Cishaloalkosy:

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 haloalkyl;

each R is independently selected from H, D, halo, Ci alky!l, Cis haloalkyl, Cas
atkenyl, Coe altkyayl, Coao aryl, Csocycloalkyl, 5-10 membered hetercaryl, 4-16 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroary-Cus alkyl-, (4-10 membered heterocyeloalkyD-Crs alkyl-, CN, NGOy, OR™, SR,
NHOR®, C(ORY, COMNRTRY, CHOINROOR), CLOYOR™, OCIOIRY, OC{OINRORS,
NRPR® NRPNROR® NROCOHRY, NRPCO)OR™, NRECOINRZRY, C(=NRF)RY,
CENOHRY, CENCN)RY, CENRPINRPRY, NREC(=NRFINRPRY, NREC(=NR™)R",
NROPCENOHINROR® NRECENCHINRERY, NRPS(OIRD, NRPS(O)NRERY,
NRPS(O0)RY, NRPS(O)NE“R®, SR, S(OINRURY, $(0),R”, 5(0)NR¥RP,
OS(OYENRIRD, OSORY, 8Fs, PIORPRE, OPOWORMHOR), PIOKORPYORS), and
BRR¥, wherein the Cis alkyl, Cog alkenyl, Cos alkynyl, Csup aryl, Cs cycloalkyl, 3-10
membered hetercaryl, 4-10 membered heterocycloalkyl, Ceao arvi-Crsalkyl-, Cs cycloalkyl-
Cisalkyl-, (5-10 membered heteroarvl)-Cis alkyl-, and (4-10 membered heterocycloatky-Ci.
s alkyl- of R” are each optionally substituted with 1, 2, 3, 4. 5, 6, 7, or % independently

selected RE substituents;
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each R, R™ R% and RY is independently selected from H, Cis alkyl, Ci haloalkyl,
Cos allienyl, Cos alliynyl, Ceo arvl, Camoyeloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocycloalkvi, Coois arvl-Cis alkyi-, Cancvcloalkyi-Cig alkyl~, (5~10 membered
heteroaryD-Crs alkyl-, and (4-10 membered heterocycloalkyD-Crs alky k-, wherein the Cis
abkyl, Coe alkenyl, Cov altkyavl, Couo arvl, Csocycloalkyl, 3-10 membered heteroaryl, 4-16
membered heterocveloalkyl, Ceo aryl-Cig alkyl-, Caycvcloalkyl-Cis alkyl-, (5-10 membered
heteroarvD}-Cis alkyl-, and (4-10 merabered heterocycloalkyi)-Cis atkyl- of R*®, R*, R®, and
R% are cach optionally substituted with 1, 2, 3, 4. 3, 6, 7, or 8 independently sclected RF
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+, 3-, 6~, or 7-mentbered
heterocycloalkyl group, wherein the 5- or 6-membered hetercarvl or 4-, 3-, 6-, or 7-mermbered
heterocycloalkyl group is 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, Crealkoxy, Cis
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csap aryl, Caseycloalkyl, 5-10
membered heteroarvi, 4-10 membered hetercocycloalkyl, Cop aryl-Crsalkyl-, Cson
cycloalkyi-Cisalkyl~, (5-10 membered heteroaryD-Crs alkyl-, and (4-10 membered
hetereocycloalky-Crs alky -

each R and R¥ is independently selected from H, Cie alkyl, Ciealkoxy, Cis
haloalkyl, Cishaloalkoxy, Cas alkenyl, Coss alkynyl, Couo arvl, Cs cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceo ary1-Chsalkyi-, Ciy
cycloalivi-Cisalkyl-, (5-10 membered heteroary1}-Cig alkyl-, and (4-10 membered
hetereocycloalky-Ciq alkyl-;

cach R and R” is independently sclected from H, Cus alkyl, Cishaloalkyl, Cos
alkenvl, Cos alkynyl, Coap aryl, Cazcycloalkyl, 53-10 membered heteroaryl, 4-10 membered
hetereocycloalkyl, Ceap aryl-Crs atkyl-, Csoeycloaltkyl-Che alkyl-, (3-10 membered
heteroaryl)-Ci alkyl-, and (4-10 membered hetereocycloalky )-Cis alkyl-;

cach R and R* is independently selected from OH, Cisalkoxy, and C 1o 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 Cis haloalkyl;

each R is independently selected from H, D, halo, Cis alkyl, Cis haloalkyl, Cos
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered

heterocycloalkyl, Coap aryl-Cis alkyl~, Cioycloaliot-Che alkyl-, (5-10 membered
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heteroarv1)-Ci alkyl-, and (4-10 membered heterocycloatkyl)-Cie alkyl-, CN, NO,, OR™,
SR, NHOR™, C{OR™, C{O)NRPR®, C(OINRSOR), C(OIOR™, OC{OHR™,
OC(OINRORY NRERY, NRENRURY, NROCOHR®, NREC(OHOR®, NRPC(OINRPRY,
CENRSRY, CENOHIRY, C=NCNIRP, CENREINRORY, NREC(ENRENRORS,
NR®C(=NR*™)R", NREC(=NOHINR*R® NRCC(=NCN)NRPRY® NR¥S(O)R™,
NRPSONRERY®, NROS(O)RR, NRUS(O):NRPR®, S(OIR, S(OINRERY, S(0)RY,
S(O)NRPRY®, OS(O)=NR*R", OS(0).R™, SFs. P(OR"RE, OP{OHOR™HOR®),
POWOR™YOR™), and BRR™, wherein the Cys alkyl, Cos alkenyl, Cos alkynyl Couo aryl,
Csrcycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceoupo ary-Cie
alkvi-, Cioveloalkyl-Cis alkyl-, (5-10 membered heteroaryD-Cisalkyl-, and (4-10
membered heterocycloalkyD-Cigalkyl- of RY are each optionally substituted with 1, 2, 3, 4, 3,
6, 7. or & independently selected RY substituents;

cach R® R R% and R* is independently sclected from H, Ci alkyl, Cis haloatkyl,
Cos alkenyl, Coe alkynyl, oo aryl, Camcycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyeloalkyl, Coo arvi-Cis alkyl-, Cso oycloalkyl-Cig alkyl-, (5-10 membered
heteroarv)}-Cis alkyl-, and (4-10 membered heterocycloalky)-Cis alkyl-, wheremn the Cis
abkvi Cos alkenvi Cos aliviyl, Cen aryl Comoveloalkyl, 5-10 membered hetercaryl, 4-16
membered heterocycloalkyl, Coo arvi-Cis alkyl-, Ci oycloalkyl-Cig alkyl-, (5-10 membered
heteroary])-Crs alkyl-, and (4-10 membered heterocycloalky1)-Cis alkyl- of R, RY 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 sarne N atom, together with the N atom to which
they are attached, form a 5~ or 6-membered heteroarvi or a 4-, 5-, 6, or 7-membered
heterocycloalkyl group, wherein the 3- or 6-membered heteroaryt or 4+, 5+, 6-, or 7-membered
heterocycloalkyl group s optionally substituted with 1, 2,3, 4, 5, 6, 7, or ¥ independently
selected RY substituents;

cach R* is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, Cas alkenyl, Coss alkynyl, Couo arvl, Cs cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloatkyl, Ceao ary1-Crsatkyl-, Ciy
cycloaliyvli-Crsalkyl-, (5-10 membered heteroaryl)-Csg alkyl-, and (4-10 membered
hetereocycloalky-Ciq alkyl-;

cach R™ and R¥ is independently selected from H. Cis alkyl, Cisalkoxy, Cie
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csap aryl, Caseycloalkyl, 5-10

membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceao aryl-Crgalkyl-, Ci
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cycloalkyi-Cigalkyl-, (5-10 membered heteroaryD-Cis alkyl-, and (4-10 membered
hetereocycloalky-Crs alky -

cach R™ and R¥ is independently selected from H, Cis atkvl, C1 haloalkyl, Cosg
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered
hetereocycloalkyl, Coae aryl-Cig alkyl-, Cimoyeloatkyl-Cigalkyl-, (5-10 membered
heteroarvh-Crs alkyl-, and (4-10 membered hetereccycloalkyD-Cig alkyl

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

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 Che alkyl and Chs haloalivl

cach RY is independently selected from H, D, halo, ON, NO,. 8Fs, Cis alkyl, Cis
atkoxy, Ciebaloalkyl, Cos alkenyl, Cos alkynyl, Cous arvl, Comoycloalkyl, 5-10 mersbered
heteroarvl, 4-10 membered heterocycloalkvl, Coo arvl-Cig alkyl-, Ca cveloalkyl~Cis alkyl-,
(5-10 membered heteroaryl)-Cig alkyl-, and (4-10 membered heterocycloallhy-Cigalkyl and

each RM is independently selected from H, D, OH, NO,, CN, halo, Cis alkyl, Cos
alkenvi, Cos alkynyl, Cig haloalkyl, cvano-Cis alkyl, HO-C s alkyl, Crsalkoxy-Chs alkyl,
Cenr0 aryl, Cayoycloalkyl, 5-10 membered hetercaryl, 4-10 membered heterocycloalkyl, Coao
aryi-Cie alkyl~, Casoycloalkyi-Cisalkyl-, (5-10 membered heteroaryl)-Cis alkyl-, (4-10
membered heterocycloalkvD-Chgallyl, Cigalkoxy, Crehaloalkoxy, aming, Cig alkylaming,
di(Cye alkvhamino, thio, Ciealkyithio, Cisalkylsulfinyl, Cisalkylsulfonyl, carbamyvl, Cis
atkylcarbamyl, di(Cys alkyicarbamyl, carboxy, Cis alkyvicarbonyl, Cigalkoxycarbonyl, Cis
stkyicarbonviamine, Cis atkylsulfonviamine, aminosulfonyl, Cis alkylanunosulonvl, difCis
alky Haminosulfonyl, ammosulfonylamino, Cie alkylaminosulfonylamino, di{Cis
atkyBaminosuHonvlamine, aminccarbonylamino, Cie altkylaminocarbonyvlamino, and di(Cis
alkyhaminocarbonylamino.

In some embodiments:

X'is Nor CRY

R'is selected from H, D, halo, Cy alkyl, C1s alkoxy, Cas alkenyl, Cos alkynyl, Cis
haloalkyl, Ci.¢haloalkoxy, CN, OH, and NH;;

R? is selected from H, D, halo, Ci atkyl, Cishaloalkyl, Cos alkenyl, Cas alkynyl,
Cy, Cy-Crealkyl-, ON, NGy, OR¥, SR? NHOR™, C(OYRY, C(O)NRCIRY C(OINRH(OR™M),
COIOR, OCORY, OCOINRUIRY NRURY, NREINRURY, NRUCOIRY, NRUC({O)OR,
NRUACONRYRY, CENREHRY, CENOHRY, CENCNRY, CENRESBNRYRY,
NRACENRDNRYRY, NRACENOH)NRYRY, NRECENCMNINRYRY, NRYCENRHRY,
NRESOINRIRY NRUSOIRY, NRUSORRY, NRUSOW=NRRY, NRUISO)HNRIRY,

13
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SIOOHRY, SOINRURY, S(O)RP, S(ORNRURY, OS(O)=NRDHRY OS(ORR", SFs,
POHYRTRE, OPONOR"ORY)., PONORMYOR™), and BRYRY, wherein the Cis alkyl, Cos
alkenyl, and Cos alkynyt of R” are each optionally substituted with 1,2,3,4.5, 6.7, or 8
independently selected R® substituents;

Cy is selected from Ceag aryl, Ciaacycloalkyl, 5-14 membered hetercaryl, and 4-14
membered heterocveloalkyl, each of which are optionally substituted with 1,2,3,4,5,6, 7. or
% independently selected R”* substituents;

R* R*and R are each independently selected from H. D, halo, N, OH, Ci. atkyl,
Crs haloalkyl, Cos alkenvl, Cog alkynyl, Cis alkoxy, Cishaloaltkoxy, cvano-Cie alkyl, HO-
Cie alkyl, Coealkoxy-Cis alkvl Casoycloalkyl, aminn, Cisalkylanuno, d{CisalkyDamine,
and C{OINRRY, wherein said Cis alkyl can be optionally substituted by 1,2.3,4. 5, or 6 D;

RS, R” and R® are each independently selected from H, D, Cis alkyl, Cishaloalkyl,
Coe alkenyl, Cog alkyuvl, Ceuo arvl, Ciapcycloalkyl, 5-10 membered heteroarvi, 4-10
membered heterocycloalkyl, Cope arvl-Crg alkyl-, Caapcycloalkyl-Crs alkyl-, (5-10 membered
heteroaryD}-Ci alkvl-, (4-10 membered heterocycloatky)-Cig alkyl-, CAORY, COINRERY,
COINRPORY), COYOR™, CENRDRY, CENOHRY, CENCNRY, and
C{E=NRHINRURY, wherein the Cre alkyl, Coe alkenyl, Co atkynyl, Copo aryl, Cap
cycloalkyl, 5-10 membered heteroarvl, 4-10 membered heterocveloalkyl, Ceo arvi-Cigalkyl-,
Caaeoyeloatkyl-Cig alkyl-, (5-10 membered betercary)-Cig alkyl, and (4-10 membered
heterocycloalkyl)-C s alkyl- of R®, R', and R® are cach optionally substituted with 1, 2, 3, 4,
3,6, 7. or 8 independently selected R® substituents; and wherein said Ci haloalkyl of R®, R,
or R¥ is optionally substituted by 1, 2, 3, or 4 independently selected Y substituents;

each Y 1s independently selected from D, hale, Cis alkyl, and Ci¢ haloalkyl;

or R® and R’ substituents, together with the ring ators to which they are attached,
form a Caae cycloalkyl or 4-7 membered heterocycloalkyl, cach of which is optionally
substituted with 1, 2, 3, or 4 independently selected R” substituents;

or R” and R® substituents, together with the ring atoms to which they are attached,
form a Csap cyeloalkyl or 4-7 membered heterocycloalkyl, each of which is optionally
substituted with 1, 2, 3, or 4 independently selected R substituents;

R® and R are cach independently sciected from H, Cis atkyl, Cis haloatkyl, Caos
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered
heterocycloalkyl, Ceap arvi-Cis alkyl-, Cs cycloatkyl-Che alkyl-, (5-10 membered
heteroarv)}-Cis alkyl-, and (4-10 membered heterocycloalky)-Cis alkyl-, wheremn the Cis
alkyl, Cog alkenyl, Cog alkynyl, Cep arvl Cimoycloalkyl, 5-10 membered hetercaryl, 4-10

membered heterocyeloalkyl, Coo arvi-Cis alkyl-, Cso oycloalkyl-Cig alkyl-, (5-10 membered
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heteroaryl}-Cis alkyl-, and (4-10 membered heterocycloalkyl)-Cis alkyl- of R® and RY, are
each optionally substituted with 1, 2. 3, 4, 5, 6, 7. or & independently selected RY substituents;

cach R* R™ R and RY is independently selected from H, Ci6 atkvl, Cs haloalkyl,
Cos alkenyl, Cos alkyayl, Coao aryl, Caapoycloalkyl, 5-10 mermbered hetercaryl, 4-10
membered heterocycloalkyl, Coao arvi-Cis alkyl-, Caao cycloalkyl-Cie alkyl-, (5-10 membered
heteroarv)}-Cis alkyl-, and (4-10 membered heterocycloalky)-Cis alkyl-, wheremn the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cep aryl, Caaocycloalkyl, 3-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Cop arvi-Cis alkyl~, Ciapcycloalkyl-Cig alkyl-, (5-10 membered
heteroaryD-Crs alkyl-, and (4-10 membered heterocycloalkyl)-Cie atkyi- of R, R", R¥, and
RY, are cach optionally substituted with 1, 2. 3, 4. 5. 6, 7. or & independently selected R
substituents;

or, any R° and RY, attached to the same N atom, together with the N atom to which
thev are attached, form a 5~ or 6-membered heteroarvl or a 4-, 5-, 6-, or 7-membered
heterocycloalky! group, wherein the 3- or 6-membered heteroaryt or 4+, 5+, 6-, or 7-membered
heterocycloalkyl group is optionally substituted with 1, 2,3, 4, 5, 6, 7, or ¥ independently
selected R® substituents;

each R” is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, Coe alkenyl, Cos alkynyl, Coao arvl, Caupcycloalkyl, 3-10
membered heteroaryl, 4-10 membered hetereocycloalkyl, Ceao aryl-Crs atkyl-, Ciao
cycloaliyvli-Crsalkyl-, (5-10 membered heteroaryl)-Csg alkyl-, and (4-10 membered
hetereocycloalky )-Cis alkyl-;

cach R” and R#! is independently selected from H. Cis alkyl, Cisalkoxy, Cie
halealkyl, Cihaloalkoxy, Cos alkenyl, Coss alkynvl, Csapo aryl, Caigcycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceo aryl-Crgalkyl-, Ciag
cycloalkyi-Cisalkyl~, (5-10 membered heteroaryD-Crs alkyl-, and (4-10 membered
hetereocycloalkyl)-Cis alkyl-;

each R™ and R" is independently selected from H, Ci atkvl, C1baloalkyl, Cos
atkenyl, Cos alloynyl, Ceo arvl, Csaocycloalkyl, 5-10 membered heteroaryl, 4-10 membered
hetereccycloalkyl, Coue aryl-Crs alkyl-, Chaoovcloalkyl-Crg alkyl-, (3-10 membered
heteroarvi)-C s alkyl-, and (4-10 merabered hetereocycloalkyD)-Cig alkyl-;

cach R and R is independently selected from OH, Cisalkoxy, and Cy.chaloalkoxy:

or any B! 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;
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each R¥, R, R%, and R¥ is independently selected from H, Cis alkyl, Ci haloalkyl,
Chg alkenyl, Cog alkynyl, Ceao aryl, Craocycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocveloalkyl, Cenio arvi-Cig alkyl-, Caoo oveloalkyl-C s alkyl-~, (3-10 membered
heteroaryD-Crs alkyl-, and (4-10 membered heterocycloalkyD-Crs alky k-, wherein the Cis
abkyl, Coe alkenyl, Cov altkyvavl, Coao aryl, Csapoycloalkyl, 5-10 membered betercaryl, 4-10
membered heterocveloalkyl, Ceuio aryl-Cis alkyl-, Cagcvcloalkyl-Cis alkyl-, (5-10 membered
heteroarvD}-Cis alkyl-, and (4-10 mernbered heterocycloalky-Cis alkyl- of R®, R” R¥, and
R% are each 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+, 3-, 6~, or 7-mentbered
heterocycloalkyl group, wherein the 5- or 6-membered betercarvl or 4-, 3-, 6-, or 7-mermbered
heterocycloalky) group is 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, Crealkoxy, Cis
halealkyl, Cihaloalkoxy, Cos alkenyl, Coss alkynvl, Csapo aryl, Caigcycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocycloalkyl, Coup aryl-Crs alikvl, G
cycloalkyi-Cisalkyl~, (5-10 membered heteroaryD-Crs alkyl-, and (4-10 membered
hetereocycloalky-Crs alky -

cach R™ is independently selected from D, halo, Ci alkyl, Cis haloalkyl, Cos
atkenyl, Cos alkynyl, Ceuo aryl, Cay cvcloalkyl, 5-10 membered heteroarvi, 4-10 membered
heterocycloalkyl, Ceap arvi-Cisalkyl-, Cs cycloatkyl-Che alkyl-, (5-10 membered
heteroary D-Crs alkyl-, (4-10 membered heterocycloalky )-Cis alkyl-, CN, NO2, OR™, SR®,
NHOR™, C{OR™, C{ONRYRY, COINRYOR™), C(OOR™, OC(OHR™, OCO)NRYRY,
NR¥RY NRENRURY NRUC(ORY, NRUCOYORY, NRUCOWNRYMRY, C(=NR*HRM,
CENOHRY, CENCNIRY, CENRINRARY, NRACENREYNRORY, NRUCENRTHRY,
NRACENOHINRYR®, NRAC(ENCNINRMRY, NRUS(O)RY, NRMS(O)NRTRY,
NR¥S(O)RY, NRUSO)RNRRY, S(OIRM, S(OINRURY, S0)R™, S(O)NRMRY,
OSO)ENREHRY, OS(O):R™, S, PORMRE, OP(OHOR"™HOR™), PIOXCOR™KOR™), and
BRAR™ wherein the Cys alkyl, Cos alkenyl, Cos alkyny L Couw arvl, Cas cycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Coe aryvl-Crgalkyl-, Cyooveloalkyl-
Cralkyl-, (5-10 mermbered heteroany!)-Csalkyl-, and {4-10 membered heterocycloalkyh-Cy.
salkyl- of R is optionally substituted with 1, 2, 3.4, 5, 6, 7, or & independently selected R

substituents:
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each R¥ is independently selected from D, halo, Cis alkyl, Cishaloalkyl, Cos
alkenyl, Coe alkynyl, Cooarvl, Cso cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceuio arvl-Cie alkyl-, Cis cycloalkyi-Cis alkyl-, (5-10 membered
hetercarvi)-Crealkyl-, (4-10 membered heterocyeloalkyl)-Cis alkyl-, CN, NG, OR®, SR¥,
NHOR™, C(OHR™, COMNRYRY, COINRORY), CLOYOR™, OC(OR", OC(OINRRY,
NRERY NRZNRORY, NRECO)RY, NRPCOYORY, NRACOINRRY, C(=NRHR,
CENOHRY, CENCNIRY, CENRONRIRYE, NREAC(=NRAONRYRE, NRPCENRHRY,
NRACENOHINRIRY NRACENCNINRZRY, NRAS(OIRY, NRES(OINRPRY,
NRS(D)R", NRES(O)RNRZRE, S(OHR™, S(OINRZRY, §(0).R®, S{0O),NRZR®,
OS(OH=NRAORY, OS(O)RY, 8Fs, PIORZR®, OPONORMHOR?), PIOXOR™WOR), and
BRPR¥, wherein the Cis alkyl, Cos alkenyl, Co altkynyl, oo aryl, Csscycloalkyl, 5-10
membered hetercaryl, 4-10 membered heterocycloalkyl, Ceao arvi-Crsalkyl-, Cs cycloalkyl-
Cigalkvil-, (5-10 membered heteroarv)-Cie alkyl-, and (4-10 membered heterocycloalkyh)-Ci.
salkyl- of R® is optionally substituted with |, 2, 3. 4, 3. 6, 7. or 8 independently selected RM
substituents;

cach R* R R% and R¥ is independently selected from H, Cis alkyl, Cishaloalkyl,
Coe atkenyl, Coe altkyavl, Couo aryl, Cseycloalkyl, 3-10 membered heteroaryl, 4-16
membered heterocyeloalkyl, Coo arvi-Cis alkyl-, Cso oycloalkyl-Cig alkyl-, (5-10 membered
heteroaryD-Cie alkyl-, and (4-10 membered heterocycloalkyhy-Ciq alkyl-, wherein the Cie
alkvl, Cos alkenvl, Cos alkvnyl, Conp aryl, Cayoveloalkyl, 5-10 membered hetercaryl, 4-10

heteroaryD)-Chc alkyvl-, and (4-10 membered heterocycloalkyl)-Cs¢ alkyl- of R®, R™, R¥, and

membered heterocyeloalkyl, Coue arvi-Cis alkyl-, Cascycloalkyl-Cigalkyl-, (5-10 membered

R are cach optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 8 independently selected RM
substitnents;

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 heteroarvi or a 4-, 5-, 6, or 7-membered
heterocycloalkyi group, wherein the 3- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-rmembered
heterocycloalky! group is optionally substituted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RM substituents:

cach R is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceqp arvl, Cipcyeloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceo ary1-Chsalkyi-, Ciy
cycloalivi-Cisalkyl-, (5-10 membered heteroary1}-Cig alkyl-, and (4-10 membered

hetercocycloalky )-Cos alkyl-;
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each R” and R® is independently selected from H, Cus alkyl, Crsalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cos alkyuyl, Csao aryl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloatkyl, Coap ary-Crs alkyl-, Cs
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered
hetereccycloalky}-Crs altkyle

cach R™ and R is independently sefected from H, Cis atkvl, Cishaloalkyl Cos
afkenvi, Cos albynyl, Ceo aryl Camoveloalkyl, 5-10 membered betercaryl, 4-16 membered
hetercocycloalkvl, Co.io arvIl-Cig alkyl-, Cioveloalkyl-Cig aliyl-, (3-10 membered
heteroary-Cis alkyl-, and (4-10 membered hetereocycloalkyD-Cog alkyl;

each R and R™ is independently selected from OH, C¢alkoxy, 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 substitoted
with 1, 2, 3, or 4 substituents independently selected from i alkyl and Ci¢ haloalkyl;

cach R® R R“ and R* is independently selected from H, Cys alkyl, Cis haloalkyl,
Cos alkenyl, Cos alkynyl, Coupo aryl, Caycycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocveloalkyl, Ceo aryl-Cig alkyl-, Caycvcloalkyl-Cis alkyl-, (5-10 membered
heteroaryi}-Crs altkyl-, and (4-10 membered beterooycloalky-Crs alkyl-, wherein the Cs
atkyl, Coe atkenyl, Coe alkynyl, Coo aryl, Cseycloatkyl, 5-10 membered heteroaryl, 4-10
membered heterocyveloalkyl, Ceoao aryl-Cig alkyl-, Circvcloalkyl-Ci alkyl-, (5-10 membered
heteroaryD-C s atkyl-, and (4-10 membered heterocycloalkyD-C s atkyl- 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, form a 5- or 6~-membered hetercaryl or a 4-, 5-, 6-, or 7-membered
heterocyeloalkyl group, wherein the 3- or 6-merabered heteroary! or 4-, 5-, 6-, or 7-merabered
heterocycloalkyl group is 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, Cis allyl, Crealkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cos alkyuyl, Csao aryl, Csocycloalkyl, 5-10
membered heteroarvi, 4-10 membered hetereocyeloalkyl, Ceo aryl-Cis alkyl-, Cso
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered
hetereocycloalky-Cis alkyl-;

cach R™ and R# is independently selected from H, Ci alkyl, Cialkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceqp arvl, Cipcyeloalkyl, 5-10

membered heteroaryl, 4-10 membered hetercocveloalkyl, Ceo aryl-Chgalkyi-, Cay
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cycloalkyi-Cigalkyl-, (5-10 membered heteroaryD-Cis alkyl-, and (4-10 membered
hetereocycloalky-Crs alky -

cach R™ and R is independently selected from H, Cis atkvl, C1 haloalkyl, Cos
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered
hetereocycloalkyl, Coae aryl-Cig alkyl-, Cimoyeloatkyl-Cigalkyl-, (5-10 membered
heteroarvh-Crs alkyl-, and (4-10 membered hetereccycloalkyD-Cig alkyl

each R and RM is independently selected from OH, Cisalkoxy, and Cishaloalkosy:

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 e alkyl and Cis haloalivl

each R is independently selected from H, D, halo, Ci alkyl, Cis haloalkyl, Cas
atkenyl, Coe altkyayl, Coao aryl, Csocycloalkyl, 5-10 membered hetercaryl, 4-16 membered
heterocycloalkyl, Ceoio arvl-Cie alkyl-, Cis cycloalkyi-Cis alkyl-, (5-10 membered
heteroary-Cus alkyl-, (4-10 membered heterceyeloalkyD-Cre alkyl-, CN, NGOy, OR™, SR®,
NHOR®, C(OR®, CLONRYRY, CHOINRO(ORY), CLOIOR®, OC(OIRY, OCIOINRSRYE,
NRPR® NRPNROR® NROCOHRY, NRPCO)OR™, NRECOINRZRY, C(=NRF)RY,
CENOHRY, CENCNIRY, CENRENRPRY, NREC(ENRPINRRY, NRPCENRPRY,
NRECENOHINREORY NRECENCNINRERY, NRES(OIRY, NROS(OINRERE,
NRPS(O0)RY, NRPS(O)NE“R®, SR, S(OINRURY, $(0),R”, 5(0)NR¥RP,
OS{OHENRDIRY, OSONRY, 8Fs, PIORPRP, OP(OWORMHORS), PIOXOR™KOR"), and
BRPRY¥ wherein the Ci. alkyl, Cao alkenyl, Cao alkynyl, Coao aryl, Csr cycloalkyl, 5-10
membered hetercaryl, 4-10 membered heterocycloalkyl, Ceao arvi-Crsalkyl-, Cs cycloalkyl-
Cisalkyl-, (5-10 membered heteroarvl)-Cis alkyl-, and (4-10 membered heterocycloatky-Ci.
salkyl- of R® 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, Cis alkyl, Cishaloalkyl,
Coe atkenyl, Coe altkyavl, Couo aryl, Cseycloalkyl, 3-10 membered heteroaryl, 4-16
membered heterocyeloalkyl, Coue arvi-Cis alkyl-, Cascycloalkyl-Cigalkyl-, (5-10 membered
heteroaryD-Cie alkyl-, and (4-10 membered heterocycloalky-Ciq alkyl-, wherein the Cie
alkvl, Cos alkenvl, Cos alkvnyl, Conp aryl, Cayoveloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocycloalkyl, Coe arvi-Crg alkyl-, Caoroycloalkyl-Cigalkyvl-, (5-10 membered
heteroary1)-C i alkyl-, and (4-10 membered heterocycloalkyl)-Ci¢ alkyl- of R, R R, and
R% are cach optionally substituted with 1. 2, 2, 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-, 5-, 6-, or 7-membered
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heterocycloalkyl group, wherein the 5- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-membered
heterocycloalkyl group is optionally substitated with 1, 2, 3, or 4 independently selected R®
substituents;

each R* is independently sclected from H, OH, CN, Ci alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, Cos alkenyl, Co.e alkyavl, oo arvl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloalkyl, Ceop aryl-Crs alkyl-, Cs.
cycloalkyi-Crsalkyl-, (5-10 membered hetervary-Cie alkyi-, and (4-10 membered
hetercocycloalkvi-Cis altkyl

cach RY and R¥ is independently selected from H, Cis alkyl, Cisalkoxy, Cre
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Cep aryl, Ca cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceao aryl-Crsalkyl-, Cin
cycioalkyi-Cisalkyl-, (3-10 membered betercary-Crs altkyl-, and (4-10 membered
hetereocycloalky-Cie alkyl-;

cach R" and R” is independently sclected from H, Crs alkyl, Crshaloaliyl, Cos
atkenyl, Coe alkyuvl, Ceo arvl, Csooyeloalkyl, 5-10 membered heteroarvl, 4-10 meombered
hetereocycloalkyl, Co. ary1-Cis alkyvl-, Csseycloalkyl-Cisalkyl-, (5-10 membered
heteroaryi}-Crs alkyl-, and {4-10 merabered hetercocycloalkyD-Cig alkyl-

cach R” and R™ is independently selected 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
thev are attached, form a 5~ or 6-membered heterocycloalkyl group optionally substituied
with 1, 2, 3, or 4 substituents independently selected from Cie alky] and Cis haloalkyl;

cach R is independently selected from H, B, hale, i alkyl, Crehaloalkyl, Cae
alkenvl, Cos alkynyl, Coap aryl, Cazcycloalkyl, 53-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Cooio ary1-Crs alkyl-, Cigoycloalkyl-Crs alkyl-, (3-10 membered
heteroaryh-Cis alkyl-, and (4-10 membered heterocycloatkyD-Cie alkyl-, ON, NO,. OR®,
SR¥ NHOR™, C(OR", CLONRPRE, CIOINRPOR), COYOR™, OCIOR™,
OC(O)NRUR®, NRPR® NRUNR™R® NRC(O)R™, NRUC(OYOR™, NREC(ONR™R®,
CENRFDRY, CENOHRY C=NONIRY, CENRENRORY® NROCENREINRORS,
NRPC(=NR*R” NRECENOHINRPRY, NRPCENCNINRERY, NRESOHR,
NRESOINRERY, NROS(ONLRY, NRUS(ORNRPRY, SIOIRY, S(OMNRERE, S(0O),R,
S(O)NRPR®, OS(OYENRERY, O5(0)RY, 5Fs, PIOYRRE, OP(ONOR™HOR™),
POYORM™YOR™), and BRR*, wherein the C alkyl, Cos alkenyl, Cog alkynyl, Coo aryl,
Cicycloalkyl, 5-10 membered heterocaryl, 4-10 membered heterocycloalkyl, Ceo ary-Cis

alkyl-, Cizoycloalkyl-Cigalkyl-, (3-10 membered heteroary)-Crsalkyl-, and (4-10
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membered heterocycloalky)-Cisalkyl- of R® are each optionally substituted with 1, 2, 3, or 4
independently selected R® substituents;

cach R® R R% and R* is independently sclected from H, Ci alkyl, Cis haloatkyl,
Cos alkenyl, Coe alkynyl, oo aryl, Camcycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceao arvi-Cis alkyl-, Cascycloatkyl-Cig alkyl-, (5-10 membered
heteroarv)}-Cis alkyl-, and (4-10 membered heterocycloalky)-Cis alkyl-, wheremn the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cep aryl, Ciyoycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocyeloalkyl, Coo arvi-Cis alkyl-, Cso oycloalkyl-Cig alkyl-, (5-10 membered
heteroaryD-Crs alkyl-, and (4-10 membered heterocycloalkyl)-Cie atkyi- of R*, 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-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or G-raembered heteroaryl or 4-, 3-, 6-, or 7-raembered
heterocycloalkyl group is optionally substituied with 1, 2, 3. or 4 independently sclected R®
substituents;

each R is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynvl, Cep aryl, Ca cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocveloalkyl, Ceo aryl-Chgalkyi-, Cay
cycloalhyl-Cisalkyl-, (5-10 membered heteroary1)-Cy. alkyl-, and (4-10 membered
hetereocycloalky-Cie alkyl-;

cach R™ and R¥ is independently selected from H. Cus alkyl, Crs alkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Co.e alkyavl, oo arvl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceao ary-Crsalkyl-, Cir
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered
hetercocycloalkvi-Cis altkyl

cach R™ and R® is independently sefected from H, Cis atkvl, Cishaloalkyl Cos
alkenyl, Cos alkynyl, Cop aryl, Caiyoycloaikyl, 5-10 membered hetercaryl, 4-10 membered
hetereocycloalkyl, Couo arvl-Crsalkyls, Cipeycloalky-Crealkyl-, (3-10 membered
heteroary-Cis alkyl-, and (4-10 membered hetereocycloalkyD-Cog alkyl;

cach R and R™ is independently sclected from OH, Cisalkoxy, 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 6-membered heterocycloalkyl group optionally substitoted
with 1, 2, 3, or 4 substituents mndependently selected from Cig alkyl and Crs haloalkyl;

cach RY is independently selected from H, D, halo, CN, Ny, 8Fs, Cis alkyl, Cis

alkoxy, Cighaloalkyl, Cog alkenyl, Cos alkynyl, Coao arvl, Cavcycloalkyi, 5-10 membered
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heteroaryl, 4-10 membered heterocyeloalkyl, Coo ary-Crsalkyl-, Cs oveloalkyl-Cig alkyl-)
(3-10 membered heteroaryl)-Cis alkyl-, and (4-10 membered heterocycloalkyD-Cig alkyl and

cach RM is independently selected from H. D, OH, NO-, CN, halo, Cie alkyl, Cos
atkenyvl, Cos allynyl, Cig haloalkyl, cvano-Cie alkyl, HO-Cg alkyvl, Crgalkoxy-Cie alkyl,
Coue aryl, Cs cycloalkyl, 3-10 mewmbered hetercaryl, 4-10 membered heterocveloalkyl, Con
ary1-Cys alkyl-, Csrcycloalkyi-Cigalkyl-, (5-10 membered heteroaryl)-Cis alkyl-, (4-10
membered heterocvcioaliy-Cisalkyl, Crealboxy, Cishaloalkoxy, amino, Crs alkyvlamino,
di{C s alkyhamino, thio, Csalkyvlthio, Cisalkylsulfinyl, Cus alkyvisulfonyl, carbamyl, Cie
alkylcarbamyl, di(Ci.¢ alkyDcarbamyl, cartboxy, Cigalkylcarbonyl, Ci alkoxycarbonyl, Cie
alkylcarbounviaming, Ci alkyisulfonylamino, aminosulfonyl, Cis alkylaminosulfonyl, di(Ci
atkyDaminosulfonyvl, aminosulfonyiamino, Cis alkylaminosulfonviamine, di(Cis
atkyhaminosulfony lamino, aminocarbonylaminoe, C.¢ alkvlaminccarbonylamino, and difCis
alkyDaminocarbonviamino,

In some embodiments,

X'is N or CRY

R’ is selected from H, D, halo, Cis atkvl, Crs alkoxy, Cae alkenvl, Cus alkynyl, Cis
haloalkyl, Ci.s haloatkoxy, ON, OH, and NH;:

R? is selected from H, D, halo, Ci» alkyl, C s haloalkyl, Ca alkenyl, o alkynyl,
Cy. Cy-Crsalkyl-, CN, NOy, OR™, SR¥ NHOR. C(O)R", C{ONR'R?!, C(OINR(OR™),
COORY, OCOHRY, OCIOINRIRY NRURY, NRONRURY NRUCORY, NRUCOIORY,
NRIACOINROIRY CE=NRERY, CENOHRY, CENCNIRY, CENRFNRERY,
NROCENROONRYRY, NRUACENOHINRYRY, NRECENCNINRYRY, NROIC(=NREHRY,
NRISOINRURY, NRUISOHRY:, NREUS(ORRP, NRESO)=NRDRM NRS(ORNRYRY,
SORY, SOINRCIRY, S(ORR", S(ORNRYRY, OS(GH(=NRHRY, OS(O),R"!, SFs,
POYRIRE, OPONORM(OR™Y), POWORMYOR™), and BRVR™, wherein the Cys alkyl, Cos
alkenyl, and Cas alkynyl of R? are each optionally substituted with 1,2, 3,4.5,6, 7 or §
independently selected R substituents;

Cy 1s selected from Cos arvl, Ciaacycloalkyl, 5-14 membered heteroaryl, and 4-14
membered heterocveloalkyl, each of which are optionally substituted with 1, 2,3,4,5,6, 7. or
% independently selected R”* substituents;

R*, R* and R are each independently selected from H, D, halo, CN, OH, Ci.5 alkvL
Cis haloalkyl, Cos alkenvl, Cos alkyvnyl, Cis alkoxy, Cishaloalkoxy, cvane-Cie alkyl, HO-
Cis allkyl, Crsalkoxy-Cis alkyl, Csscycloalkyl, amino, Cis alkylamino, di{Cie alkyamino,

and C{O)NR R, wherein the C 1 alkyl is optionally substituted by 1. 2, 3. 4, 5, or 6 D;

3%]
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R® R7 and R® are each independently selected from H, D, halo, Cy.s alkyl, Cis alkoxy,
Cos alkenyl, Cog allynyl, Crs haloalkyi, Cre haloalkoxy, Ceao arvl, Coroveloaikyl, 3-10
membered heteroaryl, 4-10 membered heterocycloalkvl, Ceoio arvi-Cigalkvi-, Ca oveloalkyl-
Cigallyl-, (3-10 membered heteroaryD)-Cie alkyvl-, (4-10 membered heterocycloatky)-Cis
alkyl-, CN, NO,, OH, COOH and NH;;

R° and R¢ are each independently selected from H and Cre alkyl;

cach R*, R®' RY, and RY is independently selected from H, Cis alkyl, Cie haloalkyl,
Cos alkenyl, Cos alkynyl, Cego aryl, Caaocycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkvl, Coao aryl-Cig alkyl-, Caaocycloalkyl-Cie alkyl-, (5-10 membered
heteroary}-Crs atkyl-, and (4-10 membered beterooycloalky-Crs alkyl-, wherein the Cis
atkyl, Cos alkenyl, Cos alloynyl, Ceo arvl, Ciup cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceao arvi-Cis alkyl-, Caao cycloalkyl-Cie alkyl-, (5-10 membered
heteroaryD-C s atkyl-, and (4-10 membered heterocycloalkyD-C g atkyl- of R*, R™ R and
R¥, are cach optionally substituted with 1, 2.3, 4. 3, 6, 7. or & independently selected R
substituents;

or, any R% and RY, attached to the same N atom, together with the N atom to which
thev are attached, form a 5- or 6-membered heteroaryl or a 4-, 5-, 6-, ot 7T-meraberad
heterocyeloalkyl group, wherein the 3- or 6-merabered heteroary! or 4-, 5-, 6-, or 7-merabered
heterocycloalkyl group is optionally substitated with 1, 2,3, 4, 5, 6, 7, or 8 independently
sclected R* substituents:

each R* is independently sclected from H, OH, CN, Ci alkyl, Cisalkoxy. Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Co.e alkyayl, Csao arvl, Cipoveloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloalkyl, Coao aryl-Cis alkyvl-, Csue
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered
hetercocycloalkvi-Cis altkyl;

cach RY and R# is independently selected from H, Cue alkyl, Crsalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceap aryl, Caagocycloalkyl, 3-10
membered heteroaryl, 4-10 membered hetereocycloalkyl, Coo aryl-Cie alkyl-, Csie
cycloalhyl-Cisalkyl-, (5-10 membered heteroary1)-Cy. alkyl-, and (4-10 membered
hetereocycloalky-Cie alkyl-;

cach R™ and RY is independently selected from H, Crs alkyl, Cis haloalkyl, Cos
atkenyl, Coe altkyayl, Couo aryl, Csapoycloalkyl, 5-10 membered beteroaryl, 4-10 membered
hetereocycloalkyl, Ceao ary1-Cis alkyl-, Csup cvcloalkyl-Cirs alkyl-, (3-10 membered
heteroary)-Crs alkyl-, and (4-10 membered hetereocycloalky )-Cis atkyl-;

cach R and R™ is independently sclected from OH, Cusatkoxy, and Ci baloalkoxy:
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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 Cig alkyl and Ci haloalkyl;

each R”* is independently selected from D, halo, Cis alkyl, Cighaloalkyl, Cos
atkenyl, Coe altkyavl, Couo aryl, Cso oveloalkyl, 5-10 membered betercaryl, 4-10 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroaryh)-C s alkyl-, (4-10 membered hetercoycloalky})-Cies alkvl-, CN, NOs, OR™, SR*,
NHOR™, C(OR™, CIOOMNRYRY, CLOINRORY), CLOIOR™, OCIOIRY, OC{OINRURY,
NRUR¥ NR¥NRORY® NRUCO)RY, NRUC(O)OR, NRAC(O)NRYRY, C(=NRHR™,
CENOHRY, CENCN)RY, CENRHINRYRY, NRAC(E=NRHINRPRY, NRUMC(=NR™HRY,
NROACENOHINRORY NRUCENCNINRORY, NRASIOIRY, NRUSOINRYRY,
NR¥S(D)R, NRUS{ORNRYRY, S(OIRM, SIOINRURY, S(0),R™, S(O):NRYR¥,
OS(OYENRIR™, OSORY, 8Fs, PIORIRE, OPOHORM™OR™), POOXORMY(OR™), and
BR¥RY¥, wherein the Cig alkvl, Cao alkenyl, Co alkynyl, Coap aryl, Casrcycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Ceao arvi-Cis alkyl-, Csocycloalkyl-
Cisalkyl-, (5-10 membered heteroarvl)-Cis alkyl-, and (4-10 membered heterocycloatky-Ci.
s alkyl- of R® is optionally substituted with 1, 2, 3, 4, 3, 6, 7, or § independently selected RP
substituents;

cach R is independently selected from D, halo. Cis alkyvl, Cishaloalkyl, Cas
alkenvl, Cos alkynyl, Ceo aryl, Cas cyeloalkyl, 5-10 membered heteroarvl, 4-10 meombered
heterocycloalkyl, Coe aryl-Crsalkyl-, Ciseyeloaliyt-Crgalkyl- (5-10 membered
heteroaryD-Ch¢ alkyl-, (4-10 membered heterocycloalky)-Cis alkyl-, CN, NO», OR™, SR¥,
NHOR?, C(O)R®, COINRERE, C{OINRHOR), CIOYOR®, OCOIRY, OC(OINRZR®,
NR“R¥, NRUNR“R¥, NRPC(O)RY, NRUC(O)OR™, NRUC{OINR“RY, C(=NRHR™,
CENOHRY, CENCNIRY, CENRTNRIRY, NRPCENRFNRZR?, NREC(ENRTRY,
NRCENOHNRPRE, NRACENCNINRIRE, NRESOIRY, NRESOWNRRY,
NRES(OpRY, NRZS(0):NRZRY, SOIR, S(OINRRT, $(0):R”, S(ORNRRY,
OSOHENRHRY, O5(0):RY, SFs, PIOIRTRE, OPONORORY), PIOXORZYOR), and
BRPRY, wherein the Ci alkyl, Cass alkenyl, Coss alkynyl, Coao arvl, Csoeycloalkyl, $-10
membered heteroaryl, 4-10 membered heterocycloalkvl, Ceoio arvi-Cigalkvi-, Ca oveloalkyl-
Cigallyl-, (3-10 membered heteroaryD)-Cis alkyl-, and (4-10 membered heterocycloalkyD)-Cy.
calkyl- of R® is optionally substituted with 1, 2. 3, 4. 5, 6, 7. or 8 independently selected RM
substituents;

cach R, R™, R% and R¥ is independently selected from H, Cys alkyl, Cis haloalkyl,

Cos alkenyl, Cos alkynyl, Coop aryl, Cascyvcloalkyl, 5-10 membered hetercaryl, 4-10
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membered heterocyeloalkyl, Coue arvi-Cis alkyl-, Cascycloalkyl-Cigalkyl-, (5-10 membered
heteroaryD-Cis alkyl-, and (4-10 membered heterocy cloalky-Cig alkyl-, wherem the Cig
alkvl, Cos alkenvl, Cos alkvnyl, Conp aryl, Cayoveloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocycloalkyl, Coe arvi-Crg alkyl-, Caoroycloalkyl-Cigalkyvl-, (5-10 membered
heteroary1)-C i alkyl-, and (4-10 membered heterocycloalkyl)-Ci¢ alkyl- of R, R™ R, and
R¥ 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, form a 5- or 6-membered heteroarvl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyi group, wherein the 3- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-rmembered
heterocycloalky! group is optionally substituted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RM substituents:

cach R is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceqp arvl, Cipcyeloalkyl, 5-10
membered hoteroaryl, 4-10 membered hetercocycloalkvl, Ceo aryl-Cigalkyi-, Ciy
cycloalivi-Cisalkyl-, (5-10 membered heteroary1}-Cig alkyl-, and (4-10 membered
hetereocycloalkyD}-Cie alkyl-

cach R” and R¥ is independently selected from H, C s alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cos alkyuyl, Csao aryl, Csocycloalkyl, 5-10
membered heteroarvi, 4-10 membered hetereocyeloalkyl, Ceo aryl-Cis alkyl-, Cso
cycloalkyi-Cigalkyl-, (5-10 membered heteroaryD-Cis alkyl-, and (4-10 membered
hetereocycloalky-Cis alkyl-;

each R and R” is independently selected from H, Ci alkvl, C1¢ haloalkyl, Cos
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered
hetercocycloalkvl, Co.io arvIl-Cig alkyl-, Cioveloalkyl-Cig aliyl-, (3-10 membered
heteroarvh-Crs alkyl-, and (4-10 membered hetereccycloalkyD-Cig alkyl

each R and R™ is independently selected from OH, C¢alkoxy, 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 Cie alkyl and Ci haloalkyl;

cach R® R™ R and R* is independently selected from H, Cie alkyl, Ci.¢ haloatkyl,
Cos alkenyl, Cos alkynyl, Ceao aryl, Coooycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocveloalkyl, Ceo aryl-Cig alkyl-, Caycvcloalkyl-Cis alkyl-, (5-10 membered
heteroaryD-Cors alkyl-, and (4-10 membered heterocycloalkyD-Crs alky k-, wherein the Cis

atkyl, Coe atkenyl, Coe alkynyl, Coo aryl, Cseycloatkyl, 5-10 membered heteroaryl, 4-10
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membered heterocyeloalkyl, Coue arvi-Cis alkyl-, Cascycloalkyl-Cigalkyl-, (5-10 membered
heteroary])-Crs alkyl-, and (4-10 membered heterocycloalkyD)-Cis alkyl- of R, RY R®, and
R% are cach optionally substituted with 1, 2, 3. 4, 5, 6, 7, or 8 independently selected R”
substitucnts;

or, any R* and R* attached 1o the same N atom, together with the N atom to which
they are attached, form a 5~ or 6-membered heteroarvi or a 4-, 5-, 6, or 7-membered
heterocycloalkyi group, wherein the 3- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-rmembered
heterocycloalkyl group s optionally substituted with 1, 2,3, 4, 5, 6, 7, or ¥ independently
selected RY substituents;

each R is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Cie
haloalkyl, Cishaloalkoxy, Cas alkenyl, Coss alkynyl, Couo arvl, Cs cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloalkyl, Ceo aryl-Chsalkyi-, Cay
cycloaliyvli-Crsalkyl-, (5-10 membered heteroaryl)-Csg alkyl-, and (4-10 membered
hetereocycloalky-Ciq alkyl-;

each R™ and R is independently selected from H, Cis alkyl, Crsalkoxy, Cis
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csap aryl, Caseycloalkyl, 5-10
membered heteroarvi, 4-10 membered hetercocycloalkyl, Cop aryl-Crsalkyl-, Cson
cycloalkyi-Cisalkyl~, (5-10 membered heteroaryD-Crs alkyl-, and (4-10 membered
hetereocycloalky-Crs alky b

each R™ and R™ is independently sclected from H, Cis atkyl, C1¢ haloalkyl, Cos
atkenyl, Cos alloynyl, Ceo arvl, Cimeyeloalkyl, 5-10 membered hetercaryl, 4-10 membered
hetereocycloalkyl, Coae aryl-Cig alkyl-, Cimoyeloatkyl-Cigalkyl-, (5-10 membered
heteroarvh-Crs alkyl-, and (4-10 membered hetereccycloalkyD-Cig alkyl

cach R and R is independently sclected from OH, Cisalkoxy, and Crshaloalkoxy;

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 e alkyl and Cis haloalivl

each R" is independently selected from H, D, halo, Cy alkyl, Cishaloalkyl, Cos
alkenyl, Cog alkyayl, Coao aryl, Cancycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceoio arvl-Cie alkyl-, Cis cycloalkyi-Cis alkyl-, (5-10 membered
hetercarvi)-Cre alkyl-, (4-10 membered heterocyeloalky)-Cis alkyl-, CN, NGy, OR®, SR®,
NHOR®, C(OR®, C(OMNRYRY, CLOINRP(ORY), CLOYOR™, OC(ORY, OC{OINR R,
NRPR® NRPNROR® NROCOHRY, NRPCO)OR™, NRECOINRZRY, C(=NRF)RY,
CENOHRY, CENCNRY, CENRDNRERY, NRECENROINRPRY, NROC(=NRDR,
NRECENOHINREORY NRECENCNINRERY, NRES(OIRY, NROS(OINRERE,
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NRES(O)RY, NRPSO)RNRERY | S(ORY, S(OINRERP, S(0)»R™, S(O)NRERY,
OS(O)ENRORY, OS(O)R™, S, PIOORPRE, OP(OHORHOR), PIOKCORVKOR™), and
BRPR® wherein the Cys alkyl, Cos alkenyl, Cos alkyny L Couw arvl, Cas cycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Coe aryl-Chgalkyl-, Cyoveloalkyl-
Cralkyl-, (5-10 membered heteroany!)-Csalkyl-, and {4-10 membered heterocycloalkyh-C.
s alkyl- of R” 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, C s alkvl, Cis haloalkyl,
Chg alkenyl, Cog alkynyl, Ceao aryl, Casoycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocveioalivi, Coowp ary-Che albyi-, Coveycioalkvi-Cisalkyl-, (5-10 membered
heteroaryl)-Ci alkyl-, and (4-10 membered heterocycloalkyl)-Cre alkyl-, wherein the Cie
abkyl, Coe alkenyl, Coe altkyavl, Couo arvl, Csocycloalkyl, 3-10 membered heteroaryl, 4-16
membered heterocycloalkvi, Coois arvl-Cis alkyi-, Cancvcloalkyi-Cig alkyl~, (5~10 membered
heteroaryl)-Cig alkyl-, and (4-10 membered heteroeycloalkyD)-Crsalkyl- of R*, R*, R®, and
R% are cach optionally substituted with 1, 2. 3, or 4 independently selected RE substituents;

or, any R® and R® attached to the same N atom, together with the N atom to which
thev are attached, form a 5- or 6-membered heteroaryl or a 4-, 5-, 6-, ot 7T-meraberad
heterocyeloalkyl group, wherein the 3- or 6-merabered heteroary! or 4-, 5-, 6-, or 7-merabered
heterocycloalkyl group is optionally substitated with 1, 2, 3, or 4 independently selected R®
substituents;

each R™ is independently sclected from H, OH, CN, Cis alkyl, Cisalkoxy. Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Co.e alkyavl, oo arvl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceao ary-Crsalkyl-, Cir
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered
hetercocycloalkvi-Cis altkyl

cach R and R® is independently selected from H, Cie alkyl, Crsalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Cep aryl, Ca cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceao aryl-Crsalkyl-, Cin
cycloalhyl-Cisalkyl-, (5-10 membered heteroary1)-Cy. alkyl-, and (4-10 membered
hetereocycloalky-Cie alkyl-;

cach R" and R is independently selected from H, Crs alkyl, Cig haloalkyl, Cos
atkenyl, Coe altkyayl, Coao aryl, Csocycloalkyl, 5-10 membered hetercaryl, 4-16 membered
hetereocycloalkyl, Co. ary1-Cis alkyvl-, Csseycloalkyl-Cisalkyl-, (5-10 membered
heteroary)-Crs alkyl-, and (4-10 membered hetereocycloalky )-Cis atkyl-;

each R” and R¥ is mdependently selected from OH, Cisalkoxy, and Ci haloalkoxy;

o
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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 Cie alkyl and Ci haloalkyl;

each R” is independently selected from H, I, halo, C1s alkyl. Cishaloalkyl, Cos
atkenyl, Coe altkyayl, Coao aryl, Csocycloalkyl, 5-10 membered hetercaryl, 4-16 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroaryh)-C s alkyl-, and (4-10 membered heterocycloalkyD-C s atkyl-, CN, NO,, OR®,
SR® NHOR™, C(ORY, CLOINRCRY C(ONRPORY), COWOR™, OCOIR™,
OC(ONROR® NRORY, NRONRUR®, NROC(O)RY, NRC(O)OR®, NRPC{O)NRPRY,
CENRDRY, CENCOHIRY, C=NCNIRY, CENREINREORY NREOC(E=NREONREORY,
NRECENRERY, NROC(=NOHNRR®, NREC(=NCNINR®R® NR“S(O)R™,
NRPS(OINROR®, NROS{(O1.R™, NR¥S(O):NRORY, S(OIR™, S(ONR®RY, S(O)R*,
S{O)RNRPRY OSON=NRFIRY, O8(01:R™, §Fs, PAOHRPRE, OPIONORMOR™),
P(OYWOR™YOR™). and BRPR*, wherein the Cis alkyl, Cos alkenyl, Cos alkynvl, Couo arvl,
Cs.rcycloalkyl, 5-10 membered heteroarvi, 4-10 membered heterocycloalkvl, Ceuo aryl-Cisg
alkyl- Camovcloalky-Cis alkyl-, (5-10 membered heteroarvh-Cis alkyl-, and (4-10
membered heterocvcloalkyl)-Cisalkyi- of R are each optionally substituted with 1,2, 3, or 4
independently selected RY substituents;

cach R*, R R and R is independently selected from H. Cis alkyl, Ci haloalkyl,
Coe alkenyl, Cog alkynvl, Ceuo arvl, Cseyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyeloalkyl, Caue arvi-Crs allyl~, Ciooyeloalkyl-Cig alkyl-, (5-10 membered
heteroaryD)-Cie alkyl-, and (4-10 membered heterocycloatkyD)-Che alkyl-, wherein the Cie
alkyl Cog alkenyl, Cos alkynyl, Conp arvl, Cazeycloalkyl, 53-10 membered hetercaryl, 4-10
membered heterocycloalkyl, Cop arvi-Crg alkyl-, o oycloalkyl-Cigalkyvl-, (5-10 membered
heteroaryD-Ci alkvi-, and (4-10 membered heterocycloalky)-Cis alkyl- of R, R™, R, and
R% are cach optionally substituted with 1. 2, 2, 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+, 3-, 6~, or 7-mentbered
heterocycloalkyl groap, wherein the 5- or 6-membered heteroarvl or 4+, 3-, 6-, or 7-membered
heterocycloalkyl group is optionally substituted with 1, 2, 3, or 4 independently selected R®
substitucnts;

each R* is independently selected from H, OH, CN, Ci alkyl, Crealkoxy. Cis
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csap aryl, Caseycloalkyl, 5-10

membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceao aryl-Crgalkyl-, Ci
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cycloalkyi-Cigalkyl-, (5-10 membered heteroaryD-Cis alkyl-, and (4-10 membered
hetereocycloalky-Crs alky -

cach R™ and R® ig independently selected from H, Ci alkyl, Crealkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceqp arvl, Cipcyeloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceo ary1-Chsalkyi-, Ciy
cycloalivi-Cisalkyl-, (5-10 membered heteroary1}-Cig alkyl-, and (4-10 membered
hetereocycloalkyD}-Cie alkyl-

cach R™ and R* is independently sclected from H, Cis alkyl, Cishaloalkyl, Cos
alkenyl, Cog alkyayl, Coao aryl, Cancycloalkyl, 5-10 membered heteroaryl, 4-10 membered
hetereocycloalkyl, Ceap aryl-Crs atkyl-, Csoeycloaltkyl-Che alkyl-, (3-10 membered
heteroaryl)-Ci alkyl-, and (4-10 membered hetereocycloalky )-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 from Ci alkyl and Cis haloalkyl;

cach RY is independently selected from H, D, halo, CN, NO», 8F;. Cre alkyl. Cis
afkoxy, Cishaloalkyl, Coe alkenyl, Cos alkynyl, Coue arvl, Canoycloalkyl, 3-10 membered
heteroaryl, 4-10 membered heterocycloalkyvl, Cep aryl-Crs alkyl-, Csocycloalkyl-Cig alkyl-,
(3-10 membered heteroaryl)-Cis alkyl-, and (4-10 membered heterocycloalkyD-Cig alkyl and

cach RM is independently selected from H, D, OH, NO», CN, halo, Cis alkyl, Coe
atkenyl, Cos alkynyl, Cis haloalkyl, cyano-Cis alkyl, HO-Chs alkyl, Crsalkoxy-Cis alkyl
Coue aryl, Cs cycloalkyl, 3-10 mewmbered hetercaryl, 4-10 membered heterocveloalkyl, Con
ary1-Cys alkyl-, Csrcycloalkyi-Cigalkyl-, (5-10 membered heteroaryl)-Cis alkyl-, (4-10
membered heterocycloalkyly-Cisalkyl, Cigalkoxy, Cishaloatkoxy, amino, Ci alkylamino,
di{C s alkyhamino, thio, Cisalkvlthio, Cisalkylsulfinyl, Cie alkylsulfonyl, carbamyl, Cie
alkylearbamyvl, di(Cis alkyDcarbamyl, carboxy, Crsalkvlcarbonyl, Ciq alkoxycarbonyl, Cis
afkvicarbouviamisn, Cis alkylulfonylamine, aminosulfonyl, Cis atkylaminosuiforyl, i
atkyDaminosulfonyl, aminosulfonylamine, Ci6 alkylaminosulfonyviaming, di(Cis
alky Bamnosutfonylamino, aminocarbonylamino, Ci altkvlaminocarbonylamino, and di{Cie

alkvhaminocarbonviamimo,
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In some embodiments, the compound of Formula (1) 1s a compound of Formula (I1):

N NHy
X

N ORZ?

(b
or a pharmaceutically acceptable salt thereof.

In some embodiments, the compound of Formda (1) is a compound of Formula (111):

(In

or a pharmaceutically acceptable salt thereof

In some embodiments, R' is H, D or Cy alkyl.

In some embodiments, R' is H, D or methyl.

fn some embodiments, R is H.

In some embodiments, R? is selected from H, D, halo, Cis alkyl, Cishaloalkyl, Cos
atkenvi, Cos alkynyl, Ceas aryl, Coacycloalkyl, 3-14 membered heteroaryl, 4-14 membered
heterocycloalkyl, Cons aryl-Crs alkyl-, Ciascycloalkyl-Crg alkyl-, (5-14 membered
heteroaryD}-Ci¢ alkyl-, and (4-14 membered heterocycloalkyD-Ci alkyl-, C{O)NR®'RH,
COHOR™, CN, NO», OH, COOH and NH,, wherein the C1 atkyl, Cax atkenyl, Ca alkynyl,
Coas arvl, Ciascycloalkyl, 5-14 membered heteroarvl, 4-14 membered heterocycloalkyl, Ceas
aryi-Cisalkyl~, Caasoveloalkvl-Cig alkvis, (3-14 membered heteroarvl)-Cis alkyl-, and (4-14
membered heterocyveloalkyD-Cis allyl- of R are each optionally substituted with 1, 2.3, or 4
independently selected R” substituents.

In some embodiments, R? is selected from H, D, halo, Cis alkyl, Cighaloalkvl, Cos
alkenyl, Cas alkynyl, Cy. Cy-Cialkyl- CCONRYRY, C(OYORY, CN, NO,, OH, COOH and
NH., wherein the Cie alkyl, Cos alkenvl, Co alkvnyl, Coas arvl, Cracycloalkyl, 5-14
membered heteroaryl, 4-14 membered heterocyeloalkyl, Coag arvi-Crgalkyl-, Coagcycloalkyl-

Cralkyl-, (5-14 merabered heteroany!)-Cisalkyl-, and {4-14 membered heterocycloalkyh-Cy.
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s alkyl- of R? are cach optionally substituted with 1, 2, 3, or 4 independently selected R®
substifuents.

In some embodiments, R is selected from Cy, Cy-Cisalkyl, Cishaloalkyl,
CONRIRY, and C(O)YOR™: and Cy is selected from Cia4oveloalkyl, 5-14 membered
heteroaryl, and 4-14 membered heterocycloalkyl, each of which are optionally substituted
with 1, 2. 3, 4, 3. 6, 7. or 8 independently scleeted R® substituents;

In some embodiments, R? is C(OINRYRY or C(OIOR?,

fn some embodiments, R? is Cv, COINRIRY or NREICOWRM,

In some embodiments, R? is C{OYNRYRY or NRO'C(O)R.

In some embodiments, R? is C(ONRYRY.

In some embodiments, R is Cy.

In some embodiments, R? is CCONRYRY or NRYC(ORY, wherein R® is H; and R™!
and RY are each independently selected from Ci alkyl, Cas cycloalkyl, 4-10 membered
heterocycloalkyl, Cse cycloatkyl-Cigalkyl-) and (4-10 membered heterocycloalhyhy-Cig
atkyl-, each of which is optionally substituted by 1, 2. 3, or 4 independently selected R*
substituents.

In some embodiments, R? is CIOINRY'RY, wherein R® is H: and R¥Y is selected from
Cis alkvl, Csorcycloalkyl, 4-10 membered heterocycloalkyl, Cigcycloalkvi-Cigalkyl-, and
{(4-10 membered heterocycloalkyD-Crg alliyl-, each of which is optionally substituted by 1, 2,
3, or 4 independently selected R” substituents.

In some embodiments, R? is CCONRRY, and each R®! and RY is independently
selected from H, Cis alkyl, Cos alkenyl, Cos alkynyl, Caaocycloalkyl, 4-10 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Caigoycloalkyl-Cig alkyl-, (3-10 membered
heteroaryD-Crs alkyl-, and (4-10 membered heterocycloalkyD-Crs alky k-, wherein the Cis
atkyl, Coe alkenyl, Cog alkynyl, Ciocoveloalkyl, 4-10 membered heterocycloalkyl, Coup arvi-
Cis alkyl-, Cagocveloalkyl-Cis alkyl-, (5-10 membered heteroaryy-Cis alkyl-, and (4-10
membered heterocyeloalkyl}-Cigalkyl- of 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 4-, 5-, 6-, or 7-membered heterocycloalky! group, wheren the 4-, 3-,
6-, or 7-membered heterocycloalkyl group is optionally substituted with 1,2, 3, or 4
independently selected R substituents.

In some embodiments, R is C{OINR™RY; each R°! and R™ is independently selected
from H, Cis alkyl, Cus alkenyl, Cou alkynyl, Caapcycloalkyl, 4-10 membered

heterocyeloalkyl, Ce.e aryl-Crs alkyl-, Cao cycloalkyl-Cig alkyl-, (5-10 membered
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heteroaryl)-Ci alkyl-, and (4-10 membered heterocycloalkyl)-Cre alkyl-, wherein the Cie
alkyl, Coe alkenyl, Cog alkynyl, Ciaocycloalkyl, 4-10 membered heterocycloalkyl, Co.o aryl-
Cye alkyi-, Ciaocveloalkyl-C s alkyl-, (5-10 membered heteroaryD)-Cre alkyl-, and (4-10
membered heterocycloaliyD-Cigalkyl- of RS and RY are each optionally substituied 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
thev are attached, form a 4-, 5-, 6-, or T-merabered beterocycloalkyl group, wherein the 4-, 3-,
6-, or 7-membered heterocvcloalkyi group is optionally substined with 1, 2, 3, or 4
independently selected R” substituents; and

cach R* is independently selected from B, halo, oxo, 1. alkyl, Ciehaloalkyl, Cos
atkenyl, and Cos alkynyl, CN, NO», and OR™, wherein the Ci alkyl, Cos alkenyl, and Cos
atkynyl of R™ is optionally substituted with 1, 2, or 3 independently selected R” substituents.

In some embodiments, R? is C(OINRRY: each R and R¥ is independently selected
from H, Cis alkyl, Cus alkenyl, Cou alkynyl, Caapcycloalkyl, 4-10 membered
heterocyeloalkyl, Ce.e aryl-Crs alkyl-, Cao cycloalkyl-Cig alkyl-, (5-10 membered
heteroarv)}-Cis alkyl-, and (4-10 membered heterocycloalky)-Cis alkyl-, wheremn the Cis
abkvi Cos alkenvi, Cos albynyl, Capcycloatkyl, 4-16 membered heterocycloalkyl, Cow aryi-
Crs alkyl~, G cvcloalkyi-Chs alkyl-, (5-10 membered heteroarvD-Cis alkyl-, and (4-10
membered heterocycloalkyD-Crsaliyl- of R and R® arc 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 4-, 5-, 6-, or 7-membered heterocycloalkyl group, wherein the 4-, 5-,
6~, or 7-membered heterocycloaltiov group 1s optionally substituted with 1,2, 3, or 4
independently selected R* substituents;

cach R” is independently selected from D, halo, oxo, Cus alkyl, Cishaloalkyl, Cos
alkenvl, and Ca alkynyl, CN, NOs, and OR®, wherein the Cis alkyl, Cos alkenyl, and Cus
alkynyl of R” is optionally substituted with 1, 2. or 3 independently selected R” substituents;

cach R* is independently sclected from H and Ci alkyl, wherein the Cig atkyl is
optionally substituted CN, NO,, or OH; and

each R is OH.

In some embodiments, R? is CCONRYRY: and

R is H; and

R s selected from Crs alkyl, Cs cycloalkyl, 4-7 membered heterocycloalkyl,

phenyl-Crsalkyl-, and Cscycloalky-Crgalkyl-, wherein the Cis alkyl, Cs.r cyeloalkyl, 4-7

8]
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membered heterocycloalkyl, phenyi-Ciaalkyl-, and Cs7cycloalky!l-Cia alkyl- of R and RY!
are each optionally substitated with 1, 2, or 3 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 4-, 5-, 6-, or 7-membered hetercoycloalkyl group, wherern the 4-, 5-,
6-, or 7-membered heterocycloalkyl group is optionally substituted with 1, 2, or 3
independently selected R” substituents.

In some embodiments, R? is C(OINRC'RY; and

R% is H; and

R i selected from ethyl, propyl. isopropyl, butyl, tert-butyl, cyclobutyl, cvclohexyl,
bicyclofl.1. 1 jpentanyl. bicvclof2. 1. Tihexaovl, bicvclof2.2. 1 heptanyl, methvi-cyclopropyl,
methylcvclopbutyl, methyl-phenyl, ethyl-phenyl, oxetanyl, tetrahvdrofuranyl,
tetrahy dropyranyl, pyrorclidingl, and thianyl, wherein the ethyl, propyl. isopropyl, tert-butvl,
cyclobuivi, cyclohexyl, bicyciof1.1.1]pentany], bicyclo]2. 1. 1}jhexanyl, bicycio{[2.2. 1jheptanyl,
methyl-cyclopropyl methyl-cyclopbutyl, methyl-phenvl, ethyl-phenyl, oxetanyl,
tetrahy drofuranyl, tetrahydropyranyl, pyrorolidiny! and thianyl of R®! are each optionally
substituted with 1, 2, or 3 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 an azetidinyl or pymolidinyl, wherein the azetidiny! or pyrrolidinyl is
optionally substituted with 1, 2, or 3 independently selected R® substituents.

In some embodiments, R? is C(OINRYRY: and

R%is H; and

Rs selected from ethyl, propyl, isopropyl, tert-butyl, cyclobutyl, cyclchexyl,
bicyclof L. 1. 1jpentanyl, bicyclof2.1.1thexanyl, bicyclef2.2.1 jheptanyvl, methyl-cyclopropyl,
methyl-cyclopbutyl, methyl-phenyl, ethyl-phenyl, oxetanyl, tetrabydrofuranyl,
tetrahydropyranyl, pyrorolidinyvl, and thianyl, wherein the ethyvl, propyl, isopropyl, tert-butyl,
cyclobutyl, cyclohexyl, bicyclo]1. 1. 1ipentanyl, bicyclo|2.1. 1thexanyl, bicyclo|2.2. 1theptanyl,
methyi-cyclopropyl, methyl-cyclopbutyl, methyl-phenyl, ethyvi-phenyi, oxetanyl,
tetrahydrofuranyl, tetrahydropyranyl, pyrorolidinyl and thianyl of R% are each optionally
substituted with 1, 2, or 3 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 an azetidinyl or pyrrolidiny], wherein the azetidiny! or pyrrolidingl is
optionally substituted with 1, 2, or 3 independently sclected R” substituents.

In some embodiments, R* is C{OXNR™RY;

R s H;
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R is selected from Cis atkyl, Cacycloalkyl, 4-7 membered heterocycloalkyl,
pheny-Cratkyl-, and Csooycloalkyl-Cigalkyl-, wherein the Cis alkyl, Cscycloalkyl, 4-7
membered heterocveloalkyl, phenyt-Ciu alkyl-, and Cs cveloatkyl-Ch alkyl- of R* and RY
are each optionally substituted with 1 or 2 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 4-, 5-, 6-, or 7-membered heterocycloatky! group, wherein the 4-, 5+,
6-, or 7-membered heterocycioalkyi group is optionally substituted with 1 or 2 indepeadently
selected R™ substituents; and

cach R* is independently selected from oxo, Cie alkyl, Crshaloalkyl, CN, and OR®,
wherein the Cis alkyl of R* is optionally substituted with 1 or 2 independently selected RP
substituents.

In some embodiments, R? is C{O)NRYRY;

R is H:

RY is selected from ethyl, propyl, isopropyl, butyl. teri-butvl, cyclobutyl, cyclohexyl,
bicyclo[1.1.1|pentanyl, bicvclof2.1. 1 thexanyl, bicyclo[2.2.1 theptanyl, methyvi-cvclopropyl,
methyl-cyclopbutyl, methyl-phenyl, ethyl-phenvl, oxctanyl, tetrahy drofuranyl,
tetrahydropyranyl, pyrorolidinyl and thianyl, wherein the ethyl, propyl, isopropyl, tert-butyl,
cyclobutyl, cyclohexyl, bicyclo] 1.1 lipentanyl, bicyclo|2.1.1}hexanyl, bicyclo{2.2.1}heptanyl,
methyl-cyvclopropyl, methyvl-cyclopbutyl, methyl-phenyl, ethyi-phenyl, oxetanyl,
tetrahydrofuranyl. tetrabvdropyranyl, pyrorolidinyl and thiany! of R¥ are each optionally
substituted with 1 or 2 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 an azetidinyl or pyrrolidinyl, wherein the azetidinyl or pyrrolidinyl is
optionally substituted with 1 or 2 independently selected R® substituents; and

each R is independently selected from oxo, methvl, CHyF, CHF,, CF;, -OCH;, -
CH,OH, CN and OH.

In some embodiments, R? is C(ONRYRY,;

R%is H;

R s selected from cthyl, propyl. isopropvl. tert-butyl, cvclobutyl. cyclohexyl,
bicvelofl. 1 1 jpentanvl, bicyclof2.1.1fhexanyl, bicyclof2.2. Hheptanyl, methvi-cyclopropyl,
methyl-cyclopbutyl, methyl-phenyl, ethyl-phenyl, oxetanyl, tetralydeofuranyl,
tetrahy dropyranyl, pyvrorchidingt and thianvl, wherein the ethyl, propyl, isopropyl, tert-butyl,
cyclobutyl, cyclohexyl, bicyclo]1. 1. 1ipentanyl, bicyclo|2.1. 1thexanyl, bicyclo|2.2. 1theptanyl,

methyl-cyclopropyl methyl-cyclopbutyl, methyl-phenvl, ethyl-phenyl, oxetanyl,
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tetrahydrofuranyl, tetrahydropyranyl, pyrorolidinyl and thianyl of R% are each optionally
substituted with | or 2 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 an azetidinyl or pyrrolidinyl, wherein the azetidinyl or pyrrohidinylis
optionally substituted with 1 or 2 independently selected R substituents; and

each R* is independently selected from oxo, methyl, CH-F, CHF», CF5, -OCH;, -
CH,OH, CN and OH.

fn some embodiments, R? is CCOINRERY: R® is H; and RY is selected from 4-
hydroxybicyclo[2.2. 1 heptanyl and tetrahy dropyranyl.

In some embodiments, R? is Cy, C(OINRRY or NRUC{O)R®!, wherein R™ is H; and
R and R are each independently selected from Cr atkyvl, Cs oycloalkyl, 4-10 membered
heterocycloalkyl, Caag cycloatkyl-Ci alkyl-, and (4-10 membered heterocycloalkyD-Cie
alkyl-, each of which is optionally substituted by 1, 2, 3. or 4 independently sclected R®
substitoents.

In some embodiments, each R*, R®, RY and RY is independently selected from H,
Cis alkyl, Cishaloalkyl, Cos alkenvl, Cos alkvnyl, Caie arvl, Cous arvl, Cimcycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Coae aryl-Cie alkyi-, Caaocycloalkyl-
Crsalkyl~, (5-10 membered heteroary)-C s alkyl-, and (4-10 membered heterocveloalkvh-Co.
salkyl-, wherein the Cie alkyl, Cog alkenyl, Coe alkynyl, Coao aryl, Cizcycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Ceao arvl-Cigalkyi-, Caagcycloaliyl-
Cisallyl~, (3-10 membered heteroarv)-Cis alkyvl-, and (4-10 membered heterocycloalky)-Ci.
calkyl-, of R, RY, R°Y and R™ are each optionally substituted with 1,2,3.4, 5.6, 7, 0r 8
independently selected R* substituents; and

each R™ is independently selected from OH, CN. halo, Ci.6 alkyl, Ci haloalkyl, Cis
alkoxy, Ciehaloalkoxy, amino, Cisalkylamino, and dCis alkylamino.

In some embodiments, cach R% and R? is independently selected from H, Ci alkyl,
Cye baloalkyl, Cos alkenvl, Cos alkvayl, Chocycloalkyl, 4-10 mmembered heterocycloalkyl,
Couro ary-Crsalkyls, Caiooveloalkyl-Cig alkyl-, (5-16 membered hetercaryi}-Crs alkyi-, and
{(4-10 membered heterocycloalkyD-Crg alliyl-, wherein the Cig alkyl, Cow alkenyl, Cog
alkyryl, Caapcveloalkyl, 4-10 membered heierocycloalkyl, Ceao arvi-Chigalkyl-, Cauo
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered
heterocycloalkyD-Crealkyl- of R°! and R® are each optionally substitoted with 1, 2,3, 4, 3. 6,
7, or 8 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 4-, 5-, 6-, or 7-membered heterocycloalkyl group, wherein the 4-, 5-,

[v%)
(v
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6-, or 7-membered heterocycloalkyi group 1s optionally substituted with 1, 2,3, 4,5, 6,7, or 8
independently selected R substituents.
In some embodiments, Cy i8 a Caascycloalkyl optionally substituted with 1, 2.3, 4, 5,
6. 7, or 8 independently selected R” substituents.
In some embodiments, Cy is a Csapoycloalthyl optionally substituted with 1, 2,3, or 4
independently selected R” substituents.
In some embodiments, Cy s a Cag cvcloalkyl optionally substituted with 1,2, 3, or 4
independently selected R substituents.
In some embodiments, Cy is a 5-14 membered helercaryl optionally substituted with
1,2,3,4.5, 6.7, or 8 independently selected R” substituents.
In some embodiments, Cy 1s a 5-1¢ membered heteroaryl optionally substituted with
1, 2.3, or 4 independently selected R? substituents.
In some embodiments, Cy 18 a 5-6 membered heteroary! optionally substituted with 1,
2.3, or 4 independently selected R substituents.
In some embodiments, Cy is a 5 membered heteroary! optionally substituted with 1,
2, or 3 independently sclected R® substituents.
In some embodiments, Cy is a 5-14 membered heteroaryl optionally substituted with
1,2,3.4,5.6,7, or % independently selected R substituents.
In some embodiments, Cy is a 4-14 membered heterocycloallkyl optionally substituted
with 1, 2. 3, 4. 3, 6, 7. or 8 independently sclected R substituents.
In some emboediments, Cy 1s a 4-1¢ membered heterocycloalkyl optionally substituted
with 1, 2, 3. or 4 independently selected R substituents.
In some embodiments, Cy is a 4-6 membered heterocycloalky! optionally substituted
with 1, 2, 3, or 4 independently sclected R® substituents.
In some embodiments, Cy is a 5 membered heterocveloalky! optionally substituted
with 1, 2. 3, or 4 independently selected R” substituents.
In some embodiments, Cy is selected from:
SN e e e e
NN ON-G 0 Neg N A o R gm;@? '
, each of

which is optionally substituted by 1 or 2 independently selected R substituents.
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In some embodiments, R? is selected from the following moieties:

l\i&{\!‘ lhd ool
(\\\Yg < i
N-B N-o N-S N- N—8 N-N  N-N
& s
T T . N
)\0 SO TR B T G

Yo = =/ N=N . N—N N—N
N N
N \ ¥ >

In some embodiments, Cy is selected from pyrazol-1-yl, pyrazol-4-v1, pyrazol-5-yl,
isoxazoi-3-vi, isothiazol-4-y1, isothizol-5-vl, oxazol-3-vl, thiazol-3-vl, 1,2, 3-triazol-1-v1,
1,2 3-triazol-2-y1, and 1 2 4-triazol-1-yi, each of which is substituted by | R”* substituent.

In some embodimenis, each R* is independently selected from D, halo, Cis alkyl, Ci.
s haloalkyl, Cys alkenyl, Cow alkynyl, Coorp aryl, Cyz cveloalkyl, 5-10 membered heteroarvl, 4-
10 membered heterocycloalkyvl, Ceao aryl-Cisalkyvl-, Csyeveloalkvl-Cig alkyl-, (5-10
membered heteroary)-Che alkyl-, (4-10 membered heterocycloalky}-Cy.¢ alkyl-, CN, NG,,
OR*, SR* NHOR™, CORY, COOINRYRY, COINRORM™), CLOYOR™, OGCOHRY,
OCONRYRY, NRURY NRUNRYR¥, NRUCO)RY, NRUC(OYOR™, NR¥C(OINRY R,
NRUSOIRY, NRUS(OINRYRY, NRUS(ORRY, NR¥S(ORNRYRY, S(O)R™, S(OINR¥RY,
S(0)RY, S(O):NRYR¥, and OS(ORR™, wherein the Cis alkyl, Ca alkenyl, Cay alkynyl, Co.
w0 arvl, Cag cycloalkyl, 5-10 membered hetercaryl, 4-10 membered heterocycloalkyl, Coao
aryl-Cig alkyl-, Caroycloally-Ciealkyl-, (5-10 membered heteroary)-Cigalkyl-, and (4-10
membered heterocycloalkyD-Cie alkyl- of R* are each optionally substituted with 1, 2, 3, 4, 3,
6, 7, or 8 independently selected RY substitucnts;

cach R® R™ R and R* is independently selected from H, Cie alkyl, Ci.¢ haloatkyl,
Cos alkenyl, Cos alkynyl, phenvl, Cincycloalkyl 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenvl-Cis alkyl-, Csycycloalkyl-Cigalkyl-, (3-6 membered heteroarvh-Ci.
s atkyl-, and (4-7 reembered heterocycloatkyB-Cie alkyvl-, wheretn the T alkvl, Coe alkenyl,
Cos alkvayl, pheayl, Cascveloalkyl, 5-6 membered heteroarvl, 4-7 membered
heterocycloalkyl, phenyl-Cig alkyl-, Carcycloalkyl-Chgalkyl-, (5-6 membered hetercaryD)-Ci.
s alkyl-, and (4-7 membered heterocycloatkyl)-Cis alkyl- of R, R™, R, and R™ cach
optionally substituted with 1. 2, 3, 4, 5, 6. 7, or % independently selected R” substituents;

or, any R and R* attached to the sarne N atom, together with the N atom to which
thev are attached, form a 5~ or 6-membered heteroarvl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 3- or 6-membered heteroaryl or 4+, 5+, 6-, or 7-membered
heterocycloalkyl group is optionally substituted with 1, 2,3, 4, 5, 6, 7, or ¥ independently

selected RY substituents; and
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each R" is independently selected from D, OH, NO», CN, halo, Cis alkyl, Cos
alkenyl, Cos alkyayl, Cig haloalkyl, cyano-Cie alkyl, HO-Cig alkyl, Cisalkoxy-Cie alkyvl,
Caaeveloalkyl, Cigalkoxy, Cishaloalkoxy, amino, Csalkyvlamino, di(C s alkyDamino, thio,
Chgallyhthio, Cie alkyvlsalfingl, Ciealkyvlsulfonyl, carbamyl, Cisalkvicarbamyl, di{Cis
atkyheartbamyl, carboxy, Ciealvicarbonyl, Ciaalkoxycarbouyl, Cus slkyicarbonviamino, Cy.
¢ alkyisulfonylamino, aminosulfonvl, Cis alkyvlammosulfonyl, di(Cis alky aminosulfonyl,
arginosulfonylanmine, T stkylanminosulfonviamine, di(C s slkvDansinosulfonviamine,
amunocarbonyviamino, Cealkviamimocarbonylaminoe, and di{C s alkyDaminocarbonylamino,

In some embodiments, each R” is independently selected from D, halo, Ci.e alkyl, Ci.
s haloalkyl, Crs alkenyl, Cos alkynyl, CN, NO,, OR™, SR* NHOR™, C(OR, CH{OINRURY,
COINREHORM, CLOIORY, OCORY, OCOINRURY, NRORY, NR¥NR“RY
NRAC(OIR™, NRPC(O)YORY, NRACOINRZRY, NRUS(OIR™, NRUS(OINRURY,
NRUSO)RM, NRUSOLNRURY, S{(OIRY, SOINRYRY, 8(01:RY, S(OLNRURY, and
OS(0)R™, wherein the Cis alkyl, Co alkenyl, and Cos alkynyl of R are cach optionally
substituted with 1, 2, 3, or 4 independently selected R” substituents;

cach R* R R® and R* is independently selected from H, Cis alkyl, and Cig
halocalkyl, wherein the Cis alkyl of R*, R R, and R* are each optionally substituted with
1,2, 3. or 4 independently sclected R” substituents; and

each R is independently selected from D, OH, NO2. ON, halo, Cis alkyl, Cas
alkenvi, Cos alkvnyl, Ci haloalkyl, cvano-Cie alkyl, HO-C s alkyl, Cis alkoxy-Cie alkyl,
Cseycloalkyl, Cisalkoxy, Cis haloalkoxy, amino, Cisalkylamino, di{Cis alkyDamino, thio,
Cis atkyithio, Crsalkvisuifinvl, Crsalkvisuifonvl carbamyl, Crealkyicarbamyl, di{Cis
alkyhcarbamyl, carboxy, Cisalkvicarbonyl, Ciaalkoxyearbonyl, Cis alkyicarbonylamino, Ci.
s alky Isulfony lamino, aminosutfonyl, Cis alkylaminosulfonyl, di(Cis alkyDamimosulfonyl,
amunosulfonylamino, Cis alkylanminosuionyviaminso, dCiealkyvDaminosulfonylamino,
aminocarbony lanine, Crs alkylaminocarbonylamine, and di(Cig alkyDaminocarbonviamine.

In some embodiments, cach R* is independently sclected from D, halo, Cis alkyl, Cu
¢ haloalkyl, CN, OR*, and NR*R%; wherein the C1 alkyl, Cos alkenvl, and Co alkynyl of
R* are cach optionally substituted with 1, 2, 3, or 4 independently sclected R” substituents;

cach R* R and R™ is independently selected from H, Cus alkyl, Cus
haloalkyLwherein the Ci¢ alkyl of R*, R®, and R® are each optionally substituted with 1, 2,
3, or 4 independently selected R” substituents; and

each R” is independently selected from D, OH, CN, halo, Ci alkvl, i haloalkyl,

Cigalkoxy, Crshaloalkoxy, amino, Crealkylamino, and di{CrsalkyDamine.
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In some embodiments, cach R is independently selected from I, halo, Ci alkyl, and
Crs haloalkyl, wherein the Ci.s alkyl is optionally substituted with |, 2, or 3 D3

In some embodiments, each R* is independently sclected from methyl and CDs.

In some embodiments, each R* is methyl.

In some embodiments, each R* is CDa.

In some embodiments, R? is selected from Cr alkyl, Cis haloalkyl, Ca alkenvl, and
Coe alkynyl, wherein the Ci alkyl, Coe alkenyl, and o6 alkynyi are each optionally
substituted with 1, 2, or 3 independently selected R” substituents.

In some embodiments, R? is Cy.¢ alkyl, which is optionally substituted by 1, 2, or 3
independently selected R” groups.

In some embodiments, R is Ci atkyl.

In some embodiments, R? is propyl.

In some embodiments, R? is Cos alkenyl, which is optionally substituted by 1, 2. or 3
independently selected R groups.

In some embodiments, R” is Cu.¢ atkenyl.

In some embodiments, R? is propenyl or butenyl.

In some embodiments, R? is prop-1-enyl or but-1-enyl.

In some embodiments, R? is Co alkynyl, which is optionally substituted with 1, 2 or
3 independently selected R substituents.

In some embodiments, R? is ethynyl, propyayl, butynyl, or pentynyl, wherein the
cthyny! is optionally substituted by R”*, and the propynyl. butynyl, and pentyny! groups arc
cach optionally substituted by 1, 2, or 3 independently selected R* groups.

In some embodiments, R? is selected from ethynvl, prop-1-ynyl, but-1-ynyl, and pent-
L-ynyl, wherein the ethynyl is substituted by R”, and the prop-1-yavl, but-I-ynyl, and pent-1-
yiy1 are each optionally substituted by 1, 2, or 3 independently selected R” groups.

In some embodiments, R? is selected from prop-i-ynvl, but-1-ynvl, and pent-1-ynvl,
wherein the prop-1-ynyl, but-1-vnvl, and pent-T-yayi are each optionally substituied by 1, 2,
or 3 independently selected R” groups.

In some embodiments, R? is ethynyl, wherein the ethyny] is optionally substituted by
1.2, or 3 independently selected R* groups.

In some embodiments, each R” is independently selected from H, D, Chg alkyl, Cis
haloalkyl, Ceao arvl, Csaz cycloalkyl, 5-10 membered heteroaryl, 4-12 membered
heterocycloalkyl, wherein the Cis alkyl, Caie arvl, Csaz cycloalkyl, 5-10 membered
heteroaryl, and 4-12 membered helerocycloalkyl, are each optionally substituted with 1, 2. 3,

4, or 5 independently selected R” substituents.
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In some embodiments, each R is independently selected from H, D, Ci alkyl, Cis
haloalkyl, Ce.o aryl, Csan cycloalkyl, 5-10 membered heteroaryl, 4-12 membered
beterocycloalkyl, Ceuio a1v1-Cilg alkyl-, Capp cveloalkyl-Cig alkyl-, (5-10 membered
heteroaryD-Cors alkyl-, and (4-12 membered heterocycloalkyD-Crs alkyl-, wherem the Cis
atkyl, Coan aryl Coae oycloalkyl, 5-10 membered betercarvl, 4-12 membered
heterocycloalkyl, Ce.io arv1-Cis alkyl-, Cip cvcloalkyl-Cog alkyl-, (5-10 membered
heteroary}-Crs altkyl-, and {4-12 merbered heterooycloalkyl-Cis alkyl- are cach optionally
substituted with 1, 2, 3, 4. or 5 independently sclected R” substituents, and wherein the
cormnection of Ceao ary1-Cos alkyl-, Cspoyeloalkyl-Crgalkyl-, (5-10 membered hetercaryl)-
(¢ alkyl- and (4-12 membered heterocyvcloalkyD)-Cis alkyl- groups to R” (e.g., to an alkynyl
group of R*) may occur through the aforementioned ring or the Ci alkyl group.

In some embodiments, each R* is independently selected from D, halo, Cy atkyl, Ce.
w0 aryl, Csop cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloatkyl, CN,
NO,, and OR*, wherein the Ci1.s alkyl, Couo aryl, Caao cycloalkyl, 3-10 membered heteroaryl,
and 4-10 membered heterocycloalkyl of R are each optionally substituted by 1 or 2
independently selected R” groups.

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

In some embodiments, each R™ is independently selected from I, halo, Ci. atkyl, Ce.
10 a1yl Csap cycloalkyl, 5-10 membered hetercaryl, 4-10 membered heterocycloalkyl, ON,
NO», and OR™, wherein the Cis alkyl, Coo arvl, Csoio cycloalkyl, 5-10 membered heteroaryl,
and 4-10 membered heterocycloalkyl of R? are cach optionally substituted by 1 or 2
independently selected R” groups; and

each R* is ndependently selected from H and Ci. alkyl.

In some embodiments, cach R” is independently selecied from Crs alkyl, Coo arvl,
Cs.10 cycloalkyl, 5-10 membered heteroarvl, 4-10 membered heterocycloalkyl, and OR™,
wherein the Cie alkyl, Ceo arvl, Csao cycloalkyl, 5-10 membered hetercaryl, and 4-10
membered heterocycloalkyl of R* are each optionally substituted by 1 or 2 independently
selected R” groups.

In some embodimenis, each R* is independently sclected from methyl, cyclopropyl.
pyrazolyl, imidazolvl, phenyl, pyridinyl, pyrimidinyl, pyrazinvl, imidazopyrazinyl, hyvdroxyl,
and methoxy, wherein the cyclopropyl, pyrazolyl, tmidazolyl, phenyl, pyridinyl, pyrinadinyl,
pyrazinyl, and imidazopyrazinyl of R are cach optionally substituted by 1 or 2 independently
selected R” groups.

In some embodiments, each R” is independently selected from halo, Cie alkyl, CN,

cvano-Cis alkyl, and OR™.
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In some embodiments, each R* 1s independently selected from H and Ci.s alkyL

In some embodiments, each R” is independently selected from halo, Cis alkyl, CN,
cyano-Cis alkyl, and OR™; and

each R* is independently sclected from H and Cis alkoyl.

In some embodiments, sach R™ is independently sciected from Cus alkyl, Cou0 aryl,
Ca.10 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, and OR™,
wherein the Cis alkyl, Coue arvl, Caop cycloalkyl, 3-10 membered heteroaryl, and 4-16
membered heterocycloalky! of R® are each optionally substitated by 1 or 2 independently
selected RY groups; and each R” is independently selected from halo, Cy. alkyl, CN, cyano-
Cy.e alkyl, and OR™.

In some embodiments, cach R”* is independently selected from methyl, cyclopropyl,
pyrazolyl, tradazolyl, phenyl, pyridinyl, pyrimidinyl, pyrazinyl, imidazopyrazinyl, hydroxyl,
and methoxy, wherein the cvelopropyl, pyrazolyl, imidazolvl, phenvl, pyridinyl, pvamidinyl,
pyrazinyl, and imidazopyrazinyl of R* are each optionally substituted by | or 2 independently
selected R” groups; and cach R” is independently selected from methyl, cyano, cyanomethyl,
and methoxy .

In some embodiments, R? is Ci6 haloalkyl

In some embodiments, R? is trifluoromethyl.

In some embodiments, R? is selected from Ci cveloalkyl and 4-7 membered
heterocycloalkyl, wherein the Cas cycloalkyl and 4-7 membered heterocycloalkyl are cach
optionally substituted with 1. 2, or 3 independently selected R” substituents.

In some embodiments, each R* is independently selected from D, halo, oxo, Cis
alkyl, Coao arvl, Cis cycloalkyl, 3-10 membered heteroaryl, C(O)RY™, C(O)YOR™,
C(ONR™RY, and S(O)R™, wherein the Ci. alkyl, Co.o arvl, Ci cycloalkyl, and 5-10
membered heteroary! of R™ are each optionally substituted with 1 or 2 independently sclected
R” substituents.

In some embodiments, cach R*, R*, R*, and R™ is independently selected from H.
Cis alkyl, phenvl, Cig cycloalkyl, 5-10 membered heteroaryl, and 4-10 membered
heterocycloalkyl, wherein the Cis alkyl, phenyl, Csis cycloalkyl, 3-10 membered heteroaryl,
and 4-10 maembered heterocycloalkyl of R* and R™ are each optionally substituted with 1 or
2 mdependently selected R substituents.

In some embodiments, R* and R* attached to the same N atom, together with the N
atom to which they are attached, form a 4~ 5-, 6-, or 7-membered heterocycloalkyl group,
wherein the 4-, 5-, 6-, or 7-membered heterocycloalkyl group is optionally substituted with 1

or 2 independently sclected R” substituents.
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In some embodiments, each R” is independently selected from OH, CN, Ci alkyl,
Crsalkoxy, Ciehaloalkyl, and phenyl.

In some embodiments, R is selected from Cans cveloalkyl and 4-12 membered
heterocycloalkyl, wherein the Caan cycloalkyl and 4-12 membered heterocycloatky] are cach
optionally substituted with 1, 2, or 3 independently sclected R* substituents; and

each R* is independently selected from D, halo, oxo, Cis alkyl, Ceao aryl, Cas
cycloalkyl, 5-10 membered heteroaryl, C(OR™, C(OXOR™, C{OINR™R* and S(O),RY,
wherein the Ci alkyl, Ceao aryl, Cas cycloatkyl, and 5-10 membered heteroaryl of R are
each optionally substituted with 1 or 2 independently selected R” substituents.

In some embodiments, R? is selected from Ca cycloalkyl and 4-7 membered
heterocycloalkyl, wherein the Ci cycloalkyl and 4-7 membered heterocycloalky! of R? are
cach optionally substituted with 1, 2. or 3 independently selected R” substituents; and

cach R* is independently selected from Cis alkyl, C(OR™, C{OIOR™, C{O)NRURY
and S(ORR"™, wherein the Cis alkyl of R* are each optionally substituted with 1 or 2
independently selecied R” substituents.

In some embodiments, R? is selected from Cs cycloalkyl and 4-7 membered
heterocycloalkyl, wherein the Cig cycloalkyl and 4-7 membered heterocycloalkyl are cach
optionally substituted with 1. 2, or 3 independently selected R” substituents;

each R® is independently selected from D, halo, oxo. Cig alkyl, Ce10 aryl, Cis
cycloalkyl, 5-10 membered heteroaryl, C(OIRM™, C(OMORY, COINR™R™ and S(O)R™,
wherein the Cie alkyl, Coo aryl, Cas cycloalkyl, and 5-10 membered heteroaryl of R” are
each optionally substituted with 1 or 2 independently selected R” substituents; and

each R* R R® and R* is independently selected from H, C1 alkyl, phenyl, Cas
cycloalkyl 5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl, wherein the Ci
alkyvl, pheavl, Cis cycloalkyl, 5-10 membered heteroarvl, and 4-10 membered
heterocycloalkyl of R¥, R R®, and R% are cach optionally substituted with 1 or 2
independently selected R” substituents.

In some embodiments, R? is selected from Cs.s cycloalkyl and 4-7 membered
heterocycloalkyl, wherein the Cas cycloatkyl and 4-7 membered heterocycloalkyl are each
optionally substituted with 1, 2, or 3 independently sclected R substituents;

each R is independently selected from D, halo, oxo, Cie alkyl, Ceao arvl, Casg
cycloalkyl, 5-10 membered heteroaryl, C(ORY, C(OYOR™, C(OINR™RY, and S(O)R™,
wherein the Ci alkyl, Co.o arvl, Cs cycloalkyl, and 5-10 membered heteroarvi of R™ are

each optionally substinsted with 1 or 2 independently selected R” substituents;
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each R*, R™ R and R* is independently selected from H, Cis alkyl, phenyl, Cas
cycloalkyl, 5-10 merbered hetercaryl, and 4-10 membered heterocycloalkyl, wherein the Cig
alkvl phenyvl, Csae cycloalkvh 5-10 membered heteroaryl, and 4-10 membered
heterocycloalkyl of R*, R R, and R™ are each optionally substituted with L or 2
independently selected R” substituents;

R and R* attached to the same N atom, together with the N atom to which they are
attached, form a 4-, 5-, 6-, or 7-membered heterocycloalkyl group, wherein the 4-, 5-, 6-, or 7-
membered heterocycloalkyl group is optionally substituted with 1 or 2 independently selected
R” substituents; and

cach R is independently selected from OH, CN, Cys alkyl, Cis atkoxy, Cis
haloallyl, and phenyl.

In some embodiments, R? is selected from azetidiavl, cyclobutyl, piperazinyl, and
hexahydropyrrolo|1,2-alpyrazinyl, wherein the azetidinyl, cyclobutyl, piperazinyl, and
hexahydropyrrolo[1,2-alpyrazinyl of R? are each optionally substituted with §, 2, or 3
independently selected R* substituents.

In some embodiments, R? is selected from azetidinyl and cyclobutyl, wherein the
azetidinyl and cyclobuty! of R* are each optionally substituted with 1, 2, or 3 independently
selected R™ substitucnts.

In some embodiments, R? is selected from azetidinvl, cyclobutyl, piperazinyl, and
hexahydropyrrolo|1,2-alpyrazinyl, wherein the azetidinyl, cyclobutyl, piperazinyl, and
hexahydropyvrrolo]§,2-ajpyrazinyl of R? are each optionally substituted with §, 2, or 3
independently selected R” substituents; and

cach R™ is independently selected from oxe, Cis alkyl, phenyl, Ci cycloalkyl, 5-10
membered heteroaryl, C(ORY, C(OOR®, C(OHNRTRY and $(0)R™, wherein the Cis alkyl,
phenvl, Ci cycloalkyl, and 5-10 membered heteroaryl, of R” are each optionally substituted
with 1 or 2 independently selected R substituents.

In some embodiments, R? is selected from azetidinyl, cyclobutyl, piperazinyl, and
hexahydropvrrolo]1,2-apyrazinyl, wherein the azetidinyl, cyclobutyl, piperazinyl, and
hexahydropyrrolo]1,2-alpyrazinyl of R? are cach optionally substituted with 1,2, or 3
independently selected R™ substituents;

each R is independently selected from oxo, Cis alkyl, phenyl, Cas cyeloalkyl, 5-10
membered heteroaryl, CIORY™, C(OYOR™, C(OINR™R™, and S(O):R™, wherein the Ci
alkyl, phenyl, Cs. cycloalkyl, and 3-10 membered heteroaryl, of R”* are each optionally

substituted with 1 or 2 independently selected R substituents; and

43

PCT/US2019/021186



10

15

20

25

30

35

WO 2019/226213

each R*, R™ R and R* is independently selected from H, Cis alkyl, phenyl, Cas
cycloalthyl 5-7 membered heteroaryl, and 4-7 membered heterocycloalkyl, wherein the Cig
alkyl, Css cycloalkyl, 5-7 membered hetercaryl, and 4-7 membered heterocycloalkyl of R,
R™ R and R™ are each optionally substituted with 1 or 2 independently selected R
substitaents.

In some embodiments, R? is selected from azetidinyl, cyclobutyl, piperazinyl, and
hexahydropvrrolofl,2-alpyrazinyl, wherein the azetidinyl, cvclobutyl, piperazinyl, and
hexahydropyrrolo{1,2-alpyrazinyl of R? are each optionally substituted with 1, 2, or 3
independently selected R substituents;

each R™ is independently selected from Cis alkyl, C(ORY, C(OIOR™, C(OINRURY,
and S(O)RR™, wherein the C15 alkyl of R” are each optionally substituted with 1 or 2
independently selected RY substiluents;

cach R* R R and R™ is independently selected from H, Ci4 alkyl, phenyl, Cis
cyvcloalkyl, 3-7 membered hetercarvl, and 4-7 membered heterocycloalkyl, wherein the Cig
atkyl, Cas cycloalkyl, 5-7 membered heteroaryl, and 4-7 membered heterocycloalkyl of R*,
R™ R and R are each optionally substituted with I or 2 independently selected R
substitnents;

or, any R and R™ attached to the same N atom, together with the N atom to which
they are attached, form a 4-, 5+, 6+, or 7-membered heterocycloalkyl group, wherein the 4-, 3+
6-, or 7-membered heterocycloalkyl group is optionally substituted with 1 or 2 independently
selected RP substituents; and

cach R is independently selected from OH, CN, Cis alkyl, Cisalkoxy, Cie
halealkyl, and phenyl.

In some embodiments, R? is selected from azetidingl and cyclobutyl, wherein the
azetidiny! and cyclobutyl of R? are each optionally substituted with 1, 2, or 3 R” substituents
mdependently selected from (1-methyl-1H-pyrazol-4-ysulfonyl, ethylcarboxvlate, oxo,
cyclopropvl, butyl, acetyl, cyclopropasecarbounyl, phenyl, methyiphenyl, dunethvipbenyl,
pyrindinyl, thiazolyl, trifluoromethylphenyl, cyanophenyl, hydroxyphenyl, hydroxymethyl,
cyanoethyl, oxohexahydropverolof |, 2-alpyrazine-2-y1, firan-2-carbonyl, cvanopyrazinyl, and
cthoxyphenyl

In some embodiments, R? is selected from H, D, halo, Ci.6 alkyl, Cis alkoxy, Cag
atkenyl, Coe altkyayl, Cis baloalkyl, Cishakoalkoxy, ON, OH, and NH,, wherein Cy¢ alkyl s
optionally substituted with 1, 2, or 3 D,

In some embodiments, R* is Ci alkyl, wherein Ciealkyl is optionally substituted

with 1, 2, or 3 D.
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In some embodiments, R* is methyl or CDs.

In some embodiments, R? is methyl.

In some embodiments, R is CDs.

In some embodiments, R* is selected from H, D, halo, Ci.6 alkyl, Cis alkoxy, Cag
atkenyl, Coe altkyayl, Cis baloalkyl, Cishakoalkoxy, ON, OH, and NH,, wherein Cy¢ alkyl s
optionally substituted with |, 2, or 3 B,

In some embodiments, R* is H, D or Cy alkyl, wherein Cicalkyl is optionally
substituted with 1,2, or 3 D

In some embodiments, R* is H.

In some embodirents, R is D,

In some embodiments, R is selected from H, D, halo, Cie alkyl, Cis alkoxy. Cos
atkenyl, Coe altkyayl, Cis baloalkyl, Cishakoalkoxy, ON, OH, and NH,, wherein Cy¢ alkyl s
optionally substituted with 1, 2, or 3 D,

In some embodiments, R is H, D or Cis alkyl, wherein Cy¢ alkyl is optionally
substituted with 1,2, or 3 D

In some embodiments, R is H.

In soree embadiments, R s D.

In some embodiments, R* and R are each H.

In some embodiments, R® is selected from H, D, halo, Cis alkvl, Coss alkenyl, Cas
alkvryl, Ci haloalkyl, Ceap aryl, Csaocveloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Coe aryl-Crsalkyl-, Ciapcycloalkyl-Crg alkyl-, (5-10 membered
heteroaryD)-Ci alkyl-, (4-10 membered heterocycloalkyD-Cig alkyl-, ON, NG, OH, COOH
and NH;, wherein Cis alkyl 15 optionally substitated with 1,2, 0r 3 D.

In some embodiments, R® is selected from H, D, halo, Cig alkyl, Cow alkenyl, Casg
atkvavl, Cis halealkyl, CN, NO., OH, COOH and NH,, wherein Cisalkyl is optionally
substituted with 1, 2, or 3 D,

In some embodiments, R® is H, D or Ci alkyl, wherein Cycalkyl is optionally
substituted with 1, 2, or 3 D.

In some embodiments, R® is methyl.

In some embodiments, R® is CDs.

In some embodiments, RS is HL

In some embodiments, R% is D,

In some embodiments, R is Ci haloalkyvl, wherein cach halogen is F, wherein the

haloallylis optionally substituted with 1 or 2 independently selected Y substituents, wherein
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cach Y is mdependently selected from D, halo, Cis alkyvl, and Cys haloalkyl. In other
embodiments, cach Y is independently selected from halo and Ci6 haloalkyl

In some embodiments, R® is H, CH.F, CHF, or CFs.

In some embodiments, R® is selected from CFs, CCh, CF.H, CCLH, CF,Y, CCLY,
CFH,, CClH,, CFHY, CCIHY. CF(Y); and CCI(Y),.

In some embodiments, R® is selected from CFs, CF.H, CF.Y, CFH,., CFHY. and
CF(Y).

In some embodiments, R® is C1 haloalkyl, wherein each halogen is F.

In some embodiments, R® is Cy.¢ haloalkyl, wherein each halogen is Cl.

In some embodirents, R® is selected from CH.F, CHF,, CFs, and CF.CFs.

In some embodiments, R® is CH.F, CHF,, or CFj.

In some embodiments, R is CF.

In some embodiments, R® is CHyF.

In some embodiments, R® is CHF..

in some embodiments, R® is CF.CFx

In some embodiments, R’ is selected from H, D, halo, Cis alkyl, Cos alkenyl, Casg
abkynvl, O haloalkyl, Cous arvl, Coaocveloalkyl, 5-16 membered heteroaryl, 4-10 meembered
heterocyeloalkyl, Ce.e aryl-Crs alkyl-, Cao cycloalkyl-Cig alkyl-, (5-10 membered
heteroaryD-Cis alkyl-, (4-10 membered heterocycloalky )-Cig alkyl-, CN, NO-», OH, COOH
and NHs.

In some embodiments, R7 is selected from H, D, halo, Cie alkyl, Coss alkenyl, Cas
alkyayl, Cig haloalkyl, CN, NO., OH, COOH and NH,.

In some embodiments, R is H, D or Cy alkyl.

In some embodiments, R7 is methyl or ethyl.

fn some embodiments, R7 is CDs.

In some embodiments, R is H.

In some embodirents, R is D,

In some embodiments, R? is selected from H, D, halo, Ci alkyl, Cos alkenyl, Coss
alkyavl, Cig haloalkyl, Coue arvl, Caycvcloalkyl, 3-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Couio arvl-Cis alkyvi-, Caagcycloalkyl-Crs alkvl-, (5-10 membered
heteroary-Cors alkyl-, (4-10 membered heterocycloalkyD-Cog alkyls, CN, NO-», OH, COOH
and NH,, wherein the Cs alkyi is optionally substitwied with §, 2. or 3 .

In some embodiments, R® is selected from H. D, halo, Cis alkyl, Cos alkenyl, Cas
atkynyl, Cig haloalkyl, CN, N3, OH, COOH and NH,, whercein the Cis alkyl 15 optionally
substituted with 1,2, or 3 D
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In some embodiments, R? is H, D or Ci alkyl, wherein the Cis alky! is optionally
substituted with 1, 2, or 3 B3

In some embodiments, R® is methy! or ethyl.

In some embodiments, R® is CDs.

In some embodiments, R is H.

In some embodiments, R¥is D.

In some embodirnents, R7 and R® are each H.

In some embodiments, R’ and R®, together with the C atom to which they are
attached, form a cyclopropyl or cyclobutyh

In some embodiments, R and R, together with the C atom to which they are
attached, form a cyclopropyl.

In some embodiments, each R” is independently selected from H, D, halo, Cis alkyl,
Cie haloalkyl, Cos alkenvl, Coe alkvayl, Couo arvl, Csorcveloalkyl, 5-10 membered heteroarvl,
4-10 membered heterocycloalkyl, Ceo arvl-Crg alkyle, Csmcycloalky -Cig alkyvl-, (5-10
membered heteroaryl}-Che alkvl-, (4-10 membered heterocycloalky)-Chealkyi-, ON, NO,,
OR®, SR¥, NHOR®, C(O)RY, CLONRERY, CHOINRE(ORD), CLOMOR™, OCORY,
OCONRZRY, NR¥R®, NR®NRYR® NRPC{O)RY, NRPC(O)YORY, NREC(OINRPRY,
CENRDRY, CENOHRY, CENCNRY, CENRFINRORY NRPCENRTINRORS,
NRPC(=NRRY  NRECENCHINRPRY, NRPCENCNINRERY, NRPSOHRY,
NRESOINRCRY, NRPSO)RY, NRES(ORNRCRY, S(OIRY, S{OINRCRE, S(O)RY,
S(ORNEZRY, OS(O)=NRIRY, OSORR™, SFs, P(OIRPRE, OP(OWORHOR),
PAOYORPYWOR®), and BRPR®, wherein the Cyq alkyl. Cos alkenyl, Cos alkvnyl, Coue aryl,
Cicycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceo ary1-Cis
alkyl-, Cizoycloalkyl-Cigalkyl-, (3-10 membered heteroary)-Crsalkyl-, and (4-10
membered heterocycloalkyh-Ciealkyl- of RY are each optionally substituted with 1,2, 3, or 4
independently selected R” substituents.

In some embodiments, cach R*, R*, R, and R is independently selected from H,
Ci alkyl, Cichaloalkyl, Cos alkenyl, Cos alkynyl, Ceao aryl, Caocycloalleyl, 5-10 membered
heteroaryl, 4-10 membered heterocycloalkyl, Ceo aryl-Crgalkyl-, Csocvcloalkyl-Cig alkyl-,
(5~10 membered heteroaryl)-Cis alkyl~, and (4~-10 membered heterocycloalky H-Cisalkyl~,
wherein the Cis alkyl, Cop alkenyl, Cog alhynyl, Coo arvl, Csmoycloalkyl, 5-10 membered
heteroaryl, 4-10 membered heterocycloatkyl, Ceao aryl-Crsalkyl-, Cso cycloalkyi-Cie alkyl-,
{5~10 membered heteroaryl)-Cis alkyl-, and (4-10 membered heterocycloalky}-Cis alkyl~ of
R® R™, R%, and R* are each optionally substituted with I, 2, 3. or 4 independently selected

RE substituents;

PCT/US2019/021186



10

15

20

25

30

35

WO 2019/226213

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-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or G-raembered heteroarvl or 4-, 3-, 6-, or 7-raembered
heterocycloalkyl group is optionally substituted with 1, 2, 3, or 4 independently selected R®
substituents.

In some embodiments, each R is independently selected from H, D, halo, Cie alkyl,
Cie baloaltkyl, Cos alkenvl, Cos alkvayl, Coao arvh Csocveloalkyl, 3-10 membered heteroarvl,
4-10 membered heterocveloalkyl, Coao aryl-Cis alkyl-, Cimeycloalkyl-Cis alkyl-, (3-10
membered heteroary)-Ch.q alkyl-, and (4-10 membered heterocycloalkyD-Crgalkyl-, ON,
NO,, OR™, SR*, NHOR™, C{O)R™, C{OINRCR®, C(ONR*(OR™), C{OYOR®, OC(ORY,
OC(OMNRERY, NRORY, NRENRORS NRECOIRY, NRECC(OYOR™, NROCO)NRPRY,
CENRERY, C=NOHRY, CENCN)RY, C=NR¥OINRORY, NROC(=NR®INRPRY,
NROCENROR, NRECENOHINRORY, NRECENCNINRERY, NRPS(O)RY,
NRES(OINEFRY, NRUS(O),RY, NRUS(OLNRURY, S(OR™, S(OINRRY, S(O)LR,
SEORNRURYS, OS(OH=NREIR, OS(ORR™, SF:, PIORCRE, OP(OWOR™HOR),
PIOYOR™YOR™), and BRURX, wherein the Cy. alkyl, Cox alkenyl, Ca alkynyl, Coao arvh,
Caqcycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceqp aryl-Cis
alkyi~, Cso cyeloalkyl-Cig alkyvls, (53-10 membered heteroaryD-Ci¢ alkyl-, and (4-10
membered heterocycloalkyD)-Cig alkyl- of R® are each optionally substituted with 1,2, 3, or 4
independently selected R® substituents.

In some embodiments, cach %, R*, R, and R® is independently selected from H.
Cis alkvi Cushaloalkyl Cos alkenvl, Cos allvnyl, Coup arvl, Caooycloalkyl, 3-10 mmembered
heteroarvl, 4-10 membered heterocycloalkyl, Ceao arv1l-Cisalkyl-, Cizcyvcloalkyl-Cis alkyl-,
(5-10 membered heteroaryl-Cis alkyl-, and (4-10 membered heterocycloalhy D-Cis alkyl-
wherein the Cis alkyl, Cos alkenyl, Cos alkynyl, Cs.io arvl, Caycycloalkyl, 5-10 membered
heteroarvl, 4-10 membered heterocycloalkyl, Ceao arv1l-Cisalkyl-, Cizcyvcloalkyl-Cis alkyl-,
(5-10 membered heteroaryh-Cis alkyl-, and (4-10 membered heterocycloalkyh-Crs alkyl- of
R® RY® R and R* are each optionally substituted with 1, 2, 3, or 4 independently selected
R” substitnents;

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 hetercaryl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or 6-membered hetercarvl or 4-, 3-, 6-, or 7-mermbered
heterocycloalkyl group is optionally substituted with 1, 2. 3, or 4 independently selected R

substituents.
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In some embodiments, the compound 1s a compound of Formula (15):

N NHy
X

N ORZ?

(b
or a pharmaceutically acceptable salt thercof

5 In some embodiments, the compound is a compound of Formuda (i

(In

or a pharmaceutically acceptable salt thereof.

In some embodiments, the compound 1s a compound of Formula IV

R3 l Ny -NH;
Rt T;I:l
j5 N

O——R®

H
HO——RT
10 R®

{av)
or a pharmaceutically acceptable salt thereof.

In some embodiments, the compound 1s a compound of Formula (V):
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or a pharmaceutically acceptable salt thereof.

In some embodiments, X' is N or CRY

R'is H, D or Cis alkyl

R?is Cy, CIONRYRY or NREC(OR,

Cy is 5-14 membered heteroaryl, which is optionally substituted with 1,2, 3,4, 5, 6,
7, or 8 independently selected R® substituents;

R?, R* and R” are each independently selected from H, D, halo, Ci. alkyl, Cie
alkoxy, Cre alkenyl, Cos alkynyl, Cis haloalkyl, Cishaloalkoxy, CN, OH, and NH;, wherein
Crsalkyl is optionally sobstituted with 1, 2, 0r 3 D;

R® R” and R® are each independently selected from H, D, halo, Cis alkyl, Cas
atkenyl, Cos alkynyl, Cis haloalkyl, CN, OH, and NH,, wherein Cis alkyl is optionally
substituted with 1, 2, or 3 I);

cach R™ is independently selected from D, halo, Cue alkyl, Cis haloalkyl, Cos
atkenyl, Cos allynyl, Ceao arvl, Cam cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Coap aryl-Cis alkyl~, Cioycloaliot-Che alkyl-, (5-10 membered
heteroaryD-Crs alkyl-, (4-10 membered heterocycloalky!)-Cis alkyl-, CN, NO2, OR™, SR®,
NHOR®, C{O)R™, COINRYRE, C(OINROR™), C(OI0R™, OCOR™, OC(OINRYRY,
NR¥RY NRENRURY NRUC(ORY, NRECOYOR, NRUCOINRYRY, NRUS(ORY,
NRUSOINRURY, NRUS(O)RR™, NRUS(G)NRURY, S(OR™, S(OINRYRY, S(OnRR™,
S{ORNRUARM and OS(O)RY, wherein the Ciss alkyl, Coe alkenyl, Cos alkynyl, Coio arvl, Ca.
7 cycloalkyl, 5-10 membered heteroarvl, 4-10 membered heterocycloalkyl, Ceio arvl-Cis
atkyi-, Csocycloalkvl-Cie alkyl-, (3-10 membered heteroaryD-Cic alkyl-, and (4-10
membered heterocveloalkyD-Cisalkyl- of R are each optionally substituted with 1, 2.3, 4, 5.
6. 7, or 8 independently selected RY substituents;

cach R™, R®, and R¥ is independently sclected from H, Ci alkyl, Cis haloatkyl, Cos
alkenvl, Cos alkynyl, phenyl Camcycloalkyi, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyl-Chealkyl-, Ciooycloalkyl-Cisalkyl-, (5-6 membered heteroarvh-Ca.
salkyl-, and (4-7 membered heterocycloatkv-Crs alkyl-, wheremn the Cus alkyl, Cos alkenyl,
Cos allynyl, phenvl, Camoyeloatkyl, 5-6 membered heteroaryl, 4-7 membered
heterocyclealkyl, pherwvl-Cie alkyl-, Cimcycloalkyi-Cigalkyl-, (5-6 membered heteroarvh)-Ci.
s alkyl-, and (4-7 membered heterocycloalkyD)-Cie alkyl- of R¥, R and R 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, Cis alkyl, Cishaloalkyl,
Cog alkenyl, Co alkyayl phenyl, Cancycloalkyl, 5-6 membered heteroaryl, 4-7 membered

heterocycloalkyl, phenyi-Cis alkyl-, Caocycloalkyl-Cigalkyi-, (5-6 membered hetercary3-Ci.
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salkyl-, and (4-7 membered heterocycloatkv-Crs alkyl-, wheremn the Cus alkyl, Cos alkenyl,
Cos allynyl, phenvl, Camoyeloatkyl, 5-6 membered heteroaryl, 4-7 membered
heterocyclealkyl, pherwvl-Cie alkyl-, Cimcycloalkyi-Cigalkyl-, (5-6 membered heteroarvh)-Ci.
salkyl-, and (4-7 membered heterocycloalkyl)-Crs alkyvl- of R®, 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
thev are attached, form a 5- or 6-membered heteroaryl or a 4-, 5-, 6-, ot 7T-meraberad
heterocyeloalkyl group, wherein the 3- or 6-merabered heteroary! or 4-, 5-, 6-, or 7-merabered
heterocycloalkyl group is optionally substitated with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected R substituents; and

each R is independently selected from D, OH, NG, CN. halo, Cis alkyl, Cas
atkenyl, Coe altkyayl, Cis baloalkyl, cvano-Cs alkyl, HO-Co, slkvl, Ciealkoxy-Cos alkyvl,
Caaeveloalkyl, Cigalkoxy, Cishaloalkoxy, amino, Csalkyvlamino, di(C s alkyDamino, thio,
Chgallyhthio, Cie alkyvlsalfingl, Ciealkyvlsulfonyl, carbamyl, Cisalkvicarbamyl, di{Cis
alkvhearbamyl, carboxy, Ciealkvicarbonyl, Cisalkoxycarbonvl, Csalkylcarbonyviamino, Ci.
¢ alkyisulfonylamino, aminosulfonvl, Cis alkyvlammosulfonyl, di(Cis alky aminosulfonyl,
arginosulfonylanmine, T stkylanminosulfonviamine, di(C s slkvDansinosulfonylanmine,
amunocarbonyviamino, Cealkviamimocarbonylaminoe, and di{C s alkyDaminocarbonylamino,

In some embodimenis, groups X', R', R¥. R R Cv, RN RY, R* R®, R, R7. R® R¥™,
RM R R¥ and R” are as defined above, and R% is Cy.

In some embodiments, groups X', RY RY R RY, Cy, R RS RE R R R7 R® R,
R™ R% R¥ and R” are as defined above, and R? is C(OINRY'RY,

In some embodiments, groups X, R, R R® R¥ Cy, RA RY R R RS, R7, RS R™,
" R® R* and R” arc as defined above, and R is NRTC(O)R™.

In some embodiments,

X' is N or CRY

R'is H, D or Cis alkvl;

R?is Cy. CIOWNRERY or NREC(O)R:

Cy is 5-6 membered heteroaryl, which is optionally substituted with 1, 2,3, or 4
independently selected R™ substituents;

R*, RY, and R” are each independently selected from H, D, halo, Cis alkyl, Cis
atkoxy, Coe atkenyl, Cos alkyavl, s baloalkyl, Cishaloalkoxy, ON, OH, and NH,., wherein
Crsalkyl is optionally substituted with 1, 2, or 3 D;
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R® R” and R® are each independently selected from H, D, halo, Cy alkyl, Cos
alkenyl, Cog alkyuyl, Cig haloalkyl, CN, OH, and NH,, wherein Cisalkyl 1s optionally
substituted with 1, 2, or 3 I);

each R™ is independently selected from D, halo, Ci. alkyl, Cig haloalkyl, Cae
atkenyl, Coe altkyavl, Couo aryl, Cso oveloalkyl, 5-10 membered betercaryl, 4-10 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroaryh)-C s alkyl-, (4-10 membered hetercoycloalky})-Cies alkvl-, CN, NOs, OR™, SR*,
NHOR™, C(OR™, CIOOMNRYRY, CLOINRORY), CLOIOR™, OCIOIRY, OC{OINRURY,
NRUR¥ NR¥NRORY NRUCO)R™, NRUC(O)YOR™, NR¥C(O)NRRY, NR¥S(O)R™,
NRUS{OINRURY, NR¥S(O):R™, NRUS(ORNRURY, S(ORM, S(OINRYRY, S(O)nRY,
S(OLNEYRY, and OS{0O)R, wherein the Cis alkyl, Cos alkenyl, Co alkynyl, Coupo aryl, Ca.
v cvcloalkyl, 5-10 membered beteroarvi, 4-10 mergbered beterocycloaikyl Couo arvl-Cig
alkvl-, Cayoveloalkyl-Cis alkyl-, (5-10 membered heteroarvi)-Csalkyl-, and (4-10
membered heterocycloalkyy-Cigalkyl- of R® are each optionally substituted with 1,2, 3, 4. 3,
6, 7, or 8 independently selected R” substituents;

cach R™, R¥, and RY is independently selected from H, Cis alkyl, Cishaloalkyl, Cos
afkenvi Cos alkynyl, phenyl, Comoycloalkvl 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyi-Cis alkyl-, Caocycloalkyl-Cigalkyi-, (5-6 membered hetercary3-Ci.
salkyl-, and (4-7 membered heterocycloatkyD-Crg alkyle, wherein the Cig alkyvl, Co alkenyl,
Coe alkyuvl, phenyl, Csoeveloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyl-Cis alkyl-, Ciycycloalkyl-Cisalkyl-, (3-6 membered heteroaryD)-Ca.
calkyl-, and (4-7 membered beterocyeloalkyD)-Cis alivl- of R, R, and RY 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, Cis alkyl, Cis haloalkyl,
Cos alkenyl, Cos alkynyl, phenvl, Casycycloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenvl-Cis alkyl-, Csycycloalkyl-Cigalkyl-, (3-6 membered heteroarvh-Ci.
s atkyl-, and (4-7 eembered heterocycloatkyB-Cie alkvl-, wheretn the T alkvl, Coe alkenyl,
Cos alkynyl, phenyl Cascycloatkyl, 5-6 membered heteroarvi, 4-7 membered
heterocycloalkyl, phenyl-Cis alkyl-, Cascycloalky-Chg alkyl-, (3-6 merbered heteroaryD-Ca.
s alkyl-, and (4-7 membered heterocycloatkyh-Ci¢ alkyl- of R* R™, R and R™ are cach
optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 5 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 heteroarvi or a 4-, 5-, 6, or 7-membered

heterocycloalkyl group, wherein the 3- or 6-membered heteroaryl or 4+, 5+, 6-, or 7-membered
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heterocycloalkyl group is optionally substitnted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RY substituents; and

cach RP is independently selected from D, OH, NO», CN, halo, Cis alkyl, Cae
atkenyvl, Cos allynyl, Cig haloalkyl, cvano-Cie alkyl, HO-Cg alkyvl, Crgalkoxy-Cie alkyl,
Caacycloalkyl, Cisalkoxy, o haloatkoxy, amino, Cheafkyviamino, s alkvhamino, thio,
Cis alkyithio, Cig alkvisuifinvl, Cigalkyisuifonyl, carbamyl, Cisalkylcarbamyl, di(Cis
afkvhcarbarayl, carboxy, Crsalikvicarbonyl, Cigalkoxyoarbonyl, Cie alkvicarbonviamino, Ci.
¢ alkylsulfonylanuno, aminosulfonyl, Cis alkylaminosulfonyl, di(Cis alkyDamimosulfonyl,
aminosalfonviamino, Cis alkyvlaminosoHonyvlamine, di(Ciq alkyliaminosolfonyviamino,
arginocarbonylamine, Cus slkyiaminocarbonylaninn, and . alkvhaminocarbonyiaming,

In some embodiments, groups X', RY RY R RY, Cy, R RS RE R R R7 R® R,
R™ R R¥ and R® are as defined above, and R* is Cy.

In some embodiments, groups X', RL R R RY Cy, RY R RY BT, RO, R7, RE R,
™ R® R* and R” arc as defined above, and R” is C(ONRYRY.

In some embodiments, groups X', RY, R» R RY Cy, RA R* RY R* R® R’ R® R™
R" R® R¥, and R” are as defined above, and R’ is NRO'C(O)R™.

In some embodiraents:

X'isNor CH;

R’ is C{ONRIRY;

each R and R is independently selected from H, Cis alkyl, Cos alkenvl, Cos
atkynyl, Caagovcloatkyl, 4-10 membered heterocycloaliyl, Cep arvi-Crealkyl-, Csap
cycioalkyi-Cisalkyl-, (3-10 membered hetercary-Crs altkyl-, and (4-10 membered
heterocycloalky-Crs alkyl-, wherein the Cis alkvl, Cos alkenvl, Co alkvavl, Caap
cycloalkyl 4-10 membered heterocycloalkyl, Co.io aryl-Crgalkyle, Caipoycloalkyl-Crgalkyl-,
(5-10 membered heteroaryl)-Che alkyl-, and (4-10 membered heterocycloalkyh-Cigalkyl- of
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 same N atom, together with the N atom to which
they are attached, form a 4-, 5+, 6+, or 7-membered heterocycloalkyl group, wherein the 4+, 3+
-, or 7-membered heterocycioalky! group is optionally substituted with 1, 2, 3, or 4
independently selected R® substituents;

cach R* is independently selected from D, halo, oxo, C s alkyl, Cishaloalkyl, Cus
alkenyl, Coss alkynyl, CN, NO», and OR®, wherein the Ci alkyl, Cas alkenyl, and Cas

atkynyl of R® is optionally substituted with 1, 2 or 3 independently selected R substitents;
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cach R* is independently sclected from H and Ci alkyl, wherein the Ci6 atkyl is
optionally substituted by CN, NO», or OH;

cach R is OH;

each R, R* and R° is independently selected from H, D, halo, CN, OH, C1.; alkvl, and
Cy.; haloalkyl, wherein the 1. alkyvl (s optionally substituted by 1,2,3. 4, 5, ot 6 D) and

each R R’, and R is independently selected from H, D, C1 alky! and Cys haloalkyl.

In some embodiraents:

X'is N;

R’ is C(ONRERY:

R is H;

RY is selected from ethyl, propyl, isopropyl, tert-butyl, cvclobutyl, cyclohexyl,
bicyclof 1.1 1jpentanyl, bicyclof2. 1. 1Thexanvl, bicyelof2.2. 1{heptanyl, methyl-cyclopropyl,
methyl-cyclopbutvl, methvi-phenyl, ethyl-phenvl, oxetanyl, tetrahydrofuranvi,
tetrahydropyranyl, pyrorolidinyl and thianyl, wherein the ethyl, propyl, isopropyl, tert-butyl,
cyclobutyl, cyclohexyl, bicyclo] 1.1 ipentanyl, bicyclo]2.1. 1 hesanyl, bicyclo|2.2. 1 heptanyl,
methyl-cyclopropyl, methvl-cyclopbutyl, methyl-phenyl, ethyl-phenyl, oxetanyl,
tetrahydrofuranyl, tetrabvdropyranyl, pyrorolidinyl and thianyl of R is optionally substituted
with 1 or 2 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 an azetidiny! or pyrrolidiny], wherein the azetidingl or pyrolidiny is
optionally substituted with 1 or 2 independently selected R” substituents;

each R” is independently selected from oxo, methyl, CH,F, CHF,, CFy, -OCH;, -
CH,OH, CN, and OH;

RY is selected from H, methyl, and CDs.

R" and R” are cach H:

R® is selected from CHLF, CHF,. and CF3; and

R” and R® are cach H.

In some embodiments:

X isNor CH:

R? is selected from Cis alkyl, Ci.6 hatoalkyl, Cos alkenyl, and Cas alkynyl, wherein
the Ci alkyl, Cos alkenyl, and T alkynyl are each optionally substituted with 1, 2, or 3
independently selected R substituents;

cach R” is independently selected from D, halo, Ci alkyl, Couio aryh, Csao cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloaliyl, CN, NQGo., and OR™, wherein

the Cis alkyl, Cso aryl, Cs.io cycloalkyl, 5-10 membered heteroaryl, and 4-10 membered
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heterocycloalkyl of R* are each optionally substituted by 1 or 2 independently selected RP
groups;

each R* is independently selected from H and Ci.6 alkyl;

each R” is independently selected from halo, Cis alkyl, CN, cyano-Cis atkyl, and
OR™;

each R™ is independently selected from H and Cis alkyl;

each R, R* and R° is independently selected from H, D, halo, CN, OH., Ci.s alkyl, and
Cis haloalkyl, wherein the Ch alkyl is optionally substituted by 1,2, 3,4, 5, or 6 D; and

each R®, R, and R¥ is independently selected from H, D, Ci alkyl, and Cis
haloalkyl.

In some embodiments:

X'isNor CH;

R? is selected from Cis alkyl, Ci.6 hatoalkyl, Cos alkenyl, and Cas alkynyl, wherein
the Ci alkyl, Cos alkenyl, and Chs alkynyl are each optionally substituted with L or 2
independently sclected R substituents;

cach R” is independently selected from D, halo, Ci alkyl, Ceuo aryh, Csa cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, CN, NO;,, and OR™, wherein
the Cis alkyvl, Ceoro aryl, Csai cycloalkyl, 5-10 membered heteroarvl, and 4-10 membered
heterocycloalkyl of R* are each optionally substituied by T or 2 independently selected R®
groups;

each R* is independently selected from H and Cis alkyl;

each R® is independently selected from halo, Ci. alkyl, CN, cvanc-Ci atkyl, and
OR™»;

cach R™ is independently selected from H and Cis alkyl;

R is sclected from H and Cis alkyl;

R* is selected from H and Ci alkyl;

R’ is selected from H and Ci alkyl:

R®1s a Cy.5 haloalkyl, wherein each halogen of the C1.5 haloalkyl is independently
selected from F and C1; and

each R” and R® is independently selected from H, D, Cr6 atkyl, and Ci haloalkyl

In some embodiments:

X'isN;

R is selected from trifluoromethyl, propyl, propenyl, ethynyl, propynvl, batynyl, and

pentynyl, wherein the ethynyl is optionally substituted by R”, and the propynvl. butyavl, and

A
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pentynyl groups are each optionally substituted by 1, 2, or 3 independently selected R*
groups;

each R* is independently selected from Cis alkyl, Co.i0 arvl, Csp cycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, and OR™, wherein the Cy alkyl, Ce.
10 a1yl Caap cvcloalkyl, 5-10 membered beteroaryl, and 4-10 membered beterocycloalkyi of
R* are cach optionally substituted by 1 or 2 independently selected R” groups:

each R¥ is independently selected from H and Cis alkyl;

each R” is independently selected from halo, Cie alkyl, CN, cyvano-Ci atkyl, and
OR»:

cach R™ is independently selected from H and Cis alkyl;

R is Cig alkyl;

RYis H;

R°is H;

R®is a Ci.3 haloalkyl, wherein each halogen of the Cy.; haloalkyl is independently
selected from F and CL

R’ is H; and

R¥is H.

In some embodiments:

X is N

R* is selected from trifluoromethyl, propyl, propenyl, ethynyl, propvnvl, butynyl, and
pentynyl, wherein the ethynyl is optionally substituted by R”, and the propynyl, butynvl, and
pentynyl groups are each optionally substituted by 1, 2, or 3 independently selected R
groups;

each R™ is independently selected from methyl, cyclopropyl, pyrazolyl, imidazolyl
phenyl, pyridinyl, pynimidinyl, pyrazinvl, inadazopyrazinyl, hydroxyl, and methoxy, wherein
the cyclopropyl, pyrazolyl, imidazolyl, phenvl, pyridinvl, pyrimidinyl, pyrazinyl, and
imidazopyrazinvl of R* are each optionally substituted by 1 or 2 independently selected R”
Lroups;

cach R is independently selected from methyl, cyano, cyanomethyl, and methoxy;

R’ is Cis alkyl;

RYis H;

Ris H;

R® is CHF: or CF;3;

R’ is H; and

R¥is H.
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In some embodiments:

X isNor CH:

R? ig selected from Cs.; oycloalky! and 4-12 membered heterocycloaliyl, wherein the
Caao cyeloalkyl and 4-12 membered heterocycloalkyl are cach optionally substituted with 1,
2, or 3 independently selected R” substituents;

each R* is independently selected from D, halo, oxo, Cis alkyl, Ceao aryl, Cas
cycloalkyl, 3-10 membered heteroaryl, C(OR™, C(OYOR™, C(OWNRURY, and S(0RR™,
wherein the Ci alkyl, Ceao aryl Cas cycloatkyl, and 5-10 membered heteroaryl of R are
each optionally substituted with 1 or 2 independently selected R” substituents;

each R* R R and R™ is independently selected from H., Ci alkyl, phenyl, Cae
cycloalkyl 5-10 membered heteroaryl, and 4-10 membered heterocycloalkyl, wherein the Cie
atkyl, phenvl, Cis cycloalkyl, 5-10 membered heteroaryl, and 4-10 membered
heterocycloalkyl of R* and R™ are cach optionally substituted with | or 2 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 4-, 5+, 6-, or 7-membered heterocycloatky! group, wherein the 4-, 5+,
6-, or 7-membered heterocycioalkyi group is optionally substituted with 1 or 2 indepeadently
selected R substitucnts;

each R’ R* and R’ is independently selected from H, I, halo, CN. OH, Cy.z alkyl, and
(i haloalkyl, wherein the Cis alky! is optionally substituted bv 1,2, 3,4, 5,07 6 J; and

each R®, R and R? is independently selected from H, D, Cis alkyl, and Cis haloatkyl.

In some embodimenis;

XlisNor CH;

R” is selected from Cig oycloalkyl and 4-7 membered heterocycloalkyl, wherein the
Cs.6 cycloalkyl and 4-7 membered heterocycloalky! are each optionally substituted with 1, 2,
or 3 R* substituents;

each R™ is independently selected from Cis alkyl, C(ORY, C(OIOR™, C(OINRURY,
and S(ORR™, wherein the C15 alkyl of R® are each optionally substituted with 1 or 2
independently selected RY substituents;

cach R* R R and R™ is independently selected from H, Ci4 alkyl, phenyl, Cis
cyvcloalkyl, 3-7 membered hetercarvl, and 4-7 membered heterocycloalkyl, wherein the Cig
atkyl, Cie cycloalkyl, 5-7 membered heteroaryl, and 4-7 membered heterocycloalkyl of R¥,
R™ R and R are each optionally substituted with I or 2 independently selected R

substituents:

A
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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 4-, 5+, 6+, or 7-membered heterocycloalkyl group, wherein the 4-, 3+
6-, or 7-membered heterocycloalky! group is optionally substituted with 1 or 2 independently
selected RP substituents;

each R is independently selected from OH, CN, Cis atkyl, Cis alkoxy, Ci haloatkyl
and phenyl;

R¥ is selected from H, methyl and CDs;

R" and R” are cach H:

R® is selected from CHLF, CHF,, and CFs: and

R” and R® are cach H.

In some embodiments:

XM is N

R? ig selected from azetidinyl, cyclobutyl, piperazinyl, and hexahvdropyrrolof1,2-
alpyrazinyl, wherein the azetidinyl, cyclobutyl, piperazinyl, and hexahydropyrrolofi,2-
ajpyrazinyl of R? are cach optionally substituted with 1, 2, or 3 R” substituents independently
selected from (1-methyi-1H-pyrazel-4-yhsulfonyl, ethylcarboxylate, oxo, cyclopropyl, butyl,
acetyl, cvclopropanecarbonyl, phenvl, methyiphenyl, dimethyiphenyl, pyrindinyl, thiazolyl,
trifluoromethylphenyl, cyanophenyl, bydroxyphenyl, hyvdroxymethyl, cyanoethyl,
oxchexabyvdropyrrolofl, 2-alpyvrazine-2-v1, furan-2-carbonyl, cyanopyrazinyl, and
cthoxyphenyl,

R* is selected from H. methyl and CDs;

R* and R’ are cach H;

R® is sclected from CHLF, CHFE,, and CF3; and

R” and R® are each H.

In some embodiments,

X' is N or CRY

RYis H;

R?is Cy. CIOWNRERY or NREC(O)R:

Cy is S-membered heteroaryl, which is optionally substituted with 1, 2, or 3
independently selected R” substituents;

R*, RY, and R” are each independently selected from H, D, halo, Cis alkyl, Cis
atkoxy, Coe atkenyl, Coe alkyavl, s baloalkyl, Cishaloalkoxy, ON, GH, and NH,, wherein
Crsalkyl is optionally substituted with 1, 2, or 3 B;

PCT/US2019/021186
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R® R” and R® are each independently selected from H, D, halo, Cy alkyl, Cos
alkenyl, Cog alkyuyl, Cig haloalkyl, CN, OH, and NH,, wherein Cisalkyl 1s optionally
substituted with 1, 2, or 3 I);

each R™ is independently selected from D, halo, Ci. alkyl, Cig haloalkyl, Cae
atkenyl, Coe altkyavl, Couo aryl, Cso oveloalkyl, 5-10 membered betercaryl, 4-10 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroaryh)-C s alkyl-, (4-10 membered hetercoycloalkyl)-Cies alkvl-, CN, NOs, OR™, SR*,
NHOR™, C(OR™, CIOOMNRYRY, CLOINRORY), CLOIOR™, OCIOIRY, OC{OINRURY,
NRUR¥ NR¥NRORY NRCO)R, NRUC(O)YOR™, NRUC(O)NRRY NR¥S(O)R™,
NRUS{OINRURY, NR¥S(O):R™, NRUS(ORNRURY, S(ORM, S(OINRYRY, S(O)nRY,
S(OLNEYRY, and OS{0O)R, wherein the Cis alkyl, Cos alkenyl, Co alkynyl, Coupo aryl, Ca.
v cvcloalkyl, 5-10 membered beteroarvi, 4-10 mergbered beterocycloaikyl, Couo arvl-Cig
alkvl-, Cayoveloalkyl-Cis alkyl-, (5-10 membered heteroarvl)-Csalkyl-, and (4-10
membered heterocycloalkyy-Cigalkyl- of R® are each optionally substituted with 1,2, 3, 4. 3,
6, 7, or 8 independently selected R” substituents;

cach R™, R¥, and RY is independently selected from H, Cis alkyl, Cishaloalkyl, Cos
afkenvi Cos alkynyl, phenyl, Comoycloalkvl 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyi-Cis alkyl-, Caocycloalkyl-Cigalkyi-, (5-6 membered hetercary3-Ci.
salkyl-, and (4-7 membered heterocycloatkyD-Crg alkyle, wherein the Cig alkyvl, Co alkenyl,
Coe alkyuvl, phenyl, Csoeveloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyl-Cis alkyl-, Ciycycloalkyl-Cisalkyl-, (3-6 membered heteroaryD)-Ca.
calkyl-, and (4-7 membered beterocyeloalkyD)-Cis alivl- of R, R, and RY 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, Cis alkyl, Cis haloalkyl,
Cos alkenyl, Cos alkynyl, phenyl, Casycycloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenvl-Cis alkyl-, Csycycloalkyl-Cigalkyl-, (3-6 membered heteroarvh-Ci.
s atkyl-, and (4-7 reembered heterocycloatkyB-Cie alkyvl-, wheretn the T alkvl, Coe alkenyl,
Cos alkynyl, phenyl Cascycloatkyl, 5-6 membered heteroarvi, 4-7 membered
heterocycloalkyl, phenyl-Cis alkyl-, Cascycloalky-Chg alkyl-, (3-6 merbered heteroaryD-Ca.
s alkyl-, and (4-7 membered heterocycloatkyh-Cie alkyl- of R* R R and R™ are cach
optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 5 independently selected R substituents;

or, any R® and R* atiached to the same N atom, together with the N atom to which
they are attached, form a 5~ or 6-membered heteroarvi or a 4-, 5-, 6, or 7-membered

heterocycloalkyl group, wherein the 3- or 6-membered heteroaryl or 4+, 5+, 6-, or 7-membered
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heterocycloalkyl group is optionally substitnted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RY substituents; and

cach RP is independently selected from D, OH, NO2, CN, halo, Cis alkyl, Cae
atkenyvl, Cos allynyl, Cig haloalkyl, cvano-Cie alkyl, HO-Cg alkyvl, Crgalkoxy-Cie alkyl,
Caacycloalkyl, Cisalkoxy, o haloatkoxy, amino, Cheafkyviamino, s alkvhamino, thio,
Cis alkyithio, Cig alkvisuifinvl, Cigalkyisuifonyl, carbamyl, Cisalkylcarbamyl, di(Cis
afkvhcarbarayl, carboxy, Crsalikvicarbonyl, Cigalkoxyoarbonyl, Cie alkvicarbonviamino, Ci.
¢ alkvlsulfonylamino, aminosulfonyl, Cis allylaminosulfonyl, di(Cis alky Damimosulfonyl,
aminosalfonviamino, Cis alkyvlaminosoHonyvlamine, di(Ciq alkyliaminosolfonyviamino,
arginocarbonylamine, Cus slkyiaminocarbonylaninn, and . alkvhaminocarbonyiaming,

In some embodiments, groups X', RY RY R RY, Cy, R RS RE R R R7 R® R,
R™ R R¥ and R® are as defined above, and R* is Cy.

In some embodiments, groups X', RL R R RY Cy, RY R RY BT, RO, R7, RE R,
™ R® R* and R” arc as defined above, and R” is C(ONRYRY.

In some embodiments, groups X', RY, RY R RY Cy, RA R* R*, R* R® R’ R® R™
R"™ R R¥, and R” are as defined above, and R’ is NRO'C(OR™.

In some embodiments, the compound is a compound of Formulda (V)

(V)

or a pharmaceutically acceptable salt thereof, wherein:

X' is N or CRY

R'is H, D or Ci atkyl;

Cy is 5-14 membered heteroarvi, which is optionally substituted with 1, 2,3, 4, 5, 6,
7, or 8 independently selected R” substituents;

R*, R*, and R® are each independently selected from H. D, halo, Cis alkyl, Cie
atkoxy, Cas atkenyl, Cog alkynyl, Cis haloalkyl, Cighaloaltkoxy, ON, OH, and NH;, wherein
Cisalkyl is optionally substituted with 1, 2, ov 3 I3,

R® R7 and R® are each independently selected from H, D, halo, Cis alkyl, Cas
alkenyl, Cos alkynyl, Ci haloalkyl, CN, OH, and NH,, wherein Ci alkyl is optionally
substituted with 1, 2, or 3 I);
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PCT/US2019/021186



10

15

20

25

30

WO 2019/226213

each R™ is independently selected from D, halo, Ci alkyl, Cis haloalkyl, Cas
alkenyl, Cog alkyayl, Coao aryl, Cso cveloatkyl, 5-10 membered hetercarvl, 4-10 membered
heterocycloalkyl, Ceoio arvl-Cie alkyl-, Cis cycloalkyi-Cis alkyl-, (5-10 membered
heteroaryD-Crg alkyl-, (4-10 membered heterocycloalky-Cig alkyl-, CN, NG, OR™, SR™,
NHOR™, C(OR™, CIOMNRYRY, CLOINRUOR), CLOYOR™, OC(OR™, OC(OINRRY,
NRURY NR¥NRORY®, NRUCORY, NRUCOYOR™, NRPCO)NRRY, NR¥S(OR™,
NERUSIOINRURY, NRUS(O):RY, NRUS(ORNRURY, S(ORM, S(OINRYRY, S(O)R™,
S(OYNRYRY, and OS(0RY, wherein the Cis alkyl, Cos alkenyl, Cos atkynyl, Coao arvl, Cs.
7 cycloalkyl, 5-10 membered heteroarvl, 4-10 merabered heterocycloalkyl, Coao aryl-Cis
alkvi-, Cioveloalkyl-Cis alkyl-, (5-10 membered heteroaryD-Cisalkyl-, and (4-10
membered heterocycloalky!y-Cisalkyl- of R* are each optionally substituted with 1, 2, 3, 4. 5,
6, 7. or & mdependently selected R” substituents;

cach R* R R® and R* is independently sclected from H, Ci alkyl, Cis haloatkyl,
Cog alkenyl, Co alkyayl phenyl, Cancycloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyi-Cis alkyl-, Caocycloalkyl-Cigalkyi-, (5-6 membered hetercary3-Ci.
¢ alkyl~, and (4~7 membered heterocycloalkyD-Cis alkyvl-, wherein the Ci alkyvl, Cog alkenyl,
Coe altkyavl, phenyl, Csocycloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyi-Cis alkyl-, Caocycloalkyl-Cigalkyi-, (5-6 membered hetercary3-Ci.
¢alkyl-, and (4-7 membered heterocycloalkyD-Cisalkyl- of B*, 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, form a 5- or 6-membered heteroaryl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or 6~-membered heteroarvl or 4-, 3-, 6-, or 7-membered
heterocycloalkyl group is optionally substitwted with 1,2, 3, 4. 5, 6, 7, or 8 independently
selected R substituents; and

each R is independently selected from D, OH, NO2, CN, halo, Cis alkyl, Cas
afkenvi, Cors alkynyl, Cie haloalkyl, cvano-Cie alkvl HO-Cs allyvl, Crsalkoxy-Cie alkvl,
Cseycloalkyl, Cisalkoxy, Cis haloalkoxy, amino, Cisalkylamino, di{Cis alkyDamino, thio,
Crs alkylithio, Crsalkylsuifiovl, Crsalkylsulfonyl, carbamyl, Cigalkylcarbamyl, di(Cis
alkvDcarbamyl, carboxy, Cisalkvicarbonyl, Ci4 alkoxycarbonyl, Ciealkvicarbonylamino, Ci.
s alky Isulfony lamino, aminosutfonyl, Cis alkylaminosulfonyl, di(Cis alkyDamimosulfonyl,
asminosulfosviamisn, Cis alkylanunosuiosviamiso, 4O alkvhaminosuliosylamiso,

aminocarbony lanine, Crs alkylaminocarbonylamine, and di(Cig alkyDaminocarbonviamine.
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In some embodiments, the compound s a compound of Formula (V)

(V)
or a pharmaceutically acceptable salt thercof, wheremn:
X'is N or CRY;
RYis H, D or Cis alkyl

Cy is 5-6 membered heteroaryl, which is optionally substituted with 1, 2, 3, or 4
independently selected R” substituents;

R, R* and R’ are each independently selected from H, D, halo, Cies alkyl. Cis
atkoxy, Coe atkenyl, Coe alkyavl, s baloalkyl, Cishaloalkoxy, ON, GH, and NH,, wherein
Crsalkyl is optionally substituted with 1, 2, or 3 D;

R® R and R® are each independently selected from H, D, halo, Ci alkyl, Cas
atkenvl, Coe alkyuvl, C s haloalkyl, CN, OH, and NH,, wherein C 5 alkyl 15 optionally
substitted with |, 2, or 3 I3;

cach R* is independently selected from B, halo, Cie alkyl, Cie haloalkyl, Coe
atkenyl, Cos alkynyl, Ceo arvl, G cycloalkyl, 5-10 membered hetercaryl, 4-10 membered
heterocycloalkyl, Ceao aryl-Cis alkyl-, Cancycloaltky-Che alkyl-, (5-10 membered
heteroaryD-C s alkyl-, (4-10 membered heterocycloalky)-Cie alkyl-, CN, NO-, OR™, SR®,
NHOR™, C(OWRY, CIOINRTRY, CIOINRUORY, COYOR™, OCIOR™, OCO)NRYIRY,
NRUR* NRONRYRY NRACOR™, NRUCOIOR™, NRUCOINRYRY, NRUS(O)RY,
NRUSOINRIRY® NR¥S(ORRY, NRPS(0):NRYRY, S(OIRY, S(OMNRTRY, 5(0)RY,
S(ORNRAR™, and OS(O)RY, wherein the Ci alkyl, Coe alkenyl, Cue alkynyl, Coupo arvl, Ca.
7 cycloalkyl, 5-10 membered heteroarvl, 4-10 membered heterocycloalkvl, Ceo arvl-Cis
alkyl-, Caocycloalkyl-Crg alkyl-, (53-10 membered heteroaryh-Cig atkyl-, and (4-10
membered heterocycloalkyl}-Cigalkyl- of R are each optionally substituted with 1,2, 3, 4. 5,
6, 7, or 8 independently selected R” substituents;

each R*™, R™ R® and R* is independently selected from H, Cis alkyl, Cis haloalkyl,
Coe alkenyl, Cog alkynvl, phenyvl, Cso cycloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyl-Crs alkyl-, Csroycloalkyl-Cisalkyl-, (3-6 membered heteroary)-Ci.

¢ alkvi-, and (4-7 mersbered beterocyckoaly h-Cos alkyvl-, wherein the Cs alkyl, Crs alkenyl,
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Cos alkynyl, phenyl Cascycloatkyl, 5-6 membered heteroarvi, 4-7 membered
heterocycloalkyl, phenyl-Cis alkyl-, Cascycloalky-Chg alkyl-, (3-6 merbered heteroaryD-Ca.
s alkyl~, and (4-7 membered heterocycloatkyD-Cis alkyl- of R, R™, R and R™ are cach
optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 5 independently selected R substituents;

or, any R® and R* atiached to the same N atom, together with the N atom to which
they are attached, form a 5~ or 6-membered heteroarvi or a 4-, 5-, 6, or 7-membered
heterocycloalkyi group, wherein the 3- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-rmembered
heterocycloalkyl group is optionally substituted with 1, 2,3, 4, 5, 6, 7, or ¥ independently
selected RY substituents; and

cach R is independently selected from D, OH, NO», CN, halo, Cie alkyl, Cas
atkenyl, Cos alkynyl, Cis haloalkyl, cyano-Cis alkyl, HO-Chs alkyl, Crsalkoxy-Cis alkyl
Caacycloalkyl, Cisalkoxy, o haloatkoxy, amino, Cheafkyviamino, s alkvhamino, thio,
Ciealkvithio, Cie alkyvisuifuw], Ciealkyisulfonyl, carbamyl, Cisalkylcarbamyl, di(Cs
alkyDcarbamyl, carboxy, Cigalkylcarbonyl, Cis alkoxycarbonyl, Crg alkylcarbonylamino, Ci.
¢ alkvlsulfonylamino, aminosulfonyl, Cis alkylaminosulfonyl, di(Cie alkyDaminosulfonyi,
aminosalfonylamine, Cis alkylaminosuifonviamine, di(Cis alkvhaminosulfonylamine,
arginocarbonylamine, Cus slkyiaminocarbonylaninn, and . alkvhaminocarbonyiaming,

In some embodiments, the compound is a compound of Formula (V)

or a pharmaceutically acceptable salt thereof, wherein:

X'is N or CRY,

R'is H:

Cy is S-membered heteroaryl, which is optionally substituted with 1, 2, or 3
independently selected R substituents;

R, R* and R’ are each independently selected from H, D, halo, Cies alkyl. Cis
atkoxy, Coe atkenyl, Coe alkyavl, s baloalkyl, Cishaloalkoxy, ON, GH, and NH,, wherein
Cig alkv] is optionally substituted with 1, 2, or 3 D;
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R® R7 and R® are each independently selected from H, D, halo, Cy alkyl, Cos
alkenyl, Cog alkyuyl, Cig haloalkyl, CN, OH, and NH,, wherein Cisalkyl 1s optionally
substituted with 1, 2, or 3 I);

each R™ is independently selected from D, halo, Ci. alkyl, Cig haloalkyl, Cae
atkenyl, Coe altkyavl, Couo aryl, Cso oveloalkyl, 5-10 membered betercaryl, 4-10 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroaryh)-C s alkyl-, (4-10 membered hetercoycloalky})-Cies alkvl-, CN, NOs, OR™, SR*,
NHOR™, C(OR™, CIOOMNRYRY, CLOINRORY), CLOIOR™, OCIOIRY, OC{OINRURY,
NRUR¥ NR¥NRORY NRCO)R, NRUC(O)YOR™, NRUC(O)NRRY NR¥S(O)R™,
NRUS{OINRURY, NR¥S(O):R™, NRUS(ORNRURY, S(ORM, S(OINRYRY, S(O)nRY,
S(OLRNEYRY, and OS{O)R, wherein the Cis alkyl, Cos alkenyl, Co alkynyl, Coupo aryl, Ca.
v cvcloalkyl, 5-10 membered beteroarvi, 4-10 mergbered beterocycloaikyl, Couo arvl-Cig
alkvl-, Cayoveloalkyl-Cis alkyl-, (5-10 membered heteroarvi)-Csalkyl-, and (4-10
membered heterocycloalkyy-Cigalkyl- of R® are each optionally substituted with 1,2, 3, 4. 3,
6, 7, or 8 independently selected R” substituents;

cach R* R R® and R* is independently selected from H, Cis alkyl, Cishaloalkyl,
Coe alkenyl, Coe alkyayl, phenvl, Cscycloalkyl, 3-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyi-Cis alkyl-, Caocycloalkyl-Cigalkyi-, (5-6 membered hetercary3-Ci.
salkyl-, and (4-7 membered heterocycloatkyD-Crg alkyle, wherein the Cig alkyvl, Co alkenyl,
Coe alkyuvl, phenyl, Csoeveloalkyl, 5-6 membered heteroaryl, 4-7 membered
heterocycloalkyl, phenyl-Cis alkyl-, Ciocyeloalkyl-Cigalkyi-, (5-6 membered heteroary)-Ci.
calkyl-, and (4-7 membered heterooyeloalkyD-Cis alkyl- of R* 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, form a 5- or 6~-membered heteroaryl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or 6-membered heteroarvl or 4-, 3-, 6-, or 7-membered
heterocycloalkyl group is optionally substituied with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RP substituents; and

each R is independently selected from D, OH, NO;. ON, halo, Cis alkyl, Cas
alkenvi, Cos alkvnyl, Ci haloalkyl, cvano-Cie alkyl, HO-C s alkyl, Cis alkoxy-Cie alkyl,
Carevcloalkyl, Crgalkoxy, Cis haloalkoxy, amino, Crsalkylamino, di{Crs alkyDamino, thio,
Cis atkyithio, Crsalkvisuifinvl, Crsalkvisuifonvl carbamyl, Crealkyicarbamyl, di{Cis
alkyicarbamyl, carboxy, Cisalkvicarbonyl, Ciaalkoxyearbonyl, Cis alkyicarbonylamino, Ci.

s alky Isulfony lamino, aminosutfonyl, Cis alkylaminosulfonyl, di(Cis alkyDaminosulfonyl,
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aminosulfony lamino, Cire alkylaminosulfonylamino, di{C1s alkyDaminosulfonylamino,
aminocarbony lamino, Cigalkyiaminocarbonylamino, and di{Ci¢ alkyDaminocarbonylamino.

In some embodiments, the compound is a compound of Formula (V)

V)

or a pharmaceutically acceptable salt thereof, wheremn:

Cy 1s selected from 3 membered heteroaryl, which is optionally substituted with 1, 2,
or 3 independently selected R* substituents;

R™ is C1 alkyl, which is optionally substituted with 1, 2, or 3 D;

R*and R are each independently H, D or Cys alkyl, wherein the Ci alkyl is
optionally substituted with |, 2, or 3 D;

R%is H, D, Ci alkvl or Ci.6 haloalkyl, wherein each halogen is F, wherein the
haloalky! is optionally substituted with 1 or 2 independently selected Y substituenis, wherein
each Y substituent is independently selected from D, hale, Cis alkyl, and Cig haloalkyl;

R” and R® are cach independently H, D or Ci atkyl, wherein the Cis alkyl is
optionally substituted with 1, 2, or 3 D;

each R® is independently selected from D, halo, Cy alkyl, Cishaloalkyl, Cas
alkenyl, Cos alkynyl, CN, NGy, OR™, SR, NHOR™, C{OIR™, CIOINRRY,
CEOINREHORM, CLOIORY, OCORY, OCOINRURY, NRORY, NR¥NR“RY
NRUC(O)R®, NRECO)OR, NRUC(OINRURY, NR¥S(OIR™, NRU“S(OINRY“RY,
NRUSO)R™, NRUSORNRURY, SIOR™, SOINRYRY, 8(0):R, ${(0);NRURY, and
OS(ORR™, wherein the Cis alkyl, Cos alkenyl, and Cos alkynyl of R* 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, and Cis
haloalkyl, wherein the Cis alkyl of R*, R™ R, and R* are each optionally substituted with
1, 2,3, or 4 independently selected RY substituents; and

each R® is independently selected from D, OH, NO;, CN, halo, Cis alkyL Cos
alkenvi, Cos alkvnyl, Ci haloalkyl, cvano-Cie alkyl, HO-C s alkyl, Cis alkoxy-Cie alkyl,
Carevcloalkyl, Crgalkoxy, Cis haloalkoxy, amino, Crsalkylamino, di{Crs alkyDamino, thio,

Cis atkyithio, Crsalkvisuifinvl, Crsalkvisuifonvl carbamyl, Crealkyicarbamyl, di{Cis
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atkybhearbamyl, carboxy, Cisalkvicarbonyl, Ciyalkoxycarbonyl, Cisalkylcarbonvliamine, Cy.
¢ alkyisalfonyvlamino, amigosulfonvl, Cis alkylaminosalfonyl, di(Crs alky Daminosulfonyl,
arainosulfonylamine, Cus alkylaminosuiforylamine, di(C s alkvDaminosulfonylamino,
amntnocarbony famino, Cusalkylaminocarbonyvlamine, and di{Cis alkyliaminocarbony lamino.

In some embodiments, the compound is a compound of Formula (V)

ot a pharmaceuiically acceptable sali thercof, wherein:

Cy 1s selected from 5 membered heteroaryl, which is optionally substituted with 1, 2,
or 3 independently selected R* substituents;

K3 is Cis alkyl, which is optionally substituted with 1, 2, or 3 I;

R* and R are each independenily H, D or Ci alkyl, wherein the Ci5 alkyl is
optionally substituted with 1, 2, or 3 D;

R®is H, D, Cis alkyl or C1 haloalkyl, wherein each halogen is F, wherein the
haloalkylis optionally substitted with 1 or 2 independently selected Y substituents, wherein
cach Y substituent is independently selected from D, halo, Cis alkyl, and Cig haloalkyl;

R’ and R® are each independently H, D or Cis alkyl, wherein the Cis alkyl is
optionally substituted with 1, 2, or 3 D;

cach R is independently selected from D, halo. Cie alkyl, Crhaloalkyl, CN, OR®,
and NRYR¥: wherein the Cy.¢ alkyvl 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, D, Ci¢ atkyl, and Gy
haloalkyl, wherein the Cis alkyl of R*, R, and R™ arc cach optionally substituted with 1, 2.
3, or 4 independently selected R substituents; and

cach R is independently selected from D, OH, CN, halo, Ci atkyl, Ci haloalkyl,

Crs alkoxy, Crshaloalkoxy, amino, Crgalkylamino, and di{Crg alkyDamino.
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In some embodiments, the compound is a compound of Formula (V)

(V)
or a pharmaceutically acceptable salt thercof, wheremn:
5 Cy 1s selected from:
@ m m (/\0 (/\S ()\E\; and gN\
N-NON-O ' N-§ N 0 N NN N—N _cach of which is
optionally substituted by 1 or 2 independently selected R* substituents;
R is methyl or CDs;
R* and R are each H;
10 R®is Cy haloalkyl, wherein each halogen is F;
R7 and R® are cach H: and
each R* is methyl or CDs.

In some embodiments, the compound is compound of Formuda (VI), (Vib), or (Vic):

i |N\ NH,
Rﬂ/i\/[ l
7 N o
RE N

HO-——R®

{(Vib),
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or a pharmaceutically acceptable salt thereof.
In some embodiments, the compound 1s compound of Formala (VID), (VIIb), or

(VHey:

(VID

(VIib),

(Vilc),
or a pharmaceutically acceptable salt thercof
In some embodiments, the compound is compound of Formuda (VI (VD). or

(VHIc):

(Vi)

(VIiib),
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{(Viic),
or a pharmaceutically acceptable salt thercof

In some embodiments, the compound is selected from:

2-(3-(5-Amine-6-(1 -(methyl-ds)~-1H-pyrazol-3-yDpyrazin-2-y [)-4-methy iphenyl)-
3,3 3-tnfluoropropance-1, 2-dicl;

2-3-(3-Anmino-6-(1 -maethy -1 H -pyrazol-4-yhpyvrazin-2-y H-4-methyipheny)-3,3.3-
trifluoropropance-1,2-~diol;

2-(3-( S Amino-6-(1 H-pyrazol-4-y Dpyrazin-2-yD)-4-methylphenyl}-3.3.3-
irifluoropropane-1,2-diol;

2-(3-(3-Amino-6-G-methylisoxazol-3-yDpyrazin-2-y -4-methy Iphenyl-3,3,3-
trifluoropropane-1,2-dicd;

2-(3-(5-Amino-6-(isothiazol-4-yDpyrazin-2-y1)-4-methyiphenyl)-3,3 .3~
irifluoropropane-1.2-diock;

2-(3-(5-Amine-6-(isothiazol-5-y Dpyrazin-2-vD-4-methyiphenv-3,3,3-
trifluoropropane-1,2-diol;

2-(3-(S-amino-6-G-methylisothiazol-5-y hpyrazin-2-y)-4-methy Ipheny})-3.3.3-
trifluoropropance-1,2-~diol;

2-(3-{5-Amino-6-(2-mcthyioxazol-3-y hpvrazin-2-y -4-methy ipheny-3,3,3-
irifluoropropane-1,2-diol;

2-(3-(3~amino-6-(2-methylthiazol-5-vhpyrazin-2-y )-4-methylpheny-3,3,3-
trifluoropropane-1,2-dicd;

2-(3~(5-Amino-6-{oxazol-5-y Dpyrazin-2-y)-4-methy Ipheny)-3,3 . 3-trifluoropropane-
1,2-diol;

2-(3-(5-Amine-6-(1 H-pyrazol-1-vDpyrazin-2-y~-4-methy Iphenyl)-3.3.3-
trifluoropropane-1,2-diol;

2~(3-(3-Amino-6-(1H-1,2 3-triazol-1-vDpyrazin-2~v)-4-methylphenvD-3,3,3~
trifluoropropance-1,2-~diol;

{2-(3-(5-Amino-6-(2H-1,2,3-trnazol-2-vhpyrazin-2-vh-4-methyipheny-3.3.3-
irifluoropropane-1,2-diol;

2-(3-(3-Amino-6-(1/-1,2 4-triazol-1 -y hpyrazin-2-y -4-methylpheny H-3,3,3-

trifluoropropane-1,2-diol;

69

PCT/US2019/021186



10

15

20

25

30

WO 2019/226213

2-(3-(5~-Amino-6-(2-methyloxazol-5-yhpyrazin-2-y -4-(methyvi-ds)pheny1)-3,3 3~
trifluoropropane-1,2-diol;

3~-amino~-6-2~(methyi-ds)-5~(1. 1. 1-trifluoro-2 3-dihydroxypropan-2~y Dpheny H-N-
(tetrahydro-2H-pyran-4-yDpvrazine-2-carboxamide;

3-amino-6-(3-(1, 1-diftuore-2,3-dihy droxypropan-2-v1)-2-(methy I-ds)pbenvh-N-(4-
hydroxybicyclof2.2. 1 theptan-1-vDpyrazine-2-carboxamide;

J-amino-6-2-(methyi-ds3-3-(1. 1, I-rifluoro-2 3-dihyvdroxybutan-2-y hpheny H-N-
(tetrahydro~-2H-pyran-4-yDpyrazine-2~carboxamide;

2-(3+( S-amino-6-G-methy - 1H-pyrazol-d-yDpyrazin-2-yD-4-(methyl-ds )pheny -

2-(3-(5~amino-6-3-methyl-1H-pyrazol-4-yDpyrazin-2-y 1)-4-(methyl-ds )pheny )~
1,1,1.4,4 4-hexafluorchutane-2,3-diol;

3~amino~6-2~methy-5-(1,1,1-wrifluoro-2 3~dihvdroxy -3 -methy ibutan-2-v Dpheny 1)-V-
(tetrahydro-2H-pyran-4-yDpvrazine-2-carboxamide;

2-(3-(5-amino-6-{1-((1~-methyl-1 H-pyrazol-3-y Dsulfony haze tidin-3-ypyrazin-2-y1)-
4-methylphenv])-3,3 3-trifluoropropane~1.2-dicl;

3-(G-amino-6-(Z-methyl-5-(1, 1,1 -trifluoro-2,3-dihydroxypropan-2-

yhphenvhpyrazin-2-yhcyclobuty D(3-hydroxyazetidin-1-yDmethanone;

3-amino-N-((1s5,3R)-3-cyanocyclobuty-6-2-(methyl-ds)-5-(($)- 1. 1 Lrifluoro-2 3~
diby droxypropan-2-yyphenyDpyrazine-2-carboxamide;

3-amino-N-({15,258)-2-hydroxycyclohexy -~6-2-(methyi-ds)-3-((5)-1,1, L -rifluoro-
2,3-dihy droxypropan-2-yDipheny Upyrazine-2-carboxamide;

3~-amino-N-((trans)-3-hydroxytetrahydro-2H-pyran-4-y )~6-(2~(methy [-d3)-3~((3)-
1.1, trifluoro-2, 3 -dihy droxy propan-2-y Dpheny Dpyrazine-2-carboxamide;

R-amino-N~-({15,38)-3-hydroxy -3~(rifluoromethy Deyclobuty 1)-6-(2-(methy -ds)-3-
{(5-1,1, I-rifluoro-2,3-dihvdroxypropan-2-yphenypyrazine-2-carboxamide;

J-amino-N-{{1s3R)-3-hydroxy - i-methyicyclobuty H-6-(2-(methyi-ds)-5-((5)-1.1.1-
trifluoro-2,3-dihydroxypropan-2-ylphenypyrazine-2-carboxamide;

(5)-3-amino-N-(G-(hy droxymethyDbicyclo]2. 1. 1ihexan-1-y1)-6-( 2-(methyl-ds)-5-
(1,1, 1-trifluore-2 3-dihy droxypropan-2-yDphenyDpyrazine-2~carboxamide;

(S)-3-amino-N-3-(hydroxymethyDbicyclo[ 1. 1. 1 jpentan- L -y D3-0-(2«(methyl-ds)-5-
(1,1, i-triffuoro-2,3-dihy droxypropan-2-vipheny Dpyrazine-2-carboxamide;

3~-amino-N-((5)-1-hydroxypropan-2-y )-6-(2-(methy [-d3)-3~((3)-1, 1, L -nifluoro-2 3~

dihy droxypropan-2-vDpheny Upyrazine-2-carboxamide;
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(S)-3-amino-N-(2-cvano-2-methy lpropy -6-(2-(methyl-ds)-3-(1,1, 1 -trifluoro-2,3-
diby droxypropan-2-y UphenyDpyrazine-2-carboxamide;

(5)-3-amino-N-(4-hydroxybicvclo[2.2. 1}heptan- 1-vD-6-(2-(methyl-ds)-5-(1,1,1-
triflaoro-2, 3-dihydroxypropan-2-vhphenyDpyrazine-2-carboxamide;

F-amino-N-{({&)-1-hydroxypropan-2-v13-6-2-(methy I-dsp-5-(($)-1. 1, L-riffuoro-2,3-
dihy droxypropan-2-~y phenyDpyrazime~-2-carboxamide;

(S)-3-amino-N-{4-hydroxybicyclo{2.1 1thexan-1-y[3-6-(2-(methyi-ds)-5-(1, 1.1~
trifluoro-2, 3-dibvdroxypropan-2-yhphenvhpyrazine-2-carboxamide;

3-amino-6-(3-((5)-1, I-difhluoro-2 3-dihydroxypropan-2-y ) 2-(methy L-ds)pheny-N-
({15,25)-2-byvdroxycyclohexyDpyrazine-2-carboxamide;

3-amino-6-(5-((S)-1, I -difluoro-2,3-dihydroxypropan-2-y1)-2-(methyl-dsyphenyl)-N-
({(1R 2R-2-hydroxyeycivhexy Dpyrazine-2-carboxamide;

(5)-3-amino-N-(4-cyanobicyvclof 2. 1.1 Jhexan-1-y1)-6-(3-(1, I -difluoro-2,3-
dihy droxypropan-2-vD-2-(uethy i-ds ypheny Dpyrazine-2~carboxamide;

(5)-3-amine-6-(5-(1, I -difluoro-2,3-dibydroxypropan-2-y)-2~(methy -d3)phenyv - N-
{(tetrahydro-2H-pyran-4-yl)pyrazine-2-carboxamide;

(S)y-3-amino-6-(5-(1, 1-difluoro-2, 3~-dihy droxypropan-2-vyIi-2-methyipheny -V-
(tetrahydro~-2H-pyran-4-yDpyrazine-2~carboxamide;

3-amino-6-(3-((5)-1, I-diftuoro-2 3-dihydroxypropan-2-y - 2-methy Ipheny D-N-(($)-1-
bydroxypropan-2-ylipyrazine-2-carboxamide;

3-amino-6~(5-(1,1-difluoro-2 3-dihy droxypropan-2-yD)-2~-methylpheny [-V~(4~
hydroxybicyclof2.2. Hheptan-1-vDpyvrazine-2-carboxamide;

(3-amino-6-(3-((5)-1,1-difluoro-2, 3-dihvdroxypropan-2-y)-2-methylphenyDhpyrazin-
22~ (hy droxymethy Dpyrrolidin- L -y Dmethanone;

(5)-3-amine-6-(5-(1, I -difluoro-2 3-dibvdroxypropan-2-y)-2~-methylpheny -V~
isopropy ipvrazine-2-carboxamide;

J-amino-N-{4-cyvanobicyclof?.1. 1 thexan-1-yH-6-(5-(1,1-diffuoro-2 3-
dihy droxvpropan-2-yD)-2-methyiphenyDpyrazine-2-carboxamide;

3earaing-0-{ S-(($)-1, 1-diftaoro-2,3-dihy droxypropan-2-v1-2-methylphenyh-N-(3-

methy ltetrahy drofuran-3-yDpyrazine-2-carboxamide; and

2-(3-(3~amino-6-(trifluoromethy Dpyrazin-2-y-4-methylpheny1)-3,.3,.3-
trifluoropropane-1,2-dicd;

or an enatnonmer, diastereomer or tautomer thereof’

or a pharmaceuntically acceptable salt thereof. In some embodiments, the compound is

the ¢(S}-enantiomer of one of the preceding compounds, or a pharmaceutically acceptable salt
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thereof. In some embodiments, the compound is the (R)-enantiomer of one of the preceding
compounds, or a pharmaceutically acceptable sall thereof. In some embodiments, the
mvention includes all stercoisomers of the aforementioned compounds.

In some embodiments, the compound s a compound of Formula (I):

i N\J\iNHZ

X! Re‘.

M
or a pharmaceutically acceptable salt thereof, wherein:

XlisNor CRY

R is selected from H, D, halo, Ci alkyl, Cis alkoxy, Cas alkenyl, Cos alkynyl, Cig
haloalkyl, Cishaloalkoxy, CN, OH, and NH:;

R’ is selected from C(ONRRY,

R*, R* and R’ are each independently selected from H, D, hale, CN, OH, Cus alkyl,
Cishaloalkyl, Cos alkenyl, Cos alkynyl, Ci alkoxy, Cishaloalkoxy, cvano-Ci atkyl, HO-
Cis alkyvl Crsabkoxy-Cie alkyl, Cagcoycloalkyl, amino, Cus alkylamino, di(Cs alkyDaming,
and C{O)NRRY, wherein the (1 alkyl is optionally substituted by 1. 2,3, 4, 3, or 6 D

R® R” and R® are each independently selected from H, D, Ci alkyl, Cis haloalkyl,
Cos alkenyl, Cos alkynyl, Ceao aryl, Cagocycloalkyl, 3-10 membered heteroaryl, 4-10
membered heterocveloalkyl, Ceuio aryl-Cis alkyl-, Cagcvcloalkyl-Cis alkyl-, (5-10 membered
heteroaryh-C s alkyl-, (4-10 membered heterocyeloalkyl)-Cue atkyl-, COIRY, C(OINR¥RE,
CEOINREOR™Y, CIOYORY, CENRDIRD, CENOHRY, CENCNIRY, and
CENRDINRPRY, wherein the Cr alkyl, Cos alkenyl, Cos alkynyl, oo arvl, Caao
cycloalkyl, 3-10 meembered heteroaryl, 4-10 membered heterocycloalkyvl, Cop aryl-Crsatkyl,
Crascyvcloalky-Crs atkyl-, (3-10 membered heteroaryD-Cis alkyl-, and (4-10 membered
heterocycloalkyl}-Cic alkyl- of R®, R7, and R are each optionally substituted with 1, 2, 3, 4,
5, 6.7, or 8 independently selected R® substituents; and wherein the 1. haloalkyl of R° R,
or R® is optionally substituted by 1. 2, 3, or 4 independently selected Y substituents;

cach Y is independently selected from D, halo, Cis alkvl, and Ci haloalkyl;

or R® and R” substituents, together with the ring atoms to which they are attached,
form a Caaooveloalkyl or 4-7 membered heterocycloalkyl, each of which is optionally

substituted with 1, 2, 3, or 4 independently selected RF substituents;
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or R7 and R® substituents, together with the ring atoms to which they are attached,
form a Csag cycloalkyl or 4-7 membered heterocycloalkyl, each of which is optionally
substituted with 1, 2. 3, or 4 independently selected R” substituents;

R® and RY are cach independently selected from H, Cie alkyl, Cie haloalkyl, Cas
atkenyl, Coe altkyayl, Coao aryl, Csocycloalkyl, 5-10 membered hetercaryl, 4-16 membered
heterocycloalkyl, Couo aryl-Cis alkyl-, Cagoycloaltkyvi-Crg alkyl, (5-10 membered
heteroaryi}-Crs atkyl-, and (4-10 membered beterooycloalky-Crs alkyl-, wherein the Cs
atkyl, Coe atkenyl, Coe alkynyl, Coo aryl, Cseycloatkyl, 5-10 membered heteroaryl, 4-10
membered heterocyveloalkyl, Ceoao aryl-Cig alkyl-, Circvcloalkyl-Ci alkyl-, (5-10 membered
heteroaryl}-Cis alkyl-, and (4-10 membered heterocycloalkyl)-C s alkyl- of R® and RY, are
cach optionally substituted with 1, 2, 3. 4, 5, 6. 7, or % independently selected R™ substituents;

each R°' and RY is independently selected from H, Ci.e atkyl, Crebaloalkyl, Cas
alkenvil, Cos alkvayl, Caocyeloalkyl, 4-10 membered heterocyeloalkyl, Ceoio aryl-Crsalkyl-,
Craseycloalky-Crg alkyl-, (3-10 membered heteroary)-Cis alkyl-, and (4-10 membered
heterocycloalkyl)-Cis alkvi-, wherein the Ci alkyl, Cos alkenyl, Cog aliynvl, Cag
cycloalkyl, 4-10 membered heterocycloalkyl, Cepo arvl-Cigalkyl-, Cincycloalkyl-Crealkyl-,
(5-10 membered heteroaryh-Cis alkyl-, and (4-10 membered heterocycloalkyh-Crs alkyl- of
R and RY are cach 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 4-, 3-, 6~, or 7-membered heterocyeloalkyl group, wheren the 4-, 3+,
6-, or 7-membered heterocycloalkyl group is optionally substituted with 1,2, 3,4, 5,6, 7, or 8
independently selected R* substituents;

cach R, RY, R®, and R¥ is independently selected from H, Cis alkyl, Cis haloalkyl,
Cos alkenyl, Cos alkynyl, Coaip aryl, Caaocycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocveloalkyl, Ceuio aryl-Cis alkyl-, Cagcvcloalkyl-Cis alkyl-, (5-10 membered
heteroary}-Crs atkyl-, and (4-10 membered beterooycloalky-Crs alkyl-, wherein the Cis
alkyl, Cos alkenyl, Cos alkynyl, Ceo a1v], Capcycloalkyl, 3-10 membered heteroaryl, 4-10
membered heterocycloalkvl, Coao aryl-Cig alkyl-, Caaocycloalkyl-Cie alkyl-, (5-10 membered
heteroaryh-C s atkyl-, and (4-10 membered heterocycloalkyD-C g atkyl- of R¥, 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, form a 5- or 6~-membered hetercaryl or a 4-, 5-, 6-, or 7-membered

heterocyeloalkyl group, wherein the 3- or 6-merabered heteroary! or 4-, 5-, 6-, or 7-merabered
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heterocycloalkyl group is optionally substitted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RY substituents;

cach R® is independently selected from H, OH, CN, Ci alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Co alkynyl, Ceap arvl Ciaocycloalkyl, 3-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceao aryl-Chg afkyl-, Cago
cycloalivi-Cisalkyl-, (5-10 membered heteroary1}-Cig alkyl-, and (4-10 membered
hetereocycloalkyD}-Cie alkyl-

cach R is independently selected from D, halo, Cis alkyl, Cishaloalkyl, Cos
alkenyl, Cog alkyayl, Coao aryl, Cso cveloatkyl, 5-10 membered hetercarvl, 4-10 membered
heterocycloalkyl, Cooro arvi-Cie alkyl-, Ciocycloalkyl-Crs alkyl-, (3-10 membered
heteroaryD-Crs alkyl-, (4-10 membered heterocycloalky])-Cis allyl-, N, NO,, OR™, SR™,
NHOR™, C(ORY, CIOMNRYURY, CIOINRZOR™), CIOYOR™, OC(ORY™, OC{O)NR“RY,
NRURH NR¥NRORY, NRUCORY, NRUCOIOR™, NRUCOINRURY, CENRRY,
CENOHRY, CENCNRY, CENRHYNRYRY, NRACENRUNRZRY, NROC(=NRHRY,
NRACENOHINRARH® NRUCENCNINRTRY, NRUS(OIRY, NRAS(OINRHRH,
NRUSO)RR™, NRUSORNRURY, SR, SIOINRYRY, 8(0):R, ${(0);NRURY,
OSOHENRMRY, OS(O):RM™, 8Fs, PIORMRE, OP(OHORMHOR™), PIOYOR™OR™), and
BRYRY wherein the Ci alkyl, Cas alkenyl, Cos alkynyl, Cago aryl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Ceao aryl-Crgalkyl-, Csrcycloalkyl-
Cigalkvl-, (5-10 membered heteroarv)-Cig alkyl-, and (4-10 membered heterocycloalkyh)-Ci.
s alkvl- of R is optionally substituted with 1, 2, 3, 4. 5, 6, 7, or 8 independently selected R
substituents;

each RP is independently selected from D, halo, C1 alkyl, Cishaloalkyl, Cos
atkenyl, Cos allynyl, Ceao arvl, Cam cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Coap aryl-Cis alkyl~, Cioycloaliot-Che alkyl-, (5-10 membered
heteroaryD-Crs alkyl-, (4-10 membered heterocycloalky!)-Cis alkyi-, CN, NO2, OR™, SR¥,
NHORY, C{OR™, C{ONRURY, C(OINRZ(ORM), C(OIOR?, OC(OHRY, OC(OINRVRY,
NRZRE, NRONRZRE NREC(ORY, NREAC(OHYOR®, NRZC(OINRPRE, C(=NRHR?,
CENOHIRY, CENCNIRY, CENRDNRYRY, NRECENRPINRRY, NRPCENRHRY,
NRECENOH)NRZRY, NRPC(ENCMNRZRE, NRPS(OR™, NRZS(OINRPRY,
NRTS(O)R™, NRS(O):NRVRY, S(OIRY, S(OINRVRY, S(O1R™, S(ORNRYRY,
OS(O)(=NRRY, OS(O)R™, SFs, POIRTRE, OPO}OR™(OR™), P(OHORZHOR?), and
BRYRY, wherein the Ci alkyl, Cos alkenyl, Cos alkynyl, oo arvl, Cascycloaliyl, $-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Coe arvl-Crgalkyl-, Cycveloalkyl-

Crs alkyl~, (5-10 membered heteroary)-Csalkyvl-, and (4-10 membered heterocvcloalkvl)-Cy.
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s alkyi- of R¥ is optionally substituted with 1,2, 3, 4, 5, 6, 7. or 8 independently selected R™
substituents;

cach R¥ R R% and R¥ is independently sclected from H, Ci alkyl, Cis haloatkyl,
Cos alkenyl, Coe alkynyl, oo aryl, Camcycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceao aryi-Cis alkyl-, Cascycloatkyl-Cig alkyl-, (53-10 membered
heteroarv)}-Cis alkyl-, and (4-10 membered heterocycloalky)-Cis alkyl-, wheremn the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cep aryl, Ciyoycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocyeloalkyl, Coo arvi-Cis alkyl-, Cso oycloalkyl-Cig alkyl-, (5-10 membered
heteroaryD-Crs alkyl-, and (4-10 membered heterocycloalkyl)-Cie altkyl- of R®, 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 sarne N atom, together with the N atom to which
thev are attached, form a 5~ or 6-membered heteroarvl or a 4-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 3- or 6-membered heteroaryl or 4+, 5+, 6-, or 7-membered
heterocycloalky! group is optionally substituted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RM substituents;

cach R* is independently selected from H, OH, CN, Cis alkyl, Cisalkoxy, Ci
haloalkyl, Cishaloalkoxy, Cos alkenyl, Coe alkynyl, Ceao arvl, Cso eycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloatkyl, Ceao ary1-Crsatkyl-, Ciy
cycloaliyvli-Crsalkyl-, (5-10 membered heteroaryl)-Csg alkyl-, and (4-10 membered
hetereocycloalky )-Cis alkyl-;

cach R™ and R¥ is independently selected from H. Cis alkyl, Cisalkoxy, Cie
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csap aryl, Caseycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceao aryl-Crgalkyl-, Ci
cycloalkyi-Cisalkyl~, (5-10 membered heteroaryD-Crs alkyl-, and (4-10 membered
hetereocycloalkyl)-Cis alkyl-;

each R™ and R” is independently selected from H, Ci atkvl, C1baloalkyl, Cos
atkenyl, Cos alloynyl, Ceo arvl, Cimeyeloalkyl, 5-10 membered hetercaryl, 4-10 membered
hetereocycloalkyl, Coao ary1-Cis alkyl-, Cipoycloalkyl-Crsalkyl-, (5-10 membered
heteroarvi)-C s alkyl-, and (4-10 merabered hetereocycloalkyD)-Cig alkyl-;

cach R and RY is independently selected from OH, Cisalkoxy, and Cy.chaloalkoxy:

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;
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each R*, R™ R and R* is independently selected from H, Cis alkyl, Ci haloalkyl,
Chg alkenyl, Cog alkynyl, Ceao aryl, Casoycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocycloalkvi, Coois arvl-Cis alkyi-, Cancvcloalkyi-Cig alkyl~, (5~10 membered
heteroaryD-Crs alkyl-, and (4-10 membered heterocycloalkyD-Crs alky k-, wherein the Cis
abkyl, Coe alkenyl, Coe altkyavl, Couo arvl, Csocycloalkyl, 3-10 membered heteroaryl, 4-16
membered heterocveloalkyl, Ceo aryl-Cig alkyl-, Caycvcloalkyl-Cis alkyl-, (5-10 membered
heteroarvD}-Cis alkyl-, and (4-10 merabered heterocycloalkyi)-Cis atkyl- of R*, R™, R%, and
R% 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, form a 5- or 6~-membered heteroaryl or a 4+, 3-, 6~, or 7-mentbered
heterocycloalkyl group, wherein the 5- or 6-membered hetercarvl or 4-, 3-, 6-, or 7-mermbered
heterocycloalkyl group is optionally substituied with 1, 2,3, 4. 3, 6, 7, or 8 independently
selected RP substituents:

each R* is independently selected from H, OH, CN, Cis alkyl, Crealkoxy, Cis
halealkyl, Cishaloalkoxy, Cos alkenyl, Cos alkynyl, Csap aryl, Caseycloalkyl, 5-10
membered heteroarvi, 4-10 membered hetercocycloalkyl, Cop aryl-Crsalkyl-, Cson
cycloalkyi-Cisalkyl~, (5-10 membered heteroaryD-Crs alkyl-, and (4-10 membered
hetereocycloalky-Crs alky -

each R™ and R* is independently selected from H, Cie alkyl, Ciealkoxy, Cis
haloalkyl, Cishaloalkoxy, Cas alkenyl, Coss alkynyl, Couo arvl, Cs cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceo ary1-Chsalkyi-, Ciy
cycloalivi-Cisalkyl-, (5-10 membered heteroary1}-Cig alkyl-, and (4-10 membered
hetereocycloalky-Ciq alkyl-;

cach R™ and R™ is independently sclected from H, Cus alkyl, Cishaloalkyl, Cos
alkenvl, Cos alkynyl, Coap aryl, Cazcycloalkyl, 53-10 membered heteroaryl, 4-10 membered
hetereocycloalkyl, Ceap aryl-Crs atkyl-, Csoeycloaltkyl-Che alkyl-, (3-10 membered
heteroaryl)-Ci alkyl-, and (4-10 membered hetereocycloalky )-Cis alkyl-;

cach R and R™ is independently selected from OH, Cisalkoxy, and Crshaloalkoxy;

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 Cis haloalkyl;

each R is independently selected from H, D, halo, Ci alkyl, Cis haloalkyl, Cas
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered

heterocyeloalkyl, Ceae arvi-Crs alkyl-, Cs cycloalkyl-Cig alkyl-, (5-10 mmembered
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heteroaryh)-Crg alkyl-, (4-10 membered heterocycloalky-Cis alkyl-, CN, NG, OR™, SR®,
NHOR™, C(O)R™, C(OINRYRP, C{OINR(OR™), C(OYOR™, GCOIRY, OC{OINRERY,
NRERP, NRPNRERS NREOCOHRY, NREC{OYORP, NRPC(OINRZRY, C=NRFHRY,
CENOHRY, CENCNIRY, CENRFINRPRY, NREC(=NROINRERE, NRPC(=NRPR,
NRPC(E=NOH)NROR®, NRPC{E=NCNINRERY, NRES(OIRY, NRES(ONRERY,
NRPS(0)RRY, NRPS(ORNRPRE, SIORY, SOINRZRY, 8(0)-R®, 5(0):NRPRY,
OSOHENRDRY, OS(O):RY, 8Fs, PIORPRE, OP(OHORPHOR?), PIOYOR®HOR™), and
BRPRY¥, wherein the Ci alkyl, Cao alkenyl, Cos alkynyl, Cogo aryl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Ceao aryl-Crgalkyl-, Csrcycloalkyl-
Ciealkyi-, 3-10 membered heteroarv)-Cie alkyl-, and (4-10 membered heterocycloatkyh)-Cy.
s alkvl- of R” are each optionally substituted with 1, 2, 3, or 4 independently selected R®
substituents;

cach R® R R% and R* is independently sclected from H, Ci alkyl, Cis haloatkyl,
Cos alkenyl, Coe alkynyl, oo aryl, Camcycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyeloalkyl, Coo arvi-Cis alkyl-, Cso oycloalkyl-Cig alkyl-, (5-10 membered
heteroarv)}-Cis alkyl-, and (4-10 membered heterocycloalky)-Cis alkyl-, wheremn the Cis
alkyl, Cos alkenyl, Cos alkynyl, Cep aryl, Ciyoycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocyeloalkyl, Coo arvi-Cis alkyl-, Cso oycloalkyl-Cig alkyl-, (5-10 membered
heteroary])-Crs alkyl-, and (4-10 membered heterocycloalky1)-Cis alkyl- of R¥, R R®, and
R% are cach optionally substituted with 1, 2, 3. or 4 independently selected RF 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-, 5-, 6-, or 7-membered
heterocycloalkyl group, wherein the 5- or 6-membered heteroarvl or 4-, 3-, 6-, or 7-membered
heterocycloalkyl group is 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, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Cep aryl, Ca cycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetercocycloalkyl, Ceao aryl-Crsalkyl-, Cin
cycloalhyl-Cisalkyl-, (5-10 membered heteroary1)-Cy. alkyl-, and (4-10 membered
hetereocycloalky-Cie alkyl-;

cach R® and R is independently selected from H, Cig alkyl, Crealkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Co.e alkyavl, oo arvl, Csocycloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocycloalkyl, Ceop aryl-Crs alkyl-, Cs.
cvcloalkyi-Crgalkyle, {5-10 membered heteroary-Cig alliyl-, and (4-10 membered

hetercocycloalkvi-Cis altkyl
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each R and R® is independently selected from H, Cis alkyl, Cis haloalkyl, Cos
alkenyl, Cog alkyayl, Coao aryl, Cancycloalkyl, 5-10 membered heteroaryl, 4-10 membered
hetereocycloalkyl, Ce.p arvi-Cis alkyl-, Cseycloalkyl-Cisalkyl-, (5-10 membered
heteroary)-Crs alkyl-, and (4-10 membered hetereocycloalky )-Cis atkyl-;

each R” and R* is independently selected from OH, Cisalkoxy, 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 6-membered heterocycloalkyl group optionally substituted
with 1, 2, 3, or 4 substituents independently selected from Ci alkyl and Cis haloalkyl;

each RF is independently selected from H, D, halo, Ci¢ alkyl, Crshaloalkyl, Cos
afkenvi, Cos albynyl, Ceo aryl Camoveloalkyl, 5-10 membered betercaryl, 4-16 membered
heterocycloalkyl, Coe aryl-Crsalkyl-, Ciseyeloaliyt-Crgalkyl- (5-10 membered
heteroaryD-Ch¢ alkyl-, and (4-10 membered heterocycloalkyD-Ch alkyl-, CN, NG», OR®,
SR*® NHOR™, C(OR™, CLOINRURE, CHOINRCORY), CHOIOR™, OC(OIR,
OC(OINRR® NRUR® NRENRUR® NRUCO)R™, NRUC(OYOR™, NREC(ONR R,
CENRFRY, CENOHIRY, CENCNIRY, CENRFINROR®, NRPCENREINROR®,
NRPCENRORY, NRECENOHINRORYS, NRECENCNINRTRY®, NRES(OIRY,
NRUS{OINRFRY, NRUS(O):RY, NRUS(O)RNRURY®, S(OIR™, S(O)NRRY, S{O)R,
SEONNRERY, OSOH=NRIR™, OS(OLR™, SFs, POIRPRE, OPOWOR™YOR™),
POYORMYOR™), and BRUR¥, wherein the Ci.¢ alkyl, Cos alkenyl, Cog alkynyl, Cop aryl,
Cascyeloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cean aryl-Cis
atkyl~, Cszeyeloalkvl-Cis alkyl-, (5-10 membered heteroary)-Cis alkyl-, and (4-10
membered heterocycloalkyD-Ciealkyl- of R” are cach optionally substituted with 1, 2,3, 4, 5,
6, 7. or § independently selected R substituents;

cach R® R R® and R is independently selected from H, Cis alkyl, Cis haloalkyl,
Cos alkenyl, Cos alkynyl, Coupo aryl, Caycycloalkyl, 5-10 membered hetercaryl, 4-10
membered heterocveloalkyl, Ceo aryl-Cig alkyl-, Caycvcloalkyl-Cis alkyl-, (5-10 membered
heteroary}-Crs atkyl-, and (4-10 membered beterooycloalky-Crs alkyl-, wherein the Cis
atkyl, Cos alkenyl, Cos alkynyl, Ceo aryl, Csmeyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyveloalkyl, Ceoao aryl-Cig alkyl-, Circvcloalkyl-Ci alkyl-, (5-10 membered
heteroaryD-C s atkyl-, and (4-10 membered heterocycloalkyD-C s atkyl- of 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 5- or 6~-membered hetercaryl or a 4-, 5-, 6-, or 7-membered

heterocyeloalkyl group, wherein the 3- or 6-merabered heteroary! or 4-, 5-, 6-, or 7-merabered
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heterocycloalkyl group is optionally substitted with 1, 2,3, 4, 5, 6, 7, or 8 independently
selected RY substituents;

cach R% is independently selected from H, OH. CN, Cis alkyl, Cisalkoxy, Cis
haloalkyl, Cishaloalkoxy, Cus alkenyl, Cos alkynyl, Ceqp arvl, Cipcyeloalkyl, 5-10
membered heteroaryl, 4-10 membered hetereocyeloalkyl, Ceo ary1-Chsalkyi-, Ciy
cycloalivi-Cisalkyl-, (5-10 membered heteroaryl}-Cig alkyl-, and (4-10 membered
hetereocycloalkyD}-Cie alkyl-

cach R and R¥ is independently selected from H, C s alkyl, Cis alkoxy, Cis
haloalkyl, Cishaloalkoxy, Cos alkenyl, Cos alkyuyl, Csap aryl, Csocycloalkyl, 5-10
membered heteroarvi, 4-10 membered hetercocycloalkyl, Cop aryl-Crsalkyl-, Cson
cycloalkyi-Cigalkyl-, (5-10 membered heteroaryD-Cis alkyl-, and (4-10 membered
hetereocycloalky-Cis alkyl-;

cach R™ and R® is independently selected from H, Ci atkvl, C1 haloalkyl, Cos
atkenyvl, Cos allynyl, Ceao arvl, Camoveloatkyl, 5-10 membered hetercarvl, 4-10 membered
hetercocycloalkvl, Co.io arvIl-Cig alkyl-, Cioveloalkyl-Cig aliyl-, (3-10 membered
heteroarvh-Crs alkyl-, and (4-10 membered hetereceycloalkyD-Cig atkyl

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

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 haloalkyl;

cach RY is independently selected from H, D, halo, ON, NO,. 8Fs, Cis alkyl, Cis
atkoxy, Ciebaloalkyl, Cos alkenyl, Cos alkynyl, Cous arvl, Comoycloalkyl, 5-10 mersbered
heteroarvl, 4-10 membered heterocycloalkyl, Ceao arv1l-Cisalkyl-, Cizcyvcloalkyl-Cis alkyl-,
(5-10 membered heteroaryl)-Cig alkyl-, and (4-10 membered heterocycloallhy-Cigalkyl and

each R™ is independently selected from H, D, OH, NO,, CN, halo, Cis alkyl Caos
alkenvi, Cos alkynyl, Cig haloalkyl, cvano-Cis alkyl, HO-C s alkyl, Crsalkoxy-Chs alkyl,
Cenr0 aryl, Cayoycloalkyl, 5-10 membered hetercaryl, 4-10 membered heterocycloalkyl, Coao
aryi-Cie alkyl~, Csyoycloaliy-Cisalkyl-, (5-10 membered heteroaryly-Cis alkyl-, (4-10
membered heterocycloalkvD-Chgallyl, Cigalkoxy, Crehaloalkoxy, aming, Cig alkylaming,
di(Cye alkvhamino, thio, Ciealkyithio, Cisalkylsulfinyl, Cisalkylsulfonyl, carbamyvl, Cis
alkylcarbamyl, di(Cy.s alkyDcarbamyl, carboxy, Cis alkyvicarbonyl, Ci.4 alkoxycarbonyl, Cis
stkyicarbonviamine, Cis atkylsulfonviamine, aminosulfonyl, Cis alkylanunosulonvl, difCis
alky Haminosulfonyl, ammosulfonylamino, Cie alkylaminosulfonylamino, di{Cis
atkyBaminosuHonvlamine, aminccarbonylamino, Cie altkylaminocarbonyvlamino, and di(Cis

alkyhaminocarbonylamino.
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It 15 further appreciated that certain features of the invention, which are, for clanty,
described in the context of separate embodiments, can also be provided in combination 1a a
single embodiment. Conversely, various features of the mvention which are, for brevity,
described in the context of a stugle embodiment, can also be provided separately or in any
suitable subcombination.

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

The term “n-membered” where n is an integer typically describes the number of ring-
forming atoms 10 a moicty where the number of ring-forming atoms 1s n. For example,
piperidiny! is an example of a 6-membered heterocycloalkyi ring, pyrazolvl is an example of
a S-membered heteroaryl ring, pyridyl is an example of a 6-mermbered hetercaryl ring, and
1,2,3 4~ierahydro-naphthalene is an example of a 10-membered cvcloalky! group.

As used herein, the phrase “optionally substituted” means vnsubstituted or
substituted. The substituents are independently selected, and substitution may be at any
chemically accessible position. As unsed herein, the term “substituted” means that a hydrogen
atom 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.

As used herein, the phrase “cach “vanable’ is mdependently sclected from™ means
substantially the same as wherein “at each occurrence “vartable’ is selected from.”

Throughout the definttions, the term “Can” indicates a range which inchudes the
endpoints, wherein n and m are integers and mdicate the mumber of carbons. Examples
mclude Cis, Crua, Cre, and the like.

As used herein, the term “Crnalkyl”, employed alone or in combination with other
terms, refers to a saturated hydrocarbon group that may be straight-chain or branched, having
n to m carbons. Examples of alkyl moicties tnchude, but are not limited to, chemical groups
such as methyvl (Me), ethyl (Ev), n-propy! (n-Pr), 1sopropyl (i1Pr), n-butyl, fers-butyl, isobutyl,
sec-butyl; ligher homologs such as 2-methyl-1-butyl, m-peniyl, 3-pentyl, n-hexyl, 1,2,2-
trimethylpropyl, and the like. In some embodiments, the alkyl group containg from 1 10 6
carbon atoms, from 1 to 4 carbon atoms, from 1 to 3 carbon atoms, or 1 to 2 carbon atoms.

As vsed herein, “Cram alkenyl” refers to an alkyl group having one or more double

carbon-carbon bonds and having n to m carbons. Example alkenyl groups mclude, but are not
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fimited to, ethenvl, n-propenvl, isopropenyl, n-butenyl, sec-butenvl, and the like. In some
embodiments, the alkeny! moicty contatns 2 to 6, 2 to 4, or 2 to 3 carbon atoms.

As used herein, “Ciw alkynyl” refers to an alky! group having one or more triple
carbon-carbon bonds and having n to m carbons. Example alkynyl groups include, but are not
fimntted to, ethynvl, propyn-i-yl propye-2-vi, and the like. In some embodunents, the alkynyl
moiety contains 2 {0 6, 2 to 4, or 2 to 3 carbon atoms.

As used herein, the term “Crn alkoxy”, emploved alone or in combination with other
terms, refers to a group of formula -O-alkyl, wherein the alky! group bas nto m carbons.
Example atkoxy groups include, but are not himited to, methoxy, ethoxy, propoxy (e.g., #-
propoxy and 1sopropoxy), butoxy (e.g., n-butoxy and feri-butoxy), and the like. In some
embodiments, the alkyl group has 1 t0 6, 1 to 4, or 1 to 3 carbon atoms.

As used herein, the tenm “amino” refers fo a group of fonmula —NH,,

As used herein, the term “aryl,” emploved alone or in combination with other terms,
refers to an aromatic hvdrocarbon group, which may be monocyclic or polveyelic (e g,
having 2, 3 or 4 fused rings). The term “C,, arvl” refers to an ary] group baving fromntom
ring carbon atoms. Aryl groups inchude, ¢.g., phenyl, naphthyl, anthracenyl, phenanthrenyl,
mdanyl, indenvyl, and the like. In some emabodiments, aryl groups have from 5 to 14 carbon
atoms. In some embodiments, the arvl group has from 5 to 10 carbon atoms. In some
embodiments, the arvi group ts phenyl or naphthyl In some embodiments, the arvl is phenyl

As used herein, “halo” refers to F, 1, Br, or |. In some embodiments, a halo is F, C,
or Br. In some emboduments, a halo is F or CL In some embodiments, a halo is F. In some
embodiments, a halo is CL

As used herein, “C.y haloalkoxy” refers to a group of formula ~O-haloalky] having n
to m carbon atoms. Example haloalkoxy groups inchide OCF; and OCHF,. In some
embodiments, the haloalkoxy group is fluorinated only. In some embodiments, the alky!
group has 1t 6, 1 1o 4, or | 10 3 carbon atoms.

As used herein, the term “Crnbaloalkyl”, croploved alone or i combination with
other terms, refers 1o an alkyl group having from one halogen atom to 2s+1 halogen atoms
which may be the same or different, where “s” 1s the namber of carbon atoras in the atkyl
group, wherein the alky! group has n to m carbon atoms. In some embodiments, the haloalkyl
group is flnorinated only. In some embodiments, the alkyl grouphas 110 6, Ttod, or 1 to 3
carbon atoms. Example haloalkyl groups melude CFs, CoFs, CHF,, CHoF, CCl, CHC,
C.Cls and the hike.
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As used heren, the term “Con alkylamine” refers to a group of formula ~-NH(alky),
wherein the alkyl group has u to m carbon atoras. In some erbodiments, the alkyl group has t
06, 1to4, or § to 3 carbon atoms.

As vsed herein, the term “Chrgalkoxycarbonyl” refers to a group of formula -C(HO-
alkyl, wherein the alkyl group has n {o m carbon atoms. In some embodiments, the alkvi
group has 110 6, 1 t0 4, or | to 3 carbon atoms.

As wvsed herein, the term “Ch.g alkylcarbonyi” refers to a group of formula -C(O)-
alkyl, wherein the alkyl group has n to m carbon atoms. In some embodiments, the alkvi
group has 1 to0 6, 1 to 4, or 1 to 3 carbon atoms.

As used herein, the term “Crnalkylcarbonylamino™ refers to a group of
formula -NHC(O)-alky], wherein the alkvl group has n to m carbon atoms. In some
embodiments, the alkyl group bas 1106, 1 t0 4, or 1 to 3 carbon atoms.

As used herein, the term “Ch alkoxycarbonyiamine” refers 1o a group of formula -
NHC(O)YO(Com alkyl), wherein the atkyl group has n to m carbon atom. Tn some
embodiments, the alkyl group has 1 t0 6, 1 to 4, or 1 to 3 carbon atoms.

As used herein, the term “Cn alkylsulfonylamino” refers to a group of
formula ~-NHS(O)-alkyl, wherein the alkyl group has n to m carbon atorns. In some
embodiments, the alkyl group has 1 t0 6, 1 to 4, or 1 to 3 carbon atoms.

As used herein, the term “aminosulfony!l” refers to a group of formulda -S5{(0)NH,.

As used herein, the term “Crgalkylaminosulfony!” refers to a group of
formuula -S(O)NH(alkyl), wherein the altkyl group has n to m carbon atoms. In some
embodiments, the alkyl group has 1106, 1 t0 4, or 1 to 3 carbon atoms.

As used herein, the term “di{Cw alkyDaminosulfony!l” refers to a group of
formuda -S(O)RN(alkyl),, wherein cach alkyl group independently has n to m carbon atoms. In
some embodiments, cach alkyl group has, independently, 1 to 6, 1 10 4, or 1 1o 3 carbon
atoms.

As used herein, the term “aminosulfonylamine” refers to a group of formula -
NHS(O)RNH,.

As used herein, the term “Con alkylaminosulfonylamine” refers to a group of formula
-NHS(O,NH(alky D), wherein the alkyl group has o to m carbon atoms. In some
erabodiments, the alkyl group has Fto 6, 1 to 4, or 1 to 3 carbon atoms.

As used herein, the tenm “di(Chn alkyDaminosulfonylamine” refers to a group of
formula -NHS(O):N{alkyl)., wherein each alkyl group independently has n to m carbon
atoms. In some embodiments, cach alkyl group has, mdependently, L to 6, Hto 4, or 1 to 3

carbon atoms.
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As used herein, the term “aminocarbonylamine”, emploved alone or in combination
with other terms, refers to a group of formuda -NHC{O)NH..

As used herein, the term “Crw alkylaminocarbonylamino” refers to a group of
formuda -NHC{O)NH{(alky D), wherein the alkyl groap has n {o m carbon atoms. In some
embodiments, the alkyl group has 1106, 1 t0 4, or 1 to 3 carbon atoms.

As used herein, the term “di{Cow alkyDaminocarbonylaming” refers to a group of
formula ~-NHC(O)N(alky D), wherein each alkyl group independently has n to m carbon atoms.
In some embodiments, each alky! group has, independently, 1106, 1 1o 4, or 1 to 3 carbon
atoms.

As wvsed herein, the term “Ch.g alkylcarbamyl” refers to a group of formula -C(O)-
NH{alky}), wherein the alky} group has n to m carbon atoms. In some embodiments, the alkyl
group has 1 t0 6, 1 to 4, or 1 to 3 carbon atoms.

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

As vsed herein, the term “Chrp alkylthio” refers to a group of formula -S-alkyl,
wherein the alkyl group has n to m carbon atoras. In some crabodiments, the alkyl group has 1
06, 1to 4, or I to 3 carbon atoms.

As used herein, the term “Crnalkyisulfinyl” refers to a group of formula -S{G)-alkyl,
wherein the alkyl group has n to m carbon atoms. In some crabodiments, the alkyl group has 1
to 6, 1 to 4, or | 10 3 carbon ators.

As used herein, the torm “Chg alkylsulfonyl” refers to a group of formula -S{0)-
atkyl, wherein the alkyl group has n to m carbon atoms. In some embodiments, the alkyl
group has 1 t0 6, 1 to 4, or 1 to 3 carbon atoms.

As used herein, the term “carbamy!” to a group of formula ~C(OWNH-.

As vsed herein, the term “carbonyl”, emploved alone or in combination with other
terms, refers to a ~C(O)- group.

As used herein, the term “cyano-Ciealky!l” refers to a group of formula ~(Ci
afkviene)-CN,

As used herein, the term “HO-Crgalkyl” refers to a group of formula <(Cisalkylene)-
OH.

As used herein, the term “HO-C i alkyl” refers to a group of formula ~(Cis alkylene)-
OH.

As used herein, the term “Cirs alkoxy-Chs alkyl” refers o 3 group of formaula (Che
alkyiene)-O(Cys alkyl).

As vsed herein, the term “Che alkoxy-Cra alkyl” refers to a group of formula «(Cis

altkylene)-O(Chs alkyl).
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As used herein, the term “carboxy” refers fo a group of formula ~-C{OYOH.

Asg used herein, the term “di{Chp-alkyDamino” refers to a group of formula -
Nalkyl),, wherein the two alky! groups each has, independently, n to m carbon atoms. In
some embodimenis, each alkyl group independently has 1 to 6, 1 to 4, or 1 to 3 carbon atoms.

As used herein, the term “di(Chnp-alky Dearbamyl” refers 1o a group of formula -
C{OW{alky ), wherem the two alky! groups each has, independently, n to m carbon atoms. In
some embodimenis, each alkyl group independently has 110 6, 1 o 4, or 1 10 3 carbon atoms.

As used horeimn, the term “aminocarbonyloxy” refers to a group of formula -
OC(ONH..

As used herein, the term “Cy 5 alkylcarbonyioxy™ refers to a group of formula -
OCIOHCrs alky D).

As used herein, the tenm “Cis alkyvlanminocarbonyioxy ™ refers 1o a group of formula
DCOINB(C s atkyl).

As vsed herein, the term “di(Chs alkyDaminocarbonyloxy” refers to a group of
formula -OC(ON(C . alkyl),, wheren the two alky! groups cach has, independently, 1 to 3
carbon atoms.

As used herein, “cycloalkyl” refers to non-aromatic cvelic hydrocarbons mncluding
cyclized alky! and alkenyl groups. Cycloalky! groups can include mono- or polycyclic {e.g.,
having 2, 3, or 4 fused rings) groups, spirecycles, and bridged rings (e.g., a bridge
bicveloalky! group). Ring-forming carbon atoms of a cycloalkyl group can be optionally
substituted by oxo or sulfido (c.g.. C(O) or C{8)). Also included in the defimiion of
cycioalkyl are ranictics that have one or wore aromatic rings fused (7e., having a bosd in
common with) to the cycloalkyl ring, for example, benzo or thienvl derivatives of
cyvclopentane, cyvelohexane, and the ike. A cycloalkyl group containing a fused aromatic ring
can be attached through any ring-forming atom ncluding a ring-forming atom of the fused
aromatic ring. Cycloalkyl groups can have 3,4, 5,6, 7, 8,9, 10, 11, 12, 13 or 14 nng-forming
carbons (i.e., Caaa). In some crbodisents, the cycloabkyl s 3 Caaa monocyelic or bicyclic
cycloalkyl In some embodiments, the cycloalkyl is a Ciomonocyelic eycloalkyl In some
embodiments, the cycloatkyl is a Cay monocyclic cycloatkyl. In some embodiments, the
cycloalkyl is a Cyuio spirocycle or bridged cycloalkyl (e.g., a bridged bicycloalkyl group).
Example cycloalkyl groups mchide cyclopropyl, cyclobutyl, cyclopentyl, cyvclohexyl,
cyciohepivl, cyclopentenyl, cvelobexenyl, cvclohexadienyl, cvcloheptatrienyl, sorbornyl,

norpinyl, norcarnyl, cubane, adamantane, bicyelol 1. 1jpentyl, bicyclof2. 1 1thexyl,
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the Iike. In some embodiments, cycloalkyl 18 cyclopropyl, cyvelobutyl, evelopentyvl, or
cyclohexyl

As used herein, “heteroary!” refers to a monocyclic or polyeyclic (e.g., having 2, 3, or
4 fused rings) aromatic heterocyvele having at least one heteroatom ring member selected from
N, O, S and B, wherein any ring forming N is optionally as N-oxide group. In some
embodiments, the heteroaryl ring has 1, 2, 3, or 4 hetercatom ring members independently
selected from N, O, S and B. In some erobodiments, any ring-forming N in a heteroary]
maiety can be an N-oxide. In some embodiments, the heteroarvl is a 5-10 membered
monocyclic or bicvelic heteroaryl having 1, 2, 3, or 4 heteroatom ring members tndependently
selected from N, O, S and B. In some embodiments, the hetercaryl is a 5-14 membered
monocyclic, bicyclic heteroaryl, or tricyclic heteroaryl having 1, 2, 3, or 4 heteroatom ring
members independently selected from N, O, and 5. To some embodiments, the heteroaryiis a
5-10 membered monocvchic or bicyclic heteroaryl having 1, 2, 3. or 4 heteroatom ring
members independently selected from N, O, and S. In some erabodiments, the hetercarvl s a
5-6 monocvelic heteroaryl having 1 or 2 heteroatom ring members independently selected
from N, O, 5 and B. In some embodiments, the heteroary! is a five-membered or six-
membereted heteroaryl ring. In some embodiments, the hetercaryl group contains 3 1o 14, 4 to
14, 3 10 7, or 5 to 6 ring-formung atoms. In some embodiments, the heteroary] group has 1 1o 4
ring-forming heteroatoms, 1 to 3 ring-forming heteroatoms, 1 to 2 ring-forming heteroators
ot 1 ring-forming heteroatom. When the heteroaryi group contains more than one heteroatom
ring member, the heteroatons may be the same or different. Example heteroaryl groups
include, but are not lneiied fo, pyridine, pyrunidine, pyrazine, pyridazine, pyrrole, pyrazole,
azolvl, oxazole, 1soxazole, thiazole, isothiazole, imudazole, furan, thiophene, triazole,
tetrazole, thiadiazole, quinohine, isoquinoline, indole, benrothiophene, benzofuran,
benzisoxazole, imidazo{l, 2-bjthiazole, purine, triazine, thieno|3,2-5{pyridine, imidazo{1,2-
aipyridine, 1,5-naphthyridine, Vi -pyrazolo]4,3-blpvridine and the like.

A five-membered heteroaryi is a heteroaryl group having five ring-forming atoms
wherein one or more (¢.g., 1, 2, or 3) of the nng-forming atoms are independently sclected
from N, O, 5 or B. Exemplary five-membered ring heteroaryls are thienyl, furvl, pyrrolyl,
imidazolvl, thiazolyl, oxazolvl, pyrazolyl, isothiazolyl, isoxazolyl, 1.2.3-triazolvl, tetrazolvi,
1.2 3-thiadiazolyl, 1,2 3-oxadiazolyl, 1.2 4-triazolyl, 1,2 4-thiadiazolyl, 1.2.4-oxadiazolvl,
1,3,4-tnazolyl, 1,3 4-thiadiazolyl, 1,3,4-oxadiazolvl and 1,2-dihydro-1,2-azaborine.

A six-membered heteroarvl is a heteroaryl group with a ring having six ring-forming

atoms wherern one or more {e.g., 1, 2, or 3} of the ring-fonming atoms are independently
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selected from N, 3, § and B. Exemplary six-membered ring heteroaryls are pyridy],
pyrazinyl, pyrinmedinyl, riaziny] and pyridazinyl.

As used herein, “heterogveloalky!” refers to monocyclic or pelycyclic heterocyceles
having at least one non-aromatic ring (saturated or partially unsaturated), wherein one or
more of the ring-forming carbon atorms is replaced by a heteroatom selected from N, O, 5 and
B, and whercin the ring-forming carbon atoms and heteroatoms can be optionally substituted
by one or more ox¢ or sulfide (e.g., C(O), 5(0), C5), or (O, etc.). Heterocycloalkyl groups
melude monocychic and polyeychic {e.g., having 2, 3, or 4 fused rings) systems. Included in
heterocycloalkyl are monocycelic and polycychic 3-14- or 4-14- or 3-12- or 4-12-, or 3-10-, or
4-10- or 3-7- or 4-7- ot 3-G-maembered heterocycloalkyl groups. Heterocycloalkyi groups can
also melode spivocycles and bridged rings (.2, a 3-14 membered bridged biheterocycloalkyl
ring optionally substituted with 0 to 2 additional betercatoms independently selected fromm N,
O, § and B). The heterocycloalkvl group can be attached through a ring-forming carbon atom
or a nang-forming hetercatom. In some embodiments, the heterocycloalkyl group contains 0 to
3 double bonds. In some embodiments, the heterocycloalkyl group contains 0 to 2 double
bonds.

Also meluded m the definttion of heterncycloalkyl are moteties that bave one or maore
aroraatic rings fused (7.e., having a bond i coramon with) to the non-aromatic heterocvclic
ring, for example, benzo or thienyl derivatives of piperidine, morpholine, azeping, etc. A
heterocyclealkyl group containing a fused aromatic ring can be attached through any ring-
forming atom including a ring-forming atom of the fused aromatic ring. In some
embodiments, the heterocvcloalkyl group containg 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, 1 to 3 heteroatoms, 1 0 2
heteroatoms or 1 beteroatom. In some embodiments, the heterocycloalkyl is a monocychic 4-6
membered heterocycloalkyl having 1 or 2 heteroatoms independently selected from N, O, §
and B and having one or more oxidized ring members. I some embodiments, the
heterocycloalkyl is a monocyclic or bicyche 4-10 membered heterocycloalkyl having 1, 2, 3,
or 4 heteroatorns mdependently selected from N, O, S and B and having one or more oxidized
ring members.

Example heterocycloallyl groups mnchude pyrrolidin-2-one, 1.3-isoxazohidin-2-one,
pyranyl, tetrahy dropyran, oxetanyl, azetidinyl, morpholino, thicmorpholine, piperazinyl,
tetrahy drofuranyl, tetrahydrothienyl, piperidiny |, pyrrolidinyl, 1soxazohdinyl, isothiazolidinyl,
pyrazolidinvl, oxazohidinyl, thiazolidinyl, imidazohidinyl, azepanyl, benzazapene, 2.3 4-

tetrahydroisoquineline, azabicyclo[3. 1. 0jhexanyl, diazabicyclof3.1.0thexanyl,
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oxabicyclo]2.1. 1thexanyl, azabicvelo|2.2.1 fheptanyl, diazabicyclo]2.2. 1theptanyl,
azabicyclof3. 1. 1theptanyl, diazabicyclo[3. | Hheptanyl, azabicyclo][3 2 1joctanyl,
diazabicyclio[3.2. Hoctanyl, oxabicyclof2.2 2joctanyl, azabicyclof2.2. 2joctanyl,
azaadamantanyl, diazaadamantanyl, oxa-adamantanyl, azaspiro[3.3 fheptanyl,

diazaspiro{3 3iheptanyl, oxa-azaspiro|3.3 {heptanyl, azaspiro]3 4joctanyl,
diazaspiro|3 . 4{octanyl, oxa-azaspiro|3.4joctanyl, azaspirof2.5]octanyl,

diazaspiro{2 Sioctanyl, azaspiroi4 4novanyvl, diazaspirol{4 4jucnanvl, oxa-

azaspirol4 4jnonanyl, azaspirof4. S]decanyl, diazaspiroj4.5]decanvl, diazaspiro[4.4|nonanyl,
oxa-diazaspire[4 4inonany! and the like.

As used heretn, “Copeycloalkyl-Crmalkyl-” refers to 3 group of formula cycloalkyi-
alkylenc-, wherein the cycloalkyl has o to p carbon atoms and the alkviene linking group has
n to m carbon atoms.

As used herein “Coparvi-Ciun alkyl-” refers to a group of formula arvl-alkyiene-,
wherein the aryl has o to p carbon atoms and the alkylene linking group has n to m carbon
atoms,

As used herein, “heteroary -Cio alkyl-” refers to a group of formula hetercaryt-
afkviene-, wherein alkvlene linking group has n to w carbon atoms.

As used herem “heterocycloalkyl-Cia, alkyl-" refers to a group of formula
heterocycloalkyl-alkylene-, wherein alkylene linking grovp has n to m carbon atoms.

At certain places, the definitions or embodiments refer 1o specific rings (e.g., an
azetiding ring, a pyridine ring, etc.}. Unless otherwise indicated, these rings can be attached to
any ving weraber provided that the valency of the atom 15 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 horeimn, the term “oxo” refers to an oxygen atom (i.e., =0) as a divalent
substituent, forming a carbonyl group when attached to a carbon {e.g., C=0 or C(O), or
attached o a nitrogen or suifur hetervatom forming a nitroso, sulfiayl or sulfonyl group.

As used herein, the term “independently selected from™ means that each occurrence
of a variable or substituent, ¢.g.., RM or R*, arc independently selected at each occurrence
from the applicable list,

The compounds described herein can be asymmetric (e.g., having one or more
stereccenters). All sterecisomers, such as enantiomers and diastereomers, are infended unless
otherwise indicated. Compounds of the present disclosure that contain asynumetrically
substituted carbon atoms can be isolated 1n optically active or racemic forms. Methods on

how 1o preparc optically active forms from optically inactive starting materials are known in
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the art, such as by resolution of racemic nuxtures or by stercoselective synthesis. Many
geometric 1somers of olefing, C=N double bonds, and the like can also be present in the
compounds described herein, and all such stable isomers are contemplated in the present
invention. Cis and trans geometric isomers of the compounds of the present disclosure are
described and may be tsolated as a reixture of isorers of as separated tsomeric forms. Io
some embodiments, the compound has the (Rj-configuration. In some embodiments, the
compound has the (5)-coafiguration. The Formulas (¢.g., Formula (1), eic.} provided herein
include stercoisomers of the compounds.

Regolution of racemic mixtares of compounds can be carried out by any of numercus
methods known in the art. An example method ncludes fractional recrystallizaion using a
chiral resolving acid which is 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, diacetyltartanc acid, dibenzoyltartaric acid, mandelic acid,
malic acid, lactic acid or the various optically active camphorsulfonic acids such as §-
camphorsulfonc acid. Other resolving agents suitable for fractional crystallization methods
mclude stereoisomerically pure forms of g~-methyibenzylamine {e.g., 5 and R forms, or
diastereomerically pure fores), 2-phenyigiveinol, norepbedrine, epbedrine, N-
methylephedrine, cyclohexylethylamine, 1,2-diaminocyclohexane, and the like.

Regolution of racemic mixtares can also be carried out by clution on a column packed
with an optically active resolving agent (e.g., dimitrobenzoviphenylglycine). Suitable elution
solvent composition can be determined by one skilled in the art.

Compounds provided herein also include tastomeric 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 include prototropic tavtomers which are
isomeric protonation states having the same empirical formula and total charge. Example
prototropic tautomers nclude ketone — enol pairs, amide - indic acid pairs, lactam — lactim
pairs, enamine — irnine pairs, and anoular forms where a protoa can cocupy two of more
positions of a heterocyelic system, for example, 1H- and 3H~imudazole, 1H-, 2H- and 4H-
1,2, 4-tnazole, 1H- and 2H- 1soindole, 2-hydroxypyridine and 2-pynidone, and 1H- and 2H-
pyrazole. Tautomeric forms can be i equilibrium or sterically locked into one form by
appropriate sobstitution.

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.
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In some embodiments, preparation of compounds can mvolve the addition of acids or
bases to affect, for example, catalysis of a desired reaction or formation of salt forms sach as
acid addition salts.

In some embodiments, the compounds provided herein, or salts thercof, are
substantially isolated. By “substantially isolated” is meant that the componnd is af least
partially or substantially separated from the environment in which it was formed or detected.
Partial separation cas inciude, for exaraple, a composition enriched in the compounds
provided berein. Substantial separation can include compositions containing at least about
50%, at least about 60%, at least about 70%, at least about 30%, at least about 90%, at least
about 95%, at least about 97%, or at least about 99% by weight of the compounds provided
herein, or salt thereot. Methods for isolating compounds and their salts are routine in the art.

The tenm “compound” as used berein s meant o include all stereoisomers, geometric
isomers, tautomers, and isotopes of the structures depicted. Compounds herein identified by
name or structare as one particular tantomeric form are intended to mclude other tavtomeric
forms unless otherwise specified.

The phrase “pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, sad/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, allergic response, or other problem or
complication, commensurate with a reasonable bosefit/risk ratio.

The present application also includes pharmaceutically acceptable salts of the
compounds described herein. The present disclosure also includes phammaceutically
acceptable salts of the compounds described herein. As used herein, “pharmaceutically
acceptable salts” refers to denvatives of the disclosed compounds wherein the parent
compound is modified by converting an existing acid or base moiety 1o its salt form.
Examples of pharmaceutically acceptable salts mchude, but are not limited to, mineral or
organic 3cid sakts of basic residues such as amines; alkall or organic salts of acidic residues
such as carboxylic acids; and the like. The pharmaceutically acceptable salis of the present
disclosure include the conventional non-toxic salts of the parent compounnd formed, for
example, from non-toxic morganic or organic acids. The pharmaceutically acceptable salts of
the present disclosure can be synthesized from the parent compound which contains a basic or
acidic moiety by conventional chemical methods. Generally, such salts can be prepared by
reacting the free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or 1 an organic sobvent, of 1n a mixture of the two;

generally, non-aqueous media like cther, ethyl acctate, alcohols (e.g., methanol, cthanol, iso-
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propanocl, or butanol) or acetonitrile (ACN) are preferred. Lists of suitable salts are found
Remingtor's Pharmaceutical Sciences. 17th ed., Mack Publishing Company, Easton, Pa.,
1985, p. 1418 and Journal of Pharmaceutical Science, 66, 2 (1977), cach of which is
meorporated herein by reference 1n its entirety.
Synthesis

As will be appreciated by those skilled in the art, the compounds provided herein,
meluding salts and stercoisomers thereof, can be prepared using known organic synthesis
techniques and can be synthesized according to any of numerous possible synthetic routes.

Compounds of Formula {I) can be prepared as shown in Scheme 1. Suitable starting
materials 1-1, where Y' and Y” are independently a halogen (e.g., Cl, Br.or D or
pscudohalogen {e.g., OT{ or OMs), can be converted {0 an appropriate substituted metal 1-2
(e.g., M' is B{OH}, Bpin, BF:K, Sn{Bu):, or Zn) under standard conditions (e.g., in the
presence of a diboron reagent such as bis(pinacolato)diboron, a palladium catalvst, such as
dichlorobis(tripheny Iphosphine)paliadinm (), or
bis(diphenyiphosphino)ferrocene jdichloropaliadium(?), complex with dichloromethane, and
a base, such as potassium acetate) and then coupled to 1-3 where Y° is halogen (e.g., CI, Br.
or 1) or pseudohalogen (e.g., OTT or OMs) under standard Suzuki conditions (e.g., in the
presence of a palladivm catalyst, such as tetrakis(iriphenyiphosphineypalladivm{0),
dichlorobis(tripheny iphosphine)palladivm 1), or [1,1'-
bis(diphbenyliphosphino}ferrocenceldichloropaliadivm (1), complex with dichloromethane and
a base {¢.g., a carbonate base, such as sodivm carbonate or potassium carbonate)) or standard
Stille conditions (e.g., in the presence of a patladiuny(0) catalyst, such as
tetrakis(inpheny Iphosphineypalladium{()} or standard Negishi conditions (¢.g., 1 the
presence of a palladium(0) catalyst, such as tetrakis(tripheny Iphosphine)paltadiam(0) or [1,1-
bis{diphenylphosphinojferrocene] dichloropalladium (I1)) to give to give compound 1-4.

Intermediate 1-4 can be converted to diol-containing intermediate 1-5 by exposure 1o
reagents for dihydroxylation {(¢.g., osmium tetroxide and a re-oxidant such as V-
methybnorpholine-N-oxide, or AD-mix o or AD-mix B). Intermediate 1-5 can be converted to
an appropriate substituted metal 1-6 (e.g.. M” is B{OH),. Bpin, BF:K, Sn(Bu):, or Zn) under
standard conditions {e.g., in the presence of a diboron reagent such as bis(pinacolato)diboron,
a palladium catalyst, such as dichlorobis{triphenylphosphingypalladium(ID,
bis(diphenylphosphino}ferrocene jdichloropalladiam(1l), complex with dichloromethane, or
Pdy{dba)s and a higand (such as 2-dicyclohexviphosphino-2',4',¢~iri-iso-propyl-1,1"-biphenyh
and a base, such as polassium acetate) and then coupled to 1-7 where Y2 and Y are

mdependently a halogen (e.g., Cl, Br, or 1) or psendobalogen (e.g., OTf or OMs) under
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standard Suzuki conditions (¢.g., in the presence of a palladiam catalyst, such as
tetrakis(triphenylphosphineypalladium(0) or {1,1'-
bis(diphbenyiphosphino}errocenceldichloropaliadivm (1), complex with dichloromethane and
a base {e.g., a carbonate base, such as sodium carbonate or potassium carbounate)) or standard
Stille conditions (e.g., 1n the presence of a palladium(0) catalyst, such as

tetrakis(inpheny Iphosphineypalladium{()} or standard Negishi conditions (e.g.. in the
presence of a palladium(0) catalyst, such as tetrakis(triphenviphosphine)palladiomn(0) or {1, 1-
bis{diphenylphosphinojferrocene] dichloropalladium (I1)) to give to give compound 1-8.

Intermediate 1-8 can be converted to compounds of Fermula (I} by cross-coupling
with an appropriate metal R*-M (where M is B{OH),, Bpin, BF;K, Sn(Bu)s, or Zn) under
standard Suzuki conditions (¢.g., in the presence of a palladiam catalyst, such as
tetrakis(iniphenylphosphineypalladium(0), dichlorobis(triphenylphosphinepalladiuedll), or
{1, 1'-bis(diphenyiphosphinojferrocencdichloropalladium (1), coraplex with dichloromethane
and a base {¢.g., a carbonate base such as sodivm carbonate or potassium carbonate)) or
standard Siille conditions (c.g., in the presence of a palladium(0) catalyst, such as
tetrakis(inpheny Iphosphineypalladium{()} or standard Negishi conditions (e.g.. in the
presence of a palladium(0) catalyst, such as tetrakis(triphenviphosphine)palladiomn(0) or {1, 1-
bis(diphenylphosphino)ferrocene] dichloropalladinm (I1)). Alternatively, compounds of
Formula {13 can be prepared from intermediate 1-8 by reacting with a nucleophile under
SNAr conditions {(¢.g., by heating in the presence of a carbonaie base, such as Cs:COs).

One skilled in the art would recognize that compounds of Foermula () can also be
prepared by reversing the order of the last two steps of Scheme 1. Beginning with a suitably
substituted intermediate 1-7, where ¥? and Y are independently a halogen (e.g.. Cl, Br,or )
or psendohalogen (e g, OTf or OMs), coupling to install R” can be perfomed before coupling

with intermediate 1-6, to afford compounds of Formaula ().
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Compounds of Forausda {I) can be prepared as shown in Scheme 2. Beginning with
an appropriately substituted 1.4-dibromobenzene 2-1, sequential reaction with strong base
5 {(c.g.. nBul.i) at low temperature (¢.g., -78 °C), followed by reaction with a carboxylic acid
derivative R°C(O)-L', such as an ester (methyl or ethyl ester) (e.2., methyl trifluoroacetate or
ethyvi inifluorvacetaie) or 8 Weinreb amide (e.g., 2,2 -ddluore-N-methoxy-N-
methylacetanmide), followed by 1n situ treatment with a second cquivalent of strong base (e.g.,
nBuli) at low temperatore {e.g.. -78 °C), followed by a second electrophile R*-L* (wherein L?

10 is a suitable leaving group (e.g., halogen, such as Cl, Br or [ or a mesylate or togylate)y affords
ketone intermediate 2-2. It will be appreciated by one skilled 1 the art that the order of the
two steps can be reversed and the two steps can also be performed separately, stepwise.
Intermediate 2-2 can be halogenated by exposure to halogenating conditions to introduce Y?
(¢.g.. bromine in the presence of AlCh and mild beating), or N-halo-succininude (e.g., N-

15 bromosuccinimide) and sulfurie acid 1 acetic acid at elevated temperatie (e.g., 80 °CH o
afford mtermediate 2-3. Intermuediate 2-3 can be olefinated to afford intermediate 2-8 under
standard conditions for olefination (c.g., Wittig conditions with an ylide such as 2-4, where Y’
can be a phenvl, generated by reacting a phosphonium salt with a strong base {e.g., »-Buli,
potassium tert-butoxide or NaHMDS) or generated by a method similar to that found in

20 Organic Letters, Vol 4, No. 10, 1671-1674, 2002 (e.g., in sifu generation of
methylenetriphenylphosphorane from the rhodiam(D)-cataly zed decomposition of

trimethylisilyldiazomethane in the presence of triphenviphosphine and 2-propanol)).
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Intermediate olefin 2-5 can be converted to compounds of Foromgda {1} by the methods
cutlined in Scheme 1.

Scheme 2.
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Compounds of Formata (I} can also be prepared as shown in Scheme 3. Approprate
starting materials 3-1, where Y° is a halogen (e.g., CL Br, or 1) or pseudohalogen {e.g., OTf or
OMs), can be coupled with an appropriately substituted metal R?-M (where M is B{OH),,
Bpin, BE:K, Sn{Bus, Zn or ZnX (where X is a halogen such as 1odide)) under standard
Suzuki conditions (c.g., in the presence of a palladium catalyst, such as
tetrakis(inpheny Iphosphineypalladium{®), dichlorobis(inphenylphosphine)palladivmdl), or
{1, 1'-bis{diphenyiphosphinojferrocensjdichloropalladivm (31, complex with dichloromethane
and a base {e.g., a carbonate base such as sodiom carbonate or potasstum carbonate)) or
standard Stille conditions (e.g., in the presence of a palladiurm(0) catalyst, such as
tetrakis(tripheny Iphosphine)palladiuom(0)) or standard Negishi conditions (e.g., in the
presence of a palladium(0) catalyst, such as tetrakis(tripheny Iphosphine)paltadiam(0) or [1,1-
bis{diphenylphosphino Merrocene] dichloropalladium (1) optionally in the presence of an
additive such as copper(Diodide) to afford intermediate 3-2. Intermediate 3-2 can then be
halogenated by reaction with a reagent suitable for introducing the halogen Y (e.g.. N-
halosuccimimide such as N-iodosuccinimide, N-bromosuccinimide or M~chlorosuccinimide).
Intermediate 3-3 bearing a suitable halogen Y (e.g., Cl. Br or I) can be elaborated to provide

compounds of Formula (8} as shown in Scheme 1.
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Scheme 3.
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Compounds of Fermula {I) wherein R” is an amide or a heterocycle can also be
prepared as shown in Scheme 4. The group Y” of halo-substituted intermediate 4-1 (wherein
¥? is C1, Br or I} can be converted to a nitrile group via nucleophilic displacement with a
cyantde source {e.g.. heating i the presence of NalN) or by couphing with a cyauide source
under standard Negishi conditions {e.g., heating with Zn(CN): in the presence of a palladium
catalyst, such as tetrakis{tripheny Iphosphineypalladiam(0) or {1.1-
bis(diphenylphosphino)ferrocene]dichloropaliadium (1)) to afford mtermediate 4-2. The
nitrile substituent of intermediate 4-2 can be converted to heterocycle-substituted compounds
of Formula () bv methods known to one skilied in the art (e g, beating an appropriately
substituted acvl hydrazide in the presence of an alkoxide base in an alcoholic solvent (e.g,
NaOMe in MeOH or NaOEt in EtOH) to form a triazole; heating with an azide source such as
NaNs to form a tetrazole). Nitrile containing intermediates 4-2 can also be converted to amide
intermediates 4-4 (compounds of Formula (I) wherein R? is an amide group) by hvdrolysis
{(e.g., heating in the presence of aguecus acid, or with KOH in tBuGH) followed by coupling
of the resulting acid with R¥RYINH using standard amide coupling conditions (e.g., HATL).

The group Y of halo-substituted intermediate 4-1 (wherein Y” is C1, Br or I) can be
converied o an ester intermediate 4-3 under standard counditions for carbonylation (e.g., 10 the
presence of a palladiom catalyst, such ag [1,1'-
bis(diphenyiphosphino)ferrocene jdichloropalladium, carbon monoxide, and an alcchol R¥*OH
such as methano! or ethanol). Ester 4-3 can be converted to amide 4-4 (compounds of
Formula (I) wherein R is an amide group) using amination conditions (e.g., by reacting with
an amine such as RYRYNH in the presence of AlMes). Alternatively, ester 4-3 can be
converted to amide 4-4 under standard conditions for hydrolysis, such as exposure to
hydroxide base (e.g., LiOH, NaOH, KOH in water and a cosolvent such as THF, MeOH or
EtOH) to furnish a carboxylic acid, followed by coupling of the resulting acid with R™RYUNH
using standard amide coupling conditions (e.g., HATU). Aliernatively, the group Y’ of halo-
substituted intermediate 4-1 can be converted directly to an amide 4-4 under standard
conditions for carbonyvlation (e.g., in the presence of a palladium catalyst, such as [§,1'-
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bis{diphenylphosphinoiferroceneldichloropatiadinm, carbon monoxide, and an amine
RC'RYUNH). Suitable amides 4-4 can be converted to compounds of Formula (D) wherein R% is
a heterocvele by methods known to one skilled in the art {¢.g., when amide 4-4 is a hydrazide,
it ruay be reacted with N-{riphenylphosphorany idene ysocyanarmide or with p-

5 tohuencsulfonic acid and an orthoester {¢.g., incthylorthoformate) to form an 1,3,4-
oxadiazole; an appropriately substituted amide can be reacted with an u-halocarbonyl
compound {e.g., chloracetaldehyde) to afford an oxazole; an appropriately substituted amide
can be reacted with 1,1-dimethoxy-¥ ¥-dimethy bnethanamine and hvdroxylamine to form an
1,2 4-oxadiazole; conversion of the amide to a thicamide (e.g., using P»Ss or Lawesson’s

10 reagent) before subjecting to the aforementioned reagents, would resolt in the corresponding

thiadiazoles or thiazoles rather than oxadiazoles and oxazoles).

Scheme 4.
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As shown in Scheme 5, the steps of Scheme 4 can be performed on appropriate
15 starting materials 3-1 prior to coupling with intermediate 1-6 from Scheme 1. This also
affords intermediates useful in the preparation of compounds of Fermula (I} wherein R% is an
amide or a heterocycle. Carboxylic acid intermediate 5-4 (e.g., R™=H and Y '=an appropriate

halogen such as CL, Br or I) can be converted to amide intermediate 5-5 by reacting with an
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amine (RYRYNH) under standard conditions for amide formation (... using a coupling
reagent such as HATU. 1n the presence of a base, such as diisopropylethylamine).

Scheme 5.
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5 Compounds of Formula {I) can be prepared as shown in Scheme 6. Suitable starting

materials 6-1, wherein Y and Y are suitable halogen atoms (e.g., CL Br. or D) or
pseudohalogens (¢.g., OTF or OMs), can be converted to intermediate 6-3 by couphing with an
organozine species formed from a suitable optionally protected halide 6-2 wherein Y' is a
halogen (e.g., CL, Br, or 1) under standard Negishi conditions (e.g., in the presence of Zn

10 (which can be activated by agents such as 1,2-dibromoethane and TMSCI) and in the presence
of a suntable palladium catalyst, {e.g., dichloro]1,1’-
bis(diphenyiphosphino)errocenepalladium (1) dichloromethane adduct and copper
(Diodide)). Intermediate 6-3 wherein Y is a halogen (e.g., Cl, Br, or I) or psendohalogen
{e.g.. OTf or OMs) can be coupled with an appropriately substituted metal 6-4 (e.g.. M” is

15 B(OH), Bpin, BF:K, 5n(Bu)s, or Zn) under standard Suzuki conditions {¢.g., i the presence
of a palladium catalyst, such as tetrakis(triphenylphosphine)palladiam(0),
dichlorobis(iripheny iphosphine)ypalladivm (i), or [1,1'-
bis(diphenyIphosphmo)errocenedichloropaliadium(ll) complex with dichloromethane and a
base (e.g., a carbonate base such as sodium carbonate or potassiom carbonaie)) or standard

20 Stille conditions (e.g., 1n the presence of a palladium(0) catalyst, such as
tetrakis(tripheny Iphosphine)palladiam(0)) or standard Negishi conditions {¢.g., in the
presence of a palladiom(0) catalvst, such as tetrakis(iriphenyphosphine)paliadium(0) or |1,1-

bis(diphenylphosphino)ferrocenejdichloropalladium{ID)) to give compounds 6-5, which
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themsclves may be compounds of Formuda (I}, or if protected (with a protecting group P,
¢.g., Boc), may be deprotected to afford compounds 6-6 using conditions suitable for removal
of the protecting group which are also suitable i terms of compatibility with other functional
groups that may be present 1o the molecule. Intermediates 6-6 may optionally be reacted with

5 an electrophile R*-L' (wherein L' is a leaving group (e.g., balogen, such as CL, Brorfora
mesylate or tosylate). or R*-L' may be a carboxylic acid activated by exposure to a coupling
reagent (e.g., DCC, EDC or HATU)) in the presence of a base (e.g., diisopropylethylamine or
tricthylamine) to furnish compounds of Formula (F).

Scheme 6.
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Compounds of Formala (I} can be prepared as shown in Scheme 7. Suitable starting
materials 7-1, wherein Y’ is a halogen (e.g.. CL. Br., or I) or pseudchalogen (e.g., OTf or
(OMs), can be converted to intermediates 7-3 by coupling with an appropriately substituted
metal 7-2 (e.g., M? is B{OH),. Bpin, BF:K. Sn{Buw)s. or Zn) under standard Suzuki conditions
15 {(e.g., in the presence of a palladium catalyst, such as
tetrakis(inpheny Iphosphineypalladium{®), dichlorobis(inphenylphosphine)palladivmdl), or
[T, 1-bis(dipheny Iphosphino)errocene]dichloropalladivm(Il) complex with dichloromethane
and a base {¢.g., a carbonate base, such as sodium carbonate or potassiun carbonate)) or
standard Stille conditions (e.g., in the presence of a palladiurm(0) catalyst, such as
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tetrakis(tripheny Iphosphine)palladium(0)) or standard Negishi conditions (e.g., in the
presence of a palladiam(0) catalyst, such as tetrakis(tnphenylphosphineypatiadium(0) or {1,1'-
bis(diphenyiphosphino}ferrocencjdichloropalliadinm(1D)). Halogen-containing intermediate 7-
4 can be prepared by reacting intermediate 7-3 with a reagent suitable for introducing the
5 halogen Y~ {c.g., N-halosuccinimide such as N-iodosuccinimide, N-bromosuccinimide or N-

chlorosuceinimide). Intermediate 7-4 bearing a suitable halogen Y’ {e.g., Cl, Br or I) can be
coupled with an organozine derived from a suitable starting material 7-3 wherein Y' is a
suitable halogen (e.g., Br or I} under standard Negishi conditions {e.g., in the presence of Zn
(which can be activated by agents such as 1,2-dibromocthane and TMSCL) and 1n the presence

10 of a suitable palladnum catalyst, {e.g., {1,3-his{2,6-diisopropyiphenvhimidazol-2-yhdene}(3-

chloropyridy Dpatladium(Il) dichlonde)) to furnish compounds of Formuda (1)

Scheme 7.
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Compounds of Formula (I can be prepared as shown in Scheme 8. lntermediates 8-

15 1 which contain an ester {¢.g.. R 18 methyl or ethyl) can be hydrolyzed by exposure to
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hydroxade base {¢.g., LiOH, NaOH, KOH in water and a cosolvent such as THF, MeOH or
EOH) to furnish carboxylic acid intermediates 8-2. Carboxylic acid contamning intermediates

g, DCC,

£

can be coupled with an amine 83 in the presence of an amide coupling reagent (c.
EDC and HATU) and 1n the presence of a suitable base (¢.g., dusopropylethylamine or
tricthylamine) to furnish compounds of Formula (8}, Alternatively, ester containing
ntermediates can be converted directly to amide-containing compounds of Formuda (8) by
reaction at clevated temperature {e.g., 30 °C) with an amine 8-3 in the presence of a Lewis
acid catalyst (c.g., AlMes).

Scheme 8.
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Compounds of Forousda (I} can be prepared as shown in Scheme 9. Diol-containing
mtermediate -4 can be elaborated to carboxylic acid intermediate 9-1 by reaction with a
suitable oxidizing agent (c.g., by reaction with oxygen or air over a metal, such as Pt).
Carboxylic acid containing termediate 9-1 can be subjecied to conditions for esterification
(c.g., refluxing in an alcoholic solvent such as methanol or ethanol in the presence of an acid,
such as sulfuric acid) to provide ester intermediate 9-2. Exposure of 9-2 (o an organometallic
reagent R’-M! (e.g., a Grignard reagent such as methylmagnesium bromide) can provide
substituted diol intermediate 9-3. Alternatively, diol-containing intermediate 9-4 can be
converted to an aldehyde mtermediate 9-8 by treatrent with an appropriate oxidizing agent
(c.g., sulfur tmoxide~-pyridine complex or Dess-Martin periodinane). Exposure of aldehyde 9-
& to an appropriate nucleophile (e.g,. an organometallic reagent R7-M' such as a Grignard
reagent {¢.g.. methyinagoesium browuide) or reagents providing a source of a fluorinated
carbon nucleophile {e.g., an appropriately substituted silane such as
trimethy linfluoromethy Dsilane or trimethy ldithuoromethy Dsilane in the presence of TBAF))
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can provide substituted diol intermediate 9-6. Intermediate 9-6 can be oxidized to ketone %7
by reaction with an appropriate oxidizing agent (e.g., Dess Martin periodinane or PCC) and
the product ketone 9-7 can be reacted with an appropriate nucleophile (e.g,. an organometallic
reagent R®-M” such as a Grignard reagent (e.g., methylmagnesinm bromide) or reagents

5 providing a source of a fluorinated carbon nucleophile (e.g., an appropnately substituted
silane such as trimethy [(trifluoromethyl)silane or trimethyl(difluoromethyi)silane in the
presence of TBAF)) to provide substituted diol-containing intermediaie 9-8. Interracdiates 9-
3, 9-6, and 9-8 arc uscful for the synthesis of compounds of Formula (I} according to the

methods of Scheme 1.
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Compounds of Formuia (I} can be prepared as shown in Scheme 18, Appropuate
starting material 16-1, wherein Y' and Y? are independently suitable halogens (e.g.. Cl, Bror
I} or psendohalogens (e.g., OT), can be converted o ketone mtermediate 18-2 by formation
15 of a Grignard reagent {e.g., by reacting 18-1 with magnesium in the presence of

dibromoethane), and reaction of the Grignard reagent with a suitable electrophile (R°CO-LY),
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wherein L' is a suitable leaving group (e.g., R°CO-L' is a Weinreb amide (L' = ~-NMeOMe),
such ag 2 2-difluoro-N-methoxy -N-methylacetamide). Intermediate 18-2 can be converted to
an appropriately subsiituted olefin 16-3 via known methods {e.g., by reaction with
trimethylsily ldiazomethane 1n the presence of a catalyst such as
tris(inphenyviphosphinerhodiom () chloride and wiphenylphosphine in a mixture comaining
2-propancl; or via Peterson olefination, €. g., reaction with ({(frimethy IsilyDmethy Dmagnesium
chloride foliowed by reaction with trimethyisilvl influcromethancesuifonate)). Intermediate
16-3 can be converted to compounds of Formula (I} as shown in Scheme 1.

Scheme 18,

2
Yz i RS
R® 1) Mg, (CHzBr); clefination o
O T > T R
1 4 2)RECO-L} i
¥ 1 pt 2)RCO o j\Ra RS
10-1 10-3

Formuia i

The reactions for preparing compounds described herein can be carried out i suitable
solvents which can be readily selected by one of skill in the art of organic synthesis. Suitable
solvents can be substantially non-reactive with the starting materials (reactants), the
intermediates, or producis at the femperatures at which the reactions are carried out, (e.g.,
temperatures which can range from the solvent's freezing temperature to the solvent's boiling
temperature). A given reaction can be carried out in one solvent or a muxture of more than one
solvent. Depending on the particular reaction siep, suitable solvents for a particular reaction
step can be selected by the skilled artisan.

The expresstons, “ambicnt temperatore” or “room temperature” or “rt” as used herein,
are understood in the art, and refer generally {0 a temperature, ¢.g.. a reaction femperatige,
that 1s about the temperature of the room in which the reaction 1s carried out, for example, a

temperature from about 20 °C to about 30 °C.
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Preparation of compounds described herein can mvolve the protection and
deprotection of various chemical groups. The need for protection and deprotection, and the
sclection of appropriate protecting groups, can be readily determined by one skilled in the art.
The chemistry of protecting groups can be found, for example, 1n T. W. Greenc and P. G M.
Wuts, Protective Groups in Organic Synthesis, 3 Ed., Wiley & Sons, Inc., New York (1999).

Reactions can be monitored according o any suitable method known n the art. For
exaraple, product formation can be monitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy (e.g., 'H or Q) infrared spectroscopy, spectrophotometry
(e.g., UV-visible), mass spectrometry, or by chromatographic methods such as high
performance liquid chromatography (HPLO), Hgoid chromatography -mass speciroscopy
(LCMRB), or thin layer chromatography (TLC). Compounds can be purified by those skilled in
the art by a variety of methods, including bigh pediormance higuid chromatography (HPLO)
and norreal phase silica chromatography.

Methods of Use

The compounds, salts or stereoisomers thereof described herein inhibit activity of
PI3Ky kinase. Accordingly, the compounds, salts or stercoisomers described herein can be
used in methods of inhibiting PI3Ky kinase by contacting the kinase with any one of raore of
the compounds, salts, or compositions described herein. In some embodiments, the
compounds or salts can be used i methods of mbibiting activity of PI3Ky n an
mdividual/patient in need of the inhibition by administering an effective amount of a
compound or salt of described herein. In some embodiments, modulating is inhibiting. In
sorae embodimaents, the contacting 18 in vive. In some embodiments, the contacting is ex vivo,
Advantageously, the compounds as described herein demonstrate better efficacy and
favorable safety and toxicity profiles in animal studics.

In some embodiments, the PI3Ky includes a mutation. A mutationcan be a
replacement of one amino acid for another, or a deletion of one or more aming acids. In such
erebodiments, the mutation can be present in the kinase domain of the PI3Ky.

In some embodiments, the compound or salt further inhibits PI3KS.

The compounds or salts described herein can be sclective. By “selective” is meant
that the compound binds to or inbibits PI3Ky with greater affinity or potency, respectively,
compared to at keast one other kinase. In some embodiments, the compounds of the disclosure
are selective nhibitors of PI3Ky over PI3KS, PI3Ky, and PIZKE. I some embodimends, the
compounds of the disclosure are selective mhibitors of PI3Ky over PI3K o and PI3KS. In
some embodimenis, selectivity can be at least about 2-fold, 3-fold, 5-fold, 10-fold, at or 20-

fold over PI3K4é as measured by the assays described herein. In some embodiments,
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selectivity can be tested at the 2 uM ATP concentration of each enzyme. In some
embodiments, the selectivity of compounds of the disclosure can be determined by cellular
assavs associated with particular PI3K kinase activity.

Another aspect of the present disclosure pertains to methods of treating a kinase
PI3Ky-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
compounds of the present disclosure or a pharmaceutical composttion thereof, A PI3Ky-
associated discase or disorder can include any discase, disorder or condition that is directly or
mdirectly linked to expression or activity of the PI3Ky, including overexpression and/or
abnormal activity levels.

In some embodiments, the disease or disorder 1s an autoimmune discase or disorder,
cancer, cardiovascular disease, or neurodegenerative discase.

In some embodiments, the disease 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
sarcorna 1s Askin's tumor, sarcora botrvoides, chondrosarcoma, Ewing's sarcoma, malignant
hemangioendothelioma, malignant schwannoma, ostcosarcoma, alveolar soft part sarcoma,
angiosarcoma, cystosarcoma phyllodes, dermatofibrosarcoma protuberans, desmoid tumor,
desmoplastic small round cell tumor, epithelioid sarcoma, exiraskeletal chondrosarcoma,
extraskeletal osteosarcoma, fibrosarcoma, gastromtestinal stromal tumor (GIST),
hemangiopericvioma, hemangiosarcoma, Kaposi's sarcoma, letomyosarcoma, liposarcoma,
lymphangiosarcoma, lvmphosarcoma, malignant peripheral nerve sheath tumor (MPNST),
neurofibrosarcoma, rhabdomyvosarcoma, synovial sarcoma, or undifferentiated pleomorphic
sarcoma.

In some embodiments, the disease or disorder is mesothelioma or adrenocarcinoma.
In some embodiments, the discase or disorder is mesothelioma. In some embodiments, the
disease or disorder is adrenocarcinoma.

In some embodiments, the disease or disorder is acute myeloid leukerma (e.g., acute
monocviic leukemia), small lymphocyetic lymphoma, chronic lvmphocytic leukemia (CLL),
chronic myelogenous levkemia (CML), multiple myeloma, T-cell actute lvmphoblasic
feukemia (T-ALL}, cutancous T-cell vamphoma, large granular lymphocyviic leukemia, reature
{peripheral) t~cell neoplasm (PTCL), anaplastic large cell lymphoma (ALCL), or
brmphoblastic lvmphoma. In some embodiments, the mature (peripheral) t-cell neoplasm

(PTCL) 18 T-cell prolymphocytic leukenua, T-cell granular lymphocytic leukemia, aggressive

103

PCT/US2019/021186



10

15

20

25

30

WO 2019/226213 PCT/US2019/021186

NK-cell leukemia, mycosis fungoides/Sezary syndrome, naplastic large cell lymphoma (T-
cell type), enteropathy type T-cell ymphoma, adult T-cell lenkemia/lymphoma, or
angwimmunoblastic T-cell lvephoma o some embodiments, the anaplastic large cell
brmphoma (ALCL) 15 systemic ALCL or primary cutancous ALCL.

In some embodiments, the discase or disorder is Burkitt's lymphoma, acute
myeloblastic leukemia, chronic myeloid leukemia, non-Hodgkins lymphoma, Hodgkin's
Ivraphoma, bairy cell leukemia, Maotle cell lvmphoma, small lvraphocviic lymphoma,
follicular lymphoma, xenoderoraa pigmentosum, keratoctanthoma, lymphoplasmacytic
fymphoma, extrancdal marginal zone lyraphoma, Waldenstrom's macroglobulinemia,
prolyraphocyitic leukemia, acute lymphoblastic leukemia, myclofibrosis, mucosa-associaied
ymphatic tssue (MALT) lymphoma, mediastinal (thymic) large B-cell lymphoma,
iverphomatotd granulomatostis, splenic marginal zone vaphoma, primary effusion
Iymphoma, intravascular large B-cell lvephoma, plasma cell leukemia, extramedullary
plasmacytoma, smouldering myeloma (aka asymptomatic myeloma), monoclonal
gammopathy of undetermined significance (MGUS), or diffuse large B cell lymphoma.

In some embodiments, the disease or disorder is Burkitt's lvmphoma, acute
myeloblastic leukemia, chronic myeloid leukemia, non-Hodgkin's lvinphoma, Hodgkin's
Ivewphoma, haiey cell leukemia, Mangle cell tymphoma, small lymphocytic lymphoma,
follicalar lymphoma, ymphoplasmacytic lvmphoma, extranodal marginal zone lymphoma,
Waldenstrom's macroglobulinemia, prolvraphocytic leukemia, acute lymphoblastic loukemia,
myclofibrosis, mucosa-associated lymphatic ussue (MALT) lymphoma, mediastinal {thymic)
farge B-cell lviophoma, lymphoreatoid granubvmatosis, splenic marginal zone lympboma,
primary etfusion lymphoma, intravascolar large B-cell lymphoma, plasma cell leukemia,
extramedullary plasmacytoma, smouldering myeloma (aka asymptomatic myeloma),
manoclonal garamopathy of undetermined significance (MGUR), or diffuse large B cell
tymphoma.

MDSC (nyeloid-derived suppressor cells) are a heterogenous group of sumune cells
from the myeloid lineage (a famly of cells that onginate from bone marrow stem cells).
MBSCs strongly expand in pathological sttuations such as chronic infections and cancer, as a
result of an altered haematopoiesis. MDSCs are discriminated from other myeloid cell tvpes
i which they possess strong bnmunosappressive activities rather than innmunostimelatory
propertics. Similar to other mveloid cells, MDSCs interact with other immuone cell types
mcluding T cells, dendritic cells, macrophages and natural killer cells to regulate thew

functions. In some embodiments, the compounds, etc. described herein can be used in
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methods realted to cancer tissue (¢.g., tumors) with high nfiltration of MD5Cs, including
Solid tumors with high basal level of macrophage and/or MDSC mf{iltration.

In some embodiments, the non-Hodgkin’s lymphoma (NHL) is relapsed NHL,
refractory NHL, recocurrent follicular NHL, indolent NHL GNHL), or aggressive NHL
{aNHL}.

In some embodiments, the diffuse large B cell lymphoma is activated B-cell like
(ABC) duffuse large B cell Iymphoma, or germunal cender B cell (GCB) diffuse large B cell
Iverphoma. In some embodiments, the Burkitt’s lymphoma is endemic Budat's Iviaphoma,
sporadic Burkitt's lymphoma, or Burkitt's-like lyvmphoma.

In some embodiments, the disease or disorder is rheumatoid arthritis, multiple
sclerosis, systemic lupus ervthematous, asthma, allergy (e.g. allergic thunitis), pancreatitis,
psoriasis, anaphylaxis, glomerulonephuitis, inflammatory bowel disease (¢.g., Crohn’s disease
and ulcerative colitig), thrombosis, meningitis, encephalitis, diabetic retinopathy, benign
prostatic hypertrophy, myasthenia gravis, Sjogren’s syndrore, osteoarthiritis, restenosis, or
atherosclerosis.

In some embodiments, the disease or disorder is heart hypertropy, cardiac myocyte
dysfunction, acute coronary syndrome, chronic obstructive pulmonary disease (COPD),
chronic bronchitis, clevated blood pressure, ischenua, ischemia-reperfusion, vasoconstriction,
anciia (€.g., hemoly tic ancimia, aplastic ancmia, or pure red cell ancrmia), bacterial mfection,
viral infection, graft rejection, kidney discase, anaphylactic shock fibrosis, skeletal muscle
atrophy, skeletal muscle hypertrophy, angiogenesis, sepsis, graft-versus-host discase,
sHogeneic or xenogeneic ransplantation, glomerulosclerosis, progressive renal fibrosis,
wdiopathic thrombocyiopenic purpura (ITP), idiopathic pulmonary fibrosis, autoimmune
hemolytic anermia, vasculitis, lupus nephritis, pemphigus, or membranous nephropathy .

In some embodiments, disease or disorder is heart hypertropy, cardiac myocyie
dysfunction, chronic obstractive pulmonary disease (COFPD), clevated blood pressure,
ischemia, ischemia-reperfusion, vasoconstriction, anemia (e.g., hemolytic anemia, aplastic
anemia, or pure red cell anemia}, bacterial wnfection, viral infection, graft rejection, kidney
discase, anaphylactic shock fibrosis, skeletal muscle atrophy, skeletal muscle hypertrophy,
angiogenesis, sepsis, graft rejection, glomerniosclerosis, progressive renal fibrosis, idiopathic
thrombocytopenic purpura (ITP), autoimmune hemolytic anemia, vasculits, systemic lupus
erythematosus, fupus nephritis, pemphigus, ot membranous nephropathy.

In some embodiments, the disease or disorder is Alzheimer's disease, central nervous

system {rauma, or siroke.
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In some embodiments, the idiopathic thrombocytopenic purpura (ITP) 1s relapsed TP
or refractory 1TP,

In some embodiments, the vasculitis 18 Behget's disease, Cogan's svndrome, giant cell
arteritis, polymyalgia rheuwmatica (PMR), Takayvasu's arteritis, Buerger's discase
(thromboangiitis obliferans), ceniral nervous system vasculitis, Kawasaki disease,
polyvarteritis nodosa, Churg-Strauss syndrome, mixed cryoglobulinemia vasculitis (essential or
hepatitis C virus (HCVi-induced), Henoch-Schérdein purpura (HSP), by persensitivity
vasculitis, microscopic polyangiitis, Wegener's granulomatosis, or anti-neutrophil cvtoplasm
antibody agsociated (ANCA) systemic vasculitis (AASV).

The present disciosure further provides a corapound described herein, o a
pharmaceutically acceptable salt thereof, for use m any of the methods described herein.

The present disclosure further provides use of a compound described herein, or a
pharmaccutically acceptable salt thereof, for the proparation of a medicament for use in any of
the methods described herein.

As used horein, the term “contacting” refers to the bringing together of mdicated
moicties in an 72 vitro system or an i vive system. For example, “contacting” a PI3K with a
compound of the disclosure includes the admsinistration of 3 corgpound of the present
disclosure to an individual or patient, such as a human, having a PI3K, as well as, for
example, miroducing a compound of the disclosure nto a saraple containtng a cellular or
purificd preparation containing the PI3K.

It 15 believed that compounds of provdied herein {e.g., compounds of Formula (1), or
pharmaceutically acceptable salis thereof) or any of the embodiments thereof, may possess
satisfactory pharmacological profile and promising biopharmaceutical properties, such as
toxicological profile, metabolism and pharmacokinetic properties, solubility, and
perraecability. It will be understood that determination of appropriate biopharmaceutical
properties 1s within the knowledge of a person skilled in the art, e g, determination of
cytotoxicity in celis or inhibition of certain targets or channels fo determine potential toxiciy .

As used herein, the term “individual” or “patient.” used interchangeably, refers to any
animal, incloding mammals, preferably mice, rats, other rodents, rabbits, dogs. cats, swine,
catile, sheep, horses, or primates, and most preferably humans.

As vsed herein, the phrase “therapeutically effective amount” refers {o the amount of
active compound or pharmaceutical agent that ¢licits the biclogical or medicinal response that
is being sought in a tissue, system, ammal, individual or hmman by a researcher, vetlerinarian,

medical doctor or other clinician.
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As used herein, the term “treating” or “treatment” can refer to one or more of (1)
inhibiting the disease; for example, inhibiting a disease, condition or disorder 1n an ndividual
who 18 experiencing or displaying the pathology or svmptomatology of the disease, condition
or disorder (i.¢., arresting further development of the pathology and/or symptomatology); and
(2 amcliorating the discase; for exaraple, ameliorating a disease, condition or disorder in an
mndividual who 1s experiencing or displaying the pathology or symptomatology of the disease,
comndition or disorder (3., reversing the pathology and/or svamptomatology ) such as
decreasing the severity of discase.

In some embodiments, the compounds of the invention are useful 10 preventing or
reducing the risk of developing any of the discases referred to heretny, e.g., preventing or reducing
the rigk 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
symptomatology of the discase.

Combination Therapies

Cancer cell growth and survival can be impacted by multiple signaling pathways.
Thus, it 1s usefol to combine different enzvme/protem/receptor inhibitors, exhibiting different
preferences in the targets which they modulate the activities of, to treat such conditions,
Targeting more thas one signaling pathway {or more than one biclogical molecule involved in
a given signabing pathway may reduce the likelithood of drug-resistance arising w a cell
population, and/or reduce the toxicity of treatment.

The compounds of the present disclosure can be used i combination with one or
more other enzyme/protein/receptor inhibitors or one or more therapies for the treatment of
discases, such as cancer. Examples of diseases and indications treatable with combination
therapics include those as described herein. Examples of cancers inchude solid tumors and
Iiquid tumors, such as blood cancers.

One or more additional pharmaceutical agents such as, for example,
chemotherapeutics, anti-inflammatory agents, steroids, immunosuppressants, inmune-
oncology agents, metabolic enzyme mhibitors, chemokine receptor inhibitors, and
phosphatase inhibitors, as well as targeted therapies such as Ber-Abl, FIt-3, EGFR, HER2,
JAK, ¢-MET, VEGFR, PDGFR, ¢-Kit, IGF-1R, RAF and FAK kinase inhibttors such as, for
example, those described in WO 2006/056399. Other agents such as therapeutic antibodies
can be used in combination with the compounds of the present disclosure for treatment of
discases, disorders, or conditions, particularly PI3K-associated diseases, disorders, or
conditions. The one or more additional pharmaceuntical agents can be administered to a patient

simultancously or sequentially.
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For example, the compounds as disclosed herein can be combined with one or more
nhibitors of the following kinases for the treatment of cancer and other diseases or disorders
descnibed herein: Aktl, Ake2, A3, TGF-BR, PKA, PKG, PKC, CaM-kinase, phosphorviase
kinase, MEKX, ERE, MAPK, mTOR, EGFR, HER2, HER3, HER4, INS-R, [GF-IR, IR-R,
PDGFoR, PDGFRR, CSFIR, KIT, FLKAIL KDR/FLK-1, FLEK-4, fit-1, FGFR1, FGFR2,
FGFR3, FGFR4, ¢-Met, Ron, Sea, TRKA, TRKB, TRKC, FLT3, VEGFR/FIt2, Fitd, EphAl,
EphAZ EphA3 EphB2, EphB4, Tie?, Sre, Fyn, Lek, For, Bk, Fak, SYK, FRE 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 discascs and disorders
descnbed herein include an FGFR inhibitor (FGFR1I, FGFR2, FGFR3 or FGFR4, ¢ 8.,
INCB35482¢, INCB62079 and INCB63904), a JAK inhibitor (JAKT and/or JAK2, e g.,
ruxolitinib, baricitinib or INCB39110}, an DO mlubitor (e.g., epacadostat, NLGS19, or
BMRB-986205), an LSD1 inhibitor (e.g., INCB59872 and INCB600(3), a TDO inhibitor, a
PI3K-delta inhibtor (c.g., INCB30797 and INCB30465), a Pim inhibitor, a CSFIR shibitor,
a TAM receptor tyrostue kinases (Tyro-3, Axl, and Mer), a histone deacetylase ihibitor
(HDAC) such as an HDACS mhibitor, an angiogenesis inhibitor, an interdeukin receptor
mhibitor, bromo and extra terminal family members inhibitors (for example, bromodomain
inhibitors or BET inbibitors such as INCB34329 and INCB57643) and an adenosine receptor
antagonist or combinations thercof.

In some embodiments, the compound or salt described herein 1s administered with a
PI3KS mhibitor. Tn some embodiments, the compound or salt described herein is administered
with a JAK mlubitor. In some embodiments, the compound or salt described herein is
admisistered with a JAKT or JAKZ inhibiior (e .g., baricitinib or ruxohitinib). In some
embodiments, the compound or salt described herein is administered with a JAKT inhibitor.
In some embodiments, the compound or salt described herein is administered with a JAK1
mlubitor, which is selective over JAKZ.

Example antibodics for use in combination therapy include but are not limited to
Trastuzuresb (e.g. anti-HERZ), Ravibizumab {¢.g. anti-VEGF-A), Bevacizumab (trade name
Avastin, ¢.g. anti-VEGF, Panttumumab (¢ g anti-EGFRY, Cetuximab (¢.g. anti-EGFR),
Ratvexan (antt-CD20y 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-hmiting kst a cytostatic agent, cisplatin,
doxorubicin, taxotere, taxol, etoposide, trinotecan, camptostar, fopotecan, paclitaxel,
docetaxel, epothilones, tamoxifen, S-fluorouracil, methoxtrexate, temozolomide,

cyclophosphamide, SCH 66336, R115777, L778,123, BMS 214662, IRESSA™(gefitinib),
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TARCEVA™ (erlotinib), antibodies to EGFR, GLEEVECT™ (imatinib mesylate), intron, ara-

C, adriamycin, cytoxan, gemcitabine, wract! mustard, chlormethine, ifosfamide, melphalan,
chlorambucil, pipobroman, tricthylenemelamine, tricthylesethiophosphoramine, busulfan,
carmustine, lomustine, streptozocin, dacarbazine, foxuridine, cytarabine, 6-mercaptopurine,
6-thiogunanine, fludarabine phosphate, oxaliplatin, lencovirin, ELOXATIN™ (oxaliplatin),
pentostatine, vinblasting, vincristing, vindesine, bleomyein, dactinomycin, dasnorubicin,
doxorubicin, epirubicin, idarubicin, mithramycin, deoxveoformycin, mitomysin-C, L-
asparaginase, teniposide 17 alpha. -ethinviestradiol, dicthyistibestrol, testosterone,
Prednisone, Fluoxymesterone, Dromostanolone propionate, {estolactong, megestrolacetate,
methyiprednisolone, methyfestosterone, preduiscione, triamcinoione, chiorotrianisene,
hydroxyprogesterone, aminoglutethimide, estramustine, medroxyprogesteroneacetate,
ieuprolide, flutamide, toremifene, goserelin, carboplatin, hydroxyurea, amsacrine,
procarbazing, mitotane, mitoxantrone, levamisole, navelbene, anastrazole, letrazole,
capecitabine, reloxafine, droloxafine, hexamethyimelamine, avasting HERCEPTIN™
(trastuzumab), BEXXAR™ (tositumomab), VELCADE™ (bortezomib), ZEVALIN™
(ibritumomab tiuxetan), TRISENOX™ (arsenic trioxide), XELODA™ (capecitabine),
vinorelbine, porfimer, ERBITUX™ (cetuximab), thiotepa, altretamine, melphalan,
trastuzumab, lerozode, fulvestrant, exemestane, ifosfomide, rituximab, C225 {cetuximab),
Campath (alemturumab), clofarabine, cladnibine, aphidicolon, rituxan, sumtimb, dasatinib,
teracitabine, Smll, fludarabine, pentostatin, triapine, didox, trimidox, amidox, 3-AP, and
MBL-101,731.

The compounds of the present disclosure can further be used in combination with
other methods of treating cancers, for example by chemotherapy, rradiation therapy,
tumortargeted therapy, adjuvant therapy, immunotherapy or surgery. Examples of
immunotherapy include cviokine treatment (e.g., inferferons, GM-CSF, G-CSF, IL-2), CRS-
207 immunotherapy, cancer vaccine, monocional antibody, adoptive T cell transfer, Toll
receptor agonists, STING agonists, oncolytic virotherapy and immunomodulating small
molecules, including thalidomide or JAK1/2 inhibitor and the bike. The compounds can be
administered m conmbination with one or more anti~cancer drugs, such as a
chemotherapeutics. Example chemotherapeutics inchide any of abarelix, aldeslenkin,
alemturumab, alitretinoin, aliopurinol, altretamine, anastrozole, arsenic trioxide,
asparaginase, azacitidine, bevacizumab, bexarotene, baricitinib, bleomycin, bortezombi,
bortezomib, busulfan intravenous, busulfan oral, calusierone, capecitabine, carboplatin,
carmustine, cetuximab, chlorambucil, cisplatin, cladnibine, clofarabine, cyclophosphanide,

cytarabine, dacarbazine, dactmomycin, daltepann sodium, dasatinib, dasnorubicin,
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decitabine, denileukin, denileukin diftitox, dexrazoxane, docetaxel, doxorubicin,
dromostanolone propionate, eculizomab, epirabicin, edotinib, estramustine, etoposide
phosphate, etoposide, exemestane, fentanyl citrate, filgrastim, floxuridine, fludarabine,
fluorouracil, fulvestrant, gefitinib, gemcitabine, gemtuzumab ozogamicin, goserehin acetale,
histrelin acetate, ibritumomab tiuxetan, idarubicin, HFosfamide, tmatinib mesvlale, interferon
alfa 2a, rinotecan, lapatinib ditosylate, lenahidomide, letrozole, lencovorin, leuprolide acetate,
ievamisole, lomustine, meclorethamine, megesirol acetate, melphalan, mercaptopurine,
methotrexate, methoxsalen, mitomycin C, mitotane, mitoxantrone, nandrolone
phenpropionate, nelarabine, nofetamomab, olaparib, oxaliplatin, paclitaxel, pamidronate,
pantturmuraab, pegaspargase, peghilgrastin, pemetrexed disodiura, pentostatin, pipobroman,
phicamycin, procarbazine, guinacrine, rasburicase, rituximab, ruxolitinib, rucaparib, sorafenib,
streptozocin, sunitinib, sunitinib maleale, tamoxifen, temozolomide, teniposide, testolacione,
thalidomide, thioguaning, thiotepa, topotecan, toremifene, fosttumomab, irastuzumab,
tretinoin, uracil mustard, valrebicin, vinblastise, vineristine, vinorelbine, vormostat, niraparib,
veliparib, talazoparib and zoledronate.

Additional examples of chemotherapeutics include proteosome miubitors (e g,
bortezomib), thalidomide, revliraid, and DNA-damaging agents such as melphalan,
doxorubicin, cvclophosphanude, vincristine, eloposide, carmustine, and the like,

Example steroids include corticosteroids such as dexamethasone or prednisone.

Example Ber-Abl inhibitors inchude imatinib mesylate (GLEEVACY™), nilotinb,
dasatimb, bosutinib, and ponatinib, and pharmacecutcally acceptable salts, Other example
suitable Ber-Abl inhibitors include the compounds, and pharmaceutically acceptable salts
thereof, of the genera and species disclosed n U5, Pat. No. 5,521,184, W0 04/005281, and
U.5. Ser. No. 60/578,491.

Example suitable Fii-3 inhibitors include midostaurin, lestaurtinib, linifanib,
sunitinib, sunitintb, maleate, sorafenth, gquizartinib, crenclamib, pacritinib, tandutimb,
PLX3397 and ASP2215, and thetr pharmaceutically acceptable salts. Other example suitable
Fle-3 inhibitors include compounds, and their pharmaceutically acceptable salts, as disclosed
i WO 03/037347, WO 03/099771, and WO 04/046120.

Example suitable RAF mhibitors include dabrafenib, sorafenib, and vemurafenib, and
their pharmaceuntically acceptable salts. Other example suitable RAF inhibitors inclade
compounds, and thewrr pharmaceutically acceptable salts, as disclosed 1n WO 00/09495 and
WO 05/028444,

Example suitable FAK mhibitors mchide VS-4718, VS-5095, VS-6062, VS-6063,
BI833520, and GSK2256098,and their pharmaceutically acceptable salts. Other example
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suitable FAK hibitors include compounds, and their pharmaceutically acceptable salts, as
disclosed in WO 04/080980, WG 04/056786, W( 03/024967, WO (1/064655, WO
00/0535935, and WO 01/014402.

In some embodiments, the compounds of the disclosure can be used 1n combination
with one or more other kinase tnhibitors tnchuding imatinib, particelarly for treating paticnts
resigtant to tmatinib or other kinase inhibitors.

In some embodiments, the compounds of the disclosure can be used in combination
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
combination with a chemotherapeutic provided herein. For example, additional
pharmaccutical agents used in the weatment of multiple raveloma, can inclade, without
lunitation, melphalan, melphalan plus prednisone [MP], doxombicin, dexamethasoune, and
Veleade (bortezomib). Further additional agents nsed 1o the treatment of multiple myveloma
include Ber-Abl, Flt-3, RAF and FAK kinase inhibitors. In some embodiments, the agent is
an alkvlating agent, a proteasome inhibitor, a corticosteroid, or an immunomodulatory agent.
Exaraples of an alkylating agent inchude cyclophosphamide {CY), reciphalan (MEL), and
bendamustine. In some embodiments, the proteasome mhibitor is carfilzomib. In some
embodiments, the corticosteroid is dexamethasone (DEX). In some embodiments, the
immunomodulatory 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, PI3Ky mhibitors provided herein can be used in 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 checkpoint inhibitors
as described herein can be used for the treatment of melanoma. Compounds of the present
disclosure can be used i combination with one or reore trarune checkpoint inhibitors,
Exemplary immune checkpoint inhibitors imclude inhibitors against immune checkpoint
molecules such as CD20, CD28, CD40, CD122, 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, LAGS, TIM3, VISTA, TIGIT, PD-1, PD-L1 and PD-L2. In
sorae embodiments, the mmune checkpoint molecule is a stimulatory checkpoint molecuie
selected from CD27, CD28, CD46, ICOS, OX40, GITR and CD137. In some embodiments,
the immune checkpoint molecule 1s an inhibitory checkpoint molecule selected from A2AR,

B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1, TIM3, TIGIT and VISTA. In some
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embodiments, the compounds of the disclosure provided herein can be used in combination
with one or more agents selected from KIR inhibitors, TIGIT inhibitors, LAIR! inhibitors,
CD160 mhibitors, 2B4 inhibitors and TGFR beta inhibitors,

In some embodiments, the PISKy inhibitors provided herein can be used in
combination with one or more agonisis of numune checkpoint molecules, e.g., OX44, CD27,
OX40, GITR, and CD137 (also known as 4-1BB).

In some embodiments, the inhibitor of an numune checkpoint molecule is anit-PD1
antibody, anti-PD-L1 antibody, or anti~-CTLA-4 antibody.

In some embodiments, the ihibitor of an immune checkpoint molecule is an nbibitor
of PD-1, e.g., an anti-PD}-1 monoclonal antibody. Tn some embodiments, the anti-PD-1
menoclonal antibody 1s nivolumab, pembrolizumab (also known as MK.-3473), durvalumab
(Imfinzi®), pididizumab, SHR-1210, PDRO0I, MGAQ012, PDROOT, AB122, or AMP-224. In
some embodiments, the anti-PD-1 moneclonal antibody is MGAO12, nivolumab or
pembrolizamab. In some embodiments, the anti-PER antibody 18 MGAO12, In some
embodiments, the anti-PD1 antibody is nivolumab. In some embodiments, the anti-PD1
antibody is pembrolizumab. In some embodiments, the anti-PD1 antibody 15 SHR-1210.
Other anti-cancer ageni(s) include antibody therapeutics such as 4-1BB (e.g. urelumab,
utorailumab.

In some embodiments, the ihibitor of an immune checkpoint molecule is an nbibitor
of FD-L1, ¢.g.. an anti-PD-L1 moncclonal antibody . In some embodiments, the anti-PD-L1
monoclonal antibody 1s BMS-935539, MEDI4736, MPDL3230A (also known as RG7446), or
MRBOOIGTIEC, In some embodiments, the anti-PD-L1 monoclonal antibody is MPDL3280A
or MEDI4736.

In some embodiments, the PI3Ky mhibitors provided herein can be used alone, or in
combination an anti-PD-1, for the treatment melanoma (PD-1 refractory), NSCLC (PD-1
refractory), HNSCC (PD-1 refractory), triple negative breast cancer (PD-1 naive),
mesothelioma, adrenocarcinoma or turmors with high level of MDISC,

In some embodiments, the inhibitor of an immune checkpoint molecule is an ihibitor
of PD-1 and PD-L1, ¢.g., an anti-PD-1/PD-L 1 monoclonal antibody. In some embodiments,
the anti-PD-1/PD-L1 is MCLA-136.

In some embodiments, the mbibitor is MCLA-145.

In some embodiments, the inhibitor of an tmmune checkpoint molecule is an inhibitor
of CTLA-4, ¢ g, an anti-CTLA-4 antibody. In some embodiments, the anti-CTLA~4 antibody
is ipilimumab, tremehimomab AGENI884, or CP-675,206.
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In some embodiments, the inhibitor of an immune checkpoint molecule is an whibitor
of LAGS, ¢.g., an anti-LAGS antibody. In some embodiments, the anti-LAGS antibody 18
BMS-086016, LAGS25, or INCAGN2385,

In some embodiments, the inbibitor of an immune checkpoint molecule is an mhibilor
of TIM3, ¢z, an 3u6-TIM3 astibody. s some embodiments, the antt-TIM3 antibody is
INCAGN2390, MBG433, or TSR-022.

In some embodiments, the inhibitor of an mmmune checkpoint molecule is an whibitor
of GITR, e.z., an anti~GITR antibody. In some embodiments, the anti-GITR antibody is
TRX318, MK-4166, INCAGN1876, MK-1248, AMG228, BMS-986156, GWN323, or
MEDI1873.

In some embodiments, the inhibitor of ap immune checkpoint molecule s an agonist
of X490, e.g., OX40 agonist antibody or OX40L fusion protein. In soree embodiuents, the
anti-0O¥X40 antibody iz MEDI0562, MOXR-0916, PF-04518600, GSK3174998, or BMS-
986178, In some embodiments, the OX40L fusion protein 1s MEDI63B3.

In some embodiments, the inhibitor of an immune checkpoint molecule 18 an inhibitor
of CD20, ¢.g., an anti~-CD20 antibody. In some embodiments, the anti-CD20 antibody is
cbinwtuzumab or rifuximab,

The compounds of the present disclosure can be nsed v combination with bispecific
antibodies. In some embodiments, one of the domains of the bispecific antibody targets PD-1,
PD-L1, CTLAA, GITR, OX40, TIM3, LAG3, CD137, ICOS, CD3 or TGFp receptor.

In some embodiments, PI3K-gamma inhibitors provided herein can be used in
combination with one or more metabolic enzyme inhibitors. In some embodiments, the
metabolic enzyme inhibitor is an inhibitor of IDO1, TDO, or arginase. Examples of IDO1
inhibitors include epacadostat, BMS-986203, PF-06840003, IOM?2983, R{5-70099,
LY338196, and NGL919,

In some embodiments, the compounds of the disclosure can be used in combination
with an inhibitor of JAK or PI3KS.

The agents can be combined with the present compound in a single or continuous
dosage form, or the agents can be administered simultanecusly 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 inchide viral infections, bacterial ifoctions, fungus infections or parasite

infections.
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In some embodiments, a corticosteroid such as dexamethasone is admunistered to a
patient in combination with the compounds of the disclosure where the dexamethasone 1s
administered mtermitiently as opposed to continuously.

The compounds of Formula (I) or any of the formulas as described herein, a
compound as recited 1o any of the claims and described heretn, or salis thereof can be
combined with another immunogenic agent, such as cancerous cells, purified twmor antigens
(including recombinant proteins, peptides, and carbohydrate molecules), cells, and cells
transfected with genes encoding immune stimulating cytokines, Non-limiting examples of
tomor vaccines that can be used nchude peptides of melanoma antigens, such as peptides of
gpi00, MAGE antigens, Trp-2, MARTI and/or tyrosinase, of furaor cells transfected to
express the cytokine GM-CSF.

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 used in
combination with a vaccination protocol for the treatrent of cancer. In some embodiments,
the tumor cells are transduced to express GM-CSF. In some embodiments, tumor vaccines
mclude the proteins from virases implicated in human cancers such as Human Papilloma
Viruses {HPVY), Hepatitis Viruses (HBV and HCV) and Kapost's Herpes Sarcoma Virus
(KHSV). In some embodiments, the compounds of the present disclosure can be used in
combination with tumor specific antigen such as heat shock proteins isolated from tumor
tissue iisell In some embodiments, the compounds of Formula (1) or any of the formulas as
deseribed herein, a compound as recited 1n any of the claims and described herein, or salts
thereof can be combined with dendritic cells immunization to activate potent anti-tumor
FeSPOnSEs.

The compounds of the present disclosure can be used in combination with bispecific
macrocyclic peptides that target Fe alpha or Fe gamuma receptor-expressing effectors cells to
tumor cells. The compounds of the present disclosure can also be combined with macrocychic
peptides that activate host immune responsiveness.

In some further embodiments, combinations of the compounds of the disclosure with
other therapeutic ageunts can be admmnistered to a patient prior to, during, and/or after a bone
marrow transplant or stem cell transplant. The compounds of the present disclosure can be
used tn combination with bone marrow transplant for the treatmaent of a variety of tumors of
hematopotetic origin,

The compounds of Formula (I} or any of the formulas as described herein, a
compound as recited i any of the claims and described herein, or salts thereof can be used in

combination with vaccines, to stimulate the mumune response to pathogens, toxins, and self
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antigens. Examples of pathogens for which this therapeutic approach may be particularly
usefid, mchude pathogens for which there is currently no effective vaccine, or pathogens for
which conventional vaccines are less than completely effective. These mclude, but are not
himited to, HIV, Hepatitis (A, B, & C), Influenza, Herpes, Giardia, Malana, Leishmania,
Staphylococcus aurcus, Pseudomonas Aeruginosa.

Viruses causing infections treatable by methods of the present disclosure mnclude, but
are not limit to huoman papillomavirus, influenza, hepatitis A, B, C or D viruses, adenovirus,
poxvirus, herpes simplex viruses, human cytomegalovirus, severe acute respiratory syndrome
virus, ebola virus, measles virus, herpes virus (¢.g., VZV, HSV-1, HAV-6, HSV-II, and
CMV, Epsiein Barr virus), flaviviruses, echovirus, rhinovicus, coxsackie virus, cornovirus,
regpiratory syncytial virus, mumpsvirus, rotavirus, measles virus, rubella virus, parvovirus,
vaccinia virgs, HTLV virus, dengoe virus, papillomavirus, molluscom virus, poliovirus,
rabics virus, JC virus and arboviral encephalitis virus.

Pathogenic bacteria cansing infections treatable by methods of the disclosure include.,
but are not limited to, chlamydia, rickettsial bacteria, mycobacteria, staphylococci,
streptococci, preumonococel, memngococet and conococcd, klebsiella, proteus, serratia,
pseudomonas, legionelia, diphtheria, salmonella, bacilli, cholera, tetanus, botulism, anthrax,
plague, leptospirosis, and Lyme's disease bacteria.

Pathogenic fungi causing infections treatable by methods of the disclosure include.
but are not limiied to, Candida {albicans, krusei, glabrata, tropicalis, etc.), Cryptococcus
neoformans, Aspergillus (fumigatus, niger, ¢tc.), Genus Mucorales (mucor, absidia,
rhizophus), Sporothrix schenkii, Blastomyces dermatitidis, Paracoccidioides brasilionsis,
Coccidioides imiitis and Histoplasma capsulatum. Pathogenic parasites causing infections
treatable by methods of the disclosure include, but are not limited to, Entamoeba histolytica,
Balantidium coli, Nacgleriafowleri, Acanthamocba sp., Giardia lambia, Cryptosporidium sp.,
Pnewmocystis cannii, Plasmodivm vivax, Babesia microti, Trypanosoma brucet,
Trypanosomma cruzi, Leishieania donovani, Toxoplasma gond:, and Nippostrongylus
brasiliensis.

Methods for the safe and effective administration of most of these chemotherapeatic
agenis are keown to those skilled in the art. 1o addition, thewr administration 1s described in
the standard literature. For example. the administration of many of the chemotherapeutic
agents i described in the "Physiclans’ Desk Reference™ (PDR. ¢ g, 1996 edition, Medical
Economics Company, Montvale, NI}, the disclosure of which is incorporated herein by

reference as if set forth in its entirety .
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As provided throughout, the additional compounds, inhibitors, agents, etc. can be
combined with the present compound in a single or continuous dosage form, or they can be
administered simuliancously or sequentially as scparate dosage forms.

Pharmaceutical Formulations and Dosage Forms

When employed as pharmaceuticals, the compounds of the disclosure can be
administered in the form of pharmaceutical compositions. These compositions can be
prepared 1n a manaer well known in the pharmaceotical art, and can be adminisicred by a
variety of routes, depending upon whether local or systemic treatment is desired and upon the
arca to be treated. Administration may be topical (incloding transdermal, epidermal,
ophthalmic and to reucous reembranes including intranasal, vaginal and rectal delivery),
pulmonary (¢.g., by inhalation or insuftlation of powders or aerosols, including by nebulizer;
intratrachesl or intranasal), oval or parenteral. Parenteral administration includes infravenous,
miraarierial, subcutancous, intraperitoneal intramuscular or injection or infusion; or
infracranial, e.g., intrathecal or intraventricudar, administration. Parenteral administration can
be in the form of a single bolus dose, or may be, for example, by a continuous perfusion
purmnp. Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, omntments, lotions, creams, gels, drops, suppositorics, sprays, liquids and
powders. Conventional pharmaccutical carriers, agueous, powder or oily bases, thickeners
and the like may be necessary or desirable.

This disclosure also includes pharmaceutical compositions which contain, as the
active mgredient, the compound of the disclosure or a pharmaceutically acceptable salt
thereof, in combination with one or more pharmaceutically acceptable carriers (excipients). In
some embodiments, the composition s suitable for topical adminisization. In making the
compositions of the disclosure, the active ingredient is typically mixed with an excipient,
diluted by an excipiont or enclosed within such a carver i the form of, for example, a
capsule, sachet, paper, or other container. When the excipient serves as a difuent, ttcanbe a
solid, semi-sohid, or liquid material, which acts as a vehicle, carrier or medium for the aciive
ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges,
sachets, cachets, ebixirs, suspensions, emulsions, solutions, syrups, acrosols (as asolidorin a
liguid medium), ointmments containing, for example, up to 10% by weight of the active
compound, scft and hard gelatin capsules, suppositories, sterile injectable 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

18 substantially msoluble, i can be milled to a particle size of less than 200 mesh. If the active
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compound is substantially water soluble, the particle size can be adjusted by milling to
provide a substantially uniform distribution i the formulation, e.g. about 40 mesh.

The compounds of the disclosure may be milled using known milling procedures
such as wet milling (o 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 preparced by processes known in the art, ¢. g, see International App. No. WO
2002/000196.

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcivm
silicate, microcrystailine cellulose, polyvinyipyrrolidone, celhulose, water, syrup, and methyl
celtulose. The formulations can additionally melude: hibricating agents such as talc,
magaesium stearate, and mineral ol wetting agents; emulsifying and suspending agents;
preserving agents such as mothyl- and propylhydroxy-benzoates; sweetening agents; and
flavoring agents. The corpositions of the disclospre can be formulated s0 as to provide quick,
sustained or delayed release of the active mgredient afier administration to the patient by
employing procedures known in the art.

The compositions can be formulated tn a unit dosage form, each dosage containing
from about 3 to about 1000 mg (1 g), more usually about 100 to about 500 rag, of the active
wngredient. The term "unit dosage forms” refers to physically discrete units soitable as unitary
dosages for human subjects and other manmumals, each unit containing a predetermined
quantity of active matenial calculated 1o 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 ngredient. One having ordinary skilf 1o the art will appreciate that
this embodies compositions containing about 5 {o about 10, about 10 1o about 13, about 15 to
about 20, about 20 to about 25, about 235 1o about 30, about 30 to about 35, about 35 to about
40, about 40 to about 45, or about 45 o about 50 mg of the active ingredient.

In some embodiments, the compositions of the disclosure contain from about 50 to
about 500 my of the active mgredient. One having ordinary skill in the art will appreciate that
this embodics compositions containing about 30 to about 100, about 100 to about 150, about
150 to about 200, about 200 to about 250, about 250 (o about 300, about 350 to about 400, or
about 450 to about 300 mg of the active ingredient.

In some embodiments, the compositions of the disclosure contain from about 300 to
about 1000 mg of the active ingredient. One haviag ordinary skill in the art will appreciate

that this embodics compositions containing about 300 to about 550, about 330 to about 600,
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about 600 to about 650, about 650 to about 700, about 700 to about 750, about 750 to about
300, about 800 to about 850, about 850 to about 900, about 900 to about 930, or about 9530 to
about 1000 mg of the active ingredient.

Similar dosages may be used of the compounds described herein tn the methods and
uses of the disclosure,

The active compound can be effective over a wide dosage range and s generally
admisistered iv a pharmaceutically effective amount. It will be understood, however, that the
amount of the compound actally administered will nsually be determined by a physician,
according to the relevant circumstances, ncluding the condition to be treated, the chosen
route of administration, the actual cornpound administered, the age, weight, and response of
the individual patient, the severity of the patient's symptoms, and the like.

For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition containing
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, pifls and capsules. This solid
preformulation is then subdivided into unit dosage forms of the tvpe described above
containtng from, for example, about 0.1 to about 1000 mg of the active imgredient 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 exaraple, the tablet
or pill can comprise an imer dosage and an outer dosage component, the latter being 1 the
form of an envelope over the former. The two components can be separated by an entenic
layer which serves to resist disintegration in the stomach and permat the inner component to
pass intact into the duodenum or to be delayed in release. A variety of materials 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 compounds and compositions of the present disclosure
can be mcorporated for administration orally or by injection include agueous solutions,
suitably flavored syrups, agueous or oil suspensions, and flavored emulsions with edible oils
such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and simular

pharmacentical vehicles.
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Compositions for mhalation or insufflation 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 supro. In some embodiments, the compositions 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 divectly from the nebulizing device or the
nebulizing device can be attached to a face mask, tent, or mtermittent positive pressure
breathing machine. Solution, suspension, or powder compositions can be administered orally
or nasally from devices which dehiver the formmulation in an appropriate manner.

Topical formulations can condain one of raore conventional camriers. In sore
embodiments, ointments can contain water and one or more hydrophobic carriers selected
from, for example, Hoguid paraffin, polyoxyethylene alkyl ether, propylene glycol, white
Vascling, and the like. Carrier compositions of creams can be based on water in combination
with glycerol and one or more other components, ¢.g. glycerinemonosiearate, PEG-
glycerinemonostearate and cetylstearyl alcohol. Gels can be formulated using isopropyl
alcohol and water, sitably in combination with other components such as, for example,
glycerol, hydroxyvethyl celluiose, and the like. In some embodimends, topical formulations
contain at least about 0.1, at least about 0.25, 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, 100 g which arc optionally associated with
ingtructions for the treatmnent of the select indication, e.g., psoriasis or other skin condition.

The arnount of cornpound or coraposition adnunisiered o a patient will vary
depending upon what 1s being administered, the purpose of the administration, such as
prophylaxis or therapy, the state of the patient, the manner of admimstration, and the bke. In
therapeutic applications, compositions can be administered to a patient 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 general condition of the patient, and the like.

The compositions administered to a patient can be in the form of pharmaceutical
compositions described above. These compositions can be sterilized by conventional
steritization techniques, or may be sierile filtered. Aqueous solutions can be packaged for use
as 1s, or lyophilized, the lyophilized preparation being combined with a sterile agueous carrier
prior to administration. The pH of the compound preparations typically will be between 3 and

11, more preferably from 5 10 9 and most preferably from 7 1o 8. It will be understood that use
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of certamn of the foregoing excipients, carriers, or stabilizers will result 1n 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 1s made, the manner of
sdministration of the compound, the health and condition of the patient, 3ud the judgrent of
the prescribing physician. The proportion or concentration of a compound of the disclosure
a pharmaceutical composition can vary depending upon a number of factors including dosage,
chemical characteristics (e.g., hydrophobicity), and the route of administration. For example,
the compounds of the disclosure can be provided n an aqueous physiological buffer sohution
contatning about 0.1 to about 10% w/v of the compound for parenteral admeinistration. Some
typical dose ranges are from about 1 ug/ke to about 1 g/kg of body weight per day. In some
embodiments, the dose range s from about 0.01 mg/kg to about 100 mg/kg of body weight
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 status of the particular patient, the
relative biological efficacy of the compound selected, formulation of the excipient, and its
route of admimstration. Effective doses can be extrapolated from dose-response curves
derived from in vitro or animal 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, etc.) that would be useful not only in imaging
technigues but also in assays, both ir vitre and in vive, for localizing and quantitating PI3K in
tissuc samples, inchuding buman, and for identifying PI3K ligands by inhibition binding of a
labeled compound. Substitution of one or more of the atoms of the compounds of the present
disclognre can also be useful in generating Gifferentiated ADME (Adsorption, Distribution,
Metabolism and Excretion) Accordingly, the present disclosure meludes PI3K assays that
contain such labeled or substituted compounds.

The present disclosure further includes isoiopically-labeled compounds of the
disclosore. An “isctopically” or “radio-labeled” compound 18 a compound of the disclosure
where one or more atoms are replaced or substitoted by an atora baving an atomic mass of
mass number different from the atomic mass or mass number typically found in nature (Ge.,
naturally occorring). Suitable radiomuclides that may be mcorporated in compounds of the

present disclosure include but are not limited to “H (also written as D for deuterium), "H (also
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written as T for tritium), ''C, BC, MC, BN, PN, PO, V0, O, *F, 7S, °Cl, #Br, Br, “Br,
TBr, L 1 P and 1 For example, one or more hydrogen atoms in a compound of the
present disclosure can be replaced by deuterium atoms (e.g., one or more hydrogen atoms of a
Ch.e alkyl group of Formula (T) can be optionally substituted with deoterivm atoms, such ag —~
Ch; being substitated for -CHs). In some embodimends, atkyl groups of the disclosed
Formulas can be perdeunterated.

One or more constituent atoms of the compounds presented herein can be replaced or
substituted with isotopes of the atoms in natural or non-natural abundance. In some
embodiments, the compound 1echudes at least one denteriom atom. For example. one or more
hydrogen atoms in a compound presented herein can be replaced or substituted by deuterium
{¢.g.. one or more hyvdrogen atoms of a Cie alkyl group can be replaced by deutertum atoms,
such as —CDx being substituted for —CH3). In some embodiments, the compound includes two
or more deuterium atoms. In some embodiments, the compound includes 1, 1-2, 1-3, 1-4, 1-5,
o r1-6 deuterium atoms. Tn 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 & hydrogen atoms, attached 1o carbon
atoms of any alkyl, atkenyl, alkynyl, arvi, phenvl, cycloalkyl, heterocveioalkyl, or heteroaryl
substituents, or -Cs alkyl- linking groups, as described herein, are cach optionally replaced
by a devtenium atom.

Svnthetic methods for including isotopes into organic compounds are known in the
art (Deuterinm Labeling in Organic Chemistry by Alan F. Thomas (New York, N.Y .,
Appleton-Cenury-Crofis, 1971 The Renaissance of H/D Exchange by Jens Atzrodt, Volker
Derdau, Thorsten Fey and Jochen Zimmermann, Angew. Chem. Int. Ed. 2007, 7744-7765;
The Organic Chenustry of Isotopic Labelling by James R. Hanson, Royal Society of
Chemistry, 2011). Tsotopically labeled compounds can be used in various studics such as
NMR spectroscopy, metabolism experiments, and/or assays.

Substitution with heavier isotopes, such as dewterivm, may afford certain therapeutic
advantages resulting from greater metabolic stability, for example, increased i vive half-life
or reduced dosage requirements, and hence may be preferred in some circumstances. (sec e.g.,
A Kerckes etal. J. Med Chem. 2811, 54, 201-210; R. Xu et.al. /. Label Compd.
Radiopharm. 2818, 58, 308-312). In particalar, substitution at one or more metabolism sites
may afford one or more of the therapeutic advaniages.

The radionuclide that is incorporated in the mstant radio-labeled compounds will
depend on the specific application of that radic-labeled compound. For example, for in vitro

125}' i3
2

PI3K labeling and competition assays, compounds that incorporate *H, *C, ®Br. Hor
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8 can be useful. For radio-imaging applications 'C, ¥F 121 12 47 211 7By “Bror "Br
can be useful

It is understood that a “radio-labeled” or “labeled compound” is a compound that has
incorporated at least one radionuchde. In some embodiments the radionuclide is selected from
the group consisting of “H, "*C, L, ”’S and “Br.

The present disclosure can firther include synthetic methods for incorporating radio-
isotopes into compounds of the disclosure. Synthetic methods for 1ncorporating radio-isotopes
nto organic compounds are well known in the art, and an ordinary skill in the art will readily
recognize the methods applicable for the componads of disclosure.

A labeled compound of the disclosure can be used in a screening assay o
identify/evaluate compounds. For example, a newly synthesized or identified compound (e,
test compound) which is labeled can be evaluated for its ability to bind a PI3K by monitoring
its concentration variation when contacting with the PI3K, through tracking of the labeling.
For example, a test compound (labeled) can be evalnated for its ability to reduce binding of
another compound which is known to bind to a PI3K (i e, standard compound). Accordingly,
the ability of a test compound to compete with the standard compound for binding to the
PI3K directly correlates to its binding affinty. Conversely, in some other screening assavs,
the standard compound is labeled and test compounds are unlabeled. Accordingly, the
concentration of the labeled standard compound 1s monitored in order (o evaluate the
competition between the standard compound and the test compound, and the relative binding
affinity of the test compound is thus ascertained.

Kiis

The present disclosure also includes pharmaceutical kits useful, for example, in the
treatment or prevention of PI3K -associated discases or disorders, such as cancer, which
include one or more containers containing a pharmaceutical composition comprising a
therapentically effective amount of a compound of the disclosure. Such kits can further
melude, if destred, one or more of various conventional pharmaceutical kit coraponents, such
as, for example, contamers with one or more pharmaceutically acceptable carriers, additional
containers, etc., as will be readily apparent to those shilled in the art. Instructions, cither as
mserts or as labels, indicating quantities of the components to be administered, guidelines for
administration, and/or gudehnes for mixing the components, can also be included in the kat.

The mvention will be described in greater detatl by way of specific exaraples. The
following examples are offered for illustrative purposes, and are not mntended to himit the
invention in any manner. Those of skill in the art will readily recogmize a variety of non-

critical parameters which can be changed or modified to vield essentially the same results.

£22
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The compounds of the Examples have been found to be PI3Ky inhibitors according to at least
one assay described herein.
EXAMPLES

Preparatory LC-MS purifications of some of the compounds prepared were
performed 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 hiterature (see e.g. “Two-Pump 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 Synthesis Pantfication”, K. Blom, R. Sparks, J.
Doughty, G. Everlof, T. Hague, A Combs, J. Comdi. Chem., 5, 670 (2003}, and "Preparative
LC-MS5 Purification: Improved Compound Specific Method Optimization”, K. Blom, B.
Glass, R. Sparks, A. Combs, /. Combi. Chem., 6, 874-883 (2004)).

The purified compounds were typically subjected to analytical liquid chromatography
mass spectrometry (LCMS) for purity analysis under one or both of the following conditions:
Instrument = Agilent 1260 LC/MSD; pH 2 method: column = Waters Sunfire C18, 5 wm
particle size, 2.1 x 50 mm, mobile phase: A = 0.025% TFA i water and B = acetonitrile,
gradient = 2% to 50% B in 4 mioutes with flow rate 2.0 mL/minute; pH 10 method: column =
Waters XBridge C18, 5 pm particle size, 2.1 x 50 mm, mobile phase: A = 0.05% NHOH in
water and B = acetonitrile, gradient = 2% to 90% B in 4 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 hquid chromatography (RP-HPLO) with MS detecior or flash
chromatography (silica gel) as indicated m the Examples. Typical preparative reverse-~phase
high performance liquid chromatography (RP-HPLC) cohumn conditions are as follows:

pH = 2 purifications: Waters Sunfire™ Ciz 5 um, 30 x 100 mm or Waters X Bridge™
Cis 5 pm, 30 x 100 mm column, chiting with mobile phase A: 0.1% TRA (riflworcacetic
actd) in water and mobie phase B acetontirile; the flow rate was 60 ml/minute, the
separating gradient was optimized for cach compound using the Compound Specitic Method
Optinmization protocol as described 1o the Bterature {sec e.g. “Preparative LOCMS Puornification:
Improved Compound Specific Method Optinization”, K. Blom, B. Glass, R. Sparks, A
Corabs, J. Comb. Chem., 6, 874-883 (2004)).

pH = 10 purifications: Waters XBridge™

Ciz 5w, 30 x 106 o columg, cluting
with mobile phase A: 0.1% NHOH in water and mobile phase B: acetonitrile; the flow rate

was 60 mL/minute, the separating gradient was optimized for cach compound using the

PCT/US2019/021186
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Compound Specific Method Optimization protoco! as described mn the hterature (sec . g Blom
et al).
Stereochemical Rationale

The Sharpless asymmetric dibydroxylation of olefing has been studied extensively,
and s basis as a model for enantioselectivity 1s well established (Sharpless, K.B.; Amberg,
W.; Bennami, Y.L, Cnispino, G A Hartung, 1) Jeong, K.-5.; Kwong, H.-L.; Monkawa, K ;
Wang, 7.-M.; Xu, D.; Zhang, X -L.J. Org. Chem. 1992, 57, 2768-2771, and Kolb, HC ;
VanNicuwenhze, M.S.; Sharpless, K.B. Chem. Rev., 1994, 94, 2483-2547. Briefly, the
application of AD-mix-n (contaiming (PHOQR-PHAL) in the dibydroxylation of prop--cn-2-
yibenzene affords (S)-2-phenyipropane-1,2-diol. Application of AD-mix-3 {containing
(DHQD),-PHAL) in the dihvdroxylation of prop-1-en-2-ylbenzene affords (R)-2-
phenylpropane-1,2-diol (Sharpless and Kolb, supra). Moreno-Borado et al. extended the
method to the trifluororaethyl case (e.g., (3,3.3-fluoroprop-1 -en-2-yhbenzene affords (5)-
3,3, 3-trifluoro-2-phenylpropane-1,2-diol when treated with AD~mix-o and affords (#)-3,33-
trifluoro-2-phenylpropane-1,2-diol when treated with AD-mix-B) and the stereochemical
outcome was vetified by subsequent conversios to well knowan compounds whose spectfic
rotations were found to be in agreement with the hiteratire values (Moreno-Deorado, F.I;
Guerra, F.M.; Ortega, M J.; Zubia, E.; Massanet, G.M. Tetrabedron: dsymmetry, 2603, /4,
503-510). While not wishing to be bound by any one theory, in the dihydroxviations
performed on vinyl arenes in the Examples, we expect to obtain the (8)- configuration with
AD-mix-a and the (R)-configuration with AD-mix-.
Example 1a. 2-(3-(5-Amino-6-(1-{methyl-ds)-1H-pyrazol-S-yl)pyrazin-2-yi)-4-
methyiphenyl)-3,3,3-trifluoropropane-1,2-diol triflusroacetate salt (single enantiomer

isoiated)

24
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Step 1. 2-(3-Chloro-4-methyviphenyl)-4,4, 5 S-tetramethyl-1, 3, 2-dioxaborolane

O~
5
~0

A degassed mixture of 4-bromo-2-chloro-1-methylbenzene (12.0 g, 58.4 mmol,
Aldrich), potassium acetate (17.2 g, 175 mumol), bis(pinacolato)diboron (16.3 g, 64.2 mmaol),
and PACH{dppH)-CH.Cl adduct (1 91 g, 2.34 mmol) m dioxane (120 mL) was heated at 75 °C
overnight. After cooling o wowm teraperature, the reaction reixture was diluted with EtOAc,
filtered, and solvent was removed in vacuo. Parification via flash chromatography, eluting
with a gradient of 0-5% FtOAc in hexanes, afforded product as a white solid (11.7 g, 80%).

LCMS for Ci3HuBCIO, (M+H)": calculated m/z = 253.1; found 253.0.

Step 2. 2-Chioro- {-meihyl-4-(3,3. 3-triflucroprop- l-en-2-vijbenzene

A degassed mixture of 2-G-chioro-4-methyipheny-4,4,5, 5-etramethyi-1,3,2-
dioxaborolane (11.7 g, 46.6 mmol}, 2-bromo-3,3 3~miflucroprop-l-cne (114 g, 65.2 mmol,
Aldrich), KoCOs (1.0 Min water, 140 mL, 140 mmol), and Pd(PPhs),Cl, (1.63 g, 2.33 ramol)
in THF (300 mL) was heated at 65 °C under N» for 3 hours. Upon cooling to room
temperature, the reaction mixture was diluted with water and extracted with EtCAc. The
organic layer was washed with water, followed by brine, dried over NaSCy, filtered, and
solvent was removed in vacuo. Purification via flash chromatography, cluting with hexanes,
afforded product as a vellow oil (8.56 g, 83%). '"H NMR (400 MHz, CDChL) 6 7.47 (s, 1H),
7.27 (s, 2H), 6.00 — 596 (m, 1H}, 5.81 — 5.76 (o, 1H), 2.42 (5, 3H). "F NMR (376 MHz,
CDClh) 6 -64.93 (s).

Step 3. 2-(3-Chioro-d-methyiphenyi}-3, 3, 3-triflucropropane-1, 2-diol (enriched in one

enantiomer)

and

PCT/US2019/021186
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To a suspension of AD-mix-o (54.4 g, 116 mmol) in water (100 mL) at 0 °C was
added a solution of 2-chloro-L-methyi-4-(3,3,3-tntfluoroprop-1-en-2-vDbenzene (8.56 g, 38.8
mmol) in -BaOH (100 mL). The mixture was then stirred at 6 °C for 46 hours. The reaction
was cooled 1n an ice bath to 0 °C, and sodium sulfite (18 g) was added. The reaction mixture
was warmed to room temperature and stirred for 30 minutes. fer/-Butanol was removed in
vacue and the agueous mixture was extracted twice with EtOAc. The combined organic
extracts were dried over NazSO,, filtered, and solvent was removed in vacuo. Purification via
flash chromatography, chiting with a gradient of 0-40% EtOAc in hexanes afforded product
as a colorless oil (8.7 g, 88%). Duc to use of AD-mux-g, i is believed that the prodoct was
enriched in the (8)-enantiomer (see stereochemical rationale supra). 'H NMR (400 MHz,
CDCLY 8 7.539 (s, 1H), 7.30(d, J =80 Hz, 1H), 730 (d, /=80 Hz, 1H), 431 (dd, J=11.9,
6.1 Hz 1H), 391 -384 (m, 1H), 3.70 (s, 1H), 2.41 (s, 3H), 188 -1.79(dd, /= 71,63 Hz,
1H). PF NMR (376 MHz, CDCls) 8 -77.25 (s,
Step 4. 3,3, 3-Triflucro-2-(4-methyl-3-(4.4,5 S-tetramethyl- 1, 3, 2~-dioxaborolan-2-

vi)phenyljpropane-1, 2-diol (enriched in one enantiomer)

A degassed mixture of 2-(3-chloro-4-methyIpheny])-3,3 3-triflucropropanc-1,2-diol
(from Step 3, enriched in one 1somer (believed to the (S-enantiomer), 1.00 g, 3.93 mmol),
bis(pinacolato)diboron (2.99 g, 11.8 mmol), potassinm acetate (2.31 g, 23.6 mmol), Pdo(dba)s
(0.180 g, 0.196 mumol) and 2-dicyclobexyiphosphing-2'.4'. 6 -ri-iso-propyl-1, I -bipheny]
{0.374 g, 0.785 mmol) in dioxane (12 mL) was heated in a scaled vial in an o1l bath held at
120 °C for 2 howrs. Upon cooling to room temperature, the reaction mixture was dibuited with
EtOAc, filtered through Celite”, and solvent was removed i vacue. The product was purified
via flash chromatography, eluting with a gradient of 0-40% EtOAc in hexanes to atford
product as an oil (1.0 g, 73%). LCMS for C1sHasBF:NG, (M+NHY) " caloulated nvz = 364.2;
found 364.2 (pH 10 analytical condition).
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Step 5. 2-(3-(5-amino-6-chioropyrazin-2-yl)-4-methyiphenyl}-3,3, 3-trifluoropropane-1, 2-diol
{(single enantiomers isolated)
NH;
Clng
\IQ/Q:N

5

A degassed mixture of 3-bromo-3-chloropyrazin-2-amine (0.163 g, 0.780 mmol, Ark

and

HO

Pharm), 3,3, 3-mnfluoro-2-(4-methy1-3-(4,4, 5 5-tctramethyl-1.3, 2-dioxaborolan-2-
yhphenwDpropane-1,2-diol (0.300 g, 0.867 mmol enriched in onc isomer (believed to be the
{8)~ enantiomer) from Step 4), NaxCO; (0.276 g, 2.60 mmol) and PdCh(dpph)-CH,Cl; adduct
(0.035 g, 0.043 munol) in dioxane {10 mL) and water (2 ml.) was heated to 100 °C overnight.
Upon cooling to room temperature, the reaction mixture was diluted with water and EtOAc,
and the biphasic mixture was filtered through Celite®. The lavers were separated and the
agueous layer was extracted with another portion of EtOAc. Thecombined organic layers
were washed with brine, dned over MgSO;, filtered. and concentrated. Punification via flagh
chromatography, ehuting with a gradient of 0-70% EtOAc/hexanes afforded product as an oil.
LCMS for CuHpCIFENO, (M) calculated my/z = 348.1; found 348.1. The enantiomers
were separated by chiral chromatography (Phenomenex Lux Amylose-1, 21.2 x 230 mm, §
uM, loading: 75 mg in 3.0 mL EtOH, eluting with 43% EtOH in hexanes at 20 mL/min for 10
minutes). Peak 1 retention time: 6.5 min, Peak 2 retention time: 8.9 min. Peak 1 was believed
o be the (Si-enantiomer, while Peak 2 was believed to be the (Ry-enantiomer. Peak | wag
used in Step 6.
Peak 1: 'H NMR (400 MHz, CDCl:) 8 8.05 (s, 1H), 7.56 (s, 1H), 7.47 (4. /= 79 He, 1H),
731(d,/J=80Hz 1H), 512 2H), 426 (d,J=119Hz 1H), 393 (d,/=11.6 Hz, 1H).
2.39 (s, 3H). Peak 2: 'H NMR (400 MHz, CDCL:) & 8.07 (s, 1H), 7.536 (4, J = 1.2 Hz, 1H),
750743 (o, 1H), 732 (d,J=81Hz 1H), 509 (brs, 2H), 428 (d, /=119 Hz, 1H), 3.93
{d,J =119 Hz, 1H), 3.84 (brs, 1H), 2.40 {3, 3H), 2.15 (br s, 1H).
Step 6. 2-(3-(5-Amino-6-( 1 -(methyi-ds)- 1 H-pyrazol-3-yl)pyrazin-2-ylj-4-methyiphenyi)-3,3,3-
trifluoropropane-1, 2-diol trijfluoroacetate salt {single enantiomer prepared)

A degassed mixture of 2-(3-(S-amino-6-chloropyrazin-2-y -4d-methylpheny -3,3,3-
trifluoropropane-1.2-diol (0.120 g, ©.345 mmol, Peak 1 from Step 3). 1-(methyl-d3)-5-
(4.4,5 5-tetramethyl-1,3,2-dioxaborolan-2-y )~ 1H-pyrazole (219 mg, 1.04 mmol, prepared as

i Jowrnal of Labelled Compounds and Radiopharmacenticals (2612}, 55(13), pp.467-469),
127
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and PACh{dppH~CHyCh adduct (28 mg, 0.035 mmol) in Na:COs solution (1.0 M in water,
1.04 ml, 1.04 mmool} and dioxane (3.0 mL} was heated to 100 °C for 5 hours. The mixtore
was cooled to room temperature, filtered and purified by preparative HPLC-MS (pH = 2).

Lyophilization of the cluent afforded product as a white solid (0.200 g, 44%). The product
was beligved to be the (S)-enantiomer, (S)-2-(3-(5-Arnaino-6-(1-(methyi-d3)-1 H-pyrazol-3-

vhpyrazin-2-y)-4-methyiphenyl)-3,3 3-trifluoropropanc-1,2-diol, for the reasons detailed

(600 MHz, DMSO-de) 6 8.20 (g, 1H), 7.66 (s, 1H), 7.57 (s, 1H), 7.50 (d, /=81 Hz, 1H), 7.32
(d,J=81Hz, 1H), 6.72 (s, 1H), 6.39 (brs, 2H), 3.90 (s, 2H), 2.39 (s, 3H).

Example 1b. 2-(3-&-Amine-6-(3-(methyi-ds3-1 H-pyrazel-5-vhpyrazin-2-vi-4-
methylphenyl)-3,3,3-trifluoropropane-1,2-diol trifluoroacetate salt {single enantiomer

isolated)

The procedure of Example 1a, Step 6, was followed, using Peak 2 from Exaraple ia,
Step 3. A degassed mixture of 2-(3-(5-amino-6-chloropyrazin-2-y)-4-methy Iphenyl)-3,3,3-
trifluoropropane-1,2-dicd {0.020 g, 0.058 mumol, Peak 2 from Example 1a, Step Sy and |-
(methyl-ds)-5-(4,4,5 S-tetramethyi-1,3,2-dioxaborolan-2-vD)-1H4-pyrazole (36.4 mg, 0.173
mmol, prepared as 1w Jowrnal of Labelled Compounds and Radiopharmaceuticals (2012),
53(13), pp.467-469), and PACL(dpphH-CHChadduct (4.7 mg, 5.7 pmol) i dioxane (2 ml)
and Na,COs solution (1.0 M, 0.173 mL, 0.173 mmol) was heated to 100 °C for 5 hours. Upon
cooling to room temperature, the reaction mixture was filtered and purified via preparative
HPLC-MS (pH = 2) to afford product as a white solid (8.0 mg, 27%). The product was
believed to be the (R)-enantiomer, (R)-2-(3-(5-Amino-6-(1-Guethy-d3)-1H-pyrazol-5-
vhpyrazin-2-y h-4-methyiphenyl)-3,3,3-irifluoropropanc-1,2~diol, for the reasons detailed
above in Example la, Step 5. LCMS calculated for CisHiDaFsN:Oy (MHHY : m/z = 397 2,
found: 397.1. 'H NMR (400 MHz, DMSO-de) 6 8.20 (s, 1H). 7.66 (d.J = 1.2 Hz, 1H), 7.57
(d,J=19Hz 1H), 730(dd, /=79, 12Hz 1H), 732, J=82Hz 1H), 6721, /=19
Hz, 1H), 6.37 (brs, 2H), 3.91 (s, 2H), 2.39 (s, 3H).

Examples 2-7. Unless otherwise indicated, the compounds in Table 1 were

synthesized according to the procedwre described for Example la, uiilizing the appropriate
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boronic esters or boronic acids. As detailed above, a single enantiomer was isolated and was

belicved to be the (S)-enantiomer (see stereochemical rationale supra).

Table 1.

Exg;::pie Compound Name R LCMS
2-(3-(5-Amino-6-(1-methy -1 H-pyrazol-
4-2’121)}’a;azm—Z—yE)—4-m;t%:yipheny1)— Calculated for
3,3, 3-triflporopropanc-1 2-diol, et T
i ,. o Py | CisHioFaNsOs

5 trifluoroacetate salt (single enantiomer = s
4 . ) . S~ o — M+HY  m/z=
iscdated, believed to be (5)-2-(3-(5- . , )
N S N 394.1, found:
Amine-6-(1-methyl-1 H-pyrazol-4- 194 1
yhpyveazie-2-vh-4-methyiphenay!y-3,3 3- ’
trifluoropropane-1,2-diol)
2-{3-(5~Araino-6-(1 H-pyrazoi-4-
yvhpyrazin-2-y)-4-methyiphenyD-3,3,3~ Calculated for
triflucropropane-1,2-diol, trifluoroacetate /\\/}Q_ CiH 1 FNsO;
3 salt (single enantiomer isolated, believed | 1y j M+ m/e =
to be (8)-2-(3-(5-Amino-6-(1 H-pyrazol- N 3301, found:
4-vpyrazin-2-yh-4-methyipheny - 380.0
3,3,3-trifluoropropanc-~1,2-diol)
2-(3-(5-Anmuno-6-3-methylisoxazol-3-
ybpyrazin2-yh-4-methylphenyD)-3,3.3- Calsulated for
triffocropropane-1,2-diol, trifluoroacetate L%_L -
o ( . . o O CisHisFNgOs
salt {(single epantiomer isolated, bebeved s Cepe
4 : et SO N | (M+HY m/z =
1o be (53-2-G-5-Amino-6-(3- N Senk 4 e )
T T N 395 1. found:
methy isoxazol-3-vDpyrazin-2-y -4~ 195 1
methylpheny})-3.3 . 3rifluoropropane- .
1,2-diol)
2-(3-(5-Amino-6-(iscthiazof-4-
yhpyrazin-2-yB-4-mcthy lpheny 3-3,3,3- Calculated for
trifluoropropane-1,2-diol, trifluoroacetate /\/L%, CrHieFa M08
5 salt (single cnantiomer isolated, believed S \:_f (M+HY: m/z =
to be (8)-2-(3-(5-Amino-6-(isothiazol-4- \N/ 3971, found:
yipyvrazin-2-yh-4-methyipheny-3,3,3- 3971
trifluoropropanc-1,2-diol)

£29
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Exg;::pie Compound Name R LCMS
2-(3-(5-Amino-6-(1sothrazol-5-
yhpyveazie-2-vh-4-methyiphenay!y-3,3 3- Caloulated for
triflucropropane-,2-diol, rifluoroacetiaie % C;‘erFan; O;S
6 salt (single enantiomer isolated, believed ’Sﬁ/ (M;H\ iy m/;:
to be (S)-2-(3-(5-Amino-6-(isothiazol-5- N\\.:— /L 397' 1 /fc(mn' d“
yhpyrazin-2-yB-4-mcthy lpheny 3-3,3,3- 3 9;/.'6’ o
trifluoropropane-~1,2-diol, irifluoroacetate ’
sall)
2-(3-(S~amino-6-(3-methylisothiazol-3-
yDhpyrazin-2-yh-d-methyIpheny-3,3,3- Caloulated for
trifluoropropane-1,2-diol, trifluoroacetate - B, C H o FaNGOLS
. . . . B JIRIRIGL 3N
- salt (single enantiomer isolated, believed N g (M+H)": m/e =
' 1o be (8)-2-(3-(5-amino-6-(3- NI 4111 f(;l]l’ild'
raethylisothiazol-5-vIpyrazin-2-y -4~ A1 1"1’ ’
methy lphenyly-3.3 3-tnfluoropropane- N
1,2-diol)

Example 9. 2-(3-(5-Amino-6-C-methylosazol-5-yhpyrazin-2-vii-4-methyipheny)-3,3,3-

trifluoropropane-1,2-diol, {rifluoroacetate salt (single enantiomer prepared)

HaN

< TFA

Step 1. 2-(3-Chioro-4-methylphenyl}-3,3, 3-trifluoropropane- 1, 2-diof (racemic mixture

5 prepared)
To a solution of 2~chloro-1-methyl-4-(3,3,3-rifluoroprop-1-en-2-yDbenzene (3.00 g,
13.6 mmol, prepared as in Example 1a, Step 2) in acetone (30 ml) and water (30 mL) was
added NMGC (2.07 g, 17.7 mmol} and Os0O; (4% 1p water, 5,19 mb, 0.816 mmol). The
10 reaction was stirred for 3 hours. The reaction muxture was filtered and concentrated. The

residue was partitioned between EtOAc and water. The aqueous layer was extracted with two
additional portions of EtOA¢. The combined organic layers were dried over Na.S50,, filtered
and conceuntrated. Purification via flash chromatography, eluting with a gradient of 0-38%

EtOAc 1 hexancs afforded product as an ot (2.86 g, 76%:).
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Step 2. 3,3,3-Trifluoro-2-(4-methyl-3-(4,4.5, 5-tetramethyi- 1,3, 2-dioxaborolan-2-

vl phenylpropane-1,2-diol (racemic mixture prepared)

A degassed mixture of 2-(3~chloro-4-methyiphenyD-3,3,3~triflucropropanc-1,2-diol
5 (racemic mixture from Step 1. 1.00 g, 3.93 mmol)}, bis{pinacolatoyhiboron (2.99 g, 11.8
mmol), potassium acetate (2.31 g, 23.6 mmol), Pd:(dba): (0.180 g, 0.196 mumol) and 2-
dicyclohexylphosphine-2' 4,6 tri-iso-propyl-1,1-bipheny1 (8.374 g, 0.785 mmol) in dioxane
(12.0 mL) was heated 1 a sealed vial in an oil bath at 120 °C for 1.5 hours. Upon cooling to
room temperature, the reaction mixture was diluted with EtOAe, filtered through Celitc®, and
10 the sclvent was removed in vacuo. The prodoct was purified via flash chroraatography,
chuting with a gradient of 0-40% EtOAc i hexancs to afford product as an oif (1.0 g, 73%).
LOMS for CisHauBF-NOy (M+NHy): calculated m/z = 364.2; found 364 .2 (pH 10 analytical
condition).
Step 3. £85)-2-(3-(3-Amino-6-chloropvrazin-2-yl-4d-methyviphenyl)-3, 3, 3-trifluoropropane-1,2-
15 diol and (R)-2-(3-(3-Amino-G-chloropyrazin-2-yi)-4-methyiphenyii-3, 3, 3-trifluoropropane-

1. 2-diol (single enantiomers isplated,
L)

HoN /N
X

F FOHOH

A vial was charged with 3-bromo-3-chloropyrazin-2-amine (0.379 g, 1.82 mmol, Ark

Pharm), and 3,3 3-trifhuore-2-(d-methy1-3-(4.4 .5 5-tetramethyl-1 .3 2-dioxaborolan-2-

20 yhphenyDpropane-1,2-diol (0.700 g, 2.02 nunol) and dioxane (30 mL). The reaction was
degassed, a mixture of Nap,COs (0.643 g, 6.07 mumol) in water (10 mL) was added, followed
by PACL(dpph)-CH:Cl, adduct (0.083 g, 0.101 mmol), and the mixture was degassed again.
The reaction was heated to 100 °C overnight. Upon cooling to room temperatare, the reaction
mixture was diluted and extracted twice with EtOAc. The combined organic extracts were

25 washed with brine, dricd over MgS8QO,, filiered, and solvent was removed in vacuo.
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Parification via flash chromatography, eluting with a gradient of 0-100% EtOAc in hexanes
afforded product as a light yellow o1l {306 mg, 72%). The cnantiomers were separated by
chiral chromatography (Phenomenex Lux Amylose-1, 21.2 x 250 mm, 5 uM, loading: 45 mg
i 1.8 mb BtOH, chiting with 45% EtOH in hexanes at 20 mL/min for 10 minutes). Peak 1
retention time: 6.0 min, Peak 2 retention time: 7.7 min. Peak T was used in Step 4. Peak 1 was
believed to be the (S)-enantiomer, based on the same separation conditions that were used in
Example 1a, Step 3. LCMS for C1HuCIFEN;O, (M+H)": calculated m/z = 348.1; found
348.1.

Step 4. 2-{3-(5-Amino-6-(2-methyloxazol-5-vi) pyrazin-2-yij-4-methylphenvi)-3,3,3-
triffuoropropane-i, 2-diol trifiuoroacetate sait (single enantiomer preparved)

A degassed mixture of 2-(3-(5~amino-6-chloropyrazin-2-y-4-methyIphenyD-3,3,3~
trifluoropropane-1,2-dicd {100 myg, 0.28% myacl, Peak 1 from Step 3), 2-methyl-5-(4,4,3.5-
tetramethyl-1,3,2~dioxaborolan-2-vijoxazole (0.180 g, 0.863 mmol, Ark Pharm) and
PACL {dpph)-CHLCL adduct (23.5 mg, 0.029 mmmoly in dioxane (3 mL) and Na,COs sobution
(1.0 M in water, .86 mL, (.86 mmol) was heated in a sealed vial in an oil bath held overnight
at 120 °C. Based on the determination in Step 3, the product is believed to be the (8)-
enantiomer. Preparative HPLC-MS (pH = 2) afforded product as a light vellow solid (8.080 g,
54%). The product is believed to be the (S)-enantiomer, (5)-2-CG~-(5-Amino-6-(2-
methyloxazol-3-yDpyrazin-2-vD-4-methy pheny1)-3.3 3-triflucropropane-1,2-dicl. LCMS
calculated for CisHiFsN4Os (MAH)Y" m/z = 395 1, found: 395.1. 'H NMR (5060 MHz,
DMSO-de) 6 815 (5, 1H), 7.64 (5, 1H), 7.61 (5, 1H), 750 (d. J =76 Hz, 1H), 732, /=181
Hz, 1H). 3.92 (s, 2H), 2.54 (s, 3H), 2.36 (s, 3H).

Examples 10 and 11, Unless otherwise indicated, the compounds in Table 2 were
synthesized according to the procedure described for Exaraple 9, utilizing the appropriate
boronic esters or boronic acids. While not wishing to be bound by any theory, it is thought

that the compounds below are the (5)-enantiomer.
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Example Compound Name | R I LLMS
Mo, ‘H NMR
2-(3-(5-Amino-6~2-methylthiazol-5-
yDpyrazin-2-v])-4-methyvilpheny )-3,3,3- Calculated for
trifiporopropanc-1,2-dio! trifluorcacetate salt S 5 | CiatlisFsNOs5
(single enantiomer isolated, believed to be ~,<;‘ ]/ (M+H)" m/z =
19 (5)-2-(3-(5-Amino-6-(2-methy lthiazol- 5- N 4111, found:
vhpyrazin-2-yh-4-methylpheny)-3,3,3- 411.1
irifluoropropane-1,2-dich
"H NMR (600 MHz, DMSO-de) & 8.27 (s, 1H), 8.14 (s, 1H), 7.63 (s, 1H), 7.50
{d,/=80Hz 1H), 732 (d,J =81 Hz, 1H), 6.61 (s, 2H}, 3.92 (s, 2H), 2.68 (s,
3H), 2.40 (s, 3H).
G- Amino-6-{Oxagol- Sy Dpyrazin 21 Cateutted for
4-methylpheny)-3,3, 3-tnfhuoropropane-1,2- % | CpHRFaNO
e s . 17011683040
diel triflucroacetate salt (single cnantiomer 0\( (M+HY m/7 =
isolated, believed to be (8)-2-(3-(5-Amino-6- <\ L ;’81 1 fmg
i1 {oxazol-5-yDpyrazin-2-yH-4-methy Ipheny b N™ ‘;81”1“‘ ouna.
3,3, 3-srifluoropropane-1,2-diol) o
"H NMR (500 MHz, DMSO-de) 5 8.56 (s, 1H), 8.20 (s, 1H), 7.81 (s, 1H), 7.64
(s, 1H), 7531 (d, /=83 Hz, 1H), 733 (d,./=8.1Hz 1H). 3.92 (s, 2H), 2.38 (s,
3H).

Example 12. 2-(3-{5-Amino-6-(1 H-pyrazol-1-yDpyrazin-2-yvB-4-methyiphenyh-3,3,3-

trifluoropropane-1,2-diol, trifluoroacetate salt (single enantiomer prepared)

* TFA

A mxture of 2-(3-(5-amine-6-chloropyrazin-2 -y )-4-methylpheny{}-3.3,3-

irifluoropropanc-1,2-diol (17 mg, 0.049 sumol, Peak 1 from Example 1a, Step 3; due to use of

AD-mix~o0in Step 3 of Example a that later produced Peak 1 of Example la, Step 5, i 1s

believed that the reactant here 1s the (8)-cnantiomer of 2-(3-(5-amino-6-chloropyrazin-2-y1)-

4-methyiphenyD)-3,3, 3 trifluoropropane-1,2-diol {see stereochemical rationale supra), 1H-

pyrazole (10.0 mg, 0.147 mmol), and cesivm carbonate (48 mg, 0.15 mmol) in dioxane (1
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mL)} was heated in an o1l bath held at 120 °C overnight. Upon cooling to room temperature,
the mixture was ditated with MeOH and filtered. Purification via preparative HPLC-MS (pH
23 afforded the desired product as a white solid (5.0 mg, 20%). The product is believed to be
the (Sy-enantiomer, (5)-2-(3-(3-Amino-6-(1 H-pyrazol-1-yDpyrazin-2-y)-4-methylphenyh-
3,3, 3-trifluoropropane-1.2-diol. LCMS calculated for Ci7Hy FaNsOr (M+H) ™ m/z = 380.1,
found: 380 1. 'H NMR (400 MHz, DMSO-ds) & 8.63 (dd, J = 2.6, 0.5 Hz, 1H), 8.19 (s, 1H),
704792 (m, 1H), 7.69(d, /=15 Hz 1H), 751 (dd. /=8.0, 1.4 Hz, 1H), 734 (d, /=81
Hz, 1H), 6.66 (dd, ./ = 2.5, 1.9 Hz, 1H), 3.93 (s, 2H), 2.43 (s, 3H). F NMR (376 MHz,
DMSO-de) & -74.79 (5}, -75.54 (s).

Examples 13-15. Unless otherwise indicated, the compounds in Table 3 were syathesized
according fo the procedure described for Example 12, utilizing the appropriate heterocycles.

As detailed above, due to use of AD-mix-a in Step 3 of Exampie 1a that later produced Peak

1 of Example 1a, Siep 3, it is behieved the products in the table below are the (8)-cnantiomer.

Tabie 3.

E‘X;?:?;e Compound Name R LCMS
2-(3-{(5-Argino-6-{14-1,2,3-triazol-1-
yhpyrazin-2-yH-4-methyipheny]-3,3,3- Calculated for
irifluoropropane-1,2-diol, trifluoroacetate salt N | CieHieFsNe(:
13 (single enantiomer 1solated, believed to be N N (M m/z
{8)-2-(3-(5-Amino-6~-(1H~1,2 3-triazol-1- = =381.1,
yhpyrazin-2-y Hh-4-methyipheny-3,3,3- found: 3811
tritluoropropane-1,2-diol)
2+ 3-(5-Arpino-0-{2H-1,2 3-triazol-2-
vDpyrazin-2-y1)-4-methylphenvh)-3,3,3~ Calculated for
irifluoropropane-1,2-diol, riflucroacetate salt | CreHueFsNeO2
i4 (single enantiomer 1solated, believed to be ;N o (M+HY": m/z
(8)-2-(3-(5-Amino-6~-(2H~1,2 3-triazcl-2- Q&N =381.1,
yhpyrazin-2-yH-4-methyipheny]-3,3,3- found: 3811
tritluoropropane-1,2-diol)
2-(3-(5-Amino-6~(1H-1,2 4-triazol-1-
vhpyrazin-2-yh-4-methylpheny)-3,3,3- ) Calculated for
trifluoropropanc-1.2-diol, trifluorcacetate salt N~ Py CisHiF3NeOs
i5 {single enantiomer 1solated, believed to be </ N (M+HY " m/z
(8)-2-(3-(5-Amino-6-(1H-1,2 4-triazol-1- foj =381.1,
vDpyrazin-2-y1)-4-methylphenvh)-3,3,3~ found: 381.1
irifluoropropane-1,2-diol)
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Example 16, 2-{3-(5-Amino-6-(Z-methyioxazol-S-yhpyrazin-2-yi)-4-(methyl-ds)phenyl)-

3,3, 3-trifluoropropane-1,2-diol trifluproacetate salt (single enantiomer prepared}

* TFA

Step 1. 2,2, 2-Trifluoro-1-(4-(methyi-di)phenyljethan-i -one

Ch,

1,4-Dibromobenzene (10.0 g, 42.4 mmol, Aldrich) in THF (94 mL) and dicthy! cther
(94 mL) at -78 °C was treated dropwise with n-butyilithinm (1.6 M in hexanes, 263 mi, 42 4
mmol). BEthyl 2,2 2-nifluoroacetate (6.02 g, 42.4 mmol, Aldrich) was then added, and the
reaction was stirred for 30 munutes. A further portion of n-butylithium (1.6 M in hexanes,
26.5 mL, 42.4 mmol) was added, and afier stirring for 10 nunutes, iodomethane-ds (6.76 g,
46.6 mumnol, Aldnich) was added. After string for 30 minutes, a precooled solution of conc.
HCL(12.5 ml)y i EtOH (6.25 mb) was added. The reaction mixture was then pouwred o 2 N
HCE (250 mL)y. The layers were separated and the organic laver was dried over MgSQO,,
filtered and concentrated to afford product, which was used without further purification.
Yield: 7.2 g, 89%. 'H NMR (400 MHz, CDCL) 8 800 (d, J =77 Hz, 1H), 737 (d, /=84
Hz, 1H). PFNMR (376 MHz, CDC1:) 8 -71.33 (s).

Step 2. [-{3-Bromo-4-{methyl-dsjphenvi)-2, 2, 2-trifluoroeihan-{ -one

A solution of 2,2, 2-trifluoro-1-(4-(methyl-dyphenyiethan-1-one (7.20 g, 37.7 maol)
in 1,2-dichlorocthane (10 mL) was added slowly dropwise to a mixture of aluminum chloride
(11.0 g. 82.9 mmol) in 1,2-dichlorocthane (25 mL). The reaction mixture was then heated to
35 °C and was stirred for 5 minuies. Bromine (1.94 mL, 37.7 mmol) was then added dropwise
to the heated mixture. The reaction was stirred at 35 °C for 1.5 hours, then at 45 °C for 7

hours. Upon cooling to room temperature, the reaction was quenched by slowly pouring into a

I35
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mixture of ice-cold DCM and 1| N HCL The lavers were separated, and the aqueous laver was
extracted with two further portions of BCM. The combined organic extracts were washed
with sat. NaHCOs solution, followed by brine, dried over MNa,SQ,, filtered and concentrated to
afford product, which was used without further purification. (Yield: 9.9 g, 98%). 'H NMR
(400 MHz, CDCL;) 5 828 —8.22 (ma, 1H), 7.96 — 7.89 (m, 1H), 7.44 (4. /= 8.0 Hz, 1H). °F
NME (376 MHz, CDCls) 8 -71.30 ().

Step 3. 2-Bromo-1-(methyi-ds)-4-(3,3, 3-trifluoroprop-1-en-2-yl)benzene

T

M

A mixture of methyvltriphenylpbosphoninm bromide (12.4 g, 34.7 mumody in THF (30
mL) at  °C was treated with n-butvilithium (1.6 M in hexanes, 20.8 mL, 33.3 mumol) added
dropwise, and the reaction was stirred for 20 minutes. A solation of 1-(3-bromo-4-(methyl-
dsyphenyh-2,2, 2~iriflnorocthan-1-o0e (7.50 g, 27.8 munob) in THF (15 mL) was added
dropwise, and the cooling bath was removed. The mixture was allowed to reach room
temperature and stir for 2.5 hours. The reaction mixiure was diluted with water and extracted
three times with DCM. The combined organic extracts were dried over Na:SOyq, filtered and
solvent was removed in vacuo. Purification via flash chromatography (cluting with a slow
gradient from 0-10% EtOAc in hexanes) afforded product as a yellow 0il (2.3 g, 23%). 'H
NMER 400 MHz, CDCLYS 7.65(d, /=13 He, 1H), 734 - 730 (m, 1H), 727 (d, J =79 Hz,
1H), 5.98(q.J = 1.2 Hz, 1H), 5.78 {q,./ = 1.5 Hz, 1H). YF NMR (376 MHz, CDC1) & -64.93
(s}).
Step 4. 2-(3-Bromo-4-(methyl-dsjphenyl)-3, 3, 3-trifluoropropane- 1, 2-diol {enriched in one

enantiomer)

To a suspension of AD-mux-o (18.1 g, 38.7 muol) in water (36 mL) at 0 °C was
added a solution of 2-bromo-i-{methyl-dsi-4-(3,3 3-tifhuoroprop-1-en-2-vyhbenzene (3.46 g,
12.9 mmol) m BuOH 36 mbL). The mixture was stirred at 6 °C for 88 howrs. The reaction
was warmed (o room temperature and sodivm sulfite (6.0 g) was added. After stirming for 15
minutes, fBuOH was removed i vacuo. The aqueous mixture was then extracted twice with

Bt Ac. The combined organic extracts were dried over Nap 30k, filtered and solvent was
136
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removed in vacuo. Purification via flash chromatography, chiting with a gradient of 0-40%
B0 AC in hexanes, afforded product (3.2 g, 8293, Due to use of AD-mix-g, it 15 believed that
the product is enriched in the (S)-enantiomer (see stereochemical rationale supra). "H NMR
(400 MHz, CDCl) 6 7.78 (d, /= 1.4 Hz, 1H), 742 - 738 (m, 1H), 7.29 (d, J =79 Hz, 1H),
429(dd, /=119, 6.1 Hz, 1H). 3.1 —3.82 (m, 1H), 3.77 (s, 1H). 2.00 (t, /= 6.7 Hz, 1H). °F
NMR (376 MHz, CDCP) 8 -77.24 (s).

Step 3. 3,3,3-Trifluoro-2-(4-(methyl-ds)-3-(4,4, 3, 5-tetramethyi-1, 3, 2-dioxaborolan-2-

vl)phenyljpropane-1, 2-diol (enriched in one enontiomer)

and

A degassed mixture of 2-(3-bromo-4-(nethyl-d:)phenyl)-3,3,3-triflucropropane-1.2-
diol (enriched in one cnantiomer, believed to be the (S)-1somer as detasled above) from Step
4, 0.50 g, 1.6 mmol), bis(pinacolatoydiboron (1.05 g, 4.14 mmol), potasstam acetate (0.975 g,
9.93 mmol) and iriphenyiphosphine palladivre chloride (0.070 g, 0.099 munol) m THF (6.1
mL} was heated in a scaled vial in an ol bath held at 120 °C for 3 hours. Upon cooling to
room temperature, the reaction mixiure was dihuted with EtOAc and water and filtered. The
layers of the filirate were separated and the organic layer was dried over NaoSOq, filtered, and
concentrated. Punification via flagh chromatography, eluting with a gradient of 0-40%
FiAc/hexanes afforded product (0.39 g, 67%). LCMS for CiHau D BFNO: (M+NH ™
calculated m/z = 367.2; found 3672 (pH 10 analytical conditiony. LCMS for
CigH1o D BF:Na(y (M+Na) " calculated m/z = 372.2; found 372.1 (pH 10 analytical
condition). 'H NMR (400 MHz, CDCL) 8 7.92(d,J= 1.7 Hz, 1H), 7.54(dd, J=8.1, 1.8 Hz,
1HY, 7.24 (4, J =81 Hz, 1H), 431 (d, /=113 Hz, 1H),3.97(d, /=116 Hz, 1H), 3.64 (s,
1HY, 1.37 (5, 12H).

Step 6. 2-i3-(S-Amino-6-chloropyrazin-2-yl}-4-(methyl-d3) phenyl)-3.3. 3-trifluvropropane-

1,2-diol {enriched in one enantiomer)

HaN /N_

G,

HoN /N
X
Cl N
and
F

F OH

137
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A degassed mixture of S-bromo-3-chloropyrazin-2-amine (291 mg, 1.40 mmol, Ark
Pharm), and 3.3 3-triflocro-2-(4-(methy-d:)-3-(4,4,5, 5-tetramethy - 1,3, 2-dioxaborolan-2-
vhphenyDpropane-1,2-diol (a mixture enriched in onc enantiomer, believed to be the (5)-
isoreer from Step 3, 390 mg, 111 mmol) in dioxane (16 mL) was treated with NaxCOs
solution (1.0 M, 4.2 mL, 4.2 sumol) and PdCL(dppf)-CH,Cl; adduct (57 mg, 0.070 mmol).
The mixtore was degassed agam and then heated to 100 °C for 3 hours. Upon cooling to room
temperature, the reaction mixture was partitioned between water and EtOAc, and the layers
were separated. The aqueous laver was extracted with two additional portions of EtOAc and
the the combined organic extracts were washed with bring, dried over Na.SOy, filtered, and
concentrated. Purdication via flash chromatography, eluting with a gradient of §-80%
EtOAc/hexanes afforded product (0.217 g, 56%). LCMS for CiaHnD:CHRNG, (M+H)™
calculated m/z = 351.1; found 351.0. *H NMR (400 MHz, CDChL) 6 8.03 (5, 1H), 7.56 (d. J =
16 Hez, 1Hy, 750 (dd, J=81,13Hz, 1H). 732(d./J=81Hz 1H), 525 (s, 2H), 421(d. /=
11.9 Hz, 1H), 3.97(d,J = 11.9 Hz, 1H). "FNMR (376 MHz, CDChL) 8 -77.27 {s). The
enantioraers were separated by chiral chromatography (Phenomenex Lux Amviose-1, 21.2 x
250 mm, 3 uM, loading: 90 mg in 1.9 mL EtOH, eluting with 30% EtOH in hexanes at 20
mE/min for 20 mimutes). Peak 1 retention time: 8.7 min, Peak 2 retention time: 13.3 min.
Peak 1 was used in Step 7. Peak 1 was believed to be the (S)~cnantiomer (sec previous steps).
Step 7. 2-{3-(5-Amino-6-{ 2-methyloxazol-5-vi}pyrazin-2-vij-4-{methyl-dphenyi}-3,3,3-
trifluoropropane-i, 2-diol trifiucroacetate salt (single enantiomer prepared)

The title compound was prepared according fo the procedure of Example 9, Step 4,
using Peak 1 from Step 6 of Example 16, LCMS for CsHisDRFsNyOx (MAH) T calculated w7
=398.1; found 398.1. The product is believed to be the (S)-enantiomer, (8)-2-(3-(5-Anno-6-
(2-methyloxazol-5-y Dpyrazin-2-v1)-4-(methy-d3)pheny1)-3,3, 3-trifluoropropane-1,2-diol. 'H
NMR (400 MHz, McOD) 3 8.14 (s, 1H), 7.67(d. /= 1.7 Hz, 1H), 7.64 (s, 1H), 7537 (dd, J =
79,15z 1H), 736 (d, /=81 Hz, 1H), 409, J=117Hz 1H), 401, J=11.7Hz,
1H), 2.61 (5, 3H).

£38
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Example 17. 3-Amino-6-(2-(methyl-ds)-5-(1,1,1 - trifluoro-2,3-dibydroxypropan-2-
vhphenyl-N-(tetrahydro-2H-pyran-4-yhipyrazine-2-carboxamide, triflusroacetate salt

{single cnantiomer prepared)

NH *TFA
L oMo
5 Step 1. Ethyl 3-amino-6-(2-(methyi-ds)-5-(1. 1, I-triflucoro-2,3-dikydroxypropan-2-

vl phenyilipyrazine-2-carboxylate

HoNL N

r

2-(3-(5-Amino-6~-chloropyrazin-2-vD-4-(methy [-ds)pheny1)-3.3 . 3-trifluoropropanc-
1,2-dio} (0.200 g, 0.570 amol; from Example 16, Peak 1 from Step 6, belicved to be the (5)-
10 isoraer), ethanol (3 mb), tricthvlamine (0.32 ml, 2.3 mmol) and dichlorofl, i’
bis(diphenyiphosphino)errocenepalladium (1) dichloromethane adduct (47 mg, 0.057
mmol) were combined in a sealable reaction vessel Carbon monoxide was bubbled through
the reaction mixture subsurface for 5 minutes, then the reaction was sealed and a balloon of
CO was affixed. The reaction mixture was heated at 80 °C under an atmosphere of CO for 2
15 hours. The volatiles were removed i vacuo and the resulting residue was purified via flash
chromatography {(eluting with a gradient from 0-80% in EtOAc m hexanes) to provide
product as a colorless il (0.15 g, 67%). LCMS for CyHieDsFalNaOy (M+H)": caloulated m/z

=389.1; found 389.1.

i3
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Step 2. 3-Amino-6-{2-(melthyl-dz)-5-(1, 1, {-trifluoro-2, 3-dikydroxvpropan-2-

vl phenylpyvrazine-2-carboxylic acid

HaNL N

OH

To a solution of ethyl 3-amino-6-(2-(methyl-ds)-3-(1,1, 1 4rifluore-2,3-
dihy droxyvpropan-2-yipheny Upyrazine-2-carboxylate (6. 150 g, 0.386 rumol} in methanol (3
mkL) was added lithium bydroxide (46 mg, 1.9 ramol) in water (3.0 ml.). The reaction mixture
was stirred for 2 hours, and then methanol was removed in vacue. 1.0 N HCI solution was
added to achieve pH = 7 and the resulting mixture was exiracied with two portions of EtOCAc.
The combined organic extracts were dried over MgS(y, filtered, and concentrated to afford
product, which was used withowt further purification (0.14 myg crade, 100%). LOMS for
CisHiDsFaN3 O (MHHD)": calculated m/z = 361.1; found 361.1.
Step 3. 3-Amino-6-(2-{methyl-ds}-5-(1, 1, {-triffuoro-2, 3-dihydroxypropan-2-vi)phenyl)-N-
{tetrabydro-2H-pyran-4-yijpyrazine-2-carboxamide, trifiuoroacetate salt

To a solution of 3-amino-6-(2-(methyl-ds)~3-(1,1, 1 -rifluoro-2,3-dihydroxypropan-2-
vhphenvhpyrazine-2-carboxvlic acid (0.050 mg, 0.14 mraocl) in DMF (4 mL) was added
HATU (79 mg, 0.21 manol) and DIEA (0.048 mi, 0.28 mmol). To this mixture was added
tetrahy dro-2H-pyran-4-amine (17 rag, 0.17 mmol, Corabi-Blocks). The reaction mixture was
stirred for 1 hour, then was diluted with water and extracted with two portions of EtOAc. The
combined organic extracts were evaporated and the resulting residue was purified via
preparative HPLC-MS (pH = 2 to afford product as a lght yellow solid (8.030 g, 38%:). The
product 1s believed to be the (S)- isomer (see stereochemical rationale supray. LOMS for
CooHn DsFsMN,Os (MAH)": calcnlated m/z = 444.2; found 444 4. "H NMR (500 MHz, DMSO)
G841 -837 (s, 1H), 835 -830(d. /=83 Hz 1H), 765 -761 (d. J=20Hz 1H), 7.55-
751 (dd, =80, 20Hz 1H), 736~ 731 (d,/=8.0 Hz, 1H), 4.06 -3.97 (m, 1H), 3.97 -
390 (m, 2H), 388 =381 (m, 2H), 344 -335(d, /=116, 23 Hz, 2H). 1.78 - 1.69 (m, 2H),
1.69-157{gd, J=113 43 Hz, 2H).
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Example 18. 3-Amino-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yh)-2-{methyl-

dzjphenyi)-NV-{(4-hydroxybicycio]2.2.1theptan-1-yDpyrazine-2-carboxamide

trifluoroaceiate salt (single enantiomer prepared)

5

1,4-Dibromobenzene (15.0g, 63.6 mmol, Aldrich) in THF (280 mL) at -78 °C was

treated dropwise with n-butyllithinm (1.6 M in hexanes, 39.7 mL, 63.6 ramol). The reaction
mixture was stirred for 30 minutes, followed by the addition of 1odomethane-d; (10.1 g, 69.9

10 mraod, Oakwood). After stirring for 30 minutes, the reaction muxture was warmed 1o room
temperature and diluted with diethy] ether. The mixture was washed with water (2x), followed
by brine (1x). The orgamic laver was dried over MgS50,, filtered, and concentrated to afford
product as a yellow oil, that was used without further purification (10.3 g, 93%). 'H NMR
(400 MHz, CDCl3) 6 742 - 737 (d,J=8.1 Hz, 2H), 7.10 - 7.05 (d, .7 = 8.0 Hz, 2H).

15 Step 2. 2, 2-Difluoro-I-(4-methyl-d3 jphenyljethan-{ -one

To a well stirred mixture of Mg powder (1.9 g. 78 mmol, Aldrich)y in THF (72.0 mL)
was added 1,2-dibromoethane {(two drops). After 10 minutes, a solution of 1-bromo-4-
(methyl-ds)benzene (12.4 g, 71.2 mmol, prepared by the method of Step 1) in THF (54.0 mL)

20 was added dropwise. After complete addition, additional 1.2-dibromocthane was added (two

drops). The mixture was stirred at ambient femperature for |5 hours, and the mixture was
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then cooled to 0 °C. 2 2-Difluoro-N-methoxy-N-methylacetamide (9.0 g, 65 mmol, Oakwood)
i THF (36.0 mL) was added dropwise and after stirring the mixtare at 0 °C for 10 minutes,
the ice bath was removed. Afier 40 nunuics, the reaction was guenched by the addition of 2.0
N HCE(G15 mL). After quenching, the reaction was stirred {or 15 minuotes. Et:O was added
and the resuliing lavers were separated. The agueous pottion was exiracted once with E&C.
The combined organic extracts were dried over Na SOy, filtered, and concenirated. The
produoct was purified via flash chromatography, eluting with a gradient from ¢-10% E1DAc in
hexanes to afford product as an off-white solid (8.85 g, 79%). 'H NMR (400 MHz, CDCl:) &
B.03-793(d,.J=84Hz 2H), 738 -733(d, /=83 Hz, 2H), 6.45 - 6.02 (t, /= 33.6 Hz,
1H).

Step 3. 1-(3-Bromo-4-(methyl-diphenyl)-2, 2-difluoroethan- [ -one

D
0D

Br

¢
F

2,2-Difluoro-1-(4-(methyl~-ds)phenybhethan- 1 -one (8.45 g, 48.8 nunol) was cooled to
0 °C and concentrated H,504 (26.0 mL, 488 mmol) was slowly added. The reaction mixture
was maintainted at 0 °C, and was treated with N-bromosucciumide (9.12 g, 51.2 momol)
added portionwise, and was stirred for 1 howr. Separately, a mixture of water and MTBE (1:1)
was cooled to 0°C, then added slowly to the reaction muxture at 0 °C. The agueous layer was
scparated and was extracted with two additional portions of MTBE. The combined organic
extracts were washed with 10% Nax8:0s and brine, dried over MgSO,, filtered and
concentrated. The product was purified via flash chromatography, cluting with a gradient of
0-3% EtOAc in hexanes to afford product as a Hight yellow oif (10.2 g, 83%). 'H NMR (400
MHz, CDChk) 6 827 -823 (s, 1H), 797 -7.89(d,J=79Hz, 1H). 743 -739(d, /=80
Hz, 1H). 6.41 - 6.10 (1, /=334 Hz, 1H).
Step 4. 2-Bromo-4-i3, 3-dijflucroprop-1-en-2-yl}- 1-(methvi-d3 ) henzene

D
D. LD

Br
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Following a similar procedure as found in Organic Letfers Vol 4, No. 10, 1671-1674
2002, to a sobution of ris{tripheny Iphosphine yrhodium(d) chloride (3.17 g, 3.42 mmol) and
triphenylphosphine (19.2 g, 73.0 mwmol) i THF (140 mL) under N, was added 2-propanol
(5.62 mL, 73.0 mmol, dried over molecular sieves), followed by 1-(3-bromo-4-(methyl-
dsypheny -2, 2-diffuoroethan-i-one (1.5 g, 45.6 mmol) 1n THF (42 mi). Then
trimethylsifyldiazomethane (2.0 M in ether, 39 mL, 78 mumol) was slowly added to the
mixture, After a stirring for 1.5 hours, the mixture was quenched by the dropwise addition of
acetic acid (3.2 mL, 91 mmol). The mixture was stirred for 30 minutes and volatiles were then
evaporated on a rotary evaporator. The product was purified via flash chromatography,
chuting with 100% hexanes, to afford a nuxture of product and PPhs, which was further
purified via flash chromatography (eluting with 100% hexanes) to afford product as a light
vellow oil (5.80 g, 51%). 'H NMR (400 MHz, CDCI) 8 7.72 - 7.62 (4,7 = 1.9 He, 1H), 7.37
—731(dd. J=8.0,18Hs, 1H). 730-723(m, 1H), 655-619(,J=552Hz, 1H),5.75 -
572, J=19Hz 1H),569-564 (4 J=23Hz, 1H).
Step 5. 2-{3-Bromo-4-imethyl-d3iphenyi)-3 3-diflucoropropane- 1, 2-diol {enriched in one

enantiomer)

0D

D
b

Br
HC)\//;\( F

HO &

2~-Bromo-4-3 3-difluoroprop-1~en-2-vD)~1-(methyi-d;)benzene (3.8 g, 23 mmol) in

"BuOH (60.0 mL) was added to a suspension of AD-mux-alpha (32.5 g, 69.6 mmol) in water
(60.0 mL) at 0 °C. The mixtore was then stirred at 3-6 °C for 48 hours. The reaction was then
quenched by the addition of sodium sulfite (10 g). The mixture was stirred for 10 minutes,
then was concentrated via rotary evaporation to remove ‘BuQH. The aqueous mixiure was
dituted with water and extracted with EtOAc (3x). The combined organic exiracis were dried
over NapS0Oy, filtered, and concentrated. The product was purified via flash chromatography,
chuting with a gradient of 3-40% EtOGAc i hexanes, to afford product as a colorless ol (5.8 g,
87%;). The product is behieved to be enriched n the (S)- isomer (see stereochemical rationale
supray. LCMS for CoHeD:BrFNaQs» (M+Na)': calculated m/z = 306.1; found 306.1. 'H
NMR 400 MHz, CDCL)Y 8 775 -7.73¢d, J =19 Hz, 1H), 739 - 734 (ra, 1H), 730 - 725
(d,J=80Hz 1H), 608 -574( J=558Hz, 1H),422-415{dd,/=12.1,48 Hz, 1H),
388 -380(dd, J=12937Hz 1H) 3.47-3.08(s. 1H).
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Step 6. 3,3-Difluoro-2-(4-(methvi-ds)-3-4,4, 5, S-tetramethyi-1, 3, 2-dioxaboroian-2-

v phenvijpropane-1,2-diol (enriched in one enantiomer)

A degassed mixture of 2-(3-bromo-~4-(methyl-d:)phenyl)-3,3~difluoropropane-1,2-
diol (2.0 g, 7.0 mmol), bis(pinacolato)diboron (3.22 g, 12.7 mmol), potassium acetate (2.07 g,
211 mamoh), and dichlorobis(triphenyiphosphine)palladium(Il) (0.395 g, 0.563 mmol) in THF
{(40.0 mL) was heated in a sealed tube i an o1l bath held at 120 °C for 1.3 hours. Upon
cooling, the reaction mixture was diluted with EtOAc, filtered through Celite®, and was
concentrated. The product was purified by flash chromatography, eluting with a gradient from
(-40% EtOAc i hexanes to afford product as a light yvellow 01l (2.3 g, 99%). LCMS for
CisH10D3BF0s (M+H-HO0 ™ caleutated m/z = 314.2; found 314.2.
Step 7. 2-(3-(5-Amino-6-chloropyrazin-2-vi)-4-(methyl-d:)phenyl)-3, 3-difluoropropane-1, 2-

diol {single enantiomer isolated, believed to be the (S)- isomer)

HzNIN Diﬁiﬂ
| .
i \N]‘\//\i

HO\//’%\/ F
HO ii—

A degassed mixture of 3-bromo-3-chloropyrazin-2-amine (2.01 g, 9.63 mmol), 3,3~
diftuoro-2-(4-(methyl-ds)}-3~(4,4,5 S-etramethyi-1,3, 2-dioxaborolan-2-vDphenyypropane-1,2-
dio (2.9 g, 8.7 mmol, prepared as 1 Step 6} and PACL(dppt)-CHLCL adduct {0.338 g, 0.438
mmol) in Na;CO;5 solution (1.0 M, 26.3 mL, 26.3 nunol), and dioxane (90.0 ral) was heated
to 100 °C in a flask equipped with reflux condenser for 1 hour. Upon cooling (o room
temperature, the reaction mixture was partitioned between waler and EtQOAc. The layers were
separated and the aqueous layer was extracted with two further portions of EtOAc. The
combined organic extracts were washed with brine, dried over MgSQq, filtered, and
concentrated. The product was purified via flash chromatography, cluting with a gradient of
0-70% EtOAc in hexanes, to afford product as a light yellow solid (1.84 g, 38%). The

enanticreers were separated by chiral chromatography {(Phenomenex Lux Amviose-1, 212 x
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250 mm, S uM, loading: 90 mg in 9.0 mL EtOH, cluting with 45% EtOH in hexanes at 20
mEL/mip for 16 minotes). Peak 1 retention time: 9.4 min, Peak 2 relention thme: 14.1 min.
Peak 1 was believed to be the (S)-cnantiomer (sce stercochemical rationale supra), while Peak
2 was beheved to be the (R)-enantiomer. Peak 1 (1.01 g obtained) was ased in Step 8. LCMS
for CuHeD:CIEN-0 (MAH)T: caloulated nv/z = 333.1; found 3331

Step 8. 3-Amino-6-(3-(1, i-difluoro-2, 3-dihydroxvpropan-2-yij-2-imethyl-dsjphenviipyrazine-

2-carboxylic acid (single enantiomer prepared)

3]
HaNL N DD
OQ?/E% N
N
OH O
HO o F
HO
F

2-(3-(5~-Amino-6~chloropyrazin-2-v)-4-(methyl-ds)pheny1)-3,3-difluoropropane-~1,2-
diol (6,306 g, 1. 530 mmnol, peak § from Step 7). ethanol (26,0 by, icthvlamine (8 838 mi,
6.01 mmol), and dichloro[l,1'-bis(dipheny Iphosphino)ferrocenejpalladium (ID)
dichloromethane adduct (123 mg, §.150 mmol) were combined in a sealable vessel. Carbon
monoxide was bubbled through the reaction mixture subsurface for 5 minutes, then the
reaction was scaled and a balloon of CO was affixed. The reaction mixture was heated at 80
°C under an atmosphere of CO for 3.5 hours. The volatiles were removed i vacuo and the
resulting residue was purified via flash chromatography (eluting with a gradient from 0-70%
in EtOAc 1 hexances) to provide desired product ester as an oif (0.440 gy, LCMS for
CiH D PN 00 (MAH): caleulated m/z = 371.2; found 371.1. The ester was then dissolved
m MeQH (10.0 mL), and LiOH (0.180 g, 7.51 wmol) m water (10.0 mL) was added. After
stirring for 1.3 hours, MeOH was removed i vacuo. The aqueous mixture was treated with
1.6 N HCl to adjust to pH = 3. Sehd NaCl was added to satarate the solution, and the mixtare
was extracted with EtOAc (4x). The combined organic extracts were dried over Na SO,
filtered, and concenirated to afford product as a brown solid (386 mg, 75%). LCMS for
CisHiDsFoNz Gy (M) caleulated vz = 343.1; found 3431,
Step 9. 3-Amino-6-(5-{1, ] -diffuoro-2, 3-dihyvdroxypropan-2-yii-2-(methyi-dsjpheny-N-{4-
hvdroxybicyclof 2. 2.1 [heptan-1-vi)pyrazine-2-carboxamide trifluoroacetate salt (single
enantiomer preparedy

To a solution of 3-amino-6-(3-(1, 1 -difluoro-2,3-dihydroxypropan-2-y1)-2-(methyl-
dsyphenybpvrazine-2-carboxyhic acid (5.0 mg, 0.015 mmol) 1 DMF (0.20 mL) was added
HATU (83 mg, 0.027 wnol) and DIEA {(0.013 mb, 8.073 mmol). To this raixture was added
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4-aminobicvelof2.2.1 jheptan-i-ol (2.2 mg, 0.018 mmol). After stirring for 30 minutes, the
reaction mixture was difuted with acetontrile and methanol, filtered, and the product was
purified via preparative HPLC-MS (pH = 2). The product is believed to be the (5)-enantiomer
(see sterenchemical rationale supra). Yield: 6.6 mg. LOMS for CorHuD3FoNyDy (MY
calculated m/z = 452.2; found 452.2. "H NMR (400 MHz, DMSO-ds) & 8.41 — 8.3% (s, 1H),
823820, 1H), 7607587, J=19Hz 1H), 749743 (dd, /=79, 2.0 Hz, 1), 732
—725(d,J=80Hz 1H) 642 -599(,J=556Hz 1H), 378 (d,/=11.6 Hz, 1H), 3.69 (4,

J=11.6 Hz, 1H), 2.07 — 1.94 (o, 2H), 1.91 = 1.79 (m, 47D, 1.77 — 1.63 (m. 2HD), 1.62 — 1.48

(m, 2H). PF{'H} NMR (376 MHz, DMSO-de) 6 -74.15 (s}, -129.17 ~ -130.48 (d, Jrr= 2772
Hz), -13380 - 13542 {4, Jrp =277 4 Hz).

Example 19. 3-Amino-6-(2-(methyl-ds)-5-(1,1,1 - trifluvoro-2,3-dihydroxybutan-2-
yviiphenyl-N-(etrahydre-2H-pyran-4-viipyrazine-2-carboxamide (single isomer

prepared)

Step 1. 2-(3-Bromo-4-(methyl-dyjphenyl)-3, 3, 3-triffuoro-2-hydroxypropanal

Br

F =0
F E OH
2-(3-Bromo-4-(methyl-ds)pheny D-3,3, 3-trifluoropropane-1,2-diol (5.0 g, 14.9 mmol,

from Example 16, Step 4, before chiral scparation (enriched in one enantiomer, believed to be
the (S)-enantiomer (see stercochemical rationale supra)) in DCM (80 mL) was treated with
ricthylamine (27.0 mi, 154 mmol) and the mixture was cooled to 0 °C. Sulfur trioxide-
Pyridine complex (9.48 g, 59.6 mmol) dissolved in DMSO (67 mL) was added. The reaction
mixture was stirred for 10 minutes, the bath was removed, the mixture was warmed to room
temperature, and was stirred for 3.5 hours. The mixture was then concenirated via rotary
evaporation to remove DCM and triethylamine, and the remaining aqueous mixture was

immersed in a water bath and was treated with saturated NaHCOs solution until gas evohition
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ceased. The mixture was saturated with solid NaCl and additional bring was added. The
mixture was extracted with one portion of EtOA¢ (300 mL). The FtOAc extraction was
washed with brine, dried over Na; SO, filtered, and concentrated. The residuc was mixed with
100 mL acetonitrile and filtered to remove the small amount of solid precipitate. The
acetoniirile filtrate was concentrated via rotary evaporation to give 5.20 g of crude product as
a light brown foam. Theoretical vield was assumed and the product was used without further
purification.

Step 2. 2-(3-Bromo-4-{methyl-dyjphenyl)-1, 1, I-trifluorobutone-2,3-diol (two separate

diastereomers were isolated that were each subsequently separated info single enantiomers)

i

Methylmagnesiiom bromide (3.0 M in ERO, 27 8 mL, 83 mmol} was added dropwise
to a solution of 2-(3-bromo-4-(methyl-ds)pheny}-3.3.3-triftuoro-2-hydroxypropanal (4.9 g,
14 ramol) i THF (100 mb) at © “C. The mixture was warmed 1o room temperature and was
stirred for 4.5 hours. The mixture was then cooled in an ice-water bath and quenched by
addition of 1.0 N HCL Afier gas evolution ceased, the bath was removed and 1.0 N HCI was
added to adjust to pH = 3. The mixture was stirred for 30 nunutes, then was extracted with
B0 AC (2x). The combined organic extracts were dried over Na SOy, filtered, and
concenirated. The product was purified via flash chromatography, eluting with 100%
hexanes, then a gradient of 0-15% EtOAc 1n hexanes to afford two diastereomers: Peak 1,
major diastercomer (first to clute): 1.84 g Peak 2, minor diastercomer (second to elute): 0.62
g.

Each diastereomer (each enviched m one enantiomer believed to be the (3)-
configuration at the tertiary alcohol, supra) was submitted scparaiely for chiral purification,
and only the major enatiomer in cach chiral separation (believed to be the (S)-configuration at
the tertiary alcobol, supra) was collected.

The first diastercomer to clute during the flash chromatography was subjected to
chiral HPLC to separate the enantioners (Phenomenex Lux Amylose-1, 212 x 250 ., 5
uM, loading: 30 mgin 1.0 mL EtOH, cluting with 5% EtOH in hexancs at 20 mL/min for 17

mimutes). Peak | retention tme: 1.3 min, Peak 2 retention time: 12.3 min. Peak 2 was the
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major enantiomer, and is thus believed to be the (S)-configuration at the tertiary alcchol (see
stereochemical rationale supra). This single enantiomer was subsequently used 1 Step 3.

The second diastercomer to clute during the flash chromatography was subjected to
chiral HPLC to separate the enantiomers (Phepomenex Lox Amylose-1, 212 x 2530 mm, 3
uM, loading: 30 mg in 0.9 ml EtOH, eluting with 30% EtOH in hexanes at 20 ml/min for 12
minufes). Peak 1 retention time: 6.25 min, Peak 2 retention time: 10.3 nun. Peak 1 was the
major cnantiomer, and is thus believed to be the (5)- configuration at the tertiary alcohol (see
stereochemical rationale supra).

Step 3. 1.1 1-Trifluoro-2-(4-(methyl-ds)-3-(4,4, 3, 5-tetramethyi-1, 3, 2-dioxaborolan-2-

Vilphenvijbutane-2, 3-dicl (single isomer prepared)

D
O {}\/

1
o B ‘
N

>

i OH
FFQ

D

OH

A degassed mixture of 2-(3-bromo-4-(methyl-ds)pheny -1, 1, -trifluorobutane-2 3~
diol (0,300 g, 1.58 mmol, peak 2 from chiral separation of the first eluting diastercomer from
flash chromatography in Step 2), bis(pinacolatojdiboron (723 mg, 2.85 mmol), potassium
acetate (466 g, 4.74 munoly and riphenyipbosphine palladium chloride (89 mg, 0.13 ramob)
m THE (10.0 mL) was heated m a scaled tube in an oil bath held at 120 °C for 1.5 hours.
Upon cooling to room temperature, the reaction mixture was diluted with EtQAc, filtered
through Celite®, and concentrated. The product was purified by flash chromatography, eluting
with a gradient from 0-20% EtOAc in hexancs to afford product as a light yellow oil.
Theoretical yield assumed and the product was used in Step 4.

Step 4. 2-{3-(5-Amino-6-chloropyrazin-2-yl)-4-(methyl-ds)phenyi}-1. 1, I -trifluorobutane-2, 3-

diol (single isomer prepared)

HN._N. D.J.D

-
o N
. OH

H
FFC}

A degassed mixture of S-bromo-3-chloropyrazin-2-amine (362 mg, 1.74 mmol, Ark

Pharm), 1,1, 1-trifluoro-2-(4-(methyl-d2)-3-(4,4.3 3-tetramethyl-1.3,2-dioxaborolan-2-
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yDphenyDbutane-2 3-diol (574 mg, 1.58 mmol, from Step 3) and PdCLAppH-CHCl adduct
{64 mg, 0.07%9 mmol) in dioxane (15.0 mL) and Na>CGO:s solution (1.0 M, 4.74 mL, 4.74
mmol) was heated to 100 °C for 2 hours. Additional PACh(dppN~-CH,Cl adduct (64 mg,
0.679 mimoly was added and the mixtore was heated for 1.5 howrs at 100 °C. Upon cooling 1o
room femperatore, the reaction mixiure was partitioned between water and FtOAc then the
biphasic mixture was filtered through Celite” to remove solids. The layers of the filtrate were
separated. The agueous layer was extracted with EtOAc and the combined organic layers
were washed with brine, dried over MgSO,, filtered, and concentrated. The product was
purified via flash chromatography, eluting with a gradient from 0-60% EtOAc in hexanes, (o
afford product as a light yvellow solid (466 mg, 81%). LCMS for CisHDCIFa N0, MA+H)Y™
calculated my/z = 365.1; found 365.2.
Step 3. 3-Amino-6-(2-(methvi-dyj-5-{1, 1, [ -trifluore-2 3-dibvdroxybutan-2-vijphenyi}-N-
(tetrabydro-2H-pyran-4-yiipyrazine-2-carboxamide (single isomer prepared)

The title compound was prepared by following the procedures found in Example 17,
Steps 1 through 3, using 2-(3-(3-amino-6-chloropyrazin-2-y)-4-Gacthyl-dsyphenyD-1,1,1-
tritluorobutane-2,3-diol from Step 4. The product was purified via preparative HPLC-MS (pH
= 13 The product is believed 1o be the (S)-cnantiomer (see siereochernical rationale supra).
LCMS for CoiHpnDsFsNLOy (MAH)Y caleunlated mv/z = 458.2; found 458.2. 'H NMR (500
MHz, DMS0O) 3 838835 (5, 1H), 835 -830(d, J=83 Hz, 1H), 7.72 - 757 (brs, IH),
737-7534(d,J=20Hz 1H), 748 -741(dd. J=8.0,20Hz, 1H),737-728(, /=40
Hz, 1H), 639 - 377 (brs, 1H), 554 - 478 (brs, 1H), 445 437 (q. /=63 Hz, 1H), 407
394 (m, 1H),389-379(dt,.J=114.3.6 Hz, 2H), 347 -336 (td,.J =115, 2.3 Hz, 2H),
1,80~ 1.70 (m, 2H), 1.70 - 1.57 {(m, 2H), 0.90 -~ 0.79 (d.J = 6.3 Hz, 3H). F NMR (471
MHz, DMS(O) 8 -69.03 ~ -73 88 ().
Example 28, 2-(3-(5-Amino-6-{3-methyl-1 H-pyrazol-4-yhpyrazin-2-vij-4-(methyl-
daiphenyl)-1,1,1,4,4,4-hexaflvorobatane-2.3-diol, trifhuoroacetate sall, (a single

diastereomer enriched in one enantiomer was prepared)

S
HN/Y\NW\] - TFA
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Step 1. 2-(3-Bromo-4-(methyl-diphenyl)-1,1 1,4, 4, 4-hexafluorobutane-2, 3-diol (two

diastereomers isolated, each enriched in one enantiomer)

B
D D
B
F 9]y
F FQH E

F F

A sohation of 2-(3-bromo-4-(methyl-ds)phenyi)-3,3,3-riflucro-2-hydroxy propanal
(0.30 g, .85 mmol, from Example 19, Step 1) in dry THF (1.7 mL) was cooled to 0 °C and
trimethyi{trifluoromethy Dsilane (0.31 mL, 2.1 mmol) was added. The yellow mixture was
treated with TBAF (1.0 M 1o THF, 0.017 mL, 0.017 mmol) at 0 °C. The reaction was stirred
for a few munutes at 0 °C, the ice bath was removed, and the resulting reaction mixture was
stirred for 40 minates, with warming to room temperature. The reaction was re-cooled to O
°C, and water (0.17 mL, 9.4 mmol) and TBAF (1.0 M in THF, 0.17 mL, 0.17 amol) were
added. The tce bath was removed and the mixture was stirred for 30 minutes at ambicnt
temperature. The reaction mixture was diluted with brine (20 mil), and was extracted with
EtOAc (30 mL). The organic laver was washed with 1.0 N HCI (2 x 25 mL), followed by
brine, dried over Na;S8Qy, filtered, and concentrated to afford a vellow oil. The product was
purifed via flash chromatography, eluting with a gradient from 0-15% EtOAc m hexanes to
afford two separate diastereomers (cach enriched in one enantiomer believed to be the (5)-
configuration at the tertiary alcobol (see sterenchemical rationale supra)). Peak 1 (first to
chute); 92 mg, 29%. Peak 2 (second to clute): 68 mg, 22%.
Step 2. 1,1,1,4,4,4-hexafluoro-2-(4-(methyi-d3}-3-(4,4, 5, 5-tetramethyl- 1, 3, 2-dioxaborolan-2-

vi)phenyijbutane-2,3-diol (a single diastereomer enviched in one enantiomer was prepaved)

/ D
\7?‘\9 D\%/D

O’B\r;f;\l\
v

\i
Fo_-~_OH
FmF

FF

The title product was preprared using the procedure of Example 19, Step 3, using 2-

(3-bromo-4-(methyl-diypheny-1,1,1 4 4 4-hexafluorobutane-2 3-diol (92 mg, 0.20 mmol,
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Peak 1 from Step 1), to afford the title compound (15 mg). LOCMS for CiHo DRBF NG,
(M+NH)": calcalated m/z = 435.2; found 435.2.

Y,

Step 3. 53-Chloro-3-(3-methyl-1H-pyrazol-4-yl)pyrazin-2-amine
HN

HoN /Nl
. H
NG

N

I\

A flask was charged with 3-bromo-S-chloropyrazin-2-amine (0.24 g, 1.2 mmol, D-L
Chiral Chemicals), 3-methy1~4-(4,4,5 S~tetramethyi-1,3,2-dioxaborolan-2-v -1 H-pyrazole
(0.24 g, 1.2 mmol, Aldrich), bis(di-fert-butyl(4-
dimethyviamisopbeny hphosphine dichloropaliadinm(Il) (0.041 g, 8.038 mmol), and cestum
fluonide (0.53 g, 3.5 mmol). ferf-Butyl alcohol (6.1 ml) and water (1.6 mL) were added, and
the mixture was degassed and heated (o 60 °C for 1.5 hours, then at 70 °C overmght, then at
100 °C for 1.5 hours. Upon cooling, the reaction mixiure was partitioned between water and
EtOAC, and the lavers were separated. The agucous layer was extracted with two additional
portions of EiOAc and the combined organic layers were washed with brine, dried over
MgSQ,, filiered, and concentrated. The product was purified by flash chromatography,
ehuting with a gradient of 0-10% MeOH 1n DCM to afford a pale vellow sokid (0.14 g, 58%).
LOCMS for CsHoCINs (M+HD": calculated mv/z = 210.1; found 210.1.

Step 4. 2-(3-(5-Amino-6-(3-methyl- 1 H-pyrozol-4-vlipyrazin-2-vi)-4-{methyl-d3) phenyl)-
1.1, 1.4,4,4-hexafluorobutane-2, 3-diol, irifluoroacetote salt (a single diastereomer enriched in
one enantiomer was prepared)

A microwave vial was charged with 1,1,1,4.4,4-hexafluoro-2-(4-(methy l-ds)-3-
(4.4.,5,5-tetramethyl~1,3,2-dioxaborolan-2-y phenvDbutane-2 3-diol (15 mg, 0.029 mmol,
from Step 2, a single diastercomer enriched in one enantiomer), 3-chlore-3-G-methyl-1H-
pyrazol-4-yhpyrazin-Z-amine (9.1 myg, 0.043 mmol, from Step 3) and dichloref1.1'-
bis(diphenylphosphino)ferrocenejpaliadium (1) dichloromethane adduct (4.7 mg, 5.8 pmol).
THF (0.5 mL) was added, followed by KoCOs sohution (1.0 M, 0.086 mL, 0.086 mmol). The
reaction mixiure was degassed by bubbling a stream of nitrogen through the solution for 5
minutes, and then was heated in the microwave at 130 °C for 30 minutes. The reaction
mixture was diluted with acetoniinle and methanol, was filtered and purificd via preparative
HPLC-MS (pH = 2) to afford product as the TFA salt (3.7 mg). The product is believed to be
erwiched i the (S)-enantiorser at the tertiary alcohol (see stereochemical rationale supra).
LOMS for CioHisDiFeNsOy (MA+H)Y calculated n/z = 465 2: found 465.1. 'H NMR (400
MHz, MeOD) 6 8.04 ~8.00 (s, 1H), 795 - 792 (s, 1H), 7.74 - 7.70 (s, 1H), 7.60 - 7.34 {d, J
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=73 Hz 1H), 738 -734(d, J=82Hz 1H), 483 -4.76(q,/ = 7.2 Hz, 1H), 2.46 (s, 3H).
YF NMR (376 MHz, MeOD) § -72.13 — -72.41 (s}, -75.50 — -75.75 (s), -77.24 — -77.60 ().
Example 21, 2-(3-(5- Aminoe-6-3-methyl- 1 H-pyrazol-4-yhpyrazin-2-yi)-4-(methyl-

«
HN\/:\\T/\NAT/A\]E - TFA

The title product was prepared using the procedure of Example 20, Steps 2-4, using

Peak 2 from Example 20, Step 1 1o afford the title compound as a single diastercomer
enriched m one enantiomer. The product is believed to be ennched 1 the (S)-cnantiomer at

10 the tertiary alcohol (see stereochemical rationale supra). LOMS for CroHusDsFaN-Gy (M+H™
calculated m/z = 465.2; found 465.1. "H NMR (400 MHz, MeOD) § 8.02 — 8.01 (s, 1HD), 7.95
— 794 (s, 1H), 791 - 788 (s, 1H), 779 - 7.74 (d./ =81 Hz, 1H), 734 - 730 (d. /= 8.2 Hz,
1H), 4.70 - 4.47 (q,J = 7.0 Hz, 1H), 2.55 -~ 2.33 (s, 3H). YF NMR (376 MHz, MeOI» § -
72707313 (), -77.33 = -77.52 (s), -77.38 — -78.04 (s).

15 Example 22. 3-Amino-6-2-methyk-5-(1,1,1-trifluore-2,3-dihydroxy-3-methylbutan-2-
yiphenyh-N-{ietrahydro-2H-pyran-4-vipyrazine-2-carboxamide, triflusroacetate salt,

{enriched in one enantiomer)

MoN . N
(9] ™
N . TFA
NH
L OH
Fm\

Step 1. 2-(3-Chioro-d-methylphenyl}-3,3, 3-triflucro-2-hydroxypropanoic acid jenriched in

20 one enontiomer)
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A procedure similar to that disclosed in Tefrahedron: Asymmetry Vol. 5, No. 8, pp.
1413-1476, 1994 was performed as follows: to a mixture of 2-(3-chloro-4-methy lphenyvl)-
3.3, 3-wrifluoropropane-1,2-diod (0.70 g, 2.8 mumol, Example Ia. Step 3 (curiched 10 one
enantiomer, believed to be the (5)- enantiomer, see stercochemical rationale supra)y, NaHCO;
(0.346 g, 4.12 mumod), and Platinurs (5% on carbon, 1.07 g, 6.275 gunod)y tn water (30.0 rall)
was added one drop of Antifoam A concentrate, 100% (Aldrich catalog # A3633). The
mixtare was then heated at 73 °C overnight while a gentle flow of air (pulled into the reaction
flask by vacuum) was bubbled through the solution. Additional Platinum (5% on carbon,
0.644 g, 0.165 mmol) was added and the mixture was stirred under the same conditions for a
total of 40 howrs. Upon cooling to room temperature, the mixture was filtered through Celite™
and rinsed with water. 1.0 N HCI was added to achieve pH = 2, and the agueous mixture was
extracted with EtCAc (3x). The combined organic extracts were washed with water, followed
by brine, dried over MgSQOy, filtered and evaporated. The product was punficed via flash
chromatography, eluting with a gradient from 0-100% EtOAc i hexances to afford a light
yellow solid contaminated with unreacied diol.

Step 2. Eihwyl 2-{3-chloro-4-methviphenyl)-3, 3, 3-trifluoro-2-hydroxvpropanoate (enriched in

one enontiomer)

2-3-Chloro-4-methy Iphenyl)-3.3. 3-triffuoro-2-bydroxypropancic acid (0.50 g, 1.5
mmol, the muxture from Step 1) in EtOH (4.0 mL) was treated with concentrated H,SO4
(0.079 mL, 1.5 mmol) was added. The mixture was sealed and heated to 80 °C overnight.
Upon cooling to room temperature, the reaction mixture was neutralized by the addition
saturated NaHCOs solution. The mixture was extracted with EtOAc and the organic layer was
dried over Na 50, filiered and concentrated. The product was pwrified via flash
chromatography, eluting with a gradient of 0-15% EtOAc m hexancs to afford the product as
a colorless oil (0.33 g, 42% over two steps). LCMS for CoHanCIF0, (MAH-HLO)

calculated m/z = 279.0; found 278.9.
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Step 3. 2-(3-Chloro-4-methviphenyii-1, 1, I-trifluoro-3-methyibutane-2,3-diol (enviched in one

enomtiomer)}

Methyvimagnesiom bromide 3.0 M in EtO, 1.85 mL, 5.56 mmol) dropwise to a
solution of ethyl 2~(3-chloro-4-methylpheny)-3,3,3~trifluoro-2-hydroxypropanocate (0.33 g,
11 mmol) in THF (10 Ly at 0 °C. The mixture was then raised to ambient teraperature and
was stirred for 1.5 howrs. Additional methylinagnesiom broraide (3.0 M in E6O, 0.185 ml,
0.556 mmol} was added. The mixture was stirred for 30 minutes, then was cooled with an ice-
water bath and quenched by the cautions addition of 1.0 N HCL When gas evolution ceased,
additional 1.0 N HCl was added to adjust to pH = 3. The nuxture was stirred for 30 minutes at
room temperature, then was extracted with EtOAc (2x). The combined organic extracts were
dried over Na:SCOy, filtered and concentrated. The product was purified via flash
chromatography, cluting with a gradient of 0-20% EtOAc in hexanes to afford productas a
colorless oil (0.22 g, 70%). LCMS for CpHiCIF0 (M+H-H,0)": calculated m/z = 265.1;
found 265.0.

Step 4. 3-Amino-6-(2-methyl-5-(1, 1, {-trifluoro-2,3-dibydroxy-3-methylbutan-2-yi) phenyi}-N-
{tetrabydro-2H-pyran-4-yijpyrazine-2-carboxamide, trifluoroacetate salt (enyiched in one
enantiomer)

The title compound was prepared by following the procedure of Example la, Steps 4-
3, followed by the procedure of Example 17, Steps 1-3, using 2-(3-chloro-4-methy Iphenyi)-
1,1, I-tnflooro-3-methy thutane-2,3-diol (enriched in one enantiomer, behieved to be (5)-, see
stereochemical rationale supra). LEMS for CoxHosFaNGOs (M+H)': calculated m/z = 469.2;
found 469.2. 'H NMR (400 MHz, MeOD) 8 8.36 ~ 830 (s, 1H), 7.80 ~ 7.71 (d..J = 2.0 Hz,
1H), 7.69 - 7.61 (dd,J =79 20 Hz, 1H), 736 - 730 (d. /=81 Hz, 1H), 417 - 4.05 (m,
1H), 402393, J=118,35Hz, 2H), 362331 (1d, /= 116,23 Hz, 2H), 246 - 233
(s, 3H), 1.96 — 1.85 (m, 2H), 1.75 — 1.60 (u, 2H), 1.31 -~ 1.28 (s, 3H), 1.28 — 1.24 (s, 3H).
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Example 23, 2-3-(8-Amino-6-(1-((1-methyl-1 H-pyrazol-3-yhsulfonylazetidin-3-
yvhpyrazin-2-yi-4-methyiphenyl})-3.3.3- trifluoropropane-1,2-diol (earicked in one

enantiomer)

Zimnc dust (activated by the procedure found in WO2011/143363, the disclosure of
which is incorporated herein by reference 1n its entivety ) (0.627 g, 9.59 mmol) was charged to
a dry flask and suspended in DMA (2.5 rely. 1,2-Dibromsoethane {6.031 md, 8.36 nunol) and
TMSCE (0.092 ml, 0.72 mmol) were added and the reaction was stirred for 25 min. tert-Butyl
3-iodoazetidine-1-carboxylate (2.04 g, 7.20 mmol, OQakwood) in DMA (6.0 mL) was added
slowly to the mixture which was immersed in a water bath to keep the temperature below 63
“C. The mixture was stirred for | hour and was degassed by bubbling a stream of nitrogen
through the mixture for 5 rainutes.

A separate flask was charged with 3-bromo-5S-chloropyrazin-2-amine (0.50 g, 2.4
mraod, D-1 Chiral Chemicals), dichloro{l, I'-bis(dipbhenviphosphino)ferrocenepalladivm (1)
dichloromethane adduct (0.118 g, 0.144 mumol) and copper(l) iodide (0.057 g, 0.30 mmol).
DMA (6.0 mL) was added, and the muxture was degassed by bubbling a stream of nitrogen
through the mixture for 3 nunutes. The solution containing the organozine in DMA was
added, excluding any remaining zine solids. The reaction mixture was then heated at 80 °C {or
38 main. Upon cooling to oo termeperature, the reaction mixiure was partitioned between
water and EtOAc. The aqueous layer was extracted with two additional portions of E1OAc.
The combined organic extracts were washed with water and brine, dried over sodiwn sulfate,
filtered, and concenirated. The product was purified by flash chromatography, cluting with a

radient from 0-100% EtOAc in hexanes to afford product (0.62 g, 90%). LCMS calculated
g
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7950 (s, 1H), 4.78 ~4.65 (s, 2H), 4.35 - 4.22 (m, 4H), 3.79 - 3.69 (p, J = 7.4 Hz, 1H), 1 .48
1.44 (s, 9.
Step 2. tert-Butyl 3-(3-amino-6-( 2-methyi-53-(1, 1, i-trifluoro-2, 3-dihvdroxypropan-2-
vhphenyl)pyrazin-2-yi)azetidine- 1-carboxylate {enriched in one enantiomer)

HaN_ N E

' N

>r0 F OH
F E OH

A degassed mixture of tert-butyl 3-(3-amino-6-chloropyrazin-2-yDazetidine-1-
carboxviate (0.615 g, 2.16 munol), 3,3.3-trifluore-2-(4-methyl-3-(4 4,5, 5-tetramnethyl-1,3,2-
dioxaborolan-2~-yhphenyhpropane-1,2~diol (0.748 ¢, 2.16 mmol, enriched in one cnantiomer
believed to be (5)-, supra), and PACl(dpph)-CH.Cl adduct (0.088 g, 0.11 nunol) in dioxane
10 {10.8 mL) and Na,C(Os (1.0 M 1n water, 6.5 mL, 6.5 mmol) was heated in a sealed vial in an

oil bath held at 120 °C for 3 hours. Upon cooling to room temperature, the reaction mixture

was diluted with EtOAc and sufficient water to dissolve solids. The layers were separated and

the agqueous laver was extracted with two further portions of EtQOAc. The combined organic

extracts were dred over Naz3(y, filtered, and concentrated. The product was purified by flash
15 chromatography, chuting with a slow gradient from 0-100% EtOAc in hexanes (vield: 400 mg,

40%). LCMS calculated for CoFosFsN4Cy (M+H)Y m/z = 469.2, found: 469.1. '"H NMR (400

MHz, CDCl) 5812 -799 (s, 1H), 7.68 - 757 (s, 1H), 753 - 747(d. J =73 Hz, 1H), 7.39

~733(d,J=81Hz, I, 466 -436 (s, 2H), 445 ~ 425 (m, 4H), 407 - 3.93 (mu, 2H), 3.87

—3.78 (m, 1H), 2.48 -2 40 (5, 3H), 1.49 - 1.41 (5. SH).
20 Step 3. 2-i3-(5-Amino-6-{uzetidin-3-ylipyrazin-2-yii-4-methylphenyl}-3, 3. 3-trifluoropropane-
1,2-diol, HCI salt {enriched in one enantiomer)

HaN

HCI

A solution of tert-butyl 3-G-amino-6-(2-methyl-3-(1,1, 1-influore-2 3~
dihy droxypropan-2-~y Upheny Dpyrazim-2-y azetidine -1 ~carboxylate (0.32 g, 0.68 mmol) was
25 treated with HCI (1.25 M in MeOH (generated by diluting ¢ HCI solution with MeQGH), 10.0

mL., 12.5 mmol) and the reaction was stirred at room temperature for 48 hours. Additional

£36
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HCI (125 M in MeQH, 10.0 mL, 12.5 mmol) was added and the reaction was stirred for 72
hours. Volatiles were evaporated to afford the HCH salt, and the product was ased without
further purification.
Step 4. 2-(3-(5-Amino-6-(1-{{1-methyl- IH-pyrozol-3-visulfonylazetidin-3-vijpyrazin-2-vi)-4-
methylphenyl)-3, 3, 3-trifluoropropane-1, 2-diol fenviched in one enantiomer)
2-(3-(5-Amino-6-(azetidin-3-yDpyrazin-2-y [)~4-methvipheny1)-3,3 3~
irifluoropropane-1,2-diol hydrochioride salt {0.016 g, 0.025 gunol)y in DOM (0.25 ol was
treated with DIPEA (0.026 mb., 0.15 vunol) and 1-methyl-1H-pyrazole-3-sulfonyl chloride
(4.5 mg, 0.025 mmol, Maybridge). After 1 hour, the reaction was quenched by the addition of
a small quantity of water and ammonium hydroxide sohution. The mixture was concentrated
via rotary evaporation to remove DCM and the mixture was diluted with MeOH and purified
by preparative HPLC-MS (pH = 10) {o afford the title compound (enriched in one cnantiomer,
belicved to be (5)-, see stercochemical rationale supra) (5 mg, 40%). LCMS calculated for
CorH2FsNgGS (MAH) " wm/z = 5132, found: $13.1. 'H NMR (400 MHz, Me(OD) 6 7.93 -
790 (s, IH), 763 =759 (. J=20Hz, 1H), 759~ 7535 (d.J =80 Hz, 1H), 740 - 735 (m,
2H), 684 - 0.50(d, S =23 Hz, 1H), 428 - 424 (m, 4H), 414 - 409 (d, /= 11 8 Hz, 1),
409-405(d,/=118Hz 1H), 403 -394 (p.J=81Hz, 1H), 356 -3.46 (5, 3H), 2.36 -
2.14 (5, 3H). ¥F NMR (376 MHz, MeQD) & -78.08 - -78.59 (s}
Example 24, 3-(3-Amino-6-{2-methy-5-(1,1,1 -trifluore-2,3-dihydroxypropan-2-
yhphenylipyrazin-2-ylcvelobutvB{3-hydroxyazetidin-1-vhimethanone trifluoroacetaie

salt {single enantiomer prepared)

< TFA

OH

Step 1. Ethyl 3-(3-amino-6-chioropyrazin-2-ylicyclobutane- I -carboxylate {mixture of cis and

HaN. N
L
N
r()

trans isomers prepared)
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A mixture of 3-bromo-5-chloropyrazin-2-amine (545 mg, 2.61 mmol, D-L Chiral
Chemicals) and {1,3-bis(2,6-ditsopropy Iphenyvnmidazol-2-vlidene](3-
chloropyridy hpalladiwnm{ih dichlonide (178 mg, 0.261 mmol) 1o DMA (18.2 mL) was
degassed.

Separately. a vial wag charged with zinc (freshly activated and dried according to the
procedure found in WO2011/143365, 1,49 g 22 8 mmol) and the vial was flushed with M,
and heated with 3 heat gun., then cooled. Dry THF (20 wil) was added. 1,2-Dibromoethane
(0.20 mL, 2.4 mmol) was added and the mixture was heated with a heat gun to reflux, and
then cooled to room temperature. This heating and cooling cyvele was performed three times.
TMSCL(0.60 mi, 4.7 rerol) was added. The nuxture was beated to 53¢ °C in an oil bath, and
ethyl 3-iodocyclobutanc-1-carboxylate (2.0 g, 7.9 mmol, prepared as described in
WO2014/200882, the disclosure of which is mcorporated herein by reference in its entirety)
i THF (10 mL) was added dropwise. The mixture was maintained at 50 °C for about 1 howr,
then was cooled to room temperature and degassed by bubbling a stream of nitrogen through
the mixture for 3 min. This mixture was then added to the solution of 3-bromo-5-
chloropyrazin-2-amine above, excluding zine solids. The reaction was heated to 30 °C for
1.75 bours, then o 80 °C for 45 minutes. Upon cooling to room femperature, the reaction
mixture was partitioned between EtOAc and water. The aqueous layer was extracted again
with EtOAc. The combined organic extracts were washed with brine, dried over Nax50,,
filtered, and concentrated. The product was purified via flash chromaiography, cluting with a
gradient from 0-753% EtOAc in hexanes to afford product (0.35 g, 52%). The cis- and frans-
isomers are partially separable, however the product was carried as a mixture {o the following
step. LCMS calculated for CuHisCINGG, (MHH): m/z = 256.1, found: 256.0.

First diastereomer to ehite: 'H NMR (400 MHz, CDCL) 8 7.97 - 7.73 (s, 1H), 4.64 —
432 (s, 2H), 429 -414(q.J=71Hz, 2H), 372352 (m, 1H), 327 - 310 (m, 1H), 2.80 -
251 (m, 4H), 1351251, /=71 Hz, 3H)

Second diastereomer to elute: 'H NMR (400 MHz, CDCL) 6 7.98 - 7.78 (s, 1H), 4.59
~ 445 (s, 2H), 421 - 412 (g, /=71 Hz, 2H}, 347 - 335 (p, /=88 He, 1H), 326315
(m, tH), 2.77 - 2.57 (m, 4H), 1.31 - 1.25 (¢, /= 7.2 Hz, 3H).
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Step 2. 3-(3-Amino-6-(2-methvi-3-(1,1, I-trifluovo-2. 3-dilvdroxypropan-2-ylphenvlipyrazin-
2-vljeyclobutane-i-carboxylic acid (two diastereomers isolated; (cis & trans), each prepared

as ¢ single enantiomer)

The product of Example 1a, Step 3 (2-(G~chloro-4~methylphenvD-3,3,3~
trifluoropropane-1,2-diol )} was sobjected to chiral HPLC (Phenomenex Lox Amylose-1, 21.2
x 250 mm, 5 uM, loading: 35 mg in 1.0 ;L EtOH, eluting with 5% EtOH in hexanes at 20
mb/min for 23 minutes). Peak 1 retention tme: 19.3 min, Peak 2 retention time: 22.3 min.
Peak 1 was believed to be the (S)-enantiomer {see stercochemical rationale supra), while Peak
2 was believed to be the (R)-cnantiomer. Peak | was collected and converted to 3,3,3-
trifluoro-2-(4-methy}-3-(4,4,3 S-tetramethyl-1,3,2-dioxaborolan-2-y hpheny Dpropane- 1, 2-diol
according io the procedure of Example la, Step 4. A degassed mixdure of 3,3,3-trifluoro-2-(4-
methyl-3-(4,4,5 S-tetramethyl-1,3, 2-dioxaborolan-2-y Dpheny Dpropane-1,2-diol so produced
(0.322 g, 0.931 muol), ethyi 3-(3-amino-6-chioropyrazin-2-ylcyvciobutane-1-carboxylate
(0.119 g, 0.465 mmol, a mixture of cis and trans isomers from Step 1) and PACL{dppf)-
CHLCl adduct (0.019 g, 0.023 mmol) 1o dioxane (2.3 mi) and NaxCGs (1.0 M in water, 1.4
mbh., 1.4 mmol) was heated in a scaled vial held in an oil bath at 120 °C for 3 hours.
Additional 3.3 3-influoro-2-(4-methy1l-3-(4,4.5 S-tetramethyi-1,3,2-dioxaborolan-2-
yvihphenyDpropane-1,2-diol and PACL{dppDH~-CH,Cl: adduct (same amounts) were added as a
degassed solution in dioxane (2.3 mL) and heating was continued for 3 hours. Upon cooling
to room temperature, the reaction mixture was diluted with water and MeCN, filtered and
purified by preparative HPLC-MS (pH = 2, Waters Xbridge C18, 30 x 100 vum, 5 uM particle
size, 60 mL/min, Mobile phase A: Aq(0.1% TFA), Mobile phase B: MeCN, 16.6 -42.2% B in
12 min). Two diastereomers of carboxylic acid product were isolated separately. Peak 2 was
subsequently used in Step 3.

Peak 1 (first to elute, retention time: 5.9 miny. LCMS calculated for CioHyFalNz O,
(M+H)" m/z=412.1, found: 412.3.

Peak 2 (second to elute, retention time: 6.7 man). LCMS caleualated for CioHz N0
(M+H)" m/z = 4121, found: 412.3. Peak 2 was vsed in Step 3.

Step 3. (3-(3-Amino-6-(2-methyl-5-¢1, 1, I-trifluoro-2, 3-dilydroxypropan-2-vijphervi ) pyrazin-
Z-ylleyclobutyl}i3-hydroxyazetidin-1-yljmethanone (single enantiomer prepared)

£39
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To 3-3~amino-6-2~-methyl-5-(1,1, -trifluoro-2,3-dihydroxypropan-2-
yhphenyDpyrazin-2-yheyclobutane- [-carboxylic acid (0.011 g, 0.027 numol, from Peak 2 of
Step 2), azetidin-3-of hydrochloride (3.6 mg, 0.053 mmol, Oakwood) and DIPEA (6.023 mL,
0.13 mmol) m DMF (1.0 mL) was added HATU (0.015 g, 0.040 mmol}. The reaction was
stirred for 30 munutes, diluted with MeOH and purified by preparative HPLC-MS (pH=2).
The product is believed to be the (Sy-configuration at the tertiary alcohol, supray. LCMS
caloulated for CoHooFsN4Oy (M+H)™: m/z = 4672, found: 467.1. 'H NMR (400 MHz,
MeOD)YG 790 -782 (s, 1H), 775 - 7.66 (5, 1H), 7.62 - 752 (d, /=82 Hz, 1H), 741 —7.28
{d,J=81Hz, 1H), 463 - 453 {m, [H), 439431 (m, 1H),4.29 - 4.19 (m, 1H), 4.14 -
406(d,J=118Hz, 1H), 406 -398(d,J=118Hz 1H),395-384 (m, 1H),384-3.71
(n, 2H), 2.75 — 2.62 (m, 4H), 2.50 — 2.46 (5, 3H). “F NMR (376 MHz, MeOD) § -77.26 — -
77.60 (s), -78.10 — -78.35 (s).

Example 25, 2-(3-(5-Amino-6-(trifluoromethyDpyrazin-2-yh-4-methylphenyi)-3,3.3-
trifluoropropane-1,2-diol (single enantiomer prepared)

HoN. N i

Step 1. 5-Bromo-3-(trifluoromethvl)pyrazin-2-amine

HoN /N]\

Fo da

ng\i 8Br
F

To 3-(ariflusromethy Dpyrazin-2-amine (0.020 g, 0.12 sumol, Oakwood) 1n CH.CL
(0.5 mL) was added N-bromosuccinimide (0.022 g, 0.12 mmol) and the reaction was stirred
overmght. The reaction mixture was partitioned between DCM and water, and the agueous
portion was extracted with three portions of DCM. The combined organic extracts were dried
over Nax50Oy, filtered, and concentrated. The product was purified by flash chromatography,
eluting with a gradient from 0-25% EtOAC in hexanes to afford a white cryvstalline sohid
(0.013 g, 44%). '"H NMR (400 MHz, CDCl5) 6 844 ~8.23 (s, 1H), 5.22 - 498 (5, 2H). F
NMER (376 MHz, CDCl) 6 -65.04 - -69.69 (s).
Step 2. 2-(3-(5-Amino-6-{trifluoromethyl)pyrazin-2-ylj-4-methyiphenyl)-3,3, 3~
trifluoropropane-1, 2-diol (single enantiomer prepared)

A degassed mixture of 3-bromo-3-(riflucromethy Dpyrazin-Z-amine (0.030 g, 0.12

mmol, prepared as in Step 1), 3,3.3trifluoro-2-(4~methv1-3~(4,4,3 3-tetramethyl-1,3,2-
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dioxaborolan-2-yDpheny Dpropane-1,2~diol (0.043 ¢, 0.124 mmol, single enantiomer obtained
as described  Example 24, Step 2) and PACL(dpph-CHCh adduct (5.0 mg, 6.2 ymol) in
dioxane (0.6 mL) and Na,COs, (1.0 M m water, 0.37 mL, 0.37 munol) was heated in a sealed
vial 1 an oil bath held at 120 °C for 3 howrs. Upon cooling to room temperature, the reaction
mixture was difuted with EtOAc and water sufficient to dissolve solids. The lavers were
separated and the aqueous layer was extracted with two further portions of EtOAc. The
combined organic extracts were dnied over NaxSOy, filtered and concentrated. The product
was purified by preparative HPLC-MS (pH = 10). The product is believed to be the (5)-
corfiguration at the tertiary alcohol, (sec stereochemical rationale supra)y. LCMS for
CysHuFNsGy (M+H)Y" m/z = 382.1, found: 382.1. '"H NMR (400 MHz, CDCl) 6 8.43 - 837
(s, YH), 7.68 - 7.57 (s, 1H), 753 - 744 (&, /=79 Hz, 1H), 742 - 732 {4,/ =81 Hz, 1H),
519-508(s,2H), 438 -428 (. J=118Hz 1H).399-391(d. /=119 Hz, 1H), 3.85 -
3.63 (brs, 1H), 2.49 - 2.30 (s, 3H). PF NMR (376 MHz, CDCH) 6 -65.20 - -70.41 (s), -74.01
—-80.34 (s).

Examples 26-37. Compounds in Table 4 were prepared by the method of Example 17, using
the appropriate amines instead of tetrahydro-2H-pyran-4-amine in Step 3. Where the
compound was iscdated as the TFA salt, preparative HPLO-MS (pH = 2) counditions were used
for purification. Where the compound was isolated as the free base, preparative HPLC-MS

v

{pH = 10y conditions were used for purification.

Table 4.
NN |
Ox Ay, A
9
LNH
R
Example Compound MName I B | LLMS
N, H NMR
3-Amino-N-((15,3R)-3-cyanocyclobutyl)-6- Calculated for
(2—(methyimd;;)~5 ~(<S)- 1.1, 1-triftuorg-2.3- \\.Eiz“ CooHigDsFsNs
dihydroxypropan-2-ylphenyDpyrazine-2- D ) Os (M+H)"
carboxamide, trifluoroacetate salt (single Ny m/z = 4392,
26 cnantiomer) found; 4394
'H NMR (500 MHz, DMSO-ds) & 8.99 (d, /= 8.8 Hz, 1H), 8.35 (s, 1H). 7.89
725¢brs, 2H), 7.60 (4, /=20 He, 1H), 754 (dd, /= 8.0, 20 Hz, 1H), 735 (d, J
=80Hz 1H). 449 (b, J=86Hz 1H), 394 (5, 2H), 3.05 (1. /= 10.0, 8.1 Hz,
1H), 2.62 —~ 2 533 (m, 4H).

isl
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Example Compound Name ’ R I LCMS
Mg. ‘H NMR
3-Araino-N-((15,25)-2- OH Calculated for
hydroxycyclohexyly-6-(2-(methyi-ds)-5- z Y CarlasDsFsNg
((S)~1,1, 1 -riflworo-2,3~-dihydroxypropan-2- Oy (MHH)Y
yhphenyDpyvrazine-2-carboxamide, O‘} m/z = 4582,
27 triffuorcacetate salt (single enantiomer) found: 458.1
"H NMR (400 MHz, CD-0D) 6832 (d. /= 0.9 Hz, 1H), 7.69 (4, J= 1.1 He, 1),
757(d,J=81Hz 1H), 736(dd, /=81, 1.0 He, 1H),4.09(d, /=118 Hz, 1H),
402, J=118Hz 1H).3.74(td, /=98 41Hz 1H). 349 (d, /=94, 42 Hz.
1Hy, 2,15 - 198 {m, 2H), 1. 86— 1.61 (m, 2H), 1.53 - 1.23 (m, 4H).
3-Amino-N-({frans)-3-lydroxytetrahy dro- OH Calculated for
2H~pyran~4-yD-6-2-(methyl-da)}-5-((S)~ f % Caotl 123F:Ng
1.1, t-wifluoro-2 3-diby droxypropan-2- Os (M+H)Y™
yDpheny Dpyrazine-2-carboxamide (single Q/ m/z = 460.2,
28 goantiomer) found: 460.1
THNMR (560 MHz, DMSO-de) 5838 (s, 1H), 831 ¢d, J=82Hz, 1H), 773 -
752{brs, 2H), 7.03(d, J=20Hz, 1H), 753(dd, J=81, 2.0 Hz 1H), 734 (d,J
=8.0Hz 1H), 643 (s, 1H), 5174, /=58 Hz, 1H), 499 (d, J=3.7Hz, 1H), 398
—3.8% (m, 2H), 385 -3.74 (m, 3H), 3.56 -3.48 (m. 1H), 3.37 - 333 (m, 1H),
3.04 (dd, J=11.1 98 Hz, 1H) 1.92 183 (m, 1H), 1.66 - 1.54 (m, 1H).
3-Amino-N-((15,3R)-3-hydroxy-3- e ,
{(triffuoromethy Doy clobuty D -0~ 2-(methyl- 2 C‘aic lﬂ(n\/(} f?I
da)-3-((5)-1,1, 1-triflucro-2,3- D/\[} ) CZG%{]SD#?,]W
dihy droxypropan-2-yDpheny Dpyrazine-2- HO e O"‘, Qﬁfi) ,;
28 carboxamide, triflucroacetate salt (single FiC m/z = 498.2,
. ’ 2 found: 498.1
cnantiomer)
"H NMR (600 MHz, DMSO-de) 6 884 (d,.7 = 7.9 Hz, 1H), 836 (s, 1H), 7.74 -
7AG (bre, 2H), 761 (d, J=20Hz 1K), 753(dd, J=80,20Hz 1H), 7354, J
=8.1Hz, 1H), 656 (5, I1H}), 6,46 (s, 1H), 519 (¢, /=53 Hz, 1H), 422 - 4.12 (m,
1M, 3.98 ~ 3.89 (m, 2D, 2.82 — 2 70 (m, 2H), 2.45 - 2.33 (m, 2H).
3-Amino-N-({15,3R)-3-hvdroxy-1- Calculated for
me&hyicyciobuty 1}-6—(2-(1’116 {h‘y 1-(13)-5-((5}* % CooHa DaFsNy
1.1 Lrifluoro-2 3-dibydroxy propan-2- /7/ SOy (MTHY
yUpheny Dpyrazine-2-carboxamide, HO=L/ m/z = 444 2,
39 trifluoroacetate salt (single enantiomer) found: 444 .1
H NMR (400 MHz, CD:0D) 3 832 (s, 1H), 7.68 (d. J = 2.0 Hz, 1H), 7.57 (dd. J
=79 1.7Hz, 1H), 736 (d,J=81Hz, 1H), 417 (p, /=72 Hz, 1H). 409, J=
11.8 He, 1H), 402 (d, J=11.7 Hz, 1H), 2.67 - 2.55 (m, 2H), 2.33 - 2.18 (m, 2H),
1.49 (s, 3H).
(S¥-3-Amino-N-{4- Calculated for
(hydroxyreethyDbicyclof2.1.1 hexan-1-y1)- B | CoHasDsFalNg
o~(2-(methyl-d:)-3-(1, 1, Lriftuorc-2 3~ /h,@( Oy (M+H)™
dihydroxypropan-2-ylyphenyDpyrazine-2- HG - m/z=470.2,
31 carboxamide (single enantiomer) found: 470.1
'H NMR (500 MHz, DMSO-ds) 5 8.62 (s, 1H), 837 (s, 1H), 7.69 ~ 7.54 (brs,
2Hy, 703 (4, /=2 0Hz, 1H), 7352 dd, J=8.1, 19 Hs, 1H),733(d,. J=80Hz,
1H), 643 (s, 1H), 5.16 (1, /=58Hz 1H). 446 (¢, .J=55Hz, 1H), 3.97-3.84
{m, 2H), 349 (d,J= 54 Hz, 2H), 1.94 - 1.85 (m, 2H), 1.81 -~ 1.74 (m, 2H), 1.55 ~
1.49 (m, 2H), 1.49 — 1 .41 (m, 2H).
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Example Compound Name ’ R I LCMS
Mg. ‘H NMR
(&)-3-Amino-N-3- Calculated for
(hydroxymethyDbicyclof 1.1 pentan-1-v])- ‘??L CoiHo D3 F3Ny
6-(2~{methy l-ds)-5-(1, 1 1 -trifluoro-2 3- \/Q/ O (MH)'
dikydroxypropan-2-vphenylpyrazine-2- HO m/z = 4562,
32 carboxamide (single enantiomer) found: 456.1
"H NMR (500 MHz, DMSO-de) & 8.86 (s, 1H), 8.34 (s, 1H), 7.59(d, J = 2.0 Hz,
1HY, 752 (dd, /=8.1,2.0Hz, 1H), 733 (d, /=80 Hz, 1H), 643 (5. 1HL 517 (1,
J=58Hz 1H), 451 (1, J=56Hz 1H),393 (., J=58Hz, 2H),348(d, /=57
Hz, 2H), 1.95 (s, 6H).
3-Amino-N-((S)-1-hydroxypropan-2-y1)-6- Calculated for
(2—(!Y‘l€ﬁl}’i*d3)*5 "((5)—1 LT -triﬂum'0~2,3— ‘21} CriaHpoDa Ny
33 dihydroxypropan-2-ylphenypyrazine-2- HO/\( ) Oy (MAH)Y"
carboxamide, trifhuoroacetate salt (single m/z = 4182,
snanticmer) found: 4183
(S3-3-Amino-N--cyano-2-methylpropyviy- (:aicuiatad I?r
. ) AT  ~ “ CoaoHuoDsF3Ns
6-(2-(methyl-ds)-5-(1. 1, L-trifluoro-2,3- t, g
L . . oz 05 (M+HY"™
dihydroxypropan-2-ylyphenyDpyrazine-2- NZ cfs = 441 2
34 carboxamide (single enantiomer) found: 441 1
"H NMR (500 MHz, DMSO-de) 8 8.76 (1, J = 6.% Hz, 1H), 8.43 (s, 1H), 7.65 —
734 (bre, 2H), 764 (d, J=20Hz 1K), 753(dd, J=81,19Hz 1H), 7354, J
=8.0 Hz, 1H), 6.43 (brs, 1H), 3.17 (br s, 1H). 3.94 (s, 2H), 3.50 (4, J = 6.8 Hz,
2, 1.33 (s, 6H).
{(8)-3-Amino-N-(4- et
hyvdroxybicyclof2.2. 1 Theptan~1 -vD-6~2~ 5 C:aicuiatf,q ﬂ?r
e . e % | ContlasDFaNg
{wmethyi-dsi-5-(3, 1, 1 -trifhuore-2,3- P ot
35 o ) N T e Oy (M+HY
dihy droxypropan-2-yDphenylypyrazine-2- N
o e . N HO m/z = 470.2,
carboxamide, rifluoroacetate salt (single : }
: found: 470.1
enantiomer)
3-Amino-N-({K}-1-hydroxypropan-2-y1)-6- Calculated for
(2~(1’1’1€ﬁly1—d3)*5 -((S}~1 RN ~triftuore-2.3- EX CiaHie D Fs Ny
dihydroxypropan-2-ylyphenyDpyrazine-2- Ho T~ Oy (MAHY
carboxamide, trifbuoroacetate salt (single z m/z = 418.2,
36 enantiomer) found: 4183
H NMR (500 MHz, DMSO-ds) 6 839 (5, 1H), 821 (d. J= 8.4 Hz, 1H), 7.89
740 (brs, 2H), 7.62(d, J=2.0Hz, 1H). 755 =750 (m, 1H), 734 (d, /= 8.0 Hz,
1H), 4.04 - 3.96 (m, L1H), 3.96 - 3.85 (m, 2H), 3.51 - 336 (m, 2H), 1.15(d, J =
6.6 Hz, 3H),
{(Sy-3-Amino-N-{4~ . P
hydroxybicyclo[2.1. Lhexan-1-yD)-6-2- Calcutated for
1 s : . {ZZL 621}{21D3F3N4
{methy l-ds)-3-(1, 1, I-rifluoro-2 3~ iy
.l o ) L HO— Oy (M+HHY™
dihydroxypropan-2-ylyphenyDpyrazine-2- ) fs = 4562
3 carbpgaimd\e, triffuorcacetate salt (single found: 456.1
enantiomer)
TH NMR (500 MHz, DMSO-de) 8 8.59 (s, 1H), 8.37 (s, 1H), 7.79 —~ 7.45 (br s,
2HY. 7.62(d. J=20Hz 1H), 752 (d, J=78,17Hz, 1H), 733 (d,./=80Hz,
1H), 6.46 (s, 1H), 5.69 (s, 1H), 519 ((, J =59 Hz, 1H), 4.03 - 3.83 (m, 2H), 1.88
—1.83 (m, 2H), 1.83 — 186 {m, 2H), 1.80— 1.75 (m, 2H), 1.63 — 1.36 (m. 2H).
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The amine required for synthesis of Example 37 was prepared as described in
WQO2017/223414, the disclosure of which is incorporated herein by reference in its entirety .

Compounds in Table 3 were prepared by the method of Example 18, using the
appropriate amines nstead of 4-aminobicyelo[2.2. 1 theptan-1-ol 1n Step 9. Where the
compound was isolated as the TFA salt, preparative HPLC-MS (pH = 2) conditions were used
for purification. Where the compound was isolated as the free base, preparative HPEC-MS
(pH = 10} conditions were used for punification.

Tabie 8,

HgN.__N._ D]

JNH
R OH
F g
OH
F
Example Compound Name | R LCMS
No. H NMR
3-Amino-6-(5-(($)-1,1-difluoro-2,3~ i )
dihydroxypropan-2-yD-2-{methyi- OH Calcutated fos

do)pheny 1)-N-((15,25)-2- P ‘&if’iﬁf
hydroxyevelohexylpyrazine-2- O/ 4402 Tound:
carboxamide, trifluorcacetate salt 4 40'2"" A
{single cnantioiner) -

38 'H NMR (400 MHz, DMSO-ds) 6 838 (s, 1H), 8.15 (d, /= 8.2 Hz, 1H), 7.57
(d.J=19Hz 1), 746 (dd, /=80, 2.0 Hz, 1H), 730 (¢, /= 8.0 He, 1H),
621, J=356Hz, 1H),3.78(d, /=107 He, 1H), 3.69 (d, J = 10.6 He,
IH), 3.62 -3.48 (mm, 2H), 1.99 - 1 80 (m, 2H), 1.69 - 1.34 (m, 2H}, 1.35 —
1.10 (m, 4H). “F{'H} NMR (376 MHz, DMSO-d.) 6 -74.05 (s), -129.75 (d,
Jrp= 2776 Hey, -134.32 (8, Jep=277.2 Hz).
3-Amino-6-(3-(($)-1, 1-difluoro-2,3~ Caleulated for
dihydroxypropan-2-v)-2-(methyl- OH (: Ho D FaNGO,
ds)pheny )-N~((1R 2R)-2- ok (I":E*-'E% 7 n;;zﬁ -
hydroxycyclohexylpyrazine-2- 3407 féaml d"
carboxamide, trifluorcacetate salt 44 0'3’ A

39 {single enantiomer) B

"H NMR (400 MHz, DMSO-do) 6 8.35 (s, 1H), 8.15 (4, J = 8.3 Hz, 1H), 7.57
(d,J=72.0Hz, 11), 7.46 (dd, J = 8.0, 2.0 Hz, 11D, 7.30 (d, = 8.0 Hz, 1H),
621 (4 J=556Hz 1H).3.78 (d.J=11.6 Hz, 1H). 3.69(d. /= 11.0 Hy,
1H), 3.61 —~3.50 (m, 15D, 3.47 ~3.30 (m. 1H), 2.01 — 180 (m, 21D, 171 ~
1.52 (m, 2H). 1.37 - 1.12 (m, 4H). PF{H} NMR (376 MHz, DMSO-de) § -
74 45 (5), -129.80 (4. Jip = 277.4 Hz), -134.32 (4, Jor = 277.4 He).

fo4
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Example 49, {5)-3-Amino-N-{4-cyancbicycle]2.1.1 thexan-1-yi-6-(5-(1,1-difluocre-2,3~
dihydroxypropan-2-yh-2-(methyl-d;)phenylpyrazine-2-carboxamide (single enantiomer

prepared)

Step 1. tert-Butvi {4-carbamoylbicvciof 2. 1.1 Jhexan-1-ycarbamate

OyNHZ

BocHN

A solution of 4-({feri-butoxycarbony Daminobicyclo{2 1. 1 thexane-~1-carboxvhic acid
(250 mg, 1.0 mmol) (Spirochem catalog # SPC-a643) and tricthylamine (0.17 mL, 1.2 mmol)
i THF (5.0 mL) at -13 °C was treated with ethy] chloroformate (0.11 mL, 1.1 mumol) and the
reaction was stirred for 1 howr. To the muxture was added ammoniom hydroxide (13 M, 7.0
mL., 52 mamol) and the reaction mixture was stirred at room temperature overnight. The
solvent was removed in vacuo. The residue was partitioned between walter and EtOAc, The
aqueous layer was extracied with two forther portions of Et3Ac. The combined orgasic
extracts were dried over Nap50., filtered and concentrated to afford the title compound as a
white solid {220 mg. 88%). LCMS for CHoMNoOs (MAH): caleulated m/z = 241.2, found
241.3. 'H NMR (400 MHz, DMSO-ds) 6 7.30 (br s, 1H), 7.07 (s, 1H), 6.83 (s, 1H), 1.93 (br,
2HD, 170 (s, 4H), 1.49 (s, 2H), 1.38 (s, SH).
Step 2. teri-Buryl (4-cvanobicyclof2. 1.1 Jhexan-1-yljcarbomaie

ON

BocHN
Trichloroacetyl chloride (0.54 mL, 4 8 mmol) was added to a solution of ferf-butyl
(4-carbamoylbicyclo]2.1. 1hexan-1-vDcarbamate (290 mg, 1.2 mmol, prepared according to
the method of Step 1) and triethylamine (1.4 mL, 9.7 mmol) i BCM (20 mL) at 0 °C. After
40 minutes, the reaction was guenched by the addition of saturated NaHCO, solution, and the

agucous mixture was extracted with DOCM. The organic extract was dned over MgSQ.,

i65
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filtered, and concentrated. The product was purificd by {lash column chromatography (cluting
with a gradient of 8-20% EtOAc/hexanes) to afford the title compound as a white solid (230
mg, 86%). LUMS for CiHisNoO: (M+H)" calculated ra/z = 223.1, found 223.1. 'H NMR
(400 MHz, CD:0D) 6 2.35 (br, 2H), 2.06 ~ 1.98 (m, 2H), 1.90 - 1.82 (m, 2H), 1 82 - 1.78
{m, 2H), 1.43 (s. 9H).

Step 3. 4-Aminobicyclof2. 1.1 Jhexane-[-carbonitrile, hydrochioric acid salt

CN

HCH
HoN

fert-Butyl (4-cvanobicyclo[2.1. 1 Thexan-1-yDearbamate (0.99 g, 4.5 mmol, prepared
by the method of Step 2) was dissolved in DCM (50 mL) and HCl in dioxane (4.0 M, 11 mbL,
44 mmol) was added. The mixture was stirred overnight and volatiles were removed in vacuo
to afford the title corapound as a white solid (0.7 g, 100%). LCMS for CyH N (M+H)Y™
calculated m/z = 123.1, found 123.2. 'H NMR (500 MHz, DMSQO-de) 6 9.03 (s, 3H), 2.26 ~
220 (m, 2H), 2.11 - 2.06 (m, 2H), 1.89 — 1.82 (m, 4H).

Step 4. 3-Amino-N-{4-cyvanobicyclof2. 1.1 Jhexan-1-ylj-6-(5-( 1, I -difluoro-Z2, 3-
dibyidroxypropon-2-vi)-2-{methyl-di)phenylipvrazine-2-carboxamide (single enantiomer
prepared)

To a solution of 3~amino-6-(5-(1,1-difluoro-2,3~-dihydroxypropan-2-y -2 ~(methy -
dsyphenyhpyrazine-2-carboxylic acid (believed to be the (5)- enantiomer, 30 mg, 0.13 misol,
from Example 18, Step 8) in DMF (1.5 mL) was added HATU (72 mg, 0.19 mmol) and N.N-
duisopropylcthylamine (0.10 L, ¢.58 amoby. To this mixtore was added 4-
aminobicvelofZ. 1.1 jhexane-1-carbouitrile, HCU salt (28 mg, 0.1% ramoh), and the reaction
mixture was stirred for { howr. The reaction nuxture was diluted with EtOAc and the organic
mixtore was washed with water (2x). The combined agueous layers were extracted with
EtOAc (2x) and combined with the initial organic extract. The combined organic oxtracts
were washed with brine, dried over sodium sulfate. filtered and concentrated. The product
was purified via preparative HPLC-MS (pH 10} to afiord the title corapound (22 mg, 34%).
The product is believed to be the ¢S)-enantiomer {se¢ stereochemical rationale vide supra).
LCMS for CooHnDsFoNsOs (MAH)Y m/z = 447.2, found: 447.1. '"H NMR (500 MHz, DMSO-
dey G893 (5, 1H), 836 (s, 1H), 766 - 750 (brs, 2H), 7.55(d, /= 1.8 Hz, 1H), 746 (dd, J =
80,18 Hz IH), 729, J=80Hz 1H), 6.20 (t, J= 556 Hz, 1H), 581 (s, 1H), 3.09 (1, J =
60Hz 1H),378(dd, /=118 59Hz 1H),3.69(dd, J=11.5,55Hz 1H), 238 =230 (m,
2H), 2.08 - 1.99 (m, 2H), 1.99 - 1.96 (m, 2H), 1.96 — 190 (m, 2H).

i66
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Example 41, (§}-3-Aming-6-{5-(1,1-difhuore-2,3-dihvdroxypropan-2-yvi-2-(methyl-
daiphenyi)-NV-{tetrabydro-2H-pyran-4d-yljpyrazine-2-carboxamide (single enantiomer

prepared)

Carbon monoxide was bubbled through a mixture of (5)-2-3-(5-amino-6-
chloropyrazin-2-yi)-4-(raethyl-dsyphenyi)-3,3-difluoropropanc-1,2-diol (160 mg, 0.48 ramol,
Peak 1 from Example 18, Step 7 believed to be the {S)-cnantiomer), tetrahydro-2H-pyran-4-
amine (0,40 mi, 3.9 mumol, Corsbi-Blocks #AM-1004), tricthyiamine (0.54 md., 3.9 mool),
and dichlorof I, 1'-bis(diphenylphosphino)ferrocenc jpaliadium{Ily dichloromethane adduct (79
mg, 0.096 mmol) ip dioxane (9.6 mL) for 5 minutes. The reaction was heated at 90 °C under
1 atm of CO overmight.

The volatiles were removed in vacuo, and the residue was diluted with EtQAc and
saturated NH.Cl solution. After stirring for 15 minutes, the biphasic mixture was filtered
through Celite®, and the lavers of the filtrate were separated. The agueous laver was extracted
with BEtOAc (2x). The combined organic extracts were dried over Na,; SOy, filtered and
concenirated. Flash chromatography, cluting with a gradient from 0-100% m EtOAc
hexancs, afforded the desired product. The product was further purified via preparative
HPLC-MS (pH = 10) to afford the title compound (0.13 g, 63%). The product is behieved to
be the (S)-enantiomer (see stereochemcial rationale supra). LCMS for CogHaaDsFoN4Oy
(M+HY" m/z = 426.2, found: 426.2. "H NMR (500 MHz, DMSO-de) 6 8.38% (s, 1H), 832 (4, J
=83 He, 1H), 771 =752 (brs, 1H), 758 (d,./=2.0 Hz, 1H), 746 (dd, /= 8.0, 2.0 Hz, [H),
730(d, J=80Hz, 1H), 621 (t, /=355 Hz, 1H), 5.82 (s, 1H), 5.09 (5, I1H}, 4.06 - 3.95 (m,
THY, 385 (4t J=114,35Hz, 2H),3.78¢(d, /=112 Hz, 1H),3.69(d, /=111 Hz, 1H), 3.40
(td, J = 116,23 He, 2H), 1.77 - 1.7 (m, 2H), 1.64 {gd, J =125, 119, 44 Hz, 2H)
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Example 42. ($3-3-Amino-6-{5-(1,1-difluore-2,3-dihydroxypropan-2-y-2-
methyiphenyl}-N-(tetrahydro-2H-pyran-4-yl)pyrazine-2-carboxamide (single

enantiomer prepared)

HaN. N
|
O \N
]
ST
OH
F

Step 1. 1-(3-Chloro-4-methyiphenyl)-2, 2-difluoroethan-I-one

1,2-Dibromoethane (2 drops) was added to a vigorously-stirred mixture of Mg
powder (1.2 g, 0.050 mol) in THF (40.0 mL) in a flask that was immersed in a room
teriperature water bath. After 10 munutes, 4-bromo-2-chloro-1-methylbenzene (8.9 g, 43
mmol, Aldrich 328889) 1o THF (30 mL) was added dropwise. After complete addition, two
more drops of 1,2-dibromoethane were added. After stirring for 2 h, the reaction mixture was
cooled to 0 °C, stirred for 5 min, and a solution of 2, 2-difluoro-N-methoxy-N-
methylacetamide (5.0 g, 36 mmol, Oakwood 034757) in THF (20 mL) was then added
dropwise. The reaction mixture was stirred for 10 min at 8 °C. The ice bath was removed, and
the mixture was allowed to warm to room temperature. The reaction was carcfully quenched
by the addition of 2.0 N HCI {170 mL), and the reaction mixture was stirred for 15 min. The
layers of the mixture were separated. The agueous layer was extracted with MTBE (3 x 120
mL}. The combined organic extracts were washed successively with 1.0 N HCl, water, and
brine. The organic layer was dried over Na, SO, filtered and concentrated. Purification via
flash chroraatography, eluting with a gradient from 0-3% EtOAc in hexanes, afforded the tide
compound (7.0 g. 95%). 'H NMR (400 MHz, CDCls) 8 8.09 ~ 8.04 (n, 1H), 7.93 ~ 7.84 {(m,
1H), 7.42 (4.7 = 79 Hz, 1H), 6.26 (t.J = 53.5 Hz, 1H), 2.50 (s, 3H). "F{'H} NMR (376
MHz, CDCl) 6 -121.72 (s).
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Step 2. 2-Chloro-4-13, 3-difluoroprop-1-en-2-yi}-1-methyvibenzene

Ci

F

To a solution of tris(triphenylphosphine)rhodinm() chloride (2.4 g, 2.6 mmol) and
triphenyiphosphbine (14 g, 55 mmod) in THE (140 mL) under N», wags added dry 2-propanol
(4.2 mL, 55 mmol), followed by a solution of 1-(3~chloro-4~methylphenvi)-2,2~difluoroethan-
L-ome {7.0 g, 34 mmol) 1o THF (42 mL). TrincthyIstlvidiazomethane (2.0 M in ether, 34 mL,
6% mmol) was added to the mixture, and the reaction was stirred at ambient temperature for
1.5 h. The reaction mixture was guenched by the dropwise addition of acetic acid (3.9 mL, 68
mraod), and the mixture was stirred for 30 min. Volatiles were removed i vacuo. Purification
via flash chromatography, eluting with 100% hexanes, afforded the title compound (3.8 g,
55%). "H NMR (400 MHz, CDC1:) 8 7.49 (4, J = 1.8 Hz, 1H), 7.30(dd, J= 7.7, 1.5 Hz, 1H),
725(d,./=80Hz 1H), 638, J=5352Hz 1H), 574 (1, J=19Hz, 1H), 5681 J=23
Hz, 1H), 2.41 (5, 3H). "F{'H} NMR (376 MHz, CDCl3) 8 -113.20 (s).
Step 3. 2-(3-Chloro-4-methylphenyii-3,3-difluoropropane- 1, 2-diol {enriched in one

enantiomer)

£ OMoy

To a suspension of AD-mix-alpha (26.3 g, 56.3 mmol) in water (50.0 mL) at 0 °C
was added a solution of 2-chloro-4-(3,3-difluoroprop-1-en-2-vl)-1-methylbenzene (380 g,
13.3 ramoh) m £-BuOH (30.0 mL). The reaction was stirved at 3-6 °C for 40 h. The reaction
was quenched by the addition of sodium solfite (8 g). The reaction was stirred for 10 mip,
then was concentrated via rotary evaporation to remove +~BuOH. The aqueouns mixtore was
dituted with water and extracted with EtQAc (3x). The combined organic extracts were dried
over Nap SOy, filtered and concenirated. The product was puorified via flash chromatography,
cluting with a gradient of 0-40% EtOAc in hexanes, to afford the title compound (382 g,
86%;. The product is belicved to be enriched m the (S)- isomer (see sterecochemical rationale
supray. "H NMR (400 MHz, CDCL) 8 7.56 (d,/ = 1.8 Hz, 1H), 7.32(dd, /= 8.1, 1.8 Hz, 1H),
728(d, /=81 Hz 1H), 391 (1, /=358Hz 1H), 419@dd, J= 116,64, 1.3 Hz, 1H), 391

i6S

PCT/US2019/021186



10

15

20

WO 2019/226213

~3.75 (m, 1H), 3.29 (s, 1H), 2.40 (5, 3H). 1.88 (t. J = 6.3 Hz, 1H). "F{'H} NMR (376 MHz,
CDCL 8 -128.20 (4, Jrp =284 4 He), -132 44 {d, Jrp = 2843 Hz).
Step 4. 3,3-Difluoro-2-{4-methyl-3-i4,4,5,5-tetramethyi-1, 3, 2-dioxaborolan-2-

A phenviipropane-1, 2-diol (enriched in one enantiomer)
s a7 £ ;

A mixture of 2-(3~chloro-4-methylphenyl)-3,3-difluoropropance-1,2-diol (from Step 3,
believed to be enriched in the (5)- enantiomer, 2.4 g, 10. mimol), bis(pinacolato)diboron (7.7
2. 30, omol), potassium acetate (6.0 g, 61 mmol), Pdu(dba): (0.46 g, 0.51 munol) and 2-
dicyclohexyiphosphine-2',4',6~ixi-iso-propyi-1,1-biphenyl (0.97 g, 2.0 ramol) in dioxane (80
mL) was degassed by sparging with N> for 5 min. The reaction rmuxture was heated in a sealed
vial at 120 °C for 3.5 h. Upon cooling 1o room temperature, the reaction mixture was diluted
with EtOAc, filtered through Celite®™, and concentrated under rotary evaporation. Purification
via flash chromatography, eluting with a gradient of 0-40% EtOAc in hexanes, afforded the
title compound (4.0 g, theoretical yield assumed). LCMS for CigHyy BENOs (MHANHL™ m/z
=346 2 found: 346.2.

Step 3. 2-(3-(5-Amina-6-chioropyrazin-2-yl)-4-methylphenvi)-3, 3-difluoropropane -1, 2-diol

{single enantiomer isoloted, believed to be the (5)- isomer}

A mixture of 5-bromo-3-chloropyrazin-Z-amine (2.3 g, 11 mmol), and 3,3~difluoro~2-
(4-methyl-3-(4 4,5 S-tetramecthyl-1,3,2-dioxaborolan-2-+vDpheny Dpropane-1,2-diol (from Step
4, believed to be enriched 1 the (5)- enantiomer, 3.3 g, 10. mmol) m dioxane (100 mL) was
degassed by sparging with N, for 5 min. To the reaction mixture was was added Na,CO;
solution (30, mL, 36, gunol) and PAChH{dpph)-CH,CL adduct (0.41 g, 0.51 ramol), and the
mixture was degassed by sparging with N for 2 rain. The reaction vuxture was heated at 100
°C for 3 h. Upon cooling, the reaction mixture was partitioned between water and EtOAc, and

the biphasic mixture was filtered through Celite®. The layers were separated, and the agueous
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layer was extracted with E1OAc (3x). The combined orgamic extracts were washed with bring,
dried over MgiQy, filtered, and concentrated. Purification via flash chromatography, eluting
with a gradient from 0-70% EtOAc in hexanes, afforded the title compound (1.3 g, 38% vield
over two steps). The enantiomers were separated via chiral HPLC (Phenomenex Lux
Argviose-i, 21.2 x 250 rem, 5 uM, loading: 90 mg in 1.4 mb EtOH, elwting with 45% EiOH
n hexanes at 20 mL/miny. Peak § retention tume: 8.2 min, Peak 2 retention tume: 13.2 min.
Peak 1 was the major enantiomer and was believed to be the (5)- enantiomer (see
stercochenical rationale supra) and was used in Step 6 (0.80 g). LCMS for C4HisCIF)NAO,
(MA+H)Y" m/z = 330.1, found: 330.0. 'H NMR (500 MHz, DMSO-ds) 6 8.12 (s, 1H), 7.53(d. J
=19Hz 1H), 743 (dd,./=79,20Hz, 1H), 727 (d,J =80 Hz, 1H), 688 (s, ZH). 6.19 (t. J
=536Hz tH), 581 (s, 1H), 5.07 (1. /=335 He, 1H), 3.79 - 3.73 (m, 1H), 3.70 - 3.62 (m,
1H), 2.33 (s, 3H).

Step 6. 3-Amino-6-(3-(1, I-difluovo-2, 3-dilvdroxypropan-2-yi-2-methyviphenyl) pyrazine-2-

carboxylic acid (single enantiomer prepared)

Tricthylamine (0.17 mL, 1.2 mumol) and dichloro{1,1'-
bis(diphenyiphosphino)ferrocenclpaliadium(il) dichloromethane adduct (25 mg, 0.031 mmol)
were added to a solution of 2-(3-(5-amino-6-chloropyrazin-2-y1)-4-methyphenyl)-3,3-
diffworopropane-1,2-diol (Peak 1 from Step 3, believed to be the (Sj-enantiomer, .10 g, 031
mmol) in ethanol (6.0 mL). Carbon monoxide was bubbled through the solution for 10 min.
The reaction mixture was heated at 80 °C under 1 atm of CO for 1.3 k. Volatles were
removed in vacuo. Flash chroraatography, eluting with a gradient from 0-70% EtOAc in

hexanes, afforded ethyl 3-amino-6-(5-(1,1 -difluoro-2,3-dihy droxypropan-2-y1)-2-

368.1, found: 368.1.

A sohation of ethyl 3-amino-6-(3-(1, I -difluors-2 . 3-dihydroxy propan-2-y 1)-2-
methyiphenyDpyrazine-2~carboxylate (0.10 g, 0.28 mmol) in MeOH (2.0 mL) was treated
with a solution of LiOH (37 mg, 1.5 mmol} in water (2.0 mL). The mixture was stirred for 25
min, and MeOH was removed in vacue. The agqueous mixture was acidified to pH =3 by the
addition of 1.0 N HCL, saturated with NaCl, and extracted with EtOA¢ (4x). The combined
organic extracts were dried over Na,50,, filtered and conceutrated o afford the title
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compound, which was used without further purification (91 mg, 87%). LCMS for

CisHisFaN-0g MY m/z = 340.1, found: 340.1.

Step 7. 3-Amino-6-(53-(1, i-difluoro-2, 3-dibydroxypropan-2-yi}-2-methyiphenyl)-N-
{tetrahvdro-2H-pyran-4-vlipyrazine-2-carboxomide (single enantiomer prepared)

To 3 solution of 3-amino-6-(3-(1, 1 -difluoro-2, 3-dihydroxypropan-2-y -2~
methylphenyDpyrazine-2-carboxylic acid (from Step 6, believed to be the (5)- enantiomer, 58
mg, 0.17 mmol} in DMF (2.0 mL) was added HATU (84 mg, 0.22 mmol),
dusopropyiethviamine (0.090 mi, 0.51 mmob), and tetrahydro-2H-pyran-4-amine (21 mg,
0.21 mmol, Combi-Blocks #AM-1004). The reaction muxture was stirred for 30 min, was
dituted with EtOAc, and washed twice with water. The agueous layers were combined and
extracted with EtOAc (2x). The combined organic extracts were washed with bring, dried
over Nap SO, filtered and concendrated. Flash chromatography, cluting with a gradiend of 0-
100% B1OAc on hexanes, afforded 80 rag of il The oil was purifed via preparative HPLC-
MS (pH = 10) and lyophilized to afford the title compound as a white powder (36 mg, 50%).
The product is believed to be the 75)- cnantiomer (sce stercochenmuical rationale supra). LCMS
for CooHasFoNLOy (M+HD)" m/z = 423 .2, found: 423.2. 'H NMR (500 MHz, DM SO-ds) & 8.38
(0, 1H), 832 (4, /=82 He, 1H), 771 - 750 (brs, 2H), 738 (4, /=13 Hz, 1H), 746 (dd, /=
78,22 Hz 1H), 730 (4, /=8.0Hz, 1H), 6.21 (1, /=556 Hz, 1H), 582 (5, 1H). 5.09 (5, 1H),
4.06 -3.95 (m, 1H), 390381 (m, 2H), 3.78 (d, ./ = 11.2 Hz, 1H), 3.69(d, J = {1.1 Hz, 1H),
344 -337(m, 2H), 236 (s, 3H), 1.79 - 170 (m, 2H), 1.64 (gd, /=114, 43 Hz, 2H).

Compounds in Table 6 were prepared by the method of Example 42, using the
appropriate amines instead of tetrabydro-2H-pyran-4-amine n Step 7. Where the corapound
was 1solated as the TFA salt, preparative HPLC-MS (pH = 2} conditions were used for
purification. Where the compound was isolated as the fice base, preparative HPLC-MS (pH =

10} conditions were used for purification.
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Table 6.
HaN N
O 3
N
R
Example Compound Name | R LOMS
No. 'H NMR
3- Arging-6-{5-({5)-1,1-difluoro-2,3- Calculated for
dihydroxypropan~-2-yD-2-methylphenyi)~ ; CisHazFaNLOy
N-({(Sy-1-hydroxypropan-2-yDpyrazine-2- HO NH (M+H)": sz =
carboxamide, triffuoroacetate salt (single 3972, found:
43 enantionmer) 397.1
'H NMR (400 MHz, DMSO-de) 6 8.38 (s, 1H), 8.20 (d, /= 8.2 Hz, 1H), 7.80 — 7.49 (br
s, 2FD. 7.57(d, J = 2.0 He, 1H), 7.46 (dd, /= 8.1, 2.0 Hz, U1, 7.30 (d. /= 8.0 Hz. 1),
6.21 (4, J = 55.5 Hz, 1), 4.06 — 3.95 (m, LHD, 3.78 ¢4, /= 11.1 Hz, 1H), 3.60(d, /=
11.1 Hz, 1H), 3.48 — 3.36 (m, 2H), 2.35 (5, 3H), 1.15(d, ./ = 6.6 Hz, 3H).
3-Amino-6-(5-(1, 1-diffucro-2,3- w1 Calculated for
dihydroxypropan~-2-yD-2-methylphenyi)~ EiiH CoHorFaNLOy
N-(4-hydroxybicyclof2.2. 1 Jheptan-1- - (M+H)" vz =
yvhpyrazine-2-carboxamide, 449.2, found:
44 trifluoroacetate salt (single cnantiomer) HO 449.1
T NME (400 MHz, DMSO-do) 5 8.40 (s, 1H), 8.21 (s, LH), 7.72 — 7.48 (br s, 2H),
7.59(d, J = 2.0 Hz, 1H), 7.46 (dd, /= 7.9, 2.0 Hz, 1H), 7.30 (d. /= 8.1 Hz LH). 6.21
(4, /=555Hy, 1H), 3.82 -3.73 (m, 1H), 3.73 -3.65 (i, 1H), 2.36 (5, 3H), 209 - 1.94
(m, 2H), 1.93 — 1.79 {m, 4H), 1.78 — 1.63 (m, 2F)., 1.63 — 1.39 (m, 2H).
3-Amino-6-(3-((5)-1,1-difluoro-2.3- .
%n;“m? b~< {G) v}i},,d ifluoro-2.3 “"T" Calculated for
dibydroxypropan-2~y1j-2- C ool N0
methyiphenypyrazin-2-vD{({R)~2- N T A
45 ’ YR -7 7 (M+HY rafz =
(hydroxymethyDpyrrolidin-1- . 4237 found:
yhmethanone, trifluoroacetate salt (single H Q__S 49 3; ’
en3nHonmet} -
(S)-3-Amino-6-(5-( 1,1 -difluoro-2.3- o %a‘gd;‘iiﬁ fg
LB R s D , o i3 23,214 3
C‘hh‘jv dlc}gypr‘opanfz yi} 2-methy iphenjv b ~_NH (MAH)" /7 =
N-isopropylpyrazine-2-carboxamide, l 281 2. found:
46 triffuoroacetate salf (single enantiomer) JOCI
3811
'H NMR (400 MHz, DMSO-de) 6 8.37 (s, 1H), 8.16 (d, /= 8.4 Hz, 1H), 7.78 — 7.40 (br
s, 2FD. 7.57(d, J = 2.0 He, 1H), 7.46 (dd, /= 7.9, 1.9 Hz, U1, 7.30 (d. /= 8.0 Hz. 1),
621 (4, /=556 Hz, 1H), 416 - 4,00 (m, 1H), 3.78 (dd, /= 11.5, 2.2 Hz, 1H), 3.69 (dd,
J=11.2.2.0 Hz. 1H), 2.35 (s, 3H), 1.18 {d. /= 6.6 Hz GH).
3-amino-6-(3-(($)-1,1-difluorc-2.3-
‘at‘mmy G-(5) " di UO@ ' o Calculated for
dibydroxypropan-2-vD-2-methyvipheny - T .
A P a o CaollasEaN4Oy
e N~-maethyHetrahvdrofuran-3- NH P
47 L i o (M+H)" vz =
yvhpyrazine-2-carboxaraide, v e 1
: o . . 4232, found:
trifluorcacetate sali Gmixture of two G 431
diastereomers) -
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Example 48. 3-Amino-N-{d-cyanohicyclof2.1.1hexan-1-yi3-6-(5-(1,1-difluoro-2,3-

dihydroxypropan-2-yI)-2-methylphenylipyrazine-2-carboxamide (single enantiomer

prepared)
M=
5 Step 1. 2-(3-Chloro-d-methyiphenylj-1, [-difluoro-3-(irimethylsilylpropan-2-of

Cl =| S
S

=

FW8;\
F OH

A solation of ({(trimethylsily DmethyDmagoesium chloride (1.0 M in EO. 67 mL, 67

mmol, Aldrich) was added dropwise to 1-(3-chloro~4-methyiphenyl)-2,2-difluorocthan-1-one
(9.1 g, 45 mmol, prepared as in Example 42, Step 1) in diethy! ether (56 ml) at 0 °C. After

10 complete addition of the organomagnesivre solution, the mixture was stirred for 10 minutes at
0 °C, then the reaction mixture was allowed to warm to ambient temperature and was stirred
for 1.5 hours. The reaction mixture was cooled to U °C and was quenched by the dropwise
addition of ag. HCI solution (2.0 N, 36 mL, 72 sunol). The mixture was warmed 1o room
temperature and was diluted with water (100 mL) and extracted with MTBE (100 mL). The

15 aqueocus layer was separated and was exiracted again with MTBE (3 x 30 mL). The combined
organic extracts were washed successively with 2.0 N HCI, water, and brine, then dried over
sodium sulfate, filtered and concentrated. The product was used without further purification
(13 g, 99%). 'H NMR (400 MHz, CDCI:) 8 748 (d, J= 1.8 Hz, 1H), 7.25 (dd. /=8.1, 1. 8 Hz,
1H), 7.22 (&, J =81 He, 1H), 356 (t, /= 37.1 Hz, 1H), 2.37 (5, 3H), 140 (dt, /=150, 1.2

20 Hz, 1H), 1.32(d, /=151 Hz, 1H), -0.14 (5, 9H).

Step 2. 2-Chloro-4-13, 3-difluoroprop-1-en-2-yl}-1-methyvibenzene

Ci
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Trimethy lsilyl trifluoromethanesuifonate (1.2 mb, 6.7 mmol) was added dropwise 1o
a sohution of 2-(3-chloro-4-methyiphenyl)-1,1-diftucro-3-(trimethyisilyhpropan-2-0l (13 g, 45
mmol) in DCM (220 mbL) at 0 °C. The mixture was stirred for 10 minutes at 0 °C, then was
allowed to warm to ambient temperature and was stirred for 1.5 hoors. The reaction flask was
immersed in a water bath and saturated NaHCO, solution (120 ml) was introduced. The
mixture was extracted with MTBE (180 mb). The agueous laver was separated and extracted
with additional MTBE (3 x 60 ;). The combined organic extracts were washed successively
with saturated NaHCOs solution (120 mbL), water (120 ral), and brine (140 mL), dried over
NaxdOy, filtered and concentrated. The product was purified via flash column
chromatography, eluting with 100% hexanes to afford the title compound (8.3 g, 92%). 'H
NMR (400 MHz, CBCL)Y 6 747 (d, J= 17 Hz, 1H), 7.28 (dd, J =81, 1.9 Hz, 1H), 723, J
=80Hz 1H), 635 (1, J=552Hz, 1H), 372 t.J=19Hz, 1H), 566 (1.J=23 Hz, 1H),
239 (s, 3H). PF{H} NMR (376 MHz, CDCL) § -113.19 (s).
Step 3. 2-(3-Chloro-d-methyipheryl}-3,3-difluoropropare- 1, 2-dic! (enviched in one

enantiomer)

A solution of 2-chlore-4-(3, 3-difluoroprop-1-en-2-yI}- I-methylbenzene (4.8 g, 24
mmol) in ferf-butanocl (64 mL) was added to a suspension of AD-mix-¢ (33 g, 72 mmol,
Aldrich #392758) i water (63 mL) at 0 °C. The mixiure was then stired at 3 °C for 3 days.
Sodium sulfite (10 g) was added, and the resulting muxture was stirred for 10 minutes. Solvent
was remnoved i1 vacuo, and the residue was partitioned between water and EtOAc. The lavers
were separated and the agueous laver was exiracted with two additional portions of EtQOAc.
The combined extracts were dried over Na.SO,, filtered and concentrated. Flash column
chromatography, chuting with a gradient of 0-40% EtOAc in hexanes, afforded the title
compound (5.0 g, 89%). The product 18 believed to be enriched  the (5} - 1somer {sec
stereochemical rationale vide supray. "H NMR (400 MHz, CDCL) 6 7.56 (4. /= 1.8 Hz, 1H).
732(dd, =81 V7 He, 11, 7.28(d,J=80Hz, 1H), 391 (1, J=358Hz 1H), 4224186
(m, 1H), 3.88 - 3.81 (m, 1H), 331 (5. 1H), 2.40 (s, 3H), 1.92 (t, J = 6.4 Hz, 1H). "F{H}
NMR (376 MHz, CDCL) 6 -128.19 (d, /= 2842 Hz), -132.47 (d, Jor = 2842 Hz).

PCT/US2019/021186
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Step 4. 3,3-Difluoro-2-(4-methyl-3-(4,4, 5, 5-tetramethyl-1, 3, 2-divxaborolan-2-

v phenyvijpropane-1,2-diol (enriched in one enantiomer)

N o,

A degassed mixture of 2-(3-chloro-4-methylpheny 1)-3,3-difluoropropane-1,2-diol
(from Step 3. believed to be erriched in the (5)- enantiomer, 2.4 g, 10 mmol),
bis(pmacolatoydiboron (7.7 g, 30 mmol}, potassium acetate (6.0 g, 61 mmol), Pdo(dba)s (8.46
g. (.51 ramol) and 2-dicyclohexylphosphino-2'.4', 6 -tri-tso-propyvi-1,1-biphenyl (0.97 g, 2.0
mmol) in dioxane (80 mL) was beated in a sealed vial at 120 °C for 3.3 hours. Upon cooling,
the reaction mixture was diluted with EtOAc, filtered through Celite®, and concentrated. The
product was purified via flash column chromatography, cluting with a gradient of 0-40%
EtOAc n hexanes, to afford the title compound which was used without further purification
in Step 3. Theoretical yield was assurmed. LCMS for C3sH»BF NGOy (MANH™ m/z = 3462,
found: 346.2.
Step 3. 2-(3-(5-Amino-6-chloropyrazin-2-vi)-4-methylphenvi)-3,3-difluoropropane-1, 2-diol
{single enantiomer isolated, believed fo be the (8)- isomer)

HoNL N

“
o~ i

Gl

To a flask equipped with reflux condenser was added 5-bromo-3-chloropyrazin-2-
amine 2.3 g, 11 mmol, Ark Pharm #AK-25099), 3,3-diftuoro-2-(4-methy1-3-(4,4.5,5-
tetramethyl-1,3.2-dioxaborolan-Z-yDphenyhpropane-1,2-dicl (from Step 4, believed to be
enriched i the ¢S)-enantiomer, 3.3 g, 10 mmol), and dioxane (100 mL). Sodium carbonaie
solution (30 mL, 30 mmol) and PACL{dpph)-CH.ChL adduct (0.41 g, 0.51 mmol) were
introduced, and the mixture was sparged with N, for 2 minutes. The reaction mixture was
heated to 100 °C for 1 hour. Upon cooling to room temperature, saturated NHyCl solution
(160 i) was added. The reaction mixture was stirred for 30 minutes and was extracted with
EtOAc (3x). The combined organic exiracts were dried over MgSG,, filtered, and

concentrated. The product was purified via flash column chromatography, ehiting with a
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gradient of 0-70% EtOAc in hexanes, to afford the title compound. The enantiomers were
separated via chiral HPLC (Phenomenex Lux Amylose-1, 21.2 x 250 mm, 5 pM, loading: 128
mg in 2.8 mL EtOH, cluting with 45% EtOH in hexanes at 20 mL/min). Peak 1 retention
time: 8.3 min, Peak 2 retention time: 13.7 mun. Peak 1 was the major cnantiomer and was
used in Step 6 (1.1 g, 33%). Peak 1 is believed to be the (5)-enantiomer (see siercochemical
rationale vide supray. LCMS for CiaHisCHFNAG: (M+H)': monoisotopic m/z = 330.1, found:
330.1.

Step 6. 3-Amino-6-(3-(1, I-diflucro-2, 3-dihyvdroxypropan-2-yij-2-methylphenyl)pvrazine-2-

carboxylic acid (single enantiomer prepared)

FaAn O
F OH

A solation of 2-(3-(5-amino-6-chloropyrazin-2-y)-4-methylphenyl}-3.3-
diffworopropane-1,2-dicl (Pesk 1 from Step 3, believed to be the (S/-enantiomer, 1.1 g, 3.3
mmol) in cthanol (44 mL) was treated with tricthylamine (1.9 mL, 13 mmol) and
PACHL (dppH)-CHLCL adduct (0.27 g, 0.33 mwmol). Carbon movoxide was bubbled through the
mixture and the reaction was heated at 75 °C under an atmosphere of CO for 2.5 hours. Upon
cooling to room temperature, the solvent was removed in vacuo. The product was purified via
flash column chromatography, chuting with a gradient of 0-70% EtOAc in hexanes, to afford
ethyl 3~amino~6-3~(1, 1-difluoro-2,3-dihvdroxypropan-2-y )2 -methyiphenyDpyvrazine-2-
carboxylate (1.0 g). LCMS for Cy7HzoFoMN-0s (MAH)Y " m/z = 368 1, found: 368.1.

To a solution of ethyl 3-amino-6-(5-(1, 1-difluoro-2,3-dihydroxypropan-2-y1)-2-
methy lphenyDpyrazine-2-carboxylate (1.0 g, 2.7 mmol) in MeOH (22 mL) was added a
solation of lithinm hvdroxade (6,40 g, 17 mumol) in water (22 mL). The reaction mixture was
stirred for 1.5 hours and methano! was removed i vacuo. The agueous mixture was acidified
to pH = 3 by the addition of 1.0 N HCI, saturated with Na(l, and extracted with EtOAc (4x).
The combined organic extracts were dried over NapSO;, filtered and concentrated to afford
the title compound, which was used without further purification (1.0 g, 88%). LCMS for
CysHieFaNsOy (MAHY: m/z = 340.1, found: 340.1.
Step 7. 3-Amino-N-{4-cyanobicyciof2. 1. ] [hexan-1-yi}-6-(5-( 1, | -difluoro-2. 3-
dilydroscypropan-2-yi)-2-methylpherylipyvrazine- 2-carboxamide (single enantiomer

wrepared,
¢ K4
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To a solution of 3~amino-6-(5-(1,1-difluoro-2,3~dihydroxypropan-2-y1)-2-
methylphenypyrazine-2-carboxvlic acid (from Step 6, believed to be the (S)-enantiomer, 1.0
g. 2.9 mmol) in DMF (31 mL) was added HATU (1.5 g. 4.0 mmolD) and NN~
dusopropylcthylamine (2.2 mL, 12 mmol). To this mixtare was added 4-
aminobicvelofZ. 1. Hhexane-i-carbouitrile, HC salt (0.59 ¢, 3.7 mumol, from Example 40, Step
3). The reaction was stirred for 30 minutes and the mixture was difuted with EtOAc. The
organic solution was washed with water (2x). The combined agucous layers were extracied
with EtOAc (2x). The combined organic extracts were washed with brine, dricd over sodium
sulfate, filtered and concentrated. The product was purified via flash column chromatography,
cloting with a gradient of 0-70% EtOAc in hexanes, to afford a yellow ol (1.1 g). This
product was subjected to purification via preparative HPLC-MS (pH 10) and fyophilized to
afford the title compound (0.68 g, 50%). The product is believed to be the ¢S)-enantiomer (sce
stereochernical rationale vide supra). LCMS for CouHaaFoNsOs (M+H)Y ™ m/z = 444.2, found:
4442 "H NMR (500 MHz, DMSO-de) 8 8.92 (s, 1H), 8.35 (s, 1H), 7.37 (br s, 2H), 7.53 (4. J
=19Hz 1H), 745(dd. /=80, 1.9 Hr, 1H), 728(d,J=80Hz 1H), 619 (1, /=556 Hz,
1H), 380 (s, 1H), 3.08 (s, 1K), 3.77(d, /=112 Hz, 1H), 3.68(d, /=110 Hz, 1H), 233 -~
233 (m, 2H), 2.32 (s, 3H), 2.05 - 1.99 (m, 2H), 1.97 - 1.95 (m, 2H), 1.95 - 1.90 (m, 2H). °F
NMR (470 MHz, DMSO-de) 8 -129.72 (dd, J= 2773, 351 Hz), -134.28 (dd, J =277 .4, 56.1
Hz).

Example A, THP-1 RPS6 ELISA Assay

To measure the Phosphorvlated Ribosomal Protein 56 (RPS6) in cell Ivsates, THP-]
cells (Human Acute Monocytic Leukemua) are purchased from ATCC (Manassas, VA) and
maintained o RPMI with 10% FBS (Gibeo/Life Technologies, Carlsbad, CA). For the assay,
THP-1 cells are serum starved overnight in RPMI, then plated in RPMI (2x10° cells/well in
90 ul) inte 96-well flat-bottom tissue culture treated plates (Coming, Corning, NY), in the
presence or absence of a concentration range of test compounds. Covered plates are incubated
for 2 hours at 37 °C, 5% CO; then treated with or without 10 nM MCP-1(MY BioSource, San
Dnego, CA) for 15 minutes at 37 °C, 5% CO-. Plates are centrifuged at 1600 RPM and
supernatants are removed. Cells are lysed in Lvsis Buffer (Cell Signaling, Danvers, MA) with
Protease Inhibitor {Calbiochern/EMD, Germanyy, PMSF (Sigma, 5t Lowis MOy, HALTS
{Thermo Fisher, Rockford, IL) for 30 min on wet ice. Cell lysates are frozen at -80 °C before
testing. The lysates are tested in the Human/Mouse/Rat Phospho-RPS6 ELISA (R&D
Systems, Inc. Minn, MN). The plate 1s measured using a microplate reader (SpectraMax M3 —

Molecular Devices, LLC Sumavvale, CA) set to 450 nm with a wavelength correction of 540,
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ICso determination is performed by fitting the curve of mhabitor percent mhibition versus the

fog of the mhibitor concentration vsing the GraphPad Prism 5.0 software.

Example B. PI3K.y scintiliation proximity assay

Materigls: [y-"P]JATP (10 mCi/mL) and Wheat Germ Agglutinin {WGA) YSi SPA
Scintillation Beads was purchased from Perkin Elmer (Waltham, MA). Lipid kinase substrate,
D-myo-Phosphatidvlinositol 4, 5-bisphosphate (Pidins(4.5P2)D (+)-s0-1,2-di-0-
octanoviglycervl, 3-O-phospho hinked (P1P2), CAS 204858-33-7, was purchased from
Echelon Biosciences (Salt Lake City, UT). PI3Ky (p110v) Recombinant Homan Protein was
purchased from Life technology (Grand Island, NY ). ATP, Mg(Ch, DTT, EDTA, MOPS and
CHAPS were purchased from Sigma Aldrich (5t Louis, M().

The kinase reaction was conducited in polysivrene 384-well Greiner Biv-one white
plate from Thermo Fisher Scientific in a final volume of 25 pl.. Inhibitors were first diluted
serially in DMSO and added to the plate wells before the addition of other reaction
components. The final concentration of DMSO in the assav was 2%. The PI3Ky assay was
carried out at room tewperature in 20 mM MOPS, pH 6.7, 10 mM MgCl:, 5 mM DTT and
CHAPS 0.03%. Reactions were initiated by the addition of ATP, the final reaction mixture
consisted of 20 pM PIP2, 2 uM ATP, 0.5 pCi [y-"P] ATP, 13 nM PI3Ky. Reactions were
ncubated for 120 min and terminated by the addition of 40 ul. SPA beads suspended in
quench buffer: 163 mM potassium phosphate pH 7.8, 20% glvcerol, 25 mM EDTA. The final
concentration of SPA beads 1s 1.0 mg/mbL. After the plate sealing, plates were shaken
overnight 3t room tereperature and cendntfuged at 1500 rpra for 10 rain, the radicactivity of
the product was determined by scintillation counting on Topcount (Perkin-Ebner). 1Cs0
determination was performed by fitting the curve of percent of the solvent control activity

versus the log of the inhibiior concentration using the GraphPad Prism 6.0 software.

Example €, PI3Ké scintiliation proximity assay

Materials: fy-"PIATP (10 mCi/mL) and Wheat Germ Agglutinin (WGA) YSi SPA
Scintidlation Beads was purchased from Perkin Elmer (Waltham, MA). Lipid kinase substrate,
D-myo-Phosphatidyvlinositol 4,5-bisphosphate (Ptdins(4.5YP2)D (+)-sn-1,2-di-O-
octanoviglyceryl, 3-C-phospho lisked (PIP2), CAS 204858-53-7, was purchased from
Echelon Biosciences (Salt Lake Cuy, UT). PI3KS (p11066 /p85a) Recombinant Human
Protein was purchased from Eurofins (8t Charles, MOY. ATP, MgChL, DTT, EDTA, MOPS
and CHAPS were purchased from Sigma Aldrich (5t. Louis, MO,
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The kinase reaction was conducted m polystyvrene 384-well Greiner Bio-one white

plate from Thermo Fisher Scientific 1 a final volume of 25 pL. Inhibitors were first diduted

serially in DMSO and added to the plate wells before the addition of other reaction

components. The final concentration of DMSO in the assay was 2%. The PIZKS assay was

carried out at room femperature in 20 oM MOPS, pH 6.7, 16 mM MeCh, 5 oM DTT and

CHAPS 0.03%. Reactions were nitiated by the addition of ATP, the final reaction mixture

consisted of 20 uM PIP2, 2 uM ATP, 6.5 uCi jy-""P] ATP, 3.4 M PI3K3. Reactions were

incubated for 120 nuin and terminated by the addition of 40 pl. SPA beads suspended in

quench buffer: 163 mM potassium phosphate pH 7.8, 20% glycerol, 25 mM EDTA. The final

concentration of SPA beads 1s 1.0 reg/ml.. After the plate sealing, plates were shaken

overnight at room temperature and cenirifuged at 1500 rpm for 10 min, the radicactivity of

the product was determined by scintifiation counting on Topcount (PerkinElmer). ICs

determination was performed by fitting the curve of percent of the solvent control activity

versus the log of the mhibitor concentration using the GraphPad Prism 6.0 software.

The compounds of the Examples were tested in the assays described in Examples A,

B, and C and found to have the 1Csgs are shown in Table A

Table A,
£x. No. . PI3Ky ] 7 Pi3KG ] PIH@_THPI_RP%_ELISA
lCS{‘. (ﬂl\fi} ECSG (ﬂl\fi} ECSG (HM}
ia + + #
ib MNA
2 ; ; #
3 + + #
4 + + #
R + + #
[ + + #
7 + + #
9 + + #
1 + + #
13 + + #
i2 - #
13 + + #
14 + + #
15 + + ##4
16 + + #
7 + + #
18 + + #
19 + ++ ##
20 + NA
pal #
22 + #
23 t ++ i
24 + ++ ##
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£x. No . PI3Ky ] 7 PI3Ka ] PE3KyﬂTHP],_RPS&SMELISA
- : lCS{‘. (ﬂl\fi} ECSG (ﬂl\fi} ECSG (HM}
25 + NA
26 + + #
27 e #
28 + #
29 + + #
36 + + #
31 + + #
32 + + #
33 + + #
34 + 4 i
35 + + #
36 #H
37 + + #
38 + +++ ##
39 + -+ ##
46 + + #
41 + + #
42 + + #
43 + b ##
44 + + #
45 ' #H
46 + + #
47 + + #
48 + + #

+ refers to 1Cso of < 100 nM; ++ refers to [Csp of <300 nM; +++ refers to an [Csq of < 2000

nM; ++++ refers to an ICso of > 2000 nM.

# refers to ICso of < 100 nM; ## refers to ICso of <500 aM; ### refers 10 ICsq of < 1000 nM;

### refers 10 an [Cso of > 1000 nM.
NA refers to data not available.

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

intended 1o fall within the scope of the appended claims. Fach reference, including all patent,

patent apphications, and publications, cited in the present application 1s incorporated herein by

reference 1n its entirety.

I81



10

15

20

25

CLAIMS:

1. A compound of Formula (1):

R3 Ny NH,
R% | I

| N x! "R?
RS
HO—T—R®
HO—T—R’
R® )
or a pharmaceutically acceptable salt thereof; wherein:
Xtis N or CRY;
R is selected from H, D, halo, C1. alkyl, C1.¢ alkoxy, C2 alkenyl, Cz alkynyl, C1.6 haloalkyl,
Cis haloalkoxy, CN, OH, and NH_;
R? is C(O)NRRY;
R3, R*and R°® are each independently selected from H, D, halo, CN, OH, Ci alkyl, C1.¢ haloalkyl,
Ca6 alkenyl, Co alkynyl, Ci.6 alkoxy, Ci.6 haloalkoxy, cyano-Ci.s alkyl, HO-Ca.6 alkyl, Ci.¢ alkoxy-Ci-s

alkyl, Cs cycloalkyl, amino, Cy.¢ alkylamino, di(C1.s alkyl)amino, and C(O)NR°RY, wherein the C1.6 alkyl
is optionally substituted by 1, 2, 3, 4, 5, or 6 D;

R®, R” and R® are each independently selected from H, D, C1. alkyl, C1.¢ haloalkyl, Cs.¢ alkenyl,
Ca6 alkynyl, Ce.10 aryl, Cs.1io cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, C.
10 aryl-Cis alkyl-, Cs.10 cycloalkyl-Ci. alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, (4-10 membered
heterocycloalkyl)-Ci.s alkyl-, C(O)R™, C(O)NR**R%, C(O)NR®(OR#), C(O)OR®, C(=NR**)R"3,
C(=NOH)R", C(=NCN)R", and C(=NR**)NR**R%, wherein the Cy.s alkyl, C2 alkenyl, C,.5 alkynyl, Ce.
10 aryl, Cs.p0 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci alkyl-
, Ca0 cycloalkyl-Cq.s alkyl-, (5-10 membered heteroaryl)-Ci.s alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.¢ alkyl- of R®, R’, and R® are each optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8
independently selected R® substituents; and wherein the C1.¢ haloalkyl of R®, R?, or R® is optionally
substituted by 1, 2, 3, or 4 independently selected Y substituents;

each Y is independently selected from D, halo, C1. alkyl, and C1 haloalkyl;

or R® and R substituents, together with the ring atoms to which they are attached, form a Cz.10
cycloalkyl or 4-7 membered heterocycloalkyl, each of which is optionally substituted with 1, 2, 3, or 4

independently selected R® substituents;

182



10

15

20

25

30

or R” and R® substituents, together with the ring atoms to which they are attached, form a Cz.10
cycloalkyl or 4-7 membered heterocycloalkyl, each of which is optionally substituted with 1, 2, 3, or 4
independently selected R® substituents;

R¢ and R? are each independently selected from H, Cy.6 alkyl, Cy. haloalkyl, C,.s alkenyl, Cy
alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy¢ alkyl-, Cs7 cycloalkyl-C.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl-, wherein the Ci. alkyl, Ca.6 alkenyl, Co6 alkynyl, Ce.10 aryl, Cs7 cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs7 cycloalkyl-Ci.¢
alkyl-, (5-10 membered heteroaryl)-Ci.s alkyl-, and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl- of R®
and RY, are each optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected RM substituents;

each R and R% is independently selected from H, C1.6 alkyl, C1.¢ haloalkyl, C,.s alkenyl, Cz.6
alkynyl, Cs.10 cycloalkyl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.¢ alkyl-, Cs.10 cycloalkyl-Ci.s
alkyl-, (5-10 membered heteroaryl)-Ci.s alkyl-, and (4-10 membered heterocycloalkyl)-Ci- alkyl-,
wherein the Cy.6 alkyl, Cz.6 alkenyl, Co alkynyl, Cs.10 cycloalkyl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy.¢ alkyl-, Cs.10 cycloalkyl-Ci6 alkyl-, (5-10 membered heteroaryl)-Ci.s alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl- of 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, form a 4-, 5-, 6-, or 7-membered heterocycloalkyl group, wherein the 4-, 5-, 6-, or 7-membered
heterocycloalkyl group is optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected R*
substituents;

each R®, R, R, and R% is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Cs.c
alkenyl, Co alkynyl, Ce.10 aryl, Cs.10 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Cs.10 aryl-Ci.s alkyl-, Cs.10 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-,
and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl-, wherein the Ci.s alkyl, Cz.6 alkenyl, Ca.6 alkynyl, Ce.10
aryl, Cs.1o cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Cis alkyl-,
Cs.10 cycloalkyl-Ci.s alkyl-, (5-10 membered heteroaryl)-Ci.s alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl- of R, RP® 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, form a 5- or 6-membered heteroaryl or a 4-, 5-, 6-, or 7-membered heterocycloalkyl group,
wherein the 5- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-membered heterocycloalkyl group is

optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected RE substituents;
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each R® is independently selected from H, OH, CN, Cy.¢ alkyl, C1. alkoxy, Ci.¢ haloalkyl, C1.
haloalkoxy, Cz.s alkenyl, C2.6 alkynyl, Ce.10 aryl, Cs.1o cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs.10 cycloalkyl-Ci alkyl-, (5-10 membered
heteroaryl)-Ci.s alkyl-, and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl-;

each R* is independently selected from D, halo, C1.6 alkyl, C1.6 haloalkyl, C. alkenyl, Co.6
alkynyl, Ce.10 aryl, Cs7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10
aryl-Cy.¢ alkyl-, Cs7 cycloalkyl-C.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, (4-10 membered
heterocycloalkyl)-Ci.s alkyl-, CN, NO,, OR*, SR* NHOR?, C(O)R™, C(O)NR*R%, C(O)NR*(OR"),
C(O)OR*, OC(0O)R™, OC(O)NR*R%*, NR*R* NR“NR*R%*, NR“C(0O)R", NR*C(O)OR*,
NR“C(O)NR%R%*, C(=NR*)R™, C(=NOH)R", C(=NCN)R", C(=NR*)NR*R%, NR*“C(=NR*)NR*“R%,
NRC(=NR®)R>, NR*C(=NOH)NR*R%, NR*“C(=NCN)NR*R% NR*S(O)R*, NR*“S(O)NR*R%,
NR®S(0),R™, NR*S(0);NR*R%, S(O)R™, S(O)NR*R%*, S(0),R?, S(0),NR*R%, OS(0)(=NR**)R,
0S(0).R™, SFs, P(O)R™R%, OP(O)(OR™)(OR™), P(O)(OR™)(OR™), and BR*R*4, wherein the Cy.¢ alkyl,
Ca6 alkenyl, Co alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci. alkyl-,
and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl- of R* is optionally substituted with 1, 2, 3, 4, 5, 6, 7, or
8 independently selected RP substituents;

each R® is independently selected from D, halo, C1.¢ alkyl, C1.6 haloalkyl, Co. alkenyl, Cz6
alkynyl, Ce.10 aryl, Cs7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cs.10
aryl-Cy.¢ alkyl-, Cs.7 cycloalkyl-C.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, (4-10 membered
heterocycloalkyl)-Cis alkyl-, CN, NO,, OR*, SR, NHOR?, C(O)R", C(O)NR®R%, C(O)NR*(OR"?),
C(0O)OR%, OC(O)R"2, OC(O)NRR%®, NR2R%®, NR2NR“R%®, NR2C(0)R"2, NR2C(O)OR?,
NRC(0O)NR2R%2, C(=NR%)R?2, C(=NOH)R"2, C(=NCN)R", C(=NR2)NR2R%2, NR2C(=NR®)NR2R%,
NR®C(=NR®?)R2, NR?C(=NOH)NR®R%, NR2C(=NCN)NR®?R%, NR?S(O)R"?, NR®S(O)NR**R%,
NR®S(0),R"?, NR®?S(0),NR?R%, S(0O)R"?, S(O)NR®?R%, 5(0),R"?, S(0),NR®2R%, OS(0)(=NR*?)R??,
0S(0):R"?, SFs, P(O)R™R%, OP(O)(OR")(0OR™), P(0)(OR"?)(OR"?), and BR?R¥?, wherein the Cy.¢ alkyl,
Ca6 alkenyl, Ca6 alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Cs.10 aryl-Ci.s alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci- alkyl-,
and (4-10 membered heterocycloalkyl)-Cy.s alkyl- of R® is optionally substituted with 1, 2, 3, 4,5, 6, 7, or
8 independently selected RM substituents;

each R%, R", R%, and R is independently selected from H, Cy.s alkyl, C1.¢ haloalkyl, Cz.
alkenyl, Co¢ alkynyl, Ce.10 aryl, Cs.zcycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci- alkyl-,
and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl-, wherein the Ci.6 alkyl, C,.6 alkenyl, Ca.6 alkynyl, Ce-10
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aryl, Cs7cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.¢ alkyl-,
Cs.zcycloalkyl-Cy.g alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl- of R%, RP?, R®2 and R% are each optionally substituted with 1, 2, 3, 4, 5, 6, 7,
or 8 independently selected RM 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-, 5-, 6-, or 7-membered heterocycloalkyl group,
wherein the 5- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected RM substituents;

each R* is independently selected from H, OH, CN, Cy. alkyl, Ci.salkoxy, Ci.s haloalkyl, Ci-
haloalkoxy, Ca¢ alkenyl, C2¢ alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci alkyl-, Cs.7 cycloalkyl-Ci¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci- alkyl-;

each R™ and R% is independently selected from H, C1. alkyl, C1.¢ alkoxy, Ci.¢ haloalkyl, Ci.s
haloalkoxy, Ca¢ alkenyl, C2¢ alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci6 alkyl-, Cs.7 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci. alkyl-;

each R" and R is independently selected from H, C1. alkyl, C1.¢ haloalkyl, C.s alkenyl, Cs.6
alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy.¢ alkyl-, Cs.7 cycloalkyl-C.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl-;

each R’Z and R*? is independently selected from OH, C1.¢ alkoxy, and C1.¢ 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-¢ haloalkyl;

each R*, R™, R*, and R* is independently selected from H, C1.6 alkyl, C1.¢ haloalkyl, Cz.6
alkenyl, Co¢ alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Cs.10 aryl-Ci.¢ alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci- alkyl-,
and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl-, wherein the Ci.s alkyl, Cz.6 alkenyl, Ca.6 alkynyl, Ce.10
aryl, Cs7cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.¢ alkyl-,
Cszcycloalkyl-Cy.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.¢ alkyl- of R*, R®, R%, and R% are each optionally substituted with 1, 2, 3, 4, 5, 6, 7,
or 8 independently selected RP 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-, 5-, 6-, or 7-membered heterocycloalkyl group,
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wherein the 5- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, 4, 5, 6, 7, or 8 independently selected RP substituents;

each R* is independently selected from H, OH, CN, Cy. alkyl, Cy¢ alkoxy, Ci-s haloalkyl, C1-
haloalkoxy, Cz.s alkenyl, C2.6 alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Cisalkyl-, Cs7 cycloalkyl-Cisalkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci- alkyl-;

each R™ and R% is independently selected from H, C1.6 alkyl, C1.¢ alkoxy, Ci.¢ haloalkyl, C1.s
haloalkoxy, Ca¢ alkenyl, C2¢ alkynyl, Ce.10 aryl, Cs7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci alkyl-, Cs.7 cycloalkyl-Ci¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci- alkyl-;

each R™ and R™ is independently selected from H, C1.6 alkyl, C1.¢ haloalkyl, C,.s alkenyl, Cz.6
alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy.¢ alkyl-, Cs7 cycloalkyl-C.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl-;

each R* and R is independently selected from OH, C1.¢ alkoxy, and C1.¢ 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 Cy.¢ haloalkyl;

each RP is independently selected from H, D, halo, C1.¢ alkyl, C1.6 haloalkyl, Co6 alkenyl, Cz6
alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy.¢ alkyl-, Cs.7 cycloalkyl-C.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, (4-10 membered
heterocycloalkyl)-Ci.s 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®R%, NRSNR®R® NR®SC(O)RPS, NRSC(O)OR,
NR®C(O)NR®R®, C(=NR®)R, C(=NOH)R"®, C(=NCN)R®®, C(=NR*)NR®*R®, NR®C(=NR*)NR*R®,
NR®C(=NR®*)R, NR®C(=NOH)NR®*R®, NR®C(=NCN)NR*R%, NR®S(O)R?*®, NR®S(O)NR®R®,
NR®S(0),R, NR®S(0);NR®R%, S(O)R", S(O)NR®R%, 5(0),R%, S(0),NR®R®, OS(0)(=NR*)R,
0S(0)2R", SFs, P(O)R™R%, OP(O)(OR™)(OR™®), P(O)(OR"™)(OR®), and BR°R*®, wherein the Cy.¢ alkyl,
Ca6 alkenyl, Ca alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci alkyl-,
and (4-10 membered heterocycloalkyl)-Cy.s alkyl- of RP are each optionally substituted with 1, 2, 3, or 4
independently selected RE substituents;

each R®, R®, R, and R® is independently selected from H, Cy.s alkyl, C1.¢ haloalkyl, Cz.
alkenyl, Co alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci- alkyl-,
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and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl-, wherein the C16 alkyl, C.. alkenyl, Ca.6 alkynyl, Ce.10
aryl, Cs7cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.¢ alkyl-,
Cs.zcycloalkyl-Cy.g alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl- of R?®, RY, R, and R% are each optionally substituted with 1, 2, 3, or 4
independently selected RE 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-, 5-, 6-, or 7-membered heterocycloalkyl group,
wherein the 5- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-membered heterocycloalkyl group is
optionally substituted with 1, 2, 3, or 4 independently selected RE substituents;

each R® is independently selected from H, OH, CN, Cy alkyl, Ci.salkoxy, Ci.s haloalkyl, Ci.6
haloalkoxy, Ca¢ alkenyl, C2¢ alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci alkyl-, Cs.7 cycloalkyl-Ci¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci- alkyl-;

each R® and R% is independently selected from H, Cy1.6 alkyl, C1.¢ alkoxy, Ci.¢ haloalkyl, Ci.s
haloalkoxy, C,- alkenyl, C,-.6 alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci6 alkyl-, Cs.7 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci. alkyl-;

each R™ and R is independently selected from H, C1. alkyl, C1.¢ haloalkyl, C.s alkenyl, Cs.6
alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy¢ alkyl-, Cs7 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl-;

each R® and R* is independently selected from OH, Ci.s alkoxy, and Ci.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 6-membered heterocycloalkyl group optionally substituted with 1, 2, 3, or 4
substituents independently selected from Ci. alkyl and Ci-¢ haloalkyl;

each RE is independently selected from H, D, halo, C1.6 alkyl, Ci.s haloalkyl, Cz.s alkenyl, Cz.
alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy.¢ alkyl-, Cs7 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.¢ alkyl-, CN, NO,, OR%*, SR, NHOR?®, C(O)R", C(O)NR®R%, C(O)NR®*(OR"),
C(O)OR®, OC(0)R", OC(O)NR®R%*, NR®R® NR®NR®R®, NR®C(O)R", NR®C(O)OR?,
NR®C(O)NR®R%, C(=NR®)R", C(=NOH)R"®, C(=NCN)R®®, C(=NR*¢)NR®*R, NR®C(=NR*¢)NR*R®,
NR®C(=NR®)R", NR®C(=NOH)NR®R, NR®®C(=NCN)NR®R%, NR®S(O)R, NR®S(O)NR®R*,
NRS(0);R, NR®S(0),NR®R®, S(O)R, S(O)NR®R®, S(0),;R%, S(0),NR*R%, OS(0)(=NR®)R,
OS(0):R", SFs, P(O)R™R%, OP(0)(OR")(OR'®), P(0)(OR")(OR®), and BRIR*S, wherein the Cy.s alkyl,
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Ca6 alkenyl, Co alkynyl, Ce.10 aryl, Cs.z cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.10 aryl-Ci¢ alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci.6 alkyl-,
and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl- of RE are each optionally substituted with 1, 2, 3, 4, 5,
6, 7, or 8 independently selected R® substituents;

each R®, R, R, and R% is independently selected from H, C1. alkyl, C1.¢ haloalkyl, Cs.6
alkenyl, Co¢ alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Cs.10 aryl-Ci.s alkyl-, Cs.7 cycloalkyl-Ci alkyl-, (5-10 membered heteroaryl)-Ci- alkyl-,
and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl-, wherein the Ci.s alkyl, Cz.6 alkenyl, Ca. alkynyl, Ce-10
aryl, Cs7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.6 alkyl-,
Cszcycloalkyl-Cy.g alkyl-, (5-10 membered heteroaryl)-Ci-¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.s alkyl- of R, 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, form a 5- or 6-membered heteroaryl or a 4-, 5-, 6-, or 7-membered heterocycloalkyl group,
wherein the 5- or 6-membered heteroaryl or 4-, 5-, 6-, or 7-membered heterocycloalkyl group is
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, Cy.¢ alkyl, C1. alkoxy, Ci.¢ haloalkyl, C1.
haloalkoxy, C,- alkenyl, C,.6 alkynyl, Cs.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci6 alkyl-, Cs.7 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci.6 alkyl-;

each R and R% is independently selected from H, C1.6 alkyl, C1.¢ alkoxy, Ci.¢ haloalkyl, Ci.¢
haloalkoxy, C- alkenyl, C,.6 alkynyl, Cs.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs.7 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci- alkyl-;

each R" and R is independently selected from H, C1.6 alkyl, C1.¢ haloalkyl, C,.s alkenyl, Cz.6
alkynyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-10
aryl-Cy.¢ alkyl-, Cs7 cycloalkyl-Ci.¢ alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.¢ alkyl-;

each Ri® and R*¢ is independently selected from OH, Ci.6 alkoxy, and C1.¢ 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.6 alkyl and C..¢ haloalkyl;

each R€ is independently selected from H, D, halo, CN, NO,, SFs, Cy. alkyl, C1.6alkoxy, Ci.6
haloalkyl, Co.s alkenyl, Co alkynyl, Ce.10 aryl, Ca.z cycloalkyl, 5-10 membered heteroaryl, 4-10
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membered heterocycloalkyl, Ce.10 aryl-Ci alkyl-, Cs.7 cycloalkyl-Ci¢ alkyl-, (5-10 membered heteroaryl)-
Cisalkyl-, and (4-10 membered heterocycloalkyl)-Ci.¢ alkyl; and

each RM is independently selected from H, D, OH, NO,, CN, halo, C1.¢ alkyl, C2. alkenyl, Cz
alkynyl, Ci.6 haloalkyl, cyano-Ci.6 alkyl, HO-Cy.6 alkyl, Ci.6 alkoxy-Ci. alkyl, Ce.10 aryl, Ca.z cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cs.10 aryl-C1.¢ alkyl-, Cs.7 cycloalkyl-Ci.
alkyl-, (5-10 membered heteroaryl)-Ci.s alkyl-, (4-10 membered heterocycloalkyl)-Ci.s alkyl, Ci.¢ alkoxy,
C1.6 haloalkoxy, amino, Ci.s alkylamino, di(Ci.s alkyl)amino, thio, Ci. alkylthio, Cialkylsulfinyl, Ci
alkylsulfonyl, carbamyl, Ci.s alkylcarbamyl, di(Ci-s alkyl)carbamyl, carboxy, Ci.salkylcarbonyl, Ci.4
alkoxycarbonyl, Ci. alkylcarbonylamino, Ci.¢ alkylsulfonylamino, aminosulfonyl, Ci
alkylaminosulfonyl, di(C-¢ alkyl)aminosulfonyl, aminosulfonylamino, Ci.s alkylaminosulfonylamino,
di(Cy1 alkyl)aminosulfonylamino, aminocarbonylamino, Ci.¢ alkylaminocarbonylamino, and di(Ci6

alkyl)aminocarbonylamino.

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein Rt is H, D or
Cu6 alkyl.
3. The compound of any one of claims 1 and 2, wherein each R” is independently selected from D,

halo, C1. alkyl, C1. haloalkyl, CN, OR*, and NR**R%; wherein the C1.s alkyl, C». alkenyl, and Co-6
alkynyl of R” are each optionally substituted with 1, 2, 3, or 4 independently selected RP substituents;
each R*, R, and R% is independently selected from H, C1. alkyl, and C1.¢ haloalkyl, wherein the
Ci16 alkyl of R*, R%, and R% are each optionally substituted with 1, 2, 3, or 4 independently selected RP
substituents; and
each RP is independently selected from D, OH, CN, halo, C1. alkyl, C1.¢ haloalkyl, Cy.¢ alkoxy,

Ci-6 haloalkoxy, amino, Ci.¢ alkylamino, and di(Ci-s alkyl)amino.

4. The compound of any one of claims 1 and 2, or a pharmaceutically acceptable salt thereof,
wherein each R and R% is independently selected from H, C1.6 alkyl, C.¢ alkenyl, Co.6 alkynyl, Cs.10
cycloalkyl, 4-10 membered heterocycloalkyl, Cs.10 aryl-Ci alkyl-, Cs.10 cycloalkyl-Ci.¢ alkyl-, (5-10
membered heteroaryl)-Ci.s alkyl-, and (4-10 membered heterocycloalkyl)-Ci. alkyl-, wherein the Ci6
alkyl, Co6 alkenyl, Cos alkynyl, Cs.10 cycloalkyl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Cig alkyl-,
Cs.1o cycloalkyl-Cq alkyl-, (5-10 membered heteroaryl)-Ci.6 alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.¢ alkyl- of R and R™ 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 4-, 5-, 6-, or 7-membered heterocycloalkyl group, wherein the 4-, 5-, 6-, or 7-membered
heterocycloalkyl group is optionally substituted with 1, 2, 3, or 4 independently selected R” substituents.

5. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt thereof, wherein
R*is H, D, or C1 alkyl, wherein the Cy. alkyl is optionally substituted with 1, 2, or 3 D.

6. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt thereof, wherein

R®is H, D, or C1 alkyl, wherein the Cy.¢ alkyl is optionally substituted with 1, 2, or 3 D.

7. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt thereof, wherein
R®is H.
8. The compound of any one of claims 1-7, or a pharmaceutically acceptable salt thereof, wherein

R®is H, D, Cy.6 alkyl or C1. haloalkyl, wherein each halogen is F, wherein the haloalkyl is optionally
substituted with 1 or 2 independently selected Y substituents, wherein each Y substituent is independently
selected from D, halo, C1.¢ alkyl, and Ci.¢ haloalky!.

9. The compound of any one of claims 1-8, or a pharmaceutically acceptable salt thereof, wherein
R is selected from H, D, Cy.s alkyl, Co.6 alkenyl, Co6 alkynyl, C1.6 haloalkyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-
10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.s alkyl-, Cs.10 cycloalkyl-Ci.s
alkyl-, (5-10 membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered heterocycloalkyl)-Ci. alkyl-,
wherein the Cy.¢ alkyl is optionally substituted with 1, 2, or 3 D.

10. The compound of any one of claims 1-9, or a pharmaceutically acceptable salt thereof, wherein
R8 is selected from H, D, Cy.s alkyl, Co6 alkenyl, Co6 alkynyl, C1.¢ haloalkyl, Ce.10 aryl, Cs.7 cycloalkyl, 5-
10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.¢ alkyl-, Cs.10 cycloalkyl-Ci.s
alkyl-, (5-10 membered heteroaryl)-Ci.s alkyl-, and (4-10 membered heterocycloalkyl)-Ci- alkyl-,
wherein the Cq. alkyl is optionally substituted with 1, 2, or 3 D.

11. The compound of any one of claims 1-9, or a pharmaceutically acceptable salt thereof, wherein
R&is H.
12. The compound of any one of claims 1-11, having Formula (11):
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(1)
or a pharmaceutically acceptable salt thereof.
13. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein:

Xtis N or CH;

R? is C(O)NRRY;

each R and R™ is independently selected from H, C1.6 alkyl, Cz.s alkenyl, Ca.¢ alkynyl, Cz-10
cycloalkyl, 4-10 membered heterocycloalkyl, Cs.10 aryl-Ci alkyl-, Cs.10 cycloalkyl-Ci. alkyl-, (5-10
membered heteroaryl)-Ci.¢ alkyl-, and (4-10 membered heterocycloalkyl)-Ci-¢ alkyl-, wherein the Ci6
alkyl, Co6 alkenyl, Cos alkynyl, Cs.10 cycloalkyl, 4-10 membered heterocycloalkyl, Ce.10 aryl-Ci.¢ alkyl-,
Cs.ao cycloalkyl-Cq alkyl-, (5-10 membered heteroaryl)-Ci.6 alkyl-, and (4-10 membered
heterocycloalkyl)-Ci.¢ alkyl- of 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 4-, 5-, 6-, or 7-membered heterocycloalkyl group, wherein the 4-, 5-, 6-, or 7-membered
heterocycloalkyl group is optionally substituted with 1 or 2 independently selected R substituents;

each R” is independently selected from D, halo, oxo, Ci.s alkyl, C1.6 haloalkyl, C,.¢ alkenyl, Co.6
alkynyl, CN, NO; and OR?, wherein the Ci. alkyl, Cz alkenyl, and C,.¢ alkynyl of R is optionally
substituted with 1 or 2 independently selected RP substituents;

each R* is independently selected from H and Ci.¢ alkyl, wherein the C1. alkyl is optionally
substituted CN, NO; or OH;

each RP is OH;

each R3, R* and R® is independently selected from H, D, halo, CN, OH, C15 alkyl, and C.3
haloalkyl, wherein the C1.3 alkyl is optionally substituted by 1, 2, 3, 4, 5, or 6 D; and

each R%, R’, and R® is independently selected from H, D, C1.s alkyl and Cy.¢ haloalkyl.
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14. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein:

Xtis N;

R?is C(O)NR“R%;

R is H;

RY is selected from ethyl, propyl, isopropyl, butyl, tert-butyl, cyclobutyl, cyclohexyl,
bicyclo[1.1.1]pentanyl, bicyclo[2.1.1]hexanyl, bicyclo[2.2.1]heptanyl, methyl-cyclopropyl, methyl-
cyclobutyl, methyl-phenyl, ethyl-phenyl, oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, and
thianyl, wherein the ethyl, propyl, isopropyl, tert-butyl, cyclobutyl, cyclohexyl, bicyclo[1.1.1]pentanyl,
bicyclo[2.1.1]hexanyl, bicyclo[2.2.1]heptanyl, methyl-cyclopropyl, methyl-cyclobutyl, methyl-phenyl,
ethyl-phenyl, oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, and thianyl of R% is optionally
substituted with 1 or 2 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 an azetidinyl or pyrrolidinyl, wherein the azetidinyl or pyrrolidinyl is optionally
substituted with 1 or 2 independently selected R substituents;

each R” is independently selected from oxo, methyl, CH,F, CHF,, CF3, -OCHs, -CH,OH, CN,
and OH;

R3 is selected from H, methyl, and CDs;

R*and R® are each H;

R® is selected from CH,F, CHF; and CFs; and

R’ and R® are each H.

15. The compound of claim 1, selected from:
3-Amino-6-(2-(methyl-ds)-5-(1,1,1-trifluoro-2,3-dihydroxypropan-2-yl)phenyl)-N-(tetrahydro-
2H-pyran-4-yl)pyrazine-2-carboxamide;
3-Amino-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-(methyl-ds)phenyl)-N-(4-
hydroxybicyclo[2.2.1]heptan-1-yl)pyrazine-2-carboxamide;
3-Amino-6-(2-(methyl-ds)-5-(1,1,1-trifluoro-2,3-dihydroxybutan-2-yl)phenyl)-N-(tetrahydro-2H-
pyran-4-yl)pyrazine-2-carboxamide;
3-Amino-6-(2-methyl-5-(1,1,1-trifluoro-2,3-dihydroxy-3-methylbutan-2-yl)phenyl)-N-
(tetrahydro-2H-pyran-4-yl)pyrazine-2-carboxamide;
3-amino-N-((1s,3R)-3-cyanocyclobutyl)-6-(2-(methyl-ds)-5-((S)-1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
3-amino-N-((1S,2S)-2-hydroxycyclohexyl)-6-(2-(methyl-ds)-5-((S)-1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
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3-amino-N-((trans)-3-hydroxytetrahydro-2H-pyran-4-yl)-6-(2-(methyl-ds)-5-((S)-1,1,1-trifluoro-
2,3-dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
3-amino-N-((1s,3R)-3-hydroxy-3-(trifluoromethyl)cyclobutyl)-6-(2-(methyl-ds)-5-((S)-1,1,1-
trifluoro-2,3-dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
3-amino-N-((1s,3R)-3-hydroxy-1-methylcyclobutyl)-6-(2-(methyl-ds)-5-((S)-1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
(S)-3-amino-N-(4-(hydroxymethyl)bicyclo[2.1.1]hexan-1-yI)-6-(2-(methyl-ds)-5-(1,1,1-trifluoro-
2,3-dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
(S)-3-amino-N-(3-(hydroxymethyl)bicyclo[1.1.1]pentan-1-yI)-6-(2-(methyl-ds)-5-(1,1,1-trifluoro-
2,3-dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
3-amino-N-((S)-1-hydroxypropan-2-yl)-6-(2-(methyl-ds)-5-((S)-1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
(S)-3-amino-N-(2-cyano-2-methylpropyl)-6-(2-(methyl-ds)-5-(1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
(S)-3-amino-N-(4-hydroxybicyclo[2.2.1]heptan-1-y1)-6-(2-(methyl-ds)-5-(1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
3-amino-N-((R)-1-hydroxypropan-2-yl)-6-(2-(methyl-ds)-5-((S)-1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
(S)-3-amino-N-(4-hydroxybicyclo[2.1.1]hexan-1-y1)-6-(2-(methyl-ds)-5-(1,1,1-trifluoro-2,3-
dihydroxypropan-2-yl)phenyl)pyrazine-2-carboxamide;
3-amino-6-(5-((S)-1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-(methyl-ds)phenyl)-N-((1S,2S)-2-
hydroxycyclohexyl)pyrazine-2-carboxamide;
3-amino-6-(5-((S)-1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-(methyl-ds)phenyl)-N-((1R,2R)-2-
hydroxycyclohexyl)pyrazine-2-carboxamide;
(S)-3-amino-N-(4-cyanobicyclo[2.1.1]hexan-1-y1)-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-
2-(methyl-ds)phenyl)pyrazine-2-carboxamide;
(S)-3-amino-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-(methyl-d3)phenyl)-N-(tetrahydro-
2H-pyran-4-yl)pyrazine-2-carboxamide;
(S)-3-amino-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-methylphenyl)-N-(tetrahydro-2H-
pyran-4-yl)pyrazine-2-carboxamide;
3-amino-6-(5-((S)-1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-methylphenyl)-N-((S)-1-
hydroxypropan-2-yl)pyrazine-2-carboxamide;
3-amino-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-methylphenyl)-N-(4-
hydroxybicyclo[2.2.1]heptan-1-yl)pyrazine-2-carboxamide;
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(3-amino-6-(5-((S)-1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-methylphenyl)pyrazin-2-yl)((R)-2-
(hydroxymethyl)pyrrolidin-1-yl)methanone;

(S)-3-amino-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-methylphenyl)-N-isopropylpyrazine-
2-carboxamide;

3-amino-6-(5-((S)-1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-methylphenyl)-N-(3-
methyltetrahydrofuran-3-yl)pyrazine-2-carboxamide; and

3-Amino-N-(4-cyanobicyclo[2.1.1]hexan-1-yl)-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-
methylphenyl)pyrazine-2-carboxamide;

or an enantiomer, diastereomer or tautomer thereof;

or a pharmaceutically acceptable salt thereof.

16. The compound of claim 1, which is (S)-3-amino-N-(4-cyanobicyclo[2.1.1]hexan-1-yl)-6-(5-(1,1-
difluoro-2,3-dihydroxypropan-2-yl)-2-(methyl-d3)phenyl) pyrazine-2-carboxamide; or an enantiomer,

diastereomer or tautomer thereof; or a pharmaceutically acceptable salt thereof.

17. The compound of claim 1, which is (S)-3-amino-6-(5-(1,1-difluoro-2,3-dihydroxypropan-2-yl)-2-
methylphenyl)-N-(tetrahydro-2H-pyran-4-yl)pyrazine-2-carboxamide; or an enantiomer, diastereomer or
tautomer thereof; or a pharmaceutically acceptable salt thereof.

18. A pharmaceutical composition comprising a compound of any one of claims 1 to 17, or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient or carrier.

19. A compound of any one of claims 1 to 17, or a pharmaceutically acceptable salt thereof, for use in
a method of treating a disease or disorder in a patient, wherein the disease or disorder is associated with
abnormal expression or activity of PI3Ky kinase, the method comprising administering to the patient a
therapeutically effective amount of a compound of any one of claims 1 to 17, or a pharmaceutically

acceptable salt thereof, wherein the disease or disorder is selected from:
(a) an autoimmune disease or disorder, cancer, cardiovascular disease, or neurodegenerative disease; or
(b) lung cancer, melanoma, pancreatic cancer, breast cancer, prostate cancer, liver cancer, colon cancer,

endometrial cancer, bladder cancer, skin cancer, cancer of the uterus, renal cancer, gastric cancer,

seminoma, teratocarcinoma, astrocytoma, neuroblastoma, glioma, or sarcoma; or
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(c) Askin’s tumor, sarcoma botryoides, chondrosarcoma, Ewing’s sarcoma, malignant
hemangioendothelioma, malignant schwannoma, osteosarcoma, alveolar soft part sarcoma, angiosarcoma,
cystosarcoma phyllodes, dermatofibrosarcoma protuberans, desmoid tumor, desmoplastic small round cell
tumor, epithelioid sarcoma, extraskeletal chondrosarcoma, extraskeletal osteosarcoma, fibrosarcoma,
gastrointestinal stromal tumor (GIST), hemangiopericytoma, hemangiosarcoma, Kaposi’s sarcoma,
leiomyosarcoma, liposarcoma, lymphangiosarcoma, lymphosarcoma, malignant peripheral nerve sheath
tumor (MPNST), neurofibrosarcoma, rhabdomyosarcoma, synovial sarcoma, or undifferentiated

pleomorphic sarcoma; or

(d) acute myeloid leukemia, acute monocytic leukemia, small lymphocytic lymphoma, chronic
lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), multiple myeloma, T-cell acute
lymphaoblastic leukemia (T-ALL), cutaneous T-cell lymphoma, large granular lymphocytic leukemia,
mature (peripheral) t-cell neoplasm (PTCL), anaplastic large cell lymphoma (ALCL), or lymphoblastic

lymphoma; or

(e) T-cell prolymphocytic leukemia, T-cell granular lymphocytic leukemia, aggressive NK-cell leukemia,
mycosis fungoides/Sezary syndrome, anaplastic large cell lymphoma (T-cell type), enteropathy type T-
cell lymphoma, adult T-cell leukemia/lymphoma, or angioimmunoblastic T-cell lymphoma; or

() systemic ALCL or primary cutaneous ALCL; or

(9) Burkitt’s lymphoma, acute myeloblastic leukemia, chronic myeloid leukemia, non-Hodgkin’s
lymphoma, Hodgkin’s lymphoma, hairy cell leukemia, Mantle cell lymphoma, small lymphocytic
lymphoma, follicular lymphoma, xeroderoma pigmentosum, keratoacanthoma, lymphoplasmacytic
lymphoma, extranodal marginal zone lymphoma, Waldenstrom’s macroglobulinemia, prolymphocytic
leukemia, acute lymphoblastic leukemia, myelofibrosis, mucosa-associated lymphatic tissue (MALT)
lymphoma, mediastinal (thymic) large B-cell lymphoma, lymphomatoid granulomatosis, splenic marginal
zone lymphoma, primary effusion lymphoma, intravascular large B-cell lymphoma, plasma cell leukemia,
extramedullary plasmacytoma, smoldering myeloma (aka asymptomatic myeloma), monoclonal

gammopathy of undetermined significance (MGUS), or diffuse large B cell lymphoma; or

(h) relapsed NHL, refractory NHL, recurrent follicular NHL, indolent NHL (iNHL), or aggressive NHL
(aNHL); or
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(i) activated B-cell like (ABC) diffuse large B cell lymphoma, or germinal center B cell (GCB) diffuse
large B cell lymphoma; or

(1) endemic Burkitt’s lymphoma, sporadic Burkitt’s lymphoma, or Burkitt’s-like lymphoma; or

(K) rheumatoid arthritis, multiple sclerosis, systemic lupus erythematous, asthma, allergy, allergic rhinitis,
pancreatitis, psoriasis, anaphylaxis, glomerulonephritis, inflammatory bowel disease, thrombosis,
meningitis, encephalitis, diabetic retinopathy, benign prostatic hypertrophy, myasthenia gravis, Sjogren’s

syndrome, osteoarthritis, restenosis, or atherosclerosis; or

(1) heart hypertrophy, cardiac myocyte dysfunction, acute coronary syndrome, chronic obstructive
pulmonary disease (COPD), chronic bronchitis, elevated blood pressure, ischemia, ischemia-reperfusion,
vasoconstriction, anemia, bacterial infection, viral infection, graft rejection, kidney disease, anaphylactic
shock fibrosis, skeletal muscle atrophy, skeletal muscle hypertrophy, angiogenesis, sepsis, graft-versus-
host disease, allogeneic or xenogeneic transplantation, glomerulosclerosis, progressive renal fibrosis,
idiopathic thrombocytopenic purpura (ITP), autoimmune hemolytic anemia, vasculitis, systemic lupus
erythematosus, lupus nephritis, pemphigus, or membranous nephropathy; or

(m) relapsed ITP or refractory ITP; or

(n) Behget’s disease, Cogan’s syndrome, giant cell arteritis, polymyalgia rheumatica (PMR), Takayasu’s
arteritis, Buerger’s disease (thromboangiitis obliterans), central nervous system vasculitis, Kawasaki
disease, polyarteritis nodosa, Churg-Strauss syndrome, mixed cryoglobulinemia vasculitis (essential or
hepatitis C virus (HCV)-induced), Henoch-Schonlein purpura (HSP), hypersensitivity vasculitis,
microscopic polyangiitis, Wegener’s granulomatosis, or anti-neutrophil cytoplasm antibody associated

(ANCA) systemic vasculitis (AASV); or

(o) Alzheimer’s disease, central nervous system trauma, or stroke.

20. Use of a compound of any one claims 1 to 17, or a pharmaceutically acceptable salt thereof,
in the manufacture of a medicament for the treatment of a disease or disorder in a patient,
wherein the disease or disorder is associated with abnormal expression or activity of PI3Ky

kinase and wherein the disease or disorder is selected from:
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(a) an autoimmune disease or disorder, cancer, cardiovascular disease, or neurodegenerative

disease; or

(b) lung cancer, melanoma, pancreatic cancer, breast cancer, prostate cancer, liver cancer, colon
cancer, endometrial cancer, bladder cancer, skin cancer, cancer of the uterus, renal cancer,

gastric cancer, seminoma, teratocarcinoma, astrocytoma, neuroblastoma, glioma, or sarcoma; or

(c) Askin’s tumor, sarcoma botryoides, chondrosarcoma, Ewing’s sarcoma, malignant
hemangioendothelioma, malignant schwannoma, osteosarcoma, alveolar soft part sarcoma,
angiosarcoma, cystosarcoma phyllodes, dermatofibrosarcoma protuberans, desmoid tumor,
desmoplastic small round cell tumor, epithelioid sarcoma, extraskeletal chondrosarcoma,
extraskeletal osteosarcoma, fibrosarcoma, gastrointestinal stromal tumor (GIST),
hemangiopericytoma, hemangiosarcoma, Kaposi’s sarcoma, leiomyosarcoma, liposarcoma,
lymphangiosarcoma, lymphosarcoma, malignant peripheral nerve sheath tumor (MPNST),
neurofibrosarcoma, rhabdomyosarcoma, synovial sarcoma, or undifferentiated pleomorphic

sarcoma, or

(d) acute myeloid leukemia, acute monocytic leukemia, small lymphocytic lymphoma, chronic
lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), multiple myeloma, T-cell
acute lymphoblastic leukemia (T-ALL), cutaneous T-cell lymphoma, large granular lymphocytic
leukemia, mature (peripheral) t-cell neoplasm (PTCL), anaplastic large cell lymphoma (ALCL),
or lymphoblastic lymphoma; or

(e) T-cell prolymphocytic leukemia, T-cell granular lymphocytic leukemia, aggressive NK-cell
leukemia, mycosis fungoides/Sezary syndrome, anaplastic large cell lymphoma (T-cell type),
enteropathy type T-cell lymphoma, adult T-cell leukemia/lymphoma, or angioimmunoblastic T-

cell lymphoma; or

(F) systemic ALCL or primary cutaneous ALCL; or
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(g) Burkitt’s lymphoma, acute myeloblastic leukemia, chronic myeloid leukemia, non-Hodgkin’s
lymphoma, Hodgkin’s lymphoma, hairy cell leukemia, Mantle cell lymphoma, small
lymphocytic lymphoma, follicular lymphoma, xeroderoma pigmentosum, keratoacanthoma,
lymphoplasmacytic lymphoma, extranodal marginal zone lymphoma, Waldenstrom’s
macroglobulinemia, prolymphocytic leukemia, acute lymphoblastic leukemia, myelofibrosis,
mucosa-associated lymphatic tissue (MALT) lymphoma, mediastinal (thymic) large B-cell
lymphoma, lymphomatoid granulomatosis, splenic marginal zone lymphoma, primary effusion
lymphoma, intravascular large B-cell lymphoma, plasma cell leukemia, extramedullary
plasmacytoma, smoldering myeloma (aka asymptomatic myeloma), monoclonal gammopathy of

undetermined significance (MGUS), or diffuse large B cell lymphoma; or

(h) relapsed NHL, refractory NHL, recurrent follicular NHL, indolent NHL (iNHL), or
aggressive NHL (aNHL); or

(1) activated B-cell like (ABC) diffuse large B cell lymphoma, or germinal center B cell (GCB)
diffuse large B cell lymphoma; or

(j) endemic Burkitt’s lymphoma, sporadic Burkitt’s lymphoma, or Burkitt’s-like lymphoma; or

(k) rheumatoid arthritis, multiple sclerosis, systemic lupus erythematous, asthma, allergy,
allergic rhinitis, pancreatitis, psoriasis, anaphylaxis, glomerulonephritis, inflammatory bowel
disease, thrombosis, meningitis, encephalitis, diabetic retinopathy, benign prostatic hypertrophy,

myasthenia gravis, Sjogren’s syndrome, osteoarthritis, restenosis, or atherosclerosis; or

() heart hypertrophy, cardiac myocyte dysfunction, acute coronary syndrome, chronic
obstructive pulmonary disease (COPD), chronic bronchitis, elevated blood pressure, ischemia,
ischemia-reperfusion, vasoconstriction, anemia, bacterial infection, viral infection, graft
rejection, kidney disease, anaphylactic shock fibrosis, skeletal muscle atrophy, skeletal muscle
hypertrophy, angiogenesis, sepsis, graft-versus-host disease, allogeneic or xenogeneic

transplantation, glomerulosclerosis, progressive renal fibrosis, idiopathic thrombocytopenic
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purpura (ITP), autoimmune hemolytic anemia, vasculitis, systemic lupus erythematosus, lupus

nephritis, pemphigus, or membranous nephropathy; or

(m) relapsed ITP or refractory ITP; or

(n) Behget’s disease, Cogan’s syndrome, giant cell arteritis, polymyalgia rheumatica (PMR),
Takayasu’s arteritis, Buerger’s disease (thromboangiitis obliterans), central nervous system
vasculitis, Kawasaki disease, polyarteritis nodosa, Churg-Strauss syndrome, mixed
cryoglobulinemia vasculitis (essential or hepatitis C virus (HCV)-induced), Henoch-Schénlein
purpura (HSP), hypersensitivity vasculitis, microscopic polyangiitis, Wegener’s granulomatosis,

or anti-neutrophil cytoplasm antibody associated (ANCA) systemic vasculitis (AASV); or

(o) Alzheimer’s disease, central nervous system trauma, or stroke.
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